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aHaniay BibpaLiiiHux curHanis rasonepekavysanbHux arperatis (I'T1A) Ha ocHOBI
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HagiHocTi Ta 6e3nekn ekcnnyarauii ra3onepekavyBanbHUX arperaTis LLNSAXOM
CBOEYACHOIO BUSIBNEHHSA AeEKTIB i BiAXUNEHb Y iX TEXHIYHOMY CTaHi 3a
pesynsTatamu BibpaLiiHOT AiarHOCTUKK.

Y po6oTi npoaHanizoBaHo razonepekadyBarbHi arperatu sik 06’ ekTu
aBTOMaTmM3aLii, Axxepena BibpauiiHux npoueciB Ta cyvacHi cuctemu BibpauiiHoro
KOHTPOIHO.

PosrnaHyTo meToam umndpoBoi 06pobkm BibpaLiiHUX curHanie, 3okpema
auckpeTmaadito, dinbTpauito, cnekTpanbHUiA | YacoBO-4aCTOTHUI aHari3 Ha OCHOBI
LUBMAKOrO NepeTBopeHHs Pyp’e Ta BeNBET-NEPETBOPEHHS.

Po3pobneHo cTpykTypy Ta anroputm yHKLIOHYBaHHS iHTeNeKTyanbHol

cMcTEMM aHanisy, nporpaMHe 3abesneyeHHs1 peanisoBaHo y cepeoBuLLi
MATLAB.

HaBepeHo pesynbraTtv anpobalii anropuTmMiYHOro i nporpamHoro

3abe3neyeHHs, siki NiATBEPOXKYIOTh ehEeKTUBHICTb 3anpONOHOBaHOrO NiAXoay.

PE®EPAT

Marictepcbka anyCKHQoﬁo'ra cKnapaeTbea 3i BCTYyNy, TPbOX Po3Ainis,

BUCHOBKIB, CMUCKY BMKOPUCTaHUX mxepen, 6ibniorpadiyHoi foBigku Ta godaTtka.

3aranbHui o6car poboTn cTaHoBUTE 96 cTopiHOK hopmaty A4, poboTa

MicTUTb 41 pucyHkiB, 5 Tabnuub, 1 gogaTok Ta 12 nocnnaHb Ha BUKOPUCTaHi
[kepena.

Y marictepcbkili poboTi po3rfisiHyToO Ta 3anpornoHOBaHO PO3pOBneHHs
iHTEenekTyanbHOi cucTeMM aHanisy BibpauiiHUX CUrHaniB rasonepekadyBanbHUX
arperatiB Ha OCHOBI LMpOBKX anropuTmiB 06pobku faHmX.

OCHOBHY yBary npuaineHo aHanisy BibpauiiHix NpoLeciB, 3aCTOCYBaHHIO
METOAIB LMdpoBoi hinbTpauii, cnekTpanbHOro Ta 4acoBO-4acTOTHOMO aHanisy, a
TakoX (POPMYBaHHIO AiarHOCTUYHMX O3HaK | NPUNHATTIO pilleHb
iHTenekTyansH1UM mogynem.

Pesynsratn marictepcbkoi po6oTn MoXyTb ByTv BUKOpPUCTaHI Nig vac
CTBOPEHHS Ta MOAEPHi3aLiii aBTOMaTU30BaHNX CUCTEM KOHTPOSIO i AiarHOCTUKM
TEXHIYHOro cTaHy obepToBOro obnagHaHHs KOMNPECOPHUX CTaHLiN.

Knitouosi criosa: TASOMEPEKAYYBATNbHWW ATPETAT (ITIA),
BIBPALIVIHA JIATHOCTWKA, BIBPALINHI CUTHANW, LIMOPOBA
OBPOEKA CUIHANIB, CMEKTPANBbHUM AHANNI3, BEVIBJIET-
MEPETBOPEHHA, IHTENEKTYAJIbHA CUCTEMA.

ABSTRACT

The master’s thesimansists of an introduction, three chapters, _conclusions,_ a list of references,

total volume of the

thesis is 96 A4 pages; it contains 38 figures, 1 appendix, and 12 references.
The thesis presents the development of an intelligent system for the analysis

of vibration signals of gas pumping units (GPU) based on digital data processing
algorithms.

Particular attention is paid to the analysis of vibration processes, the

application of digital filtering methods, spectral and time—frequency analysis, as
well as the formation of diagnostic features and decision-making by an intelligent
module.

The results of the master’s thesis can be used in the development and
modernization of automated systems for condition monitoring and diagnostics of
rotating equipment at compressor stations.

Keywords: GAS PUMPING UNIT (GPU), VIBRATION DIAGNOSTICS,
VIBRATION SIGNALS, DIGITAL SIGNAL PROCESSING, SPECTRAL
ANALYSIS, WAVELET TRANSFORM, INTELLIGENT SYSTEM.
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3mH. Apk. No gokym. Mignuc OaTa
ApkK.
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MEPENIK CKOPOYEHb, YMOBHUX MNMO3HAYEHb,
OAnHNLUbL | BUMIPIB

I'IEPEJ'I@K YMOBHWX MO3HAYEHD, CI/IMBOJ'I@B, OJNHHNLb, CKOPOYEHD | TEPM@H@B

JIBYMI' — niHiiiHe BUpOGHUYE ynpaBniHHSA MaricTparnbHKX ra3onpoBoziB.



KC — komnpecopHa cTaHLis;
['TIA — razonepekadytoumnin arperar;
['TY — rasotypbiHHa ycTaHOBKa;
[TEC — ra3oTypbiHHa TennoeneKkTpocTaHLis;
THT — Typ6iHa H13bKOTO TUCKY;
TBT — Typ6iHa BUCOKOrO TUCKY;
AYX — amnniTygo-4acToTHa XxapakTepucTuka;
YX — dhas3o-yacToTHa xapaKkTepucTmka;
M® - wBuake nepeTBopeHHA Pyp’e;
EOM — enekTpoHHO-064MCMIOBaNbHa MaLLMHa.

@MH. Apk. No gokym. Mignuc Aarta
Apk.
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BCTYN

CyyacHi ra3oTpaHCnopTHi CUCTEMU XapaKTEPU3YTLCSA BUCOKUM PIBHEM
aBTOMaTM3aLji Ta NiaABULLEHVMM BUMOraMu 40 HadiiHOCTI 1 6e3neku ekcnnyatauii
obnagHaHHs.

[asonepekadvyBanbHi arperatu (I'T1A) € knNiO4OBUMU eneMeHTamu

KOMMPECOPHMX CTaHLiiA, Bif, TEXHIYHOTO CTaHy sikux 6e3nocepeHbo 3anexuTb
6e3nepebilHiCTb TPaHCNOPTYBaHHSA NPUPOAHOTO rasy.

OpHWM 3 HanbinbL iHopMaTUBHUX CNOCOBIB KOHTPOMIO CTaHy 06epTOBOro
obnapHaHHs € BibpaLiiHa aiarHocTuka, LWo Aae 3Mory BUSIBNATU AedekTn Ha
paHHix cTagisx ix po3BuUTKY.

BibpauinHi curHanu I'MA matoTb HecTalioHapHW xapakTep, 3allyMIeHicTb

Ta cknagHy cnekTparnbHy CTPYKTYPY, LLO YCKIaAHIoE iX aHani3 TpaauuinHumm
mMeTodamu. Y 3B’A3KYy 3 LIMM aKTyarnbHUM € 3aCTOCYBaHHSA LMMPOBUX anropuTMis
06po6ky curHanis Ta iHTenekTyanbHUX NigxoaiB 40 aHanidy AaHux, siki
3abe3neyytoTb NiABULLEHHS 4OCTOBIPHOCTI AiarHOCTUYHUX PilleHb | 3MEHLLIEHHS!
BNMAMBY MIOACLKOrO hakTopa.

TakvM YMHOM, po3pobneHHst iHTeneKkTyanbHOI cMcCTeMm aHanisy BibpaLiiHmX
CUrHanis rasonepekaqyBanbHUX arperaTis Ha OCHOBI Cy4aCHUX MeTOAiB LndpoBol
06pobky AaHMX € aKTyanbHUM HayKOBO-NPAKTUYHUM 3aBAAHHAM Y ranysi
aBTOMaTuM3aLjii Ta KOMM'IOTEPU30BAHUX CUCTEM YNPaBIiHHS.

MeToto pob6oTu € NiaBULLEHHSI eDEKTUBHOCTI KOHTPOIMIO TEXHIYHOIO CTaHy
raszonepekaqyBasibHUX arperaTtiB LUASXOM po3pobrieHHs iHTeNeKkTyanbHoi cuctemun
aHanisy BibpauiiHMx curHanis Ha OCHOBI LIMCPPOBUX anropuTmis 06pobku AaHuX.
[ns nocsirHeHHs nocTaBrneHoi MeTn y poboTi HeobXigHO po3B’'sA3aTh Taki
3aBAaHHs:

- NpoaHani3yBaTu rasonepekavyBanbHUI arperaT sik 06’ekT aBTomaTu3auii Ta
[pKeperna BUHUKHEHHsT BibpaLliiH1x npouecis.

- JocnianTy cyyacHi metoam BibpauinHoT AiarHOCTUKKM Ta LM poBoi 06pobku
CUrHanis, O 3aCTOCOBYIOTLCH A1 KOHTPOMO CTaHy 06epTOBOro 06nagHaHHS.
3mH. Apk. No gokym. Mignuc Oata

Apk.
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- 0Br'pyHTYBaTV AOUINBHICTb BUKOPUCTaHHS BEMBMNET-NEPETBOPEHHSA ANs
aHanisy HecTauioHapHUX BibpaLiiH1X curHanis.

- po3pobuTn anropuTM aHanisy BibpauiiHux curHanie rasonepekavyBanbHOro
arperaTy 3 BUKOPUCTaHHSM LMppoBUX MeToaiB 06pobku AaHuX.

- CUHTE3yBaTW CTPYKTYPY iHTENEKTyanbHOi cucteMun aHaniay BibpauiiHix
curHanie Ta hopmyBaHHS AiarHOCTUYHUX O3HaK.

- peaniayBaTu 3anponoHOBaHi anroputMu y NporpaMHOMYy cepeaoBuLLi
MATLAB.

- NPOBECTN MOAENIOBaHHS Ta aHania pesynesratis poboTu cuctemu 3 MeTO
OLiHIOBaHHS T epeKTUBHOCTI.

O6’ekTOM ocniaxeHHs € npouecu BibpaLii rasonepekayyBanbHUX
arperatiB KOMNPECOPHUX CTaHLIiN.

MpenmeTom AOCNigKEHHSI € MeToAM Ta anropuTMu LMdpoBoT 06potKM i
iHTenekTyanbHoOro aHanisy BidpauiiHux curHanis IMMA.

HaykoBa HOBM3Ha ofepxaHux pesynbraTiB nonsrae y po3pobneHHi nigxoay
[0 iHTenekTyanbHOro aHanidy BibpauiiHUx curHanis razonepekaqyBarnbHUX



arperaTiB Ha OCHOBI MOeAHAHHA LMdPOBOI iNbTpaLii, CnekTpansLHoro Ta BenBneT-
aHanisy 3 dopmarisoBaHO NOrKO NPUIRHATTS AiarHOCTUYHUX PilleHb.
MpakTnyHa 3HavyLWicTb POGOTU Nonsrae y MOXIMBOCTI BUKOPUCTAHHS
po3pobneHol iHTeneKkTyanbHoI cucTemMy Ans NiaBULLEHHS HAAIMHOCTI Ta 6e3nekn
ekcnnyarauji ra3onepekayyBanbHVX arperaris, a TakoX 4151 BNIPOBAAXEHHS Y
cknagi aBToMaTu30BaHNX CUCTEM KOHTPOIIO TEXHIYHOTO CTaHy obnagHaHHs
KOMMPECOPHUX CTaHLLil.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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1 AHATI3 TASOMNEPEKAYYBANBbHWX ArPEFATIB TA METOIB
BIBPAL|IVHOT AIATHOCTWKW

1.1 MasonepekavyBanbHuin arperat (IMA) sik 06’exT aBToMaTU3aLii
[a3oTpaHcnopTHa cuctema YKpaiHu € CKNagHo iHXEHEPHO

iHppacTpykTypolto, Lo 3abesnevye TpaHCNOPTyBaHHS NPUPOAHOrO rady Ha BenuKi
BiAcTaHi. Knio4oBrMU enemeHTamu Ljiei cMCTeMM € KOMNPECOPHI CTaHLi,
OCHOBHVM TEXHOIMOTYHUM 06najiHaHHSIM SKMX BUCTYNatoTb rasonepekadyBarnbHi
arperatu (IMA).

[a3onepekayyBanbHi arperat NpusHayeHi ANs NiABULLIEHHS TUCKY rasy Ta
KoMneHcauii rigpaBnivyHnX BTpaT y MarictpanbHux TpybonpoBogax. HagilHicTb
po6oTu IMA 6e3nocepeaHb0 BNIMBAE Ha eHepreTuyHy 6esneky, eKOHOMIYHY

e eKTUBHICTb Ta eKOomoriYHi MOKa3HMKM ra3oTPaHCNOPTHOI CUCTEMM.
[a3onepekayyBanbHWi arperaT € CKnagHUM AMHaMiYHUM 06’ekToM
aBToOMaTun3aLji, SKMIn NpaLtoe B ymoBax 6e3nepepBHOro HaBaHTaXeHHs Ta
niaBULLEHUX BUMOT A0 HagiHocTi. Tunosui A cknagaeTbes 3 NpMBIAHOIO
nBuryHa (rasotyp6iHHoro abo enekTpuyHoro), BiALEHTPOBOrO KOMMNpecopa,
CMCTEM 3MaLLyBaHHS, OXONOMXEHHS, NanuBoNofadi Ta aBTOMaTn3oBaHoOi CMCTEMM
KepyBaHHS.

3 noauui Teopii aBToMaTu4Horo kepyeaHHs [TIA € 6aratoBUMipHUM

06’eKTOM i3 B32aEMOMNOB’A3aHMMMN NapaMeTpamu, cepen sikux Yactota obepTaHHs
poTopa, TUCK | TemnepaTypa rasy, BuTpara nanusa ta piBeHb Bibpauii. TexHi4YHuI
cTaH 06epToBUX efleMeHTIB BNnMBae Ha cTabinbHiCTb poboTu arperaty, a
BUHWUKHEHHS AedeKTiB CynpoBOO4XKY€ETbCSA 3MIHOI BiOpaLiiHUX XapaKTepUCTUK.
OcHoBHot cknagosoto MA, Lo cnyXuTb NOro NpUBOLAOM, € ra3oTypbiHHa
yctaHoBka (['TY). Masoty6iHHui asuryH (ML) — Takuii 4BUrYH, 0 SKOTO B

SKOCTi poBOYOro Tirla BUKOPUCTOBYETLCSI HEKOHAEHCOBaHWIA ra3 (noBiTps i

3mH. Apk. No gokym. Mignuc OaTa

ApK.
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NpOAyKTY 3ropsiHHS nanunea abo HeWTpanbHi rasu), a B AKOCTi TATOBOrO ABUIyHa
3aCTOCOBYETLCS rasoBa TypbiHa.

Typb6iHa i € 4BUryHOM, B SIKOMY MexaHiyHa poboTta Ha Barny MalunHn

BMXOAWTb 3a PaXyHOK NepeTBOPEHHS KIHETUYHOIO eHeprii ra3oBoro CTpyMeHs,
AKUIA, y CBOIO Yepry, BUXOAUTb B pe3ynbsTaTi NepeTBOPEHHS NoTeHLianbHOT
eHeprii — eHeprii 3ropinoro nanuea B NOTOL,i NOBITPS.

I'TY knacudikytoTb 3a pisHMu o3Hakamu. CTOCOBHO X ekcrnanyarauii B
ra3oTpaHCnopTHI cuctemi YkpaiHm To iX NoAinstoTb Ha OAHOBAsbHI, ABOXBalbHi
Ta TpbOXBasbHI.

Haibinbluoro BUKOpMUCTaHHS 3HaiLunm asoxsanbHi 'Y (puc. 1.1)

PucyHok 1.1 — MpuHumnuanbHas cxema aByxBanbHow ['TY
3 —ocbBuin komnpecop OK); 2 —Typ6iHa Bucokoro Tucky (TBT); 3 —TypbiHa
Huabkoro Tucky (THT); 4 —HarHiTau (H); 5 — kamepa 3ropanus (K3).

Y Takin yctaHoBui TypbiHa po3gineHa Ha 2 yacTtuHu (puc 1.1). OgHa

YacTuHa, 3a3BMYal BUCOKOrO TUCKY 2, CIyXUTb NpUBOAOM koMnpecopa 1 i moxe
npawtoBaT 3 3MiHHUM Yucriom ob6epTiB.

[pyra yacTuHa, cunosa Typ6iHa 3, Npautoe 3 NOCTiHUM YncnomM obepTiB,

SKLLIO BOHa Npu3HayeHa Ans NpuBody enekTporeHeparopa, i Moxe matu

3mH. Apk. No gokym. Mignuc Oata

Apk.
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NpakTUYHO Byab-siKy LUBMAKICTb 06epTaHHs, SIKLLO BOHa Npu3HadeHa Ans npusogy
HarHiTava.

PeryntoBaHHs1 B [TY LbOro Tvny 34iNCHIOETECS HE TiMbKW LUMASAXOM 3MiHU
BMTPaTW Nanuea, a  3a paxyHoK 3MiHV1 BUTPaTK MOBITPS, WO NOAAETLCA
Komnpecopom 1.

Takuii MeTof, JO3BOSISIE 3HAYHO MEeHLLIe 3HMXKyBaTK abo B3arani He 3HUXKyBaTK
TemnepaTypy pobo4yoro Tina 3a kameporo 3ropsiHHS Npu poboTi Ha YaCTKOBUX
HaBaHTaXeHHsX i TuM camum niaTpumysaTt KK, umkny Ha GinbLll BUCOKOMY
piBHi.

PosrnsHemo Ginblu AeTanbHO NpUHLMN poboTK | NpU3HaYeHHs arperaris

Takoi I'TY.

OcboBuin komnpecop (OK) — 6aratoctyneHeBuii 63 NnpomixkHoOro

OXONOMKEHHS. TUCK MOBITPS B HbOMY NiABULLYETLCA Bif atmocdgepHoro Op Ao
2

1/53 CMKI‘@ , @ Temnepartypa Big 30BHiWHbOI +0 go CT

1655.1461

[a3oBa Typ6iHa Ans npusogy komrpecopa. Ha Hei nogaeTbca poboye Tino
BMCOKOTO TUCKY i BUCOKOT TemnepaTypu, TOMy BOHa oTpumana Ha3sBy Typ6iHu
BMcoKoro Tucky (TBT).

TypbiHa moxe ByTn ogHOCTyneHeBoto | GaratocTyneHeBot. BoHa mae

KyTOBY LUBUAKICTb OBEpPTaHHS i pO3BMBAE MOMEHT, HEOOXIAHMI ANA NOAONaHHSA
KOPWMCHOTO MOMEHTY KOMMNpecopa.

Kamepa 3ropaHHs K3, B Skl NpoxofauTb cnantoBaHHA nanvea (NpupoaHoro
rasy), Mae KOHCTPYKLto, sika 3abesneyye NoBHe 3ropaHHsa nanuea. Temnepartypa B
Hin Bin 1T go CCT

4033302 .

B pereHepatopi abo TennoobmiHHvky TO (He nokasaHuii Ha puc.1.1),
npoxoauTb AoAaTKoBe NigirpiBaHHs NOBITPS Nicns KoMnNpecopa BianpauboBaHUM
po6oynm Tinom, sike Mmae BUCOKy Temnepatypy. TO — nnacTMHYacTuii, 3 BENMKOK
3mH. Apk. No gokym. Mignuc Oata

Apk.
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nroLLeto TennoobMmiHy | Manumu rigpaBnidyHUMK BTpaTamu. Temnepatypa B HboMy
nigsuwyetbea Big 1T go CCT

2562203 .

Typ6iHa Huabkoro Tucky (THT) po3TaloByeTbcs no xogy poboyoro Tina
6esnocepeaHbo nicnst TBT. B THT npoxoanTb NepeTBOpeHHs1 BHYTPILLHbOT
eHeprii poboyoro Tina, sika 3anuwaetbes nicns TBT. THT npusHaveHa ans
NoZONaHHsi KOPUCHOrO MOMEHTY NPUBOZY BiALEHTPOBOrO HarHitaya i
XapaKTepu3yeTbCs KyTOBOK YacToTor obepTaHHs H i MmomeHTOM HM .
Harxitay H € kopucHuM HaBaHTaxeHHam THT. Harnitay nigsuiye trck
TpaHCNopTyemoro rasdy B rasonpoBogi Big Bp go Hp .

CborofHi Bce 6inbLIOro po3noBComXEHHS 3HaxoasTb [TIA Benukoi
NOTYXHOCTi Ha 6a3i TpboxBanbHOi ['TY, NpUHLMNOBa cXxeMa SKOi HaBeaeHa Ha
puc. 1.2

PucyHok 1.2 — MNpuHumnosa cxema TpboxsanbHoi 'Y
1 —komnpecop Hu3bkoro Tucky (KHT); 2 — koMnpecop BUCOKOrO TUCKY
(KBTﬁ
(H).

— kamepa 3ropsHHs (K3);_4 — Typ6iHa Bucokoro Tucky (TBT); 5 — Typ6iHa Husbkoro Tucky (THT); 6 — cunosa Typ6iHa (CT); 7 — HarHiTay

[Mpu BeNuUKnx CTyneHsx CTUCHEHHS CnocTepiraeTbCs BiAMIHHICTb BUTpaT
NOBITPSA Ha NoYaTKy i B KiHLi MPOTOYHOI YaCTUHWU KOMMPeCcopa, L0 MOXe
3mH. Apk. No gokym. Mignuc Oata

ApK.
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npu3BecTy A0 nomnaxy. [ins yCyHeHHs1 LbOoro siBMLLa KOMNpecop Ainate Ha 2 i



Ginblue YacTUHKI Ha3BalOTbCS Kackafamu.

KoxeH kackaj Mmae CBO YacToTy obepTaHHs, 3a paxyHOK 40ro BuTpaTa
NoBITPS Yepes HUX BUPIBHIOETLCS. KoxeH Kackaz HaBoAUTLCS OKPeMOLo
TypbiHot0.

Y Byab-sKOMy BUNaAKy Ha KOXXHOMY Bany Mae 6yTu He MeHLLE ABOX
NiALUWMTHUKOBUX BY3TiB: OAVH — OMOPHWUIA, APYrnii — ONOpHO-Hanonernveun. MNpu
3MIHIOIOTBCS MIALUMMHUKA Ka4aHHS | KOB3aHHS.

Ha puc. 1.3 nokasaHo rasonepekadyBanbHuin arperat IMA-L-16C/76-
1,44M1 Ha 6a3i 'TA Ar-9012.1 3 enektpo3sanyckom BupobHuuTtaa [N HBKI
«3opsa-MaLunpoekT» B 6r1IO4HO-KOHTEAHEPHOMY BMKOHAHHI.

Bkasani I'MA ekcnnyatytoTbcst B komnpecopHomy Liexy No3 [JonnHceKol
nnowagaku boropogyaHcekoro NIBY MIT TOB «Onepetop 'TC. 3axigHuin
perioH».

PucyHok 1.3 — 3aranbHuii Burnag MA-L-16C/76-1,44M1 Ha 6a3i 'O Ar-
90J12.1 3 enekTpo3anyckom

3mH. Apk. No gokym. Mignuc Oata

Apk.
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1 — 6rnok cunoBwui; 2 — 6ok Komnpecopa; 3 — BCMOKTYOUNIA TPaKT; 4 —
BUXMOMHUIA TpakT; 5 — 6ok MacnooxonofxxyBayiB ABUryHa; 6 — 6rok cucrem
3abe3neyenHst; 7 — 6rok BeHTUNALIT; 8 — Gnok MacnooxosrogxyBadiB KOMNpecopa;
9 — 6ok aBTomaTukuy; 10 — GrIOK NOXEXOraciHHs.

TunoBwi rasonepekayyBanbHWi arperaT cknagaeTbCs 3 TaKMX OCHOBHUX
BY3niB:

NpuBIAHOMO ABUryHa (ra3oTypGiHHOro abo eneKkTpUYHOro);

BiJLLEHTPOBOIO KOMMNPEecopa;

Basionpoeoay;

CUCTEMM 3MaLLyBaHHS;

CUCTEMM OXONOMKEHHS;

aBTOMaTWU30BaHOI CUCTEMW KEPYBaHHS.

O6epTOBi enemMeHTH arperaTy nNpawolTb B YyMOBaX BUCOKMX LUBUAKOCTEN
obepTaHHsA Ta 3HaYHUX AMHAMIYHUX HaBaHTaXeHb, WO 3yMOBMIOE MiABULLEHI
BMMOTY 4O KOHTPOSHO X TEXHIYHOTO CTaHy.

1.3 [xepena Ta xapaktepuctuku BibpauinHunx npouecis y IMA

miﬁpauiﬂ i LWyM — NnpUpoAHi npouecw, LWo NpoTikaTb_Y_MalinHax i
YCTaTKyBaHHi, i_YTBOPIOIOTLCA BOHV TUMM X AMHAMIYHUMM Cunamu, WO € OpuyYnHamMu 3Hocy i pisHux BuaiB aedpekTis. MpupoaHo, wo BiGpadis i
LWYM TPpaHCOPMYHTHLCA OAUH B OAHOIO Ha TPaHULSX ra3oBoro i TBep,c;ﬁepenosum, a noavHa 6e3nocepeAHbLO CNpPUNMAE 3BYK, i Nulle B
obMexeHOMy HU3bKOYaCcTOTHOMY Aiana3oHi — Bibpauito. 3a nepexia Bibpauii B WyM _BiANOBifae KONMBHA LUBUAKICTb, WO NPAMO NponopuiiHa
3BYKOBOMY TUCKY B _MOBITPi_6ina Bi6pyto4yoi noBepxHi. ToMy i HOpmu Ha BiGpauito, K npaBuno, 06MexXyTb KOMUBHY LIBUAKICTL MALUMH i
3mH. Apk. No gokym. Mignuc Oata
Apk.
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a:TaTKyBaHHﬂ. Ane BiGpauiiHUi KOHTpoOnb i BiGpauiiHa giarHocTuka — pi3Hi _NpakTuyHi _3afadi.
_Y piarHocTuui AedhekT BU3HAYAETLCA KOMMBANBbHOK CUMOLD, LWO Ai€ B 30Hi AedhekTy, a cuna 3s'a3aHa NiHIMHO 3 KOMUBHUM MPUCKOPEHHAM, a He
3i wBuAakicTo. ToMy B AiarHOCTULLi 4acTO KOPUCTYHOTLCA BUMipaMu BiGpONpUCKOPeHHs, a AnsA BiGpawinHOro KOHTPOO MalluH A0[AaTKOBO
BUMIpIOKOTH i BiOpOLWBMAKICTL, NPUYOMY Nnuile B 06MeXXeHOMY HU3bKO4YacTOTHOMY Aiana3oHi. [ina BumiptoBaHHs Bibpauii, sk npasuno,
BUKOPUCTOBYIOTbLCS AaTUMKM BiGPONPUCKOPEHHS, WO NpauoloTb _Ha n'e3oedekTi. Y Takux AaTymkax enekTpuiHUiM 3apsig Ha BUXoai _
nNponopuiiH1i _cuni,_sika aie Ha aatyuk. Jlvwe B psifi cTauioHapHMX CUCTEM KOHTPOr BiGpauii BeNMKMX MalUMH 3 NiAWWNHUKaMU KOB3aHHA

BUKOPUCTOBYIOTLCA aTYMKM_KOMUBHOIO 3CYBY, O BOYAOBYOTLCA B NiAWMNHKUK (N0 ABa_AaTYMKM Ha niawvnHuk). Li agaTumku no3sonsaoTb

[nsa giarHoCTUKM MalMH iHOAI BUKOPUCTOBYIOTHLCA CMPSIMOBaHi MiKpOOHM, L0 A03BONAIOTHL _BM3HAYaTU
HanpaMOoK Ha TOYKY BUNPOMiHIOBaHHSA WwyMy. NMpakTuyHo MikpodhOHOM MOXXHa AUCTaHLiINHO BUMiptoBaTH Bibpaulito 06'ekTa, a_came BenuyuHy.
BiOPOLIBUAKOCTI.

e oAHa NPUYKNHA, NO SKIN He PEKOMEHAYETLCA aKTMBHO BUKOPUCTOBYBAaTH LIYM AN AiarHOCTUKUA MawuH. Lis npuymnHa — _HeobxiaHICTb
06niky hopmn konuBaHb 06'ekTa B 6e3nocepeHin 6rM3bKOCTi Big Micus BUHUKHEHHA aedpekTy. TyT 3Ha4YHMIA BHECOK sk Y Bibpauilo, Tak i B

LWYyM BHOCSATb MCeBAOCKNaA0BI



BigcTaHi _iHdhopmallis, 1o MiCTUTECA B_NCeBAOLLYMI YK

ncesaoBibpaLlii,_nponaaae. Micna nepeTBopeHHs curHany BiGpadii (wymy) B
3mH. Apk. No gokym. Mignuc Oata

ApkK.
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ﬁanisyron;cg, y
iarHocTULi Npen'sBNalTbCA cami XOPCTKi Bumorn. [lo TMNOBUX _onepadii, _LWwo

— BusHayeHHs piBHS (3aranbHoro) Bi6pauii B cMy3i YacToT, Heo6XigHOI cTaHAapTamMu BiGpauiiHOro KOHTRONK iy HeoGXiAHUX CcTaHaapTamu

OAUHNUAX
BUMIpY.

