BP 39-1.10-052-2001 Page 1 of 33

OTKPBITOE AKIIMOHEPHOE OBLIECTBO "I'A3IIPOM"

OBIIECTBO C OTPAHUYEHHOM OTBETCTBEHHOCTBHIO
«Hay4Ho-ucc/1e10BaTeJIbCKUI HHCTUTYT NPUPOAHBIX I'Aa30B U ra3oBbIX TexHogoruii - BHUNUT A3»

Cucrema HOPMATUBHBIX JOKYMEHTOB B ra3oBoii NMPOMBIIVIECHHOCTH
BEJIOMCTBEHHDI PYKOBOJSIIUI JOKYMEHT

METOANMYECKHUE YKA3ZAHUA

1O BBIGOPY U IPUMEHEHUIO ACUHXPOHHOI'O YACTOTHO-
PEI'YJIUPYEMOT O SJEKTPOIIPUBOJA MOLHOCTBIO 10 500 kBT

BP/I 39-1.10-052-2001
Jarta BBenenus 22.11.2001 r.
IIpeancaosue

PA3PABOTAH OOmecTBoOM ¢ OrpaHHYEHHOW OTBETCTBEHHOCThIO «HayuHo-mcclienoBaTebCcKHii HHCTUTYT
TIPUPOIHBIX Ta30B U ra3oBbix TexHomoruii - BHUUI A3y, Ynpasnenunem suepreruxu OAO "TA3ITPOM"

COI''TACOBAH Hauansauxkom Ynpasienus sHepretuka OAO «"A3[IPOM» I'.P. HIsaprem 21.11.2001 r.
BHECEH VYnpasnenuem sHepretuku OAO «"TA3ITPOM»

YTBEPXJIEH Ynenowm IIpasnenns OAO «["A3ITPOM» b.B. bymzynskom 22.11.2001 r.

BBEJIEH B JIEMICTBHUE 22.11.2001 .

BBOANTCA BIIEPBBIE

U3JJAH OOmectBoM ¢ OrpaHMYEHHOW OTBETCTBEHHOCThIO «HaydHo-HccnenoBaTeaIbCKUil HMHCTUTYT
MIPUPOHBIX Ta30B ¥ ra30BbIX TexHomoruii - BHUUT A3»

Conep:xanue

BBEJIEHUE
1 OBJACTHB ITPUMEHEHUM S 1 OBIIME TTOJIOXKEHW A

1.1 ObnacTs NpUMeEHEHUS

1.2 O611Me TOIOKEHUS

1.3 HopMaTUBHbBIE CCHUIKH
2 BIBOP 11 COI'JTACOBAHUME ITAPAMETPOB YACTOTHO-PEI'YJIMPYEMOI'O
ACHUHXPOHHOI'O SJEKTPOITPUBOJA
3 KIIACCU®UKALIUS DJIEKTPOABUTATEJIEN, IIPUMEHSIEMbBIX B COCTABE
YACTOTHO-PEI'YJIMPYEMOI'O SJEKTPOIIPUBOJA
4 HATPY30OUYHbIE XAPAKTEPUCTUKHU SJIEKTPOIIPUBOJA

4.1 Hacrpoiika rmpeodpa3oBareiis 4aCTOThI 01 XapaKTEPUCTUKY HATPY30YHOIO MOMEHTA
5 TIOJIYITPOBOAHUKOBBIE ITPEOBPA3OBATEJIN YACTOTbBI. KITACCUDUKAIIMS,
OTJIMYM A, DJIEMEHTHAS BA3A
6 JOIIOJHUTEJIbHBIE YCTPOUCTBA, OBECIIEYMBAIOIIUNE SKCIUIY ATALIAIO
YACTOTHO-PEI'YJIMPYEMOI'O DJEKTPOIIPMBOAA B COOTBETCTBUMU C
OCOBEHHOCTIMUM TEXHOJIOTMYECKOI'O PEXXUMA MEXAHNW3MA
7 TPEBOBAHUS K UICTOYHUKAM DJIEKTPOCHABXEHU S YACTOTHO-
PEI'YJIMPYEMOI'O SJEKTPOITPUBOJA

7.1 JononHuTENnbHEIE TPEOOBAHMS K IBYXOOMOTOYHOMY ITOHMIKAIOIIEMY TPaHC(HOPMATOPY

7.2 JlononHUTEIbHEIE TPEOOBAHNS K ABTOHOMHOM DAEKTPOCTAHIIUN
8 TPEBOBAHU S K KABEJISIM CETU, IBUT'ATEJIA U YITPABJIEHW A

8.1 3aBHCHMOCTD DIIEKTPOCTATHYECKOM EMKOCTH OT YCJIOBMS IIPOKIAJKN Kadeein

8.2 ®akTOophl, BAUSIONINE HA JUIMHY KaOe/s ABUraTels

8.3 TpeOoBaHMs K MPOKIAAKe Kabesei
9 KOMMYTALIMOHHBIE AIIIIAPATBI M 3AILIMTHBIE YCTPOMCTBA
10 CUCTEMA ABTOMATHUYECKOI'O VIIPABJIEHM S TEXHOJIOI' MYECKMMMU
[MPOLUECCAMMU C ITPUMEHEHUMEM ACUHXPOHHOI'O YACTOTHO-PETI'YJIMPYEMOI'O
DJIEKTPOITPMBOJIA MOIIIHOCTBIO O 500 kBT
JIuteparypa
TTPUJIOXXEHUWE A (cupaBo4HOE)
I[MPUJIOXKEHUE b (crpaBounoe) TexHudyeckne XxapakKTEPUCTUKHU KaOeen
TTPUJIOXXEHUE B (cripaBo4HO€)
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IIpunoxenwne I" (cupaBoYHOE)

TIpunoxenue /I (cupaBounoe) MexayHapoaHbIE CTaHAAPTHI DJEKTPOMATHUTHOW COBMECTUMOCTH
OBMO).

[Mpunoxenue XK (cupaBounoe) CrcTeMa aBTOMATHYECKOIO YIIPABICHMS TEXHOJIOTHYECKIUMU
MPOIICCCAMM C MPUMEHEHHEM aCUHXPOHHOI0 YaCTOTHO-PErYJINPYEMOI0 3ACKTPOIPUBO/IA
TTPUJIOXXEHUWE U (cupaBo4HOE)

TTPUJIOXXEHME K (cupasounoe) IEEE 519-1992 ITpakTrueckne peKOMEHAAIMNA U TPEOOBAHUS K
rapMOHHUKAM B DJICKTPUYECKUX CUCTEMAX (FrapMOHHMKH TOKA)

BBEJIEHUE

Hacrosmee PykoBonactBo pa3pa®oTaHO Ui MPUMEHEHHS MPOU3BOJICTBEHHBIMH, MPOCKTHHIMH M HAaYYHBIMHU
opranmzanmsivu - OAO  «['a3mpoM» Npu TPOEKTHPOBAHWUHU CTPOSIIMXCA U TEXHUYECKOM IEPEBOOPYKEHUH
CYHICCTBYIOIINX  OOBCKTOB, OCHAIIAEMBIX YaCTOTHO-PETYIHUPYEMBIM  aCHHXPOHHBIM  JIICKTPOIPHBOIOM
MomrHocThi0 10 500 kB, ¢ menpio moBbImeHHS 3(PQPEKTUBHOCTH TEXHOJIOTMYECKHX MPOIECCOB B Ta30BOI
MPOMBIIUIEHHOCTH. B BEIOMCTBEHHOM pPYKOBOISIIEM IOKyMEHTe «MeToandeckne yKazaHUs IO BEIOOpY U
MPUMEHEHUIO ACHHXPOHHOTO YaCTOTHO-PEryJIUPYEeMOro 3JIEKTPONPHBOAA MOIIHOCTEIO 10 500 kBT» M3m0XKeHsI
OCHOBHBIC TpeOOBaHWs M PacUCTHBIC COOTHOIICHUS IO BBIOOPY U TNPHUMEHCHHIO YacTOTHO-PETYIHPYEMOTO
ACMHXPOHHOI'0 AJIEKTPOIIPUBOJIA, €0 COCTABHBIX 3JIEMEHTOB U YCTPOUCTB.

PykoBojicTBO paspaboraHo kojutekTuBoM coTpynHukoB OO0 «BHUUI'A3». Paspaborumku: Komsarun A.D.,
TJIaBHBI HAy4yHBIA COTPYAHUK, A.T.H., akaaemMuk AI'H., Illtun E.A., Benymmii uHxeHep. PykoBoautens
pazpabotrku: MenseneB B.A., HavanbHUK Ja00paTOPUM KOMIUIEKCHBIX CHUCTEM DJIIEKTPOIIPHBOJA B
texHonornueckux npoueccax, OO0 « BHUUT A3».

B paspabotke mpuHHManu ydactue mpenactaputenu YmpasieHus sHepreTHkd OAO «I'A3IMIPOM»y: JlesnoB
B.b., 3am. HauanpHuKa oTAena; Matseituyk I1.A., riaBHbIi TEXHOIOT, K.T.H.

1 OBJIACTDb IPUMEHEHUSA 1 OBIUE TOJIO)KEHUSA
1.1 Ob6aacTh NpUMEHEHUsI

OnHOlt W3 TeHJCHIMH B 00JacTH SHEProcOEperaroIiuX TEXHOJOTHH MOCIEeTHUX JIET SIBJIACTCS NMPUMEHEHHE
liaCTOTHO—pel"yJ'II/IpyeMI)IX HpI/IBOI[OB Ha OCHOBC aCI/IHXpOHHI)IX KOpOTKO3aMKHyTLIX 3J'IeKTpO)1BHFaTeHeI71 158
MOJYIPOBOJHUKOBBIX IMPeoOpa3oBaTeNeil YacTOThl, CHIDKAIOIIUX MOTPEOJICHHE JIIEKTPUYECKOW DSHEpruw,
MOBBINIAOIINX CTEIICHb aBTOMATH3AIMH, YI0OCTBO 3KCILTyaTallud 00OpYIOBaHMS M KA4eCTBO TEXHOJOTUYESCKHX
mporieccoB. Ha NpOW3BOJCTBEHHBIX OOBEKTaX Ta30BOM IMPOMBINUICHHOCTH YCTAHOBIICHBI JCCATKH ThICSY
ACHHXPOHHBIX 3NeKTpoaBUrareneil Momuocteio 10 500 kBt u Hanpsoxkenunem 1o 1000 B. Onu ucnonssyrores B
Ka4eCTBE MPUBOJIOB BCIIOMOTATEIBHBIX YCTPONUCTB, 0OCTYKUBAIOIINX OCHOBHOE TEXHOJOTHYECKHE 000pYyIOBaHUE
Y TIPOM3BOJICTBEHHBIC TIPOIIECCHI, B OCHOBHOM 3TO BEHTHJISATOPBI U HACOCHI.

CyIlIeCTBYIOT paslUYHbIE CIIOCOOBI  YIPAaBICHHUS MPOU3BOJUTEIHLHOCTBIO BEHTWIIATOPOB U HACOCOB:
ﬂpOCCGJ’[I/IpOBaHI/Ie HanySKI/I, CHUIXXCHUC eILHHH‘IHOf[ MOIIHOCTH aneFaTOB 158 yBeHI/I‘IeHI/Ie HUX KOJu4eCcTBa MU T.A.
Haunbonee >(pQeKTUBHBIM CIIOCOOOM SIBISECTCS PEryNUPOBAHUE CKOPOCTH BpalleHus. [IpuMEHEHHe YacTOTHO-
pETYJIMPYEeMOro MpHBOJIAa HAa HACOCAX M BEHTWIATOPAX II03BOJIIET OOECIECUNUTh CHIDKCHHE MOTpedseMon
MormHocTH Ha 5+30% 3a cyeT MCKII0YeHHs] B BOJSHBIX W BO3AYIIHBIX TPAaKTaxX APOCCENEH M 3aCIIOHOK, a TaKkKe
yJIydlleHUs TEXHOJIOTMYECKUX IpoueccoB. Hapsimy ¢ 3TUM 4acCTOTHO-PEryJupyeMbll NPUBOL JAAET Pl
JIOTIOJIHUTENIbHBIX PEUMYILECTB:

- SKOHOMHIO TEIUIa B CUCTEMaX ropsuero BOJAOCHA0XKEHHS 32 CUET CHIXKCHUS TIOTEPh BOJIBI, HECYIIEH TEIUIO;

- BOBMOXHOCTh CO3/1aBaTh IMPH HEOOXOJUMOCTH HAIIOP BhIIlIE HOMUHAIILHOTO;

- YMEHBIIEHHE H3HOCA OCHOBHOTO O0OpPYJOBaHUS 3a CUET IJIABHBIX IYCKOB, YCTpaHEHHE THUAPABIMYECKUX
yAapoB, CHI)KEHUE HAmopa;

- CHHXKCHHE TIyMa;

- BO3MOKHOCTh KOMITIJICKCHOM aBTOMATH3AIUNA CHCTEM;

- BOBMO>XXHOCTbH OIITUMU3AIINU BI)I60pa 060py;[03aH1/1$1 U ero KOMHJ’[GKTHOf/i IIOCTAaBKH.

1.2 O0nue noJ10KeHus

CTpyKTypHasi cxeMa 9acTOTHO-PETYIUPYyEMOTO TIPHBOA C €T0 COCTABHBIMH JIIEMEHTAMH H IIPe0Opa3oBaTesieM
TpuBeIeHa Ha puc. 1.
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A - LRC
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Puc. 1 CTpykTypHasi cxeMa 4acTOTHO-pery/J1MpyeMoro npusoaa

i

of

1 - kaGesb ceTH, 2 - ceTeBbIe MPEJOXPAHUTENH, 3 - aBTOMATHYECKHMIi BBIKJIIOYATEb, 4 - ceTeBO# Apocceb, S - GuasTp
paauonomex, 6 - npeodpa3oBaTe/ib 4aCTOThI, 7 -TOPMO3HOI pe3ucrop, 8 - cunyc (L-R-C) ¢puantp, 9 - Tenaosoe pene, 10 - kabeab
ABUTaTels, 11 - acCHHXPOHHBIi ABATaTe b ¢ KOPOTKO3aMKHYTBIM poTOopoM, 12 - 3a3eMi1eHne

Kak BUIHO M3 pHUCYHKA, YaCTOTHO-PETYJUPYEMbIH NPUBOJI HYXKHO pPaccMaTpuUBaTh B COBOKYNHOCTH C
HCTOYHUKOM DJICKTPOCHAOXKEHUS, KOMMYTALMOHHBIMH amIapatamMu, KabemsMu ceT, KabemsMu IBUTATeNs,
KabersIMu yrpaBJICHUA, (l)I/IHpraMI/I, 3a3€MJICHUEM, OOIIOJIHUTCIBbHBIMH yCTpOﬁCTBaMH, QJICKTPOABUTATEIIEM,
npeoOpa3oBaresieM YacTOThI, a TaKXe YCIOBHAMH WX MOHTaXa Ha OOBEKTe W pPEKUMaMH pabOTHl BCEro
00opyaoBaHusl.

B BemoMCTBEHHOM pPYKOBOZSIIEM [OKyMeHTe «MeToandeckne yKa3aHdus MO BEIOOPY W MPUMCHEHUIO
ACHMHXPOHHOTO YacCTOTHO-PETYIHPYEMOTo 3JIEKTPONPHBOAA MOIIHOCTBIO 10 500 KBT» H37I0XEHBI OCHOBHBIE
TpeOOBaHUS W pacdyeTHbIE COOTHOIIEHWS II0 BBIOOPY NapaMeTpPOB YacTOTHO-PEryJIHUPYEeMOro ACHHXPOHHOI'O
3JICKTPONPHUBO/IA, €T0 COCTABHBIX AJIEMEHTOB H YCTPOMCTB. ITH TpeOoBaHUsA U pacdeThl nononHsoT TOCT 24607-
88 «IIpeobpaszoBaTeny YacTOTH MOIYIMPOBOJHUKOBEIE. OOIINEe TEXHUIECKHE TPEOOBAHIS) B YACTH MPUMECHEHUS
ero Ha oObektax OAO «l'asmpom». [lONOJIHUTENBHBIC PEKOMEHJAMM OCHOBBIBAIOTCS HAa POCCHUHCKUX H
IPUBEACHHBIX B CIpaBoYHOM [IpunoxkeHun A 3apyOexHBIX CTaHAAPTAX U HOPMax.

1.3 HopMaTuBHbBIE CCHLIKH

B nacrosimem BPJ] caenanb! cChlIKM Ha CIETYIONINE CTAHIAPTHI:

- 'OCT 13109-97 «Hopmbl kadecTBa 3JIEKTPUYECKOM 3HEPrHM B CHCTEMax 3JIEKTPOCHAOXKEHHsS OOILIero
HA3HAYCHUN;

- T'OCT 24607-88 «IIpeobpa3zoBaTeny 4acCTOThI MOJYPOBOIHUKOBBIE. OOIIHe TEXHUYECKHE TPEOOBAHUS;

-TOCT 26567-85 «ITpeobpazoBaTeny 4aCTOThI OTYNIPOBOAHUKOBEIC. METO bl UCTIBITAHHII;

- MemuyHapo,qule U HalUOHAJIbHBIC CTAHAAPTBI CTPaH, PCETIAMCHTUPYIOIIHUE IMMPUMEHCHUC YaCTOTHO-
PEryaupyeMoro aCHHXpOHHOI'O 3J€KTPONpPUBOJia (IPUBEACHBL B clipaBouHOM llpuioxkenuu A).

2 BBIBOP U COI''TACOBAHUE MAPAMETPOB YACTOTHO-PEI'YJIMPYEMOI'O
ACHHXPOHHOT O 2JIEKTPOIIPUBOJA

B cocraBe 4acTOTHO-pEryJUPYEMOr0 aCHHXPOHHOIO 3JIEKTPONpPHUBOJA BBIOOP U COIJACOBAaHHME MapaMeTpPOB
npeoOpa3oBaTens 4aCTOThl U ACHHXPOHHOIO KOPOTKO3aMKHYTOI'O IBUTATENs SIBJISICTCS ITIaBHBIM BOIIPOCOM.

Jnst BeIOOpa IBUTaTeNs M IpeoOpa3oBaTels YacTOThl HYXKHO yUHTBIBATh ClIeyIOIue mapaMeTps! [1]:

- IMana3oH PeryJMpOBaHMS YaCTOTHI BPAILCHUS ABHUTATENs (IJI ONpPEAENEHMs YHCIa MOTIOCOB JIBUTATENs U
HOMUHAJIBHOI YacTOTHI BPALICHUS JIBUTATENS);

- Harpy304HYyH0 XapaKTEepPUCTUKY (OHa OHpeAesseT OrpaHUuYEHMs, CBSA3aHHBIE C OXJAXKACHUEM JBUraTeis U
BBIXO/IOM B 30HY OCJIa0JICHHOTO IOJIsA, T.€. HA YaCTOTY BPAIlEHMs POTOpA IBHTATENS BBIIIIE €r0 HOMHHAIBHOW I10
TEXHUYECKUM YCIIOBHSAM Ha JBUTATEIb);

- TpeOyeMblil KpyTAIIUIT MOMEHT JBUTaTels (OH TpeOyeTcs Al ONPENENeHUs] MOLHOCTH ABUraTeNs);

- THIT ¥ MOITHOCTB ITpeo0pa3oBaTels YaCTOThI, YIUTHIBAs CIEIyIOMNe 0COOCHHOCTH:

- yIpaBJIeHHE OJJHUM JIBUIATENIEM WIIU IPYTIION;

- IBUTaTeNb IOIPYKHOM;

- IBUTATeNb B3PbIBO3AIIMIICHHBIH;

- IBUraTeib JBYXCKOPOCTHOM.

Br160p npeobpaszoBarens 4acTOTHI U ABUTATENA Al BEHTHUIIATOPA/HAcOCa CBOANTCA K BBINOIHEHHUIO AJITOPUTMa,
MPEICTAaBIEHHOTO Ha PUC.2. ANTOPUTMBI OITUCHIBAIOTCS HUXKE ITPUBEACHHBIMU (hopMyIaMu.

Pacuet TpeGyemoro kpyTsiiero MOMEHTa Ha Bajly JBUraTems

_9554-P,
T = N ,(EMm). 21
r, =24 Py

N, (xrc'm). (2.2)
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re Py - MOLIHOCTB HArpy3ku B KBT;

N - yrcno 000pOTOB ABUTATENS, 00/MUH;
Ty - KpYTSILUMI MOMEHT Ha Baly JABATATEIIs, (H'M) HIH (Kre'M).

Heo0Oxoaumo npoBepsATh MOLIHOCTh Ha Bally C y4€TOM MOMEHTA HAarpy3KH M YCIOBHM OKpY’KaloLlel cpeibl.
OOBIYHO KOTJIa TEMIIEPATypa YMEHBIIIACTCS, MOIIIHOCTD Ha BaJTy YBEIHMYUBacTCs [2].
IIpenBapuTtenbHblil BBIOOP ABUraTes/peodpa3oBaTe)isi HA OCHOBE JAHHBIX M PacyeToB
a) Bri6op momHoCcTH nBUTaTens: P 1B > P

Harpy3km (KBT)-

MotHOCTh ABUTaTENs AOJDKHA OBITh OOJIbIIIE MOLTHOCTH HATPY3KH.

6) Be16op MorrHOCTH peoOpa3oBaTes YaCTOTHI.

