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1. Tema GakanaBpcbkoi po6oTu: «Po3poBrNeHHs TEXHIYHMX 3acobiB Ans cucTeMmn

fiarHocTyBaHHs nonaresoro anapaty [T1A»

KepiBHMK poboTyn |BaHIOK nis IBaniBHa, ooy, K.T.H.,

F@pisamme, iM's1, No 6aTbKOBIi, HAyKOBWI CTYMiHb, BYEHE 3BAHHS)

3aTBepAkeHa Haka3oM 3aknagy BuLoi ocsiTh Big No 166/7 Big 07.04.2026 poky

2. TepMmiH 3padi cTyaeHTom 3aKiHHeH@)60TVI 12 yepBHa 2026 poky 3. BuxigHi gaHi 4o npoekTy (poboTn) HopmaTuBHO-TEXHIYHa Ta HayKoBO-
TEXHIYHa NniTepaTypa 3a TemMaTuKo
. 3MICT po3paxyHKOBO - NOSICHIOBANbHOI 3anucky (nepenik NMTaHb, Lo NiansrarTb po3pobLi)
BcTyn. KoHCTpykTUBHI ocobnunsocTi nonatesoro anaparty [TIA Ta TexHi4Hi 3aco6u oro KOHTPOIHO.
Po6oui nonari arperatHux By3nis 'MIA sik 06'€KT KOHTpONIHO i AiarHoCTyBaHHS. Po3pobneHHs
TexHiYHOro 3abe3neyeHHsi cuctemm aiarHocTyBaHHs nonatesoro anaparty I'MA. Po3pobneHHs
CTPYKTYPHOI CXemMu cucTeMm AdiarHocTyBaHHA nonatesoro anapaty [MIA. Bubip ta
BibpoaaBayiB A8 CUCTEMM [iarHOCTYBaHHS TEXHIYHOMO CTaHy NonaTeBoro anapary:

5. Mepenik rpaciyHoro matepiany (3 TO4HUM 3a3Ha4YeHHsIM 060B’I3KOBUX KPeCeHb)

- bnok-cxema BM3Ha4YeHHs 4acTOTW BNAacHUX KoNnBaHb nonati Ta anapaTtHa KoHdirypawis cuctemm
AiarHocTyBaHHst Ha 6a3i PLC SIMATIC S7-1200 i sBibpauinHoro mogyns SM1281 (1 apk.);

- CTpyKTypHa cxema BUMiptOBaHHsI napameTpiB BibpalLlii Ta YaCcTOTHi xapaKTepucTvkK Bibpoaasaya



(1 apk.);

- CTpyKTypHa cxema cucTemu giarHocTyBaHHs nonatesoro anapaty A (1 apk.);

- BoBHiLLHI BUrNsiA, TpuBicHoro akcenepometpa ADXL345 (1 apk.);

- Cxema nigknroyeHHst akcenepometpa ADXL345 go nnatu Arduino Ta doparMeHT nporpamu noro
Kaﬂi6pyBaHH3—?—ll|__apL)._

6. [ata Buaavi 3aBaaHHs 05.05.2026 poky KepiBHUK, K.T.H., AOLIEHT H. I. IBaHIoK
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TepMiH BUKOHAHHS
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1
KoHCTpYKTVBHI 0cOBNMBOCTI nonateBoro
anapaty 'MA Ta TexHi4Hi 3acobu 1noro
KoHTponto. PoGoui nonati arperaTHux
By3niB [TIA sik 06'€KT KOHTPOTIO i
AiarHOCTyBaHHs
06.05 - 20.05.2026 p.
2
3acobu BisyanbHOro i BUMiptoBanbHOro
KOHTPOSO pobounx nonaten. TexHiuHi
3acobu KOHTPONIO i AiarHOCTyBaHHs
nonaTeBoro anapary B npoLeci
ekcnnyarauii
16.05 - 24.05.2026 p.
3
TexHiuHi 3acobu peanisauji
BiBpPOaKyCTUYHNX METOLAIB KOHTPOMHO i
[iarHoCTyBaHHS nonaTeBoro anaparty
MA. Po3pobrneHHsi TeXHIYHOro
3abe3neyeHHs CUCTEMU AiiarHOCTyBaHHSA
nonaTeBoro anapary
rasonepekaqyBasibHUX arperartis
20.05 - 31.05.2026 p.
4
Bumoru o BiGpogasadis sk cknagoBoi
CMCTEMM [iarHOCTYyBaHHS onaTeBoro
anapaty 'MA. [iarHocTyBaHHs
nonateBoro anapary 3a AiarHOCTUYHUMM

O3Hakamu.
24.05 - 31.05. 2026 p.
5

CucTtema BibpaLiiHOro KOHTponto Ta
piarHocTukn. Po3pobrneHHs CTpyKTypHOT
CXEMM CUCTEeMU [iarHOCTYBaHHS
nonaresoro anapaty MA. Bubip ta
kanibpyBaHHs BibpoaasayiB Ans cuctemu
[iarHOCTYBaHHS TEXHIYHOTO CTaHy
jonaTeBoro anapary
8.05 — 05.06.2026 p. 6 OchopmneHHs nosicHioBanbHOi 3anuckm 31.05 — 11.06.2026 p.
_7 OdhopmneHHs rpadivHoro matepiany 06.06 — 11.06.2026 p.

CryneHT-6akanasp H. P. Makcumis
@i,qrmc) KepiBHWK po60TH, K.T.H.,  AOLIEHT H. I. IBaHtOK
(_nignuc) PE®EPAT BakanaBpcbka pobota MiCTUTb BCTYM, ABa PO3AiNY, BUCHOBKM Ta

CnnCoK
BMKOpPUCTaHWX gxxepen. 3aranbHuii o6esar poboTn cTaHoBUTL 67 CTOpiHOK. Y poboTi
HaBefeHo 47 pucyHkiB, 1 Tabnuuto Ta BukopuctaHo 30 niTepaTypHuX Axepen.

Tema 6akanaBpcbkoi poboTn: «Po3pobneHHs TEXHIYHUX 3acobiB Ans cuctemm
AiarHocTyBaHHsi nonatesoro anapaty [MTA».

OB6’eKT AOCNIMKEHHS — NPOLIeCH NOTiPLUEHHS TEXHIYHOMO CTaHy nonaTeBoro anapary
rasonepekadyBarnbHUX arperaTis nig BNAMBOM eKkcniyaTtauiiHuX HaBaHTaXeHb, BibpaLinHux
BNNMBIB Ta iHLWNX AecTabini3yrounx akTopis.

MpenmeT gocniaXeHHA — TeXHIYHi 3acobu KOHTPONO Ta AiarHOCTYBaHHA CTaHy

rionaTeBoro anapary rasonepekavyBarnbHUX arperatis.



MeTa po6oTu nonsirae y nigBULLIEHHI HAAINHOCTI yHKLIOHYBaHHS NlonaTteBoro

anapaTty Ta edeKTMBHOCTI eKkcnnyarauii rasonepekayyBasnibHOro arperary LUMsXoM
pPO3pOBMeHHsT TEXHIYHUX 3acOBiB KOHTPOSHO | AiarHOCTYBaHHS MOro hakTUYHOrO TEXHIYHOTO
CTaHy.

Y npoueci BUKOHaHHS GakanaBpcbkoi poGoTH NpoBeAeHO aHani3 cyvyacHUX METOAIB Ta
3acobiB giarHOCTyBaHHS NlonaTeBoro anapary rasonepekaqyBarnbHUX arperaris.

3a pesynbratamut OCHIOKEHHS:

— cchopMoBaHO BUMOTM A0 BibpaLiiHMX AaTYMKIB, LLO 3aCTOCOBYOTLCS B CUCTEMaX
[jiarHoCTyBaHHS NonaTeBoro anapary, Ta BU3HadYeHo kpuTepii 3abeaneveHHs HeobxigHoT
TOYHOCTI, AOCTOBIPHOCTI 11 iH(POPMaTMBHOCTI BUMipIOBaHb;

— po3pobneHO CTPYKTYPHY CXEMY CUCTEMM AiarHOCTyBaHHA nonateBoro anapaty A

3 BuKopuctaHHssM SCADA-TexHOMOri Ta 3acobiB iMiTaLiniHOro MoAentoBaHHS;

— 06r'pyHTOBaHO BMBIp TpMBicHOrO akcenepomeTpa ADXL345 ons peectpaduii
BibpaLiiH1x napameTpis, peanizoBaHo oro B3aemogito 3 nnatcdopmoto Arduino yepes
iHTepderic 12C Ta po3pobneHo nporpaMHuii Ko Ans 34MTyBaHHS BUMIPIOBarbHOI
iHcbopmalii;

— PO3rMsiHYTO CTPYKTYPY CTEHAA Ans kanibpyBaHHsA akcenepomeTpis, onmcaHo
MeToAuMKy KanibpysaHHsa gatunka ADXL345 Ta po3pobneHo nporpamHe 3abe3neqeHHs ans
BMKOHaHHS L€l npoueaypu.

Krtouosi criosa: FASOMEPEKAYYBAJIbHN ATPEFAT, NOMNATEBWW

AIMAPAT, TEXHIYHE OIATHOCTYBAHHA, CUCTEMA KOHTPOJIO,

BIBPALIVHWIA OATUMK, AKCENEPOMETP, KANIEPYBAHHSA, SCADA-CUCTEMA,
NE®EKT, TEXHIYHM CTAH.

ABSTRACT

Th@achelor‘s thesis consists of an introduction, twapters, conclusions, and a list of _references.

The work contains 47 figures, 1

table, and 30 references.

Topic of the bachelor's thesis: Development of Technical Means for Diagnosing the

Blade Apparatus of a Gas Pumping Unit.

Object of research — degradation processes occurring in the blade apparatus of gas
pumping units under the influence of operational loads, vibration effects, and other factors
that affect its technical condition.

Subject of research — technical means for monitoring and diagnosing the condition of

the blade apparatus of gas pumping units.

The purpose of the thesis is to improve the reliability of the blade apparatus and

enhance the operational efficiency of a gas pumping unit through the development of
technical means for monitoring and diagnosing its actual technical condition during
operation.

During the implementation of the bachelor's thesis, an analysis of modern methods and
tools for diagnosing the blade apparatus of gas pumping units was carried out. Based on the
obtained results:

— the requirements for vibration sensors used in blade apparatus diagnostic systems
were determined, and the criteria for ensuring measurement accuracy, reliability, and
informativeness were substantiated;

— a structural scheme of the blade apparatus diagnostic system based on SCADA
technologies and simulation modeling tools was developed;

— the selection of the three-axis ADXL345 accelerometer for vibration parameter
acquisition was justified; its integration with the Arduino platform via the 12C
communication interface was implemented, and software for data acquisition was developed;
— the structure of the accelerometer calibration stand was described, the calibration
procedure for the ADXL345 sensor was considered, and the corresponding calibration
software was developed.

Keywords: GAS PUMPING UNIT, BLADE APPARATUS, TECHNICAL

DIAGNOSTICS, MONITORING SYSTEM, VIBRATION SENSOR, ACCELEROMETER,
CALIBRATION, SCADA SYSTEM, DEFECT, TECHNICAL CONDITION.
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_OIHWLIb AL — ananoro-umdpoBuii NepeTBoptoBay;
ACB — aBTOMaTM30BaHa cucteMa CTEHA0BUX BUNPOBYBaHb;
B[l — 6a3a gaHux;
BBK — Bi3yanbHO-BMMiptoBanbHUA KOHTPOIb;
A — rasonepekavyBanbHuUi arperar;
['TY — rasoTypbiHHa ycTaHOBKa;
EC — ekcnepTHa cuctema;
INMM — iHTenekTyanbHWI NipOMETPUYHUIA MOAYIb;
KIO — kaHanu iHdbopMmaLiiHoro o6miHy;
KKL, — koedilieHT KOpUCHOI Aii;




OK — ocboBwin kKOMNpecop;
M3B — npuiiManbHo-30aBarnbHi BUNPOOyBaHHS;
CKB — cepefHbokBagpaTUyHe BigXUIEHHS;
TBT — TypbiHa BUCOKOro TUCKY;
T3l — TepMo3axncHe NOKPUTTS;
THT — Typ6iHa HU3bKOrO TUCKY;
TO — TexHiYHe obCnyroByBaHHS;
TC — TeXHIYHUI CTaH;
YBK — yacToTa BnacH1x KonvMeaHb.

DXL345 — TpuBicHUI LMdPOBUIN akcenepomeTp;

2C (Inter-Integrated Circuit) — nocnigoBHui iHTEpdenc 0bmiHy AaHUMW;
IEPE (Integrated Electronics Piezo-Electric) — ctangapT nigkntoveHHs
n'e30enekTpUYHNX Bibpoaasavis;

LC (Programmable Logic Controller) — nporpamoBaHmii NOriYHNUI KOHTPONep;
RAW — HeobpobneHi (cupi) aaHi BUMiptoBaHb;

CADA (Supervisory Control and Data Acquisition) — cuctema gncneTyepcbkoro

3m. Apk. No gokym. Mign. dat
a

Apk.
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KepyBaHHS T&—300py AaHuX;
SPI (Serial Peripheral Interface) — nocnigosHuin nepudepinHuii iHTepderic.

3m. Apk. No gokym. Mign. Aat
a

ApK.
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BCTYMN

Ha cyyacHomy eTtani po3BUTKY ra3oTpaHCNOpPTHOI ranysi ocobnuea ysara
npuainseTbca 3abe3neyeHHo HaginHoi Ta 6eaneyvHoi ekcnnyaTauii
rasonepekadysanbHux arperatis (I'T1A), sKki € Kno4OBUMU enemMeHTamu
KOMMPECOPHUX CTaHLi MaricTpanbHu1X ra3onposofis. EdekTusHicTb
YHKLIOHYBaHHSA ra3oTpaHCMOPTHOI CUCTEMM 3HAYHOIO MIPOIO 3aneXuTb Bif
TeXHIYHOro cTaHy ocHoBHUX By3niB TA, cepen skMx Banmee Micue 3anmae
nonarteBuii anapat KOMNPEeCOPHOI YaCTUHW.

Y npoueci TpmBanoi ekcnnyaTtawii nonateBuii anapat 3a3Hae BNNBY 3HAYHUX
MexaHi4HMX, TENNoBUX Ta BiGpaLiiH1X HaBaHTaxeHb. Hacnigkom Lporo MoxyTb
OyTu epogsiiiHe Ta KOpPO3iliHe 3HOLLYBaHHS MOBEPXOHb, YTBOPEHHS TPILLMH,
nedopmallii, NopyLLeHHs reomMeTpii nonaTok Ta iHWi AedekTn. Po3BUTOK Takmx
MOLUKOPKEHb NPU3BOANTL [0 NOTIPLUEHHS! aePOANHAMIYHUX XapaKTepUCTUK
arperary, 3HUXEHHS NOro NPOAYKTUBHOCTI, 30iNbLUEHHSI eHEPreTUYHNX BUTPAT i
MOXEe CTaTh NMPUYNHOIO aBapiiHUX CUTYyaLin.

CknagHicTb KOHCTPYKLUIiT rasonepekavyBanbHUX arperatis Ta

Pi3HOMaHITHICTE MOXIMBYKX AedeKTiB 06yMOBMIOIOTL HEOOXIAHICTb 3aCTOCYBaHHS
cy4acHux 3acobiB KOHTPOMO Ta TEXHIYHOTO AiarHocTyBaHHs. [locsia ekcnnyaTauii
CBiAYNTb, LLO CBOEYACHE BUSIBIIEHHS NMOYATKOBKX O3HaK HECMPaBHOCTEW J03BONSE
CYTTEBO 3HU3UTW BUTPATM HA PEMOHT, NiABULLUTY HaAiIMHICTb poboTn obnagHaHHS
Ta NPOAOBXUTN TEPMiH Oro 6e3neyHoi ekcrnyaradii.

[nsa ouiHoBaHHA TexHiYHoro ctaHy A BUKOPUCTOBYIOTb Pi3HOMAaHITHI

MeToAM AiarHOCTYBaHHS, cepeq SKMX HanbinbLL nowmpeHnMm € BibpauinHi,
aKyCTUYHi, TepMoAMHaMIYHi Ta rasogmHamiyHi metogun. Ocobnvee micue
3arimaloTb BiBpaLiiHi METOAM KOHTPOIIO, OCKINbKM 3MiHa napameTpis Bibpalii €
OfHVM i3 MepLumx iHpopMaTMBHUX NPOSIBIB PO3BUTKY AedbekTiB y monateBomy
anaparti. EcpekTMBHICTb Takux MeToiB 3HAYHOK MIpOIO BU3HAYaETbCA

3m. Apk. No gokym. Mign. fat
a

Apk.
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XapakTepucTMKaMu BUKOPUCTOBYBAHWNX AATYMKIB, SKICTIO BUMipIOBanbHOI
anapaTtypu Ta MOXIIMBOCTSIMMW NPOrpaMHmx 3acobiB 06pobneHHs faHux.
CyuacHi KoHUenuii TeXHIYHOT ekcnnyaTauii rasonepekayyBasnbHVX arperaTis
OpieHTOBaHi Ha nepexia Bif pernaMmeHTHoro ob6cnyrosyBaHHs 40 06CNyroByBaHHS
3a pakTUYHUM TeXHIYHUM cTaHoM. Peanisauis Takoro nigxogy notpebye
BNPOBaXEHHS BUCOKOTOYHUX CUCTEM KOHTPOMIO Ta AiarHOCTYBaHHS, 30aTHUX
3abe3nevyBaTti 6e3nepepBHUN MOHITOPUHI NapameTpiB poboTn obnagHaHHs i
CBOEYaCHe BUSIBNEHHSA HeGe3nevyHX 3MiH NOro TEXHIYHOTO CTaHy.

Y 3B'A3KYy 3 UMM aKTyasnibHUM 3aBAaHHAM € PO3pOONEHHs TEXHIYHMX 3acobiB
OIS cMCTeMu [iarHOCTyBaHHS NonaTeBoro anapary rasonepekaqyBanbHOro
arperarty, siki O3BONSATh MiABULLMUTI AOCTOBIPHICTb KOHTPOHO, ONEpaTUBHICTb
BUSIBNEHHSA AedeKTiB Ta eheKTUBHICTb ekcniyaTauii obnagHaHHs.
AKTyasnbHiCTb po60TK nonsrae y HeobxigHOCTI BAOCKOHaNEHHs 3acobis
KOHTPOIIO Ta [liarHOCTyBaHHS NonaTeBoro anapary rasornepekayysanbHuX
arperartiB af1s1 3abe3rneYeHHsi CBOEYaCHOrO BUSIBNIEHHS AedeKTIB, MiABULLEHHS
HagiiHOCTI po60TN 06NagHaHHSA Ta 3MEHLLEHHS PU3MKY BUHUKHEHHST aBapiiHmX
cuTyauin.

