APPENDIX A - CALIBRATION CERTIFICATES

Hydrophones:

1. Certificate # 17-06-2003 Hydrophone # '3304-0.1 Ne30  Type G33

Certificate # 18-06-2003 Hydrophone # '3304-0.1 Ne51  Type G33
Certificate # 20-06-2003 Hydrophone # '3304-0.1 Ne81  Type G33 (I'33)
Certificate # 21-06-2003 Hydrophone # '3304-0.1 Ne84  Type G33 (I'33)
Certificate # 22-06-2003 Hydrophone # '3304-0.1 Ne113 Type G33 (I'33)

Certificate # 06-06-2004 Hydrophone # GI-50 Ne004 Type GI-50 (F'1-50)

Certificate # 07-06-2004 Hydrophone # GI-50 Ne005 Type GI-50 (F'1-50)

Certificate # 8-06-2004 Hydrophone # GI-50 Ne006 Type GI-50 (F'1-50)

. Certificate # 9-06-2004 Hydrophone # GI-50 Ne007 Type GI-50 (F'1-50)

10. Certificate # 10-06-2004 Hydrophone # GI-50 Ne008 Type GI-50 ('1-50)
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11. Certificate # 11-06-2004 Hydrophone # GI-50 Ne010 Type GI-50 (F'1-50
12. Certificate # 13-06-2004 Hydrophone # GI-50 Ne015 Type GI-50 (F'1-50
13. Certificate # 14-06-2004 Hydrophone # GI-50 Ne017 Type GI-50 (F'1-50
14. Certificate # 15-06-2004 Hydrophone # GI-50 Ne021 Type GI-50 (F'1-50
15. Certificate # 16-06-2004 Hydrophone # 61H Ne07 Type G61H (F'61H)

SVXtra hydrologic sonde:

1. Equipment Checklist

2. SVXtra Calibration and Instrument build record

3. Conductivity sensor Calibration record SN #10905 Type 62R

4. Sound Velocity sensor Calibration record SN #10903 Type 100 mm

5. Pressure sensor Calibration record SN # 1599575 Type PDCR4000
6. Temperature sensor Calibration record SN # 405 Type PRT
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I'ocyaapcTBeHHOE NpeAnpHATHE
“BcepoccHiCKHE HAYYHO-HCC/IEI0BATENbCKHH HHCTHTYT
(pH3HKO-TeXHHYECKHX H PAaJAHOTEXHHYECKHX H3MepeHHH”

't “BHUADTPU”
IT'OCYJAAPCTBEHHBIA METPOJIOTMYECKHI IIEHTP
T'HJIPOAKYCTHYECKHX W3MEPEHUI

I'MIII'A
141570, MockoBckas 00.1.,
n/o Menaeneego, I'lT BHUUDOTPHU

CBUJAETEJIBCTBO Ne 17-06-2003

0 NIEPBUYHOM (MIEpUOIUYECKOM ) TOBEpPKE
pabouero rugpodona

Pa6ouwmit runpodon tuna ['3304-0.1 3aBoackoii Ne 30, paccuyMTaHHBIM Ha
nuana3oH yactotr 5+ 16000 I,

pazpabotanHeii ¥ u3rorosneHHbd ['TI “BHUMOTPU ”,

npuHamiexammii  I'MLIII'H,

Ha OCHOBaHMHU pe3yJIbTaTOB TIOCYJapCTBEHHOMN MEepUOJUYECKOM MoBep-
K¥, IIpU3HAH TOJHBIM M JONYIIEH K IPMMEHEHUI0 B KadecTBe pabodero
ruipooHa, MpeJHa3HAYCHHOTO AJISl U3MEPEHHs! 3ByKOBOIO JaBJIEHHUS! B BOJHON
cpene B auanaszoHe yactor 5+ 16000 I'n, B cOOTBETCTBHHU C rOCy1apCTBEHHOM
noBepo4Hoi cxemoi no MU 2098-90.

Ipunoowcenue: Hncmpykyua no sxkcnayamayuu. I uopogponvr muna I'33.

10 wons 2003 2.




Pe3}’HLTaTBI HCpHOI{H‘ICCKOﬁ IIOBCPKH

ruapodona tuna 1'3304-0.1 3aBoackoit Ne 30

Pesynbrarhl n3mMepeHus dyyBcTBuTenbHocTH [13304-0.1  Ne 30.

F,T'n M,mB/I1a F, ' M.,mB/11a F, T'n M,mB/TTa F, I'n M,mB/I1a
5 45,0 63 51,6 1000 51,8 12500 24 7
6,3 46,4 80 51,6 1250 S2v 16000 | 32 o
8 48,0 100 51,6 1600 57 0 20000 —
10 50,1 125 51,6 2000 55,9 25000 —
12,5 50,6 160 51,6 2500 S6, 2 31500 —
16 51,0 - 200 51,7 3150 563 40000 —
20 51,2 315 51,7 4000 J9 % 50000 =
25 51,4 400 51,7 5000 JE 9 63000 —
31,5 51,6 500 51,8 6300 ) 80000 =
40 51,6 630 51,8 8000 | JS, ¥ 100000 —
50 51,6 800 51,8 10000 | 2% 9

JloBepuTeNibHAs OTHOCUTENIbHAS MOTPELIHOCT MOBEPKU IIPU JTOBEPUTEILHONU BEPOSIT-
noctu P=0,95 we npespinaer 1,0 1b B aquanaszone 5 — 1000 'y u 2,0 1b B quanaszone 1250 —
10000 I

Temneparypa Boab! IIpH H3MEPEHHUSIX HAXOQMIach B npeaenax 15 + 2,0 °C.

IIPUMEYAHHA 1 Pabouuii 2udpogona ciedyem npumensims mojibKo Ha Yacmomax
mpems OKMAagHo20 psA0a 6 OUANA30He Yacmom, YKA3aHHOM 8 C6UOemelbCmeae 0 nosepke.
2 Ilpu usmepenuax 2u0poOGor OpUeHMUpPOBALCs PUCKOU HA UCIOY-
HUK 38YKA.

L

%N\ JI.®. Kocobponora

IloBepurens

Page 82



I'ocypapcTBeHHOe nmpeanpusATHE
“BcepoccHiicKHi Hay4HO-HCC/IeJ0BATEeIbCKHH HHCTHTYT
(pH3HKO-TEXHHYECKHX H PAAHOTEXHHYECKHX H3MepPeHH "

r'n “BHUADTPHU”
I'OCYJAPCTBEHHBIN METPOJIOFH‘!ECKHFIU HOEHTP
I'NMAPOAKYCTHYECKHUX U3MEPEHUU
I'MITHA

141570, MockoBckas 061.,
n/o Menaeneeso, I'lT BHUUDOTPHU

CBHUJAETEJBCTBO Ne 18-06-2003

O NIEPBUYHOM (TIEpUOJUUECKOM ) OBEpKe
pabouero runpodona

Pa6ounit ruapodon tuna I'3304-0.1 3aBoxckoit Ne 51, paccuwmranHsiil Ha
nuanasoH 4yactor S5+ 16000 I,

paspaboTannsiii 1 usrorosnennsi I'TI “BHUUOTPU ",

npuHaexamud  ['MILII'N,

Ha OCHOBaHMM pE3YJILTaTOB TIOCYJapCTBEHHON NMEPUOANYECKOl MoBep-
K{, TpH3HAH TOIHBIM M JOMNYyLIEH K IIPUMEHEHHI0O B KavecTBe pabodero
ruipooHa, MpeIHa3HaYeHHOro ISl U3MEepPEeHHsI 3ByKOBOTO JaBJIEHHS B BOJIHOM
cpene B auanasoHe yactor S + 16000 I', B cooTBETCTBUM C rocyAapCTBEHHOM
nosepo4Hoit cxemoi no MU 2098-90.

Ipunoscenue: Hucmpykyus no sxcnayamayuu. I uopogporvr muna I'33.

10 uions 2003 2.
Cpox deticmeus ceudemenvemea 0o 10 wona 2004 2.

(¥

3
YBT 71-A-90 g@ %AL/ C.®. Hekpuu
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Pesynbrarel nepuoiuyeckoi moBepku

rusipoona tama '3304-0.1 3aBoackoit Ne 51

Pesynbrarel namepenus uyBcrBurenbHocT 1'3304-0.1 Ne 51.
F, I'n M,mB/I1a F, I'n M,mB/Tla F, I'n M,mB/Tla F, I'n M, mB/TTa
5 38,6 63 50,9 1000 51,5 12500 3490
6.3 41,7 80 50,9 1250 S 16000 W, 5
8 42,0 100 50,9 1600 SAZ 20000 —
10 45.0 125 51,0 2000 vh Yy 25000 —
12,5 46,7 160 51,2 2500 7.2 31500 —
16 482 200 51,2 3150 Y9.6 40000 —
20 50,6 315 51,2 4000 52,3 50000 —
25 50,7 400 51,4 5000 30,9 63000 =
31,5 50,8 500 51,4 6300 73,4 80000 —
40 50,8 630 51.4 8000 JLA 100000 -
50 50,8 800 51,5 10000 | 24 Y
1.0 122 2.0 230 4,0 36 ,
125 15,2 2,5 222 I fipenno¥l
1,6 /36 35 2/9

JloBepuTebHas OTHOCHTE IBHAS OIPEIIHOCTD IOBEPKHU TIPH JIOBEPHTEILHOM BEPOST-
Hocty P=0,95 ne npeppimaer 1,0 16 B auanazone 5 — 1000 'y 1 2,0 1B B auanazone 1250 —
10000 I'm.

Temmneparypa BoabI IpH H3MEPEHUAX HAXOAMIIACH B mpezenax 15 + 2,0 °C.

IIPUMEYAHHUA 1 Pabouuii 2udpoghona ciedyem npumensimo moibko Ha 4acmomax
mpeme OKMAasHO20 psioa 6 OUANA30HE Yacmom, YKA3AHHOM 6 CEUOCMENbCmEe O NOBepKe.
2 Ilpu usmepenusnx 2udpoghon opuenmuposaics puckoil Ha ucmoy-
HUK 36YKd.

[ToBepurens

%,(/\_‘_ JI.®. Kocobponosa
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CBUAETEJIBCTBO Ne 20-06-2003

I'ocynaperBenHoe npeanpusiTue
“BcepoccHiiCKHI HAYYHO-HCC/I0BATEILCKHIA HHCTHTYT
(pM3MKO-TeXHHYECKHX H PAAHOTEXHHYECKHX H3MepeHHii”
'l “BHUN®TPHA” 3
TFOCYJAPCTBEHHbIM METPOJIOTMYECKHU IIEHTP
IT'NAPOAKYCTHYECKHX U3MEPEHHUU
I'MII'A
141570, MockoBckasi 061,
n/o Menneneeso, I'll BHUU®TPHU
0 NepBUYHOH (TMIEPHOIUYECKOI ) TOBEPKE
pabGoyero ruapodoHa

PaGounit ruapodon tuna ['3304-0.1 3aBoackoii Ne 81, paccuuTaHHbIN Ha
nmama3ol yactor S + 16000 I'm,

pa3paboTtannslii U usrorosneHHsli [ T1 “BHUUOTPU ”,

npunaiexammii  I'MLII'H,

Ha OCHOBAHUHU pE3YJIbTaTOB TIOCYJapCTBEHHOH NEPUOIUYECKOi MOBep-
KU, I@pPHU3HAH TOJHBIM M JONYILIEH K INPUMEHEHHIO B KadecTBe pabouero
ruapodoHa, NpeJHa3sHa4YeHHOro ISl U3MEPEHUs 3BYKOBOTIO JIaBJIeHUSI B BOJHOM
cpene B auamnaszoHe yactor 5+ 16000 I'y, B COOTBETCTBUM C rOCyAapCTBEHHOM
noBepo4Hoi cxeMoit mo MU 2098-90.

IIpunooicenue: Hnempyxyus no sxcnayamayuu. I uopogonvr muna I'33.

