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HavjioHarnbHWA YHIBEPCUTET XapH0BUX TEXHOTONIH

Y po6oTi poarnsnaeTscs 3aaada cTBopeHHs ACK npoiecom po3mMipHoOro o6po6iioBaHHs!
aetasneii enekTpudHon Ayrowo (PO/L) 3 meTor niaBuLLeHHs] NMPOAYKTUBHOCTI 06po6Kn
3a paxyHok 3abesariedyeHHs1 cTabilbHOCTI MPoLecy ropiHHS Ayru Ta asBToMatu3adii
rnpouecy obpobioBaHHS Aetasiei. by 3anporioHoBaHI MeToau BUPILLIEHHST 3aAa4
aBTOMAaTUYHOIO BU3HAYEHHS M0JI0XeHHs1 poboyoi Todky Ayr Ha ii BAX | 3Ha4eHHs!
3a7aBalIbHOro BIJIMBY PEryIITOPY 3a JONMOMOIrOH BUSHAYEHHST eKCTPEeMyMYy BUBIDKOBOro
koediuieHTa BzaeMHOI kopensauii M curHanamMmy cTpyMy i Hanpyr ayru. Po3pobrieHa
CTPYKTYPHA CXeMa CUCTeMU KepyBaHHSI Ta ii nporpamMHe 3a6e3reqyeHHs.

KmiovoBi cnoBa: asromatuzauis npouecy PO/, enexktpoeposiviHe obpobiiioBaHHS,
eJIeKTPUYHA Ayra, EKCTPEeMYM, BUBIDKOBWI KOeiLieHT kopessLii, KOUTEDIVI BiIHOLLIEHHS
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Mpouecu xapyoBux BupobHUYMB MPOLUECH TA OBNNAAHAHHA

Bctyn. EnektpoeposiiiHuii cnoci6 MeTanoobpobnioBaHHA 3aroTOBOK € OAHUM 3 CydacHWX
TEXHO/IOFYHUX Npouecie, WO 3MEHWYIOTb TPYAOMICTKICTb 0BpobaloBaHHA eNeKTPONpPORigHUX
BaxKoobpobioBaHUX MaTepianib.

BuganeHHs MeTany i3 3aroToBkWM BiaOyBaeTbcs Y CepefoBMLL OTOUYIOHOFO PiAWMHHOMO
JieNleKTpUKa 3a paxyHOK MiKpopospsgis, WO po3niaensioTb AesiKy 4YacTuHy MeTany. B mipy
36MKeHH poboUoro eneKkTpoda-iHCTPYMeHTa 3 3aroTOBKOIO Hanpy>KeHICTb eNeKTPHYHOro Noas
36inblIyeTbCA 3BOPOTHO-NPONOPLIMHO BigcTaHi MiX enekTpoaaMu abo MixKeneKTpoaHOro
npomixkky (MEI):

E=3 (2)

ge U — pisHUuA noTeHuianie enekTpoAa-iHCTpyMeHTa Ta 3aroTOBKW; S — BeJjIM4MHA 3a30py MK
eneKTpojamMu.

Haibinbwa Hanpy»eHicTb CTBOPIOETbCA Ha AiNbHULI, Ae 3a30p HalMeHWWH, | Ae BUHWKae
ayra. Mpu HagmipHomy 36inbwenHi MEM mo>kaveuin obpue pyru.

AHaniz craHy nutaHHA. CxeMa TexHONOriYHOro npouecy poaMipHoro obpobneHHs ayroto
(POL) npepcraeneHa Ha puc.1 [1].
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Puc. 1. Cxema TexHonoriuHoro npouecy poamipHoi obpobku ayroto

BuganeHHs metany B npoueci POJl BUKOHYeTbCcs eneKTpUYHOIO Ayrolo, Wo Aie Ha Mmajy
YacTUHY NOBEPXHi enekTpoaie B MicTi enekTpudHoro npoboto. Mpu UboMy iHWa YacTUHa NoeepxHI
eNeKTpody He NpuiMae ydacTi B npoueci 3HIMaHHA MeTany.

Takum ynHoM, B MEI cepep iHWKUX MOXKHa BUOKPEMWUTU ABa OCHOBHI NpoLecH: OTPUMaHHS
npoaykTie eposil, wo 3abesneuyeTbCs KepyBaHWM NPOLECOM FOPIHHSA AYrW, Ta IX BUBEAEHHS.
Ba>kAMBUM TexHonoridHUM nokazHukom npouecy PO/, skWi BU3Havae WOro ecpeKTHUBHICTb, €
NPoAyKTUBHICTL obpobaiosaHHa W.

