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fipema 3eamik, Muxaua Jlbivak, Anatoau#t Bopucenko, Cranucias AGpamosuy.? Moaeau-

pOBaHHe AKTHBHON KOMNEHCAIMH IIOAHIAPMOHHYECKOro BHOPOAKYCTHYECKOrO MyMa.
IIpeanoxena uudpoBas  CHCTeMa AKTHBHOH KOMITEHCALMM TOJIMIapMOHHYECKOro

BHOPOAKYCTHYECKOTO llyMa. Pa3paGoTaHbl aJirOPHTMbI YNIPaBIEHHS CHCTEMOM M CO3/IaHbl NaKeTHl
NporpaMM /ISl MO/IEIMPOBAHUSA AKTUBHOTO TallIeHUS.

IpononoBana JoNoBiAb € TNPONOBKEHHAM PO3IBUTKY npobGyieMH AKTHBHOI
koMneHcauii Bi6poakycTHYHOro myMmy, posrasuyrtoi asropamu B [1-3]. Ilpunyckaerbcs,
00 KOMMIEHCOBaHMil NOJAIrapMOHIYHMH DIYM € INepIOAMYHHM 3 YiTKO BHPaXKEHHMH
YaCTOTaMH OCHOBHOI Ta KpaTHHX 1it rapMmoHik y cmekrpi. [lis npoctoTH MOAeNIOBaHHS
PO3r/ISA€TbCS KOMIIEHCAIsA nyMy B OAHIN TOYII.

MDyHKIiOHANbHA CX€Ma YCTAHOBKH AJS MOJENOBaHHS AKTHBHOI KoMmeHcailil
aKyCTHYHOro myMy 3o6pakeHa Ha puc. 1.

IIlym Big 30BHiNIHBOrO YHHHHKA B JACAKOMY NPHMiNICHHI MOZEMTIOCTHCA BHITPOMi-
mioayem 111, 3aXuBNIOBaHMM Bin resepatopa [ mepiofMYHHX CHTHaniB cHewiaJbHOI
dopmu. AKycTuunuil curan cnpuiiMactbcs MikpodgornoM M, nepersopioeThCA B uudpo-
By bopMy 3a JOIIOMOroi0 aHaloro-uu¢poBoro nepeTpopioBaya (ALI) i undpoporo are-
noaropa (IIA AIIl) i norpamasic B KepyBaibHy OGYHCHIOBaJbHY MAIIKHY (KOM),
nanpuxaan, [IEOM. B KOM 3zilicHIOETbCA CHEKTPaNbHUIl aHANI3 CHrHAJiB Ha OCHOBI
nepersopennst Myp'e (IID), BupaxyBaHHS 3riHO 3 AJIrOPHTMOM KepyBaHHS Koedii-
entiB Dyp'e KepyBaJbHUX /iil | TeHepYBaHHSA 32 [IONOMOrOI0 3BOPOTHHOTO [I®D yacosux
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peanizauiit curnanis xepybauns. Ocrtanui vepes wi(po-aHaNoroBHil nepersopoBay
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Pauc. 1

(LATI) i mudposnii atenioatop (1A LIATI) nepersopioloThCS B ananoroBy Gopmy i
NOTPan/isioTh Ha BHNPOMiHIOBaY 3ByKYy K, sikuit 36y/xye komnencauifinuii akycruunuit
curtan. Ilpu cynepnosuuil ocraHHEbOro 3 mymoM BiZ BHOpoMiHioBaya  [II
3abeaneyyeTbCcsi KOMIEHCallil 3BYKY B KOHTposibHili Touwi. Ilpucrpoi BBemenms-
Busesietts indopmauii 8 KOM (LIAIT i AIIT) cHHXPOHI3YIOTbCS IMIYIBCHUM CHIHANOM
BiA cunxponizatopa-taiimepa (CT). Cucremy akrusnoi xommnencauii (CAK) yreopioe’
mikpodon M, npuctpol BBeftenusi-Bupegenns KOM i sunpominmopay K. O6'extom
kepysanns (OK) € TpaxT "koMnencauiifuuii Bunpominiobay-cepenouie-Mikpodon".

CyrreBa oco6Gausictb 3anpononoBanoi CAK mnossirae B ToMy, mo BoHa €
uudporoo. B mpomy BHmAZKy BHHMKae npobieMa CTBOPEHHS KePOBaHOIO 1H(ppoBoOro
KOMIEHCallifHOTo /Kepena, sike npezcTasasie coGoio mochifosuo crnosayyeni LIAIL, [IA
HAII Ta BunpominioBay 3ByKy K i € KOrepeHTHUM 3 JKEpeJoM KOMIEHCOBAHOIO nymy
[I. OckinbKH MOHATTS KOTE€PEHTHOCTI ABOX XBHJb nepeabayae, OO B JleTepMiHOBaHOMY
BHNaAKy BOHH cuH¢a3Hi Ha KOXHiH mneBHi# wacToTi, TO AAA 3AiHCHEHHS AKTHBHOL
KoMnedcaiii nosirapMOHiYHOTO WyMy CAift BHPIMHKTH ABi npobieMu:

TOYHO BHSIBHTH YaCTOTH OCHOBHOI Ta KpaTHMX iif rapMoHIK;

3abe3aneyuTH Ha BUSIBJEHHX YacTOTaX CHHXPOHi3alilo KoMmeHcauiiiHoro i
KOMIIEHCOBAaHOIO CHTHaJiB 3a ¢a3oio.

Ilepwa npo6rema BUpilyeThCs NpOrpaMoBUMH 3aco6aMH ILASXOM [POBELEHHA
ACTANBHOTO CHEKTPAJbHOTO aHaMi3y | BUSBIEHHS NiKiB B NpOaHasi30BaHOMY CHeKTpi
mymy. [lasi BupimieHHs Apyroi npoGieMH BHKOPHCTOBYETbCS aNapaTHH NpHCTPIN -
¢asonnit nerexrop (PJ1). Ha sxix ®J] norpannse curnan six I', saxuit Bnacue i
BHKJIHKa€ KoMIeHcoBaHMi myM. Ha iforo Buxoni renepyeTbesi mocaiOBHICTD iMnyabciB
B MOMEHTH, KpaTHi nepiomosi mymy (MOMEHTH 3MiHM 3HaKy NeEpiOAMYHOrO IiyMOBOTO
curHany 3 "-" ma "+"). 3razana nocaizosuicTs iMmy.ibcis 3 Baxoxy /I NOTpanjisi€ Ha
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onuti 3 kepywunx sxoais LIATI, B saxomy sinbysaerbcst ikcyBanns nepioay
TEKEPOBAHOrO KOMIEHCAWIHHOrO CHIHaly B MOMEHTH NOsiBH iMnyabciB. TakuMm unHOM,
3abeaneyyeTbcst PiBHICTD MEPiOAiB KOMINEHCANIHOIO i KOMIICHCOBAHOIO CHIHAMAIB Ta iX
CHH(A3HICTD # YHMKAETbCA MOXJMBICTb BHHHKHEHHA "6MTTS" mpH IX cynepmnosmiii.
Heobxianictp Bukopucranuss ®J] nns cuudasyBanHs BKa3aHHX CHIHAJNIB 3VYMOBJEHA
HaiiGiibie THM, UIO YAaCTOT2 OCHOBHOI TapMOHIKH KOMIIEHCOBaHOTO MyMy Ha MpaKTHII
CHJIBHO Pi3HOCTOPOHHDBO Apeiidye B HEBEAHKOMY OKOJIi AESKOr0 TOYHOro 3xaveHHs. Oc-
TaHHA o6craBuHa Gy/ia BUSIBJIEHA HABiTh NPH €KCIEPHMEHTAX 3 aTECTOBAHHM TeHEPAaTo-
POM NEPIOAMYHKX CHTHANIB cnenianbHoi GopMH AK JKepesoM KOMIIEHCOBAHOTO MyMY.

Ha ochoBi ninifinol marematynoi mozmeni CAK, posrasuyroi B [1-3],
po3po6ieHi aropUTMH afaNTHBHOTO KepyBaHHS TpakToM komnencanii sk OK, ski €
npoueaypaMH THMY cToXacTH4YHOi anpokckMauii. CTBopeni naketH mporpaM LIS
no6ynoBH 1HGPOBOT CHCTEMH aKTHBHOT koMmencanii Bi6poakycTHuHoro mymy Ha Gaazi
[IEOM IBM PC AT. ¥ sBiiiini AMCKPETHHX CHCTEM CTBOpEHi Ta pPO3poGASIOThCS
npucTpol BBeAeHHA-BuBeAenHs indopmauii B ITEOM. [Ilporpamn mnanucani B
onepauiiiniii cucremi MS DOS 3 BHKOPHCTAaHHSIM iHCTpYMEHTANbHOrO 3acoby
nporpamyBaHHsi Turbo C++ mosamu C, aceméﬂep

Ilepmnii maker mporpaM NpPH3HAYEHWH A MPOBEAECHHS inenTudikauii Tpakty
komnencauii sik OK npu BHKOPHCTaHHI MHPOKOCMYroBoro BXifHoro cureany. B
peayabTaTi iforo po6OTH OLIHIOETbCS YACTOTHA XAPaKTEPHCTHKA TPaKTy KoMieHcalii B
1024 sinnikax po6Goyoro yacroTHoro aianasony. /Ipyruii naker nporpaM npH3HadeHuit
Als IIHPOKOCMYTOBOTO CHNEKTPaJbHOIO aHalidy i HaGNHXKEHOro BHSABJEHHS YacCTOTH
OCHOBHOT Ta KpaTHHX iii rapmonik mymy. TpeTiif nakeT nporpaM BHKOPHCTOBYETHCS LISt
AOKJAHOTO CHEKTPaJbHOIC aHali3y wymy 3a aonomoroio msuakoro I1®, y skoro
MMCKPETHICTh 32 4acCTOTOKX piBHa 4acTOTi OCHOBHOI rapmoniku. Jlani B ubomy nakeri
PO3paxoByeTbCcsl MNoyaTkoBe Habauxenns koedinientiB Myp'e rapmonik BXigHOro
CHrHa/ly CHCTEMH KOMIEHcallil, sKi 3a6e3neyyioTh NOTAIIEHHs HIyMY.

B ekcnepuMeHTax 3 akTHBHOI KOMINeHcallii, npoBeaeHux 3 BUKOPHCTaHHSM
CTBOPEHOI MOJENbHOT CHCTeMH, Oy/I0 OCATHYTO 3HHMKEHHS PiBHSA WIyMY [0 plnux dony
Yy BUMipioBaJibHOMY MikpodoHHOMY TpakTi, Mo ckiaazxano 80 pasis.
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Auatoauili Bopucenxo, Spema 3eavik, Muxaus Jisivak. Mozeanposakue MeXaHHYECKHX Harpy-
30K B CHCTeMaX HchbITaHHi Haneault HOBOH TEXHHKH.

IlpeanoxeHa 1udpoBasi cHCTeMa MOAENHPOBAHWS MeXaHMYECKHX HATPY30K B lipoLecce
KCIIBITAHUR M3aeanil HOBOIH TexHHKH. OO6CYX/Aal0TCs BONPOCHhi NOCTpoeHKd M GYHKIIHOHMPOBAHHS
CHCTEMBI.

B nponeci po3po6kH 3pa3kis HOBOI TeXHIKM BaXJIHBe Micle 3alMaloTh
pisHoManiTHI BHnpoOyBaHHs, cepel SKHX MOXHEA BMJIIJIMTH, sK Hali6iabm cyrresi,
BiGpauiiini BunpoOGysauHsa. Taki BunpoOyBaHHSi OCOGJMBO aKTyadbHi 18 BHPOOGiB
MalruHOOy iy BanHsi, NpHJAafto6yayBaHHs, aBialiiHol Ta KocMiyHOl TexHiku. BiacyTtricTs
METO/liB PO3paxyHKy Bi6bpominHocTi i Bi6poctifikocTi BMpPOGIB 3Mylmye J0CHIZAHHKIB
3aCTOCOBYBATH PI3HOMaHITHI CHCTEMH, 10 MOJAENIOIOTh MeXaHiYHI HaBaHTaXKEHHs, SAKHM
Ni/U1al0ThCsA KOHCTPYKIUIT B pexuMi HopMasbHoro ¢yHkuionyBawHs. B 3anexnocrti Bia
CTyMeHsi BaXXJHBOCTI BHPOGY MOXYTb NPOBOAMTHCS sIK clipomieHi Bunpo6yBauust (npu
rapMoHiynoMy, noJirapmoniuHoMmy 36yskenui), Tak i O6inbm  cKAaZHI  BHAK
Bunpo6yBanb (NpH  WHPOKOCMYroBOMY  BHMIA[AKOBOMY  HaBaHTaXKeHHI,  yaapi,
xomGinosaniii aii). ToMy cucTeMH MofenoBaHHs MeXaHIMHMX HABaHTaXXCHb NOBMHHI,
MO MOXJIHBOCTi, BIATBOPIOBATH WiJIUil PAJ HABAHTAMEHb.

