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[lenpto caMOCTOATENBHON pabOThl 0OYyYAIOIIMUXCS SIBIsSIETCS 00yueHHE HAaBBIKAM
paboThl C HAyYHO-TEOPETUUYECKON JUTEPaTypOl M MPaKTUYECKUMH MaTepHhalaMu, He-
O00XOAUMBIMU JUISI YTIIyOJIEHHOTO M3y4YeHHs AWCLUILIUHBI, a TaKXKe pPa3BUTHE y HHUX
YCTOWYMBBIX CIIOCOOHOCTEH K CaMOCTOSITEIFHOMY HM3YYCHHIO U M3JI0KEHUIO TOTy4YEeH-
HOM MHMOPMAIIUH.

VY4eOHBIM MJIaHOM IIPEyCMOTPEHA CAMOCTOSTENbHASL pab0Ta CTY/I€HTOB:

Tabmuua — O0beM JUCHUIUIMHBI IO pa3jienaM

1 cemecTp

Ne HaumeHoBaHmne u3y4yaemMoro pasjaesa Bcero O0BpeM JUCHUIIINHBI IS

n/n CaMOCTOSITeILHOI pado-
ThI
1 BBeneHue B MaTeMaTHUYECKUN aHAIIN3. DJIe- 24 14

MEHTBI TCOPUU MHOXKECTB M (PYHKIIHIHA
2 Teopust mpenesoB M HEMPEPHIBHOCTH (PYHK- 25 12
017031
3 JuddepennnanbHoe UCYUCIEHUE PYHKIIMH 38 16
OJTHOM MepeMEeHHOM ¢ 3neMeHTamu qud de-
PEHITMATEHON TeOMETPUH
4 HuddepennnanpHoe ncunciaeHne GyHKInui 24 26
HECKOJIbKUX MTEPEMECHHBIX
5 WNuTerpanbHoe ucunciaeHue pyHKIui o1HOM 33 22
MIEPEMEHHOMN
2 cemecTp

Ne HaumeHoBaHue u3y4yaemMoro pasaesia Bcero O0beM TMCUMILTHHBI JIA

n/n CaMOCTOSITeILHOI pado-
ThI
1 WuTerpanbHOe ucurciaeHne GyHKIUU He- 17 10

CKOJIbKUX MTEPEMEHHBIX
2 BekropHblii aHanmu3 21 12
3 HNuddepennmranbabie ypaBHEHUS 28 14
4 YucnoBbie U GYHKIIMOHATHHBIE PSIJIBI 22 12
5 Psanb1t @ypee 20 12
1 cemecTp

1. BBenenue. D1eMEHTHI TEOPUU MHOXKECTB M (PYHKITUH.

[Ipeamer matemaTudeckoro aHanmsa. [loHsATHE MHOXKECTBA W TMOJAMHOXKECTBA.
[TycTtoe mHOXecTBO. MHOXKECTBO BCEX IMOJAMHOXKECTB MHOXKecTBa. Orepanuu Haj
MHOXecTBaMu. JlekapToBo mpowusBeneHrne MHOKecTB. COOTBETCTBHE, OTHOIIICHUE, OU-
HapHOE OTHOIICHHWE. B3aMMHO OJHO3HA4YHOE COOTBETCTBHE. DKBUBAJICHTHBIC MHOMKE-
CTBa, CYETHBIC U HECUETHBIC MHOXKECTBA. DJIEMEHTHI MaTEeMAaTUYECKON JIOTHKU: JIOTHYe-
CKHE CHMBOJIBI, yTBEPKIECHUE, CICACTBUE, IPsAMas U 0OpaTHAsl TEOPEMbI, HEOOXOIUMBIE
u noctatouyHbie ycioBus. [lonstue otobpaxkenus (QyHKIUU), ero 00JacTu omnpesene-
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HUA ¥ 00yacTu 3HaueHu. DnemeHTapubie pyHkimu. OOpaTtHoe oToOpakerune. Kommo-
3UILMS 0TOOpakeHU. MHOXKeCTBO BCeX ACHCTBUTEIBHBIX YUCET U MHOXKECTBO BCEX TO-
YeK YHCJIOBON MPSIMOM, IKBUBAJIEHTHOCTh 3TUX MHOeCTB. CBONCTBA JACHCTBUTEIBHBIX
yucen. [logMHOXKecTBa MHOXECTBA ACHCTBUTENBHBIX uncesl. OrpaHuyYeHHBIE (CBEPXY,
CHH3Y) U HEOTpaHUUYCHHBIC (CBEPXY, CHHU3Y) MHOXKecTBa. Hanbomnpinii (HauMeHbIINH)
AJIEeMEHT MHOXeCTBa. BepxHsisi (HMXKHSsA) rpaHh MHOXKeCTBa. TeopeMa o CyIlecTBOBa-
HUU BepxHel (HkHel) rpanu. [loHsTHEe OKPECTHOCTH IEUCTBUTENILHOTO Yncia (TOYKH)
U OKPECTHOCTU C BBIKOJIOTHIM IIEHTpoM. [loHSITHE MpenenbHOl TOYKH TOYEUYHOTO MHO-
’KECTBA Ha YMCIIOBOU NPSAMOM. BHyTpeHHUE U rpaHUYHBbIE TOYKHA. MHOXKECTBA IJIOTHBIE
B cebe, coBepieHHbIe MHOKeCTBA. OTKPBITHIEC U 3aMKHYThIE MHOKECTBA.

