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BEJIOPYCCKHI T'OCY TAPCTBEHHbIV YHUBEPCUTET

(nasBanue yupexaeHus Bricuiero opazopanus)

YU CJEHHBIE METO

(nasBanue yueGHOM AUCLMIIIMHEI)

YueGHas mporpaMma y4peskJeHHst BLICIIEro 06pa3oBaHus
mo y4eOHOMH AHCINIINHE AJIf CHeNNaJbHOCTH:

1-31 03 01-04 MareMaTika (HayYHO-KOHCTDYKTOPCKAS IEATEIHHOCTD)
(xol crienHaNTBHOCTH) (Ha¥MeHOBAHHE CITELHANBHOCTH)

2015 .



VYuebHas nporpamma cocrapiieHa Ha ocHobe OCBO 1-31 03 01-2013, BBeieHHOTO
B setictBue 30.08.2013:; VII mng coermansHoctd 1-31 03 01-04 “MartemaTHka
(Hay4HO-KOHCTpPYKTOpCcKas nedarenbHocTh)” Ne G31-135/y4. ot 30.05.2013r.

COCTABMTEJIA:

B.A. PanaeBa, crapmmii ipeniofiaBarens kadenpsl BeO-TeXHOIOTHH U KOMITBIOTED-
HOT'O MOJIEIMpOBaHus benopycckoro rocyjapcTBeHHOrO YHUBEPCUTETA.

PEKOMEH/IOBAHA K YTBEPXJIEHUIO:

Kadenpotii _seb-mexnonozuii u komnviomeprozo mMooenupoeans
(na3Banue kaeapsl — paspaboTyuka NPOrpaMMBl)

(mportoxoa Ne 10 ot _14.05.2015r. );

V4aeOHO-METOMMYIECKON KOMUCCHEN Mexanuko-mamemamuuecko2o daxyromema bI'Y

(na3BaHHe y4pekAeHHA BeiCUIero oGpa3soBanus)
(nmporokon Ne 6 ot 26.05.2015r.).




INOSACHUTEJBHAS 3AIIUCKA

B HacTosInee BpeMst YHCIEHHEIE METOAEI SABJISIOTCS OJHHM M3 Haubojee MH-
TCHCHBHO PasBUBAIOINMXCS pa3jesoB MaTeMaTHKH. OTO CBS3aHO Kak ¢ GypHBIM
PasBHUTHEM BBIUHCIIUTENHFHON TEXHHMKH, HapallUBaHHEM €€ MOIIHOCTH, TaK M IIH-
POKHMM IIPUMEHEHUEM CPEICTB MATEMAaTHIECKOr0 MOAEIUPOBAHUS IIPAKTHYECKH BO
BCEX C(epax >KUIHENESATENBHOCTH YelOBeKa IS ONTHMH3AIMH HCCIENyeMOTo
00BEeKTa UK TIPOTHO3MPOBAHMs CUTyalud. [I03TOMy B HOCTIeIHee BpeMst pa3paba-
TBIBA€TCSI MHOT'O HOBBIX YHCJIEHHBIX NPOLIEAYD, IPUMEHSIEMBIX KaK K HOBBIM, TaK U
KJIACCHIECKMM O0BEKTaM HCCIIe[OBaHUs, IIPH 3TOM MHOTHE KIACCHYECKHE AJIro-
PUTMBI pEIIEHHUs 3aja4 MpeTepIeBalOT U3MEHEHHUS C LENbI0 YIYdINeHHWS MX BEHI-
YHCJIMTEIIbHBIX CBOMCTB.

Bce arto omnpenenser BaxHOCTh Kypca «YucnenHvie memoow» B yaeGHOM
Tponecce, a Takke o0ycnapnuBaeT HeOOXONMMOCTH BHECEHHS CBOEBPEMEHHBIX
M3MEHEHH#H U TONOIHEHHUH B ero CojlepKaHue.

Yu4ebHas nporpamma « Yucnennvie memoowiy paspabotana mis cTynenTos 1
Kypca o4HOM ¢opMEI o6ydenus cnenuansHocTH 1-31 03 01-04 — MaremaTuka
(Hay9HO-KOHCTpYKTOpCKas IeSTeNbHOCTE) MEXaHHKO-MaTEMaTHYECKOIO
taxynpTeTa Benopycckoro rocyjapcTBEHHOTO YHHBEPCHTETA.

Lenmpanenoii uoeeii obpazoBaHus MO AHUCHHUIUIHHE «Yucienmsie memolwviy»
ABJIAETCA HEOOXOAUMOCTh OGYUEeHUs CTyAEHTOB COBPEMEHHEIM IIOIXOAaM M dHC-
JICHHBIM METOaM PEIICHHS NPUKIIaAHBIX 3a]a4, a TakKe IPUHIUIAMH HX IPAMOT-
HOTO NPaKTUYECKOI'O UCIIOJIb30BAHHS.

Bmopoii eascneiiweti udeeii o6ydeHus SABISETCS MOATOTOBKA CTYJIEHTOB K
IPaKTHIECKO# paboTe B 061aCTH YHCIEHHOTO MOJENHUPOBAHMS HAYYHBIX ¥ IIPH-
KJIaITHBIX MaTEMaTHYECKUX 3a/1a4 €CTECTBO3HAHMUS.

Aucnumnvna « Qucnennvie Memoosry UMeeT NPHKIANHYIO HAIPAaBISHHOCTE.
Ee ocnoenas yens 3axmoqaioTcss B OCBOSHHH yHaNIHMICS COBPEMEHHOM TEXHOIO-
I'MH MaTEMaTHU9e€CKOro MOJEIHUPOBAaHMsA, OCHOBaHHOMN Ha HCIIOIH30BAHMH UYHCJIEH-
HBIX METOJIOB M NPHKJIAJHOIO IPOrpaMMHOI'0 00€eCIIEYEHH L.

3aoauu ducyunnunsl COCTOAT B M3yYEHHH OCHOBHEIX NPHHITHIIOB IIOCTPOE-
HUS YHUCIICHHBIX METONOB M OLEHKH MX BBIYHCIHMTENBHBEIX KadeCTB, M3yUEHHUH OC-
HOBHBIX METOHOB YMCJICHHOTO DEIICHHS 3aJad JIMHEHHO! ainreOprl, aHanm3a U
RubdepeHIHANbHBIX YPaBHEHUM, Pa3sBUTHS YMEHHS U HABBIKOB BeIOOpa aieKBaT-
HOTO ajifOpUTMa, €ro IPOrpaMMHOW pealn3allyiy, MHTEPIPETALMA pe3ylbTaToB
YHCIICHHBIX PacYeTOB M CTENEHH UX JOCTOBEPHOCTH.

Omeir  npenonaBanus Kypca «Yucnennvie memodsly HA  MEXAHHKO-
MareMaTuiecKoM ¢akynerete BI'Y mokasbiBaeT, uTo 06yueHMe Ha 3aHSTHSIX IO
BBIYHC/IUTEIBHOMY IPAKTHKYMy HOJDKHO IIPOBOAUTECS B IBYX HANPaBICHHIX:
H3YHCHUSA OCHOB YHCIICHHEIX METONOB Ha IIPUMEpPE PEeIIeHHs TEOPETHUECKHX 33124
¥ BBINOIHEHMS PACUeTHBIX PaboT C HCIOJB30BaHMEM KOMIIBIOTEpPOB. IIpu 3TOM
TOJIbKO HEINOCPEACTBEHHOE OOILEHNME HCCIIEOBATENS C KOHKPETHBIMH 3aladaMu
KpOMe BO3MOXKHOCTH 3aKpEIMTh JIEKIHOHHEIN MaTepwai, IIOMOraeT AaTh obIiee
IPEACTABJICHHE ¥ BEIPAbOTATH HEOOXOMMMYIO HHTYHLIMIO JIsl HAXOXAEHHS 3(hdek-
THBHBIX ITyTeH pellleHus 3a1ad BHYMCIUTENLHON MaTEMaTHKH.



B mocnennue rome! BEICOKas TEXHHYECKas OCHAIEHHOCTh M POCT BO3MOKHO-
CTeH BEIMMCIMTENLHON TEXHHKH MO3BOJLIOT CYIECTBEHHO OOOTaTHTh IpaKTHde-
CKYI0 CTOPOHY BBIYHMCIIHTENBHOrO NpPaKTHKyMa. Kcronp3oBaHME HOBEIX COBpe-
MEHHBIX INPOrpaMMHEIX nakeroB (Maple, MathCAD, MathLAB, Mathematica u
Ip.), 8, TaKKe CTAHIAPTHEIX OHONHOTEK YHCIEHHOTO aHAIM3a [O3BOILIIOT, HE
yriyOIisiCh B 3HAHHE YaCTHEIX BOIPOCOB, COCPENOTOYNTECS HEMOCPEACTBEHHO Ha
00OBeKTe (L€M) UCCIENOBaHMA, YCKOPHUTD IIPOLIECC TIOMYYEHH PELIeHNs] TUIIOBBIX
3anad. Kak crnencreue, pemenne GoJbInero 9ucia pasHoo6pasHEIX 3aad CIoco6-
CTBYeT NPHOOPETEHHIO CTyNEHTaMH HEKOTOPOTO OIBITA MPAKTHIECKHX PAcUeTOB.
Ilpu 5TOM CrIeKTp paccMaTpHBaeMBIX MPo6eM PacIIMpPAETCs OT THIMYHEIX [0 [0-
CTaTOYHO CJIOXHBIX B BEIMHMCJIMTEIBHOM OTHOIIEHUH 3a1a4, TPeOYIOIUX JIsI JUC-
JICHHOW peallu3alli¥l HCIIOJBb30BaHMSA MOIMHBIX KOMIBIOTEpOB. IlosBIsieTcss BO3-
MOXXHOCTB YAEJATH G0JIbIle BHUMAaHWS aHAN3Y XapaKTEPHCTHK BEMHCIHTEILHEIX
aJITOPUTMOB M CBSI3H NPAKTHYECKHX PE3YJIBTATOB C IONyIEHHBIMH TEOPETHUECKHU-
MU OLIEHKaMH.