MomHocTs npeoGpaszoBaTelss 4acTOThl BHIOMPAaeTCsl TaK, YTOObI HOMHHAIBHBIA TOK jsuraress (Iyg) Obir

MEHbIIIE 1M PaBeH TOKY Ha BBIXOJIe Ipeobpa3oBaTens yacToThl (17y)

Pacuer MmomMeHTa HHepLUH
Jp - MOMEHT HHEPLIUH BEHTHIISTOPA (Kr~M2) Oepercst n3 TeXHUUECKUX YCIOBHH 3aBOJIa-HU3TOTOBHUTEIIS;

GDj - >dderT MaxoBuka (Krem);

1
J =-GD?
4 .

>

J)7 - MOMEHT MHEPLIUH IBUraTeIIs (kM%) 6epercst u3 TeXHUUECKUX YCIOBUM 3aB0O/1a-U3rOTOBUTEIIS.
CyMMapHbIif MOMEHT HHEPLIUU PaBEH

Y. J=Jyz+J s =(GD; +GD3y )/ 4 (2.3)

IIpumeuanue. Korna mMexnay ABUrateneM M BEHTHISTOPOM Iepefada KpPYyTAILIEr0 MOMEHTa OCYILECTBISIETCS 4epe3 ILKUB U
PEMEHDL HCO6XOHI/IMO Y4YUTBIBaTb MOMEHT MHEPUHH IIKWUBA U IPOCKAJIb3bIBAHUE PEMHSA.
IIpoBepka BpeMeHH YCKOPEHHUS
N > J-AN
‘ 9755(Tﬂ3'a+TH'B)(C),
. D GD*-AN
¢ 375(T;]B~a+T;,-B)(C)’

3

(2.4)

2.5)

!
raei, , - BpeMs yCKOPEHUs, CEK;
2J - cyMMapHbIii MOMEHT UHEPLINH, KF'M2,
2

>

JGD? - cymmapHblit ¢ (heKT MaxOBUKa, KIc-M
AN - u3meHeHue yncna 060potos (00/MUH) 3a IEPUOA BPEMEHH 7,

T B" HOMHHAJIBHBIH KpyTsamuii MomenT apurarens (H-m) uma Tp (krem),
Ty - moment Harpysku (H-m) nma T w (Kre-m),

o - K03 (HUITUEHT KOPPEKIIMKU MOMEHTA MPH YIPaBICHUH OT MpeodpazoBaTeis 4actothl (1,2+1,3),

([ - xoppekTupyroImui KO3(QPUIIMESHT, YIUTHIBAIOIIWNA YMEHBIICHHBIH KPYTAIUi MoMeHT asurartens (13,
JUTSI IOCTOSTHHOTO MOMEHTA 1).

IIpoBepka BpeMeHH 3aMeNJIeHUS
> J-AN
t, >
9,55(T s - %+ Ty - B) (),
p D> GD*-AN
6 > ’ !
375(Ts -4+ T - B) (c),

(2.6)

27)

rJIe y - Ko3hUIHEeHT, KOppeKTUpYroImuid MoMeHT aBurarens (0,1 - 0,3), 3apucut ot KI1/1 nBuraress.
Ecnn HeoOxonuMo 3aMeuMThCsl 3a BpeMsi BHYTPU IEPUOAA 3aMEUICHHS tg, 1y, HEOOXOMMMO TIPUMEHSTH
TOPMO3HOU MOAYJIb.
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H3aydenie TY (npoTokonRa 3aBOACKHX
' =|  wcnerranuit serTHIATOpa/HACOCE)
2 Pacuet Tpebyemoro kpyTaumero mo-
MEHTA Ha BaNly NBHraTens
3 BriGop Ha 0CHOBE JAHHBIX H DACUETOB
ABHraTens H npeofpazosarens
4— Pacuer momenTa RHepUMH
1
SN
3~ HET | YBeIu4eHHE HA ONHY CTYNEHb MOLIHO-
TlpoBepka BpEMEHH YCKOpeHys €TH BHIOHpaeMbIX ABMrarend U npeot-| |
pazosarena
An 3N
6~ . HET YBennyeHHe Ha OAHY CTyNeHb MOLMHO-
TIDoBepKa BDEMEHY 3aMELNE CTH BBLIOHpaeMBIX ABHraTens H npech-
poBepKa Bp Aetna PAa30BATENIA HITH NPHMEHEHHE pereHe- [
PaTHBHOIO MOAY/IA
AA
7— Buibop caenan

Puc. 2 Cxema anropurMa Bpi0opa npeodpa3oBaTe/isi YaCTOTHI M ABUTaTeIsl VI BEHTUJISITOpa/Hacoca

3 KITIACCU®UKAIMA SJEKTPOJABUTATEJIEA, TIPUMEHSEMBIX B COCTABE YACTOTHO-
PEI'YJIMPYEMOTI'O 2JIEKTPOIIPUBO/JIA

ACHHXPOHHBIE JJIEKTPOJBUTATENN, MPUMEHSEMble B COCTaBE YacCTOTHO-PErYJIUPYEMOIo 3JEKTPONPUBOA,
npeacTasieHsl B Tabmure 3.1 [3].

Tabnuma 3.1 - Knaccudukanms snekrposuraresiei

THIbI IEKTPOIBHIaTENEH JomnonHuTenbHask HHPOPMAIIHUSI
CraHgapTHBI ACHHXPOHHBINA KOPOTKO3aMKHYThIH, BpauiarenbHblii MOMEHT JBHTATENs B quanasoe ot 3 no 8000
camoBeHTHIIHpYeMbIi (1LA) H-m. Yacrora Bpamenus ot 750 mo 3000 o6/MuH

CTaHJapTHEIN ACHHXPOHHBIH KOPOTKO3aMKHYTHIH €

o . B a a 1 no 315
MpUHYIUTENbHON BeHTusimed (1PQ) BICOTA OCH Bparlenus ot 71 110 MM

ACHUHXPOHHBIH KOPOTKO3aMKHYTBIH, B3pbIBO3AIMIIEHHBIN Hanpsokenue 380, 3000, 3300, 6000, 6600 B. Yactora BpameHus
(IMJ) tima BAO, BACO, JIAJI 1500, 3000, 3600 06/MuH

AcuHXpoHHBIH norpyxuoit Tuna [19/1, [15/1B, ITD11. Paccuuran 1 npoI0SKUTEIBHOM HeNpepbhIBHOM paboThl B
JITB, IIDAY arpecCUBHBIX YCIOBHSIX NPH BBICOKOHN TEMIEPATYPE U JIaBIECHHU

3.1 HomonuutensHple  TpeOOBaHUS K  CTaHJapTHOMY  AaCHHXPOHHOMY  KOPOTKO3aMKHYTOMY
CaMOBEHTUJIMpYyeMoMY auiekTpoasurarento (1LA) npu ynpasneHuu ot npeoOpa3oBartessi 4aCTOThI

CranmapTHbIE acHHXPOHHBIE KOPOTKO3aMKHYTHIE CaMOBEHTIUTHpyeMble anekrponsurarenu (A/l) nambomee
pacrpocTpaHeHsl B MPOMBIIUIEHHOCTH. JTO 00YCIOBIEHO MPOCTOTOH WX KOHCTPYKIHH, OYEHB BBICOKOM
HAJIeKHOCTBIO B OKCIUTyaTallMH, CTaHIapTU3alMed W BBICOKUM KO3(pQHIIMEHTOM MoNe3HOoro aehcTBus. AJl
MO3BOJISIFOT BHOCUTH HM3MEHEHMS B KOHCTPYKLMIO JUI YAOBIETBOPEHMs CIELMAIBHOMY INPUMEHEHUIO H
Pa3IMYHBIM YCIOBUSAM cpeibl. DaKTHUECKH OHM MMEIOT TOJBKO JBa HEJOCTAaTKa: OOJBIIOW IyCKOBOW TOK (5+7
I,,,,) ¥ OTPAaHMYEHHBIE BO3MOKHOCTH PETYJIMPOBAHMS YaCTOThI BPAILICHHS.

ACHHXpPOHHBI JBHUTaTelb OOIIEr0o NPUMEHEHHUS CKOHCTPYHUPOBAaH TaK, YTO ONTHMAallbHAs IUIOTHOCTh
9JIEKTPOMArHUTHOTO MOTOKA Y HEro Mpu HOMHHaje nuTarouiero HampsokeHus 200 B u uwactore 50 I'm. Korna
W3MEHSIETCSl 4acTOTa, HEOOXOJAMMO B TO XK€ CaMO€ BPEeMsI U U3MEHSITh HANPSDKCHHUE MMHUTAHUS JICKTPOJIBUTATEIIS.
3T0 HEOOXOUMO B CITydae MOICPKAHMS TOCTOSHHOW BEJIMUUHBI CKOJIBXKeHMsI. [Ipy TakMX YCIOBHSAX YIIpaBlICHUE
AJl c U3MeHeHnEeM YacTOThl BPAIICHHs HAa3bIBACTCS YIIPABICHUEM C MTOCTOSIHHBIM COOTHOIIEHUEM HAaNpPSKEHUS K
yacrote U/f.

Cootnomenne U/f - JluneiiHoe. HampspkeHwe Ha ABWratene pacTeT JIUHEWHO C YBEIHYCHHEM YacTOTHI
npurarensd. HoMuHanbHOE HampspKEHHWE TOJAETCS Ha JBUraTeNlb IMPH HOMHUHAIBHOM wYactoTe. JIMHeiHoe
cooTtHomenune U/f ciieflyeT NCIoIb30BaTh B AJIEKTPONPUBOJIAX C TIOCTOSSHHBIM MOMEHTOM Ha Bally (HE 3aBHCSIIAM
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OT CKOPOCTH pabouero oprasa).

Cootnomenne U/f - KBagpatnanoe. HanpsbkeHre ABHTaTeNss U3MEHSETCS MO0 KBaPaTHYHON 3aBUCHMOCTH IO
Mepe Bospactanus 9actoTel oT 0 ' 70 HOMHMHANBEHON 4YacTOTHl aBuratens. [Ipu 3ToM Ha JBHTraTeNh MOAACTCS
HOMHHAJIbHOE HalpsOKEHWE TPW HOMHHAJIBHOW dYacToTe. J[Burarenb paboTaeT C YMEHBIIICHHBIM MarHUTHBIM
MOTOKOM Ha YacTOTax HWKe HOMUHaIbHOW. OH MMEeT MEHBIIUH KPUTHYECKUH MOMEHT, YeM MpH JIMHEHHOM
cootHomennu U/f, u co3maer meHpIe myma. KBagparnanoe cootHomrenne U/f UCTIONB3yeTCs Il PUBOJOB, B
KOTOPBIX TpeOyeMbld MOMEHT MPONOPIMOHAICH KBaJIpaTy CKOPOCTH. TaKOBBIMH SIBJISIOTCS IEHTPOOCKHBIE
BEHTHJISITOPHI M HACOCHI.

YacTtoTa BpallieHus ABUraTelNs IPYU YaCTOTHOM YIPABIEHUH MOXKET 3HAYUTEIBHO OTIMYATHCS OT HOMUHAIIBLHOM.
JomycTuMplii MAKCUMYM 4YacTOTBI BpallleHUs AJIsl CTaHJApTHBIX JIBUTAaTeNell COOTBETCTBYET UX TUIIOpazMepaM U
TpuUBeleH B Tadumme 3.2.

Tabnuma 3.2 - TunmopasMepsl U MakCHMallbHasl JOIMYCTUMAas 4acTOTA BPAIICHHUS CTAHIAPTHBIX aCHHXPOHHBIX
JIIBUTATEIIEN

Tumnopasmep (BbICOTa OCU BpallleHHs, MM) JlonycTHMBII MAKCUMYM 4acTOTHI BpallleHus, 00/MUH
63-100 6000
112-200 4500
225-280 3600
315, 2 momtoca 3600
315, npyrue 3000
355, 400, 2 momoca 3600
355,400, npyrue 2500

BreixomHple TOKM W HampspKeHHE IpeoOpa3zoBaTeNs YacTOTHl B OTVIMYME OT CTAaHIAPTHOH CETH HMEIOT He
CUHYCONJAJIbHYIO q)OpMy, a TIMKHU, BBICIIMEC TapMOHUKU TOKA W HAIIPSAKCHUA, 6I)ICTp06 HU3MCHCHHUEC YaCTOThbI U
HanpspKEHUs] BO BPEMEHU. DTO NPUBOAMT K YBEIMYECHUIO HAPSHKEHUS] Ha W30JISALUHU JBUraTeNs, YBEIMYUBAIOTCS
MOTepU [IBUTATENs, ero BuOpamms u ImyM [4]. Tak kak TEXHHWYECKHM YCIIOBHEM 3aBOIA-M3TOTOBUTEIS HE
MPEIyCMaTPUBAIOTCS UCIIBITAHUS CTAaHIAPTHOTO AaCHHXPOHHOTO JBUTATENsI IIPH IMUTAHUK €r0 OT Ipeodpa3oBaTemst
YHaCTOThI, IIOABJIACTCA HCO6XOI[I/IMOCT]> B MMPOBCACHUN JOMOJHUTEIbHBIX IPOBEPOK ABUIATCIIA. MeX(I[yHapO}Z[HbIM
JNEKTPOTEXHUYECKUM KOMHUTETOM, B COCTaB KOTOporo BxoauT Poccuiickas @enepauus, npuHat cranaapt MOK
34-17 «ACHHXPOHHBIE JIBUTATEIH C KOPOTKO3aMKHYTHIM POTOPOM, IMHUTAacMbIe OT MpeoOpa3oBaTesiell 4acTOThI.
[TepBas pempaknumst cranaapTa Obiia BoiymeHa B 1992 rony, Bropas B 1998 rony. B nepsoit penakumun MOK 34-17
B LCJIAX HCKIOYCHHUSA HEIraTHUBHBIX BOS}Z[Gf/iCTBI/Iﬁ Ha ABUTATCIIb, MUTAEMbIi OT npeo6paSOBaTeJ1$1 4aCTOTHI, ObBLIH
BBEJICHBI JOMOJHUTENbHBIE IPOBEPKH, KOTOPBIE COCTOST U3 TPEX TPYIIIL:

- 1 rpymma - O01mmast mpoBepKa JBUTATENs IPHU MUTAHUH OT IPeoOpa30oBaTest YaCTOTH;

- 2 rpymma - [IpoBepka aBurarens mpu YacTOTE BPALICHUS POTOpa BHINIE HOMHHAJIBHOW (IIPH NMUTAHUU OT
npeoOpazoBaTelis 4acTOThI);

- 3 Tperbs rpymnmna - [IpoBepka nBuraress Mpu 4acToTe BpallleHUs] pOTOpa HIKEe HOMUHAJIBHOW (MPU MUTaHUH
OT MPeoOpa3oBaTElIs YaCTOTHI).

[IpoBepkn HOKHBI MPOM3BOAWTHCS HA 3aBOJAC-M3TOTOBUTENE OJIEKTPOJABUTATENSI WM IOCTABIIUKA
npeoOpaszoBaTesiel 4acTOTHI 10 TPEOOBAHHIO 3aKA3UHUKa.

CocraB poBepOK MPUBE/IEH Ha puC. 3.

| O6uias nposepka aBurarens |
1| Harpyzounas
CIOCOOHOCTH

2| VpoBeHb H30JIAIUH
3] 3azemiieHue

IIpoBepka aBuratens Mmpu 4acToTe [IpoBepka nBurarens mpu
BpalllEHUs BbILLIE HOMUHAJIBHOM 4acToTe BpallleHus HUXKeE
HOMHUHAJIbHOU
1| MaxkcumaibHbIH 1| Cwma3ska
BpaniaTenbHbIN MOMEHT
JBUTATEJIS
2| Konctpykuus 2| OxnaxneHue
HOJIIIMITHUKOB
3| Cwmazka 3| OnexTpoMarHUTHBIN
LIyM
4| Ilym BeHTHJIATOpPA
5| bamancupoBka
6| Kputuueckas yacTtoTa

BpalICHUA
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| 7| YmioTrHeHue Bana |

Puc. 3 Cxema npoBepok ABUTaTesIsl MPH YIPAaBJIeHUH OT NMPeodpa3oBaTesisi 4aCTOTHI
OO0uasn npoBepka ABUraTeNst
Harpy3ounas cnoco0HoOCTH

Paznuunble Tumel mpeoOpas3oBaTeneil dYacTOTHI, OTIMYAIONIUecs pabodYuMH MPUHIMIAMH, CIIOCOO0aMu
MOJYJISIIIMKA U KOMMYTAIIMU YacTOTHI, MAOT pa30opoc 3(h(HEeKTUBHOCTH LIS OIHOTO M TOTO e apurarens [4]. B
TEOPETUYECKUX BEIUUCICHHUAX W JaOOPATOPHBIX HCHBITAHUSAX OIPENENICHO, YTO HENpephIBHAS MaKCHMabHAsS
Harpy3ka (BpallaTeJIbHbIii MOMEHT) MPHBOJA C MPeoOpa30BaTEsIMA YaCTOTHI 3aBHCHT B OCHOBHOM OT criocoba
MOZYJISILIMU U YaCTOTHI IIEPEKITIOYEHUH TIpeoOpa3oBaTesis 4aCTOThI.

OCHOBHOH NMPHUHIUI Pa0OTHI IBUTATEIS MPHU MUTAHUH OT IPEOOPA30BATEIIS YACTOTHI 3aKIIFOYAETCSI B TOM, UTO
MaKCHUMaJbHO OITyCTUMBI MOMEHT HArpy3KH ABHUTATENs KaK (DYHKIHS YaCTOTHI BpPAIIEHHS €ro pOoTopa JOJDKEH
JaBaTb TaKoOM IKe POCT TEMIICPATYpbl [OBUraTC/isl, KaK MNPU TI[HUTAHUU CHHYCOWJAJIbHBIM HAIPSXKCHUEM
HOMUHAITFHON 4acTOTHI IPU HOMHHAILHOW Harpyske [4]. DTOT pocT TeMIeparypsl, Kak MPaBHIO, COOTBETCTBYET
KJaccy u3onsnuu B.

YBenmu4eHUs Harpy309HON CIIOCOOHOCTH JIBUTATENS MOXKHO JOCTHYD:

- IOBBIIIEHUEM 3(D(HEKTUBHOCTH OXJIAXKICHHUS;

- punpTparuei BEIXOJHOTO HAIIPSHKEHUS TPeoOpa3oBaTels 4acTOThI,

- CIEUHUAIBHOW KOHCTPYKIHEH pOTOpA.

YPOBCHB H30JAUHA

B mpeoOpasoBaTese 4acTOTHI ¢ IUPOTHO-UMITYJIbCHOM Moayisiiued (ILIMIM) BbIxogHOE HanpsKeHne (WK TOK)
IpefcTaBiseT coOOl psifi UMITYJILCOB, a Kabenb Mexay mpeoOpa3oBaTeaeM YacTOThI U JBUTATEIEM MOXET UMETh
npotrsbkeHHOCTh 100 M 1 6onee. Ecniu BonmHOBOE compoTuBiieHHe Kabens 1 0OMOTKH JABUTATENS HE COTJIACOBAHHBI,
MPOUCXOJUT OTPAKEHHE BOJIHBI HANpsDKEHHs B 00a KOHIA Kalems. DTO OTpakeHHE YBEIMYMBACT IHKH
HaNpsDKEHUS Ha KJIEeMMax JBMIaTeNs, a TakKe B OOMOTKE CTaTopa U MOXKET MPUBECTH K MPo0oio u3omsauuu. s
3alIUThl OT 3TOTO HETATUBHOTO SIBIEHUS HEOOX0IUMO COOII0AATh CIEeAYOLINE peKoMeHaanun [4]:

- eCIM TIOMHHAJIPHOE HaNpspKeHWe NMUTaHus ceTH 415 B wmnm MeHbIle, yCHIeHHE W3OJSLIUM aCHHXPOHHOTO
JIBUTATENSI HE TpeOyeTcs;

- €CJIM HOMHMHANBHOE HaNpspKeHue nuranus cetu 660-690 B, TpeOyercs ycuineHne U30Is1uHd JBUTaTeNs;

- €Clli HOMHUHAJIbHOE HANpsDKEHUE NUTaHus ceTH B uHTepBase 440+575 B, Heo0X0AUMO IOMOJIHHUTENBHO
YUYUTBIBATh JIMHY KaOens MexJy HpeoOpa3oBarelieM YacTOTHI W JIBUTaTeleM, a TaKXKe BBIXOJHYIO MOIIHOCTb
JIBUTATEIIS.

Cy1iecTByeT psiji CIEIMAIBHBIX MEP ATl yMEHBIICHHS TIepPEHANPKEHH B 0OMOTKaX JIBUTaTels:

- YCTaHOBKa (PUIIBTPOB Ha BHIXOJIE IPeoOpa3oBaTes YaCTOTHI;

- WCIHONB30BAHHE CHENUANBHBIX «AeMI(upyonmx» (yBEIHMYMBAIOIINX 3aTyXaHHE OTPAXEHHOH BOJIHBI
HanpsOKeHUs ) Kabeel;

- IPUMEHCHUE OTPAHNYUTENCH HANPSHKEHUS Ha KJIIEMMax JIBUTATeIs.

3azeMJjieHue

[paBuibHAs yCTAaHOBKA 3a3€MJICHHUSI OYCHb BaXKHA BOOOIIE, HO B MPHUBOJIE C MPeoOpa3oBaTeieM 4acTOThl eMy
JIOJKHO OBITh Y/ICNICHO CIIelMallbHOe BHUMAHHUE, YTOObI FAPaHTUPOBATH:

- paboTy BCeX 3aIIUTHBIX YCTPOMUCTB U perie;

- MUHUMAJIBHBINA WU TOMTyCTUMBIH YPOBEHB 3JICKTPOMArHUTHOH MTOMEXU;

- JIOMYCTHMBIA YPOBEHb HECYIIEr0 HAIMpsKEHHs, YTOObl M30€KaTh TOKOB, MPHBOMAIIUX K MOBPEKICHHIM
(oTkazam).

Heo6xomuMo y4MTBEIBaTh, YTO B NMPHUBOJAE C YAaCTOTHBIM IIpeoOpa3zoBaTeNeM CyMMa HampsDKeHHH (a3 HUKoraa
HE paBHAa HYJIIO. JTO CTAHOBHUTCS TPHYUHON TPYAHOCTH COXPAaHEHHS HAa KOPIIyCe JBHUTATENs HYJIEBOTO
noTeHuana. EMKOCTHbBIC HANPSDKEHUST U TOKU B CiIydae IIOXOTO 3a3eMJICHHsSI CTATOPa MOTYT BO3JCHCTBOBATH HA
MUTAOLee HAMPSHKEHHE U BBIBECTH U3 CTPOs 000py10BaHHE.

