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Haseoeno pesynomamu Oocnioocenns cneyughiku, moogucausocmert i
nepesae weuokux areopummis. Haseoeno onuc pospobienozo nioxody oo pos-
POOKU WBUOKUX AN2OPUMMIG, U0 BUKOPUCTHOBYIOMb BEKMOPHO-MAMPUYHI ONe-
payii.

Knrwuosi cnosa: weuoki ancopummu, 064uUCTI08AIbHA IHGOPMAMUKA,
CMpPYKmMypu 004UC/IeHb.

Ilpusedenvl pesyromamvi UCCIE008aAHUA CREYUPDUKU, B03MOICHOCHEN
u npeumyujecme Ovicmpuix aneopummos. Ilpusedeno onucanue paspaboman-
HO020 noOxo0a K pazpabomke ObICMPbIX ANCOPUMMOS, UCHOILIVIOUUX 6EK-
MOPHO-MAMPUUHBIE ONEPAYULL.

Knrouesvie cnoga: bvicmpyie ancopummbsl, blNUCTUMENbHASL UHDOPMA-
MUKA, CMpPYKMypbl GblYUCTCHUT

State contains the results of a study of the specifics, possibilities and
advantages of fast algorithms. This paper focuses on the description of the
proposed approach for the development of fast algorithms using vector-matrix
operations.

Keywords: fast algorithms, computational informatics, computational
structures.

Beenenne. beicTpbie anropuTMbl — 3T0 0071acTh HHDOPMATHKH, KOTO-
past U3yvaeT aJrOPUTMBI Peallu3aliy Pa3IUYHOrO POJA BBIUUCIUTEIBHBIX 3a-
Ja4 C UCIIOJIb30BAHUEM KaK MOKHO MEHBIICTO YHCJIa MAaTEMAaTHYCCKUX (I/I npo-
YHUX) ONepalui.

Pa3BuTHE TCOPUH U MPAKTUKU KOHCTPYHUPOBAHUS OBICTBIX aIrOPUTMOB
W3JIaBHO HAXOJWIOCh B HEMOCPEICTBEHHOW 3aBHCHMOCTH OT Mporpecca B
00J1aCTH MPOEKTUPOBAHUS M MPOU3BOJCTBA CPEACTB DJICKTPOHHON BBIYUCIIN -
TENbHOW TEXHUKH.

Hean pa6orsl. Tak wiu wHave, pa3paboTka OBICTPOTO ANTOPHTMA
TpedyeT OT pa3paboTunka TITyOOKOro TMOHMMAaHUS OCOOCHHOCTEH peracMoi
3a7a4uy, a TaKKe IIMPOKUX TEOPETUIECKUX 3HAHUH.

© Iapes A.IL., 2017
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Takoe moONOXEHHWE AeT MOXKET BBI3BATh TPYTHOCTH Y WH)XKEHEPHO-
TEXHUYECKOTO TIEPCOHANA U CIICIUAIMCTOB, UMEIONINX OOTraThlil MPaKTUYCCKUMA
OIBIT, HO HE 00JaJIAlONINX JOCTATOYHBIM YPOBHEM TEOPETUYECKOHN MOIr0TOB-
KH, 2 B HEKOTOPBIX CIIydasx — Jake WHCIHPHPOBATH HEXeIaHHE CaMOCTOSI-
TEJIbHO pa3pabaThiBaTh TAKWE aNTOPUTMBL. TeM HE MEHee CIeIyeT MPU3HATh,
YTO MPOILIECC CO3[aHHs OBICTPOTO AITOPUTMA SBJISCTCS JIEIOM HEOObIUaitHO
WHTEPECHBIM U TBOPUECKUM.

MHoroe 3/1eCh 3aBUCHT HE TOJIBKO OT TIIyOWHEI 3HAHUW W YPOBHS TE€O-
PETHYECKOH MOATOTOBKHU pa3paboTUnKa, HO M OT €0 UHTYHIIMHA U CMEKAJIKH.,

He mocnenHio posnb Wrpaer TakKe HAKOIUICHHBIM OMBIT W HAIH4YKE
HAaBBIKOB peIIeHuUs TOA00HOT0 poaa 3a1a4. [1o3ToMy MOXKHO € TIOTHOM yBEpeH-
HOCTBIO YTBEPKAATh, YTO MPOCKTUPOBAHUE OBICTPHIX aJIrOPUTMOB 3TO M HayKa,
U UCKYCCTBO, U PEMECIIO.

OcHoBHO# MaTepuaa. MOXXHO CMEJNIO YTBEPKAAThb, YTO UMEHHO HECO-
BEPIIICHCTBO BBIYHCIUTENBHBIX MAIIMH MEPBOTO, BTOPOTO M TPETHEro MOKOIe-
HUH CHOCOOCTBOBAJIO TOSBJICHUIO HA CBET OBICTPBIX anropuTmoB. Crpasen-
JIUBOCTU pajyl HEOOXOIAMMO OTMETHTh, YTO CHUCTEMa KOMAaH][ KOMITbIOTEPOB
MEPBBIX TOKOJICHUN co/ieprkaia BeCh HeOOXOAMMBI Habop KOMaH[, TpeOyro-
IIUHCS I peain3aIiiil MaTeMaTHIECKUX BEIYUCICHUH.

OpmHako, eciy Takue OIepary KaK CI0KEHUE W BRIYUTAHUE BBITIOJTHS -
JIUCHh B TEYCHHE OJHOTO MAIIMHHOTO MUKJIA, TO, K MPUMEPY, KOMaH/Ia YMHOXKeE -
HUs TpeOoBalia peau3alliy JOBOJBHO JIMHHOM TOCIEI0BATeILHOCTH OIepa-
AN CIIOKCHHS U CJIBUTA B COOTBETCTBUU C TPABUIIAMUA YMHOXKECHHSI JBOMYHBIX
grcen. JTa MOCIeN0BATENFHOCTh ONepannii 0OBIYHO «IIPOIITUBANIACKHY Ha (ep-
PHUTOBBIX KOJIbIax B OJOKe MOCcTOSHHOW mamsatu OBM u XpaHunace B BUE
MHKPOIIPOTPAMMBL.

SlcHO, 4YTO peanu3anus TaKkoOW MHKpONPOrpaMMbI TpeOoBasia 3HAYM-
TEJIHHO OOJBIIEr0 BPEMEHH, YeM BBHIIIOJHEHUE OIEPAlliN CIIOKEHUS WIIH OIIe-
patuu oOpamieHust K IamsTH.

Takum 00pa3oM, OKa3aJIoCh, YTO BPEMS peai3alii YMHOKEHHS CTAI0
TJIaBHBIM  (PaKTOPOM, OTPaHUYHMBAIOIINM CKOPOCTh DEIICHUS MPUKIAJIHBIX
3ajad.

OTOT (aKT CTHMYJIMPOBAJ MOUCK W PAa3BUTHE CIIOCOOOB M METOJIOB,
MO3BOJISIIOLIUX COKPATUTh YUCIO OIEpaluil yMHOXKEHUS MPU pealn3alui TeX
WJIU UHBIX YUCJIEHHBIX MEeTOA0B. IMEHHO B paMKax 3TOr0 HalpaBJICHUs pa3pa-
0OTaHbl U PUMEHSIOTCS OBICTPBIE aNTOPUTMBI ITUPPOBOI 0OPAOOTKH JTaHHBIX
[1].

[IpaponutensmMu OBICTPHIX BBIYUCIECHHH MOXXHO C HEKOTOPOH cTe-
TIEHBIO YCJIIOBHOCTH cuuTaTh Hemerkoro marematuka K. Pynre m K. T'aycca,
KOTOpBIC 3aHUMAJIUCh TMOUCKOM CIOCOOOB COKpaIlleHHS KOJUUYECTBa apudme-
TUYEKKUX OTEPANii TIPH MPOBEICHUH PA3IUMIHOTO POJia MATEMATHYECKUX pac-
YETOB.

Xopo1io U3BECTEH, K MPUMEPY, AITOPUTMUYECKUM Tprok ['aycca, mo3-
BOJISIIOLIUI BBIYUCTUTH IPOU3BE/ICHUE JBYX KOMILJICKCHBIX YUCENI C  OMOIIBIO
BCET0 JIMIIb TPEX YMHOXKCHHUH U MSATU CIOXKCHUN NeUCTBUTEIBHBIX uncen [2].
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OpHako HayajoM 3I0XH HanOoJiee 3aMEeTHBIX AOCTIKEHUHM B 001acTH
OBICTPBIX BBIYMCIICHHH MOYXHO CUMTATh pa3paboTky B 1960 romy AnaTtoirem
AnekceeBnueMm KapaiyOoli MeTona «paslensii ¥ BIACTBYi», MPOAEMOHCTPH-
POBaHHOTO MM, B YaCTHOCTH, Ha NpPHUMEpE CUHTE3a HOBOTO 3(¢EKTHBHOTO
alropuT™Ma OBICTPOTO YMHOKCHUS OONBIINX IEbIX uncen [3; 4].

CrenyronyM peBONIOLMOHHBIM COOBITHEM B HAYYHOM MHUpE CTaja pa3-
pabotka u mybnukamus B 1965 romy anroputma ObicTporo mpeoOpa3oBaHUs
®ypoe (BIID) aBTopcrBa [Ix. Kymu u . TriokH, TOXYIEHHOTO 110 CYTH JIea
TaKXKe ¢ IPUMEHEHUEM METOJIA «Pa3/ENsiil U BIACTBYII».

[TosiBNEeHHe 3TOrO ajaropuTMa CTajlo MEPEIOMHBIM ITYHKTOM Pa3BUTHS
TEOPUH U MPAKTUKHU UPPOBOH 00padOTKM CUTHAJIOB M M300paKeHUH, a TaKkxKe
LIEJIOTO psiia ApYTuX obsiacTeil HayKu U TEXHUKH, MOCKOJIBKY MO3BOJIAIIO Pajt -
KaJIbHO COKPaTHTh KOJMYECTBO apH(PMETHUECKHX ONepanuii Mpu BBHIYUCICHUN
TUCKpETHOTO mpeobpazoBanust Oypre [5].

[lo3nHee mOSIBUIMCH MHOTOUYHUCICHHBIE «OBICTPBIE)» AJITOPUTMBI,
BBIYUCIICHHSI CBEPTOK M KOpPpesIMi HU(POBBIX MOCIEA0BATEIBHOCTEH, AMC-
KPETHBIX NMPeoOpa3oBaHUi B Pa3IMYHBIX OPTOTOHAJBHBIX Oazucax M MHOTHE
apyrue [6-8].

Cpenn mpodux CieayeT BBIASIUTH CTaBILIME «KJIACCHKOW» OBICTPHIX
BBIYMCIICHUN alropuTMbl yMHOXKeHHus matpur llltpaccena, Bunorpana, anro-
PUTMBI YMHOKEHUsI Oonbux neibix yucen Tooma-Kyka, @roopepa u mMHOTHE
apyrue [9-11].

['MaBHBIM MPEUMYILIECTBOM BCEX «OBICTPBIX» aITOPUTMOB OBLIO pajiu-
KaJIbHOE COKPALICHUE ONEpalii YMHOKEHHUS (CHIKEHHE MYJIbTUILTUKATHBHON
CJIO’KHOCTH) TI0 CPABHEHHIO C «HAUBHBIMIY aJITOPUTMaMHU.

Opnako, B psjie CllydyaeB CHIKEHUE KOJMUECTBa ONpeauil yMHOKEHHS
MPUBOIWIO K YBEJIMYECHHUIO (MHOTAA CYIIECTBEHHOMY) KOJIMYECTBA CIIOKEHHN
(anAUTUBHON CI0KHOCTH) U MIOYTH BCETIAa — K YBEJITMUCHHIO CJI0KHOCTH YIPaB-
JICHUS TIPOIIECCOM BBIYHMCIICHHI, a TaKKe K POCTY Oleparuii Mepechbulku JaH-
HBIX, Ha KOTOpBIE TOrJa HHUKTO HEe oOpaiial 0co00ro BHUMAHUS B CHILY
HE3HAYUTEIBHOTO, TI0 CPABHEHHUIO C YMHOKEHHUEM, BPEMEHH X BBIITOJTHECHUSI.

C pa3BUTHEM TEXHOJIOTHH MIPOU3BOJICTBA IJIEMEHTHOM 0a3bl AIEKTPOH-
HBIX BBIYMCIUTENBHBIX MamuH, nosisienueM CBUC, conepikammx BCTpoeHHBIE
annapaTHble YMHOKUTEIH, MO3BOJISIOIINX BBHIIIOIHUTH KOMaHIy YMHOXKEHUS B
TEYEHUH OJHOT0 MALIMHHOTO LHMKJIA, 3HAau€HHE OBICTPHIX aJrOpPUTMOB HEC-
KOJIBKO MPUYMEHBIIUIOCH.

HeoxxnganHo oka3ajioch, YTO COKpAIIEHHE YMHOXKEHUH B OBICTPBIX
ITOPUTMAax BBI3BIBAIOIIEE POCT ONEpalMid CIOXKEHUS W ONepaluil mepeaape-
Calliu JaHHBIX B YCIIOBHSX, KOTJIa BPEMs BBIITOJIHEHUS 3TUX OIepanuil sBiisi-
€TCs CPaBHUMBIM, MOYKET BO3BIMETh M HETAaTUBHBIN 3(h(eKT.

[IpakTuka mokasana, 4to, Mo KpailHeH Mepe, B psle ClydaeB, «HAUB-
HBIC» TOAXOIbl, OCHOBAaHHBIC HAa TPYJOEMKHUX C TOYKH 3PEHHUS KOJIMYECTBA
BBINOJIHSAEMBIX apu(METUIECKUX OIepaluil, HO 0oyee IPOCTHIX C TOYKU 3pe-
HUS OpraHM3aliK BEIYUCIICHUH U peann3alii MEXaHU3MOB aJipecallui JaHHBIX
B QJITOPUTMAaxX, MOTYT OKa3aThCsl 3PPEKTUBHEE UX «OBICTPHIX» MOANDUKALIH.
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3TO MO3BOIMIIO BCSIKOTO POJa AMJIETAaHTAM U CKENTUKAM YTBEP)KIATh O
JaJbHENIIe Heleaecoo0pa3sHOCTH MOKMCKa U MPUMEHEHHUS allfOPUTMUYECKHX
pelIeHnH, MO3BOJISIONINX CHU3UTh BBIYUCIUTENBHYIO CJI0XKHOCTh MaTeMaTHy e-
CKHMX pacy€ToB.

Heo6xonmumMo 0TMETHTB, UTO JEHCTBUTEIBHO, B Cllydae, KOTAa KOMITb-
I0T€p WM HHOE BBIYMCIUTENBHOE YCTPOMCTBO YK€ COAEPIKUT BCTPOCHHBIN
anmnapaTHBIA YMHOXHUTEIb, COKpAILEHHE YHCIIa ONepaliii yMHOKEHHS 3a CUET
HETNPOIIOPLHOHATIBHO OOJIBIIOr0 poCTa CIOXKEHUH MOXKET NPUBECTH K HEraTH B-
HBIM TOCIIEICTBUSM.

Tem He MeHee, IPU MPOEKTHPOBAHUHU CIIELUATN3UPOBAHHBIX MPOLEC-
COPOB, OCOOCHHO IPOLIECCOPOB C pacrapayieIUBaHUEM BBIYHUCICHUM, B KOTO-
PBIX TpearnojaracTcsi HaIMYUE LENIOro psiaa mapaienbHo padoraromux Omo-
KOB YMHOXXEHHSI, POOJIeMa MHHUMH3AIUN KOJINYECTBA ATUX OJIOKOB OCTagTcs
HO-TIPEXKHEMY aKTYyaJIbHOM.

OT0 00BACHSIETCA TEM, YTO €CJIM ammapaTHasl CJIOKHOCTh CyMMaropa
3aBHUCHUT JIMHEHHO OT pa3Mepa OIepaH/IOB, TO ammapaTHas CIOXHOCTH OJIOKa
YMHOKEHHS — KBaIpaTHYHO.

YMHOHUTENB M0 CPABHEHUIO C CYMMAaTOpPOM 3aHUMAaeT Ha KpHCTaJe
3HAYUTENFHO OOJbIlIE MecTa, MOTPeOseT 3HAYUTEIbHO OOJbIIE SHEPTUU U
BBIIETISIET 3HAUYUTENHHO OOJIbINE TeTIa.

ScHo, uTO pa3paboTUuK TAKOro mpolecopa OyIeT CTPEMUTHCS K TOMY,
YTOOBI €ro CTPYKTYpa COAeprKaa Kak MOKHO MEHbIIE OJIOKOB YMHOKEHHUSL.

B sTOoM ciydyae mouck anroOpUTMHYECKUX PELICHUH, MPUBOSAIINX K
CHIDKCHHMIO allllapaTHBIX M CBA3aHHBIX C HUMHM 3aTpar sIBISETCS HEOOBIYaiiHO
akTyanbHbIM. C 3TOH TOYKH 3peHHs pa3paboTKa OBICTPBIX aJrOPUTMOB SIBJIS-
€TCSl SKOHOMUYECKH 00OCHOBAHHOW U TEXHUUECKH 11EJICCO00Pa3HOM.

Heob6xomumMo OTMETHTH, YTO 10 CHX IIOp HE CYLIECTBYET YHUBEP-
caJlbHOM METOJHMKH MPOSKTHPOBAHUS OBICTPHIX aJITOPUTMOB.

Haubosee u3BecTHbIE W MHTEPECHBIE PEIICHUs] OBLIM MONYyYEHBI, CKO-
pee Bcero, MMEHHO Ha OCHOBE Y4€Ta YaCTHBIX CBOMCTB M YHUKAJIbHBIX 0COOEH-
HOCTEH KOHKPETHBIX 3a/1ad.

Tak, Hampumep, anroput™M BII® Obu1 paspaboran Omaromaps ydéry
CBOMCTB MEPEOANYHOCTH U MYJIBTUIIMKATUBHOCTU JUCKPETHBIX 3KCIIOHEHITHU-
QIBHBIX (YHKUMH, anropuT™ OBICTPOM LMKIMYECKOH CBEPTKM — Ojaromaps
JI0Ka3aTeNIbCTBY TOTO, YTO CBEPTKA OBYX MOCIENOBATEILHOCTEH MOXKET OBbITh
BBIUHUCIICHA KaK Mpou3BelneHne kodpduuuentoB bII® atux mocnempoBarenbHo-
CcTei.

IIpennaraercs mpocToit U He TPEOYIOMIMNA CIIEIUATBHBIX 3HAHUHA I10/1-
xox [12-13] k pa3paboTke OBICTPBIX aITOPUTMOB, MCHOJIB3YIOMIUX BEKTOPHO-
MaTpUYHBIE OMEPaIIHH.

I'maBHOE BHMMaHUE COCPEIOTOUYEHO UMEHHO Ha 3TOM THIIE ONEpaLni,
MOCKOJIBKY HEO0OXOAMMOCTh OBICTPOTO BBIYMCICHHS BEKTOPHO-MATPUYHBIX
MIPOU3BEEHUN C Pa3IMYHBIMU MAaTPUUYHBIMU SIIPAMH BO3HUKAET IIPH PELICHUN
OTPOMHOT0 KOJHMYECTBA MPUKJIATHBIX 3a]a4, CBI3aHHBIX ¢ HUPPOBOI 00paboT-
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KOW TaHHBIX B PAIHO- U THAPOJIOKAINH, HABUTAIINH, TEICKOMMYHHKAIINH, pac-
MO3HAaBaHNH 00Pa30B, aHATM3E CIEH, MAITMHHOW TpaduKe U T.]..

He nperennys Ha NMONHYIO YHUBEPCATbHOCTD, MPEIIaraeMblil MOAX0M
BCE-TaKkM 00JIajaeT TOCTaTOYHBIM HAOOPOM CBOICTB, MTO3BOJISIONIUX YHHU(HIIN-
poBaTh, popMann30BaTh U Aa)ke aBTOMAaTH3UPOBATh B HHTEPAKTHBHOM PEKUME
pa3paboTKy OBICTPBIX arOpUTMOB [14].

BeiBoasl. C TOMONIBIO pa3BHBAEMOro TOIXOJa OBLT pa3paboTaH
Henblil psit 9P PEKTHBHBIX aITOPUTMUIECKUX PEIICHHUH, MO3BOJSIONINX YMEHB -
IOWUTH BPEMs BBIIIOJIHCHUA BBIYHCIICHUH IIpyu pCIICHUH PA3JIMYHBIX MPUKIaJIHBIX
3aj1a4 W/WIH YOPOCTHTh CTPYKTYpBI Berunciureneii [15-28].
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MOK/IABOCTI BAKOPUCTAHHS PIINEHHA ITPOMUACJIOBOI'O
OBJAJHAHHSA B CUCTEMI CBIMCBKOI ABTOMATH3ALII

BO3MOXKHOCTHU UCITIOJIB30OBAHUSA PEHIEHUSA
INPOMBIIIJIEHHOTI'O OBOPY/1IOBAHUA
B CUCTEME JOMAIIHEHU ABTOMATHU3ALIUN

THE POSSIBILITIES TO USE INDUSTRIAL EQUIPMENT
SOLUTION IN HOME AUTOMATION SYSTEM

A. PBIXJIUK, xanm.TexH.HayK
Jloosunckuti mexuuyveckui ynueepcumem, Ionvuia

Y pobomi onucyemocsa uxkopucmaHnHs npomMuciosoi asmomamusayii y
cghepi asmomamuzayii 6yoigens, AKA 3HUNCYE GAPMICMb NPOEKMYBAHHA Md
6yo0osu cucmem ma niosUWYe PYHKYIOHAIbHT MONCIUBOCIE NOPIGHSHO 3 ICHYIO -
YUMU 8JCE€ CUCEMAMU, WO 8Xce 3ACMOCO8YIOMbCA Ma 3aNPONOHO8AHI 00
Kynieni/npooasicy. Yepes 30invuienns naowi SUKOPUCMAHHS Yi cucmemu
6y0ymb 3acmocosy8amucs y GeauKiil KiibKocmi, wjo 00380aumv 6e3 30i1b-
wienHs eumpam, nioguwumu ixuio Haditinicmo. Ilpuxkiadom supiutents, 0oge-
0enozo 00 npomomuny, y pooomi npeoCcmasieHo CUCeMy Kepy8aHHs mda
KOHMPOIO KOMeOHCHO20 cady I KoMepyitiny eeaudesny cucmemy Automation
Platform.NExT™

Knrouoei cnoea: asmomamusayiss npoMucio8ocmi, asmomamusayis
Oyodisni, cmapmoom, cmapmead, MoOiIbHUL 000AmMOoK, 6e0-000amoK, NPUCMmpill
1UIK.

B Oaunnoti pabome onucvigaemcs ucnorv3oaHue nNPOMuLULIEHHOU
agmomamuzayuy 6 o6nacmy A8MOMAMU3AYUY 30AHUL, YMO O0Aem CHUNCeHUE
CMOUMOCIU NPOEKMUPOBAHUSL U CIMPOUMETLCIEA CUCTHEM, NO8bIULAen (DYHK-
YUOHATIbHBIE BO3MONCHOCMU NO CPABHEHUIO C CYUeCMBYIOWUMU Yoce cucme-
MaAMu, KOmopbvie NPUMEHSIOMCSL U KOMOopble NPedNodCceHbl K Kynie/npooaice.
B cea3u ¢ ysenuuenuem niowadu npumeneHuss Smu cucmemuvl 0y0ym nNpou3eo-
oumsvcst 8 OONLUWUX KOIUYECHEAX, H4MO NO360AUM 0e3 Y8eiuyeHus 3ampam
nogvicums ux Haoedchocmo. Kax npumep peutenuss 008e0eHHO20 00 NPOMO-
muna 6 pabome npedCmMasieHo CUCMeEMY YNPAGIeHUS U KOHMPOJisl KOMmeo ic-
Ho20 cada u Kommepyeckyo ocpomuylo cucmemy Automation Platform.
NEXT™

Knrouegvle cnoea: asmomamuzayus npoMblUIEHHOCMU, A8MOMAMU-
3ayust 30aHuUsl, CMAPMOOM, CMAPMO2OPO0, MOOUTbHOE NPUNOdiCeHUe, 8e-
npunodicenue, ycmpoticmago I1JIK.

© Pruixamk A., 2017
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This work describes the use of industrial automation solution in buil-
ding automation. This approach reduces the cost of system design and con-
struction. It increases functionality compared to existing in-use and offered to
buy systems. These systems, due to their increased use, will be produced in
larger quantities which will increase their reliability without increasing costs.
As an example of the prototype implemented in this work, a system of manage-
ment and control home garden and the commercial, huge system Automation
Platform. NExT™ are presented.

Keywords: industrial automation, building automation, smart home,
smart garden, mobile application, web application, PLC device

Introduction. The modern house is more and more like a complicated
machine than a simple construction that provides a roof over his head. Once the
electrical system was simple, enough for one light bulb in the middle of the
ceiling of the room one or two outlet and switch on the wall near the door. In
the event of a short circuit you had to screw the new fuse and it was over the
trouble.

Now our expectation is much higher: we expect not only a larger
number of light points and sockets, but also better protect the electrical installa-
tion to be safe for the households. We require better grounding and zeroing.

We require TV outlets in several rooms. We require a computer net-
work around whole home, Wi-Fi coverage in the house and garden with Inter-
net access. We require intercom, electric blinds, fire detectors, home theatre in
the living room, remote control and mange home heating and watering the gar-
den, monitoring in the absence of residents, communication with the security
company for the safety of residents during their presence in the property,
control of home solar and wind power plants and many other installation.

Background. Each control system, independently controlled, consists
of three PLCs, SCADA and HMI modules. They differ on sensors, actuators,
and process control algorithms. The huge development of control systems owe,
that the largest costs in the operation of the building and industry are generated
by employees, and control systems remove employees from these process [1].

A programmable logic controller (PLC), or programmable controller
(PC) is an industrial digital computer which has been ruggedized and adapted
for the control of manufacturing processes, such as assembly lines, or robotic
devices, or any activity that requires high reliability control and ease of pro-
gramming and process fault diagnosis.

Supervisory control and data acquisition (SCADA) is a control system
architecture that uses computers, networked data communications and gra-
phical user interfaces for high-level process supervisory management, but uses
other peripheral devices such as programmable logic controllers and discrete
PID controllers to interface to the process plant or machinery.

The operator interfaces which enable monitoring and the issuing of
process commands, such as controller set point changes, are handled through
the SCADA supervisory computer system.
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However, the real-time control logic or controller calculations are per-
formed by networked modules which connect to the field sensors and actuators.
The human machine interface (HMI), in the industrial design field of human—
computer_interaction, is the space where interactions between humans and
machines occur.

The goal of this interaction is to allow effective operation and control
of the machine from the human end, whilst the machine simultaneously feeds
back information that aids the operators' decision-making process [2].

Review existing solution. Consider the case of home garden control
when a landlord is very far away from home and cannot afford anybody to
take care of the garden or economically such an order is unpro-fitable.

There is no way out, he must learn to take remote care of the garden.

One of the systems for automatic irrigation of plants is Daisy.si. From
the website product description [6], we learn that it is suitable for watering
inside the house, verandas or balconies. It is resistant to moisture sunlight.

The system is low energy consumption; its battery lasts up to two
years. Different colored LEDs inform the user of the system on the state of soil
moisture. On the basis of the optimization algorithm, water is gradually
released from the container when the sensor informs the system about too low
soil moisture.

The Daisy.si system for more demanding users has a web application
where you can select the watering parameters of your plants according to your
taste. Communication with the web application is via wireless data transmis-
sion.

Looking at soil watering systems we come to RainCommander. He is
very technologically advanced.

From the web side of the manufacturer [7] we learn that it supports
sprinklers located in 12 zones. One feature of the system is Wi-Fi connectivity,
so users can control the sprinklers by using a web or mobile application. The
system has ability to control both single zones and all sprinklers at once.

The next system to present is Skydrop.

On the web site of the manufacturer [8] we learn that the garden is
divided into zones based on information such as: type of soil, species of vegeta-
tion, and type of sprayer.

Watering program additionally depends on atmospheric condition.
A mobile application that connects to the device via a Wi-Fi network is avai-
lable for the system. Through it, the user can, among other, edit the frequency
of watering, monitor the status of the system, and receive reports from the sys-
tem.

The last system to consider is the Niwa Hydroponic System. On the
web site of the manufacturer [9] we learn that this smart home system not only
allows for automatic watering plants but also for lighting them.

Niwa Hydroponic System is recommended when growing edible
plants. We use the provided mobile application to operate this device. It allows
you to plan the best development condition for selected plants.
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You can also use it to edit the frequency of watering and other activi-
ties related to the cultivation of plants.

Functional and non-functional assumption for designed system.
The biggest disadvantage of the presented systems is their price. In the practi-
cal part of the article is presented a project consisting of low cost electronic
components used in both industrial and building automation.

Although the mobile application is only part of the whole system once
it is included in cost of sales of the devices.

On the other hand, it is available for free on Android mobile devices
through Google Play or Apple-powered devices through the App Store and for
Windows Phone from Microsoft Store.

The reason for the high prices of building automation and garden au-
tomation systems lies in the high cost of paid software developers.

Electronic circuits are manufactured in China, where production costs
are low. The software is produced in the US, where production costs are high.

The idea of building automation and gardening has been widespread by
Americans.

This is a huge market for products that manage large buildings, but
they can also automate the work of an average person’s home.

Most of these types of projects are created in the US, so the developer’s
pay must be adapted to the US labor market.

This in turn generates the high cost of the final product that the compa-
ny could reap a profit from the sale.

The second problem for system users is the lack of native support for
the devices. In Poland, small, backyard garden mainly run by elderly people.

During the Polish People’s Republic, the main language taught in
schools was Russian. The systems: Daisy.si, RainCommander, Skydrop, Niwa
Hydroponic System only have application in English. Another major problem
that has previously analyzed systems is the lack of utility offline.

They do not have a list of activities to do in the garden, to which the
user could type in the task he invented and then execute them and then unmark
them.

Those who have such a list do not show it in offline mode. When
managing a home garden, take care of the same things as the industrial garden:
spraying plants, fertilizing, weeding, sowing and planting, preparation of
scions, extracts, slurry, trapping of snails, egg whites, harvesting fruits, vegeta-
bles, herbs, remove whole or parts of plants.

Lack of this functionality makes it difficult to work in the garden. As
you can see, gardening is more than just watering.

The fourth drawback of the presented systems is the lack of access to
the garden data via a web browser (expect Daisy.si).

It is worth mentioning that in Poland a lot of, especially older people
use the Internet only via an Ethernet cable attached to a desktop computer.
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Finally, it is important to note that the GUI of the presented applica-
tions is not responsive, which is a major handicap for older people with vision
problems.

Design of the smart garden management and control system. The
purpose and result of my research was to design and build a garden manage-
ment device in the image and similarity of control systems used in industry and
the faultless systems presented above.

The solution of the problem is to create an Internet and mobile applica-
tion, which is the task manager for the owner supports its activities, offering
watering plants in these conditions specifically defined.

This involves the construction of the whole system, which transfers the
data to the server using a computer to be accessible to the user mobile applica-
tion regardless of whether the garden is big or small, whether it is eg used as a
backyard or for industrial purposes. In this example, the user can retrieve data
on the current state of the garden (soil moisture, temperature and humidity).

Based on this data he decides what action to take on the plants. These
tasks are provided by a mobile application for PLCs that actuate the valves in
the garden. PLC is an embedded system, and based on the received data from
the master management system and the sensors data generates control signals
for the actuators.

The idea of watering is to set up hoses in the watering places and acti-
vate them when the sensors show low humidity values.

Mobile application is designed for Smartphone running Android 5.0 or
higher because it is most popular. Data transmission with the server with the
database of plant parameters in the garden is done via the Internet [3].

Sensors and devices are connected to a microcontroller board using
1-wire protocol.

The 1-wire bus requires only one data line (and ground) for communi-
cation with central microcontrollers. We use a USB connection to connect the
Arduino to the PCs. Of course, Smartphone also has access to the Internet.

The mobile application uses the SQlite database because Android has
built-in eg support. The mobile application was made in the Android Studio. As
a PLC module, DFROBOT board is used because it is compatible with the
Atmega 32U4 microcontroller in the Arduino Leonardo range and is cheaper.

Another important element of the project is the temperature and humi-
dity sensor DHT11. It allows you to measure the air temperature in the 0-50
Celsius scale and the relative humidity from 20% to 80%. It is connected to the
microcontroller via a single-wire interface. The next element of the system is
the humidity sensor of the soil.

This is an analogue sensor that increases the voltage when the humidity
increases. Actuators are solenoid valves for water supply hoses in the space of
possible shortages.
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At a time when the soil moisture falls below 30 % and the air tempera-
ture is positive, watering the plants starts to reach 70 % of the soil moisture.

The Arduino module has been programmed with an IDE dedicated to
this module and when it is connected via a USB cable to a computer with an
IDE installed.

In our project the software was generated for the Arduino board Leo-
nardo. The HTML 5, CSS 3, Bootstrap 3, PHP, JavaScript and SQlite were
used for web application design.

The website has been tested in four browsers: Mozilla Firefox, Mi-
crosoft Edge, Google Chrome and Opera Neron. The test showed full respon-
siveness of the site [4; 5].

The mobile application has two tasks; one is a task manager in the
garden and second allows you to receive measurements from the server by
connecting to the web browser of the mobile device.

For this reason, the responsive website is so important in the whole
project that returning back to the task manager only requires the back arrow to
be pressed.

The reading of the measurement of parameters within a module appli-
cation has not been implemented, because it is assumed that the users will be
elderly people who will not always have access to the Internet.

Their use of the application is limited to task manager. For this reason,
it was considered that the GUI should not be expanded.

The application for the elderly should be very easy to use.

The test mobile application was made in Android Studio, tasks are
written to data base SQL.ite.

This means that when you open the application again, you have access
to the task list and you have ability to create, delete and edit tasks. The mobile
application is very easy to use and it was one of goals of the prototype.

The commercial, huge system used in both industrial and building
automation. The most technologically advanced system is the Automation
Platform.NEXT™ [10]. From the leaflet included with the product, we learn
that Automation Platform.NExT™ sets new opportunities for SCADA / HML
Provides maximum scalability in one flexible, modular development environ-
ment.

This enables Platform.NEXT™ to provide a wide range of application
capabilities while maintaining high temporal design efficiency.

Platform.NEXT™ environment is based on the concept of plug-in,
which allows for maximum co-operation with other systems in order to inte-
grate third-party components in a single environment and the use of extensive
technology capabilities NET.

The graphical environment is based on WPF technology and supports
advanced XAML graphics tools.
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The availability of VB.NET provides great application capabilities. The
NEXT™ Automation Platform guarantees maximum safety. It offers security
features that cover all the solutions available in the typical SCADA systems of
recognized manufacturers. Automation Platform.NEXT™ is based entirely on
recognized market standards, providing reliability and openness. XAML and
WPF technologies ensure the most efficient graphics processing technology.

MS SQL Server and Azure ensure data archiving with the ability to
collaborate with other relational databases. SCADA application design files are
based on the XML standard. Advanced programming capabilities are available
through VB.NET. Communication with external devices is accomplished using
many integrated protocols and OPC UA (OPC Unified Architecture) techno-
logy.

Automation Platform.NExXT™ uses modern OPC UA technology for
efficient communication with compatible applications.

The 1 / O server offers a wide range of communication drivers that
allow direct connection to external devices. Communication drivers for
Siemens, Rockwell, Schneider, Omron and many others are available.

The Automation Platform.NEXT™ architecture has been developed to
integrate with 1T applications, enterprise management, and decision support.

The Automation Platform.NEXT™ environment is geared towards
maximizing productivity.

Fast communication, real-time data management, and optimized gra-
phics processing make full use of graphics accelerators and DirectX capable of
delivering high-performance and high-performance solutions.

The Automation Platform.NExT™ is an environment based on
SCADA concept of web access.

Building network applications is easy and effective. Maximum perfor-
mance is achieved through the use of Silverlight technology and the use of
HTML 5. Technologically advanced and intuitive environment allows you to
build Platform.NEXT™ Automation SCADA applications in an efficient and
optimal time. A rich library of objects for easy design works and provides
opportunities to create modern and advanced graphical synoptic screens.

Technology plug-in allows you to use components originating from
third-party software, which allows almost unlimited expansion functions built
SCADA applications [10].

The unmatched openness and flexibility of the Movicon software archi-
tecture makes it an ideal SCADA HMI surveillance system for any manufactu-
ring sector. Today's automation world needs to be flexible, which means the
ability to deliver the product on time, according to customer requirements,
without sacrificing the secrets of technology.

PROGEA offers an effective guarantee to protect your investment and
allows you to stay competitive in the world by using only one MOVICON
software platform. Software for all automation applications, from control level
(PLC, HMI) to SCADA / MES across the enterprise. Progea solutions are also
tailored to the surveillance of intelligent buildings.
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The company's engineers are leading experts in software supervision
and control (SCADA / HMI).

Movicon BA offers all the advantages of open systems software for the
integration and visualization of automation systems for modern buildings, resi-
dential, industrial, service and large agglomerations.

The enormous years of experience in developing assumptions for im-
plementation and deployment have allowed PROGEA to deliver the right solu-
tion that meets the most demanding system integration needs with just one
product - powerful open source HVAC (Heating, Ventilation, Air Conditio-
ning) plant control software, lighting, Control, energy consumption, security,
surveillance of IP cameras, TVCC (Closed Circuit Television), fire protection
systems, lifts and all other building automation devices. PROGEA software
solutions are designed for all types of infrastructure, empowering users with
tools for navigating and controlling control systems from individual buildings
to whole infrastructure blocks.

This means that large hospitals, airports, businesses, hotels, tunnels and
many other places around the world can be visualized, monitored and con-
trolled by Movicon software. PROGEA integrates systems such as: HVAC,
lighting, energy consumption, safety, fire protection, elevator supervision for
full control over these areas. Integrated alarm with live video, alarm acknow-
ledgment via web browser, Pocket PC, and mobile phone, gives you complete
control over all your operations [10].

The illustrated example shows that not only simple amateur solutions
but also complex commercial systems tend to be used industrial equipment
solution in home automation system.

Conclusion. The experiment showed the possibilities to use industrial
equipment solution in home automation system on the example of garden
management and control.

Given that the whole system was made for a small amount of money,
one might wonder whether it is really worthwhile to buy from the big compa-
nies the ready solution.

The answer to this question is ambiguous, depending on what the
future user expects. A person with a large garden in which care is dedicating a
lot of money, probably opt for a solution with an established position among
companies gardening, even though it will be made in old technology.

The less demanding person will choose cheaper solution, as a gift will
be provided with a system made in a newer technology.

The first step in the system development plan is to transfer measure-
ment to an FTP server.

Experiments with the prototype were implemented using an SFTP
server. The Arduino board is too weak to send data directly to this server. You
must install the middleware on a local, standard personal computer.

The next step may be to optionally display the measurement results in a
mobile application foe more demanding users.
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Another suggestion is to add functionality to the control of soil irriga-
tion. At present, the user can only supervise whether the parameters set at the
beginning are practical.

More knowledgeable people in horticulture may need such functiona-
lity. There is also a need to provide applications for users of niche mobile
devices such as Apple or Windows Phone.

Implementing a cross-platform mobile application will be the next step
in prototype development as the most expensive commercial systems make
mobile applications available on many mobile devices. In the future, there is
a parallel existence in the market of solutions for large and small systems with
interfaces that enable data transfer between them.
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IHTEJIEKTYAJIBHA EBOJIIOIIMHA CUCTEMA MIJITPUMKH
MPUHHATTS PINEHb HA OCHOBI HEUPOMEPEXKEBOI'O
I IMYHHOTI'O IIIAXO/J1B

UHTEJUIEKTYAJIbHASI 9BOJTIOLIUOHHAA CHCTEMA
HNOJAEPKKH ITPUHATHS PEIHEHUN
HA OCHOBE HEMPOCETEBOI'O U UMMYHHOT O ITIOAXO10B

INTELLECTUAL EVOLUTION SYSTEM OF SUPPORT
OF DECISION-MAKING BASED ON NEURAL NETWORK
AND IMMUNE APPROACHES

H.M. KOPABJIEB, n0KT.TEXH.HayK,
J.H. COJIOBBEB, P.P. MAJIIOKOB
Xapxiecbkutl HayioHANbHULL YHIGepcumem paoioenekmponiku, Ykpaina

Y cmammi poszensioaemvca modenv inmenekmyanvHoi cucmemu nio-
MPUMKYU NPUTHAMMSA PIUEeHb HA OCHOGI HEUPOHHOT MEPediCl, HaBUaHHA Ma e60-
oyia Kol 30IUCHIOIOMbCA 3 BUKOPUCIMAHHAM IMYHHO20 nioxody. Eeontoyis
cucmemu po3ensioaemscs K 3a0aya it adanmayii 00 yM0o8 3MIHU 306HIUHBO2O
cepedosuya i eracmugocmett 06 €Kma NPULHAMMs Pilletb, Wo CKIA0AEMbCSL 3
npoyedyp KOpekyii uucia HetipoHie 8 NPUXOBAHUX wlapax i napamempie mMooeii
cucmemu, sIKi BUKOPUCMOBYIOMb IMYHHI MOOei KIIOHAbHO20 8i000py ma My H-
HOI mepeixc.

Knrouosi cnoea: npuiinamms piuienb, HeUPOHHA Mepedicd, WMYUHA
iMYHHA cucmema, apinHicmy, KIOHAAbHUU 8I00Ip, IMYHHA Mepedcda.

B cmamve paccmampusaemcs Mooenb UHMELLIEKMYAIbHOU CUCHEMbl
N000epPIAHCKU NPUHAMUSL PeUeHUll Ha OCHOBe HelPOHHOU cemu, o0yueHue U 280-
JOYUsL KOMOPOU OCYWEeCMBISIIOMCS ¢ UCTIOAb308AHUEM UMMYHHO20 HO0X00d.
Deonoyus cucmemvl paccmMampugaemcs KaxK 3a0ava ee aoanmayuu K ycio-
BUAM USMEHEHUs. 6HeUlHell Cpedbl U CEOUCME 00bEeKma NPUHAMUsL peuleHull,
cocmoawas u3 npoyeoyp KOPpeKyuu Yucia HeupoHO8 8 CKPLIMbIX CIOSX U
napamempos Mooeiu CUCMEMbL, UCIOAbIYIOWUX UMMYHHbIE MOOETU KIOHALb-
HO020 0mOOPa u UMMYHHOU cemu.

Knwouesvie cnoea: npunsmue pewenull, HeUpoOHHAs CeMb, UCKYC-
CMBEHHASL UMMYHHASL cUcmemd, ap@uHHOCmb, KIOHATbHBIL 0MOOp, UMMYHHAS
cemo.

The article considers the model of the intellectual decision support sys-
tem based on the neural network, the training and evolution of which are car-
ried out using the immune approach.

© Kopabaes H.M., Cosoeber I.H., Mamokos P.P., 2017
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The evolution of the system is considered as the task of adapting it to
the conditions for changing the external environment and the properties of the
decision-making object, consisting of procedures for correcting the number of
neurons in the hidden layers and the parameters of the system model using
immune models for clonal selection and the immune network.

Keywords: decision-making, neural network, artificial immune system,
affinity, clonal selection, immune network.

Beenenue. B HacTosmiee BpeMsl CTPEMHUTENBHO YBEIUYUBAIOTCS
MOTOKHU TiepepadaThiBaeMoil MH(OPMAIIUH, YTO TPeOyeT HEe TOJBKO aBTOMATH-
3alUM IPOLECCOB 00pPa0OTKH M aHaJIM3a JAHHBIX, HO U MHTEJUICKTYyaJIn3aliu
WHPOPMALMOHHBIX U OPraHU3AIlMOHHBIX MPOILECCOB, a TAKXKE HCIIOJIIL30BAHUS
3¢ PEKTHUBHBIX METOJOB M TEXHOJOTHH MPUHATHS PELICHUH W YIpaBICHUS.
AKTyanbHOM 3amadeid gBisieTcsl pa3paboTka WHGOPMAIMOHHBIX TEXHOJIOTHIMA
NPUHATHA PELICHUH, YYUTHIBAIOLINX COBPEMEHHBIE TpeOOBaHUS, KOTOpBIC
MIPEeIbABISAIOTCS WIM MOTYT BO3HUKHYTH IPU YIPABICHUH CIIOKHBIMH CHCTe-
Mamu. [losiBlIeHrNE KOMIBIOTEPHBIX CUCTEM U CETEW BBICOKOW NMPOM3BOAUTENb-
HOCTH C OOJIBIION €MKOCTBIO MaMSTH, a TaKXKe MOSBJICHHUE MHOTOSICPHBIX
MIPOLIECCOPOB, JIOMYCKAIOUINX pEeaM3alri0 MapaJlIeNbHBIX BBIYHUCICHUH, C
OJIHOM CTOPOHBI, U HEOOXOJUMOCTH OOpPAOOTKH 3HAYUTEIIbHBIX MaCcCHBOB
uHGOPMALUK Ul TIPUHATHS PEIICHUH — C IPYroi, NPUBENU K CO3AaHUIO
MHTEIUICKTYAJIbHBIX CUCTEM HOANCPKKU mpuHstus pernenuin UCIIIIP [1; 2].
Peanpnas cutyanus tpeOyet apyrux noaxonos k cozmanuto VCIIIIP B ycno-
BHAX M3MEHEHHUS OKPYXKAIOWIEH CPenbl U XapaKTEPUCTHK COCTOSHUS CHCTEMBI,
Y4€CTh KOTOPBIE AlPHOPH NMPAKTHUECKN HEBO3MOXKHO.

[lepcrieKTHBHBIM HANPaBICHUEM UCCIIEIOBAHUI B 3TOW 00JIACTH SIBIIS-
erca co3nanue rudpuanbix VICIIIIP, nenonp3yromux nperuMynecTBa Kaxaon
13 TEXHOJIOTHI UCKYCCTBEHHOTO UHTEIUIEKTA.

CymecTBy0T paznuunble noaxoas! k co3ganuto VCIIIP, ucnons3y-
IOIUX aNIapaT TEOPUN HEYETKUX MHOXKECTB M HEUETKOM JIOTHKH, HCKYCCTBEH-
Hele HeiiponHsble cet (MHC), reneTnyeckne anroputMsl, 3BOIIOLMOHHOE MPO-
rpaMMHUpPOBaHUE, NCKyccTBeHHBIe UMMYHHBIE cucteMbl (MUC) u ap.

OTH cucTeMBbl TNpenHa3HA4YeHbl I MOMOIIH JIMILY, MPUHUMAIOLIEMY
pewenue (JIIIP), npu ynpaBneHUH CIOXHBIMA OOBEKTaAMU M IPOLIECCAMH pas3-
JIMYHOHM NMPUPOABI B YCIOBHSX KECTKMX BPEMEHHBIX OTPAaHUYECHHUN U HAJINYHSA
Pa3IMYHOTO POJa HEOTPEACTIECHHOCTEH.

OHHU OTHOCATCS K KJlacCy MHTErPUPOBAHHBIX MHTENJIEKTYalIbHBIX CH-
CTEM, COYETAOLINX CTPOTHME MaTEMATHYECKHE MOJEIN M METOABI MOHCKa pe-
IICHUS] ¢ HECTPOTMMH METOJaMH U MOJIEISIMHU, 0a3UpYIOIIMMUCS Ha 3HAHUSX
9KCIIEPTOB ¥ HAKOTUIEHHOM OTIBITE.

Oco6oe mecto cpenu WCIIIP 3anmmaror cucremsl Ha ocHoBe MHC,
KOTOpBIE IIHMPOKO MPUMEHSIOTCS TaM, I'/Ie KIaCCHYECKHE CUCTEMBI HENMpHMe-
HUMBI, & UMEHHO, B CIIly4ae HEJIMHEHHOCTH CHCTEMBI, B YCIOBHAX HEONpEHe-
JIEHHOCTH U Jp.
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KirtoueBbIM KOHIIENITYaTbHBIM TIOJIOKEHHEM CO3JIaHUSI COBPEMEHHBIX
UCTIIIP aBnsieTcst npuaaHyie UM CIIOCOOHOCTH 3BOIOIIMOHUPOBATH B YCIOBHUSIX
W3MEHEHUS BHELTHEW Cpebl, CBOMCTB 00bEKTa MPHUHATHS PEIICHUH U yIpaBIie-
uust v ap. [1; 3] .

[TosToMy n1st perieHust TpoOIeMbl MTOBBIILICHHUS KaueCTBa WHTEIUICKTY-
QIBHOTO aHanmu3a W 00pa0OTKM WHPOpPMAaUHM NPH HaJUYUM anpHOpHOW U
TEKyIIe HEeOIpe/IeIeHHOCTH W TOBBIMEHUS 3()PEKTHBHOCTH HCIOIB30BAHIS
WCIIIIP npu pemieHWH CIIOKHBIX HHTEUICKTYaIbHBIX 3adad HEOOXOIUMO
WCIIONIb30BaTh MOJAENH CHCTEMBI, KOTOpblEe OyAyT 3BOJIIOIIMOHUPOBATH BO Bpe-
MEHH JUIsl alalTaluy K cpefe GYHKIMOHMPOBAaHUS M CBOMCTB OOBEKTa MPHUH -
tus pemenwnii (OI1P), moBbImas TeM caMbIM YPOBEHb CBOETO «HHTEILIEKTa.

B [3] paccMOTpeHBI 3BOIOIHMOHHBIE METOABI (JOPMUPOBAHUS HEUYETKHX
0a3 mpaBWJ M MX PEOYKIWH Ha OCHOBE T€HETHYECKOTO alroputMa, a B [4]
WCCIIEIOBaHbI HEHpoceTeBble W THOPHUIHBIC alTOPUTMBI OOYUYEHUS IJIS TIOBBI-
menns 3¢ dexrnBaoctr UCIIIIP B crnoxxHBIX cpenax.

B [5] mpemmaraercs mozens MCIIIIP Ha OCHOBE HEYETKOM JIOTHKH,
9BOJIIOLIMSL KOTOPOW OCYIIECTBISETCA C UCIOIB30BaHHNEM HMMYHHOTO MOAX0/a,
YTO MO3BOJIIET aBTOMATHYECKU OTPEENATh U KOPPEKTHPOBATh KaK CTPYKTYPY
(4ncno mpaBuI BBIBOJA), TaK U MapaMeTpbl MOJEIHM CHCTEMBI B 3aBUCHMOCTH
OT U3MEHEHHS CBOMCTB OKPY>KAIOIIEeH CpPeanl M MCCIENyeMOro OOBEKTa.

B nmammoit pabore mpemmaraetcs moznenb VICIITIP ma ocnoBe MHC,
3BOJIIOLIMS KOTOPOH OCYIIECTBIISETCS C UCIOIB30BAaHUEM UMMYHHOIO MTOJIX01a.

OTO MO3BOJIAET AaBTOMAaTHUECKHU OMNpPENesTh U KOPPEKTHPOBATh Kak
CTPYKTYpPY (YHCIO HEHPOHOB B CKPHITHIX CIOSX), TaK M IapameTpbl MOJEIH
CUCTEMBI B 3aBUCIMOCTH OT U3MEHEHHS XapaKTEPUCTUK OKPYKAFOIIEH Cpeabl U
CBOMCTB HCCIIEAyeMOro 00BEKTa.

IMocranoBka 3axaun. [Iycth X — MHOXECTBO BBIOOPOK MPU3HAKOB
(paxtopoB) ommcanusi 00bekTa, Y — MHOXKECTBO COCTOSHHI 0ObekTa (Kiac-
coB), a ¢ynkuuonuposanre MCIITIP omumceiBaeTcss kKak OTOOpakeHHE MpO-
CTpaHCTBa (PaKTOPOB Ha MPOCTPAHCTBO COCTOSHUI B BUJIE COOTHOIIIEHUS

F:X >Y, XcR" YcR". L

,Z[J'ISI MPpUHATHUA PCHICHUA CHUCTEMa JO0JDKHA HMCETH AHAJIMTHUYCCKYIO
3aBUCUMOCTH COOTHOIICHUA (1), COrjiIaCHO KOTOpOfI 110 U3BCCTHBIM 3HAYCHUAM

BEKTOpa BXOJHBIX (PAKTOPOB (cI0Baph MpusHakoB) XM = {Xm ) S Xm}c X

MOKHO OLCHHUTL 3HAYCHHUA BbIXOJHOT'O BCKTOpa COCTOSIHUH (KJ'IaCCOB)

Y" ={y,, Yoo Yaf Y .

Jng omMcaHus CBSA3M MEXIY MHOMKECTBAMHM BXOJHBIX M BBIXOIHBIX
nepemenHbix OIIP wucmonesyercst mozens CIIIIP B Buae MHOrocimoiHO#
Hetiporro# cetu (HC) ¢ mpsMbIM pacripocTpaHeHHEeM CUTHAIA.

B pabore ucnonbp30BaH TPEXCIOWHBIA MEPCENTPOH, UMEIOIINNA BXO[-
HOM CIIOM, coeprKalyii YUCII0O HEMPOHOB, paBHOE YUCITYy BXOAHBIX MPU3HAKOB,
OJIUH TPOMEKYTOUHBIA CIOM M BBIXOJIHOW CJIOM, COJAEpIKallluid YUCIIO HEWpo-
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HOB, PABHOE YUCITYy KJIACCOB IPUHUMAEMBbIX peuieHuil. B mpoMexyTouHOM cioe
HEHPOHOB B KauecTBE (PYHKIMH aKTHBALMU MCIOJB3YIOTCS CHUTMOUIATILHBIC

GyHKIIH

N
Zp = F(Up) = s U = D WX + Wo )
n=1

rae Z,,, M=1M — BbixozxHOIt curnan M -ro HelpPoOHa MPOMEKYTOUHOTO CIIOS,
cocrosiiero u3 M Heliponos, umeronx N BX00B;

X, N :l,_N — N -1 KOMIIOHEHTa BXOJIHOTO BEKTOpa MPU3HAKOB, M0/IaBac-
MOro Ha BxoaHoii cioii HC;

W), i — BecoBoi k09 ULMEHT N -ro BXOAHOrO NpH3HaKa X, MOCTyNako-

mero Ha Bxoa M -ro HeﬁpOHa IMPOMEXYTOUYHOT'O CJIOA; Wo m — 3HAa4YCHHC CMC-

ILICHUS,

A, — KOdDUIHMEHT, ONpeReNsIomuni KpyTH3Hy (YHKIMH aKTHBALMH

fu,).

HeiipoHB! BBIXOAHOTO CJIOSi HMEIOT TOPOTOBYIO (DYHKIHIO aKTHBAIIUH
(0 ¥ UCHOJIb3YETCs 7 BBIHECEHMs BEPAUKTA O IIPUHAUICKHOCTH aHAIIU3UPY-

€MOI CUCTEMBI K ONpe/IeIEHHOMY KJIAcCy PELIeHUH UIId HET

1, ecnu yk>0'k:1,7K, 3)

M
= E Vo Zy V) =
yk (p(m=1 m,k m o,k) 0, ecnu ykSO,

rae V,,, — BecoBble KO3DPUIMEHTHI;
V, — CMeIleHHE;

K — aucno Beixonos HC.

Heobxomumo pemmts 3amaun oOydennss HC u sBomonuu Mozpenu
CIIIIP B ycnoBusAX M3MEHEHHUsS XapaKTEPUCTUK BHEIIHEH Cpelbl U CBONCTB
OIIP.

Hzinoxenue ocHoBHOro marepmaja. OcHoBoil mpemnmaraemon MC-
[I1P, cTpykTypHas cxema KOTOpOW IMpHBeneHa Ha puc. 1, sBisgercs 6a3a 3Ha-
HUH, B KOTOPOH MOTYT XpaHUTHCS OOIIME 3HAHUS, HEOOXOAMMBIC JUIsi  pelie-
HUS BCeX 3a/1a4 MPUHATHS pelIeHu, 3HAaHUS O BCEX BHYTPEHHUX CBS3IX CaMOM
CHCTEMBI, Bce MpPUKJIaIHbIE 3HAHUS, HApUMEp, ONKCAaHUE NPEAMETHBIX 00Jia-
CTE, MpaBWiIa U OTPaHMUYCHMS HA MPOLECC MPHUHATUS PELIECHUM, KOMII-TIEKCHI
AITOPUTMOB U JIp.

baza 3Hanmii ¢popmupyeTcs Ha OCHOBe MH(pOPMaLMH K3 00ydaromeH
BEIOOPKH.

