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BOCbMWUKAHAINBbHA PAOIOTENEMETPUYHA AKYCTUKO-EMICINHA CUCTEMA
MOHITOPUHIY OB’EKTIB TPUBAJIOI EKCMNYATALII

B. P. Ckanscokuit, €. I1. Ilouancokuit, b. I1. Knum, O. I'. Cinakoeuu, A. /I. Tononko

Dizuxo-mexaniynuu incmumym im. 1. B. Kapnenka HAH Ykpainu, éyn. Haykosa, 5, m. Jlveis,
79601, men. (0322) 29-63-51, e-mail: pochapskyy@ipm.lviv.ua

Poskpumo  cmpyxmypy  8ocomukananvHoi  padiomenemempuunoi  aKyCmMuKo-eMiciliHoi  cucmemu
MoHnimopuney 06’ekmie mpueanoi excnayamayii. Ilpeocmaeneni pezyrvmamu pospoOKu NpoSpamHo-
aneoOpuUmMiuHo20 3abe3neyenHs 01 anapamuoi YaCmuHy cucmemu i OJil NePCOHAIbHO20 KOMN tomepa,
AKull 30IUCHIOE YNPAGIIHHA CUCEMOI0 ma NOCmobpoOKy axycmuko-emiciunoi ingopmayii. Haseoeni
OCHOGHI MEeXHIYHI XapaKmepucmuKku CUcmemu.

Knrouosi cnosa: padiomenemempuuna aKycmuko-eMicitina cucmema, MikpoKoHmpoep.

Packpvima cmpykmypa 60cbMuKkaHanbHOU paouomenemempuieckou axKyCmuKo-dIMUCCUOHHOL CUCHeMbl
MOHUMOpPUHeA 00vexmos Onumenvhol sxcnayamayuu. Ilpeocmasnenvl pesynrvmamuvl  pazpabomku
NPOSPAMMHO-ANCOPUMMULECKO20 0Oecneyens Oas annapamHol yacmu cucmemvl u 0751 NepPCOHATbHOO
KOMHAblomepa, OCywecmsiaowez0 YApAeieHue CUCmemMolu U HocmoOpadbomKy axKyCmuKOo-2MUCCUOHHOU
unpopmayuu. Ilpugedenvl OCHOBHbIE MEXHUYECKUE XAPAKMEPUCTIUKU CUCTIEMDL.

Kurouesvie cnosa: paouomenemempuieckas akyCmuKo-dIMUCUOHHASL CUCIEMA, MUKDOKOHMPOJLIED.

Introduced the structure of acoustic emission telemetry system for monitoring the objects of long operation.
The results of the development of algorithmic software for hardware system and for the personal computer
have been presented. The system allow to control of acoustic emission experiment and post-processing

obtained data. The basic specifications of the system have been described.
Key words: acoustic emission telemetry system, microcontroller.

Betym. Tpanuiiiiai aKyCTHKO-eMICIHHI
CHCTEMH MAIOTh HH3KY HEIONIKIB, cCepel SKHX €
HasIBHICTh KaOEIbHMX JIIHINA BiJ 00’€KTa KOHTPOJIIO
JI0 MICIIS po3TalryBaHHs cucTeMu. OCTaHHIM 4acoM
po3po0sIcHI 0E3APOTOBI TEXHOJOrII, SKi € 3HAYHO
;[emeBmi 1 yCyBaKoTh i He)j[OHiKI/I CIOI[I/I CIILL
BIJIHECTH Pa/iOTEICMETPHYHI CUCTEMH, MiJ| SKHUMHU

p03yMIIOTI) cyKymncTL nepeaaBajIbHOI i
MPUIMaTbHO-PEECTPYIOUO] anapaTypu,
NPU3HAYCHOT Ul BHMipIOBaHH;[ Hepe;[atn 3a

JIONIOMOTOI0  PaJioXBHIIb, NPUIOMY 1 peecTpaii
PI3HHX IapaMeTpiB, IO XapaKTepU3YIOTh HPOLECH
Ha 00’€KTi KOHTpONO. BukopHcTaHHS HOBITHBOT
eNeMEeHTHOI 0a3u st MoOyJOBH TaKUX CHCTEM
JIarHOCTYBaHHS JTA€ MOXKJIMBICTH MOKpAIIyBaTH IX
TEXHIYHI XapaKTEepUCTUKU, 3MCHIIYBaTH Bary,
rabapuTH Ta EHEProcIIO>KUBAHHSL.

Ananiz myoOaikaniii. IloctanoBka npodaemu.
3a KOpIIOHOM OCTaHHIM YacOM aKTHBHO BEIYThCSI
pO3pOOKH amapaTypd 3 BHKOPHUCTAHHSM pajio-
KaHaty  JIs nepenadi aKyCTHKO-EMICIHHOT
iHpopmanii. Taki 3aco0M TPOMOHYIOTH BiIOMI
3apyOiKHI XOJJIMHTH Ta KommaHii: Mistras Group
Ha yomi 3 komnaniero PAC (CIIA), Vallen Systeme
(Himeuunna), Briiel&Kjer (Janis),

WHTEPIOHUC, HB® “/luaton”,
(Pocist) [1-10].

Cepen BiZOMHX BHUPOOHHKIB Ha  PHHKY
aKyCTHKO-eMiCIfHIX 3aco0iB YijbHE Miclle Mocigae
kommaHiss PAC (CILA), sika TpOMOHYE CHCTEMY
peectpanii  “Paniokanan”, crTBOpeHy Ha 0a3i
cydacHuX Mikpomnporecopis [7]. B ocHoBi 1iei
0e3IPOTOBOI CHCTEMH € BY30J, JIO SIKOT'O HalleKaTh
NCPBUHHMA  [ICPETBOPIOBAY  Ta  MOJylb, IO
3IIACHIOE BI/IMlpIOBaHHH napaMerplB CUTHAITIB
akyctruHoi eMicii (AE) i nepenae ix y nudpoBomy
BUTIISIAI  Yepe3 pajiokaHal Ha [NpUAMAaIbHY
CTaHIIil0, 3’€IHAHY 3 TIEPCOHATLHUM KOMII IOTEPOM
(ITK) uepe3 xanan USB. Bysnu cucremu MOXyTh
MPAIIOBATH BiJl aBTOHOMHOTO JDKeperna >KUBJICHHS
MPOTATOM KiIBKOX TOJTUH.

