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3HAa4YUMOCTb
ACMHXPOHHbIX
npMBoaoB
nepemMeHHOoro
TOKa

Bcerga cyuwectBoBana notpebHOCTb B perynimpoBaHnUM CKOPOCTU
asuratenen, 4tobbl ONTUManNbHO YNPaBNsATb TEXHONOIMMYECKUM
npoueccoM. PaHblue 9TO genanocb MexaHW4yecku, Hanpumep, C
NOMOLLbID MexaHuyeckoro BapuaTtopa.bnarogapsa 6onblwum
npenMyLlecTBam 3MeKTPOHUKM BO3MOXHbI Bonee yHuBepcarnbHble
NPUNoXeHns n obLime NOHATUA COBPEMEHHOIO NpMBoaa.

PaHbwe p[na peweHua 3agaynm perynmpoBaHUA CKOPOCTHU
MCMNoNb30BasfiNCb TOMbKO MPUBOAbI MOCTOAHHOrO TOKa. Tenepb
ACUHXPOHHbIE NPUBOAbLI CTAHOBATCA BCe Bonee nonynspHbiMU C
KaxgbiMm gHeM. OHM COCTOSAT M3 nNpeopasoBaTens 4acToTbl U
aCUHXpOHHOro Asurarens. [1puyYnHbl 3TOro passBuTUS criedyoLwme:

. ACUHXPOHHbIE MaLLVHbI HeTpeboBaTenbHbl K TEXOOCMY>KMBaAHWIO,
. Bo3amMoXxHO akcnnyatupoBaHue BO B3pbIBOONACHOW 30He,

. Bbicoknin kK03 PUUNEHT MOLLHOCTL/Macca At aCUHXHOHHOIO
asuraTtens,

. B03MOXHOCTb yripaBreHusi Npy MakCUMarnbHOW CKOPOCTH,
. Hun3kasi CToMMOCTb aCMHXPOHHbIX ABUraTeneu,

. MocTosiHHOE yny4lweHne TexHonornn npeobpasoBaTens c
OOHOBPEMEHHbIM NMOHUXKEHMEM LEHbI.

OcHoOBHble cepbl NpuMmeHeHnss npeobpasoBartenen 4acToThbl
cnegyrowue:

. Hacochbl,BEHTUNATOPbI,KOMNPECCOopHI,

. KoHBerep n TpaHcnopTHoe obopyaoBaHue,

. TekCTunbHblE MaLUWHBI,

. MexaHunyeckne CTaHku n gepeBsoobpabaTbiBaoLLMe MaLLVHbI,
. YNakoBOYHblE MaLUWHBI,

. PoboTbl and TpaHCNOpPTHbIE CUCTEMBI,

. O6opynoBaHue ans 6enunbHom 1 GyMaykHOM NPOMBILLIIEHHOCTH.

BonbLWMHCTBO NPMBOAOB HaxoaAaTcsa B AnanasoHe o 4 kBT.
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Tpex-
c¢hasHbIN
ACUHXPOHHbIN
ABurartenb
nepemMeHHoro
TOKa
(AC-Motor)

YcTtpoucTeo n
pexum
paboTbl

Puc. 1
Cxema benuybezo
Korneca

®opmyna 1

®opmyna 2

ANTRIEBSTECHNIK

AnekTpuyeckne geurateny o6bIMHO pasfgensTcs Ha ABe rpynnbi:

—  [Buratenu noctosiHHOro toka (d.c. motors)
— [Buratenu nepemMeHHOro Toka (a.c. motors)

Btopas rpynna oyeHb BaxkHast. OcobeHHO, Tpex-thasHble aCUMHXPOHHbIE
ABUraTenn ¢ KOpPOTKO3aMKHYTbIM poTopoM. bnarogaps nx npovHom
CTPYKTYPE U HEBBLICOKOW CTOMMOCTM OHM Npuobpenun 6onblioe
3Ha4YeHne 1 onnckiBatoTca bonee NogpoBGHO HMXKe.

Cratop AC-Motor coctont M3 nnacTMHYaToro cepgevHuka. Tpex-
dasHass obMoTKka COCTOMT M3 Tpex HamoTaHHbIX nposogos U,V n W,
KOTOpble YNOXeHbl B Na3ax C BHYTPEHHEN CTOPOHbI cTaTopa. KoHubI
OBMOTOK BbIXOOAT B KIIEMHYI KOMNOAKY M MOTyT OblTb COEQUHEHbI B
3Be34Yy WU TPEeYronbHUK.

PoTop cocTtouT 13 nnacTMHYaToro cepaeyvyHuka, B KOTOPOM BCTPOEHHO
MHOIO CTEepXHeW. X KOHLblI COefuMHEHbI KOonbLeBbIMU obonmamm
(pnc.1) (6enuybe koneco).

Korga Ha aBuratenb nogaetcd Tpex-asHoe HanpshkeHne nosiBnsieTcs
Kpyrosoe BpallatLlieecs nosie Bbl3BaHHOE reoMeTpuyeckum
pacrnonoXeHnem cTaTopHon oOMoTkKW. BpaluatoLleecs MarHUTHoe nosne
cTatopa HaBoauT 3.4.C. B 0OMOTKe poTopa. 3.4.C. BbI3bIBAET TOK poTOpa
l,, KOTOpbIN BMECTE C MarHUTHLIM MNOTOKOM cTatopa f npoussoguTt
MOMEHT M,.

M ~f- I

MNMoka marHMTHOe none ctatopa f BpalwaeTcs ¢ yrnoBon CKOPOCTbIO W,
POTOP AOIMKEH CTPEMUTBLCH K 3TON CKOPOCTU. OTO NPUMEHMMO Koraa
AsuraTtenb paboTaeT Ha XonocToM xoay, T.e. 6e3 Harpysku. 3aTtem,
ABUraTenb Nofy4aeT CUHXPOHHYI0 CKOPOCTb.

1
1 ) p min

=f1[Hz] 60 - f 1 ]




®opmyna 3

®opmyna 4

®opmyna 5

®opmyna 6

n,: CWHXPOHHAA CKOPOCTb (Ha XONOCTOM XoAay)

f .

4 YacToTa nuTatowero HanpaxXeHund

2p: Yucno nap noncoB ABuratens

Ecnu aBuratenb HarpykeH, TO poTop He MOXET CrieoBaTb 3a MNonem
ctatopa 6onblue. 3.4.C. poTopa BO3pacTaeT, YTo BeAET K YBENUYEHUIO
TOKa B pOTOpe, NoKa He HAaCTYNUT AUHaMUYEeCKOe paBHOBECUE MOMEHTA
apuratenst M. u MOMeHTa Harpysku.

PasHuua mMexay CKOpOCTbio poTOpa N U CUHXPOHHOW CKOPOCTBIO N,
XapaKTepu3yeTCs BENMYMHO CKOMbXEHNSA CKOPOCTM N,

CKOINbXXEHME S - 3TO OTHOLLEHWE CKOSbXXEHMS CKOPOCTU K CUHXPOHHOM
CKOPOCTMW.

B Toxe Bpema: n = n. - (1-s)

PoTop umeert ckornbxeHune yactotel f, = s - f
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2.2 Mopenb CyLiecTBytOT ABa TUNa aCUHXPOHHbIX OBUraTenen:
. [Buratenu ¢ KOPOTKO3aMKHYTbIM pOTOPOM (bennybe Koneco)
. [Buratenu ¢ ¢a3oBbIM POTOPOM
[Buratenu ¢ KOPOTKO3aMKHYTbIM POTOPOM MMEKOT OOMOTKY CAENaHHYH
N3 MeAHbIX MU antOMUHEBBIX NPYTbEB, KOTOPblIE HE LOCTYMHbI C
Hapyxu.[lBuratenu ¢ asoBbiM POTOPOM MMET TPEX-Ga3HyHo 0OMOTKY
poOTOpa KOHUbl KOTOPOW COeAUHEHbl C KOHTAKTHbIMU KOSibLaMu
pacnonoXeHHbIMK Ha Bany. Ecnn 3T KOHUbI KOPOTKO3aMKHYThI, TO
XapakTepUCTUKN ABUraTens Takue-Xxe, Kak U gns gsuratens c
KOPTKO3aMKHYTbIM POTOPOM. BO3MOXHO COEOMHUTH KOHTaKTHble
Konbua C peoctaTtoMm, 4YTobbl M3MEHATb COMPOTMBIIEHWE poTopa U
XapakTepucTtuky asuratend. Taxe npoueaypa mMoxeT ObiTb
ncnonb3oBaHa aAnga obpatHoro npeobpa3oBaHsa aHEPrnmM poTopa B CETb
(CyBCMHXPOHHbIN BINPSAMUTENBHBIN Kackag). B To ke Bpemsi CKopoCTb
MOXET BapbMpOBaTbCA B ONpefeneHHbIx npegenax. Hecmotps Ha aTu
npemmyuiectea, NOYTU BCeraa WCNonb3ylwTCa ABUratenun c
KOPOTKO3aMKHYTbIM POTOPOM, T.K. OHM MMELOT Bonee HU3KyH CTOMMOCTb
MW MeHblle Wn3HawwuBakwTCca (HEeT KOHTaKTHbIX kKoneuy). [Ans
perynmpoBaHusi CKOPOCTU NPUMEHSAOT NpeobpasoBaTenu 4acToThbl.
CneuuwanbHaa noarpynna-ato 6apabaHHble gsuratenun. CtaTopHas
oBbMOTKa HaXo4MTCA Ha XXeCTKO 3akpenneHHoM Bany. PoTtop (onpasa)
pPacnonoXeH C BHELIHEN CTOPOHbI U HENOCPEOCTBEHHO NPUBOAUT B
ABWXXEHME MeXaHN3M, Hanpumep, NEeHTy TpaHcnopTepa.

U, U,
— S -
I 3
Col ! L w— i |1 l
I
Puc. 2 g :? x
CpasHeHue >§ W %
ghazogoz0 pomopa 3 ™
© o
¢ o | x
KOPOMKO3aMKHYMbIM pe ZL g I I I I I I I I I LI2
pPOMopom S (e 8‘
Q£
Q [e)
Q — .
f,=s-f,
Puc. 3
bapabaHHbIl
dsuzamerib
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2.3 PacwudpoBka
WwunbauKa
ABurartens

Puc. 4
Ulunbouk

OCHOBHble XapaKTepuUCTUKM ABUraTens Haxo4ATCS Ha WunbAuKe
asuratens (cm. Puc.4). Onu cootsetctytoT VDE 0530.

3 ~ Mot.71:

1.10/1.95 A:

1410 rpm:

min? = rpm
3 ~ Mot. 71
1,10/1,95 A 1410 min"'
Y/D 380/220 V cosjp 0,75
0,37 kW

Is.KIl.B IP 54 50 Hz VDE 0530/84

Tpex-pasHbii gBuratenb ¢ BbicoTon 71 MM (OT
cepeauHbl Bana 4o NOBEPXHOCTU KpensieHus ).

HomMuHanbHbIM TOK Npu coeanHeHnn 3se3gon 1.1A

HoMuHanbHbIN TOK Npy coeanuHEHUN TPeyrornbHNUKOM
1.95 A

HomuHanbHble o6opoTel asuratens 1410 o6/mMuH

Y/A 380/220 V:CoegunHeHune 3sesgon ana 380 B u coegnHeHue

cos¢ 0.75:

0.37 kW:

TpeyronsHukom ansa 220 B.

3HadveHune koahpuumeHTa mowHocTn gsuratend 0.75

aKTMB.mMOLWHOCTL _ P
NOSH. MOLHOCTb S

cosp =

HomuHanbHas mowHocTb Ha Bany asuratens 0.37 kBt
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Is.KI. B: MocnepHasa 6ykBa onpeagenaet AOMNycKaemyro
TemnepaTtypy o6MOTOK  AgBuratens npu
NPOJOIKNTENBHOM pexume paboTbl. CyuiecTBytoT
cneayoLmne N3onsaumMOHHbIE KIacehl:

E = 120° C
B = 130°C (CraHgaprT)
F = 155°C
H = 180°C
IP 54: CrteneHb 3aWMLLEHHOCTN ABUraTens

IP 54 = nbine n 6pbi3rocTonkasn obLmBKa
50 Hz: HomuHanbHas yactota gsurartens
VDE 0530/84: Ceptudumkar coorsetctausa VDE

HoMWHanbHbIN MOMEHT ABuratens MoXeT ObiTb NIErko BblYECHEH
NCcnoJib3yAq CI'IeTI/I(bl/IKaLl,I/IIO LWnnbguka.

P [KW] - 9550 _ 0.37kBr - 9550

nfem] . 1410 obimmn 20 M

M, [Nm] =

Cneaytowiasn popMyna onpenensieT NornHy MOLLHOCTb ABUraTens:

S=v3-U I =Vv3 380B " 11A = 724Brt

1

AKTVBHas MOLLIHOCTb pacyuTbiBaeTcs Tak:
P =S8 " cosp = 724B1 - 0.75 = 543 Bt

K.MN.A. peuratens:

h = P, _ 370Br
- P, = 543Br

= 0.68 = 68 %

11
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3.1

Pabora AC-
asurarens
OT ceTu

OpHo-hasHas
cxema
3ameLleHus

Puc. 5

JnekTpnyecKoe nosefeHne acCUHXPOHHOIO ABUraTerns nokasaHHo Ha
OOHO-hba3HoW 3KkBUBanNeHTHou anarpame (-->Puc. 5).

IFE Im
u R u o -s ] —=
1 FE i X, R, 5 _> P,
Y
o
roe:
R, aKTMBHOE COMpPOTUBIIEHME cTaTopa
X, peakTMBHOE COMpPOTUBIEHME cTaTopa
R, noTepu B Xernese
X, Reactance of the main inductance
X, peakTUBHOE COMPOTUBIIEHME poTOopa
R, OKBUBANEHTHOE aKTMBHOE COMPOTUBNEHMNE
onpegensitoLiee NoTepm MOLLHOCTU B poTope
1-s (noTepu B Mmean)
R, s OKBUBANEHTHOE aKTMBHOE COMPOTUBNEHME

onpegensioLlee n3MeHeHne MOLLHOCTWN Ha Bany
Asuratens P,



Puc. 6
OHepzaemuyeckasi
duaepamma
aCUHXPOHHO20
dsuzamerns

KEB

ANTRIEBSTECHNIK

MpeobpasoBaHne 3HEPruM aCMHXPOHHOrO ABUraTensd nokasaHo Ha
9KBMBANEHTHOW 3HepreTM4eckon amarpamme.

YacTb notpebsiemon anekTpuyeckon aHeprum npeobpasyercs B TENS0
(P,,) B conpoTueneHnn obmotok ctatopa R,. [ipyras (MeHbLuast) 4acTb
eCTb notepu B xernese (P ) Ha conpotueneHun R_ . OcTaBlascs 4acTb
aHepruu (P,) nepenaetcs Yepes BO3AYLUHbIV 3a30p Ha poTop. B poTtope
yacTb aHeprum (P, ,) Cxuraetcs Ha conpoTueneHnmn R,’. Octasascs
9HEprus, yMeHblUeHHas Ha BennMYnmHy (PUKLMOHHBLIX notepb P,
(noTepu B NOALMMHUKAX U B BEHTUMNSATOPE), COCTABMSIET MEXaHNYECKYHO
3Hepruo Ha Bany gsurarens (--> Puc. 6).

zu

' L .

—
P .., (Obmotka cratopa)

Cratop

P Bo3ayLuHbIN

Potop | 3asop

— — = P, (P, Obmotka poTtopa)

Reib

mech

13




3.2XapaKkTepucTuku
ACUHXPOHHOro

ABurartens
®opmyna 11

®opmyna 12

®opmyna 13

®opmyna 14

Puc. 7
Xapakmepucmuku
mpexgha3Hoz20
aCUHXPOHHO20
osueamerisi

BHyTpeHHU MOMEHT M. acMHXpOHHOro ABuraTens BblYMCNSAETCA Mo
cnegyroulen opmyne:

3 1

M= 2mn, YU U RS X,
1 X2 2|+S' 25'
g s - X R

2s 2

OH cBA3aH ¢ HanpsxeHrem: M. ~ U2

MacnmanbHO BO3MOXHbIA MOMEHT aCUHXPOHHOro ABuUraTtens
XapakTepusyeTcss MakCumarbHbIM MOMEHTOM M,, KOTOpbIV Takxe
CBsI3aH C HanpshkeHnem: M, ~ U2
Mo popmyne Kloss'sche MOMEHT cBsi3aH ¢ MakCuMasibHbIM MOMEHTOM
aBuraTens Tak:

2
M=M - ——— (s

MaKCUMarnbHOE CKOSIbXeHUE)
S ]

K +

] S,

K *

OTO ypaBHeHWe faeT xapaKTepuCTUKy 3aBUCUMOCTU CKOPOCTMU
asuratenst oT MomeHTa (--> Puc. 7).

Kak BugHo 13 Puc. 7 Tok gBuratens NnoCTOAHHO pacTeT C yYBeNUYeHnem
ckonbxeHuns. OH B 2,5 - 9 pa3 npeBbIlIaeT HOMUHaNbHbLIN TOK B
HayanbHom Touke (s = 1). MNockonbKy ABUraTenb Takke Hy>XaaeTcs B
peakTUBHOW 3HEPrN HamarHMyeBaHusa Npu XorioCTOM Xoae, Mo3ToOMy
TOK X.X. |, > 0 Teyet B 3101 paboven To4Ke.

PaGoqas M, : MakcumaribHbit
| MPM sona \ MOMeHM
- M | coso
K
el
//
. ¢
COSs
S
14 13 12 11 09.-08 07 06 05 04 03 02 01 0‘ -0,1 -0,2 -0,3 -
-J}JA -10‘3 -}0,2 -10,1 10,1 E,Z 10,3 10,4 il5 E,e 10,7 }D,S }D,S ‘1 }1,1 }1,2 L,a n
-
mech n
d
P
el
Pa3spyLueHve
mech
HopmanbHas
paboyast 30Ha
[MporveonanowxHoe
BpaLLeHne Pexum \7> -~ M
Pexum
— - — - -
TopmoxeHve npvrarenst reHeparopa
— — - —_— - -




Puc. 8

Puc. 9

®opmyna 15

®opmyna 16

®opmyna 17
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Ecnn noGoyHbIA CONPOTUBNEHNUS U COMPOTUBIIEHUS NOTEPb HE
BKINtoYeHbl B cxeMy (Puc. 5), koTopas MOXeT NpUMeHsTCcs Ans
GonblueHcTBa ABuratenen, Torga criegyowas ynpoweHHas cxema

NCNoNb3yeTcA:

1
(=)

Tok cTatopa |, pasaensatcs Ha NOCTOSAHHBIN TOK HaMarHn4nkaHus |y n
3aBMCUMbI OT Harpysku Tok potopa l,. [TockonbKy oba aTux Toka
cOBUHYTBI Mo dase Ha 90°, oHN JOSMKHbI BbITb reoMeTpuyeckn

cnoxeHol (Puc.9).

2 = 112 2
12 = 2 + |,

[Mpn ManeHbKOM CKOMbXeHUW (3awTpuxoBaHHas obnactb cM. Puc. 7)

COOTHOLLEHNME |, ~'s MmeeT mecTo.

EcruM ~¢@ - I, n @ = const. 10:

M ~s (nN1MHenHasa 3aBMCUMOCTD).

15




16

3.3 Pexumsbl
paboTbl:
asurartens/
reHepaTtop

Puc. 10

B 3aBMCMMOCTW OT HanpaBreHUsi MOMEHTa Harpy3km acUHXPOHHBbIN
Asuratenb paboTaeT kak ABUraTenb UM Kak reHepatop. Ons aTmx
PEXMMOB UMEEM creaytoLLee:

- [BuratenbHbin pexxum: MOMEHT 1 CKOPOCTb UMEKT OANHAKOBbLIN
3HaK (nencteytoT B OOHOM
HanpasneHuun); asuratens noTpebnser
3HEepruro oT CceTu.
O0<s<1 n<n,
- [eHepaToOpHbIN pexxum: MOMEHT U CKOPOCTb MMEKT pasHble
3HaKn (GENCTBYIOT B MPOTMBOMOMOXHbIX
HanpaBneHusax); Asuraten oTaaeT
3HEepruio B CeTb. s<0
n>n,

Pabounin gmanasoH npu s > 1 xapaktepuayeTca Kak guManasoH
BCTPEYHOro BpalleHWs, B TO BPEMS Kak MarHUTHOE norie U CKOpoCTb
BpalleHNs poTopa UMEKT pasnuyHble HanpasneHud. IameHeHune
HanpaBneHnsa BpalLleHNsa OCyLLIeCTBNAETCA NepeknioveHnem 2-x gas.
CyLecTByIOT OBUXEHUS NO 4YaCOBOW CTpenke u NpoTUB YacoBOM
CTpEnKN.

Pabounn guanasoH gBuratens OnycaH Hinke B 4 KkBagpaHTax:

lenepatop Tt 7 Deuratens \ Dl

Bp. NPOTUB 5p. Mo Uac

yac cTpernke : '
cTpenke

OBvratenb \. . .
Bp. NPOTUB

leHepaTOp
Bp. MO vac
cTpernke




3.4

XapakrepucTuku
asurarens
npu nageHuun
HanpsXXeHusA

Puc. 11

KEB

ANTRIEBSTECHNIK

CornacHo ypasHeHuto (12) M. ~ UZ2. Ecnu akTUBHOE CONpoTUBIIeHne
cratopa R, mano, ToU, = U, .
Koroa BxogHoe HanpsiKeHne yMeHbLUaeTCsl, Torga MarHUTHbIA NOTOK
yMeHblLLaTca (ocnabneHve nons) v Tok potopa |, Toxe yMeHbLaloTCs.
370 N3MEeHeHMe OeNCTBYEeT Ha MOMEHT TK. M ~¢ - L.

Hanpumep, nageHne HanpsbkeHns Ha 10 % BbI3bIBaeT yMeHbLUEHME
MOMeHTa npumepHo Ha 19 %.

Ha Puc. 11 MOXHO BUAETb BNUSHWE NafgeHUA HaNpsXeHusa Ha
MOMEHTHO-CKOPOCTHYH XapaKTePUCTUKY aCUHXPOHHOIo aBuraTens.

[MTyckoBOW MOMEHT U MakCUManbHbIA MOMEHT yMeHbLUATCS
NPONOpPLMOHANbHO KBagpaTy HanpsxXeHHua.B gmnanasoHe mexay
MaKkCMManbHOW TOYKOM M TOYKOW XONOCTOro xoga rpacpuk 6onee
NOSIOrnin, Yem NPu NONTHOM CETEBOM HaMPS>KEHUN.

Kak BugHo u3 Puc. 11 ckonbxeHune asuraTtens, NpyM NOCTOSAHON
Harpyske, yBenuimBaeTcs C yMeHbLUeHNeM HanpskeHnsa U. 3To MoxeT
ObITb 0OBLACHEHO TeM, YTO TOK poTopa |, obecneunBaloLLii MOMEHT, C
YyMeHbLEHNneM HanpsxeHus U, MOXeT COXpaHEH MEHbLUM
conpoTusneHna poTtopa R,/s, a cneposaTtenbHo 60MnblinMm
CKOJbXEHNEM s.