Ha aaHWit yac nokasHWKW NpoAyKTUBHOCTI 0BpobaloBaHHA 3aroTOBKM Ta cTabiNbHOCTb
ropiHHA JyrM He 3abeanedyloTbCs B AOCTATHbOMY CTYNEHi Hi Py4YHUM KepyBaHHSM, Hi icHylouolo
CHCTEMOIO aBTOMATHYHOrO KepyBaHHS. TOMy BUHMKAE HeOBXIAHICTb CTBOPEHHA Takoro MeTony
kepysaHHa MEI, akul poseonus 6M He TiNbKW MaKCUManbHO BUKOPWUCTATH BCi NOTeHLiMHI
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MOX/IMBOCTI aBTOMaTWUYHOI CUCTEMW, ane i CTBOPUTU ONTUMasbHY CUCTEMY aBTOMAaTHUYHOro
KepyBaHHA cTabinizauil ropiHHa AyrM npu 3abesneyeHHi MakcUManbHOI NPOAYKTUBHOCTI.

B npoueci PO/, Hanpyra ropiHHs gyru U.u. 3MIHIOETBCA He TIIbKKW NMpU 3MIHIOBAHHI BEJIMYWMHMU
MEN, ane i B pesynbTaTi 3MiHIOBAHHA NONOXeHHS POBOYOT TOUKU Ha BOAbT-aMNepHIl XapakTepucTUL
(BAX) pyru. HepocTtaTHA edheKTHUBHICTb KepyBaHHA NpouecoM ropiHHa ayru (ii MoXkauea
HecTabinbHICTb) € HacNiAKOM TOrO, IO 3HaYeHHS 3aAaBaNbHOro AIsIHHSA U.u. sa PETYZISTOPY Hanpyru
FOpiHHA AYr¥ BU3HAYAETLC AOCAIOHUM LUASXOM | MOXe He BiAnoBigaTH NOTPIBHOMY NONOMKEHHIO
pobouoi Touku ayrv Ha BAX (Touui crifikoro ropiHHs ayru) U.u. o TOBTO ropiHHS MOXe BTpayaTw
cTabinbHictb. Mpu KoMneHcauii NOXUBKK BigxuneHHs & Hanpyrd Ayru U.u. Bif, 3ajaHoro 3HayeHHs
U.u. s PETYNATOP ropiHHS Ayru BCTaHOBIOE POBOUMM IHCTPYMEHT Ha 3afaHili rAMbWHI A 3aroTOBKM,
ane 3a Mexelo pobouoi obnacti MENM, a npouec POL nopywyetbes, 60 ropiHHA AyrU nepexoauTsb
B pe>xuM abo KOPOTKOro 3aMukaHHsA, abo obpuey Ayru, ToBTO ropiHHA BTpayae crabinbHicTb.

Merta crtaTtri. s cTBOpeHHs perynstopa Hanpyru ropiHHA AYru, BibHOro Big 3a3HauyeHWX
HeJONiKiB, MOXHa 3anpONOHYBaTW METOJ BM3HAYEHHS 3HaYeHHs 3ajaBanbHoro AisHua U
perynatopy 3a ekcTpeMyMoM BWUBipkoBoro KoedpiuieHTa B3aeMHOI Kopensuii r MDK curHanamu
CTpyMy /.u. i Hanpyru gyru U.u.

Buknapg ocHoBHoro marepiany. MeTtog 3acHoBaHWI Ha pesysbTaTax JOCAifpKeHb YY4eHUX
iHCTUTYTY enekTposeapioeaHHsi iM.[MaToHa, sIKi BCTaHOBWUAW, WO B okoni pobouoi Touku BAX
OYrU 3MIHIOBAHHS 3Ha4eHHA CTpymy /.u. i Hanpyru ayru U.u. BinbyBaeTbcA 3a NiHIMHWUM 3aKkoHoM. 3
LUbOro BUN/MBAE, LLO CUrHANW CTPyMy | Hanpyru ayrv B pobouiit Touui BAX kopenboeaHi. Tomy
eKcTpeMyM BWbipKoBOro KoecpiuieHTa B3aeMHOl Kopensauii r cTporo Bignosigae wykaHoMy
nonoxeHHio pobouoi Toukn Ha BAX ayru, a sHadeHHs U.u. NpUMMaETbCA SIK 3HAYeHHS 3a4aBa/lbHOro
ZisgHHA perynstopy MEI.