Bornee Toro, gacTe BpeMeHH, 0CBOGOXKIAIOIIErocs 33 CUET HCIIOIb30BaHHs CO-
BPEMEHHO} BBIYMCIHTENIFHON TEXHUKH, II03BOJISET YAEIATH GOJIbIe BHUMAHUS [e-
TaIbHOMY PacCMOTPEHHIO TEOPETHYECKMX 3afad BBIYMCIHTEILHON MaTeMaTHKH.
OTO HECOMHEHHO SIBIISETCS BaXKHEIM MOMEHTOM BBIYHCIHTENBHOTO IIPAKTHKYMa,
IIOCKOJIEKY KaK IPaBHJIO HMEHHO TaKOro pojia 3aadyd IOMOralT yCBaUBAHHIO, 3a-
KpEIUIEHHIO ¥ GoJiee [I0THOMY TOHMMAHHMIO OCHOBHBIX OIIpe/leNIEHHH, TIOHSTHI, pe-
3yNBTAaTOB M aJITOPUTMOB BEIYHCIMTENBHOM MaTeMaTHkd. Kpome Toro, pemieHue
TEOPETHIECKHX 3a/]a4 IO3BOJIET YCTAHOBUTE CBSI3b MEXIY Pa3IMYHEIMHU pa3ela-
MH MaT€MaTHKH, B YaCTHOCTH, YHUCIEHHOTO aHalN3a, H, KaK CIEICTBHE, CIOCO0-
CTBYET IOJIHOTE BOCIPHATHs Kypca II0 YHMCIEHHBIM MeTonam. IIpu 3ToM 3Ha4H-
TEJIHO BO3PAacTaeT POJb CaMOCTOATENBHOH pabOThl CTYLEHTOB Haj IPEIMETOM,
Ge3 4ero ero ycHemHoe OCBOEHHME IIPEICTABIAETCS MAJOBEPOSTHBEIM. O6mas
OLIHKa Ka9E€CTBA YCBOCHMS CTYJEHTaMH y4eGHOro MaTepHaia OCYINECTBILETCS B
XOJI€ BBINOJIHEHUS HHANBUAYAIBHEIX 3a0aHUH.

Ilporpamma xypca «Qucnennvie memoduvi» COCTaBIEHA C YYETOM MeXIIpea-
METHBIX CBSI3eH M IIPOTrpamM II0 CMEXHBEIM AUCHHMILIHHAaM. Ero usyuenue Gasupy-
€TCs HA 3HAHUAX U3 YHUBEPCHUTETCKHMX KypCOB IT0 anrebpe, reOMEeTpHH, MaTeMaTH-
4ECKOMY aHaM3y, GyHKIHMOHANLHOMY aHaiu3y, OGBLIKHOBEHHBIM IubGhepeHITr-
QIBHBIM, B 9aCTHBIX IPOM3BOAHBIX ¥ HHTETPAIILHEIM YPABHEHHIM.

B ocHoBy yue6HO# mporpaMMe! JUCHHIUIMHE « Yucnennvie mMemodsly TOJO-
’KEHBl OJHOMMEHHEIE IIPOrpaMMel, paspaboTanHsle akageMukoM A.A.CaMapckuMm
(MI'Y um. M.B. JlomoHocoBa) axanemuxom H.C. BaxBamoesiM (MI'Y um. M.B.
JIoMoHOCOBa).

B pesyneTate H3ydeHus AUCLMILIMHEL CTYASHT HOJKEH

3HamMb:

— HCTOYHUKH ITOTPEITHOCTH YHUCIIEHHBIX Pe3YJIbTaTOB;

— IOHATHSA YCTOHYMBOCTH, CXOIMMOCTH M BBIYHCIHTEIHLHOH CIIOXKHOCTH HHC-
JIEHHEBIX AJITOPUTMOB;

— TpeOOBaHUA KOPPEKTHOCTH IIOCTAHOBKH 3aaqH;

— OCHOBHBI€ IIPUEMEI OLIEHKH ITOTPEUTHOCTH YHUCJIEHHEIX METOOB;

— Ha3HaYCHME U BBIYHUCIMTENBHBIE KayecTBa Hanboliee MOIyJISpHLIX YHCIIEH-



HBIX METOAOB HHTepnoiupoBaHus (dopmynsl Jlarpamka um HsioToHa, Merox
HaWIyqIIero IprONIDKeHus B CpeIHEKBapaTHYHON! HOpME), IPUOIIDKEHHOTO HH-
TerpupoBaHus (dhopmyisl Tpanenuit 1 CumiicoHa, MeToas!l Tuna I'aycca HauBEIC-
mel anreOpandecKoll CTEIeHW TOYHOCTH), IS 3amad anrebpsl, AuddepeHInans-
HeIX ypaBHeHH#l (meron I'aycca, LU-daxropusamusi, uUTepanBiOHHbIE METOXEI
Pugapncona, Skobu, 3eiimens, mocienoBaTeNbHON BepxHe# penakcaluy, MHHH-
MAaJIbHEIX HEBS30K, COIPSDKEHHBIX I'pagueHToB, MeTonsl PyHre-KyTTh U Anamca,
METOJ CTpeNIbOEL, 6BICTpOE ucKpeTHOe peobpazoBanue Dypre);

— JOCTOMHCTBAa M HEIOCTaTKU SBHBIX M HESBHHIX YHCIEHHBIX METOJOB pelle-
HUs AU depeHIranbHbIX YpaBHEHMI;

— COBpPEMEHHEIE TEHAEHLUH B Pa3sBUTHH METOIOB YHCIEHHOIO pelleHHs Ma-
TEMaTHYECKUX U IIPUKIaHBIX 3a/ad;

— ymemb:

— OIIEHUTh KOPPEKTHOCTH IIOCTAHOBKY 3a]1a4H;

— BBIOpaTh afleKBaTHBIA METOX I YHCIIEHHOIO PEIIeHHs [TOCTaBIEeHHOHN 3a-
Aaqn;

— HCIOJIB30BAaTh YUCJIEHHBIE METOAB! I PEIIeHHs MaTeMaTH4eCKUX 3aaad
anreOpsl, aHamu3a u AuddepeHHaNTbHBIX ypaBHEHMIH;

— aHaAJIM3UPOBATh JOCTOBEPHOCTH U TPAKTOBATh YUCIICHHBIE PE3yJIbTATHL;

enadems:

— HaBBIKaMH pabOTBEI ¢ COBPEMEHHBIMH IPOTrPaMMHEIMH CPEACTBAMH YHCIIEH-
HOTO PEIIeHUs MaTEMaTHIEeCKUX U NPUKIAHbIX 3a1ad;

— HaBBIKaMH [IPOrpaMMHPOBaHUs YHUCIIEHHBIX alTOPUTMOB;

— OCHOBHBIMH IIPHEMaMU allpHOPHOHM U allOCTEpPHOPHOM OIIEHKHU ITOTPEIIHOCTH
YHCIIEHHOT'O PeIleHUs 3a1a4 anreOphl ¥ aHaIu3a.

Kypc « Qucnennovie memoowr» paccuutan Ha 82 yaca B VI cemectpe, u3 HuX 50
ay[UTOPHBIX YacoB, B TOM 4ducie 20 9acoB Jekuuii, 26 4acoB IIPaKTHYECKUX 3aHs-
T 1 4 yaca KCP/YCP.

PexoMennyercsi ciemyiomee pacnpedeneHue 4acoé IO KypcaM H BHOaM
y4e0Hoif paboThI.

W3 Hux
B Tom IlpaxTu-
Ox3aMeH, | 3ager, |Bcero| umcie qI; KUK
CEMECTp |ceMecTp | 4acoB | ayau- | Jlekmuit 3a . | KCP/YCP
TOPHEIX
P 6 | &2 | 50 20 26 4
CEMECTP




COAEPXKXAHME YYEBHOI'O MATEPHAJIA

Tema 1. BBegenne

OG6 OCHOBHBIX 3a/ladax U COAEPIKAHHMH BEIUHCIHUTEIFHOM MaTeMaTHKH.
Copepxanve ¥ HasHaYeHHE BBIYHCIMTENBHOTO SKCIIEDHMEHTA B TPAKTOBKe A.A.
Camapckoro.

Tema 2. J1eMeHTBI TEOPHH MOrpelIHOCTeii

3HagaIye ¥ BepHEIe IUGPE! B 3alMCH NPUGIMKEHHOT0 Yrcia. AGCOMIOTHAS | OT-
HOCHTEIbHAs ITOrpetHOCTH. IlorpemmHocTy apubMeTHIeCKHX oneparyii.

Ipsimast 1 o6paTHas 3aKa9d TEOPUM IIOIPEMIHOCTE].

ITprMeps! HEyCTONYHBEIX AITOPUTMOB.

Ilorpemrnocts BerMucneHuit Ha DBM. IorpemmsocTs OKpyTIeHHi KOMIIBIOTEP-
Hasl 3allUCh JUCEIL.

Tema 3. MlaTepnosupoBaHye H npubamkenne GyHKIHIA

Cucremsl ¢ynximii YeGnimeBa. HurepnionupoBanue 0600IIEHHEIMH MHOTOWIE-
HaMH.

Anre6pandeckoe HHTEpPIOIHpOBaHUe. I10CTPOEHHE HHTEPIOJALEOHHOTO MHOTO-
qieHa B popme Jlarpamxka.

Koneunsle paznoctu.

PasneneHHEle U pa3sHOCTH, UX CBOMCTBA.

WurepnonsuronHslil MEorowieH HeloToHa.

I[IpencTaBnenye NOrpemIHOCTA UHTEPIIOINPOBAHHS.

M¥uHIMY3a1[s HOTPENTHOCTH MHTEPIIONMPOBAHAS AUCKPETHO 33{aHHBIX (YHKIIMIA.
Msuoro4nens Yebrimesa.

MuHuM#3a1MS TOrPETHOCTH HHTEPIIONUPOBAHUS s (hyHKIHIH, 3aJaHHEX HA OT-
peske.

WHTeprionupoBaHye 110 paBHOOTCTOALIMM Y3JIaM.

HuTepnonupoBanue CruiafiHaMH.

WuTepnonsiuonHas 3ajada DpMUTa.

Tpuronomerpugeckoe uHTEpIONTUpOBaHye. JIHCKpETHOE B GHICTPOE Ipeobpa3oBa-
Hue Oypre.

HucnenHoe nudbepeHIMpoOBanIe U OLEHKa ero IIOTrPEIHOCTH.

3amada annpokcuMaIiy. MeTon HauMEeHBIHNX KBa[PaToB.

