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[lenpto caMOCTOATENBHON pabOThl 00yYarOMIMXCS SIBIsieTCs 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 MHMOPMAaIIHUH.

VY4eOHBIM IJIAHOM IIPEYCMOTPEHA CAMOCTOSITENIbHAS paboTa CTyIEHTOB:

Tabmuma — O6beM TUCIUTITUHBI 110 Pa3feiam

1 cemecTp
Ne HaumeHoBaHue u3y4yaemMoro pasjaesa Bcero O0BbeM JUCHUIIINHBI IS
n/n CaMOCTOSITeILHOI pado-
ThI
1 BBeneHue B MaTeMaTHUYECKUH aHAIIN3. DJIe- 25 12
MEHTBI TCOPUU MHOXKECTB M (PYHKIIHHA
2 Teopust mpenesoB M HEMPEPHIBHOCTH (PYHK- 27 10
017031
3 JuddepennnanbHoe UCYUCIEHUE PYHKIIMH 39 12
OJTHOM MepeMEeHHOM ¢ 3neMeHTamu qud de-
PEHITMATEHON TreOMETPUH
4 HuddepennnanpHoe ncunciaeHne GyHKInui 28 14
HECKOJIbKUX MTEPEMECHHBIX
5 WNuTerpanbHoe ucurciaeHue GyHKUUNA 01HOM 29 16
MIEPEMEHHOMN
2 cemecTp
Ne HaumeHoBaHue u3y4yaemMoro pasaesia Bcero O0beM TMCUMILTHHBI [JIA
n/n CaMOCTOSITeILHOI pado-
ThI
1 WuTerpanbHOe ucurciaeHne GyHKIUU He- 25 6
CKOJIbKUX MTEPEMEHHBIX
2 BekropHblii aHanmu3 15 9
3 JuddepennunanbHble ypaBHEHUS 22 10
4 YucnoBbie U GYHKIIMOHATHHBIE PSIJIBI 26 8
5 Psanb1t @ypee 20 11
1 cemecTp

1. BBenenue. D1eMEHTHI TEOPUU MHOXKECTB M (PYHKITUH.

[Ipeamer matemaTudeckoro aHanmsa. [loHsATHE MHOXKECTBA W TMOJAMHOXKECTBA.
[TycTtoe mHOXecTBO. MHOXKECTBO BCEX MOAMHOXKECTB MHOXkecTBa. Ormepanuud Han
MHOXecTBaMU. JlekapToBo mpowusBeneHrne MHOKecTB. COOTBETCTBUE, OTHOIIICHUE, OU-
HapHOE OTHOIICHWE. B3auMHO OJHO3HAYHOE COOTBETCTBHE. DKBUBAJICHTHBIC MHOMKE-
CTBa, CYETHBIC U HECUETHBIC MHOXKECTBA. DJIEMECHTHI MaTEeMaTUYECKON JIOTHKU: JIOTHYe-
CKHE CMBOJIBI, yTBEPKJECHUE, CIACACTBUE, IPsAMasi U 00OpaTHAsl TEOPEMbI, HEOOXO0IUMBIE
1 jnocrarouHbie ycioBus. [lonstue orobpaxkenus (PpyHkiuu), ero o061acTu onpesene-
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HUA U o0yacTu 3HaueHui. DnemeHTapubie pyHkiuu. OOpaTtHoe oToOpakenune. Kommo-
3K 0TOOpakeHH. MHOKeCTBO BCeX JACHMCTBUTENBHBIX YACENT U MHOKECTBO BCEX TO-
YeK YHMCIOBON MPSIMOMN, IKBUBAJIEHTHOCTh 3TUX MHOeCTB. CBONCTBA JACHUCTBUTEIBHBIX
yucen. [logMHOXkKecTBa MHOXKECTBA ACHCTBUTENBHBIX uncesl. OrpaHuYeHHBIE (CBEPXY,
CHH3Y) U HEOTpaHWUYCHHBIC (CBEPXY, CHHU3Y) MHOKecTBa. Hanbompiuii (HauMEHBIIIHI)
AJIEMEHT MHOXeCTBa. BepxHsst (HUXKHss1) rpaHh MHOXKeCTBa. TeopeMa o CyIlecTBOBa-
HUU BepxHell (HkHel) rpanu. [IoHsITHEe OKPECTHOCTH IEUCTBUTENILHOTO Yncia (TOYKH)
U OKPECTHOCTHU C BBIKOJIOTHIM IIEHTpoM. [loHSITHE MpenenbHOl TOYKH TOYEYHOTO MHO-
’KECTBA Ha YMCIIOBOU NPSAMOM. BHyTpeHHNE U rpaHUYHbIE TOYKA. MHOXECTBA IJIOTHBIE
B cebe, coBepieHHbIE MHOKECTBA. OTKPBIThIC U 3aMKHYThIE MHOKECTBA.

