MHHHCTEPCTBO HAYKH H BHICIIETIO OBPA30BAHHS PO
MHHHCTEPCTBO OGEPA30OBAHHS, HAYKH, KYJILTYPBI U CITOPTA PA
POCCHICKO-APMSIHCKHIT (CJIABSIHCKHiT) YHUBEPCUTET
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YrBepxkaeno kapeapamu:

CHCTEeMHOro MpOrpaMMHpPOBaHHA
Maremarnueckoii KnOepHeTHKH
MareMaTHKH H MaTeMaTHYECKOTO MOJICTHPOBAHHS

[Tpotokon Ne7 ot 14.02.2025

3as. kadenpoit

3as. kadeapoii

3as. kadeapoit




BBenenue

B ocHOBY HacTosimield mporpaMMmbl TOJIOKEHBI CIEAYIOIMIME IUCLHUIUIMHBL MaTeMaTu4ecKuil
aHamu3, Anrebpa u reomerpus, Juddepenunanbueie ypaBHeHus, @DYHKIMOHAJIBHBIN aHAIU3,
VYpaBHeHust  maremaTuuyeckod ¢u3uku, Teopus BepoOATHOCTEH M MaTeMaTHdecKas CTaTHCTHUKA,
Yucnennsie MeToabl, MeToas! ontumuszanuu, Madopmaruka, Jluckpernas maremarruka, KomOuHaTopHbie
anroput™msel, Teopust rpadoB, Teopus urp M HccieqOBaHUE olepauui, BpluncauTenbHbIE MalllUHBL,
CHCTEMBl M CETH, SI3bIKM M CHUCTEMBI IpPOTpaMMHUpOBaHUs, TexHoJorus pa3paboTKH MPOrpaMMHOTO
obecneyenus, OnepanvoHHbIE cUCTEMbI, MeToabl XpaHEeHUs: M JocTyna K AaHHbIM, OpraHu3aunus 6a3
JAHHBIX ¥ 3HAHWH; 3aIlIUTa JaHHBIX U IPOTPAMMHBIX CHCTEM— BCE B 00beMe 00pa30BaTeNbHBIX MPOTPaMM
BbIcuIel mkossl. [Ipy 3TOM nporpamma opueHTHpOBaHa Ha TpeOOBaHMs Macnopra crienualbHocTu 2.3.5
«MaTeMaTH4ecKoe W TporpaMMHOE OOeCreyeHHe BBIYUCIUTENbHBIX MAIlIWH, KOMIUIEKCOB H
KOMITBIOTEPHBIX CETEH».

CTpykTypa 3K3amMeHa

BerynutensHblii  3Kk3aMeH 1o cneuuanbHocTH  2.3.5  «Martematudyeckoe M MpOrpaMMHOE
o0ecrieyeHrne BBIYMCIUTEIbHBIX MAIIiH, KOMIUIEKCOB U KOMITBIOTEPHBIX CETEH» - MPOBOAMTCS B YCTHOMN
dopme M mpennosaraeT OTBET IOCTYMAIOLIEr0 B aclUpaHTypy Ha TPU BOIPOCA SK3aMEHAIIMOHHOI'O
ounera.

BaxHoll yacThio 0TOOpa NPETEHJICHTOB B AaCHUPAHTYPY SBJSETCA MOJArOTOBKa pedepara Io
HampasiieHuto 2.3.5 «MaremaTuueckoe M IpPOrpaMMHOE OOECHEYEHHME BBIUMCIMTEIbHBIX MAalllH,
KOMIUIEKCOB M KOMIIBIOTEpHBIX CeTei» - BbINOJIHEHHas 3apaHee. [IpoBepka pedepata mpoBoauTcs
Hay4YHBbIM PYKOBOJUTENIEM, KOTOPBIN OCYIIECTBISET NEPBUUHYIO SKCIEPTU3Y, MUILET KPATKYIO PELEH3HIO.
[Ipy HaMMYUU MOJIOKUTEIBHON OLIEHKU 1O pedepaTy coucKareib JOMYCKAaeTCs K claye BCTYIMHTEIbHOIO
9K3aMeHa

Ilo kadenpe MaTeMaTHKH U MAT. MO/I€JIMPOBAHUS.

