Puc. 4.51. CTpyKTypHas cxema yrnpassieHUs

CBEPXObICTPOAEMCTBYIOLLVIM BbIK/IHOHaTE IEM:

1— curHan Ha OTK/IoYeHVe; 2 — UCTOYHUK CBe-

TOBbIX UMIMY/IbCOB; 3 — CBETOBOA,; 4 — (hoToae-

TEKTOP; 5 — 3/IEKTPOMArHIATHBIA pacLLEnnTESb;

6 — KOHTaKTbl BbIKKHATes s, 7 — 3apsiHoe YCT-
POLACTBO

[nA Bblk/ovaTesieti CBEPXBbICOKMX Harnpsi-

YXeHUIA ocoboe 3HaueHMe UMeeT bbicTpoTa ne-

pefayn OTKJ/IloHaloLWwero nMmnysnsca ot npuv-

BOAA K pasMblKaloLWMMCa KOHTakTam. B aTom

c/lyyae NMpUMEeHSITCA MHEBMOMEXaHUYeCKNe YCTPOIACTBa, B KOTO-

PbIX MepeMeLleHne KOHTaKTOB OCYLLEeCTB/ISETCA CUCTEMOMA TAr U
CKaTbIM BO3YX0M.

[na nanbHeilALwero NoBbieHUs 6bICTPOAELACTBUA CUTHAT YyNpaB-
NIeHNs ¢ NoTeHuyana 3eM/in MOXKeT ObITb NepeaH Ha BbICOKUEA MOo-
TeHUyan no ceetoBogam (puc. 4.51). PasMmblKaHMe KOHTaKTOB Mpo-
UCXOAUT C NMOMOLLbIO 3/IEKTPOMArHUTHOIO pacLenuTesnis, NpuBoau-
MOro0 B [ELACTBME pa3psaaoM KoHAeHcaTopa. KoHaeHcaTop 3apskaeT-
CSA OT J/IMHNW BbICOKOI0 HarpshXeHUs Yepes3 HacbILLaloLmiACca TpaHCc-
thopmatop.

4.7. CucTemMa M3MEPEHNIA Ha 3MNEKTPOCTaHLMSX 1 MoACTaHLMAX

KoHTposib 3a peXXmmomM paboTbl OCHOBHOIO WM BCTOMOraTesIbHOro
0060pyA0BaHUSA Ha 3/1EKTPOCTAHLMAX U NOACTAHUMAX OCYLLECTB/ISAETCH
C MOMOLLLbIO KOHTPOSTIbHO-M3MEPUTESTbHBLIX MPMGOPOB.

B 3aBMCMMOCTM OT XapakTepa 00beKTa 1 CTPYKTYpPbI ero yrpasJsie-
HNA 06 bEM KOHTPO/IA N MECTO YCTaHOBKWN KOHTPOSIbHO-N3MeEpPUTESb-
HOLA anmnapaTypbl MOryT ObiMb pasfindHbIMK. Mpubopbl MOryT ycTa- ;
HaB/MBaTbCA Ha r/1laBHOM wuTe ynpasaeHus (CLLY), 6/104HOM wpTe
ynpasnennsa (bLWY) v ueHTpasibHom wnte (LW Y) Ha anekTtpo-
CTaHUMAX C 6/10KaMy reHepaTop — TpaHcopMaTop U Ha MECTHBbIX,
LTax.

B 3aBMcMMOCTW OT 0CO6EHHOCTEA peXkrMa paboTbl Aake Ha aHa/10-'
MYHbIX MPUCOEONHEHUAX KOSINYECTBO KOHTPOSIbHO-U3MEPUTESIBbHBIX
MpMoopoB MOXET BbITb pas/IMUHbLIM. B Tabn. 4.8 npnBeaeH peKomMeHAay-
eMbli/ NepeveHb N3MepUTeSIbHbIX Nprnbopos [4.9], [4.10].

Ha puc. 4.52 nokasaHo pasmeLLeHVe U3MepUTesIbHbIX MPrUO0opoB B 0C-
HOBHbIX Lienax 6/7104HOMA anekTpocTaHumn: nHum W 330—500 KB,
6rioka G-T1, aBTOTpaHchopmaTopa cBA3N 72, TpaHcthopmaTopa cob™
CTBEHHbIX HY)XA, T3, B Lieny 06xo4HOro Bbik/odaTenia QB
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Ha pwuc. 4.53 nokasaHo pasmeLLeHVEe U3MepPUTE/IbHbIX MPUO0PoB B 0C-
HOBHbIX Lenax TIL,. Boree noapobHble yKasaHWsi 0 pa3MELLLEHUN UN3-
MepuTesibHbIX Npr6BopoB AaHbl B Tabn. 4.8.

B Xxode pasBMTUA aBTOMAaTU3aLMM yyeTa M KOHTPOSIA PEXMMOB
paboTbl 3/IEKTPOCUCTEM MNOABMAAIOTCA HOBble TpeboBaHUA B OTHOLLe-
HUW YCTaHOBKW MPUGOPOB, MO3TOMY, Mosib3yacb Tabn. 4.8, Heobxo-
OVIMO MpoBepuTbL ee COOTBETCTBME N3MEHEHUAM, BHOCUMbIM B 1Y 3D
(nogpazan. 1.5, 1.6).
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Puc. 4.52. NamepuTesibHble MPUGOPbI B OCHOBHbIX LIEMSAX G/I04HOA 3/1EKTPO-
CTaHLumn
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Ta6nnua 4.8

KOHTPO/IbHO-M3MEPUTESTBHBIE MPUGOPBI HAa 3/IEKTPOCTAHLMAX U MOACTaHLMSX

No

nn Llenb MecTo ycTaHoBK/ Mprbopos

A OnekrtpocTaHUumn
1 Typ6oreHepaTopa Crarop

PoTop

2 TwnpporeHepatopa Crarop

PoTop

MepeveHb Nprbopos

AMMepMeTp B kaxxaoiA (hase 4115
TI MowHocTblo 12 MBT U Bbl-
e, BO/IGTMETP, BATTMETP, Bap-
METP, CHETUMK aKTVIBHOIA SHEp-
rn, JaTYNKM aKTUBHOA U peak-
TVBHOIA MOLLHOCTW. Perncrpm-
pytoLme npmbopbl: BATTMETD,
amMnepMeTp 1 BOMLTMETP (Ha
reHepaTopax 60 MBT v 6os1ee)

