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COAEP>XAHUA MNMPOIPAMMBbI
[Mporpamma BK1OYAET TeMbI MO CNeAYHOLWNM AUCLUNINHAM:

MATEMATUYECKUI AHANIN3

Uncnosble nocnegoBaTeNbHOCTU. TpebyeTcs 3HaTb MNOHATUE npegen  YMCnoBOM
nocneaoBaTe/lbHOCTW, CBOMCTBA ero. YMeTb MPUHATbL OCHOBHbIE TEOPEMbI 1 MOHATUA (0 Npeaene
MOHOTOHHOW MOCNefoBaTeNIbHOCTU, KpuTepuid Kowm n gp.) K Yucno e. Teopema Beliepwitpacca
0 cxogduweinca  nocnegosaTenbHOCTU.  BepxHuid 1M HWKHWIA  npegenbl.  oHATME
(hyHAaMeHTa/lbHOM NOCNeA0BaTeNbHOCTU. CYLLECTBOBAHUA npeaena. BeckoHeyHo 60/bLive U
GECKOHEYHO Masible NOCNeA0BaTENIbHOCTY U CBA3b MEXAY HUMM.

Mpegen dyHKuuK. OnpedeneHve npegena MyHKUUM B Touke no Koww mn no leiiHe, ux
aKBMBaNEHTHOCTb.  Kputepuii  Kowwm  cywiectBoBaHus npefena  (QyHKUuW. Teopembl O
npesenbHOM Mepexofe B HepaBeHCTBaX, 00 apuU(IMETUYECKMX CBOMCTBAX NpesesioB, O npeaene
CNOXXHOM (hyHKUMW. [epBbli 1 BTOPOI 3amevaTeNlbHbl npeaenbl. BecKoHeYHo 6onblune ©
6eCKOHeYHO Masible (DyHKUMKW. CpaBHEHWE (YHKLNIA.

O6buwan Teopus npegenos: npegen (yHKUUM no 6asucy (ubTpa, CpaBHEHWE MOBELEHMS
(hyHKLMIA Ha 6ase.

OnpegeneHne HenpepbiBHOCTU (DYHKUMA B TOYKe. TeopeMbl O JIOKa/IbHbIX  CBOMCTBax
HENpPepbIBHbIX  (PYHKUMA, 00 apu(METUYECKUX CBOMCTBAX HEMPEPbIBHbIX (YHKUMA, O
HENpPepPbIBHOCTA KOMMO3ULMKN ABYX PYHKLANA.

OnpeneneHne TOYKM pa3pbiBa PYHKUMA. Knaccugukaumsa ToUeK paspbisa.

CsolicTBa (hyHKLMIA, HENPepbIBHbIX Ha 0Tpe3ske (TeopeMbl BonbuaHo-Kowm v BeipluTpacca).

[MOHATME PaBHOMEPHO HEMPEPbIBHON (hyHKUMK. Tepema KaHTopa.

MOHOTOHHbIE ~ (DYHKUMKM, CYLLEeCTBOBaHWE W  HenpepbiBHOCTb  0OPaTHON  (hyHKLMN.
AnemMeHTapHble PYHKLUMN N NX HENPEPLIBHOCTb.

OvddepeHunanbHoe uncuucieHne (QYHKUUA  OQHOW  nepemeHHon.  OnpefeneHve
NPOM3BOAHON (PYHKLMK B TOUKe. JuddepeHumpyemMocTb PYHKLMIA B TOUKe. CBSA3b MeXAY 3TUMU
noHatTuamu.  OnpegeneHne  auddepeHumanbHo — yHKUuKW.  OuddepeHumMpyemocts  ©
HENpPepbIBHOCTb B TOYke. [€OMETPUYECKUIA CMbICT MPOW3BOAHOW U auddepeHumana.
MexaHW4YeCKMin CMbIC NPOW3BOAHOW. VIHBapMaHTHOCTbL (HOpPMbI MepBOro AvddepeHumana.
MpaBusia BbIMUCIEHNA NMPOU3BOAHBLIX CYMMbI, Pa3HOCTU, NMPOW3BEAEHUS, YaCTHOro, NPOM3BOAHAS
06paTHOM (hyHKUMW. MPOn3BOAHbIE OCHOBHbIX 3/IEMEHTAaPHbIX (DYHKLIWIA.

OnpegfeneHne NpPov3BOAHbIX U ANPHEPEHLMANIOB BbICLUMX MOPALKOB. HeMHBapMaHTHOCTb
2-ro guddpepeHymnana. Mpasmno SleibHuLa.

OcHOBHble TeopemMbl AuddpepeHuUManbHOro  ncuucneHns (Teopembl  depma, Ponng,
NarpaHxa, KoLwun), nx reoMeTpuyecKumin CMbICi.

MonuHom u pag Teiinopa. ®opmyna Telinopa ¢ OCTaTOYHbLIM YIEHOM B (hopme JlarpaH»ka
1 Kowwm. Psg MaknopeHa A1 OCHOBHbIX 3/1EMEHTapPHbIX PYHKLWIA.

Mpu3Hakn BO3pacTaHMs W y6OblBaHWS (PYHKUMIA. [LOCTaTOYHble YCM0BUA JIOK&/IbHOMO
aKCTpemyma. Bbinyknble ¢yHKUMK, AUDdepeHLmabHble YCI0BUA BbIMyKIOCTU. ACUMNTOTHI.
Mpasuno Jlonutans.

HeonpegeneHHblii nHTerpan. MoHsTMe NepBo06GPa3HON 1 HEONPeAENeHHOro UHTerpana.
CBOIICTBA HEONPeAeNeHHOro WHTerpana. Tabnmua HeonpeaeneHHOro WHTerpanoB. MeToabl
BbIYMCIEHUS HEOMPEAENEHHbIX VHTErpanoB. Knaccbl UHTErPUPYEMbIX (YHKLWA.

OnpepeneHHbln  nHTerpan. OnpegeneHne cymm PumaHa W WHTerpana PumMaHa.
WHTerpanbHble cymmbl Oapby. CsoiictBa cymm [ap6y. Kputepuini nHterpupyemoctn [apoy.
VHTerpupyeMocTb HenpepbIBHOW PYHKLMM, MOHOTOHHON (DYHKLMM 1 OrpaHNYeHHOM (hYHKLUN C
KOHEYHbIM 4YMC/IOM ToueK paspbiBa. CBOWMCTBa OMNpefAeneHHOro wuHterpata. WHTerpan c
nepeMeHHbIM BEPXHUM MPeSenom, ero HempepbIBHOCTb U AUddepeHuMpyeMOCTb N0 BEPXHEMY



npegeny. ®opmyna HbtoToHa-flelibHMua. TeopeMa O cpegHem. 3amMeHa MNepemMeHHOn U
WHTErpmMpoBaHune rno YacTsaM B ONpesesieHHOM UHTerpase.