TakKe Kak YMeHbLUEHNE HanpshXeHUs1 Bbi3biBaeT NOMNOroctb rpaduka
M-n xapakTepuUCT1KK, yBeNn4eHne HanpshkeHnsa genaet rpadoumk kpyye
N B TO XXe BPeMS yMeHbLUAET CKOMNbXEeHUe Npu HEN3MEHHOMW Harpyske.
Yb6egurtech, 4TO ABUraTesnib He NepeHachIWaeTcs Korga HanpsbkeHue
yBenn4YMBaeTCcs , Noka yBerIM4eHne HanpsixkeHns MOXeT TOJSIbKO
Bbl3blBaTb nNpubaBneHne notepb B Xenese (Oonbwun TOK
HamMmarHnymBaHus). PesynbsTtathl yBeNMYEHUs HanpsxeHust npy pabote
asurartens ¢ npeobpasoBartenieMm 4YacTtoTbl 6yayT nokasaHbl HUXe (--
>0YCT, reHepaTOPHbIN PEXNM).
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3.5XapakTepucTuku

HEKOTOPbIX
aBurarenemn

Tabnuua HWXe NpenocTaBnsieT OCHOBHbIE XapaKTepUCTUKN 4-X
MOMIOCHBIX aCUHXPOHHBIX ABUraTenen pasnmnyHbIX pasMepoB

NaHHbIE HomuHanbHasa MmowHOCTL ABUraTens
" 0.37 kW 1.5 kW 11 kW 75 kW
S, »8 % »6 % » 2.7 % »1.5%
n, » 1380 MuH" [ » 1410 MuH"| » 1460 MuH" [ »1480 MuH"
M. » 2.5 H*m »10.2H*M | » 72 H*m » 484 H*m
h » 62 % » 75 % » 86 % » 95 %
cosp | »0.76 » 0.82 » 0.85 » 0.86

R, » 20 Om » 5 0m » 0.8 Om » 0.1 Om

M

mA- » 1.5...3

%“— » 18...35

—:A— » 25...90 (yBenuumBaeTca C yBenuu.

n MOLLHOCTM)

S, HOMMWHanbHOE CKOMbXeHune

n: HOMMHanNHoe 4ncno ob6opoToB

M : HOMWHanNbHbIN MOMEHT

n: K.n.g.

coso: KO3 PULUNEHT MOLLHOCTU

R, aKTUBHOE COMpOTUBNEHWEe cTaTopa

M,: CTapTOBbI MOMEHT

M.,: MyCKOBOWN MOMEHT

nyckoBow TOK (paboTta OT ceTn)

HOMWHarbHbIN TOK
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4. PeXxumbl CyuiecTByeT 4veTbipe pexnma paboTbl gsuratensd. OHu pasnuyatoTcs
paboTbl hakTOPOM MPOTSHKEHHOCTM LMKIa paboTbl N HAarpeBOM.
aBurartens

anKTOp NPOTAXEHHOCTU BblHUCIIAETCA creyronm 06pa30M:

Bpewms 3arpysku
NPOTSXKEHHOCTb LMKNa = © 100 %
Bpewms 3arpy3kn + naysa

YeTbipe pexuma paboTbl crnegylowme: NnpogorkuTenbHas pexum,
KpaTKOBPEMEHHbIN PEXUM, MPEPbLIBUCTbLIN PEXUM U NPOAOIKUTENBHBIN
PEeXUM C Nepuoan4eckon Harpyskom.

B TeyeHuun npoponxuTtenbHoro pexunma S1 Bpemsa paboTbl C
HOMWHaSIbHOW MOLLHOCTbBIO HACTOMNbKO BEMNWKO, YTO TemnepaTypHbIi
GanaHc 4OCTUTHYT. OTOT peXUM SBNAETCA 0ObIYHBbIM 4Ns CTaHAAPTHbIX
asuratenen. OHM MOryT GbiTb NOCTOSAHHO HarpyXeHbl CBOUM
HOMWHasIbHbIM MOMEHTOM.

Puc. 12a T T

lpodomkumernbHbil 5
pexum S1 P
Bpems t ’
Bo Bpems kpaTKkoBpeMeHHOro pexuma S2 Bpemda paboTbl C
HOMWHasbHOW MOLLHOCTbIO TaK Mano, 4To TemnepaTtypHbii 6anaHc He
pocturaetca. B TedeHUM OnuTenbHbIX nay3 gBuraTesib NOMHOCTLIO
oxnaxgaeTtcs.
Bpems
umkna
P
le— Nay3a —»
Puc. 12b

KpamkospeMeHHbIU
pexum S2

o —
v —b>
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Bo Bpemsi npepbiBUCTOrO pexrMa S3 nay3sbl Tak Marbl, YTO ABUraTenb
He ycneBaeT OXNaanTbCst 4O KOMHATHOW Temneparypbl.

Bpewmsi
umkna
— P
Puc. 12¢
lNpepbisucmpbiti J
pexum
S3, S4, S5 J P
Bpemsa { &
Bo BpemMs npogormKNTENbHOro pexmma ¢ Nepuoauyeckon Harpy3kon
S6 ABUratesib He MOXET OXJ1aTUTbCA, B TEHEHNN NMHTEPBAIIOB XONMTOCTOIo
xofa, 0O OKpy»atoLlen Temnepartypsbl.
— P
Puc. 12d J
lMpodomkumenbHbil
pexum ¢
rnepuoduyeckol JP
Haepy3kol S6
Bpems %

[Buratenu,koTopble ynpasnswTcsa npeobpasoBaTtendaMm 4acToThl,
paboTaloT ANUTENbHOE BpeMs B MPOAOSHKUTENIbHOM pexume S1 u
nepuognyeckn B NpepbiBUCTOM pexnme S3.



5.1

Lpyrue
TUNbI

aBurarTenen
n ux

XapaKTEPUCTVIU

[ABuraTtenb ¢
TOPMO30M CO
CKONb3SALWNM
poTtopom

Puc. 13

KEB

ANTRIEBSTECHNIK

Cratop —
/_ —
;‘ /
hhnnnnn PoTop _

A

Topmo3Has
| Ha\(ﬂaﬂ\(a

Cratop 1 poTop KOHUYECKM CMOHTUPOBaHHbIE Ha ABUraterie ¢ TOpMO30M
CO cKOMb3siWMM poTopoM. C OHOM CTOPOHbLI poTOpa HaxoauTcs
TOpPMO3Hasi Haknaaka, a ¢ PYrow, MPOTUBOMONOXXHON CTOPOHbI, MPYXKMUHA
oxaTtus.

Ecnu gBurarens HaxoguTca B COCTOSAHUN MOKOS, TO pOTOP NpMXnMmaeTcA
I'Ipy)KI/IHOI‘/'I K TOPMO3HOMY AOWCKY N HaxoauTCcA B 3aTOPMOXXEHHOM
COCTOAHUWN.

Koroa gBuratenb BKMAOYAETCs pOTOP OTXOAMUT OT HEUTparbHOro
NMONOXEHUS M3-3a MarHUTHOro nons ctatopa.Tenepb BO3MOXHa
CTaHAapTHas paboTa aBuratens (Bo3ayLUHbIA 3a30p YMEHbLUAETCS).

YToObl poTOp ABUratens BbllWeN U3 HENTPanbHOIO MONOXEHWUS,
HeobxoamMm GonbLUMA TOK, YeM NpU cTapTe 0BbIYHOrO aCUHXPOHHOIO
ABuratensa.3To AocTuraeTcs yctaHoBrieHneM Bycta npu pabote
Asuratens ¢ npeobpasosartenem 4vactoTbl. M4 gomkeH ObITb Ha 2
pa3mepa bonbLue npu paboTe ¢ Taknmu aBuraTensimu.
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Puc. 14

5.2 [OBvratenb c
TOPMO30M

Pabota gBuratensi ¢ TOPMO30M CO CKOMb3SALWMUM POTOPOM BO3MOXHA
TONbKO B ONpeaeneHHoM Arana3oHe YacToT. HkHMIA npeaen orpaHnyeH,
npumepHo 5 - 10 'y, NOTOMY 4TO, POTOP CABUraeTCcs K Mo3numnm
TOPMOXEHMS. DTO NMPOUCXOAUT MNOTOMY YTO, MOMEHT Yyxe Oonblue
HeaoCcTaTouHO Bonbluon, YToObl yaep)aTtb poTop B CBOOOAHOM
COCTOSAAHMM NPOTUB CUIbl AENCTBUA NPY>XMUHbI U/UIN TOK YBENNYMBAETCA
He nporopuuoHanbHo. BepxHun npegen npumepHo 55 - 65 Hz u
onpenensieTcst ocnabneHHOCTLI0 MO U MOMEHTOM Harpy3ku (poTop
3aTOpMOXeH) --> Puc. 14.
U A

B

e
-
-
-

f

min

\
\
\
\
\
\
\
\
1 —

10 20 30 40 50 60

[Buratenv c TopMo3oM 060pyA0BaHHbI NPYXXMHHBIMKU TOpMo3amn. OHK
MMELOT CrieaytoLumne 3aJaquu:

. OrpaHunyeHne nepemMeLLEeHUs MOCTe BbIKMYeHNs aBuraTens
. Ynep:»kaHue npuBoaa B onpeaeneHHOM NoMnoXeHUm
. YBenuyeHue 4acToTbl BKIMOYEHUSA ABUraTtens

CywecTtBytoT ABa crnocoba ynpasneHus npu pabote c NY:

1. Y MoxeT ynpaBnaTb TOPMO3OM KOrda MogynsLUms OTKIIOYeHa nnm
3aBMCUT OT HYaCTOTbl, M KOrAa Cny4aeTcsa MHAMKauus oLnboK.

2. [suvratenb MOXeT ObITb 3aTOPMOXEH OOHOBPEMEHHbBIM CHATUEM
HanNpsHKeHUs 1 BKNIOYeHeM TOpMo3a.

[Buratenu c TOpMO30M MMEIOT pasnyHble UCMOSb30BaHWS, HanpuMep:

. Kak cnegsime npuBoabl Y NpMBOAbLI Nogauyn,
. C MeXaHU4eCKMMN CTaHKaMu

. C KpaHamu 1 nndptamm

. A9 TEHTOYHbIX TPAHCMOPTEPOB



KEB

5.3 CUWHXPOHHbIN
ABurartenb

5.4 PeaKTUBHbIN
CUHXPOHHbIN
aBuraTtenb

Puc. 15

ANTRIEBSTECHNIK

CUVHXpPOHHbIE ABUraTeNn MMEKT NOCTOSHHYI0 paboyyto CKOPOCTb,
KOTOpas He MeHdAeTCA BO BpPeMdA CTaHAAPTHbIX U3MEHEHUN
Harpy3ku. OHu paboTtatoT co ckonbxeHnem s = 0%.

CVHXpOHHbIE ABUraTtenu nNpu acMHXpOHHOM paboTe BblAaKT
MHOrOKpaTHbI HOMUHanNbHbIM TOK. BO Bpemsa neperpyskn oHu TepsioT
CUHXPOHHOCTb.

MY ponxeH BbIGMPATLCSA MO TOKY B CMHXPOHHbLIX ABUraTensix u
COOTBETCTBEHHO 3aBhblLLEHHOrO rabapuTa.

B ocHoBHOM CUHXPOHHbIE OBUraTenmn Bonee yacTto MCMNOJ1b3YIOTCA KaK
reHepatopbl C-)J'IeKTpl/I‘-IeCKOIZ MOLLIHOCTU, YEM KaK NpunBOAHbIE ABUTaTENN,
NMOCKOJIbKY OHM HAMHOTIO OOpPOXe , YHEM aCUHXPOHHbIE ABUTaTEN.

. ObmoTka

PeakmueHbili pomop

PeakTuBHbIE CMHXPOHHbIE ABUratenu - 3To camo3anyckarLmecs,
HeBO3bYyXaatoLmecs CUHXPOHHbIE ABuratenn. MexaHundeckas CTpykTypa
noeHTUYHa CTaHgapTHbIM TpexdasHbiM asuratenam. OgHako, poTop
COCTOUT 13 2p peakTUBHbIX Na30B 1 B pe3yrnbrate CTaHOBUTCHA MarHUTHO
9KCLEHTPUYHbIM. (--> Puc. 15).

Ecnu Takon poTop HaxoanTcA BO BpaLlaroLweMca MarHMTHOM rore ¢ 2p
nontocamu, TO OH BCeraa ctapaeTcs NPUHATb NO3ULMI0 HanborbLUEN
MarHUTHOWN 3HEPrnn. TO O3HAYAET, YTO POTOP BPALLLAETCA CUHXPOHHO.

Xopowasg paboyas xapakTepuctmka nony4aeTcs TONbKO KOraa YMcno
MomnCcoB cTaTopa u poTopa coBnagaet. Takum o6pa3om, HEBO3MOXXHO
KOHCTPYMpOBaTb peaKkTMBHbIE ABUraTenum C nepekntoyeHnemM NosncoB ¢
pabounmmn xapaktepucTnkamm ans 06enx CKopocTemn.
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Puc. 16
MomeHmHo-
CKOpOCMHasi
Xapakmepucmuka
peakmugHo20
CUHXPOHHOZ20
dsuzamerisi

Mocne BkntoveHnsa gsuraTtenb paboTaeT aCMHXPOHHO. OTO BbI3BAHO
NMELLMMCS KOPOTKO-3aMKHYTbIM pOTOpPOM. B aTomn paboyen Touke Ha
ACUMHXPOHHbLIA MOMEHT HaknaablBaeTcss MasTHUKOBbIN MOMEHT C
OCTaTOYHbIM CKONbXEHWEM YacTOoTbl.

PabotaeT nu gsuratenb CUHXPOHHO ("BnagaeT B war"), 3aBUCUT OT TOrO,
AO0CTaTOYEH NN OCTATOYHbIA YCKOPSOLWUA MOMEHT (= aCMHXPOHHbIN
MOMEHT + MONOXUTENBbHbLIN MAaATHUKOBbLIA MOMEHT - MOMEHT Harpy3Kku)
ONS1 YCKOPEHUS MOSIHOro MOMEHTa MHepuuu, B BpeMs nocnegHero
(anekTpuyeckoro) obopoTa NP1 CUHXPOHHOM CKOPOCTU. Taknm obpasom,
yCroBu1e Tak Ha3blBaemMoro "BTArMBatroLLero MOMeHTa" kak npaBuro He
BO3MOXHO.

Bo BpemMs cMHXpOHHOM paboTbl ABUratenb MMeEeT CXOACTBO C KPYTSLLEN
NPY>XWHOW, KOrda nog, Harpy3kom NPoONCXoauT NOBOPOT NPOTUBOMONOXKHO
HanpaBneHnio BpalleHns nonsa. Ecnv onpokuabiBalOWMN MOMEHT
OOCTUTHYT NpU 3TOM, TO ABUraTesnb “BblinagaeTt ua wara”, u npogosmkaeT
paboTtaTb acMHXPOHHO. Takoe paboyvee COCTOAHME BEAET K TENIOBOMY
paspyLleHunto, B pesynbrate NOBbILEHHOMo BXOAHOMO TOKa, U AOSMKHO
ObITb NPeaoTBpaLLEHO.

Mpy onpegeneHHbIX CKOPOCTAX MOXET BO3HUKHYTb PE30HAHC, Kak ass
PEeaKkTUBHOINO CUHXPOHHOrO ABuUraTens, Tak u gnsa nobbix Apyrnx
CUHXPOHHObLIN ABUraTenen, BMecTe C BHELWHUMU LEeHTPOBEXHbIMU
mMaccamu, npeacraBnaoWwmnmMm cobon konebaTenbHy MPY>XMHHYHO
cuctemy macc. Jta npobrnema MOXeT BO3HUKHYTb, OCOBEHHO, Ans
BOnbLUMX CKOPOCTHbIX AMAana3oHOB, BO BPEMS PEryrnMpoBaHns CKOPOCTEN
NPMBOAOB, 1 MO3TOMY HEODOXOAMMO NPOU3BOAUTD TLLATENBHYHO NPOBEPKY
nepen npUMeHeHUsIMU.

bnarogaps NnpocTon CTpyKType, peakTUBHbIE MOTOPbl OTHOCUTENBbHO
HeJoporve n HagexHble, B CPaBHEHUN C CUHXPOHHbIMUW ABUratensamu.
HepocTtaTtkom sensetca 1o, 4to Kl Hwxe, u, B OCHOBHOM, (hakTop
MOLLIHOCTK HaMHoro xyxe (cos¢ = 0.3... 0.7). Macca 6onbLue, yem y
CTaHOAPTHbIX aCUHXPOHHbLIX ABUraTenemn.

PeakTtnBHble aBuratenun obbI4HO noakatodaoTes 3se3aon Ha 220 B. Tok
AormkeH 6bITb oTMeyeH (Hanpumep 1.4 kW/10.5 A). N4 anga atoro Tuna
Aurartens gormkeH ObITb CNPOEKTUPOBaH Ha 3To Tok. Cneayert ybeanTca
BO3MOXH N nepeMoHTax. [lpuratenu MoryT UCnornb30BanbCs Be3ae, rae
HeobXoaNMbI CUHXPOHHbIE MPUBOAbI, HANPUMEP, NEHTLI TPAaHCNOPTEPOB,
TKaLkoe obopyaoBaHue U T. A.

M

*

I

M

— 4

| “Bware”/
! CUHXPOHHas
i pabota

1 n
n 1/MuH
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5.5 [OBuratenu c
BpaLlaroemcsi
nonem
MarHMToB

Puc. 17

M = momeHm e
rpodoKUMEIbHOM
pexume

ANTRIEBSTECHNIK

[lBuratenn ¢ BpalwjarowmMmMcs nonemMm MarHUToB - 9TO TpexdasHble
ACMHXPOHHbIE ABUraTeniu co cneumansHbIM poTopoM. OHM 3NEKTPUYECKN
npomMaLucTabupoBaHbl TakK, YTO OHWU MOTYT OCTaBaTbCS BKIMHOYEHHBIMU
NpY HOMUHANbHOM HaMNpPsPKEHWM C 3abrOKMPOBaHHLIM BarioM BO BPEMS
NPOLOIMKUTENBHOMO UM NPEPLIBUCTOrO PEXUMOB. B TOXe BpeMs oHu
obecnevymBaldT MakCMMalnbHbIl MOMEHT; MOMEHT yOep>XaHuS.
HomunHanbHbIVM TOK ABUraTensa gaeTca Anst HENOABUXKHOIO COCTOSAHUS.
OTw gBuraTenu B OCHOBHOM UCMOSNb3YHOTCA ANS:

. CepBonpusogos,

. YaepkusaroLmx npmMBogoB,

. HamoTOYHbIX NpnBOAOB,

. MpuBoab! C Ype3aMepPHbIMU NEPEKIOYEHNAMM HA CETb

M
H*m
M -
YMeHbLLEHNE BXOOHOIro HanpaxeHus U1
n
1/MuUH
il
A
n
1/MUH
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6.
MNMpeobpasoBarensb
yactoThbl (MY)

6.1MpuHUMNUManbLHan
cxema

Puc. 18

®opmyna 18

Ha punc.18 cMm. Huxe, npeactaBneHa 6nok-cxema CUITIOBOM 4acTu
npeobpasoBarenisi ¢ NPOMEXYTOYHbIM 3BEHOM MOCTOSIHHOMO TOKa (Tak
HasblBaembin U - nHBEpTOP)

L1o—F—— ~ L;.—l =

U

L2 07i U R UZK¢ l C v

wo— 1 T eV
Bbinpsmurens I'IpomKe;x:'gT/;qubm WNHBepTOp [Jsuratens

BbinpsimuTenb COCTOMT U3 HeynpaBnsieMoro ogHO Unu TpexdasHon
MOCTOBOM cxembl. OgHodasHas Bepcust UCMomnb3yeTcsl TONbKO AnS
HU3KMX MOLLHOCTEN. Bbeinpsmutens npeobpasyeTr nepemMeHHoe
HanpsKeHMe CEeTU B MOCTOSIHHOE HanpshxeHue. [lanee oHo crmnaxunBaeTcs
B MPOMEXYTOYHOM KOHTYpPE KOHOEHCATOPOM, B MAearnbHOM cry4ae
HanpshXeHMe NPOMEXYTOYHOTO KOHTYpa COCTaBISAET:

U, = v2 - U,

Bo BpeMsi 3apsakv KOHAeHcaTopa NPOMEXXYTOYHOMo KOHTYpa NpoTekaeT
04YeHb BONbLLOV KpaTKOBPEMEHHbIV TOK. ATO MOXET BbIBECTM U3 CTPOS
BXOAHOW MpefoxpaHuTenb Unv , Aaxe, BbiNpAMUTENb. TOK 3apsaKku
[0IKEH ObITb OrpaHnyeH A0MNyCTUMOW BEMUYUMHON. ITO AOCTUraeTcs
BKINoYeHMeM GannacTHoro pesuctopa R nocnegoBaTenbHoO C
KOHEHCATOPOM, KOTOPbIN akTUBU3UPYETCA TOMbKO MPU BKIHYEHUN
npeobpasoBaTtens. MNocne 3apaakuM KoHAeHcaTopa pe3ucTop
BbIKIOYAETCA, HanpuUMep, KOHTAKTHBLIM pere.

Bonblwas eMKocTb KoHAeHcaTopa TpebyeTca ANA CrinaxuBaHus
HanpsHKeHUs NPOMEXYTO4YHOrO 3BeHa. [Mocne BbIKMoYeHUs MHBepTopa
N3 CETU, KOHOEHCATOp COXPaHSAET BbICOKOE HamnpshkKeHne B TeYeHuu
onpeaeneHHoro BpemeHun. 3To oTobpaxkaeTca 3apsaaHbIM CBETOAMOOOM.
OcHOBHOE HasHauyeHue npeobpasoBaTtens YacToTbl - 3TO Mony4YeHue
NepeMeHHOro No YacToTe U aMNnUTyae HanPsHKeHUs ANns ynpasneHus
TpexdasHbiM acUHXPOHHbIM ABuratenem.lNoaTomy Ha Bbixode
ycTaHaBnueaeTcs uHBepTop. CM. CriedyoLLyto rmnasy.
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6.2 TpexdasHoe Mpn vHBEPTUPOBAHMM MNOCTOSIHHOrO TOKa B nepemMeHHbin B MY

HanpsihkeHue ¢

MCMONb3YTCHA TPAH3MUCTOPbI, KOTOPbIE PaboTaloT B NEPEKIT0YAOLLEM

LUIMPOTHO- pexume. B Havane 90-x gOMUHMpoOBanu GunonspHbele TPaH3UCTOpPbI C
UMNYJIbCHOW OTHOCUTENBHO MarnbIMK YacToTamu nepeknioveHund, Ao 2 kl'y,. Cerogrs,
MoAaynsaumen NCronb3yeTcs NnosieBble TPaH3UCTOPbI C HU3KUMU NOTEPAMU, a TaKkKe
(LLAM) IGBT TpaH3ucTopbl. 3TW TUMbI TPAH3NCTOPOB 06ecnevmBaloT HYacToThbl
nepekntoveHns o 16 kl'y ¢ 04eHb HU3KMM YPOBHEM LUYMa.
KommyTaunoHHasa cxema MHBepTUpOBaHUA NpeacrasneHa Ha pyc 19.
|
| Tk & mé Iy mé Iy
| u M
Puc. 19 i LU v
i K W
3 TR & Tﬁ ) Tjﬁ ) 37
! 4 6 2
Kak BugHo n3 puc. 19, Tok4epes 0bMOTKy ABUraTeNd MOXET NpoTekaTb
TONbKO TOrAa, Koraa, Mo MeHbLUEN Mepe, OAHWH 13 BepxXHUX (T1,T3n T5)
1 OOWH N3 HWXKHWUX TpaH3ucTopos (T4, T6 and T2) BkntoYeHbl.
OaHoBpeMEHHO BKOYEHbI TpY TpaH3ucTopa. [juarpamma BKAoYeHNS
nokasaHa Ha puc. 20.
Puc. 20
lNopsidok
cpabamebigaHusi
8bIXOOHbIX KrTroHel
uHeepmopa
(1 yukn)
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Puc. 21
BbixodHoe
HanpsixeHue U-
uHsepmopa
(UMY nbCHbIL
uH8epmop),
npuHyunuansHasi
Ouazpamma ¢
OCHo8HoU
2apMOHUKoU

28

W3-3a nHOYKTUBHOCTM ABUratens, TOK He MOXET Pe3KO YNacTb [0 HyNS,
Korga TpaH3MCTOp BbIKNOYaeTca. TpebyloTcs aHTunapannenbHble
Anoabl, KoTopble MOryT O6blTb KOMMYTUPOBaHbI HA TOK B MOMEHT
BKIHOMEHMS (CpaBHuUTe Puc. 22).

[MocpeacTBOM LMKITMYECKOTO MEPEKITIOYEHNA CUMNOBBIX KITOYERN, TOK
MEHSETCS B TPEX BbIXOAHbIX da3ax, KOTOpble NOCTOSAHHO CABMHYThI Ha
120° oTHOCUTENBHO ApYr Apyra. [Nonyyaetca cummeTpudHas TpexdgasHas
cuctema, yactoTa KOTOPOW 3aBUCUT OT ANMUTENbHOCTU LMUKNa
cpabatbiBaHMS BbIXOOHbIX Krtodern nHeepTopa (--> Puc. 20). AMnnuTyaa
onpeaensaeTcs BENMYMHON OTHOLLEHWSI BPEMEHW BKITKOYEHUS KO BPEMEHN
BbIKIMOYEHNSI TPAH3UCTOPOB.

OTO OTHOLLIEHME , MPW LLIMPOTHO-MMMYTLCHOM MOZYISILIMM CUHYCOMAANBHOTO
CUrHana, marno B Havarne v KOoHLe NosyBOJHbI, U BEMNUKO B CepeaunHe.
OT0 genaeTt BO3MOXHbIM MOMYyYUTb CUHYycouaanbHyw c¢opmy c
MUHUMaIbHbIM YUCIIOM rapMOHMUK.