Jlns  kepyBaHHs MApolecOM HaBaHTaXKeHHsi BHpPOGIB  HeoOXiAHO  MaTH
MaTeMaTHYHY MoJe/ib KOMIUIeKCY, SKHil BkJlo4ae BiOpOCTeHJ, 3aaBajbHi i
BHMipIOBaJibHi KoJia, BUNpoOGoByBaHHit BHpi6. B ananitTHuHOMYy BHIJISIAI OTpHMaTH Taxi
MOJIeJii HEMOJXKJIHBO, TOMY B CHCTeMi BHKOPHUCTOBYETbCSA JIiHiiHA MaTeMaTHYHA MOJENb 3
irenTudikanieo 1i napameTpis.

3amaya  BIATBOPEHHSA  3aJaHOTO  PEXHMY  MeXaHIYHOro  HaBaHTaXKEHHS
dopMysioeTbCST K 3a7aya ONEpXKaHHA Ha BHXO/aX AAaTYMKIB CHrHaNiB 3 3afaHHUMH
xapakTepucTHkamHu. [last peanisauil mocraBieHOl MeTH KepyBaHHA BHKODHCTOBYIOTDHCS
rpaJi€HTHi aJrOPpHTMH KEPyBaHHS | aJfOPHTMH THNY CTOXaCTHYHOI allpOKCHMaIIII.

CHcremMa MOE/NIOBAHHS MEXaHIYHOrO HaBaHTaXKEHHSI BUPOGIB HOBOI TeXHIKH
cTBOpIOETbcsA Ha 6a3i mepconanbioi EOM tuny IBM PC AT 3 npouecopoM He HHXue
80286. 3p's1s3ok EOM 3 06'ekToM KepyBaHHS 3{IHCHIOETbCSI Yepe3 NMPHUCTPIill CHpsi>KeHHs
3 o6'exToM, AKHIl BKII0Ya€e 60K reHepyBaHHSI CHTHaJIIB HaBaHTa)XKeHHsS, GJIOK BBECHHS
i monepeanboi O6GpoOKH CHrHaliB 3 [AaT4HKiB, GJOK CHHXpOHi3auii, 6JI0K WBHAKOrO
neperBopensi @yp'e. [lns mniagBHIIeHHS 3aBaJl03aXHIIEHOCTI 3apa3 po3pobasiEThes
BapiaHT CHCTeMM, sSIKa BUKODHCTOBYE JUIsl Mepejayi CHrHAJiB BOJIOKOHHO-ONMTHYHI JiHil
3B'A3KY. )
[porpamue 3abeaneyenus (I13) cucremu Hanucane Ha anroputMiuniit Mosi C B
incrpymentanbhiii cucremi BORLAND C. II3 pospobaene 3 BpaxyBaHHSIM BHMOT, L0
CTaBJATbCS JOCNAiZHUKaMH A0 TakuX ckcreM. [13 fo3Bossie BUAINUTH BCi OCHOBHI eramny
BHnpoGyBanb (BBemenHs  3aBjanus, igeHTH(ikauis, BunpoGysanus, o06pobka
pesyabratiB Ta inme). 3 Touku 3opy II3 cucrema € BiAKpuTOW, TOGTO AO3BOJSE JIErko
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AofaBaTH HOBI peXXMMH BHNPOOYBaHb, HOBi BHAH O6pPOGKH Pe3y/bTATiB YH BUK/IIOYATH
crapi. BunpoGysanns inoctpyiorsest Gararum rpadiuniM MaTepiaiom.

CucremMa Mo/leioBanlisi MEXaHIYHHX HAaBaHTAXEHb J03BOJSE [IPOBOAHTH
HacTynHi BHAM BUNpoOyBaHb. BHUNPOGYBAHHS MPH CKaHYBaJIbHOMY rapMOHIMHOMY
abymxerni, BUOPOOYBaHHS [MpH FapMOHIYHOMY | noJirapMoHiYHOMY 36y/KEHHSX,
BHIIPOGYBaHHS NPH iLlHPOKOCMYTOBOMY BHIIa/KOBOMY 36yINeHHi.

IIpoBegeni nonepeani BUNpoSyBanHsi N0Ka3a1u BUCOKY eeKTHBHICTD CHCTEMH.

¢

Komn'ioTepHi TexHoMOrii CTaTHCTHYHOIO aHaNi3y CHIHaJIB Bibpauii aus
KOHTPOJIIO TEXHIYHOIO CTaHy Ta AiarHOCTHKH MalIMH

IOP11 BACUJIMHA, BIKTOP MUXAWJIMIIUH

Qisuxo-mexaniunuti incmumym HAH Yxpaina, 290601 Jlveie
eya. Hayxosa, 5

Tea.: (0322) 654-340, (0322) 649-327

Enexmponna nowma: panasiuk 2% fini.lviv.ua.@reley. ussr.eu. net

I0putt Bacwiabina, Bukrop Muxaiinmmuun. KoMmbloTepuble TeXHONOTHH CTATHCTHYECKOro
RHAIM3A CHTHAOB BHOpauuii 119 KOHTPOJAA TEXHHYECKOTO COCTOSHHA W AMATHOCTHKHM MAIlHH.

PaccmatpuBaloTcss HOBble TEPCMIEKTHBHbBIE CTATHCTHYECKHE METO/bl M AJIrOPHTMBI aHATM3a
curianos BuOpaumit. IIpuBoAATCA NpHMMEpBl NPaKTHYECKOTO MPHMEHEHUs pa3paboraHHore
NPOrpaMMHOIO U TEXHHYECKOTO OOeCTIeyeH .

3anaya po3pobkH edEeKTHBHHX CHCTEM KOHTPOJIO NapaMeTPiB TeXHi4HOro CTaHy
MallKH | MeXaHi3MiB B po60YHX yMOBaX siBjisi€ co60I0 3aBJaHHS BHHSTKOBOrO 3HAYEHHS
Ansi 3abeanevennst ix GesapapiiiHOro (yHKUIOHYBAaHHS, pPO3MI3HABAHHA HENONANOK
BYa/iiB Ta feTajiell Ha MOYATKOBMX CTAJIAX IX PO3BHTKY, IUIAHYBaHHS PEMOHTHHX POGIT
[1]. Onuum 3 maiipaxciuBimnx niaxonis go i poss'saky e 3aCTOCYBaHHS MeTOiB
BibpostiarnocTuku. Ockisbku BiGpauiiinuii cHrHan € HacliZkoM Mexaniunol BaaeMoail
AeTaJielt MeXaHi3MiB, UIO YTBOPIOIOTb KiHEMaTHYHI NapH, SIK OT Napa KoJic B 3y6ueBoMy
3YIJICHH], TiJIO KOYEHHS i cenapaTtop B MiIMIMMHUKAX KOYEHHS, WHIHAP i [opuieHb B
ABHIYHi BHYTPIiIIHBOrO 3ropaHHs TONIO, a iX BJACTHBOCTI BH3HAYAIOTh XapakTep Takoi
B3aeMoZil, TO NPHPOAHO Taki "MKIAAMBI" [N MallHHH KONUBAaHHA € JoKepesioM
indopmanii npo il TexHiynui cray.

B uinoMy pesyabTaTHBHICTb METOMIB [iarHOCTHKH 3yMOBJEHA MOXJIMBOCTSIMH
06po6ku curnaiis Bi6paiiii. Ix anania Ta intTepnperanis TPYHTYIOTbCSI Ha BiJINOBiIHHM
YHHOM BHOpaHMX MozensX. OcKiibKH pe3yabTaTH aKcelepOMeTPHYHHX BHMIpPIOBaHb
MOXHa TpaKTyBaTH, B3araji KaXy4H, SK 3 JeTepMiHICTHYHOI TOYKH 30py, Tak i 3
BHKOPHCTAaHHAM HMOBIPHICHOTO HiZXOMy, BUABJEHHS, ONHC Ta aHAJI3 3aKOHOMipHOCTell
BI6pOCHIHAIB BHKAMKAE HeOOXiAHICTb CTBOpeHHS i PO3BHTKY a/ICKBaTHHX MojeJiei
YaCOBHUX Ppsi/liB, METOAIB Ta AJArOPHTMIB iX 06po6GKH, KOMILJIEKCiB nporpamuoro 3abesrmne-
YEHHS Ta IHCTPYMEHTAJbHOI MiATPHMKH NPOUECIB TeXHIYHOI AiarHOCTHKHM CTAaHY MauIHH
[2].

Icuye penukuit Kjiac MexaHi3MiB uMKJAiYHOI Aii, B AKMX B3acMOis By3JiB miano-
PAAKOBaHA MEPIOAAMYHOMY 3aKOHY, IO NOB'SI3aHMil 3 ob6epranusM. Jlo Takux 06'exTiB
Halexarb TypOoarperaTd pi3HOMAHiTHOrO NpPH3HAYEHHS, JBUTYHM BHYTPIilIHbOIO
3ropaHHs, Na/JHBHA anapaTypa AH3e]iB, KOpoOkH mepenay Ta in. Ilepioamumicts
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poGoyoro mpoluecy B HMX 3HaXOAHTh YiTke Bigo6paxkeHHs B XapaKTePHCTHKaXx
pibpocurnanis. Takoro posy mikianusa nepioauyHa BiGpautis BUK/JHKaHa, SIK NPaBUJIO,
He3PiBHOBAXKEHICTIO Mac i pO3risi/lacThes SIK BHMYUIEHHMil KOJHBHHIA pyX wijioro
MexaHiaMy BiJIHOCHO TOJIOXKeHHsI piBHOBari. BsaxaloTb, mo Juist 11 ONHCY JOCTaTHLO
fetepMiHOBaHHX Mojenelt y Burasai  nepiogwusnx dynkuiii. IndopmaTHBHHMA
osnakamu Bibpocurnany TyT € nepion (uacrora), ammnaityau i noyarkosi asi
rapMOHIYHHX CKA3J0BHX nepiofnyHoi ¢yHkuil, mo HaGMHKEHO ONHCYE KOJIHBAHHS.
Konrponb aMnaiTyd BHMYIICHHX KOJAHBaHb Jlac 3MOrYy BHSBJIATH 3HA4HI 3MiHH
napaMeTpiB TEXHIYHOIO CTaHy YCTarKyBaHHs, IIO FPaKHYaTb 3 aBapiiHOI CHTyaui€w B
npoiteci excnayarauil Mamuuu. Hanpukiaan, npuyMHaMM  3pOCTaHHS  aMIUITYAH
KOJA1iBaHb Ha YacToTi oOGepTaHHs poTopa MOXKYTb OGyTH: BiJIXHJEHHS BiX CIiBBICHOCTI
BaniiB, nopymlenns reomerpii By3/iB obepranus ( mimmmnuuka, Aucka Typbinu, kojeca
peAyKTopa, TBHHTa Hacoca Ta iH.), a TakoX NepioAWyHi CHJM, WO CTBOPIOIOTHCS
HopManbHEM pobounM mpouecoM. [fosiBa gedpexTiB By3niB MallMH Ha PaHHIX CTamisx
cneundiyHo BIUIHBAE Ha TpolecH BuMymleHnx (JeTepMiHOBaHMX) NepPiOXHYHHX
Bi6paiiii. Po3suTok Takux medeKTiB BHKJIMKAe y BibpauiiinoMy cHMrrajli picT ymcaa i
aMMAiTyZ KOPOTKOTPHBANMX IMNYJAbCiB, MO MOAYMIOOTH aMIITYAY BHMYMIEHHX Ta
BAACHHX KONMBaHb cuctemu. Tak, sokaabHKi AedexT THNY BUKpHIIYBaHHA, Koposil abo
epo3ii NMOBEpPXOHb MOAYJIOE AMIUIITYAy BHMYymeHHX KonauBaub. Jlokanbui nedextn y
Burasiai 3azupis (CIPUMHHIOTb 3aifaHHs, CXONJIEHHS) KOHTAKTYIOUMX IIOBEPXOHb
moayaoioTh a3y BHMYNIEHHX koauBanb. B o6ox Bumagkax xapakrep TaKoi MOAYyJsiiil
€ cToXacTHYHHMii. A BigTak icHye mnpo6Giema HMOBIPpHICHOIO OIHMCY CTOXAaCTHYHO
MO/1yJIbOBaHHX OCHMJSILIH MEXaHIYHOrO NOXO/XKEHHS.