3mepeHune nnowagein uryp, orpaHnYeHHbIX HENpepbIBHbIMK (yHKUMAMA. [avHa gyru.
O6bem Tena BpalleHWs, NAOLWaAb MOBEPXHOCTW BPALLEHUs, WX BblpaKeHUe OnpeaeneHHbIMU
nHTerpanaMn. Pusnyeckme NPUIOXKEHNS onpeaeNeHHbIX UHTErpasoB.

DYHKUNN HECKOSTbKUX NepeMeHHbIX. YacTHble NPOM3BOAHbIE: OMNpeAeneHns, OCHOBHbIE
ceoiicTBa.  [AudhepeHumpyemMocTb (YHKUMM U €ee CBA3b C  HEMpPEepbIBHOCTHIO W C
CYLLEeCTBOBaHMEM YaCTHbIX MPOM3BOAHbLIX. [AuddepeHyman dyHKumm. [MponssBogHas no
HanpaBneHnto, rpaaneHT. AndhepeHUMpoBaHne CNOXHBLIX DYHKLUNNA.

OnpefeneHne 4YacTHbIX MPOM3BOAHLIX W AWUG(EPEHUMaANoB  BbICLUMX  MOPAAKOB.
JlocTaTouHbIE YCNOBUA PaBEHCTBA CMELLAHHbIX NPoM3BOAHbLIX. Popmyna Teinopa.

OnpefeneHne  NOKaNbHOrO  3KCTpeMyma  (DYHKUMM  HECKOSIbKUX  MepemMeHHbIX.
Heobxoammble 1 fOCTaTOYHbIE YCIOBMA CYLLECTBOBaHUSA 3KCTPEMYMA.

MocTaHOBKa BOMpOCa O HESBHOM (PYHKUMKN. Teopema O CyLLeCTBOBaHUM, HEMPEPbLIBHOCTYN U
AnhhepeHLMPOBAHHOCTM HEABHON (DYHKLUMW OAHON N HECKONMbKUX NEPEMEHHbIX. BblumcneHve
MPOM3BOAHBIX HESIBHO 3aiaHHbIX PYHKLIMNA.

Uncnosble psagbl. CxogumocTb. Kputepuii  Kowwn. TMpu3Hakm CcpaBHeEHUs  Anis
3HAKOMONOXMUTENbHbIX psgoB. [MMpusHakn cxogmmocty [anambepa, Kowm, WHTErpabHblin
NPU3HaK.

3HakornepeMeHHble psAfdbl, Npu3HaK JlebHuua. AGCONIOTHAS W YCNOBHas CXOLUMOCTb,
npusHakn Oupuxne v Abend. Onepaunn Haf psgaMu: CrOXeHWe U YMHOXeHWe. epecTaHOBKa
4n1eHOB abCONIOTHO CXOoAsLLerocs psaga. Teopema PvMaHa.

dyHKUMOHaNbHaa nocnefoBaTeNlbHOCTL U psagbl.  CXO4UMMOCTb,  paBHOMepHas
CXOAMMOCTb, MPU3HAKN PaBHOMEPHOW CXOAUMOCTW. TeopeMbl O HEMpepbIBHOCTM, MOY/IEHHOM
WNHTErpmupoBaH1n 1 AuddepeHLMpoBaHNY PaBHOMEPHO CXOAALLErocs psja.

CreneHHble psagbl. Pagnyc cxogmmocTh. Teopembl Abens. Psagbl Teinopa. Psagbl ¢
KOMM/IEKCHbIMU YfieHamu. Popmynbl Jiinepa.

HecobcTBeHHble  MHTerpanbl. WHTerpanbl ¢ 6eCKOHEYHbIMW  MpefenaMuv M OT
HeorpaHuyeHHbIX QyHKUmiA. CeoilcTBa. Kputepuii Kowmn. npusHak cxoammocty MakiopeHa.
ABCONOTHas M YCNOBHasA CXoaMMOCTb. MpusHak Abens-Aupuxne.

WHTerpansl, 3aBucsAwme oT napametpa. COOCTBEHHble WHTErpanbl, 3aBuUCALLME OT
napametpa. HenpepbiBHOCTb,  ANPQepeHUMpoBaHNe MO  MapameTpy, WHTerpupoBaHue.
Hecob6cTBeHHble, 3aBucAWMe OT napameTpa. CxoAumocTb. PaBHOMepHas CXOAUMOCTb.
Kputepnini Kowun. npu3HakM paBHOMEPHOM cxoauMMmocTu Beliepwitpacca, Aupuxne, Abens,
KoL, cBoicTBa HenpepbIBHOCTH, AUDKEepeHLMPYEMOCTU N UHTErPUPYEMOCTU HECOOCTBEHHbIX
WHTErpaioB, 3aBUCALLMX OT napaMeTpa. JWepoBbl MHTErpasbl, PYHKLMW, UX CBOMCTBA U CBA3b.

Pagbl ®ypbe. Paabl ®Pypbe MO OPTOHOPMUPOBAHHBLIM CUCTEMaM (YHKUMA. Teopema O
HavMeHbLLEeM CpefHe-KBaTpaTUUYHOM YK/IOHEHUWU. HepaBeHCTBO beccend. TpuroHomMeTpuyeckue
pagbl  ®ypbe. Teopema 0 fokanmsaumn. Teopema Qaitepa. [lonHOTa  OCHOBHOW
TPUrOHOMETPUYECKOW CUCTEMbI (PYHKUMIA B K/IAcCe HenpepbIBHbIX, KYCOYHO-HEMPEPbIBHbIX
(hyHKUMIA. CXOAMMOCTb TPUrOHOMETPUYECKMX PAaoB ®Pypbe. [locTaTouHble NpU3HakK. Teopema
OnHn. TlpusHak JSinnwuua. PaBHOMEPHas CXOAMMOCTb TPUIOHOMETPUYECKUMX PsAAoB Pypbe.
AnddepeHumpoBaHue psgoB dypbe.

OueHka KoathpuumeHTOB M ocTaTka psaga dypbe. HenpepblBHOCTL  JSlemma PumaHa.
JlocTaTouHble NPU3HAKM CXOAMMOCTU nHTerpana ®ypoe (AvHu, Jivnwmua).

