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s BimoOpakeHHs mepeBaru Bukopuctanast [IIHM Xomginma mist po3s'si3ky
3a7a4i MOUTyKy ONTHMaJbHOTO aBiaMapIipyTy BiZoOpa3uMo OTpWUMaHi pe3ysbTaTh
JoclikeHb Ha rpadiky (puc. 4), 3 SKOro 3poOUMO aHai3:

® s mouryKy onTtumaibHoro Mapupyty IIHM Xondinga suxopucroBye 3HATHO
MEHIITY KiJBbKiCTb iTepariii;
® yyM OiJblIa KiIBKICTh MiCT, MK SIKUMH TIOTPiOHO 3HAWTH MapLIpyT, TUM Oijblie da-
Cy 3aTpayae alropuT™ MOBHOTO repedopy, Toai sk [ITHM nokasye ctabiibHi pe3yiib-
TaTH.
—4+—Xonding ——ToeHnii nepebip
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Puc. 4. Ilopieuanna pobomu 060x po3pooneHux anzopummie

BucHoBkH. Po3risiHyTo HOBHiT eheKTHBHMI TiIXin Ui po3B'a3aHHA 3aadi
KoMmiBospkepa. [linxin moOymoBaHuit Ha OCHOBI IITYYHOT HEHPOHHOI MEpEKi 3 PeKy-
peHTHUMH 3B's3kamu Xondinna. BukoHaHO MOPiBHSAHHS TOBXKWHK 3HANIEHOTO OTTH-
MaJIbHOTO MapLIpyTy 3 JOBKMHOK HAWKOPOTILOTrO MapIipyTy.

[Tin yac npoBeeHHS EKCIIEPUMEHTIB 3'ICOBaHO, 10 HEHPOMEpeKEeBHIi METO,
Ha BiJIMiHY BiJI METOIy TiJIOK Ta MeX, He TIOTpedye 30epiraTn Takoi BENMKOI KilbKOC-
Ti IUIAXiB 00XOMY, IO iCTOTHO €KOHOMHWTh MaM'aTh. Takox el miaxin i3 30inbIieH-
HS KUTBKOCTI MICT 3HaYHO LIBMALIE 3HAXOAWTH ONTHMAIBHUN MapUIpyT, Hi’K METOJ
Jlitna, a Tum Oinplie MeTon TOBHOrO mMepedopy. A Taki BIACTHUBOCTI MITYYHOI
HeWpOHHOI Mepexi K MOMIOHICTh 10 6i0JoTiYHOT HEWPOHHOI MEPEeXi, CENIEKTHBHICTB,
TIPUPOIHUI TTapayielli3M Ta 3MaTHICTh IIBHAKO BUPINIyBaTH ciabodopmaltizoBaHi 3a-
Jadi ONTHMIi3alii Jaf0Th MEPCIEKTUBU Y IOCTIIKESHHI Ta PO3BUTKY IITYYHUX HEUPOH-
HUX MEpEk, 30KpeMa, HAaMOMyJISPHIIIUX i3 HUX — Mepex Xomndinaa.
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3aauyu BbIOOpa ONTUMAIBHOI0 aBHAMAPLIPYTA HelipoHHOii ceTn Xonduaaa

IpuBenena uckyccTBeHHas HelipoHHas ceTh Xonduiaa it HaX0kKICHUs ONTUMAIbHO-
ro aBuamMapupyTa. BXoaHbIMI TaHHBIMH [UIS CETH SBIACTCS MaTpPHIA PACCTOSHHIT MEXIY
MapmpyTamu. s cpaBHeHUs 3()QeKTHBHOCTU MOIYyYCHHBIX PE3yIbTaTOB pa3pabOTaHO MPOr-
paMMHOE MPUIOKEHUE, KOTOPOE Pean3yeT PeleHHs 3a1aull KOMMUBOSDKEpa HEHPOHHOIT ce-
TH U C TIOMOIIBIO TIoJTHOTO riepedopa ("brute force") Bcex Bo3MOXkHBIX MapiipyToB. Iloka3a-
HO, 4TO CeTh HAXOJWUT YIOBIETBOPUTEIBHBIN 1O ATUHE MApLIPYT, OH OTIMYAECTCA OT ONTH-
MaJIbHOTO B cpeiHeM Ha 7-8 % B cilydae KOJIM4ecTBa ropojoB Oonee 15, mpu 3ToM Bpems U
KOJIMYECTBO UTEPALU /I CXOAUMOCTHU CETH CYIIECTBEHHO MeHblne. C yMHBIM BBIOOPOM ce-
TEBBIX MapaMerpoB moydeno nourd 100 % cxoammocts U1t (POPMHUPOBAHMST KOPPEKTHBIX
MapHIpyTOB.

Knrouesvie cnosa: nckycctsennas Heiiponnas cets Xonduia, 3a1a1a KOMMUBOSKEPA,
YCTOHUYMBOE COCTOSIHHE CUCTEMBbI, MAaTPHIIA PACCTOSHUIL, MATPHIIA IEPECTAHOBOK.

