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[lenpto caMOCTOATENBHON pabOThl 0OYyYAIOIIMUXCS SIBIISIETCA 00yueHHE HaBBIKAM
paboThl C HAyYHO-TEOPETUYECKON JUTEPaTypOl M MPaKTUUECKUMH MaTepHhalaMu, He-
O00XOAUMBIMU JUISI YTIIyOJIEHHOTO HM3y4YeHHs AWUCLUILIAHBI, a TaKXKe pPa3BUTHE y HHUX
YCTOWYMBBIX CIIOCOOHOCTEH K CaMOCTOSITEIFHOMY HM3YYCHHIO U M3JI0KEHUIO TIOTy4YEH-
HOM MHMOPMAIIUHU.

VY4eOHBIM MJIaHOM IIPEyCMOTPEHA CAMOCTOSTENbHAS pab0Ta CTY/I€HTOB:

Tabmuma — O6beM TUCIUTITUHBI 110 Pa3feiam

HaumenoBanue nsyuaemoro pasuaena Bcero O6beM AUCUMILTUHBL TS
CaMOCTOSITENIbHOM paboTe
BBenenue B MaTeMaTHUECKU aHATTU3. DJIEMEHTHI TEO- 25 12
pUH MHOXKECTB U QYHKIIWH.
Teopus npenesoB U HEMPEPHIBHOCTH (QYHKIIHU. 27 10
JduddepennmansHoe ncuncienne GyHKIMMA OJHON mie- 39 12
peMeHHOH ¢ aneMeHTaMu auddepeHmansHol reomMer-
puu.
Huddepennmansaoe ucurcnerne GyHKINH HECKOTb- 28 14
KHX [IEPEMEHHBIX.
WnterpanbHoe ncurcienrne GyHKIUA 0JHOH nepeMeH- 29 16
HOI.
HHTerpanbHoe ncuncinenne QyHKIMA HECKOIBKHX Te- 25 6
pPEMEHHBIX.
BexTopHsIit ananms. 15 9
HuddepennnanbHple ypaBHEHUSI. 22 10
YucnoBsie 1 (HyHKIMOHATBHBIC PSJIBI. 26 8
Psine1 Dypoe. 20 11

2.2 Conep:xaHue pa3iesioB JTUCHUILUIHHBI (MOTYJI51)

1 cemecTp

1. BBenenue. DJIeMEHTHI TEOPUU MHOKECTB M (DYyHKITUH.

[IpenmMer maTemMaTuueckoro aHanuza. [loHATHE MHOXKECTBAa M TMOJAMHOYXECTBA.
Ilyctoe MHOXeCTBO. MHOXKECTBO BCEX IMOAMHOXECTB MHOXecTBa. Omnepanuu Haj
MHOKecTBaMu. JlekapToBo mpowusBeneHrne MHOkecTB. COOTBETCTBUE, OTHOIICHHUE, OH-
HapHOE OTHOIIEHHEe. B3auMHO OJHO3HAYHOE COOTBETCTBHE. DKBUBAJICHTHBIE MHOXeE-

CTBAa, CHCTHBIC U HCCUCTHBIC MHOXKCCTBA. DeMeHThl MaTeMaTHYeCKOM JIOTUKHU: JIOTHYe-
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CKHE CHMBOJIBI, yTBEPKIEHUE, CICACTBUE, IPsIMasi U 0OpaTHAsi TEOPEMbI, HEOOXOTUMbIE
u nocrarounbie ycioBus. [lonstue otodpaxkenus (QpyHKUIMU), ero 00gacTH ompenaese-
HUs ¥ 00J1acTu 3HaueHui. DnemeHTapHbie PyHkiuu. OOpaTHoe oToOpakeHue. Komrio-
3UIUsl 0TOOpakeHui. MHOKECTBO BCEX JAEHCTBUTENBHBIX YMCE 1 MHOKECTBO BCEX TO-
YEK YMCIIOBOM MPSIMOM, SKBUBAJEHTHOCTh 3TUX MHOKECTB. CBOICTBA JE€HCTBUTEIbHBIX
yucen. [logMHOXKecTBa MHOXKECTBA ACHCTBUTENBHBIX uKcesl. OrpaHuYeHHBIE (CBEPXY,
CHU3Y) U HEOTpaHWYCHHBIC (CBEPXY, CHU3Y) MHOKecTBa. HanbompImmii (HAaMMEHBITIHIN)
AJIEMEHT MHOXeCTBa. BepxHsas (HWkHss1) rpaHb MHOXeECTBa. Teopema O CyIIeCTBOBa-
HUU BepxHel (HuxkHel) rpanu. [ToHsITHE OKPECTHOCTH ACHCTBUTEIIBHOTO YUCa (TOUKH)
1 OKPECTHOCTU C BBIKOJIOTHIM LIEHTpOM. [loHsSTHE TIpenebHOM TOYKH TOUYEYHOTO MHO-
’KECTBa Ha YHUCJIOBOU NMpsIMOM. BHyTpeHHUE U rpaHUYHbIE TOUKA. MHOMXKECTBA IJIOTHBIE

