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CYJIOBOE DbOPYJIOBAHHE

KomnnexkcHas

CGBTOMUTU3UPOBAHHAA CUCTEMO
perMcTpaumMm napameTpos
noBeAEeHUs Kopnyca cygHa
HO BOJIHEHUM

Cranucnas [mpuH, Haranes 3a6ko, Esrenwi LLTesiH

Crares NOCBALLEHd ONUCAHHUIO KOMMNJIeKCHOM CIBTOMGTM3MPOBGHHOF1 CUCTEeMbI permcTpaumm
napameTpoeB noeefeHusa Kopnycd CyaHd HA BOJTHEHUMU. Cucrema npegHasHavyeHa gnsa
perucTpaummn napamMeTpoB BOJIHEHUA C MOMOLLLLIO YJ1IbTPA3BYKOBOIO 30HANMPOBAHMUA BOJJ,HOE
NOBEPXHOCTH C 60pTCI ABUXYLLErocs CyaHa M NnapaMeTpoB OTK/IMKA KOpMycd CyaAHO HA BOJIHEHME.
npep,CTCIBﬂeHbl obocHoBaHME NPHUYUH CO3OAHNSA CUCTEMbI, eé d)YHKLIMOHGﬂbeIe BO3MOXHOCTH,

nepcneKkT1Bbl PA3BUTUA U MTPAKTUHECKOro UCMOJIb3OBAHMS.

B mocnenHue necsaTiieTrst B CBSI3U C T1e-
pexXoIoM Hallleil CTpaHbl K HOBBIM yCJIO-
BUSIM XO3SIICTBOBAHMSI OCOOEHHO SIPKO
MPOSIBUWJINCH TMPENMYIIIECTBA B 9KOHOMU-
YeCKOM TUIaHe CYIOB CMEIIaHHOTO (peKa-
Mope) TJIaBaHus TIepei YNCTO MOPCKUMU
U peuHbiMU cygaMu. OT MOPCKUX CyIOB
HEOTPAaHUYEHHOTO TUIaBaHUS Cyla CMe-
manHoro 1naBanus (CCII) ornuyatorest
3HAUUTEJbHO MEHBIIUMU OCaaKaMU U
GOJIBLIMMI BETMYNHAMM OTHOLLEHSI L/H
(ITUHBI CyIHA K BbIcoTe ero 6opta). I1o-
9TOMY 3T Cya YBEPEHHO 3aHSUIM CBOIO
HUIITy B COBPEMEHHBIX MOPCKHUX TPY30TO-
TOKaX, COCTOSIINX B OCHOBHOM M3 He-
6oabiux (3000—5000 T) mapTuii rpysa Jin-
00 13 MacCOBBIX IPY30B, PA3BO3UMBIX IO
HEOOJIBIIUM TOPTaM, HEAOCTYITHBIM JJIst
KPYMHOTOHHAXHBIX CYIOB C OOJbLION
0CaaKOM.

OcobenHoctbio akcryarauun CCIIT
SIBJISIETCSI OTPAHUUYEHUE BOJTHOBOTO PEXU-
Ma, TIpU KOTOPOM CYIHO TOIMYyCKaeTcsl K
aBaHuio. B coorBeTcTBUM ¢ [1paBunamu
Poccuiickoro Peunoro Perucrpa [1] x
CCII orHocsTcst cyaa kinaccoB «HO-TTP»,
«EM-ITP» u «xM-CII». OcHOBHOI1 Xa-
PaKTepUCTUKON TSI OTHECEHUST K COOT-
BETCTBYIOIIEMY KJIACCY SIBJISIETCST BBICOTA
BOJIHBI 3-TIPOLIEHTHOI 00EeCTIe4eHHOCTH
2,0, 2,51 3,5 M ¢ cyMMapHOii TTOBTOpSsie-
MOCTBIO He Gonee 5% B Gacceiine, rue pas-
pemraeTcsl 9KCIUTyaTalusi Cya0B JaHHBIX
kiaccoB. [IpaBunamu Poccuiickoro Peu-

Horo Perucrtpa [2] ompeneneHBbl Takxke
OacceilHbl, B KOTOPBIX pa3pelraeTcst 9Kc-
IJTyaTanusi CyI0B JaHHBIX K1accoB. Kpo-
Me TOTO, BHYTPH KJIacca MOTYT OBITh J0-
MOJTHUTEIbHBIE OTPAHUYEHUS TI0 BBICOTE
BOJIHBI, KOTOPBIE OTPaXaloTcst B hopmyie
kiacca. Hanpumep, «¥M-CII 3,0» o3Ha-
4aeT, YTO JoTycKaemasl Tpu dKCILTyaTa-
LMY BBICOTA BOJHBI 3-TIPOIIEHTHOM 0bec-
IMEYEHHOCTH coCcTaBisieT 3,0 M.
OmnucaHHbIe OTPaHUYEHUS] 03HAYAIOT,
YTO TIPU HEOJIArONPUSITHOM TPOTHO3E
CY/IHO He BBIITyCKAeTCs U3 MOPTa, a CyaHO,
Haxo[sIIIeecs B TUIABAHUH, TIOJKHO U3Me-
HUTH KypC U HATMIPaBUTHCS K OvKaiiiie-
My MecTy yOexwuina. Pemienue o cxone
CyIHa C TpacChl BO3JIaraeTcsl Ha KanmuTaHa
CyoHa, Yy KOTOPOTO OTCYTCTBYET OOb-
€KTUBHBI KPUTEPUN U151 IPUHSATUS TAKO-
T'O pelIeHUsI: C OMHOI CTOPOHBI, HETOCTa-
TOYHAsT TOYHOCTh METEONPOTrHO3a, C IPY-
TOli CTOPOHBI, BBICOKAsI TOTPEIIHOCTh BU-
3yaJlbHOU OLIEHKU BBICOTHI BOJHBI. Kpome
TOTO, BBICOTA BOJIHBI HE SIBJISIETCS] OTHO-
3HAYHBIM KPUTEPUEM HACTYIIJICHUSI OTac-
Horo coctosiHusi. Ha HanpstkéHHOE co-
CTOSIHUE KOPITyca CyHa OKa3bIBaeT BIUSI-
HUe LeJbIi psif Apyrux HakTopoB, TAaKUX
Kak JUIMHA BOJIHBI, CKOPOCTb CyAHA, Kyp-
COBOI1 yroJj, 00BOJbI KOpIlyca U Jp. DKO-
HOMUYECKME MOTePU, CBSI3aHHBIE C yXO-
JIOM CYAHA C TPAcChl, HEPEAKO SIBISIIOTCS
MPUYUHON TOTO, YTO CYAOBOIUTEIEM MPU-
HUMaeTCsl peleHne 0 MPOAOIKEHUU IBU-
>KEHUsI Cy[IHA MO KypCy Jaxe Mpu 3HAUYM-

TEJbHOM MPEBBIIEHNU PeaTbHON MHTECH-
CUBHOCTH BOJTHEHUS HaJl yCTAaHOBJIEHHbBIM
OrpaHUYEHUEM, UTO HEPEJKO MPUBOJIUT K
aBapUIHBIM CUTYalIUSIM BILTOTh 10 TM0Oe-
JIM cynHa. B Takux ycioBUSX HalIMYUE Y
CYIIOBOJUTEJISI ONepaTUBHOU MHGbOpMa-
LIMM O peajbHOM BOJHEHUU U COOTBET-
CTBYIOILIEM €My HaNpsKEHHOM COCTOSIHUM
KOpIyca cyJHa sIBJsIeTCsl BaXKHbIM (haKTo-
poM obecreyeHusi 6e30MacHOCTH TiaBa-
HUS U 9KCIUTyaTalMOHHOUW HalEXHOCTHU
CCII.

