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AnHamunyeckas mogesnb POTOPHOU CUCTEMbI
LueHTpobexHoro HarHetartens INMA
C aKTUBHbIM MarHUTHbIM NO4BECOM

A.B. AHppunaHoB, 91.3. N'yzenb6aeB, 3.B. Cycnukos
(BA0 «HUNTYpBOoKOMNpeccop nm. B.B. LLUHenna», rpynna MMC)

PaccMOTpeHb! BOMpPOCh! AUMHAMUKU POTOPHBLIX CUCTEM LIEHTPOOEXHbLIX KOMIMPECCOPHbIX YCTAHOBOK C aKTUBHbLIM MarHUTHbIM 04BECOM
potopa (AMI). lNpuBeneHa meToanka onucaHusi AUHAMUYECKOW MOAEIN POTOPHOM CUCTEMbI LIeHTPObEXHbIX komrnpeccoposB ¢ AMII,

OCHOBaHHasi Ha npuMeHeHun npu pacyetax QyHkumi A.H. KpbiioBa n metoga HavyasibHbIX napameTpoB.
Knio4eBble cnoBa: HacTOTHbIE XapakTepuUCTUKU poTopa LIEeHTPOBEXHOro KOMpeccopa, akTUBHbIA MarHUTHbLIN MoABeC, ANHaMUKa

poTopa C akTUBHbIM MarHUTHbIM NMo4BECOM.

The Dynamic Model of the Rotor System Centrifugal Blower HPA with Active Magnetic Bearing

A.V. Andrianov, Ya.Z. Guzelbaev, A.V. Suslikov (CJSC «NIITURBOCOMPRESSOR», HMS Group)

Questions of dynamics of centrifugal compressor rotors with active magnetic bearings (AMB) are considered. The technique of the desc-
ription of dynamic model rotor systems of centrifugal compressors with AMB, based on application is resulted at calculations of functions

of A.N. Krylov and a method of initial parameters.

Keywords: frequency characteristics of a rotor of the centrifugal compressor, active magnetic bearings, dynamics of a rotor with

active magnetic bearings

LLinpokoe BHeOpeHue akTUBHbIX MarHUTHbIX MOALINII-
HukoB (AMI) B LEHTPOOEXHbIX HarHeTaTensax rasornepe-
kauymBawoLwmx arperatoB (IMA), 0cCOBEHHO AJ19 OTHOLUEHUIA
OaBneHuin m© > 3, cAepXMBAETCH HeOOCTATOYHON YCTOMuYM-
BOCTbIO cutTeMbl poTop—AMI, 4To B nNpouecce pabotsl MMA
BedeT K NMepuoavyeckMM MoBbILLEHNSM BuMOpauuii potopa
1 4aCTbIM aBapuiiHbIM OCTaHOBaMm arperara. HectabuibHast
paboTta AMI HarHeTatenen [TIA Bbi3blBaeT HepoBepue
notpedutenen Kk 6eamacnsHbIM LEHTPOOEXHbIM KOMMpeC-
copam, KoTopble B ycnoBusix Cesepa, 3anagHoint Cnbupu
1 MOPCKUX Nnatdopm ABMASIOTCA O4EHb NPUBEKaTENIbHbIMU.

PoTtop (To4yHee, poTopHas cuctema) LeHTPOOEXHbIX
KOMMPECCOPOB Kak 06bEKT CTabunmaaumm CMCTeMbl akTUB-
HbIX MarHUTHbIX MOALMMHUKOB C TOYKU 3PEHUA Teopumn
aBTOMATUYECKOro yrnpaBfieHUs SABNSETCA CTPYKTYPHO
HEYCTONYMBbIM, MHOIOCBA3HbLIM 06BbEKTOM. B CBA3M C aTUM
BOMPOCHLI 0GecrneyeHnsi yCTOMYMBOCTU 1 KayecTBa CTabu-
nn3aumm poTtopa npu co3pgaHum cuctembl AMI aengoTcs
rNaBHbIMU N OMNPenensiowmMMm KOHEYHOE KayecTBO LEeHT-
pobexHoro komnpeccopa ¢ AMIT.