KpaTHble nHTerpansl. KpatHble uHTerpan PumaHa. WHTerpasibHble CyMMbl U CYMMbI
[apby, ux cBoicTBa. KpuUTEpUin WHTErpuUpyemMoCTH, BbIPKEHHLIA 4Yepe3 cymMmbl [apby.
NHTErpvpyeMocTb (OYHKUMKW, MHOXECTBO TOYEeK KOTOpPbI1 WMeeT Mepy HoMb. Kputepuid
NHTErpupyemocTu no Jlebery.



CBefieHMsl KpaTHOro K MOBTOPHOMY. 3ameHa MEepPeMeHHbIX B KpaTHbIX WHTerpanax.
Mepexod K MNONSPHbIM, LMAVHAPUYECKAM, CHEPUYECKUM U  0606LLEHHLIM  CHEPUUECKUM
KOOpAMHaTaM.

Mnowags MOBEPXHOCTM U ee  BbluMC/eHMe. DUMYECKME MPUMOXKEHNS  KPaTHbIX
VHTErpanos.

VHTerpanbl No KpyBbIM 1 MOBEPXHOCTAM. Teopusa nons. KpMBOMNHENHBIA UHTErpasbl
| wn ll-ro poga, nx CBOIMCTBA W BbluMC/ieHMe. He3aBUCMMOCTb KPUBOMIMHENHbIX MHTerpanos Il
pofa OT NyTN MHTEerpupoBaHus.

MoBepXHOCTHbIN UHTerpan | posa, onpeaeneHve, CBOMCTBO, (HOPMY/Ibl A5 BbIYUCIEHMS.

OpueHTaumsa noBepxHOCTW. [1OBepXHOCTHbIM uMHTerpan |l poga, ero cBoWcTBa U
BbluuncnieHre. NOTOK BEKTOPHOro nosisi. HeopreHTUpyeMble NOBEPXHOCTU.

®opmyna NpuHa. ®opmyna Maycca-OcTporpaickoro 1 AnBepreHLmsa BEKTOPHOro Mnoss.

dopmyna CTOKCA W pPOTOP BEKTOPHOro nons. VIHBapuaHTHble (MHTErpasibHble)
onpefeneHna potopa 1 AUBEPreHLUN.

lMoTeHUMalbHOE BEKTOPHOE Tofie. YCNOoBMS MOTEHUUANbHOCTU, BbIPXKEHHbIE Yepes
LIMPKYNALMIO 1 Yyepe3 poTop. HaxoxaeHne noTeHumana 3afaHHOro BEKTOPHOro Mnoss.

ConeHovgHOe BeKTOpHOe nose. Kputepuii CONeHOUAAIbHOCTU B TEPMUHaX MOTOKA M
BEKTOPHOIro MoTeHuMana. HaxoxaeHre BEKTOPHOrO NoTeHLmana.

AJITEBPA

1 Cuctembl NNHENHbIX ypaBHeHW. KpuTtepuidi coBmecTumocTn. Metog [Maycca. [MpaBunio
Kpamepa. OfHOPOAHbIE CUCTEMbl JIMHENHBIX YpaBHEHWU. ®PyHAAMeHTa/lbHble CUCTEMbI
PELLIEHWA.

2. BektopHoe npocTpaHCTBO. JIMHelHasa 3aBMCMMOCTb BEKTOPOB. basa M paHr CcucTeMmbl
BeKTOpoB. KoopanHaThl BeKTopa. Pa3MepHOCTb CyMMbI U NepeceyveHns NoLnpoCTPaHCTB.

3. Anrebpa matpuy. Konbuo matpuu. PaHr matpuupsl. OnpefenvTtens KBafpaTHOW MaTpuupbl.
Pa3nioXeHve ornpegenuTens no CTPOKe, MPUMEHeHMe K CUCTeMam JIMHENHbIX YpaBHEHWA U K
BbIYMCNIEHNIO 0BPaTHOM MaTpULbI.

4. JlnHeliHOe npeo6pa3oBaHMe BEKTOPHOIO MPOCTPaHCTBA M ero Matpuua B [aHHON 6Gase.
V3MeHeHMe wmaTpuubl Npy u3MeHeHWM 6asbl. O6pas, A4po, paHr U AedeKT JIMHEHOro
npeobpasoBaHnsa. COOCTBEHHbIE BEKTOPbl M COOCTBEHHbIE 3HAYeHUs. XapaKTepucTUYECKUiA
MHOTOY/IEH.

5. Anrebpa MHorouneHoB. KopHu 1 3HaveHuns; Teopema besy, opmyna Telinopa. PasnoxeHve
Ha HENPUBOAWMbIE MHOXUTENN Haf, NONAMU KOMIMEKCHbIX, AeACTBUTENbHBLIX W palMOHa/IbHbIX
yucern.

6. EBKAMOOBLI M YyHUTapHble MpocTpaHcTBa. OpPTOHOPMUpPOBaHHbIE cuUCTeMbl. [lpouecc
opToroHanu3aumm. OpToroHabHble NPeobpa3oBaHns, CUMMETPUYECKME NPeobpa3oBaHus.

7. ONeMeHTbl NMHEMHOro  nporpaMmupoBaHusi.  [psmMble  MeToabl  pewleHus 3/
[BOCTBEHHbIE METOAbI peLueHus 3/1T1.

FTEOMETPUNA

BekTopHOE ncumncneHue.
Ap(pUHHOE 1 eBKNNLOBO MPOCTPAHCTBO.

"eomeTpuyeckme obpasbl 1-ro 1 2-ro nopsaka BA3 n E3.
[MpOoeKTMBHOE MPOCTPaHCTBO.

MpocTeliumne hakTbl NPOEKTUBHON reOMeTPUN.

JInHMM 1 NOBEPXHOCTY B EBKNNL0BOM MPOCTPAHCTBE.

o w Np



OCHOBHble TpeboBaHNA K TeEOPeTUUHEeCKON NOAroTOBKeE

MocTynatoLnit JONXKEH 3HATb:

» JlnHeliHble onepaumn Haj, BEKTOpaMu 1 1X CBOWCTBA;
* [lpown3BeneHNs BEKTOPOB,;
* Akcuomatvika Beitns An,En,Pn;

e YpaBHEHWs 1 CBOICTBA FEOMETPUYECKIX 06pa3oB 1-ro v 2-ro nopsaKa;

« [pynnoBoii 1 CTPYKTYpPHBIIA MOAXOAbI K MOCTPOEHMIO Pa3/IMUHbIX FEOMETPUIA;
e OCHOBHbIE NHBApWaHTbI (hyHAAMEHTabHbIX FPynN;

+ TogpwKHble penepa U MHBapUaHTbI NMHWIA 1 NOBEPXHOCTENA;

OcCHOBHbIe Tp66OBaHVIF| K I'IpaKTVIHeCKOIZ NMnoAroToBKE.

