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AHAIMN3 CUCTEM OUATHOCTUPOBAHUA HEUCINPABHOCTEM
HACOCHbIX ATPEFATOB

Pemenne 3aa4 TeXHUYECKON AMArHOCTUKHU TECHO CBS3aHO C MPOTHO3WPOBAHHUEM Ha-
NEKHOCTH Ha OMIKANIIMIA Tepruo/ SKCIUTyaTaluy (10 CIeAYIONIero TEXHUYECKOTO OCMOTPA).
Pemennst 0OBIYHO OCHOBBIBAIOTCS HA MOJAETSX OTKA30B.

BTopeiM BakHBIM HaIpaBlICHHEM TEXHHYECKOW TUArHOCTUKHU SBIISIETCS TEOPUs KOH-
TposiecriocooHocT. [1o KOHTPOJIECTTOCOOHOCTHIO TTOHUMAETCSI CBOMCTBO 00BEKTa obecreun-
BaTh JJOCTOBEPHYIO OLIEHKY €T0 TEXHUYECKOTO COCTOSHUS U paHHee OOHApyKeHHE HEHCIPaB-
HOCTeH 1 0TKa30B. KOHTponecnocoOHOCTh 0OeceunBaeTcsi KOHCTPYKLUEH 00beKTa U MpUHS-
TOU CHUCTEMOM TEXHUYECKOW THArHOCTHKH.

KpynHoii 3amadeii TeoOpun KOHTPOJIECITOCOOHOCTH SIBJIICTCS M3YyUYECHHE CPEICTB U Me-
TOJIOB TIOJyYEHHUs TUATHOCTHUYECKON MH(pOpManuu. B CIOXKHBIX TEXHUYECKHX CHCTEMaX HC-
MOJIb3YETCSl aBTOMATHU3UPOBAHHBIN KOHTPOJIb COCTOSIHUS, KOTOPBIM TpPEIyCMaTpUBaeTCsi 00-
paboTka quarHOCTHYECKOW MHGpopManuu u (HOPMHUPOBAHHE YIIPABISIONIMX CHUTHAJIOB. J[py-
TUMH HE MEHEee Ba)KHBIMH 3aJ]auaMU 3TOI TEOPUU SBISAIOTCS pa3paboTKa aNropuUTMOB IOMCKA
HEUCTPAaBHOCTEH, pa3paboTKa AUarHOCTUYECKUX TECTOB, MUHUMU3AIUS MPOIECCOB YCTAHOB-
JICHUSI TUArHO3A.

Ponp nmuarHocTHKy B ynpaBiIeHUH MPOLIECCOM 3aKIIOYAETCSl B YCTAaHOBJIEHUU T'PAHUI]
U YCIIOBHH, B KOTOPBIX JIOIyCKAaeTCs UM MIPOUCXOAMUIIO MPOTEKaHKe mpoiiecca, 0OHapYKEHUN
U MPOTHO3€E BHIXOJA MapaMeTpoOB Mpoliecca 3a yCTaHOBIEHHBIE TpaHuIlbl. K ponu auarHoctu-
KU TaKXKe OTHOCUTCSI YTOUHEHHE U U3MEHEHHUE TPaHMIl I10 Mepe MOTYUYSHHS TOTIOIHUTEbHON
uHpopManuu o mnpouecce. [[puMeHeHne TMarHOCTUKNA OCOOEHHO aKTyaJIbHO TIPH BBISBICHUU
U TMOCJIEAYIOIIEM YCTPaHEeHHH CPABHUTEIBHO PEIKUX, HO OMACHBIX HEUCIIPABHOCTEH, BBISB-
JSIOUINXCS B OKCIUTyaTallii HACOCHBIX arperaros.

