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IMPOI'PAMMA-MUHUMYM
KAHJIHJIATCKOI'O 9K3AMEHA 110 CIIEHIUAJIbLHOCTH
1.2.2-MaremaTnueckoe Mo1e,THPOBAHHE, YHCICHHBIE METO/IbI H KOMILIEKCHI TIPOrPaMMm

BBenenne
B ocHoBe HacTosed nporpaMMel JIKHT Matepual KypcoB: (pyHKIHOHAILHBIA aHaIn3,
MatemaTtuueckas (H3MKa, TEOpHs BEPOATHOCTEH, MareMaTH4yeckas CTATHCTHKA, YHCIICHHBIC
METO/Ibl, METO/IbI OIITUMH3AIIHH.

1. MaremarH4ecKHe OCHOBBI

DnieMeHThl Teopuu QyHKMi 1 QyHKIHOHATBLHOrO ananu3a [TousTHe Mepbl U HHTErpaa
JleGera. Merpuueckue ¥ HOPMHpOBaHHbIC MpPOCTpaHcTBA. [lpocTpaHcTBA MHTErPUPYEMBIX
(yukumii. [Tpocrpancrsa Cobosnesa. Jluneiinsie HenpepbisHble QyHkimonansl. Teopema Xana—
banaxa. Jluneiinbie oneparopbl. DeMEHTbI CHEKTPAILHON Teopuu. Jluddepennmaibhbie u
MHTErpaJIbHBIE ONEPaTopbl.

DKCTpeMalibHble 3aaun. Beimykibii anamus. DKCTpeMalibHbIE 3a7aud B EBKJIMJIOBbIX
npoctpancTsax. Beinykible 3azau Ha MHHMMYM. Maremarnueckoe IporpaMMHpOBaHME,
JIMHEHHOE MPOrpaMMHUpPOBAHKE, BBIMTYKIIOE [IPOrpaMMHpOBanie. 3ajiaud Ha MUHUMAKC. OCHOBBI
BAPHALIMOHHOIO MCYHC/ICHHS. 3ajaud  ONTUMAILHOTO ynpasieHus. [lpuHumn maxkcumyma.
[IpyHIMD MHAMHUYECKOTO [TPOrPaMMHPOBAHUS.

Teopus  BepositHOcTeil.  MatemaTtuyeckass  CTaTHCTHKA  AKCMOMATHKA — TEOPHH
BeposiTHOCTEH. BeposTHOCTB, yenoBHas BeposTHOCTh. HesaBucumocTs, CrryuaitHbie BeJIMUMHBI 1
BEKTOPBL.  DJIEMEHTBl KOPPEIAIUMOHHOH TEOPHH CIy4aiHBIX BEKTOPOB. DJIEMEHTHI TEOPHH
CJyqaiHBIX mporeccoB. ToueuHoe M MHTEPBAIbHOE OLICHHUBAHHE MAPAMETPOB PaCIpe/Ie/IeHHS.
DJNIEMEHTHI  TEOPUM  TPOBEPKH  CTATHCTHYECKHUX  THIOTE3.  DIEMEHTBl  MHOTOMEPHOIO
CTATUCTHYECKOro aHaiu3a. OCHOBHBbIC MOHATHS TCOPHH CTATHCTHYECKHX perieHui. OCHOBbI
TEOPUH MH(POPMALIHH.

2. Undopmanmonnbie TeXHOJIOTHH
[Ipunstue pemennii. O6mas npobnema pewenus. Oynkius noreps. baiiecoBekuii
MHHHMAKCHBIN 110/1X0/1bl. MeTO 1 noc1e10BaTe/IbHOTO IPHHATHS PELICHHS.
Mccnenoanue onepanmii M 3aja4d  HCKYCCTBEHHOIO MHTEIUIEKTa DKCHEPTH3bl M
HeopMasIbHbIE MPOLEAYPbl. ABTOMATH3AIMs NPOCKTHPOBAHMA. MCKYCCTBEHHBIH HHTEIUICKT.
PacnosnaBanne oGpasos.