Bizomi #iMoBipHicHI miAxoau A0 3azayi aHaNi3y CTOXAaCTHYMHHMX CKJIaJ0BUX CHTHAJIB
Bi6paniit y BUCAS/I CTaliOHAPHHX BHNAJKOBHX Ipolecis nepea6ayaoTbh BHKOPHCTaHHS
B SKOCTi JIarHOCTHYHMX O3HAaK YyCepeIHEHHWX B Yaci XapaKTepHCTHK, SK OT OLIHOK
Kopensuiitnol QyHkuil, cnekTpajbHOI TYCTHHK NOTYXHOCTi, MOMeHTHHX ynkuiit
po3noainy i#MoBipHOCTell cTamioHapHHX BHNafakoBuXx npoieciB. Ockinbku  asa
BHMYILEHOro NEpioJHYHOro 36ypeHHsl B MallMHi BHOCHTb PiBHOMIPHY 4YacCOBY CTPYKTYpYy
B CTOXAaCTHYHI BiAXHJEHHS BIJX i€ajibHOI NMEPiOAHYHOCTI, CTOXACTHYHO MOJYJIbOBaHi 10
amnaityan i ¢asu Bi6pauii He e iwBapianTHuMH B vaci. Came 3 Ui€l NPHYUHH
ekcniyaraniiini gedekTH, IO 3apO/KYIOTbCS, HE MOXYTb OYTH BYAacHO BHSIBNEHI i
PO3Mi3HaHI 3a [ONOMOrol0 MeTO/AiB rapMOHiYHOro aHajli3y YW Teopil cTalioHapHHX
BHII/IKOBUX IMPOILECIB.

MopmanisyBaTd, BHSBHTH Ta CHCTEMAaTH3yBaTH NPHHIMNIOBO HOBI 3aKOHOMIPHOCTI
CTOXaCTHYHO MOAY/NbOBaHHX Bi6palifiHUX NMpOIECiB MOXKHA 32 AONOMOron HMOBIPHICHHX
MojieNielt iepapxiyHO BHIIMX Bl BXKe 3rajaHHx, a caMe Yy BHIISAAI MepioAHYHO
kopenboBanux Bunaakosux npouecis (ITKBII) ta ix ysaraasnens [3]. Crpykrypa
curHanip Bi6panit B pamxax momeni ITKBII aagaetbcs nepiognynumu dyHKUisAMH
MaTeMaTHYHOIO CNOJAiBaHHA, KoBapialil Ta CNEeKTPaJbHOI I'YCTHHH MOTYXXHOCTI:

m(f)= E&D=m( +T), b(tu)= E Zm%(z +u)=b(t + Tu),
2(t)= &O-m(1),

f(o,t) = —ij(t,u)exp(—iwu)du.
2
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Marematnune cnogisannsi m(t) onucye nerepMinoBami TepioauMuHi 3MiHH,
CIIpHYMHEH] BHMYIIEHHWMH KOJIMBAHHSMM, MOBA NpO siki BXe #msa, aucnepcia b(t,0) -
nepioauunicts  b(t,u) noryxrocti crnostanux aykTyaniii  6ias  nepioguunmx
KonuBaHb, Kopenasuiiina ¢ynkuis b(t,u) - xapaxrep nepioauuynoi Mimamsocti mo
KOpeJAUiiHMX 3B'A3KIB  MiX BilaJeHWMH Ha iHTEpBaA 4Yacy u 3HAYEHHAMH
¢aykTyaniiinoro -npouecy, cnekTpanbHa rycTuHa notyxsocti f(w,t) - 3akoHoMipHOCTI
PO3NOAINY MOTYXHOCTI CTOXAaCTHYHKX NPOILECiB Ha NJIOIIHKHI YacToTa-yac.

Pospo6rieni MeTofs CTATHCTHYHOrO aHani3y CTOXaCTHYHO MOJAY/NbOBAHHX CHI'HAJIB
Bibpauiit six peanisaniii ITKBII rpynTyloTbcs Ha npHHUEDI AeMoayasimii - MHOXeHRI
peanisauii npouecy na BuGpany cnewialbHHWM YHHOM nepioauwyny dynkuio h(t) i
nofanbiioMy ycepeiHeHHi. B aomosiAi posrisfaoTbess KOHKpeTHi BHmazku BuGopy
AEMOJYMIOIOYOro TEpeTBOPEHHS 3 BpaxyBalHsM cnenudiku npouecis Bibpauid Ha
OCHOBI BiANOBIAHMX KpPHTEPiiB ONTHMANbLHOCTI, MO OYAYIOTbCA NO Bi/IHOMIEHHIO O
AkocTi ouinok. JlaeTbesa JOKJAafHHI aHANI3 CTBOPEHOrO KOMILJIEKCY ajJrOpHTMIYHOro Ta
nporpamMHoro 3a6e3nevycHHsi, KOTPHH B TOEXHAHHI 3 TEOPETHYHHMH JAOC]i/KeHHSIMH
Meroais cratuctuku IIKBII i cknamae matematwynuit pyHaamMesT HOBOT KOMIN'IOTepHOT
TEXHOJIOTIl CTaTHCTHYHOINO aHali3y CTOXacTHYHMX Bifpauiii. 3 Meroi 3abe3neyeHHS
eeKTHBHOrO NPAaKTHYHOTO 3aCTOCYBAHHR PO3po6aeHOT KOMN'IOTEpHOI TeXHOJOTrii Ha
6asi mepconanbhoro komi'torepa 486DX2-50"Notebook™ ctBopena cyuyacha, 3pyuna y
KOpHCTyBaHHi HHDPOBa BHMIpIOBaJbHA CHCTeMa /I KOHTPOJIO TEXHIYHOTO CTaHy
MallMH Ta IX AiarHOCTHKH. [HyukicTb cHcTemu mporpaMHuX 3aco6iB Ja€ 3MOTY HIBH/KO
HaJamToOBYBaTH aJrOPHTMH KOHTPOJIIO Ha OUIHKY HaHpi3HOMaHITHILIMX napaMerpis
Bibpanifi Bya/iiB Ta MeXaHi3MiB MallMH, HeOOXiAHMX MPH AIarHOCTHII Ta NpPHAHSTTI
BOXUIMBHX pillleHb WIOA0 MOAANbIIOT eKchJjyaTauil MaluHHM Ta 11 peMoHTy. KoHTpo.ab
HaBaHTa)XKEHOCTI Ta BUABJEHHS NOMKO/KEHb, HANMpPHKJIAK, NiAUIHNHUKIB Ta 3y6ueBHX
nepefiay, TPYHTYETbCA TIOJOBHHM YHHOM Ha OTPHMaHi YacOBHX pAAIB BHMipIOBaHb
NPUCKOPEHHS Ha KopmycaX MexaHisMiB. B jonosiai npeacrasneni pesysnbraT
CTATHCTHYHOrO aHanisy Bibpauiii, KOTpi BHpPa3HO JeMOHCTPYIOTb edeKT Bia
3aCTOCYBaHHsI HOBHX MoOJeJieil CHrHanliB, MeTOAIB Ta anropuT™MiB ix o6pobku i cBiAYaTh
PO 3MOr'y KOHTPOJIIOBAaTH MPOLEC 3apo/KeHHs eeKTiB BXKe Ha paHHIX CTajisx.
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Anatolij Kulyk, Andrij Kozij, Natalia QOtradnova. New Information Technology of Deep
Diagnosis in Electromechanical Devices.

The problem of accurate diagnosis in electromechanical devices for different purposes is
considered. New information diagnosis technology which is based on the complex use of
possibilities of models, algorithms, programs and equipment is suggested. Accurate ascertaining
of fault reasons is ensured by the use of a new class of diagnostic models which reflect
mathematically a connection between symptoms to be accessible for measuring and internal
features which characterize faults. The results of the experimental investigation of the
technology suggested for pneumatic servoactuator are described.

Introduction. A low level of diagnostic support of electromechanical devices
(electric, hydraulic, pneumatic actuators, electromotors, etc.) at the stage of
operation leads to great technical-and-economical expenses for repair. Programmable
automation for a process of diagnosis in such devices allows to increase considerably
the quality of diagnosis, namely promptitude, depth and its reliability.

There is a number of approaches to be applicable to a problem of algorithmic
estimation of a technical state of electromechanical devices, e.g. the signal approach
by P. Frank [1] or the parametric one by R. Isermann [2]. They are based on using
the reference models. The essential disadvantages of these approaches are low
diagnosis depth to be limited, as a rule, up to a constructively-completed part of the
object, as well as, practically unsatisfactory reliability of diagnosis. These demerits
have been eliminated in a new signal-parametric approach by Kulik [3]. The
peculiarity of the approach consists in using a new class of models, namely diagnostic.
ones, for development of diagnosis algorithms. The diagnostic model (DM) is a
mathematical description of a concrete emergency mode of functioning, i.e. it reflects
a cause-and-effect connection of the objective symptoms of a fault with
electromechanical device characteristics accessible for measuring. Moreover, the DM
reflects peculiarities of conversion of the measuring information inside a hardware-
and-software interface of a diagnosis computer system. These peculiarities have a
significant influence on diagnosis accuracy. A complete solution for a problem of
electromechanical devices computer diagnosis is connected with solving both problems
of developing tools and a complex problem of forming a technology of obtaining a
computer diagnosis by the results of automatic measuring of signals and their
respective processing. In the article the results of solving the diagnosis problem
described are given in a form of a new information technology.

Peculiarities of the diagnosis technology. The technology is based on the
complex use of tools: mathematical, algorithmic, program and equipment ones, as well
as, a methodology of their purposeful utilization for obtaining an accurate on-line
diagnosis.
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Models. An emergency state of electromechanical devices is described by a system
of equations in a general form:

x(k+1) = f[x(k), u(k), &, &(k)];

y(k)=g[x(k), u(k), &, n(k)]; k eK,

(1)

where %(k) is the diagnosis object state vector; u(k) is a control influences vector;
A is a vector of the objective parameters of faults; §(k) “is a vector of the object
measurable variables; ﬁ(k) and n(k) are vectors of simulation and measure errors

respectively; f[] and g[.] are vectorial nonlinear functions; K is a set of numbers

of measurements which correspond to a period of measuring.
The used diagnostic models connect deviations from reference behaviour of the

object signal characteristics Ax(k) and Ay(k) with deviations from nominal values of

the respective objective symptoms AA by means of such relations

Ax(k +1)=y[x(k), ax(k), u(k), ar, &(k)]; )

ay(k) =y[x(k), Ax(k), u(k), an, n(k)], AreL,

here \y[] and 'y[] are nonlinear vectorial functions of the type dependinlé on the
used metod of the diagnostic models design [4].

Algorithms. The use of the diagnostic models allowed to formalize the process of
designing (with the given depth, promptitude and reliability) the diagnosis
algorithms to be optimal on technical-and-economical criteria.

It was possible to reduce the diagnosis algorithms to a form of a dichotomic tree in
nodes of which two-valued predicate equations are used:

k=S[ay(k), V{k), 84 niefo}, ®)

where Vi(k) are sensitivity functions of a diagnostic model including an objective
parameter A;; §; is a threshold value performing the relation under the predicate sign
S,. ‘To decrease the influence of (k) and n(k) errors the processing of input data

arrays is carried out with the help of the confidence factors. As a result the K value

obtained determines the direction of a further search of objective faults symptoms.
The tree is ended by leaves which correspond to concrete faults manifestations.
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Software. Program tools represent an instrument environment for solving
integratedly all the technical and technological questions connected with the problem
of diagnosis in electromechanical devices. Uniqueness of software for each concrete
problem is conditioned by peculiarities of the diagnostic models developed and
realized, diagnosis algorithms and a configuration of the measuring control
equipment. At the same time the designing of the diagnostic program complex is
possible using the basic software structure which includes main and auxiliary parts.
According to the basic structure suggested the main part consists of the standard units
of fault detection, location, class and type identification and, possibly, determination
of the concrete physical cause of fault appearance. Internal content of these units is
program realization of the corresponding diagnosis algorithms and it is unique for
each concrete problem. The auxiliary part of the software is aimed for ensuring the
process of obtaining diagnosis object input information, its preliminary processing
and storing, as well as, carrying out the interface and control functions.

The use of the suggested approach using the basic software structure allows to
apply the possibilities of a special problem-based language of developing diagnostic
software complexes. Such a language can be created on the basis of any high-level
programming language (e.g. Turbo Pascal IDE). It will allow to achieve a steep rise
in efficiency, promptitude and accuracy of the development of diagnostic program
complexes. :

Hardware. Hardware is of great importance in a technological chain of a process
of diagnosing the electromechanical devices. As parts of hardware the subsystems of
measuring, interface and computing are distinguished. The first two subsystems ensure
the obtaining of the diagnosis object input data, and the computer complex carries
out controlling and calculating functions. When developing the configuration of
hardware tools for a concrete problem (for a concrete electromechanical object) it's
preferably to use standard widespread units. However in a number of cases the
available standard tools do not satisfy a designer by their technical characteristics. In
that case the development of unique elements is required (e.g. sensors, converters,
interfaces, computers). As a result, a hardware configuration designed for solving a
concrete diagnosis problem is of unique character in spite of the use of standard units
in its composition.