10 wons 2003 2.
poK Oeticmeus ceudemenscmea 0o 10 uons 2004 2.

YyeHsll XpaHUTEIb
VBT 71-A-90 \ C.®. Hekpuu
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Pe3ynbTaTe! nepHOAMYECKOH OBEPKH

ruapodona Tuna ['3304-0.1 3aBoxckoii Ne 81

PesyneraTsl u3mMepeHus yyBcTBUTebHOCTH [13304-0.1 Ne 81.

F,I'q M,mB/Tla F,I'n M,mB/Tla F, ' M,mB/Tla F, I'n M,mB/I1a
5 45,1 63 49,0 1000 498 12500 VA
6.3 46,7 80 49,0 1250 49,8 16000 232
8 48,0 100 49,2 1600 v9,4 20000 —~
10 485 125 492 2000 Y9 & 25000 —~
12,5 48,7 160 49,2 2500 ST2 31500 e
16 48.8 200 49,4 3150 S2,0 40000 _
20 49,0 315 49,4 4000 3E 7 50000 —
25 49,0 400 49 4 5000 Y6 0 63000 =
31,5 49,0 500 49,5 6300 79%3 80000 —
40 49,0 630 49.6 8000 2F5 100000 —
50 49,0 800 49,6 10000 Ty & -
1 /36 2,0 335 4,0 436 P _
125 233 2,5 37/ i | leaenns Bt
16 29/ 35 407

JloBepuTeNnbHas OTHOCUTENbHAS MOTPELIHOCTh [IOBEPKH NPH JIOBEPHTENIBHON BEPOAT-
Hoctd P=0,95 e npessimaer 1,0 1b B quanazone 5 — 1000 I'u 1 2,0 ab B auanasone 1250 —
10000 I'w.

Temneparypa BoJBI IPH M3MEPEHHUAX HAXOMMIACH B npenenax 15 + 2,0 °C.

IIPHMEYAHHA 1 Pa6ouuti 2udpoghona credyem npumensims moibKo HA YACMOMAX
mpemb OKMABHO20 PAOA 8 OUANA30HE YACMOM, YKA3AHHOM 8 CBUOemeNbCmee 0 NOBEPKe.
2 Ilpu usmepenusx euopopoH opueHmuposacs pUCKO Ha UCMOY-
HUK 36VKA.

[ToBepurens

@’R JI.®. Kocobponosa
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I'ocynapcTBeHHOE npeanpusTHE
“BeepoccHiicKHH HAYYHO-HCCJIEI0BATEILCKHH HHCTHTYT
(pH3HKO-TEXHHYECKHX H PAJHOTEXHHYECKHX H3MepeHHu”

rn “BHUNO®TPU”
I'OCYJIAPCTBEHHBIN METPOJIOl"Ifl'-[ECI{PIﬁ“ IIEHTP
IT'MJIPOAKYCTHYECKUX U3MEPEHUUH

I'MITA
141570, Mockosckasn 06.1.,
n/o Meunpgeneeso, I'TT BHUH®TPH

CBHUJAETEJIBCTBO Ne 21-06-2003

0 NEPBUYHOH (IIEPUOINIECKOi ) TOBEPKE
pabouero ruapodoHa

Pa6ouuii runpodon tumna '3304-0.1 3aBoackoii Ne 84, paccuutaHHBIN Ha
nauarna3oH yactor 5+ 16000 I,

pa3pabotannslit ¥ uzrorosnenssii [T “BHUUOTPU ”,

npuHamiexammin  ['MLII'Y,

Ha OCHOBaHMUH pe3yJbTaTOB TOCYIApPCTBEHHOMN NEPUOIMYECKON TMOBEp-
KH, TpU3HAH TOAHBIM M JOMyLIeH K IMPUMEHEHHI0 B KkadecTBe pabodyero
ruipooHa, NpeJHa3HAUYEHHOIO [l U3MEPEHUs 3ByKOBOI'O JaBJIEHUSI B BOJIHOM
cpene B auanaszoHe 4yactoT 5+ 16000 ', B COOTBETCTBHHM ¢ roCyIapCTBEHHOIM
noBepo4Hou cxemoit mo MU 2098-90.

[Ipunoosicenue: Uncmpykyusa no sxcnayamayuu. I uopoghorner muna I'33.

10 wrons 2003 2.
ok Oeticmeus ceudemenvcemeéa 0o 10 wions 2004 2.

YueHsll XpaHUTEN
YBT 71-A-90 C.®. Hekpuu
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PesynbraThl neproiuyeckoii moBepku
ruapodona tuna I'3304-0.1 3aBozckoit Ne 84

PesynbraTel n3mepenus dyscrBuTeasHocTH 13304-0.1 No 84.

F,T'n M. MB/Tla F,I'n M,mB/T1a F,T'n M,MB/ITa F, T'n M, MmB/Tla
5 43,7 63 50,4 1000 50,8 12500 270
6,3 45.4 80 50,4 1250 S8 16000 38 Y
8 46,9 100 50,4 1600 $7,2 20000 -
10 49,0 125 50,6 2000 523 25000 —
12,5 49 4 160 50,6 2500 A 31500 -
16 50,0 200 50,6 3150 599 40000 —
20 50,2 315 50,6 4000 ¥3,9 50000 —
25 50,3 400 50,6 5000 36,5 63000 -
31,5 50,4 500 50,6 6300 3£ 3 80000 —
40 50,4 630 50,6 8000 305 100000 —
50 50,4 800 50,8 10000 Z Fucf =
1.0 126 2.0 261 4,0 4l.2 y ,
125 /6,3 2,5 35 /R Heaewno U
1.6 2/,0 3/5 353 -

JloBepuTenbHas OTHOCHTENbHAS TOTPEIIHOCTD NIOBEPKH IIPH JOBEPHTEILHON BEPOSIT-
Hoctd P=0,95 ne npespimaer 1,0 16 B auanasoune 5 — 1000 'y u 2,0 A B auamnaszone 1250 —
10000 I'rx.

Temmneparypa Bob! Ipy H3MepeHUsIX HaxouiIack B npeenax 15 + 2,0 °C.

[IPUMEYAHHAA 1 Pabouuii 2udpoghona credyem npumensmes moivko Ha 4acmomax
mpemb OKMAgHO20 p0a 6 OUANA30He Yacmom, YKA3aHHOM 6 C6UOemeNbCmee 0 NoGepke.
2 Ilpu usmepenusx 2uOpoghon opueHmuposancs puckoii Ha ucmoy-
HUK 36YyKa.

IToBepuTtens @’L’H JI.®. Kocobponosa

Page 88



I'ocynapcTBeHHOe NpeanpHsATHE
“BcepoccHiicKHH HAYYHO-HCC/I€J0BATENbCKHH HHCTHTYT
(H3HKO-TeXHHYECKHX H PaJHOTEXHHYECKHUX H3MepeHHi”’

' “BHUUDTPU” I
FOCYJIAPCTBEHHBIM METPOJIOTMYECKHHU LEHTP
IT'MJIPOAKYCTHYECKUX U3MEPEHUU

IMIA
141570, MockoBckas 06.1.,
n/o Menaeneeso, I'lT BHUMOTPU

CBUJAETEJBCTBO Ne 22-06-2003

0 MEepPBUYHOH (IEPHOANYECKOI) TOBEpKe
paboyero ruipodoHa

Pabounit ruapocdon tuna '3304-0.1 3aBoackoit Ne 113, paccuuTaHHBIHI
Ha auana3oH yactor S5+ 16000 I'w,

pa3pabotanHsbli U u3rorosneHHsii I'TI “BHUUOTPU ",

npuHagnexamu ML,

Ha OCHOBAaHMM pE3yJbTATOB TOCYJApCTBEHHOH NMEPHOIMYECKON MOBEp-
K{, IpPU3HAH TOJHBIM M JIONYLIEH K IPUMEHEHHIO B KadecTBe paboyero
ruapoQoHa, NpeHa3Ha4YeHHOr0 JUIsl U3MEPEHUs 3BYKOBOT'O JaBJIEHUs B BOJIHOM
cpene B auanaszoHe 4acToT 5 <+ 16000 I', B COOTBETCTBHHM C rocy1apCTBEHHOM
noBepo4Hoi cxemoit no MU 2098-90.

[Ipunoocenue: Unempyxyus no skennyamayuu. I uopogorvr muna I'33.

10 wrons 2003 .
Cpok oeticmeus céudemenscmea 00 10 uons 2004 2.

(o .T 5

sury, (.. C.0.Hekpuu
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PesynbraTel H3MepeHUs qyaci‘smenmocm I'3304-0.1 Ne113.

Pe3ynbraThl nepuOaMYECKO MOBEPKU

runpodona tuna '3304-0.1 3aBoackoii Ne 113

F,T'n M,mB/Tla F, I'n M.mB/I1a F,I'n M,mB/I1a F, I'n M,mB/Tla
5 46,7 63 50,9 1000 51,6 12500 299
6,3 47,2 80 50,9 1250 57,6 16000 J6, 3
8 49,3 100 50,9 1600 576 20000 o
10 50,0 125 51,0 2000 599 25000 —
12,5 50,2 160 51,2 2500 S2.9 31500 —
16 50,4 200 51,2 3150 572 40000 K
20 50,6 315 51,3 4000 433 50000 =
25 50,8 400 51,4 5000 v7 7 63000 —
31,5 50,8 500 514 6300 LP 7 80000 —
40 50,8 630 51,4 8000 292 100000 —
50 50,8 800 51,5 10000 KA —
10 156 2.0 307 4,0 437 /
125 /9.5 2.5 355 /2 Yaenwmco TU T
16 25,/ 3i5 Yp2 .

JloBepuTeNbHAs OTHOCHTENbHAS MOTPEMIHOCTD MOBEPKH MPH JOBEPUTEIILHON BEPOSIT-
HoctH P=0,95 He npesbimaer 1,0 15 B auanazone 5 — 1000 I'y u 2,0 1B B auanasone 1250 —

10000 I'm.

Temmnepatypa BoJIbI IPU M3MEPEHHUSIX HAXOAMWIACh B pezenax 15 + 2,0 °C.

IIPUMEYAHHUA 1 Pabouuii 2udpogona credyem npumensine moyibkKo HA 4aAcmomax
mpemb OKMAasHo20 pA0a 6 OUANA30HE YACmOom, YKA3AHHOM 8 C6UOemeNbemee 0 nosepke.

2 Ilpu usmepenusx 2uOpoGhoH OpueHmMuUpOBAICs PUCKOU HA UCIOY-
HUK 38VKd.

ﬁi\ JI.®. Kocobponosa

[loBeputens

Page 90



DenepajibHOE TOCYJAPCTBEHHOE YHHTAPHOE NPEANpPUSITHE
“BeepoccHHCKHIT HAYYHO-HCCIEA0BATENbCKHH HHCTHTYT

(GDU3NKO-TEXHUYECKHX H PAAHOTEXHHYECKHX H3MepeHui”

Oorym “sBHUN®TPHN”
T'OCYJAPCTBEHHBIA METPOJIOIT'MYECKUN IEHTP
T'HJIPOAKYCTHUYECKUX U3MEPEHUI
'MIIA

141570, Mockosckas 0b.1.,
n/o Mengeneeso, I'lt BHUHOTPH

CBUJAETEJBCTBO
O ITIOBEPKE

Ne 06-06-2004

[eiicmeumenbho 0o
1 wions 2005 2.