2. [Ipenen u HenpepbIBHOCTH GYHKIIUU OJHOU MTEPEMEHHOM.

[Tpumepsl nocnenoBatenbHocTed. [Ipenen uncnoBoil nocnenoBareabHOCTH. Cy-
[IECTBOBAaHUE MpENEa Y OTPAaHUYEHHOM MOHOTOHHOU IOCJIENOBATENBHOCTH. JleMma o
BJIOKEHHBIX oTpe3kax. [lognocnenoBarensnoctu. Teopema bombrano-Belieprpacca o
BBIJICJICHHH CXOZSIICICS MOANOCIEA0BATENbHOCTH. JIeMMa 0 CyIleCTBOBAHUM NIPEIEIb-
HOM TOYKM Yy OIpaHMYEHHOI0 OECKOHEYHOIO0 MHOJKECTBa Ha uucioBoil ocu. Ilpenen
(GyHKUIMK OTHOU NepeMeHHOo. OTHOCTOPOHHUE U IBYCTOPOHHHE MPEEbl. beCKOHEUHO
MaJibie (0ECKOHEYHO OOJIbIINE) BETMYUHBI U UX CBS3b C npeaenamMu QyHkiui. OyHKIu
OJIHOM NMEepEeMEHHOH, HEe MMEIOIIME Npeena B Touke M Ha OeckoHeuyHocTU. CBoOMCTBa
ornepaiuu npenenbHoro nepexona. Ilpenensuslil nepexoa B cinoxHoi pyHkuuu. Ilep-
BB M BTOPOM 3aMedaTesbHbIEe Ipeaeiibl. BTopol 3amedaTenbHblil Npenell B 3aJade O
HA4YUCICHUM MpoLeHTOB. CUMBOJBI o-Manoe U (O-00JbIIOE UM UX MCIOJIb30BAaHUE IS
packpbITusl HeompeneaeHHocTel. HenpepblBHOCTh PyHKIIMM B TOUKE U Ha MHOKECTBE.
OnHOCTOPOHHSISI HENPEPBIBHOCTh. TOUKM pa3pbiBa U WX Kiaccudukanus. Apudmernye-
CKHE€ ONEpalMK HaJl HENpephIBHBIMU (PyHKIUsAMU. HenpepbIBHOCT OCHOBHBIX 3JIEMEH-
TapHbIX (QyHKIMI. HenpepblBHOCTh clokHOW (QyHKIuU. BepxHsas (HMXHsS) TpaHb,
rJ100anbHbBIE MaKCUMYM (MUHMMYM) (DYHKIMHM B €€ 00JacTu omnpeneneHus. Teopembl
Beiiepmitpacca u bonbsiiano-Komu o HenpepbIlBHON Ha oTpe3ke GyHKIUU. Teopema o
CYILLIECTBOBAHUM U HEMPEPBIBHOCTU OOpaTHOW (PYHKUIMHU Y CTPOTO MOHOTOHHOM (PyHK-
LMY, HETPEpPBHIBHOW Ha OTpe3ke. PaBHOMEpHas HENpEepbhIBHOCTh (PYHKIUMU U Teopema
KanTopa.