3. Komnblorepubie TeXHOJIOTHH

Yucnennpie  metoabl.  Mutepnonsiss w0 annpokcumarmsi  (hyHKIMOHAILHBIX
3aBucumoctei. Yucnennoe auddepenumposanne u uHTErpupoBanue. UHCIEHHbIE METOIbI
MOMCKA OJKCTpeMyMma. BeluuciuTe/bHble METOAbI JHHEHHON anreOpbl. YHcaeHHbIE METO/IbI
petieHusi cucreM auddepennnanbbX ypasHenuit. CrulaitH-annpokcHMalus, WHTEPIOJIsIus,
METOJI KOHeUHBIX 3jieMeHTOB. [Ipeobpaszosanus ®ypoe, Jlaraca, Xaapa u jap. Uucnennbie
MEeTO/Ibl BeBIIeT-aHAIH3A.

Boraucaurenphplii - dkcnepuMent.  [IpMHLMIBI  TPOBEJEHHS  BBIYUCIUTEILHOTO
sKcnepumenTa. Mojienb, anropurm, nporpamma.

Anroputmudeckue s3biki. IlpejacraBienne 0 sA3bIKax MPOrpaMMHPOBAHHS BbICOKOTO
ypoBHsi. [TakeTsl npuKIaHBIX MporpaMm.



baspl nanubix. OcHOBHBIE MOHATHS 0a3 JAHHBIX.

[Tapasnensubie BBIYHCIICHHS. ITapannensuoe NporpaMMHpOBaHHE c
uenosb3oBaneM TexHonorun MPL TlapajuiensHoe nporpaMMHpoBaHHEe € HMCMOJIB30BAHHEM
TexHosorun OPENMP.

4. MeToibl MATEMATHYECKOT0 MOICTHPOBAHUS

OcHOBHBIE ~ TNPUHIMIIBI  MaTEMAaTHYECKOI0  MOJCIMPOBaHMs.  DJeMEHTapHbIe
MaTeMaTHYCCKHE MOJIC/IH B MEXAHHMKE, I'M/IPOJIMHAMHKE, YICKTPOJIMHAMHUKE. Y HUBEPCATbHOCTh
MaTeMaTHueckux Mozeneil. MeToJbl MOCTPOCHHS MaTeMaTHYecKHX MOJIe/ieH Ha OCHOBE
(ynamenTaibHBIX 3aKOHOB MPHPO/Ibl. BapHalinoHHble MPHHIMITBI TOCTPOCHHS MATEMATHYECKHX
MoJIee.

Merojel  ucenesoBanus  MaTeMaTtHUeCKUX — Mojeneil.  Yceroiuusocth.  [IpoBepka
aJIEKBAaTHOCTH MATEMAaTHUYECKUX MOJIEIICH.

Maremarnueckue MoOJeIH B HAyYHbIX MCCIEAOBAHUAX. MareMaTHueckue MOJeiu B
CTATHCTHYECKOH MEXaHUKE, YIKOHOMHKE, OHOJI0rHH. MeTo/ibl MaTeMaTH4YeCKOro MOICIMPOBAHHS
M3MEPHTEILHO-BLIYHCIIMTEIbHBIX CHCTEM,

3ajaun pepykuuu K ujaeanbHomy npubopy. CHHTE3 BBIXOAHOIO CHIHAIA MJICAIBLHOIO
npubopa. [Iposepka ajnekBaTHOCTH MOJICIIN H3MEPEHHS | aJIeKBATHOCTH PE3Y.JIbTATOB PEAYKIIHH.

Monenu junamuueckux cucrem. OcoObie Toukn. budypkamun. Jlunamuyeckuii xaoc.
Dproanynoctsh U nepemetnupanune. [lonstie o camoopranusaiuu. J{uccunaTuBHbie CTPYKTYpBbI.
Pexumbl ¢ obocTpenuem.

5. Yncaennbie MeTo/1bI

3anava uarepnossiunu. Murepnoauposanne muorowienam Murepnossuuonnas popmyiia
Jlarpanka. OcTaTounblif wieH HHTEPNoAsSMOHHOMH Gopmyibl Jlarpanka. Murepnonuposanue ¢
KpaTHbIMH  y31aMu.  Murepnossiumonnas  ¢gopmyna  Hetoroma.  Ocrarounblii  wieH
MHTEPNONSIUOHHON hopmyIibl HbioTOHA.

