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Kontpomnep wusmepurensubii (KW) mnpeanasHadyeH Uiss W3MEPEHHS YacTOTHI CIICJOBAHMUS
UMITYJIbCOB, ITUPUHBI UMITYIIBCOB, ToKa 4-2Q0va, HaNpsHKEHHs], B 3aBUCHMOCTH OT THIIA UCTIOJIb3YEMbIX
natunkoB. KU npennaszHaueH ais npeoOpa3oBaHusl U3MEPEHHBIX 3HAUYEHUH B (PM3NYECKYIO BEIMUYUHY,
00pabOTKM JTaHHBIX 110 BCPOCHHBIM aJITOPUTMaM M NE€pelaul JaHHbBIX M0JIb30BATEINIO.

Hacrosimiee pykoBoactBo mo skcrutyararuu (PD) mpeaHasHadyeHO it O3HAKOMJICHHS C
npuHUunoM paboTsl M yctpoiictBoM KW u ycranaBiauBaeT mpaBujia €ro MCIOJIB30BaHUS U

oOcmyxuBanus. PO conepxuT yka3zaHus 0 BO3MOXHBIX HEUCIPABHOCTAX M CIIOCO0AaX UX YCTPAHECHHUS.
1 Onucanue u padora uzaeaus

1.1 HaznaveHue u3ieaust

1.1.1KM npenHazHayeH aisi WM3MEPEHHs] YacTOTHI CJEJIOBaHHS HWMIYJIbCOB, IEpPHOJA
UMITYJIbCOB, IIMPUHBI HMMITYyJIbCOB, Toka 4-20ma, Hampsbkenus u T.0. KW mnpennasnadeH s
MOJTyYEHHsI JTAHHBIX OT MUGPOBIX 1aTunkoB Mo RS485, I2CBcrpoennoe nporpammuaoe obecnieueHne
(TTO) KM mo3BoJIsieT MPOBOIUTH MPEOOpa30BaAHNS H3MEPCHHBIX 3HAYCHUN B (DU3NYECKUE BEJTHUUHBI U
00paboOTKy MO CHEeIHAILHBIM aJITOPUTMAM.

1.2 Texunyeckue XapaKTepUCTHKHU

1.2.1 KoHTposuiep M3MEPUTENBbHBIN COICPIKHUT:

0 32-0uTHBIE TAMEPBI JJI U3MEPEHHUS YaCTOThI — 2 KaHAaJIa,
YHHUBEpCaJIbHBIN aCHHXPOHHBIH KOMMYHUKAITMOHHBIH MOPT — 21T, ;
YHHUBEpCAJIbHBIN ACHHXPOHHBI KOMMYHUKAITUOHHBIN MOPT MPOTrpaMMHBIi — 1T, ;
nociaenosarenbHas muHa [2C — 2 mr.;
a”aJsoro-1udpoBoit nmpeodpaszonarenb 10 6uT — 4 quddepeHInaibHbIX KaHaIa,
YHUBEPCaJIbHbIC JUCKPETHBIC BXO/IbI/BBIXO/bI — 4 1IIT.;
TeMIIepPaTypPHO-CTaOMIM3UPOBAHHBIH reHepaTop uMITyibcoB 10/16mI 1,
CYNEPBH30D MUTAIOIIETO HAIPSHKEHHS U CTOPOXKEBOH TaliMep;
npeodpa3oBaresb HaPs>KEHUS;
Yachl peajbHOTO0 BpeMEHH ¢ Oarapeei.
BCTPOEHHYIO SHEPrOHE3aBUCUMYIO ITaMSTh,
sHeproHe3aBucumyto FRAM-namste 128K0aiit;
npeobpazoBarenu uaTepdeiica RS-485 — 3ur,;
AIEKTPOHHBIN KJTF0OY JiJis BKItodeHus: nutanus KU;
ANIEKTPOHHBIN KITFOY ISl BKIIFOUCHUSI TUTAHUS JaTYNKa YPOBHS,

3J'ICKTpOHHI>II\/JI KJIFOY JIJIsl BKJIFOYCHUSI IIMTAHWA JaTYMKa BIAXKHOCTH U TEMIICPATYPhI,

O Ooo0 oo oo0ooQo0ooooQ0oogoogooOo QO

Yachl peajbHOIr0 BpeMeHH ¢ JuTHeBo# Oatapeiikoi (LPC-2103);
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O MHUKPOCXEMBI 3aIuThl uTanus 128, 58 u 3.3B;

U BHEIITHUY CTOPOKEBOU TaiiMep.

1.2.2]1ns cBsizu KU ucnonb3yet naTepdeiic RS485,x KOTOpOMy MOAKITFOUAETCS KOMITBIOTEP
norpedutens ¢ npotokoaoM MODBUS-RTU. Kpome Toro juis CBSI3W HCIIOJIB3YETCSI BTOPOM MOPT
RS-485,k xoTOpOoMy MOAKIIOUAETCS WM KOMITbIOTEp moTpeduteins ¢ nporokosiom MODBUS-RTU
WK JIOTIOTHUTEIBHBIN MHTEIUIEKTYaIbHbIN 1aTduk ¢ mpotokoiiom MODBUS-RTU ¢kopocts 19200, 8
our, 1 cror, 6€3 YeTHOCTH).

1.2.330nepronuranue KM ocymiecTBiseTcst OT MCTOYHHKA HOCTOSHHOTO TOKA HAMPSHKCHHEM
(12 + 2)B. IMoTtpebasiemast MOIIHOCTD - He Ooiee 1 B-A.

1.2.4BpemMsi TOTOBHOCTH K pab0OTe ¢ MOMEHTA BKIIFOUCHHS TUTaHUs HE Oosee 3 .

1.2.5Bux xmumarudeckoro wucnoiHeHus cootrBerctByer YXJI1 mo I'OCT 15150-69, mns
AKCIUTyaTalluy IpU TemrepaType okpyxatomieii cpeast or munyc 40 °C mo 50 C.

1.2.6Cpennuii cpok ciyxObl - HE MeHee 8 JIeT.

1.2.7 KU B ynakoBKe IpU TPAHCIIOPTHPOBAHUH BbIJICPIKHBACT:

O BO3JICHICTBUE TeMITepaTypbl OKpykariieit cpenbl or munyc 50 °Co 50 °C;

O TPAHCHOPTHYIO TPsicKy ¢ yckopenueM 30 m/c? mpu yacrore yaapos ot 80 mo 120 B
MUHYTY B TeueHHe 1 4.

1.3 YerpoiicTBo u padoTa

1.3.1BbIxX0/1HBIC CHTHAJIBI TJATYMKOB MOCTYMAOT B MUKpokoHTposuiep K. MukpokoHTposuiep
OCYIIECTBIISIET npeoOpa3oBaHue 1UMPOBBIX KOJOB B (DU3MYECKHE BEITUYHMHBI, OCpPEIHEHHE
NOJTYYEeHHBIX 3HA4YEeHUH, BBIBOA MH(POPMALMU HA MHIUKATOP W B JIMHHUIO CBS3H. MUKPOKOHTPOJUIED
nepeqacT JaHHble 1Mo cBoel mHuImMatuBe B GPRSMonyne i nepenaun B FTP-cepBep moTpedutens
wm B SMTP-<cepBep mnpoBaiifiepa Ui OTIPABKUA AJICKTPOHHOHM IMOYTHI MOTPEOUTENI0 WM BbIJAET
JAHHBIC TI0 3aIPOCY U3 IIEHTPa cOOpa JaHHBIX MOTPEOUTEIIS.

Bcerpoennoe mporpammHoe oOecriedeHre HamucaHo Ha si3bike nporpammupoBanus “C”. s
nporpaMMupoBanusi ucnoib3dyercs OecmatHeii  “32KB  KickStart edition of IAR Embedded
Workbench for ARM”.
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NHavkaTop [NMuTaHune

"
® 0 @

3.035m H= 3.065m
8.895m Tz= 6.08s
8.573m Ta= 4.4s
1.616m t= 15.30C

MK-26
“HTH I'mapomer™

Pucynok 1

Ha skpane oToOpaxaroTcs CIeAyIONUe MapaMeTpbl BOJTHCHUS:

0 Ha -cpennee paccrosiHue OT JaTduKa JI0 IIOBEPXHOCTH BOABI (CPEAHUI YPOBEHB) , M;
H - Tekyiee paccTosiHie OT JaTdrKa 10 TOBEPXHOCTH BOJIBI (TEKYIIUI YPOBEHB) , M;
W2z - cpennss BeicoTa 3Ha4MMbIX (1/3 caMbIX BBICOKHX) BOJIH, M;
Tz - cpenuuii nepuon 3HaunMbIX (1/3 camMbIX BBICOKHX) BOJH, M;
Wa - cpenssisi BBICOTa BOJIH, M;

Ta - cpennuii mepuoa BOJH, M;

O 0O 0o o o O

WX — MakcuMaibHas BLICOTA BOJIHEI, M,

U t —Temmeparypa Boasl B rpagycax Llenbcus.
JIAHN.416531.00P5



Pasbemnl u HOMEpA KOHTAKTOB B pa3beMax paclpCACIICHbI CJICAYOIIUM 06p330M:

Q - TyMOJIep ISl BKIFOYEHHSI KOHTPOJUIepa. Bo3MoXHa ycTaHOBKA JIOTIOIHUTEILHOTO TyMOJIepa
JUTSL BKJTFOUCHHS/ BBIKTFOUCHHST HHAUKATOpa (Iucruies).

® - kpacnbiii cBeTOMON BKITIOYaeTCs 4 pa3a B CEKYHIY B MOMEHT cOPOCa BHEIIHETO CTOPOKEBOTO
taiimepa. Eciii oH Mopraer, To mporpaMMa B MUKPOKOHTPOJIIEpE paboTaer.

- JKEJTHIM CBETONHMOJ BKJIFOYACTCS TOCJE 3allyCcKa MPOrpaMMbl M Jajee YKa3bIBaeT Ha
nprem/miepeiady AaHHBIX 110 HYJEBOMY KOMMYHHKAI[MOHHOMY TOpTy. IIpu mepemade BBIKIIOYACTCS,
IIPH [IPUEME BKITIOYAETCA.