B ce6e, COBCPIICHHBIC MHOKCCTBA. OTKpBITBIe M 3aMKHYTBIC MHOKCCTBA.

2. [Ipenen u HenpepbIBHOCTH GYHKIIUUA OJHOU MTEPEMEHHOM.

[Ipumepsr nocnenoBarenbHocTell. [Ipenen uncnoBoil nocinegoBarenpbHoctu. Cy-
[IECTBOBAHUE MpPEEa Y OTPAaHMYEHHOM MOHOTOHHOW TOCIEN0BaTENbHOCTH. JleMma o
BJIOKEHHBIX OTpe3kax. [loanocnenoBarensHoctu. Teopema bosbriano-Berepmrpacca o
BBIJICJIEHUN CXOJSAILIEHCS MOANOCIEN0BATENBHOCTH. JIeMMa O CylIeCTBOBAHUH NIPEAEIIb-
HOM TOYKM Yy OIpaHMYEHHOI0 OECKOHEUHOIO0 MHOKECTBAa Ha yucioBou ocu. IIpenen
GbyHKIMM OHOM nepeMeHHoi. OTHOCTOPOHHUE U ABYCTOPOHHUE Mpeesbl. beckoHeuHo
MaJble (0ECKOHEYHO OO0JIbIIME) BETUYMHBI U UX CBS3b C npeaenamu GyHKuud. OyHKIun
OJIHOM TIEpEeMEHHOM, HE MMEIOIIME Tpejena B Touke M Ha OeckoHedyHOCTH. CBOMCTBA
orepanuu npeaenbHoro nepexoaa. [penenpHbiii nepexoa B cinoxkHod Qyskiuu. [ep-
BbI M BTOPOW 3aMeydaTelIbHbIC Ipenesibl. BTOpon 3aMedaTesibHbINA TIPENes B 3a1a4e O
HAYUCJICHUH MPOIeHTOB. CUMBOJBI o-Masioe M (J-00JbIIIOE M UX MCIOJIb30BAaHUE ISt
pacKpbITUs HeonpeaeleHHocTel. HenpephlBHOCTh (DYHKIIMKA B TOUKE U HA MHOKECTBE.
OmHOCTOPOHHSISI HEMPEPHIBHOCTh. TOUKM pa3pbiBa M UX Kiaccudukarms. Apupmernde-
CKHE€ OTIEpaIM¥ HaJl HEMPEPHIBHBIMU (PYHKITUAMUA. HenmpepbIBHOCTh OCHOBHBIX DJIEMEH-
TapHbIX (QyHKIUH. HenpepblBHOCTh CIIOKHOW (PyHKUMU. BepxHsas (HMXKHSS) TpaHb,

rJI00QNbHBIA MaKCUMYM (MUHMMYM) (QYHKIIMH B €€ O0JacTH OmpeaesieHus. TeopeMbl



Beiiepmtpacca u bonbmano-Kommm o HenpepsiBHOM Ha oTpe3ke GyHKmH. Teopema o
CYILIECTBOBAHMM M HEMPEPBHIBHOCTH OOpaTHOM (PYHKIMHU y CTPOrO0 MOHOTOHHOU (PyHK-
IIUU, HEMPEPHIBHOM Ha oTpe3ke. PaBHOMepHas HEnmpepbhIBHOCTh (DYHKIIMM W Teopema
Kanropa.