— AHani3 KonMBaHb NOTYXXHOCTi OKPeMUX CKIafaoBuX BibGpauii, nonepeaHbo BuAiNeHVx i3 curHany Bi6pauii. Lle, sk npaBuno, aHanis cnektpa

oruHaw4yor

_BMNAJKOBOrO BUCOKOYACTOTHOrO curHany Bibpauii .

—_AHani3 choopmu curHany Bibpaii,_To6To aHania TMM4YacoBOi po3ropTku curHany (po6orta B pexumi ocuunorpaca). Cnig sasHaunTu, wWwo

aneko He_YCi BiJHOCHO NPOCTi Npubopu, MOoXyTb BUKOHYBATU BCi 3a3Ha4YeHi BUAM _aHarnidy, 30kpema, 3 HEeoOXiHOW 15 AiarHOCTUKM AKICTHO.

dxicn. i oguHuLi iproBaHHA Bibpauii.

AiarHocTnka — uewocmBHomv Nnoulyk cnabKuMx KOMMOHEHTIB cUrHany_ Ha

hoHi_cunbHux. Po3pi3HAOTLCA cnabki i CUNbHI _KOMNOHEHTV NepeBaXHO Mo

yacToTi. [10 NOTYXHOCTI Lji KOMNOHEHTN MOXYTb pPO3pi3HATUCS B 10

6

paaimmy BUMIPIOOTb_He iXHI0 MOTYXKHICTb, @ aMNAiTyAy, i_PO3Pi3HEHHA MiX CaGKMMM i CUITbBHUMMU KOMMOHEHTaMM 3HNXKYETLCA [0 BEJNTUYMH,

nopsigky 10

3

pasiB. Ane

cnabKuin KOMMNoHeH eoOXiaHO He TiNbKu 3HaWTK, ane i _BU3HAYNTN MNOro

BMACTVBOCTI. TOMy aHanizatop curHany noBUHHMI 6e3 Byab-SK1X NepeknioyeHb
3abe3nevyBaTn AMHAMIYHUIA Aiana3oH aHanisy nopsiaky 10

4

pasiB.

3mH. Apk. No gokym. Mignuc OaTa

ApkK.
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_0bepTaHHs, pisHy MakcumarnbHy amnnitTyay Bi6pauii, wo BigpisHaeTbes Ao 100 pasis. Toai oueBMAHO, WO XOpoLLMiA Npunag 6e3 3aMiHM _aaryvka
NOBWHHWIA _MaTy AMHAMIYHUI giana3oH BMMIipiB nopsigky 10
6
asiB.
d.loG 6yno 3py4yHo NopiBHOBaTK cknafoBi Bibpallii, Lo Tak Biapi3HATbCA
OfiHa Bif _OAHOI, B aKyCcTULi NPUIRHATO BifobpaxaTy ixHi BenuyvHu B norapudmiyHoMy MacwTtabi. [IBi cknagoBi, Wo BigpisHATLCSA No
noTy>xHocTi B 10 pasiB, NpuNHATO BBaXxaTn B norapudpmivHomy macluTabi BigpisHAloTbCA Ha 10 aeunben. AKWO NOANBUTUCA PO3XOMKEHHS
amnnitTya umMx cknagoBuX — TO BOHO iHWwe. B _akyctuui posxomkeHHs amnnitya cknapoBux Yy 10 pasiB y_
_norapudmiyHomy macwtabi Bianosigae 20 gb. 3anuunnocs 38'A3aTu TOYKM BiANiKy KOHKPETHUX OAUHULL BiGPONPUCKOPEHHS, BiOPOLUIBUAKOCTI,

BibponepemilleHHsi, 3BYKOBOro TUCKY i Aeumbenis. Y BignoBigHocTi 3i craHaaptamu MEK: — 1 m/c 2 = 120 ab Bi6ponpuckopeHHs, — 1 mm/c = 120 _
nb_BibpowBmAakocTi,

— 20 Ma =120 nb 3BYKOBOro _TUCKY.

BibponepemiuieHHs, BiGROLWBUAKICTL i _BIGRONPUCKOPEHHS, _LLIO

BUMIPIOIOTLCA B OAHIN TouLli i BUpaxeHi B geumnbenax, 36iralotbcs TinbKW Ha oAgHin YactoTi - 1000 paa/c a6o 159 Nu.
BibpaLinHi npouecu B razonepekadysarnbHUX arperatax BUHUKaOTb

yHacnigokK Aii KOHCTPYKTUBHUX Ta ekcrnyaTauiiimx daktopis. OCHOBHUMM

mkepenamu Bibpadii € aucbanaHc potopa, HecniBBICHICTb Banis, AedeKkTn
NiALUWMHKKIB KOYEHHS Ta KOB3aHHS, a TakoX aepoanHamMivHi 36ypeHHs1 ra3oBoro
NOTOKY.

3mH. Apk. No gokym. Mignuc Oata

Apk.
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BibpauinHi curHanu I'MA matoTb cknagHy CTPYKTYpy Ta BKIHOYaTh
rapMOHiYHi, iMNynbCHi Ta WyMOBi CKradoBi.
YacToTHWMI CNekTp Takux curHanis OXonse WMPOKUIA Aiana3oH, a
napameTpu cUrHany 3miHITbLCS Y Yaci 3anexHo Big pexvmy poboTtu arperary.
HecTauioHapHuWii xapakTep BibpaLiii ycknagHoe ix aHani3 y Yacosiii obnacti 1a
3YMOBIO€ HEOOXIOHICTb 3acTOCYBaHHS LMPOBUX METOAIB 06pobKkM curHanis [4].
Bibpauis € HeBig ' eMHOO BnacTMBICTIO po60TN 06EPTOBMX MALLMWH.
Y cnpaBHOMY CTaHi piBeHb BibpaLii 3anvwaeTbest B Mexax AonyCTUMmX
HOPM, OAHaK NPV BUHWKHEHHI AedekTiB amnniTyaa Ta cnekTpanbHUn cknag
BibpaLiHOro curHamy 3miHITbCS.
BibpauinHuin curHan x(t) moxe 6yTn npeacTaBneHun sk cyma rapMOHIYHMX
CKnafoBuX:

,2sin()(

(1.1)
e Ai - amnniTyam Konveaws, fi - yactotu, [@] - thasn.
AHani3 cnekTpanbHOro cknagy curHany A03Bonsie BUABNATU AedekTn Ha
paHHix cTagisx ix po3BUTKY.
1.4 [xepena Bibpadii B MalLMHax poTOPHOro Tuny

Y KOXHin MEUJVII-ELiIOTb AvHamiyHi cunu. Ui cunu — pxxepeno He Tinbkuy Wymy i Bibpauii, ane i _aedekTis, L0 3MiHIOWTL BNAacTUBOCTI CuUn i,

BiANOBiIAHO, XapaKTepuUCcTUKM WyMy i Biopauii. MoxHa cka3aTu, LWo (PyHKLioHanbHa AiarHoCTUKa MalmnH 6e3 3MiHU _pexumy,_
cunu, ane B npoueci nepeTBOPeHHsl cun y BibpaLlio_4n Liym, YacTuHa iHcpopmauii  rybutbes.
3mH. Apk. No gokym. Mignuc Oata

Apk.
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E].Lle Ginble iHdopmalii rybutbca npy nepeTBOPEeHHi CUM _i_YMHEHOI HuMK poboTH, B TennoBy eHeprito. Came ToMy 3 ABOX BUAIB CUTHaniB

(Temnepatypa i Bibpauis) y giarHocTuui BapTo BigaaTh nepesary Bibpadii.
OCHOBHI AMHaMIYHI CUnK, LLO Ai0Thb Y MallMHaX POTOPHOrO TUMy,
TBOPIOKOUN iXHIO BibpaLito um Wwym, npuBegeHi B Tabnuui 1. 1.
[j'aﬁnuuﬂ 1.1 — Tunu KonuBanbHUX CUI, LWO Ail0Tb Y MalUMHaX POTOPHOTO TUMY
WNA DKEPEINO
(i MexaHiuHoi npupoaun

Cunu Tepta By3anu TepTa KOYeHHs i _KOB3aHHSA
Ynapu [edekTHi noBepxHi TepTa 2. EnekTpomarHiTHOI _npupoaun
MarHiTHi ®PnykTyauii_06’emMy nNoBITPAHOrO 3a30py B _MarHiTonpoBOAi

EnekTpoauHamiyHi 3MiHHI cknafoBi cTpyMy i _NOTOKY
MarnitocTpukuinHi Edekt marHiTocTpukuii B marHitonposoai 3. lFiapo (aepo)anHamivHoi npupoau

NignimanbHi ((06TikaHHsA) Pyx nonacTi B HeOAHOPIAHOMY NOTOL 4K B

rpyni_HeoAHAKOBMX fonat B OLHOPIAHOMY MOTOLi
Cunu Tepta [paHnLis NoToky idepyxomwx YacTuH
Mynbcauii Tucky TypOyneHTHICTb NOTOKY, 3pUB BUXPIB,

KaBiTauisa

3mH. Apk. No gokym. Mignuc Oata
Apk.
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|Qm1 MeXxaHiYHOI _Npupoay BapTo BUAINWUTU: — BiALIEHTPOBI _cnnu,_oByMOBNEHi He3piBHOBaXEHICTIO 06epTOBUX BY3NiB;_

— KiHemMaTu4Hi cunu, obyMOoBNeHi HEPIBHICTIO B3a€EMOAiIHO4YNX NOBEPXOHb i, _
Hacamnepen, MNOBEPXOHb TEPTS B MiAWMMHUKAX; — MapamMeTpuyHi cunu, o6ymoBneHi Hacamnepes 3MiHHOK CKIafoBOo

paocTi 06epToBUX By3niB YM onop obepTaHHs;

MNKU _TepTs, Lo Aaneko He 3aBXAM MOXHa BBaXaTu MexaHiYHUMU, ane mMaike 3aBXAU BOHU € pe3ynbTaToM cyMapHoi Aii 6e3niyi
Mikpoyaapis 3
nedopmadieto (MPYXHOT) KOHTaKTYHYMX MiKpOHepiBHOCTeﬂa NOBEPXHAX TePTHA; — CUNU _yapHOro BWAY, L0 BUHUKAOTb NPU B3aEMOZAIi OKpeMux




efleMeHTiB TepTA, WO _CyNPOBOMKYETLCA iXHbOK NpPYkKHOK Aecdopmauieto.

13 cun eneKkTpoMarHiTHOro NOXOM4XXeHHs1 B eNeKTPUYHUX MallvHax BapTo
BUAOINUTH:

3asopy;_
— _eneKkTpoAuHaMiYHi cunu, o6yMOBMEHi B3aemofieto MarHiTHOro Nons 3 enekKTPUYHUM CTPYMOM;
— MarHiTOCTPUKLiNHI cunu, obymoBneHi epekTom MarHiTocTpuKLii, ToBTo

jHOO NiHINHUX PO3MipiB MarHiTHOro Martepiany nia Aieto MarHitTHoro nons.
18=cun aepoAMHaMiYHOrO NMOXOMKEHHA BapPTO BUAIMMUTU:

— nifHiManbHi_cunu, To6To CMNU TUCKY Ha Tino, Hanpuknaz, nonartka po6oyoro

Koneca, L0 pyXaeTbca B NOTOL, abo Lo OBTiKaeTbCca MOTOKOM; — CUNW TEPTS _Ha rpaHuLli MOTOKY i HEPYXOMMX YaCTUH MalUHU (BHYTPILLHBLOT
CTiHKM Tpy6onpoBoAy i T. n.);
— nynbcauii TUCKy B noToLi, 06ymMoBneHi oro TypOyneHTHICTIO, 3pMBOM

BUXPIB.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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Q:mw. rigpogvMHamivyHoro noxogmeuuﬁ OCHOBHOMY, MalOThb TY X NpPUpPoAY, O 1 Y_rasoBoMy cepefoBuLLi, ane A0 HUX A0[AITLCA Le i
nyrnscawii TuCKy Yyepes kaBiTauito, LWES3a NEBHUX YMOB MOXe BUHUKATU B NOTOL|i PiAUHM.
duuamiqui CUNM B _MalluvHax_CTBOPIOKTL BibpaLlio abo 6e3nocepeaHbo, abo Ccuiv_CTBOPKOWTL LIyM, a Wwym — Bibpauijto_kopnyca. Bibpauis, y.

3anexHoCTi BiA_

npupoau cun, siki i yTBOPIOTL, MoXxe 6yTu _abo_aeTepmiHOBaHOMO (YacTile
nepioiMyHow),_abo BunaakoBow. OAMH 3 HANNPOCTIWMX NPUKNAAIB

[eTepMiHOBaHOro curHany Bi6pauii_— rapMoHiiiHe konvBaHHs (puc. 1.4).

PucyHok 1.4 — EnemeHTapHe rapMOHiﬁHmoanaHHﬂ BoHo xapakTepu3yeTbcsi amnniTyaoto (nikoBe 3HavyeHHs Xnik, cepeAHbOKBaapaTU4He _
3Ha4yeHHA_XCK3 YN CcepeHe 3Ha4YeHH:A XCcp_NpoaeTeKToBaHOro

curHany), yactororw f=1/T i noyatkoBoto chasoro. BunagkoBui curHan_(puc. 1.5)_moxe npuimMaTtv 6yab-fKke 3HaYEHHS Y

BU3HAYEHOMY [iana3oHi, TOMy MOro xapakTepu3syrTb He aMMniiTyAoto, 4YacToTor i ha3oto, a NIKOBUM _3HaYEHHAM, CepeiHbOKBaAPaTUYHUM

3HaYeHHAM, cepeHiM 3HavYeHHAM_(NPOAETEKTOBAHOro curHany) i 3Ha4eHHsaM Big  nika fo nika.
PucyHok 1.5 — BunagkoBui BibpocurHan

3mH. Apk. No gokym. Mignuc Oata

Apk.
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yn Barat
KpaTHM)@AC. 1.7)_

PucyHok 1.6 — TumyacoBi curHanm Bibpauii i_ixHi _cnektpu Skwo curHan siBnsie co6ot _kombGiHalio_(puc. 1.6 i! ABOX _HaNMNpOCTILUMX

TaPMOHINHWX CKMaJ0oBUX 3 PI3HUMM YacToTamy_W _amnmityaaMu, To Moro crekTp mae Bug (puc. 1.6 npaBopy4d)—ae SBHO BWAHA HAasBHICTL came

LMX ABOX rapMOHIMHUX CKNafoBUX 3 Pi3HUMM _YacToTamn W _amnnityaamu.

Ha pucyHky 1.7 npeacraBrneHe YacoBe PO3ropHEHHS curHany BibGpadii i oro
CNeKTp.

PucyHok 1.7 — CknagHuii nepioanyHuii BibpocurHan Ta noro cnekrparnbHa

XapaKTepucTvka

OCKiﬂbKﬁpiOAMHHi CcKnagoBi BigobpaxarloTb CNekTpoM, TO BUNAAKOBI_TEX
BapTO_Tak camo BigoGpaxaTu, ane cnekTp  cyuinbHotwo (puc. 1.8).

3mH. Apk. No gokym. Mignuc Oata

ApkK.
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PucyHok 1.8 — CnekTp BMNaaKoBUX KOMMOHEHTIB BibpaLii
mnekTupquMﬂ TUM, WO BiH noAinse Bibpauilo Ha KOMMNOHEHTM 3 Pi3HMMU BNAacTUBOCTSIMU, @ AOCUTb YacTo i Pi3HOI Npupoaun. TUNOBUIA _

36iNblUeHHA YaCTOTWU FAPMOHINHUX CKNafloBUX CTA€ MeHLUE i BOHU NPaKTUYHO BiACYTHI B 06nacTi BUCOKUX 4acToT.

PucyHok 1.9 — CnekTtp curHany_ Bi6padlii




HLWVMWY MalUMHAMK i,_Yy_TOMY YMChi, TPaHCNOPTOM L0 NPOXOAUTL Ha NOPIBHAHO BenUKii BiacTaHi.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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mco&msicm BiGpauii Ha HU3LKKX YacToTax Monsirae B TOMY, mmoua cnabo

3aracae B NPOCTOPi, a OTXe, Yy TOYLi BCTAHOBMNEHHSA [aTyvka AOXOAUTh Bibpauis Bia_ycCix By3niB KOHTPONbOBAaHOI MalUMHW, Bif_CNonyyYeHux 3
Helo iHWMX MaLMH i Bif _CyCiAHbOro yctatkyBaHHA. Tomy npu aHanisi Bi6pauii Ha HU3bKMX YacToTax BUHMKaE Nnpobnema nokanisauii gedekTHoro
By3na i _npobnema

3aBajo3axuileHocTi. Ha umx yactotax (y_JianasoHi 4acToT Ao 3-5 rapMOHikuM YacToTu o6epTaHHA) MalLMHa KONIMBAETLCA SIK €AMHE Line, Tomy

noTpiGHi Benuki cunu i Benuki gedekTu, WwWob posroraaTt Bcto mawmnHy. Ha cepeaHix yYactorax y Oyab-ski TouLi KOHTponto Bibpauis
CTBOPIOETHCH, B OCHOBHOMY, KONUBaNbHUMWU _CUiamu, Lo AiloTb Y_Hanbnwxynx Ao Hel By3nax MawuHW. Y cnekTpi BiGpauii cnoctepiraeTbca

BesiMKa KiMbKiCTb_rapMOHINHNX
CKIa/loBMX Pi3HOT YacTOTH, ane Yepe3 YMCNEHHICTb Pe30HaHCIB CMiBBiAHOLWEHHSI aMNAiTyA LMX CKIafoBUX CUIbHO Bigpi3HAOTLCA Bif

cniBBiAHOLWEHb BenuynH
iXHIX konuBanbHWUX cun.
aMeHLUiN 3MiHi YacToTn o6epTaHHA MawmnHu. Ha BUCokux YyactoTax Bibpauisi 3000yBae XBUNbOBUI XapakTep, Y CrekTpi
dano niHin, mano (Ha nepwwui nornAa) iHcopmadii, ane 408 NopyweHHA BibpaLlii AocUTb HaBiTb Manux cun . Bibpauia ynsTpa3BykoBux _
4acTOT_CTBOPHETHLCH, B OCHOBHOMY,

MiKpoyAapamu, ane nowvpETbCS TiflbKY NO_OAHORIAHOMY cepefoBully (MeTan 6e3 6onTis,_3BapeHux LBIB). [lo onTUMansHOI To4kK [i_BUMIpY,

3mH. Apk. No gokym. Mignuc Oata
Apk.
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1.5 IcTopuyHi acnekTn po3BuTKy BiGpaLiHOro KOHTPOMIO Ta
BibpoAiarHOCTUKN MaLLVWH.

Y Byab-sikii obnacTi TexHikv Big, inei fo ii peanisauii npoxoantb 20-30

pokiB. Tix TepMiHW NoTpjOHi 6ynn Ans po3BuUTKY edeKTUBHOI BiGpaLjiiHOT

AiarHOCTMKM MawwuH. Tak=OCHOBHI MeToAau aiarHocTuku 3'sBunuca B 60-80-Tux pokax, konuv Bneplue 3'asBUNaca TexHika aHanisy Bibpauii, wo
nepeBULLYE MOXIUBOCTI CNyXy NOAUHU. Ane Ang npakTUYHOI peani3auii umx MetoaiB_tpeba.

Byno uie 2-3 necATUNITTA, i TiNbKW B OCTaHHI poxaoua cTana _uMpoKo

BNPOBa/XXYBaTUCA MPAKTUYHO Y BCiX rany3six NpPoMMCcnoBOCTi.

Cs1 larHOCTMKa NPaKTUYHO 3'ABUNacst B cepeoByLLi BINCbKOBUX MOPSIKIB

LA, Benuko6puTaHii, To6To Tam, Ae ua 3agayva 6yna HanbGinbL akTyanbHa, Ae He 6yno npobnem 3 chiHaHCyBaHHAM Ha [OCTiAXKEHHSA, Ae
npauroBanu Kpauli BYeHi
W ilxeHepu.
Ane 3acobu BUMiploBaHHS He CTanu B TOW Yac HaCTINbKM PO3MNOBCIOAKEHUMU,
o6 BibpaLjinHa giarHocTuka ctana HacTinbKu NonynspHoto, sk 3apas. PeanbHo ui
3acobm=3'aBunucsa Ha novaTtky 90-x pokiB, Konu NpunNaaM Cranu CcTBoptoBaTUcs Ha 6a3i Mikpokomn'toTepiB. Jluwe Toai cknagHi BUAM aHanisy
curHaniB cTanuv AOCTYMNHi LUMPOKOMY Kracy cnoxusadiB. 3apa3 HoBe NOKOMiHHA KOMM'IOTEPIB 3'9BNAETbCA KOXHI 2-3 POKW,_i KOXKHI ABa-TpU

POKM OOHOBNSIETLCA BUMiplOBanbHa i aHanisyroua TexHika. MoxHa roBopuTH Npo Te, WO cy4acHUi npunag — ue FE“K nnioc Mikpokomn'otep.

LLinpoke _NoLuMpeHHa oaepXxanu BipTyanbHi Npunaawn, Konu npunag — ue AaT4yuK Nc nepcoHanbHUi Komn'otep. e rmnboka aiarHocTuka

MalUMH i ycTaTKyBaHHS no Bibpauii - e He TiNnbkn MeToAu [iarHocTukM 1 anapatypa Ans
BUMIpPY _aHanisy npoueciB. € e ABi 060B'A3KOBI CKNaAoBi YaCTUHU:

3mH. Apk. No gokym. Mignuc Oata
Apk.
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— 6asa gaHux no BMMipax BENUKOI KiNbKOCTi ycTaTKyBaHHS NPOTSArom
TPMBASIOro Yacy 3 MOXIIMBICTIO ONEPATUBHO OTPUMaHHS Byab-SKUX AaHWX i
NPOBOANTM iXHil aHani3;

— CMocobu NPUAHSTTA AiarHOCTUYHMX PilleHb.

Y nepLomMy nutaHHi nigepamu 3aexam 6ynu dipmu CLUA, wo ctBoptoBanu
npoTsirom 6araTbox PokiB epeKTUBHI KOMN'IOTEPHI CUCTEMWU MOHITOPUHTY, TOBTO
CMOCTepEeXeHHs 3a npoLiecamu, Lo NpoTikakTb, y TOMY Yuchi i 3a Bibpaieto
MalUWH i ycTaTkyBaHHs. [Jo cknafdy nporpamHoro 3abesneveHHs Bxoguna 6asa
[aHVX 3 XapakTepucTUKaMn KOHTPONbOBaHOTO YCTaTKyBaHHS i pesynsratamm
BUMIpPIB, 3py4YHUI iHTEPdENC KOPUCTYBaYa i3 Pis3HUMK NOporamMu, MOXIUBICTIO
rpacpiyHoro aHanisy 3 nobyaoBoK TPEHAIB, | iHLIMMK 3acobamu NpeacTaBneHHs



aHVX daxisLio-AiarHocTy.
pyre nuTaHHA B GiNbLIOCTi CUCTEM _[jarHOCTVKM BUPILLYETLCA OHMM CMOCOGOM — 3ary4eHHsIM eKcnepTa no AiarHOCTULI KOHKPeTHOro BUAY.

npunagis.

_Y 6araTtbox KpaiHax, i Hacamnepern QUJA, iCHy€e cuctema nNiaroToBKM i

nepenigroToBky Takmx ekcnepris. Y paai kpaiH, i B TOMy YMcni B €BPONENChKNX

Kpa'l'HaxbaKa niaroToBka BiACyTHA. Ane € e . HanpPsSIMKX_pilleHHs APYroro NUTaHHA — po3po6Ka LWTYYHOro iHTEeNnekKTy.

MepLwnit HaNPSIMOK — BUBYEHHSI LUTYYHOTO iHTeJ'IEKTﬁ, € HaBYaHHA NPOBOAUTL _CMnoYaTky pPo3pobnoBay cucTteMu, NOTiM KOPUCTYBay [OMOBHIOE

cucTemy noTpiGHuMuK nomy npasunamu. [pyrnii_HanpsMok — caMoHaBYanbHa
(_lapanTvBHA) cucTemMa _3_TBEpPAMMU anropuTtmMaMm HaBYaHHSA, 3afiaHUMKN

po3spobntoBavamu.

B paHwuii yac B eHepreTuyHin ranysi nae cTpimke 30inbLUeHHS YacTku
ra3oTyp6iHHMX ycTaHoBoK (I'TY) y BUpOBGHULTBI enekTpoeHeprii. Lien pict
0ByMOBREeHWi BBEAEHHSIM B eKCrilyaTaLito sik HOBUX naporasoBux 6nokis
TENNOENEeKTPOCTaHLIl, Tak i GrIOKOBUX ra3oTypOiHHUX TENNOENEKTPOCTaHLiN
(F'TEC), Wwo BMKOPUCTOBYIOTLCA AN enekTpudikauii i eHeprozabesneyeHHst
3mH. Apk. No gokym. Mignuc Oata

ApK.
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npouecy rasoBuaobyTKy y BigaaneHux panoHax. Ans senukux NMMEC
3aCTOCOBYIOTbCSI MOTYXHi ra3osi TypboreHepatopm (40-150 MBT), ans manux
(6nokoBux MMEC noTyHicTio 5-10 MBT) — TpaHCNOPTHI ra3oTypOGiHHI ABUMYHM,
B OCHOBHOMY, aBiaLiiHOrO i CyqHOBOrO TuMy.