Lnsa nepesipku edeKTUBHOCTI 3acTocyBaHHS MeToAy KepyBaHHS ropiHHaM ayru abo MEM
Byna posrnsHyTa cTaTUCTHYHA rinoTesa NPO HepiBHICTb HyAlo koediuieHTa Kopensuil 7 ABOBUMIpHOT
HOpMa/bHOI CYKYNHOCTI AnA CTpyMy Ayru /.u. i Hanpyru pyru U.u. B okoni pobouoi Toukn BAX

Ayru. Hexaw (i, u,), (i, U,), ..., (i, u) — pesynbTaTu BUMIpIOBaHb B iHTepeani pobounx 3HayeHb
MEN. Bigomo, wo Bubipka Mae ABOBUMIPHWW HOpManbHWIM po3NoOAin 3 HEBIAOMWUMMU
XapaKTepUCTUKaMMU.

Ons BUABNeHHS KOpensUiMHOI 3aNeXXHOCTI ABOX BWUNAZKOBUX CUrHaliB AOCHUTb BU3HAYUTH
eubipKoBUI KoedbiLieHT Kopensauii 7 i 3a Horo 3HaueHHSIM 3po6UTH BUCHOBOK NpPO BiAnoBigHicTb
3HadeHb CTPYMy | Hanpyru Ayrd B Me>kax BWUBIpKM LuyKaHOro nonoxeHHs poboudoi touku BAX
Ayru U.u. o Ha 11 BO/IbT-aMnepHii xapakTepucTuui, npu r — 1:

U6_306 = Ua = U&_pm |max(r) (1)
ae r — eubipkoeuil koedbilieHT Kopensuii:
1&,. = % -
— > =) *(u, —u)
r= =
18, weld, o, (2)
\/Z(Ik_l)z* > (u —uy
= n =1
- 1,4, - 1.3
Ta ! =— Z Ik u=-— Z uk .
n k= n k=

3HayeHHs BUBiIpKOBOro KkoediuieHTa Kopensauil r Mae eKcTpeMyMm, BianoeigHo po
ONTUMAaNbHOTO NoNOXKeHHs pobouol Toukn Ha BAX ayru. 3HaueHHs eubipkosoro koediuieHTa
Kopenauil r AOPIBHIOE HY/NIO B peXXUMax KOPOTKOFO 3aMWKaHHS i oBbpuBy Ayrud y NOBHIiM
BignoeigHocTi Ao Bupaszy (2).

3anexkHicTb 3HaueHHs BUBIpKOBOro KoedpilieHTa Kopenauii 7 eig eanunHn MEMN e npoueci
Horo 3MiHW npejcTaB/ieHa Ha puc. 2.
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Puc. 2. 3anexHicTb 3HaueHHs BUOipkoBOro KoedillieHTa Kopenauil r Bif BeAMYMHK
Suen MEN B npoueci #oro smiHioBaHHsA

[ns poae’asaHHA 3aBjadi BUSIBNAEHHSA 3MiHIOBAHHSA Hanpyrd Ayru 3 MiHIMyMOM NOMMWAKOBHUX
TPUBOI AOUINBHO BUKOPHUCTATWU CTATUCTHUYHI MeToau [2] — Hanpuknag, Kputepin BigHoOWeHHS
npaeaonogibHocTi abo kputepilt Helmawna-MipcoHa, sikul po3BOnsie MiHIMi3yBaTWM 4ac 3anisHio-
BaHHS Y BWSIBJIeHHi 3MIHIOBAHHS cepefHbOro 3HaYyeHHs Hanpyrd Oyrd 3 MiHIMyMOM MNOMWAKOBMX
Tpueor. llis noMUNKOBOKO TPUBOrolo PoO3yMiloTb (puc. 3) NPUMHATTA rinoTean H), wo Bukaukae
HebarkaHy peakLilo perynstopa Ha KOpPOTKOYacHi 3MiHM Hanpyru ayru i pectabinisye npouec
ropiHHA Ayru, B TOM 4ac, KOJMU ICTUHHa rinoTesza H1, NPUIHATAE 3 3aTPUMKOIO BUABNEHHA .,
Bignosigae AiMcHIA (He NOMUWAKOBIM) 3MiHI cepefHbOro 3HaYeHHs Hanpyru npu obpuei ayru U2 .
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Puc. 3. MepeBipka cTaTUCTHUHMX rinoTe3 ANS BUSABJEHHA 3MIHIOBaHHSA CepefHbOro 3HaueHHA Hanpyru
obpusy ayru B npoueci POJ],