Tema 4. IpuGanskeHHOe BbiYHCJIeHHEe HHTErPAJIOB

KBanpatypHsie ¢opmynsr obmero Bupa. KsanparypHsle GOpMYIIEI, OCHOBAaHHEIE
Ha anre6pandecKoM UHTEPIIOIUPOBAHHUH.

Ipocreiimme kBagpaTypHble npasmia Heiotona-Koreca. ITorpensocts UHTErpH-
pOBaHUA.

Cocrasuble kBanparyprble dopMynsl Hetotona-Koreca. ITorpemsocts UHTETpHU-
pOBaHHA.

IIpaBria Pynre u DHTKeHa IPaKTHYECKON OLEHKH IIOTPEIHOCTH KBaJpaTypHBIX
opmysr.

Ksanparypueie dopmyner Tuma I'aycca. OnTumuzamus paclpefeleHHs Y3JIOB
KBaJpaTypHOI (OpMyIIEL.

YacTHele ciyvan xBajparyp IayccoBa Tuma. Beruucnenne mHTErpasoB or (yHK-
Ui CIIeHaIbHOTO BU/IA.



Tema S. OGo61menne HHTEPNOJIHPOBAHMS M YHCJIEHHOT0 HHTErPHPOBAHHMS Ha
cayyaii GyHKUHE MHOIHX NepeMeHHbIX

WuTeprionnpoBaHie MHOTOWIEHAMH MHOTHX II€PEMEHHEIX.

YHucnennoe muddepentypopanue GyHKIHHE MHOTHUX [IEPEMEHHBIX.

Brrurcnenue kpaTHBIX HHTErpaioB. Metox Monte-Kapio.

Tema 6. UncsieHHbIe MeTOAbI pemenus cicrem JIAY

HopMs! BexTopoB 1 Matpuil. OlieHKa MOrpemHocTy pemenus cucteM JIAY. Yucno
00yCIIOBIEHHOCTH.

[psmere metonsl. Meron I'aycca. BeiGop BemyInero snemMeHTa.

LU ¢daxropuzanus. Pasnoxerne Xonenkoro. MeTox IpOroHKH W OpPTOTOHAIM3a-
AN,

Wrepanuonnsle MeToIb! pereHus cucteM JIAY. MeTon npocToii HTepanuy.
CxomMMOCTE MTEpaIMOHHBIX MeTofoB. OlleHKa uucia uTepamuit. Bri6op omrtu-
MaJIEHOTO ITapaMerpa.

HesiBHple uTepanmonHble Metonbl. Ilonsarwe o mepeoGycnasmuBarerne. MeTompl
SIxo6wu, 3ekmens, mocie0BaTeNbHON BEpXHEH pelaKCalHH.

MeTonp! HauCKOpeHITero CIrycka U CONpPSHKEHHBIX IPafHEHTOB.

Tema 7. Boluncienue coGCTBEHHBIX 3HA4YeHHH H COGCTBEHHBIX BEKTOPOB
MaTpHI|

CBolicTBa COGCTBEHHBIX BEKTOPOB 1 COOCTBEHHBIX 3HaYeHMi MaTpull. IIpeo6paso-
BaHHe Iogoous.

Kanonnueckas popma ®@pobennyca. Meron JlaHuIEBCKOTO.

CreneHHOl MeTOZ HaXOXNEHHS MaKCHMAIbHEIX II0 MOAYIIO COOCTBEHHBIX 3Have-
HUH.

Meron Bpamennii. ITonstre o QR anroputme.

Tema 8. PemieHre HeJIMHEHHBIX YPAaBHEHHH H CHCTEM

Otnenenve xopreit. Meron nuxoromun. Kpataele kopuu. KopHM HOTHHOMOB.
Meron npocToit uTepanuy. YcIoBre CXOOUMOCTH M CKOPOCTh CXOIMMOCTH.

Merox Herorona. KBagpaTuynas cXoAMMOCTb. Mopudukaunn Merona HeroToHa.
INonsaTre 0 MeTONaX HeNMHENHOM onTUMu3anuy. | pafeHTHBIE METOIL.

Tema 9. Uncnennoe pemenne 3agauu Komn aist 06bikHOBeHHBIX AnddepeH-
IHAJbLHBIX ypaBHEeHHH

Opuomarossie MetToxsl. Merop Ditnepa. OLeHKa CKOPOCTH CXOAMMOCTH.

Mertoxns! Pynre-KyTrL.

MHorommarossle MeTonBl. Y CTOYHBOCTS, yeiIoBHe KopHeil. MeTox Anamca.
IlonsTre 0 xecTkux cucremax OJ1Y.

A-ycToitauBocTs. Meton I'upa.

Tema 10. Yncsiennoe pemeHHe KpaeBbIX 3a/a4 i 06bLIKHOBEHHBIX JH(p(e-
PeHNHAJBLHBIX YpaBHEHHI

PasHoCTHEIN MeTOn pentenys KpaeBol 3afaun il ypaBHEHUS BTOPOTO IOPSI/IKa.
Meronbl MOCTpOEHHS DPasHOCTHEIX CXeM. MHTEerpo-MHTEPIOJIIMOHHEI METOL.
ITonATHE 0 KOMITaKTHEIX pa3HOCTHEIX cxeMax. Merox I'anepkuna.
AmnnpoxcuMarus u cxomumocTs. OlieHKa TOTPEIHOCTH JMHEMHBIX PasHOCTHBIX
CXEM.

Pa3sHOCTHEIE METONBI peIIeHHUs! KpaeBbIX 3a4a4 4y HenuHeHHex OJ1Y.



Meroxsl pexykuuu KpaeBbIX 3anad K 3amadaM Komm. Metons! muddepeHnmans-
HOM IIPOTOHKH H METOJX CTPENLOEL.

Tema 11. Yncnennoe penieHne HHTErpajibHLIX ypaBRenuit ®penroanma
OcHOBHEIe [IOIXOME! K PEMIEHHIO MHTETpalbHbIX ypasHeHu#. Meton ®ypse s
YHCIICHHOTO PeIICHHsI HHTETPANBHBIX ypaBHEHHIf THIIA CBEPTKH.

Tema 12. IlocTpoenne u HeesieqoBaHHe Pa3HOCTHLIX cXeM /JIs 33424 MaTeMa-
THYECKOH PH3UKH

Pa3sHOCTHBIE CXEMBI IUI1 ypaBHEHHs TEILIONPOBOAHOCTH. KaHoHMueckuit BHm u
YCIIOBHE yCTONIMNBOCTH IBYXCIOMHEIX Pa3sHOCTHBIX CXeM. Y CTOMYMBOCTD, AIIPOK-
CHMal¥s ¥ CXOOUMOCTb.

PasHoCTHBIE cXeMBI 1t ypaBHeHHs IepeHoca. CIEKTpaNbHEIH KpHTepHit YCTOMH-
YHUBOCTH.

PasHOCTHBIE CXEMBI /IS 3JUTMITHYECKHX ypaBHeHrH. [IpuHIMI MakcHMyMa
Peainusans pasHOCTHBIX cxeM. MeToq IlepeMeHHBIX HanpaBleHuH ¥ MeTox Apo6-
HBIX IIaroB.
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NEPEYEHD 3AZJAHUI U KOHTPOJIbHEIX MEPOIIPYSITHIA
YIIPABJISIEMOY CAMOCTOSITEJTLHOM PABOTHI CTYIEHTOB

Konrponsnsie Meponpusatus YCP no auctvnnune «Jucnentvie Memodory
IIPOBOZATCS TpenofaBaTeieM, KaK MPaBUIIO, BO BpeMs ayAUTOPHEIX 3aHaTHH. KoH-
TPOJb OCYIECTBIIIETCS B BHJIE:

— 9KCIIPECC-0Ipoca Ha ay AUTOPHEIX 3aHATHIX;

— 3aIUTEI y49eOHEIX 3a/JaHUH 110 IPaKTHIECKUM M J]aGOpaTOpHEIM paboTam;

— KOHTPOJIBHBIX padorT.

IlomyveHHbIe CTYIEHTOM KOJIHMYECTBEHHEIE pe3yibTaTthl YCP yauTHIBaroTcs
KaK COCTaBHas 9aCThb UTOTOBOM OLIEHKM IO JUCLUIUIMHE B paMKax peHATHHIOBOiH
CHCTEMEI.

ITPYIMEPHBIN TTEPEYEHD 3AJJAHI JUL
YIPABJIIEMOU CAMOCTOSITEJIbHOM PABOTHI CTYAEHTOB

VnnusunyanbHple 3afaHus IS YOPABIEMOM CaMOCTOSTENBHOM paboTEI
BIIIIOYAIOT PEIICHUSI HE MEHee NECATH TeOPETHYECKUX 3ajiad paslIfdHOTO YPOBHs
CJIOKHOCTH, KOTOPBIE CHAIOTCH Ha IPOBEPKY B INMCHMEHHOM WM YCTHOM BMIE, a
TaK)XXe BOIIPOCHI MPAKTHYECKOIO UCIOINB30BaAHHS YHCIEHHBIX METOLOB.

Pazpennt 1-2. Benenne. JiieMeHTHI TEOPHH NOrpeIIHOCTEH

1. OmpenenuTs OTHOCHTENBHYIO NOrPEIIHOCTH HMPH BBIYHUCIEHUH ONHON
TIOBEPXHOCTH yCEUSHHOI'0 KOHYCa, €CJIM PaIiyChl €ro OCHOBaHUN R u r U obpa-
3ylomast /, usMepeHHBle ¢ TouHOCTEIO g0 0,01 cM, ciemyromme R=23,64 cwm,
r=17,31 cm, 1 =10,21 cm.

2. Beicota /4 u pamiyc OCHOBaHHs R LMIMHApPA U3MEPEHB! C TOYHOCTHIO O
0,5%. KakoBa oTHOCHTeNbHAs OTPEIIHOCTS IPH BEYHUCIEHAN 06beMa unHApa?

3. /lnuHa nepumerpa NPaBHIBHOTO BIHCAHHOTO 96-YroJBHMKA, KOTOPEIM
TIONB30BAICS APXHUMEZ NPH BHMMCICHWH 7, BBIpaXaeTcs Hpu r =1 dopMyioit

p= 96\/ 2- \/ 2+ \/ 2442+ \/5 . Ecnm BBMHCIATE HENMOCPENCTBEHHO IO 3TOM

dopmyne, sxenas moxyauts 7 c TouHOCTEIO Xo 0,001, TO ¢ Kako#f TOYHOCTHIO
HYXHO TIPOM3BOJUTE BEIYHCIICHUS NOAKOPEHHBIX BEIMUNH?