@- 3eneHbIl CBETOAMOM BBIKIIOYAETCS IIOCIE 3allycKa MPOTPaMMBI M JIajle€ YKa3blBAET Ha
nepenady/npueM JaHHBIX IO IMEPBOMY KOMMYHHUKAanMOHHOMY mopTy (ompoc MK-26-4). Tlpu

nepeaadyec BKIOYACTCA, IIpHU MMPHUEME BbIKJIIFOYACTCA.

- pa3beM MHUTaHUS U CBs3U. )i MOAKIFOUEHUs] BHEHIHEro naruuka nmo RS-485moxker
IyOIHMpoBaThCA.

O Konrakr 1 — Data+ RS-485 (ComMtist BHemnero qarunka MK-26-4;

O Konrakr 2 — Data- RS-485 (Com)is Baerrnero naranka MK-26-4;
O Konrakr 3 — ==

O Konrakr 4 — BxogHoe nuranue 12 BoJibT;

O Konrakr 5 — Data- RS-485 (ComO);

O Konrakr 6 — Data+ RS-485 (Com0);

O Kontakr 7 —nurtanue 12 Bonst amst BHemHero narynka MK-26-4.

1.3.2DnekTponuTanue KOMILIeKca odecrieunBaercst ot Oyioka Oecniepedoitnoro mutanus (bBIT)
12B, pacnomaraemoro B momenieHuu. BBIT B cocraB KM He BXomuT. SBIsSeTcs MOMOJHUTEIHHBIM
o0opyoBaHHEM B ciy4ae OTCYTCTBHs nuTaHus 12B.

1.3.3Cxema KW mpuseneHa Ha pucyHke 2.

JIAHN.416531.00P2 7
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Pucynox 1.

1.3.411o BkmoueHuto nurtanus Mmukpocxema LM1117 (K7805 no 24B) BeipaGarbiBaeT
CTaOMIM3UPOBAHHOE HANpsDKEHUE 5 BObT, KoTopoe Mukpocxemon LP2966 mpeobpasyercs B 3.3
BombTa W 1.8 BonbT mans mwurtaHus Mukpokontposuiepa LPC2103/LPC2106u u3MepuTenbHBIX
YCTPOMCTB: TpeoOpaszoBaTenss aOCONOTHOTO naBieHus armocdepHoro ATK, mnpeobpazoBatens
OTHOCUTEIPHONH  BIaXHOCTH ®  Temmeparypbl  Bo3ayxa  SHT/RHT, garumka  Berpa
marautodnekTpudeckoro JIBM6410. Yepes 140 wmuiumcekyHn Tmociie TOJa4d TMUTAaHHUS B
MUKPOKOHTpPOJIJIEpE  3allyCcKaeTcs MnporpaMMHOe oOecrieueHue, TMOoJ  YIPaBJICHUEM KOTOPOTO
BBITOJTHAIOTCS U3MEPEHHs 1 00paboTKa Pe3yabTaTOB.

Brixonnoit curnan ATK, nponopiinoHanbHbINA BeTUYHHE a0COIIOTHOTO JIaBJICHUS, TOCTYIAeT Ha
BXoa 32pazpsaHoro Taiimepa MukpokoHTposuiepa LPC2103/LPC2106.BpemenHoii wuHTepBal
10JIcY€Ta BXOAHBIX HMITYJIBCOB (OPMHUPYETCS C IOMOIIBI0 TEPMO-CTaOMIM3MPOBAHHOTO TeHEepaTopa
GTXO71, or xoroporo paboraer u cam wmukpokoHnTpoiuiep LPC2103/LPC2106.Temneparypa
KBapIIeBOTO CTEKJIa H3MepsieTcsi ¢ momomipio Tepmomerpa DS1631/STS21,moakimodaeMoro K
KoHTposuiepy 1o 12C. Vi3amepeHHOe 3HaueHHe YacTOTHI U MOJyYeHHOE 3HaueHHE TeMIlepaTyphbl KBapia

MIEPECUUTHIBAETCS IO TPATyUPOBOUYHBIM KodhduimenTaMm u3 Qudi-nmaMsTi B aOCOIIOTHOE JaBJCHUE,

JIAHN.416531.00P2 8



KOTOpPOE€ 3alUCBIBACTCSI B PErHCTPHl ONEPATUBHON IMaMsATH, KOTOPbIE MOTYT OBITh MPOYHUTAHBI C
nomotipto nporokoiia MODBUS-RTUno RS-485.

SHT/RHT noaxioden k 2-M mupoBbIM BX0AaM/BbIX0IaM MUKPOKOHTPOJLIEPA, Yepe3 KOTOPbIe
NPOrpaMMHO pealM30BaH IOCIe0BaTeNbHBIN MpoTokos oomeHa |12C. Koabl BCTpOSHHOrO B JaT4HK
AT nepecunThIBaIOTCS B 3HAYEHUS BIAKHOCTH M TeMIIEpaTypbl Mo (opMyiaM, MPUBEICHHBIM B
nokymenrtanun Ha gatdauk SHT/RHT u 3amuceiBaeTcst B perucTpbl OMEPATHBHON MAMSTH, KOTOPBIC
MOTYT OBITh POUNTAHBI ¢ TOMOIIII0 IpoTokoTa MODBUS-RTUno RS-485.

[Mpunmn paboThl JaT4yMKa CKOPOCTH W HAaNpaBICHUS BETpa OCHOBAaH HAa HCIOJIB30BAaHHH
3aBHCHUMOCTEH MEXIYy CKOPOCTBIO BO3AYLIHOI'O IOTOKA W YHCIOM OOOPOTOB BHHTAa M MEXKAY
HarnpaBJIeHHEM BEKTOPa CKOPOCTH U MOJIOKEHHEM CBOOOIHO OpHEHTHpYomIecs ¢urorapku. [Ipu stom
CKOPOCTh W HAIlPaBJIICHUE BETpa MPeoOpa3ylTCss B YACTOTy CJIEJJOBAHUS IIOCIEIOBATEIBLHOCTEH
AIIEKTPUUECKUX UMIYJIbCOB. YacToTa MepBOil IMOCIEIOBATEIHLHOCTH HMITYJIBCOB IMPOMOPLIHUOHATBHA
CKOPOCTH  BeTpa, I[MHUPUHA  (IMTENBHOCTh)  UMIIYJIBCOB  BTOPOM  TOCIIEOBATEIHLHOCTH
NPONOPIMOHANIBHA HANpPaBIEHUIO  BeTpa. lIporpaMMHO pacCUHMTHIBAeTCS 4YacToTa CIEAOBAHUS
UMIYJIHCOB U IIUPUHA UMITYJIbCA.

Hepno;[ mocJIC10BATCIIbHOCTU UMITYJILCOB Hp€O6p33y€TC$I B CKOPOCTDB BCTpa 110 q)OpMYJ'Ie:

v=ahk +Db, (1)
rie:
U V —CKOpPOCTb BETpa,
O T - MEPHOJ MOCISI0BATEILHOCTH UMITYIIBCOB (T = 1/f —BenmumHa oOpaTHas Jacrore);

a, b - koadppunmenter npeodpazoBanms, MoTydIacMble IPH KaTHOPOBKE.

Jiist  GpopmupoBaHHs TOCIEIOBATEILHOCTH HMITYJIbCOB B 3aBUCUMOCTH OT HAlpaBJICHUS
¢urorepa UCMoIb3yeTCs MarHUTHBIN YHKO/IEP. Bpamienue ocu ¢uirorepa ¢ MarHuTOM HaJ MarHUTHBIM
9HKO/IEPOM BBI3bIBACT W3MEHEHHE MIMPHUHBI (JUTUTEIBHOCTH) UMITYJIBCOB, KOTOPAasi MPOMOPIMOHATbHA
HampaBlieHHIO  Qurorepa, T.€.  HCHONB3YETCS  IMUPOTHO-UMIyJbcHas — moayisimus — (LLIM)
IIOCJIEJOBATEIILHOCTH UMITYJIBCOB.

JUIMTEeIbHOCTh UMITYJIbCa Peo0pa3yeTcsl B HaIlpaBJIeHUE BETpa 1o GpopmyIe:

0=360-(360¢ /T +C), (2)
re:
O 0. — HarpaBJieHUE Qrorepa,
¢ —mupuHa MM umnynbca,
O T — [IEPUOJ MTOCIIEIOBATEILHOCTH UMITYJILCOB HAITPABJICHNS,

JIAHN.416531.00P2 9



C — yron cmenieHus Qurorepa, Moiydaemblii nmpu KanuOpoBke. [loiydeHHbIe 3HAYCHUS
3aIKMCBHIBAIOTCS B PETUCTPHI ONEPATUBHON MaMSATH, KOTOPbIE MOTYT OBITh MPOYUTAHBI C MOMOIIBIO
npotokoisa MODBUS-RTUno RS-485.

['pagynpoBka H3MEPUTEIBHBIX KAHAIOB SBISETCS 4YacThI0 HACTPOWKH KOHTpoOJUIEpa U
HPOBOJUTCS C LEIbI0 ONPE/CIICHHs] IPAJyHPOBOYHON XapPAKTEPUCTUKU KAXKIOTO H3MEPUTEIHHOTO

KaHajla JJis IOCJeIyIOIIEro BEIUNCIEHUsT KO3 PUIIMEHTOB allpOKCUMUPYIOLIETO OJIMHOMA.
2 Ucnoab30BaHue N0 HA3HAYEHHIO

2.1 JkcniyaTauMoHHbIe OTPAHUYEeHH s

2.1.1 DxkcrutyaTanMoOHHbBIE orpaHnuyeHus kKomiuiekca KU kacaroTcst HOIKII0YCHHS YPOBHEMEDPA
MK-26-4. JIns ero mnpaBuiabHOW pabOTHI JOJDKHA OBITh oOecredeHa CBs3b KaOens JaTdyhka ¢
aTMocQepoi.

2.2 TpeboBanusi 6€30MacCHOCTH

2.2.1 OGcnyxuBaroIieMy nepcoHany HeoOX0 MO 3HaTh U coOroaTh "[IpaBuiia TEXHUYECKOM
JKCIUTyaTallid  JJIEKTPOYCTAaHOBOK TIOTpeOWTEeNell M TpaBWia TEXHUKH 0€30MacHOCTH  TIPH
SKCIUTyaTaIly dJIEKTPOYCTAaHOBOK MOTpEOUTENeH".