AMMepMeTp, BOSILTMETP. BosbT-
METP B LIENX OCHOBHOIO U pe3e-
pBHOro Bo3dyauTenei. Peruc-
TPUPYIOLLMIEA amriepmMeTp (Ha re-
HepaTopax 60 MBT n 6onee)

Takue e Nprn6opbl, Kak u s
Typ6oreHepaTopa

AMMEPMETP, BO/ILTMETP

MpriviedaHuA

1. MepeuncneHHble NprbopbI
YCTaHaB/IMBAOTCA Ha OCHOBHbIX
wuTax yrpasneHusa (bLWY nn
ruy).

2. Ha reHepatopax MOLLHOCTbIO0
no 12 MBT B Lenu cTaTopa ycra-/

HaB/INBAETCA OAVH aMrepmeTp.
3. Ha rpynnoBom wpute TypouHbI
yCTaHaB/INBAOTCA BATTMETD, Ya-
CTOTOMEp B Lienu cTaTopa (ecnm
HeT BLLY) wn BorbT™METD B Llenn
BO30Y>KAEHUS. y
4. Mpwn Hannumm BLL Y Ha
L WY ycTaHaB/MBatOTCH BATIETP
1 BapMeTp.

5. Ha U LW Y ycTaHaBnvBatoTCA
YaCcTOTOMEp, CyMMUpYIOLLve
BaTTMETP 1 BapMETP
Ha F'3C 6e3 NoCTOoAHHbIX AeXY-
PHBIX BMECTO CTaLMOHapHbIX
nprnbopos npegycmaTpuBaloTCA
MecTa /19 NepeHOCHbIX Nprn6o-
poB



No
n/n

Llens

Brioka reHepaTop-
TpaHchopmaTop

TpaHcdopmaTopa
CBA3M C 3Heprocuc-
Temoi v PY pas-
HbIX HarNPsHKEHN A

JInHM vnn TpaH-
cchopmaTopa cobeT-
BEHHbIX HYX[,

NnHnm 6—10 kB
K noTpebuTesism

JinHnn 35 kB

MecCT0 yCTaHOBK/ MprGopos
["eHepaTOp
BriouHbIA HH
TpaHchopmaTop CH
BH
JBYX0OMOTOUHbIIA BH
HH
TpexobMOTOUHBIIA 1 HH
aBTOTpaHchopmMaTop CH
BH

Ha ogHy cekuuo

Ha aBe cekunun

MepeyeHb NpPrGOPoB

Mpn6opbl no n.1

AmMnepmeTp, BaTTMETP U BapMeTp
C [OBYCTOPOHHEIA LLIKas10i4

AMMepMeTp

AMriepmeTp, BaTTMETP U BapMeTP
C [OBYCTOPOHHE LLUKa/10iA

Toxe
»

AMNEePMETP

CO0 CTOpPOHbI NMUTaHWA: amrep-
METP, BaATTMETD, CHETUUK aKTUB-

HOA 3Heprumn

Ha BBoOe K cekuunsm 6,3 kB:
amMnepmeTp, BaTTMETP, CHETUMK
aKTVIBHOA 3HEpPruu, JaTumk

aKTVIBHOM MOLLIHOCTU

AMMepMETD, pacHeTHbIE CHETUMKN
aKTVIBHOIA U PEaKTVIBHOIA 3HEprv
L8 TWHAIA, NPYHa1eXaLLmx

noTpebuTesto

AMMEPMETP, pacyeTHbIE CHETHNKN
AKTUBHOIA N PEaKTVBHOLA SHEPrun

MpogomkeHne Tabn. 4.8

MpriviedaHms

B uenwv reHepaTopa ycTaHaB/n-
BaroTCA ocuwmnniorpad m npmnoéo-
Pbl CUHXPOHU3aLMN

Y TpaHcthopmMmaTopoB, paboTato-

LLmX B 6710Ke TpaHchopmaTop —
JINHWSA, aMrepMeTpbl ycTaHaB -
BalOTCA BO BCeX (hazax

Ha 6/104HbIX TOC npmbopsbl yc-
TaHaB/MBalOTCA Ha BBoAe 6,3 KB

Ec/in rno cyeTUMKam He BEAETCS
[EHOKHBIA pacyeT, TO CHETUMK
PEeaKTUBHOLA 3HEPrn He
YCTaHaB/IMBAETCS

Toxe



8 JlmHunm 110— 120 kB

9 JluHum 330—750 KB

10 CO6OpHbIX LWUWNH reHe- Ha KaxaoiA cekummn wim

paTopHOro CUCTEME LLUVH
HarnpshkeHus
Mpnbopbl ¢ NepeksoYe-
HUEM Ha CEKLMIO NN
cuUCTEeMY LUNH
11 WwH 6 kB

COBCTBEHHBLIX HYX[,

Ha TYNUKOBbIX MOTPEOUTESTLCKIX
JIHNAX

AmnepmeTp, BaTTMETpP, BapMeTP,
mKempyoLwmia npméop, uc-
rosib3yembliA )15 ornpefesieHns
MecTa K3, pacyeTHble cHeTuu-
KW aKTVIBHOIA U peaKTUBHOIA
SHEPrnyn Ha TYMUKOBbIX
MnoTPEBUTENBCKNX JTINMHUAX
AMMepMeTp B KaxkaoA (hase, BaTT-
METP 1 BapMeTp C ABYCTOPOHHEIA
LUKasoLA, ocuusiorpad, hukem-
pytoLLMEA nprGop AJ1s1 onpeaere-
HUa mecta K3, gaTtumkm aktme-
HOIA 1 PEaKTUBHOIA MOLLIHOCTI
BorsTvETD 4/159 M3MepeHVst Mexay—
(hasHOLL HanpsXXeHWs, BOSITVETP
C MepeKsItoHeHreEM O/19 N3MepeHUst
Tpex (hasHbIX HAMPSHKEHWIA, YacTo-
ToMmep, NpPMBOPbI CUHXPOHN3ALLN:
[Ba YacToTomepa, [Ba BoflbTMETPa
M CUHXPOHOCKOTT

J1Ba percTprpyroLLX BoSsTVETA
[19 ViBMepeHVs MexayhazHbIX
HarnpsbkeHWIA 1 Ba YacToToMepa
BorbTveTp 4/19 N3MEPEHVIS MK~
Oy}azHOro Hanps>keHWs 1 BO/IbT-
METP C NepeK/IoUEHNN O/1A U3Me-
peHus Tpex hasHbIX HarpsbKeHNIA