[TonsiTue mpou3BoaHON (PYHKITMU OFHOUW TepeMeHHOU. ['eoMeTpuueckass MHTEp-
npeTaly MpoU3BOAHOW. YpaBHeHHMe KacatenbHOW. IloHsTHe nuddepeHurpyeMoi
¢ynknuu. Heobxogmmoe u mocratounoe ycnoue auddepennupyemoctu. CBs3bh He-
npepbiBHOCTH U quddepennrpyeMoctd GyHKIIUA OAHOW mepeMmeHHou. [IpomsBoaHas
CYMMBI, TIPOM3BEACHUS, YACTHOTO, CIIOKHON U oOpaTtHOW QyHkimu. Juddepermupona-
Hue (YHKIUH, 33JaHHBIX MapameTpudeckd. [Ipon3BoAHbIE OCHOBHBIX 3JIEMEHTaPHBIX
¢yukuuid. [lonstue nuddepennuana GyHkuuu ogHOW nepemeHHOM. ['eomerpruueckas
untepnperanus auddepenimana. CpoiictBa nuddepennnana. aBapuanTHOCTh Gop-
Mbl TiepBoro auddepenimana. [IpousBoausie n auddepeHumansl BhICIIUX TOPSIKOB
(GyHKUIMM OHOM MEPEMEHHOMN U UX CBOMCTBA.

3. UccnenoBanue nuddepeHmpyeMbix QyHKIUN 0JTHON NEePEMEHHOM.



[Tonsitue 006 sxcTpeMyMax PyHKIMH OAHON NepeMeHHOM. JIoOKalbHBIN SKCTpeMyM
(BHYTpEeHHUM M TpaHWYHBIN) (YHKIIMKU OJHOM mepemeHHON. HeoOxomumoe ycioBue
BHYTPEHHETO JIOKAJIbHOTO 3KcTpeMyMa (Teopema depma). TeopeMbl 0 cpeHeM 3Haye-
Huu (Teopembl Poms, Jlarpanka u Komn) u ux reomerpuyeckas uHtepnperanus. [Ipa-
B0 Jloruransa. @opmynel Tenmopa u MakinopeHa U WX UCIOJIb30BAHUE JJIS IPEACTAB-
JIeHUsT U TNPUOIMKEHHOTO BBIUMCIEHUS 3HadeHuM (yHkuuil. JloctaTouHoe yclioBUe
cTpororo Bo3pactanus (yObiBaHus) GYHKUMM Ha HHTEpBasie. JlOCTaTOUHBIE YCIOBUS
JIOKaJIBHOTO 3KCTpeMyMa (DYHKIIMHM OJHOW MepeMEeHHOW. Beimykibie (BOTHYThIE) DyHK-
UA OJHOM mepeMeHHoi. HeoOxoaumMoe U JOCTaTOYHOE YCJIOBHUE BBIMTYKIIOCTH (BOTHY-
toctu). Touka nepernba. HeoOxonumoe u foctaTouHoe ycioBusi TOUKH niepernda. Bep-
THUKAJIbHBIC U HEBEPTUKAIHHBIC ACUMITOTHI Tpaduka GyHKIMH O HON niepeMeHHon. Hc-
cieoBaHre (PYHKIIMHM OJHOU MEPEMEHHOMN C MCIOJIb30BAHUEM MEPBOM U BTOPOU MPOU3-
BOJIHBIX U MOCTpoeHue ee rpaduka. OnpeneneHue riodaabHOro MaKkCUMyMa (MUHUMY-
Ma) QYHKIIMU OJTHOM TIEPEMEHHOM B 00JIACTH €€ ONpeIeTICHUS.