2.2.2KH otHocutcs k kinaccy |l mo TOCT 12.2.007.0—751 He HCIIOJIB3YET HANPSOIKCHHH,
OTIaCHBIX JJIS YEJIOBEKA.

2.2.3BHeniHMii MCTOYHHMK TUTAHHSA, TPUMEHSICMBIH B Cciydae HEOOXOAMMOCTH IS
npeoOpa3zoBaHust 0ojiee BHICOKOTO HAINpPsDKEHUs B Oe3omacHoe 12 BONbT, MODKEH UMETh CEpTU(PHUKAT
3JIEKTPOOE30MaCHOCTH.

Mepamu pe10CTOPOKHOCTH SIBIISIFOTCSL:

O coOIIo/IeHNe TIPAaBMJI TEXHUKH 0€3011acHOCTH,

0 WCTPAaBHOCTH MPEIOXPAHUTEICH.

2.3MMoaroroBKa U3ae/Nda K HCIIOJIL30BAHUIO

2.3.1Pabotath ¢ wW3AETUMEM  MOTYT JIMIA, W3YYHUBIIME HACTOSIIEE PYKOBOJCTBO TIO
IKCIUTyaTallud, TO3HAKOMUBIIHECS CO cxeMod u KoHcTpykumer KW u mpomeamye MHCTPYKTax IO
TE€XHHUKE O€30MaCHOCTH.

2.3.2Buumanue! Jlna obecnieuenus: ycroitunBoii padotst KM u mpenoTBparieHus ero Bbixoaa
U3 CTPOsI, MTUTAaHUE PEKOMEHIYETCs] OCYIIECTBIISTh Yepe3 YCTPOMCTBO MOIABICHUSI HMITYJIbCHBIX TTIOMEX
U TPO30BBIX Pa3psloB 1o mepBu4HON ceTr B coorBercTBUM ¢ ['OCT 13109-97 Hopmbl kadecTBa
AJIEKTPUUECKON SHEPTUM B CUCTEMAX AJIEKTPOCHAOKEHHS OOIIero Ha3HAYCHUS .

2.4 Yka3zaHusl 10 BKJIKOYEHHUIO U ONPOOGOBAHUIO

Ilepen  BxiouenueM  npoBepuTh KM Ha oOTCyTCTBHE BHEIIHUX MOBpexAeHUN. Jlns

OHp06OBaHI/I}I nepea MOHTAXOM Ha MECTC OKCIIIyaTalldyd BBIIIOJIHUTH CJICAYIOINME ONCpaliu:
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U coenuuuth cocraBubie yactu KU (BBII, koHBepTEep M MepCOHAIBHBIN KOMITBIOTED);

U 3anmyctuTh nporpammy «OociyxuBanue MK-26», koTopasi HaXOIUTCS B JUPEKTOPHU
service\ackomnaxt-aucka (daiin ackexe);

Bonee nompob6Ho pabGora ¢ mporpammoii onucana B «PykoBOACTBe moJib3oBaTelnss». I maBHOE

OKHO MPOTpaMMEbI IPUBECHO HA PUCYHKE 3.

_ini x|
b8./0%9 2011 10:16:06
10:16:06
MapameTpu > £ Cpennee Texyuwee |Munumym |Maxkcumym Kon
Temneparypa, © 23.594549 |23 594549 |22 59455 |24 _.59455 | 0. 0000DO0D
flagaeHue,. MHM.pT.cT|3.0]|739.59454|737.59454 . 00oEaon
BaamHocTb, ¥ 59.189098 |52.1890%98 59.18910
CKOpoOCTE,. MAC 0.5|5.7972751 |5.7972751 ?.594550 |5 . 797275
HanpagaeHue, *° 117972275 |117.97275 117.97227 1179727
YpoBeHb, N 3.9189100|3.9189100 0. 00poonon
Tewnep .soaum, ° 10.594550 |10.594550 0. 00Doonon
BucoTa BOAHB. M 7.5945501 m.797275
lNepuop. cek 7.5945501
Temnep. MNATK, © 25.918209
Touka pocw. °© 12.5924550

COM1:

"Bce vHopmaabho"

EWlorous P 3anuce EMTenne GEFRpxuHs

Mopr i AKN 01 10:16 O8-09-2011
fcrapr ElCTton [[Homep Hd8Buxon

Pucynok 3

3HauyeHUS AOJDKHBI COOTBCTCTBOBATH MHABJICHHUIO, TEMIICPATYPC U BJIAKHOCTH 0pr>KaIOH.I€I71

Cpezbl, CKOPOCTH U HAIPaBICHHUIO BETpa.

2.5 Pa3melnenue 1 MOHTAaXK M3eJTUS

2.5.1Kabenp cBsa3u, coemuasarommii KU C bBIl u xommbplOTEpOM TMOJIH30BATEINS,

HPOKJIaIbIBACTCSl BO3MYIIHOW JMHUEHW WM 3aKamblBaeTcsi B 3eMit0 Ha Tiayouny no 20 cm (wim
npoKJIaabBaeTcss B Tpybe nuametpom He menee 0,5 mroitma). Ipu mpoxiaake kabeast HEOOXoauma
npeABapUTENIbHAS MapKHPOBKA €ro KW Ui WCKIIOUEHHs HEMpPaBUIBHOTO 3JIEKTPUUECKOTO
coeaunenus (mpumep MapkupoBku st RS-485hHa pucynke 4). nuna kabens cpsi3u npu RS485 —

1200m..

K komnbloTepy

Z-397
KoHBepTop USB-485/422

hig 3653
TN TIOCR °
050936532077

Bbinyck  Maii 2009 r.
. D

JIAHN.416531.00P2 11



3 TexHuueckoe 00CIyKHBaHHE

3.1 JInst KU mpeaycMOTpeHbI CIEAYIONINE BUIBI TEXHUYECKOTO 00CTYKUBAHUS:

O BHEITHUH OCMOTD;

U KOHTPOJIb pabOTOCTIOCOOHOCTH.

3.2BHemHu OCMOTp W KOHTPOJIb PAabOTOCTIOCOOHOCTH  MPOBOAATCS coriacHo  2.4.
TexHuyeckoe 0OCITy)KUBAaHHE METEOPOJIOTHYECKUX [ATYMKOB IIPOBOJAUTCS B COOTBETCTBHU C HUX
AKCIUTYaTallMOHHOHN JIOKYMEHTaLEH.

3.3Tekymuii peMOHT  OCYHISCTBIISCTCS  MPEANPHUITHEM-U3TOTOBUTEIEM 110 JIOrOBOpy. B

T€YeHUe TapaHTUUHOTO cpoka pemoHT KU ocymecTBisercs GecriaTHo.
4 XpaHeHue U TPAHCIIOPTHPOBAHME

4.1 KN nomkeH XpaHUThCS B YCJIOBUSX, ycTaHOBIEHHBIX i rpynmbl 1 TOCT 15150-69 B
YIaKOBKE B CKJIAJICKUX MOMeHIeHusax npu temreparype Bozayxa oT O 1o 40 C u oTHOCHTENHHOU
BiaxkHocTH Bo3ayxa o 80 %mnpu temneparype 25 C.

4.2 B nomemnienuun 1iist xpanenuss KU He 10KHO OBITh arpecCUBHBIX MpUMecei (apoB KHCIIOT,
IIeJI04ei), BBI3BIBAIOIIUX KOPPO3HIO.

43K MOXHO TpaHCHOPTHPOBATH JIOOBIM BHJIOM TPAHCIOPTHBIX CPEICTB, Ha JIOOOE
paccTosiHUE B yCIIOBUSX, YCTaHOBIEHHbIX A rpymnsl 5 [TOCT 15150-69.

4.41Ipu TpaHCHOPTHPOBAHUU JOJKHA OBITH oOecrieueHa 3aluTa TPAaHCIOPTHOW Tapbl OT
HETOCPEJICTBEHHOTO BO3JCHCTBHS aTMOC(epHBIX OCaakoB. PaccraHOBKa U KpeIJICHHE TIpy3a Ha
TPAaHCTIOPTHBIX ~ CPEACTBAaX JOJDKHBI  OOecredrMBaTh yCTOMYMBOE IIOJIOKEHHE Tpy3a TIpU
TPaHCIIOPTUPOBAHUH.

4.51locne TpaHCIIOPTUPOBAHUS TIPH OTpHUIATENbHBIX Temmepatypax KW nomwkeH ObITH

BBIJICPKaH IIPU HOPMAIILHBIX YCIIOBUSAX HE MeHee 12 4.

5 KoMmiekT mocraBku

Tabmuma 1
Ne HaumenoBanue ¥ Cl0BHOC KA1
0003HaUYeHNE
1 2 3 4
1 | Jluck nmporpaMMHOHN MOJICPIKKH - 1
2 | PykoBoACTBO 110 SKCIUTyaTaliuu PO 1

6 OcHoBHEBIE CBe/IeHUd 00 M3/1eINH

6.1 Konrposutep u3meputenbhbiii  JIAHW.416531.001 Ne

YTOUYHCHUEC THUIIA YTOUYHCHHUE 0003HaYEHUsT KOMILIEKCa 3aBOJICKOM HOMEDP

U3roTOBJIEH " 201 r. OOO «HTILI I'mapomer», r. O6HUHCK Kamyxckoii 001.

HAaMMCHOBAHUE U3TOTOBUTCIIA
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6.2 Kommynukarnuonsie cpenctsa KW ¢opmupyroTcss mpu 3aka3e M BKIIOUYAOT B cels 2

YHHUBEPCATbHBIX ACHHXPOHHBIX MpHeMo/IepenaTunka ¢ npeodbpaszoBaresiMu narepdeiicop 8 RS-485.

B tabiuie 2 onmcana nocrapiisieMasi KOHQUryparus.