Bryndas A.M., Rozhak P.1., Semenishin N.O., Kurka R.R. Implementing of

the Problem of Choosing the Optimal Flight Rout by a Hopfield Neural Network

The Hopfield artificial neural network that is used to find the optimal flight routes is
described. The input data for the network is the matrix of distances between routes. To com-
pare the effectiveness of the results software application is developed that is to solve the tra-
velling salesman problem using neural networks and through complete enumeration ("brute
force") of all possible routes. After receiving the data we can say that the network is a satis-
factory long route, which is different from the optimal average of 7-8 % for the number of ci-
ties over 15, while the time and the number of iterations for convergence of the network is
much smaller. With an excellent choice of network parameters almost 100 % correct conver-
gence to create routes are received.

Keywords: Hopfield artificial neural network, travelling salesman problem, stable state
system, the distance matrix, the matrix of permutations.
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CUCTEMA NMIATPUMKHU NNPUHUHATTA PILIEHD I3 YCYHEHHS Y/IAPIB
1 BIBPAIIIN M1/l YAC TJTABUHHO-MIOXUJIOTO BYPIHHA

T.M. Mamiiixie', B.M. Tecuiox’

Po3poGiieHo apxiTekTypy Ta CTPYKTYpy CHCTEMHU MiATPUMKUA MPUUHSTTS pillleHb
(CIIIIP) i3 ycyHeHHs ynapiB i Bibpariii y nporeci rmouHHO-noxmioro Oypinas. Po3po6ieHo
anroput™ (YHKIIOHYBaHHS CHCTEMH Ta iH(popMmaliliHe 3a0e3reyeHHs, sIKe 0XOIUToe 0asy aa-
HHUX peabHOro yacy, 0a3y mMojeleii Ta npasui i 6a3y 3HaHb ekcrepTiB. Y mpolieci peastizarii
cucreMu 0a3a 3HaHb EKCIIEPTIB IPYHTYEThCS Ha MOJICIIIX HA OCHOBI Mepex baiieca. Po3poobie-
HHI IPOrpaMHUIT TIPOYKT, Y PEXKUMI [OPAIHHIKA, PUIATHHIN JUIs IPOMHUCIOBOrO BUKOPHC-

! acmip. T.M. Marsiiiki — HY "JIbBiBcbKa mosniTexHika'";
2 : . .
“npod. B.M. Tecntok, 1-p TexH. Hayk — HY "JIbBiBcbKa morniTexHika"
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TaHHA MiJ 4ac OypiHHS MMOXMWIO-CKEPOBAHUX CBEP/JIOBHMH 3a JOMOMOroi0 cydacHux MWD-,
LWD-, RSS-cucrem.

Kniouogi cnoga: CIIIP, rmubunHO-IOXMIE OypiHHSA, yaapu Ta BiOpauii, 6a3za JaHUX,

0a3a 3HaHb.

Beryn. TlocriiiHe 30inbLIeHHsT 00CATIB OypiHHS CTUMYIIFOE MOAANBLINN PO3-
BUTOK sIK BUOiiiHMX cucteM y OypinHi — MWD, LWD Ta RSS, Tak i pi3HOMaHiTHHX
NPUKIAAHUX iHOPMALiiHUX MporpaM OMpalOBaHHs JaHUX — iH(pOpMaLiiHUX CHC-
TeM KOHTPOJIFO Ta MiATPUMKN NPUUHSTTS pitens [1-3]. PO3BUTOK BMCOKOTOYHOTO Ta
AKiCHOTO OypiHHSA [4] HEeMOXKTMBHUiT 6€3 BIOCKOHANEHHS SIK CAMOr0 Ha3eMHOro Oypo-
BOI'0 KOMIUIEKCY, TaK i po3po0ieHHs Ta BIPOBAKEHHs Pi3HOMAHITHUX NMPOrpaMHHX
iH(popMaLifHUX CHCTEM KOHTPOJIIO Ta peryJitoBaHHs npotecy Oypinusa. OnHiero i3 Ta-
KHX CHCTEM € po3polJieHa crcTeMa MiATPUMKHU MPUAHATTS pillleHb 3 ineHTrdikarii
Ta ycyHeHHs BiOpalliii mij yac OypiHHS.