MeToto poboTH € po3pobneHHs TEXHIYHMX 3acobiB Ans cucTemMmn
[iarHOCTyBaHHS NonaTeBoro anaparty rasonepekadyBanbHOro arperaTty Ha OCHOBI
BMKOPUCTaHHS CydYacHWX BibpauinHMx AaTunkiB Ta 3acobiB 06pobrneHHs
jarHoCTUYHOI iHdopmaLlii.

[1Ns1 [OCSAATHEHHS NOCTaBMEHOI METU HEOOXIAHO BMPILLUTY TakKi 3aBAaHHS:

— NPOBECTM aHani3 KOHCTPYKLIi onaTeBoro anapary rasonepekaqyBasnibHOro
arperaTy Ta OCHOBHUX MPUYUH BUHUKHEHHS NOTO AedpeKTiB;

— AOCNIANTM CyvacHi MeToaum Ta 3acobu AiarHOCTyBaHHS TEXHIYHOIO CTaHy
nonarteBoro anapary;

— 0br'pyHTyBaTK BUBIp BibpauiiHoro gatuuka ans nobyaosu cuctemm
AiarHOCTyBaHHS;

3m. Apk. No gokym. Mign. Aat
a

Apk.
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— PO3pOBUTU CTPYKTYPHY CXEMY CUCTEMM [iarHOCTYBaHHS NonaTeBoro
anaparty 'MA;

— peanisyBaTu nporpamHi 3acobm 34nTyBaHHsA Ta 06pobneHHs iHdbopmaLlii 3
akcenepomeTpa;

— po3pobuTy CTeH i MeToaMKy kanibpyBaHHsI BUMIPIOBanbHOro garyvka.
O6'exTOM JocnimKeHHs € aerpafauifHi npoLuecu, Wo BUHUKaOTb Y
rionaTeBoOMy arnapari rasornepekaqyBaribHOro arperaty nig BniveoM
ekcrnyartauiiHux akTopis.

MpenmeTom AoCnigKEHHs € TeXHIYHI 3acobu KOHTPOIIO Ta AiarHOCTyBaHHS
TEXHIYHOro CTaHy nonaTeBoro anapary rasornepekavysanbHOro arperary.
MpaKkTUYHe 3HaYEeHHS OfepPXKaHWX pesynbTaTiB Nonsrae y po3pobrneHHi
TEXHIYHMX 3aco6iB KOHTPOMHO BibpaLiiHUX NapameTpiB nonaTeBoro anapary, ski
MOXyYTb OyTV BUKOPUCTAHI Nig Yac CTBOPEHHS Ta MoAepHi3aLii cuctem
AiarHoCTyBaHHS rasonepekavyBasibHUX arperaris.

3m. Apk. No gokym. Mign. dat
a

Apk.
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1 JIOMATEBWW AMAPAT FASOMNEPEKAYYBAJIEHOIO
ATPETATY AK OB'€KT OIArHOCTYBAHHA TA AHATII3
TEXHIYHMX 3ACOBIB KOHTPOJIIO

1.1 JlonaTeBuit anapat rasonepekavyBarnbHOro arperarty sik 06'ekT
TEXHIYHOro AiarHoCTyBaHHSA

[a3onepekayyBanbHi arperati € OCHOBHUM TEXHOMOTYHUM 06nagHaHHAM
KOMMPECOPHWX CTaHLjii MaricTparnbHUX rasonposogis. ix edekTusHa Ta 6esneunHa
po6oTa 3Ha4YHOO MIpPOKD 3aneXunThb Bif TEXHIYHOTO CTaHy OKpeMUX BY3riB i

cucTeM, cepeq skux ocobnvee Micle 3arimae nonaTeBuin anapat KOMNpPecopHoi Ta



Typ6iHHOT YacTuH arperaty. Came nonaTteBuii anapat 3abe3neyvye nepeTBoOpeHHS
eHeprii pobo4oro cepefoBULLa Ta BU3HAYaE OCHOBHI ekcnyaTtaLinHi
XapakTepuUCTUKN razonepekadyBarnbHOro arperary.

JlonaTeBui anapat siBrisie COBO0 CyKyMHICTb pOBOYMX | HANPAMHUX NONaToK,

AIKi BXOAATb 0 cknapy komnpecopa Ta Typ6iHu. [Mig Yac ekcninyarauii nonarku
nepebyBatoTb Nia AIE0 3HAYHUX MEXAHIYHKX, TENIOBUX, aepoanHaMivHKX Ta
BibpauiiHMx HaBaHTaxeHb. Kpim Toro, Ha ix TEXHIYHWUIA CTaH BNMMBaoThb
arpecuBHi KOMMOHEHTM ra30BOr0 CEPeAOBULLA, MeXaHi4Hi JOMILLKM,
TemnepaTypHi nepenaau Ta LMKMiYHi 3MiHWM pexxmMmiB poboTu arperary.

[ocein ekcnnyaTtauii razotyp6iHHOro obnagHaHHs CBigYUTb, L0 3HaYHa

YacTuHa BiAMOB ra3ornepekadyBasibHUX arperaTis nop's3aHa came 3
MOLUKOPKEHHSIMU €IEMEHTIB MPOTOYHOI YaCTUHWU. BUHUKHEHHSI HaBiTb HE3HAYHNX
nedekTiB Ha NOBEPXHi TONAaToK MOXe NPU3BOAUTA A0 MOTipLUEHHS
aepoavHaMivyHKX XapaKkTepucTuk komnpecopa abo Typ6iHK, 3pOCTaHHS piBHSA
BibpaLii, 3HMKeHHs1 koediLllieHTa KOPUCHOI Aii Ta NOCTYNOBOro po3BUTKY BinbLu
CepWO3HNX MOLLKOOAXKEHb.

OcobnuBicTio nonaTteBoro anaparty sik 06'ekTa AiarHoCTyBaHHS € CKINagHICTb
Oro KOHCTPYKLT Ta 0BMexeHun 4ocTyn A0 BinbLIOCTi KOHTPONbOBaHUX

3m. Apk. No gokym. Mign. at
a

Apk.
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NoOBEepPXOHb. 3HaYHa KiNbKiCTb NOTEHLiNHO HeGe3nevYHnx AedeKTiB po3BUBaAETHCS
BCEPEAMHI KOHCTPYKLIT 200 y BaXKOAOCTYMHUX MICLSX, LLO YCKNaAHIOE iX
CBOEYaCHe BUSIBNEHHSA TpaauLiiHMK MeTogamu KoHTponto. Came Tomy Ao
CUCTEM [iarHOCTyBaHHsi BUCYBaIOTbCA MiABMLLEHI BUMOTU LLOAO AOCTOBIPHOCTI,
YyTNUBOCTI Ta ONEePaTUBHOCTI OTPUMAHHS AiarHOCTUYHOI iHbopMalLlii.

Y npoueci ekcnnyaradii nonateBoro anapaTy MoXyTb BUHMKATW

Pi3HOMaHITHI NOLIKOAXXEHHS, cepe IKUX HanbinbLL NOLMPEHMU € eposiiHe Ta
KOPO3iliHe 3HOLLYBaHHS, MeXaHi4Hi MOLLUKOKEHHSI KPOMOK, YTBOPEHHS TPILLMH,
Aedopmallii, BTOMHe pynHyBaHHSA MaTepiarny, a TakoX 3MiHa reoMeTpUYHUX
napametpiB nonaTtok. Po3BuTok Taknx aedeKTiB Npu3BoauTb 40 3MiHW PEXUMIB
06TikaHHsA nonaTok NoTokom poboyvoro cepenoBmLLa, LWo 6e3nocepeaHbo BNvBae
Ha poboui xapaKkTepuCTuKK arperary.

[Ins ouiHIOBaHHSA TEXHIYHOrO CTaHy flonaTeBOro anaparty 3acTOCOBYHOTh PiHi
MeTOAMN HEPYWHIBHOTO KOHTPONIO Ta AiarHoCTyBaHHs. [Jo HanbinbL NoLmnpeHnx
HanexaTb Bi3yanbHO-OMTUYHI, YNbTPa3ByKOBi, BUXPOCTPYMOBI, KaninsipHi,
aKycTu4Hi Ta BibpauiriHi meToan. KoxeH i3 HUX Mae CBOi nepeBarn Ta 0OMeXeHHst
LLIOAO BUSIBMEHHS NEBHUX TUNIB AedeKTiB.

Cepep cyvacHWUX NiOAXOAIB O KOHTPOIO TEXHIYHOTO CTaHy
rasonepekayyBasibHVX arperatiB 0cobrnmBoro 3Ha4eHHs HabyBatoTb MeToau,
3acHoOBaHi Ha aHanisi BibpauinHmx npouecis. Lle no'a3aHo 3 Tum, Wwo GinbLwicTb
nedekTiB lonaTteBoro anaparty CynpoBOXKYETbLCS 3MIHOK NapameTpiB BiGpauii,
SIKi MOXYTb OyTI 3achikcoBaHi cneLjianizoBaHMMy AaTyvMKamu LLe Ha NOYaTKOBUX
cTafisix PO3BUTKY MOLLKOMKEHHS. Takum YMHOM 3a6e3neqyeTbCst MOXIUBICTb
PaHHBLOro BUSIBNEHHSA HECNPaBHOCTEN 6e3 3ynuHKM 06nagHaHHA Ta BTpyYaHHS B
Oro KOHCTPYKLItO.

EdekTuBHiCTb BiGpaLiiHOro KOHTPOO 3HAYHOK MiPOKD 3aNeXuTb Bif
npaBuUIIbHOrO BUOOPY BMMIpIOBarbHUX NEPETBOPIOBAYIB, iX METPOSONYHMX
XapakTepucTuK Ta crnocoby BCTAHOBMEHHS HA KOHTPONbOBaHOMY 06'ekTi. B
CY4aCHUX CUCTEMAX MOHITOPUHTY LUMPOKO BUKOPUCTOBYHOTLCS aKCenepomMeTpu,

3m. Apk. No gokym. Mign. fat
a

ApkK.
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AKi 3a6e3neyvyoTb BUCOKY TOYHICTb peecTpaLii napameTpiB Bibpauii Ta
[03BONSAOTh 34IMCHIOBATU NOAANbLUNIA aHani3 OTPUMaHUX CUrHaniB 3a 4OMNOMOro
UMcpoBMX METOAIB 06POBNEeHHS AaHuX.

BpaxoBytouun cknagHicTb KOHCTPYKLT lonaTeBoro anapary, PisHOMaHITHICTb
MOXIMBMX AedeKTiB Ta BUCOKI BUMOrM A0 HaAinHOCTI poboTu
rasonepekadyBarnbHUX arperaTis, po3pobneHHs Cy4acHUX TEXHIYHUX 3acobiB



[iarHOCTYBaHHS € akTyanbHUM HayKOBO-TEXHIYHUM 3aBAaHHAM. 3acTocyBaHHS
aBTOMAaTU30BaHVX CUCTEM KOHTPOIO AAE 3MOTy CBOEYACHO BUSIBNATU O3HAKM
nerpagauii eneMeHTiB nionateBoro anapary, NporHo3yBaTv PO3BUTOK AedeEKTIB i
npuiMaT obrpyHTOBaHI pilleHHs LWo[o nofanbLuoi ekcnnyaTadii obnagHaHHs.
Takum YMHOM, NonaTeBUin anapar rasonepekaqyBarnbHOro arperarty €
CKknagHuM Ta BiAnoBiaanbHUM 06'eKTOM TEXHIYHOIO AiarHOCTyBaHHS, Bif, CTaHy
SIKOrO 3HAYHOIO MIPOIO 3anexatb HafiHICTb, 6e3neYHicTb Ta ePeKTUBHICTb
hyHKLIOHYBaHHS BCi€l ra30TPAHCMOPTHOI CUCTEMU.

1.2 XapakTepHi AeekTv Ta NPUYMHM NOLLKOKEHHS NlonaTeBoro
anapaty I'MA

JlonaTteBuii anapaT HanexuTb A0 HaWBINbL HABaHTaXXEHUX ENEMEHTIB
rasonepekayyBanbHOro arperaty. Y npoueci ekcrnyarauii Moro enemeHT
npauoTb B yMOBaXx Aii 3MiHHUX MeXaHiYHMX HaBaHTaXeHb, BUCOKUX
TemnepaTyp, BibpauiliHnx BNnuBiB Ta arpecuBHoro cepegosuia. CykynHa ais
3a3HayYeHnx pakTopiB CNPULMHSIE MOCTYMNOBE MNOTIPLUEHHS TEXHIYHOMO CTaHy
rionaTok komnpecopa i TypOiHu, Lo MOXe NPU3BOAWUTY [0 3HWKEHHS
edpekTMBHOCTI pob6oTU arperaTy abo BUHUKHEHHSI aBapiiHUX cUTyaLii.

AHani3 pesynesraTiB ekcnnyaTtauii ra3oTypbiHHOro obnagHaHHs nokasye, Lo
nedekTy nonaTeBoro anapary MoXyTb BUHMKATU SIK HA CTafil BUrOTOBIIEHHS, TaK i
B npoueci po6oTn obnagHaHHs. BignosigHo 40 NPUYMH BUHUMKHEHHS X AOLiNbHO
NoAINATU Ha KOHCTPYKTUBHO-BUPOOHWYI Ta ekcnnyaTtauinHi.

3m. Apk. No gokym. Mian. dat
a

Apk.
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[10 KOHCTPYKTUBHO-BUPOBHMYMX AeddeKTiB HanexaTb BiaXvUneHHs

reoMeTpUYHNX NapameTpiB NPodinto TonaTok, NOpYyLUEHHS TEXHOMOTIT
BUIOTOBMEHHS, HASABHICTb MPUXOBaHMX METaNyprinHnux AedekTiB, a Takox
MOMUIKM CKMafaHHs okpemmx By3niB. Taki AedekTn MoxyTb 6yTv NpUCYTHIMM
Lie 4O BBeeHHs obnagHaHHsa B eKCniyarawiio Ta CTBOpoBaTy nepeaymoBm Ans
nofasnbLIoro Po3BUTKY MOLLKOAXEHb.

EkcnnyatauinHi gedektn dopmytoTbest 6e3nocepeaHbo nig Yac poboTtu
arperaty BHacnifoK Aii MexaHiyHuX, TennoBmx Ta aepoANHaMIYHUX HaBaHTaXeEHb.
HanbinbLu nowmnpeHMmn NpuiMHaMm ixX BUHUKHEHHS € NOTPanIIsiHHS: CTOPOHHIX
npeaMeTiB y MPOTOYHY YacTUHY, TpMBana poboTta B pexumMax, bnunsbknx go
nomnaxy, HasiBHICTb Ny Ta abpa3vBHUX AOMILLIOK Y MOBITPi, NEpPEBULLEHHS
[ONYCTUMUX TEMMEPATYPHUX PEXUMIB, @ TAKOX PO3BUTOK BTOMHUX MPOLECIB Y
mMaTtepiani nonarTok.

PosarnsiHemo Buan gedekTiB nonaTok 0CbOBOro KoMnpecopa.

MoLKoAXKEeHHS NoNaToKk OCLOBOIO KOMNPEecopa € OAHIED 3 HaUMOLLMPEHILLNX
NMPUYMH NOTIPLLUEHHS eKCniyaTalinHUX XapakTepucTUK rasonepekayvyBanbHuX
arperartiB. [1o HanGinNbLL XapakTepHUX AedeKTiB HanexaTb MexaHidHi
NOLLKOPKEHHS KPOMOK J10MaToK, epo3iiHe Ta KOPO3iliHe 3HOLLYBaHHS,
nedopmalii, BTOMHI TpiLLMHN Ta pyNHYBaHHSA OKPEMUX eNIEMEHTIB.

MexaHi4Hi NOLIKOMKEHHS BUHUKAIOTb NEPEBaXKHO BHACNIAOK NOTPANsHHSA
CTOPOHHIX NpeaMeTiB y MPOTOYHY YacTUHY KoMnpecopa. HaBiTb He3HauHi
BMGOiHN abo aedopMalLlii NOBEPXHi MOXYTb CTaTW KOHLEHTpPaTopaMu Hamnpy>eHsb i
CNpUATU PO3BUTKY TPILLMH (pUCyHOK 1.2).

PucyHok 1.2 — JlonaTtka KoMnpecopa 3 MexaHi4H!UM NMOLUKOXKEHHAM KPOMKMN

3m. Apk. No gokym. Mign. at
a

Apk.
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Y npoueci noganbLUoi ekcnyaTauii MexaHiYHi NOLKOAXXEHHS YacTo
CYNpPOBOAXYIOTbCS YTBOPEHHAM TPILLMH Yy MaTtepiani nonaTtku, LWo CyTTEBO
3HWXKYE iT MiLHICTb Ta OBrOBIYHICTb (pUCYHOK 1.3).

PucyHok 1.3 — MoLKomKeHHs1 nonaTkv Komnpecopa i3 PO3BUTKOM TPiLLMHK



Cepiio3Hy Hebesneky cTaHOBUTbL poboTa KoMnpecopa B HECTIKMX pexumMax,
30Kkpema nobnmay 30HM nomnaxy. Y Takmx yMoBax BUHUKAOTb 40AATKOBI
OVMHaMIYHI HaBaHTAXKEHHS, SIKi MOXKYTb CMIPUYUHSITU PYNHYBaHHSI ONaTeBoro
anapary.

PucyHok 1.4 — PyiiHyBaHHs nionaTok komnpecopa BHacnigok pobotu B
MOMMaXHOMY PEXUMI

OpHMM i3 HacnigkiB KOHTAKTIB lonaTok 3 enemeHTamm kopnycy abo
CTOPOHHIMM NpegmMeTaMu € nokarnbHi AedopmMallii KPOMOK, siki MopyLUYOTh
aepoavHaMiYHi XxapakTepUCTUKN NPOTOYHOI YaCTUHW.

3m. Apk. No gokym. Mign. Aat
a

Apk.
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PucyHok 1.5 — [lecbopmaLlisi BXigHOT KpOMKM  PUCYHOK 1.6 — MNOLLKOAXEHHA
npodinto nonaTkn komnpecopa nionaTkn BHACMigoK MexaHi4Horo
BNAMBY

KpiM MexaHi4HMX NOLLKOAXKEHb, AMNS oNaTok KOMMpecopa XapakTepHUM €
epogsiliHe 3HolyBaHHS. BOHO BMHWKae B pe3ynbtati TpuBanoi Aii nuny Ta iHwWmx
TBEPAMX YaCTUHOK, Lo MICTATLCS y MOBITPSIHOMY noToui. Eposisa npussoanTs A0
3MiHW reoMeTpii NPodinto nonaTok, 36iNbLUEHHs LLOPCTKOCTI NMOBEPXHi Ta
3HWXKEHHS edpeKTMBHOCTI poboTn KomMnpecopa.