CpenctBo nsmepenui, pabouunit ruzipodon tuna ['M-50

3aBojicko# Ne 004,
npuHaanexaiee @Y1 “BHUDTPU ",
noBepeHo ¢ npumenerueM PD-2 « YTTIA-100» NeO1,

Ha OCHOBaHHUH pE3YJIbTATOB HCPHOﬂquCKOﬁ [TOBEPKH, MPU3HAHO MPUTOO-
HbIM K IIPUMEHCHHIKO B Ka4ECTBEC paﬁoqero m,upocbona, IpeaHasHa4YCHHOro IJis
U3MEPEHUs 3BYKOBOI'0 JIaBJICHHUA B BOJIHOM cpeae B aHarnasoHe 4YacToT

1T + 20000 I,

I wions 2004 2 \_

Hauansauk naboparopuu z 24 ( &
['MLI'N '
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Pesynprarel n3mepenus dyscTButensHOCTH M rugpodona tuna I'M-50 3aBoxckoit Ne004

Pe3yJbTaThl IEPHOIMYECKOH TOBEPKH
ruapodona tuna ' 1-50 3aBoackoit Ne 004

npHBejieHs! B Tabiuue 1.

Tabnuua 1
F, F,
ab nb
My | m, wema | orw. 1 mkBIMa My M, mB/Ma | orth.1 mkB/MNa
1 44,7 93,01 63 51,5| 94,24
1,2 44,8 93,03 80 52,5 94,40
1,6 47,3 93,50 100 52,2 94,35/
46,8 93,40 12 53 94,49
: 48,9 93,79 160 52,8 94,4
31 48, 93,71 200 52,7 94,4
48, 93,71 250 52,1 94,3
48, 93,79 315 52,2) 94,3
6,3 4 93,80 400 52, 94,39
8 49, 93,8 500 52,6 94,42
10 49,8 93,9 630 53 94,49
12, 49,8 93,9 800 52 94,3
16 49, 93,87 1000 52,3 94,3
20 50, 94,07 1250 51, 94,1
2 50, 94,13 1600 51, 94,2
31,5 50,1 94,00 2000 51, 94,1
40 50,9 94,13
50 51,3 94,20

ﬂOBepHT&J’IBHaﬁ OTHOCHTENIEHAA TOTPEHIHOCTE MOBEPKH NPH L[OBepHTCJ’IbHOﬁ BEpOAT-

noctu P=0,95 ne npesenuaer 1,0 ab.
HzbniTounoe crarnueckoe gasinenue 0,1 Mlla.
Temmepatypa Bojibl IPH H3MEPEHHSIX HAXOAMIach B npeaenax 15 + 1,0 °C.

HPHMEYAHHE [Tozpewrnocms epadyuposku eapanmupyemes MoJbKo HA 4acmomax

U OABNICHUSAX, YKAZAHHBIX 6 CEUOCMENbCMEE 0 NOBEPKE.

M3mepenus mpoBoIui

Toeepurens
o My

Pe3ynpTaThl H3MEPEHHUs YYBCTBATEIBHOCTH M
rugpodona tuma ['HU-50

3apojickoit Ne 004

J1.@. KocobBponosa

NG

[Ipojomkenue Tabmunst 1.

F; M, ab F, M, ab
Ky mB/Ma | otH. 1 mkB/Ma | klMy mB/Ma | oTH. 1 mkB/Ma
1 52,3 94, 5 45,0 93,1
1,25 51,2 94,;H 6,3 47,8 93,6
1. 51,5 94,2 8 47,3 93,5
2 51,2 94,2 10 39,8 92,0
2,5 49,9 94,0 12,5 38,9 91,8
3,15 49,8 93,9 16 35,6 91,0
50,6 94,1 20 31,7 90,0
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®DenepajibHOE rocyJapcTBeHHOE YHHTAPHOE NPeANpHATHE
“BcepoccuiicKHil HayYHO-HCCI€A0BATEIbCKHA HHCTHTYT
(pu3HKO-TEXHHYECKHX H PAAHOTEXHHYECKHX H3MepeHui”
oI'YIl “BHUADPTPH” )
FOCYJIAPCTBEHHBIM METPOJIOT'MYECKHUU HEHTP
I'NAPOAKYCTHYECKHUX NU3MEPEHUHN

I'MIII'
141570, MockoBckas o061,

n/o Menpeneego, I'lTI BHUU®DTPHU

CBUJAETEJBCTBO
O ITIOBEPKE
Ne 07-06-2004

Jleticmeumensho 00
[ wons 2005 2.

CpenctBo u3mepeHuit, pabounii rugpodon tuna ['M-50

3aBojickoi Ne 005,
npunaexamee OI'YIT “BHUNOTPU ",
noBepeHo ¢ npumeHeHueM PO-2 «YTTIA-100» NeOl,

Ha OCHOBAaHUM Pe3yJIbTATOB MEPUOJUYECKON TOBEPKH, MPU3HAHO IIPUTOJI-
HBIM K MPUMEHEHHIO B Ka4ecTBe paboyero ruapo¢oHa, NpeHa3HaueHHOro I
U3MEepeHusl 3BYKOBOIO JIaBIIEHHMsI B BOJIHOW cpejie B  JMana3oHe 4acToT

1 T =+ 20000 I,
I wons 2004 2

HauansHuk JabopaTopuu Ne 24 B
IMLIU ' '. . C.®. Hexpuu
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Pe3yabTaThl IEPHOAMYECKON MOBEPKH
runpodona tuna [’ 1-50 3aBojickoii Ne 005

Pesynpratel u3MepeHus gyBctBHTenbHOCTH M ruapodona tuma 'M-50 3aozckoit Ne0OS
npuBejieHs! B Tabnuie 1.

Tabnuna 1
F,fy | M, mBiMa JoBorw.1mkBma  JF,ru  |m,mBma |aB oru. 1 mkBINa

1 42, 92,5 63 49,21 93,8
1,25 43,77 92,8 80 48,7 93,7;‘
1,6 44,61 92,9 100 48,9 93,80
2 455 93,1 125 48,99 93,80
2,5 46,13 93,2 160 49,37 93,87
3,15 46,69 93,38 200 49,37 93,87
46,3 93,3 250 49,2 93,85
46,97 93,4 315 49,99 93,98
6,3 47,32 93,5 400 49,6 93,91
8 48,67 93,7 500 49,9 93,96
10 47,67 93,5 630 49, 93,89
12, 47,32 93,5 800 49,73 93,93
16 47,99| 93,6 1000 50,31 94,03
20 49,07 93,8 1250 49,66 93,92
25 48,67 93,7 1600 49,3 93,87
31,5 48,95 93,8 2000 49,3 93,87

40 48,23 93,6 l

50 48,67 93,7 ol ,

JloBepHTeNbHAS OTHOCUTEIIBHAS MOTPEIIHOCTD HOBEPKH IIPH JIOBEPUTEIILHOH BEposT-
noctu P=0,95 ne npessrmaer 1,0 gb.

H36piTounoe cratuyeckoe gasienue 0,1 Mlla.

Temrieparypa BOJIBI IIpH W3MEPEHUSX HAaX0MIach B npezenax 15 + 1,0 °C.

HPHMEYAHHE Ioepewrnocme 2padyupoeku 2apanmupyemcs moibko Ha yacmomax
u OasNeHUsX, YKA3AHHBIX 6 C6UOEMENbCMBE O NOGEPKE.

H3mepeHust MpoBOJIHII

ITosepurens ﬁ LA_.-\__H'(D' Kocobponosa

PesynbTarel H3MepeHHs 4yBCTBUTEIBHOCTH M
ruipodona Tuna 'M-50
3aBojickoit Ne 005

[Tpomomxenne tabmuusr 1.

F, M, ob F, M, ab

KMy mB/Ma | oTtH. 1 mkB/Ma | «kly mB/Ma | otH. 1 mkB/Ma
1 50,3| 94,0 5 38,3 91,7
1,25 49,7 93,9 6,3 42,0 92,5
1,6 49, 93,8 8 43,7 92,8
2 49, 93,8 10 40,6 92,2

25 49,7 93,9 12.5 36,9 91,
3,15 49,5 93, 16 31,5 90,0
4 45,1 93,1 20 30,2 89,6
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@enepalibHOE rOCyIapeTREHHOE YHHTAPHOE NIPeANn pUsiTHE
“BcepoccHACKHI HAYYHO-HCC/I€A0BATEAbCKHH HHCTHTYT
(pH3HKO-TeXHHYECKHX H PAJHOTEXHHYECKHX H3MEpeHHH”

oIyl “BHUHOTPHU”
I'OCYJIAPCTBEHHBII METPOJIOTUMECKHH IIEHTP
F'MJIPOAKYCTHYECKHUX U3MEPEHUH
I'MUI'A

141570, Mockogckas 061.,
n/o Meunaeneeso, I'll BHUU®TPH

CBHUHJAETEJBCTBO
O INOBEPKE

Ne 8-06-2004

Heiicmeumenvio 0o
1 wons 2005 2,

CpencTBo uzMepeHHii, padbouuit rusipodon tuna  ['M-50
3aBojickoii Ne 006,

npuHayexainee PI'YIT “BHUUDTPU ”,

noBepeHo ¢ npumeHeHreM PD-2 « YI'TIA-100» NeOl,

Ha OCHOBAHWH PE3YJILTATOB HepHOﬂH‘leCKOﬁ INOBEPKH, MIPU3HAHO MPHUIOJ-
HbIM K INIPUMEHEHHIO B Ka4ECTBE paﬁouero mnpod;ona, NnpeaHasHa4y€eHHOoro Aajisa
H3MEPCHHSA 3BYKOBOIo JaBJICHHA B BOJIHOM cCpeae B JHala3oHE YHacToT
I I'm + 20000 I'm.

! wrons 2004 2

HauanbHuk naboparopuu Ne 24 \
I'MILI'U \ \ é:»'h}f:s C.®. Hekpuu

III'hIH I'PH
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PesynbTarhl nepuogM4ecKoi nNoBepKH
ruapodona tuna I U-50 3aBoackoit Ne 006

PesynpraTel H3MepeHus dyBcTBUTENbHOCTH M ruapodona tuna 'M-50 sasosackoii Ne006
npuse/ieHs! B Tabnuue 1.

Tabnuua 1
F, F,
M, B M, B
M | weina OTH. 1AM1(B!l'Ia My mB/Ma OTH. 1AMmea
1 46 93,26 63| 50,23 94,02
1,25 46,86 93,42 80| 50,71 94,1
16| 46,63 93,37 100 50,23 94,0
2| 47,35 93,51 125| 50,24 94,0
25 47,15 93,47, 160 50,91 94,1
3,15 47,85 93,60 200 50,47 94,06
48,94| 93,7 2500 50,6 94,0
48,41 93,7 315 51 94,1
6,3 48,81 93,77 400 50,9 94,1
8| 49,69 93,9 500 50,0 93,9
1 49,2 93,8 630 51,68 94,27
12,5| 485 93,7 800| 51,12 94,17
1 49,8 93,9 1000 51,7 94,27
200 50,3 94,0 1250 51,31 94,2
2 49,8 93,9 1600 50,6 94,08
31,5 505 94,07 2000 50,6 94,09
a0 49,8 93,9
50| 49,3 93,8 . - |

JloBepuTenbHas OTHOCHTEIbHAS MOTPEIIHOCTE MOBEPKH IIPH JOBEPHTEJILHOH BEPOAT-
poctu P=0,95 ne npepsiaer 1,0 nb.
N36piTounoe cratuueckoe aasinenue 0,1 Mlla.

Temneparypa BoJbI IPH H3MEPEHHUsX Haxoaunack B npegenax 15 £ 1,0 °C.

TIPHMEYAHHE Iozpewnocms 2padyuposii 2apanmupyemcs moieko Ha 4acmomax
U OABNEHUAX, YKAZAHHBIX 6 CEUOEMENbCMEEe 0 NOBEPKE.

Wsmepenust npoBou
TMogepurens JL.®. Kocobponosa
N

PesyneraTel m3Mepenus uyBCTBHTENBHOCTH M
ruapogona tana T'U-50
3aBoAcKoi Ne 006

[Tpomomkenne Tabnuner 1.