Puc. 22

[MonHble rpadvky TOKOB U HaNpshXXeHUn Ans ogHou pasel U nokasaHbl
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Ha puc. 22.

uv

Bonee Bbicokas Hecyllias 4acToTa, T.€. YacToTa C KOTOPOW TPaH3UCTOpbI
BKITHOYAIOTCA U BLIKMHOYAOTCA B TEYEHMU MONYBOMHbI, MOXET Gonee
TOYHO NPUBNU3NTL TOK K CUHYcoMaanbHo doopme, U, crnegoBaTensHo,

MeHbLUMM OOMNONMHUTENbHbIM NOTEPAM B ABUraTesne.

B Toxe Bpemsi rapMOHMKM caBuratoTcsl K 6ornee BbICOKOW 4YacToTe,
KoTopasi npu Hecywen yactote 16 kly, nexuT 3a npegenamu

HOPManbHOro TeMnepaTypHOro AnanasoHa.
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6.3 BxoagHble n
BbIXoAHbIe
3HavYeHus

6.3.1 BxogHoe
HanpsxeHue,
BXOAHOW TOK

Puc. 23

Bx0OHbIe 8enuYquHbI
uHeepmopa c
00HOGhasHbIM
rOOKIIOYEHUEM

B TO Bpems kak TOK 1 HanpsXXeHne NpoxoasaT yepes npeobpasoBarerns,
OHV MMeIOT Boree Nnm MeHee CUrbHbIE OTKITOHEHUSA OT CUHYCOMAANbHOW
dopmbl. NogpobHOe onnucaHne CM. HUXe.

BxogHoe HanpsikeHue - 3TO 3HaveHune npeobpasoBartens, KoTopoe
Hanbonee TO4YHO NpnbnmxaeTcs K cuHyconaanbHon popme. OTKNOHEHNS
CryyalTCcqa TONbKO, KOorga B pavioHe MaKCUMarnbHOro 3HavyeHus
CYLLEECTBEHHO NafaeT HanpshKeHe B CETU UM NUTAOLMNX NIHKAX, U3-3a
3apagHOro Toka KoHAeHcatopa B MPOMEXYTOYHOM KOHTYpe, Koraa
NOSIHOE CONPOTMBIEHNE CETU 1 NMPOBOAOB CAMLLKOM BENUKO (=> Puc. 23).

5A/'qej'| I'Ipoca,uKa HanpaxXeHuna
100B/pen . .../ kor;a ceTb ocnabneHHas

'] 1

eyt by ,w..ai_ . .,lmuf-%u-u..»,.i, e et ’I Tt A,.,,Jnmu.w.lgm..b—‘,{ S
] | !

BxogHoM TOK COCTOUT 13 TOKOBbIX MMKOB, KOTOPbLIE BCErAa NPOVCXOAST,
Koraa KOHAeHcaTop MPOMEXYTOYHOrO KOHTYpa nepesapshkaeTcs Yepes
BXOAHOW BbINpAMUTENb. JTa nepesapsigka HadMHaeTcs, Korga
HanpsHkeHne NPOMEXYTOYHOro KoHTypa U, CTaHOBMTCA paBHbIM
BEMNYMHE MIHOBEHHOTIO CETeBOro HanpshxeHns U, 1 BbINPSMUTENbHbIN
MOCT NepEeKITHYaETCS C 3aKPbITOrO COCTOSIHMSA B NPOBOASILLEE.

lMukoBoe 3Ha4veHne Toka |1 pumepHo B 3...5 6onblue acdekTMBHOIro
3HaveHunsa. ObpalanTe BHUMaHWE Ha 3TO Npu BbIbope nonepeyHoro
CeYeHnsi CUNOoBbIX NPOBOAOB U NPEAOXPaAHUTENEN.

AMNNuTyaa TOKOBbIX MMKOB YBENUYNBAETCHA NPU HOMUHAITbHOW 3arpy3ke
MHBEpPTOpa. IDTO MNPOMUCXOAMUT MOTOMY YTO, BbIMPAMUTESNb LOSIKEH
obecneynTb BbIXOOAHOW TOK MHBEPTOPa BO BpeMsi hasbl Nepe3apsiaku
OS5 NPOMEXYTOYHOro KOHAEHcaTopa 1 3apsgHOro Toka.

padurku ToKa 1 HanpsXKeHUs Ha puc. 23 cnpaBeanuBbl HE TONbKO A
M4, Ho 1 Ansa No4TK BCex NpnbOopPOB C HeYNpPaBnsSEMbIMI BbINPSAMUTENSMU.
daKTop MOLLHOCTU COS|] AN npeobpasoBartens paBeH NpUoNM3nTensHO
1. OgHako, ceTb fJomkHa obecneymBaTb 3HAYUTENBHY BEMUYUHY
NCKaXXEHNS1 peaKTUBHOW MOLLIHOCTU, KOTOPasi MOXET BbITb yMEHbLUEHa
NMHENHbIMU CTabunmaaTopamu, Koraa MOLLHOCTL BonbLuas.
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6.3.2 3BeHO
NOCTOAHHOIO
TOKa

Puc. 24

6.3.3 BbixogHoe
HanpsxeHue,
BbIXOAHOW TOK

®opmyna 19
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BbinpsimmiTens obecnevmBaeT B NPOMEXYTOYHOM 3BEHE He CriaKeHHoe
NOCTOSIHHOE HaMpshKEHME CO CrieayOLLMMUN XapaKTepUCTUKaMMU:

U

d

HanpsikeHne cetn230V

U »325V

B2 - mocT T t

HanpsbxkeHne cetTn 400 V
U »565V

B6 - mocT T t

N3 rpadpukos HanpskeHus U, BuaHo, 4To Ans Mmocta B2 Heobxoamm
KoHOeHcaTop 6onblien eMKoMTun, YeM anst mocta B6. Ecnu nukosoe
HanpshKeHne MeHbLUE, YeM MaKC. HanpshkeHne KoHgeHcaTopa (06bI4HO
400 B), To HeT HeobXoAMMOCTU nocriegoBaTenbHO NOAKAKYATb
criaxkusaroLme KoHgeHcaTopbl, kKak 3To TpebyeTcs ans mocta B6.

MpOMEXyTOUHBI KOHAEHCATOP UIPAET peLLatoLLyHo Porb B CTabunmsaumm
BbIXOZIHOMO HAMPSHKEHWS, a TaKKe B COAepXaHUM rapMOHUK BbIXOAHOMO
TOKa, U, TakuM 06pa3oM, B KOHLIEHTPUYHOCTY aABuratens. Mpu 6onbLuoi
€MKOCTU MPOMEXKYTOYHbIX KOHAEHCATOPOB aMMNUTYAHbIA KOS PULNEHT
BXOZIHOIO TOKa 3aMETHO yBenuumneaeTcs. 10 aToi npuymHe noaxoasLLmi
KOMMNPOMUC HeobXxoaMMO AOCTUTHYTb NMPU MPOEKTUPOBAHUM
MPOMEXKYTOYHOIO KOHTYpA.

BbixogHoe HanpsbkeHue npeobpasoBaTens 4acTtoTbl hOpMUpyeTCs
‘“Hape3aHneM”, T.e. UMKIIMYECKUM BKITHOYEHNEM/BbBIKITIOYEHNEM
NMOCTOSIHHOIO HanpsiKeHUs1 NMPOMEXYTOYHOro 3eeHa (puc. 21). Takum
00pa3oM, BbIXO4HOE HanpsiKeHne COCTOUT U3 NPSIMOYTofbHbIX 610KOB,
NMMKOBOE 3HaYeHne KOTOPbIX BCerga paBHO NOCTOAHHOMY HaNpPsXXeHUHo
NPOMEXYTOYHOro 3BeHa. Ecnn BbIXOAHOE HanpshKeHne NoaBeprHyTb
aHanuay Pypbe, TO HapsiAy C OCHOBHbLIMW FAPMOHMKaMM C yCTaHOBIEHHOM
4acTOTON NOSABMAAETCSH MHOXECTBO rapMOHUK. OTU rAPMOHUKN 3aBUCAT
OT MHOYKTUBHOW Harpy3ku 1, B BOMbLUEHCTBE CryvaeB, 3HAYNTENBbHO
ocnabneHHsble.

Tok MOXET ObITb OnpeaeneH MHTErPUPOBAHMEM BbIXOQHOMO HaNPsHKEHMSI.

di

u=L- g ==> i=7"Judt

1
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Takum 06pasom, BbIXOAHOE HaNps)KeHMe COCTOUT N3 YETHBIX CETMEHTOB
MPY YNCTO MHAOYKTUBHOM Harpy3ke. [1py1 oMUYeCcKko - UHOYKTUBHOW Harpyske,
Harnpumep, NpeacTaBeHHOW aCUHXPOHHBIM ABUraTernemM, BbIXOOHOW TOK
COCTOMT N3 CErMEHTOB 3KCNOHeHUManbHbIX PYHKUNW. Bonee Bbicokast
Hecylwlas YyactoTa M UHAYKTMBHAs Harpyska npmBoaaT k 6onee
CvHycovaanbHom hopme.

Koroa ucnonb3ytotcs ABuraternbHble ApOocceni, 0CoBeHHO CO cpeaHe
4aCTOTHbIMU ABUraTeNsAMMU (MarneHbKas UHAYKTUBHOCTL), BOMHbI TOKa U
BpPEMsi HapacTaHus Ansa GNOKOB HanpskeHus ymeHbluatotes. MageHve
HanpsKeHUs Bbl3BaHHOE ABUraTerlbHbIM APOCCenem AOMKHO GbiTb

OTCNneXeHo.
Hecywasa |WHaykTuBHas
Puc. 25 o, YyacrtoTa Harpyska
pacpuku YBENVM/BAETCS YBEMMMBAETCH
8bIXOOHO20 MOoKa
(cosj
YMEHBLLIAETCS)
/\ MoTepu B Morepus |
! MHBEpTOpEe ! Asuratene
! ! (ctatop +
AKTnBHas : : poTop) :
MOLLIHOCTb | .
cemwm : : [ + MexaHudeckas]
! ! ! MOLLHOCTb
! : ' Ha Bany
Puc. 26 5 5 i
OHepzemuyeckuli - : _ : — |
6arnaHc
4acmomHozo PeakTuBHas | |
npugooda MOLLHOCTb ! , ,
cet | | I
L : i |
T : ! - !
E : PeaktneHas :
. . MOLLIHOCTb .
E : [BuvraTens :
1 T 1 1
Cetb : NuBepTop : [suratenn . Ban
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6.4 W3mepeHue N3-3a He cuHycomaanbHbIX OPM TOKOB M HaNpPs>XeHU 4aCTOTHOro
TOKOB U npeobpasoBatensa He Bce nameputenbHble Npubopbl NOAXoaAT Ans
HanpsXXeHun namepeHuda. Korga BaXHO He TOJIbKO U3MepeHue BXOOHOro

3P PEKTUBHOIO HANPSXKEHUs!, KOTOPOe MOXeT BbiTb onpeaeneHo
OObI4YHBIM MYNETUMETPOM, a TAKKE, MMKOBAS BENUYUHA HANPSXKEHNUS.
OHa onpegensieT HanpsXXeHne MPOMEXYTOYHOIO KOHTYpa, a Takke
BbIXOAHOE HanpsixeHue. Pe3koe yMeHblIeHUe 3TOro NMKOBOrO
Hanps»KeHWs, BbI3BaHHOE Nepe3apsagovHbIMU TOKAMU MPOMEXXYTOYHOrO
KOHTYpa, MOXeT BbITb OnpeaeneHo namepeHmemM BXOAHOIO HanpsiKeHNs
(npwn 3arpyxeHHOM MHBepTOpe) ocumnnorpadom. Kpome Toro, Todka
3amMepa He MOXeT ObITb NOAKMYEHA K OCHOBHOMY 3a3eMIIEHMIO (3TO
MOXET OblTb JOCTUrHYTO, HANpMMep, YCTaHOBKOW pas3genuteribHoro
TpaHcdopmartopa 48 NuTaHmsa ocumnnorpaga). Takke, KOHTPOSbHYHO
dooToronoBky criegyet ucnosnb3oBaTb 1: 100.

[M1koBOE 3HaYEeHNE O4YEHb BaXKHO NPWY U3MEPEHUN BXOAHOro Toka. OHO
MOXeT ObITb onpeAeneHo TOKOBbIM M3MEPUTENbHLIM 3aXXMMOM C
aHarnoroBbIM BbIXO40M HanpsKeHns (MPonopL. MTHOBEHHOMY 3HAYEHMIO)
ocuunnorpadga. TOKOBbIN U3MEPUTENbHBIN 3aXXUM OOSMKEH UMETb
AOCTATOYHO G0NbLWOK Anana3oH, YToObl NMKOBOE 3HayeHue “He
obpesanocek”. Ecnn Heobxogumo nameputb 3PPHEKTUBHOE 3HAYEHME, TO
TOKOBbIN M3MEPUTENbHbLIA 3aXUM AOSMKEH MMETb BO3MOXHOCTb
obpabaTbiBaTb 60MbLLION KOIDPULMEHT aMNNUTYAbI.

N3mepeHne adpPeKTUBHbIX 3HAYEHUN BbIXOAHOIO Harnps>XeHUs
UMPPOBLIMN N3MEPUTENBHBIMU MHCTPYMEHTaMN OObIYHO OYEeHb
HeTo4yHoe. [laxe ecnu BbIXxof4Has 4YacToTa NeXuT B AOMYyCTUMOM
4YaCTOTHOM [ManasoHe N3MepPUTENBHOIO YCTPONCTBA, KOTOPbIN OBbIYHO
He ans YactoT << 50 Hz. BbicOKMI KOIMDULMEHT BKIMIOYEHNA TaKXKe
gernaeT 97O TpyAHbIM AnA namepeHus.l[lpocTble aHanoroBble
WHCTPYMEHTbI (BpaLLaroLLascs KaTyLuKa U NOABUXKHBIN CepAeYHUK) aatoT
Hanny4ywwun pesynerat. YTobbl NpOBEPUTL OAMHAKOBO NN BbIXOAHOE
HanpsbkeHne BO Bcex 3 dpasax, ABuraTenb AOMMKeH OblTb OTAeneH ort
nHBepTOpa. JTO NpefoTBpaLLaET ranbBaHNYeckoe coegmHeHne das
Yyepes 0OMOTKy ABUraTens, u, Takum obpasom, NPensTCTBYET HETOYHbIM
pesynsratamMm N3amMepeHus.

TOYHbIA NMPOMEXYTOK BPEMEHU BbIXOQHOIO HanpshkeHua n gopma
nynbcauun COXpaHATCH B NaMATh ocuunnorpada, no3ToMy BaXXHO
UMEeTb He 3a3eMIIeHHOe COeANHEHNEe U MUCMONb30BaTb KOHTPOSbHYHO
dotoronosky 1 : 100. [NnkoBoe 3HayYeHUe BbIX. HANPSAXKEHUS PaBHO
HaMNPsH>KEHUIO NPOMEXXYTOYHOrO KOHTYpa.

M3mepeHune BbIXOAHOro ToKa MAEHTUYHO U3MEPEHUIO BbIX. HANPSXKEHWS.
Mcnonb3ynte MHCTPYMEHTbI BpallaloLyCa KaTyLWKy U NOOBMKHbIN
CepAeYHUK Ans uaMepeHnsa adPeKTUBHOIo 3HavyeHus. bornee ToYHbIN
TOK MOXET ObITb BUAEH, MCNOMb3YS TOKOBbIN U3MEPUTENBHbIN 3a>KUM C
aHanoroBbIM BbIXOAOM HanpsiXeHus (Mponow,. MrHOBEHHOMY 3Hau.).
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LyHTMpoBaHHbIEe n3amepeHns 06bI4HO HeaKKypaTHbIe, B COOTBETCTBUN C
yem EMC nomexn nmetoT oTpuuatenbHbli BAUSIHUE Ha N3MepsaeMblii
y4yacTtok. B 6onbLueHcTBe criyyaeB 0QUHOYHOE U3MEPEHME BbIXOLHOMO
3pPEeKTMBHOIO TOKa He IOCTAaTOMHO, NOCKOIbKY UHBEPTEP perncTpupyet
1 BbIYMCNSIET MTHOBEHHbIE BENNYUNHBI U, TaKUM 06pa3oM, MUKOBbLIE TOKW.
OwunbkM neperpyskn no ToKy MOryT ObiTb NpeaBuaeHbl U
npeaoTBpaLLeHbl TONIbKO TOYHOW perncTpaLumen NMKoBbIX BENTUYUH.

[1na TOYHOro n3MepeHns Ha MHBepTEpPE OYEeHb BaXXHO UCMOSMNb30BaTb
XOPOLUMI TOKOBbI U3MEPUTENBHbIN 3a)KMM C aHaroroBbIM BbIXOLOM U
3anomuHatrowm ocuyunnorpad. Takke cnpasegnueo ans rpyboro
namepeHns 3PPEeKTUBHOIO 3Ha4YeHUS NPUMEHATb aHanorosble
NprOOopbI: BpaLLlaLWasaca KaTyLlka v ABWKYLLIMNCS CEPOEYHNK.

TOKM 1 HanpsKeHUs, KOTOpble N3MEPSAIOTCS B MHBEPTEPE AN 3aunTbl
npubopa:

. HanpskeHne npomexxyTo4HOro KoHTypa (d.c.-bus voltage)

. Tok mexay koHaeHcaTopoM d.c. 1 a.c. UHBEPTEPOM
(3aBucuT oT npubopa)

. CymMma Tpex BbIXOLHbIX HAMPSXKEHUI
(onpepeneHune 3ambikaHUA Ha 3eMrto) (3aBUcKUT oT Nnpubopa)

. Tokn BbIXOAHbIX dha3
(3aBucuT oT npubopa)
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6.5 BHyTpeHHMe UTobbl 3awmTnTe NpMBOP NPOTUB BbICOKMX TOKOB, HaNPS>KEHUA U
3aWUTHbIE TemnepaTyp MHOFOYMCIIEHHbIE MOHUTOPUIH U 3aliUTHbIE OYHKLNN
dyHKuun / BCTPOEHbI B NpeobpasoBaTenb YaTToThl.

KEB-

COMBIVERT Mpu 3arpy3ke, B 3aBUCMMOCTW OT HOMUHana, o1, Hanpumep > 150 % wn/
nnun > 200 % (= 1,5 pasa n/vnn 2 pasa Toka nHBepTepa), MHBepTEp
BbIKIMOYAETCH B TEYEHUN HECKOMBbKUX MUKPOCEKYHA C COObLeHnem
oLmnbkm neperpy3km no Toky (OC). NukoBas TokoBasi BENMYNHA KPUTUYHA
Ang aToro.

Ecnu BenuumHa 3arpysku NexuT B neperpy3o4HoM AvanasoHe, HO HKe
KPUTMYECKOrO YPOBHS, TOrAa Yepes onpeaerneHHbIn Nepuoa BpeMeHu
nosisutcsa owmnbka OL (overload). B pesynsrate 6yaet npeaoTtepalleH
neperpes NonynpoBogHMKOBOro moayns. OL 3awmTHasa oyHKUMS umeeT
BCTPOEHHbIN ahpheKkT. IDTO O3HAYaEeT, YTO BpPEMEHA Neperpysku
CKragblBaloTCs, a BpeMeHa 6e3 neperpysku Bbluutatotca (cm.Puc. 27).
OT0 0COBEHHO BaXXHO ANst AMHAMMUYECKMX MPOLECCOB(LUMKI. NpMBOAA).

OL-ypoBeHb,
Hanpumep, 105 %

\

PUC 27 | | | T T | |
Hpu;\ﬂep.' 100s  200s 300s 400s 500s 600s OLUMOKa OL
lMepezpyska- (OL-)
ypogeHb = 105 %;
BbiksitoyeHue o, L
epems = 300 s 3008 t—————————————————————— ¥

[na npegospalleHnsa pasorpeBa KOMMNOHeHTOB ganee nocne OL wu
BOXXMOXHOIO pa3pyLleHnsi, MIHBEPTEP AOSMKEH 3aWnTnTbL cebsa oT
HenocpeacTBeHHOro copoca owmnbkn. OH BbIMOTHAET 3TO C NOMOLLLHO
BHYTPEHHEro cYeTuyMmka BPEMEHU, KOTOPLIN NpegoTBpawaer
HemeaieHHbI cOpoc. [locne ncteveHus neproga OXnaXxKaeHus, KoTopbI
nHaAnUMpyeTca muraHmem Ha gucnnee "nOL", owwnbka OL 6yget
cbpolueHa n npeobpasoBarernib MOXET ObITb Nepe3anyLUeH.
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Puc. 28a

Puc. 28b

Owmbka OL moxeT ObITb COpoLLEHa COPOCOM MO BKIKOYEHMIO MUTAHUA,
T.€. NepeKntoYeHneM BKI1/BbIKN TOMbKO nocre dasbl oxnaxaeHus. [Nocne
BO3HMKHOBEHMS OLLINMGOKM OL oyHKLMSA CHETUMKA BPEMEHM aKTMBHA Koraa
€CTb HanpsPKeHWe NUTaHns n/mnm NpMbop nepesanyckaeTcs CHOBa Nocne
npexaeBpeMeHHOro cbpoca no BKIIYEHMIO NTaHKs, NnpeobpasoBaTenb
4YacCTOoTbl HE CreayeT OTCOeaUHSITL OT CETU BO BpeMs hasbl OXITaXaeHus.

3awumTHas dyHkuma OC onpegensieT TOK, B 3aBUCMMOCTW OT Tuna
MHBepTepa, B base NPoOMeEXYTOYHOro KoHTypa (cMm. Puc. 28a) unn B
obeunx pazax NpomMexyToYHOro KoHTypa (Puc. 28b) nnn B BbIXOAHbIX
dasax (Puc.28c).

Onpepenutens Toka TparcdopmaTop Toka

A JEI A JEI A =
] | [\—1@
T |

A g A JEI A JEl A ]

OnpepenuTtens Toka

L]
JﬁY A JEI A JEI A
A I & 18 & 1§ &
s I I i

Onpegenutens Toka
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TpaHccopmaTop Toka
: R4 |
A A A J A J ) - A o
— + A A YE!
Puc. 28¢c — - {L @
A A A JE A JE A JE A

HCT = Xonnosckuin TpaHcdopmaTop Toka

30ecb NOKa3aHo Kak onpenensiTcsa Bce 3arpy304Hble TOKWU, KOTOpble
CIMLLKOM BbICOKM M UMEIOT KOPOTKUI LMK Mexay dpa3amn. 3amblkaHne
Ha 3emnio onpegensietca B Puc. 28a n Puc. 28c¢ 4epes TpaHcopmartop
TOKa, KOTOPbIN 3anucbiBaeT CYyMMY BbIXOAHbIX TOKOB. JOTOT
TpaHcgopmaTtop Toka yctaHoBneH Ha 50 'L, NOCKOMNbKY TOKU 3aMbIKaHUS
Ha 3eMro BCcerga MMEeKT YacToTy ceTn. MakcumarbHbIM noTeHumnan
OTHOCUTENBHO 3eMnu 325 B BO BCEX TOYKAX SHEPreTUYECKOro KOHTYpa
(c HanpshkeHnem cetun 230B).

Ha Puc. 28b TpaHcopmaTop ToKa NponyLLeH, NOCKOSbKY TOKN 3eMNu
MOTyT PErMcTpupoBaTbCA OOHUM U3 ABYX onpenenuTenen TOKOB.

Kpome 3awmtbl camoro cebs OT TOKOB, KOTOPbIE CIULLKOM BbICOKME,
MHBEPTEpP LOMMKEH Takke 3awuTuTb cebsa OT BbICOKOrO U HU3KOro
HanpsbkeHnn. Oba onpenensarTcs NOCTOAHHOW perncTpaumnen
HaNpsPKEHMA NPOMEXYTOYHOro Toka. KoHTponuposaHueM konebaHus
HanNpPs>KeHNA NMPOMEXYTOYHOIrO KOHTYypa MOXET ObiTb onpeneneHo
da3oBoe noBpexaeHwe Ha BXOAe MHBepTepa, Koraa ABuraTtenb
3arpyxeH. OTob6paxxemMoe HanpsiXkeHMA Ha BbIXOAE BblYMCNAeTCA
NporpaMmMHO UCXOAs M3 npolecca mogynsaumn. Todka cpabaTtbiBaHWsS
Anst TOpMO3HOro TpaHaucTopa (GTR7) nexuvT npumepHo Ha 5% Hwke OP-
YPOBHS.