JocnimKeHHS MOKa3yloTh, 110 MiJ Yac poOOTH 3 NOTOKaMHU JaHUX Yy cdepi Mo-
HITOPUHTY Ta KOHTPOJIIO 32 MpoLiecoM OypiHHA HadTOra3oBUX CBEpIJIOBMH HaWOiNbII
MOLIMPEHOI0 HA CHOTOIHI € apXiTekTypa "KiieHT-cepBep'. BoHa Mae Kinbka icTOTHUX
nepeBar HaJ apXiTeKTYpOI LEHTpPali30BaHMX OOYMCIIEHb, 110 BUKOPHCTOBYBaNach
nounHaro4u 3 50-x pokis [5]. Lg apXiTekTypa qae 3MOTy iHTerpyBaTH pi3Hi NpUKIIa-
Hi Mporpamu Ta XapakTepu3yeThCsi MACIITAOHICTIO i IOCTYMHICTIO POrpaMHOro 3a-
OesneuenHs. [ 0OMiHy HaHMMHU MiX cepBepaMM Ta KJIi€HTaMH BHKOPHCTOBYIOTh
BiTHOCHO HOBHI TPOTOKOT 00MiHy manuMu WITSML, mo KepyeTbesi cTaHmaapTaMu
kommanii Energistics [6] Ta Ha 11eif 9ac MPOXOIUTh aKTUBHUM IIITX CBOTO PO3BUTKY.

1. lo6ynoBa apxitextypu CIIIIP i3 ycyHenHst ynapis i Biopauiii

Pospobnena CIIIIP cxinamaeThes i3 TaKuX CTamiid: aHami3y mpoOiemMu, po3poo-
JIEHHS IOYaTKOBOTO MPOTOTHITY, MTPOMI’KHOTO BapiaHTa Ta KiHIIEBOTO MPOmyKTy. Crc-
TEeMU TiITPUMKH TPUAHATTS pillieHb Hanexkath 10 [C HOBOTO MOKONiHHS. Y KJIachy-
Homy posyminni CIITIP [7] — ue iHdopmariiina cucrema, MmO MICTUTb Taki KOMIO-
HeHTH: iHTepdeiic kopuctyBaya (User Interface); cuctemy kepyBaHHs Oazamu ja-
Hux — CKBJ] (Data Management System); cucteMy ymnpasiliHHS 0a3zamMu Mojeneii —
CVYBM (Model Management System); cuctemy ynpasiiHHs 6azamu 3HaHb (Knowled-
ge Engine); cuctemy ynpasninas nosimomieHas mu (CYII).

Apxitextypa CIIIIP i3 ycyHeHHs ynapiB i BiOpaliit BU3HaYamacs Xxapakrepom
B3a€MO/IiT OCHOBHUX 11 CKJIQIOBUX €JIEMEHTIB: iHTepdeiicy KopucTyBaua; 0a3u 1aHUX,
6a3m Mopeneii i mpaBw Ta 06a3u 3HaHb eKcTepTiB. Takok apXiTeKTypa po3podieHol
CIIIIP oxorumoe iHPPacTPYKTYpy KOMYHIKamiii i Mepex mias iHTerpamii 3i 30B-
HIIIHBOIO CUCTEMOI) aBTOMATH30BAHOTO YIPABIiHHS TMPOLECOM OYPiHHSA MOXWUIIO-
CKEPOBAHUX i TOPU3OHTANBHUX CBEPIJIOBUH. ApXiTeKTypy po3pobnenoi CIIIIP mpen-
CTaBJIEHO Ha puc. 1.

2. Po3po0seHHs CTPYKTYPHOT cXeMH Ta ajaropurmy GpyHKUioHyBaHHSI

crmnpe

CTpyKTypa CHCTEMH MiATPUMKM MPUHHATTS pillleHb CKIAJaeThCs 3 OKPEMHX
MOJIYJIiB, IO B3a€EMOJIIOTh i3 OCHOBHAM MOJIYyJIeM MOHITOPHHTY Ta YIPABIiHHS i HE
MaroTh IpsAMOT B3aeMoii Mk cobor. OTke, cucrema HabyBae mepeBar MOIYJIbHOTO
MiAX0My, O Ja€ 3MOTY JOTIOBHIOBATHU 11 HOBUMH MOIYJISIMU Ta 3aMiHIOBaTU YU BIOC-
KOHAJIIOBATH HASIBHI.
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I3 pynkmionansHOTO TMOTIIsIMY, CIIIIP cKiTamaeThes i3 TaKuX KOMITOHEHT: iH-
Tepdeiic KopucTyBava; MOIYJb 3aXOIUICHHS JaHUX PeallbHOro MaciTady dacy; Mo-
IyJb MOHITOPHMHTY Ta YNpaBJiHHA DaHUMM; MOLYJb peajizalii Moaeneii Ta alroput-
MiB; MOIyJIb Bizyasli3auii mapameTpiB OypiHHs; 6a3u JaHUX Ta 3HAHb.
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Puc. 1. Apximexmypa CIITIP 3 ioenmughikayii ma ycynenns eiopauiii y npoyeci
2IUOUHHO-NOXUL020 OYPIHHA

ba3a 3xanb excnepris

CTpyKTypy CHUCTEMH MiATPUMKH TPUMHSTTS pillieHb 300pakeHo0 Ha pucC. 2.
Po3pobiiena cucrema € riopumnoro CIIIIP, mo 06'eqHye B cobi Kinbka TUMIB iHpOP-
Mauiitaux CIIIIP, came:

1. CIIITIP Ha ocHoBi nanux (DDSS) — pileHHs IpyHTYETBCS HA OCHOBI aHalli3y He-
NepepBHUX NaHUX INOAO HAsBHOCTI ynmapie i BiOpawiil y pealpHOMY MacmiTadi
qacy.