Tabmuna 2
HaunmenoBanue [IpoToxon Anpec
1 2 3
Kommynukanmonnsiii nopr COMO Modbus RTU| Modbus RTU AT-
(19200, 8, 16e3 KOHTPOJIST YETHOCTH): Master Slave KOMaHTbI
RS-485 |
Kommynukanuonnsiii mopr COM1 Modbus RTU| Modbus RTU AT-
, 8, 15e3 KOHTPOJISI YETHOCTH): Master Slave KOMaH/IbI
RS-485 |
Kommynukanunonnsiii mopr COM2 Modbus RTU| Modbus RTU NMEA
(9600, 8, 1pe3 KOHTPOJISI YETHOCTH): Master Slave

RS-485

7 Pecypcbl, CPOKH CJIy:K0bI M XpaHEHUsl, TAPAHTHH U3rOTOBUTEJIS

7.1 Cpennuii cpok ciy:xk061 KU - 8ner

7.2 Pecypcm u CpOKHU CJ'Iy>K6BI AaTYUKOB OIIPECACIIAIOTCA B COOTBECTCTBUU C MHANBUAYAJIbHBIMHU

nacriopraMu Ha HHX.

7.3U3rotoButens rapaHtupyer cootBeTcTBre KU

3aJaHHbIM XapaKTCPUCTUKaAM IIPpH

cOOJII0/IEHNH YCIOBUN TPAHCIIOPTUPOBAHMS, XPAaHEHHSI, MOHTaXKa U HKCIUTyaTallUH.

7.4 apaHTUiHBIN CPOK dKCIUTyaTanuu 12 mecsines co A BBoga KU B skcrutyaTammio, HO He

Oonee 18 mecsneB co JHS TMOCTaBKH. [ apaHTUHHBIA CpPOK XpaHeHHs 12 mecsleB ¢ MOMEHTa

HU3IroTOBJICHHA.

8 CBueTe/IbCTBO 0 MPHEMKE

KonTponnep uzmepurensusiii JJAHN.416531.001

Ne

YTOUHCHUEC TUIIA YTOYHCHHUEC 0003HaYCHHS KOMILIEKCA

3aBOJICKOM HOMEp

HU3rOTOBJICH W IPUHAT B COOTBCTCTBHU C 00s13aTEILHBIMU Tp€6OBaHI/I$IMI/I ToCyaapCTBCHHBIX

CTaHAapTOB, ﬂeﬁCTBYIOIHCﬁ TEXHUYECKOMU HOKYMCHTaHHGﬁ U MIPU3HAH TOJAHBIM IJI SKCILIyaTalluu.

OTK

Mr

JIMYHaA MoAIuCh

TOJI, MECSIII, YHCIIO

JIAHN.416531.00P2

B.E.Benos

pacimudpoBka HOAIUCH
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9 Yuér padoTbl u3aeans

Bpewms Hapa6ortka, 1 Kro JomKHOCTSD,
. mpo- aMUITAST 1
Lenb OKOHYa- Sponome frocie C Hayana BOp UT (bno T1ch
Aara paGorpr | Hauaia HUSA e noeT focrei JKCILLY- azéo BE y ero
paboTe1 a0OoTBI paGoTs Hero aTaHI/I}I;I P i) .
T OpMYJIst
P pEeMOHTa y PMYTAP
10 Y4éT TeXHHYeCKOro 00CTy;KUBAHUS
OJDKHOCTh, (hamMuJIus
Hapabotka, 1 A
Bun Texauue- OcHoBaHue Y TIO/IIUCH
CKOT'0 mocie C Havana (HanmeHoOBaHuE, [Mpume-
Iara BBITIOJ- TpoBe-
00CITyXu- nocrne- 9KCILTya- HOMEp U JiaTa JaHue
HHBIICTO | PUBIIETO
BaHUs HEro Taluu JOKYMCHTA)
paboty paboty
peMoHTa

JIAHN.416531.00P2
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11 PaGoThl NpH IKCILTyaTAIIUH

11.1 Y4er BbINOJIHEHHS PA0OT

Jata

HaumMeHnoBaHue paboThI ¥ IPHUYMHA €€
BBIMTOJTHEHUS

JIO/KHOCTD, (haMIJTUS M TIOITHCH

BBITIOJTHUBIIICT O
paboty

[POBEPUBILETO
paboty

[Ipumeuanue

JIAHN.416531.00P2
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11.2T1oBepka cpeacTB U3MepeHHs

HaumenoBanue IToBepka
. | Hara IIepuo-
u o0o3HaueHue | 3aBOCKOM Cpox
WU3TOTOB- | AJUYHOCTH . IIpumeuanne
cpecTBa HOMeEp Harta | ouepenHoit
JICHUSI MTOBEPKHU
M3MEPEHUs TMOBEPKHU

JIAHN.416531.00P2
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12 Xpanenue

Hara

NpUEMKH Ha
XpaHEHHE

CHATHSA C
XpaHEHHs

VcenoBusa
XpaHEeHUs

Bun xpanenus

[Ipumeuanne

JIAHN.416531.00P2

17



NPUIOXEHHUE A
(oOs3aTenbHOR)
IIpoTtokoJ cBs3u MK—26—2¢ komnbroTepoM

A.1 O6ume cBeeHUA

Jliist oOMeHa JaHHBIMH B CETH HY>KHBI, KAK MUHUMYM, JIBa yCTpoiicTBa. OHO U3 HUX - TJIABHOE

yerpoiictBo MASTER (@ manbreiitiem Oynem HaswsiBath ero 3AKA3UYMK), koTopoe MOXKET HayaTh
oOMEeH JaHHBIMM, OTIPABUB B CETh MAKET C MHCTPYKLUSAMH, a JIPYroe - MOJYMHEHHOE YCTPOMCTBO
SLAVE (8 manbueiiiem Oymem HasbiBath ero UCIIOJIHUTEJID), kotropoe 00pabaThiBaeT MPHHSTHIC
UHCTPYKIMH.. [lopsimok oOMeHa TaHHBIMU B CETH HA3bIBaeTCs IPOTOKOJIOM OOMeHa.
[Ipotokon HeoOxomumass dYacth pabotel cuctembl. OH ompenenser kak 3AKA3UYUK wu
HUCTIOJIHUTEJIb ycTaHaBiAMBaIOT U MPEPHIBAIOT KOHTAKT, KaK MACHTHU(DUIIUPYIOTCS OTHPABUTENb U
noJryyaTellb, KakuM 00pa3oM MPOUCXOAUT OOMEH COOOIICHUSIMHU, KaK OOHAPY>KUBAIOTCS OINHUOKH.
IIpoTokon ympaBisieT UUKIOM 3anpoca M OTBETAa, KOTOPBIM MPOUCXOIUT MEXKIY YCTpOWCTBaAMU
3AKA3YUK u UCITTOJIHUTEJIb.

IIpotokon mojpasymeBaer, uto B cetd omuH 3AKASUMK u no 247 VUCIIOJIHUTEJIEM.
[Ipotokon momuepkuBaetr g0 247 UCIIOJIHUTEJIEN. Kaxnomy HCIIOJIHUTEJIKO npucsoen
YHHUKAJIBHBIA aJjpec yCTpOHCTBa B [uana3one ot 1 qo 247.

Tonpko 3AKA3UUMK MOXeT MHUIMHPOBATH TPaH3aKIMIO. TpaH3akmuu OBIBAIOT JIMOO THIIA
3ampoc/oteet (agpecyetcst Tonbko oaud UCITOJIHUTEJID), mubo mmpokoBemareabHbie - 0e3 0TBeTa
(anpecyrorcst Bce UCITOJIHUTEJIN). TpaH3akiusi COACPKUT OJMH KaJp 3apoca ¥ OJUH KaJIp OTBETA,
1100 OJMH KaJp MIMPOKOBEIIATEILHOTO 3a1Ipoca.

Hexortopsie xapaktepuctuku mpotokosia Modbus dukcuposansl. K HuM oTHOCSTCS (hopmat
KaJpa, TIOCIeI0BaTeIbHOCTh KaJpoB, 0OpaboTka OIMMOOK W HCKIIOYUTENBHBIX CHTYalllid, |
BBITIOJTHEHUE ()YHKITUA.

Jlpyrue XxapakTepuCTHUKU BRIOMPAIOTCA MOJIb30BaTeneM. K HUM OTHOCSITCS TUIT CBSI3U, CKOPOCTh
oOMeHa, MpoBepKa Ha YETHOCTh U YUCJIO CTOMOBBIX OUT, DTH mapaMeTpbl HE MOT'YT ObITh U3MEHEHBI BO
BpeMsi pabOThI CUCTEMBI.

[Ipu mnepenavye Mo JUHUSAM JAHHBIX, COOOIIEHHS NOMEUIAIOTCS B <«KOHBEpT». <«KOHBEpT»
NOKH/IAeT YCTPOICTBO 4Yepe3 «IOpT» U <JIePEeCchUIAETCS» M0 JIMHHUAM aJIpecyeMOMYy YCTPOMCTBY.
[Tporokon ModbusomnuceiBaeT «koHBepT» B GopmMe KaapoB coodmienuii. B coobmennn ects 4/J/PEC
nonyuarensi, ®VHKI[HA, koTopyto moiaydaTenb A0DKEH BBINOIHUTE, /JAHHBIE, HeoOXonuMble IS

BbInotHeHus1 310l pynkuuu, 1 KOHTPOJIBHAA CYMMA nnst KOHTPOJIsl TOCTOBEPHOCTH.
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Koraa coobmenue nocturaer UCITOJIHUTEJIS, ol BCckphIBacT KOHBEPT, YUTACT COOOIICHUE,
M, €CJIM HE BO3HHKJIO OIIMOOK, BBIMOJHIET Tpebyemyro 3amauy. 3arem UCIIOHUTEJIb nomemaer B
KOHBEpT oTBeTHOE coolmieHne u nocbutaet ero 3AKA3UNKY. B orBerHoM coobmenuu ectb A{PEC
yctpoiictBa, @VHKI[HA, xotopas Oblna BeimoiHeHa, /JAHHBIE, monydeHHBIE B pe3yjbTaTe
BbinosiHenus 3anauu, u KOHTPOJIBHAA CYMMA nyist KOHTPOJIS TOCTOBEPHOCTH.

Ecii cooblienne 6bl10 mUpoKoBemaTebHbM (coobuenne s Bcex MCITOJTHUTEJIEN), na
4TO yka3eiBaeT ajapec 0, To OTBETHOE COOOIICHNE HE TTepeaaeTCsl.