2. [Ipenen u HenpepbIBHOCTH GYHKIIUU OJHOU MTEPEMEHHOM.

[Ipumeprr nocnenoBarensHocTel. [Ipenen uncnoBoit nocinenoBarenbHOCTH. Cy-
IIECTBOBAHUE MpeJiesia Yy OrPaHNYEHHOM MOHOTOHHOMW MOCIJIENOBATENBHOCTH. JlemMma o
BIIOKEHHBIX oTpe3kax. [lognocnenoBarensHoctu. Teopema bombrano-Beliepuirpacca o
BBIJICJICHUH CXOZSIICHCS MOANOCIEA0BATENbHOCTH. JIeMMa 0 CyIIeCTBOBAHUM NIPEIEIb-
HOI TOYKM Yy OIpaHMYEHHOI0 OECKOHEYHOI0 MHOYKECTBa Ha 4yucioBoil ocu. Ilpenen
(GyHKUIMH OAHOW epeMeHHoN. OTHOCTOPOHHUE U ABYCTOPOHHUE Mpeieibl. beckoHeuHo
MaJbie (0ECKOHEYHO OOJIbIIME) BETUYUHBI U UX CBS3b C npeaenaMu QyHKiui. OyHKIMu
OJIHOM NMEepEeMEHHOH, HEe MMEIOIIME Npeaena B Touke M Ha OeckoHeuyHocTu. CBoiCTBa
ornepaluu npeaenbHoro nepexona. IlpenensHsiil nepexoa B cinoxHoi pyHkuuu. Ilep-
BBl U BTOPOM 3ameyvaTelIbHBIE Ipenelibl. BTOpor 3amevarenbHbIi Opeaesa B 3a1aye O
HA4YMCJIEHUH MPOLEHTOB. CUMBOJIBI o-Manioe U (O-00JbIIOE U MX HCHOJIb30BAaHUE IS
packpbITusl HeompeneiaeHHocTel. HenpepbIBHOCTh (PyHKIIMK B TOUKE U Ha MHOKECTBE.
OnHOCTOPOHHSISI HEMPEPBIBHOCTh. TOUKH pa3pbiBa U WX Kiaccudukanus. Apudmeruye-
CKHE ONEpalMK HaJl HENpephIBHBIMU (PyHKIIUsAMU. HenpepbIBHOCTh OCHOBHBIX 3JIEMEH-
TapHbIX (QyHKIUH. HempepblBHOCTH clIOKHOW (QyHKUMU. BepxHss (HWXHsS) TpaHb,
rJ100aNbHbBI MaKCUMYM (MUHMMYM) (DYHKIIMM B €€ 00JacTh omnpeaesieHus. TeopeMbl
Beiiepmitpacca u bonbiiano-Komu o HenpepbIBHON Ha oTpe3ke QyHKIUU. Teopema o
CYILLIECTBOBAHUM U HENPEPHIBHOCTU OOpAaTHOW (PYHKIMHU Yy CTPOTO MOHOTOHHOM (PYyHK-
LIMY, HEMPEPBIBHOW Ha OTpe3ke. PaBHOMEpHAs HEMPEpHIBHOCTh (PYHKIMU U Teopema
KanTopa.