1. YucnoBble u (YyHKIMOHATNBHBIE MOCIEAOBATEILHOCTH M PSAbI, paBHOMEpHAs M TOYCYHAs
CXOJIUMOCT. PaBHOMepHas CXOJIMMOCTh " HEIPEPHIBHOCTb, UHTETPUPYEMOCTb,
T pepeHIPyEeMOCTb.

2. OmpenencHublii wHTErpai, ¢opmyna Heiorona-JIeitOHHIIa, TEOpeMbl O CPEIHUX 3HAYCHUSX.
[IpumeHeHne OMpenerIeHHOr0 HMHTerpana s BBIYMCICHUS [UIMHBI KPUBOH, Tuiomanu ¢uryp,
BBIUKCJIEHHS 00beMa Tea.

3. HemnpepbiBHOCT B TOYke ©u oOmacTu uig (YHKIUH MHOTHX TEepeMEHHBIX. PaBHOMepHas
HEMpepbrIBHOCTh, TeopeMa Kantopa. OcHOBHBIE TeopeMbl HempepbiBHBIX (PyHkIui (bosbiiano-

Koum, Beitepmrrpacca). IIpoctpanctsa C*(Q) u ux cBoiicTsa

4. YacTHble MpOU3BOAHBIE M JuddepeHran (QyHKIUH MHOTMX NepeMeHHBIX. ['eomerpuueckuit
cmbicit. @opmyia Teinopa. [TousaTust 06 0000IIEHHBIX TPOU3BOIHBIX.

5. HopmanbHble 0JJHOpOAHbIE TUHEWHbIE T epeHnnanbabie cucteMbl. DyHIaMeHTanbHas cCUCTEMa
pemenuii. CymectBoBanue @CP. @yHnameHTanbHOE 0000IIEHHOE pEelIeHHUE.

6. 3amaua Komm. J[okazaTenbCcTBO TEOpEMbl O CYIIECTBOBAHMM M €IMHCTBEHHOCTH PELICHMS s
3amaun Komm. Meton npocToil uTepanum.

7. Jluneitnple omepatopbl. Hopma omeparopa. IlonHble HopMupoBaHHble U [ 'HMIBOEPTOBBHI
MPOCTPAHCTBA. DKBUBAJEHTHOCTh PAa3HBIX HOpPM. JIMHEHHAas 3aBUCHUMOCTh U HE3aBUCHUMOCTD.
Pa3zMepHOCTB IPOCTPAHCTB.

8. Pa3HOCTHBIE CXEMBI, YCTOWYHBOCTh PA3HOCTHBIX CXEM M PA3HOCTHBIE METO/IbI PEIICHHS YPaBHEHHS
Jlammaca.

9. Pemenue HeNMMHEHHBIX ypaBHeHUH. TeopeMa 0 CKMUMAIONMIUX OTOOpakeHW. MeToa Xopa, MEeTo
Hsrotona.

10. TTocranoBka 3amaun Komwm 11 BOJTHOBBIX ypaBHEHHH. Teopema O €IMHCTBEHHOCTH PEIICHHIA.
Teopemsl o cymectBoBanud, popmynsl Kupxrodpa u Ilyaccona. dyHaamMeHTanbHOE pELICHHUE.
[TpubnmkeHHoe perieHre BOJIHOBOTO YpaBHEHUS.

11. TlepBas kpaeBas 3ajaua JJisg BOJHOBBIX ypaBHEHUN. Teopema eauHCTBEHHOCTH. MeTon Dypbe nmst
ypaBHEHU KojeOaHus cTpyHbl. [IpubnmkeHHbIe METO/IbI PEIICHUS.



12.

13.
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10.

11.
12.
13.

3amaua Komm u mepBas kpaeBas 3amada JUIsi ypaBHEHHUS TEIUIONpPOBOAMMOCTH. IlocTpoenue
(GyHIaMEHTATBHOTO PELICHNSI.

