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BBengenue

Hacrosimas nporpaMmma cocTaBieHa Ha OCHOBE JUCLUIUINH CIIIaIN3alui HanpaBIeHUH «DIEeKTPO3HEPreTHKa,
«Texunueckas Gpuznkay, CBI3aHHBIX C 0COOCHHOCTSIMH aHAIN3a MEXaHN3MOB B3aUMOJICHCTBYSI (PU3UUECKHX Tel,
BEILIECTB, MAKPO- M MUKPOYACTHII C JIEKTPUUECKUM, MATHUTHBIM U 3JIEKTPOMAarHUTHBIM ITOJIIMH B Pa3JINIHBIX
cpenax ¥ BaKkyyMe, ¢ U3y4€HHEM METOJI0B M IIPHHIUIIOB UCIIONB30BAHUS IEKTPO(YU3NIECKHX SIBICHUH B
TEXHUYECKUX MPUITOKCHUSIX.

[Iporpamma pazpaboTana SKCIIEpTHBIM COBETOM Bpiciiel arTecTanmoHHO# koMuccnn MuHHCTEpCTBa 00pa30BaHus
Poccuiickoii denepanyy 1Mo SHEPreTUKE, ITEKTPHOUKALNH 1 FHEPTETUISCKOMY MAIIHHOCTPOCHUIO IIPH yYaCTH
9KCIIEPTHOTO COBETA IO (Gr3uKe 1 MOCKOBCKOTO HHXKEHEPHO-(DH3HMIECKOTO HHCTUTYTA (TEXHHIECKOTO
YVHHUBEPCHUTETA).

OCHOBBI JIEKTPOAMHAMHUKHA

Onexrpocratuka. 3akoH Kymona. Teopema "aycca. [IpoBogHHKH B 37IeKTpUdIeckoM moiie. PaboTta sJeKTpruaecKux
CHJI, IOTEHIMAJ JIEKTpHIecKoro noist. YpasHeHue [lyaccona u Jlamnaca. IToTeHman 00beMHBIX U
MOBEPXHOCTHBIX 3apsA0B. JIBOWHON 3JEKTpUUECKUN CION. DHEPrHsl B3aUMOIECUCTBUS AIEKTPUUECKUX 3aPSAI0B.
DHeprust 3NEeKTpUIecKoro nois. [IoH1epMOTOpHBIE CHITBL.

I[I/IBJ'IGKTpI/IKI/I. HOJ'I;IpI/ISaLII/I?I AUDJICKTPUKOB. CBO60,Z[HLI€ " CBA3AaHHBIC 3apsbl. YPaBHeHI/IG DJICKTPHUYICCKOT'O IOJIA B
HpOHSBOJ’IBHOﬁ cpeac. HOHI[GpMOTOpHLIe CHJIbI B AUDJICKTPUKAX. 9Heprm{ QJICKTPHUYICCKOI'O MOJISI B JUDJICKTPUKAX.
TeH30p HaHpﬂ)I(eHI/Iﬁ DJICKTPHUYCCKOI'O IOJIA. HLGSOSH@KTPI/IKI/I. CerHeTOSJ’IeKTpI/IKI/I.

Marnurocratrka. MarauTHOE I10JI€ IIOCTOSHHBIX TOKOB. Cuia J'[opeHua. BeKTOpHLIfI NOoTEHIHMAJI MaroHuTHOI'O I10JIA.
YPaBHeHI/IH MAarHuTHOTO I10JIA. HOTCHHH&J’IBHHG " COJICHOMAAJIBHBIC MAarHUTHBIC ITOJIA. rpaHI/I‘IHHe YycCJoBuUA B
MAarHuTHOM II0JIE TOKOB. HOH,Z[epMOTOpHLIG CHJIBI B MAarHUTHOM I10JIe. B3anmHast UHAYKOWA 1 CAMOUHAYKIUA
JIMHEHHBIX IIPOBOAHUKOB.

MarnuTHOe 1oj1e B BerecTse. HamarHUM4eHHOCTh MarHuTOB. Y pPaBHEHHUS] MAKPOCKOIIMYECKOT0 MArHUTHOTO TIOJIS B
MarHeTukax. MexaHu3Mbl HAMarHMYMBaHNs MarHeTHKoB. Teopema Jlapmopa. Jlnamarnerusm. [lapamarnernsm.
deppomMarneTusm.