O6p1yHO0 3AKA3YUK moceinaer caenyromee coobuienue apyromy MCITOJIHUTEJIIO nocne
nprueMa KOPPEKTHOrO OTBETa, JMOO MOCJe MCTEUYCHUs BPEMEHU OXHUaHUs OoTBera (TaiiM-ayTa). Bee
coobmieHust MOryT paccMmarpuBathes Kak 3ampockl 3AKA3UUKA, renepupyromnme OTBETHBIC
coobmenust MCIIOJIHUTEJIA. [HupokoBemarenbHble COOOMICHHS MOTYT paccMaTpUBATBhCS Kak
3arpockl, He TPEOYIOIINE OTBETHBIX COOOIIECHUH.

A.2 Onucanne peructpoB KN

CtpyKkTypa JaHHBIX
Hwuxe npuBeneHa cTpykTypa JaHHBIX, Hcmoyib3yemast st Hactporiku KW. Bee mapameTpsr CTpyKTypBbI
JOCTYITHBI JUTSI 3aITUCH U YTCHUS C MTOMOIIBI0 pyHKIUi mpoTokosia Modbus.

typedef struct {
_us8 object; lAnpec UCITOJIHUTEJIA
U8 algoritm; /lacTpoiika MeTeKOMILICKCa
/I 0 - TecTOBBIN pexxuM
Il +1 —pabouwmii pexum
/[ +2 —00OpabaThIBaTh BOJHEHHE
/[ +4 —onuenwue 3a 4.2u 8.5munyt (0X00, 0x04)
/[ +8 —Bonuenwue 3a 10u 15munyt (0x08, 0x0cC)
I/l +16 -ucnonw3zoBare SHT BMecTro HC2-S3C03
I/l +32 —naBnenue B rlla
/I +64 -aBTOCOpPOC MAKCHMYMOB H OCA/IKOB
Il +128 —cpennuii ypoBeHb
_us otherSec; Hpems n3MepeHus TeKyIIero BeTpa, B CeKyHIax
_us8 pSec; Mbpemst n3MepeHus TEKYIIEero JaBJieHHs, B CEKYH/1aX
_us askMin; Ifiepro ocpeHEHUsI, B CEKYHIaX
// +100 -8 MuHyTax
/I +200 -8 yacax
_us termHour; /hepro OTIIPaBKH TeJIerpamMM, B CEKYHIaX
// +100 -8 MuHyTax
/I +200 -8 yacax

//************************************************* *kkkkkkkkkkkhkkhkkkhkkhkkkkkkkk
_uUie id; IhnenTrdukaTop METEKOMILIEKCA
//************************************************* *kkkkkkkkkkkhkkhkkkhkkhkkkkkkkk
_F32 height; [BpIcOTa yCTAaHOBKM AaTYMKA JaBJICHUS
//************************************************* *kkkkkkkkkkkhkkhkkkhkkhkkkkkkkhk
_F32 ac; /EmemeHre HarTpaBICHUS BETpa
_F32 mcl[2]; /hvueiiHoe MpeoOpa3oBaHe CKOPOCTH BETPa
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//************************************************* *kkkk

_F32 hc[2]; [huHeliHas monpaBKa AaTYrKa BIaXKHOCTH
_F32 tp[4];

/ kkkkkhkkkkhkkkkkkkhkhkkhhkhkhkhkhhhhhhkhhhhhiihkhrix *kkkkk
_F32 rt[2]; /IniHeliHas monpaBKa qaTYrKa TEMIIEPATyph
_F32 tt[4];

// TOTUHOMBI JIJ1s1 BBIYMCIICHUSI JABJICHHUS B Pa3HBIX TEMIIEpaTypax
_F32 & <o[3]; [l monuuoM 2 creneHu Tt BerauciacHus Po[to)
_F32 £ c[3]; [/ momuHOM 2 cTenenu utst BeraucieHus Pifts]
_F32 £ ¢[3]; [l momuHOM 2 cTenenu utst BeraucieHus Po[ty]
_F32 $ [3]; [l momuHOM 2 cTenenu utst BeraucieHus Paft]
_F32 L c4f3]; [/ mommHOM 2 cTenenu Jutst BeraucieHust Pyfty]
_F32 4, c5[3]; [l momuHOM 2 cTenenu utst BeraucieHus Ps[ts]
_F32 & Co[3]; [/ momuHOM 2 cTenenu utst BeraucieHus Ps[tg]
_F32 £ c[3]; [/ momuHOM 2 cTenenu utst Beraucierus Py[t7]

//************************************************* *kkkk

_F32 pcl4];

I/ pc[0] -rnyOuHa MOpPst B MeCTE YCTAHOBKH JIaTYUKA, M
Il pc[1] -conenocts Mopst, %

Il pc[2] -mmpoTa MecTa yCTAHOBKHM JATYHKA, IPAIYC

Il pc[3] — ATT

/ /*******~k~k*~k~k~k~k~k~k*~k~k***~k**~k~k~k~k~k*~k*~k**~k***~k**~k~k~k~k~k~k *kkkk
_F32 fval[28];
eepromData;

[Mocnenaue 112 GaiiT cTpyKTYpbl HdaHHBIX, 28 4ymcen ¢ ruiaBaromieii 3amston fVal[28],
JOCTYIHBI TOJIBKO sl uTeHus. Kaxknas mapa OalWT CTPYKTYphl JaHHBIX COOTBETCTBYET PETUCTPY
nporokosa Modbus co cmemniennem 512 peructpo (1024 6Gaiit), T.e. €CiM CYUTHIBATH JaHHBIE C
MOMOIIBIO QYHKIMH 3 K HOMEpaM peructpoB B Tadmuie 12 Hago npudaButh 512. Eciiu ucnoib3oBaTh
Ut 9yTeHus: QyHKIUIO 4, TO pe3yiabTaThl H3MEPEHUH MOXKHO YHTaTh HauMHAs C HYJIEBOTO PErHCTpa.
[ToapoOHEe COOTBETCTBHE COMEPKMMOTO CTPYKTYPHI TAaHHBIX U PErucTpoB mpoTokoisa Modbusoynmer
OIMCAHO HUXE.

[Ipexxne 4yeMm WCMONB30BATh IOJNYYEHHBIE YHCIA HAAO0 TPOBEPHUTh WX IPUTOAHOCTH JUIS
o0pabotku. B MK-26 4-6aiiTHbIe uncia ¢ MaBaromiei 3amsaToi, B KOTOPBIX BCe OUTHI Bcex 4-x OaiiToB
paBHbBI 1 CUNTAIOTCS HEMPUTOIHBIMHE JUTE 00pabOTKU (OTCYTCTBHE JAHHBIX, OITHOKH H3MEPEHHUS U T.11.).
Jlnist IpOBEpKHU JIOCTATOYHO CPABHHUTH YHCIA B OOOMX PErHCTPax, BXOJSIIUX B COCTaB IPOBEPSIEMOTO
snavenust ¢ yuciaom 65535 (OxFFFRnecrnaanarepuunoe) win Bce 4 Oaiita ¢ unciom 255 (OxFF
HIECTHA/IIATCPUITHOR).

l'uaponoruyeckre NaHHBIC, YPOBCHb W TeMIleparypa BOJbI, HE MOTYT OBITh H3MEPCHBI
MeTeokoMIuiekcoM. OHM MOTYT OBITh MOJYYEHBI B pe3yibTare ornpoca ypoBHemepa MK-26-4 (YpT),
nojxroueHnoro k KU uepes RS-485I1porokon cesazu Modbus-RTU.

laGaputnbie pasmeper @ [122x115 mm. ®otorpadus naTuMka B HATYPaJbHYIO BEIHMYUHY

Mpe/cTaBiieHa Ha pUCYHKE D.
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Pucynok 5

Ecnu ypoBHeMep ycTtaHOBIieH B Mope u 4actoTa ompoca Oosbmie 1 ri;, To KU paccuutsiBaeT
napaMeTpbl BOJHEHHS: CPEIHUI MEPUOJI, BHICOTY BOJHBI M MaKCHMaJIbHYIO BBICOTY BOJIHBI, KOTOPbIC
TaKKe JOCTYMHBI [Uis uTeHus. st mpeoOpa3oBaHus THAPOCTATHUECKOTO JIaBJICHHS B YPOBEHb MOPS B
KW nomxHBI OBITH 3arpyKeHbI JOMOJHHUTEIBHBIC JaHHBIE O COJCHOCTH BOIbI M IIHPOTE MecTa
YCTaHOBKH JaTuuka. AtMocdeproe nasieHne KM u3mepsieT cam, a TemrepaTypy BOJbI CUUTHIBACT U3
ypoBHeMepa. [yt poBeieH s pacueToB TpeOyeTcs elle BpeMEHHOW HHTEPBAI U3MEPEHUIA JaBJICHUS U
rnyOrHa MOpsi B MECT€ YCTAHOBKH ypoBHeMepa. MeToJuKa BOCCTAHOBJICHHS IOBEPXHOCTHOTO
BOJHCHUSI 10 JIAHHBIM HW3MEPEHUs] THIPOCTATUYECKOTO JABICHUS TOABOIHBIM YPOBHEMEPOM
npuBeneHa B npwiokenun . Tlo maHHOW MeTomuKe 00pabaThIBAIOTCSA pPE3YJIbTaThl H3MEPEHHIA
ypoBHemepamu pupmbl Sea-Bird Electronics, Inc. (SBEJIoxoxyr METOAMKY HCIOJB3YIOT IS
obpaboTku nanueix B pupme Falmouth Scientific, Inc.(FSI).

