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1 TexHuuyecKoe onucaHue npubopa FreDA

1.1 HasHauyeHwue

'—EHMRUB www. Dimrus.ru
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PucyHok 1.1. BHewHwuit Bug npubopa FreDA

MepeHocHoW npubop Mmapkm «FreDA» (Frequency Domain Analyzer),
No3BO/IAKOLWNIA  ONpPefensaTb  3/eKTPUYECKMe  MapaMeTpbl  BbICOKOBOJIbTHOIO
060pyA0BaHMA B LUMPOKOM AMANa3oHe 4YacToT, npefHasHayeH ANA pelleHus AByX
BaXKHbIX AMArHOCTUYECKUX 3a4au:

eoncka aedeKkToB B cunoBbix TpaHchopmaTtopax no metoay SFRA (Sweep

Frequency Response Analyzer), 3akitovalolmxcs B HapyweHun ¢opmbl
06MOTOK nocnie BO34eNCTBUA CKBO3HbIX TOKOB KOPOTKOFO 3aMblKaHUA.

eOnpeaeneHna napameTpoB TEXHWUYECKOro COCTOAHWMA BbICOKOBOJIbTHOM
M30NALMK, PACCYMTAHHLIX MPU MNepemMeHHOM 4vacTtoTe. TakMmM crocobom
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MOXHO KOMMEKCHO aHa/In3MpPoBaTb COCTOAHWME BBOAOB, TPAaHCHOPMATOPOB,
KabenbHbIX SIMHWUWA, SNEKTPUYECKUX MALMH (PEKMM OTCYTCTBYET B Bepcuu
npubopa FreDA-SFRA).

Permcrpauma 4acToTHbIX NapaMeTpoB 06MOTOK CUIOBbIX TPAHCHOPMATOPOB MO
meTony SFRA nossonseT BblABAATb BO3HUKAOWMX B npouecce paboTbl UCKAXKEHUM
reometpuyeckor ¢opmbl 06MOTOK. TaKoW onacHblM pedekT, npuBOSAWMA K
aebopmaunn  M30AAUMOHHBIX NPOMENKYTKOB B OOMOTKE, BO3HMKAET B CUIOBbIX
TpaHchopmaTopax MNpW HaAMYUMKM AOBYX, B3aMMHO CBA3AHHbLIX YC/NOBUAX — MNpu
0cNabneHnn yecuamsa nNpeccoBKM 06MOTOK, U B pe3ysibTaTe NPOTEKAHUS N0 06MOTKam
TpaHcPopmaTopa CKBO3HbIX TOKOB KOPOTKOrO 3aMblKaHWA, umetowmx 6onblimve
3HAYeHuUs.

Onsa onepaTMBHOrO aHanM3a MOABAEHUNA WCKaxkeHUn ¢opmbl 0B6MOTOK,
TpaHchOpPMATOP MOAK/OYAETCA K BCTPOEHHOMY B NMPMOOP UCTOYHWUKY NEepemMeHHOro
HanpAXeHMA U MepemMeHHOM 4acToTbl, BEIMYMHA KOTOPOM NIAaBHO WM3MEHAETCA B
amanasoHe ot 20 My, u go 2,0 Mrlu. Mpu 3TOM HYXHO Y4MUTbIBATb, YTO U3MEpeHUne
YaCTOTHbIX MapameTpoB 06MOTOK TpaHchopmaTopa Ha 4acToTax MeHee 5 KIu,
HEMHPOPMATMBHO, T. K. 3[4eCb CWU/IbHO CKa3blBAeTCA B/MAHWE MArHUTONPOBOAA.
Mcnonb3oBaHune 6osee BbICOKMX YAcTOT TaKKe He MMEET NPAKTUYECKOTO CMbICAA, T. K.
TaKME 4acToTbl, B JIyYlIEM C/y4yae, NMPOHUKAET TO/IbKO B BEPXHWE C/I0M OBMOTKM
TpaHchopmaTopa.

KOHTpONb  Hannuusa  U3MeHeHWn reomeTpuyeckoirr  ¢opmbl  0BMOTOK
TpaHcdopmaTtopa, npu nomolwm npubopa «FreDA», npousBoaUTCA CAeayloWMM
obpaszom:

Ona  kaxpon ¢dasbl  TpaHchopmaTopa  PerucTpupyetca  3aBUCUMOCTb
KoadpdMUuMEHTa KOMMIEKCHOrO 3aTyxaHMA CUrHasa B obmoOTKe, onpegensemas B
GYHKUMM 4acTOTbl NPUNOKEHHOTO HAMpPAXKEHWUA.

MonyyeHHble AnA  Kaxgon ¢asbl OOMOTKM  4acTOTHble  3aBUCMMOCTU
CPaBHUBAKOTCA MeXKay coboli. Ecnn B 3TUX 3aBUCMMOCTAX ByayT BbIABIEHbI OT/IMYUS,
no BeAUYMHE amnAuTyabl Unn asbl 3aTyXaHUA CUrHana, NpUYem NycTb TONbKO B
Y3KOM YacTOTHOM AManasoHe, TO 3TO byAeT yKasbiBaTb HAa HanuuMe U3MEHEHWN B
reomeTpuyeckon dopme Toli 06MOTKK, B KOTOPOW BYAYT BbIABAEHbI 3TV U3MEHEHMUS.

TeopeTUyeckn paccy)Kaasd, MOMKHO FOBOPUTb O TOM, 4YTO ecau Obl Mmenmu
6a30Byl0, MAM KOMOPHYH» 3aBUCMMOCTb KO3hOUUMEHTA 3aTyxaHWs OT YaCTOTbl,
onpeaeneHHy AN AaHHOrO TMNa TpaHCHOPMATOPOB eLle Ha 3aBOAE-U3rOTOBUTENE,
a MOXeT bbITb AaXKe MMEHHO A1A AaHHOTro TpaHCchOopMaTopa, TO aHaIM3 MOXKHO 6blNo
6bl caenaTb 60/1ee TOUHbIM.

Ha Haw B3rnag, perucrpaumsa  AU3NEKTPUYECKUX MapameTpoB M30AALMU
(macna, TBepAoOW M30AALUK, U UX KOMBUHALMM) B LUMPOKOM YAaCTOTHOM AManasoHe
ABnseTcA Hambonee AOCTOBEPHbIM CNocobom onpenesieHUs OCTaTOMHOro pecypca
BbICOKOBONLTHOM U3onaumMu ntoboro tmna.
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1.2 Kpartkoe onucaHue metoga SFRA

Meton SFRA (Sweep Frequency Response Analysis) 3akntouaeTtca B
M3MEPEHUN YaCTOTHbIX XapaKTEPUCTMK OOMOTOK NpuU  CneumanbHbIX CXemax
BK/IIOYEHNA B LUMPOKOM AnManasoHe 4YacToT (Ao 2 Mru). OT cneumanbHoro reHepartopa
Ha BBOZA OBMOTKM (MM B HelTpasib) NodaeTca 30HAMPYIOWMI CUrHAN (MMNYAbCHbIV
AW CUHYCOMZANbHBIN), a C BBOAOB APYrMX OBMOTOK PErmcTpupytoTca OTKIUKU —
peakumMn OOMOTOK Ha BO34ENCTBME 30HAMPYIOWEro curHana. TpaHchopmaTop
COCTOMUT U3 LEenoyYek eMKOCTEN, NHAYKTUBHOCTEN W COMPOTUBAEHUIA U C STOW TOYKM
3PEHMA UMEET C/IOXKHYHO KOMMAEKCHYIO 3/IEKTPUYECKYI0 CXEMY, KOTOPaa MMEET CBOO
YHWUKA/IbHYIO KPUBYIO OTK/IMKA NPW Nogade CUrHasna nepemMeHHoM YactoTbl. Bbicokan
YYBCTBUTENBLHOCTb METOAA OOBACHAETCA TEM, UTO AaXKe He3HaUYMTe/bHbIe /IOKa/IbHble
MN3MEHEHUA MONOMKEHUA 3/1eMeHTOB 0BMOTKM (BUTKOB, KaTylLeK, 0TBOAOB) NpMBOAAT
K pPEe3KOMY M3MEHEHUID COOTBETCTBYHOLIMX EMKOCTEM W  MUHAYKTUBHOCTEN M,
COOTBETCTBEHHO, K M3MEHEHUIO COBCTBEHHbIX 4acTOT KosiebaHuii 06mOoTKM. MeTtog,
YaCTOTHOro aHanusa pekomeHaoBaH CUMPD Kak Hambosiee UYyBCTBUTE/IbHbLIN METOA,
KOHTPO/IA MEXaHNYECKOro COCTOAHMA 0BMOTOK TpaHCHOPMaTOPOB B 3KCM/IyaTaLuu.

/ /

-
CuHycoMaanbHbIA I | OTKMK
reHeparto
il Alf) ()
MepepnatouHan ¢pyHKUMA MNepenatoyHan GyHKLMA
(amnauTyaa) (paza)

PucyHok 1.2. MeTtopa yactoTHOro aHanusa

MeToa, 4acCTOTHbIX OTKAMKOB 6a3Mpyercs Ha CPaBHEHUU MEKAYy KPWUBbIMM,
KOTOpble  XapaKTepusylT u3MeHeHua obbekta. OAMH  TecT COCTOUT U3
MHOECTBEHHbIX 3aMepPOB C AUCKPETHO MEHAIOLWMMMNCA YacTOTaMMU.

PasHble BuAbl aepopmaumii NPUBOAAT K U3MEHEHUAM B PasHbIX AManasoHax
CMeKTpa YacToT:

o B ananasoHe yactot 20 'y + 5 Klu, 6onblue Bcero NposBAAETCA MHAYKTMBHAA

CBA3b, €MKOCTHOE B/MAHWE MasieHbKOe, OKa3blBaeT BJIUAHME COCTOSHUE
MarHMTonpoBoAa.
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eB amnanasoHe 5 Kly + 50 Kly 6onblue Bcero npoaABAseTca B3auMoaencTemne
MeXAY BUTKaMu.

e [InanasoH 50 Ky, + 1 MI'y, oTpaxkaeT cocTosiHue 06MOTKM.

e lInanasoH 1 Ml + 2 Mly — BHyTpeHHMe noacoeAnHeHuA

Mpobnembl ¢ cepLevHMKOM BeAyT K USMEHEHUIO OTKIMKA Ha HU3KMUX YacToTax.
Mpobnembl ¢ 3a3emneHVeM CEpPAEYHMKA MAN 3aMbIKAaHWAMM NAMUHUPOBAHHbIX
JINCTOB TUMUYHO U3MEHSAIOT BMA KPUBOW Ha CBEPXHU3KMX YacToTax. CpesHue 4acToThl
XapaKTepm3yloT OceBOe W paguanbHoe cmeleHue OO6MOTOK. BbicokMe 4acToThl
XapaKTepu3ytoT Npobaembl, BOB/EKAlOWMe COeaMHEHNA OOMOTOK, BBOAA, OTMaMKu
PMH, NBB.

AUX

0.0
Bansuue /
MaTrHHTOMPOB0JA //1/

KaGean
_90.0xﬂkﬁhm 3eMJIA
IB

\ Bansuie
00MOTOK

1005z,

PucyHoK 1.3. MposasneHne aedpeKTos B AMana3oHax 4acToT
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1.3 TexHuuecKue XapaKTepucTuku npubopa

OCHOBHble TexHUYecKune napameTpbl npubopa FreDA npuseseHsl B Tabanue

TexHMUecKuit napameTp 3HaueHue
[nana3soH YyacToT Ana aHannsa napameTpos nsonaumm, 'y, 0,1+1000
[AnanasoH YyacToT Ana KoHTpons popmbl 06MoTOK, MIL, 0,00002 +2,0
BbixogHOe HanpaXkeHue reHepaTopa, B 1+18
YactoTa npeobpa3oBaHuUA Ha KaHan, My, 50
OvHamnyeckuin AnanasoH perucTpmpyemoix curHanos, dB 120
NHTepdeic cBA3N C NepcoHaibHbIM KOMMbIOTEPOM USB

Bpems paboTbl OT BCTPOEHHOr0 aKKyMyAATOPa, YacoB 3

O6bem NamATn ANA xpaHeHus apxmsa, M6 256
HanpsrkeHne nuTaHMA BHeWHero 6,10Ka NMTaHusA, B ~220
[nanasoH JonycTMmbIX BHEWHMX pabounx Temnepatyp, npu | -20 + +45
paboTte 6e3 TepmocTaTa, rpagycos C

[apaHTUIMHbIN CPOK Ha npubop 18 mec.
Bpems aKkcnayaTtaumm npubopa He meHee 10 net
labapuTHble pasmepbl Npubopa, mm 260x250x80
labapuTHble pasmepbl Npubopa B TPAHCMOPTHOM YNaKOBKe, 520x430x220
MM

Macca npubopa, Kr 3,5

Mpubop wmeeT AMHaMMYecKuit amana3oH 6onee 120 ab
cuUrHan/Wwym — KpacHas AuHUA). MUHMMaNbHLIA ypOBEHb B TUMOBOM YaCTOTHOM
OTKAUKe TpaHchopmaTopa (CMHAR AnHMA) cocTasnaeT -95 ab. OTcioga cnepyeT, yTo
pasHMLA MeXAYy BHYTPEHHUMU LYyMamM M OTKAMKamKM cocTasnset He meHee 20 b,

YTO NO3BOAET NPON3BOAUTb U3MepPeEHUA C OYEHDb BbICOKOM TOYHOCTbIO.

d
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PucyHok 1.4. iuHaMu4ecKkuit AManasoH

1.4 Pacnono)xeHue BHELWHUX pa3bemMoB Ha npubope

1 o~
MEASURE || REFERENCE | | GENERAT!

o =

REFERENCE MEASURE

PucyHOK 1.6. BepxHas naHenb npubopa FreDA
Bxog nameputenbHoro KaHana SFRA
Bxop onopHoro kaHana SFRA
Bbixop reHepaTopa
Bxog, usmeputenbHoro KaHana Tgd
Bxoa, onopHoro KaHana Tgd
Knemma 3aszemneHua
Pasbem gnsa nogkntoyeHma 3apaLHOro yCTpoicTea
. Pasvem USB

PN A WNRE
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2 [lpoBeaeHue n3mepeHuUi

2.1 MoaxnioueHue npubopa K 06beKTy usmepeHua

3asemnswwias
LUMHa JOMKHA
3a3eMnIATbCS Ha
naHue BBoaa

PucyHoK 2.1. NoKntoyeHne npubopa K 06bekTy

Ne1 Ne2
Ckoba ansi . Ckoba ans .
dukcaLmmn kabenen dukcaLmmn kabenen

KoakcuanbHblii kabenb KoakcuanbHebii kabenb
reHepaTopa MN3MepUTENBLHOIO KaHana
KoakcuanbHblii kabenb

OMNOPHOro KaHana

MoakntoyeHne MNopkntoyeHne
:@ LWVHbI 3a3eMeHust :i LWVHbI 3a3eMIeHust

PucyHoK 2.2. CTpy6uMHbI ANA NOKAOUYEHUA
C npubopom nocTaBasaOTCA CTPYOLMHbI, KOTOpble WCNOAb3ylTCA ANA
NOAKNOYEHUSA M3MeEpPUTENbHbIX Kabenel K 06bEKTy o4eHb NpocTbiM crnocobom.