Cucrema JOMKHA MONJCPKUBATH HEMPEPHIBHYIO U ABYCTOPOHHIOIO
cBs3b ¢ OIIP. OnepatuBHbie manueie 00 OIIP, a Takke gaHHBIC, XapaKTEpU3y-
fone HeoOX0AMMOE BO3JCHCTBHE Ha HETO CO CTOPOHBI CHCTEMBI, 00pa3yroT
pabouyro maMsATh CUCTEMBI WJIH €€ 0a3y JaHHBIX.
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Baxxasim 3BeHom WCIIIIP sBiseTcss OJ0K BBIYHCICHHUS, KOTOPBIA B
muanore c JI[IP, obecneunBaeT HIACHTU(PHUKALMIO CUTYaIlUH, JIOTHYCCKUN
BBIBOJ peElICHUH, 00bsicHEHHEe M OOOCHOBaHWE STHX PEIICHHH, B3aHMMOJICH-
cTBHe ¢ 0azaMu aHHBIX U 3HAHWH, & TAK)KE MCIIONB3YET TPATUIIMOHHBIE CPEJI-
CTBa MOJEIUPOBAHUS, AITOPUTMHU3ALMH U IPOTPAMMHUPOBAHUSI.

NCIripP
— Bbluncnenua = onpe
IwnardocTuia, H H
lporHosupoBaHue, |, Ba3av baaa
MoaenupoBarie 3HAHWA OaHHBIX
i i = nnp
‘-:>{ 3BOMKLUNOHUPOBaHWE |

Puc. 1. Cmpykmypnaa cxema UCIIIIP

Jns mpumaHus cUCTeMe CITIOCOOHOCTH pPa3BUBATHCS BO BPEMEHH IS
amanrauu K cpeae gyakuunonnpoBanus B coctaB VCIIIIP BBenmen 6ok 3Bo-
JIOIIMOHUPOBAHUS, KOTOPBIN MO3BOJISET KOPPEKTUPOBATEH KaK CTPYKTYPY, TaK U
napamMeTpbel HEHMPOHHOW MOJIETH CHUCTEMBI B 3aBUCHMOCTH OT HW3MCHCHHUS
XapaKTEePUCTUK OKPYKAOIIEH CPe/Ibl U CBOMCTB UCCIIEAYEeMOT0 O0OBEKTa.

BaxxHoit pyHKIIMEH CUCTEMBI SBISICTCS TaKXKe BBHITIOJHCHHE CTaHIAPT-
HBIX (YHKIMIA 110 TEXHUYECKON JMArHOCTHKE, MPOTHO3MPOBAHUIO, MOJCIIHPO-
BaHMIO, TOKYMEHTHPOBAHUIO H OTOOPaKEHHUIO HH(POPMAITHH.

brnaronaps HenpepsiBHOU cBsizu Mexay cucremor u OIIP ocymecTs-
JIIETCS MOHUTOPUHT €T0 MapaMeTpoB M KaK MOXKHO Oojiee paHHee oOHapyXe-
HUE HEOIAaroNpHUsITHBIX TSHISHIINA U OTKJIIOHEHUH B €0 COCTOSIHHU.

CoOTBETCTBYIOIHE HHPOPMAITHOHHO-aHATUTHUICCKHE KOMIIOHCHTBI
CHUCTEMBI OCYIIECTRIISIOT cOOp, XpaHeHUE U 00pabOTKy onepaTHBHON HUHQOP-
Mmaruu o coctosauu OIIP u mpoucxoasmux B HeM mporieccax. OHa HeoOxo-
JMMa JIJIA MPUHSATHS OTIEPaTUBHBIX PEIICHUH, TPH OTKJIOHEHUU TEKYIIUX 3Ha-
YeHUN KOHTPOJIUPYEMBIX apaMeTPOB OT YCTAHOBJICHHBIX MIIM PabOUMX 3HAYE-
HHUH.

Tak xak HC ang npuHATUS pelieHU MpeacTaBisAeTCs B BUAEC MHOIO-
CJIOMHOM CTPYKTYpbl C HOpPSIMBIM PAacCHpOCTPAHCHHEM CHUTHaNa, a 3HAuYCHUE
BBIXOJTHOM TEPEeMEHHOW MOXKHO W3MEHSTH, KOPPEKTHPYS MapaMeTphl dJIeMeH-
TOB CIIOEB, TO Ui €€ OOy4YeHHs] MOTYT OBITb HWCIOJh30BaHBI Pa3IUYHbIC
METO/IBI, UCTIONB3yeMble st 00yueHus knaccudeckux HC [6].
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Crnenyer OTMETHTb, YTO HE CYIIECTBYET YHHUBEPCAJIBHOIO aJropuTMa
o0y4enus1, moaxosiero s Becex apxurektyp HC. CymectByet nuibs Habop
CPEACTB, MPEICTABICHHBI MHOXXECTBOM aJTOPUTMOB OOYYEHUS, KaXAbI U3
KOTOPBIX MMEET CBOM JIOCTOMHCTBA U HENOCTAaTKH. AJITOPUTMBI OTJIHMYAIOTCS
JpYT OT Apyra cnocoOOM HACTPONKH CHHONTHYECKUX BECOB HEMPOHOB.

CymectByromue Metonsl o0yuenust HC sBISIOTCS TPYOOEMKUMH, a
TAaKXKe BBIABUIAlOT 3HAYMTENbHBIE MaTeMaTHUECKHE TpeOOBaHUS K BHUIAM
LIeIeBBIX (DYHKIUI U OTPaHUICHAN.

OCHOBHOH WX YepTOU SBISETCS OTCYTCTBHE BO3MOXKHOCTH MOAH(pUKA-
LUK CTPYKTYpHI (KOJMUYECTBA HEMPOHOB B MPOMEKYTOYHOM CIIO€) M TapaMeT-
pos HC.

st ycTpaHeHHs1 HEJOCTATKOB CYIIECTBYIOMIUX MeTOA0B o0yuenus: HC
npennaraetcs ucnojin3oBanne MUC. 3amaua obyuenns HC paccmarpuBaercs
Kak TpeOoBaHNEe MUHUMU3AIINH [IEI€BON (PYHKIINN

LS I, )=y, F = min. Q

rae Y, — tpedyemoe 3Hauenue Boixona HC;
P — Bekrop mapamerpoB HC, B KauecTBe KOTOPBIX MCIIOIB3YIOTCS — T1apa-

Vor # Ay, N=LN m=LM;

y(xn, P) — BeIXOAHOE 3HaueHue HC MpU 3HAYCHUU BXOJI0B X, , 3aBUCSIICE

METpBI W, W, \"

,m? om?' Ymk?

ot napametpoB P .

bynem pemate 3amauy oOydenus Bcex mapamerpoB HC B pexume
off-line ¢ ucnonp3oBannem MUC [7], OCHOBHO# wHjeeit KOTOPOM SIBISETCS
NpEJICTaBICHHE PEIIAeMOii 3a/laui B BUJIC AHTHI'CHA, 2 BO3MOKHBIC €€ pellie-
Hus — B Buze anturesr. ChopmMupyeM MomyJsiinio aHTUTEHOB BHIa

Ag =1{Ag,, Ag,, ..., Ads }, (5)

rae S — pasMmep HOMYJISAIUE aHTUT€HOB, COOTBETCTBYIOMINI KOIMYECTBY TIPH-
MepoB B 00yyaromieii BEIOOpKe.
Kasxprit anemMeHT MHOKecTBa AQ — mpuMep U3 00ydaroleil BIOOPKH,

MpeJICTaBICHHBIN B BU/IC BEKTOPa (PMKCUPOBAHHOMN JITHHBI

Agi:<x1i,x‘z,...,x:],y‘>,i:l,8, (6)
rae Xli, X;,...,X:] — BXOJHBIEC IIEpEMEHHBIE, a yi — BBIXOJHas IIEpeMEHHas

MOJIENTUPYEMOTO 00BEKTA TS | -r0 TIpUMepa 00yJaroiell BEIGOPKH.
Takum 00pa3oM, B BHJIC MOMYJSIIAKA aHTHTEHOB A BbICTymaer 00y-

4alollas BEIOOPKA Pa3sMEPHOCTH S OTHOCHTENbHO BXoAHbIX X, N=1L N u

BBIXO/IHOHN Y TEpEeMEHHBIX.
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B kadecTBe aHTUTEN HCHOIB3YIOTCS BEKTOPHI HACTPaWBaeMBIX Mapa-
MeTpoB. B oHOM aHTHTENE KOAMPYIOTCA Bce HacTpauBaeMble apameTpsl HC:

Woms Woms Vs Vou B 4

hm Woms Vinko nN=1N m=1M . Ucnons3yercs BelIeCTBEH-

M
HOE KOIAMPOBAHHME AHTHTEJ, IIPH KOTOPOM KaKIbIi MapaMeTp BEKTOpa aHTH-
TEJ1a OIIUCBhIBACTCA OTACIIbHBIM HCﬁCTBHTCHBHLIM YUCJIOM.

Jlnis pemeHus 3a1aqu UCTIONIB3YETCsl MOJIENh KOJUPOBAHHS HACTpaNBa-
€MBIX TIapaMeTPOB B BHJE AJalTHBHOTO CTPYKTYPUPOBAHHOT'O MYJIbTHAHTHUTE-
na [8], cocTosmero U3 IByX YacTel, Kaxnas M3 KOTOPBIX MOXKET 00padaThi-
BaThCsl HE3aBUCHUMO JIPYT OT Apyra (puc. 2).

Wl,l""'Wl,M;""WN,l""’WN,M;WO,li""O,M ;ﬂi""’ﬂ’M V1,1 VM,K VO,M
ab, ab |- | ab, | ab,,
Yacts 1 Yacts 2

Puc. 2. Cmpykmypa mynomuanmumena MAD

HOHyJ’ISIL[I/IIO MYJbTUAHTHUTCII MIPEACTABUM CJICAYHOIINUM 06p3.30M1

mAb = {mAb,, mAb,,...,mAb, }, ©)
rie mAb, = {ab,,ab,ab,,...,ab_,}, i=1L,N - i-c axantusroe MynsTHAHTH-

TeJ0, MPEACTAaBIAIoNIee CO00 CTPYKTYPHPOBAHHBIN BEKTOP, JUTMHA KOTOPOTO
HU3MEHSETCS B IIPOIECCE BHIMOIHEHISI HMMYHHOTO JITOPUTMA;

L — umna Bektopa MAD, ;
N — pasmep momyssAuuu MyJIbTHAHTHTEL.
Kaxnoe mynpruantureno MAD, i=1,N mnomynsumn xapakrepu-

3yeTcsl MOJIHBIM MHOKECTBOM HacTpamBaembIx nmapamerpoB HC.
B wactu 1 mynpTHaHTUTENa 3aKOAMPOBAHBI BECOBBIE KO3((UIIMEHTHI

W, , 3HAUEHHS cMemleHuit W, 1 KodpuuuenTsl A, ; B 9acTi 2 3aKOAUpPO-

BaHbl KOOQUUMEHTHI V| 1 cMemenus V, . Bropas 4acte MynbTHaHTHTENA

SBISIETCS aNaNTHBHOW, T.K. B Tpolecce OOy4eHHs MOMUMO ONTHMH3ALUH
K03 PULIMEHTOB, coxepKaIMXCs B 3TOW YacTH, M3MEHAETCS M UX oouiee
KOJIMYECTBO, T.€. BHIITOIHACTCS CTPYKTYPHBIA CHHTE3.

CTpyKTypHBIIi CHHTE3, B CBOIO OYEpe[b, MPUBOIUT K H3IMEHEHHIO
KOJIMYECTBA HEHPOHOB B CKPBITOM CJIO€ HEMPOHHOM CETH.

CTpyKTYpUpOBaHHKIH c11ocod GOpMUPOBAHUS MYJIbTHAHTUTENA TI03BO-
JSieT MOBBICHTH () ()EKTUBHOCTH MMMYHHOTO aJTOPUTMA 32 CUET Pa3/IeibHOTO
MIPUMEHEHUS UMMYHHBIX OIEpaTOpPOB K KaXkJI0M M3 yacTe aHTHTena. Berumc-
neHre aQ@UHHOCTH BBIMONHSAETCS A MYyJIbTHAHTHTENA B IEJIOM, ONEpUPYS
00€MMH COCTaBIISIOIIMH.
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Hcrnone3yeTcs BemeCTBEHHOE KOAWPOBAaHWE MapaMETPOB AHTUTEN U
AQHTUTCHOB, YTO TIO3BOJISICT IOBBICUTH TOYHOCTH PEIICHWA W YMEHBIIUTH
BBIYUCIIUTEIBHYIO CIIOKHOCTh. Pasmep MOmynsiuy MyJIbTHAHTHTE] BbIOWpa-
eTcsl HeOOJIBIINM, T.K. MCIIOJIb30BaHNE OOJBIIIOr0 KOJMYECTBA MYJIBTHAHTHUTEI
B MOMYJIALIAU BEAET K OOJIBIIUM BBIYUCIUTEILHBIM 3aTPaTaM.

B kauectBe BerunciautensHoit Mmoaenu MMC ucnonb3yroTcs: MIPUHIUIIBL
KJIOHAJTBHOT'O 0TOOpA M CETEBOTO B3aMMOICHCTBHSA [7].

CornacHO TPHHIUIY KIOHAJHHOTO OTOOpa aHTUTENO, PaclO3HaBIIee
AQHTUTCH, KIIOHUPYETCS, ¥ MOJTYyYCHHBIC KJIOHBI MMOABEpraroTcs myranuu. Eciu B
pe3ynbTaTe MyTanuu a@@UHHOCTH KJIOHA YIIy4IIaeTCs, TO COOTBETCTBYIOIICE
AQHTHUTEIO 3aMEHSEeTCS CBOMM KJIOHOM, T.€. OCYIIECTBISETCS KIIOHATHHBIN
otOop. B COOTBETCTBUU C NMPHUHIMIIOM CETEBOI'O B3aMMOJCHCTBUS aHTUTENA
B3aUMOJICUCTBYIOT HE TOJIBKO C aHTUT€HAMH, HO U C PYTUMHU aHTUTEIAMHU, B
pesynbpTaTe 4ero obecreunBaeTcs 3PQPEeKT B3aUMHON CTHMYIISAIAN U CYTITIPE C-
CHUH, YTO TIPUBOJUT K COKPAIICHUIO YHCIIa HEUPOHOB B MPOMEXYTOUYHOM CJIOE
HC.

dopmanbHO UMMYHHBIN aaroputM odydenns HC MoxHO nmpeacTaBUTh
CJIEYFOIIUM 00pazoM:

ImmAIg =(P", L, mAb, N, Ag,M, Op, n,N,,d, 5,,, Alph, A Aff ,gen,t),  (8)

L
rae P~ — npoctpancTBO mowucka;
L — pa3MepHOCTh IPOCTPAHCTBA MTOUCKA;

MAD — nmonynsus MmynsTuanTUTE] BHaa MAD = {mAbl, mAD,,...,mAb,, };
MAD, —i -e mynsTianTHTen0 MOy MAD : mAD, = {ab,, ab,,ab,,...,ab_, };

N — pa3mep mOMyIISIA MyJIbTHAHTHTE,

AgQ — nomyssius anTureHoB Buga AgQ = {Agl, Ag,, ..., Ag,, };

M — pa3mep obyuaroreii BEIOOPKH;

Op - MHOXECTBO WCIOJNB3YEMBIX HMMMYHHBIX ONEPATOPOB  BHIA
Op ={Clone, Mutate, Edit, Suppress };

nc — KOJIMYECTBO MYJIbTUAHTUTCIT IJI1 KIIOHUPOBAHMA

NC — KOJIMYECTBO KJIOHOB OAHOI'O MYJIbTUAHTHUTEIIA,

d — kKonMyecTBO MYJIBTHAHTUTEN C Xy/Iel adOUHHOCTBIO, TOIEKANIUE
3aMeHe MPY PeAAKTUPOBAHUH MOIMYJISILIUNA aHTUTET;

Ot — KOIDOUIUMEHT CKATHSI CETH;

Alph — andaswur, ¢ ucnonb30BaHKEM KOTOPOTO KOAUPYIOTCS aHTHTENA;
A — mommocTs andasura Alph ;

Aff  — dyuaxius appunnocTy;

gen — nokoseHne paboThl MIMMYHHOTO lIFOPUTMA;

t — kpuTepuii OKOHYAHHUsT PabOTHI AIITOPUTMA.
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Anroputm obOyuenuss HC mpencraBnser co0oil MTEpanMoOHHYIO IPO-
LEAYpY MOCIEAOBATSIIBHON HACHTU(DUKAIIMK HaOMIOACHUNA M3 OoOyuvarorien
BBIOOpPKH. AHTHTI'€HBI MIPEACTABIISIOT COO0M MpUMepBl 00yJaroliel BEIOOPKH.

Kaxioe aHTHTENO0 KOTUPYeT OJHO W3 BO3MOXHBIX PEIICHUH, a KOJU-
YeCTBO QHTUTEN B MOMYJISIMUA COOTBETCTBYET KOJMYECTBY MPUMEPOB B 00yua-
oliel BEIOOpKe.

Anroputm o0yuerns HC mpencraBisier coO0W CIEAYIONIYIO MTOCIE O-
BaTENLHOCTD I1ar0B:

1. Wuauumanuzanus nomnyisuud Myiabruantuten MAD . Muuuumanu-
3alus HAYaJIbHOM MOy MYJIbTHAHTUTEN BBIIOTHACTCS CIy4aifHbIM 00pa-
30M.

2. Brpuucnenne adppuHHOCTH Aﬁ:mAb—Ag TS KaKAOTO MYJbTHAHTH-

tena. Jna Beruucnenus ap@uHHOCTH MyJIbTHAHTHTENA HEOOXOAWMO MOACTa-
BHUTh IIapaMeTpbl, 3aKkoaupoBaHHble B MynbTHaHTuTene, B HC. Ha Bxog HC

HOJAIOTCSA BXOAHBIE IPU3HAKU X, M BBIUUCISIOTCS 3HAYECHUs BBIXOJHBIX IEpe-
MeHHBIX Y, . AddunHOCTh MynbTHaHTHTe1a MAD ¢ anTHreHom AgQ BbIUHC-

JIIE€TCA B BUAC
Aff mAb-Ag = (1+ dmAbng )71 ' (9)

rae dmAb— Ay T pacCcTodgHueC X»sMMHUHTa MCXKAY MOJYYCHHBIM 3HAUYCHUCM

Boixofa HC Y,,S=1S wu xemaeMbIM Y st BceX S aHTHICHOB IOITYJIsi-
i Ag
1 ecu y,#Y,

S
d = y a S =
mAb—Ag éys coe y 0, ecnu ys _ y (10)

3. KnonupoBanue MyabTHAHTHUTEN MPONOPLUUOHATBHO UX apPUHHO-
crtu u popmuposanue nonynsiuu kiaonos Cl . [Tapametpamu oneparopa Kio-
HUPOBAHUS SIBJISIOTCS] KOJIMYECTBO aHTHUTEJ AJISl KIIOHUPOBAaHUA N M KPaTHOCTh
kionnposanus anturena N, . B ummynHoM anropurme o6yuernst HC Gynem
HCTIONB30BaTh (PUKCHPOBAHHOE 3Ha4YeHUe mapamerpa N. KpaTHOCTh KioHHpO-
BaHus MyibTHaHTHTena N, Oyzem perymupoBaTh B Impouecce paGoThl

WMMYHHOTO QJITOPUTMa B 3aBUCHUMOCTH OT ap)(pMHHOCTH MYJIbTHAHTHTENA 110
COOTHOIIEHHUIO

NCI =a* NCl_min + (1—&)* NCl_max ) (11)
Aff o — A
rae g = — 2= M09 » Ng min @ Ngi mex — MUHEMAIbHAS H MAaKCHMAllb-
Affbest
Hast KPaTHOCTh KJIOHUPOBAHMS MYJIbTHAHTHTEIIA;

Aff

best — JTyHIIIEE 3HaUEeHHE apGUHHOCTH B TEKYIIEM MOKOIECHUH.
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4. MyTanus KJIOHOB 00paTHO MPOMOPIIMOHATBHO ah(GUHHOCTH MYITb-
THAaHTUTENlAa ¥ (POPMUPOBAHWE MOMYJSANUK MyTHpOoBaHHBIX KioHOB MC .
MyTtanus BBIOPaHHBIX IAPAMETPOB MysbTHaHTHTENa MAD  BBIMONHAETCS
MyTeM JOOaBICHUS TayCCOBCKOTO MIyMa

mAb,_, =mAb +N(0,5,), (12)

rae O; — JUCIEPCHs CIy4alHOH BEIMYMHBI, KOTOpas aCCOLMUPYETCSA C KakK-
JBbIM I1apaMETPOM MYJIbTHAHTUTEINA.
Jig u3MeHenus O, MCIOJb3YETCs COOTHOLIEHHE

Aff, . — Aff
O-i+1 — Gi best mAb—Ag , (13)

Aff, . — Aff

worst

roe Aff

worst — XyAIICC 3HAYCHHUC a(i)(l)I/IHHOCTI/I B TCKYILICM IMOKOJICHUU.

5. Beouucnenve adpGUHHOCTH TOMYIALMH MYTHPOBAaHHBIX KIIOHOB
MC B coorBercTuu ¢ (9).

Ecnu B pesynbrare MyTauu aQUHHOCTh yIYUIINIACh, 3aMEHA COOT-
BETCTBYIOIIMX MyJbTHAHTHTEN B Homyysiuu MAD |

6. Beruncnenne ahpduHHOCTH aHTUTEN BHYTPH YacTH 2 MYJIbTHAHTH-
tena. Cynmpeccus anTtutell, ah(UHHOCTh KOTOPBIX 0OJIbINE 3alaHHOTO TOPOra

0,

net *
Brruucienue a(b(l)I/IHHOCTI/I BBITIOJIHACTCA B COOTBETCTBHU C BBIPpAXKE-
HHUEM

Aﬁ:ah—ab = (1+ dah—ab)il’ (14)

rae daq—ab — PaCcCTOAHUC MCKOY | -M aHTUTCJIOM M OCTAJIbHBIMH aHTUTCIIaMH

yacTu 2 MYJIbTUAHTHUTECIIA

(15)

BeimonueHne cynmnpeccuu myteM yaaneHust anturen ab, ¢ addun-

HOCTBI0, GobIIIeiT 3a1aHHOrO Topora O, ,

MO3BOJISIET YMEHBIIIUTE KOJIMYECTBO
HEHPOHOB B CKPBITOM CJIO€ M YCTPAHUTh, TAKUM 00pa3oM, X N30BITOYHOCTb.

7. TlpoBepka kputepusi OcTaHOBa. B KadecTBe KpHUTEpHUs OCTAHOBA
WCTIONB3YeTCs OO JOCTIKEHHE 3alaHHOrO Tmopora apuHHOCTH, IHO0 J0-
CTHXKCHHUE 3aJAHHOTO KOJIMYECTBA MOKOJICHHH PabOTHI aroOpuT™MA.

8. Pesymprarom paboThl anroput™Ma OyAeT MYJBTHAHTUTENO C JIy4-
meit no nonynsinuu adgpduHHOCTEIO, onpenenstoniee ctpykrypy HC u conep-

’Kalee HacTpoeHHsle napameTps! HC.
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[Haru 1-5 anropuT™Ma COOTBETCTBYIOT MPHHIUITY KIIOHAFHOTO O0TOOpA.
AIII‘OpI/ITM Ha JaHHBIX 3Tallax pa60TaeT C O6CI/IMI/I YacCTAMH MYJIbTHUAHTUTECIIA.
[ar 6 cooTBETCTBYET NPUHIHUITY CETEBOTO B3aUMOACHCTBHS.

Ecim panee mymnbpTHaHTHUTENO 00pabaThHBAIOCh KaK OOBIYHOE aHTH-
TENOo, TO Ha JaHHOM Iare padoTa BBIOJIHACTCS TOJIBKO C YacThiO 2 MYJIbTHAH-
TUTENa, KOTOpas COCTOMT M3 OTACNBHBIX aHTUTEN, MPEACTABISIOMINX COOOM

napamerps V, ., M=0,M, K =1,_K.

B mnpouecce ¢ynkumonupoBanus MCIIIIP Bo3MOXHO HW3MEHEHHUE
XapaKTepUCTUK OKPY>KAIOLIEH cpe/ibl U CBOMCTB HCCIeyeMOro 0ObeKTa.

B sToM cimyyae HE0OXOOUMO alanTHPOBaTh CHUCTEMY IOZ 3TH H3Me-
HEUsl, T.€. OCYIIECTBIISATh €€ SBOJIIOLHIO.

Hns ssomoruu monenu UCIIIP mpeniaraercs MCMONIB30BaTh MPE-
noxkeHHyto mponeaypy ooyuenns HC na ocHoBe MHC, HO B kadectBe 00y-
qaome BEIOOPKM Ha BXOA OyAyT MOCTyNaTh peajbHble 3HAYCHUS BXOTHBIX
(hakTOpOB CUCTEMBI, PYHKITMOHUPYIOLICH B pealbHOM PEKUME BPEMEHH.

OTO TMO3BOJIUT KOPPEKTHPOBATH B pEAITbHOM BpPEMEHH CTPYKTYPY
(dncio HeMpPOHOB B CKPHITHIX c10s1) u mapameTpbl UCIITIP.

JKcnepUMeHTANbHbIE HCCJeA0BaHUsl. B KkauecTBe TecTOBOM pac-
cMaTpUBalach 3ajadya MPOEKTHPOBAHUSA U aHAJIN3A JIOKAJIHbHONW KOMITBIOTEPHOMN
cetu (JIKC), koTopas sBIsIeTCS TPUMEPOM TPYIHO (HhopManm3yeMou 3a/laud,
IUISl peLieHNs] KOTOPOH HeOOXOAUM MHTETPUPOBAHHBINA MOIXO0, MO3BOJISIOLINN
paIoHANIBbHO COYEeTaTh MaTeMaTHUYECKHUE U JJOTMUECKUE METO/IbI HCCIIeI0BaHUS
CJIOKHBIX CHUCTEM, MHTYULMIO U onbIT JIIIP ¢ ncnonp3oBaHreM HOBBIX METOAOB
MPEICTABICHUS] 3HAHUM, MPOTHO3a W OLEHKH ANbTEPHATHBHBIX BapHaHTOB
peuieHui.

IIpn mpoextupoBanun JIKC cymiecTByeT psii BaXKHBIX BOIIPOCOB,
KOTOPBIE MOJICKAT PACCMOTPEHUIO Iepe]] peau3anreil JaHHOH 3a1a4H.

K Takum BompocaM OTHOCSTCS BBIXOAHBIE IapaMeTpbl, KOTOPHIM
nomwkHa yaoBierBopath JIKC, u HayanpHble yCIOBUS (BXOAHBIE MapaMeTphI),
KOTOpBIE 3aJJaI0TCSI HEMTOCPEICTBEHHO NEpe]l MPOIIECCOM MTPOEKTUPOBAHUS.

Ananu3 npoektrpoBanus JIKC mo3Bosnni BBAETUTH HadyalbHBIE YCIIO-

BUs, HAaHOOJIee CYIIECTBEHHBIE U3 KOTOPBIX CIIEAyIONMe: X, — CTOMMOCTb KOM-
NBIOTEPHOM CETH; X, — KOJMYECTBO U PACIOJIOKEHHUE IIONIL30BATENEH; X —
NPOCTOTA YCTAHOBKH M M3MEHEHUS KOH(QUIYpaluu ceTu; X, — MpPOIYyCKHas
CITOCOOHOCTh CETH; X — HaCXKHOCTb CCTH;, X; — 0e30MacHOCTh CETH; X; —

BO3MOXXHOCTb PACIIUPEHHS CETH.
Ucxons u3 tpeboBanuii mpoextupoBanus JIKC, umeem cienyromme
OCHOBHBIE BBIXOAHBIC TapaMeTprl: 1) cereBas omepamumonHas cuctema (OC);
2) TOTOJIOTHS CeTH; 3) ceTeBast TEXHOJIOTHSI.
Bapuanter Beibopa OC: 1) Novell NetWare; 2) Microsoft Windows
(NT, Vista, 7, 8, 10); 3) UNIX cucrems (Solaris, FreeBSD); 4) GNU/
Linux cucremsr; 5) 10S; 6) ZyNOS kommanuun ZyXEL.

32



PO3BUTOK TPAHCIIOPTY
Ne1 (1),2017

BapwuanTtel BeIOOpa TomoJioTuH ceTH: 1) 3Be3ma; 2) mmMHA; 3) KOJBIIO;
4) nepeBo; 5) MOTHOCBS3HAS, 6) sTUeHCTast; 7) CMEIIaHHas.

Bapuantsl BeiOOpa ceteBoii Texnonoruu: 1) Ethernet; 2) Token Ring;
3) FDDL.

Peanuzanus naHHOW 3aa4u METOAOM HPOCTOrO mMepedbopa BapuaHTOB
HENPUMEHUMa, TIOCKOIBbKY KOMOMHATOpHAas €MKOCTh Iepedopa COCTaBiseT
HECKOJIBKO TIOPSI/IKOB.

Bonee toro, Gompmas 9yacTe KOMOWMHANWK BAapHAHTOB HUKOTIA HE
OyzeT peann3oBaHa H3-3a BBICOKHX MaTepUaIIbHBIX 3aTpar.

[TosToMy peanm3anusi Oblla BBIIONHEHA C MPUMEHEHHEM 3BOJIIOLNO-
HUPYIOIIHNX HEHPOHHBIX CETEH.

3agaua ycnoBHO Oblia pa30HMTa Ha TPH MapajulesIbHBIE 3aauH, KaKIaast
U3 KOTOPBIX pemraeT mpobieMy 10 OJHOMY W3 TPEeX BBIXOJHBIX apaMeTpOB.
[Ipu 3TOM KakIBI M3 BBIXOJHBIX ITAPAMETPOB MOXKET OMPEAETSIThCS 3HAUYCHU-
SIMH HE BCEX 7 BXOJHBIX,  TOJBKO HECKOJIBKIX U3 HUX.

s xaxmoi m3 Tpex 3ajmad ObUIa CO3MaHa CBOSI HEHPOHHAs CETh,
coJieprKalliasi orpeesIeHHOE YHCII0 BXOIOB U BBIXOAOB, HAIIPUMEP, Ui BBIOOpa
OC — 310 7 1 6 COOTBETCTBEHHO.

KonngecTBO CKPBITHIX CIIOEB — OJIWH, coaepxaruii 15 u Oonee Heitpo-
HOB. CtpykTypa cnpoektupoBanHoi HC ans onpenenenns OC mpuBeneHa Ha
puc. 2.

Xi
X2
X3
X4
Xs
Xs
X7

Puc. 2. Cmpyxmypa neviponnoii cemu ons onpedenenuss OC

Jns kaxkaoi u3 cetel co3nanbl 00ydaroniie BRIOOPKH, COlepIKaIine He
meHee 50 BapuaHTOB. HauanbHble 3HAYEHUS BCEX BECOB HEUPOHHOU CETH
OTIpEe/IEeTSUINCH CITydaitHbIM 00pa3oM B auamnazone ot -0,5 mo +0,5.

Ha BpIXoze Kak[plii BapuaHT 0Oy4YaroIiel BEIOOPKH MMeeT KOMOWHA-
LHUIO U3 HyJeH U OAHOW €IUHUIIBL.

Tak, manmpumep, ecnu mpousBoautcss Beioop OC, to HC wumeer 6
HEHpPOHOB Ha BEIXOJE, a Bapuant «0001000» coorBeTcTByeT pemennto « GNU/
Linux cucreMsl».
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Ilocrme co3manusi HEWPOHHBIX CeTed Kaxaas W3 HUX oOydJaercs C
nomortpio MMC cornacHo cBoeit oOyuyarorieli BRIOOPKE, JOCTHras 3aJaHHOTO
npeznena o0yueHHsI.

Yuco 3mox o0yueHHs ceTH 3aBUCUT HE TOJBKO OT 3HAYEHUs Ipexena,
HO ¥ OT KOJINYECTBA BApPHAaHTOB B BEIOOPKE.

[lpu mpoBepke, AocTUria U CETh Mpenena oOyueHHs, pe3yibTar,
MOJyYEeHHBI Ha HEKOTOPOM IIare, AaeT OUIMOKY 10 KaXXIAOMY M3 BapHaHTOB
BBIOOPKH, ITO3TOMY P YBEJIIMUEHUH YHCIIa BAPUAHTOB CETh YUUTCS HOJIbIIE.

Ilocne oxoHuaHMs mporecca 0OydeHHUs Mojada Ha BXOJ| BapHaHTa U3
Habopa BXOJHBIX IEPEMEHHBIX (POPMHUPYET Pe3yIbTaT U3 TPeX NapamMeTpoB.

Taxkum 00pa3oM, IPOBEIEHHbIE MCCIENOBAHUS ITOKA3aJId, YTO MHOTO-
CJIOiHBIE MOJYyJIbHBIE HEHpPOHHBIE CETH NMEpPCENTPOHHOTO THUIA C UMMYHHBIM
00y4eHHEM LesIecO00Pa3HO MCIONB30BaTh AJISl MPOrHO3UPOBAHUS BO3MOMKHBIX
BapUaHTOB pelIeHUH mpu BeIOOpe mapameTpoB JIKC, mpu 3TomM HabIromaercs
BBICOKAsl YCTOMYHBOCTB ITOTy4aEMBIX PE3yJIbTATOB.

BeiBoabl. B pabGoTe paccMOTpeHO pelleHHe aKTyallbHOM 3amayu
noBbleHus kauecTBa GpynkuuorupoBanus UCIIIIP Ha ocHOBE HCHOIB30BaHUS
HEHPOHHBIX CETEH M MCKYCCTBEHHBIX MMMYHHBIX CHCTEM ISl (JOPMUPOBAHHUS
MOJIEIH TIPUHSATHS PEIIEHUI U SBOJIIOIINN €€ CTPYKTYPHI U TapaMeTPOB B YCIIO-
BUSIX U3MEHEHUS BHEIIHEH Cpe/ibl M CBOWCTB 00BEKTa MPUHSATHS PELICHUM .

O¢dhexkTUBHOCTh pelIeHnsT 3TOW 3afaydl ONPEAEssIeTCs] BBIOOPOM
MOJIEJIA IIPUHATHUS PELICHUI B BUAEC MHOIOCIOMHON HEHPOHHOM CETH, a TaKke
pa3paboTkoli MeTona ee 0Oy4YEeHHSI W DBOJIOIMH HA OCHOBE MMMYHHOTO MO/I-
XoJa.

Oposronust mojaenu MCIITIP paccmaTpuBaeTcs kak 3ajava ee ajanra-
UM K YCIOBUSIM WU3MEHEHUS BHEIHEH Cpeibl U CBOMCTB OOBEKTa MPUHSATHS
peLIeHNH, COCTOSIIAs U3 MPOLEAYP KOPPEKLUH CTPYKTYpHI (UMCiIa HEHPOHOB B
CKPBITBIX CJIOSIX) U MApaMETPOB MOJENH CUCTEMBI, NCIIONb3YIOIINX UMMYHHBIE
MOJIETH KJIOHAJILHOT'O 0TOOpa U UMMYHHOM CETH.

OcylecTBieHa IPOrpaMMHasl peaau3alnus U IPOBEICHbI dKCIIEpUMEH-
TaJbHBIE UCCIICAOBAaHUA MPEUIOKEHHOTO MOAX0/1a Ha MpUMeEpE MPOEKTHUPOBa-
HUS JIOKAJTBHOW KOMITBIOTEPHON CETH, KOTOpPbIe TOATBEPIHIN 3D (PEKTUBHOCTh
npemoxkeHHon aBomonronHo Monemu UCIIIIP, ucnons3yroreit HeiipoceTe-
BOM U UMMYHHBIN TIOJIXO/IBL.
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MHOBBIINEHUE TOYHOCTHU
®OPMUPOBAHUSA 3ATAHHOM TOJIUHBI MOJUATUJIEHOBBIX TPYE
TP MTPONU3BOACTBE B OKCTPY3MOHHBIX JINHUAX

HNIIBUINEHHA TOYHOCTI
®OPMYBAHHS 3AJAHOI TOBIIIUHU MOJIIETUJIEHOBUX TPYE
I YAC BUKOHAHHS B EKCTPY3IOHHHUX JITHIAX

IMPROVING THE CHARACTERISTICS OF EXTRUSION LINES
FOR THE PRODUCTION OF PLASTIC PIPES

P.K. MAMEJIOB, noxr.texH. Hayk, P.3. HOBPY30OBA
A3epbationcanckull 20Cy0apCmeeHHbII YHUSEpCUmen
Hepmu u npomvliieHHocmu, Azepbaiioxican

Y cmammi nocmagneno 3agdanms niosuwenHs MoYHOCMi OpMy8aHHs.
3A0aHOI MOBWUHU CMIHOK NOAieMUIeH08Ux mpyo. 3anponoHo8aHo0 KOHCMpPYK-
MUBHI, AN2OPUMMIYHI Ma NPOSPAMHI Memoou po3e'sa3anHs 3a0adi. BiosHaueHo
Odecmabinizyioui pakmopu, wo 6NIUBAIOMb HA MOYHICMb QOPMYSAHHS 3A0AHOT
MOBUWUHY CIMIHKY MPYO, T 3aNPONOHOBAH] CNOCOOU YCYHEHHS OCHOBHUX (DaKM O-
pis, Wo 6nIusarkms Ha GUHUKHEHHs NOMULOK NPU GUPOOHUYMEE NAACTHUKOBUX
mpyo.

Knrouoei cnosa: excmpysis, niacmukosi mpyou, moewjuHa CMiHKU,
003amop, noxuoxa.

B cmamwe nocmasiena 3a0aua nogviuieHus Mo4HOCMU POPMUPOBAHUS
3A0AHHOU MONWUHBL CIEHOK NOAUIMUNEHO8bIX mpYy0. [Ipednodcenvl KoH-
CMpYKmMueHble, aneOpUmmuyecKue u npoepammHsle Memoobl peuerus 3a0a4u.
Ommeuenvl decmaburuzupyrowue Qaxmopul, euusiowue Ha moyHocms Gop-
MUPOBAHUSL 3A0AHHOU MOIWUHBL CMEHKU mpyd, U  HPedsiodCceHbl CHOCOObL
YCMpaHeHus OCHOBHbIX (haAKMOPO8, GIUAIOWUX HA B0ZHUKHOBEHUE OWUDOK Npu
npouseoocmee NAACMUKO8bIX mpyo.

Kntoueevie cnosa: skcmpysus, niacmuxosvle mpyovl, MONUWUHA
CMeHKU, 003amop, NO2PEeUHOCMb.

The article poses the task of increasing the accuracy of forming a given
wall thickness of polyethylene pipes. The constructive, algorithmic and soft-
ware methods for solving the problem are proposed. The destabilizing factors
affecting the accuracy of forming a given pipe wall thickness have been noted
and methods for eliminating the main factors affecting the occurrence of errors
in the production of plastic pipes have been proposed.

Keywords: extrusion, plastic pipes, wall thickness, dispenser, error.

© Mawmenos P.K., Hospy3sosa P.3., 2017
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BBenenue. IlonmmdTrneHoBBIe TpyOBl pa3HON TONIMIMHBI Oiaromaps
BBICOKUM TEXHHYECKUM XapaKTepPHCTHUKaM, YA0OCTBY MPUMEHEHUS U AOCTYII-
HOW IICHE INIUPOKO MPHMEHSIOTCS B Pa3IUYHBIX OTPACISIX SKOHOMHUKHU. OHH
MMEIOT CIEQYIONUe TPEeUMYIIecTBa TIepel CTAIbHBIMA TpyOaMH: MaibIid
yIEIbHBIN BEC; HU3Kas CTOMMOCTb; JIOJITOBEYHOCTh; MPOCTOTA MOHTaXa; KOP-
PO3MOHHAsS CTOHKOCTh; THTHCHUYHOCTb.

OpnHako, IMEIOTCS HEKOTOPBIE C1a00CTH MOIMATHIICHOBBIX TPYO Tepes
ctanbHbIMHA. OTHAM U3 3THX HEJOCTATKOB SBISIETCS HEIOCTATOYHAS TIPOYHOCTD
MOJIMATHIICHOBBIX TPYO.

Ha OPOYHOCTDH IMOJIUITUIICHOBBIX Tp}/6 BO MHOI'OM BJIUACT TOYHOCTH
(hopMUpOBaHUS TOJNIIMHBI CTEHKH TPYOBI, KOTOpas B CHIIy ACWCTBUS pa3ind-
HBIX JeCTAOMIM3UPYIONMHX (DAKTOPOB Ha CeroaHs Hepoctatouna [1; 2; 3].

B cuny Toro, 4To CyIIECTBYIOIINE CHCTEMBI YIIPABICHUS YKCTPY3UOH-
HBIMH JIMHUSIMHU TIPOU3BOJICTBA MOMATIIICHOBBIX TPYO HE TTO3BOJISIOT JOCTHYb
OTIPEIETICHHON TOYHOCTH ()OPMHUPOBAHUS 3aIaHHOW TONIIMHEI TPYO, HAMH pa3-
paboTaHbl Mepbl JAJIsl TIOBBILICHUS TOYHOCTH (POPMHUPOBAHUS 3aJaHHOU TOI-
IIVHBI TTOJIUITUICHOBBIX TPYO.

IloctanoBka 3agaun. Ha ceromsst mjisi TpOM3BOJCTBA IUTACTUKOBBIX
TPYO U3 MOJIMATHIICHA UCIIONIB3YIOTCS CIICIYIOIAs CTPYKTypa TPYOHOM 3KCTpY-
3uoHHOW JmHUM. [lorpemHocTs GopMHUPOBaHUS TONIIMHBI TUIACTUKOBBIX TPYO
TIPH UCTIONTb30BaHUH TON JIMHUH cocTaBisieT 1 %.

b
%
.
L0
[

. |

Puc.1. Cmpyxmypa mpyonou 5kcmpy3uoHHOU TUHUU

H3noxxeHue ocHOBHOTO MaTepuaja. Ha puc.] npuHATH Ciiemyromnue
obo3HaueHus: 1 — OyHKep; 2 — 9KCTpylep; 3 — BakyyMHas BaHHa, 4 — oxJja-
XKJAIoIIas BaHHA, 5 — TAHYIIUH MEXaHU3M; 6 — OTPE3HOW MEXaHU3M C IJIaHe-
TapHBIM PEXYIIUM arperatom; / — OTKUIHOM CTOJI.

Jlunus paboTaeT cieayonuM 00pa3oM.

Chipnbe 3ackinaetcs B OyHKEp Ha 3KCTpyIepe.

TeH30/1aTUMK TPaBUMETPUYECKOTO J03aTopa il HM3MEpPEeHUs Beca
CBIPbS MIPHUKPEIUICH K OYHKEpPY, KOTOPBIA COEMHEH C MIACCH JIMHUH. DKCTPY-
Jep COCTOMT M3 IIHEKa C LWJIMHAPOM M HarpeBaTeled AJsl mpuiaHus Tpyoe
HeoOxonumoil ¢popmel. IlyTem paszorpeBa ChIpbsi U OCPEIACTBOM IIHEKA CBHIPHE
IBUraeTcs B MOJOCTH IMJIMHIPA. 3aT€M CBHIPbE B PACIUIABICHHOM BHIE IO a-
naeT B pOpPMHUPYIOLIYIO TOJIOBKY, II€ OHO IPUHUMAET BUJI ITOJION TPYOBI.
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IlocpencTBoM BakyyMHOW BaHHBI W KamuOpaTtopa pacIutaBIeHHBIN
MaTepHal, IpUKUMasch TIOCPEACTBOM BaKyyMa K CTCHKaM KanuOparopa, IpH-
HUMAET BHJ TPYOBI C HEOOXOAMMBIM AUAMETPOM.

TsHyIIee ycTpOHCTBO, pacTsIruBas pacIUIaBIeHHBIA MaTepuai, obec-
nednBaeT GOpMUpPOBAHUE 3aJaHHOW TONIIMHBI CTEHKU TpyOHI. [locie Toro, kak
IutiHa TpyOB! JocTurHeT 12 M, TpyOa oTpe3aeTrcsi C HOMOUIBIO TIaHETAPHOTO
PEeXyILIero arperata ¥ IOCPEACTBAM POJHMKOBOIO CTOJa IEpeMeInaeTcs 10
U3BATHS TPYOBI 7151 JalIbHEHIIEH TPaHCIOPTUPOBKH.

B Tedenune Bcero mpoliecca Tpyba A0 TAradya MPUHYAMTENBHO OXJIa-
JaeTcs B BOJSHON BaHHE. [ImacTuyHble MaTepHabl PH OXJIAKACHUN UMEIOT
ycaaKy, KoTopasi 00b14HO cocTasisieT 1-2 %. [loaTromy TonmuHa cTeHKH TpyObl
M3MepsieTcsl TOJABKO MOCJe MOJHOIO €€ OCTBIBAHHSA C MOMOILIBIO U3MEPUTEN b-
HBIX HHCTPYMEHTOB (IUTaHTCHUUPKYIS, PYJIETKU U T.1.).

OKCTpy3UOHHAs JMHUS AJSI IPOM3BOJCTBA IUIACTHKOBBIX TPYO OCHA-
[IEHA aBTOMAaTHYECKON CHUCTEMOM KOHTPOJIS.

B ee cocTaB BXOIUT MHKpOIpOIEccop, MyAbT YIpaBleHUs KIIaBUATY-
poH, a Tarke OJIOK MaMATH, B KOTOPBIH 3aKJIaJbIBAlOTCS Pa3IMYHbIE TEXHOJO-
THYECKHE MapaMeTpbl. DTO JaeT BO3MOXHOCTb MPOM3BOANTL Ha OAHOM JTHMHUHU
W3JIeNNs C pa3IMyHBIMU XapaKTepUCTUKaMu. JIJIs 3TOro JOCTaTOYHO BBECTH B
OJIOK TAMATH COOTBETCTBYIOIIYIO TIPOTpaMmy [4].

s perieHus MOCTaBICHHOM 3afaydl ObUT MPOBEACH aHANM3 MPUUIMH
BO3HUKHOBEHHUS TIOTPEITHOCTEH (hOPMHUPOBAHUSI TOIIIUHEI CTEHOK TPYO.

Jns 3Toro aHanmu3upoBaHa paboTa aBTOMATHYECKOW CHCTEMBI KOHT-
POJIsL, KOTOpasi COCTOMT M3 2 YacTeH, CBSI3b MEXy KOTOPBIMHU OCYIIECTBIIACTCS
COM mnopramu: omeparopckasl MaHedb M NPOrpaMMHBIA JIOTHYECKUH OJI0K
(TUIK).

Hanneie 650ku paboOTalOT MOJ YNpPaBICHUEM NPOrpamMM, KOTOPHIE B
CBOIO OY€peab COCTOST U3 2 YACTEH.

IlepBast gacTh mporpaMM 3amMChIBAaeTCS B ONEPATOPCKYIO TMaHENb, a
Bropas — B PLC.3ammcanHas mepBas 4acTh HpOrpaMM IMOApas3ziesicTCs Ha
HECKOJBKO yacTeid. OHM COCTOSAT U3 CTPAHUL, KOTOPBIE OTOOPAXKAIOTCS Ha OTIe-
paTOPCKOM MaHeNu Ui BU3yalu3aluy, ¥ BBOJIa JaHHBIX onepaTopamu. Bropas
4acTh MPOrpaMM HerocpeacTBeHHO 3anocutes B PLC.

[ ynporneHusi HamvcaHusi MPOTPaMMBl MCIOJB3YETCsS SI3BIK TPO-
rpammupoBanus LAD (LadderDiagram). IIporpamma, KoTopasi 3aHOCHTCS B
PLC, ympaensier apaiiBepamMyd Ha OCHOBE cOOpa JaHHBIX OT JaT4YMKOB. Bech
3TOT MPOIECC CHHXPOHU3UPYETCS B PEKHUME PEaTbHOTO BPEMEHH.

Hwxke omumcanel M NpUBENEHBI YacTH IMPOTPaMM C TMOSICHEHUSIMHU H
ITOPUTMOM paboThI BCETO IMpoliecca.

Paccmorpum mpumep. HMcmonszyembie Omoku GMT  omepaTopckas
nanens. [IJIK ¢upmer GMT. Ilporpammuoe obGecnieduenne GMT soft Bepcun
2.3, s onepatopckoi manenu, a it [IJIK GMT Bepcun 5.0.1.4.
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CBsi3p MeXIy OJIOKaMH OCYIIECTBIISIETCS C MOMOIIBI0 coM Tiopta PPI
kabens. B cBoto ouepens IIJIK mmeer cBom pacmmpeHus BBOJA-BBIBOAA U
CBS3b MEXJAY HCIIOJHUTENbHBIMM OpraHaMH OCYIIECTBIISIETCS SKpaHHPOBAH-
HBIMU TIPOBOAAMH JJIsl IOMEXOYCTOMYMBOCTH CHUCTEMBI. B KauecTBe ycTpoii-
ctBa BBoJa /i [1JIK sABISAIOTCS TEH304aTUNK, TAXOTE€HEPATOP, CEHCOPBL. A IS
BBIBOZIA ApaiiBepa u peleiinas cOopka.

[Ipu mepBoM BKIIOUCHMH CTaHKa OTKphIBaeTca MoOHHUTOp. Ilocie
BbIOOpa SI3bIKa OIEPATOPOM OTKPBIBAETCSI BTOPOE OKHO. 3/1€Ch MBI BHUIAMM
o0yiacTHl A7l BBOJIa TEMIIEPATYPHBIX PEKUMOB, BH3YAIN3AIlH PEATBHBIX TEM-
nepaTtyp, 000pOTOB IIHEKa, CKOPOCTH TSHYILETO MEXaHU3Ma, CHIIbI TOKa JBH-
raTenei u T 1.

Onepatop MepBBIM JIOJTOM BBOJUT HYXHBIE JJaHHBIE TEMIIEPaTyp,
MpeanucaHHble cepTUPHUKATOM Ha CHIPBE, daniee Mocie MporpeBa IMIHHIPA
JIMHUSL CUUTAETCs TOTOBOM K pabdore. Ecnu Temmeparypsl He JOCTHININ 3aJaH-
HBIX BEJIWYMH, IPOrpaMMa He JacT BO3MOKHOCTH JUJIsl BKJIFOUEHHS ABUTaTesICH
IIHEKa. DTO SIBJSIETCS aBapuiiHOM cuTyanued s miHeka. [locie mporpesa,
KOHTPOJIBHO BKJIIOYAETCSl IIHEK, W 3aJaroTcs oOopoThl mHeka. Ha rmaBHOM
OKHE OINEepaTOpCKOM MaHenu ecTh OBa BapuaHTa paboTel. IlepBriii BapuaHT
pY4YHOH, a BTOpOIi aBTOMaTH4YECKUH (BECOBOI 103aTOD).

ITocre Toro kak omepaTtop B Py4HOM peXHME OIPOOOBal JTUHHUIO OH
H)KMMaeT KHOINKY I'PaBHUMETPUYECKOr0 KOHTPOJISI M BBOOUT AWAMETP, TONI-
IIMHY CTEHKH TpyObl. Jlanee mporpamma, 3amvcaHHas B MOHUTOpE, mepenaért
BBOMMBIE omepatopoM nanHbie B [IJIK, rue u oOpabarbiBaeTcsi BBOIUMAs HH-
(dhopmarusi, BeruucisieTcs Bec Ha 1 moroHHbNA metp TpyOsr u IIJIK BeImaér
IpaiiBepaM TSHYIIErO YCTPOMCTBA 3HAYCHHUE CKOPOCTH, C KOTOPBIM JIOJDKEH
TAHYTH TSHYILEE yCTpoicTBO. Best aTa mpoueaypa ympasisercss B aBToMaTud e-
CKOM pE&XHME.

Becp mpomuecc npoucxoauT CHHXPOHHO BO BpeMeHHU. llpu Hamucanuu
MPOrpaMMBbl YYUTHIBAIOTCS OIIMOKH OIEPaTopoB C BO3MOXKHOCTBIO HCKIIIOYE-
HUSI aBapUNUHBIX CUTYyaIUH.

Korpa omepatop BBOAWT OaHHBIE O JHAMETPE W TOJNIIMHE CTCHKH
TpyOs1, IIJIK mocpeacTBoM naHHBIX omeparopa M JaHHBIX C TEH30JaT4MKa
BBIUHCIISIET pealibHyI0 BECOBYIO OTJauy C YCTaHOBJIEHHBIM BECOM U MpPH HX
COBIIA/ICHUH JAET KOMaHIy IOpaiBepy IBUTaTels TAHYTb TPYOYy C TOW CKOpO-
CTBIO, IIPHU KOTOPOH cobmroanock Obl yciaoBue Beca B 1 moronssiii metp. Ilpo-
TPAaMMHECT THIIET YCIOBHS, OPMYIIBI, & TAK)Ke TPUBSI3BIBAET BCE ITH JaHHBIC
KO BPEMEHHU.

[HonpoOHEIi aHanu3 Bcero mpouecca MOKa3blBaeT, YTO HOpPMHUPOBAHUE
TOJIIMHBI CTEHOK IJIACTHKOBBIX TPYO ¢ morpenHocThio B nipesenax [OCTa B
CYLIECTBYIOIINX 3KCTPY3UOHHBIX JIMHUSAX JOCTHraeTcs JUIIb IIEHOM mepepac-
XOZa CBIPbS WJIM K€ MOCTIe ECTUMETPOBOIO OTPE3Ka TPYOHI.

o= f[viap.aT, Zr a1, T B am |, M
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r7ie V — BUOpaIus 3KCTPY3HOHHOW JIMHAY,
Ap — abconmoTHOE H3MEHEHHE TTIOTHOCTH CHIPBS;

oV,

— — HeCTaOUILHOCTD CKOPOCTH Tsraua,

AM — HeCTaOMIILHOCTh MaCChl ChHIPHSI.

Bce 3T HeCTaOMIIBHOCTH TaK WIIM HHAYE BIHUSIOT Ha TOYHOCTH (POPMHU-
POBaHMUS 3aJAHHOMN TOJIIIMHBI TPYOBI.

Jis1 mOBBIILIEHNsT TOYHOCTH (POPMHUPOBAHHS 3aJaHHOW TOJIIHMHBEI TPYO
MPEIOKEHBI CITOCOOB! YCTPAHEHHUS STHX HEJOCTATKOB.

IToCKOJIBKY B IPAaBUMETPHIECKOM J103aTOPE JIJIsl H3MEPEHUsI Beca TEeH-
30/1aTYHK MPUKPEIICH K OYHKEPY, KOTOPbIH COCIMHEH ¢ IIaCCH JIUHHUHU, TO BO3-
HUKAIOT BUOPAIMH, KOTOPBIE PUBOAST K JONOJIHUTEIBHOMN MOTPEUTHOCTH (op-
MHPOBAHHUS TOJIIHUHBI CTEHOK TPYO.

IpeaokeHO HCIOIB30BaTh  JOMOJHHTEIBHBIN OyHKEp, KOTOPBIH
MEXaHWYEeCKH HE COEIUHEH C IKCTPY3MOHHOW NuHHel. ChIpbe 3achIlaeTcs B
JIOTIOJTHUTEIBHBIIH OYHKEp, a OTTYy/Ia MOCTYITaeT B OCHOBHOM OyHKeED.

B 3TOM ciiydae BUOpaIust TOMOJHUTEIBHOTO OYHKEpa HE TPOUCXOINUT.
TeH30AaTYNKK TSI TPABUMETPHUYESCKOTO BECOBOTO /103aTOpa B CYHMICCTBYIONIHX
JIMHUAX YCTAaHABJIMBAIOTCA I10[ 6yHKCpOM SKCTpYyAcpa HIW MOABCUIMBAIOTCA
HaJl OYHKEPOM, YTO SBJISCTCS HEIOMYCTHMBIM C TOYKH 3PCHHUSI BUOPAIIMOHHBIX
IIOMEX, OKa3bIBaIOIINX BJIMIHHUEC HA TCH301aTUYUK.

[IpennaraeTcsi TCH30IaTYMKK YCTaHABIUBATh B TaHKEP, OTKyja OymeT
TPaHCIIOPTUPOBATHCS ChIPhE B OYHKEP.

Jnst perieHnst IpoOeMbl ¢ HECTaOMITBHOCTBHIO TUNIOTHOCTH ChIPhsI OBLIO
H3MEHEHO MPOTPaMMHOE 00eCTIeUCHUE M BHECEHBI TOMOIHUTENbHBIC TTapaMeT-
pbI (ILTIOTHOCTH CHIPbS M3 CepTH(UKATA TIPOUCXOXKIACHHS Ha CHIPBE).

TeopeTHueckast Macca OJHOTO TIOTOHHOTO METpa TPYObI OMPEICIICTCS
CIIeIYIOIIUM 00pa3om [5]:

m:n*(d—s)*s*m%o , )

rae M — reopeTHyeckas Macca OAHOTO NOTOHHOTO METpa TPYOBbI B KT,
7 = 3,14 (mocTosHHAsI BETUYWHA);
d — mapyxHbIil 1uaMeTp TPYOBI B MM;
S — TOJIIHMHA CTEHKH TPYObI B MM;
p — IJIOTHOCTb MaTepHaia B I/CM.