4. Kakas u3 dopmyn S> =—11- D x? —n;zj wia S> =Ll >(x, —J_C)z],
n=1\ iz n=1\ iz

rae x=— E x,. ABJISICTCA YUCIICHHO 60J1ee YCTOH‘IHBOI/I JJISI BBIMHUCIIEHUA OTKIIO-
=)

HeHus S° MHOXeCTBa COGBITHiA b A

Taxoke MOXXHO PEKOMEHIOBATh B Ka4ecTBE 3aJaHHil ISl CAMOCTOSTEIBHOM
paboThl ympaxkHeHus u3 cGopHuka 3ama4 [3]: r. 1, 3agaun 1-30.



Pa3spges 3. UnTepnonmpoBanue u npubamkenne (pyHKmmii

1. Oynkuma f(x) =A2—1— npubmmwxaercs Ha [-4; —1] MHorownenom Jla-
~x

Tpamxa 1o ysnaM x, =—4,—3,-2,—1. IIpu kakux 3Ha4eHUs X A OLEHKA [OTpem-
HOCTH B paBHOMEPHOI HOpMe He npeBocxXoauT 107> ?

1
2. Oyukius f(x)=e** mpubmikaercs Ha OTpe3Ke [—E —;-] HHTEPION-
OHOHHBIM MHOTOYWIEHOM BTOPOH CTEIIEHH IO TPEM y3IlIaM: —y, 0, % Jokazarts,

9TO IOTPEMHOCTD HHTEPIOJISAIMHA B pPABHOMEPHOM HOPME HeE IT CBOCXOOHUT \/5 .
9

3. ITycts dynkuma f(x)= sin x3afaHa Ha OTpe3sKe [4; b]. Ilpu xakoM b > 4
MHOrOwWIeH Jlarpamxa TpeThel CTeNeHH, IOCTPOEHHEIA 110 ONTUMAIBHBIM y3JIaM,
NpUOIIKaeT 3Ty QPYHKIMIO ¢ IOrpemHOCTR0 & <1079

T
4. OueHUTD YHCIIO paBHOYHAJEHHBIX Ha oTpeske | 0; — | Touek, obecrieun-
4

BalolIlee MHTEPIIOJIMpOBaHue GYHKUMU [ (X )= sinx ¢ TOUHOCTHIO £ <1072,

5. Jlana tabnmuia HaTypansHBIX JiorapudmoB umcen ot 1000 zo 10000. Ka-
KOBa HaHOOJBILIAs [IOrPEIHOCTD JIMHENHOM (KBaAPATHIHOM) HHTEPIIONSINHI, ECITH
mar paseH 1?7

6. OLeHUTb NOrpentHOCTh NpHOIIKeHns GyHKIME e>* Ha [2; 5] HHTEp-
NOJIIIMOHHEIM MHOrOWIeHOM JlarpaHixa BTOpO# CTelleHH, IOCTPOEHHBIM IIO OII-
THMAJIBHEIM y3J1aM.

7. C KaKo¥ TOYHOCTEIO MOXHO BBIYHCIHUTH 1o (opmyrne Hetorona cos 10,5
T10 M3BECTHBIM 3Ha4eHMUsIM cos 10, cos 11, cos 12, cos 13, cos 14, cos 152

V1
8. OLEHUTP YHCIIO TOYEK HA OTpE3Ke I:O; Z], obecrneynBaroniee HHTEPIIO-

napoBanue QyHKuMH f(x)=sinx ¢ ToaHOCTHIO £ <1072,
9. Qynxuus In(x) npubmmxaercs Ha orpeske [1,2] MHTEPIOILHUOHHEIM

MHOTOYJICHOM TPEThEH CTENEHH 110 YeTHIpEM y3iaaM 1, y s y , 2. Jloka3arts, 4TO

TIOTpEIIHOCTE HHTEPIIONUPOBaHKS B PABHOMEPHOH HOPME He IMPEBOCXOAUT %OO .
10 /lana Tabnuma curycos ¢ maroM 1. KakoBa Han6oabmast [IOIPEIIHOCTD
JTMHEHHON UHTEPHONALNU?

Taroxe MOXHO peKOMEHIOBATh B KauecTBe 3aJaHMil I CaMOCTOATE IbHOMN
paboThl yrpaskHeHHs U3 cGOpHUKa 3a1a4 [3]: I 6, 3anaqn 1-62.

Pa3nes 4. [IpuGnmkenHoe BbIYMC/IeHHEe HHTEIPAJIOB

1. ITycTs BecoBas QyHKIMA p(X) HYeTHa, y3IBl X, PACIONOKEHBl CHMMET-
PUIHO OTHOCUTENIBHO HYIA, T.. X, , =—X, i=1,.,n Jloka3aTs, 4TO B HHTEpIIO-

n+l-i i



JAIMOHHOM KBaapaTypHoit dopmyne I(f)= Zc,. f(x;) AN BEIYHCICHHSA HHTE-

i=1

rpana I(f)= _[ p(x)f(x)dx xo3dPUIHEHTE], COOTBETCTBYIOIIHE CHMMETPHIHEIM

y3J1aM paBHEL, T.€. C,,,; =¢C;, I =1,...,n.

n+l-i

1
2. Iy BEIMHUCIICHHS I f(x)dx npumeHnsercs coctaBHas (GopMyla Tpameruii.
0
OneHuts MUHHMaIbHOE YHCIIO pa3zbuenmii N, obecreynBaioliee TOYHOCTH

0,5-107 Ha mBYX Kiaccax (pyHKIHiL:
D =)<t 2) _ﬂf”(x)ldx <l.

1
3. HaliTh oneHKy NOrpemHOCTH BEIMHMCIICHHS HHTerpajia I f(x)dx npu
0

f(x)= 1
+x

S(f)=(£(0)+47(01)+2£(0,2)+4£(0,3)+...+47(0,9)+ £(1,0))/30.

4. OeHHTP MHUHMMAIbHOE KOJHMYECTBO Y3JIOB COCTABHOM KBaIpaTypHOM

> 10 COCTaBHOH KBaJipaTypHO# Gopmyie

2
dopmynel CUMIICOHa Ui BEIMHCIIEHHs HHTErpaia I f(x)dx, obecnieunBarormee
0

touHocts £<0,5-10" mHa xmacce dyHKuui, YAOBJIETBOPSIOMUX YCIOBHIO
sup|f("')(x)|51.

xe[0,2]

5. Iycts feCV [—1;1] U P,(x) — anrebpandecKkuii OJIHMHOM IIATOM CTe-
TIeHH, yHOBIETBOpstowmmid ycnosusM P(x, )= f(x,), P'(x,)=f'(x,), k=123,
roe x;=-1, x,=0, x;,=1. PaccMoTpuM KBapaTypHy0 HOpPMYITy CIELYIOLIETO
BUZA:

So(£)=(11(-1)+16/(0)+7£(1)+ f'(-1)-15£"(1)) /15.
IIpoBeputs, 9TO j.Ps( x )dx = S;( P, ), n pokasars, uto S;( /) TO4Ha Ha II0-

JIMHOMaX IIATOM CTENEHH, HO HaljeTcs IIONIMHOM CTelleHH 6, Ha KOTOPOM OHa He
TOYHA.

6. Jloka3aTp, YTO OPTOTOHANBHEIM MHOTOYIEH CTENIEHH 7 HMMEET POBHO 7
PasIUYHBIX KOpHE# Ha OTpe3Ke [a,b] .

7. [lokasats, 9TO CpeH BCEX MHOTOWICHOB CTeNeHH # BuAa P (x)=x"+...

b
‘= I P(x)P?(x)dx AMeeT OpTOTOHATLHEIN MHOTOWIEH

MHHHMAIIBHYIO HOPMY

L,

w,(x) co crapmmm ko3 durenTom 1.



8. s OpTOroHalbHBEIX MHOTOYIEHOB BUja ¥/, (x)=x" +... MOKa3arh CIpa-
BEITTMBOCTh PEKYPPEHTHOIO COOTHOIIEHMA W, (x)=(x+b, )y, (x)—cW,,(x) ¢
xosddurmenTom c, > 0.

9. JloxasaTp, 4YTO OpPTOrOHAIbHBIE MHOTOWIEHB! HA CHMMETPUYHOM OTHOCH-
TEIBPHO HyJsd OTpe3Ke C UYeTHBIM BecoM p(x) obiagaror CBOHCTBOM

Wa(=x)=(-1)"w,(x).

10. Joxa3ats, uTo Bce KoaGhdHUIMEHTH KBapaTypsl I'aycca MoIoXUTENbHEL.

Taxoxe MOXXHO PEeKOMEHZIOBAaTh B KavyecTBE 3aJaHHil IS CaMOCTOATENIbHOM
paboTs!l ynmpaxHeHHs U3 cOopHHKa 3anad4 [3]: ri. 7, 3amauu 1-4; ri. 8, 3amaum 1-
217.

