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JIABOPATOPHAS PABOTA Ne 1

NCCIEAOBAHUE 'EHEPATOPA ITOCTOSAHHOI'O TOKA
IHAPAJVIEJIBHOI'O BO3BYXXJIEHUA

Heab padoThl

1. O3HakoMJIEHUE C YCTPOMCTBOM reHEpaTopa NOCTOSHHOTO TOKA.

2. DKCHEepUMEHTAIbHOE MCCIIEJOBAHUE OCHOBHBIX XapaKTEPUCTHK IeHepaTopa
MapajuieIbHOr0 BO30YKIEHU.

KpaTKne TCOPETHYIECCKUEC CBCACHUA

[IpyHIMO AEUCTBHS TEeHEpaTopa IOCTOSHHOTO TOKAa OCHOBAH Ha SIBICHUHU
AJEKTPOMAarHuTHOM WHAYKUIHMHU. CyIIHOCTh O3TOr0 SBJICHUS B IPUMEHEHUU K
reHEPaTOPy MOCTOSIHHOTO TOKa COCTOMT B TOM, YTO B OOMOTKE, PacHoJIOKEHHOU Ha
CTaJbHOM CEPJICUHHMKE, HAXOJAIIEMCS B MArHUTHOM IIOJi€ W MPHUBEACHHBIM BO
BpallleHUE BHEIIHEW CWJIOW JIBUTaTessi, HaBOJAUTCA 3.1.Cc. Benuuuny 3.1.c. 0OMOTKH
reHepaTopa MOKHO ONPEACIIUTH CICAYIOIMUM 00Pa30M.

B kaxaoM mpoBOJHUMKE OOMOTKM SIKOpSL B IIpoliecce paboThl TeHepaTopa
MOCTOSIHHOT'O TOKAa HAaBOJUTCSA 3.11.C.

e=B-Il-v,

rae. B — uHAyKIMs B BO3MYIIHOM 3a30p€ MaIlIUHBI,

| — aMHA MIPOBOIHUKA;
L — JMHEWHAasi CKOPOCTh MPOBOIHUKA.

MaruutHas UHIYKIUSL B Pa3HbIX TOYKaX BO3YIIHOTO 3a30pa HEOAWMHAKOBA U
OTJINYAETCSl MO BEJMYMHE W 1o 3HaKy. CpenHee 3HaY€HUE 3.14.C. B MPOBOJHUKAX
O0OMOTKH:

E,=Bgp - |- 0.

D.1.c. ooMoTkH sikops E, ompenensieTcst mpousBeeHUEM CPEIHEr0 3HAYeHUs
3.1.C. OJTHOTO MPOBOJHUKA HA YUCJIO MOCIEI0BATEILHO COSIUHECHHBIX MTPOBOJIHUKOB
OJTHOM TapaJijIeIbHOW BETBH OOMOTKH SIKOPSI:

E,=E, -E,

2a

rae N - 4rCJIo IPOBOJHUKOB OOMOTKH SIKOPSI;

2a - 4YKCIo TapajuIeNIbHBIX BETBEH, T.€. TPYIMI MOCIEI0BATEILHO COSTMHEHHBIX
BUTKOB  (CEKIuii), TOK B KOTOPbIX HMEET OJMHAKOBOE  HAaIlpaBJICHUE.

. . ntDn
Bocmnoib30BaBIINCH BBIPAKEHUEM JTMHEMHOW CKOPOCTH L = W’ MOJTYYHM:



nDn N
Eg = BCp ) Pn———
60 2a
3nech D - qmameTp sSKOps, n - 9acTOTa BpalleHus sKops, 00/MuH. Paccrosaue,
U3MEPEHHOE TI0 OKPY)XHOCTU SIKOPS, MEXAY COCEAHUMM TOJIOCAMU MaIlMHbI

Ha3bIBAIOT ITOJIOCHBIM ACJIICHUCM - T, 4 YHUCJIO IMap IOJOCOB MAallHWHBI 0003HAYaIoOT -

D _

p. y‘II/ITBIBa}I, qTO ITOJOCHOC ACIICHUE T = —, TO TCD— T 2p n aJjis1 3.4.C. 06MOTKH
2p

SAKOPS IOJIYyYUM:

E, :Bcp-l-r@:Bcp-l-r'nﬂ.
2a 60a

HpOI/I3BCI[€HI/I€ l-7 NpcaACTAaBACT IIIOIIAaAb, 4YCPC3 KOTOPYIO IIPOXOIHT

MarHUTHBIN MMOTOK moioca @, mosToMy
By l-1=0.

pN
O0603Ha4YUB OCTOSIHHYIO BEJIMUUHY e yepes C,, Toraa:
a

E,=C.-®-n.

VYpaBHEHHE JJIEKTPUYECKOTO PABHOBECHsI T'e€HEpaTopa IOCTOSHHOTO TOKa
(HE3aBHCHMO OT cI0c00a BO30YKICHUS ) 3aMMChIBACTCS:

E=U+ IR, + 2AU,,

rae: E »s.a.c. renepatopa; U - HanpsbkeHne Ha 3akuMax reHepartopa; I, - Tok
akopsi; R,y - compoTuBiieHHE MOCIEAOBATEIbHO COEAMHEHHBIX OOMOTOK SKOpS U
JIOTIOJIHUTENBHBIX MOMIOCcOB; 2AU,, - majeHrne HampsyKeHUs Ha COMPOTUBICHUM Ry,
IIETOYHBIX KOHTaKTOB.

O6o3HaunB uepe3 R, conmporuBnenue uenu sikops R, = Ry, + Ry, nmomyuum
ypaBHEHUE B 00jiee MPOCTOM BH/IE:

IE=U+ LR, | (1.1)

YMHOXXHUB 00€ yacTu paBeHcTBa (1.1) Ha TOK SIKOpsl, MOJYyYHUM YypaBHEHUE
OanaHca MOILHOCTEH:

EL = Ul, + I.°R,. (1.2)

Jl11s reHepaTopa ¢ napajijielIbHbIM BO30YKJIEHUEM

L=1+1, (1.3)

rne: | - Tok Harpysku, I, - TOK BO30OYXIeHHUs, M ypaBHEHUE OanaHca

MOIHHOCTGI‘/’I HpI/IHI/IMaeT BUI.
EL, = Ul + Ul, + I°R, (1.4),
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rae. El, = P,, - snexkrpoMarHuTHas MOIIHOCTH reHeparopa; Ul = P, -
nosie3Has MouHocTh; Ul, - moTepu B 1ienu BO3OYXKICHUS; I,IZR;[ - IOTEpU B LEMHU
AKOPSL.

[Ipy mnoOKIOYEHHH HArpy3kKh TOK siKkopss [; coszmaer B reHeparope
ANEKTPOMAarHUTHBIA MOMEHT M,,, COOTBETCTBYIOIIUA €ro 3JIEKTPOMArHUTHOU

o . P EIl
MOIIHOCTH, P,,, KOTOpBIH BeIpakaeTcs popmyinoi: M, =—"*=—= uu
()} (6)]
1.60
M,, =C,®n2—=C, DI, (1.5)
271n
. pN .
rac. CM = 2— - KOHCTpYKTI/IBHaH IIOCTOsAHHAasA MallWHbI, ® - erIOBaH
Ta

CKOPOCTb BaJia r€HEparopa.
OTOT MOMEHT SBJSCTCS TOPMO3HBIM II0 OTHOIICHHIO K MOMCHTY M|,

MIPUWIOKEHHOMY K BaJly F€HepaTopa cO CTOPOHBI IEPBUYHOIO ABUTarelia. M, OombIie
M, Ha BEJIMYMHY MOMEHTA XOJIOCTOIO XO0Ja reHeparopa M, , COOTBETCTBYIOILLETO
MEXaHUYECKUM NoTepsiM AP, 1 moTepsim B ctanu AP, ,

MI = MSM + Mo (16)

MoutHOCTh, NOABEAEHHASA K TEHEPATOPY, PaBHA!

P, =P, + APy + AP, =P,, +P,.

Kosdpdummment mnonesnoro gevictBust (KII) reneparopa omnpexnensercs
COOTHOILIEHUEM:

P, Ul
T T U+ S AP
rae: ZAP =UI, +I2R, +P, - cymma noreps;
P; — MomHOCTH MOIBOIMMAs K T€HEPATOPY;
P, — nosie3Has MOIHOCTB, OTAABAaEMasi TEHEPATOPOM.

Makcumym KIIJI Hactymaer mnpu paBeHcTBE CcyMmbl AP, + AP,
ANEKTPUUECKUM NOTepsIM B 0OMoTKax AP,

Kpome mnepeuncieHHbIX MOTEPh B MalIMHAX MOCTOSHHOIO TOKa BO3HUKAIOT
TaKk)ke J00aBOYHBIE TMOTEPU, BBI3BIBAEMbIE MYJIbCAUIMH MAarHUTHOTO TIOTOKA,
MarHUTHBIMM TOJIIMM KOMMYTHPYEMBIX CEKLUH SKOpsl, UCKAKEHUEM OCHOBHOIO
IIOTOKA, JEUCTBUEM peakuuu sKopsAa. OHHM COCTaBIAOT npuMepHO 1% OT mone3Hou
MOIIHOCTH T'€HEPATOpa.

1. Xapakmepucmuxu zenepamopa napanienabHozo 6030yxcoeHus
MarHuTHble W DJICKTPUYCCKUE CBOWCTBAa T'CHEPATOPOB OICHWBAIOTCS 1O WX
OCHOBHBIM XapaKTEPUCTHKAM.
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1. Xapaxmepucmuxa xonocmoeo xooa (puc. 1.1, a) npeacTaBisieT 3aBUCUMOCTh
s.1.c. E renepatopa oT Toka BO30OY>KIEHHUS MpPHU MOCTOSHHBIX 3HAYCHUAX YaCTOTHI
BpaIIeHUs U TOKe Harpy3ku I, paBHOM HyI10, T.€.

E =f(l,) mpun=constu | =0.

OCOOEHHOCTBIO  XapaKTEPUCTUKH XOJOCTOrO XOAa SBISIETCA HAJIAYUE
OCTATOYHOM 3.11.C. © OTHOCHTEJIBHO IIMPOKOW METIN TUCTepe3nca. 3a NpaKTUHYECKYIO
XapaKTEPUCTUKY XOJOCTOrO XOAa MNPUHUMAETCA cpefHsis (MyHKTUpHAas) JWHUA
MEXAY BOCXOASIIEN U HUCXOASIIEH BETBSIMH.

2. Buewmnsas xapaxmepucmuka (puc. 1.1,0) reHepaTopa mpeACTaBiseT
3aBUCUMOCTh HampsbkeHuss U oT Toka Harpy3ku | (Toka sKOps) MpU MOCTOSHHBIX
3HAUYEHUSX YAaCTOTHI BPALICHUS N U CONMPOTHUBIICHUS 1eH BO30yxaeHus R;, t.e. U =
f(l,) mpu n = const 1 R, = Ry0u

C pocToM Harpy3Ku HalpsiKEHUE TeHepaTopa MajjaeT cHavyala 3a cueT MajjaHus
HaIpsHDKEHUST Ha BHYTPEHHEM COMPOTHBJICHUU MalMHBI [;R; U yMeHBIIEHHUS TOKa
BO30YKJICHUS M3-32 CHIDKCHUS HAMPSHKEHUS, a TakKe 33 CUET pa3MarHUYMBAIOIIETO
NEUCTBUS  TIONEPEYHOM  peakuuMy  SIKOPSA,  BBI3BIBAIOIIMM  yMEHBIICHUE
PE3yJBTUPYIOLET0 MarHuTHOro notoka. IIpu meperpyskax BcieACTBHE OOJIBIIETO
pa3MarHMYMBaHUs MAIMHBI TI0JI€ TEHEpaTopa C MapajuleNbHBIM BO30YKICHUEM
OIIPOKUJBIBAECTCS M YCTAHOBUBLIMICSA TOK IIPU KOPOTKOM 3aMBIKaHUU Iy yer
OIpeieNsAeTCss OCTaTOYHbIM MarHUTHBIM NOTOKOM. HecmoTpst Ha T0, uTO Ii yor MOXKET
OBITb MEHbIIIE HOMHHAJIBHOTO, KOPOTKHE 3aMBbIKaHWs OMAacHbl HW3-3a TOTO, YTO
MEPEXOIHbI TOK KOPOTKOTO 3aMbIKaHWs 3HaduTeneH. Kpome Toro, mimurenbHOE
INPOTEKAaHHE YCTAHOBHUBIIETOCSA TOKA Iy yo; MOXKET NPHBECTH K pa3MarHUYMBaHHIO
MAaITHUHBI.

3. Pecynuposounas xapakmepucmuka (puc. 1.1, B) mpeacTaBiseT 3aBUCUMOCTh
TOKa BO30yXnaeHuss I, or Toka Harpy3ku | mOpu MOCTOSHHOM YacToTe n U
HanpspkeHun U,

I, = f(I), mpu n =const u U = const.

PerynupoBouHbIE XapakTEPUCTUKK TOKA3bIBAIOT, KaK HAJ0 HU3MEHSTh TOK
BO30YXACHHUS TP W3MEHEHWW HArpy3Kd, 9YTOOBI HAmpsOKEHHE OCTaBaJIOChH
MTOCTOSTHHBIM.

4. Haepyszounas xapaxmepucmuxa (puc. 1.1,r) mpeacTtaBisieT 3aBUCUMOCTb
HarnpsbkeHus: reHeparopa U oT Toka BO30YXKIEHHUSI TIPH TOCTOSHHBIX 3HAYCHUSX
JaCTOTHI BpAIICHHsSI N ¥ TOKa Harpy3k# I (Tok sikops 1), He paBHOTO HYIIIO,

U =1(l,), mpu n=constu | =const.

[To xapakTepuCTHUKE XOJOCTOTO XO0Jla W HArpy30YHOW CTPOUTCS PEaKTHUBHBIM
TPEYroJibHUK "aBc", B KOTOpOM KareT "aB" paBeH MaJEHUI0 HANpPsHKEHUS B LIEMH
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saxops (I;R,), npyro# karer "Bc" BhIpakaeT HaMarHMYMBAIOIIYIO CUJTY (H.C.) peaKIuu
saxops (B Macmtabe Toka BO30YKJICHHsI) a TUIIOTEHY3a "ac" mpomopIroHalbHa TOKY
Harpy3ku. [lagenue nanpspkenust "bd", paBHOE pa3HOCTH MEXIY XapaKTEPUCTUKON
xonocroro xoaa (E,) u BHyrpenneil (E), BbI3bIBaeTCS pa3zMarHUYUBAIOIINM
JIEUCTBUEM PEaKIIUU SIKOPSI.

5. Xapaxmepucmuxa kopomkoeo 3amwvikaunusi (puc. 1.1,1) mnpencraBisier
3aBUCUMOCTh TOKa siKOps I; OoT Toka BO30yxkaeHHs |, MpuU MOCTOSHHBIX 3HAYCHUSIX
JaCTOTHI BPAIICHUSI M HAMIPSHKEHUH, PAaBHOM HYITIO,

I, = f(l,), mpun=constu U=0.

CHsITHE XapaKTEPUCTUKU MPUBOIUTCS TPU MOHMKEHHOM TOKE BO30YXICHUS.
MarnuTHasi cucTeMa MalllMHbl TIPU 3TOM HE HachklleHa. [loatomy xapakrepuctuka
BBIPAXKAETCSA NMPAMOM, OTCEKAIOIIE HAa OCH OPAUHAT OTPE30K, MPONOPLMOHAIBHBIN
TOKY, MPOTEKAIOIIEMYy 10 OOMOTKE SIKOPS MOJ| BIMSHUEM 3.1.C., HHIYKTUPOBAHHON
MOTOKOM OCTaTOYHOTO MarHeTH3Ma.

2. Camoeo30yscoenue cenepamopa

B renepatope napasienbHOro Bo30yxAeH!sI 0OMOTKA BO30YX ACHHUS BKIIIOUECHA
napajuleIbHO OOMOTKE SIKOpsl, JJi NHTaHUA €€ He TpeOyeTcs IOCTOPOHHETO
MCTOYHMKA nuTaHud. HanpsokeHne Ha oOMOTKY BO30YKIEHHS MOJAETCS C 3aKHMOB

aKops reHepartopa. Tok B 0OMOTKE BO30YKICHUS:

Iy =
Ry
Bosbr-ammnepHas xapaktepucTtuka menu Bo3Oyxaenus IR, = f(l,) mpm

R; = const mpencrapiser co00i MpsMYyI0, TPOXOJAIIYI0 Yepe3 Hadalo KOOPAHHAT
(puc. 1.2).

CamoB030yXIeHIE TeHEpaTOpa MPOUCXOIUT BCIEICTBUE TOTO, YTO MarHUTHAs
CUCTeMa MaIllUHbl, OyJayud OJHAXKJAbl HAMarHWYEHHOW, COXpaHsAET HEOOIbIION
MAarHUTHBIA TOTOK 3a CYET OCTATOYHOro marHerusma @,.. [Ipu Bpamenuu skops
ATOT TOTOK HABOAUT B OOMOTKE sIKOpsi HEOOmblIyio 3.1.C. Ey, moa aedcTBHEM
KOTOpOi B 1end  BO30YyXKIECHHS  BO3HMKaeT  HeOonmpmiod  TOK I,



| =

| U
7,
L
’
f In
-
EI:I 6] II{ WCT. IH I}{p_ B]
U
j1
IHD
In In
r) )

Puc.11. XapakTepucTUHEKW redepartopa:

a — X0A0CTOro xoAa, 6 — BHElWWHAA, B — peryiMpoBoYHas,

|E

1eRe

Es

a=arctg Rg
I

Eocr

IBH

Puc.1.2. KnofcHeHWi0o camoBo30y:1eHWA reHepatopa
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Eciu H.c. B0O30Oyxnenus [;W, cosmaer moTOK, HampaBiIEHHBIM COTJacHO C
moTokKoM D,.;, TO TPOU3OHAET YBEIWYCHUE MArHUTHOTO IOTOKAa MAIIUHBI. JTO
OpUBEAECT K JOMOJHUTEIBHOMY YBEIWYEHHUIO 3.1.C. Eq; reHeparopa. YBenuueHue
3.]1.C. TEHepaTopa MPUBEAET K YBEIWYEHUIO TOKa Bo30yxkaeHus I, u 1.1. Ilpouecc
MOCTOSIHHOTO HapacTaHus 3.1.C. IPOJOJDKACTCS, MOKA HANpsbKeHHWE reHepaTopa He
JOCTUTHET OIPEJCICHHON BEJIMYMHBI, 3aBUCSIIEH OT MNapamMeTpoB TeHeparopa.
Benuuuna s.1.c. E,, 710 KOoTOpOil caMOBO3OyAMTCS Te€HEpaTop, 3aBUCUT OT YIJia
HaKJIOHA BOJBT-AMIICPHON XapaKTEPUCTHKH, T.€. OT CONPOTHUBIICHUS IICTIH
Bo30yxneHuss R, . CnenoBarensHo, ueM Oousbiie R;, TemM Mmenbiie 3.1.c. E,, A0
KOTOpoi camoBo30yaurcs reneparop. Ilpm R, > R, reneparop BooOme He
caMOBO30YK1aeTCsl.

[TosToMy caMoOBO30YKJIeHHE TE€HEepaTopa C MapauieIbHbBIM BO30YXICHUEM
BO3MOYHO JIMIIb TIPU COOJTIOICHUH CIIETYIOIINX YCIOBUIA:

1. MarHuTHAS 1IEMTb MAITUHBI TOJDKHA UMETh IMTOTOK OCTAaTOYHOTO MarHETU3Ma,;

2. MarHUTHBIN MOTOK, CO37]aBaeMblii OOMOTKOM BO30YXKJICHUS, JOJKEH ObITh
HaIIpaBJIEH COMIACHO C TOTOKOM OCTaTOYHOT'O MarHeTHU3Ma;

3. CONMPOTHUBIIEHUE 1IEMU BO30YKJICHUSI IOJKHO OBITh MEHbIIIE KPUTUYECKOTO.

3. Ilpozpamma pabomut

1. Os3HakoMbTECh C YCTPOWCTBOM M MPUHUUIIOM pPabOThl TreHepaTopa
IIOCTOSIHHOT'O TOKA.

2. CHATh OCHOBHBIE XapAKTEPUCTUKHU TE€HEPATOPA: XOJIOCTOIO X0Aa, BHEHIHIOHO,
PeryJIMpoOBOYHYIO, HAIPY30YHYI0, KOPOTKOI'O 3aMbIKaHHUS.

3. [TocTtpouts NIEPEYNCIIEHHBIE XapaKTEPUCTUKU o CHATBIM
JKCIIEPUMEHTAIIHBIM JaHHBIM.

4, Dnexmpuueckasn cxema yCmaHo8Ku U NOPAOOK padomul

1. O3HaKOMBTECH C YCTPOHUCTBOM T'€HEPATOPA MOCTOSIHHOTO TOKA.

2. 3anuiinTe HOMAHAIBHBIE JAHHBIE UCCIIETYEMOTO arperara.

3. [TogbepuTe n3MepUTEILHYIO anmapaTypy s TIPOBEICHUS UCCIEIOBaHUM.

4. CobepuTe EKTPUIECKYIO CXeMY YCTaHOBKH (puc. 1.3).

5. [oaroroBsTe TAOMUIIBI JUTS 3amucy pe3yibTaToB mamepenuit (1.1, 1.2, 1.3,
1.4, 1.5).

6. CooOmure mpenoaaBaTellto O TOTOBHOCTH CXEMbl K BBITTOJTHEHHUIO
MCCJICIOBAHUI U TTOCIIC €T0 pa3pelIeHUs BBITIOJHUATE MTPOTrpaMMy UCCIICOBaHUH.



-10 -
4.1.Cusamue xapaxmepucmuxu xonocmozo xooa E = f(1,)
npu n = const, [ = 0.

1. Ilocne mpoBepKH CXEMbI YCTAHOBKH IPENOAABATEIEM BO3BPATUTE CXEMY B
HCXOJTHOE TOJIOKEHHUE: PEocTaThl Ry - MaKCMManbHOE CONPOTHUBIIEHHE, peocTaT Ry, -
MUHHMAaJIbHOE CONPOTUBIICHUE.

2. BriroyuTe MCTOYHUK MUTAHUS DJICKTPOJIBUTATEINSI, HANPSHKEHUE KOTOPOTO
noJKHO ObITh 27-28 B. Tlociie 4ero BKIIIOUUTE 3IEKTPOJBUTATENb BKIIOYATENEM S,
3aTeM, YBEJIMYMBAasl CONPOTHUBJIEHHE peocTara R;;, yCTAaHOBUTE 3aJlaHHYIO YacCTOTY
BpalllCHUsI TEHEPATopa N = MNyoy, KOTOpas KOHTPOJUPYETCS IO TOKa3aHUIO
BoJbTMETpa (MHAUKaTopa) Us. CHumuTe u 3anummuTe B Tada. 1.1 3nadyenus U, u [; o
nokazanusM puoopos (Ug, Ay ).

3. Bxiaounte 0OMOTKY BO30YXKJIeHHUS TeHepaTtopa (BBIKIIOYATEIh S3).
3anummure 3HaueHus U, u [,. IlmaBHO yBenuumBasi TOK BO30YXKIEHUSA, OT
MHUHUMAJIBHOTO JI0 MaKCHUMaJbHOTO 3HAUY€HUs, (PUKCUPYWUTE MPU ATOM 3HAUYCHUE
HanpsbkeHnsi. CHUMUTE Ha 3TOM Juaria3oHe U3MEHEHUs HanpsukeHus 10 10 3HaueHui
U, u I; n 3anumure B Tabn. 1.1. Ilocne yero mocTpoiTe HHUCXOAAIIYIO BETBb
XapaKTEPUCTUKU XOJOCTOTO XOJIa, JJI Yero IJIaBHO YMEHbIIIAWTE TOK BO30YKICHUS
JI0 MEHAEMAJILHOTO 3HAYE€HHSI, CHUMHUTE M 3anuimuTe B Ta0i. 1.1 6-7 3pauennii U, u I,
Opy CHIWKEHUU HampsbkeHus. OTKII0YUTE OOMOTKY BO30OYXKACHHS TeHepaTopa
(BeIKITIOUATENb S3 ) u 3anumuTe 3HaYeHus Uy u 1, .

