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Pabouas mporpamma guciuiuinHbl «YuciaeHHbIE METOABI B (PU3UKE)» COCTaBICHA
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yrpasiieHueM  « 31» mapra 2022 .
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Havanpauk YMY B - < Iacanramxuena A.T.



AHHOTanMs pado4eil NPOrpamMMbl AU CIUATIIAHBI

Hucnunnnna «YucejeHHble MeTOAbI B (PM3MKe» BXOJUT B 00s3aTEIbHYIO YacTh B
0a30BbIN MOJyJIb HANpaBJICHUs 00pPA30BATENBbHON MPOTPaAMMbl MAZUCHMPAMYPbL TIO
Harnpabiyieanto 03.04.02 «Duznkay.

JucuuninHa peanusyeTcst Ha Gu3ndeckoM akynbTeTe Kadeapoi
TEOPETUYECKON U BHIYUCIUTENbHON (QU3HKHY.

COI[Gp}KaHI/IG JUCHUILIMHBI OXBATbIBACT KPYI' BOIIPOCOB, CBA3dHHBIX C OCHOBAMH
BBIYMCIIMTEIbHOU (bHSI/IKI/I, MCTOdaMH BBIYHCJIMTEILHOU (1)I/I3I/IKI/I, criocobaMu
MAaTEMAaTHYCCKOI'O MOACINPOBAHMA.

JlucuuIinHa HalejaeHa Ha (JOPMHUPOBAHKE CIICIYIONIMX KOMIICHCAIIMIA BBIITYCKHHKA!
yHHBepcaabHbIX — YK-1
npodeccuonanbubix — [MK-4.

[IpenogaBanue AUCHMILIUHBI TPETYyCMAaTPUBACT MPOBEACHUE CICAYIONINX BHUIOB
y4eOHBIX 3aHATHI: JISKIINH, IPAKTHUECKUE 3aHATHS, CAMOCTOSITENIbHAS padoTa.
Pabouass mporpamma IWUCHUIUIMHBI TPEAyCMaTPHBACT MPOBEICHUE CIIEAYIOIINX
BUJIOB KOHTPOJISI YCTIEBAEMOCTH B (pOopME KOHTPOJbHAS paboTa M MPOMEKYTOUHBIH
KOHTpPOJIb B (hopme 3ayeTa.

OO0beM IUCUMIUIMHBI 3 3a4ETHBIX €QUHUI], B TOM YHCJIE B aKaJEMHUYECKUX 4Jacax 10
BHJIaM y4ueOHBIX 3aHaTHil — 108 Jaca.

Cewmec VYueOHbIe 3aHATHS dopma
T OPOMEXKYTOU
p B TOM YHCIIE p uy
HOM
KonTakTHas pabota oOydaromuxcs ¢ mpernojgaBaTenemM CPC, | arrecramun
B TOM (3auer,
Bcero U3 HUX
gucie | nuddepeniy
Bce o
o Jlexn | JTaGopatop | IIpaktuu | KCP | KOHCY’BT | 3K3aM | WPOBAaHHBIN
15074 HBIE eCKHUe anun eH 3a4erT,
3aHATHUSA 3aHATUA SK3aMEH
9 108 36 16 16 76 3a4er




1. llean ocBoeHMsI TUCIUANJINHBI.

Ilenpro ocBOCHMS TUCHUILUIMHBI "UHCIEHHBIE METOIbI" SIBIISIETCS 3HAKOMCTBO
CTYAE€HTOB C OCHOBHBIMH YHMCJICHHBIMH METOJAAMHU W PEATU3YIOIUMU HX
aNTOPUTMAaMHM, a TAKXKE MOATOTOBKA CTYIEHTOB K PEIICHUIO MPAKTUYECKHUX 337ay C
HUCIOJIL30BAHUEM YHUCJICHHBIX METOJIOB.

VYckopeHre HaydyHO-TEXHUYECKOro mpoliecca, NpoHUuKHOBeHHe OBM Bo Bce
chepbl IEeATEILHOCTH YeJIOBEKa, MOBBINICHHE posii DBM B (QyHIaMEHTaIbHBIX H
MIPUKIIAJIHBIX UCCJICIOBAHUSAX CBSI3M C HEOOXOJIUMOCTHIO IITMPOKOTO HMCIIOJIH30BAHUS
MaTEMATUYECKUX MOJEIEH U KOMITBIOTEPHOTO MOJICIIMPOBAHUS.

Takum o6pazom, qucrurinHa «UucjieHHbIe MeTOAbI B (PM3MKe)» UMEeT
LICJIBIO:

. O3HaKOMHTH CTYICHTOB C METOJaMHU BBIYUCIUTEILHON (DU3UKH;

. Hay4YUTh CTYJICHTOB pa3pab0OTKe MaTEMaTUYECKUX Mojiesied (hU3NYECKUX
00BEKTOB 1 MAarHUTHBIX MaTEPHAJIOB;

. JaTh HABBIKW MMOCTAHOBKHU YMCIIEHHOTO SKCIIEPUMEHTA;

. 03HAKOMHUTb C METOJIaMH OOpaObOTKHM M HWHTEPIPETAlUU PEe3yJIbTAaTOB
KOMITBIOTEPHOTO MOAEIUPOBAHUSL.

B KypCcC H3JararorTcsi OCHOBBEI BBIYHCJINTEILHOU (1)I/I3I/IKI/I, MCTO/bI
BBIYMCIIMTEIILHOU (1)I/IBI/IKI/I M CIIOCOOBI UX MaTeMaTHYECKOIO MOICIIMPOBAHUA.
Kpr BKJIIOYACT JICKOUOHHLIC U IMTPAKTUYCCKUC 3aHATHUA.

2. Mecto nucuumiuabl B cTpyktype OIIOII marucrparypsl.

JucuunnnHa «YuciaeHHble MeTOAbl B (HU3MKE» BXOIUT B 0a30BbIi
KOMIIOHEHT IIMKJIa €CTECTBEHHOHAyuHbIX W MareMatndeckux (EH u M) mucuumnnma
U SIBJISIETCSI 00sI3aTENBHOM IJIs1 U3yUeHUSI.

Jis w3yueHus: AUCIMIUTUHBI «YucaeHHbIe MeTOoAbl B (PU3UKeE» CTYACHT
JIOJDKeH 3HATh: TEpBOHAYAlbHBIE 3HAHHUA W3 KypCOB MaTeMaTHYECKOTO aHaju3a,
JUHEHHON anreOpbl, OOBIKHOBEHHBIX AM(GhEepeHIINaATbHBIX ypaBHEHUHN, YpaBHEHUN
MaTeMaThnyeckod  (u3uku. 3HaHUS W yMEHHUS, MPAKTUYECKUE  HABBIKH,
NpUOOpPETEHHBIC CTYJACHTAMHU B pPeE3yJlbTaTe W3yYeHUs] AUCIUIUIMHBI, OYyIyT
UCIIONIb30BAaThCS TPU HU3YYEHMH KYpPCOB MaTEMaTHUYECKOro MOJEIMPOBaHUS,
BBIYHMCIIUTEILHOTO MPAKTHKyMa, MPU BBIMOJIHEHUH KYPCOBBIX M JTUIIJIOMHBIX PadoT,
CBSI3aHHBIX C MATEMAaTHYECKUM MOJCIUPOBAHUEM U 00pabOTKONW HAOOPOB JTAHHBIX,
peIIeHrneM KOHKPETHBIX 33/1a4 U3 MeXaHUKU, GU3UKU U T.11.



3. Komnerenuuu odyuaromerocs, popMupyembie B pe3yJibTaTe 0CBOEHUS
AUCHUIIMHBI (TIepeYeHb IVIAHMPYEMbIX Pe3yJIbTATOB 00y4YeHMs)

Koa u
HauMeHOBaHHeE
KOMIIeTEHIIUH U3
o1on

Koa m HauMeHoBaHHe
HHAUKATOpPA
JOCTHKEHUS
KOMIIeTeHIN

IlnannpyemMble pe3ybTaThl
o0yueHust

IIpoueaypa ocBoenust

YK-1

CriocoO6HOCTD
OCYLIECTBIISATh
KPUTHYECKUU
aHau3
pOOJIEMHBIX
CUTyalHi Ha
OCHOBE CHCTEMHOTO
noaxoja,
BbIpa0aThIBaTh
CTpaTeruro
JIEUCTBUM.

M-NUVYK-1.1. AHanuzupyet
MPOOJICMHYIO CHTYAITUIO
KaK CHCTEMY, BBISBIISS €€
COCTABIIAONINE U CBSI3U
MEXITy HUIMH

3HaeT: METOJBI CHCTEMHOT'O 1
KPUTHYECKOTO aHAIU34;
YMeer: IpUMEHSTh METOIbI
CHCTEMHOTO IIOJX01a U
KPUTHYECKOTO aHaIN3a
POOJIEMHBIX CUTYalU;
Baaageer: MmeTogosioruen
CHCTEMHOTO U KPUTUYECKOTO
aHaM3a MPOOJIEMHBIX
CUTYalHil.

VYcrHblii onpoc,
MUCbMEHHBIN OIPOC;

M-NVYK-1.2. YMeer: BbISBIATH
Ompenenser mpoOenbl | TPOOIEMHBIE CUTYAIUH,

B uH(pOpMalK, | UCIIONB3YS METObI aHAIIN3A,
HE00X0AUMOMH JUIS | CHHTE3a U aOCTPaKTHOTO
pelieHrs MpOOIeMHON | MBIIIICHHUS.

CHUTYaIINH, "

MPOEKTUPYET

mporeccel M0 HX

YCTPaHEHUIO

M-NUVK-1.3. YMeer: mpou3BOIUTh aHATU3
Kputnuecku SBIIEHUI U 00pabaThIBaTh
OILIEHUBAET MOJTyYCHHBIE PE3YIIbTATHI;
Ha/IeXKHOCTb OIICHUBATh aJIEKBATHOCTh U
HMCTOYHHUKOB JIOCTOBEPHOCTH WH(OpMAIIHU
uHpopManuy, 0 MpOOJIEMHOM CUTYalUH,
paboraet ¢ | paboTaTh ¢ IPOTUBOPEUUBOM
IPOTHUBOPEUMBON uHpopManuen U3 pa3HbIX
nHpopManuen U3 | ICTOYHHKOB

pa3HbIX HCTOYHUKOB

M-NVYK-1.4. YMeeT: 0CyIecTBIATh IOUCK
PazpabatbiBaeT U | peuieHnii mpoOIeMHBIX
COJIepPIKATEIBHO CUTYyaIlMii Ha OCHOBE
apryMeHTHPYeT NeMCTBUH, SKCIIEPUMEHTA U
CTpATeTHIO  PEIIeHHsI | OIBITA; ONPEACISATh B paMKax
poOIeMHOM BBIOPAHHOTO AITOPUTMA
CUTyalldd Ha OCHOBE | BOIPOCHI (3a/1a4H),
CHCTEMHOT0 U | moJyIexalie JqaibHenmei
MEXIUCLUHUIUIMHAPHOTO | pa3paboTKe U Mpeagarath
MOJIX0/I0B CHOCOOBI UX PELICHHUS;

Bnaneer: TexHOIOTHSIMA
BBIXO/Ia U3 MPOOIEMHBIX
CUTYyallMil, HABbIKAMU
BBIPAOOTKH CTpaTeruu
NEeUCTBUI
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M-YK-1.5 Crpour
CLIEHApUU pealln3aluu
CTpaTeruu, OINpenesis
BO3MOXXHBIE DPHUCKH U
npeiarasg  IMyTH HX

3HaeT: METOIMKH pa3paboTKu
CTpaTeruu JeUCTBUN IS
BBISIBJICHUS U PEILICHUS
poOJIeMHON CUTYaIHH;
YmMeer: pazpabaThiBaTh

YCTpPaHEHUS CTpaTEruIo JICHCTBHIA,

MPUHUMATh KOHKPETHbBIE
pelIeHus Ui €€ pealn3aluy;
Bnaneer: MmeTonukamu
IIOCTaHOBKH LIEJIH,
ompezieNieHus: CocoO0B ee
JIOCTUXKEHUS, pa3paboTKu
CTpaTerui IelCTBUM

[1K-4. IK-4.1. 3HaeT: TEOPETUYECKUE U [TuceMenHsIi onpoc

Criocoben CocraBnsger  oOmMI | SKCIIEPUMEHTAIbHbIE OCHOBBI

IUTAHUPOBATH IJIaH MCCIIEZOBAHUS M | COBPEMEHHBIX METOJIOB

paboTy U BBIOUPATH | I€TAJIbHbBIE IUTaHbI | UCCIIEOBAHUM U3ydaeMbIX

aJIeKBaTHBIC OTJENbHBIX CTaJui | MPOLIECCOB U SBIICHUH.

METOJl  PELICHUS | UCCIIEIOBAHUMN YMeeT: caMOCTOATEIbHO

Hay4yHO- CTaBUTh 3aJ]auy U pellaTh ee;

uccienonarensckux | [1K-4.2. UCIIOJIb30BaTh JOCTUKCHHUS

3aj1a4 B BEIOpaHHOM | BeiOupaer COBpPEMEHHBIX

obsacTu (U3MKHU U | SKCIEPUMEHTAIbHbBIE U | HHPOPMALIMOHHO-

CMEXKHBIX C | pac4eTHO- KOMMYHHUKAITMOHHBIX

¢bu3uKoil Haykax

TEOPETHUECKUE
METOJIBI penieHus
MMOCTaBJICHHON 3a11auu
HCXOJIs nu3
NMCHOIIIUXCST

MarepuanbHbIX u

BPEMEHHBIX PECYPCOB

I1K-4.3.

