MiHicTepcTBO OCBITH 1 HAYKH Y KpaiHu

JlepxaBHUM YHIBEpCUTET 1HQPACTPYKTYPH Ta TEXHOJIOTIH

MOHOI'PA®IA

OCOBJJUBOCTI JIATHOCTHYHOI'O KOHTPOJIIO
TEXHIYHOI'O CTAHY OBJIAJIHAHHA
3ACOBIB PITYKOBOI'O TA MOPCBKOI'O TPAHCIIOPTY

3a 3arajgbHOI0 PEIAKIIIEI0
JIOKTOpa TEXHIYHUX HayK, podecopa
HMaki OJsienn AHATOJIIIBHU

Kwuis
2021



V]IK 656.61/.62:681.5](02) PexoMenmoBano 10 napyky BueHow panoro

0-75 JyHaiiCbKOTO 1HCTUTYTY BOJHOTO TPAHCIIOPTY
Jlep>)xkaBHOTO yHiBEpCUTETY 1HPpPACTPYKTypH Ta
texHouorii (mporokon Ne 17 Big 04 nucromana
2021 p.)

PenenzenTu:

Onumenko O.A., JTOKTOp TEXHIYHMX Hayk, Mpodecop, mpodecop Kadeapu
TexHIYHOi ekcrutyartauii ¢uoty HarionansHoro yHiBepcuteTy «Oaecbka MOpChbKa
aKaJIeMIisD)

KpaBuenko IO.B., nokTop TexHIYHMX Hayk, mpodecop, 3aBigyBad Kadeapu
MEpEeKEeBUX Ta IHTEpHET TexHojorid KuiBchkoro HamioHaibHOro yHIBEPCUTETY
iMm. T.I'. HleBuenka

borom’ss B.l., noktop TexHIYHMX HayK, mnpodecop, 3aBigyBad Kadeapu
1H(PaCTPYKTYypH Ta 1HHOBAaUIMHMX TEXHOJOTIH BOJHOIrO TpaHcnopTy KuiBChKOro
IHCTUTYTY BOJHOIO TpaHCHIOPTY /Jlep>kaBHOro YHIBEPCHUTETY I1H(PpPaCTPyKTypu Ta
TEXHOJIOT1H

O-75 Oco06,JuBOCTi JIATHOCTUYHOT0 KOHTPOJII0 TEXHIYHOr0 CTaHy 00/1aTHAHHSA
3ac00iB PiYKOBOI0 Ta MOPCHKOI0 TPAHCHOPTY: MOHOTpadis/ 3a 3arajJbHOI0
penakuiero O.A. [Haki. — K.: [lepxaBHuil yHiBepcUTET 1HPPACTPYKTYypU Ta
texHonorii, 2021. — 228 c.

ISBN 978-617-7021-87-1

Momnorpadiss mnpucBsiYeHA aKTyaJlbHUM HAyKOBHM JOCIIJKCHHSM, SIK1
MOB’sA3aHl 3 HEOOXIJTHICTIO PO3pPOOJICHHS METO/AIB CHUHTE3y TECTOBUX CHUTHAIIB 1
00poOJICHHSI BIATYKIB HAa HHMX JJIsl MIJBUIIEHHS JOCTOBIPHOCTI Ta ONEPATUBHOCTI
KOHTPOJIIO TEXHIYHOIO CTaHy EHEPreTMYHUX YCTAHOBOK Ta pPa/iOHaBIraliifHOro
o0JiaHaHHS 3aC001B BOJHOTO TPAHCTIOPTY.

Jl71st HayKOBITIB, BUKJI[Ia4yiB, aCIipaHTIB, JOKTOPAHTIB TOIIIO.

VJIK 656.61/.62:681.5](02)
0-75

© 3a3zaranpHoto peaakiiero O.A. [laki
© [epxxaBHUM yHIBepCUTET 1H(PACTPYKTYpH Ta
texnonorii, 2021

ISBN 978-617-7021-87-1



3MICT

1220 31 1 1) 5 OO 6
AHAJII3 METOJIB KOHTPOJIO TEXHIYHOTO CTAHY JBUTYHIB
3ACOBIB BOJIHOTO TPAHCIIOPTY TA METOJIB CHEKTPAJILHOT'O

AHAJII3Y BUITAJJKOBUX CUTHAUJIIB. ........coooiiiiiieieeee e 6
JEAKI  TIMTAHHSA @®YHKUHIOHYBAHHA JBUI'YHIB 3ACOBIB
BOHOTI'O TPAHCIIOPTY ... 7
METOAM KOHTPOJIIO TEXHIYHOI'O CTAHY JIBUI'YHIB 3ACOBIB
BOJIHOTI'O TPAHCIIOPTY ...t 21

AHAJII3 METOMAIB JOCJHUDKEHHS OIIHOK CIEKTPAJIBHOT
MUIBHOCTI  TIOTYKHOCTI  TIPU  CIIEKTPAJIBHOMY  AHAJII3I
BUTTAJIKOBIX CUTHATIIB. ... eeoeeeeeeeeeeeeeeeeeeeeeeeseeeeeeseseesseseeseaseesssesesesseseeens 42

10 % 31 1 ) (OO 57
MATEMATUYHA MOJEJhL 1 METOJ AHAJI3Y  OIIIHOK
CNEKTPAJIBHOI IIUIBHOCTI TMOTY)KHOCTI  BHUIIAJKOBHUX
CHTHAUIIIB ......oovvoooveoeeeeeeeeeee e eeeee e e e e s s s s ae s aee s ess s 57

V3ATAJIbLHEHA  MATEMATMYHA  MOJIEJIL  ITTOPIBHSIHHS
OCHOBHUX KJIACUUYHUX METOJIB ATIAPATYPHOI'O CITIEKTPAJILHOT'O
AHATIIZY oot ee s s s e s e ee s ae s e e s s s s et e s es e e ss e s e 66

OLIIHKA CIIEKTPAJIBHOI IIUILHOCTI TMOTY>KHOCTI METOJY
BUMIPIOBAHHSI  HA  YCEPEJAHEHHI  KOE®IICHTIB  ®VP'C
BUITAJKOBOT'O CUTHAJITY TTO UACTOTAX cvoooveeeeeeeeeeeeeeseeeeeeeesseeeesseseeseeeees 72

AHAJI3 CTATUCTUYHUX XAPAKTEPUCTHUK OLIIHOK
CIIEKTPAJILHOI IIJILHOCTI OTYKHOCTI BUMAJIKOBUX CUTHAJIIB 86



100 % 31 1 ) [ J OO 104
METOJAU ONTUMIBALII @®YHKIII CHEKTPAJILHOIO BIKHA
®LILTPIB JJIS1 CHEKTPAJILHOIO AHAJI3Y BHUIIAJKOBUX
CHTHAUIIIB ......ooovooeveeeeeeeeee e ee e ss e es s ee s s s ses e s ees e s 104

METO/IM ONITUMIBALT ®OPMU ®YHKIIT CITIEKTPAJILHOTO BIKHA
BY3bKO-CMYI'OBUX ®UILTPIB JUUISI CIIEKTPAJIBHOI'O AHAJIIZY
BUITAKOBUX CUTHAIIIB.......veoeveeeeeeeeeeoeeeeseese e eeeeeeesseeeseeesseeessseesessenns 105

JIOCJIJDKEHHS MOJXJIMBOCTEN PEAJIBALIT  ONTUMAJIBHUX
®VHKILIA  CHOEKTPAJBHOIO  BIKHA  IIPU  3ACTOCYBAHHI
TIAHAMIUHIX OUTBTPIB ....cvvooveoeeeoeeeeeeeeveeeeseseeseseesseeessssesssseesseesssssesssssessenns 126

POSBIIJTL 4 ...t 142
JOCJIIIZKEHHA ®UIBTPIB JUIA CIIEKTPAJIBHOT'O AHAJII3Y
BUITAJJKOBUX CHUI'HAJIIB IIPM KOHTPOJII TEXHIYHOI'O CTAHY

JABUIYHIB.........ooviii i 142
CHUHTE3 ®UIBTPY JIA CIIEKTPAJIBHOI'O AHAJII3Y BUITAIAKOBUX
CUT'HAJIIB TP KOHTPOJII TEXHIYHOI'O CTAHY JABUI'YHIB.................. 143

JOCIIJIKEHHA CUHTE3OBAHOI'O ©OUILTPY JIA CIIEKTPAJIBHOI'O
AHAJII3Y BHUITAJKOBUX CHUI'HAJIIB IIPM KOHTPOJII TEXHIYHOI'O
CTAHY ABUI'VHIB ...ttt 165

10 %31 K] (PO 174
MOKPAIIEHHSI TMOKA3HHMKIB E®EKTHBHOCTI KOHTPOJIIO
TEXHIYHOTO CTAHY  PAJIOHABITALIMHUX KOMILIEKCIB
3ACOBIB BOJHOT'O TPAHCIIOPTY .....ovvooveeeeeeroeeeeeeeeeeeeseeseesessesesenes 174

OBIPYHTYBAHHS  KPUTEPIIB  ONTUMAJIBHOCTI  CUHTE3VY
TECTOBUX CWUIHAJIB JUII KOHTPOJIIO PAJIIOHABITALIMHUX
KOMIIITEKCIB.......ovvoeeeoeeeeeeeeeee e eeeoee e st ee e s s e e s es s seses s 175



PO3PAXYHOK ®YHKIII PO3IMOALTY ITAPAMETPIB KOHTPOJIIO

PAJTIOHABITALIIMHUX KOMITJIEKCIB........cooovoeveiciceecese s 185

OBI'PYHTYBAHHA KPUTEPIIB E®EKTUBHOCTI
PAJTIOHABIT ALIIMHNUX KOMITIIEKCIB..........covevieeeiecieeeeieeeess s 210
AT AJIBHI BUCHOBKM.............ocoiiiiii s 223



PO3JLI 1

AHAJII3 METOAIB KOHTPOJIIO TEXHIYHOI'O CTAHY /IBUI'YHIB
3ACOBIB BOJJHOI'O TPAHCIIOPTY TA METOAIB CIIEKTPAJIBHOT' O
AHAJII3Y BUITAIKOBUX CUT'HAJIIB



YK 681.513:519

Haki O.A. [lepxaBHuil yHiBepcUTeT I1HGPACTPYKTYpPH Ta TEXHOJOTIH, JOKTOP
TEeXHIYHUX HayK, JOIEHT, AUPEKTOp JlyHalChKOTO 1HCTUTYTY BOJHOTO TPAHCHOPTY
Jlep>kaBHOTO YHIBEPCUTETY 1H(OPACTPYKTYPH Ta TEXHOJIOT1H, M.[3Main

JAEAKI IMTAHHA ®YHKIHIOHYBAHHSA ABUT'YHIB 3ACOBIB
BOJHOI'O TPAHCIIOPTY

IMocTanoBka npodJemu. JloctaBka BaHTaXiB 3a IOTIOMOTOIO 3aC001B BOJHOTO
TPAHCIIOPTY XapaKTEPU3YETHCS CBOEIO YHIBEPCAIBHICTIO, HAAINHICTIO Ta HEBHCOKOIO
1iHoto. [lepeBe3eHHs 3a TOIOMOT0I0 3aC001B BOJJHOTO TPAHCHIOPTY JO3BOJISE€ 3HU3UTH
cOoOIBapTICTh TPAHCIOPTYBAaHHS BaHTaxXy. JlaHui BUJ TNEpeBE3EHHS HANOUIBII
e(CKTUBHMIA TIPU TICPEBE3CHHI BEJIMKUX 00CATIB BaHTaxy [1-5].

OCHOBHOIO MPOOJIEMOIO BOJTHOTO TPAHCIOPTY YKpPaAiHU € 3HAUHHI MOpaJIbHUIMA
1 (pi13uyHUil 3HOC TpaHCHOPTHUX 3aco0iB. llepeBakHa OUIBLIICTH CyJAeH YKpaiHH
eKCIUTyaTyeThcs ToHazA 25 pokiB. OTxe, IXHIM TEXHIYHUN CTaH 1HOJ1 HE JI03BOJISE
MEPEeBO3UTH BaHTaXl Ha BEJNMKY BiJCTaHb. [IeBHI MOPTHM KpaiH CBITY HaBITh
3a0OpOHSIOTH CYZHaM YKpaiHU BXiJl Ha BHYTpIilIHIN pein [4-5].

Y BIANOBIAHOCTI A0 3aKOHOJABCTBa YKpaiHM TMOTPIOHO 3abe3neuyBaTH
TEXHIYHUI HarJs Ta CyJIHOIUIAaBHUM Harjisg 3a 3aco0amMu BOAHOTO TPAHCHOPTY
HE3aJIe)KHO Bij (pOpM BIACHOCTI CyJHA 1 HOoro BiacHHKa [5].

['0TOBHUM €JIeMEHTOM MPaKTHYHO YCiX 3acO0IB BOJHOIO TPAHCIOPTY €
JIBUTYHHA YCTaHOBKAa — CYKYIHICTh JIBUTYHa Ta JOJATKOBOTO OOJaTHAHHS IS
3a0e3MeyeHHs pyXy Takoro 3acoly.

TakuMm uynHOM, JJ1s 3a0e3nedeHHs 0e3aBapiitHO1 eKcIuTyartailii 3aco01B BOJHOTO
TPAaHCTIOPTY HEOOXigHA BIATOBIHA CHUCTEMa KOHTPOJIIO iX TEXHIYHOTO CTaHy, sKa
JI03BOJIUTh CBOE€YACHO BUSIBUTH MOKJIUBI 3001 (HECIPABHOCTI) y poOOTI JABUTYHIB 1

3ano0IrTi 10AaTKOBUM BUTpATaM ITiJ1 yac peincy.



Meta fgoc/aizkeHHs — PO3KPUTHU JCsKl MTUTaHHS (YHKIIOHYBaHHS JIBUTYHIB
3ac001B BOJTHOTO TPAHCTIOPTY.

OcTtanHiM yacoM 30UIbIIMJIACH YAaCTMHA BAHTAXKOINEPEBE3CHb BOJHUM
tpancnoptoM [1-3]. Tlpu 1pbOMY 3aCTOCOBYIOTHCS SIK BIAHOCHO HEBENHKI 3acO0H
(cymHa) 11 TpaHCHOPTYBAaHHS BaHTaXIB PIYKOBMM TPAHCIOPTOM, TakK 1 3acoOu
BOJHOT'O TPAHCIIOPTY JJIs TPAHCATIIAHTUYHUX MEPEBE3EHb.

3 METOI0 €KOHOMIi BUTpAT Ha JOCTaBKY BaHTaXy abo0 AJIs MIBUAKOI TOCTaBKU
MPOJIYKTIB Xap4yyBaHHS HEOOXI1THO 3aBYACHO IJIAHYBAaTH ONTUMAIbHUI MapIIpyT JIJIs
3MEHIIEHHS 4Yacy pelcy. AJie, MpU LbOMY CJiJI BpaXOBYBaTH W TEXHIYHUM CTaH
3ac00iB BOJHOTO TPAHCIOPTY, SKUH MOXKE 3HAYHO BIUIMBAaTH HAa BapTICTh
nepeBe3eHHs [6, 7].

BpaxoByroun Te, IO mNepeBa)kHa OUIBLIICTh 3ac001B BOAHOIO TPAHCIOPTY
VYkpainu (BKITIOYAIOUW Ti, 110 3HAXOASATHCS B OPEHIl IHIIUX KOMIIaHii) Ma€e 3HAYHY
BUTpaTy pecypcy, AakKTyaJlbHUM HAyKOBUM 3aBJaHHAM € po3po0Ka METOIy
JIarHOCTUYHOTO KOHTPOJIIO TEXHIYHOTO CTaHy JBHUTYHIB 3aco0iB  BOJHOTO
TPAHCIIOPTY JUIsl CBOEYACHOTO YCYHEHHSI MOXJIMBHUX HecnpaBHocter [8]. Ile
3a0e3ne4YnTh ONTHUMAaJIbHI (TUIAHOBI) BUTPATH Ha TIEPEBE3CHHS BAaHTAXIB 32
JIOTIOMOTOI0  3aCO0IB BOJHOTO TPAHCIOPTY Ta JO3BOJIMTH 3MEHIIUTH (a4 MOXeE 1,

B3arajii, yHUKHYTH) TOJaTKOB1 (HETUIAHOB1) BUTPATH TIPH IIbOMY.

Buxiiaa oCHOBHOTo MaTepiajy X0CHiKeHHs.

1. JIBUTYHH BHYTPilIHHOTO 3rOPAHHSA

JIBurynu BHYTpilIHbOrO 3ropsiHHs ([IB3) € HallOiabI po3MOBCIOHKEHUMH Ha
3aco0ax BOAHOrO TpaHcnopty. IloTyXHICTH TOJIOBHUX 1 JOMOMIXKHUX JABUTYHIB
CYyIHOBUX eHepreTuuHux yctaHoBOK (CEY) 3HaxoauThCcs B Jiama3oHi BiJl JEKIIBKOX
COTEHb IO JIECATKIB THCSY KinoBar. [Ipu cepemniit muTomiil epexTHUBHIN BUTpaTi
nanuBa (180...185) r1/(kBt'yac) moGoBa BuTpaTa majBa TOJOBHHUM (XOJOBHM)
neurynoMm (I'J) moxe cranoButHu (200...250) 1/100y, a AOMOMIXXHUMHU JIBUTYHAMHU

(A4), ximpkicTh SKMX Ha Cy4YaCHMX CyAgHax A0 4-X, a KUIbKICTh MapaieiabHO
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npamrorodnx 10 3-X, — (10...12) 7/106y. OCHOBHI TeXHI4HI XapaKTEePUCTUKU JBUTYHIB

3ac001B BOJHOTO TPaHCIIOPTY HaBeJeH1 y Taoi.1 — tabi.5.

Tadomur 1

Jv3enbH1 ABUTYHU 11 3aC001B BOJIHOTO TPAHCIIOPTY BHYTPIIIHBOTO Ta 3MIIIAHOTO

(«pika — MOpe») TUITY

Tun 3aco0y BOJHOTO TPaHCIIOPTY

[ToTyxHicTb, KBT

["onoBH1 ABUTYHU

['BUHTO-pYNIHOBI
KOMILJIEKCH

CyxoBaHTaxkH1 3aco0u
3MINIAHOTO THITY ICIBEUTOM
o0mu3eko 5,0...7,0 THC. T

340 10 900...1200

340 10 900...1200

3 10 mo 1800...2500

HEMaAc€

Tankepu 3MIIIAHOTO THITY
nenBerToM Om3bpKo 7,0 THC. T

3 140 go 1000...1200

3 140 go 1000...1200

CyxoBaHTaxkH1 3aco0u
JeIBEUTOM OJIM3BKO 5,4 THC. T

3 100 101000...1200

3 100 101000...1200

Tankepu nenseiitom 61M3bKO 5,4
THC. T

3 80 mo 1000...1200

3 80 o 1000...1200

Tankepu nenseiitom 61m3bK0 3,4
TUC. T

320 o 800...1000

320 mo 800...1000

CyxoBaHTaxkH1 3aco0u
IeaBEeUTOM OJM3BKO 3,4 THC. T

3 10 go 800...1000

3 10 go 800...1000

PiuHi ToBKaui Ta OyKCUpH

3 60 o 800...1200

3 60 o 800...1200

byHKkepyBaaTbHUKH MATMBOM
JIEABEUTOM OJU3BbKO 6 THC. T

3 10 go 1600

3 10 go 1600

byHkepyBaabHUKH MATMBOM 1
MAacCTHJIOM JAEIBEUTOM OJM3LKO 3
THC. T

3 35 o 800...1000

3 35 o 800...1000

byHkepyBagbHUKH MATMBOM 1
MAaCTHJIOM JIE€ABEHTOM OJIM3BKO 2
TUC. T

335 o 600...800

3 35 no 600...800

byHKepyBalbHUKH MATUBOM 1
MAaCTHJIOM JIE€ABEUTOM OJIM3BKO

800 T

3 50 o 300...400

3 50 o 300...400




JuzenpHa eHepreTMyHa ycrtaHoBka cydyacHuX CEY KoMmIuiekryeTbcs maio-
obopotHuM auzeneM (MOJI) 1 cepenubo-obopotHuM auzenem (COJ). MO/, mio
MpaloTh MO JBOTAKTHOMY IIMKIY, BHUKOPUCTOBYIOThCA Ak [J], mo mnepenae
MOTY)XHICTh Ha TBUHT. L[f0 X (YHKIIIO MOXYThb BUKOHYBaTH CEPEIHbO-000pPOTHI
YOTUPUTAKTHI IU3€II1, IPOTE HAHOUIBLIOro 3aCTOCYBaHHS BOHM oTpuMmanu gk JIJ1 muis

MIPUBOY CYTHOBUX €JIEKTPOreHEPaTOPIB.

Tabmuis 2
OCHOBHI TE€XHI4HI IOKa3HUKH BUCOKOOOOPOTHHUX JIU3ENIB MaJIOi MOTYKHOCTI 3aC001B

BOJTHOT'O TPAHCIIOPTY

ArperatHa | OcnoBHi | Luninaposa Cepenis I1nroma ITnToma
. . . edeKTUBHA e eKTUBHA
HNOTYXHICTb, | PO3MIpH, | IOTYXHICTb, : Maca,
B B IIOTYKHICTh, | BHUTpaTa IlajluBa, /B
kBT cM kBT MITa r/(kBt-T01) KI/KBT
8,5/11
8,8...44,1 9.5/11 5,15...7,35 0,62 238...272 10,4
40...125 11/12,5 | 16,75...20,8 1,06 220 6,4...7,3
103...132 | 15/20,5 33 0,92 218 14,3
100...140 | 10,5/12,8 25...35 1,2...1,6 193...197 3,4...4,6
72...195 10,8/13 20,25 1,2...14 215 46...6,5
8,4/9
12...170 105/13.5 43,5 0,65...2,04 205...248 4,4..14
6,7/7,2
9...150 8,1/9,35 45...50 0,9...1,35 230...207 2,4...4,0
8,4/100

Ax mnamuBo ana B3 BUKOPUCTOBYIOTBCS piJIki Ha(TONPOIYKTH, SKi
TPaAMIIIITHO TOMITISIOTHCS HA BaXKK1 Ta Jierki (nu3enbHi). L knacudikariis 6a3yerbes
Ha MUTOMIH Basi, a TOYHIIIE MIUIBHOCTI NAJUBa, KA sl Ju3ebHUX naauB npu 20°C

NexuTh B Mexkax (840...860) kr/m°, a s Bakkux 10 980 xr/m° [8-10].
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Taomurg 3

OCHOBHI T€XHI4HI MOKa3HUKN BUCOKOOOOPOTHUX JIU3EIIIB CEPEIHBOT OTYKHOCTI

3ac001B BOJHOTO TPAHCIIOPTY

ArperatHa | OcnoBHi | LlumiHgposa Cepemns Huroma [Intoma
. . . e(eKTUBHA e(eKTUBHA
MOTYXHICTb, | PO3MIPH, | MOTYXKHICTb, ) Maca,
kBt cM kBt MOTYHHICTD, suTpaTa KI/kBT
MlIla nanuea, I/(kBt-roxm)
21/21 6,4...9,1
603...4800 18.5/21 5 100...240 | 1,44...1,65 194...229 37..47
21/21 83,2...112 1,4...1,82 209...226
215...1320 21/26 108...118 1,2...1,6 195...225 7.0...8,06
500...990 18/20 83 0,95...1,28 213...220 2,7...3,36
13/14
110...590 14/14 18,3...49,2 | 0,79...1,3 195...224 3,8...5,8
154...324 12/12 19,25...40,5| 0,65...0,8 200...265 2,0...3,1
12/13
15/15
110...220 15/18 18,3...22 | 0,63...1,01 218...242 6,3...7,1
15/16
335...736 15/18 31...61 1,16...1,19 201...247 1,5...2,1
12/14
186...824 | 13,7/16,5 | 31...103 1,8...2,26 199...201 51...6,8
17/19
12,8/14,2
384...2040 16.5/18.5 32...170 1,93...2,36 195...205 56...24
732...1464 | 18,5/21 122 2,2 190 46...3,5
212...316 10,5/13 52,7 2,17 203 2,75...3,3
8,6/9,6
320...900 | 10,6/11 104...123 1,8...2,1 194...205 1,8...2,1
16,5/21,9
690...1560 17/20 115...130 2,02 196 3,2...5,5
11,5/14,4
330...430 12.7/14 54...63,7 | 1,93...2,56 199...201 2,6...35
800...900 17/17 148 2,27 197 2,5
348...1536 | 12,8/14 58...127 1,87...1,92 192...199 2,4...25
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Taomuig 4

OCHOBHI TE€XHI4HI MOKa3HUKH BUCOKOOOOPOTHUX JU3EIIB BEJIUKOI MOTYKHOCTI

3ac001B BOJHOTO TPAHCIIOPTY

ArperatHa OcHoBHI Humiszposa | - Cepenns Huroma [Intoma
: . IOTYX- e(eKTUBHA e(eKTUBHA
MOTYXHICTB, po3mipu, . _ Maca,
Br oM HICTB, MOTY>XHICTb, BUTpara «I/KkBT
K kBT Mlla nanuBa, I/(kBTt-Tom)
700...4800 18,5215 116...240 | 1,44...1,65 204...220 3,7...4,7
21/21
1765...7355 16/17 42...70 0,89...1,18 222...243 2,0...2,24
19/21
2472...7400 23/23 206...345 | 2,42...3,03 189...200 2,6...55
23/28
2160...3600 20/24 180...200 2,44 190...196 48...6,0
4320 20,5/22 270 2,64 191 3,4
1952...2196 18,5/21 122 2,2 190 46...3,5
18,5/19,6
3708...3924 10.7/21.6 206...218 | 2,27...2,56 191...194 2,8...2,6
168...2240 17/17 140 2,18 201 2,2

2. CepeaHb0000pOTHI AU3eTi

o COJl 3aco0iB BOJHOTO TPAHCIOPTY BITHOCATHCSA JBUTYHH, YacTOTa

o0epTaHHS KOJIIHYACTOTO Bajia KUX Ha HOMIHabHOMY pexxkumi ckiaaae (300...1000)

00/xB. Y pa3i Bukopuctanusg COJ] sK OCHOBHOI'O JIBUT'YHA KOJIIHYACTHI BaJl JU3EIIS

Oe3mocepeIHbO 3'€THAHUI 3 POTOPOM EIEKTPOTeHepaTopa Ta iX 4aCTOTH OOEpTaHHS

30iratorbest. Aximo COJl Bukonye ¢ynkiii I'/[ koniHuacTuid Ban au3ens Ta rpeOHUi

BaJl 3'€THAHI PEAYKTOPHOIO TIepeaaueto, o 3a0e3neuye 3HMKEHY YaCTOTy 00epTaHHs

rpeOHOTO TBHUHTA MOPIBHSHO 3 YAaCTOTOK OOEpTaHHS KOJIHYACTOrO Bajia JIBUTYHA.

CEY 3 CO/ sk I'/] 3acTOCOBYIOTBHCSI B CBITOBOMY CYJHOOYIyBaHHI BxKe 0arato pokis.

OpHak yepe3 BUCOKI BUTPATHU MajJuBa, Maly LHWIIHIPOBY Ta arperaTHy MOTYXHICTh 1

HEJIOCTAaTHIO HaAliHICTh Ta AoBroBiuHicTh COJl nOoBruii yac He MOTJIM KOHKYpPYBaTH

3 MOJI [11, 12].
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Tabomurg 5

OcCHOBHI T€XHI4HI MOKAa3HUKH CEPETHbO-000POTHUX U3EIIIB 3aC001B BOIHOTO

TPaHCIIOPTY
ArperatHa OcnoBHi | [umiagposa Cepenus Huroma [TuToma
MOTYXKHICTh, | PO3MIPH, | MOTYXHICTb, e(beKTHFHa CekTibia Maca,
kBT CM kBT MOTYHICTE, | BUTPATE HATHES, Kr/KBT
MIlIa r/(kBT-ron)
30/38 14...1,7 178...186 128...15,
450...4412 112,5...231 A 7
26/26 0,88...2,2 191...200 52...13.4
31,8/33
500...1500 20/28 125...187 | 0,61...1,7 220 6,4...7,3
23,4
23/30 40...55 0,52...0,54 219...226 14. 184
240...3840 22/28 116...138 | 1,58...1,77 185...195 12'2" 1’3
32/40 480 2,39 186 ’2 ’
57166 2,33 174...180 7,8...19,8
57175 13257.1.%.61400 2,36 163...168 21...19
42,5/60 750 2,31 160...166 19,5...18
40/50 2,39 184 11,1...10
840...25.200 40/46 2:2 2,2 183...186 8,8...6,8
28/35 979 305 2,19 185...186 8,7...6,8
28/29 210”'220 2,18 197 7,2..55
25,5127 2,13 192 8,6...6,3
58/60 1250 2,23 178 14,2...14
43/61 870 2,44 176...179 13,2...12
HA o | 308 440 2,49 176..179 | 13...114
25,5/40 290...300 2,37 184...185 11...10,4
20/30 190 2,42 185 10...9
16/24 85 2,0 191 8,0
680...1755 32/48 140 1,0 198 27...22
24/29 150...195 2,4 186 135...11
30/60 194 1,91 178 23,8
1164...2574 42/82 429 1,97 175 29,0
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[Tpotsirom 70...80-X pOKiB MHHYJIOTO CTOJITTS MIPOBIIHUMU U3€NeOYIiBHUMU
KOMIIaHISIMM BeJlacsi 1HTEHCUBHA JOCHIJHUIbKA Ta MPOEKTHO-KOHCTPYKTOPCHKA
pobota, crpsmoBana Ha mepexinm COJ] Ha pemieBi Bakki MajawBa, MiABUIICHHS iX
HWTHIPUYHOT Ta arperaTHoi MOTYXXHOCTI, 3HIDKEHHS €MICii BHITyCKHUX Ta3iB,
3HIDKEHHSI TMTOMOi BUTpaTH mnanuBa. [lapanenbHO BUpIilIyBajducs 3aBJaHHS IO0
MiBUIICHHS HAIIAHOCTI Ta JOBTOBIYHOCTI JABHUTYHIB. Pe3ynbTaT IUX MOCIHIJOBHUX
KpPOKIB — nosiBa mpuHIMNOBO HOBUX COJl, 37aTHUX, B MEpIy Yepry, NpaioBaTu Ha
BHUCOKOB'SI3KMX COPTAax IajuBa Ta L0 XapaKTEPU3YIOThCS arperaTHoIO MOTYXKHICTIO B
mexax 30000 kBt i Bumie [13].

HaiiGinpmioro mnommpeHHs moAiOHI Ju3eii OTpUMalIM Ha MaCakKUPChKUX
CyIHaX, KOHTEHHEpOBO3aXx Mayioi Ta CEpeaHhOI BOJOTOHHAXXHOCTI, a TaKOX Ha
CHellaTi30BaHuX CyAHaX (MOpPCHKHMX 1 OKEaHChKUX OyKcupax, pedylepHUX CyAHaX,
cynHax 3a0esneueHHd HadTOBUIOOYBHMX IutaTopM Ta 1H.), J€ BOHH
BUKOPUCTOBYIOTHCA B CKJIA/Il TU3€JIb-PEAYKTOPHUX arperariB 3 BIAOOPOM MOTYKHOCTI
TS IPUBOJIIB €JIEKTPOArperaris, TiJpoOHACOCIB Ta IHIIKUX CyTHOBHX MeXaHi3MiB [14].

COJl 3aco0iB BOAHOTO TPAHCHOPTY BHUITYCKAIOThCS YyciMa IU3eIe0yNIBHUMU
¢ipmamu: Daihatsu Diesel, Hyundai Heavy Industries, MaK-Caterpillar, MAN-
Burmeister & Wain, Matsui Iron Works, Mitsubishi Heavy Industries, SEMT
Pielstick, The Hanshin Diesel Works, Wartsila-Sulzer, Yanmar 3 yuciom muitisapis
Biz1 4-x 110 20-Tu (B V-00pa3HOMYy BUKOHAHHI) 1 IMJIIHIPUYHOO MOTY>KHICTIO Bijg 15-
ti 10 1400 kBt [14].

Ha 3aco0ax BOJHOTO TpaHCHOPTY s MOPCHKHX TEpeBe3eHb SIK TOJOBHI
JBUTYHH BHUKOPHUCTOBYIOTBbCSI nBOTakTHI MOJI, numiHapuyHa TOTYXHICTh SKHX
nocsrae  (5710...5720) xBt, a arperatna — (68 520...68 640) kBt. J[liametp
nuiiHapiB - aBotaktHux  MOJL  gocsrae (800...900) MM, a Xig  TOPIIHS
(2300...2900)mm. Croroani cepemHiii Bik 3aco0iB BOJAHOTO TPAHCIOPTY IS
MOPCBKUX TIepeBe3eHb CTaHOBUTH MoHana 30 pokiB. Y HaiOmmwkui (5...10) pokis

omm3bpko 90% Takux 3aco0iB OyAyTh CKCaHi 32 TeXHIYHUM cTaHoM [ 14, 15].
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3a manumMu MDKHApOIHOTO MOPCBKOTO 1HXKEHEpHOro Oopo 3aco0u BOAHOTO
TPAHCIIOPTY BHYTPIIIHBOTO Ta 3MIMIAHOTO («pika — MOpe») THUIy, XapaKTepHI s
VYxpainu, po3pi3HAIOTh 3a AU3EIHbHIUMH JBUTYHAMU Y Jiana3oHi noTyxHoctei Big 300
kBT 10 1600 kBT (Tabm1. 1).

CO/Jl BUKOPUCTOBYIOTHCS B CKJIaJl CYJHOBUX EHEPreTUYHHX YCTAaHOBOK SK
rojoBHi nBuryHd. CydacHuii ctaH 1 TeHnaeHuii po3BuTKy COJl xapakTepusyloThecs
po3poOkamu, 10 3a0e3neuyoTh e(heKTUBHE BUKOPUCTAHHS BAaXKKUX COPTIB MaJIMBa,
30UTBIIEHHST IWJIIHAPOBUX 1 arperaTHuxX MOTY)KHOCTEH, MIiABUIICHHS IaJWBHOI
€KOHOMIYHOCTI. 3HUXEHHSI BUTpaTH naiuBa B cydacHux COJl 3abe3neuyeTbest 3a
paxyHOK TIJBUINEHHS MaKCUMaldbHOro THUCKy mukiay (mo 19 Mlla 1 Oinbiie),
BJIOCKOHAJIEHHSI CHUCTEMHU Ta30TypOIHHOTO HaJAyBY, CKOpPOYEHHsS BTpaT €Heprii
BIJINIPAllbOBAHUX Ta3iB 1 30UIbIICHHS KOE(ILIEHTY KOPUCHOI M1i arperariB HaJayBY
(mo 70% 1 Oinblie), MiIBUILEHHS THCKY BIOPCKyBaHHA manuBa (mo 160 MIla 1
OlnbIne), 30UIBIIEHHS MEXaHIYHOrO KOe(DIIlieHTy KOpUCHOT Aii ausens (1o
(92...93)%) [17, 18].

Peamizamist 3a3HaueHMX IUIAXIB MOIABHINEHHS ITAJUBHOI E€KOHOMIYHOCTI
3a0e3neunsia Mporpec B IMPOLECT MOJEpHi3alii BUIYCKY Ta CTBOPEHHS HOBUX
mozeneir COJl 3aco0iB BOJHOTO TPAaHCIOPTY, TEXHIYHUM PIBEHb SKUX MOXKE OyTH
OXapaKTepU30BaHUN TaKUMU TOKa3HUKaMH, SIK MUTOMa e(eKTHBHA BUTpaTa MalvBa,
cepenHii e(DeKTHBHUN THCK, HWIIHIAPWYHA Ta arperatHa mnoryxHicte [17, 18].
HaiiBaxknusimii noka3sHuku texHigydHoro piBHs COJ] HaBeneHi B Ta0uIl S.

Pesynbratu anamizy gaHux Tabnumi 5 mokaszywoTh, mo COJl 3 KUIBKICTIO
mtiHApiB Big 4 10 20 BHUKOHYIOTBCA SIK B pAJHOMY, Tak 1 V-MOAIOHOMY
KOMITIOHYBaHHI. Taki JBUTYHH NEPEKPUBAIOTHh IMIMPOKUN Aianma3zoH MOTYXHOCTI BiJl
200 kBt mo 40 000 xBt. Haiibinbury notyxHicts (36 000...40 000) kBt mae 18...20
nUIiHApoBU ABUTYH cepii W64 dipmu « Wirtsild». JIBurynu 11i€i cepii € Takox 3
HalOuIbIMM  xooM mnopiiHs cepen COJl: Xim mnopumHsS cKianae y pi3HUX

Moudikamii 770 mm 1 900 Mm.

15



3. Bucokoo60poTHi IBUT'YHH

Bucokoo6oporni neurynu (BOJI) cepeanpoi Ta BETMKOi MOTYXKHOCTI
3aCTOCOBYIOTHCS B CKJIaJl CYJAHOBHUX EHEPreTUYHUX YCTAaHOBOK SIK JOTOMIXHI Ta
TOJIOBHI JBUTYHH.

Jns mopiBHsSHHS TexHiuHOro piBHsa BOJ[ JouisbHO mpoBECTH aHami3
TEeXHIYHUX XapaKTEPUCTUK JIBUTYHIB, OJU3bKHX 3a MOTYKHICTIO. OCHOBHI MOKa3HUKH
TEXHIYHOT'O PIBHS JIBUTYHIB 3acO0IB BOJHOTO TPAHCIOPTY Majoi, CEepeaHboi Ta
BEJIMKO1 TMOTY>KHOCTEH IpejcTaBiieHl B Ta0m.2 — 1adbn 4. BOJI Manoi moTyKHOCTI
BUKOPHUCTOBYIOTHCS Y CKJIaJli CYTHOBUX €HEPreTUYHUX YCTAHOBOK, TOJIOBHUM YHHOM
K JIOMOMDKHI Ta aBapiiiHi. BoHM MOXyTb MaTu $K pIIUHHE, TaK 1 MOBITPSHE
OXOJIO/KEHHS. buiblIicTh BUPOOHUKIB JIBUTYHIB B JJaHOMY Jlana3oHl MOTY>KHOCTEH
MPOIMOHYIOTh MOJM(DIKaLIi 3 PI3HOK KUIBKICTIO HUJIIHAPIB 1 pI3HUMU THUIIAMHU CUCTEM
0x0J10/pKeHHs [16].

AHani3 manux Tadm.2 — 1abna.4 cBiAUMTH mpo Te, mo y kpamux BOJ] nmurtoma
edexkTrBHA BUTpaTa manvuBa ctaHOBUTH (189...190) r / (xBtrom). Bucoka nanuBHa
€KOHOMIYHICTh 3a0€3MeUyeThCsl 32 PAXYHOK BHCOKOIO CEPEeIHbOTIO €(hEeKTUBHOIO
TUCKY. JIBUTYHHU psify 3apyOlKHUX (pipM MaroTh cepeniHiil epextuBHui THCK 2,4 MIla
1 BUIIIE.

Bucoki TeroBi Ta MeXaHiuHI HaBaHTaXeHHs B cydyacHux BOJl 00yMOBIIOIOTH
HEOOXITHICTh 3a0€3MedyBaTh MUISIXOM KOHCTPYKTUBHHUX 1 TEXHOJIOTIYHUX 3aXOJiB
JIOIYCTUMY TEIUIOBY HAIPY>KEHICTh JAeTaned muiainapo-nopiHeBoi rpynu (L) 1
HaJiliHy poOoTy mnanuBHOI anaparypu. lloganbmmii mporpec cyaHoBux BOJ[
3apyODKHI eKCHepTH TMOB'SI3YIOTh 3 IMHUPOKMM BUKOPUCTAHHSIM KepaMidHUX
TEIJIOCTIMKKUX mMOKpUTTiB JAetaned LIII, momrykom pimieHb, COpSIMOBAHMX Ha
MOJ1aJIbIIe MiBUIIICHHS CEPEAHBOT0 e(DEeKTUBHOTO TUCKY Ta 3HMKCHHSI TUTOMOI MacH
nBuryHiB (Hmwk4ue 2,0 Kr/kBT), po3mmpeHHST BUKOPUCTAHHS EJIECKTPOHHHX CHUCTEM
yIpaBIiHHS TAJMBOIMOAAYCO0, Fa30pO3MOI1LIOM, TOBITporiocTadanHsm [17].

Jlnst 3a0e3reueHHsl Cy/HOBHUX JAH3ETIB (SK TOJOBHUX, TaK 1 JTOMOMDKHHX)

nmaaiuBoOM, MacCJIOM, BOAOIO Ta HOBiTpHM, da TaKOX AJIs1 BHAAJICHHA BiI[HpaLIbOBaHI/IX
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razis.  CEY o0nagHarOTh CHCTEMaMH: TAJUBHOIO, MACISHOK, BOJSHOTO
OXOJIOJDKEHHSI, CTUCHEHOTO TOBITps, Tra3oBOro Bullycky. HaszBaHi cucremu
3a0e3meuyroTh 10/1avy NalrBa 0 MaJMBHUX HACOCIB BUCOKOTO THUCKY JIU3EIIB 1 HOTO
MOJANBIIOTO BIIOPCKYBaHHS B IWIIHAP; TOJady Macjia Ha 3MalleHHs Ta
OXOJIO/KEHHS BY3JIiB T€PTS; MOAa4y OXOJIOHKYIOUHUX PIAUH JJIs BIABOY TEIUIOTH BiJl
HarpiTHX JAeTajied, Mmojady CTHUCHEHOTO IOBITPS JJIA MYyCKy Ta PEBEPCY ABUTYHA;
1o a4y CBIXKOTO TMOBITPS IS 3A1MCHEHHS poO0YOro MUKy Ta OYMINCHHS MITHApPA
BiJI MPOYKTiB 3ropsinus [17, 18].

Jlo ckiiaxy cuCTeM BXOJUTH BEJIMKA KUIBKICThH JOMOMIXKHOTO OOJIaJHAHHSI, 1110
BUKOHYIOTh TPAHCIIOPTYBaHHS IajiMBa, Macjia ¥ BOJW Bl MPUUOMHUX TaHKIB JO
BIIMOBITHUX KOHTYPIB Ju3esl 13 3a0€3MEUEHHSIM 1 MIATPUMKOI IX SKICHUX
XapakTepUcCTUK. TpuBaNMil BiApUB CyJaHA BiJl OEperoBOro MOCTa4aHHS BUMAarae
CTBOPEHHS CICLIaJIbHUX CXOBHIIL ITaJKBa, Maciia, MpicHoi Boau [17].

Kpim Toro, nns 3abe3nedeHHs *KUBYYOCTI Ta HEMOTOIUIFOBAHOCTI CyAHA, a
TaKOX KUTTEISUIBHOCTI 00CTYTrOBYIOYOTO MEPCOHANTY Ta NIl BUKOHAHHS BIACTHBHUX
CyJHY omnepalliii B MalllMHHO-KOTEJILHOMY BIJJIIJIEHHI BCTAHOBIIOIOTHCS MEXAHI3MH 1
MPUCTPOiI 3arajJbHO-CYJHOBUX CHCTEM, SIKI B TId 4M I1HIIK MIpi MOXYTh OyTH
MOB'sI3aHi 3 CHCTEMaMH, 1110 00CIYrOBYIOTh MOJIOBHHUH 1 JormoMikHi au3eni [18].

[Topymennst ¢yHkuionyBanHs enemeHtiB cucteM CEY abo Buxifg ix 3 nany
MO3K€e TIPU3BECTH /10 3HMKEHHS e(PeKTUBHOCTI ii poboTu abo 10 aBapii IBUTYHIB, 1110,
B CBOIO Yepry, MOXK€ CIPUYMHHUTH 32 COOOI0 3HIKCHHS XOJIOBUX XapaKTEPUCTHUK
cynHa ax a0 Horo 3ynuHku [18]. [ToxibH1 cuTyallii 0ocoO6irBO HEOE3MEUH1 B MICIISX
AKTUBHOTO CYJHOIIABCTBA (MOPCHKMX MPOTOKAaX, KaHajaX, akBaTOPIisX TMOPTIB), a
TaKOX B HECITPUATIMBUX IMOTOTHUX YMOBaX.

HaiiOiipir  po3raiy’keHO0 Ta HACHYEHOKIO 3a CBOIM CKJIaJ0M € TajJuBHA
CUCTEMA, SIKa CKJIAJIA€THCS 3 CHCTEM BHCOKOTO Ta HU3bKOTO THCKIB. [lanuBHa cucTema
HU3BKOTO THCKY IIPU3HAYCHA JUIS MIATOTOBKH 1 IMOavi MajanuBa 10 MaJIuBHOT CHCTEMH
BHCOKOTO THUCKY Ta BKJIFOYA€E ITUCTEPHH, (IIBTPH, HACOCH, 3MINIyBayl, CEMapaTopH,
migirpiBayi, pi3Hi CHeIliaJibHI NPUCTPOi Ta NanuBo-nipoBoau. [lanmBHa cuctema
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BHCOKOTO THCKY 3a0e3meuye BIOPCKYBaHHs MaJliBa B KaMepy 3rOpsSHHS JABUTYHA Ta
BKJIIOYA€E MAJIMBHUNA HACOC BUCOKOTO THCKY Ta (POPCYHKY, 3a3BHYail 3'€/HaHI MaJIUBO-
MPOBOZOM BHCOKOro THCKY. [Ipm 3acTtocyBaHHI Hacoc-()OpPCYHOK MaTuBO-TPOBIA
BHCOKOTO THUCKY BIJCYTHIM, a B pa3l YCTaHOBKM Ha JU3€Il CyYaCHUX CHCTEM
common-rail HarHiTaHHd mnanmuBa A0 (OPCYHOK BiIOYBAa€ThCA 13 3arajbHOI
MaricTpai.

MacinsHa cuctema Cily>KUThb JUIsl IoJjadl Macja 10 By3JiB 1 AeTajneil au3ens, 1o
mpamroe B ymMoBax TepTsa. MacisHa cuctema 3a0esrnedye: NpuiioM 1 30epiraHss
Macja, OYMILEHHS HOro BiJ BOAM 1 MEXaHIYHUX JOMIIIOK B (UIBTPAX 1 cemapaTopax,
OXOJIOJDKCHHS B Macio-oxoJjomkyBaui [16—-18]. COJI 3aco6iB BOAHOTO TPaHCIOPTY
KOMIUIEKTYIOTbCS [HUPKYJSIMIMHIMA CHCTEMaMU 3MallyBaHHs, M0 3a0e3MedyroTh
M0/Ia4y MACTHJIBHOTO MaTepialy fK [0 MIJUIMIHUKIB KOJIHYacTOro Bajia, TaK 1
0e3nocepeIHbO Ha J3€pKajlo HUIIHIPUYHOI BTYJIKH.

CucteMu BOJASIHOTO OXOJIO/KEHHS MPHU3HAYCHI ISl MIATPUMKHA HEOOX1THOTO
TEIUIOBOTO PEKUMY POOOTH AM3ENs IIJISIXOM BIIBEACHHS TEIUIOTH BiJ] TAKMX HOTO
BY3JIIB K KpHUIIKA UWIIHAPA, BUITYCKHUNA KIIallaH, UWIIHAPUYHA BTYJIKa (IIPU LOMY
BUKOPHUCTOBYETHCS MPiCHA BOJA), a TAKOXK ISl OXOJIOKEHHS HATyBOUYHOTO TIOBITPS
B TIOBITPOOXOJIO/KYBadl (32 JOMOMOrorw 3a060pTHOT BoaM). CHUCTEMH OXOJIOKCHHS
MPICHOIO BOJOIO JJISI Cy4acHUX JM3EN1B BUKOHYIOTHCS TIIbKA B 3aMKHYTOMY BHUIJISIAI,
B SIKUX BOJIa IUPKYJIIOE TIO 3aMKHYTOMY KOHTYPY, a il OXOJIO/P)KeHHS BITOYBAa€ThCS 32
J0MIOMOT010 3a00PTHO1 BOJIH, 1110 LIMPKYJIIOE MO BIAKPUTOMY KOHTYPY.

BucHoBku. 3 orsiay Ha Te, o nepeBaxkHa outbiictb COJl 3aco0iB BOJHOTO
TPAHCIIOPTY BUKOHYIOTHCSI HEPEBEPCUBHUMH, CHCTEMa CTHUCHEHOIO MOBITPS
BUKOPHUCTOBYEThCS TUIBKH i1 iX MycKy (10, THM HE MEHII TaKOX Ba)XJIHBO 1
aKTyanbHO, OCKUIbKM came JIJI 3a0e3nedyroTh €JEeKTPOEHEpri€l0 BCl JOMOMIXKHI
MeXaH13MH, 00CIIyTOBYIOTh BBEACHHS B [it0 i poboty ['/]).

OTxe, IBUTYHU 3ac00IB BOJHOTO TPAHCHOPTY 3aJE€KHO BiJl MPU3HAUCHHS
MalTh Yy CBOEMY CKJIaJl pPI3HOMAHITHI MEXaHIYHI Ta eJEKTPOHHI CKJIaJ0Bi

(Mexani3Mu), BUXiA 3 Jagy SKAX MOXE TpHU3BECTH J0 KartacTpodu ado
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HECITPOMOYKHOCT1 3ac00y 3aKiHYMTH CBOEYACHO PEHC (10 €KOHOMIYHUX 30UTKIB).
Takum yuHOM, CBO€YACHE BUSBJICHHS BIIMOB JIBUTYHIB 3aC001B BOJHOI'O TPAHCIIOPTY,
0COOJIMBO 17151 MOPCHKUX 3aC001B, JO3BOJIUTH MiIBUIIUTH €PEKTUBHICTh €KCILTyaTallil
TaKHX 3aco0iB.
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YK 629.5.016

ITpubenrs B.B. JlepxaBHuii yHiBepcuTeT 1HGPACTPYKTYpPH Ta TEXHOJIOTIH,
KaHIUJIAT TEXHIYHUX HayK, JOMEHT Kadeapu CYTHOBOMIHHS Ta eKCIUIyaTailii
TEXHIYHUX CHUCTEM Ha BOJHOMY TPaHCHOPTI, M.I3main

METOAU KOHTPOJIIO TEXHIYHOI'O CTAHY JIBUT'YHIB 3ACOBIB
BOJHOI'O TPAHCIIOPTY

IMocTanoBka npoo6aemu. 3abe3nevueHHs HaIIHOT Ta Oe3MeYHOi eKCIuTyaTalii
JIBUTYHIB (XOJOBHMX 1 CUCTEMHU €HEproszade3NedeHHs) 3ac001B BOJHOTO TPAHCIOPTY
JOCATAETbCSI 32 PAXYHOK 3aCTOCYBaHHS CHCTEMHM KOHTPOJIO Ta AlarHOCTYBaHHS
TEXHIYHOro cTaHy. Jlo Takoi cHCTEMH BIJHOCSTH CYKYIHICTH METOJIB 1 3acoOiB
KOHTPOJIIO Ta JlarHOCTyBaHHA. CHucTeMa TEXHIYHOIO J1arHOCTYBaHHS IpPHU LIbOMY
NOBUHHA BKJIIOYATH NEPIOAUYHUN KOHTPOJIb TEXHIYHOTO CTaHy JBUIYHIB, IMOIIYK
nedeKTIB 1 HeCpaBHOCTEH y poOOTi, BU3HAYEHHS CTyNEHsA HEOe3NeKu NeQPeKTiB i
OLIIHKY OCTaTOYHOTO pecypcy obnaananus [1, 2].

Mera nociigxeHHsi — BH3HAUWTH METOAM KOHTPOIIO TEXHIYHOTO CTaHy
JIBUTYHIB 3aC001B BOJIHOT'O TPAHCIIOPTY.

OpHuM 3 erariB MPU BUKOHAHHI TEXHIYHOTO OOCIYTOBYBAaHHSI Ta PEMOHTHHUX
pOOIT € MOHITOPUHT 1 OIllHKAa (haKTUYHOTO CTaHy OOJIaJIHAHHS MJIsi BU3HAUYCHHS
00’€MIB 1 CTPOKIB HEOOXIAHUX perJaMeHTHuX poOit. TakuMm 4rMHOM, BiJl TOYHOCTI Ta
€(EeKTUBHOCTI TIPOBEJICHHS J1arHOCTUKU 3aJI€KUTh SIKICTh 1 BapTICTh PoOIT, TOOTO
(iHAHCOBO-EKOHOMIYHI Pe3yJIbTaTH 00CITyroByBaHHs NBUTYHIB [1-3].

JIo OCHOBHUX BHUMOT CYYaCHMX METOMIB JIarHOCTYBAHHSI TEXHIYHOTO CTaHY
JIBUTYHIB 3aC001B BOAHOTO TPAHCIIOPTY MPOMOHYETHCS BIAHECTH:

— TOTpiOHUI PiBEHB JOCTOBIPHOCTI Ta TOYHOCTI BUSIBJICHHS HECTIPABHOCTEH 1
MOIIKO)KEHb JIBUTYHIB;

— MOXJHMBICTh CBO€YACHOTO BHSBJICHHS OCHOBHUX  EJCKTPUYHUX 1
MeXaHIYHUX Je()EeKTIB JBUTYHIB;

— TPOBEACHHS HEOOX1AHUX BUMIPIOBAHb TUCTAHIIAHO;
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— HHU3bKa TPYAOMICTKICTH 1 TIPOCTOTAa TEXHIYHOTO OOCIyrOBYyBaHHS
(IpoBeIcHHSI BUMIpIOBaHb HEOOX1AHUX MapaMeTpiB);

— MOXJIMBICTh MPOBEIEHHS AHANITUYHOI OOPOOKM OTpPUMAaHUX pPe3yJbTaTiB
BUMIPIOBaHb 3a KOPOTKHMH dYac (3acTocyBaHHS 1H(OpMAIliITHO-BUMIPIOBAIEHUX
CHUCTEM 1 KOMILJIEKCIB).

Po3rissHeMoO OCHOBHI METO/AM KOHTPOJIIO Ta J11arHOCTYBaHHS TEXHIYHOTO CTaHy

JIBUTYHIB 3aC001B BOJIHOT'O TPAHCIIOPTY.

BukJsiag 0CHOBHOTO MaTepiasy J0CTilKeHHS.

1. MeToau KOHTPOJIK TEXHIYHOr0 CTAaHy TIOJIOBHHUX JBUIYHIB 3ac00iB
BOJHOI'0 TPAHCIIOPTY

['ooBHI (XOJ0B1) JBUTYHHM 3acOOIB BOJHOIO TPAHCIOPTY € CKJIAIHOIO
TEXHIYHOIK CUCTEMOIO, 1110 CKJIAJA€THCS 3 BEJIMKOrO YHCa CUCTEM, BY3JIIB 1 JAeTanei,
AK1 B3a€EMOJIIOTh MK coOoro [2]. Ilupoxuit yacTOTHHI iama3oH KOJHUBAIBHUX
MPOIIECIB B CHJIOBIA YCTaHOBIII OOYMOBIIIO€ IIBHJKY PEAKIiI0 BIOPOAKyCTUYHOTO
CUTHAJIy Ha 3MiHY TEXHIYHOro cTaHy. lle € BU3HaYaJIbHMM B aBapiliHUX CHUTYyalIsIX
[3]. Arperatu, Bin HamiifHOCTI Oe3aBapiiftHOT POOOTH SIKMX 3aJICKUTh KHUTTS JIFOJICH,
BHMararoTb 0COOJMBOi yBaru. Jly’ke BaKJIMBO BYACHO BHUSBUTH 1 HE JOIMYCTUTHU
PO3BUTOK J1€(DEKTIB, 10 MPU3BOIATH JO HE3BOPOTHUX KATACTPO(DIUHUX HACIIJIKIB.

CytHicTh mpobiieMH BIOPOAKYCTMYHOI [1arHOCTUKH CKJIQJIHUX TEXHIYHUX
CUCTEM TOJsira€ B po3poOill Ta MPaKTUUHIA peasizailii aJropuTMIB OIIHKU
rapaMeTpiB TEXHIYHOTO CTaHy 00'ekTa 0e3 Horo po30upaHHs B poOOYMX yMOBax 3a
XapaKTEPUCTUKAMU  BIOPOAKYCTUYHUX TIPOLIECIB, $KI CYNPOBOKYIOTh HOTO
¢dbyukiionyBanns [3]. st nBuryHa 3aco0iB BOJHOTO TPAHCHOPTY MOKHA BUJAUIUTH
OCHOBHI JpKepeJia BAHUKHEHHs BiOpartii [3]:

— KOJIUBaHHS BiJ He30aIaHCOBAaHMX 00EPTOBUX Mac (poTopHa BiOparris);

— BiOpallii, mopyuryBaHi 3y04acTUMH nepegayamMu peyKTOpiB;

— KOJIUBaHHS TIAMIUITHUKOBUX BY3IIB; BJIACHI KOJMBAHHS JIOMATOK, JHUCKIB,
KOPIYCiB; aepOUHAMIYHI KOJTUBAHHS;
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— BiOpairii, mopyuryBaHi poIeCaMy B Ta30-MOBITPSHOMY TPaKTi,;

— BiOparrii arperaTiB 1 TpyOOIPOBO/IIB.

