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MATEMATHYECKOE MOAEJIUPORAHUE
AJEKTPOMATHUTHbBIX TPOWECCOB YJAPHOIO FTEHEPATOPA

A. B. JIOOC, T. A. CHIIAUJIOB

Ilpedcra6nena may+4HbLM CeMUMAPONM Kapedp 3aeKIpuvecKue MAUUHbL
u obuiell IneKTpoTexHUKU

TpysHOCTS, GU3UYECKOTO MOACNMDOBAHNT, CEA3AHHAA C HeoOX0 U~
MOCTBIO CO3aHug HOBOH MOAENH JINf Ka} ACio U3MeHEHHA IapaMeTpoB
MccaelyeMoro o0LeKTa, BBIIBUTAeT Ha Iepsoe MECTO METOL MaTeMaTHte-
CKOTOo MoJenupopaHud. MaTemMaTHueCcKOe MOASJHPOBAHUE OCHOBAHO Ha
UAEHTUYHOCTH MATEeMATHYECKOI'O OINCAHHS MPOUECCOBR B HCCAeAyeMOM
00LEKTe U ero MOJENMH.

IIpuMeHeHHe AHAJOIOBBIX BBIUMCJMTENBbHBIX MAIIVH [ MaTeMaTH-
YeCKOr0 MOMEJIHPOBAHNE IHO3BOJIAeT JIerKo PelllnTh MHOTHE 3aJa4H IKE-
IepHMEHTAJILHOTO HCCJe0BaHNA.

IIpn MaTeMaTHYeCKOM MOZEIUPOBAHMK yAapHOro reHeparopa B Ka-
YecTEE OPUIHHAJA CJAYKHUT MaTeMaTHYecKoe OIlucaHHe I1POLeccoB B pe-
aJgbHOll MalIude, I'71aBHAad TPYAHOCTH MATEeMaTUYECKOr0 MOJASNUPOBaAHUS
3JIEKTPOMArHUTHLIX IIPOLIECCOB TeHepaTopa ylAaphsod MOIHOCTH, KaK U
BCeX MAalIHH IIePEeMeHHOTO TOKa, ONPeIeNAeTCS 3aBUCHMOCTBIO KO3(pdhH-
1MEeHTOB B3aUMHON UHAYENWU OOBMOTOE orT BpeMemsi. Koadduiunenrs:
BRaUMEON MHAYKUMH o00GMGCGTOXK CTATOPa H POTOPA ABJIAITCS (PYHKIUSMU
YrIoz0oro MOJNOKEHUS PoToPa- JTO OIPEJeAET NOABJIeHUE NMEePEeMEeHHS5IX
Ko3®pUIHEeHTOB B AUM@PepesIMadbHbIX YPABHCHHUAX, OIMMCHIBAIOIHX
2JeKTPOMATHUTHBIE IIPOIeCChl YAaPHOTO TeHepaTopa.

MopenupoBaHHe yJapPHOTO I'eHepaTopa BO3MOMHO OCYUIeCTBUTE JABY-
MA crocobaMu

1) HemocpeacTBeHHOe HCINONL30BaHUE AUDGEepeHIHANLHbIX ypaBHe-
HUH, OHMMCHIBAIONIMX TIpOHecchl B peailbHBIX OOMOTKaX TeHepaTopa, IpPH
5TOM HAJHMYUe NePeMeHHBIX KOo3(P@HUHEHTOB TpedyeT BBeJAEHUS B Mare-
MaTHYECKYI0 MOZENb CIIeLiHaJIbHbIX CUYETHO-PellaioliiuX B3JeMeHTOB, YTO
3HAUYNUTEJIbHO YCJHOMHAET CXeMy pelleHLid. :

2) IIpeoGpazoparne muddepeHIHANRHBIX yPaBHEHUN 3JIEKTPOMATHUT-
HBIX IIPOLIECCOB TaKUM 00pasoM, YTOOLh! YMEHEBIIHMTHL HUCI0 IlePeMEeHHBIX
KO3(Q@HUIMEeHTOB UK BOOOIIEe OCBOGOAUTLCS OT HUX.