Jluckpernble ananorn upQepeHInaIBbHBIX ypaBHEHHH. YpaBHEHHS B KOHEYHBIX
Pa3HOCTSX, METO/Ibl PELICHHUS.

Muorounenst YeObiieBa M MX NpUMEHEHHE B 3aja4yax YHCIEHHOIO AaHaJIW3a.
MunuMHB3aIMs OLIEHKH OCTATOYHOIO YieHa HHTEPIOJISIHMOHHOM (POPMYJIbI.

3anaun uuciennoro auddepentmposanms.

Beraucinrenbuas norpemyocts popmy uuciaentoro auddepennmuposanus. Gopmyibi
YUCJIEHHOTO HHTErpHpoBanus. Merto 1 HeonpeeneHHbIX KoaphuiuenToB. OeHKa norpenHocTH.

Ksanparypusie ¢opmynb  Hbiotona-Koreca. OueHka HOrpemiHOCTH — KBaJApaTyphl.
Ksaaparypubie dopmyibl ['aycca. Ouenka nmorpeiHocTd KBajaparypbl. MeTo/bl MOBBIIIECHHUS
TOYHOCTH (POPMYJT YHCICHHOTO HHTerpupoBanus [loctanoBKa 3a/1au ONTHMH3AIMK KBAJIPATYP.

Yucnennple MeToAbl peuieHusi OObIKHOBEHHBIX Ju(depeHunaIbHbIX  ypaBHEHHMIA.
Yucnennoe pemenne 3anaun Kowm ¢ nomouisio popmyiist Teitnopa. Yucnennoe perenune 3aaauu
Kowm xBagparypamu. ®opmyia Diinepa. Popmyna Anamca. CemeiictBo Meto108 Pynre-Kyrra.
[lorpemmocTts MeTo1a.

Yucnennsle Metojbl perienust 3agaun Komm ¢ KOHTPOJEM [MOrpeniHOCTH Ha liare.
Muoromarossie MeToAbl pemenus 3azaur Komm. KoHeYHO-pa3sHOCTHBIE METO/bI pEIICHHUS
3anaumn Ko, Metoj1 Heonpeie/ieHHbIX KOY)HUIMEHTOB.

MeTo1bl YHCIEHHOrO HHTETPUPOBAHUS YPaBHEHUI BTOPOTO MOPsIKA.



6. CucreMublii anan3

Cucrembr  maccoBoro obcnyxuBanus. Knaccupuxaums CMO M UX  OCHOBHBIE
xapaktepucTuku. Cucrembl ¢ orkazamu. Cuctembl ¢ oxuganuem. OpnokananbHass CMO ¢
orkazamu. Muorokanasisnas CMO ¢ otkazamu. [Ipumep muorokanansnoit CMO ¢ oTkazamu.

Oynokanasnipnas CMO ¢ oxuaanueMm. Ilpumep oxnokanansuoit CMO ¢ oxuaanuem
Muorokanansnas CMO ¢ oxunanuem. [lpumep muorokanansioit CMO ¢ oxugannem. CMO ¢
OrpaHUYeHHBLIM BpeMeHeM okuaanus. 3amknyTbie CMO 1 ee ocobenHoCTH.

[Ipumep samxuyroit CMO. CMO co “B3aumonomouibio” mexty kanamamu. CMO c
otkazamu. CMO co “B3aumonomoluipio” mexay kanaiamu. CMO ¢ ouepe/ibio.

7. MaTtemaTuuyeckasi TeOpusi H3IMepeHni

OcHOBHBIE TMOHATHS TEOpHH HajAeKHOCTH. Hanexuocts cucreM 0Oe3 pesepBHpOBaHHS
Hanexunocts cucteMm ¢ peszeppupoBanueM. HaJeKHOCTb CHCTEM ¢ XOJOIHBIM PE3epBOM M
NPOCTEHIIMMH  TIOTOKaMU  coObITHi. HaznexHocTs cucreM ¢ 0OJErYeHHBIM pe3epBOM U
npocTeHmumMu notokaMu coObiTuit. CraTHCTHYECKHE 3a1a4yd NPUHATHS petueHus. OCHOBHbIE
MOHATUS U TepMUHOJIOTHA. CyObeKTHBHAS BEPOSITHOCTD.