OCHOBHHMH KOJIMBAHHSIMHM, IO IIJJIATalOTH JIarHOCTUII, € HHU3bKOYACTOTHI
(0,1 T .. 400 Tm) 1 cepemubo-yactotHi (400 Ty ... 2000 I') BiOparii.
Bucokouactoraumu (> 2000 ['11) KoTMBaHHAMHM 3a3BUYail HEXTYIOTh BHACIIOK Majoi
YaCTKU €HEePTii, IKa IEPECHOCUTHCS IIUMHU KOJTMBAHHSIMU.

KonuBanbHi mpoIecH CUJIOBOI YCTAHOBKH TMPEACTAaBISIOTHCS Y BUIIISAI
BUMYIIICHUX 1 BJACHUX KOJIUBaHb [3, 4]. O0uaBa 11l BUIU MOXKYTh CIYKUTH HOCISIMU
iH(popMalii Npo TEXHIYHUM CTaH, ajle Xapakrep 1 o0car miei iHpopMalii pi3Hi.
BumyiieHni xKonuBaHHSA MICTATH 1H(OpPMAIII0 TPO SIKICTh BUTOTOBJICHHS, PEMOHTY,
CKJIaZJaHHS Ta Mpo TpyOi 3MIHM TEXHIYHOTO CTaHy, L0 MEXYIOTh 3 aBapliHOIO
cuTyaliero. BnacHi KOJMBaHHS MICTATH 1H(QOpPMALIIO MPO HASABHICTH NE(EKTIB Ha
paHHii cTafii.

BiOpauiiiHuii MeTOJ OLIIHKKA TEXHIYHOIO CTaHy T'OJIOBHUX JIBUTYHIB 3acC001B
BOJIHOTO TPAHCIIOPTY Tependadac BUMIPIOBAHHS Ta aHalli3 CHTHAJIB Bia BiOpartii
JIBUTYHA. 3a OTPUMAHMMHU JAHMUMH aHANI3YyIOThbCS NapamMeTpu CUTHay BiOpauii
(mampukiian, Qgopma Ta aMmIUITylna, CHEKTpalbHUM ckiam). OTpumaHl 3HAYEHHS
CUTHAJIIB MOPIBHIOIOTHCS 13 BIAMOBITHUMHU 3HAYCHHSIMU TOMEPEIHIX BUMIPIOBaHb. 3a
pe3yJbTaTaMu TOPIBHSHHS OIIHIOIOTh MOKJIMBICTh MOJAIBINOI  eKCIUTyaTarlii
JBUTYHIB 200 BU3HAYalOTh MOXKJIMBI HECIIPABHOCTI.

J1o HemoikiB BiOpaIiiHOro METOy BiTHOCATH [4, 5]:

— 0OMeXeH1 MOMKIJIMBOCTI 11010 JUCTAHIITHOTO KOHTPOJIIO;

—  CKJIQJIHICTh MPOBEJCHHS HEOOX1THUX BUMIPIOBaHb IMapaMeTpiB BiOparrii.

Metoa MoJeItoBaHHS TEXHIYHOTO CTaHY XOJOBUX JIBUTYHIB 3aCO0IB BOJIHOTO
TPAHCIOPTY BKJIIOYAE PO3POOKM MOjENl ABUTYHa (IMiTaliiiHa MOJENb), ABUTYH 3
nigKmouyeHuMA  gataukamu  [4, 5]. Ilpu 1mpomMy BHMIPIOETBCS HaOip CHrHaIB
JIBUTYHA, SKMH 3aCTOCOBYETBHCS JJIS PO3B’SA3aHHS DIBHSAHHS CTaHy 3a JESKid dac.
[ToTiMm oTpuMaHi 3HAYEHHS TMOPIBHIOIOTHCS 3 PO3B’S3aHHIM, SKE€ OTPUMaHE 3a

JOTIOMOTOI0 IMITAI[IfHOTO MOJIETIOBAHHSI Ta BU3HAYA€THCS HASBHICTH HECIPABHOCTI
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nBuryHa. [Ipu BUSBIEHHI HECTPABHOCTI BUIAAETHCS MOBITOMIICHHS JJI 3all00ITaHHS
MOIIKOJKEHHS JIBUTYHA.

J1o HeAOIKIB METOIy MOJICITFOBAHHS CJIiJT BigHeCTH [6]:

—  BIJICYTHICTh IUCTAHIIIMHOTO KOHTPOJIIO Ta J1arHOCTYBaHHSI,

— HH3bKa TOYHICTH;

—  CKJIAQJHICTh pO3pOOKHM IMITAIIIHOI MOAEII, siKa aJeKBaTHA peabHIi poOoTI
JIBUTYHA.

MeTon Ha OCHOBI aHaji3y CHEKTPY Iepeadadae KOHTPOJIb MapaMeTpiB poOOTH
XOJIOBOTO JIBUTYHA IMPOTATOM JESIKOTO IHTEpBAy 4acy, BU3HAUCHHS XapaKTEePHUX
gacToT pobotu. OTpuMaHWil cuUrHaNM B aHaloroBiii abo uudpoBid dopmi 3a
JIOTIOMOTOI0 METO/IIB CIIEKTPAIBHOTO aHANi3y JOCHIKY€EThCS y BU3HAYECHUX TOYKaX
(xapakTepHux 4yactoTax). lleit MeTon 103BOJISE TPOBEACHHS JUCTAHIIHHOIO
KOHTPOJIIO Ta J1arHOCTYBaHHS TEXHIYHOrO CTaHy JBUTYHIB 3acO0IB BOJHOTO
TpaHcrnopty. [0 HeoiKiB TAKOTr0 METO Ty ClIijl BigHecTH [6,7]:

— CKJAQJHICTh OIIHKK PE3yJbTaTiB, OCKUIbKM OyJb-Ka aMIUTITYIHO-
MOAYJbOBaHa yacToTa f BpaxoOBYeETbCS y CHEKTpl JBOSKO, MO OOWUIBI CTOPOHH
noTpiOHO1 yactoTu f1, ToOTO y BUrisai |f; — Af] 1 |f; + Af]. Take noasiiine BpaxyBaHHs
4acTOT MOJICTIOBaHHS  OOYMOBIIIOE  HEJAOCTATHIO TOYHICTh  J1arHOCTYBaHHS
(IMOBIpPHICTh ~ HAKJIaJAHHS 4YacTOT BIJ PI3HUX HecHpaBHOCTEH  (1edeKTiB)
30UTBIITYETHCS Y B Pa3u);

—  BIJICYTHICTh MOJKJIMBOCTI 301JBIIEHHS KIJIBKOCTI TapMOHIK YacToTH f Jys
aHaizy.

OnHak, METOJl Ha OCHOBI aHAJ3y CIEKTPY, NOPIBHAHO 3 IHIIMMHU METOAAMH,
Mae TiepeBaru y TOYHOCTI, €(GEeKTUBHOCTI Ta TPOCTOTI peaiizaiii 3aco0iB
J1arHOCTYBaHHS TEXHIYHOTO CTaHYy JBUTYHIB.

Ane, Takuii Meroa mOTpeOye YIOCKOHAJIEHHS TMPOLENyp CIEKTPaIbHOro
aHaNi3y AJi1 YCYHEHHS HEJIONIKIB (HApUKIIaJ, IPU JA1arHOCTYBaHHI IBUTYHIB, Y SIKHX

3MIHIOETBCS PEXUM POOOTH, IO XapaKTEPHO JJIA 3aCO0IB BOJHOTO TPAHCIIOPTY).
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HaiiGinpr TEpCIeKTUBHUM € METOJ CIEKTPAIBHOTO aHalli3y MOTOPHOTO
MacTuia. 3MiHa B €KCIUTyaTalllfHUX XapaKTepUCTUKax MOTOPHOTO MAacTHUJIa CBIAYUTH
PO TOSBY HECIPABHOCTI Ta JO3BOJISIE CBOEYACHO BHUKOHATH MOTPIOHUI PEMOHT abo
peryaoBaHHsS. Bu3HAauMTH HASBHICTH JOMIIIOK JOMOMAara€ CHEKTpaIbHUN aHaii3
MOTOPHOT'O MacTHIIA.

JlocmiKeHHS MOTOPHOTO MAacTHIIa TIO3BOJISE:

— CBO€YACHO BHU3HAYMTH HECHPABHOCTI YACTUH JBUTYHAa a00 JBUTYHa Y
1ILJIOMY;

— CKOPOTHUTH Yac MPOCTOI0 Ha 0OCITyTOBYBAaHHS;

—  TIJIBUIIUTH HAAIHHICTh pOOOTH IBUTYHA,

— MJABUIIMTH €(PEKTUBHICTh pOOOTH ABUTYHA.

3a IOMOMOTOI0 CIEKTPAJBLHOTO aHaNi3y CTaHy MOTOPHOTO MAacTH/a MOKHA
BU3HAYUTH:

—  (I3UKO-XIMIYHI MOKa3HUKHU, TOOTO CKJIaJ MajivBa Ta JOJATKOBUX JOMIIIOK
(HaTpuKJIIaJl, BOIH, CaXi, KUCIIOT);

— HasBHICTb METAJB, SKI MOXYTh BIUIMHYTH Ha poOOTY ABUTYHa (3aii30,
MiJib, KaJIBI[1H, aJTFOMIHIN TOIIO);

— B’S3KICTh (MpU MPOBEJECHHI MEepeBIpKku NpH Temreparypi y 40 rpamycis i
100 rpanyciB).

Takuif MeTo € HaWOIBII MPOCTHM CIIOCOOOM JIarHOCTUKH 1 MPOGUIAKTUKU
MOXJIUBUX HecmpaBHOCTeH. [Ipu TeXHIYHOMY KOHTpPOJI CTaHy JBHUTYHIB 3aco0iB
BOJIHOTO TPAHCIIOPTY CICKTPAIBHUMA aHaIi3 CTaHy MOTOPHOTO MacTHjIa MOXKE Ha/laTH
iH(poOpMaIlil0 MPO CHPAaBHICTh CUCTEMH TMOJA4l TOBITPS 3a JAHUMH PIBHS 3MICTY
KkpeMeHnst (Opyny) y mactuii. PiBHI 3MICTy 3aji3a Ta ajllOMIHIIO MONEPEIHKat0Th PO
3HOC TOpIIHSA Ta UWIIHAPY Ta JO3BOJISIOTH IOMNEPEIUTH BUHUKHCHHS 3HAYHOI
BIJIMOBH, III0 MOJX€ TMPUBECTH J0 HECHPABHOCTI JBUTYHA TiJ dYac 31HCHEHHS
MapIIpyTy 3aco00M BOJHOTO TPAHCIOPTY. TaKoXK 3a TaHUMH CIICKTPATBHOTO aHai3y
MOTOPHOTO MAacCTHJIa MOXXHA BU3HAYUTU MIBUIKICTh 3HOCY MIIIIUITHUKIB 1 TPUAHATH

3ax0aAu 0 3aKJINHIOBAaHHA KOJIIHYATOTO Bally. CBocyacHe BHSIBJICHHS IajauBa,
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aHTU(PpU3y, BOAU Y MOTOPHOMY MACTWJI JO3BOJHUTH IOMEPEIUTH BUXII MOSBU
3HAYHUX HECIPABHOCTEW JBUTYyHA, OCOOJIMBO MijJ Yac peicy 3aco0iB BOJHOTO
TpaHcnopTy. PiBHI 3a0pyHEHHS Ta 3TOpPaHHS CaXKi y MAacTUJII MOKYTh BKa3yBaTH Ha
OOMEXEHHsI y CHCTEeMI MOJIaBaHHSA TMOBITPsA, 3a0pyAHEHHS MAacisHUX QUIBTPIB,
HOoraHe 3rOpaHHs Ta BUCOKE BIAHOIICHHS MOBITPs/manuBo [7, 8].

VY rigpaBaiyHUX CHCTEMax, TPAHCMICIsIX, KopoOKax mepeaad, nudepeHiianax 1
IHIIUX CHUCTEeMaxX, JIe € MAaCTWIbHI MaTepiaiu, ajie TOpiHHA He BIJIOyBa€ThCH,
CHEKTpaJbHUN aHali3 Mpo0 MacTWia TaKOX JI03BOJISE BHUSIBUTH HECIPABHOCTI.
Bucoki piBHI BMICTY allFOMIHIIO MOKYTh BKa3yBaTH Ha MOXJIMBY BIIMOBY Hacoca abo
neperBoproBaya. [lorane yBIMKHEHHS mepeiay XapaKTEepHU3YeThCS BUCOKHUM pIBHEM
MeJl, a 3HAYHUKA BMICT XpOMY MO’KE€ BKa3yBaTH Ha 3HOILCHHS IIECTEPEHb 1
MIUIUITHUKIB, 3a0pyAHEHHS T1IPaBIIYHUX LIWIIH]PIB.

Ane, BIICYTHICTh MPOCTHUX JJIA TEXHIYHOI peatizallii METOMIB CIEKTPaTbHOTO
aHali3y BHUCOKOI TOYHOCTI JTOCHIJIKEHHS XapaKTEPUCTUK 3MIH CIIEKTPY MOTOPHOIO
MacTWiIa poOUTh LEeH MEeTOJ JOCTaTHhO KOLUTOBHHMM, a, TOMY, 3HAWIIOB HU3bKOIO
PO3MOBCIOIKEHHS.

2. Meroam  KOHTPOJK  TEeXHIYHOT0 CTaHy JBHUIYHiB  CHCTEMH
eHepro3ade3nevYeHHs 3ac00iB BOJHOT0 TPAHCIIOPTY

Jlis BUSABIIEHHS HECTPABHOCTEW JBUTYHIB CHCTEMH €HEpro3ade3neueHHs
3ac001B BOJJHOTO TPAHCIOPTY BUILISIOTH XapaKTEepHI YaCTOTH HANpyru abo CTpyMmy.
Xapaktep 1 CTymiHb HECHPABHOCTI BWAUISIOTH IUISXOM TIOPIBHSHHS 3HAa4Y€Hb
aMILTITY]l Aj Ha XapaKTepHUX YacTOTax 1 13 3HaYEHHs aMIUTITy 1 Ag Ha yacTtoTi 0 I'1x .

JliarHOCTYBaHHSI OCHOBHHMX HECIIPABHOCTEH €JIEKTPOJBUTYHIB 3aC001B BOJTHOTO
TPAHCTIOPTY 3A1MCHIOETHCS HA XapaKTePHUX 4acTOTax:

— HAasBHICTb MIXKBUTKOBHMX 3aMHUKaHb B OOMOTKaxX CTAaTopa Ta HECIPABHOCTI
potopa — Ha yacTtoTi Mepexi skuBierHs (50 I'i; 400 'm);

— BIACYTHICTb CHIBBICHOCTI BajiB €JEKTPOABUTYHIB 1 3B’SI3aHUX 3
CJIGKTPOJIBUTYHOM  MEXaHIYHMX MPHUCTPOIB — HA YACTOTax, KPaTHUX 4YacTOTI

o0epTaHHs eIeKTPOABUTYHA;

26



— nedexTy peMmiHIeBOI mepeaavyi HaBaHTAKECHHS — Ha YacToTaX, SKi KpaTHi
4acTOTI OUTTS peMEHS;

— MOIIKO/DKEHHS MIAIIMIHAKA — HAa YacTOTaX, KPaTHUX 4YacTOTi 0OepTaHHS
poTtopa;

— IOIIKO/DKEHHS MEXaHIYHOro oOJIaJHaHHS 13 TpyNM JBHUIYHA: HAacocC,
BEHTUJISITOP, KOMIIPECOP — Ha JIOMATKOBIH YacTOTI.

BHCHOBOK Mpo HasABHICTh HECIPABHOCTI €JIEKTPOJIBUTYHA POOUTHCS Ha OCHOBI
NOPIBHSHHS 3Hau€Hb aMIUITYJ A; Ha 4acTOTax, XapaKTEpHUX JUJIs HECIPaBHOCTEU
(medexTiB), 3 pIBHEM CUTHAILy Ha YaCTOTI, SIKa JIOPIBHIOE HYJIO. SKIIO aMIUTITYau A
Ha XapaKTepHUX YacTOTaxX HMKYE aMILUNTYAu Moayisa Ao Ha yactoti O I'l Ha 3agany
BEJIMYMHY, POOUTHCS BHUCHOBOK TMPO CIPaBHUN TEXHIYHMI CTaH JBUTyHA Ta
MOB’SI3aHUX 3 HUM MEXaHIYHHMX HPHUCTPOIB. SKIIO Taka pi3HULSA MK aMIUIITyIaMH
OlsbLIEe 337]aHOT BEIMYMHU, TO POOUTHCSI BACHOBOK IPO HAsIBHICTh HECHPABHOCTI, sIKa
XapakTepHa JIsl TaHO1 YaCTOTH.

CrexkTpalbHUN aHalli3 OTPUMAHOTO CHUTHAIy Ta TOPIBHSIHHS aMIUTITYyd Aj
MPOBOJATHCS MEPEBAXKHO y YacTOTHIA obnacti Biag minyc 100 n1b go 0 ab muisxom
BUJIJIEHHSI XapaKTePHUX pUC (3HAYEHB) MOSIBU HECIPABHOCTI, HANIPUKIIAL, Y BUTIIAI
CTpHUOKIB aMILTITYyId Aj Ha XapaKTEPHUX YaCTOTaX.

Jnst 3HMKEHHS e(eKTy PO3TIKaHHS CIEKTpa MpPU BUKOHAHHI CHEKTPAIbHOTO
aHajgizy 3a JIOMOMOTOI  aJIrOpUTMYy IIBHJKICHOTO  miepeTBopeHHs Dyp’e
BHUKOPUCTOBYIOThCS (pyHKIIIT BikHa [8, 9].

Ha pucynkax 1 — 7 HaBeJeHI YaCTOTHI XapaKTEPUCTUKHU A; AJsi CIIPaBHOTO
JBUTYHA Ta JABUTYHa 3 PI3HOTO pojay HecmpaBHOCTsIMH. Ha pucyHkax ammiitynu
CUTHAJIIB Ha BEPTHUKAJIbHIN BICI, YaCTOTU — HA TOPU30HTaNIbHIN Bicl. Ha pucyHkax
MO3HAaYEeH1 XapaKTepHI YaCTOTH, K1 XapaKTepU3ylIOTh HECIIPABHOCTI.

Ha pucynky 8 HaBegeHMIl TMpHUKIax peaJbHOI HANpPyrd >KUBJICHHS

€JIEKTPOABUTYHA 3aCO0y BOJHOTO TPAHCIOPTY (BICh Yacy TOPU30HTAIbHA).
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3. 3aco0H KOHTPOJII TEXHIYHOr0 CTAHY /[BMI'YHiB 3ac00iB BOJIHOIO
TPaHCHIOPTY

Benuka kingbpKicTh cyneH piukoBoro ¢ioty Ykpainu, Pocii Ta iHmmx kpain
CH/J ocnameni /JAB3 tumy 6NVD26-2. Pecypc maHux JBUTYHIB y OUIBIIOCTI
BUMAJIKIB TMPAKTHYHO BUPOOJICHHUH, a TMpame3laTHICTh CYTHOBUX EHEPreTHYHUX
YCTaHOBOK MIATPUMYEThCS Ha HEOOXITHOMY PIBHI 3a paxyHOK 3IHCHEHHSI 4aCTUX

I103aIlJIaHOBHUX SaXOI[iB 3 TEXHIYHOT'O O6CJIYFOBYB3HHH.
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Pucynok 1 — YacToTHa XapakTepucTuka MOAYJIIO BEKTOPY CTPYMY CIIPABHOIO

CJICKTPOJBUTYHA (HABAHTAKEHHS — HACOC)

28



E g v E B Xk e
&l p

T T | T T T T [ T T T T — T T T | T T T T | T T T T [ T T T T [ T T T T T
r.l ] IR -0 ] [fTE-] =] 1.9 TUEHL TRy

| 21 |@a] | N
YacmoTa, My

= =%
z¥F

PI/ICYHOK 2 —YacroTHa XapaKTCPUCTUKA MOAYJIHO BEKTOPY CTPYMY CIICKTPOJABUT'YHA

IpH KOPOTKOMY 3aMKHEHHI OOMOTKH CTaTopa

EHR| M E=®LLadhFnd @
.Ejm_ |

A

EE bt | ]Lﬂw S f‘ i J | J d‘lﬂk JL

T r—r—r1 v [ 1T T 1 1 [T 1t 1 [T T 1T -1 T 1T 1 [—1T-T 1 1 [—1 T 1T 1 [T ﬂ
H W EE L Te 11,44 18 SEL 2 F b 0T
TR A
YacToTa, 'y

Pucynok 3 — YacToTHa XapakTepuCTUKA MOAYJIIO BEKTOPY CTPYMY €IEKTPOJIBUTYHA

IIPU HECTIPABHOCTI poTOpa
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Pucynok 5 — YacToTHa XapakTepuCTUKA MOAYJIIO BEKTOPY CTPYMY €IEKTPOJIBUTYHA

MIPU HEY3TOKEH1 13 HAaBaHTAXKCHHSIM
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Pucynok 6 — YacToTHa XapakTepUCTHUKA MOJIYJIIO BEKTOPY CTPYMY €JIEKTPOJABUTYHA

MIPY HECTIPABHOCTI MIITUITHUKA

LA TENEE PN - el
B Bl

', BE

o A wﬂm A WM “‘J‘-‘JL{L« UJKM | l]wﬂM' “' "‘(L_

Pucynok 7 — YacToTHa XapakTepuCTUKA MOAYJIIO BEKTOPY CTPYMY E€IEKTPOJIBUTYHA

MIPU HECIIPABHOCTI MEPEIATHOTO MEXaH13My
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Pucynok 8 — [Ipukiag Hanpyru eIeKTpoABUTYHA 300y BOJHOTO TPAHCIIOPTY

[Tpunaau KOHTPOJIO Ta JIarHOCTHKH, 10 BUKOPUCTOBYIOTHCSI HA MOPCHKHUX 1
pPIUYKOBUX CyJHAX, BIANOBIAIOTh BHUMOTraM KiacH(iKaliiHUX JOKYMEHTIB 1
BUPOOHUKIB E€HEPreTUYHOro oOO0JaJHAaHHS Ha MOMEHT NpPUHUHATTA CyAHAa 1, SK
MPAaBHIIO, PEaTi30BaHI 3 BAKOPUCTAHHIM BIAMOBITHUX TeXHOJIOTIH [9].

KoHTponbHO-BUMIpIOBaJIbHE ~ OOJIalHAHHS,  BKJIIOYAIOUU  KOMIT'HOTEPHI
iH(hOpMaIIHO-BUMIPIOBAJIbHI  KOMIIOHEHTH, IIBUJIKO 3acTapiBa€, BpaxOBYIOUU
JIOCUTh JIOBIrMU TepMiH ekcruryartamii cyiaeH. CydacHi iHopmarliiiHi TEeXHOJOTIi
HAJAI0Th MOXJIMBICTh CYTTEBO IMIJABUIIUTH SIKICTb KOHTPOIK POOOTH OOJaJHAHHS,
3a0e3neynTH OUIbII BUCOKWWA pPIBEHb HAMIMHOCTI, MOJINIIATA YMOBH pPOOOTH
CYJIHOBOI KOMaH/M 3a PaxyHOK MOJIE€pHI3allii CyAHOBUX 1H(OOPMALIHHUX CUCTEM, 110
HE BUMAara€ BEJIMKUX MaTepialbHUX 1 BUPOOHUYMX BUTPAT MOPIBHAHO 3 3aMIHOIO
eHepreTruHoro oomagHanus [10].

OnHi€l0 3 BOKIMBHUX MEPEIyMOB 3a0€3MEUCHHS TEXHIYHOT O€3MeKH MIaBaHHS €
MOHITOPUHT TIapaMETPiB CYJTHOBUX NU3ETIB (TOJOBHHX 1 JOTIOMDKHMX) B TIpolieci ix
ekcrutyaraiii. [ndopmaiiiss mpo MOTOYHI 3HAYEHHS MapamMeTpiB poOOUYOro MpoIlecy
CYIHOBHUX [IHU3EJIB IiJl 4Yac eKCIUTyaTallil J03BOJisie OOCIYrOBYIOUOMY IMEpPCOHATY
MIATPUMYBATH HOPMaJbHUN TEXHIYHUN CTaH JU3EJIB 1 MOMNEepeIKaTh BUHUKHEHHS
aBapiiiHux cutyauid. Ha ekcruiyaToBaHuX B IaHMI Yac PIYKOBUX CyJAHAX MOHITOPHUHT

napamMeTpiB JBUTYHIB HAW4YaCTIE 3BOAUTHCS 10 MEPIOJUYHOTO KOHTPOJIO THUCKIB 1
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TEMIIEpaTyp — 3a JOMOMOTOI0 MaKCHMETpa €KIMaX BU3HAYa€ MAKCUMaJIbHI 3HAYCHHS
THUCKIB Ta3iB MO IMUIHAPaX (Pmax) AKOTO TUCKY B KiHII MPOIECY CTUCHEHHS (P¢) MpHU
BIIKJTFOYCHOIO TMoadi manuBa. KpiM Pmax, Pe, TEMIEpaTyp BOAW 1 Macia, MOXXHA
BUJUIMTHU LMK P 1HIIUX MTapaMeTpiB, MOHITOPUHT SIKUX i Yac eKCIUTyaTallii gae
MOXKJIMBICTh 3J1MCHIOBATH OLIBII SKICHUM KOHTPOJH POOOYOro MpOIECy TU3ENs Ta
BUPOOJISITY TOYHE PEryIOBaHHS OKpPeMHX BY3MTiB. Tak, KOHTPOJb CEpeAHBOrO
IHIUKATOPHOIO THUCKY (pj) [O3BOJIIE BHU3HAYUTH TIEPEBAHTAXKEHHS OKPEMUX
HATIHAPIB 1 PIBHOMIPHO PO3MOJUIUTH TOTYXHICTh IO BCIX MWIIHIApaxX IU3EIS.
KoHTposib MakcMManabHOI MIBUAKOCTI MIABUIIEHHS THUCKY IMpPU 3TOPSHHI [ajuBa
(>kopcTkocTi Ap/A@ poboUOro MpoIecy) J03BOJIIE OOMEKUTH YIapHI HaBaHTAKEHHS
Ha MIJAMIAIHAKA OKPEMHUX LMWIIHAPIB 1 BUSIBUTH HEIONIKM B POOOTI MATMBHOI
anapatypu (ITA). 3a 10mMoOMOror KOHTPOJIIO T€OMETPUYHHUX 1 AiiicHuX (a3 moaadi
najauBa BUPOOJIAE€ThCS KOMIUIEKCHA OIiHKa TexHiuHoro ctany [IA. Kontpoas ¢as
ra3opo3MnojiTy MiJl 4ac poOOTU AU3EIIS JO3BOJISE€ ONEPATUBHO OLIIHIOBATU TEXHIYHUN
CTaH Tra3opo3MOJUILHOTO MEXaHI3My Ta MIATPUMYBATH TACMOPTHI 3HAYEHHS KYTIB
3aKpUTTS Ta BIAKpUTTS KiamaHis [11].

KpiM mnepepaxoBaHuX BHILE, MOXKHAa BUAUIMTH LI€ LUIMKA ps HapameTpiB
poOoYoro mporecy, MOHITOPUHT SKHUX IIiJI 4Yac eKCIUTyaTalli B 3HA4YHIA MIpi
JOTIOMOKE O00OCITyroByIOUOMY MEpPCOHANY MIATPUMYBATH HOPMAJIbHUN TEXHIYHHM
ctan auzens [12].

Jlo TenepiHbOro 4acy OUIBIIICTh CUCTEM MOHITOPHHTY cynHoBUX J[B3 Oyio
CIIPOEKTOBAHO SK €IWHUN MPOTpaMHO-anapaTHUN KOMIUIEKC, IO BHPOOIIsE 3ammc
napameTpiB 1 YaCTKOBUM PO3PAXYHOK pOOOUYOTO MPOIECY B PEKUMI PEaTbHOTO 4acy.
HaiiGinpm xapakrepuumu cucremamu takoro tuiy € NK-5, NK-100, NK-200 ¢ipmu
Autronica A/S, a TakoX psAI AHAJIOTIYHHUX CHCTEM, PO3POOJICHHX KOMMAaHISIMU
Terasaki Electric Co., Ltd, Konsberg, JRCS, Hyundai, Samsung, Honeywell, Sulzer
[11, 12].

CucremMu moJiGHOTO TUIY MOKJIMKaHI BUPIIIYBaTH JBa 3aBJaHHS: OTPUMaHHS

JaHUX B peajbHOMY 4Yacli Ta YacTKOBHM pPO3PaxyHOK poOOYOro mpouecy, Mo
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7103BOJIsSIE BUPOOHWKAM BHUITYCKaTH 3aBEPIICH] KOMIUIEKCH MOHITOPHHIY CYTHOBHUX
JIB3 1 HajgaBatu TEXHIYHOMY TMEpCOHANY CyJIHA BEIMKUNA oOcar iHdopmailii,
HEOOXITHOT /TSl SKICHOI TeXHIYHOI eKcrutyaTarlii [BuryHiB. OMHaK Takuid MAXig 10
BUPIIICHHA 3aBJaHHs MOHITOpHHTY /B3 Mae psia HenomikiB:

— HEIOCTaTHBhO MOBHE (HETOYHE) MOEIIOBAHHS POO0YOTo MPOIIECY;

— 3a BUXIJHI JlaHI BHKOPUCTOBYETHCS OOMEXEHa KUIbKICTb BUMIPIOBAHUX
napameTpis;

— HE BUSBISIOTHCS MPOrHO30BaH1 3MIHU TEXHIYHOTO CTaHY JABUTYHA;

— 3'eIHaHHS BUMIPIOBAJILHOI Ta PO3PAaXyHKOBOI YaCTHH CHCTEM MOHITOPHHTY
JIB3 3HauHO 3017bIIy€E iX CKIAAHICTh. Tak JUIs mepenadi CUTHAIIB BiJl ABUTYHA JI0
OOYHUCITIOBAIBHOTO ~ KOMIUIEKCY  BUKOPHCTOBYIOTBCSI  JIOBI1 — KaOenbH1  JIHII;
BCTAHOBIIIOIOTHCS TOJATKOBI MIJCUIIIOBAYl Ta MEPETBOPIOBAYl CUTHAIIB, IO 3HUXKYE
HAJIIWHICTh (PYHKIIIOHYBAaHHS CUCTEMH B ILIIOMY;

— BapTICTh CHUCTEM TNOAIOHOTO THUITY 3aJUIIAETHCA BEIbMH BHCOKOIO,
OCKIJIbKM CKJIQAAETHCS 3 BAPTOCTI HE TUIHKU JTATYMKIB 1 IEPBUHHUX MEPETBOPIOBAYIB,
a W ychOoro IOMOMIKHOIO OOJIaJHAHHS, BKJIIOYAIOUM BapTICTh OOUYMCIIIOBAILHOTO
KOMIUIEKCY Ta MporpaMHoro 3abe3neueHHs. KpiM Toro, KOMI'IOTEPU B TaKUX
cucTeMax 3aisiH1 TIJIbKU JJIs1 BUPIIICHHS 3aBanHsg MoHiTopuHry J[B3 [12].

4. CucreMd [JIarHOCTHKH CepPeJHbO-000POTHHUX 1 MaJji0-000POTHHX
JABHUTYHIB

PosrisitHemMo 110 3aCTOCOBYIOTBCSI B JIaHUW Yac CHUCTEMH J[1aTHOCTUKHU
CepeIHbO-000POTHUX 1 Ma0-000POTHUX JABUTYHIB.

Cucmema CEDC ¢ipmu  «3ynoyep» (Illsetiyapus) npusHadeHa Jyis
niarnoctyBanus LI, IIA, TtypOokommpecopa, OXOJIOKyBada HaIyBOUYHOTO
noBiTpst (OHII). g cucrema BcraHoBieHa Ha nu3ensx Ttuny 6RND-90 temnoxona
«Bumm ne CrtpacOypr» (®panmis). [iarHocTuuHa cuctema Ha 6a31 MiHi-EOM
aHaJi3ye€ TMOTOYHI TMapaMeTpu Au3elii Ta MWoro TexHiuHui ctadH. [lpu 3MiHI
JTIarHOCTUYHUX TapaMeTpiB MPOBOJMWTHCS aHall3 TEHJICHIINA X 3MIHM B 4Yaci Ta

BCTAHOBIIIOETHCA HEOOX1THUI TepMiH 00CITyroByBaHHs (TepeOupaHHs) By3ia.
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[Tomomka perami (By3na) TOMEPEIKAETHCS CUTHAJIOM TIPO  JTOCSTHEHHS
IPaHUYHOTO 3HAYEHHS MapaMerpa. TakuM YUHOM, KOXKEH pa3 MPOBOJATHCS TUIBKU Ti
pobotu, ski HEOOXiAHI AN MIATPUMKH XapaKTEPUCTUK JU3ENs Ha ONTHMAIbHOMY
piBHi. [liarHOCTHYHI CHCTEMU CKJIAIAIOThCS 3 TPhOX OCHOBHMX YacTuH [13, 15]:

— JaTYMKIB 1 TEPETBOPIOBAYIB CHTHAIIB, BCTAHOBJICHUX Ha Au3ell abo B
6e3nocepeiHiii OIM3BKOCTI 10 HHOTO; LEHTPATBLHOTO OOPOOHOTO Ta PEECTPYHOUOTO
IPUCTPOIO, PO3MIIIEHOTO B IIEHTPAJILHOMY IYJIBTI YIPaBIiHHS a00 B CIEHIAIbBHOMY
MIPUMIIIICHHI;

— 3aco01B 3B'A3Ky «IIOAMHA — MAIlIMHA», 10 3HAXOASATHCSA B LIEHTPAIBLHOMY
MOCTY YIIPaBJIIHHS.

Curnanu mnepenaroTbess 'y UU(poBoMy BUIIAAl. TepMiuHE HaBaHTaKEHHS
HUIIHAPAa BUMIPIOETHCA TEPMOAATYMKAMH, BCTAHOBJICHUMHU B KpHIIL IvutiHApa (2
IIT.), BEpXHINA YaCTUHI BTYJKH (4 IIT.) 1 B HUKHIN YaCTUHI BTYJIKU 300Ky BUTTYCKY (1
IIT.) HA TIUOWHI OJU3BKO 6 MM BiJl poOouYoi moBepxHi. YOTHpU TepMoaaT4HKa Y
BEPXHIN YaCTWHI BTYJIKH JIO3BOJISIIOTH BU3HAYUTH IMOXHOKY OpraHizaili mporecy
3ropsiHHs, 0OepTaHHsA Ta BIOpALlil0 MOPIIHEBUX Kilellb, a TaKOX 3a(iKCyBaTH CyXe
TEpTsS, SKE BiJ3HA4Ya€ B OCHOBHOMY JAaTYMK B HIKHIM yacTUHI BTynku. PoOota
MOPUIHEBUX  KUIELb  KOHTPOJIOETHCS  JIBOMA  JOJATKOBUMH  JIaTYMKaMH,
pPO3TallIOBaHUMHU B BEPXHIM yacTUHI BTyJKHW. Lli JaTynMky BHU3HAYAIOTh IIUIBHICTb
INPWISATaHHS KUJIEHb 0 BTYJIKA B MOMEHT MPOXO/JKEHHS KUIBLIEM MICISl YCTaHOBKU
naTurkKa Ta (IKCYIOTh BTpPATy PYXJIMBOCTI M TOJIOMKY KIJ€Ib; MPU BIICYTHOCTI
KUIBLISI B CTPYMKY (ITOJIOMKA KUTbLIS) IHTEHCUBHICTh CUTHAILY NIaJla€ HE MEHIIIE HIXK Ha
25%. Ilpw aHami3i mpoliiecy 3rOpsSiHHS BU3HAYAIOTHCS XapaKTepHI TOUYKH MPOIIECy (P,
Pmax TOII10) [14].

Cucmema @ipmu «3ynvyep» 3abe3neuye Oe3lepepBHE BUMIPIOBAHHS Ta
peecTpallito 3HOCY BEPXHBOTO MOPIIHEBOIO KUIBI JU3€Ns, a TaKOX 3a3Hayae
oOepTaHHsl Kiielub a00 HOro BIACYTHICTh. JlaTuumku iHAyKTUBHI. BepxHi mopuiHesi
KUIBIISI TOJIOBHOTO JBUTYHA CHEIIaNIbHOI KOHCTPYKINii. J[aTYnku BCTAaHOBIIOIOTHCS B

HACKPI3HMX  CBEP/UTIHHSAX BTYJKH BpiBeHb 3 11 poOOYOI0  MOBEPXHEIO.
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OOuuciroBadbHUM MPUCTPIM 32 BHU3HAUEHUMHU MPOrpaMaMu OIIHIOE 3arajibHUN
TeXHIYHUM CTaH aM3eis Ta 3aluIiKoBUi pecypce neranen LI, pexomenmye dac
4eproBoro NpogiIakTHUHOTO 00CIyroByBaHHs. JliarHOCTHUYHA cHCTEMa MOXe OyTu
3'eqHaHa 31 IMITATHUMU CHUCTEMaMH YIIPABIIHHS Ta PEryJIIOBaHHS — PETYISITOPOM
«BynBopa», CHCTEMOIO PEryJIIOBAHHS IUPKYJIALINHOI Ta HUIIHAPUYHOT MacTuiIa — 1
OpaTu y4acTb B 3arajJbHOMY IPOIIECI aBTOMAaTUYHOTO PETYJIIOBAHHS PEKUMY POOOTH
TIU3€Isl, aXK JI0 aBapiiiHO1 3yNMMHKU HOTO B pa3i HEOE3MEeUHOro BUXOAY 32 HOpMY Oy/ib-
AKUX MapaMeTpiB KOHTPOJIIO, B TOMY YKCI1 B CUCTEMax IMIJArOTOBKY MajuBa i Macia,
oXx0JI0KeHHs ToIo [15].

Cucmema DETS ¢ipmu «Hopronmpon» (Hopeecis) € BUMIPIOBAIBHUM
KOMILJIEKCOM, IO Ja€ 1H(OpMAIIiI0 PO CHCTEMY BIIOPCKYBAaHHS MAJIMBA Ta MPOLECY
3rOpstHHSL B JAM3€Il Yy BUIVISAl PO3JIPYKOBAaHUX 3HAYEHb MapaMeTpiB 1 rpadikis.
Cucrema BUKOPHUCTOBY€E JBa JAaTYMKU (THCKY YHPUCKYBaHHS MajuBa Ta TUCKY B
HUTIHAPL) T'€30€NEKTPUYHOTO TUIY. J[Ba MarHiTHI AaTYMKHU JAKOTh 1H(QOPMAIIIO PO
KyT nepekpuBaHHs kiamany ([IKB) 1 wacrory oOepranusa. [lomatkoBo
BCTAQHOBIIIOETHCA JIATYUK THCKY TMPOJYBOYHOTO TOBITPS. PeecTpyroThcs Taki
XapaKkTepHI apaMeTpH: Pi, Pc; Pmax, TUCK pO3MIUPEHHs B Toulll 40° BEpXHbOi MEPTBOT
TOYKH, MOMEHT MaKCUMaJbHOTO TUCKY, Tpaxycu [IKB; pizHums mixk HalOUIbIuM 1
HalMEHIIMM 3HAYE€HHSIMHU pP1 MOPOTATOM N'ATH XOMIB mopmHs. 11 Bi3yanbHOro
KOHTPOJItO OyAy€eThCs aiarpamMa TUCKY CTHCHEHHSI B 30HI BEPXHbOI MEPTBOI TOYKH 1
KpHBa TUCKY BIOpcKyBaHHs [15, 16].

Cucmema PED ¢ipmu «lluncmuxy (@panyis) Buepiie Oyjia BCTAaHOBJICHA Ha
amzeni 18PC2-5V temnoxona «PeHop». 3a IOMOMOIOI0 CHUCTEMH J1arHOCTYIOTHCS
cepeaHbo-o0opotHi auzent ¢ipmu «CEMT-ITunctux» cepit PC-2, PC-3, PC-4.
JIIarHOCTUYHOIO ~ CUCTEMOIO0  KOHTPOJIFOETHCS  CTaH KOPIHHMX  MIAIIMITHHUKIB
KOJIIHYACTOTO Baja ¥ BEPXHHOT'O MOPIITHEBOTO KIJIbIS, arperariB TypOOKoMIpecopa.
JlaTuuku CHUCTEMH BHMIPIOIOTh Taki MapaMeTpu: Temmeparypy Ta Tuck 3a OHIIL,
TeMIIepaTypy OXOJIO/pKytouoi Boau Ha Bxomi B OHII, Tuck moBitps 3a

TypOOKOMIIPECOPOM, TOJIOKEHHS PEHOK MaauBHUX HacociB Bucokoro Tucky (ITHBT),
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4acToTy oOOepTaHHS poTopa TypOOKOMIpecopa, BiOpamir0  MiANIMITHUKIB
TypOOKoMIIpecopa 3 BHUAAUEI0 MONEPEKYBAIbHUX CHUTHAJIIB IpPU IIJBUIICHIN
BiOparrii 3a JOMOMOTOI0 JaT4MKa CTaHy MiAMUAIHAKIB (0€3KOHTAKTHOTO JaT4MKa
nepemimieHHs). JlaTuuk Ja€ MOXKIIUBICT, BUSBUTH TOPYUICHHS LIEHTPYBaHHS
KomHyacToro Baja. CTaH BEpPXHbOTO KUIBLSI KOHTPOJIOETHCS 1HIYKTUBHUM
naturikoM «Himm» dipmu «Bibpomerp» [16].

Cucmema «Bibpomempy ¢ipmu «Bibpomempy (lllsetiyapis) niarHOCTye Taki
By3au: LI, cucremum ynopckyBaHHS nanuBa, TypOOKOMIIpEcopa, IOPIIHEBHX
Kitenb. JllarHocTuyHa cuctemMa BUIIPoOOBYyBanacs Ha JBO- 1 yotupuTakTHux MO/I 1
CO/. JiarHocTH4HA cucTeEMa KOHTPOJIIOE TaKl BY3JIU JU3EIIS:

— MOpIIEHb (MM0sIBA CTYKOTIB, 3aIUPAKH );

— KJamaH, JAeTalll KJIamaHHUX OPHUBOIB (PO3MOJAUIBHUN Ball, KOPOMHCIO
torno), [THBT;

— MIAIWIHUAKYA (3HOC), @ TaKOX TaKl MapaMeTpH, SIK 4acTOTa Ta HAIpPsIMOK
o0epTaHHs KOJIIHYACTOTO BAJIA, Pmax 1 XaPAKTEPUCTUKHU BIOPCKYBaHHS.

VY N1arHOCTHYHIN CHCTEMI BHUKOPHUCTOBYIOTHCS I'€30€JIEKTPUYHI JAaTYUKH, SIKI
30uparoTh 1HGOPMAII0 MPO aKyCTHUYHI CUTHAJHU, MICJIS OOpOOKU SIKMX POOUTHCS
BUCHOBOK MpPO HOpMalbHUU abo0 aHOpMaibHUM cTaH By3miB. [l'e3oenmexktpuyHa
CUCTEMa OLIHKM 3BYKOBUX XBWIb «Hinm»  BkiIodae m'€30€NeKTPUUHUN
aKCeNepoMeTp, SIKUWA BUSBIISIE HEY3TOJDPKEHICTh pOTOpa Ta 3HOC MIAMIAITHUKIB
TypOokommpecopa. CTaH TMOPIIHEBUX KUIEHb KOHTPOJIOETHCS 3a JIONOMOIOIO
natunka «Hinmy. [ndopmariiss BuBoauThes Ha auciuiei [17, 18].

Cucmema MEKOM @ipmu «Cmamponixy (Hopeecis) Tpu3HadYeHA IS
J1arHOCTYBaHHS JU3€NiB, TypOiH, KOTJIB, 3 il JOMOMOI'OIO PEECTPYIOThCS HACTYIIHI
napameTpu: piBeHb BiOpallii MexaHi3MiB, TEMIIEpaTypH MiAIUITHUKIB TypOiH, BTYJIOK
MUATIHAPIB, TEMIIEpaTypa BUIIYCKHUX Ta3iB, TUCK B PI3HUX TOYKAX Ta30MOBITPSHOTO
TpakTty [13].

CyuacHl J1arHOCTUYHI CHCTEMH JM3€NIB KOHTPOJIOIOTH 3MIHY THUCKY B

HUWTIHIpaX 3alexHo Bin 4dacy, kyra [IKB abo xoxy mopmns. [liarpama p, = f (¢
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[1KB) HaBoguThCcsi Ha ekpaHi ocuujorpada Ta BBOAUTHCS Yy MaM’ATh €JICKTPOHHO-
oOuucitoBanbHO1 MammHau (EOM) nnst HacTynmHOro aHamizy, B MpPOIECT SIKOTO
BCTAHOBIIOIOTBCS BEIMYMHH Pj, Doy Pmaxs KyT I[IKB, sxomy BigmoBimaB Owu
MaKCUMaJbHUI TUCK y HWIIHApPI. 3HAYEHHS IMX MapaMeTpiB, a TAKOXK IHIIUX, IO
MaloTh BIJTHOIICHHS 1O PoOOYOro mporecy (THCK 1 TemiepaTypa HaalyBOYHOIO
MOBITPS, YaCTOTa OOEpTaHHS KOJIHYACTOTO BaJila TOIIO), BUBOIITHCS a00 MOXKYTh
OyTH BHUKJIWKaHI Ha guciuied (tabdno) mpuctporo. Tak mpamtoe npuian NK-2, mo
BXOJUTh B JIIaTHOCTHYHY cucremy ¢ipmu «Aytponuka» (Hopgeris), ACEA
(IIBeris) Ta inmux [17, 18].

Cucmemu  «Komoc-D1, -D2, -D3, -D4» ¢ipmu MHI (Anonis),
BUKOPUCTOBYIOTh €JIEKTPOHHO-IIPOMEHEBY TPYOKY Ta CHUCTEMY Alajlory, MpuU3HA4eHi
JUIsL 11arHOCTYBaHHSI TOJIOBHOTO Ta JONOMDKHHUX JBUTYHIB. BuMipioBaHi 3HayeHHs
MOPIBHIOIOTHCS 3 €TAJIOHHUMH, 1110 30epirarThes B mam'sti EOM [18].

3 MOpeacTaBIEHOro aHali3y ICHYIYHMX JIarHOCTUYHUX CHCTEM JBUTYHIB
3ac001B BOJJHOTO TPAHCIIOPTY MOKHA 3POOUTH HACTYITHI BUCHOBKH:

— B JaHMi 4Yac KoxkeH BHpoOHMK JIB3 B mepury uepry crypOoBaHui
MOHITOPUHIOM MapaMeTpiB (I1arHOCTHKOIO) TUIBKM CBOIO JIBUTYHA, YHIBEpCaJlbHI
CUCTEMHU MOHITOPUHTY JJIsl ABUTYHIB Oy/Ib-sIKUX MOJIeNIel HE CTBOPIOIOTHCS;

— YCTaHOBKa CHElIaJi30BaHUX J[1IarHOCTUYHUX KOMIUIEKCIB 31MCHIOBaIacs
Ha JIB3 nmocuTh BHCOKOI MOTYXKHOCTI, 3aCTOCOBYBAaHMX Ha MOPCHKUX CyJHAax; Ha
PIUYKOBUX CyJHAX Ta CyJHAX 3MIIIAHOTO (piyKa-MOpe) IUIaBaHHS TakKi CUCTEMU
JO0Ternep He 3aCTOCOBYBAJIHCH.

TexHiuHa MiarHOCTHKA JBUTYHIB Ha CyJHAX 3 KJIACOM PIYKOBOTO PETICTPY
3BOAUTHCA JO0 3HATTSA 1HAWKATOPHUX TPEOIHOK, TEIUIOTEXHIYHOTO KOHTPOJIO Ta
MOJAJIBIIOT «PYYHOD» 0OpOOKH OTPUMAHUX PE3YNbTATIB CYAHOBUMHU MEXaHIKaMu a0o
TEIJIOTEXHIYHUMU Tpynamu. OJHAK JOCATHEHHS TEXHIYHOTO TMporpecy Ta
BCTAHOBJIEHI BUMOTH JI0 HaJIAHOCTI JBUTYHIB 3ac00iB BOJHOTO TPAHCHOPTY
BUMAramTh TMEPEryisaay MiIXoaiB B 00JacTi TEXHIYHOI TIarHOCTHKU CYIHOBHUX

TEXHIYHUX 3aC001B HA BHYTPIIIHHOMY BOJHOMY TPAHCIIOPTI, TUM OLIBIIIE 110 MPOTPEC
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B Tary3i ynpasmiaHsa 00'ektramu CEY 1 MiarHOCTUKH iX TEXHIYHOTO CTaHy HEMUHYYE
BUMaraTuMe Mepexojly opraHizaiiii 3a kiacudikalli€lo Ha HOBUM piBEHb peatizaliii
nporeAyp kracudikarii Ta orasiay cyaeH [19].

BucHoBKkH. AHami3 pO3MNIIHYTHX BHINE M 1HIIMX, HE OMNUCAaHUX Y POOOTI,
CHUCTEM J03BOJIsi€ CHOPMYJIIOBATH TEpeNiK JIarHOCTUYHUX IapaMeTpIB JIBUTYHIB,
HEOOXIHUX JJs peaiizalii aaropuTMmiB 0e3po30ipHOI ABTOMATHYHOI TEXHIYHOI
JIIarHOCTHUKH.

Pe3ynbratu anamizy JOBOJSTH, IO B JaHUM Yac po3B’s3aHHS 3aJadl TEXHIYHOI
JIarHOCTUKHU CYAHOBHUX JIBUTYHIB, a OTXK€, 1 IHIIUX, MEHII ckiaaHux o0'ekTiB CEY
pPIUKOBUX CYAEH, CTa€ MOXIIMBUM, OCKUIBKM CYyYacH1 €JIEKTPOHHI CHUCTEMH
VIOPABIIHHSA J03BOJIAIOTh 31MCHIOBATH O€3MEpPEepBHUII MOHITOPUHI TEXHIYHUX
napamMmeTpiB, 30ip Ta 0OpoOKy iH(oOpMaIllli, OTPUMAHOI BijJi JTaTUUKIB PETYIHOBAHUX
BEJIMYMH 1 TpoleciB. Y 3B'SI3KYy 3 IIUM 3aBAaHHS PO3POOKH CIeliali30BaHUX
TIarHOCTUYHUX KOMIUIEKCIB CTa€ aKTyaJlbHUM, TaK SIK 1H(OpMmalis, OTpuMaHa BiA
CJICKTPOHHUX CHUCTEM YMpaBIiHHSA ABUTYHOM 1 iHmMMH oO0'ektamu CEY, moxe
o0poONATUCA  UEHTPAJIbHUM  KOMI'IOTEPOM  YIpaBIiHHA a00  KOMII'HOTEPOM
MaIlIMHHOTO BIJJIUICHHS 3 METOO YIpaBiiHHA Ta qiarHoctyBaHHs Beiei CEY [14], a,
pU HEOOX1THOCTI, i OKpeMHX 00'€KTIB.

OTxe, aHami3 METOJIB 1 3aco0IB KOHTPOJIIO TEXHIYHOIO CTAaHY JIBUTYHIB
3ac001B BOJHOTO TPAHCHOPTY MOKa3zye, L0 AKTyaJIbHUM € METOJ| CHEKTPajIbHOTrO
aHai3y CHUTHAJIB BiOpOAIarHOCTYBaHHS ab0 CKIIQJOBUX CIEKTPY poOOUYOi piIWHU
(Hampukiaa, MOTOpPHOro Mactuia). Po3risiHeMO MeTonu AOCHIHKEHHS OLIHOK
CHEKTPaJbHOI MIUIBHOCTI TOTYKHOCTI MpPH CHEKTPAJIbHOMY aHaji3l BUIMAJAKOBHUX

CUTHAJIIB, SIKI MO>KHA BUKOPUCTOBYBATH MPU KOHTPOJI1 TEXHIYHOTO CTaHy JIBUTYHIB.
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YK 629.5.016

Jliranenxo B.B. [lepxaBuuii yHiBepcuTeT 1HOPACTPYKTYPH Ta TEXHOJOTIH, CTapLIHiA
BUKJIaJa4 Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHMX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

AHAJII3 METOJIIB JOCJIIXKEHHS OLIHOK CIIEKTPAJIBHOI
IIVIBHOCTI HOTYKHOCTI ITPU CHEKTPAJIBHOMY AHAJII3I
BUITAIKOBUX CUT'HAJIIB

IlocranoBka mpoOsemu. Iligx cHEKTpaJbHMM  aHAMI30M  PO3YMIIOTh
BUMIPIOBAJIbHUN TIpoliec a00 EKCHEepPUMEHTAIbHHUM aHalli3 CHEKTPIB CUTHATIB 3a
JIOTIOMOTOI0 CHEHIAIbBHUX BUMIPIOBAIBHUX TMPWIANIB — aHaNi3aTopiB cnekrpa (ado
cnekTpoaHaiizaTopiB). Taki mpuiiagy M03BOJSIOTh BU3HAUYUTH OJHY a00 JEKUIbKa
CIIEKTPAJIbHUX XapaKTEPUCTHK BUITAIKOBUX curHaiis [1,2].

MeTa pgoCTHig:KeHHS — 3JIMCHUTH aHalll3 METOMIB HOCHIUKECHHS OIIIHOK
CHEKTPaJIbHOI MIUIBHOCTI TOTYXHOCTI MpPHU CIEKTPAJIbHOMY aHaji3l BUIIaJKOBHX
CUTHAJIIB.

OpHier0o 3 HaWBKIUBIMIMX CIEKTPATBHUX XapaKTEPUCTHK BUIMAJIKOBUX
curaniB € CIII, a mpu amapatypHomy anaimisi — ii ominka [3]. Llum nosicHioeThCs
Te, 110 Cy4YacHI aHaTi3aTOPH CIEKTPa JO3BOJISIOTH MPOBOAUTH BUMIPIOBAHHSI OI[IHKH
CHIIT BunmagkoBUX CUTHAIIB.

BimoMi mMeTonu CHeKTpaiabHOTO aHajizy MOXYTh OyTH 00’€HAHI Y YOTHUPH
B3a€MOIIOB's13aH1 Tpymu [4]:

— METOJ, 3aCHOBaHMU Ha YacCOBOMY YCEpEIHEHHI KBajapaTa (PuIbTpoBaHOI
peanizalii J0CII)KyBaHOTO BUMAJAKOBOr0 curHainy x(t) abo Tak 3BaHUM «(UIBTPOBHIMA
METO»;

— METOJA, WI0 BHUKOPHUCTOBYE YyciueHe TiepeTBOpeHHs Dyp'e OIIHKH
KOpEeJSIiiHOT PYHKIIT peani3alii BUMaJIKOBOTO CUTHAY;

— MeTOJ, IO BUKOPHUCTOBYE ycepenHeHHs KoedimieHTiB Dyp'e peamizaiii

BHIIAAKOBOI'O CUTHAJY II0 4aCTOTax;
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— METOJ, 3aCHOBaHMII Ha YaCOBOMY YCEpEIHEHH! KBaJApaTiB KOeQIillI€HTIB

dyp'e peanizaliii BUnaaKoBoro curainy. IlposeaeMo anami3 ux METO/IIB.

Bukisiag 0CHOBHOTO MaTepiary q0CTiIKeHHS.

1. Tloxa3HMKM AKOCTI

PisauM MeTomam mociiKeHHS (aHami3y) OIHOK CHEKTPajIbHOI MIIILHOCTI
MOTYHOCT1 BUMAJKOBUX CUTHATIB (MPOIIECIB) MPUCBSUEHO OaraTo poOit [5]. OgHak
JOMIHYIOUMMH CEpe/l BUKOPUCTOBYBAaHUX TMOKa3HUKIB (1 TMOB'SI3aHUX 3 HUMHU
KpUTEPIiB) € MOKA3HUKHU SIKOCTI: HE3MILIEHICTh, CIPOMOKHICTh 1 €()EeKTHUBHICTb, a
TaKOX BIJIHOCHA CepeHbOKBajpaTHyHa moxuOka BumiptoBanHs oiinku CLIII, sxa

BH3HAYAETHCS BUpa3oM [6]:

|G, |

8Gy = (1)

A

ae D[G X] — nucnepcis ouinku CLITI;

M[G x] — MaTeMaTuyHe ovikyBaHHs ouinku CIIII.

HaBenemo nmobpe BioMi 3a Pi3HUMH JKEperIaMHu pPe3ysibTaTH TaKoro aHajizy
BKasanux Buie ominok CIILII [5, 6].