By3on i3 nmepeTBoproBaueM — Ii¢ TTOBHOI[IHHUI
¢dbyHKIIOHATbHUN TMQPOBUH KaHAN i3 MOXKIIH-
BOCTSMHM OOYMCJICHHS BCIX IapaMeTpiB CUTHAITY
AE. BiH mae BOyZ0BaHUH MOMNEPENHIN MiICHITIOBAY
(MoxHa TaKOXK MIKITFOYaTH 30BHIIIHIN
migcuwioBad). OKpiM TOro, M0 BY30J HIATPUMYE
yacoBi mapamerpu immynecy AE, y cucremi
nependadeHo CrHelalbHui  “TIaKeTHHH  PEKUM
aBTOMATHYHOTO KOHTPOJTIO MEePBUHHUX
MePETBOPIOBAYIB Ui peamizaimii  OuIbIIOT

JIMAIIPOMEJI
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MOTY>KHOCTI IMITYJIBCY.

Cucrema MoXXe TIpaIloBaTH y JBOX PEXUMAX: a)
— Oe3mocepeIHbOI Iepeaayi CUrHaIIB BiJ BY3JIiB JI0
0a30Boi craHIii; 0) — y “MepexeBoMYy’ PEKHUMI,
KOJIM OJIHI BY3IIM TEpearoTh CHUTHAIU 0 0a30Bol
craniii d4epe3 cBoix cycimiB. Lleit pexum
HAM3py4YHIIIMA 778 MOHITOPHHTY OO0 €KTiB
kouTpomo (OK) Bennkoi mpoTsyKHOCTI.

VY Pocii mMpoKo 3aCTOCOBYIOTh IiarHOCTHYHY
AE-anapatypy cimeiicrBa A-Line 32D [8] (T30B
UHTEPIOHUC). J[lo ocraHHBOrO TOKOIIHHS
MpHIIAIB HAJICKUTD cHCTEMA  MIABUIIEHOT
3aBaJIOCTIHKOCTI MOJYJIBHOTO THUIY 3 TIOCIiZJIOBHUM
BHCOKOIIIBUAKICHUM HIU(PPOBUM KaHAJIOM Mepeaadi
nauux Jlens /A-Line 32D (DDM/R) i3 KOMITJIEKTOM
nudpoBoro Oe3mporoBoro 3B’s3ky. Jlo ckiamy
CHCTEMH BXOIATh: UEHTPalbHUA ONOK 300py i
0o0poOkM  jmaHuMxX Ha 0a3l  IHAYCTPiaJbHOTO
KOMIT 10Tepa; HEeHTpaIbHA MpUAMaITbHO-
nepenaBaibHa CTAHINS, TPU3HAYCHA ISl PHHOMY
naHux 13 MoxymiB AE Ta ympaBmiHHS HHMH;
MpUMalibHO-TICpEAaBalibHa  CTaHIls, OOJIagHaHA
BOYZIOBaHMMH aKyMYJISTOpaMH, IO 3a0e3MeUyI0Th
70 8 To/I. pOOOTH B aBTOHOMHOMY PEXKHMi; MOIYIIb
AE;  mepBunHHii = meperBoproBad.  Cucrema
3a0e3nedye Tepenady JaHUX paJioKaHAJIOM Yy
paaiyci 500 M Bix LeHTpaIbHOI CTAHIIII.

Bimoma  Takox Oe3npoBinHa cucrema
MOHITOPHHTY OyIiBEeNbHUX KOHCTPYKIiH QipMu

“T'eotex” [9], sika 3abe3meuye mepenady AaHHUX 3
OK 0e3 i#oro Bi3yanpHoro orusany. Jlawi
BHUMIPIOBaHb MOXYTh nepeaaBaTUCs bi (o)

KOPHCTYBa4a PISHUMH IUIIXaMH (HalpUKIaj, Yepes
Inrepuer). [lekinbka TEpBHHHHX neperBopIOBaqlB
00’€IHYIOTb y MEPEXY, YTBOPIOIOUH “By3iH”, siKi
MAKOTh JDKEPENO KHUBJICHHS 1 CaMOCTIHHO MOXYTb
nepenaBaTH CUTHAIM TUTBKM Ha Malll BiJICTaHi.
ToMy Ha 00’€KTi BCTaHOBIIOIOTH IIEHTPaIbHUN
MPUCTPIH, sikuii 30upae 1 30epirae iHGoOpMaIiro B
0a3i maHWX Ui aHaNizy 3 PI3HHX BY3JiB. Y pa3si

HacTaHHA KPUTUYHOI cUTYyaIii HaJXOJIUTh
MOBIJOMJIGHHSI Yy BWIJIAJI CUTHaly TPHBOTH.
HenTpanbauit MPUCTPif BUKOHY€ TaKOXK
KamiOpyBaHHS TEPBHHHAX nepeTBoproBaviB i

eperporpaMyBaHts iX BysiiB, 3a0e3nedyroun B
HIOMYy  THY4YKicTh  cuctemHu.  LleHTpanbHUi
npuctpii  Mae [IK 3 mocTiiHUM JpKepernoM
JKUBJICHHA 1 BIINOBITHUMU Tiporpamamu [10].