AHanusupyer u
0000111aeT pe3ybTaThl
Hay4yHO-
HCCIIEI0BATENbCKUX
pabort c
HCII0JIb30BAHUEM
COBPEMEHHBIX
JNOCTUKCHUM HAyKu U
TEXHHKH.

[1IK-4.4.

Cnocoben
CaMOCTOSITEJIbHO
CTaBUTh KOHKDPETHBIC
3a/1a4un HAYYHBIX
HUCCIIEIOBAHNN B
obmactu (GUMKH H
peuarhb ux c
MIOMOIIIBIO
COBPEMEHHOM
anmapaTypsl u
WHPOPMAIIMOHH  BIX
TEXHOJIOTU.

TEXHOJIOTHI IS BBITOJTHCHUS
AKCIIEPUMEHTAILHBIX
TEOPETUUECKHIX
HCCIICIOBAHHIA;
aHAIIM3UPOBATh U
WHTEPIPETHPOBATH
pe3yNnbTaThl SKCIIEPUMEHTA Ha
OCHOBE COBPEMEHHBIX
TEOPETUUYECKUX MOJIETICH;
MIPABHJILHO OPTaHU30BaTh U
TJIAHUPOBATh SKCIIEPUMEHT;
MPABWIILHO MPUMEHSATH
pa3IMYHbIE TEOPETUUECKUE
MOJISTH ISl aHAJI3a
PE3yNbTAaTOB IKCIIEPUMEHTA.
Bnaneer: ocHoBaMu
COBPEMEHHBIX METOJIOB
IKCIIEPUMEHTATBHBIX
HUCCJIeIOBAaHUM B TaHHOM
00J1aCcTH HAyKW; OCHOBaAMH
TEOPETUUYECKUX Pa3paboToOK B
CBOCIH 001aCTH HCCIIETOBAHMIA;
aJICKBAaTHBIMH METOIaMU
TJITAHUPOBAHUS M PEIICHUS
HAy4YHO-UCCIIEIOBATEbCKIX
3a/1a4 B BEIOpaHHON 00J1aCcTH
(UBHUKYI U CMEXHBIX C
(bU3UKON HayKaX;

- HaBBIKaMu cOopa,
00paboTKH, aHANHM3a U
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cucTeMatru3ali nHpopMauu
0 TeMe UCCIICOBAHNUS;

- BJIQJICET JIOTUKOM Hay4HOTO
WCCJICIOBAHMSI, TEPMHHOJIOTH-
YEeCKHUM armapaToM Hay4yHOTrO
UCCIICIOBaHHS B BEIOPAHHOM
obnacT (pU3UKU U CMEKHBIX C
(bu3MKOI HayKax;

- COBpPEMEHHOH amnmapaTypou

u MH(POPMALMOHHBIMA
TEXHOJIOTUAMH TSt
NPUMEHEHUS W BHEAPEHHS
pE3yJIbTaToB Hay4HOH
JeSITETbHOCTH.

4. O0beM, CTPYKTYpPA U coJep:KaHue JUCIUNINHBI.

4.1

O0beM  IUCIHMILINHBI

AKaJCMHNYCCKHUX 9aCOB.

4.2 CTpyKkTypa TUCIUTIINHBIL.

COCTaBJISIET 3

3a4CTHBIX

SJIMHMUII,

108

Buabi yuedHoii padoThl, DopMBbI TEKYLLET0
Pa3nesibl U Tembl BKJIIOYas g KOHTPOJIA
Ne AUCHHUIINHBI - CaMOCTOSITEIbHYIO < yCIEeBaeMOCTH (no
n/n g padoTy CTYy1eHTOB H :‘ Heldenam cemecmpa)
= 2 TPYAOEMKOCTB (B 2 ®opma
o 3 yacax) = NPOMEKYTOYHOM
é % a§a z 1 tg' E aTrecTamuu (no
= 5 SEl 23 g cemecmpam)
= Zx| S 25 8
S| EE| &35 £g =
S |25/ 82 5323
é é" 3 N 3 & S
Moayas 1.
1. | Yucnennsile wmetomel B | 9 2 8 | [IpoBepka qomMarnrHero
¢busuke: OCHOBHBIE 3aaHus,
TIOHSATHS, MOCTAaHOBKA CaMOCTOSITeNIbHAS
3aJ1a4H. pabota
2. | llpubmamxenue GyHKIMH. 9 2 2 8
WNuTtepnonsuust GyHKINH.
[Tonbop  SMIHMpPHUUECKUX IIpoBepka gomarHero
dbopmyn. JluneliHas wu 3a/1aHMS,
KBaJpaTUYHas CaMOCTOSITENIbHAS
WHTEPIOJISIIHS. pabora
NHTepnonsanuuoHHbIN
MHorowieH Jlarpansxa.




3. | [Ipubmmxenue GyHKIUI. 2 10 | [IpoBepka gOMAaIIHETO
Annpokcumanus 3a7aHus,

GyHKIHA. Merton CaMOCTOATEJIbHAs
HAaMMEHBIINX KBAIPATOB. pabota
BCEI'O 3A MOAVJIb 1. 4 4 28

MoayJs 2.

4. | Metoasr YHCIIEHHOIO 2 2 6 | Iposepka gomaursero
WHTETPUPOBaHUS. MeTOIbI 3aaHAS
PSIMOYTOJIBHUKOB, ’

. CaMOCTOSITeNIbHAS
Tparenu. Meron 5
Cumricona. pabota
5. | Meroast YUCIIEHHOTO 2 2 6 TTpoBepKa TOMAIIIHETO
UHTETpUPOBaHUs. Meron
3a/IaHus,
Mounre-Kapso.
CaMOCTOSsITeNIbHAs
paborta

6. | YucneHnbie METOIbI 2 2 6 | I[IpoBepka qOMAIIIHETO
peleHusi OObIKHOBEHHBIX 3aaHusl,
nn(lxbepeﬁvunaanmx CaMOCTOSATENbHAS

ABHCHHI.
yp pabora

7. | Pemenne 2 4 | IIpoBepka JOMaIIHETO
mddepeHranbHbIX 3a/laHus,

YpaBHCHUH BTOpOTO CaMOCTOSATENbHAS
MOpsIKA. paGora
BCEI'O 3A MOAVJIb 2. 6 8 22

Monayas 3.

8. | Uucnennele METOBI 2 2 8 | IIpoBepka qOMAIIIHErO
peueHus HEJIMHEMHBIX 3a7aHus,
ypaBHCHHH. CaMOCTOSATENbHAS

pabota

9. | Uucnennsie METOJIBI 2 1 8 | IIpoBepka JoMaIIHero
MUHUMU3AIAH. 3a/1aHusl,
Haxosxnenne 5 CaMOCTOSTENbHAS
SKCTPEMYMOB (DYHKIIHH. paGora

10. | Yucnenusie METObI 2 1 10 | IIpoBepka gomaiiHero
MUHUMU3AIUKA  QyHKIHUN 3a/aHms,

MHOTHX MEPEMEHHBIX. CAMOCTOSTETbHAS
CHUMITIEKCHBIA METO/I.
pabota
BCET'O 3A MOJVYJIb 3. 6 4 26
HUTOI'O: 16 | 16 76




4.3. Conep:xaHue IUCHUIINHBI, CTPYKTYPUPOBAaHHOE 10 TeMaM (pa3aeiam).

Moayas 1.
Tema 1. YwucienHble MeTOAbI B (PU3HUKeE: OCHOBHbIE MOHSATHUS, IOCTAHOBKA
3a1a4M.

OcHOBHBbIE 3Tamnbl YHCJIEHHOr0 pemenuss 3axadyu Ha JIBM Pemenue
OPUKIATHBIX 3a7a4 MaTeMaTudyeckod (u3mku ¢ ucnoip3oBaHueM OBM moxHO
pa30uTh HAa HECKOJIBKO ITAIOB:

1) ®wusuueckas TOCTAaHOBKAa 3amaud. Ha 93ToM 3Tame OCyHIECTBISACTCS
¢dusnyeckas moCTaHOBKA 33]]a4l U HAMEYAETCS MMyTh €€ PEIICHHUS.

2) Marematnueckoe MojenupoBanue. Ha 3Tom »3Tame cTpoWTcs WM
BbIOMpaeTCcsl ~ MaTeMaTHyeckas  MOJelb,  OIMKCHIBAIONIash  COOTBETCTBYIOIIYIO
busnueckyro 3anauy. Mojenb J0DKHA aJeKBaTHO OMKCHIBATH OCHOBHBIE 3aKOHBI
(bu3nYecKoro npouecca.

3) BeiOop uymcienHoro Merona. Jlius perieHus 3amadd HEOOXOJIUMO HaWTH
YUCJIEHHBIA METOJ, MO3BOJISIOIIMNA CBECTU €€ K HEKOTOPOMY BBIYUCIUTEIBHOMY
aNTrOPUTMY.

4) Pa3paboTka anropuTMa pEIICHHS 33Jadd. AJTOPUTM pEIICHUS 3a/J1a4u
3aIMCHIBACTCS KAK IOCIEI0BATEIBHOCTh JIOTUYECKUX U apuhMETUIECKUX
omnepanuili. AJTOPUTM MOXKHO TMPEACTABUTh B BHUJIE OJIOK-CXEMBI W
CTUJIM30BaHHOU IHAarpaMMbl.

5) CocraBnenue nporpaMmsl. [IporpamMma, peaiausyrolias alroOpuT™M pPEIICHUs
3a/1a4ud, 3alUCHIBA€TCS HAa OJIHOM W3  S3bIKOB IPOTPAMMHUPOBAHUS  BBICOKOTO
YpOBHS (3TO 3aBUCHUT OT MaTemaTuueckoro obecrneuenust BLl, rae nmpeamonaraercs
pelIeHre 3a1a4un).

6) Otnmaaka nporpamMmbl. OTiagka MOpPOrpaMMbl COCTOMT M3 2-X 3TallOB:
TECTUPOBAHUE U UCHIPABIICHUE OIIHOOK.

7) Cyer mo oTiaxeHHOW mporpamme. Ha 3TOM 3Tame TOTOBATCS HCXOIHBIC
JAHHBIE JJI PACCUUTHIBAEMBIX BAPUAHTOB, U OCYILECTBIIAECTCS CUET MO OTIAKEHHON
IIPOTPaMME.

8) Amnamu3 pesynbraToB cuera. ITomydeHHble ¢ momolsio DBM pesyiabTaThl
YUCJIEHHOTO CYETa aHAIU3UPYIOTCA, CPAaBHUBAKOTCS C JKCIEPUMEHTAJIbHBIMU
JAHHBIMH, U odopmIsieTcs COOTBETCTBYIOIIAS HAy4YHO-TEXHUYECKAs
JOKYMEHTAIUS.

9) BHenpeHue NoTy4YeHHBIX Pe3yJIbTaTOB.

IMorpemHOCTH BHIYMCIEHUIM.

OTKJIOHEHHE UCTUHHOTO PEUIEHUsI OT MPUOIMKEHHOTO Ha30BEM MOTPEIIHOCTHIO.
CyliecTBYIOT 4YeThIp€ HCTOYHHMKA MOTPEHIHOCTEH, BO3HUKAIOMIMX B pe3yJibTare
YUCJIEHHOTO PEUICHUS 3aJa4H.

MaremaTnueckast MogeJb. [lorpentHOCT, MaTEMAaTUUECKON MOJIENIN CBSI3aHA C
ee MpUOJMKEHHBIM ONUCaHUEM peajbHOro oObekTa. Hampumep, eciu npu
MOJICIMPOBAHUU 3KOHOMUYECKOM CHCTEMbl HE YYMTHIBATH WHOIALUMU, a CUUTATh
LIEHbI IOCTOSIHHBIMH, TPYJAHO PACCUUTHIBATH HA IOCTOBEPHOCTH PE3YIbTATOB.

[IorpemHOCTh MAaTEMAaTUYECKOM MOJENIM HAa3bIBACTCS HEYCTpaHMMOW. byaem B
JaNbHEWIIeM MpeArnojarath, 4TO MaTeMaThyeckas MojJeidb (PUKCUpPOBaHA U €€
MOTPEIIHOCTh YUUTHIBATh HE OyIEM.
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Hcxoonvle oannvle. VicxonHple TaHHBIE KaK MMPABWIIO COAEPKAT IOIPEIIHOCTH,
TaK Kak OHM JMOO HETOYHO H3MEPEHbI, JIMOO SIBIAIOTCS PE3yJIbTATOM pPEHICHUS
HEKOTOPBIX BCIIOMOT'aTEJIbHBIX 3a/1ay. Hampuwmep, Mmacca cHapsna,
POU3BOAUTENLHOCTh 00OPYJIOBaHMs, MpeAanoiaracMas IieHa ToBapa u J1p. Bo
MHOTUX (PU3UYECKMX U TEXHUYECKUX 3a/ladaxX MOTPEIIHOCTh U3MEPEHUN COCTaBISET
1 — 10%. IlorpemHOCTs HMCXOOHBIX [JAHHBIX TaK €, KaK M MOrPEIIHOCTh
MaTeMaTUYECKOW MOJIEIIN, CYUTAETCSA HEYCTPAHUMOM.

