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NOMEXOYCTOMYMBOCTb A30CABUMAIOLLIMX YCTPOUCTB
C PASJIY4HBIM NMPUHUUIMNOM MNMOCTPOEHUA*

M.M. AyakuvH
r. YensbuHck, OYplry

PaccMaTpuBaloTCs NPUHIHUIBI MOCTpoeHusa ((asocapuraronmx yctpoiicts (DPCY)
PA3JIMYHBIX KJIACCOB, MPUMEHAEMBIX B CHCTEMAX MMITYJIbCHO-()A30BOr0 yNpaBJIEHU
BEeHTWIbHBIMH TipeoOpa3oBaresisiMu. IIpuBeneHbl cTpyKTypHbie cxembl DCY, Bpe-
MEHHbIE TUATPAMMbBI UX Pa0OThI, a TAKIKE CPABHUTEILHBII AHAIM3 UX MOMEXOYCTOM-
YUBOCTH NPH BO3AEMCTBUM FAPMOHHYECKOH MOMEXHM B IIMPOKOM YACTOTHOM JMAana-
30He Ha WHGOPMAIMOHHBII BXO yCTPOICTBA. Pe3yIbTaThl MoJIy4eHbl HA OCHOBE Ma-
TeMATHYEeCKOro Moaeuposanua B cpeae MatLab v6.5 + Simulink v5.0.

Ha npoMbIuIeHHBIX TPEANPUATUSIX IO TIPUYUHE
B3aMMHOTO BJIUSIHUSI BEHTWIbHBIX MpeoOpa3oBaTeneit
(BIT) yepe3 ceTb U BBICOKOTO YPOBHSI MIOMEX B KaHa-
Jax Tepenayu WHGpopMauuu HabI0gaeTcs JOCTaTOY-
HO BBICOKMI ITOTOK aBapUHBIX OTKIIIOYEHUI BJIEK-
TPONPUBOAOB M3-32 HU3KOU MOMEXOYCTOMYUBOCTHU
anemeHToB BII, B yacTHOCTH, (hazocaBUTAIOIINX YCT-
poiictB (PCY). IToaroMy B 00j1aCTX aBTOMATU3UPO-
BaHHOTO 3JIEKTPONPUBOAA OAHO W3 BEAYIIUX MECT
3aHUMaeT MpobjeMa MOMEXOYCTOMUYMBOCTU 3JIEMEH-
TOB CUCTEeMbI ynpaBieHus [1], T.e. CIOCOOHOCTD 3Jie-
MEHTOB cucTteMbl peryavupoBanusi BII mpaBuibHO me-
penaBatbh UH(pOPMALUIO, HECMOTPS Ha HAJIMYKE MTOMEX
Ha MX BXOJax.

AHanmu3 ypoBHSI OMeX Ha Pa3IMYHbIX MPOMBILI-
JIEHHBbIX 00beKkTax mokaszaj [2-3], uTo mjsi obecrieve-
HUS KaYeCTBEHHOTO (PYHKIIMOHUPOBAHUSI, CUCTEM
SJIEKTPOINPUBOAA  CHCTeMa  UMITYJIbCHO-(a30BOTro
ynpasieHus (CUDY) BeHTWILHBIMM Ipeobpa3oBare-
JISIMU JOJDKHBI COXPAHSITh CBOM HOMUHAJIbHBIE XapaK-
TEpUCTUKU B [AMAINAa30HE YacTOT CUTHAJIOB IOMEX
£=50...1200 Tu mpu 4y = Ay /Xy 0,1, 1€
A, - aMIUIMTy#a CUTHana rmoMmexu, a X, - Makcu-

MaJbHBI YPOBEHb BXOTHOTO WH(MOPMATUBHOTO CHI-

Hana ®CY. Haubonee ornacHbIMUA TTIOMEXaMH B CUCTe-
MaX MPOMBILIJIEHHOW aBTOMATWKHU SIBISIIOTCS TapMoO-
Huuyeckue [1-4], KoTopble MOTYT IMIPUBECTU:

» K IIapasuTHON HU3KOYACTOTHOM aMILUIMTYIHOM
MOAYJISILIMA BBIXOTHOTO CUTHAJIA CXEM YTPABJICHUS;