A.3 OnepaTuBHOe ynpaBjieHHe

Jlns cOpoca MUHMMYMOB U MaKCHUMYMOB M OOHYJICHHS CYMMBI COOpPaHHBIX OCAJKOB HAJIO
3amucarh Jito00oe YUCIIO B HYJIEBOM PETUCTp ¢ MoMOIbio GyHkmmu 5. COpoc MaKCUMyMOB U OOHYJIEHUE
0CaJIKOB MOJET IMPOUCXOJUTHh ABTOMATHYECKH IOCIEe KaXIOoro 3ampoca. s storo B mapamerpe
<algoritm>cTpyKTypbl JaHHBIX JTOJDKEH OBITH YCTAaHOBJICH OWMT 1, T.e. K 3HaYeHHUIO mapamerpa algoritm

HaJI0 TPUOABUTH YUCTIO 2.
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Tab6muua 12

Howmep perucrpa Howmep Gaiita Crpykrypa ITapametp
5 fval[0] CpenHue nepuon
o BOJTHCHHUS
04
o fval[1] CpenHsist BBICOTa BOJIHBI
07
% fval[2] MakcuManbHas BbICOTA
1 BOJIHBI

fVal[3] Wnentudukarop MK-26

fval[4] Temmeparypa BozbI
cpenHss

S|o|o|N|o|o|s

f\/al[5] YpoBeHb BOABI CpeHUM

f\/al[6] YpoBeHb BOIBI TEKYLIUN

fval [7] Ocanku

olw|w|w(n[n

f\/a|[8] Temmnepatypa cpenqusis

(IITC)

fval[9] Temmeparypa TeKymas
(IITC)

fval[10] MuHuManbHast

fval[11] MakcuManbHas

TeMIIepaTypa Bo3ayxa

3
3
4
4
4
7 TeMIIEpaTypa Bo3ayxa
4
4
4
4
4
4

6
8
o fval[12] JlaBnenue cpenHee

INWWWWWIWIWWWIWANRNRNPNPNPNDPNODPNDPNDDNDERPERPRPEFRPEPRPERPRPERERE
CORRNOMMRDRER BN RN RN RN PPN IR WN O

51

52

o fVal[13] JlaBjieHue TeKyIee

55

56

o fVal[14] BrakHOCTB Cpennss

59

6

£ fVal[15] | Buasuocts TeKyIas

6!

& fVal[16] | Cxopocts Betpa

& cpenHss

& fval[17] CkopocTb BeTpa

7 TeKyIas

7 fVal[18] MaxkcuMyM cKOpocTu

7 BETpa

7 fval[19] Hampasnenue Betpa

78

79 cpeHee

7 f\/a|[20] Hanpasnenue Betpa
41 TEKYyIIee
42 : fval[21] | Hanpasnenue
43 = MaKCHMaJIbHOTO BETpa
44 5 fval[22] | Temneparypa naruuxa
45 i BIIAYKHOCTH
ig : f\/al[23] Temmneparypa kBapua

5
48 ; fVal[24] | Cpennee 3% Bbicokux
49 : BOJIH

C

gg . fval[25] YacroTa KBapua

0
52 o fVal[26] | Cpennee 1/3Bbicokux
53 o BOJTH (3HAYMMBIX)
54 o fval[27] | Mepnon 1/3Beicokmx
55 it BOJIH (3HAYUMBIX)
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NPUJIOXEHUE b
(oOs3aTenbHOR)

BoccranoBiienue MOBCPXHOCTHBIX BOJIH

Bb.1 O0o3Hauenus

o oo oooooooooooogo o od

a = aMIUIMTY/a BOJIHBI, [M];

D = mwiorHocTs Boxbl, [Kg/m?];

W,, = Dy g, Bec Boze! yremnsHerii, [Kg/(m?sed] = [Pa/m];

E = W, H? / 8, 3Heprust BONHBI Ha eIMHMLLY TLiommam, [J/nf];
f = 1/ T,uacrora Bosansl, [Hz], [cycles/sec];

g = 9.80665yckopenue cBoGoaHOro maaenus, [m/seél;

h =rny6una, [m];

H = 2a,BricoTa BosHBI, [M];

k =2n /L, BonmHoBoe uucio (mpocTpaHCTBeHHast yactoTa), [rad/m];
L = qutuHa BoTHBI (IPOCTPaHCTBEHHBIH mepros), [M];

¢ = da3a, [rad];

o = 2n / T, yroBas ckopocTs, [rad/sec];

t = Bpems, [sec];

T = nepwuon, [sec];

Tp = obmee Bpems cepu, [Sec];

X = paccrosiaue, [m];

Z =ryOuHa narumka, [m];

Ot = MHTEPBAJI MKy TOUYKAaMH U3MEpPEHHS AaBicHUs [Sec].

KOB(bq)I/II_II/IeHTBI nepesosaa AaBJICHUSA U3 OJHUX CAWMHUI U3MCEPCHUA B JAPYIruc¢ NPUBCACHLI B

Tabnuue 13.

Tabymua 13

kPa | bar| mbar PSI | atn) mmHg| mmH,0 kg/cm2

100 | 1| 1000| 14.5037)7 1 750 10207 1

700 | 7| 7000 100 7]  525( 71451

1700( 17| 17000 250 17| 12754 173524 17

b.2 Jluneiinas Teopusi BOJH

Mopckoe BOJHEHHE OOBIYHO

JBWKYIIAACSA B TOPHU30HTAJIbHOM HaIllpaBJICHUU:

A (x,t) = a cos (kx ot + ¢) [1]

JIAHN.416531.00P2
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Ha pucynke 6 npencraBnena .mpocTtasi FTapMOHUYECKas BOJIHA HAa TOBEPXHOCTH MOPSI.

F Yy
-

pebeHb

YpoBeHb Mops

BnagwHa

+—— g —

YpoBHEMED Mopckoe gHo

Pucynok 6

b.3 ®a3oBblii caBUT

@Da30BbI CHBHI (@ MPEJICTABISCT CMEIICHUE BOJHBI OTHOCHTEIHLHO HEKOTOPOrO MOMEHTa
BpeMeHHU. YJ00€H IJisi OMUCaHusl OTHOIICHWH MEXIy TpylIamMu BOJH pa3nudHod yactoThl. Korma
BPEMEHHBIC CEPUU TIPEOOPa3yIOTCs B CPEKTPAIbHBIC OIICHKH - Bhruuciisitores amauryna a(f) u gasza o(f)
Kak QyHKIuH 9acToThl. OMH U TOT *e (Ha30BBINA CABUT MOXKET OBITh Pa3HbIM BPEMEHHBIM CIBUTOM B
3aBHCHMOCTH OT Ieproza BoiHbl. Hampumep, (asza B m paguian COOTBETCTBYET BPEMEHU B 5 CEKyHIT AJIst
BOJIHBI ¢ iepruoioM 10 cekyna u 2.5 cekyHap! 7151 BOJHBI C TIEPUOJIOM S CeKYHI.

b.4 IlncnepcuoHHOe ypaBHeHHE

J1J1s TOBEpXHOCTHBIX BOJIH CYIIECTBYET CIEIMAIbHOE COOTHOIICHUE MEXKTy IEPHOJO0M BOJHBI U
JUIMHOW BOJIHBI. JTO OTHOILIEHUE, KOTOPOE 3aBUCUT OT TJIyOMHBI HA3bIBACTCA AHCIIEPCHOHHBIM
coornomenneM (L/T)? = g tanh (kh)/kum yuntsiBas uto 0 / k= L/ T:

o’ = gk tanh (kh) [2]

Ha riy6uHe 5T0 COOTHOIIGHHE IpeBpaiiaetes B > = gk, a Ha MeIkoBogbe B o = ghk.

B.5 Jluneiinas Teopus

VYpaBHenue [1] mpeacTaBiseT eIMHCTBEHHBI KOMIIOHEHT OMUCHIBAIOIIUI MTOBEPXHOCTH MOPS,
TOTJ]a KaK PEaJIbHOE BOJHEHUE MOPS SBIICTCS CYNEPIIO3UIMEH BOJH Pa3IMYHON BBICOTHI, UIMHBI U

HarpaBJICHUA PaClpOCTPaHCHUA. O,I[HO U3 TJIaBHBIX npennonomeHHﬁ JIMHEHHOU TCOPHUU BOJIH
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3aKJIF0OYAETCST B TOM, YTO MBI MOJKEM B35Th ATy CMEIIAHHYI0 KOMOHMHAILIMIO BOJH M Pa3JIOKUTH €€ Ha
OTJEbHBIC YaCTOTHI UCTIONB3Ys [1].

b.6 Ilpeanoso:xkenus

UToOBI MOXKHO OBLIO MCIIOJIB30BATh JHMHEHHYIO TEOPHIO, TJIaBHOE TpeOOBaHWE 3aKIIOYAETCS B
TOM, YTO BBICOTAa BOJHBI H Maja 1o cpaBHEHHWIO ¢ JUIMHOW BOJHBI L u rimyouno# h. DTu ycnoBus
0OBIYHO OMMCHIBAIOTCS KaK:

H /L << 1 (kpyTu3Ha BOJHBI)
H L%/ h® << 1 @apamerp Dpcemnia)

JUinHA BOJIHBI M IEPHO/] CBSI3aHBI MEX]Ty COOO0H CleyIOIIMM COOTHOLICHUEM

L/ T=o/k

Hpyroe usmepenue s¢¢exra KpyTU3HbI BOJHBI Ul TOATBEPXKJIEHUS MPUIOTHOCTH TEOPHH
MaJIbIX aMILUTUTY/ OCHOBBIBAETCS Ha Ja0OpATOPHBIX U3MEPEHUSX TIOKA3aHHBIX HIDKE. J{J1s1 mpUMeHeHus
TEOPUH HAJI0 HAXOJIUTHCS HIKE KPUBOW Ha pucyHke 7. Hampumep, eciiu nepuoja BosHbl paBeH T=10
cexyHn u rnyGuaa h=10 metpoB, To mapamerp h/gT> = 0.01 310 03Hauaer, 4TO NS IPUMCHEHHS

TeopuH 10JDKHO 6bITh H/GT? < 0.0003;r.e.MaKCHMYM BBICOTHI BOJIHBI J0JDKeH 6bth H=0.3Merpa.