3apy0OekHble KOMITAaHUU yXe T0CTaTOY-
HO JIaBHO aKTUBHO 3aHUMAIOTCSI CO3/IaHMU -
€M CUCTEM HEIMpPepbIBHOTO KOHTPOJISI Ha-
MPSIKEHHOTO COCTOSIHUSI KOPITYCOB CYIIOB
[3, 4, 5]. [Tpu 3TOM 117151 pa3pabOTKU 1 CO3-
NaHUsI TAKUX CUCTEM B TOCJIEIHUE TOIbI
CBOU yCWJINsI OOBEAMHWIN HECKOJIBKO 3a-
pyoexubix dupMm. CyThb 3TUX CHUCTEM B
TOM, UTO Ha Ha1bOJIee HATPYKEHHBIX CBSI-
351X CYIOBOTO KOPITyca yCTaHABINBAIOTCS
JnaT4uKku aedopmanuii, nHGopmalus or
KOTOpBIX Mepenaéresi B pyOKy Ha crielua-
Ju3upoBaHHYl0 DBM, Kotopas obpaba-
THIBACT MOJyYEHHbIE OT JATYMKOB CUTHA-
JIBI ¥ BBIAAET TSI CyIOBOAUTENST MHGDOP-
Maluio 00 ypoBHE HaMpsKEHHOTO COCTOSI-
HMSI B peaJIbHOM MaciuTabe BpeMeHu. Drta
nHbOpMalKsl TTO3BOJISIET CYIOBOIUTEIIO
MPUHUMATH OOOCHOBAHHbIE PELICHUS 11O
YIIPABJICHUIO CYTHOM.
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PA3PABOTKM/CY,EI,OBOE OBOPYOOBAHMUE

Puc. 1. YpanéHHblit u3MepuTenbHblit Moaynb 1 aatunku cuctemol CMP-3M,  Puc. 2. LleHTpanbHblit 610k (cneunanusuposanHas 3BM) cucremsl CMP-3M,

YCTaHOBJIEHHbI€ HAa KOMUHICe TensioxoAa «I1y‘re>«»

B nameit ctpaHe paboThI IO CO3TaAHUIO
TaKO¥ CUCTEeMBI MPOBOISTCS ¢ Hadaa 90-x
TOIOB TIPOIILIOro Beka B Bo/KCKoii rocy-
JIapCTBEHHOM aKageMUM BOIHOTO TPaHC-
nopra (B'TABT) nipu cotpynHuyecTBe crie-
IIMAIICTOB B 00JIACTH TTPOYHOCTH CYTOBBIX
KOHCTPYKIIMI 1 371eKTpoHUKU. HekoTo-
PHIit OTTBIT SKCILTyaTalluy TIEPBOHAYAIBHO
pa3paboOTaHHOM CHUCTEMBI, MOJYYUBIIECH
HanmeHoBaHue CIIP-3, mo3Bosmn mpo-
JIOJDKUTH paboTy 10 €€ MOIepHU3ALNU 1
CO3MIaHUI0 CHUCTEMBbI HEIPEPHIBHOTO MO-
HUTOPUHTA IIPOYHOCTH CYyIOBOTO KOpITyca
CIIP-3M, MenkocepuitHOE TPOM3BOICTBO
KOTOPO¥ ObLIIO HATAXKEeHO MPY COAEHCTBUU
u 1o HaazopoMm Poccuiickoro PeyHoro
Perucrpa Ha mpon3BOACTBEHHOM O0BEIN-
Henuu «bunap» (r. Capos). C 1996 rona
cuctema CIIP-3M ycraHaBnuBaeTcs Ha
psiie CyIOB CMEIIaHHOTO TJIaBaHMS IS
MOBBILIEHUS 0€30MaCHOCTH MX IKCILTyaTa-
uuu [6, 7]. Apxurekrypa cuctembl CITP-
3M BKIiIIOYaeT B ce0s1 8 TEH304aTYUKOB,
yCTaHABJIMBAaEMbIX B OMACHBIX C TOYKU
3peHUsI IPOYHOCTH CBSI3SIX KOpIIyca, yna-
JIEHHBIN U3MEPUTEbHBINA MOIYJIb, pa3Me-
11aeMblii B 30HE YCTAaHOBKM JIaTYMKOB
(puc. 1), HeHTpaJdbHBI OJO0K, HaXOdsI-
muiics B pyoke (puc. 2). bonee yeMm necsi-
TUJIETHUI OMBIT IKCILTyaTallud CUCTEMbI
noxasall €€ yI0BJIETBOPUTEIbHYIO HalEX~
HOCTb 1 (DYHKLIMOHAJIBHOCTh. 3a Mepuo
9KCIUTyaTallMi CUCTEMbI HU OTHO CYIHO,
000pYIOBAaHHOE €10, HE MOJIYYUJIO CePhE3-
HBIX MMOBPEXIEHUI KOpIlyca, B TO BpeMsi
KaK HECKOJIbKO OJIHOTUITHBIX CY/IOB Tepe-
JIOMUJIMCh U 3aTOHYJIMU. JIeficTBYIO1IAs CH-
crema CITP-3M 1no3BosisieT Cy10BOIUTETIO
OIepaTUBHO MMOJyYyaTh MHOOpPMALUIO O
peajbHOM 3arace MPOYHOCTU, KOTOPbIM
o0J1ajiaeT KopIlyc CyiHa, MPUHKUMATh 000-
CHOBaHHOE 1 CBOEBPEMEHHOE pellieHue 00
yxoJie B yOexuile, a Mpu nonagaHuu Ha

YCTaHOBNEHHbIN B py6Ke Tennoxoaa «MyTexs»

BOJIHEHME 3HAUUTEJbHON MHTEHCUBHOCTHU
YIPaBJISITh 0€30MaCHOCTBIO IJIaBAHUSI, BbI-
Oupasi ONTUMaJIbHbIE 3HAUEHUST KYPCOBbBIX
YIJIOB Y CKOPOCTH JIBUKEHMSI CYTHA.

IToMrMO onepaTMBHOTO KOHTPOJISI CU-
crema CITP-3M no3BosisieT 3anmuchiBaTh
UHGOPMALIMIO O HAMPSXKEHHOM COCTOSI-
HUU KOpITyca 3a JUIMTEIbHbII Mepruoj 3KC-
Tulyataiiuu cyfaHa. Takas mHdopmanus
MPEJCTaBAsIeT OrPOMHBIA HHTepec IS
TEOPETUYECKHUX UCCIIEOBAaHUI B 00acTU
MPOYHOCTU KOpIyca cyaHa. Bmecte ¢ Tem
€€ HeIOCTaTOUHO, MTOCKOJIbKY OTCYTCTBYET
nHdOpMaIIMs O TOM, Ha KAKHUX BOJHOBbIX
pexxumax oHa noJjiydyeHa. OTnebHble UC-
MbITaTeJIbHbIE PEChl, B KOTOPBIX IMapa-
METPbl BOJHEHUS] U3MEPSUINCh C MOMO-
LIBIO CIIYCKaeMOTro ¢ 6opTa CylHa BOJHO-
MEpPHOTO OYys1, He pelliajid TOCTaBIeHHOM
3a/lauyu, TaK Kak B Mpolecce U3MEePEeHUs
CYJIHO HaxonuTcs B Apeiide, a ero Hamnpsi-
>KEHHOE COCTOSIHME MPU 3TOM HE COOTBET-
CTBYET HAMNPSKEHHOMY COCTOSIHUIO MPU
nBuxkeHun. Kpome Toro, cryck Oyst U Ha-
XOXJIeHUE Cy/iHa B Ipelihe HEBO3ZMOXHbI
MPY BOJHOBBIX PEXMMaX BICOKOI WHTEH-
CUBHOCTH, KOTOpPbIE KaK pa3 U MpeicTaB-
JISIOT MHTEpeC IJIST OLEHKHU MPOYHOCTH
KOopIlyca ¥ HOPMHUPOBAHMSI CTaHIapTa
mpovHocTH. [1o 3TUM mpuunHaAM Ha3pesia
HEoOXOIMMOCTh B pa3pabOTKe aBTOMATH-
3UPOBAHHOI CUCTEMBI PETUCTPALIUM TTapa-
METpPOB BOJTHEHUsI, OCHOBaHHO Ha Oec-
KOHTAKTHOM 30HIMPOBAaHUU BOJHOBOM
ITOBEPXHOCTU ¢ OOPTa ABIIKYILETOCS CYI-
Ha, JUISL OTIpeIeICHUSI BBICOTHI BOJHBI U
BBIYUCJICHUS CTATUCTUUECKUX XapaKTepH-
CTUK BOJHEHUS, B YaCTHOCTU, BBICOTHI
BOJIHBI 3-TIPOLIEHTHOU 00€CTIEYeHHOCTH.
Kpowme Toro, oneparuBHass UHOOpMaIIUs
0 peaJIbHOM BOJTHEHMH U OTKJIMKE Ha HETO
KOpITyca CyaHa OYeHb ITOJIe3Ha U IS Cy-
JIOBOIUTEJIS.