[TonsiTe mMpou3BoHON (PYHKITMU OAHOM TepeMeHHOU. ['eoMeTpuueckas MHTEp-
MpeTalur TPOU3BOAHON. YpaBHEeHHE KacaTtenbHOW. IloHsTHe nuddepeHnrpyeMoi
¢bynkuun. Heobxomumoe u mocratounoe ycnoue auddepennupyemoctu. CBsi3bh He-
npepbiBHOCTH U quddepennupyemoctr GyHKIIMUA OfHOW mepeMeHHou. [Ipowm3BogHas
CYMMBI, TIPOU3BEACHUS, YACTHOTO, CIIOKHON U oOpaTtHO ¢yHkimu. Juddepenmupona-
Hue (QYHKIUH, 33JaHHBIX MapameTpudecku. [Ipon3BoJHbIE OCHOBHBIX 3JIEMEHTApPHBIX
¢bynkuwmii. [lonstue nuddepenimana GyHkuu ogHOM nepemeHHoM. ['eomerpruueckas
unreprnperauus auddepeniumana. CpoiictBa nuddepenunana. MaBapuanTHOCTh (op-
MbI niepBoro auddepenuunana. [lpousBoansie n auddepeHnnans BICIIUX MOPSIKOB
(GyHKUIHMH OAHOW MEPEMEHHON U UX CBOMCTBA.

3. UccnenoBanue nuddepeHpyeMbix QyHKIIUN 0JTHON NePEeMEHHOM.



[TonsiTue 06 sKcTpeMyMax (PYHKIMH OAHON NepeMeHHOM. JIOKalbHBIN SKCTpeMyM
(BHYTpEeHHUM M TpaHWYHBIN) (YHKIIMU OJHOM mepemeHHON. HeoOxomumoe ycioBue
BHYTPEHHETO JIOKAJIbHOTO 3KcTpeMyMa (Teopema dPepma). TeopeMbl 0 cpeHeM 3Haye-
Huu (Teopembl Poms, Jlarpanka u Komn) u ux reomerpuueckas uarepnperanus. [Ipa-
B0 Jloruramnsa. @opmyel Tennopa u MakinopeHa U UX UCIOJIb30BAHUE JJIS IPEACTAB-
JIeHUsT U NPUOIMKEHHOTO BBIUMCIEHUS 3HadeHuM (yHkuuil. JloctaTouHoe yclioBUe
cTpororo Bo3pactanus (yObiBaHus) GYyHKUMM Ha HHTEpBasie. JlOCTaTOUHBIE YCIOBUS
JIOKaJIBHOTO 3KCTpeMyMa (DYHKIIMH OJHOW MepeMeHHOU. Beimykibie (BOTHYThIE) (DyHK-
UU OJHOM mepeMeHHoi. HeoOxoaumMoe U J0CTaTOYHOE YCJIOBUE BBIMTYKIOCTH (BOTHY-
toctu). Touka nepernba. HeoOxonaumoe u foctaTouHoe ycioBusi TOUkH nepernda. Bep-
THUKAJIbHBIC U HEBEPTUKAIBHBIC aCUMITOTHI Tpaduka GyHKIMH OTHOM TiepeMeHHon. Vc-
cieoBaHue (PYHKIIMH OJHON MEPEMEHHOMN C MCIOJIb30BAHUEM MEPBOM U BTOPOU MPOU3-
BOJIHBIX U MOCTpoeHue ee rpaduka. OnpeneneHue riodaabHOro MaKkCUMyMa (MUHUMY-
Ma) GYHKIUUA OAHOU MEPEMEHHOM B 00JIaCTH €€ OIpeIeIICHHUS.

