HazBanue pabGorel: MaremaTtuyeckoe  MOJAEIHUPOBAHUE  JBUTATENs
MOCTOSIHHOT'O TOKa HE3aBUCUMOTr0 BO30YKICHHUS .

Lenb pabothi: uccnenoBanue auHamuku JAIIT HB ¢ momomipio pa3nuyuHbIX
METO/I0B pelieHus Tu(QPepeHIIMaIbHbIX YPaBHEHUH.

KoHCTpyKTHBHOE HCTIO/THEHNE M (PU3HYECKUI NPUHIUI PA00ThI

['eomerpruueckas (yHKIMOHAIBHAS MOJENIb MAIIMHBI TIOCTOSHHOTO TOKa,
paboTaromiei B pexxume reHeparopa, npejacTaBieHa Ha puc. 1.

Puc. 1. 'eomempuueckasn ¢hynkyuonanvnas mooenb MauiuHvbl NOCMOSHHO20 MOKA

MaimmHa TMOCTOSIHHOTO TOKa, Kak Jro0as 3JeKTpuYecKkass MallliHa, UMEeeT
HEIMOABMKHYIO M BPAIIAIOU[YIOCS YaCTH.

HenonBwxHass YacTh MalIuHbBI, Ha3blBaeMass HMHAYKTOPOM, COCTOUT U3
NOJIFOCOB 1 M KpyrIJIoro CTajapHOTO sipMa, K KOTOPOMY MPUKPEIUIAIOTCS IMOTOCHI.
Ha3naueHuem mHOyKTOpa SBISIETCS CO3JaHHE B MAlIMHE OCHOBHOTO MAarHUTHOIO
MOTOKA.

Bpamatomasics 4actb MamigHbl COCTOUT M3 IIMJIMHIPUYECKOTO SKOpsA 2 U
KoJuiekTopa 3.  SIKOoph COCTOMT M3 CepACYHHMKa, HAOpaHHOTO U3 JIHCTOB
ANEKTPOTEXHUUECKOW CTalld, U OOMOTKH, YKpPEIJICHHON Ha CepJACYHUKE SKOPA.
KoHubl cexiuii 0OMOTKH COEJUHEHBI C H30JUPOBAHHBIMU OT Bajla MEIHBIMU
IJIaCTUHAMH KoJulekTopa. Ha KoJuiekTop HajeraroT HENOABUIKHBIE IWIETKHU 4, C
MIOMOIIBIO KOTOPBIX OOMOTKA SIKOPSI COEAMHSIETCS C BHEIIHEH LENblo, €clu
MallliHa paboTaeT TeHepaTopoM, WIM MOAKIIOYAIOTCA K HMCTOYHUKY INHTAHUS
MOCTOSIHHOTO TOKA, €CJIM pab0TaeT JBUTATEIIEM.

OCHOBHOW MAarHuTHBIII MOTOK B MAalIMHAX IOCTOSSHHOIO TOKa CO3/1aeTCs
OOMOTKON BO30YXXIEHHUs, KOTOpas pacloiO)KeHa Ha CEpACYHUKAX TOJIOCOB
Y MUTAETCA MOCTOSIHHBIM TOKOM.

MarHuTHbIi TOTOK MPOXOJUT OT ceBepHoro mnomtoca N depe3 sKopb
K FO)KHOMY TIOJTIIOCY S M OT HETO 4Yepe3 sIPMO CHOBA K CEBEPHOMY TOJIOCY.

B pexxume nBuratens MammHa paboTaeT, €clid K e 0OMOTKE SIKOPS TOJIBECTH
MOCTOSIHHBIM TOK OT BHEIIHETro MCTO4YHUKA. [Ipn 3TOM Ha MPOBOJHHUKUA OOMOTKHU
AKOpst OyIyT JEeWCTBOBATH OJICKTPOMArHUTHBIE CHibl F = Bli wu BO3HHKHET

onekTpoMarautHeii Moment M, =2F D. Ilpu nocrarounoit semuunne M,
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AKOpb MalllMHbl TPUIET BO BpalleHWE M OyJdeT pa3BUBaTh MEXaHUYECKYIO
MOIHOCTb. MoMeHT M & ©pu 3TOM ABIISI€TCS IBHXKYIIMM UM JEHCTBYET B
HaIPABJICHUU BpaLLCHUS.

B pexume aBuratens KOJJIEKTOP MpPEBpaIlaeT NOTPeOIsieMblid U3 BHEIIHEH
LENU MOCTOSTHHBIA TOK B OOMOTKE SIKOpSl B NEPEMEHHBIA TOK U pabOTaeT, TaKUM
00pa3oM, B KAUECTBE MEXaHMYECKOI'0 HHBEPTOPA TOKA.