Oninka CILIT él € 3MimeHor. [Ipuyomy, skmo cmyra yactor Af By3bko-
CMyToBoro ¢GiuIbTpa JOCUTH Majia, TO 3MIIICHHSIM OI[IHKM MOKHa 3HeXTyBaTu. [Ipu

OUIbLI CYBOpOi OIIIHKM 3CYBY 3aIMIIEMO HACTYIHE CHIBBIJHOIIEHHS IJS JUcCHepCii

CHIIT G (3 TOUHICTIO A0 IPYTOro ujeHa po3kiaganus B psajg Teinopa):

D[Al(f)]—él(f)+ (af)° &1(f)] . 2)

~TAf 24
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Sx Buxoauth i3 Bupazy (2), cepenHpbokBagpatuyHe moxubOka orinku CLLII
MparHe 10 Hyssl Tpu T—>00 TUTBKHM 32 YMOBH, SKIIO cMyTra 4acToT Af oOpana Tak, mo
Af—0 1 TAf —oo. Hanpuknaz, skmo Af = aTP '1, ne a>0 i 0<B<l. Orxke, BHOIp
napametpiB Af 1 T ansa metony 6e3nocepennboi GinbTparlii, pu BUSHAYEHH] OIIHKU
CILIT Gl no Oe3nepepBHOI pealizallii BUIAJAKOBOTO Mporecy, koiau BeauuuHu Af i1 T
KIHIIEBI, BHMAara€ KOMIIPOMICHOTO pimieHHs. Tak, i MIBHINCHHS TOYHOCTI
BuMiproBaHb orinku CILITT Gl, BIZIMOBITHO 10 BHpasy (1), HeoOXiqHO 3MEHITYBaTH 11
aucnepcito. Sk BUXOIUTH 3 piBHOCTI (2), MPU KIHIIEBOMY, 3a/IaHOMY, 4acy aHamizy T
30uIbIIyBaTH cMyTy mponyckanHs Af. Ane 30uibmienHst Af BiioBijgae MOTIPIICHHS
IHIIO1 HAMBAXKIJIMBIMIOI XapaKTEPUCTHUKW aHAJII3aTOPiB CHEKTpa — PO3AUIBHOL
3natHOCTI. OTXKe, KOMIPOMIC MpU CHUHTE31 mapamerpiB ¢uibTpa s (QUIBTPOBUX
aHaI13aToOPIB CIIEKTpaA MOJISIrae B TOMY, 00 MpH 3aJaHOMY 4acy aHamizy T BuOpatu
cmyry 4acToT Af, 110 3a10BOJIBHSIE TBOM CYNEPEWIMBHUM TapaMeTpam: KOpesaIinHin
GbyHKI111, 1 OIIHII G 3(f ), AKa OJEp>KyBaHa METOJIOM, III0 BAKOPUCTOBYE yCEPEAHEHHS
koedirienTiB Pyp'e (abo neperBopenus: Dyp'e).

Jlsi HOpManbHUX CTAIlIOHAPHUX TIPOIECIB HE ICHYE MEXI1 OI[IHOK éz(f) 1

é3(f) B cepenHbOMY KBaapatudHomy. Ile oOymorieHo Tum, 1mo ¢yHkiis A(jo), Ha

akid OyayroTees ominku CIHIIT éz(f) 1 ég(f), € BUIMAJIKOBOIO (DYHKIII€IO0 YyacToTu f
(abo ). Bona, aHasnoriuHo BUManKoBii GyHKIIT yacy x(t), 3SMIHFOETHCSI BHITQKOBHM
YUHOM OJIM3BKO JIESIKOTO CBOTO MAaTEMaTHYHOTO OYIKYBaHHS Ta Ma€ JMCIEPCIio, sSKa
31 30UIBLICHHAM Yacy aHanizy T He mparHe A0 HyJis, TOOTO 30UIbIIECHHS Yacy aHali3y
HE JIO3BOJISIE JOCSATTH OakaHOi CTaTHUCTUYHOI TouHOCTi. Tomy Oe3nocepeaHe
BuKopucTanHs Toukosux ouisok CUIIT G, (f) i G3(f) B ananizaropax crexrpa He €

BUIPAB/IaHUM, MOKHA HaBITh CKa3aTW KOPEKTHHUM, 1 BOHU HE 3HAUIUIN IIMPOKOTO

MOIIMPEHHS B allapaTHOMY CIIEKTPaJIbHOMY aHaTi3l1.
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[Ipu 3rmamkyBaHHI (YCEpEIHEHH1) OIIHKH é3(f) MOPIBHSIHO HEBEITUKOMY

1HTEpBally 4acTOT OTpUMYIOTh ajnekBaTHi omiHku CHIII 3 nesxkum 3milieHHsAM, ane

BOHM IIJIKOM IpUaTHI 1715 BuMiproBanHs ouinku CHIIT.
InmmM  cmocobom  momimmenHs ominku  CIIIIT Gg(f) € yCEpeaHEHHS

nepiojorpaMu 3a JIeKiJIbKOMa He3aJICKHUMHU pealli3allisiMH, 10 BHIIE BIJIHECEHO 0
METOIY amapaTypHOrO CIEKTPAJIBHOTO aHaji3y, 3aCHOBAaHOMY Ha THMYacCOBOMY
ycepeaHeHH1 kBajipaTiB KoedirientiB Pyp'e. Tomi OHiHKyé 4((0) MOYKHA MIPUKAHSTH 32
ominky CIHIIT Ha 4YacToTi, po3ramoBaHiii B IEHTpI 1HTepBaldy ycepeaHeHHs. [lpu
[IbOMY 3MIIIEHHSM HOBOT OI[IHKYA MOKHA 3HEXTYBATH, TUCIIEPCis XK 11 mpu 301JIbIIIEHH1
yacy aHanizy T mparHe no Hyns. OaHak Jgocaraerbest 1ied epekT 3a paxyHOK
YCKJIaJIHEHHS anapatypHoi peaiizallii Ta 30UIbIIEeHHS Yacy BUMIPIOBAHHS.

2. Metoau nigBumeHns nepiogorpamunii oninox CLIII

Jns nominmenHss nepiogorpaMuuid oniHok CHIII BHKOpHUCTOBYIOTBCS pi3HI
METOJY 3rJa/)KyBaHHs, 30kpema metonu [lanpena, baprierra 1 Yenua. 1li metonu
3rJIa/)KyBaHHs ONTHUMAaNbHI JUJIsl MEBHUX YMOB, ajlé BOHM CTaTUCTUYHO CTiMKi (1
mpane3aaTHi) s 6aratbox KjaciB  curHaiiB. OJHaK 3acTOCYBaHHS METO/IIB
3rJ1a/KyBaHHS TIPU3BOJIUTh, TO-TIEPIE, O MOTIPIIEHHS PO3AUIBHOT 37aTHOCTI (32
paxyHOK po3WUpeHHs TojoBHOI mnemocTku AUYUX ¢uietpa) 0e3 Oyab-sKOro
KOMIIeHCyrouoro 3meHmeHHs aucnepcii ominku CIIIT 1, mo-apyre, 10 CyTTEBOro
YCKJIaJIHCHHSI arapaTypHoi peai3altii.

Takum ymHOM, (PuIBTpOBUN MeTon, ab0 MeTon Oe3mocepenHboi (UIbTparli,
BIJIPI3HIIOYMCH HAMOUTBIIIO MPOCTOTOIO amapaTrypHoi peami3allii, He MOCTYMAE€ThCS
32 TIOKa3HWKaMHU SKOCTi 1HIIMM METOJaM amnapaTypHOro CIEKTPaJIbHOTO aHai3y,
SKIIO HE BXUBATH CICIMIAJIBHUX 3aXOMIB Ui iX TMOJIMIIECHHS, 10 MPU3BOIUTH 0
YCKJIaJIHEHHS arapaTypHOi peaizallli IMX METOIB 1 301IbIIIEHHS Yacy BUMIpPIOBaHHS.

Y Toil e yac Bechb JOCBIJI PO3BUTKY TEXHIKM arapaTrypHOro aHamizy
BUITAJIKOBUX TPOIECIB TMOKa3ye, MO YCKIATHEHHS 3aKIaJalOThCd B HWOTO OCHOBY

METO/IB 0€3 BIJAMOBIJIHOIO TEXHIYHOTO BJOCKOHAJEHHS CaMoOi amaparypud He
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MPU3BOJIUTh JO CKUIBKH-HEOYAbh TO3WTHUBHUX pE3yJbTaTiB, TaK SK OTPHUMaHa
no/laTkoBa 1HGOpMallisi PO XapaKTEPUCTUKU Mpolecy BTpadaeThes [8]. Came ToMy
BiJTHOCHO MPOCTI METOAM arapaTypHOro aHali3y BUIIAJKOBUX MPOIIECIB, B TOMY YHCII
GbiapTpOBUI amapaTypHHUI aHaii3, pO3BUBANUCS HAMOLIBII JUHAMIYHO Ta JOBEICHI
710 TIEBHOTO CTYIEHS JOCKOHAJIOCTI.

TakuM 4YMHOM, pe3ylbTaTH TMPOBENEHOTO aHaNi3y BIJOMHUX METOIIB
nociipkeHHss oriHok CIIIT me pa3 miaTBepaKYHOTh HEOOXIIHICTH IMOAAIBIIOTO
BJIOCKOHAJICHHS (DUITBTPOBOTO METOJTy CHEKTpabHOro aHaiizy. Lle mepuiuii BUCHOBOK
naHoro naparpada.

[HIIIMH BUCHOBOK TOJISITa€ B TOMY, IO y BIJIOMIiH JIiTepaTypi HEeMae €IuHOTO,
y3arajlbHEHOro MOKa3HUKa JJisl OpiBHsUIbHOTO aHaizy omiHok CIIII mo TounocTi
Ta HayKOBO-00IpyHTOBaHOTrO BUOOPY omiHok CILII 3a kpuTepieM onTUMaIbHOCTI JJIs
[[bOTO y3araJbHEHOT0 MOKa3HUKa. JlaHe MUTaHHS MOCTIHHO MIJHIMAETHCA B HAYKOBHUX
myomikarisx [8]. IlepeBara Bimmaetbcss Merogam (I MOKa3HWKaM) Teopii
CTaTUCTUYHMX DIIICHb, SIKI € HAMOUIBII aJCKBAaTHUMHM IS BU3HAYCHHS T'PaHUYHOI
TOYHOCTI BUMIPIOBAHHS (OI[IHKM) XapaKTEPUCTUK BUMAJKOBUX CUTHaNIB. B manuit
4ac Teopisd CTATUCTHYHUX PIIIEHb HAHOUIBILIO MIpOI0 pO3BUHEHA CTOCOBHO CHHTE3Y
ONTUMAJIbHUX BUMIPIOBAUiB MapaMeTPiB JETEPMIHOBAaHUX CUTHAJIB Ha TJ1 MEPEIIKO]T
1 10 aHAI3y 1X XapaKTEPUCTHK TOYHOCTI [9].

VY Teopii CTAaTUCTUYHUX pIIICHb B 3araJlbHOMY BHWIJISA[II, 3aBAaHHS OIlIHKH
napamMeTpiB  BHUMNAQJKOBUX  TMPOIIECIB  3BOJAMUTHCS JO BU3HAYECHHS  JIEAKOTO
0araTOBUMIPHOTO TapaMeTpa Ha OCHOBI OOpoOKHM peai3allii, 10 CIOCTEePIra€ThCs
[9].

3anexHo BiJ BUMOT, IO MPE'SBISIIOTHCS A0 MPOIECY OIIHKH 1 J0 CaMHX
OI[IHOK TlapaMeTpiB BUMAJKOBUX CHUTHAJIB, MOMJIMBI PI3HOMAHITHI METOAU
ouiHioBaHHsA. Ilpm 1poMy KOkHA oOmiHKa, B ToMmy uuciai ominka CILIII,
XapaKTepU3y€EThCS CBOIMU MOKa3HUKAMHM SIKOCTI, SIK1 B OUIBIIIOCTI BUIIAJIKIB BKa3yIOTh
Mipy OJM3BKOCTI Ti€i YM 1HIIOI OLIHKK JO ICTUHHOTO 3HAYEHHS OLIHIOBAHOTO

napamerpa. [loka3HUK SIKOCTi, B CBOIO Yepry, BU3HAYAETHCS BUOOPOM KPHUTEPIIO
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ouinku. Tomy, mepm HiK MOOyayBaTu (BH3HAUUTH) OYIb-SIKY OILIHKY, MOTPIOHO
BUOpaTy KpuTepid omiHku. Sk mokaszaHo B [10], HalO1IBIT JOCTOBIPHUMHU € KpUTEPIi
Teopli CTAaTUCTUYHMX pIlIeHb, IO 3a0e3MeuyroTh MiHIMalbHI MOXHOKH, SKa Hac
[[IKaBUTh TapaMeTpa BHUIIAJKOBOTO Mpolecy. Y Takii CHTyallii HaiOuIbIl MOBHI
BIIOMOCTI TIPO MOXJUBI 3HaueHHsx mnapamerpa (ominku CIIII) pgarotees
amoCTepIOPHOIO  IIUIBHICTIO  HMOBIPHOCTEH, SKa € YMOBHOIO  MIUIBHICTIO
NMOBIpHOCTEH MapaMeTpa B TOMY BHUIIAJKy, SKIIO MPUHHATA JaHa peami3allisi, a
TOYHIIIE, YMOBHA IIUJBHICT, WMOBIPHOCTEH BHUXIOTHUX JaHux {Xx(t)}, 1m0
po3IIIAiaeThes K (PYHKIIS OLIHIOBAaHHS NapamMeTpa BUIIAJKOBOIO MPOLECY, 30KpemMa
CIIIT. Came 1us ¢yHkiis, 3BaHa Takok (YHKIIEIO TPaBAONOAIOHOCTI,
BUKOPHUCTOBYETHCS B TMOJANBIIOMY MpPH OTPUMAaHHI y3arajJbHEHOI MaTeMaTU4YHOI
Mozein ToukoBux ouiHok CHIII, mo BM3Ha4YaroTh BIANOBIIHI METOAM anapaTypHOIro
CHEKTPaJIbHOTO aHAII3Y.

Bigomo kinbka MiIXOAIB J0 3aBAaHHS BHMOT PO HEOOXiAHI BJIACTHUBOCTI
TOYKOBHX OIIHOK. J|0 OCHOBHHX 13 IUX BJIIACTUBOCTEM ciia BigHectH [11]:

— YMOBHa HIUIBHICTh WMOBIPHOCTI JaHOiI TOYKOBOi OILIIHKA MOBUHHA OyTH
3rpynoBaHa IKOMOTa TiCHIIIE HABKOJIO 3HAYEHHS 11€1 OLIIHKY;

— OIIIHKA [TOBHUHHA OYTH HE3MIIICHOIO Ta e(DEKTUBHOIO;

— OllIHKa TMOBHMHHA OYTH JOCTaTHHO CTATHUCTUYHOIO, TOOTO TaKOK), KOJIM BCi
CYIDKEHHS TIpO mependadeHi rmapaMeTpu MOXYTh OyTH BHHECEHI Ha MIACTaBi Ii€i
CTaTUCTUKHU 0€3 T0IaTKOBOTO 3BEPHEHHS J0 peati3allli MPUHHATUX JTaHUX.

ArmnocTtepiopHa HMOBIpPHICTh, a00 (QYHKIS OpaBAONOAIOHOCTI, 3aBXKIU €
JIOCTaTHhOIO CTAaTUCTHKOI0. DyHKINS mpaBaomoai0oHOCTI Tpu (iKCoBaHiN BHUOIpI
{x(t)} moka3ye, HaCKUIbKU ofHE MOxIuBe 3HaueHHs ouiHku CILII, otpumane Oynb-
AKUM amnapaTypHUM METOJO0M, «OiIbIl MpaBAONoAiOHO», HIX iHIIa ormiHka CILIL.
VY aockoHalileHi amapaTypHi METOJM CHEKTPAJIbHOTO aHaji3y BUIMAJKOBUX CHTHAJIIB
MIPOTIOHYETHCSI BAKOPUCTOBYBATH MPU KOHTPOJII TEXHIYHOTO CTaHy JIBUTYHIB 3aC001B

BOJIHOT'O TPAHCIIOPTY.
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3. OOrpyHTyBaHHA MeTO/iB YAOCKOHAJICHHS ¢pinbTpiB NI
CIIEKTPAJIBLHOI0 AHAJII3Y BUIIAAKOBHX CUTHAJIIB

OCHOBHHMM €J€MEHTOM (PUIBTPOBHUX aHANII3aTOPIB CIIEKTPA € BY3bKO-CMYTOBUI
GbiapTp, AKUHA B 3HAUHIA Mipl BH3HAYAE€ IX XapaKTEPUCTHKHU. 3BIICH MPHUPOIHOIO
BUTJISIJIa€ BUMOTA BIOCKOHAJEHHS MeToAiB (uibTpariii. Po3pobiil Ta JoCaiKEeHHIO
MeTo/iB (imbTpalii MpHUCBSIYEHAa BeEJMKA KUIbKICTH pobiT [12]. B manmii yac B
aHaji3aTopax CIEKTpa BUKOPHUCTOBYIOTHCS aKTHUBHI BY3bKO-CMYyroBi (uibTpu [12,
13], sixi mOBHUHHI BOJIOAITH B i7eaii npsiMokyTHo0O PCB abo AUX. OgHak BioMo,
o0 1AeaibHuid QUIbTp (13MYHO (amapaTHO) HE peajizyeMo, TakK sIK MOro iMIyJbCHa
XapaKTepUCTHKa ITOBUHHA 3MIHIOBATHCS B Jliana3oHi Bij t = - oo 1o t =+ oo [13, 14].

Jns HabmmkeHHs peanbHoi AUX 1o imeanbHOi a00 301LIBIIYIOTH MOPSIOK
¢binpTpa, 10 YCKJIQJHIOE CHHTE3 MOro MapaMmeTpiB 1 CXEMHY peaiizaiiio, ado
BUKOPHUCTOBYIOTH Pi3HI criocodu anpokcumarii ®CB.

HaiiGinpioro mommpeHHsl 3HAXOJATh TaK 3BaHl MOJIHOMIalbHI (DUIBTPH,
30kpema ¢inbTpu barrepBopra, YeOumena, 1HBepcHuid UYebOumea, Kayepa
(emintuuHuit), beccens, BIAMIHHICTh SKUX OJUH BIJl 1HIIOTO TOJISITAE B PI3HOMY
MiIX0/1 10 BUOOPY moka3HuKiB anmpokcumMartii [13, 15]. Tak, kputepiem miis ditbTpa
BarTepBopTa € MakcumaibHa TUIOMIMHA a00 MakcUMalibHa riaakicte OCB.

Oinprp Yebumena mae AUX, sxka B CMy3i IPOIYCKAHHS XapaKTEPHU3YEThCS
MyJbCAIlISIMA ~ OJIHAKOBOI ~ aMIUTITYAW, TOMY HOTO Ha3uBalOTh  (UIBTPOM
PIBHOXBWJIBOBUX MyJibcaliid. 3a Mexamu cMyru npomyckands AUX nporo ¢iabTpa
MOHOTOHHO 3MEHIIIYEThCS, MPUIOMY KpyTicTh crany AUX B miit obnacti y ¢iabTpa
YeOuiepa Oub1Ie, HK y QiabTpa baTTepBopTa Takoro X MOpsSAKY.

InBepcHuit dhinbTp YeOuimera mae AUX, sika MOHOTOHHO 3MIHIOETBCS B MEKax
CMYTH MPOMYCKAHHSA 1 MyJBCY€E B CMY31 3aTrOPOJIKEHHSI.

Oinbrp Kayepa (enmintuunuii Qinerp) mae AYX, mynbcyrouy 1 B CMy3i
MPOIyCKaHHS, 1 B CMy31 3aropojukeHHs. [lopiBHSHO 3 yciMa IHITUMHU THUITAMH
¢inpTpiB BiH 3a0e3neuye HaWOUIbIN KpyTuil cnag AYUX npu mepexoai Bii CMyru
MPOITYCKAHHS 10 CMYTH 3arOpOJHKEHHS.
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[Tpu upomy nns pinbeTpiB Yebumiesa, iHBepcHoro Yebumena i Kayepa AUX
3QJICKUTh HE TUIBKU BiJ MOpSAKY GUIbTpa, aje 1 BiJ NPUUHATHX IapamMeTpiB, IO
BU3HAUAIOTh myJbcaliii AUX.

®dinbTpH, K1 XapaKTepU3YIOThCs OUTbII KpyTHUM crmagoM AUX B mepexigHiit
CMy3l, MaloTh 3a3BU4Yail OLIBIIMI Yac BCTAHOBJIEHHSA BHXIJHOTO CHUTHAIy MpU
CTpUOKOMOIIOHIH 3MiH1 BX1IHOTO CUTHAIY.

OineTp beccens BiApi3HAETHCS BiJ OMUCAHUX BUIE (PIIBTPIB THUM, IO Mae
xopoiny (a304acTOTHY XapaKTepUCTUKY Ta 3adesleuye Haikpaiie HaOJIMKeHHs
peanbHoi AUX 110 i1€asIbHOT JIIHIHHOT 3aJIEKHOCTI.

TakuM ywmHOM, BiJIOMiI crocoOu ampokcumarlii igeanpbHoi AYX GinbTpiB
3aCTOCOBHI TUIBKU JJI TOJIMIIEHHS OKPEMUX YACTKOBUX MOKA3HMKIB iX YaCTOTHUX
xapakTepucTuk. OfHaK >KOJAEH 3 IMX TOKAa3HUKIB HE € IHTErpallbHUM 1 HE
BUKOPHCTOBYE TOJIOBHOTO JIJISl aHAII3aTOPIB CIEKTpa KPUTEPII0 — MIHIMYMY JIBOX
HaBaXJIMBIIIUX CKJIAJIOBUX METOAMYHOI MOXUOKM BumiptoBaHHs ouinku CILIIL.
Taka moxunOka, ofiep>KyBaHa 13 3aCTOCYBaHHSM JaHOTO (PLIbTpa, 3aJEKUTH BII;

— noxuOku anpokcumaiiii AYX B cMy31 nponyckaHHs (QUIbTpa;

— TMOXHUOKH, 110 BHOCUTHCS O1UHMMH MentocTkaMu (mysbcaiasmu) AUX mo3a
CMYTH MPOIMYCKaHHS (Y CMY31 3arOPOJIKEHHS).

1 mynbeamnii AYX dinbrpa modau3y TOUOK po3pHUBY (K B CMy31 MPOMYCKaHHS,
Tak 1 mo3a Herw), 3BaHl edextom (siBumem) ['100ca, BUKIMKAIOTHCA YpPI3aHHSIM
Y4aCTOTHOTO crieKTpa curHany [13, 16].

Jlns 3MeHIlIeHHs BIUIMBY Tmyibcalii AUX, a oTke, MIIBUIICHHS TOYHOCTI
aHaI3aTOpiB CHEKTpa, IMMPOKO BUKOPUCTOBYIOTHCA BaroBi BikHa (windowing).
3anpornoHOBAaHO Ta 3aCTOCOBYETHCS BEJIMKAa KIJIBKICTh (KaTajaor) BaroBUX BIKOH
(pyHkuii BikHA): OpAMOKYyTHE, a00 BikHO [lipixiie; TpukyTHe, abo BikHO bapTtiera;
BikHa XaHHa, XeMMiHra, biekmana, bnexkmana-Xeppic, Picca, Pimana, Ilap3ena,
Harrona, boma, I'aycca, Jlonbda-Uebumena, Kaiizepa-beccens, bapcinona-Temerem

tomo [14, 17].

49



Bubip BaroBux BIKOH [JJS CIEKTPAJIbHOIO aHali3y 3iHCHIOETHCS, B
OCHOBHOMY, 3a JIBOMa IpyramMu MOKa3HUKIB:

— TI0 XapaKTepUCTUKaM IIUPHUHU CMYTH MPOMYCKAHHS TOJOBHOI METIOCTKU
AUYX ¢inpTpa Ha IEBHOMY PiBHIi, HAIIPUKJIAl MOJOBUHHIM MOTYKHOCTI;

— M0 XapakTepucTtukam OiuHMX mnemocTok AUX ¢inbTpa, cepem sSKux
HalJacTile BUKOPUCTOBYETHCS /IBA MOKA3HUKU:

a) MKOBUM (200 MaKCUMaJIbHHMI) PIBEHb OIYHUX MEIIOCTOK, KU JT03BOJISE
CYyIIUTH TPO TE€, HACKUIBKK J0Ope BIKHO MPUTHIYYE MPOCOUYYBAHHS TOTY>KHOCTI
CUTHAITy, IO (PLIBTPYETHCS;

0) MBUAKICTH CMaay pPiBHS OIYHUX TMEIIOCTOK, OCOOJIMBO HAWOIMKYUX [0
royiopHoro nemoctka @CB.

Jns imoctpanii B Tabiumi 1 HaBeAeHl XapaKTEPUCTHKU JESKUX, JTOCUTh
NOIMPEHUX NPU CHEKTPATLHOMY aHalli31 BarOBUX BIKOH.

TakuM YMHOM, BaroBl BIKHA J0O3BOJIIIOTH IMOJIMIIUTH 1 HAaBITh OTPUMATH
ONTUMAJIbHE 3HAYEHHS OJHOrO 13 3a3HaueHuX Buile TokasHukiB PCB dinbTpa.
Opnak cepell BIAOMHMX BaroBHX BIKOH HEMae€ TakWX, AKi O 3a0e3neuyBaiv MIHIMyM

HaBeJIeHUX MOXUOOK BUMIiproBaHHs oriHok CIITI.

Ta6mus 1
XapaKkTepuCTUKHN BaroBUX BIKOH
ACUMIITOTUYHA [Iupuna
Maxkcumanr. . .
(BOHL IIBUKICTh ExBiBaJIeHTHa | CMYTH 3a
BikxHo P HaJ1HHS LIMPHUHA piBHEM
OOKOBHX .
OOKOBUX CMYyTH MTOJIOBUHHOI
MEJI0CTOK, 1b i
TIEJIFOCTOK, 1b MOTYKHOCTI
[IpsiMmokyTHE —13,3 —6 1,00 0,89
TpukyTtHe —26,5 -12 1,33 1,28
XaHHa -315 —18 1,50 1,44
XeMMiHTa —43 —6 1,36 1,30
Harrona —98 —6 1,80 1,70
["ayccoBcke —42 -6 1,39 1,33
Kaiizepa —50 0 1,39 1,33
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3 HaBeIEHOTO BUIIIE aHaJi3y POOMMO BHCHOBOK, IIO BY3bKO-CMYTOBI (iIbTpU
JUISI CHEKTPaJIbHOTO aHalli3y BUMAararoTh MOCTAHOBKM 1 PO3B’S3aHHS MPHUHIIMIIOBO
HOBUX 3aBlaHb IOJAO iX YJOCKOHAJCHHs. TakuMu 3aBHaHHIMH (1 HaAmpSIMKaMU
yIOCKOHaJIEHHs (1IbTpallii) B AaHild poOoOTI €:

— po3poOka Meronay ontumizamii AUX ¢iapTpa Mo MiHIMyMYy MOXHUOKH
anpokcumariii y BumiptoBadai ominok CHIIT ¢pinmerpoBuMu MeTomamu;

— po3poOka wmerony ontumizamii AUX 1o MiHIMyMy BIUIMBY OIYHUX
METI0CTOK HA TOUHICTh BUMiptoBaHHs oiiHku CLLIT ginsTpoBUMH MeTOgaMU.

Po3poOka nux METOAIB ONTHUMI3alli € MEepPIIMM HAMPSMKOM YJIOCKOHAJICHHS
(GUIBTPOBUX METOJIB CHEKTPAIBHOTO aHami3y, JOCIIIKYyBaHMM B poOOTi. [HImmiA,
MIPUHITUTIOBO HOBUU HANPSIMOK BIOCKOHAJICHHS (DUTBTPOBUX METOMIB CIICKTPAIBHOTO
aHai3y MOB'I3aHO 3 JOCHIKEHHSIM MOXJIMBOCTI 3aCTOCYBaHHS BY3bKO-CMYTOBHUX
TUHAMIYHUX QUIBTPIB MJIsi CHEKTPAJbHOTO aHali3y BUIMAJIKOBUX CHUTHAIIB TIPH
KOHTPOJI1 TEXHIYHOTO CTaHy 3ac001B BOJHOTO TPAHCIIOPTY.

3acTocyBaHHS TPAAMIIIHHUX METOJIB CHHTE3Y CMYTOBUX (QUIBTPIB IS
anapatypsoi peanizanii ®CB nop'si3aHO 3 BETUKUMU TEOPETUYHUMHU Ta TEXHIYHUMHU
TPYJIHOIIAMH, II0 OOYMOBJIEHO BUCOKHM MOPSIIKOM CMYTOBHX (IIBTpPIB, a, OTXKE, 1
BEJIMKMM YHCJIOM €JEMEHTIB, HeoOXiagHuX s ix moOyaoBu [12, 18]. OcobmmBo 118
BIJIHOCUTBCA /10 (QUIBTPIB HU3BKOTO Ta 1H(PAHU3BKOIO [1ala30HIB YacCTOT.
YcknagHeHHss cMyroBux (uUIBTpIB HEMUHY4YE BeJlle /0 MOTIPIICHHS HAIIAHOCTI Ta
YCKIIAHEHHS eKCIUTyaTallii KOHTPOJIbHO-BUMIPIOBAIBHOI amapaTtypu CHEKTPaIbHOTO
aHaizy.

[le oObymoBineHO THM, IO IS 3a0€3MEUEHHS HEOOXIMTHUX XapaKTEPUCTUK
TOYHOCTI IIi€l amapaTypu HEOOXIJHO TMPOBEICHHS JOJATKOBUX omepamii 3 1i
HAaCTpPOIOBAaHHS Ta TMEPEeBIPKY Mpale3laTHOCTI K Yy XOJAl iX MiATOTOBKHA [0
3aCTOCYBaHHS, TaK 1 MpH eKcruryaraiii. KpiM Toro, yckiiagHeHHS TEXHIYHUX 00'€KTIB
1 PO3LIMPEHHS PI3HUX 3aXOJIB 1010 3a0€3MEUCHHS iX HaIIMHOCTI MPU3BOJUTH O
30UTBIIIEHHSI BUTPAT HAa PO3pOOKY, BUTOTOBJICHHS Ta EKCIUTyaTallll0 KOHTPOJILHO-

BHUMIPIOBAJILHOI anapaTypH CIIEKTPaIbHOIO aHaMi3Yy.
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VY 3B'SI3Ky 3 UM aKTyaJlbHUM € 3aBJIaHHS TONIYKY HOBHX NUIAXIB (TIAXOIB,
MOXKJIMBOCTEH) peanmizanii ontuManbHux AUYX MeTonmiB (GiIbTPOBOrO aHaiily, IO
JO03BOJISIIOTh TIPU  3aJlaHUX TOYHOCTI Ta JocToBipHOCTI BuMiptoBanHs CIIIT
CIPOCTUTH amaparypHy peanizamito anamizaropie CIIII, mo, B cBow uepry,
IpU3BEIE J0 MIABUIICHHS iX HAIHHOCTI.

OmHUM 3 MOXJTMBHUX IIISXiB BUPIIIICHHS [IOTO 3aBJIaHHS € BUKOPUCTAHHS IS
nooynoBu anamizaropiB  CHIII aguHamiuHMx  (HEeCTaIllOHApHUX, THUX, IO
nepedy10ByIOThCs) GiabTpiB Manux nopsiakis [13, 19]. Iloscaumo ix (i3udHy CyTh.

®opma AUX @Pinbrpa, 0coOOIMBO HU3BKHX MOPSAKIB, AajieKa BiJl 11€aJIbHOI.
OpnHak, SKIIO MpHU MOCTIHHOMY KoeilieHTI nepenadi (iibTpa 3MIHIOBATH B 4aci
4acTOTy HacTpoilku (aHamizy) 1 koedimieHT 3aracaHHs puibTpa B (QYHKII 4yacy, TO
IIpyM T[EBHOMY BHOOpI 3aKOHIB IMEpeOyJOBM LMX MapaMeTpiB MOXXHA OTPUMATH
HEOOX1THY TOYHICTh alpOKCHUMAII] 1/1eaTbHO1, MPSIMOKYTHOI (PYHKIIT CIEKTPaIbHOTO
BikHa (puc. 1) [14, 20].

HaiiBaxxnuBimioo ocoOMuBICTIO TaKUX (DUIBTPIB €, K BUXOJUTH 3 PUCYHKY 1,
Te, 1O KoedIlieHT 3aracaHHs (QuIbTpa 3MIHIOIOTh Tak, 00 HOro HaiOUIbIIe
3HAQYEHHS BIJAMOBIIANIO CEpPEIMHI CMYyrd MpomnyckaHHs (iabTpa (TOOTO Ha
LEHTPaJIbHIN YacTOTI (), @ HAMEHIIE - 3HAYEHHIO KpaiB I[i€l cMyru (ToOTO mpH

A® A®
R R

3BiJicM aKTyaJlbHUM € 3aBJaHHS BHU3HAUCHHS ONTHMAaJbHUX 3aKOHIB 3MIHHU
rapaMeTpiB AUHAMIYHOTO (PiIbTpa, sIK1 3a0€3MeUyI0Th, MPU 3aJaH1i TUCTIEPCii OLIIHKH
CLUII, minimaneHy nmoxuOKy anpokcumarii ineanbHoi @CB. Jlns BUpIIEHHS 1BOTO
3aBJaHHSI, TEepII 3a BCE, HEOOXIJHO OTpUMATH BHUXIJTHI CIIBBIIHOIICHHS, SKI
3B'SI3yI0Th CTAaTUCTU4YHI XapakTepuctuku omiHok CIHIIT i3 xapakrepuctukamu

JTUHAMIYHOTO (DiIbTpa.
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Pucynok 1 — ®opmyBanss HeooxiqHoi AUX 3a 10moMororo

JUHAMIYHOTO (LIbTpa

Sk BUXOAUTH 13 BBEJICHOIO MOHATTA AWMHAMIYHOTO (iIbTpa, HAa BIAMIHY BIJ
KJIACUYHOTO, TPAIULIIMHOTO (IIbTPA, SIKUW € CTATUYHUM, BIH MPAIIOE B TIEPEXITHOMY
pexumi. Metoau cuHTE3y CTaTUYHUX (PiIBTPIB A00pe po3poOIieHI Ta 3aCHOBAHI Ha
TeOopil YOTUPHITOIIOCHHUKIB [21].

OpHak 111 METOJIM HE MOYKHA 3aCTOCOBYBATH I JUHAMIYHUX (DUIBTPIB, IS
SKUX HEOOXITHO BHUKOPHCTOBYBATH METOIM PO3PAXYHKY CIICKTPUYHUX JIAHITIOTIB B
nepexiiHux pexumax [22]. Tomy oaHMM 3 HAWBAKIIUBIINIKMX 3aBJaHb POOOTH €
YOCKOHAJIEHHSA METOJIIB CUHTE3Y AMHAMIYHHUX (PUIBTPIB JJIsl CIEKTPAILHOTO aHAIIIZY
BUMAJKOBUX CUTHATIB JJIi KOHTPOJIO TEXHIYHOTO CTaHy JIBUTYHIB 3aCO0iB BOJHOTO
TPAHCIIOPTY.

BucHOBKHU. VY3araJbHIOIOYM 1 KOHKPETHU3YIOUM HANpsSIMH Ta 3aaady
TOCTIKEHHS, C(HOPMYITIOEMO Takl 4YacTKOBI 3aBAaHHS JOCIHIJKEHHS, SKI B
CYKYITHOCT1 CKJIaJIal0Th HAyKOBO-TEXHIYHY 3aJjauy YAOCKOHAJECHHSA (UIBTPOBHUX
METO/IIB CIEKTPAJBLHOIO aHali3y BUIMAJKOBUX CUTHAMIB JJIsI KOHTPOJIO TEXHIYHOTO
CTaHy JABUTYHIB 3aC001B BOJJHOT'O TPAHCIIOPTY.

1. Amnaini3 cyyacHOro ctany Meto/iB BumiptoBanHs ouiHok CIIIT BunaakoBux
curHaiiB. Bubip 1 o0OrpyHTyBaHHS HampsIMKIB JOCHIDKEHHS Ta IOCTAaHOBKA

YaCTKOBUX 3aBAAdaHb I[OCJ'IiI[)KeHHH.
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2. Po3pobka y3arampHeHoi MaremaTuuHoi wozeni owminok CHIIT  ngms
anapaTypHUX METOIB CIIEKTPaJIbHOTO aHATI3y.

3. Po3pobka metony mHOxeHHs BuMiptoBanHs omiHku CIIII BumaakoBux
CUTHAJTIB.

4, JlocmipkeHHA ~ Ta  TIOPIBHSHHSA ~ PI3HUX  METOMIB  amapaTypHOTO
CHEKTPaJbHOTO aHaNi3y BHUIAJIKOBUX CHUTHAJIB 3a JIOTIOMOTOI0 PO3pOOJICHOT
mateMatuyHoi mojem omiHok CIIII, BusiBlieHHS cepel HUX ONTUMAJIBHUX 3a
KpuTepieM MakcuMyMy GyHKIIIT MpaBaonoai0HOCTI.

5. OrpumaHHS aHAJIITUYHUX BHpa3iB JUIsI MAaTEMAaTUYHOIO OYIKYBaHHS Ta
muctiepcii ominok CIHII, sxi HeoOximHi juis omtumizamii dopmu AUX By3bKO-
CMYTOBUX (UIBTPIB AJIA CIEKTPATBHOTO aHATI3Y.

6. IlpoBemeHHs TMOPIBHSUIBHOTO aHamizy pe3yabTaTiB onTtumizamii AUX 3a
KpUTEPISIMU MIHIMYMY CEpPEIHBOKBAJIPATUYHOI MOXMOKH ampoKCUMaIlli 1 MIHIMyMYy
BILTMBY O14HMX nentocTok PCB.

7. IlpoBemenHss wMopemoBanHa AUX nmuHAmMiuHOTO  (igbTpa METOIXY
BumiptoBanHa ouiHku CIHIIT nis 1BOX OKpeMHX 3aKOHIB 3MIHM XapaKTEPUCTHUK
¢1IbTpa B mpoueci BUMIPIOBaHHS MMapaMeTpPiB ABUTYHA 3aCO0y BOJIHOTO TPAHCHIOPTY.

VY pesynbraTi aHamizy meroaiB gocaipkeHHs omiHok CIIIT oOrpyHToBaHO
HEOOX1AHICTh PO3p00OKH y3araabHeHOi MaTeMaTuuHoi Mojeni omiHok CHIIT Ha ocHOBI1
TEOpii CTATUCTUYHUX PIIIEHb, 3 BUKOPUCTAHHSAM YMOBHOI IIIJTLHOCTI WMOBIPHOCTEH

(abo dyHKI1IIT MPaBIOTOIIOHOCTI).
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PO3JILI 2

MATEMATHUYHA MOJEJIb I METO/J AHAJII3Y OLIHOK
CIIEKTPAJIBHOI IMIJIBHOCTI NOTYKHOCTI
BUITAIKOBUX CUT'HAJIIB
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YK 519.873

IBanenko B.M. JlepkxaBuuil yHiBEpCUTET 1HPPACTPYKTYpH Ta TEXHOJIOTIH, CTapIIUN
BUKJIaJa4 Kadeapu CyAHOBOAIHHS Ta €KCIUTyaTallli TeXHIYHUX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

Y3AI'AJIBHEHA MATEMATHYHA MOJEJ/Ib OIIHKH
CIHHEKTPAJIBHOI IVIBHOCTI NOTYKHOCTI BUITAAKOBUX
CUT'HAJIIB
IMocranoBka npodaemu. JlokanbHa ouinka CLIII He mMoxe OyTh oTpumaHa
ICHYIOYMMH MeTOAaMH. 3 1HIIOro OOKy, iHTerpajgbHa (ycepeqHEeHa TUM UM 1HIIUM
cnocobom) orminka CIIIT e cnpomoxnoro [1]. V mupoMmy Bumaaky HEOOXigHO
BU3HAYUTH, KU 3 BUKOPHUCTOBYBAHUX METOIB JO3BOJIIE OTPUMATH IHTETPAIbHY
ominky CIHIIT 3 HaliMeHIIO0 AucHepciero Moxuoku (3a pikcoBaHUN yac aHamizy abo
BUMIproBaHHA T).
Mera jgochaimkeHHs — BHU3HAYCHHS MaTE€MaTUYHOI MOJIeNIi  OLIHKHU

CHEKTPaJIbHOI IIIJIBHOCTI MOTY>KHOCTI BUMIAJIKOBUX CUTHAJIIB.

Buxiiaa oCHOBHOTo MaTepiajy X0CHiIKeHHs.

XapakTepUCTUKU amaparypud CHEKTPaJbHOIO aHajaizy B 3HA4yHIA Mipi
BU3HAYAIOTHCA BUKOPHMCTOBYBAHMMU B HIM METOJaMW BUMIPIOBAHHS OIIIHOK
cnektpaibHoi T1IbHOCTI motyxkHocTi (CLHII). V 3B'\I3Ky 3 1IUM BHUHHUKae
HEOOXIHICTh MOJAJBIIOT0 PO3BUTKY METO/AIB MOPIBHSUIBHOTO aHamizy ouiHok CHIIT
BUITAJIKOBUX CHUTHAJIB, IO BUMIPIOIOTHCS PI3SHUMHU METOJaMHU, METOI0 SKOTO €
BU3HAUYCHHS ONTHUMAJIBHOTO METOJY, KU JO3BOJISE€ 3a OJIUH 1 TOW KE 4Yac aHalizy
(BuMiproBaHHs) oTpuMaTH iHTerpayibHy ominky CIIII 3 HaiimMeHIIO aUCHIEpCi€lo
MOXUOKHU BUMIPIOBAHHSI.

MareMaTu4Ha MOJ€/b OWIHKHM CHEKTPAJbHOI INIJILHOCTI MOTYKHOCTI
BUNAKOBUX CUTHAJiB. OTpUMaeMO CMOYATKy 3araJilbHUM BUTJSI JJIs1 OYIb-sSKOi

ominku CIIII. OdyeBugHO, MawUU B CBOEMY PO3MOPSKEHHI peai3allio
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BUITAJIKOBOTO TIPOIIECY MOBXKMHOKO T, MOXHa BH3HAYUTH OIIHKY KOPEJAIIHHOT

¢byHkuii R(t) (TUM 44 1HIIUM BIJOMUM CHIOCOOOM) TiIbKU it yacy —t < T < 1. Tak
K R(tr) mapHa QyHKIsS T, TO JOCUTh PO3MIISIHYTH JuIie iHTepsai t > 0.

Bbynab-ska ouinka CIHIII G (yiokanbHa a0o iHTErpajibHa) BUMAIKOBOTO CUTHATY

IPEJCTABIIIE B 3araJlbHOMy BHITQJIKy JIiHIHHE TIIEPETBOPCHHS BIiJl OIIHKH
KopesiiitHoi GyHKIii R(r) 1mporo curaamy. Tomy 3arameuuii Burisia orianku CLIIT

3anuiiemMo Tak [2]:
A A T A
G(wg,A®) =G = J.H(‘E)R(’C)d’t, (1)
0

ae H(t) — byHKIisA nepeTBOPEHHS;
wp — 9aCTOTa aHaJl3y;

Aw® — cMyra ycepeJHEHHS.

@ynkuis meperBopeHHss H(T) 3amexuTh Bi YacTOTH aHANI3Yy (pg MPH
nokanbHi# omia CIHIIT 1 Bix BenuunH wg, A® npu iHTerpanbHiit omiam CIHIII, a i
BUJ ((hopma) BU3HAUAIOTH MAaTEMaTUYHE OUIKyBaHHs Ta nuctiepcito ominku CIHIIT G.
Pasom 3 TuM npu dixcosaniii dymkuii H(t) mucnepcis ouinxu CIIIT G 6yme
saseskaTy Bij 00paHoi OLiHKY Kopessuiiinoi gpyrkuii R (t).

[To3HauuMo curHain, KU Xxapakrtepusye nedekT (HeclpaBHICTb) JABUTYHIB
3ac001B BOJTHOTO TPAHCIIOPTY, 32 BUIMAAKOBHUH Tporiec X(t).

JIst 3HaXOKEHHS y3aralbHEHOI MaTeMaTUYHOI MOJEIN ONTUMAJIbHOI OIIHKU

CIIIT BunagkoBoro mpouecy x(t) CKOPUCTAEMOCS CTATUCTUYHOIO TEOPIEIO

npuiiuaTTs pimenb [3]. Tlo3HauuMMo crijgbHY 0araTOBUMIPHY (YHKIIIO PO3MOALTY

penmume x(t) i R(t) wepes W{Xx(t)}:{R(1)}].
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3 TOUYKHM 30py CTAaTUCTUYHOI Teopili MPUUHATTS pillIeHb (YHKIIIS R(t) me
BiJlOMa Ta € BHITQJKOBOIO BEJIMYMHOIO, alpiopHa mUcHepcis skoi 3HauHa [3, 4].
[Ipuuomy ampiopHa GyHKIS PO3MOILTY W[{Ifi(r)}] Ma€ 3HayHy Aucnepciio. Y
pe3yabTaTi BHUMIPIOBaHHA BeIWYMH {X(t)} GYHKIS pO3NOAUTY BEIMYUH IQ(I)

MIEPETBOPIOETHCS B YMOBHY (DYHKIIIIO PO3IOILITY:

wiREHon = IO SR @

[[Iupuna yMOBHOI (amoctepiopHoi) PYHKINT pO3NOALTY ByKUY€, HIXK alpiOpHOI,
1 YMM BOHA BY)X4Y€, TUM TOYHIIIE MOKHA Ha MIACTaBl JOCBIAY, TOOTO BUMIPIOBAHHS
moCIioBHOCTI {X (t)}, BU3HAYNTH OLiHKY Kopemswuiiinoi gyukuii R (t).

Pi3H1 amocTepiopHi OIIHKH IQ(T), a 3Haunth, i ouinku CIIII G matots, npu
JMaHii  mocaigoBHOCTI  {x(t)}, pi3HI WMOBIPHICTH 1 JUCIEPCIO. 3rigHO 31
CTATUCTUYHOIO TEOPIEI0 MPUUHSATTS PIlIEHb ONTUMAaNIbHOIO € Ta ouiHka CLIII G @
kopemsuiiinoi Qynkuii R(t)), sKa Mae HaHOLIbLIY HMOBIpHICTH aGo HaiiMeHIIy
aucrepcito [3,4].

Sxmo ymoBHa ¢yHkiis posnoauty W[ {R(t)}/{x(t)}] mocuth By3bka (1€
HEOOXITHO JUIsi TOTO, 100 BUMIpIOBaHHS OyJIO JIOCUTH TOYHUM), TO OI[IHKU TIO
MakcuMyMy WMOBIpHOCTI (ouiHka baifeca) Ta mo MiHIMYMy JAuCIIEepCii CIiBIaAal0Th.
TakuM 4YWHOM, JOTPUMYIOUHUCh CTATUCTUYHOI TeOpii NPUHHATTS  PpIllI€Hb,
ONITHMAJIbHOKO Oyjie Ta OLiHKa KopemsiiHoi ¢pyHkuii R(t) (3rizno 3 Bupasom (1) i

ominka CIHIT G), sgka 3a0e3neyye MaKCUMyM (QYHKIIT TpaBAONOAIOHOCTI

WI{X()}{R(1)}]
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3HaliieMo 10 OIIHKY MNpW MPHUIYIICHHI, [0 BUMAJAKOBHM MpoIeC, SKUN
JOCIIKYETHCS, BITHOCUTBHCS J0 KJIACy TayCOBHX, IO CIPABEIIMBO JIJIs O1IBIIOCTI
peallbHUX BHUMAIKOBUX mporieciB [3]. [To3HaumMo A1 CIIpOIICHHS 3aITHCiB

x(t)=Xj; Rt —t)=Ry;.

Toni pyHKIisS TpaBAOMIOAIOHOCTI
. _N A2 A
wlx; /R;;1=(2n) Z‘DetRij ‘ exp -5 X Ry, (3)
i,j=

MaTpHIIsl, 3BOPOTHA KOPEISAUIHIA MaTpuIi R;;;

5-1

ne Ry
N — oOcar BUOIpKH, O SIKI BU3HAYAETHCS OLIIHKA KOPEJALIHOT PYHKIIT;

Det R} =

R™(0)

RIIN-1) R?*N-2)
VY ¢dopmyii (3) BUKOPUCTOBYETHCSI 3BOPOTHA MATPULIS IQi‘jl, a He MaTpuns R, i
nmpocTimie s po3paxyHkKiB. OCKIJTBKM MaTPU4YHI €JIEMEHTH

TaK SIK MaTpULL Ri_jl
KOpeIsILiiHol Matpuli R;; 1 Marpui Ri‘jl, 3BOPOTHOI KOPEJSAILINHIN, 3ae)aTh BiJ
), TO mosHaummo R;;.. =R(k) 1

pisunui ingexcis R =R;(i-]) 1 Rj =R i(i-]
IQE%H( -R*(k). 3naueHHs koediuienTie Marpuni R7(k), 3a6e3medyroTh MaKCHUMyM
¢GyHKuii npaBronoaioHocTi (2.3), MOXXyTh OyTH BU3HAYEHI1 3 YMOBU
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abo

3anumemo cymy y Bupasi (3) 3 ypaxyBaHHsIM puc. 1, Tak

N .4 2
.ZR ‘I j‘XX—ZZR (i=-])xx; +21R ()I
=1 1>] =

abo

R 2 -
_Z ‘I j‘XX —22 Rk ijxj-l—k-I_ZR () i—j=k.
)=l ksl jd

J/

N

0

7z

N i

Pucynox 1 — Jlo nmosicHeHHSAM I11JICYMOBYBaHHS

O6uncimo nprBaTHI MOXiAHI Bi gerepminanTa A = DetR;j, sHaxonnmo

10 0. RS RS L
oA Ry Ry 0 1 0
__1: +
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0A

— =Mt Ap et Agy,
oR;

. .o
— aﬂre6pa1qu JOITIOBHCHHS CJIICMCHTIB Rij .

pI(¥ AI]
n All . A A A A
Tax AK Ry =— 1 Ry=R, =....=Ryy =R(0), TO
A
8A fa} A A A
- —A(R11+R22+ ..... +RNN)=NAR(0)

[Ipy oOYMCIEHH] IHIIMX YacTKOBUX MOXIJHUX IOTPIOHO BpaxyBaTH, IO

€JIEMEHT ﬁEl 3yctpiyaerbest B 2k psakax (k 3Bepxy 1 k 3HM3Y) mo ogHOMY pasy i B

(N — 2K) psiakax 1o aBa paszu (mpu K < g). Toni

0A

— = A[k+2(N-2K)]R(K) =2(N-K) AR, .
oR,

ITpu k >N eneMenT R, 3ycrpivaerses Timpkm B 2 (N — k SJIKaX 10 OJHOM
p 7 k 3YCTp p y

pasy, a, BHAYUTb, JJIsI HbOTI'O TAKOX I'OAUTHCA OTPUMAHC CHiBBiI[HOH.ICHH)I.

Ay
3 ypaxyBaHHSIM BHIIIECKa3aHOTO, CpocTuMO Bupas (2.3) mo R, i 3ammmemo

YMOBY

! ~ Ik

N

A 1 N A — A A

= (2n) zexp [—E_ZlRiJlXin] A Z(N—k)Rk—A 2 _lejxj+k =0.
|’J: J:

oR

3BiJIcH 3HAXOJIUMO ONTUMAJIBHY OIIHKY

63



2 XXk (4)

— IHTepBaJI UCKPETHU3aIlll BUITAJKOBOTO IpoIiecy X (t).

[epexonsuu 10 Mexi y popmyii (4) mpu 1, —> 0, Maemo

A 1 7
ROHT(T):H

IX(OX(t+ 7). (5)
0

[Is ominka kopensuiiHOi (GYyHKIII oNTHMaibHa B TOMY CEHCI, IO BOHA
3a0e3neuye HallMEHIIy, MOPIBHSHO 3 IHIIMMHU OI[IHKaMH, JUCIEPCiI0, BHACIHIIOK
MaKCUMaJbHO MOBHOIO BHUKOPUCTaHHS 1H(POpMAILl MPO MPOLECH, IO MICTUTHCSA B
nocrmigosHoctTi  {x(t)}. Ii Buxopucramms nos3Bonse oTrpumatu 3 Bupaszy (1)
ontuManbHy ouinky CIIIT éom’ 3abe3reuye, TMOPIBHSHO 3 IHIIMMH OI[IHKaMHU,
HalMEeHIly AUCHepCiio, TOOTO BOHA 3a0e3neuye HalOIbIly TOYHICTh BUMIPIOBaHb. Y

MPaKTHULI arapaTypHOTO CHEKTPAIbHOIO aHali3y YaCTO BUKOPUCTOBYIOTh CHPOUIEHY

owinky CIIII, B Akiii 1151 BCIX 3HAUYEHb T Yac IHTETpyBaHHS MPUHMAETHCS MOCTIHHUM

[4, 5]
, 1 T
R(t) =— [x(t)x(t+7)dr. (6)
T- T0
3 IBOTr0 CIIBBIHOMICHHS BUIHO, IO JIJII OTPUMAHHS OIIIHKH IQ(T) HEOOX1THO

3HATU 3HAYECHHS curHany x(t) mpu t > T.

Tak, SIKIIO IIKABISATHCS 3HAYEHHSIMU KopesiiHoi ¢pyHkuii npu 0<t<1y, TO

NOTpiOHO 3HATH X (t) IpH

0<t<T+r1,.
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Ane skmo cur"an x(t) BiOOMUN Ha 1HTepBail 0<t<T+T;, TO ONTUMaJlbHA Ha

IIbOMY iHTEpBaJIi OIliHKa (5) HaOyBa€ BUTIISANY:

. 1 T+‘El—’l?
ROHT(T) - j X(t) X(t‘l'T) dt. (7)
T+1-1 0

BoHna Takox mMae MiHIMaiabHy aucnepcito. Pisauis mix orinkamu (6) 1 (7), B

CEHCl ONTHUMAJIBHOCTI, Oy/J1e HE3HAUHOIO IpH 11 < < T.

BucnoBkn. OTxe, 3apornoHOBaHI MaTeMaTU4Hi criBBigHOIIeHHS (1) — (6) €
y3arajlbHEHOI0 MAaTEMaTHUYHOK MOJICJUTI0 ONTHUMAJIbHOI OI[IHKM  CIEKTPaIbHO1
IIIJIBHOCTI TOTY>KHOCTI BHIAJKOBUX CHUTHAJIB JIJI1 KOHTPOJIO TEXHIYHOTO CTaHy

JIBUTYHIB 32C001B BOJIHOT'O TPAHCIIOPTY.
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YAK 681.513

Yedan B.l. JlepxaBHuil yHiBepcUTET 1H(PPACTPYKTypHd Ta TEXHOJIOTIH, CTapIIMii
BUKJIaJa4 Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHUX CHCTEM Ha BOJHOMY
TpaHcnopTi, M.I3Main

Y3ATAJIBHEHA MATEMATUYHA MOJIEJIb ITIOPIBHSAHHSA
OCHOBHHUX KNTACUYHUX METOJIB AITAPATYPHOI'O
CHEKTPAJIBHOI'O AHAJII3Y

IHocranoBka mpobGaemu. PosrissHeMo Meron nepeMHoxeHHs. Lleit meron
3aCHOBAaHMM Ha YacoOBOMY YCEpEIHEHHI BHUIAAKOBOro curHaiay x(t) 1 #Horo
¢dinpTpoBanoi peamizamii y(t). 3Benemo ominku CHIII, orpumani nepepaxoBaHUMU
METOJ[aMH, JIO y3arajbHeHoro Buay [1, 2].

Meta gociaigkeHHsI — YJOCKOHAJICHHS y3araJlbHEHOT MaTEMaTHYHOI MOJE1

HOpiBHHHHH OCHOBHHX KJIaCUYHHX MGTOI[iB aIlIapaTypHOro CIICKTpaJIbHOI'O aHaHiBY.

BukJiiag 0CHOBHOr0o MaTepiajty I0CTiIKeHHS.