4. BBIKIIFOUUTE OPUBOAHOM 3JIEKTPOIBUTATEb.

5. 1o M3MEepEeHHBIM ITaHHBIM MOCTPOUTE BOCXOASAUIYI0 M HUCXOISUIYHO BETBU
xapakTepucThku HamarunuuBanus U, = f(l,), mageHneM HanpspkeHUs B IEMH SKOPS
IpU XOJIOCTOM XOJ€ W peaKiMeil sKops MOXKHO mpeHeOpeusb, npuHsiB Eq = Uy.
[IpoBenuTe CpeAHIO JTUHUIO MEXKAY dTUMU BETBSIMU. JTa JIUHUSA U PUHUMAETCA 32

MPAKTUYECKYIO XapaKTEePUCTUKY XOJIOCTOTO X0/1a T€HepaTopa.

Tabmuma 1.1
Bocxonsmas Hucxonsmas Cpennee
Ne BETBb BETBb 3HAYECHUE
oTcyeTa U, Iz U, Is U, Is
B A B A B A
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4.2.Cusamue snewneti xapakmepucmuxu cenepamopa U, = f(1),
npu R, = const, n = n,,, = const

1. YcranoBuTe 4acToTy BpalleHUs T€HEPATOPA N = Ny, U TOAJIEPKUBANTE €€
HEU3MEHHOU B IPOLIECCE OIBITA.

2. YcTaHOBUTE HOMHMHAJIBHBIA pPEXHUM paboThl TeHepatopa. [ns dero c
MOMOIIBI0 peocTatoB R, 1 Ry ycTaHOBHMTE HOMHHAJIbHOE HampsbkeHue (28B) npu
HOMUHAJIBHOM TOKE 12A.

3. Iloctpoenue BepxHeW dYacTh BHEIIHEW xapakTepucTuku. I[lmaBko
YBEJIMYUBANTE CONPOTHUBIICHUE HATPY3KH 10 MAKCUMAJIBHOTO 3HAYEHHUS. 3aIlHILINTE
3Hauenud I, Uy, |, OTkmtounte Harpys3ky (BbIKJIIOYATENb S2), 3aMUIIATE 3HAYCHHS
U,, |, 1 cHOBa BKJIIOUHTE HArpy3KYy.

4. TlocTpoeHWe HH)KHEW 4YacTH BHEUIHEH XapaKTEPUCTUKH. Y CTAaHOBUTE
HOMHUHAQJIBHBIA pEeXUM palboThl reHeparopa (myHKT 4.2.2). Ilocime dyero, 1uiaBHO
yYMEHbIIasi CONPOTUBIIEHHE HArpy3KH Ry BIJIOTH 10 KOPOTKOTO 3aMbIKaHUS, CHUMUTE
u 3armumure B Tabn. 1.2 8-10 3Hauenmit mokazanuii npu6opos I, U, |, Ha 3TOM
JMana3oHe Harpy3KH.

5. YcraHOBUTE MaKCHMajbHOE 3HAUYEHHWE CONPOTHUBJICHUS (peocTaT BBEACH
MOJIHOCTBIO) U OTKJIIOYUTE HArpy3Ky.

6. BeIKiIr0UMTE 3JIEKTPOIBUTATENb.

Taomuna 1.2

|
A

<

Ne orcuera [Ipumeuanne

ve)
>

Al WD
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4.3.CHamue pezynuposouroti xapakmepucmuxu I, = f(1) mpu
U = U0 = CONSE, N = Nyey = CONSL.

I. OrkmrounTe BBIKIIOYATENIEM S2 HArpy3Ky TreHepaTopa. Bxmouute
ANIEKTPOJBUTaTENb W YCTAHOBUTE HOMUHAJIbHBIE 3HAYEHUS 4YacCTOThl BpAILEHUS
(peoctaToM R,,) 1 HanpspkeHUs TeHeparopa (peocTatoM Ry,).

2. YcranoBute peocrar R, B IONOKEHHE MaKCUMaJIbHOIO CONPOTUBJIEHUS U
MOJKJIIOYHTE ero K renepatopy. CHumuTe 1 3anumute B Ta0a. 1.3 3nauenus I, Uy, |,
n.

3. llomnmepxuBasi TOCTOSHHBIMM YacTOTY BpallleHUS W  HaIpPsKCHUS
IE€HEepaTopa, IJIABHO YBEIMYMBANTE TOK HArpy3KH 10 HOMUHAJIBHOTO. Uepe3 paBHbIE
3HaYEHUs MPUpPAIICHUs TOKA Harpy3ku (6-7 TOUueK) CHUMHUTE K 3anumuTe B Tadi. 1.3
3Hayenus I, U, I, n.

4. YMmensmmre peoctatoM Ry TOK Harpy3ku 10 MUHUMAJIBHOTO 3HAYEHHUS U
OTKJIFOUHTE HATPY3KY.

5. BBIKIIFOUNTE 3JIEKTPOABUIATEND.

6. Ilo mOJy4EeHHBIM AAHHBIM IOCTPOWTE PETrYJIUPOBOYHYI) XAPAKTEPUCTUKY
reHeparopa.

Taomuma. 1.3

I IB Ur = UHOM n= nHOM
Ne orcuera

A A B 00/MUH

4.4.Cusamue nacpysounou xapakmepucmuxu cenepamopa U, = f(l,) npu
n = const, | = const

1. BkrounTe MprUBOAHON 3JIEKTPOJABUTATEND. Y CTAHOBUTE YaCTOTY Te€HEpaTopa
N = Nyoy ¥ TOJIEPIKMBANTE €€ HEU3MEHHOW B TEUEHUE BCETO OIBITA.

2. Otperynupyiite peocratoM R, HampsbkeHue reHeparopa Ha 1-2 B Bbiie
HoMHHaJbHOTO (29-30 B).

3. BrurounTe Harpy3Ky M ycTaHOBHTE TOK Harpy3ku, pasubiii (0,7-0,8)l0.
CaumuTte u 3anuimute B a0, 1.4 3Hadenus I, 1, U, n mo nmoka3zanusmM mpuOOpoB.

4. IlnaBHO yMEHBIIIAMTE COMPOTUBJIECHHWE HArpy3Kd (BIUIOTH JO KOPOTKOIO
3aMBIKaHUS) ¥ OJTHOBPEMEHHO PEOCTATOM YMEHBIAWTE TOK BO30YKICHUSI TaK, YTOOBI
TOK Harpy3ku octaBaiica nocTossHHbIM (). CHumuTe 6-8 nmokazaHuil npubOOpPoB uepes
paBHbIE 3HAYEHUSI YMEHBIIICHUS TOKA BO30YKIEHUS 1 3anuiuTe B Tao. 1.4.
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5. YBenuubTe CONPOTHUBIICHUE HArPy3KH 1O MAaKCUMAJIBHOIO, MOAACPKUBASI HE
M3MEHHBIM HANPsHKEHUE TEHEPATOPA, ITOCIE YeTr0 HArPy3Ky OTKIIIOUHTE.
6. BBIKIIFOUNTE IPUBOAHOMN JBUTATEINb.
7. Ilo W3MEpEHHBIM [AHHBIX IIOCTPOMTE HArpy304YHYIO XapaKTEPUCTHUKY

reHeparopa.
TabOmuma 1.4

NQ I IB Ur n= nHOM

oTcyeTa A A B 00/MuH

4.5.Cusamue xapaxmepucmuxu kopomko2o 3amoikanus 1, = (l,)
npu n = N,,, = const, U,= 0.

1. CobGepuTe 2JIEKTPUUYECKYIO CXEMY T€HEepaTopa B COOTBETCTBUU € puC. 1.4, HO
HE U3MEHSISI CXEMbI BKJIFOUEHUS 3JIEKTPOIBUTATEIIS.

2. BxiroyuTe NPUBOIHOW 3JIEKTPOABUTATENb W IMPU BKIOUYEHHOM NHUTAaHUU
nenu OOMOTKM BO30yXjJAeHUsI TeHepaTopa (S3 BKJIIOYEH) YCTAHOBUTE W
NOJAICpKUBANTE B TEUYEHUH ONbITA YaCTOTY BpallleHUs reHeparopa n = n,. CHUMHTE
nokasanus ammnepmerpa Ay u A, (I, |;) u 3anummre B Tadm. 1.5.

3. VYcraHoBUTE MOJIBYHOK IIOTEHIIMOMETpa R, B HCXOJIHOE TOJIOXKEHUE,
o0ecreunBaroliee MUHUMAIIbHBINA TOK BO30YyxaeHus rereparopa (I, min). Brirounte
NUTaHKE U BO30YX)aeH . 3anumuTte 3HadeHus [, u 1.

4. TlnaBHO yBeNMYbTE TOK BO3OYXKACHHS M0 3HaueHus I, = |, cHUMUTE 2-3
nokazanus ammepmetpa Ay u A; (I, 1,).

5. BosBpatuTe mNOM3YHOK NOTEHHHMOMETpAa R, B HCXOAHOE MOJIOKECHUE,
OTKJIIOYMTE TUTAaHWE IIeMH BO30YXKIEHUS TEHEpaTopa, BBIKIIOYUTE MPUBOIHOMN
AJIEKTPOJABUTATETb.

6. Ilo mnoJy4eHHbIM JAaHHBIM TOCTPONTE XapPaKTEPUCTUKY KOPOTKOTO
3aMBIKaHHUSI.

7. CooOmmuTe mpemnojaBaTeato 00 OKOHYAHWHM OHKCIIEPUMEHTA U IO €ro
pa3pelieHuo pa30epuTe AIEKTPUUECKYIO CXEMY YCTaHOBKH.
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Puc. 1.3. Cxema 1a00paTopHON yCTAaHOBKHU

=278

-o. @

U Rer

Puc. 1.4. Cxema yCTaHOBKH JJIs OIbITa KOPOTKOTO 3aMbIKaHUs (K.3.)
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Tabmuma 1.5

| Is N = Nyo
Ne orcuera

A A 00/MuH

5. Cooepicanue omuema

1. HoMuHaneHbIE TaHHBIE TEHEPATOPA.

2. DNeKTpuYecKas CXeMa yCTaHOBKH.

3. Tabiuibl 3BMEPEHUN U BBIYUCIICHUN.

4. PacuetHble (OpMYIIbl U IPUMEPHI pacyeTa.

5. TlocTpoeHHbIE XapaKTEpUCTUKU TE€HepaTropa: (XOJIOCTOro XOJAa, BHEIIHSS,
pEryJIMpOBOYHAs!, HArpy304Has, KOPOTKOTO 3aMbIKaHMUs).

6. BoiBoj1b1 110 paboTe. OTBETHI Ha KOHTPOJILHBIE BOMPOCHI.

6. Konmponshsie onpocut

1. I[losicauTte ycTpoiicTBa M MPUHLIUI PAOOTHI MAIIMH MOCTOSTHHOTO TOKA.

2. Ha xakue rpyImisl JeIsSTCs T€HepaTophl MO Croco0y UX BO30OYXKICHHUS U B
YeM COCTOUT UX OTIn4ne?

3. Hamummure W MNOSCHUTE ypaBHEHUE HIIEKTPUUECKOTO PaBHOBECHS
reHeparopa.

4. Hanumure v MOsICHUTE YpaBHEHHE OaraHca MOITHOCTEHN reHeparTopa.

5. [louemy ¢ yBEIMUYEHHEM TOKA Harpy3KH HaIPSHKEHUE Ha BBIXOJE FeHepaTopa
yMEHbLIAeTCs?

6. B ueMm 3akimodaercss NPUHIUI CaMOBO30Y)KIECHHS W KAKOBBI YCJIOBHS
caMOBO30Y>KJIEHUs JUIsl TeHepaTopa ¢ mapajiesIbHbIM BO30YKI€HUEM?

7. Tlouemy BOCXOIAINAs W HUCXOIAIIAS BETBU XapaKTEPUCTHUKH XOJIOCTOTO
X0/1a TEHEPaTopa HE COBIAA0T?

8. Kak BeIpaxkaeTcst Koa(hPUIIMEHT MOJIE3HOTO AeHCTBUS TeHeparopa?

9. KakoBo Ha3zHaueHHe J0OABOYHBIX OJIIOCOB U KOMIICHCAIIMOHHON 0OMOTKH?
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10. Yem  oObscHsETCS  HEIMHEWHBIH  XapakTep  PeryJIHupOBOYHOM
XapaKTEPUCTUKHU T'€HEPATOPA C apauIeIbHbIM BO30YKICHHEM?

11. KakoBo Ha3HaueHuUE KOJIJIEKTOpA B TEHEPATOPE MOCTOSIHHOTO TOKa?

12. Yto Takoe pa3MarHNIMBaIOIIEe JCHCTBUE PEAKIIUN SKOPS?

13. B uem CymIHOCTb SIBJICHHS pEaKLUU SIKOPS MAIINH MOCTOSTHHOTO TOKa?

14. Yem 00ycCII0BIEHO NaICHUE HAIPSYKEHUS TEHEpATOpa ¢ POCTOM Harpy3Ku?

15. Korna 3akaHunBaeTcs: IpoLecc CaMOBO30YKAEHHsI reHepaTopa’?

16. [loueMy TOK YCTaHOBMBILEIOCS KOPOTKOTO 3aMbIKQHUSI HE OIAceH s
reHepaTopa C napajjielibHbIM BO30yX1eHueM?

17. Yem 00ycnoBi€H TOK KOPOTKOTO 3ambIKaHus I, MpU TOKEe BO30YXKIACHUS

PaBHBIM HYJIIO?

JIABOPATOPHAS PABOTA Ne 2
UCCJEJTOBAHUE CTATUYECKHUX ITPEOBPA3OBATEJIEN
AJIEKTPOOHEPI'MAN

Heab padoTsl

1). O3HakoMJIECHME C YCTPOMCTBOM M MPUHIIAIIOM JIEMCTBUS MCTOYHUKOB
Oecrniepe0oiTHOro 3NEKTPONUTaHUs Ha 0a3e CTaTUYECKUX MPeoOpa3oBaTeieH.

2). DKCIIEpUMEHTAIILHOE UCCIIEJOBAaHNE OCHOBHBIX 3JIEMEHTOB CTATHYECKOIO
npeoOpa3oBarensi: KOHBEPTOpPa, OAHO(DAZHOTO UHBEPTOPA.

1. KpaTkue Teopernyeckue CBeAeHUs

Hcrounnku OecrniepeOOMHOro A3JIEKTPONUTAHMS IIUPOKO MPUMEHSIOTCS TPHU
OpraHu3alMi DJIEKTPOCHAOKEHUS JJIEKTPUUYECKUX MPUEMHUKOB OCOOOW TIpYIIIbI
nepBoil kareropur. OHU O0ECHEUYMBAIOT DJIEKTPONUTAHUE TNMPU OTKAa3aX OCHOBHBIX
MCTOYHHUKOB 3a CUET SHEPIHH, HAKOIJIEHHON B aKKyMYJISITOPHOI Oartapee.
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1 o1 K N o oo [U72208, 501y
MM k— 1o
Puc.2.1

CrtpykTypHas cxeMa 01HO(a3HOTO CTAaTHYECKOTO Mpeodpa3oBartens mpuBeIeHa
Ha Puc.2.1. OCHOBHBIMH 3JIEMEHTaMU OFHO(A3HOTO MPeoOpa30BATEIS SBISIFOTCS:
kouBepTop K, muBeprop U, Bxognoit (P1) u Bbixomnoi (D2) ¢uiabTphl, a Takxke
u3MeputenbHbiii opran MO u MOAyJSTOp WIMPHHBI YHPABISAIOMIUX HMITYJIECOB
MIIN.

o
+ . v

14 14 1.4

VT3 I:;I VT4 t
S - O 23 2'3 2'3

Puc.2.2 Puc.2.3

KonBeprop npenHasHaueH aisi nmpeoOpa3oBaHMsI MOCTOSHHOIO HaNpsyKEHUS
aKKyMYJISITOPHOM OaTaper B peryjaupyeMoe MOCTOSHHOE HampsbkeHue. W3mensis
BBIXOJJHOE HANPsDKEHHE KOHBEPTOPA, MOXKHO MOJAECPKUBATH HEU3MEHHBIM BBIXOJIHOE
HanpspbKeHue npeoOpa3zoBaTelis NP U3MEHEHUHM €ro TOKa Harpy3Kd WM BXOJHOTO
HampspKeHUs. OTy (QYHKIMIO aBTOMATHUYECKH BBITIONHSAET PETYJISTOpP HAIPSKEHUS
npeoOpa3oBaTesi, KOTOPBIA BKIIOYAET B CBOM coctaB kouBeptop, MIIIN u NO.

WuBepTOp CIyXUT [UIsi TpeoOpa3oBaHUS MOCTOSHHOTO HANpPSOKEHHUS B
nepemeHHoe 4dactotoi 50 I'i. MHBepTOp yalie BCEro BBITIOJHSETCS MO MOCTOBOU
cxeme (puc.2.2). TpaH3zuctopsl pabOTalOT B KIIOYCBOM PEKHUME M BKJIFOYAIOTCS
MOMAPHO, Kak IMokazaHo Ha auarpamme Puc.2.3: VT1, VT4 u VT2, VT3. B
pe3ynbTaTe TOK MEPBUYHOM OOMOTKHM TpaHcpopMaTopa MEHSIET CBOE HampaBlICHUE
KaXKJ[pl€ MOJIyNIEPHO/Ia, U B BBIXOAHOM 0OMOTKe TpaHchopMaropa OynyT HaBOJIUTHCA
IBYXIOJSIPHBIE MMIYJbChI, (opMa KOTOPHIX OyJeT MOBTOPSATh AUarpaMMmy Ha
puc.2.3. IlocienoBaTeNbHOCTh  BKJIIOYEHUS Tap  TPAH3UCTOPOB, a  TakKxKe
JUIMTEIbHOCTh ~ MX  BKJIIOYEHHOTO  COCTOSIHUSL ~ OMNpPEACNSAIOTCS  MMITYJbCaMU
yIpaBieHUs,, KOTOpbIE MOJAIOTCS Ha 0a3bl TPAH3UCTOPOB OT HE3aBUCHUMON CXEMBI
ynpasieHusi. THBepTOphI ¢ TAKUM CITOCOOOM YIPABIICHUS CHJIOBBIMHU TPAH3UCTOPAMU
MPUHSATO HA3bIBATh MHBEPTOPAMHU C HE3aBUCUMBIM BO30ykIeHueM. W3 muarpammsl
Puc.2.3 BUAHO, YTO MOCHIE 3aKPBITHS Hapbl TPAaH3UCTOPOB U  IEpPE] OTKPBITHEM
ouepeHOM mapbl BblaepkuBaeTcs naysa (). Ecnu ycranosuts t; =0, To Beneactaue
WHEPLUOHHOCTH MPOLECCA 3aKPBITHUS TPAH3UCTOPOB B KOMMYTAallMOHHBIN IIEPHOJ] BCE
YeThIpe TPAH3UCTOpA OYAyT OTKPBITHI, & WCTOYHUK MUTAHUS 3aMKHYT HAaKOPOTKO

e
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4yepe3 TPaH3UCTOPBL, KOTOPBIE NEPETPYKAIOTCS, IMOITOMY CXEMY YIPABICHUS
TPaH3UCTOPAMH MPOEKTUPYIOT TAKUM 00pazoM, 4yToObl t; >0 .

[lepekmroyaromye HUMIYJIbChl TOKa Ha 0a3bl TPaH3UCTOPOB  JOJKHBI
[0/IaBaThCsl OT MCTOYHUKOB, TaJIbBAHUYECKH HE CBSI3aHHBIX MEXIy CcOOOH, 4YTO
o0ecreuynBaeTcsi MIPUMEHEHHUEM CIICIIMATIBHBIX JIPAaiiBEPHBIX CXEM.

Tpan3ucTopbl UHBEPTOPOB IIYHTHPYIOTC  auogamu VD1-VD4, kotopsie
o0ecreynBalOT MPOTEKaHUE TOKa IMpU MOAKIIOYEHUH aKTUBHO-MHYKTUBHOU
Harpys3KHu.

JI1sl mosydyeHns CUHYCOMIAJIBHOTO HAIPSDKEHUST Ha BBIXOZE MPeoOpa3oBaTesis
nocne uHBepTopa ycraHaBnuBaloTcs LC ¢uubtper — @2. C uenpio ymydiieHUs
KpUBOW HANpsDKCHHWs] W YMEHBIICHHS Macchl (HIBTpOB mpeoOpazoBaTens
ONTUMU3HPYIOT BENIUYUHY t, HHBEpTOPA.

Crenenb npubnuxkeHns (GopmMbl KpUBOM K CUHYCOMJAIBHOU XapaKTePHU3yeTCs
KOA(PPUIIUEHTOM HEJIMHENHBIX UCKaXKeHUH K.

|

Ky = |WalU) —1,

rae: Uy — zeiicTByroniee 3HaUYeHUE HECUHYCOUAAIBHOW KPUBOM HANPSHKEHUS
Ha BbIXoje MHBepTopa; U; — neilcTByrolee 3HaUeHUE €€ MepBOi rapMOHMKH. J{is
YUCTO cHUHyconmanpHOoro curtana Kp=0, yem Menbme Ky, TemM MeHbIIe Macca

bunbTpa O2.

JleiicTBytoIIIee 3HAUCHHUE BBIXOIHOTO HAMPsDKEHUST MHBEPTOPA:

[ AT/2
Uy = !1J‘ uf dt,
| J.JT o .

Jlns ipssmoyToibHOM hopMmbl Hampsikenus (t, =0) Ky=0.484.

B obmem cnydae t,#0 u 11 TaKuX CUTHAJIOB qll2
(Puc.2.4) BBOmMUTCS  TIOHSATUE  KOIPPUYUEHM
3ANONHEeHUs. UMNYIbCA 8bIXOOH020 Hanpsicenus (0) U
q=(T—2ty)/T, rtme T — mnepuoj U3MEHEHUS m
HaIPSDKCHUS. -
I[Ipu BBeEHUM TIAY3HI tr T2 “rtn t

UH — Um q;

4cos [@]

Uy =— 5 Upn» Puc.2.4

H, CIICJIOBATEIHHO
T2 q

Ky = 1

8cos?[(1—q)m]/2

AnHanmu3 3aBucuMocTH Ky OT (] MOKa3bIBa€T, YTO MHUHUMAJIbLHOE 3HAYCHUE
Ky=0,27 nonyuaercst npu mupune umnyibca =0,74 (nay3a 43,4°). YuuTsiBas, 4To
npu mmpuHe ummyibca (=0,66 (maysza 60°) Ky=0,312 u mano orimyaercs OT
MHUHUMAJbHOIO 3HAYEHUS, WCMOJB3YIOT MHBEPTOpHl ¢ (=0,66, Tak Kak MpU 3TOM
MOJTHOCTHIO MCKITFOYACTCS TPEThS TaPMOHUKA, a MATAsI U CebMasi OCIAOSIOTCS, YTO
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3HAYUTETHHO 00sieTyaeT GUIbTPAIIHIO.
[Tpubamxenue hopMBI KpUBOM
BBIXOJTHOTO  HampsDKEHUsT ~ MHBEpTOpa K
CUHYCOUJIAJIbHOM B MOCTOBOM CXE€ME MOXKET
ObITh JIOCTUTHYTO H TNpU MHOTOKPATHOMN
KOMMYTAalldd  TPAaH3UCTOPOB  BO  BpeMs
MOJIyNieprojia OCHOBHOM uacToThl. Ecnu mnpu
I+  OTOM HMHTEpBajbl IPOBOJUMOCTH TPAH3UCTOPOB
VTI1 u VT4 (VT2 u VT3) MocTOBOI cXeMbl B
TE€YEHUE MOJIyIEpHoaa U3MEHSTh o
CUHYCOUJAIbHOMY 3aKoHy (puc.2.5), To mnpu
Pic.2.5 YHUCJIE HMIIYJIbCOB, PAaBHOM JIEBSITH, KpUBas
BBIXOJTHOTO HaNpsDKEHUs OyeT colep aTh BbIC-
[IME TapMOHUKHM, HaYyWMHAasl ¢ BOCEMHAIUATOW. [Ipy TakOM TEXHUYECKOM pELICHUH
Mmacca (UIbTpa CHUXKAETCS,, HO CUJIBHO YCJIOKHSETCS CX€Ma CHUCTEMbl YIIPaBJICHUS.
Tak kak noTrepu NOpPU KOMMYTAllMd TPAH3UCTOPOB MPOMOPUUOHAIBHBI YHUCITY
KOMMYyTalui, TO K.[I.J. HHBEPTOPOB II0 MEPE BO3PACTaAHUSA IOBTOPSIEMOCTU
UMITYJIbCOB CHM>KAETCS
[Ipy wW3MEHEHMHM Harpy3Kd HWHBEPTOPOB U HANPSHKCHUS MUTAIOUIEH CETU
BBIXO/IHOC HANpsUKEHUE HWHBEpPTOpa OyAeT HM3MEHSAThCS B IIUPOKUX IIpejerax.
[TosToMy myig cTabmiIM3aluy HAOpsHDKEHHST UHBEPTOPOB MPUMEHSIIOT PETYJIATOPbI
HaIpsSOKEHUsI, KOTOpPble B COOTBETCTBHM C XapaKTEPOM BO3JECHUCTBUS HAa WHBEPTOP
MOXKHO pa3[eiuTh Ha JBa KJAcca: PEryysiTOpbl, OCYIIECTBISIIOUIME aAMIUIUTYIHOE
peryjaupoBaHHe HampsDKeHUst 0e3 H3MeHEeHUs (OpMbl  KPUBOM  BBIXOJHOIO
HaIpsOKEHUs, T. €. CTAOWJIM3UPYIOLIME €ro OJHOBPEMEHHO IO JEHCTBYIOLIEMY,
CpPEeIHEMY M aMIUIUTYAHOMY 3HAYEHUSAM; PETYJIATOPbI, OCYLIECTBISIOUIME IIIMPOTHOE
peryJMpoBaHue, CTa0WIM3UPYIOIIME OJHO M3 3HAYEHUI BBIXOJHOIO HAIpPSLKEHUS
(cpennee, AecTBYyOLIEE WM AMIUIUTYIHOE) IPU U3MEHEHUH (DOPMBI KPUBOM.