2. CIIIIP Ha ocHoBi Moneneit (MDSS) — pillieHHs IPYHTY€EThCS HA OCHOBI MOJIENTtO-
BaHHsI pecypcy poboru ECII.

3. CIIIIP Ha ocHoBi 3HaHb (KDSS) — mist npuiiHATTS pillieHb BAKOPUCTOBYIOTb Me-
pexi Baiieca Ta miarpamu BIUTMBY, LIO IPYHTYETHCS Ha 3HAHHAX EKCIEPTIB MPO
NPUYKMHHU Ta 0O3HAKU BUHUKHEHHs yaapiB i BiOpauiii [8, 9].

4. CTIIP nHa ocHogi crinkyBanHs (CDSS).

OyHKIIOHAIBHY CXeMy CHUCTEMH YIPaBJIiHHSA YCYHEHHSAM yaapiB i BiOpariit
300pakeHo Ha puc. 3. AJroput™ (YHKIIOHYBaHHS po3po0iieHol iHhopMaliitHo1 crc-
TEeMH MICTUTh TaKi OCHOBHI MapaMeTpu:

1. CIIIP nae 3Mory OTpMMyBaTH JaHi B peXWMi peabHOro macwirady 4vacy i3

WITSM notoky, 1o B peXUMi CTPiMy MOCTIHHO JOMOBHIOETHCS HOBUMH JIaHH-

MH TIpO nporiec OypiHHS, SKi HAIXOAATH i3 TIOBEPXHEBUX | ITTMOMHHUX aBaviB.
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2. 3a JONOMOTOK MOJTYJIsSi MOHITOPUHTY Ta YIpaBJliHHs JaHUMH, OTPUMaHi AaHi BU-
KOPHUCTOBYIOTh TSI aHANi3y MMOTOYHOTO CTaHy Ta 3alUCYIOThCs B pelisiliiiHy 6a3y
nanux CIIITP.

3. 3a monmomororo Mozeneif Ta anroputmiB [9-11] anamizyerscs iHdopmais oTpu-
MaHoOI i3 HOBUX JaHUX pealbHOro MacluTady yacy Ha MpeaMeT HasIBHOCTI Ta BU3-
Ha4yeHHs JIOCTOBIPHOCTI yzapiB i BiOpawuiit. [IpoBoanThCS aHai3 piBHA BiOpamil
Ta BUPAXOBYETbCA pecypc poOOTH €JIEKTPOHHMX CBEPIJIOBUHHUX MpUIamdiB
(ECIT).

4.V pazsi 3arposu nepeadacHoi nonomku ECIT CIITIP npuiiMae pitieHHs Ipo moT-
peOy ycyHeHHs BiOpauiii Ta BigoOparkae iioro Ha expaHi.

5.Ha ocHoBi inenTu¢ikauiii Bugy BiOpamiii mpomoHYeTbCS ANTOPUTM YCYHEHHS
LLOTO YM iHIIOTO BUAY BiOparlliii.

6. YcniuHicTh NOAoNIaHHs BiOpaliii y MeBHUX Te0JOriYHUX YMOBaX 3aHOCHTHCS B
6a3zy 3HaHb, IO BIJIMBATUME HA MOAANbIIE MPUUHATTS PIlICHHS i3 YCYHEHHS
BiOpauiii. OTxe, BinOyBaeThCs 3aHECEHHS! HOBUX 3HAHb Ta HABYAHHS CHCTEMHU.

Mopaynb 0OTPUMaHHA AaHWX peasbHOro Yacy Mogynb peanisauii mogeneit Ta anroputmie

YuraHHa WITSMLnoToky Moaenb igeHTudikauii Buais Bi6pauiit
[laHWUX peanbHoro vacy

KnieHT nig'egHanHa go
cepeepy AaHUX Mogaenb ouiHtoBaHHA cuTyallii Ta
YXBaNEHHA pilleHHA

Cumynatop napameTpis
6ypiHHA =

ANropuTMm YCYHeHHs yaapis Ta Bibpauiin

Mogenb oLjiHIoBaHHA pecypcy poboTu

ECn
A\ Y Y
Moaynb MOHITOPUHTY Ta YNPaBAiHHA JaHUMK < _ 9
A
basa aannx basa basa
RT Moaenei  3HaHb EkcnepTis
v Ta npaBun
IHTepdeiic kopucTyBava - Mogynb Bizyanisauii napameTpis 6ypiHHaA

Puc. 2. Cmpykmypa cucmemu niompumxu npuitHaAmma piuieHv i3 ycynenna yoapie i
siopauiit nio uac 6ypinns

3. Po3pob6aenns crpykrypu SQL B3

Jlns monermeHHs NOCTYNy Ta aHami3y OaHWX, 0a3u JaHWX pPO3poOseHOT
CIIITP po3mineno Ha 3 rpynu: 6a3y nanux RT (maHi peaqpHOro MacimTaly 4acy); O6a-
3a MozeJeli i mpaBwi, 6a3a 3HaHb EKCIIEPTIB.