MocTynatowmit JON>KEH yMETb:

 TpyMeHsTb annapat BEKTOPHOIA anre6pbl M MeTof, KOOPAMHAT K PELLIEHNIO FeOMETPUYECKINX
3ajauy;

 [puMeHsTbL TEOPUIO NPe06Pa3oBaHmii PasNNUHbIX NPOCTPAHCTE;

«  OnpefennTb MHBAPUAHTbI: KPUBM3HY U KPYUEHWE KPUBOWA, KPMBM3HA NOBEPXHOCTY U NNHUIA
Ha NOBEPXHOCTMW.

®YHKLUMOHAJIbHbLIA AHAN3

MeTpuyeckne ¥ TOMOMOrMYECKMe MpocTpaHcTBa. HeobXoAumMo 3HaTb OCHOBHbIE
MOHATUSA: OKPECTHOCTb TOUKM, TOUKWU MPUKOCHOBEHWS, MPeaesbl U Ap.; MHOXECTBA 3aMKHYTbIE,
OTKPbITble W T.0O.; KOMMIEKCHble MPOCTPAaHCTBA, MO/HbIE MPOCTPAHCTBA. 3HATb BaXKHeliLLue

npumepbl METPUYECKMX npocTpaHcTB: Rm Lk[a,b],Ck[a,b],I . ¥YMeTb NpUMEHATL 3TN 3HAHUA K
peLLeHno 3aaau.

JlnHeliHble npocTpaHcTBa. Heo6xoaMMo 3HaTb OnpeaeneHne HOpPMbI, YMETb e HaXOAUTb
AN 3N1EMEHTOB  Pa3/IMYHbIX MPOCTPAHCTB. 3HaTb MOHSATUS CKaNsSPHOrO  MPOW3BEAEHNS,
eBKNMA0BA MPOCTPAHCTBA, CBA3b HOPMbl U CKa/IIPHOr0 NPOW3BEAeHNs. YMeTb M0/b30BaTbCA
BaXKHEMLUMMM MOHSATUSIMA OPTOTrOHANbHOCTb, /IMHEHas 3aBMCMMOCTb, 6a3nUC NPOCTPAHCTBA.
3HaTb onpefeneHve 1 NpUMepbl 6aHaXoBbIX U FMIbOEPTOBLIX NMPOCTPAHCTB.

Mepa u uHTerpan JfleGera. YMeTb HaxoAuTb Mepy MPOCTEMLLNX NUHEAHbIX, NIOCKUX
MHOXECTB; MCCMeaoBaThb (YHKLMU Ha M3MEPUMOCTb, 3HaTb MOHSTME «MOYTM BCHOAY». 3HaTb
onpefieneHne CyMMUPYEMO (DYHKUMM U WMHTErpana WM WHTErpupyeMbiX (YHKUUA. YMETb
HaxoAuUTb MHTerpan Jlebera oT NPOCTbIX (YHKLUWIA 1 CBOAUTL BbIYMC/IEHWE MHTErpaia PuMaHa.

3HaTb OnpeAeneHns 1 CBOINCTBA NPOCTPaHCTB Lp(X,y ).

HenpepblBHbIE NNHEWHbIE OMepaTopbl M (YHKUMOHasbI. OnpeaeneHnst NMHERHOro,
HENPEePbLIBHOr0, OrPaHMYEHHOTO OMepaTopa, HOPMbl OMnepaTtopa. YMeTb YCTaHaBMMBaTh
JIMHEHOCTb, OrpaHMYeHHOCTb oOnepaTopa W (YHKLMOHana. Pa3nuyaTh BUAbl CXOAMMOCTEN
onepaTopoB. 3HaTb MOHATME O0OPATHOrO OrepaTopa, YCMOBUS €ro CYLIECTBOBaHMS. 3HaThb
MOHATUS CMEKTPa OrnepaTopa, PerynspHbIX 3HaYeHWi onepaTopoB. YMeTb MPUMEHSTL TEOPUID
OMepaTopoB K PELLEHUIO UHTErPasibHbIX YPaBHEHUIA.

AnemMeHTbl AnddepeHyanbHOro nUcHUCNeHNna B 6aHaxoBbIX MPOCTPaHCTBax. 3HaTb
onpeaeneHns cnabo n CUIbHOW MNPOM3BOAHOW; WMETb MNpPeLCTaB/eHne O MPOM3BOAHBIX W
AnddepeHumanax BbICLUMX NMOPSAAKOB.

NHP®OPMATUNKA

IMoHATMe anroputma n MFOpMTMW—IECKOVI cuctembl. [MoOHATME A3bIKa NPOrpaMMMpPOBaHNA
N CTPYKTYpPbl AaHHbIX. OCHOBHbIE TUMbl aITOPUTMOB M X UCMNOMNb30BaHWE A9 peLleHnsa 3agau.



OpraHusaums  BblYMCUTENbHBIX CUCTEM. [lOHATME apXMUTEKTYpbl M OCHOBHble BUAbI
apxuTekTypbl IBM. OCHOBbI MaLLMHHOWN rpadnKn. YenoBeKOo-MalLVHHbIA UHTepENAC.

OcCHOBHble 3Tanbl, MeTOAbl, CpeAcTBa W CTaHAapPTbl Pa3paboTKM  MPOrpammHOro
obecneyeHns. CucTembl NpPoOrpammupoBaHns (MPUHLMMbI  OpraHv3aummn, coctaB M Cxema
paboTbl). OCHOBHblE TWUMbl MHMPOPMALMOHHBLIX CUCTEM, MPUHLMMbLI YNpaB/eHUs pecypcaMun B
ornepaunoHHon cucteme. OpraHusaunsa gaiinosoi cuctembl. Cett 9BM 1 NpoTOKO/bI Nepesayn
nHopmaumn. OCHOBHbIE apXUTEKTYpPbI ceTeil IBM.

OpraHuszayms 6a3 faHHbIX. Mogenn faHHbIX. OCHOBHblE (YHKUMW MNOALEPXKKM 6a3
[aHHbIX. HA3bIKM 3aNpocoB, NpPeACTaB/eHMe 3HaHWA.