CTpybumMHbI NO3BONAIOT MPOM3BECTU MOACOEAMHEHNE K OBbIM  KOHCTPYKUMAM
BBOZ0B, 0becrneunBas HafeKHbli KOHTAKT.

1 diMRUS



2.1.1 MopAaAoK noagKAlOYeHUA:

1. PacwuHoBaTb BBOAA.

2. TMopcoeanHUTb CTPYBLMHBI K BBOAAM, yOeaMBLINCD B OTCYTCTBUM P¥KaBUMHDI
W KPaCcKM.

3. TloAcoeAnHWUTb LWMHY 3a3eMNeHUA K CTPYOUMHE M K OCHOBaHWIO BBOZA,
ybeomBLWINCL, UYTO BEPXHAA YacTb LWWHbI He KacaeTca TOKOoBeayLwmx
3/1eMeHTOB BBOAA.

4. CoepuHWUTb Knemmy 3a3emsieHna npubopa ¢ 6akom TpaHchopmaTopa ¢
nomoulpbto Kabensa 3azemneHusa npmbopa.

5. TopcoeAnHWTbL KoaKcuanbHble Kabenun oT npubopa K cTpybunHam.

2.1.2 TexHuKa 6e3onacHocTn npm paboTe c npubopom:

B cBA3W C HE3HAUUTENbHOW 3HEpPrnelt CurHaia, NoAaBaeMoro ¢ reHepaTopa Ha
OVArHOCTUPYEMbI OOBEKT BO BpemMs M3MepeHuid, He Tpebyetca Kakux-nvbo
CneuunanbHbiX Mep NO 3aliMTe MepcoHasa OT BO3AEMCTBUA MCTOYHMKOB BbICOKOTO
HanpaxeHusa. OBCAYKMBAOWMIA MEPCOHAN MOXKET HaxoauTbca B Mpouecce
M3MEPEHUN Ha KpbllwKe 6aKka ANA NPoOBeAEHUA OMepaTUBHbLIX MNepecoeanHeHuM
N3MEPUTENBbHBIX CXeM (B HEKOTOPOM YZafeHWW OT BBOAOB, Y4TOObl He OKa3blBaTb
BO34ENCTBUI HA pe3y/nbTaTbl U3MEPEHUN U3-33 BO3SMOMHOIO M3MEHEHUA €MKOCTH,
NPUBHOCMMOM TNPUCYTCTBMEM YenoBeKa). B cBsA3uM ¢ Tem, 4To npubop cBfi3aH ¢
3emelt 3a3eMNeHHOro TpaHchopmaTopa Yepes 3KpaHbl KOAKCMaNbHbIX Kabenen, nx
3aLWNTHOE 3a3eMieHne He TpebyeTca.

2.2 Mertop SFRA. UamepeHue

Ona nposefeHus usamepeHua metogom SFRA, HeobxogyMo BbINOJHUTH
cnepyloume aencTema:

1. B aepese 3amepoB BblibpaTbh UM CO34aTb 06BLEKT M3MepeHua (cm. n. 3.6.3);

2. BblbpaTb NYHKT OCHOBHOrO MeHi npubopa «AuanasoH yactot ot 20 My go 2
MTLU» (cm. n. 3.4);

3. BbibpaTb M3 CMMCKa 3amepoB ANA J[AHHOTO Tuna TpaHchopmaTtopa
Heobxoaumble cxeMbl U3mepeHus (cm. n. 3.4.2);

4. HactpouTb napameTpbl PerucTpaumm AnA TeKyweh CXembl U3MepPEeHUs U
HaaTb «CtapT» (cm. n. 3.4.6);

5. CoxpaHMTb MO/y4YeHHble AaHHble WAW MPOBECTU, NPU HEeobXOAMMOCTH,
M3mepeHune 3aHoBO.

6. TMepelTn K cnegywowel CXeme W3MEPEeHUA B CMUCKE U NPOU3BECTU
nepenogkatodeHne npnbopa (cm. n. 3.4.2).

diMRUS .



2.3 WUsmepeHune Tgd

Ona nposepeHus umamepeHua Tgo, HeobXoAMMO BbLINOAHUTL ChAeayloLime

nencrTema:

1. B aepese 3amepoB BblibpaTb UK CO34aTb 06bEKT U3MepeHus (cm. n. 3.6.3);

2. BblbpaTb NyHKT OCHOBHOro meHto npubopa «urana3oH yactot o1 0,1 Ny go 1
Kru» (cm. n. 3.53.4);

3. HactpouTb napameTpbl perncTpaumm n Haxatb «CrapT»;

4. CoXpaHWUTb MONYYEHHble [JaHHble WMAWM MPOBECTH, NPU HEeobXoAUMOCTH,
M3MepeHue 3aHoBO.

5. TMepelTn K clefylowemy W3MEpPeHWto B CMNUCKE U MPOU3BECTU

nepenoakntoyeHune npmbopa.
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3 Pa6ota c npubopom FreDA

Mpubop " FreDA " 3akAl4eH B MeTa/UIMYECKMI  KOpnyc, umeeT
KUAKOKPUCTA/IIMYECKMI  UBETHOM 3KpaH C paspeweHvem 640x480 Touyek W
YTOMNEHHYIO B KOpnyc KnaBuatypy. YnpasneHue  o¢yHKUMAMM  npubopa
OCYLLECTBAAETCA NPU MOMOLM KAaBMaTypbl. Ha Hell nmetoTca KAaBuLLM ynpasaeHuUs
nepemeuieHmem Kypcopa ", "J", "€, ">", BBoa — "Ent", oTmeHa — "Esc", "Mem",
"Shift",  "Help"  ¢yHKUMOHanbHble  knasuw  "F1" - "F5",  KknaBuwwm

BKNtOYEHUA/OTKNtOYEeHUA npmbopa "(D".
3.1 OcHoBHble pyHKLUM BBOAA, peAaKTMpOoBaHMA MHGopmayumn

3.1.1 Ucnonb3oBaHue pyHKLNOHANbHbIX KNaBULL

B OKHax HaCTPOWKM, MPOCMOTPA apX1Ba WM 3aMEPOB, HUMKHAA YACTb IKPaHa
pasfeneHa Ha NATb YacTel, Ha KOTOPbIX HApPMCOBaHbl KHOMKW, U HanmucaHa KpaTKas
noAckaska O [JeilcTBWMM, COBepllaeMoOM MPW  Ha)KaTUM  COOTBETCTBYHOLLEN
byHKUMOHanbHOM Knasuwm “F1” — “F5”.

PaGoma o agxmaom [ AHHEX 11:54:12 14.10.14 J"" h

FreDA
i  OBBbEKT.

A, Tg #0004 08.09.14 12:00:25

S ERA #0003 03.00.14 14:49:16]

¥ SFRA #0022 03.09.14 13:40:50

AN, Tg #0001 02.09.14 12:10:04

00BeKTOOZ2

- T o R o R M

PucyHok 3.1. PyHKUMOHANbHbIE KHOMKMU
B HeEKOTOpbIX OKHax KHOMKWM MMEeT ABOMHOEe HasHaveHuwe. pu BBOAE C
KNaBMATypbl HaxXKMUTe U Aep:Kute KHomnKy “Shift”, nogckasknm BHWU3Y M3MeHATCS.
3aTem He oTnyckas “Shift” HakmuTe GpyHKLMOHANbHYIO KNaBuLLy.
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[P B R EESERIT

11.08.14 J[[[l_}h

»w SFRA #010
»w SFRA #012
»w SFRA #009
» SFRA #008

o8
08
08
o8

.08.14
.08.14
.08.14
.08.14

:18:16
:42:18
:39:10
:38:47

@‘-TepOTM

PUCYHOK 3.2. ®yHKUMOHaNbHbIe KHOMKU NPU HaXaTum KHonku Shift
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3.1.2 Bbi6op Hy}XHOro NnapameTpa 418 pefaKTUPOBaHUA

B OKHax HacTpoliku npubopa, A4NA U3MEHEHUs NapameTpa HY)KHO BblAeNUTb
HeobxoAuMbIM napameTp c nomoulbio Knasuw "N, "J". Tekywmit napametp
OTMeYeH 3Hakom “>”. 3aTeM MOXHO M3MeHATb 3HauyeHue Kaasuwamm "&", ">
Mocne atoro Haxxkmute “F4” ana coxpaHeHUansMmeHeHu unm “F5” pns oTmeHsl.

\feparerpu npuSopa, ) 11:51:4a 19.05.17 Il )

OTKNOYEHHUEe IIHMTaHHUA »
OTKNIOYEHHUE MMOACBETKH -] 5 TMWH]
OaTa 19.05.17
Bpernsa 11:51:44

e @essy | dov | S | Bomen

PucyHok 3.3. Bbibop napameTpa

d
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3.13 BBopg 3HaueHunA

Ona  pefakTMpoBaHWA  3HAYeHWA  HaxkmuTe  Knasuwy  "Ent"  Ha
COOTBETCTBYOWEM napameTpe. [locne akTMBM3auUMM QGYHKUMKM BBOAA, aAKTMBHaA
no3mumsa CTpoKM BBoAa muraeT. C nomoulbio Knasuw "&" u "->" ocywectsnaetca
nepemelieHMe Mo CTPOKe BBOAa, a Kaasuwm "M un "|" M3meHseTca 3HauyeHue
CMMBONA B aKTUBHOW MO3MLUWUN UMKAMYECKMM Nepebopom (CMMBOAbLI MPUHUMAIOT
3HayeHus ot 0 0o 9). B cTpoke BBoAa HaxkmuTe "Ent" ans okoHYaHWs BBoga mam "Esc”
019 OTMEHbI — 3HAYEeHUe YMCaa He U3MEHUTCA

\faparerpe opuSopay ) 11:54:18 19.05.17 Il )

OTKNWYEeHHEe NHUTAaHMUSA KI-[HMKOorpal
OTKNWYEeHHEe NOACBETKH -l S MHH]
NaTa > 19.05. 14
Bpena 11:54:18

e

PucyHok 3.4. BBog 3HaueHuA
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3.14 BBop TeKcTa

Ons pefakTMpoBaHMA TeKCTa Haxkmute Kaasuwy "Ent" Ha cooTseTcTBylOLWEN
cTpoke. C nomouwbto Knasuw "&" n "->" ocywectsansetca nepemelLeHne no cTpoke
BBoAa, a kKaasuwm "' n "J" u3meHaeTcA 3HauyeHuMe TeKyllero CumBONa
UMKINYECKUM nepebopom.

Ecnv B OKHe BBOAA HaMMEHOBAHMA Ha)KaTb KHOMKY "F1", TO NOABUTCA OKHO C
KNaBMATypoi ana BbICTPOro BBOAA CTPOKM.

PaGoma c agxmaom I aHHEL 15:42:00 11.08.14 J"" h

06bLe kK TRROZ2E
) SFRA #011 11.08.14 13:54:15
Sy SFRA #010 08.08.14 14:18:16

HoBHIi OBBEKT

O6BLeKTOO3

[T ol1/2|3|4|5/6|7|8|9 -

A BB II'OEX3MWHWAKIMHOIL
P CTVQXLUYNiNEHLbI WA
al6le|lr|\ e %3 uAalklanHOD
Ple|T| v|o|xu/uyuu b lubl=nsa
Fl-[Del] F2-[<-] F3-[ ] F5-&

SHIFT LEFT-[<<] SHIFT RIGHT-[>>]

B W Bean) (B (e L Bsen)

PucyHok 3.5. KnaBuartypa ana 6bicTporo BBoga CTPOKU

B 3TOM OKHe J0CTYMHbI CeaytoLive onepauum:

KHonKku ynpasneHusa kypcopom "&", "=", knaguwamm "M, """ nsmensior
BblOPAHHbIN CUMBOJ B OKHE BBOZA3;

"Ent" — 3ameHseT peaakTMpyemblii B CTPOKE BBOAA CMMBO/ Ha BblBpaHHbIN B
OKHE C NePexoAoMm K peaaKTUPOBaHUIO CAeAyIOLWEero CMMBOIA CTPOKK;

"F1" — ypanseT TeKyLWMA CUMBOA B CTPOKE BBOZA, U CABUMAET CTPOKY;

"F2" — ypanaeT npeablaywmnii CUMBO CTPOKM, U COBUTAET €€;

"F3" — 3ameHAeT TEeKYLLMI CUMBO CTPOKMU BBOAA Ha "npoben”;

"Shift+Left" wn "Shift+Right" — obecneumBaeT uUMKAMYECKUIA Nepexon K
pefaKTMPOBAHMIO C/leAytoLLEero CUMBO/IA CTPOKWU BBOAA;

"F5" — nepekntoyeHne mexay aHrIMACKUM U PYCCKUM A3bIKOM.

"Esc" — 3aKpblBaeT OKHO 6bICTPOro BBOAA M MepeBoAUT MpPUMbop K pexxumy
06bIYHOro BBOAA CTPOKM.

B cTpoKe BBOAa HaxkmuTe "Ent" ana okoH4YaHuA BBoga wam "Esc" ana otmeHsbl
— 3HaYeHMe CTPOKM He U3MeHUTCA

diMRUS 1



3.1.5 Bbibop 3HaueHus

MapameTpbl NOMeYeHHble ﬁl U3MEHAKTCA C MOMOLbIO KNasul ynpasaieHnAa

Kypcopom "&"n">",

[V TN E IS ([

Tun TpaHCcdPopHMaTOPa:'
I TpaHCPoOpPHMAaTOoOpP
FErpYyOOOBOM
KonuMuecTBO OGMOTOK :

=l 3]
[MTaparMeTpH OGMOTOK
| nepenunas BTOpHYHAN TPETHYHAR
Tun coexunenns CEYERE] ¢|rpeyronbHuk #|Tpeyronsuuk ¢
He#trpans N Off K ] ]
Cvemenne -—= 0 o 0 o

PucyHoK 3.6. Bbi6op 3HaueHus
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3.2 BkawueHue npubopa

Mpun BKAOYEHWUM NpubBOpa (OCYLLECTBAAETCA HAXKATUEM HA KHOMKY MUTaHWA
"(D") NoABMTCA OKHO ¢ MNaBHbIM MeHio npubopa:

Pexum nputopa 12:11:41 07.08.14 ﬂ"| .