Bukaan ocnoBHoro marepiany. Hespaxaroun
Ha JesKi opuriHaibHi po3poOku  AE-3aco0iB
[11, 12], mpomwmcioBEe BHPOOHHIITBO aKyCTHKO-
eMiciiiHOi amapatypu B YKpaiHi B3arami BiJICyTHE.
HaOytuii mocBiag ekciuiyaramii po3poOieHHUX Yy
dizuko-mMexanivHoMy iHCTUTYTI iM. I'. B. Kaprnienka
HAH Vxkpaian anapatypuux AE-3aco0iB s
JiarHOCTYBaHHS 00’€KTIiB TPUBAJIOTr0

excruryatyBaHas [13], 30KkpemMa YOTHpHKaHAIBHOT
TeneMmerpuyHoi cuctemu [14-16], BUKOpHCTaHUI
s QOpMyIIOBaHHS ~ OCHOBHHX ~ BHUMOT  JIO
PO3pO0IICHHS OaraTokaHaJIbHOI pazioTene-
merpuuHoi ~ AE-amapatypu, ska gaBama 0O
MOXIIUBICTh ~ HEIEPEepBHO  BIJICTSKYBATH  CTaH
KOHCTPYKIII YW oOONagHaHHS, [0 MPaIOlTh B
yMOBax Jii IIKIiJUIMBUX Ta BHOYXOBOHEOE3IECUHUX
CepeloBHII, 3  OJHOYACHUM  MiJIBUIICHHIM
OIEPaTHBHOCTI Ta SKOCTI JiarHOCTyBaHHsA. Jlo HHMX
MOJKHA BIJHECTH:

- 3MGHIICHHS  MOTY)XHOCTI  CIIOKHBaHHSA
MEPBUHHMUX TNPUUMaBHO-TIEPEIaBaIbHIX MOJYJIIB
(TITIIIM) (30inbIeHHS Yacy HemepepBHOI poOOTH
CHCTEMHN);

- 30UTBIIEHHS JAJBHOCTI IMepemavi JaHHX
(BUIXi/1 IEpCOHAITY 32 30HY HMOBIPHOT HEOE3IIEKH );

- 30LIBIICHHS 30HU KOHTPOJIIO 00’ €KTa;

- 3MECHIICHHS MTOXUOKH BH3HAUCHHS
KOOPJMHAT JDKEPEI 3a PAaXYHOK IOKPAIICHHS
4acOBOT CHHXPOHI3aIlil BUMIPIOBAJIbHUX KaHAIIB;

- 3MEeHIICHHS MOXUOKH BHUMIpIOBaHHS
ammtiTynn curaany AE 3a paxyHOK 30UIbIICHHS
pospsimaocTi ALIIT;

- 3aCTOCYBaHHS  QITOPUTMIB  ONTHUMIi3alil

BCTAQHOBJICHHS aHTEHHM 3 ypaxXyBaHHSIM pPeajibHOIO
3aracaHHsl MPYXKHUX XBUJIb.

CtpykTypHa cxema BOChbMHUKaHaIbHOT
paaioTeIeMETPUYHOT aKyCTHKO-EMICIHHOI CHCTEMH,
sKa B 3HAYHIM Mipi BIINOBIJAa€ IOCTABICHUM
BHMOTraM, HaBelIeHa Ha puc. 1.

11 —» 12 —>» 13 |—» 14

81 —» 82 —>» 83 |—» 84

Pucynoxk 1 — CtpykTypHa cxema
BOCLMHMKAHAJIBHOI pagioTejeMeTPUYHOI
aKyCTHKO-eMicCiliHO1 cucTemMu

Bona  micTuTh  Taki  OCHOBHI  BY3JIH:
nepersoptoBaui AE Bocebmu kanamiB (1.1...8.1),
norniepenni (7.2...8.2) 1 nemonmymotoui (/.3...8.3)
norapmlequ Hi)Z[CI/IH}OBaqi KaHaIiB — A
MiACHICHHS 1 Jemonysuii curnanis AE 3 Buxony
MepEeTBOPIOBAYIB; MepBUHHI npUiMaIbHO-
nepenaBanbHi Moaym (/.4...8.4) — nns BigOopy,

MOTEPE/IHFOT0  OMpAIlOBaHHS  Ta  Iepeaadi
paiiokaHaIOM BHUMIpPIOBAIILHOT iH(OopMaIrii,
MpEACTaBIEHOL CUTHAJIaMH AE; 0a3oBui

npuitManbHO-TIepenaBaibinid Moxyis (BIIIIM) 9 —
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JUIs. TIpUHMaHHS PajiioKaHATIOM BUMIPIOBAIBHOL 1
ciyx60Boi iH(popmalii Ta mepenadi ii B KOMIT FOTEp
epes mopr USB; nepconansraoro xom’1orepa (I1K)
10, sxuii xepye p060T010 CHUCTEMH, A TAaKOX
OIpallbOBYE, 3armamM’sITOBYE i Bi3yaJi3ye
BHUMIpIOBAJIbHY iH(OpMAIIito.

CrpykrypHa cxema [IIIIIM xanamy cucremu
HaBezieHa Ha puc. 2. Tyt 3 — MIKpOKOHTpOJIEp, KUt
CITy’KUTh JUIS BinOOpY, MOTIEePEHBOT O
ompamtoBanHs curHanmy AE, a Takox 3ailicHIOE
VIpaBIiHHS TPOIECOM Tepenadi Ta NpHioMy
iHpopMallil mo pagiokaHandy. 3 METOIH 3MEHILICHHS
noryxHocti crnoxkuBanas [I[IIIM  Bukopwucro-
BYEThCs MIKpOKOHTpoJiep cepii MSP430 3 HU3bKUM
eHeprocroxuBanusaM - MSP430F2618. broku 4, 5
— mnpwuiimau-niepenaBay  CC2520 Tta mincuimoBad
noryxxHocti CC2591, siamoBigHo. CywmicHe IX
BUKOPUCTaHHSI Jall0 3MOTY 3Ha4HO [MiJIBUIIUTH
NAIBHICTh  3B’3Ky. TakoX MOAYJIb MICTUTh
ABTOHOMHE aKyMYJISITOPHE JPKEpeNo >KkuBjieHHs /. B
BIIIIM,  okpiM  mepemiyeHuX  CTPYKTYpPHHX
eneMeHTiB Juisi  oOmiHy iHdopmamiero 3 IIK,
Bukopucrano  koutpoinep USB  FT245RL.
XKusnenns BIIIIM 3niticHtoetses 3 [IK mo kanaiy
USB.