[TonaTre npou3BOAHOM (PYHKIIMM OJHOM TepeMeHHoM. ['eomeTpudeckas UHTEp-
npeTaluy MNpou3BOJHON. YpaBHeHue kacareiabHoU. [lonsatue nuddepeHupyeMoit
bynkun. Heobxonumoe u nocrarounoe ycinoBue auddeperuupyemocti. CBs3b He-
npepbIBHOCTH U AuddepeHunpyeMoctd GyHKIMU OAHOU mepeMeHHou. [IpousBogHas
CYMMBI, IPOU3BEACHUS, YACTHOT'O, CJI0KHON 1 oOpaTHOU (pyHkumu. duddepenunpona-
HUe (PyHKIMH, 3aJaHHBIX MapaMeTpudyeckd. [Ipon3BOgHBIE OCHOBHBIX 3JIEMEHTAPHBIX
¢bynkuwmii. [lonstue nuddepenimana yHkuu ogHOM nepeMeHHoM. ['eomeTpuueckas
unrepnperauus auddepeniumana. CpoiictBa nuddepenunana. UaBapuanTHOCTh Qop-
MbI TiepBoro auddepennumana. [lpousBoansie u nuddepeHnnans BRICIIUX MOPSIKOB

GbyHKIMM OHOM MEPEMEHHON U UX CBOMCTBA.

3. UccnenoBanue nuddepeHimpyeMbix QyHKITUN 0THON TEPEeMEHHOM.

[Tonsarue 00 skcTpemMyMax PyHKIIMHU OJHOU nepeMeHHOM. JIOKaIbHBIN SKCTpEeMyM
(BHYTpEHHUI U TpPaHWYHBIN) (QYHKIMU OIHON TepemeHHou. Heobxommmoe ycioBue
BHYTPEHHETO JIOKAJIbHOTO 3KcTpeMyMa (Teopema depma). Teopemsl 0 cperHeM 3Haye-
Huu (Teopembl Posuis, Jlarpanka u Komm) u ux reometpuueckas uarepnperauusd. [Ipa-
Bwi0 Jlonuransa. @opmyiisl Tenopa u MakiiopeHa U UX UCIIOJIB30BaHUE IS IIPEICTAB-
JIeHUsI W TPUOJIUKEHHOTO BBIYHMCIICHUS 3HaueHui ¢yHKiui. [[ocTtaTouHoe yclioBue
cTpororo Bo3pactanus (yObIBaHusA) (YHKUMM Ha HHTEpBasie. JloCTaTOYHBIE YCIOBHS
JIOKAJIBHOTO 3KCTpeMyMa (DYHKIIMHM OJHOU NepeMeHHOM. Brimykibie (BorHyThIC) HyHK-
MK OHOM mepemeHHo. HeoOxoaumMoe 1 10CTaTOYHOE YCIOBUE BBIMYKIOCTH (BOTHY-
tocTH). Touka nepernda. Heobxoammoe u moctaTouHoe yCaoBuUs TOUYKH mieperuda. Bep-
THUKAJIbHBIC U HEBEPTUKAIBHBIC ACUMITTOTHI Tpadrka GyHKIIUUA OHOU nepeMeHHou. M-
ciefoBaHue PYHKIIMHU OJHOM NEPEMEHHON C UCIOJIb30BaHUEM TEPBOM U BTOPOI MPOU3-
BOJIHBIX M MOCTpoeHue ee rpaduka. Onpeaenenue rio0aaTbHOr0 MakCuMyma (MUHUMY-

Ma) (PYHKIIUM OJTHOM IEpEMEHHOM B 00J1aCTH €€ OIpeaeICHUs.



4. ®yHKUMH HECKOJIbKUX MepeMeHHbIX (PHIT).