IIpoBepka ABUTraTeN s NPH YACTOTE BPALleHUsI BbILIe HOMHUHAJIbHOM
MakcnManbHbIA BpalaTeJdbHbIA MOMEHT

B Touke ocnabmenns mons (HauBBICIIAs TOUYKA, 7€ COOTHOIIEHHWE W3MeHEHHH U/f MO3BONSET COXPaHAThH
MOCTOSIHHBIM MAarHUTHBIN IOTOK, Ha3bIBaeTCS TOYKOHW OCIAONCHUS MOJS) C YBEIMYEHHEM YaCTOTHI BpAIICHUS
poTOpa MarHUTHBIM IOTOK JABUTaTeNIi M CIOCOOHOCTb CO37aBaTh BpAINATEIbHBII MOMEHT YyMEHBIIAIOTCA B
COOTBETCTBUM C 3aBUCUMOCTBIO M ~ I/f2. TlosToMy Ha TIpaKTMKE MAaKCHMAIbHBIA BpaIlaTeIbHBIH MOMEHT
JBUratens AoJkeH ObiTh Ha 40% BbIlIEe, 4eM MOMEHT CONPOTUBICHUS HArpy3ku Ajsl oOecledeHusl MpoLEecCOB
YCKOPEHUS U TOPMOKEHUSI JBUraTeIsL.

Ilpn wucnonp3oBaHMM (QUIBTPOB WM JOMONHUTENBHBIX PEAKTHBHBIX CONPOTHUBICHHH IS YIydIIEHHS
MapaMeTPOB BHIXOJHOTO HaNpsDKEHHUS M TOKa IMpeodpa3zoBaTelis 4acTOThI (IPUOMIDKEHHSI UX K CHHYCOUIATIBHOI
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(dhopme) HeoOXoauMo oOpaniaTh BHUMAaHUE Ha TaJeHUE BETUYMHBI MUTAIONIETO HAMPSDKEHUS NBUTATENS MPH
MaKCHUMaJIbHOM TOKe Harpy3ku. [lajeHue HanpspKeHUs TOJKHO ObITh He Oonee 3+7%. DTo 00YCIIOBIEHO TEM, YTO
MaKCHUMAaJbHBIH MOMEHT AaCHHXPOHHOTO JIBUTATENs NPOMOPIMOHANICH KBAIPaTy BEJIHYHHBI ITHTAIOIIETO
HanpspkeHus. s ycToiunBOoi paboThl aCHHXPOHHOTO IBUTATENS M MPOU3BOJICTBEHHOIO MEXaHU3Ma HEOOXOIMMO
OmpeziefiecHHOe CcoYeTaHMe MEXaHWYEeCKHX XapaKTepUCTUK jABUratens M(m) w Harpy3ku Mc(n). JlBuratenn

dM  dMc
ycToitunBo paboraer, Korna dn  dn 5]

KoHcTpyknusi moAIMnHNKOB

[Ipu npoBepke MOANIMITHUKOB HEOOXOIUMO YUHTHIBATH, YTO MMEETCS MIpeel YaCTOTHl BPAIIEHHs, C KOTOPOH
BpalllaeTCsl MOALIMIHUK. TN TOJIIMIHUKA, pa3Mep, BHYTPEHHSAA KOHCTPYKLMsA, HArpy3ka U YyCIIOBUS
OXJIAKJCHHsI, TOYHOCTh U3rOTOBIIEHUS, BHYTPEHHUHN KIUPEHC ONPEACA0T BO3MOXKHYIO MaKCHMAJbHYIO 4acTOTY
BpallleHUsI.

CMma3ska

Tunm cma3ku omnpeaernsercss PeKUMOM paboThl (IKCIUTyaTalMu) JBUTaTens. lcmonp3ys cCrHenuaabHbIe
CMa304HbIE MaTEPHabl, MOXKHO yBEIMYUTh MAKCUMAJIbHYI0 4aCTOTY BPallCHUs, yMEHBIIUTh TPEHUE U BBIICICHUE
TEIUIa.

Ilym BeHTHIIATOpPA

H_[yM, BBI3BIBAEMBIN BCHTHUJIATOPOM JABUTATCIIA, YBCIIMIUBACTCSA C YaCTOTOM BpallCHUsA ABUTATCIIA U CTAHOBUTCSA
JOMUHHPYIOMIUM U 2-X W 4-X TIONIOCHBIX JBUratenei yxe mpu wactore 50 I'm. Ecnm wacrora BpamieHus B
JaJIbHEHIIIeM YBEIUYUTCS, TO U YPOBEHb IllyMa OyJIeT BbIlle. Y BEIHUCHUE YPOBHS IIyMa MOXET ObITh BBIYUCIICHO
o popmyie:

n
AL = 60-log ™2 1
®n_dB(A) G-

rae AL - yBelIW4YeHHE YPOBHA 3BYKOBOTO [aBJE€HMS, KOTJa 4YacTOTa BpALICHHUA H3MEHSETCS B CTOPOHY
YBEIIMYEHUs OT 1 K 1y, dB(A);

7] U N, - 4aCTOTHI BPAIIEHUs IBUraTels, 00/MHH.

Y IBOeHHWE YacTOThI BpallleHus aaeT npuodausutesibao 20 dB(A) ypoBHs myma.

[Ilym BEeHTWJIATOpPA - 3TO OOBIYHO TaK HA3bIBACMBIN «OENBIA IIyM», COAEPIKAIINA BCE YACTOTHI CJIBIIIIMMOTO
JIMana3oHa.

11 yMEHBIICHHUS IIyMa BEHTUIIATOPA IPUMEHSIETCS HECKOIBKO METOJIOB:

- I3MEHEeHNE KOHCTPYKIUHU BEHTIIATOPA M €ro KOXKyXa (YMCHBIICHUE BHEITHETO JHAMETPA);

- ACTIOJIb30BaHME CIIEIHATFHOTO BEHTIIISITOPA, OCEBOM KOHCTPYKINH (OTHO HAMIPABJICHUE BPAILICHHS);

- UCMIOJIb30BAHUC ITYHINUTEIIA JJI1 YMCHBIICHU A BCEX KOMIIOHCHTOB IITyMa.

banancupoBka

JomkHbl OBITE TIPOBEPEHBI TOYHOCTH OAJAHCHPOBKH M MeEXaHHUYECKas HAIPSHKEHHOCTh BCEX BPAIIAFOLIMXCS
9JacTel, BKII0Yasi My(ThI WX IIKHABEL.

Kpuruyeckasi ckopocThb

He nmomxna mpeBbimatbes 1-1 KpUTHYECKas 4acTOTa BpAIICHUsA CTaHIAPTHOrO JBUTATENsl JaXke B Cllydae
KECTKOTO COCTUHEHUsS C HAarpy3KoW Ha Bamy. ['apaHTHIHEIN pe3epB MODKeH OBITH paBeH 25% OT KPUTHUYECKOI
9acTOTHl BpamieHus. [IpyM HEBBIOMHEHWH JTOTO YCIOBHS 3HAUYCHUS BHOPOCKOPOCTH MOTYT BBIUTH 3a
YCTaHOBJICHHBIC HOPMbI U BbI3BATh MOBBIIICHHBINA H3HOC INOAIIMUITHUKOB ABHUIATCIA UJIN €TI0 aBaprIHbIﬁ OCTaHOB.

YmioTrHeHue Baja

[Ipn skcmmyaTanmy IBUTATENsT HAa YacTOTE BpAICHWS BHINIC HOMUHAJIBHOH, YIUIOTHCHHE Bajla TpeOyeT
cnienansHoro BHUMaHuA (V - oOpasHbie KOJbIla, MAcCIsIHbIE YIUIOTHEHHS, TePMETHYHbBIA MOAIIUIHUK U T.1.).
YIUIOTHEHH MMEIOT MpeAes 4acTOThl BpallleHUs, KOTOPbIi HE PeKOMEHAyeTcCs MpeBblaTh. B 0coObIx ciywasx
HCTIONB3YIOTCS JTAOMPUHTHBIE YIUIOTHEHHS 0€3 TPEHHUSL.

IIpoBepka NBUraTe/Isi MPH YaCTOTE BPalleHUs] HUKe HOMHHAJILHO
Cma3ska

HpI/I YMEHBUICHUHU YaCTOTblI BpPALICHHUSA POTOPAa ACHUHXPOHHOI'O0 KOPOTKO3dMKHYTOI'O0 CaAMOBCHTHUIHMPYEMOI'O
JABHUTATCIIA HHIKC HOMHHaﬂLHOﬁ, IPOU3BOAUTCIIBHOCTh BCHTUIIATOpPA, 3aKPCINICHHOIO Ha pPOTOPE, TaAKKC
YMCEHBIIACTCA, YTO 3HAYUTCIIbHO YXYAIIACT YCJIOBUA OXJIAKACHUA ABUTATCIIA U MOKET NMPUBECTHU K IMOBBIIICHUIO
TEMIIEpATypPhbl 00MOTOK cTaTopa W MNOAIIMIIHUKOB 0 MNPEACIbHO AOITYCTUMBIX 3HAYCHUH. le/l YBEJIMYCHUA
3HA4YCHUA TEMIICPATYpPbl BbINIC HOMHUHAJIBHOTO Ha KaXIbIC 15°C HUHTEpBaJI BPECMCHU 3aMCHBI CMA3KU OOJDKCH
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YMEHbIIATLCA B JiBa pasa. Ecmu YMEHbUICHHUEC MHTCPBAJIOB HEBO3MOXKXHO, TO PECKOMCHAYETCA HCIIOJIb30BAHHC
BBICOKOTEMIICPATYPHBIX CMAa30K C MPOTUBO3aJUPHBIMU MPHUCAAKAMU. HpI/I OYCHb HHU3KHUX YaCTOTaxX BpalllCHUA
poTopa ABUTraTeiid HEBO3MOXKHO CO31aTh MACIAHYIO INICHKY MEXKAY KaTAIMUMHUCA 3JIEMCHTAMU U ITOBECPXHOCTBIO
KayeHHs. DTO CO31a€T OYTh AJIA BJICKTPUICCKOI'0 TOKa MEXKAY MIapruKaMU 1 HECYIIIUMU KOJIbLIaMH ITOJJUINITHUKA.

OxJa:KkneHmne

[oTok BO37yxa M OXJIaXIAIOIIAsi MOIIHOCTh 3aBHCAT OT YaCTOTHI BPAIICHHUS BEHTHIATOPA. UTOOBI YBEINIHUTH
OXJIQXKTAIOIIYI0 MOIHOCTH IBHUTATENsI MPHU HHU3KOW YACTOTE BPAIICHUS, MOXKET OBITh HCIIONBF30BAH OTICIBHBIHN
BEHTWJISITOP C TMIOCTOSIHHON MaKCHMAaJIbHOM 4acTOTOW BpaIeHHsI.

DJIEKTPOMATHUTHBIN 1IyM

l'apMoHHYecKHe KOMIIOHEHTHI HAIPsDKEHUS Mpeo0pa3oBaTelisl YacTOThl YBEIUYHMBAIOT YPOBEHb MAarHUTHOTO
myma JBurareis. YacTOTHBIA IuMana3oH MarHUTHBIX CHJIOBBIX BOJIH, CO3JAHHBIMA B ABHUraTesie NMPU MUTaHUHU OT
peoOpa3oBaTessl 4aCTOThI, HACTOIBKO IUPOK, YTO BO3MOXKHO BOSHUKHOBEHHE PE30HAHCA B IBUrATEIIC.

TunuyHas XxapakTepUCTHKa MarHUTHOTO IIyMa, BBI3BAHHOI'O YaCTOTHBIM MPE0Opa3oBaTesieM - 3TO YaCTOTHBII
CHEKTp, CONEep Al HEKOTOPBIE NOMHUHHPYIOIIHE YacTOTHI, KOTOPHIE HM3MEHSIOTCS C Oa3UCHOM YacTOTOW U
9aCTOTAaMH NEPEKITIOUeHNUS, POPMUPYSI HACTOTHI HOMEX OCHOBHBIM BOJHAM.

Hawnnyumuii cnoco06 yMeHbIIEHUS! COCTABIAIONUX MATHUTHOTO LITyMa!

- YBEJHMYEHHE YacCTOThI MEPEKIIIOUeHUs, Jaromield 0ojee BHICOKHE FapMOHMKH M MEHBIIME aMIUIUTYIbI, YeM
YYBCTBUTEJIBHOCTb YEJIOBEUECKOI'0 yXa;

- ¢wibTpanys TapMOHMYECKHX COCTABISIOIMIMX Ha BBIXOAE IIpeoOpa3oBaTeNsi WIM HCIIOJIb30BaHUE
JIOTIOJIHUTENLHBIX COMPOTHBIICHUH;

- IIyMOMNOJABUTEIb JABUTATENs;

- OTHEeNBHASI CHCTEMA OXJIAXKICHHS C «OeIBIM» BeHTHIATOPHBIM [IIyMOM, KOTOPAasi HOKPBIBAET MATHUTHBIN IITyM.

4 HATPY30O4YHBIE XAPAKTEPUCTHUKH JIEKTPOIIPUBOJA

MOMEHT CONPOTUBJICHUS MEXaHU3Ma XapaKTepPU3yeTcs HadajbHbIM CTATUYECKUM MOMEHTOM MpPU TPOTAHUHU C
MeCTa U XapaKTepOM M3MEHEHUsS MOMEHTA COMTPOTUBIICHUS B 3aBUCUMOCTH OT CKOPOCTH.
B o0Omem Buae Juis OOJBIIMHCTBA BPAMIAIOIIMXCS MEXAaHH3MOB MOMEHT COMPOTHBIICHUS MC BBIpaXKaeTCs

bopmyoi

P

n
MC = M(J.Hall + (MC.H - MLXHG‘{ ) : (4'1)
ny
rae M, . - Ha4aJbHBI MOMEHT CONPOTHMBIECHHS BPAIIAIOLIETOCH MeXaHu3Ma (0e3 yueTa MOMEHTa TPEHHMs
MTOKOS), H'M.;

MC u HOMHUHAJIbHBIA MOMEHT COIPOTUBIICHUS MEXAHU3MA, H'M;

P - mokazarens creneHu,
7 - PeXKUMHAs 4acTOTa BPAILIEHUs; Ny - HOMMHAJIbHAs YaCTOTa BpaLIEHHUs, 00/MHH.

[Ipu P = 0 MOMEHT CONPOTHRBIICHUS HE 3aBHCHUT OT YACTOThI BPAIICHHS, IPH P = 2 MOMEHT CONPOTHBIICHUS
MEXaHHU3Ma BEHTWJIATOPHOTO THUIIA H3MEHSIETCS IPONIOPIIMOHAIBHO KBAAPATy YaCTOTHI BpallleHUs (YUcity 000pOTOB
B MHUHYTY).

g Toro, 4roObl CIBUHYTh MEXaHU3M C MECTa, HY>KHO IPEOJ0JIETh MOMEHT TPEHHUS MOKOS B MOJALIMITHUKAX
(HaYaJBHBIA CTATUYECKHA MOMEHT). JTOT HaYallbHbIi MOMEHT CONPOTHBIICHUS TPH TPOTAaHHH MEXaHH3Ma
HE0OXOJMMO 3HATh JJISl MMPABUIILHOTO BbIOOpa nBurarens. HavaabHBIH MOMEHT JBHTATENsl TOJKCH OBITH BBIIIE
HAYaJIbHOTO CTAaTMYECKOTO MOMEHTA CONIPOTUBIICHUS arperara, iHa4ye JBUTaTelb He CMOXET TPOHYTHCS C MECTa.

HauanbHble cTaTHUECKHUE MOMEHTHI IO JJAHHBIM [S] COCTaBIISIOT:

- JUIA BEHTHJISITOPOB, JBIMOCOCOB M IIEHTPOOESKHBIX HacocoB oT 0,05 mo 0,36 HOMHHAJILHOTO MOMEHTa
COTIPOTHUBIICHHUS;

- UTsl MOpUIHEBBIX kKoMIiipeccopoB oT 0,13 10 0,36 HOMUHATLHOTO MOMEHTA CONIPOTUBIICHNUS;

- 1t TypookommpeccopoB 0,13 HOMUHAIEHOTO MOMEHTa COITPOTUBIICHUS.

MOMEHT CONMPOTHBICHHS IEHTPOOCKHBIX HACOCOB B 3aBHUCUMOCTH OT BEJIUYHMHBI CTATUYECKOTO aBJICHUS
(BBICOTBHI MOJA4YM WJIM TPOTHBOIABIICHUS) WU3MEHSCTCS MPOMOPIIMOHAIBHO YacTOTe BpAIllEeHUS BO BTOPOH WM
0oJlee BBICOKOM CTCIICHU.

B razoBoii MpOMBILUIEHHOCTH OOBIYHO IPUMEHSFOTCS MEXaHU3MBbI, Y KOTOPBIX MOMEHT CONPOTHBIICHUS Ha BaJie
3JIEKTPONPHUBOJIA TIPOTIOPIIMOHAICH KBaJIpaTy YacTOThI €ro BpalieHus. [IpuMepoM TakuX MEXaHHW3MOB SIBIISIOTCS
EHTPOOCKHBIE HACOCHI U BEHTHIISATOPHI.

4.1 Hacrtpoiika npeo0pa3oBaTeJisi 4aCTOThI 0] XapAKTEePUCTHKY HATPY304HOI'0 MOMEHTAa

MunumManpHasi YacToTa, MPH KOTOPOW HANpPsOKEHHE JBUTATENsl JOCTHUIaeT MaKCHMAalbHOW BEIMYHHBI,
Ha3bIBaeTcs 0a30BOM YaCTOTOM.
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Hanmpsixenie
asuratena, B

100%

f.Tu
basosan NAKCHMATLHAA HACTOTA HA BBINOIC
waCToTa (3060 Ty peodpaosaTeas (S0 20400 Tw

Puc. 4 3aBucumoctsb HaNps’KeHUs1 IBUraTesisi or 0a30B0if 4aCTOTHI

MakcumanbHasi 4acToTa - 3T0 Hauboibimas Bo3MmoxHast dactoTa (50, 60, 120 unu 400 I'r), koTopas MOXKeT
OBITh Ha BBIXOJIC TIpeoOpa3oBaTess YaCTOTHI.

OnTuManbHas XapaKTepUCTHKA OTHOIICHHWs HampspbkeHuss k yactote (U/f) moxer ObiTh BEIOpaHa B
COOTBETCTBUHM C XapaKTEPUCTUKOW MOMEHTa HArpy3ku [2].

Harpy3o4Has xapakTepuCcTHKa MEXaHU3Ma C MOCTOSIHHBIM MOMEHTOM COMPOTHUBIICHUS

Takyro Harpy3ouHyl XapakTEpUCTUKY HMMEIOT Da3JIUuYHble TPAHCIOPTEPHI, IIHEKH, KaJaHAPbI, T.€. IpU
W3MEHEHUH YacTOThI BPALLEHUS JIBUTATEIS BEIMUMHA MOMEHTA COITPOTHBIIEHUS! MEXAHU3Ma OCTAETCsl MOCTOSHHOM,
PaBHOM HOMHMHAIBHOMY 3HAUECHMUIO.

Harpy3o4Has xapakTepUCTHKAa MEXaHU3Ma C U3MEHSIOIUMCSI MOMEHTOM CONPOTUBICHUS

Harpy3ounas xapakTepucTHKa MeXaHU3Ma C HU3MEHSIOIIMMCS MOMEHTOM CONPOTHUBIIEHHUS XapakTepHa s
HEHTPOOEKHBIX BEHTHISITOPOB M HACOCOB. lI3MeHEHNE MOMEHTa CONPOTHUBIICHHUS MEXaHU3Ma MPOMOPIHOHATIBHO
KBaJIpaTy 4acTOTHI BpalllCHUS BaJia JBUTATEs.

U,34 U,B\

100% - 100%

flu ) f.Tu

50 50
a) 6)

Puc. 5 3aBucuMocTh HanpsizZKeHUs OT YaCTOThI HA BbIX0/e Ppeodpa3oBaTelisi IPH PA3HOM XapaKTepe HArpy3Ku

a) - Harpy3Ka ¢ NOCTOSIHHBIM MOMEHTOM CONPOTHBJIEHHS;
0) - Harpy3Ka ¢ U3MeHsieMbIM MOMEHTOM CONPOTHBJICHHSI.

KpuBble yCKOpEHUS U 3aMEJICHUS JBUTaTEIIs

Bpewms, 3a koTOpoe JOCTUraeTcsi MaKCUMallbHasi 4acTOTa BpAIIECHUs JBUTaTeNs MPHU YIPABICHUU JABUraTelleM
1o 3aKoHy cooTHoeHus: U/f, Ha3pIBaeTcss BpeMeHEM YCKOPEHHUs. BpeMs 0T MakCHMaIbHON YacTOThI BpaIlCHHUS JI0
OCTAHOBKH JIBUTaTellsl HA3bIBACTCS BPEMEHEM 3aMeIJICHUS.

YckopeHue U 3aMeIJIeHUe MOXKET OCYIIECTBIATHCSA KaK MO JTUHEHHON 3aBUCUMOCTH, Tak U 1o S U U-00pa3HbIM
KPUBBIM B 3aBUCUMOCTH OT XapaKTepa Harpy3Ku.
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foruw g

VYcrasosneHHas ¢ -
4acToTa § 7

Bpems, ¢

Yekopenne 3amenneune
Puc. 6 Tunsl yekopeHuii M 3aMelJIeHMId ABUTraTe st
L - iuneiiHoe, S - o6pa3noe u U - 00pa3Hoe ycKopeHHe U 3aMe/lIeHue

5 HOJYINTPOBOJHHUKOBBIE IIPEOBPA3ZOBATEJIN YACTOTbBI. KIACCHPUKALHNA, OTJINYNAA,
SJIEMEHTHAS BA3A

[IpeoOpazoBaTesib YaCTOTHI - CUJIOBOM 3JIEKTPOHHBIN MpUOOpP, KOTOPBIH Mpeodpa3zyeT dHEPruio MepeMeHHOTo
TOKa (YUKCUPOBAHHOTO HANIPSDKEHHS M YACTOTHI B DHEPTHIO C TIEPEMEHHBIM HAIPSHKEHUEM U YacTOTOi [4].

Pasnmuaror mpeoOpaszoBaTeny 4acTOTHL: € MPOMEXKYTOUYHBIM 3BEHOM IIOCTOSHHOTO TOKa, C HEMOCPEACTBEHHOMN
CBA3BIO NMUTAIOIIEH CETH U LENU Harpy3kH (LHMKIOKOHBEPTOPHI), C MPOMEXYTOUHBIM 3BEHOM MEPEMEHHOr0 TOKa
(umxtonHBepTopsl) [6]. Ha puc. 7 npeacraBieHa cxema kiaccuuKanuy mpeodpazoBaTeseii 4acTOTHI.