[IpoBOJHUKN OOMOTKHM SIKOPSI JIBHraTeis TAaKXKe BpPAIAIOTCS B MarHUTHOM
noje, U MO3TOMY B OOMOTKE skops nsurarens unayktupyercs OJC E . B
nuratene OJIC sxops E, HampaBneHa mnpoTuB TokKa | M NPUIIOKEHHOrO

K 3akuMam sikopsi HanpspkeHust U . [lostomy DJIC sxops nBuraresnsi Ha3bIBaeTCs
IPOTUBOXJIEKTPOJBHKYILEH cHIION, poTuBO-D/C.

Marematuueckoe onucanue /AII'T HB

Cxema noaxmouenust JIIT HB x ucrounuky mnocrossHHoro Hampspkenus U

mpeacTaBJICHA HA pUC. 2
v,
U-1(t) E (M)/y (B)=c-i(t)

AN
N\

! 0
Mc(t)

N\

Puc. 2. Cxema nooknouenus J[IIT HB kK ucmounuxy nocmosiHH020 HanpsaiceHus

Cxewma 3amemenuns sikopHoi nieru JJIIT HB noka3ana Ha puc. 3.

S¢i0 Lne  Rus

U.l(t) EZ[B(t)=C'(0(t)

® ®

Puc. 3. Cxema 3amewenus sxopnou yenu JJIIT HB

IIpu cocraBnennn marematuueckor moaenu AIIT HB npumem cienyroniue
nonymeHust. Cunutaem, 4TO peaklus SIKOpS IMOJTHOCThIO CKOMIIEHCHpOBaHa (B
peansHoMm JIIIT Bcernma ectb KoMIIEHCAallMOHHAasE OOMOTKa JIMOO J00aBOYHBIC



M0JI0CA), TOTOK BO30Y)KIEHHSI MOCTOSIHEH, a AKTUBHOE CONPOTHBIIEHUE SIKOPHOU
LEMU HE U3MEHSIETCS] BO BpeMsl pabOThI JBUTATEIS.

3anumeM au@depeHMaIbHOEe YpaBHEHUE BJIEKTPUUYECKOr0 pPaBHOBECHUS
SIKOPHO¥ 1ienu nBurarens (puc. 3):

. di(t
U=Ry-i(t)+Ly -$+ E s (1),

rae Ry — cyMMapHOe aKTHBHOE CONPOTUBICHUE MOCIEIOBATEIbHO BKIKOUYCHHBIX
OOMOTKH KOsl M 100aBOYHBIX MOJIIOCOB B FOPSYEM COCTOSHHMU (IpU t=75°C); Ly,
— CyMMapHasi HHIyKTUBHOCTb AKOPHOH 1ieny; E; (t) — mpotuBo-2JIC aBHraTEms;

U -1(t) — HanpspkeHue, MPUIOKEHHOE K SKOPHO# 1enu; 1(t) — TOK SKOpHO# 1emnu.
VpaBHEHUE MEXaHHUCCKOTO PABHOBECHS JBHUTATEIIS

do(t
M(t) - M, =J s 'd—i),
rne M(t) — onexrpomarnmteeii moment JIIT HB; M. -1(t) — wmomeHt

COIMPOTHUBJICHUA HATI'PY3KH, ‘],HB — CyMMapHBIﬁ MOMCHT HMHCPIIHUH, HpHBeJIeHHBIfI K

Bajny asuratens; o(t) — CKOpoCTh ABUTATENS.
YuutsiBas, uto Egj(t)=c o) u M(t)=c-i(t (¢ — xoapduuuent DAC u

momenTa JIIT HB), 3anumem cucremy auddepeHuanbHbIX ypaBHEHHH:

: di(t
U :RHB.l(t)+LHB-$+C-m(t)

. do(t
C-i(t)—M.=J %
CIY B HOpManbHOU (hopme Kommu:
(di(t) 1 .
T:L—HB[U — R[LB |(t)—C(D(t)i|
do(t) 1 :
——=—"[C-i(t)-M
dt I, [ ]
CIY B MaTpu4HOM BHJIE:
Rw ¢ Yy
dii®) | | Le L |]i®) Lo
dt| o(t) c 0 o(t) M
Js Jis



R ¢
Ls LZ[B
A= — Marpuua Ko3(QQUUUEHTOB Mepell NEepPEeMEHHBIMU
C
— 0
Jis
COCTOSTHUS;
U
Lip . .
B= M — BeKTOp cBOOOAHBIX WwieHOB CJIY (BEKTOp BXOJHBIX BO3JICUCTBUIA);
__C
J 1B
i(t)
X(t) = ® — BEKTOP MEPEMEHHBIX COCTOSTHUS.
®

N3 nomyuennor wmaremarnueckon wmoxaenu JIIT HB BugHo, uytoO
IIEPEMEHHBIMU COCTOSIHUSL B HEM SIBJISIFOTCSI CKOPOCTh Bajla U TOK B SIKOPHOM LIEIIH.
OTH TIEPEMEHHBIE COCTOSIHUSI COOTBETCTBEHHO CBSi3aHbI C Maccoll Bajia U
WHJYKTUBHOCTBIO OOMOTKH SIKOPSI, TO €CTh C MEXaHHUYECKOW U IJICKTPUUYECKOM
WHEPUUOHHOCTSIMH JIBUTATEJIA.