OuiHka CHeKTPAaJbHOI IIIBHOCTI MOTYKHOCTI BHMIPIOBAHHSA 4YaCOBOI0
ycepeaHeHHs KBaapaTa GiibTpoBaHoi peajidanii BUIIAJIKOBOI0 CUTHAJLY

Cyth  maHoro MeToAy BuMIpioBaHHS  («pUIbTpOBHI» ab0  METOA

6e3rmocepenHboi (hUTTpaIlii), ONMUCYETHCS BUPA3AMHU

T t t
Gy = [dt[dc[dt'h(t—t)h(t— ) x(x)X(1),
0O 0 O
abo

élz

o—-

dtj drj‘ de'h(z)h(t")x(t — 1) x(t — 1"). (1)
0 O

[leperBoprMO JaHe CHIBBIAHOWICHHsS. JJIS 1OTO 3MIHUMO TOPSIIOK

iHTerpyBanHs y dopmyni (1), BAKOPUCTOBYIOUH PHUC.2 TaK:
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T t t T T T T T T T T
Idtjdrjdr':J.drlj.dr'jdt+fdr'jdt]:J.drjdr’ J.dt .

0 0 O 0 0 = T T 0 0 max(t,1")

0 T T T

Pucynok 1 — Jlo MOsSICHEHHS 3MiHU TIOPSIIKY 1HTETpyBaHHA y hopmyii (1)
3 ypaxyBaHHSIM IIi€1 piBHOCTI 7151 BUpasy (1) maemo

T T
él = 2_[ Idrdr' h(rt) h(r')fdtx(t —7)X(t—1"). (2)

™1

T
Posrmsiremo inTerpan [X(t—t)x(t—t)dt mpu t>7.
T

BBoasuu 3aminy 3MiHHUX [ — T = U, OTpUMAEMO

T T-1
[x(t—t)x(t—-7)dt="[x(u)x(u+1—7)du.
T 0

Leit BUpa3 € OJHIEIO 3 MOXKIUBHX, aJIc HE ONTUMAJILHUX, OIIHOK KOPEIAIIHHOT

dynxuii Ry(t-1):
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T-1
R, (t—1) :TL_T [x(Ux(u+t-1)du, T>T. 3)
0

OnTumanbHa OIiHKa KOPEJSIIHHOT (QYHKITT Mae BUTIISIT

T—1+1'

IQOHT(I—I'):#, [xxUu+t-t)du, t>7. (4
T-t+7 3

MatemaTuyHe O4iKyBaHHS OIIHKH (3) JOPIBHIOE ONTUMAJBHIN OIIHIN (4), ane
il mucmepcist Tpoxu Oinbllle 32 paxXyHOK MEHIIOTO (Ha BEIMYUHY T ) iHTEpBalIy

inTerpyBanns. [ligcraBnsaioun piBHICTH (3) y hopmyny (2), MaemMo

T

T
Gy = ZIdTIdT'h(r)h(r')(T — )Ry (t 7).
0 O

[TepeTBOpIOIOUH 11€H BUpa3, 3HAXOAUMO

T = T T
Gy =2[dt[duh(t)h(r — u)(T - 1)Ry(u) = 2[du[deh(t)h(t — u)(T - )Ry (u)
0 0 0 wu
abo
A T A
Gy = [Hy(u)Ry(u)du, (5)
0
e Hy(u)= 2}h(r)h(r —u)(T-u)dz. (6)

AHamni3 1pOT0 BHpa3y TMOKa3ye, IO MOXKJIMBOCTI BapitoBaHHS (opmu
MepeTBOPrO0Y0i (PyHKITT 0OMeXeH1, OCKUIbKH, 1HTeTrpaibHe PiBHSHHS (6) HE IS
Oyab-sikoi ¢yskiii Hq(t) mae pimenns h(t).
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OTpumaHUil pe3ynbTaT MOKHA YTOUHUTH Tak. Hacpapmi omidka (3) 3aeXuTh

iBig T—7 =U, 1Bix T, TOOTO,

T-1
ﬁel(u,r):TL_T [X(O)x(t+ u)dt @)
0

Toni, BUKOpHUCTOBYIOUH piBHOCTI (6) 1 (7), OLIHKY KOpeAiiHOT PyHKIIIT

MOJHa IMPEACTABUTH TaK:

.
Ry(u)= Hll(u)jh(r)h(r—u)(T—r)le(u,r)dr. (8)

SIkimo (yHKIis Ifil(u,r) c11a6o 3aIeKUTH Bi T, To R 1(u, ) = R 1(u).

[le mae micrie B TOMy BUNAAKY, SKIIO B MiAiHTErpadbHOMY BHpasi (8) icToTHa
Juire 00JacTh IHTErpyBaHHA T ~ U << T , T00TO kKoymm yHkuisg h(t) icToTHO BiAMiHHA
BiJl HyJs JIMIIE TPU MaluX 3HadyeHHsAX T. Skmo x ¢ynkiuis h(t) wmae By3bkwuii

MaKkCHUMyM IIpH T = ty, TO

T-to

Ri(U) =Ry (u,tg) = [x(Mx(t+u)dt,  u>to. (9)

T-ty 3
Axmo u <tg, T0

R R 1 T—’E

Ri(U,7) *Ry(t) == [x(t)x(t+7)dt. (10)
—7T

0
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OueBHIHO, B I[bOMY BHUIAAKY oliHka R1(U) Moe iCTOTHO BiApi3HATHCS Bij

ontumansHoi ominku R . (U) [3,4].
1. OmiHka CcHeKTpPajJbHOI IUIBHOCTI MOTYKHOCTI HENMPSIMOI0 MeTOAy

BUMIPIOBAHHA HA yciueHOMY nepeTBopeHHi Pyp'e

Januit Henpssmuii meton BumiptoBaHHs ominku CIHIII omucyeTbcs BHpazom
(1), npu ubomy
H(t) =Kk(t)cosmrt. (11)

SIkmo 3a R, (t) B3sra omtmmanbha oninka, To i ominka CIIIT G, Oyne

ontumanbHOW. OnHak 3a3Bu4ail 32 R, OepyTh CIPOIIEHY OIHKY KOPENAIiHHOI

byHKIIi
. 1T
R(1) = = g X(t)x(t + 7)dt. (12)

Skmo ¢GyHKIis, 1o ycikaeTbes k(t) BiAMiHHA BiJ HyJIS TUIBKHA MPH MajluX
3HAYEHHSX T, TO BIAMIHHICTh MK OL[IHKAMHU Iiz iR HECYTTEBA.

BucnoBku. Orxe, xapaktepuctuku omiakua CIHIIT éz, OTpUMaHi TpHU
BHMIpIOBaHHI HaGIKeHOT OLIHKM KopemsiniiHoi ¢pynkuii R(t) srigHo 3 piHicTio
(12), OymyTth OnM3bKI OO ONTHMAaJbHHX. B I[bOMYy BHMAIKy, TaKOX SK 1 IPH
BHKOPHUCTAaHHI ONTHUMAJIbHOI OIIIHKH Qz(‘t) , BUOOpoM (yHKIIii, mo ycikaerbes k(1)
MOYKHA 3MIHIOBaTH B IOTPiOHOMY HanpsaMKy (popmy neperBoprorouoi pynkmii H,(t),

sika BU3Ha4YaeThesi popmynoro (11).
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YK 519.873: 621.389

Tpudeus B.B. J[lepxaBuuii yHiBepcuTeT I1HQPACTPYKTypH Ta TEXHOJOTIMH,
KaHIUAAT TEXHIYHUX HaAyK, JOIEHT Kadeapu CYTHOBOIIHHS Ta eKCIUTyaTarii
TEXHIYHHX CHCTEM Ha BOJHOMY TPaHCIOPTi, M.[3main

OLIHKA CHEKTPAJIBHOI IIIJIBHOCTI NOTYKHOCTI METO1Y
BUMIPIOBAHHSA HA YCEPEJHEHHI KOE®ILUIEHTIB ®YP'€
BUITAIKOBOI'O CUTHAJIY ITIO YACTOTAX

IocranoBka mnpodaemMu. OCHOBHUM METOJIOM BHU3HAYEHHS HECIPABHOCTI
JBUTYHIB € METOJ BIOpOJiarHOCTHKU. HemomkoM Takoro MeETOAy € HH3bKa
JOCTOBIPHICTh BU3HAYCHHS PEAIbHOTO TEXHIYHOTO CTaHy NBUTYHIB [1, 2].

OaHuM 3 TOMHMPEHUX METOMIB KOHTPOJIO TEXHIYHOTO CTaHy CHJIOBUX
YCTAaHOBOK (JBUTYHIB) € BHUSBJICHHS Ta aHali3 TMOTOYHOI KOHIEHTpAIil JESKHX
IIKIJIMBUX PEYOBUH B OJIMBI (HampuKIaa, JOMIIMIOK 3HOCY MeTany). Takui aHami3
JI03BOJISi€ BU3HAUUTH HASIBHICTh HECIIPABHOCTEH y JBUTYHI (Yepe3 HasiBHE 3HOLICHHS
JeTajell IBUT'yHa), Kl OMUBAIOThCS OJUBOI. OCHOBHUMM JJIsI KOHTPOIIO JOMIIIOK Yy
OJIMBI1 € KOJIOPUMETPUUHHM, ToJsiporpad1yHui, IHAYKIIMHUHI, CIEKTpaIbHUI METOAH
[3, 4].

PyitHyBaHHs eTaneil By3iiB TEPTS YaCTO MOYMHAETHCSA 3 BUKPUILYBaHHS a0o0
CTUpPAHHS TIOBEPXHEBOTO Iapy Marepiaiay JeTajiei, 1o MiJ BIUTMBOM JMHAMIYHHX
HAaBaHTa)XCHb B MOEJHAHHI 3 CUJIAMH TepTsA. YTBOPEHI MPHU L[bOMY HMPOIAYKTH 3HOCY
NOTPAIUISAIOTh [0 OJUBU JBUTyHA. Tak SK 3aco0M BOJAHOTO TPAHCHIOPTY MJIs
MepPEBE3CHHS BaHTAXIB, HABITh 0€3 HaBaHTAXCHHS, MAIOTh 3HAYHY Bary, 3/11MCHIOIOTh
pyX 31 3HAYHUM OMOPOM HABKOJIMIIIHBOTO CEpeoBHINA (BOJIA, MiIBUIIICHA BOJIOTICTh
TOIIO), TO CHJIOBI YCTAaHOBKM MPAIIOIOTh 1]l 3HAYHUM HaBAHTAXKEHHSIM. Takum
YMHOM, OJIMBa JBWUTYHa 3ac00iB BOJHOTO TPAHCHOPTY Hadae iH(OpMaIl0 Mpo
IHTEHCUBHICTh MPOTIKAaHHA TpoueciB TepTs. KiIbKICTh MPOAYKTIB 3HOIIYBAHHS, IO
HAJXOJSITh IO OJUBU JIBUTYHA, 3aJICKHUTHh BiJ IIIBUIKOCTI 3HOLTYBaHHS, K4, B CBOIO

yepry, 0OyMOBJIEHA pIBHEM HABaHTaXEHb 1 yMOBAMH TEPTSL.
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OTxe, MOMMPEHUM CIIOCOOOM TEXHIYHO1 A1arHOCTUKH CTaHy ABUTYHIB € METO/T
CHEKTPaJIbHOIO aHalli3y OJUBHU, KM MOJIATA€ Y BU3HAUEHHI KOHIEHTpAIi B OJUBI
MIPOIYKTIB 3HOCY JETajeH, MO TPYThCs, MOPIBHIOIOYH I1I KOHIIEHTpAIlil 3 HOpMaMH
BMICTY NMPOJYKTIB 3HOCY METaly, Ta BU3HAUYEHHI CTYIEHs 3HOCY JeTalleH, 1110 TPYThCA
[4].

OpnHak, Ha pe3yibTaTH aHANI3IB CWJIBHO BIUIMBAE 3aMiHA OJIMBH B XOJi
ekcrutyatarii abo micist peMoHTy. OfHaK, MpU YacTiil 3aMiHI OJMBH KOHLIEHTpAIlis
MeTally BUSBIISETHCS HACTUIBKM HE3HAYHOIO, 10 MPOBEACHUN aHaji3 HE JI03BOJISIE
BUJIJTUTU KOPUCHY 1HQOpPMALIIIO PO aBapiiHUN CTaH JBUTYHA a00 TEMIIM 3HOCY HOT0
netaneil. HaBiTb KOHTpOJIBHUHN O GiIbTpa OJWBU 3 JABUTYHA MpHU 11 3aMiHI NpU
TEXHIYHOMY OOCIYroByBaHHI MalOe()EKTUBHUM, TaK SIK pPO3MIp 3HOILIEHUX YaCTOK
MeTany € He3HauHuM (10 5 MKM). KUIBKICTh NMPOAYKTIB 3HOCY, IO HAAXOIATHh B
OJIUBY, 3aJICKUTh B1Jl IIBUJIKOCTI 3HOIIYBaHHS, SKa B CBOIO Yepry 3aJ€KHUTh BIJ
CTYIIEHS TOIIKO/PKCHHS eneMeHTa. KokHoMy BHy 3HOCY BIAINOBila€ MEBHUN BUJ 1
ckiman npoayktiB [3, 4]. Omke, HEOOXiHI METOIM BHU3HAYCHHS (IIarHOCTYBaHHS)
TEXHIYHOTO CTaHy JABUTYHIB 3acO0IB BOJHOTO TPAHCIOPTY JUIsl TMOMNEPEIKEHHS
MOXJIMBUX aBapiiHUX CHUTyalld i 4Yac TPaHCHOPTYBaHHS BaHTaXIiB a0o
MePEBE3CHHS MacaXUpIB.

TakuM YMHOM, HAYKOBO-TEXHIYHA 3ajlada, sKa IMOJIATAE y TOJATBIIOMY
PO3BUTKY (DITBTPOBUX METOMAIB CIEKTPAILHOIO aHANI3y BHMAIKOBHX CUTHATIB IS
JTIarHOCTUYHOTO KOHTPOJIF0O TEXHIYHOTO CTaHy JBUTYHIB 3aco0iB  BOJHOTO
TPAHCIIOPTY, € aKTyaJIbHOIO.

3a3Buuaii  TpH  JOCHIDKEHHI  XapaKTepUCTUK  BHIMAJKOBUX  CHUTHAIIB
BUKOPUCTOBYETHCS JIBa MIIXOIU: CHEKTPANbHUH, SKUW TONATac y BHUMIpPIOBaHHI
OLIIHOK CHEKTPAJIbHUX XapaKTEPUCTUK (HAMPUKIIAJ, CIEKTPAIbHOI UIUIHHOCTI
MOTYXKHOCTI), Ta YaCOBHH, IPHU SKOMY BUMIPIOIOTHCS OIIIHKH KOPENIAIMINHNX (yHKITINH
[1-4].

KosxeH 13 3a3HaueHuX MiJIX0/IB Ma€ CBOI MepeBaru 1 HEAOMIKH, KOKHOMY 3 HUX

BIJIZIA€ThCA TepeBara NpH BUPILMIEHHI TUX YM 1HIIMX KOHKPETHHMX 3aBAaHb, a MpU
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OKpEeMHX JOCTIIKCHHSIX HEOOXIMHO MOEAHAHHS [MX MAXOMiB. TuM OiibIle, 1Mo
MOKJIMBICTD 1 JIOIUJIbHICTh TOETHAHHS CIIEKTPATBHO-KOPEIAIIMHUX METO/IIB aHATI3Y
BUTIQ/IKOBHUX CUTHAJIB 3a0e3meuyeThest TeopemMoro Binepa-XununHa [3].

Tomy, cneKkTpaabHO-KOPEIAIIHHAN aHal3 € TOTY)KHUM 3aCO000M OTpHMAaHHS
KOpUCHOi 1H(OpMaIlli 3 EKCHEPUMEHTAIbHUX JAaHHUX, SKUA JO3BOJISIE MPOBOJUTHU
rIMOOKY KUTBKICHY OLIIHKY MapameTpiB BUMAJKOBHX IpoleciB. Jlo HallBaXIMBIIIUX
nepeBar CHeKTPaIbHO-KOPEJSAIIMHOIO aHalli3y BUIIAJKOBUX CHUTHAJIB CIIJI TaKOX
BIJIHECTU YHIBEPCAIbHICTh, TOOTO 3aCTOCYBaHHS, SIK 3a3HAYANOCAd BHILE, B CaMHUX
p13HUX 00JACTAX ISITLHOCTI.

3anponoHyBaB BUKOPUCTOBYBATH «CHEKTPAIbHUM MIAX1A» s BU3HAUYCHHS
3MIHU XapaKTEPUCTHK TEXHIYHUX CHCTeM XapkeBud A.A. [1, 2]. Ae, Tak K METOIH
BUMIPIOBAaHHS XapaKTEPUCTHK BUIMAJAKOBUX CHUTHAIIB € OUIbII CKJIAJHUMHU, HIK
METOM BHMIPIOBaHHS JCTEPMIHOBaHMX (peryispHux) curHaiiB (i mporiecis) [3, 4],
TO JI0 CHOTOJNHIMIHBOTO Yacy BOHW HE HAWNUIM 3HAYHOTO PO3MOBCIOKCHHS.
Po3BuTOK Cy4acHOi OOYHCIIOBAIBHOI TEXHIKH JI03BOJISIE amapaTypHy peai3allito
METO/IB BHUMIPIOBAHHS CIHEKTPAIbHUX XapaKTCPUCTUK BHITAIKOBUX CHUTHAJIB Y
peanbHOMy yaci. CaMe CKIIaJIHICTh amaparypHoi peajizalii METOdIB CIEKTPaIbHOIO
aHaji3y Ta BIJICYTHICTh HEOOXINMHOI TeXHIYHOI 0a3uW MOBIHMl 4Yac CTpUMYBaJIU
CTBOPEHHS 1 3aCTOCYBaHHsS amapaTypy CHEKTPaJbHOIO aHamizy, y TOMY YMCIl JJIs
KOHTPOJIIO TEXHIYHOTO CTaHy JBHUTYHIB [5].

Otxe, Mmemow cmammi € TOJAIBIINIA PO3BUTOK (IIBTPOBUX METOJIB
CIIEKTPAJILHOTO aHaJi3y BHUIMQJAKOBUX CHUTHAIIB ISl J[1arHOCTHUYHOTO KOHTPOJIIO

TEXHIYHOTO CTaHy JIBUTYHIB 3aCO01B BOJHOT'O TPAHCIIOPTY.

BukJiiag 0CHOBHOro Marepiajty 10CTiIKeHHS.
1. Po3BUTOK (PiIbTPOBHX METOMIB CHEKTPAJbHOIO AHAJI3Y BHIAJKOBHUX
CUTHAJIIB

Hampukinaza, MeTo; BUMIpIOBaHHS OMHCYETHCS CITIBBITHOIICHHSIM
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00 T . .
Gz = [ dof[dtdt'x(t)x(t)f (w)el* )
—o0 0

[lepeTBOpUMO naHWi BUpA3 TaK:

o T
Gz = [ dof [dtdtx(t)x(t)f (w)cosa(t—t') =
—00 0

T

=2 [do [[dtdt’x(t)x(t)f(w)cosa(t —t') =
—o >t
o T t

=2 [do|dt[dt’x(t)x(t")f (w)cosw(t - t').
- 0 O

[MpoBiBiu 3aMiny 3MinHEX t —t'=U, oTpumMaemo

o T t o T T
Gg =2 [do[dt[dux(t)x(t — u)f (w)cosou =2 [do|dudtx(t)x(t — u)f () cosmu
-0 0 0 -0 0 u
[IpencraBumo 11eit BUpa3 y BUTJISAIL:
A T A
Gg = [H3(U)R3(u)du, (1)
0
. 1 T .
ae Rs(U)=T—IX(t)X(t—U)dt=Rr.-o (u); (2)
_u u
H3(u) =2(T —u) [f(o)cosoudo. (3)

—00

[TopiBHSIHHA OTPUMAHOI OLIHKM KOpeJsiiHol (QyHKIii (2) 1 1i OLIHKHK
JOBOAUTH, IO B PO3IJIIHYTOMY METOJIl BUKOPHUCTOBYETHCS ONTHUMAalbHA OI[IHKA

75



Kopersiitaol Gpynkmii. @ynkmist Hg(U) BiaMinHA Bifg Hys nuine B obmacti USKT, To

CIIpaBe/IMBa HACTYITHA HAOMKEeHA PIBHICTD

H3(u) = 2T [f(w)coswudu.

—00

SIKo ycepeaHeHHs] TPOBOAUTHCA IMiICYMOBYBAaHHSIM, a HE 1HTErpalli€io, TO 3

BUpa3y (3) [uist nepeTBOProroUu0i GyHKIIIT MaEMO

Ha(u) = 2(T—u) f; cosoyu, (@)

|=—00

ne npuiinsato f(w;)=f;.

2. OuiHka  CHEKTPAJbHOI  IIUIBHOCTI  MOTY)KHOCTI  HENMPAMOIo
BUMIPIOBAHHSI 4YaCOBOr0 YycepeaHeHHs1 KoediunieHTiB @Dyp'e BHIATKOBOrO
CUTHAJLY

CYTB AaHOT'O MCTOAY OIMMCYETHCA BUPA3OM

A 13 qr’ . g 10 T _ 2
60-13 Tavermol =2 8o yryvl
Ng=1q-nT’ N =1

IIepeTBOpuMO Liei1 BUpa3

A n T' H [
Gy= 1 > [[x[t+@-DTIX[t + (- TTe * Vatdt' =
n
a=10
2 n T T
== [dt' [dtx[t + (@ - ) TIX[t’' + (q - ) T]cos eo(t — t').
q=10 t'
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BukopucroByroun 3aminy t—t' = U, mpoBeaemMo moaaiblili rmepeTBOpeHHs

A n T Tt
Gy= EZjdt jdux[t+u+(q DTIX[t' + (q -1 T']coswu =

g=10 0
n T T-u

:—Zjducoscou jx[t +U+(q-DTIX[t' + (q-1)T]dt".
N g=10

OctaTtouno ominky CIHIIT G 4 TIPEJICTAaBUMO y BUTJISIII

TI

= [(T"-u)coswuR 4(u)du, (5)
0
e
Ra(U) == YRq(0) ©)
g=1
1 T'-u
Rq(u)= o [X[t+@-DTIX[t+(q-1)T" + u]dt. (7)

Ouinka R 4(U), 3rigao 3 Bupasom (6), Moke OyTH 3amucaHa Tak:

1 nT'

§4(u):m (j)f(t,u)x(t)x(t+u)dt,

opu  qT'<t<qT'+u;

1,
ne pynkmis f(t,u) 2{
0, Npyd  OCTaIbHBIX 1,

110 MOSICHIOETHCS pucC. 1.
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V

0 u T T+u 2T 2T+u T=nT t

Pucynok 1 — I'padik bynkmii f(t, u)

OueBHIHO, OIIIHKA KopesmiiHoi GpyHkiii R4(U) He € onTHMaILHOO, TOMY IO
nast ii moOyJ0BH BHKOPHCTOBYETHCS HE BeCh iHTEpBaj BuMiproBanHs NT' =T, a
(v . !
JMIIe HOTo YacTHHa, sika fopiBHioe N(T —u)=T —nu.

®ynkuig Hy(t) BU3HaYaeThes GopMyInoro

(T"—t)cosmwt T<T;

Hy(7) = 8
4(0) {o, T <1<T. ®)

®ynkuis H,(t) e ycidenoro ¢ynkuieto baprierra (TpUKyTHE YCIiYEHHS).
Otxe, 1 s yerBeproro Merony BumiproBanHs oiinku CLIIT otpumyemo Toit xe

BUIJISIZ y3arajabHEHO1 (popMyIH

G4 = [Ha(D)R4 (1) dr. 9)

o ——

3. Meroa BUMiprOBaHHS OI[iIHKU CHEKTPAJIbHOI HIIJILHOCTI MOTYKHOCTI HA
OCHOBI 4aCOBOI'0 yCepeAHeHHS

Hanuit meton BumiptoBanHs oIinku CIIII 3acHoBaHuii Ha YacoBOMY
yCEpeIHEeHHI BUpa3iB BUXIMHOI Ta (PUIBTPOBAHOI peanizailiii BUIMaJIKOBOTO CHUTHAITY,

KM JOCTIKYEThes [5, 6]. Lis oliHKa BU3HAYA€THCS BUPA3OM

R T
Gs (0, A0) = (j)x(t) y()dt, (10)
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ae  X(t) — mocmimkyBaHUH (BUXIIHHI) BUIIAKOBUN CHTHAI,

y(t) — Hioro ¢inpTpoBaHa peaizariis.

Oyukmis  y(t) omnmcye BUXiAHUN cWTHaN — QUIbTpa 3 MEPEXiTHOIO
xapakTepucTukoo h(t), Ha BXim skoro HaaxoauTh curHan X(t). Cyrh Meromy

MHOXCHHA ITOACHIOETHCA CTPYKTYPHOIO CXEMOIO, HABCACHOIO Ha pI/IC2

X(t DiabTp y(® Biiox X(0)y(t G 5 ((DO ) AO))
(00, A®) 99 HIEPEMHOKECHHS [arerparop

Pucynok 2 — CtpykTypHa cXxeéMa METOJly MHOKEHHS

3 ¢popmymu (10) oTprmaeMo micias mepeTBOPEHHS

T t T T
Gs = [dt[dth(t)x(t)x(t — ) = [dr[dth(r)x(t)x(t - 7)
0 0 0 =
A T A
abo Gg = .[H5(’E)R5(’E)d’[, (11)
0
ne Hs (1) =(T -1)h(1), (12)
. 1 T
Rs :T—_Tix(t)x(t—r)dtzRonT(r). (13)

[TopiBHIOIOYM OTpUMaHY OIIHKY KopemsiiiHoi ¢yHkiii (13) 13 onTuMaabHOIO
OIIHKOIO, BUJIHO, 1[0 BOHA € ONTUMabHOW. 3 BUpasdy (12) Buxoauth, 1m0 BUOOpOM
IMITyJIbCHOT XapakTepucTHKH GiapTpa h(t) Moxe OyTH 3a0e3mneucHa Oyab-aka Gopma

¢bynkmii Hs(t) MeTo1y MHOKEHHS.
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4. TlopiBHSIHHI MeTOAY MHOKCHHSI BUMiPIOBAHHS OLIHOK CIEKTPAJbHOI
IIIJIbHOCTI MOTYKHOCTI 3 MeTOI0M Oe3mocepeaHbol (pijabTpanii

[IpoBenemMo TOpIBHSHHS METOMy MHOXEHHS Ha OCHOBI po3po0ieHol
MaTEeMaTHYHOI MOJEI ONTHUMAJbHOI OIIHKK CIEKTPAJbHOI HIIIBHOCTI MOTYXHOCTI
BUIIAQJKOBUX CUTHAIIB 3 OJHUM 3 HaWOUIbII MOLIMPEHUX KIACHUYHUX anapaTypHHUX
metoniB ominku CHIII cramioHapHUX BHUMAJKOBUX CHUTHAIIB — «(QUIBTPOBUM)
METOJIOM, 1[0 BUKOPHCTOBYIOTH THMYACOBE YCEPEIHEHHS KBajpaTa BUIIAJKOBOTO
cur"aiy y(t) Ha Buxo/ii pibTpa.

CrpyktypHa cxema ¢uipTpoBoro BuMmiptoBaua oninku CIHIT (anamizaropa
CIIEKTpa) MPUBEJICHA HA PUCYHKY 3.

3anuieMo BHpa3W s MareMaThuyHuxX odvikyBaHb OwIHOK CLIIT nns o6ox

METO/IIB.
O | pimp y(® ¥ Gy (fo. A7)
—|Ksazapatop |laterpatop

fo,Af

Pucynoxk 3 — CTpykTypHa cxema aHaii3aTopa CIeKTpa

3a METO/I0M Oe3mocepeaHbOo1 QUIbTparii

Marematuune ouikyBanHs oiinku CLLIT ayist MeTony MHOMKEHHSI

M[Gs|= [@5(0)Gs(@)do=2[dg(@)Cs(@)do,  (14)
—o0 0
1T .
ne Og(w) = ?IRGWE,(j(D) dt — (15)
0

80



(byHKIIiS CIEKTpanbHOTO BikHA (PUIbTpYyIoUa QYHKINIS) 711 METOAY MHOKEHHS;

t .
W5 (jo) = [hs(t)e }®Tdt — xommnekcHa yacToTHa XxapakTepucTuka (ibTpa
0

JJIA MCTOI[y MHOCHHAI,
t . t
ReW;(jo) =Re[hg(t)e **"dt = [h(r) cosowdr. (16)
0 0

MaremaTtuune ouikyBanHs otinku CLUIT qyist «pinsTpoBOoro» meromy

M[G: ]= [, () Gy (0)do=2 [®y(0) Gy (w)do, (17)
0

i
e ®y(0) = = [ (o) dt - (18)
0

OCB (pinbrpyroua dyHKIis) sl METOLy Oe3mocepeaHboi ¢inbTpailii, ado

«p1IBTPOBOTO» METOY;
t .
W, (jo) = [hy(x)e 1 dr — (19)
0

KOMIIJIEKCHA YaCTOTHA XapakTepUCTHKa (PuibTpa I MeToay Oe3mocepeaHbol
¢binpTparii.
SAx Bimomo, kinnena orinka CIHIIT moxke Oyt oTpuMaHa TUTBKK MPU KIiHIIEBIH

mpuHi A® «BikHa mpo3opoctiy ®CB ®(w), npuyomy BiIHOCHA JAUCHEPCIs OLIHKH
CIIT G mae nopsnok 8G ~1/(TAw) . 3 inmoro 6oky, ®CB @ (o), npn QikcosaHiii

BEJIMYMHI A®, Oyae TUM Kpaille, YUM BOHA OJMKYE N0 17€ajbHOi, MPSIMOKYTHOI
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¢byHkii (puc. 4)

Aw Aw
const, a)0—7<a)<a)o+7;
D, (@) = (20)
0, Ol OCMAIbHBIX 3HAYEHUl .

(I)g((t))

Aw/2 | Aw/2
< > < >
: -
0 Mo Q)

Pucynok 4 — I'padik ineansHoi ®CB Dy(w)

s toro, mo6 ®CB ®(®) maia MOXJIMBO PI3Killl Cagu MOOJU3Y YacCTOT
A® ) . .
®g £ ——, HE0OXiTHO 3a0e3MeYnTH BUKOHAHHS Takoi BUMord st yHkii h(t):

— TmoBMHHAa MaTu Ha iHTepBaii anamizy (0, T) BumagkoBOro CHUTHAIY
orubarouy, sKa TUIAaBHO 3MIHIOETHCS, 3 MaKCUMyMOM y cepeaui inTepBaty (0, T);

— TMIOBMHHAa MaTu CHagHy 1o oOujBi ctopoHu iHTepBaii aHamizy (0, T)

BHITIaJIKOBOT0 CUTHAITY 3a Yac nopsaaky 1/Am.

Tak, Halikpale B cepeaHbOKBAIPATHYHOMY CEHCI HAOIKEHHS 70 17ealbHOT

OCB @((m) ans «PpiIbTpoBOro» METOAY 3a0e3medyeThesi (QiIbTPOM 3 TMEePEXiTHOO

XapaKTEPUCTHKOIO [6]
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) T
SINA®| T——
T 2

T ’
T_i
2
e Aj — nesika mocCTiiHA.
[TopiBastHHS cmiBBigHOMIeHs (14) — (16) mma MeToxy MHOXKCHHS —Ta

aHayoriynux cmisBigHomens (17) — (18) mis «pimbTpoBOro» MeToay I03BOJIIE
3poouTH Takuii BUCHOBOK. ®CB mpu MeTo/1 MHOKEHHSI BU3HAYAETHCS BEIMYHUHOIO

ReW;(jo), To0TO KOCcuHyc-TiepeTBOpeHHsIM Dyp'e BiJ IMITyIbCHOI MepexiTHOi

. 42 . .
¢ynkuii h(t), a He BEIMYUHOIO ‘Wl(joo)‘ AK B «(UIBTPOBOMY» METO/I.
Kocunyc-neperBopenHs qaHoi (QpyHKIIT 301ra€Tbesi 3 KOCUHYC-TIEPETBOPEHHSAM
@yp'e (yHKII], TAPHUX YUHOM MPOJOBKEHOI HAa HETaTUBHY BICh 4acy, IO, BTIM,
: '
oueBUIHO 3 Gopmynu (16). s BnacTuBicTh KOCUHYC-TIepeTBOpeHHSI Dyp'e 103BOIISAE

BUKOPHUCTOBYBaTH MpH cuHTE31 (inbTpa s orpumanns ominku CHIIT G(w) Bcix
.\ : : T
AificHux crekTpiB ¢yHKIii h(t), mo Mae MakCUMyM Hi TIpH T = PE anpu T = 0. Tak,

pyU METOAI MHOXEHHS peajbHa IMIYJbCHA TMEpexiHa XapakTepUCTHKa (iIbTpa

hs(t), 3abe3meuye Halikpalle cepelHbOKBAApaTHUYHE HAOIMKEHHS [0 1AeanbHOI

npssMokyTHOT ®CB @, (0), Bu3Ha4YaeThes Bupaszom [9, 10]

he(x) = Ag COS g7 oM ALT. 22)
T

ne As— neska nmocTiiiHa, 1 Mae Burisif (puc. 5).

3 mopiBHsHHA BHpasiB (21) i (22) MoxkemMo 3pOOUTH BHUCHOBOK, IO
KOPEJSIIHHO-PUIBTPOBUNA METOJ| JO03BOJIIE OTPUMATH Ty caMmy SKICTh (iIbTparlii
(abo Taky X CTymHiHb OJU3BKOCTI JO 1/1€aIbHOTO, MPSIMOKYTHOTO (DUIBTPY) SK 1 MpH

«p1IETPOBOMY» METO/I1, aJIe 3a BJABIY1 MEHIIMHN Yac. Burpain B KIHIIEBOMY MiJICYMKY
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BUXOJUTh 332 paxyHOK BUKOPHCTAHHS TMpPH KOPEJAIIHO-(DIIETPOBOMY METOI
BJIACTUBOCTI  CHUMETpii  KOpessaliiHoi  (yHKIT  BUIAIKOBOrO IIpolecy Ta
MaTepialbHICTh WOTO CIIEKTpa MOTYXHOCTI, TOOTO R(t) = R(-1), G(-m) =G(w),

B TOH Yac K B «(QUIBTPOBOMY» METOJl II¢ BJIACTHBICTh NpuU QiIbTpaIlli He

BUKOPUCTOBYETHCS.
hs(t) /
R N LS /\ N /\VAVAI:
R N N B : [
2 Sy o \/J V 2 ' 1
Pucynok 5 — IMmynbcHa nepexijiHa xapakTepucTuka (GuibTpa it METOY

MHOXXCHHS1

BucnoBku. Bim3HaunMmo 1€ OJHY IiepeBary MeETOAYy MHOXeHHS. Bona
BUIUIMBAE 3 TOPIBHSAHHS CXEMO-TEXHIYHOI peanmi3ailli By3bKO-CMYroBHUX (QIIbTPIB,
aHaJoroBUX 1 MUGPOBUX, JJI OJHOrO YW 1HIIOro MeTtonay. Peamizailisi aHaI0roBOIO

BY3bKO-CMYT'OBOTO (PUIHTPA 3 MAKCUMYMOM IMITYJIbCHOI TIEPEX1IHOT XapaKTePUCTUKH
T : :
h(t), npu t=§ («gac po3roHy QinbTpa») 1 TPH JOCHTH BEIUKHUX, BHUMAarae

IHEpIIINHUX eJIEMEHTIB (€JeMEHTIB 3aTPUMKH) 3 BEIUKHUMH TOCTIHHUMH dYacy
(Twe>>TA®>>1), M0 BUKIUKAE CXEMO-TEXHIUHI TPYIHOII, OCOOJMBO B Jiama3oHi
HU3BKUX YacToT. [Ipu BukopucTanHi s QiabTpallii BUMIAJKOBUX CUTHAJIB BY3bKO-
CMYTOBUX LHU(PPOBUX (PLIBTPIB CKOPOUEHHS BJBIYl yacy (uibTpauii Npu3BOAUTH 10
MOXJIMBOCTI  JBOPA30BOTO 3MEHIICHHS 4YHWCIA 3amaM'sTOBYIOYMX €JIEMEHTIB

(emeMeHTIB 3aTPUMKH).
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TakuM YMHOM, METOJ MHOXXEHHS TOPIBHSHO 3 METOJOM Oe3MmocepeaHbol
binpTpalii 3ade3nedye OUIBIT BUCOKY TOUHICTh CIIEKTPAIBHOTO aHATI3y MPU OLIBII
MPOCTIii amapaTypHii peanizamii. [le M03BOIUTH MIABUITATH TOYHICTh BUMIiPIOBAHHS
nmapaMeTpiB BUIIQJKOBOTO CHUTHANIYy TPU CIHEKTPAIbHOMY aHami3i, a, 3HAYHTbh,
30UIBIIMTH JIOCTOBIPHICTh KOHTPOJIIO TEXHIYHOT'O CTAaHY JBUTYHIB 3aC00iB BOJHOTO

TPAHCIIOPTY MPY HE3HAYHUX BUTPATaX Ha KOHTPOJIHHO-BUMIPIOBAIILHY anaparypy.
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VJIK 681.513:519

®enynoB B.M. JlepxaBHuli yHIBEpCUTET 1HOPACTPYKTYPH Ta TEXHOJIOT1H, CTapIIuit
BUKJIaJa4 Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHUX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3Mmain

AHAJI3 CTATUCTUYHUX XAPAKTEPUCTHUK OLHIHOK
CIHEKTPAJIBHOI IIJIBHOCTI NOTYKHOCTI BUIIAJIKOBUX
CUI'HAJIIB

IMocTanoBka npodaemMu. XapakTEpUCTUKH arlapaTypy CIIEKTPAIBHOTO aHalli3y
B 3HAYHI{ Mipi BU3HAYAIOTHCS BUKOPUCTOBYBAHMMH B Hill METOJaMH BUMIPIOBAaHHS
omiHok CIHIL. VYV 3B'I3Ky 3 UM BHHHKA€E HEOOXIJAHICTh MOJANBIIOIO PO3BUTKY
METO/AIB MOpiBHsUIbHOTO aHamizy ouiHok CIHII BunmaaxkoBux CcHUrHamIB, MIO
BHUMIPIOIOTBCSL PI3HUMHM METOJaMH, METOI0 SIKOTO € BU3HAYEHHS ONTHMAaJIbHOIO
METOJy, SIKMM J03BOJISIE 32 OJMH 1 TOW K€ 4ac aHali3zy (BUMIPIOBAHHS) OTPUMATH
iHTerpaneuy oiinky CHIIT 3 HafiMeHII00 TUciepciero MOXUOKN BUMIPIOBAHHS.

Mera crTaTrTi — YIOCKOHAJIEGHHS Yy3araabHEHOI MaTeMaTHYHOI MOJeli
MOPIBHSHHA OCHOBHUX KJIACHYHHX METOJIB amapaTypHOTO CIEKTPAIbHOTO aHAIi3Yy.
3a J0MOMOTOI0 3alpOTIOHOBAHOI MOJENl OTPUMAaHI aHAMITHYHI BUpA3H A
BU3HAUEHHS CTATUCTUYHHUX XaPaKTEPUCTHK (MAaTEeMaTHYHOTO OYIKyBaHHSI Ta
aucnepcii) GUIBTPIB CIEKTPAIBHOTO aHai3y BUIMAJIKOBUX CUTHAIIB JIJII KOHTPOJIO
TEXHIYHOTO CTaHy JIBUTYHIB 3aC00IB BOJHOTO TpaHCHOPTY. Pe3ynbTaT € 6a3010 Jyis
pO3B'sI3aHHA 3a7]a4 ONTHUMi3alli (OpMHU CHEKTPAIbHOTO BiKHA (DUIBTPIB amaparypu
JUTSI CTICKTPAJIBHOTO aHaJI13y BUITAIKOBUX CUTHAIB.

JIsi KOHTPOJIIO TEXHIYHOrO CTaHy JBUTYHIB 3aC00IB BOJHOTO TPAHCHOPTY
METOJIOM CIEKTPaJbHOTO aHaji3y BUMAJAKOBOIO CHUTHAIly, SIKUH XapaKTepHu3ye
nedexkTr (HEeCpaBHOCTI), HEOOXITHO 3aCTOCOBYBATH BY3bKO-CMYTOBI (IIBTPH IS
MIJBUILEHHS TOYHOCTI OI[IHKHM 4acToT nedexTy (HecnpaBHocTi). [liaBUIIEHHS TaKoi

TOYHOCTI JIO3BOJIUTh BUKIIIOUUTU BIUIMB CYCITHIX YacTOT (XapaKTEPUCTUK CIIEKTPY)

(puc. 1).
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BukJjiag 0CHOBHOIO MeTepiaJIy AOCTiIKEeHHS.

1. AHajgi3 MaTeMaTH4YHOI0 OYiKyBaHHSI OLIHOK CHEKTPAJIbHOI IILIbHOCTI

NMOTYKHOCTI anlapaTypHUX METO/iB

ominok CIIII orpuMaemo aHaTITHYHI

[3 BUKOpHUCTAaHHSM 3ampPONOHOBAHOI y3arajJlbHEHOI MaTeMaTHYHOI MOJenl

CHiBBiI[HOHIGHHSI I MAaTCMaTHUYHOI'O

ouikyBaHHs Ta auctepcii ominok CILIT pisHux MeTomiB, siki Oy 1yTh BUKOPUCTaHI1 IS

MOPIBHSUIPHOTO aHaJi3y METOJIB 1 PO3B’si3aHHA 3aaad onrtumizamii AUX By3bKoO-

CMYTOBOTO (DUIbTpA JJIsi CIIEKTPATIHLHOTO aHA3y.

*H

| i

| e

07
e

0]

& 45 & dh

[ LA

oy af}ﬁ

MM

Bl H N

YacToTa, My

T T
o102

Pucynok 1 - YactoTHa XapakTepucTHKa MOJYJIIO BEKTOPY CTPYMY €JIEKTPOJIBUTYHA

MpU KOPOTKOMY 3aMKHEHH1 OOMOTKH CTaTopa sl By3bKO-CMYTOBOIrO (PUIBTPY

4acToTh A®

s matemaTuyHoro ouikyBanHs oriHok CHIIT maemo

.
<G >=M[G]=M| [H(1)R(r)dr |,
0
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a00, 3aCTOCOBYIOUH BIACTUBOCTI MAaTEMaTHYHOTO OYIKyBaHHS,

m[6]= THEMRE
0

OckiJIbKH M['Q(’C):I =R(7), T0

(1)

3BiJicK BUXOUTH, IO MIPpH OHAKOBIH (yHKIII H(T) MaTreMaTHuHe O4iKyBaHHS

Bcix omiHok CHIIT ogHakoBo. BukopucroByroun crhiBBiAHOLIEHHs Binepa-XiHuiHa

[2]

R(1)= [G el de = [G(w)coswrdo,

—00 —00

3 Bupasy (1), miacraBisitoun piBHICTH (2), OTPUMAEMO

M[é]: T }H(T)G((o)coswrdrdco :

[IpencraBumo 1€t BUpa3 y BUTISIL

M [G]: OJ?CI)((D) G(w)do= ZTCD(O))G(O))d(D,

—00

ne ®(w)= [H(t)coswdr, 0<t<T, -

O ——
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@OCB (abo ¢inbTpyroda QyHKIII).
Jlokaneny ominky CILII é(mo) oTpumaemo, skuo ¢Qyskuis O(w) mae

HECKIHYCHHO BY3BKHH MK MPU ® = ), TOOTO O(®) ~ d(w-0p), 1€ d(® — g) — eTbTa

¢bynkmis. Tomi I\/I[G] ~ G(wo). OnHak, K BiIOMO, 1 11e Oy/e BUIHO i MPU aHAITi31
mucnepcii ominok CHIII, mucmepcis JokaiabHOI OIIHKM HE TparHe A0 HyJs Mpu
T —oco.InmmmMu crmoBamu, sokanbHa oriaka CIHIII é(coo) HenocTaTHd. Jlanuin

BOXKIIMBUH BHCHOBOK HE 3alleKuTh Bix MeTtoay oiinku CIHIII, To0to BiH
npuTamMaHHui ycim 0e3 BUHATKY Meroaam. JloctatHi ominku CLIII moxyTs OyTu
OTPUMaHI TUIBKH 3 BUKOPUCTaHHAM (pyHKILIN D(w), mupuHa skux Ao # 0.

[le o3nauae, mo noctatHi ominku CHIII mMokxHa OTpUMyBaTH TUIBKU JIJISt
iHTerpanbuux oriHok CIHIIT é((z)o), pH SKUX B1JOYBA€TbCS ycepeaHEeHHs (YHKIIT
G(w) B Mexax 1HTEepBalIy 4acTOT A® MOOIM3Yy UEHTPAIbHOI YaCTOTH g. XapakTep
TaKOTO ycepeaHeHHs BU3HauaeThesi popmoro @CB O(w) npu 3aaaHii 11 IKUPUHI TUM
Y 1HIIUM CIIOcOO0M. Y 3a3Hau€HOMY BHIIIE CEHCI 17IeaTbHOI0 € MPSMOKYTHa (opma
¢ynkuii Oy(w). Bona 3abe3neuye ycyHEeHHs ABOX ICTOTHUX METOAMYHHMX MOXHUOOK
BumMmiptoBanHa omiHok CIIII wmerogamu, 110 BKIIOYAIOTh BY3bKO-CMYTOBY
GbinpTparrito:

— TMOXUOKM, 3yMOBJIEHOI «pO3MHUBaHHSIMY» criekTpa («leacage») abo, mo-
IHIIIOMY, TIEPETIKaHHAM TOTYKHOCTI 3 obyacTeit 1mo3a Aw y aiana3oH BUMIPIOBAHHS
Aw. BiacytHicTh 111€i moxuOku 3a0e3neuyeTbesi piBHICTIO Hynwo OCB d(w) mosa
niana3ony Aw;

— TOXHMOKH, IO BUKIUKAIOTHCA MApPa3UTHOIO aMILIITYTHOIO MOIYJISAIIIE0
cnektpa. L{g moxubka BuHMKae, sikiio peaibHa ®CB ®(w) HenocTiiiHa B 1HTEpBal
A®. 3 TOYKM 30py 3MEHINEHHS JaHOI MOXUOKH (MpU TIA K€ TUCTIEPCIi OIIHKH)
KpaiuM Oyzae Takuil GiasTp, hopma SKoro 0JM3bKa 10 1/1€aJbHOTO (MIPSMOKYTHOTO).

Ane ineansHuit punbTp Mae AUX (OCB, mo ¢uibTpye QyHKIII0) 3 HECKIHYEHHO

89



KPYTUMU (PPOHTOM 1 3pi30M, a Takuil QIIBTP MOKHA OTPUMATU TITBKA TEOPETUUHO
npu T = oo.

VY 3B's13Ky 3 UM aOCOTIOTHO MPUPOHA TTOCTAHOBKA 3a/1a4ul onTuMizarii Gopmu
®CB ®(w) 1 BignoBigHo 10 ¢yHKIIT H(t), T00TO BU3HavYeHHs Takoi ¢yHKIT H(T),
ska 3a 1eit yac T 1 npu 3ananiit aucnepcii omiaku CIIIT 3a6e3nedyBana 6 HaKkpare
HaOMwKeHHS 10 imeanbHOTO GimbTpy. [li 3aBmamHs OymayTh chOpMyIhOBaHI Ta
po3B’s3aH1 y HacTynmHOMY po3aini 3. Habmmkeras @CB ¢binsTpy 11 CIEKTPaIbHOTO
aHaII3y BUIIQJJKOBOT'O CUTHANY, KU XapakTepusye nedeKT (HECpaBHICTh) IBUTYHIB
3ac001B BOJHOTO TPAHCIOPTY, XapaKTEpHU3ye HOCTOBIPHICTH KOHTPOJIO TEXHIYHOTO
CTaHy JIBUTYHIB.

2. AHajiz aucnepcii OWIHOK CHEKTPAJbHOI IIJILHOCTI MOTYKHOCTI
anapaTypHMX MeTOdiB CMIEKTPAJIbHOI0 aHAJII3Y

Jns obuncnenns aucrepceii ominok CIIIT ckopuctaeMocs CIiBBiIHOIIEHHSIM

[89]
pl6]=m[62] - (m[]F. 5)

[TincraBnsitoun B piBHICTH (5) Bupa3s (1), orpumaemo

T 2 T 2
D[G]=M|| [H®R()dt | |-<M| [H(1)R(r)dr
0 0

3anumeMo el BUpas Tak:
ple]- [THEHEMRERE dedr - @H(r)M[ﬁ(t)drU |
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e ciBBigHOIIEHHS MPEACTABUMO Y BUTJIISAIL

D[G]zEjH(r)H(r')Q(r,r')drdr', 6)
re Qz,7) = MRER()|- MR(D)]- M[R(¥)], (7)

106T0 dyHKUiE Q(T,T) € LEHTpoBaHA KopesliiiHa (YHKI[S OLiHKHK R(t).
Busnaunmo ii Jyisi onTUManbHOI OLIHKA TPU HOPMAJIBHOMY 3aKOH1 PO3MOJLTY
BEJIMYMH {X(t)} 3 ypaxyBaHHsIM Bupasy (5) maemo

M[@(T)@(T')]_M{ L Ix(Ox(t-)de-— ,}x(t')x(t'—r’)dr']

T—’CO T—TO

3BIIKHU

M [fe (r)fe(r')]: T T)tT - ,)}dt }'dt’ M[x(t)x(t — t)x(t")x(t' = 7)]. (8)

T T

st HOPMAnbHOTO 3aKOHY PO3MOJAUTY  BEJIHMYHMH {X(t)} CIIPaBEINBO

criBBigHOMEHHS [3, 4]

M[x(t)x(t—)x(t')x(t' = 7')] = R(:)R(t)+ R(t —t')R(t—t' =t + ')+
+R(t—t"+17)R(t—t' - 7).

[lincraBmistouun 1€ piBHICTH B (2.32), 0OTpuMaeMo

R{t-t)R(t-t'—t+7)+

A Al A L :
MRERE)|= ( JRICRERE o p g

T-1)T-1
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abo

1 T T
[dt[dtR(t—t)R(t—t' —t+17')+

(T_T)(T_T,) T T

1 T T
[dt[dtR(t—t'+T)R(t—t'—7').

(T-oT-7): -

M [IQ (r)lﬁ (1:)] =M [ﬁ(’t)] M [Ifl (1:')]+

+

[TincranoBka 1€l piBHOCTI B Qopmyny (7) nae oONTHUManbHy (QYHKIIO
Qomr(T,T), ockimbkm ¢GyHKIIT Q(T,T) BHU3HAYAETHCS JUIS ONTHMAJIBHOI OINIHKH

KopessiinHoT GyHKIT Ry (t). OTxe, Maemo

QOHT (T’ IJ) = Ql(r’ TI)+ Q2(T’ T,)’ (9)
: 1 T b : , A
ne Ql(m):(T—r)(T— ,){dt{'dtR(t—t)R(t—t —T+7); (10)
1 T T
Q,(t,7)= T ) [dt j,dt'R(t—t’+r')R(t—t'—t’). (11)

Sk Bugnro 3 (10), (11) i (9), dyuxii Qi(t,t), Qx(t,7), a BigmosigHo, i GpyHKIis
Qom(T,T), CHMETPHUHI MO0 HEPECTAHOBKU apryMEHTIB T i T, T06To Q(1,7)=Q(t 7).
ToMy JOCTAaTHBO BUPAXYBATH X IIPU T > T.

Bamumremo Bupas mis Qi(t,t), mpu t > t. Ilicnst 3aminm y dopmyri (10)

3MiHHEX U = t—t (puc. 1), oTpumaemo

)= : b t_T,u u)R(u—t+7
Ql(T’T)_(T—t)(T—r’)idtt_de R( )R( ) (12)

VY Bupasi (12) npoBenemMo 3MiHYy TOPSAIKY IHTETPYBaHHS 3 BUKOPHCTAHHIM

PUCYHKY (puc. 2), MaEMO
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T t-7 0 T+u -7t T T-1' T

[dt [ du= [du [dt+ | dufdt+ [ du [dt=

T t-T T+t = 0 T -1 U+t

0 T—1 T—t'
= [(T+u+t)du+ [ (T-7)du+ [(T-u-1)du.
-T+1 0 -7
Llei#t Bupa3 nmpeacTaBUMO y 3TOPHYTOMY BHUTJISII

T t—¢ T-7
fdt [ du= [¥(u)du, (13)
T t-T -T+1

T+u—-t mpu —-T+1<U<0;
ge Y(u)=< T-t mpm O<u<t-1} (14)
T-u—1 mpu t-7t'<u<T-T7.

I'padik ¢pynkmii y(U) HaBeaeHO Ha pucyHKy 3 [4, 5].

3 ypaxyBaHHsM piBHOCTI (9) s hopmynu (12) mpu T > 1 oTpuMaeMo

)= L it u)R(u)R(u—t+1')du
Ql(r,r)—(T_T)(T_T,)_Tff( JR(u)R( Jdu.  (15)

t

0 T T t

Pucynox 1 — Jlo nosicHeHHs 3aMiHu 3MIHHUX U =t —t
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u=t-T u=t-r1

—T T+t ' O 1’ T u

Pucynox 2 — J1o nosicHeHHsI 3M1HU NOPSAJAKY 1HTErpPyBaHHS

Y(u)

T+t O 1t T u

Pucynok 3 — I'padik ¢pynkmii y(u)

[Mpoananizyemo dopmyny (15). BenemMo BenMuuHy To — IHTEPBAI KOPEJSAIT
BemduH {X(t)}, T06T0 (ynKiis R(t) xyxe Mama npu T < To. Toai pynkmis Qy(t,7)
BiAMiHHA Bim Hyns Titeku mpu [t1—1|<2ty [6-9]. Lle o3mHauae, mo iHTepBan
kopeJsamii Gpyukiii R(t) npubau3Ho BABiYI OUTBIIMIA 38 IHTEpPBaAI KOPEJAIT BETUYNH
{x(t)}. Takum umHoM, sikmo T — © >> 10 i T — 1°>> 1o, T0 anst Bupasy (15)

CIIpaBeIJIMBUI HAOIMKCHUH 3aITHC:
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L g ()R(u—|t—<|)du. (16)

Amnaoriuso criBsigsomento (14) wis dyuxiii Q,(t,7) oTpHMaeMo

1 st :
- T_T)(T_T,)_ij(u)R(u+r)R(u—r)du. (17)

Amnaniz gynkmii Qq(t,7) 1 Qy(t,7) BignosimHo a0 Bupasis (15) i (17), mokasye,
110 TPH BCIX 3HAYEHHSX T 1 T, 32 BUHATKOM MaJioi 001acTi T,T<Tp, CIpaBejinBa

ymoBa R(U)R(u-— — 1), mo axamorigao Qi(t,7) >> Q,(t,7) [9-

10]. Tomy s KopemsmiiHOT GyHKIIT onTUManbHOI OIiHKK (9) MOXHA MPUHHATH

Qomr(7,7)=Q1(7,7), a 3 ypaxyBauHsM criBBiHomeHHs (16)

Tl'c_jooR( ) ( —‘r—r')du. (18)

Qonr(T.7)=

VY3aranpHI0I04H 1€l BACHOBOK, MOXHA 3pOOUTH O1IBII 3arajbHe TBEPKEHHS:
SKIIO OLiHKA KopessuiiHoi gynkiuii R(t) oTpumana ycepenHenHsam Beauuus X(t)X(t

+ 1) Ha yacoBoMy iHTepBani Ty, , TO QyHKIis Q(t,7) ms TaKkoi OLiHKH [10]

Qr, )~ T;() (u—fe—)du. (19)

~ 1
Tyep

Tak, 19 OLIHKK ﬁl(r), Merony BuMiproBanHs owiaku CIIIT Gl,

3aCHOBAHOIO Ha YacOBOMY YyCEpEIHEHHI KBajapara (UIBTPOBAHOI peami3alii

BUMNAJAKOBOro curnaiy x(t) [5, 11], orpumaemo
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= 1t TR(U)R(U—"E—’C")dU, T <ty;
Qle)xy | %7 (20)
T jR(u)R(u—‘r—r")du, 7> 1,

ne T = ly — 3HAYeHHS, TPU SKOMY XapaKTepHuCTHKa h(T) By3bKO-CMYTroBOTO (ilbTpa
Ma€e MaKCUMYM.

Jns omiHKH R4(r), 3aCHOBAHOiI Ha THMYacOBOMY YyCEpEIHEHHI KBaJpaTiB

koedimieHTiB Dyp'e peanizaliii BUNagKOBOIO CUTHAITY, MAeMO [13]

Toni

— TRUR(u=|e-])du. (21)

Topismsaas Bupasis (20), (21) 3 hopmymoro (19) mokasye, mo dynkmis Q(t,t)
st Beix ominok R(t), a omke, i ams Beix omirok CIII G, omucyetses GopMymor0
(2.60), ane 3HaueHHs yacy ycepeqHeHHs Ty, 11 pI3HUX OLIHOK R(t) pisue.

Hanpuknan:

— U1 OIITUMAJILHOI OIIHKHA Tyep=T-T,

T -t T <t,,
T _{ o HpH 0

— U1 OLIHKH Iil(r): =T+ it T t:
_ o;

yep
) A ) T T

— st onimku R 4(t): Tyep =T—?T=T£l—?].