F, M, ab F, M, ob

kly mB/Ma | otH. 1 mkB/Ma | klMy mB/Ma | oTH. 1 mkB/Ma
1 51,7 94,3 5 41,3 92,3
1,25 51,3 94,2 6,3 43,9 92,9
1,6 50,6 94,1 8 46,2 93,3

2 50,7 94,1 10 38,8 91,8

2,5 50,9 941 12,5 38,3 91,7
3,15 49,1 93,8 16 32,2 90,2
4 48,0 93,6 20 31,9 90,1
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®enepaiibHOE rocyJapcTBEHHOE YHHTAPHOE NpeAnpUsiTHe
“Beepoccuiickuii HAYYHO-HCCIE0BATEILCKHIA HHCTHTYT

(pu3HKO-TEXHHYECKHX H PAAHOTEXHHYECKHX H3MepeHHH”’
oIyl “BHUHDPTPH”
I'OCYJIAPCTBEHHBIN METPOJIOI“H‘IECKHI:'!“ LHEHTP
IT'NJAPOAKYCTHYECKHUX U3MEPEHHUU
IMITH
141570, Mockosckasn 06.1.,
n/o Menpeneeso, I'll BHUH®TPH

CBUAETEJBCTBO
O ITOBEPKE
Ne 9-06-2004

Jleiicmeumenvho 0o
I wonsn 2005 2.

CpencrtBo usmepeHui, pabounit ruipodon tuna I'M-50
3aBojckoi Ne 007,

npuHaanexamee CI'YIT “BHUUDTPU ",

nmoBepeHo ¢ npuMmeHenuem PO-2 « YTTIA-100» NeO1,

Ha OCHOBAHUM pe3yJIbTATOB MEPUOJIUYECKON IMOBEPKH, IIPU3HAHO IMPHUIOA-
HBIM K MMPUMEHEHUIO B KadecTBe pabouero ruipodoHa, npeaHa3HaYeHHOTO Jis
U3MEpeHUs: 3BYKOBOI'O [aBJI€HHs B BOJHOH cpele B JHala3oHe YacToT
| T + 20000 o '

1 wiona 2004 2

HauansHuk naboparopuu Ne 24

ML LT fooy — C.D.Hexpuu
BHH @ Pl
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PesynsTarsl nepuoandeckoii NoBepKu
ruapodona Tuna [ U-50 3aBopckoit Ne 007

Pe3ynbrartel W3MepeHHs 4yBCTBHTENbHOCTH M ruapodona tuna I'M-50 3aBoackoii NeOO7

npuBeieHsb! B Tabnuue 1.
Tabnuua 1
F, Iy M, mB/Ma Borw.1mkB/Ma_|F,My __ |M, mB/Ma_|nB or. 1 mkB/Na
1 46,5 93,3 63 50,8 94,13
1,2 47,91 93,61 80 51,1 94,17
1, 48,6 93,7 100 52,0 94,33
48,9 93,7 12 52,1 94,3
2, 49,3 93,8 160 51,6 94,2
31 49,6 93,9 200 52,6 94,4
49, 93,8 250 52,7 94,4
49,3 93,8 31 52,0 94,3
6, 50,2 94,0 40 52,48 94,4
50,68 94,1 50 52,4 94,4
1 50, 94,1 63 51,93 94,31
12, 50, 94,1 800 51,6 94,2
1 50,4 94,0 1000 52, 94,3
2 50,6 94,1 1250 52,1 94,3
2 50,4 94,0 160 51,6 94,2
3, 50,88 94,1 2000 51,2 94,2
4 51,1 94,1 (
5 51,73 94,27| : §
JloBepHTeNbHAS OTHOCHTENBHAS TOTPEITHOCTH MOBEPKH MPH JOBEPHTEIBLHOM BEPOAT-
nHocti P=0,95 ne npessbinaer 1,0 gb.
U36eiTounoe crarnueckoe aapnerne 0,1 MITa.
Temneparypa BoBI IPH H3MEPEHHAX HAXOAuIack B npejenax 15 + 1,0 °C.
ITPHMEYAHHE Iozpewnocme 2padyuposku 2apanmupyemcst moibko Ha 4acmomax
U OaBNeHUAX, YKAZAHHBIX 6 CBUOCIMENIbEMEGE 0 NOBEPKE.
H3amepenus npoBoau
[Mosepurens JL.®. Kocobponosa
LA
Pe3y.TI]>’I‘aTbI H3MEPCHHA YYBCTBHUTC/IbHOCTH M
runpodona tuna 'M-50
3aBojickoit Ne 007
[Iponomkenne Tabaumer 1.
F, M, AB F, M, Ab
Ky mB/Ma | otH. 1 mkB/Ma | kly MmB/lMa | otH. 1 mkB/MNa
1 52,4 94, 5 39,9| 92,0
1,2 52,2 94, 6,3 46,1 93,3
1,6 317 94,2 8 471 93,5
2 51,3 94,2 10 45,6| 93,2
- 48,8 93,8 12,5 43,2 92,7
3,1 47,8 93,6 16 36,6 91,3
45, 93,1 20 36,3 91,2




MenepasibHOE rocyIapcTBeHHOE YHHTAPHOE NpeANpHsATHE
“BcecepoccHHCKHH HAYYHO-HCCIEA0BATENbLCKHH HHCTHTYT

(pH3HKO-TeXHHYECKHX U PATHOTEXHHYECKHX H3MepeHHi”
OIrvii “ BHUNDOTPHU”
IFOCYJIAPCTBEHHBIM METPOJIOTMYECKHUHN LIEHTP
THAPOAKYCTUYECKHUX U3MEPEHUM
'MIITHU

141570, Mockosekas 00.1.,
n/o Menaeneeso, I'lt BHUHM®TPH

CBUJAETEJILCTBO
O ITOBEPKE

Ne 10-06-2004

Jeticmeumensho 0o
1 wions 2005 2.

CpeactBo uzmepenuii, pabounii ruapodon tuna  ['M-50
3aBojckoi Ne 008,

npuHaanexaiee OI'YIT “BHUUDTPU ",

nosepeHo ¢ npumeHeHrem PDO-2 « YI'TIA-100» NeOl,

Ha OCHOBaHWHU pe3yJIbTAaTOB MEPHOAUYECKOH MOBEPKH, MPU3HAHO MPHUIO/I-
HBIM K MPUMEHEHHIO B KadecTBe pabouero ruipooHa, npegHa3Ha4YeHHOro /Uis
M3MEpPEHHsT 3BYKOBOIO JIaBJeHUsI B BOJHOW cpe/le B JiMana3oHe 4acToOT
1 I'u <+ 20000 .

I uions 2004 2

HavansHuk nabopatopuu Ne 24
'MLI'1
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Pe3y/ibTaThl IEpHOAMIECKO TOBEPKH
runpodona tuna ' M-50 3aBonckoi Ne 008

Pe3ynbTaThl H3MepeHHs 4yBcTBHTenbHOCTH M ruapodona tuna I'M-50 3aBomckoii NeQO8
npuseseHs! B Tabnuue 1.

Tabmuua |
F, F,
M, ab M, ab
mB/Ma oTH. 1 mkB/la mB/Ma oTH. 1 mkB/Ma
45,5 50,63] 94,1
46,3 50, 94,1
46,3 50,47 94,01
47, 50,47 94,0
48,18 50,47, 94,0
49,31 50,1 94,0
49,7 50, 94,0
49,21 51,1 94,1
49,7 52,2 94,3
49,31 51,6 94,2
49, 50,3 94,0
50,01 49,87 93,9
50,2 50,31 94,0
50,47
50,0
50,9
49,8
50,2

,[lonepu"rcnbnaﬁ OTHOCHTEJIBHAA NMOTPEINIHOCTE MMOBEPKH TIPH HOBEPHT&HBHOﬁ BEPOAT-
noctd P=0,95 ne npessimaer 1,0 ab.

H3bwirounoe crarndeckoe aasnenue 0,1 MIla.

TemnepaTypa BOJibI TPH H3MEPEHHUAX HAXoujack B npeaenax 15 + 1,0 °C.

HPHMEYAHHE [Mozpewnocms epadyupoeku apanmupyemces Moibko Ha 4acmomax
U OAGNEHUAX, YKAZAHHBIX 6 C6UOemeNbemee 0 nosepre.

W3mepenns npoBOIHII

INosepurens U@%\ﬂw KocoGponora

PezynbTarhl H3MepeHHs YYBCTBUTENBHOCTH M
ruapodona tuna 'HU-50
3aBojickoi Ne 008

IIponomxenue Tabnuisr 1.

F, M, AB F, M, ab
Ky, mB/Ma | otH. 1 mkB/Ma | kly mB/Ma | otH. 1 mkB/Ma
1 50,3 94,0 5 43,1 92,7
1,28 51.1 94,2 6,3| 45,0| 93,0
1,6| 50,B| 94,1 8 41,7, 92,4
2 47,9 93, 10 411 92,3
2,5 44 4 92,9 12,5 43,5| 92,8
3,15 43,4 92,7 16 36,7 91,3
4 43,2 92,7 20| 311 89,9
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®enepasibHOE TOCYIAPCTBEHHOE YHHTAPHOE NpeANpHATHE
“BcepoccuiicKiii HAy4HO-HCC/Ie0BATEIbCKHH HHCTHTYT
(PU3NKO-TEXHHYECKHX H PAIHOTEXHHYECKHX H3MEpPeHHH”

OIryi “BHUNOTPH”
rOCYJIAPCTBEHHBIN METPOJIOFH‘IECKHI‘:!‘ LHEHTP
I'MAPOAKYCTHYECKHUX H3MEPEHHH

IMITA
141570, MockoBckas 0bJ1.,
n/o Meunpeneeso, I'lT BHHUH®OTPH

CBUJAETEJbLCTBO
O INOBEPKE
Ne 11-06-2004

Ieticmeumensho 00
1 wions 2005 2.

CpencTtBo usmepenuii, padbounit rugpodon tuna I'M-50

3aBoickoi Ne 010,
npunagiexaiee ©I'YIT “BHUNDTPU ",
nosepeHo ¢ npuMeHeHuem P3-2 « YTTIA-100» NeO1,

Ha OCHOBAaHHH pPe3yJIbTaTOB nepnommecxoi'i [TOBEPKH, MPU3HAHO NMPHTO-
HBIM K IIPHMEHCHHUIO B Ka4€CTBE paﬁoqero l"HllpO('l]OHa, NpeaHa3sHa4Y€HHOTro 1J14
HU3MEPEHHA 3BYKOBOIro JaBJIECHHSA B BOJHOM cpeae B JHanasoHe 4YacToT

1 I'u = 20000 I

[ wons 2004 2

HauansHuk nabopatopun Ne 24 \;
'MLII'1 /a3 ~ C.d. Hexpuu
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Pe3y/IbTaThl IEPUOAHYECKON TOBEPKH
ruapodona Tuna ['M-50 3aBopckoii Ne 010

Pesynprarsl u3MepeHus uysctBuTenbHOCTH M ruzpodona tuna 'M-50 3aBoackoit Ne010
npuBeaeHs! B Tabnuue 1.

Tabnuna 1
F, F,
M, aAb M, b
ru mBiMa oTH. 1 mkBiMa rl.l, mB/Na oTH. 1 mkB/lMa
1 44,28 63 49,68 93,9
1,25 45,13 80 51,12 94,1
1, 46,08 100 49,68 93,9
46,72 125 50,9 94,1
2, 46,26 160 50,63 94,0
3,1 47,26 200 51,33 94,21
47,91 250 51,07 94,1
47,95 315| 52,99 94,4
6,3 47,91 400 52,2 94,3
8 48,26 500 51,37 94,21
10 48,31 630 50,78 94,11
12, 48,87 800 51,62 94,26
1 48,6 1000 50,07 93,9
2 48,87 1250 51,11 94,1
2 49,68 1600 50,81 94,1
31, 49,07 2000| 49,83| 93,9
4 49,21 i
5 51,1 i

JloBepHTenbHAA OTHOCHTE/IBHAS MOIPEITHOCTH MOBEPKH IPH JIOBEPHTEILHON BEpOSIT-
noctu P=0,95 ne npessuuaer 1,0 ab.