1 Ana rvHnitA ¢ noasHbM yrpaB-
JIeHVieM YCTaHaB/IMBatOTCA TPU am-
nepmMeTpa.

2. Ha nnHmax c ABYCTOPOHHVM MNU-
TaHWeMm BaTTMETP U BapMETP C ABY-
CTOPOHHEIA LLUKasT0iA, ABa CHETUMKA
aKTVIBHOLA SHEPrvn CO CTOoropamu
Ha NMHUSAX MEXXCUCTEMHOIA CBA3MN
YCTaHaB/IMBAIOTCA CHETUMKMN
aKTVIBHOIA 3HEpPruu co cToropamm

Mpr6opbl CUHXPOHU3AL M
yCTaHaB/IMBAOTCS Npy
BO3MOXXHOCTU CUHXPOHW3aLMn



No
n/n
12

13

14

16

17

Llerb

QneKTpoasurarTens

CG6OpHbIX LUMH BbIC-
LLEF0 HanpsiXXeHns
3/1EKTPOCTaHLN

LnHocoeANHU-
TesIbHOro n
CEKLMOHHOI 0
BbIK/HOHaTE e

O6xoaHoOro'
BbIK/tOYaTe A

LUyHTMpytoLero
peakTopa
LLyHTupytoLeta
€MKOCTU

MeCTO YCTaHOBK/ MpUGOpoB

Crartop

Ha KaXKapiA cekumm um
CMCTEME LLUVH

MepeveHb Nprbopos

AMNEepPMETp

BorbTMETp ¢ MepeksIroyeHeM
L7159 U3MepeHUs Tpex Mexxaydas—
HbIX HaMPSPKEHUIA; pErncTpupy-
HoLmMe Npnobopbl; YacToToMep,
BO/TETMETP U CyMMVIPYHOLLMIA
BaTTMETP (Ha 3/1eKTPOCTaHLLUAX
MoLLHoCTbIo 200 MBT 1 6onee);
npuéopbl CMHXPOHU3ALMN; Ba
YacToTOMEpa, ABa BO/IbTMETPA,
CMHXPOHOCKONM; ocLusiorpag

AMNepPMETp

AMMEPMETP, BATTMETP U BapMeETP

C [ABYCTOPOHHEIA LUKas10iA,
pacyeTHbIE CHETHVKM U UKCU-
pyromia npubop

AMnMepmeTp, BapMeTp

AMMEPMETP B KXKIOIA (hase,
BapMeTp

Mpogon>keHne Taon. 4.8

MprivevaHuA

Ha [1BYXCKOPOCTHbIX 3/1EKTPOABY-
raTesisix ycTaHaB/IMBalOTCS
amrepMETPbI B KKO0IA 06MOTKeE

1. Ha wwuHax 35 KB ycTaHaB/MBaeT-
CS OAVH BO/ITMETP /151 KOHTPOSIA
MeXayda3HOoro HarnpsHKeHWs 1 oauH
BO/ISTMETP C MEPEKSTIoYEHMEM O/14
U3MepeHVs Tpex PasHbIX
HarpsPKEHNIA.

2. Ha wvHax 110 KB ycTaHaB/MBa-
€TcA Mo oAHOMY cupsiorpady Ha
ceKuuio, Ha wmnHax 150—220 kB —
no Aga ocuusiiorpaga



18 TMoHwKaroLwero
[ABYX06MOTOHYHOI0
TpaHcthopmaTopa

19 Tpexo6bMOTOYHOro
TpaHchopmaTopa
W aBTOoTpaHchop-
mMatopa

20 CWHXPOHHOI0 KOM-
reHcaropa

BH
HH

BH
CH

HH
Cratop

PoTop

MoacTaHuMn
AmMnepmeTp, BaTTMETP, BapMeETP,
CHETUMKWN aKTUBHOIA 1 peakTunB-
HOLA 3Heprnm

AmMnepmeTp

AMnMepmeTp, BaTTMETP, BapMeTP,
CYETUVKWN aKTUBHOA U peakTUB-
HOLA 3HEeprmum

Toxe

AmMnepmeTp, BO/ILTMETP, Bap-
METP C ABYCTOPOHHEIA LLKa/10MA,
CHETUMKU PeaKTVIBHOIA aHeprum
CO cToropamMmm

AMMNepMepT, BOSIETMETD

1. BaTTMeTp — TO/IbKO A/19 TpaHcgo-

pmaTtopoB 110 kB v Bbille.2.
BapmeTp — TO/bKO 4/14
TpaHcdopmaTopoB 220 KB U BbliLLe.
3. Ec/v NOTOK MOLLHOCTY Yepes

TpaHcHopMaTop MOXET MEHSTHCS MO

Harnpas/IeEHMIO, TO YCTaHaB/IMBalOTCA
BaTTMETPbI 1 BapMeETPbI C [ABYCTO-
POHHEA LLKa/10A U [Ba CHETUMKA CO
cTonopamm.

4. Ha TpaHcthopmaTopax ¢ pacwien-

JIEHHOLA 06MOTKOMA HH, a Tarkoke Hay

MpUCOEOUNHEHHbIX K LLUMHaM

6— 10 KB uepes caBoEHHLIN peak-
Top NMprbopbl YCTaHaB/ INBAOTCA

B Kakaota uenm HH

Toxe

\



No
n/n
21

23

24

25
26

27

Llerb

COOpHbIX LLINH
6, 10, 35kB

COOpHbIX LWWH
110-220 kB

C60pHbIX LLINH
330 KB u BblLLe

CeKUWMOHHOro, wn-
HOCOEANHUNTESIBHOIO

1 06X0AHOro
BbIK/lOYaTe e

JnHnm 6—500 kB

TpaHchopmaTopa
COGCTBEHHbLIX HYX[,

JyroracutesnibHoro
peakTopa

MeCTO YCTaHOBKM Mpr6GOpoB

Ha KaXKIoiA cekummn uim
cucTeMe LUMH

To xe

BH
HH

MepeyeHs NprGopoB

BonbT™MeTp 419 U3MepeHust
MeXAay}asHoro HarnpsHKeHnsa 1
BO/I5TMETP C MEpEK/TIIOHEHNEM
L1 U3MepeHus Tpex hasHbIX
HanpsbkeHNIA