WS FreDA ==

Bepcua 2 01.01

dlmrus com

IiManaseH yacTor o 268 ), pe 2 Myn

PucyHok 3.7. TnaBHoe meHIo npubopa FreDA-SFRA

Pexum| npubopa 12:00:21 19.05.17 ﬂ"l I

%S FreDA ===

dlmrus com,
Bepcun 2 12.05

IHanaseH JYaeToews aT 2@ Fu me 2 ML

PucyHok 3.8. TnaBHoe meHto npubopa FreDA
B AaHHOM OKHe oTob6paxeHa MHbOopPMaUMA O GUpMe-U3roToBUTENE U BEPCUM
nporpammHoro obecneyeHusa. CnpaBa oTobparkaeTca 3apsg  aKKymynatopa W
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cB060OAHOE MECTO A/1A 3aNUCK 3amepoB B NpoueHTax. OAHOBPEMEHHO C BKNOYEHUEM
npubopa HauMHAEeTCA ero TeCTUPOBaHHUe.

B BepxHelt YacT oTobparkaeTca TEKyLWMn pexum paboTbl npubopa, Bpems,
[aTa u 3apaj, akkymyaaTopa.

3.3 Bbibop pexkuma pabotbl npubopa FreDA npu nomoLum meHo

OcHoBHble ¢YHKLMM Npubopa pPacnosioKeHbl B COOTBETCTBYHOLUMX MyHKTaX
MeHto npubopa.
CTPYKTYPHO MeHt0 Npubopa BbIrASUT creayrowmm obpasom:

1. [AwnanasoH yactot ot 20 'y go 2 Mry;

2. [OmanasoH vactot ot 0,1 My, ao 1 Ky, (n3mepeHne Tgd — oTCyTCTBYET B BEPCUM
npubopa FreDA-SFRA);

3. PaboTa c apxMBOM JaHHbIX — CO3JaHWe U yaaneHue KaTaaoros, NPOCMOTP U
yAaseHne 3aMepos;

4. MapameTpbl nNpubopa — BpPeMeHHble napameTpbl npubopa: ycTaHOBKA
BpeEMEHW M JaTbl Npubopa, BPEMEHM OTKAOYEHUA npubopa, Bpems
OTK/ItOYEHUA NOACBETKY;

5. O6HoBNEHWE NPOLWMBKM — 3arpy3Ka Nporpammbl B Npubop.

B HM)KHEW 4YacTu aKpaHa npubopa oTobparkaeTcs HasBaHMe BblGPaHHOMO
MEHI0, B LLEHTPE 3KpaHa n30bpakeHbl MKOHKM BIOXKEHHbIX MYHKTOB.

MepemelleHne mexay NYHKTaMM OCYLLECTBASETCA C MOMOLbIO Knasuw "&" u
">" BblbOp NYHKTA MeHI0 — Knasuwel "Ent", oTmeHa Bbibopa — "Esc". Mpn HaxkaTum
byHKUMOHanbHoM  Knasuwm  "F1" - "F5" 6yaetr BbibpaH MNYHKT MeHIo,
COOTBETCTBYIOLLMIA MKOHKE PACMOOXeHA HaZ, 3TOM KHOMKOW.
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3.4 [AuanasoH yacrot ot 20 'y go 2 MII'y,

Ons cospgaHma HoBoro 3amepa metogom SFRA Heobxoaumo BbiGpaTb MYyHKT
"NnanasoH yvactoT oT 20My mo 2 MrLU" ocHoBHOro meHio npubopa. B oOKHe
«lMapameTpbl TpaHcbopmaTopa» 3aJalOTCA NapameTpbl BblGpaHHOrO B Aepese
obbekTa u3mepeHua. Co3paHHble 3amepbl ByaeT npuBA3aHbl MMEHHO K 3TOMy
06beKTy Aepesa.

.nagamel'rgu.m&aﬂcw MaTopa | 12:51:51 07.08.14 JlIII h

Tun TpaHcdopHaTOpa:
- TpaHcPopHaTOoR

83—=X faSHHA|
KonuuecTBO OGMOTOK :
>
MapamMeTpH OGMOTOK
NepenyHasA ETOpHYHAaA TPpeTHYHANA

THII COegMHEeHMS|TPey'OJIbHUK 4|TPey "ONbHUK ¢|TPey "ONbHUK 4|

He#trpanb o ] ]

CMmewenne -—= 0 o] 0 KD

PucyHok 3.9. MapameTpbl TpaHcpopmaTopa

B 4aHHOM OKHe 4oCTynHbl cneaytowme GyHKLMOHAIbHbIE KNaBULLIN:

«F1 O6wwme» — obwue napameTpbl TpaHchopmaTopa ANA CNpPaBOYHOMU
UHbopmaumu (cm.n. 3.4.1);

«F2 Cépoc» — cbpoc napameTpos TpaHchopmaTopa No YMOAUYAHUIO;

«F4 Oanee» — nepexof K 3Tany Bblbopa HEOOXOAMMbBIX CXeM MOAKAOYEHUA
(cm.n. 3.4.2);

«F5 BbIxoa» — BbIXOA4, M3 OKHa BblbOpa NapaMeTpoB B OCHOBHOE MEHH
npubopa.

Onsa npoponkeHus paboTbl Bbibepute «F4 [anee», Ha 3KpaHe nossBadeTca
OKHO AN paboTbl CO CMMCKOM CXeM NOAKMOUYEHUS.

34.1 O6wue napameTpbl TpaHchopmaTopa

B sTtom oKHe 3agatotcA obwme napameTpbl 06bekTa A48 CNPaBOYHOM
nHdopmaLmun. Ha nsmepeHve UAn 4MarHoCTUKY OHU He BAMSAIOT.
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e aor s e 11:35:10 08,0814 Il Jj

TMpe gnpuaTe
Mlogpasgeneumue
Arperar

IIpoMEBOQUTENE
Mapkxa

Cepuitnuit HoMmep | ron | 0

MomHoCTE, KBT
Illonoxenune PIIH

Pa6.nanp-e, xB |

0.0 | 0.0 |
| 0.0 | 0.0 |

——

[= =
o O

TeMmn .EBEOoSIYXa

£.M.0.

TeMn . BEPX . CIIOEE Macna 0.0

0.0 OTH.BHamHOCTE EBOBIYXa,% 0.0
—

_gsmes | emme | mmen

PucyHok 3.10. O6wme napameTpbl 06beKTa

3.4.2 PaboTa co cnuckom samepos

B 3aBMCMMOCTM OT BblbpaHHbIX NapameTpoB TpaHchopmaTopa B npubope
bopmMMpyeTCA CMUCOK BCEX BO3SMOMKHbIX HavMEHOBAHMWI 3aMepOoB, COOTBETCTBYIOLLMX
cxemam usmepeHua. CrMCOK COCTOWUT M3 CTaHAAPTHbLIX CXEM M3MEPEHUA M CXem
nsmepeHun, Lo06aBNEHHbIX Mo/sb3oBaTeseM, M  oTobparkaetcA B OKHe «CnmMCcokK

pSaneex mamepoz ] 15:21:51  07.08.14 |[lll_Jj

3amepoB».

SFRA #012 07.08.14 15:16:04 A
HA-B [short al-bl-cl]
¥/ Mal-bl [short al-bl-cl] 15:16:07 07.08.14
//MA-B [open] 15:16:41 07.08.14
WC-A [open]
[Fal-bl [open]
[Tbl-cl [open] —
BWcl-al [open]
HWA-B [short al-kl-cl]
WB-C [short al-kl-cl]
BC-A [short al-kl-cl] v

PucyHok 3.11. Cnucok 3amepos

B BerHeﬁ CTPOKe CNUCKa — Ha3BaHWe 3amepa.

22
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YEpHbIM LBETOM OTOOpaXKaloTCcA CTaHAAPTHblE CXeMbl ANA AaHHOro Tuna
TpaHchopmaTopa, cepbiM — CXeMbl, BBeAEHHbIE NO/b30BaTENEM.

3enéHaA oTmeTKa cneBa 0603HauyaeT, UYTO Takoe W3MepeHue Yyxe 6blio
nposeaeHo. Toraa cnpasa oTobpakaeTca ero gaTta v Bpems.

LiBeTHOWM KBagpaTUK OTObparkaeT LBeT AaHHOTO U3MepeHns B rpaduke.

B 3TOM OKHe foCTynHbl cnegytowme GyHKUMOHANbHbIE KNaBULLIN:

«F1 Jo6aBuTb» — fo0b6aBNEHNE CXEMbI U3MEPEHWS;

«F2 YpanuTb» — yaaneHne us cnucka cxembl, 406aBAeHHON Nosb3oBaTeIeM.
MoABnAeTcA TONbKO Ha cxemax, 0TobpaykaeMbIX CEpbIM LLBETOM;

«Shift+F2 CrepeTb» — cTepeTb AaHHOe M3mepeHue. NoABNAETCA TONbKO HA YKe
N3MEpPEHHbIX CXemax;

«F4 [Oanee» — nepexon K chaeaylolwemy 3Tany u3mepeHua — Bblbopy
napameTpoB n3mepeHua C nocreayowen peructpaumei LAHHbIX.
MocnenoBaTeNbHOCTL PErUCTPaALMM 3aMepoB MOXKET b6biTb ntoban. TakKe MOMKHO
NpPoW3BeCcT! NOBTOP perucTpaummn ntoboli cxembl. Ecnm BbIGpaHHbIN gna perncrpaumm
3amep Obln yXKe 3aperucTpupoBaH, TO HOBble AaHHble OyAyT 3anucaHbl BMECTO
npeablaywmx;

«F5 BbIxoz» — BbIX0Z B OCHOBHOE MEH0 npubopa.

diMRUS 2
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3.4.3 TunoBble NOAKAIOYEeHUA

[Ons 0o603HaueHMA cxem NOoAKAOYEHUs ucnonb3yetca ctaHaapT IEC.
© KoHUbl 06MOTOK He 3amKHyTbI (Open).

® KoHuUbl 06MOTOK 3aMKHyTbI (Short).

e EMKOCTHasA cBA3b mexay obmotkamu (CIW).

o IHAYKTUBHAsA CBA3b MexKay obmoTkamu (IIW).

KoHLbl 06MOTOK He 3aMKHyTbI (Open). A-N [Open].
Ref Meas
V

Gen

PucyHok 3.12. Cxema A-N [Open]
B aToli cXeme M3MepeHUA CUrHaN C reHepaTopa MOLAETCA Ha OAMH KOHel,

06MOTKM, U M3MEPEHUE MPOU3BOAMTCA C APYroro KoHua O6MOTKWM, BTOPUYHbIE
0OMOTKM PAa3OMKHYTbI.

KoHLbl 06MOTOK 3aMKHYTbI (Short). A-N [Short].
Ref Meas
V

Gen

PucyHok 3.13. A-N [Short]
B aToll CXeme M3MepeHMA CUrHan C reHepaTopa MOAAETCA Ha OAMH KOHeL,

0BMOTKM, M M3MepeHMe MNPOM3BOAMUTCA C APYroro KoHua O6MOTKM, BTOPUYHbIE
06MOTKM 3aMKHYTbI.

EmMKOCTHas cBsA3b mexay obmoTkamum (CIW). A-al [CIW].
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Ref Meas

Gen

PucyHok 3.14. A-al [CIW]

CurHan c reHepaTopa MOAK/OYAETCA K MepBUYHON 0BMOTKe, namepsaeTca C
BTOPMYHOM OBMOTKM TOW Ke ¢da3bl. B 3Tom mM3mepeHun npeobnagaer emKOCTHasA
CBA3b MeXay 0bMOoTKamMu.

MHAYKTUBHAA cBA3b mexay obmoTkamm (1IW). A-al [IIW, GND N,n1].

Ref _l__

Gen

PucyHok 3.15. A-al [IIW, GND N,n1]

CurHan c reHepaTopa NOAKAOYAETCA K MepBUYHOM OBMOTKe, M3mepeHue
npou3BOAMTCA C BTOPUYHOM OOMOTKM Tol e ¢a3bl. KoHubl o0benx 06MOTOK
3a3emsieHbl. B 3TOM uM3mepeHWMM nNpeobnaslaeT MUHAYKTUBHAA CBA3b MeXay
06MOTKaMMm.
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3.4.4 CoepguHeHUA 06MOTOK NpU TECTUPOBAHUU

MNepesopa n3 “IEEE Guide for the Application and Interpretation of Frequency
Response Analysis for Qil-Immersed Transformers” — IEEE Std C57.149™-2012

OcHoBolt aHanu3a FRA saBnseTcs cpaBHEHWE C 3Ta/SIOHHbIMU U3MEPEHUAMM;
Ecan mMmeloTcAa 3TasloHHblE M3MEpPEHUsi, HACTOATEbHO PEKOMEHAYeTcA MOBTOPATb
M3MEpPEHUA TOYHO TaK }Ke, KaK Bbln caenaHbl 3TaIOHHbIE U3MEPEHUA.

Bce HOBble MU3MEPEHUS LO/KHbI CNef0BaTb OCHOBHOMY MPUHUMMY: U3MEPATb
0O6MOTKM «OT TrONIOBbl K XBOCTY», W, CNnefoBaTe/lbHO, PeKOMeHAyemble TecTOoBble
coefvHeHua byayT 3aBUCeTb OT KOoHbMUrypaumMm obmoTKM. TecToBble COegMHEHUA B
Tabaunuax B aToM paszesie npeaHasHavyeHbl Ana KoHourypaumii F'pynna 1 (HeT cagura
¢a3) n fpynna 2 (otctaBaHue Ha 30 rpagycos). Ecan TpebyroTca KoHpUrypauum
06MOTOK TpaHchopmaTopa, KOTOpble He paccmatpusatotca B Tabaumuax 1-6, cm.
MacnopTHylo Tabauuky TpaHcpopmaTopa. KoHUrypauMoHHble BeKTopbl 6yayT
onpeaenaTb npoueaypy TeCTMPOBaHMUA.

OnucaHHble 34ecb TeCTOBble COeAMHEHUA He BK/IOYAIOT MOBTOPEHWE TecToB
ONA pasHblx nofoxeHui PMH. BBoza, KOTOpble He NOABEPratoTCsA UCMbITAHWUIO, B TOM
yncne HemTpanu, LOMKHbI ObiTb OTCOEAMHEHbI OT 3EMJ/IU, €C/M 3a3eMeHUe He
TpebyeTca B COOTBETCTBMM C MECTHbIMM PEKOMEHZAAUMAMM U / nan TpeboBaHUAMM.

PeKkomeHayeTcs BbINOMHATL BCe TecTbl [open] u Bce [short], Hanpumep, TecT 1
- Tect 9 B Tabamuye 1. Kak MUHUMYM, PEKOMEHAYETCA, BbINOJHATb TECTbI BblAeNEeHble
8 Tabaunue ToNCTON pamKoi.