[loHATHE N-MEPHOTO EBKIMAOBA NPOCTPaHCTBA. lIOHATHE OKPECTHOCTH TOYKH,
OKPECTHOCTH C BBIKOJIOTBIM LIEHTPOM. [IoHsATHE NpenenbHON, BHYTPEHHEW U TPAHUYHOU
TOYEK TOUYEYHOI'O0 MHO>KECTBA HA IJIOCKOCTU U B 1-MEPHOM NPOCTpaHCTBE. OTKPBITHIE U
3aMKHYTBIE MHOKECTBA HA IUIOCKOCTH U B 1-MEPHOM NPOCTPAHCTBE. BhINyKIbIe U HeE-
BBIITYKJIbIE MHOKECTBA Ha IIOCKOCTU M B n-MEPHOM InpocTpaHcTBe. [loHsaTue paccros-
Hua. HepaBencTBo Komm-byHSIKOBCKOro, HEpaBEHCTBO TPEYroJibHHMKA. MHOXKECTBa
CBSA3HBIE, HECBSA3HBIC, OrPAaHUYEHHbIE, HEOrpaHUYEHHbIE. [10CiIeI0BATENbHOCTE TOYEK
Ha IJIOCKOCTH M B N-MEPHOM IpocTpaHCTBE. [oHsATHE OrpaHUYEeHHON U HEOTPAHUYECH-
HOM NOCIEA0BATEIIBHOCTH TOYEK.

OyHKIMM ABYX NepeMeHHbIX. [[oHsTHE 0 MHOXECTBE (JIMHUHK) YpOBHS (DYHKIIUU
IBYX mnepeMeHHbIX. O0001eHne Ha ciayyail yHKIMI HEeCKOJIbKHUX nepeMeHHbIX. [Ipe-
nen GyHKIIMU HECKOJbKUX MePEMEHHbIX. ApudmeTrndeckue onepanuu HaJl PyHKITUIMHY,
MMEIOIMMH KOHEYHBIC MpeiesibHble 3HaueHUs. HenmpepbIBHOCTh (PYHKIIMM HECKOJIBKUX
MIEPEMEHHBIX B TOYKE U HA MHOXECTBE. TOUKM HENPEpPHIBHOCTH U TOYKH pa3pbiBa
(GyHKLIMH.

YacTHble TIpoW3BOJIHBIE W YacTHhIe auddepentmansl. JuddepermupyemMocTsb
OHII. I'maBuas nuneiHas yacte npupamienus OHII. Tlomusiii quddepennmnan OHII.
Hoctatounoe ycinosue auddepennupyemoct OHII. I'eomerprueckass mHTEpIpeTaLUs
JacTHBIX Mpou3BoHbIX. KacaTenpHas miockocTs K rpadhuxky OHII. JIudbdepenmupye-
MocTh cioxkHbix @HII. MuBapuantHocTh opmbl auddepennmana OHII. YactHbie
MpoU3BOHbIE U JudPepeHInabl MopsiiKa Bhllle IepBoro. TeopeMa 0 paBEHCTBE CMe-
IIAHHBIX YaCTHBIX NPon3BoAHBIX. Dopmyna Teinopa nist GyHKIMA HECKOJIBKUX Tepe-
MEHHBIX. DOPMYJIbI JJIsl YaCTHBIX MPOU3BOJHBIX U AU (PEepeHIInaIoB HESIBHBIX (yHK-
1007178

Okctpemym OHII (aGCOMOTHBIN, YCTOBHBIN, JTOKAIBHBIM, TI00aNbHBIN). Heob-
XOJIMMOE YCJIOBHE JIOKAJIbHOTO aOCOJIOTHOIO 3KCTpemMyMa. JlocTaTouHoe ycioBHE J10-
KaJIbHOTO a0COJIFOTHOTO IKCTpeMyMa. BBIMyKIble W CTPOTO BBIMYKIIbIE (DYHKIMH. DKC-

TpeMyM BoIykiIoN ¢pyHkunu. Oynkuus Jlarpanka u MHoxuTenu Jlarpanxka st 3agauu
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Ha YCJIOBHBIN 3kcTpemyM. Heob6xoanmoe yciioBue TOKaabHOTO YCIOBHOTO IKCTpEMyMa
U €ro reoMeTpuueckas uHTepnperanus. JlocTaTogHOe YCIOBHE JIOKAIBHOTO YCIOBHOTO

AKCTpEMyMa.