Pemenne cucremnl q1uddepenuuanbubix ypasuenuin 11T HB
YHMCJEHHBIM MeTo0M Jiliiepa

B  xauectBe nmpumepa OyaeM paccMmaTpuBaTh  JIBUTATeNh  THIA
2ITB200LY XJI4.

— HOMHUHAaJIbHAA MOIHOCTE: Pu=15 kBrT;

— HOMMHaJIbHOE HanpsikeHue: Up=220 B;

— HOMHUHAJIbHOE 3HAYCHUE CKOPOCTH BpAIleHUS JIBUTATEIIS:

n —2360 20
MHH

— KIId: n=89,5%;

— CONPOTUBJIEHHE OOMOTKH KOs 1pu TemmnepaType 15°C:

Ros = 0,031 Om;

— COINPOTHBJICHHUE OOMOTKH JOMOJHUTCIBHBIX IOJIOCOB MPHU TEMIIEpaType
15°C: R, =0,02 Om;

— UHAYKTUBHOCTD JIBUTATEJIS LIlB =1,3mMmlH;

— MOMEHT WHEPIIUH JIBUTATEIIS: J B = 0,3 kr-M>.

3amaem mapameTpsl apuratens B MathCAD:
P=15000  no= 230 Foz = 0.031 1=1310"

A

3

I := 220 1 = 0295 Rdp =002 J=03



HomMmuHasHBI TOK:
P

In=——
In = 76.181
HomunaneHas yriosas 4acToTa BpaleHUs:

w1

a0

wo= 247130

AxTHBHOE COIIPOTUBJICHHUC 00OMOTKH SIKOPA B «TOpAYEM»» COCTOSAHUN:
R =1324(Foz + Rdp)

R =0062

KoadduimeHT cBsi3u nBuratesns:
U-Rln

w

C
L

c = 0271
CKOpOCTB NACAJIBHOI'O XOJIOCTOI'O XO/J4a.

wil = —
o

wil = 252672

HomuHanbHbIN 3JIEKTPOMarHuTHBIA MOMEHT:
Iie = c-In

Me = 66,33
HoMuBanLHBIIT MOMEHT:

Il = A0ADS

MOMEHT TpeHUs Ha BTy JBUTATEIIS:
AlIe = Me - Mn

Ale = 5636
Yucio Touek pacyera:
k = 0. 5000

[ITar pacuera:

h = 0.0001

Hynesbie HayanbHbBIE YCITOBHUSL:
|
[

[ R s I e

MOMEHT Harpy3Ku JBUTATENS:

Me(t) = |Me i t=03

0 othersise



Anroput™m MeTona Ounepa:
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Puc.4. Ilepexoonvie npoyeccor 6 JIIT HB npu pewenuu CIY memooom Diinepa
CocraBienne crpykrypHoii cxemsl AIIT HB

BepHémcs k nepBoHaYAIbHOM CUCTEME YPABHEHUUN ISl IBUTATEIIS
: di(t)
U= RI[B '|(t)+ LIIB T'FCO)(t)

dm(t)
dt

[Ipumenum k Hed mpsMoe mpeoOpa3zoBanue Jlammaca ¢ HyleBBIMHU
HAa4YaJIbHBIMU YCJIOBUSIMU:

{U(p)—R)j{B'I(p)+LﬂB' p-I(p)+C-co(p)

Ci(t) =M =3, -

c-1(p)—Mc(p)=Jy- p-o(p)

Crpynnupyem ciaraeMbie€ B IEPBOM ypaBHEHUU:
U(p): I(p)'(Rz[B + LIIB ’ p)+c-w(p)
c-1(p)—Mc(p)=Jy5-pP-o(p)



Jlist cocTaBlieHUs CTPYKTYPHOM CXEMBbI BBIPa)KaeM U3 OJJHOTO ONEPATOPHOIO
yYpaBHEHHUs] M300pa)k€HUE SKOPHOTO TOKAa, a W3 BTOPOrO0 — YIJIOBYIO YacTOTY
BpallleHUsl Bajla JABUIaTelNs, HPU 3TOM B TIOJYYEHHBIX YpPaBHEHUSX JOJIKHBI
(¢urypupoBath onepamuu aegaeHus Ha onepartop Jlamaca:

_U(p)-c-a(p) _ L , 1
I(p)= Ryt Ly P =[U(p)-c-o(p)] Rt Lo
_C 1P =Mc(P) _re 1oy M 1
\@(p) Iy [c-1(p)—Mc(p)] T p