HUP no cospAHMIO
KOMMJIEKCHOM
ABTOMATU3MPOBAHHOM
CUCTEMBI

WccnemoBanus MpUHIMITMATBHOMN BO3-
MOXXHOCTH CO3[JaHUS CUCTEMbl OECKOH-
TaKTHOTO 30HIMPOBAaHUS BOJHOBOI ITO-
BEPXHOCTH U TTOUCK COBPEMEHHOI 3J1e-
MEHTHOI 6a3bl JUIS e€ peanmn3aluy Havya-
JIV TIPOBOAUTHCS TI0 3alaHUIO0 U TP (Pu-
HaHcupoBaHuu Poccuiickoro Peunoro
Peructpa B Bomkckoii rocynapcTBeHHOM
akajieMuu BogHoro TpaHcmoprta ¢ 2007 ro-
na [8]. bt mpoaHaaM3MpoOBaHHI CyIle-
CTBYIOIIIE HEKOHTAKTHbBIC, B YACTHOCTH,
aKTUBHBIC IHMCTAaHIIMOHHBIE CpEACTBA
KOHTPOJISI 32 COCTOSIHUEM MOPCKOTO IO~
BEPXHOCTHOTO BOJIHEHUSI, KOTOpbIE Oa3u-
pYIOTCSI Ha aKyCTUYECKOM 30HIMPOBAHUN,
JIa3epHOM 30HAMPOBAHUM U PaAJMOJIOKA-
uu [9]. B nuteparype onucaHo 6osbliioe
YUCJI0 METOJOB U3MEPEHUS MapaMeTpOB
MOPCKOTO TTOBEPXHOCTHOI'O BOJIHEHUS C
HETOABMIKHBIX TIaTGOpM, CYIO0B, JeTa-
TeJIbHBIX allllapaToB Ha IJIaBy U C BO3IyXa,
a TakKe ¢ KOCMUYECKUX CTaHIIMI, OMTHAKO
B OOJIBIIIMHCTBE CBOEM 3TU METOIbI SIB-
JISIIOTCSI KOCBEHHBIMM M Ka4eCTBO IOJIY-
yaeMoii nHGOpMalIMK CYIIECTBEHHO 3aBU-
CUT OT NPUHMMAEMOI ONTUYECKOU, aKy-
CTUYECKOU U paaroIOKallMOHHON MOIEIN
MOPCKOI1 MOBEPXHOCTH, a TaKKe XapaKTe-
PUCTUK MpUEMOU3TYYAIOLIei anmnaparTy-
pol. [Tpu BeIOOpE THMA MPUEMOU3ITYYAlO-
1LIeit annapatypbl, Hauboyiee MPUTrOAHOMN
JIJISI UBMEPEHMST paCCTOSIHUS 10 B3BOJIHO-
BaHHOU BOJHOM MOBEPXHOCTHU, TpeOOBa-
JIOCh YYeCTb cieaytolre (hakTophl: Mpeae-
JIbl UBMEPEHUSI, CITOCOOHOCTD I0JTOBpe-
MEHHO paboTaThb B arpecCUBHOI cpene,
CIOCOOHOCTh paboTaTh B TyMmMaHe, Ipu
OpbI3rax u APYrux Memammmx pakropax.
HemaioBaxkHbIMU TaKKe SBISUIUCH MUHU-
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PA3PABOTKVI/CYJJ,OBOE OBOPYOOBAHMUE

Puc. 3. PasmelyeHue ynbTpa3ByKoBOro AartymKka Ha BbIHOCHOM KOHCONH,
3aerI1]IéHHOI7I Ha HOCYy MoAenu, U NnonaaBKOBOro BoJiHoMepa

MaJbHbIE TA0apUTHI ¥ Macca CUCTEMBI, TaK
KaK, YTOOBI UCKITIOYUTH TTOTPEITHOCTD U3-
MepPEeHUsI BBICOTHI BOJTHBI, O0YCIOBIIEHHYIO
OJIM3KUM pACTIONIOKEHUEM CYIHA K U3Me-
psSIeMOMY YYacTKY BOIHOM TTOBEPXHOCTH,
U3MEPUTENIbHYIO CHUCTEMY HEOOXOIMMO
BbIHECTHU Tiepen HocoM cymaHa. C yuértom
M3JI0KEHHBIX TpeOOBaHUI pa3padaTbiBae-
Masl cucTema ObUTa OCHOBaHa Ha yJIbTpa-
3BYKOBOM (¥Y3) U3MepeHUN 1aJbHOCTH 10
o0bekTa. beuio BhIOpaHO Kak Oosiee Ha-
NEXHOE HETIOJBUKHOE KperIeHue Mpue-
MOUBITyYalolIeil CUCTEMbI OTHOCUTETHLHO
Oopta cynHa. B nanHHOM ciydae Y 3-maTunk
WCTIONB3YETCs IS U3MEPEHUsT PacCTosi-
HUST OT OOpTa Cy/iHa, HA KOTOPOM OH 3a-
KpeTui€H, 10 TOBEPXHOCTHU Boabl. OmHaKO
4YTOOBI Mpeodpa3oBaTh MOKa3aHUs Aalb-
HOMEpa B MTHOBEHHBIE OLIEHKU MTPO(UIIst
BOJIHBI, HEOOXOIUMO YUYECTh DBOJIOLINIO
V3-pgaTtyuka B nmpocTtpaHcTBe. s aTOi
LeJIM ajJbHOMEP OOBEAUHEH B €IUHYIO
CHUCTEMY C TPEXOCEBBIM U3MEPUTEIEM YT-
JIOBOI CKOPOCTU U TPEXOCEBBIM aKCelepo-
meTpoM. C yuyéToM aHaM3a MOJAXOI0B K
CO3MIaHUIO CYIIECTBYIOIINX METOOB U3Me-
peHUsl MapaMeTpoB MOPCKOTO TOBEpPX-
HOCTHOTO BOJIHEHMUSI C JIeTaTeIbHBIX arlra-
paroB Ha raBy [10], a Tak:ke COBpeMeH-
HbIX MHEPLIMAJIbHbBIX HABUTALIMOHHBIX CU-
CTeM, KOTOpbI€ YCTaHABIMBAIOTCSI HEMO-
CPEelICTBEHHO Ha OOPTY TPaHCIOPTHOTO
CPE/ICTBA U UCIIOJb3YIOTCS 17151 OTIpeiesie-
HUSI €r0 MECTOIOJOXEHUsI B MIPOCTPaH-
cTBe, ObI pa3paboTaH M 3araTeHTOBaH
Croco® M3MEpeHMsT BBICOTBI MOPCKUX
BOJIH ¢ OopTa ABMXKylerocs cyaHa [11].
J11s1 moaTBepXKACHWS TPUHLUITUATBHON
BO3MOKHOCTU peaiu3alliy pa3paboTaHHO-
ro crioco0a v co31aHusI aBTOMaTU31POBaH-
HOW CHCTEMBI PErMCTPaLlMM MapamMeTpoB
BOJIHEHUSI, OCHOBAaHHOU Ha OECKOHTAaKT-
HOM 30HJMPOBAHUY BOJTHOBOI TOBEPXHO-