37




7. Pexum paboTbl npeobpa3oBartens
yactoTtbl (M4) n TpexdasHoro
acuHxpoHHoro asuratena (AC-

ABurarernb)

7.1 TpuHUMUNDbI
perynupoBaHusi
CKOpOCTH

®opmyna 20

Puc. 29
3keusaneHmHasi
cxema ons
X0/10cmo2o xoda
AC-0sueamerisi

®opmyna21

®opmyna 22

Puc. 30a

38

I'Ipm MCMNblITaHNUN HE HaArpyxeHHoro AC-agBuratens MOTYT ObITb
yCTaHOBJEHbI CneayoLwine CKOpoCTu:

f n,: CKOPOCTb XOSOCTOro XoAa (B cek™)
n, = T1 f. uvacToTa HanpsKeHUs NMTaHuA
p: 4MCrno nap NoscoB (Hanpumep 4-nontc. ABur =>
p=2)

Npun nsmeHeHMnM YacToTbl NUTaHKsA f, Bbl MOXETE M3MEHUTbL CKOPOCTb
asuratens. [pyumuTe BO BHUMaHWe, 4TO TOK HamarHn4mMBaHus [y Takke
3aBMCUT OT YaCTOTbl MUTaHNSA. DTO NOKa3aHO Ha 3KBUBANEHTHOW CXeme
NOCTOSAHHOIO HanpsxeHus (Pnc.29).

R, Iu

C L — b

u,f, I X,
(e,
U U1 L, :OCH. UHOYKTMBHOCTb
1
M= T Rz+xz - VRZ+ @ifLy Rr.
1 h 1 h R,:ConpotvBneHue ctatopa

Ecnu npeHebpey conpoTtueneHnem ctatopa R, B hopmyne 21, Toraa:

L 0 U

2mf L, f
33,5,8‘43, yoepXaTb 3TOT TOK HaMarHn4mnBaHud ||J MOCTOAHHbLIM Ha
HOMWHarbHYy0 BEINTMYNHY |Un, TaK YToObI aCMHXpOHHbIVI asurarternb Bcerga

p360Ta.l'I npn HOMMHaINbHOM NOTOKE @, U, TakUuM o6pa30M, MO>XHO
peann3oBaTb HOMMHanbHbIM MOMEHT BO BCEM Marna3oHe CKOPOCTH (PI/IC.

Iu »

30a).
Y
Supersaturation M~ @I
2
M  MomeHT gBuratens
,,,,,,,,,,,,,,, MarHuTHbIN NOTOK
@ ¢

Iu  Tok HamarHMuMBaHus
7 Tok poTtopa




KEB|E

ANTRIEBSTECHNIK

Y106kl COXPaHNTL TOK HAMArHNYNBaHNA NOCTOSAHHbLIM, HanpshkeHne U,
AOMKHO BbITb NPONOPLMOHANbHO YacToTe, crinacHo oopmyne 22. Ecnn
3TO He BbIMNOHAETCS, TO TOK HAMarHN4YMBaHWUSA CTaHOBUTCS MO0 MeHbLLE
(ocnabneHHoe norne), Nnbo 6onbLue (NepeHachILLEeHme).

Mo aTon npuumHe U/f-xapaktepuctmka ansa nHeepTepa 06bI4HO NMHENHas
B HTepBane Ao yrnosoi Yactotel f,  (==>Puc.30b).

|
|
Puc. 30b |
|
|

> f

7.2 XapaKkTepucTuku Korga NCnornb3yeTcs MHBEPTEP, TaK YTO TOK HAMarHN4YMBaHNA OCTaeTCs
ABuratensa nNpu poctosaHbIM Ha BCEM MHTepBane 4acToTbl, TOrga nonyyaertcs

pabote c crnegytoLas MOMEHTHO-CKOPOCTHas XapaktepucTtuka (==> Puc. 31)
MHBEepTEpPOM
ns: CKOPOCTb CKOJIbXeHun4a
nd: CUHXPOHHAaA CKOPOCTb
M
W, ? (=ckopocTb X.X.)
nN: HOMWHalNnbHaA CKOPOCTb

S: CKOJlbXeHune

\ HOMWHanbHas
paboyas Touka

Puc. 31
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Puc. 32

MoxHo BUTEOD, YTO YMEHbLLUEHNE YaCTOThbl Bbl3BaHO napasrieribHbIM
COBUTOM XapaKTepVICTI/IKVI.B mnaearibHoOM criyvae MaKkcuMarbHbI MOMEHT
OCTaeTCAd NOCTOAHHbIM Ha BCeEX 4YacCTOoTaxX. I'IpM OTUX OonyweHn4ax
ABuraternb MOXeT ObiTb Harpy>xeH ero makcmmMmaribHbIMm MOMEHTOM BO
BCEM MHTEpBasre 4acToT.

[encTBuTenbHO Xe, Mbl UMEEM OTKIMOHEHUSA OT 3TUX MAeanbHbIX
xapaktepuctuk. Kak sngHo ns Puc. 29, akTMBHOe CONpPOTUBIEHME
cratopa R, AOMKHO BbITb NPUHATO BO BHMMaHWeE. [oka OHO He 3aBUCKUT
OT 4acTOTbl, OCHOBHOE PEaKTMBHOE CONPOoTUBNEHNE X, yBENUIMBaETCA
NIMHENHO C 4aCTOTOW, B COOTBETCTBUM C YEM, YACTOTHO-3aBMCUMOE
HanpshkeHue pasfensetcaHa R n X .

[pu BbICOKMX YacToTax NMOYTU BCE HaNPSXXeHWe nagaet Ha UHAYKTUBHOM
conpoTuerneHnn, R, mano BnuseT Ha TOK HamarHuymneaHua. Korga
4acTOTbl CMULIKOM MarneHbkue, Torga X, yMEHbLIAeTCsA NUHENHO C
yaToTou. R, ocTaeTcs NOCTOAHHBLIM, Tak YTO NaaeHne HanpsxeHus U,
Mo cpaBHEeHWo ¢ U, 3Ha4NTenbHO BO3pacTaeT, M NO3TOMY [OIKHO ObiTb
CKOMMeHcnpoBaHo (==> fig. 32) ysennyeHmem BXO4HOIO HanpsKeHns
(bycT).

oyct=0

I IRN
y Yo 4AU1 Usy

In
I
f 6onbLias f, maneHbKan
->U,» U, ->U, « U, )
--> |J1 HU3KUN

BycT ycTaHOBNEH KOPPEKTHO
==> UXh = f1
==> |u = const.

U f, ManeHbkas

U1 yBeJin4eHo GycTOM
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ANTRIEBSTECHNIK

Tornbko Npu perynposaHmy HanpsxeHns U, MponopLmoHarsHo YacToTe,
AAeT MOCTOAHCTBO TOKa HamarHu4mBaHus Iy, a ¢ HAM U MarHUTHOro
rnoToka. [MockonbKy HanpskeHne U, He MOXeT ObiTb M3MEpPEHO, 1, B
OCHOBHOM, Benu4uuHbl R, n X, Ansa asuratenei He U3BECTHbI, TO
HeobxoanMbIn ByCT [OMMKEH BbIOMpaTbCca amnupuyecku (==> Pasgen 7.3).

[o cux nop, Mbl paccmatpueany paboTy HEHArpy>XeHHOro ABuraTens.
Ecnun gBurartens Harpy»eH, To ckonbxeHue s # 0 Bbi3blBaeT TOK poTopa
l,', KaK BUOHO 13 3KBMBaNEHTHOMN cxembl (Puc. 33).

Puc. 33
YnpouweHHas
aKeUBasIeHMHasi
cxema
HaepyXeHHo20
AC-0sueamerisi

I,) =0 anas =0 (6e3 Harpysku

I, # 0 ana s # 0 (Harpyska)

OTOT AONOMHUTENBHLIN TOK POTOPA, TONLKO aKTUBHBIN TOK, Bbi3blBaeT
AOMNOMNHMTENbHOE NadeHne HanpshxeHna Ha R, nostomy Heobxoaum
AONONMHUTENbHbIN BycT, 4TOBbI yaepxaTb MNOCTOAHHbLIM TOK
HamarHmumeaHus Iy . CTporo roBops, 9TO yBenuyeHue 3aBUCUT OT
MOMEHTa Harpy3sku (M/vnu oT ckonbxeHns ). Nockonbky BennynHa bycra
dukcupoBaHHas, To HeobxoaMmMOo BblIOMpaTb KOMMAPOMUCC MeXAOy
Harpy>eHHbIM WU HeHarpy>eHHblM npusogom (==> Pasgen 7.3).
BekTopHasa gnarpamma ans HarpyxeHHoro AC-asuratens (cm.Puc. 34).

U R1 I 1
Puc. 34
BexkmopHas U 0 |
Ouaspamma xh H
HaepyXeHHo20 .
AC-0suzadernsi U Xh I 2
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®opmyna 23

®opmyna 24

Puc. 35

Puc. 36

HAnanasoH vactotbl ot 0 gof, . (==>Pwc. 30b), T.e. MHTEPBas B KOTOPOM
HanpsxeHne U, nponopuMoHanbHO yBenuinBaeTcs, HasblBaeTcs
AvanasoH nonoxeHws potopa. Yactota npuM KOTOPOW BbIXOOHOE
HanpsbkeHne uHBepTepa OOCTUraeT Mack. 3HayeHUs, Ha3biBaeTCs
rpaHMYHOM YaCTOTOM UM HOMUHANBHOM TOYKOW. BbISCHMM noBeaeHne
npy Yactotax Bbille f, _ , B Tak Ha3bIBAEMOM Ananas3oHe ocnabreHHoro
nons.

[MockonbKy HEBO3MOXHO yBenuuMBaTb HanpshkeHue 6ornblie, TOK
HamMarHM4MBaHMA | yMeHbLUIaeTCa C yYBEeNUMYEHMEM YacTOTbl, TakUM
o6pa3oM, MarHUTHbIV NOTOK ABUratens ocnabnsercs. B pesynerate, n3
doopmyrbl U

M~ - I O ~

2

max ’

MMeeM, YTO MOMEHT TaKXe YMeHbLUIAeTCHa NponopunuoHarnbHO YacToTe.
[na makcMmanbHOro MOMeHTa, ecnu npeHebped conpoTUBNEHNEM
ctatopa R, umeem cnegyoLiyto goopmyny

2
M~
k 2
f1
B pesynbrate, MakcumarnbHbIN MOMEHT B AMana3oHe ocrnabneHHoro nons
ymeHbLuaetcs nponopunoHansHo 1/f2 (U, = const.). Takum obpasom,

MMEEeM CrielytoLLyt0 MOMEHTHO/CKOPOCTHYH XapaKTEPUCTVKY Npv paboTe
C MIHBEPTEPOM

[nanasoH nonoxeHus poTtopa [IuanasoH ocnabneHHoro nons
M A ™

M

overload reserves

M,=18..3,5M_
(B 3aBMCUM. OT
asurartens)

f |

Umax

BuaHo peskoe yMeHbLUeHNe MOMEHTa B AnanasoHe ocriabneHHoro nons.
Takke npy yBenNMYEHNn YacToTbl XapakTEPUCTNKA CTAHOBUTCS NOOXe
(s <s,,) 1 B CBA3U C 3TUM CKOMbXeHue yBenuivsaetcs (Puc. 36).
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XapaKTepI/ICTI/IKl/I TOKa N MOLLLHOCTU 3aBUCAT B 3aBUCUMOCTU OT HaCTOTbl
npeactaBrieHbl HAXeE!

P = const.

Puc. 37 I

Koraoa yctaHoBka 6ycTa HEKOPPEKTHA, MOXET HaAi0AaTbCs CrieaytoLLee:
. BycT cnuwkom man (==> ocnabnexue nons) --> Puc. 38

—  MakcMarnbHbIi MOMEHT YMEHbLLIAETCS NPUY HASKUX YacToTax
—  HaknoH xapakTepucTuk B paboyem ananasoHe CTaHOBUTCS
nonoxe ==> GorblUe CKONMbXeHne

. BycT cnuwkom 6onbLion --> Puc. 39

- B HEKOTOPbIX Crly4aax MaKCuUMarnbHbI MOMEHT
yBennymnBaeTcd nNpun HU3KNX YacTtoTax
- HakroH XapaKkTepucTmMK CTaHOBUTCHA Kpyye ==> MeHbLLEe
CKOJIbXeHune
- MawumHa ctaHoBUTCSA I'IepeHaCbILU,eHOIZ,T.e. TOK
HamMmarHn4mBaHums 3Ha4YNTENbHO BO3pacTaeT===> rneperpes.

Puc. 38

Puc. 39

Puc. 38: 6ycma He docrmamo4yHo Puc. 39: 6ycm cnuwkom 6onbwol

MockonbKy BycT paboTaeT TonbKO 4O YITNIOBOW YaCTOThl, OH HE BIIMSET
Ha XapaKTepPUCTUKM B AManasoHe ocnabneHHoro nons.
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Puc. 40

U3mepeHus BnuaHua bycta Ha MomeHT

McxogHble ganHble: 2,2 kB - HBepTep

[Buratens: 2.2 kB
M, = 15HMm
l = 94A
U,., = 2208B
ny = 1420 06/MuH
M
Hwm
A
T 25 % Boost
1 25

100 Hz

900 1200 1500 1800 2100

2400 2700 3000 o6/MUH
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O6bI4HO ABUraTenb He MOXET paboTaThb NPy MarbiX YacToTax U BbICOKOM
OycTe, Korga HET HE3ABUCUMOTO OXJTAXKAEHNS UITN ABUraTeNb HEQOMPY>KEH
WM XorocTom pexmm (TENNOBOE paspyLueHne apuratens). loatomy 6onee
HU3KNIA CKOPOCTHOM AMana3oH MMEET MEHbLLNIA MaKCUMasbHbI MOMEHT MO

Puc. 41 CPaBHEHMIO C HOpMaribHOM paboTon. STO NOKa3aHO HIDKE.
uc.

Xapakmepucmuku
dgueamersi rpu 200
pasHbIX Yacmomax
uHeepmepa

a) Ckopocmb/MomeHm

MowmeHT (%)

My
1500  06/MUH

b) Ckopocmnb /
Bbixo0HOe HanpsikeHue MoLuHocTbMHBEpTEpPa/
-HOMWUHamNbHbLIA TOK

-—-<— yBenu4yeH 1 ypoBeHb

Tok (A)

- - - <— HoMMHanbHbIN
TOK

0 50 M
0 900 1500 06/MUH

)
[}
T 230400 - — - - - T |
g [ | |
[ | | |
2 [ [ [
c) U/f-xapakmepucmuka i 115/200 F - - : ' '
8 I I : :
o ! I I I
8 2848 A | |
5-? 1 | | |
6 25 50 100 200

BbixogHas yacToTa ('u)
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7.3 YctaHoBKa
oycTa

Puc. 42

Kak 6b1510 onncaHo, 6ycT A0 Takown CTeneHn yBeNnuYmMBaeT HanpsXkeHne
ABurartens, Kotopasi 3aBMCUT OT CreayoLMX NapamMeTpoB:

. OTHolweHnA conpoTuBneHua crtatopa R, K peakTuBHOMY
CONPOTUBMEHNIO X, ,

. YacTotbl f, UHBEpPTOPA BLIXOAHOIO HaNPSXeHUs,

. 3arpysku gpuratens (--> CKONbXEHNS s).

MOXHO MONy4YnTb XOPOLUY YCTaHOBKY OycTa ans Bcex paGoumx
COCTOSIHWI ABUraTens. 3To MOXET ObITb CAenaHo creayoLwmmMm o6pasom:

—  W3mepbTe 3arpysky nHBepTepa Ha XOrioCTOM XOAy ABUraTensi npu
CTaHOapTHoM yrnoBon vactoTte (= 50 Hz gna ctaHgapTHbIX
asuratenen).

- YctaHoBuTe BycT Tak, 4Tobbl Ha Manbix YatoTtax (f » 5...10), n
paboTe 6e3 Harpy3kn, BbIBOAMIIACH Takas e 3arpyska nHseprepa
Kak 1 npu cTaHOapTHOM YrroBon Yyactote. Takum obpa3om, aTo
rapaHTUpyeT, YTO TOK HaMarHM4YMBaHUA OCTaeTCa No4YTu
MOCTOSIHHBIM Ha BCEX YacToTax Npu XONI0CTOM XOAe.

—  YT106bl KOMNEHCUPOBATL BOLENCTBME MOMEHTA HArpy3ku Ha
BENMYMHY notoka f, yBenuute BennunHy 6ycta npumepHo Ha 50 %.

Utob6bl 060MTM TPYAHOCTU, KOTOPbIE MOryT BO3HUKHYTb BO BpeMs

yCTaHOBKM BycTa, BCe Cepum HOBbIX MHBEPTEPOB 06OpPYyAOBaHbI

aBTOMaTM4eCKon ycTaHOBKOW BycTa (aBTobyCT). Heobxogumasa sennynHa

BycTa aBTOMaTU4ECKM BbIYUCIIETCS U3 AaHHbIX ABUraTensi, u UaMepeHuns

ToKa auratens. PyHKUMS MOXKET ObITb BKIOMEHA MUITW BbIKITFOYEHA eCnin

Heobxoaumo.

[Ba cnocoba yctaHoBku bycTa:

—  YcTaHoBKa NOCTOSIHHOro BycTa

—  YcTaHoBKa OrpaHM4YeHHOro no BpemeHun bycra (aensra 6ycT)

Uua e

1: Oensra-6ycT
Henbra-6yct 2: byct

Xopowas nges ucnonb3oBaTtb gensra 6yct gna npegoTBpalleHus
YBENNYEHHOro Ha4yanbHOro MOMeHTa (NMyCKOBOrO MOMEHTA), MOCKOSbKY
OH aKTMBEH TONbKO B ONpeaeneHHbI MHTepBarn BpeMEHN OT Havana
nycka. lNMockonbKy ABuratenb paboTaeT C NOCTOAHHbIM TOKOM,
YCTaHOBIMEHHbIN BYCT M ycTaHoBneHHasi BenuunHa 0 My, Toraa npwm
onpeneneHHbIX YCNoBMsAX, 3TO MOXET MPUBECTU K NeperpeBy ABUraTensi.
[ns Toro, 4Tobbl yckopuTh ABUraTens ¢ 6yctom, a pabotaTtb 6e3 BycTa,
nyywe mncnonb3oBaTb genbra 6yct. Bo3Mo3HO ucnonb3oBaHue
koMbuHauumn 6ycta u gensra 0ycrta, Torga BeNMUYnHbI CKNaabliBatoTCs.



KEB

7.4 Pab6ota 230 B-
aBuratens c
400 B-
MHBepTepom/
87 l'u-
XapaKTepucTuka

®opmyna 25

Puc. 43
87 l'y-
Xapakmepucmuka

ANTRIEBSTECHNIK

CranpapTHble Tpex-dasHble asuratenu 230/400 B pabotatot ¢ 230 B
WHBEpTEepamMu B COEANHEHNN TpeyronbHUKoM, a 400 B nHeepTepamu B
coeanHeHnn 38e300W. [Npr Takom CoeaMHEHMN yrioBasi YacToTa A0IMKHA
ObITb ycTaHoBneHa Ha 50 Iy, 4Tobbl ABUratenb pabortan c
HOMWHarbHbIM MOTOKOM.

[enaa maneHbKUN TPHOK, MOXHO paboTaTb Npu COEAUHEHUMU
TpeyronbHukom 230/400B gsuratenen ¢ 400 B nHBepTtepamu 6e3
nepeHacbiweHus asuratens. [Npun ncnonb3oBaHUM Takoro codeTaHus, u/
f xapakTepncTuka gormkHa ObITb YMEHbLLEHa Ha V3, YToGbl NoNy4YnTb
HOMMHasbHbIA TOK HAMarHMYNBaHMS. ATO AOCTUIAETCA CABUIOM YrT0BOM
yacToTbl Kk 6onee Bbicokon Yactote f, ' (==> Puc. 43).

f '"=50ly- V3 =87y

Umax

400B | e
/ 2

’ |
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Puc. 44
UdearibHble

M-, P- Quazpammbi
pabomei c 87 'y
Xapakmepucmukou

B pesynkrate ans atoro pexvma paboTbl nony4aem:

® [Osuratenb paboTaeT c HOMUHaNbHbIM NOTOKOM A0 87 'y,
(p ~ U/f const.) u c HOMMHANBLHBIM MOMEHTOM.

®  BbixoaHas MoLLHOCTb ABuraTens npv 87 'y yBenuuusBaetca B V3
pas3, No CpaBHEHWUIO C HOMMHanbHOW (==> Puc. 44). Tok Bo3pacTtaeT
B V3 pa3a BO BCEM CKOPOCTHOM AuanasoHe, U UHBepTep AOIMKEH
ObITb BbIOpaH B COOTBETCTBMM C TOKOM.

M A
M -
P A
V3P - - o m o e oo - —==-
/, I
RO
R R T ;
// ! |
// | |
. I I
ad ! \
// : |
1 |
50 Iy, 87 Iy f
MA
f
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Puc. 45
CmaHdapmHasi
paboma
uHeepmepa (c
yanosou
yacmomoli 50 I'y)

Puc. 46
Hazpyska Ha
MEXX0BMOMOYHYHO
u3oayuro npu

87 'y
Xapakmepucmuke

ANTRIEBSTECHNIK

Heobxognma bonee BbicOKast MEXXOOMOTOYHAs M30NALNSA, YeM Ans
CTaHOapTHOro pexuma c Y-coeauMHeHneMm, MOCKOMbKy npu
aKTUBM3aLMn ABUraTensi BO3HMKaeT NMKOBOE (pa3oBOe HanpshXXeHne
560 BmecTto 320 B (==> Puc. 45 + 46). Bo Bpemsa reHepaTopHOro
pexuma, B NPOMEXYTOYHOM KOHType, MOXeT BO3HUKHYTb
HanopshkeHue ao makc. 800 B. OHo cka3biBaeTca Ha 0OMOTKe, Kak
NMKoBoe 3HadeHue. HanpsxeHne MOXET OblTb 3HAYUTENbHO
npeBbILLEHO, U3-3a pe30HaHca Npy ANnHHbLIX Kabensax. YaeauTecs,
YTO M30MALMS MOXET BblAepXKaTb 3TO BbICOKOE HanpsiKeHue.
Bonee ToyHaa nHpopmaums o 4ONYCTUMOM MakCMMarbHOM
HanpsXKeHUM 4OCTYNHA Ha 3aBOAe U3roToBUTENE ABUraTens.

w
o}

l,'\J eff
\U
U — V

w
230B
320...400 B
I
U \%
—

U = 400B U = 230B
f= [y ==> Zeff = ==> .eff
S0TU==> " _ 560..800 B F=50Tu==> """ _ 350..4008B
W
U Y
— >
f=87 rLL ==> l,'\Jeff = 400B f=50 My ==> geﬁ = 230B
0" = 560..800 B - 560..800 B
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Puc. 47

®opma
Harnps>keHus
dsuzamens npu
pabome c 87 'y
Xapakmepucmukou

50

Mpun pabote ¢ 87 "4 xapakTepUCTUKOM coaepkaHne rapMOHUK Ansi
HanMps>KeHMA U TOKa ABUraTtensi yBenuymBaeTCs, MOCKOIbKY
9(hheKkTMBHOE MHOYKTUBHOE COMPOTUBNEHNE B A—COeOMHEHUN
npumepHo B 1/V3 MeHblle, Yyem B Y—coeanHeumn, n Brioyku
HanpsaXeHUs CTAaHOBATCS MEHbLUE NPU TOM XEe CaMOM
9P eKTUBHOM 3HadyeHumn (==> Puc. 47). B pesynbraTe,
KOHLEHTPMYHOCTb OBUraTtens yxyalwaeTcs, U HE3HAYUTENbHO
YBENNYMBAKOTCA NOTEPU MOLLHOCTM NPU MEHBbLUMX YacToTax.