To obtain an accurate diagnosis of a technical state of an electromechanical object
it's important to take into consideration transformation properties of the measuring
equipment and interface hardware because the errors introduced by them can, in a
number of cases, disrepresent considerably a diagnosis result.

Methodology. A system-forming factor of the technology is the principle of
consecutive removal of an uncertainty of faults characteristics. The use of this
principle has allowed to form the ways, the order and cyclograms of utilization of the
~instrument tools described. With their help there was developed the structured

control machine program that controls the preparation of the system for operation,
measurements gathering, formation of datafiles, logical conclusion about a technical
state, graphic interface with a user and a number of other functions that ensure
obtaining a deep, prompt and reliable diagnosis.

Application. The technology developed has been used for creating the diagnostic
support of a pneumatic servoactuator of a pilotless aircraft in conditions of stand
tests. Twelve emergency situations have been simulated on the stand. They are
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connected with feed-wires breaks, drifts in amplifiers and pot resistors, pressure
drop, etc. The hardware part consisted of a servoactuator with systems of power
supply, auxilary -devices for faults simulation and ensuring operation of a
servoactuator, a computer IBM PC/AT, a board of interface with it. Mathematical
and algorithmic support and software have been developed for the given type of a
servoactuator and its typical faults. The experimental investigations of the
servoactuator have confirmed the efficiency of the technology created that makes it
possible to obtain the fixed depth of faults, promptitude of the diagnosis up to 60-80
sec. and reliability up to 95%.
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Meroau Bi6poaiarHOCTYBaHHSA TEXHIYHOTO CTaHY MiJIIMIIHUKOBMX BY3JiB
BACUJIb MUTAJIb, MUKOJIA HATOPHUN

Cxidna ¢hiris IMECI YAAH Yxpaina, 310124 Xapxie
npocnexm 50-pivus BJIKCM 65T
Ten.: (057) 624-153

Bacuauit Muraas, Huxonalt Haropubiii. Meroab! BHOPOAHATHOCTHKHM TEXHHYECKOrO COCTOSHMS

NOAIMHNHHKOBBIX y3JI0B.

IlpencraBneH THNOBOM cnekTp BHMOpaLMM pOTOpa Ha MOAIIMMHUKAX KaveHusi. OcHOBHbIE
HCTOYHMKK BHOpamuu, Bo30OyxAaeMbiX JedeKTaMH NOJAIMIHMKOBOIO  y3Ja, MNpeACTaBJeHbl
mukaMi ot A ao K. OcHoBHhie MeToAb!  JAMAarHOCTUPOBAHHA TEXHHYECKOTO COCTOSAHHMSA
NOJIIUHITHUKOBBIX Y3JIOB NMpeAcTaBAeHbl YacToTHbIMK AuanasoHaMu I, II, III. Onucansi Metoamnt
AMarHOCTHPOBAHHA  TEXHWYECKOr0 COCTOSHMA TMNOJAUIMITHUKOBBIX Y3JIOB B IpeACTaBJEHHBIX
AMana3oHax 4acToT, YKa3aHbl HEJOCTAaTKH H NPEHMYLIECTBA KaX/IOr0 Mero/ia.

Ilpencrasnennit TumoBuit cnekTp Bi6Gpauii poropa Ha MiAMKMOHMKAX KOYEHHS.
OcHoBni mxepena Bibpanii, ski BukAuHaHi JedeKTaMH NiAWIMIHHKOBOrO BY3Ja,
npencrasieni nmikamu Bix A 1o K. OcHoBHi MeToAn AiarHOCTYBaHHS TEXHIYHOrO CTaHy
NiMHNEMKOBHX BY3JiB Npe/iCTaBieHi 4YaCTOTHHMH mianasonamu 1, II, IIL
HiarnoctyBanns fxepen BiGpanil miIIMIHUKIB B YacToTHOMY Aiano3oHi I sacHoBaHe
Ha BHIiJIEHHI Ta  aHaji3i AHMCKPETHHX CKJIAJOBHX BHMYIIEHHUX KOJHBaHb ab0 Ha
OCHOBHHX YacToTaX, 36y/UKeHHS SKHX CIpHYHHEHe NosBoI0 fiepeKTiB Pi3HHX eJieMeHTIB
nixmunuuka. B aianasoni Il - ananis aminm  BractuBocreli ammaiTyaHO! ormHaoyol
Bi6pocHrHasy Ha vacToTi MOAyJsUil, IO XapaKTepH3ye BH3HauYeHHH nedeKT Ha
pe3OHaHCHMX YacToTax migmunuukosoro Bysna 1 klu<= f1 <=20 x[u, a B Aianasoxi
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Il - Ha pesonaucuiii yactoti Bibponepersopwosaya 30 kI'n<= f2 <=500 «kTu, ne f1 -
BJIacHa 4acToTa HiIIMIHKKOBOro By3na; f2 - BracHa yacToTa BiGponeperBopoBaya.

Bukopucrarust /s BHPileHHs AIarHOCTHYHHX 3ajay piBHS CKAafoBuX BiGpauiit 3
BH3HAYCHOK YacTOTOI Ma€e cBol nepesaru W Hegosiku. Jlo nepesar TpeGa BiJiHeCTH
npocTiit cnoci6 iX BHMipIOBaHHS il MOXJMBICTD peanisalil AIarHOCTHYHHX Mojenedi y
npocropi. Hanpuknaa, npH AiarHOCTYBaHHI TEXHIYHOTO CTaHy pOTOpa 3a BEJHYHHOIO
HeypiBHOBa)XKEHOCTI, sika BH3Hayac pipenb Bi6panil Mamunu Ha vactoti obepranus. B
HBOMY  BMHAAKY BiZIOME 1OpOroBe  3HAa4YE€HHA  BEJIMYHHM  HEYDIBHOBAXKEHOCTI,
NnepeBHIICHHS SKOro O3Hayae Biakas Mamunu. Jlo Heaonikis BUKOPHCTAHHS
TApMOHIYHKX CKJa0BHX Bi6pauiit sk JiarHOCTWYHMX napaMeTpis Tpe6Ga BiaHecTH
cuabnUil PO3KM TX BEJIHUMHH y yaci | Ha MHOXKHEI MaimIHH, sKi He MawTh Aedexry.

Ileit poskux oOyMOBJeHHEl He CTLAbBKH 3MIHOIO CHJ-MHHHHKIB, CKiJbKH 3MiHOW
pexuMiB po6OTH # 30BHIIHIX yMOB, HAsBHICTIO PC30HAHCIB Y  KOJHBaJbHHX
cHcTeMax 3i 3MIHHOW, BiJ MalMHH [0 MalIMHH, BJACHOIO HacTOTOI 1 AOOPOTHICTIO,
mo  3aaexarb Bix OGararbox akTtopiB, SAKI He NIAAATAOTb YypaXyBaHHIO. B
peayabTari, Aed)eKTH, SIKi 3apo/KyIOTbcsi, ci1abo BNAMBAaOTh Ha PpiBHi BiGpamii i me
MOXyTb GyTH BHsiBieHi Ha ¢oni Ix Bunagkosux ¢yKTyaliii, M0 He /I03BOJSE BHABHTH
nedekT Ha MOYATKOBIH CTaAll PO3BHTKY, a TaKOX 1 BHPIIHTH 3ajayy INPOrHo3y
TeXHiYHOro cTany Mamuuu. Tomy BuGpaTH AiarHocTnyli 03HaKH HeoOXiaHO Tak, HOO
AedeKT CHABHO BIJIMBAaB Ha 3HaYeHHS [JIarHOCTHYHOrO Inapamerpa Ipu caabkomy
BIIMBAHHI HAa HbBOrO 30BHIMIHIX YMOB | peXHMiB po6OTH MaliHHU. Baxaio
3abe3neyuTH MOXJMBICTb ieHTHdikauil nedexTiB, ocKinbkH KOXHHA BHA gedekty
PO3BHBaETbCS |1 BIJIHBAaE Ha pecypc MamMHHM mno-ceoemy. He  Menm  Baxanso
3a06e3neYdTH NPOCTOTY 1 JOCTYNHICTb BHMIPIOBAaHHS JIarHOCTHYHMX I[apaMerpiB, sKi
KiJIbKICHO XapaKTepHu3yloTb BiOpauiiiHi JiarHOCTHYHI O3HAKH.

Bubip BucokoyactoTHO! Bifpauii SIK AIarHOCTHYHOrO CHTHAly JO3BOJSIE J[IOCHTb
NPOCTO PO3JAIJNATH CHIHAAH NIAMUKNHHKIB PI3HUX NIAIIHNHUKOBHX  BY3JIiB, OCKIJbBKH
BHCOKOYAacTOTHa Bi6pailist CHJIbHO 3aTyXa€ NpH NONIHPEeHHI.

4

IIpornosysaHHs no Bi6pauiliHuM XapaKTepHCTHKaM ONTHMaJbHHMX NapaMeTpiB
KOHCTpPYKUi# MaumH

BACWJIb MUTAJIb, MUKOJIA HATOPHUMN

Cxidna ¢inia IMECI YAAH Yxpaina, 310124 Xapxie
npocnexm 50-pivus BIKCM 65T

Texr.: (057) 624-153

Bacuauit Muraas, Huxoaait Haropusiii. IIpornosnposanne neo BHOpanHOHHBIM XapaKTEPHCTH-
KAM ONTHMAJbHbIX NAPAMETPOB KOHCTPYKIHH MamuH. '

llpuBoasirca  pesysabTaThl  MHOTOYMCJIEHHBIX  3KCICPHMEHTAJIbHbIX M TeOopeTHYEeCKHX
HCCIeIOBaHHI MO BbHIGOPY KPHTEPHMS OLEHKM TEXHWUYECKOro COCTOSIHUA POTOPHBIX MallMH [0
BUOPAIIMOHHBIM XapaKTePHCTHKAM HA CTaZiMM NMPOEKTHPOBAHHA.

IlokazaHo, YTO B 3aBMCHMOCTH OT NpPHMeHSieMbiX TMOAUIMIIHHKOB KaYeHMS C HHIEKCOM
mymHoctd [II3 Tpe6oBaHMA K ONTHMaJbHOM pa3paboTKe  KOHCTPYKTHBHO-TEXHOJIOTHUYECKHX
napaMeTpoB JeTajielf y3JOB MalllHH MOXHO 3a/laThb HaKJIOHOM NpAMO# ¢ pa3HHilell ypoBHeii
BuGpanun 4006 Mexay Toukoit A Ha yactore Sl M Toukoit B Ha vactore 10kI'y
TpeTbOKTaBHOro criekrtpa. Ilo Mepe coBepleHCTBOBAHMS KOHCTPYKIIMH M NOBBIIIEHHS TOYHOCTH
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H3TOTOBMEHHS M KayecTBa MNOAWMNHKKOB  Bbite 13 WaM npuMeHeHMs NOAHIHHKOB
CKOJILXKEHHA YroJl HaxkjoHa npsaMoii AB cCcHMKaercd 3a CYeT CHHXeHMS ypoBiell BHOpauMM
NPEHMYILIECTBEHHO B OOGJacTH BBICOKHX YacToT C pasHMUeH ypoBHeH BMOpalMK MeXIy TOUKaMH
A x B cnexrpa 30ab.

3a fonycTHMbie YPOBHH BHOPOYCKOPEHHS MPH CO3/{aHHM HOBBIX MAlIMH MOXHO NMPHMEHATh
TpeGoBanus npsiMoii- AB, KoTopas AO/XHA NPOXOAHTh MHHHMYM Ha 20aD Huxe npejebHO
JONYCTHMBIX 3HaueHuit BuOpainuu, mnpefycMOTpeHHbIX ctangaproM HCO 2372 wam apyrux
CTATHCTHYECKMX MAHHBIX HAKOILUIEHHOro OMNbiTa A COOTBETCTBYIONIEro knacca /rpynnbi/
MalIHH.

lTososeuM | Hali6inbm CKAaAHHM NPH CTBOPEeHHI HOBHX MallMH € BH3HAYEHHS
BHXIIHMX BMMOI A0 JAONYCTHMHX PiBHIB Bi6pauil noporoBux 3HaveHb /Asl RPOrHO3Yy-
BaHHS BHMOT [0 NapaMeTpiB CTaHy MaliiH, siki poapobasiorbesi. [lpw  pospobui
MalliH, $iKi MaloTb NMPOTOTHNH, 3HAa4Y€HHS NOPOroBUX Bibpamili BH3HAYAIOTHCA SAKOMOra
HHXKYMMH JONYCTHMHMX Ha NeBHY Kiabkictb AD. Pe3yabTaTH YHC/IEHHMX [AOCHIDKEHb
NOKa3yloTh, IO AAs GibIOCTI MallMH HAa MIAWKOHUKAX KOYEHHS 3 iHAEKCOM HIYMHOCTI
Ill3 BuMorn Ao onTuManbHOI po3poOKH KOHCTPYKTOPCBKO-TEXHOJOTIYHMX mNapaMerpis
feraneii By3JiiB MallWH MOXHA2 3a/laTH HaXMJIOM NpAMOI 3 pisHHNelo piBHs Bi6pauii 40
JIB Mmix Toukolo A ‘Ha uacroti SI'm i Toukoi B Ha wacrori 10kI'm TperpoxToBOrO
CIEKTPY.