CTU ¢ OOpTa IBUXKYLIErocs CyaHa, Oblia
co3flaHa MOJIeJIb TaKOI CUCTEMbI U TTPOBE-
JIEHBI €€ UCITBITAHUSI B OMBITOBOM Oacceii-
He Bosxckoii rocynapcTBeHHOM akaaeMumn
BOJITHOT'O TpaHCIopTa U Ha ['OpbKOBCKOM
BOJOXpaHuuile. B KauecTBe yabTpa3By-
KOBOTO JaTYMKa JJIsi MOAEJIbHbIX UCIIbITA-
HUI OBLT UCIOJb30BaH NATYMK (DUPMBbI
SICK UM30-13113, pawmama3oH cKa-
HUPOBaHUS KOTOPOTo COCTaBJIsIET
200...1300 MM (MakcuMasbHasl JaJbHOCTh
2000 MM), BBIXOI JaTYMKa — aHaJIOTOBbBIN
4...20 MA unu 0...10 B, creneHpb 3aiiuThl
IP65, nmama3oH pabo4uMx TeMIIEPaTyp
—20...+70°C, Bec 260 r. B kauecrBe rupo-
cKora ObUT MCMOJIb30BAH NaTYUK (UPMBbI
Analog Devices ADIS16355AMLZ BmecTe
¢ omtagouyHoi ratoit ADISUSBZ. B nat-
YUK BCTPOECHBI TPEXOCEBOI aKCeJIepoMeETp,
TPEXOCEBOI U3MEPUTEJIb YIJIOBOI CKOPO-
CTH, TEPMOJATYMK, JOTOJTHUTEIbHBIE aHA-
soro-umdposoit (ALLIT) u nudpo-anano-
roBeiit (LIATT) npeoGpasoBatenu, uudpo-
Boii untepdeiic (SPI) ¢ BHeIIHUMU yCT-
poiicrBamu. Bec garumka 16 r. BeixomHoi
CHUTHAJI yJIbTPa3ByKOBOTO JaTuMKa IMojAa-
BaJicsl Ha BXoJ gonojaHutebHoro AL ru-
pockora. C MOMOIIBIO OTIAA0YHOM TIAThI
TUPOCKOIT OBLT CBSI3aH C KOMITBIOTEPOM Ye-
pe3 USB-unrepdeiic. HesnauurtenbHbIe
rabapuTHBIE pa3Mepbl U BeC JaTYUKOB
UM30-13113 u ADIS16355AMLZ mio3Bo-
JIVUIM pa3MECTUTh UX Ha MOJEIU CyIHa B
OacceitHe (puc. 3), a TakKxKe Ha HOCY CaMO-
XOIOHOU axThl (puc. 4). Peructpupyemsie
JaHHBIC ¢ JATINKOB ITOCTYITAIA B IEPCO-
HaJIbHBIII KOMIIBIOTEP, TAE C TTOMOIIBIO
MMPOTPaMMHOT0 00CCIICUCHMS, TTOCTABIIsIC-
Moro ¢ otiagouHoi ratoit ADISUSBZ,
3aIMChIBAINCh B (haitsl. JlaHHBIE M3 3TOTO
¢aiina mpeoObpa3oBLIBATIUCH C TTOMOIIIBIO
CIIelMaIbHO Pa3paboOTaHHOTO MPOrpaMM-
HOTO 00€ecIeYeHHUsI C MCITOIh30BaHUEM Ta-
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Puc. 4. PasmelleHue ynbTpasByKOBOro AaTuMKa Ha BbIHOCHOI KOHCONM,
3aKpennéHHOIA Ha HOCY AXTbl

keta MatlLab B mHTepecyroIe Hac TaH-
HbIE: MOJIOXKEHUE TaTYMKOB B MPOCTPaH-
CTBE T10 IIECTH CTEIIeHSIM CBOOO/IbI, PEerH-
CTpUpPYEMbIC PACCTOSTHUS 0 BOIHOM T0-
BEpXHOCTU U BBICOTHI BOJIH. M3mepeHue
MapaMeTPOB BOJTHEHUSI KOHTAKTHBIM CITO-
Cc0oOOM OCYIIECTBIISLIOCH B OacceifHe ¢ Tmo-
MOIIIbIO CTIELIMATLHOTO ITOTIABKOBOTO BOJI-
Homepa (puc. 3), B KOTOPOM IIOTUIaBOK
NPUCOEAUHSICS K moTeHluoMeTpy MY-
614 (BomHeHME B OacceiiHe CO30aBAIIOCh
BOJTHOIIPOIYKTOpOM), a Ha ['opbKOBCKOM
BOIOXPAaHUJIUIIIE — C TIOMOIIbIO BOJTHOMEP-
Horo 0ys1 «BoJra», MU3roToBJI€eHHOTO Ha Ka-
denpe CONMpOTUBICHUST MaTepUaIOB, KOH-
CTPYKLIMM KOPITyca U CTPOUTEIbHOM MeXa-
Huku Kopabist (CM, KK u CMK) BI'ABT.
3anucKu BOJHOBBIX MPOLECCOB, MOTyYeH-
HbIE B MPOIIeCcCe UCTIBITAHUI KOHTAaKTHBIM
U TpeJiaraéMbIM OECKOHTAaKTHBIM CITIOCO-
0OOM, XOPOIIIO KOPPETUPOBAHBI APYT C APY-
rom. Ha ocHoBaHMM MpOBEAEHHbBIX MCCIIE-
JIOBaHUI1 ObUI ¢ieJIaH BBIBOJL O TIPUEMIIEMOI
TOYHOCTH PabOThI CO3MAHHON CUCTEMBI pe-
TUCTpAllMM TlapaMeTpOB BOJHEHUS M O
MPUHIMUITMATBHON BOBMOXHOCTU MCTOJb-
30BaHMSI TAKOI CUCTeMBbI Ha cynax [12].
[lepBolii aTan padoOThI ObLT OPUESHTUPO-
BaH Ha cKopeiiliee MojyyeHue crnocoda
OECKOHTAaKTHOTO 30HAMPOBAHUS BOAHOM
MOBEPXHOCTU U arpoOaInIo ero B OMbITO-
BOM 0OacceifHe Ha YMEHbIIIEHHO MOJean
cynHa. [laHHas ueib Oblia JOCTUTHYTa,
HO, YTOOBI ITEPEUTH OT MOJIEJIU K peaibHO-
MY CYIHY, HEOOXOAMMO ObLIO CYIIECTBEH-
HO TmepepadoTaTh CUCTEMY pErucTpaluu
napamMeTpoB BoJiHeHus. [lpexae Bcero,
macitad MoaeM 1 BOJIH cocTansia 1:50,
M JUId 9TOro Mmaciutaba JaJlbHOCTU Jeii-
CTBUS YJABTPA3BYKOBOIO JaTYuKa ObLIO
BIOJTHE 10CTaTOYHO. JIJIsT peajbHOTO CyI-
Ha TpeOyeTcsl peruCTPUPOBaTh TUCTAHITUT
10 6...8 M, TIp1 3TOM HEOOXOUMO YIUThI-
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Kop.
n

Fon. 10...30 B
ben.