Paszen 5. OGo6menye HHTepNOJIHPOBAHKUS H YHCJIEHHOr'0 HHTErPHPO-
BaHH{A Ha cJyuail GyHKIHA MHOIHX epeMEeHHbIX

1. B mpoctpanctse R® BEIGpaTh MPOM3BOIBHYIO HBIOTOHOBCKYIO CHCTEMY

7
TOUeK {(x,., ¥, )}i=l , u=C,, , I 3aNaHHOTO M. YGEmUTHCS, 9TO BEIOpaHHbIE TOY-

KH He JIeXaT Ha anrebpandeckoil KpuBoi nopsaaka m (IPOBEPUTH PAaBHOCHIIBHOE
ycioBue IVm| #0, rne V, — marpuna BannepMoHza, mocTpoeHHas IO TOYKaM

M - .
{(x,., y,.)}i=1 ). [na 3amanHOM QyHKUMH f(x,y) IOCTPOMTH HHTEPIOJSAIMOHHBIN
MHorowieH P, (x,y) cremeHH He BBOIIE m OT #n IEpeMEHHHX BHIA

H
P(xy)= Z bo.(x,y), YZOBIIETBOPSFOIIMIA YCIOBHSAM

i=1
U
Zbi(oi(xj,yj):f(xj,yj), j=12,.,u, roe {¢,.(x,y)'}:;1 — MHOJECTBO BCEX OfI-
i=1
HOWICHOB CTENIEHM HE BEHIIE m OT # IEpeMeHHBIX B Ciiydae a) m=3,
f(x,y)=5xsiny;6) m=2, f(x,y,z)=2xzcosy.
2. ITycts u3BecTHa Tabnuua 3HadeHudt GyHkmu f('x,y,z) IS apryMEHTOB H3
HEKOTOpPOM  IPOM3BOJIBHO  BBIOpAaHHOH  HBIOTOHOBCKOM  CHCTEMBI  TOYEK

H 3 3
{(x,., y,.,z,.)}H, u=C;,,, B NpOCTpaHCTBE R’, rIe m — 3aJlaHHOE HATypallbHOE
uwcio. Haiitv puGiukeHHbIe 3HA9eHNs CISAYIOIINX YaCTHBIX POM3BOAHBIX:

a) a-f(xm—l"ym—l"Zm—l) 6) afm (xm’ym’zm)
B * 7 ™20y oz

C NOMOHIBIO COOTBETCTBYIOIUX YAaCTHBIX IIPOM3BOJAHBIX OT HHTEPIIOJSAIIHOHHOIO

b

MHoOTro4neHa P, (x,y,z)= ib,.(o,.( X,Y,Z) CTENleHW He BEINE 7 OT TPEX MepeMeH-

i=1

HBIX IS byHKIMH f(x,y,z), YZOBJIETBOPSIOIIETO YCIIOBHAM

U
Zb,.@.(xj,yj,zj):f(xj,yj,zj),j=1,2,...,,u, rie {@,(x,y.z)}_ — MHOXeCTBO

i=l
BCEX ONHOWIEHOB CTEINICHM HE BBIIE M OT TPeX IIEPEMEHHBIX; a TAKXKe METOIOM
HEOIpeneJIeHHEIX ko3¢ pHuLreHTOB B clIy4ae 1)



m=2; f(x,y,z)=2"cos(x+y+z);
2)m=3; f(x,y,z)=3%sin(y+z).

3. BeIYMCINTE #-KpaTHBIM HHTErpal OT 3a3AaHHOM GyHKUMH [ 1o obiacTu
0= [O; 1]" » IPUMEHSS MHTEPIONIANMOHHYIO KyOaTypHyro GopMyiy ¢ YHCIOM y3-
noB u=C,, ., 0 yKa3aHHBIX 3HAUYEHHN #n U m

a) n=2; m=4; f(x,y)=2xcosy; 6) n=3; m=2; f(x,y,z)=5ze""",

4. BeIMMCIUTEL 1 — KpaTHBIA MHTErpal OT 3aJaHHOM QyHKIuM f 10 o6iacTu
0= [O; 1]" METOAOM ITOBTOPHOIO IIPUMEHEHUS KBaIpaTypHO#H HOpMYIIEI rayccosa
THIIa ( p(x)= 1) IUIsl OTpe3Ka [O; 1] C YHCJIOM Y3JIOB, paBHEIM m ; YOEAUTHCH, 4TO

NOTy4eHHas KybaTrypHas GpopMyia SIBISE€TCA TOYHOM U1 BCEX ONHOUICHOB CTelle-
HH He BEIIIE 2m —1 10 KaXI0i U3 1 TIePEMEHHBIX:

a) n=2;, m=4; f(x,y)=2xcosy;6) n=3; m=2; f(x,y,z)=5ze"",
5. BHMMCINTE 7 — KpaTHBIA MHTErpaj OT 3aJaHHON QYHKUMH f 1o obiacTH
Q=[-1; 1]" MeTonoM Monte-Kapno qBakIpl ¢ pa3IMYHBIM YHCIOM HCIIBITAHUM

N; y6emutecs, uTo aGCOMOTHAS MOTPENIHOCTh MHTEIPUPOBAHMS HE IIPEBEIIIAET
OLIEHKH IIOTPENIHOCTY HHTETpHpOBaHUA MeTonoM Monre-Kapiio, momydeHHON
IIOMOLIBIO NpaBHia «TpEX curm»: a) n=2; f(x,y)=2xcosy, N =5000, 15000;

6) n=3; f(x,y,z)=>5ze""; N =6000, 10000.

Pasnesibl 6-7. UncnenHble MeToab! pemenns cucreM JIAY. Broruncienue
COOCTBEHHbIX 3Ha4YeHH H cOGCTBEHHBIX BEKTOPOB MAaTPHIL

1. Moxasate, 4TO 11 onepaTOpHOH HOpMbI MaTpuust A€ M (R), mo-
CIIpaBeAJIMBO  INpeACTaBIIEHUE

POXIEHHOM  BEKTOPHOH  HOpMOif ||x|1,

n

bl = |

1
2. Hokasars, 4To I omepaTopHOi HOpMsl Matpuusl A€ M, (R), mo-

POXIeHHOH  BexTopHO# Hopmod  [x| , cmpaBemmBo  mpexcraBneHme

n

4], =max|a,|.

J=1

3. Ilycte A= A". lokasats, uTo ﬁa_alcl(Ax,x)I =p(4).

—_ n
4.  Ilycrs uucna d, >0,k =1,n. Jloxasars, 4To de |xk| ABJIAETCA HOp-
k=1

Mol BekTopa x . HaliTu HopMy MaTpHIs], TOAYHHEHHYIO STON BEKTOPHOM HOPME.
5. Tlycts umcna d, >0,k =1,n. Jlokasars, 4TO m,fzx(dk |x|) sBmseTcs

HOpMOi BekTopa x. HalfTh HOpMy MaTpuifbl, HOMYMHEHHYIO 3TON BEKTOPHOM
HOpME.



n
6. Ilycts |aﬂ|>2|a,.j|. Jloka3aTh, 4YTO METOA IIPOCTOH HTEpaIHu
i=1
izj

x™ = Sx™) + ¢ mns cucremsr Ax=>5b cxomurcs.

n

7. Ilycts Ia ﬂl > Zlayl Joka3zarp, uro det A#0.
-
2

8. ITycts A= A" > 0. Jlokasars, YTO HTEPAIHOHHEIH IIPOIECC

) $(FH) 4 (k)
V= x®) g2~ = p cxogurcs pu 7 > 0. OLEHUTE ero CKOpoCTh

CXOIMMOCTH, €CITH u3BeCTHH A, (4) u 4,,,(4).

9.  Haiiti Bce MaTpHILbl, U1 KOTOPEIX METOJ HTEpalit 6YAeT CXOISIIH-
a B 0
mucad (x=Bx+g), B=|f a p|,roe a, —HeKOTOpEIE YHCIIA.
0 f «
10. TIIpm KaKux 3HAYEHUIX rnapamerpa T METOL,
MV =(E- t4 )x¥ +7f pna cucremsl ypaBHemudt Ax=f c Marpuueit
5 08 4
A=|2,5 3 0| cxomurcs As MPOU3BOJILHOTO IPUOIMKEHHA?
2 08 4

11.  Jloxas3aTh HepaBEHCTBO ”x"i < p(C)”xI; ,rie C=C" >0.

2 5/2
5201

HTCpalluu. Halitn onTUManbpHOE 3HaYEHHE HUTEPAITHOHHOTI'O IIapaMeTpa 7.

12. Tlycts A= . 3anucarb CXOHSINUICSH METOH IPOCTO

2 03 05
13. Tloka3zatk, uro misa cucteMsl JIAY Ax=b, A=|0.1 3 04/, me-
0.1 0.1 48
top x**) =(E-74)x™* + 7b cxomures mus mMo6GOro HAYANBEHOTO IPHGIIDKEHHS
mpu 0<7<0.4.
14, Haiitu Bce MaTpulbl, A1 KOTOPEIX MeTox 3elimens OyeT cXOmsIu-
a 0 pf
muca (x=Bx+g), B=|0 «a 0|, r1e a, —HeKoTOpEIe YUCa.
g 0 «

15. Tlycts A= A" uMmeer coGcTBeHHBIE 3HAYECHHUS A(A)e[mM], m>0

Jokasars, 9TO Ipu moboMm >0 UTEpaIMOHHBII npoliece

x(k+l) _

ey (k) 4 (k)
+A 5 =b cxomgutbesa. OmpenenuTs ONTHMAIBHOE 3Haye-
T

HUE T, .



16. Haiitn «,f, npu KoTopbx Metoqn 3eifens OymeT CXONAMUMCS IS
a a 0

CHCTEM ypaBHeHMH x = Ax+ ¢ c Mmatpuueii Buga H=|a a f].

0 B «

17.  UYwucno obGycmoBneHHOCTH MaTpHlsl A paBHO g. Halitu ducino o6y-
CJIOBIIEHHOCTH MaTpHIE! A

18.  Ilpm pemenuu cucteMsl JIAY ¢ marpuueit pasmeproctd 128x 128 me-
TOJIOM COIpPSDKEHHBIX IpaiueHToB 3a 50 urTepanuii HOCTHraeTcss OTHOCHTEIIBHAS
IIOrPEIIHOCTE NMpUONMKeHHOro pemenus 1.e-3. Kakoe MakCHMaJIbHOE YHCIIO MTE-
paumii moTpebyeTcs Al TOCTHKEHHSA TOYHOCTH He XyXKe, ueM 1.e-9?

19. UYwucno obycioBlIeHHOCTH CHMMETpHYHOM MarpHubl K=1.¢9. Maxkcu-
MaJIbHOE COOCTBEHHOE 3Ha4eHune pH 3ToM paBHO 1000. BEMHCINTE MEHUMAJIBHOE
H MaKCHMaJIbHOe COOCTBEHHBIE 3HaYEHHs 00paTHONH MaTPHIIB.

20. Kaxkoit Oyzmer 3Ha4eHUE IEpeMEHHOM X, €CIIM BCe IIepeMEHHEIE KJiac-
ca double p=(S+1)"2/(S-1)"2; if(p=1); x=1; else x=0; end;

a) p=1.e-20; b) p=1.e-12; c) p=1.e12; d) p=1.e151; p=1.e155.

21. Kaxas reomerpudeckas durypa B R® 6y1er onpezienena MEOKECTBOM

Todex [x| = const B ciyqae MakcumanbRO# U KBaAPATHIHOM HOPM?

MoxHo Taxxe peKOMeHAOBAaTh B Ka4eCTBE 3alaHHil I CaMOCTOSTENIHLHOM
paboThl ynpaxkHeHus u3 cOopHuka 3anay [3]: ri.2, 3anaun 81-88, 107-114.