ANbTepHAaTUBOW NpPeAsIOXKEHHbIM HUXKEe TecTOBbIM MOC/N1e40BaTe/IbHOCTAM
MOryT 6bITb BblBpaHble Ha OCHOBE PEKOMEHZALUMA U3roToBUTENA TpaHCchopmaTopa,
M3roTOBUTENA WCMbITAaTENbHOTO 060pPYAOBaHMA, MOAb30BATENA WCMbITAaTeNIbHOrO
060pyA0BaHMA U TUNA NPUMEHSAEMOTO UCMbITAaTEIbHOTO HANPAXKEHUSA.

Bce 06MOTKM A0/ HbI BbITb MPOTECTUPOBAHbI, KaK NOKAa3aHO HUXKe B TabanLax
TECTOBOro noAkAtoveHus. Tabanupl ana cnegytouiero ob6opyaoBaHma:

Tabanua 1 — 1Byxo6MOTOYHBIM TpaHchopmaTop

Tabnnua 2 — ABToTpaHchopmaTtop 6e3 TpeTUyHo 06MOTKM

Tabnnua 3 — ABToTpaHchopmaTop € TPETUYHON 0B6MOTKOM

Tabnnua 4 — ABToTpaHcHOPMaTOP C 3a3eMNEHHON TPETUUHOW 0BMOTKOM

Tabnnua 5 — TpéxobmoTouUHbIN TpaHchopmaTop. YacTb 1

Tabnnua 6 — TpéxobMoTOUHbIN TpaHCchopmaTop. YacTb 2

Ecnn TpebyroTca KoHduUrypauum obmMOTOK TpaHchopmaTopa, KoTopble He
oxBayeHbl B Tabavuax ¢ 1 no 6, cm. MNacnopTHyo Tabanyky TpaHcdopmatopa.
KoHourypaumoHHble BeKTopbl ByayT onpeaensaTs npoueaypy TeCTUPOBaHMA.
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Tabnnua 1. TpaHchopmaTopbl ¢ 4ByMAa 06moTKamm — 15 TecToB

Dyl | vd11 | Ddo | Yyo
3¢ D-Y| 34 Y-d 36 D-d| 36 Y-y
Tect Homep|Group 2|{Group 2
R .|Group 1|Group 1| 1¢
0= 30°{6 =30 650 |l6=>0°
LAG LAG
i Circuit [ ] 1 A-C A-N A-C A-N o
pen Circuit [open -
All Other Terminals Floating 2 B-A BN B-A BN (A-N)
3 C-B C-N C-B C-N
G Circuit [ ] 4 al-nl | al-bl | al-cl | al-nl o
pen Circuit [open al-
All Other Terminals Floating > blnl | blcl | bl-al | blnl (a1-n1)
6 cl-nl | cl-al | cl-bl | c1-nl
Short Circuit Ish 7 A-C A-N A-C A-N A-B
Sﬁrotrt '[;Cf_'gl[fcf]?] 8 | BA | BN | BA | B-N | Short
9 CB | CN | cB | CN [[a1-b1]
c itive Inter-Winding [CIW] 10 A-al A-al A-al A-al
apacitive Inter-Winding
All Other Terminals Floating 11 B-bl B-bl B-bl B-bl A-al
12 C-cl C-cl C-cl C-cl
Inductive Inter-Winding 13 A-al | Aal | Aal | Aal | Aal
High (A) to Low (al) [lIIW] 14 B-bl B-bl B-bl B-b1l |Ground
Ground (A- and al-)° 15 | ccl | ccl | ccl | cel |[B b1]

MpumedaHua ansa Bcex Tabauu:
°® O603HauyaeT, YTO TepMUHanbl o6befeHeHbl BMeCTe, HO He 3a3eMieHbl.
HelTpanb He BXOAMT B 3-hpa3sHOM COeAMHEHUM, HO MOXKeT BXoauTb npu 1-pasHom

coeanHeHUun.

b o "
O603Ha4aeT gpyroi KoHew, 06MOTKM, MPOTUBOMOJIOXKHbIN U3MEPSEMOMY.
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Tabnnua 2. AsToTpaHchopmaTop 6e3 TpeTuyHol — 12 TectoB

Tect Homep 3¢ 1
1 A-al
Series Winding [open]
All Other Terminals Floating 2 B-b1 A-al
3 C-cl
4 al-Nnl1
Common Winding [open]
All Other Terminals Floating > b1-Nn1 al-Nnl
6 c1-Nnl1
7 A-Nn1
Short Circuit [short] A-Nnl
High (A) to Low (al) 8 B-Nn1l Short
Short [al-b1-c1]’ [a1-Nn1]®
9 C-Nnl
10 A-al
Inductive Inter-Winding A-al
High (A) to Low (al) [lIIW] 11 B-b1 Ground
Ground (Nn1) [Nn1]
12 C-cl

28
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Tabnnua 3. ABToTpaHchopmaTop € TpeTUYHOM — 33 TecTa

Tect Homep 3¢ 1
T — 1 A-al
eries Winding [open
All Other Terminals Floating 2 B-bl A-al
3 C-cl
c Winding [ ] 4 al-Nnl
ommon Winding [open
All Other Terminals Floating > 2N al-Nnl
6 c1-Nnl1
_ o 7 a2-b2
Tertiary Winding [open] 3 b2-2 a2-b2
All Other Terminals Floating (a2-n2)
9 c2-a2
Short Circuit [short] 10 A-Nn1l A-Nn1
High (A) to Low (al) 11 B-Nn1l Short
Short [al-b1-c1]® 12 C-Nnl [a1l-Nn1]°
Short Circuit [short] 13 A-Nn1l A-Nn1
High (A) to Tertiary (a2) 14 B-Nn1 Short
Short [a2-b2-c2]* 15 C-Nn1 [a2-b2]°
Short Circuit [short] 16 al-Nnl al-Nnl
Low (al) to Tertiary (a2) 17 b1-Nnl Short
Short [a2-b2-c2]° 18 c1-Nnl [a2-b2]°
Capacitive Inter-Winding [CIW] 19 A-a2
High (A) to Tertiary (a2) 20 B-b2 A-a2
All Terminals Float 21 C-c2
Capacitive Inter-Winding [CIW] 22 al-a2
Low (al) to Tertiary (a2) 23 b1-b2 al-a2
All Terminals Float 24 cl-c2
Inductive Inter-Winding [IIW] 25 A-al A-al
High (A) to Low (al) 26 B-bl Ground
Ground (Nn1) 27 C-cl [Nn1]
Inductive Inter-Winding [lIW] 28 A-a2 A-a2
High (A) to Tertiary (a2) 29 B-b2 Ground
Ground (Nn1 and a2-)b 30 C-c2 [Nn1, b2]
Inductive Inter-Winding [[IW] 31 al-a2 al-a2
Low (al) to Tertiary (a2) 32 b1-b2 Ground
Ground (Nn1 and a2-)b 33 cl-c2 [Nn1, b2]

d
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Tabnnua 4. ABToTpaHchoOpMaTOp C 3a3eMNEHHOM TPETUYHOM — 18 TecToB

Tect Homep 3¢ 1
: [ | 1 A-al
Series Winding [open
All Other Terminals Floating 2 Ealt A-al
3 C-cl
ding [ ] 4 al-Nnl
Common Winding [open
All Other Terminals Floating > oA al-Nnl
6 c1-Nnl1
Short Circuit [short] 7 A-Nnl A-Nn1
High (A) to Low (al) 8 B-Nn1l Short
Short [al-b1-c1]® 9 C-Nn1 [a1-Nn1]®
Capacitive Inter-Winding [CIW] 10 A-a2
High (A) to Tertiary (a2) 11 B-a2 A-a2
All Terminals Float 12 C-a2
Capacitive Inter-Winding [CIW] 13 al-a2
Low (al) to Tertiary (a2) 14 bl-a2 al-a2
All Terminals Float 15 cl-a2
Inductive Inter-Winding [IIW] 16 A-al A-al
High (A) to Low (al) 17 B-bl Ground
Ground (Nn1) 18 C-cl [Nn1]

30
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Tabnnua 5. TpéxobMoTOUHbIN TpaHcdopmaTop — 36 TecToB

Dd0dO | DdOy1l | Dyld0 | Dyly1l
o | 30 | 3¢ | 30
D-d-d D-d-y | D-y-d D-y-y
Tect Homep Group 1 Group 2|Group 2| Group 2 1
0= 0° 6=30°|6=>30°|06=30°
LAG LAG LAG
HV Open Circuit [open] 1 A-C A-C A-C A-C o
All Other Terminals 2 B-A B-A B-A B-A (A-N)
Floating 3 C-B C-B C-B C-B
LV (a1) Open Circuit [open][ 4 al-cl al-cl | al-nl | al-nl b
All Other Terminals 5 bl-al bl-al | bl-nl | bl-nl ai- 1
Floating 6 | cibl | cibl | cini | cint | O
v (a2) Open Circuit [open]| 7 a2-c2 | a2-n2 | a2-c2 | a2-n2 b
All Other Terminals 8 b2-a2 | b2-n2 | b2-a2 | b2-n2 a;— ;
Floating o | cab2 | @2 | b2 | ama | @22
Short Circuit [short] 10 A-C A-C A-C A-C A-N
High (A) to Low (al) 11 B-A B-A B-A B-A Short
Short [a1-b1-c1]® 12 C-B C-B C-B C-B [al-b1]’
Short Circuit [short] 13 A-C A-C A-C A-C A-N
High (A) to Low (a2) 14 B-A B-A B-A B-A Short
Short [a2-b2-c2]° 15 c-B c-B C-B CB | [a2-b2]°
Short Circuit [short] 16 al-cl | alwcl | al-nl | al-nl al-nl
Low (al) to Low (a2) 17 bl-al bl-al | bl-nl | bl-nl Short
Short [a2-b2-c2]* 18 | c1-b1l | cl-bl | cl-nl | cl-n1 | [a2-b2]°
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Capacitive Inter-Winding | 19 A-al A-al [ A-al A-al
High (A) to Low (al1) [CIW]| 20 B-bl | B-bl | B-bl | B-bl A-al
All Terminals Float 21 C-cl C-cl C-cl C-cl
Capacitive Inter-Winding | 22 A-a2 A-a2 | A-a2 A-a2
High (A) to Low (a2) [CIW]| 23 B-b2 B-b2 B-b2 B-b2 A-a2
All Terminals Float 24 C-c2 C-c2 C-c2 C-c2
Capacitive Inter-Winding | 25 al-a2 | al-a2 | al-a2 [ al-a2
Low (al) to Low (a2) [CIW]| 26 bl-b2 | bl-b2 | bl-b2 | bl-b2 al-a2
All Terminals Float 27 cl-c2 | c1-c2 | cl-c2 | clc2
Inductive Inter-Winding 28 A-al A-al A-al A-al A-al
High (A) to Low (al) [lIIW] 29 B-bl B-bl B-bl B-bl Ground
Ground (A- and a1-)° 30 | Ccl | Ccl | Cecl | ccl | [B bi]
Inductive Inter-Winding 31 A-a2 A-a2 A-a2 A-a2 A-a2
High (A) to Low (a2) [IIW] 32 B-b2 B-b2 B-b2 B-b2 Ground
Ground (A- and a2-)° 33 C-c2 Cc2 | Ce2 C-c2 (B, b2]
Inductive Inter-Winding 34 al-a2 | al-a2 | al-a2 | al-a2 al-a2
Low (al) to Low (a2) [IIW] 35 bl-b2 | bl-b2 | bl-b2 | bl-b2 | Ground
Ground (al- and a2-)° 36 c1-c2 | c1-c2 | cl-c2 | c1-c2 | [bl, b2]

32
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Tabnnua 6. TpéxobMmoTouHbIM TpaHcdopmaTop — 36 TecToB

YyoyO | Yyod11 | vd11yo [vd11d11
3¢ 3¢ 3¢ 3¢
Yov- Y-y-d Y-d-y Y-d-d
Tect Homep Gro\llj y 1 Group 2 | Group 2 | Group 2
9:%0 6=30°|6=30°|6=30°
LAG LAG LAG
1 A-N A-N A-N A-N
HV Open Circuit [open]
All Other Terminals Floating 2 BN BN BN BN
3 C-N C-N C-N C-N
4 al-nl al-nl al-bl al-bl
LV (al) Open Circuit [open]
All Other Terminals Floating > 2] 2] Rt et
6 cl-nl cl-nl cl-al cl-al
7 a2-n2 a2-b2 a2-n2 a2-b2
LV (a2) Open Circuit [open]
All Other Terminals Floating 8 222 e 22?2 D22
9 c2-n2 c2-a2 c2-n2 c2-a2
Short Circuit [short] 10 A-N A-N A-N A-N
High (A) to Low (al) 11 B-N B-N B-N B-N
Short [a1-b1-c1]’ 12 C-N C-N C-N C-N
Short Circuit [short] 13 A-N A-N A-N A-N
High (A) to Low (a2) 14 B-N B-N B-N B-N
Short [a2-b2-c2]* 15 C-N C-N C-N C-N
Short Circuit [short] 16 al-nl al-nl al-bl al-bl
Low (al) to Low (a2) 17 bl-n1 bl-n1 bl-cl bil-cl
Short [a2-b2-c2]’ 18 | cl-nl | clnl | clal | cl-al
1 ) 4
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Capacitive Inter-Winding 19 A-al A-al A-al A-al
High (A) to Low (al) [CIW] 20 Bbl | Bbl | Bbl | Bbl
All Terminals Float 21 C-cl C-cl C-cl C-cl
Capacitive Inter-Winding 22 A-a2 A-a2 A-a2 A-a2
High (A) to Low (a2) [CIW] 23 B-b2 B-b2 B-b2 B-b2
All Terminals Float 24 C-c2 C-c2 C-c2 C-c2
Capacitive Inter-Winding 25 al-a2 | al-a2 | al-a2 | al-a2
Low (al) to Low (a2) [CIW] 26 b1-b2 b1-b2 b1-b2 b1l-b2
All Terminals Float 27 12 | cle2 | cl-c2 | clc2
Inductive Inter-Winding 28 A-al A-al A-al A-al
High (A) to Low (al) [IIW] 29 Bb1 | Bb1 | Bb1 | B-b1
b
Ground (A-and al-) 30 ccl | cel | cel | cet
Inductive Inter-Winding 31 A-a2 A-a2 A-a2 A-a2
High (A) to Low (a2) [IIW] 32 Bb2 | Bb2 | Bb2 | Bb2
b
Ground (A- and a2-) 33 c2 | c2 | ce2 | ce
Inductive Inter-Winding 34 al-a2 | al-a2 | al-a2 | al-a2
Low (al) to Low (a2) [IIW] 35 b1-b2 b1-b2 b1-b2 b1-b2
b
Ground (al-and a2-) 36 c1-c2 | clc2 | clc2 | 12

34
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3.4.5 Jlo6aBneHne HOBOW CXeMbl U3MEPEHUA B CMTUCOK

[ns co3pgaHma HOBOM CXeMbl U3MEPEHUA HaxKMUTe Knasuwwy «F1l Job6aBuTb».
MNoasnseTca BKNagKa ansa GopmmnpoBaHMA HOBOTO TUMA 3aMepa.