1 1

[IpencraBumo Gopmyiy (19) HacTynmauM uynHOM [11]:
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Q(r,7)= FQT—T’), (22)

Tyep(7)

ne F(x)= TR(u)R(u—x)du. (23)

—00

®ynkmis F(x) BiIMiHHA BiJ HYJIS JIUIIE B 00J1aCTI ‘X‘ <2t.

Hns po3kputrts  ¢izmu”Horo 3micty  pyHkmii  F(X) ckopuctaemocs

cniBBigHOMEeHHAM Binepa-Xinuina (2). Tomi mas hopmynu (23) oTpuMaemMo
F(x) = [ duf [G(o)G(w)e!™ e 1) gy doo’ .

[lepeTBOpHMO LIEH BUpa3

F(x) =2n| TG((D)G(O)’)ej“)X 8(0—0')dodw’ =25 OJ?GZ((D) el de.

3Bimkn  F(X) =21 [G*(w)cosoX do. (24)

[TincraBuBIM criBBigHOIICHHS (22) B popmyity (6), 3HaX0IUMO

H(x) H({)

.
D[G] ~ dtdr’.
el gj\/Tycr)(T) \/TYCP(T’) o

F(‘r— T

3 ypaxyBaHHSIM Bupasy (24) maemo

97



D[G]=2n T G2 (0)|¥ () do, (25)

—00

T
H(T) ej(or dT

(o) =[—~ L @ : (26)
yep

Skmo ¢yHKmis crnektpanbHoro BikHa D(w), oOymoBieHa piBHICTIO (4),

BIIMIHHA B1Jl HyJIs JIMIIE B YACTOTHIA 001acTl A® MOOIM3y HEHTPAIBHOI YaCTOTH (M
, To 1 ¢ynkuis VY(®) Bosomie Mmi€0 X BIacTUBICTIO, ane Qopmu rpadikiB
GyHKUii®(m) u ¥(w), 3po3ymino, pisui. Sdkmo B Mexax cmyrd Ao ¢pyukuiro G(w)

MOYKHa HaOJMKEHO BBa)KaTH MOCTIHHOIO, 3 hopmyiu (15) maemo

D[G] ~ 2nG?(ep) ﬂ\y(m)\ do = 4n%G? (wg) j H (T))d 27)
0 pr

OtpumMaemo Bupa3 aisl BigHOcHO1 auctiepcii ominok CIIII.
Jlns mateMatnyHoro ouikyBaHHs M[G] 3 THM ke CTyneHeM TOYHOCTI, 0 U

s quenepceii D[G] BianosiaHo mo Bupasy (27), 3 BukopuctantsaM popmyi (3) i (4)

3HAaXO0IUMO
0 T
M[G]=G(xg) [®(w)do=G(mg)2n[H(1)3(r)dt »nG(wp)H(0).  (28)
—© 0

[TincTaBnstoun cmiBBigHOMIEHH (27) 1 (28) B piBHICTH IS BiIHOCHOI

aucriepcii, MaemMo
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5G ~

T 42
4 [ H°() 4o (29)

H?(0) § Tyep(T)

s dbopmyna orpuMaHa Npu OpunyiieHHi, mo ¢yskiis H(t) mano 3MiHIOETbCS

B IHTEpBAJIl MOPSAAKY T .
Ominumo nopsiok BenuuuHu 0G . Iyig 1boro mo3HaunuMo 4epes T¢gy UMPUHY

nepetBoprotoyoi pynkuii H(t), Toxi 13 Bupasy (29) crinye
AT
56~ -2,
T
10 MOKHA 3aITUCATH Y 3aralIbHOMY BHTJISI
A ’C(b
oG =k—, (30)
T

ne k — uucenbHMI KOEQILIEHT, KU 3al€XHUTh, MO-TIEpIIE, BiJ OOpaHOi OIIHKH
Kopessiuiiinoi gpyHkuii R(t) (qepes T,
bynxkuii H(t).

Jlnst imrocTpartiii HaBeIeHOTO METO/ly BU3HAUYEHHS BIIHOCHOI JUCIIEPCIi OIIIHOK

(1)) 1, mo-nmpyre, Bijx GOPMHU IIEPETBOPIOIOUOT

CHIIT po3rastHyTi TpU NpUKIAIU — IJI1 HAOUIbI nepcrneKTuBHUX omiHok CIHITT.
Omke, mpu oOpaHii OIMIHII KOpPEIAmiHHOT (GyHKILT Q(T), 0 BiAmosizae

A

oOpanomy Mmertony BumiproBanus ouinku CIIIT G |, BigHOCHa amcrEepcis OLIHKU

CILIT 8 G BusHauaerses dopmynowo (30), npuuomy uwMcenbHHl KoedimieHT k

3aJIeKUTh B 00paHoi popmu mepeTBoprorouoi GPyHKIli abo QyHKINT CIEKTPAIBHOTO
BikHa (G1abTpa. BigzHaunmo 1e oJIHy MpakTUYHO KOPHUCHY (HOpMyITy ISl AUCTEPCii,

MpHUAATHY 32 YMOBH, KOJHU Ty << T, mpu 1<< T 1 T,.,= const. Ile, 30xkpema, Mae Miclie
p y3ay b p yep p
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IUIsL pO3TISIHYTHX BHIIE anapatypHux metoiB BumiptoBanus ominku CLHIIT Gq i Gg.

VY npomy BuUnaaky 3 dhopmyiu (29) maemo

s merony BuMiproBanus ominku CLUIT Gy cnin npuitasata Ty~ T — Tq, I

Meroay BuMiproBaHHs omiHnku CLITT

A

G 5 Ty0p ~T.
Otpumaemo:
Id)z (0)dw
5G =2 0 . (31)
Tyep (0 2
( jd)(co)doo)
0

Busnauntu edextuBHy cmyry (GuibTpaiii B 3arajJlbHONPUHHATOMY CEHCl [9,

12-14]

3 ypaxyBaHHsIM Iii€l piBHOCTI hopmyna (31) mpuiime Bimomuii BUTs [6]
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27 B 1
TYCP AC%(I@ Tycp Afa(b(b

8G = (32)

dopmyina (32) mos'si3ye BimHOCHY auctepcito omiaok CHIIT ycepennenus ta
e(eKTUBHOI CMYTOI0 (pIIBTpaIlii.

BucHoBku. TakuM YHMHOM, OTpUMaHI BHUpPAa3Hd OIS  CTAaTHCTUYHHUX
xapaktepuctuk o1iHok CHIII 3 BUKoprcTaHHAM y3arajbHEHOI MaTeMaTUYHOT MO
J03BOJISIFOTH ITPOBOAUTH MOPIBHsUIbHUHN aHaui3 oniHok CLIII 3 eanHMX mo3uLIii.

OTtpumaHi pe3yJbTaTh € OCHOBOKO JJIA ONTUMI3alii (OpMH CHEKTPAIbHOIO
BIKHA BY3bKO-CMYIOBUX (GIIBTPIB, SKI TMPOMOHYETHCS BUKOPUCTOBYBATH IIPH
CHEKTPaJIbHOMY aHajli3l BHIIAJIKOBUX CHUTHAJIB JIJII KOHTPOJIIO TEXHIYHOI'O CTaHy
JIBUTYHIB 32C001B BOJIHOT'O TPAHCIIOPTY.

3anpornoHoBaHa Ta OOIPpYHTOBaHa Yy3arajlbHEHa MaTeMaTHUyHa MOJEIb
ontuManbHux oIiHok CIIII, mo m03BoJisie MOPIBHATH Pi3HI METOJU amapaTypHOro
CHEKTPAJIbHOTO aHaJI3y BHIMAJKOBUX CUTHAIIB 1 BUSBHUTH CEpEll HUX ONTHMAJbHI,
BUXO/ISIYU 13 CTATUCTUYHOI TE€OPii TPUUHATTS pillieHb, TOOTO MO MAKCUMYMY (PYHKIIIi
MpaBIONOAI0OHOCTI.

JocnimkeHo MeToa nepeMHoxkeHHs BuMiproBaHHs orinku CIIIT BumagkoBux
CUTHAJIIB, 3aCHOBAHUI HA YaCOBOMY yCEpPEIHEHHI BUX1JIHOIO BUIAJAKOBOTO CHUTHAITY
Ta ¥Woro GiIbTPOBaHOI peanizallii (Ha BHUXOJl BY3bKO-CMYTrOBOTO (UIbTpa), SKUUN
3a0e3nedye OUIbII BUCOKY TOYHICTh CHEKTPAJIBHOTO aHali3y MpH OUIBII MPOCTIii
amapaTypHiil peaiizailii MOPIBHSIHO 3 METOJOM Oe3mnocepenHboi (iIbTpalii, sSKUii
3BOJIUTBCS 70 YAacOBOTO YCEpPEJAHEHHS KBaapaTta (UIbTpoBaHOI peamizarii
BUITAJIKOBOT'O CUTHAIY.

[Tokazano, mo Bci ouinku CHIII, oTpumani pPO3TASHYTUMH METOAAMHU
anapaTypHOro CHEKTPaJbHOTO aHaJi3y, 3BOASATHCS /10 y3arajJbHEHOi MaTeMaTH4HOI
Mozeni. Pi3HULg MK HUMU TMOJISITAa€ JUIIE B PI3HOMY BUOOPI OLIHOK KOPEJSALIHHOT

¢GbyHKIII Ta B pI3HOMY BUIJISIAI TIEPETBOPIOIOYOi (PYHKINT. 3ampoOrnoOHOBAaHUN METO.
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MHOKeHHs1 BuMipioBanHa OIiHKM CIIII BUMankoBUX CHTHATIB HAJIEKUTH [0

ONTUMAJILHUX METO/IIB, aJie BiH IPOCTIIIIE 1HIITMX METO/IIB CIEKTPAILHOTO aHaATI3Y.
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PO3JILI 3

METOJM ONTUMIBALILI ®YHKIIII CHEKTPAJIBHOI'O BIKHA
OIJIBTPIB IS CIIEKTPAJIBHOI'O AHAJII3Y
BUITAIKOBUX CUT'HAJIIB
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VJIK 623.463.5.001.57(06)

Jliranenko B.B. JlepxaBHuii yHiBepcUTeT IHOPACTPYKTYPH Ta TEXHOJIOT1H, CTapIIni
BUKJIaiay Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallli TEXHIYHUX CHUCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

METOJIM ONTUMI3ALII ®OPMH ®YHKIIII CHEKTPAJIBHOI'O
BIKHA BY3bKO-CMYTI'OBUX ®UJIBTPIB 1JIsI CIIEKTPAJIBHOI'O
AHAJII3Y BUITAJIKOBUX CUT'HAJIIB

IMocranoBka mnpodsaeMu. TOYHICTH amapaTypHOTO CHEKTPAILHOTO aHali3y
BUIIQJIKOBUX CUTHAJIB, K1 XapaKTepu3yloTh 1eeKT (HeCTpaBHICTh) JBUTYHIB 3aCc00iB
BOJHOI'O TPAHCIIOPTY, 3ACHOBAHMWX HAa BUKOPUCTAHHI BY3bKO-CMYTOBOI (pUIbTpalii, y
3HAYHIA Mipl BH3HAYa€ThCS BiAMIHHICTIO AYX BY3bKO-CMyroBOro (QuibTpa Bij
11eaibHOi — MpsAMOKYTHOI. [Ipu 11eanbHOMY CHEKTpaJlbHOMY BIKHI 3a0€3MedyeThbes
MOBHE YCYHEHHS IOXHUOKH «pPO3MHUBAaHHA», a00 «MepeTiKaHHA» chekTpa. OmHak
17lealibHE CIIEKTPAJIbHE BIKHO (h13MYHO HE MJIA€ThCS peatizallii.

Y 3BW3Ky 3 UMM BEIUMKUM MPaKTUYHUM 1HTEpEC MPEJCTaBise 3ajaya
ontumizailii, mo mnonsrae y Bu3HaueHHI ¢opmu AUX @P(w) abo oaHO3HAYHO
MOB's13aHOT 3 HUM IepeTBOpIorouoi Gpyukmii H(t).

Ili ¢ynkuii 3abe3meuyroTh MaKCHMaldbHY TOYHICTH (MiHIMAJIbHY TOXHOKY)
ampoKCHUMAIlii 11eabHOrO0 CHEKTpabHOTO BikHA Dg() mpH 3aJaHUX 3HAYCHHSIX
CMyTu TpomyckaHHs A, yacy BuMIipioBaHHs (aHamizy) T 1 BiIHOCHOI aucrmepcii

omiaku CIHIIT [1]:
Aw® Aw A® A®
D(0) = X((Do —w+7j+x(0)0 +m+7)+x(—m0 —co—i-?jﬂ((—wo +m+7)

PosrisitneMo po3B’si3aHHA 1€l 3a7a4i A MeToAy Oe3nocepenboi (PpiabTpariii
Ta KOPEJSIiitHO-PLIBTPOBOTO MeTo Ny BuMiptoBaHHs oriHoK CILIII.

Mera cTarTi — HaBecTH MeTon onTumizailii ¢hopmu GyHKIII CHEKTPATHLHOTO
BIKHA BY3bKO-CMYTOBHUX (PIJIBTPIB JJIsl CIIEKTPAIBLHOTO aHAII3y BUMAJKOBUX CUTHAJIIB,
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K1 XapaKTEePU3yIOTh Me(eKT (HECTIpaBHICTh) ABUTYHIB 3aCO0IB BOJHOTO TPAHCIIOPTY.
[IpoBecTr  nmOCHIDKEHHS  MOJKJIMBOCTEM  peaiizaili ONTUMAJIbHUX  (QYHKIIIH
CHEKTPAJbHOTO BIKHA IMPH 3aCTOCYBaHHI JUHAMIYHUX (GUIBTPIB MalluX MOPSAKIB.
OTpuMaHi CIIBBIIHOIICHHS [JIs1 OLIIHKKM MAaTeMAaTHMYHOTO OYIKyBaHHS Ta AMCIEpCil
OIIIHOK CIEKTPaIbHOI NIIJILHOCTI MMOTY)KHOCTI TPH BUKOPUCTAaHHI JUHAMIYHUX
Gb1ABTPIB IUTIsI KOHTPOJIIO TEXHIYHOTO CTaHY JBUTYHIB 3aC001B BOJTHOTO TPAHCIIOPTY.

Metoqu ontumizamii  Gopmu  AUX  By3bKO-CMyroBux  (QiabTpiB IS
CHEKTPAJILHOTO aHaJ13y BUMAJKOBUX CUTHAIIB OTPUMAEMO JIJIsl IBOX KpUTEPIiB [8]:

— MIHIMYMY CEPEeIHbOKBAJPATUYHOI NOXHUOKHM ampoOKCHUMAIlli 11€aJIbHOI,
npsMokyTHOI DCB peanbHOi PyHKITIETO;

— MIHIMYMY BIUIMBY OlyHuX mnemoctok ®PCB Ha moxuOKy BUMIPIOBaHHS
omiaku CIIIII.

BukopuctanHs 3a3HaueHMX KpUTEpIiB OOYMOBJIEHO JBOMa MOXJIMBUMU
IMOCTAaHOBKAMH 3aj1a4dl OnTHMI3allll.

VY nepmiomy Bumaaky (mepia 3ajada ONTUMI3allii) OCHOBHOIO BHUMOTOIO, IO
BUCYBaeTbca 10 ontuManbHoi AUYX ¢uibtpa, € 3a0e3nedeHHs MIHIMyMy
CepeIHbOKBAAPATUYHOT MOXMOKH anpokcumariii igeanbHoi AUX, ane npu nboMmy He
HAaKJIaJJA€ThCS HIIKMX 00MEXeHb Ha MoBeMiHKY AUX sK y cMy3l aHami3y, Tak 1 mo3a
HEIO.

VY npyromy Bumaaky (apyra 3ajada ONTHMI3allii) OCHOBHA yBara MpHuJIIJICHA
3a0€3Me4YeHHI0 MIHIMYMY BIUIUBY O19yHUX TieatocToK @CB Ha moxuOKy BUMIpIOBaHHS
orinku CIIIT. 111 xBi 3amaul onTuMizalii OXOIUIIOIOTh HAWOUIBII MOMIMPEHI BUMOTH,
o BucyBaioThes 70 OCB mpu BupilleHHI NPAaKTUYHUX 3aBJaHb CHHTE3Y BY3bKO-
CMYroBUX QUIBTPIB, SIKI BUKOPHCTOBYIOTHCS B amaparypl CHEKTPaJIbHOIO aHalli3y
BUMAIKOBUX CUTHAMIB [1].

Chopmymoemo Ta BupimmMo o0uABI 3amadi ontuMmizamii AUX By3bko-
CMYTOBUX (UIBTPIB AJI CIEKTPATILHOTO aHATI3Y.

Buxiiaa ocCHOBHOro Martepiajy I0CTiIKeHHA

1. Metoa onTumizanii yHKUil CIEKTPAJBLHOI0 BiKHA BY3bKO-CMYTI'OBHMX
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¢inbTpiB 32 MIHIMYyMOM cepeIHbOKBAAPATHYHOI MOXMOKH aNpoOKCUMANII NpH
BUMIipPIOBAHHI OL[IHKHM CHEKTPAJbHOI INLILHOCTI MOTYKHOCTI

3amaya ontuMizamii  AUX  By3pko-cmyroBoro  ¢imetpa D(w) 3a
CEPEeIHbOKBAAPATUYHUM KpUTEpIEM (DOPMYIIOETHCS TakK: 3HAUTH ONTUMAIbHY

neperBoprorouy ¢yHkuito H_ (1) abo onTHManbHy IMIyIbCHY TEpexiaHy

XapakTepucTHKy h(t) dinbTpa, 1mo 3ade3neuyoTh MiHIMyM (QyHKIioHaTy [1]

F= [[@() - ()] do, )

—00

ne ®,(w) — imeanpHa (HeoOximHa) criekTpanbHa (yHKIisA (a00 AUX) dimpTpa. ¥V

HAIIOMY BUMAJKY 115l QYHKIliS MPSIMOKYTHA Ta aHATITUYHO OIUCYETHCS BHPA3oM [2,

3]

const, mpu —&<(o<(o +&'
Dy (o) = - TP ©0m T P (2)
0, MIPY 1HITUX 3HAYCHHAX .
®ynkiris @(®) BU3HAYAETHCS HACTYITHOIO PiBHICTIO:
T
D(w)= jH(r)COS(Mdr, 0<t<T. (3)
0

Jlnst po3B’si3aHHS 3a7adl ONTUMI3Allll CKOPUCTAEMOCS BaplalliiHUM METOJIOM,

BIJITIOBIJTHO /IO SIKOTO TOBUHHA BUKOHYBATHCS YMOBA:

or
oH(7)
Toni 31 ciBBiAHOIIEHHS (1) 00UKMCIUMO:
or < 0D ()
—— 22 |o(e) - do.. 4
D J [@(e) - Do) @ (4)
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3 ypaxyBaHHsM Gopmyn (3) 3HAXOAUMO:

0P(w) _|coswt, 0<T<T;
oH(x) |0, t>T.

[TizcTaBistouu 110 PiBHICTH y BUpa3 (4), OTpUMaEMO:

or
OoH(7)

o0

[TpupiBHIOIOUM BUpa3 (5) HYIIO, MAEMO:

T[CD(co) — @, (m)|cosodo=0, 0<t<T.

—0o0

OckiJ1bKH, BIAMOBIAHO 70 nepeTBopeHHst Dyp'e,

TCD(Q)) cosowtdow = tH(1),

TO 3 BUpasy (6) orpuMaemo:
H(t) = ICDO((D) cosotdo..

3 ypaxyBaHHSIM PiBHOCTI (4), 3HAXOANMO:

Aw
0)0 +—

H, (t)=A [cosotdo,
Ao

07

() .
ne A =—2=const — nocriiina.
T

[Ticnst o6uucnens 3 hopmynu (7), oTpuMaemo:
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. A® i A® . Aot
sin(w, +7)1:—sm((oO ——)1 sin——

H,  (t)=A :ZACOSOJOT—Z, 0<t<T.(8)
T T

[lpu meroni mHoxeHHs BuMiptoBanHs ouinku CIUIT ¢ynkuis H (1) Moxe

OyTu peamizoBaHa, skmo Budpatn AmT =2Kr, ne k — Oyap-ske 1ine gucmo. Tomi
JUI ONTUMAJIbHOI IMITYJIbCHOI XapaKTepUCTHUKU (PUIbTpa, 3 ypaxyBaHHSIM PIBHOCTI

(8), maemo:

Ny (T) = I_ll_"“—i(:) = 2Acosw0r(_|_— : 9)

VY Ttoit xe wac mna merony BumiproBaHHs ominku CIII, 3acHoBaHOrO Ha
3BEJICHHI B KBajJpaT (PIbTPOBAHOI peaizallii BUIAJKOBOIO CHUTHANY, ONTUMAalibHA

¢bysKk1is neperBopenas H,_ (t) He Moxe OyTH peanizoBaHa, TakK K PiBHSIHHS

H,(u) = Z}h(r)h(r— u)(T —u)dr,
0

npu H, =H He Mae pimreHHs s h(t). SkicHo e BHAHO Xo4a O 3 TOTro, MO0

OIIT ?

¢ynkuis @, (o) >0, a meperBopennss Pyp'e Big H . (t) Moxke mpuiimaty i HeraTUBHI

3HavyeHHs [4].

2. Meron ontumizanii pyHKIii cIEKTPaJIbHOrO BiKHA BY3bKO-CMYIOBHX
¢inbTpiB 32 MiHiMyMOM BIUIMBY O0iYHHUX MEJHCTOK HA TOYHICTH BUMIiPIOBaHHA
OLIHKH CNEKTPAJIBLHOI IIJIbHOCTI MOTYKHOCTI

Chopmynmoemo Ta po3B’sokeMo Apyry 3agady ontumizamii AYUX By3bko-

CMYroBUX OUIBTPIB AJi CHEKTPAJbHOTO aHajii3y BHIIAJKOBUX CHUTHANIB — 3a
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MIHIMyMOM BIUIMBY OIYHMX METIOCTOK CHEKTPaJbHOI (YaCTOTHOI) XapaKTepUCTUKU
¢inerpa ®(w) mpu 3amaniit gucrepcii. [oTiM mpoBemeMo MOPIBHIIBHUA aHAI3
pe3ynbTaTiB A7 000X 3a1a4 ontumizaiii AYX By3pKO-CMyroBux (pibTpiB.

[lepexoguMo 10 po3B’si3aHHS JAPYroi 3agadi onTuMisaiii, chopMyIbOBaHOI
BUIIIE.

Brecok Big 61unnx nemoctok ®CB @ (®) BU3HaYMMO HACTYITHUM BHPA30M:

Ao Ao
oy %05 -
jq)(oo)doa+ j@(oo)doa+ j(l)(oo)da) =
- -®g +A—2m oy +—
0 ®p +7 mo+7
= jq)(co)dco -2 j@(oo)doa =Th(0)-2 J.CD((;))d(o : (10)
-0 Ao Ao
Wy ——— 0g———

OueBHHO, ONTUMI3AIlA BKIaaAy OiYHUX MearocTok GyHKIT @(®) y moxubKy
BuMiproBanHa oliHKM CILIT 3BoauThCs 10 3a0€31eueH s MiHIMYyMY PI3HUII B MpaBii
gacTuHi Bupasy (10).

[Mpu 3anmaniii nepemaBanbHil ¢GyHKil, To0To Tpu h(0) = const, HailimeHIe
3HAUYEHHS BKJaay BiJ OIYHUX MENIOCTOK y MOXUOKY BuMIiptoBaHHS ouiHku CLITII

J0CATA€ThCS 38 YMOBH, IO 3HAYEHHS I ®(w)do MaxcumanbHe. OIHAK 3MCHIICHHS
Aw

I[LOTO BKJIay MPU3BOIUTH 10 301mbIeHHs aucnepceii ominku CLIIT [4].

Hanpukman, maus jgokanbHOI OIiHKH P(®) BHECOK Bif OIYHHUX ICIIOCTOK
JIOPIBHIOE HYJIIO, alie (PYHKIIIsI HEOOMEXXEHO BEJIHKA.

ToMy, KOpPEKTHOIO y JaHOMY BMIIaJIKy € IMOCTAaHOBKAa 3ajadi ONTHMI3alli Ha
YMOBHHI €KCTPEMYM: 3HAWTH ONTUMAJIbHY IMIYJbCHY MEPEXiHY XapaKTEPUCTHUKY
h(t) By3bkO-cMyroBoro ¢iabTpa, MmO 3a0e3nedyye MiHIMYM BKIaAy Bij OIYHHX
MeIOCTOK y moxuOKy BuMiproBanHs oiinku CLIIT 3a ymMoBH, 1110 BiTHOCHA AUCTIEPCIs

omiaku CIIIT He mepeBurye 3a1aHOTO 3HAYEHHH.
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Jlis po3B’si3aHHs I1i€l 3aAaui 11 OUTBII 3py4HO CHOPMYIIOBATH HACTYITHUM
YMHOM: BHW3HAYUTH IMITyJbCHY XapakTepuctuky ¢inerpa h(t), mo 3abesmeuye

MAaKCHUMYM BCINYHUHOIO jq)((x))d(x) 3da YMOBH, 110
Aw

(T —1)h?*(t)dr<L =const.

o ——

Take 3aBmaHHs HA YMOBHHI €KCTpEMyM BHpILIyeThCsl MeTooM Jlarpamxka [2,

3]. BBenemo yHkIioHan

I'= jé(w)d@—x}(T —1)h?(t)dt, (11)
Aw 0
0=~

ne A — MHOXKHUK (200 koedirient) Jlarpanxa.

BuxopucroByroun dopmyiy (9), obunciumo yactkoBy moxigay oI'/oh(t) i

MPUPIBHAEMO 11 10 HYJIS

or’ _°°°+2‘® o(®) o vy
8h(r)_m Lm—ﬁh(r) do—2A(T-1)h(r)=0, (12)

0D (0) . . .
ne o (r) 3 ypaxyBaHHSM CIiBBIIHOIIEHb (3) 1 (2) BUBHAYAETHCS PIBHICTIO:
acI)((")):(T—r)coso)T, O0<t<T. (13)
oh(t)

Bupimyroun piBasHHS (12) 3 ypaxyBanusm piBHocTi (13), anamoriuno (8),

OTPUMYEMO BUPA3 JJIs IMITYJILCHOI XapaKTepUCTUKU (PiibTpa
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Ao . Aot
@0+ sin——
h . (t)=A ICOS otdo =2A’Cos COO’C—Z : (14)
Ao T
Wy ——(—
2

e A’ = const — mocrilina.

[TopiBHIOIOYM onTUMaNbHI PyHKIIT h,.(t), Bupas (9), i h'y.(t), Bupasz (14),
BiAMITUMO, 10 B oOsacti T<<T, BOHU MNpaKTUYHO 30iraroThbcs. Y TOM Ke yac
bynkist h o (T) memo mpocritie peanizyeTbes TEXHIYHO, HDK QyHKIS Nyy(T). Tomy
JOLIIBHO 3'ICYBaTH, HACKIJIBKHM 1ICTOTHO BIAPI3HAIOTHCS cHeKTpayibHi PpyHKIIT (AUX)
¢inpTpiB P(®) 1 P'(®), oTpumaHi 3a AOMOMOrow QYHKIIH Ny (), h'oml(T), 1
HACKUTBKH BIJIPI3HAIOTHCS iX nucnepcii [3].

3. IHopiBHsiibHMI aHadi3 MeTOIB onTuUMiI3anii GyHKIiH CIEKTPAJIbHOIO
BiKHa BY3bKO-CMYTroBUX (ijJbTpiB

BuxopucroBytouu Bupaszu (14) 1 (9), BBeremo HopMmyBanHs (yHKIii hont(t) 1

h'ont(t) (mocritini A i A") tak, mo6 h(0) = 1. Toai orpumaemo:

. Aot
sin—_—
h,.(T) ~C0s0 TT(T —21) ,
. 0T
sin——
h . (t)=-"cose,t—2
Ao T

[Ipn 1mpoMy BiAMOBIAHO 10 piBHOCTI (9), IO MEPETBOPIOIOTH (DYHKINT ISt

KOKHOT'0 3 METOJ[IB ONTUMI3allil BU3HAYAIOTHCS PIBHOCTSIMU:
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A®T

5 sin——
HOHT(r):Ecoscoor 12 . 0<1<T; (15)

. A®T
H’Om(r):A—w(T—r)costr - ,0<1<T. (16)

BUKOPUCTOBYIOYM BUpPA3W [JISI ONTUMAJIBHHUX IMIYJIBCHUX XapaKTEPUCTHK 1
GyHKIIN TMepeTBOPEHHS, BHU3HAUYMMO BIAMOBIAHI iM ONTHUMAaJbHI CHEKTPaJbHI
xapaktepuctuku (PCB) dinbrpiB @(w) i P'(w) 3a popmyioro (3).

Jlnst Bu3HaueHHs cnekrpaibHoi PyHkIii (AUX) d(w) miactaBuMo B popMyity

(3) Bupas (15), orpumaemo [4]

o1 T sin—Am
d)(m)zA—mjcoswrcoswor - dr . (17)
0

BUKOPHCTOBYIOYH PIBHICTh
. Aot 1] . Aot . Awt
coswomnT:E sin 0301'+T +sin —wor+7 : (18)

MPEACTABUMO CIiBBiIHOIIECHHS (17) y BUTIIsAL:

CD((D): (I)(o;),coo)+ <D(oo—c00) , (19)
ne
TT sin(wo + jr
D(,0,) = s ICOS(DT 2 ) 4 ; (20)

113



T T Sin(— O +2\)T
D(0,~0, ) = Ao jcoswt - dr . (21)
0

O6uncnumo ¢yHkuio O(w,ng). 3acTocoByroun y popmyti (20) nepeTBopeHHS,

aHaJioriuHe criBBigHOmeHHIO (18), 3Haxoaumo [5]:

Sin(w o+ ijr Sin(w + o+ A(O)r
T 0~ —~ T 0 7
T 2 2 q

d(o,0, )= d :

(0.00)= 501 T o] T .

[IpeacraBumo 110 GyHKIIIIO TaK:
CD((D,(DO)ZX((DO—(D+A—2(Dj+x((x)o+(0+A—2(D), (22)

ae
T [sinQr
= dr, 23
X( ) 2A® '([ T ’ (23)
[Ipuuomy

(- Q)=-x(Q). (24)

Ananoriyuno 3 Bupazy (22) ana Qyskmi DO(m,—wg), SKa OMNUCYETHCS

ciiBBigHOMmEHHM (21), 3 ypaxyBaHHSM piBHOCTI (24) MaeMmo:

(D(co—coo)zx(—a)o—o)+A—2(D)+x(—oao+co+A—2®]. (25)

114



3 ypaxyBaHHsIM cHiBBiIHOIIEHB (22) 1 (25) dhopmyna (19) npuiimae BUTIS;
(26)

[MeperpynyBagiuu y Bupasi (26) ckiiazosi, Mmaemo [6]:

Ao A® Ao A®
D(w) =y c0+0)0+7 - c0+(00—7 + co—oo0+7 - co—(oo—7

a00 3 ypaxyBaHHSM pIBHOCTI (23)

(o) = X(Ql)—x(92)+X(Qs)—X(Q4)=é(—l)i‘1x(ﬂi) , @

Ao
Ie lem+0)0+7;

A
Q, :o)+coo——m;
2
Q3=0)—030+&;
2
A

®yHkito x(€2), 3riIHO 3 PIBHICTIO (23), MPEeACTABUMO Y BUTJISIL:

T lsinQr T .
Q)=— dr=—Si(TQ), 28
x()mo —dr=——si(T0) (28)
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ne Si(x)=si(x) +g , (29)

si(x) = —jﬂdx' , pu X > 0.
X
X

Toni ansa pyskuii O(w) 13 popmynu (27) 3 ypaxyBaHHIM piBHOCTI (28) MaeMo:

Of0)= 5,31 si(10),

a00 3 ypaxyBaHHSM piBHOCTI (29)

_ T St siro)L | -
cp(m)_zmi:zl( 1) {S|(TQ,)+ 2}_

T 4 s T & i T & .
=S (=) SiTO + —— =3 () = — S si(TO,
ZAO)E( ) ' 2Ac02i§1( ) 2A0)izzl ( ')_ (30)

I'padix ¢pynkuii O(w) HaBegeHO HA puc.l. 3 pUCYHKY BUAHO, IO OCLIMJIALIL

ICTOTHI TUIbKM MOOMM3y «KkpaiB» ¢yHkuii @D(w), TOOTO NOOAM3Y YaCTOT

co:icooiEAco.

[Tobnu3y koxHOI «rpaHuI» QyHKIlI O(w) 3 YOTUPHOX AOJATKIB Y hopMyIi
(27) a6o (30) ocHOBHMII BHECOK Ja€ TUIBKM OAWH 3 HUX — TOM, apryMeHT SIKOIrO
3BepTAEThCS B HYIb Y BiAmoBimmiit Toumi. Moro it Heo6GXimZHO BpaxoByBAaTH IpH
obunciienHi nmoxuOku BuMiproBaHHS omiaku CIIII, a iHIMMMEU CKIIaJOBUMH MOKHA

3HextyBatH [7, 8].

116



D(w)

\ N N\ / \ Do(w)
\/ \V/
Ao o
2 2

1,09 1,0

—-0,09

A
O):(DO +7+?

Pucynox 1 — I'padik dyHKI1ii cnekTpaibHOro BikHa O(m)

3azHauumo, 110 Ha rpadiky (puc. 1) macmtad oci @ It HAOYHOCTI CHIIBHO
nepebuIbieHni, Tak Sk npu TAw >> 1 ocruisiii (KOJUBaHHS) € TUTBKH MOOJIU3Y
«rpanuiby GyHkii @(w), Ha iHTepBanax nopsaky «/ T.

Bigznaunmo takox, 1o, skito ¢yskiio ictuaaoi CIIIT G(x), a, BiamoBigHO, i

IHTErpalbHUi CUHYC Si(X) MOXXHA BBa)KaTW MPUOIM3HO TMOCTIMHUMHU MNOOIU3Y

. . 1 . :
«TpPaHHUI» Ha IHTEpBaiax MOPSIAKY T TOOTO AKIIO XapakTepHud Macmrtad Si(x)

BEJIUKUUA TOPIBHSHO 3 BEJIMYUHOIO ? , TO OCIMJIAIII B3arajli HE ITO3HA4aThCH,
OCKIJIbKH BHHHKAE Yepe3 oCHuIsAiil jo0aBka AX(QQ) — anTrcuMeTpudna GyHkitis Q.

: . . T .
PiBenp HaWOMMHKYOTO 10 «TPAHUIl» HETATUBHOTO BUKUIY (Tipu Q= T ) IOpIBHIOE:

gy =028 oo
T 314

: . . . T .
YcepeauHi CieKTpaibHOTO BiKHA HAWO1IbIHN BUKUL (Tipr () = —?) JIOP1BHIOE

(1 +0,09) = 1,09.
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OImiHMMO 3HAYEeHHsI CEePEeIHbOKBAIPATUYHOTO BIIXHIIEHHS peanbHOi (YHKIT
cnektpaibHoro BikHa @(w) Bim imeanbHOI (MpAMOKYTHOI) (QyHKIIT Do(w),
BUKOpucToBYIOuH hopmyiy (1) [8].

Jliist 11bOTO CKOpHCTaEMOCS TUM, 10 GYyHKITIT Dg(w®) BuxoauTh 3 GhyHKIii O(w),

BiMOBITHO /10 Bupasy (3), npu T— oo. Tomi

D(w)—Py(w)= [ H(t) cosmrdr. (31)

—— 8

[Mixcrasistroun criBBiaHomeHHs (31) y popmyiny (1), maemo [9]:
o0 o0 2
I'= j do{j H(t)cos (Mdr} :

VYSBIMO LI1O PIBHICTb Y BUTJISIAL

I'= TmeIdrdr’H(r)H’(r')COSonCOS(M' :
T

—00

[Ipuitmaroum 10 yBaru, o

[ coswrcos ot dm = % [[coso(t—1')+cosm(t+7')]do =

—0 —00

=n[d(t—1)+8(t+ 1),

3aIIUIICEMO:

I'= RTHZ(T)d’C : (32)

T
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[Tincrapnsroun y Bupas (32) ontuManbHy neperBoprorody (yHkmiro Hy..(t)

3rigHo 3 (15), Maemo:

= (TC:; Icos morsmri dr = (AI); O:(1+ C0S 20,7 )1 - COS AwT) (:T
abo
T~ (ZCTO; 10 ? = (AR(I)Z {1+ O(Klwﬂ (33)
VY Tou ke gac
Ojocpg do = 202 Aw= ;‘Zj , (34)

il
2A®

BigHocHa cepenHBOKBaJpaTHYHA IMOXMOKA HAOIMKEHHS  ONTHUMAIBHOL

1e BpaxoBaHo D, =

cnekTpaibHOi Xxapaktepuctukn @D(w) A0 imeanbHOT XapakTepucTUKu  Do(m)

BU3HaYaeThes Bupazom [10]:

r=— (35)

[Ticns miactanoBku y ¢popmyiy (35) pirocti (33) 1 (34) 3Hax01UMO:
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ol = 2 {1+ O[iﬂ . (36)
T A® TA®

Busznaunmo crnekrpanbHy ¢yHKIi0 O'(®) A1 ONTUMaIbHOT MEPETBOPIOIOYOT
¢bynkmii H'o:(t), ogepkyBaHOi npy onTUMI3aIlii Mo MiHIMyMy OIYHHX IETIOCTOK 1
omnucyBaHoOi BUpa3oM (16).

[MpencraBumo dynkitito ®'(®) y Burssiai [11]:

T T
®'(w) = [H'(r)cos ot dr :I[H(r) = icoscoorsin @} cosmtdr,
0 0 Ao 2

a0o 3amuIemo:
D'() = D(0)+ AD'(w), (37)

;
ne AD' (o) = _2 jcosworsin@cosoordr .
YOI 2

[Ticnst mepeTBOpEHb, aHATIOTIYHUX MOMEPEIHIM, MAEMO:

A0f(0)=— 1 g<—1>i-lcp<mi), (38)
e (p(x):%Tsinx’dx':l_iosx. (39)
0

3 ypaxyBanssm Bupasis (30) i (38) dpopmymna (37) npuiimae Buriisin [12]:

o(0)= =L 5 (1) [si(T) - o(Te))]

2A® T o
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abo

(@)= ST (40)

i=1

e f<x):s,i(x)_1‘0% . (41)

[Tpoananizyemo noBeninky ¢yskiii f(x). [lepm 3a Bce, Biq3zHa4nMO, 1110 BOHA
Ma€ TaKl BIACTUBOCTI:

a) f(—x)=—f(X) , ToOTO QyHKIis CUMETPHUHA OO HYJIS;

2 2
B) Ipu X >> 1 f(X):E_COSX_SmZX COSX — 1~E_1_S|n2x;
2 X X X 2 x X
. o X
(. sinx sinx 1-cosx 1-cosx 23N,
r)f(x): B + 2 2 2
X X X X X

Touku excrpemymy x; (pyHnkiii f(x) Bu3HauuMoO 3 ymoBH COSX; = 1, TOOTO
X =2mnl, 1=1,2,... . lli Touku € Toukamu neperuny Qyukiii f(X), sska MOHOTOHHO
3pocrae, Tak sk f'(X) > 0.

Binznaurmo BaxximBy oOctaBuHy: QyHkuisa O'(w) 3a MekaMu BikHAa A® HE Mae
BUKHU/IB (HI TIO3UTUBHUX, HI HETaTUBHUX) 1 BIJPI3HIETHCS BIJ 11€ATBHOTO
(MPSAMOKYTHOT'0) CIIEKTPAILHOTO BiKHA TUILKH MOOJIN3Y «IpaHullb», B obmacti ~1/ T.

OOuuciumo Temep MOXUOKY HAOJMKEHHS ONTUMAlbHOI CIEKTPAIbHOT
xapaktepuctukn  D'(®w) g0  CHEKTpadbHOI  XapaKTEPUCTUKU  1]1€aJBHOTO,
npsIMOKYTHOTO BikHa ®Dg(w) By3bko-cmyroBoro ¢inbrpa [10]. Ananoriuno dopmyiti

(1) 3anumemo:
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- {qy (0)-0 O(w)}zdoo. @)

BukopucroByroun cniBBigHomeHHs (3) 1 piBHicTh IlapceBamst Bupas (42)

MPEeICTAaBUMO Y BUTJISIIL:

"= nl- [H'(x)-H(z)] dt+ nTHZ(r)dr :

abo

[ = +AT, (43)

ne ¢yukiionan I' Bu3Hauaetbest Bupazom (30), a

Al = n}- [H'(T) -H (I)Tdr :

0

Ocxkinbku A" > 0, TO, K MaeMo 13 Bupasy (43), cnpaBeninusa ymosa [>T, o
i cimig OyJio O4iKyBaTH 3a3/1ajieriib (3 MOCTAaHOBKH 3aa4l ONTUMI3AIliT).

Oo0uncnumo Benmunny Al 3 ypaxyBanHsM piBaocTi (15) 1 (16) [11]:

T

AT = ( 4n)2 [cos® morsinzg dr=
A® 0
== }(1+cos2co 1)1 -cosAwt)dt~ o
(80) ¢ : sof

Toni, BIAMOBIIHO 70 piBHOCTI (43),
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I'=21r,
a OTXKe,

ST =268T. (44)

OTxe, mpu ONTUMI3ZAIlT CIEKTPATBbHOT XapaKTEPUCTHKU BY3bKO-CMYTOBOTO
¢biapTpa 32 MIHIMYMOM CEpEIHbOKBAIPATUYHOI MOXUOKHU aNpOKCUMAIII] 1/1€aTbHOTO
BiKHa (Tepina 3ajada ONTHUMI3alli) 3acTocyBaHHA GLIBTpa 3  IMITYJIBCHOIO
XapaKTePUCTHKOI h(t), BigmoBimuo mo Bupasy (9), 3abe3medyye MiHIMaIbHE
cepelHbOKBaApaTuyHe BiaxwieHHa O, dopmyna (36), ¢opmu cnekrpanbHOi
xapaktepuctuku O(w), Bupas (30), Big 1eanbHOI NMPSIMOKYTHOI, ajie B TOW K€ 4Yac
MPU3BOAUTE J0 MOSIBU OCHIJISIIHN, K B CMY31 aHami3y Aw, Tak 1 no3a Hero (puc. 1)
[12].

[Ipu ontumizamii CHEKTPalIbHOI XapaKTEPUCTUKU (QPUIBTpA 3a MIHIMyMOM
O1YHUX MENIOCTOK TpH 3ananiil nucnepceii ominku CHIIT (mpyra 3amada onTuMizaiiii)
3aCTOCYBaHHS (iIbTpa 13 IMIYJIBCHOK XapakTepucTtukoro h'y..(t), Bupas (14),
3abe3neuye popmy crekrpaiabHoi XapakTepuctuku O'(w), hbopmyna (40), ska He Mae
OCLMJIALIIA y BChOMY Jlama3oHl 4YacToOT, aje TMph 1LbOMY BIJIHOCHA
cepeaHbOKBaApATUYHA MOXUOKA anpokcumariii ol 11ealbHOTO CIEKTPaIbHOTO BIKHA
301TbIITY€EThCS BIIBiYi, piBHICTH (44). KpiM Toro, ¢yHkiis h'y,.(t) 3abe3neuye OiibI
NPOCTY TeXHIUHY peanizaiito ¢pinerpa [13].

BigzHaunmo Takox, 110 BiiHOCHI auctiepcii orinok CIIIIT §G i 6G’ IUTIST 000X
CHEKTPaIbHUX XapakTepUCTHK Tpu TAw >> 1 (mpu mpomy O, 0" << 1) mpakTu4yHO

OJIHAKOBI Ta JIOPIBHIOIOTH

56 ~oG = 2" - 1
TAw TAf
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BucHoBku. TakuMm 9WHOM, y pe3ybTaTi MOCTAHOBKUA Ta PO3B’S3aHHS 3a/a4
onTUMI3aIlli BY3bKO-CMYTOBUX (UIBTPIB JJIsi CHEKTPAJIBHOTO aHaNi3y OTpHUMaHi iX

cnekTpaibHi xapakrepuctuku abo ®CB, Bupaszu (30) i (40), M0 TO3BOJSAIOTH MPHU

3a/IaHUX 3HAYCHHSX Yacy BuMiproBaHHS T 1 BigHOCHIN nucnepcii ominku CIHIIT §G
HaWKpamuM YMHOM (ONTUMAJILHUM, KOKHa B CBOEMY PO3yMiHHI) ampOKCHMYBaTH
171eaIbHE CIIEKTpaIbHUN BIKHO BY3bKO-CMYTOBOTO (piIbTpa.

OTXe, 3acCTOCYBaHHS 3alpONOHOBAHMX ONTHUMAIbHUX (UIBTPIB  TpH
CHEKTPaJIbHOMY aHali31 BHUIAJKOBUX CUTHAIIB J1arHOCTYBaHHS TEXHIYHOTO CTaHy
JIBUTYHIB 3aC001B BOJHOTO TPAHCIIOPTY JO03BOJISE CBOEYACHO BHUSBUTH MOKIIUBI
HECTPABHOCTI YW TMOPYIICHHS Yy peXumax poOOoTH (BIAMOBITHO 10 3a37ajerijib
BiloMHX, crpaBHMX). CBo€yacHe BUSIBJICHHS MOXJIMBHUX BIIMOB JBUTYHIB 3ac001B
BOJTHOTO TPAHCIIOPTY JO3BOJUTh YHUKHYTH JOJATKOBUX BUTPAT IIiJ] 4ac MepeBEe3CHHS

BaHTaX1B, TOOTO 3MEHIIIUTU TOAATKOB1 (HETUIAHOB1) BUTPATH.
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YK 681.513:519

Jliranenxo B.B. [Iep>xaBuuii yHiBepcuTeT 1HOPACTPYKTYPH Ta TEXHOJOTIH, CTApLIHiA
BUKIJIaJa4 Kadeapu CyAHOBOAIHHS Ta €KCIUTyaTallii TeXHIYHUX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

JOCJIIKEHHS MOXKJIUBOCTEM PEAJIIBALIIL ONTUMAJIBHUX
®YHKIIA CIEKTPAJIBHOI'O BIKHA ITPU 3ACTOCYBAHHI
JANHAMIYHUX ®LJIBTPIB

IlocranoBka mnpobGaemu. OTprMaeMO BUXIJHI CHIBBIAHOIICHHS  JJIs
ONTUMAJIBHOTO CHHTE3y MapaMeTpiB CMYTrOBUX JUHAMIYHUX GIUIBTPIB Ui JABOX
MeToaiB BuMiptoBaHHs ouiHkK CHIIIT: MeTony MHOKEHHS Ta MEeTOAy Oe3mocepeIHbO1
biapTpari [1].

Meta cTaTTi — TOCHIIPKEHHS MOXKJIMBOCTEH peaizallii onTUMaIbHUX QYHKIIN
CHEKTPAJIbHOrO BIKHA IPU 3aCTOCYBaHHI JUHAMIYHUX (PLIBTPIB.

s ux metoxaiB BumiproBanHs oiaku CIHIIT onucyroTees BiAMOBIIHO 10

BHpAa3iB:

)

61(0, Aw) =% [x()y(dt 1)
0

. 11,

Gz((’)o,A(D)=?jy (t)dt. 2)
0

Buxigauii curHagm cMyroBoro JAvHamMiuyHOro (QiapTpa 3  IMITYJIBCHOIO

nepexinHo xapakrepuctukoro h(t,t), 1m0 € ¢GyHKI€w Yacy, OMUCYEThCS BHPA3OM

[1]

y(t) = jt'h(t, T)X(t)dt = .t[ht (t —7)x(7)dr, (3)
0 0
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ne h(t—t)=h(t,t—t) — immynbcHa mepexigHa XapaKTEPUCTUKA ITUHAMIYHOTO
bibTpa;
IHIEeKC t TyT 1 Hajgajal — O3HaYae 3ajekHICTh, TOOTO MepeOyaoBy B dyaci

BIJIMTOBITHUX XapaKTEPUCTHUK (TTapamMeTpiB) GiabTpa.

3HaiizeMo MateMaTH4H1 o4iKyBaHHs Ta aucnepcii ominok CIIII G, G,.

Buxiiaa ocCHOBHOro MaTepiajy X0CTiIKeHHsI.
1. MaremaTuyHe O4YiKYBAHHSl OIIIHOK CHEKTPAJbHOI  NIIJILHOCTI

NMOTY>KHOCTI MPH BUKOPUCTAHHI IMHAMIYHHUX (iIbTPIB
Jns maremarnuHoro ouikyBaHHs ouinku CIHIT G; merogy MHOXKEHHS 3

ypaxyBaHHAM cHiBBinHomeHHs (1) maemo [2]
A1 1°F

MG, |- - [<x@y( > ot @)
0

OO0uncIMMO cepeiHE 3HAYeHHS JOOYTKY BXIJIHOTO Ta BiAQIIBTPOBAHOTO

cur"aiis X(t), y(t), To6To <x(t)y(t)>.bepyuu no yBaru Bupas (3), OTpuMaemMo

< x(D)y(t) >= }ht(t — 1) <x(O)x(r) > dt,
0
a60 < x(t)y(t) >= Jt'ht(r)RX(r)dr, (5)
0

ne R, (t)= [G, (co)e_j(DT dw — kopensmiiiHa GyHKITIS CUTHATY X(t);

G, (w)— CHLIII curnamy x(t).

3 ypaxyBaHHsIM criBBigHOIeHH (5) popmyina (4) npuitmae Burisiz [3]

<XOYO) >= [do[dth,©)G, ()¢ 1% = [G, (@)Wi(jo)do ,  (6)
0 —00

—00
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t .
ne W, (jo) = [hy(t)e 1 dr— xommiekcHa yacToTHa XapaKTepHCTHKA JMHAMIYHOTO
0

¢bimsTpa (7)

[Ticns miacTaHOBKH piBHOCTI (6) B BUpas (3) MaeMo

T
M[Gl]:%j [Gy (@)W, (jo)dtdn. )

0

Tak sx ¢ynxmis G, (m) — pedoBa mapHa (YHKIS, TO Ul HPaBOi YaCTHHU

piBHOCTI (8) 3ammmemMo

[GW(je)do=7 G, (@)W (0)+ Wi (-jo)]do =

- [G, ReW,(jo)dt.
Toni
M[G1]= [Gy (@) (0)do, )
17 |
ne @, (o) = ?jReWt(joo) dt— (10)
0

(GYHKIS CHEKTPaJIbHOTO BiKHA BY3bKO-CMYTOBOTO (iIbTpa Al METOLY MHOXKEHHS
CHEKTPaJIbHOTO aHAII3Y.

Buznaunmo matematnuHe ouikyBaHHsS ouinku CIHII  gna  meromy
Oes3mocepenHboi  (BiabTpallii peanxi3oBaHOTO HAa OCHOBI JAWHAMIYHUX (UIBTPIB. 3

BUKOPHCTAaHHAM BHUpa3y (2) maemo [3, 4]
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. 1T,
M[6,]== [<y2(t)>dt . (11)
T 0
OGuncinmo <y?(t)>. 3 ypaxyBanusM piBHOCTI (3) 3amHmemMo

<y2(t) >= .t[dr}dr'ht(t —1)h(t—1") <x(7)x(t") >,
0 0
abo

< yz(t) >= j.jd‘td‘[’ht(t — T)ht(t _T’)RX(T_ T,) _
t ’ (12)
= J.J-d'fd’['ht('[)ht(,t')Rx(T _ T,).
0

Ha mincrasi Teopemu Binepa-Xinuina Bupa3 (11) npencraBumo y BUTIISII

<y2(t) >= } [dtdt’hy(7)h (7)el™) TGX (w)do = OjOGX (@)W, (jo)do.  (13)
0 —o0

[Mincrasistiroun criBigHomeHHs (13) B popmyiy (11), orpumaemo [3, 11]
a2 foxtomior
M|G, :?j [ Gy (@)W (jo)|“dtdo.
0—o0

[IpeacraBumMo 1110 PiBHICTH TaK:

M[G, |= [Gy (@)D, (w)do, (14)

—0o0
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T
ae CDZ(Q)):% | ‘Wt(j(o)‘zdt — ®CB By3bKO-cMyroBoro ¢uibTpa sl METOAY
0

Oe3mocepenHboi (hUTTpaIlii CIEKTPaIBLHOTO aHAII3Y.
2. Jlucmepcisi OHIHOK CHEKTPAIbHOI IIIIBHOCTI MOTY:KHOCTI 1NpH

BUKOPUCTAHHI JUHAMIYHUX QLIBTPIB
Hucnepcito ominku CHIII G; gn8  KopedsiiitHO-(iIbTPOBOI  METOIY

CIICKTPAJIBHOI'O aHaJ]i3y BHU3HAYNMO, BUKOPHUCTOBYIOYH Cl'[iBBi,Z[HOIHeHH}I

1

D[él]ZF

.
[ Jdtdt [<x(QyOx(E)y(t) > = <x@®)y(®) ><x(t)y(t) >]=
0
.
_ T—12 [[dtdt< x()x() < yOY(E) >+ < xOy(t) ><x(O)y(®)>]. (15)
0
OO4YHCIUMO BETUYHHU:
a)  <y)y(t)>= }drtfdr' h,(t)he (t') < X(t—T)X(t' = 7)) > =
0 O
= }dr},dr’ht(r)ht/(r')Rx(t —t'—1t+7).
0 O

Ha mincrasi Teopemu Binepa-XuHunHa MaeMo

0 t ot . , ,
<y()y(t) >= [dofdc[dt hy(t)hy () Sy (@) ),
0 0

—00

3 ypaxyBaHHSIM PiBHOCTI (/) OTPUMAEMO

<YOYE) >= [G, (@)W, (jo) Wy (jo)do | (16)

—00
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t H !
W, (jo) = [he ()" d';
0
t t
0) <X(t)y(t) >=[hy (1) < x(t)x(t'—1) >dt=[hy(r)R(t -t + ') dr.
0 0
bepyuu no yBaru teopemy Binepa-XuHunHa, MaeEMO

< x(t)y(t) >= Tex(w)ejw(t-t“wd jo)do; (17)

B) mua Beamunuu < X(t')y(t) > amamoriuno momepearboMy, To0TO < X(t)Yy(t') >,

MaeEMoO

<X(t)y(t) >= TGX(@')eJ@’“’—UWt( jo)do'. (18)

—00

3 orssimy Ha piBHOcTi (11), (17) 1 (18) y dopmyai (15), orpumaemo

1

D[él]zﬁ

T 0 . , -
[[dtat| Ry (t—t) [doG, (@)e W, (jo)W, (jo) +
0 —0o0

+]] dwdw’Gx(oo)Gx(co')ej‘”“‘t')wtr(jw)ej“"“"”wt(jco’)}’

a00, 3acTocoByroun Teopemy Binepa-Xununna juis BenmuunHu Ry (t—t") , maemo [4]

1

D[é]_] = OJ? J.d(DdO)lG X ((D)G X (wl){_l_z

—00

o ——

Jdtat’ el W o)Wy (joo) + Wy (jo) W, (j@')]} .

JlaHy piBHICTH 3alMIIIEMO TaK
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D|G, |- Ojo [dode’Gy ()G (o) ¥ (0,0), (19)

—00

Jc

T . N .
(0.0 = = Jfatd 0T W (o)W () + We (jo)Wh ()] (20)
0

Tak stk mucrepcito TOCUTh OOYUCIUTH JIMIIe MpuOIM3HO, a pyHKis Wy (o, ')
3rimHo 3 piBHICTIO (21), Mae pi3KUil MakCUMyM TpH ® = ® =twg, To Bupa3 (19)

IIEPETBOPHMO JI0 BUIY
D[Gl]z G)Z((oao) ”‘I’l(w, ®)dodw'. (21)

OO0umcIUMO B il GOpMYITi TOABIMHUE 1HTETpa, 3 ypaxyBaHHIM piBHOCTI (13)

1(20) maemo

o0 47 2T t
[[¥(0,0)dode’ = 2 jdtfdrh (t)=
7 (22)
_2n i dmjdt\w (jo) = R i dmjdt[ReW(Jm)].
3 ypaxyBaHHM piBHOCTI (22) mns BupaxkeHHs (21) orpumaemo [5]
D[Gl] 27 62 (0) [ do j dt{Re W, (j)] 2. (23)

—0 0
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Hucnepcito ouinku CLIII GZ Uit MeTony Oe3mocepenHboi  (inpTparii

BHU3HAYMMO 3 BUPA3Yy
A 1t o202 g4 2 2 11
D[GZ]:;”dtdt K y2()y2(t) > - <y2) ><y2(t) 5 (24)
0

Y 1pOMy CHIBBIIHOIICHHI BEIUYHHY <Y2(OV3(t) >, Oepyun 10 yBaru

HOPMAaJIbHUI 3aKOH PO3MOJTY BXITHUX CUTHAJIB, YSIBIMO B TaKHil c1OciO

< Y2 (YA (1) >=< y(0)y()y(t)y(t') >=< Y (t) >< y*(t') > +2(< y(t)y(t) >).