Kpim Toro, ra3oTyp6iHHi ycTaHOBKU, SK HAaNBiNbLl EKOHOMIYHO eDEKTUBHI,
BMKOPUCTOBYIOTLCS SIK MPUBIA, razonepekavyBanbHUX arperatis Ha nignpuemMcTeax
TpaHCNOPTYBaHHsS NpUpPoAHOro rady. binbLwicTe nianpvemcTs Uiei ranysi
eKcnnyaTyroTb TpaHcnopTHi Y asiauiiHoro i cyaHoBoro Tuny. Y gaHoMy
NPOEKTi PO3rnsAaTbLCA 0COBNMBOCTI AiarHOCTYBaHHsi TpaHCnopTHUX MY (puc.
1.10), BUABNEHi NpU HATYpPHUX OOCHIMKEHHAX ABUTYHIB ABOX MapoK:

1. OP59J1 cynHoBoro Tuny, BupobHuuTea KpmBopidbkoro TypGiHHOMO 3aBoay.
BuxigHa notyxHicte 10,4 MBT, HOMiHanbHa LWBMAKICTb 06epTaHHsA poTopa
HM3bkoro Tucky 5300 06/xB, BUCOKOro TUcKy — 7200 06/xB, poTopa CunoBoi
Typ6iHn — 4500 06/xB, maca 14000 kr, noBHuI pecypc 82500 roa. (puc. 1.10 a).
2. HK-12CT aBiauintHoro Tuny, BupobHuutea Camapcbkoro
MoTopobyaiBHoro 06'egHaHHs. MoTyxHICTb Ha BUxigHomy Bany 6,3 MBT,
HOMiHarnbHa LWBMAKICTb 0b6epTaHHs poTopa Typbokomnpecopa 8280 06/xs,
cunoBoi Typ6iHu - 8200 06/xB, maca 3500 kr, npuaHadeHuii pecypc 33000 roa.
(puc. 1.10).

a) cyaHosoro Tuny — [1P59JT; 6) asiauinHoro Tuny — HK-12CT
PucyHok 1.10 — TpaHcnopTHi ra3oTyp6iHHi yCTaHOBKM B CKnafi
rasornepekavyBarnbHOro arperary

3mH. Apk. No gokym. Mignuc Oata

ApK.
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3. CyTTEBOIO KOHCTPYKTUBHOI BiAMIHHICTIO CYAHOBUX EHEPIEeTUYHUX

YCTaHOBOK € HasIBHICTb KackaziB BUCOKOTO i HU3bKOIO TUCKY, He 3B'si3aHnX
KiHEMaTW4HO Mix coboto, | MiXKBanbHOro ponMKoNiAWNMIHKKA.

PopmMyBaHHs curHany Bibpaduii MY BU3Ha4aeTbC Manumu rabaputamm i
BMKOPUCTAHHSAM MiALIMMHMKIB KOYEHHS 3 OHOTO GOKY, i BUCOKOH
€HEeproHacu4eHicTIo KOHCTPYKLUIi 1 o6opoTaMu poTopisB koMnpecopis i Typ6iH, 3
apyroro.

3asHayeHi 0cobnmnBOCTI KOHCTPYKLIT 1 yMOBM poboTu arperaTis

06yMOBMIOOTb AK BiNbLU HA3LKWUIA, Y NOPIBHAHHI 3 NapoBUMK TypBiHamu
MiXpeMOHTHUIA pecypc (1000-1500 roguH), Tak i icTOTHI TpyAHOLL Npu po3pobui
METOAMKMN AiarHOCTyBaHHS.

MeToaw BibpauiHOi AiarHOCTUKM I'PYHTYIOTbCSI Ha aHanisi curHanis,
OTpUMaHUX Bif AaTYMKIB BiOpaLlii, BCTAHOBMEHNX Y KOHTPOMbHMX TOYKaX
arperaTy. HaibinbLu nolwmpeHnMmn € MeToam YacoBoi Ta cnekTpanbHoi 06pobku
curHanis, siki 4O3BOMNAIOTb OLHIOBATN cepeaHbOKBaApaTUYHi 3HAYEHHS,
amnniTyagHi Ta YaCcTOTHI XapakTepucTukK BibpaLin.

CnekTpanbHuUii aHani3 fo3Bonse ineHTudikyBaT aedekTu, NoB’sidaHi 3
obepTanbHOK YacTOTOK POTOPA, @ TAKOX XapaKTEPHUMU YacToTaMm



NiaWWnHUKiB. MpoTe KnacuyHi MeToam cnekTpanbHOro aHanidy MarTb 06MexeHy
eeKTMBHICTb Yy pasi aHanidy HecTauioHapHUX NpoLecis, Lo noTpebye
BMKOPUCTaHHS GinbLU rHY4YKMX YacOBO-4aCTOTHUX METOAIB [5].

2. OCHOBHUIA METOA, AiarHOCTMKM NiALWMNHUKIB KOYEHHS — aHani3 cnekTpa
OrMHaKYOoI BUCOKOYACTOTHOT BUNaAKoBOI BibpaLii — ManoedeKkTUBHMUIA No ABOX
npuynHax:

a) NigLWnNHUKOBI BY3Nny HeQoCTYNHi Ans 6e3nocepenHboi yCTaHOBKU

[artyumkiB Bibpaii;

6) BcoKoyacToTHa BibpalLjist kopryca i Onop MiCTUTb CUMbHI FAPMOHilHi
CKNafoBi, L0 CTBOPHOOTL «MOMUIIKOBUIY CUrHAN Mogynsuii npu cnpasHoMy
NiQWNNHUKY KOYEHHS.

3mH. Apk. No gokym. Mignuc Oata

ApK.
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2.Y 3B'A3Ky 3 BiAHOCHO HEBEMNMKOK Macoo Koprnyca i BUCOKMX TemnepaTyp
po6oyoro Tina curHan BUCOKOYacTOTHOI BibpalLlii, BUMiptoBaHWUiA y ToUKax
KOHTPOSO Ha KOpMyCi yCTaHOBKM, MICTUTb, B OCHOBHOMY, iH(bopMaLiito npo
nokanbHi aepognHaMiyHi npouecu.

3. HaBaHTaxeHHs1 Ha pobodi i HanpaensAtoYi (Conno.i) nonaTku
BM3HAYaloTbCs, K NPaBuno, BigLEeHTPOBMMM Curiamu, LWo AiloTb Ha poTop i
cunamv aepofuHamiyHoro ornopy nonatok. Mpuyomy 3MiHHa cknagoBa OCTaHHIX
BM3HAYaETbCS HECMMETPIE0 aepoAMHaMIYHOro Onopy NonaTku i 3a CBOIM BMIMBOM
Ha BibpaLito 6nM3bka o MOMEHTHOI HE3PIBHOBaXEHOCTi poTopa, ane BenMyuHa
hopMyHOUMX KOMMBANbHWX CUI, a, OTXe, i BibpaLlii, 3anexuvTb Bif HaBaHTaXeHHS
Ha arperar.
4. AepoaMHaMiyHi xapaKkTepuUCTUKM NOBITPS | NPOAYKTIB 3ropsiHHSA
NPUPOAHOrO rasdy B MPOTOYHIM YaCTVHI MatoTb NiABULLEHY TypOYNeHTHICTb i, SiK
Hacnifok, 3'ABNAeTbCsA HeniHinHa B3aemogist HanbnNx4nx cTyneHen (K poboumx,
Tak i connoBmx). Y pesynbsTaTi LbOro BUHUKaOTh KONMBarbHi CUnv Ha
cybrapMoHikax fionaTkoBMX 4acToT i Ha KOMBIHALIMHNX YacToTax.

5. Y TpbOXBanbHMX YCTaHOBKaX MiKBaNbHUI NIALLUWMHUK, WO HE € HECYYOID
OMOpPOI0 POTOPA, HABAHTAXYETHLCS MPY MPOTMHAaX POTOPIB, HECMIBBICHOCTI i/un
aepoavHaMiyHMx npobnemax, LWo NpMBOANUTL A0 HEMiHINHOT B3aemogil
BiLIEHTPOBMX CUI KacKafiB BUCOKOIO i HU3bKOrO TUCKY i B3aEMHOT MOAYNsLii
BiGpaLjii Ha YacToTax 06epTaHHs Liux poTopiB.
6. Brin3bki 3Ha4YEHHS YacTOT 06epTaHHs Pi3HUX KackafiB yCTaHOBKU, a
TaKoX Benuka KinbKiCTb CTYMiHEN 3 Pi3HOHO KinbKiCTio flonaTok 06yMoBIntoe
BMCOKE YMCIo KOMBiHaLUIHWX | monaTkoBUX CKradoBux Bibpauii y BcboMy
[AianasoHi 4acToT, WO iCTOTHO YyTPYAHSE NOCTaHOBKY AiarHo3y 1 aBToMaTn3aLito
anroputmy.
Micns aHanisy nepepaxoBaHux BuLle 0cobnMBocTeN (POPMYBaHHS
BibpauiiHoro curHany i BnnvBy AedekTiB Ha Aoro napameTpu BUPOGneHun
OCHOBHUWI Miaxia Ao giarHoctuku MY AaHoro Tvny — iHTerpanbHa OLiHKa CTaHy
3mH. Apk. No gokym. Mignuc Oata
Apk.
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YCTaHOBKW NpU HasiBHOCTi po3BUHYTUX AedekTiB. OcKinbku BUSIBNEHHS AedeKTiB
KOXHOrO By3na, L0 3apoaxytoTbes, [TY yTpyaHeHo, a 03Haku cepeaHix aedekTis
iCTOTHO 3MiHIOIOTb CBOE 3HAYEHHS MPW 3MiHi HABaHTaXEHHS, NPUNHATE PiLLeHHS
Npo «BiACTOPOHEHY» OL|iHKY — BUSIBMEHHI AiarHOCTUYHMX O3HAK TinbKu
PO3BUHYTUX AedeKTiB i BiiMOBa Bif TOYOK KOHTPOSIO BibpaLii Ha koprnyci
NPOTOYHOT YaCTUHW.

[1Ba OCHOBHUX MOMNOXEHHSI METOAUKM:

1. O6'ekTVBHa OLLiHKa CTaHy arperaTty MOXnunBa npv KOHTpori Bibpauii B

TOYKax, MO MOXIMBOCTI PIBHOBIAAANEHHMX Bii OCHOBHUX AXXepern KOpnycHOT
Bibpauii.

2. 3 BMCOKOHO BipOriAHICTIO MOXHa 3HaNTU TinbKy PO3BUHYTI AedekTun, Tomy

Lo curHan Bibpallii, Wo CTBOPHOETLCSA 3apoaXKyBaHUMK AedekTamu, MPakTUYHO
3aracae npuw NPOXoAXeHHi 40 06paHNX TOHOK KOHTPONIO.

[ns peanisauii uboro nigxoay HanbinbL ePeKTUBHUM € CNeKTpanbHUiA

aHani3 Bibpauii MaLIMHM B KOHTPOIbHUX TOYKaX Y NIOLLMHI KPiNneHHs onop



poTopa B ABOX HanpsiMKax y 30Hi KOXHOI 3 ornop o6epTaHHs.

B pe3ynbrati npoBegeHvx gocnigxkeHb po3pobneHa meToauka

niarHocTyBaHHs I'TY, sika rpyHTYETbCS Ha BUMIpi CnekTpiB BibpaLii Qpbox YacTOTHMX Aiana3oHax: HU3bkovacToTHoMy (Ao 1 ki), _
cepeaHbo4acToTHOMY. (A0

_5 klN'y) i _BucokoyactotHomy (Ao 25 kl'u).

MepioanyHicTe BUMIpiB NepeHoCHUMM BibpoaHaniaytouvmm 3acobamm

po3pobneHoi meToauku cknagae &gt;1000 roguH HapobiTKy arperaTy, ane He pigle

1 pa3y npotsirom 3 micsiLiB, i CkopouyeTbes No po3BuTKy AedekTiB Ao 100 roguH.

1.6 AHanis icHytouMx cucTem KoHTponto Bibpauii IMA

ICHytO4i NPOMUCIIOBI CUCTEMM KOHTPONO BibpaLii razonepekadyBanbHUX
arperartiB 34e6inbLIOro peaniaytoTb MOPOroBMi NPUHLMN OLjiHIOBaHHS NapaMeTpis
Ta noTpebyoTb ydacTi onepaTopa Ans iHTepnpeTauii pesyneratis. Takvi nioxia
3mH. Apk. No gokym. Mignuc Oata

Apk.
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He 3a6e3neyye NOBHOT aBTOMaTM3aLlii NpoLecy AiarHOCTMKM Ta YCKMaHoe
NPOrHO3yBaHHs PO3BUTKY AEEKTIB.

[MepcnekTMBHMM HanpsiMOM PO3BUTKY CUCTEM BibpaLinHOT AiarHOCTUKK €
BNPOBa[KEHHS iHTENeKTyanbHNX anropuTmis aHanidy AaHux, Wo A03BONA0Tb
aBTOMaTn3yBaTN POPMYBAHHSA AiarHOCTUYHUX O3HAK | NPUNHATTSA pilleHb LLOAO
TEXHIYHOro cTaHy obnagHaHHs [6].

CborogHi B npakTuky ekcnnyarauii ['MA BnpoBamxXyeTbCs NPOrPeCUBHIN i
€KOHOMIYHO edhekTMBHUI cnocib ekcnnyaTauii 3a hakTUYHUM TEXHIYHUM CTaHOM.
Y upomy BUNaaKy nepebupaHHio Yv 3amiHi nignaratotb Ti getani i Byanu MIA,

AKi € AedeKTHUMY | He BiANOBIAAIOTb TEXHIYHUM BMMOram.

Takuii MeTog ekcninyaTauii 3a hakTU4HUM cTaHoM 3abesnedye GinbLu

BMCOKMI piBeHb HaginHocTi By3niB IMIA i arperata B UifloMy Ta CyTTEBO 3MEHLLYE
36UTKK, 3anopisiHi nepioAnYHUMK NPoiNaKTUYHMMKN OrNsiAaMU i 3ynMHKaMu
I'MA. 3rigHO CTaTUCTUYHMM AaHUM BUTPATU Ha HEOGIpPyHTOBaHe 06CnyroByBaHHS
i PEMOHT BIAMNOBIAHO 4O CUCTEMM MIIAHOBO-NONEPEAXYBarbHNX PEMOHTIB
cknagatotb maike 7.0% no BigHOLLEHHIO 40 BCiX BUTPAT Ha ekcniyaTauito.
TakvM YMHOM, LUMPOKEe BNPOBaAXeHHs cucTteMmn obenyroByBaHHs A 3a
(HaKTUYHUM TEXHIYHUM CTAHOM MOXIIMBE Ha OCHOBI BUKOPUCTaHHSA METOZIB i
3acobiB TeXHIYHOI AiarHOCTUKK, 30Kpema, BibpoaKkyCTUYHOI, siki 6a3yroTbCs Ha
npuHumnax 6e3po3bipHOCTi, onepaTMBHOCTI Ta yHiBEpCcanbHOCTI.

TexHiYHa giarHocTMKa BMpILLYE TpU OCHOBHI 3aaaui [1]:

KOHTpOIb TEXHIYHOMO CTaHy, NOLYK AeeKTiB i NPOrHO3yBaHHSA CTaHy.

MepLua 3apada 060B’I3KOBO BUPILLYETLCA NPU AiarHOCTyBaHHI 06’ekTiB
Oyab-AKoro npusHaveHHs1. KoHTponb TeXHIYHOro ctaHy nepenbavae nepesipky
BiAMNOBIAHOCTi 3HaYeHb AiarHOCTUYHMX O3HaK BUMOram TeXHIYHOT AoKyMeHTaLji.
[Mpy LbOMY MOXNUBI ABa BUAW KOHTPOIO: AKICHWUI (4ONYCKOBUI) i

KinbKiCHWI (3anac npauesfnaTtHocTi). B ToMmy Bunagky, konm o6’ekt
niarHocTyBaHHsi — [T1A — BTpaTMB npauesaaTHicTb abo 3anac npauesgaTHocTi
3Ha4YHO MOHU3MBCS, BUPILWYETbCS Apyra 3agadva — nowyk aedekty. [JouinbHicTb ii
3mH. Apk. No gokym. Mignuc Oata

Apk.
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BM3HAYaETbCA MOXIMBICTIO BiAHOBMNEHHS 06’€KTY, TOOTO YCyHeHHs AedekTy, AKui
BUHUK.

B cBoto yepry, ycyHyTn gedekT MoXHa nuiie B TOMy BUNaaky, konv ob’ekt
pemMoHTONpuAaTHUI, TOBTO NPUCTOCOBAHUIA 10 YCYHEHHS AeEKTIB, SIKi BUHWUKNU B
HbOMY, | 06CnyroByOUNiA NepcoHan Mae 3acobu i Yac Ans Moro BiJHOBMNEHHS.

B upomy BMNaaky nowyk AedeKTy NoYMHaeTbCs, Sk NpaBuno, 3a yMoBM, L0

BX€ BiOMO Mpo HasiBHICTb AedeKTY, i HEBIAOMO nuLle, AKkuii came AedeKT BUHMK.
Mpu BUPpILLEHHI TPeTbOI 3afadi BUBYAETLCS XapakTep 3MiHW AiarHOCTUYHMX
napameTpiB i Ha OCHOBI cchOpMOBaHUX TeHAEHLU NnepeadaqYaeTbCs 3HaUYEeHHS
napameTpiB Ha ManbyTHi nepiof Yacy.

HanbinbLu po3noBCiofkeHUM NoeAHaHHAM 3aay, SKi BUpILLYOTbCS B

npoueci AiarHocTyBaHHs, € [1]:



- KOHTPOb NpaLEe3aaTHOCTI (3anacy npaLe3naTHOCTI) | NoLwyK AedekTy;

- KOHTPOb NPaLEe3AaTHOCTI (3anacy npaue3faTHOCTI) | NPOrHO3yBaHHS

CTaHy;

- KOHTPOMb Npavue3aaTHOCTI (3anacy npauesfaTHOCTI), NOoLWyK AedekTy i
NMPOrHO3yBaHHS CTaHy.

BibpauiiHa giarHocTuka — oaMH 3 HaNPSIMKIB TEXHIYHOT AiarHOCTUKK,

SIKUA BUKOPUCTOBYE 3a AiarHOCTUYHI 03HaKW BibpaLiiHi curHanm, wo
reHepytoTbcs enemeHtamu i Byanamu Of]. LLinpokmi yactoTHWI dianasoH
BiGpaLifiHVX curHanis 06yMoBMioe X WBMAKY, MPaKTU4YHO MUTTEBY peakLiito Ha
3MiHy cTaHy o6’ekTa. Tomy meToam BiGpoaiarHOCTUKN HE3aMiHHI y TUX BUMagkax,
KON NOTPIOGEH WBMAKNIA AiarHo3 i LBUAKE NPUAHATTS PiLLEHHS.

TyT cnig BigMiTUTK, WO GinbLicTb AedekTiB [MTA obymoBneHi

6e3nocepenHbo BibpaLieto abo nor’si3aHi 3 Heto. Tomy Ha fonto AedekTis,
BUSIBIIEHNX 3@ [ONOMOrot BibpauiiHux metogdis, npunagae 6nmabko 35% Bif ix
3aranbHOI KinbKoCTi.

BpaxoBytouu, L0 OCHOBHI 3afavi gucepTauinHoi poboTu noe’sisaHi 3
KOHTpornem BibpauiiiHoro ctany ITIA i itoro Tpy6onpoBigHoT 068’A3ku, TO6TO
3mH. Apk. No gokym. Mignuc Oata

Apk.
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BUPILLEHHSIM NepLUOi 3aadi TEXHIYHOI 4iarHOCTUKM — KOHTPONEM npaLue3faTHOCTi,
B po3aini 6inbLu AeTanbHO 3yNMHUMOCS Ha MOro MeTOAMYHUX 3acafax i KOpoTKo —
Ha BUPILLEHHI Apyrol 3aJadi NoLwyKy AedekTis.

[ocsin ekcnnyaTtauii [MA nokasye, Lo po3BUTOK BinbLLOCTi AedekTiB
npu3BOAUTb A0 MiABULLEHHS BiOpaLii, WO, B CBOIO Yepry, BUKNUKAE LLBUOKE
3HOLLYBaHHS BY31iB i MEXaHI3MIB Ta € NPUYNHOIO NEpefYacHoOro BUXoay arperatis
3 napy. PiBeHb BiGpaLii arperaTy 3anexuTb Bif TOro, HacKinbku siKicHO BiH
CNpOEeKTOBaHWA i 3ibpaHuii.

B ymoBax ekcnnyaTauii BCTaHOBMEHO, WO MiX XapakTepucTukamu Bibpadii
MaLUWH i iX TEXHIYHUM CTaHOM iCHY€E MPsiMUiA 3B’A30K [2]. TOMy Npu BU3HAYEHHI
cTyneHst Hebeaneku Bibpauii ansa A B npoueci oro ekcnnyarauii HeobxiaHo
3HaATU rPaHUYHi iIHTEHCMBHOCTI BibpalLlii, Npy SKKX Lie MOXHa 1oro

eKcrnnyaTtyBaTh Ha NpoTsA3i TpMBanoro nepiogy yacy, abo ekcnnyaTawito MoxHa
NPOAOBXUTK, ane 3 06epexHICTo i Mg NOCTINHUM KOHTponem, abo > noganblua
eKcrinyarawiss Moxe Npu3BecTW 4o aBapii i arperaT HeO6XigHO 3yNUHUTH.

Mpv HopMyBaHHi BibpaLii BUKOPUCTOBYIOTLCS Pi3HOMaHITHI nigxoau. Ak

npaBunio, HopMyBaHHS Bibpauii 6a3yeTbcs Ha BEMUMKOMY CTaTUCTUYHOMY MaTepiani
Ta AoCBiAi ekcnnyaTauii ycTaHOBOK 4aHOro knacy.

Mpw BiACYTHOCTI CTATUCTUYHMX AaHWUX MOXHA 3a4aTUCs rPaHUYHUM
36inbLIeHHAM Bibpauii Ha 64b.

Lis BenuuuHa B 3apybidkHux cTaHaapTax [3] xapakTepusye BiAMiIHHICTb Mk
CyCiAHIMM Knacamu TEXHIYHOro CTaHy mMexaHiamy. Mpy NoaBoeHHI piBHSA Bibpauii
MexaHi3My peKOMeHYyETbCS MPOBECTU MO0 PEMOHT [4].

IcHytoui HopmK BibpalLii cTaTopa NpeacTaBnAloTb eKCNEePTHi OLIHKK, LLO
6asyloTbCsa Ha y3aranbHeHHi AocBigy ekcnnyaTauii. binbL TouHe 06rpyHTyBaHHS
HOPM MOXIMBE Ha OCHOBI ONTMMI3aLiiHOrO NiAxoAy, Wo BpaxoBye, 3 O4HOro
6OKy, BipOrifHICTb MOLLKOXEHHS BY3MiB Ta 36MTOK BHACNIAOK iX BiAMOBY, 3
iHLWOro — 36inbLUeHHs nepiogy ekcnnyarauii y Bunagky 3aHagTo 4acToro
nepeBULLEHHS HOPMAaTVBHOTO PiBHSA BiGpaLili.

3mH. Apk. No gokym. Mignuc Oata

ApK.
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CX0Xuii METO[, 3aCTOCOBYETLCS i ANS NONepeAHbOoro 06rpyHTYBaHHS YacoBUX
HopM BibpaLlii ocepasa Ta 06MoTKkM cTaTopa rigporeHepaTopa. 3 nornsay
HOPMYBaHHS! BXXNIMBO MaTK AaHi Mpo rpaHNYHO JONYCTUMI BENUYMHM Bibpauii,
LL|O BU3HAYaOTbCA HECYYO0 3AATHICTIO KOHCTPYKTUBHUX BY3MiB, B TOMY YMCHi
rPaHUYHO AONYCTUMUMU HaMPYXXEHHAMW MaTepianis.

OCHOBM CMCTEMATU30BaHOI OLIHKM TEXHIYHOMO CTaHy MalLlWH Bif piBHS iX
Bibpauii Bnepwe 6ynu nogaHi B [5]. Lii maTtepianu € cknagoBoto YacTuHowo abo
BPaxOBYOTbCSA Maixe y BCiX JOKYMEHTax, Lo pernameHTyoTb piBHi BibpaLii
Pi3HMX TUMIB MaLUWH i AeTanei, Wo MaTb 06epToBi pyXu.



YncneHHi BiTYM3HSHI | 3apyBixHi HayKOBO-AOCMIAHNLBKI | KOHCTPYKTOPChKI
iHCTUTYTW Ta MiXXHapOZHi opraHi3auii po3pobnsitoTe KPUTEPIi OLiHKK Hebeanekn
Bibpauii obnagHaHHs.
MaTematuyHa mofenb BibpaLii, po3pobneHa Ha 6asi gaHux BibpauiiHoro
cTaHy ogHoTunHux MA, nepen6ayae NOPIBHSAHHSA 3aranbHOro PiBHA
Bi6poLuBuakocTi IMA 3 JONyCTUMKUM 3HaYEHHSM (HOPMOI0) BibpOLLBMAKOCTI eq)
aHanoriyHo cepeHbOKBaApaTUYHOMY 3HAYEHHIO BUNAAKOBOI BiOPOLIBUAKOCTI.
[nsi rpaHUYHOro 3HaYEHHS rp@ BMKOPUCTOBYETHCSA NPaBumo “ 3 — Tpbox
cirm”:
)0/(41)(1
22
111 VKVKVied ; (12)
)O/(71)(5.11
22
111 VKVKVp ; (1.3)
3
00
5
0
222
)1(16
3
xxK
xHKK
K

Kpp

Ae )( 1
2
1VV —amnnityaa i gucnepcis nepLuoi poTOpHOI rapMoHiKku
BiGpoOLLBMAKOCTI;

1, KK — koediuieHTn, 38’s13aHi 3 BUAOM pO3NOAiNy ryCTUHW POTOPHUX
rapmoHik cnekTpa Bibpallii;

Kp KK, — koediuieHTn )opcTKOCTi poTopa i kopnyca;

Kp , — BnacHa yactoTta potopa i kopnyca;
3mH. Apk. No gokym. Mignuc Oata
ApK.
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— yacToTa obepTaHHs poTopa;
— 3a30p NiALIMMHMKA KOB3aHHS;

0x — BiAHOCHWI eKCLeHTpUCUTET Landu NigLLINMHUKA KOB3aHHS, WO
BiAMOBIAAE MOMOXEHHIO CTilKOi piBHOBAru.

Lli Bupa3u 6ynu 3actocoBaHi Ans HopMyBaHHS Bibpauii [TIA, wo
noctaenanucs BO “HeBcbkuii 3aBof” 3 BUKOPUCTAHHAM AaHUX
eKcnepuMeHTanbHNX AOCNiAXeHb.

KopiHb KBaapaTHWin 3 gucnepcii amnniTyan nepLioi pOTOPHOI rapMOHIKM
BM3Ha4anu npubnusHo 3 rictorpamu 6e3nedekTHUX arperatis y BUTMSL:
3/)( max1 VvV ,
ae Vmax - MakcumarbHe 3HaYeHHs aMniiTyam BiOpOLBUAKOCTI Ha
ricrorpami.

MakcumanbHe 3Ha4YeHHS NepLUOi POTOPHOI FAPMOHIKW Y BEPTUKaNbHOMY
Hanpsimi 6e3pedekTHoro arperaty N'MK-10 i 'T-750-6 cknagae V1=11.2 mml/c,
o(V1)= 4 mm/c.