4. OyHKIMKA HECKOJIbKUX repeMeHHbix (OHIT).

[ToHsiTHE N-MEPHOrO EBKIMAOBA MPOCTPaHCTBA. [IOHATHME OKPECTHOCTH TOYKH,
OKPECTHOCTH C BBIKOJIOTBIM LIECHTPOM. [IoHATHE ITpeneIbHOM, BHYTPEHHEN U TPAaHUYHOU
TOYEK TOYEYHOI'O0 MHOXECTBA HA TUIOCKOCTU U B 71-MEPHOM NPOCTPAHCTBE. OTKPHITHIE U
3aMKHYTBIE MHOYKECTBA HA IUIOCKOCTH U B 7-MEPHOM NPOCTPAHCTBE. BBINyKIbIE U HE-
BBIITYKJIBIE MHOXECTBA Ha IUNIOCKOCTH U B n-MEPHOM npocTtpaHcTBe. [loHsTHE paccTos-
Hus. HepaBenctBo Komm-byHSKOBCKOTrO, HEpaBEHCTBO TpEyrosbHUKA. MHOXeCTBa
CBSI3HBIC, HECBA3HBIE, OIPAHUYECHHBIE, HEOrpaHU4YeHHbIE. [locneoBaTeNbHOCTh TOYEK
Ha IUIOCKOCTH U B N-MEpHOM IpocTpaHCcTBe. [IOHATHE OrpaHMYEHHON M HEOTPAaHUYECH-
HOM ITOCJIEN0BATENBHOCTH TOYEK.

OyHKIMM IBYX MepeMeHHbIX. [loHaTHe 0 MHOXKECTBE (JIMHUU) YPOBHS (DYHKIIMH
IBYX mnepeMeHHbIX. O000IeHne Ha ciaydad QyHKIUN HEeCKOJbKHX mepeMeHHbIX. [Ipe-
nen QyHKIIMU HeCKOJBKUX MePEMEHHbBIX. ApudmeTrndeckue onepanuu HaJl PyHKITUIMHY,
MMEIOLMMHI KOHEYHbIE IpejiebHble 3HaueHus. HempepbIBHOCTh (DYHKIIMN HECKOJIBKUX
MIEPEMEHHBIX B TOYKE U HA MHOXECTBE. TOUKM HENpPEpHIBHOCTH M TOYKU pa3pbiBa
GyHKIMH.

YacTHble TpoW3BOJHBIE W YacTHbIe auddepenunansl. JuddepeHmpyemMocTsb
OHII. I'maBuas nuneiHas yacte npupamienus OHII. Tlomusiit quddepennmnan OHII.
Hoctatounoe ycinosue nuddepennupyemoct OHIIL. I'eomerpuueckas mHTEpIpeTaUs
4acTHBIX Mpou3BoJHbIX. KacaTenpHas miockocTs K rpaduxy OHIIL. [ludbdepenmnupye-
MocTh cioxubix @HII. MuBapuantHocts (opmbel auddepennuana OHII. Yacthbie
Mpou3BOIHbIE U JudepeHInabl mopsiaka Beille nepBoro. Teopema 0 paBeHCTBE CMe-
IIAHHBIX YaCTHBIX MPOU3BOAHBIX. Dopmyna Telnmopa misa QyHKIMN HECKOJBKUX Tepe-
MEHHBIX. DOPMYJIBI JIJIl YaCTHBIX MPOU3BOJHBIX U AU PepeHIInaoB HESIBHBIX (DYHK-
1007178

Okctpemym OHII (aOGCcomoTHBIN, YCTOBHBIN, JTOKAIbHBIN, T00anbHBIN). Heob-
XOJMMO€ YCJIOBHE JIOKATBHOTO a0COJIIOTHOTO 3KCTpemyMa. JlocTaTouHOE YCIOBHE JIO-
KaJIbHOTO a0COJIFOTHOTO AKCTpeMyMa. BBIMyKIble U CTPOro BBIMYKIIbIE (PYHKIIMH. DKC-
TpeMyM BbIyKJIoM QpyHkumnu. @ynkuus Jlarpanxka u MHOxutenu Jlarpanxa 11st 3a1auu
Ha YCJIOBHBIN 3kcTpemyM. Heobxoanmoe ycioBue JTOKaIbHOTO YCIOBHOTO 3KCTpEMyMa
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U €ro reoMeTpuyeckas uHTepmnperamus. JloctaTouHoe ycloBHe JTOKaJIbHOTO YCIOBHOTO
AKCTpEMyMa.