Hozpewnocmos memooa. llpuMeHsiemble I PELICHUS 3aJa4d METOJbl Kak
MpaBUJIO SABJIAIOTCS TpUOIMKEeHHbIMU. Hampumep, 3aMeHSIOT HHTErpal CyMMOH,
(GYHKIHIO — MHOTOYJIEHOM, MPOU3BOJIHYIO — Pa3HOCTHIO U T. . [lorpemHocts MeToaa
HEOOXOJAMMO OMPEAEIATh /I KOHKPETHOro MeTo/ia. OOBIUHO €€ MOXHO OLIEHUTh U
IpOKOHTposnupoBarh. CrenyeT BbIOMpaTh MOTPEHIHOCTh METOAA TakK, 4TOObl OHa
Obula He OoJiee YeM Ha MOPSAJOK MEHbILE HEYyCTpaHUMOW MorpemHocTH. bonbiias
HOTPEIIHOCTh CHMKAET TOYHOCTbh PEIIEHHs, a MeHblIas TpeOyeT 3HAYUTEIbHOTO
YBEIUYEHHS 00BbEMa BBIYUCICHUN.

Boiuucnumenwvnaa nozpeutnocms. 110rpenntHoCTs OKPYTIJIIEHNS BO3HUKAET U3-3a
TOTO, YTO BBIYUCJIECHHS MPOU3BOAATCS C KOHEYHBIM YMCIOM 3HAadalmux LU (I
coBpeMeHHbIX OBM 53TO0, B 3aBUCMMOCTH OT HWCHOJIB3YEMBIX NEPEMEHHBIX,
coctaBiisier 10 — 18 3HakoB). OkpyrieHUe MPOU3BOMASIT MO CIEAYIONIEMY MPaBUITY:
€CIM B CTapuieM U3 OTOpachlBa€MBIX pa3psAI0B CTOMT LU(ppa MEHbIIE MATH, TO
COJIEP)KMMOE COXPAHSAEMBIX pPa3ps0B HE HU3MEHSETCS; B NPOTUBHOM CIlly4ae B
MITQJIIINN coXpaHseMbli pa3ps] 100aBiIsSeTCs €IMHUIA C TEM K€ 3HAKOM, YTO U Y
camoro uwucna. [lpum pemieHnn OOJBIIMX 3a4ad TMPOU3BOIATCS MUILTHAP.IBI
BBIYMCIICHHM, HO TaK KakK IOTPEIIHOCTH MMEIOT pa3Hble 3HAKH, TO OHM YACTHYHO
B3aUMOKOMIIEHCUPYIOTCS.

BoruncianrenbHbie MeToAbl. 1101 BBIYMCIHMTENBHBIMM METOAAMH HOHMMAIOT
METO/Ibl, KOTOPbIE UCTIONB3YIOTCA JIsl MPeoOpa3oBaHus 3a/1ay K BULY, YIOOHOMY i
peanmu3annu Ha DBM. PaccmoTpum n1Ba Kiacca BIUUCIUTEIBHBIX METOJ0B, KOTOPHIE
YacTO UCIOIb3YIOTCS Ha MPAKTUKE.

IIpsimble mMeToabl. MeTon penieHUs 3aJladyd Ha3bIBAe€TCsS MPSAMbBIM, €CIU OH
MO3BOJISIET MOJIYYUTh PEIICHUE TTOCIIE BHIMOIHEHUS! KOHEUHOTO YUCa AJIE€MEHTapHbIX
OTeparvu.

HUrepaunonnbie Meroabl. CyTh UTEPALMOHHBIX METOJIOB COCTOMT B
IOCTPOCHUHU TOCJEI0BAaTENbHBIX NPUOMIKEHUH K pelieHuio 3anadu. Brauane
BbIOMPAIOT OJHO WM  HECKOJbKO HAYalbHBIX MNPUOMMKEHUH, a  3aTeM
MOCJIEI0BATEIbHO, HCIIONB3Ys HalIeHHbIE paHee NPUOIMKEHHUS U OJHOTHUITHYIO
OpoUeAypy pacuera, CTpOST HOBbIe MpuOmmkeHus. B pesyabrare Takoro
UTEPALlMOHHOTO TpOIlecca MOXKHO TEOPETHYECKH TMOCTPOUTH OECKOHEUHYIO
MOCJIEIOBATENBHOCTh NPUOIMKEHUN K pemieHuto. Eciu 3Ta mociienoBaTenbHOCTb
cxoauTcs (4To ObIBAaeT HE BCEr/a), TO TOBOPST, YTO UTEPALMOHHBIM METOJT CXOAUTCS.
OTaenpHBIN ar UTEPalMOHHOTO MPOLIEcca HAa3bIBAETCS UTEPALIUEH.

Tema 2. Ilpubamkenune ¢yukuuid. HWuarepnoasiumsa ¢Pyaxumii. Ilogdop
sMnupudeckux ¢opmyi. JluHeillHas M KBaApaTU4YHAsT HMHTEPIOJISALMII.
NuTepnonsiumoHHbIA MHOTOYIeH Jlarpanika.

3amaua mpubIKeHus (anmpoKkcuManun) (YHKIMN 3aKIII09aeTcs B TOM, YTOObI
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JUISL TaHHOM (PYHKIMU TOCTPOUTH JIPYTYyI0, OTIMYHYIO OT Hee (YHKILMIO, 3HAUCHHUS
KOTOpOM JIOCTATOYHO ONM3KM K 3HAaYeHUAM JaHHOW ¢yHkuuu. Takas 3amaya
BO3HUKAET Ha MPAKTUKE IOCTATOYHO YACTO. Y KaXeM HauOoJiee TUIIMYHBIC CIyJaH.

1. ®ynkuusa 3amana TabaUIel B KOHEYHOM MHOXKECTBE TOYEK, a BBIUYMCIICHUS
HY>KHO TPOU3BECTH B IPYTHX TOUKAX.

2. OyHKIMS 3aJjaHa AHAJUTUYECKHM, HO €€ BBIYHMCICHHE 10 Qopmylie
3aTPyIHUTEIBHO.

[Ipn pemieHun 3agaud MOUCKA TPUOIMKEHHONM (GYHKUUM BO3HUKAIOT
CJIETYIOITUE TIPOOIEMBI:

1. Heo6xonumo BbIOpaTh BUJ MpUOSMKEHHONW (QyHKUMH. [ TpHOIMKeHHS
IIMPOKO  HCMONB3YIOTCS ~ MHOTOYJICHBI,  TPUTOHOMETpUYeckue  (QyHKIUH,
noka3aTtenbHble QYHKIUH U T. [I.

2. HeoOxomuMo BBIOpaTh KpUTEpHid OJIM30CTH HCXOJHOW W TMPHUOTHKECHHOU
GyHKIMHA. DTO MOXKET OBITh TpeOOBAaHUE COBMAJEHUS 00€MX (PYHKUMH B Y3JIOBBIX
TOUYKax (3a/1a4ya WHTEPIIOJSIIINN ), MUHUMU3AIHS CPETHEKBAIPATHUECKOTO YKIOHCHHS
(MeTo HAaMMEHBIIIUX KBAJPaTOB) U JIp.

3. HeoOxoquMo ykaszath TpaBWio (aJTOPUTM), IO3BOJISAIONIEE C 3aJaHHOM
TOYHOCTHIO HAUTH MPUOTMKEHUE DYHKIIUH.

Krnaccuueckuil moaxo/1 K peleHuIo 3a1aui MOCTPOSHUsI TPUOIMKArOIIeH
(YHKIIMH OCHOBBIBAETCS HA TPEOOBAHMH CTPOTOTO coBmaaeHus 3HaueHui f(X) u F(X)
B TOYKax Xj(i = 1, 2, 3, ..., n), T.€.

Fx)=V:, FO%)=Y,, .. F(x,)=vy,.

B otomM cnydae HaxokiaeHHe TNPUOIMKEHHOW  (DYHKIIMM — HA3bIBAIOT

unmepnonayuen (WM UHMEPNOIUPOBAHUEM), & TOUYKU X1, Xp, ..., Xpn — V31AMU
UHMEPNONAYUU.
Tema 3. [IIpubGamkenue ¢yHKIUMIA. Annpoxcumanus pynkuuii. Meron

HAaMMEHbUIUX KBaJAPaToOB.

[IycTh B pe3ynbTare M3MEPEHH B MPOLECCE OMbITa MOJIYYEHO TabIuYyHOe
3aJlaHUEe HEKOTOopoll  (YHKIMU  f(X), BBIpaXKawIIEH CBI3b MEXIYy JABYMS
reorpau4ecKMuMHy rnapamMeTpamu:

X X1 Xo .. Xn

f(x) Y1 2 Yn

Koneuno, MoxHO HallTu (opmyly, BBIPOKAIONIYI0O 3Ty 3aBHUCUMOCTb
aHAJIMTHUYECKH, IPUMEHNUB METOJ MHTEpNIOSIUU. OIHAKO, COBIIAJICHUE 3HAYEHUI
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IOJIyYEHHOI0 AHAJIUTUYECKOro 3afaHusi (YHKUUMU B Y3JIaX HUHTEPIOJSALUU C
UMEIOIIMMHUCS SMIIMPUYECKHUMH JAHHBIMM YacTO MOXET BOBCE HE O3HA4arTh
COBIAJICHUE XapaKTEPOB MOBEICHUS UCXOAHOW W UHTEPHONUpPYIOUEH (YHKIMH Ha
BCEM HHTepBajie HaOmoneHus. Kpome toro, TabmuyHas 3aBUCHUMOCTH IOKa3aTeleu
BCEr/Ia MOJy4aeTCsl B pe3ysbTaTe U3MEPEHHUI pa3InuHbIMHU MPUOOpPaMU, UMEIOITIMHU
ONpENEICHHYI0 M HE BCErga JOCTaTOYHO Majyl MOrPEIIHOCTh HW3MEPEHHS.
TpebGoBaHre TOYHOTO COBMNAJCHHUS 3HAUYCHUN NPUOMIDKAIOMEH U TPHOIHKAeMO
GbyHKIMI B y37max siBisieTcs TeM OoJiee HEeOIpaBJAaHHBIM, €CJIM 3HaYeHHs (PyHKIUU
f(x), monmydeHHbIE B Pe3yJIbTaTe U3MEPECHHUH YK€ CaMU SBIISIOTCS MPUOIMKCHHBIMU.

3ajaya anmpokcuManuu (YHKUMM OJHOM IIEPEMEHHON ¢ caMoro Hayaia
00s13aT€IbHO YYHUTHIBAET XapaKTep IMOBEACHUS MCXOMHOM (YHKIIMM Ha BCEM
WHTEpBaje HAOIIOEHUH.

Ha npaktuke Bua npubamxaromeid GyHKIHUMA Yalle BCEr0 ONPENEIsioT MyTeM
CpaBHEHUs BUJA NPHUOIMKEHHO MOCTpoeHHOro rpaduka ¢ynkumn y = f(x) ¢
rpaukaMy U3BECTHBIX HCCIAEAOBATENIO (YHKUWWA, 3alaHHBIX aHAJIMTUYECKU (Yalle
BCETO NPOCTHIX IO BHAY 3JEMEHTapHbIX (YHKIMI). A HMEHHO, IO TaliuIe
HKCIEPUMEHTAIbHBIX JAaHHBIX CTPOUTCS TOUEUHBIA Trpaduk f(x), 3aTeM MPOBOIUTCS
IUIaBHAsl KpUBas, MO BO3MOXHOCTH HAWJIYy4YIIMM 00pa3oM OTpakarollas XapakTep
pacnosnoxxeHus: Touek. Ilo momydyeHHON TakuMm oOpa3oM KpHUBOM Ha Ka4yeCTBEHHOM
YPOBHE YCTaHABIMBAETCS BUJ MPUOIIKatoEen QyHKIIH.

Merox HaMMeHbIINX KBA/IPaTOB.

Yepes wumeromeecss -o6makol Touek Bcergja MOMKHO TOMBITATHCS MPOBECTU
JIMHUIO YCTAaHOBJIEHHOTO BHUJA, KOTOpas SBISIETCS HAWIyYIIed B OIPENEICHHOM
CMBICJIE CpeIMd BCEX JUHUKM JaHHOTO BHJA, TO €CTh —-Ommkaimenll xk Toukam
HAOMIOJIEHUII MO UX COBOKYNMHOCTH. [l 3TOro ompeneiauM BHauajie IOHSATHE
OJM30CTH JIMHUM K HEKOTOPOMY MHOXXECTBY TOUYEK Ha IJIOCKOCTH. Mepbl Takoi
0JIM30CTH MOTYT OBITh pa3zauuHbIMU. OHAKO, J1I00as pazyMHas Mepa JO0JKHa ObITh,
OUYEBHJIHO, CBSI3aHA C PACCTOSHUEM OT TOYEK HAOIOJIEHUSA 10 paccMaTpUBaeMOu
JuHUH (3a1aBaeMoi ypaBHeHHeM Y=F(X)).