BonbTMeTp ¢ nepeksitovaTesniem
Ha TpY MeXaydasHbIX Harpske-
HUS U PEFUCTPYPYIOLLNIA
BO/ILTMETP; ocumnniorpad Ha
TPaH3UTHBIX MNOACTAHLMSAX,
thukenpytowmia npmneop (UR
ToXe, yTOU Mo N. 22, n
PErncTPUPYIOLLMNIA HacTOTOMED

Toxe, uton no nn. 14, 15

Toxe, ytonnonn.6, 7,8, 9

AMMNEPMETP, pacHeTHbIIA
CUYETUUK aKTVIBHOIA 3HEpru

Pervctpvpytomii amnepmeTp

OKoHYaHue Tab6n. 4.8
MpyvevaHVs

Ha TpaH3\THOA MOACTaHUMK Ha
wmnHax 35 KB ycTaHaBMBaeTCA pe-
FUCTPUPYIOLLIMEA BOSTBTMETP, €C/N
LUMHBI NOACTaHLIMK ABIAOTCH KOH-
TPOMBbHBLIMY TOYKAMM MO Hanpsi>ke-
HWIO B cUCTEME

Toxe

Ha noacTtaHumK, rae TpeGyeTcs ToY-
Hasl pyYHasl CUHXPOHW3aLMs, YcTaHa-
B/IMBAETCS KOJIOHKA CUHXPOHU3aLIMM



Hanbonbluee KONMYeCTBO N3MEPUTENbHbLIX NPUOOPOB HEOBX0AM-
MO B Lienn MOLLHbIX FeHepaTopoB, rAe OCYLLECTBASETCH KOHTPO/b
3a HarpysKol BO BCeX (pa3ax, 3a akTUBHOW M peakTUBHON MOLLHOC-
Tbt0, BEETCA y4eT BblpabOTaHHOM 3/1EKTPO3HEPIUM, & TaKXKe KOH-
TPONMPYIOTCS TOK U HanpshkKeHue B Lenn potopa v B Lenun Bo3by-
antend. Kpome rnokasbiBatoLLMX Npubopos, ycTaHaBIMBaOTCA Peru-
cTpupylowune (camonuwyuime) npuobopbl: BaTTMETPLI B Lienu cTa-
TOpa reHepaTopa A4/19 KOHTPO/A 32 aKkTUBHON MOLLHOCTbIO, amnep-
MeTpbl U BO/MIbTMETPbI. Kpome TOro, B Lienu Kaxaoro reHepartopa
npeaycMaTpuBatoTCs faTuyMKM aKTUBHOW M peakTUBHOW MOLLHOCTH
UP, UQ, KoTOopble nepefatoT 3HAYEHNE M3MEPAEMOro napamerpa K
CYMMMUPYIOLWMM BaTTMETPY 1 BapMeTpy Ha LILLLY man WY, K ycT-
poincTBaM TefneMexaHuKMW.

Ha mexcucteMHbIX MHUAX 330—500 KB KOHTPOAMPYHOTCA TOKK B
Kaxaol (ase, Tak Kak Bbiktodatenn 330—500 kB nmetoT nogasHoe
ynpas/ieHne 1 NepeToKn akTUBHOW U peakTUBHOW MoLHOCTU. Kpome
TOro, Ha MOACTaHLMM yCTaHaBMBAKOTCA ocuuanorpagbl, 3anucbia-
lowue asHble HanpsHXKeHUs Tpex (a3, TOKK Tpex (ha3, HanpsKeHne
Hy/neBOM NocnefoBaTe/IbHOCTM M T.4. DTU 3anNnUCKU NO3BONAIOT BbIsAC-
HUTb KapTUHY TOrO WU MHOTO aBapuUimHOro pexxnumva.

Ha nMHMAX BbICOKOrO HanpshKeHWs yCTaHaBAMBatOTCS Mpubopsl,
(hmkcupyrowme napameTpbl, HEO6X0AUMbIE 415 ONpeAeneHns Mecta
nospexgaexHusa (®U).

Ecnv 06bekT, B Lensax KOToporo Heobxo4MMO KOHTPO/IMPOBATL TOK,
MOLLLHOCTb U/IN APYTYEe BEIMUYNHBI, HAXOAWUTCA AASIEKO OT LUMTA YNpas-
NneHuns (OT HECKOIbKMUX COTEH A0 TbICAY METPOB), TO CONPOTUB/IEHUNE
NPOBOAOB OT NPUBOPOB A0 N3MePUTENbHbLIX TpaHC(HopmMaTopos byaeT
HaCTO/1bKO 60/IbLINM, YTO NMOrPELUHOCTb 3MEPEHNsS BO3PACTET 0 He-
[OMNYCTUMOrO 3Ha4YeHUs. B aToM cnyyae NCNonb3yrTCAN3MepuUTeNb -
Hble nMpeob6pa3oBaTenn TOKa, aKTUBHOMN W peakTuB-
HOM MOLWHOCTKU. M3mepuTenbHbIA npeobpasosaTtenb (4aTUMK)
BK/IHOYAETCS B LieMNb M3MepSeMOro napaMmeTpa Yepes TpaHC(opmaTopbl
TOKa U HanpshKeHUs, a Ha BbIXOAe OH [aeT MOCTOSHHbIA TOK, KOTO-
Pblil TMHEHO 3aBUCUT OT M3MePSIEMOro napameTpa. [oCTOSHHbIV TOK
Ha BbIX0/e AaT4YMKOB He MpeBblaeT 5 MA, MO3TOMY COeANHUTENbHbIE
npoBofa OT AaTymKa A0 U3MEPUTENIbHOTO NpMbopa MOryT ObiTb MEHb-
Lero ceveHus. Ha puc. 4.54 nokasaHa pyHKUMOHaNbLHasA cXema BK/1t0-
YeHUs N3MePUTENIbHOIo NpeobpasoBaTesisi aKTUBHOWN MoLHOCTU UP K
N3MepPUTENLHOrO Nprnbopa.