PosrnsHemo Buan gedpekTis connosoro anapary.

Y npoueci ekcnnyaradii connosi anapaty TypbiHM TakoX 3a3HaloTb 3HAYHUX
TEPMIYHMX Ta MEXaHIYHMX HaBaHTaxeHb. [Ina HUX XxapakTepHi Taki gedekTn, sk
TPiLLMHW, Nnopwu, AedopMmallii, BUKPULLYBaHHSA MaTepiany, pyWHyBaHHSI MOKPUTTIB
Ta NoKarnbHi MOLWKOMKEHHS NOBEPXOHb (PUCYHOK 1.7).

PucyHok 1.7 — 3aranbHuii BUrnsg CerMeHTiB COMMOBOro anapary nicns
TpuBanoi ekcnnyatauii

OpHWM i3 HanbinbLw Hebe3neuHnx AedeKTiB € BUHUKHEHHS TPILLMH Ha
NoBepXHi NTONaToK COMMOBOro anapary, OCKINbKU BOHW MOXYTb NMPU3BOAUTU A0
noaanbLUOro pymHyBaHHSA eNeMeHTiB KOHCTPYKLiT.

3m. Apk. No gokym. Mign. Aat
a

ApkK.
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PurcyHok 1.8 — TpilmHM Ta MexaHiyHi NOLKOAXKEHHS CONSoBOro anapary
P03BUTOK TEPMOLMKINIYHNX HABaHTaXXEHb MOXEe CMPUYUHSATY YTBOPEHHS
Mepexi MoBEPXHEBUX TPILLUH Y MaTepiani KopnyCHUX eneMeHTiB COMNmoBOro
anaparty (pucyHok 1.9)

PucyHok 1.9 — Po3TpickyBaHHS enleMeHTiB COMnoBoro anapary

[Medopmalii Ta nokanbHi BUpUBKM MaTepiany NoripLyoTb ra3oguHaMiyHi
XapaKTepucTuku TypbiHM Ta MOXyTb ByTu A)Xeperiom BTOPUHHUX MOLLKOMKEHb.

PucyHok 1.10 — Oedopmalisi NoBepXHi cerMeHTa ConsioBoro anapaty

3m. Apk. No gokym. Mign. dat
a

Apk.
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PosrnaHemo Buan gedekTie poboyrx nonatok TypGiHu.

YMoBY poB0oTK TYpBIHHUX NIONaToK XapakTepuaytoTbCs BUCOKUMUN
Temnepatypamu Ta 3Ha4HUMK BiALEHTPOBUMY HaBaHTaxeHHamu. Lie obymoentioe
BUHUKHEHHS crieumndivyHmnX AedekTis, NoB'A3aHUX i3 TEPMIYHO BTOMOIO,
KOpO3i€to, eposieto Ta TENNOBUMMN NEPEBAHTAXEHHAMM.

MoLwKoAXKeHHS NoNaTok CTOPOHHIMU NpeaAMeTaMn MOXYTb CPULHUHATI

nokanbHi AedeKkTn NoBepxHi Ta MOPYLUEHHS MiLLHOCTI KOHCTPYKLUT (PUCYHOK

1.11).

PucyHok 1.11 — MexaHiuHe noLKogKeHHs nonaTtku Typ6iHu

MepeByLLEHHSt AONYCTUMUX TEMMEPATYPHUX PEXUMIB NPU3BOAUTL 4O
PO3BWTKY TEPMOBTOMHMX MPOLIECIB Ta NOSIBU TPILLMH Y MaTepiani nonaTok
(pucyHok 1.12).

PucyHok 1.12 — TepmiuHe po3TpickyBaHHs nonaTkv Typ6iHu

OpHieto 3 03HaK neperpiBy € 3mMiHa KOnbopy NMOBEPXHi MeTarny, Lo CBiaYUTb
Npo CTPYKTYPHi 3MiHM MaTepiany (pucyHok 1.13).

3m. Apk. No gokym. Mign. dat
a

Apk.
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PucyHok 1.13 — O3Haku TepMi4HOro nepeBaHTaXeHHs nonaTkn TypbiHu

MopanbLuunii po3BUTOK TEMMEPATYPHMX MOLUKOXKEHb MOXE 3aBepLUyBaTUCS
NMOBHUM PYNHYBaHHAM NlonaTky Ta BUXOA4OM arperaty 3 nagy (pucyHok 1.14).

PucyHok 1.14 — PyitHyBaHHst po6o4oi nonatku TypbiHn BHAcnigok TennoBoro
ynapy

Takum YMHOM, aHani3 ekcrnnyaTauiiHMX NOLLKOAXKEeHb NoKa3sye, Lo

OCHOBHVMW NpUYMHamMu Aerpajadii nonateBoro anapary rasornepekadyBanbHuX
arperatiB € MexaHiyHi, BibpauiiHi, epo3iiiHi, KOpOo3ilHi Ta TEPMIYHI BNNBH.
CBoeyacHe BUSIBMEHHS 3a3Ha4YeHnx AedekTiB € HE0bXiAHOW YMOBO
3abe3neyeHHs HaginHoi Ta 6eanevHoi poboTu MA, wo obymoBntoe HeobXigHICTb
3aCTOCYBaHHs Cy4acHMX 3acobiB KOHTPOMIO Ta AiarHOCTYBaHHS TEXHIYHOTO CTaHy
rionaTeBoro anapary.

3m. Apk. No gokym. Mign. fat
a

Apk.
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1.3 CyyacHi TexHi4Hi 3acobu KOHTPOMIO Ta AiarHOCTyBaHHSA
nonatesoro anaparty MIA

HapinHictb poboTn nonateBoro anapaTty rasonepekaqyBarnbHOro arperaTy
3HAYHOO MiPO0 BM3HAYAETLCA MOXIMBICTIO CBOEYACHOTO BUSIBIIEHHS AedeKTiB Ha
paHHix cTafisx ix po3BMTKY. BinbLWiCTb NOLIKOAXEHb NONaTOK BUHWKAE
NMOCTYMNOBO, TOMY eDEeKTUBHICTb TEXHIYHOrO 06CMNyroByBaHHS 3anexuTb Bif
3acTOCyBaHHS CyvacHUX 3acobiB KOHTPOSIO Ta AiarHOCTyBaHHSA, ki 3abe3nevytoTb
OTPUMaHHS [OCTOBIPHOI iH(opMaLLii PO TEXHIYHWI cTaH obnagHaHHs 6e3 oro
[EMOHTaxy.

[Ins ouUiHIOBaHHA CTaHy NonaTeBoro anapaTy BUKOPUCTOBYHOTLCS Pi3Hi

METOAMN HEPYMHIBHOIO KOHTPOIO, WO BiAPI3HATLCSA Pi3NYHUMU NpUHLMNaMK
po6oTu, YyTnuMBICTIO A0 AedekTiB Ta chepoto 3acTocyBaHHSA. HanbinbLu
MOLLUMPEHNMU € Bi3yanbHO-BUMIpIOBarbHi, ONTUYHI, KaninspHi, metanorpadiyHi Ta
BiBpOaKyCTUYHI METOAMN KOHTPOSO.

3anexHo Big yMOB ekcnnyarauii Ta Tuny obnagHaHHa TexHivHi 3acobu
[iarHOCTYBaHHS MOXYTb BUKOPUCTOBYBATUCS SIK Mif Yac NaHOBUX PEMOHTIB i



TeXHIYHMX ornaaie, Tak i 6eanocepeaHbO B npoueci poboTn
rasornepekavyBanbHOro arperary.

1.3.1 TexHiyHi 3acobu BidyanbHOro Ta iHCTPYMEHTanbHOrO0 KOHTPOSO
nonaTeBoro anapary

BidyanbHo-BUMiptoBanbHUIA KOHTPOMb € OAHUM i3 HaWBINbLL NOLUMPEHUX

MeTO/iB OLiHIOBaHHS TEXHIYHOrO CTaHy nonartesoro anaparty. Vloro saactocosyoTb
nif Yac BUrOTOBMNEHHS!, PEMOHTY Ta ekcrinyaTtauii obnagHaHHa Ans BUSIBNEHHS
NoBEPXHEBUX AedEKTIB, KOHTPOMIO FEOMETPUYHMX NapaMeTpPIB Ta OLiHIOBAHHS
3aranbHOro cTaHy fonaTok.

3m. Apk. No gokym. Mign. dat
a

Apk.
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KoHTponb 34iicHI0ETLCA Ha cheuianbHo obnagHaHnx pobounx micusx i3
BMKOPUCTaHHSAM BMMIipIOBaNbHOMO iIHCTPYMEHTY, LLABMNoHiB, ONTUYHUX Npunagis
Ta AOMNOMiXXHOrO 0bnagHaHHs.

PucyHok 1.15 — MNpoBeaeHHs BidyanbHO- PucyHok 1.16 — BumiptoBaHHs
BUMIpIOBASIbHOrO KOHTPOIMIO NonaTok reoMeTpUYHIX NapameTpiB nonaTtok

OpHUM i3 HeonNiKiB BidyanbHOrO KOHTPOM € HEMOXITUBICTD

6e3nocepeHbOro AOCTYNY A0 BHYTPILLHIX MOPOXHWH i BAXXKOAOCTYMHUX 30H
KOHCTPYKLUIi. ns BUPIiLLEHHS Liel npobrnemn BUKOPUCTOBYIOTHCS €HOO0CKOMIYHI
CUCTEMM KOHTPOIIO, AKi AO3BONSIOTh 34INCHIOBATU OrMa BHYTPILLHIX MOBEPXOHb
6e3 po3bupaHHs arperary.

EHpockoniyHuiA KOHTPONb 3abe3neyye BUSBMNEHHS TPILLUH, KOPOSiNHNX
MOLLKOMPKEHb, BiAKNaAeHb Ta iHWKX AedeKTIB Y MiCLsX, HEAOCTYNHUX AN
npsIMOro ornsay.

PucyHok 1.17 — KoHTponb BHyTpiLLHiX PucyHok 1.18 — BukopuctanHsa eHgockona
NMOBEPXOHb flonaTkn [ONS AiarHOCTyBaHHSI BHYTPILWHIX AedekTiB

3m. Apk. No gokym. Mign. dat
a

Apk.
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[nsi BUSIBNEHHSA NOBEPXHEBUX TPILLMH Ta iHWINX APiGHWUX AedeKTIB LUMPOKO
3aCTOCOBYETLCS KaninApHUiA HEPYHIBHUIA KOHTPOb. oro NpuHLMN FpYHTYETLCS
Ha MPOHWKHEHHI creLianbHOT iHAMKATOPHOT PiANHM Y MOBEPXHEBI HECNMOLLHOCTI
marepiany Ta noganbLioMy BidyanibHOMY BUSIBNIEHHI AedeKTiB.

PucyHok 1.19 — lNMpoBeaeHHs KaninsgpHOro KOHTPOSo NnonaTok

[ns peani3auii MeToay BUKOPUCTOBYIOTLCA cneLiani3oBaHi 4edeKTOCKONYHi
KOMMIEKTY, L0 MICTSITb MEHEeTPaHT, O4MLLyBaY Ta NPOSIBHUK.

PucyHok 1.20 — KomnnekT 3acobis ans PucyHok 1.21 — BusBneHHs gedekris
KaninsgpHOro KOHTPOMo MEeTOoAOoM KaninsipHoi gedekTockonii

[opaTtkoBy iHdopMaLito Npo CTPYKTYpy MaTepiany Ta CTaH 3axXMCHUX
noKkpuTTiB 3abe3neyytoTb MeTanorpadiyHi METOAN KOHTPOIO. BoHu
BMKOPUCTOBYHOTHCS A5 AOCNIAXEHHS MIKDOCTPYKTYPY MeTary, OLiHIOBaHHS
SAKOCTi MOKPUTTIB Ta aHanisy NpuynH pyrnHyBaHHS AeTanen.

KOHTpOIb TOBLUMHM 3aXUCHUX MOKPUTTIB 3AiNCHIOETLCSA 3@ AONOMOro0
cneuwianisoBaHnx BUMiptoBanbHUX Npunaais.

3m. Apk. No gokym. Mign. Aat
a

ApK.
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PucyHok 1.22 — ObnagHaHHs ans PucyHok 1.23 — Mpunag ans AocnimxeHHs
NiAroToBKkM MeTanorpadivyHux 3paskis  xapakTepuUCTUK NMOKPUTTIB

[nsi KOHTPOMO reOMETPUYHMX NapaMeTpiB CKNagHoNPoMINbHUX AeTanein
3aCTOCOBYIOTbLCS CyHacCHi CUCTEMU TPUBUMIPHOTO CKaHyBaHHSA Ta ONTUYHOTO
BUMIPIOBAHHS.

PucyHok 1.24 — Cuctema onTUYHOro BUMipHOBaHHSI reOMETPUYHUX NapameTpis
rnionaTok

OUiHIOBaHHS MeXaHi4YHMX BNacTMBOCTEN MaTepiany BUKOHYETHCS LUMISIXOM
BM3HAYEHHS XapaKTePUCTMK MiLLHOCTi, TBEPAOCTi Ta MiKpOTBEPAOCTi Ha
cneuianbHoMy BUNpobyBanbHOMY obnagHaHHi.

a) 0)
PucyHok 1.25 — ObnagHaHHs Ansi BUSHAYEHHS MEeXaHIYHUX XapaKTepucTuK
marepiany npu: a - kKiMHaTHi Temnepartypi, 6 - Npu NiABULLEHIN TemnepaTypi

3m. Apk. No gokym. Mign. Aat
a

Apk.

26

KPB. CI - 03.00.00.000 M3

Po3arnsiHyTi MmeToam [03BONS0Tb eheKTUBHO BUSBISITU NOBEPXHEBI AedeKTn

Ta KOHTPOSIOBATU reOMETPUYHI XapakTEPUCTUKM NIONATOK, OfHaK iX 3aCTOCYBaHHs
nepeBaxHoO MOB'sI3aHe 3 NPOBEAEHHSIM NIaHOBUX OMMSiAIB Ta PEMOHTHUX POGIT.

1.3.2 3acobu MOHITOpUHry Ta AiarHOCTyBaHHS fonaTeBoro anaparty B
ekcnnyarauiiHux ymoBax

CyyacHi KoHuenuii TexHiYHoro o6ecnyroByBaHHS razonepekaqyBarnbHUX
arperatiB nepegbavatoTb nepexig Bif pernameHTHOro KOHTPOso A0
6e3nepepBHOro MOHITOPUHIY TEXHIYHOTO cTaHy obrnagHaHHsA. Takui niaxig
[03BOIISIE CBOEYACHO BUSIBMNATM NOYATKOBI O3HAKN PO3BUTKY AedeKTiB,
NPOrHo3yBaTH iX NoOAanbLUNA PO3BMTOK Ta NpUAMaTK OBr'pyHTOBaHI PiLLeHHS!
LLIOAO NPOBEAEHHS TEXHIYHOrO 06CNyroByBaHHS abo PEMOHTY.

3anexHo Big i3NYHMX NPUHLMMIB OTPUMAHHS AiarHOCTUYHOI iHcbopmauii
Cy4acHi MeToau KOHTPOIO Ta AiarHOCTyBaHHS NonaTeBoro anapary MoXHa
YMOBHO MOAINWUTA Ha TPY OCHOBHI rpynu:

- MeToau, Lo 6asyoTbest Ha aHanisi napamMeTpiB BacHUX i BUMYLLEHNX
KONnvBaHb NonaTok;

- METOAM, OCHOBaHI Ha LidppoBoMy 06pobneHHi BibpaLiiHix curHanie Ta
BUAINEHHI XapaKTEPHUX AiarHOCTUYHMX O3HAK i3 BUKOPUCTAHHSAM CMeKTparnbHOro,
KOpensauinHoro Ta BenBneT-aHaniay;

- MeToAM, Lo 'PYHTYIOTBCA Ha AOCNIMKEHHI aepoanHamivyHoi B3aemogil
po6oymnx i HaNPSIMHUX NIONATOK Ta aHanisi napameTpiB razoBoro NMoToKy.
HaibinbLuoro npakTMYHOro NoLUMpEeHHs Habynu nepLui ABi rpyny MeToAiB,
OCKiNbK/ BOHM JO3BONSAIOTb 3A4IMCHIOBATN KOHTPOSb TEXHIYHOMO CTaHy
nonateBoro anapaty 6e3 gemoHTaxy obnagHaHHs Ta 6e3nocepeHb0 B NpoLec
noro ekcnnyarawi.

OpHUM i3 BaXNMBUX AjarHOCTUYHKX NapaMeTpiB € BMacHi YacToTW KONUBaHb
pobounx nonatok. Bigomo, wo nosiea aedekTis, 3MiHa reoMeTPUYHUX NapameTpis

3m. Apk. No gokym. Mian. dat
a

Apk.
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ab0 HakOMWYEHHS] BTOMHUX MOLLUKOKEHb NMPU3BOASATH A0 3MiHW ANHAMIYHUX
XapaKkTepUCTUK KOHCTPYKLIii. TOMy BM3HAYEHHSI BACHUX 4acToT i hOpM KonmBaHb
[103BONSIE OLHIOBATW TEXHIYHWIA CTaH onaTeBoro anapary Ta BUSBMATY
nepefyMoBY 10 BUHUKHEHHSI HEGE3MNEYHNX PE30HAHCHUX PEXUMIB.



[Ins BU3HAYEHHS YaCTOT BMACHUX KOMNMBaHb BUKOPUCTOBYHOTHCS
crneuianisoBaHi BUMiptoBarbHi KOMMNEKCH, A0 CKnagy SKUX BXOAATb
eneKkTpoMarHiTHui 36yaKyBad KonmBaHb, NEPBUHHUIA BUMipHOBarbHWIA
nepeTBOpPIOBaY, reHepaTop curHanie Ta 3acobu Bidyanisauii pesynesraTis
BUMipIOBaHHS. MpuHLUMN poBOTHN TaKMX CUCTEM I'PYHTYETLCS Ha CTBOPEHHI
BMMYLLEHMX KONMBaHb NonaTtkv Ta peecTpalii ii pe3oHaHCHOI peakLiii.

a 6
PucyHok 1.26 — CTpyKTypHa cxema BU3Ha4YeHHs 4acToT i (popM BNacHUX
KonvBaHb po6oYoi nonaTku:
a — 30ypeHHs konmBaHb i Bu3Ha4YeHHs YBK: 1 — poboya nonatb; 2 —
n’e3okpuctan A®O-1; 3 — enekTpomarHiTHuiA 306ypHuk TA-56M; 4 —
BonsTMeTp B3-7; 5 — reneparop '3-34; 6 — enekTpoHHuii ocuunorpad C1-196;
6 — 36ypeHHst konuBaHb i BU3Ha4YeHHss popm YCK: 1 - poboya nonatb; 2 —
BibpoLyyn; 3 - enekTpomMarHiTHUIM 36yaHnk TA-56M; 4 - BonbTmeTp B3-7; 5 -
reHepatop M3-34; 6 - enekTpoHHUI ocuumnorpad C1-196; 7 - nigcuntosay
noTyxHocTi TY-50M.