Jnst cTaOMIIBHOCTH JUTHHBI U TOJIIUHBI CTEHKH TPYOBI C BO3MOMHBIM
OpakoM NpeJIoKeHO KOHTPOIUPOoBaTh Bec Chipbs (0,219 Kr) Ha M3roTOBICHUE
kaxnaoro 10 cM TpyObl BMeCTO KOHTpOJIs Beca Chipbs (2,190 kr) Ha U3rotoBie-
HHE 1-TO IOTOHHOTO METpa TPYOHL.
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[y 3TOr0 YCTaHOBICH IPaBUMETPHUYECKHM O3aTOP C COOTBETCTBYIO-
LIUMHU TEH30JaTYUKAMH U MOCTOBOM H3MEPUTENIBHON CXeMOH. B mporpammy
3aHECEHBI COOTBETCTBYIOIINE U3MEHEHMS.

[Ipemiaraemplii METOA 3aKJIIOYACTCS B aBTOMAaTHU3ALMM IPOU3BOJACTBA
nmyTeM GOpPMHUPOBAHUS CTAHAAPTHOM TOJILIUHBI CTEHKU TPYOBI MTyTEM KOHTPOJIS
Beca ee MOrOHHOTO METpa.

Ipusenem npumep: ®110PN10 S = 6,6 m = 2,190 xr.

W3 npumepa BUIAHO, 4TO I HOPMHUPOBAHUS TONLIUHBI CTEHKH TPYOHI,
paBHOI 6,6 MM mipu ee JuinHe B 1 MeTp TpedyeTcs 2,19 Kr chIpbsl.

s peanuzanuu 3TOro Meroja OyaeM HCIOJIb30BaTh JaTYUK BECa, CH-
CTEMy YHpaBJICHHUs TSHYLIUM YCTPOHCTBOM M TaxOreHepaTop Uil 0030pa u
YIPaBICHHS CKOPOCTHIO MTEpeMEIIeHHs TPYObl Ha JTMHUH.

Ormernm, yto OCT mo miaacTUKOBBEIM TpyOam TriiacuT, 4yTo Tpyda B
3aBHCHUMOCTH OT IUaMeTpa NOJDKHA UMETh ONPENEJICHHYIO TOJIIUHY CTCHKH C
JOIMYCTUMBIM Pa30poCcoM B MOJIOKUTEIBHYIO CTOPOHY.

Takum oOpazoM, anst Tpyosr @110 PN10, TonmmHa CTEHKH IOJDKHA
ObITE 6,6 MM+0,8 MM, TO ecTb MIN 6,6 MM 1 Max 7,4 M.

I'paBumerpus INOEX maer pesymbrar B mpejenax 3THX TOJNIIWH, a
HWMEHHO — 7,2 MM, YTO TIPUBOJIUT K IEPEPACXOY CHIPHSI.

OTO MPOUCXOINT MO CIETYIOIIEN TPUIHHE.

[Ipu mpuOIMKEHNH TOJIIMHBI CTEHKH TPYOBI K OTMETKE 6,6 MM, ore-
paTopaM JIMHUHM NPUXOAUIIOCH Ha OTIEPaTOPCKOM MaHe I ¢ TIOMOIIBIO 03aTopa
YMEHBIIATh BEC MOCTYMAIOMIETO CHIPBS, YTOOBI MPUOIU3UTC K HUKHEMY IIpe-
JieNTy TOJIIMHBI CTEHKH U, TEM CaMbIM, YMEHBIIUTD IIEPEPACXO]] ChIPBSL.

3OT0 TpebOoBaNo OT ONEPaTOPOB JUHUN BBICOKON KBAIU(HUKALMU U IPH-
BOJMJIO K PUCKY BBIX0/1a TONIIUHBI CTEHKH 3a JOITyCTUMBIE MTPEIEIbI.

s yMeHbLIeHUS! UIMHBI TPYOBI C BO3MOKHBIM OpakoM ¢ 6 M 110
10 cm mpemnokeHo KOHTponupoBaTh Bec chipbs (0,219 Kr) Ha M3TOTOBJICHHE
Kaxasix 10 cM TpyOBI BMECTO KOHTpouIA Beca chIpbs (2,190 kr) Ha M3roToBie-
HHe1-TO ITOTOHHOTO METpa TPYOHI.

PaccmoTpum mpornecchl, KOTOpbIE HPOHMCXOAST C CBHIPHEM IPH €ro
HarpeBaHUM.

Chippe UMeeT TBepIbIii BHI TpaHysl Qpakiuud 4-5 MM U 3aBO3UTCS B
MEIIKax 1o 25 K.

K crippro npunaraercsi cepTuUKaT COOTBETCTBHUS, B KOTOPOM YKa3bl-
BAaIOTCS €T0 TEXHUYECKUE H XUMHUUECKUE JaHHBIE.

B ceprudukare cbipbsi yKa3plBacTCs MPOLEHT BIAXKHOCTH.

Ceipre 3acbimaercsi B OyHKEp, KOTOPBIH MPUKPEIJIEH K 3KCTPYAEPY.
OKCTpyaep COCTOUT U3 IIWIMHAPA, BHYTPH KOTOPOTO BpaIaeTCs YePBSK.

CaM muIMHAP HarpeBaeTcsl 3a CUeT HarpeBaresel, pa3MeIIeHHBIX Ha
nuuHIpe. 30HbI Harpesa 6-8. TemmnepaTypa HarpeBa yKas3bIBaeTcs B CEPTH-
(uxare u konebnerca B auanasone 190 °-210 °.
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Ilepememnasich B MOJIIOCTH IMIWHAPA, CHIPHE, PACIIIABISSACE, IBIKETCS
K TOJIOBKE.

1. B KOHIIE TOJIOBKM OHO TIOJHOCTBHIO PACIUIABISICTCS U MPHOOpETacT
BHJI MATKOH MOHOJIUTHON MaccChl.

IIpu BBIXOJIE U3 TOJIOBKU OHO €CTECTBEHHO TEpsieT Maccy. Macca otiu-
YaeTCs OT €€ ePBOHAYAIBHOTO COCTOSIHUSA.

TIpoucxoauT 3T0 M3-3a UCHIapeHuH, mocie pazorpesa. M3 oneIToB, cle-
naHHbIX Ha 3aBojie Croplast r. Baky, ObLIH MOSyYeHbI JaHHbIE, TOKA3aHHBIC B
Tabm. 1.

Tabruya 1
Uannvle onvimos na 3asooe Croplast

Temneparypa masienus, C° | Bpems Boiaepkku, Ty, | TloTeps Macce, %
190 15 0,028
200 15 0,031
210 15 0,032

[Ipu HarpeBe ucmapsieTcsi HE TOJIBKO Bilara, HO ¥ HEKOTOPHIE KOMIIO-
HEHTHI IIJIACTHKA.

IInactuk TOXEe MeHSeT CBOW OO0BEM, YBEIMYHUBASCH, IOCTUTAET
16-21 % npu 210 ° ot nepponavansHoro cocrosauus npu 23 °. ITocne ee ocTHI-
Banus 110 23 ° ceIpbe moziBEpraeTcs ycake, kKoropas cocrasuser 16-21 %.

Beliias B Buge MATKOW MOHOJMTHOM MaccChl, CHIPhe BXOJUT B KanuOpa-
TOp, TJ€ OHO, MPKHUMASCh K CTEHKaM KalnOpaTopa, MPUHUMAET BH ITOJOH
TpyOBI. [IpoucxoauT 3TO 3a CUET BaKyyM-HAaCOCOB.

JlBurasce manpiie 1o JUHHA, TPyOa 3a CUET MPHUHYIUTEIBHOTO BOJIS-
HOTO OXJIAXKICHHUS oxJyaknaercs 10 23 .

W nanee pexxercs Ha oTpe3ku. Kak Mbl HaOmionaeM, chlpbe IpeTeprie-
Ba€T TPH COCTOSHUS: TBEPAOE, MATKOE Pa30rpeToe U TBEPAO0E ITEPBOHAYATBHOE.

IIpu U3MEHEeHNH ero COCTOSTHUS OHO MEHSIET CBOM Bec AM 1 00beM AV.

M3-3a morepu Am, kortopoe cocrtaBmser ~0,03%, oHO TepseT u
00BeM AV,

HecTaOunbHOCTh TEPMOPETYISATOPOB, KOTOPBIE HEPABHOMEPHO pPa3o-
TPEBAIOT CHIPhE B IMOJIOCTH IMIIUH/IPA, CIIOCOOCTBYET 3aA€P)KUBAHUIO CHIPBS U
HEPaBHOMEPHOMY JBIKCHHIO CHIPBS B dKCTPyAEpe, KOTOPHIE B CBOIO OUYepeIb
BIIUSIIOT HA CKOPOCTh BBIXOJIa MACCHI CBIPhSI U3 TOJIOBKH.

TsHyIEee yCcTPOHCTBO TPU MPOTKKE TPYOBI MMEET TOXKE CBOH
norpentHocTy. [IpuyunHBl 3aKioYaloTCsl B TIEpenagax HarpshKeHHs, epeMeH-
HOHM Harpy3Kd W IIPOCKAJIB3BIBAHUH TPYOBI M3-T10J1 TYCEHUIT TSHYIIETO YCTPO-
CTBa.

B Tabn. 2 gaHbl pe3yabTaThl UCCIICAOBAHUN MMOBEICHUS TArada B Teue-
aue 1 gaca.
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Tabnuya 2

P€3yﬂbmambl uccnedosanull nogedenuss msaeada 6 mevenue I uaca

ITepenan HanpsixeHus, B Harpy3ku, A bykcoBka, MM
384 7,3 12
396 7,8 1,16

B Tabn. 3 maHbl pe3yabTaThl CPABHEHUS TOJIIIMHBI CTCHKH MPU  MTPOU 3-
BOJICTBE TpYyOBI rpaBuMeTpruecKkoro kKoutposs ¢pupmel INOEX u dpupmer Cro-
plast.

Tabruya 3

Pesynomamul cpasnenus monwunsl CmeHKu npu npouzsoocmee mpyoul
epasumempuyecxkozo koumpos upmor INOEX u ¢hupmer Croplast

Tommmaa crernkn mo I'OCT, MM INOEX Croplast
6.6 7,2 6,8
42.1 45,6 42,7

Takum 00pa3oM, BIHSHHE BCeX TpeX (HaKTOPOB Ha MOTPEITHOCTH Gop-
MHUPOBAHUS TOJIIIMHBI CTEHKU TPYObI OBUIA YACTHYHO YCTPAHCHBI.

IIpennoxenHsle perieHns ObTH pealn30BaHbl IPU MPOU3BOICTBE IIa-
CTHKOBBIX Tpy0 Ha 3aBoze «Croplast» (r. Baky).

BoiBoabl. B mipescTaBieHHON cTaThe mMpeaiiaractcs Ooyiee MPaKTH4-
HBII CIOCOO IMOBBIIIEHAS TOYHOCTH 3aI[aHHOI>'I TOJIMIMHBI ITOJIMITUIICHOBBIX
TpYyO B 3KCTPY3UOHHBIX JTUHUSIX.

B pesynbTare peanusaniu 3TOro MOAX0Aa YMEHBINAETCS MOTPEIIHOCTh
(hopMHUPOBaHUSI TONIIMHBI TPYO, SKOHOMHTCS CHIPhE, TIOBBIMIACTCS TIPOU3BO/I U~
TEJIBHOCTh M YMEHBIIIAIOTCSA (PMHAHCOBBIC 3aTPAThl (Ha AJICKTPHUCCTBO U pad o-
YYI0 CHITY).
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METO/]I IPOTUABAPIMHOI' O KEPYBAHHSI
CKJIAJHAMU TEXHIYHUMU CUCTEMAMHA

METO/ IPOTUBOABAPUMHOI'O YIIPABJIEHMSI
CJIOKHbBIMU TEXHUYECKUMHU CUCTEMAMMU

METHOD FOR ANTIFAULT CONTROL
OF COMPLEX TECHNICAL SYSTEMS

B.B. BBIYYKAHUH, nokr.texn.mayk, C.H. KOHOBAJIOB
Odecckuil HAYUOHATBHBIL MOPCKOU YHUGepcumem, Yxkpauna

3anpononosaro memoo npomuagapiliHo2o KepyeaHHs CKIAOHUMU meX-
niunumu cucmemamu (CTC) na ocnosi ciopuonux excnepmuux cucmem (I'EC),
wo exmoyarme HelpoHui mepexci (HM) i newimky n102iKy 3 6UKOPUCMAHHAM
oazu oanux (B/) i asmomamuzosarnoi 6azu 3nans (b3).

Pospobnena npomuasapiiina cucmema ynpaeninus CTC na ocnoei I'EC
suxopucmogye nepegazu gioomux memooie I'EC i npomuasapitino2o kepyeaH-
H5, KOMREHCYIOUU HeOONiKU 00UH 0OHOZO.

Knrouoei cnosa: ckiaona mexuiuna cucmema, RpomMuasapitine ynpaeé-
JHHA, 0IACHOCMUKA, NPOSHO3YBAHHS, 2IOPUOHA eKCnepmHA CUCeMA, HeUPOHHT
Mepedici, HewimKka 102iKka, 6asa 0anux, 6a3a 3HaHb.

Ilpeonooicern memoO npomusoasaputinozo YNPAasieHUss CJLONCHLIMU
mexnuueckumu cucmemamu (CTC) na ocnoge 2uOpUOHBIX IKCREPMHBIX CUCTEM
(I'2C), sxarouarowux Hetipournvle cemu (HC) u neuémkyro no2uxy ¢ ucnoiv3o-
sanuem bazvl oannvix (B/]) u asmomamuszuposannou 6aszvi 3nanuti (b3).

Paspabomannas npomusoasapuiinas cucmema ynpasienus CTC na
ocnose I’ 9C ucnonvzyem docmouncmea uzeecmuvix memooos 1'9C u npomu-
80ABAPULIHO20 YNPABIEHUS, KOMIEHCUPY Hedocmamxky opye opyea.

Knrouegwle cnoea: cnosicnas mexHuueckas cucmema, npomueoasapuii-
Hoe ynpasieHue, OUASHOCMUKA, HNPOSHO3UPOBAHUE, 2UOPUOHAS DKCNEPmHAs
cucmema, HelUpoHHble Cemu, HeUémKas 102uKda, 6a3a OaHHbIX, 0A3a 3HAHUIL.

A method for antifault control of complex technical systems (CTS) is
proposed using hybrid expert systems (HES), which are built on the basis of
neural networks (NN) and fuzzy logic that uses databases (DB) and automated
knowledge bases (KB). This method uses monitoring, diagnostics and forecas-
ting of the CTS data, calculating its operability.

© Bbiuy:kanuu B.B., Konosanos C.H., 2017

45



PO3BUTOK TPAHCIIOPTY
Ne 1(1), 2017

Then the reliability of the system under consideration is determined
from the obtained data. Also, the system is capable of self-learning. Proceeding
from this, with the help of a multi-agent control system, the system is influenced
to avoid emergencies.

As a result, the CTS emergency control system was developed that
combines the advantages of the previously known HES and antifault control
methods, which complement each other's advantages and compensate each
other's shortcomings.

Keywords: hybrid expert system, neural networks, fuzzy logic, data-
base, knowledge base, antifault control, diagnostics, forecasting, complex
technical system.

Introduction. The modern vessel contains numerous CTS [1; 2],
affecting the efficiency of ship operation.

The safety of navigation is largely related to ensuring the operability,
and hence the reliability of operation of their CTS.

Variable modes and operating conditions of the CTS often lead to a
decrease in the operability of systems, an increase in the probability of failure
of systems and their elements [3; 4; 5; 6].

Increasingly, for antifault control of the CTS are using HES, taking in-
to account their multifunctionality [2; 7; 8].

From this it follows that the development of a HES, capable of avoi-
ding such difficulties at the stage of creation and at the same time, qualitatively
processing information, is today quite relevant.

Analysis of major achievements and literature. Different methods of
decision making are combined in the HES: genetic algorithms, NN, etc.

NN is successfully applied in a wide variety of fields. They have en-
tered into practice wherever it is necessary to solve the tasks of forecasting,
classification or management [9].

The main drawback of systems with fuzzy logic is the impossibility of
adaptation and training.

However, this is replaced by the merit of methods with NN — fast
learning and adaptation [10], as well as: broad possibilities and ease of use [9].

Their main drawback is the need to attract a training sample, the size
and reliability of its elements affect the quality of the forecast [11].

The knowledge accumulated by the HC is distributed among all its el-
ements, which makes them practically inaccessible to the observer.

At the same time, such a defect has no control systems with fuzzy logic
[10].

From the analysis of literature sources, the relevance of developing a
method for antifault control of CTS on the basis of HES, including neural net-
works and fuzzy logic using a database and an automated knowledge base, fol-
lows.
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Purpose of the study, statement of the task. Development of a meth-
od for antifault control of CTS on the basis of HES, including NN and fuzzy
logic with the use of a DB and an automated KB.

Research materials. In accordance with the developed method, HES
interacts with a multi-agent antifault control (AFC) system  (fig. 1).

! i
! i

i HES i Mode

: ; - I Data

! Information collection | TS

i . - SENSOTS  |4—| CTS

| and processing system |

! i
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| | 5
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i ! Emergency actions
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I System of : .
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| assessment ! mode . control system

| . »

! i

Fig. 1. Structure of the AFC circuit on the basis of HES

The solution of the task of assessing the reliability of the CTS within
the framework of the HES is a consistent solution of such tasks:

— tuning HES;

— construction of hierarchy of CTS structures;

— the choice of the solution method for each structure;

— formation of the KB for all methods used;

— calculation of assessments;

— interpretation and explanation of the assessments obtained.

An example of the structure of such a system (fig. 2).

The assessments of the technical state of the CTS is determined by the
dependence [12]

P=F"(p, Pyrs Pn). (1)

where P — CTS operability;
F( ) — function of formalized dependence;

Pis Pyyeeey Py — calculation assessments of the operability of technical

nodes of the CTS;
m — number of calculated assessments.
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Fig. 2. Structure of the CTS reliability assessment model

The calculation assessment of the operability of each technical node of
the CTS is based on the parameters of these nodes, as well as their type (lin-
guistic, non-linguistic). Depending on this, each assessment of the operability
is based on an automated expert KB, where the calculations for the variables
are analyzed, and then the final result of the assessment performance evaluation
is derived based on the received calculations using a NN.

Mathematically, this is expressed by the following formula:

pm = N(le(xmll1"" Xmln )""7 th (th " mhk) ymll’ ymlz) (2)

where N( ) — NN function;
X, Y — variable parameters of the technical node CTS;

h — number of functions for a given node;
n,k — number of variables for each function.
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HES processes incoming information into it at equal intervals, in the
form of variables from CTS sensors (linguistic and non-linguistic) and varia-
bles of external factors that affect the value of the error in the operation of the
system.

Also, on the basis of the critical values of these variables, abnormal
(emergency) situations occurring in the operation of the CTS can occur.

P(t)=(X () Y(t) F(t)), @3)

where X (t)={x(t;), X, (t; )....., %, (t; ),i € [L T ]} — set of non-linguistic variables
attime t;;

n — number of non-linguistic variables;

T — number of moment of time;

Y ()= {y,(t ), Yot ), Vot )i € [],‘T]} — set of lin-guistic variables at
time t.;

m — number of linguistic variables;

F(t)={f,(t), T, )..., T, )i [LT]} - set of external factors affect-
ing the operation of the system at time t; (error);

h — number of factors;

P(t,),i € [;T] - the value of operability at time t, .

Emergency and abnormal situations arising during the operation of the
CTS are formed at critical values of one or several sensor variables from the
structural parts of the CTS, or environmental variables that affect the operation
of the system. Dependence of abnormal situations on the variables of the CTS
and external variables is described by the formulas given below.

S(t)=[x(t).Y () F(t)], (4)

where  S(t)={s,(t;),S, (¢ ... 5. (t; )i [L‘T]} — set of possible situations that
can arise during the operation of the system at time t;;

k — number of situations

It follows from the formulas obtained that the variables, both external
and internal (linguistic and non-linguistic), form the value of operability, and
at the same time can create local emergency or abnormal situations in one or
several parts of the CTS structure, which as a whole forms the reliability of the
CTS (emergency or non-emergency modes).

The influence of variables on the value of operability and the formation
of various situations occurring in the system is described by formulas
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(F(t)mX(t)mY(t))—){ S0 ©

P(t,)ic[LT]
Wherein:
X(t) = [Pt ), Pt s Pot)] (6)
Y(t)—-Y(t) @)
F(t)— At ), At [07] 8)

where pl(ti ) pz(ti ) P (ti) — calculation assessments of the operability of
the technical nodes of the CTS at time t;;

Y(ti) — general linguistic variable at time t;;

A(ti) — error in the calculation of the value of operability at time t;.

The reliability of the work of CTS is affected by the value of its ope-
rability, consisting of calculated assessments of the operability, the general
linguistic variable and the error of operability. Based on this, it is possible to
compile a hierarchy of factors that affect the reliability of the system (fig. 3).

( Reliability )

Fig. 3. Hierarchy of factors affecting the reliability of the CTS

For linguistic variables and external factors, ranges of their values are
formed.

When developing HES designed to implement antifault control, expert
opinions are taken into account when choosing technical criteria for the struc-
tural parts of the CTS, the values of which are taken into account based on the
degree of their impact on the operability of the CTS.
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Separately for linguistic variables and external factors, expert KB are
formed on the basis of the «if-then» rules, where, taking into account the values
of linguistic and external variables, set the value of the general linguistic varia-
ble (table 1) and the errors in calculations (table 2), respectively.

Table 1
Fuzzy knowledge base for linguistic variables
yl y2 te ym Y
H H H H
M AM M BM
L L L L
Table 2
Fuzzy knowledge base for external variables
f, f, f, A
H H H H
H AM BM M
L L L L

Intable 1and table2 H, M, L — high, medium and low value of the
variable, respectively; AM , BM - the value of the variable above and below
the average, respectively.

The coefficients of calculation assessments of the operability are se-
lected by experts using the Saaty pair comparison method [13].

As a result of the calculations, we obtain the weight coefficients for
calculation assessments of the operability, taking into account the values of the
general linguistic variable (table 3).

In Table 3 wW,,,..., W, — weight coefficients of the general linguistic
variable for different values of Y ; w,,,...,W, s — weight coefficients of calcula-

tion assessments of the operability for different values of Y .
Taking into account the carried out researches, operability at the
moment of time is calculated by the formula

P(ti):A(ti )(ij ’Y(ti)+W1j : pl(ti)+w2j : pz(ti)+"'+wmj . pm(ti )) 9)
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Table 3

Weighting factors of calculation assessments of the operability
and the general linguistic variable Y , taking into account the values of Y

The value of Y Y p, p, P,
H W, W, W,, . W,

AM W, W, W,, W,

M WY3 W13 W23 ce Wm3

BM Wy g Wiy W, e Wing

L W, ¢ W, W, . W,

At the same time, the NN is trained, which is used to calculate the cal-
culation assessments of the operability, as well as the operability of the CTS.

To limit the search space, the target error function of the NN, using the
least squares method [14], is minimized

E(w)= Z(yj—dj), (10)

where y; —value of the j -th output of the NN;

d; - target value of | -th output;

p — number of neurons in the output layer.
The network is trained by the gradient descent method. At each itera-

tion the change in weight occurs according to the formula
oE
ow

: (11)

ij
where n — learning speed parameter.

When developing KB of HES, critical values are set for each variable
that directly affect the performance of the CTS, taking into account their indi-
vidual parameters, when values of which are reached, the operation mode of
the CTS becomes emergency (table 4).

For each variable, as well as for operability, the value at which the CTS
goes into the emergency mode is set individually [15].
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Table 4
Values of the parameters of the CTS variables
Variable Values of the parameters

Non-emergency mode Emergency mode

4 [a,b] > by

Vv, [az...bz] <&,
Vi [a,.b,] (<a,)v(>b,)

P [2, b <a,

In addition, according to the data is predicted to operability the system,
by analyzing the time series of the technical state of the CTS on the basis of
changing the characteristics of its variables with a specified time interval.

The interval between fixing the values is Tl . During each fixation of
values, the operability of the CTS is determined, as well as all previously unde-
tected equipment failures.

For the entire life cycle of the L system, a time frame is calculated

L:((O,TIYT1L,2-T1)2-T1,3-T1)..((T -2)-T1,T-T1)), (12)
L
where T =—.

Tl
During each t-th period ((t—1)-T1I,t-TI), a certain interval of time,

where t=(1,T), the system's actions are described by a system of ordinary

differential equations
v =V(t)-M (13)
dt
where V(t) = (Vl(t), Vz(t)...vT (t)) — the probability vector of the system under
consideration in a certain state;
M — matrix of system transitions from one state to another, containing

the transition coefficients between states [16]

Mol (14)

After that, the influence functions (IF) of the factors are formed on the
probability of an emergency situation.
IF are formed on the basis of statistics and expert assessments.
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When one of the possible values x(t) IF of the factor X, is obtained,
the remaining values of the IF are established by the expert’s evaluation in
paired comparisons of the relative influences of this factor on the occurrence of
basis events (BE). When knowledge of IF is formed, n; tuples of the form [17]

are created for each pair (factor X, BE « a' ») in the KB

(r, %, £1(%) (15)

where r e {R} — set of BE indexes;
j €{J} — set of factors indices that affect the BE;
n; - the number of possible values of the factor Xj ;

X, — one of the possible values of X;;

f/ (x,) — the value of the influence function of the factor X ; on the

BE «a' », when )(j =X, .

Research results. With the help of the Fuzzy Logic Toolbox, the
scheme of fuzzy NN was visualized, as well as the surface of the fuzzy output
of the operability of the CTS for a particular case, taking into account the
values of calculated assessments p, and p,, the general linguistic variable Y

and the error F (fig. 4).

From the results of visualization of the work of HES it follows that the
operability is greatest at high values of the calculated assessments and the
general linguistic variable, and is lowest with high error assessments. The
obtained data represent a fairly reliable level of diagnostics, as well as further
prediction of the CTS reliability state on the basis of these data.

Below is a table of CTS operability values in the time series z(t) as a
result of diagnosing the values of the input variables with the help of the HES
(table 5).

With the help of Matlab — Network / Data Manager, the CTS data is
predicted on the basis of time series analysis [18].

As a result, the operability of system was calculated on the basis of the
predicted data (table 6). According to the received data for the time series
z(t) —z(t,), the average error of the network is 2,4973, which, in parti-cular,
speaks of a sufficiently high accuracy of the forecast of the technical parame-
ters of the CTS.

54



PO3BUTOK TPAHCIIOPTY
Ne 1(1), 2017

Anfis Medel Structure

(= [ o]

input inputmf

output

Logical Operations
and

. or

not

‘ Click on each node to see detailed information ‘ ‘ Update Help

Close ‘

a)

Surface Viewer: P_p

ESE™S)

File Edit View Options

<5

PSS

P -=operahility

p2->secondcalcassessm

L “
5

OSSN

Sl

pl ->firstcalcassessm

K inpLt): pl-=first_ca... » * Unput): p2-=second... - < LOWtpUtY P-zoperabilty -

X grids: 15 Y grics: 15 Ev =

Rzt (T [Nal Nah 50 0.5] ‘ ‘ Help Close | ‘

Ready ‘
.

Fig. 4. Visualization of the scheme of fuzzy NN (a), surface of fuzzy conclusion

with calculation assessments p, and p, (b), error F and calculation
assessment p, (c), error F and general linguistic variable Y (d)
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Table 5
Values of the variables and operability of the CTS
Time series z(t)
Variable
2(t,) 2(t,) 2(t,) 2(t,)

P, 30 10 20 35

P, 60 50 40 55

Y 67.3178 50.0202 47.5608 50.0576

F 0.4636 0.4281 0.500 0.4187

P 89.6603 83.4636 72.8506 82.1741
Table 6

Forecasting results, as well as the calculated operability of the CTS

Variable

Time series z(t)

2(ts)
Py 3
P, 40
Y 67,3178
F 0,4194
P 82,3703

Conclusions. As a result of the research, a method of antifault control
of the CTS was developed with the help of the HES. The developed method
uses the advantages of various methods for antifault control of CTS, based on
the NN and fuzzy logic.

This makes it not only universal for different types of ship's CTS, but at
the same time it is also quite accurate, given that it takes into account, in addi-
tion to the CTS data, also external factors, as well as self-learning of the NN.

Data of diagnostics and prediction of technical parameters of the CTS
for a particular case were also obtained. The average forecast error was 2,4973,

which indicates a rather high efficiency of the developed method.
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ON-LINE HEO-®A331 ABTOEHKOJEP U151 CUCTEM
3 T'IMBUHHUM HABYAHHAM
HA BA3I HEMPO-®A331 MEPEKI KOJIMOI'OPOBA

ON-LINE HEO-®A331 ABTOEHKO/IEP /U151 CUCTEM
C I'’'1YBUHHBIM OBYYEHUEM
HA BA3E HEMPO-®A331 CETH KOJIMOI'OPOBA

ON-LINE NEO-PHASE AUTOENKODER FOR SYSTEMS
WITH DEEP LEARNING ON THE BASE
OF THE KOLMOGOROV’S NEURO-PHASE NETWORK

€.B. BOJSTHCBKHM!, 10KT.TeXH.HAYK,
0.A. BUHOKYPOBA'?, 10KT.TeXH.HayK,
A1, MEJEIIKO?®, nokT.TexXH.HayK,
I0.M. PAIIKEBHUY®, 10KT.TeXH.HayK,
YXapriscoxuii nayionanonuii ynisepcumem padioenexmponixu, Yrpaina
2Buwguii nasuanshuii 3axnad «Komn tomepna axademis IIAT», Ypaina
$3acmynnux minicmpa MOH Ykpainu
Oonicio 3 0CHOGHUX 3a0ay HMENeKMYaibHO20 AHANi3y OAHUX € pe-
OYKYIS-KOMNPECIst 8eluKux 00csi2ie 0anux ucokoi posmiprocmi. B cmammi
3anpononosani apximexmypa i areopumm ON-line nasuanns neo-gassi aemo-
enkodepa, wjo € asmoacoyiamusnoio «bottle necky mooupurayicio netipo-
@assi mepedci Konrmozoposa. 3anpononoeanuii agmoenxooep xapakmepusy-
E€MbCSA NPOCHOMOIO YUCETbHOI peanizayii i UCOKOW WBUOKICMIO HALAWmMY -
6anHs cgoix napamempis. Ilposedeno imimayitini excnepumenmu, wo nio-
meepoNCYIOmb eheKMUGHICHb NIOX00Y, WO PO36UBAEMbCSL.
Knrouoei cnosa. Heo-¢hazsi asmoenxooep, HelpoHHI Mmepedci 3 enu-
OUHHUM HABYAHHAM, Helupo-ghasz3i mepexca Kormozoposa, pedykyia-komnpecis
O0aHUX, MEMOOU MAUUHHO20 HAGYAHHSL.

Oonoti U3 OCHOBHBIX 3a0aY UHMELIEKMYAIbHOZ0 AHAAU3A OAHHBIX
67151emcsl PeOYKYUA-KOMAPeccust 6OIbUX 00bemM0o8 OAHHbIX 8bICOKOU pasmep-
Hocmu. B cmamve npeonosicenwvt apxumexmypa u areopumm on-line o6yuenus
Heo-(asz3u asmosnkooepa, Komopwiil asisemcs asmoaccoyuamushou «bottle
necky moougurayueii neiupo-pazzu cemu Koamozoposea. Ilpednodcenmulil
ABMOIHKOOEP XAPAKMepUsyemcs NPOCMOmoul YUCIEHHOU peanu3ayul U biCo-
KOU CKOpOCMbI0 HACMPOUKU c80uUx napamempos. Ilposedenvl wuciennvie 3Kc-
nepuMeHmbl, KOMmopbie HOOMEEPIHCOAIOM IPHeKmUHOCHb PA38UBAEMO20 1O O-
xoda.

Knrwouesvie cnosa. Heo-gpazsu asmoanxooep, netipounvie cemu ¢ 2ny-
OuHHBIM 0OyueHuem, Helpo-gaszu cemv Koimoeoposa, pedyKyus-KOMNpeccusl
OaHHBIX, MEMOObL MAUUHHO20 00VYeHUs.

© Bogsncnbkmii €.B., Bunokyposa O.A., lleaemxo 1.J1., Pamkesuy FO.M., 2017
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One of the important problem, which is connected with big high dimen-
sional data processing, is the task of their compression without significant loss
of information that is contained in this data. The systems, which solve this
problem and are called autoencoders, are the inherent part of deep neural
networks. The main disadvantage of well-known autoencoders is low speed of
learning process, which is implemented in the batch mode. In the paper the
two-layered autoencoder is proposed. This system is the modification of Kol-
mogorov’s neuro-fuzzy system. Thus, in the paper the hybrid neo-fuzzy syste-
mencoder is proposed that has essentially advantages comparatively with con-
ventional neurocompressors-encoders.

Keywords. Neo-fuzzy autoencoder, deep learning neural network, Kol-
mogorov’s neuro-fuzzy network, data reduction-compression, machine lear-
ning.

Beryn. Opniero 3 ocHOBHUX Tpobnem Data Mining, mo moB’s3aHi 3
OTpAIfOBAaHHSIM BEJIMKUX MACUBIB CIIOCTEPEKEHb BUCOKOI po3mipHOCTi [1; 2], €
3ajava ix penykuii-komipecii 0e3 icToTHOi BTpaTH iH(pOpMALii, 110 MiCTUTHCA
B MacHMBaxX JaHUX, SIKi ONPanbOBYIOTHCA. [l po3B’si3aHHS TaKUX 3aaad po3-
poOJjicHa IIijia HM3KAa METOJIB 1, HAacaMmmepea, METOJA TOJOBHUX KOMIIOHEHT,
aHaJIi3 TOJIOBHUX Pi3HOMAHITh, AMCKPUMIHAHTHUN aHai3, Cleliai3oBaHi Hel -
POHHI Mepexi Taki, sik Mepeki Xeb0a-Cenrepa, Os-Kapynena, «bottle neck» ta
iHmi [3; 4].

HeoOxigHuM eneMeHTOM TIIMOMHHUX HEHPOHHUX Mepex [5-7], mo iH-
TEHCHUBHO PO3BHBAIOTHCS B IIeH 4Yac, € aBTOCHKO/IED, SKUH peanizye 3a1ady pe-
OyKmii JaHux i1 opMye BXiAHI Imapu Heiipomepexi. B skocTi Takux aBTO-
SHKOJICpiB HAMOULIBII YacTO BUKOPUCTOBYETHCSI aBTOACOLIATHBHUI Oararomia-
powii iepcentpon «bottle neck» Ta oomexxena mammna Bonbivana, By3namu
SKHX € eJIEMEHTApHI mepcenTponn Po3enbnarTa 3 curMoinaibHUMH QYHKITISIMU
axtuBalii. [1i aBToeHkomepu 3a0e3MedYyoTh BUCOKY SKICTh CTHUCHCHHS JaHHX,
OJTHAK XapaKTepH3YIOThCS HMU3BKOIO IIBHJKICTIO HAJAIITYBaHHS CBOIX mHapa-
METPIB, IO peani3yeThcs Ha 0a3i 0araToenoxoBOro HaBYaHHI.

AKTyasibHicTB. Y 3B’S3Ky 3 IHTEHCHBHUM po3BuUTKOM Data Stream
Mining [8; 9] akTyanbHOIO € 3amada CTBOPEHHS IIBUIKOTIFOYMX aBTO-
€HKOJIePiB, IO J03BOJIAIOTH 00poOIIOBaTH iH(OpPMAIIiI0 B MOCIIJOBHOMY pe-
UM, KOJIM JaHi OJJHE 33 OAHUM HAAXOISTh B CUCTEMY.

Meta po6oTn. Mera poOOTH IMOJIsIE Yy CTBOPEHHI Ta JOCHIIKEHHI ap-
XITEKTYpH 1 aaroputMy ONn-line HaBuaHHs Heo-(a33i aBTOSHKOIEPa, 110 € aBTO-
acomiatuBHOIO «bottle neck» momudukariero Heitpo-dasszi mepexi Kommoro-
poBa.

Martepianau gociigxenHsi. 1. ApxiTekTypa Heo-(}a33i aBTOeHKOAEpa.

3anporoHOBAaHUN aBTOCHKOJIEP MAa€ JBOILIAPOBY apXITEKTYpy 1 € 3a
cyTTIO aBToacouiatiuBHO «bottle neck» momudikamiero Helipo-dhassi mepexi
Kommoroposa (H®CK), mo BBeneHna ta mocimimkera y [10-14]. Ha mymsoBuit
(peuenTopHMIA) AP MEPEKi, OCHTIIOBHO HAIXO/IATh CUTHAIH, 1[0 MalOTh OYTH
CTHCHEHI
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(k) = (6 (k) X (o . (k) € R,

ne k=12,...,N — HoMep cnocrepexeHHs1 y BUOIpII, 110 06poOIIOeThCS (B
BUMAJIKy TAKETHOTO HAaBYaHHS) a00 TaKT IUCKPETHOTO dYacy MpH IOCIi-
JOBHOMY HaJIXOJDKEHHI IaHUX (B BUMAAKy ON-line HaB4aHH:).

IMepmnii mpuxoBaHW Imap Mepexi ckiaamaeThes 3 M (M<N)
HEJIIHIHKUX BY3JiB, 10 HABUAIOTHCS, HA BUXOAAX SKUX 3 ABISIOTHCS 3HAYCHHS
CTHCHEHUX CUTHAJIiB

V()= (1) ¥, () Y () <R

Jaui 1i curHaJiv HaaXxoJATh Ha HEJIHIWHI By3Ju BUXigHOTO Iiapy. Ha
BHUXO0JaX I[LOT0 APy 3’ ABJSIOTHCS BiHOBJICHI CUTHAIH

R(K)= (% (K),.... % (K)..... %, (k)" R",

a moxubka € (k): X; (k)—)A(i (k) BUKOPUCTOBYETHCS JIJIsl HAJIAIITYBAHHS CH-

HanTHYHUX Bar 000x mapis. Takum ynaOM, HOCK pearnizye HemiHiliHe Big00-
paKeHHS

X; (k): f(Xl' Xgyeens Xn)= = fij[Z](yj):

i

n fu‘[z] Zn:fij[l](xi) Vi=12,..,n,
) =1

]

ne f j[il](-) Ta fij[z](-) — HEiHIHI MepeTBOPEHHs, M0 Peali3yloThCs By3JaM

MIEPIIOro MPUXOBAHOIO Ta BUX1IHOTO IIAPiB BiANOBITHO.
VY sKOCTI «OyIiBeNbHUX €JIEMEHTIBY» IIi€i MepeKi BUKOPHCTOBYIOTHCS

HEJiHIlHI CUHAIICH — NS%], NSiEZ] ta Heo-(assi neriporn NFN ][1], NFNi[Z],
10 BBeneHi y [15-17] Ta BiApI3HAIOTECS BUCOKUMHU APOKCUMYIOYMMH BIIACTH-
BOCTSIMU.

ApxiTekTypa Heo-(ha33i-aBTOCHKOIEpa MIiCTUTh N HENHIHHUX CHHAII-
1]
N

ciz NSH, xosen 3 sixux mae h dynkuiit HanesxHoceti U Ta h HamamroBHHX

ji
[1]

CHHAIITUYHHUX Bar Wjil .

Bceboro mepmmii npuxoBaHuil map Mictute MNN - Gynkuiit Hanex-
HOCTI 1 TaKy X KUIBKICTh CHHANTHYHUX Bar. BuximHuii map Mictuth N HEo-

(as3i-HeipoHiB NFN | komen 3 sxux ckmamaetses 3 M HemimifiHuX CcH-
1 b
. [2] . .o
Hancis NS;™, mpu 1boMy KokeH 3 X cHHATCIB Takoxk Mae h dynkmiit Ha-
2] . 2
i[jl] i h cunanTmunux Bar Wi[jl].
mictute 2MNN mapaMerpiBs, 10 HANAIITOBYIOTHCSA. B pe3ynbrari nmepeTBopeH-

JIEKHOCTI 4 Takum YUHOM, aBTOCHKOJICP
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HS, 0 peani3yeThes aBroaconiatuBHo0 HOCK, Moxe OyTu mpencraBieHo y
BUIJISLII

h
NSH: £ (x )= Zw,ﬂu[}..( ), (1)

h
NSl £y, )= ;wm Wy, (2)
NFNDy, = ij[.”(X.) iéwj.ﬁuﬂﬁ( x),
NFN[ > f| 2](y1) iiwljl]uhl](y)

_
N
UN
Il
UN

i

£ (%001 X )E V\/.[ﬁ]u.,l(l > whutl( )) 3

j=11=1 1 1=1

Hemniniitai cunancu (1), (2) € 3a CyTTIO cHCTEeMaMH HEYITKOTO BHUBe-
nennst Takari-CyreHo HynboBoro mnopsaky [18] 1 € BignmoBigHO yHiBep-
CaTbHUMH alpOKCHMaTOpaMH, TOOTO MpH NPaBHILHOMY HaJIAIITyBaHHI CHHAII-
THYHMX Bar i BUOOpI KinbkocTi QyHKIiH HamexHocTi N, MOXYTH 3 3a1aHOK0
TOYHICTIO alPOKCUMYBATH OYy/Ib-SKy 0OMeKeHy (DYHKIIiIO0 OJJHOTO apTyMEHTY.

Bupas (3) onmcye naBomapoBy Helipo-¢assi cucTteMy 3 JBOPIBHEBOIO
CHUCTEMOIO HEYITKHX MpaBWI, L0 peanidye OararomacimTaOHU miaxin, TOOTO
BimmoBiHO Teopemi fma-Hryena-KpeiitnoBuua [19] mo3Bosise 3a0e3meunTH
3alaHy TOYHICTh ampoKCHMAIlii JOBUIBHOI OOMEXeHOi OaraToBHMipHOI
GyHKIIT.

. . C . 1 2
B sikocTi QyHKIIIH HaTEKHOCTI HEMiHIHUX CHHAICIB NSEI] , NSi[j ] ab-

Topu Heo-(ha33i HelipoHa [15-17] BUKOpHUCTOBYBal M CTaHAAPTHI TPUKYTHI
(YHKIIIT, 110 33/I0BOJIBHSIOTh YMOBAM OJJMHHYHOTO PO30UTTs PycmiHi, BUTIIS LY

i — L L [L
o e % el )
[
i — X
/qu]l,l (Xi): C[l]J’ I 1—C[-l]. 1 AKUO X; E[C[jl,i,l—lic[jl,i,l] (4)

0—6 inwux eunaokax,

H[Jl].u (% )+“[jl,]i,l+1<xi):1’ ©)
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(2]
Yi—Ciji-
o vy €[ el |
Ci,J,| _Ci,j,l—l
[2]
G Y
ﬂi[,zj],l(yi): [2]JI1 [23 Ko Y € [C-[J]I’Cg?i],m] (6)
Ci,;|+1_ il
0 —6 inwux eunaokax,
u, (v, )+ a(y;)=1, @)
ne CEI’]”, Ci[,zj],l’ I=12,..,h — uentpu }yHKUIA HameXHOCTI, B Haii-

IPOCTILIOMY BHIAJKy PIBHOMIPHO PO3NOJLICH] 110 BicsM X; Ta Y.

1]

YmoBu (5), (7) moka3yioTh, IO NPU HAAXOPKEHHI HA BXOIHU NSji ,

2 . .
NS.E ] CUTHANIB X; (k) Y (k) Ha X BUXOJaX 3’ ABISAIOTHECS 3HAUYECHHS

{ﬂ@ﬁ» ol 50l )

fij[Z](yj(k)) Wi 7§, |H|[21]|(y (k))+ W[j |+1l'l| i, |+l(yj(k))

TOOTO B KOXKHHH ITIOTOUHMI MOMEHT yacy K B KO)KHOMY HeNTiHIHHOMY CHHAICI
TITBKY JIBi CyCiHI (D)YHKIII1 HaJIe)KHOCTI MOXKYTb OyTH aKTHBOBaHi.

B mizcyMKy Ha KOKHOMY TakTi HaJamTOBYIOThCs He 2MNN cunan-
THYHUX Bar, a TUIbKkH 4MN, 10 OPUIIBUAIIYE MPOIEC HABYAHHS CHCTEMH B
ijiomy.

2. HaBuanng Heo-(a33i aBTOeHKO1Eepa

IIpouiec HaBuaHHS HEO-(a33i aBTOCHKOJEpa MOB’s3aHUN 3 BU3HAYCH-
HSIM CHHANTHYHUX Bar 000X IIapiB MUITXOM MiHiMi3alii MiJTboBOI (PyHKIIII, SKa
nis 1 -ro Buxoxy cuctemu (i =12,...,N) Moxke OyTy 3anucana y BUIJIAIL

2

E (k)= Ze ()= (6 (k) 1, (56 %,(6),... %, (k) =

k=1

[ﬂ@—iiwﬂw<<»f= ©

j=1i=1

(%, (k) - WP (y(k))F,

M= 1Mz

=
1
uN
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aewl® = (Wil wiid o wlfl wi o wll WD) () -

_(“’Ill( ( )) Hu[f]z(yl(k))’ 1H|1h(y1(k)) Hu[g]l(Y2(k))' '“u[le](y (k)) I

uimh(ym (k)" —(mhx1) - Bexropm cumanTHaHEX Bar i GyHKUii HameK-
HOCTI BiJITIOBITHO.

[2]

B malinpocTimomMy BUNaAKy Ul OHIHKK BEKTOpY W™ MoOke OyTH BH-

KOPHCTaHO CTaHJAPTHUH METOJ HAHMEHIITUX KBaJPATIB y BUTIISAII

W) =( ST ()] SR,

k=1

VY BumMaAKy, KOJH JaHI HAIXOIATh Ha 0OPOOKY TOCIITIOBHO OJTHE 32 OI-
HUM, TPOIIEC HABYAHHS 3BOJUTHCS JIO TPaJi€eHTHOI MiHiMmizallii kputepis (8)
Buny [17]

wii (k)= wiil(k ~1)-n(k) ;N%]): ©)
ij )

= w2l (k ~1)+n(k)e, (k)u2(y, (k)

ne n(k) — mapaMeTp KPOKY HaBYaHHS.

HanamtyBaHHsl CHHANITHYHUX Bar MPUXOBAHOTO LIAPY BiIOYBAETHCS Ha
0a31 3BOPOTHOTO MOLIMPEHHS NOXHOOK, NMPH LbOMY MOXe OyTH BHKOpUCTaHa
nporeaypa tamy (9), ska B {bOMY BHITaKy Ha0yBa€e BUTIISAY

W)=k -2)-nib) L6

JI|

E L L S

-l (B 0B ) )

BucHoBku. 3anponoHoBaHO HEO-(a33i aBTOSHKOAEP, 10 0a3yeThCs Ha
JIBOIIAPOBIH apXiTeKTypi 3 Heo-(a33i HeHpoHaMH y SKOCTi BY3JiB, i MPOCTUH
aNTOPUTM HOTO HABYAHHS, 1110 3aCHOBAHUI Ha 3BOPOTHOMY MOLIMPEH] ITOXHOOK
Ta JI03BOJISIE ONpPalbOBYBaTH iH(poOpMalio B ON-line pexxumi mo Mipi Hagxon-
JKCHHS B CHCTEMY.
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BBenenunii aBTOSHKOIEp XapaKTepU3y€eThCs MPOCTOTOI0 YHCENBLHOI pea-

mi3amii i BUCOKOIO MIBHJKICTIO HalalITyBaHHA CBOiX mapametpiB. [Iposenewi
EKCIIEpUMEHTH SIK HA TECTOBHX, TaK 1 HA PeaNbHUX JAaHUX MIATBEPIKYIOTH JI0-
HITBHICTB MIAXOY, IO PO3BUBAETHCS.
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CUCTEMA ®OPMYBAHHS BE3TIHBOBOI'O )
IHO®PAYEPBOHOTI'O ITOJIA JJIA ITPOIEAYPHU NMEJOITOTEPAIIII

CUCTEMA ®OPMHUPOBAHUSA BECTEHEBOI'O
HNH®PAKPACHOI'O ITOJIA AJIA TPOUHEAYP IIEJTIOUJTOTEPAIINN

SYSTEM FOR FORMATION OF NONSHADED INFRARED FIELD
FOR PELOIDOTHERAPY PROCEDURES

B.1. MEIIEPAKOB, 10KT.TeXH.HaYK,
A.B. MEHIEPSAKOB, E.B. YEPEIIAHOBA
Ooeccruii 2ocyoapcmeenHulil 9Koa02udecKull ynugepcumem, Yxpauna

Pospobnena cucmema ¢hopmysanus 6e3minb06020 IHGPAUEPEOHO2O
noast 015 ONPOMIHIOGAHHS NAYIEHMIE NPU GUKOHAHHI (DiziomepanesmuiHux
npoyedyp nenoidomepanii, AKa 0036018€ KePYSAMU eHEPeMmUYHOI0 i CneKm-
PAIbHOW CKadosor nos. Hasedeno pesynivmamu mooento8anHs iHOUKAmMpUuc
BUNPOMIHIOBAYIE 3 NAPAOONIYHUM U Kymosumu siobusauamu. Ilpedcmasneni
pe3yibmamu po3poobKu KOHCMPYKyill kamep nenoidomepanii 3 03epranamu
Dpenens, 3a2anbHUM i JOKATbHUMU YUTTHOPUYHUMU 8I0OUBAYAMY, CMAMUY-
HUMU [ NYTbCYIOYUMU THOPAYEPBOHUMU GUNPOMIHIOBAYAMU.

Knrouoei cnosa: ingpauepsone none, eunpominiosay, napadoniuHull
8i0busau, be3minbo6a 30Ha, Kamepa neioioomepanii.

Paspabomana cucmema gpopmuposanus becmene8020 UHGPaAKpacro2o
nona Onsi 0O6NYYeHUs NAYUeHmos Npu BbINOJIHEHUU OUIUOMEPANesmuiecKoll
npoyeoypel neiroudomepanuy, NO3GONAOWAL YNPAGIAMb IHEPLeMU4eckou U
cnekmpanvbrou cocmasnsioweli noas. Ilpuseoenvl pe3ynbmamsl MOOeIUposa-
HUSL UHOUKAMPUC usydamenell ¢ napabdoIuyecKum u Y2oaKo8bIM Ompaxcame-
aamu. Ilpedcmaenenvl pe3yibmamel paspabomyu KOHCMPYKYul Kkamep neuou-
oomepanuu ¢ 3eprkanamu Dpenenss, 0OWUM U TOKATLHBIMU YUTUHOPUY CKUMU
ompadicamensimu, CMamudecKumMu U nyaibCupyiowmuMu UHOPAKPACHLIMU U3TLY-
yamenamu.

Knioueswvie cnosa: ungpaxpacrnoe none, uznyuvamens, napaboniudeckuil
ompadicamennv, becmeHesas 30Ha, Kamepa neioudomepanuu.

It was developed the system for performing a nonshaded infrared field
for irradiating patients during a physiotherapeutic pelototherapy procedure,
which makes it possible to control the energy and spectral components of the
field. The results of modeling the indicatrices of radiators with parabolic and
angular reflectors are presented.

© Memepsikos B.U., Memepskos /I.B., Yepenanosa B.E., 2017
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The results of peloid chambers design with Fresnel mirrors, common
and local cylindrical reflectors, static and pulsating infrared emitters are pre-
sented.

Keywords: infrared field, radiator, parabolic reflector, nonshaded
zone, peloidotherapy chamber.

BBenenue. HdpakpacHbIil HarpeB MOJXYYHII ITUPOKOE PACTIPOCTPaHE-
HHUE B TEXHOJIOTUH U3TOTOBIICHHS 3JIEKTPOHHBIX M3/IEIHHA MIPH CYIIKE KOMIIAY H-
JIOB Y BJIATO3allMTHBIX MOKPBITHHA, HArPEBE TEXHOJIOTHMUYECKUX CPEI IJICKTPO-
HUKHU, CBapKe W JIA3CPHOM Maiike MHKPOCOOPOK, YTHUIIM3ALUU NPOAYKTOB MPO-
m3BozcTea [1]. CymecTByeT Kiacc 3a1ad, TpeOyOINX CO3JaHuS PaBHOMEPHO
pacnpeesieHHOr0 MPOCTPAHCTBEHHOIO MH(PAKPACHOTO MOJIsA, MpHUeM Tped o-
BaHUS K PABHOMEPHOCTH HE CTOJIb KECTKHUE KaK B U3MEPHUTEIbHON ONTUYECK OH
anmapartype [2]. K HuM oTHOCATCS 000TpeB NTEHIIOB U KUBOTHHIX [3], 1ede6-
HBIE TEPAIleBTUYECKHE TPOIEAYPHI MeJIonA0Tepanuu [4] u T. 1.

INenounorepanus — 3¢pPeKTUBHBII METOM JICYCHUsST MHOTHX 3a00JieBa-
HUH, OCHOBaHHBII Ha B3aWMOJICHCTBUU JICUEOHBIX Ips3el ¢ KOXKEH dermoBeka.
JleueOHOE MpUMEHEeHHE BKITIOYAET BECh CIEKTP MOKAa3aHWMA IS TPSA3EICUSHIS:
3a00JIeBaHUSI U TPaBMbI OMOPHO-IBHUIATEJILHOIO ammapara, nepudepruueckoit
HEPBHOM CHCTEMbI U JpP., Pa3jIMYHbIC TMHEKOJIOTHYECKHE U YPOJOTHUECKUE
3aboneBaHus, BHyTpeHHUE O0one3Hu u 3aboneBanus JIOP opraHoB, kocMeTono-
rus. MeToa COCTaBJIIeT KOMIUICKCHBIN MOIXOJ K JICUCHUIO M Pead MIUTalluHy,
PETYJIUPYEMOTO TEPMO- U I[BETO- BO3ICHUCTBUS, OaIBHEO-TIPOLICAY].

OCHOBY 3aIlaTeHTOBAaHHOT'O METOJ1a, COCTABIISIET HArPeB TEIOUIa pery-
JUPYEMBIM TOTOKOM HH(PAKPacHOTO H3ITy4YEHHs] HETMOCPEJICTBEHHO Ha Telle
MalMeHTa B CHeHUaIbHOH Kamepe [5]. Mertomuka mmojmo0HA ErHIIETCKOMY
METOJTy, HO BMECTO COJHEUHBIX JIy4el HCIOJIh30BAHO UCKYCCTBEHHOE MH(pa-
KpacHOe M3JIy4YeHNE.

Heano padoTsl sBUIACH pa3paboTKa cUCTEMbI (OPMUPOBaHUS OecTe-
HEBOT0 MH(PAKPACHOTO TOJS MITYUCHHS IS MEIUIIMHCKOTO MPUIIOKEHUS B
KYPOPTOJIOTHH.

MeTtoauka pemenusi 3agadu. V3BeCTHO, YTO WHTErpajbHas IUIOT-
HOCTb MTOTOKA U3JIy4YeHHUs onuchiBaeTcs 3akoHoM Credana-bonbimana

W(T)=0T*, 1)

rae O —nocrosiunas Credana-Bonbiumana, pasnas 5,6697-1072 Br/(cm? K*);
T — temnepatypa B rpaaycax Kenbsuna, K.

s peanbHBIX Ten go0aBisieTcs Oe3pa3MepHbI KO3(DQPHUIMEHT yep-
HOTBHI &, KOTOPBIH OMpeneNnseT OTIAMYHE H3IydaTeldbHON crocoOHOCTH abco-
JIIOTHO YEPHOTO TeNa OT PeajbHOT0, HApPUMEp, JIJIsl KEPAMUKH OH COCTaBIISIET
07-08.

Wnpankarprca u3ay4eHus] TOYEYHOTO UCTOYHMKA M3ITy4eHHsl adCoMI0T-
HO YEpHOTO Tella MOAYMHACTCS 3aKoHy JlamOepTa, a U1 peaqbHBIX H3Tydare-
JIel TOJIBKO B OTPaHUYCHHBIX YITIax.
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Jns uccnepoBaHus HHANKATPUC W3TydeHHs] HHPPaKpaCHBIX M3Iydare-
neit nmposeaeHo moaenupoBanue B makere MATLAB. Ha puc. 1 u 2 npencras-
JIEHBI WHAUKATPUCH U3IIYYCHUS] TOUCYHOIO M3Iy4yaTesd U U3ydaTens KOHeU-
HBIX pa3MepoB ¢ MapaboNIHYecKUMH OTpakaTemssMu. OTpakaTelu MTO3BOIISIOT
MOBBICUTH SHEPTETUICCKYIO AP (HEKTUBHOCTD U3IyYaTeseH, MOCKOIbKY HCIIOJ b-
3YIOT U SHEPTHUIO THUIbHOU CTOPOHBI.