[ 4
1*D1£S umﬂg
[ v 3 VYL U
w3 wi w2 wd C2 s R
d"__r‘u"‘r‘u"‘h —
C1

U, VT1 )m‘:

o0— I o
Puc.2.6

Hanpsixkenue uHBepTopa 0e3 u3MeHeHUs (OpMbl KpUBOW B OOJBIIUHCTBE
CllydaeB CTaOMIM3UpPYETCS IyTeM BKIIOYeHHs Ha Bxoj uHBepropa (M) (puc.2.1)
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konBepTopa (K). CunoBas 4yacTh peryimpyeMoro KoHpeptopa (puc.2.6) COCTOUT U3
tpan3uctopoB VT1 u VT2, nuarpamma yrnpaBiieHus: KOTOPBIMU TIOX0ka Ha Puc.2.3.
CunoBble TPaH3UCTOPHI YHPABJISAIOTCS TakUM OOpa3oM, UYTO OKAa3bIBAIOTCA
MOOYEpPEHO OTKPHITBIMH B TedeHHe uactu mnoxynepuona qT/2 (T - mepuon
YIPaBISIONINX UMITYIbCOB). Korjia OTKpHIT OJMH M3 TPaH3UCTOPOB, Hampumep V1,
TOK MPOTEKaeT 4epe3 OOMOTKY ; TpaHchopmartopa. [lpu 3TOM HampsbkeHue Ha
BBIXOJIC MHBEPTOpa
o+, +a,

UBLIX_ Ul'I’

o)
Tak Kak @ =@, =@y =@, , 10 U,,=3U,. K mampsxenuto U, mobasmsercs D]/IC,

HaBOJIMMasi B 0OMOTKax @, u ®,. B ocraBmryrocst gacts momynepuoaa (1-q)T/2 oba

TPaH3UCTOpPA 3aKPBITHl M HAMNPSHKEHUE Ha BBIXOJE OYJET paBHO HAMpPSHKEHUIO Ha
Bxoje U,. CpenHee 3HaueHUE HAPsHKEHUS 33 IEPUOT

Usiixop = %(&an gj +Un(l- q)% =(1+2q) U,.

N3mensisi kod(ppuiiveHT 3amoiaHeHus (@, MOXKHO PEryJupoBaTh BBIXOJAHOE
HanpsbkeHue koHBepropa oT U, g0 3U,. KonaeHcaTopbl Ha BBIXOJE W BXOJE
CIUIAKMBAIOT MYJIbCAlMA HANPSDKEHUS, a JIPOCCENb CIIa)KMBAET MYJIbCAllUU TOKa,
nOTpeOIISIEMOTO KOHBEPTOPOM.

Perynupyer BenuuuHy ( yHOpaBiSIOIIUX KMMIYJIbCOB KOHBepropa MIIN mo
CUTHAJly OT wu3MeputTeiabHoro oprana HMO. Cxema crabwivzanuu HampsiKeHUs
npeobOpaszoBarenss  paboraeTr  ciuexyromuMm  obpasom.  JlomycTtuMm, 4YTO K
npeoOpa3oBaTeNi0  MOJMKIIOYMIN  JIOMOJHUTEIbHYIO  HArpy3Ky, TOrJa H3-3a
JIOTIOJTHUTENIBHOTO TMajeHuss Hanpsbkenus  Ha ¢unbtpe D2 u  TpaH3ucTopax
MHBEPTOpA HAMPSDKEHUE HA BBIXOJIE MPeoOpa3oBaTeliss YMEHBIIUTCA. JTO CHUKECHUE
HanpspkeHus 3apuxkcupyet MO u Beimact curnan B MIIU, Benencreue yero MIIN
yBesmuuT (. HampsbkeHue Ha BBIXOJIE KOHBEPTOpaA MOBBICUTCS, &, CJIEAOBATEIBHO,
MOBBICUTCSI HAmNpsDKEHUE Ha BBIXOJE MHBEPTOpa U IpeoOpasoBarens, T.€.
BOCCTAHOBHUTCS JI0 UCXOJHOTO 3HAUYCHUS.

2. Onucanue cxemM MOJeJTHPOBAHUS

B pabote uccnemyrorcst nBe cxeMbl: Monens mHBepTopa (Puc.2.7) m monmens
koHBepropa (Puc.2.8), o0e cxembl HabpaHbl B mporpammuoi cpeae Multisim 10.
Cxema Ha puc.2.7 cocTouT U3 nHBEepTOpa Ha Tpansucropax Ul-U4 | dopmuposarens
yopasisitonux uMmmyiabcoB (MIIM) u  KOHTPOIBHO-U3MEPUTEIBHBIX MPUOOPOB.
MIIIN BxmtoyaeT B CBOW COCTaB: HWCTOYHHK OTOPHOTO HampsDKeHHs V2,
MpOrpaMMUPYEMbIN MOTEHITMOMETp R2, reHepatop NHUI000Pa3HOTO HAMPSIKEHUS
XFG2, nBa xommaparopa U5, U6 u nBa tpancopmaropa T5, T (mis mepeBopoTa
da3pl Ha 1800). [Torenmmomerp R2 sBisieTcss MHTEPAKTUBHBIM 3JIEMEHTOM U
MO3BOJISIET U3MEHATH MPOIECCE MOJICTUPOBAHMS ONMOPHOE HAMPSIKEHHUE, T10/1aBaeMOe
Ha BXOJ KoMIMapaTopa, U Kak CIEJICTBUE, U3MEHSITh ( YIPaBISIONIUX HUMITYJIbCOB
uHBepTopa. JlJisi U3MEHEHUs BEJMYMHBI COMPOTUBJIECHUS HEOOXOAMMO YCTAaHOBUTH
yKaszarellb MbIIIM B 00JacTh R2 M, HaXkaB JEBYI0 KHOIKY MBIIIH, MEPEMECTUTh
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noy3yHoK noreHuunomerpa. Ilonoxxenne nonsynka 100% coorBercTByer (=1. Ha
BX0J1 Y KOMITapaTopa MOoJaeTcsl MOCTOSTHHOE HaNpshKeHUe, Ha BXo X MUI000pa3Hoe
HamnpspkeHne ¢ ammuatyaoit 12B, wacrotoit 400I'n, mpuyeM mnuiaooOpasHbIe
HanpspkeHus Ha komnaparopsl U5, U6 nogatorcs B npotuBodaze. Koraa curnan Ha
Bxoge X Ooblle, 4eM CHUTHaJ Ha BXoJe Y, Ha BbIXoJe (QopMHUpyeTcs
NOCTOSIHHBIA ~ TMOTEHIMaJ, TMpU yBEJIMYEHUM HANpsDKEHUs Ha Bxoje Y
IPOJOJKUTEIBLHOCTD BBIXOIHBIX UMITYJILCOB OyJIeT Bo3pacTaTh. Harpyska k
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Puc.2.7
uHBeptopy R1 mnoxaxmrouaercss depe3 Ttpanchopmartop T16. Ocuumnorpadp XSC3
MO3BOJIAET HaOM0JaTh (GopMy CUTHAJIOB Ha BXoje kKommaparopa U5, a XSC2 -
CUTHAJIBI Ha BBIXOJaX KOMITApaTOPOB.
Ocuumnorpad XSC1 xoHTposiMpyeT HampsbKeHue Ha BbIXoAe HHBepTopa. K
BBIXOJ1y TaK)Ke MOJIKJIFOUYEH U3MEPUTENh HeTMHEHHbIX nckakeHuit XDAL.
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CxeMa KOHBEpTOpa BKJIOYAET MOAYJATOP MMIMPUHBI uMIyJascoB MIIN,
COOpaHHBIM Ha 2dJeMeHTax: V2-HCTOYHUK TIOCTOSIHHOTO HampspkeHus; R4-
uHTepakTUBHBIN 35eMeHT; XFG1-renepaTop nunooOpaszHoro Hamnpspbkenus; U4, US-
kommapaTtopel. Cxema MIIM konBepTopa pabGortaer anamorumyHo cxeme MIIN
uHBepTOpa. MHOrooOMOTOUHBIN TpaHchopmatop U3 numeer 4 oarHaAKOBbIE OOMOTKH,
coenuHeHHble mociaeaoBarenbHo. Ocuuuiorpad XSC2 KOHTPONMMPYET CUTHANBI
ynpasiienus cuiioBbiMu Tpan3uctopamu Ul, U2. Ocuminorpad XSC1 nonkitodeH
BBIXOJly KOHBEpPTOpa, HarpykeHHoMy Ha conportuBieHne 300 Om. BeixogHoe
HaIpsHKEHUE KOHBEPTOpa KOHTpoaupyercsa BoabTMeTpoM XMML.
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3. IIporpamma pa6oThl
1). IIpoBectn MoOAeNMpOBaHUE PEKUMOB PabOThI MHBEPTOpPA C MOMOUIBIO

POrPAaMMHOTO AMYJISTOpa 3JeKTpoHHBIX cxeM Multisim 10. CHATh ¥ TOCTPOUTH
3aBUCHMOCTH:

-k03(dUIIMEeHTa HEJTMHEHHBIX UCKAKEHUN OT BEJIMYUHEI (;

-HAIPSOKEHUs Ha BBIXOJIE MHBEPTOPA OT conpoTusiieHus Harpy3ku 70-1000 Owm;

-3apucoBaTh GopMy BeixogHOTo Hanpspkenus mist =0.9 u q=0.2.
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2). IlpoBectn MojaenUpOBaHUE PEKUMOB pabOThHl KOHBepTOpa. CHATH U
MOCTPOUTD 3aBUCUMOCTh HAIPSKEHHs Ha BBIXOJIE KOHBEPTOpA OT BEJIIMYUHBI (.

4. Ilopsigok padoThbI

1). O3HakoMbTECH € TIpOTrpaMmMoii Moaenuposanus Multisim.

2). 3amyctute cpeay moaenupoBanus Multisim u otkpoiite daiin «uBEpTOP»
U3 IUPEKTOPHH YKAa3aHHOM MPENnoaaBaTEIEeM.

3). IlpoBepbTe COOTBETCTBHE CXEMbI MOJCIUPOBAHUS CXEME, IPUBEICHHON Ha
puc.3.7, 1mnpu  HEOOXOJUMOCTH BHECUTE COOTBETCTBYIOIIHE  KOPPEKTHUBHI.
HomunansHOe conmpoTuBiieHHe Harpy3ku uaBepTopa 150 Om.

4). Jlns HOMHUHANIBHOTO 3HAYECHHUS COMPOTHUBIICHUS HArPy3KH H3MEpPbTE
3HaueHUs Kod((PUIMEHTAa HETUHEHHBIX HCKAKEHUH BBIXOJHOTO HANPSKEHUS
MHBEPTOpa Uil 3HaueHW ( paBHbIX 0-1 ¢ marom 5%. Bemmumny ( 3amaBaTh C
oMOIIbI0 pe3uctopa R2,

Ilpumeuanue. JIns n3MEHEHUs1 KaKOTo MO0 MapaMeTpa 31eMeHTa He0OX0IUMO
YCTAaHOBUTH YyKa3aTelb «MBIIIN» Ha 3JIEMEHT U HaXKaTh MPaBylO0 KHOIKY MBIIIH, B
OTKPBIBIIEMCSI MEHIO BBIOpaTh TMOAMEHIO «CBOMCTBa» W YCTaHOBHUTH TpeOyeMble
napaMeTpbl. YCTAaHOBKY NapaMeTpoB MPOBOAUTH HPHU OTKIIIOUEHHOM IOJIOKEHUU
BBIKJIFOYATENSl MOJIETUPOBAHMUS.

Jlis  u3MeHeHWsl TapaMmeTpa BHpTyaibHOro moreHiuomerpa R2 (R4)
HE00XO0AMMO TOJIBECTH YKa3aTeNlb «MBIIIN» K MOTEHIUOMETPY, OTKPOETCS MOJI3YHOK
NOTEHIIMOMETPA, YCTAHOBUTH YKa3aTelb «MBIIIN» Ha TOJ3YHOK U, HaXaB JIEBYIO
KHOIIKY MBIIIH, TEPEMEIATh MOI3yHOK.

5). YcranoBute =0.7, u3MeHsi1 CONPOTUBIECHUE HArpy3ku uHBepTopa ot 70
OM 1o 1000 Om, mOCTPOUTH 3aBUCHUMOCTh BBIXOJHOI'O HAINPSKEHUS WHBEPTOpA OT
COTIPOTUBIICHUS HArpy3KH.

6). 1 HOMMHANBHOTO 3HAYEHUS COINPOTHUBICHMS HArpy3Kd 3apucOBaTh
dbopmy BeixogHOTO Hanpspkenus st =0.9 u q=0.2.

7). 3amyctute cpeny wmojaenupoBanus MultisSim u  oTkpoiite (aiin
«KonBepTop» U3 IUPEKTOPUH, YKa3aHHOM MPENoiaBaTeseM.

8). IIpoBepbTe COOTBETCTBUE CXEMbI MOJACIMPOBAHUS CXEME, TPUBEACHHONW Ha
puc.3.8, mpu He0OXOJUMOCTH BHECUTE COOTBETCTBYIOIINE KOPPEKTHUBHI.

9). CHUMUTE 3aBUCUMOCTD BBIXOJHOTO HAMPsHKEHUST KOHBEPTOPA ISl 3HAUCHU I
g paBHbIX 0-1 ¢ marom 5%. Bennunny (] 3a1aBaTh ¢ moMouIbI0 pe3ucropa R4.
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5. Conep:xanne oTyera
1). Lenb paGoTsI
2). DNEeKTPUYECKUE CXEMbI MOJICIMPOBAHUSI THBEPTOPA, KOHBEPTOPA.
3). TaGnuib U3MEPEHUIA.
4). [TocTpoeHHbIE 3aBUCUMOCTH.

5). BeiBoipl 110 pabore.

6. KonTpoibHbIe BONIPOCHI

1). Omumute crmoco® cTadWIN3alid BBIXOJHOTO HAIMPSDIKEHUS CTaTUYECKOTO
npeoOpazoBaTes.

2). Kak Bnmsier BenuuuHa t;, wMHBepTOpa Ha KOIPPUIMEHT HEIMHEHHBIX
WCKaKECHUMN?

3). KakoBo Ha3HaueHue TUOJ0B HHBEPTOpPA?

4). Kak M3MEHHUTCS MaKCUMaJbHOE HAIpSKEHUE KOHBEPTOpA, €CIU YHCIIO
BUTKOB 00MoTOK W3 1 W, Oyzet B 2 pasa Oosbliie, 4eM 4KUCIIO BUTKOB 00MOTOK W) 1
W,?
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JIABOPATOPHAS PABOTA N3
N3YUEHUE KOMMYTAIIMOHHOM U 3AIIIUTHOM AIIIAPATYPBI

eab padoTsI

[enpto paboThl sABIAETCS HM3YYCHHE NPUHIIMIA JEUCTBUS, KOHCTPYKIMH U
ANEKTPUUECKUX CXEM KOMMYTAIIMOHHOM W 3allMTHOW ammapaTypbl CaMOJIETHBIX
CUCTEM; CHSTHE aMIep-CeKYHJHBIX XapaKTepUCTUK alllapaToB MAaKCUMAaJbHO-
TOKOBOM  3alllUThI, BOJBT-CEKYHJHOM XapaKTePUCTUKU aBTOMATa 3allUThl OT
NepeHanpsoKeHus, M3MEpeHue MmapaMeTpoB cpabarbiBanus — AuddepeHnruaibHo-
MUHHMAJILHOTO pelie.

1. OcHOBHBIE MOJIOKEHUS

Cornacao 'OCT 17703 - 72 xOMMyTallMOHHBIMU Ha3bIBAIOTCS DJIEKTPUUECKHE
anrmaparbl, IpeAHA3HAYCHHBIC 11 KOMMYTALMK JICKTPUUYECKON e U MPOBEICHUS
TOKa, T. €. M4 NEPEKIIOYCHUHM W OTKIIOUYCHUW Menel, HaXOMSIIUXCA MOJ
HanpsokeHueM. [lo  yka3zaHHOMY CTaHIapTy K KOMMYTAllMOHHBIM —amnmaparam
OTHOCSITCS ~ BBIKJIIOYATENH,  MPEJOXPAHUTENIM,  MPEAOXPaHUTEIU-BBIKIIOYATETN
(aBTOMATBI 3aITUTHI ), DIICKTPOMArHUTHBIC PEIe U KOHTAKTOPBHI.

[To cnocoOy npuBeneHus B IEHCTBUE KOMMYTAIIMOHHAS amiapaTrypa JIeJIUTcs Ha JIBe
TPYIIIBL: MPSAMOTO U JUCTAHIMOHHOTO JIEHCTBUSI.

Annapamypa npsamoco Oeticmeusi - KHOIIKH, BBIKJIIOYATENH, MEPEKII0YATeNH,
NyTEeBbIC BBIKJIIOYATEIN - TpEAHA3HAYEHA Jis YNpaBICHUS B UEMAX HEOOJBIION
MoOIIHOCTH Tokamu 70 35 A. I[lepexitoueHue B ammaparax OpsIMOTO JEHCTBUS
HNPOMCXOMUT TpakThdecku MrHoBeHHO (B Teuenue 0,01 c¢.) He3aBHMCHMO OT
NEPEMEILICHUS] OPraHOB YHPABJIEHUS 3@ CUET UCMOJb30BAHUS YIPYTOCTH MPYKUHHBIX
nepegady. OTO TMO3BOJISET YMEHBIIUTh HCKPEHUE MEXKIYy KOHTaKTaMH, pa3Mephl
KOHTAKTOB, MOJYYUTh anmnapaThl MAJIbIX TA0APUTOB U MACCHI.

KHonky (KHOIOYHBIC BBIKIIOYATEIIN)  SIBJISTFOTCS

; IPOCTEHIITUMHU ISOMMYTaLII/IOHHBIMI/I arnmapaTramu,
IPUBOJIUMBIMHU B ICUCTBUE HAXKATHEM WIIA BHITATHBAHHEM
: JeTany, nepearllel ycuiame oneparopa, U ClyXaluMu
\ 9 I KPAaTKOBPEMEHHOTO BKJIIOYEHUSI U  OTKJIIOUYCHUS
i BJICKTPUYECKHUX LICTIEH.
6 E’ 0 Kuoonku cepun KH (B mblie- W BIIaro3amuiieHHOM
g [ \ MCIIOJTHEHUH ) BBIITYCKAIOTCS OHOIIOIFOCHBIC HOPMAJIbHO-
4 i §— U pazomkHyThie (KHP) u nopmansHo-3amkHyThIe (KH3), a
N- 72 Takoke IByXIOJIFOCHBIE (2KHP u 2KH3 COOTBETCTBEHHO)
J U J S Ha puc 3.1 nokazaHa OJHOIOJIOCHAsS HOPMAaJbHO-
\ 73 pasomkHytas kHonka KHP |, cocrosmas  u3
MJIaCTMACcCOBOTO KopIyca 2, B KOTOPOM PacIOJIOKEHbI
2 1 HETIOIBYDKHBIE 4 M TTOABYIKHBIE 12 KOHTAKTHI, IIIACTUHEI 1
1 ¢) U 3, N30JIALMOHHBIC U YIUIOTHUTENIbHBIC aeTanu (5, 6, 9).

Puc 3.1
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[Ipn HaxkaTuM Ha TOJOBKY KHOMKM / Bwika 11 mepemeniaer BHHM3 KOHIIbI
BUHTOBOU MpyXuHbl 13. B MOMEHT M3MeHeHus ee nmporuda Ha OOpaTHBIN IIaCTUHA
3 MOJHUMAETCS BBEpPX, KOHTAKTHI 3aMbIKaloTcs. [lpu OTIMycKaHWM KHOMKU 7
BO3BpartHas npyxkuHa 10 mogaumaer Buiky 11, koHTakThl pa3mbikatorcs. s kpe-
MJICHUS] KHONIKM CITY’KUT raika 8.

Boikitouatenu u mepexirovaTeNid CayXaT JJid 3aMbIKaHUS U Pa3MbIKaHUS
ANEKTPUUYECKUX IENeH Ha JUIUTEIbHOE BpEMS.

13
1244 ‘&

11
10 |

8 7 6

Puc.3.2

CoBpemeHHbIe CaMOJICTHBIC
BBIKJTIOUATEIM TEPMETHYHBI; TEPEKIIOYCHUE B
HUX OCYIIIECTBIISIETCS 1o TPUHITAITY
"'CIIaMBIBAIOIETOCs phiuara'. Haubonee

pactpoCTpaHEHbl BBIKIIIOYATENIN JABYX BHIIOB:
cepun BI' mns mened MOCTOSSHHOTO TOKa
HanpspkearneM 10 30 B u cepun B-200 mis
Iere MePeMEHHOTO TOKAa HaIpsKEHUEM JI0
#3220 B. OGe cepun aHAJIOTMYHBI 110 MPUHIUITY
NEUCTBUS Ha puc.3.2 MpEeACTaBIICHA

x 4 KoOHCTpykuus Bbikimtouatens BI-15. B ero
% miacTMaccoBblii  kopnyc 1 3adopmoBan
3KUM 9 C HETTOABUKHBIM KOHTAKTOM

10 u 3amuM 6 ¢ oCchIO 5, HAa KOTOPYIO HaCHKEHa
JaTyHHas Kadajka / C MOJABMKHBIM KOHTaKTOM
11. Hwxuuit 1mapuk pydykun 2  uepes
IUTACTMACCOBBIA  TOAMSATHUK  YIPABISAECTCA
I1acTMaccoBbIM cTakaHoM 4. Ecnu

HOBEPHYTh PYUYKy BJIE€BO, CTaKaH 4 MOBEpHETCS

BripaBo. [Ipu stom npyxkuna 3 cxumaercs. Kak TOIbKO OCh cTakaHa OKaKETCS IO
JIPYTyI0 CTOPOHY BEPTHKAJIBHOW OCH allapara, Npy>KMHa MCHOBEHHO PacCIpaBIIAETCs

" Pa3MbIKAaCT KOHTAKTHI.

Brikmouarenu cepunt BI' MHOrooOGpasHsl mo cxeme U crnocoly nepekiioue-
HUS, YWCIYy YNPaBIAEMBIX IENe. OTU OCOOCHHOCTH OTpPaXE€HbI B MapKUPOBKE
arnmaparoB: B - BbIknovaTtenb, [1 - nepekntoyatenb, [ — repMeTUYHbIN.