Y npoueci BUMiptOBaHHsI Ha MOBEPXHi NTONaTKy BCTAHOBIOETLCSA Yy TIMBUIA
ernieMeHT, sikuin peecTpye Ti konuBaHHS. [MOpPIBHSIHHA NapameTpiB curHany 3
curHanom 36yIKeHHs fae 3MOry BU3HAYUTW PE30HAHCHY YacToTy, a NocifAoBHe

3m. Apk. No gokym. Mign. fat
a

ApK.
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nepemilleHHs BUMIpIOBanbHOro enemMeHTa [03BOMAe BCTAHOBUTN (hOPMY KOMNMBaHb
Ta NONOXEHHS BY3MOBUX MiHii.

OTpuMaHi pe3ynsTaTi BUKOPUCTOBYIOTLCS AMS OLiHIOBaHHS BibpaLiiHoro

CTaHy nonaTeBoro anapary Ta BUSIBNIEHHS MOXNMBUX BiAXWUNEHb Bif HOPMATUBHUX
XapaKTepuCTUK.

Mopsig i3 BiGpaLinHMMK MeTogamMu ANst OLiHIOBAHHSA TEXHIYHOMO CTaHy

po6o4MX NonaTok 3aCTOCOBYHOTLCH CyvacHi 6e3KOHTaKTHI 3acobu TemnepaTypHoro
KOHTponto. Bucoki Temnepatypu Ta ix UMKMiYHiI 3MiHW € OAHUM i3 OCHOBHUX
dakTopiB Aerpagauii matepiany nonaTtok Typ6iHM, TOMY KOHTPOIb
TEMMepaTypHOro PeXMMy Mae BaxXIIMBE 3HAYEHHS ANt NPOrHO3yBaHHs iX pecypcy.
OpHUM i3 NEPCNEKTUBHMX HaNPSIMIB € BUKOPUCTaHHS GaraTtokaHanbHUX

ONTUYHUX NIPOMETPUYHMX CUCTEM, siKi 3abe3neuvytoTb 6e3nepepBHUn KOHTPOSb
TemnepaTypu noBepxHi pobounx nonaTtok 6e3 BTpy4aHHS B KOHCTPYKLItO

arperaty. Taki cMcTeMun [03BONATL OTPUMYBATH IHDOPMALLIO B PEXUMI
peanbHOro Yacy Ta iHTerpyBaTy ii B aBTOMaTU30BaHi CUCTEMW KOHTPOTIO i
[iarHOCTyBaHHS.

[ns nigBuweHHs eeKTUBHOCTI MOHITOPUHIY 3aCTOCOBYHOTLCS

iHTenekTyarnbHi NipOMETPUYHI MoAYNi, AKi MOEAHYOTb (YHKLIT BUMIpIOBaHHSA
TeMnepatypu, nepBUHHOT 06pobkM curHanis Ta nepegavi 4iarHOCTUYHOT
iHpopmaLuii fo cuctemu kepyBaHHs1. BoHn 3abeanedytoTb ogHoOYacHWn aHania
eKCnepuMeHTanbHNX AaHWX i pe3ynbsTaTiB MaTeMaTU4HOro MOAENIOBaHHSA
TENMOHAMNPYXXeHOro CTaHy fonartok.

[o cknagy Takoro Moayns, sik NpaBuIo, BXoAsTb GaraTokaHanbHUIA ONTUKO-
eneKTPOHHUI NepeTBoploBaY TeMnepaTtypu, 6ok NnepBUHHOTO 06pPOBEHHs
curHanie Ta BOygoBaHui obumcnioBanbHUA NPUCTPIN i3 cnewianizoBaHUm
nporpamHnM 3abeaneyeHHsIM.

3m. Apk. No gokym. Mign. fat
a

ApK.
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PucyHok 1.27 — CTpykTypa iHTenekTyansHoro nipoMeTpu4Horo Mogyns
BukopucTaHHsa cydacHux UmMdgpoBUx TEXHOMOTIN 3abesneyye iHTerpadio

NipOMETPUYHOT CUCTEMM i3 3ararnibHO CUCTEMOIO MOHITOPUHTY
rasornepekaqyBarnibHOro arperary.



BukopucTaHHs 3aco6iB 6€3KOHTaKTHOrO TemnepaTypHOro KOHTPOITO
[03BONSIE:

- 3ailicHioBaTV 6e3nepepBHUIA KOHTPOMb TEMMNEPATYPHOro cTaHy poboumx
nonarok;

- OLLiHIOBATM BMNMB TEMMOBUX HAaBaHTaXeHb Ha pecypc AeTtane;

- CBOEYACHO BUSABMATY NOKanbHi Neperpisn Ta iHLWi aHomManii;

- NPOrHO3yBaTV PO3BUTOK TEPMOBTOMHMX MOLLKOAXEHb;

- NiABULLYBaTK JOCTOBIPHICTb OLiHIOBaHHSA TEXHIYHOrO CTaHy obnagHaHHs
LUNISIXOM KOMIIIeKCYBaHHs iHopMaLii Bif, pi3HMX BUMiptOBaribHUX KaHanis.
OTxe, cy4acHi TexHi4Hi 3acobum KOHTPOMIO B NpoLeci ekcnyarawii
3abe3nevytoTb OTpMMaHHs 06'eKTUBHOT iHGbopMaLii Npo AnHaMIYHKI Ta
TeMnepaTypHuii CTaH NionaTeBoro anapary rasonepekaqyBasnbHOro arperary.
MoepHaHHs MeToAiB aHani3y BibpaLiiHux npouecis i3 3acobamu
6e3KOHTaKTHOrO TemMnepaTypHOro MOHITOPUHIY CTBOPIOE OCHOBY A5t NobyaoBM

TBT

KIO

Inm
BaratokaHanbHWi
nepeTBoptoBaY
ONTUYHUX
curHanis
Moayne -
obuucntoBaya
M3ri.
B6ynoBaHi
mart. mogeni
peanbHoro
vyacy
CsitTnosoau
FADEC

3m. Apk. No gokym. Mign. Aat
a

ApkK.
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BMCOKOEMEKTUBHUX CUCTEM [iarHOCTYBaHHS, 30aTHUX BUABNATY AeeKTn Ha
paHHix cTagisx ix po3BuUTKy Ta 3abeanedyBaTt MiABULLEHHS HaAINHOCTI poboTn
IMA.

1.3.3 BibpoakyCT14Hi cMCTEMM KOHTPOIIO Ta AiarHOCTyBaHHS

nonareoro anapaty MA

TpaaunuinHi MeToan HepyHIBHOTO KOHTPOIO, 30Kpema yrbTpasByKoBa,
MarHiTONopoLIKOBa, KaninspHa Ta BUXpOCTpyMoBa AedekTockonisi, 3abe3nevyroTb
BUSIBINIEHHS BXXe ChOpPMOBaHNX AedeKkTiB MaTepiany, Takmx SK TPILLUMHK, Nopw,
po3LuapyBaHHSA Y¥ KOPO3irHi MoLLKOAKeHHS. OaHak 3acToCyBaHHSA LMX MeToziB
30e6inbLUIoro no's3aHe 3 NPOBEAEHHSIM NIaHOBUX ornsAiB abo peMOHTHUX pPobiT,
LLIO He [03BONsE 34iMCHIOBaTH 6e3nepepBHUIN KOHTPOMb TEXHIYHOIO CTaHy
fionaTeBoro anapaty B Npoueci ekcrnnyaTadii.

Y 3B'A3KYy 3 UMM 0COBNMBOI akTyanbHOCTI HabyBatoTb BiGpOaKyCTUYHI

MeToAM AiarHoCTyBaHHs, siki 6a3ytoTbCsi Ha peecTpallii Ta aHanisi konmeanbHUX
npoLecis, LLO CYNpPOBOAXYHOTb pobOTY rasonepekadvysBanbHoro arperaty. Bigomo,
LLIO PO3BUTOK BiNbLUOCTi AedeKTiB Np13BOANTL A0 3MiHW ANHAMIYHUX
XapaKTepuCTVK BY3MiB Ta arperartis, a OTXe, BifobpaxaeTbca y 3MiHi napameTpis
BiGpaLii Ta aKyCTM4YHOro curHany.

MepeBaroto BibpoakyCTUYHNX METOAIB € MOXIUBICTb 3AINCHEHHS

6e3nepepBHOro MOHITOPUHIy 6e3 3ynuHku obnagHaHHs. Mpu Lbomy iHbopmaLlis
NPO TEXHIYHUI CTaH OTPUMYETBLCS LUMNSXOM aHanidy NnepBUHHUX BibpaLinHmnX
curHanie abo ix AiarHOCTUYHMX 03HaK, ChOPMOBaHMX 3a JOMOMOTOK Cy4YacHUX
UMcpoBMX METOAIB 06POBNEHHS AaHuX.

Mpouec BUMiptoBaHHS BibpaLinHUx napaMeTpiB BKIOYaE AekKinbka eTanis:
NepeTBOPEHHA MEeXaHIYHUX KONMBaHb Y eNeKTPUYHWIA CUrHan, Noro NiAgCUneHHs Ta
dinbTpauio, aHania oTpMMaHnx AaHnx i opmMyBaHHSA AiarHOCTUYHOTO BUCHOBKY.



AKiCTb OLHIOBAHHA TEXHIYHOMO CTaHy 3HAYHOI MIPOIO 3anNeXuThb Bif
XapaKkTepuUCTUK NePBUHHUX BUMIPIOBanbHNX NEPETBOPIOBAYIB, anroputMis
uMcpoBoro o6pobneHHst Ta nporpaMHoro 3abeaneyeHHs CUCTEMMU.

3Mm. Apk. No gokym. Mign. dat
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Ha cyyacHomy eTani po3BUTKY CUCTEM TEXHIYHOI AiarHOCTUKM

BMKOPWUCTOBYIOTBCS [IBa OCHOBHWX NiAXOAMW A0 opraHisauii BibpauiiHoro
KOHTPOItO:

- 3aCTOCYBaHHsi NopTaTUBHUX BibpomMeTpiB i BibpoaHanizaTopis Ans
NepioAnYHOro KOHTPOSO OKPEMUX BY3NiB;

- BUKOPUCTaHHA CTaLiOHapHUX CUCTEM MOHITOPUHTY, SKi 3a6e3nedytoTb
6e3nepepBHe CMOCTEPEXKEHHS 3@ TEXHIYHMM CTAHOM OGnaiHaHHS B PEXUMI
peanbHOro yacy.

MopTaTtuBHi BibpoMeTpy Ta BibpoaHanizatopy 3HanLLM LWNPOKe

3aCTOCYBaHHS B Pi3HWUX rany3six NPOMUCIIOBOCTI 3aBASKN MOBINbHOCTI Ta NPOCTOTi
BUKOPUCTaHHS. BOHM [,03BONSAOTL ONEpaTUBHO BU3HaYaTy piBeHb BibpaLii
OKpeMuX By3riB i BUKOHYBaTV CnekTpanbHWUIM aHania curHanis. MNpoTe ans
AiarHOCTyBaHHS NlonaTeBoro anaparty rasonepekadyBanbHUX arperaTiB Taki 3acobu
MatoTb NeBHi OBMEXEHHS, OCKINbKN He 3abeanevytoTb 6e3nepepBHOro KOHTPOIO
Ta HaKOMWUYEHHS CTaTUCTUYHOT iHopMaLii PO po3BUTOK AedekTiB.
[MepcnekTUBHILLMM HanpPsIMOM € CTBOPEHHS CTaLiOHapHUX aBTOMaTU30BaHMX
cuctem BibpogiarHocTuku, nobygoBaHux Ha 6asi cyyacHux 3acobis NPOMMCIOBOIT
aBTOMaTm3auji. Taki cuctemu, sik NpaBuIo, BUKOPUCTOBYHOTb NMPOrpamoBaHi
NOriYyHi KOHTponepw, cnewjianizoBaHi BUMiptoBaneHi mogyni Ta SCADA-cuctemu,
Lo 3abe3nevytoTh LieHTpani3oBaHuii 36ip, 06pobneHHs Ta apxiByBaHHs
[AiarHOCTUYHOI iHdhopmaLii.

3aBasKM po3BUTKY LIMPPOBUX TEXHOMOTIN Cy4YacHi cuctemm

BiOpoaiarHOCTUKN BUKOHYIOTb He nuLle (yHKLIT aBapiiHoro 3axucty obnagHaHHs,
a 1 3abe3nevytoTb hopMyBaHHs iHopmaLinHoi 6a3n Ans NPOrHo3yBaHHs
TEeXHIYHOro CTaHy Ta 3anuLIKOBOro pecypcy arperartis. Lie gae moxnumsicTb
peanidyBaTtu KoHLenLito 06crnyroByBaHHs 3a hakTUYHUM TEXHIYHUM CTAHOM i
CBOEYACHO BUSIBNSATY NOYATKOBI O3HAKWM PO3BUTKY HECNPABHOCTEN.

OcTaHHIMM pokamy CTBOPEHO HW3KY crneLiani3aoBaHnX NPOrpaMHO-TEXHIYHNX
KOMMNEKCIB AN MOHITOPWHIY Ta AiarHOCTYBaHHSA eHepromMmexaHiyHoro

3m. Apk. No gokym. Mign. fat
a
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obnaaHaHHs. Ix DYHKLIOHaMNbHI MOXIMBOCTI BKIOYaOTb aBTOMATUYHE BUSIBMIEHHS
aHomanin, aHania TeHaeHUi 3MiHM napameTpiB, PopMyBaHHsI nonepeKyBarnbHMX
noBiAOMIEHb Ta NIATPUMKY NPUIRHATTSA pilleHb Woao0 noganbLluoi ekcnnyarauii
obnagHaHHs.

3HayHWI iHTepec Ans 3aaad AiarHOCTyBaHHs NlonaTeBoro anapary

CTaHOBINSATb Cy4acHi Moayi MOHITOPUHIY TEXHIYHOMO CcTaHy obnagHaHHs, Lo
IHTErpyTLCA Y CTPYKTYPY aBTOMaTU30BaHNX CUCTEM KepyBaHHSA TEXHOMNOMYHUMMN
npouecamu. OgHuMm i3 Takunx 3acobiB € BibpauinHuin mogyns SM1281 Condition
Monitoring, npuaHaveHuii Ans 6e3nepepBHOro KOHTPOIO NapameTpis Bibpauii
BiAMOBiAanNbHMX BY3iB MaLUVH i MeXaHi3MiB.

Ha ocHOBI LibOro Moayns Ta NPorpaMoBaHOro NOriYHOro KOHTponepa

SIMATIC S7-1200 moxe 6yt nobyaosaHa cuctema AiarHoCTyBaHHSA NONaTeBoro
anaparty [TIA, sika 3abe3nevye 36ip AaHWX Bif akcenepomeTpiB, iX NepBUHHE
0bpobneHHs Ta nepeaady pesyneratis y SCADA-cucteMy Ans noganbLLoro
aHaniay.

PurcyHok 1.28 — AnapaTHa KoHdirypauis cucteMu aiarHocTyBaHHs Ha 6asi
PLC SIMATIC S7-1200 Ta BibpauinHoro moayns SM1281

E]SM. Apk. No gokym. Mign. Oat
a
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OCHOBHMM enemMeHTOM Takoi cucTeMu € BibpauiiHuii mogyne SM1281, skuit
npauoe CnifibHO 3 KOMMEKTOM NMPOMUCIOBUX akcenepomeTpiB ctaHaapty |IEPE
(Integrated Electronics Piezo-Electric). Mogynb 3abe3neyye ogHovacHe
NiOKMIOYEHHs OeKiNbKOX BUMiptOBanbHMX kaHariB, 06pobrneHHs aHanorosmx
curHanis Ta nepegady iHopmadii 4O NporpamoBaHOro KOHTposepa.
Baxnmeoto nepeBaroto BUKOPUCTaHHS NporpamMHo-anapaTHoi nnatcgopmu
Siemens € MOXNMBICTb FHYYKOro HanalTyBaHHS NapameTpiB BUMIpIOBaHHS Ta
iHTerpauii cuctemMm giarHoCTyBaHHS 3 iHLLUMMW KOMMNOHEHTaM1 aBTOMaTU30BaHOI
CUCTEMM KEPYBaHHS KOMMPECOPHOK CTaHLIE.

MapameTpyBaHHs BiGpaLiiHOro Moayns 34iNCHIOETLCS B CEPEAOBULL
iHxeHepHoro npoekTyBaHHs TIA Portal, ske 3abe3nevye KoOHMirypyBaHHs
anapaTHOi YaCTUHW, HanalwTyBaHHSA KaHarniB BUMipIoBaHHS, opraHisadito
iHchopMmaLiiHoro 06MiHy Ta CTBOPEHHS! anropyTMiB NEPBUHHOTO aHanisy
BiGpaLiiH1X curHanis.

PucyHok 1.29 — HanawTyBaHHsA napameTpiB po6oTu BibpauiinHoro moaynsi
SM1281 y cepenosui TIA Portal

3m. Apk. No gokym. Mign. fat
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BukopucTaHHa cyyacHux BibpaLiiHUX MOAYNIB y NOEAHAHHI 3

nporpamoBaHUMK NoriYHMMK kKoHTpornepamu Ta SCADA-TEXHOMNOriSIMI CTBOPHOE
nepenymoBu Ans nobyaoBu eheKTUBHUX CUCTEM MOHITOPUHTY TEXHIYHOMO CTaHy
fionaTeBoro anapaTy rasonepekavyBanbHUx arperaTiB. Taki CUCTEMU JO3BONSIIOTh
aBToOMaTuM3yBaTy npouec 36opy Ta 06pobneHHs iHdopmaLlii, cBoe4yacHo BUSIBNATU
PO3BUTOK AedeKTiB i MiABULLYBATU HAAINHICTL eKCrnyaTaLii ra3oTpaHCnopTHOro
obnagHaHHs.

MpoBeaeHWin aHani3 cy4acHX TEXHIYHUX 3acOBiB KOHTPONIO Ta

AiarHoCTyBaHHS NOKasye, Lo HanbinbLl NepCNeKTUBHUM HaNPSMOM € CTBOPEHHS
aBTOMAaTU30BaHKX CUCTEM BibGpoAiarHOCTVKK, NOByAoBaHMX Ha 6asi cy4acHUx
NMPOMUCNOBUX KOHTPONepIB, BibpaLiinHux MoayniB Ta LncpoBKX akcenepomeTpis.
Came Takuit nigxig noknageHo B OCHOBY NoAanbLUMX AOCHIAXKEHb i

pO3p0oBNeHHs TeXHIYHMX 3acobiB ANa CUCTEMM AiarHOCTYBaHHSA NONaTeBOro
anapary rasornepekayyBarnbHOro arperary, Lo po3rnsaatTbCs B HACTYMHOMY
po3gini 6akanaBpcbkoi poboTH.