AHEQrETHYECKOE NONe T .

TOMEMHOMO MSMYMATENRA © =

NapatoAMHEck |/ “l

oTpakarenem : " .
I P £ | MOLEANEHEIN Cnyqak

J',/.-’ i I/
| ,sﬁjﬁﬁﬁjﬂ.""'l

ﬁ'ﬁ}"’”ﬂ-’f.-’.l"f}}

R R

i ""\ '\\ "., N \.l‘\\ -

.\-.\\'\"1\". -\I\ "
'*.\\l"\\ o

no

Puc. 1. 3H€p2€mull€CKO€ noJjie mo4e4roco usiydamens
c napa60ﬂul¢eCwa ompaostcameiiem

W3 npuBeAeHHBIX PHCYHKOB CIEAYyeT, YTO pe3yJbTHpYIOIlee MoJe
W3IYy4YEHUs] pEaIbHBIX H3IydaTellell CYHNIECTBEHHO OTJIMYAaeTcd OT HWHIUKAT-
PHUCHI UAEaTbHBIX TOUEUHBIX M3Iydareneil. M3mydarenn MOTyT UMETh pa3ind-
HbI€ CIIEKTpPAJIbHBIE COCTAaBBl M3IY4YEHMS, MOCKOJBKY XapakTep B3auMOei-
CTBUS M3JIyUYEHHUS Pa3UYHbIX CHEKTPaJIbHBIX COCTABOB C KOXKEW desloBeKa OT-
JyaeTcs.

Ecnu paccMoTpeTh cHcTEMy, COCTOSIIYIO U3 HECKOJIBKMX MH(ppakpac-
HBIX H3JIydaTeseld, paBHOYAAJIEHHBIX OPYT OT ApPYyra, KOTOPHIE T€HEPHPYIOT
HanpaBJIEHHOE TIOCPEACTBOM MapadoInIecKoro pedieKTopa u3aydeHue, mony-
YUM HPOCTPAHCTBEHHO-PACHPEACICHHOE DSHEPreTHYecKOe IMO0Je COIJIACHO
BBIOpaHHOH KOH(UTYpanuu pacrnoyioxeHus: uanydareneid. COOTBETCTBYIONIMM
PAcIONIOKEHUEM H3JIyHYaroluX 3JIEMEHTOB MOKHO MOJYYHUTh paclpeieneHue
SHEPreTHYECKOTr0 MOJIS 3a1laHHON KOHPUTYpaluy.
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Puc. 2. Dnepeemuueckoe none uznyuamens
KOHEUHbBIX pasmepos ¢ napadoIuyeckum ompaxicamenem

Pe3ynbraThl MOAENIMPOBAHHUS HMHAWKATPHCHI PE3YJIBTHPYIOIETO ITOJIS
JUISL HECKOJBKHUX TOYEYHBIX M PEaJbHBIX HM3JIydaTesedl MoKa3al BO3MOXXHOCTH
(dhopMUpOBaHUs UHPPAKPACHOTO MOJIS PA3IMIHON KOH(PHUTYpaIluu oT (HOKYyCH-
POBKH JI0 pacCesiHusI.

AJTOpPUTM UX YIPABICHHS SBISCTCS aJJIUTHBHBIM U 3aKJIIOYACTCs B
KOMMYTAllMM OTACNBHBIX H3JydaTelel M OLEHKE pPe3yJIbTHUPYIOMIEro IO
U3JTyYCHUSL.

[Ipu mcnonp30BaHUM M3JTydaTeIel pasiUYHBIX TUIIOB MOXHO YIPaB-
JSATh KaK paclpesielieHHeM SHEPreTHYecKOro IOJis, TaK W CIEKTPabHBIM
coctaBoM moJisi. TeruoBble TMOJIs,, PACCYMTAHHBIE B XOJE MATEMaTHYECKOTO
MOJICTTMPOBAHUS, ObLIH MOATBEPIKACHBI IKCIIEPUMECHTATBHBIMH JIAHHBIMHU.

BwMmecrte ¢ Tem, mon0op pacroyioKeHusT U3IydaTeseld He pemaer mpo-
Onemy cosllaHus OECTEHEBOTO MOJIs, MMOCKOJIBKY Halliuue B o0JacTH 00iyde-
HUSA 00BEKTa IPUBOAUT K TOSIBICHUIO TEHEBBIX 30H.

[IpoBeneHsl WCCIENOBaHUS BIMSAHUS OTpaXKarolled IOBEPXHOCTH,
MOCTPOCHHOW B COOTBETCTBHU C PEajbHBIMH KOHCTPYKTHBHBIMH OCOOCHHO-
CTAMH TPYOYaThIX H3Iydarelnieid, ¢ KOAQ(UIMEHTOM OTpaKCHUSI CTEHOK paB-
HeM 0,7 Ha hopMHpyeMoe POCTPaHCTBEHHO-pACIIPE/ICICHHBIMU HH(ppaKpac-
HBIMH W3JTydaTelsIMH dHepreTndeckoe mnose. Ha puc. 3 mpuBenena cxema 3a-
MKHYTO#H CHCTEMBI, IJIe YKa3aHa KOH(UTypalus pactooKeHUs U3TydaTes |
OTpaXkarolei IIOBEPXHOCTH.
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Puc. 3. Moodenv obnyyenus o6vekma
C 3epKanIbHbIMU U OUDhy3HbBIMU OMp adcamensimu

AHanmu3 MoJeH ToKa3aj, YTo MPU MCIOJIb30BaHuH AU (y3HBIX OTpa-
JKAIOMIMX CTEHOK PaBHOMEPHOCTH IMOTOKA CYIIECTBEHHO YITYYIIAETCSI, OJHAKO
pasiauure B OOJyYEHHOCTH NMPSMON U THUIBHOUM CTOPOH 00beKTa (YeloBeKa B
30HE HHQPAKPACHOTO OOIYYEHHsI) OTIMYAETCS. B HECKOJIBKO pa3, YTO HENPUE M-
JIEMO TSI METUIIUHCKOTO ITPUMEHECHUSL.

N3 teopun poromerpun [6] H3BECTHO, YTO PABHOMEPHOE pacIpeiee-
HUE TIOTOKA W3Iy4YeHHsS B oObeMe oOecreuuBacT (OTOMETPUYECKHIA IIap 3a
CYET MHOT'OKPATHOTO OTPAXKEHWS M3NMYYCHUS OT BHYTPEHHHX CTEHOK. Ecnm
CTEHKM IIapa UMEIOT OJMHAKOBBIH KO3((QUIMEHT oTpakeHHs L, U B LIap

[MOMECTUTh TOYCUHBIH UCTOYHHUK, H3Iydarommi motok @, Br/crep., T0 001y-

YEHHOCTh BHYTPCHHEW MOBEPXHOCTH FE . , TOBEPXHOCTH MOXKET OBITh OMpe/e-

061°

JICHA KaK

E05]l = Eucm + Eomp ! (2)
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rne £, — 00Jy4eHHOCTh, KOTOPYIO MCTOYHHUK CO3/1aeT B JAaHHOW TOYKE TO-

uem
BEPXHOCTH IIIapa TOJBKO 32 CUET W3IyYCHHS MCTOYHHKA (B MPEAMOIOKCHUH,
YTO TIOBEPXHOCTH IIapa HE OTPaKaeT M3IyUeHHE); Eomp — 00Jy4eHHOCTb, CO-
3aBaeMasi 3a CYeT MHOTOKPATHOTO OTPaXKEHUSI U3TyYEHHsI OT CTEHOK Iiapa.

[Ipu 3TOM MEPBUYHO OTPAKCHHBIN OT CTEHOK IIapa MoTtok oP co3-

JTaeT BO BCEX TOYKaX OJTHOPOTHYIO OCBEIIEHHOCTh

rae R — pamuyc nrapa.

ITpoBozs aHAIOTUYHBIC BHIYMCICHUS ISl BTOPOTO, TPETHEro M IOCe-
AYIOUINX OTPAKEHHH, MOTy4aeM Pe3yIbTHPYIOIIee 3HAUCHUE JIOTIOTH UTETbHON
00JIy4eHHOCTH

E

omp

- @
Eompi - 7 _P_. (4)
4zR°1-p

I
HMS

CrenoBaTenlbHO, PE3yabTUPYIONIAs OOJYYEHHOCTh B IPOHM3BOJIBHOM
TOYKE MICaTBbHOr0 (POTOMETPHUYECKOTrO IIapa MpH TOYSYHOM HCTOYHHKE H3IY-
4YeHust OyeT OTHOPOIHOM.

COBCpHICHHO OYCBHU/HO, YTO IpU PCAJIbHOM HETOUYCYHOM HCTOUYHHKE
00y4eHHs, HeUIeaIbHOM IlIape, HATMYMK pab0YMX OTBEPCTHH, Yepe3 KOTOphIe
TEpSeTCsl YacTh NOTOKA U PaJy KOTOPBIX M CTOMTCS IIap, OAHOPOTHOCTH pac-
npeaesieHns 006JTyIeHHOCTH He 00eCTIeunBaeTCs.

OnHako Ui penraeMoil 3amadd co3/aHHs OSCTEHEBOTO IMOJIS AaHHOE
OrpaHUYEHHE HE SIBISIETCS ONPECIISIONINM, TTOCKOJIIBKY MHOTOKpPATHBIE OTpa-
KEHHUSI OT CTEHOK 00ecneyuBaroT OecTeHeBOE, XOTSI U COBCEM OIHOPOJHOE
noe.

Bonee Toro, HanmMure BHYTPH IIapa 3aTEHSIONIMX OOBEKTOB — JIIO/ICH,
panu KOTOPBIX M CO3J]aeTCs 3TO OOJIydaroliee 1moJie, MepeBOJUT aKIeHT pa3pa-
OOTKM OT OJHOPOAHOCTH K HE 3aTCHEHHOCTH W BO3MOXKHOCTH YIPAaBJICHUS
00JIy4eHHOCTBIO B 3TOM IIPOCTPAHCTBE.

KOHCprK]_II/ISI KaMCpBhI. Peansnrie MIPOU3BOJACTBCHHBIC 1 MCIUIIUHCKUC
MOMEUICHUsI HUKOTZa He HMeEIT ¢GopMy mapa. Bo3HHKaeT HOTpeOHOCTS,
UCTIONB3YS TOJIE3HBIE CBOMCTBA (POTOMETPUYECKOTO IIapa, TPaHCPOPMHUPOBATH
(bopMy OTpa)karoIInX MOBEPXHOCTEH TaKUM 00pa3oM, 4TOOBI CIIOCOOCTBOBATH
(hopMHpOBaHHIO OECTEHEBOTO HHPPAKPACHOTO TTOJIS.

[lockonbky mpu mpueMe NpoLeaAyp B Kamepe MeIOUA0TEPAUH JIIOIHN
OOBIYHO HAXOAATCS B BEPTHKAIBHOM IMOJIOKECHUH, TO MOXHO OTPaHHYHTHCS
III/IJ'II/IH)IpI/I‘IeCKOI‘/’I OHTHKOﬁ, T.C. BBITAHYTH IIap B 3JUIMIIC U MCIIOJB30BAaTh €ro
HEHTPAJIbHYIO YaCTh. DTO MO3BOJISIET MCIIONB30BATh HE TOUCUHBIC, & JIMHEHHbIC
U3JTy4aTenu ¢ Ooyee BHICOKMMH MOKA3aTeNsIMU SHEPreTHUECKON CTIOCOOH OCTH.
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PaccMoTpuM THITHYHOE TIOMEIEHHE MPSIMOYTOIBHON (OPMEI, B KOTO-
POM HE0OX0UMO c03/1aTh OecTeHeBoe HH(ppakpacHoe mosne (puc. 4). [l Toro,
YTOOBI MONYYUTh NapaIICIbHBIN MMy4OK OT TOUEHYHOTO U3ITydaTessi OTpakaTellb
JOIDKEeH UMeTh (hopMy mapabostsl ¢ (POKycOM B MOJIOKEHUH U3IydaTens (JeBast
4acTh puc. 4).

[NapaGona onuceIBaeTcsl ypaBHEHHEM BTOPOTO MOPSIIKA

y=ax’+b*+c

U ero rpad)uKk MOXeT OBITh MOCTPOCH MO TPEeM TOYKaM Ui KOHKPETHOTO
nomenieHus. OCHOBHBIM HEIOCTAaTKOM TakOW KOHCTPYKUMH HH(PaKpacHOM
KaMepbl SBISIETCSA TO, YTO 3HAYUTEIbHAs 4acTh NOMEILEHHs (BEpXHss JieBas
4acTh PUCYHKA 3a Mapa0osioi) HE MOXET OBbITh HMCIOJIb30BaHA IO MPSIMOMY
MIPOM3BOACTBEHHOMY Ha3HauYEHHUIO.

Kpugyio orpakarenst MOXXHO alllIPOKCHUMHUPOBATH OJIMHOMOM II€PBOTO
nopsinka (HaOOpOM OTPE3KOB), BBIOPAB pa3Mep 3JIEMEHTa COOTBETCTBEHHO Tpe-
OyeMoii TOYHOCTH.

Torna yacte napaOobl JIeBOH 4acTH puc. 4 OyaeT NpeAcTaBIATs coO0i
OTPE3KH NPSIMBIX, YTOJI HAKJIOHA 3JIEMEHTa KOTOPBIX ONPEAEsIeTCs] 3aKOHAMU
OTpaXEHHUSI TeoMeTpuueckoil onTuku. OueBHIHO, YTO HOPMAJIHHOCTH OTpa-
YKEHHOTO JIyda OTHOCHTEIBHON CTEHBI, HA KOTOPOW PaCIOI0KEH H3IydaTelb,
OyZeT BBIIOIHATHCS TOJBKO ATl LIEHTPa OTpe3Ka.

IMEMEHT

e e L = ——— — — — — ——

- —-
o
==

Puc. 4. Dopmuposanue nnanaprnozo ompasxicamens
8 NoMeWeHUU NPAMOY2O0LbHOU opMbl
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Ecnu MBICIIEHHO CIBUHYTH 3JIEMEHT OTpa)kaTells K CTeHe 3a mapaboiu-
YeCKHM OTpa)kaTelleM, TO MOJYYUM HabOp YTOJIKOBBIX OTpakaTesield, KOTOphIe
MO>KHO CUHTATh TUIAHAPHBIM aHAIOTOM MapadOJIMYECKOr0 OTpaXkaTels, KaK 3TO
[I0Ka3aHO B MIPaBOil BEpXHEH yacTu puc. 4.

Kaxnprii yromkoBbelil oTpaxkaresis OyZeT MMETh CBOW yrojl HakJIOHA,
paccunTaTh, KOTOPBIA MPHU U3BECTHBIX pa3Mepax 3JIEMEHTOB HE MpEACTaBIsAET
TpyAa.

Bonee Toro, npu M3roTOBIEHUH KOHCTPYKLMH HH(PAKpaCHON KaMepsbl
BMECTO H3JIydaTeias MOXKHO YCTAaHOBHUThH MOJYIPOBOIHMKOBBIN Ja3ep C BO3-
MOKHOCTBIO ITOBOPOTA.

HanpaBuB my4ok u3ilydyeHHs B CEpeAMHY YTOJKOBOTO OTpakaTels C
M3BECTHBIMU KOOPJIMHATaMH, MOKHO 110 METKE Ha MPOTUBOIOIOKHON CTOPOHE
CTEHBl TOYHO MOJICTPOUTH YroJ KOHKPETHOTO YTOJKOBOI'O OTpaKaTels, 4YTo
CYIIECTBEHHO yNPOIIAET IOCTUPOBKY HOIYy4EHHOTO 3epKana dpenens.

JlOCTOMHCTBOM Takoro MoAXOAa SIBIASETCA TO, YTO CYIIECTBEHHO 3KO-
HOMMTCS TOJIE3HAs IJIOUIAa/b MOMELIEHHs, a aJTOPUTM IMOCTPOEHHUS 3epKana
MPAaKTUYECKU HE 3aBUCUT OT (DOPMBI TIOMEILECHHS.

PacnonoxxuB nmogoOubM oOpa3oMm 3epkana dpeHess Ha OCTaBIIMXCS
CTeHaX MOMeleHHs (TIPH HEOOXOIUMOCTH) TOyYHM CUCTEMY (POPMHPOBAHHS
apauICJIbHBIX IIYYKOB IJId BCEX YCTBIPEX CTCH.

Jlo6aBUB UCTOUHHMKH W3Iy4EHUs], PACIOIOKEHHBII He B (oKyce mapa-
6OJII)I, CI[BI/IHYTI)Iﬁ OTHOCHUTCJIBLHO OCHOBHOI'O BJICBO MJIM BIIPABO IIO CTCHC,
MOJIYYHM OTpPa)KCHHBIE TIOTOKH OT 3epKalla, CHUKAIOIINE TPOOJIeMy 3aTeHEHHS.

Ha puc. 5 mpencrasnena ¢otorpadus xaMepbl NEIOUAOTEPANINH, B
KOTOPO#l OJlHa M3 CTEH BBINIOJIHEHA B BUAE 3epkaia DpeHens, a ocTaBILIasICS
YacTh B BHJI€ NUIMHIPUIECKOTO 3€pKaJIA.

WndpakpacHsle u3IydaTeId Ha OCHOBE TPyOUaTBIX 3JIEMEHTOB (op-
MHUPYIOT pabodyl0 30HY MPOBEIEHHS NPOLEAYpPhI Wi 5-6 MalUeHTOB, B KOTO-
poli reHepupyeTcs GecTeHeBoe HH(PpaKpacHOE TOJIe.

Ha mony BblAEN€HBI 30HBI, NpeIHA3HAUCHHbIE IS pa3lelieHus IOoKa-
3aHHOM TEIUIOBOM Harpy3KH MAIEHTOB.

Ha ¢ororpaduu BuIHO, YTO BEpXHSS M HIKHSASA YaCTU JICBOU CTOPOHBI
IIOMCUICHUS HE SaI[eP'ICTBOBaHLI.

Ha puc. 6 nmpencraBieHa kamepa NEJIOMAOTEPANM, BBIIIOJHEHHAS B
MPSMOYTOJBHOM IOMEUIEHHH, KOTOPOM MHPAaKTHYECKH OTCYTCTBYIOT IOTEPU
IOJIE3HOM IIJIOIIAH.

TopieBoii oTpaxkatesb U3rOTOBJICH B BUjie 3epkana Openerst, 00KoBbIe
CTEHBI B BHJIC IWJIMHIPUIECKUX 3€PKAJ U PACCEHBAIOLINX MATOBBIX MIOBEPXH O-
creil. Mcnonp30BaHbl TpH BHMJA H3JIydaTeseil: JJIMHHOBOJIHOBBIE Kepamu4e-
CKHE, KOPOTKOBOJIHOBBIE JIAMIIOBBIE HENIPEPBIBHOIO U ITYJIBCUPYIOLIETO U3JY-
YEeHUs, UMEIOIINE HE3aBHCHUMOE YIPABICHUE, YTO TO3BOJISIET YNPaBIATh Kak
W3Ty4aeMOi SHEprueH, TaK ¥ CIEKTPAIILHBIM COCTABOM TIOJIAL.
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Puc. 5. Kamepa neroudomepanuu
C Y2OAKOBbIMU U YUTUHOPUYECKUM OMPAACAMENAMU

L Tt V™

Puc. 6. Kamepa neroudomepanuu
C UByNamensiMu U OMpadzcamensimy CMeULanHo20 munda

[Ipoueaypsl MOXHO IPUHUMATH KaK B CTOSYEM IOJIOXKCHHH, TIePEIBU-
rasch 10 Ha3HAYSHWIO Bpava, CHJS JUIA MAIEHTOB C OTPaHMYEHHON OB K-
HOCTBIO UJIN HpI/I JICUCHHUU ITO3BOHOYHHKA U CYCTaBOB, TaK U JICKa Ha KymeTKe.
Ha crene pacronoskeHa nocka EBMHIIOBA /171s1 BBITIOTHEHUS! COOTBETCTBYIOIUX
mponeayp. B moMeniernn kaMmepsl MOXET OJHOBPEMEHHO NIPUHUMATH JICUCHHE
110 6 YeJIoBEK.

Biiok ynpapneHus: o0ecrieunBaeT HE3aBUCHMOE YIIPABICHHUE TPYIIaMu
KepaMHUYECKHX, JAMIIOBBIX H3JIy4aTeledl B 3aBHCHMOCTH OT MEIUITUHCKHX
MIPEMTUCAHMN AJIs TPYIIITBI WIIH OT/IEIBHBIX TAIIHeHTOB.

JlamnioBbie M3yyaTend 00ECIeYMBAIOT (POPMHUPOBAHUE KOPOTKOBOJI-
HOBOT'O U3YYCHHS HEMIPEPHIBHOTO U MyJILCUPYIOIICTO THIIOB.
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BeiBoabl. Ha ocHOBaHMM MpPOBENEHHOTO aHaIW3a M MOACIUPOBAHUS
MIpeIoKeH MOAXO0] K KOHCTPYHPOBAaHUIO KaMep MeJIOWJ0Tepanuu, 3aKiroya-
fouuiicst B popMUpoBaHUU OECTEHEBOr0 HH(PPAKPACHOTO MOJIS 32 CYET UCTION b-
30BaHMs 3epkan DpeHens.

JanHoe pelleHHE MO3BOJIMIO HE TOJBKO OOECIIEYUTh BO3MOKHOCTD
WCTIONB30BaHMs MOMEIIEHUH MPOU3BOIBHON (OPMBI, HO CYIIECTBEHHO SKOHO-
MUTB TOJIE3HYIO TUIOIIAb.

K 1OCTOMHCTBY KOHCTPYKIMH CIIEAYET TaKK€ OTHECTH TO, YTO IOCTH-
POBKa CUCTEMBI HE TPEOYET CII0KHOU TEXHOJIOTHH.

Kamepsl mpomnun anpoOMpoBaHHME TIpH peaiM3allid  METOIUKHU
Wndpanenongorepanuu, KoTopas 0Jo0peHa YUEHBIM COBETOM YKPAmMHCKOTO
HUU menuuuHCKOM peadunTaliii U KypOpTOJIOTHH.
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IHTEJIEKTYAJIBHA TEXHOJIOI'TA
CUHEPI'ETUYHOI'O YIIPABJIIHHA

HMHTEJUVIEKTYAJIBHAS TEXHOJIOTI' S
CUHEPI'ETHYECKOI'O YIIPABJIEHUS

INTELLIGENT TECHNOLOGY
OF SYNERGETIC MANAGEMENT

T.JI. MA3YPOK, nokT.TeXH.HayK
Tlis0ennoykpaincoKulli HAYIOHATLHUL NEe0A202IYHUL YHIGEPCUMem
im. K.JI. Yuwuncoxoeo, Yrpaina

Y cmammi nasedeno pezyivmamu 00CHiONCEHHA cuHmesy iHmenex-
MYanbHOI MEeXHONO02Ii CUHep2emudHO20 YNPAGIIHHA OPeaHi3ayiiiHo -MexXHIYHOW
CUCTMEMOI0 HA NPUKIAOT a8MOMAMU308AHOI CUCTIeMU YRPABIIHHSA HABGYAHHIM.
Haeedeno pesynomamu npaxmuyunoi peanizayii.

Kniouosi cnosa: cunepeemuune ynpasiints opeaHizayitino-mexHiyHow0
cucmemoro, IHmMeneKmyaubHUull nepemeoprosay, IHmMeneKmyaibHa mexHo102is,
Helipomepediceda peanizayis cunep2emuinoi Mooei ynpaeuinHs.

B cmamve npugedenuvl pesynvmamul uccied08aHus Cunme3a UHmem1ex-
MYaIbHOU MEXHOI02UU CUHEP2eMUYeCcK020 YRPABLeHUs OPSAHU3AYUOHHO ~nex-
HUYeCKol CUCMEeMOU HaA npumepe agmoMamusupoEaHHol CUCMEMbl ynpasie-
Hus obyuenuem. llpueedenuvl pesynvmamul NpaKmuyeckol pearu3ayuu.

Knrouegvle cnosa: cunepzemuyeckoe ynpaeieHue Op2aHU3AYUOHHO-
MEeXHUYeCKOol CUCMeMOU, UHMEeLIeKMYAIbHblll Npeobpazoeament, UHMeENIEK-
MYAnbHAsL MEXHONI02UA, HEeUPOCemesds peanu3ayus CUHEePeMUIeckol Mooeau
YNpaenerus.

The article presents the results of research into the synthesis of intel-
lectual technology of synergetic control of the organizational and technical
system using the example of an automatization learning control system. The
results of practical implementation are given. A peculiarity of the synergetic
approach is the consideration of the internal self-development of the system in
developing

Keywords: control of organization and technical system, intellectual
converter, intellectual technology, neural networks realization of synergetic
control model.

© Masypok T.JI., 2017
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Beryn. CydacHi ckiafiHi CHUCTEMH pPi3HOMAaHITHOI TPHUPOAXA CKIIa-
JAfOTBCS. 3 KOMIUIEKCY Pi3HHX MiJICKCTEM, IO BHUKOHYIOTH MEBHi (YHKIII Ta
OB’ s13aH1 MK COOOF0 MpoIiecaMy TUHAMIYHOT B3a€MOJIiT Ta 00MiHOM iH(OpMa-
miero. Taki cuctemu € 6araToMipHUMU, HETIHIHHAMU Ta 0araTo3B’ S3HAMHU.

KibepHeTnuHMiA minxix 10 aBTOMATHU3aIlil YIPaBIiHHSI TaKUMH CHCTC-
MaMH niepeadadae >KOpCTKe LEeHTpali30BaHe YIPaBIiHHS, 0 HE JI03BOJISE Bpa-
XyBaTH BHYTPIIITHIH CAMOPO3BUTOK CHCTEMH.

B ynpaBmiHHI Ccy4acHWMH OpraHizalifHO-TEXHIYHUMH CHCTEMaMHU
(OTC), mo ckiany sSIKAX BXOIATH OpraHi3amiiiHi MiJICHCTEMH Pi3HOI KOH)Iry-
paii, He0OXiTHO YMOBOIO MiJBHUILECHHS €)EKTUBHOCTI € BpaxyBaHHS iX BHYT-
PIITHBOTO CaMOPO3BUTKY MPH BHPOOIICHHI YIIPABISAIOYOTO BILTUBY.

Tomy mns ynpaeninas OTC HaWOUIbII JONUIBHUM € 3aCTOCYBaHHS
CHHEPTETHYHOT0 TMiIXO0AY B SKOCTI OCHOBH PO3BUTKY CHHEPIeTHYHOI Teopil
YIpaBIiHH, SIKA € BTUJICHHSM MPUHIIAIIIB CaMOOpTaHizallii 10 mpobiem yrpas-
miHes [1].

AHaJsi3 OCHOBHUX J0CATHEHb i JiTepaTypu. CHHEpreTHUHHN MiAXin
710 YIPaBIIiHHS — 1€ PO3BUTOK CHCTEMHOTO HiIXOAY, SIKUM HaJae HOBI MOXKIIH-
BOCTI JIIsl IOCII/KEHHSI YIIPABIIHCHKOI isSUTBHOCTI. BpaxyBaHHS CHHEpreThd-
HUX 3aKOHOMIPHOCTEH CYTTEBO 3MIHIOE TPAJMINNHI MPEIACTABICHHS I0J10
ynpasiiHHs [2].

B tpamuniiiHux cucremax e(ekT ympaBisiiodoi Aii OJHO3HAYHO Ta
JIHIAHO 3aJIeKUTh BiJl BEJIMYUHY JOKIIAJICHUX 3yCUJIb.

AJe B CKJIQJIHOOPTaHi30BaHUX CUCTEMaX, J0 SAKUX HAJICKHTh 1 CHCTEMa
HaBYaHHs, HEMO>KHA 330BHI HaB 3yBaTH LUIAXH PO3BUTKY.

Heo0xigHo BH3HAYMTH, 32 JOMOMOTOIO YOr0 1 K MOXKHA CHPHUATH iX
BJIACHI¥ TEHEHIIIT PO3BUTKY.

OO0’eKTHBHI 3aKOHM €IHOCTI CaMOOpraHizamii Ta ynpaBlliHHS CTaHOB-
JISITh OCHOBY PO3BHUTKY Cy4YacHOI Teopii ynpaBiiHHA.

Pi3Hi acmekTd CTaHOBICHHS CHHEPIeTHYHOI TEOpPii yNpaBIiHHA pPO3-
msiHyTo B mpargx Jleroa O.M., Kpacoscekoro O.A., KonecHikoBa A.A.,
Kyparomosa C.II. Ta iX 4nCIEHHUX y4HIB.

BriMm, ocobamBoCTI po3mupeHHst (a30BOro MpoCTOpPY CTaHIB i BiMO-
BigHO1 Bimkputocti OTC 3a paxyHOK mepeBaKHO iH(POPMAIIHHOTO BIUIUBY Ha
CUCTEMY, BH3HAa4Ya€ akTyaJlbHY Ta HEBHUpIlIeHy NpoOjieMy BIOCKOHAICHHS
MoOJieJiell Ta METOJIIB peastizallii CHHEPreTHYHOTro IMiJX0Ay A0 aBTOMAaTh3allii
ynpasininas OTC.

B Mexax 1iei mpo0ieMu akTyaabHUM € po3po0Ka MozeIeld Ta METOMIB
peadizanii BpaxyBaHHS IPOLIECY CAMOPO3BUTKY COLIaJIbHOT CKIaa0BOI1 00’ €KTY
yIIPaBIiHHS.

CuHepreTudHa TEOpisl YIpaBIiHHS JO3BOJISIE 110 HOBOMY IOCTaBUTH, a
MOTiM e()EeKTHBHO BUPILIUTH 0araTo TSHKKUX MPOOIIEM yIpaBITiHHA, SKI HEMO K-
TUBO Oyno pO3B’s3aTH iCHYIOUMMH METOJaMM Teopii ympaBmiHHS, a0o sKi
30BCIM HE CTaBHJIMCh 3aBISIKH iX 0COOIMBIN CKIaJHOCTI.
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Slkmo mpoaHamizyBaTH iCHYIOWI 3acO0HM pearizalrlii CHHepreTHYHOTO
YIPaBIIiHHsA, TO A0 HaWOIMBII BiJOMUX BigHOCATHCS: fuzzy-perymstopu, Gara-
TOIIAPOBI HEHPOHHI MEpEeXi, EBONIIOLIAHI METOIU, TIOpUAHI. 3riJIHO 3 BHCHOB-
KamH, e(heKT CHHEPTeTHKH HACTYyIa€e NPU CYMICHOMY BHKOPHCTAaHHI HEYITKHX
METO/1iB, HEHPOMEPEIKEBUX Ta CBOJTIOLIHHUX.

Meto1o nociaigkenHss € (HOpMyBaHHS OCHOBHHX €TAalliB IHTENEKTY-
aIBbHOT TEXHOJIOTII, 0 peanidye cHHepreTnaHy Moaens ynpasiinas OTC.

Mopens cunepreruynoro ynpasiinasa OTC. OTC e neniniitHOtO,
JVICUTIATUBHOIO, JMHAMIYHOI0 cHCTeMOIo. [IpHKIIafHi acleKTH 3aCTOCYBaHHS
CHUHEPTeTHYHOT0 MiAXOMy Uil ii yNpaBiiHHA BHU3HAYAIOTHCS OCOOIMBOCTSIMU
MpeIMETHOI Taly3i, B sSKid (PYHKIIOHY€E Taka CUCTeMa. Y3aralbHEHHS JIOCBiILy
3aCTOCYBaHHS CHHEPreTHMYHOI MOJENi yNpaBiliHHs iHIWBiAyalli30BaHUM HaB-
YaHHSAM [3] 103BOJIsIE BUBHAYUTH OCHOBHI €IEMEHTH MOJEJ CHHEPreTHYHOTO
ynpasiiaas OTC M

M ({1} (e} U} ®
ne {I} — BEKTOp IapaMeTpiB, [0 BH3HAYAIOTh ITOYAaTKOBHH CTaH 00 €KTY
ynpasniaas (OY);

C{ — MHOXHHa BEKTOpIB MapaMeTpiB, 0 BU3HAYAIOTH MOTOYHI cTanu OY
B MOMEHTH 4acy I:C= {Ci };
{U} — MHOXHHA BEKTOpPIB MapameTpiB, IO BH3HAYAIOTH YIPABIAIOUi

BIUIMBH.

Konkpernzariss onucy enementiB mojem (1) BH3HaYaeTbes BiMO-
BiJTHOIO MpeaMeTHO ramyssto, ane st OTC B minoMy XapakTepHUM € po3-
OWTTS MHOXUHM NapaMmerpiB crany OY Ha JBi TPyIU: HapaMeTpH, 10 Xapak-

TEPU3YIOTh TeXHiuHY ckianoBy OTC: { I; }, {CT }, Ta MapameTpH, 110 XapakTe-
pM3YIOThH Oprasisalliiiny, To0To couiansHy ckiaagoy OTC: {Io }, {Co } Orxe,

B 3araJirHOMy BUIIAJIKY

=1 julle) C={C}uiCo) @)

BimnoigHo 1Mo 1mporo po30uTTs mapametpiB crany OY anroputm
(YHKIIIOHYBaHHS, HA OCHOBI SIKOTO BH3HAYAETHCS YNPABISIOYMHA BILTHB KOX-
Horo nukiy ynpasiaiHHS OTC, Sk UiJTICHOIO CHUCTEMOIO, MOKHA BU3HAYUTH
KOMITO3HIII€10 HACTYITHOTO BHIY:

P=pop, 3)
ne @=U (I ,C) — anroput™ ¢yukiionysauus OTC;
@, — anropuT™ (QyHKIIOHYBaHHS TEXHIYHOI CKJIa/I0BO;

@, — anroput™ (QpyHKIIOHYBaHHS OpraHi3aniiiHoi ckinagosoi OV.
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Busnauenns @, GasyeTbes, K NPAaBUIIO, HA AHAJITUYHHMX 3aKOHOMIp-
HOCTSX Ta 3aJ€XHOCTIX BIAMOBIAHOI TEXHIYHOI CKJIamoBOI. BTiM BH3HaueHHA
¢, TOB’A3aHO 13 TPyIHOLIAMH, 110 00YMOBIIEHI Cl1a0KOI0 (opMaizoBaHICTIO,

HEMOBHOTOIO Ta HEBU3HAYEHICTIO.
ToMy JOTIYHHUM € TPUMYIIEHHS IIOMO JOIUIBHOCTI «HAOIMKEHHS

caMe @, 10 ¢, Ha OCHOBI CTPYKTypHO-NApaMETPUYHOi ajanTalii CHCTEMH

aBTOoMaru3oBanoro ynpasiiHasg OTC.
3riTHO 0 OCHOBHHX IIOJIOKE€Hb CHHEPTeTHYHOTO MiAXOMy 0 yIpaB-

JiHHSA, Y3rOJUKEHICTh MK (9 Ta (0, 13 NOJAIbLIIMM BH3HAYECHHAM XapakTepy

3aJIEKHOCTI (p((ol,(pz) NPHU3BOJUTH JIO 3MEHIIEHHS CTYIEHIB CBOOOIH, TOOTO

3ByxkeHHs (pa3oBoro npocropy cranis OTC.

BHacnigok mporo yTBOPIOIOTHCS aTPakTOpH, IO SIKMX HPUTATYIOTHCS
TPAa€EKTOPii CUCTEMHU.

3a KOXKHUI UK yIIPaBIiHHA 31 CHIOETHCSI aBTOMATU30BaHE TMTEPEKOH -
¢irypyBaHHs €JI€MEHTIB CUCTEMH YIIPaBIiHHSL.

Ha puc. 1 npencraBneHo monudikamiro cxeMu yrpapiiHHS [3], 0co0-
JIMBICTIO SIKOI € TONOBHEHHS Ta PO3BMHEHHS KIOCPHETUYHOTO IiIX0Xy  CHHEp-
FeTHYHUM Ha OCHOBI posainenHs OV, To0To mommpeHHs (Ha3oBoro mpocTopy,
nepekoH(pirypyBanHs aBToMaTu3oBaHoi cuctemu ympasiiHHs (ACY) 3 meToro

HaJ1ar 0JKCHHSA ¢(¢1’ (02) 3 BpaxXyBaHHsIM CaMOPO3BUTKY ¢2 '

Jexommosutlist y3aranpHeHoi cxemu cuHepreTndHoro ympasiinas OTC
JI03BOJISIE BUSIBUTH OCHOBHI TIpoLIeAypH, (DYHKIIOHYBaHHS SIKMX 3a0e3redye

BUPOOJIEHHS YIIPABIIAIOYOI0 BILIMBY, L0 3a0e31e4ye ¢, .

Jlo Takux mpouenyp BiZHOCSTHCS: iIeHTU(IKALIS BEKTOPY XapaKTepu-
CTHK TIOYaTKOBOTO CTaHY; CYMPOBiJ MpOIECy YIpaBliHHSA 3 OOKYy e€KCHEepTHOI
cucremu; GopmyBaHHs rpady NepexoJiB CTaHIB MPOIECY; MPOLEAYPH TMPOT-
HO3Y MapaMeTpiB BEKTOPY CTaHy Ta IJIaHyBaHHS IOCHiJOBHOCTI; ONEpaTUBHE
IUTaHYBaHHS;, KOHTPOJIb; BUKJIHMK MiJCUCTEMU YIPABIIHHS; Iepeaaya mapamMer-
piB M OJIOKaMH CHCTEMH Ta B HAJICUCTEMY YITPABIIiHHS.

OpHak, npy BU3HAYEHHI MapaMeTpiB OpraHizaliiiHOI CKIamgoBoi icHye
JeKiTbKa poOIeM:

a) TPOIIEC BU3SHAYCHHS CYTTEBUX IMapaMeTpiB, 110 HiIsAraloTh 000B’ 13-
KOBOMY BpaxyBaHHIO, HE € 3aBeplieHUM. [lepelik, MeTOu OLiHIOBAHHS Tapa-
METpiB MOAEJI MOCTIHO 3MIHIOETHCS B HACTIJIOK PI3HOTO TUIY OOCTaBUH;

0) mepeBaxkHa OLTBIIICTH MapaMETPiB € HEMETPH30BaHUMH, TOOTO HE
ICHy€ OJIHO3HAYHHX TIPOIENYp BUMIipIOBaHHA. ToMy SIKiCHI ITOKA3HUKH JIOMiHY -
FOTh HaJ[ KITbKICHUMU;

B) OCHOBHHMM 3aCO0OM OTpUMaHHS 3HAYeHb MapaMeTpiB € Cy0’ eKTUBHE
OIIHIOBaHHS. 3a3BUYaii OUIBIIICTD apaMeTPIB HE MiJyIrae ®oaHii popmi Bep-
Oaumizartii, To0TO 3ayMmaeTbcs y HedopmamizoBaHoMmy BHUTIAAL. OTxe, OLTb-
LIicTh 3aC001B OLIHIOBaHHS MAapaMeTPiB MPOLECY, IO YIPABISIETHCS, Oa3yeThes
Ha eKCIIEpTHOMY OITiHIOBaHHI;
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T) eKCIepTHE OIIHIOBAHHS IapaMeTpiB XapaKTepPH3yeThCs HEeBHU3HAYE-
HICTIO, HETOYHICTIO, HEUITKICTIO, HEOAHO3HAYHICTIO Ta HEIIOBHOTOIO;

1) B CHCTeMax YIMpaBliHHA HaBYaHHSAM Y 3B’SA3Ky 13 cnpobaMu Kijib-
KICHOT OIIIHKM SIKICHUX ITOKa3HHUKIB, SIKi 3aCTOCYIOThCS B JIOTIYHOMY PO3CYi,
BUHHUKAE JIHIBICTUYHA HEBU3HAYEHICTh, 00 HEUITKICTh

£ — —
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Puc. 1. Cxema cunepeemuunoezo ynpagninns OTC

OpHak, He3BaXKAIOUU Ha IIi MPOOJIEMH, SIKi MAIOTh OYTH BpaXOBaHUMHU
Ipu pearizanii cucTeMu ympaBiiHHA Ta ii iHpopManiiiHoro 3abe3neveHHs 3a
JIOTIOMOTOI0 BHKOPUCTAHHSI HEUITKUX MHOXXKHMH Ta HEYITKOTO JIOTIYHOTO BHBE-
JEHHSI, PO3TISTHEMO CTPYKTYypHO-(DYHKIIIOHATBHI cXeMH y (HhopMaii30BaHOMY
oruci (puc. 2).

OcHoBo1o [yt hopmartizallii € IepeTBOPEHHSI, B IKOMY BU3HAYCHO BXiJI
(V), Buxin (W), neperBoproau (I1), pecypcu (R) i 3aco6u (S).

[lin nepemsopiosauem po3ymieMo METOIUKY, (hopMmaiizoBaHud abo
KOMIT IOTEpHUI aJITOPHUTM MEPETBOPEHHS BXITHUX IMapaMeTpiB Ha BUXimHI [4].
B sxocti 3aco0iB po3risHEMO BIANOBIMHUI IHCTpYMEHTapid aBTOMAaTH3aLlii
BU3HAYCHUX ITEPETBOPEHb.

P |—= ILR,S = |P

Puc. 2. I'paghiuna inmepnpemayis onucy cxem ynpasiinHs

JocnimkeHHs iHTeIeKTyalIbHUX MEPETBOPEHD 31MCHIOBAIIOCH Ha MpPU-
KJIaJl CydacHOi MeAaroriqyaoi cucteMu, mo BimHocuthes 1o OTC.
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InTesieKTyaIbHI TEepeTBOPeHHsI. YCi MapaMeTpw, IO BXOIATH [0
onucy cxemu ynpaniniaasg OTC, MoxHa 3rpyIyBaTd HACTYITHUM YHUHOM:

a) mapameTpH, 110 € JeTePMIHOBAaHUMU;

0) mapaMeTpu, 110 MalOTh HMOBIPHICHUI XapakTep;

B) MIapaMeTpH, 0 € MOTaHO BU3HAYCHUMH.

OTXe, Ha OCHOBI JICKOMIIO3MINI CXEMHU YIIPABIiHHSA, JUIS aBTOMATH-
30BaHOi CHCTEMH YIIPaBIiHHS HaBYaHHSAM HaB4aabHOMYy enemeHToBi (HE)

MHOKHHY BX1JIHAX TTapameTpiB VHE YTBOPIOE BEKTOP 3 TPHOX MHOXKHH:
VHE:{Pl'PZYP3}’ (4)

ne P, — inentudikatop (Hampukiaz, Ha3Ba) HABYATHEHOTO CIEMEHTY;

P, — BekTop iHTeNeKTy, AKHil BimoOpaXkae MPOIYKTHBHICTh HABYAHHS 32
nornomorow Box Koedimientis: f — xoediuienty 3abyBanus; C— koedi-
LI€HTY YMOBHBO/LY;

F’3 — MIarHOCTHYHO 3aIaHUHA BEKTOP ITiJTi HABYAHHS

CnJ: {U ! A’ y’ K37KH}'
MHO)KI/IHy BI/IXiI[HI/IX napaMeTpiB W YTBOPIOE€ HaCTyHHI/Iﬁ BCKTOp:

WHE:{P4'P5’P6}’ ®)

ne P, — BexTop cTaHy, sikuil BU3HAYa€ Pe3yabTATUBHICTh HABYAHHS 32 JOIO-
MOTOI0 JBOX KoedillieHTiB: X — BiTHOCHHWH 00’€M HAKOIIMYCHHUX 3HaHB (Bif-
HOCHA KiJIBKICTh BepuiuH y Gyori nam’siti A); Yy — BimHOCHUIt 00°em cdhop-
MOBaHHX BMiHb (BiJIHOCHA KiJILKICTB AyT y 0011 ymMoBHBOaY B );

P, — xapakrepucTuka BinxuieHHs 3a yacom |

P, — xapaxrepucTuka BifxuieHHs 3a gocspkaicTio i C .

[IpoananizyemMo CTyIiHb BU3HAUEHOCTI HABEJCHUX MapaMeTpiB Ta al-
TOPUTMIB iX HEpeTBOpEeHHA. YCi MmapaMeTpH, L0 BXOIATH A0 ONHCY CXEMHU
ynpasiiHHs HaBdaHHSIM HE, Mo)kHa 3rpynyBaTH HACTYITHUM YHHOM:

a) mapameTpH, 110 € IeTCPMIHOBAaHMMHM: BEKTOD IIiJIi HABYAHHS, BEKTOP
Horo (pakTUYHHUX JOCATHEHb, BEKTOP BIIXWJIEHb METH Ta 4Yacy HaBYaHHS —

c T,

0) mapameTpH, 10 MalOTh WMOBIPHICHHI XapakTep: mapaMeTpu BeEK-
topy inrtenekry (f,C) Ta Bekropy crany (X,Y);

B) MOTaHO BU3HAYECHUMHU € mapametpu Bektopy ympasiiaus (h,U), in-
(dhopmartist o0 KOpeTryBaHHS MPOIECY YIIHHS.
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Y BIONOBIMHOCTI 7O IBOTO PO3MOALTY alTOPUTMH TIEPETBOPEHHS
MOXKHa KiacH(iKyBaTH 3a CTYIEHEM BHM3HAYEHOCTI: 10 IMOBHICTIO JETEpMi-
HOBaHUX AITOPUTMIB HAJEKATh aJTOPUTMU OOUMCIICHHS MapaMeTpiB BEKTOPY
il HaB4YaHHS, X (DAaKTUYHHX 3HAYEHb Ta BIAXWIEHb, a TaKOX aJTOPUTMHU
00YHCIICHHS BiIOBIAHAX YaCOBHX XapaKTEPUCTUK HABYAHHSI.

BusHaueHHs mapaMeTpiB BEKTOpPY iHTENEKTY MOB’S3aHO 13 3aCTOCYBaH-
HSIM €KCIIEPTHUX OIIIHOK, a TAaKOXX BIUTyYeHHsIM iHQoOpMaii Ha OCHOBI CTaTH-
CTUYHHX JaHUX CIIOCTEPEKEHb 32 Pe3yIbTaTHBHICTIO HABYAHHS.

OTke 111 adrOpUTMH BiIHOCATHCS IO AITOPUTMIB 13 BUCOKUM CTYTICHEM
HEBU3HAYEHOCTi, MOTPEOYIOTh 3aCTOCYBaHHS IHTEICKTyaJlbHUX 3aco0iB IS
peamizamii BiAMOBITHUX IMEPETBOPEHb. 3a KiIacH(iKaIlielo 3a1ad yIpaBIIiHHS
3a3HaveHi epeTBOPEHHS CTOCYIOThCA iAeHTH]iKalii Ta MPOTHO3YBaHHSI.

Jo wiei x rpynu aaropuTMiB BiIHOCATHCS TEPETBOPEHHS i3 BH3HA-
YeHHS TapaMeTpPiB YIPaBIiHHS.

IleperBopennss V B W xapakTepu3yeTbcs B 3arajlbHOMY BUIAAKY
BHUCOKHMM CTYIIEHEM HEBHU3HAUEHOCTI MapaMeTpiB BEKTOPY IHTEJIEKTY Ta BEK-
TOPY CTaHiB, MPOTHO30BaHUX 3HAUCHB YaCy Ta JOCSHKHOCTI 1Tl HABYaHHS.

ANTOpPUTM TIEpETBOPEHb TEX HE € JeTepMiHOBaHUM, 00 Horo 3iiic-
HEHHSl BH3HAUYA€THCS HE TIIBKH CTAaHOM BEKTOPY IHTENEKTy, a i 0coOimBO-
CTSIMH 3[IIACHEHHS CaMOT0 MPOIeCY HaBYAHHS, ITOCIIOBHOCTI Omepalliii yqin-
HSl.

Tomy 3ailficHEeHHsSI TaKUX TEPETBOPEHb NOLIIBHO peani3yBaTH Ha OC-
HOBI CHHTE3y aHAJITUYHOTO BU3HAYCHHS MapaMeTpiB i3 MPOIEyporO JIOTi9HO-
T'O BUBEJICHHS.

Bu3HaueHHs mapaMeTpiB BEKTOPY YNPAaBIiHHS B YMOBaxX HasBHOCTI
icTopii HaBYaHHS HaWOIIBII JOLUIBHO peajli3yBaTH 3aco0aMy HaBUEHOI HeEil-
POHHOT Mepexi.

I'pynyBaHHS apaMeTpiB 3a CTYIICHEM HEBU3HAUCHOCTI € HACTYITHUM:

a) JIeTCpMiIHOBaHI MapaMeTpH: BEKTOP LI HAaBYaHHS, BEKTOp HOTO

(aKTHYHHUX TOCATHEHB, BEKTOP BiIXUJICHb METH Ta Yacy HAaBYAHHS — cT;

0) mapameTpH, 10 MalOTh WMOBIPHICHHI XapakTep: mapaMeTpu BEK-
topy intenekry (f,C) Ta Bekropy crany (X,Y);

B) MOraHO BHU3HAYEHUMH € napametpu Bekrtopy ynpasminas (h,U),
oruc rpady HaBUaHHS, iH(OPMAaIisS MO0 IHAMBIYAITEHOTO BHOOPY MOCHIJIOB-
nocti BuBueHHust HE.

Tomi 1o mepeTBOPEHb 3a NETEPMIHOBAaHUMH JITOPUTMaMU MOXHA Bifl-
HECTH OOYMCIICHHS NapaMeTpiB BEKTOPY IIiJli HABYaHHS, X (PaKTHYHHX 3HAYCHB
Ta BiIXWJICHb, a TAKOXX aJrOPUTMH OOYHMCIICHHS BiJIIOBIIHUX YaCOBUX XapakK-
TEPUCTHK HABYAHHSI.

Bu3HaueHHs mapamMeTpiB BEKTOPY IHTENEKTY, omucy rpady HaBUaHHS
Ta (hopmyBanHs nociigosHocti HE € HeneTepMiHOBaHUMU.

OTXe 11i aITOPUTMH BiTHOCSTHCS JI0 aNTOPUTMIB i3 BUCOKAM CTYIICHEM
HEBU3HAYCHOCTI, MOTPEOYIOTh 3aCTOCYBaHHS IHTENEKTyallbHUX 3ac00iB st
peaizallii BIAMMOBITHUX MIEPETBOPEHbD.
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3a kmacudikaliero 3aaa4d yrnpaBIiHHSI 3a3HA4Y€HI IEPETBOPEHHS CTOCY-
I0ThCS iIeHTU(IKAIIiT, IPOTHO3YyBaHHS Ta IUIAHYBaHHSI.

Jo wmi€l & Tpynu anropuTMiB BiJHOCSTHCS NMEPETBOPECHHS i3 BHU3HA-
YeHHS MapaMeTpiB YIPaBIiHHS Ta MiATPHUMKH ONEPATUBHOTO YIIPABITiHHS.

Hdnsa ACY ¢opmyBanns cuctemu komnereHniiin CKMII, mo e Bumoro

Hag ACY KMII MHOXHHY BXigHuX mapamertpiB V .y, YTBOPIOE BEKTOp 3
TPHOX MHOXHH

VCKM = {sz le’ P22’ Pza}i (6)

ne P,, —inenrudikatop Habopy (cHCTEMU) KOMIETCHIIIH;
P,, — BexTop iHTENEKTY;
P,, — miarHocTH4HO 3a7aHuil BEKTOP LIiJli HABYAHHS;
P,, — 3anaunii yac popmysanus CKMII.

Muoxuny Buxinuux napamerpiB W, YTBOPIOE BEKTOp
Weram = {sz Pas, Pze}' (7)

ne P,, —Bexrop crany;
P, — xapakrepucTHKa BiIXHICHHS 3@ 4acoM | |

. . . . *
P26 — XapaKTEpUCTHKa BIAXHUJICHHSA 3a JOCSHKHICTIO ITUI1 Cc.

I'pymyBaHH: mapaMeTpiB 3a CTyIIeHEM HEBH3HAYEHOCTI € HACTYITHUM:
a) JIETCpPMIHOBaHI MapaMeTpu: BEKTOP LiJi HABYaHHS, BEKTOp HOTO

(GaKTUYHUX JOCATHEHD, BEKTOP BiIXUJIEHL METH Ta yacy Hasuanus — C | T ;
0) mapameTpu, IO MAalOTh HMOBIPHICHUWI XapaKTep: MmapamMeTph BeK-
topy inrtenekry (f,C) Ta Bekropy crany (X,Y);

B) IOTaHO BH3HAUCHUMH € napamerTpu Bektopy ympasiinas (h,U),

nociifgoBHicTs HE 3 ypaxyBaHHSAM CHCTEMH MDKITPEIMETHUX B3a€MO3B’ SI3KiB.

OTxe, 0 TIEpEeTBOPEHb 32 JETEPMiHOBAHUMH aITOPHUTMAMH MOYKHA
BiJTHECTH OOYMCIICHHS ITapaMeTpiB BEKTOPY il HABYAHHS, 1X (aKTHUIHUX 3HA-
YeHb Ta BIIXWICHb, a TaKOX aITOPUTMU OOYHMCICHHS BIAMOBIAHUX YaCOBHUX
XapaKTePUCTHUK HAaBYAHHSI.

Bu3HaueHHs mapaMeTpiB BEKTOPY IHTENEKTY, CTYMEHs 1HTerparii Mix
HJ, B3aemopiss MiX MOIEIUTI0 KOMIIETEHINIH Ta MOJEIUTI0 MIKIIPEIMETHHX
3B’s3KiB, QopmyBaHHs mociinoBHocTi HE 3 ypaxyBaHHsM BIUMBY iHTerparii
Ha ()OpMYBaHHS CUCTEMHU KOMIIETEHIIIT HE € IETePMiHOBAaHUMHU.

OTXe 11i aNrOPUTMH BIJHOCATHCS IO AJITOPUTMIB i3 BUCOKUM CTYIICHEM
HEBU3HAYCHOCTI, MOTPEOYIOTh 3aCTOCYBaHHS IHTENEKTyallbHUX 3ac00iB st
peaizallii BIAMMOBITHUX MIEPETBOPEHbD.
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3a kmacudikaliero 3aaa4d yrnpaBIiHHSI 3a3HA4Y€HI IEPETBOPEHHS CTOCY-
I0ThCS ieHTU(IKAIIIT, POTHO3YyBaHHS, KJIacTepi3allii Ta MiaHnyBaHHSI.

Jo wmi€l % Tpynu anropuTMiB BiHOCATHCS NEPETBOPEHHs i3 BH3HA-
YeHHsI TTapaMeTpiB YIPaBIIHHS Ta MiITPUMKH ONEPATHBHOTO YIIPABIIHHSA, SKE
3IIHCHIOE TIEpEeMUKAHHS MK Ipouiecamu (opMyBaHHs BianoBigHux KMIL.

Takox moTpeOye pO3KPUTTSI HEBU3HAYEHOCTI mpolec GopMyBaHHS MO-
Jedl CHUCTEMH KOMIIETCHIIIH Ha OCHOBI KBami(ikKalliiHUX BHMOT, MAalOTh
JHTBICTUYHHN OIIHC.

CxeMa TakoX MICTUTHh HedopMasizoBaHy MpPOLEAYPY MPOCKTYBaHHS
OUJIAKTUYHOI CUCTEMH, IO TAaKOXK MOXe OyTH 3AiHCHEHMM 3 BUKOPHCTAHHIM
Cy4JacHHX 3aC00iB iHTENEKTyallbHUX EPETBOPEHb.

Y3arajgbHEHHsI ONTUCY OCHOBHUX ITapaMETPUYHUX MEPETBOPEHD B aBTO-
MaTH30BaHii cucremi ynpasninHsa HaBuaHHsIM ACY-H nosBonsie kmacudiky-
BaTH iX 3a TWroM (YHKII1 yIpaBIiHHSA Ta 3aco0amMu peaiizamii BiIIOBiTHIX
MIePETBOPEHb.

TakyuM 4YHHOM, JEKOMIIO3WIIiSI CXEMH YIpAaBIiHHS HaBYaHHSAM Ta
MOJANBIINK aHali3 CTYNEHsS HEBM3HAYEHOCTI MapaMeTpiB Ta iX OCHOBHHUX
MEepETBOPEHB, JIO3BOJIMIIM BH3HAUUTH OCHOBHI THUNHM (YHKIIT yHpaBIiHHSA,
BIJIMOBI/THI 3ac00M peaizariii.

Heiipomepe:xeBa peanizanisi iHTeJieKTyaabHOI TEXHOJIOTIi cCHHepre-
THYHOI0 ynpaBjiHHs. Ha 0CHOBI BU3HAUEHHS IHTENEKTyalbHUX IIEPETBOPEHB,
0 € HeOOXiTHUMH IJisi peajizamii CXeMH CHHEPreTWYHOTO YIpPaBIiHHS, Ta
aHaJIi3y JOULIBHOCTI 3aCTOCYBaHHS BIAMOBITHUX IHTEICKTYaJIbHUX 3aco0iB,
o0OpaHo TiOpUIHUN METOJ, IO MOETHYE HEWPOHHI MEpeKi 3 HEeWiTKHM JIOTid-
HHUM BHBEICHHSM Ta €BOJIOLIHHUN METO/ ONTHUMI3alii MPUHHATOTO PilICHHS.