P f
MocKonbKy NOTEPW B Xernese P~ (7]: )
Fen n

NpeMMyL,eCcTBEHHO B pPOTOpE, KOTOpbleé MOCPEACTBOM
CyLlEeCcTBYyOLLEro TennoobMeHa nepenaeTcsi Ha KOpPnyc TOSbKO
4acTU4HO, U, Takmm obpasom, He MOryT ObITb paccesiHbl
BeHTMNAUMen. lNpn yactoTax Bbllle HOMUHANbHOW BO3HMKaET
Tennoeasi npobnema, Bbi3BaHHbIE YBENMYEHMEM MOTEPL B XKEnese.
OHa He MoxeT ObITb peLleHa YBENMYMHOM CaAMOBEHTUNSLMEN, B
pesynbrate 6onee BbICOKOW CKOPOCTN BEHTUNATopa. MNockonbky
HarpeBaHne poTopa NPOUCXOAMNT NOCTOSIHHO, STOT TUM COEAMHEHNS
MOXET ObITb MCNONb30BaH A9 KPAaTKOBPEMEHHOIO pexnma. [ns
NPOAOIMKUTENBHON paboTbl CrieQyeT cornacoBaTbCs C 3aBOAOM
N3roTOBUTENEM [OBUraTens, U 4acTo BO3MOXHO YBENUYEHUE
BbIXOgHOW MOLHOCTU ToNibko HA 20 % . . . 40 %.

f =50Hz
U U, =230V

560B -+-
87 'y kpuBas

320B- |-
"cTtangapt" 50 Hz kpmBas
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Nm

Puc. 48

4 kB uHeepmep ¢
1,5kB
dsucamenem;
coeOuHeHue
mpeyaosibHUKOM,
yeroeasi yacmoma
50Ty

Nm

25 +—

Puc. 49

4 kB uHeepmep ¢
1,5kB
dsucamernem;
coeOuHeHUe
mpey2osibHUKOM,
yarosasi Hacmoma
87Ty
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7.5 Pabota B
reHepaTopHOM
pexume

Bce npeablgylune yTBepXXgeHNsa OTHOCATCS K ABUraTeNIbHOMY PeXnumy
paboTbl MOTOpaA, T.€. KOrga MOMEHT M CKOPOCTb ABUratenst UMerT
OMHaKOBbIN 3HaK.

Kak npu pabote obbluHoro AC - geuratensa (==> Pasgen 3.3), Tak 1 npu
paboTe C MHBEPTEPOM BO3MOXEH FreHEepaToOPHbIN pexum paboThbl.
OpHako, 3Heprns He MOXeT ObITb BO3BpaLLeHa obpaTHO B ceTb, Npu
MCMNONb30BaHMM CTAaHAAPTHOrO MHBEPTEPA, NOCKObKY HEYNpPaBIisieMbli
BXOOHOW BbINPAMUTENb MNO3BOMNSAET TeYb TOKY TOMbKO B OAHOM
HanpasneHun. ObpaTHoOe NUTaHMe B CETb BO3MOXHO TOSbKO MNpu
ncrnonb3oBaHUK gorororo 4Q TOKOBOTrO BbINPSAMUTENS. OTO HE BbIMOAHOE
BMNOXEHWE AeHer Ansi Marion MOLLHOCTW.

Uto6bl TOPMO3UTL ABUraTenb NP reHepaTOPHOM peXume Co
cCTaHAapTHbIM WHBEPTEPOM, 3HEPrus TOPMOXEHUS OO0NXKHa
KOHBEpPTMPOBaTbLCS B NpeobpasoBaTernsb.

OTO NPOUCXOAMT TaK:

. BO3BpaLLaoLLasiCsl akTUBHAs 3HEPrsi NOCTyNaeT OT ABWraTens B
NPOMEXKYTOUHbIN KOHTYp NpeobpasoBaTtens;

. peakTUBHas 3HEPrusi B KOHAeHcaTope NPOMEXYTOYHOro KOHTypa
TpaHCcOPMUPYETCA B aKTUBHYIO MOLWHOCTb ABUratens, u
ABuraTernb CHOBa HaMarHM4YeH peakTMBHOW SHepruen;

. B TeY4eHMM 0BOoMX NPOLIECCOB MPOUCXOAUT MOTEPS SHEPrUn Ha
akTMBHOM conpoTueneHun aeuratens. OHa yBennymMBaeTcs
o06paTHO NponopLMoHaribHO KO3MMOULMEHTY MOLLIHOCTY ABUraTens.



KEB

ANTRIEBSTECHNIK

B 3aknto4eHnmnmn MoXXHO OTMETUTL cneaywllee:

Kaxxabii npuBog coctoswmi n3 npeobpasosarens vyactortel 1 AC-
ABuratensa nMmeeT onpeneneHHbli MOMEHT CaMOTOPMOXEHMUS
(cobcTBEHHbIE NOTEPU CUCTEMBI). Be3 Moaynst TOPMOXEHNSI BO3MOXHbIN
CaMOTOPMO3ALWMN MOMEHT MarneHbKux gBuratenen (C xygwmm
KO3(PPULIMEHTOM MOLLHOCTM) COCTaBNAeT npumepHo 25% ot M, ¢
BonbwmMmn asuratenamu, Hanpumep 75 kB, no meHbLuen mepe 5 % ot
M . 3TOT TOPMO3HOW MOMEHT O4€Hb CUITbHO 3aBUCUT OT YacTOTbl (==>
Puc. 50). OH Bo3pacTaeT nNpu MarnblX YacToTax M yMeHbLUaeTCca npu
BonblUMX YacToTax.

Ecnun Tpebyetca 6onblunin TOPMO3HOW MOMEHT, Torga Heobxoanmmo
ncnonb3oBaTb TOpMO3HOM Moaynb. OH npeobpasyeT aHepruto,
nocTtynawLyto o6paTHO B NMPOMEXYTOYHbIA KOHTYP, B Tenno. 310
npenoTBpallaeT neperpysky KoHgeHcatopa, B pesyrnbrate KOTopou
WMHBEPTEP BbIKMNoYaeTca ¢ owmnbdkon E.OP (nepeHanpspkeHue).

3 Nm

Mn -
12 Nm

Puc. 50

TurnuyHble Kpusbie

oepaHu4eHusi 0551

OP-owubku e 21 Nm — KpuBasi orpaHu4YeHusa co KpuBas orpaHnueHns 6es

2eHepamopHoOM ctabununsaunedn crabunuaaumm

pexume Hanpsenusa 400 B HanPsHKEHMST
4 kB-nHBepTep 6e3

30 Nm - TOPMO3HOrO pe3ncTopa c

1.5 kB pBuratenem 400 B

coeavHeHne 3Be3oMu,
reHepaTopHbIN PeXum
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YNoMsHyTble paHee TOPMO3HbIE MOMEHTLI OT 5 % A0 25 % oTHocsATcA
TONbKO K Amanas3oHy ocrabneHHoro nons. B gnanasoHe nonoxeHus
pOTOpa Bbl MOXETE MOSTYy4NTb ropa3no 6onbLUNN TOPMO3HON MOMEHT, TaK
4YTO MCMNONb30OBaHME TOPMO3HOro Moaynst obbivHO TpebyeTcs B
JuanasoHe ocnabneHHoro nons.

7.5.1 Pacuer
TOPMO3HOro
pe3ucrtopa

1.

10.

54

BbluncneHne TopMo3HOro pesncropa
NPONCXoaNT B TaKOM NOpsIaKeE:

OnpeneneHme Makc.
asuratensan

CKOpoCTHu

ax

OnpepeneHne mMakc. TOPMO3HOIO
MomMmeHTa M

Bmax

OnpegeneHune Makc. 3Hepruu
TOpMOXeHuA P,
OnpepeneHue KoadppumumeHTa

YMeHblleHNa Ana reHepaTtopHOro
pexuma cornacHo Tabnuue 1

BbluncneHne Makc. aNeKTpuY. SHeprum
TOPMOXEHUS! YYUTbIBAs BHYTpeHUe
noTepu B ABuratene

Orlpe/:l,eneHme omMmn4yeckoro
conpoTuBEeHNA TOPMO3HOIro Moayna

BbiuncnexHue nepmnoaa BKIHOYEHUA
TOPMO3HOrO pesncTopa

OnpepeneHune nepuopa paboThl
3aBMCMMOMN  KOHCTaHTbl f B
cooTtBeTcTBME C Puc. 51

OnpeaeneHne HOMUHANBLHON MOLLIHOCTY
TOPMO3HOrO pesncTopa

Bboibop ToOpmoO3HOro pesuctopa
ucnonesysa R, P, v P__ (nukosas
MOLLIHOCTb)

elektr.

J - (n -n)
- ges 1 2 _
MBmax - 9.55 - tB Mload

— Bmax 1

Bmax 9.55

P =P

electr.

P < 0 0o3HayvaerT, YTO AneKkTpu.

electr.

3HEprusi He BO3BpaLLaeTcs
==> He HyXXeH TOPMO3HOWN MOAY b

Bmax k .anotor

U 2
R, < 52
B Pelectr,
U, = 760 B ana 400 V knacca
U, = 380 B ana 200 B knacca
ON-nepuop = BPEM5 TOPMOKEHMS t,
Bpems uukna t,
anat, < 120c
_ Bpemsi TOpMOXeHus t,
ON-nepuog = 120G
anat, < 120c
electr.
I:,Bn - f
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Tabnuua 1 ®akmop
yMeHbweHus 0ns
2eHepamopHo20
pexuma
acuUHXpPO2HHO20
dsuzamerisi

Puc. 51

lNepuod pabomsi
3asucumol
KoHcmaHmeoil f,
MOpPMO3HO20
pecucmopa

ANTRIEBSTECHNIK

MowHocmb dsue. Koaghopuu. k
Jo 1.5 kB 0.25
22 ... 4 «B 0.20
55 ... 11 kB 0.15
15 ... 45 kB 0.08
> 45 kB 0.05

KOS(*)C*)I/ILI,I/IGHT B Tabnuue 370 TONbKO CTaHOapTHadA BENM4YnNHaA, 1 OH MOXET
ObITb 60rbLUE, B 3aBUCUMOCTU OT KI'ILI, asurarernd, CKOpoCT 1 BbIXOOHOIO
HanpaXeHna nHBepTepa.

KoadhdpunumeHT k yBenuumeaetcs koraa:

- KA gsuratens ymeHbLLaeTcs
—  CKOPOCTb MEHbLLE
—  BbIXOAHOE Harnps»XeHue nHeepTepa Bblille

KoahrLmeHT f,
109— _ Peleotr.
9T Bn fk
g+
7+
6+
5+
4N
3+
24 \
l . \——
0 } } } {
20 40 80 100
Mepwop BKkNtoY. B %

55



56

Ewwe ogmH acbdekT MOXHO HabnogaTe NpU reHepaToOpHOM PEXMME:

[MpOMEXXYTOUHBIN KOHTYP 3arpy’KeH CyLLECTBEHO 6OMbLUMM HaNPsPKEHNEM,
4yeM B peXxunmMe apuratens. 310 HanpshkeHne MOXET MakCUMarbHO OCTUY
OP ypoBHs, u/unu korga cpabotaeT Topmo3Hon moaynb (GTR7), oHO
MoxeT yBenmuntca e 1.2 ... 1.5 pasa B 3aBMCMMOCTU OT Tuna npmbopa.
B pes3ynbrate 9TOro BbICOKOrO HaNpsaAXeHWs ABuratenb
nepeMarHM4nBaeTcs B AnanasoHe MOMoXeHUs poTopa; AnanasoH
ocnabneHHOro Nong HaynHaeTcs nNpu 3ameTHo Gonblunx YactoTax (
npubnmantensHo 60...75 My).

[euratens noTpebnseT 3Ha4UMTENbHO BOMbLLNIA TOK HAMArHUYMBaHUS, YEM
BO BpeMSI HOMVHaINbHOW paboTbl, U3-3a nepeMarHnymBaHms. YacToTHbIN
npeobpasoBaTtenb JOMMKEH ObITb BbIOPaH Ha 3TOT YBENMYEHHbIN TOK,
4yTOObI NPEegoTBPaTUTL OCTAHOBKY No owmnbke OC.

OTOT HeraTMBHbIN 3P EKT MOXKHO NPEAOTBPATUTL NyTEM aKTUBU3aLUN
dYyHKUUKN ,cTabunuaauynmn BeIXOQHOrO HanpskeHna“ (perynuposaHue
BbIXOAHOrO HanNps»XeHns, B 3aBUCUMOCTU OT KONiebaHU HanpsiXXeHus
MPOMEXYTOYHOTO KOHTYpPaA).

Mpn 6onee BbICOKOM HaNPSXKEHUN MaKCMMaribHbIN FreHepaTOpPHbIN
MOMEHT OYEBWMOHO BbILLE, NO3ITOMY TOPMO3HON MOMEHT MOXET ObITb
CYLLLECTBEHHO BblLLlE MOMEHTA YCKOPEHUSA. ITO MOXET NPOSOSKaTbCA
noKa He NPOoM30MAET NOMHoe NpeobpasoBaHNE SHEPTM TOPMOXKEHNS B
asuratenb U/unu TOPMO3HOW pe3ncTop, U ABuraTenb, TakkKe Kak u
NHBEpPTEP, HE Neperpy>XeHbl TOKOM.



KEB

Puc. 52
MomeHmHo-
CKOpOCmHasi
Xapakmepucmuka
8 0su2amersibHOM U
2eHepamopHOM
pexxumax

Puc. 53
Paboyue
Ouarna3oHsb|
dsuzamerisi

ANTRIEBSTECHNIK

MonHas MOMEHTHO-CKOPOCTHAaA XapaKTepuUCTUKa Nnoka3aHa H/xe:

s>1ls<1 M,:  ABUraTenbHbIA MaKc. MOMEHT M. > M
M, reHepaTOpHbIi MaKC. MOMEHT K K

NHTepBan s > 1 xapakTepuayeTcsi 8CmpeyHbIM 8paujeHuUeM, NOCKOMNbKY
BpaLLieHWe ABuraTens 1 BpaLleHme Nomns MMeHOT NPOTUBOMONOXHbIE 3HaKN.
XOTA TOPMO3HOM MOMEHT NPOM3BOAMTCS, STOT PEXMM PabOoThl AOIMKEH
ObITb NpegoTBpaLLeH Npu paboTe C UHBEPTEPOM M3-3a BbICOKNX TOKOB
(==>Pnc.53).

! T

M/

Counterrotation

> |<€
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Puc. 54

M3mepeHne noBegeHUsA aBuratens npu pabore ¢ MHBEPTEpPOM

M>0
M<O

[BuratenbHbIN pexnm
[eHepaTOpHbLIN peXxnm

1.5 kB - nHBepTep
2 % byct

Oeuratens: 1.5kB
M = 10 Hm
| 3.8A(Y)

n

g0 Hz ny 1410 06/MyH

40 Hz

30 Hz

\j

[ T T
0w oA NONDMOOO®

L
[ <
oo AN O
[ R S R
N B —

NN
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(e8]

5~ 3o T\" ob/m
= 5 T oP 06/MuH
5 op

/ TopMo3sHon Moayrb
4 100 Om, 150 BT




KEB|E

7.6 Harpy3ouHas
xapakrepuctukal/

ANTRIEBSTECHNIK

CyLLeCTBYHOT YETbIPE OCHOBHbIX TWNa Harpy304HbIX XapakTepUCTUK:

,,ONMpoKnabIBaHue” © MOMEHT NOCTOAAHHbLIN NPU U3MEHEHUU CKOPOCTU

ABurarens

Puc. 55

Puc. 56

B cnyyae c: - [MoabeMHbIMM MEXaHU3MaMK
- KoHBenepHbiM 06opyaoBaHeM (neHTa
TpaHcnopTepa)
- [MpokaTHbIMKU CTaHKaMK
- HacocHon wtaHron

M. P - Breakaway torque P

=¥

M = constant
P ~n

Heobxoaumo umeThb B BUAY, B HEKOTOPOW CTEMEHWN, BbICOKMIA MYCKOBOW
MOMEHT Koraa BblOnpaelwb nHeeptep. [NpeobpasoBaTtenb 4acToThl
AOIMKEH UMETb pe3epB Mo neperpyske, YTobbl cnpaBUTCs ¢ aTUM. Ecnu
npusog 6yget pabotaTb Ha ManblX YactoTax B MPOAOIHKUTENBHOM
pexume, Torga asuraterb JOMMKEeH UMETb HE3aBUCUMOE OXINaXKaeHME Nnn
He0b6X0AMMO YMEHbLUNTH MOMEHT.

° MomeHT Bo3pacTaeT NponopunoHaribHO CKOpPOCTHU

B cnyyae c: - BymaroobpabaTbiBatoLLMmn MaLMHaMm
—  TopMOXeHMs MU BUXPEBLIMU TOKaMm

T

Bbibop pasmepa uHBepTepa COrnacoBbIBAETCA C MaKCUMarbHON
CKOPOCTbIO MpUBOAA; MYCKOBON MOMEHT, B OCHOBHOM, crneayet

MrHopupoBaTb.
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Puc. 57

Puc. 58

. MomeHT Harpys3kKu yBenu4yuBaeTcH
nponopuuoHanbHOKBagpaTty CKOpoOCTuU
B cnyyae c: - BeHTunatopamum
- PoTtaunoHHbIMN Hacocamm

- LleHTpundpyramm
- Cwmecutensamu

M ~ n?
P ~nd

C aTol xapaKTepuUCTUKOW MHBeEpTep crneayeTt BbibupaTb No
MaKCUMarnbHOW CKOPOCTMW; MYyCKOBOW MOMEHT He MpPUHMMAaEeTCs BO
BHMMaHue. Ecnu HyXHO, TO BbIXOAHOE HanpsikeHue MOXeT ObiTb
YMEHbLLEHO, NPW YaCTUYHO 3arpy>KEHHOM PEXNME, YTOObI YMEHbLLNTD
notepu asuraTtens (3Hepro-coxpaHsilowasn dgyHkums). PaboTta B
AvanasoHe ocnabrneHHOoro nomns 3To He HopmarnbHas paboTta, NoToMy
YTO NPY YMEHbLLEHUN MOMEHTA ABUraTensi NPUCXoAMT OAHOBPEMEHHOe
yBEnMYeHne MOMEHTAa HarpysKku.

. MocTosiHHaA MOWHOCTbL NPU N3MEHEHUU CKOPOCTHU
B cnyyae c: —  MoTanbHbIMK MaLLMHAMK

- CBepJ'II/IJ'IbeIMI/I CTaHKaMun
- PesanbHbiMM MawmnmHamm

mp A

\ P

P = constant

NHBepTep OomkeH BblOMpaTbCa ANt MOMEHTa Npyv MUHUMAInbHOW
ckopocTu. Ecnv H13Kas ckopocTb UCMONb3YeTcs Ansi NPOAOIKUTENBHOIO
pexuma, Torga HeobxoavMma npuHyauTenbHas BeHTUNAuMs. Pabota B
pexume ocnabneHHoro nonsi, B OCHOBHOM, HE KpUTUYHA.



KEB

ANTRIEBSTECHNIK

OB6bI4HO OMMCaHHbIE YETbIPE XapaKTEPUCTUKN PELKO Cry4atoTCs B NOSHOM
Mepe, HO OHM MOTYT BbITb MCMONb30BaHbI AN NPUGNUKEHHbIX PACHETOB.
Mpn NpoekTUpoBaHMKU, NPUBOL C MHBEPTEPOM [OOSIKEH MMETb
[AOCTaTOMHbIN pe3epB 6e30nacHOCTU ANst MOMEHTA ONpPOKUAbIBAHUS
Asuratensi, Ytobbl BblaepXaTb KpaTKOBPEMEHHYH Neperpysky unm
nageHune HanpsxeHusi. Obpatute BHMMaAHWE, YTO MOMEHT
ONpPOKMUAbIBAHUS KBAaApaTUYHO 3aBUCUT OT HanpsKeHUs asuratens,
KOTOpPOE , B CBOO OYepeab, 3aBUCUT OT KorebaHuin HanpsikeHWs CETH, U
nageHusi HanpsbkeHWs! B NpoBoAdax U cunbTpax.

[JBuratenn AonXxHbl umetb, cornacHo VDE 0530, momeHT
onpokuabiBaHms no meHbLen mepe 180 % OT HOMMHaNbLHOrO MOMEHTAa
(BO Bpemsi oCHOBHOro npovecca). Ytobbl 6e3onacHo 3anyCcTnTb NPUBOA,
HeobX0aMMO NPOM3BECTM BbIYUCIIEHMS C YHETOM BbIXOLHOIO HANPshHKeHNs
NHBEpPTEpPA, KOTOPOE, B XyALLeM criyyae (KonebaHus HanpspkeHnst CeTu
nageHvs HanpsKeHU OMKHbI ObITb NPUHATHI BO BHUMAHKE ) COCTaBNSET
npumepHO 80 % OT HanpsXXeHus ceTu.

Mpumep:
M
M

Kn

<o ( Ui )2 = (0.8)2 = 0.64

=>M, = 064 - M,
npu M, > 1.8 - M nmeem

=>M_ > 064 18 M > 115" M

HomMuHanbHbIN MOMEHT ABUraTens M,.: HOMMHarbHLIN MOMEHT OMPOKMabLIBAHUA

HomuHanbHoe Hanps>XxeHne cetn aBuraTtena corfnacHo Kartanory

u: HanpskeHune nHeeptepa

[nsa Toro, 4To6LI 06ECnEUNTD Xenaemblin pes3epB Ge3onacHOCTN Ans
MOMEHTa ONPOKNAbIBAHUSA, ABUraTenb MOXET OblTb 3arpyXeH, B 3TOM
cnyyae, TOnbko npmubnuantenbHo Ha 95 % OT ero HOMMHaNbLHOro
MomeHTa. [MoaTtomy crnenyet BbibMpatb ABuratenn ¢ 60nbLIMM
OTHrOLLUEHNEM

M

K

M

n

61




62

Puc. 59

Touka nepecedyeHusi
HazpysKu u
Xapakmepucmuku
odsueamernsi npu
pabome ¢
UH8epPMepoMm
(Haripumep, paboma
eeHmussimopa)

CkonbxeHue u, B TOXXe BpeMs, pearibHas CKOPOCTb ABUratens MoryT
ObITb onpeaeneHbl TOYKOW nepeceyvyeHuUss COOTBETCTBYHOLWEN
XapaKTepuUCTUKM ABUraTens 1 3arpy3odHomn xapaktepuctunkm (Puc. 59).

50y 60y 70Ty f

X:  ponycTumble paboyme TOYKK
0:  paboune ToYKM C orpoKuObigaHUeM ABUraTens (HegonycTuMbIe)

Ecnv MOMeHT Harpy3ku BbilLe, YeM MOMEHT ONPOKWAbIBaHUA ABUraTens,
TOrda CKOpOCTb ABUratens yMEHbLUAETCA HMKe CKOPOCTM MOMEHTa
onpokuabiBaHus (B akcTpemanbHom cnyyae go 0); npusoA
onpokugpieaetcs. C aTum cBa3aHo 6onbLuee CKonbXeHne 1 6onbLunin
TOK ABuraTtens, KOTopbli, Npu onpegeneHHbIX 06cToAaTenbLCTBaXx,
Bbl3blBAa€T OCTAHOBKY MHBepTepa. [laxe korga MHBepTep MOXeT
BblAepXaTb TOK, MPOM30MAET NOMIOMKa NpuBoAa Ye3ep KOPOTKUM
NPOMEXYTOK BPEMEHMU, U3-3a TEMMOBOrO pa3pyLueHns asuratens. [Nytem
aKTVMBM3aLMM 3aLUUTHBIX (OYHKLMI B UHBEPTEPE MNOSIOMKY NPMBOAA MOXHO
06bI4HO n3bexaTb NPy 3afaHHbIX HArpy304HbIX Xapaktepuctunkax (M ~
n, M ~ n?), Takmnx kak yckopeHue (==> Pa3gen 7.8).



KEB

7.70unHamMmunyeckue
npouecchbl
(yckopeHnue/
3amenneHue)

®opmyna 26

ANTRIEBSTECHNIK

OcHoBHas pyHyuuUss MHBepTepa - 3TO perynnpoBaHMe CKOPOCTU
npmBoaoB. YTobbl ycKopUTh NPUBOA A0 6orbLLEN CKOPOCTU, ABUraTerNb
AorXeH obecneynTb Kak CTaTUYECKUA MOMEHT Harpysku, Tak u
AOMONMHUTENbHBIA MOMEHT AN YCKOPEHUs AUHAMUYECKOro MOMEHTa
NHepLUMKN Np1BoAaa.