Ilo Mipi yaockOHa/NeHHA KOHCTPYKUII i NiZABKIIEHHA TOYHOCTI BUTOTOBAEHES | FAKOCTI
NiINANHUKIB KOYeHHsI KyT Haxuay npsMol AB 3HuXYEThCS 32 paxyHOK 3HHXKEHHS
piBHsi Bi6pamil mepeBaxHo B 0o6JacTi BHCOKHX 4YacToT. [Jlnsi MamMH Ha MiAMMOHHKAX
KOB3aHHA 260 NiMNHMKAX KOYEHHS] 3 BHCOKMM iH/IEKCOM IIYMHOCTI Pi3HMIS PiBHiB
Bi6pamii Mix Touykamu A i B cnektpy nabamxaerbcs ao 30ab. Ilommaxu B BuGoOpi
Haxuay npsmoi AB BucysaoTh HEOIHAKOBI BHMOTH JI0 Bi6pPOaKTHBHOCTI
po3po6ioBaHHX BY3JiB MalliiH, He poGJsTh MAIIHHY PiBHOHANIHHOW MO BCIM AeTaNsM i
By3JaM, IIPHBOJSATH A0 NOSIBH CAabKUX By3JiB.

Ouink# BI6GPOAKTHBHOCTI MAMIMH M0 MaKCHMalbHOMY PpiBHIO B MHPOKil cMysi
YacTOT, IKi BMKOPHCTOBYIOTbCS y JAaHHWil 4ac, HE MOXYTb BBaXKaTHCh 3a/10Bi IbHHMH,
OCKibKM onip nepeAaBajbHHX 36YpeHb KOHCTPYKIII Ma€ sIBHO BHPaXKEHY YacTOTHY
3afleXHicTb, TOGTO MaNIMHK 3 O/{HAKOBHMH PiBHSMH MaKCHMaslbHOI Bi6Gpauil Ha AesAKkuX
YacToTax BOJIOAIIOTH Pi3HOIO BibpauiiiHOIO aKTHBHICTIO.

3a ponycrtuMmi piBHi BIOPONPHCKOPEHHS NpH CTBOPEHHI HOBMX MaUlHH MOXHa
npmitMath BuMmorm npsimoi AB, sika nosuHHa mpoxoxmtn MimiMym na 20xB Huxue
FPaHHYHO JIONMYCTHMHX 3HayeHp BiGpauii crangapry HCO 2372 abo nmpyrux
CTATHCTHYHHX AaHHX HAKONHYEHOro AOCBiAly A/s BignosigHoro kiaacy (rpynu) mMammH.

CrBopenHs: MAINHH i MeXaHi3MiB 3 piBHAMH Bi6pauil HHX4YuMH BHMOr npsiMol AB no
26, 32, 38xb, mo sianosigac npsMiit A*B*, piBHoNiHHO BiANOBIAHOMY NiABHIIEHHIO
HalliiHOCTI MalMH B eKcnayaTauii.

Slkmo Maker MamHiM no piBHIO Bi6pamil B IIHPOKHX MeXaX 4acTOT BiANoBiAae
siMoraM TY a6o BianosigHoMy CTanAapTy, le Ile He NOBHicTIO Bifo6paxae ioro
KOHCTPYKTOPCHKO-TEXHOJIOTiYHY JOCKOHAMICTD.

KpuTepieM KOHCTPYKTOPCHKO-TEXHOJIOTIYHOI JOCKOHAJIOCTI MAIIMHH € BiZICYTHICTb B
TpeTbOKTaBHOMY crnekTpi Bi6ponpuckoperb Bix SIm zo 10T mikis, siki nepeBrmyioTh
101B nanx pisnsimm Bi6pauii B cycilHiX cMyrax 4acroT, i poaTamyBaHHs piBHiB BiGpauil
MamuHM HiOkye BuMor npsiMoi A*B*. Pospo6asiorbcs pexomenpganii no BH3HAYEHHIO
PO3paXyHKOBOrO CNEKTpPY Bi6pailii MamuHK 15l BCIX OCHOBHHX Jkepes 36ypioBalbHHX
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CHN, TPOBOAMTbCA ~ ONTHMi3allis  KOHCTPYKTHBRHX  MapaMeTpiB  MamluH,  AKi
NPOEKTYIOTbCs, BUIIPOGyBaHHs i I0BO/IKA TX MaKeTiB Ta JOC/I/HHX 3pasKiB.
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Oleksandr Derevianchenko, Vitalij Pavlenko, Oleksandr Andrejev. Many - Level Diagnostics
of Cutting Tool Edge States in FMC Conditions.

The main problems of cutting tools’ state control under condition of turning flexible
manufacturing cell on the basis of projection registration of their cutting edge have been
analysed. The procedures of edges reflection in measuring basis, their image restoration in
technological basis and determination of tool state parameters have been given.

Introduction. Wear control and cutting tool (CT) state diagnostics flexible
manufacturing cells (FMC) is one of the fundamental procedures, which are
guaranteed reliability of FMC working.

The multitude of probable CT states may be presented as a state space X [1,2].
The space X contains classes of initial (C®), operative (C?) and final (C*) CT states.
Any of direct method of CT state control includes the implementation of the following
main procedures [3]: 1. projection (reflection) of CT - control point to some
measuring basis (basis of reflection), with the registration of one or several initial
models of CT - control points; 2. restoration of CT - control point in technological
basis (basis of restoration) and forming its secondary model; 3. placing together
models of control points of sharp and worn-out CT which have been obtained step by
step carrying-out procedures 1 and 2 in technological basis; 4. the determination of
~ vector parameters. The projection takes place at the stage of CT-control. The new CT
placed into FMC is put into control position. Here while interruption the process the
registration of CT control point projection takes place with the help of contact,
optical and some other sensors. Then the CT operation starts, the lathe being
interrupted from time to time by reflection procedure (with the given frequency).
Procedures 2,3,4 are carried out directly after obtaining control point model of sharp
and worn-out CT with the help of FMC computer.

Main issues of many-level diagnostics of cutting tool edge states. As we
showed in [3], the cutting edge (CE) is the most informative point of inspection in
case of using direct control methods. CE is the basic functional element of the cutting
tool, which determines dimensions and other characteristics of detail surface.
Therefore description of CE states in some space is interesting. The characteristics,
which are determined by CE geometry and microgeometry, are the components of
proper vector s = (s, s,,...,5;.). It is necessary to know the CE state at any moment of
exploitation CT (moment of inspection) T for the vector ST forming. The method of
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the CE model forming - as a line of intersection initial cutting wedge surfaces and a
new forming one (as a result of wear) was worked out in Odessa Polytechnic
University. According to this method, analytical CE model of sharp CT (U°) or worn-
out one (UT) is the totality of CE points coordinates, which are determined in some
system XYZ. This system is invariant to the inspection time T.

U and UT joint examination permits to determine the series of vector s7
components (CT state characteristics), among them following: s, is a characteristic,
which determines the direction and type of CE shift relatively to the initial CT face;
s, is a complex characteristic, which determines form of so-called contour of CE
shlftmg (CCES) in base CT plane P; s, is a characteristic, which defines CE local
defects. ‘

The characteristics s, s,, s, (r = 3) are sufficient for CE state multitude
diagnostics. Numbers of characteristics correspond to the diagnosis level and
determine the diagnose profundity.

At the first diagnosis level such states as presence or absence of built-up edge,
lowering of CE etc. are exposed (CE states of 1-st level -S , i= 1,3).

At the second level CT states caused by nature of CE shift in plane are diagnosed
(CE states of 2-nd level - = 1,6).

At the third level such C’E states as periodical defects on edge from local wear, CE
flaking etc. are diagnosed (CE states of 3-rd level - S, k = 1,4).

In case diagnosis profundity r=1 the CE states are determined by correlation
S,=S,; in case r=2: S =S . & S,; in case r=3: §=§, & Sz, & S,. The multitude of
determined by this way CE states belongs to the discrete space S which contains the
classes of initial (S°), operative (S?) and final (S*) CE states.

The multitude states in space X are determined by vector x™=(xT, x,T,..., x.7).
They are identificated in stand inspection conditions, when all the CT inspection
points are used. When CT state inspection takes place in FMC conditions, it is
expediently to use only one inspection point. So it is necessary to determine the
correspondence between the same named technologically significant elements of spaces
X and S.

For example, to state C?, [1] (CT flank is partial worn-out with uniform wear
along edge) corresponds such CE state: S’=S, & S, & S, (where S, - CE is on
initial CT face; S,, - contour of CE uniform shifting takes place; S, - CE has not
defects). Nowadays the software for realization multi-level diagnostics of CT states
has been worked out. This software is based on the theory of using pattern
recognition. The proper software was tested in series of worn-out lathe tool states,
which were registered at stand, modelling FMC inspect conditions. Researches have
confirmed rightfulness of above-mentioned approach and showed sufficiently high
trustworthiness of CT and CE diagnosis results.
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Crpyntypa 3afiay pPoO3Ni3HABaHHA CMTyaLiH y cMCTeMax NIATPHMKH npuuna‘n‘u
pilleHb peanbHoOro yacy
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Baaaumup - Iuckanr. CTpykTypa 3ajay pacno3HaBaHHA CHTYRLHH B CHCTEMaX HOAAEPKKH

NPHHATHA pelieHHi peaJbHOrc BpeMeHH.

PaccMaTpHBalOTCA NOCTAHOBKH M METO/bl PELICHMS 3a/ay Pacro3HaBAHMA TEXHOJIOTHYECKHX
. CMTyalMil B cHCTeMaX MOJUIEPXKKHM NPUHATHS pelIeHMil: olleHKa PeXHMOB (PyHKIHOHHPOBaHHA;
AMarHOCTHKAa OTKAa30B; MpPOrHO3 pexXuMoB M (opMMpoBaHME NJaHAa paspellieHHs KOH(IMKTHRIX
cutyaumit. O6cyxnaiorcs ocobeHHoctH 3afay B ychaosusix ACYTII peanbHoro BpeMeHM Ha
TEeXHHYECKHX o6beKTax AoObIYM M TPAaHCMOpTa rasa.

Beryn. Cyuwacui ACYTII peanbHoro wacy Mictsitb y cobi CHCTEMH NiATPHMKH
npuitnsitrs pimens (CIIIIP) [1], mo 3a6esneuyoTs NiATPHMKY AiSUIBHOCTI onepatopa
no nikBifanil koHdAIKTHMX CHTyaudif, y ToMy 4YHCAi BHABACHHS NpPHYHHH IX
BUHHKHEHHsSI, NPOTHO3 PO3BHTKY TEXHOJOTiYHOI cHTyanil Ta ¢opMyBaHHs NJaHy BHAayi
kepyBaabHux aiil. J{ns uporo y cxnaai CIIIIP nosuuni 6yTH 3acobu po3B si3aHHS
OCHOBHMX 3aJa4: OIiHKa peXHMiB (YHKIIOHYBaHHs, NIarHOCTHK2 BiIMOB, NPOTHO3
pexuMiB Ta (opMyBaHHS NJNaHy po3B s3yBanHa KoHdaikTHHX cuTyanii. Ha ocuosi
ananisy ocobnupocrei nuX 3anay B ymoBax ACYTII peaspHoro yacy 3anponoHoBaHi
Moaesi Ta MeToAM NOOGYMIOBH NpaBuJA PpO3Ni3HaBaHHA i NpHUHHATTA pimeHs Ha 6asi
Joriko-gyukuionaspuux mozeneii (JIOM) [2].

IlocranoBka Ta MeTOAM poO3B'A3aHHs 3aja4. Po3s'sizanus 3agay 6a3yeTbcsi Ha
ananisi sxizuux (X), suxiguux (Y) ta npusesenux (ozepkaHHX 3a JONOMOroio

imiTanifinux monesieit) (P) napamerpis o6'ekra. Muoxmuna Z={<Z,, ..., Z >,
Z,cXUYUP} creopioe mpocrip moxusux cranis (IIMC) o6'ekra. Y mpocropi Z
safnalotbess obaacti pimenn E={e;}, i=1, ...,k. Koxxna o6aactp E Micrutp B cobi

MHOXHHY KJaciB e;, OZEPXMAHHX 32 PaXyHOK 06'elHanHsA TPYNH CTaHIB Yy KJacH
€KBiBaJIeHTHOCTI MO JesiKiif BJaCTHBOCTI.