'apmonnueckue QyHkiuu. CBONHCTBA rapMOHHYECKHX (QYHKIUH, (yHIaMEHTalbHbIE PELICHHS
1uis oneparopa Jlamnaca.

Kadeape CUCTEMHOr0 MPOrPaMMHPOBAHMS.

Perynsipubie s13bIKH, PaBOJUHEHHBIE TPAMMATUKH, KOHEYHbIE aBTOMATHI.

KC-rpammaruku. JlepeBbs BbiBoga. Hopmanbabie hopmber Xomckoro u ['peiibax. MII-aBToMartsl.
OnpeneneHne CHHTAKCHYECKU-OPUEHTHPOBAHHOTO  pa3zbopa. Hucxonmsmmitn  BOCXOASIIUH
paz0oopsl.

Hacnenosanue B OOII u BuptyanbsHbie BbI30BEIL. [lomumopdusm Bpemenn ucnonnenus. [IpuHmmmn
noactanoBku JIuckoB (Liskovsubstitutionprinciple). Peanuzanusi HaciaenoBaHuss U BUPTYaJIbHBIX
BBI30BOB B CTaTU4YECKH TUNM3UPOBaHHBIX OO-s3bikax nporpammuposanus (C++, Java, C#).
Wntepdeiicel 1 abcTpakTHBIE KJacChl U CHOCOOBI MX BbIpakeHHUs B crathdeckux OO-sa3bIKax
(C++, Java, C#).

bunapHoe nepeBo. PexypcuBHBIE W HEpEKYpPCHUBHBIE alTOPUTMbI 00XOAa OMHAPHBIX JIEPEBHEB.
bunaproe nepeBo mowmcka. CoOamancupoBaHHOCTh. CamoOanmaHcupyromuecs: aepeBbs (AVL,
KpacHO-4YEepHBIE).

[InanupoBaHue U JucHeTYEpU3aLUs IPOLECCOB U 3a/ay B ONEpalMOHHbIX cuctemax. Ctpareruu
TUTAaHUPOBaHUS. JIUCIUIUTUHBL JUCTIETYEPU3AIIH.

BupryansHoe agpecHoe mpocTpaHCTBO. CErMEHTHBIM, CTpPaHUYHBIH UM CErMEHTHO-CTPAaHWYHBIN
CrocoObl OpraHu3aly BUPTYyaabHOU naMsaTu. bydep O6picTporo npeodbpaszoBanus aapeca (TLB).
CuHXpOHU3alUsl B3aUMOJICHCTBYIOIIMX BBIYMCIUTENBHBIX IpoueccoB. CHHXPOHU3ALUOHHbBIE
MIPUMHUTUBBI: MBIOTEKCHI, ceMadopbl, coObITUs. [Ipobrema TynukoB U MeTOAbI OOPHOBI C HUMHU.
@opManbHBIE OCHOBBI TMPOEKTUPOBAHUS PESIMOHHBIX 0a3 JaHHBIX: (YHKIMOHAIHHBIE
3aBUCHMOCTH, IEKOMIIO3HUIIUS CXEM OTHOIIECHUH, HOpMaJIbHbIE (POPMBI CXEM OTHOIICHUH.

+
CprKTypI)I HHJCKCOB: INIOTHBIC U Pa3pPCKCHHBIC HH/ICKCHI, B -ACPCBb U XGHI-T36J'II/IIH>I.
]_—[BYXI'IpOXOI[HLIC AJITOPUTMBI O6pa6OTKI/I JAAaHHBIX, OCHOBAHHBIC Ha COPTUPOBKEC U XCHIMPOBAHWUH.

Kommnbrorepasiecetu. Moaens OSI. Tlpotoxosnsl, untepdericel. Ctek npoTokoisioB. [IpoToxoin
TCP/ IP.

ITo xadeape maT. KHOEPHETHKH.

1.

2.
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10.
11.
12.

13.
14.
15.