1.4 BUCHOBKM [0 pO3Ainy Ta NoCTaHOBKA 3afay AOCHiIKEHHS

Y nepLuomy po3gini 6akanaBpcbkoi poboTn NpoBeAeHO aHari3 nonaTeBoro
anapary rasonepekadyBanbHOro arperaty sik 06'ekta TEXHIYHOrO AiarHOCTYBaHHS.
BcTaHoBneHo, Wo nonaTteBuin anapaT € O4HUM i3 HanbinbLU BiANOBIAANbHUX i
KOHCTPYKTMBHO cknagHux By3nis IMA, npauesaaTtHicTb sikoro 6eanocepenHbo
BMMMBAE Ha HaAiHICTb, EKOHOMIYHICTb Ta 6e3neKy yHKLiOHYBaHHS BCbOrO
arperaty. OcobnmMBOCTi KOHCTPYKLT Ta YMOBM eKkcryaTtauii yCknaaHITb
CcBO€YacHe BUSBNEHHS AedekTiB, LWo 06yMOBMoe HEODOXiAHICTb 3aCTOCYyBaHHS
Cy4acHUX MeTopiB i 3ac06iB KOHTPOMIO TEXHIYHOMO CTaHy.

Y pesynbraTi aHanidy OCHOBHMX BMAIB NOLIKOAXXEHb BCTAHOBMEHO, LU0
HanbinbLL XxapakTepHUMK AedekTamm nonaTeBoro anaparty € MexaHiyHi
MOLLKOPKEHHSI, epO3iliHe Ta KOPO3ilHe 3HOLLYBaHHS, YTBOPEHHS TPILLUH,

3m. Apk. No gokym. Mign. dat
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nedopmallii, TEpMOBTOMHI pyiHYBaHHS Ta nokanbHi neperpisu. PO3BUTOK Taknx
nedekTiB MOXe NpPU3BOANTY A0 NOTIPLLUEHHA POBOYMX XapaKTepUCTUK arperary,
3HIDKEHHS NOTO pecypcey Ta BUHUKHEHHS aBapiiHUX CUTYyaLii.



MpoBefeHuii ornag cy4acHUx TEXHIYHUX 3acobiB KOHTPOSO MoKasas, Lo
TpaauLinHi MeToam HepyHIBHOrO KOHTPOIIO, 30Kpema BidyanbHo-
BMMIiptOBanbHUA, EHAOCKOMIYHWIA, KaninsapHuiA, meTanorpadivHui Ta iHLwi
METOAM, [O03BONSATbL €PEKTUBHO BUSBNSATA NOBEPXHEBI Ta BHYTPILLHI AedeKTn,
OfjHaK nepeBaXKHO 3aCTOCOBYIOTLCA Mif Yac TEXHIYHUX OMMSAAIB | PEMOHTHUX
poBiT. Ix BUKOpUCTaHHS He 3abeanedye 6e3nepepBHOro KOHTPOMO TEXHIUHOTO
cTaHy nonaTteBoro anapary 6eanocepefiHbo B npoLeci ekcrnyaTtauii
rasornepekaqyBasnbHOro arperary.

Po3rnsHyTo cyvacHi MeToam AiarHOCTyBaHHS, WO pearni3ytoTbCs Ha OCHOBI
aHanisy napameTpiB KonuBanbHUX NPoLeciB, LMMPOBOro o6pobneHHs
BibpauiiHMX curHanie Ta 3acTocyBaHHs aBTOMaTU30BaHWUX CUCTEM MOHITOPUHTY.
BcTaHoBneHo, Wwo HanbinbLu NepcnekTUBHUM HanpsiMOM € BUKOPUCTaHHS
BiGpOaKyCTUYHMX METOAIB KOHTPOMIO, Siki 6a3ytoTbCst HAa BUMIpIOBaHHi Ta aHanisi
napametpiB BibpalLlii, Lo MIiCTATb iHbopmaLito Npo hakTUYHWI TEXHIYHUIA CTaH
rionateBoro anapary.

AHani3 cy4acHux nporpamHo-anapaTtH/MX KOMMIeKciB nokasas AOLiNbHICTb
3aCTOCyBaHHsi aBTOMAaTU30BaHMX cMCTEM BibpogiarHoCTukK, nobyaoBaHux Ha 6asi
nporpamoBaHUX NOFYHUX KOHTPONepiB, cnewianisoBaHux BibpauinHux Moaynis Ta
UMcpoBMX akcernepoMeTpiB. BukopucTtaHHs Takux cuctem 4O3BOSSIE pearnisyBati
6e3nepepBHUIA MOHITOPUHI CTaHy obrnagHaHHs, aBToMaTu3yBaTu npouec 36opy Ta
06pobneHHs iHbopmaLlii, a Takox 3a6e3nevnT paHHe BUSIBNEHHS AeEKTIB i
MPOrHO3yBaHHS iX PO3BUTKY.

Ha nigctaBi npoBeaeHoro aHanidy Anst AOCArHEHHsI NOCTaBneHol MeTh B
6akanaBpcbkili po6oTi HEOOXiAHO BUPILLMTY Taki OCHOBHI 3aBAaHHS:

3Mm. Apk. No gokym. Mign. dat
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— NPOBECTN aHani3 ocobnmeocTen NobyaoBMN CMCTEMU AiarHOCTYBaHHS
rionaTeBoro anapary rasonepekaqyBaribHOro arperaty Ha OCHOBI
BiGpPOaKyCTUYHMX METOAIB KOHTPOSH;

— 0br'pyHTyBaTV BUMOrM [0 NEPBUHHMX BUMIPOBaNbHUX NEPEeTBOPHOBaYiB
(BibpogaBauiB), siki BUKOPUCTOBYIOTLCS Y CKIadi CUCTEMM [iarHOCTYBaHHS;

— PO3pOBUTU CTPYKTYPHY CXEMY CUCTEMM [iarHOCTYBaHHSA NONaTesoro
anapary TIA i3 3acTocyBaHHsIM Cy4acHMX NporpaMHo-anapaTHux 3acobis Ta
SCADA-TexHomnoriu;

— BUKOHATK 06r'pyHTOBaHUIA BUGIp LM POBOro akcenepomerpa sik OCHOBHOMO
enemMeHTa BUMIpIOBanbHOro KaHany cUCTeMM AiarHOCTyBaHHS;

— po3po6uTn NporpamHo-anapaTHi 3acobu 34UTyBaHHS Ta 06pobneHHs
iHdpopmauii Big Bibpoaasaya;

— PO3MMsHYTY NpoLeaypy kanibpyBaHHsA akcenepomeTpa Ta onucaTtu
dyHKUIOHanNbHY CTPYKTYpY CTeHAa Ans Noro kanibpyBaHHs.

BuipilleHHs1 nocTaBneHnx 3aBAaHb JO3BONUTL CTBOPUTU TEXHIYHE
3abe3neyeHHs CUCTEMU AiarHOCTyBaHHS fonaTeBoro anapary
rasornepekayyBasibHOro arperary, Lo CnpuaTUME NigBULLEHHIO JOCTOBIPHOCTI
KOHTPOSO MOro TEXHIYHOIO CTaHy Ta edPeKTUBHOCTI ekcrnnyaTtawii
ra3oTPaHCNOPTHOro 0bnagHaHHs.

3m. Apk. No gokym. Mign. fat
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2 PO3POBNEHHA TEXHIYHOIO 3ABE3IMNEYEHHA CUCTEMA
OIAFTHOCTYBAHHA NNOMATEBOIO AMAPATY A

2.1 O6rpyHTYBaHHS BUMOT 0 BibpogaBadiB sk CKnagoBOi cUCTemMu
AiarHocTyBaHHsi nonartesoro anapaty MA

EdbekTnBHICTb ccTEMM AiarHOCTYBaHHA nionaTeBoro anaparty
rasonepekaqyBasibHOro arperaty 3Ha4HO MipOl0 BU3HAYaETLCA
XapaKTepucTVKaMu NepBrHHUX BUMIpIOBanbHKX nepeTsoptoBadyie. Came
Bibpoaasadi 3a6e3nevytoTb peecTpaLito MexaHiYHNX KONMBaHb ENleMEHTIB



KOHCTPYKLUIT Ta X NepeTBOPEHHA B EMEKTPUYHUIA CUrHan, NpUAATHUIA Ans
noganbLooro UudpoBoro 06pobneHHs i aHaniay.

BibpauinHi npouecy, Wo BUHUKaKOTL Nig Yac pobotun MMA, MIiCTSTb 3HAYHWI
obcsr iHpopmaii Npo TexHIYHWIA cTaH arperaTy. 3MiHa aMnNiTyAHWUX, YaCTOTHUX
ab0o ha3oBMX XxapaKTepUCTUK KONMBaHb MOXeE CBIQYUTU NPO PO3BUTOK AedeKTIB
rionaTeBoro anapary, nopyLleHHs 6anaHcyBaHHs poTopa, 3MiHy XOPCTKOCTI
KOHCTPYKTMBHMX €NeMeHTIB abo MosiBy pe30HaHCHUX SBULL. TOMY [0 cuctem
BMMIiptOBaHHs napameTpiB BibpaLii BUCyBatoTbCsi NiABULLEHI BUMOTM WOAO
TOYHOCTI, LUBUAKOAIT Ta 3aBagOCTINKOCTI.

TunoBa CTpyKTypa BUMIpOBarnbHOro kaHany cuctemu BibpogiarHoCTUKK
BKIIOMa€E NEPBUHHUIA faBad, NPUCTPI Y3rofXeHHs1 curHany, nigcuntosay, 6rnok
aHanoro-4npoBoro NepeTBopeHHs, Moayrnb 06pobneHHs iHpopmalii Ta npucTpiin
Bigo6paxeHHst abo peecTpalii pesyneraris.

PucyHok 2.1 — Y3aranbHeHa CTpyKTypHa Cxema CUCTeMU BUMIpIOBaHHS
napametpiB Bibpauii

3m. Apk. No gokym. Mign. Aat
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Mig Yac aHanidy po6oTy BMMIiptOBarbHOro kaHany “oro MoxHa po3rnsgaTv
AIK CYKYMHICTb NMOCNIA0BHO 3'€HaHMX NiHINHUX dYHKLiOHanbHMX 6nokis. Y
TaKoMy BUMaKy pe3ynbTyloda YacToTHa XapaKTepUCTVKa CUCTEMU BU3HAYAETLCS
[06YTKOM YaCTOTHMX XapaKTEPUCTVK OKpeMuX ii eneMeHTiB:
, (2.1)

e — 3aranbHa 4acToTHa XapakTepucTuKa BUMIpOBarbHOIO KaHany;
— YacToTHa XapakTepucTuka i-ro chyHKLioHanbHoro 6roka;
N — KinbkicTb NOCNIAOBHO 3'€4HaHMX ENTEMEHTIB CUCTEMMU.
[ns 3a6e3neyveHHs1 4OCTOBIPHOIO BiATBOPEHHSI BUMIpPIOBAHOIO CUrHasmy
HeobxiaHo, o6 y Mexxax pobo4voro YacToTHOroO Aiana3oHy koedilieHT nepeaadi
CMCTEMM 3anu1LIABCS NPaKTUYHO HE3MIHHKM. Lis BUMora Moxe ByTu 3anucaHa y
BUrNAAI:

, (2.2)
ne Ta — BiAMOBIAHO HWXHS | BEPXHSA Mexi poboyoro gianasoHy
4acToT.
BurikoHaHHs1 ymoBwU (2.2) 3abe3nevye MiHiManbHi aMnniTyaHi Ta ¢asosi
CMNOTBOPEHHS curHany, Lo ocobnmBo BaXNMBO Nig Yac NpoBeAeHHs
CneKTpanbLHOro aHanisy Ta BUAINEHHS AiarHOCTUYHMX 03HaK AedeKTiB nonaTtesoro
anapary.
[lo oCHOBHUX BMMOT, SKi BUCYBalTbCS [0 BibpoaaBayiB y cknafi cuctem
niarHoctyBaHHs [TIA, HanexaTb:
- LUMPOKMI pobounii Aiana3oH 4acTorT;
- BUCOKA YyTNUBICTb i CTabinbHICTb METPOMOriYHNX XapaKTEPUCTUK;
- NiHINHICTb amMnAiTYAHOT XapakTepucTuku;
- HU3bKMI PiBEHb BMACHUX LUYMIB;
- BUCOKa 3aBaOCTiliKiCTb;
- HEBeNuKi rabapuTu Ta Maca;
- HadilHicTb poboTM B yMOBax MigBULLEHMX TeMNepaTyp i BibpauinHux
HaBaHTaXeHb.

3m. Apk. No gokym. Mian. dat
a

Apk.

39

KPB. CI - 03.00.00.000 N3

3anexHo Big NpuHUMNy Aii AN BUMIpIOBaHHSA napameTpis BibpaLii
BMKOPWUCTOBYIOTb M'€30€NEKTPUYHI, N'€30PE3UCTUBHI, iIHAYKLiNHI, EMHICHI Ta
TEH30MEeTpUYHi BibponepeTBoptoBayi. Y cy4acHUX cucteMax TeXHIYHOT
[iarHOCTUKN HanBiNbLIOro NOLWMPEHHS Habynn N'€30eNeKTPUYHI akcenepoMeTpu,
SKi XapakTepuayrTbCA BUCOKOK YYTNMBICTIO, LUIMPOKUM AMHAMIYHUM [iana3oHom
Ta MOXNMBICTIO pOBOTUN y CKNagHUX yMOBaxX ekcrnyaTadii.

MprHUMN poboTH N'€30€NeKTPUYHOrO akcenepoMeTpa I'PyHTYETLCA Ha
BMKOPUCTaHHI NpsAAMOro n'e3oenekTpuyHoro edekTy. Mig gieto iHepuiHoi cunu,



LLIO BUHMKAE NPV MEXaHI4YHUX KOMMBaHHSIX, BiAbyBaeTbCsA AedopmaLlis
n'e3oenemeHTa, BHacrifoK 4Oro Ha Moro NoBepxHi POPMYy€eETbCH eneKTPUYHWIA
3apsg. BenvunHa uboro 3apsgy € nponopLinHoo NpuknageHoMy NPUCKOPEHHI0:
) (2.3)
ne Q — eneKkTpUYHWIA 3apaf, LLO BUHUKAE Ha NOBEPXHi N'€30eNneMeHTa;
d — n'e3oenekTpuyHUA KoedilieHT maTepiany;
F— cuna, npuknageHa oo 4yTnMBOro enemeHTa.
Ockinbky iHepujiiHa cuna BM3Ha4aeTbCst ApYrMMm 3akoHOM HbloToHa,
, (2.4)
[e m — Maca iHepUiHOro enemeHTa;
a — BibponpuckopeHHs,
TO BUXIOHWI CUrHan akcenepoMeTpa € NPonopLiiHUM NPUCKOPEHHIO
KOHTPOMbOBaHoOro o6'ekTa.

PucyHok 2.2 — MNpuHUMnoBa cxemMa n'e3oenekTpuyHoro Bibpogasava

3m. Apk. No gokym. Mian. dat
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KoHcTpykuisi cydacHux BibpoaaBayiB nepeabayae HasiBHICTb Yy TIIMBOrO
ernieMeHTa, iHepLiHOT Macu Ta Koprycy, Wo 3abe3neyvye XopcTke MexaHivyHe
3'e[lHaHHS 3 KOHTPONbOBAHO NoBepxHeto. Bia cnocoby kpinneHHs AaBava
3HaYHOO MiPOIO 3aNEXWTb TOYHICTb BUMIPIOBAHHS Ta LUMPUHA poboYoro
YaCTOTHOrO AianasoHy.

PucyHok 2.3 — BapiaHTu KOHCTPYKTUBHOIO BUKOHaHHS BibpoaaBavis:
1 - npyxuHa, 2 — cericmiyHa maca, 3 - n'e30enemMeHT, 4 - OCHOBa,
5 - kpuLwKa, 6 — BiCb

OpHieto 3 HaMBaXXNUBILLMX XapaKTePUCTUK BibponepeTBopioBaya € Moro
BriacHa (pesoHaHcHa) YactoTa. [ins 3abe3neyeHHs KOPEKTHVX BUMIPIOBaHb BEPXHS
mexa poboyoro giana3oHy NoBuHHa ByTy iICTOTHO MEHLLIOK Bif, pe30HaHCHOI
4acToTu ceHcopa.

Ha npakTuui pekoMeHayeTbes, LWob BepXHA Mexa poboyoro YacToTHOro
AianasoHy He nepesulyyBana 20-30 % Big 3Ha4eHHSA BNacHOi (pe30HaHCHOI)
YyacToTu Bibpoaasaya.

Ha TouHiCTb BUMipIOBaHHS! BMAMBAOTb TAKOX SIKICTb MOHTaXY, XXOPCTKICTb
KpINneHHs Ta XapaKTePUCTMKM NOBEPXHi BCTAHOBNEHHS. HeHaainHe KpinneHHs
MOXe NPU3BOAUTU A0 BUHUKHEHHS OAATKOBMX PE30HAHCIB i CNOTBOPEHHS
BMMIpIOBAHOrO CUrHany.

3m. Apk. No gokym. Mign. fat
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PucyHok 2.4 — Bnnve cnocoby BCTaHOBMEHHS BibpoaaBaya Ha oro YacToTHY
XapaKTepucTuky

[MpoBeaeHnn aHani3 nokasye, Lo Ans NobyaoBM CUCTEMU AiarHOCTyBaHHS
rionaTeBoro anapary rasonepekaqyBaribHOro arperaty Hanbinblu AOUNbHUM €
BUKOPWUCTaHHS akcenepoMeTpiB Ik NEPBUHHMX BUMIpIOBaNbHUX NEPETBOPIOBaYIB.
BoHu 3a6e3neyytoTb LWMPOKUIA pOBOYNIA YaCTOTHUIA Aiana3oH, BUCOKY TOYHICTb
peecTpauii BibpaLiiHMX NpoLieciB Ta MOXMUBICTb iHTerpauii i3 cy4acHuMm
nporpamHo-anapaTH1UMU Komnnekcamu 36opy i 06pobrneHHs AiarHOCTUYHOI
iHcbopmaulii.

Came ui ocobnmBocTi cTanu nigcraBoto Ans BUOopy akcenepoMeTpuyHoro
npuHUMNYy nobyaoBM cUCTEMM AiarHOCTyBaHHS, Ska po3pobnsieTbes B AaHin
6akanaBpcbkiii poboTi.