[penmnonoxum, 4ro npuodImkaromas pynkuus F(X) B Toukax xi, Xp, ..., Xn AIMEET
3HaueHud Yi, Y2, ..., Yn. Hacro B KauecTBe KpuTepusi OJM30CTU HUCHOJIb3YETCA
MUHHUMYM CYMMBI KBaJpaTOB pa3HOCTEH HAOJIONEHHUI 3aBUCUMON MEpEeMEHHOU Y U
TEOPETUUYECKNX, PACCUUTAHHBIX 10 YpPAaBHEHHIO PErpeccMu 3HayeHuM Y. 31ech
CUMTAETCS, UTO Yj U X; — U3BECTHBIC JaHHbIe HAOMIOACHUM, a F - ypaBHeHUe TUHUH
perpeccu ¢ HEM3BECTHBIMHM MapameTpamu ((GopMmynbl Ijisl UX BBIYUCICHUS OyayT
IpUBEIEeHbl HUXKeE). MeToa OIeHMBaHMs MapamMeTpoB MpHUOIMKaromend (GyHKIUH,
MUHUMHU3UPYIOIIUNA CyMMYy KBaJpaTOB OTKJIOHEHUN HAONIOACHUNA 3aBUCHMOI
MEPEMEHHON OT 3HAYCHUN MCKOMOU (DYHKIINU, HA3BIBACTCS MEMOOOM HAUMEHbUIUX
keadpamoes (MHK) wnu Least Squares Method (LS).
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Monayas 2.

Tema 4. MeToabl YMCJIEHHOT0 MHTErPUPOBaHus. MeToAbl IPAMOYT0JIbHUKOB,
Tpanenuii. Merox Cumncona. Meroa Monte-KapJio.

[Ipu pereHn MHOTHX 3aJ1a4 B Pa3IMYHbIX 0071aCTAX (PU3UKH CTATKUBAIOTCS C
BBIYHCJICHHEM HHTEerpaioB. IlycTs Tpe6yegcsi BBIYUCIIUTH OTPE/ICIICHHBIA UHTETPaJ:

= F(x)dx_ (4.1)

Ecmu ¢ynknus f(X) HenpepsiBHa Ha oTpeske [a, D], To maTEerpan (4.1) cymecTByer u
MOKET ObITh BhIUKCIEH N0 (popmyiie HetoTona-JIeliOnuna

J= j f(x)dx=F(b)-F(a). (4.2)

OnmHako JaleKko He BCerja yaaeTcss BhIPa3WTh NepBooOpasHyro F(X) uepes
arieMeHTapHble (yHKIuHU. Taxke 4acTo MoAbIHTErpanbHas (PYHKIMS ObIBAaeT 3a/1aHa
HE aHaJUTUYECKH, a TAaOJMYHO WIM B BHUJE psana. B 3THX ciydasx npuMeHseTCs
NPUOJMKEHHOE UWCIEHHOE MHTErpUpoBaHHEe. MHOIME METOJbl YHUCIEHHOIO
WHTEIPUPOBAHUS IOCTATOYHO IPOCTHI, JIETKO MOTYT OBITh peanu3oBaHbl HAa DOBM u
MO3BOJIAIOT BBIYMCIUTHL 3HAUEHHWE MHTErpaja ¢ JiIoOOW Hamepea 3aJaHHOU
TOYHOCTBIO.

OcHOBHas uesl YUCIEHHOTO HHTETPUPOBAHUS 3aJI05KEHA B ONPENEIICHUN UHTErpaJia
KaK IMpeaena UHTErpaIbHOW CyMMBI:

J :'T f (x)dx=lim > f(&)Ax (4.3)

AXx—0 .
a i=

re Ax=(b—a)ln, & €[%,%.].

PaccmoTpuM  HekoTopble HauOosiee MOMYJSIPHBIE YUCIEHHBIE  METO[IbI
BBIYKCIICHUS ONPEIETIECHHBIX HHTErPAJIOB.

MeTtoa npsMOyroJbHMKOB. MeTo NpsMOYTOJbHUKOB OCHOBAHA Ha 3aMEHE
MOIBIHTErPATBLHON PYHKIUH f(X) KyCOUHO-TIOCTOSIHHOM (hyHKITUEH.

Metox  Tpanmeuuii. dopMyna  Tpameuwii  aHaJIOTHYHA  (opMyIie
PSIMOYTOJIBHUKOB, HO B OTJIMYKE OT Hee MoAbIHTerpanbHas ¢pyHkmus f(X) Ha kaxmaom

VHTEpPBAJe [Xi ,Xi+1] 3aMEHSIETCS] OTPE3KOM ITPSMOU

Metronx Cumncona (popmyna mapabom). Orta dopmyna BHepBbie ObLia
MPEIIOKEHA aHTJIMUCKUM MaTeMaTHKoM CHUMIICOHOM W 00yajmaeT 0osiee BBICOKOM
TOYHOCTBIO TT0 CPAaBHEHHIO C APYTMMH PACCMOTPEHHBIMU HaMu MeTojamMu. dopmyna
CuMIIcOHa OCHOBaHa Ha 3aMeHe mojsIHTerpanbHoi GyHkiuu f(X) Ha oTpeske [a, b]
JTyTOM Mmapadosibl

Takum 06pazom, 0000111as IEpeYUCICHHBIE METO/IbI, TPUBEIEM BCe (hOPMYJIBI B
€IMHOU TaOJIUIIE:
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Mertox h=(b—-a)n

n-1 i
S= hz f (a+ih)
i=0

n-1
[TpsIMOYTONBHUKOB | § — hz f (a +ih+ h)
B
n-1

S=h) f(a+ih+0.5h)
1=0

S=h, 5[f(a)+ f(b)]+nif(a+ih)'
P |

Tpaneuwmii
f(a)+ f(b)+4f(b-0.5n)+
S = n-1
Cumrnicona 6'+> [2f(a+ih)+4f(a+ih-05h)]

i=1

Tema 5. MeToAbl YHCJIEHHOT0 HHTETPUPOBAHNUS. MeToabI IPAMOYT0J1bHUKOB,
Tpaneuuii. Meroa Cumncona. Meroax Monre-KapJio.

Metox Monre-Kapiao. B marematuke Mmeromamu Monte-Kapno npusaTo
Ha3bIBaTh YHUCJIEHHBIE METOJblI, UCMOJB3YIOUIME CIy4dailHble BEIMYUHBI. OTMETHM,
yT0 MeToabl MoHTe-Kapio mMpoKO HCHOJIB3YIOTCS HE TOJBKO IPU BBIYMCIECHUU
ONPEAECICHHBIX HWHTErPajoB, HO W MPU MOJEIUPOBAHUU PA3JIUYHBIX CUCTEM BO
MHOTHUX 00JIACTAX HAYKH.

Jns BeIUMCIEHHS WHTErpaioB MetojgoM Monte-Kapno cymectByer aBsa
YHUBEPCAIBHBIX MPOCTEUIINX CIOCO0a. YHUBEPCATBHBIMU 3TU CIIOCOOBI CUMTAIOTCS
MOTOMY, YTO OHM HE HAKJIAAbIBAIOT Ha (DYHKIIMIO HUKAKUX TpeOOBaHWU (TJIATKOCTH,
MOHOTOHHOCTH H TIp.), & TOTOMY TPUMEHUMBI JIJIsl JTFOOBIX (hyHKITUH.

o IlepBbiii crmoco0 OCHOBaH Ha  HAXOXACHUM  CPEIHETO0  3HAYCHUS

MOJIBIHTErPATLHON (PYHKITMU HA 00JACTH MHTETPUPOBAHMS,

e  BTOPOIi — HA TECOMETPUUECKON MHTEPIPETAIIMY UHTETPpajla KaK TUIomanu (Uiu
o0beMa, €CJIM HHTErpajl MHOTOMEPHBIN ).

Tema 6. UYmcJjieHHbIe MeTOABI pellieHNs] 00bIKHOBEHHBIX TU(depeHunaTbHbBIX
YPABHEHHUIA.

B nanHo#i Teme OynyT pacCMOTPEHBI PA3IMYHbIE METO (bl YUCICHHOTO PEIICHHUS
muddepeHnanbHbIX ypaBHeHUH. PaccMoTpuM 3anauy Ko

[y =f(xy)
L yG0) =y

[Tpu ompeneneHHbIX OrpaHUYCHUAX, HAIOKEHHBIX Ha (yHKuuio f(X, y) (Oynem

IpeAnosaratb, YTo 3TH YCJIOBHS BBIIOJIHSIOTCS), 3a1a4a (5.1) uMeeT eIMHCTBEHHOE
peleHue.

(6.1)
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[Ipn uymcnenHom pemennu 3agadu (5.1) TpeOyeTcss ompenenuTh 3HAYEHUE
HEU3BeCTHOW (PyHKIMM y(X) B HEKOTOpOil Touke b. Jljis pemieHus! MmocTaBlIEHHOM
3a/1aun uHTEpBal [a, b] (Oynem mpeamnosnararh, uto X0 = a) pa3OUBaIOT Ha N YaCTEH C
Toukamu pazouenus x1, x2, x3, ..., xn = b. 3aTemM 1Mo NpUOIMKEHHBIM (popMyliam
MOCJIE0BATEILHO BRIYUCISIOT 3HaUeHUA y1 = y(x1), y2 = y(x2), y3 = y(x3), ..., yn =
y(xn). MHOXeCTBO {X1} Ha3bIBAIOT CETKOW HMHTETPUPOBAHMS, TOUKH XiI — Y3JIaMH
CEeTKHU:

X;i=a+ih (6.2)
rae h — mar HHTerpupoBaHUsl, OMPECNIAEMBbIil 10 popMyIie
h=(b-a)|n, (6.3)

BoapmMHCTBO  MPUOMMIKEHHBIX  METOJIOB  pemieHus  aud@epeHIranibHbIX

ypaBHEHMI OCHOBAHEI Ha NpeJIcTaBIeHny ypaBHenns (5.1) B suge  dy = f (X, Y)dX , 1
MOCJIETYIOIIEM €TI0 HHTETPUPOBAHUY B TIpeiesiax oT Xi 10 Xit+1:

Yin— ¥Yi= _[ f(x y)dx (6.4)
01041 ) “
Yin=Yit jf (x, y)dx . (6.5)

dopmyna (5.5) ABAAETCS UCXOAHBIM JJIs1 OOJIBITUHCTBA METOI0B. CaMU METO/IbI
B OCHOBHOM OTJIMYAIOTCS IO JONOJIHUTEIBHBIM MPEANOJIOKEHHUSIM, KOTOPBIE
MPUHUMAIOTCS TPY BBIYUCICHUM TPUPAIICHUS, 3aJJaHHOTO B MpaBod 4acTu (5.5) B
BH/JIE ONIPEJEIEHHOTO NHTETpaa.
MeTton Jiisiepa
Xis1
B wMerone Diinepa wuHTErpan If(x,y)dx B TmpaBod yactu ¢opmyisl (6.5)
Xi

BBIYHCJIACTCA C IIOMOIIIBIO (1)OpMy.HBI JICBBIX IIPAMOYTOJIBHUKOB!

Xi+1 Xi+1

I f(x, y)dx = J. F (%, i Jx = hf (x, ;). (6.6)

X X

Takum o6pazom, dhopmyna (5.4) Ternepb NPUMET BU/L;
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y|+1 yl + hf (XI ' yl )

MoaupuuupoBaHHbIA MeTO Jiliiepa

bonee TouHBIM sBASETCS MOAUMDUIIMPOBAHHBIM MeTOJ Jijiepa, B KOTOPOM

UCIIOJIb3yeTCs cleaytomias hopmyna:

hf h Y+ " l
Yii=Yi T { E i Ef(xiiyi)J-

Tabamnua 5.1. @opmyJisl uncjieHHoro pemenus QY.

MeTton
h= (b_a)|n, X, = a+ih, X, = X+h
Otinepa Yiu =Yt hf ( )
Diinepa
MOIU(DUITTPOBAHHBII Yia = Y; +hf (X +0. 5h)

Ditnepa-Komu

Yir =i +0.5h[f (x )+ f(x +h)]

Pynre-Kyttor 2

k= f(x) k,=f(x+h)
Yia =Y +0.5h(k, + k,)

Pynre-Kyttor 3

k,=f(x) k,=f(x+05h) ky=f(x+h)
Via =Y, +hk + 4k, + K;)/6

Pynre-Kyrter 4

k,=f(x) k,=ks=f(x +0.5h) k,=f(x+h)
Via =i +h(k + 2k, + 2k + k,)/6
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Tema 7. Pemienue nuppepeHunaabHbIX ypaBHEHU BTOPOIro NOPSIAKA.
JlaHHas Tema SBIISIETCS MTPOJOKEHUEM MPEBIAYIIEH U pacCMaTPUBAET
METO/Ibl YMCIIEHHOTO pelieHus TudPpepeHinanbHbIX YpaBHEHUH BTOPOTO MOPSIIKa.
[Tycts mano auddepeHimaipHOe ypaBHEHHE BTOPOTO MOpsiaKa B hopme
3amaun Komm:
( r_ (X r)
|y S X Y)Y
% y (X - y
0 0 , (7.1)
y06)=Ye

JI71st yrcneHHoro MHTErpupoBanus 3agaun (6.1) ero ciaeayer cHavasia mpeoOpa3oBaTh

K HOPMaJIbHOW CHCTEME BTOPOTO MopsiaKka. JIJist 3TOro BBEIEM CIICIYIOIINE
0003HAYECHUS:

y =f,(x.y.y'), (72)
Y TIOJTy4UM B OOIIIEM BUJIE CUCTEMY ypaBHeHUM (3agady Korm):
[y =f(x,y,Y)
Y =fyy) 79
pu:
{ y’éx = Y
y(x) =y . (7.4)
0 0

Takum o0Opa3oMm, BCE pPACCMOTPEHHBIE B MPEAbIAYIIEH padoTe YHCICHHBIC
MeTO/bl penieHus nudepeHnanbHbIX YPaBHEHUM TEPBOTO MOPSKAa MOTYT OBIThH
NpPUMEHEHBl U I perieHus audQepeHnnanbHbIX ypaBHEHUM BTOPOro MOPSJIKA.
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Monayas 3.