Ina obecneyeHns ycToOM4MBOCTU U KavecTBa ctabunm-
3aumm AMI Heobxoamma rnybokasi TeopeTmyeckas npopa-
60Tka BOMPOCOB AMHaMuKW, Tpebyiolias npuMeHeHus
[OCTOBEPHbIX MaTeEMaTUYECKMX MOAENEA POTOPHOWN cucte-
Mbl, OQHOM M3 KOTOPbIX NOCBSLLLEHa JAaHHaa CTaTbs.

B ocHOBY onuncaHusi ouHaMU4YeCcKon MOLENN POTOPHOM
cucTeMsbl LEeHTPOobGeXHbIX komnpeccopos ¢ AMI B paHHOM
cTaTbe MNOJIOXEHblI NMOAXOAbl M MeToAbl MCCNenoBaHUS
OVHAMUKN YNPYrux pPOTOPHbIX CUCTEM, NPensioXeHHbIe
B.B. LLIHennom gns poTopoB C NOALUUMHUKAMW CKOJIBXEHUS
[1, 2], ocHOBaHHblE Ha NPUMEHEHUN NpU pacyeTax yHK-
umii A.H. KpbinoBa 1 metofa HavanbHbix napameTpos [3].

B pabotax B.B. LLUHenna npepnsioxeHo BpaluatesbHoe
OBWXEHME poTopa KoMnpeccopa paccMaTpmBaTb OTHOCU-
TeNbHO BpaLlalowenca BMecTe ¢ pOTOPOM CUCTEMbI KOOP-
nouHat. B aTtom cnyvae narnbHele konebaHus Bana OTHO-
CUTENbHO BpaLaloWencs CUCTEMbI KOOPAUHAT MOXHO
paccMatpuBaTb Kak nonepeyHble KonebaHus CTepXHS
(6ankun), NPMMEHUB XOPOLLIO pa3paboTaHHble TEOPUIO U
MeTOoAbl UCCNesoBaHUa U3rMbHbIX KonebaHuiA.

MeTopa HavanbHbIX napameTpoB [3] B maTpuyHon dop-
Me ABNSeTCs OOHUMM M3 BecbMa 9P@PEKTUBHbIX MPUEMOB
pacyeTa AMHaMUYeCKNX Hanps>keHn B ce4eHnsax Bana npu
NoBbIX COCPEAOTOYEHHbBIX MW pacnpeneneHHbiX rapMoHn-
yeckumx Harpyskax. OkoH4aTenbHO B peaynbraTe pacuyera
3TOT METO, NPUBOANUT K Pa3BEPHYTOMY BEKOBOMY ypaBHe-
HUIO, YTO AAeT BOSMOXHOCTb UCMOb30BaTb €ro A1 HaX0X-
OEeHUA BCeX COOCTBEHHbIX YACTOT (MW KPUTUHECKNX N3rnb-
HbiX 4acTOT) Bana. MTepaTMBHOCTb MeToAda Ha4asibHbIX
napameTpoB OKa3blBAETCS XOPOLLO NPUCNOCOBIEHHON Ans
NPOrpaMMUPOBaHNSA 1 BbINOJIHEHUSA BbIYUCIEHWIA.

Mpn co3paHnn pacyeTHON MOAENN POTOPHOM CUCTEMBbI
peasibHbIi POTOP LLEHTPOOEXHOro KOMMpPeccopa npeacras-
NAeTcs B BUAE MOAENM Bana, UMEIOLLEro CTyneH4aTylo KOH-
dburypaumio no guameTpy 1 pacrnpegeneHHyio Maccy oTaenb-
HbIX Y4aCTKOB, C MPUCOEANHEHHbIMU MaccamMu 1 MOMEHTaMu
MHEepLMN ONCKOB, YCTaHABIMBAEMbIX B CEYEHUSAX, COOTBET-
CTBYIOLMX 4YepTexy KOHCTPYKUMW peanbHOro poTtopa.
KonnyecTBo y4acTKOB pacyeTHOW Mogenn potopa npakTu-
YeCckM He OrpaHuMyYeHO M BAUSIET NUWb HA OJANTENbHOCTb
nocneaylLwwmx BblMUCIEHNn. PaguanbHble Onopbl MarHUT-
HOro nogBeca Y4YUTbIBAOTCA COOTBETCTBYIOLMMU CUNAMMU
peakumin, SBAAIOWNXCS PYHKUMAMMK (C yHEeTOM OuHamMuye-
CKMX HacTpOek KOHTYPOB perynmpoBaHus) npornbos Bana
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B CEYEHUsX, COOTBETCTBYIOLIMX MECTaM YCTaHOBKMW AaTyu-
KOB MOJIOXEHMA poTopa.