» [OCTOAHHO JEHCTBYIOLIEH Ieperpyske o
TOKY psila 3JIEMEHTOB CXeMbl, 0Opb0a C KOTOPBIMU
BechbMa 3aTpyaHUTeNbHA [4];

»  U3MEHEHUIO CTATMYECKUX M AMHAMUYECKUX
XapaKTepUCTUK OTIAECIbHBIX 3JIEMEHTOB U 3aMKHYTOU
CUCTEMBbI 2JIEKTPOINpUBOJA B LieJioM [1];

» U, B HEKOTOPLIX CIIydasiX, K MOJIHOI Hepabo-
TOCTIOCOOHOCTU CXEMBI YITPABIECHMUSI.

B cBs3u ¢ 3TUM akTyaibHa 3afaya CPaBHUTENIb-
HOTO aHajiu3a TMOMEXOYCTOMYMBOCTU  Pa3IMYHBIX
ki1accoB ®CY ¢ 1ieblo BEIOOpa ONTUMAIBHOTO Bapu-
aHTa, o0ecrneyrnBalolero Npu MpocToTe TEXHUYECKON
peanu3alvy BBICOKHME METPOJOTUYECKUE XapaKTepH-
CTUKU CUCTeMBbI ynipaBiaeHus BII.

J7s1 permieHusl TIOCTaBJICHHOW 3a4a4yu B KayecTBe
npumepa B cpene MatLab v6.5 + Simulink v5.0 Obuta
COCTaBJIeHa MaTeMaTh4yecKass MOJENb TUPUCTOPHOIO
peryJsiTopa nepeMeHHOro HampstKeHust (puc. 1).

B ee coctaB BXOmAT: WCTOYHUK Tpexdha3zHOro
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* Pabora BbInonmHeHa npy priHaHCoBOM roaaep:kke IIpaButebcTBa YensioMHCKoM 001acTH.
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Momexoycmoiivugocms hazocdeuzarujux ycmpolcme

C Pa3NnuYHbIM NPUHUUNOM NOCMPOeHUs

yrpasiaeHus: (2), 610K TupuctopoB (3), TpexdasHas
aKTMBHO-WHAYKTHMBHasl Harpyska (4), UICTOYHUK CUTI-
Hana 3agaHus (5), 00K (6), UMUTHUPYIOLIUIA CUTHAT
TMOMEXU CUHYCOUAATLHON (hOPMBI, a TAKXKE PErUCTPU-
pyolye npudophl.

brnok tupucropo (3) mnpencraBiasieT coboit
LIECTh BCTPEYHO-TAPA/UIETIbHO BKJIIOUEHHBIX TUPH-
cTopoB, ympabisieMbix CHDY (2), BBITOJTHEHHOM IO
MHOTOKaHaJIbHOMY CHMHXPOHHOMY INpuUHLUNY [5], rme
KaXIplil U3 ee KaHAJIOB CUHXPOHU3UPOBAH C COOTBET-
cTByIOLIEl (ha3oil HampsikeHUs ceTh. B cBoto ouepenb
CHUDY (2) cocTouT U3 YCTPOMCTBA CUHXPOHU3ALINH,
MpeIHa3HAaYeHHOTo Ul CHUHXPOHU3ALMU  CUCTEMbI
yrpasieHusl ¢ HampsckeHreMm cetr; @CY, obecneun-
Balolllero u3MeHeHue (asbl (yIjia) YIpaBIsIOLIEro
UMIyJabca B PYHKIMM CUTHaja 3agaHus (5) U pacnpe-
JEJIUTENSl UMITYJIBCOB YIIpaBJICHUS.