MPOrPAMMNPOBAHUE

OCHOBHble MOHATUS S3bIKOB NPOrPaMMIMPOBaHWS; CUHTAKCUC, CEMAHTUKA, (PopMasibHbIe
Cnoco6bl ONMCaHNS S3bIKOB MPOrPaMMMPOBaHNS; TUMbI AaHHbIX, CMIOCO6bI Y MeXaHU3Mb
YNpaB/ieHys AaHHbIMW; METO/bl M OCHOBHbIE 3Tarbl TPAHCASLMM; KOHCTPYKLMM
pacnpefenéHHOro 1 napanenbHoro NPorpaMMMpPOBaHKS.

ANPDPEPEHUMAJIbHBIE YPABHEHUNA

OunddepeHunanbHble ypaBHeEHUS MNepBoro nopsigka. Heobxoanmo 3HaTb OCHOBHbIE
MOHATUSA W ONpeaeneHns Teopun, YMeTb [10Ka3aTb TEOPeMy CYLLeCTBOBaHUA U eANHCTBEHHOCTY
ANhEPEHLMANIBHOIO  YpaBHEHUS MNEepPBOro MNopsaAKa, WMETb MpefcTas/ieHne 06  0cobbIX
peLLeHnsX, TPaeKTopusaX 1 06 YCTOMYMBOCTU NO JIsnyHoBY. MpunoxeHns anddepeHynanbHbIX
YpaBHEHWI NepBOro NopsiaKa.

YMeTb onpeaenatb TN guddepeHunansHOro ypaBHeHNs U MeTofbl C MOMOLLBH0 KOTOPbIX
MOXHO pelmnTb JaHHOe ypaBHeHWe. HaxoauTb M30rOHa/IbHOE M OPTOrOHA/IbHOE TPaeKTopuM,
0Cco6ble peLleHns 1 NPOBOANTL UCCNeLOBaHNSA HA YCTONYMBOCTD.

AnddepeHunanbHble ypaBHeHWS BbICLUMX MOPALKOB. Kpome OCHOBHbIX MOHATUIA U
onpefeneHniAi Heo6XOAMMO 3HAaTb OCHOBHble TWMbl YPaBHEHWIA peLuaemMble MOHWXEHUEM
nopsaKa, TEOpeMy CYLLUECTBOBAHMSA W eAUHCTBEHHOCTW pELUeHMS Haya/bHOW 33faun ¢
[0Ka3aTensCTBOM. OCHOBHblE TeOpeMbl O (DYHAAMeHTa/IbHOM CcucTeMe pelueHuid. BbiBog,
(hopmynbl OcTporpagckoro- Jinysuns. MeTo Bapuauuy MOCTOSHHLIX. AuddepeHupanbHbie
YpaBHEHMS BbICLUMX MOPSALKOB B MPUNOXKEHUAX. (NpUMepbI 3a4a4)

YMeTb pellatb MNPOCTEALIME NIMHENHbIE W HENUHENHble AnddepeHLaibHble YpaBHEHWS
MOHWKEHNEM TOPAAKa, JIMHENHbIe YPaBHEHWUS C MOCTOAHHLIMM KO3(PMULMEHTaMU. A Takxke
YMETb NPUMEHSATb NPUGNNKEHHBIE METOLbI PELLEHNA.

Cuctembl  gudhepeHUnanbHbIX ypaBHeHM. [eOMeTpuyeckoe W MexaHU4eckoe
NCTOMIKOBaHWEe HOPMa/lbHON cucTeMbl. Pa30Bble MPOCTPAHCTBA, TPAeKTopus, aBTOHOMHbIN
cnyyain. CuMMeTpuYHas gopma cucteMbl AndhepeHUManbHbIX YpaBHEHWIA, MEPBbIA U O6LLWIA
WHTerpa/ibl. YCTOMYMBOCTb MO JIANYHOBY MO MepBOMYy MNpUGAMKeHWIO. MeTog (yHKUMK
NanyHosa.

Heobxoaumo ymeTb peluaTb NpPoCTeLllne HopMasibHble CUCTEMbI, CUCTEMbI B CUMMETPUYHOA
(hopme, NMHelHbIE OJHOPOAHbIE U HEOAHOPOAHbIE CUCTEMbI C MOCTOAHHBIMU KO3(P(ULMEHTaMK
1 NPOBOAMTb MUCCef0BaHNSA HA YCTONYMBOCTb.

YpaBHEHUs B YaCTHbIX MPOM3BOAHbIX. JIMHEliHble OAHOPOAHblE W HEOAHOPOAHbIE
YpaBHEHWS NepBoro nopsiaka. MocTaHoBKa 1 peLLeHns 3adadn Koluw.

Heo6X0AMMO YMeTb HaxoAuTb 06LLee pelleHre 0fHOPOAHOr0 U HEOAHOPOAHOIO YPaBHEHNS
1 peLeHue 3aaaum Kol

YPABHEHNA MATEMATUUYECKOW ®UN3NKU

1 dusnyeckne 3agaun, npumBoasalMe K  auddepeHUmanbHbIM - YpaBHEHUSM B YaCTHbIX
Nnpou3BoAHbIX  (KonebaTenbHble  MPOLIECCHl,  TEMJONPOBOAHOCTL M Auddy3us,



3/IEKTPOMArHUTHOe  rorse). YMeTb BblBOAWUTH YpaBHeHWe KonebaTeslbHOM  CTPYHbI,
Tenn0npoBOAHOCTA U Anddy3uun.

2. Knaccumkaumsa n KaHOHUYeCKMe BUAbl YPaBHEHWUIA B YACTHBIX NMPOU3BOAHbLIX 2-T0 MopsaKa.
MocTaHOBKa OCHOBHbIX KpaeBbiX 3a4ay: 3agada Kowww, |, 11, 111 KpaeBble 334a4m, CMeLllaHHble
3apa4n. KoppeKTHOCTb MOCTaHOBOK 3ajay MaTemMaThyecKoin (IM3MKW. YMeTb BbIMUCHIBATb
06WMIA BUA, YPaBHEHUA B YaCTHbIX MPOM3BOAHbLIX 2-r0 MopsAka. 3HaTb OCHOBbI TEOPUM
MaTpuy. YMeTb HaxoauTb (hopmysly npeobpa3oBaHMs [aHHOTO YpaBHEHUA K €ro
KaHOHM4YeCcKoMy Buay. TpusecTn (opmMynnpoBKy Teopembl Kolun-KoBaneBCKoW, npumep
Azlamepa HEKOPPEKTHO NOCTaB/IEHHOM 3afauul.