HaunéMm cocraBiate crpykrypHyto cxemy IIT HB, HaunnHas ¢ mepBoro
YpaBHEHHMsI, B KOTOPOM MPUCYTCTBYET M300pa’KEHNE BXOITHOTO HAIPSHKEHUSI.

u(p) up-ov@| 2| '®)
R+L-p
c e
I/ICHOHBS}/H BTOPOC OCTAaBHICCCA YpaBHCHHUC [JIs1 CKOPOCTH, CTPOUM
OKOHYATEJIbHbIM BAPUAHT CTPYKTYPHOU CXEMBI.
up) | e 1] 10— MO N R
R+L-p C-p
©) Mc(p) [ ()
E(p)
C -

[Ipou3BOAMM HMMHUTAIIMOHHOE MOJIETUPOBAHUE TMOJYYEHHON CTPYKTYpPHOMU

cxembl B mporpammuoit cpeane MATLAB Simulink, wucmons3ys mapamerpsl
JBHTATEIISA, IPUHATHIE paHee pu MoaenupoBanuu B MathCAD.

viodel Browser *= | untitled
[%&) untitled ® |[*u|untitled
G}
] : spa I .
— 0.0013s+0.062 0.3 ——>
Constant Gain
Transfer Fon Transfer Fenl s
=)
' ~
u Scope l =RRCN X — Step
Gainl #{ 0.1
@1'- GainZ

MACIHTal Hp ¥ 0Lk
xoapduIEenHT !



Pe3ynpTaThl MMUTAMOHHOTO MOJEIMPOBAHMS MOJHOCTHIO COBHANAIOT C
pemeHreM auddepeHranbapx ypaBaenuii B cpene MathCAD, uto mo3BomsieT
YTBEPKJ1aTh O MPABUIIBHOCTU COCTABICHHON CTPYKTYPHOU CXEMBbI ABUTATEIIA.

HccnenoBanue cratuyeckux xapakrepucrux JAII'T HB

VYpaBHeHus cratuueckux xapakrepuctuk IIT HB mnomywarores wu3
UCXOIHBIX AU depeHInaIbHbIX

U =Ry -i(t)+ Ly -%+C-(D(t)
dm(t)
dt

mpn BpEMCHHU, CTPCMAIICMCAI K 0ECKOHEUYHOCTH t—)OO, TO €CTb, INPUPABHUBAA

Ci(t)—Mg =J -

IPOU3BOJHBIE K HYIIO dt —0:

U=Ry-i+C-o
M-M, =0

Otkyna cnemayer, 4TO B YCTAaHOBUBIIEMCS peXUME paldOThl JABUTATENS
JICKTPOMArHUTHBIH MOMEHT Oyzer paBeH MomeHty Harpysku M =M., a

YpPaBHCHHC CTaTUYECKOM BHGKTPOMGXaHHHGCKOﬁ XAPAKTCPUCTHUKHU

U-R,-Ii
o(i)=—2

Cratnyeckas MexaHUYecKass XapaKTepUCTHUKAa MOXKET ObITh MOJy4deHa W3
3JIEKTPOMEXaHHYECKOM MpH mocTanoBke i =M /C:

u R,;,-M
o(M)=—-— HB—Z.
C C
Pacuér ectectBeHHOl (mpu HOMUHaNBHBIX Mapamerpax [IIT) xapakrepuctuku
nsurarensa 2I116200LY XJ14:
U-RI
c
I=0.In
254
252
w(I) 250

248

246



YpaBHEHHUS] ~ CTAaTHYECKUX  DIIEKTPOMEXAHUYECKUX  XapaKTEPUCTUK  TpHU
pPEryJIMPOBAaHUU CKOPOCTH MYTEM U3MEHEHHUS COMTPOTUBIICHUS SIKOPHOM LIETH:

U-3RI U-10-E1
WD) = — 2 W) = ————
c c
260
240
w(l)
"‘-'IEI}T\E. ‘\"_
w2(D)
200
180
0 20 40 60 20
I

YPaBHeHI/IH CTaTUYCCKUX SJICKTPOMCXAHNYICCKHUX XaPaAKTCPUCTUK Ipu
PETYINPOBAHUUN CKOPOCTHU HYTéM HN3MCHCHUA HAIIPAKCHUA HKOpHOﬁ OCIIN:

_ 08U-EI Wa(T) = 0.6U-E-1I

c c

wi(I) :

100



YPaBHeHI/IH CTaTUYCCKHUX BHGKTpOMexaHI/I‘ICCKI/IX XapaKTepI/ICTI/IK HpI/I N3MCHCHUU
MAaromuTHOI'O IIOTOKaA.
U-EI U-EI
W :
0.8 c-0.6

wil) =
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