ﬁ - ﬁ*i

Puc.3.3

Hanee; H - naxxumnoit, Il - nepekunnoit. Hudper 2 nnm
3 Briepen OYKB YKa3bIBAIOT HA YKCJIO MEPEKITI0UYAEMbIX
ueneid. Iludpsl B KOHIE MapKUPOBKH O3HAYAIOT
MaKCUMAaJIbHO JonycTumblii Tok. Hampumep: BI'-15 -
BBIKJIFOUATENh  OJAHOIOJIOCHBIM  TE€PMETUYHBIM  Ha
MaKCUMAJIbHO JomycTuMmblii Tok 15 A; 2IIIT-45 -
JIBYXLIETTHOM MEPEKIIFOYATETb MIEPEKUTHOU
repMEeTUYHBIN Ha 45 A.
['epMeTnyHbIE BBIKIIOYATEINW TEPEMEHHOrO TOKa
BBIITYCKAIOTCS B BUJIE OJTHO-, IBYX U TPEXMOJIOCHBIX
BoeIkTouareneii (B-200, 2B.200, 3B-200) u Takux ke

nepexmouatene (II-200, 21111-200, 311I1-200 ).
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[IyTeBble BBIKIIOYATENN W MEPEKIIOYATENN HU3MEHAIOT CBOE COCTOSIHUE IIPHU
3aIaHHBIX TOJIOKEHUSAX IMEPEMEIIAIONINXCS OTHOCUTEIBHO HUX IMOJBHUKHBIX YacTEH
MEXaHU3MOB WM TpPEOHA3HAYEHBl JIsI aBTOMATHYECKOM MPOrPAMMHOW KOMMYTALMU
uernel. Mx ycraHaBnuMBalOT B KAadyeCTBE KOHUEBBIX OrPAHUYMTENEH MOJOKECHUS
MEXaHU3MOB, a TaKXK€ B IEMSAX CUTHAIM3AIMU U OJIOKUPOBKU TOJIOKEHUS OPTraHOB
ynpasieHus [llupokoe npuMeHeHrne HalIM MyTEBbIE MUKPOBBIKIIOYATENN cepun JI
(puc. 3.3 ). MUKPOBBIKJIIOYATEIIh UMEET YEThIPE HEMOABIKHBIX KOHTAKTa 8, KOTOpbhIE
MPUKJIENIaHbl K KJIeMMaM 1, BCTaBJIEHHBIM B MPOPE3M IUIACTMACCOBOTO KopIryca 2. U
MOJBIKHYIO CHUCTEMY C JIByMSl CEpeOpSHBIMM KOHTAKTaMH S, MPUKICHAHHBIMU K
IJIOCKOW OpOH30BOM  TpyXWHE 6, BHYTpM  KOTOPOH BBIIITAMIIOBAHBI JIBA
nenectka A u b. B ux 3a3op BctaBmserca mrteipb 4. B cBOOOJHOM COCTOSTHUH
KHOIIKM 3 O0ECIe4nBaeTCsl 3aMbIKaHUE HWKHEH IMaphl KOHTAaKTOB. [Ipm HaxaTuu Ha
KHOIIKY JenecTtku A u b mporubatorca BHU3. Korjja oHM OKa)KyTCsl HMXKE IJIOCKOCTH
OPYXUHBI 6, TMOCIEAHSIS CKAa4YKOM MpPOruOaeTcss B IMPOTHBOIIOJIOXKHYIO CTOPOHY,
BBI3bIBAs 3aMbIKaHUE BTOPOH ( BepXHEH ) mapbl KOHTAKTOB. [Ipy OTIyCKaHUHM KHOIIKK
MOJT BO3JCMCTBUEM BO3BPATHON NPYXKUHBI [ KOHTAKThl MPUXOASIT B HCXOJHOE
nojokeHue. biaromaps AByM MecTaM paspbiBa TOKAa YMEHBIIAETCS AJIEKTpUYECKas
JIyTa, 1 MUKPOBBIKIIOYATENIA 3TOTO TUIAa UMEIOT MEHBIITUE Ta0apuThl.

AnnapaTsl JUCTAHIMOHHOTO AEHCTBHS - 3TO 3JIEKTPOMArHUTHBIE YCTPOUCTBA, C
SIKOPEM KOTOPBIX CBS3aHbl KOHTAKTHI. B 3aBUCMMOCTHM OT HOMMHAJIBHOI'O 3HAYCHHS
KOMMYTHPYEMOTO TOKa pa3IM4aloT KOHTAKTOPHI C lom = (25...600)A wu
KoMMyTanuoHHble peie ¢ lnom = (5...10)A.

Bce komMyTalimoHHbIE anmaparTsl, MPeIHA3HAYEHHBIC I YIIPABJICHUS LIEMSIMU
KaK TIOCTOSSHHOTO, TaK W IEPEMEHHOI0 TOKa, UMEIT OOMOTKY, NHTAOUIYIOC
MOCTOSIHHBIM TOKOM- [IpuHUOMO [O€MCTBUSL pene W KOHTAaKTOpOB oJauHakoB Ha
JIeTaTeNbHBIX amnmnaparax npuMeHstoT koHTakTopbl cepuit K, KM, KII - BTsxkHOTO M
KJIAIIAHHOTO THUIA JUIATEJBHOIO W KPATKOBPEMEHHOIO JECHCTBHUS, a TaKkKe
manorabaputabsie KoHTakTopsl U pene TunoB TKE, TK, TKC, TKT, CIIE u np.
MapkupoBka yHHU(PUITUPOBAHHBIX KOMMYTAIIMOHHBIX PEJI€ U KOHTAKTOPOB OTPaX,aeT
UX HA3HAUCHHE M KOHCTPYKINIO: 1-s OyKBa MoKa3bIBa€T MAaKCUMAJIbHOE HANPsHKEHHE,
Ha KoTopoe paccuntana oomotka: T - Tpunuate, C - cto, [l - 1BecTH BOJBT: 2-51 OykBa
yKa3blBaeT Ha3HaueHue anmnapara: K - KOMMyTallMOHHOE pelie Ui KOHTAakTop, B -
pene Bpemenu, T - ToHoBoe pene, I - 0OMOTKa BKIrOYaeTCsS Ha MEPEMEHHBIN TOK, 3-5
OykBa o3HavaeT: E - emununsi, I - necsatku, C - cotHu, T - TeIcSuu amrep
KOMMYTHPYEMOT'0 TOKa, YMCJIO KOTOPBIX MOKa3bIBaeT 1udpa, CTosIIas Ha YETBEPTOM
mecte (4-i 3Hak ). 5-if m 6-f 3HAaKM XapaKTepu3ylT KUHeMmaruky amnmapara: O -
OTKpBIThIe KOHTakThl, Il - mepekitouaeMble KOHTAakThl Crhemyroniue 3aTeM Iudpbl
O3HAYalOT YHCIO KOMMYTHPYEMBIX LENel. /- 3HaK OTpa)XkaeT pPEXUM pabOThI
annaparta: [ — nmutensHbiid; K — xpatkoBpemennsbiii; U - ummynbcHbId. 8- 3HaK
oTpaxkaeT ocoOeHHocTH ucnoiaHeHus: T - Temmocroiikoe, I' - repmernunoe, I -
BcexmmMarnueckoe. Hampumep, TKES20AI' pacmmdpoBsiBaeTcss Kak —ammapar,
obmoTka Kotoporo paccuumtaHa Ha 30 B, a kKoHTakThl - Ha 5 A. uMmeromuin 2
BKJIFOUAIOMINX KOHTAaKTa, pPACCUATAHHBIA Ha JUIMTEIBHBIA pEeXUM  PabOTHI,
WCTIOJIHEHNE T€PMETUYHOE.
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DNEKTPOKMHEMATHYECKasi CXeMa KOHTaKTOpa BTSKHOTO THITA JJIUTEIBHOTO
pexxuma paboThl mpencraBieHa Ha puc.3.4. Kopmyc 4 umeer dopmy crakana u
sBisieTcss MaruutonpoBogoM. Oomotku ( WH - myckoBas u Wy -ynepkuBatromias )
COCIUHSIOTCS TIOCIIEAOBATEIFHO U HaMaTBhIBAIOTCS Ha

2 5 ,'—_———_031 T'MJIb3y U3 HCMAI'HUTHOI'O MATCpHUajla, KOTOpAas CIYKUT
! o
TAKIKC HAITPABJIATOIICHU IJIS AKOPA 1.

~{0

fo—r || =—f [Tocne Hauana ABUKEHUS SKOPS CBSI3aHHBIN C HUM
¥ mrok 7/ ( W3 HEMarHUTHOW CTaJM ) TPH ITOMOIIA

ey flecat HaKOHEYHWKA 6 pa3MbIKaeT KOHTaKThl 9, BKIIOUas

115 ﬁ TakuM oOpazom oOoMoTky WY. I'maBHble KOHTaKTHI 10

N J/f > KOHTaKTOPOB - MOCTHKOBOTO THTIA C ABYMS pa3pbiBaMHU
o 2zl ‘vy/ Toka. BosBpatHas 3 wu OydepHas S5 MpyKUHBI
h wy p Wi BUHTOBBIC. bydepHas npykuHa MOXKET ObITh HUKE WU
5 ZlZ2" BBIIIIE KOHTAKTHOW IUIACTUHBI 2. DJIEKTPOMArHUTHBIN
y3eJ Yy BCeX KOHTAaKTOPOB OJMHAKOB M PACCUMTAH Ha

BKJIIOUEHHE B Ilenb mnoctossHHoro toka 30 B. Vzen

9 KOMMYTAI[UU UMEET PA3TMUHYIO0 KOHCTPYKIIUIO B

Puc.3.4 3aBHCHMOCTH OT Ha3Ha4yeHUs ( ympaBJiCHUE ICISIMH
noctossHHoro Toka jgo 30 B u mepemennoro Ttoka g0 208 B. Ttpexdasznoro
TICPEMEHHOTO TOKA ), YHCJIa YIPABISIEMBbIX IIeTIeH U CXEMbl KOMMYTAITUH.

KoHTakTOphl AEnATCS Ha BKJIIOYAIONINE; OIHOIMOJOCHBIE W TEPEKITIOYAIONTHE.
CoBpemeHHBIE  OAHOMOJIIOCHBIE KOHTakTOpel cepun O/l paccuurtanel Ha
KOMMYTAIIMIO MOCTOSSHHOTO M mepeMenHoro toka ( 50, 100, 200, 400, 600 ) A;

tpexnoiocubie AT n IO/ - Ha Toku (10, 20, 50, 100,

s ¥ 200, 400) A.
7 Kommyranumonnsie pene cepun TKE oTHOCATCA
K amnmaparaMm TIOBOPOTHOTO THIA. JIEKTPOMAarHUT
takux anmnapatoB [11-o0pa3usiit ( puc.3.5) ¢ oOMoTKOM
: 0 2 Ha cpemHeMm cTepxkHe. K jeBomMy CTepxKHIO
NpUBMHYEHA  TJlacTMaccoBash  TaHENb 3 C

—a

x

HCUAALL

“ | " 3adopmoBaHHBIMM IUTACTMHAMH. WX JeBble 4YaCTH
72 CIy)XarT KieMMamu 4 Juisi TpUNaikd BHENTHUX
75 TPOBOJOB, NpPaBbI€ - JJIsI HEHOJABMKHBIX KOHTAKTOB,
o 2 1 MIPOBOIOB OOMOTKHU M MIPOBOJIA TTOJABHUKHOI'O KOHTAKTA.

Puc.3.5 [Tocnequuii u3oaupyercss OT  AKOpsi 8 KOJOJIKOU 7.
Sxops mon neiicTBUeM BO3BpaTHOM MNpyxkuHbl 10 OTKIIOHSIETCS BBEpX A0 ymopa O.
HwxHuii KoHell py>KUHBI Yepe3 PeryIupoBOYHbIA BUHT 12 npukperieH k octoBy 13.
Konmak 9 3aBanbplOBbIBaeTCS Ha TMaHENId M KPENUTCS K HEH BUHTaMHU.
PazBanibiioBanHbIe B HeM raiku 11 cimy:kaT aJist KpernsieHus pere.
bybdepnas mnpyxuHa HUCKIIOYaeT TOSBICHHE 'npede3ra’ KOHTAKTOB, T.€.
OTCKaKMBaHUS TMOJBWKHBIX KOHTAaKTOB OT HEIMOJBIKHBIX B MOMEHT yjaapa IpHU HUX
3aMbIKaHUU.
Haubonee  coBeplIEeHHBIMH  AJIEKTPOMArHUTHBIMM  KOMMYTAallMOHHBIMU
anmaparamu sBisiroTes pesie TIIE22ITOATB u CIHE22ITIOATB ( puc. 3. 6 ) ¢ aByms
MEPEKITIOYAIOIMMHA ~ KOHTAKTHBIMH ~ TPYINIAMHM, T[PUBOAUMBIMH B  JIBHOKCHHE
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AJIEKTPOMATHUTOM TOCTOSHHOTO TOKa KJIAMAaHHOTO THMAa, OOMOTKa KOTOPOTO
BKJIFOYEHA B JUaroHajgb JUOJHOTO OJIOKA 10 CXeMe ABYXMOJYHNEePHOIHOTO
BBITIPSIMJICHHSL.

B 1ensx moBBINICHUSA HAIEKHOCTH KOHTAKTHAs CHCTEMAa BBIIIOJIHEHA a BHUJIE
OT/ICJIBHOTO T€PMETHYHOTO MOJAYJS C pa3MElICHHEM KaTyIIeK BHE 3TOr0 MOJIYJIS.
Pene uMmeroT o MHAKOBYIO KOHCTPYKIIMIO U PA3JIMYAOTCI OOMOTOYHBIMM JIAaHHBIMHU U
JTHOIHBIMH OJIOKaMH.

TAE22N04Are CnE22noAre
{
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Puc.3.6

KoHTakTbhl  3JIEKTPOMarHUTHBIX  YCTPOWCTB, MPUMEHSIEMBIX B aBHAllUU,
M3rOTaBIUBAIOTCA U3 METAIJIOKEPaMUKHU M cepedpa WM €ro CIJIaBOB - MaTE€pHalloB,
HE  MOJBEPramIiuxcsi  KOppo3uu,  oOJajaloluX  BBICOKOM  3JEKTpO U
TEIUIONPOBOJAHOCTBIO, JOCTATOYHOW U3HOCOYCTOMYMBOCTBIO U AYTOCTOMKOCTBIO. J{JIs
CHIDKEHHUS MU3HOCAa KOHTAKTOB, paboTaomuX Ha OONBIINX BBICOTAX, BECH almapar Wiu
€ro KOHTAKTHBIA y3€J1 MOMEUIal0T B TePMETHYHYIO O000J0YKY, BHYTPH KOTOpPOM
COXpaHseTCs TaBJeHHe, OJn3Koe kK atMochepHomy (Ha ypoBHe 3emun). [Ipu pa3psise
TOKa BHYTPEHHEE [IaBJICHWE TIOBBIIIACTCA 3a CYET TEeMIEeparypsl Ayrd. ITO
CIIOCOOCTBYET €€ TalllCHUIO.

KoMmMmyTrannonHasi anmapatypa, ciaykamas JJisi aBTOMaTHYECKOTO OTKIIOUYEHUS
UCTOYHUKOB UM TPUEMHUKOB OJJIEKTPOSHEPIMM U YYACTKOB CETH C LEJbIO
PeIO0TBPAIICHUS] BO3MOKHOCTH UX OTKAa30B U COXPAaHEHHsS! pabOTOCIIOCOOHOCTH BCe
OCTAJIbHOM CHCTEMBI AJIEKTPOCHAOXKEHUS TPH BO3HUKHOBEHHHM B HEW aBapUHHBIX
CUTYyalll, HOCUT HAa3BaHME 3aILUTHOM aIllaparypsl.

[lon aBapuiiHBIMU CUTyalUHUSIMM TIOHUMAIOTCS HEJONMYCTUMBIE TOKOBBIE
MEepPErpy3KH, HEAOIYCTUMBIE TOBBIIIEHUS M TOHWKEHHA HanpspkeHus. Ilpu ux
BO3HHKHOBEHHHY HEOOXOAMMO 3alMINATh TEHEPATOPHI, X PUAEPHI, a TAKKE OOPTOBBIC
ceTu./[ns 3amuThI ceTed OT KOPOTKMX 3aMBIKAHUM IMIMPOKO NPUMEHSAIOTCS IJIaBKUE
MIPEAOXPAHUTEIN U TEIIOBBIE ABTOMAThI 3aILUTBHL
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[InaBkpre mnpenoxXpaHUTENW - IPOCTEHMIIME amnapaTrbl MaKCUMaJIbHO-TOKOBOU
3amuThl. B camosieTHOM 000py10BaHUU PUMEHSIOT YEThIPE TUIMA MPEIOXPaHUTENCH:

1) neunepuuonnsiec Tuna B u CII. [lnaBkas BcTaBka M3rOTaBIMBACTCS U3
MEJHOM U cepeOpSHON MTPOBOJIOKU WIIH IIMHKOBOM MIIACTUHKWY;

2) tyromiaBkue TII - na Toku ot 200 A 1o 900 A. ITnaBkuii 371€MEHT -MeaHast
IUTACTHHKA 0C000ro mpoduis ¢ y4acTKOM OCIA0JEHHOTO CEYEHUsl -3aKJIOueHa B
acOOLIEMEHTHYIO KaMepy;

3) wnepumonnsle MII. UyBCTBHTENBHBIA 3JIEMEHT - OOpa30BaHHBIM IMaHKOH
y3€l M3 IUIABKOTO 3JJIEMEHTA, CUCTEMBbl CKOO, HATSHYTOW NPYXKUHBI U MEIHOU

- IUIACTUHBI, CIIYXKalle WHEPLHUOHHBIM 3JIEMEHTOM.
‘l [Ipy mpeBbIIEHUA JOMYCTUMOTO TOKAa  MeEaHas
MJJACTUHA HAarpeBaeTcsl TaK, YTO IJIABUTCS MPUION U
MpYKUHA, OTTSTUBAsA CKOOBI, pa3phIBAET 1ETh TOKA.
[Ipy  KOpPOTKMX  3aMBbIKaHMSIX WU  OOJIBIIUX
neperpy3Kax Meperopaet 1iaBKasi BCTaBKa
AMnep-ceKyHIHasl XapaKTepUCTUKA (puc.3.7)
WHEPLUHUOHHOTO TPEAOXPAHUTENSI COCTOUT U3 JBYX
yacteil: 1 -uHepruoHHOW W 2 - OE3BIHEPIUOHHOM.
KpuBass 3  mpencraBiasier  co0oil  IIyCKOBYIO
XapaKTePUCTUKY DJJIEKTPOABUTATENS, JUISl 3allMThI

Ins Int Inyex I KOTOpPOTO MIPUMEHSIIOTCS MHEPLUHUOHHBIE
IPENOXPAHUTEIN.

Puc.3.7 Henocrarkom mnpenoxpanutenern tuna TII u HII
ABJISIETCS] OTCYTCTBUE MHAMKALUU CpabaThIBaHMUS;

MarnouHepuroHHble IIaBKUe mnpenoxpanutenu tumna [1M. Nwmeror

uHauKanuio cpabareiBanms. J[ims TokoB oT 2 A mo 50 A miaBkas BcTaBKa CMEHHAs,
MpeIOXpaHuTeNu Ha TOku oT /5 A mo 150 A
8 0 1 HAITIOMUHAIOT 1o KOHCTPYKIIUU
npenoxpanurenu UII. Ha puc.3.8 uzobpaxen
{ npenoxpanurens I[IM2-50. On coctoutr wu3
BepxHero 1 u HkHero 2 kopryca. KoHTakTHbie
HOXXH 3 TIOCPEJICTBOM TMPOKIAIOK / CKPEIUISIOT
BEpXHUM M HWXXHUU KOpIyChbl. Ha KOHTakTHBIX
HOXKaX 3akKpeIUIeHbl TIUlaBKass BCTaBka 4 W
3 ynmepkuBaromiasi IPOBOJIOKA 5 y371a MHANKALIWHY,
cocrosmero u3 kHonku 10, mpyxunsl 8 u
netaneit yniotnenus 11. Ilpu nporexkanuu Toka
neperpy3Kku uyepes3 MpeioXpaHuTelNb
Puc. 3.8 IPOUCXOJUT TEpPEropaHue IUIABKOM BCTaBKHU 4,
[IOCJIE 4YEero Meperopaet MPOBOJIOKA 5, yAepKUBaroIas yKazaTenb 6.
OCBOOOXIEHHBIN yKa3aTeldb TOJ JACHUCTBHEM TPYXUHBI 8§ TOAHUMAETCS Haj
KOpIIyCOM JO yIopa KproyKa YyKa3aTelis, YeM W OCYIIECTBISECTCS WHANKALIMS
cpabaThIBaHUA.
[1naBkue IpenOXpaHUTENN MPOCTHI IO KOHCTPYKIMH, UMEIOT Majible Ta0apuThl,
nemeBbl. X HEAOCTaTKU — OJHOPA30BOCTh MPUMEHEHHsS, 3aBUCUMOCTh BpPEMEHU
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cpabaTbIBaHUS OT TeMIIepaTyphbl OKpYXalomeld cpenbl, O00IbIIoNn pa3zdpoc
napaMeTpoB TMPEIOXPAHUTEICH OJHOW CEepHUM, HEIMOCTOSHCTBO XapaKTEPUCTUK B
poriecce MPOIOHKUTEIBHOM IKCILTyaTalluH.

ABTOMAaTHI 3alUThl OOBEAUHAIOT B OJHOW KOHCTPYKIIMU BBIKIIOUATENIb U
3alIUTHOE YCTPOUCTBO, 3aMEHSIOIICE NMPEOXPAHUTENb. YyBCTBUTEIBHBIM JIEMEHTOM
aBTOMATOB 3aIlIUTHI SABJIICTCS OMMETAJIIMYECKAs TJIACTHHA, TT0 KOTOPOM MPOXOJUT TOK
3ammimaeMoi nenu. Eciaum Tok OoJibllie JOMYCTHMMOTO, IUIACTHMHA Iporubdaercs,
Ha)KUMAET Ha y3eJ PacUeIICHUs M OTKJII0YaeT 1enb. [1o BUuay KuHEMaTU4eCKO CBSA3U
OMMETAIUTHYECKON IUIACTUHBI ¢ KOHTAaKTaMH, DPa3MBIKAIOIMIUMH II€Mb, Pa3IMYaroT
TEIUIOBBIC aBTOMATHI 3aIIUThl 0e3 cBoOomHoro pacuemieHus ( tama A3C, A3CT,
A3®1, A33 ) u aBTOMATHI 3aIIUTEI CO CBOOOIHBIM pactieruieHueM ( Tuma A3P, A3PT,
A3K)

B kadecTtBe mpumepa Ha puc 3.9 mpencTaBieH OJHOIIOMIOCHBIM KHOTIOYHBIM aBTOMAT
3amuThl A3K1M co cBOOOIHBIM pacIeIJICHUEM.

8 ABTOMAT cOCTOMT U3 Kopmyca 1, B KOTOpOM
pacrojoxeHsl : ocHoBanue 14 (TokoBeaymias 4acTh) C
3aKpeIJICHHBIMA Ha HEM HETIOJIBH)KHBIMH KOHTAKTaMU 2
4 : u OMMeTaIINYECKOM TUIACTUHOM 12 c
TepMOKOMIIeHcaTopoM 13, a Takke MEXaHHU3M
{0 BxmroueHws 9 ¢ TOABIKHBIME KOHTAKTAMHU 3 M KHOIIKOM

' f 8.
“ {2 Bce cOOpouHblE €OUHUIBI pACIOJOKEHB B JABYX
MOJIOBUHKAX KOPIYyca , KOTOPbIE COEAUHEHBI 3aKJICTIKOMN

~

k (3 4, BTynkoW 7/ W KpblIKOW 5. ABTOMAT MMEET 1Ba

2 \ BBIBOJIA 15 ¢ y3710M KperuieHus TPOBOJIOB.

{ 2=, " f#  Mexanusm cBoGoaHOTO pacuerieHusl, COCTOALIMN W3
? {5 samenkd 11 w  cobaukm 10, He mno3BOIAET

! IIPUHYJIUTEIBHO KOMMYTUPOBATh LIENb B aBAPUNHOU
cutyauu. [Ipyu oTKIIFOUeHNH aBTOMAaTa Ha KHOIIKE SICHO
Pa3IUIUMO 0€10€ KOJIBIIO.

Puc.3.9 Astomatel Tuna A3K1M npenHazHaueHbl 1151 3alUThI
OOpTOBBIX LieNed MOCTOSHHOTO M TIEPEMEHHOr0 TOKA M BBIYCKAIOTCS HAa TOKHU
(1...80)A. Tpexmomtocubie aBToMaThi A3K3 - Ha Tokm 70 50 A. ABTOMATBI THIIOB
A3C, A3P, A3K nMeroT 3aBUCHMBIE aMIIEP CEKYHIHBIE XapaKTEPUCTHUKHU.