H3brrTounoe cratudeckoe gasnenne 0,1 Mlla.

Temmneparypa BoJIbI TPH H3MEPEHHAX HAXOAHIACh B mpexenax 15 + 1,0 °C.

HPHMEYAHHE IMozpewnocms 2padyupoeku apanmupyemes mojibKo Ha 4acmomax
U OAGNEHUAX, YKASAHHbBIX 6 CBUOCMENbCMEE 0 NOGEPKE.

H3mepenns nposoju

[Toeepurens JL.®. Kocobponosa

Pe3ynbTarsl H3MEPEHHS TyBCTBHTEILHOCTH M
ruapodona Tuna 'M-50
3aBojickoit Ne 010

[Tponomkenune Tabnumup 1.

F, M, ob F, M, ab

kMY mB/Ma | otH. 1 mkB/Ma | klMy mB/Ma | oTH. 1 mkB/Ma
1 50,1 93,9 5 39,2 91,9
1,25 51,1 94,1 6,3 43,8 92,8
1,6| 50,8 94,1 8 44,6 93,0
2 49,8 93,9 10 41,0 92,3
2,5 471 93,5 12,5 42,5 92,6
3,15 46,1 93,3 16 37,7 91,5
4 44,0 92,9 20 31,3 89,9
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®enepaJibHOE rocyapcTBeHHOE YHHTAPHOE NpeANnpHATHE
“BeepoccHiCKHH HAYYHO-HCC/IE0BATENbCKHH HHCTHTYT
(pM3HKO-TeXHHYECKHX H PAAHOTEXHHYECKHX H3MepeHHH”

Oryii “BHUUNPTPH”
rOCYJAAPCTBEHHBIA METPOJIOTMYECKUM LIEHTP
IF'NJIPOAKYCTHYECKHX U3MEPEHUI
I'MIII'A
141570, MockoBckas 06.1.,
n/o Meunneneeso, I'l1 BHHH®TPH

CBUJIETEJIbCTBO
O MOBEPKE
Ne 13-06-2004

[Heiicmgumenvho 0o
I wons 2005 2.

CpenctBo u3mepenuid, pabouuit rugpodon tuna I'M-50
3aBojickoi Ne 015,

npuHauiexainee OI'YIT “BHUNOTPU ",

noBepeHo ¢ npuMeHeHreM PD-2 «YTTIA-100» NeOl,

Ha OCHOBaHHM Pe3yJIbTaTOB MEPUOJUUECKON MOBEPKH, MPU3HAHO MPUTO-
HBIM K IIPUMEHEHHIO B KauecTBe paboyero ruipodoHa, npeHa3sHa4YeHHOTO s

M3MEpPEeHHsT 3BYKOBOIO JaBJIEHMs B BOJHOH cpelle B JHana3oHe 4acToT
1 'y + 20000 I'.

I wona 2004 2

HavanbHuk nabopatopuu Ne 24
I'MLII' . -_'.g C.®. Hekpuu
: 4..'
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PesynbTaTel H3MepeHHs 4dyBCTBHTeNbHOCTH M ruapodona tuna 'M-50 3aBonackoit NeQl5

npuBeaeHsl B Tabnuiie 1.

Pe3yibTaThl NEPHOMYECKOH MOBEPKH

ruppodona Tnna ' U-50 3aBojckoit Ne 015

Tabnuua 1
F, F,
I M, b ab
- mB/Ma oTH. 1 mkBI/MNa oTH. 1 MkB/Ma
1 46,01 93,26 94,1
1,25 473 93,50 94,3
16 487 93,77] 94,33
49,0 93,3 94,33
25 47,9 93,6 94,3
3,15 49,0 93,81 94,3
48,7 93,7 94,4
48,6 93,7 94,3
6, 48,9 93,8 94,3
49, 93,8 94,3
1 50,2 94,0 94,41
12, 49, 93,91 94,40
1 50,2 94,0 94,38
2 49,81 93,9
25 504 94,0
31, 50,4 94,0
4 50, 94,1
5 50,2. 94,0

JloBepuTenbHas OTHOCHTEIbHAS ITOTPELIHOCTD MOBEPKH IIPH JOBEPHTEIBHON BEPOAT-

"Hoctu P=0,95 ue npessinaer 1,0 ab.
Msbrrrounoe cratnyeckoe Aasnenue 0,1 Mlla.
Temreparypa BOZbI [IPH H3MEPEHHAX HaXoauack B npeaenax 15 + 1,0 °C.

TTPHMEYAHHE Hoepewnocme epadyuposku 2apanmupyemcs moivko Ha 4acmomax

U 0aBIeHUAX, YKAZAHHBIX 6 C8UOCMENbCEE O NOBEPKe.

W3mepenns nmpoBoaui

IMoseputens EE[ L_E
- k_/

PesynbTaThl H3MEpeHHs YyBCTBUTENLHOCTH M

B

J1.®. Kocobponosa

ruapogona tuma ['U-50
3aBozckoit Ne 015

[pomomxenne Tabmuupr 1.

F, M, nb F, M, ab

KMy mB/Ma || otH. 1 mkB/Ta | klMy mB/Ma | oTH. 1 mkB/MNa

1 52, 94, 5 42,0| 92,5

1,25| 52,2 94,3 6,3 46,4 93,3
1,6 52,9 94, 8 46,7 93,

2 50,8 94,1 10 42,7 92,6

2,5 50, 94,1 12,5 44,7 93,0
3,13' 49 1 93,8 16 37,1 91,

| 46,0 93,3 20 31,8 90,1
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®DenepanbHOe rocy1apcTBeHHOE YHHTAPHOE NMpeANnpHsiTHE
“BeepoccHiCKHI HAYYHO-HCC/I€I0BATEIbCKHH HHCTHTYT
(pH3MKO-TeXHHYECKHX H PAaHOTEXHHYECKHX H3MepeHuii”
oIy “BHUU®TPH”
rOCYJIAPCTBEHHBIN METPOJIOFH‘!ECKHFKH HEHTP
I'NMAPOAKYCTUYECKHUX U3MEPEHHUH
I'MITA

141570, Mockosckas 061.,
n/o Menpeneeso, I'lt BHUU®OTPH

CBUAETEJBCTBO
O NOBEPKE
Ne 14-06-2004

Meticmeumensvro oo
1 wions 2005 2.

CpenctBo usmepeHui, pabouwnii ruapodon tuna I'M-50
3aBojicKoH Ne 017,

npunaiexamee CI'YIT “BHUUOTPU ",

nosepeHo ¢ npumenenuem PO-2 « YITIA-100» NeOl,

Ha OCHOBAaHUHU pe3yJIbTATOB [EPUOJIUYECKON MOBEPKH, NPU3HAHO NIPUTOA-
HBIM K MPUMEHEHHIO B KayecTBe pabouero ruipodoHa, npeHa3Ha4eHHOro JUis
M3MEpeHHs] 3BYKOBOI'O JaBJIeHMs B BOJHOH cpele B JHana3oHe 4acToT
1 I'm + 20000 I'u.

I wons 2004 2

HauaneHuk 1abopaTopuu Ne
I'MLIT'U <l - C.0. Hekpuu
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Pe3ynbTarhl NepHoIMYECKOi MOBEPKH
ruapodona una ['U-50 3aBomckoit No 017

Pesynbrarel u3mepenus dyBcTBUTEIbHOCTH M ruapodona tuma 'M-50 3aBojckoit Ne017
npHBeieHsl B Tabnune 1.
Tabnuua 1

F; F.
r nb nb
U oTH. 1 MmkB/Ma oTH. 1 mkB/lMa

1 93,0
1.2 93,2
1, 93,4
93,7
2, 93,7
3.1 93,8
93,9
93,9
6,3 93,9
8 93,9
1 93,9
12, 94,2
16 94,1
2 94,1
2 941
31, 94,2
40 94,2

5 94, ]

JloBepuTebHAsA OTHOCHTE/bHAS ITOTPEIIHOCTh MOBEPKH HPH J0OBEPUTENLHOM BEpOAT-
Hoct P=0,95 ne npeseiuaer 1,0 ab.

Usbeitounoe craruyeckoe aasnenue 0,1 Mlla.

Temnepatypa Bo/ibl IPH W3MEPEHUAX HAXOAMIACH B rpeaenax 15 £ 1,0 °C.

ITPHMEYAHHE Hoepewmocms 2padyuposku 2apanmupyemcs moibko Ha 4acmomax
U 0aGIeHUAX, YKAZAHHBIX 6 CEUOemeNbemee 0 nosepKe.

H3amepenus npoBoaun

IMosepuTens M@, KocoBpoaosa

Pe3ynbTaThl H3MepeHHs YyBCTBHTEIBHOCTH M
ruapodona tuna 'MU-50
3aBojickoit Ne 017

[Tponomxenue Tabnuus 1.

F, M, ab F, M, nbB
kM mB/Ma | otH. 1 mxB/MNa || «lMy mB/Ma | oTH. 1 mkB/Ma
1 52,1 94,3 5 36,5| 91,3
1 ,Zgl 52,4 94,‘% 6,3 45,7 93,2
1 52,7 94, 8 45,8| 93,2
2 51,5 94,2 10 42,0 92,5
2,5 48,2 93,7 12,5 40,1 92,1
3,15 47,7 93, 16 37,0 91,
4 44,8 93,0 20 35,1 90,9
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®enepalibHOE rocyiapcTBeHHOE YHHTAPHOE NpeANpHsITHE
“BeepoccHiCKHIT HAYYHO-HCC/Ie10BATENbCKHHA HHCTHTYT
(pM3HKO-TEXHHYECKHX H PAJHOTEXHHYECKHX H3MepeHHH”

orymn “BHUNOTPHA”
IOCYIAPCTBEHHbBIA METPOJIOTHYECKHUM LIEHTP
T'HJAPOAKYCTHYECKHUX M3MEPEHUM
rMIITA
141570, MockoBeckan 001,
n/o Meunpeneeeo, 'l BHHH®TPHU

CBHUAETEJBCTBO
O NOBEPKE
Ne 15-06-2004

Heticmeumenvho 00
I wons 2005 2.

CpenctBo u3Mepenui, pabounit rupodon tuna  ['M-50
3aBoackoi Ne 021,

npuHapexaiee OI'VII “BHUADTPH ",

nosepeHo ¢ npuMeHeHueM PI-2 « YITIA-100» NeOl,

Ha OCHOBAHMH PE3YJILTATOB MEPUOINUECKON MOBEPKH, IPU3HAHO MPHUTO/I-
HBIM K MPUMEHEHHIO B KauecTBe pabodero ruapodoHa, npeaHa3HaueHHOro Ui
M3MEpEeHHs. 3BYKOBOIO [IaBIeHHs B BOJHOHM cpele B JMana3oHe 4acToT
1 'y + 20000 I'w.

I uionsn 2004 2

HauanbHuk nabopatopuu Ne 24
I'MLII'HU 1 C.®. Hexpuu
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PesynbraTs nepuoanyeckoii moBepky
rugpotona Tuna I'MU-50 3aBoackoii Ne 021

PesysnbraTsl H3MepeHHs 4yBCTBHTeNbHOCTH M ruapodona tuma ['M-50 s3aBojckoit Ne021
npuBesieHb! B Tabnuue 1.

Tabnuua 1
F, F.
ab a6
oTH. 1 mkB/lMa M, mB/Ma oTH. 1 mkB/lMa

92,8 50,21 94,0
92,8 51,06 94,1
93,21 51,12 94,17
93,4 51,12 94,17]
93,5 51,1 94,17
93,71 51,76 94,2
93,7 51,7 94,2
93,7 51,77 94,2
93,7 51,32 94,21
93,7 51,17 94,1
93,6 51,26 94,2
93,7 51,08 94,1
93,8 50,78 94,11
93,9

94,0

94,0

JloBepHTeNbHAsA OTHOCHTENbHAA MOTPEITHOCTh NOBEPKH MPH IOBEPHTEILHOH BEpOAT-
noct P=0,95 He npepsimaer 1,0 1b.
H3briTounoe crarnyeckoe aasnenue 0,1 Mlla.
0
Temneparypa BOJIbI IPH H3MEPEHHAX HaXoauiach B npenenax 15 + 1,0 °C.