HAns  ympaBineHHs  CKOPOCTBIO — ACHHXPOHHOTO  KOPOTKO3aMKHYTOTO — DJICKTPOJBHUTATENsl  IIHPOKOE
pacrpocTpaHeHHe TOJYyYWIn IpeoOpa3oBaTead YacTOThl C IPOMEXYTOUYHBIM 3BCHOM IIOCTOSHHOTO TOKA.
[lepemMeHHOE HanpsHKEHUE MUTAIOMIEH CETH BBIIPAMIAETCS C IOMOIIbIO YHPABISEMOrO BBINIPSAMUTENS,
¢unpTpyeTrcs W mojaercs Ha UHBEPTOp. DYHKIUHM pPErylIHpOBaHHS YacTOTH BBIXOAHOTO HAINPSDKEHHUS
OCYILECTBIISICT MHBEPTOP, a HANpPsDKEHHS - BBIIpsAMHTENb. VHorma obe (yHKIMU OCYIIECTBISIET WHBEPTOp, a
BBIIIPAMUTEIIb BBIMOJHACTCA HCYIPABJISICMBIM. HpeO6paSOBaTCHI/I C MPOMEIKYTOYHBIM 3BCHOM IMOCTOAHHOI'O TOKa
MO3BOJIAIOT PETYJIUPOBATh BBIXOJHYIO YacTOTY C IIOMOIIBIO CUCTEMBbl YIIPABIEHUS HHBEPTOpAa B IIHPOKOM
IIMara3o0He KaK BBEPX, TaK U BHU3 OT YaCTOTHI IIUTAIOIICH CETH.

I Yy I
4 4 4
MUKJIIOKOHBEPTOPHI MUKJIIOMHBEPTOPHL C IPOMEXKYTOYHBIM 3BEHOM
IIOCTOSAHHOT'O TOKa
[ muur | | mywuH |

[ muanmMm | [ mummM |
Puc. 7 Knaccudpukanus npeodpa3zoBaresieii 4acToThl
mu - MpeoOpa3oBaTeb YacTOTHI;
M4 UT - mpeoOpa3oBaTeIb YaCTOTHl HCTOUHHK TOKa,
T4 UH - mpeoOpa3oBaTesb YaCTOTHl ICTOYHUK HaNPSKEHUS;
4 AM - MpeoOPa3oBaTeNIb YaCTOTHI C AMIUIMTY IHO-UMITYJILCHOW MOy ISIUCH;
Y 1mm1m - MpeoOpa3oBaTeNb YaCTOTHI C MUPOTHO-UMITYJIBCHOW MOTYJISAIACH

Henocratkom mnpeoOpas3oBareseil ¢ MPOMEXYTOYHBIM 3BEHOM MOCTOSHHOTO TOKa SIBJISETCS JIBOMHOE
npeoOpa3oBaHKe YHEPTUH, YTO MPUBOAUT K yMeHbmeHnto KI1/I. OqHako Takod TN MpeoOpa3oBaTes 4acTOTHl U
cXxeMa yIpaBIICHHs UM IIPOIIIe, YeM MpeoOpa3oBaTeis ¢ HeMOCPEACTBEHHOH CBS3BIO.

[Ipeobpasosarens yactoThl Mcrounuk Toka (ITY UT) - mMeeT MPOMEKYTOYHOE 3BEHO IMOCTOSHHOTO TOKA,
BBIXOJ] KOTOPOT'O MPEICTABISAET COO0M yIpaBisieMble UMITYJIbChI TOKA, IEPEMEHHON 4acTOThI, KOTOPBIE IOAAIOTCS
Ha pa3nudHbie (a3bl Tpex(a3Hoi CUCTeMBl. DTOT mpeodpa3oBaTeah UMEET OONBIION MMIIENAHC U PaboTaeT, Kak
HCTOYHUK TOKA IS ABUTATENSA [2].

[Ipeobpasosarens yactoThl Mcrounnk Hanpsikenns (ITY MH) - uMeeT mpoMeXyTOYHOE 3BEHO MOCTOSIHHOTO
HAMPSDKCHHUs, HA BBIXOJE KOTOPOrO IYJIbCHUPYIOIIEe HANPSIKCHUE WM [OCICJ0BATSILHOCTh HMIIYJIbCOB
HATIPSHKCHUSL.
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B tabmuue 5.1 cpaBHMBAIOTCS JBa TUIa MpeoOpa3oBaTeleld 4acTOTh: MpeoOpa3oBaTeilb YaCTOThl MCTOYHHUK
HanpspDKEHUs U Tpeodpa3zoBaTeb YaCTOThl HCTOYHHUK TOKA.

Tabnuua 5.1

NH uT

HcTouHuk HaIpsOKCHUA HcToyHuk ToKa
L

Hupeprop

HHBepTop

Cxema ok o [ o

BbIX0qHOH UMIIEIaHC MasneHbKHI (MCTOYHUK HaNpPsDKEHUS) Bosnb1110ii (MCTOYHUK TOKA)
Pereneparys 3Heprun TpeOyeTcs oMOTHNUTENbHAS [IeTTh JlomomHATeNIbHAS LIETIb He TpedyeTcs
CrinaxuBaromuit
m Konnencarop PeaxTop
JJIEMEHT

IIpeoGpa3oBarens 4acTOTHI HCTOYHHUK HANpPSDKEHUS B CBOIO OYEpeAb MOApasferseTcd Ha ABa Tumna. IlepBerit -
M4 AUM ¢ ammnutyaHoi uMmmyiascHOM monymsiuueit (AMM) u Bropoit - T4 MM ¢ mupoTHO-UMITYJIECHOM
moayisauueit (LLMM).

AMIUIUTYIHAs UMITyJIbCHAs MOJYJSALMSA - 3TO METOJ YHPAaBICHUS, IPH KOTOPOM HU3MEHEHHUE AMILIUTYJbI
UMITyJIbCa HANpsDKeHUs! (BBICOTBI MMITYJIbCAa) HAa BXOJE BBIIPSIMUTENS CHHXPOHHO INPHUBOJUT K H3MEHEHUIO
4acTOTBI HAa BBIXOJIE€ U3 UHBEPTOPA.

OOBscHEeHUEe 3TOr0 MPUHIIMIA PEICTABICHO HA pHC. 8.

Brips- U Hupep-
MHT &b :

U,>1,

BBIXOIHOIO

t HalTPSTRSHHSA
Brwps-[—F/ Hmpep-| |
MHIE T0p
U, 1 I LICOKas YacIOTa
u - -_\Ammm}'.]a
BoXoaHas $0opMa HATPIKEHUS BBIXOJHOTO
HaﬂpﬂXCHHH

Puc. 8 AMIINTYIHASI HMITYILCHASE MOTYJISIIHS

BeixonHas ¢opma HampspkeHHs - NPSIMOYTONbHAs, cojepamas OOJbIIOE KOJMYECTBO TI'APMOHMK HH3KHX
CTENeHe!, BKIII04as 5-10 U 7-10 TApMOHUKH, YTO MPUBOJUT K IIyJIbCALlMK MOMEHTa JBUrartens [2].

HInpoTHO-UMITYTECHAS. MOAYJISAIHUS - 5TO METOJ YIPABJICHUS, TP KOTOPOM aMIUIUTYAa HaNpsDKEHHS (BBICOTa
UMITyJIbCa) OCTAETCS IIOCTOSIHHOM Ha BBIXOJE BBIIPSAMUTENS, a Ha BBIXOJE HHBEPTOpa HIMPHHA HMITYJIHCOB
HaMpsDKEHUS U UX KOJIMYECTBO Ha MOJIYTIEPUO]] PETyITUPYETCsI.

DJjieMeHTHAd 0a3a

Kak panee ymommHanochp, mpeoOpa3oBaTeNb YaCTOTHl €CTh CHIJIOBOH DJICKTPOHHBIN MPHOOP, OCHOBHBIMHU
KOMITOHEHTaMH KOTOPOTO SIBJISTIOTCSI COBPEMEHHBIE CHIIOBBIE TOTYIPOBOAHUKOBBIC IPHOOPHI: THOIBI, THPHCTOPEI,
OTO - tupucropsl W OUMONSAPHBIE TPAH3UCTOPHI C M30MUpOBaHHBIM 3aTBopoM IGBT. DTu s1eMeHTHI
UCTIONB3YIOTCS B CXEMaX BEIPSMIICHHS U HHBEPTUPOBAHUS MPEOOPA30BATENS YACTOTEHI.

[IpuMeHEeHNE TOTO WM HMHOTO CHIJIOBOTO HMOJYHPOBOJHHKA OOYCIOBIEHO CXEMHBIM pPEIICHHEM, MapaMeTpaMu
npudopa, MOIIHOCTHIO 3JIEKTPONPHBOJA, OTPaHMYCHHUEM Macco-rabapuTHBIX IIOKasaresieil npeoOpazoBaTens
9acTOThI, TPEOOBAHUSMH HIICKTPOMATHUTHOW COBMECTHMOCTH W CTOMMOCTBIO. AHAJIM3 MHPOBBIX TCHICHIUI
Pa3BUTHS YaCTOTHO-PETYIHPYEMOTO SJIEKTPONPUBOIA MOKA3BIBACT, YTO 33 MOCIIECIHUE HECKOIBKO JIET BEIyIIue
MHUPOBBIE (GUPMBI B 00J1aCTH pa3pabOTKH CHUIIOBBIX MMOJIYIPOBOJIHUKOBBIX PUOOPOB, Hanpumep CuMeHc, XUTauu,
ABB, Jlxenepan DJIeKTpUK YBEIUYMBAIOT HOMEHKJIATYpy BhITyckaeMbIx moayieil Ha 6a3e IGBT Ttpan3ucropos
JUTSL pa3IMYHBIX TPeoOpa3oBaTeNeii 4acTOTHI.

Pacmmpenue obnactu npumenenust IGBT TpaH3ucTopoB 00yCIOBICHO:

- BeICOKOM yactoToil (20 kI'1) mepexiroueHus mpubopa, YTO MO3BOJIIET YMEHBIIUTH COACPKAHHUE BBICIINX
rapMOHUK Ha BBIXOZIe M3 ITpeoOpa3oBares;

- BO3MOXKHOCTBIO MOJYJIBHOTO MCIIOTHEHUS, TIPH 3TOM MOYKHO BBIOMPATH LIENBHBIC YCTPOHCTBA, OIYMOCT U
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Tpex(a3HbIi MOCT BBIIPSMIICHUS U IPYTUE, YTO MOBHIMIACT HAIS)KHOCTh paboThI TpeoOpa3oBaTes.

Tabnuua 5.2 Haubonee Baxkubie xapakrepuctuku IGBT

[Tapametp CumBon 3aBUCHMOCTb IapaMeTpa OT OOBIYHBIC 3HAUCHUS
MakcumanpHOe 3aluparolee HanpsuiKeHne Ucgs 1o 3,3 kB
MaxkcuManbHbIi cpeTHUNA TOK Ic AVM OxnaxaeHust o 1200 A
IloporoBoe HamnpsxeHHe 3aTBOpa UGE(m) 1o 6B
Makc, HanpsiKeHue 3aTBOP-3MUTTEP Ugr +/-20 B
[Ipsimoe mafeHne HaNpsHKEHUS UgGgsat [Ipsimoro Toka 104 B
IMoTepy SHEPTUHU TP BKIIOYEHUH W, VYcenosust Brmouenus, [V 100 mIx
TMoTepy SHEPTHH PU BHIKIIOYEHUH W VYcenosus Boikimodenns, [ Vi 100 m/Ix

6 IOTIOJITHUTEJIbHBIE YCTPOMCTBA, OBECIIEYUBAIOIINE SKCILIYATAIIAIO YACTOTHO-
PEI'YJIUPYEMOTI' O QJIEKTPOIIPUBOJA B COOTBETCTBUU C OCOBEHHOCTSAMMU
TEXHOJOTHUYECKOI'O PEXXUMA MEXAHU3MA

JomnonHuTenbHble YCTPONCTBA TPUMEHSIOTCS JUIA OOECIeUeHHsl JKCIUTyaTalldd YacTOTHO-PEryJIHpPyeMOTo
MPUBOJIA B COOTBETCTBHU C OCOOCHHOCTSIMH TEXHOJIOTHYECKOTO PEXHMa MeXaHH3Ma (TOPMOXKCHHE, OCTAHOBBI U
pEeBEpCHl DIEKTPOIIPHUBONA), PACIIMPEHUS (QYHKIMHA IpeoOpa3oBaTelsl YacTOTHI, a TAaKKe ISl YMCHBIICHUS
HETATHBHBIX BO3JACHCTBUI CETH NHUTAaHH Ha IMpeoOpa3oBaTeNh YacTOTHI M JIBUTATENb, U COOTBETCTBEHHO WX
BO3JIEHCTBHA Ha ceTh. K JOMOTHUTENHHBIM MOYKHO OTHECTH CIIEAYIOIINE yCTPOUCTBA!

- TUCTAaHLIMOHHBIN MyJbT YIIPaBICHUS;

- IPOTPaMMHUPYyEMBIE JIOTHIECKHE KOHTPOJUIEPHL;

- QUIBTPHI;

- TOPMO3HOM PE3UCTOD;

- pereHepaTuBHBII MOLYJIb.

JAMcTaHIUOHHBIN MYJIbT YIIPABJICHUS

JuCcTaHIMOHHBIN MyNbT YIPABICHUS O3BOJISIET Ha PACCTOSHUM OT 1 M 1 Goee yIpaBisITh BHITOTHEHNEM BCEX
¢yHKIUMI Tpeobpa3oBaTelis YacTOTH, a TaK)Ke KOMUPOBATh U BBOAUTH AAHHBIC OJJHOTO IMPeoOpa3oBaTesis YacTOTH
B APYTOH, 4TO HAMHOI'O YCKOPSIET MPOLECC OTIAAKU JIF0O0r0 TEXHOIOMHYECKOro Mpolecca.

IIporpamMmmupyemblii JIOTHYEeCKH KOHTPOJLIEP

Konrpomnep mnpeaHasHadueH sl YHOPaBICHUS  aBTOMATUYECKUMH  YCTPOHCTBAMH B Pas3lIMYHBIX
TEXHOJIOTMUYECKUX Ipolieccax (KOHBEeHEephl, TKAKUE CTAHKU, HACOCHBIE CTAaHIUU U T.1.). KoHTpoiep cocTout us
MHUKPOKOMITBIOTEPA € IEHTPATBHBIM MPOLIECCOPOM, CKOPOCTh YIIpaBiIeHHs1 KoToporo okoio 20 MI'm; ycTpoiictBa
apu(QMETHYECKNX ONepaldil: JOTWYEeCKHX M LU(PPOBBIX BXOJOB-BBIXOIOB; BBICOKOCKOPOCTHOTO CUETYHKA;
uHTepPelcHbIX TOopTOB. KOHTpOIep BRIMOIHAET Takxke (QYHKIMU NMPOIOpIHoHaiIbHOro (P), mpomopiiroHaasHO-
unTrerpansHoro (Pl) min nponoprronansHo-uHTErpanbHO-IH B depenansHoro (PID) perynstopa.

DuabTPHI

OunpTpel NpegHa3HAYCHBI TSI OOCCIIEYeHUS] HOPM KadecTBa DIICKTPUYECKOW DHEPrHH B CETAX, T
UCTIONB3YIOTCS IPe00pa3oBaTeIN 4acTOTHI.

Tak, B 'OCT 13107-97 «Hopmbl kadecTBa IEKTPHYESCKON SHEPIHH B CHCTEMAxX JJICKTPOCHAOXKEHUS O0IIEero
Ha3HAYCHHUS», KO3(pPuImeHT 25-i1 TapMOHWYECKOW COCTaBIAIONICH HampspkeHus cetd nuTtanus 380 B
nomyckaeTcss paBHBIM 1,5%. VckakeHWs HampsDKCHUS, BHOCHMBIE NPeoOpa3oBaTesieM YacTOTHI BO BXOSIIYIO
BJICKTPHYECKYIO Lelb, OUCHHBAIOT KOI()(PHUIMEHTOM HMCKaXCHUs Ky, B NMPOLEHTAaX, KOTOPBIA BBIMUCISAIOT MO

opmyne [7]
kgy =~k — kg (6.1)

rae kj - KooQQUUUEHT HCKaKEHHs CUHYCOMIAIbHOCTH KPHBOK Ha BBIXOJIE MCTOYHMKA DJIEKTPOIHEPTHH;
k; - x03(pQUUMEHT HCKa)KeHUs CHHYCOMJAIBLHOCTH KPHUBOH B IIPOLIEHTaX, Ha BBIXOJE MCTOYHHUKA

9JIEKTPOIHEPTUH 32 HOPMUPOBAHHBINM HHTEPBaJ BpEMEHH IIPH BKJIIOUEHHOM ITpeodpa3oBaTesne 4acTOThI.

Omnpenenenue TapMOHUYECKUX COCTABILIONIMX BBIXOJHOIO HANPSDKEHHS IMPeoOpa3oBaTeNss YacTOTHl C
TIEPEMEHHON YaCTOTON BBIXOJIHOTO HAMPSDKEHHSI OCYIIECTBISIOT A0 15-# TapMOHWKH, €CIU ApyTHUe 3HAUYCHHS HE
ykazanbl B TY Ha mpeoOpazoBatens [7]. TpeOGoBaHHS K MaKCHMAIbHBIM HCKaXXCHHSIM TOKAa B TIPOIIEHTaX OT
MaKCHMAaJIbHOTO TOKa, OTPEOIsIeMOro Harpy3koi, B coorBeTcTBuU ¢ TpeboBanusimu IEEE 519-1992 npusenens! B
crnpaBouyHoM Ilpunoxenun K.

@DUIbTP BXOAHOI0 HANIPSIKEHUSA

OuabTp BXOMHOIO HAMNPSDKEHHST - 3TO JAPOCCENIb MEPEeMEHHOro Toka. Ilpumensiercss mpu aucOanaHce
HanpspkeHus ¢a3z cetu B 3% u Oonee, a Takke Korjga MOUIHOCTh muTaromed cetu 500 kBA wunu Gonbliue u
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NPOUCXOAAT OBICTPhIE HW3MEHEHWs €€ MOIIHOCTH. Jlpoccenb TepeMeHHOro Toka (QUIbTpyeT Takxke
BBICOKOYACTOTHBIC IMOMEXH, MPHUXOAANINE W3 CETH B NpeoOdpa3oBaTeNb YacTOTHl U TCHEPUPYEMEBIC
npeobpa3oBaresieM 4acToThl B ceTh. Kpome Toro, oH ynyumaer (OpMy KpPHBOMl TOKa, MOJaBaeMOro Ha
npeoOpazoBaTellb YacTOTHI.

OuabTp paguonoMex

OUIBTp paAroNoMeX MOAABIAET U3IYUEeHHUs TpeodpazoBaTesis YacTOTHl B AUANla30He paguonpuemMa 10 ypoBHS,
onpezaeneHHOro B "OO0IIeCOr3HbIX HOPMaX JIOMYCKaeMbIX HHIyCTpHAIbHBIX paaronomex" (Hopmer 8-72) [8].

(I)HJILTp JICKTPOMATHUTHOI'0 U3JTyYCHUSA

QOUIBTP AIEKTPOMArHUTHOTO M3IyYEHUS YCTAHABIUBAETCS B COOTBETCTBUU C TPEOOBAHUSIMH JUPEKTUBHI MO
AJIeKTpOoMarHuTHOH coBmectumoctd  89/336/EEC, nans  obecrmedeHus: CIOCOOHOCTH DIICKTPUYECKOTO  HITH
AIIEKTPOHHOTO 000pPYIOBaHUS AEHCTBOBATh B 3JICKTPOMATHUTHOM OKPY’KEHHH, HE BHOCS BO3MYIICHUH MM IIOMEX

[9].

DuabTP NepeMeHHOro TOKA JJisl yMeHbIIeHUs BUOpanuii

[lpu 3amycke nBuratedss OT IMpeoOpa3oBaTeNs YacTOTHI €r0 BHOpAIs BBINIC, YeM TIIPH 3aIlyCKe OT
MIPOMBIIUICHHOM ceTH. [|JIsT yMEeHBIICHHsI TOW BUOPAIIUHN PUMEHSICTCS CIICIIMAIbHBIN 3-X (ha3HBIH IpOCCelb.

Cunyc @uantp (L - R -C - puasTtp)

Cunyc ®@uibTp - 3T0 (QUIBTP, YCTaHABIMBAaeMBIH Ha BBIXOJlE NpeoOpa3oBaTelisi YacTOTHI AN YITydIIeHHs
(mpuOIMKEeHNS K CHHYconae) (GOpMBI KPUBOW BBIXOJHOI'O TOKA M HANPSDKECHHS, B PE3YJIBTAaTE YETO YMEHBIIACTCS
myM u BuOpauust nsurarens. CHHyC (QUIBTP MO3BOJISET TAaKXKE CHU3HTH CKOPOCTh HAPAacTaHUS BBIXOJHOTO
HanpspkeHust du/dt Mexnay ¢asamMu A0 CETEBOrO, TEM CaMbIM NPOAJICBACTCS CPOK CIIY>KOBI M30JIALUH OOMOTOK
JIBUTATEIIS.

Topmo3Hoii pe3ucTop

TopMo3HOI pe3ucTop SBIACTCS JOMONHUTEIBHBIM YCTPOMCTBOM, KOTOpOE WPEBpalIaeT H30BITOYHYIO
MOIIHOCTh B TEIJIO, IMPU TOPMOXCHUHU ABHUraTelsl, YHPABIIEMOro OT IpeoOpa3zoBarens 4acTOThL. TOpMO3HOI
PE3UCTOp JIOJDKEH YCTAHABIMBATHCS B OTJACIBHOM IIKady, 4ToObI o0ecreunBazach BO3MOKHOCTh JOCTATOYHON
JIMCCUIIALIMY TerIa.

PerenepaTuBHblii MOAYJIb

Bo Bpems pereHepaTHBHOTO TOPMOXKEHHS (BO3BpaTa YHEPTHU B MUTAIOIIYIO CETh), IBUraTelb JACUCTBYET Kak
reHepaTop, oThaBas MOIIHOCTh depe3 Mmonyib IGBT B mpomexyTodHOE 3BEHO MOCTOSIHHOTO HAIPSDKEHUS.
Bpamaromuii  MarHUTHbBI MOTOK COXpaHAETCSA, YTO IMO3BOJISET HENPEPHIBHO YIPaBJIATh JABUTATENIEM.
PerenepatuBHOE TOpPMOXXEHUE MPUMEHSIETCA B TEX CilydasX, KOIZla CKOpPOCTb JABMraTels JIOJDKHA TOJBKO
YMEHbBIIAThCSI 0€3 JOCTHKEHUS TIOJTHON OCTAHOBKH.