Benuke cxoBuine witsml naHnx MaciTady miAnpueMCcTBa, LIO MiCTUTh AaHi i3
ycix cBepmioBuH, y po3pobieny CIIIIP He BxoauTs. TakoX y bOMY CXOBHILI JaHIX
MICTSTBCS HECTPYKTYPOBaHi JaHi, 0 30epiratoThCs iHaKIIe, Hi’K CTPYKTYPOBaHi J1a-
Hi. WITSML Web-cepBepu 3a0e3meuytoTh MOTYXHY MIaT(GopMy il HECTPYKTYpO-
BAaHUX NaHMX i TOKYMEHTiB. ApxiTekTypa 6a3u nannx RT BUKOpUCTOBY€ JOKanbHUiT
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SQL cepsep. Ctpykrypy B/l RT npencrasneno na puc. 4. OCHOBHOIO TaOJIHLEIO €
Tabnuust data, 0 MICTUTH AaHi peajbHOro MacmTady yacy. CIMCOK YCiX HasBHHUX
naHux 30epiraetbes y Tabnuisix logCurvelnfo.

TexHonoriuHi napameTpu
YPiHHA
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Cucrema niaATPUMKKU NPUIRHATTA pilleHb

Puc. 3. @ynkyionanvua cxema cucmemu ynpaeiiHHa YCYHEHHAM yOapie i éiopayiii
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Puc. 4. Cmpyxmypa 6azu oanux RT CIITIP 0na 306epercenna danux peanbnozo macuimady 4acy

baza mMopneneii i mpaBun npu3HavdeHa i 30epeKeHHst MoJielieid i paBuil, 1o
MOXYTb OyTH BMKOPHCTaHi JJiIsi MOJAENIOBAHHS Pi3HOMaHITHUX MpOLeciB OypiHHA 3
METOI0 TMOKpAIlleHHs MPUUHATHX CHCTEMOK pimeHb. Ha mpoMy eTami po3poOieHHs
CIO/IM BKJIIOUYEHO MOJIEJIb OLiHIOBaHHS pecypcy podotu ECII ta anroput™ ycyHeHHs
yaapiB Ta BiOpalliif, oricaHuii BHIIIE.
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baza 3HaHBb eKCTIepTiB CKIIATA€ThCS i3 TAOMUIb YMOBHUX HMOBIpPHOCTEH, IO
BHUKOPHCTOBYIOThCS B Meperkax baiteca [7, 10]. Po3pobineHi Tabnuii MicTATh 3HaHHS
eKkcriepTiB y cepi OypiHHS Ta MiCTATH iH(OPMALLiio, 10 A€ 3MOTY MOOYTyBaTH MpPH-
YUHHO-HACTIIKOBI 3B'SI3KM MiX TOSBOIO TIEBHUX BHUIIB BiOpaliil Ta pisHOMaHI THUIMHU
(akTopamu, 110 NPUBOAATH A0 i BUHMKHEHH:. Ha nmouyaTkoBoMy eTani (opmyBaHHS,
3aMoBHEHHs TabaMLb HMOBIpHOCTel BinOyBaeTbcs 3a AOMOMOIOK0 3HAHb €KCIEPTiB.
3a HasBHOCTI BEJMKOT KiJIbKOCTI criocTepexeHb Tabnuili MoAu(iKyOThCs Ha OCHOBI
JIAHUX criocTepexkeHb. Hikue HaBeeHO TabiMI, 10 MIiCTATh €KCIIepPTHI 3HAHHS PO
(haxTopy, SKi BIUIMBAIOTH HA JaTepalbHi BiOpalii Ta XaoTHYHY 3MiHY KPYTHJIBHOTO
MOMEHTY Ha poTopi (puc. 5).