3Ha4yMTeNbHOE YHCIIO 1e(DEKTOB HACOCHBIX arperaTtoB B Ipoliecce Ux paboThl COCTaB-
70T pouHOocTHBIE AedekThl. [To manasiM B.A. Kapacesa u A.b. Poiitmana [1], onu cocras-
astoT 6osee 60 %, npudyem Oosbliasi 4acTh U3 HUX CBA3aHa ¢ BUOpauuen. [loaromy ocobas
pOJIb B IMAarHOCTUKE MOJOOHBIX AePEKTOB MPUHAAICKHUT BUOPALIMOHHBIM MeToaaM. B oTiu-
YK€ OT MHOTUX APYTUX METOA0B ITUAarHOCTUKU BHOPOAMArHOCTHKA MO3BOJISIET HE TOJIBKO 00-
HApYXUTh HEUCIIPABHOCTh, HO M BBISBUThH €€ NMPUYHUHBI, HAIPUMEP TOBHINICHHBIC TUHAMUYC-
CKH€ Harpy3KH WM NepeMEeHHbIE HAPSKEHUSI.

OCHOBHOHM MOAXOJ K PEIICHUIO MOCTABJICHHBIX 33/Jad COCTOMT B cieayromeM. Mc-
MOJIE3Ysl YIPOIICHHBIE MAaTeMaTUYeCKUe MOJENH KoJeOaHul B JUHAMHYECKHX CHUCTEMax U
MIMPOKHE IKCIIEPHUMEHTAIbHBIC MCCIIEIOBAaHUS €AMHUYHBIX O00BEKTOB, MOTYYarOT WHpOpMa-
IIUIO0 O AMAarHOCTUYECKUX MpU3HAKaX, HAlpUMep, OMacHbIX KojebaHusax. Ha ee ocHoBe olle-
HUBAIOT COCTOSTHUE BCETO MapKa dKCILTyaTUpyeMbIX MamuH. Kpome Toro, uCnomnb3ys cTatu-
CTHKY JUTSI TIapKa MAIUH U Pe3yJIbTaThl UX TUATHOCTHPOBAHUS, TPOBOISIT KOPPEKIIUIO MOJIe-
Jeil uccieayeMoil CUCTEMbl, TapaMeTPOB €€ COCTOSHUN U UX JTUAarHOCTUYECKUX MPU3HAKOB,
T. €. peain3ytoT 0OpaTHYIO CBSI3b HA OCHOBE TMAarHOCTHUPOBAHUS MapKa MallluH.

Ha npaktuke nHaubonee pacmpocTpaHeH MPHOIMKEHHBIM METOJ OmpeAeNeHus] ocTa-
TOYHOT'0 pecypca, KOIJla COCTOSHUE HACOCHOTO arperara onpeesiercs AeTepMUHUPOBAaHHbBI-
MU ITapaMeTpaMu.

[Ipeanonoxxum, uTto paboTa arperata OmMpeaeiseTcss MHOTOMEpPHOH (yHKIHMEH BUIa
F(x;, x3, x3 .... X,) 1 5Ta QYyHKUUS KOHTPOJIUPYETCS Ha OTPE3KEe BPEMEHU HOPMAaJbHOM JKC-



ryaramuu ot 0 110 ¢, (obmacte T,).

Torna 3HaueHus 3Toi GYyHKIMU B OTACIbHBIC MOMEHTBI BpEMEHU OyayT
F(ty), F(t)), F(t5), .... F(t,).

3amaya MPOrHO3UPOBAHMS 3aKIIOYAETCS B TOM, YTOOBI, 3HAas 3HAa4eHUs (DYHKIUH B
IPOLUIOM U HacTosieM (#; € T,), Ipeacka3ath 3HaueHus: (GyHKUUHU B Oy Iyllie€ MOMEHTHI Bpe-
MEHHU, T. €. ONpenenuTsb F(t, 1), F(t, -2), ... F(ty ).

TAe t,— €t > t, (00macts 15).

3Has MpeJeNIbHO JIONMyCTUMBbIE 3HAYEHMsI pacCMaTPUBAEMBIX IApaMeTPOB U (PYyHKIMH
pacnpenenenus f(t,,), MOXKHO ONPENEIUTb OCTATOYHBII pecypc yCTpoicTBa.

3anaua obsieruaercs, eciu F(¢) - neTepMUHUPOBaHHAS (PYHKIIHUS.
1. Ecnin 3aKOH M3MEHEHUs XapaKTEpHOIo IapaMeTpa BO BpEMEHU UMeEET BuJ [2]

F(t) = F(ty) e (1)
rae F(ty) - napameTp, U3MEPEHHBII B HaYaIbHBIII MOMEHT BpeMeHH IipH ¢ = 0;

C - mocTostTHHAS BCJIIMYMHA, XapaKTepHad OJId ,HaHHOfI MAaIIHuHBEI.