3 ypaxyBaHHSIM JTaHOiI PIBHOCTI 3i CITiBBiHOMICHHS (24) 3HAXOAMMO
D|6,]- i} [(< y(@)y(t) »)2dtdt’
2 _I_2 : :

[TinctaBumo B 1110 Popmyiy piBHICTH (16), Mmaemo

2
o o2 F ) en s _
DG, :T—ZHdtdt [Gx (@)W, (jo)Wy (jo)
0

—00

3anuIeMo JaHe CIiBBiTHOIICHHS y BUTIIAAL [5, 6]

T o0 - - |
D[éz]=_r—22”dtdt' ”dcod(dGX(w)GX(w')er(t—t)—Jm(t—t) «
0

x Wi (jo) Wy (jo) W (jo )Wy (jo),

—00

a00, 3a aHasoriero 3 Bupa3zom (19),
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D|G, |- Tj G, ()G () ¥, (0,0 doodw, (25)

e

! 2 T !’ i —tNV—jo'(t-t’' * . H T !’ * . !
Wo(o.0) = [ [dtt el =01 TOWE (jo)We (jo) W, (jo') W (jo) . (26)
0

Sk cninye 3 popmynu (26), byskuis W, (o, ®'), ananoriyao pyskmii ¥ (o, o),

Mae€ pi3Kuil MAKCUMYM TIPH ® = @' = +®(, TOMY HaOJIHKEHO MAEMO
) T
D|G, |~ G2 (wp)] [dode’ ¥, (o). 27)
0

3a aHajoriero 3 momnepeAHiMu BHUCIOBIOBaHHSMU (21) 1 (22), oOumciumo

HAOJIMKCHO MOIBIMHUH 1HTEeTrpas [6]
7 , , dn? T . |4
[[¥, (0, 0") dodm ~5 [ dof|W,(jo)| “dt. (28)
— 0 -0 0

3 ypaxyBaHHsIM piBHOCTI (28) Bupa3 (27) HaOyBa€e BUTIIATY

o T
%G)Z(((oo) [ do | W (jo)| “ctt. (29)

-0 0

D|G, |-

Busnaunmo BigHocHi aucnepcii ominok CIUIT G 1 Gy:
— I METOJly MHO>KCHHSI
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o T
4 [do| [ReWt(l)(jw)]z dt

A D é —0 .
o (l\/l [[G 1]%2 e T0 2 (50
. [ [dof ReWt(l)(joo)dt}
—00 0

— I MeToy Oe3nocepeHboi (himpTparii

o0 T
. ] 4 | dof W (jo) | dt
86, -2l e D - (31)
) T
i) { [ dof Wt(z)(joa)dt}

—0 0

ne iagekcu (1) ta (2) B MO3HAYEHHSX KOMIUIEKCHOI YacTOTHOI XapaKTEPHUCTUKH
W(jo) BBemeHi BIAMOBIAHO I METOMYy MHOXCHHS Ta METOAY Oe3mocepeaHboi
OLIIHKH [7].

3 momapHoro nopiBusHHs BupasiB (30), (31) i (10), (14) poOumMoO BUCHOBOK, IO
METOJ MHOKEHHS Ta MeTo]1 Oe3nocepeiHboi PinbTpaiii BumiproBanHs omiHok CLITI
13 3aCTOCYBaHHSIM JTUHAMIYHUX BY3bKO-CMYTOBUX (UIBTPIB OyyTh €KBIBAJEHTHI, MO-

nepuie, no ®CB, mo o3Havae BUKoHaHHS piBHOCTI P;(w) = D, (w), i, mo-Apyre, MO

TOYHOCTI, TOOTO BimHOCHOI aucnepcii ouminok CIIII (6@1 :662), IIPU BUKOHaHHI

YMOBH
2
ReW? (joo) =W (jo)|” . (32)

Ha3Bemo piBHICTh (32) yMOBOIO €KBIBaJEHTHOCTI PO3IIAHYTUX (PLIBTPOBUX
MeToaiB BuMiproBanHs oiiHOK CIIIIT mo TounocTi. ¥ 3aranpHOMY BUTIAJIKY 111 YMOBA

BUKOHAHA OYTH HE MOX€, OCKIJILKH MpaBa YacTHHA PIBHOCTI € CBIIOMO IMO3UTHBHOIO
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BEJIMYMHOIO, a WOTO JIiBa YaCTHMHA MOXE OyTH SK MO3UTHBHOIO, TaK 1 HETaTUBHOIO
BEJMYHMHOIO, aJie B OKPEMHUX BHUIIKaX IF0 YMOBY MOKHA BUKOHATH.
Y dopmyni (30), 6epyun no yBarum piBHICTH (8), mepeieMo 10 YacoBOTO

MIOJaHHSA

o T o T t . T
[do[ReW® (jo)dt = [do[dt[h{ (1)e!*dr = n[h{P (0)dt, (33)
0 -0 0 O 0

—0

t
ne h®(0) =2[h{® () 3(x) dr.
0
3 ypaxyBanHusM criBBigHomeHHs (33) popmyma (30) mpuiimae Bu

T t 2
4[dt[[h® )] o
§G, =210 . (34)

T 2
{ [n{) (O)dt}
0

Jns cramionapHoro ¢inbTpa 3a ymoBu A >>1 cripaBeminBa piBHICTS [8]

4 T 2 4 1
L= W g (T - r)[h @) (0)] dr ~ W g [h(l) (r)]zdt.

oG

Takum uunoMm, dopmynu (10) 1 (30) abo (34) € BUXITHUMH JJIsI CHUHTE3Y
ONTUMAJILHOTO JWHAMIYHOTO (UIBTpa TpPH amaparypHid peamizamii MeToay
MHOeHHS BuMiptoBaHHs ouiHky CLIII, 3acHOBaHOTO Ha TUMYAaCOBOMY yCEepEeIHEHHI
TBOPH BHUXIJIHOI 1 BiA(IIBTPOBAHOI peaiizallii BUMAIKOBOTO CHUTHANY, a (HOpMyu

(13), (32) — nmna cuHTE3y ONTHMAIBHOTO JWHAMiYHOrO (UIbTpa METOIy
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6e3nocepenHboi GinabTpalii, 3aCHOBAHOIO Ha YacOBOMY YCEpEIHEHHI KBajpara
(bUIBTpOBaHOI peaizallli BUaJKOBOIO CUTHAITY.

Jlnig nosicaeHHs Gi3MYHOTO 3MICTY 3aBJaHb ONTUMI3aIlli TUHAMIYHUX (iIBTPIB,
BUKOPHCTOBYBAaHUX MPH CIEKTPATbHOMY aHaii31 BUMAJAKOBUX CUTHAJIB, 3BE€pHEMOCS
10 dopmyn byHKIii crekrpanbHoro BikHa (15), (20) 1 BimHOCHOI aucnepcii OIiHKH
CILIIT (33), (34) mis meromxy MHOKEHHS Ta METOJYy Oe3MmocepeHboi OIliHKH. I3
3a3HadYeHUX (opMysn crhigye, MmO BCi BOHH MICTSITh KOMIUIEKCHY YacCTOTHY
xapaktepuctuky W(jo). Tomy xoxxHy mapy Gopmys IpeCTaBUMO B y3arajlbHCHOMY
Bursi [9]:

— g ®CB nuHamivyHuX QUIBTPIB, BUXOASUH i3 cmiBBiaHOMICHD (15) 1 (20),

3aIlIUIIEMO
1 T
O (o) = ?I ¢r(w)do =< @i (w) >, (35)
0

— s BigHocHOI gucnepceii orminok CIIII, 3rigao 3 Bupaszamu (30) 1 (31),

MaEMO
4r | chpt (@)dt|do 47 [<of (w)>do
56 =——2- 0 a— 5 (36)
0 1T 0
T | Tj(pt(m)dt dot T| [<oi(0)>do
—0 0 —o0
ne ¢¢(m) — y3aragpHeHa (YHKIS, IO 3aJEKUTHh BiJl KOMIUICKCHOI YacTOTHOT

XapaKTEPUCTUKU JIMHAMIYHOTO (IIbTpa Ta METOAY CHEKTPaIbHOTO aHajizy, Mpu
peaiizaliii IKOro BiH BUKopucToByeThes [10].
Tomi 3anuIeMo i

— JUIsl METOJly MHOKE€HHS CTIEKTPAJIbHOTO aHATI3y
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¢t (0) =ReW;(jo);

— I MEeTOJy 6e3rocepeiHboi piIbTparii

91 (0) =W, (jo)|* .

TakuMm umHOM, 3 BupaziB (35), (36) BiAmoBimHO IS (YHKINT CIIEKTPaIHLHOTO
Bikaa dinsrpa O(m) i BinHocHoi nucepcii ouirxu CLUII 8G , BugHo, wo ®(w) i 6G
3ajIeXxath B ofHi€q 1 Tiel ) QyHKIIT @y (o) .

Tomy He3anexxHo wMiHIMI3yBatu aucnepcito ominku CIIIT 1 moxubku
anpoKcUMalii, 0 BUKJIUKAETHCS BIIMIHHICTIO (POPMU CIIEKTPAILHOTO BiKHA PUIbTpa
®(w) Bim imeanbHOi, MO NPU3BOAUTH 10 3MimieHHS orinku CIIIT He MoXxHa.
3MEHIIICHHS] MOXUOKU 3CYBY B 3arajbHOMY BHUIIQJIKy MPU3BOJIUTH A0 30UIbIIECHHS
BigHOCHOI aucrepcii ominku CIIT i vaBmaku [11, 12].

OnTuManbHUM 3aKOH NepeOyJoBU MapameTpiB AUHAMIYHOrO (uUIbTpa, TOOTO

OTpUMaHHA onTUManbHOI (QyHKUIi @ (®), BU3HAUAe€TbCA pIMIEHHAM 3ajadi
onrtumizanii, sika (GopMyIioeThCs Tak: B 3adaHoMy kiaci GyHKOiil @ () 3HaliTH
TaKy, ska 3abe3nedyBasia O Mpu 3aJaHOMY Yaci BUMIprOBaHHS (aHanizy) T MiHIMyM

BimHOCHOT mmcnepcii ominku CIIII 6G 3a yMoBH, 1m0 MOXHMOKa ampoKcHMAarlii
YXWIECHHS (OpPMHU CHEKTPaJbHOrO BIKHA BIJ 1A€abHOI (IPSIMOKYTHOI) (hopMHu He
MEPEBUILYE 3a1aHOTO JOMYCTUMOI'O 3HAUECHHS.

Knac nomyctumux ¢yHkmin @f(®) i, OTXe, JOMYCTUMHX KOMIDICKCHHX

qacTOTHUX XxapakrepucTuk W(jm) BU3HAYAETHCS MOMIJIMBOCTSIMHU pealti3allii By3bKO-
CMYTroBOTO JWHAMIYHOTO GiabTpa. A Tak SK CKJIQJHICTh peamizaiii BYy3bKO-
CMYroBOTO (PiIbTpa 3alIe’KUTh, B OCHOBHOMY, BiJ MOT0 MOPSAKY, TO, MPUPOHO,

HOPSIIKOM (PUIbTpa BU3HAYAETHCS 1 KJAac AOMycTUMHUX (yHKUIH ¢ (). [Ipu npomy

ONTUMI3AIllS 3aKOHIB MepeOyA0BU MapamMeTpiB AMHAMIYHOTO (DUIBTpa 3BOAUTHCS HO
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CTaHJIApPTHOI BapialliiHOI 3a/1adyi, Ska Mo)ke OyTH BHUpIIIEHA BIAOMHUMH METOJAMHU
[12].

BucnoBku. TakuM 4YMHOM, pPO3pOOJICHHA METOJ CHUHTE3Y XapaKTEPUCTHUK
AMHAMIYHOTO BY3bKO-CMYTOBOTO (PUIBTPY AJII CHEKTPAIBLHOTO aHaNi3y BUIIaJKOBUX
CUTHAJIB, SIKI XapaKTEePU3YIOTh Ne(PeKkTH (HECIPaBHOCTI) JIBUTYHIB 3aC00iB BOJHOTO
TPAHCTIOPTY 711 KOHTPOJIIO iX TEXHIYHOTO CTaHy.

3anponoHoBaHo wmetoj ontuMizainii ®CB (cmekTpanbHOi ab0 YacTOTHOI
XapaKTePUCTHKH) BY3bKO-CMYIoBOro (uIbTpa JUId CHEKTPAJIbHOIO  aHali3y
BUITAJIKOBUX CHUTHAJIB 3a CEPEIHbOKBAJPATUYHUM KpPUTEPIEM, TOOTO MIHIMYyMY
CEpEeIHbOKBAAPATUYHOT TMOXUOKHM ampokcumarllli igeanbHoi (mpsimokyTHoi) DCB
¢ubTpa peanbHoi OCB. OtpumanHo BuUXiAHE CHIBBIAHOIICHHS JIS IMITYJbCHOL
MEPEX1THOT XapaKTePUCTUKUA (LIbTpa MPH METOA1 MHOXEHHSI BUMIPIOBAHHS OLIIHKU
CIIII. ITokazano, mo AJist METOy Oe3rmocepeHboi (IIbTpallii BUMIPIOBAHHS OI[IHKH
CILIT onTuMaibHa IMITYJIbCHA XapaKTEPUCTUKA HE MOKE OYyTH OTpUMaHa.

Po3pobneno wmeton onTumizamii (GyHKID CIEKTPAJIbHOTO BiKHA BY3bKO-
CMYTOBUX (PUIBTPIB JUIsl CIEKTPAJTILHOTO aHai3y BUIAJIKOBUX CUTHAIIIB MO MIHIMYMY
BILUTMBY O14HMX nenmocTok GCB Ha noxubka BumiproBanHs ouinku CIIII. Otpumano
CHIBBIAHOIIEHHS [UUI1 ONTHUMANbHOI IMIYJIBCHOI TMEPEXiHOI XapaKTEePUCTHUKU
¢inpTpa.

B pesynbrari MOCTaHOBKHM 1 PO3B’SI3aHHS 3a3HAYEHUX 3aJ1ad ONTHUMI3allii
OoTpyuMaHi aHamiTH4HI criBBigHOMmEHHS st @CB By3bko-cMyroBoro ¢iiabTpa, sKi
J03BOJISIIOTH NP 33JaHUX 3HAYEHHSX Yacy aHalli3y Ta BIJIHOCHOI AMCHEpCii OLIHKU
CIHIIT ontumanpHO (32 BIAMOBIAHUM KPUTEPIEM) ampOKCUMYBATH 1/1€alibHE
CIIEKTpaJIbHE BIKHO (DUIBTPA ISl CIIEKTPAIBHOTO aHAJIi3y BUITAJIKOBUX CHUTHAJIB, SIKI
XapaKTepU3yrOTh AePEKTH (HECITPAaBHOCTI) IBUTYHIB 3aCO01B BOJHOTO TPAHCIIOPTY.

OTpuMaHi BUXIJHI CHIBBIJHOLICHHS JUIS ONTHMAJbHOTO CHHTE3y 3aKOHIB
nepeOyJ0BU XapaKTEPUCTUK JUHAMIYHUX CMYTOBHUX (DUIBTPIB AJIE METOAY MHOKEHHS
Ta Metony Oe3mocepenuboi (imbrparii  BumiproBanHs oriHok CIHIIT. Il
CHIBBIJHOIIEHHS MOB'A3YIOTh CTAaTUCTUYHI Xapakrepuctuku ouiHok CIHIIT
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(MaTemMaTMyHe  OYIKyBaHHS ¥  JMCIEPCiI0)  3a3HAYEHUMH  METOJamMHu 3
XapakTepucTukaMu JguHamiyHoro  ¢Qumetpa (PCB, KOMIUIEKCHOI YacTOTHOI
xapakTepucTukoro Tomio) 1 BuMmiptoBanoi CLIII. OTpumano yMOBY €KBIBaJI€HTHOCTI

0 TOYHOCTI METOLy MHOXXEHHS Ta METOIy Oe3MmocepeTHbO1 (hiTbTparlii.
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PO3JILI 4

JOCJILIKEHHA ®IJIbTPIB IJISA CHHEKTPAJIBHOI'O AHAJII3Y
BUITAJIKOBUX CUT'HAJIIB 1P KOHTPOJII TEXHIYHOI'O CTAHY
JABUI'YHIB
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VJIK 623.463.5.001.57(06)

Yedan B.l. JlepxaBHuil yHiBepcUTET 1H(PPACTPYKTypHd Ta TEXHOJIOTIH, CTapUIMii
BUKJIaJa4 Kaeapu CyJAHOBOJAIHHS Ta €KCIUIyaTallli TEXHIYHUX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

CUHTE3 ®OUIbTPY IJIs1 CHEKTPAJIBHOI'O AHAJII3Y
BUITAJAKOBUX CUT'HAJIIB I1PU KOHTPOJII TEXHIYHOI'O CTAHY
JABUT'YHIB

ITocranoBka mpoOJsemu. B amaparypi cnekTpajJbHOTO aHamidy, OCOOJUBO B
CHUCTEeMax J1arHOCTYBaHHSI TEXHIYHUX OO0'€KTIB, TAKUX K JBUTYHHU 3aCO0IB BOJHOTO
TPaHCIOPTY, BHUKOPUCTOBYIOTh BY3bKO-CMYTOBlI (UIBTPU MalUX MOPSAKIB, IO
CHPOLIY€E IX CHUHTE3 1 TEXHIUHY peali3aliio anaparypu. Sk moka3aHo B MONEPEIHIX
pO3AU1ax, OTPUMAaHHS OJHAKOBHUX XapaKTEPUCTUK TOYHOCTI CHEKTPAIBLHOTO AHAII3Y
MOke OyTH 3a0e3leyeHo JUHAMIYHUMHU (UIBTpAaMU MEHIINX TMOPSAKIB, HIXK
KJIACUYHUX, CTAIIIOHAPHUX (SIK1 HE TTepe0ya0BYIOThCA), (DUIHTPIB.

JIist mepeBipKrM OTpUMaHUX pe3yJIbTaTiB, y CTaTTI HABEACHO TEOPis CHUHTE3Y
TUHAMIYHUX (UIBTPIB IPYroro MOPSAKY JJIS CHEKTPATbHOTO aHANI3y BHITAJIKOBUX
CUTHAIIB KOPENSAUINHO-(IIBTPOBUM METOJOM, 1 PE3yNbTaTH OOYHUCIIOBAIBHOIO
EKCIIEpUMEHTY (MOJIeTI0BaHHs 3a nornomoroo EOM).

Jns  miABUIIEHHS TOYHOCTI [apaMeTpiB  BUIIAJKOBHX CHUTHAIIB, fAKI
XapaKTepU3yroTh Ie(eKTH (HEeCHpaBHOCTI) ABUTYHA MPU CHEKTPAJIbHOMY aHali3l,
HEOOX1TH1 BY3bKO-CMYTOB1 (DIITBTPH.

Meta crarTi — cuHTe3 QUIBTPY JUIS CHEKTPAIBLHOIO aHai3y BHUITAJIKOBUX
CUTHAJIIB IPU KOHTPOJII TEXHIYHOTO CTaHy JBHUTYHIB.

JIJist OTpUMaHHS BY3bKO-CMYTOBOTO (iIbTpa 3 IEHTPAIBLHOIO YacTOTOK Mg i

MPOIMYCKHOK 3JaTHICTIO (CMYyrow MPOMYCKaHHS BHUIAAKOBHUX CHTHATIB) A®
HEOOXITHO 3MIHIOBATU IIEHTPAJIbHY YacTOTy (YacCTOTy HACTPOWKH) AUHAMIYHOTO

dinmsTpa o(t) 3a 3aKkoHOM
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a(t)=o + 7x(0) @

A® ) ;
hi(S 7 — TIOJIOBMHA CMYTH MPOITYCKaHHS AUHAMIYHOTO (PLIbTPA;

X(t) — ¢yHKIA, sSKa BH3HAYa€ 3aKOH 3MIHH B Yacl YaCTOTH HACTPOMKH

nuHamiuHoro dinsTpa O(t) 3a1exkHO Big A® 33J0BONBHSE TPAHUYHUM yMoBaM [1-3]:

x(0)=-1; x(T)=+1.

Beenemo 3minHi ot ) — ¢yHKmito mepeOymoBu KoedillieHTa 3aracaHHs o

auHaMiyHoro ¢ueTpa B yaci; A(t), B(t) — ¢ynkuii 3mMiHu B yaci mapamerpiB A 1 B

GbinbTpa, 1110 BU3HAYAIOTH HOro KoediieHT nepenadi [4].

200 . . . .
[Mo3uauumo 3 = s IICIIS IIEPEXOAY BiJ 3MIHHOI t 0 3MIHHOI X, 3alTHIIEMO:
0

T
dt

Beenemo dyHKITi0

ne p(x)=

TaK 110

Ilo3Hauenusa

L= 0t gy = O )
T Tdx p(X)

(3)

2B,
c(x) = Aop(x)’ (4)
Bldt:c(x)A—z"’dx, (5)
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_ 2o0-&)
Q= o (6)

3 ypaxyBanHsiM BupasiB (1) — (6) orpumyemo

o, (Q)= 1_}1(9 _135:;2)‘1(’[‘3)2 oo )

3HaitinemMo BimHOCHY nucrepcito GuibTpy 0G;. g 1bOro, BUKOPUCTOBYIOUU

piBHICTB (2), 00uuciumo [5]

T 1
[Bydt= A—Z"’ fe()dx; (8)
0 -1
}Bf dt _ Ao } c?(X)p(X) ix. ©)
ooty 2T B(x)
Maemo
000 4,
56,= 2 a1 PX (10)

- TA® [1 2
{ | c(x)dx}

-1

®opmymu (7), (10) € BUXIZHMMH JUIsl ONTUMI3Allli 3aKOHIB TNepeOya0BU
XapaKTEPUCTUK JUHAMIYHOTO (ibTpa, HEOOXITHOTO TP amaparypHid peamizarii
MeTony MHOXeHHs BuMiptoBaHHs oriHku CHIII BumagkoBux curHamiB, sKi

XapaKTepU3yroTh AePeKTH (HECHPaBHOCTI) JBUTYHIB 3aCO0IB BOJHOIO TPaHCHOPTY.
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OnTumizallis B 3aralbHOMY BHUIIAAKy TMOJSATa€e y BIAMOBIIHOMY BHOOpPI (YHKIIIH

oft), &(t)i B(t) [5.6]

Sk nmpukIag MPUKIaTHOTO BUKOPUCTAHHS criBBigHOMmEHb (7), (10) Bupimmmo
HACTYIIHY 3a/Jady ONTHUMI3allii 3aKoHIB TNepeOyJ0BH MMapaMEeTpiB TUHAMIYHOTO
BY3bKO-CMYT'OBOTO (iJbTpa HJii KOHTPOJIIO TEXHIYHOTO CTaHy eJIEKTPOJBUTYHA
3ac00y BOJHOTO TPAHCIOPTY, KU Ma€ HECHPABHICTh y BUIJISAL TEPTS poTopa Ta
craropa [7].

[Tpunyctumo, 1mo koedilieHT nepenayi GiabTpa MATPUMYETHCS MOCTIHHUM, a
HOro IeHTpajgbHa YacTOTa 3MIHIOETHCA 3a JIHIMHUM 3aKOHOM, TOOTO 3H1MCHIOETHCS
JiHIAHE CKaHYBAaHHS IIEHTPAJbHOT 4YacTOTH QLIBTpA.

[pu oMy [7, 8]

x(t) = 2——1 0<t<T,

13 piBHOCTI (3), (4) 3HaX0IUMO

ko | B(X) |
= ol xp 5
1 dx
8G, =kgs I500 (12)
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1
Ksg = ——— . 14
56 = Tam (14)

3a moKa3HHMK omTHMi3amii mpuiiMemo rmionry mix kpuBoro ®CB @, (QY) y
cmy3i anamizy [117].

[Tpu poMy 3aBaaHHS onNTUMI3aLl (OPMYITIOETHCS TaK: HEOOX1THO BU3HAUUTHU
3aKOH 3MiHU 0€3po3MipHOTro KoedilieHTa 3aracanus (X) IuHaMi4HOTO (QiIbTpa, L0
3abe3reuye MOpH 3aJaHOMy 3HAaueHHI BigHOCHOI gucrepcii ominkua CIHIII 6@1
MaKkCUMyM Tutomi mix kpuBoo @CB @, (Q) B cmy3i aHamizy [9].

[loBHa muromia, sika 3HaXxoauThesl min KpuBoo OCB ®@,, (QQ) BHU3HAYAETHCS

PIBHICTIO

Sy = [@..(Q)dQ . (15)

_ke Tr B qo-Ke T BX)
sn_2 L_jl(Q—x)2+[32(x)d dQ zn_[od | dQ.

[Ticnst oGuuciaeHb OTPUMAEMO

1 Q-X Q+x |
__q’ t 1
o j{arcg ) +arctg B(X)}

k 1
dx:%jdx:kq). (16)
-1

Beenemo miomy, oomexeny ¢yskiiero @, (Q), B pobouili cMmy3i yacToT

—y<Q<y:

147



Y
S, = [@,,(Q)dQ.

AHaJIOT1YHO J10 TONEPEAHBOTO, 3 ypaxyBaHHAM piBHOCTI (11) 1 (16), Maemo

T E—
m 25 (Q-xE)+BE(X)

a00 1micig 00YHUCIIEHD

1

S,
S, = o f‘{arctg 500 +arctg Wxﬂ X . (17)

Bin3Hauumo, 110 3HAUYEHHS BEJIMYMHM Y JEMI0 OUIbLe OJMHUII 3a PaxyHOK
JESKOro PpO3IMIMpPEHHs cMyrd mnpomnyckaHHs @(w) BiI HOMIHAJIBHOI, BOHa Oyze
BH3HAUEHA HIKYE.

JInst BUpIlIEHHS 3aBAaHHSl ONTHUMI3allli CKOPUCTAEMOCS BapialliiiHUM METOJIOM

(MeToIOM HEBU3HAYCHUX MHOKHUKIB Jlarpanka) minimizamii gpyHskiionany [11]:

© dx

y=-S +A|—F=.

" Hpi
OOYuCIIOIYM YacCTKOBY MOXIJTHY % 3 ypaxyBaHHAM piBHOcTI (17),

OTPUMAEMO
2
ov _S, v +u)-nly’p? + (3 -uf | s
2 H
L .
ne
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Hzgi (19)

u=y%-x2%. (20)

OnTtumaneny ¢yHkiiio B(u) 3HalAEMO, MPUPIBHIOIOYU HYIIO YHCEIBHUK Y

Bupasi (18):

v22(p% +u)-p [4y2p2 +(p2—u)?]=0. (21)

IIpu 0 < p <y poss’ssox PB2(u) pimstHHs (21) Mae Burmsix [11]:

B*(u)= [— (yu — 42 + 20u)+(yu — 4y 2 + 20 f + ap(y — p)u? } (22)

AHasoriuHo 3 piBHstHHs (21) 3Haiinemo Bemmuunny u(P) sk GyHkuiro Bix PA(U):

U(B)=i (v+2u)p? i\/£Y+2Mj B — 4wy ?p? —p(y—w)]} (23)

2
. . . u .
Touky MimiMymy OyHkuii B°(u) BH3HAUMMO 3 YMOBH Bd( ):O. [Ticns
u

nudepeHIiroBaHHs paBii yacTuHi BUpasy (22) i mepeTBopeHb oTpumaemo [12]

(v +2uYp* — 4u[ay?? - *(y—p)|=0.

. . 2. . .
Bupiiryroun 1ie piBHSHHS 010 BEJIMYMH ° 1 U, OTpUMAEMO iX 3HAUYEHHS P, 1

U, BiAmOBimHI Touwi MiniMymy byskmii BA(U):
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, _ 16’y

= : 24
e 24
umzw_ (25)

Y +8u

Bubepemo BenmuyuHy Y TakuM YMHOM, 1100 3HaYeHHS (TOYKa) Upy 30iramacs 3

. . . _ 2 . .
KIHIICM 1HTCpBally CKaHyYBaHHA IIO0 YacCTOT1, Uy = ¥ — 1. ITincTaBamMu 118 P1BHICTH B

BHpa3 (25)

21 8wrly+2n)

! Y +8u

3BiIIKI/I MaeEMoO piBHSIHHH JJI1 BEJIMYHUHU .

v —(1+16p° )y —8u =0. (26)
HabnmxeHo Bupinryrouu piBHSIHHS (26), OTpUMAEMO:
v3 =1+4p. (27)

PiBHicTh (27) cnpaBemmuBo sk st W >> 1, Tak 1 anga p << 1. 3 HboOro

BUIUIMBAE, 110 31 30UIBIICHHSIM |l 3HAYEHHS Y TaKO MOHOTOHHO 3pocTae. Benuuunna
.. . . 2 2

u, SK BUIUIMBa€ 3 criBBigHOIIEHHs (20), 3miHOeThesa Bim |y~ —1 ‘x:l 0 Y ‘x:O'

ToMy BHXOIHTH, IIO TP W >> 1 Mae Micue piBHICTB u|,_ ~ul|,_,, a, 3HAUNTH,

B’ |xc1~B’| o - TIpu mbomy [11, 12]
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Bupaz (23), s chopomeHHsS TOJANBIIMX —OOYHCICHB, TEPETBOPUMO

HAaCTYIITHUM YHMHOM. BB€I[€MO ITIO3HAYCHHA:

_ B _u
Tl STu,
3BIIKHU
B% =Bm@+x) u=u,(l+8). (28)

3 ypaxyBaHHsM piBHOCTI (28) Bupa3s (23) 3anumiemo y Burisii [13]

im0+ = &+ 2088 00 (B 0 B0 ) 16027] . 29
Bupimryroun piBHsiHHS (29) 110710 &, 3HAX0IUMO
‘::X+k§1/Xil+Xi1 (30)

Jy(y +8p) _ (31)

e k., =
T

[Tpu p<<I 13 cniBBiAHOLIEHD (24), (25), (29), (30) 1 (31) oTpumaemo:

P -1x8u; B ~dn Up ~8u;

K - \/(1+ 4u)1+12u)

~1+2u; (32)
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IIpn x =0 maemo

So o X~ Bo= 1.

Tonmi dopmyna (22) misi ONTUMAIBHOTO 3aKOHY IMepedymoBu KoedirieHTa

3aracaHHs (x) ruHamMidHOrO (QiIbTpa HAOyBa€e BUTIISAY

2oy (L+8u—x2)?
BEO0) = o (33)

Bupaszu (32) 1 (33) cmpaBemiuBi npu TakoMy p <1, 1mo0 BHUKOHYyBajacs

HEepiBHICTb | >>p?, TOOTO 32 YMOBH W << 6 [Ipu 11poMy, SIK BUIUIMBAE 3 PIBHOCTI

(24), By << % .

3HaiiIeMo 3B'SI30K MK IMOYaTKOBMM 3HAYEHHAM Koe]illieHTa 3aracaHHs

BO(X = 0) 1 KIHIIEBUM HOTO 3HaUeHHSM [(X = £1). s 11b0ro BUpa3uMoO BEJIIMYHHU Y

ike uepes Bp. 3i cniBBinHOMEHHS (24) 3HaxoauMoO [14]

SuB2
YZ%- (34)
[Tl et

[TinctaBamu piBHICTH (34) B piBHSHHS (26), TICTS IEPETBOPEHD, 32 yMOB >0,

u>0, 16;,L2-Bfn>0, OTPUMAEMO
1
2
u=1ﬁm[l+2‘3—mJ - (35)
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[Tpu upomy Bupas (34) Habupae Buriasagy [15]

y=+1+B% .{1+23—m]z . (36)

J1+BE,
[TincraBnstoun cmiBBigHomennss (35) 1 (36) B dopmyny (32), micas

NepETBOPEHb 3HAXOIUMO KOC(IIIEHT

[1+2Bm JZ
=L VFPn) 37)

.=
1+7B”1

2.1+ B2

PiBHsiHH: (30) mepeTBOPUMO 10 HACTYITHOI'O BUTJISIAY
(ke —1P%% + (K2 + 28} €2 =0.

Bupiiryrouu 11e piBHSHHS HIOJI0 ), OTPUMAEMO

E_,Z
Y = = R (38)
ka\/Z;2 +E+— 4 E4+—
4 2

Bupa3s (38) € dynkuiero y = f(§).3anumemo ioro mis ymoBu X = 0, s IKOTO

13 BigmoBigHux piBHOCTEH (28) 1 (32) maemo [15]

e=— 1 (39)




Xo =—§—1- (40)

[TincTaBnstoun criBBigHOmEHHS (39) B hopmyny (38), oTpuMaeMo

1

(v? —1)'[k;Jv2 k22 (2 -1f +1+

Xo = 5 (41)

i)

B pesynbrarti nepetBopeHHs Bupasy (41), 3 ypaxyBaHHSIM CIiBBITHOIIECHD (56)

1(57), otpumaemo

1

2 2+ B2 NLH B 367+ 7|

Xo = , (42)

a 3 Bupasy (40) 3anumiemo

Bo =PBm~/1+%0 - (43)

PiBusinus (43), 3 ypaxyBaHHAM BUpPa3y (42), BU3HAYA€ NIYKAHY 3JICKHICTD JIJIS
KoedirfienTa 3aracaHss fuHaMigHOTo GinbTpa Bo= f(Br).

[Tpu Bm<0,2 myist po3paxyHKy MapaMeTpiB ONTUMAIbHOTO 3aKOHY MepeOya0BU
TUHAMIYHOTO (PUIBTpa MOXKHA KOPHUCTYBATHCS HAOIMKEHOIO (HOPMYIIO0, SKY

OTPUMYIOTH 3 BUpa3y (43) 3 ypaxyBaHHSM piBHOCTI (42):

2

Bo ~ AP (1+ ij (44)
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TakuM 4YWMHOM, B pe3yjbTaTl pIIMICHHS 3ajadl ONTHUMI3allii BHU3HAYEHO
ONTUMAJILHUM 3aKOH 3MiHU TepeOynoBH KoedilieHTa 3aracaHHs [3(X) JUHAMIYHOTO
BY3bKO-CMYT'OBOTO (ibTpa B 4aci, SKUA BIAMOBIAHO 10 BUpasy (33) omucyerbes

dbopmyioro [15]

1+8u—x°
B0 = “(1+4i_x2 o)t @

Bin 3a0e3neuye mnpu moOCTIHHOMY Koe(DIilieHTI Tiepenaydi Ta JiHIHHOMY
CKaHyBaHHI IEHTPAJbHOI YacTOTU (PUIbTpa MaKCMMalbHY TOYHICTh ampoOKCHUMaIlli
17lealbHOrO0 BIKHA Ta 3aJaHy BigHOCHY aucnepcito ouinku CIIIT mpu meroni
MHOYKCHHSI CIICKTPaJIbHOTO aHai3y BUIIAJKOBHUX CUTHATIB [15, 16].

I'padik 3anexuocti Bg =Ffr(Bm) =Bm+1+ %0 , BiamosinHo 10 (43), HaBeaEeHO

Ha puc.l.
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Pucynok 2 — I'padixu 3anexHnocti By =f,(B,,) w11 quHamivHorO dinbTpa
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3 1poro rpadika BUIHO, IO ICTOTHA BIAMIHHICTh MK ITOYaTKOBUM 1 KIHIICBUM
3HAYCHHSMH Koedilli€eHTa 3aracaHHs JUHAMIYHOTO (PiabTpa Il METOAY MHOKEHHS
CIIEKTPAJIbHOTO aHai3y Mae Miciie mpu fm< 0,5.

Ha puc. 2 naBeneni rpadiku 3anexnocti ¢GyHkiii By = f3(Bn), modymosani mo
touHil Gopmyii (43) — kpuBa 1 1 3a HaOIMKEHOIO PopMyI0t0 (44) — KpHuBa 2. KpHBa

1 — mo Touniit popmyii (63); kpuBa 2 — mo HaOMKEHIH Gopmyiti (64)

Bo

1,1

0,9

0,8 /4

0,6

0,5

N\

04

0,3 }{
0,2 }{

0,1 1

—_ -1 —0—2

Pucynok 2 — I'padixu 3anexHocTti pynkuii By =f3(B,,)
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Bouu miaTBepKyoTh, 1o 1npu Pr<0,2, 1 HaBiTh npu Bmr<0,3, MokHa
KOPUCTYBATHUCS HAOIMKeHOIO (hopmyIioro (44), a MpHU 1HIIUX 3HAYCHHSIX By — OLIBIIT
TOYHOIO (opmysioro (43), ajge MOXKJIMBE BUKOPHUCTaHHS ¥ HaOIMmxkeHOT (Gopmysu
3QJICKHO B1J IOITYCTUMOI IMMOXUOKHU 004YHUCICHHS 3.

Tak, mpu Pm=0,2 BigHOCHA cHcTeMaTH4YHa ToxuOka ob6uucieHHs [0
ctanoButh OP0 = — 1,01%, a mpu 3Mmiai Pm Bix Pm = 0,3 mo Pm= 0,9 BoHa
smiHtoeTbes Bix OB0 = — 1,34% mo 0B0 = — 3,6% (puc. 3). Y pas3i HeoOXigHOCTI

I1JIBUIIICHHS TOYHOCTI BOHA MOke OyTH BpaxoBaHa.

0 0,2 0,4 0.6 0,8 1

-0,5 \
. N

-1,5 SN

25 A
AN

4 \
4 Y

5
5B0,%

Pucynok 3 — I'padiku 3anexHocTi 0By = f(Brm) BigHOCHOT cCHCTEMAaTHYHOT
MOXUOKH 00UMCIIeHHS B 32 TOUHOIO (popMyoro (43) 1 3a HAOJIMKEHOIO
dbopmynoro (44)
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Ha puc. 4 HaBeneno npukiaau rpadiku 3anexsocti 3 = fi(x), npu B, = 0,02,
JUIA  ONTHMAJbHOTO 3aKoHy TmepeOynoBu (kpuBa 1) 1 Juid JHIMHOTO 3aKOHY

nepeOyaoBu (kpuBa 2). I'padik 3anexnocti I'=f' 4(By) HaBemeno Ha puc.5 (kpuBa 2).

B
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[ —(%
0,07 k\ ﬁo\\(L

0,06 NG

0,05

0,04 N N
'S
0,03 \

002 RN
60 01 02 03 04 05 06 07 08 09 10

—— —_— — )
Pucynok 4 — I'padiku 3aexnocTi B = fi(X): kpuBa 1 — 17151 ONTUMATBHOTO 3aKOHY

nepedynoBu B(x) 3a hopmyioro (45); kpuBa 2 — AJisl IIHIHHOTO 3aKOHY NIEpeOy10BU

B(x) 3rigHo (47)
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Pucynok 5 — I'padiku 3anexnocti I=f4(Bo) — kpusa 1 1 I'=F4(Bo) — kpuBa 2.
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3a rpadikamMu, HaBEIEHUMH Ha pHC.D 1 6, MOXKHA TaKoX MOOyIyBaTH
3JICKHICTh BigHOCHOI aucnepcii ominku CHIIT Big moxuOku ampokcumarii s

METOJTy MHOKCHHSI CIIEKTPAJIbHOTO aHAaJ3y 3 BUKOPHUCTAHHSIM JMHAMIYHOTO BY3bKO-
cmyroBoro ¢inbTpa. ['padik i€l 3aMeKHOCTI 8éa = f¢(I), HaBemeHo Ha puc. 7 (KpuBa
1). KpuBa 1 — aj1s BiZHOCHOT MOXHOKH SGa = f5(Bo), BIAMOBIAHOT JIHIHHOMY 3aKOHY
nepeOy10BU IIEHTPAIbHOI YaCTOTH (PIIBTPY Ta JIHIMHUM 3aKOHOM 3MiHH KoedilieHTa
3aracaHHs JMHaMIYHOTO (UIbTpa; KpuBa 2 — IS BIIIHOCHOI MOXUOKU SG;: 's(Bo),

BIJINOBIJIHOT JIIHIMHOMY 3aKOHY Mepe0y/I0oBU IEHTPAIbHOI YacTOTH (QUIBTPY MpU

MOCTIHOMY KO€(II[IEHT] 3aTyXaHHs TUHAMIYHOTO (DUIbTpA.
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Pucynox 6 — I'padiku 3anmexHOCTEH MOXHUOKK anmpoKCUMaItii §G a Sé:a

171eaTbHOTO CTIEKTPAILHOTO BiKHA BiJl Koe(ilieHTa 3aracanss [y
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Pucynok 7 — I'padiku 3anexnocreit QyHKIIH

OTXe, CHUHTE30BaHUW JAMHAMIYHMA QUIBTp AN CHEKTPAIbHOIO aHali3y
BUITAJIKOBUX CUTHATIB MPU KOHTPOJII TEXHIYHOTO CTaHy JIBUTYHIB 3aC001B BOJHOTO
TPAHCIOPTY, 3TAHO criBBigHOMIEHHS (11) 3 po3paxoBaHUMM XapaKTepUCTUKAMU, MA€E
®CB, ska mnpare a0 «igeampHoro» (puc. 8) [17]. Ha puc. 8 3amexHocti
Bi1oOpakaroTh HacTymHi OCB:

— KpuUBa a — «iIeaJIbHU» QLIBT;

— KpuBa 0 — CHHTE30BaHUN (PUIHTP 32 JOTIOMOTO0 3aIPOTIOHOBAHOTO METOTY

MHO>KCHHS,
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— KpUBa B — BIIOMUH (UIBTP, CHHTE30BaHUH 3a JOMOMOTOI0 METOIY

Oe3nocepeHboi (piTbTparii.
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a) «imeanbHu» GiIbTp; 0) CUHTE30BaHUM (QUIBTP; B) BIIOMUMN PLIHTP

Pucynox 8 — @yHKIIIT ClIEKTpaIbHOTO BiKHA (QIIBTPIB JJIs CIIEKTPATBLHOTO aHATI3Y

BUITAAKOBHX CHUT'HAJIIB
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BucHoBkH. AmHami3 3aJeXHOCTe Ha puc.8 TMOKa3yloTh IepeBaru
CUHTE30BAHOTO (PUIBTPY MJIs CHEKTPAJIbHOTO aHajizy. 3a paxyHOK HaOJIMKEHHSA
dbopmu DCB cunTe30BaHOTO GUIBTPY A0 «iA€aNbHOI» Takuil (UIBTP J03BOJIUTH
TOYHO BHUIUISITH HEOOXiJHI YacTOTHU CIEKTPYy BHUIAJKOBOIO CHTHATY, SIKHMA
xapaktepuzye naedekTu (HEeCHpaBHOCTI) JBUTYHIB 3acO0IB BOJHOIO TPAHCIOPTY.
Otxe, Takuii GUIBTp TpH  OLIBII TOYHOMY BHIIJICHHI CKJIAJOBUX CIHEKTPY
BUIQIKOBUX CHUTHAJIIB JO3BOJUTH MIJBUIIUTH JOCTOBIPHICTH KOHTPOJIIO TEXHIYHOIO

CTaHy JABUTYHIB 3aC001B BOJTHOT'O TPAHCIIOPTY.
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VJIK 623.463.5.001.57(06)

®enynoB B.M. /lep>xaBHUi yHIBEpCUTET 1HPPACTPYKTYpH Ta TEXHOJOTIH, CTapIIMiA
BUKJIaJa4 Kaeapu CyAHOBOAIHHS Ta €KCIUIyaTallli TEXHIYHMX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

JOCJILIKEHHA CUHTE3OBAHOI'O ®OUUIBTPY IJIA
CIIEKTPAJIBHOI'O AHAJII3Y BUIIA/IKOBUX CUT'HAJIIB ITPH
KOHTPOJII TEXHIYHOI'O CTAHY /IBUI'YHIB

Merta crarTi — AOCHIIKEHHS CHUHTE30BAaHOIO (DUIBTPY AJI CHEKTPaIbHOIO
aHa13y BUNAQJKOBUX CUTHAJIIB IPU KOHTPOJ TEXHIYHOTO CTAHy JIBUTYHIB.

IlocTanoBKa npoodJieMu. Posrmsinemo J1arHOCTUKY nedexTiB
(HecripaBHOCTEMN) €EKTPOJIBUTYHA 3ac00y BOJHOTO TPAHCHOPTY MPHU TEPTI poTOpa O
CTaTop.

Ha puc.1 naBeneno BiOpariiinuii curnan (puc. 1, a) 1 fioro crextp (puc. 1, 6)

IIPU TEPTi pOTOPa O CTATOp eNeKTpoaBuryHa [1].

a) 00,0032,00,013,08,023,08,033,04,042,02,058, 040, 063,010,078, 08,088 ,09,0830,1

o = N & &

6)

Pucynox 1 — BiOpauiiinuii curnan a) 1 iloro cektp 0) mpu TepTi

pOTOpa O CTAaTOp €JIEKTPOBUTYHA
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Amnaniz ¢opmu BiOpamiitHoro curnany (puc. 4.10, a), To BugHO ($a30By 30HY,
Py TMO3UTUBHUX 3HAYCHHSX BIOpAIIfHOTO CUTHANTY, B SKIM BiIOYBAa€ThCS TEPTH
potopa. lls 30Ha moOKazye «I3epKaIbHUN BIJICKIK poTOpa», BepxHs dYacTwHa
BiOpalliifHOrO CHTHAIY B Iii 30HI HE 3pOCTa€, a 3MEHIIYeTbCs. [loyaToK BiJICKOKY
XapaKTEPU3YETHCS NCIKUM IMITYJIbCHUM BUCOKOYACTOTHUM TIiKOM [2].

Ha rpadiky BiOpauiiinoro curnany (puc. 4.10, a) BUAIISETbCI MOMEHT Yacy,
KOJIM BIIOYBA€ThCS 3a4lllaHHs pOTOpa O CTATOp eNeKTpoaABUTyHa. [Ipu ibomy BepxHs
YacTHHAa CHHYycoinu JedopMoBaHa Ta MpPEACTaBiisie€ KoJaUBalbHMU mporec. Ilicus
BUXOJAY POTOpa 13 30HM TOPKaHHS (pOpMa YaCOBOIO CUTHAILY «BIAHOBIIOETHCS» 1
MpolleC KOJIMBAHHS i€ MO CHHYCOIJlI OCHOBHOI TrapMoOHIKM BiOparii. B manomy
NPUKJIIA/Il 3a9ilaHHs «BHPi3a€» MO3UTHBHUH MK CHHYCOian [2].

Crenndikoro CeKTpalbHOI KAPTUHU PE30OHAHCHUX KOJMBAHb MU 3adillaHHI 1
3aTHpaHHSIX € Te, M0 3a3BUMYali BCE HECHHXPOHHI KOMIIOHEHTH CIIEKTpa
30CEepPE/KYIOThCSl TO0NMM3Yy CUHXpOHHUX. Ha 3aranpHOMYy cCHekTpi BiOpamiiHoro
CUTHAJIy 116 BHUPAXAETbCSI HE B 3arajlbHOMYy TITHATTI PIBHSA CIEKTpa, a B
«PO3LIUPEHHI» MIJACTaBU JACSIKUX CHHXPOHHHMX T'aPMOHIK, YaCTOTU SKMX OJIM3BbKI J0
YacTOT BJIACHMX PE30HAHCHHUX E€JEeMEHTIB KOHCTpyKIii. KilbkicTh  Takux
«PO3IIUPEHUX» TAPMOHIK B CIEKTP1 3a3BHUall HE MEPEBUIIYE JIBOX, a HAHYaCTIIIe €

onHa. Takwuii criekTp HaBeIeHO Ha puc. 2 [3].

) ) o

) 109 20 290 Vo Ty 0 120

Pucynox 2 — Criexp BiOpalliifHOro CUTHATY TIPU PO3BHHEHOMY Je(EKT THITY

«3aTUPAHHSD» POTOPA O CTATOP EIEKTPOJABUTYHA
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Yacto 3auimaHHs TeHEpye MITHATTS CIIEKTpa Ha YacTOTI BIACHOTO PE30HAHCY
OJIHOTO 3 TePThOBHX €JIeMEHTIB. Ha criekTpi €, sik 3a3BUyai, 6araTo MiMXx 1 IpoOOBUX
rapMOHIK, ajie Oilpla YacTHHA TMOTYXXHOCTI BiOparlii 3ocepemkeHa B o00xacTi
BJIACHOTO PE30HAHCY KOHCTPYKIli. Taka KapTWHA HAWYACTIIIE CIIOCTEPIraeThes MpU
3aTUpPaHHA B YIIIJIBHEHHSX, KOJHM MOTY>KHICTh BiJl TAKOrO Je(PeKTy He ayxke BeTuka
3a BEJNMYMHOIO, ajieé 3HAayHO «po3Ma3zaHa» I10 YaCTOTHOMY Jiama3oHy 3HA4HOI
1110200713058

30BHI TakWil MPOSIB 3aTUpaHHS BUTIIAMAE SK OAUH a00 KidbKa «ropOiB» Ha
criekTpi. YacToTa nux «rop0iB» HE MOB'S3aHA 3 YACTOTOI0 OOEpTaHHS, a MOBHICTIO
BU3HAYAETHCS BJIACHUMH YaCTOTaMU PE30HAHCY PI3HUX eJIeMEeHTIB KoHCTpyKilii. Le, B
OCHOBHOMY, HECHUHXPOHHI KOMIIOHCHTH CIICKTpa.

Ha puc. 3 1 4 mokasaHuil TPUKIAN 3aCTOCYBaHHS «iJCATBHOTOY,
CHUHTE30BaHOTO Ta BIAOMOTO (UIBTPIB NPH CHEKTPAIHHOMY aHali3l BHUIIAJKOBOTO
(BiOparifHoro) cUrHaiy, KW XapakTepusdye MmouyaTok AedekTty (puc. 3) 1 ioro
PO3BHTOK (pHC. 4) y €IeKTPOABUTYHI 3aCO01B BOJHOTO TpaHcopTy [4].

U e i e e S S L
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Pucynox 3 — [Ipukiaza 3acTOCYBaHHS «i1J1€aJIbHOT0», CHHTE30BaHOTO Ta B1JIOMOTO
GITBTPIB IPH CIIEKTPATIBHOMY aHaITi31 TOYaTKy AeheKTy y eEeKTPOABUTYHI 3aCO01B

BOJHOTO TPAHCIIOPTY
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Pucynox 4 — [Ipukiaj 3acTOCYBaHHS «iJ1€aJbHOT0», CHHTE30BaHOTO Ta BIIOMOTO
GIIBTPIB IPU CIIEKTPATIBHOMY aHalli31 PO3BUTKY JA€PEKTY y €IEKTPOJABUTYHI 3aC001B

BOJHOTO TPAHCIIOPTY

Amnani3 3anexxnocterd Ha puc.3 1 4 qoBoauTh, o ®CB icHyrounx GineTpiB HE
J03BOJISIIOTh BUSIBUTH CBOEYACHO MOYATOK JE(PEKTy NpPHU CHEKTPAIBbHOMY aHaji3i
B1OpaIifHOTO CUTHAITY, a TIPH HOTO PO3BUTKY BUABIISIOTH Ne(EKT K moyaTkoBuid. Lle
HE JI03BOJISIE 32 JIOMOMOIOK0 ICHYIOUMX (UIBTPIB CBO€YACHO BHUSBUTH BiJIMOBY
JBUTYHIB, III0 MOXE€ CTaTh MPUYMHAMH BIJMOBU JBUTYHIB 3ac00iB BOJHOTO
TpaHCTOPTY i yac perciB. OTxe, aHaNI3 3ajaexHOCTEN HA puc.3 1 4 JOBOAUTH PO
M1JIBUIICHHS JOCTOBIPHOCTI KOHTPOJIIO TEXHIYHOTO CTaHy JBUTYHIB 3aC001B BOJHOTO
TPAHCIIOPTY 3a JIOIIOMOTOIO 3aIlPONIOHOBAHUX (DUIBTPIB JJIsi CIIEKTPAIBHOTO aHAII3Y
BUIMIA/IKOBUX CUTHAJIB, SIKI XapaKTepHU3YIOTh Ne(heKTH (HECIIPaBHOCTI) NBUTYHIB [5].

Po3paxyeMo MoOKa3HUKH JOCTOBIPHOCTI Ta €KOHOMIYHOCTI BiJl 3aCTOCYBAaHHS
3aMpONOHOBAHUX (IIBTPIB CHEKTPATHHOTO aHai3y BUIMAIKOBUX CHTHAJIB IS
KOHTPOJTIO TEXHIYHOTO CTaHy JBUTYHIB 3ac00iB BOJHOTO TpaHCHOPTY [5, 6].

Ha pucynkax 5 1 6 mokazaHuii pe3yiabTaTH KOMIT IOTEPHOTO MOJICTIOBAHHS
3apPONOHOBAHOIO0 METOJy OOpOOKM BHUMAAKOBOTO CHUTHANTY MpU 3MIHI poOOTU

JBUTyHA 3ac00y BOJAHOTO TpaHcmopty [7—9].

168



16,00 -Ab
1400 -
1200 -

10,00 - — ]

Pucynok 5 — CriekTp po60TH ABUTYHA NIPH HECIIPABHOCTI OJIHOTO KJIANaHy:
1 — mrymMoB1 3MiHM CIPABHOTO JIBUTYHA;
2 — IIyMOBI 3MIHH TIPH aHAJIi31 CIIEKTPY POOOTH JBUTYHA (3alPONOHOBAHO)
3 — IIyMOB1 3MI1HH NPU HECTIPABHOCTI IBUTYHA (HA «CIIyX»);

4 — 1ryMOB1 3MIHM MPU aHAITI31 CIIEKTPY POOOTH IBUTYHA (B1IOMHI METO)
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Pucynok 6 — BiOpartist iBuryna (Mm) 3aJIeXKHO BiJl i 4aCTOTH

I3 pucyHKy 5 BHIHO, 110 aKyCTHYHa BIOpOJIarHOCTUKA JO3BOJIIE€ BUSBUTU
HECIPABHICTh JBUTYHA 3aC00y BOJHOTO TPAHCIOPTY METOJOM «Ha CIIyX» IpHU PIBHI
mymy 15 nb. Bigomi wmeroau BiOponiarHOCTYBaHHS JABHUTYHIB JO3BOJISIIOTH
BU3HAUUTU HECHPaBHICTh JBUTyHa Tipu piBHI 1mymy 11 ab. 3acrocyBanHs
3aMpPONOHOBAHOTO (IIBTPY IS CIIEKTPATBLHOTO aHaJI3y BIOpAlifHOTO aKyCTUYHOTO
CUTHAJY J103BOJIsIE BU3HAYUTH HECIPABHICTH MpH piBHI myMmy 7 ab. TakuM 4umHOM,
M1JIBUIIICHHS JOCTOBIPHOCTI KOHTPOJIIO TEXHIYHOTO CTaHy JBUTYHIB 3aC001B BOJHOTO
TPAHCIIOPTY NPU 3aCTOCYBaHHI 3alPOMOHOBAHOTO (UIBTPY S CHEKTPAIbHOTO

aHaJTi3y BiOpaliifHOr0 aKyCTHYHOI'O CUTHAJTY CTAHOBHTSH J10 36% [11, 12].
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I3 pucynky 6 BuaHO, IO 3HAYCHHS MEXaHIYHO! BiOparmii aJis BHUSBICHHS
HECIIPaBHOCTI JBUTYHAa 3MEHINYEThCS JO0 | MM 3alleXHO BIJl YacTOTH TMIpH
3aCTOCYBaHHI 3alponMoOHOBAaHOTO (imeTpy. OTXKe, MIABUILEHHS JOCTOBIPHOCTI
KOHTPOJIIO TEXHIYHOTO CTaHy JBUTYHIB 3aco0iB BOJHOTO TPAHCHOPTY TpHU
3aCTOCYBaHHI 3allPOTIOHOBAHOTO (PUIBTPY JJIsl CIIEKTPATBHOTO aHalli3y BIOpaIliifHOTO
curHairy craHoButh 10 10% [9, 13].