Pa3nen 8. Pemenue HeIHHEHHBIX YpaBHEHHH H CHCTEM

1. ITocTpouTh MTepauMOHHEIH mpouecc HpIOTOHA IJIsl BEIYHCIEHHS KODHS
n—oi crenenu Ya, a >0, n—BelEeCTBEHHOE YUCIIO.

2. IlocTpouTh HTEPaLMOHHBIN MPOLECC BEIMUCIEHHMS BCEX KOPHEH ypaBHe-
must f(x)=x’—3x* —1=0meTomom mpocToit HTepaIyy.

3. Omnpenenuts 061acTh HaYQIBHBIX MPHOMDKEHHH X, A7 KOTOPHIX HTe-

3
o x> +1
PalMOHHEIH Ipolece X,,, = "2 5 CXOIOUTCH.

4. Tlycts ypasrenue f(x)=0 uMeer Ha oTpeske [a,b] KOpeHb KpaTHOCTH

p>1, npuueM ynkua f (x) nsax el guddepeniupyema. Ilokasars, 4To IpH
9THX YCIOBHAX MeToA HBIOTOHa CXOIMTCS CO CKOPOCTBIO I'€OMETPHYECKOM Ipo-
rpeccuu co 3uamenareneM (p—1)/p.

5. Ilycts ypasrenue f(x)=0 umeer Ha orpeske [a,b] kopeHs KpaTHOCTH

p>1, npuaem dyHkmMa f (x) nBaxxapl nuddepenupyema. ITocTpouts Mogudu-
karuio Merona HeloToHa, MMEroNIyto KBapaTHIHy0 CKOPOCTh CXOAUMOCTH.
1
6. IToctpouts Meton HeloTOHa I BEIYMCIIEHMS 9HCIa — TaK, YTOOBI
a

pacyerHrle GOpMyIEl HE COAEpXKaIH onepauuil meneHus. Onpenenuts o6IacTh
CXOIMMOCTH MeToxa npu a > 0.



7. Tlycts nana gyskmms ¢(x)=asin®x+ fcos® x —y . IIpu Kakux orpaxu-
YEHMSX Ha HapaMeTpsl «,f3,7 MeTon MPOCTOH MTepaluy CXOMUTCS HpH JF060M
HA9ATHEHOM IIPHOIIKEHYH.

8. Ilycrs naHa gymxuus ¢(x)=ae
HUYEHHUSX Ha a,b W ¢ METOA MPOCTO UTEpPAIH CXOAUTCS TIPH JE060M HaYaIBEHOM

IpUOITKEHHH.
9. TlocTpours METOH MHPOCTOH HTEpallMd I pelleHusd YpaBHEHMS

2+x=¢€", x>0.
Ay 2
10. MccnenoBaThk CXOMMMOCTE METO/A IIPOCTOM MTEpaAlMH X,,, = X, —2X, +2
B 3aBHCHMOCTH OT BEIOOpa Ha4aJbHOIO MPUOIKEHUS X, .

—bx?

+c, a#0, b=0. IIpu kakux orpa-

11. JTaro ypaBHeHue x =¢(x)= %sinx, KOTOPOE PEIaeTcs METOAOM IIpo-

cToif HTepauuy x,,, = @(x,). Haltt 0GacTh CXOXMMOCTH K KOPHSM ypaBHEHHS.
12. OnpenenuTs CKOPOCTH CXOMMMOCTH MeToaa HEIOTOHA K KOpHSAM ypaB-
Henus x° —4x’> +5x-2=0.
13. I1s1 BBIYMCIEHUS X= V2 KCIIONB3YEeTC WTEPAllMOHHEIN IIPOIece
X0 =0(x,)=x,+ v(xff - 2). TIpyu KaKoM BEIGOpe V STOT MPOLECC MMEET KBaapa-

THYHYIO CKOPOCTH CXOJUMOCTH?
14.TlocTpouts MeTOn TMPOCTOM WTEpalu IUIf pEIIeHHsT YpaBHEHUS

1 . (v
cos x——sinx =0, cxonaImics Ipy T000M Ha4YaIbHOM NPHONIKEHHH X, # 0.
x

15. Haiitu obnacts CXOMUMOCTH METOZA MPOCTON HTEpALMK AJIs ClIeIyFOIIe-
ro ypaBHEHHS X = e~ —1.

16.ITocTpouTs MTEpalMOHHEIH MpOllecCC BEIUUCIEHUS BCeX KOpHEH ypaBHe-
Hus f(x)=3x+ cosx+1=0MeTomoM pOCTOH UTEPALIHH.

17. YpaBHenue x=2"" pemaercs MeTonoM HpocToifl mrepammu. Vccmemo-
BaTh €r0 CXOJUMOCTh B 3aBHCHMOCTH OT BEIOOpa HAYaIBHOTO IIPUOIIIDKEHUS X, .

18.IIycTh x,,, =+/x, +2 . FcCenoBath ero CXoMMMOCTE B 3aBHCHMOCTH OT
BEIOOpa HAYATBHOTO NPUOIIDKEHUS X, .

19. Ipu xaKxux 3HaYEHUSX p METOX IIPOCTON HTEPALHH X, ,; = X, + p(l -x" 2)

CXONHUTCH K KOpHIO x =1: a) ecimm x, >1; 6) ecnux, <1.

MoxHO Takke peKOMEHIOBAaTh B KauecTBe 3aJaHHil IJI CaMOCTOSTENIbHOM
paboTHI yIpakHeHus u3 cOopHuKa 3anad4 [3]: rin.4, 3amauun 52, 54, 105,

Pazgeasn! 9-10. Unciennoe pemenne 3agadn Kouu 1y 00bIKHOBEHHBIX
auddepennuaabHbIX ypaBHeHnH. YnciieHHOe pellleHHe KpaeBbIX 3aJa4 [JIst
O00LIKHOBEHHBIX Au(pepeHIHANLHBIX YPABHEHHUIH

1.  Hcnone3ys pa3HOCTHOE ypaBHEHHe, BHITHUCATH (HOPMYITy IS BEIIHC-

nenns uurerpana I, (a)= %J. COSfolch)C:ZZigca)
0

dx, TIe o —Iapamerp.



2. Jlokasare, yto misa umcen @ubonawun f,: f,,, =rfi +fias =0,

f, =1, cpaBennuBo paBeHcTBO £, f;,, — £, =(~1)"", k=0,1,2,....

3. Hoxka3zatb, uro moboe pemeHHe pa3sHOCTHOTO ypaBHEHHS
Vi =Y, +6¥,.,=0 YAOBIIETBOPSIET YPaBHEHHIO
Vin =% + 27y, — 23y, , — 24y, ;+36y, , =0

4. Jokasate, d4ro moboe pemieHHe pa3sHOCTHOTO YpaBHEHHSA

Vin 12y, +2y,,+27y, ,—18y, , =0 omHO3Ha4YHO IpeICTaBUMO B BHUIE CyM-
MBI pellleHN# ypaBHeHu# y,,, —3y,,+2y,,=04 y,, -9y, ,=0.

5. Berauciute onpenenurtens 4, =det A, TpexAWaroHalbHOH MaTpHIIEI
(b c 0 . . . 0 0)
ab c 0 . . .0
00 adbc 0. .0
nopsgka k 4, = , YUHTBIBad, yTo A, =1.
0 0. . 0 abc
0 0 . . . 0 a b
6. Haiitu pemenue pasHocTHOH 3afauu y,,, +y, =0, y,=2, y, =1.
7. Ilyctb @ ®W z,— [ABAa YacTHBIX DpeIICHHS YypaBHEHU

AYiatay,+a_y,,=0, aa,#0. Jloka3aTb, 4YTO OIpEHENUTENb MAaTPHUIBI

4 = (¢" ¢k+l) nubo paBeH HyIO, 100 OTIHMYEH OT HYJS UL BCeX kK OMHOBpE-

%y Zkn
MEHHO.

8.  Haiitu pemenue pasHOCTHOH 3amauu y,,, +4y,,+4y,=0, y,=1,
y,=4.

9.  Ilokasare, uro pemenunem 3afauu Komm y, , —2xy, +y,,=0, y, =1,
V=X SIBJISIOTCS IIOJTMHOMEL YeOrimena IIepBOTO porna

‘T,.(x)%[(ﬁm)u(x_my} 21,

10.  Ilokasars, yro pemenueM 3amauu Komm y, , —2xy,+y,, =0, y, =1,

Y =2x, ABIISIOTCS IIOJTHHOMEL Yebpimena BTOPOI'o pona
i+l i+l
(x+\/x2—1) —(x—\/xz—l)+
U,(x)= , [x|=1.
( ) 2 \/ x2 _ 1 l l

11. Haiitu obmee  pemeHne ypaBHeHMA Y, —5y,+6y,, =0,
i=0,tL%2,....

12, Haiitu  ofmee  pemeHHe  ypaBHEHHI  J,  — % Yi+¥.,=0,

i=0,£1,%2,....



13.  Omnpenenute 1000-i wieH mocnenoBaTeNbHOCTH, IIEPBHIE ABa YjeHA
KOTOpOH paBHEI €AMHHIIE, a TOCIEAYIOINe ONPEeNelIOTCS peKypPPEHTHBIMH COOT-
HOLIEHUAMH Y, =¥, +V,, i=2,3.... -

14, Haiitu ofmee pemenne  ypaBHeHHs by, —cy,+ay, =0,
i=0,t1,%2,....

15. Haiitu oO1ree JEeHCTBUTEIBHOE peleHue YpaBHEHHSA
2y =¥, +y,=0,i=0,£1,12,...

16. Haititu pemienne pasHocTHOH 3amaum 2y, +3y,,+ Y., =0, y,=2,
y =1

17. Ha#tu pemenne pasHOCTHOH 3amaudu y,,, +4y,,+4y,=0, y,=1,
y=4.

MoxHo Tarke peKOMEHIOBAaTh B KauyeCTBE 3afaHUM I CAaMOCTOATENLHOM
paboTh! yrpaxxHeHus u3 cOopHuKa 3aa4 [3]: ri1.10, 3anaun 51-56.