H/gT' 001

0.005

0.001

0.00005) ||| [ 1[I0l L 111 |

0.0006 0.001 0,002 D005 001 002 0.05 0.1 02
h/gT’

Pucynok 7
3aKTIOUUTENBHOE AIMIUPUIECKOE MPABUIIO TIACHUT, YTO BBICOTHI BOJH JIOJDKHBI 00ECIICYMBATH

OLICHKY:
JIAHN.416531.00P5 25



z/L<0.440.1,
rze Z —riayOuHa norpyeHust ypoBHemepa, L — ii1Ha BoJIHBI.
b.7 laBnenue Ha riiy0MHe M IOBEPXHOCTHOE BOJITHEHHE
[ToBepXHOCTHBIE BOJHBI OCIa0EBAIOT B TOJIIE BOJBI. 3aTyXaHuWe KOJeOAHWI NaBJeHUS B

3aBUCUMOCTHU OT IITyOHHBI OMUCHIBAETCS (DOPMYITOM:

p=W,A (t) K(f,z2) [[Mackais) [3]
rae nepenarouHast GyHKIMs TaBICHHUS:
K (f,z) = cosh [k (h - z)] / cosh (kh) 6¢3pasmepnast] [4]

rae
A(t) = kosiebaHus TOBEPXHOCTH BOJIBI OT —a 10 +a B MeTpax (ompeaensiercs B [1]);
W,, = Bec BOJIbI yACIBHBIH OKOJIO TOBEPXHOCTH;
h = rnyOuna;
K = HOMep rapMOHUKH [paauan/m], BBIUHCISIETCS 4epe3 MEpUOJ U TIyOUHY uepe3 JAUCIIEPCHOHHOE
cooTHoIIeHue [2];
Z = BepTHKAJIBbHOE paccTosiHue [M] OT MOBEPXHOCTH (HEBO3MYIIIEHHO#) 10 ypOBHEMEDA.
Vpasuenue [3] TpebOyercs, dTOOBI CBsI3aTh JaBJICHHE BOAbI Ha TJIyOHHE C BBICOTOMN
HOBEPXHOCTHBIX BOJIH. JIJIs1 TOTO, YTOOBI MOJIYYUTh AMILIUTY/Y BOJIHBI HA TOBEPXHOCTH B 3aBUCUMOCTH

OT UBMCPCHHOT'O Ha FJIY6I/IH€ AaBJICHUS IICPCITUIIICM (bOpMYJ'Iy:
a(f)=pP{H/WK(2) [n] [5]

Jlnst tmy6okxoBoaubix BotH (Kh >> 1u h/L > 0.5)ypaBnenue [3] umeeT hopmy:
p~W, Ae-kz [Tackais) [6]

KOTOPOE SICHO MPE/CTaBIISET IKCIIOHSHIIMAIBHOE 3aTyXaHHe C TIyOUHOI.
Jnst menkoBoaubx BoH (hk << 1u h > L/2) ypaBuenue [3] umeet dhopmy:

p=WyA [[Mackanb] [7]

HPOCTOE THPOCTATHUECKOE YPaBHEHHE.

5.8 BbicokoYacTOTHBIN Oapbep

3aryxaHue JaBJICHUS IO TIyOMHE 3aBUCHT OT IEPUOJA BOJIHBI, YeM MEHBIIC MEPUOJ, TeM
BOJIHBI OBICTpEE 3aTyXalT C TIyOMHOH. DTO O3HAyYaeT, 4To Uil YPOBHEMEpa, YCTaHOBJICHHOTO Ha
(UKCHPOBAaHHOM TITyOMHE Z CYHIECTBYET BICOKOYACTOTHAS TpaHUIA fyax , Bbie koTopoit (f > fnay)
BOJIHBI M3MEPUTh HeNb3sl (OHM 3aTyXJIM W UX HAJ0 HCKIOYUTH). A H3MEpPEHHBIC YPOBHEMEPOM
KOJICOAHUsI — €CTh IIyMbl, KOTOPbIE C TIOMOIIBI0 TEPEeIATOYHON (YHKIMH MOTJIH Obl OBITH
npeoOpa3oBaHbl B HEpPeaIbHbIC BOJHBL. [10 yMOIUaHHIO HCKITFOYAIOTCS BOJIHBI, JJIsl KOTOPBIX 3aTyXaHHE
6osbiie yem 0.0025/5 ¢

Bb.9 IlepBuuHas 06padoTKa JaBJIEHUS
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CHayana roToBUTCS MacCuB C JaHHbIMU O JaBieHuHU. Boruucisercs cpennee Payg koTopoe
BBIYMTACTCS U3 AHHBIX. Tak e BBIYUTAIOTCS MEJICHHO MEHSIOIINECS COCTABIISIONINE, TUTIA TIPHIIUBA,
nHaye OyayT OMMOKY B CIIEKTPAIbHBIX OIICHKAX.

[TnotHOCTH Dy BBIUKCIISIETCS 11O (hOPMYITaM C YI€TOM TeMIIepaTyphl BOABI H COJICHOCTH.

['nmyOuHa yCTaHOBKH ypOBHEMEpa Z U TyOrHa N BEIYHCISIFOTCS 10 hopMyITam:

z=6894.757 By/ Dw g M) [8]
h = z +cmenienne ypoBHeMepa OT JHA [M] [9]

rae koddoumuent 6894.757 ucnonp3yercs, 4ToObl KOHBEpTUpOBaTh naBieHue u3 PSI B
[Mackamm. KoanyecTBO M3MEpEHHBIX 3HAUCHH JaBlICHHS JOJDKHO OBITh CTENEHBIO YUcia 2, T.€. Hy)KHO
yBeNUYUTH KoJarmuecTBO oTcueToB N. [Ipu 3TOM cnenyeT pa3nuyaTh 1Ba BO3MOKHBIX CITydast:

0 JUIMHA CEpUM YBEJIMYMBAETCA 3a CUET JONOJHEHUs HyIIMH. B 3ToM ciydae Mbl
MOJy4aeM TOT JK€ CIIEKTP, MHTEPIIOJIMPOBAHHBIM K 0oiee 4acToi ceTke 4acToT. [I0CKOJIbKY HOBBIX
JTAaHHBIX HE J00aBIIseTCs, XapaKTepHble MapaMeTphl CIEKTPa, TAKUE KaK MIMPUHA CIIEKTPAIbHBIX TUKOB,
He MeHATCS. ClioBa «ylydlllEHHWE pa3pelIeHUs» O3HA4YaloT MPU HTOM TOJIBKO pacyeT CHEeKTpa it
OOJIBIIETO KOJMYECTBA YaCTOT,

U JUIMHA CEpPUM YBEJIMYMBAETCS 3a CYET JI00aBJICHHMS HOBBIX JAHHBIX, TO €CTh MbI
JIEUCTBUTEIHLHO aHAIM3UPYyEM OoJiee TTMHHBINA parMeHT. B 3TOM citydae mosyduTcs HOBBINA CHEKTp, a
ClIOBa «yNy4dllleHHME pa3pelieHHs» OOpeTaloT peajbHbIi CMBICI — CHEKTpaJbHblE IHKH,
COOTBETCTBYIOILIHE COACPIKALIUMCS B CUT'HAJIE TAPMOHUYECKUM COCTABIISIONINM, CTaHYT 00Jiee Y3KUMHU.

3areM K JaHHBIM TPUMEHSETCS OKHO XaHHa Uil TOro, 4TroObl yOpaTh CHIEKTpabHOE
pacTekaHue, KOTopoe ObIBaeT MpH JAUCKpeTHOM mpeodpasoBannu Pypee (JII1D). Pacrekanue criekrpa
MPOSIBIISIETCS B TOM, 4TO Ipu BeruuciaeHnu 11D cuHayconipl ¢ 4acTOTOM, HE COBIAAAONIEH HA C OJHON
3 auckpetHbix yactoT JIID, Mbl BMECTO Y3KOTO MHUKa MOJY4aeM CIIOXHBIA CIEKTP, B KOTOPOM B
o0IIeM citydae MOTYT COJIEPIKAThCSl 6ce BOSMOXKHBIE YacTOTHL. [IpuunHa pacTekaHHus CIIEKTPa COCTOUT
B TOM, uTo JIID HesiBHO moapa3yMeBaeT MEePUOIUIECKOE MPOJIOJHKEHNE aHAIM3UpYyeMoro (hparMeHTa
curtasa. Ecnu Ha paccmaTpuBaeMOM IMPOMEKYTKE YKIIAJIBIBAETCS LIEJI0€ YUCIIO MEPUOJO0B CUHYCOU/IBI
(3TO PKBUBAJICHTHO YCJIOBHIO COBIAJCHUS €€ YaCTOThl C OJHOW M3 YaCTOT aHaIN3a), MEPUOJUICCKU
NPOJOJDKEHHBIA CUTHAN Takke OyleT HeNmpepbhIBHON CHUHYCOMJIOW, B CIIEKTPE KOTOPOW COAEPIKUTCS
€MHCTBEHHAs 4acToTa. Ecin ke 4uciio NMepuooB Ha MHTEPBAJIC aHAIM3a HE SBISETCS LIENIBIM, NPU
NEPUOINYECKOM IPOJOJKEHUM CUTHAJIA HENPEPBIBHOCTh CUHYCOU Bl OKAXKETCSl HAPYLIEHHOW U CIIEKTP
«pacredercs» Kak Ha pucyHke 8. J{ist OoprObI ¢ pacTeKaHWEM CIIEKTPa MCIOJIB3YIOTCSI BECOBBIE, WM
okoHHbIe, (QyHKIMU. [Ipu 3TOM M3MepeHHBbIe 3HaueHus nepes BeiunciaeHuem JIID ymuoxaercs Ha
HEKOTOPYIO (YHKIIMIO, CMAJAIONIYyI0 OT CEepeHBbl K KpasMm. DTO MO3BOJSET OCIA0WTh BIIMSHHUE

Pa3pbIBOB, BO3HUKAIOIIUX HA CTHIKAX (DparMEHTOB CUTHAJAa MPU €ro MEePUOJAUYECKOM MPOJIO0IDKEHUH.
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Hcnonp3oBanne BecOBOU q)YHKL[I/II/I MMO3BOJKICT CYHICCTBCHHO 0CIa0UTh MOOOYHEBIE CIICKTpPAJIbHBIC

COCTaBJIAKOINMEC — IpaB/Ja, 3a CYCT paCIIMPCHUS CIICKTPAJIbHBIX ITUKOB.