Pesynbratu xomi’roTepHoro mojaemioBands [14, 15], mpoBeneHi 3a BiZOMOIO
metonukoro [6, 9], mokazamu, mO 3ampOMOHOBaHI METOMU TPH JiarHOCTUYHOMY
KOHTPOJII TEXHIYHOTO CTaHy JBUTYHIB 3aCO0IB BOJHOTO TPAHCIOPTY J03BOJSIOTH
3MEHIIUTH BUTPATH 4acy Ha mpocTii TpaHcnopTy a0 30%. Lle no3Bossie eKOHOMUTH
KOIITU 110 25% BiJl pIYHUX BUTPAT HA OOCITYrOBYBaHHS 3aC001B BOJIHOT'O TPAHCIIOPTY.
[Ipy 1pOMY MHIABMUIYETHCA JOCTOBIPHICTh KOHTPOJIIO TEXHIYHOTO CTaHy JIBUTYHIB
3aco0iB BojHOTO TpaHcropTy Bia 10% 1o 36% (3amexHo BiJ METOJI J1arHOCTHYHOTO
KoHTpoJit0). Lle no3Bonsie exoHOMUTH 10 15% KOWITIB HpH TpaHCHOPTYBaHHI
BAHTAXIB 32 PaXyHOK BUKIIIOUCHHS MOKJIMBUX BIJIMOB Yy JIBUTYHaX MPHU MEPEMIIICHHI
3a BKa3aHUM MapIIpyTOM PyXy.

BucHoBKH. 3 BUKOPHUCTaHHSM Yy3arajibHeHHX BupasiB it OCB 1 BiIHOCHOL
mucnepcii omiaku CLUIT quaaMivHux QUIBTPIB, OTPUMAHUX B MOMEPEAHIX PO3JiIaXx,
3HANIEH] aHAMITHYHI CHIBBIIHOLIEHHS ISl XapaKTEPUCTUK JUHAMIYHOTO BY3bKO-
CMYTOBOrO GIUIBTPY [JI CHEKTPAJIBHOTO aHali3y BHUIIAJIKOBUX CHUTHAIIB, SKi
XapaKkTepu3yrTh AedeKTH (HEeCIHPaBHOCTI) JBUTYHIB 3aC00IB BOJHOTO TPAHCIOPTY.
Bu3zHaueHo aHamiTH4HI 3aJ1€KHOCTI BU3HAYAIOTh 3aKOHU Mepe0y10BU XapaKTEPUCTUK
(mapameTpiB) IUHAMIYHUX (PUIBTPIB.

[3 BUKOpHCTAHHSIM 3aMpPONOHOBAHUX METOJIIB CHHTE3y 3aKOHIB IepedyaoBU
napaMeTpiB JUHAMigHOTO ¢iabTpa npoBeaeHo MojentoBaHHss PCB Takux (UIBTPIB
Ha EOM, pe3ynbpTaTu SIKOTO MiATBEPIUIN OTPUMAaH1 TEOPETUYHI pe3yIbTaTH.

CdopmynboBaHi pe3yJbTaTH KOMIT IOTEPHOTO MOJCIIOBAHHS OTPUMAHUX

pE3yIIbTaTIB.
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PO3/ILJI 5

HOKPAIIEHHA IIOKA3ZHUKIB EOEKTUBHOCTI KOHTPOJIIO
TEXHIYHOI'O CTAHY PAJIIOHABITAIIIMHUX KOMILJIEKCIB
3ACOBIB BOJJHOI'O TPAHCIHIOPTY
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VJIK 656.6

Yedoan B.I. JlepxaBHuil yHiBepcuUTeT 1HPPACTPYKTypu Ta TEXHOJOTIH, CTapIIUl
BUKJIaJa4 Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHMX CHCTEM Ha BOJHOMY
TpaHcnopTi, M.I3Main

OBIPYHTYBAHHS KPUTEPIIB ONITUMAJIBHOCTI CHUHTE3Y
TECTOBUX CUTI'HAJIIB V151 KOHTPOJIIO PAJIOHABIT'AIIMHUX
KOMIUVIEKCIB

IMocranoBka npodaemu. PTC, mo Bxoauts 10 ckiany PHK 3aco0iB BojgHOTO

TPaHCIIOPTY, NMPU3HAYEHA JUIs MEePEeTBOPEHHS BXiIHOTO TecToBoro curHany U(t) y
Buxigauii curaan y(t). Y s3aranmbHOMy BUMajKy MoXe OyTH KijbKa MapaelbHuX
BXIJIHMX 1 BUXIJTHUX CUTHAJIIB, TOMY MA€MO BEKTOPH BXIJHMX 1 BUXIJIHUX CUTHAJIB.
SIKICTh IEPETBOPEHHS OMHUCYETHCSI ONEPATOPOM CUCTEMHU (D({u }) 1 1Ie IEpEeTBOPEHHS
MOJKHA 3ammcati y Burisiai y = d({u}).

Merta crarTi — OOIpyHTYBaHHS KPUTEPIiB ONTUMAIBHOCTI CUHTE3y TECTOBHUX

CUTHAJIIB JIJIs1 KOHTPOJIIO PaJiOHABITAIITHUX KOMILJIEKCIB.

Buxknan ocHoBHoro marepiaay. Jlns miniinnx OK 3 3o0cepemxeHUMU

IapaMeTpaMu onepaTop CD({U }) 3aJIEKUTh B1J KIHIIEBOI KUIBKOCTI apaMeTpiB. SKIIO

G(p) — nannaciscbke 300paxkeHHs nepeaarnoi Gpynxuii OK

m . n .
G(p)=>bip' / Ya;p’,
i1 i

ne aj, bj— koediuientn, j=1n, i=1m;
M, N — KUTbKICTh MapaMeTpiB KOHTPOJIIO BHUXIJHOTO Ta BXIHOTO TECTOBOTO
CUTHAJIy BIJIMOBITHO, TO 32 TaKl MapaMeTpyu MOKHa B3SITH, HANPUKIIAJ, KOe(ILIEHTH

a; 1 b; abo ix xkoMOiHamil (koe(ILIEHT MIACWIECHHS, MOCTIMHI Yacy Ta 3aTyXaHHS,

j
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BJIACHI YaCTOTH), a JUIA €NEeKTPUYHUX CHUCTEM — aKTHBHHU OIip, IHAYKTUBHICTH 200
eMHicTb [1].

Omneparop HeminiiiHOro OK He BU3HAYA€ThCS KIHIIEBOIO KIJIBKICTIO MTapaMeTpiB.
Ane 3 BIIOMHUM CTYNEHEM TOYHOCTI HOTO 3aBXAM MOXKHA AampOKCUMYBAaTH
omepaTopoM (y 3arajJbHOMY BHIIAQJIKy HEJIIHIMHUM), ajie 3aJIeKHUM BIJ KIHIICBO1
KUTbKOCTI mapameTpiB. Tak, Hanpukiaf, skmo OK Bmillye TaHKW THITY €JIEMEHTIB 3
HAaCHYCHHSM, TO, TIPEICTABUBIIN XapaKTEPUCTUKY TAKOi JJAHKU Ha OKPEMHUX JUITHKAX
BIAMOBIIHOT ~ (PyHKINT  ampokcumaiiii  (BIApi3KaMu  MPSIMUX, ApPKTAHTE€HCOM,
rinepOoIIYHUM TAHT€HCOM TOLO), MOKHA 32 TApAMETPU KOHTPOJIIO B3SATU MapaMeTpH
[IUX alpOKCUMYIOUUX (QYHKIIIH.

[To3HaunmMo mapametrpu KOHTpoJto TexHiyHoro crany PHK 3aco6iB BogHOro
TPAHCTIOPTY BEKTOPOM g = {01, 05,....0y}, j=1N, Tak, mo omepatop OK ®({u})
6yne Gyukuiero mux napametpiB: ®({u})=P(q;,qs,...,q, ). 3HAYEHHsS mapameTpiB

(j € BUIIAJKOBMMH BEIMYMHAMH, SIKi B mpoleci 30epiraHHs Ta excruryaranii OK

MOXKYTbh 3MIHIOBaTUCS. BBakaeMo B mporieci KOHTPOJIIO LI MapaMeTpy HE3MIHHUMM,
TOMYy IO Yac KOHTPOJBHUX OIEpaliii 3a3BWyail 3HAYHO MEHIIWHA 3a 4Yac 3MIHHU
napameTpis [1,2].

Takum uwmHoM, TexHiuHuii ctan PHK 3aco0iB BomHOro TpaHCmopTy
BH3HAYACTHCS BEKTOPOM IapaMeTpiB (= {4, Jy, ...,y }. Km0 Bizoma anpiopHa
GyHKIisS po3MOAUTy mMmapameTpiB (LIUIBHICTH PO3MOALTY sIKOI pq1) abo aucmepcis
napameTpiB 1 KOPEeJsIilHI 3B A3KA MK HUMH, TO BiJloMa 1 anpiopHa 00JacTh, B SIKIN
3HAXOAMUTHCS BEKTOp (] — amplopHa 00JIACTh «BIIXWJICHBY» MapaMEeTPiB KOHTPOJIIO
koMmriuiekcy (puc. 1). Uum menmoro € anpiopra iHpopmariis mpo OK, TuM mupiioro €
s 00nacTe «BiAXuJeHHs». [HpopMallisa, oTpuMaHa 3a pe3yJabTaTaMH KOHTPOIIIO,

YTOYHIOE (YHKI[IO pO3MOALTY MapaMeTpiB (j, OTXKE OOIACTb «BIAXMIICHHS»

napameTpiB 3BY)KY€EThCS — arocTepiopHa obnacts p, (puc. 1) [3, 5].
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XH‘ - -

P

Xiot
min

Pucynok 1 — OGnacTh BIAXWICHHS TapaMeTpiB KOHTPOJIIO

PHK

YuM TOYHIMMM Ta TIOBHIIIMM € TIPOBEICHUN KOHTPOJb, TUM BYKYOK €
anoctepiopHa o0iacTb. TOMy OCHOBOIO 3alpONOHOBAHOTO METOJY OOIPYHTYBaHHS
KPUTEPIiB ONTUMAILHOCTI CHHTE3y CKJIQJHMX TECTOBMX CHUTHAIIB € po3paxoBaHa

arnocTepiopHa 00JacTb ps3.

HacTo METOX KOHTPOJIO € BU3HAUYCHHS HE CaMHX MapaMerpiB (j, a sSKOICh

¢ynkuii Bim mux mapamerpiB Z=7(qy, ds,...,q, ), TOOTO BH3HAYEHHS TEXHIYHOTO

crany OK 3a y3aranbHeHuM mapamerpoM. Xoua QyHkiis Z (mpu m < N) HECe MEHITY

iHdopmarito mpo OK, HiX NMOBHHIT HAaOIp BEJINYNH (j, OAHAK y OLIBLIOCTI BUMAJKIB

BJaMil BUOIp BIAHOCHO HEBENIMKOI KUTBKOCTI MapameTpiB z;, I=1,m BBaxaeThCs
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JOCTATHIM JIJIsl TOPIBHSAHO MOBHOI o1liHkH skocTi OK, a 3 iHmoro 60Ky, MOKe 1ICTOTHO

CIIPOCTUTH KOHTPOJIb. [HOI TapaMeTpu z; MOXKYTh CIIBIIAJATH 3 (] i
Omxe, Buxinauii curnan y(t) € QyHKUi€w Bin mapameTpiB KOHTPOIO ( jl
(yHKITIOHAJIOM BIJlT BXIJIHOTO TECTOBOTO CHTHAJY u(t): y:yo({u},q, t). Ha nei

BUXIJHUN CUTHAJI HAKJIaJaI0ThCS 3aBajId, III0 BUHUKAIOTh Yepe3 MOXHOKY IeHeparopa,
pi3HOTO POy 30BHIiIIHI 3aBaau, HaBoAkW 1 moxwOku 3BT. Ili 3aBamu 3 BimoMum
CTYIICHEM TOYHOCTI MOJKHA BBa)KaTH aTUTUBHUMH. 1Ol BHUXITHUH CHUTHAJI MOYKHA

3arucaTy Tak [4, 6]
y(t)=yo({u} 0, )+ E(t). (1)

Jlo 3aBagu HEOOXIAHO BIJHECTH TaKOX CKJIAQJOBI BUXIJHOTO CHUTHANY,
OoOyMOBJICHI BIJXWJICHHAM BiJi HOMIHAJbHUX 3HAY€Hb THUX I[apaMeTpiB, SKi HE
MIJJIATaI0Th BU3HAUYEHHIO B PE3yJbTaTi KOHTPOJIO. 3 I[i€l TOYKH 30py CKIJIaJ0Ba
BHUXIJTHOTO CUTHAITy, 3yMOBJICHA BIIXUJIEHHSM B1Jl HOMIHAJbHUX 3HAYEHb TApaMETPIB,
AK1 TPISITaI0Th BUBHAYEHHIO, € KOPUCHUM CUTHAJIOM.

3amaya CHUHTE3Y BXITHOTO CKJIQIHOTO TECTOBOTO CHUTHAIY TIPH KOHTPOII
texHiyHoro crany PHK 3aco6iB BogHOTO TpaHCHOpPTY HaOyBa€ CEHC TUIBKU TIPH
BpaxyBaHHI Ha3BaHWX 3aBaj. [HaKIE, P BIACYTHOCTI 3aBajy, JJIS BU3HAYCHHS N

napaMeTpiB KOHTPOJIO CHCTEMH {Qj, (5, ...,y } JAOCTATHBO MPOBECTH BUMipIOBAHHS
3Ha4YEHb BHXigHOTO curHaly Y(t) B Toukax {t;,t,,..., ts}, e S — KiNbKiCTh MOMEHTIB

BIIIKY (TOYOK JUCKpPETHU3allii), 1 pO3B’sA3aTH CUCTEMY pIBHSIHb, CKIAJEHYy IJIs

MOMEHTIB 4acy {tl, to, ..., ts} BIJTHOCHO ITapaMeTpiB {ql, do,-- Qp }

Bu6ip BxigHoro TectoBoro curnany U(t) 3HagHOMO Mipoto JOBiNBHMIL. €1uHIM

Yo(tx)

00MEXKEHHAM € Te, 10 SIkoGian BignosimHoi cucremu piBusaHb J=det————4 mne

MEePETBOPIOEThCS B  HYJb. YCl BXiJHI CHUTHAIU u(t), mis saxkux  J#0, €
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pPIBHO3HAYHMMH, TOOTO HEMaEe HEOOXIMHOCTI BHU3HAYATH ONTHUMAIBHUN BUXITHHMA
curnai [5, 8].

Ockinpku B peanbHux PHK 3aco6iB BOAHOrO TpaHCHOPTY HaBEEHI BHILE
3aBali MOXYTh BHOCHUTH 3HA4HI TMOXUOKH, TO METOJIMKAa KOHTpodo 0Oe3 ix
BpaxyBaHHs JIOCTaTHHO HAOJMKEHa, 1[0, B CBOIO 4Yepry, 3HUXKYE IOCTOBIPHICTH
KOHTPOJTIO.

ToMmy HEOOXIAHO MPOBOAUTH KOHTPOJb KOMIUIEKCIB 3 YpaxyBaHHSIM 3aBaj
BUXIJJHOTO CHUTHaNy. 3ajaya KOHTPOJIIO KOMIUIEKCIB 3 ypaxyBaHHSM 3aBaj, WIO
BHOCATBCSI CKJIQJIOBUMH KOMIUIEKCY (BHYTPIIIHIMHM IIyMaMu), BUMIPIOBAJIBHUMHU
npuiagamMu ¥ IHIMMH  (aKTopaMy, MOXe OyTH poO3B’si3aHa 3a JIOIOMOTIOIO
3alpOMOHOBAHOI  ONTHMAIbHOI METOJWUKA KOHTPOJIID B  paMKax  METOIY
OOTpYHTYBaHHS KpUTEPIiB ONTUMAIBLHOCTI CUHTE3Y CKJIQHUX TECTOBUX CHUTHAJIB.

ChopmyntoemMo 3amayy BHU3HAUEHHS ONTUMAJIBHOI METOJIMKHA KOHTPOJIIO.
OnTuManpHOIO € TaKka METOJAMKA, SIKa MPHU 3aJaHlid anpiopHIA 001acTl «BIIXUICHHS
napametpiB OK, 3amaHomy piBHI 3aBajiyd, HEOOXIAHOMY Haci KOHTPOJIO JO3BOJISIE
MaKCHMAJIbHO 3BY3UTH aloCTEPIOPHY OOJACTh «BIIXWJICHHS» IMapaMeTpPiB CUCTEMHU
(a060 ¢yHkuii nux mapamerpi). ExBiBajieHTHIN momepeAHid MOCTaHOBLI 3ajadi €
3a/laya BU3HAUCHHS METOJMKH, sika 3a0e3rneuye MiHIMaJIbHUN 4Yac KOHTPOJIO TPH
3a/laHiid anpiopHii 00IACT1 «BIAXUIECHHS» MapaMeTpiB KOHTPOIIIO, 3aJJaHUX PO3MIpax
aroctepiopHoi objacti, abo 3amaya BH3HAYCHHS METOIWKH, SKa JO3BOJIAE TIPH
(IKCOBaHUX YMOBaX MAaKCHMAJbHO 3HU3UTU HEOOXITHY TOYHICTH BUMIPIOBAIBHHUX
npwiaaiB. Bubip ekBiBaJ€HTHUX MOCTAHOBOK 3a/audl BU3HAYAETHCS KOHKPETHUMH
curyartisimu [6, 9].

BusHayeHHsT ONTUMabHOI METOJUKM KOHTpOJIIO TexHiuHoro crany PHK
3ac001B BOJTHOT'O TPAHCTIOPTY CKJIAJIAEThCS 3 ACKUIBKOX, HE 3B’SI3aHUX OJIHA 3 1HIIIOKO,
3ajad.

[To-nepiie, HEOOXITHO BCTAHOBUTU KUIBKICHY OIIHKY METOJUKHA KOHTPOJIIO.
Taka oriHka mMoBMHHA OyTH 3B’si3aHAa 3 PO3MIpaMH  aroOCTEPIOPHOI  00JACTI
«BIIXWJICHHSD MapaMmeTpiB Zz;. Bcs iHdopmarnis mpo mapamerpu z;, OTpUMaHa 3a

179



pe3ynbTaTamMu KOHTPONIO, MicTuThesi y (yHKIii posmomimy p(z/y), ska Hamae
IMOBIPHICTh JJIS1 PI3HUX 3HAu€Hb Zj, 32 YMOBH, IO HAa BHUXOJl KOMILJIEKCY, IIO
KOHTPOJIIOETHCS, CriocTepiranacs peakiis Y(t). AmocTepiopHa 061acTh «BiIXHIEHHD
napameTpiB z; € 00JacTio, IMOBIPHICTh 3HAXOJKEHHS BCEPEAMHI AKOT 1 Z; Olblue

JIeSTKOT BCTAHOBJICHOI MMOBIPHOCTI. SIKIIO € JeKigbka mapaMeTpiB, TO IS 3aBIaHHS
mie€i  o0macti  HEOoOXITHO BIJAMOBIAHO JEKUIbKAa BEIWYWH (HANpUKIAL, IIpU
HOpPMAJIbHOMY 3aKOHI1 PO3IMOALTY MOYKHA 3a/IaBaTH IMIBOCI €JIMNCOiAY pO3CIIOBaHHS).

Pi3HI CTaTUCTUYHI OI[IHKHM SIKOCTI KOHTPOJIIO 1HAKIIE 3B’sA3aHl 3 BEJIMYHMHAMH,
K1 XapaKTepU3ylTh 00JacTh «BIAXWICHHS». BHHATOK CKiIamae BUNAIOK OAHIET
3MIHHOI, KOJIM TIPAKTHYHO BCi OIIHKK eKBiBasieHTHi [7, 10].

[To-npyre, micis BCTAaHOBJICHHSI KUTBKICHOI MIpH OIIIHKK HEOOXiTHO BUOpaTH
taki BXiaHI BrumBY Ha OK, siki 6 3abe3neuyBaiu sl TaHOTO 00’ €KTa MaKCHUMaJIbHE
3HA4YCHHA IIl€] KUIBKICHOI OINIHKK. BW3HAUYEHHS ONTHMAaJbHUX TECTOBHUX CHTHAJIB
noJisirae s pisHux kiacie OK y po3s’si3aHHi pi3HUX BapiamiiHux 3aqaq [8, 11, 12].

[Ipu anami3i CTaTUCTUYHUX OLIHOK SIKOCTI KOHTPOJIIO OyJeMO BBaXkKaTH, IIO

3pa3KoBHi (HOMiHANBHMI) BUXinHui curHal Yo ({u}, g, t) Moxke GyTn po3kmameHuii y
psiI 33 BIAXHMIICHHSIMU IIAPAMETPIB (; BiJ HOMIHAIBHUX 3HAYCHb (g AQ;=0;—Joj

. YTpUMYIOUH NEPUINN YJIEH HBOTO PO3KIaAy OTPUMAEMO:

Ay = iaj({u},qo, t)Ag; +&(t), 2)

=1

ne Ay =y;(iu} {a} t)-yo({u}, ao. t);

_(oy({uha.t)
aj({u}, go, t)= a—q, o

AHaJIOTIYHO, PO3KJIaJal0Yy BEIUUUHH Z; (q j)» OTPUMAEMO JJISI BIIXUJICHB:
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n
AZ; Z(XiquJ' ) (3)
j=1

ne Azj =zi(q)-zi(qo);
0z;

oqj
aj=djo

Otij =

JloBeaemo MnpaBUIIBHICTD (aJ€KBATHICTH) po3kiIaiB (2) 1 (3).

[lin Yac KOHTPOJIO TEXHIYHOTO KOMIUIEKCY HEOOX1IHO BJIOCKOHAIUTH
METOAMKY KOHTPOJIO y BHUIAJKaX, KOJIHM BiIXHJICHHS MMapaMeTpiB HEBEIMKI, TAaKUM
YUHOM, 10 YYTJIUBOCTI Ta TOYHOCTI BUMIPIOBAJILHOI amapaTtypu MpH 3aJaHOMY 4aci,
BIIBEICHOMY Ha KOHTPOJb, BHUSABIAETHCSA HEIOCTATHHO [IJII BHSBJICHHS ITUX
BIIXUJICHB 200 JUIsl BUBHAYEHHS 1X BEJIMYMHU 3 MOTPIOHUM CTYIIEHEM TOYHOCTI. Tomy
METO/IMKA KOHTPOJIIO, KA € ONTUMAJILHOIO TIPU MaJIMX BIAXUJICHHSX MapaMeTpiB 1 3a
paxyHOK OTPHMAaHHS MaKCUMaJbHO MOXJIMBOI YyTJIMBOCTI i TOYHOCTI, IO JO3BOJISIE
BHUSBIIATH Takl BIAXWICHHS, Oyle MNpuUJaTHA W TPU HEMHIMHUX BIIXWICHHSIX
napameTpiB. [Ipy Manux BiAXWJIEHHSX MapaMeTpiB JJIS BUSHAYCHHS BEIIMYUHU ITHX
BiIXWJIEHb MOXe OyTH 3acTocoBaHa IiHiliHa 00poOka curHamy Ay(t). Ouinku
napameTpiB ; abo z; OyayTe JIHIAHAMH (QYHKLiSMH B 3HA9CHHS BHXIJXHOTO
CHTHAITY Ay(t) [9, 10, 13].

SIK110 BIIXUJIEHHS JIMCHO € MaJIMMU, TO JIiHIHA 00pOo0OKa BUX1THOTO CUTHAITY
JI03BOJISIE BUBHAYUTH BEIUYMHY BIAXWIEHb MapaMeTpPiB BiJl HOMIHAJIbHUX 3HAYCHb.
Sxmo B pe3ynbTaTi 3acTOCYBaHHS METOJUKH OOpPOOKH BUXIAHOTO CHUTHAIY
(cniBBimHomeHHs (2) 1 (3)) Oyap-ski mapaMmeTpu OyayTh M0O3a TPaHULSIMU 00JIAaCTI
JHIAHOCTI, TO B I[bOMY BHUIIQJIKy 3HaY€HHS BIIXWICHb BH3HA4YCHI HE OyayTh, a Oyze
BCTAHOBJICHO (PaKT BUXOJly MapaMeTpiB 3a i rpanuii. Cutyaris, B K KOMOIHAIs

BEJIMKUX BIIXWICHb JEKUIBKOX MapaMeTpiB MPU3BOJAUTH 1O MAajoro BiIXUJICHHS
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SKOCTI KOMIUICKCY BiJi HOMIHAJbHUX, MAaJOMMOBIPHO, OCOOJIMBO TPH KOHTPOII
JOCTAaTHBO BEITUKOT KIJIBKOCTI IMMapaMeTPiB TAKOTO KOMILICKCY.

Jl1st BU3HAYCHHS BEIMYMHU BIAXWJICHHS TTapaMeTpa MPU BEJIMKUX BIAXUICHHSIX
HEOOXITHO 3acTOCYBAaTH HENIHIMHY O0OpOOKYy BHUXIZHOTO CcHTHaImy. Mertoauka
KOHTPOJIIO, 33 BHHATKOM OCTAaHHBOI CTajii OOpOOKM BHXiJHOTO CHUTHAIYy, MOXE
0asyBarucs Ha criBBigHomeHHsAX (2) 1 (3) [9, 10, 14].

Js miniianx OK Mo)kHa TPOBECTH OLIIHKY TOYHOCTI HaOIMxKeHHs (2). 3 1iero

MmeToro nepeaatny gpyukiiro OK nanumemo y surisai [15, 16]:

e<p)=knﬂl<rip+1) _r”{(T,-pu),
i= =

ne Kk, —KoeQIlieHT MiICUICHHS.

Cepen BenmuuH 1; 1 T; IPU HAasBHOCTI KOJMBAIBHHUX JIAHOK MOXYTH OyTH

Mapy KOMIUIEKCHO 3B’SI3aHMX BEIMYMH. SIKIIO B3STH 32 MapaMeTpu Agj BiIHOCHI

yxonu BenuduH Ky, tj i Tj Bil IX HOMIHAIBHUX 3HaYeHb K o, Tjg 1 Tjo, TOOTO

Ak, Aty AT;

Aq: ’ y
Kno Tio Tjo

10 115 BenmanH G(p) otpumaemo [17]:

G(do + Aq)=G(ao L+ 8k, ) T@+vi +%) / TTR+v}+8T). (@)

i=1 j=1
: AT:
e ok =Ky L v'j=l; by =2 8Tj=——.
Ko TP Tip Tig Tio
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OCKINBKM BEMYMHM Y 1 ¥ 3a MOTyJEM He MepeBepuIyoTs ouamui (|y| <1,

<1), To ocTanHili unen y popmyii (4) 6yae matu nopsgok 0(Aq’).

Y]

BucHoBku. MoxHa BBa)KaTH, IO MPOIEC OPTOrOHAMI3allii BUKOHAHUH 1 BCl
3MIHHI CTaTUCTUYHO HE3aJCKHI W MaroTh OAMHWYHI mucriepcii. [Tpu HeoOXimHOCTI
MOKHa TTOBEPHYTHUCS 10 TOYATKOBHX CTATHCTHYHO 3aJICKHMX 3MIHHHUX. JloBeneHe

BITHOCUTBCSI TAKOX 1 JI0O 3MIHHUX Zj, Kl TaKO)X MO)XHa BBaXaTH CTATUCTHYHO

HE3aJICKHUMU.
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VJIK 681.5

IBanenko B.M. JlepxaBHuil yHIBEpCUTET IHPPACTPYKTYpPH Ta TEXHOJIOT1H, CTapUINii
BUKJIaJa4 Kadeapu CYAHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHUX CHCTEM Ha BOJHOMY
TpaHcnopTi, M.I3Main

PO3PAXYHOK ®YHKIIII PO3IOALTY HAPAMETPIB KOHTPOJIIO
PAJIOHABITAHIMHUX KOMIIVIEKCIB

IlocranoBka mpodJemu. I[lepcrieKTUBHUM HampsIMKOM PO3BUTKY METOJIB 1
MPWIAIIB KOHTPOJK Ta [IarHOCTYBAHHS TEXHIYHOIO CTaHy paJlOHaBIraliiiHuX
komriekciB  (PHK) 3aco6iB  BogHOro TpaHcmopTy € iX aBTOMaTu3alis Ta
yHIBepcaiizalis, M0 3HAWIUIO CBOE€ BTUICHHS y MPOEKTYBaHHI W BUPOOHHUIITBI
OOYHUCITIOBAIbHUX CHCTEM KOHTPOJIO Ta [JIarHOCTYBaHHS M BUMIPIOBAJIBHHUX
iHQOpMAIIHHUX CHUCTEM, OCHAIICHUX CY4YacHOI MIKPOIPOIIECOPHOI TEXHIKOIO,
OPUCTPOSIMH CHPSDKEHHS 3 MEPCOHATBHUM KOMIT IOTEPOM, 3pYYHUM MPOTPaMHUM
3a0e3MeYeHHSIM TOIIIO.

Boanouac BUHMKaE BiJIoME B MPAKTHII KOHTPOJIO TEXHIYHOTO CTaHY CKIIATHUX
CUCTEM npomupiyys. 3a0e3MEeUeHHs 3a/JaHoi JOCTOBIPHOCTI Ta OMNEPATUBHOCTI
orpuManHs 1Hdopmaiii npo TexHiunui cran PHK 3aco6iB BogHOro TpaHcmoprty
noTpedye 30UTbLIEHHS O0CATY Ta TOYHOCTI BHUMIPIOBAHb IIPU OLIHIOBaHHI 1X
XapaKTePUCTUK 3 OJTHOr0 OOKy, a 3 IHIIOr0 — BIJACYTHICTh METOJMIB aBTOMAaTH3aIlll
npoiieciB KOHTpoJto TexHiyHoro crany PHK 3aco6iB BogHOTO Tpancmopry.

Y BIANOBIZHOCTI A0 MPOTUPIYYS AaKTYyaJbHOI HAYKOBOK HNPOOIEMOIO €
pPO3pOOJIEHHSI METO/IIB CUHTE3y TECTOBUX CHUTHATIB 1 OOpOOKHM BIATYKIB HAa HUX IJIs
MIBUILEHHS JOCTOBIPHOCTI Ta OINEPATUBHOCTI KOHTPONIO TexHIYyHOro crany PHK
3ac00iB BOJHOTO TpaHcnopTy [1, 2].

VY crarTi 3anmporoHOBaHO PO3B’s3aHHA IMi€l mpoOiemu Ha 6a3i po3poOIeHHS
METO/IB CHUHTE3y Ta OOpOOKM TECTOBMX CHUTHAJIB 1 OOIpYHTYBaHHS BaplaHTIB

CTBOpPEHHSI THYYKHX MPOTPaMHOKEPOBAHUX KajaiOpaTOpiB CHUTHAIIB 3 HOPMOBAHHUMH
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XapaKTepUCTHKaMHU Il KOHTposito TexHiuHoro crany PHK 3aco0iB BogHOTO
TPAHCIIOPTY.

MeTtor crarTi € HaBeJEHHS OCOOJIMBOCTEH pO3paxyHKYy (DYHKIIT po3moauTy
mapamMeTpiB KOHTPOJIIO PaJiOHABITAIMHNX KOMIUIEKCIB, IO € MATPYHTSIM IS

PO3pOOJICHHS METOIB CUHTE3Y Ta 0OpPOOKHU TECTOBUX CUTHAIIB.

BukJiiax 0CHOBHOro MaTepiajty 10CTaiIKeHHs.

1. OTpuMaHHS KiJIbKiICHUX OLIHOK

Jnst  oTpuUMaHHS KUIBKICHMX OIIIHOK BHU3HAUYUMO (YHKIIO PO3MOJALTY
napaMeTpiB  Z; 3a YMOBHM, LIO0O Ha BUXOJl KOMIUIEKCY, IO KOHTPOJIOETHCS,
crioctepiraetses peakuisa y(t) [3].

3 1L1€}0 METOI0 BBEAEMO B PO3IJISiL BEKTOP
c=1{ay, Azp={Ay(ty) Ay(ty). .. AY(ts ), Azy, AZ, ..., AZpy } (1)

YV 1pOMy CIiBBiIHOIICHH] BUXinHa peanizamis Ay(t) 3aMiHeHa JIMCKPETHOMO
Bubipkoro {Ay(t;), Ay(t,),..., Ay(ts)}. Came ns BuGipka H crOCTEpIiraeThest IpH

BUKOPUCTaHHI JAUCKPETHUX (KBAHTOBAHMX Y 4aci) METOJaX BHUMIPIOBAHHS BIJITYKY
(BuximHOro curHany). BennunHa, sika BU3HA4Ya€ KIJIbKICTh BUMIPIOBAHHS MHUTTEBOIO

T

3HaYeHHs CWrHaly 3a vac koHtpomo T, ty=—K, k=15, S— KimbkicTh TOYOK
S

IMCKpETH3aIlii, i BEJIMYMHA, 5IKa XapaKTepH3ye KPOK KBaHTyBaHHS At=T/s.

[Tpu Bu3HauUEHHI TIepioy MUCKpeTH3allii HeoOXiJHO BPaXxOBYBATH IBHUIIKOIIIO
BUMIPIOBAJILHOTO MPUCTPOI0, MIBUAKOAIID ab0 00’eM mam’siTi po3paxyHKOBOIO
MIPUCTPOIO Ta YaC KOPEJSIIi 3aBau é(t). OdeBuaHO, HEMa€e ceHcy BuOupaT yac At
MEHIIMM Yacy KOpeJAlii 3aBaju, OCKUIbKM MpPH TAaKoMy 30LIbIICHHI KUIBKOCTI
BIINIIKIB BUXIAHOTO CUTHAJIY MPaKTUYHO HEMae BUTpaily B 1HQopwmarlii (3rigHo 3

teopeMoro KotenbsHukosa) 2, 4].
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TakuM yMHOM, 3HAYEHHS 3aBaJd B PI3HUX TOUYKAX BIAJIKY MOKHA BBa)KaTH

CTaTUCTUYHO HC3aJIC’KHUMMU.

Baenemo sextop &(t)=1E(ty) &(ty), ..., &(t5), 0, ..., 0

—
m

. . a
[To3HaYMMO KOMIO3HILII0 MAaTPHIlL & =aj(ty, o, {U}) i aji depes A= A[OJ

BukopucTOBYIOUH 11i TTO3HAYCHHS, piBHAHHS (1) 3anuiieMo Tak [5]
¢=A-Ag+S. 2)

CxuazioBi BekTopiB AQ 1  OyznemMo BBaXaTH PO3MOAUICHUMH 32 HOPMAJIbHUM
3akoHOM. II{oj0 BekTOpa &, TO II yMOBa HakjIaja€e Ha HHOTO IEBHI OOMEXKEHHS.

SIKII0 OCHOBHMIA BHECOK Y 3aBajly BHOCUTh MOXHMOKa BUMIPIOBAJILHOTO IPUCTPOIO, TO
B OLIBIIOCTI BUIMAJIKIB 1[0 3aBaly MOXHA BBa)KaTH HOPMAJIbHOIO.

IIpy BeNMKKX BIIXWICHHSX PO3HOALLY NApaMeTpiB Agj BEKTOp AQ MOXe i He

OyTH HOpPMaJIbHUM. SIKIIO Il BIAXWJICHHS HE3HAUHI, TO MOOJU3Y LEHTPY PO3MOILTY
MPAKTUYHO OYAb-SIKUW PO3MOJILT € HOPMATBHUM.

Takum unHOM, PyHKIIT po3noziny BenmuunH AQ i & MoxHa 3anucaTu Tak [6]:

pr(aa)= (2n) " 2exp] - 2t ®

po()=(2n) ¥ Zexpl - €21
2(5&

Jie N — KUIBKICTB NIapaMeTpiB CUCTEMH (j;
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S — KUIBKICTh TOYOK BIJIIIKY BX1JTHOTO CUTHAIIY;

Gé — mucnepceis 3aBagu E(t);

qu 1 &2 — TI03HAYAIOTh KBAIPATH HOPMH BIATMIOBITHUX BEKTOPIB:
2 a2 p2 S 2
AQ ZzlAqJ 1§ :kz“lGé(tk).
J: =

Ipumnycrumo, mo BenndnHun Aqj y ¢opmyii (3) CTaTUCTHYHO HE3aNCXKHI Ta

MaloTh OJIMHUYHY aucrepciio. B mopanpimomy OyayTh po3paxoBaHi (GOpMyIH s

3arajbHOr0 BHIIAJKY JIHIHHO HE3aICKHHUX BEIHINH A(j .
AnpiopHa (yHKLISI pO3MOAULYy MapaMeTpiB z; MOxke OyTh oTpuMaHa 31
criBBigHOIICHHS (1). OCKUIBKY I1i BEJIMYMHU € JIIHIHHUMHA KOMOIHAIIIMHU TTapaMeTpiB

0j, OCTaHHI PO3MOJUICHI 32 HOPMaJBHUM 3aKOHOM (3), TO 1 Z; Takok OymyTh

pPO3MOJUIEHI 32 HOPMAJbHUM 3aKOHOM. 3 1HIIOTO OOKY, MapamMeTpu Z; 3aBXKIu

MO’KHa BB)XaTH CTATUCTUYHO HE3aJICKHUMHU, a BUOOPOM MaciiTady MO>KHA 3pOOHUTH
aUcnepcii HuX mapaMmeTpiB piBHUMU oAuHULI. 3TiaHO 3 (1), BpaxoByroun 3a3HayveHi

YMOBH, KOPEJIAIiiiHI MOMEHTH TIapaMeTpiB z; OyayThb aopiBHIOBaTH [7, 8]

(Ry )y =< AZj Azy >= Y atjj0um < Ady Al > =8 .

/,m

OCKibKM ~ KOpe/s[iiHA ~MaTpuilsl TMapaMerTpiB  (j OOMHHYHA, TOOTO

< Agj Aqj >= §;j, TO IUsl MATPULIl 0 OTPHMAEMO YMOBY: Zaijakj = dji abo
J

Ri=a-a'=E, (4)
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ne o — TpaHCIIOHOBaHa MATPHIIS;
E — oqunnuHa matpuns.
Kopensuiiina Matpuis napaMeTpiB z; OJUHUYHA U 111 BEJIMYMHU PO3MOAUICHI

3a HOpMaJbHUM 3aKOHOM, TOMY X ampiopHa GyHKIis po3noaity gopisuioe [9, 10]

o(z2)=(2n) ™2 exp{—;AzZ}, ©)

m
ne Az? =Y Az?.
i=1

Jlns BusHaueHHs yMOBHOI QyHKHii p(z/y), fAKa BU3HAYAE ANOCTEPiOpHMIA
PO3MOI1LT rnapamMeTpiB Zj, MOXJTUBO CKOPHUCTATUCS TOTOXXHICTIO
p(z/y)=p(z,y)/py(y).

®ynkuiro posnoxiny p(z,y)=p(c) BusHauumo 3a momomoror Bupasy (2).
OCKIiJIbKM BEJIMYMHA C € JiHIHHOK KoMOiHamier Bennuun AQ i &, pos3noaigeHux 3a

HOpPMaJbHUM 33aKOHOM, TO i BenuuMHa G Oyzae po3nojalieHa 3a HOpPMalbHUM
3aKOHOM. /{7151 BU3BHAUEHHS XapaKTEPUCTUK LIbOTO PO3MOALTY HEOOXIAHO po3paxyBaTu

KOPEJAIIITHY MaTPUIIIO BeJIMYHMH G . 31 criBBigHOIIEeHHs (2) oTpumaemo [10, 11]:

(Rg)ij =<Gj Gj>= D AiAjs <Aly AGs >+ < §; £ >= 3 AjsAjs+ < &>,
k,s S

a00 B MaTpuyHiil popmi:
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. ) a
HII[CTaBI/IBHII/I BHPA3 VI MAaTPHIIL A :( J , OTpUMAEMO.
a

Buxopucrtapmm criBBigHOMICHHS (4), MOXKHA 3alTACATH:

R, = a-aT+c§E a-of |
o-a’ E

31 cmiBBigHomeHHs (1) BuaHO, MO0 MaTpUIls a-aT+G§E € KOPEJAIINHOI0

marpuuero R, semmunn Ay;. [liicHo, 3 Bupasy (1) orpumaemo [12]

ij

= > a,(t )ast;)+ o2

Ry =< 10 4y()>= St ()< A A >+ <E()ely )=

a00 B MaTpuuHiit hopmi:
2
Ry=a-a" +o:E. (6)

Takum 4MHOM, [Uist MaTpuui R ocrarouno sanumemo [13]:

Rg:{ RyT a'“T], (7)
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3a JOMOMOrOK0 KOpEISUIHHOT MaTpuui R, MOXHA BU3HAYUTH (YHKIIIO

PO3MOLTY BEJIMUUH G '
_ -1/2 1( -
p(6)=plz.y)=r ™ Zdetr Houp| - ) @

-1 . . -1
Bupas (¢R.7c) € pe3ymbraToM CKaISIPHOrO MHOXCHHS BEKTOpiB ¢ 1 R g,

o610 R =Y gRi%) = %(R?),-k ik -
J s

3a3HayuMoO, 10 KOPEJALINHI MaTpuIll BeIHMYUH Yy 1 Z € CHUMETPUYHUMU:
T T
Ry =Ry, Rc =R_. Ile Oyze BukopucTaHe B IIOAANBIINX PO3PaxyHKaX.
Pospaxyemo QyHKIi0 posnoginy BemuuuH Ay(t). OCKUNIbKY 11i BETMYUHH, K

BUXOJUTH 3 (1), po3mojiyieHl 32 HOPMAIBHUM 3aKOHOM, a iX KOpessiiiHa MaTpulls

OyJa po3paxoBaHa paxire, To [14]
_ -1/2 1 _
py(y):(zn) & 2‘detRy‘ Y exp{—E(AyRylAy)}. 9)

[Ticns migcranoBku BupasiB (8) 1 (9) y chiBBiAHOmEHHA [ (QyHKIT

p(z/y): plz/y)=p(z. y)p(y), orpumaemo:

detR, 2

ley)= P =(ey 2 0

py(y)

exp{— ;(gRglg)+ ;(AyR ;,1Ay)} . (10)

VY dopmyni (10), Bupas, sxkuii 3HaXOIUTHCS Y GITYPHUX IYKKaX, HEOOX1THO

MPUBECTH JI0 KBaJPaTUYHOTO BIJIHOCHO Beau4YuH Az. Jlns 1poro HEOOX1JTHO
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po3paxyBaTh MaTPUIIIO Rgl. 3asHauumo, Wo marpuus R, K BUAHO 3 Bupasy (7),

CKJIaJIa€ThCs 3 OJIOKIB, TIPH I[bOMY OJIOKH Ry 1 E € HeocoOmMBUMHU KBaJIpaTHUMH

MaTpUIIMU paHry N 1 M BignoBigHo. ToMmy miis pO3paxyHKY Rgl MO>KHA

3acrocyBatu opmyiry @pobeniyca st 3BepTanHs 0J10uHOT MaTpuii [15].

[Tpu oMy OyaeMo MaTu

K L
-1
ne K=Ry'+Rjlaa” —H laa ™Ry (12)
L=-Ryaa" —H™; (13)
N=H"; (14)
H'=E-aa"Ryaa". (15)

BuxkopuctoBytoun cmiBBigHomenHs (11)—(15), mneperBopuMo Bupaz |y

¢irypaux ayxkax Gopmyiu (10):

1 1 1 -1 1 1 -1
q):_Z(QRg €)+2(AyRy Ay =—2(Ay’ AZ)( j{ j*szRy Ay =

——AYKAY + —AYR Ay — —AYLAZ — —AzL Ay — —AzZNAz .
2 YRAY 5 VAaSVAV/ Ay 2 y 2

I[J'ISI MNPUBCACHHA NbLOI'0O BUPA3y A0 KBAAPATUYHOI'O BUIIAOLY 3H3_I>i)1€MO BCKTOp

Az°® , sIKWii BifmoBiTae ekctpemymy @:

oD
T =1 "Ay - NAZ° =0, 16
A y (16)
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2° =—N7L"Ay.
Ockinbku H — cumerpuuna marpuns ( H' = H), o 3 (13) 3naiinemo [10, 16]:
L" =-H 'aa"Ry"; (17)
Nt=H.
[TinctaBusmm (17) y popmyiy (16), oTpumaemo:
Az° = onaTR§1Ay. (18)
Bektop Az, Bu3Hauac IeHTp posmoxiny p(z/y). TlozHaunmo BennuHHY

BUIXMJICHHS BIJ IIbOTO IIEHTpa v=Az—-Az® i migcraBUMO 11O BEJIMYMHY B

cruiBBigHOIIEHHS 171 D:

1 1 1 1 o 1, o/
D =-—"AYyKAYy+ “AYR, Ay — —AYyLAZ" — —AZ"L Ay —
2y y 2Yyy 2y 2 y

(19)
1 I oo 1 =] a0 1
_ EAZONAZ0 - Eva = —ZAy{K -Ry"—LN"L }— EVNV :
[Tpu BpaxysanHi y (19) coissignoriens (12)—(14), orpumaeMo Bupas:
1.1
D= —EVH 2 (20)
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st pospaxyHKy —JeTepMiHaHTYy —detR. BHKOPHCTaEMO y3arajibHCHHH

anroput™ ["ayca [10, 17]:
detR. =detR,, - det(E - ocaTR§1aocT)= detR, -detH ™. (21)

[Ticns migcranoBkm (20) 1 (21) y dopmyny (9) oTpumaemMo ocTaTouyHE

CITIBBIJTHOIIICHHS JIJI1 YMOBHO1 (DYHKITIT pO3IOILITY:
o(z/y)=(2r) ™?(det H[ 2 exp{ (vH %)} (22)

a Az° Bu3HauaeThes 3 Bupasy (19).

Y dopmyiy (15) mmst matpuni H BxoauTs R, MaTpHIs KOpeIsiLii BennanH Ay .
s Marpuus, TakoX fK 1 MaTpuLs R , Ma€e paHr S, SKMH JTOPIBHIOE KUIBKOCTI
BIJIJIIKIB BUX1JHOTO curHaity. [Tpu Benukii KijbKOCT1 BIJJTIKIB BEJIMKUM paHT MATPHII
R;l MOJKE CYTTEBO YCKIATHHTH po3paxyHKd 3a (opmyroro (15). dopmyay (15)

MOKHa TEPETBOPUTHU TaK, MO0 MO0 HEi BXOIWUIM JIUIIE MATPHIll, PAHT SKUX HE

MepeBullye N — KUIbKICTh MapaMeTpiB cucTeMu KoHTpodto. Ilpm n<s Take

NePEeTBOPEHHS cIipolrye Bupa3 (15). 3amumemo Bupas s R;l y Bursiai psay [10]

y =

Ry =(a-a —caEf—izi 1)S£—fa a
O¢ s=0

[ToMHOXMMO 11€ CITIBBIAHOIIIEHHS 3J1iBa HA a” , a CTIpaBa Ha a:
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o0 . T 0 .
a"Ryla :izaT Z(—l)s%fa =—> (-1 a-a
g

y
Gg¢ s=0 s=1 G

.. . +1
Y 11bOMy CITIBBIJTHOIIEHHI BUKOPUCTAEMO TE, 110 a’ (a . aT)Sa = (aT . a)S .

JlomaBanHs Ta BiIHIMaHHA OAMHUYHOI MaTpuill E no3Bomsie oTpumaru:
0 T
Tp-1, (a 'a1 _ Z(T 2 Tl
a'Rya=E- Y (-1f -5+ =E-otla"-a+ofE) . (23)
[TincraBuBmM Bupas (15) i BpaxoByrouu (14), maemo:

H=E- o{E — Gg (aT ‘a+ GéETl} = Géa(aT ‘a+ GEEFOLT : (24)

IMosnauumo Ry = a’-a+ céE.

Martpuns ﬁy Mae paHr N. 3a IONOMOroro Ii€i MaTpuil Bupas it H Moxe

OyTH OCTaTOYHO 3aITMCAaHO B HACTYITHOMY BUTJIS/IL:
H= céaRylocT : (25)

3aznauumo, 1o Gopmynu (24) 1 (25) € TOYHUMHU, XO04a BOHU ¥ OTpUMaHI 3a
JIOTIOMOTOI0  PO3KJaxy B Ppsll, Y 3aKOHHICTb SKOIO MOXHAa BHSBHUTH CYMHIB.
[Toxaxemo 1e. [lificHo, MOMHOKXHB 00MIBI YacTuHU Gopmyiu (23) Ha MaTpuiiio (25)

1 TTiCJIst IEPETBOPEHD NEPEHIEMO JJO TOTOKHOCTI.

Takuit mepexia BT MaTPHIT Ry 1o MaTpHIIi Ry MO>KHA BUKOHATH 1y HopMyIIi

(18) nna AZ° . 1le MoHa 3pOOHTH 3a JOMOMOTOK TOTOMKHOCTI:
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aTI5§1 = Ii;laT. (26)

JIst mokaszy oTpuMaHOi TOTOXKHOCTI MOXHA MiICTaBUTH B (26) BUpa3 s R;l

y BUIJISAL pSAAY Ta BUKOHATH MEPETBOPEHHSI, aHAIOTIUHI TUM, 1[0 MPOBOIMINCS AJIs

orpuMmanHsa ¢opmynu (23). Ile Takox MoxkHa 3poOuTH 1 Oe3mocepenHpo. Tak,

~

TIOMHOJKUBIIIM TOTOXHIicTh (26) 31iBa Ha Ry, a cmpaBa Ha R;l, OTPUMAEMO

~

Rya" =a'Ry. Ilicns 3aminn Bupasy ﬁy Ha Gopmyny (24), a R, Ha (16), 6ynemo
. aT 2 LT _ T T 2 .
MaTH: (a 'a+G§E}3 =a (a-a + GéE), 110 € OYEBHIHOIO TOTOXKHICTIO [8, 11].

3 ypaxyBaHHAM criBBigHOmeHHs (26) BenmuumHa Az° (18) moxe Oytm

~

BUPAKEHA YEPE3 MATPHUII0 Ry TaKUM YMHOM:
Az° = ocF~2§1aTAy. (27)

VY npoBeneHux OOUMCIEHHSX Mepeadadanoch ICHYBaHHS 3BOPOTHUX MaTPHIlb

R;l 1 R;l. JloBeneMo 11e 3ayBakeHHs. Po3rissHeEMO KBaapaThuHi (OpMH:

n

~ ~ n
D = (x, Ry, x)z i%l(Ry)inin i @,= (x, Ry, x)z iJZ=11(Ry)inin ;

~

ne (Ry)ij 1 (Ry)ij’ 3riJiHO 3 (23) , TOPIBHIOIOTH:

(ﬁy)ij (aT 'a)lj + o8 = élai(tk Jaj(ty )+ o

n

(Ry)ij (a'aT)j +0§§ij = zak(ti)ak(tj)"' Géiij-
k=1

[Tpu ubomy g @ 1 ®, OTPUMAEMO:
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n 2 n
D) = Z Zau(tk)a it Xix; +0§ZX Z(zai(tk)xij +G§ZXJ2’

k=1i,j=1 j=1 k=1\i=1

S 2 S
Dy =) Zak )ak( )XX +G§ZX Z(Zak(ti)xiJ +022Xi2-

i,j=1k=1 =1 k=WN\i=1

TakuM ymHOM, KBazpaTuuHi popmynn @ 1 @, NO3UTHBHI 3a Oyab-IKHX
Xj # 0, TOOTO € MO3UTUBHO BU3HAYEHUMH.

3 iHmmoro 00Ky, sSIK BUAHO 3 Bupasy (23), marpuri I?Qy 1 Ry € CUMETPHYHUMH:

R)T/ :Ry 1 RBT/ :Ry. SIk B1OMO, BCl BJIaCHI 3HA4Y€HHS MHO3UTHUBHO BH3HAYEHUX
CUMETPUYHHUX MaTPUIlb MO3UTUBHI. B IbOMY BUIIaJIKy ICHYIOTh OOEpHEHI MATPUILIL.
Ak 3a3Havasniocss BUINE, HASBHICTh 3aBajd € HEOOXIJHOI YMOBOIO s
i ~ 2 . :
icHyBaHHsI 0OepHeHHX MaTpub Ry 1 Ry. Ilpu oz =0 kBagparuani popmu d; 1 @,
HE € TO3WTHBHO BHW3HAYCHUMH, 00 BOHM MOXYTh IEPETBOPIOBATHUCS B HYNb IPHU

Xj =0 1 Marpumi R;l 1 R;l MOXYTh HE€ ICHYBAaTH. Y ILIbOMY BHIIQJIKy TaKOX

ICHYIOTb TpaHuIll BUpa3iB (25) 1 (27) npu Gé — 0.

VmoBHa QyHKIis posnoainy p(z/y), ska BusHauaeThes popmyiaamu (22), (25)
(27) abo (22), (15), (16), € OCHOBHOIO KiJbKICHOIO XapaKTEPHUCTUKOI KOHTPOJIIO.
Bona wmictuth ycto iHpopmaliio Mpo mapameTpu 2Zz;, Ky MOXKHAa OTpPUMATH B
pe3ynbTaTi KOHTPOJIIO, 1 3 HEl MOXYTh OyTH po3paxoBaHI MOXJWBI OIiHKH. [Ipu
BUKOPUCTAaHHI IIMX OILIIHOK OOOB’A3KOBO BTPAYa€ThCS YacTUHA 1HQPOpMalii, sKa
mictuthes y QyHkuii posmomimy p(z/y). OnHAK BBENEHHS TAKMX OIIHOK €
BUIPABJIaHUM, OCKIJIBKMA 3a PAaXyHOK YaCTKOBOi BTpaTH iHQopMaIlii J0CATaeThCs

CYTT€BE CIIPOIIECHHS caMuX OIiHOK. [TosicHumo 11e.
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®yukiis p(z/y) MOBHICTIO BU3HAYAETHCA 3aBJaHHAM M MapaMeTpiB Zy, ki

3aJ]al0Th TIOJIOKEHHS IICHTPY PO3MOJiTY, 1 eJIeMeHTaMHu MaTpulli H, 110 omucyroTh
BimxwieHHS BiA 1eHTpy. Ockinmbku Marpuiis H cumeTpwdHa, TO HemiaroHaidbHI ii
€JIEMEHTH MOMapHO PiBHI. 3arajbHa KUIBKICTh €JIEMEHTIB I11€i MATPHIll JTOPIBHIOE

(m+1)/2.

BucnoBku. Otmxe, BiAXuwieHH (PyHKIi po3moniay (amoctepiopHa o001acTb

napameTpiB z;) 3agaeTbess m(m+1)/2 HezaleKHUMH BeTMIUHAMH (M — TUCTIEPCiH 1
m(m—-1)/2 koediuientiB kopensuii). Tomy BimxmneHHs ommiei QyHKIii Bim mux
BEJIMYMH NPU3BOAUTH O BTPATU YacCTHUHHU 1H(OpMAIlii, sIKa MICTUThCA y (PYHKIIT
p(z/y). BunsaTok cknanae Bunagok M=1, To6to mpu m(m+1)/2=1.

MakcumanbHO TMOBHUM OIUC arnocTepiopHOi 00JIaCTI BIAXHIIEHHS MNOTpedye

TakuM 4YHHOM 3aBJIaHHSI m(m +1)/ 2 HE3WICXKHUX BETUYUH-QYHKIIA B M
mucnepeiii i m(m—1)/2 xoediunientis kopensuii. [Ipu mbOMy 0OMEKYIOTECS TUTBKH
1HBaplaHTHUMU (PYHKIISIMUA Jucniepciit 1 kopesnsiil. [lig iHBapiaHTHOIO PO3yMiEMO
TaKky (PyHKIIIIO, sSIka HE 3MIHIOE CBOTO 3HAYEHHsI MPH BiAMIHHOMY BiJl TTOYaTKOBOIO

BUOOPY HE3AJICKHAX OPTOHOPMOBAHUX BEINYHH (.
Tak, iCHye HECKIHYCHHA MHOXHHA CIOCOOIB BHOOpY BENHYMH A(j, SKI

3aJJOBOJIBHAIOTE YMOBI: < AQ; AQ j >= 9jj- Skmo, Hanpuknan, AQj — OOMH 3 TaKHX
. n .
HabopiB, TO AQj= > U jiAd;, Ae Uji — yHITapHa MaTpHIL (MaTpHILT MTOBOPOTY) TEXK
=

Oyzne opTOHOPMOBAaHMM HAabOPOM, TOOTO Oye 3af0BONIBHSITH YMOBI < AQj AQ| >= ;.

Sxmo 3a ouiHKYy BHOpaTH HEIHBapiaHTHY (YHKIIIO, TO Taka OIliHKa Oyze
XapaKTepU3yBaTH HE TUIBKU SAKICTh KOHTPOJIIO, ajle i y 3HaYHOMY CTYII€H1 JOBUIbHUN

BuOIp Oasucy (3MIHHMX Aqj). Tak, HampuKIan, amocTepiopHi aucIepcii Ta

Koe(ILIEHTH Kopeydlii mapaMerpiB z; € HeBAaJo BHUOpaHMMH OLiHKamu. B

MOIATIBIIIOMY Oy/IeMO PO3TIISAATH TUIBKU 1HBApiaHTHI OIIHKH.
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YK 656.6:681.5

®enynoB B.M. /lep>xaBHUi yHIBEpCUTET 1HPPACTPYKTYpH Ta TEXHOJOTIH, CTapIIMii
BUKJIaJa4 Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHMX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

OBI'PYHTYBAHHSA KPUTEPIIO TOYHOCTI KOHTPOJITO
PAIOHABITAIIMHUX KOMILJIEKCIB

IMocranoBka npodaeMu. TOUHICTh KOHTPOJIIO XapaKTEPUYETHCS BETUIHHOIO
CEpEeIHbOKBAAPA-TUYHOTO BIAXWUJICHHS OLIHKU IapaMeTpiB z?, OTPUMAHUX Y
pe3ynbTaTi BHUMIpDIOBaHHS, BiJ iX ICTHHHHMX 3HadeHb mapamerpiB z; [1]. Bomna
3aJIeKUTH BiJl psiAy (HaKTOpIB.