2.2 OcobnmnBoCTi AiarHOCTyBaHHS flonaTeBoro anapary 3a
BiBpOaKyCTU4YHUMM AiarHOCTUYHUMUK O3HAKaMu



OfHMM i3 HalbinbLL ePeKTUBHNX HANPSIMIB KOHTPOIIO TEXHIYHOTO CTaHy
rionaTeBoro anapary rasonepekaqyBaribHUX arperaTiB € BUKOPUCTaHHS
BiBPOAKYCTUYHMX METOAIB AiarHOCTyBaHHs. IX 3aCTOCyBaHHS FPYHTYETLCS Ha
TOMY, WO Byab-sKi 3MiHW TEXHIYHOro cTaHy pobo4ynx enemeHTiB arperaty
CYNPOBOXKYIOTLCS 3MIHOK XapaKTEPUCTUK MEXaHIYHMX KONMBaHb Ta aKyCTUYHMX
npoLeciB, ski BUHUKaOTL Mif Yac 1noro poboTu.

3m. Apk. No gokym. Mign. fat
a

Apk.
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Y npoueci ekcnnyaTtauii nonatesuii anapar nigaacTbesa Aii 3MiHHMX
aepoavHaMiYHMX Ta MexaHiYHMX HaBaHTaXeHb. NosiBa AedeKTiB okpemMmnx
nionaTok, NopyLUeHHs! reomMeTpii Npodinto, pO3BUTOK TPILLMH ab0 BUHUKHEHHSI
nedopmalit NprM3BoAsTb A0 3MiHU CTPYKTYPU ra3oBOro NOTOKY, XapaKkTepy
aepoavHaMiyHoT B3aeMogii Mixk po6ounMy Ta HanpsAMHUMM fionaTkaMmu, a Takox
[0 3MiHW cnekTpanbHUX XapaKTepUCTUK BibpaLinHUX curHanis.
[ns aHanisy oTpumMaHux AiarHOCTUYHMX CUrHaniB BUKOPUCTOBYHOTb CyyacHi
MeToaM LMdpoBoi 06pobKkM AaHKX, cepen SKUX HanbBinbLL NOLMPEHUMU €:
- CNeKTpanbHWl aHarni3 Ha OCHOBI LLUBMAKOrO nepeTBopeHHs Pyp'e;
- aHania cnekTpa ornMHaw4or;
- KencTpanbHWii aHanis;
- KOpensauifnHWI aHanis;
- BENBIET-NEPETBOPEHHS.
3acTocyBaHHS 3a3Ha4YeHUX MeTo/iB J03BOSSE BUAINMUTA XapakTepHi
[iarHOCTUYHI 03HaKW, SiKi BianoBigaloTe NeBHUM BUAaM AedeKTiB nonaTeBoro
anapary Ta HecTiiKuM pexumam poboTu komnpecopa.
Bigomo, Lo HeogHOPIAHOCTI aepoanHaMIYHOro NOTOKY, siKi BUHMKAKOTh
YHaCMiAOK NOLLIKOAXKEHHS NIoNaToK, NPU3BOAATL [0 3MiHW CTPYKTYPU KPOMKOBUX
cnigis Ta iMnynbciB aepognHamivHux cun. Ockinbku nepioaunyHi 3miHu
napameTpiB NOTOKY MOXyTb ByTu npeacTaeneHi psagom dyp'e, y cnekTpi
BiGpaLiiH1X curHanis 3'ABNATLCA AOAATKOBI rAPMOHIYHI CKNaaoBi, 4acToTu
SIKMX MOB'sI3aHi 3 YaCTOTO 0bepTaHHsA poTopa.
JlonaTeBa (nonaTkoBa) CknagoBa BU3HAYAETLCS CMiBBiAHOLEHHAM

fn=2n-fP, (2.5)
ne fn— yactoTa NPOXodKEHHS NonaTok;
Zn — Kinbkictb po6oumnx rionaTok koneca;
fP — yacToTa obepTaHHsi poTopa.
Mpy BUHUKHEHHI fedekTiB TUny «BuTTs pobo4oro koneca» abo NopyLUEHHI
reoMeTpii nonaTteBoro BiHUA BiAOyBaeTbCA MOAYNALIs Nons KPOMKOBUX CRifiB i3

3m. Apk. No gokym. Mign. at
a

ApK.
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YacToTor 06epTaHHs poTopa. Y LboMy BUNaaKy nobnunsy ocHOBHOI nonatesoi
CKINaoBOi BUHUKAIOTb AOAATKOBI BiYHi rapMOHiKM, YacTOTK SIKUX BU3HAYaOThLCS
BMPa3oM:
fb= ZnfP tfp, (2.6)

ne fb — yactoTn 6ivHux cknagoBmx cnektpa, fp —yacTtota obepTaHHs
poTtopa.
[MosiBa Ta 3mMiHa aMnNiTyA LUX rapMOHIK € BaXnMMBOIO AiarHOCTUYHO
03HaKolo, sika J03BOSIsiE iAeHTUMIKYBaTU PO3BUTOK AedeKTiB lonaTteBoro anaparty
LLle Ha paHHiX cTagisx.
[Ans nigBULEHHS1 JOCTOBIPHOCTI AiarHOCTYBaHHA BUKOPUCTOBYIOTb aHarli3 He
nuLle cnekTpa Bibpauii, ane i cnekTpa orvHato4oi curHany. Takuin nigxia
[03BOSSIE BUAINMUTM HA3bKOAMMMITYAHI MOAYNbOBaHi CknagoBi, siki YacTo € BinbLu
iH(popmMaTMBHUMY LLIOAO NOYATKOBUX CTafii PO3BUTKY MOLLKOMAKEHb.
Y Tabnuui 2.1 HaBeaeHo xapakTepHi iHpopMaLiiiHi YacToTu CnekTpiB
BibpaLii Ta cnekTpa orMHa4oi, siki MOXyTb BUKOPUCTOBYBAaTUCS ANs
ineHTudikauii okpemmx BuAiB AedekTiB nonaTeBmx By3niB.
Tabnuus 2.1 — XapakTtepHi iHdbopMaLiiHi YacToTv Ans ineHTudikauii
nedekTiB nonatesoro anaparty MA.



N
n/n

Bua

nedekTy

IHcpopmaUinHi yacToTn
XapakTepHi 03Hakun

y cnekTpi

BibpaLii

XapakTepHi 03Hakun y
CnekTpi ornHar4oi

1. ButTs poboyoro koneca

MosiBa GiuHUxX

cknapoBux 6ins

fionaTeBoi YacToTh

fn=Zn fp

BupaxeHi rapmoHiku 3
yactotamu fntfp

2. ABTOKOSVBaHHS rionaTok
3pocTaHHsa amnnityam
OKPEMUX PE3OHAHCHIUX
CKIaoBumX

[MosiBa HN3bKOYACTOTHOT
moaynauii curHany

3.

[edekTn okpeMmmx nonaTok
(TpiwmHK, gedopmalii, ckonu)
3miHa amnniTyam
nonaTteBoi YacToTh Ta
nosiea 0A4aTKOBUX
rapMoHiK

3pocTaHHsA amnniTyg 6iuHmX
CKNafoBUX Ta PO3LUMPEHHSI
crekTpa ormHaryoi

3m. Apk. No gokym. Mign. fat
a

Apk.
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MponoxeHHs Tabnumui 2.1

4. ObepToBUIA 3pMB
MosiBa fopaTKOBUX
KOMMOHEHTIB 3
yacTtoTamu

fntkfp

BupaxeHa amnnityaHa
mMoaynsauis curHany

5. MepeanomMnaxHum pexmm
3pocTaHHs LyMOoBOi
CKINafoBOI CriekTpa Ta
3MiHa crniBBigHOLIEHHS
rapMOHiK

306inbLUeHHs
HM3bKOYACTOTHUX
CKnafoBuX cnekTpa
ornHat4ofl

lMpakTnyHe 3aCToCyBaHHA CNEKTPanbHOro aHaniay nokasye, Lo PisHi TUMK
nedekTiB MaloTb BNacHi xapakTepHi 03HaKky y YacToTHin obnacTi. Hanpuknag,
6uUTTS pob0oYOro Koneca CynpoBOAXKYETLCA NOSABOK BiYHMX cknagoBux 6ins
fionaTeBoi YacToTK, TOAi Ik PO3BUTOK AedeKTy OKpeMoi nonaTku Npu3BoAUTL A0
3MiHW aMNAiTyA OKPEMUX rapMOHIK Ta CTPYKTYpPU CreKTpa OrMHaKYyoi.

Mpviknag xapakTepHKX CMeKTPIB OrMHaKYoi BibpauiiHoro curHany ans



GaraTocTyniH4acToro kKomnpecopa 3 pis3HUMM BUAAMM MOLLKOOAXEHb HABEAEHO Ha
puc. 2.5.

6
PucyHok 2.5 — CnekTpu ormHatoyoi Bibpauii 6aratoctyniH4acToro komnpecopa:
a — npwv 6uTTi poboyoro koneca; 6 — Npu HasiBHOCTI AedbekTy nonartku

3m. Apk. No gokym. Mign. dat
a

Apk.
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Okpemy yBary cnig npuainuTh AiarHoCTyBaHHIO HECTINKUX pexumiB poboTun
Komnpecopa, 30Kpema pexvmia 06epToBOro 3pMBy Ta nomnaxy. Taki pexvmm
CYNPOBOXYHOTBCS CYTTEBOK 3MIHOI CTPYKTYpU aepoanHaMiyHKX NpoLecis y
NMPOTOYHI YacTUHI arperaTty Ta MOXyTb OyTW nepeaBiCHUKaMU CEPO3HUX
aBapiiH1x cuTyauin.
EkcnepumeHTanbHi 4OCNIAXEHHSA NOKa3yroThb, LU0 Mif Yac po3BUTKY
06epToBOro 3pmBYy y CNekTpi BibpoakyCcTUUHMX npoLieciB nobnuay nonareBux
CKINaloBMX BMHMKAKOTb A40AATKOBI BiYHi rapMOHIiKM, YacTOTK SIKMX BU3HAYatoTbCs
CniBBiAHOLLEHHAM
fb= Zn-fP tkfsp, (2.7)

ne fb - yactotu 6i4HMX cknagoBux cnekTpa, fap —yactota o6epTaHHsA 30H
3puBY, K — KinbKiCTb 30H 3puBY.
MosiBa UMxX ckNagoBMX MOSICHIOETLCS TUM, LLIO 06NacTi 3puBY 3AIACHIOITb
nepioan4Hy MoAynALilo Nons LWBMAKOCTEN ra3oBoro noTokKy, Lo NpU3BOAUTL 40
3MiHW NapameTpiB aepoAnHaMIYHOT B3aEMOAIT MK enemMeHTammn ionaTeBoro
anapary.
BaxnmBum iHCTPYMEHTOM OL|iHIOBaHHS ra3oAMHaMIYHOT CTIAKOCTI
KoMMpecopa € aHania crnekTpanbHOro cknagy nyrbcadii TUCKY B ra3onoBiTpSHOMY
TpaKTi. MOPIBHAHHSA CMEKTPIB, OTPUMAHUX Y HOMIHAINbHOMY PeXuMi Ta npu
HabnKEHHI 0 MeXi ra3oMHaMi4YHOIT CTINKOCTI, O3BOMNSE BUSIBUTU XapaKTepHi
3MiHW CTPYKTYpW curHany.
[Mpu 3MeHLLEeHHi 3anacy ra3ofMHamiYHOT CTINKOCTi CnocTepiraeTbes
3pOCTaHHSA LLYMOBOI CKNaAoBOi CnekTpa Ta OAHOYAaCHe 3MEHLUEHHS amnniTya
BUMLLMX rapMOHiK fionaTteBux YacTtoT. Lle nos's3aHo 3i 36inbLueHHAM
TypOYneHTHOCTi NOTOKY Ta 3MiHOK hOpPMUM KPOMKOBUX CRifiB, sIKi CTatoThb GinbLu
3rnagXxeHnMn.
MopiBHSAHHS CNeKTpiB NynbcaLin TUCKY ANS Pi3HUX PeXMMIB poboTu
KOMMpecopa HaBef4eHo Ha puc. 2.6.

3m. Apk. No gokym. Mign. fat
a

Apk.
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PucyHok 2.6 — Bnnvs pexumy poboTu komnpecopa Ha CrekTp nyrbcadii TUCKY:
a — HOMiHanbHWI pexnmM poboTtu; 6 — pexxum Nobnmnay Mexi rasogmHamiyHoT
cTinkocTi; Aij - amnniTyaa i-i nonatesoi cknagoBoi Bif j-ro poboyoro koneca

Takum 4YnMHOM, aHani3 BibpoaKyCTUYHMX cUrHanis Ta ix cnekTpanbHUX
XapaKTepucTuk € ePeKTUBHUM iHCTPYMEHTOM OLHIOBAaHHSA TEXHIYHOTO CTaHy
nonaTeBoro anapary rasonepekaqyBanbHOro arperary.

BukopucTaHHsa AiarHOCTUYHMX 03HaK, ChOPMOBAHUX HA OCHOBI aHaniay

cnekTpa BibpaLii, cnekTpa ormHao4oi Ta nynbcadii TUCKy, 3abe3nedye
MOXIMBICTb PaHHBLOIO BUSBNEHHS AedDEKTIB, OLHIOBAHHS CTYMNeEHs iX pO3BUTKY Ta
CBOEYACHOIO NnornepekeHHs aBapiiHux pexvmis pobotn obnagHaHHs. Lie
CTBOPIOE MiArPyHTS ANs nobyaoBM Cy4acHNX aBTOMATM30BaHUX CUCTEM
MOHITOPUHIY i AiarHOCTyBaHHs nonatesoro anaparty A,

2.3 Cuctema BibpauiiHOro KOHTPONIO Ta AiarHOCTyBaHHSA



Cuctema BibpaLiiHOro KOHTPOIO Ta [iarHOCTyBaHHs sBNsie co60t0

KOMMIIEKC B3AEMONOB'sI3aHNX anapaTHUX i nporpaMHux 3acobiB, NpusHavYeHux ans
360py, NnepeaaBaHHsi, 06pobreHHs Ta aHanisy iHpopMmadii npo BibpauiiHuii cTaH
rasonepekadyBanbHoro arperaty. OCHOBHOK METOHO ii (hyHKLIOHYBaHHS €
CBOEYaCHe BUSIBNEHHS AedeKTiB eNeMeHTIB KOHCTPYKLIT Ta OLiHIOBaHHS
TeXHIYHOro CTaHy arperaTy B npoLeci ekcnnyaTtadwii.

3m. Apk. No gokym. Mign. fat
a

Apk.
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[o cknagy cuctemun BXOAATb NEPBMHHI BUMIpIOBarbHi NepeTBopoBadi
(Bibpogasaui), Moayni y3rofxeHHsl Ta NiacUneHHs curHanis, 3acobu aHanoro-
LUMdPOBOro NepeTBOpPEHHSsI, NPUCTPOI 360py Ta 36epiraHHs iHdopmaLii, a Takox
nporpamHe 3abe3neyeHHs Anst uucposoi 06pobku AaHUX i HOpMyBaHHS
[iarHOCTUYHNX BUCHOBKIB.

Ak nepBUHHI BUMIiptoBarbHi NepeTBoproBadyi B cuctemax BibpogiarHoCTUK1
ra3oTyp6iHHOro obnagHaHHsi HanyacTille 3aCTOCOBYIOTb akCenepomMeTpu, siki
3abe3neyytoTb BUMIpIOBaHHSI napameTpiB BiGpaLii B LLMPOKOMY Aiana3oHi YacToT
Ta XapakTepu3yrTbCH BUCOKOK TOYHICTHO i cTabinbHicTo poboTu. BctaHOBNEHHsS
BibpoaaBauiB 3ailicHIOETbCS Ge3nocepeHbo Ha KOHTPONbOBaHMX By3Max arperarty
y To4Kax, HanbinbL iHbopMaTUBHKX 3 NornsAy peecTpadii BibpauiiHux npouecis.

PucyHok 2.7 — Cxema po3TallyBaHHs BibpaLiiHUX nepeTBoptoBaYis
(akcenepomeTpiB) Ha ra3oTypbiHHOMY ABUrYHI

3anexHo Big MicLsi BCTAHOBIIEHHS Ta OpieHTaLii YyTnMBOro enemMeHTa
akcenepomMeTpu 3abe3neyyoTb BUMIPIOBaHHS KOMBaHb Y BEPTUKaNbHOMY,
ropu3oHTanbHOMy abo 0CbOBOMY HanpsiMKax, Lo AO3BOMNSE OTPUMATN NOBHY
iHpopmaLito Npo AUHaMIYHWIA CTaH KOHTPONbOBAHOMO 06'eKTa.

CwvrHanu Big akcenepoMeTpiB HaAXoAATb A0 MOAYNIB NEPBUHHOT 06pobkM, ae
3AiMCHIOETLCA X NiACUINEHHS Ta aHanoro-uudpose nepeTBopeHHs. MogansLia
uncpoBa obpobka BkroHae inbTpaLito curHanie, cnekTpanbHUiA aHanis,
BM3HAYEHHS OiarHOCTUYHUX 03HaK i hOpMyBaHHSI NapameTpiB, HeoOXiaHWX Anst
OLiHIOBAHHSA TEXHIYHOrO CTaHy nonaTesoro anapary.

3m. Apk. No gokym. Mign. Aat
a

ApkK.
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Y cyvacHux cuctemax BibpoaiarHOCTUKM 3aCTOCOBYETLCSA BaraTokaHanbHuiA
npuHUMN 36opy iHdopmalLii, SKuii JO3BOMNSIE OAHOYACHO PeECTpyBaTH CUrHanm Big
[OeKinbKkox BUMiptoBanbHuX kaHani. Lle 3abe3nedye MOXNMBICTb KOMMIIEKCHOTO
aHani3y B3aeMO3B'A3KIB Mi>Xk OKpeM1MuM By3riamu arperaTy Ta nigBuLLye
[OCTOBIpHICTb AiarHOCTUYHMX BUCHOBKIB.

Baxnueoto cknagoBoto cuctemu € nporpamHe 3abesneveHHs, sike peanisye
(hbyHKUIT HanawTyBaHHA NapamMeTpiB BUMIpIOBaHHS, 360py Ta HaKOMUYEHHS
eKCnepUMeHTanbHNX AaHuWX, iX CTAaTUCTUYHOTO | CMEKTPanbHOro aHaniay, a Takox
hopMyBaHHs AiarHOCTUYHMX NOBIAOMNEHb ANs onepatopa. BukopuctaHHs
Cy4YacHUX anroputmie LmdpoBoi 06pobku curHanis A4O3BONSE aBTOMaTM3yBaTh
npoLec KOHTPOMI TEXHIYHOrO CTaHy obnagHaHHs Ta MiHiMisyBaTu BNnvB
ntoAackKoro paktopa.