[ns aToro cnpaeseanvBeo creayoLlee:

3 1 dn
MMot - IVIL + IVldyn npw Mdyn B 9.55 o dt
J MOMEHT MHEePLUN NpMBOAa
(npuBeOeHbIN K Bany ABUraTensi) B Krv?
dn 06/MVH
dt N3MeHeHWe CKOPOCTU B EAVHULIY BPEMEHU g,
M CTaTUYECKMIA MOMEHT Harpy3ku (NpuBeLeHHbIN K Bany
asurarens) B Hm
M, MOMEHT aBuratens B Hv
M JOVHAMNYECKUA MOMEHT

B Bblpa>keHnn 26 Bbl MOXETE BNOETD napamMeTpbl, KOTOPble BITNAIKOT Ha
yBeNnnM4eHne MOMeHTa Ha Bany asuratensd npm YCKOpeHun:

. BbICOKMI CTaTU4ECKUIN MOMEHT Harpysku,

. 60MnbLION MOMEHT MHEPLIUNA,

. BonbLuoe 3HadYeHne pasHuLbl ckopocTten (dn)
. marnoe Bpems yckopeHus (dt)

[Mpn ycTaHOBKE CKOPOCTU N BPEMEHU YCKOPEHUS MOXHO Habnoaatb
yCKOpeHVe 10 yCTaHOBIIEHHON CKOPOCTY TOMbKO Toraa, koraa M, <M,
A0MyCTUMO BO BCeX paboymx Toukax, U TOK ABUraTens He Bbille, Yem
MakcumarnbHbIM TOK UHBepTepa. MHadve, npuBoa cnomaeTcsa unu
nMHBEpTep BblaacT owmnbky neperpysku rno Toky (OC) unn Bonget B
TOKOBOE orpaHudyeHue. Heobxoaumo BBOAMUTb KO PUUMEHT

6e30nacHOCTU NPY AMHAMUYECKOM NpoLiecce.

Harpyska B npegenax ananasoHa neperpy3ki, Bbile HOMUHaNbHOTO TOKa
nHBEpTepa, MoxeT npusecTn k OL owmnbku, koraa neperpyska gorbLue
A0MyCTUMOro nepuoaa.

Mpw 3ameaneHn NPYBOAA, TaKkKe Kak 1 NPy YCKopeHuu, NGO 3ameaneHne
nomoraeT npueoay, NMbo NpensTCTBYET.

63




64

®opmyna 27

®opmyna 28

Puc. 60

Puc. 61

Cnepytollee cnpaBeanmeo:

1 dn MomeHT Harpysku
Myor = 9_55"9'W+ML npensaATCcTBYET
3amensieHnto
1 dn MomeHT Harpysku
M, .= ——— "9 & - M
MOT™ g 55 dt nomMoraet 3ameasieHunto

VlJ'IJ'IPOCTan,I/I‘iI npumMepa nogHnMaHnA 1 onyCKkaHnA Harpy3ku.

t,<t<t: ®a3za yckopeHus / nogbem

t,<t<t, TllocTosHHas ckopocTb / Nogbem

t,<t<t, ®asza samenneHus / nogbem
3t <t<t: ynepxaHue

ts— 1, t,<t<t; ®a3za yckopeHus / onyckaHue
¢ ¢ t,<t<t;: [locTosHHaA ckopocTb / onyckaHue
6 —h
t,<t<t. ®asza samenneHus / onyckaHue
t,— —t
Lowering Lifting

M dyn

NBuraTenbHbI MOMEHT LM

ML ML ML

‘ b b b b -
to t‘l t, t3 ‘ ‘ ‘ ‘ =t
ML ML ML
eHepaTopHbIN MOMEHT TMM
Mdyn

dopmyna 28 ansd t,<t<t, wu t, <t<t,
dopmyna 27 ansd t,<t<t, wm t,<t<t




7.8 3Ha4yeHue
3aWMUTHbIX
yHKUMN
(CoxpaHumsb 8
pabome)

K1.
LA Cton

KEB

ANTRIEBSTECHNIK

dYHKLUUA MCMNMONb30OBAHUE PaGouuin pexum
1. LACton BxogHon Tok npusoga || Mpwn OOCTUXEHUN
CMULKOM BbICOKMIA BO || yCTAHOBMEHHOIO YPOBHSI TokKa
Bpemsi dasbl yCKOPEHMsI. pamMna npepbiBaeTCcs NoKa TOK He
MOHU3NTCH CHOBA.
2. OcraHoB leHepaTopHasa neperpyska || MNpwn OOCTMXEHMUM
3amepnnieHms npueoga Bo Bpemsi hasbl || yCTAHOBNEHHOTO YPOBHS
3ameaneHust. HanpsKeHNs NPOMEXYTOYHOro
KOHTYypa 3amegneHune

3.0rpaHnyenve
TOKa BO BpeMs
nocT. paboThl

4. AnnapaTtHoe
orpaHun4yeHue Toka

5. Mowuck ckopocTn

6. ABTOMaTUYecKkuif
nepesanyck nocrie
oLLUMBOK

Meperpyska npusoga B
npooonXmMtTenbHOM
pexume.

OuyeHb BbICTpbIN NepexsaT
1 perynupoBaHune BbICOKMX
MWKOBbIX TOKOB (Hanpumep,
npu BKMIOYEHUN BbIXoAa
nHBEpTEPA)

MopcoepuHeHne
npeobpasoBaTtens K
paboTatoLemy ABuraTesnto

MapeHne HanpskeHus,
anekTpudeckuin npobdon,
HeucnpasHas paboTa.

npepbIBaeTCcs NoKa HanpshkeHne
He CTaHEeT HIKe YPOBHS CHOBA.

N3ameHeHwMe BbIX. YacToThl, Korga
YCTaHOBI. YpPOBEHb ToOKa
pocTurHyT. MNocne ycTpaHeHus
neperpysk1 YactoTa ycTaHaBNMB.
Ha 3agaHHOe 3Ha4YeHue CHoBa.

Korga makc. gonyctumbii TOK
uHBeptepa [AOOCTUTHYT B
BbIXO4HOW (hase, ynpaBnstoLLmM
UMMYyNbC COOTBETCTBYIOLMX
TPaH3MCTOPOB  MIHOBEHHO
YHUYTOXaeTcs.

Mocne akTuBmM3auumum 3TON
YHKLMU BbIX. YacToTa M 4acToTa
Asuratens CUHXPOHU3NPYIOTCA
(3axBatbiBatoTCs). [ocne aToro,
ABuUraTenb pasroHsieTcs Ao
yCTaHOBJ'IeHHOVI Benn4nHbl CHOBa.

ABTOMaTU4eCcKknin nepesanyck
BO3MOXEH nocne ycTpaHeHus
HapyweHus. Mockonbky
asuraTtenb MOXeT MeANeHHOo
nepesanyckaTbCs nocrne peceTa,
TO XOPOLUO MCMOMb30BaTh 3Ty
dyHKUMIO B KOMOBWMHauUum c
MOWCKOM CKOPOCTW.

Xopowas nages ucnonb3osaTh 3awWwmMTHYO yHKuuio LA-cton, korga
NpvBoL4 AOIMKEH YCKOPSATLCSA C HEU3BECTHOMW Harpy3Kkou, Uinv npu CUNbHO
konebntoLerica Harpyske. Ecnm npueog, Hanpumep, He MOXET YBENUYNTD
MOMEHT YCKOPEHUs Npu BonbLuen Harpy3ke, Torga CKOMbXeHne n ToK
pe3ko ysenuumusatTcs. lNpeobpasoBaTtenb BOCNpUHUMAET 3TO,
NPUOCTaHaBNMBAET paMry YCKOPEHUS Npu NpeaycTaHOBNEHHOM YPOBHE
TOKa NOKa CKOSNbXEHWE He YMEHbLUUTCS, Tak 4Tobbl TOK CTan Huxe
YCTaHOBMEHHOIO YPOBHS CHOBA. 3aTeM pamna YCKOPEeHWsi NPOAoImKaeTcs

(==>Puc. 62a).
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Puc. 62a
LA Cmon ¢byHKyusi

Puc. 62 b
@yHKkyusi LA Cmon
U 02paHu4yeHuUe
moka

Puc. 62¢
Pexxum pabomai
yHKUUU
ocmaHoea
3amedrneHusi

[axe Kora NponcxoamT BKKOYEHME Ha ABWXKYLLMACA asuratens LA cton
PYHKUMS MOXET, NpM OonpeaeneHHbIX YCNoBuUsaX, NpeaoTBpaTuTb
BbIKINOYEHE NHBEPTEPA, ECIN YCTAaHOBIIEHHOE BPEMS YCKOPEHNSA HE
cnmwkom maro. B aTom criyyae, Bo3HmKaeT bonbluee ckonbxeHue ( f
Marne, n,,  6onblune), Tak YTO OrpaHNYEHME ToKa AOCTUIaeTCs O4eHb
GbicTopo. [1BMratens NoyT OCTaHABNMBAETCA A0 HYNS C YCTAHOBIEHHbLIM
YPOBHEM TOKa, U 3aTEM, YCKOPSIETCS CHOBA MO pamne.

LA stop /
current |eve

Current limt /
constant run

LA stop / [E0Zns RPN SRR SRR NSRS U S N LSRR S N,
current |evel ! v o . T

w i = o P H
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Current linit o F <| b ; ’/ ;
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fac\ ual —=
t
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Deceleration
stop / voltage
level
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K 2.
OcTaHoOB
3amMmeqneHus

K3.
OrpaHunyeHue
TOKa BO BpeMsA
NOCTOAHHOM
paboTbl

K4.
AnnapaTHoe
orpaHu4yeHue
TOKa

KEB

ANTRIEBSTECHNIK

Mpu 3amenneHun apuratenb OTAAET 3HEpPruio obpaTHO B MHBEPTEP
(reHepaTOpHbIN pexum), KoTopas 3apsaxaeT KOHAeHcaTop
NMPOMEXYTOYHOTO KOHTYpa. Ecnn o6paTHas aHeprusa cnuwikom 6onblLuas
(manoe Bpemsa 3ameaneHuda, 6onblwne maccbl BpalleHUs) nUnu
KOHBEPTUPOBAHHbIE 3HEPreTnyeckme NOTepu CAULLKOM mManbl B
asuratene (0CO6eHHO B NMPOOOIKUTENBHOM pexXume B AnanasoHe
ocnabneHHOro nons), Toraa NPOMEXYTOYHbIN KOHTYpP 3arpyxeH
HeJONyCTMMO BbICOKMM HarnpsiKeHUeM; MHBepTep BbIKOYaeTcs no
nepeHanpsxeHuto ¢ owmbkon E.OP.

OTO MOXHO NPeaoTBPaTUTbL NpepbiBAHNEM paMnbl 3amenneHus (==>
Puc. 62c). B pesynbrate, ckonbXxeHne un obpatHas aHeprus
orpaHvnumBaroTcs. 3awmuTHasa PyHKLUUSA OCTaHOBa 3aMeaneHnsi 0CO6eHHO
noaxoauT, ecrin KoneobnioLwascsa U HeM3BeCTHas Harpy3ka Uunm MOMeHT
NHepLMM AOMKHbI ObITb BbIYMCIEHBI BO BPEMS 3aMeaneHus.

Ecnn npusoa neperpyxeH Bo BpeMsi MPOAOIMKUTENBHOIO pexnma, To
CKONnbXeHne 1 Tok Bo3pacTatoT. [Ans npegotepawieHns OC owndku,
Hanpumep, Heo6Xo0ANMO YMEHbLUNTL BbIXOAHYIO YacTOTYy MHBEPTEpa, U
cnefoBaTeflbHO CKOMbXEHUe. OTO AenaeTcsl ¢ NOMOLLbI (OYHKUMK
,LOTPaHN4YeHne ToKa BO BpeMs NocTosiHHOM paboTbl®. B 3aBucMMoCcTu OT
XapakTtepa Harpy30o4HOW XxapakTepuCTUKK, MPOUCXOANT yBenuyeHme /
YMEHbLUEHME YacTOTbl B TEYEHUN 3anporpammpoBaHHOro BpemeHu. Mpu
PEe3KMX CKavkax Harpysku aTOT Mpouecc He OOMMKEH ObiTb CRULLKOM
B0nbLWMM, YTOObI rApaHTMPOBAaTL 4OCTATOYHYIO 3aLLUMTY.
Pexxnm paboTbl orpaHMyeHmMsa Toka OofmkeH ObiTb aganTUpoBaH K
Harpy304HOM XapaKTepucTuKe COOTBETCTBYHOLLENO NpuBoaa (==> Pasaen
7.6):
- BOMbLUMIA MOMEHT Harpy3Kku Npu MarsbIX CKOPOCTSX
==> yBefin4eHne 4acToTbl, KOorga 4oCTUraeTcsa TOKoBoe
orpaHuyeHune
- MEHbLUMIN MOMEHT Harpy3Kku Npu MarsbIX CKOPOCTAX
==> yMeHbLLUEHMEe YacTOThbI, Korga 4OCTUraeTcsl TOKOBOE
orpaHuyeHune

[na HEKOTOPbIX NPUMNOXEHUIA KPUTUYECKNE MNKM TOKA HE MOTyT BbITb
npeaoTBpaLLeHbl, HanpuMep, Npu 3anycke ABuratens oT nHeepTepa ¢
KOpOTKOW pamron yckopeHus. B atom cnyyae, LA-cton pyHKUUA U
dYHKUMA OrpaHNYeHns ToKa BO BpPeMs MOCTOSIHHOW paboTbl He
AOCTaTOYHO ObICTpble, YTOObLI OrpaHNYUTb TOK, U3-3a NPOrPaMMHOrO
BpemMeHu cpabatbiBaHus. iHBepTep Byaet octaHoBneH ¢ owmnbkom OC,
HECMOTPSA Ha 3TN PYHKUMK. TONbKO HEMOCPEACTBEHHOE annapaTHoe
BMMSIHME HA COOTBETCTBYIOLLME NEPErPY>KEHHbIE TPAH3UCTOPbLI CUITOBOMO
MOAYNSA B TEYEHUU MeHee, YeM NTEeK MOXET NpefoTBpaTuUTb 3TO
coobueHne owmnbKkn. ITo AenaeTcs annapatHbIM OrpaHNYeHneM ToKa.
3ameTTe, 4TO 3Ta (PYHKUMSA Bbi3blBAET YMEHbLUEHHOE BXOAHOE
HanpsbkKeHne, yMeHbLUEHHbI MOMEHT U AOMNOMHUTENbHbIE WYMbl B
asurarene.
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K 5.
PyHKLUNA
noucka
CKopocCTU

Puc. 63
QyHKYUS roucka
cKopocmu

OyHKUMA NoMCKa CKOPOCTU AenaeT BO3MOXHbIM NOAKMYEHNE Ha
OBVXyLLUMICA aBuratens. [peobpasoBaTtenb YacToTbl HE3aBUCUMO ULLIET
pearnbHy CKOPOCTU ABUraTers, 1 NOCIe HAXOXAEHUS YCKOPAT ABUraTernb
no cBOoen pamne OO YCTaHOBMEHHOro 3HaydyeHus. [lpouecc

CUMHXPOHM3aLUMM NponcxoamT Tak (==> Puc. 63):

Hauyano noucka CKOpPOCTU C yCTaHOBJ1€HHbIM 3HA4YEeHNEM;

[locTaTo4HOE NOBbILEHNE BLIXOAHOMO HaNPshKeHUs, 4ns Toro
npoTekan MakcMMarnbHbI HOMUHAIbHbBIN TOK;

Ecnun pocturaetcst HOMMHarbHbLIN TOK, TO YacTOTa HEMHOTO

YMEeHbLUAETCA , U HanpsXXeHne yBenminBaeTcad, U Tak oo Tex nop,

NnokKa He 6y,u,eT OOCTUrHyTa noaxoadLlada BeJiM4nHa HanpaxxXeHmnd

Ona4acToThbl;

C 3TOW TOYKM CHOBA MPOUCXOAMUT YCKOPEHME NO YCTAHOBIEHHOM

BPEMEHHOW pamne.

nsoII fsoll

Moaynsuusa BbIkn., Hanpumep M3-3a
CcoOoOLLIeHNs oWwmnbKn

f
Ui

n

B ————— N

u

I U

Mogaynsauus Bkn.
(Hanpumep, cbpocom)

f
CronbxeHne —————— n
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Puc. 64
@yHKUUS roucka
cKkopocmu, Koeda
HarpaeseHue
gpaweHusi
yCMaHo8seHo He
KOpPeKmHo, u
Hem 3awjumHou
¢yHKyu LA cmon

Puc. 65

DyHKYUS rioucka
CcKopocmu, Koeda
HarnpasneHue
spaweHust
ycmaHoersieHo, U
¢yHkyus LA cmon
aKkmueHa

ANTRIEBSTECHNIK

B 3aBucmMmocTn OT ycTaHOBKM npeobpasoBaTens 4acTtoTbl (OYHKLMSA
MoncKa CKOPOCTM MOXET ObITb NpuBeAEHa B AECTBUE NPU CrieayoLwmx
YCrOBUSIX:

[0  BknwoveHue ynpasreHus,

0  C6poc ownbok,
0  BknioyeHue nutaHuna nHeeptepa (Power on),

0  ABTOMaTtM4eckuin nepesanyck nocre owmobok.

PyHKLMA NOMCKa CKOPOCTWN ULLIET CKOPOCTb TOSbKO B YCTAHOBNEHHOM
B MHBepTepe HanpaBneHun BpaweHus. Ecnu BpaweHne He
COOTBETCTBYET AENCTBUTENBHOMY HarnpaBneHnIo BpaLlleHnsa asuratens
Torga, Npu onpefeneHHbIX YCNoBUAX, NOocne 3agencTBus OyHKLN
MOXeT nossutca owmnbka OC. Hanpumep ycnosum 4to, NpuBOA BCE
elule BpawaeTcs B NPOTMBOMNOJSIOKHOM HanpaBfeHWU, U HeT
AONONMHUTENbHON 3awunTHOW (PyHKUMKM (Hanpumep, LA cTon)
OCTaHaBnMBalLLeN pamny yckopeHus (==> Puc. 64).

SC—

CkonbxeHune

Mounck ckopocTu

CkonbxeHune

SC—
|

set - -

Mounck ckopocTtun
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Puc. 66
lNosedeHue npu
OMKJIYEHUU
3Hepeuu, u
akmusu3sayuu
yHKYUU rioucka
cKkopocmu

K®6.
ABTOMaTUYECKUA
nepesanyck
nocrne ownook

lMockonbKy (OyHKLMA MOMCKa CKOPOCTU BCerga uweT CKOpPOCTb
ABUratenss CHW3y OT YCTAHOBMEHOW 4acTOTbl, YyCTaHOBIIEHHAs
BernvYmMHa JOSMKHA NexarTb Bbllle AeCTBUTENbHOW CKOpoCTU. 1o aTon
NpUYnHE PYHKLMSA MOMCKA CKOPOCTM HE MOXET BbITb MCNOMNb30BaHa C:
- NpMBO4AaMM CKOPOCTb KOTOPbIX MPOOOSKAET YBENMYMBATLCA Nocne
OTKIOYEHUA Mogynsaumm
- NpuBOOaMM1, KOTOpPble HENOCPEACTBEHHO HYXXAAKTCHA B MOSHOM
MOMEHTE, U cnepoBaTenbHO, NOMHOM HanpsiXXeHun OBuUraTensd
(Hanpumep, NOObEMHbIE YCTPOWCTBA)
Mpun Bbicwem ynpasneHun (Hanpumep, PLC) Heobxoammo
rapaHTMpoBaTb, YTO nocne anekTpumyecro cbos yctaHOBNEHHas
BENMYMHaA A0MmKkHa ObITb yCTaHOBMEHa nepeq 3aseplieHnem asbl
nHuymanumsaumn wuHBeptepa. WHave, wuHBepTep 3anuwet
ycTaHoBneHHyto yactoty kak f = 0, n cpasy xe BbIMAeT 13 ¢asbl
noncka ckopocTu (==> Puc. 66).
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DyHKLUMSA MoUcKa Ckop.
ycTaHaBnueaetcs Ha 0
ycnoswusx owmbka OC

Mpun onpegeneHHbIX

CeTb BbIKN. |
CeTb BKI.

CeTb BbIKN. +
CeTb BK/.
WHBepTep
MHULMIM3NPOBaH
YcTaHoBnEeHHasi BenmymHa |
WHBepTep
MHULMIM3NPOBAH

JoCTynHa
> Pamna

YcTaHOBNEeHHaa BeNUYnHat

OOCTynHa

Ecnn HanpaBneHve BpalleHWsi OTKINoYaeTcs BO BpeMsi hasbl nomcka
CKOPOCTM, TOrga CHavyana 3aBepluaeTcs NMOWMCK YacToTbl, a NMOTOM
aKTMBM3NpYyeTCcs pamna.

BbinonHaeT HeMegneHHbIn nepesanyck cuctembl 6€3 BHELIHEero
cbpoca. OH MOXeT NPON3OUTU NPU KPATKOBPEMEHHOM MNagdeHumn
HUNPSHKEHNA U/MNU NponagaHum CeTu, UNu OPYrov HenpaBUIbHOM
paboTe He kKpuTuyHom ana npusoga. lNpu atom csBobogHo
BpaLlaloLnncsa asuraternb MOXeT ObiTb NOAXBaYeH CHOBA, Hanpumep,
akTuBM3aumen yHKUUN nomcka ckopoctu. Takmm obpasom, npouecc
OBWXKEHNSI MOXET OblTb COXpPaHEH.

YcTaHoBKa (pyHKUUKM ,aBTonepesanyck” 3aBUCUT OT KapT yrnpaBreHns
(cM. pykoBOACTBO Monb3oBaTens).
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7.9 TopmoxeHune
NOCTOAHHbIM
TOKOM

Puc. 67
TopmoxeHue
MOCMOSIHHbIM
mokom /
3a8ucUMOCMb
MOMeHma
MOPMOXeHUs1 om
cKkopomcu

ANTRIEBSTECHNIK

Ansa 6eicTporo 3amegneHns npy 6onbLWMX LEHTPODEXHBIX Maccax u
BbICOKNX CKOPOCTSIX KOIAa HE MCNOSb3yeTCs TOPMO3HOWM MOAYIb, NydLue
He NMPUMEHATb reHepaTopHOEe TOPMOXEHWE Mo pamne, a nogasaTb
NMOCTOSAHHOE HanpshXeHne Ha Ha oOMOTKy asuratens. [pu aTom Tak
Ha3bIBAEMOM TOPMOXEHUM MOCTOSAHHBIM TOKOM, TOPMO3HOW MOMEHT
co34aeTcsa COrmacHO NPUHLNMY TOPMOXEHUS BUXPEBBLIM TOKOM, YbS
BENMYMHa 3aBMCUT OT ckopocTu (Puc. 67).

M A

I, = constant

Y
S

Mpn ogMHAKOBOM TOKE OOCTUraeMblii MOMEHT TOPMOXEHWUS, B
AvanasoHe No3uuumn potopa, 6onblue Npy TOPMOXKEHUN MO pamMne, Yem
NpyY TOPMOXEHMMU MOCTOSIHHBIM TOKOM. BO Bpemsi reHepaTopHOro
TOPMOXEHUS KMHETUYECKAs IHEPrus CXXUraetcss Ha TOPMO3HOM
pesucTtope, a NpuM TOPMOXEHUN MOCTOSAHHbIM TOKOM ABuUraTenb
AononHuTenbHo obecneunsBaeTcs aHepruent oT nHeepTepa. Moatomy,
SHepreTuyeckuin 6anaHc yxyalwaeTcs, U ABuUratenb HarpeBaeTcs
Gonble (BaxHO Mpu YyacTom TopmoxeHuu!). Mpu TopMoKeHUn
NMOCTOSIHHBIM TOKOM BCS 3HEPrusi KOHBEPTUPYETCS B ABUraTene, a He B
NMPOMEXYTOYHOM 3BEHE MOCTOSIHHOIO TOKa, TakMM obpasoM, owwnbka
OP He MOXeT NosiIBUTLCS.