B sTOoM cayuae ynpouiaeTcsa cxXeMa pelleHHSd, OJHAKO EO3HMXAOT
TPYAHOCTH aHAJNHM3a IOJIydaeMbIXx pe3yJbTATOB, CBA3aHHBIE ¢ Ipeofpaso-
BaH}eM 3aBHCHMBIX II€EPEMEHHBIX.

Huxe paccmatpuBaerca IepBbid C€Iroco0 MOJEJIUPOBAHUA, T. K. OH
o0razaer OOMBINEH HATASNHOCTBLIO U VIOOCTBOM HCCJACTOBAHUSA,
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IIpu MogenupoBaHHM ObIJINM NPHHATH] CJAEXVION[Me TONYIICHHA:

1. AKTHBHBIE COIPOTHBJEHHA OOMOTOK HEUZMEHHBI.

2. IToTepu B CcTAJM OTCYTCTBYIOT.

3. KospduuueHrsl B3aUMHON HMHAYKIHH M CAMOMHAYKUUH OOMOTOK
He 3aBHCAT OT BeJHYHHBI TOKA.

4. CropocTtp BpallleHHUd TeHepaTopa IMOCTOSHHA.

Ipunsarele FonyleHUs MOTyT OBITL OnpaBJaHbl TeM, YTO B paccMar-
PHBAEMOM CJlydae BHISICHAETCS BJIMAHHE OT/JeJbHBIX ITapaMeTPOB 0OMOTOK
Ha OPOUCXOIATIUE MPOIlECChl NPU YCIOBUH IMOCTOSHCTBA BCeX NMPOYUX Ha-
PaMeTPOB. '

B npuHuume MOXHO OTKA3aThCA OT JOOOr0 M3 NPUHATHIX LOIyle-
HHil. OfHaKO 3T0 BeleT K VCAOMKHEHHNIO cXeMbI pellieHud. [loaroMy oTkas
'OT TAKHX HECYNIeCTBEHHBIX JONYIIEHUH, KaK HEIOCTOSHCTBO AKTUBHOIG
CONIPOTHRBJIEHISI 00MOTOK, BOOOIITe HelleJecooOpaseH. B pmanbHeHMIHX WHC-
CIeLOBaHUAX PalOTEHl YAAPHOI'O TeHepaTopa NPEeAIIoJaraeTcd VUYUTHIBATb
HACHIIEHUe MAarHuTHON IlenH U H3MeHeHHe CKOPOCTH BPAalleHUS.

IIpn mpuHATHIX BhHINIE TONYITEHHUAX KO3GPHIUEHTHI CAMOMHIYKIIHHT
-OOMOTOK IIOCTOSHHEI; KO3Q(PHUIIMEeHTHI B3aMMHON WHIYKIUM OOMOTOK cTa-
TOopa U POTOPa M3MEHSIOTCH H0 CHHYCOHIAJLHOMY 3aKOHY: B3aUMHas HH-
AYKTHUBHOCTh MEXKAY OOMOTKOIN BO3OyMJaeHUs U ZeMndepHoidl oO6MOTKOH
II0 IIPOJOJBHOH OCH NOCTOAHHA, BCIEJCTBHEe CUMMETPUHM pPOTOpPa OTCYT-
CTByeT B3aUMHas HHAYKTHBHOCTL MeKAY AeMIiepHoil 06MOTKOI B IoOIe-
PeyYHoi ocH ¥ OOMOTKaMM B IPOAOJBLHOIN OCH poTopa. Bce BeSIMUMHBLI IIPH
HCCIeOBAHUAX BLIPAMKAIOTCA B OTHOCUTEJILHBIX eJXMHUIAX.