Tema 8. UuciieHHbIe METOAbI PELICHUS HEJIUHEHHBIX YPABHEHHUI.
[Iycts nano ypaBHeHUE
f(x)=0, 8.1)

rae ¢pynaknus f(X) onpenenena u HenpepbIBHA Ha HHTEpBaie a < X <D.

Oynkuuio f(X) HazpBalOT anreOpandyeckod (yHKIMEH, eCiau I MOJyYeHHS
3HaueHUA (QYHKIMM 1O JAaHHOMY X HEOOXOJMMO BBIOJHUTH apU(PMETHUUECKUE
orepal ¥ BO3BEJICHUE B CTEIEHb C PAllMOHAIBHBIM MokazareneM. OyHkuuoo f(x)
HA3bIBAIOT  TPAHCUEHICHTHOH, €CIM OHa  COJEPXKUT  JIOTapu(MUUYECKYIO,
MOKa3aTeNbHYI0, TPUTOHOMETPUYECKHE, OOpaTHbIE TPUTOHOMETPUUYECKUE U JIPYTHE
¢dbyukiuu. Ecnu B ypaBHeHue (7.1) BXOIAT TOJIBKO anreOpanueckue (yHKIUH, TO
ypaBHEHHE Ha3bIBalOT ajnredOpandeckumM. Eciu B 3anucu ypaBuenus (7.1) conepkutcs
TpaHCIeHACHTHAS QYHKIINS, TO YPaBHEHNE HA3bIBAIOT TPAHCIICHICHTHBIM.

Kopuem ypaBuenust (7.1) wim Hynem ¢ynkuuu f(X) HaspiBaeTcs BesKoe
3HaueHue &, oOpamatomiee ¢yuknuto f(X) B Hymp, To ectb Takoe, uto f(&) = 0,.
[Tpennonoxum, yto ypaBHeHue (7.1) uMeeT NUILb U30IUPOGAHHBIE KOPHU, TO €CTh
JUISL KaXJI0r0 KOPHS CYIIECTBYET OKpPECTHOCTb, HE COJAEp)Kallas IpPYrMX KOpHeH
3TOr0 ypaBHEHUS.

B o0miem cnyuae 3aa4a HaXOXKJACHUST BCEX MM HEKOTOPBIX KOPHEW YpaBHEHUS
(7.1) pacnagaeTcst Ha TpU NOA3aIAYU:

1. ompexaeneHune KOJIUYECTBA, XapaKTepa U PACIIOIOKEHUS KOPHEH;
2. HaxO0XJICHHUE MPUOIMKCHHBIX 3HAUCHUN KOPHEH;
3. BBIOOp HHTEpECYIONIMX KOpHEW M HaXOXKIEHHE HUX C 3aJaHHOU
TOYHOCTBIO.
byaem cuutath, yTOo ypaBHeHHE (7.1) MMEET TOJIBKO JAEUCTBUTENbHBIE KOPHHU.
Torma HaxoXaeHHE KOPHEH C 3aJaHHON TOYHOCTHIO HEOOXOAMMO TTPOBOANTH B JIBA
JTama:
1. otnmeneHwe  KOpHEH, T.e. HaAXOXACHHE JOCTAaTOYHO  MAaJIbIX
IIPOMEKYTKOB, B KOTOPBIX COJEPKHUTCS OJWH M TOJIHKO OJWH KOPCHb
JTAHHOTO YPaBHEHHS,
2. yYTOYHEHHE TPHUOIMKEHHBIX KOpHEH, T.€. HaXOXKJACHHE KOPHEH C
3aJITaHHOU TOYHOCTBIO.

[Tporiecc otaeneHuss KOpHEH MOKHO TMPOBOJUTH PA3TUUYHBIMHU CIIOCOOAMHU.
[Iupoko wucHoJb3yeMble CHOCOObI OTHENEHHS KOpHEM — rpapuyeckuil u
aHAJTUTUYECKUH (TaOIUYHBIN).

[Ipeanonoxxum, 4TO Mbl OTAETWIM KOpHU ypaBHeHus (7.1). nsg yTouHeHus
KOpHEW HCTOIB3YIOTCS pa3jMuHble MPHOIMKEHHBIE METONbI (METOJ MOJIOBUHHOTO
nenenus (OUCEeKIUK), METO T XOpa, MeToa HeloToHa (KacaTenbHBIX ), METOJ CEKYIIHX,
METOJ] UTepaIui).

Tema 9. Umuciaennble Meroabl MuHMMU3auuu. Haxo:kaeHue 3KCTpeMyMoOB
(pyHKuMit.
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[lpu pemieHnH pa3nuyHBIX (QU3MUECKUX 3alad YacTO CTAJIKHUBAIOTCA C
HCOOXOJMMOCTBIO HAXOXKJACHUS MHHUMAIBHOTO WM MAaKCHUMAaJIbHOTO 3HAUCHHS
HexoToporr pyHkmum Y = f(X). Tak xak npocroii 3ameHor ¢ynkmum f(X) Ha -f(X)
3ajjaya HaXOXKIEHUS MaKCMMyMa MOXXET OBITh 3aMEHEHa 3ajadyell HaXOXKICHUS
MHUHHMYyMa TO JOCTAaTOYHO PACCMOTPETh CIy4all mowcka MUHUMyMa (QyHKiuu. J{is
pelieHus TaHHOW 3a7aud aHAMTHYECKH YacTO BBIUMCISIOT mpousBoanyio f'(X) or
UCXOIHOW QPYHKIMHU U HaxomsT pemenue ypaBHeHus f'(X) = 0. B atom ciryuae 3amada
CBOAMTCS K Tpenpiaymieii. B OONBIIMHCTBE ClydaeB H3-3a CIOKHOCTH HCXOTHOM
(GyHKIIHY 3372492 HE TIOJJACTCS aHATUTHYECKOMY PEIICHUIO.

Takum oOpa3om, 3agaueil TaHHOW TEMbI SIBISCTCS HAXO0XJICHUE MHUHHUMYMOB
(nwmn MmakcumymoB) ¢yHKIUH f(X) Ha HEKoTOpoM HHTEpBae [a, b].

Touka MuHEMYMa & Ha3BIBACTCS JTOKAJIBHOM, CCIIH CYIIECTBYET OKPECTHOCTD
ITOM TOYKH O, VTSI KOTOPOH BBIMTOJIHACTCS yCIOBHE:

f(O)<f(x), vxe[é-6,E+68] xe[é-6.6+6] ()

Touka MmuHUMYMa & Ha3bIBaeTCS IJ100aJIBLHOM, €CITU JIJISI HEE BBIITOJTHACTCS

YCIJIOBHE:

f(&)< f(x)  wxe[E-6,E+5]  xelab]. 9.2)
Ecnu BMecTo 3HaKa HEpAaBEHCTBA WJIM PABEHCTBA CTOUT MPOCTO 3HAK HEPABEHCTBA, TO
TOBOPST, 4YTO ¢ SBISICTCS TOYKOH CTPOTOrO JIOKAJBHOTO WM TJI00AJBLHOTIO
muHuMmyma. Ha pucynke 8.1. touku &, &, &, & u &5 ABIAIOTCS TOUKAMHU JIOKaJIHHOTO
MUHUMYMa, a TOYKa & SBJISCTCS K TOMY K€ M TOYKOW IJI00aJbHOr0 MUHUMYyMa Ha
uHTepBae [a, b].

[Tpu HaxokAeHHUH MHUHUMYMa (PYHKIIMH, KaK U MPU PEIICHUH HETUHEHHBIX
YpaBHEHMI, BHAYalie CJIEAYyeT MPOBECTH JIOKaIM3alUI0, T.€. ONPEAENIUTh OTPE30K
JoKanu3auu [@, D], Ha KOTOpPOM CyIIECTBYET TOJBKO OJHA TOYKA JIOKAJIbHOTO
MUHHMYMa, a 3aT€M NPUCTYNHUTh K 3TaIly UTEPAlMOHHOTO YTOUHEHUSI.

OO6miero anaropuTMa OMNpeAcsiCHUsT OTpe3Ka JIOKAJIM3alMU HE CYIIECTBYET,
MOATOMY I KaXIOW OTIAEIBbHOW 3aJa4d MPOBOJAT €€ MPEABAPUTEIIbHBINA aHAIU3,
700 BBIYMCIISIIOT HA OCHOBE TAKOM )K€ 3aJ1auu, PEIICHHOUN paHee.

OmHUM M3 caMbIX TPOCTHIX CIOCOOOB JIOKATU3allMd MUHUMYyMa SIBJISICTCS
MeToq ceTOK. OH 3aKIIFOYAETCS B CIIEIYIOLIEM:

Ha otpeske [a, b] ctpoutcst paBHOMepHas ceTka U3 N TOYEK ¢ KOOPAWHATAMHU
X0, X1, « .., Xn. [IpH 9TOM KOOpJIMHATHI TOYEK BBIUYUCIISIOTCS 1O (hopMyJIe:

X;=a+ih, 1=0,1 2,...n (9.3)

rIe h:(b—a)\n,

Beruncnsitores 3HaueHus QyHKIuM B y3nax  f(x; ). Ecau mist kakoi-To TOYKH
BBITIOJIHSIETCS YCIIOBHE:
f(x%.,)> f(x)< f(x,), i=1,2.., n-1 (9.4)
TO HA UHTEPBAJIE [Xj.1, Xj+1] HAXOUTCS JIOKATbHBIN MUHUMYM.

Ecnu ycnosue (8.4) BBINOJHUTCS 1J11 HECKOJIBKUX TOYEK, TO HA UHTEPBAJIC
OyIlyT pacnoJiaratbCsi HECKOJbKO JIOKAJIbHBIX MUHUMYMOB. B 3TOM ciydae cienyer
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IIPOBECTH MPOIIEAYPY YTOUHEHHUE ISl KaXKI0H OTACIBHON 00JIaCTH JTIOKATH3AIIH.
BcnencTBue 4ero Mbl HaiieM HECKOJIBKO JTOKATbHBIX MUHUMYMOB &1, &, ... &y,
Ecnu B 3amaue TpeOyeTcs HAlTH TakkKe U TOUKY T7100aIbHOTO MUHUMYMA, TO
CpPEear HAWJAEHHBIX 3HAYEHUM JIOKAJIbHOTO MUHUMYMA HaJI0 HAWTH HAUMEHBIIEE.
MeTo1pI NTEPAIMOHHOTO YTOYHEHUS YCIIOBHO JIENSITCS HA TPU TPYIIITHL:
1. K mepBoii rpymnme OTHOCATCS METOJbI, OCHOBAHHBIC Ha BBIUYMCICHHUU
3HA4YeHUH Ik camoi pyHknuu f(X) (MeToabl HyJIeBOTr0O MOpsiiKa);
2. Bropywo Tpynmy COCTaBISIFOT METOJbI, OCHOBAaHHBIC HA BBIYUCICHHUU
3HaYeHWH Kak camoil ¢yHkiuu f(X), Tak u ee mepBoit mpousBoaHOU f1X)
(MeTOaBI IEPBOTO MOPSIAKA);
3. Tperplo TpymIy COCTABJIAIOT METOJIbI, HCIIOJB3YIONIME 3HAUYCHUS
¢GyHknuu, ee mepBoil u Bropoi mpousBogHoM f(X) m fX) (MeTombI
BTOPOTO MOPSIAKA).
[lpu HaxoxaeHnn MuHUMYMOB ¢yHknuu f(X) Oymem mnpeamonarath, 4ToO
¢byHKkIHs Ha oTpe3ke [a, b] HempephIBHA U SIBJIIETCS YHUMOJAIbHOW. [1ycTh yHKIIHS
f(X) ompenenena Ha oTpe3ke JOKamu3anuu [, D] ¢ OOHOW TOYKOHW JIOKAJIBHOTO

muHuMmyMa &, Ecim ciieBa oT TOYKM MUHUMYMa (YHKIIHS CTPOTO YOBIBAeT, a cripaBa
CTPOr0 BO3PACTAET, T.€. BBIIIOJIHACTCS YCIOBHE:

{f(xi)>f6)§?, npu as<x<xs <& | (9.5)

Lf(xi)< fx,, npu E<x<x<b
TO Takas QyHKIIMS HA3bIBACTCA YHUMOIAJLHOM.