4. OyHKIMKA HECKOJIbKUX repeMeHHbix (OHIT).

[ToHsiTHE N-MEPHOrO EBKIMAOBA NMPOCTpaHCTBA. [IOHATHME OKPECTHOCTH TOYKH,
OKPECTHOCTH C BBIKOJIOTBHIM LEHTPOM. [loHsATHE TIpeaeIbHOM, BHYTPEHHEN U TPAHUYHON
TOYEK TOYEYHOT'O MHOXKECTBA HA INIOCKOCTH U B 1-MEPHOM IPOCTpaHCcTBE. OTKPBITHIE U
3aMKHYTbIE MHOKECTBA HA IUIOCKOCTH U B N-MEPHOM IPOCTPAaHCTBE. Brimykibie U He-
BBIITYKJIBIE MHOXKECTBA Ha IUNIOCKOCTH U B n-MEPHOM mnpocTpaHcTBe. [loHsTHE paccTos-
Hus. HepaBencTtBo Komm-byHSKOBCKOro, HEpaBEHCTBO TpEyrosbHUKA. MHOMXeCTBa
CBSI3HBIC, HECBA3HBIC, OIPAHUYEHHBIE, HEOrpaHW4YeHHbIE. [locnenoBaTeNbHOCTh TOYEK
Ha IUIOCKOCTH M B N-MEpHOM MpocTpaHcTBe. [[OHATHE OrpaHMYEHHON M HEOTPAHUYECH-
HOM ITOCJEN0BATEIBHOCTH TOYEK.

OyHKIMM IBYX MepeMeHHbIX. [loHaTHe 0 MHOXKECTBE (JIMHUU) YPOBHS (DYHKIIMH
IBYX mepeMeHHbIX. O000IeHne Ha ciaydad QyHKIUN HECKOJbKHX MepeMeHHbIX. [Ipe-
nen GyHKIIMU HeCKOJBKUX MePEMEHHbIX. ApudmeTrndeckue onepanuu HaJl PyHKITUSIMHU,
UMEIOIUMH KOHEUHBIE MpeJebHbie 3HaueHus. HenpephlBHOCTh (DYHKITMU HECKOIBKUX
NEPEMEHHBIX B TOYKE M HAa MHOXKECTBE. TOYKM HENpPEephIBHOCTH M TOYKHU pa3pbiBa
byHKIIUN.

YacTHble TpoW3BOJIHBIE W YacTHbIe auddepennuansl. JuddepeHmmpyemMocTsb
OHII. I'maBuas nunetinas dacts npupamenns OHIL. Tomnsii quddepennman OHII.
Hoctatounoe ycinosue nuddepennupyemoct @HIIL. I'eomerpruueckass mHTEpIpeTaLUs
4acTHBIX Mpou3BojHbIX. KacaTenpHas miockocTs k rpadhuxy OHIIL. uddepenmupye-
MocTh cioxkubix OHII. MuBapuantHocts opmbl auddepenimana OHII. YactHbie
npou3BoHbIE U quddepeHnnansl mopsiaka Boille nepporo. Teopema 0 paBeHCTBE cMe-
IIAHHBIX YaCTHBIX MPou3BOJHBIX. Dopmyna Telnopa nas QyHKIUNA HECKOJIbKUX TEpe-
MeHHBIX. DOpMyIBI JJIs1 YaCTHBIX MPOU3BOAHBIX U AU(dEpEeHIINaToB HEIBHBIX (YHK-
1007178

Okctpemym OHII (aOGCcomoTHBIN, YCTOBHBIN, JTOKAIbHBIN, T00anbHBIN). Heob-
XOJJMIMO€ YCJIOBHE JIOKATBHOTO a0COJIIOTHOTO 3KCTpemyMa. JlocTaTouHOE YCIOBHE JIO-
KaJIbHOTO a0COJIFOTHOTO AKCTpeMyMa. BBIMyKible U CTPOro BBIMYKIIbIE (PYHKIIMH. DKC-
TpeMyM BhITykJIoi pynkunu. Oynkuus Jlarpanxka u MHOkuTenu Jlarpanxa 1 3a1auu
Ha YCJIOBHBIN 3kcTpemyM. Heobxoaumoe yciioBue JTIOKaIbHOTO YCIOBHOTO 3KCTpEMyMa
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U €ro reoMeTpuyeckas uHTepnperaius. JloctaTouHoe yCcloBHE JTOKAIbHOTO YCIOBHOTO
AKCTpEMyMa.