3. YpaBHeHus runepbonnyeckoro tuna. lMoctaHoBKa OCHOBHbLIX KpaeBblX 3afay. PelueHue
3agaun Kowwn gns BONHOBOroO ypaBHeHMs (hopmynbl [’ Anambepa, NyaccoHa n Kupxroga).
WHTerpan sHeprum v efMHCTBEHHOCTb PeELUeHWS CMeLLaHHOW 3afjaunm MeTogom dypbe.
O6ocHoBaHve mMeToga Pypbe. YMeTb Mosb3oBathea opmynammn [°Anambepa, lNMyaccoHa v
Kupxroga. 3HaTb 1 YMETb NPUMEHATL airoput™M Pypbe peLleHns CMeLlaHHbIX 3a4ad.

4. YpaBHeHUs napabosmyeckoro tuna. lMocTaHOBKa OCHOBHbLIX KpaeBbIX 3adady. [puHUmMn
MakcMyMa WM efMHCTBEHHOCTb. PelleHus CMellaHHbIX 33gady MeTogoM Pypbe. PelleHuve
3afaun Kowmn ans ypaBHeHUs TensjonpoBogHocTu (popmyna lMyacoHa). 3HaTb U YMETb
NPUMeHATL MeTof, Pypbe 1 popmyny NyaccoHa.

5 YpaBHeHUs 3NMNTUYECKOro Tuna. [locTaHOBKA OCHOBHBLIX KpaeBblX 3afay. YpaBHeHUs
Nannaca. OCHOBHble CBOWCTBA rapMOHWYECKMX (yHKUMIA ((hopmyna puHa, Teopema O
cpefHeM, NPUHLMN MakcMMyma, Teopema 06 yCTpaHUMOW 0C0BeHHOCTM). PYHKUMSA prHa 1
ee NMPUMEHEHNA N PeLLIEHNO KpaeBbIX 3aaay. PyHKUMA MpuHa 1 ee NPUMEHEHUS U PeLLeHNIO
KpaesblX 3agay. dopmyna lNyaccoHa gna Tapa Kpyra. YMeTb pellats 3agady Avpuxne v
HeimaHa ans kpyra.

TEOPUA BEPOATHOCTEN N MATEMATUYECKASA CTATUCTUKA

Teopus BeposaTHOCTel. MpocTpaHCTBO MCXo4oB. Onepaumn Hafg cobbiTuamu. Anrebpa 1 a
- anrebpa cobbITWin. 3mepumoe npocTpaHCTBO. E - anrebpa GopeneBCKUX MHOXECTB B R.
Akcnomatuka A.H. Konmoroposa. CBOINCTBO BEPOATHOCTU. BeposATHOCTHOE MPOCTPaHCTBO Kak
maTeMaTuyeckas MafeNb C/lyyaliHOro akcrnepyMMaHTa. Teopema 06 3KBMBA/IEHTHOCTW aKCMOM a -
afAUTMBHOCTU W HenpepbIBHOCTM BEPOATHOCTU. [MCKpPETHOe BEPOSATHOCTHOE MPOCTPaHCTBO.
Knaccuueckoe onpegeneHne BepoOATHOCTU. DYHKUUA pacnpeseneHns BePOATHOCTHON Mepbl, eé
cBoiicTBa. TeopemMa O NPOAO/DKEHWM Mepbl C anrebpbl MHTEpBasioB B R Ha a - anrebpy
OOpeneBCKMX MHOXeECTB. B3aMM0OO4HO3HA4YHOe COOTBETCTBME 6eXAy BEPOATHOCTHLIMK Mepamu
N (YHKUMAMU pacnpeseneHus. HenpepbiBHble W AUCKPETHble pacnpefeneHuns. [pumepsl
BEPOSATHOCTHbIX MPOCTPaHCTB. ChnydyaiiHble BEIMYMHBI U BEKTOPbl. PYHKUMM pacrpeeneHus
C/lyYalHbIX BE/IMYMH U BEKTOPOB. PYHKUMM OT C/y4vailHbIX BefMYUH. [UCKPETHble U
HenpepbIBHbIE pacnpefenenns. E - anrebpbl, MNOPOXAEHHbIE CNyYalHbIMUA - BEMYMHAMU.
YcnoBHast BEpPOATHOCTb. POpMyna Mo/HON BEPOATHOCTU. He3aBUCMMOCTL CoObITMI. 3agada O:
pasopeHnn urpoka. lNpsamoe pacnpeneneHvie BEPOATHOCTHBLIX MPOCTpaHCTB. Cxema BepHyniu.
MpenensHble TeopeMbl Ans cxembl bepHynnn. WHTerpan Jlebera. MaTemaTnyeckoe oxugaHue
C/lyYaliHON BenmumHbl. Aucnepcus. TeopeMbl O MaTeMaTMYeCKOM OXWMAAHUW U QUCNEPCUN.
BbluncneHve MaTeMaTU4eckoro OXWAaHWs W AMCMEPCUU NS HEKOTOPbIX pacrnpeseneHuil.
KoBapuauus, KoaduumeHT Koppensumn. HepaBeHCTBO YebbllleBa. 3akOH 6O/bLUMX UMCEN.
MpegdenbHble  Teopembl.  XapakTepucTuyeckas  (yHKuus.  MHOromepHoe  HOpMasibHOe
pacnpefeneHve. Bufbl CXOAMMOCTU: MO BEPOATHOCTW, C BEPOATHOCTLIO 1, NO pacnpeaeneHuio.
Mpamas 1 obpaTHas Teopembl 18 XapaKTepUCTUYECKUX (DYHKUMA. LieHTpasibHas npegenbHas
Teopema. Popmyna obpawieHus 4N XapaKTePUCTUYECKUX  (DYHKUMA.  HepaBeHCTBO
KonmoropoBa. Y CWeHHbIN 3aKOH B0/bLUMX YKCEN.

MaTemaTuyeckass cTtatucTMka. CTaTUCTUYECKME MOAENM U OCHOBHblE  3afauu
CTaTUCTWMYECKOrO0 aHanm3a, npuMepbl. CTAaTUCTMYECKOE OLEHMBAHWE, METOAbl OLIEHWBAHUS.
HepaBeHCTBO MH(opMauun. [locTaTouHble CTAaTUCTUKW. YCNOBHOE pacnpefeneHune, YCNoBHOe
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MaTeMaTU4ecKoe OXuAaHue. Y/ydlleHne HeCMeLLEHHOM OLEHKWN MOCPEeLCTBOM YCpeLHeHMUs Mo
[0CTaTOYHON CcTaTUCTUKe. [lofHble [OCTaTOYHble CTaTUCTMKW. Haunyuywive HecMeLLEHHbIE
oueHKWN. Teopema (hakTopmsauun. JIHeliHas perpeccus ¢ 7ayccoBbiMK OLUMOKamu. PaKTOpPHbIe
mogenu. O6Lme NUHeNHble mMogenu. [oCTaTOYHble CTaTUCTUKWN B JIMHENHBLIX Mogensx. MeTop
HaMMeHbLUMX KBagpaToB. CBOWCTBA OLEHOK HaUMEHbLUMX KBagpaToB, OPTOrOHa/IbHbIE M/aHbI.
AHann3 0gHOM HOPMasIbHOIN BbIGOPKW, AOBEPUTENIbHbIE MHTEPBAIBI.