MpumeHeHne M3MepUTENbHbLIX Mpeobpa3oBaTenein gaeT cneayto-
WMe NpemmyLLecTsa nepes TpaguuMoHHbIM NOAKIOYEHNEM N3MepU-
Te/IbHbIX NPUOOPOB HEMOCPEeACTBEHHO K TpaHc(opmaTopam Toka U
HanpsXeHus:

YMEeHbLUAeTCA Harpyska TpaHC(OpMaTopoB TOKa W HamnpsXeHus,
TakK Kak notpebnsemas npeobpasoBaTenemM MOLLHOCTb He NpeBbillaeT
1 B-A no TokoBbiM Uensam 1 10 B-A no uenam Hanps>xeHus;
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K cymmmpy-

A B C Beoz, IOLLWIM
B OMK  npu6opam
+ it 1
UP —_—
K KaHan csasn HLIA
TTT npueop
KTY

Puc. 4.54. CTpyKTypHas cxema TesIen3MepuTesIbHOro YCTPoIACTBa

co34aeTcs BO3MOXHOCTb Mepefayun UH(opMaLuy B peasibHOM Bpe
MEHM B ornepaTUBHO-VNH(OPMaLMOHHBIA KOMIJIEKC;

YMEHBLLAETCHA CEYEHME KOHTPO/IbHbIX Kabernei;

Nerko OCyUleCcTB/ISETCA M3MepPeHne Mo «BbI30BY», TaK KaK Mnpeob-
pasoBaTesin MOryT paboTaTb C Pa30MKHYTOLMA LIEMbIO;

419 BCEX M3MEPEHMIA MPUMEHSETCS MPOCTEMALLMIA Npnbop — MUII-
nvamnepMmeTp.

Ecnun nepepgatollee yCTpoOACTBO (4aTUMK) U NMPUEMHOE YCTPOIACTBO
(Npnbop) HaxooATca Opyr OT Apyra Ha paccToAHUN He 6os1ee HeCKOs1b-
KUX KW/IOMETPOB, TO MPUMEHSAIOT MPOBOAHYH CUCTEMY Tesieusmepe-
HUA (6VDKHEro AeIACTBYS).

Ecnn 06beKT KOHTPOSIA HaxoauTcsa OT MyHKTa YrpaBfieHMs Ha
paccToOAHUWN OECATKOB U COTEH KU/IOMETPOB, TO /19 nepesavn Tenens-
MEPEHMIA MPUMEHSIIOTCA CreymasibHble YCTPOLACTBA Te/IeEMEXaHUIKM,
paboTarowme No BbICOKOYACTOTHbLIM KaHas1aM CBS3M.

Vi3mepeHme Mo «BbI30BY» MPOU3BOAUNTCA Ha 0OLUMIEA 4/15 HECKO/1b-
KUX NPUCOEAVNHEHNIA KOMIMJIEKT U3MEPUTESTbHBLIX MpubopoB. Heobxo-
OVMOCTb U3MEPEHNIA MO «BbI30BY» BO3HUKAET Mpu 60sIbLLIOM Koslnye-
CTBE MPUCOEANHEHUIA, KOorga UHOVBUAYasIbHOE U3MEPEHME MapaMeT-
POB C YCTaHOBKOIA U3MEPUTESTbHBLIX MPUOOPOB Ha KaXKAOIA MaHes v yn-
paBsieHs NPUBOAUT K HeonpaBAaHHOMY YBE/TMYEHMIO rabapuToB LWmTa
ynpaB/ieHUs U YCIIOKHSET ornepaTuBHOe HabsitoaeHve. B cxemax nsbu-
paTesibHOro U3MepeHnsa Ha KOHTPOsIMpYyeMbIX 06beKTax yCTaHaB/IMBa-
0TCA MHAVBUAYa IbHbIE U3MEPUTESIbHbIE Mpeobpa3oBaTesin, KOoTopble
BbIJAIOT B CUCTEMY U3MEPEHUIA YHU(DULMPOBaHHbIIA aHa/10roBbIiA CUT -
Has1 NOCTOAHHOI0 ToKa 0—5 MA. /19 LEeHTPas1M30BaHHOI 0 U3MepeHUA
NPUMEHSAIOT aHas10roBble Npuoéopbl, rpagympoBaHHbIE B OTHOCUTESTb-
HbIX eaVHULEAX U MO3BOMAIOLLME OLEHUTb OTHOCUTESIbHbIE 3HAUYEeHUS
KOHTPO/IMPYEMbIX MapamMeTpoB U UX OTK/IOHEHME OT HOMWUHASIbHbIX
3Ha4YeHMIA B NpoueHTax. 151 YTOUHEHUST KOHTPO/IMPYEMbIX MapameT-
pPOB AO0MO/THUTE/IbHO K aHas10roBbIM NpubopamM Ha NaHes v LieHTpasv-
30BaHHOI0 M3MEPEHMUST yCTaHaB/IMBaeTCa LU(POBOIA Mpubop, KOTO-
PbIA C MOMOLLBIO MEPEK/IIOYATENIA MOXET MOoAKYaThCA K S1loboMy
KOHTPO/IMpYEMOMY MapamMeTpy MapasisiesibHO aHas10roBoMy rpuéopy. 3To
MU3MepeHne MNo3BoSISET OLLEHNTL NapamMeTp B UMEHOBaHHbIX eaUHNLIAX.
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KOHTpOs1b M0 «BbI30BY» He npumMeHseTca Ha IMHMAX 330 KB v BblLLe,
a Takke Ha reHepartopax M TpaHcdopmaTopax, rae n3mepeHns Oosx-
Hbl NPou3BOAUTLCA HenpepbiBHO (MY 3, n. 1.6.4).

4.8. VamepuTesibHble TpaHchopMaTopbl ToKa

4.8.1. ObLME MOSIOKEHMA

TpaHcthopmaTop TOKa MpeAHasHayeH [y YMEHbLLUEHUS MEPBUYHOIO
TOKa [0 3Ha4eHWIA, Hanbosee yAOOHbIX [4/H M3MepUTesIbHbIX MPUGopoB 1
pene, a Tak>Xe /15 OTAEIEHNA LEMeiA 3MEPEHVIA M 3alUTbl OT MepBuY-
HbIX LIEMEIA BbICOKOIO HarpshKeHWs.

TpaHchopmMaTop TOKa UMeET 3aMKHYTbliA MarHuTonposog 2
(pnc. 4.55, a) n gBe 06MOTKU — MepBUYHYIO0 11 BTOpMYHyto 3. lNep-
BUYHasA 06MOTKa BKJ/IOHaeTCs MnocsiefoBaTesibHO B LieMNb U3MepsemMoro
TOKa /b KO BTOPUYHOIA 0OMOTKE MPUCOEAMHSAIOTCA M3MEPUTESIbHbIE
npmoopbl, 06TeKaeMble TOKOM /2

TpaHcthopMaTop TOKa XapakKTepmsyeTcss HOMUHa IbHbIM K03 dun-
LMEHTOM TpaHcdopmMaumu

roe /,Hmn /2HmM— HOMUHasTbHbIe 3HaYeHUsA NEPBUYHOIO U BTOPUYHO-
ro TOKa COOTBETCTBEHHO.