5. MHTerpanbHoe ncurcieHue GyHKIUN OJTHON TepEeMEHHOM.

[lepBooOpaznas. Heonpenenennsiit unterpain. IlepBas ocHOBHasi TeopemMa MHTe-
IpaibHOTO UCYHUCIIEHUS (O CYIIECTBOBAHUM MEPBOOOPA3HON Yy HEMPEPHIBHOU (HYHKIIMN).
CBoiicTBa HEOMPENEIICHHOTO WHTerpana. MHTerpanbsl OT OCHOBHBIX 3JIEMEHTapHBIX
bynkuii. Tabnuunble HHTErpajbl. 3aMeHa MEPEMEHHON U MHTETPUPOBAHKE IO YaCTAM
B HeompeaenaeHHOM uHTerpaine. Muorowiensl. Teopema besy. OcHoBHas Teopema ai-
reOpsl. PaznoskeHne MHOTO4IIeHa ¢ IEHCTBUTENBHBIMU KOA(PGUIIUEHTAMH Ha JIMHEHHBIC
M KBaJpaTHUYHbIE MHOXHUTEIH. PazokeHHe palMoHAIBHBIX ApoOe Ha MpocTeune.
HuTerpupoBanue panmoHaIbHBIX IpoOeil. MHTerpupoBanue HEKOTOPHIX UppaIioHaIb-
HBIX W TPAaHCLUEHJIEHTHBIX (PyHKIMI. 3agaun, TPUBOAAIINE K MOHATUIO ONPEIECIEHHOTO
uHTerpana. MHrerpansHas cyMMa PumaHna, onpeleneHHblii MHTETpal U €ro FeOMETpPH-
yeckas uHTepnperauusa. Murerpansusie cymmbl JlapOy. CBoiicTBa oIpeeIeHHOro uH-
Terpajia (CBsI3aHHBIE C MOJBIHTETPAIBHOW (YHKIIMEH, C OTPE3KOM HHTEIPUPOBAHUSA).
Teopema o cpegnem 3HaueHUU. ONpPENEICHHBIM HHTETpal C NEPEMEHHBIM BEPXHUM
MIPE/ICNIOM U €ro MPOU3BOIHAs 110 AToMy Tipeaeny. @opmyna Hetotona-JleiOuuia. Bro-
past OCHOBHAsl TEOpPEMa MHTETPAIIBHOIO UCUNCIIEHUS (O CYIECTBOBAHUM OIPEIEICHHOIO
MHTErpaia y HenpepblBHOM (QyHKIuM). MaTerpupyemsle o Pumany ¢ynkuuu. 3ameHa
nepeMeHHON U (hopMyJia MHTErPUPOBAHUSA MO YACTSAM JUJISl ONPEIEIEHHOT0 MHTErpaa.
HecoOcTBeHHbIEe HMHTErpasibl. AOCOJIIOTHAs M YCIOBHAsl CXOJUMOCTbh HECOOCTBEHHBIX
uHTerpanos. lIpuzHaku cxoaumocTu.

2 cemecTp

1. UuTerpanbHoe ucuncienne GyHKIMH HECKOJIBKUX MEPEMEHHBIX.

JIBOWHOW M TPOMHON MHTErpalibl, UX cBoiicTBa. CBei€HUE KPATHOTO MHTErpaia K
nmoBTOpHOMY. [IOHSITHE N-KpaTHOrO MHTETpaja. 3aMeHa MEPEMEHHBIX B KPaTHBIX WHTE-
rpanax. [lonspHble, munuHApUYecKue U chepudeckue KoopauHatbl. KpuBosMHEHHbIE
uHTerpansl. Mx cBoicTBa u BbiunciieHue. [lonsarue nosepxnoctu. KacarenpHas mioc-
KOCTb ¥ HOpMaJIb K 1oBepXHOCTHU. [nomans moBepxHocTH. [10BEPXHOCTHBIE HHTErPAIBI
WX cBoMicTBa U BBIYUCIICHUE. | €OMETpUUECKUE U MEXAHUUYECKUE TTPUIIO0KEHUS KPATHBIX,
KPUBOJIMHEMHBIX U TOBEPXHOCTHBIX HHTETPAJIOB.

2. BekTOopHBIN aHAJIN3.

CkansipHoe M BEKTOpHOE mouie. L{upKynsuus BEKTOPHOIO MOJIA BIOJIb KPUBOW.
[Torok moss yepe3 moBepxHocTh. Dopmyna ['aycca-Octporpanckoro. JluBepreHuus
BEKTOPHOTO MoJisl, ee pusnueckuii cmpici. @opmyna Crokca. PoTop BekTOpHOrO Mo,
ero ¢u3uyeckuii cmpici. [loTeHIManpHOE MoJie, ero CBOMCTBA. Y CIIOBHE IOTCHIIMAIIb-
HocTH. Haxoxaenne noreHuuana.