YpagsHeHHs .paBHOBECHS 3. J. C. YAAPHOI0 reweparopa M MX pelieHHe

Y AapHEIH TeHepaTop MpejcTaBiseT coboit oXHOGMA3HBIH CHHXPOHHDIE
reHepaTop Tuma TypOoreHepaTtopa. I'eHepaTop uMeer MOUIHyIO JeMIdep-
HYIO CHCTe€MY IO NPOROIBLHOM 1 IOIEPedyHoil ocaM. DBHayale TeHepaTop
‘paboTaeT HA XOJOCTOM XOAY; B MOMEHT IPOXOMEHMd 5. J. C. TeHepaTopa
yepe3d HyJb NPOMCXOAMT BRJIOUEHUE rejeparopa Ha Harpysky. IIpu mep-
BOM NIPOXOXKIEHHUU TOKa TeHEPaTopa 4yepes HYJb TPOUCXOAUT OTKIIOUESHHS
TeHepaTopa. Ha puc. 1 noxasanbl pacnosioieste cEMOTOK CTATOpa M DO-
“TOpa TeHepaTopa, COOTBETCTBYIOIIee MOMEHTY BRJIIOUEHHI, U 0003HAaYeHUe
napaMeTpoB OOMOTOK, HATPY3KM M TOKOB B OOMOTKAX.

Hos Kaspoil u3 oOMOTOK Au(pepesnuaibHbie VPABHCHHAS paBHORE-
CHA 9. . C. MOXKHO 3aIIMCATL B CJeAYyIOIlen BHIE:
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O=(r, +ry ic 4t ;
‘ . d%x
UB =7rylp dr

. dbpy
O=rpa ipg+—7 (1

d’bD
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0= 7rpgipg + 5~ |

3HayeHHs IOTOKOCLEIJIGHHU 3aBHCET OT BIAMMHOIO DACIIONOKENMS 06-
MOTOK

Yo =ic (Lo -+ Ly )+iy Meosot +ipyMeoswt = ip Msinot.

by =i. Mcoswd+ i, L, + ipgM,

Ypg= fc Mcoswr+iy M4-ipsLpy.
Ypg = ic Msinwt +qu LDL]?.
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P mec. 1. Pacnosoxenne o6MOTOK cTaTopa ® poTOpa, COOTBETCTBYIOLIEE
MOMEHTY BKIIOUCHMSHA

IToacrasnas snavenus (2) B ypasrenus (1) u mpusoas ux x BHAY,
YROGHOMY JAJIA COCTABJIEHHS CTPYKTYPHOH CXEMEI, IOJy4YaeM yDABHeHHS '
JJEKTPOMArHUTHBIX IPOLECCOB YAAPHOTO I'eHepaTopa:

di; Fe +ry M / di, oM ) ‘
A T P S M e
M y a'l.l)d oM . .

— Zc T LH COSw 4t + L. +Tl']" sinwt - Ipg —
M . f dil)q (O)M t .
— e sinet - - coswt iy
Lo +1L, dt Lo+ Ly Pg



di, e 1 U M ; di, oM /o
Td_?_ — —L—; lp —{—z: 8 ——L:COSU) '—d—-t°+:51110) sl —
M dipg ]
Ly dt
P diDd ' Dd M d[B M d[c oM
dt Lpg D4~ I @ Iyt ar tp tinetie
(3
diDq Iy . M / di; oM '
*‘d—t—'z— La qu - ZE{} Sin ’[—1? ——[E COos wl - L. .