3Ha4YeHVA HOMMHAJIBHOIO BTOPUYHOIO TOKa MPUHATBLI paBHbIMUA
5uni1A

KoaththmumeHT TpaHchopmaLLm TpaHchopMaTopoB ToKa He AB/ISETCA
CTPOro NOCTOSHHOIA BE/INUMHOIA N MOXET OT/INYaThCA OT HOMUHA/IbHO-
ro 3Ha4YeHWs BC/IeACTBYE MOrPELLHOCT W, 06YC/10B/IEHHOIA Ha/IMYMeM ToKa
HamarHu4MBaHmA. TOKOBas NMOrPeLLHOCTb OMNPEAESIAETCH M0 BbIPKEHUIO

a/% = K/Il- 7] 1Q0,
h

MorpeluHocTb TpaHchopmaTopa TOKa 3aBUCUT OT ero KOHCTPYK-
TUBHbIX 0COBEHHOCTEI: CEYEHUS MarHUTOMNPOBOAa, MarHUTHOIA Mnpo-
HMLAEMOCTN MaTepuasia MarHUTONpoBoAa, CpeaHeid A/IMHbI MarHUT-
HOro MyTKn, 3HadyeHnsa 1 ~ . B 3aBUCUMOCTM OT NpeLbsB/iseMbIX TPe6o-
BaHVIA BbIMNYCKalOTCA TpaHC(OpMaTopbl TOKa C Krlaccamm TOYHOCTU
0,2; 0,5; 1; 3; 10. YKazaHHble Uudpbl NpeacTaBsisioT CO60IA TOKOBYHO
MOrpeLwwHoCcTb B MPOLEeHTax HOMWUHa/IbHOIO TOKa Mpu Harpyske nep-
BUYHOIA 06MOTKM TOKOM 100— 120% p/19 mepBblX TPeX K/1accoB U
50— 120 % onsa aByx nocriefHWX. 18 TpaHCchopmMaTopoB TOKa KJ1acCcoB
TouHocTu 0,2; 0,5 1 1 HOpMUPYeTCA Takke YrsioBas rnorpeLlHoCTb.

MorpeLLHoCTb TpaHc(hopMaTopa TOKa 3aBUCUT OT BTOPUYHOIA Har py3Ku
(conpoTuBneHvie npubopos, MPOBOAOB, KOHTAKTOB) U OT KPaTHOCTU
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Uem 6osibLUe KackagoB 06MOTKWU, TeM 60sIbLUE X aKTUBHOE U peak™
TUBHOE COMNPOTMBIIEHWNSA, BO3PACcTalOT MOrPeLLHOCT, 1 MO3TOMY TpaHC
opmaTopbl HK®-330, HK®-500 BbInycKatoTcA TOSIbKO B K/1accax Tou
HOCTM 1u 3. KpomMe Toro, Yem BblLLIE HAMPSXXEHWE, TEM C/IOXKHEE KOH-)
CTPYKLMA TPaHCHopMaTOopOB HarpsiXkeHWs, No3ToMy B ycTaHoBKax 500 kKB
M BbllLe MPUMEHSIOTCA TPaHChopMaTOpHble YCTPOLACTBA C EMKOCTHbLIM
0T60POM MOLLHOCTU, MpUCOEOVIHEHHbIE K KOHAEHcaTopaM BbICOKOYac-
TOTHOA cBsis3u C1 ¢ MOMOLLbH KOHZEHcaTopa oT6opa MowHocTn C2
(puc. 4.64, a). HanpshkeHue, cHUMaemoe ¢ C2 (10— 15 kB), nopgaeTcs
Ha TpaHchopmaTop TV, NMEIOWMIA OBe BTOPUYHbIE 0OMOTKW, KOTOpbIe ¢
COEAVHSAOTCA MO TaKoL XXe cxeMe, KaK 1 y TpaHchopmaTopoB HKO® ;
v 3HOM. 18 yBenMYeHWs TOYHOCTM paboThl B LIEMb €0 NEPBUYHOIA
06MOTKM BKJ/IOYEH Apoccesib L, ¢ MOMOLLLI0 KOTOPOro KOHTYp 0T6opa
Hanpsh>XeHA HacTpamBaeTCa B pe3oHaHC ¢ kKoHAaeHcaTopom C2. [poc-

ani W Yl rrerrrrrrrrrroel)] MYy
6

Puc. 4.64. TpaHctopmaTop HanpskeHna HAOE:

a — cxema; 6 — yctaHoBka HAE-500-72: 1 — fOermmesib HanpshkeHus; 2 — pasbean-
HUTENb; 3 — TpaHC(opMaTop HanpsXKeHWs W1 apoccesib; 4 — 3arpaovTesib BbICOKO-
YaCTOTHbIA; 5 — pa3pagHUK; 6 — MpUBOA
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cenb L 1 TpaHcgopmatop TV BCTpanBatoTCA B 06 Wil 6aK 1 3a/1MBatoT-
cA macnom. 3arpagutenib 3B He NpornyckaeT TOKW BbICOKOW 4acTOTbl
B TPaHC(opMaTop HanpskeHns. PunbTp NpUCcoeavHeHns Z npefHas-
HayeH A/19 NOAK/HOYEHMS BbICOKOYACTOTHbLIX MOCTOB 3aLiuThl. Takoe yc-
TPOMCTBO MOMYYNN0 Ha3BaHWe EMKOCTHOI0 TpaHC(hopmaTopa Hanpsxe-
Hua HAE. Ha puc. 4.64, 6 nokasaHa yctaHoska HE-500-72.

Mpy Hagnexailem BbIGOpPE BCEX 3/IEMEHTOB U HACTPOIKE CXeMbl
ycTpoincteo HAE MOXeT 6bITb BbIMO/HEHO Ha Kfiacc To4HOCcTH 0,5 1
BblLe. ns yctaHoBOK 750 1 1150 KB npuMeHATCA TpaHcghopmaTopbl
HOE-750 n HAE-1150.