3J'ICKTpOMaFHI/ITHO€ I10JI€ B HeHOI[BH)KHOﬁ cpenc. 9JI€KTpOMaFHPITHBI€ BOJIHBI. YPaBHGHI/Iﬂ Makcgena. TeopeMa
[loitaTHHTA. YPaBHeHI/IC JJIA IOTCHIUAJIOB 3JICKTPOMATrHUTHOIO IOJIA. Pemenne BotHOBOTO YpaBHCHUA.
3aHa32[BIBaIOH.[I/I€ 1 OIIEPECIKAOIINC TOTCHIHUAJIBI. CKOpOCTL PpacnpoCTpaHCHUs JICKTPOMATrHUTHBIX BOSMymeHHﬁ.

KBasucranuonapHoe 3JeKTpOMarHUTHOE Tose. [ myObrHa NPOHUKHOBEHUS MAarHUTHOT'O TIOJIS B MPOBOIHHUK. CKHH-

3¢ dexr.

PaCHpOCTpaHeHI/Ie QJICKTPOMArHMTHOIO ITOJIA B BOJIHOBOJIaX. KpI/ITI/I‘{eCKaH JJINHA BOJIHBI. dazoBas u rpynroBas
ckopocTH. Jucnepcus.

ONeKTpOMarHUTHBIE KOJIeOaHHS B MTOJIBIX PE30HATOPAX.

M3nydeHue 3apsKeHHBIX YacTHLL. Y CIIOBUS U3IYUYEHHs B HEOTpaHUUEHHOM MpocTpaHcTBe. [lone nznmyueHus
cucTeMbl 3apsa0B. BonHoBas 30Ha. [lunonbHOe n3nyyeHue ocumisitopa. M3nyueHue pensiTeBUCTCKON YacTHIIbL.
Marnautotopmo3Hoe uznydenue. [lepexoanoe nznydenue. YepeHKOBCKOE H3ITYICHHE DICEKTPOMArHUTHBIX BOJH B
cpene. CIOHTaHHOE M MHAYIIMPOBAHHOE M3JIy4YeHNUE. BBIHY ) I€HHOE KOMOWHAITMOHHOE pacCesHUE.



UucneHHble METOIBI PEHICHUS KPAEBBIX 3a/1a4 SJIEKTPOJUHAMUKH. METOI KOHEUHBIX pa3HocTel. bricTpoe
npeobpazoBanne Oypbe, METOABI TPOTOHKH U MIUKIMICCKON peayKIH. MeTo 1 KOHEYHBIX 3JIEMEHTOB.
Bapuanmonnsie paznoctaeie MmeToabl. yHkius ['puna. Meto KOHEUHBIX 3JIEMEHTOB.

OCHOBBI TEOPUH IJIEKTPHUYECKUX Herei

JIuneitnble nenu. MeToapl pacueTa JMHEHHBIX SJEKTPUUECKUX LIETIEH B CTALIMIOHAPHOM PEKUME. Y paBHEHHUS
Kupxroda. MeTog KOMIUTEKCHBIX aMIUTATY. MeTox KOHTYpHBIX TOKOB. MeTOT Y3JIOBBIX HalpsbKeHU. Meron
SKBUBAJICHTHOTO T'eHepartopa. Llenu ¢ 3aBHCHMBIMK HCTOYHUKAMH. 1{enn ¢ B3aMMHBIMU HHAYKTHBHOCTSIMH.

MerTomp! pacueTa TMHEHHBIX IIeTIel B HeCTAaIIMOHAPHBIX pexxuMax. Kimaccnueckuit Meton. OnepaTopHBIA METOA
(mpeobpazoBanue Jlammaca). Meron mepeMeHHBIX cocTostHUN. CieKTpanbHBIH MeTo (peobpa3oBanue Dypre).
WuTerpan Jroamens. LenmHpie cxembl, iepeaatounsie QyHKuN. OOpaTHas CBS3b, SIEKTPHUECKUE (DUITBTPHI.