Jexomnosuiisi cTpykTypHO-(pyHKIioHansHOT cxemu ACY-H obGymo-
BUJa OCOONMBICTH 11 peamizallii Ha OCHOBI CHHTE3y MNepeTBOpoBadiB iH(OP-
MaIlii 1010 OCHOBHHX ITapaMeTpPiB yIPaBITiHHS.

HackpizauMm U1 ychOoro mpollecy HaBUaHHS € peajizallisi cuHepre-
THYHOI MOJIeN yIpaBmiHHsA. ToMy po3riITHEMO 0COOIMBOCTI i1 peaizaiii.

Tak sk Teopisi CHHEPreTUYHOTO YIPABIIHHS € CY4aCHOI KOHIICHIIEI0
CHHTE3y Ta aHaJli3y CHUCTEM YIpaBIliHHS OaraTOMipHUMH HENiHIHHUMU 00’ €K-
TaMH y TUHAMIYHHAX CUCTEMaX, & OJJHUM 3 YHIBepcallbHHUX 3ac00iB ()0 pMyBaHHS
YIPaBISIOUMX BIUIMBIB € HEHPOHHI MepeXki, TO MEPCHEKTUBHUM € 00’ €IHaHHS
KOHIIETIil CHHEPTeTUYHOI0 Ta HEWPOMEPEKEBOrO YNPABIiHHA B AMHAMIYHUX
cucremax [5].

OCHOBHOIO METOI0 HeHpoMepekeBoi pearizallii € BiITBOPEHHS Ha BU-
XO0Jli HaBYEHOI HEWPOHHOI MEpeXi MapaMmerpy yMpaBIiHHA. AMPOKCHMAILIO
HENIHIHHUX Oe3nepepBHUX (YHKIIH MOXXHA BUKOHATH 3a JIOTIOMOTOIO JIBO-
IapOBOi HEHpOMEpExKi.

Ha ocHoBI criiBBiHOIIEHD [2] MOXKHA BU3HAYHUTH, 110 YIIPABIiHHS HaB-
YaHHSM Y BUTJSAI ONTHUMAIBHOTO CITiBBIMHOIIEHHS MK 3HAHHSMHU Ta BMiH-
HSIMU JUISL KOKHOTO Y4HsS BU3HAYAETHCS I'AThMa mapamerpamu: f,C, X, Y, 4.

Tomy B SKOCTI €IEMEHTIB BXIIHOTO Iapy PO3TIASHEMO Il ITSTh 3MIiHHHX.
CTpyKTypy TpHLIapoBoi HEHPOHHOI Mepeki HaBeleHO Ha puC. 3.

86



PO3BUTOK TPAHCIIOPTY
Ne 1(1), 2017

Puc. 3. Cmpyxmypa netipomepedici
CUHEpeemU4UH020 YNPAGIIHHSA HABYAHHIM

[Tpu Bu3HAUEHHI KITBKOCTI HEHPOHIB POMIXHOTO Mapy OYI0 BUKOPH-
CTaHO CBPUCTHUYHE MPABWIIO, HA OCHOBI SIKOTO LSl KUJIBKICTh CTAHOBHUTBH IIOJIO-
BHHY CyMapHO{ KiJIbKOCTi BXOJIiB Ta BUXO/IB.

®dyHKII€I0 aKTUBAIlIT 00paHo rinepOoIiuHy TaHTeHIIAIbHY.

B sxocTi (yHKIT HaBuaHHS OOpaHO (YHKIIIIO, IO peaji3ye METOJ
3BOPOTHOrO PO3IOBCIOLKEHHS (anroput™m JleBenOepra-Mapkapara), sika
3a0e3redyye MaKCHMalbHY IIBUIKO/IIO.

OJHUM 3 TIPOCTUX Ta JOCTYIMHHX MPOTPaMHUX MPOIYKTIB, SKI peai-
3yI0Th HelipoMepekeBy apxitektypy, € maketr Neural Networks Toolbox mare-
MaTuyHOi cuctemu Matlab, 1o ckmany skoro BxomuTh crerianbHa (QyHKITiS
NEWFF nnst ctBopeHHs 6araToniapoBux HEMPOHHUX MEPEeX MpsiMoi repeaadi 3
3aJlaHUMK (DYHKIIISIMA HABYaHHS W HaJIarOKEHHS, SIKi BAKOPUCTOBYIOTh METO/I
3BOPOTHOT'O PO3MOBCIOPKEHHS TOMHUJIKH.

PosrnsaeMo Ha npukiIaal BUKOPUCTAHHS JaHOi GYHKITIT 71 peami3artii
HEHpPOMEPEKEBOTO YIPABIiHHS CHHEPTETHYHOO MOJIEILTIO HABYAHHSI.

s 3MEHIIEeHHS PO3MIpPHOCTI B HaBEACHOMY MPHKIaAi OOMEXHMO
PO3TIIA IBOMA BEKTOPaMH MapaMeTpiB Moiesiel oci0, 0 HaBYarOThCS.

o Bximnux aprymentiB ¢yHkiii Newff BimHOcsThCS: MacuB Bxoay P,
CTPOKH SIKOTO SIBIISIIOTH COOOIO Pi3HI BapiaHTH 3HAYEHb MapaMeTpiB MOJEINi
yuast ,C, X, Yy, A, sKi OTpUMaHO Ha OCHOBI ONMUTYBAaHHS E€KCIIEPTIB; BEKTOP
uineit T; indopMariiss o0 CTPYKTYpH IIApiB MepeXKi; MiHIMalbHI W MaKCH-
MaJbHI 3HaYeHHs U1t R BeKTOpiB BXOAY.

@yHKIii akTHBaLii MEPIIOro Ta APYroro miapiB — CUTMOifagbHa HEMi-
HilfHa (QYHKIA rinmepOoniyHOro TaHreHcy tansig, Tperboro mapy — JiHilHa
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toroxkua purelin. Toxi dopmyBanHs GararomapoBoi HEHPOHHOI Mepexi Mae
BUTIIA:

net = newff ([0 1; 0 1; 0 1; 20 80; 0100], [5 3 1], {‘tan-
sig’,’tansig’,’purelin’}, ‘trainim’);

gensim(net);

Hapuanus mMepexi 3aiiicHIOBanoCch Ha MpoTs3i 50 MUKIIiB.

net. trainParam.epochs = 50;

net = train(net,P,T);

XapaKkTepUCTHKY TOYHOCTI HaBUaHHS TMOKa3aHO Ha puc. 4, ycrajeHa

-33
cepeHbOKBaipaTHYHA MOXKUOKa CKiaxae npubmmsao 7,7-107°7.

-} Training with TRAINLM

Pedormance ig 7.70372e-033, Goal is 0

Performance

1
u] 0.5 1 1.5 2 248 3 3.5 4 4.5 5
Stop Training 5 Epochs

Puc. 4. I'pagix nasuanmns netiponnoi mepesici

Bukonaemo MopnenmtoBaHHS c(OpMOBaHOI TPHOXLIAPOBOI Mepexi i3
BUKOPHUCTAaHHIM HaBYAIOYOI ITOCIiTOBHOCTI BXOAY:

Y = sim(net,P);

plot(T,Y);

PesynpTatn KOMIT'IOTEPHOTO MOJENIOBAHHS HAaBUAHHA CBiAYaTh MpO
no0pe BioOpaXKeHHsI BXiHOT OCIIOBHOCTI Y BUXIJIHY.

BucnoBku. TakuM 4ynHOM, BUKOHAaHO ()OPMYBAaHHS ¥ HaBYaHHS HEW-
POHHOI Mepeki, Ha OCHOBI SIKOT MOYKHA OTPUMYBATH 3HAYCHHS YACTKH 4acy, 110
JIOIJIBHO BIIBECTH HAKOIIMYEHHIO 3HAHb.

Lle BimmoBimae BH3HAYEHHIO CHIiBBIJHOUICHHS MK (DOpMyBaHHIM
3HaHb TA BMiHb JJI51 KO)KHOTO KOHKPETHOT'O y4HSI.
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Oco0MMBICTIO 3aIPONIOHOBAHOI CXEMHM € BHUKOPHCTAHHS CHHEPTETHY-
HOTO MiJXO0y, II0 0a3y€eThCsl HA ypaxyBaHHI BHYTPIIIHHOTO PO3BUTKY 00’ €KTY
(BeKTOpY IHTENEKTY Y4Hs) IpH BUOOPI HABUAIOUMX BILIMBIB.

IaTenexryanpHa TexHoJoOris cuHeprernyHoro ympaeiinHsa OTC ckia-
Ja€ThCsl 3 HACTYMHUX ETamiB: MOJCIIOBAHHS BHYTPIIIHIX MPOIECIB caMopo-
3BUTKY  Ipolecy, 10  YOpaBiseTbcs;  (QOpMYBaHHS  CTPYKTYPHO-
(hyHKITIOHATBHOT CXEMHU CHCTEMH YIIPaBIiHHS, 11 TEKOMIO3HIIIS;, BH3HAUEHHS
IUISL KOYKHOTO CTYIICHS JEKOMITO3HIIT IHTEIEeKTYaJIbHUX IIePEeTBOPEHb, T00Ip
BIJIMOBITHUX 1HTE-JIEKTyaJIbHUX 3aCO0IB, 1X peatizaiisl.

Binminnicte TexHomorii crBopeHHs cuctemu ynpasminHs OTC Bix
HaBegeHoro mpukiany st ACY-H Bu3Ha9aeThCsi OCOONMBOCTSIMH OIUCY
CaMOpPO3BUTKY OpraHi3auiiHoi ckiagoBoi konkpetHoi OTC.
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AHAJII3 BEJIUKOI'O OBCAT'Y JAHUX
ITPO CTAH BUCOKOTEXHOJIOTTYHOI'O OBJIATHAHHSA

AHAJIN3 BOJIBIIOI'O OFBEMA JJAHHBIX O COCTOsHUU
BBICOKOTEXHOJIOI'HYECKOI'O OBOPYJOBAHMUSA

ANALYSIS OF A LARGE VOLUME OF DATA
ON THE STATE OF HIGH-TECH EQUIPMENT

A.C. HIUBAEB, B.B. BBIYYKAHHWH, 10KT.T€XH.HAYK,
H.O. HINBAEBA, xanja.TexH.HayK
Ooecckuii HAYUOHANLHBLIL MOPCKOU YHUGepcumem, Yxpauna

10eonociynoo 0CcHOBOIO OO0CTIONCEHHS € AHAN3 OAHUX, WO OMpUM)-
ombCs 8 pe3yibmami pobomu 6eiuxoi KiibKOCmi 8UCOKOMEXHIYH020 0014 0-
HawHa. Jlani po3nodinaromscs no 06a3ax OAHUX, 8 3AIEHCHOCMI 8i0 PI3HUX
xapaxmepucmux. CKIAOHICMb ROOAILUIOL 00POOKU, 3anedcumv 6i0 obcs2y
iHhopmayii, aKy HeoOXiOHO NPOAHANIZY8AMU, A MAKONC APXIMEKMYPHO20 MUny
30epieanHs OaHuXx.

Burxopucmannsi mexnonoeii data mining 00360a5€ iCmoOmHO NOAIN-
WUmy NOKA3HUKY AHARi3y THHOpMAYii 3 HACMYNHON CUCEMOIO0 KOPOMKO-
CMPOK0BO20 NOWLYKY 3a 3HAYEHHAM. Buxopucmanns makoi mexnonozii 00360-
JUMb  RIOSUWUMU  eeKMUBHICMb POOOMU apXisieé CYOHOBUX NOKA3ZHUKIE 3d
6ecy uac excnayamayii cyona. Cama mexnonoeis ananizy 0anux He 00CKOHAAA i
nompebye nocmitinoi mooughikayii, 015 30i1bUEHHS 81ACHOT eheKMUBHOCHIL.

Hoodasannsa cyuacnoi apximekmypu nepebopy Oanux y 6aszax, 00360-
UMb 30IbUUMY eeKmuUHICms aHANizy OaHUX, WO CKIA0AIOMbCa 3 8EAUKOT
KitbKOCmi NOKA3HUKIG cmaHny cyoHa ma 1o2o obaaonants. OOHIEIO 3 MAKUX
apximexmyp — € Map Reduce.

Knrouoei cnosa: ananiz oanux, cyoHo8i NOKAsHUKU, 6azu 0anux, nouty-
KO8I aneopummu, 8eauKi Oami.

Hoeonocuueckoii 0cHo80U UCCNe008AHUS ABNAEMCA AHAIU3 OAHHDIX,
nonyuaemvix 6 pesyiomame pabomvl 6OILUO20 KOIUHECIBA BbICOKOMEXHUY e-
cK020 0bopyodosanus. JlanHvle pacnpedensitomcsa no 6a3am OAHHLIX, 8 3A6UCU-
mocmu om pasauynelx xapakmepucmuk. CrodjcHocms nociedyroujetl 06pabo m-
Ku, 3a6ucum om obvema uHgopmayuu, KOmopyo HeoOX00UMO NPOAHATUIUD O-
6aMb, A MAKIHCE APXUMEKMYPHO20 MUNA XPAHEHUSL OAHHDIX.

Hcnonvzosanue mexnonoeuu data mining noseonsem cywecmeenno
VAYUWUmMs NOKa3amenu auaau3a uH@opmayuu ¢ nociedyiowen Cucmemoul
KpamKoCpou4H020 NOUCKa no 3HayeHuio. Hcnonvzosanue maxoi mexHono2uu
NO380UM NOBLICUMb IDPHeKMUBHOCHb pabombvl apxXusos cyoo8bix NOKA3ame-
Jiell 3a 6ce 8peMs IKCHLyamayuu cyoHd.

© lu6aes [.C., Boray:kanun B.B., lllu6aesa H.O., 2017
90



PO3BUTOK TPAHCIIOPTY
Ne1 (1),2017

Cama mexnonoeuss amanuza OAHHLIX HEOOCKOHANbHASL U mpebyem
NOCMOSIHHOU MOOUDUKAYUU, O/l YEeaudeHUsi COOCMEeHHOU I pexmusHocmu.

Jlobasnenue cospemennoll apxumekmypusl nepedopa OaHHuIX 6 6aszax,
NO360UM YEeAUUUMb IPHEKMUEHOCHb AHATUZA OAHHBIX, COCMOAWUX U3 OOITb-
w020 KOIUYeCcmea noxazamenell COCMOAHUSL CYOHA U e20 000pYO08AHUSL.
Oownoii uz maxux apxumexmyp — ecms Map Reduce.

Knrouesvle cnosa: ananus 0amnwix, cyoogvle noxazamenu, 6azvl OaH-
HbLX, HOUCKOGble ANeOpUmmbl, 60ablite OaHHble.

The ideological basis of the study is to analyze the data obtained in the
result of a large number of high-tech equipment. The data is distributed in
databases, depending on various characteristics. The complexity of the sub-
sequent processing depends on the amount of information you need to perform,
as well as architectural type of data storage.

The use of data mining technology allows to significantly improve the
analysis of information and subsequent short-term search value. The use of this
technology will improve the efficiency of the archives of marine indicators for
all time of operation of the vessel. The technology of data analysis is not tho-
rough and requires permanent modification to increase their own efficiency.

The addition of modern architecture through data in the databases,
will allow to increase efficiency of data analysis, consisting of a large number
of indicators of the condition of the vessel and its equipment. One of these
architectures is Map-Reduce.

Keywords: data analysis, ship performance, databases, search algo-
rithms, big data.

Introduction. Modern swimming facilities are equipped with a large
number of various special systems. The main task of such systems is obtaining
readings from operating equipment and transmission to the user terminals.

However, due to the growth in the number of shipboard systems, which
utilize for its operation a modern digital algorithms, as well as taking into
account the increasing automation of modern ships, increasing the number of
systems of transfer of the readings over a period of time which contributes to
the development and improvement of monitoring systems and processing of
such information.

Analysis. Management system (SU) of the ship is a distributed (decen-
tralized) network SU, composed of individual subsystems and hardware com-
plexes for various purposes, the United working on a data exchange system
(OXOD) included in the communication system.

From the point of view of processes in the communication system, its
model contains several interacting layers.

At the base lies the transport subsystem, on which the layer of the net-
work operating system that organizes the applications and user provisioning.
On top of the operating system is the application layer. In particular, because of
the special role of data warehouses and database management systems
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(DBMS), this class of system applications is segregated into a separate network
layer.

At the next level are working the system services that use a DBMS as a
tool to search for and provide information in a comfortable for decision form to
the officials of SU, and also perform some processing of information (directory
service, e-mail, the system of collective work).

A centralized system of collection and storage of information, are not
intended for a fast output of information received with regard to dynamic add
new information.

To solve this problem, many SU are formed based on the separation of
the data keyed into a database for relational and non-relational. Such a mixed
architecture the base complicates the process of information processing and
output of results at user request.

One of the methodologies, which helps to solve tasks of different clas-
ses of search patterns and the interpretation of the results is the methodo-logy
of data mining Data Mining. It is used to detect and explore patterns in arrays
of semi-structured information and building models describing the  behavior
of complex systems [1].

A characteristic feature of the data analysis methods Data Mining is the
use of various algorithms for finding patterns in the data.

Expansion of the set of data-mining models in various algorithmic
nature can be productive in the class of problems where not accurately work
classical methods: statistical, analytical or deterministic.

Each stage of the research data, we can build a finite number of
hypotheses that can be confirmed or not be confirmed subsequently.

The more constructed models and descriptions are close to the
hypotheses, the more we have the right to assume the accuracy of the result. Of
course, in the study of real data, any conclusions you can do with a finite
degree of accuracy.

When analyzing data using the methodology of Data Mining, we can
build descriptive and predictive models based on multiple algorithms.

The obtained results can move us in finding hidden patterns in the data.

At the same time, then often the situation arises when future values
calculated by one model differ from those values found for the other model.
This means that at least one of the models gives only approximate values of the
target variable.

With a groundswell of information in the world and the need to handle
it in a reasonable time faced the issue of vertical scalability is the growth of
processor speed has stayed at 3.5 GHz, the speed of reading from the disk also
grows quiet pace, plus the price powerful servers are always more total price a
few simple servers. In this situation, the ordinary relational database, even clus-
tered on the disk array, is not able to solve the problem of speed, scalability and
throughput.
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The only way out — horizontal scaling where multiple independent
servers connected by the fast network and each owns/handles only part of the
data and/or only a portion of read requests-update. In this architecture, to
increase the capacity of the storage (capacity, response time, throughput) it is
only necessary to add a new server to the cluster. Procedures sharding, replica-
tion, failover (the result will be obtained even if one or more servers stopped
responding), data redistribution when adding nodes involved herself NoSQL
database [2].

The purpose of the study. An important factor arising in the develop-
ment of systems analysis marine systems is their storage. As storage system it
is necessary to use a combined structure composed of several DBMS is able to
place the information received on the network.

For this, it is important to develop a data warehouse consisting of a cer-
tain number of DBMS.

The concept of data warehouse (DWH) is the idea of separating the
data used for operational processing and for the solution of analysis tasks.

It allows to use data structures that meet the requirements of their sto-
rage, including use in OLTP systems and systems analysis.

This separation allows to optimize the structure of the operational data
store (operational databases, files, spreadsheets, etc.) to perform operations of
insertion, modification, deletion and searching, and data structures used for the
analysis (for analytical queries) [3].

In order for the update operation and the reading was effective, NoSQL
databases, you must use a structure with random access, such as B-trees.

So, if we abandon the arbitrary update data, and process the entire set
sequentially, it is possible to achieve significant performance gains.

All of these factors, generalize the formation of such a search architec-
ture like Hadoop.

The standard used in the Hadoop architecture is the use of MapReduce
tasks (Fig.1).

At the beginning of calculations the input data set is divided into
several subsets. Each subset is processed on a separate node of the cluster.

Map task on each node receives at input a set of pairs key-value and
returns another set of pairs.

Next, all pairs are grouped by key, sorted, and fed to the input of the
reduce task, which creates the final result or input for another map task.

This achievement consists of performing three steps:

— The Map phase: the processors and disks on each node are busy
processing their data.

— The Reduce phase: the results obtained in the first stage, are trans-
ferred over the network and aggregated.

— Inthe third stage the results are stored in the file system (visible on
the chart jump record in HDFS).
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Data processing in a MapReduce architecture is a complex technical
process, consisting of a large set of sequentially executed operations:

— Run application: transfer of the application code into the main (mas-
ter) and slave nodes (workers).

input search set input search set input search set
MAP MAP MAP

A v A

. server control of water
server connection server depth control
temperature

k. v v

Reduce Reduce Reduce

Y.

temporary result

v

Reduce

v

the end result

Fig. 1. MapReduce apxumexmypa

— Master assigns specific tasks (Map or Reduce) and distributes por-
tions of the input data to compute nodes (workers).

— Map-nodes assigned reading input and start processing.

— Map-nodes locally keep intermediate results: each node stores the
result on local disks.

— Reducer nodes read intermediate data from Map and Reduce nodes
perform data processing.

— Reduce-sites store the final results in output file, usually in HDFS.

One of the concepts that make it possible to establish a unified data
storage system is a system of support and decision-making (DSS). In DSS,
these two types of data are called respectively the operational data sources
(OID) and the data store.

The basis of the method of processing and storage is factor analysis,
facilitating the identification of possible used information, depending on the
circumstances of its application [4].
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The results of the study. The formal outcome of the first stage of the
use of factor analysis — obtaining the mixing matrix and on its basis — the cor-
relation matrix.

The confusion matrix is a table, which records the measurement results
of the observable variables: in the columns of the matrix (number of variables)
presented to the evaluation subjects (or one subject) of each variable; the
matrix rows are different observations for each variable. If the task of the
researcher is to construct a factor space for one subject, it is necessary to pro-
vide a plurality of such observations.

In that case, when the construction of the group factor space, it is
enough to obtain one rating from each Respondent. For subsequent calculation
according to this correlation matrix with a fairly reliable correlation coeffi-
cients should provide the necessary number of observations, i.e. the number of
rows in the matrix of confusion.

This allows you to use statistical evidence of information search, star-
ting from a similar search situations arising in the process of using a software
system.

Conclusion. Develop a software solution and method of analysing
large amounts of information in databases as relational and not relational, will
speed up the process of iterating through the data and search information from
ship systems monitoring equipment.
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OHJIAITH MOJU®IKALIISI METOAY X-CEPEJHIX
HA OCHOBI AHCAMBJIIO
CAMOOPIAHI30OBHUX MAI T. KOXOHEHA

OHJIAITH MOJUPUKALINN METO/IA X-CPEJHUX
HA OCHOBE AHCAMBJIS
CAMOOPT AHM3VIOIINXCS KAPT T. KOXOHEHA

ONLINE MODIFICATION OF THE METHOD OF X-MEDIUM
ON THE BASIS OF ANSAMBLY
OF SELORGANIZED MAP T. KOHONEN

€.B. BOI[HHCBKHfl, JIOKT.TE€XH.HAYK,
A.O. JEVMHEKO, KaHJ.TEXH.HAYK,
I1.€. 2KEPHOBA, B.O. PEIIIH
Xapxiecokuii nayionanbHull yHieepcumem paoioenekmpouiku, Ykpaina

Pozenanymo nocnioosny moougikayito memooy Kiacmepy8anHs.
X-cepeonix. Lleti nioxio 6azyemovca Ha idei ancamobio Kiacmepy8aibHux Hell-
ponnux man T. Koxonena. Ilpu yvomy xooicha kiacmepyeanvHa mepexica mic-
Mums pi3Hy KilbKiCMb HEUPOHi8, KA BUHAUAEMbCSA MONCIUBOIO KINbKICMIO
Kracmepis. Bci unenu ancambnro npayroroms napaneibHo, a aKicms Kiacmepy-
BAHHS BUBHAYAEMbCS 3a 00noMo2ot0 inoekcy Llaninbcovkoeo-Xapabawa. [lpo-
8e0eHi eKCnepuMeHmanbhi 00Cnioxcents Ha oanux 3 penosimopis UCI niom-
8epoUNU eqheKMUBHICb 3aNPONOHOBAH020 NIOX00Y.

Knrouoei cnosa: xracmepysanus, memood X-cepedHix, ancambib Hell-
POHHUX MepedxCc, CAMOOP2aHI306HA MAand, CAMOHABYAHHS, HEUPOHHA Mepedcd
T. Koxonena, mipa cxoxcocmi.

Pacecmompena nocnedosamenvuas mooupurayus memooa Kiacmepu-
sayuu X-cpeonux. Imom nooxo0 0CHOBbLIBAENCS HA Udee aHCaMOis Kiacmep u-
3YIOWUX HEUPOHHBIX Cemell, 8 Kauecmsee KOMOPbIX UCHONb3YIOMCA CAMOOP2aH U-
syrowuecs kapmol T. Koxonena. Ilpu smom xadxcoas kiacmepusyrowds cemo
€o0epaHcUm Pa3Hoe KOIUUeCm80 HeliPpOHO8, ONpedensiemoe B03MONCHbIM YUCIOM
Kaacmepos. Bce unenvl awmcambisi pabomaiom napaumieivio, a Kauyecmeo
Kiacmepuzayuu onpeoensemcs ¢ nomouvio unoexca Llanunvcxkoeo-Xapabawa.
Ilposedennvie sKcnepumenmovl HA Peno3UMOPHLIX OAHHBLIX NOOMEEPOUNU
aghpexmusHocmb pazeusaemo2o nooxood.

Knrouesvle cnosa: rxiacmepuszayus, memoo X-cpeOnux, ancamobib
HEUPOHHBIX cemell, CamMOOPeanu3yiouasncs Kapma, camooodyyeHue, HelpoHHAas
cems T. Koxonena, mepa cxoacecmu.

© Bogsincnbkmii €.B., leiinexo A.O., Kepnosa I1.€., Penin B.O., 2017
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The modified X-means method for clustering in the case when observa-
tions are sequentially fed to processing the proposed. This approach’s based
on the ensemble of the clustering neural networks, proposed ensemble contains
the T. Kohonen'’s self-organizing maps. Each of the clustering neural networks
consist of different number of neurons, where number of clusters is connected
with the quality of there neurons. All ensemble members process information
that siquentionally is fed to the system in the parallel mode. The effectiveness of
clustering process is determined using Calinski-Harabasz index. The self-
learning algorithm uses similarity measure of special type that. The feature of
proposed method is absent of the competition step, i.e. neuron-winner is not
determined. A number of experiments has been held in order to investigate the
proposed system’s properties. Experimental results have proven the fact that
the system under consideration could be used to solve a wide range of Data
Mining tasks when data sets are processed in an online mode. The proposed
ensemble system provides computational simplicity, and data sets are pro-
cessed faster due to the possibility of parallel tuning.

Keywords: clustering, X-means method, ensemble of neural network,
self-organization map, self-learning, T. Kohonen'’s neural network, similarity
measure.

Betyn. 3aBraHHS KJIacTEpyBaHHS MAcCHBIB JIaHHX € Ba)XKJIMBOIO YacCTH-
HOIO 3arajbHOI mpobiemu Data Mining, a ans ii BUpilIeHHs] HA CHOTOAHI PO3-
po0JeHo Oe3niv pizHux MeTomis [1,2].

IIpu 06pobmi Benmukux oOCsATiB iHpOopMarlii Ha epIIHii TIIaH BUXOIATh
BUMOTHY IO IIBUAKOJIl i MPOCTOTI YHCEIBHOI pealizaiii BUKOPHUCTOBYBaHHX
ITOPUTMIB KJIACTEPYBaHHI.

OpHuM 3 HalOLIBII MOMYNSPHUX AIrOpuTMiB € meron K-cepemnix,
3aBJISKH CBOIM MPOCTOTi, HAOYHOCTI PE3yNIbTATIB i MOXIIMBOCTI IX SICHOI iHTEp-
TpeTalrtii.

Ileit MmeTox BiHOCHUTHCS IO aJTOPUTMIB, 3aCHOBAHUX Ha OOYHMCIICHHI
MPOTOTHUIIIB-TICHTPOI [iB, B PE3yJIbTATI YOTO MACUB BUXiTHUX JaHUX

X ={x(@),x(2)....,x(k),.... x(N)} = R",
X(k)= (%, (k)yere, X, (K)o, (K))  k =21,2,...,N

po30buBaeThCs HA M KiacTepiB, e iX KUIBKICTh M 3aaeThesi anpiopHo adbo
BUOMPAETHCS, K TPABUIIO, BUXOISIUU 3 CYTO EMITIPUYHUX MipKYBaHb.

s popManibHOTO 3HAXOMKEHHS YMCIa KiactepiB M OyB po3pobiie-
Huii Meton X -cepenHix [3], 3acCHOBaHMI Ha CTATUCTUYHOMY aHAIIi3i PO3IOIi-
Jly JAQHUX Y BHXiZHOMY MacuBi X .

Skmro nipu po6ori 3 K -cepennimu uuncio kimactepis M Gyio BUOpaHO
MPaBWJIBHO, TO OTPUMAaHI Pe3yNbTaTH TOBHICTIO 30IraloThCs 3 pe3yJbTaTaMu
X -cepenHix.
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OctanHi pOKH B 3B'I3Ky 3 IHTEHCHBHHM po3BUTKOM Data Stream
Mining [4] npupoJHO BHHHKIIA HEOOXiJHICTH BHPILICHHS 3aBIaHb KIacTepy-
BaHHs B online pexkuMi, KOJIU JJaHi Ha 00POOKY IMOCITIJOBHO HAIXOJSATh CIIOCT €-
PEXKEHHS 3a CrocTepexeHHsM, oocsar macuBy N He oOMexeHwHii i 3pocrae 3
vacoMm, a K HaOyBae CEHCY MOTOYHOIO JUCKPETHOTO Yacy.

V moni6uiit cutyarii cranmaptai K -cepenni HeedekTHBHI, mpoTe 3
YCHIXOM MOXYTh OYyTH BHUKOPHCTaHI KIIacTepyBaJbHI HEWPOHHI Mepexi
T. Koxonena (SOM) [5], mio BupilyroTh 3aBIaHHs B online pexumi, a onep-
KaHWUi pe3yabTaT MOBHICTIO 30iraeThes 3 K -cepeqHiMu B CHITy BUKOPUCTaHHSI
3araJpHOTO KPUTEPII0 KiIacTepu3allii-caMOHaBUYaHHs, 3aCHOBAHOTO Ha €BKJIiIO-
Biif METpHIII.

[Ipu upomy mnpobnema BuUOOPY M TYT 3aIMIIAETHCS BiIKPUTOIO,
BKJTFOUEHHSI JTOJIATKOBUX «MEPTBHX» HEHPOHIB B MEpEXy, AK MPaBWIO, ii He
BHUpilllye, a BUKOPHCTaHHA X -cepenHix B online pexxumi B iX TpamuitiitHii
(hopMi IPUHITUTIOBO HEMOKITHBO.

AJIbTepHATHBOIO CTaHIApTHUM X -CepeIHiM MOKe OyTH BHKOPHCTaH-
HS 171ei Ki1acTepyBallbHUX aHCaMOJIiB, IPU I[bOMY HAMH MPOMOHYETHCSA (popMmy-

: m
BaTH aHCaMOIlb Ha OCHOBI mapanenbHO 3'equanux Bxogamu SOM ™, koxHa 3
SKUX alpiopHO Opi€HTOBaHa Ha pIi3HYy KUIBKICTh MOXMJIMBHX KJIacCTEpiB
m=2123...,M. Takum uuHOM, TiepiIa KIacTepyBalbHA MEPEXY aAHCAMOIIO

npamoe B mpumymieHsi M =2, to6to B mapi KoxoHeHa MiCTHTh BCHOTO JiBa
HEWpoHa 3 CHHANITHYHUMH BaraMy-IEeHTPOIaMH le i W22 .

Jpyruii eneMeHT aHcaMOJII0 MICTUTh TPH HEHPOHA 3 BEKTOpaMH CHHAI-
THUYHUX Bar W3,W3,W33, i, mapemri, ocranus SOM M ancam6mio paroe B

NPUITYIIEHH], [0 YHCII0 MOKJIMBHX KiactepiB gopiBHioe M , T06TO MicTuTh
M HeiipoHiB — alaNITUBHUX JIIHIMHUX acoIiaTopiB.

Mera po6orn. Mera poOOTH TONSTAE y JOCHIPKEHHI Pe3yJbTaTiB
Moau@ikaiii METoay X -Cepe/iHiX Ha OCHOBI aHCaMOJI0 CaMOOPIaHi30BHHX
man T. KoxoHeHa.

Marepianu gociaixKeHHs.

1. AnropuT™M HaCTPOIOBaHHS HEHPOHHUX MEPEX aHCaMOITIO

Jlns naBuanHs koxkHoi 3 okpemux SOM™ moxyTh 6yTH BUKOpUCTaHi
SIK cTaHAapTHI kKoxoHeHiBchbki WTA- 1 WTM-nipaBuia caMOHaBYaHHSA, TaK i 1X
Moaudikarii.

Po3risHeMo Tpolec caMoHaB4aHHS M-if Mepexi Koxomema SOM™,

1o MICTHUTEL M HeﬁpOHiB 3 CHHAIITHYHUMHU BaraMmu
m

m m n
{wl A ,...,Wm}c R™.
B ocHOBI anropuTMy HaJamTyBaHHS CUHANTHYHHX BariB IMOJSTae

MPUHIMI KOHKYPEHTHOTO CaMOHABYaHHS, SKUH peali3yeThCsl B TPU OCHOBHI
eTanu (KOHKYpEHIIis, KOOMepallisi, CHHANTHYHA aJanTamis) 1 MOYNHAEThCA 3
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aHalli3y BXIJHOTO BEKTOpa-oOpazy X(k), 0 HAAXOIUTh 3 PEUEnTOPHOTO
(HynBOBOTO) IIAPY HA BC1 HeHpoHHU mapy KoxoHeHa.
JI71sl KOXKHOTO 3 HEMPOHIB OOYUCITIOETHLCS BiJICTaHb

D(x(k ), w" (k ~1))= Hx(k)—w}“ (k —1}‘, j=12,.,m,

MIPH bOMY, SIKIIO BXiJIHI CHTHAIIM TIONIEPETHHO MTPOHOPMOBaHI 3a JOTIOMOTOF0
MEPETBOPCHHS

)=k ®

Tak, M0 ||X(k]| =1, a B sKOCTi BiZicTaHi BUKOPHCTOBYETHCS €BKIIZIOBA MET-

pHUKa, TO MipOI0 CXOXOCTi (MOmiOHOCTI) BEKTOPIB f(k), wy (k —1) MOXKe CITy-

XKHUTHU CKAJSIPHUHA JOOYTOK

sim(%(k), w"(k —1))=x (k" (k—1) = cos(X (k) w"(k-1)).  (2)

Jlayii BU3HAYAETHCS HEUPOH-TIEPEMOIKEIb «HANOIMKIHMI 10 BXITHOTO
o0pa3y Takui, 1o

sim(i(k), w™ (k —1)): max sim(%(k ), w (k —1)),

]

HIiCIs 9Oro, OITyCKalo4M THMYAcOBO IIPOIEC KOOIepallii, MOXKHa YTOYHHTH
CHHANTHYHI Bard NEPEMOXKIIS 3a JJOIOMOTOI0 PEKYPEHTHOTO CITiBBi/IH OIICHHS

w! (k —1)+mn(k)x
wh (k)= x(i(k)—wj"(k—l)), SAKWYO W].“(k—l)=w'“*(k -1, @)

]

W;” (k —l) Y NPOMUNEHCHOMY  BUNAOKY.

TakuM YMHOM, TpoLEAypa peani3ye MPaBUIIO «IIEPEMOXKELUb OTPUMYE

Bce» (WTA), mpu 1bOMY BEKTOp CHHANTHYHUX Bar repeMoxus W (k—l)

HIATATYETHCS» 10 BXiAHOro 00pa3y Ha BiAcTaHb, 10 BU3HAYAETHCS BEJINYU-
HOIO KPOKY

0<n(k)<1.
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PerynroBanHs KpOKy n(k) 3a3BUYail MPOBOANTHCS, BUXOISIUH 3 EMITi-
PUYHHMX MipKyBaHb, a 3arajbHa PEKOMEHALis MOJISTaE B TOMY, IO BiH TOBH-

HEH MOHOTOHHO 3MEHIIYBATHCS B MPOILECi caMOHAaBYaHHS. Y HaWIMpOCTilloMy
BHIIAJKY JUIS PETYIIOBaHHS KPOKY MOXYTh OYTH BUKOPHCTAaH| CITiBBiIHOIIEHHS

n(k)=r*(k),r(k)=ar(k-1)+|xk),0<a<1,

abo
rk)=ar(k-1)+10<a <1 4
JUTS BXOJTiB, HOPMOBaHUX BiqnoBimHO 70 (1).
3posymino, mo mpu o =1, n(k) =k™, ToGTO 3amOBiIBHSE yMOBAM

CTOXaCTUYIHOI alpOKCUMAIT].
BaxmuBoro ocobnuBicTiO HepoHHOT Mepexi KoxoHeHa € HasBHICTB

eTany Koorepallii, Kol HelipoH-TiepeMoskerb W™ (k —l) BH3HAYa€ JIOKaJIbHY

00J1acTh TOTIOJIOTIYHOTO CYCiJICTBA, B SIKOMY 30YIKYETbCS HE TUIBKH BiH caM,
aye i HOro OTOYEHHS, MPU LBOMY OTBII «CXOXi» Ha MEPEMOXKIS HEHpOHU
30yIKYIOTBCS CUJIBHIIIE HiX OLNBII BigmaneHi «cycimuy». Llsg obmacts ommcy-

€ThCsl PYHKIIEIO CYCICTBA (P(j, |), | =12,...,m, wo 3anexurh Bij BiacTaHi
D" (1) ()= D (-1, w k),

MiXK MEpPEMOXKIIEM i OyIb-SKHM 3 HEHPOHIB W' (k —l) mrapy Koxonena. fx
[PABUIIO (p(j, |) — e sgepHa QYHKIs CHMETPUYHA 1010 MAKCUMYMY B TOUILI
3 D(W;n (k —1), w;" (k —1)) i npuiiMaroya B Hill OJIMHUYHE 3HAYCHHS (p(j, |): 1.
3i 30iIbIICHHSM BiICTaHi D(W;n (k —1), w" (k —1)) g (QYHKIiS MOHOTOHHO

3MEHIITY€ThCA.
VY nepeBaxHil OLTBLIIOCTI BUMAAKIB B SIKOCTI (DyHKLIi CyciicTBa BUKO-
PHCTOBYETHCS TaBCiaH

Hw,m(k_l)_wm*(k_qr

26°

o(j.1)=exp| -

Bukopucranns QyHKIil cyciicTBa NMPU3BOAMUTEH IO aJITOPUTMY CaMO-
HaBYAHHS

W' (k) = w" (k =1)+n(K o j, X(K)-wW"(k ~)WI =1,2,...,m, (5)

[0 peati3ye MPaBUJIO «IIEPEMOXKeIs oTpuMmye Oinbmie» (WTM), mpu mpomy
npu | = | neit anropu™ 36iraerses 3i criBBinHOmEeHHM (3).
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B mpuHIMmi, MokHa B3araii BiIMOBHTHCS BiJ eTalry KOHKYpEHIIi Ta
BU3HAYCHHA IIEPEMOKIA AK TaKOTO.

[Ipu upoMy B poJii IEpPEMOXKIIS B JAHOMY BUIIAJKy BHCTYIA€ caM BXi-
HUN BEKTOp-00pa3, a B AKOCTI (YHKII CYyCIICTBa BHKOPHUCTOBYETHCS Mipa
CXO0XKOCTi (2).

[lpu upoMy anropuTM caMOHaBYaHHS M -TO eleMeHTa aHCcaMOIIO
HaOyBae BUTISAY

vv.m(k) " (e =2) (i feos (X () wp (k)] (R()—w(k~1)) =
w'(k=1)+ (k)[ " (i (k=) (%()-wp (k-1))= ©)
= .”‘(k D+l ()], (%)~ wp (k-D)

ne [y{”(k)L =max{y,’“(k),0} — HeBimx’eMHe 3HaueHHS |-ro BuUXigHOTrO CwHr-

Hairy M -oi marmn KoxoneHa ancamo6Iio.

3po3ymijio, 1m0 mpoueaypa (6) 3 00YHCIIOBAILHOI TOYKH 30py Hada-
raTo mpocTime craHaapTHUX aroputMiB (3), (5), 3aBISIKM BUKIIIOYEHHIO €TaIy
KOHKYPEHIIil 1 Ma€ sicHUH (pi3udHu 3MICT.

2. BuzHaueHHS KUTHKOCTI KIIacTepiB

B mpomeci pobotu aHcamOmI0 MOCTIHO MPOBOJIUTHCS OLIHKA SIKOCTI
KJIACTEpYBaHHSA 3a JOMOMOroro kputepito Llamiascproro-Xapabama [2] abo B
roro craHmaptHiil ¢opmi, abo 3a mormomororo ioro online moaudikarii. [lpu
IOMY KPHUTEPiii B 3aralbHOMY BUTIIsII Ma€ Gopmy

1 1 -
CH(m)= m_lTrsg‘(N _mTrSVTj ()

m
ae Sg” = i Z N Jm (W;” —wm ij —w" )T — MaTpulsd MDKKIACTEPHOI BIACTaHI

s M KJacTepis,
m
T==3%'N JmWT — IIEHTp Baru MacuBy nanux X ;
i1

NT — KinbKicTh cHOCTEpeXkeHb, IO BiHOCATHCSA 10 | -TO KIIAcTepy,

j=12,...,m;
m 1 m N m m \T .
sn :NZZUj(k)(x(k)—Wj Xx(k)—wj) — MaTtpuIlsg pO3CisHHS M -ro
j=1 k=1
KJIacTepy;

1 axwo X(k) Hanexcums | —my  Kiacmepy

00—y npomunexcnomy eunaoxy

— giTKa (QYHKITISA HAJEKHOCTI K-T0 CIiocTepexXeHHsT j-My KiacTepy.
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Hepenucasmm Bupas st TrSg'y gopwmi

Trsh = %g N J"‘HW;“ _W—m“z,

2 ‘o
, kputepiit (7) MoXKHA TIPEICTABUTH

m 13 m
a TrSVT - TrS, :ﬁéuj(kmx(k)_wi ‘

Y BHJISIT
m —m 2
CH(m)- ML ®)

i i uj(k]‘x(k)—wgn ?

OLITBII 3pyYIHOMY 3 TOUKH 30py OOUMCITIOBANIFHOI peaizariii.
[Tpu anHamizi gaHMX, 110 HAJAXOAATH Ha 0OPOOKY B online peskumi, po3-
paxyHOK KpUTepito (8) JOIIIBHO OpraHizyBaTH Ha KOB3HOMY BiKHI PO3MIpHOCTI

S (S =12,.., N), Ipy HBOMY B MOTOYHMN MomeHT yacy K CH (m) MOXHA
3aIIUCATH K

ac

SIk onTUManbHa KUTbKiCTh KIacTepiB y BHOipi M™ mpuiimMaeThes M,
110 3a0e3neuye Makcumym 3HauenHio CH (m) , TOOTO

CH(m")=max{CH(2).CH(3)....CH(M)}-

IIponoHoBaHa mporieaypa ancamOiaeBoro online KiIacTepyBaHHS Ha
OCHOBi cucreMu HeipoHHHX Mepek T. KoxoHeHa € 3a CyTTIO aJIanTHBHOIO
Moaudikaiiero Metomxy X -CepejiHiX, OpI€HTOBaHOK Ha OOPOOKY MOTOKIB
JaHWX, TOCUTh MPOCTa B YUCENbHIN peai3amii i JT03BOJIsS€ BUPIIIMTH 3a/a4y
YITKOTO KJIACTePyBaHHA B yMOBax amnpiopHO HEBiZOMOro abo 3MiHHOTO YHCINa
KJIACTEPIB.

3. ImiTariline MoAEIIOBaHHA

Jls minTBepKeHHS Mparie31aTHOCTI po3po0IeHoro aHcamOIo camo-
opranizoBaux Mam T. Koxonena Oyna BupilieHa 3amada KJIacTepyBaHHS Ha
OCHOBI INTYYHO 3TeHEepPOBaHOi BUOIpKHU 1 TecToBUX BHOiIpok 3 UCI-peno3iTopis
[14]. Byno B34TO HAOOPH IAHKX:
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1. lryuna Bubipka Random Matrix, sika HAOYHO BimoOpaXkae TpH
JHIHHO PO3IITUMUX KIIACTEPH.

Bubipka Random Matrix, sk mpenctaBieHo Ha puc. 1, MICTHTh TpU
JHIAHO PO3AUTUMHUX KIIACiB, € KOKEH eIeMEHT BHOIPKH Ma€ TPH BHUIIAIKOBI
napaMeTpH.

Puc. 1. IllImyuno 3eeneposana ninitino posoinuma eubipka Random Matrix

2. TecroBa Bubipka «Iris». Bubipka cknagaeTbes 3 JaHUX MPO KBITKH
ipucy, o 50 mpumipHUKiB 3 TphoX BuAIB — Ipuc merunictuii (Irissetosa), Ipuc
Biprincekwuii (Irisvirginica) i Ipuc pizHOKOIROpOBHIt (Irisversicolor).

JJisl KOYKHOTO eK3eMIUIsIpa BUMIPIOBAJIMCS YOTUPH XapaKTEPUCTHKH (B
CaHTUMETpax): JOBXKHMHA dvailonucTku (Sepallength); mmpuna damonucTku
(sepalwidth); momxuna memroctku (petallength); mmpuna nemoctku (petal-
width).

Bci gani Oynm cnoyaTKy MpOHOPMOBaHI Ha TIMEPKYIIO B iHTepBai
[-1,1] i BigueHTpOBaHI MIOAO CEPEIHBOTO 3HAYCHHSL.

3 MeTor OIHKK e(EeKTHBHOCTI aHCcaMOJI0 CaMOOPraHi30BHUX Mall
T. Koxonena (SOM™) pesynbrati KiaacTepyBaHHSI MOPIiBHIOBAINCH 3i CTaH-
JapTHUM METOJOM KiacTepyBaHHs K-cepenHix.

Jns miaTBepXkKIEHHS SKOCTI KiacTepyBaHHS Oylo B3STO 1HJIEKC
Haninscekoro-Xapabarma, sikuii HaBeaeHo B Tabi. 1 st Bubipoxk Random Ma-
trix Ta Iris. Bisyamisamis pe3yabTaTiB KiacTepyBaHHs HaBeleHa Ha pPHC. 2 Ta
puc. 3.
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Puc. 2. Bizyanizayia eubipxu Random Matrix:
a) 8uo 300Ky, 6) 6u0 36epxy
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a)
s
g
0)

Puc. 3. Bizyanizayia eubipxu Iris:
a) 6uo 300Ky; 0) 6ud 36epxy
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Tabnuys 1

Inoexc Haninvcokozo-Xapabawa ons évlbipok Random Matrix ma Iris

RANDOM MATRIX

Meron SOM™ k-means
Ianexc CH mist 2 kmactepiB 650,119137400817 49,3904185658740
Innexc CH nuist 3 xiacrepiB 782,603215072022 611,890289394461
Innexc CH st 4 knactepis 585,205208331037 411,869958970689

IRIS

Merton SOM™ k-means
Iunexc CH st 2 kiactepis 506,384020879337 24,1478668157212
Ianexc CH mist 3 kmactepiB 521,993404839107 95,9506726585689
Ianexc CH mist 4 xmactepiB 463,871189144183 74,4873397342681

BucHoBku. Y crarri 3amnpornoHoBaHo online aHaigor meroxy X -
Cepe/iHIX MpHU3HAYEHUI Ui BUPILNICHHS 3aBAaHHS KJIACTEPYBaHHS MOTOKY
JaHUX B YMOBAaX, KOJIM YUCIIO KJIaCTEPiB anpiopHO HEB1IOMO.

B 0cHOBI 3ampoIOHOBAHOTO MiAXOMY JEKHTh aHCAMOJb MApAJICIEHO
BKITIOUEHUX KJIacTepy BalbHUX HeWpoHHHUX Mepex T. KoxoHeHa, mo MicTsATh
pi3HY KiJIbKICTh HeWpoHiB. OnNTHManbHa KUIBKICTh KIJIACTEPIB BH3HAYAETHCS
YHICIIOM HEWPOHIB Y HAHKpAIiii B CEHCI SKOCTi 3 KJIaCTEPYBATBHUX HEMPOHHHUX
MEPEeK.

Beenena momudikariss Meroxy X -CepeiHix NpU3HA4YeHa IS BUPi-
IIEHHS 3aBJaHb B paMKaX IHTEJIEKTYaJIbHOTO aHalizy moTokiB gaHux (Data
Stream Mining).
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OIITUMIZALISA OINIHIOBAHHSA IHOOPMATHUBHOCTI
MEJINYHUX ITOKA3HUKIB HA OCHOBI I'lbPHIHOT O IIAXO Y

ONTUMM3ALMA OHEHKA HHOPOPMATUBHOCTH
ME/MIIMHCKHUX ITIOKA3AHUU
HA OCHOBE 'MBPU/ITHOTI'O ITIOAXOJA

OPTIMIZATION OF EVALUATION OF THE INFORMATIVITY
OF MEDICAL INDICATORS
ON THE BASIS OF THE HYBRID APPROACH

€.B. BOJASIHCBbKHWM, 1okT.TexH.HayK,
LT. HEPOBA, kana.texu.Hayk, I'.B. CTOUKA
Xapxigcokuii HayionanvHull yHigepcumem paodioereKmpouixu, Yxpaina

Y pobomi npononyemuvcsa Hoguii nioxio 0o oyiHKu iHOpMamMueHoOCmi
MEOUUHUX NOKA3HUKIB, GIOMIHHOIO DUCOI0 AKO20 € ONMUMANbHE NOECOHAHMSA
Memo0is komnpecii euxionozo npocmopy ozuax (Feature Extraction) i memodis
subopy Haubitvw iHopmamusHux noxasnukie 3 Habopy HaseHux (Feature
Selection). Taxum uunom, 00cA2AEMbCA NH2BICMUYHA IHMEPNPEMOGHICMb NP O-
CMopy 03HAK | ONMUMANbHULL 8UOIP CKOPOUEHO20 HAOOPY O3HAK.

Knwuesi cnosa: memoo 2on06HUX KOMNOHEHm, IHGOpMamueHicmo
NOKA3HUKIB, MeOuuHe OiacHOCYBAHMH, 6ACHULI 6eKMOP, 61ACHE SHAYCHHS.

B pabome npeonacaemcs nosbili NOOX00 K OyeHKe UHDOPMAMUSHOCTIU
MEOUYUHCKUX NOKA3AMENEN, OMIULUMENLHOU 0COOEHHOCHbBIO KOMOPO20 S6TISLeMCs
ONMUMATLHOE COHEeMAHUE MEeM0008 KOMNPECCUL UCXOOHO20 NPOCPAHCMEA NP U-
snakos (Feature EXxtraction) u memoooe ewibopa naubonee ungpopmamueHvix
noxkazameneil uz Habopa umeiowuxca (Feature Selection). Taxum obpazom,
docmueaemcst IUH2GUCIUYECKAs UHMePNPEemupyemMoCcms HPOCMPAHCINGA Npu3-
HAK08 U ONMUMATbHBII 6b100D COKPAUIEHHO20 HADOPA NPUSHAKOB.

Kniouesvle cnosa: memoo 2nasHbIX KOMHOHEHM, UHQOPMAMUBHOCTb
nokaszamerneul, MEOUYUHCKOE OUASHOCMUPOBAHUE, COOCBEHHbIL 8eKMOp, COOCHL-
6EHHOE 3HAUEHUE.

Feature Selection task is one of most complicated and actual in Data
Mining area. Any approaches for it solving are based on non-mathematical
and presentative hypothesis. New approach for evaluation of medical features
information quantity, based on optimal combination of Feature Selection and
Feature Extraction methods. This approach permits to produce optimal
reduced number of features with linguistic interpreting of each ones. Hybrid
system of Feature Selection/Extraction is proposed.

© Bogsncnkmii €.B., [leposa L.I'., Croiika A.B., 2017
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This system is numerically simple, can produce Feature Selection/ Ex-
traction with any number of features using standard method of principal com-
ponent analysis and calculating distance between first principal component
and all medical features.

Keywords: Principal Component Analysis, Feature Selection, Feature
Extraction, Medical Data Mining, Eigen Vector, Eigen Value.

Beryn. B meit yac 3amava omiHkd iHQOPMAaTHBHOCTI BXiTHHX IMOKa3-
HUKIB, sIK 1 3aJ]a4ya CTUCHEHHS iH(opMalii mpy NpoBeJeHHI J1arHOCTyBaHHS B
MEJIMIIMHI € OHI€I0 3 HAHOLIBIIT aKTyaTbHUX 1 CKJIATHUX.

HeoOxinHicTe Takoi 00poOkn 0OyMOBIEHA THUM, IIIO MEIWYHI BHOIPKU
JAHUX JIOCUTh YacTO MICTATh 3aHAJTO BEJIUKY KUIBKICTh O3HAK TPU MaJIOMy
YHCII CIoCTepeKeHb (Mali€HTiB), 10 ICTOTHO 0OMEXY€E MOKIMBOCTI ICHYIOUNX
METOAIB [UIsl IPOBEACHHS MOAABLIOO 11arHOCTYBAaHHS.

AHaJii3 0CHOBHHX JI0CATHEHB i jJiTepaTypu. HeoOximHNM enemMeHTOM
3aranpHOl 3ama4i Data Mining e eram nomnepeanboi oOpoOKK JaHUX, B SKOMY
peanmizyroThcsi Taki 3aBAaHHsa sk Data Reduction (ouwimeHHS 1 3amoBHEHHS
nponyckiB), Feature Selection (BuOip HaiOinbm iHGOPMATUBHUX O3HAK 3
HaOopy HasBHUX) Ta Feature Extraction (cTucHeHHs a00 KOMIpECis BUXIAHOTO
npoctopy o3Hak) [1-7].

OnHuM 3 HaBaXXIIMBIIINX €TaIliB € 3aBaaHHs Feature Selection / Fea-
ture Extraction 60 Bix BHOOpPY KOHKPETHHMX O3HaK 1 Bif iX KIIBKOCTI 4acTo
3aJICKUTD SIK AKICTh Kiacudikamii (AiarHOCTyBaHHS), TaK 1 B IPUHIIUII MOXJII -
BICTb il IPOBEICHHSI.

Ha croromnimHili 1eHs HaHOITBIT YiTKE MaTeMAaTUYHE OOTPYHTYBaHHS
orpuMmanu Metoau Feature Extraction Taki, SIK METOJ| TOJIOBHHUX KOMITOHEHT
(Principal Component Analysis) [8-10], auckpuminanTHU# anami3, Principal
Manifolds Analysis [11].

Jlns BupinieHHs 3aBaanHsa komnpecii nanux (Feature Extraction) gacto
BHKOPHCTOBYETHCS HEUPOMEPEIKEBUU IMIJXiJ, IO OCOOJHMBO aKTyalbHO B
3aBIaHHSAX TIMOWMHHOTO HaByaHHs (eHkonepu Ty Bottle Neck, Restricted
Boltzmann Machine ta inmmi) [11-12]. OnHak, npu TpoOBEACHHI MEAMYHOIO Jia-
THOCTYBaHHS HaJ[3BHYAHO BaXKJIMBUM € MOXKIJIMBICTh IHTEPIIPETAllii pe3yibTa-
TiB Ha PiBHI BXigHUX (pakTopiB. | TyT Ha mepmwMil TUIaH BUXOASTH 3aBAaHHSI
BUAINIEHHA HaiOinbm iHQopMaTuBHUX oO3HaK 3 Habopy HasBHux (Feature
Selection). Haituacrime 3aBnanns Feature Selection OyayroThcst Ha iHTYiTHB-
HUX He(hOpMaNbHHUX NPUNYIIEHHSX [13], TOMy akTyaJqpHUM 3aBAaHHIM € (op-
MaJi3allis Ta ONTUMIi3allis IIHOTO MPOIIECy.