4.10. Bbibop M3MepuUTE/IbHbIX TPaHCHOPMaTOpPOB

4.10.1. Bbl6op TpaHchopMaTopoB ToKa

TpaHctopMaTopbl TOKa BbIOUPaKOT:

no Hanps»keHuto yctaHosky UHIU> UG, HIM

TOKy /|Hom—dog.pacya J1 HOM —”npoa.pacy-

HOMUWHaNbHbIA TOK JO/MKEH ObITb KaK MOXHO 6/MXe K paboyemy
TOKY YCTaHOBKW, TaK KaK Heforpyska nepBu4Hoii 06MOTKM NPUBOANT
K YBEIMYEHUNIO NOrPELUHOCTENR;

KOHCTPYKLUMU U Knaccy TOYHOCTU;

3N1EKTPOANHAMUYECKOW CTONKOCTH:

~a0n/2-N Hom 2 lya, /ovH —"Y[b

rae An—ynapHblid TOK K3 no pacyeTy; Kaa—KpaTHOCTb 3/1eKTPOMHa-
MWUYECKOW CTOMKOCTWM NO Katanory; /IHM— HOMUHa/bHbIA NepBuy-
HbI TOK TpaHcopmaTopa TOKa; /IH — TOK 3/1eKTPOANHAMUYECKO
CTOMKOCTM MO KaTanory.

AnekTpoAnHamMmUyecKas CTOMKOCTb LUMHHbIX TPaHC(opMaTopoB TOKa
onpezensieTcs yCTONYMBOCTbIO CaMMX LUWH pacrpegenunTesibHoro ycr-
pOWCTBa, BCMEACTBME 3TOrO Takue TpaHCc(opmaTopbl Mo 3TOMY yC/o-
BMIO HE MPOBepATCS;

Mo TePMUYECKOIN CTOMKOCTY

(krh HOM) “Tep — BK, -“Teprep — >
rae Kj —KpaTHOCTb TEPMUYECKONM CTOMKOCTU MO KaTtanory; /fgp—Bpe-
MS TEPMUYECKOI CTOMKOCTM MO KaTanory; BK — TennoBol nmnynbe
no pacyeTy; /T — TOK TePMMUYECKOI CTONKOCTY;
BTOPWUYHOW Harpyske:

w\2—"2HoM>

roe Zi —BTOpUYHas Harpyska TpaHcjopmaTopa Toka; ZZam—HoMu-
Ha/lbHaa JonycTuMas Harpyska TpaHcgopmaropa ToKa B BblOpaHHOM
Kniacce TOYHOCTW.
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PaccmoTpum noapobHee BbIGOP TpaHCHOPMAaTOpPOB TOKA MO BT
PUYHOIA Harpyske. VIHAYKTUBHOe conpoTUB/IEHNE TOKOBbIX Liereia Hel
BEJINKO, M03TOMY Zi~ r2 BTopnyHas Harpyska cocTOUT M3 conpoTue'l
JIeHMst NpUB0pPOB, CoOeAVHMTENTbHBIX MPOBOAOB M NepexogHoro conpa’
TUB/IEHNS KOHTaKTOB:

2= ~npub+ ~np w* "k-

ConpoTvB/EHME NPNGOPOB OMNPeaesifeTCs Mo BbIPKEHNIO

npyb = *$npr6 / 1 2>

rge ~rb — MOWHOCTb, NoTpebnsemMas npmbopamun; /2— BTOPUYHBIIA!
HOMWH&a/TbHBIMA TOK Npubopa.

ConpoTumBfeHVe KOHTaKTOB rnpuHumMmaeTca 0,05 OM npu asyx-Tpex|
npubopax n 0,1 Om npwu 6onbLUemM vncsie Nprbopos. ConpoTmsBeHne!
coeAVHNTESbHbIX MPOBOAOB 3aBUCUT 0T UX A/IMHbI U ceveHns. YTobbl!
TpaHchopmaTop ToKa paboTas1 B BbIGpaHHOM Ksiacce TOUHOCTU, Heoo—|
XOAMMO BblAEPKATb YC/I0BUE:

~nipyo WA nop f K — 22HOM,
0TKyAa

Anp= "2HOM ~ "npn6 — Pe-

3HadA Imp, MO>XKHO onpeaesiNTb cedeHnme CoeEANHUTESIbHbLIX MNMpoBo40B

P~pacu

p
rae p — yAesibHoe conpoTuBeHne MaTepyasia nposoga. Nposoaa c Mes,
HbIMU >Xunniamn (p =0,0175) NpUMEHSITCA BO BTOPUYUHbBIX LIEMSAX 0C-
HOBHOI0 1 BCriOMOraTesisHOro 060py40BaHMA MOLUHBIX 3/1eKTPOCTaH-
A c arperatamm 100 MBT 1 6os1ee, a Takke Ha NOACTaHLUUSAX C BbIC-
WM HanpsykeHnem 220 KB 1 Bblile. B ocTaslbHbIX C/yyasix BO BTOPUY-
HbIX LEenax NpUMEHSAITCA NpoBofa C a/lOMUHUEBLIMU XUamMu

A B C ABC

— 2/=-4 E1=0
L=20 Apacu~ A

Puc. 4.65. CxeMbl coeMHEHNS N3MEPUTESIbHBIX TpaHC(HOpMaTOopoB ToKa 1 Npu-
60poB:

a — BK/IOYeHVe B 0AHY (ha3y; 6 — BK/IOHEHVE B HEMOsIHYIO 3Be3/y; B — BK/IHOUeHVe
B MO/IHYIO 3834y
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(p=0,0283); /pec1—pacyeTHas ANUHA, 3aBUCALLLAA OT CXEMbl COeMHe-
HUS TpaHchopmaTopos Toka (puc. 4.65).

[nvHy coeanHUTENbHBIX NPOBOAOB OT TpaHchopmaropa Toka Ao
npru6opos (B O4MH KOHeL) MOXHO NPUHATL 418 Pa3HbIX NpucoeinHe-
HUIA NPUBNN3NTENBHO PABHOW, M:

Bce uenu MPY 6—10 kB, Kpome nnHWiA

K MOTPEOUTEMAM ...evivreeririeisiesieiiiere ettt 40—60
Llenn reHepaTopHOro HanpsHXXeHna 6104YHbIX
ANEKTPOCTAHLMM .
NnHnm 6—10 kB K noTpebutensm
Bce uenu PY:
S5 KB i 60-75
TI0 KB oot 75-100
220 KB ..ottt 100-150
330-500 KB ..o 150-175
CVHXPOHHbIE KOMMEHCATOPb...vvvivcrerieieseciie e 25—40

[na noactaHumMin yKasaHHble AMHbI CHKaKT Ha 15—20 %.