MpoBepKa CTaTUCTUYECKUX TUMOTe3, OCHOBHble MOHATUA. Jlemma HeiimaHa - [upcoHa.
PaBHOMEPHO Haubosiee MOLLHbIE KpUTepuu, npvMepbl. poBepka /IMHEMHbIX  TUMOTe3 B
NUHelHbIX Mogenax. Kputepuin K. TupcoHa “xu - kBagpat”. MOHSATUE acUMMMTOTMYECKOW
HOPMaJIbHOCTM CNy4ailHOW nocnefoBaTe/lbHOCTU. ACUMMTOTUYECKAs HOPMa/IbHOCTU OLEHOK
MaKCUMa/IbHOro npasgonofobus. MpumMepbl NpeobpasoBaHUiA, CTabUNN3YIOLLMX IKCMEPTHbIE
OLIEHKW.

Teopus cny4daliHbix npoueccoB. OnpefenieHVe Cay4yainHOro npouecca, KOHeYHOMepPHbIe
pacnpefeneHuns, Tpaektopun. Teopema Kosnmoroposa O: CyLLECTBOBaHUW NpoLiecca C 3a4aHHbIM
CEMEeNCTBOM KOHEYHOMEPHbIX pacrnpegeneHnin (6e3 pokasatesibCTBa). Knaccbl CnyvainHbIX
MPOLIECCOB:  rayCCOBCKME MApPKOBCKME, CTauWOHapHble, TOYeuyHble, C He3aBUCUMbIMU
npupaweHnamy, npumvepbl. COOTHOLWEHWUA MexXay Knaccamu. CBOMCTBA  MHOMOMEPHbIX
rayccoBckux npoueccoB. CyllecTBoBaHMe rayccosaro npotecca C 3afaHHbIMU CPeAHUM U
KOppensaumMoHHon wmatpuueil. CBOICTBA CUMMETPUM U COMNAacOBAHHOCTW.  BUHEpOBCKUIA
npouecc. Kputepuin Konmoroposa HenpepbIBHOCTA TPaeKTOpPWUiA, CneAcTBUe ANS rayCCOBCKMX
npoueccoB.  yacCOHOBCKMA  npouecc.  1OCTpPOeHMe  MyacCOHOBCKOro — mpouecca Mo
nocnefoBaTe/lbHOCTM  He3aBUCUMbIX  MOKas3aTeNbHbIX  pacrnpefenieHuin,  onpegeneHue
XWHYMHaNyacCoOHOBCKOro npouecca. CpefHekBagpaThyeckasd Teopus: HeobXoaumble U
[OCTaTOYHbIE  YC/IOBUA  HeMpepbIBHOCTW,  AWM(EPEHUMPYEMOCTM U UHTETpPUPYemoCTHy.
CrtoxacTuyecknini - mHTerpan. poueccbl € OPTOrOHa/IbHbIMKM - NpupaweHuaMun.  MNpumep
CTaUMOHapHOro, rayccoBCKOro, MapKOBCKOro npotecca. Nprmepbl CTauuMoOHapHbIX B LLUMPOKOM
CMbIcnie npoueccoB. Llenn MapkoBa € HenpepbiBHbIM BpPeMeHEM. YpaBHeHWe Konmoroposa -
UenwveHa. Tlpsmble 1 obpaTHble auddepeHumanbHble ypaBHeHus Kosnmoroposa. Bpems
npebbiBaHWSA npouecca B AaHHOM COCTOSHWMMW. [poueccbl rmbenn n pasmMHoXeHus. CBsisb C
Teopueil MaccoBoro o6cnyxueaHus. [MprMeHeHMe K pacyéTy MpPOnyCKHOM Cnoco6HOCTH
TEXHUYECKMX CUCTEM.

MPUMEPHbIE BOMPOCbI TECTOBbIX 3AJAHU

1. HainTy Toukun 6e3ycnoBHOro skcTpeMyma pyHkumm f (x)
f (x) =xf +3PR+3x2 - 2x1+6x2" extr, x =(x1, x2)e R2.
OTBeT faTb B BUAe napbl ymcen x 1x2

2. HanTu obuyee pewieHne gudhepeHUNanbHOro ypaBHeHNS
y - 3Y +2y =4x- ex.

OTBeT Aath B BUAE CeMeNCTBa (DYHKLMI

3. PewunTb 3aga4vy IMHEIAHOr0 NpOrpaMMmUpoBaHnsa CUMMIEKC-MeTOA0M
X +2X2+2x3" max,

2X +3x2+4x3< 12,
3Xt + 7x2+ 6x3< 25,
X >0, x2>0, x3>0.

OTBeT fath B BUAE TPOMKM umcen Xi x2x3
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pen. B.MN. Aemungosmua. —Mocksa: flaHb, 2010. —400 c. [20]

3. YucneHHble meTogbl. Kypc nekunid/B.A. Cpoyko. —Mocksa: JlaHb, 2010. —202 c.[20]

4. Cpouko B. A. UucneHHble MeTOAbI: Kypc NeKUWiA Ans CTyeHTOB BY30B, 06yyatoLmxcs
no cneymnanbHocT 010200 "TMpuknagHas MaTeMaTnkKa 1 MH(opMaTnka™ 1 No Hanpas/eHNIo
510200 "MpwuknagHas matemaTuka n nHgopmatuka™/B. A. Cpouko. —CI16. [ gp.]: MaHs, 2010.
—202 ¢.Cpouko B. A. YucneHHble METOAbI: KypC NeKUMin Ans CTYAeHTOB BY30B, 00y4aroLLMXCcs
no cneymnanbHocT 010200 "TpuknagHas MaTeMaTnka 1 MHhopMaT1Ka™ 1 No Hanpas/eHNIO
510200 "TpuknagHas mateMaTnka n nHgopmatuka™/B. A. Cpouko. —CrI16. [u gp.]: NaHb, 2010.
—202 c.[21]