2 SPI

Pucynok 2 — Ctpykrypna cxema ITIITM

30UIbIIEHHST KOHTPOJLOBAHOI 30HM Ha 00’ €KTI
JOCSITHYTO  3aCTOCYBaHHSIM BOCBMH aKyCTHYHHX
KaHamiB. Po3MillleHHS TEPBUHHUX TEPETBOPIOBAYIB
KaHaiB BiOyBaeTbcs 3 ypaxyBaHHSM pEabHOTO

3aracaHHs ~ TNpPYKHHX XBWJIb B  MaTepiani
KOHTPOJIbOBAHOTO 00’€KTa Ta OCOOJIMBOCTEH HOTO
dopmu.

Cucrema mnoOynoBaHa Ha 0a3i MepeXeBOro
nporokony SimpliciTl, skuit po3pobneHuit KOM-
nanieto Tl 1 opieHToBaHMH Ha Mepexi 3
MaJIONOTYKHUMH TIPUCTPOSMI (mo 30 IIPUCTPOiB B
Mepexi). BiH nyke mpoctuit y 3acToCyBaHHI i
norpedye MiHIMaIbHIX pecypcis
MleOKOHTpOJIepa HpOTOKOJI SimpliciTI
MiATPUMYE TOMOJOTIIO “3ipKa” 3 TOYKOI JIOCTYITY
JUIL  OJIEpKaHHsS 1 BiANpaBICHHS TOBIIOMIICHbD
KIHIIEBUM TNPHUCTPOEM. BiH mommproeTbes 3
BIIKPUTHM KOJIOM 1 HE BHMMAra€ JiIeH3ii, JIerko
aJaNnTy€eThCs i1 KOHKPETHI 3a1adi.

bnok-cxema  anroputmy  poGotm  BIIIIM
CHCTEMH, SIKUH BiJirpa€ poib TOYKH JOCTYIY
Mepexi, HaBemeHa Ha puc. 3. Ilpu BKITIOYEHHI
6a3oBoro Momyns Onok [ 3IifiCHIOE IOYaTKOBY

IHIITiaTi3a11i0 MIKpOKOHTpOJIEpa. Cronu
BIJHOCHTBHCS:  HAJAIITYBaHHA HOr0  CHCTEMH
TaKTOBUX  CHTHaJIB, TIOPTIB  BBOIY-BHBO.Y,
koutponepa  USB, koHdirypamis  6a3oBoro

tarimepa. [lami mnporpama (Oyiok 2) iHimiajizye
npuiiMad-iepesaBad, TNpPH BOMY IOCHTIJOBHO
BiOyBaeThCsl HanamTyBaHHs kaHamy SPI s
B3aemomii Mk MSP430 Ta CC25220 i mepeBin
OCTaHHBOI'O B PEKHUM MPUHOMY.

[Micnst  3aBepmieHHs1 iHimiami3amii amapatHOi
YaCTMHHM BHKJIMKA€ThCS  (QYHKIIS  IHIIiami3amii
Mmepexxi SMPL_Init(sCB) (6mok 3). ITapamerp sCB
MpeACTaBisie Cco0OK BKA3iBHUK Ha  (PYHKIIIO
BUKIINKY, BUKOHYBaHy B OOpOOHHKY MepepuBaHb
P OTPUMaHHI IOCHIIKH TOYKOIO TOCTYITY.

Oyukiiis 3B0poTHOro BUKIMKY SCB ¢inbrpye
MPUHHATI MMAKeTH B 3aJEKHOCTI BiX 1X 1IEHTH-
¢ikaTopa KaHay 3B'SI3KYy [UIS TOTO, 1100 BU3HAYNUTH
JDKEpEeNlo TIOCHJIAaHHA 1 PO3PI3HUTH 3alUT Ha
MIJKITIOUEHHS 10 MEpPeKi HOBOrO  KIHIIGBOT'O
npuctporo. HynboBuil  imeHTH(iKaTOp KaHATY
3B'SI3Ky O3HAYAE 3alMT Ha I IKITOYCHHS.

SKmo 3anuT OpUNHATHH, TOYKA JIOCTYILY
MIPHCBOIOE KiHI[EBOMY MPHUCTPOIO, KN
MIKITIOUKBCs, i1eHTHdikaTop B aiana3oxi Big 0x01
no 0x1D. BiamorigHo a0 igeHTH(diKaTOpa KaHAITy
3B'SI3KY, q)yHKm;[ 3BOPOTHBOTO  BHKJIMKY sCB
BHU3HAYa€ 1 IHKPEMEHTYE BiIMOBiIHHN ceMadop
sPeerFrameSem a6o sJoinSem mis X 00poOku B
TUNI OCHOBHOI mporpamu. SKIO BCTaHOBICHO
cemadop sJoinSem (010K 4), TO BHUKIMKAETHCS
(YHKIIiSI BCTaHOBJCHHS 3B 513Ky (OJIOK D [Micas
4oro 30UIBIIYETBCS  YUCIO  MPHCTPOiB,  SKi
pO3MI3HAIOTECS TOUYKOK jgocryny (Omok &), a
cemadop sJoinSem JeKpeMEHTYEThCS.

Cemagop sPeerFrameSem BcTaHOBIIOETHCS
KokeH pa3, ko BIIIM mnpuiiMae moBigomiIeHHS
BiJl PUCTPOIO B MEPEXKi, MICIsI YOro BiJOYBAETHCS
npuiioM inpopmanii 3 TIIIM Tta nepenaya ii B [IK
(6noxku 9, 10). bnok 11 3miiiCHIOE 3BOPOTHIO
nepenauy kepyrouoi iHdopmamiii B IIIIIM. Le
MoXxe OyTH iHQOpMAaIlis Mm0J0 PEeKUMY poboTH,
BEJIIMYMHU TOPOTY JUCKPUMIHAIT, a TaKOXK BiIUTIK
yacy 0a30BOro TaiiMepa JuIs CHHXPOHI3allii BCIiX
[ITITIM cucremu.