7 TPEBOBAHHUSA K HCTOYHUKAM 3JIEKTPOCHABXEHUA YACTOTHO-PETI'YJIMPYEMOI'O
SJIEKTPOIIPUBOJA

HcTOUHMKOM 3JEKTPOIHEPTHH ISl YaCTOTHO-PETYIUPYEMOTO TIPHBOAA MOTYT OBITH CETh 3JIEKTPOCHAOKEHUS C
TIIyX03a3eMJICHHON WM HM30JMPOBAHHON HEWUTpPalblo, a TaKXKe aBTOHOMHBIC JIEKTpocTaHIMU. llogkiroueHue K
CUCTeMaM DJJIeKTpocHaOkeHus HampsbkenueM Bbimie 1000 B ocymiecTBisercss depe3 MNOHMKAIOIIUE
TpanchopMaTopsl.

HoMunanbsHble HanpspkeHUsS Ha BXoJe IpeodpaszoBarteneil 4acToThl J0/DKHBI cooTBeTcTBOBaTh 'OCT 721-77 1
I'OCT 21128-83 u BwiOuparbes u3 psga 6; 12; 27; 60; 110; 220; 380; 660; 1000 B. ITpu KOpOTKHX MUTAIOIIUX
JUHUSX JIOMyCKaeTcs BBIOMpaTh HampsbkeHue u3 psga: 230; 400; 690; 1050 B [8]. Hopwmbel kadecTBa
AJEKTPUYECKOW JHEPrUH ISl MUTAHUS YaCTOTHO-PETYIHPYEMOTO MPUBOAA AOKHBI cooTBercTBOBaTh ['OCT
13109-97.

7.1 JlonoaHUTeIbHbIE TPEOOBAHMUSA K IBYX00MOTOYHOMY NOHU:KAOIIEMY TpaHcdopmaTopy

Ipu snekTpocHaOXKeHUH Mpeodpa3oBaTenell YacTOThl OT HCTOYHHKA C HM3MEHSIOIIMMCS HAMPSDKCHHEM H
YaCTOTOM (T.€. He CTAOMIM3UPOBAHHBIMH), TOMYCTUMBIH THANa30H UX U3MEHEHHUs Ha BXOJE J0JDKEH ObITh yKa3aH
B TCXHUYCCKHUX YCJIOBUAX Ha HpHMeHHeMbIﬁ npeo6pa30BaTenb YaCTOTHI.

PaGora mpeoOpa3oBaTenss YacTOTBI  CONPOBOXKIACTCS  TEHEPHUPOBAHHUEM  BBICHIMX  T'apMOHHYCCKHX
COCTaBJISIOIINX HAMPSOKCHUs] M TOKA, BIMSIOMIMX Ha paboTy TpaHchopMaTopa, yBeJIMYMBas MOTEPU B HEM.
MoiHoCTh TpaHc(opMaTopa AoJKHA 00eceunBaTh OTKIOHEHHE HAMPSKSHUSI OT HOMUHAJIBHOTO Ha BETHYHHY HE
6onee £ 10% u KOMIIEHCHPOBATH BO3JICHCTBHE TapPMOHUYECKHX TOKOB. J[JIs1 3TOr0 MOIIHOCTH TpaHchopMaTopa
JIOJDKHA OBITh HE MEHEe, YeM B JIBa pa3a 0OJbIIe MOITHOCTH OAKIIOYaeMOT0 JABUTATEINS [2].

7.2 JlonoaHUTEIbHbIE TPEOOBAHNSI K ABTOHOMHOM 3JIEKTPOCTAHIMU

[Ipu snexTpocHAOKEHNN YaCTOTHO-PETYINPYEMOTr0 IPUBOJA OT JOKAIBHOTO MCTOYHHKA MOIIHOCTH TaKOTO,
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KaK aBTOHOMHAsI 3JIEKTPOCTAHIIMS, HEOOXOANMO YYHUTHIBAThH CIEAYIOIIYI0 OCOOCHHOCTh. B cooTBeTcTBUM C
pexoMennarusamu Smonckoro crangapta JEMA-1354 [2] mis KOMIICHCAIIMH 3KBHBAJICHTHOTO MPOTHBO(MA3ZHOTO
TOKa mpeoOpa3zoBareist 9acToTH 3 - (a3HOMY T€HEpaTopy IEePEeMEHHOTO TOKa, MOIIHOCTh Te€HepaTropa JOJKHA
OBITH B 5+6 pa3 OoJbIe MOITHOCTH JIBUTATENs, TAK KaK Harpy3ka reHepaTropa B BHIE IMPeoOpa3oBaTess YacTOTHI
CO3/1aeT BBICIINE TAPMOHUYECKHE COCTABISIOIINE TOKA. BhICIe rapMOHUYECKHE COCTABIISIIONINE TOKA HABOST B
00MOTKE BO30YKIEHHS T€HepaTopa MarHUTHOE MOJIe POTHBOIIOJIOKHOTO HAMPaBJIEHUs] OCHOBHOMY, YBEIHYUBAs
MOTEepH B 0OMOTKaX reHepaTopa, IPUBOIS UX K HATPEBY U JIaXKe BBHITOPAHUIO.

BnusHue BhICIIMX rapMOHMYECKUX COCTAaBIJIAIOIIMX TOKAa Harpy3KU Ha I€HEpaTOp MOYKHO CUMTAaTh TAaKUM K€,
KaK JIeHCTBHE Ha FEHEPaTOP TOKA MIPOTUBOIIOJIOKHOMN (a3bl.

8 TPEBOBAHUA K KABEJISAM CETH, IBUT'ATEJIA U YIIPABJIEHUSA

Kabenmu, wcronp3yemble sl MOOKIIOYCHHS K HCTOYHHKY AIIEKTPOCHAOKEHHS IMpeoOpa3oBaTelss YacTOTHI,
MOJKITIOYCHHS DJICKTPOABUTATENST K MPeoOpa3oBaTeNi0 YacTOTHI W YHPABICHUS YacTOTHO-PEryIHPYEMBIM
ACHHXPOHHBIM 3JIEKTPONPUBOAOM, JIOJDKHBI YIOBIETBOPITH TPEOOBAHUSM 110 3JIEKTPOMAarHUTHOM COBMECTUMOCTH
(OMC), TemmepaType HarpeBa MPOBOJHHKOB, HOMHUHAJIBHBIM TOKAaM Ha BBIXOJIE IPEOOpPA30OBATENsl YaCTOTHI, K
nepeaaToOYHOMY UMITEIaHCY dKpaHa KaOes.

B I'OCT 24607-88 «IIpeoOpa3oBaTesid 4aCTOThI MOJYIPOBOIHUKOBBIC. O0IIHME TEXHUYECKUE TPeOOBaHUM) B
nyHkTe 2.4.2.17 ompenenstorcs TOJIbKO JOMYyCTUMBIE YPOBHH PaJMONOMEX, CO3/1aBaeMbIX MpeoOpazoBaTelsIMU
9acTOTHI, YTO HemocTaTouHo. B crpanax Epomneiickoro coroza B sHBape 1996 roma BBeneHa AMPEKTHBA IO
anekrpomarauTHoil coBMectumoctd (OMC) Electro Magnetic Compatibility. CornmacHo 3ToW JUpPEKTHBE,
ANIEKTPOTEXHUIECKOE YCTPOMCTBO HE JOJDKHO OBITH MCTOYHHKOM ITOMEX ISl MPOYero oOopyaoBaHUS, M OHO
JIOJDKHO MMETh OTpeeNieHHYI0 CTOMKOCTh K BO3JICHCTBHIO MOMEX, BO3HUKAIOUIMX MpHU paboTe 0OOpyJoBaHUS.
CTpyKTypHasi cxema MEXAYHApOIHBIX craHmaptoB mo OMC, BKIIOYEHHBIX B AMPEKTUBY, NpEACTABICHA B
cnpaBouHoM [Ipunoxennn /.

CreneHb COOTBETCTBHS JIEKTPOTEXHUUECKOTO M3Ieiusl (TipeoOpa3oBaTesi 4acTOThI, KaOels U T.J.) TUPEKTHBE
no OMC nenutcs Ha TP YPOBHS:

YpoBenb N: anexTpoTexHuueckoe uzaenue (OW) He ynoBIeTBOpAET KaKUM-THO00 TPeOOBAHUAM 10 U3ITyYEHUIO
MOMeEX, €CITM He MPUMEHSIETCs CeNruaNbHbIN QIIbTp panuonoMex. [Ipu Hamuauu gonomHUTENHHOTO QrutbTpa DU
oTBeuaeT TpeboBaHusAM 1o DMC, COOTBETCTBYIONIMM NMPUMEHEHUIO0 B TpombliiuieHHOH cpene (EN 50081-2; EN
61800-3).

Yposens [: DU yznoBierBopsier TpeOOBaHUAM MO HU3IyYEHHUIO MOMeEX B mpoMblnuieHHoH cpeae (EN 50081-2;
EN 61800-3).

Yposens C: DU ynoBnerBopseT TpeOOBaHMSIM 110 U3ITyYSHHUIO MTOMEX IS JKWIIBIX, aIMUHUCTPATUBHBIX 3IaHUH
u B npomsltuieHHo cpeae (EN 50081-1-2; EN 61800-3).

Bce DU yposueit N, I, C gomkHbl yA0BIETBOPATh TpeOoBanuaM nomexo3amuuiennoctu (EN 50081-1-2; EN
61800-3). TpeboBanus nupekTrBsl o OMC 1 Kabeel npeacTaBieHbl B Tabumie 8.1

Tab6numna 8.1

YpoBeHb
Tum kabens N I C
CereBoii kabenb 1 1 1
Kabenp anekTpoaBUraTess 2 2 3
Kabenp ynpasnenust 4 4 4

me: 1 - cuoBoil kabenb A HEMOABM)KHOTO MOHTaXKa, MOMXOJSIINN JIJIS TAHHOTO CETEBOTO HAIPSHKCHUS.
Hanunuue skpana Heobs3arenbHo. (Pekomenayembie kabenn NOKIA, MCMK, PROTODUR wunu ananoruyssie);

2 - CUJIOBOHM Kalelb C KOHIIEHTPUYECKHUM 3aIIUTHBIM MPOBOJHUKOM, MOAXOMSALINMA A TAHHOT'O CETEBOTO
HanpspkeHus. Pekomenayembie kabenu NOKIA, MCMK wuiu aHanoruyHeie);

3 - cuiaoBoil Kabenb C SKpaHUpYIOIIeH OOOJOYKOH, C HU3KHUM ITOJIHBIM BOJIHOBBIM COIPOTHBIICHUEM,
MOAXOJISIIMN AJIsl JaHHOTO ceTeBoro HampsbkeHus. (Pekomennyemsie kabenu NOKIA, MCCMK, SAB, OZCUY-J,
PROTODUR unu aHanoruyHeie);

4 - xa0enp ympaBJICHHS C JKpaHHUPYHOIIEH O00JIOYKOW, C HU3KUM IIOJIHBIM BOJHOBBIM COIPOTHBJICHUCM.
(Pexomennyemsbie kabemn NOKIA, JAMAK, SAB, OZCuY-0O, PROTOFLEX wnnu aHaJIOTUYHBIE).

[lepenaTouHslii UMIENAHC dKpaHa Kabemns ABUraTelns JOJKEeH ObITh MEHble uiu paBeH | OM/M B Juama3oHe
gactoT A0 100 MI'm.

[lepenaTouHplii UMIIETAHC SKpaHa KalOems yNpaBJiIeHUs JOJDKeH ObITh MeHbIle wid paBeH 250 OM/kM B
nuanasone yactot 1o 30 MI'.

Pa3zmep (miomaap MomepevyHoro ceYeHus MPOBOAHUKOB) KaOels CeTH U ABUTaTeNs JOIDKEH ObITh TAKHM, YTOOBI
HECTU CPETHEKBAPATHYHBIN BBIXOIHOHN TOK IPpeoOpa30BaTels YaCTOTHl U BBIICPKUBATH HATPEB JIO TEMIIEPATYPhI
60°C.

Pexomenmyembie pasMepsl kKabeneil B 3aBUCUMOCTH OT BBIXOJHBIX TOKOB M HANPSOIKCHHS CETH MPHUBEICHBI B
crpaBoyHoM [lpunoxennn b (TexHuueckne XxapakTepUCTHKH Kabemnei).

8.1 3aBUCUMOCTB 3J1EKTPOCTATHYECKOI €eMKOCTH OT YCJIOBHUS NPOKJIAIAKHU KabeJiei
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Offextprueckdii
NPOBOJHHK

Korna kabenb nponoxeH moj 3emiieil, Kak oKa3aHo Ha puc. 9, He0OOXOIUMO YUUTHIBATh €0 EMKOCTHOM TOK

3emin

Puc. 9 Pacnonoxxenune kadeas moa 3emuiei
d, - 1MamMeTp TOKOBEAYLIEro NPOBOAHUKA, MM; d, - TMAMETP HAPYKHOI 000/104KH Kabess, MM
2
(8.1)

Pacuer snekTpocTaTuyecKoil eMKOCTH JUIsl Kabelis, MPOJIOKEHHOT 0 MO 3eMJIeH, OCYILIECTBIIsAETCs 1Mo hopMmyie
[1]
__2m-e 0 0241-¢ ( / )
e £ - abCONMIOTHAS JUAIEKTPHYECKAst MPOHUIIAEMOCTh H30JSIIIMOHHOTO Marepuana, F/m

&* - oTHOCHUTENbHAS TUAIICKTPUIECKas MPOHUIIAEMOCTh H3OJISIIOHHOTO MaTepHana, LWF/km
(8.2)

Iy - HOMUHAIBHBLA TOK Kkabeis, A
EmkocTHOI TOK onpenensercs mo Gpopmyse
Ig =2m- f-C-U(A),

o
—

rze f - yactoTa HanpspkeHus, 1';
U - Hanpsbxenue kabens, B.
Ha puc. 10 moka3sana cxema BO3HHKHOBCHHUsI €MKOCTHOTO ToKa [
~
QO
C

l||

Hcerouyuk
3MEeKTPOIHEPTHH

J'"I

€ =
EMKOCTHOH TOK
Puc. 10 Cxema npoTekaHusi eMKOCTHOI'O TOKA
C - eMKOCTD q)asnoro NnpoBOJAa OTHOCUTEJILHO 3€MJIH, F; R - akTuBHOE CONMPOTUBJICHUE (l)a:ibl IMPOBOIHUKA OTHOCUTEJIBHO 3€MJIU,
Om.
Kabenp Bcerma uMeeT eMKOCTh U aKTUBHOE COTIPOTHBIICHHE 110 OTHOIIEHHIO K 3eMJIe, KOTOPhIE 00YCIIaBIUBAIOT
Conpotupnenue uzoysanuu kabdenss R gomkHo ObiTh HEe MeHee 0,4 MOM (mpu mUTarONEM

€MKOCTHOM TOK
1-mA win MeHblle, 3TO He BiMseT Ha paboTy anekTporpuBoja. Ha

HanpsokeHun 380 B). Emkocts kabens C 3aBUCHT OT AJIMHBI Kabeus, crioco0a ero MpoKJIaaKy U T.J

Mg tpexdasHoro kabens ¢ BHUHMIOBOM u3oisiuued, HampsbkeHuem a0 600 B u wacrotoir cetm 50 I'm
3aBUCHUMOCTb EMKOCTHOTO TOKA OT IUTOIIAIN CEYCHUS TOKOBEIYIINX KHJI U €T0 JUTMHEI MoKa3aHa Ha puc. 11

Jns pacdera eMKOCTHOTO TOKa HEOOXOIMMO HCIIONB30BATh JAHHBIC W3 TEXHHYECKUX YCIOBHH M3TOTOBUTEISL

C
DJIeKTpocTaTHYecKas eMKOcTh Ha KM (uF/km)

Kabes.

Ecimmu BenrnumHa eMKOCTHOTO TOKa [ r =1
puc. 12 nokazaHa 3aBUCUMOCTb BEJIMYUHBI SJIEKTPOCTATUUECKON €MKOCTH OT YCIOBUN MPOKJIaIKH Kalens
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EMEocTHOH TOK HA KM

0

100

1‘50 200 (mA/xm)

Puc. 11 3aBHCEMOCTH €MKOCTHOI'0 TOKA B SHEKTPOCTaTquCKOﬁ €MKOCTH OT IOIEPEYHOr0 Ka0eJsl M ero JJIMHbI

T ONeKTpoCcTaTHYCCKAR
cabon | ¥ CTIOBHA MPOKIAZKH éMicocTs (p Frem) Ha kM
Tlon
seMaeil
}.
é i 1()(\)‘1»1.'&12
B
E MeTATIeCKOR @ i
TpYyDC *
g O/ —— !
c Ha M(_ZmeAfKM)i
é MeTATNAY¢CKOT 224t |
ﬁ naHei TRIARERET _.__,_l |
Han NN .
Meran:mqecm@m f+—0,011 pF/rm
BHEBI ety 1‘”"':"16 PP/TM
g L
I |
g Hon sopo | |
i t
3 1, :
=) | |
g H I
v 2,06 pF/Em
g JHYeCKOR ;—t; 08 J"‘F)’r_m bﬁmA}m.[
I " b X 70/mAfo
n 23
i/ | - ‘
¢ 50 100 159

Puc. 12 3aBucuMocTh BeJTHYHHBI 3JIeKTp0€TaTP[‘leCKOI7[ €MKOCTH 0T yc.]'[OBl/Iﬁ NPOKJIAJAKH Kadens

8.2 ®akTopbl, BIUAIONIME HA JJIMHY Ka0eJsl JBUraTe st

Korga mnmuna kabenst mMexay mnpeoOpa3zoBareisiMU 4acTOThl M jaBurarenem Oojee 10 M, 3TO NpUBOIUT K
MaJCHAI0 HANpPSHKCHUS Ha ero KJIeMMax, YMEHbINAas BpallaTelIbHBI MOMEHT JBUTATENS M YBEIHYHBAs TOK, YTO
MOJXKET TPUBECTH K ero meperpeBy. Kak mpaBuiio, BelWYMHA TaJCHUS HANPSHKCHUS MEXIy MpeoOpazoBaTesieM
YaCTOTHI ¥ 3JIEKTPOJIBUTATENIEM HE JIOJDKHA IpeBbIaTh 3%.

B Ttabmune 8.2 moka3zaHa BeNWYHMHA TAJCHUS HANpsSOKCHHS TPH JUIMHE Ka0els MEXIy IpeoOpaszoBaTeiieM
YacTOTHI U 3NeKTpoaBurareiem 10 m.

[Ipumeuanue. [lanHble B TabauIe MPUBEICHBI Al HAPY3KH C MOCTOSHHBIM MOMeHTOM. Kabens cocTouT u3
CTaHJapPTHBIX MEJHBIX UL

Tabnuua 8.2 - BenuuuHbl MajieHus] HANPSDKCHUS] MKy MPeodpa3oBaTeeM YacTOThl U AIICKTPOABUTATEIEM
npu JuirHe Kadens 10m

MOIHOCTS IIpeobpazoBarensb Hanpsokenne Ha Tpimensiembiii kades [lagenue HanpsDKEHHS B TIHHUN
qefllﬂpex— gacTotsl (ITH) Beixoze 114, B npu auHe Kadens 10 M
MOJIOCHOTO L1, | Momaocts 114, Tox, A| 50T | 5T l;lgggfﬁﬁf ConpoTHBIEHNE TIPU ITagenue 50T, |5 T,
kBt kBA > 5 20°C, mOm/m HanpspkeHus, B % %
JKHJIBI, MM
0,4 1 3,0 200B | 28 B 2 9,24 0,416 0,21 1,5
0,75 1,5 4,2 " ! 2 9,24 0,672 0,34 | 2,4
1,5 2,5 7,5 " ! 2 9,24 1,20 0,6 4,3
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22 3,5 10,5 " " 2 9,24 1,68 0,84 | 6,0
37 55 16 " " 3,5 5,20 1,44 0,72 | 52
55 8 24 " 55 333 135 0,67 | 5,6
75 11 32 " 24 B 8 2,45 136 0,68 | 5,7
11 16 46 " " 14 1,30 1,04 0,52 | 43
15 22 64 " " 22 0,824 0,91 0,46 | 3.8
18,5 33 95 " " 22 0,824 1,03 0,57 | 42
22 33 95 " " 30 0,624 1,02 0,51 | 43
30 40 121 " " 38 0,487 0,97 049 | 4,0
37 50 145 " " 50 0,378 0,94 047 | 40
45 60 182 " " 60 0,303 0,91 0,46 | 3,7
55 75 220 " " 60 0,303 1,06 0,53 | 44

Ilanenue HampsDKCHUA Ha KaOeIbHON TMHUU HpeO6pﬁ3OBaTeJ'II) YaCTOTEI - ABUI'aTCJIb BBIYUCIIACTCA 110 q)OpMyJ'IC

[Manenue HanpspxeHvst B muHun (B) =

/3 - conporusnenne kabens (mOM /M ) - sumna kaGens (M ) - Tok smapur. (A ) (8.3)
- 1000

s yMeHbIICHUS BETMYUHEI TAJICHUS HAIPSDHKSHNS Ha JIMHUM MOKHO MICIIONB30BAaTh BCTABKY Kabels O0JIbIIero
JMaMeTpa Kak Mmoka3aHo Ha puc. 13.