TWNOBWI NPOrPaMHUIA KOMMNEKC CUCTEMM BiGPaLLiIiHOrO KOHTPOMO

3abesnevye:

- HanaLITyBaHHsi MapaMeTpiB BUMIpOBarbHUX KaHanis;

- 36ip Ta apxiByBaHHS BibpaLiH1X curHanis;

- NobyaoBy YacoBWX pearisaLii Ta CnekTpiB curHanis;

- aHani3 cnekTpiB OrMHaloYol Ta iHWKX AiarHOCTUYHUX XapaKTepUCTUK;

- BU3HAYEHHS [iarHOCTUYHMX O3HaK PO3BUTKY AeeKTiB;

- BigoBpaXKeHHs NOTOYHOro cTaHy obrnagHaHHsA Ta (PopMyBaHHS 3BIiTHOI
iHcbopmaulii.

OpHieto 3 OCHOBHYMX NepeBar cyvacHUX CucTem BibpoaiarHOCTUKK €
MOXIMBICTb iX iHTErpauji i3 cuctemamu aBTomaTuyHoro kepyaHHs Ta SCADA-



Komnnekcamu. Lle 3abeaneyye Ge3nepepBHUIA MOHITOPUHT CTaHy obnagHaHHs,
LeHTpani3oBaHe HaKoONMYyeHHs iHpopmaLii Ta onepaTMBHE OTPUMAHHS OaHKX NPO
3MiHY TEXHIYHOrO CTaHy rasonepekavyBarnbHOro arperary.

BukopucTaHHsa pesynberaTiB BUMipIOBaHHS Ta aHaniay BibpauinHux curHanis

@€ MOXIMBICTb BUABMNATU PO3BUTOK AedeKTiB Ha paHHiX CTafisx, NPorHo3ysaTu
3MiHy TEXHIYHOro CTaHy arperaTty Ta CBOEYaCHO NPUMaTK pilleHHs LWoao

3m. Apk. No gokym. Mign. fat
a

Apk.
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npoBefeHHs NpodinakTU4HMX abo peMoHTHKX pobiT. Peanisauis Takoro nigxoay
cnpvsie NigBULLEHHIO HadiNHOCTIi poboTK razonepekayyBarnbHOro obnagHaHHs,
3MEeHLLUEHHIO BUTPAT Ha Moro ekcnnyaTauito Ta 3anobiraHHi0 BUHUKHEHHIO
aBapinHUX cutyauin.

TakuM YMHOM, Cy4acHi cMCTeMM BiGPaLLiHOrO KOHTPONtO Ta AiarHOCTYBaHHS

€ BaXXIMBOK CKNaJ0BO TEXHIYHOT ekcnnyaTauii rasonepekavyBanbHuX arperaris.
BukopucTaHHsa 6aratokaHanbHUx 3acobiB 36opy AaHuX, LMpoBUX MeToaiB
06pOoBneHHsI cUrHanis i Cy4acHoOro nporpamMHoro 3abesrneyeHHs CTBOPHOE OCHOBY
Ans nobynosu eheKTUBHOI aBTOMaTU30BaHO! CUCTEMM [liarHOCTYBaHHS
nonatesoro anapary [MIA.

2.4 Po3pobreHHsa CTPYKTYPHOI CXeMU CUCTEMU iarHOCTyBaHHSA
nonaresoro anapaty [MIA

MioBULWEHHS HadiNHOCTI Ta eheKTUBHOCTI ekcnnyaTauii

rasonepekadyBarnbHux arperaTis noTpebye 3acTOCyBaHHS Cy4acHUX
iHbopmaLinHMX TEXHONOTIN NSt MOHITOPUHTY Ta OLIHIOBAHHS iX TEXHIYHOTO
cTaHy. OfHMM i3 NepCcnekTUBHUX HaNPsMiB € BUKOPUCTAHHSA aBTOMaTU30BaHNX
CUCTEM [jarHOCTyBaHHs, siki NOeaHY0Tb 3acobu 36opy AaHux, LmdpoBoro
06pobneHHs curHanis, SCADA-TexHOMOrii Ta MaTeMaTU4yHe MOAESNOBaHHS.

MMig yac po3pobneHHst CTPYKTYPHOI CXEMU CUCTEMM [iarHOCTYBaHHS

nonaresoro anapaty [MIA gouinbHO BUKOPMUCTOBYBATV NPUHLIMMA NOEAHAHHS
peanbHWX ekcnnyaTauinHUX aHux i3 pesynstataMu imiTalinHoro MoAentoBaHHs.
Y Takin cuctemi iHpopmauis Npo TexHonoriyHi Ta BibpoakyCcTnyHi napamerpu
po6oTun arperaty HafXoAUTb Bif, NEPBUHHMX BUMIpIOBaNbHUX NEPETBOPIOBAYIB 1O
SCADA-cucTemu, Ae 3AINCHI0ETLCS Tl HAKOMUMYEHHS Ta NepBUHHa 06pobka.

Ha ocHoBI oTprMaHux gaHux imiTauiiHa mogenb (hopMye po3paxyHKOBI
3HaYeHHs1 KOHTPONbOBaHWX NapaMeTPIB ANA NOTOYHOrO pexumy pobotu MA.
[ani BinbyBaeTbCA NOPIBHSHHA PO3paxyHKOBKX Ta (OaKTUYHUX 3HAYEHb, LLO

3m. Apk. No gokym. Mign. fat
a

ApK.
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[03BONSE OLiHUTM CTYNiHb BIAXUNEHHS NapaMeTpiB Bif HOMiHANbHWX i
cdopmMyBaTH AiarHOCTUYHWI BUCHOBOK LLIOJO TEXHIYHOrO CTaHy fonaresoro
anapary.

PucyHok 2.11 — CTpyKTypHa cxeMa CMCTEMM AiarHOCTYBaHHSA NONaTeBoro
anapary MIA 3 BukopuctaHHsM SCADA-TexHormorii Ta iMiTauiiHoro
MoZentoBaHHs

3anpornoHoBaHa CTPYKTYpHa CxemMa CUCTEMM [iarHOCTYBaHHS BKMOYAE Taki
OCHOBHI (hyHKLiOHaNbHi Moayni:

- 06'ekT AiarHocTyBaHHsA (nonatesui anapar [MA);

- niacnctemy 360py TEXHOMOTYHUX Ta BiDPOAKYCTUYHUX OAHUX;

- SCADA-cucTemy MOHITOPUHTY;

- iMiTaUinHy MaTemaTu4Hy MoAaensb;

- MoZynb AiarHOCTYBaHHS;

- Kepytouuii moayrnb;

- 6asy gaHux pesynsraTiB KOHTPONIO Ta AiarHOCTUKN.

SCADA-cucTema 3abesnedye 6e3nepepBHe OTpUMaHHs iHdhopmalLii npo



pexum p060TM arperaty Ta 3Ha4eHHA KOHTPOJIbOBaHNX napameTpiB. HO HUX

3m. Apk. No gokym. Mign. fat
a

ApK.
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HanexaTb TEXHOMOrYHI NapameTpu (TUCK, TemnepaTypa, YactoTa o6epTaHHs
poTopa TOLLO) Ta BibpoaKyCTUYHI XxapakTepUCTUKK, LLIO PEECTPYHOTHCS
BMMIpIOBanbHUMK KaHanamm cuctemu.

ImMiTauinHa Moaenb BUKOPUCTOBYETLCS A5 PO3PaXxXyHKY €TanoHHWUX 3HaYeHb
napameTpiB BiANOBIAHO A0 NOTOYHOrO pexumy pobotu [MA. OTpumani
pe3ynbsTaT NopiBHIOTLCS 3 (PAKTUYHUMK AaHUMU, WO HAOX0AATb i3 CUCTEMU
MOHITOPUHrY. 3a pesynsTaTtaMu Takoro NopiBHSAHHA (POPMYETbCS iHbopMalLlist Npo
BEMUYMHY BiAXWIEHb KOHTPOSbOBaHNX NapaMeTPiB Ta MOXIMBY HAABHICTb
nedekTiB nonaTtesBoro anapary.

Ocob6nmBiCTIO 3aNpONOHOBAHOTO MiAXOAY € MOXIMBICTb NOCTIMHOTO
YTOYHEHHS MapamMeTpiB MaTeMaTUYHOI MoAesi Ha OCHOBI HAKOMUYEHUX
ekcnnyarauinHnx aganux. Lle gossonsie aganTtyBaTu cucTemy AiarHoCTyBaHHSA [0
3MiH yMOB po6GoTV o6nagHaHHs Ta NiABULLUTU JOCTOBIPHICTb OTPUMAaHMX
pesynbrartis.

[nsa peanisauii anropyTmy AiarHOCTyBaHHS AOLNbHO BUKOPUCTOBYBATH
iHCTpYMEHTapil eKCnepTHUX CUCTEM, sikuin 3abeanedye aHania cyKynHoCTi
B32EMONNOB'A3aHUX AiarHOCTUYHMX O3HaK Ta POPMYBaHHS BUCHOBKY LLOLO
TEXHIYHOrO CTaHy fonaTeBoro anapary.

OcCHOBHMMY eTanamu PyHKLiOHYBaHHS TAKOrO anropuTMy €:

- oUiHIOBaHHS BNNMBY AedeKTiB nonaTeBoro anaparty Ha TEXHOMOrIYHi Ta
BibpoakycTuyHi napametpu MIA;

- aHani3 B3aeMO3B'A3KiB MiXX KOHTPONbOBaHNMMK NapamMeTpamu;

- BU3HAYEHHSs1 HanbinbLL iIMOBIPHOT MPUYMHK BiAXUIEHHS NapameTpiB Bif
HOPMaTUBHUX 3HaYeHb;

- hopmyBaHHs AiarHOCTUYHOrO NOBIAOMIEHHS Ta pekoMeHAaLil LWoao
nofanbLuol ekcnnyarawii obnagHaHHs.

Baxnumeoto cknapoBoto cucteMu € 6asa faHux, y skii HaKoNMYyTLCSA
pesynsTaTi BUMIpOBaHb, CNEKTPanbHOro aHanidy Ta MateMaTnyHoro
MozaentoBaHHA. 36epexeHHs icTopii 3MiHM napameTpiB A03BONSE 3A4iNCHIOBATH

3m. Apk. No gokym. Mign. Aat
a

ApkK.
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CTaTUCTUYHUIA aHani3, byayBaT TpeHaW Ta NPOrHo3yBaTh PO3BUTOK AedEKTIB Lue
Ha NoYaTKOBWX CTaisiX iX BUHUKHEHHS.

CyyacHi aBToMaTU30BaHi CMCTEMM AiarHOCTyBaHHS NOBWHHI 3abe3nevyBaTu
He nuLLe KOHTPOSb NOTOYHOMO TEXHIYHOTO CTaHy obnagHaHHs, ane i
niagTpUMyBaTU MOXNMBICTb aganTaLii 4O HOBUX anropuTmiB 06pobneHHs
iHdbopmaLlii Ta po3LLUMPEHHA YHKLIOHANbHUX MOXIMBOCTEN. TOMY NporpamHe
3abe3neyeHHs gouinbHo ByayBaT 3a MOAYNbHUM MPUHLMIOM, WO JO3BOSSE
iHTerpyBaTu HOBi METOAM aHanidy curHasnis i BAOCKOHaMNBaTn matemMaTuyHi
Mozeni 6e3 3miHW 3aranbHoi apxiTeKTypu cuctemu.

MopanbLuMin po3BUTOK 3aNpPONOHOBaHOT CUCTEMM MNOB'A3aHNN i3
BAOCKOHAmNEeHHsIM anropuTMiB 06pobneHHs BibpoakycTU4HoI iHdhopmalLlii,
BMKOPUCTaHHAM iHTENEeKTyanbHNUX MeToAIB NiATPUMKN NPUARHATTSA pilleHb Ta
PO3LUMPEHHAM (DYHKLIOHANBbHUX MOXIMBOCTEN KEPYKYOoro Moayns.
Y3aranbHeHa CTpPyKTypa KOMMNMEeKCHOi aBTOMaTU30BaHOI CUCTEMU
piarHocTyBaHHs ITIA HaBegeHa Ha puc. 2.12.

PucyHok 2.12 — KomnnekcHa aBTomaTtnsoBaHa cuctema fiarHoctyBaHHs MMA

3m. Apk. No gokym. Mign. dat
a

Apk.
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KomnnekcHa aBTomMaTn3oBaHa cucTeMa fAjiarHocTyBaHHs 3abesnevye

iHTerpauito 3acobiB 36opy, 06pobNeHHs Ta aHanidy TEXHOMOrYHOT 1
BibpoakycTM4HOI iHopmaLii B eauHOMY iHbopMaLinHomy cepefoBuLui. Lie
CTBOPIOE MOXIMBICTb peanisauii 6e3nepepBHOr0 MOHITOPUHIY TEXHIYHOTO CTaHy
rasonepekaqyBarnbHOro arperaty, CBOE4acHOro BUSIBNEHHs AedekTiB nonaTteBoro
anaparty Ta NiaTPUMKM NPUAHATTS pilleHb LWoao Moro noganbluoi 6e3nevHol
ekcnnyaradii.

Takum YnHom, BukopuctaHHsa SCADA-TeXHONOriN y NoegHaHHi 3

iMiTaLiiHMM MOZENtoBaHHAM Ta efieMeHTaMm eKCNePTHUX CUCTEM CTBOPHOE
OCHOBY Ans NobynoBu edhekTUBHOI aBTOMATU30BaHOT CUCTEMM [iarHOCTYBaHHS
nonareBoro anapaty [MIA. 3anpornoHoBaHa CTPyKTypHa cxema 3abesnevye
6e3nepepBHUI MOHITOPUHI TEXHIYHOTO CTaHy 0bnafHaHHs, CBOEYacHe BUSIBINEHHS!
nedekTiB Ta nigTPUMKY NPUAHATTS pilleHb LWOoAo noganbluoi 6e3neyHoi
ekcrnnyaradii rasonepekayyBanbHOro arperary.

2.5 Bubip Ta kanibpysaHHs BibpoaaBadiB A8 CUCTEMU AiarHOCTyBaHHS
TEXHIYHOro CTaHy rnonaresoro anapary

Ak 6yno 3a3HaveHo B nigpo3aini 2.1, ocobnmeicTio N'€30€NeKTPUYHNX
BiGponepeTBOpIOBaYiB € BUCOKMUI BUXIAHWIA ONip, LLIO 3yMOBIOE HEOOXIAHICTD
BMKOPUCTaHHS NifcuoBarnibHO-NePETBOPIOBANIbHUX NPUCTPOIB AMNS NonepefHbOoro
06pobneHHs BibpaLiiHoro curHany nepep Noro Nofayeto Ha BXia BUMipoBanbHOI
Ta aHanidyBanbHoi anapatypu. Taki NpUCTPOi MOXYTb BUKOHYBATUCS SIK 'y BUMMSAI
OKpeMux YHKLIoOHanbHUX Moaynis, Tak i 6yTu iHTerposaHnMu 4o cknagy
GaraTokaHarnbHUx cucteM 36opy Ta 06pobneHHs iHdopmaLlii.

OCHOBHUMY (hyHKLISIMW MiACUNoBanbHO-NepeTBOPOBarnbHMX NPUCTPOIB €:

- niacuneHHs BxigHoro BibpadiiHoro curHany;

- chinbTpauis curHany Ana aMeHLIeHHsA BNMBY 30BHiLLHIX 3aBag;

3m. Apk. No gokym. Mign. Aat
a

ApK.
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- Y3rofKeHHs PiBHIB curHanie i3 3acobamu aHanoro-LmgpoBoro
NepeTBOPEHHS;

- 3abe3neyeHHs nepefaBaHHs iHpopmaLii 4O CMCTEMU NOAAMbBLLOrO aHanisy
Ta AiarHoCTyBaHHs.

Bubip koHkpeTHOro Tuny BibpoAasaya Ta napameTpiB BUMIpOBanbHOMO
KaHarny 3AiliCHI0ETLCS Ha OCHOBI @Hari3y NOro TeXHIYHWUX XapaKTepUCTUK i
nepen6advae npoBegeHHs NpoLeaypu kanibpyBaHHs (TapyBaHHS) Ha
cneuianisoBaHoMy CTEHAOBOMY 06nagHaHHi.

[ns npoBefeHHs kanibpyBaHHsA BibpoaaBadiB BUKOPUCTOBYETLCS
nabopaTopHWin CTEHA, NPU3HAYeHUIA AN BiATBOPEHHS MEXaHIYHUX KONMBaHb i3
3alaHMMK nNapaMeTpamu Ta OLiHIOBaHHSA METPOMONYHUX XapaKTePUCTUK
BMMIipIOBarnbHOI anaparypu.

PucyHok 2.13 — CTeHp Ans kanibpyBaHHsi (TapyBaHHs1) BiopoBUMiptoBansHoOT
anaparypu

[o cknagy cTeHay BXOAATb enekTpoavHaMiyHui Bibpo3byaxyBad, reHepatop
curHanie, nigcunoBay NOTYXXHOCTi, LMMPOBUIA YaCTOTOMIP, AOCHIAXYBaHWUA
Bibpogasay, niacunoBanbHO-NepeTBOpBaNbHNIA MOAYIb, aHanoro-LudpoBui
nepeTBOpIOBaY Ta NEPCOHanbHUIA KOMMN'toTep Ansa peecTpauii i 06pobneHHs
oTpuMmaHoi iHdopmaLii.

Mig Yac npoBeneHHsA kanibpyBaHHA reHepaTop hOpMY€E rapMOHIYHWUIA
eneKTPUYHUIN CUrHan 3afAaHoi YacToTu Ta amnmiTyan, SKUiA Nicnsa NiacUneHHs

3m. Apk. No gokym. Mign. at
a

Apk.
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NOAAETLCA Ha enekTpoanHaMiuHuiA Bibpo3bymkyBay. Y pesynbrarti BiabyBaeTbcs



NepeTBOPEHHS ENEKTPUYHMX KONMBaHb Y MeXaHiuHi KonveaHHsi nnatcopmm
CTeHAy, Ha SKii 3akpinneHo aocnimxysaHuii Bibpodasay. Mig aieto mexaHiqyHux
KonvBaHb BibpoaaBay hopmye enekTpUYHUIA curHan, NponopUiiH1A BENWUYMHI
npuckopeHHs. MNicns nonepeaHboi 06pobKM cUrHan HaaxoauTb 4O aHanoro-
LmdpoBOro NepeTeoptoBaya Ta NepcoHasibHOro komn'totepa Ans noganbsLuoro
aHaniay.