5 UucneHHble meTodbl B npumepax 1 3agadvax/Kupees B.W., MaHTenees A.B.. —Mocksa:
Nanb", 2015 [20]

MeTOAbI onTMMun3salnn:

1 Mertogbl onTMmM3auun B npumMepax v 3agadax/MNaHtenees A.B., Sletosa T.A.. —
Mocksa: JlaHb", 2015

2. YucneHHble meToAbl B npuMepax v 3agavax/Kunpees B.W., MaHTenees A.B.. —MockBa:
NaHe", 2015

3. ToHuapos B. A. MeTogbl onTummsauumn: y4eb. nocobve ans CTyAeHTOB BY30B,
obyuatomxcst no cneumansHoctam 010501 (010200) "TpuknagHas MaTemMaTuKa 1
nHhopmatuka" (cneumannct), 230105 (220400) "lMporpammHoe 06ecrneyeHre BblYNCIUTENBHOM
TEXHUKWN N aBTOMAaTU3MpPOoBaHHbIX cucteM” (cneumannct), 010500 (510200) "MMpuknagHas
maTemaTuka u nHhopmatmka" (bakanasp), 010200 (511200) "MatemaTuka. MNMpuknagHas
MaTemaTunka" (6akanasp), 011000 (511300) "MexaHuKa. NpuknagHas matematuka" (bakanasp),
010300 (511800) "MartemaTmka. KomnbroTepHble Hayku" (bakanasp) : [4n9 nogrot. 6akanaspos,
415 nogrot. cneyunanucTtos]/B. A. ToHuyapos. —M.: FOpaiit, 2010. —190, [15

4. TMaHTenees A. B. MeToabl onTMMMU3aLMK B NpMMepax M 3agadax: y4eb. nocobue ans
BTY30B/A. B. lNMaHTenees, T. A. JletoBa. —M.: Bbliclias wkona, 2008. —544 c.[13]

5. YwucneHHble meToabl ontumumnsauun/A. ®. amannos, M. B. Conopos. —Mocksa:
®usmarnmt, 2008. —320 c.

Teopusa BEPOATHOCTU:

1 Teopwus BepOATHOCTEN N MaTemaTnyeckas ctatuctmka/l"opnad b.A.. —Mocksa: [laHb,
2013 [20]

2. JnemeHTapHbIA Kypc Teopun BEPOSTHOCTEN U MaTeMaTUyecKor cTatucTuku/A. H.
BopoanH. —Mocksa: SlaHb, 2011. —254 ¢ [20]

3. Kubupes B. B. MeToguyeckume yKa3aHUs K peLLeHnto 3aa4 No TeopMUn BEPOSTHOCTENA:
y4eb.-meTof. nocobme ana cTyaeHToB cneumansHocT 010501.65 MpuknagHas mateMaTuKa 1
NHopMaTMKa 1 HanpasneHns 6akanaspuata 010501.62 MpuknagHas maTeMaTKa 1
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nHpopmatnka/B. B. Knbupes; M-Bo 06pa3osaHusa 1 Hayku Poc. ®Pefepaumn, Bypar. roc. yH-T.
—YnaH-Yp3: N3a-8o bypsTt. rocyH-Ta, 2012. —85, [20] c.

4. Knbupes B. B. Teopus BepoATHOCTEN 1 MaTemMaTUyYecKasi CTaTUCTUKA: Y4eb.-MeTof.
KOMMJIEKC ANA CTYAeHTOB cneumanbHocTy 010501.65 MpuknagHas mateMaTvka U MHpopmaTuka
1 HanpasneHus b6akanaspmata 010501.62 MNpuknagHas MaTemaTnka v MHpopmaTtnka/B. B.
Knbupes; M-Bo 06pa3oBaHus 1 Hayku Poc. depaepaumn, bypsT. roc. yH-T. —YnaH-Yan3: M3a-8o
Bypat. rocyH-ta, 2012. —130, [20] c.

5 Kubupes B. B. 3nemeHTbl TEOPUM BEPOATHOCTEN Y MaTeMATUYECKOW CTATUCTUKN: y4ed.
noco6ue no cneuuansHocty 010501.65 MpuknagHas maTeMaTyKa U HanpaeneHns bakanaspuara
010500.62 MpuknagHas matematmka n nHhopmatmka/B. B. Kubmpes; M-Bo 06pa3oBaHus 1
Haykn Poc. ®epepaumu, bypar. roc. yH-T. —YnaH-Ya3: V3a-8o bypaTt. rocyH-ta, 2010. —63 ,
[20]c.

6. Kwubupes B. B. JleKuun No Teopmmn BeposTHOCTER: yueb. nocobue no cnewl. 010101.65
"Marematnka"/B. B. Knubupes; defep. areHTCTBO M0 06pa3oBaHMto, BypAaT. roc. yH-T. —YnaH-
Ypa: V13a-Bo BypsT. yH-Ta, 2008. —92 c.[13]

7. CeMeHuMH E. A. Teopus BEPOSTHOCTEN B NpuMepax 1 3agadax: y4yeb. nocobue ans By3oB
no cniey,. "MpuknagHas matematunka"/E. A. CemeHunH. —Cr16: JlaHb, 2007. —351 c.[20]

8. Teopus BEpPOSATHOCTEN M MaTeMaTuyecKas cTaTucTuka/A. A. TyraHbaes, B. . KpynuH.
—NMocksa: flaHb, 2011. —223 c.[20]

9 . dapeesa /1. H., XXykos HO. B., Jlebeges A. B. Matematuka /19 3KOHOMUCTOB ;
Teopus BepOATHOCTEN M MaTeMaTUyeckas CTaTUCTUKA : 3afaun 1 ynpakHeHUs :yyeb. nocobue
Ansa By30B no Hanp. 080100, 2007 [11]

10. Bype B. M. Teopusi BepOATHOCTEN M MaTemMaTUyecKas CTaTUCTUKa: gonyweHo YMO no
KNacCUYeCcKOMy YHMBEPCUTETCKOMY 06pa30BaHMIO B KayecTBe yyebHWKA N1 CTYAEHTOB BY30B,
obyyatoLmxcst no HanpaeneHuam BIMO 010400 — «[MMpuknagHas matemaTka v MHhopmaTmka»
1 010300 — «PyHAaMeHTaIbHas MH(oOpPMaTMKa U MH(OPMaLMOHHBIE TeXHoNormm», 2013 [20]

PyKoBoAMTENb MarncTepcKom nporpammbl A.C. bynpaes,
A.0.-m.HayK, npodeccop
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