Sxmio xoxmeH i3 cemadopiB HE BCTAHOBJICHUA,
TO mporpama 3aidicHioe 3amut [IK Ha HMoOBipHUI
BBiJI Kepyto4oi iHdopmaii (61oku 3, 6).

bnok-cxemy anroputmy po6oru  IIIIIM
CHCTEMH, SIKHH BiJlirpae poib KiHIEBOTO MPUCTPOIO
Mepexi, HaBeneHo Ha puc. 4. B IIIIIIM OGnok /
3nificHIOE J0AaTKoBO iHimamizamiro AL, ske
BUKOPUCTOBYETBCS Uil ONM(PYBaHHS OTHHAIOYO]
curHany AE, anHanmoroBoro kommapaTtopa — s
BHU3HAYEHHS MOMEHTY TIIEPECBUIICHHS CHUTHAJIOM
mopory auckpuMiHaiii, a Ttakok LIAIl — mus
3aJ]aHHs 3HAYEHHS [[LOTO MOPOTYy.
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Pucynok 3 — biok-cxema anropurmy podoru BIIIIM

[licns migkaodeHHs g0 Mepexi (0aok 3) B
Oonmoni 4 BinOyBaeTbCst BHUOIp pEKUMY pPOOOTH
[IIIIM. B TecroBOMYy peXHMi BiIOYyBaeThCS
TeHEpYBaHHS TECTOBOI MOCTIMOBHOCTI (OJIOK 5) 3
BianoBigHOW mepenayero ii B BIIIIM (6i0k 9). B
KOHTPOJIEHOMY pexuMmi BiIOYBa€THCS
oinudpyBaHHs curHamy (OMOK 7) Ha BHXOI
sorapudmivHoro migcuiatoBada 3 (puc. 1) 3 MeTor
KOHTPONIO DIiBHSA MmyMiB. B ocHOBHOMY pexumi
BiIOyBa€eThCs 3amyck mpoiecy 300py AE-manux

(010K 6), AKMN BKJIHOYA€ BUMIPIOBAHHS MOMEHTIB
npuxomy Ta amrnrityau immynbciB AE. Ilicns
3aBepIICHHS] Yacy HarpoMajDKCHHS BiOYyBa€ThCs
MOCITiTOBHA TIepeliada 3 4aCOBOIO 3aTPHUMKOIO (OJI0K
8) indpopmarii B BIIIIM 3 HacTymHUM HPUEOMOM

Bl HBOro Kepywuoi iHdopmarii. Opnepxana
iH(pOpMAIlisi BUKOPHCTOBYETHCS, 30KpeMa, JUIs
CHHXpOHI3allii  TaliMepa,  3aJaHHsi  IIOPOTY

JMCKPUMIHAIL1, BHOOPY PeXUMY pOOOTH.
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Pucynok 4 — biok-cxema aaropurmy podoru ITIIIM

Ha puc. 5 nHaBenena Onok-cxema mimmporpamMd  BiH  BCTaHOBIIOETbCS TI0 HapocTarouoMy abo
00poOKM IepepuBaHHs aHAJIOrOBOIO KOMIIapaTopa, CHagHOMy  (pPOHTY  CHTHally  KOMIapaTopa
SKOMY BHWJUICHO OJWH BEKTOp NepepuBaHHs, 3  (BusHauaeThbes Oitom CAIES pericrpa ynpaBniHHS
SKUM TIOB's13aHui npanopensb nepepuBanns CAIFG.  kommapatopa CACTL1). SIkmio BCTaHOBIIEHI TaKOXK



22 ISSN 1993-9981 Memoou ma npunaou konmpoio axkocmi, Ne 2 (35), 2015

6itn nmo3sony mnepepuBanus CAIE i GIE, To
BcranosyieHHs npanopist CAIFG renepye 3amut
IepepUBaHHSL. bir CAIFG aBTOMAaTU4HO
CKHJIA€EThCSL TIPU 00pOOIIi MepepuBaHHs abo MOXKe
OyTH CKUHYTHI IPOTPaMHO.

[ovaTok

1
[ 3MiHa poHTY
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®dikcallid 3Ha4eHHA
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36epexeHHs
3HAYeHHs
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Pucynoxk 5 — bjok-cxema mignporpamu oopooxku
nepepuBaHHs KoMIapaTopa

[lpu copamoBaHHi KoMmapaTopa B MOMEHT
MEPEeBUICHHS  BXiJHUM  CHUTHAJOM  TIOPOTY
JIMCKpUMIHAIT crnajHUM (POHTOM CHUTHalIy Ha
Buxoal  BcraHoBiioereea  O0iT  CAIFG  Tta
TCHEPYEThCSI 3alMuT TepepuBaHHs. [Ipu 00poOii
I[OTO 3aIKUTY B OJIOMi / MignmporpamMu rnepepuBaHHs
(puc. 5) 3pificHIOETBCS 3MiHa (POHTY, 32 SIKHM
BCTaHOBIIIOETBCSL  Tparopend TnepepuBanHd. Lle
JacTh 3MOTY OJIepXaTh BHKIHMK IIIIpOrpaMu
NepepuBaHHs TpH  3TacaHHi  iHPOPMAIIITHOTO
CUTHAITy HMXKYE BiJI TIOPOry AWUCKpUMiHaMii. SIKio
MaJio MICIle MEPEBUIICHHS CHUTHAJIOM IOpOTY, TO
MOCJIZIOBHO BiIOyBaeThes (bikcarllist Ta 30epeKeHHs
3HadyeHHs1 Taiimepa [IIIIIM (Gmoku 3, 4), ske
MpUIMa€eThCS 32 MOMEHT Ipuxony curHairy AE Ha
TIEPBUHHUN TEPETBOPIOBAY BIJIMOBITHOTO KaHAIY.
bnok 3 mignporpamu iHimitoe 3amyck podoru 12-
pospsimaoro ALl mikpokoHTponepa, JUIsl SIKOTO
3aJlaHuil  [UKIIYHUA ~ OJHOKAHAJIBHUH  PESKHUM

MepeTBOpPEHHs. 3racaHHsl CUTHAIY HWXKYE MOPOTY
JUCKPUMIHAIIIi MPU3BOAUTh 10 3BOPOTHHOIO CIIpa-
LIOBaHHS KOMIIapaTopa, BIAMOBIOHO, OJOK 6
mianporpamu 3ymuasie pooory ALIIL.