B kauecTBe COeAUHUTENbHbIX MPOBOLOB MPUMEHSAIOT MHOMOXW/b-
Hble KOHTPO/bHble Kabenn ¢ GyMaXHOM, Pe3NHOBON, MOMMXIOPBU-
HWNOBOM WAW MONMITUNEHOBOW W30M5LMEA B CBUHLLOBON, pPe3nHO-
BOW, NONUXNOPBUHWUNOBOM UK CneunanbHOM TeNN0CTONKON 060104-
Ke. 10 yCnoBMO NPOYHOCTU CeYeHne He A0MKHO ObiTb MeHbLLE 4 MM2
ANA aIIOMUHWUEBLIX XU U 2,5 MM2 ansg MmefHbIX xun (MY 3, n. 3.4.4).
CeueHune 60Mblle 6 MM200bIYHO HE MPUMEHSETCS.

4.10.2. Bbl6op TpaHCHOpPMaTOPOB HAMPSHKEHNS

TpaHchopMaTOopb! HAMPS>KEHNS BbIOMPAIOTCA:

Nno Hanps>eHuto yctaHosky UHIM> UETMviv

KOHCTPYKLMN U CXeMe COeIHEHNSA 0OMOTOK;

K/iaccy TOYHOCTH;

BTOPUYHOIA Harpyske “Hom- $21>
r0e "HOM — HOMMWHaNbHas MOLHOCTb B BbIOPAHHOM Knacce TOYHOCTH,
npw aTOM CneayeT UMeTb B BBUAY, UTO 41 04HO(a3HbIX TpaHcgopma-
TOPOB, COEAMHEHHbIX B 3Be34y, C/efyeT B3ATb CyMMapHYH MOLLHOCTb
BCeX Tpex (has, a 419 COefMHEHHbIX N0 CXeMe OTKPbITOro TPeyrobHU-
Ka —Y/ABOEHHY0 MOLLHOCTb OAHOI0 TpaHcopmaTopa; SJ, —Harpys-
Ka BCeX M3MepuTe/bHbIX MPUOOPOB ¥ pese, MPUCOeANHEHHbIX K TPaHC-
thopmaTopy HanpsbkeHus, B-A.

[nsa ynpoweHuns pacyeToB Harpysky npmbopoB MOXHO He pasfe-
NATb No ¢hasam, Torga

—n/CY-"nnn6 COS(pnnlirfi)2 + (¥ ; ¥Ynnné Sin(pnpH5) n 7 6npue o
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Ecnn BTOpryHasa Harpyska rnpeBbilLaeT HOMUHa/IbHY0 MOLLHOCTL'!
B BbIOpPaHHOM KJiacce TOYHOCTW, TO YCTaHaB/IMBalOT BTOPOIA TpaHc-1
thopmaTop HanpsHKeHUS N YacTb NPUOOPOB MPUCOEAUNHSAIOT K HeMy. ]

CeueHue NpoBOAOB B LLENAX TPaHCHOPMAaTOpPOB HanpsXXeHms on-1
pedenseTca No AonyCTUMOIA noTepe HanpshkeHus. CorsacHo MYy3 «
noTepsa Hanps>XXeHUs 0T TPaHCHPOPMAaTOpPOB HanpsHXKeHUa [0 pac—J
YeTHbIX CYHETUMKOB A0/DKHA ObITb He 6onee 0,5%, a A0 WUTOBbIX!
n3mMepuTesibHbIX NprubopoB — He 6onee 1,5% npu HOpMasibHOA Ha- |
rpyske.

[18 ynpoLeHnsa pacyeToB Npy y4ebHOM MPOEKTUPOBaAHUN MOXHO .
MpMHUMaTL CeYeHMe MPOBOAOB MO YC/I0BUID MEXaHNYECKOEA MPOYHO—
cTu 1,5 MM24/19 MeAHbIX N 2,5 MM20/19 a/TIOMUHUEBBIX XXWI.

Mprivep 4.1. BbiGpaTb OLLMHOBKY B Lienu reHepatopa G2 (puc. 4.66)
1 coopHble WuHbI 10 KB. 3HaueHuns TokoB K3 npvBeaeHs! B Tabs1. 4.9.
MpuHATL 7Tax= 6000 4, cpegHEMECAYHYHO TeMnepaTypy Hanbosiee >kap- |
Koro mecsaua 30 °C.

PeweHune. CO60pHbIE LUVHBI M0 3KOHOMUYECKOIA MJI0THOCTU TOKa
He BblbmpatoTca (MY 3, n. 1.3.28), N03TOMy BbIGOP CEHEHMUS LUMH MPO-
M3BOAMM MO A0MYCTUMOMY TOKY.

Han6onblwniA ToK B Leny c60pHbIX LLINH

/= HM _ 63103 _45£3 *
mnX 73"Hme0,95cosp 73-10,5-0,95-0,8

MpuHumaem no Tabn. M3.5 wuHblI Kopob4yaToro npoguas
2(125x55x%6,5) Mm2 ceveHmnem 2x 1370 mm2 /mnHv= 4640 A.

MonpaBoYHbIA KO3hhULMEHT Ha Temnepatypy Bosayxa (30 °C) no
Ta6s. 3.8 paBeH 0,94, Torga/m=0,94 4640 =4362 A, 4TO MeHbLLE /ra,
rnosToMy Bblbmpaem WnHbI 2(150x65X7) MM2 ceyeHrem 2 x 1785 Mm2
/pp=0,94 +5650=5311 A > 7 "= 4563 A.

MpoBepka COOPHbLIX LWKWH Ha TEPMUYUYECKYH CTOM-
KOCTb. WHTerpan xoyns no gopmyne (3.46)

Tabnunua 4.9
3HayeHusa TokoB K3

Touka K3 McTOUHMK V KA
K-1, Cuctema 6,62 6,62 1,4 15
m=110 KB repepatopnl GI, G2 2,204 2,02 1,62 6,26
Toro: 8,914 8,64 3,02 21,26
K-2, Cucrtema 19,23 19,23 9,49 515
UNQ KB repepatop GL 145 103 1227 400
FeHepaTop G2 31,25 22,19 26,44 86,14
Toro: 64,98 51,72 48,20 177,64
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