Ilonyuennas cucTeMma IJuddepesilMalLHLIX YPaBHEeHHH HMeeT 00Jb-
" II0e YHUCJO MepeMeHHBIX K03(pIHNHUEHTOB; MOITOMY AHAJUTHUYECKOEe HCCJle-
AoBaHHEe cuUCTeMbl (3) OOGBIYHBIMH MeTOAaMK §e3 JIOIOJHHUTEJIBHBIX YIIpO-
. IMeHUH NpaKTUYeCKH HeBO3MOKHO. IIpumenenHre aHanoroBoil BBIYHCIIM-
- TeJBHOU MANIMHBI JeJlaeT BO3MOJKHBIM pellernue 3Toil 3amady U IO3BOJA-
€T BBHIMOJHHTH GOJIBNIVIO ITPOTPAMMY MCCACAOBAHUI Mpu HeGONBLIUX B3a-
TpaTax BPeMeHH. :
Pemenne cHcTeMbl ypaBHeHHH (3) NpPOU3BOAUJIOCH H& aHAJOrOBOM
BeryucauTenbuolt mamube HIIT-5. CrpykTypHast cxeMa pelieHHUA NIpel-
craByiieHa Ha puc- 2. Cxema MoLeNMPoBaHHA KaKLEOro u3 puddepeHUalb-
. HBIX YpaBHEHWH cucreMsl (3) ofHHaKOBA.
[ HHTerpUpoBaHuA AUMPEPeHUMATbHBIX YPABHEHUIl ¢ NepeMeHHBbI-
.vu koadpdunmenramu B UIIT-5 npumendiorcs sjiekTpoMeXaHUYeCKHe 6J10-
KK MepeMeHHBIX K03GQ(UIMeHTOB, IIPOH3BOASUIHMEe YMHOMNEHHE 3aBHCUMOI
NnepeMEeHHOH Ha NepeMeHHBIH kKoadduiieHT. B cXeMe pelneHUs MCHOIL3Y-
~erca 10 OnoKOB NepeMeHHEIX KO2(P(MHUIKEHTOB, Ha KOTODPbIX OCYHIECTBJISH
Habop 3aBHCHMMOCTH B3aHMHOH MHIYKTHBHOCTU OGMOTOK OT VIJIOBOIO IIO-
JIOXKEHUA poTopa,
Ilo cocraBiieHHOH CTPYKTYDHOH CXeMe MOKHO HANMCAaTh XIS KaK-
JOro pewawilnero yCHJHTE s BLIPDA’KeHUe JJIA BBIXOZHOMO HAIPIANKEHNA: .

U, = _(ku‘Us+k12Ul-+k13U4+kuUn+ kysUso+ kif;U11+leUx5)-

1
U, =— P ky U, | -
Ay == (kg U4k Uy +kyUr kg U+ by, U ).
1
U4= - ‘ﬁkn U3:
U5=_k51 U2v
- U7=—k71U4,
Uy= — (ko U3+ ke Uy + kU, + ky U,
' Uw”‘_ —lp—kmUm ‘ 4 (4)
U= — (kU4 2U K Us,
1
' U12=— 7 kmUu- 7
U13= —kmUlo,
= km'sz;
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Puc. 2. CrpykrypHas cxeMa penIeHHS

e
U,. U,..,U;; — HanpsaxeHUs Ha BHIXOAe YCHAUTENIHA;

ki ko kis . . . — KO @UDHEHTHI Depelaul YCUIMTENe, B KOTO-
pbIX NepBas UM@Pa HHAEKCA COOTBETCTBYyEeT HoMepy 0Jl0Ka, BTopas — HO-

Mepy BXoja. ,
Paspemas cucreMy ypaBHeHuit 4) ormocureasno U,. U, U,,. U,.

TMOACTABIAA B IIOJyUeHHbie ypaBHenus Bmecto U, U, U,,, U, ux BbI-
pa)KeHus 4epe3 3aBHCHMEBIE IlepeMeHHble ¢ MacwiTadbl W npeobpaldys To-

Jy4YeHHble ypasHEeHHd K BUAY cHcTeMEHI (3), noimydyaeM:
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dic _ kakoky ke di o ke ke dipg
dt - Mt ¢ k41 A‘?{Eﬁ R Mt 'B klﬂl dt
{{”‘_?Vllfi'i P kokyg  dip, Karfezikis i
My P TRy de T M, by’
diB k41k3lk71 . Mi k41k32 k41k33 dic
— = — dy A e U e o - el (5)
dt My B M, M, B k., at
lfuk:aff P kj& ' dipg .
M, kyor 4t o
dipy o ioikoiKisy, ; ipikoe  diy  Kunkes  dic Ry K i
at M, bd ke dt Ky dt My ©
diDq__ kiorkyinkysy ; iﬁmkuz dic . kl‘llklal
dt M, Dy ks dt Me o 7
rhe
M, — macmra® BpeMeHH;
i i ipg  ipg
M; = — = B 28 71 macwrab TOKA ;
v, U, Uy Uy
UB
M, = [~ ~ MacwuTal HaupmMEHNs.
B