3amauu JIMHEHHOro IMporpaMMHUpoBaHMs. J[BoNCTBEHHBIE 3amaud. Teopembl IBONCTBEHHOCTH.
[TonsiTHE O CUMIUIEKC-METOIE.

ITotoku B cersax. Teopema u amroputMel Popna - PankepcoHa. Teopema o cmpoce u
IIPEIIOKEHHUH.

Teopema Kenura o rpadax, reopema Junsopra.

Martpuunslie urpsl. Pemenue urpel. CMmemannbie crpareruud. OCHOBHas TeopeMa O MaTpUYHBIX
Urpax.

Omnpenenenue 0yneBbIX GYHKIUI. 3aMKHYTbIE U MOIHBIE ccTeMbl pyHKuMid. Teopema IlocTa.
AndasutHoe komupoBanue. HepaBenctBo Mak - Munana. OntumanbHOE KOAUPOBAaHHE (KOIBI
Xadppmena).

OnTumu3almoHHbIe 3a/1a4K Ha rpadax. OrmnpeneneHue KpaTdailiero nytu B oprpade. AIropurm
HAaXO0JIEHUs MUHUMAJIbHOI'O OCTOBHOTO JEpEBa.

Marpouipl. DKBUBaJIECHTHBIE CUCTEMBI akcHOM. [loBefieHre KaTHOrO aJIrOpUTMA [ METPOUJIOB.
Teopema 00 SKBHUBAJICHTHBIX OINpEAEICHUSAX Oas3Kca JMHEHHOro MpOCTpaHCTBa. Pa3MepHOCTH
JIMHENHOTO ITPOCTPAHCTBA, MOHOTOHHOCTh Pa3MEPHOCTH.

Teopema o romoMopdu3me rpymi.

Onucanne MakCUMaJIbHBIX U/I€AJI0B B aCCOLIMaTUBHO-KOMMYTATHUBHBIX KOJIbIaX C €AMHULIEH.
Teopema Jlarpanka 0 KOHEUHBIX I'PYIIAX, CICACTBUS.

Jluneiinbie oTroOpakenus. O0pa3s, sapo. Teopema o cymMMe pa3MepHOCTEH szipa U oOpasa.
Crnyyaiinble BEIMYMHBI U UX YHCIIOBbIC XapaKTEPUCTUKH. 3aKOHBI OOJIBIINX YUCEI.
LleHTpanbHas npenenbpHas TeopeMa.



16. IlpoBepka craructuueckux runore3. Kpurepuii 3naummoctu [lupcona. Kputepuit cormacus
Konmoropoga.

17. Ilenu Mapxkosa. Ilepexoaabie BepoATHOCTH. Teopema 0 IPeaeIbHBIX BEPOSITHOCTSX.

18. Hcuncnenne BBICKA3bIBAHHI: OMpPENEICHUE HEKOTOPOM CHUCTEMBl KIIACCHYECKOTO HCYHCICHUS
Bbicka3piBaHui (KWB); monsitue BBIBOJA, BBIBOJMMOCTH; JOIOJHHUTENIbHBIE IMpPaBHJIa BBIBOJA,
TeopeMa JEAyKIMU; TeopeMa O MoJHOoTe W HemnpoTuBopeunBoctd KHMB; paspemmmocts KUB;
HE3aBUCHUMOCTb akcHOM. [IpaBuiia BBEEHUS U y1aJ€HUSI OCHOBHBIX JIOTHYECKUX CHUMBOJIOB.

CrnennanbHbIH BOIIPOC 110 TeMe JMCCePTAMOHHOI PpadoThI.
Jluteparypa

ITo xkadeape maTeMaTUKN U MAT. MOJAEJTUPOBAHMUS.