TTPHMEYAHHE [Hoepewnocms 2padyupoeru eapanmupyemcs mojisKo Ha 4acmomax
U OABNEHUAX, YKAZAHHBIX 6 COUOCMENbCMBE 0 NOGEPKE.

H3mepenus npoBojiui
[Nosepurens ' JL.®. Kocobponosa
{/@@L (L

Pe3ynbTaThl H3MEpEeHUs YyBCTBUTEILHOCTH M
ruspodona tuna 'M-50
3aBoJICKO# Ne 021

[Tponomxenue Tabauie 1.

F! M! lqE F9 M! AB
KMy mB/Ma || otH. 1 mkB/Ma | kly mB/Ma | oTH. 1 mkB/Ma
1 50,8 94,1 5 40,9 92,2
1,25 52,0 94,3 6,3| 46, 93,3
1, 50,6 94,1 8 47, 93,5
2 50,2 94,0 10 40,8 92,2
2, 47,6 93, 12,5 39,5 91,2
31 47,6 93, 16| 35,3 91,0
47,2 93, 20 30,1 89,6
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@eepajibHOE rocyapCcTBEHHOE YHHTAPHOE NpeaAnpHsTHe
“BcepoccHiCKHI HAYYHO-HCCJIEI0BATEIbCKHH HHCTHTYT
(pu3HKO-TEXHHYECKHX H PAIHOTeXHHYECKHX H3MepeHHii”
oIyl “BHUNOTPH” )
FOCYJAAPCTBEHHBIM METPOJIOTHYECKHUHU LEHTP
I'NAPOAKYCTHYECKHX U3MEPEHHUHU

I'MIT'A
141570, MockoBckas o0J.,

n/o Menneneeso, I'lt BHUHU®TPH

CBUJAETEJbBCTBO
O IMOBEPKE
Ne 16-06-2004

Jeiicmesumensho 0o
1 wions 2005 2.

CpexncTtBo u3MepeHuii, pabouunii ruapodon Tuna 161

3aBojickoi Ne 07,
npuHauiexxamee OI'YIT “BHUUDTPU 7,
nosepeHo ¢ npuMmenerreM PD-2 « YI'TIA-100» NeO1,

Ha OCHOBaHHUH pE3yJIbTATOB HepHOHquCKOﬁ [NOBEPKH, NMMPU3HAHO MPHUTIOa-
HBIM K IIPHMEHEHHIO B Ka4eCTBE paﬁoqero mnpod:ona, NpeaHasHa4Y€HHOro s
HU3MEPEHU 3BYKOBOIo JaBJIEHHA woﬁ cpeae B JUaliasOHe 4YacToT
[ T +20000 ' . <y

I wons 2004 2

HauaneHuk mabopatopun Ne 24
['MLII'N u:-ff-‘f:f%.,/ C.®. Hekpuu
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Pe3ynbTaThl NEPHOMUECKOH MTOBEPKH
rugpodona una ['61 3aBozackoit Ne 07

Pe3zynbTarhl H3MEPEHUS YYBCTBHTEILHOCTH M ruapodona tuna I'61 3aBouckoii Ne 07 mpu-
BejleHb! B Tabmuie 1.

Ta6nuna 1
F, F,
M, ab M, ab
ru mB/Ma oTH. 1 mkB/Ma r"l mB/MNa oTH. 1 MkB/Ma
1 1,6 64,5 63 54,4 94,72
1.2 2,58 68,2 8 54,6 94,7
g 3,9 71,98 10 54,8 94,79
5, 74,9 12 54,83 94,78
2, y 77,9 16 54,9 94,81
31 10,88 80,73 200 55,23 94,8
14,4 83,21 250 55,61 94,90
18,69 85,43 315 55,5 94,89
6,3 23,6 87,4 400 54,96 94,80
8 28,82 89,1 500 55,29 94,8
1 34,25 90,6 630 55,7 94,92
12, 38,69 91,7 800 55,2 94,8
1 43,89 92,8 1000 54,38 94,71
2 47,92 93,61 1250
2 50,98 94,1 1600
31, 52,41 94,3 2000
4 54,37 94,71 2500
5 54,52 94,7 3150

JloBepuTelibHas OTHOCHTENbHAS NOTPEITHOCTE TIOBEPKH NPH JOBEPUTEILHONW BEpOST-
noctu P=0,95 ne npeeiaer 1,0 nb.

M36piTounO0e cTatnueckoe aasienne 0,1 Mlla. '

Temneparypa Bofibl Ipu H3MEPEHUIX HAXOMACk B npejenax 15 + 1,0 °C,

ITPHMEYAHHE Hozpewnocmy 2padyuposku 2apanmupyemest MOAbKO HA 4acmomax
U OasNeHUAX, YKA3AHHBIX 6 CBUOEMENbCmee 0 noGepKe.

H?.MGPEHHH IIpPOBOJIHIT

INosepurens 4 JI.®. Kocobponosa
ﬁ'?@ (.--L__\

PesyibTarThl H3MEPEHHs YyBCTBHTEIBHOCTH M
rugpodona tuna ['61
3aBojickoit Ne 07

ITponomxenue tabnuisr 1.

F, M, ab F, M, nb
KMy MmB/Ma | otH. 1 mkB/Ma | kly mB/Ma | otH. 1 mkB/MNa
1 54, 94,7 5 32,5 90,2
1,25 54,;| 94,7 6,3| 29,5| 89,
1,6 53,8 94,6 8 29,8 89,
2 53,7 94,6 10 30,0 89,6
2 53,3| 94,5 12,5 29,0 89,2
31 53,1 94, 16 34,7 90,8
36,7 91,3 20
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© Valeport Limited

7 EQUIPMENT CHECKLIST

Serial No. ... 2X99N.o v
Customm‘fw%tc""g““‘g .
O el

Model No. ‘h\)%m%&%—-
Con NUMDEF: ... NS i oveennssecesens
Customer Refs:)‘%\&s\

) 1% T NG R L T
Calibration Cert.: &.=. NS\

ITEM

Quantity Serial Number Initials

Hardware

Model SVXtra Sound Velocity Profiler

1 SACEIN ﬂi

1.5v alkaline cells fitted

Zinc anode fitted

Stainless steel deployment frame

3mY Lead

Switching Plug

Tools and Accessories Kit 1 %

Signal cable on hand reel ( m) = = = j

Transit Case A %
= [Zd

Software

DataLog 400 CDROM 1

W - G .

Documentation

4

Operating Manual

Calibration Certificate Enclosed

SIGNED

Ny
DATE S Qe

Model SVXtra Combined CTD & SVP Operating Manual

Section 1, Page 13

0650816a.doc
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Calibration and Instrument build record Valeport Ltd. Dartmouth, Devon, UK
| [
Calibration certificate number 14156
Instrument type _ SVExtra
Serial number 21001
Communications set up ex-factory RS232
Baud rate set ex factory | AUTO
Main micro software version & Date 0400703V| 15/05/2003
PCBs Part Version Ser No
PSU 1 0400501 [+] 9660
PSU 2 0400502 Cc -9768
Micro 0400500 D 10474
RAM 0400511 c 8460
Flash Memory & Size 0400506 Cc 8646 8|Mbyte
Press/Temp 0400507 D 10053
SVP 0650500 Cc 8610
Conductivity 0400507 B 7619
Conductivity 0400505 B 10107
Redox 0400517 A N/A
Do 0400517 A N/A
Ph 0400517 A N/A
Turbidity 0400517 A N/A
FSK Line 0400521 B N/A
FSK Micro 0400520 B N/A Code
Calibrations for each sensor/PCB are on separate sheets, with filenames defined by the PCB serial number
Name A PJT
Date - AgAT.03
/4
Signed YA
/4
/4
Vi
21001B400 Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards 11/07/2003 08:45
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Sensor Calibration Record CONDUCTIVITY Valeport Ltd
No. of Conductivity PCBs |2 v| GaNbration Exuipment use
400 PCB 7400 PCB Conductivity sensor Instrument Type Serial No
Serial no. 7619 Serial no.|10107 Serial no.[10905 Multimeter HP34401 US36049071
Part no.|0400507E Part no.| 04005058 Type|62R Decade Box Hatfield 2001 51262
Firmware | 0400702F Temp Bridge ASL -F26 14005
PRT S17915/A T25/62 X1BB4ANTE MASB3
Module address set 10 Autosal 84008 85741
Stage 1: Circuit Calibration with Resistance Loop
(Decade box | Measured Counts TR Polynomial fit for 1/R Polynomial calculations
setting Resistance
Ohms [Through coll] nnnn 1/0Ohms Calc 1/R from 1/R Error | Calc.Cond. from | Cond. Error [Calc-] Acceptable Error Pass/Fall
Ohms Order >>>> 3 polynomial output | [Calc - Actual]| final polynomial | Actual] mS/cm
62 62.557 36997|  0.0159854]  Parameter Value 0.015985292| -1.2944E-07|  83.28000493 -0.001| $0.01 Pass
70 70.767 32829|  0.0141309) a0 -4,639238E-04] 0.014131227| 3.46685E-07  73.62071684 0.002| +0.01 Pass
82 82570 28295  0.0121109) al 4.431983E-07 0.012110719| -21739E-07|  63.09429499 -0.001| +0.01 Pass
99 99,678 23628/  0.0100323) a2 4.777838E-14 0.010032366| 6.15219E-08) 5226651218 0.000| +0.01 Pass
124 124,590 1a11s|  0.0080263] a3 -1.7238206-19]  0.008025844| -4.81857E-07|  41.81295999 -0.003| +0.01 Pass
165 165.530 14657)  0.0060412] 0.006041755| 5.54022E-07|  31.47627154 0003 1001 Pass
248 248 480 10117]  0.0040245| 0.004024625| 1.5642E-07|  20.96744987 0.001) +0.01 Pass
496 496.930 5583  0.002012 0.002011912| -4.44308E-07|  10.48163561 0.002| +0.01 Pass
AIR 1047]_0O - 1.56997E-07| 1.56997E-07)  0.000817923 0.001 £0.01 Pass
E polynomial fit from graph in cell D21 y = -1.723829E-19x3 + 4.777838E-14x2 + 4.431983E-07x - 4.639238E-04
| | | | 1
Stage 2: Cell Gain determination and Conductivity polynomial fit Stage 5: Check readings after calibration entered
[Autosal temp | [ “CIPTS 68] 30 Polynomial fit for Conductivity 3 S nbath | In air
Double from Autosal 2.24917 Order 3 Autosal temp °C [IPTS 68] 30
Autosal Salinity PSU 39.97350 a0 -2.416945E+00| Double from Autosal 2.24917
Bath temp | ‘cIPTS90] | 15.3130 al 0.00230897Salinity PSU 39.97350)
| Conductivity from Salinity mS/cm 48.66593 a2 2.48915E-10|Bath temp °C [IPTS 90] 16.3130]
[Bath Salinity (Check) PSU 39.97350 a3 -8.98079E-16| Cond. from Sal. mS/cm 48.65593] 0.000]
Counts from instrument 22071 |Bath salinity PSU 39.97350] Name PJT
Calc.1/R from Counts & Poly fi  1/Ohms | 0.009339327] |Rdg from instr. ms/cm 48.652] 0.006] Date 10.07.03
Cell Gain [Conductivity per 1/R] 5209,789453) Error [Rdg - Act] mS/cm -0.004} 0.006 /
Acceptable Error +0.01  |pass |Pass /
| l /4
Stage 3: Enter calibration string: #024.10:1:15.0,000000+00;0.000000e-+00;-8.980786¢-16,2. 4891 53e-10;2.308970e-03;-2. 416 Signed 8=
Stage 4: Enter Gain and Offset values: #035;10;1;500;-20000 )/
[/