[Ipu 3aBaHTa)KEHHI pe3yNbTaTy MEPETBOPEHHS B
perictp ganux ADCI2MEMO BcTaHOBIIOETBCS
npanopens nepepuBanHd  ADCI2IFGO.  Skmro
BcTaHoBieHi Takox Oir  ADCI2IE0 1 Oir
3aranbHOro jgo3Bony mnepepuBanb GIE, To
TCHEPYEThCSI  3alUT HA  TIepepUBaHHA.  biT
ADCI2IFGO0  ckupmaeTbcs  aBTOMATHYHO  MPH
3BepHeHHI 10 perictpa ADC12MEMO a6o x Moxe
OyTH CKUHYTHI IPOTPaMHO.

Ha puc. 6 HaBenena Onok-cxema MiImporpaMu
00po0Oku nepepuBanns ALIIL.

[NovaTokK

1
r 30epexeHHa

pesynbTarty A,

( Buxig )

Pucynox 6 — biok-cxema mignporpamu oopooxku
nepepuBannsa AL

Brok [ migmporpamu 3IiHCHIOE 30€peKCEHHS
pe3ynbTaTy TepeTBOPEHHS 3 perictpa
ADCI12MEMO, a 6ok 2, 3 TpOBOISATH IOIIYK
MaKCHUMaJIbHOTO 3HAauUCHHS Ha MacHBi pe3yNbTaTiB
neperBopeHHs (6noku 2, 3).

Ha puc. 7 HaBenena Onok-cxema MiImporpaMu
00poOKHM TepepHBaHHS TaliMepa, sKa BiIMOBigae
BekTopy nepepuBanus perictpa TBCCRO mis Gita
CCIFG.

[Ipanopens HepepuBaHHA CCIFG,
BCTaHOBIIOEThCS TPH JIOCSATHEHHI TaiiMepoM B
MpoIeCi paxyHKy 3HAYEHHs, 10 30epiraerbcs B
perictpi TBCLO. IIpu mnepexomi TaiiMepa Bif
3HaueHHs, 3amucaHoro B perictpi TBCLO, no
HyJbOBOIO ONoKk /  miamporpamMu  oOpOOKH
nepepuBaHHs OJIOKY€e TepeprBaHHS KoMIapaTopa,
osok 2 3ynuusie podory ALIIL, a Omok 3 iHimitoe
IOYaTOK repenadi iHdopmarii.
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Pucynox 7 — Bjok-cxema mignporpamu oopooxku
nepepuBanHs taiimepa ITITITM

Ha puc. 8 HaBemeHi 4acoBi jgiarpamMu poOOTH
npuiiMadiB-TiepeiaBadiB  CUCTEMH, SIKi PO3KpH-
BalOTh NPUHIMN CHHXpoHi3awii taiimepis [ITITIM.
[Ticnst 3aKiHUEHHSI TPOIIECY HATPOMAJIKEHHS aKyC

iH(opMarii
npuiimadi-niepeaasayi [MIIIM mocnigoBHO mepeBo-

AAThCs Ha yac [, i3 CIUIYOTO PEXHUMY B PEKHUM

nepenadi (puc. 8, a, 6, 8).

®dopmat iHPOpPMALIIHHOT YAaCTHHU MAKETy, IO
nepenaerbes Ha BIIIIM, naBemeno nHa puc. 9. B
nepuiomy OaiiTi 30epiraetbest Homep [IIIIIM, B
JIpyroMy - KUIBKICTh 3apeecTpOBaHHUX IMITYIbCIB
AE. Ha yac mpuxomy iMImynbca BiIBOAUTBCS TPH
OaliTn, Ha Horo amrurityry — JjaBa. Posmip
iHpOpMAaIifHOr0O MacHBy He MOXXe OyTH OLIBIINM
BiJ II’ATUAECATH ABOX.

[Micms  3akiH4eHHS  mepedadi  mpuiimad-
nepenaBauy koxkHoro [IIIIIM mnepeBoauThca B

pexuMm mpuiiomy. Ilporsrom wacy 7. (puc. 8, a)

TO-eMicCiiiHOT nporarom dacy 1.

BinOyBaeThCsl MpuiOM Kepyrouoi iH(opmamii 3
BIIIIM (puc. 8,2). Lle, 30kpema, BimIiK dYacy
N, (i =1,...,8) 6azooro Taiimepa (puc. 8, 0), sKuii

BUKOPUCTOBYETBCS JUISI CHHXPOHI3amii Talimepa
koxHoro [IITTIM.
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Pucynok 9 — Ctpykrypa indopmaniiinoi yacTunu nakery, mo nepegaerscs 3 I[IIITIM na 6a3y
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IIpuiimau-nepenasay IIIIIIM B akTHBHOMY
pexuMi TiepedyBae TUIBKH MPOTATOM 1HTEpBay
yacy 7,, =T, +7 , pelmiTy 4acy BiH 3HaXOAUTbCA B
cTaHi cHy. Takui mimxia Jae MOXIIMBICTH 3HAYHO
3MEHIIUTHU WOro cnokuBaHHs. [IpuitMau-niepenaBay
0asu  3milicHoe  OOMiH  iHopMmallero 3
nepudepiitHIMA PUCTPOSMH TIPOTATOM IHTEPBAILY
qacy 7, =T, *8 (puc.8,2), pemry uacy BiH
ouikye iHpopmariiro 3 [TITIIM.

[Iporpamue 3abe3redeHHs OJOKIB CHUCTEMH
pospobinsuiocss B cepenouili IAR  Embedded
Workbench IDE, ske € mnoTyxHHUM 3aco0oM
po3pooku st MSP430 MiKpOKOHTpOJIEpiB.