Cnucox.slaMeﬁosd 14:46:27 07.08.14 J|||| h
SFRA #009 07.08.14 12:51:34 A~

WA-C [cpen]

BWE-A [cpen]

WC-B [cpen]

Mal-cl [open]

BWkl-al [open]

Fel-bl [open]

[[a2-c2 [open]

Wb2-a2 [open]

HMc2-b2 [open]

MA-C [short al-bl-cl]
WB-A [short al-bl-cl] vl

I o B o [short o/[aiel [bie cie |

PucyHoK 3.16. flo6aBneHue HOBOW CXembl U3MepPeHUs

B nepBoli no3vumm Heobxoaumo BbibpaTb 0BMOTKY, Ha KoTopyko 6byaer
NnoAaBaTbCA CUrHAN C reHepaTopa, U ¢ KoTopon ByaeT NPoM3BOANTLCA M3MEpPEHME Ha
pedepeHcHom KaHane (Reference).

Bo BTOpOW Nno3nunmn Heobxoanmo Bbi6paTb 0BMOTKY UM HENTPasb, C KOTOPOW
byaeT perncTpnpoBaTbCA OTBETHbIV CUTHA.

B TpeTbeit no3nuumn 3agaeTca TMN NOAKAYeHUA obMOTOK. B 3aBucumocTu ot
BblOpaHHOro TMNa, HeobxoguMmo 3anonHuTb 4, 5 n 6 nosmumu. MNpu BbibOpe TMMA
N3MEepPeHUn ¢ MHAYKTUBHOW cBasbio (IIW), HeobxoaMmo yKasaTb mMecTa 3a3emaeHus
06bmoToK B 4 n 5 nosuumn. Mpu Bbibope Trna mamepeHus “Short” Heobxogumo
yKa3aTb 3aMKHyTble 06MOTKM B 4, 5 1 6 no3numu.

[ns coxpaHeHUs co3gaHHOM cxembl HE0BX0ANMMO HaxKaTb «F4 [lobasuTb». Ann
OTMEHbI AEeNCTBUA U BO3BPALLEHUA K CMIMCKY Haxkmute «F5 Bbixoay.

diMRUS s
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HGEEMCTEH gerncrgauun 16:19:47 07.08.14 ""

Bamnep: B-C [open]

YacTOTHHI pHUanas3oH

MUHHMANBbHAA 4YacToTa »
MaKCHHMAaJIbBHass 4YacToTa [T OF
KonuuecTBO ToOYeK Ha pexany e I 1~ 1%

=

PucyHok 3.17. Bbi6op napameTpoB perucrpauum

B okHe «[lapameTpbl perncrtpaymm» AocCTynHbl cnegyowme GyHKUMOHANAbHbIE
KaBULLN:

«F2 Tponyck» — MNpoMnyck W3MepeHWs C TeKylen cxemolh M nepexos K
cnefyoLLel no Crnucky;

«F4 CTapT» — COXpaHeHMe MapaMeTpoB PEerucTpauum B namaAtb npubopa wm
3anyCcK U3MepeHMA TeKyLLEen cXembl C 3a4aHHbIMKU NapaMeTpamu;

«F5 Bbixoa» — BbIX0oA, U3 OKHa Bbibopa NnapameTpoB B OKHO CrMCOK CXem.

Mo ymonyaHWIO napameTpbl  pPerncTtpauum  aHanorMyHbl  MapameTpam
npeablayLen peructpaunn. B gaHHOM OKHe 3a4atoTca cieaytowme napameTpbl:

MuHMMabHAaA YacToTa — YacToTa, C KOTOPOW HAYHETCH PerncTpaLms, HUKHUN
npeaen sToi 4acToTbl B AaHHOM meToze 20 lNy;

MaKcumanbHasa 4actoTa — 4acrtoTa, A0 KOTOpoi 6yaeT npou3BOAMUTLCA
perucrpaums, BepxHuii npegen sHadeHma — 2 Mru;
KonnMuectBo TOuekK Ha JeKady — KOAMYECTBO TOYeK perucrpaumm,

norapudmMmnyeckm paBHOYAANEHHbIX, HA OAHY JAeKaAdy 3HayeHWit uvacTtoTbl. Mpu
YCTaHOBKE 4aCTOTHOrO A4ManasoHa B NpejefibHOe  3HAYeHWe  KOJIMYECTBO
perucTpupyembix Aekag, paBHo 5. MaKcMmManbHOe 3HayeHue KOo/IMYyecTBa TOYeK Ha
AeKkagy pasHo 500, MMHMManbHOe paBHO 5.

MepemeuieHne Mexay nNyHKTamu — Knasuwamu "N, " ". U3meHeHue
3HaYeHMA — Knasuwamm "&", "S>,
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3.4.6 3anyck usmepeHus

[na npogonenus paboTbl HaxmuTe Knasuwy «F4 Crapt» B OKHe
«MapameTpbl peructpauum». Ha 3KkpaHe, B peuMme peanbHOro BpemeHwu, byper
NPOU3BOAMTLCA OTPMCOBKA TEKYLLEro rpaduKa 1 NpeaplayLmx rpadpuKkos UsmepeHus.

[ 2-B [short al-bl-cl] Aux

-36.6
nB

-90.0

//f'/

170 Aol

-180

100.0Hz 1.0xHz 10.0xHz 100.0xHz 1.0MHz

20.0Hz 10.02xH= 2 .0MHz

G.'r.en

PucyHok 3.18. UsmepeHue

Ha skpaHe oTobpaxkatotca 2 TMna rpaduKoB: OKHO aMMAUTYAHO-4aCTOTHbIX
xapaKkTepucTuk (AYX) 1 okHO $a30-4acTOTHbIX XapaKkTepucTuk (PYX).

Kypcopom BblaenaeTca TeKyllana TOYKa perucTpaumm, otobpaxkaerca Tekywasn
YacToTa PerucTpaLmm U 3HaYeHUA XapaKTePUCTUK Ha 3TOM YacToTe.

[nA OCTaHOBKU M3MepeHuA UCnonb3yihTe Knasuwu «Esc» n «F5», npubop
nepengeT B peXuM OTPUCOBKM WM aHaNM3a MOAYYeHHbIX AaHHbIX (cm. n. 3.6.5
MpocmoTp 3amepos).

Mocne 3TOro MOXHO HaxaTb “FA” AnA coxpaHeHWA TeKyLlero u nepexona K
cnepytoliemy samepy.
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3.5 [Owmanas3oH yactot ot 0,1 'y go 1 Kly, (M3mepeHune Tgd)

ITOT peXkMm npefHasHayveH ans nsmepenns Tgd obbekTa. Pexknm otcytcTayeT
B Bepcuu npubopa FreDA-SFRA.

Kabenu ot ob6beKkTa nogKatouatoTca K pasbémam npmbopa, 0603HaYeHHbIM 6.

B nmepBOomM OKHE MOKHO 334aTb Napamepbl usmepexua. MsmepeHune Tgd Ha
HU3KMX YAaCTOTax 3aHMMAET 3HAUYUTENIbHO Ho/blUee BPEMS, YHEM U3SMEPEHUNE B pEXNME
SFRA. MosToMy KONMYeCTBO TOYEK Ha AeKaay B STOM peMMe MeHbLUe.

ﬂaEaM-e’l‘th hel"nc"l'hﬂu“iﬂ 15:37:13 08.09.14 J"" h

YcTaHOBKHM =3arnepa T9g

YacTOTHHI pHUanas3oH

MUHHMANBbHAA 4YacToTa »
MaKCHHMAaJIbBHass 4YacToTa EI-{1 . Ok ]

KonuuyecTBO TOYeKk Ha ApeKkany

@‘-m CIshy Bbr-x-e,q

PucyHok 3.19. NapameTpbl usmepeHus Tgd
MepemeuieHne Mexay nyHKTamu — Knasuwamu "N, "4 ". U3meHeHue
3HaYeHnA — Knasuwamm "&", 'S,
YctaHoBUTE MapameTpbl, nogkatoumute npubop u Haxkmute “F4 Crapt” ans
Hayana M3mepeHus.
B Havyane MamepeHuA Npubop NPoOM3BOAMT HACTPOMKKU M3MepeHUa 1 noabop
CXeMbl U3MepeHUa. ITO MOXKET 3aHMMaTb 40 5 MUHYT.
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W Tg #001 Tg

0.000 T —
-0.070
AUx
0.100
-0.100
100 .0nHz 1.0Hz 10.0Hz 100.0Hz 1.0xHz
100.0MH= 0.79Hz 1.0xHz

| e |

PucyHok 3.20. Npouecc usmepexHuns Tgd
[anee npoucxoauTt namepeHue M pacyéT no BCEM 3aJaHHbIM YacTtoTam. Ha
BepXHeMm rpaduke otobparkaerca Tgd B rpagycax, Ha HUKHEM OTHOLUEHME aMMIUTYA,
BXOLHOFO WU BbIXOAHOrO curHana B dB. Mpubop nbiTaetca nogobpatb napameTpbl
CXeMbl U3MEPEHUSA TaK, YTOObI COOTHOLLUEHME aMIIMTYA, NIEXKaNo B AnanasoHe -20 +
+4 dB. HacTpoliky M namepeHne MOXKHO MnpepBaTb B /11060 MOMEHT KnaBuwen F5
nnu Esc.

W Tg #001 Tg
0.000 P

/

-0.0%0
AUx
0.100
-0.100
100 .0nHz 1.0Hz 10.0Hz 100.0Hz 1.0xHz
99 .,7MHz 251.02M4Hz= 1.0xHz

9 G008 | emeeaes

PucyHok 3.21. NMpocmoTp pe3ynbTaToB UsmepeHus
YnpasneHne npoCMOTPOM pPe3yanbTaTOB aHANOTMYHO pexmnmy SFRA.
Knasuwein “F4 Cnea3amep” MOXKHO 3aMyCTUTb Ceayiollee N3mepeHue.
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3.6 Paborta c apxMBom AaHHbIX

ApX1B AaHHbIX TpMbopa XPaHUT 3amepbl B BUAE AEPEBA U COAEPHKUT TPU TUNA
3NEMEHTOB, Hag, KOTOPbIMW BO3MOXHbl Pas/iMyHble TUMNbI OMepaLui: KoOpHEeBOWM
3NEeMEHT, O0OBEKT U 3amep. B HUKHEN CTpOKe OKHa oTobpakaeTca nopckaska, ¢
NMOMOLLbIO KaKoW OYHKLMOHANbHOM KAaBULLKM, 3aMyCTUTCA Ta WAM UHAA OYHKLUMA.
KHonku "Esc" u "F5" — BbIxo4, U3 oKHa paboTbl C apXMBOM.

TeKyWMin aKTUBHbBIN 3/1eMEHT BblAeNIeH CUHEN CTPOKOW. BbibpaHHbI 06beKT —
3TO 06DBEeKT, K KoTopomMy OyAyT 3anucbiBaTbCA 3amepbl — BblAeseH MYHKTUPHbIM
NPAMOYTrO/IbHUKOM.

Mpu HaxaTun Ha KHonky "Ent" BbIBOAMTCA MEHIO CO BCEMWU BO3MOXKHbIMM
OENUCTBUAMU M GYHKLMOHANbHbIMKM KNasuluamu. Beibepute genctene KHonkamu "N,
"4 " n"Ent". "Esc" — 3aKpbITb MeHIO.

PaGoma o agxmaom [ AHHEX 11:50:51 14.10.14 J"" h

FreDA
i  OBBbEKT.
AN Tg #0004 08.09.14 12:00:25

OTMETHTBb 3alMep

il VopaTe BCe OTHETKHM ShiftF1
N MpropoNxHUTE HMBEHNEpPEeHHEe F2
06be| MNpocHOTPp B=aMepoB F3

YpaJuTe 3anep F4

o Gpsmems | Gremiows | v | Smen

PucyHok 3.22. MeHIo onepaumii
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3.6.1 MepemewieHune no gepesy 3amepos

MepemelyeHune no aepesy (M3MEHEHME aKTUBHOIO 3/1IEMEHTA) OCYLLLECTB/IAETCA
c nomolubio KHonok ", "

[P R EER TN S G ([

FreDA
" OBBEKT

} Tg #0004 08.09.14 12:00:25

Ol

il SFRA #0002 03.09.14 13:40:50

N Tg #0001 02.09.14 12:10:04

06BbeKTRO2

o= Esepem | memw | viemws | amen

PucyHok 3.23. Pa6oTa c apXxMBom AaHHbIX
[na s3KOHOMMKM MecTa Ha 3KpaHe U YCKOpeHUa nepemeLleHma no gepesy 6asbl
OaHHbIX KaTasoru, UMetowme BNOXKEHHbIe 3amepbl (OHM NomevatoTcAa 3Hakamum "+
unm "-", B 3aBUCMMOCTU OT COCTOSIHMSA, 3aKNOYEHHBIMM B KBaZpaT nepes MKOHKOM),
MOKHO CBOPa4MBaTb M Pa3BOPaYmMBaTh, HaxkMMasa Knasmwm "<" n """ Ha obbekTe.

diMRUS “



3.6.2 Pabora c BepxHum anemeHTom FreDA

(DS ET R I TR ([

c

i bEKTb®2
':v{ SFRA #0009 08.08.14 10:39:10

SFRA #0008 08.08.14 10:38:47

om | S| P

PucyHok 3.24. PaboTa ¢ BepXHUM 3/1eMeHTOM AepeBa
[na BepxHero anemeHTa gepesa AOCTyMHbl cieaylowme QGyHKLUMOHaNbHbIE
KNaBuwu:
«F2 O6bekT» — dyHKUMA obaBneHns HOBOro 06bEKTA K AepeBy;
«F4 Ypanutb» — OyHKUMA NOMHOW O4YMCTKM namatn. MNpubop 3anpocut
NOATBEP}KAEHME, TaK KaK 3Ty ONepauuto Hesb3a OTMEHUTb.

[P PN U T (|

- O6pexT
Td #004 08.09.14 12:00:25
SFRA #003 03.09.14 14:49:16

. BHMMAaHIEL

YmnanuTe BECE SaMepH
us npubGopa?

K= S| P

PucyHok 3.25. NMoTteBepAnUTb OUYCTKY NAMATU
«F5 BbIxoa» — BbIX0Z, B OCHOBHOE MeHI0 npubopa;
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3.6.3 PaboTta c o6bekTamu

O6bektom moxKeT bbiTb MoactaHuma, TpaHcdopmatop M ap. ITo aHanor
KaTasioroB Ha KommnbtoTepe ana 6osnee yaobHOM paboTbl C MHOXKECTBOM 3aMepos.
O6bekT npeacrasaneT U3 ceba HaMmeHoBaHWe U3 29 CUMBOOB.