[insa BuLLEe3ragaHoro 3Ha4eHHsa Ancnepcii po3paxyHoK AonyCTUMOro i
rPaHUYHOrO 3ararnbHOro PiBHs BIGPOLUBUAKOCTI NPOBOAMMN NPU HACTYMHUX
noyatkoBux gaHux: A=0,32 mM; w=5311/c; Xo=0,74; K1=1,15; K=1.86
8

5

48.0

22

Kp



X XT X

paHn4He 3Ha4eHHs 3aranbHOro piBHS Bibpadii rp@ = 11,4 mm/c € mexetro,

Lo gonyckae ekcrnnyarauito A (3a Hopmamu BiGpaLyii rp@ =11.2 mm/c).
[onycTrMe 3Ha4YeHHs 3aranbHOro piBHS BiOPOLLBUAKOCTI ,q@ =45 mm/c B
nepepaxyHky A0 iCHylo4MX HOpM Bignosigae rpagadii "gobpe", ska
XapakTepusyeTbCs MiHIManbHO BipOriAHICTIO NosiBM AedeKTiB B
KOHTPOMNbOBaHMX By3Max BNPOAOBX MiXXPEMOHTHOro npobiry arperary.
Po3pobrneHa meToamka 3acTocoByBanacs Anst HopMyBaHHs Bibpauii Bcix Tunis
'MA ranysi, B TOMy 4u1cni i Ans TUX, WO NpoekTytoTbes. [Ons Hux gucnepcis
nepLUoi POTOPHOT rapMOHiku ob4ucroBanacs 3a 4ONOMOroK AaHUX 3 HOPMYBaHHS
3mH. Apk. No gokym. Mignuc Oata

Apk.
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auncbanaHcy potopa. [lianasoH ,q@ + rp po36UTUIA Ha 30HW. 3anexHo Bif
iHTeHcuBHOCTI Bibpauii By3nie 'MA nepepbadeHi HaCTyMNHi AKICHi OLIHKM iX

BibpaujiiHoro ctaHy: "BigMiHHO", "0o6pe", "gonyctumo",
3axogis", "Henpunyctumo".
BpaxoBytouu, wo MIA 3 cyqoBum NpuBoAoM 3HaxXoasATbCs Mif NOCTINHAM

KOHTPONeM cucTeMm BibpoaiarHOCTyBaHHS, OCKINbKY BiAMOBY ra3oTypBiHHMUX

BUMarae npuUnHATTA

[OBUryHIB LMX arperaTiB o6yMoBneHi ix 3aHafaTo BUcoKot Bibpauieto, y 1981 poui
6ynu BunyLeHi TM4acoBi Hopmu Bibpauii arperatis MA-10 i meTognka
BMMiptoBaHHs Bibpauii. OgHak cknagHicTb iX BNPOBa[)KEHHs1 Ha ToW Yac nonsrana
Y BiACYTHOCTI LUTATHOI CUCTEMM KOHTPONIO BibpaLyii .

€ MeToaMKa BU3HAYEHHS 30H CTaHIiB arperaty i MporHosy oro

npaue3faTHOCTi Ha OCHOBI CTaTUCTUYHOT 0BPOBKM AaHMX AiarHOCTyBaHHS 3
BMKOPWUCTaHHSM perpeciiHoro aHanidy. MNpeacrasneHi nporpamu BnopsiaKyBaHHS
CTaTUCTUYHUX MaTepianiB i 0BYMCNEHHs cepeaiHiX XapaKTePUCTUK MacuBy
arperaTis 3 HanpaLoBaHHS, BU3HAYEeHHs po3noginy cTaHis (rinotesa npo
niorHopmarnbHOCTi), anpokcumalii TpeHga ctaHy [TA 3 HanpauoBaHHS
eKCroHeHLianbHO yHKLiE MEeTOAOM HaMEHLUMX KBaapaTiB, NobyaoBmM 30H
"cnpaBHu" (NpauesgatHui), "HecnpaBHM" (peMOHTHUIA) cTaH 1A i nporHo3y
Moro npawes3aaTHocCTi.

3rigHO pernameHTy BUMIpIOBaHb, HeobXiaHUX Ans giarHoctyBaHHs IIA,
TEXHOSOriYHUX 06B’sI30K | 3aranbHO cTaHuUiHoro obnagHaHHa KC KOHTPOnbHi
BMMIipIOBaHHs 1-ro piBHS AiarHOCTyBaHHsA nepenbavatoTb BUMIpOBaHHS
3aranbHoro piBHSA BibpaLii B N'ATH LUTATHMUX ToYKax LWoAo60BO 3 METOH
KOHTPOSO TEXHIYHOIO CTaHy CUMOBKX €NeMEHTIB, B 34 LUTATHUX TO4Kax
LLIOKBapTasnibHO 3 METOK KOHTPO 3aranbHoro BibpocTtany IMMA. Mpu ubomy
BMOIp WITATHUX TOYOK Ha kopnyci IMIA Ta iX KinbKicTb He 0Br'pyHTOBYETLCS.
CTocoBHO Tpy6onpoBifHOT 06B’A3KM, TO pernaMeHToM peKOMEHOYETLCS
BMMIiptoBaTK piBeHb BiOpaLlii B ToUKax, siki po3TalloBaHi PiBHOMIPHO MO AOBXMHI
(B cepeaHboMy Yepesd 1M), 3HOBY X Taku HE OOrPYHTOBYOUM HaMPSIMU

3mH. Apk. No gokym. Mignuc Oata

ApK.
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BMMiptOBaHHS BibpaLlii, B TOMy 4vcni Npy BCTaHOBNEHHI BibpogaBaYiB Ha onopax,
Ha dyHaameHTax onop, ToLo.

MigHiMatloTbCa NUTaHHSA HopMyBaHHS Bibpauii A, a came Hopmu BibpaLii

['TIA Ha 3amiHy “TumyacoBux HopM”, 1974 poky BBOAY B Aito. B unx Hopmax 3a
napameTp HOpMyBaHHS Takox BubpaHa edekTuBHa BibpoLBuakicTb. MpuiHaTa
rpagadisi no 3oHaM iIHTEHCMBHOCTI BibpaLlii, a Takox knacudikauis arperaTis i
BMOIp MakcumManbHO AOMYCTUMUX 3HAYEHb e(h@ ONs pi3HMX Knacie 6asytoTbes Ha
pekomeHaauisx ctaHaapTie ISO i PEB.

[ins KOHBEpPTOBaHMX CyA0BUX i aBiaLinHMX ABUIYHIB 3@ OCHOBY rpagauii 3a
30HaMV iHTEHCUBHOCTI BiGpaLii NPpUAHATI 3HaYEHHs1 BCTAHOBIEHI 3aBoAaMu —
BMrOTOBMIOBaYaMMu.

HopmyBaHHs BibpalLii 3a 3aranbHVWM piBHEM € HE 30BCIM JOCKOHaNMm

MeTOZOM 3 TOYKM 30pYy 3ajay BibpodiarHoCTvKW. [ns To4Horo noginy



6e3nedeKTHOrO i AedeKTHOro CTaHiB arperatiB HeobXigHO 3acTocyBaTu
HOPMYBaHHsI 3a HaNbINbLL XapakTepHMU CKNaJoBUMM YaCTOTHOTO CreKTpa,
TO6TO HOPMYBaHHsI B nosocax YacToT. OcTaHHe NOBUHHE Ga3dyBaTUCst Ha 3HaYHI
KiNbKOCTi CTaTUCTUYHMX AaHUX (CNeKTpiB BibpaLii 3Ha4YHOI KinbKOCTi arperaris)
Ha 6asi SKMX MOXHa OTPUMaTU CepefHbOCTaTUCTUYHI (OMOPHI CNEKTpH), LLO
ByayTb 3 AesKOK IMOBIPHICTIO XapaKkTepudyBaTu HopMarnbHy poboTy arperary.
CepeaHbOCTaTUCTUYHI 3HAYEHHS OKPeMUX CKNafoBuX criekTpa 3

BpaxyBaHHAM CepefiHbOKBaApaTUYHUX BiAXMNeHb OyayTb BBaXaTUCA MipUnom
6e3edekTHOrO CTaHy OKpeMUX By3niB, TOGTO MOXYTb OyTW NPUIAHSTI 3@ OCHOBY
0151 HOPMYBaHHS.

Takum ynHoMm y BibpogiarHocTuui IMA MoxHa BUAINMTY ABa Nigxoau Ao
BM3HAYeHHs BibpocTaHy arperary.

Meplunii nepenbayvae BUKOPUCTaHHS ANs aHanidy cTaHiB By3niB

MaKCMManbHOi aMnAiTyan B AeSKOMY, AOCTaTHbO LUMPOKOMY AianasoHi 4acToT.
3mH. Apk. No gokym. Mignuc OaTa

Apk.
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[pyruin — BUAINEHHS B LLMPOKOMY Aiana3oHi HanxapaKTepHILLWX YacToT
(cnekTpanbHi i KopensuiiHi MeToan). BukoprcTaHHsi BkasaHux nigxoais
3anexuTb BiJ MOXIMBOCTEN i TEXHIYHOI ocHalleHocTi KC.

[ns nepLuoro nNigxoAy xapakTepHe BUBYEHHS 3HAYEHHS ehEKTUBHOT
BIGPOLLBMAKOCTI | NOPIBHAHHSA i 3 HOPMOBaHUMM 3HAYEHHAMM 33 ICHYIOHOI0
METOAMKOHO.

[pyrui (cnekTpanbHWit) Nigxia MoXxHa BiGHECTU A0 BUPILLEHHS Apyroi

3apadi AiarHocTukM — noLuyky AedekTis. MNpu LbOMyY AiarHOCTUYHOK 03HAKO
nedekTy € 3HaYeHHs edheKTUBHOI BiOPOLLBMAKOCTI y BUBpaHiii 30Hi YacTOTHOro
CneKkTpy By3na, AKui Nianarae giarHoCTyBaHHIO.

Takuii nigxig Mae NpakTUYHUIA BUXIA HA MeToauMKy BibpoaiarHOCTUKK

ctany MA-10 i ITIA-10-01.

BupilweHHsa apyroi 3agadi TeXHIYHOT AiarHOCTUKM — NOLLYKy AedbekTiB,

BMMarae BU3HaYeHHS1 CYKYNHOCTI AiarHOCTUYHMX 03HaK (MapaMeTpiB Yu
XapaKTepuCTyK), 3MiHa Sk1x Bifobpaxxae 3MiHy TEXHIYHOrO CTaHy (CTPYKTYPHOroO
napameTpy) enemMeHTa 4um By3na, Lo niansrae giarHocTyBaHHo [1].

CtocoBHo ITIA Takumu enemeHTamu i Byanamu €:

- poTop;

- ionaTeBun anapar;

- NiAWWNHUKOBI By3nK;

- KOpnyc ABUryHa;

- OfopHa cucTema;

- By3nu 3'eJHaHHs poTopiB cunoBux Typ6iH i HarHiTavis;

- iHLWi MexaHi3mu.

BuaBneHHs i AOCnimKEeHHS AiarHOCTUYHUX 03HaK CTaHIB eNemMeHTIB

By3niB [TIA € JoCTaTHLO CknafgHo HaykoBo 3afadeto. OcobnueocTi IMIA, wo
BM3HaYaloTb cneumdiky BupilleHHs BibpodiarHOCTUYHMX 3afay He JO03BONSIOTh
oTpuMaTU yHiBepcarbHi TEXHIYHI pilLEHHS CTOCOBHO METOAIB i 3ac06iB iX
npiarHoctyBaHHsi. OcTaHHE BU3Havae po3pobky meTogiB BibpoaiarHoCTUKM

3MmH. Apk. No gokym. Mignuc Oata

Apk.
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PO3MMSAHYTMX BULLE eneMeHTiB i By3niB [TIA, 6a3ytounck Ha METOA0NOrYHNX
3afjavax.

CbOrofHi B LbOMy HanpsiMky npavtoe 6arato HayKkoBLiB, Lo 06yMOoBnioe
3HaYHy KinbKIiCTb HaykoBUX Nybnikauii 3 HaNPSMKY BAOCKOHANEHHIO
BibpogiarHocTU4YHMX MeToaiB i 3acob6iB koHTponto A Benukoi oanHNYHOT
NOTYXXHOCTIi; po3pobLi BibpoaiarHOCTUYHMX CUCTEM AN KOMMPECOPHUX
YyCTaHOBOK Ta po3pobui meToziB BibpoaiarHOCTUKN ra3oTypOiHHUX ABUTYHIB
IMA.

CTOCOBHO OKpeMux enemeHTiB i By3nis ITIA icHyloTb meToan
AiarHOCTyBaHHsi pOTOpPIB, NONATKOBOrO anapary, 30Kpema AiarHoCTyBaHHs
nocnabneHHs cTyneHi aucka TypbiHM Ha Ban Ta AiarHOCTyBaHHS TPILLWH B
pobounx nonacTsx; NiAWMNHUKOBKX BY31iB; ONOPHOI CUCTEMM.

[ns pgiarHoCTyBaHHSt He PO3paxyHKOBUX MepeMillleHb KOpMyciB i



rasoxofiB I'MA 3a giarHOCTMYHY O3HaKy 3alleMeHHs BUKMAHUX razoxopis K-
10-01 6yno BubpaHo BigHOLLEHHSA amnniTyau Bibpauii pyHOaaMeHTanbHMX KOMOH i
6noka THT

THT

A

A

L, (1.4)

ne AK — MakcumaribHe 3Ha4yeHHs! nonepeyHoi ckragoBoi BiOPO3MilLeHHS
Oyab-AKOi 3 YOTMPLOX 3aAHiX KOMOH byHAAMEHTY;

ATHT— MakcumMarnbHe 3Ha4YeHHS! OfHIET 3 KOMMOHEHT BiIOPO3MiLLLEHHS
(BepTUKanbHOI, NONepeYHO-rTOPU3OHTaNbHOI, NO3A0BXHBLOT), BUMIPSIHE HA KPULLILL
6noka THT.

Peanizauis 3agay koHTponto npauesgaTtHocTi IIA i nowwyky aedekTiB oro
BY3niB | €NeMeHTIB BMUMarae BiANoOBIAHMX TEXHIYHMX 3acoBiB, po3pobLi SKnx
TaKOX NPUAINSETLCA 3HaYHa yBara.

Cborog A BiTYM3HAHOrO Ta 3apyObikHOro BUpoGHULTBa obnagHaHi
anapaTypoto, sika JO3BOSISiE BUMIPIOBATV 3HAYEHHS psigy napamMeTpiB, L0

XapakTepuaytoTb HaNBINbLL BaXIMBI TEXHOSOTiYHI MPOLECU Ta TEXHIYHWIA CTaH
OCHOBHVX BY3niB.

3mH. Apk. No gokym. Mignuc Oata

Apk.
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CbOrofiHi NpoBoAATLCS POOOTU MO CTBOPEHHIO CUCTEM AiarHOCTyBaHHS, sKi
npaLooTb OAHOYACHO i3 cucTemamu arperatHoi asTomaTtukn. Ha KC [IK
“YkpTpaHcras” ekcrinyartyeTbes BibpauiiHo-giarHocTuyaHmi komnneke BOK ans
LiiHKN TexHiyHoro cTany [MIA.
(:OJAI'IODTHi A tuny 'MK-10 _ykoMnneKkToBaHi CUCTEMOIO 3axUCTy Bif Bibpauii HarHiTada i Typ6okomnpecopa cdipmu “BENTLI NEVADA”.
Cuctema npu3HavyeHa AnAa _3axucTy_HarHitaya Bif HaaMipHoOI BiOpauii i ocboBOro 3cyBy, 3AiMCHIOE KOHTPONb  BibpaLii NiALWMNHUKIB HarHiTaya y

[BOX
nroLMHax i oCboBUIA 3cyB poTopa. Cuctema 3axucty Typbokomnpecopa BKIYae
KOHTPOSb TemnepaTypu, YactoTy obepTaHHsi, BibpaLiliHi napameTpu i iHLwi.

He omBnaymnch Ha pi3Hi CXeMOTEXHIYHI pilleHHs, OCHOBY OyAb-AKOi cucTeMun
BibpoaiarHOCTyBaHHs CknagaloThb: Bibpoaasadi, HopMytodi migcuntoBavi 3
mynbsTunnekcopom, LIAIM Ta mikponpouecop. Bubip octaHHb0ro o6ymoBntoe
yHKUIOHaNbHI MOXIMBOCTI CUCTEMU | BUHAYAETLCS SIK Ti CUCTEMHUM, TaKk i
NpUKNagHUM NporpamMmHuM 3abesneveHHaM.

1.7 BucHoBKkM i nocTaHoOBKa 3agadi

Y nepLiomMy po3gini npoaHaniaoBaHo rasonepekavyBanbHuUi arperat sk

06’ekT aBTOMaTK3aLlii Ta BU3HAYE€HO OCHOBHI [xepena i1 xapaKTepucTvku
BibpaLiiH1x npouecis. MNokaszaHo 0BMEXEHICTb KNacu4HUX METOAIB aHanisy
BibpauiiHux curHanis npu po6oTi 3 HecTauioHapHUMKM Npolecamu Ta
06r'pyHTOBAHO AOLNBHICTE 3aCTOCYBaHHS Cy4acHUX LMPOBUX anroputMis
06pobky AaHumX.

MpoBeneHuid aHania cy4acHoro ctaHy Nnpobnemm BiGPOKOHTPONHO i
npiarHoctyBaHHs MIA nokasas, WO CbOroAHi iCHye BenuKka KinbkicTb
Pi3HOMaHITHUX CUCTEM [iarHOCTYBaHHsi OKpeMux By3niB i enemeHTiB MA
nobyaoBaHux Ha 6asi peanisauii MeToziB BiGpoakyCTUYHOT AiarHOCTUKK.
3mH. Apk. No gokym. Mignuc Oata
Apk.
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Meplwa 3agava AiarHOCTyBaHHSA KOHTPOSO TeXHiYHoro ctany MA

pearniszoBaHa nuLue Ans CUMOBUX eNeMeHTIB — NIALLUMHKKIB HA OCHOBI MeToZiB
BiGpogiarHocTuku. Kpim Toro, cboroaHi BiacyTHi MeToam KoHTpornto BibpaujiiHoro
cTaHy Tpy6onpoBigHOi 06B’sI3KM | BU3HAYEHHS Yepe3 HbOro Hamnpy>KeHo-
[ecopMOBaHOro CTaHy 3 METOI BUSIBMEHHS HANBINbLL HEGEe3NeyHmX, 3 TOUKK 30py
noganbLUOi BiAMOBMW, ii OiNAHOK, @ KOHCTPYKTMBHI ocobnueocTi IMA npu3BoasaTs

y npoLeci oro ekcnnyartauii 4o HaknagaHHs BibpauiiHMX curHanis Big



po3TaLloBaHUX Nopsia mkepen Bibpallii i 3aHyNeHHs1 KOPUCHUX CUTHanNIB, LLO
06yMoBMtoe HeoBXiAHICTb iX dhinbTpadii.

OTpuMaHi pesynstaTy € NigrpyHTsIM A5t po3pobneHHs anropuTmiB aHanisy
BibpauiiHMX curHanie Ta iHTENekTyanbHOi CUCTEMM AiarHOCTUKK, Lo
po3rNsaakTbCs Y HACTYMHUX po3ainax.

Buxoasium 3 BUknageHoro, B Marictepcbkit poboTi HeobXigHO BUPILLNTY
HacTynHi 3agavi:

— npoaHanisysaTu Bigomi metoau obpobku curHanie, dinsTpadii, 3okpema
LmdpoBoi dinbTpaii.

— 0obrpyHTyBaTU BMGIp MeToay 06pobku BibpaLinHUX CUrHaniB Ha OCHOBI
LUBUAKOro “@e"- NepeTBOPEHHS;

— po3pobUTK iHTENEKTYyanbHy cMcTeMy aHanidy BibpauiiHux curHanis IMA
Ha OCHOBI LIMPOBMX anropuTmis 06pobkM faHKX Ta oro NporpamHoro
3abe3neyeHHs;

— npoBecTy anpobaliito po3pobreHoro anropuTMy Ha ekcnepuMeHTanbHUX
[aHux no BibpauiiHomMy ctany A,

3mH. Apk. No gokym. Mignuc Oata
Apk.
45

MP.AKCM -08.00.00.000 M3

2 LIN®POBI ANTOPUTMW OBPOBKM BIBPALIIMHIX
CUTHANIB MA

2.1 Bumoru go undpoBoi 06pobkm BibpauiiHnx curHanis MA

BibpauinHi curHanu rasonepekavyBanbHux arperartis (T1A) bopmytoTbes B
YMOBax 3MiHHUX pexuMiB po6oTY Ta BNNMBY 30BHILLHIX 3aBaf i € pe3ynsraTtom
CKIafHoi B3aeMO/ii MexaHi4YHNX Ta aepoaAMHaMiYHUX NPOLIECIB.

[ns Taknx curHaniB xapakTepHi poueccamy pHICTb, LUIMPOKOCMYTOBICTb i
HasBHICTb 3HAYHOTO PiBHS LWYMiB. Lle 3ymoBmnioe HeobXigHICTb 3aCTOCYBaHHS
cneujanisoBaHUx LUGPOBKX anropuTMiB 06pobKM curHanie, 3aTHUX BUAINATH
iHdbopmaTuBHI KOMNOHEHTY Ta 3abe3nedyBaT BUCOKY JAOCTOBIPHICTb
[iarHOCTUKN.

Tomy Ao anropuTmiB LdpoBoi 06PO6KM BUCYBaOTLCA BUMOTY CTINKOCTI A0
LUyMmiB, 34aTHOCTI NpaLoBaTy 3 HecTalioHapHUMK poleccamu Ta 3abeanevysaTu
BUAINEHHS iIHPOPMaTVBHMX O3HAK Y LUMPOKOMY YaCTOTHOMY Aiana3soHi.
[ofaTKoBOK BUMOTIOO € MOXIUBICTb peanidaLii anroputMmiB y pexumi,
HabnwxkeHoOMy [0 peanbHOro Yacy, 3 METOK BUKOPUCTaHHS 1X y cknagi
aBTOMAaTU30BaHVX CUCTEM [liarHOCTUKM.

Lindposa 06pobka curHanis nepegdavae ANCKPETM3aLlito aHaroroBoro

CUrHary 3 4acToToo, Lo 3340BOfbHSAE TeopeMy KoTenbHUKoBa, KBaHTYBaHHS 3a
amnniTyaoko Ta nodanbLly MatematuyHy obpobky BiAnikiB curHany.

YacTtoTta anckpetusalii NOBUHHA 3aJ40BOSbHATY YMOBY:

Bubip napameTpiB guckpeTusadii icToTHO BMnMBae Ha TOYHICTb

crekTpanbHOro Ta 4acoBO-4acTOTHOrO aHanisy [7].

2.2 InckpeTunsauist Ta KBaHTyBaHHS BiGpaLifiH1X curHanis

Mepexig BiA aHanoroBoro BiGpaLiiHOro curHany Ao umMdpoBoi hopmu
30INCHIOETBLCA LWNSAXOM AUCKPETU3aLi Ta KBAHTYBaHHS.

3mH. Apk. No gokym. Mignuc Oata

Apk.
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[nckpeTr3auis Ta kBaHTYBaHHS BiOpaLiiHiX curHanis — Lie KIo4voBi eTanu

X NepeTBOPEHHS 3 HENEPEPBHOrO aHanoroBoro BUIMsAAy Ha LM poBui,

[e AvckpeTusadis Bigbvpae MUTTEBI 3HAYEHHS CUrHany Yepes piBHi NPOMIXKM
Yacy (BM3Ha4ae YacToTa ANCKpeTr3aLii), a KBaHTYBaHHSA OKPYITIIOE Lii 3HAYEHHs 40
HanbnMXK4oro O3BONEHOrO PiBHS (BU3HAYae PO3psAHICTb), CTBOPHOOYM Lndpose
rnoaaHHs, Wo 03Borsie 06pobnaTY AaHi 3a 4OMOMOroto KoMM'loTepiB, ane Aoae
NOMWIKY KBaHTyBaHHS.

YacrtoTta anckpetusalii fs noBUHHa 3a40BOMbHATM YMOBY TEOpPEMU

KoTtenbHukoBa:



fs = 2fmax, (2.1)
ae fmax — makcumanbHa iHbopmaTMBHa YacToTa curHany.
HepoTpumaHHs Uiei yMOBY NpM3BOAUTbL [0 SIBULLA HaKNafgaHHs CnekTpiB
(aliasing), LLO YHEMOXIUBIIOE KOPEKTHUI CNEKTPanbHUIA aHani3. Y npakTu4YHUx
cucTemax BibpauinHoi giarHocTvkm MA YacToTa anckpeTusauii Bubupaetbes 3
3anacom Ta 3a3Bu4yan ctaHoBuTb 8—20 kIu,.
2.3 Lindpposa inbTpaLis Ta npuayLeHHs Wwymis

IMig cinsTpauieto curHanis posyMitoTb BUAINEHHS KOPUCHOIO CUrHany Ha

(hOHI LLIYMOBMX KOMMOHEHT. HanbinbLu po3noBciogkeHuid Tun dinstpadii — e
YyacTtoTHa cinbTpadis. Akwo BigomMa obnacTtb 4acToT, sIKy 3aiMarTb KOPUCHI
curHanu, To 4OCTaTHbO BUAINWUTK Lo obnacTb Ta ycyHyTu Ti obnacTi, siki 3aiimae
LUyM.

dinbTpaLilo 4aHUX CMOCTePeXeHb TaKOX MOXHA 34INCHIOBATU 3 METOIO
3rnagxyBaHHsi NpoLecy, BUAINEHHSA CKNagoBUX B OKPEMMUX YaCTOTHUX AianasoHax
i nocnigpKeHHs ix BNacTUBOCTEN.

Mpw cbinsTpauii BUMIptoBaHMX CUrHanis BUPILLYOTLCA [Ba OCHOBHUX TUMK
3a4ad: BUAINEHHSA KOPUCHOMO curHany, Lo cnocTepiraeTbcs Ha OHi 3aBag, i
YacTOTHWI aHanis.

3mH. Apk. No gokym. Mignuc Oata

ApK.
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dinsTpauia Moxe 6yTu NiHINHOW | HeniKiHo. Mpwn NiHINHIN dinsTpauii B
SAKOCTi PiNbTPiB BUKOPUCTOBYIOTLCA AUHAMIYHI NiHINHI CUCTEMU, NPY HENIHINHIN
hinbTpauii — HeniHinHi. NiHiiHa dinbTpauis BUKOPUCTOBYETLCS Habarato
yacrTile, Hix HeniHiHa. Lle nosicHoeTbCs, No-nepLue, cknagHicTio aHanisy
HeniHINHMX cucTem, i, No-Apyre, TUM, LLO 3a40BiNbHO MOAENI0 BipOriAHOCTI
6inbLUOCTI BUMiptOBaINbHUX CUrHAMIB € rayciBcki BUNaAKoBi NPoLECU, AN SKMX
NiHINHI inbTpK 3abe3neyyoTb MOXNMBICTE BUAINEHHS 3 HEOOXiAHMU
nokasHvuKkamu KOpucHoi iHdopmaLii.

HanbinbLue nowmpeHHst oTpuManu peanbHi inbtpu MNayca, beccens,
BatTepBopTa, Yebuiwesa, Kayepa. [MepeBary Tomy 4u iHWOMY Tuny inkTpis
HafatloTb B 3aneXHOCTI BiJ METU NOro 3aCTOCyBaHHS.

MopiBHsINbHaA xapakTepucTuka inbTpiB HaBeaeHa B Tabnuui 2.1.