OtnocurenbHoe  npapjonogodue. Ilpeanonokenuss CcyObLEKTHBHON — BEPOSTHOCTH.
[Tocrpoenne BepositHocTHOrO pacnpejesnenus. llonesnocts. Ilpeanourenuss Bo MHOXKeCTBE
BEPOSITHOCTHBIX pacrpe/ie/ieHuid

Onpenenenre  (QYHKIMH  10JE3HOCTH. AKCHOMATHYECKHH T0JX0J K MOJIE€3HOCTH.
[Toctpoenue ynkunn nosesnoctu. baitecoBeknii puck u GaitecoBckue pemenus. Boruyrocts
OaitecoBckoro pucka. PanioMu3aiys 1 CMEIIaHHbIC PELICHHS.

8. Meroabl onTHMH3AINH

Maremarnueckas GpopMyIMPOBKa 3a1a41 HENPEPLIBHON ONTHMH3AIMKE B KOHEYHOMEPHOM
MPOCTPAHCTBE. YCIOBUS CYIIECTBOBAHMS MHHHUMYMa B JICTCPUMHHHPOBAHHBIX 3ajavax
ontumuzannu. Kiaccudukanms MOMCKOBBIX METOJOB  ONTUMH3AIMH W METOJOJIOTHS  HX
cpaBHeHus. MeTtoabl noucka riao0aabHOr0O MHHHMYMa OJHOMEPHBIX MHOTOIKCTPEMAIbHBIX
(ynkuuii. Muoromepnas nokanbhas Ge3ycioBHas onTuMusaims. JleTepMUHMPOBAHHbIE TIPAMBIE
metoabl:  Meron [aycca-3eiinens, Merox Xyka-/xusca, Cummiekc-mMeTon. 3anauu
MHOTOKPHTEPHAIILHOH ONITHMH3ALIMK U METO/1bI MX peLICHHUS. 3a/1a4i ONTHMAIIBHOTO YIIPaBJIEHHUS
M METO/Ibl HX TIPUOIMIKEHHOIO pelleHus!

OcuoBHas JinTeparypa
1. Kosmoropos A.H., ®omun C.B. ®ynkunonansulii ananus. M.: Hayka, 1984.
2. Bacusbes @.I1. Yncnennsie MeTo/Ibl pelieHus sKCTpeMaibHbIX 3aa4. M.: Hayka, 1981.
3. boposkos A.A. Teopusi BepositHocTeii. M.: Hayka, 1984,
4. boposkos A.A. Marematuyeckas cratuctuka. M.: Hayka, 1984,
5. Kaymrkun H.H. Yncnennsie metoanl. M.: Hayka, 1978.
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7. Maremaruyeckoe moaenuposanne / Ilox pex. A.H. Tuxonosa, B.A.Canosuuuero u ap. M.:
U3n-so MI'Y, 1993.
8. JleOGesies B.B. Marematnueckoe MOJIe/IMPOBaHHE COLMATBLHO-IKOHOMHYECKHX MTPOIECCOB. M.
NU30I'PAD, 1997.
9. Ilerpos A.A., Tlocnenos W.I'., Illananun A.A. OnbIT MareMaTHuyeckoro Mo/eIHPOBAHHS
IKOHOMHMKH. M.: Dueproaromusar, 1996.
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11. Bentuens E.C. Teopust Bepositnocteii. M., Boiciias mikosa, 2001,