Brok-cxema pospobiieHoro  iHdopMalliiHoro
nporpamuoro 3abesmedenns [1K, skuit 3miiicHIOE
YIIpaBITiHHS BOCbMHUKaHAITLHOIO paniorerne-
METPHYHOI0 aKyCTHKO-EMICIilfHOIO CHCTEMO0, a
TAKOXK CIYXHTb st 30epiraHHsi, oOpoOKH Ta
Bizyanizamii AiarHOCTHYHOI iH(oOpMallii HaBeaeHa
Ha puc. 10.

Y Omoui [ mporpamm  3IiHCHIOETHCS
migknouenHs BITIIM nmo komm’roTepa 4depe3 mopt
USB. briok 2 3xilicHIOE TOYaTKOBY IHIIliaIi3a1lito
rIo0albHUX 3MIHHUX MPOTPaMHd, BUKOPHCTOBYIOUH

ini-paiin. Croau  Caig  BITHECTH MOXKIUBICTH
3aaddg HeoOxigHoi kimbkocti AE kamamis, ski
Oy/lyTh  BUKOPUCTOBYBATHCh, THIY OO0 €KTY

KOHTpOJItO (JMiHisL, IUIONIMHA, LHIIHAP, cdepa),
noporie muckpuMinanii mymiB B AE kananax,

koopauaar  [TAE, a  Takokx  mapamerpis
HANAMITYBaHHS  pajiokaHany (TOTYXHICTh Ta
MiJCHJICHHS MpuiiMada-rnepenaBaya).

bnok  mpoBomuTh  TakOXK ~ IJIAHYBaHHS
CKCIICPUMEHTY, HampaBlIeHOr0 Ha e(eKTUBHUI

BinOip curnany AE. [lpu mpomy 3amaeTbes im’s
¢daiiny, B sxomy Oyayrb 30epiratucs naHi
CKCIICPUMEHTY, 3aJlal0ThCsl, OOYHCIIOIOTBCS —Ta
BHU3HAYAIOTHCS CKCIIEPUMEHTANBHO, BUXOMASYH 13
KOHKPETHUX YMOB  CKCIIGPUMEHTY, 3HA4YCHHS
OCHOBHHUX mapamerpiB QyHkiionyBanns [TI1TIM-iB
ta BIIIIM cucremu:

a) mopir auckpumiHanii U, cUrHamy KaHamiB
AE;
0) motyxHicTh panionepenasadis [1I1TIM-iB Ta
BII[IM  (Bu3Ha4YaeTbcs  EKCIEPUMEHTANBHO 1
3aJIEKUATH BiJ MakcuMmaibHOI Bimmani mix IITIIIM
ta BIIIIM);

B) migcuieHHs paxgionpuiimadis [MITTIM-iB Ta
BIIIIM (Tako’k BH3HAYAETHCSA €KCIIEPUMEHTAILHO).
TyT e B 3aJeKHOCTI BiJl THITYy Ta PO3MIpiB 00’ €KTY
KOHTPOJIO BHOMPAETHCS  TIONOKEHHS  CUCTEMH
KOOpIMHAT, 3amaeTbcsi po3mimenHs [IAE Ta
BHU3HAYAIOTHCS TX KOOPJIUHATH.

Takox 3ala€ThCsl anpiopHO a00 BU3HAYAETHCS
CKCIIEPUMEHTAIILHO 3HAYCHHS IIBUAKOCTI IOIIH-
PEHHSI aKyCTHYHOI XBHJIi B KOHTPOJHbOBAHOMY

o0’exti.  IIBMakicTh  aKycTH4HOI  XBWJII €
O0OB’SI3KOBHM BXITHHUM MapaMeTpoM ajrOpUTMy
obuucnenns koopauHat mkepen AE.

Bbrok 3abesnedye BUOIp OMAHOIO i3 YOTHPHOX
peXUMIB (PYHKIIIOHYBAHHS CUCTEMHU:

a) OCHOBHHUI pEeXHM, B SKOMY BiOyBaeThCs
BinOip, momepeaHs oOpoOKa, HarpoMaKeHHS,
Bi3yamizamii Ta 30EpeKEHHS  BUMIPIOBAIBHOL
iHdopMmarii, npencrasinenoi curnanamu AE mig gac
MOHITOPHHTY  BilIOBiIaJJbHUX  IPOMHCIIOBHX
00’€KTIB Ta KOHCTPYKIIiif;

0) pexum “KoHTponp”;

B) pexum “Tect”;

) pexuM “HamamryBanus.
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bnok 3 oprani3oBye 3amuc  Kepyrodoi
iHpopmanii B BII[IM, micis dworo mporpama
MEepexXouTh B PEKHM O4YiKyBaHHS iH(popmarii 3
BIIIIM (6mok 4). 3 omepaHHSIM MiATBEPHKYIOUOT
KBUTaHIII BIiAOYyBa€ThCs IMepexim Ha OJ0K 5, SKHii
opranizoBye mociigoBuuii Beig 3 BIIIIM mnakeriB
JaHux. B 3amexHocTi Bim  BHOpaHOrO TIpU
IUTaHyBaHHI ~ peXuMy poboth B  Omoui 6
BiI0YBA€THCS PO3TaIyKEHHS MTPOrPaMHu.

B ocHoBHOMY pexumi Onok 7 3IilicHIOE
MepeBipKy BBEICHUX JaHWUX Ha TpeIMerT iX MphHa-
JMEXKHOCTI crnpaBxHiM Jokepedam AE 3a Hu3KoIO
nporpaMHux kputepiiB. s komOinamiit PUII, ski
3aI0BUILHAIOTE BIAIOBIAHI 1o reoMerpii
aKyCTHYHOI aHTeHH Kpurepii, y Omomi &
BiIOYBa€ThCS OOYMCICHHS KOOPAMHAT JDKepera
AE.