Edit Functions View

Vib_tor Bibpauii naTepansHi

Resonans false true

KHBK Stiff Soft Stiff Soft

Mpodine Vertical |Directional |Horizontal | Vertical |Directional |Horizontal | Vertical | Directional| Horizontal | Vertical | Directional | Horizontal
false 1 [1 [1 [1 [1 |1 0.4 0.3 0.3 0.3 0.2 0.2
true o o o o o o 0.6 0.7 0.7 [o.7 [o.8 jo.8 |
Edit Functions View
Vib_tor | Bipauii naTepansHi
Bibpawyi ofe... false true
Bibpauii nar... false true false true
No change  [0.99 [o.8 0.05 |0.01 |
Rapidly Inc [0.01 0.2 [0.95 0.99 |

Puc. 5. Taonuui ymosnux itmosipunocmeit éepuwun "'dT' ma ""Biopauii namepanvni'’

[Mpuknan inTepdeticy kopuctyBaua CIIIIP i3 ycyHeHHs ynmapiB i BiOpariii y
TIpoIIeCi TITMOMHHO-TIOXHJIOTO OYPiHHA 300pakeHo Ha puc. 6.
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Puc. 6. Inmepdgheiic kopucmyeau CIIIIP i3 ycynenns yoapie i éiopayiii

Iarepdetic kopucTyBaya € ronoBHUM KommoHeHToM y mpoekti CIIIIP. Bin
po3MillieHnii 6e3mocepeHb0 y KIIEHTIB 3TiHO 3 apXiTEKTYporo "TOBCTOro KiieHTa"
(thick-client). OcHoBHy (hopMmy iHTep(eiicy KopHucTyBada 300paXkeHo Ha puc. 6.

InTepdetic kopucTyBaua CKJIaIaeThesl i3 TaKMX OJOKiB-TIaHesel: 0ok iHiri-
amizawii CII[P, sxuit npu3HAa4deHWi Ui 3agaBaHHS KOPHCTYBayeM BXIJHOTO
WITSXML daitny i3 cTpiMoM IOaHMX y pealbHOMY MaciuTadi dacy Ta iHmekcarii
BXIJHMX JaHUX; OJIOK aHaJi3y JaHWX pealbHOro MaciuTady vacy, 10 Mepeaac OHOB-
JieHi JaHi MOTOYHOTO YacOBOro 3pi3y Ha BXin Mepex baiieca Ta niarpam BMuBY; ma-
HeJb CTPIMY TaHWX peasbHOTO MacIiTady uacy, sika BinoOpaskae MOTOUYHI Ta iCTOpHY-
Hi 1aHi, SKAMU OTIEpy€e CUCTEMA.

BucHoBkn:

1. Pozpobneno apxirextypy CIIIIP i3 ycyHeHHs ynapiB i BiOpaiiii Ta i B3aeMoito
i3 CHCTEMOIO aBTOMATH30BAHOTO YIPABIIiHHS NPOLECOM OypiHHS MOXHIIO-CKepO-
BaHUX CBEPUIOBHH.

2. [lobynoBaHO CTPYKTYpHY cXeMy Ta anroput™ ¢ynkuionysanus CIIIIP, mo mic-
TUTB: iHTepdeiic KopucTyBaya, MOYJIb 3aXOIUICHHs aHUX PeabHOro MacliuTa-
Oy 4acy, MOAyJib MOHITOPUHTY Ta yNpaBiHHSI JaHUMH, MOIYJb peaizamii Mo-
nenieil Ta anropuTMiB, MOAYJIb Bi3yasizallil mapaMmeTpiB npoiecy OypiHHs, 0a3u
JaHWX Ta 3HaHb.

3. Po3poOnieHo (yHKLIOHANEHY CXeMy CHCTEMH YIPaBIiHHS YCYHEHHSM ynapiB i
BiOpaliii Ta CKITaeHO aNropuT™M (YHKLIOHYBaHHs PO3poOJIeHOI iHpopMaLiifHOT
CHCTEMH.

4. Po3po0ieHo cTpyKTypy 0a3 IaHWX i 3HaHb, SIKi JJIs TOJIETIEHHS JOCTYMy Ta
aHaJli3y JaHuX MojijieHi Ha: 6a3y nanux RT, 0a3y moxeneii i npaBui, 6a3y 3HaHb
€KCIepTIB.
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Mameuiikue T.M., Tecniox B.H. Cuctema noaiep:KKH NPUHATHS pellle-

HMI 110 YCTPAHEHHIO YIapOoB U BUOpaLMii NpH ri1yOMHHO-HAKJIOHHOM OypeHuH
PaspaboTana apXuTekTypa U CTPYKTYpa CUCTEMBbI MOICPKKU MPUHATHS PEIIeHH 10
YCTpPaHEHHUIO YAapoB M BHOpaluii B mporecce riryOMHHO-HAaKIOHHOTO OypeHus. Paspaboran
anropuT™ (PYHKUIMOHUPOBAHUS CHCTEMbl U MH(OpPMAIMOHHOE O0ecnedeHre, KOTOpoe BKITIO-
yaeT 0a3y JIaHHBIX peaJbHOr0 BpeMeHH, 6a3y Mojelnel 1 npaBuil, a Taioke 0a3zy 3HaHMI K-
criepToB. B nporecce peanuzaimu cuctemMbl 0a3a 3HaHUI SKCIIEPTOB Oa3upyeTcss Ha MOJEISIX
Ha ocHOBaHuM ceTell baifeca. Pa3paboTanHblii mporpaMMHBIIT IPOIYKT, B PEKUME COBETUHKA,
MIPUTOAHBINA /Il MPOMBIIUICHHOTO KCIHOJIB30BAHMS MPU OYpeHUH HAKIOHHO-HAIPABICHHBIX
CKBAKHUH C IMOMOIIBI0 coBpeMeHHbIX MWD-, LWD-, RSS-cucrem.
Kniouesvie cnosa: CINIP, riaybunHo-HakioHHOE OypeHue, yaapbsl U BUOpaimu, 6asza
JTAHHBIX, 0a3a 3HAHMIA.