['epmeTnsnpoBanHbie TemioBble aBTOMAThl 3amUThl TUIIOB A3CI, A3PI' Ha
toku (20...50) A UMEIOT 3aBHCUMYIO aMIIep-CeKYHIHYIO XapaKTEPUCTUKY C OTCCUKOM
N0 TOKY. 3amuTa Uened OT Meperpy3oK OCYIIECTBIAECTCS STUMHU aBTOMAaTaMu C
NOMOIIbIO OMMETaJUIMYECKOr0 YYBCTBUTEIBHOTO 3JeMeHTa. [l 3ammThel  OT
KOPOTKHUX 3aMbIKAaHUN MMEETCS 3JIEKTPOMArHUTHBIA PacUENuUTeNb, MPeICTaBISIOMNN
co00lf MUHHUATIOPHBIN AJIEKTPOMArHUT, CPaOATHIBAIOIIMIA MTHOBEHHO TMPH OOJBIITNX
Tokax. B aBromarax cepun A3PI' uUCHOIB3YIOTCS TEPMOKOMIEHCATOPHI
MTO3BOJISIFOIIE YMEHBIINTh BIUSHUE U3MEHEHUs TEMIEPATyphl OKPYXKAIOIIEH CPe.bl
Ha XapaKTepUCTUKH aBTomaTa. K OCHOBHBIM HEIOCTAaTKaM OWMETAJUTHYECKUX
aBTOMATOB OTHOCHUTCSI HECTAOMJIBHOCTh UX XapPaKTEPUCTUK B MPOLIECCE IKCIUTyaTaALIUH.



-32-

B cucremax 3meKTpocHAOXKEHHsI MOCTOSHHOTO TOKA MPEAyCMOTPEHBI 3allUThI
TCHEPaTOPOB U MX (PHIEPOB OT CHWKCHHUS HAINpsDKEHHS (OT 0OpaTHOro TOKa), OT
BKJIFOUEHHMSI TEHEpATOpa C HEMPABUIILHOMN MOJSIPHOCTBIO, OT MOBBIIICHUSI HATIPSKECHUS
U OT KOPOTKHUX 3aMbIKaHUH.

3amura OoT OOpaTHOTO TOKA W BKIIOYEHHS C HENPABUIBHOW MOJSPHOCTHIO

OCYIIECTBIIACTCS ¢ ToMoOIblo aupdepeHnnanbHo - MUHHManbHOrO pene (JAMP),
KOTOpPOE BBITIONHSAET TAKXKE ONEpalliy YNpaBJIeHUsS U CUTHAIM3AIMU O BKIIOUYEHUU U
OTKJIFOYEHUH I'€HepaTopa.
[Tpumensercs Heckobko Moaudukanuii 3tux ammapaTtos: JAMP.200BY, IMP-400/1,
JAMP-400T, IMP-600T u np. (Ludper B MapKupoBKe 0003HAYAIOT MAaKCHMAJILHYFO
BeaMuHnHYy padodero Toka ammapara: 200 A, 400 A, 600 A, 800 A). ITo npuHIHITY
neiictBust Bce moaupuxammu JJMP oaumHakoBBI, aHAJTOTMYHBI MO KOHCTPYKLHUU U
MMEIOT HE3HAYUTENbHbBIE OTJINYUS B CXEMAX.

B kawectBe mnpumepa paccmorpum [IMP-400/l, KkOTOpo€ BBINOJHSET
cienyromye GyHKIUA: aBTOMATUYECKH MOAKIIOYAET reHepaTop K CETH MPU HAITUYUU
Harpy3ku (M OTCYTCTBHUHU HANpPsDKCHUS B CETH), KOTJAa €ro HampspKEHUE JOCTHTHET
3Havenus (12...16) B;
aBTOMATUYECKU MOJKIIIOYAeT TeHepaTop K OOpTOBOW CeTH, KOTJa €ro HalpsbKeHue
npesBbicuT Hanpsbkenue cetd Ha (0.3...0.7) B;

IPEIOTBpAIIACT MOAKIOYEHNE K CETH F€HEPATOpa C HENPABUIIBHOM MOJISIPHOCTHIO;
ABTOMATHYECKU OTKJIIOYAET T'€HepaTop OT ceTu nmpu obpatHoM Toke (15...35)A.

OCHOBHBIMH 3JIEMEHTaMU AMP SIBJISIFOTCS: YIIPABJAIOLIEE
(muddepenumanbHOE) pene, KOHTAKTOP 151 BCIIOMOTaTEJIbHbIE pene.
HuddepenunanbHoe pene OTHOCUTCS K THUIYy MOJSPU30BAHHBIX pene. B otnnuune
OT OOBIYHBIX peJie, cpabaTblBaHME WJIM HeCpaOaThIBAHUE TMOJISIPU3OBAHHBIX peEje
3aBUCUT OT HAampaBlICHUs MPOTEKaHUs TOKa IO €ro oOMOTKaM, IJsi 4Yero OHO
OCHAINAeTCA TMOCTOSHHBIMU MarHuTamu. [locTOsHHBIE MarHUTBI 5 B BHUJAE CTOEK
(puc.3.10) 3akaro4eHbl MEXAy JBYMS CTaJdbHBIMH ILIaCTHHAMH 1, K KOTOPBIM
KpemnsTCS TOJIIOCHbIE HaKOHEYHWKH 3. Mexay HaKOHEYHHMKaMH pPacroJIoKeHa
CTajbHas IUIACTHHA - SKOPh 6 KOTOpas CBOOOJHO IMPOXOIUT BHYTPH OOMOTOK -
muddepennmansroit Wi u TokoBoit Wi 1 criocoOHa moBopadnBaThcsi BOKpYT ocu O.

B oOectoueHHOM cocCTOSIHUM OOMOTOK SIKOPb 3aHMMAeT OJHO U3 JBYX
BO3MOXHBIX ToyiokeHuil. Ilpu  mpoxokaeHun Toka B OOMOTKax  SIKOpPb
HaMarHUYHUBaETCA,

Puc.3.10
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CTAHOBUTCSI TOJISIPHBIM, B3aWMOJEWUCTBYET C IMOJIOCHBIMH HAKOHEYHUKAMHU, YEM U
OIIpe/IEeIIsIeTCs ero noyiokeHne. Ha pucyHke mokazaHo OJJHO U3 HUX, KOTJ1a KOHTAKTbI
7/ 3aMkHyThl. Ecnm HampaBieHuMe TOKa B OOMOTKAax M3MEHHUTCS, W3MEHUTCS
HOJIIPHOCTD SIKOPS, U KOHTAKTHI / PAa30MKHYTCS.
Y1HopHBIM BUHTOM 2 yCTaHaBIMBAETCS Pa3HOCTb HaIpsDKEHUH Ha oomoTke W,
IPU KOTOPOM 3aMBIKAIOTCS] KOHTAKTBI YIIPABJISIOLIETO PEJIe, @ BUHTOM 4 perynupyercs
oOpaTHBI TOK, IPU IPOTEKAHUU KOTOPOTO KOHTAKThI PEJie Pa3MbIKAOTCS.
[IpunuunuaneHas anektpuuyeckas cxema JIMP-4001 nmpeacraBieHa Ha puc.
3.11. T'eneparop coeauHsieTcst ¢ ceThio Mo menu: "+ reHeparopa - 3axum "len" -

koHTakThl K1 - oomorka Wi - 3axum "'Bar' - "+" cetu. B UCXOMHOM MOJIOKEHUHA
KOHTaKThl KoHTakTopa K1 pazomkuyThl. [Ipu momornu BeikrogaTens Q1,
C A BAT

\Q" —u K2 Jl =
HHH

=
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Puc.3.11

PaCIoJIOKEHHOTO B KaOWHE MUII0Ta, HANPSDKEHHE TeHepaTopa MOIBOJUTCS K 0OMOTKE
Brirouaroniero peie K2 (TKE1P2/1). Korna Hanpspkenue nocturHer (12...14) B, pene
K2 3amkHeT cBOM KOHTAakThl B IIEMHU o0MoTKH OnokupoBouHoro pene K3
(TKE210B) u obomorkn Wn nuddepennmansaoro pene K4. B pesynabrare oHu
OKa3bIBAIOTCSl BKIIFOUCHHBIM Ha Pa3HOCTh HampsbKeHUs cetu u rereparopa AU = (U, -
U,).

bonbmas Bennunna AU B Hawasne paboThl reHeparopa omacHa it OOMOTKH
W. Ecnu sta pasnocts npesbimnaer (12...18 ) B, pene K3 cpabatpiBaeT U cBOMMHU
KOHTaKTaMH OTKIo9aeT ooMoTKy W, To ke mpoucXoauT W B TOM Ciydae, Korma
MOJISIPHOCTH CETH W Te€HEepaTopa OKa)XyTcsl pPa3HBIMH, T.K. IPH 3TOM Bo3pactaet AU.
Ecnu pasHocTh HampsbkeHHMit ceTw W reHepatopa cHu3utcs 10 4 B, pene K3
OTKJTFOYUTCS M1 CBOMMH KOHTaKTaMU BKJIIOYUT 0OMOTKY WI.

Korna nanpspkerue U, ctaner 6onbie U, Ha (0,3...0,7) B, MJIC oOMoTKH

Wn okaxercs MOCTATOYHOM ISl BKIIOUCHHUS] KOHTAKTOB MU PEepeHIMaTIbHOTO perie
K4. TIpu stom 3ambikaercs menb 0OMOTKM KoHTakTopa K1, KOTOpbIii cBOMME
KOHTaKTaMH TOJKIIIOYaeT TeHepaTop K cetu u myHTHpyer Wa. Uepe3 TOKOBYyIO
ooMoTky Wi mpoTekaeT TOK Harpy3ku reHeparopa B ceTb. O0motka Wi co3maer
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MJIC.  HampaBieHME€  KOTOPOMl  CIIOCOOCTBYET  yAEpPKAHUIO  KOHTAKTOB
MOJIIPU30BAHHOIO PeJie B 3aMKHYTOM COCTOSIHUU.

Ecnu HanpspkeHue reHepaTopa craHeT meHsblie, ueM U, U3 ceTu B renepaTop
notedeT oOpatHblii Tok U Hampasienue MJIC B oomotke Wi m3menutces. [pu lyg, =
(15...35)A sKkOph U3MEHHT CBOE IOJIOKEHHUE, pa3pbiBast KoHTaKkThl K4. Konrakrop Kl
00€CTOUYHTCS ¥ OTKIIIOUUT reHepaTop oT ceTu. 3akuM ""C" cIyKUT JJIs1 TIOAKITIOUECHHUS
CUTHAJIBHOM JIaMIbl, KOTOpas TIoracaer NpH BKJIOYEHUWHM KoHTakTtopa KI,
CUTHAJIM3UPYS O MOJKIIOUYEHUH F€HEPATOpa K CETH,

3ammTa TEHEpATOPOB MOCTOSIHHOIO TOKA OT TOBBIIMICHUS HANpsHKEHUs
ocyuiectBisiercss annaparamu tuna A3IL. Mccnegyemblil B TaHHOM pabote ammapar
3amuThl OT nepeHanpsbkeHuss A311-8M umeer B KauecTBE YyBCTBUTEIIBHOTO AJIEMEHTA
AJIEKTPOMArHuTHOE pesie HanpsbkeHust tuna P3J] - pene 3amensieHHOro JenCTBUS
(pene 1K4 wna pwuc.3.12). Hamuume BBIIEPKKA BPEMEHH WCKIIIOYACT JIOXKHOE
cpabaTblBaHHWE 3allUTHI TPU KPATKOBPEMEHHBIX TOBBIIICHUSAX  HAMPSKEHUSA,
BO3HUKAIOIIMX TP OTKIIOUEHUM HArpy3ku TeHepaTtopa. Bbliepxkka BpeMeHH
cpabaTbiBaHUS y TaKOro pejie JOCTUraeTcs BO3AyImIHbIM jaemmdepoM. Pene K4
BKJIIOUEHO TapajyieibHO o00MoTke Bo30yxaeHuss WB reneparopa Gl. Ilpu
yBenuueHuu HampsbkeHus redepatopa jmo (30..31) B pene K4 cpaGatbiBaeT u
BKJIFOYAET MPOMEKYTOUHOE pesie K2, KoTopoe CBOMMU KOHTaKTaMU MOJAET MUTAHUE
Ha KoHTakTop Kl. Ero KOHTakThl MpPOU3BOAAT CIEAYIOIIME ONEpPAlUU: OTKIIOYAIOT
00MOTKY BO30YK1eHust WB OT yroiabHOToO CToJI0a U MOAKIIOUAlOT K HEel 100aBOYHBII
pesucrop R3 (mis ramenus TOds BO30YKIEHHS); pPa3phIBAIOT IICMb ITHTAHUS
koHTakTopa JMP, otkmouaromero reHeparop ot cetd. Konrtakter pene K3
OTKJIIOYAIOT YPAaBHUTEIbHYI0 OOMOTKY HEHCIPABHOIO T€HEPAaTopa OT YPaBHUTEIbHOM
ekl Kontakrop K1 tnna KHK (KOHTakTOp ¢ Ha)XKMMHOW KHOTIKOH) CICIIHAaIbHBIN:
nocyie cpabaThiBaHUsI OH 3alUpaeTcsl 3alleKONM M MOXKET OBIThb BKIIOYEH TOJIBKO
Ha)kKaTHUEM Ha KHOTIKY, PACIIOJIOKEHHYIO Ha TIEpeIHel CTeHKEe KOPOOKH aBTOMAaTa.

OKcrryaTanus KOMMYTAlIMOHHOM M 3allIUTHOW ammapaTypbl MPOU3BOJIUTCS IO
TeXHU4YeCKoMy pecypcy. KommyranuoHHass W 3amuTHasl anmaparypa pa30opke,
pEeryJiupoBKE M PEMOHTY HE NOMICKUT. lIpu 3aMeHe OTKa3aBIIMX 3JIEMEHTOB
HEOOXOIMMO yCTaHaBJIMBATh armapaTypy TOJbKO C TEMH K€ HOMUHAIbHBIMU
JAHHBIMHU, YTO U Y OTKA3aBILICH.

2. Onucanue J1a0OPaTOPHO YCTAHOBKHU

[IpuHiunuanbHas  JJNEKTpUYECKass  cxeMa  JabopaTOpHOM  yCTaHOBKHU
npenacrasiieHa Ha puc. 3.12. B cocTtaB yCcTaHOBKHM BXOJST: T€HEPATOP MOCTOSHHOTO
toka G1, mpuBoauMeIil qBurareseM M1; aBToMat 3amuThl OT niepeHanpspbkeHuit A3I1-
8M 4-ii cepum; nuddepeHunanbHO-MUHUMANBHOE penie JIMP-4001, perymnstop
Hanpspbkenus P-25; tenoBsie aBTroMarsl 3anuthl F1, F2, F3 tTuna A3CI'K-2, A3PI'-2,
A3K1-2 cootBerctBeHHO; 3nektpocekyHaomep PT, Bentunstop El, mpuBoammebril
nsurateneM M2: perynupoBounbie peoctathl R1, R2, Rp; Beikmouarenn Q1...Q12;
M3MEpUTENbHBIE MPUOOPHI, CUTHAIBHBIC JTaMiibl H1, H2



S Nl
N A/
~220V,50Hz K1 é
P: P Hi v
0 +27V Q4
I )
\ Q1 l iGB
e | =
Re Ve | | P25
Ki \Q5  \ 4<(-';ﬁ--J,>A |
B gl M Iﬂ @S{ 2
m)| |
M2 '
i ’ ol
& (a2 [FilFr 14
E— 51| o
b a‘%g— - - el %% \

Puc.3.12
3.3aganue K padorte
1) W3yuuTh KOHCTPYKIMWIO W TMPHHIMUI JCHCTBUS KOMMYTAIlMOHHOW W 3aIIUTHON
anmnaparypsbl.
2) CHATH aMIiep-CeKyHIIHbIC XapaKTePUCTUKHU TEIIOBBIX aBTOMATOB 3alluThl 0e3
MO/IOrPEBA U C MPEABAPUTEIIBHBIM MTOIOTPEBOM.
3) IIpoBeputh padboTocmocoOHOCTh pacuenureas aBromara A3P. CpaBHHTH paboTy
A3C u A3P, nna dero cpazy mocie cpaOaTbiBaHUSI aBTOMAaTOB KPAaTKOBPEMEHHO
BKJIFOYUTH UX MTOBTOPHO.
4) CHATB BOJBT-CEKYHIHYIO XapakTtepuctuky A3II.
5) Custh xapakrepuctuku JIMP.

4. Ilopsinok npoBeeHusi padoThbI
1)  Bxmounth BWIKY cekyHaomepa B posetky 220 B, 50 T'm Bce

BBIKJTFOUATETH, KpoMme Q5, TOKHBI HAXOIUTHCS B MookeHuH "OTKI"

2) opsiook  cusamusi  amnep-CeKyHOHbIX — XAPAKMEPUCTUK — Men06blX
a8momamos 3auwumol 6e3 nPeosapumenbHO20 N000cPesa.:
BeIKITFOYaTe b Q11 mocraBuTh B mosoxkenue "Bk,
BBIKITFOUaTe b Q2 mocTaBuUTh B TosIoKeHue "Bxir";
C TIOMOLIBIO peocTaTta RP yCTaHOBUTH MUHUMAJIBLHBIN TOK MEperpy3ku 2A;
BBIKJTIOYaTe b Q2 mocTaBuTh B nojioxkeHue "OTki':
anekTpocekyHaomep PT npusecTu B HCXOIHOE COCTOSIHUE,
BKJIFOUUTh aBTOMAT 3aliMThl F1 , mpu 3TOM BKITIOUaeTCs CeKyHaomep, amrnepmerp PA2
MIOKa3bIBACT TOK MEPETPY3KH ABTOMATA;
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mocie cpabateiBanus F1 3ammcarh mMoka3zaHWsl CEKyHAOMEpa W TPHUBECTH €ro B
HMCXOQHOE COCTOSHUE;
HE U3MCHsIS TMOJIOKEHUSI peocTaTa , MPOU3BECTH U3MEPEHUSI BPEMEHU CcpaOaThbIBaHUS
aBTomaToB P2 u P3,
BKJIIOUNTH BbIKIOYaTesnb Q1. Ilpu sToM HaumHaer Bpamiatbes BeHTHIsTOp El, ¢
MTOMOIIIBI0 KOTOPOTO HEOOXO0IMMO 0XJIauTh aBToMaThl F1...F3 B Teuenue 1 mun
Wsmepenus nposectr (5...8) pa3, yBenuuusas Tok mneperpy3ku g0 10 A. Pesynbrarsl
U3MepeHnii 3aHecT B Tabm.  3.1.

3) [Ilopsiook  chsmus — amnep-CeKYHOHbIX — XAPAKMepucmuk  Mmenyiosbix
ABMOMAamos 3auumsl ¢ NPed8apumenbHulM N0002PEBOM.

OTnuane OT MPEABITYIIETO OMbITa COCTOUT B TOM, YTO MEPE]] CHATHEM KaXA0W TOUKH
amMIep-CeKyHIHbIX  XapakTepuctuk aBTomaroB F1..F3  mpoumsBoautcs  ux
MpEeABAPUTENbHBIN I0JI0TPEB MUHUMAJIBHBIM TOKOM 2A J{J151 3TOr0 HE00X0UMO:
BKJIIOYHTH BBIKIIOUaTe b Q11 ;

BKJIIOYHTH BBIKIIOUATEIb Q2 |

C TIOMOIIIBIO peocTaTa RP yCTaHOBUTh MUHUMAJIBHBIN TOK NIEPETPY3KH |

OTKIIFOYUTH BhIKIIFOUaTesb Q2 ;

anektpocekyHaoMmep PT nmpuBecT B MCXOIHOE COCTOSHUE,

BKJIIOUUTH P1 1 mporpers ero B TeueHue 3 ¢ ;

OTKJIFOUnTH F1 ;

aHAJIOTUYHO TTporpeTh aBToMaThl F2 1 F3 B TeueHne 3 ¢ Kaxapli;

MIPUBECTH CEKYHIOMEP B HCXOIHOE COCTOSHHUE.

[Tocne momorpeBa CHATHE KaXKIOW TOYKH XapaKTEPUCTHK TPOU3BOJIUTCS
COTJIaCHO YKa3aHWSAM TMPEIbIIYIIETO MyHKTa MOpsIKa MPOBEACHUS PaOOThI, BKITIOUas
oxJaxaeHue abromaroB F1 ...F3.

Nzmepenus npoussectu ( 5...8 ) pa3 10 12 A. Pe3ynbraTel U3MEpEeHUN 3aHECTH

B Tabnuie 3.1.
Tabmura 3.1

bes npeasapurensHOro nogorpesa C npenBapuTENIbHBIM MOJIOTPEBOM

A3CI'K-2 | A3PT-2 A3K-1 A3CI'K-2 | A3PI-2 A3K-1

LA |t cC ILA |t cC LA |t cC ILA |tcC I,A |t cC I,A |t cC

[To pesymbTaTam m3MepeHHid MocTpouth rpaduku 3aBucumocter t= f(l) mms
TETJIOBBIX aBTOMATOB 3aIUTHI O€3 MOJI0TPEBA U C MPEABAPUTEIHHBIM MTOOTPEBOM.
4) Ilopsoox cusimusi 6016m-cekynonou xapaxmepucmuxu A3I1-8M:
skar0OuUmMsb gvikarouamens Q7
BBIKITFOYaTe T Q5 mocTaBuTh B mosoxkenue "OTkI";
BBIKTIOUATE I Q4 1ocTaBuTh B mojaoxkeHne "Bri'';
pyuKy peoctata R2 (TOYHO) MOBEpHYTH BIEBO JI0 YIIOPa;
BKITIOYHTH BhIKItoUaTesb R1 ( rpy6o ), npu 3Trom BobT™MeTp PV2 mokaxker 25 B;

C oMoIIbIo peocTaTa R2 yctaHOBUTH MiepeHanpsikeHue reueparopa 44B;
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BeIKTIOYaTens Q6 moctaBuTh B monokenue "Bka"; mpu 3TOM  BKIIIOYAETCS
cexkyHuomep PT;
nocsie cpabarbiBanust A3II u 3aropanus curHanbHoM jJamnel H1 - Beikimrovatens Q6
[IOCTaBUTH B noJioxkeuue "OTKiI'
npuBectd A3Il B UCXOJIHOE COCTOSIHME Ha)KaTHEM KHOIKU Ha MepeHEN CTEHKE ero
KOPOOKHU;
IPUBECTU B MCXOJHOE COCTOSIHUE CEKYHJIOMEp M € TOMOIIbl0 peoctata R2
YCTAHOBUTH CJIeAYyIOIIee 3HaueHne Hanpsbkenus (42, 40, 38,36,35,33,32,31,30B).
PesynbraTel m3amepenuii 3anectu B Ta0a. 3.2.

Tabmnuma 3.2

u,B

t,c

[To pe3ysibpTaTam u3MepeHHid mocTpouTh rpaduk 3apucumoctu t = f (U).

5) Uzmepenue xapakmepucmux JIMP-400/1.

JIist u3MepeHus HarpsiKeHus1 BKroueHus reneparopa G1 B obectoueHnyto cetb UBKI
HE0O0X0auMO BBIKIIOUaTesb Q7 mocTaBuTh B mMoJiokeHHe ''Bki'', BBIKIIOYATEIh
peocrata R1  (rpy0o) moctaButh B mojoxkenue ""Bxi'’ u, yBennuuBas HaupsHKeHUE C
MOMOIIBI0 peoctata R2, moOuThCsA mMmoracaHusi CUTHaNMbHOW Jlammbl H2. 3ammcaTh
MoKa3aHus BoibT™MeTpa PV2.

Jlnst W3MepeHus PpasHOCTHM HaNpsOKeHWH TeHepatopa W cetd AUBKI, mpu
KOTOPO# TIPOUCXOJIUT MOAKIIOYEHUE TeHEpaTOpa K CETH, HEOOXOAMMO BBIKIIIOYATEIb
Q8 mocraButh B nojoxkenue 'Bki'', moaBens K CETH HANPSIKEHHUE aKKyMYJISTOPHOM
6arapeu GB. Bonbrmerp PV1 nokaxer nHanpsbkenue cetr. C momorisio peocrata R2
YCTAaHOBUTh HAMNPSOKEHHWE TEeHeparopa BbIIE HANpsDKeHUs ceTH. Pa3HoCTh
HaIpsDKCHHUS TeHepaTopa M CETH H3MEpsSeTcs ¢ TOMOINbI0 BoJbTMeTpa PV3.
HeoOxoanMo 3amucaTs ero noka3zaHus B MOMEHT moracadus jJamnobl H2.