U1cp — CepeJHe 3ajaHOrO 3HaYeHHA Hanpyru Ayru npu P(u,) — winbHocrTi MMOBIpHOCTI
BMHUKHEHHS 3MiHKM Ha iHTepeani [0, ¢ .]; U2cp _ cepefHe 3Ha4YeHHs Hanpyrd Ayrd npu il obpuei
Ta npu P(u,) — wWinbHOCTI WMOBIPHOCTI BUHWUKHEHHA 3MIHU Ha iHTepeani [z, t ].
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3aBjaHHA BUABEHHA 3MiH cepeAHbOro 3Ha4YeHHSs Hanpyrd Ayrud BUpilleHe Ha OCHOBI
3acTOCYBaHHA Teopil NepeBipKU CTATUCTUYHUX FiNOTe3 3a AONOMOrOK KpUTEpilo BigHOLWIEHHS
npasgonogibHocrTi.

ANropuTM nepeBipkU CTaTUCTUYHUX FiNOTe3 ANA BUABAEHHS 3MIHW cepefHbOro 3Ha4eHHs
Hanpyri gyru B npoueci PO/l Takoxx npeacTtaBieHW Ha puc. 3.

CurHan 3MiHIOBaHHS Hanpyru Ayrd MoXKHa YSBUTU y BUIMASAI KYyCKOBO-MOCTIMHOMO cUrHasy
3 aMTHBHOIO NEPELIKOAOl0, B AKOMY B HeBiAOMi MOMeHTH uacy BinbyeaeTbcs 3MiHIOBaHHS
CepeAHbOro 3HauYeHHs AAHOrO CUrHany, sk 6Gesniy BUMIpAHMX 3HaueHb Hanpyru gyru {ul, ul,,
., ul .}, e t , 4ac RO BMHUKHeHHs 3MiHM, Ha iHTepBani yacy [0, ¢ ], akomy Bianosinae cepeaHe
3Ha4YeHHS Hanpyru Ayru U1cp, a TakoX 6eaniy BUMIpSHUX 3HaueHb Hanpyrud Ayru {2, w2, ..,
U2 }, Ae t _4ac BUHWKHEHHS 3MiHM Ha iHTepBani uacy [t, ¢ ], akomy Bianoeisae cepeiHe 3HauYeHHs
Hanpyru npu obpuei ayru U2Cp (puc. 3).

Ha nigcTasi pesynbraTie TeopeTWUHWMX AochimkeHb Bysia cTBopeHa MaTeMaTWdHa Mogenb,
fKa afeKkBaTHO NpefcTapise pobOTy CUCTEMU KepyBaHHA npouecoM ropiHHa gyru B MEM 8
yMOBax BMJIUBY aAWTUBHUX MNepeLukos:

H
4 A% 4 v, >
= max u +=) |- u =) AH
g max /;( ¥ — Ho 2) ;( « Mo 2)< 0
Ho
14 H
u(t) = K(E(8) + — [ &(t)at) 1
Tio
" (3)
4 A% . 4 v, |~
gn:Z(uk—uo——)—mln Z(uk_uo__) 7\'H0
o1 2 O<ks<n| ;4 2 | <
Ho
Je r — BUBIpKOBHI KoedbilieHT B3aeMHOI Kopensuil; A — nNoporose 3HauyeHHs KpuTepilo Ans
NPUUHATTA rinoTeaun H, abo H,; v — kepysanbHuit enaue Ml — perynstopa senuuunn MEM; y, —
3afaBajibHUi BNJMB, V — BeJIMUMHA 3MIHIOBAHHA Hanpyru Ayru.

MatemaTuuHa Mogenb hyHKLIOHYE TiNbKK B YMOBaX iCHYBaHHA Ayru, Tob6To, aBTOMaTU3OBaHa
cHCTEMa KepyBaHHSA CMoYaTKy NOBMHHA BUKOHATH Npoueaypy BU3HaYeHHSA HeoBXiAHOro Nosfo>KeHHs
pobouoi Touku ayru Ha 11 S — noaibHih BAX i BcTaHOBUTM 3HauYeHHs 3a4aBanboro BM/WBY
perynatopy, a NoTiM NepelTH JO KepyBaHHS MPOLECOM FOPiHHA Jyru.