3. duddepennnansHbie ypaBHECHHUS.
Huddepennmansupie ypaBHEeHUs 1-T0 MOpsAKa, pa3pelieHHbIE U HE pa3pelicH-
HbIE OTHOCUTENBHO Mpou3BoaHOU. 3anaun Komm. dopmynupoBka TeopeMbl O Cyllie-
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CTBOBAaHMU U €IWHCTBEHHOCTH perieHus 3anaun Komm. YncieHHbIe METOABI PEIICHHUS
3ajayn Ko sl AuddepeHnnansHoro ypaBHeHus (Meron Jiinepa, meton Pyxre-
Kyrra). [Inddepenmanbubie ypaBHEHUST BBICIIMX MOPSAAKOB. Tumbl nuddepeHnmnaib-
HBIX YpaBHEHUH, JOMYCKAIONUX TIOHKEHHNE TIopsiaka. JIuneitHpie muddepeHnmansHbe
ypaBHEHUs BBICHIETO TOpsiaKa. JIMHEHbIE ypaBHEHUS ¢ TIOCTOSTHHBIMH KO3 PHUITICHTA-
MU U METOJIbI UX UHTerpupoBanus. Cuctemsl AuddepeHuanbHbIX ypaBHeHUH. JIunen-
HbIe cHCTeMbI MU depeHIMaTbHBIX YpaBHeHUH. JInHeliHbIe cuctembl auddepeHnnans-
HBIX YPaBHEHUH C TIOCTOSHHBIMHU KOA(P(OUIIMEHTAMH W METObI UX HHTETPUPOBAHUS.

4. YucnoBble M GyHKITMOHATHHBIC PSIBI.

Yucnosele psaapl. CxoaumMocTh U cymma pana. HeoOxonumoe ycimoBue cXoaumo-
ctu. JlenctBus ¢ psgamu. Psaael ¢ HeoTpulatenbHbIiMU 4ieHamu. [Ipu3Haku cxoamMmo-
CTU. 3HAKOMEPEMEHHBbIE PANbI, PSAAbl C KOMIUIEKCHBIMM 4WieHamMu. AOCOJIOTHas U
ycnoBHas cxoaumoctu. [Ipusnak JleiiOnuna. CBoiicTBa aOCOTIOTHO CXOISIINXCS PSIIOB.
OyHk1moHaNbHbIE psabl. O01acTh cxoauMocTu. PaBHOMepHas cxoaumocThb. [Ipu3Hak
Beiiepmtpacca. CBolicTBa paBHOMEPHO CXOJSIIMXCS PSAIOB: HENPEPHIBHOCTH CYMMBI
psina, nouwieHHoe nuddepeHipoBanrue U uHterpupoBanue. CreneHusie psaabpl. Teope-
Ma AGens. Kpyr cxonumoctu. Paner Teitnopa u Maknopena. Paznoxxenue QyHkimii B
CTeneHHbIe psAabl. [Ipuiioxxenue psaaos.

5. Psanber Oypee.

OproronaneHbie cucteMbl (PyHKIUA. Psg dypse mo OpTOroHANBHOM CUCTEME
¢ynkumii. Tpuronomerpuueckuii psg @ypwe. Paznoxkenrne B TpPHrOHOMETPUYECKHE PSi-
nbl. Psim @ypbe st 4eTHBIX U HeueTHBIX QyHKiuil. Tpuronomerpudeckuit psiag Oypoe B
koMIiekcHoU (popme. Onpenenenue nnrerpana Oypee. [Ipencrasienue byHKINN UH-
terpasiom. Unterpan dypwe 115 yeTHBIX U HeYeTHBIX QyHkiui. MuaTerpan dypee B
koMmrIuiekcHou opme. [Ipeobpazoanue Dypre
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1. bepman I'.I'. COopHuK 33724 IO KypCy MaTeMaTUYECKOTO aHaIu3a: yueo-
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