Matviykiv T.M., Teslyuk V.M. Decision Support System for Shocks and

Vibrations Mitigation in Directional Drilling

The development of decision-support system (DSS) for shocks and vibration mitigation
in downhole directional drilling is described. System architecture, operation algorithm and
schematic diagram design are specified. The DSS incorporates real-time databases, rule-based
and expert knowledge databases. During the design process, we use Bayesian Networks mo-
delling for expert knowledge implementation. The proposed system works in an advisor mo-
de. It can be used in downhole directional drilling of oilfield wells with modern MWD-,
LWD-, RSS-systems.

Keywords: DSS, downhole directional drilling, shocks and vibrations, database, know-
ledge base.

VK 004.31

METOA MYJIbTUBA3UCHOI'O AHAJIOTO-LIU®POBOTI'O
NNEPETBOPIOBAYA XAAPA-KPECTEHCOHA HA OCHOBI
KOMIIAPATOPIB 3 IIAPA®A3HUMHU BUXOJIAMHU

B.A. ITix"?

[1poananizoBaHo icHyro4i MeTo 1 (pOpPMYBaHHS Ta KOJYBAaHHS TEXHOJOIYHHX JAHHUX Ha
HU30BHX PIBHAX PO3MOIIICHIX KOMITTOTEPH30BAHUX CHCTEM, 3Bi/IKM BH/IHO, IO HA MPAKTULI
HalIMpIIe 3acTOCYBaHHS 3HANIUIM TepeTBOproBadi popmu iH(oOpMaIlil Ha OCHOBI aHATIOTO-
uudposoro nieperBoproBaya (AL{I1) pizHux turis. 3anporionoBano crpykrypy AL{I1 i3 3acto-
CYBaHHSIM KOMIIaparopiB 3 mapaa3HUMHU BUXOJAaMH Ta peaji3allil JIOriyHOro ejleMeHTa, 1o
Bukiouae AhO Ha joriunnx enemenrax /-HE 3 napadazHumu BXoJaMu Ta 3'€/lHaHi MiX CO-
0ot0 iHBepcHUMH BHXOJaMH. OTXKe, 3alPOINOHOBAHE BJIOCKOHAJIEHHS CTPYKTYPU Ja€ 3MOTY
MiJIBUIIMTA HOTO MIBUAKO/IO Ta 3MEHIIMTH YaCOBY CKIIQJHICTh MEPETBOPEeHb Yy 2,5-3 pasu.
[Ipy 1pOMy 3MEHIIIEHHS arapaTHOI CKJIaIHOCTI CTaHOBUTH 6M3bK0 30 %.

"acmip. B.51. ITix — IBaso-®pankiscskuii HTY Hadu i rasy
2 HayK. kepiBHHK: pod. SI.M. Hukoumaiiuky, 1-p TexH. Hayk — TepHoninbcbkuit HEY

Knrouogi cnosa: TeopeTHKO-4MCIOBI 6a3ucu, aHanIoro-uudypoBi nepeTBOproBadi, KBai-

paTopu, IPUCTPOT IEPEMHOKEHHS, HATPOMAIKyBaIbHI CyMaToOpH, MHU(ppaTopu.

Beryn. Ananoro-um@poBi nepeTBOpIOBavi € MPUCTPOSIMH, SKi MPUAMAIOThH
BXiJIHi aHaJIOrOBi CUT'HAJIM i TeHepYIOTh BIAMOBiAHI M LM(POBI CUIHANM, MPHUAATHI
1715t 00poOIIeHHS MiKpoTporiecopamul Ta iHmMMH dpoBuMu npuctposmu. CydacHi
metoau AL{IT poKo BUKOPUCTOBYIOTh A OOpPOOJICHHS CUTHAIIB 00UMCIIOBAIbHOT
TeXHIKW. BIocKoHaneHHs Ta MOKpAIeHHs! iICHYIOUMX METO/IB MYJIbTHOA3MCHUM aHa-
Joro-ur(poBUM MEPETBOPEHHAM CUrHaIIB 0azucy Xaapa-KpecTeHcoHa, sikuii mopis-
HSIHO 3 BIIOMUMH aHAJOraMy, Aa€ 3MOTy po3napaneauTd GopMyBaHHA KOMIB 3alLI-
KiB y 0a3uci, € akTyaJbHOIO 33a7a4ero.