Kak 1mokasbpIBaeT OnbIT OKCIUTyaTalluu, 9TOMY 3aKOHY COOTBCTCTBYIOT BI/I6paI_II/I$I arpe-

raTta, KaBUTallMOHHBIN U3HOC IIPOTOYHOM YacTH, TEMIIepaTypa MOAMSTHUKA U 1.
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2. Ecniu 3aK0OH M3MEHEHHUST XapaKTepHOT o IlapameTpa
Ft)=al" +b

[TonoOHBIN 3aKOH XapakTepeH NMpu u3MeHeHuu oO0bemMHoro KIIJI oTmenbHBIX y3710B
HAaCOCOB.

[Ipu ¢ = 0 mapametp F'(ty) = b.

[Tapametp F(¢) npu NpeaeabHOM BPEMEHH tyy = t + tycn IPUMET 3HAUCHHE

F(ty) = F(t + toem) = a (t +toew)" + b
Pa3HocTh 3HAUCHUIT TapaMeTpa B MOMEHTBI BPEMEHU £ U (1 + tyem)
F@#)-b=al" u  F(ty) -b=a(t+ tem)

[IpomorapudmupoBaB 3T BeIpAKEHHUS U UCKITIOUNB KOYPDHUIIUEHT @, MTOTYyUYUM

1g[F(n-b]-1g|F ()~ b|=nlgt-nlg(t +1,,,)

OTKyJa

Jist TMarHoCTUPOBAHMS TAK)KE UCTOJIB3YIOT CTATUCTUIECCKHE METOJIbI PACTIO3HABAHUS
- MeToJ1 baifeca, MeTo/1 TOCIIEI0BATEILHOTO aHANIN3a, PEITIOKEeHHbIH Banbaom [3] u npyrue.

Pemenue O6IJ.I€I>'I 3aia4u OUArHOCTUKH CKJIIAABIBACTCA M3 IMOI3TAIIHOTO PCHICHUSA HC-
CKOJIbKHX 3aJ1ay 0oJiee HU3KOTo YpoBHs (puc. 1).

copmupoBaHue npoBepka 00bEKTOB
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e COCTOAHUNA (komnnekca chopmupoBaHue 7 06b£KTOB
AuarHoctupyemMoro AUarHOCTUYEeCKUX pelanLwmx
yana MpU3HAKOB) npasun
atan | aran |l atan I aran IV gran V
N
V3 v h 4 v
K Ooppe«kuwus
HOBble onpeaeneHue onpeaeneHue
cBefdeHusA achpekTMBHOCTH obbema
0 aedhekTe aopaboTok JopaboTtok

Puc. 1. CtpykTypHasi cxeMa penieHus 3a1a4 JMArHOCTHKH

s obocHoBaHMSI BbIOOpA JMAarHOCTUYECKUX IMAapaMEeTPOB B KaXKJIOM KOHKPETHOM



cilyyae HeOOXOIHUMBbI SKCIIEpUMEHTANIbHbBIE UCCIIeI0BaHUSI OOBEKTOB B pabouyeM U HEHCHpaB-
HOM cocTosiHUSIX. [Ipu 3TOM cremyeT yuyuThiBaTh CIEAYIONINE JIBa OOCTOATEIbCTBA: Ne(EKThI
OOBIYHO XapaKTEPU3YIOTCSI KOMIJICKCOM TUArHOCTUYECKUX MapaMeTpOB; YAaCTOTHI KoueOaHun
BpAIAIOIIUXCS JAeTaleld MalliH MOTYT HE COBIMAJAaTh C YacTOTaMH KOJeOaHW KOpITyCHBIX
JeTaneH, sIBISIFOIIMXCSl CUTHATaMU, HECYIIMMU AUarHOCTUYECKYI0 NH(POPMAIHIO.