Pasngesibr 11-12. YnciieHHOe pelleHHe HHTerpajbHBIX YpaBHeHui Dpen-
roabma. IlocTpoense u HcciieqoBaHue Pa3HOCTHLIX CXeM AJIsi 3aAa4 MaTeMa-
THYECKOH (PUIHKH

1. IlocTpouTs pa3sHOCTHOE ypaBHEHHE, allpOKCUMHpYIolee auddepeH-

Ou Ou
IMaJIbHOE ypaBHEHHE §= a—+¢(x,t) Ha cetke (x,,t,), r0€ X, =mh, t, =nr,

Ox

HCIIONB3Ys MIa0JIOHEI:

1) I (x,.t, ) ={( X 1.8, (Xt Do ( X is s WXy byt )3

2) I (x,,t,) = {( Xyt ) Do Xputsly )i ( %ty )oKyt 0y ) (Xt )5

OLenHTh IOrpeMHOCTh ANIPOKCHMAIMH AUGGEPSHIMATLHOTO YPaBHEHHS
Pa3sHOCTHEIM B TO4Ke (x,,t, ).

2. IlocTpouts ammpokcumanuio ycnoBus u(0,t)=w(t) ¢ npuBIeYeHHEM

. . 1
3HaYEHUH CETOYHBIX byHKIUH B TOYKaX: 1) (E h, tn) ;

1
2) (E h,t, ),(%h, t, ),(%h, tn). OLeHNTE NOrpelHoCTh anpOKCHMAIIHH.
Y = Vm _ Vur = 2Vnt Vo
T n
u 0u
CHMHpYET Ou(pGdepeHIIHaNIbHOE ypaBHEHHE 5t-= Pl Ha ceTke (x,.t,), X, =mh,

3. Iloka3aTh, 4TO pa3HOCTHAs CXeMa ammpoK-

2

T 1
t, =NnT, CO BTOPBIM IIOPSAKOM IO 7 ¥ YE€TBEPTHIM IO /1, €CITH e
u 0u
4. IIycTe nanbl nuddepeHIuaTEHOE YpaBHEHHE 6_= e U pa3sHOCTHas
t
n+l n n+l 2 n+l n+l n n n
- - + -2y + .
cxema 22— In _ 5 Ymit " EVm ¥ Yoy +(1—0')y"'+1 In T Vet Haiity, pu Ka-

T W s



KOM 3HA4YEeHHH IMapaMeTpa O IOPSJOK allpoKCHManyuu OyZeT BTOPHIM IO 7 H
BTOPEIM I1O /.

5. Hccnenosath CXOIIMMOCTD K  PEIEeHUIO 3agaud Konm
ou ou
—a—=aa, —o<x<+o, 0S¢<T, u(x,0)=y(x), —o<x<+w, a>0-Const
t
pelIeHul cleayrolel pasHOCTHON CXEMEBI
-1
y:l_y:l =a ym+l ym +a(1 O.)ym ym—l
T h h
Vo =¥ (x,), m=0£12,., n=01..N-1, Nr=T.
6. HccnenoBath CXOOUMOCTh Pa3HOCTHOM CXEMEI
1 1 1 1
Yn ~Vn =(1-0) Vit =2Vm + Vmu to Yt = 2Vt Yt
T 20 2K

m=12,..M-1, n=0,1,.N-1,Nt=T,Mh =],

0
Vo =¥(x,), ug =0, uy, =0,
K pemeHnio 1uddepeHnanbHOi 3a0aun

2
a_“=2%, 0<x<l, 0<¢<T,
ot Ox
u(x,O) = l//(x)’

u(0,t)=0, u(l,t)=0,
3necw x,=mh, t,=nr, 0<o<1.

7. Tlpu kakux 3HadeHwsix napamerpa 6 e[0;1] pasHocTHas cxema
n+l n+l n+l n+l n n n
u -2u’" +u u . —2u +u .
Uy U _ (1-6) Yt m_mlygml “om ml yoroiumsa?
T h h
8.  Ompenmenwuts, NpH Kakux 3HadeHmsx napamerpa 6e[0;1] cxema
n+l n n n n n
ut —u u', —u U —u .
m__—m 4 gml_m oy (]-6)-2—ml=( ycroifunsa?
T h h
2
u O'u
9.  Ilycts mansl quddepeHIHaIbHOE ypaBHEHHE > =— P U pa3HOCTHas
t
n+l n+l n+l n+l n n
- =2y + -2y" + .
cxeMa Ym y ym+l Ym Ym-1 + (1 _ O.) Y1 Ym ym-—l . HaI/ITI/I, IpY Ka-

T K n?
KOM 3Ha4Y€HUHU IIapaMeTpa O IOpAJOK allpoKcuMaluuu OyZeT BTOPBIM IO 7 H
YEeTBEPTHIM 11O /1.

10. HccnemoBaTh ¢ IOMOIIBIO CIEKTPAIBHOIO IpPHU3HAKA YCTOHYHBOCTH

Wy W —u", WU, -2u+u”

Pa3HOCTHOM CXeMBl —2— + gt -l — il __—_—_m ol - (),
T 2h 27 h
11. HccnemoBaTh ¢ IOMOIIBIO CHEKTPAIBLHOTO IPH3HAKA YCTOHYHBOCTD
n+l n n n 2 n
- Upsg “Upy AT Uy =20, +,

L=0.

Pa3sHOCTHOM cxeMbl —2——" 4 g—mil S
T 2h 2 h

12. Omnpenenuth NOPSIOK aNIIPOKCHMALWK Pa3HOCTHBIX CXEM Ha pelle-
HHUHM YpaBHEHUS TEIUIONIPOBOJHOCTH H IEpeHoca



n+l n+l1

a) Ym _yr':r =y::l—l_2yr':l+y:l+l+f 6) Ym _y:l_}_yl':li-l_y::l =0
T h? m? T h
13.  MeromoM rapMOHHK HCCIIEA0BATh YCTOMYMBOCTE Pa3sHOCTHOM CXEMBI

n+l

ym ym+ym+l_ym=0.
T h
14. Kaxoii (kakue) u3 ma6I0HOB

2
4
COOTBETCTBYET THIIOBBIM HESBHEIM [BYXCIOMHEIM CXeMaM I HeCTallMOHapHOT'O
YPaBHEHMS TEIIIONPOBOIHOCTH?
15. PasHOocTHas cxeMa I ypaBHEHHS TEIUIONPOBOAHOCTH HMEET MOops-
JOK anmnpokcuMaimu O(h* +t) U cXoOuTcs. Bo CKONBKO pa3 BO3pacTyT BHIUKCIIH-
TENIBHBIE 3aTPaThl 110 JAHHON Pa3sHOCTHOH cxeMe eclld TpeOyeTCs YBEIUIUTh TOY-

HOCTh pemienus B 16 pas. IIpeanonaraercs, 4To BEIYUCIUTENBHBIE 3aTPATHl PACTYT
IIPOIIOPILMOHANIBHO YUCITY Y3JIOB CETKH.

11
1.

MoxHO TakKe pPeKOMEHIOBaThb B KauecTBE 3alaHHil IS CaMOCTOSTEILHOM
paboTH! ynpaxkHeHus U3 cOopuuka 3anay [3]: r.11, 3agaum 49-57.



TPEBOBAHUS K KYPCOBOM PABOTE

Kypcosoii paboTta, kak ¢popMa TeKky1eit arrecTaly CTyI€HTOB, SBIAETCS BH-
IIOM CaMOCTOSITENIbHONM paboTEI CTyIeHTOB, HOCUT y4eOHO-HCCIIEI0BAaTENbCKU Xa-
paKTep U IpeAcTaBifgeT coOoi peleHre yueOHOM 3a1au Mo ulydyaeMon yaeOHoi
OUCLUIUIMHE B COOTBETCTBUHU C YCTAaHOBJIEHHBIMH TPeOOBaHUSIMHU.

Ilopsanok opraHu3aliii KypcOBOTO IIPOEKTHPOBAaHUSA M 3alllUTHl KYPCOBBIX
pabort onpeznenseTcs yupexaeHHeM BhICIIEro 00pa3oBaHHUA.

CrynmeHT BrpaBe BHIOpaTh TeMy KYpPCOBOM pabOTEI U3 YHClIa YTBEPHKAECHHEIX
Ha KageJpe I CaMOCTOATENBFHO NPEMNIOKHUTE TeMY KypcoBoi paboThl ¢ 060CHO-
BaHHEM ee LienecoobpaszHocTy. [t popMuUpOBaHUS yMEHHUN U HABBIKOB pabOTEI B
KOMaHZE BO3MOJXXHO BBIIIOJIHEHHE TIPYIIIOBOrO 3aJaHus, MpeXyCcMaTpUBAaIOIIEro
paboTy HECKONMBKUX 00YJaroIMXCsl HaJl OOHOM KypcoBoil paboroii. B aToM ciyuae
KaXIOMy M3 HUX yCTaHaBIIMBaeTCS WHIWBUAYaIbHEI 00BEM 3alad B COOTBET-
CTBHH C 005EMOM H yPOBHEM 00IUX TpeOOBaHMIA.

Ienn xypcoBbIxX paboT
no oucyunnure « Qucnennvie Memooul .

a) 3aKpenuTh, YIIyOUTh U PACIIMPHUTH TEOPETHUYECKHE 3HAHWS 110 IUCIIH-
IUIHHE C YIeTOM COBPEMEHHBIX TEHIEHIWI B pPa3sBUTHH METOIOB HHCIIEHHOTO pe-
IIEHUSI MaTEMAaTHIeCKHX H IIPUKIIAJHBIX 3a]1a4;

6) oBnajeTh HAaBBIKAMM CaAMOCTOSTENIFHOM pabOTEI C HAYYHOM JINTEPATypOif;
HaBBIKaMH pabOThl C NpHUMEHEHHEM COBPEMEHHBIX IIPOrPAMMHBIX CpPEICTB YHC-
JIEHHOTO pelIeHNs MaTeMaTHIeCKUAX U MPHKIAAHEIX 3a1ad;

B) 3aKpEIUTh U YIIIyOUTh HaBHIKH IIPOrPaMMHPOBaHUS YHCIEHHBIX aJTOPHUT-
MOB,;

T) OBJIaJEeTh OCHOBHBIMH IpHEMaMH{ alpHOPHOM M arlloCTEpHOPHOM OIEHKH
IIOrPEIIHOCTH YHUCICHHOTO pelleHNs MaTeMaTHYeCKuX 3afiad aureOpsl, aHanus3a U
nuddepeHIMaNbHBIX YpaBHEHHH;

I) BbIpaboTaTh yMEHHs IIPOM3BECTH BHIOOP aleKBaTHOT'O METOJa I JHC-
JIEHHOT'O peIIeHHs ITOCTaBIeHHOMN 3a7aul; COpMYJIUpPOBATh CyX/I€HHE U BBIBOJEI,
JIOTHYECKH IOCIENOBATENBHO U JOKAa3aTeNbHO MX H3JI0XKUThH; BHIIIOJIHUTH aHAIIU3
JOCTOBEPHOCTU U TPAKTOBKY YMCIIEHHBIX PE3YJIETATOB;

€) BeIpaboTaTh yMeHHUe ITyONUIHOM 3aIIUTEL.