15 r . T
® L
10F 4
5_ -
hecest] [t1eeeeeeeeert] [te0ee
0 5 10 15 20 25 30
Pucynox 8
OxHO XaHHa UMEET BU/I.
u@®)=05-05co@rt/Ty) O<t<T [10]

[IpumeHeHne okHa yMeHbIIaeT OOIIYI0 SHEPTUI0 BPEMEHHOM CepuH, OATOMY YTOObI MOTYYHUTh

IMPpaBUJIbHBIC CIICKTPAJIbHBIC OLICHKH, Ka)KI[BIfI QJICMCHT HAaJ10 YMHO>KHUTb Ha MHO>KUTCJIb SF,F,I[G:

SF=(8/3%? [11]

b.10 CnexTpajbHble OLIEHKH

JII® mozBossier mpeBpaTuTh N OTCUETOB NaBiieHUS B CTOJBKO K€ CIEKTPAIbHBIX OICHOK.
CBsi3p MEXIy TNpEACTAaBICHUSMH [aBICHHS BO BPEMEHHOW W YaCTOTHOM OONACTSAX BBIPAKACTCS
dopmynoii [15].

WutepBanm MeXIy CHCKTPAIbHBIMU OICHKAaMH (pa3pelieHue 10 TMOJOCe MPOMYCKAHMUs)

BBIYUCIISICTCS.

5f=1/To=1/(Nbt) [13]

rae ot — BpeMEeHHO!N HHTEPBAI MEX/Ty H3MEPCHUSIMU JIABJICHHS BO BPEM €HHOM CEpHH.
Korma N crextpanbHbIX OIEHOK BbrumcieHO, Todbko (N/2 + 1) u3 HuX yHHKadbHBL JIist
peanbHO# BpemenHou cepun mocieanne (N/2 - 1) 3HaueHus WACHTUYHBI TepBBIM N/2 3HaYCHUAM.

IIpenensHas yactota —yacrora HalikBucra:

Nyquist = 1 / (3t) [T'u] [14]
[Ipsimoe npeobpazoBanne Oypre K BpeMEHHOW CEPUU OTIPeIeISIeTCS KaK:
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N-1

Zi= 1N X xpexp (-i 2z nj/ N) [15]
n=0
1€ Xnp— OTCUETHI IaBJICHUS,

Z (psia crieKTpalibHBIX OIEHOK) KOMIUIEKCHBIC YHCIIa,

i =(-1%?
Psn cnexkTpanbHBIX OLIEHOK HAIIPSIMYIO CBSI3aH C BOJMHOUW OJJTHOM 4acTOTHI, OMUCAHHOM B [1]:
a=2]|z], ¢i=arg (Z) [16]

[Mocne Toro, kak npeobpaszoBanue Oypbe MOTyIeHO, KOIODOUIMESHTHI 11 4acTOT 00JIbINe fmax 1
MeHBIIE fmin OOBIYHO OOHYJISIOTCS, YTOOBI IPEIOTBPATHUTH MOSBICHHE HEPEATLHBIX BHICOT BOJIH.

b.11 BoccTaHoB/1eHHE OBEPXHOCTHBIX BOJIH

[Mepenarounas dynkmus H(f,) wcmons3yercs ans nmpeoOpa3oBaHMs TaBJICHHS HA TIIyOUMHE B
MOBEPXHOCTHBIC BOJIHBI M BEIUUCIIsIECTCS 110 opmynam [2] u [4].

H(fo)=1/[WuK (f,2)] [M / TTackans] [17]

I[J'If[ 9TOro HaJo0 BBIIIOJIHHUTH Hp606p330BaHI/I€ BCCX CIICKTPAJBbHBIX OLCHOK ITOCJICAOBATCIIBHO

JUIST KaXKJIOW YaCTOTHI.

A(fi)=H()P (1) fi < Nyquist [18]

rie A( fi) —psii cieKTpalbHBIX OIIEHOK aMILTUTY/I TOBEPXHOCTHBIX BOJIH;
H(fi) -nepenatounas GpyHkuus;
P( f) — ciekTpayibHBIC OIICHKH JIaBJICHHS HA TITyOUHE.
Cnektpanbhbie onenku i fi > Nyquisteeraucnstores o ¢popmyne A( f i) = A(fi).
JInsi BOCCTAHOBJICHUSI BPEMEHHOW Cepuu IMpUMeHsieTcsi oOpaTtHoe mpeoOpasoBanue dypbe k

Py CIIEKTPATbHBIX OICHOK:
N-1
Xn=22Zexp (i2nnj/N) [19]
=

3areM NPUMEHSETCS] OKHO XaHHA U CKAJSIPHBIA MHOXKHUTEIb, TOJBKO TEIEPh HE YMHOXKAIOTCS
3HAYCHHMS, a JEITCS. DTa Mpolleypa HecTaOWIbHAa B KOHIIC CEpUH, TaM TJ¢ HAJ0 JCJIUTh Ha 4YUCIIa
Osm3kue K Hymo. [ToaToMy 00HYJIsIEM BPEMEHHYIO CEpUIO BHAaUYajle M B KOHIIE, TaM IJi¢ 3HAYCHUE OKHA
npocturaeT 1% ot MakCMMaJIbHOT'O 3HAYCHMUS.

Ha pucynke 9 nokazansl 3 rpaduka:

[J CHHMM IIBETOM TIOKa3aHa 3aBUCHMOCTh H3MEPEHHOTO YPOBHSI BOJIbI, KOTOpasi ObLIa MOJy4YeHa
ot parunka MK-26-4;

[J 3eleHBIM I[BETOM IOKA3aH PE3yJIbTaT BOCCTAHOBJICHUS MOPCKOTO BOJIHEHHSI 10 ONIMCAHHOMY

BBIIIIE AJITOPUTMY B KOHTpoiuiepe MK-26-2;
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[J KpacHBIM NPEPHIBUCTHIM BbIJIETEH rpaduK, MOJYYCHHBIH B pe3ylbTare 00paboTKe TeX ke
JAHHBIX ypOBHs Boabl B mporpamme SBEDataProcessingupmer Sea-Bird Electronics, Inckoropas

HCIIOJIB3YCTCA IJI1 BOCCTAHOBJICHUA BOJIHCHHA IO 3allMCAM YPOBHA IOTI'PYKHBIMHU JaTYUKaMU YPOBHA

tuna SBE 16plus.
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Pucynok 9
Ha pucynke BuaHO, 4TO pe3yabTaThl pE3ybTaThl 00pabOTKH COBITAIAIOT.
b.12 Cpenansisi BbICOTA BOJIHBI M TIEPHOT
Breraucnenue BBICOTHI BOJHBI U nepuoaga MOryrt OBITH TOJIBKO HpI/I6JII/ISI/ITeJIBHBIMI/I n
CTaTUCTUUYECKUMHU U3-32 CIYYalHOrO XapakTepa MOBEPXHOCTHBIX BOJH. CTaHJAPTHBIM METOJ| OLEHKH
u3jiokeH B pekomenaanusax BMO (“Wave Analysis and Forecasting” WMO- No. 446, 69Geneva,

Switzerland).
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ép eTHII

YpOBEHb

Pucynok 10

3anuchk BOJHEI p336I/IBa€TC$I Ha OTPE3KU TOYKAMU MEPECCUCHUA CPCAHCIO YPOBHA CHU3Y BBCPX,

KaK Ha pUCYHKEC 10.B KaXXI0M TaKOM OTPE3KC OMNMPCACIIACTCA BbICOTA BOJIHBI Hi " rnepuon Ti, KOTOPBIC
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3allOMUHAIOTCS B MaccuBe. B pe3ynbTaTre OCpEeIHCHUs 3HAYCHUHW MACCHBA IOJyYarOTCS CPEIHUM
ypoBeHb Hayg u cpenuumit nepuon Tayg Kpome storo ompenensiercs MakcHMalibHas BBICOTA BOJIHBI
Hmax-

Jlis BBIYMCIICHHSI TIapaMeTpOB "BBICOKMX BOJIH HCIIOJIB3YETCS IIKasia, MPHUBS3aHHAs K TakK
Ha3BIBAEMON "3HAYMTEIBHOM BBICOTE BOJIH, KOTOpas umeer obecneueHnocts 1/3 (33,3%).Cunraercs,
YTO BHU3YyaJIbHasl OILIEHKA BBICOTHI BOJIHEHHUS OJIMKE BCETO COBMAJaeT MMEHHO CO ''3HAYUTEIHHOU"
BBICOTOW BOJIHEHUS. [IJIsl BEIYMCIICHUS CpeiHEd BBICOTHI "BHICOKHX" BOJIH Hhayg 13 MaccuBa H; Gepercs
TPETh CaMBbIX OOJBIINX 3HAYEHUH BBHICOT BOJIH. BRIYHCIIEHHYIO TaKUM 00pa30M BBICOTY BOJIH HAa3bIBAIOT
“sHauntensHOM’ WM “XxapaxtepHoil’. Ilepmox “3HaunmTensHOH” BOMHBI Thayy BBMHCIACTCS Kak
Cpe/iHee 3HauCHHE TIEPUOJIOB OJTHOM TPETH CaMbIX 'BBICOKHUX BOJH B MacCHUBE.

B Poccun npunHsATO cumTarh BOJMHBI 3% O00ECHEUEHHOCTH, T.e. Hamla IIKana OaJbHOCTH
npuBsizaHa (OpMaNbHO K BBICOTE BOJIH OJHM3KOW K MakCHManbHOW (is pacuera Oeper 3 cambIxX
BbICOKHX BOJIHBI 13 100).

B pesynbrate 00pabOTKH pe3ysbTaTOB BOCCTAHOBIICHHS BOJIHCHHUS, IPUBEICHHBIX HA PHCYHKE
9, MmoJTy4YeHBI CICITYIONIUE PE3YIIbTATHI:

[0 w3 maccuBa usmepennii ymHoN 2048Touek (8,5 MUHYT) 1MOCIe BOCCTAHOBIICHHS BBIIEICHO
67 BouH,

0 cpennwmii nepuoa BosiHbl 6.076¢eKyHIbI;

[0 cpennsist Beicota BosiHbl 0.716MeTpa;

0 cpemauii nepuos 1/3 camMbIx BBICOKHX BOJIH 6.575cekyHibI;

[0 cpennss Beicota 1/3 cambix BeicOkuX BOJH 1.111meTpa;

MaKkcHUMaJsbHas BbIcOTa BOJHBI 1.687Merpa.
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