4..20 MA

um
Yap. 0..10B
Cep.  BHelHee 0.2B

nporpaMmmpoBaHue
[ _1okpaH

Puc. 5. Cxema noaKno4eHMA AaTyuKa Tuna
QT50ULB

BaTh, YTO peabHbBIC BOJHBI CYIIIECTBEHHO
IJTMHHEE, 4eM B OacceitHe (Ieproabl BOJH
3HAYUTEJIbHO OOJIbIIE IO CPAaBHEHUIO C
OITBITOBBIM OacCeiftHOM). DTO BHOCUT J0O-
TMOJTHUTEIbHBIE TPYAHOCTH, TaK KaK, BO-
MEepPBBIX, TIOJIOXEHUE B IPOCTPAHCTBE
OIpENeIsIeTCS ¢ TIOMOIIBIO IBOMHOTO MH-
TErpUPOBAHUS YCKOPEHUS Y OIMHAPHOTO
WHTETPUPOBAHUSI YIJIOBOM CKOPOCTH, UTO
TPYBOIMT K CYLIECTBEHHOMY POCTY OIINO-
KU OLICHUBaHMS TP HEOOXOMMMOCTH CJie-
KEeHHUS 32 MEUICHHBIMHU TIpolieccaMi, a
BO-BTOPBIX, HCMOJIb3yeMasi CHCTeMa
(uapTpaMu mapaMeTpoB M IPOLIECCOB
CYIIIECTBEHHO YCJIOXHSIETCS M3-3a pocTa
TpeOyeMoro rnopsiaka GpuabTpa v u3-3a He-
00XOIMMOCTH YBEJIMYECHUSI KOJIMYECTBA
JIELIMMATOPOB IMpHU Tiepexoie B 06acTb 60-
Jiee HU3KUX yacToT. [1oKynHas oTaamoy-
Has muiata ADISUSBZ, cronb ymoGHast
MPU MOJEAbHBIX UCTIBITAHUSIX, MAJIOIIPU-
TOHa /1151 paOOThI Ha peaJIbHBIX Cyax: BO-
nepBbIX, MHTepdeiic cBa3u USB, ncrnosb-
3yeMblii B IIaTe, TUJIOXO MPUCIIOCOOIEeH
IIJIS TIepeiayy CUTHAaJIa Ha IMCTaHIIUIO MO~
psinka 100...200 M; BO-BTOPBIX, B Ij1aTe OT-
CYTCTBYET CTaOWIbHasl TaKTOBasl 4acToTa,
KOTOpasl XeJlaTejIbHa IS TOUHOTO MHTEr-
PUPOBAHUS Y CUHXPOHU3ALIMU Pa3TUYHBIX
PErUCTPUPYEMBIX ITPOLIECCOB.

B cBs131 ¢ 5TUM ObL1a BHITOJHEHA MOIU-
(bukanus cucTeMbl IMCTAaHIIMOHHOI'O 30H-
JMPOBaHUsI BOMHOM MoBepXHOCTU. B kaue-
CTBE YJIbTPAa3BYKOBOIO JaTYMKa PacCTOsI-
HUSI UCITOJIb30BaH JaTyuK (prpmbl Banner
QTS0ULB ¢ aHanoroBbiM BeixogoM. Oc-
HOBHbIE TEXHUYECKHE XapaKTEePUCTUKU
9TOro JaTyuKa CJeaylolue: auana3oH
ckanupoBanusi 200...8000 MM, yabTpa3By-
KkoBast yacrora 75 kI, paspeuieHue 1 mm,
HanpspkeHue nutanus 10...30 B nmocro-
SIHHOTO TOKa (C MaKCMMAaJIbHOM MyJibcallu-
et 10%), MakCUMaJIbHBII TOK ITOTpeIIe-
Hus 100 MA nipu 10 B u 40 MA nipu 30 B
(6e3 Harpy3Ku), BbIXOJl aHAJIOTOBbIN (JIU-
60 4...20 MA, nu60 0...10 B), miutenb-
HOCTb OTKJIMKa OT 100 Mc, cTerneHb 3aiu-
1ol P67 (3ammrTa oT KpaTKOBPEMEHHOTO
TTOTPYKEHMUSI ), TUATIa30H PabounX TeMITe-

AUX_  AUX_
ADC DAC
-
Tepmojatank
Tpéxocesoil
n3mepuTenb -
| YIoBbIX = Cuctema = Vsen = Vsen CS
ckopocTen = aHanoro- unchposoit | | SPI-uHTep- SCLK
@ L1hpoBoro 06pa6oTkm theiica
\e Y4 npeo6pasoBaHus DIN
3 DoUT
Tpéxocesoil
aKcenepomeTp
H =
I I
Tpéxocesoil
MarHuToMeTp YcTponcTeo Cxema
— cUrHanu- | |ynpasnexus
1 3auun nuTaHnem
| | TOVCC
Cucrema Vaen
~| camokoHTpons [ |  uwuchpoBOro ynpasnenns [ D GND
ADIS16405 1 % £ £ £

RST DIO1 DIO2 DIO3 DI04/
CLKIN

Puc. 6. ®yHkumoHanbHas cxema ADIS16405

patyp —20...+70°C, nuana3oH TeMnepatyp
xpaHeHus —40...+85°C. Cxema Moakio-
YeHMsl JaTyuKa TpuBelIeHa Ha puc. S.
VabrpazBykoBoii natuuk QTS0ULB o6na-
TTAeT PSIOM TOTIOJTHUTEIbHBIX XapaKTepy -
CTUK: OBICTPOE U TIPOCTOE TTPOrpaMMUPO-
BaHME, KaK BHEIIIHEee 1o MpoBofdy (puc. 5),
Tak 1 ¢ nomoubio 8 DIP-niepexitouare-
JIeld, pacItoIOKeHHBIX Ha 3aIHel MaHeIu
aTInKa; TeMIlepaTypHas KOMIIEHCAIIVS
MOKAa3aHUI ¢ BO3MOXHOCTBIO €€ OTKJTII0Ye-
HUST; YCTAaHOBKA Ha MaKCUMAaJIbHYIO WU
MUHUMAaJIBHYIO BEJIMYMHY CUTHAJIa Ha BbI-
XOJie TIPU TTOTepe 9Xa; CTOMKOCTh K BO3-
NEeiCTBUIO BUOpALMU U yaapoB (YIOBJe-
TBOpsieT TpeboBanusiM MIL-STD-202F no
metony 201A ucnbliTaHUiT HA BUOpaALIUIO:
10...60 Ty MakCMMyM, IBOHAST AMILIUTY-
na 1,524 MM ipyu MaKCUMalbHOM YCKOpe-
Huu 10g; cooTBETCTBYET TpeOOBaHUSIM
cranzgapra IEC 60947-5-2: ynap 30g min-
TeJIBHOCTHIO 11 Mc, TmosTycuHyconmaabHast
dopma).

B kauecTBe TMpockomna ObUT MCTIONB30-
BaH natduk tura ADIS16405 (Analog De-
vices), KOTOpbIii peaCcTaBIsIeT co00ii aHa-
JIOTO-1IM(POBYIO SJIEKTPOHHYIO CUCTEMY,
B COCTaB KOTOPOIi BXomsT (puc. 6) Tpéx-
0CEBOIl U3MEPUTEIb YITIOBBIX CKOPOCTEIA,
TPEXOCEBOU aKcelrepoMeTp, TPEXOCEBOM
MarHuTOMETp, TEPMOIATINK, CUCTEMA ca-
MOKOHTPOJISI, CHCTeMa aHaJIoro-1udpo-
BOTO TIpeoOpa3oBaHusI, y3ea MUdPOBOTO
ynpasieHus, y3ea SPI-untepdeiica u ap.
H3MepuTennb yriioBbIX CKOPOCTE CTIOCO-
OeH WU3MepsITh YITIOBBIE CKOPOCTH IO
+300 rpamyc/c, ieHa aeneHus (6e3 QUIbT-

pauun) 0,05 rpamyc/c, mosioca aHaIM3a 10
330 I'n. JIlnanma3oH u3MepeHus akceaepo-
MeTpa *+18g, 1ieHa neseHus (6e3 pubTpa-
muu) 3,33mg (31ech g — 3TO YCKOpEeHUe
CBOOOIHOTO TAIEHUSI, Mg — OTHA THICSIU-
Has OT g), mostoca aHanm3a 10 330 ' JIu-
amazoH  WU3MEpeHusi  MarHuTOMeTpa
+3,5 I'c, ueHa neneHus (6e3 GUIbTPALIKI)
0,5 mI'c, monoca ananu3a no 1540 I'u. Le-
Ha neneHus repmonardyuka 0,14°. Hamps-
JKEHUE MUTaHus MoayJist 5 B, Tok moTpe6-
neHus 70 MA. MakcuMmaabHasi CKOPOCTh
aHaJoro-udpoBoro  mMpeodpa3zoBaHUS
819,2 orcuéroB B cekyHny. SPI-untep-
eiic saBsIeTcs OMHUM U3 CaMbIX PaCIpo-
CTPaHEHHBIX U YIOOHBIX MOCJIEA0BATENb-
HBIX HUGPOBBIX CTHIKOB, MO HEMY JIETKO
YIPaBISTh JATYINKOM C IOMOIIbIO MUKPO-
KOHTpOJUIepa U TepenaBaTh MOKa3aHUS
usMepureseil B MUKpokoHTposiep. Casi-
3YIOIIMM 3BEHOM MEXIY KOMIBIOTEPOM U
JaTYUKAMU SIBJISIETCSI MUKPOKOHTPOJLIEP
Atmega32L (dpupma Atmel).