B maremaTtmueckoil momenu (puc. 1) npemy-

CMOTpEeHa BO3MOXHOCTh B 0jjoke CUDY (2) BbIOU-
path (azocaBUralolIre YCTPOWCTBA TpeX KJIIACCOB:
Pa30OMKHYTOTO C BBIOOPKOW MTHOBEHHBIX 3HAUYE€HUM
CHUTHaJa YIMpaBJIeHUs], MOJYYUBIIETO B JIUTEPATYPHBIX
ucrouHukax HazBaHue ®OCY ¢ «BepTUKATIbHBIM»
YIIpaBJIEHUEM, UHTETPUPYIOIIETO YHCIO-UMITYJIbCHOTO
C <«TOPU30OHTATbHBIM» YMPABIEHUEM U 3aMKHYTOTO
WHTETPUPYIOILIETO C CUHXPOHM3aLMENd CO CTOPOHBI
peneiitHoro sneMmeHTa PO [6-7]. CTpyKTypHBIE CXEMBI
U BpEMEHHbIe AUArpaMMbl CUTHAJIOB WCCIEAYyEeMbIX
YCTPOMCTB MpPUBEAECHBI B Ta0I. 1

®CY ¢ «BepTUKaJIbHBIM» yIpaBieHueM (Tabir. 1,
puc. 1) ¢ napameTpuyecKoil (He3aBUCSILIENH OT BXOMI-
HOro curHama) passeptkoil Yy (1) =X, -t/Ty, e
X, - ONOpHBI CUIHAJ, BKITIOYAET B ceOsl MHTErpaTop
N c nocrogHHol BpemeHu T, M peneiiHbIA 2J€MEHT
PB. Mpunuun paeiictBuss ®CY ocHoBaH Ha HeMo-

Tabnmua 1

CprKTyprIe CXeMbl 1 BpEMEHHbIE AMarpamMMbl CUrHaIo0B 06,7 Pa3NnYHbIX KNacCoB
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lMpeobOpa3oBaTenbHas TeXHUKA

CPEACTBEHHOM CpAaBHEHHM IapaMeTpHMYECKOH paz-
BEPTKH Y, (f) ¢ CHIHAIOM YOPaBICHHT Xy,

(1abn. 1, puc. 2). B MOMEHT BpeMEHH !, , COOTBETCT-

BylomeMy paseHCTBY Y, (f)=Xpzy, oopMupyercs
UMITYJBC YOpaBieHus THpHUcTopoM. CHHXpOHM3ALHS
CHUTHANA pasBepTkH Y, (f) ¢ HaIpAKEHHEM CETH TIPo-

HCXOAHUT B MOMEHTHI BpEMEHH [ =R - TO HMITYJIBCOM C

BBIXOHa ycTpoficTBa cuHXpoHm3auud (YC) (rabm. 1,
puc. 2 a), xoraa B uHTErparope M npoucxoaut ycra-
HOBKa HYJIEBHIX HAYaNBLHBIX yenouit (Tabmn. 1, puc. 1).
3nece: T, ~ nepuon cursana Yy, (), pasHbid mono-
BYHE IEpHOMa NHTAIOMEH ceTH; n=1,2,3... — nenoe
YUC/I0, COOTBETCTBYIOIIEE HOMEPY HHTepBajia Juc-
KPETH3aLMM.

HWnterpupytomee 4ucao-mmiyiscaoe ®CY ¢
«TOPU30HTANBHBIMY YIIpaBieHHeM (Tadil. 2, puc. 3 a)
BKItOYaeT B cebg mpeodpazoBaTens HAOPSKEHUS B
yactoTy mmmyiascoB ITHY, cymmupyrommii cueTduk
CT u normueckue smeMenTsl JI1, J12 Trua «2H».

ITHY (tabn. 1, puc. 3 ) BBHIIONHEH 1O CXeMe
HHTETpUpYIOIIero npeobpasoBarens ¢ YCTAaHOBKOM

HyNeBBIX HAYajJbHBIX YCJIOBWI B KaHale HWHTEIPHpO-
BaHWA ¥ 00JafaeT TOBBIIIEHHONW NOMEXOYCTOHIUBO-
CTBIO K CHIHANaM BHETIHHX IIOMEX €O CTOPOHBI MH-
dopMaMOHHOro BXOJa TO CPAaBHEHWIO C JIPYTHMH
TIHY [8].