Meta po60TH — po3po0OJIEHHsI METOLY Ta CTPYKTYPH MEPETBOPEHHS BXiTHOTO
AHAJIOrOBOro cUrHamy MynbTubasucHuM AL{l1 Xaapa-KpecreHcoHa 3 BMKOpPHCTaH-
HSIM KOMMapaTtopiB 3 napadazHUMK BUXOAAMHU Y JUCKPETHI LM(POBI BILTIKK IS T0-
JAIbLIOr0 O0YMCIIEHHS Ha KOMITIOTEPHIN TeXHilli.

IocTanoBka npo6semu. J{ocnimKeHHs TaTeHTHUX PO3po0OK IU(PPOBHX KO-
penaTopiB Ta mepeTBoproBauiB (Gopmu iH(popMaLii 3acBiaUylOTh, 10 HaWMEHLIO
amapaTHOIO CKJIATHICTIO XapakTepusyrTbes AL[I1 B yHiTapHOMY 7YFH, a MakCUMallb-
HY IIBUAKO/II0 TIEPETBOPECHHS 3a0e3mneuytoTh A/L[[1 mapanenpHOro THITY. TOMY aKTy-
IBHOIO 3a[a4yel0 € BJIOCKOHAJIEHHS Ta PO3pPOOJIEHHS HOBHUX CTPYKTYPHHUX pillleHb
ALII mapanensHOTO THITY IJisi 3a0e3MedeHHs MOYKIIMBOCTI peaizamii idpoBux Ko-
peNATOpiB 3 MAaKCUMAITLHOIO MIBHAKOIEO [1-4].

Hocminkenns: yacoBux cknagHocteid AIJI1 y pisuux TYh. Ananoro-mmd-
pOBIi MepeTBOprOBavi MIMPOKO BUKOPUCTOBYIOTH Y CyYacHUX iH(opMaliiiHuX cucTte-
Max. [cHytoTh pi3Hi T AL{I1, cepen siIKUX Tpeba BUALIATH OJHOKaHAJbHI Ta Oara-
TokaHanbHi AL[Il. baratoxananeri AL[I] (bALI]) TpakTUIHO 3aCTOCOBYIOTHCS B iH-
(dopMaliifHIX crucTeMax MOHITOPMHTY Ta yNpaBJiHHs OararornapaMeTpUYHUMK TeX-
HoJIOTiyHIMH 00'ekTamu. Po3pi3HstoTh Taki Turm BALII:

1. 3 aHAJIOrOBUM BXiJHHM KOMYTaTOpPOM;

2. 3 IUCKPETHUM LHU(PPOBUM KOMYTaTOPOM;

3. 3 neBHUM 4UCIIOM OoiHOKaHambHUX A1,

4. 3 napaseabHOK PO3rOPTKOIO B yHiTapHOMY TUH.

IcrotHumu Henmomnikamu BALJI] i3 BXiTHUMU KOMYTaTOpaMu € TosiBa e(eKTiB
cTapiHHA iH(pOpMALlii, AKi MOJIATAIOTh Y TOMY, IO Pi3HI MPOLECH PEECTPYIOTHCA Y Pi3-
Hi MOMEHTH Yacy, 110 MPU3BOIUTH J0 JEKOpesLil IX XapaKTepUCTHK, a TaKOXK JIO ic-
TOTHOTO CTIOTBOPEHHSI CMIEKTPAILHUX XapaKTEPUCTHK, Ki OOUMCIIOIOTHCS B peabHO-
My MacmTadi yacy. Tomy 3actocyBanHs BALI] i3 BXiTHUMH KOMYTaTtopamu € He-
e()eKTHBHUM Yy pa3i iX 3aCTOCYBaHHSA K 0a30BUX MOMIYJIIB B3a€EMOKOPEINATOPIB i CIIeK-
TpaJbHUX MPOIIECOPIB.

BALII 3 mapanensHOI pO3ropTKOI0 B yHiTapHOMY TYH XapaKTepu3yeThCs
CTIPOIIEHOI0 aMapaTHOI peallizalli€lo, OCKUIBKA Yy KOKHOMY KaHalli BUKOPHCTO-
BYETHCS O/IMH KOMITApaTop, Ha BXOJH SKUX MOJAI0ThCS TOTEHIiAIM BUXO/IiB CEHCOPIB
pI3HMX TEXHOJIOTIYHUX MapaMeTpiB, i BUKOPUCTOBYETHCS OJMH LHU(PO-aHATOTOBHIA
MIEPETBOPIOBAY Ta IBIHKOBUIA JIIYMIBHUK, SIKUA TAKTYyEThCS TEHEPATOPOM IMITYJIbCIB.
[lepeBaroto Takoro HALJIl € onHOYacHWIi CTapT NPOLECY BUMIpPIOBaHHS OaraThboxX
TEXHOJIOTIYHNX TMapameTpiB. BoaHodac 3aBepiIeHHS MPOIECY aHAIOTO-IU(PPOBOTO
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