5. MHTerpanbHoe ucurcienne GyHKIMN OJTHON TTepEeMEHHOM.

[lepBooOpaznas. Heonpenenennsiit unrerpai. I[lepBas ocHOBHasi TeopemMa MHTeE-
IPaJIbHOTO UCYUCIIEHUS (O CYIIECTBOBAHUH MEPBOOOPA3HON Yy HENPEPHIBHOW (PYHKIIUN).
CBoiiCTBa HEONPENEIICHHOTO WHTerpana. MHTerpanbsl OT OCHOBHBIX 3JIEMEHTapHBIX
¢ynkumii. TabinyHble MHTErpaibl. 3aMeHa MEPEMEHHON M UHTErPUPOBAHUE 10 YaCTIM
B HEOMNpeneneHHoOM uHTterpaie. Muorounensl. Teopema be3zy. OcHOBHas Teopema ain-
reOpsl. Pa3nokeHne MHOrowieHa ¢ IeHCTBUTENIbHBIMU KOA(PGUIIMEHTAMH Ha JIMHEHHBIE
Y KBaJpaTHUYHbIE MHOXHUTENH. PaziokeHne palMoHaJbHBIX JIpoOel Ha MpoCTeHIIue.
WHuTerpupoBanue paMoHaiIbHBIX Ipo0eil. MHTerpupoBaHue HEKOTOPHIX UppaIiOHaIb-
HBIX ¥ TPAHCLEHJEHTHBIX (PyHKUMN. 3a7aun, NIPUBOASIINE K MOHATUIO ONPEAEIEHHOTO
uHTerpana. MHarerpansHas cymma Pumana, onpeneneHHblil MHTETpal U €ro reOMETpH-
yeckas uHteprpetanus. Muaterpansusie cymmbl JlapOy. CBolcTBa OIMpeeieHHOTO WH-
Terpajia (CBSI3aHHbBIE C TOJBIHTErpaIbHOM (DYHKLIHEH, C OTPE3KOM HHTETPUPOBAHUS).
Teopema o cpeaHem 3HadeHUM. ONpeneneHHbI WHTErpajl C IEPEMEHHBIM BEPXHHUM
MIPEIENIOM U €ro MPOM3BOHAS 110 AToMy Tipeaeny. @opmyna Hetorona-Jleitbuuia. Bro-
pasi OCHOBHAsl TEOpEMa MHTETPAIIbHOTO UCUUCIEHUS (O CYLIECTBOBAHUH ONPEAEICHHOTO
MHTEerpajia y HenpepbiBHON GyHKmn). MaTerpupyemsie no Pumany dynkumu. 3ameHa
nepeMeHHON U (opMysia MHTErPUPOBAHUSA MO YACTAM JIJISl ONPEIETIEHHOTO MHTEerpaa.
HecoOcTBeHHbIe MHTErpasibl. AOCOJIIOTHAs M YCIOBHAsl CXOJUMOCTh HECOOCTBEHHBIX

MHTErpaoB. [ [pu3Haku cXoaquMOCTH.

2 cemecTp

1. MaTerpanbHoe ncuncieHne PyHKIMN HECKOJIbKUX MEPEMEHHBIX.
JIBOWHOW M TPOMHON MHTErpalibl, UX cBoiicTBa. CBeA€HUE KPATHOTO MHTErpaia K

IIOBTOPHOMY. IonsTue N-KpaTHOr'0 MHTETpaJia. 3amMeHa MNEPEMCHHBIX B KPAaTHBIX WMHTC-
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rpanax. IlonspHble, nuaMHApPUYECKHEe U chepuueckue KoopAauHathl. KpuBoiuHelHbIe
uHTerpansl. Mx cBoiictBa m Berumcienue. [lonarne nosepxnoctu. KacarenpHas mioc-
KOCTb M HOpMaJIb K TOBEPXHOCTH. ITnomans nosepxHocTu. I10BEpXHOCTHBIE HHTETPAJIBI
NX cBOWCTBa 1 BBIUKCIICHHE. ['€OMETpUUECKNE U MEXAHUYECKHUE PUIIOKEHNS KPATHBIX,

KpHBOHHHCﬁHLIX H ITOBCPXHOCTHLIX UHTCTPAJIOB.