Jlnst pa3paboTaHHOM CUCTEMbI BBIOpaH
NpPOMBILIJIEHHBIN  KommbloTrep  PPC-
L156T-R83-XE (komnanust Advantech).
DTOT 0Ee3BEHTWISITOPHBINA TaHEeJbHbIN
koMmmbloTep ¢ 15" KK-aucriieeM siBasieTcst
OTJIMYHBIM PeLIeHUEM JJIs1 TPUMEHEHUsI B
TMOMELLIEHMSIX, TAe TpeOyIoTCsl HU3KUI
YPOBEHb ILIyMa 1 BHICOKMIA yPOBEHb 3alllH-
Thl OT MBUIM W APYrUX 3arpsi3HeHuit. OH
MOXET MMETh J1Ba UICTOYHUKA MOTYYEHUS
SHEPruu: 6JI0K MUTAHUSI IEPEMEHHOTO TO-
Ka U1 TOMOJHUTENBbHBIN aKKYMYJISITOD, KO-
TOphIi 3apsikaercst, korga PPC-L156T-
R83-XE pabotaet ot cetu. [lepe3apsixka-
€MbIIil aKKyMYJISITOP BBIMOJTHSIET POJIb HC-
TOYHMKA Oecriepe0oitHOro MUTAHUS B CITy-
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Tabauya 1

OCHOBHbIE@ XapaKTepPUCTUKU NaHesNbHOro KomnbioTepa PPC-L156T-R83-XE

15" TFT JKK-gucnneit ¢ paspewenuem XGA

NHTerpuposanHbiii npoueccop Intel®ULV Celeron®M 800 MIu/Pentium®M 1,1 Iy,

03Y: go 2 [6ant DDR-namaTun

[1Ba BCTPOEHHbIX AMHAMUKA MOLLHOCTbIO 1 BT Kaxpablit

0guH cnot MiniPCI u oguH pasvém ans kapt CompactFlash

Be3BeHTUNATOPHbIN AN3aiiH, 04EHb HU3KNIT ypOBEHb 3HEpronoTpebneHus

ABTOMaTUYeCKMNi1 KOHTPOJIb MOTOKA AaHHbIX Mo UHTEpdeiicy RS-485

CeteBoit uHTepoeiic Ethernet 10/100Base-T unu Gigabit Ethernet c nopaepxkoit GyHKLMM 3arpy3ku no cetn

CbémHas nepefHAa naHenb

NHTennekTyanbHblit akkymynsatop ¢ GyHKUuoHanbHocTblo MBI (onumoHanbHo)

AHTeHHa 15 PaboTbl B GECMPOBOAHbIX CETAX U MOAYNb ANs ycTaHoBKu PCI-nnatbl (0nuMoHanbHO)

123 4 5

6

7 89

10

11

YcnoBHble 0603HaYeHus: 1 — nnHeiHbIi BX04; 2 — IMHENHbI BbIX04; 3 — MUKPODOHHBIN BXOA;
4 - 2 nopta USB 2.0; 5 — Bugeonopt; 6 — nopt Ethernet 10/100Base-T; 7 — 3 nocnefoBaTtenbHbIx NOpPTa;
8 — nopt PS/2 pns knaBuatypsl U Mbiwm; 9 — BXOA NuTaHus (NocT. Tok); 10 — napannenbHbiii NopT;

11 - KHOMKa nuTaHua.

HoAHoBOA Npoyec

Bopropas kauka  -4.81° \CTaTHCTHKa 10 BOAK!

| Tep=1.0¢

( \ | hmax=113mm
_ | h10%=112mn
v 1 hcp=80nm
\ \ / \CraTHETHKa 30 BoAH!
\ \ / | Tep=1.0¢
g Kunesaa kauka 1.96" hmax=117mu
//““\ h3% =113mun
! / \ \ h10%=110mn
\\’ 2 '/ T \ hcp=82mMm
( ] } Cratncrrka 100 goan:
\ / Tep=0.0c
o \ / hmax=0MH
+AA]2 A22100.00M Tepemeiienns natuka h3% =0mn

h10%=0mm

\L__/
HW 0.52"

hep=0mm

-A3

126.2 OTCUETOR/C

WaeT 0BpatoTka AaHHBN © AATUMKDE ... 86 C

Puc. 8. Konus 3kpaHa nporpammsl npu pa6oTe cucTemMbl Ha BOJIHEHUU

Yyae BHE3AIMTHOTO OTKJIIOUEHUS SHEPTUH U
MOXeT MOIePXUBaTh QYHKIIMOHUPOBA-
HHUE KOMITbIOTepa B TeueHUe 60 MUHYT.
B namrem BapuaHTe akKyMyJISITOp He ycTa-
HOBJIEH, TaK KaK HET HEOOXOAMMOCTH CO-
XpaHITh PabOTOCTIOCOOHOCTH BO BpPEMsI
c0OeB 2JIEKTPONUTAHUS, a TIOCTE 3aBep-
IeHUst c00s KOMIBIOTEP aBTOMATUYECKU
repe3arpy3uTcss U TPOAOIKUT pPaboTy.
Kpenéxurie orBepctust PPC-L156T-R83-
XE otBevarot cranmapty VESA, uro nena-
€T TIPOCTOI1 ero ycTaHoBKY. JluiieBas ma-
HeJIb KOMIIbIOTEPA SIBIISIETCSI ChEMHOM, UTO
00J1eryaeT u yCKOpsIeT POLecC 00CTyKu-
BaHus XKK-nucries 1 cCeHCOpHOTO 3Kpa-
Ha. OCHOBHBIE XapaKTePUCTUKHN KOMITbIO-
Tepa npuBeneHbl B Taba. 1, uHTErpupo-

BaHHBIE B HETO MHTEP(DEIIChI BBOIa-BbIBO-
J1a TIOKa3aHbl Ha puC. 7.

J17151 HOBO#T cCTEMBI ObLIO MOICPHU3H -
poBaHO MporpaMMHoe obecrieueHue. M3-
MepsieMble MTapaMeTPhl BbIIAIOTCS Ha 9K-
paH nKcIuiesl B peaJlbHOM BpeMEHH, a TaK-
K€ COXpaHSIIOTCS B MaMSITU UISI TTOCTe-
JIyIOLLEH cTaTUCTUYeCKOi odpadboTku. Ha
puc. 8 TokaszaH 3KpaH IMPOrpaMMbl MpU
pabote cucteMbl Ha BoiHeHuU. [Tporpam-
Ma BBIYMCIISIET PSII CTAaTUCTUYECKMX TTOKa-
3aTesiel, HO MPU HEOOXOAUMOCTH MOXKHO
coxpaHEHHbIE JaHHbBIe 00pabOTaTh B cpee
MatLab u nmosyuuts apyrue rpaduku u
napaMeTpbl BOJTHEHUS (puc. 9).