McxoaHbIMU JaHHBIMKW AN PaCYETOB ABMAOTCS AaHHbIE
yepTexen potopa U TPAHCMUCCUWU (OAMaMeTpbl, AJMHbI
OTAENbHbIX Y4AaCTKOB Basa, MacCbl M MOMEHTbI MHEPLMN
NPUCOEONHEHHbIX ANCKOB C OCEBbIMU KOOpAUHATaAMKN ceve-
HU UX YCTaHOBKW); OAaHHble, onpeaensemMble CBOCTBaMu
MaTepuasnoB d/IEMEHTOB KOHCTPYKLMMK (MOAYSb YNpyrocTu,
yOenbHas NIOTHOCTbL), @ TaKKe AaHHble 06 OCTATOYHbIX ANC-
GanaHcax NPUCOEANHEHHbIX MacC (SKCLEHTPUCUTETLI Macc).
PacuyeTHas mMopenb AOfXHA npeaycmMaTpvBaTb BO3MOX-
HOCTb y4yeTa COOTBETCTBYIOLUMX XapaKTepUCTUK TPaHCMUC-
cun n (Npu HeobXoAMMOCTIN) OKOHEYHbIX Y4acTKOB Bana
npuBoaa KOMNpeccopa, T.e. NO3BOMSATb OCYLLECTB/ATL pac-
YyeT XapakTepucTuK U3rnbHbIx konebaHuii POTOPHOM cucTe-
Mbl 0O6bEOUHEHHOro Bana (BasonpoBOA) YCTaHOBKW (Mpu-
BOA—My(hTa-KOMMNPECCOP) C YUCIOM paguanbHbiX Ornop
oonee OBYyX.
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Puc. 1. PacyetHasi Mogesib poroﬁuoﬁ cuctemsl HarHetartens HL-16

B kayecTtBe npumepa Ha puc. 1 npuBegeHa pacyeTHas
MOAeNb POTOPHOM cucTembl HarHeTaTens HLL-16 rasonepe-
kaymBatowero arperata [MTIA-16 «Bonra». MarHutHble ono-
pbl HarHeTaTens HLL-16 Ha pacyeTHOW mMopenu nokasaHbl
B BuOEe BeEKTOPOB cun RA, RB, sBnsiowmxcs GyHKUMSMA
OTKJIOHEHUI POTOPA OT LEHTPASIbHOrO MONOXEHUS Ve, Vi
JleBas onopa TpaHCMMCCUM NoKasaHa Ha pac4yeTHOM Moaenu
HEMOABVXHBIM LLIAPHUPOM, @ npasasi onopa — rnogBUKHbLIM.

CornacHo NMpuUHATOMY METOAY HayaNbHbIX NapamMeTpoB
B MaTpUYHOM popme ¢ ncnonbaoBaHnem GyHkumii A.H. Kpbi-
NoBa [J19 HEKOTOPOTO /-ro y4acTka ¢ NOCTOSAHHON N3rnbHoM

| 1 1
S(a; —T(q U(g
(al) ki (al) kiz E J,' (az) k,-3 E Ji
1 1
Va: y Tlay ===t
AGEAM STl o 19 B
1
EJkiU(a) EJkV(@) — S) - T@)
i
EJ,-k,-3T(a,-) EJ,.k,.ZU(a,-) kV (a;) S(a;)
2
k; =4 pbl".(;,-; a; =ki;