Jlns onpeneneHus BENMYMHBI 00PaTHOTO TOKA logp, TPH KOTOPOM IPOUCXOIUT
OTKJIFOUCHHE TEeHepaTopa OT CETH, HEOOXOIUMO C TIOMOIIBI0 peoctata R2 CHU3HTH
HalpsDKEHUE TeHeparopa HWkKe HanpsbkeHus ceth. l[lpm 3aropanmm nammber H2
3anucath rnokaszanus ammnepmerpa PAI.

[Ipumeuanue. Ilepen BBINOJHEHHWEM JTOrO OMNbITA HEOOXOAUMO C TOMOIIBIO
BbIkITrouatTesns Q12 u3aMeHUTh MOJSPHOCTH MOAKII0UeHUs amriepmerpa PAT.

5. Conep:xanme oTyera

1) lesnp pabOTHI, KpAaTKUE TECOPETHUCCKUE CBEICHHS.

2) Tabnuisl ¢ pe3yabTaTaMi U3MEPEHUH.

3) AMmmep-ceKyHIHbIC U BOJbT-CEKYHIHAS XapaKTEPUCTUKHU allllapaToB 3aIllHTHI.

4) Xapakrepuctuku JIMP.

5) BeiBozbI 110 paboTe

6) OTBETHI HA KOHTPOJILHBIC BOIIPOCHI.



-38 -
6. KoHTpoJibHBIEe BONPOCHI
1) Kakue CymecTBylOT CIOCOOBI YMCHBIICHHS HWCKPEHUS MEXKIY KOHTAKTaMH
KOMMYTAI[MOHHOM armapaTypsl ?
2) KakoBo Ha3zHaueHue Oy(hepHO IPYKUHBI B pejic ¥ KOHTAaKTOpax ?
3) Kakoii Bum wuMeeT amIiep-CeKyHJHAs XapaKTepUCTHKAa aBTOMAara 3alluThl C
OTCEUKOU IO TOKY ?
4) Kak cormacyrorcss aMmIep-CeKyHIHBIC XapaKTCPUCTHKH armapara 3alluThl |
MpUEMHUKA?
6) YUemy paBeH Tok B oomMotke Wi mossipuzoBanHoro pene [IMP, xorma reHeparop
MOJIKJII0OYEH K O0OPTOBOII ceTn?
6) UYro mnpowmsoitmer ¢ JAMP-400/, ecnmu Ha yyacTke OT KiemMMmbl ''Bar' nd0
3aMBIKafoIero KoHTakTa koHTakTopa K1 (pume. 3.12) mnpowumsoiimer KOpOTKOe
3aMBIKaHUE ?
7) Kak obOecrieunBaeTcs CeEKTUBHOCTD aeicTBust A3II ?

JIABOPATOPHAS PABOTA Ne 4

U3YUYEHUE NEPBUYHOM CUCTEMBI DJEKTPOCHABXKXEHUS
CAMOVJIETA TY-154

eab padoTsI

[lenpto Hacrosielt paOOThI  SIBISIETCS U3YYEHUE THUIIOBOM CTPYKTYPHI
CUCTEMBI IJIEKTPOCHA0KEHUS IEPEMEHHOTO TpeX(}a3HOro TOKa MOCTOSHHON YacCTOThI
HanpspkeHuem 208/120B camonera Ty-154 (cucrema CII3C3I140).

1. OCHOBHBIE MOJIOKCHUSA

OcHoBHas miepBuuHas cucrema siekrpocHaOxkenus CII3C3I140 (puc.4.1)
nNpeaHa3HAaYeHAa IS [HTAHUS OJICKTPUQPHUIMPOBAHHBIX CHCTEM caMmoJieTa |
OTJICTLHBIX TPUEMHHKOB, a TaKXe [JIsi O0OECHEeUeHUs] DJIEKTPOIHEPTHEH CHUCTEM
AIEKTPOCHAOXKEHUS (BTOPUUHBIX) ITepeMeHHOT0 Toka 36B, 27B 1 moCcTOSSHHOTO TOKa
27B.

CucremMa COCTOWT M3 TPEX OMHOTHITHBIX HE3aBUCUMBIX KaHAJIOB (IO YHUCITY
MapIIeBbIX JBUTATENCH), 9TO 00eCIIeYnBaeT €l BRICOKYIO KUBYYECTh.

OCHOBHBIC TEXHUYECKHUE JaHHBIC CHCTEMBI CJICIYIOINE:

HOMHHAJIbHASI MOIITHOCTh CHUCTEMBI 120 kBA;
HOMUWHAaJIbHAsI MOIITHOCTh OJHOT'O KaHaya 40 xkBA;
MaKCHUMaJIbHasi MOIIHOCTb OJHOTO KaHajia 50 kBA;
JOTMyCTUMas Meperpy3ka KaHajia B TCUCHHE S ¢ 80 kBA;
HOMHUHAJIBHBIM TOK OJTHOTO KaHaJia 111 A;
HaIpsKEHUE CUCTEMBI B TOYKE PEryJIMPOBAHUS 208/120 B £ 2%:;
4acTOTa NEPEMEHHOTO TOKA CUCTEMBbI 400 I'u £ 2%;
yucio a3 3;

KO3 PUIIMEHT MOLITHOCTH (OTCTAIOUIUH) (0,8...1);

HaIpSHKEHUE MUTaHUS LENel yIpaBiIeHus 27B+£10%
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Jlnanazon w3MeHeHus (Ha3HOTO HAIPSKEHUS Ha TPUEMHUKAX JIEKTPUUECKON
sHepruu JexuT B npenenaax (120 ... 108) B. 4To 00yCIOBICHO IOMOIHHTEILHBIM
NaJICHUEM HANPsHKEHUS B PACIPEICIUTEIbHON CETH.

CrpykTypHas cxema KaHalla CHUCTEMBI IpeacTaBiieHa Ha puc. 4.2. Yacrora
BpAIICHHUS aBUAIMOHHOTO ABHraTeins (AJ]) MOKeT MEHATBCS B MPEACaX O, max | O,
min = 2...2,5, B TO BpeMsl KaK 4acTOTa MEPEMEHHOI0 TOKa B CUCTEME JOJKHA ObITh
400 To + 2%, mosToMy TeHepaTop IMOJy4aeT MEXaHHYECKYyl0 OJHEpPrui0 OT
AaBUAITMOHHOTO JIBUTATENS Yepe3 MPUBOJ IMMOCTOSTHHON dacToThl BpameHus (ITITYB),
KOTOPBIM TMOJAJICPKUBAET ITOCTOSTHHOM 4YacTOTy Bpall€HUs poToOpa TeHepaTopa
NEPEMEHHOT0 TOKAa HE3aBUCUMO OT pexkuMa padOThl aBUAIIMOHHOTO JBUTATEIS.

CymectByer Oousbiioe uuciio paznuunbix IITITUB: mexanuwdeckue, TUApaB-
JTUYEcKue, FIeKTpOMalllMHHbIe, THeBMaTtuyeckue. Ha camonere Ty-154 npumensietcs
nueBMatnueckuii npuBoj tuna IIIIO-40, ero crpykTypHas cxema NpUBEICHA Ha
puc.4.3. Jlns aToro npuBojia XapakTepHo Hainuue quddepeHnaribHOro MexaHmu3ma
1 (nnaHeTapHOTO PeAYKTOpA), T.€. YCTPOUCTBA, TO3BOJISIONIETO MOTYUUTh

3~400I'y, 208B

ALl TITYB fi\/ TEB \ 28,08
Ax L

~27B, ~36B

T

Puc.4.1. CtpykTypHas cxeMa CUCTEMBI dJIEKTpOoCcHaOkeHus camosieTa TY-154:
Al - aBuanmonHsbIi aeurarens; [IITYB - nmpuBoa mocTossHHON YacTOTH! BpamieHus; G
— reHeparop; TBBb - TpancpopMaTopHO-BBHIIPSIMUTENbHBINA  ONOK; AK -
akKymyJsiTopHas Oatapesi; T — Tpancdopmarop.

Wa Wr
ALl }1 TI10-40 )» T'T401T46 ETT-40r |L3=400w, 2088
MKY *
BPH

bPY

b3y

Puc.4.2. CtpykTypHas cxema KaHaja TeHEpUpOBaHUs



AL[Q, ®

Puc.4.3. CrpykrypHnas cxema npuoja [1110-40
pe3yabTHPYIOIIEe IBUKCHUE M, (M, - YaCTOTa BpAIICHUS TeHepaTopa 5) Kak CyMMy
WA Pa3HOCTh COCTABJIAIOIIMX JABHKEHUH M, U Oy (o, - gactrora Bpamenus A/l, Onp
- YaCTOTAa BPAIICHUS TYPOUHBI).

OauH U3 BXOAHBIX BaJOB CYMMUPYIOIIETO PEIYKTOpa 1 KECTKO COEAMHEH C
penykropom AJl, BTOpoil IpUBOAMUTCS BO BpalleHHE BO3IYIIHON TypOuHOI 2 yepes
MOHWXKAIONMH penykrop 3. PerymupoBaHue yriioBoW CKOPOCTH TypOWHBI 2
OCYIIECTBIISIETCS MyTeM HW3MEHEHHs pacxoma Bozayxa Q,  orOupaemoro
otkomrpeccopa AJl Tak, 9To0Bl O = M, + Oy, = CONSt. Curnayel ynpasieHus Ui
PETYIHPOBAHUS My, POPMUPYIOTCS YCTPOUCTBOM YIpaBICHUS 4.

Takum oOpazoM, B mpuBoge ¢ Au(depeHIuanbHbIM MEXaHU3MOM TpPaHC-
(dopMalnK PHEPTrUM B MPOMEXKYTOUHYIO TOJIBEPraeTcsi HE BECh MOTOK HEPrUM, a
JUIIb YaCTh €€, IOATOMY OHH UMEIOT, IO CPABHEHUIO C TPOCTHIMU NPUBOAAMH, OoJiee
Beicokuii KII/I.

bonpmiM  TOCTOMHCTBOM MPHUBOJA TIEHEpaTopa OT BO3AYUIHBIX TYpOHH
ABJIIETCS BO3MOYKHOCTb OXJIQXKJACHUS TeHepaTopa BO3AYXOM, OTpaOOTaHHBIM B
BO3MymHONW TypOune. Ilpu pacmupeHnn Bo3ayxa B BO3AYHNIHOW TypOuHE
TEeMIEpaTypa €ro 3HAYMTEIbHO CHU)KAETCA, U OH MOXET OBbITh HCIOJB30BaH MAJIs
oxJaxaeHus. HeroctaTkoM MHEBMAaTHUYECKUX NPHUBOJIOB SIBIIIETCS MaJlasl )KECTKOCTh
MEXaHUYECKON XapaKTEPUCTHKHU.

B kauectBe MCTOYHMKOB 3JiekTposHepruu B cucreme CII3C3I140
UCIIONB3YIOTC CUHXpOHHbIE reHepaTtopel (G) tuma ['T40ITH6. DToT Treneparop
MPEACTABISIET COOOM KACKaJHYI0 CXEMY, COCTOSIIYI0 M3 TPEX MAIIWH: OCHOBHOIO
renepatopa (I'), Bo3oyautens (B) u maruutosnexktpuueckoro noaBo3oyautesns (I1B).

Tpexdaznas pabouyass oOMOTKa 2 TeHeparopa COEIWHEHA B 3BE3ly C
BBIBEJICHHON CcuiIoBOM HeWTpanbio. OOMOTKa Bo30yxaeHus renepatopa (OBI)
MUTaeTCs OT mecTUudga3zHo 0OMOTKH 3 MEPEeMEHHOTO TOKa BO30YyIUTENs Yepe3 OJI0K
KPEMHHUEBBIX 1MO0/M0B (OH pacnojoxkeH Ha porope G). [lnsg aBTOHOMHOIO
BO30yIuTelIs reHepaTopa Ha OJJHOM C HUM BaJly pa3MEIEHbl TOCTOSHHbIE MAarHUTHI 4
nonBo3Oynutens. Ot pabGoueld oOMOTKM moABO3OynuTenst | ocymiecTBiseTcs
nuTanue oOMOTKU BO30ykaeHus Bo30ynurens (OBB) yepes perymnstop HanpsokeHUS
(bPH). Perynarop HanpsbkeHusi u3MeHsieT BenuuuHy Toka OBB, perymupys Tem
cambiM HampspkeHue G. Takas cxema moctpoeHuss G Mo3BOJSIET clenaTh reHepaTop
OECKOHTAKTHBIM, 3HAYUTEIBHO YMEHBIIUTh MOIIHOCTh PErYJSITOpPa HAMPSHKEHU, T.K
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pEeryJaTop BO3JEHCTBYET Ha CpaBHUTENbHO MayioMmolnHyio uenb OBB; cnenats
TE€HEPATOP MOJTHOCTHIO ABTOHOMHBIM.

bPH
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r - )
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Puc.4.5. [lpunnunuanbHas 35iekTpuueckas cxema qudpepeHnnanbHoN 3auUTh.

[TockonbKy MarHMTORNEKTPUYECKUH MOABO3OYIAUTENb HE  MOJBEPKEH
BIIUSTHUIO KaKUX OBl TO HU OBIJIO aBapUUHBIX PEKUMOB B OCHOBHOM T'€HEpaToOpe WU B
CUCTEME, TO MTPOU3BOJIUMAsT UM SHEPTUSl UCIOIb3YETCS NIl MUTAHUS LENel 3aliuThl
M yOpaBleHMs B cllydae oOTkKaza cuctemsl 27 B. Hainuume oTaenbHOro
MOABO30YIUTENS TakKe OOecreuynBaeT OOJBINYI0 KPAaTHOCTh TOKOB KOPOTKOTO
3ambikaHusi G, 9TO HEOOXOIUMO JJIS HAJIEKHOW paOOTHI anmapaToB 3allUTHI.

Jlst 3amutel G ot K3 BHYTpU renepaTopa, a Takke Ha ero Guaepe B KaKIyIO
dazy reneparopa BkIOUeH TpaHchopmatop Toka (TTI). Dtu TpanchopmaTops
COBMEeCTHO ¢  TpaHchopmaropamu  Toka  ©Osoka  BTT-40I1  obGpasyror
muddepeHanbayo 3auTy reHepaTtopa u ero guaepa ot K3 (puc. 4.5).
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['maBHBIM TpeOOBaHMEM, TpeAbsABIseMbIM K 3amure OT K3, sBisercs
osicTponerictBue. JluddepenuuanpHas 3amura MO3BOJSET  BBIMOJIHUTH  3TO
TpeOoBaHME, KpOME TOrO OHA 00JIaJJaeT XOPOIlIeH CEeIEKTUBHOCTHIO (T.€. CBOMCTBOM
OTKJIIOYaTh TOJIBKO MOBPEXKICHHBIN YYaCTOK).

Tpanchopmaropsr BTT-4011 u TTI', ycraHoBIEHHBIE B OJTHOM U TOM ke da3e,
BKJIFOYEHBI BCTPEYHO [JPYr APYry M COCTaBIISIIOT IIOCJIEAOBATEIbHYIO LEMb C
BeinpsimutesieM (VDI1..VD3) u pene. Ilpu orcyrctBun K3 Ha KOHIIAX KaxXaoro
¢azHOro TWPOBOJAA 3AIMIAEMOTO YyYacTKa (Y4acTOK MEXAy TpaHchopMaTopaMu
TOKa) TOKH pPaBHBI JPYr APYry M HaxoasTrca B oaHO# ¢aze. B atom cimyuyae B
oomoTkax BTT-40I1 u TTI' mHAYKTUPYIOTCS OJMHAKOBBIE MO BEIMYMHE U MO (a3ze
HaIpsKEHUS, KOTOPBIE YPAaBHOBEIIMBAIOT APYT IPYyTa.

B HopManbHOM coctosiHun pene obectoueHo. [Ipu Bo3HukHOBeHMn K3
BEKTOPBI TOKOB KaXXJI0ro M3 (ha3HbIX MPOBOJOB HA KOHIAX 3alIUIIAEMOr0 y4acTKa
PE3KO OTIIMYAKOTCSA APYT OT ApYyra, paBHOBECUE HANpPsDKEHUW Hapymiaetcs, u pene K
cpabaTbIBaeT, OTKJIIOYasi TEHEpaTop.

brox BTT-40I1 Taxke oOecrieuuBaeT Mpu MapalieabHOM paboTe MUTaHHUE
JATYMKOB pacIpeieNieHus] aKTUBHOM U peakThuBHOUM MomHocTu. Ha camonere Ty-154
napaJiiesibHasi paboTa reHepaTopoOB HE TPElyCMOTPEHA.

[Tomumo reneparopa, npuonaa, bTT-40I1 B kanan reHepupoOBaHUS BXOJIAT:
ook perynupoBanus HanpspkeHuss (BPH-208M7bB), 0510k perynupoBaHUsi YaCTOTHI
(bPY-62 BM), Onok 3amutel u ynpasiaeHus (b3V-376CII), snekTpoMexaHu3M
koppekiuu yactotsl (MKY-62TB), ucnionHureabHas KOMMyTallMOHHas annaparypa.

1.1. buok peryaupoBanusi Hanpsi:keHus (BPH).

biok perynupoBanus Hanpsbkenus bPH-208M7b mnpengnazHaueH  quis
NOJIepKaHMs HaIpsDKEHHs TepeMeHHoro Toka reaeparopoB ['T40ITH6 B 3amaHHbBIX
npeaenax u AJisi paBHOMEPHOW HArpy3Ku MX PEAKTUBHBIM TOKOM IpU MapajuiebHON
paboTe B cucTeMe AJIEKTPOCHAOKEHHUS.

OcHoBHble TexHWYeckue JaHHble bBPH: TouHOCTH peryaupoBaHus
HanpspkeHus B npenenax (201,8 ... 210) B; noactpoednblii TOTEHIITMOMETP MO3BOJISET
M3MEHATh YPOBEHb HANIPSKEHUS Ha 16 B.

PerynupoBanue HampsikeHHs TeHeparopa ocyiiecTBisiercss 6i1okom BPH, B
COCTaB KOTOPOTO BXOAUT OJI0K n3mepenus Hanpspkennst BUH (A1) u 1Ba MarHuTHBIX
yeumutenss MY-1 (A2) u MVY-2 (A3), BKIIIOUEHHBIE B CHUCTEME PEryJUPOBAHUS
rociieioBaTenabHo (puc. 4.6).

bnok u3mepenus HanpspkeHuss bH nuraeTcs oT TMHEWHOrO HaINpsHKEHUS
reHeparopa depes tpanchopmarop T2 u Tpexdaszubiii Beimpsmutens 2VD1 ... 2VD6.
BrinpsimneHHOE HanpsiKEHNE MOCTYIIAeT HA U3MEPUTEIIBHYIO MOCTOBYIO CXEMY, B JIBa
mjieda KOTOpOW BKJIOYEHBI cTabunutponbl 2VD7 u 2VDS8, B apyrue asa mieda -
conporuBieHuss 2R1 u 2R2. /Ing naHHOM MOCTOBOW CXEMBI B PEXUME OTCYTCTBUS
HarpyskKu UBI)IX = UBX - 2UCT )

rae: Uy - HampsykeHHME Ha BXOAE MOCTa; U, - HampsbkeHHe Ha
CTaOMJIUTPOHE.

3aBUCHUMOCTh HAIIPSDKEHHUSI Ha BBIXOJIE MOCTAa OT HAIpsKEHHS Ha BXOJE
npencraBieHa Ha puc. 4.7. B nuaronanabs MocTa BKIIOYeHA 0OMOTKA yIpaBICHHUS
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Puc.4.6. [lpunanunuansHas cxema 61oka bBPH-208M7b
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W,p MarauTHOTO ycmumrens MY-2. Marautneii ycunurens MY-2, kpome
yIpaBisiomel oOMoTku, nmeer cradbunmsupyromyo W, u ypaBHuTEnbHYI0 Wy,
oOMoTku. Ha crabunusupyronryto 0OMOTKY MOJaeTcs HamnpspKeHHE CO BTOPHUYHOMN
0OMOTKM cTabunu3upyromero Tpancpopmaropa TI1, mo mnepBUYHOM OOMOTKE
KOTOPOTO TMpoTeKaeT ToK BO30yxaeHus. Cradwimsupyromuid TpaHchopmaTop
paboTaeT TONBKO B MEPEXOJHBIX pEXKUMaX, M HANpPsDKEHHE Ha €ro BTOPUYHOU
00OMOTKE MPOMOPIUOHAIBHO CKOPOCTH M3MEHEHUSI TOKA BO30YKJIEHUSI BO30YIUTENS.
MJIC oOMOTKHM yTmpaBieHHS M CTaOMIM3UPYIOMIEH OOMOTKH HalpaBJiICHBI BCTPEUHO,
no3tomMy Tpanchopmatop T1 u crabunusupyromas OOMOTKa BBITIOJTHSIOT POJb
rMOKOI OTpUIIATENIbHONM 0OPAaTHOM CBSI3H.

VYpasuurensnas obmorka W, mpenHasHadeHa I BBEIPAaBHUBAHUSA
PEAaKTUBHBIX MOIIHOCTEW MapauIeIbHO PAOOTAOIIMX CUHXPOHHBIX TE€HEPATOPOB.
Hamnpsixkenue Ha ypaBHHUTENbHYIO OOMOTKY MOAAETCS CO CXEMbI pacipeesieHHs
peaktuBHoii MomHoctTh BPPM  (A4). Tok B ypaBHUTENbHOW OOMOTKE
OPONOPLHUOHANIEH PA3HOCTH PEaKTUBHBIX TOKOB TI€HEpPATOpoB, pPaOOTAIOIINX
napasuieabHO. BbIxoqHOE HampspkeHHe MarHuTHoro ycuiurens MVY-2 mocrtymaer
gyepe3 conporusieHne R6 Ha oOMoTKy ympasineHus Wy, MarHUTHOTO YCHIIUTEI
MYV-1, KOTOpbI# TUTACTCS TAKXKE OT MOJABO30YIUTEIIS.

Harpy3skoit MVY-1 siBnsiercs oomoTtka Bo30yxkaenus OBB. Boinpsimurenu
VD13 ... VDI18 obecneunBatoT oOpaTHyto cBsi3b ycunurens MY-1, a VD7 ... VD12
BBIITPSIMJISIIOT BBIXOJTHOE HATPSYKEHUE YCUIIUTETIS.

Yeunurens MY-1 kpoMe ynpapisronieii 0OMOTKH, UMEET OOMOTKY CMeIlle-
Hua W, n nemndepnyro oomotrky W,. [emndeprnas oOMoTKa nmpenHa3zHaueHa Jist
MPEAOTBPAlIEHUS  BO3MOKHOCTH  TOSIBJIEHUS  aBTOKOJIEOAHWUH  HamNpsKEeHUS
reHeparopa. Ee posib cBOOUTCS, TJIaBHBIM 00pa3oM, K YMEHBILIECHUIO KO3 (ULIMEeHTa
ycuneHnss MY-1 B mepexoqHOM peXHMe, YTO 3HAYUTENBHO YIy4dIIaeT MEPEXOIHBIN
npouecc. Oomorka W,,, HeoOXoamuMa i BbIOOpa paboueill TOUKM Ha XapaKTepuc-
tuke MY-1. OHa nmo3BosiseT coriiacoBath xapakrepuctuku MY-1 u MY-2.

YpoBeHb HamNpspKEHUs TeHepaTopa peryaupyercs comnpoTuBieHusMu 2R3,
2R4, BKIIOYEHHBIMH B 1I€TTh TUTAHUS U3MEPUTEIHLHOTO MOCTA.

1.2. buok peryaupoBanusi yactorsl (bPY).

biiok bPYU-62BM npegnazHaueH:
- JUIS IO/I/IepKaHusl CTAOUIBHOCTH YaCTOTHI;
-1l PAaBHOMEPHOTO  paclpeleiieHuss aKTHBHOW  MOIMHOCTA  MapajuleNbHO
paboTaIIMX T€HEPATOPOB.