Tabnuus 2.1 — MNopiBHsANbHA XapakTepucTuka GinbTpiB Pi3HUX TUNIB
Hasea lNMepesarn Hegonikn

DinbTpU

[ayca

BiacyTHicTb cknagHocTi B
peanisauii, BiACYTHICTb

KONMMBaHb 3 HagMIpPHOO

amnniTyaoro B nepexigHin
XapakTepucTumLi

Benvkuin yac HapocTaHHSA nepexigHol
XapaKTepUCTUKM, Pi3Ke 3HUKEHHS
amnniTyam i NoMiTHUIA 3cyB has Bxe
B obnacTi nponyckaHHs

DinbTpn

BattepBsopTa

Manuit Yac HapocTaHHs

nepexigHoi

XapakTepuCTUKK, Ni3HIn

noyaTok cnagy

amnnityan B obnacrti

nponyckaHHs

HenponopuinHa yactoTi pa3oBa
XapaKTepucTvKa BXe Ha novaTky
obnacTi nponycKkaHHs, Wo BUKINMKae
CMOTBOPEHHS curHany rno vacy;
KONMBaHHS 3 HaQMIpHO
amnniTyaoko nNpu nepexigHomMy
npodeci, 6inbL TpMBanuii Yac
BCTaHOBIIEHHSA KOMNMBaHb



3mH. Apk. No gokym. Mignuc Oata
Apk.
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MpopoBxeHHst Tabnuui 2.1

PinbTpU

Yebuwesa

KpyTtuii nepexig 3 obnacri
nponyckaHHsi 4o obnacrTi
3aTyxaHHs; A4X HanbinbLw
6nM3bKko NpUbNUXaeTbCa [0
XapaKTepuCTVKM ifeanbHoro
dinsTpa

CunbHa xBunscTictb A4X B
obnacTi nponyckaHHsi; CUMbHO
3MiHHa ha3oBa xapakTepucTumka B
obnacTi NponyckaHHs; KONMBaHHS 3
HagMipHol amnniTyaot i GinbLwnin
Yac BCTAHOBMEHHS KONMBaHb No
nepexigHin xapakTepucTuui
®insTpU

Kayepa

(eninTnyHi

dineTpK),

noaBiNHi

dinbTpU

Yebuwesa

KpyTuii nepexig 3 obnacri
nponyckaHHsa Ao obnacTi
3aTyxaHHsI; oyxe KpyTe
najiHHa aMmnniTyam
XsunscTicts A4X B obnacTi
nponyckaHHs i B obnacri
3aTyXaHHs; CUMbHa 3anexHicTb
3cyBy (has Big 4yacToTn

MepeTBopeHHs Yonwa, Agamapa. [1o ABOMiIpHOro curHany MoxHa
3acTocyBaTV ABOMIPHUIA CneKkTpanbHUi aHanis. [ins uboro curHan MoxHa
nepeTBOpUTY B ABOBUMIPHMIA cnekTp S[n, m] no cuctemi ABOBUMIPHUX Ba3nCHMX
dyHKUiR ),(, Ikmn . B SIKOCTi 0CTaHHiIX MOXyTb ByTV BUKOPUCTaHi ABOBUMIpPHI
AVckpeTHI dyHKUiT Xaapa, Yonwa, Agamapa Ta pag iHwnx 6aswvcis, 6arato 3 sikux
CTBOPIOIOTBHCH A1 KOAYBAHHS BU3HAYEHOro BUAY ABOBUMIPHMX CUTHamMIB.

Kputepint Bubopy 6asucy ansi cnekTpanbHOro aHanisy Takui xe, sk i B
BMNaAKy OOHOMIPHMX cUrHaniB — cuctemMa dyHKLin NoBUHHA 3abesnevyBaTu
XOpOLUy anpoKcMMaLito MiHiManbHUM YMCIIOM €NIEMEHTIB.

Hanpuknag, ABoBMMIpHI yHKLiT Yoniia, LWo MatoTb BUMMSA:

),(),0,(, Imwalknwallkmn , (2.2)

TOAi Napa ABOBUMIPHUX AUCKPETHUX NEPETBOPEHBL Yorilla BU3HAYAETLCS
BMpasamu:

3mH. Apk. No gokym. Mignuc Oata

Apk.
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1,..,1,0,

0.1

1
0
1
0



Nmn
ImwalknwallksmnS
N
k
N
| (2.3)
1,...,1,0,
2,0,

—

N O =~ O =

NIk
ImwalknwalmnS
N

lks

N
n
N
m (24)

Lli nepeTBOpeHHs1 BONOAiI0Tb TUMM X BNACTUBOCTAMM, LLO 1 OQHOMIpHE
AMCKpeTHe nepeTBOpeHHs Yonwa. Ans obuncnexHs gsomipHoro OMY notpibHo

3aTpatuti 4N onepauin ogaBaHHs.
Mepenuwemo Bupas y BUrnsAj:

Z X Z>— O 2~ O =~
=
=
=
=

|
ImwallksknwalmnS , (2.5)
BHyTpilLHA cyma

1

0

L0

N

|

ImwallksmkS (2.6)

npeacrasnsie cobot ABOMIPHY YHKLI, KOXEH PSAOK SIKOI € He LU0 iHLWe, SK
OOHOMIpHE ANCKPETHE NepeTBOpPeHHs Yorniwia psiaka k no4aTkoBOro curHany.
[ani wykaHuin ABOBUMipHUIA cniekTp S[n, m] BU3Ha4YaeTbCs 1K OAHOBUMIpHE
OMCKpeTHEe NepeTBOPEHHSs Yorlia no BCiX CTOBMLSX @CTp[k, m]:

1

0
(0L
N
k
knwalmkSmn$S (2.7)

TaKkum YMHOM, PSIAKOBO-CTOBMNLEBWI MeToA 064NCNEeHHS ABOMIPHOrO
[VCKPETHOTO NepeTBOpeHHs Yoria cKnaaaeTbes 3 ABOX €TaniB, Ha SKUX
NocnioBHO 0BYMNCNIOETECSH OAHOBUMIPHE AUCKPETHE NepeTBOpPEHHS Yoniua Hag
psiAkaMu No4aTKoBOrO MacuBy, a NOTIM Haj CTOBMLUSIMM OLEPXKaHOro NPOMiKHOTO
macuy. O4eBMaHO, WO npu obumcnerHi MY moxHa 3actocyBaTt anroputmMu

LUBMAKOrO NepeTBOpeHHs Yoria, npy LboMy 3ararnbHe Y/Cno onepadi
[ofaBaHHA ckopoyyeTbes Ao 2N



2
log N.
3BOPOTHE ABOBUMIPHE ANCKPETHE NEPETBOPEHHS Yorila CUMEeTpUYHe
npsMoMYy i OTXXe, Moxe ByTn oB4MCneHe TUM xe METOAOM B 3BOPOTHOMY NOPSAKY.
3mH. Apk. No gokym. Mignuc Oata
Apk.
50

MP.AKC -08.00.00.000 13

[Ons nigBULWEHHS BIOHOLWEHHSI cUrHan/lyM 3aCTOCOBYETbCS LincpoBa
dinbTpauia. Y marictepchbkin poboTi BUKOpMCTaHO CMyroBy (inbTpaLito, sika
[03BONSiE OOMEXWTM aHani3 YacTOTHWUM [iiana3oHoM, XapakTepHUM Ans fedekTis
obepToBux enemeHTiB MIA.

MaTematuyHa Mofenb UmMdgpoBoro GinsTpa 3 HECKIHYEHHO iIMMYTbCHOK
xapaktepuctukoto (IIR — Infinite Impulse Response) y yacosin obnacTi
OMNUCYETLCA MIHINHUM PI3HULIEBUM PIBHAHHAM i3 NOCTIHUMK KoedilieHTamu:

z2 == z

k

k knyaknxbny

10

, (2.8)

e y(n) — noToyHe 3Ha4YeHHs BUXIOHOrO curHany;

X(N) — NOTOYHE 3HAYEHHSI BXiAHOrO curHany;

x(n-1) Ta y (n-j) — nonepeaHi 3Ha4eHHs (Bianikv) BXigHOro Ta BUXiAHOro
curHanise BignoBigHO;

bi — koediuieHTV NpsiMoro 3B’A3Ky (YMcenbHuUKa);

aj — KkoedilieHTN 3BOPOTHOrO 3B’A3KY (3HAMEHHMKA);

M ta N — nopsiaku cinstpa.

3acTocyBaHHs inbTpaLii 403BONSE 3MEHLLNTU BNAVB HU3bKOYACTOTHUX
KOMNvBaHb Ta BUCOKOYACTOTHOTO LUYMY, LLO NiABULLYE TOYHICTb NOAANbLLIOTO
cnekTpanbHOro aHaniay.

2.4 CnekTpanbHuit aHanis metogom FFT

mpu aHanisi ctauiojapHux curHanis, sik NpaBUIIo, 3aCTOCOBYIOTb
cnekTpansHUn aHani&
CnekTpanbHui aHania metogom FFT (LUBuakoro neperBopeHHst Pyp'e) — Le
ePEeKTMBHMI anropntm 0b4MCNeHHst AUCKPETHOTO NepeTBopeHHs Pyp'e, akui

OCHOBI WBKUAKOro nepeTsopeHHa ®yp'e (LUMD).

[03BOSISIE LWBMAKO PO3KNacTy curHan (Hanpuknag, 3Byk, Bibpadito) Ha 1ioro
CKNafoBi YaCcTOTU, BUABNSIOYN NPUXOBaHi NEPIOANYHI KONMBAHHS Ta YacTOTHUI
3mH. Apk. No gokym. Mignuc Oara

Apk.
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BMICT, LLO € KpUTUYHO BaXNMBUM Y LMPPOBI 06pobui curHanis,
TeneKkoMyHiKaLifax Ta akycTuui AN PO3yMiHHSA CTPYKTYpU CUrHany.

FFT nepeTBOptoe YacoBuii curHan y 4actoTHy obnactb, pobnsyu noro

aHani3 HabaraTo LWBMALLIMM i AOCTYMHILIMM, X04a Mae ocobnmBocTi Npu poboTi 3
HenepiognyHYMU CUrHanam.

CHOBHUMM NpoGnemMamu nNpu LiboMmy €: 36iNblUeHHA BifHOWEHHA CUTHan- WyM, iKe JOCAracTbCSA LWNSAXOM yCepeAHEHHS i CUHXPOHHOro
HaKOMWYEeHHA Ta Mana po3AinbHa 3aaTHICTb _aHanisy_Y_BWCOKOYACTOTHI 06nacTi, Lo BMMarae 3acTocyBaHHA npoueayp AeTeKTyBaHHA (aHanis
OrMHaYOT).

HanoueBngHilwmm Lwnaxom 3actocysBaHHs LT aHanisy HecTauUiOHapHUX CUrHaniB € po3dUTTA peanisauii Ha OKpeMi KOpPOTKi_OAHaKOBOI

OOBXMHU AiNsiHKM 3 noganbLluMM 3acTocyBaHHAM anroputmy_ LWIM® [0 koxHoro 3 Hux. Lie npuiiom WMpoko BigoMuUil B NpakTULi aHanisy

curHanie sk  WIM® Ha

KOPOTKMX peanisauis hort time FFT). BigmiHHOlO ocobnusicTio aHanisy Ha

KOPOTKMX peanisauis HeobXiaHICTb 3acToCyBaHHA 3rNagXyr4unx BiKOH (Hanpuknaa, BikoH XemmiHra, XaHHa, BikHa "flet-top” i iH.). Sk Bigomo,
6€e3 HUX NOCUNIETLCSA BNNUB eheKTy PO3TiKaHHS AUCKPETHUX CKNagoBuX B GiYHi nentocTkn. O6MexeHe YNCHo AiNsAHOK po3GuTTA (YMcno
cnekTpiB) o6MexXye po3ainbHy 3A4aTHICTbL aHani3y B 4acoBil o6nacTi, ToMy B _nojanbluomy_6yno 3anponoHoBaHO psifi anropuTMIiB aHanisy 3

KOB3aK4YMMun
3rNafxyr4MMm i yCepeaHYMMY BiKHAMMU.




Hanbinbli BifoMUM € paHHiii BapiaHT _aHanisy 3 KOB3al4MM rayCOBCbKUM

ikHom Fa6opa,_a Hanbinbl pPo3BUHYTUIA i ed)eKTVBHWI aHani3 Lboro Tuny BigoMui Ak posnoain BirHepa- Binni (WW_Distribution).
daCTOCyBaHHH anropuTMiB aHanisy 3 KOB3al4MMU BikHaMW A03BONSAE iCTOTHO 36iNbLWNTU PO3AinbHY 3A4aTHICTL aHanily B YacoBin obnacTi
npu _36epexeHHi_A0CTaTHbOI BUCOKOI_PO3AiNbHOi 34aTHOCTI B 4acTOTHIN _obnacTi,_npote
3B'A3aHO i3 3HAYHUM _30inblieHHAM_06'eMy_0GYMCrEHb, @ OTxe i i3 36inbLeHHAM

3mH. Apk. No gokym. Mignuc Oata
Apk.
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yacy po3paxyHky.
Cnig 3a3HaunTK, LLO LUIMPOKE BUKOPUCTOBYBaHHS sk 6a3nc posknagaHHs
rapMoHiiHMX YHKLIN (po3knagaHHst Dyp'e) CTBOPIOE intO3it0 NOro eAMHOCTI.
CnekTpanbHuii aHani3 € 6azoBum MeTodoM igeHTudikauii gedekTis,
NoB’sA3aHNX i3 NepPioANYHUMY KONMBAHHAMM.

[nckpeTHe nepeTBOpeHHs Pyp’e BU3HAYAETLCA (HOPMYIOLO:

JOC

kn

enxkX

(2.9)
ae N — kinbkicTb BignikiB curHany.
BukopuctaHHsa anroputmy FFT go3Bonsie 3SmeHLWnTy obumcnioBanbHy
cknagHicTb Ta 3abe3neuntn edekTUBHY peanisaLito CneKkTpanbHOro aHanisy y
KOMM'IOTEPU3OBAHMX CUCTEMAX.
AMNNITyAHI Nikn cnekTpa BiANoBiAaloTh XapakTepHUM YacTtoTam AedekTis,
LLIO BUKOPUCTOBYETbCS AJ151 TX AiarHOCTUKN.

2.5 YacoBo-4aCTOTHWI aHania Ha OCHOBI BEVBNET-NEePETBOPEHHS

[ns aHanidy HecTauioHapHWUX BibpaLiHUX CUrHaniB BUKOPUCTOBYETLCS

BEWBNET-NEPETBOPEHHS, SiKe [03BOMNSAE NoOKanidyBaTv 3MiHW CNeKTpanbHUX

XapakTepucTuk y vaci [12]. HenepepBHe BeliBNeT-nepeTBOPEHHS Mae BUMSA;
dt

a

bt

txbaW

0. (2.10)

BelBneT-neperBopeHHs Mae nepesary nepep nepersopeHHsam Pyp’e nepul 3a
BCE 3a paxyHOK HasiBHOCTi BNaCTUBOCTI NoKanbHOCTI y BenBneTis. [Mpu dyp’e
aHanisi B AKOCTi OCHOBHMX 6a3nCHUX (PYHKLIi BUKOPUCTOBYIOTLCSI CUHYCH,
KOCUHYCH | KOMMIEKCHI eKCMOHEHTW. BOHW npocTsiraloTbCst B3AOBX BCi€T AiNCHOT
oci. B Toi xe yac BerMBneTu CTporo nokanisoBaHi. Lie no3sonsie aHanisysatn
nokanbHi BNacTUBOCTI CUrHany, TOXi Sk NepeTBopeHHs Pyp’e He AacTb HiAKOT
iHdpopmaLii, ckaxiMo, Npo micue, Ae YacToTa curHany 3aMiHunach.
3mH. Apk. No gokym. Mignuc Oata
Apk.
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Ha BiamiHy Big ®Pyp’e, aHanisyroua yHKLis SIKOro NoKpMBae BCHO YaCOBY BiCb,
ABoxnapameTpuyHa yHKLisS OAHOBUMIPHOTO BeMBET-NepeTBOPEHHS fobpe
riokanisoBaHa i no 4acy i no 4acTori.
BeriBneT-nepeTBOpPeHHA OQHOBMMIPHOIO CUrHany CKnagaeTbes 3 Moro
po3knagy no 6a3ucy, CKOHCTPYMOBaHOMY 3 BU3HAYEHVMW BMaCTUBOCTAMM
CONITOHOMOAIOH: YHKUii _(BelBneTa)_nocepeaHWLTBOM MacLuTabHUX 3MiH i
_nepeHoci. KoxHa 3 ¢hyHKLiN Liboro 6a3ucy xapakrepusye sik BU3Ha4eHy NpPoCTOpPOBY (4acoBY) YacToTy, TakK i il _1okanisaLijto B 4aci.




Takum YMHOM, Ha BiAMiHY BiA TpaauuiiHO 3aCTOCOBYBAHOrO AN aHanisy
curHani peTBopeHHs1 Pyp’e, BeNBIEI-NepeTBOPEHHA 3abe3neyye OBOBUMIPHY
PO3ropTKy AOCHiAXYBaHOro ouHOMipHo;ﬁnrHany, npu UbOMy YactoTa i
_koopavHaTta po3rnApaloTheA AK He3anexHi 3MiHHI.

Mpy 06pobLi curHanis 3a3euyaii LikaBNaTbCA BENIMYUHOK ryKTyaLii Ha
pi3HUX MacliTabax, TOMy Lo MO HUX MOXHA OTPUMATV AaHi NPO NOXOMKEHHS LMX
dnykTyauin.

1) BelBneT-po3knag Bonoie Maike BCciMa nepeBaraMu nepeTBOPEHHS

®yp’e. 3a BUKNIOYEHHAM [iaroHanisaLii iHBapiaHTHO-4acoBMX OnepaTopis.
MoxHa ckasaTu, Lo BeBneT-6a3ucy 6nmnsbki 40 AiaroHanbHUX AN Takux
oneparopis.

2) B 3anexHocTi Bia BUOopy yHKUiM i BenBneT-6a3ncu MoxyTb 6yTun
[0CTaTHLO JOKani3oBaHUMM 5K MO YacTOTi Tak i No yacy. MNapameTp nokanisauii s
(abo 2

-

) rpae BaxnuBy pornb 5K A5 4aCoBOI Nokanisauii Tak i ANs BUAINEHHs
BM3HAYEHOro MacLubaby, Lo XapaKTepusye NpoTikaHHS NpoLecy.

3) BeiiBneT-6a3ucu Ha BigMmiHy Big 6asuca dyp‘e — He eauHi. Bigomo 6arato
BenBneT-6a3uncis, BNAaCTUBOCTI SIKMX OPIEHTOBAHI Ha BUPILLEHHS Pi3HWX 3azad.
[ns BupilLeHHs Liei npobnemu 6yno 3anponoHoBaHO METOA, BikOHHOMO
nepeTBopeHHs Pyp'e.

Bci pocnimxeHHs, ski npautoloTb B ranysi po3pobku meTofis i 3acobis
BibpogiarHocTuku A BigMiyatoTh, L0 BUMIPsHI 3a AonoMoroto BibpoaaBadyis B
3mH. Apk. No gokym. Mignuc Oata

ApK.
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LUTaTHMX ToYKax Ha kopnyci I'TIA curHanu, matoTb 3aBagn. OcTaHHe
06YMOBIIOETLCA KOHCTPYKTUBHUMM OCOBNMBOCTSIMY arperary, Lo He J03BOMsie
YiTKO po3ainuTy mxepena Bibpauii, SKMMKU € horo BibpoakTUBHI enemMeHT i
BMMarae 3acTocyBaHHs npoueaypu dinstpauii curHanis.
[nckpeTHe BeMBneT-NepeTBOPEHHSA A03BONSE 3aiNcHIoBaTM baraTopiBHEBY
[EeKoOMMNOo3uLilo cUrHany Ta BUAINATY iMNYNbCHI CKNaaoBi, XapakTepHi Ans
PeKTIB NigLUMNHKKIB.
napaTypHUM aHarorom ogHoro 3 BUAIB BelBreT-aHani3dy € 6aratokaHanbHa cMyroBa ¢inbTpauis curHany npy nocTinHOMy BifHOLUEHHi
LWMPUHU CMYIU
inbTPy_A0 LeHTpanbHOI YacToTH.
B paHui yac wavelet-nepeTBOpeHHs LUMPOKO 3aCTOCOBYETLCH B 3adavax
06pobku | kKogyBaHHS curHanie i 306paxeHb caMoi pisHOT Nnpupoan (MoBsa,
CyNyTHUKOBI 300paXeHHs, peHTreHorpammn BHYTPILLHIX OpraHiB), po3ni3HaBaHHs
o6pasiB, NpM BUBYEHHI BNACTMBOCTEN NOBEPXOHb KpUCTaniB i HAaHOOB eKTiB i B
6araTbox iHLWNX BUNagKax.
OcCHOBHI NUTaHHs BUKOpUcTaHHs wavelet meToaiB BinobpakeHi Ha caiTi
www.mathsoft.wavelets.com dipmu MathSoft InC, Ta Ha canti www.wavelet.org.
MpakTnyHa peanisauis wavelet-nepeTBopeHb Ma€e Aekinbka OCHOBHUX
anropuTmiB 3 AKX HanbinbLL nonynsapHum € anroputm Manna (Mallat algorithm)
LwBmnakoro wavelet-nepeTBopeHHs.
Ak 6yno BiaMiYeHO BULLE BiH Aae 3MOry B pearnibHOMY Yaci NpoBOAUTU
aHarnis curHany, Moro po3aifieHHs Ha CKnafoBi Ta BiATBOPEHHS 3a koedilieHTamu.
Llen anroputm € peanizoBaHvuM B nporpamHomy naketi Matlab, sakuin €
YacTMHOI NporpamMHoro 3abesneyveHHsi npouecy 36opy, 06pobku i aHanisy
BibpaUiiHMX curHanis, 3HATUX 3 KOHTPOSBbHMX TOYOK Ha kopnyci [TIA.
Brok-cxema mogeni Mallat algorithm npuseaeHa Ha pucyHky 2.1.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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Yacosi giarpamu po6oTu faHoi Moaeni HaBegeMo Hk4e (PUCYHOK 2.2):
a) 6)

PucyHok 2.2 — CurHan a) Ha Bxogi (Input) i 6) Ha Buxogi (Output)
moayns "wavelet"-nepetBopeHHs



PucyHok 2.3 — PisHuusa Mix BXigHUM Ta BUxigHnm curHanom (wym) (Residual)

Ak BUAHO 3 pucyHKy 2.3 6) npoueaypa dinbTpaLii 3 BUKOPUCTaHHAM
"wavelet"-nepeTBopeHHs [03BOMSAE YCYHYTV 3aiiBi BUCOKOYACTOTHI CKNadoBi
curHany, pobnsauum noro GinbL “YncTUM” Ta NpUAaTHILWMM AN nodarnbLlioro
BidyanbHOro.

BxigHwuin

curHan

Briok aHanisy

(po36uTTs)

curHany

(Ao 3 nopsaky)

Brok yacosux

3aTpMMOK

NS KOXHOT

CKnagoBoi

®inbTpytoda naxka (4ns

KOXHOrO 3 KaHarnis

3ajatoTbCs OKpeMi

KoediLieHTn)

Brok cuHTes (36opku

curHany 3 noro

CKIagoBuX)

(ans 3 nopsaky)

Briok yacoBoi 3aTpyMKK curHany

Ons KoMneHcadii Yacy 1noro

NPOXOMXKEHHs Yepes inbTp

123

1 — BXigHWI cUrHan 3 3aTpUMKO B Yaci

2 — BUXIOHHI curHan nicns dinsrpadii

3 — BiadinbTpoBaHUIA LLIYM

PucyHok 2.1 — Bniok-cxema npoueaypv cinstpadii BibpauinHoro curHany

3mH. Apk. No gokym. Mignuc Oata
Apk.
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AHanori4yHum YHoM npoBoaunacs insTpadis peanisadii BibpauiiHnx
NPOLIECiB, OTPUMAHNX 3 KOHTPOmbHUX ToYOK TIA, pe3ynstati SKoi HaBeaeHi
HUKYeE.

3picHeHHs BenBneT-nepeTBopeHb B nporpamHomMy naketi Matlab moxHa
NPOBOAMTY KiflbkoMa pi3HMMU criocobamu.

Lle moxe ByTu cknagaHHa cxemu dinbTpaLii (3 BUKOpUCTaHHSIM BriokiB
BeviBneT-insTpiB) B Simulink, HanucaxHa nporpamuux M-cbainis i 3anyck ix Ha
BMKOHAHHS B KOMaHAHOMY BikHi, abo aHania curHanis 3 BUKOPUCTAHHAM
rpadpiyHoro iHTepdency.

PosrnsiHemo gocnig)eHHs 3a 4ONoMoroto HanncaHHs M-dainis.

[ns yboro B MeHto ®aiin cTtBopumo Hosuii M-chaiin, ae i yne
3anucyBaTuch Halwa nporpamMa. [ani noTpibHo 3aBaHTaXWTW curHarn, SKuin Mu
6yaemo aHanizyBatu. Mobyayemo rpadik HaLWoro BXigHOro curHany ao
nepeTBopeHb (puc. 2.4).

PucyHok 2.4 — NovaTtkoBuin curHan

Byanyemo Habip anpokcumytoumx Ta getanbHux koedilieHTiB (puc. 2.5),
PucyHok 2.5 — KoediuieHTn anpokeumalii Ta getanisadii

3mH. Apk. No gokym. Mignuc Oata

Apk.
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noTiM pobrMo OHOKPOKOBE BiATBOPEHHS curHany 3a koediuieHtamm cal 1a 0@1,
BMKOHYEMO A,EKOMMO3ULIiIO CUTHanYy 3 BUKOPUCTaHHSIM NepeTBOpeHHst haar go 3-



ro piBHs (puc. 2.6)

PucyHok 2.6 — PosknagaHHsi curHany

3Haxo4uMOo anpokcumytodi KoedilieHTy Ansa 3-ro piBHA 3 NEPeTBOPEHOr0
curHany, getanbHi koediuieHTn ans 1,2,3 piBHIB 3 NepeTBOPEHOro cUrHany.
BinTBOPHOEMO HN3LKOYACTOTHY CKINAAOoBY cUrHany Ans 3-ro piBHSA 3
nepeTBOPEHOro curHany, BiATBOPIOEMO AeTarnbHi (BUMCOKOYACTOTHI CKNaaoBi
curHany), BiATBOPIEMO BUXIOHWI CUrHan 3a BCiMa CKNagoBUMK.
Onepallisi peKOHCTPYKLT 30INCHIETLCSA 3a AONOMOTO (OYHKLT idwt.
KomaHpaa idwt npeactaBnsie oauH piBeHb 0OQHOMIPHOT BEVBIET PEKOHCTPYKLT 3
ypaxyBaHHsIM BerBneTa abo ocobnmBocTi BeBneT pekoHCTpykKLii dinbtpiB (Lo_R
i Hi_R) sixi B1 obpanu.
X = idwt(cA,cD,'wname') noBepTae ofuH piBeHb PEKOHCTPYKLIT
HabnmkeHnx koedilieHTIB Ha siknx 6asyeTbes BekTop X
3mH. Apk. No gokym. Mignuc Oata
ApK.
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Hanpwuknag, nporpama ans 3HaxogXeHHs koediuieHTiB, ogHoro piHsa OBl
Ta Anst 06YMCNEHHS MOMWUIIKM MiXK MOYaTKOBUM Ta BIATBOPEHUM CUrHanamm
BMBeJe HaM Takui peaynerar (puc. 2.7)

PucyHok 2.7 — padikv ANCKPETHOrO BEMBIET-NEPETBOPEHHS

Tenep po3rnsiHeMo sik 3ainicHioeTbes Bl 3 BUKopucTaHHAM rpadivyHoro
iHTepdericy. Ains yporo 3axoaumo B Wavelet Toolbox i Bubrpaemo B MeHo
Wavelet 1D. Y Hac 3'9BUTbCS BIKHO 3 HAGOPOM IHCTPYMEHTIB Ta KOMaHz A
30INCHEHHA aHani3y curHany.

[ns 3aBaHTa)XXeHHs1 curHany B MeHto ,Paiin” Bubupaemo komanay ,Load
signal” i BuGrpaemo cann, 3 sKoro noTpibHO oTpumaTy curHan.

Tenep Haw curHan € 3aBaHTaxeHnm go Wavelet Toolbox.