B MOMeHT BpeMeHH Nepexofa HalpsSKeHHeM ce-
TH depe3 Hyneoil ypoBens CT «obHynsgerca» uM-
MyNHCOM MaJol HINTENBHOCTY C BBHIXOJ2 YCTPOHCTBA
cuaxpormzammy CUDV (tabn. 1, puc. 4 a), a 37eMeHT
J11 oTkphIBaeTCS CUTHAJIOM «1» ¢ MHBEPCHOTO BBIXOJA
0, crapurero paspaga CT. C nomomeio ITHY cur-
Hasl ynpaBneHus X gy OpeobpasyeTcs B MMITYJBCH C
gacToTolh f,, f5...f, (1abm. 1. puc. 4 B), nponopowuo-
HanbHO# Xgy (Tabm. 1, puc. 4 6). B caetumke CT
HaxarmmeaeTcs amcno N(7) (tabn. 1, puc. 4 r). Ilpn
nepexone crapmero paspsga CT B cocrosHEe
0,1 =0 norugeckmil smement JI1 3akpeiBaeTcs, u
cyer mpekpamaercd. OXHOBPEMEHHO CUTHAIOM
0,1 =1 c mpaMoro Bbixopa crapiuero paspaza CT
(tabn. 1, puc. 3) oTkpsiBaeTcs 3neMeHT JI2, m uM-
TIYJIBCHI C BBIXOAA reHepatopa (tabm. 1, puc. 4 n) mo-
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Ayokun M.M.

NMomexoycmouyueocme ghazocdguzaroujux ycmpolicma

C pa3fiuvyHbIM NPUHKUNOM NMOCMpPOeHUs

Oa0TCA Ha YOpaBASIOIMH Iepexon COOTReTCTRYOLIE-
ro U3 cWioBHX TpHcTopoB BII (Tabn. 1, puc. 4 €).
JUTITENBHOCTE OTKPHITOTO COCTOSIHMA TUPHCTO-

POB 3aBHCHT OT aMIUIMTYABl CUTHaNa Xg, (Tabn. 1,
puc. 4 ©6), oOIpenciAOWEr0 Yrojg yNpaRIeHHA
0y, Cy...0, (Tabi. 1, puc. 4 B).

3amxHyTOe MHTErpUpylowiee PCY ¢ cuaxponHu-
3aimeli O CTOPOHBI penelHoro snemMenta PO primon-
HEHO Ha OCHOBE aBTOK0Ne0aTelbHOrO pa3BepTHBAlO-
[iero npeobpa3oBarend, BKIIOYAIOMEro CyMMaTop X,
uHTerparop M ¢ mocroanHo# Bpemenu T, , penei-

Hbl 3nemMeHT PD ¢ GesrucTepe3nCHON  CHMMETpHY-
HOU OTHOCHTEILHO HyJI XapaKTepucTukoi (Tabm. 1,
puc. 5). Ilepepog ®CY B pexxuM BBIHYXIEHHBIX IIe-
PEKTIOUeHHH NPOH3BOMTCS OT reHeparopa IHIoo6-
passoro maupsxenus [TIH, dopmupyromero curaan
Benymei pa3BepThIBaoOLIeH hyHxIIHH
Y1) = X, t/Ty, , CHHXpOHM3HPOBaHHOTO C HATIPS-
xeHueM cetd (Tabn. 1, puc. 6 a-6), roe: X, — odop-
wei# cursan I'TH; T, — nocrosunas spemenu ['TIH,
opudeM Ty < Ty .

Benymasa passepTka Yj,(f) mpescraBifeT co-
00} pe3yabTaT MHTETPHPOBAHMA CYMMBI WMJIU PasHO-
CTH BBIXOIHOTO curHaja Y(f) ¥ BXogHoro BozaeicT-
BAS Xpy (rabm 1, puc. 6). MMmynsc ynpasieHus

tapucTopoM Ha Boxoge CUDY dopmupyerca B mo-
MEHT paBeHCTBa HapacTalomiero ¢poHra Bemymeit
Y, (¢) m cnapatomero ¢ponTa BeAOMOH Yy, (¢) pas-

BepTOK. CKBaXHOCTH ¥ = a1, /180 2. 2pad BEIXOAHBIX
mmiynscoB Y (7) (rabn. 1, puc. 6 B) (yron ynpasie-
HHA THPHCTOPOM 0Ly, 0l,...0L, ) OTIPEACTIAETCS BENAYU-
HOM CHI'HAlla yIpaBieHnd X gy .