v, 0, M, Q — cOOTBETCTBEHHO NPOrub, yros noBopoTa, Uaru-
Galowmin MOMEHT 1 nepepesbiBaloLaa cuna B HavYaibHOM
(i) n koHe4HOM (i + 1) ceyeHusix; [, — pAvHa i-ro yyacrka
Basa, M; W, — Macca eouHWUUbl OJIVHbl i-ro yyacTka Bana
(noroHHas macca), kr/m; ® — cobCcTBeHHas 4YacToTa Bpa-
wenus, pag/c; EJ; — n3rmbHas XecTkoCTb i-ro y4acTka
Bana, Hwm? E - momynb ynpyroctu, H/m2, J; - oceBol
MOMEHT UHEPLIMN NMOMNEPEYHOro CEYEHUS i-ro yHacTka, M*);
S, T, U, V- ¢pyHkumm A.H. Kpbinosa:

S(a;) =%[cosh(a,-) + cos(a;)],
T(a;) =%[sinh(a,~) + sin(a;)],
U(a,) :%[cosh(a,-) —cos(a;)],

V(@)= lsinh(@) -sin(a,)].

KeappatHas matpuua MC(i, i + 1) B ypaBHeHun (1)
Ha3blBaeTCHA MaTPULEN XECTKOCTN i-ro y4acTka.

Mpn Hanuuum Ha paccmaTprvBaeMOM Yy4acTKe MpuUco-
©[VHEHHON Macchl m;.;, HaNnpumMep, B BUOE ANCKa C 3KBa-
TOpYanbHbIM MOMEHTOM MHEPLMK A, |, CBA3b MEXY Xapak-
TEPUCTMKaMKN Havyana 1 KoHLa yJyacTka 3anuiieTcs B BUae

5 - Vi =Mmm, A, YMCG,i+1)V;; 2)
xecTkocTbio EJ; n ¢ pacnpeneneHHon Maccol CTyneH4YaTo-
ro Basia, He MMeIoLLEero NPUCOEANHEHHbIX HArpy3oK, CBS3b 1 0 00
MEeXAy XapakTepuCTMKamMu Havana u KoHua ydacTka (Bek- 0 i B
Topamu coctosiiuia V;, Vi) umeet Bup, [3] roe Mm(m. ,,A. )= i
" L ( i+1 l+1) 0 _Ai+10)2 120
i)

Vier = MCGi, i+ 1)V, (1) Mawiiac pilil

y; Viut KBapgpaTtHaa matpuua Mm(m;.,, Air;) B ypaBHeHUn (2)

I+

0. g HasblBaeTCsH MaTpuULEn Macchl i-ro yyacrtka.
raeV; = MI s Vi = MH 5 [na nanbHenwero onucaHna pac4eTHorm Moaeny potopa

Ql QHI BBEAEM keaapaTHylo mMatpuuy M(i, i + 1) = Mm(my,, Ay )x

§ b xMC(i, i + 1).
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[MosiCHUM NpUMEHEHNe MeToAa HaYaNbHbIX NapamMeTpoB
Ha NpUMepe POTOPHOW CUCTEMbI, NPUBEAEHHON Ha puc. 1,
nonarasi, 4T0 B Ha4yasbHOM (JIEBOM) CE4YEHUN BaNONpPoOBOL,
onvpaeTcs Ha 6@3MOMEHTHbIN HeNOABUXHbIN LUAPHUP.

CornacHo MeToay HadanbHbIX NapamMeTpPoB CBA3b MEX-
Oy BEKTOpaMn COCTOSHUA OTAENbHbIX Y4aCTKOB Basionpo-
Boga, oT HavanbHoro (i = 0) po koHeyHoro (i = nk), onpe-
LEeNNTCSA CUCTEMO YPaBHEHUI
Vi =MQO,)Vy;
Vo=MU2)V,=M1,2)M©O,1)Vy=M(Q, 2)Vy;
Vu=MQO,nt)Vy; V,.. =MIQ,nt+1)Vy;

V, = M1, a)V,;
Vo =MI10,a+ 1)V, + MC(a,a+1)RA; (3)