JlaHHY10 CHCTeMY HEBO3MOXHO IOJ-
HOCTBIO MPOBEPUTH B OTNIBITOBOM OacceifHe

13-32 OrPaHUYEHHBIX Pa3MEPOB yalllu dac-
celifHa ¥ MaJIbIX pa3MepOB FreHEPUPYEMbIX
BoJiH. IToaTomy B GacceiiHe Obljia mpoBe-
peHa paboTOCIMOCOOHOCTh CUCTEMbI BHE
CBSI3U C MOJIENIbIO CY/IHA (M3MEpEeHue BOJI-
HOBOTO NPOMUIIST BBIMOIHSIOCH NP CTa-
LIMOHAPHOM MOJIOKEHUW CUCTEMBI, a TaK-
K€ TTPU PYYHOM M3MEHEHUH YTJIOB HAKJIO-
Ha 1 IMHEWHBIX MepeMeleHU I TaTYNKOB).
Bonee nonHast mpoBepka OyaeT nposeaeHa
B JJAJIbHEHI1IEM Ha HATYPHBIX UCTTBITAHUSIX.
OpHako MOJlyYeHHbIE B OMBITOBOM Oac-
CeliHe TOJIOXUTEIbHbIE Pe3yIbTaThl 103~
BOJIWJIM TIPUCTYIUTH K CO3JaHUIO KOM-
IJICKCHOI aBTOMATU3UPOBAHHOM CUCTEMBI
perucTpanuy MapaMeTpoB IOBEISHUS
KOpITyca CyJaHa Ha BOJIHEHUHU.

KomrmiekcHast  aBTOMaTU3UpPOBaHHast
CHCTeMa BKITIOYAeT B ce0sT CIICIYIOIINE MO~
IIYJIW: MOZYJTh BEIMUCIIUTEIBHOTO YCTPO-
CTBa, MOIYJTb TIUTAHUSI, MOIYJTb U3Mepe-
HUSI BOJIHOBOTO IMPOMUIISI BOTHOM TTOBEPX-
HOCTU ¥ MOMYJIb U3MEPEHUST HATIPSIKEH-
HOTO COCTOSTHUST KOpIIyca CyIHa.

CTpyKTypHasi cxeMa KOMIUIEKCHOM CH-
creMbl oka3aHa Ha puc. 10. LItpuxoBbi-
MW JIMHUSIMUA TIOKa3aHbl YIIPABIISIONINE
LIETIH, INTPUX-TTYHKTUPHBIMA — TIETIN TTH-
TaHWsI, CTUTOIITHBIMU — MH(MOPMAIIMOHHBIE
LTI U IIWHBI.

Mojyib BBIYMCIUTENBHOTO YCTPOICTBA
ITOCTPOEH Ha 6a3e MaHeIbHOTO KOMITHIOTE-
paTuna PPC-L156T-R83-XE, u pacriosna-
raetcs OH B pyOke cynHa. [laHHble ¢ yaa-
JIEHHBIX U3MEPUTETBHBIX MOMYJIEH TIOCTY-
naroT K Hemy 11o uHtepdeiicam RS-485 (Ha
HACTOSIIIIUI MOMEHT UCTIOJNIb3yeTCs 2 pa3-
NEeTbHBIX cThiKa RS-485). B xommbioTepe
ecth 2 mopta RS-232 u 1 mopt RS-485.
s mpeobpaszoBanust RS-485 B RS-232 Ha
BpeMsI HaTypHBIX UCITBITAHWUI MCIIOTb3Y-
€TCSI CaMOJIeNIbHBIN TIEPeXOTHUK, HO B
JMabHeWIIeM TUITAHUPYETCS] 3aMEHUTh eTO
0oJiee TEXHOJIOTMYHBIM MOIYJIeM TIpe-
o6pazoBanust ADAM-4520-D2E komra-
Huu Advantech.

OCHOBOIT MOJTYJISI U3MEPEHUST BOJTHOBO-
T0 TIPOUIIST BOMHOI TTOBEPXHOCTH SIBIISIET-
Csl yJIBTPa3BYKOBOW TaTYMK PACCTOSTHUS
QTS50ULB. Jlnsg KoppeKunu ITOKa3aHUs
YABTPa3BYKOBOTO JATIMKA TIPY SBOJTIOIISIX
Cy/IHa B MOJYJTb BKJTIOUEH TPEXOCEBOU TH-
pockorr ADIS16405/PCBZ. W3 psna
(QYHKIIMOHATBHBIX y3JI0B TMPOCKOTIA HUC-
TTOJTB3YIOTCSI TPEXOCEBOU TaTYNK YTIIOBBIX
CKOPOCTeii, TPEXOCEBOI aKceIepoMeTp U
TepMOIaTInK. JlaHHbIE C yIbTPa3BYKOBOTO
JaTYMKa U TUPOCKOIa COOMpaeT MUKPO-
KoHTposiep Atmega32L u epenaér ux B
MOJYJb BBIUACIUTENLHOTO YCTPOICTBA.
JlaTyuKky B U3MEPUTETLHOM MOIYJE XKE-
CTKO CBSI3bIBAIOTCSI MEXKITYy COOO! B €IMHOM
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Puc. 9. Ipachuk yyacTka BONIHEHUA M COOTBETCTBYIOLME MY OL@HKMN CTaTUCTUYECKUX XapaKTEPUCTUK
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VcnoBHble 0603HaYeHUA: 1 — BbIYMCANTENbHBIN MOAYIL HA 6a3e naHenbHoro Komnbiotepa PPC-L156T-
R83-XE; 2 — TeH30paTuMKK; 3 — yAANEHHbLIN n3MepuTenbHblil Moaynb cuctembl «CMP-3My; 4 — ocHoBHas
fAYeiika moayns nutanus TML 40115C; 5 — MMKPOKOHTPONIEPHOE YCTpoiicTBO Ha 6a3e Atmega32L;

6 — A4eilka nuTaHusa ynbTpa3BykoBoro agartumnka TEN 8-1213; 7 — ayeika nUTaHUA HarpeBaTebHbIX
pesuctopos TEN 20-1213; 8 — Tpéxocesoii rupockon ADIS16405/PCBZ; 9 — ynbTpa3syKoBoi faTumk

QT50ULB; 10 — HarpeBaTenbHble pe3ucTopsl.

Puc. 10. CTpyKTypHas cxemMa KOMMJIEKCHON CUCTEMbI

KOpIIyce U XECTKO 3aKPEIUISIOTCS Ha BbI-
HOCHOI KOHCOJIH TIepe/l HOCOM CY/IHA.

B koprtyc Mo1yJisi UBMEPEHHUsT BOJTHOBO-
ro npoduiss BOAHON MOBEPXHOCTU
BCTPOEH TakKkKe MOyJb mutaHusi. Cesiza-
HO 3TO, TIPEXJIe BCEro, C TeM, UTO yJIbTpa-
3BYKOBO# JaT4YMK MOXET paboTaTh Mpu
teMmneparype oT —20°C, a 1o TeXHMYEeCKO-
MY 3a[JaHUI0 MUHUMAaJIbHAsI paboyast TeM-
repaTypa CUcTeMbl oJkKHa ObITh —40°C, 1
MMO3TOMY Ha MOJYJIb TUTAHUS TOTIOJTHU -
TeJIbHO BO3JIOXeHa (YHKIIMsI oborpesa.
OcHOBa BTOPUYHOTO UCTOUHMKA TTUTAHUS
TSI UBMEPUTENIBHBIX MOAYJIE — 3TO MO-
aynb TML 40115C (TRACO POWER).
KoHTpoJib TemIepaTypbl OCYIIECTBIISIET
MUKPOKOHTPOJIIEP U3MEPUTEIILHOTO MO-
JyJIS1 TIO TTIOKA3aHUSIM TEPMOJIATYMKA THPO-

ckoma. Eciu temnepatypa OyneT Bbllie
—20°C, TO MUKPOKOHTPOJIJIEp BKJIIOUUT
MOJIYJIb IIUTAHUSI YJIBTPA3BYKOBOIO JaTUM-
ka TEN 8-1213. A s nognepkaHust TeM-
rmepaTypbl B OTCEKe Ha HYXXHOM YPOBHE
(> —20°C) MUKPOKOHTpPOJJIEP BKJIIOYA-
et/BoiKI049aeT Mmoayiab TEN 20-1213 (oba
moayis nutanusi — pupmbl TRACO PO-
WER), Harpy3koii KOTOpPOTo SIBJISIIOTCS
MOIIIHbIE HAarpeBaTeIbHbIE PE3UCTOPHI.