Bu6ip Haiibinem iHGOpMaTHBHUX O3HAK 3 Habopy HasBHuX (Feature

Selection) € mporecom BHOOPY BiZOOPaKEHHS BHIIALY X = f(X), B SIKOMY
BXifHHI BeKTOp-06pas3 X(k)= (Xl(k),..., X, (k))T , (k=12,...,N —3aransna
KiIBKICTh BEKTOpiB-00pasiB) HanmexuTh npoctropy R", a Tpancopmopanwmii

nR R o .
BEKTOp HaleKuTh mpocropy R, mpuyomy N° <nN. CkopodeHuil MpocTip
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03HaK MMOBWHEH CKJIAMATHCS 3 HAHOULTBHII iH(QOPMATHMBHUX ITOKA3HHKIB BHIXiI-

noro npocropy R" [14]. Takum YMHOM, IOJOBHOK METOK) TAKOTO MEPETBO-
PEHHS € 3MEHILICHHS! PO3MIPHOCTI MPOCTOPY O3HAK Tak, mo0 Oynu 30ep exeHi
ONTUMAJIbHI XapaKTePUCTUKU JAHUX, HEOOXITHI AJIs 3MIACHEHHS M0 aIbIIOr0
MpOLECY MEIUYHOTO IarHOCTYBaHHSI.

3acTtocyBaHHS TIOpUIHUX CHCTEM IS PI3HUX 3aBlIaHb MPH IHTEIEKTY-
aNbHIM 00poOIll JMaHWX MeAuKo-Oiomoriyaux Aocmikerb (Medical Data
Mining) mae Ge3nepedHnii iHTEpeC 1 MiABHIIYE AKICTH IarHOCTYBaHHS, Kiac H-
¢ikamii (xmacrepuzamii), po3mi3HaBaHHS 00pa3iB, OCKUIBKH TiOpuAHM3aIis
JI03BOJIsIE O0'€AHATH TepeBard pi3HUX CHCTEM JUIsl JOCATHEHHS MOCTaBICHOI
METH. AKTyalbHUM 3aBAAHHSIM € 3aCTOCYBaHHS TaKUX CHUCTEM 1 JUIA TOIIYKY
HaWO1IpII 1HPOPMATHBHUX O3HAK B Pi3HUX 3aBIaHHIX, OCOOJMBO B 3amadax
MEJWYHOTO JAiarHOCTYBaHHS, SIKi BUHUKAIOTH y 3BSI3KY 3 AedinuroM (Hampu-
naz, HeUiTKICTh, HE3aBEPIICHICTh, HASBHICTh BHKH/IIB Ta MPOMYCKIB B JIAHHX)
iH(popMarrii.

Merta npociiTiKeHHs, TOCTAHOBKA 3aga4vi. Y poOOTI MPOMOHYETHCS
IHTErpyBaTH TepeBard cucTeM, 3acHoBaHMxXx Ha Feature Extraction i Feature
Selection Ta cTBOpHUTH €auHYy TiOpuaHy cuctemy Feature Extraction-Selection
OIIIHKY iH(GOPMATHBHOCTI TOKA3HHKIB 13 BUAUIEHHSAM HaiOimbII iH(QOpMAaTH B-
HuX 0e3 BTpaTu (Hi3WYHOTO CEHCY (JIIHTBICTUYHOI iHTEPIPETOBHOCTI) CKOpOYe-
HOTO TIPOCTOPY O3HAaK.

TakuM YMHOM, IPOTIOHYETHCSI HOBUI MiXif, SKUH HOIATae B TOMY, 11O
Ha OCHOBI BUKOPUCTaHHS MeToAy rojoBHuX kKommoHeHT (Principal Component
Analysis) HaiiOinpm iHQOPMATHBHUMH BU3HAYAIOTHCS Ti O3HAKH, IO MArOTh
HalimMeHmi BigcTaHi (y CEeHCI MaHXETTEHCHKOI METPHKH) JI0 TepIoi TOoJI0BHOI
KOMITOHEHTH BUXIIHOTO HAOOpY aHHUX.

Marepianu gociaigxkenb. Ha nepmomy erami peamizarii mijaxomy, 1o
MPOTIOHYETHCS, BC1 BUMIpSHI Y MallieHTa 03HAKH (POPMYIOTh MaTPUIIO O3HAK,
MPENICTaBJICHY y BUTIAAI TAONMUI[l «O0'€KT-BIACTUBICTHY. SIKIIO B HIill € TPO-
MyCKH, TO TaKi TMali€HTH TOBWMHHI OyTH abo BupajieHi, abo X HeoOXimHO
3allOBHUTH BUXOJSYH 3 TPUIYIIEHb O 3allOBHEHHS IPOITYCKiB, OMUCaHUX B
[15].

Jani BXifiHI JaHi NOBMHHI OyTH LIEHTPOBaHI IIOJ0 CEPEIHbOro X; 3a

JIOTIOMOT'OKO CIIIBBITHOIIIEHHS

x_norm, (k)= x,(k)— X, 1)

Ta 3aK0jI0BaHi B iHTEpBan abo [0;1]n , a6o [—IL‘l]n 3rigHo i3 Gopmynamu (2) i
(3) BigmoBigHO

) x_norm (k)= X, ...

x _kod, (k
X — X

)

i max imin
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): 2 X_norm; (k)_ximax — Ximin

x _kod, (k
X — X

3)
imax ~— “imin
Jani o0uMCcIIoeThCS TEePIIUi BIaCHUH BEKTOpP 1 GOpPMYy€ETHCS (N xl)

BCKTOp HNEpHINX T'OJIOBHHUX KOMIIOHCHT. HpI/I ObOMY II€plIa rojoBHa KOMIIO-
HEHTa CUCTEMH ITOKA3HUKIB

x_kod(k)=(x_kod,(k),...,x_kod, (k))" €R"
BU3HAYAETHCA SAK

yY(x_kod)=1,-x_kod, @)

PR
ne |, — mepmmit psmox marpumi L=| .. .. .. |, BracHHil BekTop

|an |an
KOBapialiiHol MaTpUIli 03HAK Z , IKAW BiJIMIOBi/1a€ HAHOIIBIIIOMY BJIACHOMY
YHCITy Ii€T MaTPUILi;

|,, — MpoeK1ist epLIoi roN0BHOT KOMIIOHEHTH Ha BiCh IEPILIO] O3HAKY;

|an — mpoextist N R rONTOBHOT KOMITOHEHTH Ha Bich N -i 03HAKH.

Pagku wmarpuri L 3a70BOJBHAIOTE  yMOBI  OpPTOrOHAJIBHOCTI

LL'=L'L=1,
> =(o,). (5)

i(x_ kod® — )—((z)XX_ kod)) - )—((J))

G.:il ,Z,-:l,...,n, 6
g N J (6)

HacTymHuM KpoKOM € BH3HAUeHHS BEKTOPY-O3HAK HaWOJIMKYOTO B
CEHCl MaHXETTEHCHKOI METPUKU A0 MEepLIOi rOJIOBHOI KOMIIOHEHTH (BU3HA-
YeHHS 03HAKH-IIEPEMOXKIISN»), TOOTO BIIIIIYKYETHCS BEKTOP-03HAK 3 MiHIMAalb-
HOIO BiJCTaHHIO

d(x_kod(z), y(l))=i‘x_kodi(z)—yi(1)‘. @)

Jaxi 3 BUXiJHOT MaTpHIli JaHUX BHKIIOYAETHCS 03HAKA-KIIEPEMOIKEIIH
1 poboTa cucTeMH TPUBAa€E HA CKOPOUYCHIM MaTpULi O3HAK A0 TUX Mip, TOKU BCi
03HaKu abo OymyTh mepedpaHi, a00 MOKKM He BUHUKHE HEOOXiTHICTh 3YITHHATH
poboty cucremu.
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Ha pucynky mpencrasieHa riOpuaHa cucTemMa OLiHIOBaHHS iH(popMa-
TUBHOCTI MEIMYHHUX IOKa3HHUKIB, II0 CKJIAJA€ThCA 3 OJIOKY HOPMYBaHHS Ta
LIEHTPYBAHHS BX1JHUX O3HAK, Ha SIKUI HaJXOJUTh BXiTHUI BEKTOP

X(k) = 04 (k) X, ()"

Xy —— X _»/\'()d Biok
baok — OOMHCTCHHE
2 HOPMVBAHHSA T TOJIORHIS
ROJIVBAHHA KOMIIOHCHT
BXITHHX OIHAK
\IJ
= I)
s W (x_kod)
Y
. biaok
: ; mm(d) BHSHAMCHNA
Bnox peayimin [«
OIHAKH=
NEPEMOKIA
R R
v X
.\I ”R

Puc. 1. I'ibpuona cucmema
OYIHIOBAHHSL THHOPMAMUBHOCT MEOUYHUX NOKAZHUKIG

Ha Buxoni 116010 010Ky 3’ SIBISIETHCS BEKTOP 3aKOI0BAHMX O3HAK 3TiTHO 13

(1), (2), (3). Hami 3a JOMOMOrOI0 METO/IA TOJIOBHHX KOMIIOHEHT BHIUISIETHCS
(1 . . .

repuIa roJIOBHa KOMIIOHEHTA y( )(X _ kod) 3riTHO 13 (4-6) Ta y 6oLl BU3HAYESHHS

O3HAKH-«IIEPEMOXKIISD BU3HAYAETHCS Ta O3HAKA, BIZICTAaHb JI0 SIKOI y CEHCI MaHXET-
TEHCHKOT METPHKH JIO TIEPIIO] TOJI0OBHOT KOMIIOHEHTH € HAMEHIIIOH 3riHO 13 (7).
Ha 3akmrounomy erami y Omori penmykiii 1 HaiiOimbm iHGOpMaTHBHA
O3HaKa BIITyYa€ThCS 3 TAOJHII «00’€KT-BIACTHBICTBY 1 CHCTEMa IMOYUHAE TIOIIYK
HACTYMHOI Ha iH)OPMATUBHICTIO O3HAKH.
B pesynbTaTi poGoTH TiOpUAHOI CHCTEMH OIIHKH 1H()OPMATHBHOCTI
MEJIMYHUX MTOKAa3HUKIB 3 BUXiJTHOTO HA00Opy JaHUX

x(k)=(x,(k)....,x, (k) €R"

Oyne copmoBaHuii ckopoueHn Habip HAHOUIBII iHPOPMATUBHUX O3HAK
x* (k)= (x? (k).... X%, (k))T cR™ n® <n.
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Pesynabratu gociigxkenb. g mepeBipku poOOTH 3ampONOHOBAHOT
riOpuaHOT CHUCTEMH OIIHKH 1HQOPMATHBHOCTI MEAWYHUX IOKA3HHUKIB Oynn
BUKOpHUCTaHI Mean4Hi Bubipku nanux 3 penosuropito UCI KamidopHiticekoro
yHiBepcuteTy, a came dermatology.data (mae 34 o3maku) [16], breastcan-
cer.data (mae 9 o3nak) [17], pima-indian-diabetes.data [18], parkinsons.data
[19]. B koxHill i3 BHOIpOK Oyla mpoBeAeHa MpoleAypa MOIIYKY HaWOimbII
iH(OpMaTHBHHUX O3HAK, PE3YyIbTATH MPECTABIIEH] Y TaOIHIII.

Tabauys

Ilepenik o3nax 3a inghopmamusHicmio y 00CAi0NHCYBAHUX UOIPKAX OAHUX

Bubipka manux [epemnik 03HaK, MOYMHAIOYH
3 HaO1IbI iHDOPMATUBHHUX
dermatology.data 21,16, 33, 20, 29, 2, 19, 4, 28, 27, 22, 6, 9,

12, 10, 34, 5, 32, 17, 25, 3, 14, 26, 1, 18, 11,
8,15,24,7,23,31,13,30

breast-cancer.data 6,2,3,1,7,5,8,4,9

pima-indians-diabetes.data 6,3,2,1,8,4,7,5

parkinsons.data 19, 17, 20, 16, 14, 21, 11, 18, 9, 12, 10, 5,
4.1,2,7

VY Bubipui dermatology.data HaiiOinbm iHGOPMATUBHAMH BHUSBHUINCH
Taki O3HAKW: TOJOBKEHHS eIiepMalbHUX TPEeOHIB, E€K30IUTO3, HASIBHICTH
CMYT'OBOT'0O iH(INIBTPaTy, MOTOBIICHHS €MiJIepMaIbHUX IPeOHIB, MOSIBA MUJIKO-
BUJHUX TpeOHIB, MOsIBA TCOPIaTHYHMUX JIyCOUOK Ta iHMI. Y BuOipIi breast-
cancer.data: HassBHiICT, HEeMOAH(]DIKOBAHUX SIP, OJHOPIAHICTH PO3MIPY KIITHH,
OJTHOPIHICTH (HOPMHU KIIITHH, CKYITYEHHS YIIUIBHEHOT MacH Ta iHmi. Y BHO1pIi
pima-indians-diabetes.data — e iHgekc Macu Tina, AiaCTOMIYHHEA KPOB’STHUM
THCK, KOHIIGHTpAIli TIIOKO3W B IDIa3Mi 3a 2 TOAMHW Ta iHII. Y BHOIpI
parkinsons.data — me curHajbpHUWI (ppakTaIPHUN MOKa3HUK MacIITa0yBaHHS,
HelniHiiiHe auHamiuHe BuMiptoBaHHs ckianHocti (RPDE), HenmiHifiHuid BUMIp
(yHIamMeHTanpHOI YacTOTHOI Bapiarmii (spreadl), BUMipW CITiBBiTHOIIEHHS
IIyMy 10 TOHAIBHUX KOMIOHeHTiB y ronoci (HNR), Bumip Bapiamii B ammi-
Tyni rojgocoBoro curHany (Shimmer DDA).

BucnoBku. Takum 9uuHOM, y poOOTI 3alponoHOBaHa TiOpHIHA CHCTe-
Ma OLiHIOBaHHs 1H()OPMATHBHOCTI MeIMYHUX MOKa3HUKIB Feature Extrac-tion-
Selection, 1m0 103BOJIIE BUAIMATH HAHOIMbII iHGOPMATHBHI MOKa3HUKU 0e3
BTpaTH (Pi3UYHOTO CEHCY CKOPOUYEHOTO MPOCTOPY O3HAK. AKTyaJbHHM THTaH-
HSIM 3aJIMINAETHCA BUOIp KUTBKOCTI HaWiH(OpMaTHBHIMMX o3HaK. /s HbOTO
JOLITFHUM € TIOPiBHSUTFHUM aHaIli3 JiarHOCTYBaHHS Ha MOBHIN BUOIPII JaHUX
Ta Ha CKOPOYEHiH 13 KOHTPOJIEM SKOCTI 1iarHOCTyBaHHS.
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KOHULEILISI DATA MINING [IOBYJIOBH ITOILITYKOBUX 3AIIUTIB
1O BEJIUKIN KUIbBKOCTI KPUTEPIIiB

KOHLIENIUSA DATA MINING MOCTPOEHUSA NIOUCKOBBIX
3AITPOCOB 110 BOJIBHIOMY KOJIMYECTBY KPUTEPUEB

THE CONCEPT OF DATA MINING BUILDING SEARCH QUERIES
FOR A LARGE NUMBER OF CRITERIA

H.O. HIMBAEBA, kanja.TexH.HayK,
B.B. BBIYYKAHUH, noxrt.Texn.Hayk, 1.C. HINBAEB
Oodecckuii HAYUOHATBHBLIL MOPCKOU YHUGepcumem, YKpauna

Tanuena cucmema cyoua, € 0OHICIO 3 MEXHIYHUX CUCTEM, C8IOYEeHHs
cmany sKoi nepedaromuvcs 3 8UCOK00 yacmomoro. Lle do3eonae ompumysamu
iHhopmayito npo cmam NATUBHUX pe3epeyapie CyOHd, d MAKON}C KOHMPOJIO-
8amu nepekauys8anHs namued Hy CyoHo.

Cyonosnachuku € 3ayikasileHolo CMopoHOI0 y Npoyecax KOHMpOoo 34
CYOHOBUM 8UMPAMOIO NATUBA, U020 eQeKMUBHICMIO BUKOPUCTAHHS, 4 MAKONC
saKicHoi 3anpasyi cyona 6 nopmy. [ 0ocsicHeHHs HAUOIIbuo20 KOHMPOo,
BUKOPUCTHOBYIOMBCS YUPPOST clucemu KOHMPOTIIO HANOBHEHOCI pe3epayapis,
wo cKk1aoaromscs 3 8enuxol Kitbkocmi oamuuxis. Takoow, 0151 00CSAcHEHH S
Oinbwioi mounocmi 3anpagku  CyOHd, OONAOHYIOMbCA OAMYUKAMU NATUGHT
Mazicmpani ax 3 8idoae 60Ky, max i 3 NPULLMa4oro.

Inghopmayin, oodepoicysana 6i0 damuukis, 30epicacmvcsi 6 CYOHOBUX
0azax Oauux, Ha 20108HOMY CYOHOBOMY cepéepi, d MAKOXC O0YOMIOMbCA HA
bepecosi cepsepa KOMNAHII CYOHOBAACHUKA, Ol NOOANbLUIO20 aHanizy. [[ns
nooanbuloi 06pooKuU 8enuUK020 00cs2y iHpopmayii GUKOPUCMOBYIOMbCI CYUACHI
3acobu ananizy éenuxo2o oocsey oanux. OOHUM 3 MAKUX MEmMO0i6 € KOHYenyisl
data mining, wo 0036015€ nobYOysamu Cy4acHi NOUWYKOSUX 3aNUm 3 NOOA1b-
o 06pobKoio ompumanoi inghopmayii 3 eeauxoi Kitbkocmi Kpumepiis.

Knrwuegi cnosa: naruena cucmema cyoHa, 6eauxi OaHi, ananiz OaHuXx,
CYOHO8I MEXHO02iT, KOHMPOJIb NAAUBA HA CYOH.

Tonnuenas cucmema cyoua, AGIAEMcst 0OHOU U3 MEXHUYECKUX CUCTeM,
NOKA3aHUSI COCMOSIHUA KOMOPOU Nepeoaiomcsi ¢ 6bICOKOU 4acmomou. Imo
no3gojigem NOIYYaAMb UHGOPMAYUIO O COCMOAHUU MONTUBHLIX PE3epP8yapos
CYOHaA, a maKice KOHMpPOIUPOBAMsb NEPEKAUKY MONIUBA HY CYOHO.

Cyooenadenvyul A61A10MCA 3AUHMEPECOBAHHOL CIOPOHOU 8 Npoyeccax
KOHMPOJsL 30 CYOO8bIM PACXO000OM MONIUBA, €20 3PHEeKMUBHOCTBIO UCHOIb30-
8aHUSL, 4 MAKIHCE KAYeCMBEHHOU 3anpasKe cyOHA 8 NOPMY.

© IlIu6aesa H.O., Boruyxanun B.B., [llu6aes J1.C., 2017
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s 0ocmudicenun Hauborbule20 KOHMPOA, UCHOIL3YIOMCA YUPposvie
cucmemvl KOHMPOT HANOIHEHHOCIU Pe3ep8yapos, COCHOAUUX U3 60IbUL 020
Konuyecmea oamuuxos. Taxoce, 078 Oocmudicenuss 6oavuuel MOYHOCU
3anpasku cyoHd, O0amuyuxamu ob6opyo0yromcs MOnIuGHble MA2UCMPanu Kax
omaoaiowell CmopoHsl, MAK U ¢ NPUHUMAIOWET.

Hupopmayus, noryyaemas om 0amuuxos, COXPAHAEMCs: 8 CYOOBbIX
0a3zax OaHHbIX, HA 21A6HOM CYO0BOM cepsepe, a makdxice OYOIUPYIOMCA HA
bepezoguvle cepsepa KOMNAHUU CY0081a0enbyd, 015 OalbHeliue20 anaiusd. Jnsa
nocaedyioueli 0bpabomxu O0aLUO20 00beMa UHDOPMAYUU UCHOAb3VIOMCA
CcOBpeMeHHble Cpedcmea auaiusza boavuioco obvema Oaunvix. OOHUM U3
maxkux memooog saensemcs konyenyus data mining, nozeonsowas nocmpoums
COBpeMeHHbIe NOUCKOBbIE 3ANPOChl € Nociedyiowel 0opadbomxol noay4eHHou
unpopmayuy no 6OILUIOMY KOTUYECTHEY KPUMEPUES.

Kntoueevie cnosa: monausnas cucmema cyoHa, Oonvuiue Oanmble,
amanuz OAHHLIX, Cy008ble MEeXHOI0UU, KOHMPOLb MONIUBA HA CYOHE.

Fuel system the vessel is one of the technical systems, the indications of
which are transmitted with high frequency. This allows you to obtain infor-
mation about the state of the fuel tanks of the vessel, and to control the pum-
ping well, the ship.

Shipowners are interested parties in the control of marine fuel con-
sumption, efficiency, and quality refueling ship in the port. For best control,
use digital control system of filling tanks, consisting of a large number of sen-
sors. Also, to achieve greater accuracy of filling of the vessel, sensors are
equipped with fuel line with both giving and receiving.

The information obtained from the sensors is stored in the ship's data-
bases on the main ship server and duplicated on the coast, the servers of the
company of the shipowner, for further analysis. For processing large amount
of information using modern means of analyzing large amounts of data. One of
these methods is the concept of data mining, which allows to build a sophisti-
cated search query with subsequent processing of the received information on
a large number of criteria.

Keywords: the fuel system of a vessel, big data, data analysis, marine
technology, control of fuel on the ship.

Introduction. Fuel on the ship is the responsible maintenance opera-
tion that requires special attention from the officers. It must be carried out in
strict accordance with the «safety Rules on the vessels» and under the control
of the engineer.

Directly supervises the admission of fuel to a third mechanic. Before
receiving fuel, a senior (third) mechanic should be familiar with the fuel pass-
port, to verify his data with the standard and to establish compliance with the
technical specifications for the marine engine.
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If necessary, select a test sample in accordance with GOST, in two
copies: one for the tank farm and to the analysis of the thermotechnical labora-
tory of the shipping company. The sample is fixed by the act, composed of rep-
resentatives of the depots and vessels.

Analysis. Fuel can be divided into three periods: preparatory, fuel and
final. In the process of preparing the third operator has to provide the correct
fuel and fire safety:

— measure the remaining fuel in the ship's tanks;

— coordinate with the mate in charge of cargo operations, the order of
filling of fuel tanks;

— prepare fuel system for receiving fuel,

— to determine the fuel temperature is taken;

— assign the watch minder in place of receiving fuel from the vessel;

— alert the watch to the Navigator about the upcoming receiving fuel;

— prepare for the effect of ship fire-fighting equipment;

— to install the suction piping a tray of sand and a fire extinguisher.

When receiving fuel control the filling of tanks and communicate with
guaranteed timely object to change the mode of fuel delivery and the termina-
tion of bunkering.

The fuel supply is stopped to the limit of filling the tank, to avoid
«pressingy.

When taken from the shore medium viscosity fuels in the winter and
high viscosity at any time of the year should take into account the possibility of
formation of plugs of solidified fuel in the receive pipeline.

It is therefore necessary to maintain the temperature of fuel take at least
15-20 ° C above the pour point, and after bunkering for 20-30 minutes to leave
open the suction valves to fuel the glass in the tank.

After the fuel empty the suction piping of the fuel tanker and the vessel
and divide the pipelines [1].

After receiving fuel performs measurements in tanks, from which fuel
was supplied to the ship and in the ship's fuel tanks, setting the number of the
adopted fuel. A lot of the adopted fuel is determined from the temperature cor-
rection on density.

The amount of water trapped in the fuel should be removed from
admissions documentation.

The receiving process ends with the drawing up of the waybill signed
by the representative of the tank farm and the mechanic took the fuel. Passport
of fuel and invoice the chief engineer is the shipping company together with
the machine report.

The purpose of the study. Each of these processes can be automated
and simplified through the use of modern technology. Most ship systems are
fully covered by the monitoring system and the deposition per time unit. Fuel
system the vessel is no exception.
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The fuel tanks using several types of sensors for more precise identifi-
cation of the amount of fuel. Such sensors include float fuel level sensors,
submersible sensors control the viscosity of the fuel and temperature gauges
and the incoming fuel in the tank.

The information every second. For greater accuracy the impact of fuel,
additionally installed sensors on the tank return and fuel on the main pipelines
through which fuel is supplied to the vessel. System triplicates indications of
fuel transfer can significantly increase the accuracy of loading fuel for the ship.

Through the use of such a control system, the accuracy of the amount
of fuel in the tanks every second saved group readings from all sensors
involved in this process.

All these data form a large array of information that is stored in the
ship database and having a non-relational structure.

Shipping companies are interested in more accurate forecast of the con-
sumption and control of fuel over the period of a ship's voyage.

This is done the system analysis of the fuel consumption and energy
efficiency of powertrains vessels. To ensure these calculations used the same
sensors as in the process of pumping the fuel. However, to perform this control
in real time is problematic due to the large load on the communication channel.

The results of the study. Optimal is a method of processing data in
flight, to control the running modes of the vessel, and also proportional to the
fuel consumption in these modes. As the scope of information is enough large,
it is necessary to develop a comprehensive solution that is able to analyze non-
relational ship database for a long period of time and finding the exact data for
each specified injection.

Algorithmic methods of processing large amounts of information, can
simplify the search for such information.

Big data characterized by volume, variety and speed with which struc-
tured and unstructured data coming at networks in processors and storage,
along with the processes of turning this data into information [2].

In these circumstances, to increase the efficiency of analyzing large
amounts of information there is a need of new and innovative methods of
information processing by automated cognitive procedures using the database
of facts and knowledge bases, automatic generation of hypotheses, procedures,
explanations initial state database of facts for the justification and acceptance
of the hypothesis [3]. At an earlier stage of development of these technologies,
attempts were made to use this approach to interpret a large number of calcu-
lated data [4].

One of the methodologies, which helps to solve tasks of different clas-
ses of search patterns and the interpretation of the results is the methodology of
data mining Data Mining.
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It is used to detect and explore patterns in arrays of semi-structured
information and building models describing the behavior of complex systems.
Data Mining is the exploration and discovery of «machine» in the raw data of
knowledge that were not previously known, non-trivial, practically useful and
available for human interpretation [5-6].

A characteristic feature of the data analysis methods Data Mining is the
use of various algorithms for finding patterns in the data. Expansion of the set
of data-mining models in various algorithmic nature can be productive in the
class of problems where not accurately work classical methods: statistical, ana-
Iytical or deterministic.

Each stage of the research data, we can build a finite number of
hypotheses that can be confirmed or not be confirmed subsequently.

The more constructed models and descriptions are close to the hypo-
theses, the more we have the right to assume the accuracy of the result.

An important factor in the development of such systems is the conside-
ration of its needs to equipment and data lines.

Due to this, the best solution is to develop a web-system which does
not require installation and does not load the custom hardware does not use the
high-speed data transmission, which simplifies its operation through VSAT
technology, used as a standard marine satellite communication system to com-
municate with the Internet.

The process of searching for information online consists of the follo-
wing steps:

— collection of information on the Internet from various sites;

— research on request;

— ranking results;

— indexing resources.

Despite the fact that every search engine has its own characteristics in
search algorithms and ranking of the results, the principles of operation of all
search engines in common.

Big data characterized by volume, variety and speed with which struc-
tured and unstructured data coming at networks in processors and storage,
along with the processes to transform these data into information.

One of the architectures for processing data used in the application of
search algorithms are the relational database management system (DBMS).

The use of these DBMSs yield the results the result of using a search
algorithm with the system of constant circulation:

— waiver from strict consistency;

— care from the normalization and implementation of redundancy;

— the need for software simulation of functions of the SQL language;

— complexity of the client software;

— the difficulty of maintaining the health and resiliency of the resulting
solution.
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Disadvantages of using relational database systems has led to the
development of adaptive-disciplined architecture, able to expand and scale as
needed, with constant increase of data.

Such technologies include the use of NoSQL [9; 10].

Model data warehouse architecture NoSQL are divided into 4 cate-
gories depending on the conditions of use.

One of the most popular models used in cluster architecture is the sto-
rage of key-value. A distinctive feature is a simple data model, an associative
array or dictionary, which allows to work with data by key.

The main objective of such storage — maximum capacity.

If the basis of the data used in the databases, the data are text entries
that have a meaningful logical structure, use of document storage. The data
model such storage allows you to combine a plurality of pairs key-value in an
abstraction called «documenty». Documents can have nested structure, and to
unite in collection. Work with documents produced by key enabling queries on
attribute values.

If the database architecture is classic, mixed architecture, it uses
columnar storage. Most similar to traditional relational DBMS. Data model and
storage of this type involves storing the values as uninterpreted arrays of bytes,
addressable tuples.

A special case when building database can be considered a repository
on graphs. Such storage used with data that are naturally represented by graphs.
The data model consists of vertices, edges, and properties. Working with data
is done by graph traversal in the ribs with the desired properties.

Conclusion. Develop the concept of an algorithm processing a large
volume of information generated during a fixed period, is an important issue.
Solution to this problem may be to construct a universal algorithmic solutions
able to analyze large amounts of information available in databases of different
types.

The main factor of this method should be the processing speed and the
accuracy of the forecasts resulting information. This should be considered
dynamically-variable number of stored data in vessel databases, the coastal
centres of information processing and intermediate cloud storage.
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CUCTEMA MOHITOPHHI'Y TA OINIHIOBAHHSA CYMICHOCTI
EJEMEHTIB BOMOBOI'O EKIITIIPYBAHHS
B PEKUMI PEAJIBHOT'O YHACY

CUCTEMA MOHUTOPUHI'A U OHEHKH COBMECTUMOCTH
3JEMEHTOB BOEBOM SKHUIIUPOBKH
B PEKUME PEAJIBHOI'O BPEMEHH

SYSTEM OF MONITORING AND EVALUATION OF SUMINITY
ELEMENTS OF THE BODY EQUIPMENT IN REAL-TIME MODES

A.B. KYPTAHCBKMM, kanj.TexH.HayK,
T.I. ACTICTOBA, kann.TexH.HayK
M.M. KYPTAHCBKA, I.B. CBITEJIbCbKHI
Kuiscokuii HayionanpHuil yHieepcumem mexHoao2ii ma ouzauny, Yxpaina

Y cmammi posensnymo meopemuuni 0CHO8U Ma NPAKMUYHUL 0OCBI0
PpobOmU CIMBOPEHHA CUCEMU 3 MOHIMOPUHZY MA OYIHIOBAHHS CILYNEHIO CYMIC-
HOCmI efleMenmie 60106020 eKINIPYSAHHS 8 PENCUMI PEalbHO20 HAC).

Knrouoei cnosa: 6e30pomosa HaminbHa CeHCOpHA Mepedica, 6otioge
eKInipy8anHs, CYMICHICINb, MOHIMOPUHS, OYIHIOBAHH

B cmamve paccmompervl meopemuiyecKkue OCHO6bl U npakmulteCKuﬁ
onvim NO CO30AHUI0 CUCHIEMbl MOHUMOpPpUHeaA U OYEHKU CMmeNneHu coemecmu-
Mocmu 3nemenmos 60e802o IKUNUPOBKA 6 pedtcume peailbHoco 6peMERU.

Knwueswie cnosa: 6€C1’lp0600Ha}Z HamenabHasl CEHCOPHAAL CeNlb, boesast
IKUNUPOBKA, COBMECMUMOCHTb, MOHRUNMOPUHZ, OYEHKA

The article deals with the theoretical foundations and practical expe-
rience of creating a system for monitoring and assessing the compatibility of
military kit elements in real time.

Keywords: wearable system, military kit, compatibility, monitoring,
evaluation.

Beryn. 3actocyBaHHSI KOMITICKTIB CELIAILHOTO MPU3HAYCHHS (OZSTy
Ta B3YTTs) SIK €IMHOI CHCTEMH 3 IHTETPOBAHOIO CYKYIHICTIO KiJBKICHHUX Ta
SIKICHUX TapaMeTpiB J03BOJISIE JOCATTH MaKCHUMAalbHOI HOTO BiJMOBIIHOCTI
(hyHKITIOHATTHPHAM Ta CITy’KOOBUM BHMOTaM.

BripoBakeHHs BifichKOBHX cTaHgapTiB MiHicTepcTBa 000poHH VK-
painu Ha ocHoBi crangaptiB HATO (STANAG) y po3spi3i 3a0e3neueHHs cy-
YaCHUMHU KOMITJICKTaMH O00HOBOTO eKillipyBaHHS BilICBKOBOCITY)KOOBIIIB  TIOT-
pedye KOHTPOITIO BiIIOBIHOCTI SIKICHOTO CKIIJIy IMakeTy MarepiaiiB,  nede-
KTiB KOHCTPYKIIil, ONTHMI3allil Macl Ta KOMIUIEKTY B IiJIOMY 3 METOI0 YHHK-
HEHHA OOMeXeHb (YHKLIOHAIBHUX Ta CIIy>KOOBHUX O0OB’S3KiB, HaaMip-HOTO
HAaBaHTAXXECHHS Ha ONIOPHO-PYXOBHH amapar.

© Kyprancobknii A.B., Acricrosa T.I., Kyprancbka M.M., Ceitenbcobkuii 1.B., 2017
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binpmricte cucTeM BHKOPHCTOBYIOTH €IWHUN HabOip iziomoriaamx
napameTpiB, IO MPEICTABISIFOTH CEPEIHIO 0CO0Y.

[Ipote izionoriuyni BiAMIHHOCTI MK OKPEMHUMH OCOO0aMH MOXYTb
CYTTE€BO BIUIMHYTH HA PEAKIliI0 OpraHi3My JIIOJAWHH Ha HABKOJMIIHE CEpelo-
Bumie. Paxkropamu 1151 iHIUBIAYaIbHOT XapaKTEPUCTUKU OCi0 € 3arajgbHa Maca
Tija Ta IIoua Horo MoBEepXHi, TEpPMiuHA EMHICTH 1 IPOBIAHICTD KHUPY, NOTTIU-
HaHHS COHSYHOTO CBITJA IIKIPOIO, BIKOM, CTATTIO Ta akiimMaTu3aitiero [1; 2]. Lli
(hakTOpW CYTTEBO BILTMBAIOTH Ha KiJBKICHUM Ta SAKICHHH CKIIAJ CHCTEM MOHI-
TOPHHTY i, BIIMOBITHO, Ha TX OI[IHFOBAHHSI.

Meta. Po3poOka cuCTeMH MOHITOPHHTY Ta OL[IHIOBAaHHIO Y PEXUMI
pEaIbHOTO dYacy CTYIIEHIO CYMICHOCTI eJleMeHTiB O0i0BOTO eKimpyBaHHS
BifiCBKOBOCITYKOOBIIIB.

Pe3ynbTaTn gocainxkenb. Ha ocHOBI aHalizy iCHYIOUHX 3aCO0iB MOHI-
TOpUHTY OioMexaHiku Ta 0i0(i3uKH Tijla TIOAWHA aBTOpaMu [3] 3amponoHOBa-
HO PO3TAIIOBYBAaTH €JIEMEHTH O€3IpOTOBUX HATIIBHUX CEHCOPHUX MEPEeX Bil-
MOBIAHO 110 cxemu (puc. 1).

3 3
2
5

1

Puc. 1. Ilpunyunosa cxema 6a3068020 po3mauty8anHs 0amyuKis
Ha mini 1I0OUHU.
1 — memnepamypu ma eonozocmi; 2 — cepyesoco pummy; 3 — mMUcKy,
4 — zipockon-axcenepomempu, 5 — EMG

BumiproBanbHa CKJIaloBa CHUCTEMHU CKIIAJA€ThCS 3 JATYMKIB THCKY,
TeMIIepaTypd Ta BOJOTOCTi, SKi € CKJIAJOBUMH AWCTAHIIHHUX MOIYIiB. 3
METOK CHHXPOHI3aIlii TOBEIIHKOBOI CKJIaJIOBOI CUCTEMH JIO ii CKJIaxy BKIIIO-
YEHO TiPOCKOI-aKCEIIEPOMETPH.
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3 METOI0 OTPUMaHHS 3HA4YeHb MMapaMeTpiB MiTOASTOBOTO MPOCTOPY Ta
MIKpPOKJIIMAaTy y B3yTi pO3pOOJICHO BiNOBiAHE MpOrpaMHE 3a0e3MeUeHHS
WBIMSoft (puc. 2) ta WBIMSoft Core Analytics (puc. 3) [4].

[MoemHaHHS NMX IBOX MPOrPaMHUX MPOAYKTIB JJO3BOJISIE 3a0€3MEeUUTH
OTpPUMaHHA JaHHX Y pealbHOMY 4aci 3 moHas 20 1aT4MKiB OHOYACHO Ta He3a-
JIS)KHO CTBOPUTH KOMIUIEKC TECTIB Ta KPUTEPiiB OLIHIOBAHHSA, Ta OTPUMATH
eMIIpUYHINA pe3yIbTaT OIMIHKH 3pa3Ka 3a [IUMHU TeCTaMHU.

[Iporpama 3miiicHiOEe 00pOOKY maHUX, 310paHUX B yMOBax 3a3HaYCHHUX
periaMeHToM, i sIBJsiE COOOI0 MPOAYKT, HANpaBJICHHH Ha B3a€MOJIIIO 3 KiHIIe-
BUM KOpPHUCTyBayeM (puc. 3).

WV Y <

Puc. 2. Poboue sixno npoepamu WBIMSoft

Hwxue npuBeneHo anroputM oOpoOKH BXiJHOTO CHUTHANY, SIK OJUH 3
HaNroJOBHIMIMX eTariB poOOTH NPOrpamMu:

1. ImmopryBanus manux 3 mpod T, H, P tomo (ne T — Temmeparypa,
H — Bostoricts, P — THCK).

2. llonepenns oOpoOka AaHUX yepe3 MPHUBEACHHS CHUTHAIY N0 4Yac-
TOTHOTO JIOMEHY.

BukopucranHs HacTyITHUX (YHKIIN BIKOH JUIA 3TVIaJUKyBaHHS CUTHATY
nepen LBuakum IleperBopennsim @Pyp'e: Hanning, Hamming, Blackman,
Bartlett a6o Kaiser.

3. CrBopeHHsI ClieHapiiB JJisi TECTYBaHHS 3pa3KiB 32 JJOMOMOTOI KOHCT-
pYKTOpa clieHapiiB Ta MpPOBEJCHHS TECTyBaHHS Ha TOMEpPEHBO 00poOIeHUX
JaHUX.

OTpuMaHHS pe3yIbTaTiB TECTYBaHHS 3 OLIHKOO BiAOBIAHOCTI.
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Puc. 3. Ilpuxnao Passband ¢inempayii 6xionoeo cuenany
6 dianazoni 0.00f - 0.05f (0e f — ionocna wacmoma 6io 0.0 oo 0.5)
3a donomozoio Qinempa Butterworth (3 nopsook)

Po3po0nena cucrema 03BOJISIE y PEXKUMI PETBHOTO Yacy BCTaHOBIIO-
BaTH CTYIMiHb CYMICHOCTI €JIEMEHTIB OJpa3y IO 3aKiHYEHHIO JOCIIiIHOIrO
HOCIHHSI Ta HaJaBaTH IOMEPE/HIi 3BIT Ha OCHOBI BXE OTPUMAHHX JAHUX 3
po0 (puc. 4).

6 M

Puc. 4. Cxema ¢popmysanns 36imy
w000 CMyneHio CyMicHOCmi 00CIiOHUX 3pA3Ki8

126



PO3BUTOK TPAHCIIOPTY
Ne1 (1),2017

BucHoBKku. 3acTocyBaHHSA 3alpoOIIOHOBAHOI CHCTEMH IpH I iHTETrpa-
ii 10 cucTeM MOHITOPHHTY 0io(i3uku ofsry Ta (i3UYHOTO CTaHy BiHCHKOBO-
CITy>KOOBIS T03BOJISIE CKOPOTUTH TEPMiHU JOCIITHOTO HOCIHHS Ta OTPUMyBaTH
MOTIepETHI Pe3yIbTATH OLIHIOBAHHS OJIpa3y IO HOTO 3aBEPIIEHHIO.

Takuii maXig A03BOJISE 3HU3UTH HE TINBKH BUTPATH JIFOACHKOTO
pecypcy, a i, BiINOBiTHO, 3MEHIIUTH BUTPATH JIEPKaBHUX KOMITIB HA pO3pOOKY
Ta yIOCKOHAJICHHS IIPEMETIB PEYOBOTO MaliHa.
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IAPAIUT'MA TIOJAHHSA JHTHI'BICTUYHOT O 3ABE3IIEYEHHSA
3A TOITOMOTI'OIO TOPOAKY BAJIBHUX T PAMATHUK

HHAPAIUT'MA NPEACTABJIEHUSA JINHI'BUCTUYECKOI'O
OBECIIEYEHUS C IIOMOUBIO ITIOPOXIAIOIINX TPAMMATHUK

THE PARADIGM OF LINGUISTIC SUPPLY SUBMISSION
BY GENERATIVE GRAMMAR ASSISTANCE

C.C. BEJIUKO/JHWM, kaHj.TexH.Hayk, O.C. THMO®E€EBA
Oodecovkuil deporcasruil ekonro2iuHull yrigepcumem, Ykpaina

B cmammi poszensinymo cmeopenns cucmemu ROHAMb, Wo Gopmyoms
napaouemy peiHNCUHIPUHSY THHOPMAYIUHUX MEeXHOA02IH, KUl HeOOXIOHUU y
BUNAOKY iX egomoyilino2o po3eumky. Mamemamuynutl anapam nopooHCy8alb-
HUX 2pamamux 00380JI51€ ORUCAMU NPOYeC NePesedeH sl NPOSPAMHOL CUCEMU,
KA HANUCAHA OOHIEI0 MOBOI0 NPOSPAMYSAHHS, HA IHULY GUSHAYEHY MOBY.
Cmeopena napaduema 00360715€ npayiogamu 3 bazamopisHesumu ingopmayi-
HUMU MEXHONIO2IAMU, CKIAO06I YACMUHU SKUX HARUCAHO PIZHUMU MOBAMU NP O-
2PAMYBAHHSL.

Kniwouoei cnosa: npocpamua cucmema, cenepamuena niHegicmuxa,
MOBA NPOSPAMYBAHHS, SPAMAMUKA, NPOOYKYISA, aKcioma, anghasim, 1aHYI0ICOK,
CUMBOIL.

B cmamve paccmampusaemcs coszoanue cucmemvl NOHAMULL, Gopmu-
DPYIOWUX Napaouemy peuHddCUHUPUHed UHGOPMAYUOHHBIX MEXHON02ULl, KOMO-
pblil HeOOX00UM 6 cydae ux 380NIYUOHHO20 pazeumus. Mamemamuyeckuil
annapam nopoxtcOaWux epamMmMamux no3goaenm OnuUcbl8ams npoyecc nepe-
600a NPOSPAMMHOU CUCMEMbl, HANUCAHHOU OOHUM A3LIKOM NPOSPAMMUPOSa-
HUs, Ha Opy2oll onpedenénnvili A3vik. Co30annasn napaouema no3eonnem paoo-
mamv ¢ MHO20YPOBHEBLIMU UHDOPMAYUOHHLIMU MEXHOIOUAMU, COCMABHbLE
yacmu KOmopbix HANUCAHbL PA3TUYHBIMU A36IKAMU NPOZPAMMUPOBAHUSL.

Knrwouesvie cnosa: npocpammmuas cucmema, 2eHepamuGHAs JIUHSEU-
CMUKa, A3bIK NPOCPAMMUPOSAHUSA, 2PAMMAMUKA, NPOOYKYUs, akcuoma, anga-
8Um, YenouKda, CUMBOIL.

The article describes the creation of a system's concepts that form the
paradigm of reengineering information technologies. Linguistic support of
information technology considers the construction of a software system using
one or more mutually agreed programming languages. Each programming
language is based on the rules of a particular grammar.

© Beaukoanuii C.C., Tumodeena O.C., 2017
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The mathematical apparatus of generative grammars allows us to
describe the process of translating a program system written in one program-
ming language into another specific language.

The created paradigm allows you to work with multi-level information
technologies, the parts of which are written in different programming lan-
guages. The paradigm formed in the article, from the scientific point of view, is
laid in the basis of the methodology of information technology reengineering,
and from the practical point of view it will be necessary for system program-
mers working with multilanguage superstructures of software systems that
evolve over time and are improved in the process of exploitation.

Keywords: program system, generative linguistics, programming lan-
guage, grammar, production, axiom, alphabet, chain, symbol.

Beryn. OcHOBOIO OyIb-SIKOTO CycIHiibCTBa € iHpopMaris. bes oominy
Ta aHali3y iHpOpMaIli€l0 HEMOXKITHBHIA HE TUTHKHA PO3BUTOK JKUBOTO OpraHi3My,
ane ¥ #oro icHyBanHs. IcHye Oarato 3aco0iB nepenaui iHpopmMarii Mix icToTa-
MH, 371€0LTBIIOTO 3a JJOITOMOT'O0 OpraHiB BiquyTTiB. Ll{omo moauamn, T0 0qHUM
i3 OCHOBHHX 3ac00iB mepenadi iHpopmallii € MOBa, IPUIOMY HE TiJBKH 11 3BY-
KOBa KOMIIOHEHTa (ajuke iHdopMaris Moxe OyTH mepenaHa MHUChMOBOKO MO-
BOIO, MOBOIO JKeCTiB, mpudrom Bpatiss Tomro).

CydJacHO0 OCHOBOIO TIPHUCKOpPEHHS OOMiHY iH(OpMAIli€l0 MiX JFOI-
CTBOM € iH(OpMaIliifHi TEXHOJIOTI, TeXHIUHE 3a0€3MEUCHHS SIKUX CKIIATa€ThCs
i3 0araTbOoX pI3HOMAHITHUX MPHUCTPOIB, MO, MO CYTi, € MomudiKalisMu
koM ’roTepa. Lli mpuctpoi Takoxk OOMIHIOIOTHCA iH(OPMAIEI Yy BUTIIAIL
JMaHuX (He TITBKU MK cO0OF0, alie i 3 JII0JUHOI — KOpUCTyBaueM abo omepa-
TOpPOM), IPUIOMY, B 3aJISKHOCTI BiJl PiBHIB IPE/ICTaBICHHS JaHUX, IHPOpMaIlis
MOJKE€ ITO/IaBaTUCS y BUTJISL: JBIMKOBHM, BiCIMKOBUH, AECATKOBUH, IIiCTHAJI-
IITKOBHH KOJW; MAIIMHHUI KOJ; HU3bKO- Ta BUCOKOPIBHEBI MOBH IpOTrpamy-
BaHHSI TOLIO.

AHaJIi3 OCHOBHMX HAyKOBHX [0CATHeHb i Jiteparypu. HayxoBy
OCHOBY Oy/b-1k0i MOBH (B TOMY YHMCIi I MOBH NPOTrpaMyBaHHS) CTaHOBHTH
ninegicmuka, 1O BUBYAE 3aKOHHW, Mojeni Ta mpaBuwia MoBu. Oco0nmBoio
rajgy33i0 JIHIBICTUKH, Ky BapTO 3aCTOCOBYBaTH JIO0 OYJOBH MOB Iporpa-
MYBaHHS € eeHepamueHna ainesicmuka [1], 3acHOBHUKOM sikoi OyB ABpam Ho-
am Yomceki (Avram Noam Chomsky, y paasHCBKi 4acu 3ycTpivyaiacs iHTep-
npetaitist «A.H. XoMCbKHii»), 1110 CTBOPUB PEBOJIIOLII0 Y MOBO3HABCTBI [2; 3].

3a crocoOOM 3aBHaHHS BIPHUX JAHYIOMNCKIB, (POpMANbHI epamamuKu
PO3AUIAIOTH Ha MOPOKYBANbHI Ta po3mizHaBalbHi. [0 mopomKyBaabHUX Bij-
HOCSTBCSI Ti TPaMaTHKH, 32 JOMOMOTOI0 SKHX MOXXHa MOOYAyBaTH OyJIb-sKUH
BIpHHMH JIAaHIFO)KOK 3 BKA3iBKOIO MOTO CTPYKTYpU Ta HEMOXXHa MOOyAyBatu
’KOJIHOTO HEBIPHOTO JIAHIIIOXKKA.

Brepuie, noHATTS MOpoAXKyBanbHOI (TeHepaTHBHOI) rpaMaTHKH OyIo
sampornonoBano A.H. Yomceki [4]. PosmisHaBaapHa rpamMaThka — Iie Tpama-
THKA, 1110 103BOJIsIE BCTAHOBUTHU BIPHICTH AOBLIBHO OOPAaHOTrO JIAHIIOXKKA, Ta, Y
pasi sSIKIIo BiH BipHUA, 3°sicyBaTH HOro OyI0BYy.
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Jlinegicmuune 3abe3neuenns 1HPOPMAIIMHUX TEXHOJOTIH pO3TIIAIac
moOyJI0BY MPOTPaMHOi CUCTEMH 3a JOMOMOTOI0 OJHi€l abo JeKinbKkoX (y3roa-
KEHUX MK c00010) MOB MPOrpaMyBaHHS, KOXKHA 3 SIKMX 3aCHOBaHA HA MpAGU-
Jlax KOHKPETHOI rpamMaTkH [5].

Ho ¢popmanvuux moé BITHOCATHCS, 30KpeMa, IITYYIHI MOBHU AJIS CIILJIKY-
BaHHs oreparopa 3 KOMIT I0TepoM (MOBH mporpaMyBanus) [6].

Merta pocaigxennsi. CTBOpUTH CHCTEMY MOHSTH, MmO (popmye mapa-
TUTMY PEeIHKUHIPUHTY iH(OPMAIiTHIX TEXHOJOTIH, fKa JO3BOJIUTH MPAIOBa-
TH 3 0araTopiBHEBHMMHU TNPOTPAMHHMH CHCTEMaMH, CKJIaJOBI YaCTHHH SKUX
HANMCAHO PI3HUMH MOBAaMH MPOTPaMyBaHHS.

IlocTranoBka 3amaui. /s 3aBmaHHs omucy ¢GopMalbHOI MOBH HE00-
X1JIHO, TIO-TIepIlie, BKa3aTH ai¢hagim, TOOTO CYKYIHICTh 00’ €KTIiB, [0  HA3HU-
BalOThCsI cuMBoJiaMH (abo JiTepamMu), KOXKEH i SKHX MOXKHA BiTBOPIOBATH Y
HeoOMeKeHIH KiITBKOCTI MPUMIPHHKIB, Ta, MO-ApyTe, 3aBAaTu GopMaIbHy Tpa-
MaTUKy MOBH, TOOTO TIepepaxyBaTH IpaBuiIa, 3a IKIMHU 3 CHMBOJIIB BHO yIOBY-
FOTHCA TX ITOCTIZOBHOCTI, 110 HAJEKATh A0 BU3HAYEHOI MOBH.

Bynp-sika MoBa mporpamyBaHHs SBJIS€ cOOOO O€3JIid JIaHIIOXKKIB Y
NesiKoMy KiHIeBOMY ajdaBiTi. Y JIHIBICTHLI 3aMiCTh TEpMiHYy «andairy
BUKOPHUCTOBYETHCSI TEPMiH «CIIOBHUK» TOMY, IO €IEMEHTH, 3 SKUX BiH CKJa-
JICHWIA, SIBISIOTH C000t0 ciioBodopmu [7]. YV Toii ke Jac, JaHIFKOK HaJl CIIOB-
HHUKOM PO3TIBIIA€THCS SIK CIIOBOCIIONYYSHHS a00 peUeHHS.

3ayBakMMO, 10 KOXXEH CHUMBOJ aj(aBiTy pO3IIANAEThCA SK HEPO3-
JUIBHUHA y TOMY CEHCI, 10 MpH MoOy 0Bi JIAHIIOKKIB HIKOJIH HE BUKOPUCTO-
BYIOThCS Horo rpadiuHi eJIeMeHTH (JaCTHHH CUMBOJIB) Ta Oy/Ib-Ka TOCHiTI0B-
HICTh CHMBOJIIB OJTHO3HAYHO SIBIISIE ICSKUH JIAHITIOXKOK.

[IpakTH4HO 11 BUMOTa JOCSTAETHCS, HANPUKIIAJ, HUISIXOM BCTAHOB-
JIEHHSI «1poOiny» (MIPOMIKKY CTaHAApPTHOI JOBXHHHM) MiDX cuUMBojamu. Llei
«TpOOLT» TEePEBUIIYE TOBXKUHY OYIb-SKOTO 3 MPOMIXKKIB, IO 3YCTPIYAETHCS
BCEPEIMHI CHMBOJIIB an(asity.

IIpaBuna dbopManbHOI rpaMaTHKH HEOOXITHO PO3TIINATH K «NPOOYK-
yii» (mpaBWIIa BUXOJy) — €JEMEHTapHi omeparlii, ki y pasi 3acTOCYBaHHS Y
BHU3HAYCHIH MOCIIJOBHOCTI IO BUXIJIHOTO JIAHIFOXKKA (aKxciomit), TIOPOIKYIOTh
JIUIIIE BipHIi JaHIFOKKH. CaMa 5K MOCIIIOBHICTh TPaBUJI, 1110 BUKOPUCTOBYETHCS
y TpoLieci HOPOAKEHHS JEeSIKOro JIaHIIOKKa, € ii BUKIagoM. BuzHaueHa Takum
YMHOM MOBa — sBISiE co0010 (opMalbHY cHcTeMy. BigoMuMu MpHKIazamu
(hopMaNbHUX CHUCTEM CJIyXKaTh JIOTIYHI OOYMCIICHHS (BUCIIOBIIIOBAHHSI, MPEIH-
KaTH), 110 BITHOCSATHLCS JI0 PO3JLIIB MATEMaTUYHOI JIOTIKH.

Marepianu Ta pe3yabraTH I0caigKeHb. [lopomKyBanbHOWO rpama-
THKOIO 200, KOPOTKO, IPaMaTHKOO 3BETHCS BIIOPSAKOBaHMI HA0Ip

G=(AVY,¢7), (1)

ne A= {ai, Ay, .y am} — OCHOBHMIT mepminanvruti anda,iT;

Y — kiHneBHid TOMOMDKHUN (no3amepminanibHuil) andaiT, CAMBOJIH SKOTO
MO3HAYYIOTHCS PIAKOBUMU IPELBKUMH JITEPaMHu;
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& (8 € ‘P) — TIOYaTKOBHH (TI03aTepMiHAIHHHIA) CHMBOT,
7, — KiHLIEBa cucmema nioCmaHo60K

z={u,>vi=12...k}, )

e U; — JIaHII0XKOK;

Vv, € 5(V), e 5(V) — ginbHa nanieepyna Han 00’ eqHanuM andasitom O
0=(AUY). 3)

IHakIe KaXy4u, CHMBOJHM OCHOBHOTO an(aBiTy A € eIeMEeHTapHHUMHU
OJUHHIIIMA MOBH, II0 BM3HA4Ya€ThCs;, cuMmBonu andasity Y — memasminui,
10 BUKOPUCTOBYIOTHCSI TIPH BUKJIAJ BIPHUX JIAHIIOXKKIB (Y IPUPOIHUX MOBaX
TaKMMH MeTa 3MIHHHMHU € TPaMaTU4HI KJIacH: IMEHHHK, JI€CIIOBO TOILIO); & —
MeTa3MiHHA aKcioMa 3 SKOi BHOYJOBYIOTHCS yCi BipHI JIaHIIOKKH (Y TIPHUPO JI-
HUX MOBax akCiOMi BIIMOBiNA€ rpaMaTHYHHN KJAC «peueHHs»), Z — cxema
epamamuxu, 1Mo CKJIATAEThCA 3 NPOAYKIIN (MpaBWiia BUKIALy — IpaMaTHUHI
MIpaBHJia MOBH, 1110 BU3HAYAETHCH).

Hanpukinan, nopo/yKyBaIbHOK MPaMaTHKOK € rpaMaTHKa

G, = <{a, b,chia, B, 2} & Zy), 4)

OpUIOMY Z, Ma€ CUCTEMY HPaBHII

& — abc,
&—>b,

Z,= (%)
> aa,

abc —>c.

Busnauenns moBu L(G), mo 3aBaana nopoukyBaibHOK ITPaMaTHKOKO
G, noB’s13aHe 3 TOHATTAM BUKIAON.
Hexait X, Y — naHIIOXKKH, 0 HaJIEKaTh JIO BUIBHOI HATIIBTPYITH 5(V).