WUnena B.A., Cagoanunii B.A. B.JI. CennoB Maremarnueckuii ananus. I, II Toma
@uxtenronsi .M. Kypc nuddepennuansaoro u uarerpansHoro ucuucienus. I, 11, III roma
Pynun. OcHOBBI MaT€MaTHYECKOIO aHAIU3a

[MouTpsirun JI.C. OObikHOBeHHBIE MU (hepeHIInaTbHbIC YPaBHEHUS

[TerpoBckuit U.I'. Jlekuuu o Teopun 0ObIKHOBEHHBIX U ()epeHIInaIbHBIX YpaBHEHUN
(Twqupub 2.2, Yupuwynunyui .U, Znghwtthuywt U.2. Unynpulub nhtpkughuy
hujuwuwpnidutp:

BrnagumupoB. YpaBHEHHS MaTeMaTUUYCCKON (U3UKH

baxsanos H.C., XKykos H.II., Ko6enbkoB I'.M. Uucnennsie metoasl. M., 2000

Camapckuit A.A., I'ynun A. B Yucnennsle MmeTonsl. M., Hayka, 1986

10 Bepxounkuit B.M. OcHoBBI unciaeHHBIX MeTOA0B. M., Beiciias mkoia, 2002

11. Axonsn FO.P. OcHoBeI unciaeHHbIx MeTo10B. Yacte 1. uzn. PAY, Epesan, 2005
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Ilo kadenpe MaT. KMOEPHETHKH.

b.JI. Ban nep Baprnien. Anrebpa. M., "Hayxka", 1976.

Bunorpanos 1.M. OcHoBbl Teopun uncern. M., 1963.

I'nenenko b.B. Teopus BepositHocTel. M., 1970.

[Hupsie A.H. BepositHocTs. M., 1989.

3. MennenbcoH. Beenenue B MateMaTueckyo Joruky. M., 1971.
C.B. Sl6nonckuii. BBeneHnue B muckperHyro Matematuky. M., 1979.
Mablies A., Aroput™bl U pekypcrBHbIe GyHKIMH. M., "Hayxka", 1986.
K.A.Pri6uukoB. BBenenne B komOMHaTOpHBIN aHamm3. M., 1977.
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I'epu M., JlxoHcoH /1. BerucnuTenbHbIe MallIMHbI U TPYAHOpEIaeMble 3a1aun. M., "Mup", 1982.
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. Axo A., Xonkpodt Jbk., Ymeman JIx. IloctpoeHne M aHalu3 BBIYHCIMTENIBHBIX aITOPUTMOB. M.,
"Mup", 1979.

11. 3bxoB A. OcHoBbI Teopru Tpados. M., "Hayka", 1987.

12. Ope O. Teopwus rpacdo, M., Mup, 1969.

13. X.Taxa. Beenenue B uccnenopanue oneparmii. T.T.1,2. M., 1985.

14. A.®opn. JI.®ankepcon. [Totoku B cersix. M., 1966.

15. Kopmen

16. T.Xy. LlenouncneHHoe mporpaMMHUpPOBAHFE U TIOTOKH B ceTsix. M., 1974,

17. A.Anen, JIx. Cnencep. BepostHocTHBIN MeToA. MockBa, «burom», 2007T.

18. I".Dpnem, /. Criercep. BeposiTHOCTHBIN MeToa B KoMOMHaTOopuke, MockBa, «Mwup», 1976r.

19. T. Kopwmen, Y. Jleiizepcon, P. PuBect. AITOpUTMBI IOCTPOCHHE U aHAIIN3

ITo kadenpe cHCTEMHOI0 NPOrPaMMHUPOBAHMS.



Tanen6aym O.C.CoBpeMeHHBIE ONIepallMOHHbIE CUCTEMBIL. 2-0¢ u3.-Ilutep, 2002,

I'opmeeBA.B., Monuanos CucreMHoe nporpammuoe ooecniedenue. - CI16.: ITutep, 2001.

Hetiten I'. BBenenue B onepannoHHbie cucteMbl. B 1Byx Tomax. - M.: Mup, 1987. [, Il Toma

Huxput3uc JI., bepucraitn ®. Onepanuonnsie cuctemsl. - M.: Mup, 1977.

Bunbsime A. Cucremnoe nporpammupoBanue B Windows juts npodeccuonanos. -CI10.: ITurep,

2001.