5. MHTerpanbHoe ucurcienne GyHKIMN OJTHON TTepEeMEHHOM.

[TepBooOpasnasa. Heonpenenennslil uurerpain. Ilepsas ocHOBHas Teopema MHTe-
IpajbHOr0 UCYUCIIEHUS (O CYIIECTBOBAHUU NTEPBOOOPA3HON Y HENPEPHIBHON (DYHKIIUN).
CBolicTBa HEONpEENeHHOro uHTerpana. MHTerpanssl OT OCHOBHBIX 3JIEMEHTapHBIX
¢ynkmuii. Tabauanble HHTETpaibl. 3aMeHa IEPEMEHHON U MHTETPUPOBAHKE IO YaCTAM
B HeompeaeraeHHoM uHTerpaine. Muorouwnensl. Teopema besy. OcHoBHas Teopema ai-
reOpsl. Pa3noskeHne MHOTOWIeHa ¢ IEHCTBUTEIBHBIMU KO GUIIUEHTAMH Ha JIMHEHHBIC
M KBaJpaTHUYHbIE MHOXHUTENH. PaznojkeHHe palroHaNbHBIX ApoOeld Ha MpOCTEUIIuE.
WNHTerpupoBanre palMoHaIbHbBIX ApoOeil. UHTerprupoBaHre HEKOTOPBIX MPPALMOHAIIb-
HBIX U TPAaHCLUEHJIECHTHBIX (PYHKIMI. 3agaun, TPUBOASIINE K MOHATUIO ONPENEIEHHOTO
uHrerpana. MurerpanbHas cymMma Pumana, onpeneneHHblii MHTErpal U €ro reoOMeTpu-
yeckas uHTepnperauusa. uterpanbusie cymmbl JlapOy. CBoiicTBa OnpeneaeHHOro uH-
Terpana (CBsI3aHHBIE C MOJBIHTEIPAIBHOW (PYHKIMEH, C OTPE3KOM HHTErpPUPOBAHUSA).
Teopema o cpegnem 3HadeHUM. ONpENENEHHBIM HHTErpall ¢ MEPEMEHHBIM BEPXHUM
IPEesIOM U €ro MPOou3BOIHAs 10 3ToMy Tipeaeny. @opmyna Hetorona-JIeOnuma. Bro-
pasi OCHOBHAsl TeOpeMa UHTETPAIbHOTO UCUUCIIEHUS (O CYLIECTBOBAHUH OIPEIEICHHOTIO
UHTErpajia y HenpepblBHON pyHkumn). MiHTerpupyemsle no Pumany gyHkiuu. 3ameHa
NepeMEeHHON U (hopMyJia MHTErPUPOBAHUA MO YACTSAM JJIsl ONPENEIEHHOTO MHTErpaia.
HecoOcTBeHHbIEe HMHTErpasibl. AOCOJIIOTHAs M YCJIOBHas CXOAMMOCTh HECOOCTBEHHBIX
uHTerpanos. lIpuzHaku cxoaumocTu.

2 cemecTp

1. UuTerpanbHoe ucuncienne GyHKIMH HECKOJIBKUX MEPEMEHHBIX.

JIBOWHOW M TPOMHON MHTErpalibl, UX cBoiicTBa. CBei€HUE KPATHOTO MHTErpaia K
noBTOpHOMY. [IOHSITHE N-KpaTHOTO MHTErpana. 3aMeHa MEPEMEHHBIX B KPaTHBIX WHTE-
rpanax. [lonspHble, uaMHApUYECKUe U chepudeckue KoopauHaThl. KpuBoJMHEHHbIE
uHrerpassl. Mx cpoiictBa u BbruuciieHue. [lonstue nosepxnoctu. KacarenpHas mioc-
KOCTbh U HOpMaJIb K ITOBEpXHOCTH. [litomans noBepxHoCcTH. I10BEpXHOCTHBIE MHTETPAJIBI
WX cBolicTBa U BEIYUCIICHUE. | €OMETpUUECKUE U MEXAHUUECKUE TTPUIIOKEHUS KPATHBIX,
KPUBOJIMHEMHBIX ¥ TOBEPXHOCTHBIX HHTETPAJIOB.

2. BekTOopHBIN aHAJIN3.

CkansipHoe M BEKTOpHOE mouie. L{upKynsuus BEKTOPHOIO MOJIA BIOJIb KPUBOW.
[Torokx moss yepe3 moBepxHocTh. Dopmyna ['aycca-Octporpanckoro. JluBepreHuus
BEKTOPHOTO 1oJs, ee pusndeckui cmpicii. opmyna Crokca. PoTop BekTOpHOTrO Mo,
ero ¢u3uyeckuii cMmpici. [loTeHIManpHOE MoJie, ero CBOMCTBA. Y CIIOBHE IMOTCHIIMAIIb-
HocTH. Haxoxaenne noreHuuana.