Y saranbHOMY BHIJSIAI 3aflayy NPHIHATTS pilleHb MOXXHA NPEJACTaBHTH TplI‘IKOIO

3=<L, E, F>,

ae I - sxiaui mani, E - o6nacte pimenn, F - npoueaypa npuiiHsSTTS pimieHb, ska
peanisye Bino6paxenus I—-E. ‘

3anaya OUiHKH pexHMiB PyHKIIOHYBaHHS

3P=<{X, Y, P}, E?, F*>

NoJsirae y ToMy, mo6 3a 3HaveHHsiMH napametpiB X, Y Ta P BH3HauMTH moOTOYHHMIl
PEXHM € EEP O6nactb EP Bkniouae y cebe xnacu HOpMasbHHX, IepeaaBapiiHEX Ta
anapmuux pexxamis. [Ipoueaypa npuiinarra pimens FP peanisyerbcs y Burasiai kom6i-
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HoBaHoro mnpasnna kaacugikauii FP:XxYxP—EP, no6ynosaworo 3a nomomoromo
noriko-(pyHKUioHaABHKX Mozaeneil posnisHaBaHus. Oco6auBicTb wiel 3agayi noasrac s
TOMy, ulo B npoueci knacupikauii HeoGxixHO opMyBaTy npoctip o3nmak P y
peaabHOMY yaci,

OcHoBHOW MeTo po3s'sizains 3a4aui AiarHOCTHKH BIIMOR

3°=<{X, Y, P, E}, E°, F°>

€ BU3HAYEeHHS BHAY BiAMOBH o6aagHaHHA eojEE° Ha OCHOBI aHali3y HOTOYHHKX
napaMeTpiB 06'€KTa Ta BigOMOro pexuMy  byHKIIOnyBaHHS ep]EEp. Iipasunio
knacuikanil FO:XxYXPXEP—E° 6yayerscst y surasi AepeBa pillleHb, 3B'S3aHOTO 3
iEpapXivHOI0 CTPYKTYPOIO arperaris Ta BY3JIiB TeXHIYHOTrO 06 exTa.

Hpuitnarra pimens aas dopmypanus 1aHy PO3B SI3yBaHHs KOH(AIKTHOT CHTYyalil
6aayeTbcst Ha po3B s3anHi 3a1ayi

3*=<{X, Y, P, E°, E%, E*, F*>,

ne npoueaypa npuiinsatrs pimens F:XxYXPXEPXE°—EA BHKOPHCTOBYETbCA /IS TOTO,

mo6 3a BIXOMHMH BeKTOpaMH cTaHie Z, pexumy eP j Ta BUAAaM BiAMOB E CE°
chopMyBaTH NOCHIAOBHICTL il Aucneryepa aas JgiksBigauwil koudnikTHOI cuTyamii 3
BpaXyBaHHsIM HOPMaTHBHOTrO pesepsy yacy. O6aactb pimenn E* MicTuTs y cobi Tunosi
npouenypu il Aucneryepa. '

DPopManbHO 3a/1a4a NPOrHO3Y PEXKHMIB BH3HAYAETBCS K

_ 3"=<{X, Y, P, E®, E°, EA}, E", F">.

Cyrb 3amaui nossirae B Tomy , 106 Ha OCHOBI aHai3y MoTo4Horo crany Z, pexumy
ep}-, BuaaM Biavos E CE° 1a nepenrbaveHux i e‘qj BU3HAYMTH PO3BHTOK TEXHOMOTIYHOT
CHTyalii y 3azaHoMy iHTepBani uacy i MOXJAHBicTb liepexoly Ha IHOI pPeXHMH

$ynkuionysanns.  MexanisM  npwitnaTTa  pimens F":XxYxPxEPXE°xE*—>EP
OCHOBAHMH Ha BHKOpPHCTaHHI 6a3H TeXHONOrIMHHX 3HaHb, WO MICTHTb y cobi Mojeni

PO3BHTKY KOH(IIKTHHX CHTyaliii. %
Pospo6neni Metoam peaniayiorbes y ckaani CIIIP, sxa mae apxitektypy 3
"momko 06'aB” i Bkawuyac B cebe 610K MPUHHATTA pilmleHb 3 yHibikoBaHuM

MEXaHI3MOM pO3B'A3yBaHHs PO3MIAHYTHX 3azay. ITig wac byHKUiOHYBaHHS cHCTeMH y
MaclTaGi peasibHOTO wYacy iHdopMauis npo cram o6'exkTa HaaXoAHTh 3 Gazu AaHHX
ACYTIl ma “momky o6'as". Ilpu BuEHKHeHHi KOHGAIKTHHX cuTyauilt pesyibraT
BUDillIeHHs! 3a/1a¥ BUAAIOTHCS JAUCIETYEPY HA eKpaH MOHITOpa /sl NPHHHATTS pilleHb.

BucnoBkH. 3azayi po3nisHaBaHHA TEXHOMOMiYHMX cutyanii B CIIIIP peanbnoro
Yacy MawThb TaKi OCOGMHBOCTI: XKOPCTKI O6MEXeHHS Ha vyac NPHHATTS PpilleHHS;
HAsBHICTh pasHOTHNOBHX (KibKICHHX Ta sIKicHUX) O3HaK; HeoOXiAHICTh BHKOPHCTaHHS
CKCIIEPTHUX 3HaHb NpH NMOOGY/OBI Mojesell poaniaHaBaHHs: HeoOXigHiCTh ¢opmyBanns
JONOMIXKHHX MiANPOCTOPIB O3HaK y peanbHoMy 4aci 3a aonomorol iMiTauifiHux
Monene#. Kpim Toro, crpykrypa npasua knacudikauil nosunna 6yT# nos'ssana 3
iepapxiuHOI0 CTPYKTYPOIO By3aiB 06'ekTa KOHTPOJIIO.

3anponoHosani  MeToau BHKODHCTOBYIOTbCA  NpH  npoexTyBakni ACYTII
ra3oKOHICHCATHHX npomuciiB, a Takox [lponerapebkoro nigsemuoro cxosuma ra3sy.
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@DyHKuioHanbHa AIarHOCTHKA i NPOrHE3yBaHHA TEXHIYHOIO CTaHY
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BOPUC UIBYEHKO, IOPIf IOHOMAPbBLOB, BOJIOAUMUP ANCKAHT

HIAIIKT ACY Tparcras Ykpairna, 310126 Xapkis
Bya. Mapmana Konepa 16

Ter.: (0572) 205-724, 205-787 Daxc: (0572) 224-010

Bopuc Hiabyenko, IOpuit Ilonomapes, Baaaumup Juckanr. MDYHKOHOBAAbHAR AHATHOCTHKA H
MPOTHO3HPOBANME TEXHHYECKOr0 COCTOSHHS TA30NEPEKAYHBAIOMMX ATPETATOR B ru6pHaHbIX

BKCNEPTHLIX CHCTEMAX.

PaccMoTpeHbl BONPOCHl Pa3paGOTKH TMOPMAHBIX IKCHNEPTHbIX CHCTEM [JIA pelleHus 3ajay
ACYTII KOMilpecCOpHbIX CTaHIMIT MarMcTpajbHBIX rasonposojoB. H3joxeHbl MNOCTaHOBKA
3ajauM, YKpyINHeHHas MoJleJib e¢ PellieHUsl, NePCIieKTHBhI HCNOJIb30BaHHA.

[lporpamne 3abe3ameyeHHsi cHCTeMH KepyBaHHsi GOraToiliibOBOI KOMIPECOPHOI
cranuii (KC), sike /103BOJIsi€ BHKOHYBAaTH ONTHMAaJbHE KEPYBaHHA peXHMaMi poboTH
"3a craHom”, TIOBHHHO BKJKWYaTH B ceGe cHCTeMy J[iarHOCTHKH o6GnajHaHHA, sKa
3aGesneuye 36epiraiis Ta oOpo6Ky NaHWX NpPO MOTOYHHH, NONepefHid Ta HaCTymHi
cranu o6'ekra [1].

CHcTeMa JiarHOCTHKM NOBMHHa 3abe3anedyBaTH MPHHHATTS Hait6inbm edeKTHBHHX
pillieHb 0 KEPYBaHHIO NPOLECOM Y Pi3HHX €KCIIyaTalliiHUX CHTYyalisX, sIKi BHHHKAKOTh
#a KC B ymoBax o6MexxeHb Ha 4ac, Ha OCHOBI aHaji3y peXHMiB, AiarHOCTYBaHHS
crany o6sa/iHaHHsl Ta NPOrHO3y PO3BHTKY TEXHOJOri4YHOI CHTYyauii.

@opmyBanks Moaeselt axiarnocryBamns. Monenb xiarHocrysanHs Gyayerbcs y
BUIJIsIAI GaraTtopiBHEBOI CTPYKTYPH BHIASLY:
M=<1,Y,C, 0, ®>.
Bxiani pani I BriaoyaioTs B cebe psja nmapaMeTpiB, INO BHUMIPIOIOTbCA Ha 06'eKTi

(TeMnepaTypa Ta THCK ra3y, piBeHb Macia TOLIO).
O6aacts pimerb Y ¢opMyeTbess 3a JONOMOrol Ppo36HTTA CTaHiB of'ekra y

HpocTopi MNOKa3HMKIB TEXHIYHOro CTaHy arperaty i OKpPeMHX BYy3JiB Ha KJjacu
€KBiBaJIGHTHOCTi: TNpalle3flaTHHil, nNpauesfaTHUil 3 JaHMM piBHEM edeKTHBHOCTI,
Henpaue3zatHuil.

Muoxuna noxkanpunx mozeneit C = {C;} y saranbHoMy BHNAAKY Ma€ BHTJAL
C=C,uC,C;, ne C, - mozmeni, mapaMeTpu SKHX OUIHIOOTbCA 32 JONOMOIOK0
aJrOpHTMIB HaBYaHHA po3ni3HaBaHH o6pasis; C, - Moaeni, napaMeTpH SKHX

BH3HavaloTbest ekcneproM; C; - Mozeni, siki 6yayloThesi B pe3yJ/ibTaTi pO3paxyHKiB 3a
iMiTaniiinumn mozensmu o6'ekra. KoxkHa JsokaabHa Moaenb Moxke 6yTH mpe/cTaBieHa
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GOpMYioKD YMCACHHS NPeAHKaTiB MepHIOro NOpsAAKY, aTtoMmHa ¢opmyaa sikoi Mae
BHTJISAA!

A", a,, a2)=t1(x"‘, at) o t2x™, a2),

ne Ly, t, - Tepmu, 2o niuIpocTip 03HaK P i W 2" nns tepmiB [;; @; - BeKkTOp
napaMeTpis TepMiB [;; O - oana 3 onepauiit =, #, <, >, 2, <.
Tepmu mogeneit i3 muoxusu C; BH3HAYAOTbCA 3a JAONOMOrOI0  iMITAILHHAX
MozieJieii 06'eKTa, siKi J03BOJSIOTh PO3B S3YBaTH Taki 3ajaui:
e po3paxyHOK (PaKTHYHHX IApaMeTpiB BiIAUEHTPOBOro HarHiTaya (BH) (cryniub
CTHCHEHHSI, eTaJOHHA Ta (PAKTHYHA NPOAYKTHBHICTD TONIO);
e pospaxyHok koedilicHTiB anpokcumanlii dakTHYHUX XapakTepHcTHK BH;
¢ pPO3paxyHOK NOTYXHicCHHX XapakTepucTuk ['TIA;
e po3paxyHoK AiarsocTuunux nokasuukis ITIA (koedinientn rexuiynoro crany BH Ta
rasoTpy6HOT yCTAHOBKH).

EnemeHT O MicTHTh B co6i onuC iepapxiYHOI CTPYKTYpH 00'€KTa, M0 CKJIANAETHCS 3
TPbOX PiBHIB: arperaTHuii, EXOBHil Ta piBeHb KOMIPECOPHOI CTaHILl.

Ha arperatHoMy piBri 3ajauei0 KepyBaHHA € cTabinizamis 4acToTH oGepTaHHs
poropa BisibHOT TypGiHK. 3a JONOMOroK MojJei NMPOBOANTHCS ONliHKA Npale3JaTHOCTI
ITIA i iforo Byanis.

llexoBuii piBeHp BKJOYac B cebe OUIHKY Yacy BHXOAY Ha TPaHMYHO AONYCTHMI
3HaveHHs napamerpiB 3axucry. Ha pisui komnpecophoi cTaHllii OCHOBHOIO METOKO €
OIiHKa Ta NMiATPHMKA 3a/laHOro pPeXHMY POGOTH NpH aBapiHMX 3YNHHKaX WeXiB Ta
arperaris.