KoMmmiekCHbIM TUarHOCTHUECKUM CUTHAJIOM, PECTABISIONMIUM OO0 COBOKYITHOCTD
AJTUTUBHBIX U MYJBTHILUTUKATUBHBIX KOMOMHAIIMI CIOXKHBIX, cIa0BIX U CHIBHBIX «3JIEMEH-
TapHBIX» JUArHOCTHYECKHX CHTHAJIOB, BO30Y)KIAeMBIX Pa3UYHBIMA MCTOUYHUKAMH KoyeOa-
HUMH, SBIAIOTCS BUOpaIMK MallllH, pacCMaTpUBaeMble IPU TUArHOCTUUYECKUX MCCIIET0BAaHUAX
B IIMPOKOM JMANa3oHe YacTOT W aMImuTyd. [Ipu 3TOM 4YacTOTHBIM cocTaB OONBIIMHCTBA
«3JIEMEHTApPHBIX» CUTHAJIOB MOXKET 3HAUUTEIHLHO U3MEHATHCS AK€ HAa YCTAaHOBUBIIMXCS pe-
KHUMax pabOThl MAIITMHEI.

Jlis KOHTpOJsl W YNpaBieHHUs HACOCAMHM BO3MOXKHO HCIIOJIb30BAHHE KOMIUIEKCHBIX
CUCTEM, IIUPOKO MPUMEHSIEMbIX JIJISl PELICHUS 3a]a4 aBTOMATHUKU U TEJIEMEXaHUKU BO MHO-
rux crpanax mupa (npousBozactsa Grundfos Electronics, UMA Engineering, PEP, Siemens u
Ip.).

KommuiekcHast cucteMa KOHTPOJISA U yIpaBJeHHs 00ecIeynBaeT:

— OIEpaTHBHOE YIIPABICHHE U KOHTPOJIb BHIOPAHHOTO O0BEKTA B PEKUME PEaIbHOTO BpeMe-
HU;

— cbeM, pUKCcalMIo U Nepeiady mapaMeTpoB JIIOObIX 0ObEKTOB B 3a/IaHHOE BPEMS UJTU B OTle-
PaTHBHOM PEXUME;

— THOKOE MPOTpaMMHUPOBAHHUE aBTOMATHUYECKOTO PEKHMMa padOThl OOBEKTOB, B TOM YHCIIE
ONTUMHU3ALHS PAOOTHI CKBAKUH;

— MPOTpaMMHPOBAHUE PEKUMOB PaOOTHI JTFOOOTO HACOCA, B 3aBUCUMOCTH OT YCJIOBHH yCTa-
HOBKH, U3 TUCIIETYEPCKOM.

JlMarHoCTHpPOBAaHUE HACOCHBIX arperaToB B MPOLECCE KCIUTyaTallMd MPOU3BOMAST I10
CJICZYIOIIM OCHOBHBIM M BCTIOMOT'aTEIbHBIM MapaMeTpaM:

- KIT[1, onpenensieMoMy B NPEANOI0KUTENBHON 3aBUCUMOCTH 1ojiadyn () OT mepenaaa
naBjieHus i Ha pacxojgomepe mo ¢popmyie Q =k h", n <1,

- aMIUIATY]IE MyJIbCALMH JaBJICHUH B MATUCTPAIBLHBIX TPYOOIPOBOAAX;

- COTIPOTUBJICHUSIM HA yYacTKaX THIPOJIMHUIM;

- YPOBHIO IITyMa ¥ BUOpanusAM y3JI0B arperara;

- BPO3MOHHBIM U JPYTUM H3HOCAM pabOYMX M KOPIYCHBIX JeTallei;

- MOILHOCTH arperara 1 ee KojiebaHusm;

- TemnepaType pabodux y3IoB.

[Ipn 5TOM MpHUHATHIE MAapaMeTPHl TODKHBI HanOoJiee MOJTHO OTBEYaTh TEXHUYECKOMY
COCTOSIHHIO arperaTa, pearupoBaTh Ha HEHCIPABHOCTH Y3JIOB U MO3BOJIATH BBISBIATH 3TH He-
UCTIPaBHOCTH, 10 BO3MOXKHOCTH, 0€3 pa300pKH U OCTAHOBOK MAILIUHBI, T. €. «HA XOAY».