3. duddepennmansHbie ypaBHECHHUS.
Huddepennmansupie ypaBHEeHUsS 1-TO MOpsAKa, pa3pellieHHbIE U HE pa3pericH-
HbIE OTHOCUTENIBHO Mpou3BoaHOU. 3anaun Komm. dopMynupoBka TeopeMbl O Cyllie-
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CTBOBAaHWU U €MHCTBEHHOCTH perieHus 3anayn Komm. UncieHHbie METOAbl PEIICHHUS
3amaun Ko sl AudepeHnnanbHoro ypaBHeHus (Merton Juiepa, meton PyHre-
Kyrra). [Inddepennmansubie ypaBHEHUST BBICIINX MOPSAAKOB. Tumbl nuddepeHnmnaib-
HBIX YpaBHECHUH, JOMYCKAIOIUX TIOHKEHUE TIopsiaka. JInneitHpie muddepeHnmansHbe
ypaBHEHUs BBICIIETO TOpsiaKa. JIMHEHbIE ypaBHEHUS C TIOCTOSTHHBIMHA KO3 PHUITHCHTA-
MU U METOJIbl UX uHTerpupoBanusi. Cuctemsl auddepeHnnanbHbIX YpaBHeHUN. JInHe-
HbIe cHCTeMbI MU depeHanbHbIX YpaBHeHUH. JInHeliHbie cuctemsl auddepeHnnans-
HBIX YPaBHEHUH C TIOCTOSSHHBIMU KOA(D(OUIIMEHTAMH W METObI UX MHTETPUPOBAHUS.

4. YucnoBble M GyHKITMOHATHHBIC PSIBI.

Yucnossle paasl. CxoqumMocTh U cymma psiga. Heobxonumoe ycinoBrue cXoauMo-
ctu. JlenctBus ¢ psgamu. Psaael ¢ HeoTpuiatenbHbiMU uieHamu. [Ipu3Haku cxoammo-
CTU. 3HAKOMEPEMEHHBIE PANbI, PSAAbl C KOMIUIEKCHBIMM WieHaMu. AOCOIIOTHas u
ycnoBHas cxoaumoctu. [Ipusnak JleiiOnuma. CBoiicTBa aOCOMIOTHO CXOISIINXCS PSAJIOB.
OyHKIMoHaNbHBIE psasibl. O0MacTh cxoaumMocTu. PaBHOMepHas cxoaumocTb. [Ipu3Hak
Beiiepmtpacca. CBolicTBa paBHOMEPHO CXOJSIIMXCS PSAIOB: HENPEPHIBHOCTH CYMMBI
psina, nouwieHHoe nuddepeHirpoBanue U nHTerpupoBanue. CreneHusie psabsl. Teope-
ma AbGens. Kpyr cxonumoctu. Psaaer Teitnopa u Maknopena. Paznoxxenue QyHKimil B
cTeneHHble psAabl. [Ipuiioxxenue psaaos.

5. Psanber Oypee.

OproronaneHbie cucteMbl (PyHKIUA. Psg dypse mo OpTOroHANBHOM CUCTEME
¢ynkuuid. Tpuronomerpuyeckuid psa @ypobe. Pasnoxkenue B TPUrOHOMETPUUECKUE Psi-
nbl. Psim @ypbe 1715t 4eTHBIX U HeYeTHBIX GyHKIu. Tpuronomerpudeckuit psg Oypoe B
koMmIiekcHou (opme. Onpenenenue unterpana Oypwe. [Ipeacrapnenne QyHKIui uH-
terpanom. urterpan dypbe uist 4eTHBIX U HedeTHBIX QyHkiuil. Wuterpan ®ypne B
koMmriekcHo# opme. [Ipeodbpazoanmne Oypne
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1. bepman I'.I'. COopHUK 33724 110 KypCy MaTeMaTUYECKOro aHalin3a: y4eOHoe
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(YueOnuku s By30B. CrieniuanbHas JuTepaTypa). — TEKCT HEMOCPEICTBEH-
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