Axo A., Ynbman /1. Teopust cCHHTaKCMUECKOTO aHaJIM3a, IepeBoia 1 KoMnwsinuu. M.:Mupr

1978.

7. Axo A., Cetu P., Ynpman JI. KoMnuisTopel: NPUHIMUIIBI, TEXHOJOTUHM, MHCTPYMEHTHL. M.'.
Wznarensckuii mom "Buneame", 2001

8. I'mu30ypr C. MaTemarnueckas TeOpHus KOHTEKCTHO-CBOOOIHBIX SA3bIKOB. -M.:Mup, 1970.

9. I'puc J.KoHCcTpynpoBaHue KOMIIIATOPOB ISl TM(DPOBBIX BBIYUCIUTEIBHBIX MalmH. M.: Mup,
1975

10.T'opanees A. B., Momuano A.}O. Cucremnroe nporpammuoe obecrnieuenue.- CII16.: ITurep, 2001

11. JIstouc @., Poszenkpann Jl., Crupuz P., Teoperuueckue OCHOBBI MPOCKTUPOBAHUS
KOMITIJIATOPOB.- M.:Mup, 1979.

12. Peityopn-Cmut B.JIx. Teopust ¢popmanbHbIX s3bIKOB. BBOgHBI Kypc. — M.: Pagno u cBs3b,
1988.

13. Hdeviten X.M, [eiiren I1./Ix. Kak nporpammupoBats Ha C++. - M.:

14, "UsnarensctBo BMHOM", 2001.

15. Ctpayctpyn, boepH. fA3bik nporpammupoBanust C++, cneu. uza. - M.: "UspgarensctBo BUHOM",
2001.

16. [TaBnoBckass T. C/C++. IIporpammupoBaHue Ha S3bIKE BBICOKOTO YpOBHS. y4eOHHK.- CIIO.:
[Tutep, 2001.

17.Ban Taccen JI. Ctuib, pazpabotka, 3pGEeKTHBHOCTh U UCTIBITAHUE MTporpamm. - M.: Mup, 1981.

18. Jan Y., [eiictpa 3., Xoop K. CtpykrypHOe nporpammupoBanue. - M.: Mup, 1975.

19. Ix. JluGeptn. OcBoii camocrtosrensHo C++ 3a 21 pgeHb. 3-e wu3ganme. M3m.joom
«Bunbsamc».Mocksa,2000r.

20.B.B. INoxoensckuii. "3k C++". U3a-Bo "®dunancel u cratuctuka” M., 2003r.

21.P. Jladpope. OObEKTHO-OpUEHTHPOBAHHOE IPOrpaMMupoBanue B C++.

22. 1.Knyt."UckycctBo  mporpammupoBanus. OcHoBHble amroputmer.” Tom 1.  U3n-Bo
"Bunbsamc",Mocksa,2000r.

23. A.Axo,JIx.Xonkpodt, J. VYapman."CTpykrypel maHHBIX ©  anroputmsel"  M31-BO
"Bunbsamc",Mocksa,2000r.

24. H. Buprt." AnropuT™MBI +CTpYKTYpHI JaHHBIX=TporpamMmsl M31-Bo "Mup", Mocksa, 1998r.

25.Y.Tonn, Y.®opx ."CrpykTyps! nanabix Ha C++." U31-Bo Bunbsame", Mocksa, 2001r."

26. P.CemxBuk. "OyHaameHTanbHbIe anroput™el Ha C++". u.1-4., Diasoft, M.,2001.,

27.B.I'.Onudep, H.A. Onmudep. Komnsrorepusie cetu. [IpyHINIIBI, TEXHOIOTUH, TPOTOKOJBI.

28. JletiT. OCHOBBI CHCTEMBI yIIpaBiieHUs O/11.

29.Tapcus, Monuna, Ynpman. Jlorndeckoe npoekTupoBaHue 6/11.

30. T'apcus-MoinmHa, YieMaH, YujaeM. Cuctemsl 0a3 TaHHBIX, MTOJTHBIN Kypc, 2003.

31. IA-32 Intel Architecture. Software Developer’s Manual. Vol.3. 2002
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