PeMoHTHpYEMBIE O0BEKTHI, K YUCITY KOTOPHIX OTHOCHTCSI OOJBITMHCTBO HACOCHBIX ar-
peraroB, XapakTEpPH3YIOTCS HAJIMYHEM TPEX OCHOBHBIX TEXHOJOTMYECKUX IPOIECCOB; M3T0-
TOBJICHUEM, SKCIUTyaTalllell, BOCCTAaHOBICHHEM. B mepBoM u mocieanem mporeccax Gopmy-
JHMPYIOTCS HAavyaJbHBIE COCTOSHUS OCHOBHBIX Y3JIOB M CONPSKEHUHU, KOTOPHIE B COBOKYTHOCTH
OTIPENIENIAIOT TEXHHUYECKUI Pecypc HACOCHBIX arperatoB. X XapakTepUCTHKH, HEMOCPEICT-
BEHHO OIpeAeIsIonIre paboTocrocoOHOCTh arperaTa, MPUHATO Ha3bIBaTh CTPYKTYPHBIMH Ta-
paMeTpaMH TEXHHYECKOTO COCTOsIHUS. Bo BpeMms sKcrutyaranmu, moJ| BIMSHHEM OOJIBIIOTO
YucIa BHEIIHUX BO3JCHCTBUH, KOTOPBHIE ONMPEIENSIOT XapaKTePUCTUKH peXuMa paboThl Ha-
COCHBIX arperatoB M CBOHCTBAa OTKAYWBAEMOW KHIKOCTH, 3HAYCHHUSI CTPYKTYPHBIX MapaMeT-



POB U3MEHSIOTCS OT HOMHHAJIBHBIX /10 IPEJEIIbHBIX BEIMYMH, 00YCIaBIUBAIOIINX HACTyILIe-
HHUE (QyHKIIMOHAIBHOTO WJIM TApaMEeTPUIECKOro 0TKa3a.

C 1enpio MOBBIILIEHUS HAZECKHOCTH HACOCHBIX arperaroB Ha MPOTSDKEHHM psia To-
CJIETHUX JIET HAMU BBINIOJHSUIMCH MCCIEA0BAaHUS Ha MPEANPUATHUAX, 3aHUMAIOIIMXCS UX U3r0-
TOBJICHHEM, PEMOHTOM U 3KCILTyaTaluen.

OObexTaMH JaHHBIX MCCIEOBAHUN OBUIM HACOCHBIE arperarbl pa3iMyHbIX THIIOB
(ueHTpoOEXKHbIE, OCEBBIE) U pa3MepOB (KPYIHbIE, MajIble), IUPOKO MPUMEHSIEMBbIE B PA3IIUy-
HBIX OTpaciisiX HApOJHOTO XO034WCTBa (B arporpOMBIIIEHHOM KOMILJIEKCE, TOPHOPYAHON U
HE(PTSIHOHM NPOMBILUIEHHOCTSX, KOMMYHAJIbHOM XO35HCTBE U Jp.).

HccnenoBanus BKIIOYAIU 00CIEIOBAHUS OTKA3aBLIMX arperatroB, a TAaKXKe HOBBIX W
OTPEMOHTHUPOBAHHBIX Nepe UX YCTAHOBKOW MM MOHTA)XOM; U3y4YEHHUE YKa3aHHbBIX TEXHOJIO-
TMYECKHUX MPOLECCOB MyTEM aHaM3a SKCIEPTHHIX OLEHOK CIIELUATMCTOB U JaHHBIX HaOII0-
JICHUH 32 MOAKOHTPOJIBHBIMU BBIOOPKAMHU HACOCHBIX arperaToB; CTEH/I0BbIE U HATYPHbIE JKC-
HNEPUMEHThl ¢ UMUTAlMEH pa3IM4YHbIX 3HAYEHUH UX CTPYKTYPHBIX MapaMeTpoOB M BHEIIHUX
BO3JICUCTBUM.

[Tory4yeHHbIe TaHHBIC 110 0€30TKA3HOCTH MPECTABICHBI B Ta0M. 1.