PaccMoTpuM HEKOTOpbIE METOMIBI PEIICHHs 3aJadydl MUHUMH3AIUU OoJiee
noapo6Ho. I[Ipu 3TomM Oyaem paccMaTpuBaTh TOJIBKO METOMBI HyJeBOro mopsjaka. K
HUM OTHOCSTCS:

e Mertoj ceToK (ONTUMANILHO MACCUBHBIN MOUCK);
e AnroputrMm CBeHHa;

e Meroa AeneHus: 0Tpe3Ka MonoJiaM (JIUXOTOMUU);
e MeTo/1 30JI0TOTO CEUEHUS.

Tema 10. YUncsieHHble MeTOABI MUHUMM3AIUN GYHKIMHA MHOTHX IIePeMEHHBIX.
CumMiLieKcHbIii MeTo/.

[IpaBUIbHBIM CUMILIEKCOM B MPOCTPAHCTBE E,, HA3bIBA€TCSI MHOXKECTBO U3 N +1
pPaBHOYAAJIEHHBIX JIPYT OT Apyra TouekK (BepIIMH cuMiuiekca). [Ipu aTom oTpe3ox,
COCIMHSIONINI IBE BEPIINHBI, HA3bIBACTCS PEOPOM CUMILICKCA.

B mnpoctpanctBe E; (Ha TMJIOCKOCTH) TMPaBUIBHBIM CHMIUIEKCOM SIBJISIETCS
COBOKYITHOCTh BEPIIMH PaBHOCTOPOHHETO TpeyroibHuka, B E3z (B TpexmepHou
CHUCTEeME KOOPJIMHAT) — PaBUJILHOTO TeTpadapa. Eciu x° — onHa u3 BEPILINH
MPaBUJIBHOTO CUMILIEKCA B E, TO KOOpAMHATHI OCTaIbHBIX N BEPIINH Xl,...,Xn MOKHO
HalTh o popmynam: X o

x‘jz{[inerl’ I;tj (10.1)
| X +d,, i=],

rIe
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g - Jn+l-1 g ==l 0 | - iimnape6pa.
rk/g 2 n2
Hanpumep, B ciiyyae IByMEpHON CUCTEMBI CHMILIEKC OYJET MPEACTABIIATh
co0O0# TpU TOYKHU C KOOPAHHATAMM:
Xo Yo 3_-1
y=y+7— 1, (10.2)

xl=x0+\f¢+ll oo é\f

x=x+xﬁ—1| y=y+ x@+1|
2 0 o 2 N 2
B citydae TpeXMepHO# CHCTEMBI YEThIPE TOUKH:

XO yO ZO

X1=Xo+i Vi=Yo +L 2,=1, +L
32 32 32

X, =XO+L| y2=yo+il Z,=17,+ LI ’ (103)
32 32 2

Xe,:xoJrj Y:=Yo +L ;=1, +L
32 32 32

Bepumuy X° cuMIIIeKca, ocTpoeHHoro mo dopmytam (8.16) u (8.17), gacto
Ha3bIBAIOT 0A30BOM.

B anroputmMe CHUMIUIEKCHOTO METOAAa MCIOJB3YeTCS CIEIYIONIee Ba)KHOE
CBOMCTBO MPaBUJILHOTO cUMIUIEKca. [0 M3BECTHOMY CHMIUIEKCY MOYKHO TOCTPOUTH
HOBBIIl CHMILICKC OTPaXCHHEM KaKON-IMGO BEpIIMHbI, HAIPUMED X', CHMMETPHYHO
OTHOCHTEJIEHO HEHTPA TSHKECTH X© OCTATBHBIX BEPIIMH CHMILIEKCA.

Hosas BepimHa HaxoauTcs o popmyrie:

x=2x° —x* (10.4)

xC:EZx_
n |

izk

B pesynbTaTe momy4yaeTcsi HOBbIM MPaBUJIbHBIA CUMIUIEKC C TEM K€ peOpoM U

rae

BEPIIMHAMHA {*k, xi}, 1=0, .., n, izk. Takum 00pa3om, MPOUCXOANUT MEPEMEIICHUEC
CHMILJICKCa B IpocTpaHcTse E.

Ha pucyHke mpencTaBiieHa WJUIIOCTPALMS 3TOTO CBOWCTBA CHUMIUICKCA B
IpocTpaHcTBe E, .

[Touck ToukM MUHUMYMa QYHKIIUU f (X) C IOMOILBIO TPABWIBHBIX CHMIUIEKCOB

MPOU3BOJIAT CIEMyONUM 00pa3oM. Ha kakmoil urepannu CpaBHUBAIOTCS 3HAYCHUS
f(x) B BEpIIMHAaX CHUMIUIEKCA. 3aTEM NPOBOJAAT OIMCAHHYIO BBILIE MPOLEAYPY

OTpaKEHUS JJIsl TOW BEPIIMHBI, B KOTOPol  f(x) MpHUHMUMAeT HauOOJIbIlEe 3HAUCHUE.
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Ecnu B OTpakeHHOM BepUIMHE TOJydaeTcss MeEHblee 3HaueHue (QYHKIUHU, TO
MEPEXOISAT K HOBOMY CUMIUIEKCY. B MPOTUBHOM cilydae BBINOJIHSIOT €€ OJIHY
TIOIBITKY OTPAKCHHUSA JIJIsl BEPIIMHEI CO CIEAYIOIIUM I10 BETUYMHE 3HAYCHUEM £ (x).
Ecnu u oHa He MPUBOAUT K YMEHBILIEHUIO (DYHKIIUH, TO COKPAIIAIOT JUTHHY pedpa
CUMIUIEKCa, HAIPUMED, BJIBOE U CTPOSIT HOBBIM CUMILIEKC C 3TUM PeOpOM.

B kauecTBe 6a30B0il BHIGHPAIOT Ty BEPIIMHY X° CTAPOTO CUMILIEKCA, B
KOTOpOH (YHKIMS MPUHUMAET MUHUMAalbHOE 3HaueHue. [IoMcKk TOYKM MHUHMMyMa
f(x) 3akaHuMBaIOT, Korma JMOO pebpo CUMIUIEKca, JMOO PasHOCTh MEKIY
3HAYCHUAMH (PYHKIIMU B BEPIIMHAX CUMILUIEKCA CTAHOBATCS IOCTATOYHO MaJIbIMHU.
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5. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

[Ipy w3ydeHun JUCHUIUIMHBL «YMCIeHHbIE MeTOAbI B (usuke»
OPUMEHSIOTCS  CIEAyIoIUe HUHPOPMALMOHHBIE  TEXHOJIOTMHM:  aKTUBHBIE W
WHTEPAKTUBHbIE (POPMBI, JIEKIIMH, MPAKTUYECKUE 3aHSATHS, KOHTPOJIbHBIE PaOOTHI,
KOJUIOKBHUYMBI, 3a4€Thl U 3K3aMEHbI, KOMIIBIOTEPBL. B TedueHue cemectpa CTyIEHTHI
pelaroT 3aJlauv, yKa3aHHbIC MPENoJaBaTeiieM, K KaXJIOMy ceMuHapy. B cemectpe
MPOBOJISATCA KOHTPOJIbHBIE palbOTHl (HAa ceMUHapax). 3ayeT BBICTABISETCS IOCIE
pelieHusi BceX 3a7a4  KOHTPOJBHBIX pabOT, BBINOJIHEHHS JOMAIIHUX U
CaMOCTOSTENbHBIX PadoT.

[Ipy npoBeneHUM 3aHATHM  UCIOJIB3YIOTCS  KOMIIBIOTEPHBIE  KJIACCHI,
OCHAICHHBIE  COBPEMEHHOM KOMIIBIOTEpPHOM  TeXHUKOW. llpum  w3noxeHun
TEOPETHUYECKOTO MaTepualia MCIOJb3yEeTCAd JIEKIIMOHHBIA 3all, OCHAIICHHBIN
MYJIbTUMEIHNA MPOEKIUOHHBIM 000PY0BAHUEM M HHTEPAKTHUBHOM TOCKOM.

[Io BceMy JEKIMOHHOMY MATEpHANy IOATOTOBIEH KOHCIIEKT JEKIMU B
AJIEKTPOHHOM (opMe U Ha OyMa)kHOM HOCHUTENE, OOJblllas 4acTb TEOPETUUYECKOTO
MaTepuaia H3jaraercsi ¢ MPUMEHEHMEM CIaifoB (Mpe3eHTanuii) B IMporpaMme
PowerPoint, a Taxxe ¢ UCTIOIb30BaHUEM HHTEPAKTUBHBIX JTOCOK.

OOyuaromye ¥ KOHTPOJUPYIOLIME MOAYJIM BHEAPEHBI B yuyeOHBIN Mpolecc U
pa3sMeLIeHbI Ha Obpa3oBareabHOM cepsepe JlarrocyHuBepcuTeTa
(http://edu.icc.dgu.ru), K KOTOPHIM CTYJCHTBI HIMEIOT CBOOOIHBIH TOCTYII.

B pamkax mpakTHUeCKMX 3aHATHA HCIOJB3YETCS yMEHUE CTYACHTOB
MPOU3BOANTH PACUYETHl C TOMOIIBIO CPEJACTB BBIYHUCIUTEIBHON TEXHUKH. OITO
MO3BOJISIET  CYIIECTBEHHO TPHOJU3UTh YPOBEHb CTATUCTUYECKOW  KYJIBTYPBI
00pabOTKM PE3yNbTaTOB M3MEPEHUU B MPaKTHUKyME K COBPEMEHHBIM CTaHIApTaM,
MPUHATHIM B HAayKe MW TMPOM3BOACTBEHHON JesATeIbHOCTH. Ha 3TuX 3aHATHAX
CTYJIEHTBI 3aKpeIUIAIOT HaBbIKU, OMNBIT oOmeHus ¢ OBM u wucnoab30BaHUS
CTaTUCTUYECKUX METOJI0B 0OpaOOTKH pe3yJbTaTOB HAOJIOJICHUM, YTO COBEPIIECHHO
HeoOXxoauMo it paboThl B CIENUATBHBIX YYEOHBIX ¥ TPOU3BOJICTBEHHBIX
nabopaTopusx

JI71st MOATOTOBKY K MPAKTHYECKUM (CEMHUHAPCKUM) 3aHATUSIM HM3aHbI y4eOHO-
METOJAMYECKUE TMOCOOUs, KOTOphIE B COYETAaHUM C BHEAYJUTOPHOW pabOTOM
CIIOCOOCTBYIOT  (DOPMHUPOBAHMI0O W  Pa3BUTUA MNPO(ECCHOHAIBHBIX  HABBIKOB
00yJaroIMXcs.

Inexkmpounstit yyeonuk. VIMeoTcs U UCHONB3YIOTCS B yuyeOHOM Ipoliecce
AJIEKTPOHHBIE YYEOHUKU 10 JUCHUIIINHE «YuceHHble MeToAbl B (PU3MKe.
DJIGKTPOHHBIM ~ y4eOHMK TpeAHa3HAuY€H JUIi  CAMOCTOSITEIBHOTO — M3Yy4eHUs
TEOPETUYECKOr0 MaTepuana Kypca M TOCTPOEH Ha THUIEPTEKCTOBOM OCHOBE,
MO3BOJISONIEH paboTaTh 1O HWHIMBHUIYAIbHOW 0OO0pa30BaTENbHOM TPACKTOPHUHU.
['uneprekcToBas CTPYKTypa IMO3BOJSET OOYy4YaloOIIEeMyCs OMNPENETUTh HE TOJBKO
ONTUMAJIbHYIO TPACKTOPHUIO M3YYEHHUs MaTepualia, HO U yAOOHBIA TeMil paboThl, U
CIocOo0 M3JI0KEHUS MaTepurara.
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Komnviomepnaa mecmupyowas cucmema. Pa3paboTana M BHeIpeHa B
y4eOHBIN MPOIecCC KOMITbIOTEPHASI TECTUPYIOIIAsi CUCTEMa, KOTOpasi 00eCceunBaeT, C
OJIHOM CTOPOHBI, BO3MOKHOCTh CAMOKOHTPOJIA JIJIs1 00y4aemMoro, a ¢ Apyroi CTOPOHBI
UCITOJIB3YETCS 111 TEKYILETrO WIIM UTOIOBOI'O KOHTPOJISA 3HAHUI CTYIEHTOB.

Ilpezenmayun. PazpaboTaH 3JEKTPOHHBIM KypC JIEKIMH MO BCEM TeMaM, C
UCIIOJIb30BAaHUEM  DJICKTPOHHBIX  Mpe3eHTauuil. YTo  yiyumaer BOCHpUSITHE
MaTepuaa, MOBbIIIAeT MOTUBALIUIO MO3HABATEIBLHOM NIEATEbHOCTH U CIIOCOOCTBYET
TBOPUYECKOMY XapakTepy oOydeHHUsI.