B  osHeprocucrtemax TIEpEeMEHHOTO TOKa  PETYJIUPOBAHHE  YaCTOTHI
OCYIIIECTBIISICTCS Yepe3 TPYObId M TOYHBIM KaHAJbI PETYJIATOpAa YaCTOTHI BPAICHUS.
B pacrnipeniesieHny akTUBHBIX MOIIHOCTEW MPUHUMAET YYACTHE JIMIIb TOYHBIA KaHAJ
perymsTopa, KOTOPBI COOTBETCTBYIOIIMM OOpa30M U3MEHSET MOIIHOCTH MPHUBOJA
MOCTOSIHHOM yacToThl Bpaiienus (ITITUB).

brox BPY-62BM cocTout u3 Tpex GyHKIIMOHATBHBIX OJIOKOB:

1) 6710Kka n3mMepenus akTuBHOUM MoiHocTd BUAM-1M (A1l);

2) 6nmoka usmepenus yactotel BUY-1M (A2);
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3) 6;oka marautHOTO yemutenss BYM-1M (A3).

B kauyecTBe HCHOJIHUTEIBHOTO OpraHa CUCTEMbI PETYIMPOBAHUSA YACTOTHI U
pacnpeaeneHusi akTUBHOM MOIITHOCTH CIIYUT MexaHu3M koppekuuu MKY-62TB —
2 cepuH, BO3JICUCTBYIOLIMK Ha HACTPOWKY IMPUBOJIA MOCTOSIHHOM YaCTOTHI BPAICHUS.

biok BUAM-1IM mnpezacraBiser coO0l OTHOMOIYIEPUOAHBIM JUCKPUMUHA-
TOp, Ha BBIXOJE KOTOPOTO (HOPMHUPYETCS CHUTHAJ, MPOMOPIMOHAIBHBIN aKTUBHOM
COCTaBJIIIOIIEH TOKA Harpy3KH reHeparopa.

Harpy3koii reHeparopa CIy»XUT OJHA W3 OOMOTOK YIPAaBIICHUS MarHUTHOTO
ycunutenss BYM-1IM (A3) (puc. 4.10).

brnok BUY-1M mnpexacraBnsier coO0i ABa pe30HAHCHBIX KOHTYpa, HACTPOCH-
HBIX Ha pe3oHaHCHbIe yacToThl f;=740 't u f,=860 I'm1.

Pe3oHaHCHBIE KOHTYpPBI, COCTOSIIIIME U3 APOCCENIEd U KOHIAEHCATOPOB, Yepe3
Tpanchopmarop 2T1 modyyaroT NUTaHHE OT MOABO30YAMUTENSA. DTO MO3BOJISIET
YMEHBIIUTH Ta0apUThl PE30HAHCHBIX KOHTYPOB.

Pe3oHaHCHBIE KOHTYpBI pacCYMTaHbl TAKUM 0Opa3oM, YTO IPU HOMHUHAILHON
yacrore f,=800 I'tl TokK B KOHTYypax paBHBI M CABHHYTHI IPYT OTHOCHTEIBHO JIpyra
Ha 180° (puc.4.8). HampaBnenue TOka Ha BbIXOJIE OJOKa ONpeNEseTCs
noTeHIanamMu Touek 4 u 3 (puc.4.10).

[Ipy yMEHBIIEHUH YaCTOThI MOTEHIIMAI TOYKU 4 BBIIIE MMOTEHIIHAJIA TOUYKHU 3,
U BBIIPSIMJICHHBIA TOK OT TOYKHU 4 MPOTEKAET MO0 OOMOTKE yMpaBJICHUS] MAarHUTHOTO
yeunutenst A3 u conpotusierusiM 2R3, 2R2.

AHQJIOTUYHO MPOTEKAIOT MPOLECChl MPU MOBBIIIEHUH YacTOThI, TOJBKO B
ATOM Ciy4yae MOTEHIHAT TOYKU 3 OyJeT Bblle, YeM MOTEHIMad TOYKU 4, U TOK B
00OMOTKE yIpaBjIeHUS MAarHUTHOTO yCWIHNTENS A3 U3MEHUT CBOE HaIpaBJICHUE.

CuMMeTpusi KOHTYPOB JOCTHUTAETCS TMOAPETYJIHMPOBAHUEM PE30HAHCHBIX
ToKOB conpotuBiienneM 2R2. Kongencatoper 2C2, 2C5 cuayxar QuibTpamu
OJIHOTIONYTIEPUOTHON CXEMBbI BBITTPSMIICHHUS.

biok BYM-1IM - aByxkackaaHblii ycuiauTenb. [IepBbIM KackagoM SIBJISIETCS
MarHuTHbBINA ycunutenb Y M1, BTOpbIM - MarHuTHbIE yeunurenu YM2 u YM3.

MarauThsiii ycunutenb YM1 mo coenuHennio paboynx 0OMOTOK MpECTaB-
nsieT coOoi 1Ba OOBIYHBIX MAarHUTHBIX YCUJIUTENSI C BHYTPEHHEW O0OpaTHOW CBSI3bIO,
UMEIOIIUX O0ITMe OOMOTKHU yIPABIICHHUS.

Harpy3skoii kaxxaoit mapbl paboyux 0OMOTOK SIBJISIFOTCSI OOMOTKH YIIPABJICHUS
MArHUTHBIX YCUJIMTEIEH BTOPOro KacKajia.

[Ipy OTCYTCTBMU CUTHAJIOB B OOMOTKAX yMpaBJICHUS MAarHUTHOTO YCUJIUTEIIS
YMI no ero pabouum 0OMOTKaM MPOTEKAET TOK XOJIOCTOTO XO/1a.

Perymupys conpotuBnenusimu 3R3 u 3RS koadduiment obpaTHON CBs3U
MAarHUTHBIX YCWIMTENIEH, T0OMBAIOTCsI, YTOOBI HAITPSKEHHE BHIXOJa BTOPOTO Kackajia
IpU OTCYTCTBUM CHUTHAJIOB OBUIO PaBHO HYJIO, a 3aBUCHUMOCTh BBIXOJHOTO
HaIpsDKEHUST OT CHUTHAJOB B OOMOTKE YIMpaBIICHHUS YKJIQJAbIBAJaCh B 3aJaHHbBIC
TpeOOBaHMUS.

[Ipu mosiBICHUM CUTHAJIOB B OOMOTKAX YIPABJICHHUS MAarHUTHOTO YCHJIATENS
YMI1 opna mapa cepAE€YHUKOB MOJAMArHUYMBAETCS, Apyras pa3MarHUYMBAETCs, U
paboumne TOKU COOTBETCTBEHHO U3MEHSIOTCA.
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CrnenoBaresbHO, IPU OJJTHOM U TOM K€ TOKE YIpPaBJICHUSI MAarHUTHOTO YCH-
autens YMI Toku yripaBlieHHsl MAarHUTHBIX ycunurtened YM2 u YM3 pas3iinuHsl.

PabGoune oomoTku ycunutener YM2, YM3 coenrHEHBI 0 MOCTOBOM cXeme
(puc.4.9), uyrto oOecreynBaeT IMPU HU3MEHEHWH UX TIOJHBIX COINPOTHBJICHUMN
M3MEHEHHE TOKa Harpy3KH HE TOJBKO 0 BEJIMYMHE, HO U 110 (ase.

BennunHa TOKa BBIXOJA MPONOPUUOHATIBHA TMOJHBIM CONPOTUBICHUSIM
pabounx oOMOTOK MarHUTHBIX ycuiutened YM2 u YM3, ciienoBarenbHO, 3aBUCUT
OT BEJIMYMHBl W HANPABJICHWS TOKOB B OOMOTKAaxX YIpaBJICHUS MAarHUTHOTO

ycunutens YMI.
w)B U B

Puc.4.7. Xapakrepucruka namepurenbHoro mocra bPH
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Puc.4.8. XapaktepucTuku pe30HaHCHBIX KOHTYpoB b IY-1M
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Puc.4.9. Cxema coequHenust paboynx 0OMOTOK MarHUTHBIX YCUIIUTENCH
6moxa bBYM-1M.
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[InTaHWe MarHUTHBIX YCUIIUTENEH OCYIIECTBIISIETCS:
YM2 u YM3 - ot da3Horo HampspkeHus reHepatopa; YMI - depes tpanchop-
MaTOpPHYI0 00MOTKY W, OT MarHuTHbIX ycunurenedn YM2 u YM3.

Conpotunennem 3R2 perynupyercss MakCUMalbHOE 3HAYCHUE HAIPSKEHUIM
Ha OOMOTKE yIpaBJICHUs ABUTATENs MeXaHu3Mma koppekiuu yactotel MKU-62TB —
2 cepusd.

Curnan Ha BbIX0j/ie 0OeclieynBaeT BpallleHue Baja anekTpoMexannzma MKY-
62TB — 2 cepusi, npuBOAsIIEe K YMEHBIICHUIO (YBEIMYEHHUIO) YACTOThHI BpallCHUs
[IITYB u, ciienoBaTenbHO, 4aCTOTHI TEHEPATOPA.

1.3. baok 3amutel u ynpasiaenust (b3Y).
biok 3amuTel ¥ ynpaBieHUs: 00eCIeYnBaeT:

a) TUCTAaHIIMOHHOE BKIIFOUEHUE U BBIKJIFOUEHUE T€HEPATOPA;

0) aBTOMaTUYECKOE BKIIIOUEHHUE T'€HEpAaTOpa Ha HArpy3Ky IMpU HANpsHKEHHH
Oozee

(175 ... 185) B u yacrore Oonee (372 ... 380) I'm ¢ BbIgaueld CBETOBOIO
CUTHAJIA;

B) NIUTAHUE BCEX JIEMEHTOB 3AIUTHI U YIPABICHUS T€HEPATOPaA MOCTOSTHHBIM
TOKOM HampskeHueM (24 ... 28) B npu aBapuu caMoJIETHOM CETH MOCTOSHHOI'O TOKa
Y [IPY HAIIPSDKEHUM CETH nepeMeHHoro Toka 208 B,

r) HeoOpaTMMOE OTKJIIOUYEHHE TIeHepaTopa OT Harpy3kd, HeoOpaTtumoe
BBIKIIOYEHHE BO30YXKACHMSI TIEHepaTopa, CHATHE NHUTaHUS C  OCHOBHOTO
AJIEKTPOMArHWTa NPHUBOJA IOCTOSHHOM YacTOThl BpALIECHUS M BbIJa4y CUTHAJIOB
aBapUIHOTO OTKJIFOYEHUS MPH CIAEAYIOIINX aBaApUAX:

- [pU TOBBIIIEHUH HampsbkeHus Oosee (220 ... 230) B c¢ Bwiaepxkkoi
Bpemenu (0,4 ... 0,7) c;

-  npu CHWKeHuu HampspkeHuss Huxe ( 175 ... 185 ) B c Bwimepxkkoit
Bpemenu (4 +0,6) c;

- IpU BCEX BUIAX KOPOTKOTO 3aMbIKaHMs BHYTPHU I'€HEpaTopa WM Ha €ro
bunepe;

- TIpH CHIKEHHUH 4acToThl HrKe (372 ... 380) 'l MM MOBBIIICHUH BBIIIES

(420 ... 480) I'u ¢ BeIAEpKKOI Bpemenu (6 + 0,9) c;

- YCJOBHS NapajuyieIbHOW paboThl reHEepaTOPOB.

[Tomnast cxema b3V m0BOJIBHO CJI0KHA, TOITOMY B TaHHOW paboTe MpUBecHa
ynpoleHHas GyHKIHMOHambHas cxema 61oka (puc. 4.11).

PaccmoTtpum padoty B3V B paznuyHbIx pekumMax.

1) Brarouenue eenepamopa Ha HacpysKy,

BrlikitouareneM resepaTopa moJaeTcsi MUTaHue Ha IThipb X2:1 — ocHOBHOE,
Ha X2:7 — pe3epBHoe. Uepes paznenutenbubie aAnoasl VD1, VD2, uckmouaromue
BJIMSIHUE HEUCITPABHOCTH OJJHOM LIENH HA IPYTYI0, "TUII0C" MUTaHUs TPOXOJHNT:

yepe3 HOPMaJbHO-3aMKHYThIE KOHTaKThl 5,4 pese aBapuiHOIO OTKIIFOUEHUS
K5 na Brutrouenwue nemnu Bo30yxaeHus TeHeparopa (X2:12 ),

4yepe3 IHOJ, HOPMaJIbHO-3aMKHYTbl€ KOHTakThl 7,8 pene K5 Ha OCHOBHOU
snexktpomarnut [IITYB ( X2:5);
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yepe3 HOpPMaJbHO-3aMKHYThle KOHTakThl pene K5 Ha o00MOTKy pene
BKJIIOUEHUs Harpy3ku K3;

yepe3 HOpMaJbHO-3aMKHYThIe KOHTaKThI 5,4 pene KS Ha pene K4.
X2 X1

XapakT. curH HaumeHoBaHne HanmeHoBaHne XapakT. curH
f,lfu/lLA [UB curHana curHana f,y LA |UB

400( 0,25 20 |K TpaHcdopmaTtopy Toka K reHepatopy ynpasnenusif 800( 0,3 |51 | 3

1

21400( 0,25 20 | K tpaHccdopmaTopy Toka K reHepaTopy ynpasnenus| 800|0,3 |51 | 4
3|400(0,1|6 YpaBHUTenoHas Lenb —|
4

_ Cvrian napannensHomn
0’2 +27 paboThl

10| - [0,2 |-27 | MNMuTtaHne (obLymi)

—_—— e — — e — — —— — - — —

— 5| 400]|1,5 (120 | HanpsixxeHue reHepaTopa HanpshxeHue reHepartopa | 120|1,5/400 | 6 |-
9| 400(1,5|120 O6Lwwnin O6Lwwnin 120(1,5/400 |5 R
120(1,5/400 |1 H

O6wwnn 120(1,5/400 | 2 A

Puc.4.10 IlpunnunuansHas 25ekTpudeckas cxema 6yoka bPU-62bM
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Pene K4 cpabatpiBaer u "MuHycOM" MNUTaHHUs dYepe3 CBOU HOPMAJIbHO-
pa30MKHYThIE KOHTakThl 1,3 M dYepe3 KOHTakThl Onoka Al (Gnoka 3amuThl 1O
4acTOTE) BKJIIOUAET OECKOHTAKTHOE PEJIe BBIAECPKKU BpeMEeHU A4.

TakuMm 00pa3oM, MOcCiI€ BKIIOUEHHUS BBIKJIIOYATENS T€HEPATOpa pa3rOHSETCS
TypOMHa NpPHUBOJA IOCTOSHHOM YacTOThl BpAallleHUs, BO30YKIAeTCsl I'€HEpaTop U
HAYMHAET OTCUYET BpeMeHHU peiie A4.

Ecnu 3a BpeMsi, MeHbIlIEe YeM BBIJIEpKKa BpeMeHHu pesie A4, TypOuHa BbIieT
Ha PEXHUM 10 000poTaM (4acToTa reHepaTopa AocTUrHeT BeaumauHbl (372 ... 380) I'm),
pene B Oyioke 3amMThl 10 4YacToTe (Al) OTKIIOYUT pesie BBLACPKKH BPEMEHH H
nmogact "MuHyC" TUTaHUS B OJOK 3ammThl 1Mo HampspkeHuio (A2). B Omoke A2
BKJIFOYAETCs] OECKOHTAKTHOE PEJI€ BBIIEPKKH BPEMEHHU.

Pene Bpemenu B Oioke A2 Benet orcuer BpemeHU. Eciu 3a BpeMsi, MeHblIee
YeM BbIIEpKKA BPEMEHHU pelie B OJ0ke A2, HaNpsKEHUE TeHepaTopa JOCTUTHET

(175...185) B, pene Onoka A2 OTKJIIOUUT peJie BBIICPKKH BPEMEHU U
BKJIIOUHT "MHUHYCOM'" MUTaHUE pelie BKItoueHus: Harpy3ku K3, kotopoe, cpabaThiBas,
KOHTaKkTamM 9,8 BbIAAET CUTHAJ HA BKJIKOYEHHWE KOHTAKTOpa HArpy3KH, KOHTaKTaMu
2,3 camo0JI0KHpyeTcs, KOHTaKTaMu 5,6 o0ecrednBaeT Mnocie BKIYEHHs TeHepaTopa
Ha HArpy3Ky HE3aBHCHUMOCTb paOOThl 3allUThl IO HANPSKEHUIO OT 3allUThl I10
gactote. Kpome Toro, pene K3 kontaktamu 10,11 BKIIIOYaeT CHUTHAJIbHYIO JamIty
OTKJIFOYEHUS TEHEPATOpPa OT Harpy3KH.

2) Asapuiinoe omxnouenue ceHepamopa.

[Ipu aBapuu B cucteme reHeparopa, Korjaa aajibHeias padoTa reseparopa
MOXET TPUBECTH K OMacHOW cuTyanuu Ha camosete, Onoxk b3V mnpouszBoaut
OTKJIFOYEHHUE TeHepaTopa OT HArPY3KU U CUHXPOHU3UPYIOLIUX IIHH, BHIKIIFOUEHHUE €r0
BO30Y>KICHUSI, BHIKJIIOUEHHE TPUBO/IA TIOCTOSIHHON YaCTOTHI BPALLEHUS

ABapuifHOE BBIKJIIFOYEHHE T€HEparopa NPOU3BOJUT peEJe aBapUUHOIO
oTKJIFOUeHHUs KS, KOToOpoe BBIKIIFOYAETCS AEMCTBUEM PA3JIMYHBIX 3AIIUT.

2.1) 3awuma om pabomwl npu NOGLIUEHHOM UNU NOHUNCEHHOM HANPSINCEHUL.

3amury OT pabOThl CUCTEMBbI MPHU TMOBBIIMICHHOM WM TMOHM)KEHHOM Harps-
KEHHH OCYLIECTBIIAET OJIOK A2, COCTOSALIMM U3 CAEAYIOUINX JIEMEHTOB:

BXOJHOTO TpaHc(hopMaTopa, BEIIPSIMUTEIBLHOIO MOCTA, IBYX OJIOKOB U3Mepe-
HUS HaIpsKEHUs!, 0ECKOHTAKTHOTO peJie BBIACPKKH BPEMEHH.

Hanpsikenue reneparopa MmoHUXaeTcsi TpaHCc(hopMaTopoM, BBIIPSIMIISIETCS U
nojaercss Ha oba Oyoka u3MepeHus: HampsbkeHus. OquH OJIOK cpabaThIBaeT MNpu
MOHW)KEHUM HampsbKeHUs: reHeparopa B npegenax (175 ... 185) B, nmpyroit — npu
MOBBIIIEHUH HaNpskeHus B npegenax (220 ... 230) B.

[Ipy CHM)XEHHMH WM TOBBIINICHUM HAIPSKEHUS BBIIIECKA3aHHBIX MPEAEIIOB
OJIOKM H3MEpEHUs HaNpsHKeHHs] BKIIOYAT pelie  BBIIEPKKH BpemeHH. Ecmu
HaIpSDKEHUE HE BOCCTAHABIIMBAETCS 3a BPEMs BBIIECPKKU pEJE, TO pejie BPEMEHH
yepes3 pa3fesuTeNbHbIN 110/ BKIIOYaeT "MUHycoM" nutanus oOMOTKy pene K2.

Pene K2 Bkimouaer koHTaktamu 2,3 peie aBapuiiHOTO OTKItoueHust K3,
KOTOpoe, cpabaThiBasi, caMOOJIOKUpyeTcsl (KOHTakTaMu 8,9), OTKIII0YaeT TeHepaTop
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OT Harpy3ku (koHTakTtaMu 4,5), BBIKIIOYAET OCHOBHOM siexktpomarnut [IITYB
(koHTakTamu 7,8).

2.2) 3awuma om pabomul npu NOGLIUEHHOU UIU NOHUNICECHHOU Yacmome.

3amury ocyuiecTBisieT 050k Al. B 6imoke Al uMeercs pe3oHaHCHBIN KOHTYD,
Ha JIpoccelib KOTOPOTO BKIIIOUYEHA IIeTh YIpaBiIeHUs 0J0Ka U3MEPEHUS HAMPSIKEHUS,
0I00HOTO OJI0KaM U3MEpPEHUs HanpsKeHus A2.

[Ipu BBIXOAE M3 30HBI jJomycTuMon dacToThl (372...380) 'y - (420...428) I'n
HaIpsHDKEHUST Ha PE30HAHCHOM KOHTYpE HEIOCTATOYHO I cpabarbiBaHus OJI0Ka
M3MEpEHUS HAMPSHKEHUS, U OH BKIIFOYAET PeJie BBIICPKKHU BpeMeHu A4,

Ecnu cHMKeHMe Wi NOBBIIIEHUE YacTOThI JJIUTCA 00Jiee BBIACPKKHA BpEMEHHU
pele, TO OHO BKJIIOYAET pese A2 U NMPOU3BOINUT aBAPUNHOE OTKIIOUYEHUE T'eHEPATOPa,
Kak ObLIO OMMCAHO BHIIIIE.

2.3) 3awuma om pabomul npu KOPOMKOE 3aMbIKAHUU.

[Ipy KOpPOTKOM 3aMbIKaHUU B 30HE, OXBaTbiBaeMoil auddepeHnnanTbHoN
3alllUTOM, Hapymaercs paBHoBecwe, u pene Kl cpabaTeiBaeT, BKIIOYas pele
aBapuiiHOro otkiroyeHus K5, koTopoe mpoHU3BOAUT OTKIIOUEHHE I€HepaTropa Kak
OTMCAHO BHIIIIE.

1.4. Pe3epBHOe nuTaHme.

[Ipn aBapuu caMOJETHOW CETH MOCTOSTHHOTO TOKA MHUTAHUE BCEX JIEMEHTOB
3aIIATBl M YIpPaBJIEHUS TE€HEpaTopa OCYIIECTBISETCS OT PE3EPBHOTO HMCTOYHHKA
MUTaHUsA, KOTOPBIA MHTAETCS HANPSHKEHUEM Tpex(a3HOro IEePEMEHHOI0 TOKa
gactotoi 400 I'm (X1:6, X1 :7, X1:8) u cocrout u3 TpaHchopmaropa H
BBITIPSIMUTENEH.

[Ipu pazpadotke cucrembl CII3C3I140 nmpemycmarpuBaiach BO3MOXKHOCTh
napajuieIbHOM paboThl T€HEpaTOpOB, OJHAKO Ha IMpakTUKE NapajuleiapbHas paborta
reHepaTOpoOB HE NMPHUMEHsUIach, U B Oosiee MO3aHEH MOoAM(UKAIIMM 3TOH CHUCTEMbI
AJIEKTPOCHAOKEHHUS] BO3MOXKHOCTh TMapajljieIbHONH paboThl HE NPELyCMOTPEHA, YTO
ITO3BOJIMJIO YIIPOCTUTH YIIPABIECHUE, PETYJINPOBAHUE U 3aLIUTY B CUCTEME.

OOmiasi MOIIHOCTh CHCTEMbI OOECHEeUMBAET MUTAaHHE BCEX OCHOBHBIX
IIPUEMHUKOB 3JIEKTPO3HEPTUU KakK IPU OTKa3€ OJHOI0 F'€HepaTopa, Tak U IPHU OTKa3e
JIByX F€HEPATOPOB.

Cucrema CII3C3I140 BxJrO4aeT B CBOM COCTaB PE3EPBHBIM HCTOYHUK
nuTaHus — 4-ii TreHepaTtop NEPEeMEHHOro TOKa (TaKoro e TUIMAa M TaKoW JKe
MOIIIHOCTH, YTO W OCHOBHBIE T€HEPATOphl), YCTAHOBJIEHHBII Ha BCIIOMOTaTEIbHOM
CUJIOBOM yCTaHOBKE (BCY). OH ucnons3yercst Ajisi aBTOHOMHOM PaOOThI MpHU
OTKa3€ OCHOBHBIX reHepaTopoB B auamazoHe oT 0 mo 3000 M m Ha 3emie mnpu
OTCYTCTBUHU a3POJIPOMHBIX UICTOUYHUKOB 3JIEKTPOIHEPIHH.

1.5.11lepekirouenue cereii reHEPATOPOB.
OcHOBHast cHCTEMa DJJICKTPOCHAOKEHHUS pa3lielieHa Ha TPH CETH II0
KOJIMYECTBY KAHAJIOB CHUCTEMbl. B HOpPMaabHOM pEXKHUME KaXKIbli TE€HEepaTop
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paboTaeT Ha COOTBETCTBYIOUIYIO CeTh. B cimyuyae oTka3a 0HOTO U3 TEHEPATOPOB €TO0
CETh aBTOMATHUYECKH MIEPEKITI0YAETCS Ha pabOoTaroue TeHepaTopshl.