COND7619

Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards

11/07/2003 08:45
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Sensor Calibration Record Sound Velocity © Valeport Ltd
Instrument Serial Number 21001 Calibration Equipment used
Transducer Type, mm 100 Instrument Type Serial No
Transducer Ser No 10903 Temp Bridge ASL-F26 14-005
PCB Part No 0400524A PRT S17915/A T25/62 X19B4A/TE MA/S3
PCB Ser No 8610
SV Firmware Version 1.05
True SoS from Calc SoS from Error Acceptable
Stage 1: First order fit Temp e DGM Measured Tof |  Coefficlents | = orrcients | (Calc-True) |  Eror i
degC90 degC68 m/s nsec*100 m/s m/s m/s
2.0063 2.0068 1412.265 14210996| 7.377900E+04 1412.265 0.000 +0.001 Pass
16.3318 15.3355 1467.100 13682594 5.008641E+06 1467.100 0.000 +0.001 Pass
Stage 2: Enter calibration string #024,12;1;15,0,0,0,0,5.008641e+06;7.377900e+04
Temp Temp Actual SoS | Measured SoS | o E™ 5% | Acceptable Error| Pass/Fail
Stage 3: Check point Reading-Actual
degC90 degC68 m/s m/s m/s mis
16.3295 15.3332 1467.092 1467.082 0.000 +0.005 Pass
Date: 08.07.03
Name: /f 7 PJT
signature:  { /7
L
B650CALworksheet8610 Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards 11/07/2003 08:46
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Sensor Calibration Record PRESSURE Valeport Ltd

PCB Serial no. 10053 Pressure sensor Calibration Equipment used
Part no. 0400507E Type PDCR 4000 Instrument Type Serial No
Firmware 0400700K Serial no. 1599575 DWT Budenburg 480L/24175/31TE/3295
Module address set 20 Tx Range 600|dBarAbs Barometer F Darton J 665
[ | Set Tx Range 1000|dBarAbs
Stage 1: Determine Local pressure conditions
Air temperature 27.2 degC
Grid reference 286362 East, 051466 North
Height above sea level 122 metres
Local Gravity | 9.81095 M/sec”2
Gravity standard for barometer 9.80665 M/sec*2
Atmospheric pressure 761.700 mmHg
10.1146 dBar
Stage 2: Obtain Calibration data and Polynomial fit
Deadweight | Deadweight | Atmospheric | Counts Total pressure _Folynomial fit for raw data Polynomial calculations
weight pressure Pressure (nnnn)
Calc Press from Press Error [Calc - Actual]
absolute Order >>>> 2 poly. output _ .
dBar dBar dBar nnnn dBarA Parameter Value dBarA dBar %FS Acceptable Error | Pass/Fail
0 0.000 10.115 3403 10.115) a0 -6.567846E+01 10.136 0.022 0.002) +0.1 Pass
200 200.127 10.115 12386 210241 al 2.228041E-02) 210212 0.029 -0.003 0.1 Pass
400 400.253 10.115 21375 410.368) a2 -4,865529E-10 410.343 0.025 -0.002| +0.1 Pass
600 600.380 10.115 30370 610.494) 610.529 0.034 0.003f £0.1 Pass
800 800.506 10.115 39365 810.621| 810.636 0.015 0.001) 0.1 Pass
1000 1000.633 10.115 48363 1010.748| 1010.731 £0.017 -0.00 $0.1 Pass
|
Enter polynomial fit from graph in cell E27 |y = -4.865529E-10x2 + 2.228041E-02x - 6.567846E+01
Stage 3: Enter calibration string: #024,20,1,15,0,0,0;-4.865529¢-10,2.228041e-02;-6.567846e+01
Stage 4: Enter System Gain & Offset: #035,20,1;40,-20000
Stage 5: Post Calibration Check
Deadweight | Deadweight | Atmospheric | Measured | Total pressure Error [Reading - Actual]
weight pressure Pressure pressure -
dBar dBar dBar dBarA dBarA dBar A8 AeocptableEime] — Paestel
0 0.000 10.115 10.150 10.115 0.035 0.004 +0.1 Pass
200 200.127 10.115 210.325 210.241 0.084 0.0 +0.1 Pass Name PJT
400 400253]  10.115] 410500 410.368 0.132 0.013 +0.1 Pass Date _ 7 | 09.07.03
600 600.380| 10.115| 610575 610.494 0.081 0. +0.1 Pass /4
800 800.506 | 10115 810725 810.621 0.104 0.01f £0.1 Pass V//4
1000 1000.633 10.115|  1010.700 1010.748 -0.048 -0.005 0.1 Pass Signed
|
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Sensor Calibration Record TEMPERATURE Valeport Ltd
PCB Serial no. 10053 Temperature sensor Calibration Equipment used
Part no. 0400507E Type PRT Instrument Type Serial No
Firmware 0400700K Serial no. N405 Temp Bridge ASL-F26 14-005
Thermistor Type DS18B20 | ¥ PRT S17915IAT26/62 |  X1984AATE MAS3
Modus address set 20
| 1
PCB internal temperature calibration
Stage 1: Obtain PCB temperature calibration data
PCB therm Best fit ) Normalised
readg. Output counts | Best fit siope|  intercept Correction formula counts [20] Reading Temp
degC [internal] Times 10 counts counts degC
5 35142 -0.231|  35143.651]Gain = 0.231 23 35139 35141 25
26 35139 Offset = -3.468 -347
38 35134
Stage 2: Enter calibration string: #085,20,23.-347
l | [
PCB/Sensor calibration
Stage 1: Obtain Calibration data and Polynomial fit
Counts | Bath temp Polynomial fit for raw data Polynomial calculations
Calc Temp | Temp Error
from | [Calc - Actual]
Order >>>> 2 polynomial
output
nnnn DegC [90] Parameter Value DegC [90] DegC [90] | Acceptable Error Pass/Fail
24404 2.053 a0 -2.189302E+01 2,053 0.000f  +0.005 Pass
37860 15.324] al 9.779915E-04 15.324| 0.000]  :0.005 Pass
57497 34.778] a2 1.330186E-10 34.778 0.000]  $0.005 Pass
Enter polynomial in cell E27 y = 1.330186E-10x2 + 9,779915E-04x - 2.1B8302E+01
Stage 2: Enter calibration string: #024,20,2,15;1,0,0;1.330186e-10,9.779915¢-04,-2.189302e+01
Stage 3: Enter System Gain & Offset #035;20,2;1000;-20000 Name PJT
| | Date 09.07.03
Stage 4: Post Calibration Check Reading | Bathtemp | Error [Reading-
Actual] A
DegC(00] | DegC(o0] | DegC(0] | Acceptable Eror | Pass/Fail ///
34.777 34.780 0003] 0005 Pass Signed [/~

TEMP10053A

Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards

11/07/2003 08:46

Page 116



APPENDIX B - AUAR INSTRUMENT TESTS

Instrument Tests for Autonomous Underwater Acoustic Recorder (AUAR)

General performance and calibration tests can be conducted on the equipment to verify
consistent performance from recorder to recorder and to calibrate the response of each unit.
This can be accomplished with a low distortion sine wave oscillator (if available, otherwise a
regular sine wave oscillator may be used), and a rms voltage meter or oscilloscope. In
general, all units should have the same response. The equipment specifications are listed

at the end of the document; all units should meet these specifications.

System Noise Tests

At the connector where the hydrophone typically mates to the unit, terminate the two pins
with a 'short' or a small resistor (the resistance should be approximately equal to the
effective output impedance of the pre-amplifier), record data for 30 to 60 seconds. Software
analysis should produce rms and DC Offset results along with a spectral analysis. The noise

characteristics and levels for all recorders must meet the instrument test specifications.

System Dynamic Range

20 Hz, 200 Hz, 500 Hz, 2 kHz and 5 kHz oscillator signals can be generated, set (using the
RMS meter or oscilloscope) at the maximum input signal level of the preamplifiers, to
determine an approximate dynamic range of the recorder. The signal should be input prior
to the first pre-amplifier. The signal level will be increased in 10 dB steps from the minimum

input signal level to the maximum®, and data will be recorded for 300 seconds.

% One possibility is to use a calibrated attenuator with 10 dB steps inserted between the test oscillator and the
pre-amp input. The output of the oscillator can then be set initially at a voltage above the expected dynamic
range limit and the attenuator stepped down in -10 dB steps to check the pre-amp linearity and distortion as a
function of input level. Conversely, the attenuator can be set to provide an input level within the accepted
dynamic range of the pre-amp and the attenuation reduced in 10 dB steps to check the overload
characteristics of the pre-amp.
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If possible, the oscillator should be connected to all of the recorders at the same time using
a spider cable. The recorded data should be a smooth sine wave, not clipped or distorted at
the peaks. Software analysis should produce approximately the same rms values as
measured on the rms meter or the same peak values as viewed on the scope. Use the best
rms record and the System Noise record to determine the System Dynamic Range. A
spectral analysis should show the oscillator signal fundamental and very small harmonics (if
any). If harmonics are high then either the signal is clipped or the oscillator is not low
distortion. A distortion analysis can be made with software to see the quality of the recorded
test signal. All units should have about the same peak levels and should meet the

instrument test specifications.

System Filter Response

The amplitude response of the system can be verified and aliasing identified using an
oscillator with fixed frequencies throughout the pass band. (5, 10, 20, 100, 500 Hz, and 1, 2,
3,4,5,6,7,8,9,10,10.1,10.3, 10.5, 11, 12, 13, 14, 15, 15.1, 15.3, 15.5, 16, 17, 18, 19, 20
kHz). The signal should be input prior to the first pre-amplifier and data recorded for 60

seconds. Also record a 300-second record with a broad band white noise input signal.

The tonal signal tests need only be conducted once per unit; the combined results from the
tonal signal test and white noise test will be used to define a filter response for each unit.
This filter response will be compensated for as the data is processed. The white noise test
is the standard filter response test. If the system filter response does not replicate the initial

tonal signal test a further tonal test should be conducted.

For both of these tests if possible, pulse all recorders at the same time using a spider cable.
Spectral results from these tests should be used to determine the amplitude responses of all

the recorders.

Cross-feed Tests

The recorders have two inputs to the ADC (a high frequency and a low frequency channel).
A cross-feed check can be conducted by injecting a known signal into one channel at a time
(the other channel being terminated with an impedance close to that existing when the unit

is connected to the system). Software analysis can determine the cross-feed levels.
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Cross-calibration Tests

All recorders should be cross-calibrated at the beginning and end of the program. If
significant changes are made to a recorder or recorders, they should be cross-calibrated

with an unchanged recorder of the same type when possible.

Test Schedule

All recorders should have a full set of instrument tests prior to initial deployment and at the

end of the program. These tests should be written to disc.

Before and after each deployment of a recorder, the gains, sample rates and key recording
settings should be evaluated and written to disc to ensure parameter stability. A new set of
instrument tests (not including a cross-calibration test) should be recorded before each

deployment.

Instrument tests should be primarily evaluated in the range from 1Hz to 15kHz.
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APPENDIX C - CROSS-CALIBRATION RESULTS

At the end of the 2004 expedition (4-5 October) a cross-calibration of all thirteen AUARs
used in the 2004 field program was conducted on the Academik Oparin. All AUARs were
calibrated by comparing noises generated by the Academik Oparin and tonal signals

generated by the LF and HF broadband sound transducers.

Figure C.1 - AUARSs being cross-calibrated on the Academik Oparin.