PaBora c aﬁxnsom JAHHELX 11:02:31 08.08.14 J"" h

EL OGLEeKTOO2
'::W’ SFRA #0009 ©08.08.14 10:39:10
ol SFRA #0088 08.08.14 10:38:47

mSe | tems | e | viemss | amen

PucyHOK 3.26. PaboTa c 06beKTom

Ona anemeHTa TMna «O6bEKT» AOCTYNHbI chnegylowme ¢yHKLMOHANbHbIE
KNaBuLWu:

«F1 Bblbop» — PyHKumMA BbibOpa obbekTa AnA paboTbl, aKTUBHbIN OOBEKT
CTAHOBUTCA BbIBPaHHbIM, creaylolime 3amepbl byayT 3anucbiBaTbCs B HEro.
Bbi6paHHbIN 06bEKT 06BEAEH NPAMOYrO/NbHOW PAMKOW.

«F2 HoBbl» — pyHKUMA AoBaBNEHNA HOBOrO 06BEKTA K TEKYLLEMY;

«F3 PefaKkT» — pefakTMpoBaHMe NapameTpoB U HAMMEHOBAHNA 0OBEKTA;

«F4 Ypanutb» — GyHKUMA yaaneHmsa obbeKkTa ¢ JaHHbIMM,

«Shift+F4 YpanuTb 3amepbi» — GyHKUMA YA eHUA BCEX 3aMepOoB M3 06bekTa.

3.6.4 Paborta c anemeHTOM AepeBa TUNa «3amep»

[na snemeHTa Tuna «3amep» AJOCTYMNHbl chneayowme ¢yHKLMOHaNbHbIE
KNaBuwu:

«F1 OTMeTUTb» — OTMETUTbL 3amep AaA Nociaeaylolwero npocmoTpa. MoxHo
OTMETUTb HECKO/IbKO 3aMepoB AN CPaBHEHMA uX B npocmoTpe. OTmeuyeHHble
3amepbl MOMEYatoTCA CepbiM LBETOM W 3HAYKOM cneBa. OTMeTKa CHUMaeTCs 3TOM e
KNaBuLLEN.

«Shift+F1 Ctepetb OTMeTKM» — ybpaTb BCe OTMETKU C 3aMepoB;
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«F2 MpogonKuTe» — OGYHKUMA 3arpyaeT CyLWecTBYOWMIA 3amep M [AET
BO3MOHOCTb NPOAOMKUTL U3MEPEHUE APYINX CXEM B 3amepe.

«F3 MpocmoTtp» — OGYHKUMA MPOCMOTPA BCEX OTMEYEHHbIX 3aMepoB WAn
TEKyLLLero, ec/im OTMETOK HET;

«F4 YpanuTtb» — yganeHue 3amepa 13 gepesa.

(DS T LM U T e ([

#0004 08.09.14 12:00:25
ww SFRA #0022 03.09.14 13:40:50
N Tg #0001 02.09.14 12:10:04
7 00BeKTROZ2

| oo eosom | v | Bmen

PucyHok 3.27. PaboTa c 3amepamu

[P R I LS G LY ([

wf]SFRA #O02 03.09.14 13:40:50
il Tg #0201 02.09.14 12:10:04
5 06BeKTOOZ2

| omm | Esepem | moww | viemws | amen

PucyHok 3.28. 3amepbl, nOMeyeHHble ANa NpocMoTpa
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3.6.5 MpocmoTtp 3amepos

Ha pucyHke npmusegeH npumep Kpmebix AYX, NnoONyYeHHbIX B XO04e U3MepeHUa.
OanH wu3 rpaduKoB (CMHWI) ABAAeTCA aKkTMBHbIM. OH BblaeneH 6onee XWPHO,
nognucaH BeBepxy rpaduKoB BMecCTe C KBaApPaTMKOM LBeTa W Ha KHOMKe
nepekatoveHna rpadpukos «F3». Mo aTtomy rpaduKy ABuraeTca Kypcop v nognucaHol
TeKyLLMe 3HaYeHMA BHU3Y U cneBsa.

T

W B-C [open] Aux

0.0'—‘-\

-61.7
,qB\

N

-80.0

UK
180
s

-2550

-720
160 . 0Hz 1.0xHz 10 OxHz 100 0xHz 1.0MH=
20.0Hz 15.88kxHz 2 .0MHz

Lmn, oS, 2ot

PucyHok 3.29. NMpocmoTp 3amepos
B OKHe npocmoTpa 3amepoB [AOCTYMHbl chegylowne ¢GyHKLMOHaIbHbIE
KNaBULLIN:
«F1 AHann3» — 3anycK BCTPOEHHOIO aHaM3aTopa NOAYYEHHbIX AAHHbIX;
«F2 Cn1CoK» — NpOCMOTP CNMCKa OTKPBITbIX 415 MPOCMOTPA 3aMepoB U paboTa
C HUM;
«Shift+F2 MapameTpbl» — NPOCMOTP NAPAMETPOB PErncTPaLLUM U NAPaMeTPoB
06beKTa nccnefoBaHUs;
«F3» — nepekntoyeHune TekyLLero rpaduka;
«Shift+F3 AYX, ®YX» — BblibOop TMNOB rpadmKoB ANA OoTOBparKeHwa, npu
OTKPbITUM 3aMepa, Ha SKpPaHe OAHOBPEMEHHO OTPUCOBbLIBAKOTCA Kpmeble A4X n ®YX;
«F5 Bbixoz» — BbIXxoZ, B Npeaplayliee OKHO NPOCMOTpa.
Mpu npocmoTpe B OKHe Bcex rpaduKoB OLHOBPEMEHHO aKTUBHbLIM ABAAETCA
nocnegHuii 3amep B cnucke. Kypcop nepemellaetca No ToyKam 3Toro rpaduka.
MepemelleHne Kypcopa oCyLLecTBaseTca Knasuwamm "&" n"->"

3.6.6 PaboTa co cnMckom 3amepoB 4/19 MPOCMOTpaA

[aHHblA cnucok npeacTasnser u3 ceba Aepeso C OAHON BAOXKEHHOCTbIO M
nmeetr 2 Tuna 371emeHTOB. epBblit TUM 3/1emMeHTOB — «3amep», COCTOAWMIA W3
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HanmeHOBaHMA 3amepa. BTopol TMn snemeHToB — «Mog3zamep», NPeacTaBAALLIMNI
n3 cebs, HaMMeHoBaHME cxembl MamepeHua. Kaxabii «loasamep» oTHOCUTCA K
KOHKpPETHOMY 3/ieMeHTy «3amep». [lepemelneHne MO CMMCKY OCYLLECTBAAETCA
knasuwamm "M, "I

Cnncox.alaMeﬁosd 13:41:26 11.08.14 JIIII h
SFRA #006 06.08.14 14:38:06

o/ Mal-bl [open] 14:38:23 06.08.14
//Hbl-c¢l [open] 14:38:55 06.08.14
//Mcl-al [open] 14:39:30 06.08.14
SFRA #004 06.08.14 14:09:25

'__J.A—B [open] 14:09:36 06.08.14
'__J.C—A [open] 14:10:51 06.08.14
SFRA #006 31.07.14 10:02:28

'__J.A—B [epan] 10:02:31 31.07.14
\[TB-C [open] 10:02:41 31.07.14

i

PucyHok 3.30. Cn1ucok 3amepoB asAa NpocmoTpa

B A4aHHOM OKHe AOCTYMHbI ceayowme GyHKUMOHANbHbIE KIABULLN:

«Ent» — BKAOYUTD UM UCKKOYUTL KOHKPETHOE M3MEepeHWe M3 MPoCMOoTPa.
dnemeHTbl, KoTopble 6yayT OTOb6pa)kaTbcA B MNPOCMOTPE, OTMEYEHbl 3e/EHbIM
3HAYKOM cneBa.

«F1 pb» — BblbOp eauMHWUL, U3MepeHUs AnA oTobpaxkeHus rpadpmka AYX
(neumnbensi / Ombl / CuMmeHCbI);

«F3 BceBbIkn» — BbIK/IOYEHME BCEX CXEM CMIMCKA M3 NPOCMOTPa;

«Shift+F3 BceBkn» — BK/IlOYEHME BCEX CXEM CMMCKA B NPOCMOTP;

«F5 Bbixoa» unn «Esc» —nepexop B npeablayLiee OKHO NPOoCMoTpa.
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3.7 HKoppenauunoHHbIii aHaNu3

B npubope Mcnoib3yeTca rapMOHUYECKUIA KOPPENALMOHHBIN METOL aHaM3a.
MpoBoauTca cpaBHEHME NOAyYeHHOro Habopa AYX gna pasHbix Ga3s mexay cobon.
Ecam umeetcAa paHee noJsiydeHHbI Habop AYX ana gaHHoro obopypoBaHuA, TO
NPOBOANUTCA CPABHUTE/IbHbIMA aHaNM3 3TUX M3MepeHUN. TaKKe MOMKHO CpaBHMBATb
XapaKTePUCTUKM, NOJIyYEeHHbIe C aHaNornMYHoro obopyLoBaHus.

Mpu 3KCNEpPTHOM OUeHKe, ANA  BbiABAEHUA OedEeKTOB  MCMNonb3yeTcs
aHanM3aTop, B KOTOPOM peann3oBaH MeTO pacyeTa OCHOBAHHbIN Ha CTaHaapTe
3N1EKTPO3HEPreTUYECcKol MPOMbIWIEHHOCTM  KuTallcKol HapogHoW pecnybamnku
(KmTait) — DL/T 911-2016. AHanu3aTop BbINOMHAET BblUMCAEHNE KO3PPULIMEHTOB B
Tpex AManasoHax 4acToT Mo CeayroLeMy anropuTmy:

Pacuet gucnepcumn

N—-1

N—-1

1 1

D, :Ez X (k) —EZX(E(}
K=0 K=0

PacueT KoBapuaumm
N-1

N-1 N—-1
1 1 1
C., ZEZ X (k) _EKZOX(H Y (k) _EKZOY(H

K=0
PacueT KoapduumeHTa Koppenaumm

_ cov(X,Y)
*Y  /DIXID[Y]

Pacuet oTHocuTeNbHOro KoadduumerTa (relative factors)

2

10 1—R,, <1071
RE,, =
—1g(1—R,y)

Tabnunua. Kputepun oLeHKK cteneHmn gedopmanmm o6MOTOK.
KoadouumeHTsl R (relative factors) CTteneHb gepopmaumm o6MoOTKM
RLF<0.6 CunbHas pedpopmaumsa
1.0>RLF20.6 nan RMF<0.6 fiBHan gedopmauns
2.0>RLF21.0 nnn 0.6sRMF<1.0 Nerkas gepopmauyus
RLF>2.0, RMF21.0 u RHF20.6 HopmanbHoe cocTtoaHue
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RLF — KoadduLMeHT, Koraa KpuBaa HAXOAMTCA B AMamNa3oHe HU3KUX 4acToT
(1KMu~100KM);

RMF — KoapduMLMEHT, KOraa KpUBas HaAXOAWUTCA B AManNa3oHe CPeaHUX YacToT
(100K ~600KI L)

RHF — koadpduuneHT, Korga KpuBaa HaxoAMUTCA B AManasoHe BbICOKMX HaCTOT
(600K ~1000K ).

B npubope peanvsoBaHa BO3MOMKHOCTb PEAAKTUPOBAHWUA ITUX AMANasoOHOB
4acToT.

AHanun3 npomsBoamMTCcA ANA 2-X UAN 3-X KPUBbIX, BKJAKOYEHHbIX B NPOCMOTP U
CTOALLMX B Hayane CNMcKa 3amepoB. PaduKM AONKHbBI NepeKpbiBaTb 3afaHHbIN
AmnanasoH oT HM3Kux go Bbicokux yactoT (no-ymonyaHumio ot 1kly go 1 Mru).

.DL/ITISII 1.—20|0I41.2-lI Hannaaﬁogi 13:55:54 11.08.14 i"" i

R LF | R MF ‘ R HF ‘ CocrosHue

N al-bl [open]/Amnn.| 3.74 2.73 3.77
M bl-cl [open]l®@ama [-0.27 1.14 -0.19

N al-bl [open]|amnn.|10.00 10.00 10.00
W cl-al [open]|®@asa [10.00 10.00 10.00

B kl-cl [open]Amnn.|10.00 10.00 10.00
W cl-al [open]@asa [10.00 10.00 10.00

[[TixHz - 100xHz [ |100xHz - 600xHz [ |600xHz - 1MHz

0 [J-HopManeHoe cocTosSHHE
'0 [[1-Nerxas pedopmMaums
-6 D—Hsuas: gedopMaLua

R LF R MF R HF

o N

[W-Cuneuas gedopmaums

PucyHoK 3.31. KoppensuuoHHblii aHanus

3.7.1 [AmanasoHbl 4acToT

B npubope ycTaHOB/EHbI CieaytoLMe ANANa30Hbl YacToT, UCNO/Ib3yemble AN
KOppeNALMOHHOIo aHanuM3a:

ANanasoH HU3KKux YactoT — 1kly + 100Ky,

AnanasoH cpeaHux YactoT — 100Ky + 600K u;

Anana3oH BbICOKMX YacToT — 600K + 1000w,
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-nhOGMOT&JII —Haﬂﬁ50ﬂ05 13:57:07 11.08.14 J"" h

Dﬂuanasoﬂ HHU3IKHMX 4YacTOoT

oT )

no ["1ooooo
[]nuanaaoﬂ CPEgHHME YaCTOT

oT [[1Tocooo

no EEEEEED
[]ﬂuanaaoﬂ BHCOKHMX YaCTOT

oT [T Boocooo

no 1000000

PucyHok 3.32. filnanasoHbl 4acToT

EanHuubl nsmepeHmna AYX
MpaduK AYX MOXKHO NPOCMOTPETL B 3-X BO3MOXKHbIX €UHMNLAX U3MEPEHUA:
JNorapudmunyeckoe oTHoLWEHWE amnanTy L (46):

Amnantyaa=20*log10(A0/AL);

Z=U/I=50*(A0-A1)/A1

MposoaumocTb (Cm)

Y=1/Z

ConpoTtueneHue (Om) — AaHHbIA peMm noneseH ANA OUEHKU TOro, noyemy
KpMBasA OTK/IOHAETCA Ha HWU3KMX 4YacToTax. YBe/MYeHWe CONPOTUBIEHUA Ha HUIKUX
YacToTax MOXeT ObITb Pe3y/IbTaTOM MJI0XOr0 KOHTaKTa.

—_—

MRUS
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3.8 Mapametpbl npubopa

[aHHbIi NYHKT MeHI0 npubopa BbI3bIBAET OKHO HACTPOEK BPEMEHHbIX
napameTpoB NpPMBOPa, TaKMX KaK, TeKyllee 3HaYeHMe BPEMEHW M AaTtbl nNpubopa,
HaCTPOMKM 3HAYEHM I 3a4ePKKMN OTKIOYEHUA NOACBETKM U Npmbopa.