PacnpenenurensHas  ceTh  OCHOBHOM  CHCTEMBI  AJIEKTPOCHAOKEHMSI
panuanbHas (T.e. pacmpenenurenbHble  ycrpoiictBa (PY) mopkmowaroTess K
LeHTpaibHOMY PV mapamiensHO) ¢ TpoilHbIM paciuerieHueM (a3 (o Tpu npoBoja B
Kaxa0i ¢aze), yTo 00ecreynBacT HOPMAIbHYIO padOTy CETH MpPU OTKa3e OJHOrO U3
TpeX IPOBOAOB (ha3bl.

MarucTtpajibHble  JIMHUM  CETH  HMMEKT  JIBYXCTOPOHHIOK  3alUTy
OMMeTaUIMYECKUMU aBToMaTaMu 3aiuTsl THHa A3PM ¢ HomuHanamu ot 20 A g0 50
A, a nenu reseparopa — aromatamu tuna A33K na 100 A u 200 A.

[lepekiroueHue ceTeil OCyIEecTBIsEeTCS TakKuM 00pa3oM, 4TOObI MPHU BO3HHU-
KHOBEHHMH OTKAa30B B KaHaJIe TEHEPUPOBaHUs 00ecneunTh OecriepeOoiiHoe cCHabKeHne
MPUEMHUKOB 1-i1 kaTeropuu (T.e. T€X MPUEMHUKOB 3JIEKTPUYECKON 3HEpruu, 0e3
KOTOpPBIX HEBO3MOXKHA II0CaJKa CaMoJIeTa) 3a CUeT JPYIMX MEHEE BaXKHbIX
IIPUEMHUKOB, HAalIpUMeEp, OBITOBOTO 000PY1I0BaHUSI.

[Tpu oTkiIrOYEHMM WM OTKa3e Joboro reHeparopa Oinok B3V coorser-
CTBYIOLIETO KaHAJIAa BBIAAECT CUTHAJ HA IIEPEKIIFOYEHHUE CETEH TEHEPATOPOB.

B pesynbpraTe obecrouarcs koHTakTophl 10 mnm 16, 21%*, oTkmrouaronue
TEHEepaToOp OT CE€TH, W pene 18, depe3 KOHTAKThl KOTOPBHIX, B 3aBUCUMOCTH OT
BKJIFOYEHHUS] MPOTUBOOOJIECACHUTENS, YHOPABIAKOTCA KoHTakrtopsl 11, 15, 17
NEPEKIIIOUYEHUsI CeTH OTKAa3aBIIEro NeHepaTropa Ha CeThb padOTaloIIEro reHeparopa.
Pene 19 YIPaBIISIET MEPEKIIIOUEHUEM ceren pu BKJIFOUEHHBIX
MIPOTUBOOOJICICHUTEIISIX.

Ecnu oTka3 OAHOro TeHepaTropa MpOW30LIEN MPU BKIOYEHHOM MPOTHBO-
oOnefeHuTeNne, TO 4Yepe3 KOHTAKThl 18 W BKIIOYEHHOE B 3TOM ciy4ae pene 19
BKJIFOYAETCS] KOHTAKTOpP 22, KOTOPBIM OTKIIOYAET IUMHBI MPUEMHUKOB OBITOBOTO
obopynoBanusi ot cetu . Tlpu oTkaze oqHOBpEMEHHO IBYX JIOOBIX T€HEPATOPOB
yepe3 KOHTakThl perne 18 cpabateiBaeT pene 20 W KOHTAaKTOp 22, YTO TaKkKe
o0OecreunuT OTKIIOYeHHEe ObIToBOro obOopynoBanus. Kpome Ttoro, cpabarbiBaer
KOHTakTop 15, kotopsiii mepekitouaer ceTh Il (ceThb mpoTuBoOOIEneHUTENEH) Ha
nutanue ot reneparopa BCY. Ceru I u Il mepexmrouaroTcs B 3TOM cllydyae Ha
paboTaromuii TeHepaTop KoHTakTopamu 11 wmum 17, B 3aBUCUMOCTH OT TOTO, KaKHe
reHeparopsl oTkasand. IIpu oTkase Bcex Tpex reHepaTopoB BKIroYaeTcs pene 31,
OTKJIIOYAIOTCS TMPOTUBOOOJIeNeHUTEeNH, KoHTakTopamMu 23 u 11 cetm [ u III
MOJKJII0YaroTcs K reneparopy BCY.

[[IuHpl HABUTAITMOHHOTO OOOPY/IOBaHUS, B HOPMAJIBLHOM PEKUME TMOTyJaro-
M€ MUTaHUE OT CETH | aBTOMaTHUYeCKH Iepekarodarorcs Ha ceTh Il koHTakTOopoM
13, ecinu ceth I 0OecTounBaeTcs.

YnpaBneHre KOHTaKTOpoM 13 aBTOMaTH4eCKOe OT amnmnapara NepPeKIIOUCHUs
muH  ATIII-3, xoTopeiii obecreunBaeT NEPEKITIOYEHUE IMWH TPU CIEIYIONTUX
aBapusx:

-py MEX Ay (Pa3HbIX KOPOTKUX 3aMBIKAHUSX;
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-ipy TpeX(Pa3HbIX KOPOTKUX 3aMBIKAHUSX,
-ipy 0OpBIBaX OHOM, ABYX WU Tpex ¢as;
-TIpY OTKJIIOYEHUU CETH | OT mUTaHMUS;
-TIpY AaBAPUHNHOM MOBBIIICHUU HATIPSHKCHMUS.

boprceth camonera MokeT OBITH 3amUTaHa OT HA3eMHOIO0 HCTOYHHKA
ANEKTPUUECKON SHEPTUM Yepe3 CHEIHUaNIbHBIA pazbeM a’poAPOMHOTO MUTAHUS -
[ITPAII-400 B cucreme He mpeaycMOTpeHa COBMECTHasi paboTa OOPTOBBIX I'eHEepaTo-
POB ¥ HA3EMHOT'0 UCTOYHHKA.

*[Ipumeuyanune: Bce o0o3HaYeHWS MaHBI B COOTBETCTBHH CO CXEMOW,
NpUBEACHHON Ha Ja00OpPaTOPHOM CTEHJIE.

brnox BU®-208 mnpenorBpamiaer MOAKIIOYEHHE OOPTCETH K HAa3eMHOMY
MCTOYHHKY C HETIPABUIILHBIM YepeoBaHuEM (a3.

2. Onucanue 1200paTOPHON YCTAHOBKH

JlabopaTopHass ycTaHOBKa MpeACTaBIsIeT COOOW MOJEedb CaMOJIETHOU
AJIEKTPOIHEPTETUUECKON CHUCTEMBI, BBINIOJHEHHYIO B BHJE CTEHIA, MEPEAHSAS 4acThb
KOTOPOTO 3akpbiBaeTcs (pajiblinaHe b0 C HAHECEHHOW Ha HEe MHEMOCXEMOM,
KOTOpasi OTpakaeT (PYHKIIMOHAIBHYIO CXEMY CUCTEMbI JIEKTPOCHAOXKEHHUS caMoJieTa
Ty-154. Ha »oTOi € 4YacTM CTEHJa pPAaCIOJIOKEHA TMaHelb »JSHEProysia ¢
COOTBETCTBYIOIIMMH  BBIKIIFOYATEIIAMHU, MEPEKIIOYATEISIMUA,  MTOKAa3bIBAIOIIMMU
npubopamu. B mpaBoil yacTu CTEHJa pacrojoKeHa MaHelb YIpaBJIEHUs] CTEHIIOM,
KOTOpasi CIY>XKUT Ui BKJIIOYEHUS CTEHNA, a TAKXKE JJISI MMHUTALMHU Pa3JIUYHBIX
pexumoB pabotret COC. Maructpanu, ydacTByromue B paboTe, B KaXKIblid
OTAEIBHBIA MOMEHT BBIAEISIOTCS I1OJICBETKOM.

3. 3aganue K padore

1. U3yuuts cuctemy siekTpocHabxeHus camosera Ty-154 mepemeHHBIM
ToxoM 208B, 400 I'm,.

2. VccnenoBaTh pabOTy IEPBUYHON CUCTEMBI DJIEKTPOCHAOKECHUSI:

a) IpyU MUTAaHUU OT HA3€MHOTO UCTOYHUKA JIEKTPOIHEPIHUH;

0) mpu BKIIOYEHHH OCHOBHBIX TeHepatopoB wim reHepatopa BCY Ha
Harpysky,

B) IIPH aBapUMHBIX PEKUMAX.

4. BoinosiHeHue padoThl
4.1. lloaroroBka creHaa K padore

1) Ilepexntouarenu, A3C, BBIKIIOYATEINM U KHOIKH, PACMHOJIOKEHHBIE Ha
IUTE YNpPaBJIEHUS CTEHJIOM M Ha MaHENIW 3HEProysjia, YCTAHOBUTh B IOJIOKECHHE
«BBIKITIOUEHOY.
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2) llepexntoyaTenn C HEUTPAIbI) YCTAHOBUTh B HEUTPAJIbHOE MOJIOKEHHUE.
BxnrounTe nmuTaHWe CTEHJA, NMPU 3TOM 3aropacTcsl JIaMIIOUKa, CUTHAIM3HPYHOIIast
O HaJM4YUU IUTAHHUS.

4.2. [Iutanue cucreMbl OT BHEIIIHEr0 MCTOUYHHKA IJIEKTPOIHECPIUMA.

1) Briarounts aBTOMAT 3alIUThI HCHGFI YIPaABJICHUA IICPCKIIIOUCHUCM IIIWH
A3CTK-10 (Ne6)

2) Ha IIIUTKE yr[paBJIeHI/IH CTCHAOM BKIIFOUUTH Ha3eMHBII>i NCTOYHHUK ITUTAHUS
(LLIPATI-400).

3) Ha nanenu sHeproysnia nepekitoyaTeiab «CeTb» YCTAHOBUTH B MOJIOKEHUE
«PAII». [loouepeaHo ycraHaBiuBas NEPEKIOYATENb BOJIBTMETPA B MON0XKEHUS AB,
BC, AC, no BOJBTMETPY M 4YaCTOTOMEPY OINPEACIIUTh JIMHEHHbIE HANPSKEHUS U
YacTOTY HA3€MHOI'O HCTOYHHMKA MUTAHUS U 3aIMCATh 3TU MTOKa3aHUS.

VYcranaBnuas nepexitodarens BoiabTMeTpa «Ceth I, Cets II, Cerp III B
pa3JIMuHbIC TOJIOXKEHUS, YOSAUTHCA MO BOJBTMETPY B OTCYTCTBUM HAMNPSDKCHUS B
CeTSX.

*HpI/IMC‘laHHel HpI/I IIPOBCPKC HA 3EMJIC BKIIIOUHUTH BBIKJIIOYATCIIb «HpOBCpKa
HpOTHBOO6J’I€,HeHI/ITGJ'Ieﬁ 1 OBITOBOTO 060py,Z[OBaHI/ISI Ha 3EMJIC»

4) Bxmrounts A33-100 u A33K-200 3ammute! cetei 1, 11, IIT (Nel,16,17,18).

5) Ha manenu sueproysna nepeximouarens «BCY-PAID» noctaBuTh B 1mojo-
xeHue «PAID»

6) YcranaBnuBas epeKIIIOUaTENH BOJIbTMETPA B nosoxkeHue «Cetb I», «CeTb
II», «Cetp 1II» B momoxxenus AB, BC, AC, yoenuTbcs B HaTWYUN HAIPSOKCHHUS H
YacTOTHI M 3aIMCaTh MOKa3aHUs TPUOOPOB.

7) Hdns uMUTalMM BKIIOYEHUS TOJ HArpy3Ky BBIKJIIOUATENIb Ha UIUTKE
yOpaBJICHUS CTEHJOM YCTaHOBUTh B mojioxkeHue «llotped.». Bxmatouuts
BBIKJIFOUYATENh OJIOKUPOBKU ammepmerpa (NelS5).

VYcranaBiuBas nepekiarodarens (a3  aMIepMeTpa, PpacloJIOKEHHBIM Ha
IIAHEJIA PHEProy3ia, B nosoxenus ¢as A, B, C, 3aMepuTh TOK 10 aMIIEPMETPY.

B) s mpoBepku paboThl 6s10ka yepenoBanus a3 bUD-208 nepexnrovarens
«BCY-PAIIl» yctaHOBUTHP B HEUTpaJibHOE mMoOJo)keHHE. Ha muTke ymnpaBiieHHs
CTEHJIOM TEpeKIoYaTeNlb yCTaHOBUTH B mosiokeHue «llepemyt. da3». Ha manenn
SHEProysjia MEPEeKIoYaTesib BOJBTMETpPA YCTaHOBUTH B mojoxeHue «Cetb III».
ITepexmtouatens «BCY-PAIl» nepexmtounts B mnonoxenue «PAIl» - npu stom
BOJBTMETP mMoOKaxeT «(0», T.e. Ha3eMHBI HCTOYHUK NHUTAHUSI C HEMPABUIBHBIM
yepenoBanueM (a3 He JopKeH mnoakimodatees kK o cetw Il YcraHoBUTH
MEepeKIovaTeNb B nojioxkenue «Bepno». BoastMmeTp nokaxet 208 B.

4.3. Bkawyenue Ha ceTb reneparopa BCY

1) Bxitounts aBromat A3CI'-2 3ammThl 1ened CUrHaIu3alid OTKIHOUCHUS
renepatopa BCY (Ne5).
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2) Beixmrouarens «IIpoBepka m/o u ObIT. 000p. Ha 3eMJji€» YCTAaHOBUTH B
nojoxenue «BeIkiroueny.

3) Ha manenu nsHeproysna mnepekntouyatenb «BCY-PAIID» ycTtaHoBUTH B
nonoxenue «BCYy. Ilepekntouaresp BOJbTMETPA YCTAHOBUTH B MOJ0KeHHE «CeTh
I1D» - BompT™MeTp nokaxet 208 B, wactoromep - 400 I'n.

4) YcTaHOBUTD BBIKJIIOYATEIb HA IIUTKE YIPABJICHUS CTEHIOM B
nosioxxenue «Ilotped.». Amnepmerp nokaxet Tok. [Ipu pabore renepatopa BCY Ha
CETh ¥ HEPAOOTAIOIIMX FeHEpaTOpax NPOTUBOOOIEACHEHUE OTKIIFOYAETCS.

4.4. UmuTanmnsi KOPOTKOI0 3aMbIKAHNUS CETH
Ucxoanoe coctosiaue: BCY 3anyliieH 1 NOAKIIOYEH K CETH.

1) Ha mnanenu osHeproysia MepeKlovaresb BOJbTMETpPAa YCTAaHOBUTH B
nonoxenue «Cetp [II» BOJIBTMETP U 4aCTOTOMEP MOKAXKYT cOOTBETCTBEHHO 208 B n
400 I'm.

2) KparkoBpemenHo HaxaTh Ha KHONKYy «K3 BCVY»y», pacnonoxkeHHyr Ha
IIUTKE YIPABJICHUS CTEHIOM, IOPU IPOKOHTPOJIUPOBATH IM0OJaYy CHTHAJIOB OT
TpanchopmaTopoB Toka (Ne§) .

3) Jlns moBTOpHOTO BKIIOUEeHUs1 TeHeparopa BCY mepexmitouarens «BCY-
PAII» Ha nanenu sHeproysna IOCTaBUTh B HEUTPAJb, a 3aTeM B nosiokeHne «BCY».

I'enepatop BCY mnopkimodaeTcss K C€TH, BOJIBTMETP M YaCTOTOMEpP IOKAXYT
cootBeTcTBeHHO: (202 ... 210 ) B 1 400 I'1.

4.5. Pa6ora reneparopa 1

1) BximounTh Ha3eMHBIM HMCTOYHHMK IIEPEMEHHOrO TOKa. BeIKiouaTenb
«BCY-PAII» Ha naHenu 3HEProysia yCTaHOBUTH B moJioxkeHue «PAITy.

2) Belkiouarenu MOpOTUBOOOJEACHUTENEH NPEIKPBUIKOB M MPOBEPKHU
MPOTUBOOOJIEIEHUTENE W OBITOBOrO OOOpPYIOBAHMS Ha 3€MJIE€ YCTAaHOBUTH B
IOJIOKEHUE «BBIKIIOYEHOY.

3) Boikimouarenb, pPacHoONIOKEHHBIM HA WIUTKE YHOPABICHHUS CTEHIIOM,
YCTAHOBUTH B ITOJIOKEHHE '3amyck | 1B.».

4) Ha maHenu »Heproysia NEpeKIoyYaresib BOJbTMETpPa YCTaHOBUTH B
nonoxenne «Cetp [».

5) Beikimtounts aBTOMaT A3CI'K-2 (Ne2) 3anuThl CUTHAIU3AIMN OTKIIOUCHUS
reHeparopa 1, mpu 3TOM TOPUT KpacHas JIaMIIOYKa CUTHAJIM3AIMU OTKIIOYEHUS
reHeparopa 1.

6) Bxotounts aBromaT A3CI'K-10 3amuTsl 1ienu ynpapiieHus reHepaTopom 1,
BiounTh A3CI'K-5 3amuts! nienu pesepBHoro nutanus (Ne§,11).

7) BblkitoyaTeneM, paclojoKEHHbIM Ha MaHEIW SHEepProysia, BKIIOYUTH
reHepaTop 1 Ha ceTb. Uepe3 HEKOTOPOE BpeMsl TEHEPATOP MOAKIIOUUTCS K ceTH I, o
YeM CBUJETEIbCTBYET HAJIWYUE HANPsHKEHUS W YacTOThl Ha  MpuOopax,
YCTAHOBJICHHBIX Ha TaHEJHM »HHEProysjia, M I[OracaHue KpaCHOW JIaMIIOYKH,
CUTHAJIM3UpYIOLEel 00 OTKIIIOUEHUHU TeHeparopa 1.
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8) Boikitounts aBToMaT A3CI'K-10 3amuThl 1ienu yrnpaBiieHHUs] TEHEPATOPOM
1, reHepaTop MOKEH MPOI0KATH padoTy.

9) BKiI10YMTh aHAJIOTMYHO TeHepaTopbl 2 U 3.
4.6. PaGora 0s10ka 3amuthl 1 ynpasjenusa B3Y-376CII
HcxomHOE cOCTOSsIHME - BKIIFOUEH reHepaTop 1.

1) Ilepexmtouarenb, pacloJOKEHHBIM Ha IIUTKE YIPaBJICHUS CTEHIOM,
YCTaHOBUThH B MOJOXEHHE «>HZ HOM.», 4TO MMUTUpPYET NOBBILIEHHE YACTOTHI 10
(420...428) T'u. Yepe3s HEKOTOpPHIA MPOMEXKYTOK BpPEMEHH, COOTBETCTBYIOIIMIA
BbIIEpKKe BpemeHH Onoka b3V, mpouszoiiner oTkiIOUeHHE TeHEpaTropa, O 4YeM
CUTHAJIM3UPYET 3aropaHue KpacHOM JaMiodku «OTKIIOYEeHHE TeHeparopa 1» Ha
MAHEJIU SHEProy3Jia, BOJIBTMETP U YACTOTOMEDP MOKAXKYT «0».

2) BepnyTb nepexitouarens B nosoxenue «Hz nom». Ha nanenu sHeproysina
BBIKJIFOUUTHh U BHOBBH BKJIIOUMTBH BBIKJIIOYATENb T'eHepaTtopa 1, Mpu 3TOM T€HEepaTop
BHOBb TOJKJIIOUUTCS K ceTU. JlamMmodka cUrHaiu3aluu OTKIIOUEeHHS TeHepatopa |
MOTACHET.

3) AHanOrM4YHO TNPOBEPUTH OTKIIOYEHUE TeHepaTopa | NpHU MOHUKEHUU
YacCTOThI, YCTAHOBHUB NEPEKIIIOYATEND B MOJNOKEHHE «<HZ HOM.»

4) AHanoruyHo 1.I. 1...3 MPOU3BECTU COOTBETCTBYIOIIYI0 MaHUMYJIAIUIO 110
OTKJIFOYEHHIO T€HEepaTopa | Mpu yBEIMYEHNH U YMEHBIIICHUN HATPSKCHUSL.

5) Jlns oTKIIIOUEHUsI TeHepaTopa MO CUTHATY KOPOTKOIO 3aMbIKaHUsI HaXaTb
kHONKY «K3 1 reH.», pacmoyIOKEHHYX0 Ha IIWTKE YIPaBIEHUS CTEHAOM, 4YTO
MMHUTHUPYET CHUTHAJ KOPOTKOro 3amblkaHus B cetn 208 B wiam B reHeparope.
[Ipousoiiger oTkItOUEHUE reHeparopa 1.

6) BBIKJIIOUNTH ¥ BHOBb BKJIFOUUTD BBIKJIFOYATEb reHepaTopa 1.
7) 3ameputhb TOK B (pa3ax renepatopa 1.

8) BrikitouaTenbs BKJIOYEHHsSI TreHepatropa | Ha CeTh YCTaHOBUTH B
nonoxxkenne «Bpikiny. TopuT KpacHas JlamMma CHUTHaJIU3AlMd — OTKJIIOUCHMUS
reHeparopa.

4.7. PaboTa aBTOMAaTa MEPEKIIOUCHUS IITUH

1) Brimtounts aBromat A3CI'K-2 3amuThl ynpaBiieHUs] TEPEKITOYEHUEM [IUH
HaBHUTaALIMOHHBIX MTOTPEOUTENEH.

2) Bxmouuts aBtomaT A33K-30 3ammThl TUTaHUS HABUTAIMOHHBIX
MoTpeOuTENCH.

3) WUcxoaHoe cocTosiHME - ecTh HanpsbkeHue B ceTsx I, 11, TI1.

4) Beixarouatesib Ha MaHEIW YIPaBJIEHUs CTEHJIOM YCTAaHOBUTH B MOJIOKEHUE
«Otki1. cetn».Ilpu 3TOM 3aropaetcst kenrtas Jiammnouka «HaBurarmoHHbIE IIUHBI OT
ceru Il1»

5) Beikmouarens «OTki. cetd [» yCTaHOBUTH B MOJOXKEHUE «BBIKILY.
Beikmtounte u  cHoBa BkIounTth A3CI'K-2  3ammThl  nenud — ynpaBiieHUs
nepeKIroyaTesieM IIMH HaBUTAIMOHHBIX MOTpeOuTeNel, Mpyu 3TOM HaBUTAIMOHHBIE
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IIMHBI MOJKIIIOYAKOTCS K ceTu |, moracHer nammnouka «HaBUranmoHHbIE IIMHBI OT
ceru III».

5. Conep:xanue oT4eTa

1) CtpykTypHas cxema KaHajla TeHEpUPOBaHUSI.

2) Yupouwennsie cxembl bBPH, BPY, B3V u kpatkoe onucanue ux padoThI.

3) BbIBOJIbI COTTIaCHO ITyHKTaM 3a/1aHu.

4) OTBETHI Ha KOHTPOJILHBIE BOIPOCHI

6. KoHTpoJIbHBIE BOIPOCHI

1) Bo3MoxHa nu aiuTenbHas paboTa TeHepaTopa IMpU HANpsSKEHWH Ha €ro
zaxkumax 190 B?

2) KakoBo Ha3zHaueHue cTadbmim3upyromiero rpancgopmaropa B bPH?

3) [Moyemy maruutnbie ycwiutenu B bPH u usmeputensusie nenu B bPY
MOJIy4aroT MUTaHUE OT MOABO30YyIUTENS TeHepaTopa?

4) Kakoit snement b3V npousBoguT aBapuitHOe OTKIIIOUEHUE IreHepaTopa U
YTO IIPH 3TOM OTKJIKOYAETCS?

5) Ha 4T0 BO3/1€HCTBYET UCIIOJIHUTENBHBIN OPraH peryasTopa 4acTOThI?

6) [Ipenycmotrpena nu coBmecTHasi paborta Tpex reHepatopoB ['T40IT4Y6 u
reHepaTopa nepeMeHHoro Toka BCY?

7) byaeTr nu mosiyd4ath NUTAaHWE LIMHA HABUTALIMOHHBIX MOTpPEOUTENECH MpH
OTKa3e reHepaTopos 1.
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