Yueono-uccneoosamenvcxkan padoma. B npouecce M3ydeHUS OUCHUILIAHBI
UCIIOJIb3yeTCsl JaHHasg (opMa MPAKTUYECKOW CaMOCTOATEIbHON paboThl CTYAEHTA,
NO3BOJISIONIAS  CTYAEHTaM H3y4yaTh HAay4YHO-TEXHUYECKYI0 HH(POpPMALUIO o
3aJIaHHOM TeMe, MOJEIMPOBATh MPOLECCHI, TPOBOJIUTH PACUETHI MO pa3pabOTaHHOMY
anroputMy ¢ npuMeHeHneM OBM U cepTHPUUMPOBAHHOTO NPOrPAMMHOIO
oOecrieueHusi, y4yacTBOBAaTb B OKCIIEPMMEHTAax, AHAJIM3HPOBATH W 00padaThIBAThH
IIOJIyYEHHBIE PE3yJbTaThl. Pe3ysbTaThl UCCIECIOBAHUN MPEACTABIIAKOTC HA HAy4HO-
IPAKTUYECKUX KOH(PEPEHIUAX.

JUis yCBOEHMsI JTMCUMIUIMHBI HCIOJNb3YIOTCS 3JEKTPOHHBbIE 0a3bl y4yeOHO-
METOJIMYECKUX PECYPCOB, DJIEKTPOHHbBIE ONOINOTEKH.

VYienpHBIA BEC 3aHATHM, TNPOBOJAMMBIX B HHTEPAKTUBHBIX (opmax, ¢
MCIIOJIb30BAHUEM COBPEMEHHBIX KOMITBIOTEPHBIX CPEJICTB O0YyUEHHUS U IEMOHCTPALIMH
B yueOHOM mipoiiecce cocTanisieT He MeHee 40% JIeKIIMOHHBIX 3aHSITHH.

6. YueOHo-MeTOAUYECKOE 00ecTIiedeHre CAMOCTOSITEILHOM PadoThI CTY/1E€HTOB.

B Teuenue cemectpa CTyA€HTHI BBITOJHSIOT:
e JOMallHUE 3aJaHus, BBINOJHEHUE KOTOPHIX KOHTPOJIUPYETCS U TIpU
HEO0OXOMMOCTU 00CYKIaeTCs Ha MPAKTUUECKUX 3aHSATHUSX;

® TMPOMEKYTOYHBIC KOHTPOJIbHBIE PA0OOTHI BO BpEMs MPAKTHUECKUX 3aHATHI IS
BBISIBJICHHS CTETIEHN YCBOCHUS MPOUIEHHOIO MaTEpHAIIA;

® BBINOJHEHUE UTOTOBOI KOHTPOJIBHOU PAOOTHI MO MPAKTUYECKUM 3aHSATUSM,
OXBAaTbhIBAOIINE 0Aa30BbIE BOIIPOCHI Kypca: B KOHIIE CEMECTPA.

Hmozoswvlit kommpoap: 3auem B KOHLE CEMECTPA, BKIIOUYAIOMIMN IPOBEPKY
TEOPETUYECKUX 3HAHUM W YMEHHE PEUIEHHUS 3aJad MO0 BCEMY MPOUJICHHOMY
Marepuany.

6.1 YueGHo-MeTOAMYECKOE 0OeciedeHre CAaMOCTOSATEIbHOI PadoThI
CTYJIEHTOB.

Buowt u nopaook evitnoinenus camocmoamenvHol padoomal:

1. V3ydeHne peKOMEHJ0BaHHOM JINTEpaTyphl
2. Ilouck B UHTEpHETE TONOJHUTEIHLHOTO MaTepuana
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3. IloxaroroBka pedepara (0 5 crpanuir), mpe3eHTauu 1 gokiaana (10-15
MUHYT)
4. TloaroToBka K 3a4ery.

OueHo4YHbIE CpENCTBA ISl TEKYIIEr0 KOHTPOJS YCIEBAEMOCTH, MPOMEKYTOUHON
aTTeCTallMM MO HWTOraM OCBOEHUS JUCHUIUIMHBI M y4eOHO-METOAMYECKOE

o0ecrieueHrne caMOCTOSITENNbHOM PabOThI CTYJICHTOB:

Buowt u nopaook evinoinenus camocmoamenvHol paoomaol:

Ne Bua camocrosiTeaLHOM YyeoHo-mMeToau4.
Buja koHTpOJIS
n/n padoThI olecneyeHue
1. [TonroroBka pedepara (o | Ilpuem pedepara, | Cm. paznensi 6.1, 6.2
5 cTpaHull), Mpe3eHTAuN MpEe3CHTAlMKM,  JIOKJIaJga U | H 7 JTAHHOTO
u goxmnanaa (10-15 munyr) OIIEHKa KauecTBa MX JIOKYMEHTa
WCTIOTHEHUS Ha MUHU-
KOH(EPEHIINH.
2. IToaroroBska k 3auery [Ipomexxyrounas arrectrausi B | CM. pa3nenst 6.3, 6.4
(dhopme 3ayeTa. u 7 JTAHHOTO
JOKYMEHTa

1. Texywmuii kouTposib: IIpuem pedepara, npe3eHTalMK, JOKIaAa U OLEHKA
KauyecTBa X UCIOJIHEHUS] HA MUHU-KOH(EepEeHLINH.
2. llpomexyTtouHas aTTecTanus B popMe 3adera.

Tekywuii KOHmMpPOp YCIIEBAEMOCTH OCYILIECTBIISIETCS HEIPEPBIBHO, HA
NPOTSKEHUH Bcero Kypcea. lIpexae Bcero, 3To yCTHBIA ONPOC MO XOIYy JIEKIIWH,
BBITIOJIHSEMBIN ISl ONEPATUBHON aKTMBHU3alMM BHUMAHMS CTYJEHTOB M OLIEHKH MX
YPOBHSI BOCHPUATHS. Pe3yiapTaThl YCTHOTO ONpOCAa YYUTHIBAIOTCA IMpPU BBIOOpE
’K3aMEHaLMOHHOro Bompoca. [IpumepHO C mATON Henmenu ceMmecTtpa — B (hopme
KOHTPOJISI CaMOCTOSITENIbHOM paboThl MO TOATOTOBKE pedepaToB, COACpKAHHE
KOTOPBIX OyJIeT MpeICTaBIECHO MyOJIMYHO Ha MUHU-KOH(EPEHUIMH U COTPOBOKIEHO
npe3eHTalreld 1 HeOOJbIITUMHU TE3UCAMHU B 3JIEKTPOHHOU (opme.

Br160p TeMbl pedepara coraacyercs ¢ JIEKTOPOM.

[IpakTukyercs ABa TUMAa TEM — CaMOCTOATENIbHOE H3yYE€HHUE KOHKPETHOMH
po0IeMbl WM O3HAKOMJIEHUE C YYEOHBIM JUCTAHIIMOHHBIM KypCOM MO TEME Kypca.
Pe3ynbrarhl caMoCTOATENBHONW PaOOTHI UTPAIOT POJIb JOMYCKA K HK3aMEHY.

Ilpomesrncymounana ammecmavyusn:
Jns  momycka K 3aueTy HAIJICKHUT CHenaTh COOOICHWE Ha MHHH-
KoH(epeHIInn, TPEeICTaBUTh MPE3EHTAIUIO0 U COOCTBEHHO TEKCT pedepara.
3adeT mpOXOIUT B YCTHOUM (popme B BHZIE OTBETOB Ha OWJIETHI U, €CITU MMOHATO0OUTCS,
TO Ha JOIMOJHHUTEIbHBIE KOHTPOJILHBIE BOMPOCHI, KOTOPHIC 3a/1a€T dK3aMEHATOpP MpHU
HEOOXOIMMOCTH YTOYHUTH OIICHKY.
e OIeHKA «OTJIMYHO» CTABUTCS 32 YBEPEHHOE BJIAJICHWE MaTepHaIOM Kypca U
JIEMOHCTPAIIMIO CIIOCOOHOCTH CaMOCTOSITENIbHO aHAM3UPOBATh  BOIMPOCHI
NPUMEHEHUS U pa3BUTHsI COBpeMeHHbIX UT.

L OHCHKa «XOopomro» CTaBUTCA IIPHU IMOJHOM BBIIIOJHCHHUU TpC6OBaHI/Iﬁ K IIpo-
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XOXKIEHUIO Kypca U YMEHUH OPUEHTUPOBATHCS B U3yYEHHOM MaTepHalle.

e OuEHKa «yIOBIETBOPUTEIBHO» CTABUTCS IPU JTOCTATOYHOM BBIIIOJIHEHUHU
TpeOOBaHUI K MPOXOXKIACHHUIO Kypca U BIaJICHUU KOHKPETHBIMH 3HAHUSMHU TIO
IIporpaMMe Kypca.

e OreHKa «HEYAOBIECTBOPUTEIBHO» CTABUTCA, €CIM TPEOOBAaHUS K MPOXOXKIe-
HUIO Kypca HE BBIIIOJHEHBl W CTYJEHT HE MOXKET II0Ka3aTb BIIAJICHUE
MaTepHaoM Kypca.

6.2 HepequL y‘lEﬁHO-MeTOIlI/I‘leCKOI‘O o0ecrneyeHus AJIA CaMOCTOSITEJILHOM
paﬁoTbI Oﬁy‘lalOlHI/IXCﬂ o ATMCIOMIIJIMHE.

Tematnka pedepaToB €XKErogHO MOABEPraeTCs MEPecMOTPy U OOHOBIICHHUIO
COOTBETCTBCHHO TOSIBJICHHIO HOBBIX MEPCIEKTHBHBIX CPEICTB M METOJIOB PaOOTHI C
unpopmarueit. [lpennaraerca ciaemyromuii COUCOK pedeparoB, KOTOPHIH MOMKET
OBITH PAcIIUPEH U YTOYHEH MPU 00CYKACHUN U KOHKPETU3AIIUU CO CTYJACHTaMHU.

6.3. [Ilpumepnl Tem pedepaTos.

MeTton HaMMEHBIIUX KBAIPATOB.

HMHTEepnonsunOHHBIA MHOTOWIEH Jlarpanxa.

Hucnennoe unrerpupoanue merogom Monre-Kapio.

Mertonst Pynre-Kyrtra mist pemmenust auddepeHimaibHbIX YPaBHEHHM.
Pemenue quddepenuumanbHbIX ypaBHEHUN BTOPOTO NOPSAIKA METOAOM
Pynre-Kyrra.

YucneHHbIe METOIbI PEIICHUS] HETMHENHBIX YPABHCHUH.

o Munumuzanus QyHKIHNT MHOTUX IepeMeHHbIX. COBPEeMEHHBIE METOIbI.

6.4. PexoMeHIaUM K MOCJI€10BAaTEJIbHOCTH BhINOJIHEHUs pedepara.
A) Nzydyenue npobieMsl 1o MaTepuaiiaM, T0CTymHbIM B IHTepHeTe:
1. CornacoBaTh Ha3BaHHE COOOIECHHUS.
2. Hanucats Te3uchl pedepara mo teme.
3. BeIpa3uth, yem HHTEpEeCHA BHIOpAHHAS TeMa B HAIIIM JTHHU.
4. TloaroTOBUTH MPE3EHTAIMIO 110 BEIOPAHHOM TeMe.
5. Cnenathb cOOOIICHHE HA MUHU-KOH(EPECHITHH.
b) O3HakomieHuE ¢ 3aJaHHBIM AUCTAHIIMOHHBIM KYpPCOM:
1. IIpeacTaBUTh OCHOBHBIE UAEH 33JIAaHHOTO Kypca.
2. OmnucaTh JOCTOMHCTBA U HEJOCTATKU MaTepuasia, M3J0KEHHOTO B TAHHOM
Kypce.
Hanucats 0T3bIB HA JaHHBIN KypC.
CdopMmynupoBaTh peKOMEHAAIMH 10 TPUMEHEHHUIO JAHHOTO Kypca.
Crnenath coOOIIEHHE O COJIEPKAaHUU Kypca Ha MUHU-KOH(EepEeHIIUH.

ok w
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1. @OoH/I OLEHOYHBIX CPEACTB /IS TNPOBeJeHHS TEKYIIero KOHTPOJs
yCIIeBaeMOCTH, TNPOMEKYTOYHOH  aTTecTallMd 1O  HMTOraM  OCBOEHWHSs
AUCIHUILINHBI.

7.1. TunoBble KOHTPOJIbHbIE 3aIAHUSA

1. Ywucnennsie meTobl B pusnke. [locranoBka 3amaun. KoppekTHOCTE 3a1a4mu.

[TorpemHocTH BoIYUCIEHHUH. AOCONIOTHAS M OTHOCUTENbHAS MOTPEIIHOCTb.

[Tpubnmxenue Gyukuuii. Uatepnonsuus ¢yakauii. [Togdbop smmnupuueckux

bopmyiL.

KBagpaTtuuHas HHTEPIIOSAIIUS.

NHTepnonssunoHHbIi MHOrOWIEeH Jlarpanxa.

Arnmnpokcumanust GyHKIuH. MeTo; HAaMMEHBIITUX KBaIPaTOB.

MeTo1bl YHCIIEHHOTO UHTETPUPOBAHUS.

Meton npsIMOYTOJIbHUKOB.

Meron Tpanenui.