V, = M10,b)V, + MC(a,b) RA;
Vyoy = M10,b+ 1)V, + MC(a,b+1)RA + MC(b,b+1)RB;

V., = M1O, nk)Vy + MC(a, nk)RA + MC(b, nk) RB.

roe nt, nk — HoMepa ce4YeHuii NpaBbiX KOHLLOB COOTBETCT-
BEHHO TPAHCMWUCCUWN 1 HarHeTaTens, HauMHasi OT Ha4aIbHOro
JIEBOrO KOHLIA -BANONPOBOAA; a, b — HOMepa CevyeHunin onop
HarHeTaTens, Ha4yMHas OT HayasbHOro NeBOro KOHUA Baso-
npoBoaa; k — Tekyllee 3Ha4eHne Homepa CedeHusl, HaumHas
OT HauasbHOro NeBoro koHua HarHetatensi; M1(0, nt + k) =
= M(nt, nt + k) Mch1 M(0, nt) — mogndunumpoBaHHas maTpu-
ua k-ro yyacrtka potopa HarHeTaTens;

10 0 0
=
Mchl:o (1) Ch: g — MarTpuua XecTkoCTh NoABUXKHOIO
Of (proBkny £ = 1

wapHupa; chl — yrnoeas »ecTKOCTb LLUapHUpa.
KpaeBble ycnoBusi ons paccMaTpvBaeMOW pPacyeTHOM
MOZENV BaNONpoOBOAa ONPeaensioTcs BeKTopamm

0 Yk 0 0
0 0 0
2 %0; V= o'k RA=) o | RB=| , |
Qo 0 ~CAy, ~CBy,

roe CA, CB — XeCcTKOCTU MarHUTHbIX OMNOP HarHeTaTens.
YunTbiBas Hynesble 3Ha4eHus koopawHart y,, My, M, ,
O,y U3 CUCTEMbI MATPUYHBIX ypaBHEHW (3) nonydum
CUCTEMY YeTbIPeX YPaBHEHU C YeTblpbMsi HEM3BECTHLIMU
00, Oy, RA, RB, koTopas B MaTpu4HON 3anncu MMeeT BUp,

MAV, =0, 4)

roe
MI0,0, Mi0,a)y;  CA? 0
_| M10,b)o3  MI10,b)o3 M(a,b)y; (o) |
M1, nk),, M10,nk),3 M(a,b),3 M(b,nk),; ’
M1(0, nk)3,] M1, nk)s 3 M(a,b)35 M(b, nk)3’3
0o
0
Va= ;
=l R4

PewweHne cuctembl ypaBHeHui (4) (Npu HepaBeHCTBEe
HYNIO KoopauHat cocTtosHus 0, O, RA, RB) cywecTByeT
TONBKO MPW PaBEHCTBE HY/IO onpeaennuTens matpuubl MA.
KopHW xapakTepuCTM4ecKoro ypaBHEHUS OnpenennTesns mar-
puubl MA paloT 3Ha4YeHUs KPUTUYECKMX YacTOT, @ COBMECT-
HOE pelleHne cuctem ypaBHeHu (3) n (4) no3BonsioT
nocTpouTb rpadurkm CoO6CTBEHHLIX GOPM O/ KPUTUHECKMX
4acTOT poTopa.
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Puc. 2. CobcTBeHHbIE popmMbl BasoripoBoaa HarHetaresnsi HL-16

Ons nnnioctpaumm Ha puc. 2 npueBeneHbl COOCTBEHHbIE
dopmbl BanonpoBoga HarHetatens HL-16 pns 3HaveHwni
xecTtkoctn onop CA = CB = 106 H/m.
Anpobaums npuBeOEHHOW MeTOAUKU MPUMEHEHUSN
MeTo4a HayanbHbIX NapamMeTpoB OAS POTOPHbIX CUCTEM
pPasnnYHOM CNOXHOCTM MO3BONSET cCAenatb cnepylowime
npeaBapuTesbHbIe BbIBOObI:
® METOAUKY MOXHO MOOEPHU3NPOBATb MPUMEHUTENBHO
K Pa3HbIM KOHCTPYKTUBHBIM PacYeTHbIM CXemMaw;

® pacyeTbl HA OCHOBE METOAA HavallbHblX NMapamMeTpoB
C ucnonb3oBaHmem ¢GyHkumii A.H. KpbinoBa nerko anro-
pPUTMN3NPOBATbL A9 BbldMcneHunin Ha MK, 4yto no3sonset
onpenensite BUGpaUMOHHbIE 1 NMPOYHOCTHbLIE XapakTepu-
CTUKM pOTOpa C AOCTAaTOYHOW CTEMEHbIO TOYHOCTU.