Lenu ¢ pacnpeneneHHbIMU napamerpamu. JinvHuable tuaun. Tenerpadueple ypaBHeHus. Pemenne tenerpadHbix
YpaBHEHHH B CTAllMOHAPHOM pekuMe. [lanaroue u oTpakeHHbIE BOJIHBL. PaciipeneneHe TOKOB U HAIIPSDKEHUH B
muHUH. BxogHoe conporusnenne muanA. CorylacoBaHNe [UIMHHBIX JTHHUH.

Pemenne tenerpadHpIX ypaBHEHHUI B HecTallMOHApHOM pexxuMe. [lepexoqHbie mpolecchl IpH KOMMYTaIUA
IIPEIBAPUTEIILHO 3apsSyKEHHBIX JINHUM.

CuHTe3 JIMHEHHBIX J1eKTpuuecKux ueneid. CHHTE3 MacCUBHBIX JIBYXIOIIOCHUKOB. CBOMCTBA BXOJAHBIX (yHKIMIT
MACCUBHBIX JIBYXIIOJIIOCHUKOB. [losouTepHbIe BelecTBeHHbIe QyHKIMU. Kputepun Qu3ndeckoi peann3yeMoCTH.
Anroputm Kayapa. Anroputm @ocrepa.

OJeMEeHTHI CUHTE3a YeThIPEXNOMocHNKa. CHHTE3 YeTBIPEXIIOIIOCHUKOB 110 TPEM 3aJaHHBIM Z- WK Y-IlapaMeTpam,
10 TepeaaToYHoi pyHKmu B Buae I'-o0pa3noro 38eHa u3 rC- winu rL-asnementoB. CuHTE3 HEypaBHOBEIICHHBIX
YETBIPEXIIOJIOCHUKOB B BUJIE KACKAaJHOT'O COCIUHEHUS.

Henunelinble nenu. MeTtonbl pacueTa HEMMHEWHBIX LI€TIEll NOCTOSHHOIO TOKAa. MeTo/ yCI0BHOH JIMHEapU3auu.
I'pamueckue METObI — JIECTHUYHAS CTPYKTYpa, CXEMBI C IByMsl y31aMHi. MeTo KyCOUHO-ITNHEHHOMH
anmnpokcumaruu. Tpancdopmartop ¢ heppoMarHuTHBIM cepaeunukom. Llenu ¢ peppomarHeTukamu.
Deppope3oHaHC.

Mertoap! pacueTa HEIMHEWHBIX 1ENel B HECTAllMOHAPHOM pekuMe. MeTo | MHTErpupyeMoil annpoKcuMaIuu.
Meto KyCOYHO-IMHEHHOH annpokcuManuy. MeToq MeJIeHHO MEHAIOIUXCS aMIUIMTYA. MeToJ Manoro
napamMerpa. MeToJ1 MHTerpalbHbIX YpaBHeHU. Bapuanmonnsie Metopl. Llenu ¢ MHEpUMOHHBIMU 3JIEMEHTAMHU,
napaMeTpUuuecKue Lemu.

CTpoeHue BemecTna

I"a3pl. OCHOBBI KHHETHUYECKOW TEOPUH Ta30B. JlaBneHue raza, ypaBHEHHE COCTOSHUS UCATBHOTO Tasa.
PacnipocTpaneHne 3ByKOBBIX BOJIH B WICJILHOM I'a3e. Y IapHbIe BOJHBI B HEaJIbHOM ra3e. DG (GeKTUBHOE CeueHHe 1
cpenHsis JuyinHA cBoOoaHOTO Tpodera. [Iporeccsl mepeHoca.

[Tnazma. OcHoBHbIe MOHATHA. KuHETHYecKas Teopus I1a3Mbl, pacipeieleHUe YacTUI] 10 CKOPOCTSM, 3P PEKTUBHbIC
CEUCHHS M YAaCTOThI CTOJIKHOBEHHH. MeXaHN3Mbl HOHU3AIMK M PEKOMOMHAIMY B Tu1azMme. TepMuueckas HOHU3AIMS,
ypaBHeHue Caxa. JlebaeBckuii paanyc. [Inazmennas yactora. Mcnyckanue u norsomenue GporoHo. Auddysus u
npeitd yactui. AmOunonsipHast 1updysus. CooTHOIIEHNE MEXY ITOJIBH)KHOCTBIO U Kodd dhuimentamu nuddysum.