Mexaniam miarnoctysanns @ mae GoratopiBaeBy cTpykTypy. Ha Bepxubomy piBHi
BHKOPHCTOBYIOTHCS MPOLEAYPH JOTIYHOTO BHBOAY B 6a3i TEXHOJOTiYHUX 3HaHb, IO
MicTHTb B co6i aiarHoctuyny mMoaenb. O6uMc/OBaHHSA 3HaYeHb TEPMIB NPOBOAMTLCA 3a
AONOMOroI0 iMITAaIlifiHUX Mojesiell Ta aArOPHTMIB po3ni3HaBanHs o6pa3is. %

Jinst  BiAmpauioBaHHA AialHOCTHYHHX MoJejieil  BUKODHCTOBYBajach - CHCTeMa
"InTepexcnepT”, fka MO3BOJISE CTBOPIOBATH NpPOAYyKIiiiHi 6a3u 3Hanb Ta 3abesneyye
inTerpasbHe O6YKCIIOBabHE cepeoBUIle A/ BHKOHAHHS JONOMIXKHHX 3aBAaHb. |

Bucnosku. Hasapuictb neBH3HaueHocTi Ta GaraToBapiaHTHOCTI NpH NPHHHATTI
pililenb, HeMoXIMBicTh edexTuBHOro (GOpMani3oBaHOr0 pO3B A3yBaHHA PAAY 3ajad,
HeOOXiIHICTh BHKOPHCTARHHS EBPHCTHYHHX Npoleayp Ta HedopMaliszoBanux ¢akTopis
po6ASiTh NEPCHEKTHBHOIO Po3poOKY Ta BIPOBAKEHHS TIOPHAHHMX €KCHEPTHHX CHCTeM.
Majoun y cBoeMy ckaai 3aco6u BuOGOpy Hai6inbm JOCTOBIpHHX AiarHo3is npu
BificyTHocTi a6o HeneBHOCTi HeoOXimnoi iHdopMalii, ekcnepTHi CHCTEMH MOXYTb
ed)eKTHBHO BHKOPHCTOBYBaTHCb YXKe 3apa3, A0 BupimenHs mnpoGieM, NOB'A3aHUX 3
BIPOBA/DKEHHAM Cy4YaCHHX CHCTEM KepyBaHHs ra3onepeKkayyBaJibHOTO 06ja/iHaHHs.
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1. ly6poscknii B.B., HWibyenko B.C., Maproinenko II.B. @yskuyuonanbhas
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Jlitonoro-cTpaturpadiuie po3uIeHOBYBaHHS PO3Pi3y CBEPAJIOBHHH METOAOM
po3ni3HaBaHHs o6pa3iB

B'SIYECJIAB MABJIEHKO, ITOP ILIBAYEHKO, HATAJII HOBUKOBA

HAIIKI ACY Tpanczas : Yxpaina, 310126 Xapxie
eyn. Mapwana Koneea 16
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Bsuecaas Ilasaenko, Hrops IllBauenxo, Hartaass Hosukosa. Jluroaoro-crpaturpaduyecxoe
PACWIeHeHHe pa3pesa CKBAXKHHbI METOJOM pacnosHaBaHus o6pasos.

B HacToslleM [OKJajfie pacCMaTPMBAETCs 3a/laya  JIMTOJIOTO-CTpaTHrpadHyecKoro
pacusieHeHMs pa3pe3a HepTerasoBbIX CKBAKHWH B MpPOLECCE HX TeoJJOrM4eCKOro MCCJIeJ0BaHUS ¢
HCIIO/Ib30BAHHEM JIOrHKO-(DYHKIMOHAIbHBIX MoJiesieil pacno3HaBaHMs.

Y uiit gonosizi posrasgaeTbes 3afaya JiTosoro-crpaturpadiuHoro poasuge-
HOBYBaHHsl po3pi3y npH noGynoBi reoMeTpuyHoi Mojiesi poAoBHIla HAPTH Ta rasy.

BuxignuMu AaHMMH € pe3yJabTaTH reodi3HYHHX [OCHI/DKEHb CBEPAJIOBHHH i
BHOOPY KepHa 3 NpoOyPEHHX CBEPAJIOBHH. '

Icnyioui nigxoam A0 po3B's3aHHs MocTaBieHOl 3ajavi HEJAOCTaTHBO edeKTHBHi,
OCKiJIbKH BOHM ManoiH(dOpMaTHBHI Ta NPUBOAATh /10 OJIEPXAHHS HeHaJlIHHHX
peaynbTaTiB NpH BH3HaYeHHI JiTonoriyHol Gyaosu ripebkux mopix [1].

Poapis csepanoBunn - ue BigoGpaxkeHHs (isHyHHX oco6aMBOCTell FipCbKHX
nopiA, sKi 3ycTpivaloTbcsi B CBepAIoBHHI miA wac Oypiuua. Bin po3butuii Ha
crpaturpadiyni NiApo3xinM  Ha OcHOBI JaHMX MikpodayHH, MakpodayHu Ta
KOMIIEKCHHX crocTepexkenb. Buaineni migposgisu Mictarh B cobi nopogu, sAKi
BH3HAYalOTbCs  3a  JiToJoriyHuMH  o3HakamMH. OcHoBHa  MeTa  JeTafibHOTO
pO34YNeHoByBanHs PO3pi3y CBEPAJIOBHHH - BCTAaHOBJEHHS 3a reoJoro-reoisuiHuMH
O03HaKaMH JITOJIOrIYHOrO THOY MOpiA, 3 SKHX CKJIafaeTbesl MaHH# pospis. [lig vac
no6y/0oBH po3pi3y CBEPAJOBHHH HeoOXiZAHO PO3B'A3aTH [ABi OCHOBHI 3ajayi: BHIJACHHS
crpaturpadiyHuX  WiAPO3AiNiB 32  pe3ysbTaTaMu  CTpaTHrpadiyHoOro  asarnisy;
BH3HAYEeHHs! THINY MOPiA 3a JAHHMH JIiTONOriYHOro aHami3y.

3anaui po3ni3HaBanHs 0o6pa3iB, siKi posrasfalOTbes y Wil po6oTi, MalOTh Taki
ocob6auBocTi: 1) HasBHICTb O3HaK, $Ki BUMIpIOIOTbCS Yy PI3HOTHNOBHX HIKajax
(xinbkicHuX i AKicHHX); 2) HEOOXiAHICTb BUKOPHCTAHHS €KCNEPTHHX 3HaHb, AKi 3aAaHi
y BHrJAsiAi BucjoBiOBaHb axiBuiB npo ocobauBocTi pisHuX THOIB nopia. [las
PO3B'si3Ky 3agay OynM BHKOPHCTaHi Jioriko-pyHKkuioHanbHi MoAenai po3nisnaBanus. L
MojZieni 103BoAsiIOTH (POPMYBaTH BHpPilIyBaJbHI NpaBaja Ha NiJACTaBi OJHOYAaCHOIO
BUKOpHCTaHHA npaBus kiaacudikauii, no6ynoBaHuX 3a TaGIHIAMH €KCIEPEMEHTAJbHHX
AaHUX 3 PI3HOTHIOBHMM O3HAaKaMH, Ta anpiopHHX 3HaHb Npo 3ajAavy, SIKi oJepxKaHi B
peayabrati popmanisauii nocBiny excnepris.

B 3agaui BuainenHss crparurpadivyHHX NiAPO3AiJAiB 32  pe3yabTaTaMH
crparurpacdiyHoro aHaniay y ckKJaja 03HaK C={Ct,...,Cn} Bxonarb xapakTepHCTHKH

KepiBHoi (ayuu (ckaaa Mixpooprauismis). Aadasit knacis U={U1,...,Uk} sanaerncsa
y BUrasai MHoxuHH crpaTurpadivaux nigposainis. KinbkicTb KnaciB 3anexutb Bin
ocoGNuBOCTEH periony. : _

B pesyabraTi HaBYaHHsS poO3ili3HaBaHHIO  cTpaTHrpadiyHHX. NiApo3xiznis
6yayerbes npasuno kaacudikauii (noriko-dyrkuionassna Mojenb) y BHIAsSAl AepeBsa
poss'siakis T(s,M), ne M - muoxuna soxamsuux momeneii Mi(C'), C'cC, sxi
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ONHCYIOTb OKpeMi BaacTHBocTi nopix (Hanpukaaa, HasBHiCTb neBHOT kOMGiHALi] MiKpo-
OpraHismiB), S - cTpykTypa nepepa. Koxua rinka AepeBa omucye aconiamii BHIIB .
dayun Ta kiabkicni sanexwocti, ski XapaKTepHi st neBHoro crpaturpadiuioro
nizposninay.

3anauya BMIINEHHA NOPiA 3a JaHUMHK JiTOJOriYHOTO aHalli3y BHpPINIYEbTCS 3a
na6opom pisnorunosux osnak C={C1,...,Cn}, ski Bk1woyaiors B cebe XapaKTEePHCTHKH

nopoau (nuToME# onip, iHTeHCHBHICTb L-BHIpOMiHIOBaHNS Tomo). Sk AONOMiKHA |
O3HaKa BHKOPHCTOBYEBTCH TAaKOX THH CTPaTHrpadidHOro miAposginy, sixuii oxepxauuii
B pe3yJibTaTi po3B'sI3Ky 3ajavi posnisnasauns cTparurpadivHnx nigposniais. Knacamu
y uiit 3agayi € Ha6ip Tunis nopia. Ilpn mpomy osnak mopia € (byﬂxmmm yacy - ue
XapaxkTepHa 0co6IUBICTE 06 ¢KTa.

Onepxani Mofesi BHKODHCTOBYIOTbCS AAS PO3B SAI3YyBaHHs 3a/iay reoMeTpH3aitil
PofOBHIL NpH iHTepnperamil BXiAHMX JaHHX, ONEPXAHHX B pe3yabTaTi GypiHns, Ta
reoisHyHUX JOCAI/KeHDb cBepAIoBHHM. Buxinui nawni sazavi € ocHopoio mis noGyrosu
FeOMETPHYHOI MOJEi POIOBKIA LLIAXOM CHIBCTaBJI€HHS BHALIEHHX NJAACTIB y px:nmx
CBEPAJIOBHHAX PeriOHy Ta CTBOPEHHS y3arajibHeHol Mojesi miacry.

Buxopucranus 3anpononobanux Mojesel iHTepnperauii [A03BOASE JOCATTH
TaKol AKOCTi CTpaTHrpadivHOro Ta NiTONOrIYHOrO PO3YNCHYBAHHS, NPH Kl pe3yabTaTH
aBTOMaTH30BaHHOIO PO3YJIEHYBAHHS PO3Pi3y MOXyTb GyTH BHKOPWCTaHi 45 noOyaoBH
CTPYKTYPHHX KapT, KapT pPisHHX napaMeTpiB, reoforiveux p03p131B POJOBHILA, a TaKOX
6yru indopmaiifiHol OCHOBOIO ANt NpoBeAcHHS pPo6iT, sKi nos's3ani 3 PO3BIKOIO,
Po3po6KoI0 Ta eKcnJyaTtalicio poaosria [2].

Jireparypa :
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2. Bopucosens 1.1., Tokoit 1.H., ITonomapsos 10.B., I.UBa‘leHKO I.1., IlaBaesko B.B.,

Hosukosa H.JI. IHTeJleR'rya.ane poGoue Micle reosora AAs po3B si3aHHA 3aBAaHb

npu po3pobui Hadrorasosux pojosunl. - Tesn aonos. HAYK.-NPaKT. KoHb.
“HAd)TA 1 TA3 YKPATHH", Kuis, 1994.
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Cnoci6 MaTeMaTHYHOTO OmKCY HeJXiHiHHMX HecTaliOHAPHHX 06'€KTiB, sKui
AO3BOJISIE PO3B'A3YBATH 3aJavi IX iarHOCTHKH
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Cepreii IOxumuyx. Cﬂoco6 MATEMaTHYECKOrO ONHCAHKA HeAHHEHHRIX BEeCTANHOHAPHBIX
AHHAMHYECKHX 06HEKTOB, HO3BONAIOMHKHA pelmaTh 3aJAYH HX TeXHHYECKOH AHATHOCTHKH.
IlpusoauTcst onmcanue NMPOCTPaHCTBA NpupalleHMil NapaMeTpoB, B. KOTOPOM CPaBHHTEJIBHO
JIETKO PelJaloTCsl 3a/laYM OLEHKH YCTOHYMBOCTH HeNMHEHHbIX HECTallHOHAPHLIX OODBEKTOB H HX .
AHAarHOCTHKH TpH SAJAHHBIX  34KOHAX MIMEHEHMS NEPBHYHBIX NapaMeTpoB (WIKPHHBI 30HBI
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HEYYBCTBUTEIbHOCTH, BBIXOJHOIO CHIHala pelelHBIX 3BeHbeB, KOI(PQPHIHEHTOB YCHJICHHS,
NOCTOSSHHBIX BPEMEeHH H T.1.). : 12

Jlns Bu3HaueHHS ACHMOTOTHYHOI CTIHKOCTI AWHaMiYHHX 06'ekTiB 3a JlanynosmMm
BHKOPHCTOBYETbCA NOHATTA 36ypenoro pyxy [1]. Ilpu knacuuynomy BH3HayeHHI Takoro
PyXy TpaekTopil He3bypeHoro Ta 36ypeHOro pyxiB MOXYTb Bi/IPi3HATHCA JaMDIe 32
pPaxyHoK 3MiH NMOYATKOBHX 3HAYEeHb 3MIHHHX CTaHy JHHaMiYHUX 06 €KTiB.