PenefiHe15 TeppiHan
Cetb // N
—
RS ~>—1_| 1 .
Cmmap/mm Kabenp C'm-m\sq)mm
" GoabllLeTO 5
Kabens ThiaMeTpa Kadenb

Puc. 13 BapuanT cxembl VISl yMeHbIIEHHS] BeJIMYMHBI MAIeHUsI HATIPSIZKEHUSI HA TUHUM Npeodpa3oBaTelib YACTOTHI -
3J1eKTPOJABHUIaTe/b

IIY - npeodpa3oBarenb 4acToThl, /I - 3jIeKTpoABUTaTE 1D

Kabenp nBurarens HOmKeH OBITH KaK MOXKHO KOpOYE, YTOOBI MCKIIOYUTH JJICKTPOMArHUTHYIO SMHCCHIO, a
TaK)XE€ YMEHBIIUTh €MKOCTHOH TOK. V3MeHeHUs HanpspKeHHS Ha BBIXOJE MPEeoOpa3oBaTelNsi YaCTOTHl BHI3BIBAIOT
€MKOCTHOH TOK 4depe3 MmapasuTHBIC eMKOCTH Kalenst ABurateist. PekoMenayeTcs, 9To0bl inHa KaOems ABUraTels
He mpesbimana 300 m. Ilpu mapamienbHO MOAKIIOYEHHBIX SJIEKTPOABUTATENAX JJIMHBI OTACIBHBIX KaOenei
cymmupyrortes. [IpeoOpazoBareny 4acTOThI, HHBEPTOPHI KOTOPBIX BBHIMOIHEHBI Ha OWIONSAPHBIX TPAH3UCTOPAX C
uzonupoBaHHeIM 3aTBOpoM (IGBT), MMEOT aMIDIUTYIBl UMIYJIBCOB BBIXOJHOTO HANPSDKCHUS, HE3aBUCHMO OT
BBIXOJHOH YacTOTHI, MPHOIN3UTENHHO B 1,5 pa3a mpeBHIIaoNye HANPsDKEHUE CETH ¢ 0YCHb KOPOTKHM BPEMEHEM
HapacTaHusl.

Hanpspkenue Ha 3a)KUMax JBUTATENs, B 3aBUCHMOCTH OT CBOMCTB €ro KaOesst, MOXKET TIOYTH YABAUBAThCA.

OuneTpel THa dU/dt TOJAaBNSIOT MUKW BBIXOJHOTO HAIMPSDKEHUS TMpeoOpa3oBaTelisi 4acTOTHl W OBICTpHIC
W3MEHEHUS HAPSDKEHUSI, KOTOpBIE MaryOHO NeHCTBYIOT Ha M30JALUIO neKTpoaBurarens. Kpome Toro, GuibTpel
dU/dt yMeHbIIAIOT BBICOKOYACTOTHOE MU3IY4YCHUE KaOessl JICKTPOIBUraTe ], BBICOKOYACTOTHBIC TIOTEPH U TOKU B
MOJIIUITHAKAX DIICKTPOJBUTATENS, a TaK)Ke OHHM WCIONB3YIOTCA C JBUTATENSIMH, Y KOTOPBIX BEIHYMHA
IUDJICKTPUUECKOTO COMPOTHBIICHUS HW3OJIMKA HEW3BECTHA WM HeNOcTaTodHa. HeoOXOomuMOCTh MpHMEHEHUS
¢unprpa dU/dt onpenensiercs uzossanueit anexrpoasurarens. Ha puc. 14 npeacraBieHbl 3aBUCUMOCTH JTMHEHHOTO
IMKOBOIO HANpsDKEHUs Ha 3axumax psurarens (U;;) u BpeMeHM HapacTaHus (Af) OT JUIMHBI Kabesns mnpu

OTCYTCTBHHM U NpH Hanuuuu puistpa dU/dt.

*1
4,5 4
4
3,54
Bes puiptpa
J 18
dUidt 3 /Uy
25+ /
2
’ dU/dt / (kB/MKc)
1,5 -
1
0,54
4 ¥ T T T T 4
0 50 100 150 200 250 300

Tinuua xabens (M)
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5

4,5 4
44
3,5 4
C pumTpom 34 U/Us
dU/dt 254

24 /
1,5

14
\ dU/dt / (kB/mxc)

0,5 -

0 L) L) ¥ L) L} L}
0 50 100 150 200 250 300
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Puc. 14 3aBUCHMOCTH JIMHEIHOT0 NMKOBOT0 HANPsKeHUs1 HA 3a)umax asurarens (Up ) u Bpemenu Hapacranus (At) oT JIMHbBI
Ka0eJsl IPH OTCYTCTBHM M NPH HATH4YUK puasTpa dU/dt

Uy - HOMHHAJIbHOE HanpsiKenue ceTH, B; U, | - 1uneiinoe nuKoBoe HanpsizKeHHe HA 3aKMMAX ABUraTeds, B; At - Bpemst

HapacTaHus, T.e. IPOMEKYTOK BpeMEHHU, B TeYeHHe KOTOPOro JIMHeiiHoe HaNPsIsKeHUe Ha 32:KMMax JABUraTesist u3MeHurcst ot 10
10 90% HOMUHAIA HANIPSIZKEHHUS.

8.3 TpeGoBaHus K NpokjIagKe Kabdeseit

Kabenp mBurarens MODKEH HAXOMWUThCS BOAIM OT IIyTH NPOKIAIKHA Ipyrux Kabemed. PexomeHmyercs
MPOKJIAJbIBATh Kabellb JABUraTes ¥ KaOenu ympaBiieHHs B OTACIBHBIX JIOTKax. Kak mpaBuiio, JOJDKHBI OBITH
WCKJIFOYCHBI JJIMHHBIC MMapajlieIbHble YYaCTKH C JPYTHMMHU KaOelsMH JUIsl YMEHBIICHHS SIEKTPOMATHUTHBIX
MTOMEX, BBI3BIBAEMBIX OBICTPBIMU M3MEHEHHUSMH BBIXOIHOTO HAMIPSDKEHUS IPeoOpa3oBaTelis 4acTOTHI.

Ecnu kabenb MpOKIAABIBAICS MApaICIbHO C APYTHMH KaOeasiMH, TO JOJDKHBI COOJIOAATHCS MHHHMAIbHBIC
paccTosiHus, IpUBEACHHBIC B Tabmuie §8.3.

Tabnuua 8.3 - PaccTosnus mexay kadensmu [10]

PaccTosiHue Mexy KaGeasiMu, M JlnrHa 5KpaHUPOBAaHHOTO Kabess, M
0,3 <350
1,0 <200

Kabenu ynpaBieHnus u Apyrue KOHTPOJIBHBIE KaOelu JOJKHBI IIPOKIIABIBATHCS KaK MOYKHO AAJbIIe OT KaOemst
nBUratens. MUHMMaNbHOE PacCTOSHHE MEXAy IMapajuleNbHBIMU ydyacTKaMu KaOemst ABWrartens U Kabeneif
ynpasienus paBHo 500 mM. OgHako SKpaHMpPOBaHHbIE KaOelld IBUTATeNell HECKOJIBKUX MpeoOpazoBaTeneit
9aCcTOTHI MOXKHO MOHTHPOBATH PSIOM IPH YCIOBUH, YTO OHH JOCTATOYHO yNAIIEHBI OT BCEX APYTHX Kabeei.
[Tepeceuenne kabeneli yrnpaBieHHS U KaOeyel MUTAHHUS BBITIOJIHICTCS IO/ YIJIOM KaK MOXHO Oojiee OJHM3KOM K
90°.

Kabenu cetu, nurarens u ynpaBieHUs TOJKHBI BBIBOJUTHCS U3 KOpITyca MpeoOpa3oBaTeis 4acTOThl IPAMO U
BHHU3 Ha paccTosiHue He MeHee 300 MM OT ero kpas s obecrieueHus y1o0CTB MPH TEXHUYSCKOM OOCITY)KHBaHHUH.
[Tpourie TpeGoBaHMS MO MOHTAXY JIOJDKHBI OBITH BBIMOJIHEHBI B cOOTBeTCTBHH ¢ [1YD 1 CHull.

[peoBpasoparenb
9acTOTh
Cerepoii kalenb | I 300mmM v Kabenb gBHrarens
a0® 1 500 v semmvamssio
Kabem1 yrpaBneHHa

Puc. 15 Cxema MoHTaKa Ipeodpa3oBaTe/isi 4aCTOThI
9 KOMMYTAIIMOHHBIE AIIIMMAPATHI U 3AIIIUTHBIE YCTPONUCTBA

Ans OTKIIOYEHHST OT WCTOYHHKA DJICKTPOCHAOKEHHUS IMpeoOpa3oBaTelsl YacTOTHI M AJIEKTPOABHUIATENS IPU
MPOBENCHAN TEXHUYECKOTO OOCIYy)XMBAaHWS, PEMOHTa M 3allUThl OT AaBAPHUHHBIX PEKUMOB JIOJDKHEI
HCIONIb30BaThCsl KOMMYTAIMOHHBIE U 3allIUTHBIE YCTPOWCTBA.
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YcTpoiicTBO OTK/IIOUEHUS] MU TAHUS

B cootBerctBun ¢ eBpomelickuM crangaptoM EN 60204-1 «be3onacHOCTb MalIMHHOTO OOOPYJOBaHHUSA», B
KaXIOM HWCTOYHUKE IHUTAHUSA JOIDKHO OBITh MPEIyCMOTPEHO PYYHOE YCTPOWCTBO OTKIIOUEHHS ITUTAHUS.
Heo0x011Mo UCTI0b30BaTh YCTPOHCTBA CISAYIONINX THITOB:

- BBIKITIOYATEIIb-pa3beIMHUTENh, COOTBETCTBYIOIINN KaTeropuu NpuMeHeHus o crasaapty EN 60947-3;

- pa3beAMHUTENb, MMEIOLINI BCIOMOraTeNIbHBI KOHTAKT, KOTOPBIH, NpEexXIe YeM pa3OMKHYTh TIJIaBHbIE
KOHTaKTHI Pa3beINHUTEI, BO BCEX CIyYasx 3aCTaBILIET KOMMYTHPYIOIIHE YCTPOWCTBA Pa30pBaTh Eb HarPy3KH;

- aBTOMATHYECKHUM BBIKJIIOYATENh, COOTBETCTBYIONMI ctannapty EN 60947-3.

IIpenoxpanuresn

g 3amuThl BXOAHOTO MOCTa IpeoOpa3oBareiisi 4acTOTbl U CETEBOTO Kalens OT BHEIIHMX KOPOTKHX
3aMBIKaHUI JOJDKHBI HCIIOJIB30BATEHCS CBEPXOBICTPOAEHCTBYIONINE AIEKTPOHHEIC IPEIOXPAHUTEIH.

[Ipenoxpanurenu yCTaHABIMBAIOTCA MO OJHOMY JUIS KaxIOro (hasHOTO MPOBOJHHUKA B COOTBETCTBUU CO
craugaprom IEC 947-4 (Boikmowarenn wu  Cucremsbl). XapakTEepUCTHUKH PEKOMEHAYEMBIX  BXOJHBIX
Mpe0OXpaHnuTeNel: A - MUHUMaJIbHBI HOMUHAIBHBIA TOK B amniepax; U - HOMUHAIbHOE HAMpPsHKEHUE B BOJIBTAX.
Tun npenoxpanunrens onpeaenserca crangapramu DIN 43620 u DIN 43653.

Y cTpoiicTBO 3aIIUTHOTO OTKJIIOYEHUS

VYerpoiictBo 3amutHoro otkimoyeHus (Y30) mpuMeHseTcss B KauyecTBE JOMOJHHUTEIBHONW MeEpbl 3allUThl OT
MOPaKEHHUS JTIOJICH IIEKTPUIECKAM TOKOM.

Tak kak mpeoOpa3oBaTeNh YaCTOTH TCHEPHPYET BBICIINE TAPMOHUKH TOKAa M HANPSDKEHUS C HOPSIIKOBBIMH
Homepamu (5, 7, 11, 13, 17, 23 u 25 wu T.1.), npeaenbHble BEIUYUHBI KOTOPBIX JOJKHBI COOTBETCTBOBATh
cragaapraMm ['OCT 13109-97 mo rapMoHHuYecKuM cocTaBisitomuM Hanpsokeaus 1 VDEO160, EN60555 mo
TapMOHHYECKIM COCTABIIIOIIMM TOKa, EMKOCTHOH TOK Kabeneld Ooinbine, WeM B OOBIYHOM ciydae U
NpUOIM3UTENLHO paBeH 3mA. YCTPOWCTBO 3allUTHOTO OTKJIIOUEHUS OTCTPaWBacTCsd Ha BEIMYUHY TOKa,
onpezensemMyo Gopmynoit

Lyso > 3mA - (N) + (Tegyy + Lo ) (9.4)

rae Iy3c - TOK HacTpoiku cpabareiBanus Y30, mA;

N - gymcno npeobpazoBaTelieil 4YaCTOTHI;
I -py0 - EMKOCTHOM TOK SJICKTPOJBHIaTENIs, MA;

1 CRx - GMKOCTHO# TOK Kabeisa, mA.

3a3zemJieHnne

HopmaTuBbl 3IEKTPOMArHUTHON COBMECTHMOCTH TPEOYIOT BBIMOJHEHUS BBHICOKOYACTOTHOTO 3a3eMIICHUS
9KpaHOB Kabesel CeTH W AJIEKTPOJIBUTATENS CO CTOPOHBI ITpeoOpa3oBaTels, a A Kabes IBUraTelss Heo0X0AMMO
elie 3a3eMJCHHE OSKpaHa CO CTOPOHBI JIIEKTPOABUTaTeds. B  ciiydyae HCHONB30BaHHS HECKOJBKUX
npeobpa3oBaresiell 4acTOThI X 3a3¢MJISIOIINE TPOBOTHUKH HE TOJDKHBI 00pa30BbIBATh MET/i0. Cxema 3a3eMIICHHSI
rokaszaHa Ha puc. 16.

a) HempaBUJIbHO 0) npaBUJIbHO
Puc. 16 Cxema 3a3emiieHUs NPe0OpPa30BaTeJIsl YACTOTHI
ITY - npeodpa3oBare/ib YaCTOThI.
[Mnomane ceyeHHWs METHOTO 3a3eMIISIOIIETO IPOBOJHMKA JIOJKHA OBITh HE MeHee 3,5 MM2. 3azeMieHue
JIOJDKHO o0ecrevynBarh 3allUTy OT HANpsDKEHUs Ha Kopiyce o0opyaoBaHus coryacHo ctannaptam [EC 364, IEC
543, EN 50178 (5.3.2.2) u EN60204-1.

3amuTa 3J1eKTPOABUTaTE/IS

[IpeoOpa3zoBaTens YacTOTH JODKEH OOECIeYMBaTh, KaK MPaBHJIO, clexyonme (YHKIUH 110 3alfuTam
JIEKTPOIBUTATEIIS:

- 3aILUTY OT TOKA MEPErpy3Ku;

- 3aIUTY OT MEePEHANPSHKCHHUI;
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- 3aLLlI/ITy OT ITOHUKXCHUS HanmeeHm[;

- 3alIUTYy OT 3aMBIKAHUH Ha 3EMJIIO;

- KOHTPOJIb (pa3 MUTAIONICH CeTH;

- KOHTPOJIb (ha3 BBIXOJAHOM IIETIH;

- 3aILlI/ITy JABUTATECIIA OT 3aKJIMHUBAHUA,

- 3aIIMTY IPUBOJA OT paboThI C HEJOTPY3KOMH;

- 3QIUTY JBUTATENS OT MEPETPY3KH.

Pexxumbl  3amuThl  AJIEKTPOJBUTATENS] OT TMEPErpy3KH OCHOBBIBAIOTCS Ha €ro TEIUIOBOM MOJeIH,
KOHTPOJIUPYIOIIEH N3MEHeHHe apaMeTpa MPOU3BeIcHNe KBApaTa ToOKa HArpy3Ku Ha BpeMs (I2-f), 3a105KEHHOTO B
MPOrpaMMHOM OOeCTIeUeHHH MPeoOpa3oBaTelis YaCTOThI JJI CTAHAAPTHOTO DJICKTPOJBUTATENS U JTOTIOJIHUTEIBHO
Ha HCIIOJIb30BAHUM TEPMHCTOPHOTO JAaTYMKA IeperpeBa dIICKTPOJBUTATENSI HAPY)>KHOTO WM BCTPOSHHOTO B
0OMOTKY cTaTopa.

TemoBast 3alUTa IEKTPOABUraTeNsl, OCHOBaHHAs TOJILKO Ha TEIJIOBOM Monenu, He oOecneuuBaeT 100%-10
TOYHOCTh, MOTOMY YTO TEMIIEpPAaTypa IBUTATENs TOJBKO pPACCYUTHIBACTCS, a HE HM3MEpseTCs, a TakkKe He
VYHTHIBAaCTCS H3MEHCHHE TEMIIepaTypbl OKpyXkaromed cpeabl. Eciii paboTaroT HECKOJIKO JBUTATeNe OT
peoOpa3zoBaTelis YacTOTHI, B KAKIOM U3 HUX JOJDKEH ObITh YCTAHOBJICH OTACIbHBIA TEPMUCTOPHBIN TaTUYHK.

Bo3moxHO ommbo4Hoe cpabaThiBaHUEe TEPMUCTOPHOTIO AATYHMKA B Pe3yJIbTaTe BO3JEHCTBUS BBICIINX FAPMOHHUK
HANPsDKEHUSI Ha BBIXOJE MPeoOpa3oBaTellsl YacTOTHI, B OOIIEM CIydyae 3allMTOW OT JTOTrO SBJISIETCS YBEIUYCHUE
yCTaBKH CpabaTHIBAaHUA pejie 3aluThI IpuMepHo Ha 10%.

10 CUCTEMA ABTOMATHYECKOI'O YITPABJIEHUA TEXHOJOI'MYECKHUMUA TPOIECCAMM C
INPUMEHEHHUEM ACUHXPOHHOI'O YHACTOTHO-PEI'YJIMPYEMOI'O 3JIEKTPOIIPUBO/JIA
MOIHOCTBIO 10 500 kBT

Cuctema aBTOMAaTHYECKOTO YIIPABICHHUS ACHHXPOHHBIM YaCTOTHO-PETYIHpPYyeMbIM 3iekTpornpuBogoM (CAY
AYPIT) momHocThO 70 500 KBT sBnsieTcst mojcucteMoil WHopMalroHHo-ynpasisitomeid cuctemsl (MYC)
MIPOU3BOACTBECHHBIX HOﬂpa3ﬂeHeHHﬁ:

- ra30J100BIBAIOIIUX IIPOMBICIIOB;

- ra3onepepadaTHBAOIINX 3aBOJIOB;

- CTAaHLUH MOJI3eMHOT0 XPaHECHHUS Ta3a;

- KOMIIPECCOPHBIX CTAHLIU.

CAY AUYPII nomxna wuuterpupoBatbcss B ACY TII u B cucTeMbl BOJOCHAOKEHHSA, TEIUIOCHAOXKEHHS H
KaHaJu3aliy MPOU3BOJACTBeHHBIX noapazaeicauii. CAY AUYPII mommkHa COOTBETCTBOBATH BCEM TPEOOBAHUSM,
n3nokeHHbIM B «OcHOBHBIX [lomokeHUsiX TO aBTOMaTH3alMM OOBEKTOB 3HeproodecmeueHuss OAO
«l"azmpom» [12].

OcnoBanvem s mnpuMmeHeHuss CAY AUYPII sBrnsercs HEOOXOOUMOCTh MOBBINICHHS JI(PPEKTUBHOCTH
TEXHOJIOTHYECKOTO IpoIiecca.

B cmopaBounom [punoxenunm X mpenacraBieH TNpUMEpP CHUCTEMBI  aBTOMATHYECKOTO — YIPaBICHUS
TEXHOJIOTUYECKMMHU IIpoleccaMru C€ TMNPUMEHCHHUEM HYaCTOTHO-PETYIHMPYEMOro JJICKTPONpHBOAAa HACOCHBIMH
arperaramMu. OCHOBHBIM JJIEMEHTOM CHCTEMBI SIBIISTIOTCS TMPOTPAMMHUPYEMBIE JIOTHYECKHE KOHTPOJLIEPHI,
MPEICTABIIAIONIIE 3 TPYIIIHL:

- BCTPOCHHBIE KOHTPOJUIEPHI Tpeodpa3oBaTeNeil YacTOTHI;

- KOHTPOJIIEP YIPABICHHUS TEXHOIOTHYECKIMH IPOLIECCAMU;

- KOHTpOoJuIep coopa nHpopMaIuu u ynpasienus cazpio (KCY).

Berpoennsie KOHTpOILIEPH! MPeoOpa3oBaTeNei YaCTOTHI OJKHBI 00€CTIeYNBATS:

- PEryJIUpPOBaHUE COOTBETCTBYIOIIUX TEXHOJIOTHUECKUX MapaMeTpOB;

- ABP u AIIB arperaros;

- (hopMupoBaHUE ONTUMATBHBIX IEPEXOTHBIX PEKIMOB ITyCKa U OCTAHOBKH arperara;

- 3aIIUTY IEKTPOABUTATEIIS OT ABAPHUHBIX PEKUMOB;

- aBTOMaTHYECKOE MEPEKIIOYEHIE arperaTtoB Jijisl pPABHOMEPHOT'O PACX0JJOBAHUS MOTOPECypcCa;

- ¢opmupoBanme curHana "[IpenympexneHue" TpH BBIXOAE 3a JOMYCTUMBIC IPENENbl I[1apaMeTPOB
AIIEKTPOTIPUBOA MIIH TEXHOJIOTHUECKOTO TIPOIIECCa;

- oTOOpakeHHEe TEKYIINX 3HAUYCHWH MapaMeTpPOB AICKTPOIPHBOAA U TEXHOJIOTHIECKOTO IpoIiecca Ha MaHeTu
MECTHOI'O YyIIpaBJICHUA.

KonTponnep ynpasnenus Texnonornueckumu npoueccamu (KTII) nomken obecnieuuBaTh:

- cOop u 00pabOTKy WHGPOPMAIIMK O COCTOSHUU OOOPYJOBAaHHSA M TEKYIIMX H3MEPSEMBIX TEXHOJOTHUSCKUX
mapameTpax, HeOOXOIUMOH Il aBTOMAaTHIECKOTO YIIPABICHUS TEXHOJIOTHIECKUM IIPOIIECCOM;

- KOCBCHHOC OHNpEACICHUC BCIUYUH HCU3SMCPACMbBIX TCXHOJOIMYECKUX MMapaMeTpoOB, HeO6XO,Z[I/IMbIX JJIA
(hOopMHPOBaHUS ONITUMATILHOTO aJIropuT™Ma (PYHKIIMOHHPOBAHUS 000PYI0BaAHYIS;

- OTIpe/IeNIEHNEe YCTaBOK MO/JEPKUBAEMBIX TEXHOJIIOTHUECKHUX MapamMeTpoB u nepenauy ux B CAY AUPII;

- IPEBAPUTEIbHYIO0 00pabOTKy MH(OPMAIIUN O COCTOSIHMM O0OPYIOBaHUS M TEXHOJIOTHYECKHUX IapameTpax H
nepeavy ee B BEpXHUI YpOBEHb Ha CepBep;

- BBISIBIICHHE HEHOPMAITBHBIX U aBAPUIHBIX CUTYAIUH U TIepeiauy COOOIICHHUI O HUX Ha CepBep;
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- IPUEM U UCTIOJIHEHHE TUPEKTUBHBIX KOMaHA, nocTynusmux u3 MY C noapasaenenus;

- peryaupoBaHUE TEXHOJIOTUIECKUX MapaMeTPOB;

- BEIOOp MCTOYHHKA CUTHANIA OOPATHOM CBS3U IS PETYIATOPOB TEXHOJIOTHYESCKIX ITAPaMETPOB IIPH U3MCHEHUH
pexxuma (yHKIHOHUPOBAHUS;

- CTa0WIM3AlHUI0 TEXHOJOTMYECKHX IapaMeTPOB B CIIydac BBIXOJa BEJIMYHHBI CHTHaja OOpPATHOW CBS3H 3a
JOIYCTHMBIE TIPEACIBL.