IIpoBoANMOCTE HU3KOTEMITEPATYPHOH T1a3MBL. [IpOBOAMMOCTE TOTHOCTEIO HOHU3UPOBAHHOTO ra3a ((hopmyma
Cruruepa). O6pazoBaHue HEMPEPHIBHOTO CIIeKTpa B Tuiazme. CBOOOIHO-CBOOOIHBIE M CBOOOHO-CBSI3aHHBIC
Mepexo/ibl B HArPETOM HOHU3UPOBAHHOM Tase.

CucTeMbl ¥ METOJIbI TIIIAa3MEHHOM dHEPTeTHKH. [[Ta3MEeHHBIN MUPOJIN3 OPraHNYECKUX BellecTB. [11a3MeHHbIe
CHUCTEMBI TIepepabOTKN TOKCUYHBIX OTXOJIOB. | eHepaTopbl HU3KOTEMITEPATYPHOH TIa3Mbl (TIa3MOTPOHBI),
(u3rueckre OCHOBHI M TEXHUUECKAs PeasTn3alvs.



JKunxoctn. Makpockonmndeckue cBoWCTBa xunkocTed. CHilbl B3aMMOACHCTBHS MOJICKYJI. SIBiIeHHe TiepeHoca B
JKUIKOCTSIX.

Teepasle Tena. Kpucrannudeckas pemerka. CUibl CBA3M B pelieTke. DNEKTPOHHbIN ra3, MoaeIb NOTEHIMAIbHOMN
ambl [loTTku. 30HHAs Monenb. [IpoBOAHMKH, TOTYIIPOBOAHUKH, AUIIEKTPUKH. PaboTa BeIxona. SIBieHue
CBEPXIPOBOINMOCTH.

Be].lleCTBO B CWJIBHOM 3JICKTPOMAIrHUTHOM I10J1I€

DMuccus 3apsAKCHHBIX YaCTUI] C IIOBEPXHOCTHU BCIICCTBA. OMmuccus OJICKTPOHOB U3 TBEPAOIO. TepMOSMI/ICCI/IH,
ABTOJJICKTPOHHAS DMUCCHS, CI)OTOBMI/ICCI/IH, BTOPpHUYIHAS SJICKTPOHHAS SMUCCHS, B3pBIBHASI DMHUCCHUS, HOHHAsI DMUCCUA.

T"a3o0Bwlii pa3psia. @opmbl paspsina B razax. CaMOCTOSTENBHBIN U HECAMOCTOSITENbHBIN pa3psiabl. JIaBUHHBIHN pa3psi.
3akoH [Tamena. CtpumepHast hopMma paspsiia, Mepexo OT CTpUMepa K KaHaIbHOU Gopme paspsaa. KopoHHBIH u
TICoU pa3psabl. JyroBoii pa3psia. M3onsaunoHHbIe CBOMCTBA ra30BBIX AUIICKTPUKOB. CUILHOTOUHBIHN ra30BbIil
paspsj B IJIOTHBIX Cpelax.

IIpoxoxaeHue Toka yepes KUAKOCTb. IIpoBOAMMOCTD 371eKTPONUTOB. TOIUIUBHBIC 37EMEHTHI. TeXHUYeCKUI
ANEKTPONK3. [IpOBOJMMOCTD KHUIKUX H30JIATOPOB. JMdIeKTprdyecKkue MoTepy. DINEeKTpUIecKast HPOYHOCTh U POOOi
JKUJIKUX TUBJICKTPUKOB. Y IapHbIE BOJIHBL, TeHEpUpPyeMbIe B KOHIEHCUPOBAaHHOMU cpenie. Pa3psan B KUIKOCTAX.

[IpoBoaHMKH, TBEPABIEC AUAICKTPUKH, MTOJTYIPOBOJIHUKH B CHIBHBIX MOJX. [IpoBoauMocTs. KpronpoBoauMocTs.
CaepxmpoBoaumocTb. Ihdext Xomna. TepMo3IeKTpruuecTBO. DISKTPUIESCKUN B3PBIB POBOIHUKOB.
JIM3IeKTpUUECKUE MOTEPH, IICKTPUICCKAst IPOYHOCTh, MPOOOH B TBEPIOM Au3IeKTprKe. [I0BepXHOCTHBIN paspsi.