MaTemMaTW4Ha MOZEeNb CUCTEMMU KepyBaHHA NMPOLECOM TOpiHHA Ayru peanisyeTbes [3]
HacTynHUM anropuTMoMm:

1. TMpwn BigcyTHOCTI 3MiHM CepeAHbOrO 3HaYeHHS Hanpyru Ayru Ta NPUUHATTI rinoteau H,
perynatop Hanpyru ropiHHa Ayru He pearye Ha 3MiHW Hanpyrud Ayru i aguTUBHY nepelukopgy.

2. Y pasi npuiHaTTa rinotesn H, 3pilcHIoeTbcs KOMNeHcauis NOMUAKW BiAXUAEHHA O,
OBHyNeHHS HaKOMWYYBaNbHOI CYyMU | MPUUHATTS rinoTesu H,-

Ha nigctaei MaTemMaTW4HOI Mofeni CTBOpeHa CTPYKTypHa cxemMa CUCTEMU aBTOMaTUYHOIO
KepyBaHHsa npouecom POJ] i3 3acTocyBaHHAM KOpensUuiMHUX MeTOAIE OnpautoBaHHA CHUrHaie Be/IMHUHK
BUbipkoBOro KoecbilieHTa B3aeMHOI kKopensuil i KpWTepilo BiaHOWeHHA npaeponoaibHocti (puc. 4).

Y cucteMy KepyBaHHs BBepeHi Taki 6a0Ku:

— 6noKk KepyBanbHOI NporpamMu BciMa anapaTHUMW Ta nporpaMHumW sacobamu PO/

— 610K NporpaMHOro KepyeaHHA npouecoM obpobiiopaHHA geTani;

— HAeTeKTOp 3MiH cepeAHbOro 3Ha4yeHHs Hanpyru Ayrd i NpUHHATTA rinoTes, Ha BXiA
IKOro HaAXOAWTb 3HaYeHHs 3ajasanbHoro ennuey U (Mg), Be/AM4MHA 3MiHIOBAHHA Hampyru H,
AKYy HeobXigHO BUSABUTWM, NOPOroBe 3HAYEHHs KpuTepilo N BUBOpy rinotesu H, abo H, i Hanpyra
ayru U.u. 3 BUXoay JAeTeKTopa Ha BXif NPUCTPOIO KepyBaHHA HagxoAATb 3HaYeHHs MPUHHATOI
rinotean H, abo H,;
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Puc. 4. CtpyktypHa cxeMa cUCTeMU aBTOMATMYHOrO KepyeaHHS npouecom POJ,

— KOpensiTop, Ha BXif SIKOro HagXoAATb CUTHaAU CTPyMy /.u. i Hanpyru ayru UA, as
BUXOAY 3HIMAETbCA CUrHan ekcTtpeMyMy BubipkoBoro koedpiuieHTa r B3aeMHOI Kopensauil Mixk
CUrHanamu cTpymy /.u. i Hanpyru ayru U.u.

Poboua Touka BAX ayru i 3apaeanbHuii BnAus Un_zan perynasaTopy Hanpyrd ropiHHA Ayru
BU3HAYAETbCA NPU eKcTpeMyMi BubipkoBoro KoedpiuieHTa B3aeMHOI Kopensuil r.

KepyBaHHsi npouecoM ropiHH Ayru 34IACHIOETBCA 3a BIAXWUAEHHAM Hanpyrud Jyru Uu. Big
3aJaHOro 3Ha4yeHHs Un_zan 3 ypaxyBaHHsM NpuiHaTol rinotean H, abo H,-

YacTi cnpautoBaHHs feTekTopa 3MiHW cepefHbOro 3Ha4YeHHs Hanpyru cBifuuTb Npo cpakT
aMmiweHHsa pobouoi Toukn BAX ayru Un_pT i HeobxigHO BMKOHATU NpoueAypy BUIHAYEHHS
safaeanbHoro enauey U -~ perynsTopy.

BuxigHMUMU curHanaMu NpUCTpPoOIlO KepyBaHHS € KOMaHAM:

— OMNYCTUTU IHCTPYMEHT;

— NIAHATHU HCTPYMEHT;

Brnok nporpamHoro kepyeaHHa npouecom obpobsiosaHHA AeTani 3ajae B npoueci
0BpobaloBaHHA HeOBXigHWIA CTpYM ayru [, Ha sapaHiit rAvbuHI A.