Taoaunua 1

XapaKTepuCTHKH 0€30TKA3HOCTH MOTPYKHBIX HACOCOB MEJIHOPATHBHBIX CKBAKHH

CraTtuctuyeckue olleHKH
Mapka

Hapa6oTka Ha oTka3 Hapa®oOTKH HA 0TKAa3

Hacoca
X Gn_l V

340, 680, 940, 1340, 1620, 1780, 1940,
2420, 2580, 3170, 3830, 4320, 4610,
4990, 5110, 5420, 6180, 6510, 6960,
7200

OB 12-255-30 3597 2206 0,61

380, 540, 720, 1180, 1510, 2240, 2760,
3000, 3450, 3920, 4170, 4310, 4830,
5240, 5810, 6120, 6350, 6840, 7100,
7420

OB 10-120-60 3895 2302 0,59

Kak cnemyer m3 nmaHHBIX TaOJIWIlbI, MUHMMaJIbHAas HapaOOTKa Ha OTKa3 Ha MOJKOH-
TPOJIbHBIX CKBakMHax mpesbiana 300 yacos. [losToMy B KauecTBe HAUMEHBIIETO BPEMEHU
710 TIEPBOT'0 AMArHOCTUPOBAHUS peKoMeHryeTcst mpuHATh 300 yacoB pabOTHl HACOCHOTO arpe-
rara.

AHanu3 JaHHBIX CTEHJIOBBIX M HATYPHBIX MCCIEIOBAHUI MOTPY>KHBIX HACOCHBIX arpe-
ratoB Mapok OB 10-120-60 u O1IB 12-255-30 I" [4] nmo3Boaua caenarb CIeAyIOIINE BbIBO-
JIBI:

OCHOBHBIMHU CTPYKTYPHBIMH TTapaMeTPaMu TEXHUYECKOTO COCTOSIHUS MOTPYKHBIX Ha-
cocoB tuma D1IB sABIAIOTCS 3a30pbI B NMEPEAHUX YIUIOTHEHHUSIX PabOYMX KOJieC M M3HOC IMOJI-
IISATHUKA.

Jonyctumble U npeesbHble 3HAUCHUS YKa3aHHBIX CTPYKTYPHBIX MapaMeTPOB 3aBUCST
OT PEKUMOB (YHKITMOHHPOBAHKSI HACOCHOTO arperara.

[IprMEHUTENBHO K YCJIOBHSM JKCIUTyaTallMM CKBAXKMHHBIX HACOCOB HA YCTAHOBKAX
BEPTUKAJIBHOTO ApeHaxka LlenTpanbHol A3uu Takue CTPYKTYpHBIE ITapaMeTphbl, KaK 3a30pbl B
palHAIbHBIX MOAIIMITHUKAX HACOCHOM M CWJIOBOM YacTel arperara, a TaKXKe 3aJHUX YIUIOT-




HEHHUAX pabOYMX KOJIEC HE OKa3bIBAIOT CYIIECTBEHHOI'O BJIMSHHUS Ha PabOTOCTIOCOOHOCTH
AJIEKTPOHACOCA, BCICICTBUE YETO B MPOIECCE JUATHOCTHPOBAHUS KX MOXKHO HE YUUTHIBATh.

B kxadecTBe OCHOBHBIX ANATrHOCTUYCCKHUX MapaMCETPOB TCXHUYCCKOIo COCTOSHHA I10-
TPYXHBIX HACOCOB IIEJIECOOOpPa3HO NPHUMEHEHHE aMIUIUTYJIHO-9aCTOTHBIX XapaKTEPUCTHK
BUOPOCKOPOCTH COEIMHUTEIHLHOTO KOJIEHA 00CaHOM KOJIOHHBI M KOPITyCa AJIEKTPOIBUTATEIS
HACOCHOTO arperara. [Ipu 3ToM BeJIruuHA 3a30pOB B MEPEIHUX YIUIOTHEHHUSIX PabOUYUX KOJjec
XapaKTepU3yeTCsl aMIUTUTYIaMUd BBICOKOYACTOTHOW 0OJacTH CIIEKTpa, a 3HAaueHUe H3HOCca
IIOAITATHUKA - HHU3KOYaCTOTHOM.

[lpumeHeHHe B KayecTBE JMArHOCTUYECKOTO MapaMeTpa YacTOThl BpAIIEHUS POTOpa
AJIEKTPOHACOCA HEXKEJATeIbHO, BBUY TOTO, YTO €€ KOJIeOaHUs OT MEPEeMEHbl YaCTOT» TOKA B
CETH, MPEBBIIIAIOT 3HAYCHUS, 00YCIOBICHHOE M3MCHEHUEM TEXHUYECKOTO COCTOSIHHUS HAcOC-
HOTO arperara.
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