MexaHudeckas MMPOYHOCTDb JUIJICKTPHUKOB B CBEPXCUJIbHBIX MAarHUTHBIX IOJIAX. MarHauTHbIe MaTtepualbl.

CBerHpOBO,I[I/IMOCTL B IMIOCTOAHHBIX U BBICOKOYACTOTHBIX ITOJIAX. 9(1)(1)6KT MeCCHepa. OcraTouHoe COIIPOTUBJICHUC.

Hakomienue u KOMMYTallusl SJHEPIUMA 00JIbIINX MOIIIHOCTEM

IIpocTpaHCcTBEHHO-BpEMEHHAsI KOHLIEHTpAIHs Y3Heprir. CIIocoObI HAKOTICHNS SHEPTUH U TUIIBI HAKOIHTEIEH.
XapaKTepUCTHKH HAKOIUTEIEH SHEPTHH, CPABHUTEIIBHBIC XapAKTEPUCTUKH PA3IMYHBIX TUIIOB HAKOITUTEIICH.
MaxkcuManbHas INIOTHOCT SHEPTUH Y Pa3IUYHBIX THIIOB HAKONUTENEH, (pU3HUecKie OTpaHHYEHHUS Ha TNIOTHOCTh
9Hepruu B HakonuTensx. CriocoOsl mepeaun 3HepTru OT HaKOIMTeNeH K Harpy3ke, ONTHMHU3AIH Mpolecca
nepenayn sHeprur. CorilacoBaHue YHEPTUN PA3IMYHBIX BUIOB.

EMKocTHBIE HAKOIUTENH SHEPTUU. EMKOCTHBIE HAKOIIUTEIHN YHEPTUU HA OCHOBE MAJIOMHAYKTUBHBIX HIMITYJIbCHBIX
KOHZICHCAaTOPOB. IIpUHIUIIBI TOCTPOEHUSI FEHEPATOPOB UMILYJIbCHBIX HAIIPSDKEHUN U T€HEPATOPOB UMITYJIbCHBIX
TokoB. Kitaccudukarys eMKOCTHBIX HAKOIHUTENEH SHEpruu. 3aliuTa KOHJCHCATOPHbBIX OaTapell Ha BHICOKYIO
sHepruio. KoMMyTaTOpBl eMKOCTHBIX HAKOIIUTENECH SHEPTUH Ha OCHOBE KOH/IEHCATOPOB (BaKyyMHBIE, Ta30BbIC,
JKUJIKOCTHBIE Pa3psAIHHUKH, pa3psiAHbIe KOJOHHBI). CXEMBI TTOPKUTA M CHHXPOHHU3AINH Pa3psAAHUKOB. OCOOCHHOCTH
paboThl KOMMYTaTOPOB B F'€HEPATOPAX UMITYIbCHBIX HAMPSDKEHUH U TeHepaTopax UMIYIbCHBIX TOKOB.

Merto/p! popMHpOBaHKS KMITYJIECOB C TOMOIIBIO EMKOCTHBIX HAKOMHTENEH dHepriun. EMKOCTHBIE HAKONIMTENN Ha
JIMHUSX C paclpeieeHHbIMU IapaMeTpaMiy. IlepBuuHbIe U IPOMEXKYTOUHbIE EMKOCTHBIE HAKOIIUTEIN S3HEPTUHU.
OcobeHHOCTH PabOTHl eMKOCTHBIX HAKONUTEJIeH SHEPTUH Ha JIMHUSIX C PACIPEeICHHBIMU apaMeTpaMy B PeIKHME
3apsaa (xpaHeHus) U pa3psaa. OnTUMHU3aIus 110 HAIIPsDKEHUIO U MOIIHOCTH HAKOMHUTEIeH YHEPTUH Ha JIMHUSIX
KOaKCHaJIbHOTO THIIA C PacHpeeICHHBIMH TapamMmeTpaMu. KoMMyTaTOpsl eMKOCTHBIX HAKOIIUTENeH SHepTUn Ha
JUHUAX C paclpeAeIeHHbBIMU TapaMeTpaMHy Pa3INUHbIX TUIIOB (Ta30BbIE, JKUIKOCTHBIE U TBEPAOTEIbHBIE
paspsaaHuKH, pa3psaHauku V/N-Tuna, penbcoBble pa3psaHuky). OcoOeHHOCTH pabOThl KOMMYTAaTOPOB HAaKONUTEIEeH
Ha JIMHUSX, KOHCTPYKIIUM KOMMYTaTOpoB. MeTo bl 00ecnieyeHns peskiMa MHOTOKaHaJIbHOW KOMMYTallH.