Bbrnox 9 3piiicHioe Bi3yamizallito pe3yibTaTiB
00pOOKH B CHUCTEMi KOOpIWHAT, sKa BIAMOBIAA€E
TUINYy JIOKamii (JIiHifHA JIOKAaIlisl, JIOKallid Ha
IUTOIIMHI,  OWIHApI, cdepi) 1  BuOpaHii
KoH(pirypamii antenn. Y Omoui /0 npuiiMaeTbes
pilleHHS TpO TMPOJOBXKEHHS YM 3aKIHUCHHS
eKCIIepUMEHTY. Y  BUNAQJAKy  IPOJOBKCHHS
SKCIIEPUMEHTY BiIOYBa€EThCS Iepeaada yrpaBiiHHSI
3HOBY Ha Onok 3. Cucrema roroBa J0 4eproBoro
BBoy iH(popmanii 3 TIIIIIM. Y mnporuiexHomy
BHITAJKy OJI0K /] 3/IHCHIOE 3alKMC BBEACHUX JHaHUX
B (aiinm i Buxim 3 mporpamu. Y ¢aitni maHuXx,
Ollep)KaHUX y LBbOMY pEKHMI, 30epira€Tbcs
iHpOpMAaIlisl PO aMIUTITyI Ta MOMEHTH IOSBH
immyneciB AE  Bocemu  TIIIIIM, a Takox
KoopauHatu pkepen AE B cucremi KoopauHAT, sika
BIJINIOB11a€ BUOPAHOMY THITY JIOKAIIII.

ITix yac Bubopy OsokoM 2 pexuMiB “Tect” un

“KonTtponp” 050K 6 mepenae ynpaBliHHA Ha OJIOK
9, ne BigOyBaeTbesi Bidyamizamis —oJepKaHol
iHopMallii, BiAIOBIIHO, TECTOBOI MHJIKOMOIIOHOT
MOCHIIOBHOCTI YW PiBHA IIyMiB Ha BHXOJI
sorapumivnoro miacwiatoBada. OCTaHHIA pPEeXUM
BUKOPHUCTOBYIOTh 3 METOIO OI[IHKH PIiBHS IIyMiB Ha
BHXOJI JeTeKTOpiB oruHarouoi B AE-kanamax
[IIIIM  nmas 3aaHHsS  ONTHMAJIBHOTO PIBHS IX
JMUCKPHUMIHAIIII i1 Yac IMJIaHyBaHHS SKCIICPUMEHTY.

Pexum “HanamryBanHs” BUKOPHCTOBYETHCS Ha
erari TexHiuHoro HanamryBanHs BIIIIM Ta
[IITIM. TIpu upoMy mepeBipSETbCA KOPEKTHICThH

peakiii  OJOKIB CHCTEMH Ha  PI3HOMAaHITHI
TUpeKTHBH  (KOMaHAW),  SIKi  TOCHJIAIOTHCS
KoMIT ToTepoM uepe3 mopT USB.

[Iporpamue 3a0e3MeYeHHS CHUCTEMH
po3podIIsTOCs B CepeIOBHII IIBUAKOTO

BisyanpHOro npoekryBanust DELPHI. Po3pobnenuit
0araToBiKOHHHH rpadiyHuit iHTepdetic
KOPUCTyBa4a CHCTEMH BKJIIOYA€ TOJIOBHE MEHIO,
MaHeb IHCTPYMEHTIB, CTaHIapTHI JTialoroBi BiKHA,
CIUTMBAIOY] MiAKA3KH.

Ha puc. 11 HaBeneHO 3arajibHUN BUIIIA] OJIOKIB
pazioTeIeMeTpUYHOI cucTeMu. BoHa ckiamaeTbes
i3 BochMmu Ojokie ITIIIIIM (/), Ga3oBoro OJioka
BIIIIM (2), 6noka imitatopa (3), GmokiB miacu-
moBauiB (4), [TIK (5).

OcHOBHI TEeXHIYHI
PO3pO0JICHOT CHCTEMHU:

—  koe(ILieHT MiACHICHHS
migcumoBada — 35 nb;

—  MaKCUMaJbHUMH

XapaKTCPpUCTHUKU
IMonepeaAHLOr 0

KOC(IIIEHT  MiACHIICHHS

sorapudmivHoro miacuiroBada — 92 nb;
— YacTora JUCKPETH3allil OrMHAI0Y0i CHTHAIY
AE - 0,2 MI'L;

0

LRSS

Pucynok 11 — 3araasuuii BUTJIsiI pajioTeseMeTPUYHOL CCTEMH
aKyCTHKO-eMiciiiHOr0 MOHITOPMHTY
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— po3psiaHicte AL kanany AE — 12;

— moxu0OKa BHMMIPIOBaHHS MOMEHTY HPHUXOIY
curHainy AE B kanamax — 1 MKc;

— 00’em nakety mpanux [ITITIM — 52 Gaiitu;

— CTpyKTypa makery naHux — Homep IIIIIIM,
KUIBKICTh 3apeecTpoBaHuX iMmyibeiB AE (£10), ix
aMILTITY/Ia Ta Yac MPUXO.Y;

— BeNMYMHA IHTEpBally 4Yacy HarpoMaJKEHHS
inpopmarii AE B IIIIM — no 1 c;

— gac HeniepepsHoi pobdoru [IIIIM — 170 rog;

— miara3oH pamiodactot — 2400 — 2483,5 MTI';

— pO3paxyHKOBa JAaJbHICTH nepenadi — 900 m;

— po3mipu — [ITITIM:  170x83x24 MM,
—BIIIIM:  125x83x24 mm.
Cucrema MpoMIia BUTIPOOYBaHHS B

nabopaTopHUX YMOBAX Ta METPOJIOTIYHY TIOBIPKY.
BUCHOBKHU

3anponoHOoBaHO CTPYKTYPY BOCBMHKaHAIBHOI
paaioTeIeMETPUYHOI aKyCTHKO-EMICIHHOT CHCTEMHU
MOHITOPHHTY 00’ €KTIB TPHBAJIOi €KCILITyaTallii.
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