Tpebosanus k cmpykmype Kypcoeoi pabomut. CTpyKTypa KypcoBoit paGoThI
OOJDKHA CHOcOOCTBOBAaTh PpAacKpBITHIO H30paHHOM TeMbl M OBITH aHAIOTMYIHA
CTPYKType IHUIUIOMHOHN paboThl: HMETh TUTYJIBHBIN JHCT, pedepar, comepxaHue,
BBEJIEHHE, OCHOBHYIO YaCTh, 3aKJIOYEHHE, CIIUCOK UCITOJIB30BaHHBIX HCTOYHUKOB U
IIPUIOXKEHHS.

Tpebosanus k codepacanuio (ocHosHot yacmu). TpeboBaHus k pedepary U
cozepxaHuIo (OCHOBHOM 4acTH) KypCOBBIX pabOT aHAJIOTMYHEI IIpaBHiiaM 0GOpM-
NeHHs pedepara U colepKaHHs JUIUIOMHEIX paGot. Bo BBeneHUH 0GOCHOBEIBAET-
C aKTyaJIbHOCTh BBIOPaHHOMN TEMEI, OnpezeinseTcs o0imas ek KypcoBoil paGoTsl,



KOHKpETHBIE €€ 3afauil U MeTonl uccienoBanus. OcHOBHas 4acTh paboTHl BKIIIO-
9aeT J[B€ — YEThIpe INIaBEl, KOTOpEIE pa30HBalOT Ha pa3zensl U noapasaensl. Kax-
Ias riaBa IOCBAILIACTCS pellleHuIo 3a1a4, CGOpMyIHPOBaHHBIX BO BBEJICHUH, U 3a-
KaH4YMBaeTCsl KOHcraramueil urtoroB. Cepbe3HBEIE TEOpPETHYECKHE IONOXKEHUS
HeoOXomMMo JaBaTh CO CCHUIKOM Ha HcrouHUK. Hamucanwe KypcoBoi paGoTh
npearnonaraet 6osuee rirybokoe U3ydeHue U30paHHOMN TEMEI, HEXXEIH OHA PacKpEI-
BaeTcs B yueOHolt muTeparype. B paboTax, HOCAIIMX B OCHOBHOM TE€OPETHIECKHIA
XapakTep, aHAIU3UPYys JUTEpaTypy IO TeMe HCCIEefOBaHHs, U3ydas U ONHCHIBas
ONBIT HaOIIO#aeMEIX COOBITHH (SBIEHMIt), CTyIEeHT 00SA3aTelNbHO BHICKA3BIBAET
CBOE MHEHHE U OTHOIIEHHE K 3aTparuBaeéMbIM CTOPOHAM ITPOGIIEMBL.

Tpebosanus x ogpopmnenuro. O6peM KypcoBor paboTsl — 1o 25-30 crpanmiy
IIe4aTHOro0 TeKCTa pasMmepa 14pt, BEINOIHEHHOTO depe3 1,5 MeXCTpOYHBIX UHTEp-
Basia. OQopmiteHne 3aKIFOYEHUS, CIIUCKA MCITOJIB30BAHHBIX UCTOYHHUKOB M IPHIIO-
XEHHs OCYINECTBIAETCS B cooTBeTCTBHU ¢ TpeGoBanusMu I'OCTa. Pabory crmm-
BAaIOT B MAIIKy-CKOPOCIIHUBATENb WIH IIepeIlIeTaloT.

BrInonHeHHas CTYHNEHTOM KypcoBas pabora IpoBepsercs pyKOBOLHTENIEM
paboTs! B cpok mo 10 mgHel no 3ammTel. 3amura KypcOBEIX paboT MPOU3BOIUTCS
10 HaJaja 5K3aMEeHal[MOHHOW cecCHM Iepel KoMuccHel, KoTopas ¢opMupyeTcs
3aBeyromuM KadeIpoit B cocTaBe He MEHEe IByX YeJIOBEK C yJacTHeM PyKOBOIH-
TeJIs KypcoBO# paboTHL.

Ha 3amure cTyneHT 06513aH KpaTKO U3JI0KUTH COAepKaHue paboThl, 1aTh HC-
YepnbIBalole OTBETH Ha BOIPOCH! WIeHOB koMmuccud. OLeHka KypcoBoit paboTsl
BEICTaBIII€TCS KOMUCCHEH 110 UTOTaM 3alllUTHl ¥ Ka4eCTBY BBIIIOTHEHHON paboTHI.

IIpuMepHas TeMaTHKa KypcOBBIX paGoT

1. Hrepanuonnsle Meronpl pemeHus cucreM JIAY. Meronpl ckopeimero
CIIyCKa, MUHUMAJIbHEIX HEBA30K U CONPSIKEHHEBIX I'PaliE€HTOB.

2. Pemenue rpanmasbix 3aga4 it OY. Ceenenue rpanugHbIX 3ana4y Komm.



CPEJCTBA JMATHOCTHKH
PE3YJbTATOB YYEBHOM JEATEJIHHOCTH

PexomeHnpaytorcs cnenyromue GopMbl AMArHOCTUKYA KOMIIETEHIUH.
YcrHasa dopma

1\. CobecenqoBaHus.

IIncbmennas ¢gopma

1. KoHTpONBHEIE OIIPOCHI.
2, KontpoinbHbie paboTEL

YcTHO-HCHbMeHHas hopma

1. OT4eTs! 0 JOMAaITHUM NIPaKTHYECKUM 33JaHUSIM C UX YCTHOH 3allUTOM.
2. KypcoBsie paboThI ¢ UX YCTHOM 3aIIUTOM.
3. 3a4eTsl.



IIPOTOKO.I

COT'JIACOBAHUST YYEBHOW IIPOIPAMMBI

[0 WM3YYAEMOM

YYEBHOW [UCIMIUIMHE C JPYIMMHM JUCHUILIMHAMMA
CIIEIIUAJIBHOCTH
Ha3anue Ha3zsanue IIpennoxenus Perenue, npunstoe
JUCIUIUINHEL, kadenpsr o6 m3MeHeHUsIx B co- | kadenpoii, pazpabo-
C KOTOpO# IepxaHuu yueOHOH TaBlIel yuebHyto
Tpebyercs corna- IIPOTrpaMMEI mporpaMMmy (C ykasa-
COBaHHE YYpEeXIEHH BEICIIIETO | HUEM JaThl U HoMepa
obpa3oBanus 1o yueb- | mpoTokona)

HOM JUCHMILINHE

Anrebpa u Teopus | Beicmeit an- | Her BHocUTE U3MEHEHH
YqHucel reOpsI U 3a- He TpebyeTcs
IITATEI HH- (npoTtoxon NelO ot
dbopmaruu 14.05.2015r.)
I'eometpus I'eomerpuu | Her BrocuTs n3MeHeHus
U METOIHUKH He Tpebyercs
Ipernoaasa- (npoToxon NelO ot
HHUS MaTe- 14.05.2015r.)
MaTHKH
Martematuueckuit | Teopuu Her Brocutek u3MeHeHUs
aHaJIN3 byHKITHI He Tpebyercs
(mporokoa Nel0 ot
14.05.2015r.)
OysknuoHanbHBIH | @yHKIHO- | Her BHocUTh U3MeHEHUS
aHamm3 HaJIBHOTO He TpebyeTcs
aHajgn3a (potoxon NelQ ot
14.05.2015r.)
Hudbdepermmans- | ubdepen- | Her BHOCHUTS U3MEHEHUS
HbIe ypaBHEHHA IIHATHHBIX He Tpebyercs
ypaBHeHUH (mporokon NelO ot
U CUCTEMHO- 14.05.2015r.)
ro aHajn3a
VYpaBHeHus mare- | Maremaru- | Her BHocuTs n3MeHeHus
MaTudeckoit pu- | geckoif ku- He Tpebyercs
3UKH OepHeTHUKH (npotokon Nel0 ot

14.05.2015r.)




TONOJHEHWS 1 UBMEHEHMS K YYEBHOM ITIPOT'PAMME
Ha 2016/2017 yueGHbIi1 rog

Ne JIOTIOJIHEHUSA W U3MEHEHUS OcHoBaHne
I

B nosicHUTENbHYIO 3aIIUCKy BHECTH TpeOOBaHUS K
KOMIIETEHIIHAM CIIEIIHAINCTA:

akanemuueckue — AK-1, AK-2, AK-3, AK-4, AK-5,
AK-6, AK-7, AK-8, AK-9;

commanbpHo-mmuHOCTHEIE — CJIK-1, CJIK-2, CJIK-3,
CJIK-4, CJIK-5, CJIK-6;

npodeccuonanbusle — [1K-1, T1IK-2, T1IK-3, TIK-4, TTK-
5, IIK-6, ITK-7, ITK-8, IIK-9, TIK-10, ITK-11, TIK-12,
IIK-13, IIK-14, TIK-15, IIK-16, TIK-17, TIK-18, TIK-19.

VuebHas nporpamMMa IepecMOTpeHa U 0J00peHa Ha 3acefaHuu Kadeapsl BeO-

TE€XHOJIOrMH H KOMIIBIOTEPHOro MozenupoBaHus (mpotokon Ne 9 or 27.05S.
2016r.)

3asemyromuii kadenpoit i g
KaHJ. ¢pu3.-MaT. HayK, JOLEHT / B.C. PoMaH4uK
(yueHas cTeneHs, yueHOe 3BaHHE) (noam 5) (U1.0.®amunus)

30 /. YTBEPXKTIAIO

Hexkan daxynbrera m)/
KaH. hu3.-MaT. HAyK, JOIIEHT JI.T'. Mensenes

(yuenas cTeneHs, yueHOe 3BaHHe) \énonQ (1.0.damunus)