JanbHernwee onvcaHne AMHaMMYeCcKux CBOMCTB poTopa
Kak OobbekTa CUCTEMbl aBTOMATU4EeCKOM cTabunusauuu
NCNonb3yeT MNpuBEAEHHOE MaTemMaTuyeckoe onucaHue
MeToAa HayasibHbIX MapamMeTpoB MPY CReaylowmx OonyLe-
HUSAX:
® npeanonaraeTcs, 4To cMcTemMa ypaBHEHUN, onpenensio-

Las HavyanbHble YCII0BUSI BEKTOPOB COCTOSHUS OJ11 KpU-
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TUYECKUX HACTOT [CUCTEMBI YpaBHEHWA (4)], npumeHma
BO BCEM AManasoHe 4acToT;

® NpepnonaraeTcs, 4TO NpUBeAeHHbIe COOTHOLUEHWS NPU-
MEHUMblI He TONbKO ANA AENCTBUTENbHBLIX 3HAYEHUNA
XapakTeEPUCTUK OMOP MArHWUTHLIX MOALNNHUKOB (RA =
= —CAy,; RB=-CBy,;), HO 1 ona KOMNNEKCHbIX 3HAYEHWUIA,
Hanpumep, B BUAE

RA=(-CA+ joDA)y,.; RB=(-CA+ joDB)y,.,
roe j:\/—T.

C T04KM 3peHns obbekTa ctabunmnsaummn poTop LEHTPO-
HexHOro KomMnpeccopa npeacraenseT cobon 0ObLEKT MHO-
rOCBSI3HOIO PEerynMpoBaHus, T.e. CWUIOBOE BO3AEWCTBME
(ynpasnsioilee MaM BO3MYLLAIOUEE) NO OOHOW W3 NSATH
ocei cTabunusaunn NPUMBOAUT K M3MEHEHMUIO KOOpAWHAT
Nno BCEM OCSIM.

CTpyKkTypHas cxema poTopa Kak MHOMOCBSI3HOO 00bekTa
aBTOMAaTM4eckoin ctadbunmnsaummn AMI no paavanbHbIM KOH-
Typam cTabunusaunn npeactasneHa Ha puc. 3 (30eCb VY, Vi
— OTKNOHEHWs POTOpPa OT LEHTPasIbHbIX MOMIOXEHUA, N3me-
PAEMbIX B CEYEHWUSX OaTHMKOB MOJIOXKEHUS poTopa NEeBOWN
v npasoit onop; WRA(®), WRB(») — nepenatoyHble dyHK-
uMM poTopa MNpPsMbIX CBA3EW NPaBOA M NEBOW ONOP;
WRAb(w), WRBa(w) — nepepaToyHbie yHKUMKM poTOpa
NepeKpPecTHLIX CBA3EM NPaBOn 1 NEBOR ONop).

Puc. 3. CTpykTypHas cxema poTopa, kak obvekta crabumsaummn AMI

Onpepenvm nepefarodHblie GYHKUMW POTOpa Ha Npw-
Mepe AByXOnopHoro potopa ¢ AMI 6e3 TpaHcMmuccuw.
AnekTpoMarHuTHele cunbl onop RA, RB npuknapbiBaloTcs
B CEYEHUAX a U b, a OTKIOHEHUSI POTOPA Y, Ve U3MEps-

Ksxvy

Brok ynpaenenus AMIT

Puc. 4. CTpykTypHasi cxema cucTems! crabunusauynm,
peanuayioLuas ynpasneHne ¢ NepekpecTHbiMN CBA3IMU

CTpykTypHas cxema CUCTeMbl cTabunusauuun poTtopa,
COOTBETCTBYIOWAA YNPABNEHUIO C NEPEKPECTHBIMU CBA3SA-
MW, NpuBegeHa Ha puc. 4.