B ymoBax peaabHol ekcnayaranii mit Ai€lo psAAYy HEKOHTPOJbOBaHHX 36ypenb
(temneparypu, BiGpauiii, BIIMBY €NEKTPOMarHiTHOrO BHIIPOMIHIOBaHHS  TOIIO)
napaMeTpu  AHHAMIYHHX 06 €KTiB  3MIHIOIOTBCS, TOMY MOTPIGHO  mepioAuYHO
AiarHOCTYBAaTH XapaKTEPHCTHKH TaKHX o006 €kTiB Aas Toro, mo6 BH3HAYKTH, IO
BiIXMJICHHS] XapaKTEePHCTHK He NepeBHMY0Th aonycrumux. Iliaxpecaumo, mo B mbomy
BHNaAKy 36ypeHHs TPAaeKTOpiil pyXy 3MiHHHX CTaHy BiZOyBacTbCsi 3a PaxXyHOK 3MiHH
napametpiB o6 €KTiB Ta, BiANOBIAHO, i 3MiHN CTaHy, a He 3a PaXyHOK 3MiHH NOYaTKOBHX
3HaveHb. ToMy B L[bOMY BHN2JKY KJAaCHYHI METOJM OLIHKH CTIHKOCTI Ta AiarHOCTYBaHHS
HeNiHIHHMX 06 €KTiB, $Ki BUKOPHCTOBYIOTb MeroA ¢yHkuiit Jlsnysosa, He mawoTh
MO>JIHBOCTI OTPHMaTH HeoOXiJHi pe3yabTaTH.

Onun i3 MOXAMBHX TIAXOAIB ANs [OiarHOCTYBaHHS XapaKTEPHCTHK JiHIHHHX
AMHaMiYyHKHX 06'ekTiB Bukaagennit B [2]. B pganiit po6oti nponomyerbcs Meton
RiarHOCTYyBaHHSI CTaHy HeAiHIHHHX HecTaliOHAPHHUX AMHAMIYHHX OO0 €KTiB, MapaMeTpH
SAIKHX  3MIHIOIOTBCA 3 4acoM 32 BH3HAaYeHUMH 3akoHaMH. [lasa  oTpuMaHnhs
KOHCTPYKTHBHHX Ppe3y/IbTaTiB [PONOHYETbCS BiJAMOBHTHCh BiJl KJacCH4YHOIO OIHCY
AWHaMIYHHX O6'€KTiB y BUTAsAAi

m = < Y(X(t),P(t),t), X(t),P(t),Z(t),t,ty >, (1)

ne  Y(X(t),P(t),t) - kinueBa MHOXHMHa 3MiHHHX cTany o6'extin; X(t) - kinnesa
MHOXXHHA 3HayeHb KepyBaibHWX abo Bxiauux curhanis; P(t) - semycra MHoXHHA
3HayeHb NEpPBHHHMX nNapameTpiB 06 ektiB; Z(t) - HenmycTa MHOXHMHa CHrHafiB, IO
crnocTepiraoTbes ; t - yac; t( - MOMEHT NoYaTKy OnMCy AHHaMiyHOro 06 €KTa.

Hnsi po3s'siaky 3amay AiarHOCTYBaHHS HENiHIHHMX HECTAiOHADHHX AMHAMIYHHX
06'€KTiB NPONORYETbCS 3pOGHTH Nepexia Bi onucy o6'ekTiB B NpocTopi aMiHHMX cTaHy
(1) g0 Tx onucy B HOBOMY NpOCTOPi - NPOCTOPI NPHPOCTY NapaMeTpiB, AIKUU OymyeTbes
3a pnonomoroio anapaty ¢yukuiii uytamsocri. Ilpu ubomy onuc o6'ektis B HOBOMY
NpoCTOpi Ma€ BUIJSN:

oY (X(t),P(t),t) :
m* = < . X(1),P(t),Z(1) t,to, P(tg) >, 2)
aP(t)

ae P(tp) - nouyaTkoBi 3HaueHHs NEPBHHHHX NapaMeTpiB 06 €KTiB B MOMEHT yacy tg.
Ananizyioyn (2) HeBa)XKO HOMITHTH, IO Ha3Ba HOBOTO MPOCTOPY ONHCY MOBEIiHKH
06’eKTiB 06yMOBJ€Ha THM, WO B UbOMY BHNAJKY MNOBEAiHKA CHCTEMH PO3IASAACTHCA
Bi/lHOCHO NPHPOCTIB 3MIHHUX CTaHy, SKi 3yMOBJICHi NPHPOCTOM MEPBHHHUX MapaMeTpiB
P(t), na mo Bnepwe 3sepuyro ysary B [3]. Caia Bigsnaunt, mo Aas HeJliHifiHuX
06’€eKTiB, AHHAMIKA AKHX ONHMCYETbCA POIPHBHHUMH (YHKUIAMU, Nepexin A0 npocTopy
(2) mnsxoM BHKOPHCTaHHA KIacHYHOTrO anroputMy noGymosu dyHKUiH wyTausocTi
3aBX/AH NPH3BO/IMTbL [0 NOSABH Y3arajbHIOIOYHX (YHKIIH, MO YCKAAAHIOE NpaKTHYHE
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BHKODUCTAaHHS OTPHMAHUX pe3yJbTaTiB. 3anobirt¥  TakMM NOAISM  JI0O3BOJASIOTH
peayabTtatd pobotu [4].
Miakpecaumo, mo B npocropi (2) nesiniiiai HecTauionapyi 06'€KTH, ANHAMIKH AKHX
B npoctopi (1) onucywTbes HeniHiliHUMH  Au(epermiiHuMH PiBHSHHSMH,
Y (X(t),P(t),t)

ONMMUCYIOTbCS NiHIHHUMH HECTALIOHAPHHMHU PIBHAHHSIMH BiJHOCHO
aP(t)

Oxpim Toro, BBeseHuil npoctip € yHKHIOHANBHMM, 2 AWHaMiKa 06 €KTiB B HbOMY
ONHCYETLCS PIBHSAHHAMH B (QyHKUIOHAJABHMX NOXiAHWX Hepmoro mopsaxy a6o mpocTo
PIBHAHHAMH B PYHKLIOHANLHKHX NMOXIJHUX, METO/IH PO3B'A3KY SKHX J06pe po3pobieki.

Pimenns pisusnb B npocropi (2) 103BonsioTh BUBYATH BIJIHB HA BHXiZHUH CHTCHAJ
HeNiHIHHUX 06 €KTiB, 3MiHM IX NEPBUHHMX NapaMeTpisB Ta BUpimIYBaTH 3a/ladyi OWIHKH
cTilikocTi 06'€KTiB Ta iIX JiarHOCTYBaHHs.

B nonosini BM3HaualOThCs XapaKTePHCTHKH BBEACHOTO (hyHKIIOHANLHOTO NMpOCTOpY,
RaeTbesl IoKa3 apiHHOCTI npocTopy.

[lpusonaTbess  npukAazn  BU3HAYEHHS CTIHKOCTI  HeJiHiIHHMX HecTallloHapHHX
€ICKTPOMEXAHITHUX CHCTEM C/I/IKYBaHHS Ta BHMIDIOBaJbHUX CHCTEM, SiKi PO3B SI3yIOTh
3ajayi CTOXaCTHYHKX BMMIpIOBaHD Ta NOAAJIbINO] JIarHOCTHKH CTAHY TaKHX CHCTEM.
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Volodymyr Hrabko. The Diagnostic of Electrical Systems Power Transformers.

The main idea of this work lies in the fact that electrical systems power transformers spend
their working resource irregularly depending on the currents flowing through them, the
environment temperature, etc.

The transformers diagnosis system is suggested in the work, the working resource not only
of the windings but of the inputs is evaluated by the system.
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Cunosi TpaHcdopMaTOpH € CKJIAZ0BOIO YAaCTHHOK TPaKTy repenayi eJeKTPHYHOI
enepril BiJ eleKTPHYHUX cTaHuill o cmoxusaya. Tomy BiA HaaifiHoCTI ixupol poboTtu
3a16KHTh | HAAIHHICTD eJeKTPONoCcTayaHHsl CHOXWBayiB enekTpuyhoi enepril. [las
ni/IBUIIEHHS HazxiHOCTI €JIeKTPONOCTaYaHHA BHKOPHCTOBYIOTbCH CHUCTEMH
AiarHOCTYBaHHs CHJOBHX TPaHCHOPMATOPIB, sIKi A03BOJSIOTh OUIHIOBATH ixuit pobounit
pecypc i 3ano6irTH aBapiiiHOMy BHXOIY i3 nany.

TonoBHHIE HeJOMIK ICHYIOYMX CHCTEM [AiarHOCTYBaHHS - HHU3bKa TOYHICTh Y
BH3HAaYeHHI OCTATOYHOIo pecypcy TpaHcdopMaTopiB, a TaKOX Te, MO B HUX CHCTEMax
HE KOHTPOJIOIOTbCA BCI OCHOBHI BY3JH tpaicdopmaropis. B poboti npononyerbes
incpopmalitiiiHO-BUMIpIOBAIbHA CHCTEMa, SIKa [O3BOJSIE OLIHIOBATH pobGounii pecypc He
Tiabk# 0OMOTOK TpancdopMaTopa, 3aHYPEHHX B TpaHcgopmaTopHe Macjio, a i
MACJIOHANOBHEHHX BBOAIB, HaAiliHicTb POGOTH SKHX CYTTEBO BIJIHBAE Ha HaJlHHICTD
po6otn TpaHcdopMaTopa B LiJIOMY.

Ouwinka poGoyoro pecypcy o6MoTok TparcdopMaToOpa NPOBOAMTHCS 3a pe3ybTaTaMy
BHMIpIOBaHHSI 3HayeHb CTPyMY, IUO NPOXOAHTDb 4H€pE3 o6MOTKH, a TaKOX - HallBHIIOW
TEMNepaTypolo B BepXHbOMY Iapi TpaHeOpMaTOPHOro Macja 3 [OCHIJOBHHM
nepepaxyBaHHsIM IIHX 3HAYEHb Ha pecypc isossuil 06MOTOK.

JliarsocTyBaHHS BBOJIB NPOBO/IMTLCS 32 PiBHEM HANPYr# Ha HHUX i 3a TeMneparypoio
KkoxxHoro Bpofy. s iHdopMmanis BUKOPHCTOBYETbCSH /LI BH3HAUEHHSA AONYyCTUMOI
KOHIEHTPAIWi] PO3YHHEHHX B TpaHCcHOPMAaTOpHOMY Macii rasis, W0 B CBOW Yepry
[I03BOAISIE 3HANTH JONYCTHMHI piBeHb YacCTKOBHX pO3PsSAiB, BiJl IHTEHCHBHOCTI SIKMX
3a/iexkuTb poGouHil pecypc BBOJIIB TpaHChoOpMaTopa. [loAaTKOBO BBe/IeHI NaTYMKH THCKY
TpaHcOpPMATOPHOrO Macja y BBO/AxX, siKi TaKOX J03BOJIAIOTD 3pOOHMTH BHCHOBOK IIpO
npaiesAaTHicTs BBOAIB i TpaHcdopMaTOpa B LiJIOMY.

Indopmauiiino-BHMIpIOBaNbHA cHcTeMa peanisoBaHa 3 BUKODHCTAHHAM
onnokpucransioi EOM cepii KP1816. KepyBaabna mnporpama 3anucaHa B 311
cHcTeMH 3araibHEM 06 emMom 2K.

IIpu BHuepnanHi pecypcy o6MoTox TpaHcgopmaTopa abo BBOAIB CHCTeMa BUpoOssE
3anobiXXHui cCUrHaA A5 NOBIOMJEHHS ONlepaTHBHOMY NEpPCOHany.
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