B npaBomMy BepxHbOMY KyTKy eKpaHy MaemMo BiKHO, e BKa3aHO po3Mip
HaLloro curHany, i € BikHa ansi Bubopy Tvny BerBneTa Ta Yicna piBHiB
[1eKOMMOo3uLii.

Bubepemo Betienet db1 i 1 piBeHb gekomnoauLii. 3anycTumo Ansa aHaniay
kHoMKy Analyze.

3mH. Apk. No gokym. Mignuc Oata

ApkK.
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OpHieto 3 nepesar BUKOPUCTaHHA rpadivyHoro iHTepdeincy € Te, Lo B1
MOXeTe nerko 36inbluyBaTyi UM 3MeHLLYBaTu Oy[b-siKy YacTUHY curHany i
po3rnsHYTH i BinbLly AeTanbHo.

B3acTocyemo 3amicTb 1 piBHSA 3 piBHI Aekomno3uii (puc. 2.8):

PucyHok 2.8 — Pesynstat ekoMno3uii curHany Ha Tpu piBHi

padiuHMi iHTEpENC 3pyYHNIA Y 3aCTOCYBaHHI, TOMY L0 403BONsie 6e3
npobnem po3rnsaaTtu pisHi BUMSAM BEWBNET AEKOMMO3ULT, NPOCTO BUBKUpatoymn
noTpibHWIA BUMIA y BikHI cnpaga.

Mo 3aMoBYYyBaHHI0 CTaBUTLCS BUMMSAA, ,[ToBHOT AekoMno3uuii”. Ane iHLwui
BKIHOYaIOTh B cebe:

3mH. Apk. No gokym. Mignuc Oata

Apk.

6
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"Separate Mode," skuin nokadye geTanbHi i anpokcumytodi koedilieHTn B
pO3aiNeHnx BiKOHLSIX.

"Superimpose Mode," sikuii nokasye getanbHi koedilieHT HaknageHi Ha
oavH rpadik ane 306paxeHi pisHUMK KoNbopamm.



"Tree Mode," noka3sye AepeBo AEKOMMNO3ULT i OAHY KOMMOHEHTY Ha BUGIp.

"Show and Scroll Mode," nokasye 3 BikHa. [1epLue nokasye novaTkoBui

curHan sikuin HaknagaeTbCst Ha anpoKcUMaLliio 3a BawyM BUOOPOM. IHLe nokasye
[etanbHi koedilieHTn ski B obpanu. TpeTte BikHO nokasye BenBrneT-koedilieHTn.
BupaneHHs wymy 3 curHany.

padivHni iHTepenic ocHaLLeHWii iHCTpyMeHTamu, siki 4o3BonsoT 6e3

3ycunb BUAAnUTK Wym 3 curHany. Mpu Bubopi kHonku De-noise y Hac 3'ABUTbCS
Take BikHO (puc. 2.9):

PurcyHok 2.9 — BikHO ANnst LyMOMPUrHiYeHHs curHany
3mH. Apk. No gokym. Mignuc Oata

Apk.
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Onepauisi peKOHCTPYKUIT TaKoX 3AINCHIOETLCS AyXKe nerko, nicns

HaTUCKaHHS Ha KHomnky Compress y Hac 3'BUTbCS Take BiKHO:

Kpim Toro, HaTucHyBLUK kHOMKY Statistics B ronoBHOMY BikHi, M1 3MOXeMO
nepernsHyTy sk BigbyBanacs gekoMnosuisi, nobauntun koedilieHT Ha BCix
piBHSX i T. 4. Hanpuknaga, BUrnsa BiATBOPEHMX anpoKCUMyodmx KoedilieHTiB Ha
nepLUOMY PiBHi.

3mH. Apk. No gokym. Mignuc Oata
ApK.
62
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3 PO3POBJIEHHA TA LOCIIIXEHHA IHTESIEKTYAJIbHOT
CUCTEMU AHATI3Y BIEPALIMHUX CUTHANIB
FASOMEPEKAYYBAJIbHNX ArPEFATIB

3.1 3aranbHa KoHUenuis iHTenekTyanbHOi CUCTeMW AiarHOCTUKN

IHTenekTyanbHa cuctema aHaniay BibpauinHux curHanis

rasonepekayyBasibHVX arperaTis npu3HaveHa ansi aBToMaTn3oBaHOroO KOHTPOSO
TEXHIYHOro cTaHy 06epToBOro obnagHaHHs B yMOBax 3MiHHUX PEXUMIB pOo6OTH.
OCHOBHO0 BiAMIHHICTIO 3aNponoHOBaHOT CUCTEMU B TPAAULINHUX CUCTEM
KOHTPOJSO € BUKOPUCTAHHS CYKYMHOCTi LMPPOBUX anropuTmiB ob6pobku curHanis
Ta eneMeHTIB iHTEeNeKTyanbHoro aHanidy AaHux.

KoHuenuis cuctemn 6a3yetbest Ha noetanHin 06pobui BiGpaLiiHoro

curHany: Big 36opy Ta nonepeaHboi inbTpauii 4o hopMyBaHHS AiarHOCTUYHUX
0O3HaK i NPUNHATTS PiLLEeHHS LWoJo TEXHIYHOMO CTaHy arperary.

Takvi nigxia 403BONSE 3MEHLUNTM BNAVB LWYMIB i NiABULLMUTI JOCTOBIPHICTb
[LiarHOCTUYHMX BUCHOBKIB.

3.2 CTpykTypa iHTeneKkTyanbHoi cucTemMu aHanisy

CTPYKTYPHO iHTENEKTYyanbHa cuctema aHaniay BibpauiiHux curHanis
CKnagaeTbCs 3 M'ATWM B3aEMOMNOB’A3aHNX MOAYMIB:

1. moaynb 360py BibpauinHUX AaHNX;

2. Moaynb nonepeaHboi LdpoBoi 06pobKK;

3. Moaynb aHanisy Ta BUAINEHHS 03HaKk;

4. Moaynb iHTeNneKTyanbHOro NPUNHATTSA PiLLeHb;

5. Mmoaynb Bidyanisauii Ta B3aemogii 3 onepatopom.

Mopaynb 360py AaHux 3abeanedye npuimMaHHs curHanis Big BibpavuinHmx
[aTyYvKiB, BCTAHOBMEHMX Y KOHTPOMbHMX TOYKaxX rasonepekadyBasibHOro arperary.
3mH. Apk. No gokym. Mignuc Oata

Apk.
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Mopanblia obpobka curHanie BUKOHYETLCA Y LMPPOBI hopmi, o 3abesnedye
FHYYKiCTb anropMTMiB Ta MOXIUBICTb X MporpamMHoi Moaudikawii.



3.3 AnropuT™M (pyHKLIOHYBaHHS iHTENeKTyanbHoi cuctemu

Anroput™ yHKLiOHYyBaHHS iHTeNeKTyanbHoi cMcTemMun aHanisy

BibpauiiH1X curHanie peanisyeTbCcs y BAMMSAi NOCNiAOBHOCTI eTanis.

Ha nepLuomy etani 3aificHioeTbCA nonepeaHs obpobka curHany, sika
BKIOMa€E BMAANEHHS MOCTIVHOI CKNaaoBoi Ta CMyroBy LiMdpoBy dinsTpadito.
Lle no3Bonsie 3ocepeanTn noganblunii aHani3 Ha iHdopMaTUBHOMY
YaCTOTHOMY Ajiana3soHi.

Ha gpyromy eTani BUKOHYETbCA CNeKTpanbHUIM aHania curHany 3
BMKOPUCTAHHSAM anropuTMy LUBMAKOrO NepeTBopeHHs Pyp'e.

OTprMaHuin amnniTygHWUIA CNEKTP BUKOPUCTOBYETHCS ANS BUSIBMEHHS
XapakTepHMX 4acToT, Lo BignoeigaoTb Aedektam 06epToBMX eNeMeHTIB.
Ha TpeTboMy eTani 3AiNCHIOETLCA BEVMBNET-AEKOMMNO3ULIS curHany, ska
[03BOSSIE BUAINNTY iMNYNbCHI CKNaAoBi Ta NoKanbHi aHomanii, xapakTepHi Ans
nedekTiB NigWNNHKKIB.

Ha 3aBepluanbHoMy eTani opMyETbCS BEKTOP AiarHOCTUYHMX O3HAK, SIKWIA
NoJaeTbCa Ha BXif MOAYNSA NPUAHATTS PilleHb.

3.4 dopmMyBaHHA Ta aHani3 BekTopa AiarHOCTUYHMX O3HaK.

PopMyBaHHS Ta aHania BekTopa AiarHOCTUYHMX O3HaK € KIHYOBKUM eTanom

Yy CTBOPEHHI CUCTEM TEXHIYHOI AiarHOCTUKW, MEAUYHMX EKCNEPTHUX CUCTEM Ta
anropuTMiB MalUMHHOIO HABYaHHS.

BekTop giarHoCTUYHMX 03HaK POPMYETLCA Ha OCHOBI pe3ynbTaTiB
cnekTpanbHOro Ta 4YacoBO-4aCTOTHOrO aHaniay.

3mH. Apk. No gokym. Mignuc Oata

Apk.
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[o cknagy BekTopa BKIOYAIOTLCA 5K YaCOoBI, TaK i HaCTOTHI
XapaKTepUCTWKN curHany.

KoMBiHyBaHHS 4acoBWX Ta YaCTOTHUX XapaKTEPUCTUK Y EANHOMY BEKTOPI
[[o3Bonsie oTpumaTti BcebiyHe ysIBNEeHHs Npo cTaH 06'ekTa, OCKinNbKM BOHU
PO3KpUBAIOTb Pi3Hi acnekTy Npupoan AedekTy.

1. Yacosi xapaktepuctuku (Time-Domain Features) :

OnucytoTb 3aranbHy eHepreTuky curHany Ta oro cpopmy. BoHun 3a3suyan
YyTNMBI 4O MOSIBM FOCTPUX iMMYIbCIB Ta 3aranbHOro 3HOCY.

- lMikoBe 3HayveHHs Ta po3max: [Jo3BONSAOTb BUABUTY yAapHi npouecu
(Hanpuknag, TPiLWUHM B NiaWnnHUKax).

- CepegHbokBaapaTuyHe 3HayeHHsi (RMS): Binobpaxkae 3aranbHy
NOTYXHicTb Bibpauii abo curHany; € 6a3oBMM iHOMKATOPOM CNPABHOCTI.

- KoediuieHT ekcuecy (Kurtosis): Bkasye Ha HasiBHICTb rocTpux nikis
(iMnynbCHOrO LWyMy), WO YacTo CBiAYUTb NPO paHHi cTadii pynHyBaHHSA NOBEPXHI.
- KoedpiuieHt amnnityam (Crest Factor): BigHoweHHs nika go RMS,
pornomarae ineHTudikyBaTu 3apokeHHst AedeKTiB NPU HU3bKOMY 3aranbHOMY
PiBHi LLYMY.

2. YactoTHi xapakTtepuctukmn (Frequency-Domain Features):

[o3BoNstoThb fokanisyBat AedekT, MpUB’A3yH4n NOro [0 KOHKPETHOro By3na
(4epes yacToTy oro poboTu).

- AMNMITYAM Ha XapakTepHUX YacToTax: Hanpuknag, 3pocTaHHs aMnnityam
Ha 0b6epToBIl YacToTi Bkasye Ha gucbanaHc, a Ha rapMoHikax 3y6yacToro
3a4enneHHs - Ha 3HOC LIeCTepeHb.

- CnekTpanbHi MoMeHTU: LieHTpoia cnekTpa (cepeaHs YactoTa) Ta
cepefiHbOKBaApaTUyHa LUMPUHA CNeKTpa.

- EHepria B yacToTHUX cmyrax: [lo3aBonsie BUAINMTY cneuundidHi
BMCOKOYACTOTHI 30HU, e NPOABAAETLCA TepTA abo KasiTauis.

[MepeBaru 3miliaHoro BekTopa:

3mH. Apk. No gokym. Mignuc Oata

Apk.
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1) MipBuweHa gocToBipHiCTL: Yacosi napameTpu MoxyTb 3adikcyBaTu dakT
HeCnpaBHOCTI, @ YaCTOTHI — BU3HAYUTY T MPUYKHY Ta Micue.

2) BusiBneHHs aedpekTiB Ha pisHWX cTagisx: Hanpuknag, ekcuec (4ac) nobpe
pearye Ha 3apofKeHHsI MiKPOTPILLUH, TOAI SIK CNeKTparbHi CKNagHuKK (YactoTa)



CTaloTb iIHPOPMATUBHUMM BXE NPU PO3BUHEHOMY AedeKTi.

3) CrivikicTb o 3aBag: OgHoYacHWn aHani3 ABOX AOMEHIB JO3BONSE
BiAMINbTPyBaTU BUNAAKOBI LLUYMU, SIKi MOXYTb iMiTyBaTU HECMPABHICTb NuULLE B
OAHOMY 3 NpeAcTaBeHb.

3. CuHTes BekTOpa:

Mpwv cbopmyBaHHi Takoro BeKTOpa BaXn1BO BUKOHYBaTW npoLenypy
Hopmani3adii, OCKifNlbkM 3HaYeHHs aMnniTyd cnekTpa Ta koedilieHTa ekcuecy
MOXYTb BiAPI3HATUCS Ha Kinbka nopsakie. Lie KpUTUYHO Anst KOpekTHOI po6oTn
anroputmis knacudikauii (Takmx sk SVM a6o k-NN).

Tabnuus 3.1 — Cknag BekTopa giarHOCTUYHUX O3HaK

No OsHaka PiznyHuin 3mict

1 RMS 3aranbHuii piBeHb BibpaLji

2 Peak MakcvumanbeHa amnnityaa

3 Crest factor IMnynbcHicTb curiany

4 FFT peak XapaktepHa 4YacTtoTa gedekTy

5 Wavelet energy EHeprisi iMnynbCHUX CKnagoBux

3acTocyBaHHS KOMMIEKCHOrO Habopy 03HaK 403BOSSE NiABULLMTY TOYHICTb
knacudikauii TeXHIYHOro cTaHy arperary.

3.5 IHTenekTyanbHWii Moaynb NPUAHATTS pilleHb

Mopaynb NpUNHATTA pilleHb peanidye knacudikawito TEXHIYHOTO CTaHy
rasonepekaqyBasibHOro arperaTty Ha OCHOBI aHani3y BekTopa AiarHOCTUYHMX
O3HaK.

3mH. Apk. No gokym. Mignuc Oata

Apk.
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Y marictepcbkit poboTi BUKOPMCTAHO NpaBMoBuUiA Niaxia, sikuin 6asyeTbes
Ha NOPIBHAHHI MOTOYHUX 3HAYEHb O3HAK 3 ETANOHHUMW.

TexHiYHMI cTaH arperaTty knacudikyeTbCs 3a TakMMu Knacamu:

CMpaBHUN CTaH;

[ONyCTUMUIA CTaH;

nepefaBapiiHii CTaH;

aBapinHUiA CTaH.

Pesynbraty knacudikauii MoxyTb B6yTv BUKOpUCTaHi Ans hopMyBaHHs
pekoMeHAaLiin WoAo TEXHIMHOrO 06CnyroByBaHHS abo 3ynuMHKM obnagHaHHs.

3.6 docnigxeHHs pobotu cuctemu y cepenosuili MATLAB

[ns nepesipkn npauesnaTHoCTi po3pobneHoi iHTenekTyanbHoi cucteMm
BMKOHAHO MofentoBaHHs ii pobotun y cepepoBuili MATLAB. Y sikocTi BXiAHMX
[aHnX BUKOPUCTOBYBANWCS MofernbHi BibpauiiiHi curHanu, Wwo imMiTytoTb pisHi
TeXHi4YHi CTaHM razonepekadyBanbHOro arperary.

Y npoueci MofentoBaHHs 3ailicHioBanacs umdgposa ginsTpauis curHanis,
cnekTpanbHWiA aHania Ta BeneneT-gekomnosunuis. OTpumani pedynsratu
[03BONWMN MiATBEPAUTM eDEKTUBHICTb 3anpOrnoHOBAHOIO NiAXOAY Ta MOXIUBICTb
aBTOMAaTU30BaHOrO BUSIBNEHHS AedeKTiB.

Mpwu 3anuci BibpocurHanie 3 JaBada 3aCTOCOBYBaBCS MPOrpaMHuiA NpoayKT
Wavelab, cneujanbHo po3pobnexuii 4ns poboTh 3 akyCTUYHUMU curHanamu. Ha
pucyHky 3.1 Ta 3.2 306paxeHo 4acoBi PO3ropTKM Ta YaCTOTHWIN CNEKTP 3anucaHmnx
BMBipokK BibpauiiHOro curHany.

3mH. Apk. No gokym. Mignuc Oata

Apk.
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PucyHok 3.1 — YacoBa peanisauis 3adpikcoBaHoro BibpaLiiHoro curHany

PucyHok 3.2 — CnekTp 3adikcoBaHoro BibpaliiHoro curHany

[ns 06pobku BibpauinHmx curHanis 6yno crneuianbHo po3pobneHo
nporpamHe 3abe3neyveHHs, ke Mae LUMPOKI MOXIMBOCTI MO NEPETBOPEHHIO,



dinbTpaLii Ta aHani3y 4aCTOTHUX CMEKTPIB 3anncaHnx BUGIPOK cUrHanis.
Mpouenypa 06pobkun Ta aHanidy BibpaLinHUX curHanis, OTpUMaHux 3
KOHTPOSbHUX TOYOK MonsArana y HacTyrnHoMmy:

1. Mpwu BUKOpUCTaHHI NnporpamHoro npoaykTy Wavelab nposogunocs:

— YCYHEHHS BMMM1BY NepexiaHoro npouecy BHacnifok nepekomyTawii
[[aBaviB (BMpi3aHHs 3 curHany oro yacTtuhm Big 0... go 0.5 cek);

— BUCOKOYaCTOTHa hinbTpaLisi curHany 3a 4onomMoroto dinstpa 3 4acToTor
3pi3y 4Ky (B cepenosuli Wavelab);

— nepeBeAeHHst BUOIpKM AaHMX 3 3ByKOBOTO haiiny B TEKCTOBWIA cpaiin.
2. lMpwu BUKOpUCTaHHI NporpamHoro npoaykTy Matlab 3aincHioBanocs:
3mH. Apk. No gokym. Mignuc Oata

Apk.
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— YCYHEHHS ApiOHNX KOMMOHEHT curHany, siki, ik NpaBuno, € HaBeAEHNMM
Lwymamu, 3a gornomoroto Wavelet-neperBopeHHsi 3 METOK O4YUCTKM HYaCTOTHOIO
CNeKTPY Bif BUMaAKOBOrMX KOMMOHEHT.

3. BukopuctaHHs po3pobneHoro nporpamHoro 3abesneyeHHsi nepegbavano:

— nobyaoBY YaCTOTHMX CNEKTpiB ABOX BUGIpok (6e3 dinbTpy Ta
BiAdinsTpOBaHOi) 3a JoNOMOro LWBKAKOro nepetsopeHHs dyp’e (LLMP) Ta ix
aHari3 3a YacTOTHUMKM rapMoHikamu kpatHux 1, 2, 3, 4 Ta 1/2, 1/3, 2/5, 1/4
OCHOBHI1 POTOPHIl YacToTi;

— BMBIp iHbOpMaTMBHOI CMYry YacTOT Ta aHani3 epeKkTMBHOI

BiGpOLLBMAKOCTI ed)@ B Lliih CMY3i Ta B yCbOMY YaCTOTHOMY [ianasoHi.

[ns nokpaLeHHs OLHKM YaCTOTHUX CMEKTPIB PO3rMsaHEMO MOXIIMBICTb iX
pO3BUTTA Ha HU3bKOYACTOTHY Ta BUCOKOYACTOTHI CKNafoBi 3a AOMOMOro
BeNBNeT-nepeTBOPeHHs Ta iX aHanis.

B cepenosuli Matlab € moxnuBicTb NnporpamyBaHHs Ha BOy4OBaHili MOBI
nporpamyBaHHsi, Ha sikiii 6yno HanucaHo NPorpaMHUin Moaysb, 6rok cxema SKoro
HaBegeHa Ha pUCyHKy 3.3, SikMin Aae 3MOry BiJOKPEMUTU HU3bKOYACTOTHY Ta
BMCOKOYACTOTHI CKMafoBi curHany, LWo B noganbsLliomy 403BOMSE Nicns nodynosu
X 4aCTOTHUX CNEKTPIB, NpoaHaniaysBaTh 3MiHW MO KOXHIl CKNaaoBili OKpeMo,
HeMNoMIiTHi B 3aranbHOMY CUrHani.

TekcT nporpamu po3knagy BibpauiiHoro curHany Ha cknaioBi HaBeAeHV B
Lopatky A.

3a fonomMoroto AaHoi nporpamm 6yno BUKOHAHO PO3AiNeHHs curHany 3
KOHTPONbHOT TO4kM NO 2 Ha HU3bKOYACTOTHY Ta TPU BUCOKOYACTOTHI CKINadoBi.
HusbkovacToTHa cknagoBa He BUKNMKana 3HayHoro iHTepecy, a
BMCOKOYACTOTHI CKNaaoBi (pucyHok 3.4) Bigpi3HANMCh Mixx coboto AocuTb
MOMITHO HaBiTb Ha YacoBil PO3ropTLi CUrHany, a nicns NPoBeAeHHs WBUAKOTO
nepeTBopeHHs Pyp'e LMX CKNagoBUX NMOMITHUMU Ha POHI 3aranbHOro LLyMy
cTanv rapMoHikv BULLMX NOPAAKIB.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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PucyHok 3.3 — CTpyKTypHO-(pyHKLiOHanbHa cxema MoAynsi aHani3y crnekTpis

PucyHok 3.4 — BUCOKOYACTOTHI CKNafoBi cUrHany Ha nepLumnx TpboX PiBHAX

BeVBneT-posknagy
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4 Original signal s , d1.
3mH. Apk. No gokym. Mignuc Oata
Apk.
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B noganbLluoMy npv aHanisi BibpauiiHix curHanis BUKOPUCTOBYBAaBCS
nporpamHuii naket Matlab 3 po3po6neHvMm nporpaMHMM MoZynem.
Po3pobneHe cneuianbHe nporpamHe 3abesneyeHHs € CKNagoBo YacTUHO
nporpamHoro 3abesneyvyeHHsi cMcTeMun KOHTposto BibpauiiHoro ctaHy A,

3.7 Po3pobka nporpamHoro 3abeaneyeHHs Ans iHTenekTyanbHoi
cucTeMun aHaniay BibpauiiHux curHanis MNMA

MakeT nporpaMHoro 3abe3neyeHHst CUCTEMU KOHTPOMIO CKNaaaeTbes 3
HaCTYMHMX (YHKLIOHANbHUX MOdYniB:
- Mogyns 36opy BibpauiiHnx curHanis 3 3[](0HTPOJ1I:HVIX TOYOK yepe3 32
BiGpoaaBaui.
- Mogyns nepernsgy 4acoBoi po3ropTku 3anvcaHux BibpocurHanis

oAynb 3aHeCeHHs1 AaHux B 6a3y AaHUX Ta NOGyA0BU CXeM MPUB’A3KU
XapaKkTepHUX TOYOK Ao BibpoaaBadyiB.
- Mo,qynﬁ
OCTaHHbLOrO 3anuncy B KOXHiN TouLli).

rnsaay 3anuciB 3 6a3u gaHux (Bknovarwum iHopmadito npo gaTty

- Mopgyns aHanisy Ta 06po6ku cnekTpiB 3a rapMOHIYHUMI CKIaZoBUMMU.
- Mogyns aBTonobyaoBKM CNeKTpiB Ha OCHOBI 3anncaHuX BibpaLinHUX curHanis
[ns 3aBaHTa)XeHHsi nporpamu nNoTpibHo 3anycTuTu dann Gpa_16.exe, akuii
3HaxoAMUTbLCHA B TOMY KaTtanosi, Kyam 6yno nposefeHo iHcTansLito nporpamMmHoro
3abe3neyeHHs.
Micns 3anycKy Ha ekpaHi 3'IBNSIETbCS rONOBHE BiKHO MpOrpamu, nokasaHe
Ha PUCYHKY 3.4.:]30HOBHV|MV| CKNagoBMMM YacTMHamu BikHa € dpyHKUioHanbHa cxema [TIA 3 HaHECEHUMU Ha Hil KOHTPONIBHUMU _ToYKaMu, sika
0o3MillleHa 3 npaBoro 60Ky BikHa, ofpasy X Nig Heto po3MilleHa iHopmaLinHa naHensb,
[iepeso KaTanorie 6a3u naHux (B NiBi YacTUHI BikHA) Ta KHOMOYHa NaHenb AnNs

onepaduin 3 6a3oko gaHux (B HUXKHIN YacTUHI BikHa), a Takox naHenb Bubopy
3mH. Apk. No gokym. Mignuc Oata

Apk.
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O[HOrO 3 TPbOX PEXMMIB pobOTH (Ornaa, 3aHECEHHS, 3anuc), Aka po3MileHa y

BEPXHBLOMY F1iBOMY Ky ikHa. PyHKLiOHanNbLHa cxeMa Aae MOXIMUBICTb BidyarbHOro BUGOPY Ta KOHTPONIO 3a PiBHSAMU BiGpaLii B XapaKTepHUX _
Toykax [TIA, nokasaHux Ha cxemi CUHIMKM TOYKaMu, NPUYOMy Nporpama aBTOMaTM4YHO BU3HA4Ya€ TOUYKM NO SIKUX MPUCYTHI 3anucu _BibpauliiHux
curHanie B NoToYHOMy kaTano3si. [lpyM HaTUCKaHHI Ha niBy KnaBiluy MULi, KON Kypcop nepebyBae Haa KOHTPONbLHOK TOYKOH), LAl TOYKa

3ab6apBnNIOETLCA B 3eNIeHMIN KOnip Ta BUNafae KOHTEKCTHE MeHI0, B AKOMY KOpUCTyBa4 BUGMpae Hanpsim (ropu3oHTanbHUM, BepTukanbHun, abo
NO3[0BXHIl)_

3anucy Bibpauii ANa AaHOi TOYKM. ﬂﬁepemimeuui Kypcopa MULLi Haf, KOHTPONBbHUMU TOYKaMU Ha
iHbopMmaLiliHi naHeni, Wo po3mileH
BifoOpaXkaeTbCcA Ha3Ba KOHTPOJSIbHOI TOUYKM, @ TAKOX AaTa Ta Yac OCTaHHbLOro

HU3Y (PyHKLiOHaNbHOI CXeMu, Ha Hi

3anucy B Liii Toui, WO Aa€ 3MOry KOpucTyBavy aHanidyBaTu TO4KwM, iHchopmauis



3 AAKMx byna 3ibpaHa HangaBHile Ta, BiANOBIAHO, BKIOYATU iX 0 CXeM NPUB’A3KK
(Bknrovaroum iHcpopmauito Npo AaTy OCTaHHLOIO 3annucy B KOXHIN TouLi).

PucyHok 3.5 — TonoBHe BikHO NporpamHoro 3abesnevyeHHst Ans KOHTPOro
ctaHy A

3mH. Apk. No gokym. Mignuc Oata

Apk.
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n'lauenb AepeBa _KaTanori,_sika [Jae MOXINUBICTb HaBirauii no 6a3i AaHux, noAgineHa Ha ABi YaCTUHU: BepXHsA — Bigobpaxae AepeBo KaTanoriB
Ta BUGpaHUI NOTOYHUI KaTaror, HAXKHA — BUBOAUTL CNUCOK (hainiB, ki MicTATbCA B gaHoMy katanosi. LLo6 nepelitn go notpibHoro kartanory 3

3anvMcamu Kopuctyeady

HeobXigHO Kypcopom muLi BUBpatu 6axkaHuin kaTanor 3 Aepesa Ta cTati Ha

HBOTO, MICNSA YOro B CNUCKY 3anucis, PO3MILLLEHOMY HUXYe 3'ABMNATLCA BCI

3HawaeHi 3anuncu BibpocurHanis y LibOMy kaTtasnoasi, @ Ha yHKLioHanbHil cxeMi —

CWHIM KONbOPOM ByAyTb BUAINEHI BCi TOYKY, LLO BiANOBIAAKThL UMM 3anncam.