PaccmaTpuBas Bonpoc GOPMUPOBAHUA YNPABASAIOLLNX
curHanos gna crabunmusaumm potopa, HeobxoauMo MMETb
B BUAY HanMune oTpuuaTenbHOn xectkocTu B AMI, a nmeH-
HO: 3aBUCUMOCTb TAArOBOW CUAbl 3/IEKTPOMArHUToB OT U3Me-
HEeHUs 3a30pPOB NMpu cTabunnsaunn. Ha CTpyKTYpHOR cxeme
oTpuLaTesNibHan XECTKOCTb YYMUTLIBAETCH COCTABNSHIOLLIMMMN
Ky, v Ky, B curHanax ynpasnedus.

B obwem cnyvyae dopmMupoBaHue 3N1EKTPOMArHUTHBIX
cun peaxkumin 8 AMIT MOXET OCYLLIECTBAATLCH B BUAE Np4d-
MbIX U NEPEKPECTHbIX PYHKUWNIA yrpasneHus. B cBA3n ¢ 3Tum
npuMem

RA=[K; - CA(®) ]y + Cab() yp;
RB=[CBa(w)]Y + K5~ CB(0)] ¥4,

raoe CA(w), CB(w), CAb(w), CBa(w) - dyHKUMN ynpaBneHus
Nno NPsIMbIM W NEPEKPECTHBLIM CBA3SM; K; — KOaddUUMeHT
OTPULATENLHOW XECTKOCTU SNEKTPOMAarHuTa B HOMUHASb-
HOM pexunme ctabunusaunu.

MpuMeHnB MaTtemMaTuMyeckuii annapar MeToga Hayanb-
HbIX MAPaMeTPOB ANA CXeMbl HA pUC. 4, MNONYYUM CUCTEMY
ypaBHEHUA B BUAS MATPUYHOTO YPABHEHUS

I0TCS B CEeYeHMsIX ac U be. MAMB(o)Vfir(w) =0, )

Mpu dopmmpoBaHun koHTYypoB ctabunusaummn AMI : :
MOTYT MPUMEHATLCA ABa
ThNa ynpasnersnda: oaHo- CA((D) _ Kb CAb((D) 0 0 1 0
KOHTYpHOE ynpasfieHue CBa(w) CB(w)- K, 0 R 0 0 1
(ssirlmsi ngt_uf)mv? ITA:;prl: ¢ MAMB(@)=| 0 MO,ac,0)0  MO,ac, a)y, 0 0
cormypHoe ynoasneme | A T 1 M@k, o)y MObe,)y, Miabe)ys Mbbe)ysl
(MIMO Tmn — MU'tlple 0 0 M(O, nk)z’o M(O, ”k)Z,l M(a, nk)2’3 M(b, nk)2,3
Input Multiple Output). 0 0 MQ,nk)so  MQO,nk);,  M(a,nk)s5 M(b,nk);,
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yac
Vbe
Yo
)
RA()
RB(»)

Vir(o) =

B panbHenwem cuctema ypaBHeHuin (5) ncnonbdyertcs
[OJ19 @HaNM3a 4YaCTOTHbLIX XapaKTePUCTUK M NPOBEPKM YCTOM-
4YMBOCTU KOHTYpPOB cTabunusaumm AMII.

Mpun naBecTHbIx GyHKkumax ynpasneHns CA(w), CB(o),
Cab(w), CBa(w), ocywiectBuB penexHne Bektopa Vo)
Ha y,.(®) nnm Ha y,(w), Nocne peLleHns CUcTeMbl ypaBHEHWIA
(5) ¢ HOBbIMY BEKTOPAMW COCTOSIHWIA NMOJy4YMM COOTHOLLEHUS
[N pacyeTa 4aCTOTHbIX XapakTepUCTUK poTopa (POTOPHOM
cuctembl) WRA(w), WRB(w), WRAb(»), WRBa(w).