KonTposnep coopa nHbopMaIvu U yIIpaBJICHUS CBA3bIO JODKEH 00eCIIeUnBaTh:

- peamu3alMIO OMOJHHUTEIBHBIX ONTHMHU3AIMOHHBIX aJTOPUTMOB, TpeOyrommx Oombmoro odbema
BBIYHMCJICHHI;

- cOop (c TpUBA3KOIM K peanbHOMY BPEMEHH) U 00paboTKy WH(pOpPMAIUKM C aHAIW30M HAa HEHOPMAIBHBIC U
ABApUITHBIE CUTYALINH;

- cOop (c mMpUBA3KOH K peajbHOMY BpeMEHH) W O00pabOTKY JOMOJHUTEIHHOW WH(pOpPMAIMK O TEXHUYECKUX
CHUCTEeMaXx, HeTOCPeACTBeHHO He ucnonbzyemoid B CAY AYPII (B ToM umcne ¢ npubopamMu KOMMEPUYECKOTo y4eTa,
AMEIONIMX UHTepdeiic i cBsa3u ¢ IBM, a Takke ¢ cHCTeMaMH MOKapHON M OXPaHHON CHTHATM3AIlUH | T.11.);

- mepenady HWH(GOpPMAIMM O TEXHHYECKOM COCTOSIHUM W TEXHOJOTWYECKHX IlapaMmeTpax, aBapHHHBIX |
HEHOPMAJIBHBIX PEKUMAX PabOThI ONIEPATHBHOMY IIEPCOHATY;

- IPUEM M UCTIOTHEHHE TUPEKTUBHBIX KOMAaH/I, TIOCTYIHMBIINX C BEPXHETO YPOBHS YIIPaBICHUS,

- cOoXpaHEeHHE cOOpaHHOH WH(pOPMAIMH IPU MMOTEPE CBSI3M M aBTOMATHUYECKYIO Iepenady HH(popMaluy mpH
BOCCTaHOBJICHUH CBSI3H.
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MNPUJIOXKEHUE A
(cmpaBoYHOe)

Tabmuma A.1 - MexayHapoaHbIe W HallMOHANBHBIE CTAHAAPTHI, PETIaMEHTHPYIOIINE MPIMEHCHHE YaCTOTHO-
PEryJIpyeMOro aCHHXpOHHOI'O 3JIEKTPONPUBOA

HawmmenoBanue
CTaHaapTa

Tun ctaHmapTOB H HOPM

EN
EBporeiickue
HOPMBI

IEC
MesxayHapoaHbIi

3HeKTpOTeXHPI‘IeCKI/Iﬁ

CTaHaapT

DIN, VDE
Hewmenkue
HH]yCTpHAIILHEIE
HOPMBI,
Accounanus
HEMEILKUX
JNIEKTPOTCXHUKOB

JIS
SInoHCKu
HMHAYCTPUAIbHBIN
CTaHAapT

JEM
Accoumanys
MIPOU3BOIUTENCH
IEKTPUICCKUX
MaIuH SInoHuu

IEEE
Hucruryt
HHXCHEPOB
JNEKTPUKOB U
JNEKTPOHIIUKOB
CIIA

MamuHb
JNEKTPUYECCKUE
Bpalaronuecs -
HOMHHAJIbHBIC JTAHHbIE

EN 60034-1

IEC 34-1
IEC85

DIN VDE 0530-1

Mertoabt
OnpeJeNieHHs TOTeph U
KIIJ] Bpamatomnmxcs
EKTPUYECKUX MALINH

IEC 34-2

DIN VDES57530-
2

Knaccuduxauus
CTEeIeHEH 3alUThl,
o0ecreynBaeMbIX
000104YKaMu
BpALAOIIUXCS
3ﬂeKTpl/I‘{eCKI/IX MallluH

EN 60034-5

IEC 34-5

DIN VDE 0530-5

MeToasl OXJITaXACHUS
BpALLAIOLIIXCS
JJIEKTPUIECKUX MAIlIuH

IEC 34-6

DIN IEC 34-6

JlonycTuMele ypoBHH
ryma

EN 60034-7

IEC 34-9

DIN VDE0530-9

Bcerpoennas
TeMIlepaTypHas 3aIluTa

DIN EN
21680

IEC 34-11

"

IlyckoBble
XapaKTePUCTUKHI
ACHHXPOHHBIX
KOPOTKO3aMKHYThIX
JIBHTATENICH, BKITIOYAs
Hanpsbkenue 660B, 501"y

IEC 34-12

DIN VDE 0530-
12

MexaHn4yeckue
BUOpauuu
JJIEKTPOIBUTATEIICH

IEC 34-14

DIN VDE 0530-
14

CranjapTHble
Hanpspkenust MOK

EN50019

IEC 38

DIN IEC 38

BezonacHocth
MAITHHHOT'O
000pyI0BaHMsI

EN 60204-1
EN 60529

IEC 204-1

IMpuGops! 3ammTEI,
TpeOOBaHHs K YCTaHOBKE

IEC 947-1
IEC 947-3

DJIeKTpOMarHuTHast
COBMECTHMOCTh
MerToab! UCIIBITAHUI

EN 61800-3

IIpaBuna
HCIIOJIb30BAHUS
TEPMHUCTOPHOI'O IaTuUKa
B 3JICKTPOJBHIaTEIe

IEC 664

YpoBHHU 3arpsi3HEHUS
OKpPY’KaIOIIEeH cpeJIbl

IEC 721-3-3

Jonyctumas
BUOpanys (3KCILTyaTaIus,
XpaHeHHe U
TPaHCHOPTHPOBKA)

IEC 68-2-6
IEC 721-3-3

Owmuccus
9JIEKTPOMATHUTHBIX BOJIH
1 3NIEKTPOMArHATHAST
nHTEphEepeHIHS

EN 50081-2

YyBCTBUTEILHOCTD K
3JIEKTPOMarHUTHON
HHTEphEPCHIINI

EN 50082-2

MakcumaibHas JjuHa
KaOeJIs IBUTaTes,
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9KPAHUPOBAHHBIN WU
apMHUpPOBAHHBIN B
COOTBETCTBHHU C
TpedboBanusiMu IMC

EN 55011
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TpeboBanus k
nepezade HHPOPMAIUK B
cHcTeMax
ABTOMATHYECKOTO
yIpaBJIeHHs

EN 50170

TpeboBanus k
HM30JISIIAY Kabeien

DIN IEC 721-3-3

3amura ot
MOPaXKEHHS
SIIEKTPUIECKUM TOKOM

DIN VDE 0106
Yacts 100,
DIN VDE 0113
Yactp 5

TpeboBaHus K CHHYC
GbuIbTpamM

DIN VDE 0530

TpeboBanus k
pa3Mepam IoMepeaHOro
ceycHHsl Kaberst

DIN VDE 0100,
VDE 0298 Yacts
4

Krnaccuduxanus
BHJIOB OKpY>KaromIen
cpebl

DIN IEC 721-3-3

TpeboBanus k
CETEeBOMY JIPOCCEIIIO,
OTpaHUYNBAIOIIEMY
OTKJIOHEHHSI OT HOPMBI
MUTAIOLIEH CETH

DIN VDE 01 60

TpeboBanus
EKTPOOE30MaCHOCTH
JUIsl BCTPaUBaeMbIX
YCTPOWCTB

VDE 0113

MexaHn4uecKue
BUOpanuu. MeTtoasl
HCTIBITAHUH

JIS CO 911-1984

Bus ucnonseHust
3QIUTHI TS
00opynoBaHuUs,
yIpaBJIeHUs i KOHTPOJIISL

JEM 1030-1983

Pexomenpanuu no
MIEPHOANIHOCTH OCMOTPA
npeobpaszoBaTesns
Y4acTOTHI 00IIIero
Ha3HaYCHUS

B cooTBeTcTBUM ¢ MHCTPYKIHEH POU3BOIUTENSI TPE0Opa30BaTeIsi YaCTOThI

OOmmwmit cTaHmapt o
3J1EKTPOMArHUTHOMN
coBMecTUMOCTH. YacTb 2.
IIpoMpIIITIeHHBIE YCIOBUS

DIN VDE 0250,
Yacts 405

Brikirouarenu u
CHUCTEMBI

IEC 947-4

Tuner
TpeIOXpaHNuTENCH

DIN 43620
DIN 43653

OrpaHu4eHue 1o
BBICIIIUM TapMOHHKAM
TOKa

EN 60555

IEC 555, IEC 1000-
3, IEC 1800-3

IEEE 519-1992

TpeboBanus k
3aIUTHOMY 3a3eMJICHHUIO

EN 60204-1
EN 50178
(532.2)

IEC 364, IEC 543

ACHHXPOHHBIE
KOPOTKO3aMKHYThIE
JBHUTATEIIH, TUTaeMbIE OT
npeobpa3zoBaTenei
yacToTel. PykoBoacTBO
10 IPUMCHEHHUIO

1IEC 34-17 IlepBas

penakuust 1992 r.

Bropas penakuus
1998 r.

VDE 0530
JlomonHuTeNbHAS
4acThb 2




BP 39-1.10-052-2001

Tex

Tabmuma  B.1 Kabenb

yIpaBIeHUS

MNPUJIOXKEHUE b
(cnpaBoYHOe)
HUYECKHUEe XapaKTepuCcTUKN Kabeeii

st mpeoOpaszoBarereit

MOJMATHIICHOBBIN/Moauxs1opBUHUIOBEIH THIIa PROTOFLEX
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YaCTOThI

SKpaHUPOBAHHBIN,

Tun PROTOFLEX-EMV-CY PROTOFLEX-EMV-4PLUS-UV
KonnuecTBo »xuin 4 4
Tlonepeynoe ceuenue, MM2 1,5+185 1,5+185
JluanasoH HanpsbkeHuid, B 600/1000 600/1000
HanpspxeHue MakcumanbHoe, B 1700 1700
Hanpsixenue vicnibiranus, B 2500 2500

M3onsauus 113 (monustunexosas), 70°C I13 (nonustuneHosas), 70°C
0O6os10uKa I1XB (monuxsiopsuamiosasi), 70°C [1XB (nonuxsopsunamioBas), 70°C
LBer [Ipo3pauHblii YepHblid

YcTaHOBKa B 3nanumsx CHapyxu

Tabmuua b.2 - KaGens nBurarens,
PROTODUR

y,HOBJ'IeTBOpSIIOIIII/If;I Tpe6OBaHI/I$IM 0 MNOJABJICHUIO PaJUOIIOMEX THIIA

Tun PROTODUR
KonnuecTBo sxuin 3
IonepeyHoe ceueHue, MM> 1,5+240
Jwnana3oH Hanpshxenwid, B 600/1000
Hanpsokenue makcumaineHoe, B 1400
Hanpspxenue ucneitanus, B 4000
W3onsamus T1XB, 70°C
060s104Ka I1XB, 70°C
IIBeT Yepublii
Ycranoska B 3nanusx

Tabmuma B.3 - Texuuyeckue naHHBIE

EMV-4PLUS-UV

kabenst ynpaenenuss tunma PROTOFLEX-EMV-CY u PROTOFLEX-

Jwnana3on Hanpshxenuii, B

600/1000

o DIN VDE 0250,YacTs 1

Hanpsxkenne makcumainsHoe, B

1700

M3ona110HHOE MOKPBITHE

W3onsuuonHelid koMnayHsa, caenansbiii u3 [19 2Y12 no DIN VDE 0207, Yacts

1IBeT NpOBOHUKOB

3eneHo-KeThlld, YepHbIH, KOpUuHeBbIH, roay6oii no DIN VDE 0293

Brenusis 060o1049ka

I1XB xomnaysn YM2 no DIN VDE 0207

OkpaH

no DIN VDE 0250, Yacts 405

CIUTOLIHOM 9KpaH CBepX 00O0JIOYKH, OTUICTKA CleTaHa U3 JTY)KSHBIX METHBIX
MPOBOJAHUKOB. MakcuMallbHbIH nepeaaTo4nblii umnenanc: 250 Om/km npu 30 MI'n

Pamnyc n3ruba:

Buemnnit quamerp d

CBOOOJHO MepeMeIaeMblit <12 MM 12<d <20 Mm > 20 MM

3aKpEILICHHBII 5d 7,5d 10d
10d 15d 20d

IIpo4HOCTH Ha pa3phIB:

HE3aKpEIUICHHOE COCTOSTHUE <20 H/mm? no DIN VDE 0298, Yacrs 3

3aKPEIICHHOE COCTOSTHHE < 50 H/mm? no DIN VDE 0298, Yacts 3

OrpaHudeHue 1o TeMIeparype:

npu padote Makc. +70 °C

KOpPOTKOE 3aMbIKaHHe < 5 ¢ +160 °C

XpaHEHUE U TPAaHCIIOPTUPOBAHUE -40 °C + +70 °C

Tabmuna b.4 - Texanueckue nanneie kabdens asurarens tnna PROTODUR

HowmunansHoe HanpsbkeHue, B 600/1000

Kabeinb Mennsriii mo DIN VDE 0295

M3ona1110HHOE MOKPBITHE

TepmoruiactukoBast uzonsuus, usrorosiaennas u3z [1XB Y14 no DIN VDE 0207, Yactb

HBeT IIPOBOJIHUKOB

YepHblii, KOpUUHEBEIH, rosy6oii o DIN VDE 0293

Brenasis 0601049ka

I1XB xomnayun YM3 no DIN VDE 0207, Yacts 5

DKpaH

Konnenrpuueckne npoogankun CEANDER

Panuyc nzruba

> 12 nuametpoB Kabens

IIpounocTh Ha pa3phIB:

3akperieHHbIH <50 H/mm?
OrpaHn4eHHe 110 TeMIIepaType:

pu pabote Makc. +70 °C
KOPOTKOE 3aMbIKaHHE +160 °C
XpaHEHHUE W TPAHCIOPTHPOBKA -40 °C = +70 °C
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Tabnuma b.5 - PexomeHnyemble ceTeBble KaOenu 1 KaOenu JBUTaTeNei A1 BBIXOJHBIX TOKOB Ier (Harpy3ska c
IIOCTOSIHHBIM MOMEHTOM Ha Baily) U [}, (Harpy3Ka ¢ IepeMEHHBIM MOMEHTOM Ha Baily) Hanpsbkenue 400 B

Iers A KaGeip Mequblil, MM2 L A Kabeip Mequblil, MM2
2,5 3-1,5+1,5 3,5 3-1,5+1.5
3,5 3-1,5+1,5 4,5 3-1,5+1,5
4.5 3-1,5+1,5 6,5 3-1,5+1,5
6,5 3-1,5+1,5 8 3-1,5+1,5

8 3-1,5+1,5 10 3-1,5+1.5
10 3-1,5+1,5 13 3-1,5+2,5
13 3-1,5+2,5 18 3-4+4

18 3-4+4 24 3-6+6

24 3-6+6 32 3-10+10

32 3-10+10 42 3-10+10
42 3-10+10 48 3-10+10
48 3-10+10 60 3-16+16
60 3-16+16 75 3-25+16
75 3-25+16 90 3-35+16
90 3-35+16 110 3-50+25
110 3-50+25 150 3-70+35
150 3-70+35 180 3-95+50
180 3-95+50 210 3-120+70
210 3-150+70 270 3-185+95
270 3-1854+95 325 2:(3-120+70)
325 2-(3-120+70) 410 2-(3-185+95)
410 2-(3-185+95) 510 2-(3-240+120)
510 2-(3-240+120) 580 2:(3-:240+120)

Tabnuua b.6 - PexomeHnyemble ceTeBble KaOenu U KaOenu JBUTaTeNei A1 BBIXOJHBIX TOKOB Ier (Harpy3ska c
IIOCTOSIHHBIM MOMEHTOM Ha Baily) U 1}, (Harpy3Ka ¢ IepeMeHHbIM MOMEHTOM Ha Baily) Hanpsbkenue 500 B

ICT’ A KaGesb MeaHBIiH, MM2 Ly A Kabeip Mequbli, MM2
2,5 3-1,5+1,5 3 3-1,5+1,5
3 3-1,5+1,5 3,5 3-1,5+1,5
3,5 3-1,5+1,5 5 3-1,5+1,5
5 3-1,5+1,5 6 3-1,5+1,5
6 3-1,5+1,5 8 3-1,5+1,5
8 3-1,5+1,5 11 3-2,5+2,5
11 3-2,5+2.5 15 3-4+4
15 3-4+4 21 3-6+6
21 3-6+6 27 3-10+10
27 3-10+10 34 3-10+10
34 3-10+10 40 3-10+10
40 3-10+10 52 3-16+16
52 3-16+16 65 3-25+16
65 3-25+16 77 3-35+16
77 3-35+16 96 3-50+25
96 3-50+25 125 3-70+35
125 3-70+35 160 3-95+50
160 3-95+50 180 3-95+50
180 3-95+50 220 3-150+70
220 3-150+70 260 3-185+95
260 3-1854+95 320 2-(3-120+70)
320 2:(3-120-70) 400 2-(3-185+95)
400 2-(3-185-95) 460 2-(3-240+120)

Tabmuna b.7 - Pekomenayemble cuinoBble kabenn v Kabesn JBUraTeNel Uit BRIXOJHBIX TOKOB /-7 (Harpyska c
TIOCTOSIHHBIM MOMEHTOM Ha Baiy) H [}, (Harpy3ka ¢ [IepeMeHHbIM MOMCHTOM Ha Baily) Hanpsbkerne 690 B

ICT’ A Kabesp MeHbIH, MM2 IVT, A Kabenb MeqHbIi, MM2

3,5 3-1,5+1,5 4,5 3-1,5+1,5
4.5 3-1,5+1,5 5,5 3-1,5+1,5
5,5 3-1,5+1,5 7,5 3-1,5+1,5
7,5 3-1,5+1,5 10 3-1,5+1,5
10 3-1,5+1,5 14 3-2,5+2,5
14 3-2,5+2,5 19 3-4+4

19 3-4+4 23 3-6+6

23 3-6+6 26 3-6+6

26 3-10+10 35 3-10+10
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35 3-10+10 42 3-10+10
42 3-10+10 52 3-16+16
52 3-16+16 62 3-16+16
62 3-16+16 85 3-35+16
85 3-35+16 100 3-35+16
100 3-35+16 122 3-50+25
122 3-50+25 145 3-70+35
145 3-70+35 185 3-95+50
185 3-95+50 222 3-150+70
222 3-150+70 287 3-185+95

Tabnuua b.8 - PekoMenayemble cuiioBble Kabenu U KaOenu IBUraTesiei s BBIXOJHBIX TOKOB Ior (Harpy3ka c
IIOCTOSIHHBIM MOMEHTOM Ha Baily) U [}, (Harpy3Ka ¢ IepeMEHHBIM MOMEHTOM Ha Baily) Hanpsbkenue 230 B

I A Kabenpb MeqHbli, MM2 Lyrs A KaGeib MenHbIi, MM2
3,6 3-1,5+1,5 4.7 3-1,5+1,5
4,7 3-1,5+1,5 5,6 3-1,5+1,5
5,6 3-1,5+1,5 7 3-1,5+1,5

7 3-1,5+1,5 10 3-1,5+1,5
10 3-1,5+1,5 13 3-2,5+2,5
13 3-2,5+2,5 16 3-2,5+2,5
16 3-2,5+2.5 22 3-6+6
22 3-6+6 30 3-10+10
30 3-10+10 43 3-10+10
43 3-10+10 57 3-16+16
57 3-16+16 70 3-25+16
70 3-25+16 83 3-35+16
83 3-35+16 113 3-50+25
113 3-50+25 139 3-70+35
139 3-70+35 165 3-90+50
165 3-95+50 200 3-95+50
200 3-95+50 264 3-185+95
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ITPNJIOKEHHME B

(cnpaBoYHOe)

Tabnuma B.1 - CrangapTHas crier@uKaIys mapamMmeTpoB mpeodpazoBaTesicii 4acTOThI

ITuraromas cetb

380+415 B/ 400+460 B, 3* dasnoe

Tun (Monenp)

CrerneHs 3aIUThI IP 20 , BKJTIIOYAs] BSHTUJIATOP OXJIAXKICHUS 1P0O0
. Hocrosmmetit| s 5 | 75 |11 | 152230 |37 | 45| 55| 75 | 90 | 110
TIpumeHsieMBbIit IBUTATEND MOMEHT
(2P, 4P, ...; makc. KBT) Hepemennbtid| 5 5|11 | 15120 |30] 37 |45 | 55| 75 | 90 | 110 | 132
MOMEHT
HocTosmmi 380 B 86 | 10,5 [ 1521 32| 38 |49 |59 | 72 98 116 | 143
MOMEHT 400 B 9,0 11 16 [ 22 (33| 40 | 52 | 62 | 76 | 103 | 122 [ 150
Brixoanast 460 B 104 12,7 [ 18 [ 25 38| 46 | 60 | 72 | 88 | 119 | 140 [ 173
MOMIIHOCTE, KBA Ty IO— 380 B 9,6 | 11,8 [ 172436 43 [ 55 | 66 | 82 | 116 | 143 | 171
MOMeHI?F 400 B 10,1 | 12,5 [ 18 [ 25 37| 45 | 58 | 70 | 86 | 122 | 150 | 180
460B 11,6 | 143 [ 21 (29 [43 | 52 | 67 | 80 | 99 | 140 | 173 | 207
IlapameTpsl ceTu Ha BXoJe 3 ¢assl, 380+415 B /400+460 B + 10%, 50+60 I'u £+ 5%
Howmunansnoe Hanpsoxenue 114 3 (a3, 380+460 B
Hoctosumetit| 43|16 153 132 (48| 58 | 75 | 90 | 110 | 149 | 176 | 217
HomwuHanbHbBIN BEIXOJHOU TOK, A MOMHeHT v
oner P 16 |23 |30 |44 | 59| 74 | 88 | 108 | 146 | 176 | 217 | 260