MepernsiHyTM 3anmcu kopucTyBay Mae 3mory abo ABidi KnikHYBLUY MULLKOKO

Ha Has3Bi 3anucy, abo 6esnocepeaHbLO BUOPaBLUM NiACBIYEHY TOYKY Ha

dpyHKLiOHanbHI cxeMmi, HaTUCHYBLUK Ha Hel Ta 06paBLUM NOTPIBHMI HaNPSIMOK.

AHanori4yHo npoBoAnNTbLCSA BUBIpKa TOYOK i B peXMMi 3aHECEHHS AaHUX Ans

NpuB’A3KN 0 hainy, Ta B pexumi 3anncy AaHux Ans NpuB’asku 4o faBava.

MaHenb dyHKLioHaNbHUX KHOMOK (pUcyHOK 3.6) npusHaveHa ans

ogudikauif®hepeiMeHyBaHHs, rpynyBaHHsA, BuAaneHHs 3anuciB 3 6a3n AaHuX, a TakoX ANsA BUKITUKY AianoroBux BiKOH BnacTuBocTen canny,
AonomMoru no nporpami Ta ycTaHoBOK nporpamu. MaHenb MiCTUTL HacTynHi _KHonku_(pucyHok 3.6):

- BUKIKK BiKHa AONOMOrU NO _Nporpami;_

- BUKMWK AianoroBoro BikHa aTpubyTis;_

-_neperiMeHyBaHHA 3anucy B 6a3i AaHux;

- CTBOPEHHS1 HOBOTO KaTarnory B 6a3i aaHux;

- BUXig 3 nporpamu;

- BVKIMK YyCTAHOBOK Nporpamu;

- BUKMUK BikHa aHanisatopa cnekTpis.

PucyHok 3.6 — MNaHenb dyHKLUiOHanbHWX KHOMOK

Knagiwa F1 npu3HadeHa ans BUKNUKY JOBIAKOBOI iHhopmalLlii no

KOPUCTYBaHHi nporpaMHumM 3abesneveHHsIM. BikHo aTpubyTiB dariny (katanory),
LLIO BUKNMKaeTbCA knagilueto F4 aae amory npornsgaty iHpopmadito npo cawn.
3mH. Apk. No gokym. Mignuc Oata

Apk.
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Knagiwa F6 gae kopucTyBayy MOXNMBICTb NeperimeHyBaTi BUbpaHuin 3anmc
6a3un faHux, Wo Aae MOXIMBICTb BNopsiakoByBaTu 6a3y AaHUX HasvBakoum dannm
BiANOBiAHO A0 pexummiB poboTun. Knagiwa F7 cTBoptoe HOBWIA kaTanor — Ha3ea
AKOro 3a[]aeThCs KOPUCTyBa4eM B AianorosoMy BikHi. Knasiwa F8 — 3aBepLueHHs
po6oT1u 3 nporpamoto. Knagiwa F9 — BUKNWK AianoroBoro BikHa yCTaHOBOK,
KasaHoro Ha pucyHky 3.7
aOKasyBam iHcpbopmauito npo WAV-chain — Bigo6paxaTty Ym Hi gaHi Npo 3anuc _curHanis;__
- _NpuB’A3ka A0 MULI — NepeMillyBaTy Yu Hi Mapkep Ha rpacdiky Bcrig 3a Kypcopom MuLLi;
- _NpuB’A3Ka A0 KnaBiaTypu — BBIMKHYTU/BUMKHYTUY rapsidi _Knasilui;_

-_rapMoHika — nokasaTu/npuépartv MapKep rapmMoHiku nia Kypcopom;
inobpaxartu rpadpik pe3ynbraTiB YUTAHHA — NOKa3yBaTH YM Hi rpadyik pe3ynsraTiB _3anucy;_

-_3aBaHTaxyBaTu cxemy AaBaviB 3 channy — npu 3anycky NnporpamMmu MoXXHa oapasy X 3aBaHTaXyBaTu CXeMy NPUB’sA3KU AaBayviB [0 KOHTPONbHUX

TOYOK;__
- BUMKOPWCTOBYBAaTV TalMepu — NepemMmnkay pexxmmie po6oTu 6araTokaHanbHOro KomyTaropa;_

-_BigoGpaxatu perynsitopu piBHA — nokasyBaTu gianorose BikHO, MOKa3aHe npu
3anucy;

- PiBHi 3anu1cy 3 Pi3HMX BXOZAIB — OCKINbKM MOXHa NPOBOAUTY 3annc sk 3

NiHIVHOrO TakK i 3 MikpOG)OHHOTO BXOAIB.

PucyHok 3.7 — BikHO ycTaHOBOK

3mH. Apk. No gokym. Mignuc Oata

ApK.
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Knagiwa F10 BMkn1Kae BikHO aHani3atopa cnekTpiB, 3aranbHa 6nok-cxema
po6oTH AaHOro Moayns nokasaHa Ha puUcyHKy 3.8, a 30BHILLHI BUrNAA Ha
pUCyHKy 3.9, BIKHO BUKNUKAETLCS NpW Ornsai BUGpaHoro 3anvcy (pexum poboTu
nporpamu “Ornsig”), Ta npu Nnpue’si3ui BubpaHoro daiiny 3 AaHuMu Ao
KOHTPOSbHOT TOYKM (pexunm “SaHeceHHs”).
B LieHTpi BikHa po3MilLieHo rpadik Ha SKOMY BiOOpaXaeTbCsA CnekTp
curHany, abo oro Yacosa yHKLis, pexnm BiJoOpaxeHHs MoXHa Bubupatu Ha
naHeni B npaBoMy BepxHbOMY KyTi BikHa, Nig Het po3milleHa iHopmauinHa
naHenb HaBefeHa Ha pucyHky 3.10, Ha skil BinoOpaxxaeTbCsi 3HaYeHHs1 4acToT Ta
amnniTya OCHOBHMX LiNux Ta Apo60BUX rapMOHiK CMEKTPY.

MH. Apk. No pokym. Mianuc OaTa
Apk.
75
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ﬁlcyHOK 3.8 — briok-cxema moaynsi aHanisatopa cnekTpis
MH. Apk. No gokym. Mignuc Oata
Apk.
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Mapkepu 4acToTh, amniTyau Ta rapMOHikM Bianiky nig Kypcopom BuBig NOTOYHOIO CNEKTp

Buknvk napameTpis BctaHOBNEHHS Mapkepis
PucyHok 3.9 — Po6oTa nporpamu B pexuvmMi cnekTpanbHOro aHaniay

3HayeHHs1 1-0i OCHOBHOI rapMOHiKku 3aaeTbCs
aBTOMaTW4HO Npu NobyaoBi cnekTpy abo BBOAUTLCS B
noni kopucTysadem y BUnaaKy HeBipHOro
aBTOMAaTUYHOTO BU3HAYEHHS, LLIO Mae MicLe npu
BMNMBI iIMNYNbCHMX Ta iHLWKX 3aBag. AKLWO HeobXxigHO
cKacyBaTl 3MiHy YaCTOTM OCHOBHOI NepLUOi rapMOHiK,
cnia HaTUCHYTU KHoMKy “ABTO”. AKLLO HeobXigHO
nigkoperysaTu YactoTy Byab-sKoi rapMOHiKu,
OCKiNbKv NpoLeaypa LUBMAKOro NepeTBopeHHst dyp’e
[ae He3HavHy noxunbky, NoB’sA3aHy 3 YacTOTO
AnckpeTu3auii Ta BennymMHoro BUBIpKK - Tak 3BaHUiA
edbekT yacTokona, To cnif ABiYi KMiKHYTU MULLKOK Ha 3HAaYeHHi 4acToTu
rapMoHiku, TOZi BBECTU HOBE 3HA4Y€HHs Bpy4Hy abo nepemiluyoun Kypcop no
rpadiky, nigBecTu noro nig HeobxigHe 3HaYeHHst YacToTu. MNpu LbOMy YacToTa
rapMOHIKN 3MIHUTBCS Ha MOTOYHE 3HaYeHHs Nig KypcopoM. LLlo6 36epertu
3MiHEHyY 4acToTy cnif HaTUCHYTW koMGiHauito knasiw Ctrl+Enter.
Mig iHdpopmauinHo naHenno posmilleHa
naHenb (pucyHok 3.11), Ha SKill nokasaHi NOTOYHi
3HaYeHHs amnniTyan, YacToTu Ta HOMEpPY rapMOHIKH,
a TaKoX Nons e MoXHa NocTaBUTU/3HATU
BiJOOpaXeHHs TUX YM IHLLIMX MapKepiB Ha rpadiky,
Ta BCTAHOBUTW/3HATW NPUB’A3KY A0 MULLI.
Mia ocHoBHUM rpadikoM, Ae BifobpaxaeTbes
YacoBa po3ropTka curHasny Ta YaCTOTHWUI CNekTp,
PO3MILLEHO KHOMKM 3anuncy CnekTpy B rpadivHunm
chavin, abo BMBOAY MOro Ha NPUHTEP, BIAKpUTTS danny aaHnx 6a3m gaHux Ta moro
nepesanuc nicns koperyBaHHs, Nig HAMKU NPUCYTHSA NaHenb nepexoay Mix
darnamu Bibposanucie B AaHOMy KaTarnosi, Hux4e po3MilieHa KHOMKa BUKIUKY
HaBiratopa no 6asi gaHux (pucyHok 3.12).
PucyHok 3.10 — MNMaHenb
aHarnisaTtopa rapMoHik
PucyHok 3.11 —
MaHenb aHanizatopa



3HayeHb Mig Kypcopom

3mH. Apk. No gokym. Mignuc Oata
Apk.
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Hagiratop npuaHayeHunii onsi nokpaLeHHs
3pyyHoCTi poboTK KopucTyBada 3 6a3oro AaHuX, BiH
MICTUTb HaCTYMHI YHKLOHamNbHI KnasiLui:
- MPOIMSIHYTUN — NepernsHy T B BikHi aHanisaTtopa
cnekTpy BMbpaHuii 3 6a3n gaHux cnektp (ue x came
MOXHa 3pobuUTK ABiYi KNiKHYBLUM MULLIEIO HA 3anucy B
CMUCKY, PO3MILLEHOMY B MiBili YaCTWHI BikHa);
- 3aKPUTW — NPOBECTMN 3aKPUTTSI MOTOYHOTO 3anucy Ta
BMAANWUTK MOro 3 CNUCKY HaBsiratopa 6asu aaHux (ane
He 3 6a3n);
- BIOKPUTW — BUKIUKaE CTaHAapTHe Aianorose BiKHO
BiOKkpWTTS chaiiny 3 3anucamu 6a3v gaHux anst Bubopy daviny, sk Tpeba
nepernsHyTH;
- fopatn — fobasrnsie NOTOYHUIA (haiin, BiAKPUTUI Y BikHI aHanisaTopa cnekTpy B
CMMCOK HaBgiraTopa;
- Bropy — nepemilllye NoTO4YHUIN hann B CAUCKY HaBsiratopa Ha OAMH MYHKT Bropy;
- BHM3 — nepemilllye NOTOYHUIA dhalnl B CNMCKY HaBiratopa Ha oauH MyHKT BHUS;
- 3aBaHTaXMUTN — 3aBaHTaXUTK 3 hanny 36epexeHnin paHille Crmcok
HaBiraTtopa;
- 36eperTu — 36epertv NOTOYHWIA CNUCOK B hals;
- BMXig — 3aKpWUTK BIKHO HaBiratopa.
Mpu nepernsaai 3anucie 3 pisHNX pexmmis poboTn KOpUCTyBaY Moxe BUOpaTtu
NocnigoBHO 3anucK 3 OJHIET TOYKKM ane B pi3HWI Yac, 4oaaTtu ix B HaBeiratop i Togi,
nepernsgawyy ix OAWH 3a O4HUM, BidyanbHO dikcyBaTu 3MiHW, WO Biabynuce B
cnekTpi. ns Buxody 3 aHanisaTopa cnig HaTUCHyTH kHonky “Buxig”. LLo6
BBIMKHYTW/BUMKHYTU KOMaHAM KnaeiaTypu (nepeMileHHsi no rpadiky 3a
[ornomoror knasiw “” 1a *”, 3MiHa macluTaby 3a JonoMorot knagiw “’ Ta
") noTpibHO HaTUCHYTK kHomnKy “KnasiaTypa”.

PucyHok 3.12 — ®op-

Ma Hasiratopa no 6asi

OaHux

3mH. Apk. No gokym. Mignuc OaTa
ApkK.
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B TpeTbomy pexumi poboTun — npu 3anuci BibpocurHanis, sikun

BMOMpPaETbCA Ha NaHeni BUGopy pexumia poboTu, BikHO NporpaMn Mae BUrNAA,
LLIO MoKa3aHu Ha  pucyHky 3.13. B LieHTpanbHi YacTuHI BikHa po3MileHa
cxema [TIA, nig Heto nokasaHa iHpopmauiiHa naHenb, Ae BinobpaxaeTbes
iHbopmaLisi Npo NOTOYHY KOHTPOSIbHY TOYKY Ta Yac OCTaHHBLOIO 3anucy 3 Hei.
3niBa Big cxemy po3millieHa naHenb BUGOpPY AaBaviB Ta Noby[oBM CXeM NPUBA3KM
[aBaviB 10 KOHTPOMbHMX TOYOK, OCKINbKM TEXHIYHAa YacTuHa cucteMu nepenbayae
nigknoyYeHHs 32 aaBauviB, a KinbKiCTb KOHTPOSIbHUX TOYOK CTaHOBUTL 34,
npuyoMy MoTpiGHO BUMIpIOBaTK B KOXHIM TouLi Bibpauito B 3-0x HanpsiMkax,
TOMy Byrno npuiHsTe pilleHHs, Wob KoxeH AaBay MoxHa 6yno npue’asatn 4o
[OBINbHOI TOYKM Ta HANPAMY, ANS YOro 1 CNY>XWUTb LA NaHernb.

LLlo6 npuB'asatn gaBay A0 TOUKW, NOTPIGHO ABIYI KMiKHYTM MULLKOK Ha

HoMepi NoTpibHOro Aaeava, nicns Toro Ha cxemi A 3'aBNSATbCA BCi KOHTPOMbHI
TOYKM Ta HaNpsAMKW, Jani cnig BubpaTn Ha cxemi NoTpibHY TOYKY Ta HAaTUCHYBLUN
Ha Hei BubpaTv Hanpsim — B pe3ynbTaTi HaBnpoTU HOMepa AaBaya 3'siBUTbCS
HanpsiM Ta Homep BMBpaHOT TOYKM Ta BigMiTKa Npo Te, Lo AaHWii faBady €
BKITIOMEHUIA B CXEMY MPUB’A3KM.

Mia cnuckom AaBayiB pPo3MiLLLeHi HACTYMHi KHOMKK:

- ckacyBaTu 3MiHy — He NpWUB’S3yBaTh NOTOYHWIA AaBay [0 TOYKM (JOCTYMHA KOMu
npouec NpuB’si3ky1 Po3noYvaBcs, ane e He 3aBepLunBCS);

- BiAMITMTM BCi — BiAMITUTM BCi faBadi B CNMCKY, TOOTO BKMHOYUTK iX BCIX B

CXemy NpuB’a3Ku Npu 3anucy;

- 04MCTUTU BCi — 3abpaTu BIAMITKY ANs BCiX AaBadiB B CNUCKY, TOOTO BUKMIOYUTI



X BCiX 3 CxemMu NpuB’s3KM Mpu 3anucy;
- 3aBaHTaXMTN — 3aBaHTaXuUTN 3 hanny paHille 3bepexxeHy cxemy npue’s3ku;
36epertn — 36eperTu B halin NoTO4HY CXeMy NPUB’S3KM AaBadiB.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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PucyHok 3.13 — Po6oTta nporpamHoro 3abeanevyeHHs B pexuMi peectpauii AaHux

Mig kHoMkamy po3milLeHi ABa BUMUKaYi:
- “3agaBatv KOMeHTap A0 3anucy” — AKLLO BBIMKHEHWI Lie BUMMKaY TO Npu
noyaTky 3anucy nporpama nporoHye onepaTopy BBECTU PSAOK TEKCTY SIKUIA
Oyae NoMmiLLeHui B XKypHarn 3anuciB sik KOMeHTap 4o 3ibpaHux gaHux;
- “nepernsigaty rpadik 3ibpaHnx gaHux ” — SKWO BBIMKHEHWI Liei BUMMKaY TO
nicnsa 3aBepLUeHHs NPOoLeCy 3anuncy Ha ekpaHi 3'ABnseTbca hopma, nokasaHa
HMXKYe, Ha SKill onepaTop MOXe NepernsHyT YacoBy PO3ropTKy CUrHany 3
BibpoaaBauiB, sika TakoX MICTUTb B padi BUNaakiB AiarHOCTUYHY iHdhopmaLito,
sika € [OMOBHIOKYOI0 ANS aHanidy B padi BUNaakKiB, 4O YaCTOTHOIO CNeKTpy.
®opma (pucyHok 3.14) micTuTb rpadik, Ha AKOMY BUBOAUTLCS Yacosa
po3ropTka curHany, cnpasa Bif rpadyika po3MmilLieHVIn CIMCOK BCiX AaBadis, 3
SKUX
3bupanucb AaHi B 4aHOMy MPOLECi 3anucy, onepaTtop MoXe neperfsiHy T
CUrHarn Bif KOXXHOro faBava BUOPaBLUM MOro B CNCKY 3@ JOMOMOIOK MULLIKA.

PucyHok 3.14 — Bisyanisauis curHany y 4acosiii obnacri

Ipadik MoxHa MaclTabyBaTtu, BUAINAIYM HEOOXiAHY AiNSHKY MULLKOH,

a came NOTPiGHO BMOBPATV MULLIKOIO BEPXHIli MiBWIA KYT AiNAHKA, HATUCHYTU
niBy KHOMKY MULLI Ta He Bianyckatuu ii NpoBECTV KyPCOPOM [0 HUXHBLOT
npaBoi TOYKW NiCrs YOro BiAMyCTUTU Kragilly) Ta CKacoByBaTW 3MiHY

3mH. Apk. No gokym. Mignuc Oata

ApK.
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macLuTaby (BUAINsoun AinsHKy Bif BEPXHLOrO NPaBoro 40 HWKHBOTO MiBOro
KyTa eKkpaHy).

B HWXHI AinsHLi ronoBHOT hopMu nporpamu, HaBefeHa iHpopmauinHa
naHenb KOHTPOMO npoLecy 3anucy (pucyHok 3.15), Wo cnyxuTb Ans 3agaHHs
napameTpiB 3an1cy Ta KOHTPOIO CTaHy NpoLiecy 3anucy.

PucyHok 3.15 — MNaHenb ynpaeniHHs 3anucom curHanis

Ha naHeni B LLeHTPi po3MmilLieHi KHOMKX NoYaTKy Ta 3ynuHKK npoLecy

3anucy, npasille Bif KHOMOK po3MilLieHi nons Ans BBOAY Nnepioay 3anucy 3
KOXHOrO flaBaya Ta nayau Mix 3anvcamn. Yac BBoauTbCs B cekyHaax. B nisin
YaCTUHI NaHeni Po3MmilLLleHWI iHaMKaTop Xo4y 3anucy, BECb MPOrHO30BaHUiA Yac
3anucy, Yac Lo MUHYB Ta 3HaYeHHS B BiACOTKax Bif NPOrHO30BaHOrO

yacy.

IMig kHoMKaMu po3milLeHi iHaukaTopwm, Lo BigobpaxatoTb cTaH 6roky
naBaudiB, a came [ABiikoBuiA kog BUGpaHoro B 4aHUn MOMEHT faBada. KHomka
BMKIMKAE BIKHO BCTAHOBMEHHS PiBHSA 3anucy 3 NiHiNHOro Ta MikpodOHHOro
BXOZiB, 30BHILLHIN BUMMSAA AKOrO NoKa3aHui Ha pucyHKy 3.16.

PucyHok 3.16 — ®opma ynpaeniHHS piBHEM 3anucy

Ha uin dopmi postalLoBaHi NOB3yHKW-PErynaTopu piBHS curHany 1a
HaCTYMHi KHOMKW:

- “MNMokasatn” — Bigo6pasnTK Nia NOTOYHUMM 3HAYEHHS PIBHIB 3anucy Ti
3HaYeHHs, WO BKa3aHi B BikHi yCTAHOBOK;

- “BigHOBUTN” — BCTAHOBUTY 3HAYEHHSI PiBHIB 3anucy A0 TWUX 3Ha4YeHb, LLO
BKa3aHi B BikKHi YyCTAHOBOK;

- “Buxip” — 3akputu hopmy.

3mH. Apk. No gokym. Mignuc Oata

ApK.
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LLlo6 npoBecTu npouec 3anucy BibpocurHanis 3 AaBayis onepartopy
noTpibHO cnovaTky 3aBaHTaxuTu 3 daliny, abo CTBOPUTU BNACHy CXemy
NpUB’S3KN, BUCTABUTY 3HAYEHHS iHTepBany 360py AaHuX Ta nay3u mixk
[aBavaMy i HATUCHYTU KHOMKY nodaTky 3anucy. [licns 3aBepLUeHHs npoLiecy
3anucy byae npoBegeHO aBToMaTUYHY NobyaoBy CNeKTpiB Ta 3anuc ix B 6asy
[aHuX.

3.8 Pesynbrati anpobauii anroputmivyHOro i nporpaMHoro
3abe3neyeHHst cuctemu giarHoctyBaHHst ITIA

3a pesynbsratamu npoBeAeHHs 06pobkKn YacoBKx peanisawii 3anucis
BibpauiiHnx curHanis Ha arperati Tuny NMK-10-4 Ha KC JonuHcekoro JIBYM
OyayBanmcs YacTOTHI CMEKTPY 3 METO0 BUSIBIIEHHSI B HUX iHpopMaLinHmX
AINSHOK, SKi B NoAanbLIoMy NOCMyryoTb OCHOBOK AN PO3paxyHKY 3HAYEeHHS
eeKTNBHOI BiGPOLLBUAKOCTI eq)@ MO KOXHI 3 KOHTPOSIbHUX TOYOK.

B npoueci npoBeaeHHs ekcnepumeHTy Ha A 6yno wraTHo
BCTAHOBIIEHO N'ATb AaBaviB BibponpuckopeHHs Tuny MV-39 B Toukax,
0ByMOBEHNX TEXHOMOTYHMM pernaMmeHToM. 3anuc BibpauiiHnx curHanis 3
peLuTV TOYOK NPOBOAMBCS 3a [ONOMOrOK Po3pobneHoi cuctemu.

Tak, 1-11 gaBay (No0O) — BctaHoBneHu B Touui No 6 (Macrnonposig), 2-1
nasay (No3) B kOHTpornbHii Touui No1 (Micue ycTaHoBKM 1-ro onopHoro
nigwunHuka), 3-n aaeayv (No13) B KOHTponbHin Touui No2 (micue ycTaHOBKM 2-
ro OMOPHOro MiALwunnHuKa), 4-n gasad (No9) B KoHTponbHiN Todli No3 (THT 3-i
NigWMnHKK), 5-1 gasad (No4) B KOHTponbHiN Toui No4 (onopHwuit 4-i
NiALWWMHKK. ).

Micns ycTaHOBKM faBadviB Ta NPOBEAEHHS MyCKy arperaTy 34ilicHioBanm
3anuc BibpocurHanis npu pisHMX pexrnmMax poboTu arperaty. Butar 3 xypHany
3anuciB pexxumy poboTu arperaty HaBefleHO HUXYe.

KpiM HOpManbHOro pexumy 3 Bapialieto B CTOPOHY 36inbLUEHHS Ta
3MeHLUEHHs YacToTn obepTaHHsa Bany TypbiHu A 6yno 3aiiicHeHo 3anunc
3mH. Apk. No gokym. Mignuc Oata
ApK.
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pexumy poboTu 3 NiABULLEHUM HaBaHTaXeHHsIM Ha [TIA WTy4YHO CTBOpPEHUM
3aKpuTTAM HGarnacHoro kpaHa, pexvmMy poboTu NPy BUHUKHEHHI SBULLA
NOMNaxy Ta pexumy 3yrnuHKu arperary.

Mig yac aHanizy nobyaoBaHWX CNEKTPIB NPUIHSANM A0 yBaru 3HaAYEHHs:

- CUHXPOHHUX rapMOHiK CnekTpy, a came nepLuoi rapmoHiku fO, ska Bkasye
Halnneple Ha gucbanaHc obepToBMX Mac pisHoi npupoaw; apyroi 2 f0, wo
BKa3ye Ha AKiCTb LEHTPyBaHHA arperaTiB, kpinneHHs dyHaamenTy, 3f0 8 fO —
pi3Hi MexaHi4Hi aedpekTn, Binblie 10 fO— TepTa B yLLiNbHEHHS.

- cybrapmoHik (1/n@0) — ocnabneHHs HaTary i nocagku getanen. 13 Hux
ocobnusy yBary 6yno 3BepHyTo Ha 1/2 fO rapmoHiKy — Tak 3BaHy MacnsiHy
rapMOHiKy.

- ApoboByx rapmoHik (2/5f0, 3/4f0) — siki, ik npaBmno, 06yMoBMoTb
npouecu 3adinaHHs, ocnabneHHs, obkaTyBaHHs!, TOLLO.

B npoueci aHanisy nobyaoBaHvx cnekTpis Oyno Big3HaYeHO 3pOCTaHHSs
BMCOKOYaCTOTHOI CKINafoBoi Ta rapmMoHik 0

1f Ta 3HWKHEHHS

0

4

1

2 f rapMoHikv B KOHTpOrbHi Touui No 1, wo o6ymoBneHe nigBULLEHHAM
HaBaHTaxeHHs Ha ITIA.

AHanisytoun HopmManbHuin pexum pobotu MA 6yno BigmiyeHo
3pocTaHHSA Nicns nepeBoAy arperarty B iHLWWIA pexum poboTtn 0

3



1

1f,6+1/2f0

Ta 7f0 rapMoHik Ha 2 NigWUNHUKY

Mpu nepeBefeHHi arperaTty B iHLWIA TEXHOMOTYHUIA PEXUM BUHUKIO

SIBULLE MOMNAXxy, Lo Bifo6Gpasniock Ha CNeKTPi 3HaYHUM POCTOM PiBHS
BibpaLii No BCiX KOHTPONbHUX TOYKaX, 30KPEMa Ha CMeKTPi KOHTPOIbHOI TOYKK
No 1 (1-/ onopHuiA nigwmnHKK) 3pocnu Ha 2f0 Ta 0

3

1

1f rapmoHiku, cnekTp

ToukM No 2 (2-11 NiALWMNHUK) XapakTepHUi 3pOCTaHHAM PiBHSI FaPMOHINHUX i
cybrapMOHiHNX CKNagoBUX Ha BUCOKOYACTOTHIN AiNsHLi cnekTpa, 3okpema 5-
3mH. Apk. No gokym. Mignuc Oata

Apk.
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oi, 7-oi, 8-oi fO rapmoHik, Takox 3pocnu 0

2

1

1f Ta 2 rapmoHikn. Ha cnekTpi

TPETbOro MiaLwmnHuka 3pocnu 6, 7, 8 fO rapmoHiku T1a 0
2

1

6 f, TakoX 4iTkO

BupaxeHi 1, 00

2
1
2,
2
1
1ff 120

3

f rapmoHiku.