\laparerpe npusopa, ) 11:48:23 19,0517 Il Jj

OTKJNNUEeHUEe IHUTAaHMUS >
OTKJINUEeHHEe INOOCBETKM el 5 HuH]|
naTa 19.05.17
Bpenda 11:48:23

e e e ) e e el

PucyHok 3.33. OKHO napameTpoB npubopa

B pexume 0XuUOaHMA KOMaHZ N0/b30BaTeNA NPUMOOP MOMKET aBTOMaTUYECKM
OTK/IIOYMTBCA, €CIN B TEYEHME HEKOTOPOrO BPEMEHU HE HAaXMMATb HU OAHY KAaBuLLy.
3HayeHMA 3aJePKKN MOTYT NPUHUMATL CleyoLme 3HaYeHUA:

5 MUHYT,

© 10 MUHYT,

©20 MUHYT,

e HMKOrZa.

[na oTkntoveHuns aton dyHKUMM Bbibepute — "Hukorga".

Takke Npubop MOMKET OTKIYaTb NOACBETKY (B LensX 3KOHOMMM 3apasa
aKKYMynaTopa), ecniu B TeYeHWe HEKOTOPOro BPEMEHW He HaXMmaTb HU OfHY
Knasuwy, W BKAOYATb €e, eCcAM Kakaa-nMbo KnaBuwa HaxkaTa. BennuuHa
BbIGMpPaeMoli 3aepKKU BPEeMEHU MOKET NPUHMMATb caeaytolime 3HaYeHus:

© 10 cekyHa,

60 cekyHa,

5 MUHYT,

e '"Hukoraa".

Ecnn BbibpaHa 3ajep)kKa, TO MNoAcBeTKa BK/uaetca noboit HaxaTon
KN1aBMLLEN U1 racHeT Yepes YKa3aHHOe KO/IMYEeCTBO CEeKYH/, NOC/e HaXaTua nocneaHen
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Knasuium (Kpome "(D"). Ecnm BbibpaHO 3HayeHWe "HMKorga", To noAacBeTKa Bceraa
BK/IOYEHA.

B aTOM e OKHe MOXKHO CKOpPPEeKTMPOBATb 3HAYeHMA AaTbl U BpemMeHu. [na
3TOro YCTaHOBUTE KypCOp HanpOTUB BBOAMMOIO 3Ha4yeHUA WU Haxkmute «Ent» gna
BbI30Ba GYHKUUW BBOAA AAHHbIX.

KHonkamum «F1 Apk-» «F2 Apk50» «F3 Apk+» HacTpamBaeTcA APKOCTb 3KpaHa
npubopa.
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3.9 OG6HoBneHUe nporpammbl Nnpubopa

Mporpamma obHoBAEHMA NPOLWKNBKKM Npubopa FreDA paboTaeT ToNbKo nocne
yCTaHOBKM gpansepoB USB. Mporpamma npowwmsku npubopa FreDA HaxoguTca Ha
OMCKe nporpammHoro obecneveHus npubopa B nanke PCloader. Ons paboTtbl ¢
nporpaMmmon 3arpyskn Heob6xoaMmo ckonmposaTtb Nanky PCLoader Ha XKECTKUIN AUCK.

1. 3aiTn B nanky PClLoader u 3anyctute o¢aiin pcloader.exe, nepesg Bamu
NOABUTCA C/1eayloLLee OKHO:

Device firmware update @

Loader

| =]
Firrmware

|FreD.-’-‘-..sim @

o Start

PucyHok 3.34 OKHO nporpammbl npownsku npubopa FreDA

2. Bbibepute ampektoputo dpaina npowmsku FreDA.sim npubopa:

HaxXmuTe NeBOM KHOMKOW MbIWKM Ha KHOMKY C M306parkeHWem nanku co
CTPE/IKON B OKHe BbIFPY3KM MPOrpammbl, OTKPOETCA MEHI0 YKa3aHUA AUPEKTOPUU
¢daina npowmBeky;

YKaxnte HaxoxaeHue danna npowmskn FreDA.sim u Haxkmute «OTKPbITbY.
OunpekTopua dalina NpoLMBKY NOABUTCA B NOJIE OKHA «BbIrpy3ka nporpammbi».

3. Moaxntounte USB Kabenb K npubopy FreDA c oaHoi cTtopoHbl U K MK ¢
LpPYroi.

4. Bblbpatb B npubope NyHKT O6HOBNEHWME MPOLIMBKKA, MNOATBEPAUTD
06HOB/IEHWE NPOLIMBKM

5. HaxaTb KHonKy Start B noasuBweEmMCA OKHe Ha KomnbtoTepe. [lpu
AantenbHom coobuieHmnn Waiting..., HaxaTb Stop v cHoBa Start.
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4 TporpammHoe obecneuyeHmne npubopa FreDA

Ona pabotbl ¢ npubopom npepHasHayeHa nporpamma CKU  (Cuctema
KoHTpona Wsonauuu). OaHHas nporpamma (CKW) noctaBnsetcs B KOMMJEKTE C
npubopom. Mporpamma obecneunmBaeT Nepekayky 3amepoB W HACTPoeKk npubopos
KOHTPONIA COCTOAHMA M3onaumu, npomssogctea OO0 «[umpyc», Ha KOMMblOTEP C
Lenblo fanbHEWLWero XxpaHeHus, NPoOCMOoTPa U aHann3a.

Mporpamma 6ecnnaTHan. Camyto CBEXYHO BEPCUIO NPOrPamMMbl MOXKHO CKayaTb
¢ cavita umpyc:

“MporpammHoe obecneyeHna ana paboTbl € nepeHocHbiMM npubopamm
Haluero npou3soacTea”

http://dimrus.ru/software/ski.html

MHcTpyKuma no paboTe ¢ Hell HAaxoAMUTCA B OTAENbHOM AOKymeHTe. Huke
NpuBOAMUTCA YacTb cneundunyHan ana npubopa FreDA, a MMEHHO: Nepeaaya 3amepos
¢ npubopa B KOMNbIOTEP, MPOCMOTP 3aMepOB M CO34aHNe OTHETOB.

4.1 YcraHoBKa nporpammbl CKU n gpaiisepa USB

3anyctute nporpammy yctaHoBknm CKW. T[lporpamma nocrtasaseTca B
KOMMAeKTe ¢ Npnbopom namn eé MOXKHO CKavaTb C caiTa Aumpyc.

o YcTaHoBKa — CK R )
=] x]

Bbi00p nanky ycTaHoBKKW
B kakyHd Narky Bl XO0TWTE YCTAHOEWTE «CHM»?

QiMRUS

MporparmMa yCTaHOEMT «CHI» B CRe gy oLy Nanky,

HaskriTe ¢flaness, yTafiel NpoA0MHMTe, ECW Bel x0TWTE BRIGRaTE ARYTyHD Namky,
HasaruTe «Ob30p»,

[craa Ofzap... |

TpeByeTca Kak MuHMMyM 28,2 MO ceof0aHorD AMCKOEOrD MPOCTPAHCTES,

o0 "AEYCY &
« Hazag I danee = I OTMEHS

PucyHok 4.1. YcraHoBKa nporpammbl CKU
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PekomeHgyem ycTaHaBAMBaTb NMPOrpaMmy B KOpeHb AMCKa, a He B KaTanor
“Program Files”, Tak Kak nmporpamma XpaHWT 3amepbl B TOM e KaTasnoru, Kyaa eé
ycTaHoBuau u B “Program Files” cuctema morKeT He MO3BO/INTb COXPAHATbL 3amepbl.

Mocne OKOHYaHUA YCTaHOBKM Ha AUCKe byaeT KaTanok ¢ nporpammoii CKM u B
HEM nogKaTanoru:

Base — 34ecb XpaHATCA Bce 0OBEKTLI M 3aMepbl, UCMOJIb3yemble NPOrpaMmon.
3TOT KaTaNor MOXKHO KOMMpoBaTb AAA nepeHoca basbl [aHHbIX Ha Apyroin
KoMnMbloTep.

DOC — UHCTpYyKumsA no pabote c nporpammont CKA.

USB_Driver — apaiisep USB 2.0 ana paboTbl ¢ Hawmmm npnbopamu.

Ecnv ppaiisep USB ewé He ycTaHaBAMBA/ICA Ha AAaHHOM KOMMblOTEpe, TO
OTKNlOUMTEe Npubop OT KomMMbioTEPa M 3anycTuTe nporpammy Inst_Driver.exe u3
Katanora USB_Driver. Mocne ero ycnewHon ycTaHOBKK, NogKntounte npnéop no USB
n BKAouuTe ero. Cuctema HaaET HoBOe YCTPOMCTBO M YCTAHOBUT ApaliBep A/1A Hero.
Mocne atoro B Yctpowncteax cuctembl nossutca “Vibro-Center/Dimrus Device”. 310
3HauuT, 4YTO Apansep USB ycTaHOBNAEH NPaBUABLHO.

d MaHenb ynpaesneHns 0o - |E|| X|

( \_) }1..-\ ¥ OBOpYAoB.. ¥ VchoHcTBa W NpKHTERE] - l‘_@l MoMCK.: VCTDOMCTBa W AT ... ':_.J

Gaiin Mpaska Buag  CepBuc  Cripaska
HoBaeneHie ycTpolicTea  YoTaHOBKA MpHTEpa EE A 7 ]

WINAowWs MOKET 0TOBPAMAT PACIMPEHHEIE 3HAHKM YCTPOMCTE 1 CBEAIEHNA 13 MHTEpHeTa. LLIekHMTe An...

-

Wicrosoft 3-Button Mousa with ; Microsoft ¥PS DocumeﬂF Writer
] / OokyMeHToB B oYepeai O
- = Npuntep: MoToe

InteliEye(TM)

USBZ.0-CRW

£l

KaTercpma: HevsgecTHO

= 1 Vibro-Center/Dirmrus Device  Mogene: Yibro-Center [Dimrus Device

PucyHok 4.2. MopakntoyeHHblit npubop FreDA

4.2 MNpusaska O6bekTa

[ns Hayana pabotbl B nporpamme CKU Hy»KHO “npuBAsaTb 06beKTbl”, TO ecTb
chopmMUpPOBaTL CTPYKTYPY ANS XPAHEHUSA 3aMePOB MO KOHKPETHOMY OOBEKTY.

Meps.bili Wwar — cosgaHue MpeanpuaTtmna. [na aToro B okHe “KoHTponunpyemoe
obopyaoBaHue” Bbiaennte ctpoKky “CKN”, HaxkmuTe NpaByto KHOMKY MbILIN U B MEHIO
BblbepuTe “HoBoe npeanpuatne”.
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g= CK (AOMyHMCTpaTop) — |Elli|

MapameTpel MoMolls  Onpec modyned |

KoHTponvpyeMoe obopyaoBaHHe

| Hosoe npeanpwaTve %

Belxon

PucyHok 4.3. HoBoe npeanpuatue

BBeauTte HaumeHoBaHue Mpeanpuatma n Haxkmute Ok.

3= CKW (AamMHKMcTpaTop) - |E||i|

MNapameTpbl MoMolls  Dnpoc Mopyned

KOHTpONMpyemMoe 0BopyaoBaHMe

e K

g = HoBoe NpeAnpuATIe x|

BeenuTe HaMMEHOEGHHE

Iﬂwmpgc

o 0K X OTreHa |

PucyHok 4.4. Beoa HaumeHoBaHusA Mpegnpuarmua
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3aTemM HyXKHO “npmBA3aTtb O06bEKT”. ITO MOXKeT ObiTb, Hanpumep,
TpaHchopmaTop.
ol x

MapareTpsl Momolys  Onpoc monyned |

KoHTponvpyemMoe obopyaoBaHie
=gl CkK

[

MepelMeHoBaTs MpearpiaTiie
¥AANATE MpearpATHE

HoBoe NoApasaens-ite
HoBbliA arperart

PucyHoK 4.5. flo6aBneHne o6beKTa

BeeauTe HaumeHoBaHWe obbekTa u Haxmute Ok.

1= CKW (AAMAHACTDATOP) ol x|

MapareTpel MoMolly  Dnpoc monyned

KoHTponpyeroe obopyaoBaHie
E‘““ CKJ
3 Oumpyc

x|

BE&OWTE HEMMEHOEEHWE

ITp anc|

o 0K X Otrena |

PucyHok 4.6. BBoa HaumeHoBaHusa O6beKTa
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Bbibepute TN moayns FreDA.
§ = CKM (AgrMvHmcTparop)

MapameTpel MomMolp  Onpoc monyneh |

=10 |

KoHTponvpyemoe obopyaoBaHve
E|"" KA

g = BeIGOp TViNa MoAy A x|

Tun McnoAk2YeMoro Moayns

W OK X OTmena |

PucyHok 4.7. Bbibop TMna moaynsa

MmA moayna MOXKHO He BBOAMUTD.
BbibepuTe napameTpbl €BA3M ¢ Npubopom:
Appec—1

Tun cBasm — USB

Mpotokon — Modbus RTU

“He BxoauT B 0bLyto cuctemy”

d
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x
pagc —
Tun ceszu v
Mpotokan IW

MNapaMeTpel paSoTul B 06WEaH CHETEME

® He exoouT B OBWYH cHOTEMY

(7 TogkMueH K rEEHoMY MOLY a0

~ HenseTcs rMaeHLIM MoOYNeM CUCTEME

' OK | X OTrMena

PucyHoK 4.8. MapameTpbl cBA3M ¢ npubopom

B okHe “KoHTposimpyemoe obopyaosaHune” noasutcsa BBeAEHHbIN OBbeKT.

g= CKW (AAMUHMCTPaTop) ;IQIEI

MapaMeTpsl MomMolls  Onpoc moayned

KoHTposWpyeroe obopyaoBaHMe
=g oku
= Aurpyc

S [l Tpanc

PucyHok 4.9. MpusAsaHHblii O6beKT
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Onepayus Mpueasku O6beKTa genaetca oAMH pas ana Kaxkaoro O6bekTta u, B
LanbHelwem, He TpebyeTcs.