IIpupapnuBasi KoopdUIHEHTH ¥ HEM3BECTHEIX B cucTeMmax (3) u (5),
OpMHUMAR Ky = Kyy = ko =k =kqy=Kay = kl(_)l =kypy =Ky = ki =k =
= kig1 = 1, mosy4yaeM BbIpa’KeHHS AJS KO3(DOHUIMEeHTOB Iepejaydu y CyM-—

MHPYIOIIUX GIOKOE:

re +r M M, oM
kyy = My i kyy =—F—5— kni_‘i“*ﬁ"" ’
L.+L, L. +L, L.+ L,
Sty sy Lty sy s Oy ey sl
C H C H ¢ = Ly
" M; oM v Iy R . Mt M,
w=poaL, 0 BT Mors s ke= g
LM M, oM LM
38 IJH b 34 LB 3 15 LB
. TDd M M
k< :‘—“M - k‘. = R k(_; —_—,
)1 t LDd I 92 LDd 9: LDd
M; oM i M
hgg== k=M — s ko=, — .
Lpg ~’ Lp, L g
‘Ml oM
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NameHas paHuble KO3M@PUUUEHTE TOCPEACTEOM IOOYEPEeAHOro M3Me-
HeHHS COOTBETCTBYKIOIIMX MapamMeTpPOoB. ONPeAeNAIONIX 3TU KO3(pPUlleH-
ThI, MOXKHO MCCJIEIOBaTh paboTy yAapHOTO reHepartopa 1pd J0BIX 3HA-
YeHUSAX IapaMeTpoOB.

IIpuBezeHHas Ha PHC. 2 cXeMa TO3BOJISET HUCCHeLOBaTh TaKKe pabo-
Ty oAHO(pa3HOr0 CUHXPOHHOTO reHepaTopa 6e3 AeMIGepPHBIX 0OMOTOK MJIH
¢ gemudepHoil 06MOTKOH TOJNBKO IO OAHOI ocU. I1a sToro HeobxoZumo
OTKJIIOUUTH OT CXeMbl pellleHUd OJIOKH, MOJAeJMpyIolie AUGGepeHIHANDb-
HO€ ypaBHeHHUe IIPOIIeCCOB COOTBETCTBYIOILeil OOMOTKH.

Puc. 3. OcyuarorpaMma pelueHHs,

Ha pwe. 3 mpuBezeHa ocuumiorpaMma pelienua auddepeHIHAaNDb-
HBIX ypasHeHHIH (3) aasa cne,:l;ylom,ux iIapaMeTpoB reHeparopa B OTHOCHU-
‘TeJIBHBIX €IUHHIAX:

M=1.00; L. =105 L, —=1.1;
[‘[)q?:L[)Li: 103 I :———O.‘()OS; ry ;(),()()5,
f'}[)d:ff)q‘—:Oﬁ()OS.

SARKJIIOYEHHUE

MaremaTuuecKOe MOJENUPORAHME 3JEKTPOMATHUTHBIX IPOLECCOB
VAapHOTro reHepaTopa Ha OCHOBE pas3padoTadHOI MaTeMaTH4YecKol MOZEeNU
uMeeT ocoboe 3HAYEHHE, T. K. PACYETHOe HCCJAeNOBaHUe OOLIYHBIMHU MeTro-
AaMy IPAKTUYECKH HEBO3MOXKHO BBUJAY CHOMKHOCTA HUCXOAHOU CHCTEMLI
VYPaBHEHHIH.

PaspaboranHas mMaTeMaTHYeCKas MO/ejb dJEKTPGMAI'HMTHBIX IIPG-
LeCCOB YAAPHOTO reHepaToPa MO3BOJIHET NPOBECTH OOILIIYIO NPOrpaMMy
HCCNeOBAHUM, IIPH 3TOM s HEPEeXoJa K HOBbIM 3HAYCHHAM napamer-
POB HYMHO TOJBKO H3MEHHTb 3HAYCHHA BXCAHBIX CONPOTHBJIRHUI V GJIO-
xoB 1, 3, 9, 11 (puc, 2).