2. BeKTOpHBIN aHAINS.

CkansipHoe ¥ BEKTOpHOE moJie. [IUpKyisinus BEKTOPHOTO MOJS BAOJb KPUBOM.
[Torok mosa uyepe3 moBepxHocTh. Dopmyna ['aycca-Octporpanckoro. JluBepreHuus
BEKTOPHOTrO moJis, ee usnyeckuii cmpici. @opmyna Ctokca. POTop BEKTOPHOTO OIS,
ero ¢gusnueckuii cmpici. [loTeHIIManpHOE T0JIe, €r0 CBOMCTBA. Y CIIOBHE MOTEHIIUATb-

HOCTH. HaXO)KI[CHI/IC IIOTCHIIMAJIA.

3. Auddepennmanbubie ypaBHECHHUS.

HMuddepenunansupie ypaBHEeHUs 1-ro mopsiaka, pa3pelieHHbIE U HE pa3pelieH-
HbI€ OTHOCUTEJBbHO Mpou3BoAHON. 3amaun Komm. @opmylnpoBKa TEOpEMbl O CYIile-
CTBOBAaHMU U €IMHCTBEHHOCTH perieHus 3anaur Komm. YucieHHble MEeTOAbl PeleHUs
3amaun KoM i auddepeHnuanbHoro ypaBHeHus (Meron Jiiepa, meron Pywxre-
Kyrra). Auddepennmansubie ypaBHEHUST BBICIIUX MOPSAKOB. Tumnsl auddepeHiiuanb-
HBIX YPaBHEHMI, JOMYCKAIOIINX MOHWKEHUE nopsaka. JInneinsle nuddepeHraibHbe
ypaBHEHHUS BbICIIETO Nopsaka. JIuHelHble ypaBHEHUS C IOCTOSIHHBIMU KO3 uiineHTa-
MU M METOJIbl UX MHTerpupoBanusa. Cuctemsl AuddepeHunanbHbiX ypaBHeHul. JIunei-
Hble cucTeMbl U depeHInaNbHbIX YpaBHEeHU. JInHeliHble cucTteMbl TudQepeHmnanb-

HbIX ypaBHeHI/Iﬁ C MIOCTOAHHBIMH KOB(i)(bI/IHI/IeHTaMI/I U MCTOJbI UX MHTCIPUPOBAHUS].

4. YucnoBble ¥ GyHKITMOHAITBHBIC PSIBI.

Uucnoseie psanbl. CXoauMocTh U cymma psana. HeoOxonumoe ycimoBrue cXoaumo-
ctu. encTBusa ¢ psaamMu. Psaapl ¢ HeoTpuuareapbHbIMUA wieHamu. [Ipu3Haku cxoaumo-
CTH. 3HAKOMEpPEeMEHHBIE PSAIbI, PAAbI C KOMIUICKCHBIMH 4ICHaMH. AOCOIIOTHAS U

ycioBHas cxoauMocTu. [IpusHak JleliOuuia. CBoicTBa aOCOMIOTHO CXOMASIIIMXCS PSIIOB.

-



OyukunoHanbHble psaabl. O0nacTe cxogumoctu. PaBHOMepHast cxogumocts. [Ipusnak
Beitepmtpacca. CBoiicTBa paBHOMEPHO CXOISALIMXCS PSAAOB: HENPEPBIBHOCTH CYMMBbI
psina, nowieHHoe nuddepeHnrpoBanue U uHTerpupoBanue. Crenennsie psabl. Teope-
ma Abens. Kpyr cxogumoctu. Psaasl Teitnopa u Maknopena. Paznoxxenue GyHKImii B
CTEIeHHbIE psAabl. [Ipunoxkenne psanos.

5. Paaer @ypre.

Oproronanbubie cucteMbl (pyHkuuid. Psg dypbe mo opTOroHanbHON cHucTeMe
¢dbyukiui. Tpuronomerpuueckuit psa Oypwe. PaznoxkeHue B TPUTOHOMETPUYECKUE PsI-
nbl. Psin @ypbe 11 4eTHBIX M HedeTHBIX (pyHKUM. Tpuronomerpuueckuit psia Oypbe B
KoMIUieKcHOU (popme. Onpenenenue unrerpana @ypee. [IpencraBinenue GpyHKuuidi UH-
terpasioMm. Muterpan dypbe i1 4eTHBIX U HeYeTHBIX PyHkimi. WuaTerpan ®@ypre B
koMmruiekcHou popme. [IpeobpazoBanune Oypbe
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