12. Bentuens E.C., Opuapos JI.JI. 3agaun u ynpakaenus no reopuu Bepositiocteil. M., Boicinas
mkoma, 2002,

13. Cokonos I'.A., Yuctakosa H.A. Teopusi BepositHocteii. Ynpasisemble nend Mapkosa B
skoHomuke. M., ®usmariut, 2005.

14. ITerpocan A.A., 3ankeBuy H.A., Cemuna E.A. Teopust urp. M., Beicias mkosna, 1998,

15. Benruens E.C. HUccnenoBanue onepaunii: 3aaun, npuHIMIbL MeToA00rHs. M., Boicinas
mkoua, 2001.

16. Tonax JI.C., N'onpaen6epr M.S1., Jlepuuxuit A.A. BbiunciauTeabHbie METO/IbI B XHMHUYECKOI
kuHetuke. M.: Hayka, 1984.

17. Gear C.V. Numerical initial value problems in ordinary differential equations. Englewood
Cliffs: Pentice-Hall, 1971.

18. Boeson B.B., Boesoaun Bi.B. INapaynensubie Borauncienus. CI16.: BXB-ITetep6ypr, 2002.
19. Kapnenko A.Il. CoBpemeHHbIC QIrOPHUTMbI MOMCKOBOH ONTUMH3AIMH. AJITOPHTMBI,
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JAONOJIHUTEJIbHASA TPOI'PAMMA KAH/IMJIATCKOI'O 9K3AMEHA
1o crnenuanbHocTH 1.2.2-Marematnueckoe MOJACTHPOBAHHE,
YHUCJIEHHBIC METO/IbI U KOMILJIEKChI IIPOIPaMM

1. Maremarnueckoe MOJAC/ITHPOBAHHEC KHHECTHKH H TEPMO/IHHAMHKH

Paspabomrka Kunemuueckux mooeneit XuUMUYECKUX peakuyui. | OMOreHHble W
FEeTCPOreHHbIC peakiMH. 3aMKHYTble M OTKpbIThie cHcTeMbl. KuHeTHYecKoe ypaBHeHHE
XUMHYECKOro nporecca. Koncranra ckopocT v dHeprus aktusaiuu craiauu. [psmas u oOparnas
3aj1aum.

Auppepenyuanvuvie ypaenenun 6 3adauax xumuueckou kxunemuru. Knuernka
npocthiX peakuuit. Kunernka oOpaTtuMbIx —peakuuit. UYuclieHHbIE METOAbI  pelLICHHS
amddepenmanbHbIX ypaBHEHHI.

Tepmoounamuueckuit npoyecc. Maremaruyeckue MeTo/bl B TepmojnHamuke. Havana
TEPMOJMHAMHKH,

PexomenioBanunas Jureparypa
OcHoBuas

1. Ilapesa 3.M., Opnosa E.A. Teopernueckne 0cHOBbI XMMHUECKO# TexHoJorun. Kues: Bricinas
mkona, 1986, 271 c.
2. S6nouckuit I'.C., beikoB B.U., I'opbanbr A.H. Kuneruueckue MoJen¥ KaTaIMTHUECKHX
peakumnit. HoBocubupek: Hayka, 1983, 255 c.
3. Pososckuii A5l I'eteporennblie XMMHYECKHE peakilu (KMHETHMKA W MaKpOKMHeTHKa). M.:
Hayxka, 1980, 324 c.
4. Cimabko MLI'. OcHOBBI M NPHHITMIIBI MATEMATHYECKOTO MOJICIMPOBAHMS KATATHTHUECKHX
npoueccoB. Hoocubupek, Mu-1 kataimza um. bopeckosa CO PAH, 2004, 488 c.
5. S16noucknii I'.C., CnmBak C.W. Maremarnueckue Moiesin XMMHYECKONH KHHETHKH. M.: 3Hanue,
1977, 64 c.
6. Jlxoncon K. Yucnenubie metosnl B xumun. M.: Mup, 1983, 504 c.
8. DOmmanysis HM., Knoppe JI.I'. Kype xumnueckoit kKnnetuku: YueOHUK JU1s XUM. (aK. YH-TOB,
4-¢ u3a., nepepab. u gon. M.: Beici. mkona, 1984, 463 c.
9. baanmer K., Cammepduin M. Qt 4: Iporpammuposarue GUI wa C++, - M.: Kyaun-ITpece.,
2008, 736 c.
10. Orypuos A.Il, Henonekun ®.B., Toncreix B.K., Bonogun H.A. Ilpsmas ontumusanms
reriodusnueckux npoueccon. Jlonenx: M. "lOro-Bocrok", 1997.
11. Kpbuios O.B. I'ereporennsiii kataim3. Mocksa: UKI] «Akazemkauray. 2004,
12. Jlumutpos B.U. Tlpocras kunernka. HoBocubupek: Hayka u sxusub, 1982.
13. Yopkennopd H., Haiimanrcseapaiit X. CoBpeMeHHbINH KaTain3 M XMMHYECKas KHHETHKA:
Hayunoe n3nanne. Jlonronpyausiii: U3narensckuii nom «Muremext», 2010.
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3. I'y6aitaynnun UM., Koneauna K.®., 3aitnyumn P.3., Jlydunen O.B. ®usuko-xumuueckne
OCHOBBI MOJICJIMPOBAHMS XUMHYECKHX PEaKTOpOB: TEPMOJMHAMHUKA W KHHETHKa: yueOHOe
nocobue. Yda: Usn-so YI'HTY, 2020.