Mera crarri — OOTpyHTYBaHHS  KPHUTEpPIIO  TOYHOCTI  KOHTPOJIIO
paloHaBIralliftHUX KOMILICKCIB.

[To-nepmie, moxuOKU reHepaTopa, 110 3aJa€ TeCTOBUM curHai, noxuoku 3BT,
pIBHS IIyMIB Yy CHCTeMi, IO KOHTpomtoeTbes. llo-mpyre, Ha dopmar
CEepPEIHBOKBAAPATUYHOTO BIIXWUJICHHS BIUIMBAE METOAMKA OOpPOOKH BHXIJIHOTO

CUTHAJy Ta NPUHHATUHN croci0 OLIHKM mapaMerpiB z;. ITo-Tpete, BenmmunHa 1bOTO

BIIXWJICHHSI 3aJCXKHUTh BiJ BEJIMYMHU 1 (OPMHU BXIAHOTO TECTOBOTO CHUTHAIY.
BuetBepre, CK3 noxubxu 3anexuTh Bij] 4acy MPOBEICHHS KOHTPOJIIO.

OnrtumainbHa, 3 NOTJISIAY TOYHOCTI, TIpoiieaypa (MEeToauKa) KOHTPOJIIO TOBUHHA
3a0e3neuyBaTi Takuil crnocid 0OpOoOKM BUXITHOTO CUTHANY M Takui BUOIp BXIAHOTO
BIUTMBY HAa KOMIUJIEKC, IO KOHTPOJIOETHCS, MPHU SKUX gocsraetbes MmiHimyMm CK3
MOXUOKU MPHU 3aJ]aHIi TOUHOCTI Te€HEpaTopa 1 BUMIPIOBAJILHOTO MPUCTPOIO, 33 JaHOMY
piBHi 3aBaj 1 yaci KoHTpoJIro [1,2].

ToOTo, Taka MeToMKa 3a0e3mnedye MiHIMAIBHUM Yac KOHTPOJIIO MpHU 3aJaHiil
TOYHOCTI 200 MPH 3aJIaHIi TOUHOCTI KOHTPOJIIO i 3aIaHOMY 4Yaci KOHTPOJIIO J03BOJISIE
3actocoByBaTd MeHI TouHi 3BT, abo mpoBecTH KOHTPOJIh NPH HASBHOCTI 3aBajIH

BEJIMKOIO PiBHS.
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TakumM  yMHOM  OOTPYHTYBaHHS ~ KpPUTEPII0  TOYHOCTI  KOHTPOJIO

pajloHaBIraliftHUX KOMIUIEKCIB € Ty)Ke aKTyaJIbHUM, 1110 0OYMOBIIIOE TEMY CTATTI.

Buxiiaa ocHOBHOTo MaTepiajy X0CTiIKeHHsI.

1. OOrpyHTyBaHHSl KPUTEPil0 TOYHOCTI KOHTPOJIIO
. . . . *
Ax Bigomo, MiHiMyM CK3 noxuOku JOCATa€eThbes, SKIIO 3@ OLIHKY Zj

BUKOPHCTOBYBATH allOCTEPIOPHE CEPETHE NMAPaAMETPIB Z; !

i = TZiP(Z/Y)dZ-
1

I[JIH HOPMAJIBHOI'O 3aKOHY CCPCAHE 3HAYCHHA CHiBHaI[aG 3 OCHTPOM pOBHO,Z[iJIy

Az [3]:
zi =AZ° = ocl?qlaTAy : (1)

®opmyna (1) mo3BoJisi€ BU3HAYMTH ONTUMAIBHUA 32 TOYHICTIO QJITOPUTM
06pOOKH BUXiJHOTO CUTHANY I PO3PAXYHKY allOCTEPiOPHOro 3HaueHHs AZ] .

Takum unHOM, ominka (1) mirimizye CK3 moxubku mopiBHSHO 3 yciMa THITUMU
MOXJIMBUMH oOLiHKaMu. [Ipy 1npoMy BelMUYMHA 1€ MIHIMQJIbHOI TOXHOKH OyJe

JIOPIBHIOBATH

Emin = §< (Azi - AZ?)Z >= gT(AZi - AZ?)ZP(Z/Y)dZ , ()

i=1 i=11

a BenmuMHa p(z/y) expiBaneHTHa (QyHKUIi po3noiny. Po3paxyHku y BHpasi

(1) merxko BUKOHATH, SKIIO BIIMITHUTH, IO JiaroHalbHI eleMeHTH Matpuili H e
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aroCTeplOPHUMHU UCHEPCIIMU NapaMeTpiB Az;, TOJI1 Ul BEIMYUH €, OTPUMAEMO

[4]:
__n___ _2(~—1T)
emin = 2, Hii =SpH=0o£SplaRya’ |. (3)
i=1

3Hak Sp o3Havae cymy JlaroHaJIbHUX eleMeHTIB maTtpuill [3, 4]. KoxeH unen

cymH (3) € arocTepiOpHOO NOXUOKOK BUMIPIOBAHHS ITapaMETPIB

S n
: 2 51
Zj “&imin = Hii =07 2 zo‘ijaik(Ry )jk -
k=1j=1

~

OckiTbKH B 3aranbHOMy BHIAAKy MaTpuis R, HellaroHaubHAa, TO

amocTepiopHa MoxXuOKa KOXKHOTO TapameTpa 3alieKuTh BiJ (PYHKIH 4YyTIMBOCTI
aj(t) Beix immmx mapametpis. V Bumajky, xonu ymxuii ai(t) i a;(t) mpu i=j

-
OPTOTrOHAJIBbHI, TOOTO j a;(t)a j(t)dt =0, marpuus Ry Oyne niaronansHoto. OGepHeHa
0

MaTpHUL R;l TakoK OyJe alaroHaldbHOIO Ta ii JlaroHalbHI €JIeMEHTH OyAyTh

JIOPIBHIOBATH (R§1)|j =10¢ + I a j(t)dt , OT)Ke, TTOXHOKa KOKHOTO TapaMerpa Oyjie
0

BH3HAYATHCS TUTBKK (YHKIIIEI0 YyTIMBOCTI, sIKa 3B’s13aHa 3 UM apameTpoM [4, 5].

Xoua TpHITYIEHHsT MPO OPTOTOHANBHICTH (yHKumiii aj(t) i a j(t) BHOCHUTH

~

CYTT€B1 CHpPOIIEHHS, BOHO 3a3BHYail HE BHUKOHYETbCS. EJeMEHTH MaTpHIl Ry

3amexath Bin BXigmoro curmamy U(t). Tomy chpoba mepeiT Bin TodaTKOBOI

CUCTEMH MapaMeTpiB KOHTPOJIO J0 HOBOI CHCTEMH MapameTpiB, JUIsl SKOT MaTPHUIlS

,Z[iaFOHaJII:Ha, IIPpUBOAUTL OO0 TOro, mo A HOBa CHCTEMA napaMeTpiB CYTTEBO
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3aJICKUTH BiJ] BXITHOTO CHUTHAY. 3 1HIIOTO 00Ky, MOXHA MOKa3aTH, M0 3aJTHIITHBIIH
HE3MIHHOIO CHUCTEMY MapaMeTpiB, HEMOXJIMBO B 3araJbHOMY BHUIMAJAKYy JOCSTTH
oproronasHOCTi yHKii a;(t) i a;(t) BuGopom BximHoro curnay [6].

3’sCyeMO TEOMETpUYHUN 3MICT crHiBBigHOWmIEHHS (2.33) 1 noBeneMo Horo

1HBapiaHTHICTh [5, 6]. Ockunbku omepatop H, sxuii nopiBHIOE G(%OLR;LOLT, 1€ B

HIANPOCTOPl 3MIHHMX Z; PO3MIPHOCTI M, came TOJl, SIK OIEepaTop R;l 1ie B

MPOCTOPi 3MIHHHX (Jj PO3MIPHOCTI n(mSn), omke omeparop H oTpumyeThcs

MIPOEKTYBAHHSIM OIlepaTropa R;l Ha TPOCTIp ( PO3MIPHOCTI N y MANPOCTIp Z
po3mipHOCTI M. Pi3HuMiA BUOIp OPTOHOPMOBAHMX NAPAMETPIB Z; T[ECOMETPUYHO

O3HaYa€ MOBOPOT CHCTEMH KOOPAMHAT B MiPOCTOPi BEKTOPIB Z [7].
Bimomo, 1m0 mpu MOBOPOTI CHCTEMH KOOpAWMHAT SP (Cyma iaroHajJbHHUX
MaTpUYHHUX €JIEMEHTIB orepaTopa) He 3MIHIOEThCS. OTKe, TI0BE/IeHa 1HBAPIaHTHICTD

BEJIMYUHU €, BIJHOCHO 3MIHHU IIapaMETpIB Z;.

3 iumoro Ooky, omeparop H iHBapiaHTHHII BITHOCHO BHOOPY pI3HUX
OpPTOHOPMOBAaHMUX 0a3UCIB y TPOCTOPI BEKTOPiB (@, TOOTO BIAHOCHO 3MiHU
MOYaTKOBOTrO HaOopy BenmuuuH (. [lificHO, mepexia 0 IHIIUX OPTOHOPMOBAHUX

BEJIMYMH (] O3HAYAE MOBOPOT y MPOCTOpi BekTopis (. Takuif MOBOPOT OnHUCYeTHCS
yHiTapaIM oneparopom U :q=Uq’, npu ubomy U =UT, omxe U-UT =E.

IIpu TakoMy OBOpOTI onepaTop Ii;,l IIEPETBOPIOETHCS B (ﬁ ;1) = UT§§1U y

Matpuiir o B o'=oU. Ilpu mnpomy omepatop H mepeTBoproeThcsi B

~

H = a’(Rylj(aT) = aUUR'UU 0" =aRyla" =H.

[le daxTuyHO OYEBHAHO, OO TOBOPOTH B MPOCTOPI BEKTOPIB (| HE BILIMBAIOTH

—

Ha TANPOCTIp BEKTOPiB Z. [HBapiaHTHICTIO omeparopa H BiHOCHO TOBOPOTIB Y
MPOCTOP1I BEKTOPIB ( MOXKHAa CKOPHUCTAaTUCA IS TOro, Io0 BUOpaTH B I[OMY

npocTopi 3pyuHwmii 6azuc [8].
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[ToBepHeMO cucTeMy KOOpAMHAT y MPOCTOpi ( Tak, mo0 ii M mepmux opTiB
CIIBIAJIM 3 OpPTaMH IIJMNPOCTOPY BEKTOPIB Z, a 1HII N —M OpTIB HAaNpaBUMO
JOBUIBHO, ajieé OPTOrOHAIBHO OJUH OJHOMY M 110 MOMEpeaHIX OpTiB. Y 1€l cucremi

KOOpJIMHAT MaTpHIld o HaOyBae Burisiny [8, 9]:

34
T
3

[licns migcTaHOBKM LBOTO BUpasy y (Gopmyiy, ska BU3Ha4ae MmaTpuio H,

OTPUMAEMO:

H=c?oaRyla™=6?| o . . | tm. @

Takum umHOM, Matpunsi H € marpuuero R;l, sIKa CIPOEKTOBAaHA 3 MPOCTOPY
BEKTOPIB (] PO3MIPHOCTI N y TPOCTIp BEKTOPIB Z po3MipHOCTI M. Tlo3Haunmo BracHe
3HAYEeHHS MaTPHII R;l B TIMPOCTOP1 BEKTOPIB Z Yepe3 AL, i=1,m. Sk Bigomo, Sp

MaTpuIll  JOpIBHIOE CyMi ii  BIacHHUX 3Ha4eHb. CKOPUCTABIIUCH  TETEP

criBBiAHOIIEHHAMU (4) 1 (2), orpumaemo aiist CK3 noxudku:
m
2w 1
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BennuuHa g, sBisie coboro anocrepiopHe CK3 moxuOku, sxa 3BeAeHa 10

. . . . * . . 3
MIHIMYMY 3a BCIMa MOXJIMBHUMH OLIHKaM Z; mapaMeTpiB Z;. Ilicna Takoi

MiHIMI3alli BETUYNUHA €, 3aJE€KUTh BIJ BEJIMUMHU Jucnepcii 3aBagu abo MOXUOKU
BHUMIPIOBAHHS csé , BIJl 9acy CIOCTepeKeHHs BUX1HOTO curHaiy T (a0o Bia KUIBKOCTI
#ioro BimmiKiB S) i Bix BenumMHM i popMu BXigHOTO cHrHAMY U(t).

Beanunna Gé BXOJUTh 10 CHIBBIIHOIIEHHS (5) ISl €, 1 40 BUpasy (6) ms

~

MaTpHIl R;l. Yac BumiproBanHsi T abo KUIBKICTh BIJUIIKIB S TaKOX BXOAHUTH IO
BUpasy Ayt Matpuii Ry . Jlmst Oe3nepepBHOTO CIIOCTEPEXCHHS BUXIAHOTO CHIHAILY

BIIPOJIOBXK Yacy T eJleMEeHTH MaTpHili ﬁy npecTaBuMO B Takomy Burisiai [10, 11]:

Ry, - (O + o2y, ©

a i1 BUNIQJIKY S TUCKPETHHX BiuTiKiB [12, 13] —

Ry);= Sai(tej(u)+oey. ™)

CurHan BXOAuTh 10 BenuuuHu a;(ty ), ToMy 11i Beqnuunu € QyHKIioHanamu
BiZ BXimHoro curHany: a;(t)=a;(t, {u}). Lli BenuurHM TaKOX BU3HAYAIOTH i BIIACHI
3HA4YECHHS MaTpPUL1 R, a T camum i BEIIMYMHY € - Y HEABHIN (hOpMI BEIUYMHA

Emin 3QJIEKHUTH TaKOX BiJ AampiOpHUX JUCHEpPCid 1 KOpEeJsAliil MoYaTKOBUX

HCOPTOHOPMOBAHUX BEIMYHH ([}, OCKUIBKM NP IEPETBOPCHHI BEIMYMH (j 1O
OPTOHOPMOBAHHMX BEIMYMH (j KOCQIUIEHTH ICPETBOPCHHS BH3HAYAIOTHCS LIMMH

JUCIEPCISIMU 1 KOPEJIALISIMY, a, 3 IHIIOTO 00Ky, KOe(DILiEHTH NEPETBOPEHHS BXOIATh

i 10 bopmy, sIKi po3paxoByrOTh Bennaunu a;(t) [14].
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[Ipun 3amanux aucnepcii 3aBagu Gé 1 yaci cnocrepexeHHss T (KUIbKOCTI

BIJUIIKIB S) BEJIMUUHA €, AOIYCKAa€ MOAAIBIILY MIHIMI3ALIO 33 BCIMA MOKIMBUMHU
BXITHUMH CHUTHaJIaMHU u(t). 3agava onTuMi3allii METOJIUKH KOHTPOJIO 32 TOYHICTIO

nojirac 'y 3H3.XOI[)KGHHi TaKOIo OIITUMAJIbHOI'O TE€CTOBOI'O CUTHAILY U,qr (t), SIKUAM

3abe3reuye MIHIMYM MOXHOKH KOHTPOJIIO, TOOTO 3HAXOMKEHHS min 8({u}) y KJaci
u

MOXTHBHX BXimaux curamis u(t) [15]:

emin (1U}) = TJ? g({u}). (8)

BucHoBku. OCKIIbKH, SIK BUAHO 3 BUpa3iB (2.35) — (2.38), BenuunHa 8({u 1) e
MOHOTOHHO CIaJHOI0 (PYHKIIIEIO Yacy cnocTtepekeHHsl T ado KIIbKOCTI BIAJIIKIB S, TO

PO3B’S3aHHS MOCTABJIECHOI 3a/1a4i BU3HAYAE TAKOK BXIAHUH CHUTHAT Uy (t), AKuid

3abe3reuye MiHIMAJIBHMM Yac KOHTPOJI a00 KUIBKICTh BUIIIKIB S, TIPH 3adaHId

TOYHOCTI KOHTPOJIIO.
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YK 656.6:681.5

IBanenko B.M. JlepxaBHuil yHiBEpCUTET IHPPACTPYKTYpPU Ta TEXHOJIOT1H, CTApUINii
BUKJIaJa4 Kadeapu CyIHOBOIIHHS Ta €KCIUTyaTallii TeXHIYHHMX CHCTEM Ha BOJHOMY
TpaHcmopTi, M.I3main

OBI'PYHTYBAHHS KPUTEPIIB EOEKTUBHOCTI
PAJIIOHABITAHIMHUX KOMILJIEKCIB

IMocranoBka mpo6JeMu. Y MpakTUIll KOHTPOJIO (BUMIPIOBAaHHS) MapamMeTpiB
IIUPOKO BUKOPHUCTOBYIOThCS 1H(OpMAIliKHI OLIHKU. 3T1IHO 3 Teopiew 1Hdopmarrii
KOHTPOJIb TPHU3BOAUTH JIO0 3MCHIIEHHS MIpH HEBU3HAYEHOCTI B 3HAYCHHSIX
rnapamMeTpiB CHUCTEMHU IMOPIBHSHO 3 HEBU3HAYEHICTIO 3HAYECHb ITUX IMapaMeTpiB [0
KoHTpouTIo [1].

Mera crarTi — OOrpyHTYBaHHSA KpHUTEpIiB €()EKTHUBHOCTI pajlOHABIrAl[IiHUX
KOMILJICKCIB.

HeBusHaueHicTh 3Ha4Y€Hb MapaMeTpiB XapaKTEPU3YETHCS EHTPOIIEID, TOMY

CHTPOITis BeTMYMHH X JTOPiBHIOE [2]:

=—[p(X)Inp(X)dX . (1)

Buxiaa ocHOBro MmarepiaJy 10C/IiIzKeHHS.
1. EdekTHBHiCTH KOHTPO.IIO
[Tin 1adopmariiero mpo BenuuuHy X, SKY HAJA€ pe3yiabTaT KOHTPOIIO
(BuMiproBaHHs), OyZIeMO PO3YyMITH 3MEHIICHHS €HTPOIIi i€l BEIMYMHH 32 PaXyHOK
nociikeHHs I, ToOTO Pi3HHULIIO anpiOpPHOro Ta arnoCTEPIOPHOTO 3HAYEHHS €HTPOIii
[1.2]
I(X, J1)=H(X)-H(X/1).
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CHTHAITy, TOOTO B CHIOCTEPEXEHH]I BUOIpKH Ay = {Ay(t; ), ..., A

IIPO 3HAYEHHS BEJINYNH AZ = {Azl,

Hocmimxenus [l ckiaamaeTbesi 3 BUMIPIOBAHHS MUTTEBHX 3HAYEHb BUXITHOTO

I(z, y)=H(Az)-H(Az/ Ay).

3 Bupasy (2) Ha mijacrasi (1) oTpumaemo:

(z, y)=—[p(Az)Inp(Az)dAZ + [ p(Az/ Ay )Inp(Az/ Ay )dAZ .

Jlns p(z) 6ynemo matu:

m
)=[p( {—In2n+ ZAZ} —g|n2n+%Z<Azi2>.

=1 i=1

OCKUIBbKY BETMUMHU AZ; BUOUPAIOTHCA TaK, O < Azi2 >=1, To:
1 m
H(Az)= EIn(Zne) .

Amnasoriydo 3Haiaemo [5]:

H(z/y)= j‘pzly){—ln2n+—ln|detH|+ ZlH,va dv =
2i=

:—Eln(Zn) ‘detH‘—— ZH,Jljv vip (z/y)v.
Ij—l
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AZ, |, IKY HaJIa€ KOHTPOIIb, IOpiBHIOE [3, 4]:

y(ts )} . Tomy indopmarrist

(2)

3)



OckinbKH J.vivjp(zly)dz =Hjj, T0

H(z/y):—%ln(Zn)m\detH\. (4)

Sximo mijgcTaBUTH BUpa3 s H(AZ) (3) i H(z/y) (4) B (2), To BENMMUMHA

indopmanii 1(z/y), oTpuMana B pe3ybTaTi KOHTPOIIIO, PO3PaxOBYEThes [6]

I(z/y)= —%In\detH\. (5)

~

[To3Haunmo uepes 7»}1, i =1, m, BJIaCHI 3HaYEHHS MaTpPHIII R;l y MiANPOCTOPi
BEKTOPIB Z.
Sk BUIIHO BIIacHI 3Ha4Y€HHS MaTpuili H TOpiBHIOIOTH G% / Aj . Hepeiinemo no

CUCTEMH KOOPJIMHAT, B sIKii MaTpullsd H giaroHansHa. Y TakoMy 3alIUCy MaTpULs Ma€e

BUI'JIA:

Gél}\‘l
q_| 0 oilg .. 0
0 G%/?\.m

[Tpu pomy 11t teTepMiHanTa MaTpuil H orpumaemo:
detH = 6£™ (Mg, A, )
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Orxe, Benuumna indopmanii 1(z/y) Gyne nopisarosaru [7]:

m
I(z,y)zéln(kl, s A )+ Moy :%Zlnxi +mincy. (6)
i=1

OckiJIbKH BJacHI 3HAYEHHsI MaTpUIll € 1HBapiaHTaMH, TOOTO HE 3aJIeKaTh Bij
BHOOpY CHCTEMH OPTOHOPMOBAHHX IapaMerpiB (j 1 Z;j, To iHBapiaHToM Oyne i
Benmumnna inpopmaii 1(z/y). Teomerpuunuii 3mict Benmunnn 1(z/y): ust Benmuunna
mporopiiiHa yorapudmy o00’eMy emincoimy, SKUM MOpomkeHo marpuiero H y

nianpocropi Z, To0T0 00’ €My anocTeplopHOi 001aCTI HEBU3HAYEHOCTI MapaMeTpiB Z; .

Bennunna 1(z/y) 3anexurth Bin BeNMUMHM JMCHEpCii 3aBaaum Gé, qacy

croctepexxeHHs: | (a00 KUIBKOCTI TOYOK BIJUTIKIB S) BUXIJIHOTO CUTHAIy, BETUYHHH 1

dopmu Bximmoro curmamy u(t). Ile Buxommth 3 Toro, mo BemuumHa 1(z/y)

~

. -1 .
BHU3HAYA€TLCA CICMCHTAMH MATPHUIIL Ry , 4 BOHH, y CBOIO 4YCpry, 3aJIC)KAaTb B1J

BKa3aHMX BeauduH [8].
OnTumizariist nporeaypu (METOAUKN) KOHTPOIIO 3 1HOPMAIIIIHOT TOUKH 30py

rnoyArac, TAKHM YMHOM, Y 3HAXO/DKEHHI BXiJIHOTO CHTHATY U, (t), sxuil npw

3aJIaHOMY DIBHI 3aBajJiu Gé 1 3aJjaHoMy 4aci crnoctepekeHHs | (abo KIJIbKOCTI

BiJUTIKIB S) BiAITyKy 3a0e31edyBaB O MaKCUMaNbHe 3HaYeHHs Bemunan 1(z/y).

st hyHKIis onTuMizalii U, (t) Ma€e 3a10BOLHATH CITiBBiAHONIEHHIO:

(2, Y: {Uonr )= e Iz, y; {u}).
u
Benuunna 1(z/y) € MOHOTOHHO 3pOCTAIOYOK0 (YHKINEK 9aCy CIIOCTEPEKEHHS

T (ki1bKOCTI BiAIKIB S). ToMy po3B’si3aHHSI MOCTABJIECHOT BUILE 3aJayl JJsl pi3HUX

3Ha4YeHb 1 OJHOYACHO Jla€ TaKOX PO3B’S3aHHS 3a4adl 31 3HAXOKEHHS TaKOTo
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BXigHoro curmamy U(t), sxmii Tpu 3amamiii KimekocTi impopmamii Ta amcmepcii
3aBa/iu 3abe3mneuye MaKCUMaIbHHUM Yac crocTepexeHHs T abo MiHIMallbHY KUTbKICTb
BIJUTIKIB BUX1IHOTO curHaiy s [8, 9].

2. OOrpyHTYBaHHSI KPUTEPil0 YyTJMBOCTIi KOHTPOJII paaioHaBiraumiliHux
KOMILJIEKCIB

[lin1 YyTAUBICTIO METOMY KOHTPOJIO PO3YMIEMO CTYMiHb pPEakilii BIATYKY
(BuximHOTO curHay) Ha 3MiHy mapamerpiB OK. Hampukian, 3a omiHKy MOXKHA B3STH
MaKCHMaJbHY BEJIMYMHY HEMOTO/PKEHHS 3a 4ac CIOCTEPEKEHHS BUXIIHOTO CUTHATY
T abo cepemHe 3a yac CIIOCTEPEIKCHHS 3HAYCHHSI MOYIIIO HETorokeHHs [56] Toro.

BennunHa HENOTrO/DKCHHs, sKa BHKIMKAaHA BHXOJOM JI@HOTO Ilapamerpa (qj,
nponopiiiaa koedimienTy 4yTIHBOCTI 3a M MapameTpoM aj(t)=dy(t)/aq; -
['eoMeTpUYHO BEIWYMHA a j(t) SBJIsi€E COOOK0 CKJIaJIOB1 TpajieHTa (QyHKIIIT

y(t, q) y mpocropi sminnux q (puc. 1):

Vy(t,q)={ag(t) az(t), ... an (t)}-

[Ipu xonTpomi TtexHiuHoro craHy PHK 3aco0iB BoaHOro TpaHCHopry

BHU3HAYaKOTh 3a3BUYai HE mapamMCcTpu qJ , 4 BCIMYMHHA

n
AZi =} 04jAqj, sKi YTBOPIOWOTH miHiiiHuit
i1

dz A

n Z=const
MNPOCTIP 3MIHHUX (j, po3MipHOCTI M. Tomy Bix

[
»

o]

KOC(IL[IEHTIB YyTIMBOCTI 3a MapaMeTpamMu j CIij

nepentn 10 KoeQILIeHTIB  YyTIUBOCTI  3a
Pucynok 1 — ITonoxenns

mapaMeTpamMu  Z; . 1 Koe(dileHTH MTOBUHHI
OJIMHUYHOTO BEKTOPA pametp i- 1 i

HOpMaJl Ta MNCPIIOMNHN  pyspayatucss sk noxiani Benumumnm  Ay(t) 3a

BEJMYMHAMM  Zj TpPH YMOBi, IIO iHII BENMYMHM Zj TIPH [#1 3aIMIIaioThCs

noctitaumu  [9]. Ockimbku miampocTip Z OpPTOHOPMOBAHWU, TO Koe(illieHTH
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uyrmmBocti  bi(t) 3a mapamerpamu z; € moximmumu Benmumau Ay(t) y Hanmpsmi

n
HOpMaJll JI0 TINepIUIOIUHN Az; = const, TOOTO 10 TiNEPIIIOLUIMHU Zaijq j=const.
=1

n
OCKIJII)KI/I, BCIIMYMHU O(,ij 3a10BOJIBHAIOTh YMOBI1 zaikajk =9J

k=1

jj> TO MPH KOXHOMY

(ikcoBanoMy 3HaueHHi koedilieHta uyrimBocTi  b;(t) BenmumHM oLjj SBIIOTH

CO0O0I0 CKJIaJIOBI OJMHUYHOI'O BEKTOpa HOpMal JI0 TNepILIOMUHN Az; = const (puc.

1):

ﬁi :{ocil,ociz,...,ocin}, i=1, m.

[ToxigHa BenuuuHU Ay B HampsiMi HOpMajl A0 TINEPIUIOMIMHU Az; = const,

T06TO bj(t) Oyme, oke, mopiBHIOBaTH MHOKeHHIO VY i fi; [10]:

bi(t)zg ()= 3 L ajt). (7)

Hz;=const i=1%ij
j#i

VY MarpuuHiii Gopmi KoeDillieHTH YYTIMBOCTI 3a BEIMYMHAMU MHOXHUHHU Z

3aMUIIEMO TaK:
b'="a". (8)

3a 101OMOror KOe(MIIiE€HTIB YyTIMBOCTI bi(t) 3MIHA BEJIMYUHU BUXITHOTO

CUTHaJIy AY Ha MiIpOCTOPi BEJIMUYHH Z MOKe OYTH 3arrcaHa HaCTYIHUM YuHOM [11,

12]:
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Ay/z= %biami ~ aya(t).

Benuunna Ay/z, sika BU3HAYCHA TAKAM YHHOM, HE YyTJIHBA 1O THX 3MiH
BEIIMYUH (), 5Kl HE 3MIHIOIOTb BEJIMYNHU Z; .

3a BeJIMYMHY HEMOrOKEHHS IPUIMEMO CepeIHbOKBAIPATHYHY OL[HKY, TOOTO
iHTerpan Bix kBajgpara BenmuuHH Ay/z, y3stuil 3a yac [0, T]. Taka ouinka He €

OJIMHUYHO MO>KJIMBOIO 1 ii BHOIp OOIPYHTOBAHO TUIBKM HAOYHICTIO Ta MPOCTOTOIO
OTPMMAaHUX CHiBBiIHOIICHB [12].

YcepenHeHy 3a BCIMa 3HAQ4EHHAMH Az; BEIMYMHY IIl€l OLIIHKM OynemMo B

MOIaJIbIIIOMY Ha3UBAaTH YyTIUBICTIO S. Takum unHOM,

T T
S=[<Ayf(t)>dt=3<Az; Azy > [by(t)b (t)dt. 9)
0 ik 0

OCKUIBKM BEIMYMHU AZ; OPTOHOPMOBaHI, TO < AZ; AZ) >= §; 1 Ul BEIUUUHU

S orpumaemo [13]:

Sz}gb?(t)dt . (10)

oi=1

Y Bumagky AUCKpeTHOI BHOIPKM BHUXIIHOTO B MOMEHTH 4dacy (Toukax

JUCKpeTH3allii) ty (k =1_s) Oy/IeMO MaTH:

S m

S= 3 > b (t). (11)

k=1i=1
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Y marpuunii Gopwmi criBBigHomeHHs (19) 1 (11) npuiiMarots Burisia [14]
s=sp(b™).

[Ticast migcraHoBKU 3amicth b’ #ioro 3mauenHs 3 (2.46) i 3 BpaxyBaHHSIM

b= (bT )T = (1aTjT = a(l)T 3HANIEMO:

(0 (0
S= Sp{iaTa(i)T} | (12)

Otpumaemo [15]:

1~ (1Y 5 1~ (1Y 5
S=Sp| ~Ry| = | |-0fSpE=Sp| = R,| = | |-mot.
o 2R 2 | otsoe s 2R 2 |

JI1st cipoIieHHsT TOJIaIbIINX PO3PAXyHKIB 32 MIPY UYTJIMBOCTI BUKOPHUCTAEMO

BENMYUHY S', sika TOPIBHIOE:

g— Spk ﬁy(iﬂ | (13)

OckinbKM TpH 3aJaHii 3aBajl BeIUYMHA G% IOCTIIiHA, TO OIITHMI3aIlis

BeIMYMHN S' MMOBHICTIO €KBiBaJIeHTHA onTuMizamii Bennunan S [16].
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T
ITo3raunmo R'y: Ry(j. Ak Oyno T1oOKa3aHO BHIE, MHOXXCHHS
o

QR Ir

. . : : 1 '

orcparopa, A1IOYOro B IIPOCTOP1 BCKTOpP1B (, 311Ba HaAa —, a cCIpaBa Ha | — | ,
(00

0

MIPOEKTYE TIEH OmepaTop 3 MPOCTOPY J PO3MIPHOCTI N B MIAMPOCTIP Z pO3MIPHOCTI M,
omke Ry — me omeparop, Air0uMii y miAnmpocropi Z. BiacHi 3HAYCHHS LBOTO
oreparopa nosHauumo uepe3 Aj, i=1,m. Ockiabku SP oneparopa JOPIBHIOE CyMi

HOro BJIaCHUX 3Ha4YeHb, TO 3 (13) [17]
m
S=>A. (14)
i=1

Ax BuaHO 3 1i€i PopMynu, YyTIuBICTH S ab0 S TakoX € 1HBApPIaHTHOIO
OLIIHKOIO KOHTPOJIIO, TOOTO HE 3aJIeXKUTh Bil BUOOPY 3MIHHUX ([ 1 Z;.

3MICT PO3TJIIHYTOI BHIIE OIIHKA MOYKHA IOSCHUTH TaKOX 1HIIAM YHHOM.
Po3i0’eMo yBech mpocTip ( Ha HIAOPOCTIP Z PO3MIPHOCTI M 1 OPTOrOHAJIBHUN 10
HBOTO MiAnpocTip Z' po3mipHOCTI N — M. OpTH miANPOCcTOpY Z' OpPTOrOHATBHI BCIM
opram miAnpocTopy Z. CyKyImHICTb OPTIB MiAIPOCTOPY Z i MIAMPOCTOPY Z' yTBOPIOE
MOBHY OPTOHOPMOBAHY CUCTEMY, SIKy OTPUMAaHO JIEIKUM IIOBOPOTOM B IPoCTOpi (. 3a

JIOTTIOMOTOFO IIi€1 CHCTEMH OPTIB 3aIUIIIEMO BEJIMYUHY BUXIAHOTO curHay [18]:

Ay =300z + Dbi(0Az;+ )= Ays(t) + Ay,(t)+ D). (15)

i=1 j=m+1

KopucHy iHpopMalio Npo BEIWYMHHU Z; HECE TUIBKM YaCTHMHA BHXIJHOIO
curnany Ay, (t). Cknanosa BUXigHOTO cHTHATY Ay, (t) He 3a1€KUTh Bijl BENMYUH Z; .

Bona Bu3HAYaeThCS TIILKW TUMHU 3MIHHUMU Zi ) SIK1 HE Hi,Z[JI}IFa}OTL BHU3HAYCHHIO B
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pe3ynbTaTi KOHTpoJto. Lls ckiiagoBa mpu KOHTPOJl 3aBaka€ BU3HAYCHHIO BEIUYHH
z; 1€, oTKe, 3aBagof0. OCKUIBKH MiANPOCTOPH Z i Z' OpTOTOHABHI APYT APYTY, TO
BEJIMYMHU Z; 1 2Zj HE3aJeXHl, U0 O3Hayae < z;z;>=0. 3BiACHM BUXOAUTH, IIO
cKIaoBi Bimryky Ay;(t) i Ay,(t) Takox Hesamexui (Hekopenwsosani). JlificHo, 3

dhopmynu (15) orpumaemo:
< Ayy(t) Ay, (t)>= > b;(t)oj(t) < Az; AzZj>=0.
i

BigMmina ckiamoBoi Ayz(t) BI1JI 3aBaau é(t) MOJIATa€ B TOMY, 110 BEJIWYUHHU
Ay, (t) y pi3Hi MOMeHTH "acy t; i t, 3aiekaTh OJHA BiJl OJHOI MPOTATOM YCHOTO

inrepBany xoutpomo [0, T] [19]:

< Ay, (ty) Ay,(ta)>= X bj(ty Jbj(t2) = 0.

Benuunna 9yTnmBOCTI S BH3HAYa€ YyTJIMBICTh TUIBKH KOPUCHOI YacCTHHU
curnany Ay;(t).

3amava ontuMizanli npoueaypu (METOAMKK) KOHTPOJIO 3a YYTIUBICTIO MOXKE
OyTu chopmyIbOBaHA HACTYITHUM YMHOM: TIPH 3aJlaHiil TpUBAIOCTI KOHTpoito T abo
KUTBKOCTI BIJIIKIB BHUXIJIHOTO CUTHANy S 3HAWTH TaKUil ONTUMaJIbHUN TECTOBUU

curHan U, (t), mpu sKkoMy BenmMuMHA 9yTIAMBOCTI S Halbinbma (Makcumanbha) [20,

21]:

Ax Buano 3 BupasiB (10) 1 (11), gyyrnuBicTh S 31 30LIBIICHHSM TPUBAJIOCTI

KoHTposito T abo KUIBKOCTI BIJJIIKIB S MOHOTOHHO 3pOCTa€, TO PO3B’sSI3aHHS
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IIOCTABJICHOI 3aJ]a4i BU3HAYAE TAKOXK ONTHMAJILHUI TECTOBUM CHUTHAI U (t), SIKHM

OIT

IpHY 33JaHiil Yy TIMBOCTI 3a0e3Medye MiHIMaJIbHY TPUBATICTh KOHTpoIto [20].
[Ipuuomy BenmuyMHA S HE 3aNEXKUTH BiA AUCIEpCii 3aBaau Gé, a BEIWYMHA

YyTJIIMBOCTI S’ 3aJI€KUTh BIJ HET aIUTUBHO, OT>KE, ONTUMAJIbHUI TECTOBUI CUTHAJ HE

Oyne 3aiexaTH BiA 3aBaau Gé. Imakme curan U, (t), sxuil 3aGesneuye

MaKCUMaJIbHY YYTJWBICTh a00 MIHIMAJbHHI Yac KOHTPOJIO TPH JACIKOMY pIBHI
3aBajiu, Oyjie ix 3a0e3nedyBaTH i npu iHmmiH 3aBani [20, 21].

BucHoBkn. Y cTaTTi OOTPpYHTOBAHO B3a€EMO3B’SI30K MIK 3alpONOHOBAHUMH
MOKa3HUKAMH OINTHUMI3aIlli BXIJHUX TECTOBUX CHUTHaNIB. JlOBEIEeHO, IO METO.
CUHTE3y CKJAJHOTO TECTOBOIO CHUTHANy, SIKH OCHOBAaHMW Ha MAaKCHUMAaJbHIN
YyTJIUBOCTI, OJHOYACHO Oyjae TMPHU3BOAUTH JI0 MIHIMAJIBbHOI IOXMOKH Ta
MaKcUMaibHOI KuIbKoCTi 1H(opMarii mpo Texniunuii ctan PHK 3aco0iB BogHOTrO
TPAHCIIOPTY, IO KOHTPOTFOIOTHCS.

HaBeneHi pe3yibTaTu MOSICHIOIOTH 3B’SI30K MK METOJaMU CHHTE3Y CKJIaJIHUX
TECTOBUX CUTHAJIIB, OCHOBAHUMHU HA PI13HUX OIlIHKAX.

Takum ynHOM, pO3p0OJICHUN METO OOTPYHTYBAHHS KPUTEPIiB ONTUMAILHOCTI
TECTOBUX CHUTHAJIB JIO3BOJISIE 3allPOTIOHYBATH 3a/ladyy CHHTE3y BXIJIHUX CHUTHAJIB:
3HAWTH TaKWH BX1THUAN CKJIQJHUN TeCTOBHU curHai U(t), mpu SKoMy 3a 4ac KOHTPOJIIO
T dyHKIis anpiopHOi MIUIBHOCTI PO3MOLTY MapaMeTpiB KOHTPOIIO P MEPEXOIUTH 3

NOYaTKOBOTO CTaHy pq y TOH, IpH SKOMY p — MIN, TOOTO B 3alIpONIOHOBAaHMI CTaH

P3 -
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3AT'AJIBHI BUCHOBKHA

Y wmartepianax MoHorpadii HaBeIEHO OpWUTiHAIbHE BHPILNICHHS AaKTyaJbHOI
HAayKOBO-TEXHIYHOI 3ajJiaul PO3BUTKY (DUIBTPOBUX METOMAIB CHEKTPAJBbHOTO aHali3y
BUIMAJIKOBUX CHUTHAJIB JUIsI JIarHOCTUYHOTO KOHTPOJIFO TEXHIYHOTO CTaHy
EHEePreTUYHUX YCTAaHOBOK Ta paJllOHABITAIlIMHUX KOMILJIEKCIB 3ac00iB BOJHOTO
TpaHcnopty. Po3po6iieni y po6oTi METOIM 1 MaTeMaTUYHA MO/JIENb JI03BOJISIIOTh!

— 3MEHUIMTH BUTPATH Ha OOCIYTrOBYBaHHS Ta €KCILTyaTallito 3ac001B BOJHOTO
TPAHCIOPTY 32 PAXyHOK 3MEHIIEHHS Yacy MOro MpOCTOI0 MPU KOHTPOJII TEXHIYHOTO
CTaHy Ta MJBUILCHHS PIBHS MOTr0 TOTOBHOCTI JI0 €KCILTyaTallii;

— MIJABUIIMTH JOCTOBIPHICTH KOHTPOJIIO TEXHIYHOI'O CTaHY JBHUIYHIB 3acO01B
BOJIHOTO TPAHCIOPTY 3a PAaxXyHOK 3aCTOCYBaHHS JAMHAMIYHMX (UIBTPIB IS
CHEKTPAJIbHOIO aHalli3y BHUIAJAKOBUX CHUTHAJIB, $KI XapaKTepU3YyIOTh JAePEKTH
(HeCTIpaBHICTh) IBUTYHIB.

1. TlpoBeneHuii aHaii3 Cy4acHOrO0 CTaHy METOMIB 1 3aco0IB KOHTPOJIIO
TEXHIYHOTO CTaHy JBHUIYHIB 3aCO0IB BOJHOTO TPAaHCIOPTY Ta HANPSIMKIB PO3BUTKY
METO/IB CHEKTPAJIBHOTO aHATI3y XapaKTePUCTHUK BUIIAJKOBHX CHUTHANIB IS
JIarHOCTUYHOTO  KOHTPOJIIO TEXHIYHOTO CTaHy JBHUTYHIB 3aco0iB  BOJHOTO
TpaHcnopTy. OOIpYHTOBaHI YacTKOBI 3aBJaHHS JOCHIDKEHHS Ta METOau 1X
po3B’s3aHHs. JloBeneHo, o po3podka PUIBTPOBUX METO/IB CIIEKTPAILHOTO aHaJi3y
BUMAJKOBUX CUTHAJIB JUIsl J1arHOCTUYHOTO KOHTPOJIIO TEXHIYHOTO CTAaHY JBUTYHIB
3ac001B BOJTHOTO TPAHCIIOPTY € aKTyaJIbHUM 3aBJIaHHSM.

2. Y MoHorpadii HaBelIeHE TEOPETUUYHE Yy3araJlbHEHHs Ta HOBE PO3B’SI3aHHS
HAayKOBO-TEXHIYHOI 3ajiaul, MeTa pPO3B’SA3aHHSA SKOI TMOJsrae y TiJBUIICHH]
JOCTOBIPHOCTI JIIarHOCTUYHOTO KOHTPOJIIO TEXHIYHOTO CTaHy JABHUIYHIB 3aco0iB
BOJIHOT'O TPAHCIIOPTY Ta 3MEHILEHHS BUTPAT Ha €KCIUTyaTallilo TaKuxX 3ac00iB.

VY pamkax moCTaBJICHOI 3a/1a4l BUPIIIECHI YaCTKOBI 3aBAaHHS: TIPOBEICHO aHAI3

Cy4yaCHOTO0 CTaHy METO/IB BHMIPIOBAHHS OI[IHOK CIEKTPaJbHOI IIUIBHOCTI
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MOTY>KHOCTI BUIIQJKOBUX CHTHAIIB; pO3po0JeHa y3araibHeHa MaTeMaTUYHa MOJEINb
OIIIHOK  CHEKTPaJbHOI IIUJIBHOCTI TMOTYXXHOCTI JiJI1  amapaTypHUX  METO/IIB
CHEKTPaJIBHOTO aHaJli3y; pO3pPOOJICHO METOJ MHOXEHHS BHUMIPIOBAHHS OIIHKA
CHEKTPaJIbHOI HIUIBHOCTI MOTYXKHOCTI BUMAJKOBHX CHUTHAJIIB; y3arajJbHEHI METOIU
arapaTypHOTro CIIEKTPaJIbHOTO aHajli3y BHUIIAJIKOBUX CHUTHAJIB; OTpUMaH1 aHAJITHYHI
BUpa3u Ui MAaTeMaTHYHOTO OYIKYBaHHA Ta JUCHepcli OIIIHOK CIEeKTPajIbHOI
IIUTBHOCTI TTOTY)KHOCTI, SKi HEOOXiMHI I omnTuMmizarmii (OopMH aMILTITYIHO-
JaCTOTHOI XapaKTEPUCTUKN BY3bKO-CMYTOBHX (UIBTPIB IS CIIEKTPAIBLHOTO aHATI3Y;
pPO3pOOIIEHO METO/A ONTHMI3allli aMIUTITYIHO-4aCTOTHOI XapaKTEPUCTHKU BY3bKO-
CMYTOBOTO (pUIbTpa JJIsl CIIEKTPAIBHOTO aHaIli3y BUIIAJKOBUX CUTHAJIB 32 KPUTEPIEM
MIHIMYMY C€PEIHbOKBAIPATHYHOI MOXUOKH anmpOoKCHMAIlll 171€alIbHOI (ITPSIMOKYTHO1)
aMIUTITYAHO-9aCTOTHOT ~ XapakKTepUCTUKH  (QIIbTpa; TMPOBEACHO  MOJEITIOBAHHSA
aMILUTITYTHO-9aCTOTHOI XapaKTePUCTUKU JIWHAMIYHOTO BY3bKO-CMYTrOBOTO (ilbTpa
JUISI METOJTYy MHOKEHHSI BUMIPIOBaHHS OI[IHKHM CHEKTPAJIbHOI IIIIBHOCTI MOTY>KHOCTI
JUTSI IBOX OKPEMHX 3aKOHIB 3MIHU XapaKTepUCTUK (PIIbTPa B MPOIECI BUMIPIOBAHHS
XapaKTePUCTHK BUIAJKOBUX CHTHATIB Ui KOHTPOJIO TEXHIYHOTO CTaHy 3aco0iB
BOJIHOTO TPAHCIIOPTY.

3. Otpumani y poOOTi TEOPETHYHI pe3yIbTaTH MOXKYTh OyTH 3aCTOCOBaH1 IIPH
CTBOPEHHI MOOIIBHUX KOHTPOJBHO-IIArHOCTUYHUX KOMIUIEKCIB JJIi KOHTPOJIIO
TEXHIYHOTO CTaHy JBUTYHIB 3aC00IB BOJHOTO TpaHcmopty. Lle mo3Bossie ckopoTuTu
BUTPAaTH Yacy Ha TPOBEJEHHS KOHTPOJIO TEXHIYHOTO CTaHy JBHUTYHIB 3ac00iB
BOJIHOT'O TPAHCIIOPTY Ta MIABUIIUTUA HOTO IOCTOBIPHICTb.

PesynpTaTi iMITAIIHHOTO MOJIETIOBAaHHS OTPUMAHUX PE3yJIbTaTIB TOKAa3alH,
[0 3aCTOCYBaHHSI 3allPOINIOHOBAHMX METOJIB MNPU J1arHOCTUYHOMY KOHTPOII
TEXHIYHOT'O CTaHy JABUTYHIB 3aC001B BOJHOTO TPAHCIIOPTY 3MEHIIY€ BUTPATH Yacy Ha
npoctiii Tpancnopty 10 30%. Ile mo3Bosisgie ekoHOMUTH KOIMITH 110 25% Bif PIYHHUX
BUTpAT Ha OOCIYroByBaHHS 3aC001B BOJHOTO TpaHCHOPTY Ta A0 15% KOmTIB mpu
TPAHCTIOPTYBaHHI BaHTAXiB 332 PaXyHOK BUKJIFOYCHHS MOMJIMBUX BIIMOB Y JIBUTYHAX

Opy TEepeMIlIeHH] 3a BKa3aHMM MapumpyToM pyxy. [Ipum 1pomy miaBHILy€eThCS
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JOCTOBIPHICTH JIarHOCTYBAaHHS TE€XHIYHOTO cTaHy aBuryHiB Ha (10...36)% 3anexHo
BiJl METO/IY A1arHOCTUYHOTO KOHTPOJIIO.

Takox, oTpuMaHi pe3yNlbTaTH MOKa3aJd, 10 3aCTOCYBaHHS 3alpONOHOBAHUX
pe3ynbTaTiB MpH KOHTPOJl TEXHIYHOIO CTaHy EHEPreTUYHUX YCTaHOBOK Ta
pajloHaBIralliiHUX KOMIUIEKCIB 3ac0o0iB BOJHOTO TPAHCIIOPTY JOLUIBHO SK 3a
1HGOpMaIIHHUM TOKa3HUKOM (TI1IBUILY€THCS JOCTOBIPHICTh BU3HAUCHHS TEXHIYHOTO
CTaHy JIBUTYHIB), TaK 1 32 TOKa3HUKOM €KOHOMIYHOCTI (TIOPIBHSHO 3 3aCTOCYBaHHSM
B1JIOMUX METO/IIB, HAIPHUKJIAJ MOCTIMHOTO MOHITOPHUHTY OKpPEMHUX MapameTpiB ado
B10pO/I1IarHOCTYBAaHHS).

TeopeTtnyHi pe3yabTaTH MOXKYTh OyTH 3aCTOCOBaHI MPU CTBOPEHHI MOOLTBHUX
KOHTPOJBHO-A1arHOCTUYHUX  KOMIUIEKCIB JIJiE  KOHTPOJIO TEXHIYHOTO CTaHy
€HEepPreTMYHUX YCTAaHOBOK Ta PaJiOHaBINalIMHUX KOMIUIEKCIB 3aco0lB BOJHOIO
TpaHcnopty. Lle A03BOJUTH CKOPOTUTHM BUTPATH Yacy HA IMPOBEIEHHS KOHTPOIIIO
TEXHIYHOT'O CTaHy Ta MIABUIIUTH MOTO JOCTOBIPHICTh MOrO BU3HAYEHHSI.

[IpakTryHe 3HAYEHHSI OTPUMAHUX Yy POOOTI PE3YNbTATIB MOJSATA€ Y TOMY, IO
3alpONOHOBAHI METOAM CHUHTE3Y (UIBTPIB BUKOPUCTOBYIOTHCS ISl  OLIHKH
XapaKTEPUCTUK  BUMAJKOBUX CHUTHAJIB TMPU  KOHTPOJl TEXHIYHOTO  CTaHy
E€HEPreTUYHUX YCTAaHOBOK Ta paJiOHaBITallIfHUX KOMIUJIEKCIB 3acO0IB BOJHOTO
TpaHcnopty. Lle 403BoNMTH OOIpYHTOBYBATH pILIEHHS MNP0 MNPUNAHATTS B
EKCIUTyaTaIlilo HOBUX a00 MOJEpHI3AII0 ICHYIOUMX KOHTPOJBHO-IIarHOCTUYHUX
KOMILJIEKCIB, IO € CKJIaJIOBOI0 aHAJ3y Ta CUHTE3Y CHUCTEMHU KOHTPOJIIO TEXHIYHOTO
CTaHy 3aco0iB BOJIHOT'O TPaHCIOPTY.

4. MakcumanbHO TOBHY 1H(OpPMAII0 TPO PE3YyIbTaTH KOHTPOJIO MICTHTH
yMOBHa amnoctepiopHa GyHKIis po3noauty. Lls dyHkiis, 3 ogHoro 00Ky, 103BOJsE
OTPUMATH MAaKCUMaJIbHO MOXJIMBY MPU JAHOMY BUXIJTHOMY CUTHaI1 iHGOPMALIiIO TTPO
texHiunuit cran PHK 3aco6iB BogHOro TpancmopTy. 3 1HIIOro OOKY, YMOBHA
aroctepiopHa (YHKIS PO3MOAUTY JIO3BOJISIE BU3HAYUTH  KIJIBKICHI  OIIIHKH

3aBaI03aXUINEHOCTI KOHTpodto. [Ipu HOpMalbHOMY 3aKOHI PO3IMOALTY 3aBaaud BCi
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KUTBKICHI OI[IHKA KOHTPOJIIO MOXYTh OYyTH OTpUMaHI uepe3 €JIeMEHTH KOPEeIiiiHOi
MaTpHIll YMOBHOI anocTepiopHOi (PYHKINT pO3IOIiTy.

5. Bnachi ymcna KOpessIiiiHOI MaTpuili YMOBHOI amocTepiopHOi (YHKIT
PO3MO/IiTY MOBHICTIO BU3HAYAIOTh T€OMETPHYHI po3Mipu Ta (HopMy amocTepiopHOi
00J1acTi, B SIKIM 3HaXOAATHCS MApaMETPHU KOMILJIEKCY IMICIIsI KOHTPOJIIO.

Pi3Hi KITBKICHI OIHKA (YYTJIHMBICTh, TOYHICTH 1 KUIBKICTH 1H(OpMAI]
KOHTPOJIO)  BU3HAYAIOThCS  PI3HMMH  TE€OMETPUYHUMHU  XapaKTePUCTHUKAMU
anmocTepilOpHOi 00J1aCTl, 3B’ A3aHOT 3 KOPEJIALIIHOIO MaTPHUIICIO.

6. BBeneHO MOHATTS «iHBapiaHTHOI OIiHKM». BennunHa iHBapiaHTHOT OIlIHKH
HE 3MIHIOETHCS TPHU TEPEXOJil BiJ] MOYATKOBOI CHUCTEMH MapaMmeTpiB A0 1HIION
OpPTOHOPMOBAHOI cHCTeMHU mapameTpiB. Lle mo3Bossie BBakaTH 1HBApiaHTHI OILIIHKU
00’€KTUBHUMH XapaKTEPUCTUKAMH METOAY KOHTpPOM0. MaKCHMalbHO TOBHOIO
XapaKTEPUCTUKOI0 METOJly KOHTPOJIK € BCS CYKYIHICTh IHBaplaHTHUX OIIHOK.
TouHICTb, YYTIAUBICTD 1 KUIBKICTb 1H(OpMAIIli € IHBAPIAHTHUMHU OI[IHKAMH.

7. Yci iHBapiaHTHI OIIIHKM € (yHKIIOHAJaMu, sIKI 3aJie’KaTh BiJl BX1JHOTO
curHainy. OCKUIBKUA BUTJIS] UMX (PYHKIIOHATIIB BIAOMHH, TO KOXKHA 3 ITUX OI[IHOK
703BoJisie  c(OPMYINIIOBAaTH 3a7ady MpPO BHU3HAYEHHS BXIJHOTO CHTHANY, SKHA
ONTHUMI3y€ KOHTPOJIb 3 TOIJISIAY JaHOi OIIHKH, HANPUKIAJ], BU3HAYUTH BXITHUHN
CUTHAJI, SIKUW 3a0e3reuye MaKCUMalbHY TOYHICTh, a00 MAaKCUMAaJjbHY YYTJIMBICTbD,
a00 MakCUMaJIbHY KUIBKICTh 1H(OpMAIi.

8. Ockinbku BUTIAN GYHKIIOHATIB, SIKI BU3HAYAIOTh MOKA3HUKHU OMTUMI3aIlii,
PI3HMI, TO BX1HI CUTHAJH, SIKI € ONTUMAIBHUMU 32 PI3HUMH MOKAa3HUKAMHU, TAKOXK €
pizauMu. Tak, BXiIHMNA CcUTHaN, SKUHA 3a0e3neuye MaKCHUMallbHy YyTJIMBICTb
KOHTPOJIIO, MOXKEe He 3a0e3rnedyBaTH MaKCHUMallbHy TOYHICTh. HaBemeHo, mo mpu
3HAYHOMY piBHI 3aBaJi a00 HE3HAUHIM TPHUBAJIOCTI KOHTPOJIIO, YCl BapiamiiHi
XapaKTePUCTHKN €KBIBAJCHTHI Ta BX1JIHHH CUTHAJ, SKUH € ONTHUMAaJIbLHUM 32 OJTHHM 3
MOKAa3HUKIB, OAHOYACHO € ONTHUMAJILHUM i 3a 1HIIMMHU TTOKa3HUKAMHU.

Takoxx HaBeneHO, IO NPH BCIX BHMAAKaX, 32 BHHATKOM OCOOJHMBOTO,

BHUKOPUCTOBYBATHU JII BU3HAYUCHHA OIITUMAJIBHOI'O BXiI[HOFO CUTHAJly 6}’,[[1)'5[1(}7 3
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1HBapiaHTHUX OLIHOK. [3 HUX HaWMPOCTIIIE BUKOPUCTOBYBATH MOKA3HUK UYTJIUBOCTI
KOHTPOJIIO, OCKUIBbKH, 3 OJHOTO OOKy, Ieif NMOKa3HHK € KBaJpaTHYHUM 3a BXIiJIHUM
cUrHaJIOM (hYHKIIIOHAJIOM, a, 3 IHIIOTO OOKY, pO3paxOBaHUU 3a JOIMOMOTOIO IIHOTO

MOKa3HUKA BXITHUN CUTHAI HE 3aJIC)KUTH BiJl PIBHS 3aBaIH.
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