MporpaMHe KepyBaHHS CTPYMOM AYrH i MOro oBMeXXeHHS NPU KOPOTKHMX 3aMMKaHHAX Ha
pisHi 5 % 3aiMicHIoeTbca y BoUi KepyBaHHA >KEPENOM >KUBAEHHS AYr.

Mpouec POJ, Moxe 3HaxXOAWTWUCS B OAHOMY i3 cTaHiB: pobouuit pe>kuM, obpue Ayrw,
KOpOTKe 3aMWKaHHs, 30y pKEeHHA AYru Ta BU3HAYeHHs 3ajaBajibHoOro BnaAWey perynsTtopy. lMepexia
3 OAHOro CTaHy B iHWMWKA MOXe 3AIMCHIOBATUCA SIK B pe3y/bTaTi BUKOHAHHA KOMaHJZ KepyBasbHOI
nporpamy, Tak i mig BnAvMBoM nogin npouecy PO/,

BucHoBku: CTBOpeHa aBTOMaTUYHa cHUcTeMa KepyBaHHAHHS npouecoM PO/ BUkopucToBye MeToaM:

— KOPEeNALIMHOrO aBTOMaTMYHOrO BU3HAUYEHHS HeOBXIAHOTO MONOXKEHHA POBOYOT TOUKM Ayrd Ha
1l BOJIbT-aMMepHIN XapaKTepUCTHLI | 3HaYeHHs 3aJaBajibHOrO BMJIMBY PEryaATOpY Hanpyrd ropiHHS Ayru;
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— BMUSAB/JIEHHA 3MiH cepefHbOro 3Ha4YeHHs Hanpyrd Oyrd 34iHCHIOETbCS 3 BUKOPUCTAHHSM
Teopil nepeBipkW CTATUCTUYHUX rinoTes (KpWTepilo BiAHOWEHHs npaBgonoaibHocTi).

TakuM UYMHOM, KOMMJEKCHE BUKOPHCTAHHSA LMX MEeTOAIB AO3BOMIO PO3POBUTH cUCTeMy
aBTOMaTU30BaHOro KepyeaHHs npouecom POJ], i poss’sasaTtv saepaHHs cTabinizauil npouecy
ropiHHA Ayr¥ Ta niABMLLEHHS NpoAyKTUBHOCTI obpobnioeaHHa petaneit y npoueci PO/
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ABTOMATUYECKOE YINPABJIEHUE
CTABUJIbHOCTbIO TOPEHUYA NPU
PASMEPHOW 3JIEKTPO3PO3UOHHOM
OBPABOTKE OETAJIENA AYIron

B.H. NoH4apeHko, A.M. Jlo6ok, AO.4. BopuceHko
HaumoHaibHbIV YHUBEPCUTET MNLLIEBbIX TEXHOIOMME

B pa6ore paccmatpuBaercsi 3agada cosgaHuss ACY npoLeccoM pasMepHOU
obpaboTku fgertanei anekTpudeckow aAyrow (POL) 3 uenbio noBbiLIeHUS
npoayKTUBHOCTU 06pabOoTKM 3a CHET obecriedeHuss cTabu/ibHOCTY MPOLIeCcca ropPeHst
Ayrv v aBTomMaTusaumny rnpouecca obpabotku aetanei. bbiim npennoxeHsl MeTonbl
peLilieHus 3aa4 aBTOMAaTUYECKOro OrnpeneseHys MNosioXeHus paboqei ToYku AYrv Ha
e€ BAX n 3HadyeHus 3a[aroLiero BANSHUS Ha PeryisTtop C MoOMOLLbIO OripesnesieHns
BKCTPEMYMA BbiBOPOYHOIO KOS dULINEHTa B3aUMHOV KOPPEIaUNN MEXIY CUrHaiamm
TOKa i HanpsxeHust oyrv. PaszpaboTtaHa CTPyKTypHasi Cxema CUCTEeMbl YrpaB/ieHus 1
€€ rnporpamMmHoe obecriedeHue.,

KniouyeBbie cnoBa: asTomatuzaums rnpouecca PO/, anektposposanoHHas obpaboTtka,
a/leKTpudeckas Ayra, sKCTPemMymM, Bbi6OPOYHbIV KO3 ULIMEHT Koppensumnm, KpuTepui
OTHOLLIEHUS] NpaBAorioAobus, 3aaarnliiee B/USHNE, PEryasaTop.
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