VianéHHbI MOIYJIb UBMEPEHMST HAMpsI -
KEHHOTO COCTOSIHMSI KOPIIyca CyaHa CO-
CTOUT U3 8 TEH30JaTYUKOB U YAAJIEHHOTO
usMepuTtenbHoro moayist (YUM) cucre-
Mmbl CITP-3M.

I1pu cBOéM (PYHKLIMOHMPOBAHUU KOM-
MJIEKCHAasi cucTemMa oopadaThbIBaeT JaHHbIE
C TaTYMKOB, COXPaHSIET Pe3yIbTaThl 00pa-

OOTKM Ha BCTPOEHHOM BHHYecTepe (00b-
€M KECTKOro JAMCKa JOJKEeH ObITh 10CTa-
TOYEH /ISl XpaHEHUsl JaHHbIX 3a 1 ron),
oToOpaxaeT Ha IKpaHe Hanbosiee BaXXHYIO
nHOOPMALIMIO O BOJIHEHUU U O COCTOSIHUH
KopIyca (cTaTuueckoe U JMHaAaMUYecKoe
HarnpsiKeHUe KopIlyca CyjaHa, YCKOpeHue
HOCOBOI OKOHEYHOCTH, BBICOTY BOJIHBI,
yIJIbl KpeHa u auddepeHTa), npeaocTaB-
JISIeT CyOBOJUTEITIO OTKJII0YAEMYIO CBETO-
3BYKOBYIO CHTHAJIM3AllI0 OIMaCHOTO CO-
CTOSTHUMSI Kopryca cymHa. [IpakThyecku
BCE 3JIeMEHThI MH(GOPMALIMOHHOTO TabJ10
(3KpaHa KOMITIbIOTEpa) TOJKHBI ObITh OT-
KJTIOYaeMBbIMU, TaK KaK OJHO M3 OCHOBHBIX
TpeOOBaHUN CYTOBOIUTENSI — BO3MOXK-
HOCTb MMHUMM3UPOBATh MPU HEOOXOIU-
MOCTH KOJIMYECTBO MHINKATOPOB.

[To 3amanuto Poccutickoro Peunoro Pe-
TUCTpa CO3MaHa KOMIUIEKCHAsT aBTOMATH-
3UpOBaHHAsI CUCTEMa PEeTUCTpalluy Mapa-
METPOB TIOBEIEHUST KOPITyca CyIHa Ha BOJ-
HeHuu. PaboTocnocoOHOCTb CUCTEMBI TTPO-
BepeHa B YCJIOBHSIX OTIBITOBOTO OacceiiHa,
OITHAKO OKOHYATEJIbHBIE PE3YJILTAThI MOX-
HO TIOJTYYUTb TOJIBKO B MPOLIECCE HATYPHBIX
ucnbiTaHuit. OmpenesneHbl HalpaBIeHUs
JaJTbHEHIIell MOIEPHU3AIUN CUCTEMBI.

@ OrmBIT KCTUTyaTallny TToKa3an Haagx-
HyI0 paboTy KOPOTKOOA3HBIX TaTYUKOB
nedopmaluy, OCHOBaHHBIX Ha TIpUMe-
HEHUU TeH30pe3nucTopoB. OmHAKO B He-
KOTOPBIX CITyJasix He0OXOauMa yCTaHOB-
Ka UIMHHOOA3HBIX AATYMKOB, HATIPU-
Mep, B MECTaX BO3MOXKHOTO TOSIBICHUST
TPEIINH B KOHCTPYKIUSX TSI KOHTPOJIST
3a UX TIOSIBJIEHUEM U OTIACHBIM PacIipo-
ctpanenueM. [loromy HeoOxonmma pas-
paboTKa KOHCTPYKIINM TAKMX TATYNKOB.
Takxe mpu HEOOXOAUMOCTU BO3MOXKHO
BKJTIOUEHNE B KOMIUIEKCHYIO CUCTEMY
NATYNKOB JAaBIeHUS VTS GUKCUPOBAHUS
NaBJIeHUs] B HOCOBOW OKOHEYHOCTH,
BO3HUKAIOILIETO NP CIEMUHTE.

® HeobGxonuMo paccMOTpeTbh BO3MOXK-
HOCTb JUCTAHIIMOHHOTO TTONKITIOUEHMUST
IUcTieTyepa K crucreMe oOpaboTKu U
xpaneHust wHdopmaruu. dns storo
HY>XHO OTIPeNeNnTh KOHOUTYpaILNIo
pacripefieIEHHOW CHUCTEMBbl aHanu3a u
BUI TiepenaBaeMoii mHdpopmauuu. B
HACTOsIIIIee BpeMsI BIIOJIHE TOCTYITHOM
SIBJISIETCST COTOBAsI CBSI3b OOPTOBOIA ar-
naparypbl (0e3 yJacTus yeloBeKa) ¢ Ha-
3eMHBIMU LIeHTpamu. [1pu aTOM Moaem
cTouT nopsiaka | Teicsiuu pyo., a mera-
OaliT mepenaHHON MHMOpPMaIIUU MEeHee
1 py0. (B poymMHuHre 10poxe). 3a OTHO-
CUTEIbHO HEBBICOKYIO LIEHY MOSIBISIET-
Cs1 BO3MOXHOCTb BECTH YIAIEHHBIN MO-
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PA3PABOTKM/CY,EI,OBOE OBOPYOOBAHMUE

HUTOPWHT CyIHA, U B Psiie CITyJaeB OT-
rmagaeT HeoOXOIUMOCTh B UCITOJIb30Ba-
HUY OJITOBPEMEHHOTO XpaHEHUSI TaH-
HBIX.

® C 11e7bI0 TTOBBIIIEHUST 9KOHOMUIECKOM
3P HEeKTUBHOCTU OT BHEAIPEHUST CUCTEM
MOHUTOPWHTA 11eJIeCO00pa3Ho pa3pabo-
TaTh HECKOJbKO MOAMMUKAIIUN U3Me-
pUTETHHOTO KOMIUIEKCA, 00IaJatoInX
pa3HbBIM HAOOpOM (PYHKITUIA, a COOTBET-
CTBEHHO, W PAa3IMYHON CTOMMOCTHIO.
B sTOM 11aHe DOJIKHBI OBITH TTPOpado-
TaHbl BOMPOCHI YHU(PUKALINY, KITACCHU-
unmrpoBaHbl OLlEHUBAaEMbIe TTapamMeT-
pbI ¥ XapaKTepUCTUKU T10 CTETIEHU UX
TOJIE3HOCTH, TIPOAHATM3UPOBAHBI BAPU-
AHTBHl MHAVKAIINY JaHHBIX.

e Cremyer paccMOTpeTh Iiesiecoodpas-
HOCTb U BO3MOXHOCTb MCTIOJTb30BaHMS
aIanTUBHON aHTEHHOU PEIIETKU yIbT-
Pa3BYKOBBIX U3JTyJaTeneit 1t bosee Ka-
YECTBEHHOTO W3MEPEHUs BOJHOBOTO
npod st BOTHOM MOBEPXHOCTH.

B 6nukatiiiiee Bpemsi TuiaHUpyeTCs Tpo-
BeIeHNE HATYPHBIX WCIIBITAHUN KOM-
TUIEKCHOW CHCTEMBI Ha OTHOM U3 CYIOB
cMelIaHHOTo TutaBaHus. JlaHHBIE, cO-
OpaHHbIE BO BpeMs ITUX MCTIBITAHUH, a
TaKKe TIPU JAIbHEWIIEH 3KCIUTyaTaluu
CHUCTeMBbI, OyIyT TTPOaHAIU3UPOBAHBI BO

BI'ABT npu coTpynHUYeCTBe ¢ TIpeacTa-
putensiMu Peunoro Peructpa. [TonydyeH-
Hasl TaKUM o0pa3oM MHQopMalus oyner
MMETb pellaioliee 3HaYeHue 1t OTBEeTa Ha
BOIPOC O HEOOXOIUMOCTU KOPPEKTUPOB-
ku TpeboBaHuii [1pasun Peunoro Peru-
CTpa B YacCTU HOPMUPOBAHUST BOJHOBBIX
Harpy3ok. @
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