Micns nomnaxy MMA npautoBaBs 3 nigBuLLEeHUM piBHeM Bibpaulii. Ha

CMeKTpax NoMiTHe 3pOCTaHHS PiBHA rApPMOHIYHKX i CyOGrapMOHiiHMX CKnagoBmx
crnekTpa.

He 3ynuHsA04MCh AeTanbHO Ha aHanisi HaBeAeHNX CNekTPIB i MOXIMBUX
npUYnHax NiaBULLEHHN BiGpaLii B TOUKax KOHTPOIO (MOXMBKX AedekTax),
LLIO He BXOAWTb B 3afayy AaHoi poboTu, BigMITUMO Lo iX po3rnsig NpoBOAMBCS 3
€[MHOI0 METOK — BMOOPY YaCTOTHOI CMYTY CNEKTPY, As ikoi HeobxiaHoO B
noganbLlomMy BU3Ha4aTh e(b@ .

Ak nokasanu pesynsTaTv AoCNiAKeHb Y NepLIOMY HabnKeHHI MOXHa
MPUAHATN YacTOTHY cMyry B Adiana3oHi 0—-700Iu. B noganbLluiomy, no mipi
360py CTaTUCTUYHMX JAHUX, YACTOTHUI dianasoH MO KOXHIiN 3 KOHTPOSbHUX
To4ok IMA MoxHa Byae yTouHUTH.

Ha pucyHkax 3.17 a), 6) HaBefeHi cnekTporpamu, oTpumaHi B 1-ii; 2-iin; 5-

in; 16-it; 18-iin i 19-ilt To4kax KOHTPOMIO @) — B LUMpOKOMY Aiana3oHi 0—1000y
6e3 inbTpauii curHany; 6) —B gianasoHi 0—700Iy 3 dinbTpauieto curHany

Ak BUAHO 3i cnekTpiB, Npoueaypa inbTpauii 403BONSE NokpaLmTm

BidyanbHe iX CpPUAHATTS i, BignosiaHo, aHani3. Kpim Toro, ue fo3sonse
niaBMLLMTI iHpopMaTMBHICTb KpuTepito BibpocTaHy A — edhekTUBHOI
BiBpOLLBMAKOCTI.

3mH. Apk. No gokym. Mignuc OaTa

ApK.
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a) 6)
PucyHok 3.17 — Cnektporpamu BibpauinHux curHanis
a) —y cmysi 0-10000y 6e3 dinbTpauii; 6) —y cmysi 0-700y 3 dinbTpauieto
curHanis, oTpuMaHux 3 1-0f TOYKM KOHTPOIO



a) 6)
PuicyHok 3.18 — Cnektporpamu BibpauinHux curHanis
a) y cmyasi 0-1000Iy 6e3 dinbTpadii; 6) y cmy3si 0-7000y 3 dinsTpauieto
curHanis, oTpUMaHmx 3 2-0f TOYKU KOHTPOIO

PuvcyHok 3.19 — Cnektporpamu BibpaLinHux curHanis
a) y cmysi 0-1000I"y 6e3 chinbTpadii; 6) y cMysi 0-700y 3 dinbTpauieto
curHanie, oTpuMaHmx 3 5-i TOYKM KOHTPOIo

a)
6 6)

3mH. Apk. No gokym. Mignuc Oata
Apk.
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PucyHok 3.20 — CnekTporpamu BibpauiiHux curHanis
a) y cmysi 0-1000Iy 6e3 dpinbTpadii; 6) y cmysi 0-700y 3 dinsTpauieto
curHanis, oTpuMaHunx 3 16- oi TOUKM KOHTPOSO

a) 0)
PucyHok 3.21 — Cnektporpamu BibpauinHnx curHanis
a) y cMysi 0-1000Iy 6e3 dpinbTpadii; 6) y cmysi 0-700ly 3 dinbTpauieto
curHanis, oTpuMaHux 3 18-0i TOUKM KOHTPOSO

a) 6)

PuicyHok 3.22 — Cnektporpamu BibpaLinHux curHanis

a) y cMy3i 0-1000ly 6e3 dpinbTpauii; 6) y cmysi 0-700ly 3 dinbTpauieto
curHanise, oTpuMaHmx 3 19-0i TOUKM KOHTPOO

CnekTporpamu BiGpaLiiiHiX curHanis, oTpUMaHux 3 HanbinbLL
iHdbopmaTuBHMX To4oK ITTA 3 BUKOopUCTaHHAM npoueaypu dinstpadii i 6e3 Hel
y BKa3aHux AianasoHax 4acToT HaBefeHi Takox Ha puc.3.17-3.18, a uncenbHi
3Ha4YeHHs ix edpekTMBHOI BibpoLBuakocTi — B Tabnuusax 3.2— 3.3.

Kpim Toro, B Tabnuusix HaBeAeHi 3Ha4eHHs Seq) , po3paxoBaHi ans
poTopHoi yactotn 60.0Iy pn =360006/xB. 'TK-10-4No09, ae 1qu@ -

cmyra uff 1000101 (6es cinsTpauii), 2ecdM —cmyra Mufff 700101 .

a) 6)
3mH. Apk. No gokym. Mignuc Oata
Apk.
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Tabnumus 3.2 — 3Ha4YeHHs ePeKTUBHOI BiOPOLLBUAKOCTI B KOHTPOMbHMX
Toukax ITIA ans pi3HMX YacTOTHUX CMYT (BepTuKanbHa cknagosa)

Tabnumus 3.3 — 3HayeHHs1 ePeKTUBHOI BiOPOLLBMAKOCTI B KOHTPOSbHMX
Toukax [TIA ans pi3HWMX YaCTOTHUX CMYT (rOpU3oHTarbHa ckrnagosa)

Tabnuus 3.4 — 3HavyeHHst epeKTUBHOI BIGPOLIBUAKOCTI B KOHTPOSIBHUX TOYKaxX
I'MA ans pisHnx 4acToTHUX CMYT (MO3J0BXKHSA CKNafosa)

Ak BuaHO 3 Tabnuub 3.1-3.2 pisHMLA B CTOPOHY 30iNblUEHHS 3HaYEHHS ed)@
npy 3MEHLLEHHI YacToTU CMYTY (41151 BEPTUKANbHOIO HaNpsiMKy BUMipOBaHHS!
Bibpauii) cknapae Big 13.7% 8o 15.9%.

Lle npusBene o Toro, wo ctaH INMA peanbHO MOXHa knacudikyBaTh sk

"XopoLunii", B TOM Yac sk 3a MPUAHSATOI0 METOAMKO BiH Oyae BBaxaTucs
"BiAMiHHUM".

Touka

3HayeHHs



12510111516 18 1921 24 27

1, mm/c 0,405 0,281 0,288 0,406 0,354 0,277 0,385 0,378 0,429 0,277 0,285 0,377
2, mm/c 0,467 0,327 0,333 0,468 0,409 0,321 0,442 0,436 0,496 0,319 0,330 0,435
3, mm/c 1,229 0,860 0,822 1,315 1,032 0,820 1,180 1,090 1,198 0,851 0,780 1,173

Touka

3HayeHHs

12510111516 18 192124 27

1, Mm/c

0,421 0,406 0,307 0,308 0,305 0,432 0,297 0,305 0,319 0,437 0,332 0,303

2, Mm/c

0,484 0,464 0,354 0,355 0,354 0,491 0,341 0,351 0,367 0,497 0,382 0,349

3, mm/c

1,148 1,192 0,886 0,818 0,780 1,227 0,861 0,798 0,930 1,149 0,887 0,854
Touyka

3HayeHHs

12510111516 18 192124 27

1, mm/c

0,277 0,281 0,409 0,305 0,281 0,404 0,303 0,292 0,305 0,300 0,288 0,362
2, mm/c

0,319 0,322 0,468 0,352 0,326 0,462 0,348 0,338 0,351 0,345 0,330 0,417
3, Mm/c

0,748 0,794 1,235 0,991 0,793 1,237 0,969 0,749 0,780 0,870 0,808 0,995
3mH. Apk. No gokym. Mignuc Oata

Apk.
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BinbLw Hebe3neuHnm Moxe ByTn BUNaOok knacudikaLii ctaHy sk
"3a0BINbHUIA", X04a peanbHO Oro MOXHa BiAHECTM A0 "BUMarae npunHATTS
3axofiB", yM "He3amoBinbHUI".

[1nsi ropu3oHTanbLHOro HanpsIMKy BUMIpIOBaHb BibpaLli pisHnLs

cknagae Big 14.31% ansa toukn No 15 o 15.8% ans todok No11 i No 18.
CepefiHe 3HaYEeHHS BiAXWUIEHHSI eqa@ cknapae 15.4%. AHanoriyHo ans
NO3A0BXHBLOrO HaNPsIMKY BUMiptoBaHHS BibpaLii B KOHTPONbHMUX TOYKaXx Lis
pisHuus cknage Big 14.8% ansa Toukmn No 16 go 16.4% ans Toukm No 2, a
cepeaHe BiaXUneHHs ecb@ Mo BCiX TO4Kax, TOBTO 3Ha4eHHs! BibOpoCTaHy B Linomy
no I'MA Ha 15.5 % 6yae GinbLmm.

TakvM YnmHoM, BUGIp HaNBIinbLL iHPOPMaTUBHUX TOYOK KOHTPOIO Ha

kopnyci IMA i YacToTHUX cMyr BiGpaLiiH1X CUTHANIB 3 X TOYOK, SKi MOXHA
OTPUMAaTV Ha OCHOBI @aHari3y 3Ha4YHOI KiflbKOCTi CTAaTUCTUYHMX JAHUX MO eqa@ B
LUMX TOYKax, A03BONMUTb NPakTUYHO A0 16% NigBMLLMTY TOYHICTE KOHTPOMO
BibpocTany MIA.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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BMCHOBKU

Y marictepchbkiii po6oTi po3B’sA3aHO aKkTyarlbHy HayKOBO-MPaKTUYHY

3agady nigBuLLIEHHSA e(PeKTUBHOCTI KOHTPOMIO TEXHIYHOTO CTaHy
rasonepekaqyBasibHUX arperaTtis LUIAXOM 3aCTOCYBaHHSA LMMPOBUX anropuTmis
06pobkuM Ta iHTeneKkTyanbHOro aHaniay BibpauiiHux curHanis.

— MpoaHanizoBaHo rasonepekavyBanbHUI arperaT sik 06'exT

aBTOMaTuM3aLjii Ta BU3HAYEHO OCHOBHI [Kepena i XxapakTepucTukm BibpauiiHnx
npoLieciB.

— [locnigpkeHo cyyacHi MeToam BibpaLiiHOT AiarHOCTUKM Ta LmMdpoBoi
06pobku curHanis, 06rpyHTOBaHO AOLINBHICTb BUKOPUCTaHHS BENBNET-
nepeTBOPEHHSA AN aHani3y HecTalioHapHUX cUrHanis.

— Po3pobneHo anropuTm aHanidy BibpauiiHux curHanis A, wo

BKIOYAE eTanu nonepeaHbol inbTpaLii, cnekTpanbHOro Ta BeBneT-aHaniay i
dopmyBaHHS iIHPOPMATUBHUX AiarHOCTUYHMX O3HAK.



— CVHTEe30BaHO CTPYKTYpY iHTEeNeKTyanbHoi cucTemu aHanisy

BibpaUinHMX curHanis i3 oopmarnizoBaHo NOriKOK NPUNAHATTS AiarHOCTUYHMX
piLLeHb.

— PeanisoBaHo nporpamHy Mogenbs cuctemu y cepegosuili MATLAB Ta
npoBeaeHo MoaerntoBaHHs il poboTu.

— OTpuMaHi pesynbsrati nNiaTBepaAMny eeKTUBHICTbL 3anponoOHOBaHOTO
nigxoAy AnNs NigBULLEHHS OCTOBIPHOCTI AiarHOCTMKM TEXHIYHOTO CTaHy
rasonepekavyBanbHVUX arperaris.

PesynkraTty marictepcbkoi poboTu MoXyTb ByTu BUKOpUCTaHi Npu

CTBOPEHHI Ta MOAepHi3aLlii aBTOMaTU30BaHNX CUCTEM KOHTPOSIO i AiarHOCTUKN
obepToBOro obnagHaHHs KOMNPECOPHUX CTaHLii.

3MmH. Apk. No gokym. Mignuc Oata
Apk.
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3mH. Apk. No gokym. Mignuc OaTa
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10mamok H.l. BibpauwiH1i KOHTPONb TEXHIYHOro cTaHy fionaTeBoro

anapary rasonepekavyyBanbHuX arperaTiB [TeKCT]: AUC. KaHA. TeXH. HaykK:

05.11.13 / IBaHtok Hatanis IBaHiBHa — IBaHO-PpaHkiBebk, 2021. — 32

11.  3awmixoBcbkuit J1.M., IBaHtok H.l., MaBnuk B.B. BukopuctaHHA BeBneT-nepeTBOpPeHHs ANA BU3HAYE€HHA TEXHIYHOro ctaHy
rasonepekadyyBanbHuUX arperatiB. Cy4yacHi npunagu, matepianu i TeXHonorii Ans HepyWH. KOHTPONIO | TEXH. AiarHOCT. MalWMUHOGyA, i
HadTorazonpom. obnagH.: VIl MixkHap. HayK.-TexH. koHd.(IBaHo-PpaHkiBCbK, 14-16 nucT. 2017). C.132-133.

12&Peopin i NnpakTMKa 06GPOGKM CUrHaAnNIB y ManoxBunbLoBin (wavelet)

o6nacti A.W. HakoHeuHwi, 1.| INaryH., 3.€. Bepec [Ta iH.] nia pepakuieto AN,

HakoHeyHoro: MoHorpadisi. lbsi: Pactp-7, 2020. 470 c.

3mH. Apk. No gokym. Mignuc Oata
Apk.
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JOJIATOK A

Mporpamuuii Kog dinbTpaLii 3 BUKOPUCTaHHAM BEVBMET-NEPETBOPEHHS



%% 3aBaHTaXXeHHs curHany

dat = load('D:\txt_files\28_y.wav.txt');
s = dat(:,2);

Is = length(s);

clear dat

%% OpHopiBHeBe DWT
1, cd1] = dwt(s, 'db1’);

= upcoef('a’, ca1, 'db1’, 1,_Is);_
_d1 = upcoef('d’, cd1, 'db1', 1, Is);

%% TpupiBHEBe BeiBNeT-NepeTBOPEHHS
) 1] = wavedec(s, 3, 'db1’);

%3 = appcoefi(c, |, 'db1’, 3);
3 = detcoef(c, |, 3); cd2 = detcoef(c, I, 2); cd1_tr = detcoef(c, I, 1);

= wrcoef('a’, c, I, 'db1", 3);
= wrcoef('d’, c, I, 'db1’, 3);
#2 = wrcoef('d’, c, |, 'db1', 2);
d tr = wrcoef('d', c, I, 'db1', 1);

m) = waverec(c, |, 'db1");

%% Po3paxyHok cnekTpis
Fs = 1000; % 4acTtoTa AnckpeTusaLii (noctaBTe CBOO)
f = linspace(0, Fs/2, floor(Is/2));

S_fft = abs(fft(s));
A1_fft = abs(fft(a1));
D1_fft = abs(fft(d1)):

%% Bisyanisauisi: YacoBa Ta YacToTHa iHbopmaList
figure('Name','Wavelet Signal &amp;
Spectrum','NumberTitle','off");

MpoposxeHHst opgatky A

% --- Yacosi curHanu ---

subplot(3,3,1); plot(1:ls, s, 'r'); title('(a) Original
signal’);

subplot(3,3,2); plot(1:ls, a1); title('(6) Reconstructed
at’)

subplot(3,3,3); plot(1:ls, d1); title('(8) Reconstructed
a1y,

% --- eTanbHi koedilieHTn TpMpiBHEBOI AEKOMMNO3MLIT ---
subplot(3,3,4); plot(1:length(d3), d3); title('(r) Detail

ds');

subplot(3,3,5); plot(1:length(d2), d2); title('(a) Detail

d2');

subplot(3,3,6); plot(1:length(d1_tr), d1_tr); title('(e)

Detail d1');

% --- YacToTHi cnekTpu ---

subplot(3,3,7); plot(f, S_fft(1:floor(Is/2))); title('(k)
Spectrum original’);

subplot(3,3,8); plot(f, A1_fft(1:floor(Is/2))); title('(3)
Spectrum at');

subplot(3,3,9); plot(f, D1_fft(1:floor(Is/2))); title('(n)
Spectrum d1');

BIBNIOrPA®IMHA OOBIOKA

Tema marictepcbkoi po6oTu: «Po3pobneHHs iHTenekTyansHol
cucTemm aHanidy BibpauiiHux curHanie [TIA Ha ocHOBI LM poBumx



anroputmis 06pobku JaHnx»

O6csr nosicHioBanbHOT 3anuckn: 9 6 apkyLis, 41 pucyHok, 5 Tabnuub.

[ata 3akiH4eHHs1 maricTepcbkoi poboTu rpyaeHb 2025
poky
CtyneHT-Marictep PIl. DaBngis

3mH. Apk. No gokym. Mignuc Oata
Apk.
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a) cygHosoro Tuny — OP59JT; 0) asiaujinHoro Tuny — HK-12CT TpaxcnopTHi 'TY B cknagi rasonepekayyBanbHOro
arperaty

CnekTp curHany Bibpauii

3mH. Apk. No gokym. Mignuc Oata
Apk. 1

MP.AKCwm -08.00.00.001
Po3po6. Oasugis P..
Mepes. IBaHoK H.I.

T. KoHTp.

H. KoHTp. Bo3Hun A..
3arB. 3aMixoBCbKuI
YacToTHuM cnekTp
BiGpaLiiH1x curHanis
TpaHcnopTHUX 'Y
rasonepekaqyBasnbHOro
arperaty

JliT.

Apkywis 1

IOHTYHI

AKCM-24-1

Maca MacwwTab
11:1H

BxigHun

curHan

Bnok aHanisy

(po36uTTSH)

curHany

(mo 3 nopsaky)

Bnok yacosux 3aTpuMok

L1151 KOXKHOT

CcKnagoBoi

dinbTpytoya naHka

(Ons KOXHOTOo 3 KaHaniB
3aJat0TbCs OKpeMi KoedilieHTn)
Bnok cuHTesy

(36opku curHany 3 noro
CKIagoBuX)

(ans 3 nopsiaky)

Briok 4yacoBoi 3aTpyMKK curHany
Ons KoMneHcadii Yacy 1noro
NPOXOMXKEHHS Yepes inbTp
123

1 — BXigHWI cUrHan 3 3aTpuMKO0 B Yaci
2 — BUXIOHHI curHan nicns dinsTpauii
3 — BiadinbTpoOBaHUIA LLYM

3MmH. Apk. No gokym. Mignuc Oata



Apk. 1

MP.AKCwm -08.00.00.002
Po3po6. fJasugis Pl.
Mepes. IBaHtok H.I.

T. KoHTp.

H. KoHTp. Bo3Hun A.
3arB. 3amixoBCbKuI
Cxema eTaniB 06pobku Ta
dineTpauii BibpaLitHoro curHany
JliT.

Apkywis 1

IOHTYHI

AKCM-24-1

Maca MacwTab
11:1H

Knacudikauisi gedekTiB rasonepekavyBanbHuUX arperatiB Ta NPUYMHA ix
BUHUKHEHHSI

No n/n BM,ﬂJeq)eKTy MpuunHm 1.
HeapiBHOBaXeHICTb

0TOpa MexaHiYHMM AncbanaHc (3HOC _OKpPemoi _nonaTtu, HanunaHHA NPOAYKTIB  3ropsiHHA i T.M.);
d:ponuuamiquuﬁ AucbanaHc (noraHe o6TikaHHA OKPeMMUX NonaTok NoTokom). 2. bit Bana
_AechekTn cnonyyHmx MyhT, Npu_ixHii HasBHOCTI; HecniBBiCHICTbL BaniB_4Yepe3 MopyLUEHHS cNiBBICHOCTI onop o6epTaHHA (MiAWWNHUKIB),
NepeBaHTaXeHHs MiXBanbHOrO MiAWMMNHUKA Yepes.

CKPUBMNEHHSI OAHOro 3 Banis,

CUMbHUIA 3HOC MiAWMUNHUKA YW ocnabneHHs noro kpinneHHs. 3. [lecdhekT onop o6epTaHHsA nepekic ogHOro 3 Kineub NiAWMNHUKA, OCnabneHHsA
KpinneHb onop, NiAWUNHUKOBUX By3niB. 4. 3HOC pob6oyoro Koneca (3HOC Monarok)_

3HOC TOpLIEBEX MOBEPXOHb NlIONaTok po6oyoro _koneca

3cyB (_papianbHe 4M ocboBe) poboyoro koneca (4n
_HanpaBnsawyoro anapara) — ax Ao 3adinaHHs
noripLueHHst 06TikaHHA_IOTOKOM Hanpaensyoro anapara, y
TOMY umchi Yyepes 3H0ﬁ1

onaTok ocTaHHboro. 5. [ledekTn po6oyoro koneca 6ii_Bana 3 po6ounm kornecom nepekic po6oyoro _korneca
_nepeBaxarouuii 3Hoc ( AedeKT) okpemoi nonaTtku pob6oyoro koneca 6. MigBuweHa TypGyneHTHICTb NOTOKY NoraHa po6oTa _Hanpasns4yoro
anaparta Yu AedhekT B kamepi 3ropsAHHA, NpU _sKk1x_3'aBNAITLCSA OKpeMi fioKarnbHi 30HU nifgBuLeHol TypbyneHTHOCTI. 7. _3HoC_niawmnHmka

nosisa NiABMLLEHOro 3a30py B_NiALIMNHUKY, NPY AKOMY BMHUKaE HeniHiiHa B3aemopia Bana i _niawvnHuka_Yn Asox Banis. 8. [ledektu
nNiawnnHnKa

_yAapHa B3aeMopais _Tifl_KoYeHHA 3 AedeKTOM _Ha_MNOoBEepXHi
30BHILLIHBLOrO (BHYTPILWHBOrO) Kinbus NiAlLMOHWKa Y1
_AedheKTHOro Tifla_KOYEHHS 3 NMOBEPXHEH_KOYEHHS Ha
30BHILLUHIM KinbLli.

3mH. Apk. No gokym. Mignuc OaTa

Apk. 1

MP.AKCwm -08.00.00.003

Po3po6. Jasugis Pl.

Mepesip. IBaHok H.I.

T. KoHTp.

H. KoHTp. BosHui A.

3atBepa. 3amixoBcbkuii J1.M.

Knacudikauis nedektis
rasonepekavyBarnbHUX arperaTis
Ta NPUYMHM iX BAHUKHEHHS

JliT.

Apkywis 1

IGHTYHI" AKCwm-24-1
PeueHs.

Maca MacwTab

11:1
a) 6)

Yacosi peanisauii BibpocurHany Ha Bxogi a)
i BUxogi moayns "wavelet-aHanisy 6)



3mH. Apk. No gokym. Mignuc Oata
Apk. 1

MP.AKCwm -08.00.00.004

Po3po6. Oasuais Pl.

Mepesip. IBaHiok H.I.

T. KoHTp.

H. KoHTp. BosHui

3atBepa. 3amixoBcbkuii J1.M.

BxigHwuit (a) i BuxigHui (6)
BibpauiiHi curHanv moayns
BernBnet-nepeTtBopeHHs
Tt

Apkywis 1

IOHTYHI" AKCm-24-1
PeueHs.

Maca Macwrta6

11:1

Cxema peanisauii anroputmy dinstpauiii

3mH. Apk. No gokym. Mignuc OaTa
Apk. 1

MP. AKC - 08.00.00.005

Po3po6. \Oasuais P.l.

Mepesip. IBaHtok H.1.

T. KoHTp.

H. KoHTp. BosHun A..

3atBepa. 3amixoBcbkuit J1.M.

Cxema peanisauii
anroputmy instpawiii

JliT.

Apkywis 1

IGHTYHI" AKCwm-24-1
PeueHs.

Maca MacwTab

11:1

Bynyemo Habip koedilieHTiB anpoKCUMYUNX Ta AeTanbHUX KoedilieHTiB

MOYATOK

BrKOHYeMO OOHOKpPOKOBE BiATBOPEHHS curHany 3a koediuieHtamu cal ta cd1.
BurikoHyeMo fekomno3auuito curHany Ao 3 piBHS 3 BUKOPUCTaHHSAM nepeTBopeHHs [obeLti.

3Haxoaumo Habnvkytodi koedilieHTy anst 3 piBHSA i3 NepeTBOpeHoro curHany
3Haxoaumo getanbHi koediuieHTn aAnsa 1,2,3 piBHS i3 NepeTBOpPEHOro curHany

BiATBOPIOEMO HM3bKOYACTOTHY (aNMPOKCUMOBAHY CKIafoBy CurHanmy) Ansi 3 piBHsS 3 EPETBOPEHOTO CUrHany

BiaTBOptoemo AetanbHi (BUCOKOYACTOTHI cknafoBi curHany ) ans 1,2,3 piBHiB 3 nepeTBOpeHoro

CurHany

BinTBOpIOEMO BMXiAHWUIA CUrHaN 3a BCiMa CKNagoBMMU

KIHELIb

a) YacoBa gyHkuis 3anvcaHoro BibpocurHany

6) YacToTHMI cnekTp 3anucaHoro BibpocurHany

3mH. Apk. No gokym. Mignuc Oata
Apk. 1
MP. AKC - 08.00.00.006

Po3po6. Oasugis P..
Mepes. IBaHtok H.I.
T. KoHTp.



H. KoHTp. BosHui A.
3aTB. 3aMix0OBCbKUI

YacoBi xapaktepuctukm (a) i
4acTOTHWIA cnekTp (6)
3anucaHoro BibpaLinHoro curHany

iT.
Apkywis 1
IOHTYHI
AKCM-24-1

Maca MacLuTtab

11:1H

CTpyKTYpHO-(PYHKLiOHaNbHa cxemMa MOAYNA aHanidy CrnekTpis

3mH. Apk. No gokym. Mignuc Oata
Apk. 1

MP. AKC - 08.00.00.007

Po3po6. \Nasuais P.I.

Mepes.ip. IBaHiok H.I.

T. KoHTp.

H. KoHTp. BosHuii A..

3atBepa. 3amixoBcbkuii J1.M.

CTpyKTYpHO-hyHKLIiOHanbHa
cxema MoAyns aHanidy cnekTpis
JliT.

Apkywis 1

IOHTYHI" AKCm-24-1

PeueHs.

Maca Macwtab

11:1

CnekTporpamu BibpauiliHix curHanis
OTPUMaHUX 3 18-01 TOYKM KOHTPOITO
y cmy3i 0-10000My 6e3 dinbTpaLii;

CnekTporpamu BibpauiliHux curHanis
OoTpMMaHux 3 19-0i TOUKM KOHTPOro
y cmy3i 0-10000y 6e3 dinbTpaLii;

3mH. Apk. No gokym. Mignuc Oata
Apk. 1

MP. AKC - 08.00.00.008

Po3po6. \Naasuais P.l.

Mepesip. IBaHiok H.1.

T. KoHTp.

H. KoHTp. BosHui A..

3atBepa. 3amixoBcbkuit J1.M.

Yaco-yacToTHi
npeacTaBleHHs!
BibpauiiHux curHanis
TiT.

Apkywis 1

IGHTYHI" AKCwm-24-1
PeueHs.

Maca MacwTab

11:1

CnekTporpamu BibpauiiHix curHanis
oTpMMaHUX 3 18-01 TOUKM KOHTPOMIO Y
cmysi 0-700y 3 dinbTpauieto curHanis

CnekTporpamu BibpauiiHix curHanis
OTpUMaHuUX 3 19-0i TOYKM KOHTPOSIO y
cmy3si 0-700y 3 dinbTpaLieto curHanis