4.3 Nepepauya 3amepoB ¢ Npubopa B KOMNbIOTEP NPOrpammoin
CKH

[na nepepaun 3amepos c npubopa BKAOUMTE NPUBOP U NOAKAOYUTE €ro K
KoMMbloTepy Yepes Kabenb USB

BctaHbTe Ha nyHKT FreDA, npaBoil KHOMKON MbIlWM BbI3OBUTE MEHIO MU
BblbepuTe NyHKT “No6aBnTb 3amepsbl”.

g= CKW (AamyHmcTpatop) ;Iglil

MapameTpel MoMowe  Onpoc moayned

KoHTponvpyemoe obopyaoBaHie

[1--2hé [l Tpanc

HareHTE KoHdwrypaumo
MapaMeTphl CEAsH
MEeperMeHOBATE MOgY.Nb
¥AANTh MOAYb

Y AANkTE BCe 2aMEph
OTMAPEBTE Mo NoYTE

| DoBABATE 38MEpE [%
MIMAOPT aamepa
FpocroTp 3arepoB:

YCTaHOBMTE AATY 1 BDEMA B MOAY.Ne
WMAORT KOHBIMYDAaLAM b3 MOSYAA

3aMYCTHTE MaMEpeHIe
OUACTATE MAMATE MOAYNA
YETAHOBTE HACTPORKIA MO YMONHaH0

OMpos MoAY A

PucyHok 4.10. flo6aBneHune 3amepos c npubopa

Mporpamma Ha4yHET cYMTbIBATb CMMCOK 3amepos ¢ npubopa. CunTbiBatOTCA U
3amepbl SFRA 1 3amepbl Tg.
MNepenayy 3amepoB MOXKHO NpepBaTb, HaxKaB KHOMKY “OTmeHa”.
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USE (Modhus RTU)

CuutaHo 5 s 10
Y1eHMe saronoekoe sarepos FreDA #1

‘ X Otrena I

PucyHok 4.11. flo6aBneHune cnucka samepos U3 npubopa

3aTem 6yayT BbiBEAEHbI HOBbIE (ELLE He cuMTaHHbIe) 3amepbl B Npubope.

BbiGop 3aMepoB AN Nepekaykii x|

MokazaTe coaTtel
fo1.01 2000 =

3arMepel B Moayne BriIGpaHHEIE ZaMapkl

2014.09.12 08:24:33
2014.09.12 11:32:33 >>
2014.09.12 14:25:06
2014.09.16 16:03:14
2014.09.16 16:33:02
2014.09.17 10:02:46
2014.09.23 09:05:36 R
2014.09.24 14:46:36

2014.09.25 12:10:02

LRSS A

~
X Otmena | £ Crauats

PucyHok 4.12. CnucoK 3amepos B npubope

C NOMOLLbIO KHOMOK B LLEHTPE 3TOro OKHa BblibepuTe 3amepbl g1a nepesayu B
nporpammy.

KHonka BblOMpaeT 0AuH (MM HECKONBKO OTMEYEHHbIX) 3aMepOB.

KHonka “>>” BbibupaeT Bce 3amepbl.

KHonka “<” ybupaeT oTMeyeHHbI 3amep 13 BbibpaHHbIX.

KHonka “<<” ybupaeT Bce 3amepbl U3 BbibpaHHbIX.

BbibepuTe HyKHble 3aMepbl U HaXKMUTe KHOMNKY “CKavaTb”.

“gn
>
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BbiGop 3amMepoB A8 NepeKadqkii

Moka=zaTe coaTel
|n1.m 2000 =l

JamMepr B Moayne

BrIGpaHHEE SamMepkl

2 911 1 o] _)l 2014.09.11 16:02:46
2014.09.12 08:24:33 2014.09.12 08:24:33
2014.09.12 11:32:33 il 20714.09.12 11:32:33
2014.09.12 14:25:06 2014.09.12 14:25:06
2014.09.16 16:03:14 j 2014.09.16 16:03:14
2014.09.16 16:33:.02 2014.09.16 16:33:.02
2014.09.17 10:02:46 2014.09.17 10:02:46
2014.09.23 09:05:36 il 2014.09.23 09:05:36
2014.09.24 14:46:36 2014.09.24 14:46:36
2014.09.25 12:10:02 2014.09.25 12:10:02
X Otrmena | i CrauaTe I

PucyHok 4.13. Nepepaya 3amepos

Mporpamma Ha4yHET CKauMBaTb BblIOpPaHHbIE 3aMepbl.
MNocne oKOHYaHUA OKHO 3akpoeTca U B “KoHTposMpyemom obopyaosaHun” B
nyHkTe “FreDA” byaeT oTobpaKaTbCA KOIMYECTBO 3aMEPOB.

g = CKM (AoMyHmeTpaTop)

MapameTpel Momows  Onpoc Moayned |

(=13

R

KOoHTponvpyeroe obopyaoBaH e

PucyHoK 4.14. NepepaHHble ¢ npubopa 3amepbl

diMRUS
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4.4 pocmoTp 3amepoB B nporpamme CKU

MNoapobHoe onucaHue paboTbl ¢ 3amepamu B nporpamme CKU onucaHo B
MHCTPYKUuun no nporpamme CKW. UHCTpyKLMA aBTOMATUYECKM YCTaHaBAMBaETCA B
KaTanore ¢ gaHHbiMm MO Npu MHCTaNNALMM NPOrPaMMbl.

[ns Havana npocmoTpa Bbibepute npmubop “FreDA” B okHe "KoHTponunpyemoe
obopynoBaHme”. 3aTem OTKPOWTE MEHK NPaBON KHOMKOM MbllM W Bblbepute
“MpocmoTp 3amepoB” AnMbo HaxkmuTe Knasuwy Enter Ha knasuaType.

g= CKM (AQrMeHMCcTpaTop) - |EI|£|

MapameTpel Momows  Dnpoc monyned |

KOHTponvpyemMoe obopyfioBaH1e

ER e

M3MEHNTE EOHPMMYDALO
MaparMeTpil CEA3M
MepeMeHoBaTE MOgY N
YAAMATE MOAY b
WAAMMTE BCE 3aMEpEI
OTMpaBKTE MO NOHTE

DobaeTe saMepil
HMMOopT saMepa
| MpocMoTp 3amepos %

YCTAHOBMTE AATY 1M BREMA B MOy e
WIMAOPT KOHMYDALIAA 13 MOy A

3aryCTITE M3MEpeHie
QUACTITE MaMATE MOy A
YCTAHOBMTE HaCTpOI:%KI/I N0 YMONHaHKHD

OMpoc Mody A

PucyHok 4.15. NMpocmoTtp 3amepos

Mporpamma NonpocuT BBECTU AMaNa3oH AaT A1 NPOCMOTPA 3aMepOB.
MoKHo BblbpaTb “Bce 3amepbl”.
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Mokazate apxKe 2amMepoe

(" 3a TEKYWMA DeHE
C 3a Teryuyk Henenk

( 3a TekywMiA Mecal

(" 3anepuon BpemMeHm

o C—— = L5
o | 1=l

" OK X Otrena |
PucyHok 4.16. Bbibop anana3soHa gart

OTKpOETCA OKHO MPOCMOTPA 3aMepOB.

3 = [pOCMOTP apxBa 3amMepoE (fvmpyc, TpaHcl, FreDA) -0 il

FreDA SFRA | Fuel DS |

Tpagucy | DL/T 9112004 Ananvisarop | Passepreal|

— A-B [open]
—B-C [open]
= C-A [open]
|OHEIE [EHHEIE -85 — =
100y, Tk, 10Ky, 100K MMy,
YHacToTa (Hz)
[OTHOCHTE G|
— A-B [open]
—B-C [open]
— C-A [open]
[¥ Tpaquk A4X
[ Tpadur U
[ Tatinmua a0 I 1
[ Tpamur Ananms - L d l L h
100My Ty 10Ky 100Ky MMy
Cosnate arver Hacrora (Hz)
f

PucyHok 4.17. NMpocmoTp 3amepos
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4.5 Axanus 3amepos FreDA SFRA no craHgapty DL/T 911-2016

JIKM (neBas KHOMNKa MbiWwK) BbIbpaTh arperat, B HEmM npubop FreDA
MKM (npaBas KHOMKa mbllKn) — meHto — “MpocmoTp 3amepos”

p= CKA (AomMynvcTpaTtop)
MapameTpel Momowe  Onpoc moayned |

K OHTpONVpyeMoe obopy AoBaHK e
=-fg ok

& 1 J&lr=0A 3amepoe: 3
VIBMEHIATE KOHGMMypaLie
MNapaMeTpEl CEAM
MeperMEHOBATE MOAY b
YAAMITE MOAY b

¥AanTE BCe 3aMepkl
CTNpaBUTE Mo MoYTe

[OBAENT]
MACPT saMepoE
MpocMoTp 3amepoB

IMAOPT KOHMMYPALIAA 13 MOy NA

3aMYCTHTE M3MEpEHLE
QUACTHTE MaMATE MOAYIA
YCTAHOBMTE HACTPOMKIA N0 YMONHaHMO

OMpoc Modyna

PucyHok 4.188. Bbibop 3amepa
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OTKpoOeTCcs OKHO NPOCMOTPa.
1=

(et SFRA’]

| paawnat | DL/T 911-2004 Avansarop | Paseeprica|

ax]
1 —1C-1M [open, LTC=Max]
4 —2a:2b [open]
q — 2b-2c [open]
—2¢-2a [open]
— 141N [open, LTC=Max] (1)
100y, 1Ky, 10Ky 100Ky MMy
Uacrora () —2a2bfopenl®
~af-bl
-a2-b2
- Ak
-AN
~bi-ct
-b2-c2
E =B-N
100y 1Ky 10Ky 100Ky MMy -cl-al
Yacora (My) -c2-a2
“‘mmummHH‘H."HHH".H‘HHmmummHmH."‘.HmHH‘Hm.m.mmmm” 2047 Tu
=
PucyHoK 4.199. Bbi6op namepeHus
CneBa B CNUCKe OTMeYeHbl BCe 3amepbl.
JIKM cHumaem Bce OTMETKMU.
-ofx|

FreDA SFRA |
Tpaguks | DL/T 9112004 Arianviarop | Paspepral

|

=2

a6

=-[]4 27.0420171322.44
O &t-1 [oper]

OO =2t2 epen]
AN [open]

AN [apen]
b2¢2 [open] 100ry TRy 10Ky, 100Ky LTy
BN [open] Yacrora (M1

o9 o o0 o0 9900

|

O

OO cnfopen]
& FRex
o[ 123122 -
=04 27042017 150123
ul |

Tpan

coce

1007y TRy 10KTy 00KTy My,
Yactora (M)
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3aTem nome4yaem ToNbKO namepeHumsa, HEO6XOAVIMbIe B ANATrHOCTUKe.
-lolx

FreDA SFRA |

« | Teavn | DL/T 3112004 Aranicaron | Passeprral

ERul ol
[E] D%ﬂu;zgnazwu ;D 1 o [= AN [open]
ol ' ! mc
O e 30 1 —C-N [open]
e - , N
O bt 40 / f JALETIN
og = ) AW
Ol <11 E N WAL VR
E= EzNaz 5 \ e oy
E-[E Frebd &0 N / U
£ 5 2704 2m7 192244 r N Vi
I =17 [open] N4
Sl =2b2 (open] 70
&M [open] -7 /
N fopen]
2.2 [open] 100y KTy 10Ky 100KTy Ty,
A [open] Y r
ox 1.31D[D::en1 it
|:|= -1 [open]
2-52 [open]
- (o SO My
oA ° 5 /4 LI
= O iz = a0
=[5 2704207150128 = J IIU
I 141N [open. LTC=Max] 300
OO 18-1N [open, LTC=Max]

DO 7C-1M [open, LTC=May] 100My, 1KY 10Ky,

E! 232b [open] - Hactora (CW)
‘ - 3 }

PucyHok 4.220. Bbibop usmepeHuit ana aHanmsa

1. BoibepuTe BKknaaky DL/T 911 AHanusatop
2. OTKpoeTca Tabanua c oTMeYeHHbIMM 3amepamun. Boibepute cTpoky JIKM. B
rpaduKax HU}Ke 0TobparkatoTcA TO/IbKO BblbpaHHble rpaduku (3)

© o 1ICHOT AP SaMEps (11 J6CHS, MACTIb T, FreiA)

HEn

EEEEEEES

00ru T 0Ty 00T oy
acrors g

A [opn]|
=B [opan)

00Ty TH =N 0Ty My
Hacrora (M

PucyHok 4.22. OKHO aHanu3a
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TaKKe MOXKHO BbIOpaTb M3MepeHWUs M3 PasHbIX 3amMepoB M C PasHbIX
npubopos.

1= IPGCMOTY A6 SaMEpon (G JlecHa, Worbitaies, Fre0A) =10] x|
Fun SFRA |
=] Tpsasau DL 9112004 tmanesres | Paseegmo |
ey =
B o = - 2.0
B 1.0
2T 1 0.6
D L . |
= RLF RMF R HF

2 T — AN
E H |— 1B 1N fepen. LTCbas)
Z H g b
k3 :
40 H
8 5 i
% @ i 1
)
&
= i

0r, Ty T 00Ty W,

sems g
L —
—=n
@ i : 161 fopon, LTcba
PO : ! i
i oa : i !
i : ; :
oy W s T T
Hacra 1)
ET

PucyHok 4.23. Bbi6op 13 pa3HbiX 3aMmepoB

[ns co3paHma otyéTa B Excel HarxkmmTe KHONKy “Co34aTb OTYET”.

Ecnin oTmeuyeHa ranodyka “Tabavua”, To B OTYET nonafér Tabavua ¢
pes3ynbTaToOM aHaun3a.

Ecnn oTmeyeHa rasnodka “Mpadumk AHanus”, To B OTYET NonagyT rpadukm ums
aHanusa.

+ & NPOCHOT 3P 3aMEROR (11 [IEcHa, VKnbiTaHs, FreDA) =lalx|

oozt OLIT 5112004 Awsnaar | Faseegrea|

Mrasee  [Hamorossn AL ALF [Fetf Pesymerar |
e

I |

3 18-1N [opan, LTCaMax] - AN [open] 15 4 0g Merxas gepopeiape.

—AN
— 1B-1H [open, LTC=Max]

& B Fre0s
= I 2704017 1822
I #141 cpen]

al e
g. A opar]
8222 [open]

|:. B fopen]
OO 151 fopen]
E. w1t openl]
o2 aZ[open]

- I P

e 1212

S B s
an

100KT Yy Wy,

—_———————————— [—AN
| — 18-1N [opan, LTC=Max]

1037y 1Ky 10Ty
Yacrora (M

50
PR
2
B 100 ; ;
1037y Ty, 0Ty 100KTy W,
Hacrams (T
E T

=l
PucyHok 4.24. OT4éT 0 pe3sy/ibTaTax aHaAM3a
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KpaTkasa nHdopmauus o pupme:
000 «ANMPYC» (r. Mepmb)

Paspabotka ¥ noctaBka npubopoB M nporpammHoro obecriedeHuns ans
OMarHOCTUKM B Pa3/IMYHbIX OTPAC/AX NPOMBILLIEHHOCTH.

Poccua, 614000, r. MNepmb,

yn. Mepmckas 70, opuc 403
Ten./dakc: +7 (342) 212-84-74
Afpec B IHTepHeTe:
https://dimrus.ru
https://dimrus.com

E-mail: dimrus@dimrus.ru
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