[ns peanisauii cuctemu giarHoOCTyBaHHS TEXHIYHOTO CTaHy flonaTeBoro
anapaty B AaHin 6akanaBpcbkii po6oTi 06paHo TpuBiICHUIA LM poBUIA
akcenepomeTp ADXL345, sikuit 3abeanedye BUMIpIOBaHHS NPUCKOPEHb
O[IHOYACHO B3[0BX TPbOX B3aEMHO NEPNEeHANKYNSPHUX KOOPANHATHUX OCEN.

PucyHok 2.14 — 3oBHiLLHi BUrNsiA TpuBicHoro akcenepomeTtpa ADXL345

AkcenepomeTtp ADXL345 npusHaveHuin Ana BUMIpIOBaHHA K CTaTUYHUX,

Tak i AUHaMIYHUX NpUCKopeHb. o CTaTUYHMX HANEeXWUTb NPUCKOPEHHS BiNlbHOTO
najiHHs, a 4O AMHaMIYHUX — KONUBaHHS, yaapwy Ta Bibpauii, ki BUHMKaoTb nig
Yyac po6oTu obnagHaHHs.

OCHOBHI TeXHIYHI xapakTepuctuku akcenepomeTtpa ADXL345:

- Hanpyra xwuBneHHs — 3,3...5 B;

- iHTepdelic 3B'A3ky — 12C abo SPI;

- Aiana3oH BUMIpIOBaHHSA NPUCKOPEeHb — Bif +2g A0 +16g;

- yacTtoTa oHoBneHHs aaHux — Big 0,1 oo 3200 Mu;

- HU3bKE EHEeprocrnoXMBaHHS Ta KOMMAKTHiI rabapuTHI po3mipu.

3m. Apk. No gokym. Mian. dat
a

Apk.
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MprHUMN poboTu akcenepoMeTpa NonsArae y BU3HaYEHHI MPOEKLN

NMPUCKOPEHHS Ha Tpu koopamHaTHi oci X, Y Ta Z. Pe3ynstaTvt BUMipOBaHHSI
nepepatTbCs B LMpoBoMy BUMMSsiAi Yepes iHTepdencn 12C abo SPI, wo fo3sonse
iHTerpyBaTi CeHCop A0 cknagy Cy4acHUX iHhopMaLiiHO-BUMIPIOBaNbHUX CUCTEM.
AKLWO akcenepoMeTp po3TallOBaHUN rOPU3OHTarbHO, a UOoro BiCcb Z

cnpsiMmoBaHa BepTMKarnbHO Bropy, BUXiAHWUIA CUrHan 3a Ljieto BiCCIO CTaHOBUTL
npnbnusHo (+1g), Todi sik curHanm 3a ocamu X Ta Y 6numsbki 4o Hyns.

PucyHok 2.15 — OpieHTauis koopanHaTHUX ocen akcenepometpa ADXL345

[ns B3aemopii akcenepometpa ADXL345 3 MiKpOKOHTPONEepHoo
nnatcopmoto Arduino BukopuctoByeTbCs iHTepdeiic 12C, akuii 3abesnedye
NPOCTOTY NiAKIOYEHHS Ta OOMiH AaHMMK NyLLe 3a JONMOMOTOH ABOX
iHbopmaLinHMX NiHii.

PucyHok 2.16 — Cxema nigkntoveHHst akcenepometpa ADXL345 fo nnatu
Arduino

3m. Apk. No gokym. Mign. fat
a

Apk.
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[nsa peanisauii anroputmy 360py Ta nepBuHHOro 06pobneHHst AaHux Byno
po3pobreHo nporpamHe 3abeanedeHHs ans nnatgopmu Arduino i3
BMKOPWUCTaHHSAM cTaHaapTHoi Gibniotekun Wire.h.

MporpamHuii Moaynb 3abesnevye iHilianisaito akcenepomeTpa, 34MTyBaHHS
3HaYeHb NPYCKOPEHb 3a KOOpAMHATHUMK ocamu X, Y Ta Z, a Takox nepegavy
OTpUMaHMX AaHWX 40 NepCoHarnbHOro Komn'toTepa Yepes NocnigoBHUN iHTEpPdeENC.
[MoBHWIA NiCTUHT NporpaMun HaBeaeHo y Aoaatky A.

Mepen BUKOPUCTAHHAM akcenepomeTpa y cknagi cMcTeMu AiarHoCTyBaHHSA
HeobxigHO nNpoBecTu oro kanibpyeaHHs. MeToto kanibpyBaHHS € BU3HAYEHHsI Ta
KOMMEeHcaLlisi CMCTeMaTUYHMX NOXMOOK BUMIPIOBaHHS, sIKi BUHUKaKOTb YHAcnigok
TEXHOMNOri4YHMX 0COBNMBOCTEN CEHCOpa Ta YMOB MO0 BCTAHOBIIEHHS.

Mpouenypa kanibpyBaHHA nonsrae y BCTAHOBNEHHI akcenepomMeTpa B

eTarnoHHe MOMOXEHHS Ta 34MTyBaHHI cupux (RAW) 3HaveHb npuckopeHb 6e3



nporpamMHoro MaCLIJTa6yBaHHﬂ.

PucyHok 2.17 — OTtpumanHs cupux (RAW) gaHux nig Yac kaniépysBaHHs
akcernepomeTpa

Ha ocHOBi OTpMaHux gaHWx BU3HAYaETbCS BENUYMHA 3MILLEHHS NS KOXKHOI
KOOPAMHATHOT OCi, NiCMsi YOro BUKOHYETLCSI MporpamMHa KopekLisi pe3ynsraTis
BMMIpIOBaHHS LUMNSIXOM 3anucy BiANOBIAHWX 3HAYeHb Y pericTpy kaniopyBaHHs
akcenepometpa. Lle fo3sonsie MiHiMi3yBaTu cuctemaTuyHy noxubky Ta
NigBULLUTY TOYHICTb BUMIPIOBaHb.

3m. Apk. No gokym. Mign. fat
a

Apk.
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AnropuTM nporpamHoi peanisauii npouenypuw kanibpysaHHs akcenepomeTpa
ADXL345 nepenbavyae aBToMaTMyHE BU3HAYEHHS! NOMPaBOK 3@ KOXXHO
KOOPAMHATHOLO BiCCHO Ta iX BUKOPUCTAHHSA Mif Yac noganbLunx BUMIpIOBaHb.
dparmMeHT NporpamHoro koay, Lo peanisye npoueaypy kaniopyBaHHsi, HaBeAeHO
Ha puc. 2.18, a MoBHWIA TEKCT Nporpamu nogaHo B Aogatky A.

PucyHok 2.18 — ®parmeHT nporpamHoro kogy Ans kaniopyBaHHs
akcenepometpa ADXL345

Micns 3aBepLueHHs KanibpyBaHHS HA OCHOBI BUMIPSHMX 3Ha4Y€Hb NPUCKOPEHb
MOXyYTb OyTV BU3HAYEHI NPOCTOPOBI KYTW OpieHTaLii akcenepomeTpa — KyT KpeHy
Ta KyT TaHraxy, ski po3paxoBylOTbCS 3a TaKMMU CiBBIAHOLLEHHAMM:

, (2.8)

, (2.9)
ne X, Y, Z — 3Ha4yeHHs NpUCKOpeHb, OTpMMaHi 3a BiAnoBiAHUMY
KOOpAMHATHUMM OCsIMU akcenepoMeTpa; roll — KyT KpeHy; pitch — kyT TaHraxy.
BusHaueHHs1 NnpocTopoBoi opieHTaLii akceriepomeTpa Ta KOHTPOSb 3MiHU
napameTpiB NPUCKOPEHHSI JO3BONSAIOTb BUKOPUCTOBYBATM OTPUMaHi AaHi Ans

3m. Apk. No gokym. Mign. dat
a

Apk.
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oLiHIoBaHHs BibpaLiliHoro ctaHy gocnigxyBaHoro o6'ekta Ta oopmyBaHHS
[AiarHOCTUYHMX 03HaK MOXNUBMX AedekTiB nonaTeBoro anapary.

TakuM YMHOM, BUKOPUCTaHHS TPUBICHOTO LiMCHPOBOroO akcernepomerpa

ADXL345 y noegHaHHi 3 MikpokoHTponepHoto nnatdgopmoto Arduino 3abesnevye
MOXIMBICTb CTBOPEHHS MPOCTOro Ta €(PeKTUBHOIO BMMIipIOBarbHOMO Mogynst Ans
cucTeMu diarHocTyBaHHsA nonatesoro anapaty A,

MpoBeaeHHs kanibpyBaHHs akcenepomeTpa Ta NporpaMHoi KopekLii
pesynbTaTiB BUMIpOBaHHS [03BOMSAE NiABULLMTI TOYHICTb BUSHAYEHHS
BibpauiiHux napameTpiB i 3a6e3ne4nTn BUCOKY AOCTOBIPHICTb AiarHOCTUYHOT
iHpopmaLlii, HeobXigHOT ANst OUiHIOBaHHS TEXHIYHOIO CTaHy flonaTeBoro anapary.

3m. Apk. No gokym. Mign. Aat
a

Apk.
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BVCHOBKN

Y npoueci BUKOHaHHs1 6akanaBpcbkoi po6oTU NpoBeAeHO AOCTIKEHHS
0COBMMBOCTEN KOHTPOIIO Ta AliarHOCTYBaHHSA onaTeBoro anapary
rasonepekayyBasibHVX arperatiB i po3pobneHo TexHiYHi 3acobu ans peanisauii
CMCTEMMU MOrO AiarHOCTYBaHHS.

3a pesynbratamy BUKOHaHOi poboTW OTPMMaHO Taki OCHOBHI pe3ynsraTu:



- npoBefeHo aHani3 nonatesoro anaparty A sik 06'ekTa KOHTPOno Ta
[iarHOCTYBaHHS | BCTAHOBMNEHO, LLO BiH € CKNagHWM TEXHIYHUM 06'eKTOM,
TEXHIYHWI CTaH SIKOrO BU3HAYAETBLCSA CYKYMHICTIO MeXaHiYHUX, aepoanHaMiYHNX
Ta TENNOBUX NPOLECIB;

- PO3rMSIHYTO OCHOBHI AiehekTN poBGoYMX nonaTen Ta NPUYMHK ix

BMHUKHEHHS!, @ TAKOXX BCTAHOBMNEHO HEOOXiAHICTb BUKOPUCTAHHS Cy4acHUX
METOAIB i TEXHIYHUX 3acObiB AN CBOEYACHOTO BUSIBIIEHHS MOLLKOAXKEHb Ha paHHiX
CTapisx pPo3BUTKY;

- NpoaHani3oBaHo iCHYIOYi TEXHIYHI 3acCOBM KOHTPONIO i AliarHOCTyBaHHS
nonaresoro anapaty [MIA Ta BCTaHOBMNEHO, WO TPaaWLiiHi METOAN HEepPYWHIBHOMO
KOHTPOSIO (Bi3yarnbHO-BMMIpIOBanbHWUIA, ONTUYHWUIA, KaninspHWUIA, yrnbTpasByKoBUI
Ta iHWi) He 3a6e3nevyoTb MOXIMBOCTI 6e3nepepBHOr0 KOHTPOIIO TEXHIYHOMO
CTaHy nonaTeBoro anapaty 6e3nocepefHb0 B NpoLeci ekcrnnyaTauii arperaty;

- AOCNIOXEHO Cy4acHi METOAM KOHTPOIO i AiarHOCTYBaHHS NonaTeBoro

anaparty B eKcniyaTauiiiHUX yMoBax Ta BCTAHOBMEHO, L0 HanbinbLL
nepcnekTUBHNMMK € MeToaM BibpoakyCTUYHOT AiarHOCTUKN, siki 6adytoTbes Ha
BMMIpIOBaHHI 11 aHanisi BiGpauiiHix curHanis, Lo MicTATb iHdopMaLito npo
TeXHIYHWI cTaH arperatHux By3nis MIA;

- 06r'pyHTOBaHO BUMOMU [0 BibpogaBadiB sk CKrafoBOi CUCTEMU
[AiarHOCTyBaHHs lonaTeBoro anapary, siki Bu3Ha4atoTb iHpopMaTMBHICTb,
[OCTOBIPHICTb Ta TOYHICTb BUMipIOBaHHS napameTpis BibpaLii y po6odomy
AianasoHi 4acToT;

3m. Apk. No gokym. Mign. fat
a

Apk.
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- 06rpyHTOBaHO BUGIp AiarHOCTUYHMX O3HaK Yy BUrMAAi iHbopmaLinHnx

YacToT crekTpiB BibpaLlii Ta iX ormHat4oi, Siki MOXyTb OyTW BUKOPUCTaHi Anst
BUSIBNEHHS XapakTepHux AedeKTiB nonarteBoro anapary;

- MpoaHaniaoBaHO 3aranbHy apxiTeKTypy cUcTeM BiGpaLiniHOrO KOHTPOMo Ta
AiarHoCTyBaHHS 11 BU3HA4YEHO NPUHLUMIU Noby[oBmM cyqacHoi aBToMaTn3oBaHoi
CcUCTeMM AiarHoCTyBaHHA TEXHIYHOrO cTaHy nonatesoro anaparty [TIA;

- po3pOBnNEeHo CTPYKTYPHY CXEMY CUCTEMM AiarHOCTYBaHHS NonaTeBoro

anapaty 'MA 3 BukopuctaHHam SCADA-TexHONOorin Ta imitauiiHoro
MopentoBaHHs. 3anponoHoBaHa CTPyKTypa AO3BOMSE iHTErpPyBaTM MOAyMNb
AiarHOCTyBaHHS 3 efleMeHTaMu eKCrepTHOI CUCTeMW A1 aHarni3y B3aeMO3B'A3Ky
Mixx napameTpamu poboTtu A Ta MOXNMBMMK AedekTamn nonaTeBoro anapary;
- 0brpyHTOBaHO BUGIp TpmBicHOro Lmdposoro akcenepomeTpa ADXL345 sk
NepBMHHOIO BUMIpIHOBarnbHOMO NeEpeTBOprOBaYa CUCTEMM AiarHOCTYBaHHS.
Po3rnsHyTo 0cOBNMBOCTI 1Oro B3aeMOii 3 MiIKpOKOHTPONEPHO NNaTthopMoto
Arduino i3 BukopuctaHHsM iHTepdelicy 12C Ta po3pobneHo nporpamHe
3abe3neyeHHs ANa 34UMTYBaHHS | NEPBUHHOrO 06POBNEHHs AaHMX akcenepomeTpa;
- OMUCaHO CTPYKTYpPY Ta thyHKLioHanbHi 6rioku cTeHaa Ans kaniopysaHHs
Bibpogasadis, po3rnsaHyTo Npoueaypy kanibpysaHHs akcenepomeTpa ADXL345
Ta HaBeeHOo anropuTM NporpamHoi peanisauii KopekLii Moro MeTpPonorivyHMX
XapaKTepuCTuK.

Takum YynHoM, y 6akanaBpcbkii po6oTi po3pobreHo TeXHIUHe 3abe3neyeHHs
CMCTEMM [iarHOCTYBaHHS NOMaTEBOro anapary rasonepekavyBanbHOro arperaty
Ha OCHOBI cy4acHUx 3acobiB BUMIpIOBaHHS!, MIKpOKOHTPONEPHMX TEXHOSOri Ta
MeTOAiB LmdpoBoi 06pobku curHanis.

3anponoHOBaHi TEXHIYHI piLleHHA MOXYTb ByTW BUKOPUCTaHI Nia Yac

CTBOPEHHS aBTOMaTU30BaHMX CUCTEM MOHITOPVHIY Ta [iarHOCTyBaHHS
TEeXHIYHOro CTaHy rasornepekavyBarnbHUX arperaTiB 3 METO NiABULLEHHS
HagiHocTi Ta 6e3neyHocTi ix ekcnnyarauii.

3m. Apk. No gokym. Mign. dat
a

Apk.
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MNEPENIK MOCUNAHb HA IXEPENA
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NOOATOK A

JUCTUHI NPOrPAMW ONA 3UNTYBAHHA TA KANIBEPYBAHHA
OAHUX AKCEJNTEPOMETPA ADXL345

Y popatky HaBefleHO NPorpamMHuii Kog Ans MiKPOKOHTponepHoi nnathopmm
Arduino, sikuii 3abesnevye iHilianisauito akcenepometpa ADXL345, 3unTyBaHHsS
[aHuX 3a koopanHaTHUMK ocamm X, Y Ta Z, a Takox peanisadito npoueaypu
KanibpyBaHHs ceHcopa.

#include &lt;Wire.h&gt; /I MigkntoveHHs Gioniotekn Wire

int ADXL345 = 0x53; //12C-agpeca akcenepometpa ADXL345
float X_out, Y_out, Z_out;

id setup()

Serial.begin(9600);
Wire.begin();

MepeBeaeHHs akcenepoMeTpa y PeXxuM BUMIpIOBaHHS
Wire. beginTransmission( ADXL345);_
__Wire.write(0x2D); Wire.write( 8);
Wire.endTransmission();

delay(10);
}

void loop()
{

34nTyBaHHS AaHKX aKkcenepomeTpa
ire. beginTransmission( ADXL345);_
__Wire.write(0x32); Wire.endTransmission(false); Wire.requestFrom(ADXL345, 6, true);

X_out mire.read() | Wire.read() &lt;&lt; 8);
X_out = X_out/ 256;

Y_out @ire.read() | Wire.read() &lt;&lt; 8);
Y_out=Y_out/256;

Z_out @/ire.read() | Wire.read() &lt;&lt; 8);
Z_out=Z_out/ 256;

Serial.print("Xa =");
Serial.print(X_out);



Serial.print("\tYa =");
Serial.print(Y_out);

Serial.print("\tza = ");
Serial.printin(Z_out);

delay(100);
}
dparmeHT nporpamu kanibpysaHHs akcenepomeTtpa ADXL345
}
int offsetX = 0;
int offsetY = 0;
int offsetZ = 0;

// 3anuc nonpasokK y pericTpy 3MiLLeHHS

Wire.beginTransmission(ADXL345);
Wire.write(Ox1E);  // OFSX
Wire.write(offsetX);
Wire.endTransmission();

Wire.beginTransmission(ADXL345);
Wire.write(0x1F);  // OFSY
Wire.write(offsetY);
Wire.endTransmission();

Wire.beginTransmission(ADXL345);
Wire.write(0x20);  // OFSZ
Wire.write(offsetZ);
Wire.endTransmission();

MpumiTka. HaBegeHWn nporpaMHmnii Kog BUKOPUCTaHO ANs peanisauii
eKcrneprMeHTarnbHoro cteHaa 36opy Ta kanibpyBaHHS AaHWUX TPUBICHOTO
akcenepometpa ADXL345 y cknafi cuctemu giarHoCTyBaHHsi lonaTteBoro
anapary 'MA.
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