Mpn TOPMOXEHUN MOCTOSAHHLIM TOKOM Ba)XHO TaK Ha3biBaemoe
OCHOBHOE BpeMs BMOKMPOBKU MeXOy BKMAKYEHWEM N Hadanom
TOpMOXeHuda. B TedyeHun aToro BpeMeHun GnokupyeTca BecCb
TPaH3UCTOPHbIA CUTOBON MOAYyMb. ATO AenaeTcsa ONS OXuaaHus
AeakTmBusaumm obMOTKM ABUratens Hag NPOMEXYTOYHbIM 3BEHOM.
OTOT Nnepmoa BPpEMEHU, 3aBUCALLMA OT pa3MepoB ABUraTens, nexuT
mexay 200 mc ansa 0.37 kBT aBuratenen, n HECKNbKUMWU CEKyHAaMM
ana 200 kBT. TpaH3MCTOp MOXET ObITb BKIIHOYEH CHOBA TOSbKO Nocne
ncTevyeHms aToro BpemeHun 6e3 pucka nonyyvyeHusa BbICOKOro
KpaTkoBpeMeHHoro toka (Puc. 68). B Te4eHUM 3TOro BpeMeHu
KpaTKOBPEMEHHbIN 3aMblKatoLLMIA TOK HE MOXET ObITb 3aperncTpmpoBaH
¢ nomowbto HCT B npoMexyTo4yHOM 3BeHe, cnefoBaTenibHO HeT
3aLWKTbI OT NeperpysKkun No TOKY CUIOBOrO MoAysis. OTO MOXET NPUBECTU
K paspyLlleHuno cuMnoBbixX Kroyen. Mo aton npuynHe Heobxoammo
ncnonb3oBaTb 6onbwoe BpeMsi GNOKMPOBKN MPU KOTOPOM CUIOBOM
Mo4ynb OTKMA4YaeTca (Hanpumep, peceT, BKA. ynpasneHusi, DC
TOPMOXeHMe). YCTaHOBKA OCHOBHONo BpeMeHU BnOoKUpOBKMU
npoucxoamT Ha 3aBoje. 71
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Puc. 68
Unnmocmpayus
OcHo8HO20
epeMeHU
6r10KUpPOBKU

Puc. 68a
JleueamerbHbiti
pexum

Puc. 68b
Hdeakmueauyus
Osuzamerns

(mok yepes
c860600HYy 0
3aMKHymyiw
eemenb)

Puc. 68c

KpamkospemeHHbIL
3amMmbiKarouwuli mok
c
npexoeepeMeHHbIM
caMOoBKITr4YeHUeMm
Cus108020
mpaH3UuCmMopPHO20
modyns (¢
MEeHbWUM Usu
omcymcmaeyouum
OCHO8HbIM
spemeHeM
brokuposku)

[artuymk Toka
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7.10 MNMpekntoyeHne AC gBuratenb NpeacTaBnseT akTUBHYIO U MHOYKTUBHYIO Harpy3sKy Ans

Ha Bbixogae / nHBepTepa. [pun BKAOYEHNN HA UHOYKTUBHYIO HAarpy3Ky TOK HE MOXET
ONWHHBbIN pe3ko ynacTb A0 Hyns, B TEYEHUM KOPOTKOro NPOMEXYTKa BpeMeHU
ABUratesfibHbIA  Ha MaBHOM KOHTaKTe pa3BMBAETCS BbICOKOE HanpsXXeHue, KoTopoe
Kabenb noaaepxuBaeT Tok (MckpeHue; Puc. 69).

u,id
Puc. 69 !

Tok u HanpsixeHue
Mpu BKIMIOYEHUU Ha
UHOYKMUBHYH0
Haapy3Ky

|

3HayeHne 1 HanpaBneHne 3TOro KOMMEHCALMOHHOIO HanpsiXeHus
3aBUCUT OT TOKa pasbefVHeHUs, a Takke akTUBHOIO U UHAYKTUBHOTO
COMPOTUBIIEHUI B LIEMNMN.

Ecrn npoBecTn FapMOHW-IeCKI/Iﬁ aHalrm3 3Toro HanpsXXeHnd, To MOXHO
onpeaennTb OonbLLOE KONIMYECTBO BbICOKOYACTOTHbIX rapMOHUK. 91N
rapMOHUKMN MOTYT Bbl3BaTb cbon B QNEKTPOHHOM KOHTYpPE. Cwvnosble
KIMMKO4YN MOTyT TakKxXe BbINTU U3 CTposA n3-3a NMUKOBbIX Haﬂpﬂ)l(eHI/IIZ,
KOTOpPbIE CITULLKOM BbICOKKE.

UToObl WCKNIOYNUTL 3TOT puUcCK, nepexknwo4yeHunme Ha BbiXoae
OCYLLECTBITIAETCA TOJIbKO €CITN HET TOKa Mexay npe06pasoBaTeneM n
Asuratenem. 9710 B Clnyvae ecnu:

—  HeT paboTbl (nOP), Hanpumep, BKMAOYEHWNE yNpaBrneHus He
aKTUBM3MPOBAHO
—  Hu3Kas ckopocTb(LS), Hanpumep, He 3agaHO HanpBereHne
BpaLLeHus
—  0flu,6yct=0%
Ecnu nepeknioyeHne Ha Bbixoge HeusbexHo (Hanpumep, korga
HEeCKONbKO ABuraTenen ynpasnalTCsa OOHMM WHBEPTEPOM), Toraa
MOXHO Mcnonb3oBaTb pepputoBble Komnbla. OHM HageBakTCca Ha
BbIXOA4Hble Kabenu nHBepTepa, U 3HAYUTENIbHO YMEHbLIAT
BbICOKOYACTOTHbIE rapMOHKKK. OgHO heppuUToBOE KOMbLO MOXET ObiThb
NCMonb30BaHO 41151 KaX40W BbIXO4HOM (hasbl nnu Angd Bcex oas BMeCTe.
B nepBom crniyyae ymeHbLLaTCA CUMMETPUYHbBIE FTAPMOHUKK, HO €CTb
BEPOSATHOCTb, YTO (heppuTOBbIE KOfbLia NEPEHAChITATCA U NOTEPAOT
CBOK (PyHKUMOHanNbHYK cnocobHocTb. B cnyyae, korga ogHo
heppuTOBOE KOMbLIO Ha BCe TpU dasbl, NepeHachILeHne He rpo3uT,
MOCKOSbKY CyMMa TOKOB paBHa 0, 1 deppuT MOXET ObiTb 3arpyxeH
TONbKO HECUMMETPUYHBbIMU rapMoHMKamu. Jlydwee pelueHue, 3To
KoBnHaumMa aTUX ABYX BapuaHTOB.
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Puc. 70

Korga ucnonb3ayetcs AnuHble kabenu aAsuratenst BO3HWKalT BbICOKME
paspsigHble TOKWU uronb4yaTon dopmbl B Kabene asuratens, us-3a

ObICTPOro HapacTaHusl BbIXOAHOIO HaMpPsPKEHUs (apyroe L=} ). B

Hcek
OKCTPEHHOW CUTYaLIMN 3TO MOXKET MPUBECTU K 3aMbIKaHWIO Ha 3EMITHO

UIN K yTEeYKEe Ha 3eMJ10.

970 0Cc06EHHO 3aMeTHO npu paboTe C BbICOKMMM YacToTamu

(Hanpumep, 16kML).

Ons npeaorBpalleHna 3Toro MOXXHO UCMNoJib30BaTb BbIXOHOM (*)I/Iﬂpr
N aBuUraTenbHbIN Apoccerib. B no6om crny4ae npu gJiMHHbIX Kabensax
N /nnn BbIXOOHbIX cbmanpax nponcxognTt yMmeHblUEHNE HaNpsAXeHUd

ABUraTens, 1 U3BMeHeHune ero xapaktepuctukm (==> Puc. 70).

XapakTepucTrka 6e3 BbIXOQHOIo
apoccens

XapaKTepVICTI/I Ka C BbIXOOHbIM
apoccernem

-—-— MoOMEeHT Harpy3sku
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7.11 Peakuuu Kak ckasaHo B pagene 6.3, BXOOAHOW TOK UHBEpPTEpa He CUHYCOoMaaneH.
MHBepTepa OH wMoxeT ObiTb nNpubnmxeH K OCHOBHOW BOMHe. JTa
HEeCMHYCOMAAnbHOCTb BbI3biIBAET rapMOHUYECKME HaMNPSXKEHUA Ha
NMOSTHOM COMPOTUBIIEHUN CETU, KOTOPble, B CBOK o4vyepedb, MOryT
BbI3BaTb cbon B pabote apyrmx npnbopos. Ecnv BnnuaHne rapmMoHuK
CYLLLEeCTBEHHOE, KaK, HanpuMmep, B criyvae ¢ 60mbLLION NPUCOEANHEHHOM
Harpyskom, Torga Heob6xoamMmo NCNonb3oBaTb CETEBON APOCCENb Unn
HNU3KOYaCTOTHbIN PUILTP.

[AapMOHUKM eCTb TaKKe B BbIXOAHOM Hanps>KeHUn MHBepTepa, 1 BIUSIOT
Ha npuBod. OHKU BbI3bIBAKOT LWYMbl TakKe Kak U OOMONHUTENbHbIE
notepu B Asuratene, U B Toxe BpeMsa ymeHbwatoT KM4. MNpwu
OLMHAKOBOW Harpyske aCWHXPOHHbIA ABuUraTernb umeer 6onbLumi
neperpes, U MeEHbLUMI CPOK Cryxbbl. [apMOHMYeckoe coaepxaHve
TOKa ABuraTtens cyuwecTBeHO yBenunyuBaeTcsd, KOrga 4acrtoTa
3anonHeHnsa yBenuumBaeTca (MNun BbIXOQHA YacToTa YMEHbLUAETCS).
OTO He urpaeTt BaxHYl posb B criyyae ¢ coBpemeHHbimn IGBT
MHBEPTEPaAMM C YacTOToM 3anonHeHna > 4 kl'y n ctaHgapTHbIMU
psuratenamm 50 Iu.

B komGrnHauum ¢ OCHOBHOW CUCTEMOW rapMOHNYECKNE TOKU BbI3biBalOT
MasATHUKOBbIN MOMEHT. OTOT MOMEHT UMEET BPEAHOE BNUSAHMUS Ha
KOHLEHTPUYHOCTb ABUraTerb, U MOXET NPUBECTU, B HEGNAronpuaTHbIX
cny4asx, K pe3oHaHcy npuBoga. BbICOKOMACTOTHbIE rAPMOHUKM YacCTo
NPUBOAAT K HEe MPUATHOMY LUYMY B MarHMTOnNpoBoAe ABuUraTens.
MpodunmnposaHnem oTtkoca “Genbeyero koneca” n CBA3bIBAHUEM
0OMOTKM cTaTtopa, rapMOHMKM YMEHbLLAKOTCS.

Korga ncnonb3yeTtcsa gpoccenb, OH YMeHbLIaeT neperpysky no ToKy, a
TaKkke CHWKAET HanpshkeHne Ha 3aXXMmMax U1 MOMEHT OMNpOoKUAbIBAHUSA
asuratens. O4eHb Ba)XHO, YTO YACTOTbl FAPMOHUYECKUX TOKOB
HaxoOaTCca pPA4OM , UNW KpaTHbl TAKTOBOW 4YacToTe MHBepTepa.
bnarogaps BbICOKOM TaKTOBOM YaCcTOTE rapMOHUKN TaKKe CMeLLatoTCs
K 6onblien 4YacTtoTe, U MHOYKTUBHOCTb ABUraTensa yMeHbLUaeTCs.
TakToBas yactota > 16 kl'y nexuT 3a nNpegenamm 4esioBEYECKOro
BOCNpUATMA (3TO HasbiBaeTcs 6e3WyMHbIM MU HU3KO LWYMHbIN
npueog).
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7.12 CneumnanbHble
3agauv

Puc. 71

Mrozo08u2ameribHb It
npusod

. Heckonbko ABuraTtenen gnsa ogHoOro MHBepTepa

Ecnu Heckonbko aBuratenemn AomKHbl yNpaBnaTcs O4HUM MHBEPTEPOM,
TO HeobGxoaMMO rapaHTupoBaTb, YTob6bl NpeobpasoBaTtenb Mor
obecneunTb Bce paboyume Todkm TpebyembiM TokoM. Ecnn gsuratenm
3anyckatTcs nocrnegosaTenbHo, Torga UHBEPTEpP AOMKeH BblIbnpaTbca
Tak, 4Tobbl 06ecneunTb TOkM ANnsa paboTbl 3TUX ABUraTeNen, a Takke
MyCKOBOM TOK. OTa (PYHKUMS OOMmKHa paboTaTb B npegerniax cBOen
neperpy3o4Hon cnocobHOCTH, ecnn oLLNBKY neperpyskm no TOKY MOXHO
nsbexartb TakKMMU 3aWNTHLIMU (PYHKUMSAMWU Kak annapaTHoe U
NporpaMMHOE orpaHnyeHne Toka.
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lMeperpy3oyHbIn pesepB MHBepTepa:

HomuHanbHbIN TOK T
NHBEpTEpa

y

—

BkntoyeHne asuratens 1
BkntovyeHne gsurartens
BkntoyeHune gsuratena 3 n 4
BkntouyeHne gBurarens 5
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Ecnn dyHKUMS noncka CKOPOCTU akTMBHA MpW 3anycke asuratenen
Ha “pasorHaHoMm” wuHBepTepe (Hanpumep, BblI3BAaHHOM
KpaTKOBPEMEHHbIM BKIoMeHMEM/BbIKOYEeHNeM ynpasneHnus (ST)),
Torga HeobxoAnMO rapaHTUpPoBaTh, YTOOLI MHBEPTEP HE OTKIIKYarcA
no owmnbke OC, NOCKOMbKY MOUCK CKOPOCTU OrpaHM4yeH TOKOM.
CkopocTb BpalleHusa asuratensa nagaeTt B T€Y4EHUUM KOPOTKOro
NpoOMexyTka BpPeMeHMU, KOTOpblM He AONYyCTUM AN MHOIux

NMPUITOXKEHUN.
fa
n
n,El,eraTenb1
f
Puc.72
3anyck |
dsueamersi, Koaoa n 1
|
®yHKUUS noucka Apuratens 2~
cKkopocmu — : -
Nounck ckopocTy |
akmuesHa B S
t T t, f
MNopkntoyeHne
apuratens 2
tOZ Bkn. ynpaBlieHna BbIKITKOYEHO
t:  Bkn.ynpasneHus Bknio4eHo ==> [1oncKk CKOPOCTY
t,:  Monck ckopocTy 3aBepLUeH, PasroH no pamne

Orpan-leHme TOKa He obecneuymBaet OOCTaTOYHYHKO 3allnTy, Koraa
Aasurartesib nogkKn4aeTcd Ha pa60Tarou1,|/|l7| MHBEPTEP, NMNOTOMY 4TO
nporpamMmmHoe orpaHn4eHmne Toka nMmeet He OOCTaTOYHYHO 6bICpr}O
peakuuto, gaxe npu onTuManbHoOn yCTaHOBKe. OTO BO3MOXXHO TOSbKO
npun aktnemn3aun annapartHoro orpaHM4eHmnAa Toka.

Ecnu paboTtawowmn geuratenb OTCOegUHSIETCA OT UHBepTepa, To
HeoOXoAMMO NpeaycMoOTpeTb OrpaHUYeHUs NPOTUB MUKOBbIX
HanpsxeHun (Hanpumep, RC uenb, heppuTtoBble KoNbLUa Ha BbIXoae
UHBepTepa).
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. Bubpauuun aBuratens

MoMUMO MEexXaHUYEeCKUX pPe30HaHCOB, TaKXe, NpPU ONpeaerieHHbIX
YCNOBMAX, NOSABMAIOTCS NIEKTPUYECKME PE30HAHCbI. B aKcTpemanbHbIX
cnyyasix 3TO MOXET BbI3BaTb BbIKMOYEHME WUHBEPTEPA C OLLMOKOM
E.OC. MexaHn4yeckun pe3oHaHC 0COBEHHO aKTMBU3NPYETCS
HNU3KOYACTOTHLIMW TOKOBbIMW FAapMOHUKaMu, U B peaynbraTte npu
onpeaeneHHbIX CKOPOCTSX MOXET BO3HUKHYTb MAsATHUKOBbLI MOMEHT.
OnNeKTPUYECKUIN pPE30HAHC MOSBIISAETCS, MOTOMY YTO KOHOEHCATOPbI,
COMpPOTMBNEHNA ABUraTens u UHOYKTUBHOCTU B 3NEKTPUYECKOMN
cucteme, NpeacTaBnalT MeafleHHbI PE30HUPYHOLWMA KOHTYP
cnocobHbIn k camoreHepaunn. KonebaHnsa Toka B pesynbrare 31oro
pe3oHaHca NpMBOAAT K kornebdaHMsiM CKOpOCTU ABUraTens.

JT1OT PheHOMEeH 0COOEeHHO XxapaKkTepeH Koraa:
—  MOMEHT MHEepLMM NpMBOAA - NPUBEAEHHbBIN K Bany Apuratens -
man (- - > manoe mexaHumdeckoe gemngupoBaHme),

—  JBuratenb Ha XONOCTOM XOAe WIu Harpyska mana
(- - > HET CKONbXEeHUE - - > MeHbLLEee aKkTUBHOE COMPOTUBIIEHNE
asuraTens --> Marnbli AanekTpudeckui aemndup),

—  asuratens nmeet xopowmn Kra
(- -> manble akTMBHblE CONPOTUBIIEHMS CTaTopa 1 poTopa
--> Marnblil anekTpuyecknin gemndup),

—  unHBepTep paboTaeT npu 6ONbLUON TAaKTOBOW YacToTe u/mnum
KOMMeHcauusi BpEMEHN 3a4EPXKKN

MockonbKy asuratenu ¢ 6onbllen MOLHOCTBIO UMEKT MEHbLUeee

aKTMBHOE conpoTtmenenue n nyydwmin Kra, yem maneHbkne apuratenu,

OHM Bonee npeapacnonoXeHbl K BUbpauusam. PeakTuBHbIe ABUraTenm

N CUHXPOHHblE ABuratenun 6onee npeanacnosiokeHbl K BMbOpaumsm,

4YeM aCUHXPOHHbIE ABUraTenu.

Bo3MOXHble AeNCTBUA ANA YMEHbLIEHUA WU yCTpPpaHeHUus
BUOpauumn:
- N3meHeHune U/f xapakTepuctmnkm

(bycTt, cOoBur HOMMHaNbHOW TOYKM, cTabunusauyungd
BbIX.HaNpsKeHus),

—  [pumeHeHwne gp. aBuraTens - eCnv MOXHO - MEeHbLLEro pa3mepa
(- - > BonbLuee CcKoNbXeHne - - > 6onbLIOE aKTUB. CONPOTUBMEHNE
--> fydllee anekTpuyeckoe gemndupoBaHue),

- [MpuMeHeHne BbIXOQHOIO Apoccens, T. . NepeMeLLeHne
pe30HaHCHOW YacTOoThl,

- Ecnu BO3MOXHO, yBennyeHmne Bpallarolmnxcda Macc npmneoaa,

—  Ecnu Bo3MOXHO, yMeHbLUEHWE TaKTOBOW YaCTOTbl; UBMEHEHUNE
npouecca Moaynsuumn, KOMNeHcauumn BpeMeHN 3a8epPXKKu,

— [porpammHble UNu cneuunanbHble ynpasnawline Mepbl,
Hanpumep,
06x0[, pe30HaHCHOW YacToThl.
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. TpaHcdopmaTop Ha Bxoae uHBepTepa

Ecnu HanpspokeHne ceTn He COOTBETCTBYET BXOLHOMY HarMpsiKEHUHO
nHBepTepa, Toraa HeobxoauMO NPUMEHATL BXOLHOW TpaHcdopmaTop.
OH gonxeH ObITb 3aBbleHHOro pasmepa B 1.5 pasa 6onbLue NonHom
MOLLHOCTN MHBEpTepa, Tak YTobbl TpaHCHopMaToOp HE CIULLIKOM
nepeHacbiwancsa 60nbWMMN BXOAHBIMW MUKOBbLIMW TOKaMM.

Bo3HMKHOBEHME HaCbILLEHNS KPUTUYHO, NOTOMY YTO MakCMaribHbIE€ TOKU
BeayT K HacblLWeHuto, 1 cneanoBaTtesibHO, yMEeHbLUEHUIO MaKCMMalribHOIo
HanpaxeHus. YMeHbLUEeHne HanpsaxXeHna npomMexyTtodHOro KoHTypa
YMeEHbLUAaeT BbIXOOAHOE Hanps>XeHne, a C HUM n MaKkCUManbHbI MOMEHT
aBuratend.

. TpaHcdopmaTop Mexay UHBEPTEPOM U ABUraTenem

Ecnu HoMHanbHOE HanpspkeHne ABuratens Pacxo4uTCs C BbIXO4HbIM
HanpsPkeHMeM MHBepTepa, HanpUMep, B Cryyae co CPeaHUMU YacToTaMm
N cneynanbHbiMU OBUraTenamm, To Heob6xogMmMo NocTaBuUTb
TpaHcopMmaTop Mexay uHeeptepom u asuratenem. O6paTtuTte
BHUMaHMWeE Ha cregytoLlee:

TpaHcopmaTop He MOXET nepeaaBaTh Kakoe-nMbo NOCTOSAHHOE
HanpsXeHue. [1o3aToMy TOpMOXKEHME MOCTOSAHHBIM TOKOM HE MOXET
ObITb NCNOSL30BaAHO.

—  [axe npu manbix Yactotax TpaHcopmaTop ObICTPO HaCkILLAETCS,
NO3TOMY 3TOT AManasoH YacToT cneayeT NPOXOoAuTb ObICTPO
(kopoTkas pamna, Mmanbii 6ycT).

- KB*A MOLLHOCTb TpaHcopmaTopa AOMKHa, N0 MEHbLLEN Mepe,
6b1Tb 60nbLIe KB*A MOLLHOCTM MHBEpTEPA (4ONOMNHUTENBHbIN
pes3epB neperpyskn).

- TpaHcdopMaTop MMEET TaKoW Xe criaxmnsaroLmnm adpdekT ana
ABuraTens, Kak 1 BbIXO4HOW OPOCCENb.
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7.13 CpaBHeHue
pabor Ge3
mBepTepa n c
MHBepTEpPOM

HanbGonee BaxHble pa3nuuusa mexay paboTtom OoT ceTu u oT
MHBepTepa ANA aCUHXPOHHOro ABUraTens nokasaHbl HUXe.

Paboma om cemu

Bo3moxxHa Tonb 0gHa CKOPOCTb MIu, Npu
MCNOMb30BaHNUU CMeEHblI MONCOB
OBuraTens, HECKONbKO (PUKCUPOBaAHHbIX
ckopocTen

HeB0o3MOXHO ynpaBnaT pas3roHOM, BpeEMS
pasroHa 3aBUCUT OT XapaKTepUCTUKK
JBuraTensi u¥ MOMeHTa Harpysku

HeB0o3MOXHO ynpaBnsiTb TOPMOXKEHMEM,
BpeMs 3aMeaneHus 3aBUCUT OT
COOTBETCTBYIOLLENO TPEHUS U MOMEHTA
Harpysku

Onepauusa peBepcMpoBaHmns BO3MOXHA

nepecTaHoOBKOMN das -->
OOMNONHUTENbHbIE  3aTpaTbl  Ha
nepeknovaTenb

PuKCcnMpoBaHHbIA MYCKOBON MOMEHT
(onpepensieTca gpuratenem)

Bbicokuii nyckoBow TOK --> npwu
onpeaeneHHbIX yCnoBuMsax
nepeknioyeHne 3Besga/TpeyronbHuK
TpebyeTcs

TpexdasHbie asuratenun TpebytoT
Tpexda3Hon ceTu (UNuM NycKoBOW
KoHOeHcaTop --> ABuraTenb C XyALWUM
KIMA v MeHbLWM MOMEHTOM)

YBennyeHne MOLLHOCTM HE BO3MOXHO C
NOMOLLbK NepekomMyTaummn

lNonHoe HOMUHa IbHOe HarnpsiXXeHue -->
MosIHbIU MaKcuMaribHbIU MOMEHM

CuHycoudaribHbIU MoK, CuUHycoudarnbHoe
HarpsbkeHue

TpebyeTca ponbwas peakTuUBHas
MOLLHOCTb (cos@ npumepHo 0.8), Taknm
obpasom, Heobxoguma OGonblas
KOMMNeHcauusi MOLLHOCTH

Xyawas apheKTMBHOCTb 1 yBENMYEHHas
TepMuyeckasi Harpyska npu TaKTOBbIX
onepauusix

JononHuTenbHble yHKUM (Hanpumep,
3awmTa asuratens, nnaBHbIA CTapT,
TOPMOXEHMEe MOCT. TOKOM) TpebyloT
OONMHUTENBbHbIX 3aTpaTt
HdononHumesnbHble  WyMbl
makmoseou Yacmome < 16 kI'y

npu

Pa6oma om uHeepmepa

BescTyneHyaToe perynuposaHue
CKOPOCTU ABMraTens

YnpaBnsemMblil pasroH, Bpems pasroHa
perynupyeTcs

Tpm cnocoGa 0CTaHOBKM:

1. ynpaensiemoe 3ameaneHve, Bpems
3aMeasieHns perynmpyetcs (C TOpMO3HbIM
Mogyrnem)

2. TopMOKeHWe NOCTOSIHHBIM TOKOM

3. [BwkeHwe No nHepLy (MogynsLms BbIKI)

Ynpasnsemoe peBepcuMpoBaHue
bnarogaps 3MNEeKTPOHHOMY
peBepCcMpoBaHIIO BpaLLiatoLLLerocsi nonsi
©e3 gon. 3aTpart

PerynupoBaHue nyckooro momeHTta U/f-
XapakTepuCTUKON NHBEpTEpa

OrpaHu1yeHme MycKOBOIO TOKA, TOK 3aBUCUT
OT pa3roHa U MOMEHTa Harpy3ku

[Buratenu manoin MoLHoOCTH (40 MaKC.
2.2 kB) moryT paboTaTtb OT 0AHO(a3HOro
nHBepTepa

Mpu 400B paboTe u coeanHeHun
TpeyronbHukom pna 230/400 B
OBUraTerns KpaTkKoBpeMeHHas MOLLHOCTb
asuratens Bospactaet oo 70% (87-T'y,
KpuBasi)

lNadeHus HanpsikeHUs1 Ha M0080AAWUX
rnoposodax u ¢hunbmpax --> MeHbWUl
MaKcuMaslbHbIU MOMeHM, YeM rpu pabome
omcemu

HecuHycoudaribHbil 6x00HOU MoK -->
3aepy3ka cemu  eapMOHUKaMu,
MOOynuposaHHoe HarpskeHue --> paduo
riomMexa —> 8bICOKOe NodagrieHue rMomex
cos@ npum. 1, Takum obpasom
KOMMeHcaluus He HyxHa, Ho thus no
compensation needed

OnTumanbHasi 3ddeKTUBHOCTL Takke Npu
LIMKIMUYECKMX ornepaumsix

WHBepTep BbINOMHAET A0N. PyHKUUK
(perecTpaums Toka U HanpsbkeHus,
ynpasnsoLwme yHKUUN 1 T.4.)

bnazonpusmHoe wymogoe nogedeHue
osuzamerns
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PeaKTVBHble CUHXPOHHbIE ABWratenu ycrnewHo MCrnonb3ylTcsa ans
N3MEHEHMS1 CKOPOCTM NPUBOAOB C NpeobpasoBaTensimMm 4acToThl, T. K.
OHM HE UMEIOT CKOIbXXEHUsI, TO MOXHO TOYHO OnpenensTb CKOPOCTb
npocTbiMy MeTogamu. Korga Heckonbko ABuraternei 4omkHbl paboTtaTtb
C OOWHAKOBOWM CKOPOCTbI0 (TEKCTUNbHbIE MalUWHbI, KOHBENEpPHble
CUCTEMbI), MOXHO MCMNONb30BaTb peakTUBHbIE ABUraTenn BMeCTO
[AOMNOSHUTENBHOIO CUHXPOHM3ALMOHHOIO KOHTpors. Mcnonb3oBaHue
peaKTUBHbIX ABUraTenemn ansi CUHXPOHU3aLMN HECKOMNbKUX ABUraTenem
Marioi MOLLHOCTM- 3TO YaCcTO 3KOHOMHOE peLLEHNE.