IocnenoBaTeIbHOCTh IKCIIEPUMEHTAZ B Cpeme
MatLab v6.5 + Simulink v5.0 3axmouanack B ciie-

HYIOINEM:
1. Jlna Bcex tpex kiaccoB PCY wusmepsrcs

YTOIl YHpaBAeHHd O, IpH OTCYTCTBHM CHIHana IoMe-
XM Ha uX HrGOpMarmoHHbX BXomax. Ilpu 3toMm cur-
Hall ynpaBieHns Xpy BHIOWpANCS TakuM o6pasom,
9T06B YION O UIT HCCHeXyEMBIX YCTPOHCTB cocTa-
Bui1 90 311. rpan.

2. Hsmepsuics yron ympaBIGHHAA o , COOTBET-
CTBYIOHIEHA MaKCUMalibHOMY OTKJIOHEHUIO YITIa OT
3a0aHHOTO 3HAYEHHA Oy, NPH BO3NCHCTBUM HAa WH-
tdhopmammonnsiif Bxog OCY BMecTe ¢ monesHod co-
craBisiomel X, TApMOHHYECKOTO CHIHANA MOMEXH
X (t) Baacrorom mmarnasone 50-1200 I'n.

3. Ilysxr 2 3KcHepEMEHTa IIPOBONWICH IUIA
IBYX HOPMUPOBAHHHIX 3HaH9eHUH aMIIMTYAB! IOMEXH

Ay =011 4; =0,5.
Pe3ynbTaThl 9KCTIEpHMEHTA IPECTaBlicHb! B BH-
ae rpadukoB Ao=F(fy, Ay =0,1) u

Aa=F(fg, A; =0,5) (oM. pue.  2), Tnme
Ao = lao - Hl — abcomotHas omubka yrna ynpas-
JIeHUA B pe3ynbTaTe BO3JEHCTBHA CUTHANE MOMEXH
X (¢) cuacrorolt fi;.

IIpy MonenmupoBaHHY HadaieHas dactoTa [THU
Jo=Xy/2-b:Ty (rabn. 1, puc. 3 6) (pu HyjeBoM
BXOZHOM CHrHane) cocrasuna 25,6 xI'm, roe X, —

OTIOpHOE HalpsKEHWe, b — NOPOr HepeKIoueHus PJ;
T, — mocTosgHHAas BpeMeHHW HHTerpuposanus ITHY.

Jus 3aMkHyTOro muterpupyromero ®CVY ¢ cHHXpO-
nusanmeii co croponsl PO (tabin. 1, puc. 5) coortho-
IIEHHE MEXIY [OCTOSAHHLIMHU BPEMEHH HHTEIPHUPOBE-
wis Ty u Ty pasumnock mBYM (T, /Ty =2),
qro ofecrieduBaeT TOCTATOYHO BBICOKOE OBICTpOmEH-
CTBYE (MAIYIO HHEPUHOHHOCTE) YCTPOHCTBY.

XapaKTepHCTHUKY, ITOKa3aHHbE Ha PHC. 2, I10-
3BOJLAIOT CHENATh ClIeLYIOMHE BRIBOMBL:

1. Harerpupyiomme ¢azocnpuraiomine ycTpoi-
¢TBa, 1o cpaBHeHUIO ¢ PCY «BEPTHKAILHOTO» THIIA,
061a1ar0T MOBBIIIEHHOH IIOMEX0YCTOMIHBOCTHIO. Tak