Jlanmoxok Y GesrnocepeqHb0 BUBOUTHCS 3 MaHmiokka X y rpamaruii G

X :G> y a6o X =V (xomu G MaeTbcs Ha yBasi), (6)
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SKINO y cXeMi 7. ToJJaHOT rpaMaTuKU 3HAWIEThCS MPOAYKIliss U —> V Taka, 1110

X = X,UX,,
Y = XVX,,

()

ne X, X, € 5(V). To0TO NaHIIIOKOK Y OTPUMYEMO SIK PE3YJIbTaT 3aCTOCYBaH-
Hs JIO JIAHIFOXKKA X TMPOAYKIIT U —>V € Z, 1110 3HAYUTh 3aMiHY Y JIAHITFOXKKY

THHOIO V.
Hanpuknaz, y rpamaruni G,

bec=baac, abcha=cha, ... (8)

*

JIaHIFO)KOK Y BHBOJAMTBCS 3 JIAHIFOXKKA X y rpamaruni G, X=>Y a6o
G

*

X=Y, cxoxe 3 (6), AKIIO JaHIIOKKH X, Y CHIBNaJar0Th a00 iCHY€E MOCIiI0B-

HICTb JIAHILIOKKIB Zg, Z;, ..., Z, TakKa, 110
Z,=X 2,=y A Vi(l<i<k) z,=1z. 9)
[ocuinoeuicts nanmoxkis Q =(z,, Z;, ..., Z,) Mae Ha3By «BUKIALy»

JMaHIiokKa Y 3 nmaHmiokka X y rpamaruii G . Hanpukman, y rpamarwii

Go & = acCC, nmpuaomy IMOC/IITOBHICTh € BHKJIAJOM JIAHIIO)KKa aACC 3 JIaH-

LIOKKA &

(¢ = abc; abc = as ¢ |b — &; as ¢ = aabcc ¢ — ab;

aabcc = acclabc —¢). (10)

Cnig goxatd, 10 Ha KOXKHOMY KpPOIll BHKJIajga, MOXHa o0paTtu OyIb-
SIKY 3 IPOAYKIIiH, 1110 MOXKe OYTH 3aCTOCOBaHA y MOTOYHUN MOMEHT.

A e o3Hayae, M0 MOCHIJOBHICTD 3aCTOCYBaHHS NPOLYKLiKd y rpaMa-
THUIII AOBIJIbHA Ta OYAb-IKY MPOAYKIIIIO TO3BOJICHO 3aCTOCOBYBATH MICJIs 1HIIION,
aJie y MeXKax CHCTEMH TPaBHII.

TakuM YUHOM, MOHSTTS MOPOPKYBAIBLHOI TpaMaTHKH JOKOPIHHO Bill-
PI3HSAETHCS BiJ TMOHATTSA «HOPMAJBHUN aJIFOPUTM», y SKOMY ITiJICTAHOBKH
HOCSITh BU3HAUCHUH XapaKTep Ta CYBOPO BUKOHYIOTHCS Y 3aBUACHO 3a3HauCHIN
IOCJITOBHOCTI.
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*

Buknag X=>Y 3BeTbCS MOBHUM, SKIIO Y € 5(A), TOOTO JIAHI[IOYKOK
G

Y CKIafaeThcs 3 TEPMIHAIBHUX CHMBOIIB. Byab-akuil IOBHMIA BUKIIA]] 3aKiH-

YyeThCS 3aCTOCYBaHHSAM MPOIYKIIiH, SKIIO TXHI MpaBi YaCTUHH SBISIOTH COO0I0
TepMiHATBHI JAaHIIOKKA. BKazaHl TpoAyKiii Ha3BeMO «KIiHYeguMU NPOOYK-
yiamuw TOIAHOT TPAMaTHKH.

Sxmo X:G> Yy Tayé¢g 5(A), npuuoMy y cucteMi Z He iCHye IpaBui,

110 3aCTOCOBYIOTBCS A0 JIAHLIOXKKA Y, TO BUKJIAJ JAHLIOKKA Y 3 JAHLIIOKKA
X y rpamatuii G HasuBaeTbest mynikosum. Hanpukian: BUKIIaI, HABEICHUN y
(10) € moBuuM BukiagoM y rpamatuni G, aCC — KiHIeBa IPOMYKLis rpama-

THUKU G0 . A, HaTIpUKIaa, BUKIAT

(aabcabc = as abc [abc — &;asabc = asc [abc — c;

asc=aaac|e —> aa> (11)

€ TYMKOBHM BHKJIQJIOM JIAaHIFOXKa oo C 3 manmokka aabcabc y rpama-
hui G-

Hami  posrisHeMO K caMeé  HOpOUKYBaldbHAa  IpaMaTHKa
G =(A, ¥, ¢, Z) BU3HAYAE MOBY, 1110 BianoBigae 1. JIaHIIOXKOK X 5( A) Oyne

BipHUM, SIKIIO iCHY€ NMpPWHANMHI OIWH MOBHWI BUKJIAJ JAHIIOKKA 3 aKCiOMH
& Brpamaruii G . [HakIile KaXy4H, JaHIIOKOK X BipHHH, AKIIO:

1) x eé‘(A) — naHmKOK X CKIAaga€TbCs 3 TePMiHAIBHUX

CHUMBOJTIB;
*
2) g£—> X — icHye BUKIaJ JaHIIOKKa X 3 akciomu & .
G
besumiu ycix BipHUX JIAaHITIOKKIB Y TpaMaTuili G CTBOPIOE MOBY L(G),

L0 TOPOJUKYEThCS rpaMaTHkolo G. Hampukian, rpamatinka G, MOpOKye

MOBY
L(Go)z{x”yx“ Uy™xy™n,m=0,1, 2} (12)

OTxe, KOXKHIN rpaMaTii G = < AV, g, Z> OJHO3HAYHO BIIIIOBIJA€

MOBa L(G), 0 MOPOJKEeHA i€ rpaMaThkoro. [IpoTe, st BiAMOBI IHICTH HE

i3oMop(¢Ha: Ta )X caMa MOBa MOXE IMOPOKYBATUCH PI3HOMaHITHUMH TpaMaTu-
kamu. Lle 103BoIIsIE BHECTH BiTHOIICHHS €KBIBAJICHTHOCTI Ha O€37114 rpaMaTHK.
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I'pamatuku G ta G’ — exBiBaneHTHI (G — G'), SIKIIIO
L(G) = L(G’), Tobto rpamatuku G Ta G’ noposukyoTs oaHy MoBy. Hanpuk-

Jlag, rpamMaTuKa

Gl = <{a, b, C}, {8}, &, Zl>’ (13)
cxema SKo1 Ma€ Halip mpaBHI
& — abc, (14)
Zl =4& > b,
& —>C,

MOPOJKYE MOBY L(Gl)’ sKa CIIIBIIAJAc 13 MOBOIO L(GO) Ta, BIAMOBIAHO, O3HA-

qae, Wo G, < G-

BUCHOBKM. IlincymoByroun BUKJIaJeHHH MaTepiall, 3a3HauuMo,
10, MTOPOJKYBaJIbHI TPAMAaTHKH MOXKYTh 3HAXOJUTHU ITUPOKE 3aCTOCOBYIOTHCS
II0JI0 PO3TIISAY JIHIBICTUYHOTO 3a0€3MEeYESHHS POTPaMHUX CUCTEM.

Oco6a1BOi BaXKJIMBOCTI IHCTPYMEHT NOPOAKYBaJIbHUX I'PaMaTHUK HaOu -
pae y pasi BUKOHaHHsS HEOOXiJHOTO PEiHKHHIPUHTY MPOTPAMHOTO KOy, SIKHHA
HAIMCAHO PiI3HMMHU MOBaMH IPOTpaMyBaHHS.

CoopmoBaHa y CTaTTi mapaaurma, 3 HAyKOBOi TOYKH 30Dy, JSDKE B
OCHOBY METOJIOJIOTIT PEIHKUHIPUHTY MPOTPAMHUX CHCTEM, & 3 TPAKTHYHOI —
CTaHe Yy MPHUroJli CHCTEMHHUM IIPOTpaMicTaM, SIKi PAIOTh i3 MyJIbTUMOBHUMH
Han0yI0BaMH POTPAMHUX CUCTEM, 110 HAOYBAIOTh €BOJIOLIIHOTO PO3BUTKY i3
TUIMHOM 4acy Ta BAOCKOHAJICHHS B POIECi BAKOPUCTAHHSI.

JITEPATYPA

1. Tenepamuenas nunceucmuxa [Enexmponnuii pecypc] / B.II. Pyo-
neg Il Cnosapv kynemyper XX eexa. — Pescum oocmyny: http://
www.gumer.info/bibliotek_Buks/Culture/Rudnev/Dict/_04.php

2. Logical Syntax and Semantics: Their Linguistic Relevance [Erexm-
ponnuti pecypc] / Noam Chomsky // Language. — Vol. 31. — M 1. —
P. 36-45. — Pexcum docmyny 0o ducypu.: hitps://chomsky.info/ Wp-
content/uploads/195503-.pdf

3. Three Models for the Description of Language [Erexmponnuii pe-
cypc] / Noam Chomsky // IRE Transactions on Information Theory.
— Sep., 1956. — Pearcum docmyny do xcypn.: https:// chomsky. in-
fo/wp-content/uploads/195609-.pdf

4. What is Generative Grammar? [Erexmponnuii pecypc] Il wise-
GEEK. — Peowcum oocmyny: http://www.wisegeek.com/what-is-
generative-grammar.htm.

134


http://www.wisegeek.com/
http://www.wisegeek.com/

PO3BUTOK TPAHCIIOPTY
Ne1 (1),2017

5. Eepucmuunuii ananiz epamamuxu [Enexkmponnuii pecypc] | Cepeitl
Topenos // Eepucmuunuii ananiz 6yov-axoi moeu. — Pexxcum doc-
myny:. http://www.grammcheck.org

6. [ywxoe B.M. Aneebpa. AHzviku. Ilpoepammuposanue [Texcm] /
B.M. I'ywxos, T'E. Leimaun, E.JI. Owenxo. — K.: Hayk. dymxka,
1974. - 328 c.

7. Deoopenxo O.D. Ocnosu ninegicmuunux 0ocnioxcenv = Funda-
mentals of Linguistic Research [Texcm]: I[Tiopyun. ons eysie /
0.®. ®eoopenxo, C.M. Cyxopoavcovka, O.B. Pyoa. — JI.: Ilenmp
Jveis. nay. yu-my im. 1. @panka, 2009. — 296 c.

Cmamms naoditiwna 0o peoaxyii 26.09.2017

135



PO3BUTOK TPAHCIIOPTY
Ne1 (1),2017

VK 685.34.01 https://doi.org/10.33082/td.2017.1-1.15

VJIOCKOHAJEHUW METO/I IHTEPAKTUBHOI'O
MNPOEKTYBAHHSA TA KOPUI'YBAHHSA PAINIOHAJIBHUX CXEM
PO3KPOIO IIVIOCKUX TEOMETPUYHUX OB'€EKTIB

YCOBEPHIEHCTBOBAHHBIIA METO/] WHTEPAKTHBHOI'O
INPOEKTUPOBAHUS U KOPPEKTUPOBKHU PAIITMOHAJIBHOU
CXEMBI PACKPOS IIVIOCKUX TEOMETPHYECKHUX OBBEKTOB

IMPROVED METHOD OF INTERACTIVE DESIGN
AND ADJUSTMENTS OF THE RATIONAL SCHEME
OF PATTERING FLAT GEOMETRIC OBJECTS

B.I. YYIIPUHKA, nokTop TexH.HayK,
I''JO.3EJIIHCBKUU, H.B. YYIIPUHKA
Kuiscokuii Hayionanvuil yHigepcumem mexnonoeili ma ouzauny, Yxpaina

B pobomi poszensdoaemvca yoockonaneHuii memoo IHMepaKmueHo2o
NPOEKMYBAHHA | KOPULYBAHHA DAYIOHALHUX CXEeM PO3KPOIO Mamepianié nps-
MOKYmMHOI hopmu 3a0aHux po3mipie Ha NAOCKI eeoMempuiHi 00'ekmu 3 pi3HOI0
KOHGhieypayicto 306HIUHbO20 KOHMYDY.

Leti memoO npoexmyeanHs payioHATbHUX cXeM PO3Kpoio OV8 peanizo-
6AHULL 8 NPOSPAMHULL RPOOYKMN 015l ITHMEPAKMUBHO20 NPOEKMYBAHHS | KOPUS)-
BAHHS PAYIOHATLHUX CXeM PO3KPOIO MAmepianie npamMoKymuoi hopmu 3a0anux
PO3MIpi6 Ha NIOCKI 2eomempuyti 06'ekmu 3 pi3HON KOHQIeypayiero 306HiuL-
Hb020 KOHMYPY.

Knrouosi cnosa: winohe po3miwenns, cxema posKpoio, Memoo npo-
MeHsl, Memoo GIOpI3Kis, npocpamHe 3a0e3neyeHHs.

B pabome paccmampusaemces ycosepuieHcmgaoganHvlii Memoo uHmep-
AKMUBHO20 NPOEKMUPOBAHUS U KOPPEKMUPOBAHUA PAYUOHALLHBIX CXeM pdc-
KpOsi MAMEPUAnos NpsImMoy2oabHOU (POPMbl 3A0AHHBIX PAZMEPO8 HA NIOCKUE
2eomempuieckue 00beKmbl pa3iuyHOU KOHDUSYpayuU GHeUHe20 KOHMYypd.

Omom memoo npoexmuposanus payuoHaIbHbIX CXeM packpos Obll pe-
ANU308aH 8 NPOSPAMMHDBIL NPOOYKM OJisl UHMEPAKMUBHO20 NPOEKMUPOEAHUS U
KOPPEeKMUPOBAHUsL PAYUOHATLHBIX CXeM PACKPOS. MAMEPUANO8 NPSAMOY2OLbHOU
Gdopmbl 3a0aHHBIX PA3MEPO8 HA NIOCKUE 2eOMempuyecKue 00beKmvl pa3iud-
HOU KOHpUSypayuu eHeuwne20 Konmypa.

Knrouesvle cnosa:. niommuoe pasmeujeHue, cxema packpos, Memoo
JIyYa, Memoo Ompe3Kos, npocpammHoe obecneyeHue.

An analysis of the existing methods of interactive design and correction
of rational schemes for cutting flat geometric objects has been carried out.

© Yynpunka B.L., 3eainceknii I'.10., Uynpuuka H.B., 2017
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This allowed to highlight the disadvantages of these methods and
develop an improved method of interactive design and correction of rational
schemes for the decomposition of flat geometric objects with different configu-
rations of the external contour in a rectangular area of the given size. In this
method, it is possible to distinguish three main stages: the preliminary check of
the intersection of rectangles, which are described around an active flat geo-
metric object and a flat geometric object that has already been placed; If these
rectangles intersect, check the intersection of these flat geometric objects by
the ray tracing method; If these flat geometric objects do not intersect by the
ray tracing method, then an additional check of their intersection by the ray
method.

The proposed method for designing dense layout schemes was imple-
mented in a software product for interactive design and correction of rational
schemes for the decomposition of dense combinations of flat geometric objects
with different configurations of external contours in a rectangular area of a
given size.

Keywords: dense placement, cutting scheme, beam method, segment
method, software.

Beryn. PamioHanbHi BUTpaTH MaTepialbHHUX 1 €HEPreTUYHUX PECyp-
CiB, a TAaKOXX 3aXHMCT HaBKOJMIIHBOTO CEPEOBHIIA Bil 3a0pyIHEHHS MOBHHHI
OyTH NIPIOPUTETHIMH HANpPSIMKaMHU B PO3BHTKY €KOHOMIKH Oy/Ib-IKOT KpaiHu.

Tak mpu po3kpoi marepiaiiB HEOOXiTHO 3MEHINYBAaTH KiJIbKiCTb Bif-
XOJiB.

ABTOMAaTH30BaHE IPOCKTYBaHHA paliOHAJIbHUX PO3KPIHHUX CXEeM
MaTepialliB J03BOJIUTh e(DEKTUBHO BUKOPHCTOBYBATH MaTepialiil MPH PO3KpOT,
3MEHIIUTH KiJIBKICTh BIXOJIB, 10 3a0pYJHIOIOTh HABKOJHITHE CEPEAOBHUIIIE,
3HHM3HUTHU COOIBapTiCTh BUPOOIB.

Tomy 3aBiaHHs IHTEpaKTHBHOI OOYZIOBH Ta KOPUTYBAHHS pallioHaIh-
HHAX CXEM IMUILHOTO PO3MIIIEHHS IUIOCKHX TeOMETPHIHUX O0'€KTIB 3 Pi3HOIO
KOH(DIrypaIieo 30BHIMIHIX KOHTYPIB IS MPSAMOKYTHOI oOiacTi (2 3amaHmx
PO3MIpIB € aKTyaTbHUM 3aBJaHHSIM.

IToOymyBaT eeKTHBHI perrTyacTi (CHCTEMHi) CXeMH POo3Kporo [1] B
ABTOMATUYHOMY PEKUMI HE 3aBXKIH BJAECTHCSL.

ToMmy mpH po3Kpoi MaTepiaiB MPSIMOKYTHOI JOPMHU 3aJJaHUX PO3MIpiB
Ha IUJIOCKI TeOMETPUYHI 00'€KTH 4aCcTO AJOBOJUTHCS 3aCTOCOBYBATH HECHCTEMHE
po3MinieHHs aetaneit. KpiMm Toro 6akaHo MaTH MOXITUBICTh KOPUTYBATH 1O0Y -
JIOBaHI PO3KPIiHI CXEMHU B IHTEPAKTUBHOMY PEKHMI.

IlocraHoBka 3aBaaHHs. Po3poOutn MaremaTHdHe 1 NporpaMmHe
3a0e3MeyeH sl Ul IHTepakTHBHOI MOOYIOBH 1 KOPUTYBaHHS palliOHAIBHUX
CXeM IIIJTHFHOTO PO3MIIIEHHS B IPIMOKYTHOT 00yacTi 2 3a1aHuX PO3MIpIB IS
mIoCKUX TeoMeTpuunux o0'ektiB Si (i=1.2..K) 3 pisHoro KoH(irypariero
30BHINIHIX KOHTYPIB.
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IIpu iHTepakTHBHINT MOOYMOBI Ta KOPWUTYBaHHI PAliOHAIBHUX CXEM
PO3MIIIIEHHS HEOOXITHIM € BUKOHAHHS HACTYITHUX TEXHOJIOTTYHUX BUMOT':

e wiocki reomerpuuHi o0'ektu S (i=1.2..K) He moBUHHI mepeTHHATH
TPaHUITIO IPSIMOKYTHOI 06JacTi €, B sIKiii BOHU pO3MIIIYIOThCS;

e 1iocki reomeTpuuHi 00'ektr i (i=1.2..K) He MOBHHHI TTIepeTHHATHCS
OJVH 3 IHIIMM 1 M)k HUIMH B CX€Mi pO3MIIIIEHHsI IOBUHHI OYTH TEXHOJOTi4YHi
3a30pH MOCTIHOT BETMINHH A;

® MpH PO3MIMIEHHI HEOOXiTHO MOTPUMATH OPIEHTAIiI0 IMJIOCKHX Te0-
merpudyHux 00'ekTiB Si (i=1.2.K) momo iX MOYaTKOBOrO MOJOKEHHS (KYT
MOBOPOTY i i T + ai).

Jns nporo HeoOXigTHO MPOBECTH aHAli3 iCHYIOUMX METOIB 1HTEpak-
THUBHOTO TIPOCKTYBAHHS Ta KOPHUTYBAHHS DAIliOHAJIBHUX CXEM MIIJIBHOTO PO3-
MIIICHHS IJIOCKUX TEOMETPUYHUX 00’ E€KTIB B MPSMOKYTHIM 00JacTi Ta po3po-
OUTH YJIOCKOHAJICHUI METO]l IHTEePaKTHBHOTO NMPOCKTYBAaHHS Ta KOPUTYBaHHS
paIlioOHaTbHUX CXEM IIUTHPHOTO PO3MIIICHHS IIOCKHX T€OMETPUIHHUX 00’ €KTIB,
10 HE Ma€ HEeNIOJIKIB iICHYIOUHX METO/IIB.

PE3YJIBbBTATU JOCJIIIAXKEHD. [lnocki reometpuuHi 00’€KTH B
OLITBIIIOCTI BHMAAKIB MalOTh CKIAJHY KOH(]Irypariito 30BHIIIHIX KOHTYPIB 1 ix
HE MOXIIMBO ONHCATH aHATTH4HO. /Iy 1X mpeacTaBiIeHHsS 3aCTOCYEMO KycC-
KOBO-JIIHIMHY alpOKCUMALIIifO0.

[pu 1iit anpoxcuManii MIOCKi TeOMETPUYHI 00’ €KTH i3 3aJ]aHOI0 TOY-
HICTIO ampoKcuMauii ¢ MU OyJeMo NpelICTaBiIsTH MHOTOKyTHHKamH. Burbe-
pPEMO BCepearHi MIOCKOTO TeOMETPUYHOro 00’ekta S Touky O (MOdroc), B SIKY
MOMICTHMO MTOYATOK MPSMOKYTHOI CUCTEMH KOOPIUHAT.

Tomi 30BHINIHIM KOHTYp HIBOTO 00’€KTYy MOXe OyTH TpeICcTaBICHUMA
KOOPJMHATAMH BEPIINH alpoKCcHMykodoro MHorokytHuka S{X.,Y; }, i=1..n.

Tak sK TUTOCKI TeOMETpHUYHI 00’€KTH MU OyJeMO alpOKCHMYBAaTH 0araTtoKyT-
HUKaMH, TO AaJli MU Oy/IeMO pO3TISAaTH TUIOCKI TeOMETPUYHI 00’ €KTH SIK Oara-
TOKYTHHKH.

[Ipu inTepakTHBHIA MOOYMOBI paliOHALHUX CXEM PO3MIIEHHS Ham
NOTPiOHO KOHTPOJIIOBATH B3a€EMHE ITOJIOKEHHSI AKTUBHOTO IUIOCKOI'O T€OMET-
PUYHOTO 00'€KTa 3 YK€ PO3MILIEHIMH 00'€KTaMH.

ANTOPUTM KOHTPOITIO B3aEMHOTO TOJIOKEHHS IIOCKUX T€OMETPHYHUX
00'eKTiB TOBHHEH 3a0e3ledyBaTd: HE MEPeTHH IUIOCKOTO T'€OMETPHYHOTO
00'€KTa, IO PO3MIIILYETHCS, 3 YK€ PO3MIIIEHUMH MJIOCKUMH T€OMETPUYHUMHU
o0'ektamu. Y pobotax [2-3] po3risiaeThCs anrOpUTM IHTEPAKTHBHOI MOOY-
JIOBH CXEM PO3MIIIEHHS 3 BUKOPHCTAHHSIM METONY TpPacyBaHHS NPOMEHIO Ta
MeTtony KyTiB. Lli anropurMu MaroTh iCTOTHHH HENOJNIK NpY BH3HAYECHHI B3a-
€MHOT'O PO3MIIICHHS IIOCKUX TEOMETPUIHHX 00'EKTIB.

BoHu ocHOBaHI Ha HACTYITHOMY TBEpKEHHI [5]: aBa OaraToKyTHHKa
HE MePETUHAIOTHCS, SIKIIO JKOJIHA BEPIINHA MEPIIOro 0araToKyTHUKA HE 3HAX O-
TUTHCSI BCEPEIIHI IPYToro 0araTOKyTHUKA 1 )KOJHA BEpIIMHA JPYToro OaraTo-
KyTHHKA HE 3HAXOANUTHCS BCEPEIHHI NepIIoro 0araToKyTHHKA.
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Ile TBepmKEHHS CIPaBEAJIMBO B OUIBIIIOCTI BUITAIKIB, aje € BUHATKH
(puc.1 a).

A_l 3

52

As

J
By 0

Puc. 1. Jlesxi sunadxu, koau memoou mpacyeanHs npoMeHIo ma 6iopisKis:
@) MemooO mpacy8anHs NPOMEHI0 He NPAYIoE,
6) memoo 8i0pi3Kie He npaye

B poGoti [4] 3ampomnoHOBaHO /i BU3HAYECHHS B3a€EMHOTO HE TIepe-
TUHY [BOHMX IIJIOCKUX TEOMETPUYHUX OO0'€KTIB BHUKOPHUCTOBYBATH METOJ
BiJpi3kiB. BiH 0a3zyeThcsi HA HACTYTHOMY MPHITYIEHHI: SKIIO OJHA CTOPOHA
30BHIIIHBOI TPAaHMLI OJHOTO 0AraTOKYTHHKA HE MA€ TOUOK IEPETHHY 31 CTOpPO-
HaMH Jpyroro 0araTOKyTHHKA, TO 1i 0araTOKyTHUKU HE MEPETUHAIOTHCS. AJle €
BHUIIAJIKH, KOJIM METO]I BiZIPI3KiB HE IPAIIIOE.

OpnuH 3 HUX npeAcTaBieH] Ha puc. 1.6. Ane MeTox TpacyBaHHS IPOM e-
HIO 100pe Mpalioe y BUIAAKAX, KOJIM HE MPALfoe METO BiAPi3KiB. Y BUMAIKaX,
KOJIM HE TPAIfO€ METOJT TPaCyBaHHs MPoMeHto (puc. 1 a) 100pe mpaitoe MeTo
BiJJPi3KiB.

s BUX0O4y 3 cUTyawii, O CKJIAJIacsl, IPOMOHY€ETHCSl HACTYIIHUIN TpH-
CTYIICHEBUI aJITOPUTM BU3HAUCHHS B3a€EMHOTO PO3TAIYBaHHS JIBOX IJIOCKUX
FeOMETPUYHHUX 00'EKTIB.

Ha mepmomy erami po3risigaeTbcs B3a€MHE PO3TallyBaHHS MPSMO-
KYTHHKIB, III0 OMMCaHI HABKOJIO IMX IJIOCKUX T€OMETPUIHUX 00'€KTIB 1 CTOPO-
HU SIKUX MapajielibHi 0CIM CUCTeMHU KoopauHaT. OueBUIHO:

®  [UIOCKI TEOMETPUYHiI 00'€KTH HE MEPETHHAIOTHCS, SKIIO HPSIMOKY T-
HUKH, ONMCaHi HABKOJIO HUX, HE MIEPETUHAIOTHCS;

® Ul TIEPETUHY TUIOCKUX T€OMETPUYHUX 00'€KTiB HEOOXiTHO, 100
MPSIMOKYTHHUKH, OTMMCaHI HABKOJO LUX O0'€KTIB, MEpeTHHATHUCS. AJie 1ie HE €
JOCTaTHBOIO YMOBOIO.

Bu3HaunMoO yMOBH TEpeTHHY MNPSIMOKYTHUKIB, OIMCAHUX HABKOJIO
JIBOX TIOCKHX TEOMETPUYHUX O0'€KTIB Sj i1 Sa, B3a€EMHE pO3TallyBaHHs KOTPHX
HaM MOTPiOHO BU3HAYUTH (pHC. 2).

139



PO3BUTOK TPAHCIIOPTY
Ne1 (1),2017

nY DlB Dld
¥,
3 " =S
) i"" F\\
N . A
Y. el 2
3 oo Sh
Y Y sk
\GSrer== v
e~ 7Y
7| Sh
¥; af > ¥ .
F7
0 i Y X
X>
vell,
Di

Puc. 2. Busnauenns 63a€mMH020 pO3MAauLy8ans NPSMOKYMHUKIS,
ONUCAHUX HABKOLO NIOCKUX 2e0MempUuyHux 00'ekmie Sii Sa

SKImo NPSMOKYTHUKH, OMHMCAaHI HABKOJIO TUIOCKAX TI'€OMETPHYHHX
00'ekTiB Sj i Sa MEPETUHAIOTHCS, TO BOHH YTBOPIOIOTH CIIJILHUN 3aIITPUXOBA-
HUI TPSAMOKYTHHK 3 HIKHIM JTiBUM KyToM B BepimHi T1(X1,Y3) i BepxHiM mipa-
BUM KyToM B BepiuuHi T2(Xs,Y2)( puc. 2). O4eBuaHO, el NPSIMOKYTHHK iCHY€E
TOJI 1 TUIBKH TOJII, KOJIM BUKOHYIOTHCSI HACTYITHI YMOBH:

X: <Xy 260 Xp, — DI, < Xp, + DI, ,
Y, <Y, Yp;, —Sh, <Yp, + Sh,
ac
Pa(xpa7Ypa) u Pl(xp|’Yp|) (1)

Hexaii mutocki reomeTpuuHi 00'ekTH Si 1 Sa MpencTaBisIOTHECS KOOPIH-
HaTaMH BEPUIMH allPOKCHMYIOUMX 0araTOKyTHUKIB BiJIIOBIIHO HACTYITHHM YH-

HOM Si(Xi,-,Yi,-), j:1,2..Ni 1 Sa(Xak,Yak), k:1,2..Na. Toni

X, =min {Xa, {+ Xp, Y, =min{ya, }+Yp,

X, =max{Xa,j+ Xp, Y, =max{va,}+Yp,
X, =min {Xij}+ Xp; ’ Y3:min{Yij}+Ypi ’
X, = max {Xij }+ Xp; Y, = max{Yij}JrYpi
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ne k=1,2.Na i j=1,2..N;

X, = max{min{Xa, }+ Xp,, min{X, }+ Xp,}

X, = min {max{Xa, }+ Xp,, max{X, }+ Xp,}
Y, = max{min{¥a, } +Yp,, min {YU.}+Ypi

Y, = min{max{Ya, }+ Xp,, max{Y, }+ Xp,

INEPETUHY ABOX ONMHMCAHUX HpHMOKyTHI/IKiB HaBKOJIO INNIOCKUX TI'€OMETPHUIHUX

00'€KTIB MOKHA NpeaACTaBUTHU TaAKUM YMHOM:

Tak sk , To ymoBy (1)

max{min {Xa, }+ Xp,, min{X; {+ Xp; | < min{max{Xa, }+ Xp,, max{X, j+ Xp, |
max {min{¥a, }+Yp,, min{Y, }+Yp, }< min{max{va, }+Yp,, max{¥, }+Yp,}

)

VY pasi, skio ymoBa (2) BUKOHaHa, TO MOXJIMBO IO IUIOCKI TeOMeT-
pudHi 00'€KTH Sj 1 Sa IepEeTHHAIOTHCS.

Jls mepeBipKH MEPEeTHHY IUX IJIOCKHX T'C€OMETPUYHUX 00’ €KTIB MU
BUKOPUCTOBYEMO METOJl TpPACyBaHHS IPOMEHI0. SIKIIO MeToHn TpacyBaHHS
MPOMEHIO HE MiATBEPAUB MEPETHH IJIOCKUX T€OMETPUYHHUX 00'€KTiB Sji Sa, TO
JUISl YHUKHEHHSI BUTAJKY, NPEACTAaBICHOrO Ha pHC.l.a, MepeBipuMO MEepeTuH
KX 00'€KTIB 3a JOMOMOI'OI0 METOAY BiJPI3KIiB.

Jns Toro, mo0 He MepeBipsTH, YN MEePEeTHHAETHCS AKTUBHUHN TUTOCKUI
reoMeTpruYHHN 00'€KT Sa 3 yciMa Bike pO3MIIIECHMMH B IPSIMOKYTHiH obnacTti
TUTOCKUMH T€OMETPUYHHMH 00'€KTaMu S, BUIUTUMO 00JIaCTh HABKOJIO ITOJIFOCA
aKTHBHOTO IJIOCKOT'O TEOMETPUYHOrO 00'€KTa S; y BUIIALI Kojda pagiyca R, B
Ky TOTPAIUISIOTH MOJIOCH BCiX MiO3PUINX HA MEPETHH IIOCKUX T€OMETpHY-
HUX 00'€KTiB Sj3 aKTUBHUM IUIOCKAM TEOMETPUYHHUM 00'€KTOM S, (puc. 3).

[Tnocki reomeTpuyHi O0'€KTH, MONIOCH SKHUX IOTPANMIM B KOJIO
pazxiyca R 1 3 IEHTPOM B ITOJIFOCI aKTHBHOTO TUIOCKOTO TEOMETPUIHOTO 00'€KTa
Sa, OyAyTh MiO3PUTUMH HA TEPETHH 3 AKTUBHUM IUIOCKUM TC€OMETPHYHHM
00'ekTOM Sa. [l BU3HAUCHHS BEJIMUMHHU Pajilyca BU3ZHAYMMO pajiiyC OIUCaHO-
r'0 KOJIa HABKOJIO KOKHOTO 3 JIOMYCTUMUX IJIOCKUX TEOMETPHYHHX 00'€KTIB Ta
3HaiiIeMo HAOUIBIINM 13 HUX.

O4eBHUIHO, IO

R — \/W _ J(max{xij}— min{Xij })2 +(max{Yij}— min{Yij })2

' 2 2

nei=1,2.qu j=1,2.Ni. Tori R=max{R}.
AHaJITHYHUH ONHC YMOB B3a€MHOTO HE TEPETHHY IUIOCKUX T'eOMET-
PUYHHUX 00'€KTIB 3 IPaHULICIO MPAMOKYTHOI 0obnacTi (2.
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Puc. 3. Busnauenns 3onu, 0e MOMCIUGT NEPEMUHU 8IiCE POIMIUEHUX HIOCKUX
2eoMempUudHUX 00'€KMi 3 AKMUBHUM NIOCKUM 2eOMEMPUYHUM 00 '€KMOoM Sa

[IpssmMokyTHY oOmacTb €2 MOXHA OIKMCATH HACTYITHOK CHCTEMOIO
HepiBHOCTEH:
0< X <Dl

0<Y<Sh

OueBUIHO, MO SKIO MOMIOC Pa aKTHBHOTO IUIOCKOTO T€OMETPUYHOTO
00'ekTa Sy 3HAXOAMTHCSA BCEPEIUHI 3aIITPHXOBAHOTO MPSMOKYTHHKA (pHC. 4),
TO 11 00'€KT HE Oy/Ie BUXOIUTH 3a MEXI MPAMOKYTHOT 00J1aCTi.

s

m

y Dlz Db

Sh"}i

)

Puc. 4. Busnauenmusi pozmauty8ants nioCKO20 2e0MempUuiHoeo 00'ekma
w000 NPAMOKymuoi oonacmi £2
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Hexait xkoopaunatu momoca P, BusHauarotees sk Pa(Xp,Yp). Tomi
YMOBHU B3a€EMHOT'0 HE MEPETHHY aKTHBHOI'O IUIOCKOTO M€OMETPHYHOI0 00'€KTa
Sm 3 TPAHUIICIO MPSIMOKYTHOI 00JIACTI MOXKHA TPEJCTABUTH B TaKWH CHOCIO

(puc. 4):

< Xp, < DI —‘max{xmj}

DI" <Xp, <DI-DIf . |jmin{X,}
Shlm SYpa <Sh- Shzm ‘mm {ij}

<Yp, < Sh —‘max Y}

BpaxyBanHs MiX IIa0JIOHHOTO MiCTKa A MiX TUIOCKUMH T€OMETpHY-
HUMH 00’€KTaMU TIpH IHTEPaKTUBHOMY MPOEKTYBaHHI PalliOHAIBLHOI CXEMHU
PO3KpPOIO BiTOYBAETHCA 32 PAXyHOK TOTO, IO 3aMiCTh TUIOCKUX T€OMETPUIHUX
00’ €KTIB MH PO3TIIAIAEMO 00pa3y MUX 00’ EKTIB.

OO0pa3 IUIOCKOrO T'E€OMETPUYHOTO O0’€KTYy TMPEACTaBIsIE COOOK0
30BHIIIHIO €KBIIUCTAHTY JO IJIOCKOI'O I'€OMETPUYHOIO 00’€KTy Ha BiicCTaHI
Al2 [6].

3anponoHOBaHUH YJOCKOHAICHUH METOJl 1HTEPAKTHBHOTO MPOEKTY-
BaHHSA 1 KOPHMI'YBaHHS CXEM HIUIbHUX CYMIIICHb IUIOCKMX T€OMETPHUYHHUX
00'ekTiB OyB peasli3oBaHUi B IPOTPaAMHUI IPOAYKT.

[pukian cIpoeKTOBaHOiI B aBTOMAaTUYHOMY PEKHMi CXEMH IIUIBHHX
CYMIIlIEHb TUIOCKAX T€OMETPUYHHUX 00’ €KTIB y MPAMOKYTHiH obxacti. micns ii
IHTEPaKTHBHOTO KOPUT'YBaHHS IPECTABICHO Ha PHC. 5.

Tennoron napamerpes
Unprasa nacruna=1200 v

Mexwatn mocrk= 3
Lz packnaaxs=2000mm
Mp. uenomesoeana=86.32

Puc. 5. Cnpoexmosana 6 asmomamuyHomy pexicumi cxema
WINBHO20 CYMIUEHHS NILOCKUX 2eOMEMPUUHUX 00'€Kmi
nicas it iHmepaKkmueHo20 KOpUuzy8aHHs
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AHami3 OTpUMaHUX pe3yJbTaTiB PO3pPaxXyHKIB MapaMeTpiB IMITBHUX
CYMIIIEHb TUIOCKMX T€OMETPUYHHUX 00’ €KTIB B MPAMOKYTHIA ob6macti (2 HOBiB
e(eKTUBHICTh IHTEPAKTUBHOTO KOPHUTYBaHHS CXEM MIUIBHOTO CYMIIICHHS,
CIPOCKTOBAHUX B aBTOMATHYHOMY PEKHMI.

BucnoBku. B pesynbraTi aHanmizy HeIONIKIB iICHYFOUHX alTOPUTMIB iH-
TEPaKTUBHOTO TPOEKTYBAaHHS 1 KOPHUTYBaHHS CXEM MIUIBHUX CYMIIIeHb
IUIOCKUX T€OMETPUYHUX 00'€KTIB OYyB 3alPOIMOHOBAHHI yIOCKOHAJICHUH METO.
IHTEPaKTUBHOTO TIPOCKTYBaHHS 1 KOPUTYBAaHHS CXeM HIUIBHUX CyMIlICHb
IDIOCKUX TEOMETPUIHUX 00'€KTIB.

Ile 103BONMHIIO PO3POOMTH TIpOrpamMHe 3a0e3MEeUeHH IS IHTePaKTUB-
HOTO MPOEKTYBaHHS 1 KOPUTYBaHHS PalioOHAJbHUX CXEM PO3KpPOI0 MaTepialliB
MPSIMOKYTHOI (pOpMH ISl TNIOCKUX TEOMETPHYHHUX 00'€KTIB IOBLTBHOI (hopMu
30BHINTHBOTO KOHTYPY.
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A0 NPOBJIEMHA MOJEJTIOBAHHSI TA ONTUMI3AILIIL
HEHAJIMHOI MEPEXXTI MACOBOT'O OBCJIYI'OBYBAHHA

K IIPOBJIEME MOJEJMPOBAHMSI 1 OIITUMHA3ATINH
HEHAJEXHBIX CETEM MACCOBOI'O OBCJIYKUBAHUA

ON A PROBLEM OF MODELING AND OPTIMIZATION
OF UNRELIABLE QUEUEING NETWORK

M.A. IIOCTAH, nokT.TexH.HayK
Odecckuil HAYUOHATBHBIL MOPCKOU YHUGepcumem, YKpauna

B pobomi onucano pesynomamu oocnidxcenus npobdiemu mooeno-
6aHHA Ma onmumizayii HeHaoiHoi mepedici uepeysanns. Haeedena mamema-
MUYHA MoOeb AOCOIIOMHO HAOTIHOL cucmemu YNPasiiHHA 080MICHUMU HECKIH -
YeHHUMU Kanaiamu. B pe3yibmami GUKOHAHHO2O O00CHIOJNCEHHS (DOopMAni3o-
8aHa ma cghopmoeara nPUOPpUMemHna 3a0a4a ONMuUMi3ayii.

Knrouoei cnosa: nenadiiina mepeosica uepe, MOOEIOBAHHA MA ONMUMI-
3ayis, mepessca Jowcekcona, OyHKYia po3nooiny HHummeeo2o nepiooy.

B pabome onucanvl pe3ynbmamol uccied08anus npodiemvl MOOeIup o-
6AHUSA U ONMUMU3AYUY HEHAOeHCHOU cemu Oedxcypcmeo. [Ipusedena mamema-
muyeckas mMooenb aOCONOMHO HAOENHCHOU CUCTeMbl YRPABLEHUs 08YXMeC -
HbIMU OECKOHeYHbIMU KaHnanamu. B pesynomame 6binoniHeHuss uccie0o8anus:
@opmanuzosana u cghopmuposana npuopumemnas 3a0aia ONMUMU3AYUU.

Kntouesvie cnosa: menaoesicnas cemv ouepeoeil, MOOeIUposaHue u
onmumusayus, cemov Jicekcona, @YHKYyus pacnpeoeneHus AICUSHEeHHO20
nepuooa.

The results of research a problem of modeling and optimization of
unreliable queuing network are described in this state. An absolutely reliable
two-phase infinite channels queuing system is performed as an mathematical
model. The corresponding optimization problem is formalized in conclusion.

Keywords: unreliable queuing network, modeling and optimization,
Jacksonian network, life-period distribution function.

Introduction. While considering the problem of computer or data
communication networks’ design the restricted reliability of some network’s
elements must be taken into account.

In spite of very important role of this factor in projecting of high-
performance networks it did almost not enlighten in the special literature [1; 2].

© Mocran M.A., 2017
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Goal of the work. To solve this problem we represent the real comput-
er communication network as a Jacksonian queueing network [1; 2]. It is as-
sumed that the failures of the network as a whole may occur.

Any failure provokes the simultaneous interruption of service (data
processing) at all nodes and stopping of arrival of new information messages
(or customers) from the outside.

Basis of material. The process of life-periods and repair-periods
changing for the network is described by an alternating renewal process and
after repair completion the service and arrival processes are resumed.

It is assumed also that at moment of a failure appearance, with the
probability @ no one message (customer) leaves the network and with the
additional probability all of the messages being at this moment in the network
are lost.

Let the life-period distribution function (d.f.) be exponential with
parameter a and repair-period d.f. is denoted B(t).
Let us denote

p(K,--Ky, ) = p(K).k =0, (1)

where kn is number of messages at the nth node of network, the stationary
state-probabilities of unreliable queueing network described above (N is num-
ber of nodes).

It is shown that probabilistic distribution (1) may be expressed through
the corresponding state-probabilities ((K;t) of the absolutely reliable Jack-
sonian network (in the transient case) by the relation

[1+a(l-w)r]p(k) =a(l- a))oj?e_ all-o)t

0

q(k;t)dt> @

where probabilities q(lz;t) are calculated under initial conditions

q(k;0) =5, 3)
0, k1 4.t kN
(5Ok is the Kronecker delta);

e = T~ B(u))du <oo.
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Using the relation (2), for open queueing network with infinite number
of channels at each node and for closed queueing network without waiting of
service beginning the stationary distribution (1) may be found in the closed
form.

For example, for absolutely reliable two-phase infinite channels queue-
ing system, from the results of works [1; 3], it follows that (under conditions

(3))

k, k
k, =0k, =0

17772 (4)
—ut — ot
—ep{- (x)i-e D) -Aa-xp)la-e )iy -
1
_,uzt _/ult

-(e —€ )/(ﬂl_ﬂz)]}v

where A is rate of the Poisson input flow of messages at the first phase, 1/ y

and 1/ H, are the mean processing times of messages at the first and second

phases correspondingly.
Therefore, from (2), (4) we find

o0

k, k
1412 _
- Pl ko) T =

—a(l- ) [OFQ(xl, x, e 3= Nany L+ at- )],
0

In the general case, for finding of probabilities (1) the simple recurrent
algorithm may be applied [4].

Conclusions. A special particular case @ =1 is closely studied. In this
case some optimization problems are formulated and solved under supposition
that u, =W,/ f,, where W, is the processing rate at the nth node, £, is the
mean ‘length’ of a message.

For example, the corresponding optimization problem may be formu-
lated by the following way: to find out the rates of information processing Wy
of all nodes with the aim to minimize the mean square of deviation of time-in-
nets of arbitrary message from the given value under some constraints [5].
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MATEMATHUYHE MOJIEJIFOBAHHS HEJITHIMHUX XBUJIb
HA ITOBEPXHI IVIIBKHU PIIMHMU, IO CTIKA€

MATEMATHYECKOE MOJEJIMPOBAHUE EIEJII/IHEI?'IHLIX BOJIH
HA NIOBEPXHOCTHU CTEKAIOIIEMU IVIEHKH KUJKOCTH

MATHEMATICAL DESIGN OF NONLINEAR WAVES
ON SURFACE OF FLOWING DOWN TAPE OF LIQUID

B.X. KHPUJLJIOB ?, nokr.Texu.HayK,
A.K. IIMPHIKOB ?,
'00ecckas nayuonanvnas axademus nuweswblx mexnonoauti, Ykpauna
200ecckuii HayUOHATLHLII MOPCKOTL yHUSEpCUmen, Yxpauna

Hagedeno pezynomamu npogedenoco mMamemamuyuoc0 MOOemo8aH s
HeNHIUHUX X6Ub HA NOGEPXHI NIIGKU PIOUHU, WO CMIKAE, 3d OONOMO2OK)
3acmocy8anus npoepamuo2o komniekcy Matlab. Onucano pieHanHs npukop-
00HHO20 Wapy, GUOLIEHUL ONMUMATbHUL XGUAbOGUL PENCUM, NPU SIKOMY GUM-
pama piouHu Mac MaKCUMAibHe 3HAYEHH.

Knrouoei cnoea: mamemamuuni MoOento6aHHa HEIHIUHUX X6UTb, NIIG-
K0o8a meuisi, HeliHiliHe X6U1eyMEOPEeHHSL.

Tlpugedenuvl pezynbmamol NPOBEOCHHOZO0 MAMEMAMULECKO20 MOOeU -
POBAHUS HENIUHEIHBIX BOIH HA NOBEPXHOCMU CTHeKalowell NIeHKU HCUOKOCMU C
HOMOWbIO NPUMeHeHust npocpammno2o komniexca Matlab. Onucanvt ypasne-
HUSL NOSPAHUYHO20 CI0SI, 8blOEIeH ONMUMATbHBIL BOJIHOBOU PENHCUM, NPU KOMO -
POM PACX00 HCUOKOCMU UMeem MAKCUMATbHOE 3HAUEHUE.

Kntouegvle cnosa: mamemamuueckue MoO0eIUpo8aHue HeNUHeHbIX
B0/IH, NJIEHOYHOe MeueHue, HelUHelHoe 80IH000pa308aHte.

The paper includes results of the mathematical modeling of nonlinear
waves on the surface of a flowing liquid film are presented using the Matlab
software package. The equations of the boundary layer are described, the
optimum wave regime is selected, at which the liquid flow rate has the
maximum value.

Keywords: mathematical modeling of nonlinear waves, film flow,
nonlinear wave formation.

BBezle}me. MaremMaTuueckoe MOACIUPOBAHUE ABJIACTCA B HACTOANICC
BpeMs OJHMM H3 CaAMBIX aKTYaJIbHBIX HaHpaBJ’IeHI/Iﬁ B HAYYHBIX HCCJICOOBA-
HUAX.

© Kupuios B.X., lupmkos A.K., 2017
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Bre16op Tex WiM WHBIX MaTeMaTHYECKHUX MOJIENIed TpH ONMHCAaHWU U
HCCIICIOBAHNN (DU3MUYECKUX IPOLECCOB M OOBEKTOB 3aBHCUT OT HUX OCOOCH-
HOCTEH U XapaKTEPUCTHUK.

AKTyanbHOCTh. lccrnenoBaHue MOBEIEHUS HEIWHEHWHBIX BOJIH Ha
MOBEPXHOCTU CTEKAIONIeH IJICHKU >KUAKOCTA IIyTEM OpraHu3alliy 3KCIIe-
PUMEHTOB Ha 0a3e MPOBEACHUS MATEMAaTUYCCKOI'O MOJICIMPOBAHUS SIBIISCTCS
aKTyaJbHOU 3a7aveil 111 COBpEMEHHON HayKH, B YaCTHOCTH, B 00JIACTH THAPO-
JTUHAMHAKH.

Heabr paGorwl. [IpumeHenue mporpamMmmHoro komiuiekca Matlab u
ammapara MaTeMaTUYeCKOTO MOJICTUPOBAHUA JUISI UCCICAOBAHUS TOBEICHUS
HEJTMHEHHBIX BOJH HA TIOBEPXHOCTH CTEKAFOIIEH TUIEHKH JKAKOCTH.

OcHoBHO# MaTepuaJj. TeueHHe TOHKOTO CJIOS BS3KOW KUAKOCTH IO

HAKJIOHHOW MOBepXHOCTU (puc.l) OMUCHIBaETCS YpaBHEHUSIMH MOTPAHUYHOTO
cinos [1; 2] (1) u (2).

h(t,x)

Puc. 1. Cxema nnénounoco meuenus

YpaBHEHUS JTBUKEHUS

ou du _ou_ lop o4

—+U—+V—=——"—"+0—+(gsin
ot M axVay T pax Vo PO 1)
la—p+gcosﬂ:0
poy
YpaBHEHUE HEPAZPBIBHOCTH
U,V . 2)

ax oy
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I'panununbie ycnoBus mpu Y = h(t,X) UMeroT BH

oh  oh. o°h au
ot  ox pro ox? =P

Ha naxnonHo#t moBepxHocTd mpu y = 0 HMMEET MECTO YCIOBUE
IPWINIIaHWS

u=v=_0 4)

VpaBuenus (1)-(2) m rpannunbie ycnoBus (3)-(4) mocie cOOTBeT-
CTBYIOIIUX TpeoOpazoBanuii [3] cBoasTcs K 1ByM Au(depeHnanbHbIM ypaB -

h
HCHISIM OTHOCHTCIBHO HEM3BECTHBIX (DYHKUMI ((t,X )= J’ udy — pacxoxn

xuakoctd 1 h = h(t,X) — nokanbHas TOMIUHA TIEHKH

h? q+24qh6q 12qZah Ghaﬁ—S vQ-— gh( cosﬂ sin ) ®)
ox p o0x°
oh  99_. (6)
ot 0Ox

[IpuBoas obOe3pasMeprBaHue NaHHOW cucTeMbl (5)-(6) mis craruo-
HapusIx BosH, nmeeM (&) = h(x —ct), q(é) = q(x —c t).

s mpoduns Bomuasr H = H(X1) umeem cnemyromiee muddepenim-
anpHOE ypaBHEHHE [4], comepxariee Tpu mapamerpa A,Dwu ¢

61-D) H®-DH+D-1_. ™

, H
-D?- (pH}H + e =0

H+{
H

BeigenuM OnNTUMAaNbHBIA BOJNHOBOH PEKHM, TPH KOTOPOM PacXo[
KHUIKOCTH MMEET MaKCUMAJIbHOE 3HaUeHHE (MMEHHO 3TOT PEXHUM HaOII0JaeTcs
TIPH SKCIIEPUMEHTE).

B pesynbrare 3amaua MaTeMaTHYECKOTO MOJICTTMPOBAaHMS HETUHEHHBIX
BOJIHOOOPa30BaHUH CBOJAMTCS K 3agade Kol mpu yCIIOBHHM NMEPUOAMYHOCTH
(X — aMHA BOJIHBI)

H(0)=H(A), H'(0)=H’(1), H"(0)=H"(A). 8)

Hauanpnas touka & = O BbIOMpaeTcss B COOTBETCTBHH C BEPIIMHON

sonael ipu & =0, H'(0) =0.
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Huddepennnansaoe ypaBHeHue (7) CBOOUTCA K CHCTEME TPEX ypaB-
HEHUIl TEepBOrO MOpsAIKa, YHCICHHOE pelIeHHe KOTOPOH HIIETCS METOJI0M
Pynre-Kyrra (pematens 0de45 cucrembl KoMIbrOTepHOW MatemaTuku Mat
Lab).

Jnst BBIABIEHHS NEPUOIMYECKOrO PELIEHHS IPOBOJIUTCS BBIUUCIIH-
TEIbHBIN 3KCIIEPUMEHT.

Hewusgectupie Bemuunbbl  H(0), H”(0) moabuparoTCs Tak, YTOOBI
HeBs3kn H(0)-H(A4), H'(0)-H'(4), H"(0)-H"(4) #octuraan HAaMMCHBIIHX
3HAYCHUN.

B kadecTBe HaYaNBLHOTO MPUOIMDKEHUS Hcmonb3oBaiuch A u D > 3
JUTSL TIOJIOKUTEIHHOTO COIMTOHA TpH A = oo [3]. 3aTeM perieHne MmpoIoinKa-
€TCsl B CTOPOHY MEHBIIHNX A.

Pe3ynbTaThl YHCIEHHBIX 3KCIIEPUMEHTOB MPEICTABICHBI Ha PHCYHKaX
2-5 s popmel cBoboHOM oBepxHOCTH H = H(¢)

I.B=90°, y=48681, ¢=0

Re=14.9517, D=7.31, A=0.06

H(0) = 2.98971, H’(0)=0, H”(0) = - 0,404
H(L) =2.9903, H’(L)=0,0338, H”()=-0,455
Hmin= 07001, A = 21,3497

]

ra

H(E)

L]

Puc. 2. Yeon naxnona nogepxnocmu 90 °

1. =60°, y=5107.2, ¢ =1.2573

Re =14.9517, D=7.31, A=0.059

H(0) = 2.8977, H(0)=0, H’*(0)=-0,4
H()) = 2.8982, H’(}) =0,0214, H’()) = -0,4416
Hmin=0.7129, ) = 16,9426
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H(E)

Puc. 3. Yeon naxnona nosepxuocmu 60 °

I.B=45°, y=5464.3, ¢=2.1778

Re=14.9517, D=7.31, A=0.0577

H(0) =2.6166, H’(0)=0, H**(0) = - 0,4009
H(\) =2.6125, H’(1)=-0,0173, H’(A) =-0,6474
Hmin = 0.8384, ) = 13,949

Puc. 4. Yeon naxnona nosepxnocmu 45 °

IV. B =30°, y=6133.4, ¢=3.772
Re=14.9517, D=7.31, A =0.0556
H(0) =25491, H’(0)=0, H(0)=-0,5
H(A\) =2.5142, H’(A)=0,0049, H())=-0,51
Hmin=0.808, A =8,9612

Puc. 5. Yeon naxnona nosepxnocmu 30 °
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BeiBoabl. 13 pucyHkoB 1-5 BHAHO, YTO HENWHEHHBIE BOIHOOOpa30-

BaHUsI UMEIOT COJIMTOHHBIM XapakTep TpH OONBIIMX yriiaX HakJIOHA, MpU
Manbix yrmax HakiaoHa (B < 45 ) HenuueliHBbIE BOJIHOOOPa30BaHMS HUMEIOT
(hopMy KaTAmmxcst BOJIH OONBIION aMIUTATY/TBL.

HpI/I MMPOCKTUPOBAHUN MIEHOYHEIX TEIJIOMACCOOOMEHHBIX arrmapaToB

HEOOXOIUMO MMETh B BHIY, YTO Majble YIJIbl HAaKJIOHA IMOBEPXHOCTH MOTYT
NPUBOANTG K MHTCHCHBHOMY KaIUICYHOCY >KHUAKOCTH M3 pabodeil 30HBI ara-
para ¥ HeyCTOHYMBOCTH IIEHKH KHIKOCTH C 00pa30BaHHEM OCyNIEHHOH YacTH
paboyeii MOBEpXHOCTH.
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VYIK 517.958:57 https://doi.org/10.33082/td.2017.1-1.18
MATEMATHYECKAS MOJEJIb CUCTEMBbI JIBIXAHUSA

MATEMATHYHA MOJEJIb CUCTEMU JIUXAHHSA
MATHEMATICAL MODEL OF THE RESPIRATORY SYSTEM

P.K. MAMEOB, nokr.texH.Hayk, E.K. PATUMOBA, kaH[1.TeXH.HayK
A3epbatioscanckull 20Cy0apCcmeeHHbll YHU8epcumem
Hemu u npomvliieHHocmu, Azepbaiioxcan

Mooentosanns opeawnie i cmpykmyp 100CbKO20 OpeaHizMy, 30Kpemda
PO3pobKa MamemamuiHoi MoOei 2a3000MIiHYy OUXANbHOI cucmemu, 0ae MOJic-
Jaugicmb nepedbayuumu KpUmuyHi cumyayii, 3'scyeamu Mexanizmu ooOpmysanHs
namonocii. Lle 6 ceorw uepey pozwupioe cepy 3acmocy8ants 0ideHOCMUYHUX
Memodi8 [ npucmpoig i € nepedymMosorw O0Jisl CMEOPEHHSA ABMOMAMU308AHUX
3ac06i6 0ia2HOCMUKU.

Knrouoei cnoea: ouxanonun Xemocmam, 2a3000MiH OUXanbHOI cuc-
memu, MamemMamuyta Mooeib, anal0206d MOOeb.

Mooenuposanue opeanog u cmpykmyp ueio8eueckozo Opeanusma, 6
yacmHocmu paspabomKa Mamemamuyeckol. MoOeiu 2a3000MeHa OblXameib-
HOU cucmemsl, Oaem B03MOMCHOCMb NPEOCKA3amsb Kpumuyeckue cumyayuu,
BbIACHUMb MEXAHUIMbL POPMUPOBAHUS NAMOL02UU. DMO 6 C6010 04epedb pac-
wupsiem cghepy npumeneHus: OUASHOCMUYECKUX MeMo008 U YCMpPOUCms U 56/ -
emcsi NPeonochblIKOU 01 CO30AHUSL ABMOMAMUSUPOBAHHBIX CPEOCME OUACHO-
CIMUKU.