[MockonbKy MakCcuManbHbIi MOMEHT ABUraTensi 3aBUCUT OT KBagpara
HaNpsKeHWs Ha 3axknmax (4na manbix ABuratenen ot kyba), To ocobble
TpeboBaHUA NpeabABnSATCA K MHBEPTEPY, rMaBHbiM 06pa3om K
CTabUNbHOCTUN BLIXOAHOIO HANPshKeHNs (--> CTabunmsaumnst HanpspKeHUS ).

Opyrve Tpe6oBaHUsA K UHBepTepy:

— BocnpuHumaTtb KOPOTKME MUKOBbIE TOKW, A0 ABYXKPATHOrO
HOMWHaNbLHOro TOKa ABUraTens B ABUrateNibHOM N reHepaTopHOM
pexmnmax, Ytobbl yMeHbLuaTb BUOpaumm (HU3Koe BbIXOAHOE MOSTHOE
COMNpPOTUBIIEHNE).

— YMeHbLlaTb YacToTy Npw neperpyske (orpaHMyeHne Toka), YToobl
nepenoTBpaTUTb ONpokuabiBaHue asuratens. Ecnuv Tpebyetcs ato
ONpOoKNAbIBaHNE, TO HE CreayeT HUYero AenaTb.

— Jlerko npucnocagnveasmMas XxapakrepucTuka HanpskeHue - Yyactota
B LUMPOKOM AuanasoHe, KOTOPbIV BKITKOYAET 1 Marible YacToThbl, YTOObI
rapaHTMpPOBaTb NPaBUIbHYH CUHXPOHHYO paboTy (bycT).

— HopmanbHoe gBwxeHne 6e3 pbIBKOB Ha BCEM AMana3oHe 4acTor,
0COBEHHO NpK BONBbLUNX BHELLHNX LEHTPOOEXHBIX Maccax.

Mo 3KOHOMMYECKUM COOBpaXeHNSAM peakTUBHbLIE CUHXPOHHbIE
ABuUratenn npou3BOAATCA TONMbKO ANt OTHOCUTENbHO HebonbLmnx
mowHocTen oo 10 kBT, n NOCKONbKYy OHWM OBbIMHO MMET BOonbLLOK
TemnepaTypHble pe3epBbl, B 3aBUCUMOCTU OT KOHCTPYKUUKU, hopma
KPMBOW HaMNpsiXeHUA He MMEeET CYLeCTBEHHOro 3HayeHusi. BaxHo
OTMETUTb, YTO HE3ABMCUMO OT (DOPMbI KPUBOW, NEpPUOL HaNpSXKeHNS
bornee nnn meHee COOTBETCTBYET OCHOBHOW BOSTHE.
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Cxema
HaripasneHusi
MomMeHma rpu
yCcKOpeHuu,
CUHXPOHU3auuU u
riepeepy3ke
peakmugHo20
CUHXPOHHO20
osuzamerisi.
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UT06bl AOCTMY TOYHON CUMHXPOHU3ALUN HECKONbKUX PEaKTUBHbIX
ABuUraTenemn, OHW OOSXKHbl YyNpaBnsiTbCA OT OAHOro MHBepTepa.
[ononHuTenbHo HeobxoaMMo 0GecnednTb CrieaytoLLme YCIoBuS:

Mockonbky peakTUBHbIE
asuratenu nvetot xygwne K m
cosq, yem 00OblYHbIE A
ACUHXPOHHbIE ABUraTenu, OHu
notpebnaoT 6onbLni TOK Npn S| ks

TON

MHBepTOp OOMKEH BbiOMpaTbca
151 3TOro TOKa, OH AOITKEH ObITh . B
BbibpaH gns toka B 1.5...2.0 N
oonbwero. MOMEHTHO - '
CKOPOCTHas XapaKTepucTuka
peakTUBHbIX aBuratenen
nokasaHa Ha Puc. 73.

B HwkHem amnanasoHe yactort (go 10 'y) agBuratenu He OOMKHbI
6bITh 3arpyeHbl 60nbLLE MX HOMUHANBHOTO MOMeHTa M, , 4TOObI
npegoTBPaTUTb PACCUHXPOHN3ALMIO.

MowmeHT Harpy3ku B anana3soHe 10 - 50 'y He moxeT ObITb 6onbLue,
4YeM MOMEHT BbiNagaHus n3 cuHxpoHuama M, .. OtHolweHve M, ¢ K
M,, pas3nunyHo Ans pasHbIx npoussoautenen. Cneayer 3ameTuTs,
uto M 1 M, MOryT BbiTb 3HaUNTENbLHO MeHbLLE Npu paboTe ¢
NHBEPTEPOM, YEM MPK paboTe OT CETU, N3-3a NAAEHUIN HAMPSDKEHNS.

[Buratenb OOMmKeH nony4aTb A0CTaTOYHbIV BYCT, Ansi TOro YTOObI
BOCMNPOU3BOAUTb AMHAMUYECKUA MOMEHT yaepKaHus npwu
OCTaHOBKE W [JOCTATOYHbI MOMEHT B Narna3oHe HU3KUX YacCToT.

Mpu BbIKNIOYEHMM yNpaBneHns asuratenu paboTatoT ¢ Bbiberom,
nokyga He cpabotaet TopmMo3. Mpu Takom paboTe CUHXPOHM3aL M
He BO3MOXHa. Toxe camoe cnpaBegnnBo M ANS OCHOBHOIO
BpemMeHn BGnokmpoBaHus. (Hanpumep, B Hayane TOPMOXEHUs
MOCTOSIHHBIM TOKOM).

K& camMon MOLLHOCTMH. cA

z
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omr=zze
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HoMWHarnbHbI MOMEHT
CkonbxeHuve L L
= Makc. MOMEHT BbinagaHus N3 CUHXPOHMU3Ma 0
MoMmeHT BbinagaHus n3 CUHXpPOHU3Ma

Pabouyas xapaktepucTtuka (ctapT)

CurHXpoHM3aums (BXOXXAEHNE B CUHXPOHN3M)

[MoBbILLIEHMe Harpy3skn 40 MaKC. MOMEHTa (CUHXPOHHas
paboTa)

PaccrHxpoHu3auus n acuHxpoHHas paboTa
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Koraa Bo3HukaloT npobnembl Npu 3anycke UM NOCTOSAHHOM
ncnonb3oBaHUM NpeobpasoBaTens YacToThl, TOrAa YacTo nonaraeTcs,
YTO OHW BbI3BaHbl TEXHMYECKOW HEUCMNPABHOCTbIO MHBEpTepa. B
GonblweHcTBe cnyvyaesB owunbka B pe3ynbraTe HEKOPPEKTHOrO
MOOKIOYEHMS UM HENPAaBWUIBLHON NapamMeTpusauum n/vinm cbos B pabote
nHBepTepa. Huxe npmBeneHbl Hanbonee 4acTto BCTpevarowmecs
MPUYUHBI 3TUX OLLIMOOK.

. HekoppekTHO BbIGpaHHbI NprBOA
a) [surartenb Crivwkom man

-->  He MOXET Bblaep>XaTb MOMEHT Harpy3Kku
(ocobeHHo B Anana3oHe ocriabneHHoro norns)

-->  ONpOKMAbIBaHWE ABUraTens

-->  YHBEpTEP MOXET BbIKIMIOUNTCA € owmbkon OC nnm Bontu
B TOKOBOE OrpaHu4eHmne

b)  WHBepTep cnmwkom man

-> He MOXeT obecne4ynTb TOK aBuraTens
(cmoTpwm 3arpy3Ky nHBepTepa)

-->  BblKkSTtoMeHue ¢ owmbkon OC nnmn OL
NI TOKOBOE OrpaHnUYeHmne.

. Bpemsi yckopeHue crnimikomM ManeHbkoe

->  TpebyeTcsa CnnLKOM BONbLIOM MOMEHT YCKOPEHWS

-->  [ABuWraternib He MOXET cneaoBaTh Mo pamne YCKOpeHUs
-->  BonblUee CKONbXeHne

> BOnbLUNA TOK

-->  BbIKMoYeHue ¢ ownbkor OC nnm TOKOBOE OrpaHnyeHne

. BpeMFI 3amMensieHnA CriMwKomM MalneHbKoe

-->  TpebyeTcsa crnnwkom 60nbLLON TOPMO3HOM MOMEHT

--> [BUraTenb He MOXET CreoBaTth Mo paMmne 3ameasnieHns

-->  BO0MbLUOE reHepaToOPHOE CKOMbXEHME

-->  60MbLUON 06PaTHBIN TOK B MPOMEXYTOYHbINA KOHTYP

-->  3arpyska KoHgeHcaTopa NPOMEXYTOYHOro KOHTYpa

-->  BblKntoyeHue ¢ ownbkon OC nnum OP nnm TokoBoe
OorpaHu4eHue.
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NMOAAEPXKA:

owwmbka OP: cnonb3ynTte TOpMO3HOM MOy b
UNN yBenu4ybTe BpeMS 3aMeIeHNS;
BbIKIIOYNTE CTabnnusaunio HanpskeHns

owwmbka OC: YBenuysTe pasmep uHBepTepa nunu BpemMms
3ameaneHus;

Korga ucnonbsyetcs  AKTMBM3UPYWTE CTabMNM3aumio HanpsKeHns
TOPMO3HOW MOAYNb:

Knemmbl coeanHeHbI He npaBUJ1bHO:

-->  Bxogabl He ObInn yCTaHOBMNEHbI UK NepenyTaHbl
—> KopoTkoe 3aMblkaHWe HanpsiKeHUst MUTaHUst N neperpyska

BkntoueHme Ha ABWKyLLMIACA aBUraTenb 6e3 akTuBM3aumm 3aLLUUTHON
yHKUUKM (HAaNprMMep nomcka CKOpoCTH)

> VIHBepTep yCcKopsieTcs B NPOTUBOMOSIOXKHOM HanpaBneHnn K
BpaLLEHUIO ABUraTens

-->  MOBbILIEHHOE rEHEPATOPHOE CKOJTbXKEHNE

-->  NOBbILWEHbIV FreHepaToOPHbIN TOK

-->  BblkItodeHne ¢ owmndkon OC nnmn OP nnm TokoBoe

orpaHuyeHve

HenpasunbHoe nogcoeanHeHmne asuratens (Y/A)

CrangapTtHble -230/400 V gBuratenu OOMmKHbl NOAKMYATLCS: C

230 B nHBepTepamu B TpeyronbHuK, ¢ 400 B uHBepTepamu B 3Be34y.

CoepawnHenue 3Be3gon ansa 230 B nHBepTepos:
®dasoBoe HanpsikeHe ymeHbLUaeTcs B V3 pasa

-->  MarHWuTHbIN NOTOK yMeHbLUaeTcs B V3 pasa

-->  MaKCuMarsbHbI MOMEHT NagaeT B 3 pa3a

--> B OCHOBHOM ABuraterib He MOXeT obecneynTs MOMEHT
Harpysku

-->  ONpoKuAbIBaHWe ABuraterns
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CoepavnHeHnue TpeyronbHukom Ans 400 B nHBepTepos:
das3oBoe HanpshxeHWe yBENUUMBAETCS NpUMepHO B V3 pasa

-->  [IBurartenb nepemarHmyeH, BXoauT B HaCblLLeHne

>  BbICOKMI TOK HAMarHn4MBaHNA

-->  HBepTep BblkntoyaeTcs ¢ owmbkon OC nnu orpaHnymBaeT
Tok. Ecnu nHBepTep MoXeT cnpaBUTbCHA C TOKOM, TO
ABvraTenb nNeperpeeTca Yepes KOpoTKoe BpeMS U BbINOET
13 cTpod. Ecnm Heobxoanmo, To MOXXHO paboTaTb Ha YrioBown
yactote 87 'y (cm. pasgen 7.4). 400/690 B asuratenu moryT
pabotaTtb Tonbko ¢ 400 B nHBepTepamn B D-coeanHeHme.

. MonbiTka cb6cocnTb OL-OWMBKM peceToM Unu BbIKITHOYEHMEM
nuTaHus, 0O 3aBeplueHnsa ¢asbl oxnaxaeHusa (korga muraet
owmnbka nOL Ha gucnnee) 6esycnewHa; B Te4eHUn asbl
OXIaXXAEeHUA HanpsXXeHne NUTaHua MHBepTepa He LOJIKHO
OTKMYaThCS.

. BbIxogHOe HanpsKeHWe CULIKOM BbICOKOE, Hanpumep, 13-3a
O6ycTa, genbra-6ycta mnu ctabunusanpoBaHHOE BbIXOOHOE
HanpsKeHne CrMLLKOM BbICOKOE UIW yriioBas YacToTa yCTaHOBIEHa
CMULLKOM MarieHbKasi.

-->  [IBuratenb nepemarHuyeH
->  bonbLumnn ToK
->  Owwubka OC n/vnm OL unu orpaHnyeHme Toka

. Mpy TOPMOXKEHMMN NOCTOSIHHBIM TOKOM: HaNPs>KEHNE TOPMOXKEHMS]
n/vnm Bpemsi CrULLKOM Marnbl

-->  [lBuratenb He OCTaHaBNMBAETCA MOJNTHOCThLIO
-->  [1BmxeTcs ¢ Bbiberom (cBo6oaHO)

Ecnu B npoucxogmnt nonomka uHBepTepa (Hanpumep, KOPOTKOe
3aMblkaHMe B CMIOBOM TPaH3UCTOPHOM MopAyne), nonbiTanTecs
BKNIOUNTb UHBepTep 6e3 asuratens. Ecnu nHeeptep He paboTtaer
(Hanpumep, E.OC), Toraa HencnpaBHOCTb CKopee Bcero B HeM. Ecnun
WHBEpPTEpP TONMbKO BbIKMOYaeTca ¢ coobuweHnem o6 owmbke, npu
NnoAcCOeAVNHEHHOM ABuUratene, To NpPOBepbTe: NapamMmeTpusauunto
(ocobeHHo U/f-kpuByto), nogsoasiime npoBoga ABvrarens, osuraTtens 1
dunesrep.

85




10. OKpyXeHue MHorvie NpUnoXeH1s He MOryT BbiTb PeLLeHbI C OQHUM CTaHAAPTHbLIM
MpecOpecoEaer  VHBEPTEepoM. Heobxogumbl cneyunanbHble YyHKLMW, ANS KOTOPbIX
YaCTOThI NHBEPTEP A0IMKEH ObITb 060PYAOBaH creLmanbHON KapTor yrpaBnieHns

n/vnun pacwmpeHHbIM annapatHbiM obecneyeHnem. Ecnn nHeepTepbl
MCNONb3YKTCA B KOMMMEKCHOM obopyaoBaHue, KOTOpOe KOoTopoe
yNpaBnseTcs KOHTPONNepPoOM, Torga pekoMeHayeTcst, YToObl MHBEPTEPDI
OGbinn coeanHeHbl B ceTb. Heobxooumo npegycmoTpeTb ANns
noTpeduTenen ganbHenLL Yy BO3MOXHOCTb PaCLLUMPEHWS 3TOM CETH.

10.1 CeTeBoe
noaxKknw4veHue
I I s @ Lindposoit Bbix.-Moaynb
YacToThl, § @ Uudposoii Bx.-moaynb
NoCNeOPBa -HLM g @ AHanorosblit Bbix.-moay
uHTepdenc o @ Awanorosblii Bx.-moaynb
Puc. 74a
lNapannensHoe I/O
coeduHeHue
(PasdernbHbie
rposoda) FU FU
Q
P
L
g <
~ g @ Mnata ynpaBneHust LLIMHOM
S @ TepmuHan
O
Puc. 74b \ | | 1
2 FU FU
lNocrnedoeameribHoe
coeduHeHue
e Voo | I
2 FU FU
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CoBpemeHHasi aBToMaTu3aunsi MHOYCTpun NpeabsBrsieT Bce 6orbLune
TpeboBaHUs K LEHTpanbHOMY yrpaBrieHNo BCeMU NpUBoaamm, Takke
Kak M gaTyMkamu 1M akTyaTtopamu (Hanpumep, oTogaTyMKM,
TemMnepaTypHble AaT4MKK, BECKOHTAKTHbIE AATYUKU U T. 4. ).

OTn TpeboBaHua MoryT 6biTb peanun3oBaHbl CTaHAAPTHbLIM
napannenbHbIM COeAMHEHUWEM KOMMOHEHTOB CUCTEMbI WU
WHTENNeKTyansHoN nocneaoBaTeribHOW CETbIO.

MpoeT TeHaeHUmA K ncnonb3oBaHuio cetesbix cuctem, KEB npeanaraet
HECKOMbKO peLleHn B 3aBUCUMOCTW OT NNiaThbl ynpaBneHus:

—  06bl4HbIN RS 485-nHTepderic ¢ npotokonom DIN 66019

—  Profibus - uHTepdenc

—  CAN-Bus - nHTepdelic
- InterBus-S - nHtepdenc

- LON - nHTepdenc

ANSI npotokon X3.28 (DIN 66019) BCTpoeH BO BCe CTaHAApPTHbIE KapThl
ynpasneHus. OH NO3BONSAT OpraHM30BaThb NocregoBaTeNbHY0 CETb 40
30 nHBepTepoB 6Ge3 JONONHUTENBLHOrO annapaTHOro o6opyaoBaHUS.
Pa3sHoo6pasHbie NpOTOKOMbl OTANYAKOTCA annapaTtHO (Hanpumenp,
nHTepdencamm n coeguUHeHUaMun), NporpammHo ( Hanpumep,
nepegarwLwmnm NPOTOKONIOM), BO3ZMOXHOCTbIO NoACOeANHEHUSA
KOHTPOMNNepoB pasHbiX NPOU3BOAUTENEN, a TakXe pasfiMyHble
TEeXHUYECKNE JaHHble (Hanpumep, 4oNyCTUMOE PacCTOSHME, CKOPOCTb
rnepegayu, YMCro y4acTHUKOB).
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NMpumeHeHne ceTen AnNA npeobpa3oBaTtenen 4YacToOTbl
npegocTaBnAOT nonb3oBaTento pa3HoobOpa3Hble
npevmyliecTBa:

MeHbLuee pacxogoBaHme kaberns no CpaBHEHWUIO C TPAANLNOHHBIM
coefvHeHneM, bonbLuee YMcrno MHBEPTEPOB 0ObeAMHEHDI B CETb
apyr ¢ apyrom. Takke yCcTaHOBKA CTaHOBWUTCS CyLLECTBEHHbLIM
obpasom npotLye.

MHBepTep cTaHOBUTCA “Npo3padHbiM” ANsi KOHTPOIepa, T. €. Bce
napameTpbl MOryT ObiTb BBEAEHbI B UHBEPTEP U/UNN CHUTAHbI NO
wuHe. CynTbiBaeMble napameTpbl (Hanpumep, 3arpyska
nHBepTepa) MOrytT ObiTb NMPOYMTaHbl KOHTPOMNEPOM, U
MCNONb30BaHbl, HAaNpMMep, B KAYeCTBE OCHOBbI 4151 UIBMEHEHUS
BXOAHbIX NapamMeTpoB. 3arpys3ka NofiHOW napamMmeTpusauun
NPONCXOOUT B TEYEHMN KOPOTPOrO NPOMEXYTKa BpEMEHMN 63 KakmXx-
nmbo TpyaHOCTEN.

YTaHOBNEHHOW 3Ha4YeHne yCTaHaBNMBaeTCs B LMPOBOM BUAE W,
Takum obpas3om, TOYHO, U MOXET ObITb BOcnpon3seaeHo 6e3
(POHOBbIX HABOAOK M MOMEX HanpPsiXKeHUN.

[narHoctnpoBaTb OLIMOKM NpoLLe, MOTOMY YTO OLLUMOKM MOTYT ObITb
CcoxpaHeHbl. Takke paHHAS guMarHocTuka owmnbok (Hanpumep,
3HaAYMTENbHOE YBENMYEHNE Harpy3km B pesynsraTe HegocTaum
CMa3ku B NOALUMMHMKAX 1 NOCNeayoLLas NofoMKa MaLLMHbI) MOXET
OblTb peanu3oBaHa Npu CEeTEBOM COEAUMHEHUN UHBEPTEPOB C
COOTBETCTBYHOLLMM NPOrpamHbIM yrpaBneHneM.

[ob6asneHne obopyaoBaHnsa 06bIMHO HE BbI3biBAET KakUX-nnbo
npobnem, NocKOoNbKy AOMOMHUTENbHbIE 3MEMEHTbl NErko
NOACOEANHAITCS K LWMHE. V1 B OCHOBHOM, HET HEOBX0AMMOCTH
npoknagbiBaTb ANWHHbIE Kabenu oT Kaxaoro MHBepTepa K
KOHTpOnnepy.

Bnarogaps undgposor nepegade curHana BO3MoXHa nepegaya
Ha 6onbLlune paccTosHUs 6e3 ocobbix Npobrem (B 3aBUCMMOCTU
oT cnocoba nepenayn n uHTepdenca).

[MoBblWEHHAA Ha4EeXHOCTb NMPOTMB HeNpaBWibHOW paboThl,
NOCKOSbKY BCE€ nMapamMeTpbl MOTyT ObiTb nepesarpyxeHbl
nporpaMmHo B nobon Touke (PyHKumsa 3arpysku). C noMoLLbo
BTPOEHHbIX (PYHKLUNA ANArHOCTUKK, HANpUMeEpP, MOXHO cpasy e
onpenenuTb NpPepbIBaHNE NUHUN.

He HyXHbl aHanoroBble BXOAHbIE U BbixogHble mogynu PLC,
crneaoBaTenbHO MEHbLUME AEHEXHbIE U NPOrpaMMHbIE pacxoabl.