mpu Ay =0,1 makcmManbHas abcomoTHas ouimbka
17 3

yrna ynpaBaeHus mia OCY ¢ «BepTHKAILHBIMY»
ynpaBieHHeM cocTaBipieT 18 3a. rpan., a Il UHTEr-
pHPYIOIUX — 6 3. Tpal. Lid YUCIO-HMIYJbCHOIO
@CVY u | an. rpag. s 3amxrytoro @CVY ¢ cyaxpo-
HU3apeH co cToporsl PO. DT0 BBIZBAHO CIEHYIONIH~
MK (axkTopaMH. B pa3oMKHYTOM HHTETPHPYIOLIIX
OCY curHan noMexu, BO3HCHCTBYIOIIWA Ha BXOI
CHCTEMbI, HOJBEpPraeTcd ONEpalldy JIBOHHOIO HHTEr-
pHupoBaHus. [1epBBIM KaHATIOM HHTETPUPOBAHUA ABIS-
erca ITHY, Bropeim — CT. B 3aMKHYTHIX HHTETPH-
pytommux @CV cHwkeHye OMMUOKH yIia YHPaBICHHUSA
Ac. nocruraercsa 3a cuer ofparHoi cBazu @CY u
HaJIW4Hs MHTErpaTopa B HPAMOM KAaHANE PEryJIHupoBa-
ma. B ©CVY ¢ BHIOOpKOH MIHOBEHHBIX 3Ha4€HHHA
CHTHAJIa YIpaBieHHA CHTHAJI [IOMEXH NOCTyHaeT He-
TIOCPEJCTBEHHO Ha BXoJ PO, CpaBHVBAACE ¢ CHTHANIOM
pasBepTkH Yy (1) .

2. Huzkag nomexoycrouusocts @CVY ¢ «sep-
THKATHHBIMY YIpaBlieHHeM 00BACHAETCH TakoKe TeM
00CTOATENLCTBOM, UTO TPH BBHICOKOM aMILTMTYIE H
IPOM3BOAHON CUrHana moMexu X ;(f), npesbllIar-
mel CKOpOCTh HapacTaHUs pasBepTkH Yy (f), Ha Bhl-
X0JI¢ YCTpOHCTBA BO3HUKAIOT JIOXKHBIE CpabaThiBaHUsA
P3, oprBonfmve K NOMONHUTENbHBIM cpabaThiBaHu-
aM (HopMUpOBaTeneil UMITyIbCOB. DTO HE TONBKO BBI-
3bIBAET CYILNECTBEHHBIM pocT Ac (cM. puc. 2 6), HO
MOXeT TOCTYXHTh M NPHYMHOM aBapuiiHoro cpada-
THIBaHHEA 3amuT BIL

3. s unterpupyiomux PCY abcomoTHas
omubKa AQ. YMEHBIIAETCH C POCTOM YacTOTHI [1OMe-
X#. DTOT (PaKTOp 324acTyr0 MO3BONAET MCKIIOUHTH Ha
vrdopmanmonHoM Bxone CHOVY nonosHuTeNbHBIX
GUIBETPOB 1719 MOJABJIEHUS BHICOKOYACTOTHBIX IOMEX,
yro xapaktepuo g BII ¢ @CY «sepTHKANLHOrO»
THIIA.
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lMpeobpa3soBaTernibHaa TeXHUKa

4. 3amkHyToe PCY ¢ CMHXpOHM3ALMEN CO CTO-
posbl PO (Tabm. 1, puc. 5) obmamaer HauboJee ITOBBI-
ILIEHHOM IMOMEXOYCTOMUYMBOCTbHIO, UYTO TOBOPUT O Lie-
J1ecO000pPa3HOCTU UCIOJIb30BaHUS JAHHOTO YCTPOMCTBA
Ha MPOMBIILIJIEHHBIX 00bEKTaX C BHICOKUM YPOBHEM
roMex B KaHajie nepenauu uHdopmauu. Kpome toro,
zaMkHyToe DPCY obecrieuyrBacT afamnTalyio yrjia
YIIpaBJIeHUsI TIO OTHOILLIEHUIO K YaCTOTE CETH, YTO He-
00XOIMMO B CUCTeMax YIpaBJIeHUs] ¢ UCTOUHUKAMU
MUTaHUSI OTPAHUYEHHON MOIITHOCTU, XapaKTepU3yto-
LLMXCS] HECTAlIMOHAPHOCTHIO MTapaMeTPOB CETH.
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Hynxun Makcyum MuxaiiioBud, acIpaHT Kadeaphbl IEKTPONPUBOAA 1 aBTOMATU3ALMK TIPOMBIIUICH-
HbIX ycraHoBoK KOYpI'Y. HaydHoe HampasieHue - a7ieMeHThbI M YCTPOICTBA CHCTEM YIIPABICHMST CHJIOBbI-

MM BEHTWIBHBIMU TIPE0OPa30BaTENISIMU.
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