Knrouegvle cnosa: ovixamenvHblli XeMocmam, 2a3000MeH Oblxamensb-
HOUL cucmembl, MAmMemMamuyeckas Mooeib, AHAI0208a51 MOOEb.

Modeling of organs and structures of the human body, in particular,
the development of a mathematical model of gas exchange of the respiratory
system, makes it possible to predict critical situations, to clarify the mecha-
nisms of pathology formation. This, in turn, expands the scope of application of
diagnostic methods and devices and is a prerequisite for the creation of
automated diagnostic tools.

Keywords: respiratory hemostat, gas exchange of the respiratory
system, mathematical model, analog model.

AKTyaJIbHOCTB. Maremaruueckasi MoJellb OHOOOBEKTOB W CHUCTEM
na€T 3HAYMTENBbHO Oonblie WHpOpMAIMH O OMOMEXaHHWKE OHOJIOTHYECKOTrO
00BEKTa, YeM MOXKHO MOJIyYUTh COBPEMEHHBIMH CPEACTBAMU U3MEPEHUH.

© Mawmepnos P.K., Parumona E.K., 2017
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Opraam3Mm ABISETCS (PHU3HKO-XUMHUYCCKON Cpefoi, (hHU3HOIOTHICCKUE
napameTpbl KOTOpoil (Temmeparypa, cojepkaHue BOJIbI, KHCIOPOAa B KPOBU U
p.) JOJDKHBI TOAEP)KUBATHCS B JOCTATOYHO Y3KOM JHaria30He 3HAYCHHH.

[loxneprxaHue MOCTOSHCTBA YPOBHEH BEIIECTB O3HAYAET COXPAHEHWE
BHYTPEHHHX YCIIOBHH, CTAaOWJIBHOCTH BHYTPEHHEH cpelbl OpraHu3ma, T.e.
rOMEOCTa3.

Perynstopaple MEXaHU3MBI KUBBIX OPTaHU3MOB YaCTO PACCMATPHUBAIOT
B TEpPMUHAX T€OpUH yrpasieHus [1].

Tak, oOmas cxemMa MeXaHW3Ma DPEryJMPOBaHHS TEMIIa MOCTYIICHUS
KHCJIOpOJIa B TKAHU OYJET BHIMJISICTh CIEAYONMM oopa3om (puc.l):

................ V=p0,
BO3MYLLEHNE

v

PerynAatop

L2

CObEKT pEryNnMpoBaHin

Puc. 1. Obwas cxema mexanusma pe2yiuposanus
memMna nocmynjieHusi KUciopooda 6 mxkaHu

AHanu3 U moctaHoBkKa 3aaauyd. OpraH (0OBEKT peryiupoBaHus)
noTpeOyeT KUCIOPOA ¢ TEMIIOM U, a Iebl0 PeryaupoBaHus sBJseTca obec-
MeYeHHE NOCTYIUICHHSI KUCIOPO/Ia C TEM )K€ TEMIIOM (BBIXOJHAS BEIUYMHA) ).

Curnan paccoriacoBaHMsl IOCTYIAaeT Ha BXOJ PEryssiTopa, KOTOPBIN
BBIpa0aThIBACT YNPABISAIOMIMN CHrHaN E = W-y, mocrymarommii Ha BXOJ
00bEKTa pEeryJlMpoBaHusl, MOABEPKCHHBIM BHEIIHEMY BO3MYIIAIOUIEMY BO3-
neiictBuio V = pO: (rpaAveHT HampsDKEeHHUS KUCIOPOAa MEXAY TKaHAMU H
apTepUaIbHON KPOBBIO).

JlpIXaTenbHBI XeMOCTaT MPEJCTAaBISIET COOOM CHUCTEMY peryJsluii,
MpeIHa3HAYEeHHYIO IS [TOJIepKaHus IOCTOSHCTBA HAIIPSKEHUS

— yraekucioro rasa (pCOy);

— KOHLEHTpaLUH BOAOPOAHBIX HOHOB (H+);

— HamnpspkeHus kuciopoga (pOz) B apTepuaibHON KPOBU IPU HATTMYUH
HEKOTOPBIX BO3MYIIEHUH.

Xapakrep U3MEHEHUs] BEHTHIISIMN JIETKUX MPU U3MEHEHUH COJlepKa-
Hust CO2 1 O2 B KPOBH CBHJECTEILCTBYET O CYIIECTBOBAHUHM OOPAaTHOM CBSI3U B
crcTeMe yIpaBlIeHHS.

W3BecTHO, YTO €cli HAIpsHKEHUE YTICKUCIOrO Ta3a B KPOBU TPH
¢usnydeckoil Harpyske WM TPH BJIBIXaHUW BO3/yXa C BBICOKOH KOHIICHT-
pauueii CO2, mogHUMAETCS BBILIE «HOPMAJIbHOI0» YPOBHS, TO YAaCTOTa AbIXa-
HUS (BEHTWIISIHS) BO3PACTACT M B PE3YJIbTATE 3TOW TMIICPBEHTUIISIINN HAIIPS -
xenne CO2 B KpOBH BHOBb MTOHHMKAETCH.

HaobGopot, ecnu npu runepsentwisinun Hampsokeane CO2 B KpoBH
najaeT HIKEe HOPMAJbHOTO YPOBHS, TO 3TO NMPUBOIUT K 3aMEIJICHHIO JbIXa-
HUsL, BeneacTBue yero HanpspkeHre CO2 B KpOBU BHOBB ITOBBIIIACTCS.
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Pemenue 3agaun. B cxeme apixatenpHoro xemocrara, no @. I'po-
muH3y  (1966) [2], paccMmaTpuBaroOTCs TpH peTyJIupyeMble BEIUYUHBI:
konnentparms O, CO,, H*.

B HeM mMeroTcs JiBa OJ0Ka: YIpaBIAIONIas U YIPaBIsSEMbIE CHCTEMBI
(puc. 2).

Boauywenna
{Pco,) =t |
L Ynpasasiouten Ynpasanesnn
H i — CHCTCMA _V-* CHCTEM3 + [sz} °

] I t (Po,} o

Puc. 2. Cxema ovixamenvnozo xemocmama no @. I'poounzy

Ha Bxox ympapisromeld CHCTEMBI MOCTYIAIOT TPH KOMAHIHBIX CHT-
Hamna. 3a BBIXOZ[HOI71 CUT'HAJI IPUHUMACTCA aJIbBCOJIApHas BEHTUIIALUA VA.
OTOT yHpaBiSAIOMIMKA CUTHAJ MOCTYMAeT Ha BXOJ YNpaBiseMoil cuc-
TeMbl (JISTOYHOW M TKaHEBOW pe3epByaphl), MMEIONIEH TPH BBIXOJA — TPH
yIpaBiseMble IepeMEHHBIE!
— mHanpspkerue xkucimopozaa (pO2);
— yraekucioro rasza (pCOy);
—  KOHIIEHTpAIHs BOAOPOIHBIX noHOB (H™) B apTepuanbHOil KpOBH.
[Mokazarenn XUMHYECKOTO COCTaBa apTEpUAIBLHONH KPOBU IMOCTYIAIOT
Ha BXOJI YIPABIISIONIEH CHCTEMBI B KaUeCTBE CUTHAJIOB 00PAaTHO CBS3M.
Bo3mymatonyMy curHajaMu MOTYT CTaTh IHOBBILICHUE COAEP)KAHHS
CO;mmm Henoctatok Oz BO BABIXaEMOM BO3/IyXE.
VYrpasisionias cucTeMa Ha9HHSAETCS XeMOPEIETITOPAMH, PACTIONIOKEH -
HBIMH B Pa3JIMYHbIX YacTSIX OpraHH3Ma.
HepBHble MMITyIbCHI TOCTYTIAIOT B ABIXATENbHBIN HEHTP Mo addepeHT-
HBIM HEHTPOCTPEMUTCIIBHBIM ITYTAM.
B npixarensHOM LEHTpe (GOPMHUPYIOTCS KOMaHIHbIE CHTHAIBI, TOCTY -
naromue K 3¢pPeKTopaM — IbIXaTeIbHBIM MBIILIIAM.
B pesynbraTe 3TOr0 BO3HMKAIOT H3MEHEHHS B aJIbBEOJISIPHOI BEHTHIIA -
IUH.
B ympaBisemoil cucteMe TakKe y4acTBYIOT HECKOJBKO MPOLIECCOB M
MOJICHICTEM:
— mporecc quddy3un ra3oB B JCTKHX;
— IIepeHoC Ta30B KPOBBIO;
— Ta3000MEH B TKaHSIX.
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PaccmoTpum ympaBisieMyro CHCTeMy Tra3o00MeHa JBIXaTebHOW CHC-
Tembl (puc. 3). CuctemMa COCTOUT U3 JABYX PE3€PBYapOB MOCTOSHHOTO 00BEMA,
CBSI3aHHBIX LIUPKYJIUPYIOMIEH KPOBBIO.

B xaxmom u3 pesepByapoB MOXKET MPOUCXOIUTH Ta3000MEH C KPOBBIO
3a cueT quddy3un yepe3z MmeMOpany.

VYraekucibiil ra3 MOKUAAeT TKAaHEBBI pe3epByap CO CKOPOCTBIO, COOT-
BETCTBYIOMIEH ckopocTu oOpazoBanus CO, B mporiecce 0OMeHa BEIIECTB.

B nérounsiii pesepByap MOCTYIMaeT Ta3 MPOU3BOIBLHOTO COCTaBa CO
CKOPOCTBIO, COOTBETCTBYIOIIEH anbBeoasipHON BeHTHIAIMH [ 1 2].

Y,
A m‘, T
! —
JMesounwl | ;
e | o
| —
Apmepuasmid
] .

Puc. 3. Buogusuueckas mooenv pecynsiyuu 0OMeHa yereKucivim ea3zom
MexHCOy NE2KUMU, KPOBEHOCHOU CUCEMOU U MKAHAMU

JIis modydveHus] ypaBHEHUH, OMHCHIBAIONIMX JUHAMHUYECKOE IMOBE/C-
HHE TaKOW CHCTEMBI, HAYHEM C JIETOYHOTO (W adbBEOJIIPHOTO) pe3epByapa
Y 3alullieM ypaBHEHHE HETPEPHIBHOCTU IS YTIIEKUCIIOTO Ta3a, YTBEpXkKaa-
IolIee, 4TO CKOpocTh KoHmeHTpanuu CO; B ambBEONSIPHOM Ta3e paBHA 4acT-
HOMY OT ACJICHUA PA3HOCTU MECKAY CKOPOCTAMHU IOCTYIIJICHUSA U BBIMBIBAHUA
YTIIEKHUCIIOTO Ta3a (BCeMH crocobamm) Ha 00beM pesepByapa Ky .

Torma mareMaTudeckyro Mojaeidb CKopocTH KoHneHTpamuu CO» B
JISTKUX U TKaHSIX MOXHO 3aIlUcaTh B CIICAYIONIEM BUJIC:

dHA_ 1 ' N
it K VAT 0 =) "
dér 1 ~ ’

rae 0n — ckopocTh KoHmeHTparuu CO, B aIbBEOJSIPHOM Tase;
Ot — ckopocTth koHneHTparu CO2 B TKAHEBOM pe3epByape;
g1 — ckopocthb yaanenuss CO2 U3 JIETKUX C BBIIBIXaEMBIM BO3IYXOM;
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g2 — ckopocth yranenusi CO2 U3 TeTKuX ¢ apTepHabHOW KPOBBIO;
03 — ckopocTh noctyruieHuss COz B JerouHbl pe3epByap ¢ BEHO3HOU

KpOBBIO;
Ka 1 Kr — moctosiHHBIE 00BEMBI JIETOYHOTO M TKaHEBOT'O PE3E€pBYapoB
COOTBETCTBEHHO;

V'a — ckopocth BeHTHIsIIK CO2 BO BIBIXa€MOM BO3IYXE;
Q — cxopocth BeHTHIsIIIK CO2 B BBIBIXaEMOM BO3/IYXE;
F — konuenTpausa CO2 BO BABIXa€MOM BO3IyX€;
V'aF — ckopocts noctyrienns CO2 B IeTKUe € BIBIXa€MbIM BO3yXOM;
M — ckopocts moctymienusi COz B TKaHEBBIH pe3epByap, o0pasysich B
mporiecce 0OMeHa.
CornacHo auddepennuaipbHoMy ypaBHeHHIO (1) TOCTpOMM aHANOro-
BYIO MOJICIIb Ta3000MEHA JIbIXaTeIIbHOM CUCTEMBI (puc. 4)

A"f

+az g >
1 N - g < 9
. g - e | 1 ™ T
o A T IL Ka| >
I, Ty e, T Q
A | [x | x|,
Tv, To

Puc. 4. Ananozoeas mooenv 2az3000Mena ObIxameabHOU CUCTEMbL

Eciu C — MunyTHBII 00BbeM cepana; R u S — nocrosiHHbBIE, CBSI3aHHBIC
¢ xapakTepucTrkamu npotecca norjoiieHus COgz; Ja, J1 — koHuentpanuu CO;
B JICTOYHOM U TKaHEBOM pe3epByapax, TOrJa COOTHOIICHUS, BbIpaKaroue qi,
g2 ¥ Q3 uepe3 Ja ¥ Jr U pasaM4HBIC OPYrHe NapaMmeTpbl, MOKHO HAWTH W3
yCII0BUM paBHOBecus A1 MOTOKOB CO2

0, =J,VUA, g, =CRJ, +CS, 6,=J,C. ()

Torna rpaduk ckopoctu koHueHTparuun CO2 B ambBEONIIPHOM Ta3e U
B TKaHEBOM pe3epByape B 3aBUCHMOCTH OT BPEMEHHM COrJIacHO Qopmyne
I'ponunsza (1) Oymer BRITISAAETE CIEAYIOMMM 00pa3oM (puc. 5)
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Puc. 5. I'pagux ckopocmu xonyenmpayuu COz 6 anveeonspuom eaze
U 8 MKAHEBOM pe3zepayape 8 3a8UCUMOCTHU OM 8PEMEHU

BoiBOABI. HpeI[HO)KCHHaH aHajJioroasd MOJCIb ITIO3BOJISICT HUCCICIO-

BaTh JbIXaTEIbHYIO CUCTEMY B PEKMME JTUHAMHUKH M ONPEJEIUTh OCHOBHBIE €€
apameTpsl.

JIUTEPATYPA
1. ILsemxosa O.JI. Teopus aemomamuyeckozo ynpaeieHus /
O.JI. I{eemkosa. — M.: Juexm-meoua, 2016. — 207 c.
2. Tpoouns @. Teopus pezynuposanus u duonocuveckue cucmemsl /

@. I'poouns. — M.: Mup, 1966. — 254 c.
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HoAI€EBO-OPIEHTOBAHE MOJAEJIFOBAHHS
BITHOBJIEHHSI IPAHE3TATHOCTI CKJIIAJHUX
OPI'AHIBAINIMHO-TEXHIYHUX CUCTEM

COBBITUMMHO-OPUEHTUPOBAHHOE MOJEJTUPOBAHUE
BOCCTAHOBJIEHUA PABOTOCIHHOCOBHOCTH CJIOKHBIX
OPI'AHM3AIIMOHHO-TEXHUYECKUX CUCTEM

EVENT ORIENTED MODELING RESTORING OPERABILITY
OF LARGE-SCALE SOCIO-TECHNICAL SYSTEMS

B.A. BOfIKO, KaH/I.TEXH.HAYK
OO0ecckuii HaYUOHANbHBIN MOPCKOU YHUBepcumem, Yxpauna

3anpononosano nodico-opicHmMosany 4OMUPUKOMNOHEHMHY MOOelb
o ananisy egpexmugnocmi npoyecy diaeHocCmuKy HecnpasHocmeu. Bukonano
MOOeniosans npoyecy 0iaeHOCMUKY ma IOHOGNIeHHs CKIAOHUX OPeaHi3ayiliHO -
MeXHIYHUX cucmem OJil CAINUX I CHPAMOBAHUX cmMpameziil NOULYKY Hecnpas-
Hocmell. 3anponorosano Kpumepii OOYiIbHOCMI 8NPOBAOIHCEHHS cucmem diae-
HOCMUKU | NOWYKY HECHPABHOCHEU 8 3ANeHCHOCHI 810 OIA2HOCTNUYHUX CUCEM
I KOHMEKCMY GUKOPUCAHHA.

Kniouosi cnosa: cknaoni coyianbno-mexniyni cucmemu, nooicge mooe-
JNI06AHHSA, YIPAGNIHHA PUSUKAMU.

Ilpeonooscena cobbimuiino-opuenmuposanHas 4emvlpexKoMNnoHeHmHas
MoOenb 051 aHAIU3a IPHeKmusHOCmU npoyecca OUASHOCHUKY HEUCHPAGHO -
cmell. Boinonneno mooenuposanue npoyecca OuazHOCMUKY U 60CCIMAHOGICHUSA
COJACHBIX OP2AHUZAYUOHHO-MEXHULECKUX cucmem O CenbiX U HANPAasieHHbIX
cmpamezuii noucka Heucnpasnocmei. Ilpednodcensvl Kpumepuu yerecooopas-
HOCMU 8HeOpeHUs: cucmem OUACHOCIUKU U NOUCKA HEeUCTIPABHOCIEl 8 3A8UCH -
MOCIU OM OUASHOCTHUPYEMbIX CUCTHEM U KOHMEKCMA UCNOIb308AHUS.

Knroueevle cnoea: cnoocnvie coyuanbHO-mexHuueckue Ccucmemsl,
coObImutiHOe MOOenUpPosanue, YNpasieHue puckamu.

This paper introduces an event-oriented four-component model for
analyzing the efficiency of the fault diagnosis process. The simulation of the
process of diagnostics and recovery of complex socio-technical systems allows
for modeling either blind, either directed troubleshooting strategies.

Also paper introduces criteria for the appropriateness of the intro-
duction of diagnostic and troubleshooting systems with relating to diagnosing
systems and the context of their use.

Keywords: complex socio-technical systems, event modeling, risk
management.

© Boiiko B.1., 2017
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BBenenue. B Hacrosimee Bpems CyIIECTBYET MHOXKECTBO Pa3IMIHBIX
MO MPHUHIHMAM (GYHKIUOHUPOBAHUS M CUCTEMHBIM MOAXO0JaM CUCTEM JHarHo-
CTHKH — OT NPOCTBHIX MEXaHUUECKUX AATYMKOB JO CIIOKHBIX SKCHEPTHBIX CH-
cTeM. DTH CHCTEMBI, KaK MPaBWIIO, MPEeTHA3HAYCHBI I MTOMCKA YCTPaHEHHS
HEHMCIIPaBHOCTEH W BOCCTaHOBJIEHUS! pabOTOCIIOCOOHOCTH CIOKHBIX OpTaHH3a-
roHHo-TexHnueckux cucrem (COTC) [1-7].

Omnako omeHka dPGEKTHBHOCTH TaKUX CHCTEM TUATHOCTUKH MOXKET
MPENICTaBIATE COOOW TpoOIeMy, HE HMEIOIIYI0 TOTOBOTO aHAIHTHYECKOTO
peleHns, MOCKONbKY HapyuieHus: padborocnocodoHocTn COTC mpencTaBustoT
co00H KOMILIEKC CIIOKHBIX B3aMMOCBSI3aHHBIX TPYIHOIMPOTHO3HPYEMBIX COOBI-
Tuii [8; 9].

[Ipr 5TOM BOCCTaHOBIIEHHE YAaCTUYHOM HIIM TOJHOW paboTocmocol-
Hoct COTC mpoHCXOANT B YCIOBHSAX KECTKOTO Ae(UIMTA BPEMEHH, TaK KaKk
Oe3elicTBHE BEHIMIEAIISH U3 CTPOSI CUCTEMEBI CITYCTSI ONpPEe/eNIEHHBINA MPOMEXY -
TOK BpEMEHH MOXKET TOBJIeYb 32 CO0OW HACTYIUICHHE Tropasno Ooiiee cephes-
HEBIX IIOCJIECTBHH.

Cutyauus 4acto ycyryOisieTcsi TeM, 4TO MOTepsl paboTOCIIOCOOHOCTH
COTC npoucxomuT B CUTyaIlUH «KOTHUTHBHOTO 3aTEMHEHHUS», KOTJa TOCTYTI-
Has olepaTHBHAs WHQPOPMAIMs O BBIMEANINX U3 CTPOS OOBEKTaxX HEIoJHa,
HEJOCTYITHA MO0 OTCYTCTBYeT B mpuHIwmIe [10].

LlenecooOpa3HOCTh HMCIONB30BaHUS CHUCTEM JUArHOCTHKH U TIOWCKa
HEHCIIpaBHOCTEH omperensercss 3QGEKTHBHOCTHIO STHX CHUCTEM C TOYKH 3pe-
HUS BpeMeHU BoccTaHoBJIeHUs pyHKronupoBanus COTC.

[Ipu 3TOoM 3(PPEeKTHBHOCTH OKA3bIBACTCS B MPSMOW 3aBUCHMOCTH OT
KOHTEKCTa WCIOJB30BaHUs CHUCTEM IHMArHOCTUKU: BPEMEHH IOCTaHOBKH Mep-
BUYHOW THIIOTE3Bl O HEHCIPABHOCTH, BPEMEHHU TOATBEPKICHHUS THUIIOTE3BI O
HEHCIIPAaBHOCTH, BPEMEHH YCTPaHEHHS HEUCIPAaBHOCTH M BPEMEHHOTO 3amaca
JI0 HACTYIUICHMsI BTOPUYHBIX nocnencteuid [11].

IHocTanoBka 3anauu. Llenpio HacTOAIIETr0 HCCIEAOBAHUS SBIIACH
BBIpabOTKa METOIOB OMECHKU A((DEKTUBHOCTH (YHKIIHOHHUPOBAHUS CHCTEM
JUArHOCTUKH W TIOMCKA HEMCIPABHOCTEW MPU BOCCTAHOBIEHUH pabOTOCIIOCO0-
Hoctu COTC, BeiOOp kputTepueB 3()(HEKTUBHOCTH MpOIEcca TUATHOCTHKH U
noucka HeuctnpaBuocteir COTC, mocTpoeHrne Mozenu mpoiecca TUarHOCTHKH
u noucka HeucnpaBHocTeil COTC, MmoaenupoBaHue MpOLECCOB JUATHOCTUKU U
MONCKA HEHCIPABHOCTEH C pa3IMYHBIMH CTPATETHSIMA W KOHTEKCTHBIMH
XapaKkTepUCTUKAMH TIOMCKa, OTIpe/IeIIeHUe TTapaMeTpoB, BIUsIOMUX Ha 3ddek-
TUBHOCTb BHEJIPEHHUSI M WCIOJB30BaHMS CHCTEM JHATHOCTUKU M ITOMCKa HEHC-
MIPaBHOCTEM.

1. TlapamurMel MOJETUPOBAHUS COOBITHIHBIX MPOLIECCOB

MopenupoBanre COOBITHIHO-OPHEHTHPOBAHHBIX TPOIIECCOB, B YaCT-
HOCTH TIpoIiecca TOWCKa, TUAarHOCTHKY W YCTpaHEHUs HEUCIPAaBHOCTEH, Mpe/I-
CTaBIIIET COOOH CIIOKHYIO M PECYPCOEMKYIO 3a/1auy.
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B kadecTBe BO3MOXKHOIO pEHIEHH, KaK MIPABHIIO, UCIOIb3YETCS OJUH
M3 TPEX OCHOBHBIX MOJIX0JI0B WJIM UX KoMOuHarws [12]:

1. AKTHBHOCTHO-OPHEHTHPOBaHHAs MapagurMa.

2. CoOBITHITHO-OPHEHTHPOBAaHHAS MTapauTMa.

3. Tponecc-opueHTrpoBaHHAs Mapagurma.

IIpu sToM MonenupoBaHHE pa3leNsieTcs Ha «IOBTOpPSAEMBIE IKCIEpPH-
MEHTBI» U aHaJIU3 BPEMEHHBIX 00JIACTEH, WM «IKCIEPUMEHTHI, IIPOTSDKEHH bIe
BO BPEMEHU.

OpHUM W3 TMPUMEPOB MOJETH MOXET OBITh aHa u3 OO0CTYKMBaHHS
ouepeseil 3agBOK Ha PEMOHT, MPU KOTOPOM 3asBKH MOCTYIMAIOT B ClIy4ailHoe
BpeMSI, ¥ BpeMsI UX 0OCTY)KUBAHU TOXKE SBISETCS CITy9aiHOW (DYHKITHEH.

B Takux ycnoBusiX BpeMsi MEXIY HadaioMm paboThl U €€ BBITOJHEHUEM
Oyzmer ciyyaifHOW (yHKIHMEH, KOppeNupyroledl ¢ SKCIOHEHIMATbHBIM WIIN
IpyTuM pactpenenenuem [13].

IIpn aKTHBHOCTHO-OPHEHTHUPOBAHHON MapagurMe MOJIEIBHOE BpeMs
paszzmensieTcsi Ha HeOONbIINE WHTEPBANbl — 3HAYMTEILHO MCEHBIIHNE, YeM Bpe-
MEHHOW WHTEPBAJ MMPOUCXOAAIINX COObITHIA. J[J151 COOBITHIA, UMEIOIINX pa3dopoc
npuMepHO B 20 CEeKyHJ, peKOMEHyEMBI BpDEMEHHOH IIar MOKET COCTABJIATH
0.001 cexyHapl. B kaxnaplii MOMEHT BpeMEHH MOJEIHpYIOIlas MporpaMmma
OTCJISKMBAET COCTOSHUE BCEX IMPOIECCOB B CHUCTEME, MPOBEPSET BO3MOKHOE
3aBepIICHNE KaXIOr0 M3 HHUX W IEepEpacHpelesaeT 3aHATOCTh PA3INIHBIX
CHUCTEM.

Henocrarok akTMBHOCTHO-OPUEHTUPOBAHHON IApaJurmMbl — B HEIKO-
HOMHOM HCIIOJIb30BAHNN BBIYUCIUTENBHBIX pecypcoB. bombmas dacte Bpe-
MEHH YXOAMT Ha 3alpOChl COCTOSIHUSL CUCTEMBI (M3-3a MAJIOTO0 MHTEpBaia Bpe-
MeHH TipoBepok B 90 % ciyyaeB HeMH()OPMATHBHBIE), YTO MPHUBOJIUT K TOMY,
YTO OOJIBLIYIO YaCTh BPEMEHH MOJeNb (YHKLIHOHUPYET BXOJIOCTYI0. DTO CEepb-
€3HO OCJIOKHAET HCCIENOBaHMeE, T. K. 4aCTO CUMYJISIIHA JOJDKHA 3aXBaThIBaTh
OoJIbIIHE TIPOMEKYTKH BPEMEHH.

CoOBITHIfHO-OPUEHTUPOBAHHASA TMapagurMa GopMaau3yeT HHOU II0I-
xo1. Habop coObiTnii XpaHuTCS B BHIIE COOBITHIHOTO cTeka. Kaxmoe HOBOE
COOBITHE YTO-TO U3MEHSET B CTEKE, ITPHU 3TOM, BO3MOXHO, TEHEPHPYETCS HOBOE
coObITHe. [IporpaMMHBIN KOJ KaXABIH pa3 mpoBepsieT CTEK COOBITHH U Tepe-
CTaBJIAET CUCTEMHBIE Yachl Ha BpeMs, KOI/la JOJDKHO IPOM30WUTH Clexyrollee
0 oYepean cCoObITHE.

IIpouiecc-opueHTHpOBaHHAS MMapaJurMa HCIIOIb3YeT KOHIEHIIHMIO MHO-
TOMOTOYHBIX BbIYMcIeHUH. Opranuzanus paboThl ¢ MpoIlecCaMH B TakKOU
MOJIEJIM MIPOMCXOAMT IO TE€M e NPUHLIUIAM, YTO W paboTa C MpoleccaMu B
cemeiicTBe onepaiuoHHbIx cucteM crangapta POSIX. Bonee Toro, HekoTopbie
MOJIEJIA UCTIONB3YIOT MEXaHU3M pabOThI, OCHOBaHHBIM Ha UNiX-MOJOOHOM B3a-
MMOJIEUCTBUM TporieccoB. OQHAKO MPOrpaMMHBIE PEATTH3aMK TaKUX MOJeNen
JOCTaTOYHO TSDKEJIO CO3/1aBaTh M MOAJEPKUBATh.
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Pemenue 3amaun. B pamkax uccnenoanms moxenb COTC mpencras-
JIeHa B BUJIC MHOXKECTBA B3aMMOCBSI3aHHBIX MAaTEPUANBHBIX OOBEKTOB (TEXHU-
YEeCKHX CPEJCTB W TepcoHaja, 00ecrevynBaronero ux (yHKIHOHHUPOBAHHE U
MIPUMEHEHUE 110 Ha3HAYEHHUIO).

Kaxnomy marepuanbHOMy OOBEKTY COOTBETCTBYET BUPTYaIbHBIN y3el
MOJIENIN, KOTOPBIH MMEET CBOM MHIMBHUIyaJbHbIE XapakTepucTuku. Vccnemo-
BaHHE MPOBOAMIIOCH IIyTEM MOJAEIMPOBAHMS IIOUCKA U YCTPAaHEHUS! HEUCIIPaB-
HOCTEH ¢ MCIOIb30BAHNEM COOBITHHHO-OPHEHTUPOBAHHOMN MapagirMbl.

1. Omnwucanue monenu

Pa3paboranHass Moieb BKIIOUAET B ce0sl YeThIpe OCHOBHBIX KOMIIO-
HEHTa!

1. Hepapxudeckass 4eIOBEKO-MallMHHAS MOJIENb OpraHW3alOHHO-
TEXHUYECKOW CUCTEMBI, KOTOpas MpeACTaBlcHa KaK B3aMMOACHCTBHE TEXHHYE -
CKUX U OPTaHM3aLMOHHBIX OOBEKTOB, CBSI3aHHBIX MEXAY COOOH CBS3sIMU pa3-
nuyHoro xapakrepa. B monenn COTC npeacTtaBieHa B BUAE HANpPaBICHHOTO
rpada, B KOTOPOM BEPIIUHBI MPEACTABISIOT cOO0 TEXHUUECKUE W OpraHu3a-
LUOHHBIE OOBEKTHI, a pedpa — CBA3M MEXIy 00BEKTaMU.

Kaxnprii 00bexr COTC B paMKax MOJAENH XapaKTEpHU3yeTcs CIEAYIo-
IIMMH BEJTMYUHAMU:

e BpecMEHEM Ha BEpU(HKANUIO THUIIOTE3bI O HEepaboTOCIIOCOOHOCTH
00BEKTA;

® BpEMEHEM Ha BOCCTAHOBJIEHHE PabOTOCIIOCOOHOCTH OOBEKTA;

e BpeMEHEM HACTYIUICHUs] BTOPHYHBIX ITOCIEACTBUM M OLEHKON pHCKa
HACTYIJICHUS 3TUX HOCJICACTBHUI.

Bce 310 — cityuaiiHble BETHYHHBI, KOTOPBIC B 3aBUCUMOCTH OT CHCTEMEI
MOTYT OIpEICIAThCS PAJNTUYHBIMU TI0 XapaKTEPUCTHKAaM pPacIpeIeiIeHU MU
(HOpManpHOe, BeliOyia pa3HbIX MOPSIIKOB).

B ymporeHHO# Mozieny OHM MpPECTABICHBl MAaTEMAaTHYECKUM OXKUAa-
HUCM.

2. CucreMa AMarHOCTUKU — BCTPOEHHAS B MOJENb OO MOAKIIOUEH-
Has K Hell yepes anmnapaTHO-IPOrpaMMHBIA HHTEp(EHcC.

Mopens npezcTaBieHa Kak CUCTeMa, KOTopas Ha OCHOBAaHHUHU JOCTYT-

HOW MH(pOpMaLKU TeHEPUPYET BEKTOP THIOTE3 ( d 1, d 2.0 d N ) O BO3MOYKHOM
MECTOHAXOXKJICHHH HEUCTIPABHOMN TEXHUYECKOW €INHHMIIBI.

Takol BEKTOp THIIOTE3 MOXET OBbITh IOCTOSHHBIM JIHOO DPEKYpPCHB-
HBIM — MEHSIOIIUMCS B 3aBUCUMOCTH OT CUCTEMHOHM MH(opManuu U nHpopma-
LIUH, TIOY4YE€HHOH OT MEHEKepa PUCKOB.

B cootBetrcTBUM co cranmapToM ISO [5] rumoTe3s! IpenCcTaBisioTCsS B
Buze OaliecOBCKMX K03((UIMEHTOB YBEPEHHOCTH B pabOTOCIIOCOOHOCTH TOTO
WJIM WHOTO OJIOKA.

3. MeHemkep pUCKOB, KOTOPBIH Ha OCHOBE TMIIOTE3 O HEHUCIPABHO-
CTSIX, MOHUMaHUs BHyTpeHHNUX B3anMocBs3eil B COTC u onieHKH pHCKOB 3aHHU-
MaeTcs MOCIe0BaTENbHOM TMarHOCTUKON U BOCCTAaHOBIICHHEM Pab0TOCHIOCO0 -
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HocTH 00BhekTOB COTC — camocTosTeNnbHO MO0 Ha OCHOBE BEKTOpa THIIOTE3
CHUCTEMBI JTUAaTrHOCTHUKH.

4. CoOBITHHHBIA CTEHA-TIPOLECCOpP, KOTOPBIA YIpaBisieT paboToH
MOJIETIN ¥ CHCTeMHBIM BpeMeHeM. OH BKITto4YaeT B ce0s ciexyromue GyHKINO-
HaJIbHBIE MOYJIH:

® MOJyJib reHepalnruy MOTOKa COOBITHI HEHCHPABHOCTEH Ha OCHOBE
3a/IaHHBIX pacIpeleIcCHU;

e  MOZIyJb pabOTHI C MOJCJIBHBIMU YacaMu;

e  MOJIyJb YIPaBJIECHHUS IpOLeccaMH MOAEIH B 3aBUCHMOCTH OT IIPO-
UCXOISIINX COOBITHIA;

e  MoZIynb cOopa U OLIEHKH MH(POPMALIUH.

Mooenuposanue u pesyromamsi. MonenupoBaHue MPOBOANIOCH VIS
cucteM pa3inyHoN cioxkHocTd (0T 1 mo 100 00BEeKTOB), ¢ pa3nUYHBIMU
pacnpeneneHusIMU CTpaTernii MOMCKa HEMCIPABHOCTEW, IPU 3TOM BpeMs Juar-

HOCTHUKH Tdiag U BpeMs YCTpaHEHHs HeHCIpaBHOCTEH Trepair npeJmnona-
rajloch PaBHBIM JIJIs1 BCEX OOBEKTOB CHCTEMBI.
s kaxxmoil u3 nccneayeMblx MoJieneil ObUI0 IPUHSTO, YTO BBIXOX W3
CTpOsi XOTA OBl OJTHOTO 0OBEKTA MPUBOIUT K BBIXOAY U3 cTpost Bceir COTC.
IIpu 3TOM BO3HMKAET CUTYyalUsl «KOTHUTUBHOTO 3aTEMHEHUS», B KOTO-
pOH cHUCTEMa JUArHOCTUKU BBIJBUTAET THIIOTE3Y O HEUCIPABHOCTU OJJHOTO U3

00bekToB. Jlamee 3arTpayMBaeTCsi BpeMs Tdiag Ha TPOBEPKY HCTHUHHOCTH
THIIOTE3HI.

Ecnn 00BeKT AeHCTBUTENEHO HEUCIIPABEH, TO MOJECIHUPYETCS MpoLece
ero UCIIPaBJICHHUS.

[Ipu 3TOM K 00lIEMy BpEeMEHHU YCTpaHEHHUS HEMCIPABHOCTH JT0OABIIS-

eTcsl BpeMst T repair Ha PEMOHT OOBEKTA.

Ecnu runoresa ommuboyHasi, TO CHCTeMa THarHOCTUKH BBIIBUTAET ClIe-
JYIOIIYI0 TUIOTE3y, KOTOpas CHoBa mpoBepsiercs. M Tak nanee, moka Hewc-
NpaBHBIA 00BEKT He OyneT 0OHapyKeH.

B kauecTBe XapakTepHCTHKH 3()(GEKTUBHOCTH CHUCTEMbI JAUATHOCTUKH
HCTIONB30BANICS «KOI(DHUIMEHT Monaganuii:

N

Trac diag — YHCJIO MOIBITOK JUAarHOCTHUKH,

N fail — 4HMCII0O HEBEPHBIX TMIIOTE3 O HEUCIIPABHOCTH.

Yem Ommxe I<diag K HYIO, TeM XyXe paboTaeT cTpaTerdsi Mmoucka
(60 BIIIE TONTBITOK JUATHOCTHUKH HA OJIUH COOM).

k

UYewm Jsrydmie cuctema, TeM Ommke ' diag —1 (oOHapyKeHHue C MepBOro

pasa).
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Kpome «koaddunmenTa nomamanniny UCHOIB30BAJICS Takoke «KodDPH-
IUCHT MPOCTOS», XapaKTePU3YIOIUi d3PPEKTUBHOCTh YCTPaHEHUsI HEUCTIPAB-
HOCTEH 110 BPEMEHU U PaBHBII

Nfail i Ndiag B
i ij
Z (T repair+ Z Tdiag)
k —1=1 =1 !
stop™—
T full
T i . .
rac repair  — BpeMs, 3aTpadyCHHOC Ha PCMOHT 00BeKTa I, BBIIIEOUICTO U3
CTpOs,
Ta i
diag — BpEeM:I, 3aTPAUYCHHOC HA MPOBCPKY THMIOTE3bI | O HCUCIIPABHO-

CTH OOBEKTA j.

[Ipu 3TOM, uem Onmxe kStOD K 1 — Tem Oosble Bpemsi, 3aTpaueHHOE
Ha TIOMCK HEUCIPaBHOCTH U PEMOHT OOBEKTa, U TeM Xyke paboTaeT cucrema
JTMAarHOCTHKH.

B kadecTBe cHCTEMBl IOUArHOCTHKH MHCIHOJNB30BAINCH OJIOKH, OCY-
LIECTBIISAIOUINE CTPATEIUH CIIETIOr0 U HAIPABJIEHHOTO IIOKMCKA.

Crermnoii mouck ObIT BHIOpaH B KauecTBE HOPMHUPYIOLIETO YPOBHS IS
MoJIeJiel HaIpaBJIeHHOTO TMoHucKa. JIs ciemoro mowcka ObUIM MCCIIeNOBaHbI
CTpaTeruy CIy4aiHOro (¢ BBHIOBIBAHWEM NPOJUMATHOCTHPOBAHHBIX 3JIEMEHTOB)
u mocienoBatTenbHoro (ot 1 mo N) mepedopos.

HanpasieHHbIH MOWCK UCIIONB30BAJICS MpHU 0alecOBCKUX KOAPPHUIIU-
€HTaX YBEPEHHOCTH B NCIIPABHOCTH 00BEKTa, paBHBIX B cpeaHem 0.2, 0.5 u 0.9.

2. PesynbraThl MOAECTMPOBAHUS

Hwxke npuBeneHbl rpa@ku 3aBHCHMOCTH BEJIMYHMH KOX(QPUIIMEHTOB
nonaaanus 1 K03h(HUIUEHTOB MPOCTOSI OT KOJTMYECTBA O0BEKTOB HUCCIIEyeMO
MOJENI IJIl PAa3IUYHBIX ITOMCKOBBIX CTPAT€rMi JHAarHOCTUYECKUX OJIOKOB.
I'paduk koadduimenta momnaganuii Beze 0003HAYCH YSPHBIM IIBETOM, a Tpa-
¢$uK K03 PUIEHTa TPOCTOST — CEPBIM.

PesynpTaTel ciemoro mowcka NOpUBENEHBl B BuAe TIpadukoB Ha
puc. 1, 2.

Xopomio BHIHO, YTO CIIy4YalHbIH M IIOCJIENOBATENbHBIM BapHUaHThHI
MONCKA HE UMEIOT OCOOBIX NPEUMYILECTB APYT MEpe] JPYTOM.

Crparerus cienoro noucka xopomo padoraeT ajsi HeOOIbIIOro YHCia
00BEKTOB (B paccMaTpruBaeMoil MOJIETTH — 710 6 OOBEKTOR).

C poctoM umcia 00bekToB 3((HEKTUBHOCTH Toucka maaaet — s 100
00BEKTOB BpeMsI MMPOCTOSI OBIIIO OIU3KUM K 00IIIeMy BpeMeHHU paOOThI MOJISIIH.
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Puc. 1. Pe3ynomamul MoOenupoganust cmpameuu CIy4aiHo2o NOUcKa

1.2

YOODADPRRADL PRI SERCADE R PG

Puc. 2. P€3yﬂbmambl MO()B]IMPOB(JHME cmpamecuu n0CNe008amenbH020 NOUCKA

Pe3ynbpTaThl HanpaBIeHHOrO MOUCKA MPUBEICHBI HIDKE Ha puc. 3, 4.

Pe3ynbTaThl MOAEIMPOBAHHS TOKA3BIBAIOT, YTO CTPATErHs HAIlpaBJieH-
HOTO IIOMCKa paboTaeT ONTHUMajbHEE, YEM CJICION MOMCK Ja)Ke NPH HU3KUX
3HAYCHUSX KOI(D(DUIMEHTOB yBEpeHHOCTH. OD(PPEKTUBHOCTH CTpaTETUH
HaNpaBJICHHOTO MOKMCKA PACTET C YBEJINYECHUEM CIOKHOCTH CUCTEMBI U KOJIH-
4ecTBa JIMarHOCTUPYEMBIX 00beKTOB. [Ipy 3TOM HaIlpaBIeHHBIN MTOUCK IS CHU-
CTeM ¢ HEOOJBIIUM YHCIOM OOBEKTOB HE yIy4YIIaeT KaueCTBO U CKOPOCTH I0-
WCKa HEUCTIPABHOCTEH, HO NMPHUBOAUT K OOILIEMY YCIIOKHEHHIO CHCTEMBI W B
HEKOTOPBIX CIy4asgx MOXKET AaXe 3aMeJINTh MOMCK HEUCIpaBHOCTEH (ecnn
YYUTBIBATh B MOJICNM BpeMsl Ha MPHHSATHE PEHICHUS M0 KaXKJIOMY CIyYaro
TTUATHOCTHKH ).
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Puc. 3. Pe3ynbmamul modenuposanus cmpameuu HanpagieHHO20 NOUCKA
ons kosgpPpuyuenma 0.5

12

ORI PP PRPRADPRPASTEROCA PSP

Puc. 4. Pe3ynomamol modenuposanus cmpame2uu HanpagieHHo20 noucka
onst koappuyuenma 0.9

AHanmu3 pes3ynbTaToOB MOJCIUPOBAHMS IIO3BOJIMUI BBIACIHTH TPU
OCHOBHBIX NapaMeTpa, OnpeAesomux 3GHEeKTHBHOCTh BHEIPEHUS U HCIIO b-
30BaHMS CHCTEM JUArHOCTHKU HEHCHPAaBHOCTEH:

e CcI0XHOCTH quarnoctupyemoir COTC.

® KOJIMYECTBO JOCTYNMHOM nHpopmanuu o coctossaun COTC.

¢ Bo3MOKHOCTH yrpasnenuss COTC.
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BeiBoabl. B crathe ObUTH TpeAsiosKeHBI METOBI, KPUTEPHH U MOJIENb
oleHkH 3G eKTUBHOCTU Noucka HeucnipaBHocTeit B COTC.

Bce aTo mo3Bonuio:

e [Ipocienuth JAWHAMUKY BOCCTAaHOBIEHHS PabOTOCIIOCOOHOCTH
COTC pnns pa3nU4YHBIX CUEHAPHUEB U CUCTEM JUATHOCTHKU.

o Onennuth 3()(HEKTUBHOCTh CUCTEMBI JUATHOCTUKU C TOYKHU 3PEHUS
3aTpaT BpEMEHU Ha MOUCK U AuarHocTuky Heucnpauocteit COTC.

e OnpenenuTh NapamMeTpsl, BIUSIONIME Ha d3PPEKTUBHOCTh BHEIPCHUS
Y UCTIOJIb30BAHUS CHCTEM TUATHOCTUKH U MMOMCKA HEUCIIPABHOCTEH.
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AOC/HIKEHHSI ECEKTUBHOCTI BUKOPUCTAHHSI THYYKHUX
METOJOJIOT'THU PO3POBKHU NTPOI'PAMHOI'O 3ABE3IIEYHEHHA
B IPAKTUII CYYACHHUX NIANNPUEMCTB

HCCJIEJOBAHUE JOPPEKTUBHOCTH HCITOJIb30BAHUS
I'MBKUX METOJOJIOI'NU PASPABOTKHA ITPOI'PAMMHOI'O
OBECHEYEHUSA B IPAKTUKE COBPEMEHHBIX KOMITAHU

FLEXIBLE METHODOLOGIES EFFICIENCY
RESEARCH IN PRACTICE OF MODERN SOFTWARE
DEVELOPMENT COMPANIES

H.A. PYAJHUYEHKO, xana.TexH.HayK
Ooecckuii HaYUOHANbHBLIL MOPCKOU YHUSEpCUmem, Ykpauna

Hagedeno pesyromamu 0ocniodcenns eghekmugHoCmi GUKOPUCHIAHHSL
SHYUKUX MemOoOOoN02ill pO3POOKU NpOSpaAMHO20 3a0e3neveHHs 6 NpaKmuyi
cyuacHux Komnauit. Buknadeno pezynbmamu npogedeHo20 onumy8aHHs wooo
BUKOPUCMAHHI MeMOOO002il YNPAGIIHHA NPOEKMAMU, a MAKONC pe3ylbmamu
sapmicHo2o ananizy 9 pisnux npoexmis. Busasieno ocobaueocmi pisHux eHyu-
KUX MemoOonoeiii po3pooKU npu ix NPAKMUuuHOMY 3ACHOCY8AHHI.

Knrouoei cnosa: enyuxi memo0onocii po3pooxu npocpamHo2o 3abesne-
YenHs1, BAPMICHUL AHAII3 NPOEKMIS.

Ilpusedenvt pezyrvmamol Uccie008anusl 3PHeKmusHOCmU UCNOIb30-
6aHUS 2UOKUX MEMOO0A02ULL PA3PAOOMKU NPOSPAMMHO20 0DechedeHuUsl 8 NPaK-
MuKe COBPEMEHHbIX KOMRaHUu. H3n00censl  pe3yibmamosl Npo8eOeHHO20
ONpOCA NO UCNONIBL30BAHUID MEMOOON02ULL YAPABAEHUS NPOEKMAMU, d MAKICe
pe3yabmamsl CMOUMOCMHO20 aHanuza 9 paznuunvix npoexmos. BbiasieHbl
0CODEHHOCMU PA3IUYHBIX SUOKUX MemO00I02Ull pa3pabomKy npu ux npaKmu-
YeCKoOM NpUMeHeHUU.

Knrwouesvie cnosa: cubkue memooonocuu pazpabomiu npocpammHozo
obecneuenuss, CMOUMOCMHOL AHANU3 NPOEKNO8.

The results of research on the effectiveness of the use of flexible soft-
ware development methodologies in the practice of modern companies are pre-
sented. The results of the survey on the use of project management methodolo-
gies, as well as the results of the cost analysis of 9 different projects are pre-
sented. The peculiarities of various agile development methodologies are re-
vealed at their practical application.

Keywords. agile software development methodologies, project’s cost
analysis.
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Introduction. Modern trends in the development of methods for the
effective management of software development in the domestic and foreign
markets indicate the growing relevance of the use of flexible approaches (agile)
in practice [1]. The main problem in the management of projects in the field of
information technology is to perform the tasks in a short time with high quality
and a budget acceptable to the customer (triple bound) [2].

Software development, like any other technical discipline, deals with
the following main problems: quality, cost and reliability [3]. In this regard, the
proper organization of the software development process is the basis for
achieving the planned result in the expected time, with the expected level of
guality and with an adequate budget value [4]. Among the common problems
of the software development process are the following [5]:

1. Change requirements directly in the development process.

2. Fuzzy distribution of responsibility for the work performed and its
result between team members.

3. The presence of a continuous stream of small, «fasty», piling up
demands, distracting developers and managers from the main line of work.

4. As a consequence, failure to meet deadlines, inflation of budgets,
loss of work quality.

Agile does not include specific practices, but determines the values and
principles by which successful teams are guided. Most flexible methodologies
are aimed at minimizing risks by reducing development to a series of short cy-
cles, called iterations, which usually last one to two weeks. Each iteration itself
looks like a software project in miniature and includes all the tasks necessary
for issuing a mini-growth on functionality: planning, requirements analysis,
design, coding, testing and documentation [6].

Relevance. Modern companies often implement existing and proprie-
tary practices in managing the software development process, relying solely on
experience on existing cases and management preferences [7-9]. This approach
is not always very effective because it doesn’t include the stages of project risk
assessment and cost analysis in order to find the best methodology for the par-
ticular project development [10; 11].

Goal of the work. The aim is to study the effectiveness of using vari-
ous Agile-methodologies in practice by conducting a cost analysis of planned
and actual costs taking into account project risks based on statistical data col-
lection.

Basis of material. To collect statistical data, a targeted interview was
developed. It consists of 11 questions, 9 questions containing the answers, and
the remaining 2 questions are aimed at a creative text response that reflects the
respondent's private opinion. The interview’s target audience consists of the
middle and top level managers of software development units, team leads, pro-
ject managers and providers of practical integration Agile-techniques (Scrum-
masters, etc.). The interview was created and placed in the Internet using
Google Forms.
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The results of the survey on the software development methodologies
used and on the most critical design risks are shown in Fig. 1 and Fig. 2. As can
be seen in the above figures, the most frequently used methodology in practice
by the respondents is Scrum, and the most critical risks are errors in estimating
the scope of work and the human factor.

Which of the risks do you most often have?

Human factor

Developer leave

_

Assessment of the scope

of work error Formation of requirements errors

Fig.1. The most critical design risks

For a more accurate assessment of the effectiveness of the methodol o-
gies, 9 different cases were considered, for each of them a cost analysis of pro-
ject was carried out. The information on the projects was received from a dif-
ferent development teams and is insider trading.

The cost analysis of the project (C) was defined as the product of the
project execution time (T) by the cost of the team (K). T was defined as the
ratio of the project volume in the story points (W) to the average team speed
(S) (the average number of tasks per sprint).

The carried out cost analysis of the reviewed projects allowed to estab-
lish the planned, actual and final (taking into account the risks of exceeding the
budget, external factors and delinquency) value. Summary results of the cost
analysis of the 9 reviewed projects are shown in the table 1.

In most of the cases examined, the risks of exceeding the budget were
realized, and in projects Ne 4 and 7 there was also a delay. The inherent risks of
not timely delivery of results for projects 4 and 7 were about 10 %, which
could not compensate for the total budget excess. This is due to the specifics of
the Waterfall development methodology.

Analyzing all 9 considered projects, it should be noted that in practice,
large values of risks are laid by teams numbering more than 6 people, with the
lowest risk values being laid with Waterfall (5-10 %), more significant with
Scrum (10-20 %), the most Large (from 30 %) for XP / TDD. High risks, in
comparison with others, for XP are related to the specifics of the methodology
itself.
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What software development methodologies do you use?

82 responses

Scrum 88 (70,7 %)

Kanhan
P (Extreme...
TOD (TestD...
Lean (Learn...
FOD {Featur..

Waterfall mo...

24(28,3 %)
23 (28 %)

16 (19,5 %)

22 (26,8 %)
T(B.5 %)
36 (43,9 %)
44,9 %)
0 5 10 15 2 25 30 35 40 45 50 55

Hpyroe

Fig. 2. Methodology usage diagram

With an increased degree of strain on the development team (lengthe-
ning the working day, consolidating the list of tasks to be carried out on the
sprint, reinforced monitoring, nervous conditions due to tight deadlines).

When the obtained values of cost estimates for all projects are aggre-
gated and averaged, it can be argued that the most time-consuming, technically
complex, costly and risky in terms of probability to exceed the deadlines are
web-systems and web-applications projects. Of the cases examined, this is
Ne 2,3, 4.

This is largely due to the necessity to use automated means of checking
and testing the work of the product on iterations, allocating funds for the acqui-
sition and deployment of servers for continuous integration, payment of manual
and automated testers, and the difficulty of fully integrating solutions on hos-
ting.

In this regard, in the projects of this category of software products, it is
necessary to pawn large risks of exceeding the budget and delay. In the
reviewed cases the budget for these projects is greater than other types. The
final cost more often than the planned, often possible delay.

Less risky projects are mobile applications with a single or two-tier
architecture, i.e. Without the use of application servers.

In our case, an example of such a project is Ne 1. According to the data,
the size of the team for such projects can be less voluminous than for web
development, which, on the one hand, reduces the risks of exceeding the budg-
et, and on the other hand increases the risk of loss of qualified specialists.

The threshold of entry into the field of mobile development is higher
than in the web and the number of job seekers for these vacancies is much
lower than in the field of web development. Nevertheless, the project number 1
indicates a possible exceeding of the budget in practice for the reasons
described above. The total cost, in about half the cases, may exceed the planned
value due to risks.
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Table 1
Summary results of the cost analysis of the reviewed projects
Planned Actual Planned Actual
Team ., . . L
Metho- - project’s project’s project’s project’s
Ne Size . -
dology (man) duration duration budget budget
(days) (days) (UAH) (UAH)
1 Srum 8 30 30 1 800 000 2120000
XP +
2 DD 4 15 15 416 000 416 000
3 FDD 8 30 30 3700 000 3680 000
Water-
4 fall + 4 75 82 349 700 380 000
Agile
5 V\éf‘atﬁr 7 89 89 10 000 000 12 000 000
6 Scrum 9 53 53 10 000 550 10 000 000
7 V\gﬁr 4 35 85 336 000 1.000 000
8 Scrum 3 45 45 360 000 360 000
9 XP 3 45 45 450 000 450 000

The least risky, from the point of view of the failure of terms, are desk-

top projects, most of which, within the framework of the projects reviewed,
was performed on the basis of Agile-methodologies Scrum and XP (Ne 6, 8, 9).

This is explained by the fact that the time and material costs for testing
and deployment of such solutions are less than for web or mobile applications,
and modern tools for cross-platform development (Java, Python, etc.) allow
developers to reduce the amount of work required to integrate the final solu-
tions for different operating systems and platform.

Risks of delay, respectively, are also lower. The final cost usually
coincides with the planned one.

Extrapolating the obtained data, it should be noted that different agile
practices and their combinations are appropriate for different cases.

We should notate that the general project’s classification according to
the types described above: web applications, mobile applications and desktop
applications. Also, should be classified and the team in size: large (more than
10 people), consisting of individual subgroups; medium (5-9 people) and small
(up to 5 people).

Depending on the specifics of the project, different methodologies will
give different technical and economic development effects. In particular, XP /
TDD will allow us to increase the speed, but most likely reduce the quality.
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Scrum will improve the quality, but will reduce the speed and increase
the budget. FDD is less predictable, because on the one hand, it can raise the
budget, on the other hand it can reduce the risks of delinquency.

Thus, taking into account the various risks, the most feasible from the
financial point of view among the cases considered are desktop projects, next
comes mobile applications and web systems.

It is reasonable to assume that with the increasing team’s size it is rea-
sonable to use agile-methodologies with more centralized control and moni-
toring mechanisms, which can improve the overall efficiency and productivity
of the work.

At the same time, it is important to ensure that these practices do not
develop into a Waterfall model, characterized by an excessive degree of
bureaucracy, not transparency and formalization, which, as practice shows,
leads to exceeding the deadlines and budget of the project.

For case studies on the basis of Scrum, almost complete coincidence of
the planned and actual budget was found (discrepancy even less than 5 %). The
most significant excess of the budget occurred when using the methodology of
waterfall (more than 200 %).

It allows to affirm that Agile methodologies are more effective than
Waterfall. This is due to the flexibility of the organization of communication
between the client and the team, the absence of bureaucratic delays and
instances, the reduction of the degree of formality of labor control for deve-
lopers and the holding of regular internal meetings (meetings).

Conclusions. The conducted researches approved the dominating pop-
ularity of the Scrum methodology in the practice of software development.

This is due to the fact that it supports more tools to maximize the flexi-
bility of the software development process and has a smaller integration
threshold in practice, compared to XP, TDD, FDD.

Also it has such advantages for the team: it is easier to interact; it is
necessary to spend less time and effort on the implementation of refactoring
and drawing up project-reporting documentation; it is easier to understand the
state of the project by holding short daily Scrum-meetings; it allows to sum-
ming up the results with the formation of recommendations on improving the
work on subsequent projects through retrospective analysis.

However, the values of the risks for exceeding project’s deadlines for
Scrum methodology are quite high.

Their minimization is possible through the implementation of preven-
tive modeling of possible scenarios of the situation evolution on the basis of
Monte Carlo methods, fuzzy logic and regression prediction.
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