Du3nKa CHIbHOTOYHBIX IMYYKOB 3aPAKCHHBIX YaCTHII
PacnpocTpaneHue CUIBHOTOUHBIX ITyYKOB B BakyyMme. [IpenenbHsblil TOK,

OTpaHUYEHHBINH IPOCTPAHCTBEHHBIM 3apsiioM. IIpenenbHelil Tok AsbBeHa. @DOpMUPOBAHUE BUPTYAJIBHOTO KAaTOA.
HeiitpanuzoBanHslii, camochoKycHpoBaHHBIH ITy4doK. E-croil. MarHnTHast M30JI11s B TMOJAX U JIMHUSX TIepead.



PacmpocTpanenue CHITBHOTOYHBIX ITYYKOB B IIa3Me U Taze. DIEKTPOMarHUTHEIE MOJIS, BO30YKIaeMbIe ITyYKOM IIPH
WHKeKIuH. PaBHOBECHOE COCTOSHUE ITydKa B Ta3Me. HectanmonapHas HOHM3AIMS TP MHXKEKITUH ITyYKa B ra3ax.
TokoBas HeWTpamu3aus myJka.

T'eHeparnusi CLIIBHOTOYHBIX 3JIEKTPOHHBIX U HOHHBIX MMYYKOB. B3pbIBHAs aMuccUs B CUIBHOTOUHOM nuoje. [lnockuit
nuon B pexxume borycnasckoro—Jlenrmropa. [lapanoteHunanbHeli NOTOK B MI0ckoM auoze. KoakcnanbHbId A0
¢ MarHUTHOU u3oJsHel. CHIFHOTOYHBIE HOHHBIE IHOABI — U0 C MATHUTHON M30JIIHeH, pedIIeKCHBIN IO,
MUHY-PEPIEKCHBINA AHOI.

BonHBI 1 HEYCTOMUMBOCTH B CHIIBHBIX ITyYKax 3apsKEHHBIX YacTUIl. BONHBI B X0JIOAHON CTallMOHAPHOM ITa3Me.
IIpononpHBIE BOTHBI B XOMOIHOH npetidyromeii ma3me. CoOCTBEHHBIE BOJIHBI B CHIIBHOTOYHBIX IMyYKaX. BoTHEI
MPOCTPAaHCTBEHHOT'O 3aps/ia B 3aMarHHIEHHOM ITydKe.

DneKkTpocTaTHuecKasi U AIeKTPOAMHAMUYECKasi HEYCTOMUMBOCTH BOJH MPOCTPAHCTBEHHOTO 3apsaa. L{UKIoTpoHHbBIH
pe3oHaHc. HeycToH4MBOCTH B MHOTOKOMIIOHEHTHOM CHCTEME.

DuU3MKa U TEXHUKA YCTPOICTB HA OCHOBE
HU3KOTEMIIEPATYPHOM MJIa3Mbl

OcobeHHOCTH (hPM3NYECKHX MTPOIIECCOB B HU3KOTEMITEpaTypHOH m1a3Me.[ImasMoxuMudeckie, METauTypruiecKue u
JpyTHe YCTPOWCTBA HA OCHOBE COBMECTHOTO MPHUMEHEHHSI MOIIHBIX MIEKTPHYECKHUX TyTOBBIX PA3PSI0B U
9JIEKTPOMAarHUTHBIX Nojei. PU3nKa MpUJIEKTPOJHBIX IIPOLIECCOB B CUIIBHOTOYHBIX TYTOBBIX pPa3psiax.

KOMHLI{)TeprIe TEXHOJIOI'HH

KOMHBIOTep KaK HHCTPYMCHT Haquoﬁ pa6OTI>I. Maremaruaeckoe MOACIUPOBAHUEC C IPUMCEHCHUCM KOMIIBIOTCPHBIX
TEXHOJOTMM. BO3M0OXHOCTH ITAaKETOB MaTEMAaTUUYECKUX BEIUMCINTEIbLHBIX IporpamMm Ui peIICHU NPUKIaJIHbIX
3ajaady.
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