MpvBeaeHHas auHammuyeckast MoAesnb poTopa Kak MHOro-
CBSI3HOr0 0OBLEKTA CUCTEMbl CTabUIM3aLMmn NO3BONSET OCY-

1,5:10°
1,0-10°

510

JKecmiocmes, Him

10 10? 103 104
Yacmoma, ¢!
% a

@asza, paduan

=3 |
10 102 103 104

Yacmoma, ¢!

o

Puc. 5. AMnanTyaHO-4acToTHbIE (a) 1 ¢pa3oBo-4acToTHbIE (6)
XapakTepucTuku QyHkumi yrnpasneHuss AMII:
1 — nesas onopa; 2 — npasas onopa

153
S

mnaumyoa, 1b

10 ] 102 103 107
2 Yacmoma, pan/c
a

10 102 103 104
’-Iac'mmga, pa/c

Puc. 6. Jlorapugpmudeckme aMmnanTyaHO-4acToTHbIE (a)
v pa30BoO-4acTOTHbIE (6) XapakTepuCTUKu Pa3oMKHYTbIX
KOHTYpPOB cTabunu3aumm paavasbHbix kaHamsos AMII:

1 — neBas onopa; 2 — npasas onopa

I

2

Amnaumyoa

0 500 1000 1500 2000 2500 3000 3500 4000
Yacmoma, pan/c

Puc. 7. @yHKLMM 4YBCTBUTE/ILHOCTU 3aMKHYTbIX KOHTYPOB
crabunusaummn pagmasnbHbix kaHanos AMII:
1 — neBas onopa; 2 — npasas onopa

LLECTBNSATb PacyeThbl, CBA3AHHbIE C ANHAMUYECKUMN XapaKTe-
pUCTMKaMU POTOPHON CUCTEMBbI, YACTIEHHBIMU METOAAMM.

OTmeTUM, 4TO NpoLeaypa CUHTE3A HACTPOEK perynartopa
AMIT He MOXeT BbITb XecTko popmMann3oBaHa 1 npeanona-
raeT MHOroBapMaHTHOCTb KOHEYHOro peaynbTara, ycnex
KOTOPOro B 3HAYUTENbHOW CTENEeHn onpeaenseTca ksannbu-
Kaumen n onbIToM creumanncta, OCyLLLECTBAAIOLLEr0 CUHTES.

B kauectBe npumepa npuBeneHbl (B BUAE PaCHeTHbIX
XapakTepucTuk n rpadurkos) pesynbtaTbl OAHONO U3 BaApU-
aHTOB cuHTEe3a HacTtpoek AMI1 gna pacyeTHOW Cxembl
poTopa ¢ TpaHcMmuccuen. PacyeTbl OCyLeCcTBAEHbl C MOo-
MOLLbIO anropuTMOB 1 NporpamMm, paspaboTaHHbIx aBTopa-
Mu Ha 6a3e naketa MathCad 2000 PROFESSIONAL.

B pesynbTarte cuHTE3a perynsitopoB A1 OLHOKOHTYP-
HOro BapuaHTa ynpaBfieHUss B kKaHanax crtabunusauum
(SISO) onpepenenbl dyHkummn ynpasnenns CA(o) n CB(o).
YacToTHble XapakTepucTukm OYHKUMA ynpaBneHus (anim-
TyaHble — AYX 1 ¢aszosble — PYX), Pa3OMKHYTbIX KOHTYPOB
ctabunuaaumm AMI n GYHKUMA YYBCTBUTENBHOCTU NpuBe-
OeHbl Ha puc. 5-7.

Anpobaums oMHaMN4ecKon MOAENN B peasbHbIX POTOP-
HbIX cUCTEMaxX LEHTPOBEeXHbIx komnpeccopos ¢ AMIT noka-
3ana xopowyo paboTocnocobHOCTb NPEenJIOKEHHON MEeTO-
OVKM NpU pelleHnn 3aaq aHanuda AUHaAMUKU POTOPHbIX
CUCTEM W 3ajay CuHTEe3a HacTpoek cuctem AMII.
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