The field cross-calibration was conducted by tying a number of hydrophones together in a
bundle (Figure C.1), and deploying them from the Academik Oparin at a depth of ~10 m
while it was anchored in 30 m of water. The hydrophones were divided into groups due to
the number of hydrophones being calibrated. One hydrophone was used as a control for all
the groups. The AUARSs on the Academik Oparin synchronously recorded the signals from
these hydrophones. The purpose was to simultaneously record the same signal on all
AUARSs, allowing the relative calibrations of the AUARSs to be confirmed. Data was recorded
at a 30 kHz sample rate on the HF and LF channels of each AUAR. All spectra were
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corrected for amplitude and frequency so the absolute acoustic level of the signal was
calculated for the specified frequencies (LF channel: 1 Hz -10 kHz, HF channel: 10 Hz -
15 kHz).

Figures C.2 to C.4 display spectra showing the results of the cross-calibration analysis
(between 0.5-15 kHz) of the thirteen AUARs. Figures C.5 and C.6 display spectra showing
the same analysis from 1 to 500 Hz. Analysis of the acoustic field measurements made with
the 13 AUARSs indicate that in the frequency band 1-500 Hz there is clear narrowband noise
generated by the Academik Oparin and at frequencies greater than 3 kHz the acoustic field
is dominated by the noise signal from the broadband transducer. Since the acoustic energy
is not evenly distributed throughout the frequency band, calculations of the relative errors for
the thirteen AUARs were made in the following frequency bands: 1-500 Hz and 500-9500
Hz for the LF channels, and 9500-15000 Hz for the HF channels.

Table C.1 is a statistical analysis of the cross-calibration data showing the relative errors in
the acoustic field measured by the 13 AUARs during the cross-calibration, the results were

calculated using the following methodology:

1. For each AUAR the integrated power spectral density for the specified frequency band
[dB] is calculated using Equation (C1):

G = 10Iog(iGi(f)de (C1)

Where:

i is the AUAR number,

] is the frequency band number,

G(f) is the power spectral density at frequency f (Figure C.2),
f,, f, are the limits of the frequency band.

2. The average value [dB] of the spectral density within the frequency band for all thirteen

AUARSs is calculated using Equation (C2):

O Ya)
G :1T (C2)
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Where:
n is the number of AUARSs in the group

3. The relative error for AUAR number i in the frequency band Af; is calculated using

Equation (C3):

Af :‘G_Afj _EAfj

O

(C3)

Table C.1 - Cross-calibration - statistical relative error analysis in the frequency
bands 1-500 Hz, 0.5-9.5 kHz and 9.5-15 kHz.

o;(Af;) [aB]
Af, Af, Af,

f1=1Hz f1 =500 Hz f1 =9500 Hz

AUAR # f, =500 Hz f, =9500 Hz f2=15000 Hz
1 0.7991 0.0147 0.2970
2 0.8399 0.0319 0.5004
3 0.9907 0.0687 0.0464
4 0.8441 0.0859 0.2498
5 0.0409 0.1565 0.1217
6 0.4846 0.1362 0.1397
7 0.5493 0.0617 0.0205
8 0.6471 0.3233 0.3745
9 0.8255 0.2836 0.4832
10 0.7362 0.4262 0.7474
11 0.9481 0.0157 0.6742
12 0.5698 0.2739 1.0690
13 0.8153 0.1930 0.2149
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As can be seen the maximum absolute error for any AUAR from the mean is 1.069 dB®.

This is within the expected relative error limits for the equipment and the absolute calibration
of the data was therefore confirmed.

2
e G(f), dB re 1mkPa /Hz

T

L I e e
2 000 4 000 6 000 8 000 10000 12000 14000
f, Hz

Figure C.2 - Cross calibration analysis for AUARs 1 to 4 - Spectra of signals generated
by the broadband transducer and synchronously measured by all the AUARs in the
group (after instrument response [amplitude-frequency] correction).

® The highest calibration errors were found in calibrations with lower signal levels.
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Figure C
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.3 - Cross calibration analysis for AUARs 4 to 7 - Spectra of signals generated by

the broadband transducer and synchronously measured by all the AUARs in the group
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(after instrument response [amplitude-frequency] correction).
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Figure C.4 - Cross calibration analysis for AUARSs 4, 8 to 13 - Spectra of signals generated

by the br

oadband transducer and synchronously measured by all the AUARSs in the group
(after instrument response [amplitude-frequency] correction).
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Figure C.5 - Cross calibration analysis for AUARs 1 to 7 - Spectra of 21 Hz signal (and

harmonics) generated by the low frequency transducer and synchronously measured by
all the AUARs in the group (after instrument response [amplitude-frequency] correction).
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Figure C.6 - Cross calibration analysis for AUARs 7, 8 to 13 - Spectra of 21 Hz signal (and
harmonics) generated by the low frequency transducer and synchronously measured by
all the AUARs in the group (after instrument response [amplitude-frequency] correction).
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APPENDIX D - METHODOLOGY FOR NORMALIZING AND ANALYZING THE
ACOUSTIC DATA

The AUARs record a discrete time series that allow the temporal, spectral and spatial
properties of the acoustic field to be analyzed. The data was normalized and corrected

using the following algorithms®®:

1. Normalization of the raw data:

A= [uPa] (D1)

Where:
A is the amplitude of the sample [uPa]
is the output voltage from the ADC [mV]

\Y
K, is the system gain®
S, is the sensitivity of the hydrophone @ 1 kHz [mV/uPal].

2. To calculate energy and power spectral density estimates:

For a digitized pressure time series:
p(iAt) , i=0, M1 [uPa] (D2)
Where:
M is the number of samples
T is the length of the time series (seconds)
At is the sample interval (seconds)

A. Calculation of the energy spectral density within the analysis window T:
E(KAF) = 2At°|Pop (kAT )|’ [(uPa/Hz)?] or [uPa®s/Hz]*" (D3)

Where:
Af =—— is the frequency step (Hz
IX q y step (Hz)

® All programs for normalizing, correcting and averaging temporal and spectral data were tested. These tests
used calibrated broadband and tonal signals transmitted from the hydrophone input to the output of the
frequency discriminator of the radio-receiver, as well as the point where data from the ADT is input to the PC.
% Because the instrument responses and calibrations are estimated in the frequency domain the correction of
the data to absolute spectral values is normally performed in the frequency domain after the power spectra
have been computed.

" The FFT is a 1-sided FFT (k=0, ..., M/2)
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The FFT algorithm should be tested to ensure it satisfies Parsevals theorem:

M-1 M /2
PZ(IADAL = > E(KAF)Af (D4)
i=0 k=0

In order to satisfy Parsevals theorem there must be compensation by Af otherwise

the energies will not sum properly. In this way if the FFT is presented with a time

window different than 1 second it will compensate for the window length®®.

B. Calculation of the power spectral density (energy normalized to a 1 second window):
G(kaAf) = % E (kAf) [uPa?/(s Hz)] or [uPa?] (D5)

C. Conversion of the spectra to a logarithmic scale:

Egs (KAF) =10L0g 2 + 20Log (At|Pe; (KAF))  [dB re 1 pPa/Hz]™ (D6)

Ggs (KAF) = E (KAF) —10LogT [dB re 1 uPa?/(s Hz)]"' (D7)

D. Calculating average energy and power spectral density estimates over a window of
length NT seconds by averaging spectra computed in consecutive non-overlapping

windows of length T:

E(KAf) = ZANtZ i|PFFT (kaf)[* [(uPa/Hz)?] or [uPal-s/Hz] (D8)
G (kAf) :Tlﬁ(kAf) [uPa?/(s Hz)] or [uPa?]  (D9)
G (kaf) = %ZN:G(kAf) [uPa?/(s Hz)] or [uPa?]  (D10)

In practice, the number of samples input to the FFT are 16384 for the 20 kHz sample rate and 32768 for the
30 kHz sample rate.

% For this calculation it is required that the FFT is scaled so that the output of a unit spike is unity at all
1
FFT (6(t))

" The window over which the energy estimate is calculated should be defined.
" The -10 logT correction allows power spectral density estimates to be calculated over longer windows for
statistical stability.

frequencies. The scalar § = should be applied to ensure correct scaling of the FFT.

Page 127



Although the units for power spectral density are pPa®(s Hz), pPa®s/Hz or uPa?, it is

common usage to define the units for power spectral density as uPa?Hz or uPa/VHz.

Analyzing Transmission Loss (TL) data

The main objective of the TL studies was to find the TL along defined acoustic profiles.
Thus allowing a better determination of the acoustic propagation in the study area and a

calibration of the acoustic models.

The TL determined in the experiments was the decrease in the Intensity of acoustic
pressure measured between the AUAR location and a reference value. The reference
value used in these studies was the Intensity measured at 1 m from the transducer’?. The

TL values are expressed in decibels and are determined using Equation (D11):

TL(r):10IogLr) (D11)

m

Where:
I(r) is the Intensity at a distance r from the transducer
lim is the Intensity at a distance of 1 m from the transducer

For TL analysis using noise signals generated by sources whose dimensions greatly exceed
the wavelength of the acoustic energy a near field approximation is used. The measured
level is back calculated to the value at 1 m assuming spherical spreading. Using Equation
(D12).

TL,, =TL(r,)+20logr, (D12)

Where:
r, is the distance from the measurement point 1 m.

2 Measurement of the acoustic field at 1 m from the transducer can present some experimental difficulties.
These are discussed in greater detail in section 3.4.4.
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APPENDIX E - DAILY SONOGRAMS FOR AUAR DATA

August
Station # 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Orlan 3 |\v v Vv Vv Vv Vv Vv VvV VvV VS VvV S VvV S
Arkutun-Dagi | 4 |v VvV Vv V V Vv V V V V Vv V V VS
Piltun-S 5
Piltun 6 v v v v v v v v Vv Vv Vv
PA-B-10 7 v v v v v v v Vv Vv Vv v
PA-B-20 8
Odoptu-S-10 | 10
Odoptu-S-20 | 11 v v v v v v v vV
Piltun-1 A4 v v v v v v  /
Piltun-2 A5
Piltun-3 A6
PA-B-1 A7 v v v v v v v v Vv v v
PA-B-2 A8 v v v v v v v v v v
August
Station # |18 19 20 21 22 23 24 25 26 27 28 29 30 31| 1
Orlan 3|V
Arkutun-Dagi | 4 |v VvV Vv V Vv Vv V V V V V V V S|V
Piltun-S 5
Piltun 6 |v V v v v v /
PA-B-10 71v v |V
PA-B-20 8
Odoptu-S-10 | 10
Odoptu-s-20 |11 |V VvV V V/
Piltun-1 A4
Piltun-2 A5 v v v VY|V
Piltun-3 A6
PA-B-1 AT |V
PA-B-2 A8V V V

v 1-1000 Hz linear frequency scale and 10 Hz to 10 kHz logarithmic frequency scale.
v 1-1000 Hz linear frequency scale and 10 Hz to 15 kHz logarithmic frequency scale.
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September

Station #12 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Orlan 3
Arkutun-Dagi | 4 v v v v vV vV S
Piltun-S 5
Piltun 6
PA-B-10 7
PA-B-20 8 v v v v v v v Vv vV Vv vV vV
Odoptu-S-10 | 10 v v v v v v
Odoptu-S-20 | 11
Piltun-1 A4
Piltun-2 As|lv vV Vv VvV V V
Piltun-3 A6
PA-B-1 A7
PA-B-2 A8
September
Station # |17 18 19 20 21 22 23 24 25 26 27 28 29 30| 1
Orlan 3 v v v / v v v
Arkutun-Dagi | 4 |V VvV V/
Piltun-S 5 v v v v /S
Piltun 6 v v/
PA-B-10 7 v v VNN S
PA-B-20 8 v /S
Odoptu-s-10 (10 |V V V V Vv Vv Vv Vv Vv Vv Vv V V V|V
Odoptu-S-20 | 11
Piltun-1 A4
Piltun-2 A5 v | /
Piltun-3 A6
PA-B-1 A7
PA-B-2 A8

v 1-1000 Hz linear frequency scale and 10 Hz to 10 kHz logarithmic frequency scale.
v 1-1000 Hz linear frequency scale and 10 Hz to 15 kHz logarithmic frequency scale.
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