Cucrema ynpasieHus

be3narunkoBasi, BEKTOpHasl, INMPOTHO-UMITYJIbCHAS! MOJLYJISILIMS

Jlnarma3oH BBIXOJTHOM 9aCTOTBI

0,1+400 I'g

TouHOCTB YCTaHOBKH YaCTOTLL

+0,01 % umdposas ycranoska, +0,1% ananorosas ycranoska (25+ 10° C)

Pa3pema}omaﬂ CITIOCOOHOCTH I10 YaCTOTE

Iudposas ycranoska 0,01 I'ip

XapakTepucTuKa
HaIpshKEHUE/J9acToTa

U/f ynpasnenue (MMOCTOSIHHBI MOMEHT, YMEHbIICHHBIH MOMEHT),
0e3/1aTINKOBOE BEKTOPHOE YIIPaBICHHE

Ieperpy3ka 1o Toky

150%, 1 munyTa

Bpewmst yckopeHus/3aMeaneHus

0,01+3000 cexyna

CrapToBblii MOMEHT

150% wm Gonee (ipu 1 ')

EBpomnelickas
P [Tpubmusurensho 50+60%
o PerenepatuBHoOe|BEpCHs
Cpenunit TOPMOKEHUE Hpyrue
TOPMO3HOMU Y [Mpubmuzurensuo 10+20%
MOMEHT MOReTH
YnpaBieHue Ha MUHUMAJIBbHON 4acTOTe NIPU CTapTe WK 3aMeUICHUY,
TopMokeHHE TOCTOSIHHBIM TOKOM o
HACTPOIKa BPEMEHH U CHJIbl TOPMOKCHHS
ndpos.
Lugp VYcranoBka KHOKamu A, V
YcraHoBka onepar.
4acTOTBI Buemnnii INepemennsriii pezuctop 500 Om+2 kOwm, 2 Bt 0+5 B, 0+10 B noctostHHOTO
CUTHAI ToKa 4+20 MA
nu(poB.
Brepen / oneII;[aTd]p [Myck/Crom (Briepe, WK peBepc)
. eBepc, MyCcK H - =
Brozoi Eronp " Bremmnii Brepen myck/cromn
CHUrHal CHUTHAI ey
RV (xomanna Ha peBepc), FRS (komanma Ha 0CTaHOBKY CBOOOIHBIM
BeIOerom), USP (ycraHoBKa 3amuThl OT aBTOMaTuyeckoro crapra), CF
MuTenmnexTyanbHblii BXOHON (ycranoBka MHOrocryneHdaToit ckopoct), CH (1Byxcrynenuaroe
TEPMUHAT yckopenue/3amennenue), JG (0TCTpoiika OT pe30HAaHCHOM 4acToThl), RS
(copoc Bxoanoro curnaina), SFT (6si0kupoBKa NporpaMMHOr0 00eCTIeYeHUsT)
U Ipyrue
MuTennexryanbHplil BXOIHOR FA (aecymas yacrora), RUN (mmyckoBoii curnam), OTQ (cursan no
. TEpMUHAT neperpyske
BrixoaHo P perpyske) »
CHIHAT Amnanorooe uzmepenue (0+10 B, =I, 1 MA Bcs mikana), unppoBoi

YacTOTHbII MOHUTOPUHT

YaCTOTHBIN CUT'HaJI, aHaJIOTOBBIA MOHHUTOPUHI" TOKa 1 MOMEHTA 4€pe3
JINCTAHITMOHHBIA o1iepaTop

Boixo1HOHM curHa aBapuu

1C

Jpyrue GpyHKIun

AVR (aBTOMaTHuYEeCKOE PEryIUpOBaHHUE HAPSDKEHN); yCTAHOBKA
MIPOCMOTpa JAaHHbIX; m3MeHeHne U/f xapakTepucTHKY; H3MEeHEeHHEe QOpMBI
KPUBOH yCKOpPEHUs/3aMeUICHUS; § CTyIeHel CKOPOCTH; H3MEHEHUE Hecyieit
4acToThl (2+16 kI'11); HacTpoiika 3IEKTPOHHOH TEMIOBOM 3aIUTHL; IPOCMOTP
WCTOPHU aBapuii u JIp.

3ammTHBIC QyHKIHN

[Ieperpy3ska 1o ToKy; nepeHanpspKeHne; HaCTPONKa AIEKTPOHHON
TEIUIOBOI! 3aIUTHL; OTKJIOHEHHUE TI0 TeMIepaType; OOpbIB 3a3eMJICHHS,
npeebHas Harpy3ka; neperpy3ka TOpMO3HOTO PE3UCTOpa U Jp.

Temnepatypa/
BIIQKHOCTD

ITocTosHHBII
MOMECHT

- 10+50 °C / 20+90 % BiiaxxHoCTh (6€3 KOHAEHCAIIHH )

IlepemennsbIit
MOMEHT

- 10+40 °C / 20+90 % BiiaxxHocTh (6€3 KOHAEHCAIIH)
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Bubparus 0.6G HIEH 10+55 0,2 G npu 10+55 T’y
O0mas 4
Beicora 1000 uiu Hibke, BHYTPEHHSA (OTCYTCTBHE KOPPO3HOHHOTO ra3a U
crenuduKaIys VYcraHoBka -
JIOIyCTUMBIN YPOBEHb IIBUIN)
Okpacka

Paznuunoe npumenenue kommnetorepa (I11/1-ynpasnenue, cBs3b, pele);
Omniyn JIICTaHIIMOHHBIN ONEepaTop; yCTPOHCTBO KOMUPOBAHUS NaHHBIX; KaOemu;
TOPMO3HOU pe3ucTop, GUIbLTPHI U JIp.

Macca, KT 75 [ 75113132136 364646 ] 70 ] 70 | 80
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IS RIN "JJI 160 k¥t O
{ lenomivii o Pesepmuaii nacoc
[Tos. HanmeHoBaHue Koz. IIpumeuanue
BP Haruuk nasnenus MT 100P 1 U, 0-10B
F1-F3 [Ipenoxpanutens [IPC-6I1 ¢ [1B/I-1.0 3
Gl [IpeobpasoBarenpb yacToThl JE-300 1 250 kBt
G2 Biok nuraHus qardyuka JaBiIcHUS 1
H1-H3 Apwmarypa AME c nammoit KM24-35 3
KTI1-2 Pene Bpemenu BJI-59 2
KK1-2 Pere TemioBoe 2
KVI1-2 Perne PI121-003 ¢ poserkoii TrHa | 2 U, ~24B
KM1-5 [TyckaTeslb MarHUTHBIN 5
M1-M2 OnekTpoJBUraTenb Hacoca 2
R1 Pesucrop 500-2000 Om, 1-2 Bt 1
R2-R4 Pesucrop MJIT-2-1000 Om £10% 3
SA1 [Tepexnrouarens Ha 2 HOJIOKEHHS 1
SA2-3 [TepexmrouaTens Ha 3 TOTOKECHHS 2
SP1 MaHoMeTp 3JIeKTPOKOHTAKTHBII 1
QF Brikrogyarenh aBTOMaTUYECKUI 1
TV Tpancdopmarop OCM-0.16 220/29-5 1
K Kontpomnep PID-E 1

I. Tum w MOIHOCT, KOMMYTAallUOHHOM ¥ 3al[UTHOW ammaparypsl

3JIEKTPOJIBUTATENIEH HACOCOB.

2. [NapameTpsl Oyioka muTaHus gaTuvka aapneHus G2 onpexpenstorcs TpeboBanusimu s natauka MT 100P ¢
curnaiiom 0+10 B, 3amaBaembie mUQpOBEIM omeparopoM mpeodpazoBatens 4actoTel (ITU), TOKOBBIM CHTHAIOM
4-+20 MA nmu Kontposutepom.

OlpeieNiseTCss W3 [apaMeTpoB
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3. Ilpu MOHTaxe U Hajaake 000pyIOBaHUS PYKOBOACTBOBATHCS TEXHUYECKUM OMHCAHHUEM M WHCTPYKIUEH MO
JKCIUTyaTalluy peodpa3oBaTess YaCTOTHL.

4. TlpuMeHeHue ceTeBBIX (QUIBTPOB, (UIBTPOB AJIEKTPOMATHUTHBIX W3IYYCHUH, (QHUIBTPOB pajnodvacToT,
BBIXO/IHBIX (DMJIBTPOB OTPEACIISAETCS UCXO/Is N3 KOHKPETHBIX YCIIOBUH 3KCILTyaTaIluy MPeo0pa3oBaTelis YacTOTHI.

5. DnexTpoobopyIoBaHHE PEKOMEHAYETCS pa3MeliaTh B METAIUIMYECKOM MIKady.

6. 3azemiieHue BbINOTHUTH coriacHo TO u MO Ha mpeobpa3zoBaTesb 4acTOThI U AelicTBytommM 1Y 3.

7. Ilpu ynpasyienuun ot KonTtpoisepa K TokOBBIN CUTHAJ OT JaTYWKa JaBJICHUS MOCTynaeT Ha kiemMmbl I(-) u L
(+), a c kmemm O 1 L Ha aHAIIOTWYHBIE KJIIEMMBI ITPE00pa3oBaTelis YaCTOTHI.

Cxema snexmpuyeckas 33

Hacocnas cmanyus

3%° noovema
IIXT Enuanckasn

Mpunoxenue /[ (cnpaBouHoe)
MexayHapoaHble CTAHAAPTHI AJIEeKTPOMAarHuTHoOM coBMecTumoct (AMC).

0

T HensiraTennunie Cranaaprel,
Hn JU—— PerAaMeHTHPYIoLUNE

TpeGoBaunn
KonmykTHerbie - EN35011/ ENS50081-1
noMexn 430xlMu-30 1 CcISPR 11&16 > EN30081-2
Ml EN61300-3
e Harydenne nomex il AEMBIE NOMEXH EN53011 ~ ENS0081-1
45:0 w30 MI'y CISPR 11 EN50081-2
EN61800-3
FapmonH4eckne ENG60555-2/ Lo EN50081-1
TOKH - IEC555-2 EN6G 1 800-3
: IEC801-2 EN50082-1
amc [ , IEC1000-4-2 [®]  EN50082-2
EN61800-3
NeKTPOCTATHHECKHE | . EN50082-1
. paspAm > lggfgggi . EN50082-2
EN61800-3
[EC80!-5 - EN50082-1
oMeXeyCTOMHBOCT, EN50082-2
EN61800-3

2n¢ g I

Km nona > (ECS0I-D EN61800-3

Mpunoxenne K (cnpaBouHOe)
CucreMa aBTOMATHYECKOT0 YIIPABJIE€HHS TEXHOJOTHYECKHMH NMPOLEeccaMu ¢ IPUMeHEHHEM ACHHXPOHHOT 0
YaCTOTHO-PEryJHPYEMOro 3JIeKTPONPUBOIA
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8. Oprannsaums
YNPaBIeHHA CHCTEMON APM APM
B LEIOM FIHEPreTHKa (1] avcneTyepa
1 1 Cepsep
7. Koopaunauws pado- _7( ¢
Thl € B3AHMOCBATAH- .18C KCv¥
HBIMH TEXHONOTHYE- {1OKALHAS BbIMHC- (xoHTpoAnep cHopa HH- k Om dpyaur
CKYMMM PEXAMAM HINIETLHAR CORtL) PopsAaUHE # yNpaBReHHa or :ui-:i "
CBA3LIOY ™

6. YpaBneHUe CEA3LID

[BM  cogwecmuvmi
€ HERHUM YPOBHEM

HPOMBIMIEHHWE KOM-
Moaenm
RblOMEP DI MOHUMO-

pa i KIaeuamyper

t I\— Om obvexmos ¢ paziuy-
———
Kanan cpazu HBLVEH ITEXHOTOCHYECK U
PedCUMay

5. ¥YnpaeacHMe CBAILKY

Monem 18M  cosuectiiubti
€ BEPXHNM yPOBHEM f npo.wwuuennuﬁ KO-

refomep Be3 Moxumo-

Pa U KIGGUHAMYPH
4. Kourpon gyt Aarankn napamer- key avessasmmsesssannes
LHCHHPOBAHHA TEXHO~ POB. He HCTOABIYE- {kouTtpomnep c6opa WH- . :l' " e L
. K L
NOTHYECKHX CHETEM: MBEIX B YPABACHKH hopMaLHK # ynpasnenHs < bg ':z:(:lj:'op uf:u; :
chop # 0OpaboTxa uu- y CBAILIOY - . T
¢oppmaumf' epanenme TEXHONCTHUEC KM : BHaTypa
e npoueccaMu Sosubmantat b d e an]
HadopMauuH
TennocueTUHKH H
PACXOIOMEPBI
3. ONTHMM3aLMA YoTa-
BOK MApaMeTpos Tex- Mpousticiennan Koy~ -
HOMOTUYECKHX Mpouec- HUKQUUONIAR CEMb Hpospasmpye-
coB Arbt it TOIHGECKI
2. Kotrrpoas TexHono- Jartunkn napaMeTpos TexHo- Lz RommpO
;vé:;ecu:::;:poueccos " AOFMYECKOTO ApoLiecca (Tem- g (IR
HuA
24 nepaTyphl. JaBIEHHA. HT.L} KTn
1. ¥ npasnexne TexHo- {koHTponRep
NOFUYECKHMH TIPOLEC- APaBNeHHa Tex i
camu Opranp ynpasne- 5 1 Y0P ’ Navens 3
- HOJOPHYECKUMH F
HHA 1 HHAUKAUNH oncpatopa &
FIPOUECTANI) H
i s
Pervasatopsl i
TEeAMEPATs Pbl A ;
i
Heneaunrebtble ;
MENAHHIME ; i
\

)

Y (npeodpazo-
BATENB HACTOTLI)

y

Y {nipeodpaso-
BATE b HACTOTHI)

Yponiu yaparicuug
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& =
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< =
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=
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=

MNPUJIOKEHUE U
(ctipaBo4HOE)

Tabnuua W.1 - IlepeueHb 3IEKTPONPUBOAHBIX YCTAaHOBOK OOBEKTOB ra30BOK MPOMBIIUIEHHOCTH, PEXHUMBI

paboThl  KOTOPBIX  PEKOMEHJYETCS  pEeryJHMpoBaTh HM3MEHEHHWEM  YacTOThl  BpPAIICHHS  ACHUHXPOHHBIX
3JIEKTPOIBUTATENEH

Haumenosanue IIpunaTeIE cHCTEMBI
3JIEKTPONPHBOAHBIX PexxuMbl paOoOTHI, HA3HAUCHUE aBTOMATU3aLHUU U [Ipumeuanue
YCTaHOBOK YHIpaBJICHUs

1. DnexTponpuBOIHBIE YCTAHOBKHU ra30NepeKauuBaloIMX arperaron
Paboraet ¢ HauaNbHOM
Pabounit Hacoc cuUCTeMBI  |IPOU3BOAUTEIBHOCTHIO, NIEpenas Bxurovaercs u
YIUTOTHEHHUS Maclio-ra3 JIaBJICHUS PETYIUPYETCS otkirogaercst CAY T'TIA
JIPOCCENHPYIONIUM YCTPOICTBOM

Bxirouaercs u
Arnnapat BO3/IyIIHOTO Paboraer B 3aBUCUMOCTH OT OTKJIFOYAETCs

OXJIXKJICHHS Macia TeMIepaTypbl Maciia JIMCTAHIHOHHO
nepcoranom KC
I1. DIeKTPOIPUBO/IHBIC YCTAHOBKH OOIICIIEXOBOIO Ha3HAYCHHUSI

Bxutouaercs u
KomnnuectBo padoratommx ABO
Anmapat BO3IyIIHOTO OTKJIFOYACTCS

3aBUCHUT OT TEMIIEpATyphbl I'a3a HA
OXJIAXKJICHUS ra3a JUCTaHLIUOHHO

Beixoze KC
5 nepconasniom KC
I11. DyreKTponpHBOIHBIE YCTAHOBKH OOIIECTAHIIMOHHOTO Ha3HaueHust ¥ BHe KC
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Bkurouaercs
JMCTAHIIMOHHO MPHU MaJTbIX
o0beMax pe3epByapoB.
PaboTaroT B CII0KHBIX
pOKHMAX

IIpumMeHeHue peryaupoBaHus
1enecoo0pasHo MpU HEPaBHOMEPHOM
HOTPEOICHNH, YaCTBIX BKITIOUCHUSX
MaJIbIX EMKOCTSIX

Hacocsl Bogo3abopHOro OOecneunBarOT 3aKauKy BOJbI B
COOPYKEHHS MPHEMHHK pe3epByapa

O0ecreunBaroT MOAavy BOJbI B

Hacocer Boger 17 BOJIOHATIOPHBIC OAIIHY WK
rnogsemMa pe3epByapbl (EMKOCTH), paboTaroT
10 MPUHIIMITY, "MUH-MaKc'"

Bkirouaercs u
OTKITIOYACTCS
aBTOMATUYCCKHU

Bkirouaercs cucremoit

Hacocs! Bogs1 21 OO0ecreunBaloT MOAavy BOJbl  |IIEHTPaIN30BAHHOTO "

noabeMa HOTpeOUTENIM KOHTpOJIS ¥ YIIPaBIEHHS o
KC

Hacocs Bogbt O0ecneynBaloT noiavy PaGoTaroT OCTOsIHHO ¢
LUPKYJIAHOHHBIC XOJIOAHOTO |XOJIOAHON BOJIBI B 3aBUCUMOCTH OT |aBTOMAaTHYCCKUM
UK oTpeOJICHHs BKJIIOUCHHEM pe3epBa

Hacocsl Bosibl O0ecreunBarOT MoJaavy ropsacit PaGoTaroT moCTOSIHHO ¢
HUPKYJISIHOHHBIC TOPSYETO  |BOJBI B 3aBUCHMOCTH OT aBTOMAaTHYECKHUM
LUKJIa noTpebIeHus BKJIIOUEHHEM pe3epBa

IV. DnekTponprBOAHbIC YCTAHOBKH ra3onepepadaThIBAIOIIETO 3aB0/Ia
Bxirouaercs u

Heobxonumo perynupoBanue

AmnmapaT BO3/yIIHOTO IMocrosiHHas OTKIII0YaeTCst
HPOU3BOJUTEIIBHOCTH B 3aBUCHMOCTH
OXJIaX/ICHHMS ra3a HPOM3BOUTENEHOCTD JIMCTaHI[MOHHO .
OT TeMIIepaTypbl OKPYIKAOLIEH CPeibl
IEPCOHATIOM
Heobxonumo peryaupoBaHue
BeHTUIATOPEI " " HOJa4H BO3/lyXa B 3aBUCHMOCTH OT
TEXHOJIOTMYECKUE KOJIMYecTBa paboTaoKX Heveil 1

NOTPeOHOCTH TEXHOJIOTHH
Heobxonumo peryaupoBartb

TazomyBka -"- -~ [oj1auy rasa B 3aBUCHMOCTHU

MOTPEOHOCTH TEXHOJIOTHH
Heo6xouMo peryiupoBaTh

[uexu " " NoAavy MPOAYKTa (JTUHEHHYIO
CKOpPOCTh ITHEKA)
Heo6xoanMo perympoBaThb
bapaban . . A peryJup

000poThI OapabaHa B 3aBUCUMOCTH OT
O/IaYH TTPOYKTA

Kommnpeccop Bo3myxa " " Heo0xoxuMo perympoBaTsb
2I'M4-24-9 o o MTPOM3BOIUTEIILHOCTH PabOTHI
V. DnextpornpuBojHble ycraHoBkU AI'HKC
Bxurovaercs u

rpanyssinuoHHslil BAC-20

ITocrosHHAs
. OTKIIIOYACTCS
TlopiiHeBo# KoMHIpeccop |MPOU3BOAUTEILHOCTD, YaCThIE
samycKH JUCTAHIIMOHHO
oneparopom AI'HKC

VI. Ilpoune 37eKTpONprUBOIHbIE YCTAHOBKU
Bxarowaercs u

IlocrosHHas OTKJIFO4aeTCst
IorpyxHbIE HACOCH
HPOM3BOIUTENHHOCTD JMCTaHI[MOHHO
TIEPCOHATIOM
CTaHKH Kavalku HeTH [locrosinHast "
MaJI0JIeONTHBIX CKBAKHH TIPOHM3BOUTENHHOCTD

INPNJIOKEHHUE K (cnpaBo4Hoe)
IEEE 519-1992 IIpakTu4yeckue peKOMeHAALMU U TPeOOBAHUA K TAPMOHMKAM B JIEKTPHYECKUX CHCTeMAaX
(rapMOHUKY TOKA)

Tabnuma 10.3 - [Ipenenbl uCKaKEHUS TOKa B PaclpelleIUTEIbHBIX cucTeMax obmiero HaznaueHus (ot 120 B mo
69000 B)

MakcuManbHble TApMOHUYECKHE HCKAKEHUS TOKA B IPOLEHTaX (%) OT MAKCMMAILHOTO TOKA, MOTPEOIAEMOTo HAarpy3Koi I}

[opsaxosslit Homep rapmoHuky ( HeueTHbIe rapMOHUKH)

Igo /1, <11 11<h<17 17<h<23 23<h<35 35<h
< 20* 4.0 2.0 1,5 0,6 03
20 < 50 7.0 35 25 1,0 0,5
50 < 100 10,0 45 4,0 15 0,7
100< 1000 12,0 55 5.0 2.0 1,0
> 1000 15,0 7.0 6,0 25 14

* Beé 060pyz[03aHHe, T'CHCPHUPYIOLICC JICKTPOIHECPI U0, OTPAHUYUBACTCS STUMU BEJIMUMHAMU UCKAXKCHUS TOKaA
ISC - MAaKCHMaJIbHBIH TOK KOPOTKOI'O 3aMbIKaHUSA

[} - MaKcUMAaNbHBIH TOK (OCHOBHOH 9aCTOTBI), MOTPEOIAEMBIA HATPY3KOH