4. Ennkeena JI.B., I'yGaiinymmn U.M., Enukees M.P. Kunernka uuskoremneparypHoii naposoi
KOHBEPCHH YITIEBOJIOPO/IOB M peakiinu rube i HUTPO300KCeHI0B: yuebHoe nocodue. Yda: U31-o
YI'HTY, 2020.

5. Koneamn C.H., Koneauna K.®., I'y6aiaymmn UM, Kunernueckast MoJie/1b KaTaIHTHUECKOI
peakiun JMMEeTHIKapOOHaTa Co CIIMPTAMM M €e MHOTOLIeJIeBast ONTUMH3aIus: ydebHoe nocobue.
Ya: Usn-so YIHTY, 2021.

2. Meroawi HCKYCCTBEHHOI'O HHTE/UICKTA H NPHHIHIIBI CO3/IaHUS IKCIIEPTHBIX
CHCTEM

Ikcnepmusie cucmemsl u npedcmaesienue 3Hanui. 1101xX0/bl K MOCTPOCHUIO CHCTEM
MCKYCCTBEHHOTIO MHTeIeKTa. Onpe/enenune skenepTHoi cucremsl. Knaccupukaims sKCrnepTHbIX
cucreM. CTpykTypa “KCrnepTHOi cuctembl. TexHolorusi pazpaboTKH HKCHEPTHOH CHCTEMBI.
DKCNEPTHBIC CHCTEMbI HA OCHOBE HEYETKHUX 3HAHUIA.

OcHo6Hble KOHWenyuu Heuponnbix cemei. buojnoruyeckuii HeHpoH M ero cpoiicTsa.
Mojienb uekycerBennoro Heifpona. [Tapamerpei Heiipona. Xapakrepucruka GpyHKIMiA aKTHBAIIMH.
ApPXHMTEKTYPbI HCKycCTBEHHBIX Helipornbix ceteit (MHC). COop ranubIX JUisi HEHPOHHOM ceTH.

l'enemuueckue anzopummel, nasnavenue u ocobeHnHocmu. | eHETHUECKHE aJITOPHTMBI,
HazHayeHne u 0cobeHHocTH. OOyueHne HEUeTKUX HEHPOHHBIX CETeH Ha OCHOBE I'€HETHUYECKHX
anropuT™MoB. [IpumMenenne reHeTHUeCKNX alropuT™MOB B CHCTEMAX HCKYCCTBEHHOTO MHTEIUIEKTA,
ONTUMH3AIMHK pelieHus 00paTHBIX 3a/1a4 XMMHYECKOH KHHETHKH.

Memooer pewenun 3a0au MHO20U4eNC60U ONMUMU3AKUU. ATIPHOPHBIE ATTOPHTMBbI.
ANTOPUTMBI 30HJAMPOBaHMA. | eHETHYECKHH AIrOPUTM C BEKTOPHOM oOleHKoil. ['eHeTHueckmii
QITOPUTM MHOTOKPHTEPHAIBLHON ONTHMH3AIMH. ['eHeTHYeCKnil aJropuT™M HEJIOMHUHHPYEMOIt
COPTUPOBKH.
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