0. Merox CumrncoHna.

11. Meroabl 4YMCIIEHHOTO HHTerpupoBanusi. Meron Monte-Kapio.

12. YwucrmeHHbIE  METONIBI  pemieHUusT  OOBIKHOBEHHBIX  JU(QepeHITMaTBEHBIX
YPaBHECHUM.

13. Pemenue nuddepeHnmanbHbIX ypaBHEHU BTOPOTO MOPSIIKA.

14. Meronsl Pynre-Kytra qis pemenust auddepeHunanbHbIX ypaBHEHHM.

15. YwucneHHbIEe METO/IbI pELICHUS! HEJTMHEHHBIX YPABHEHHI.

16. Meronx HproToHa (kacaTelbHBIX ). METOI CeKYyIINX.

17. Yucnennsie MeTOabl MUHUMU3ALIMU. HaxoxaeHne sKCTpeMyMOB (QyHKIIHIA.

18. Haxoxnenue skctpemymoB QpyHkiui. Anroputm CBena. MeTo 30J10TOTo
CEUCHMS.

19. YucnenHnble METOABl MUHUMH3AIMU  (QYHKIMA MHOTHUX  TEPEMEHHBIX.
CHUMIIIEKCHBIE METO/IBI.

20. Cummnexcubiii Mmeton Hennepa-Muna.

W
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7.2. Meroauyeckue MaTepuasibl, ONpeleJsilOIe NPOUEeIyPyY OLEHUBAHUS
3HAHMH, YMEHUH, HABBIKOB M (WIH) ONbITA JeATEJbHOCTH, XaPAKTEPU3YyOUIHUX
Tanbl POPMUPOBAHUA KOMIIETCHIM M.

OOmwmii pe3ynbTaT BRIBOIUTCS KaK HHTETPaIbHAS OIICHKA, CKIIAIBIBAIOIIAS U3
TeKyI1ero KoHTpoust -60% u npomexxyTouHoro KoHTposis -40%.

Tekylmunii KOHTPOJIb 10 TUCLMIUIMHE BKIIIOYACT:

- mocenienue 3aasaTuii -10 6aios,

- y4acTHE Ha MPAKTUIECKUX 3aHATUAX -200a10B,

- BBITIOJTHEHHE JTA0OOPATOPHBIX 3a1aHuii -200aoB,

- BBITIOJTHEHHE IOMAITHUX (ayIUTOPHBIX) KOHTPOJBHBIX paboT -10 6amioB..
[TpoMeKyTOUHBII KOHTPOJIb MO TUCITUTLINHE BKIFOYACT:

- YCTHBIN onpoc -2006a10B,

- MUCbMEHHAs KOHTpOJbHas padota — 10 6amos,

- rectupoBanue -10  Gamios
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8. YueOHO-MeTOANUYECKOE o0ecneyeHue TUCIUIIINHBI.

ok

0) ocHOBHAs JIMTEpPaTypa:

1. 3amu3nsak B.E. OcCHOBBI HayyHbBIX BBIYHMCIICHHW. BBelE€HHE B UHCIEHHBIE
METOJIBI JTsl PU3UKOB M MHXKEHEPOB [DekTpoHHbIN pecype]/ B.E. 3anuznsk.
— OJEeKTpPOH. TEKCTOBble naHHble. — MockBa, MxeBck: PerymspHas wu
XaoTUYeCcKasi TUHaMuKa, V>KeBCKU MHCTUTYT KOMIIBIOTEPHBIX UCCIIEI0BAHUM,
2006 — 264 c¢. — 5-93972-482-5. — Pexum qocryna:
http://www.iprbookshop.ru/16588.html

2. Unbuna B.A. Yucnennesie Metoisl s (U3UMKOB-TeOpeTHKoB. YacTh 2
[Dnektponnsiii pecypc] / B.A. Wneuna, ILK. CumaeB. — DIeKTpoH.
TEKCTOBbIE JaHHble. — MockBa, lbkeBck: PerymspHas u XaoThuyeckas
TUHaMHKa, MKeBCKUH MHCTUTYT KOMIIBIOTEPHBIX HccieaoBanui, 2004, — 118
C. — 5-93972-320-9. — Pexum JOCTyTIa:
http://www.iprbookshop.ru/16660.html

0) AoNOJIHMTE/IbHAs JIUTEepaTypa:

baxsanos H.C., Xuakos H.I1., Kobenskos I'.I". Uncnennsie MeTOABI. 8-¢ U3,
— M.: JIaboparopus bazosbix 3nannii, 2000. — 624c.

Jlo6anor A.W., Iletpos W.b. Beraucnutenbabie METOIBI TSI aHATN3a MO
CJIOKHBIX IMHaMHuueckux cuctem. Yacts 1. — M.: MOTHU, 2000. — 168c.
Kocapes B.1. 12 neknuii no BEIYUCIUTENbHON MaTemaTuke. 2 u3a. — M.: U3 a-
Bo M®TH, 2000. — 224c.

K. bungep. Metonst Monte-Kapio B cratuctuueckoit gusuke. M. 1982 1.
B.M. 3amanun wu napyrue. Meroaer Monte-Kapimo B cratucTHueckon
tepMoauHamuke. M. 1977 r.

Okcnepument Ha guciuiee. Cepusi -Kubephnetmka — HeorpaHUYEHHBIC
BO3MOKHOCTH 1 BO3MO>KHbIe orpanudenusil. M. 1989 r.

7. MaromenoB M.A., MyprazaeB A.K., Xuspues K.III. Yucnenusie MeToanl B
busuke. YueOHO-MeTomnueckoe nmocodue. — Maxaukana: 2007. — 50c.

8. Myprazaes A.K., MaromenoB I'.M., PamazanoB M.K., MaromenoB M.A.,
MeTonpl 4YHUCIEHHOTO JKCIepuMeHTa B ¢usnke. YdeOHOe mocobue. —
Maxaukaina: 2009. — 58c.

9. X. TI'yng, S. Tobounuk. KomnbrotepHoe MmoaenupoBanue B pusuke. M. 1990 r.
1. 1-2;

10.K. bungep, H.B. Xeepman. MopaenupoBanue merogom Monte-Kapno B
cTaTucTuieckout pusuke. M. 1995r.

11.1.B. XeepmaH. MeToapl KOMIBIOTEPHOTO 3KCHEPUMEHTa B TEOPETHUECKOM
¢dbusuke. M. 1990 r.

12.C. Kynun. Beruncnurensnas ¢usuka M. 1992 r.

13.lemunoBuu b.I1., Mapon N.A. OCHOBBI BBIYUCIUTEIILHON MaTeMaTUKH. M.:
Hayxa, 1970.

14. Typuak JI.W. OcHoBbl unciaeHHbix MeTo10B. M.: Hayka, 1987. 320c.
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http://www.iprbookshop.ru/16588.html
http://www.iprbookshop.ru/16660.html

15.Ps6enpkuit B.C. BBeaenue B BRIUMCIUTENIbHYIO MaTeMaTuKy. — M/: Hayka-
duszmatiut, 1994. — 335¢. 2-e u3n. M: @usmatiut, 2000. — 296 c.

16.Denopenko P.I1. Beenenne B BerancauTenbay0 Gusuky. — M.: M31-BO
M®THU, 1994. — 528 c.

17.Camapckuit A.A., I'ynun A.B. Yucnennbsie metoasl. — M.: Hayka, 1989.

18.Mapuyk I'.11. Meroas! BerurciIuTenbHOi MmatemaTtuku. — M.: Hayka, 1989. —
608c.

19. Kupees B.W., [Tantenee A.B. UucneHHble METO/IBI B MPUMEPAX U 3aj/1ayuax.
M.: U3a-so MAU, 2000.

20.Kaxanep ., Moynep K., Ham C. YnciieHHble METOBI U TPOTPAMMHOE
obecnieuenue. — M.: Mup, 1998. — 575c.

Ilepeuenb pecypcoB HMHGOPMANMOHHO-TEJEKOMMYHHMKAIMOHHOH  CceTH
«MHTEepHET», HEOOXOAUMBIX JJIsI OCBOCHHUA AMCUHMILINHBI.

1. 3BC IPRbooks: http://www.iprbookshop.ru/
JIutiensunonusiit goroBop Ne 2693/170t1 02.10.2017r. 06 oka3zaHHM YCIyT IO
npenoctasieHuto gocryna. Jloctyn omxpovim ¢ ¢ 02.10.2017 2. oo 02.10.2018
no noonucke( oocmyn 6yoem npooien)

2. DIEeKTpOHHO-OUONIMOTEUHAsT  CUCTemMa  «YHUBEpPCUTETCKas  OubiImoTexa
oHnaitH» Www.biblioclub.ru morosop Ne 55 02/16 ot 30.03.2016 r. 00
OKa3aHUM HMHQPOPMALMOHHBIX YCIYT.(IOCTYN MpoajieH A0 ceHtsops 2019
roja).

3. Jloctym K OJeKTpoHHOW OumOmmoreku Ha http://elibrary.ru  ocHoBanuu
nuieH3noHHoro cornamenus Mexay @I'bOY BIIO JAI'Y u «O00» «Hayunas
OnextponHas OuOmmoreka» ot 15.10.2003. (Pa3 B 5 ner oOHOBIsAeTCS
JIMIIEH3UOHHOE COTJIAIlICHUE)

4, HanuoHanmbHas  JJEKTpOHHass  OumbOimmoreka  https:/H36.pd/.  Jloroop
Nel01/HOB/101/HOB/1597 ot 1.08.2017r. loroBop nedcTByeT B TedeHUH |
rojila ¢ MOMEHTA €r0 MO CaAHNA.

5. ®enepanbubiii  mopran  «Poccuiickoe oOpazoBanue»  http://www.edu.ru/

(emMHOE OKHO JIOCTYTa K 00pa30BaTeIbHBIM PECypCaMm).
6. denepanbHoe Xpanwuniie «EauHas xomieknus nudpoBbIX 00pa30BaTeIbHBIX
pecypcosy http://school-collection.edu.ru/
Poccwmiickuii mopran «OTkpeITOoro 00pasoBanusy» http://www.openet.edu.ru
CaiiT oOpa3oBartenbHBIX pecypcoB JlarrocynuBepcutera http://edu.icc.dgu.ru
Nudopmarmonnsie pecypcbl HaydyHor Oubmuoreku JlarrocyHuBepcuTeTa
http://elib.dgu.ru  (moctym 4yepe3 mnarpopmy HaydHOW 37IEKTPOHHOM
ouonmoteku elibrary.ru).

=~

© oo

10.DenepanbHbIit LEHTP 00pa3oBaTeIbLHOTO 3aKOHO/IaTeJIbCTBA
http://www.lexed.ru
11.http://www.phys.msu.ru/rus/library/resources-online/ - AJIIEKTPOHHBIE

yueOHble mocoOusl, U3IaHHbIe TpenoaaBaTeasiMu (pu3ndeckoro QgaxynpTeTa
MI'Y.
12.http://www.phys.spbu.ru/library/ - snaekTpoHHBIE  ydeOHBIE  IOCOOHS,
U3JJaHHblEe  MpernojaBaTessiMu  ¢u3uueckoro  Qaxyiprera  CaHKT-
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http://edu.icc.dgu.ru/
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http://www.phys.msu.ru/rus/library/resources-online/
http://www.phys.spbu.ru/library/

[leTepOyprckoro rocyHUBEpCHUTETA.

13.Springer. Joctyn AI'Y mnpenocraBiieH coriacHo jgoroBopy Ne 582-13SP
NOANMHUCAHHBIA MUHUCTEPCTBOM 00pa3oBaHWs W HAyKd MPEAOCTaBIIEH IO
koHTtpakty 2017-2018 r.r., noamucanueii [TIHTB ¢ opranuzanusmu-
nobenutensimu KoHkypea. http://link.springer.com. Jloctym mpemocraBieH Ha
HEOI'PAHUYEHHBIN CPOK

14.SCOPUS  https://www.scopus.com  JlocTym TpeIoCTaBIeH  COTJIACHO
cyOmunen3nonHomy  goroBopy  NeScopus/73 ot 08 amrycra 2017r.
NOANMUCAHHBIA MUHUCTEPCTBOM 00pa3oBaHUs W HAyKd MPEAOCTaBICH IO
koHTpakty 2017-2018 r.r., noanucanusiii [ TIHTH ¢ opranuzanusmu-

noOenuTensiMu KOHKypca. J[oroBop neicTByeT ¢ MOMEHTa MOIUCAHUS 10
31.12.2017r.

15.Web of Science - webofknowledge.com J[locTynm mpemocTaBiieH COTJIACHO
cyonmuuensnoHHoMy  jgoroopy Ne  WoS/280 ot 01 ampens 2017r.
NOANMHUCAHHBIA MUHUCTEPCTBOM 00pa3oBaHUs W HAyKd MPEAOCTaBIIEH IO
koHTpakty 2017-2018 r.r., nmommucanubld [TIHTH ¢ opranuzanusamu-
nodeauTesIMA KOHKypca JloroBop HEMCTBYeT ¢ MOMEHTa MOJIMUCAHUS TIO
30.03.2017r.

16.«Pro Quest Dissertation Theses Global» (PQDT Global). - 6a3a ganabIxX
3apyOeKHbIX —AuccepTauuu. JlocTyn MpOMJIEH COrjacHO CyOJUIEH3MOHHOMY

noropopy  Ne  ProQuest/73 or 01 ampens 2017 ron;a
http://search.proquest.com/. JloroBop AeHCTBYeT C MOMEHTa MOAMHUCAHHUS TI0
31.12.2017r.

17.5age - MynbTUIMCUUIUIMHAPHAS TIOJHOTEKCTOBas ©Oa3a naHHbIX. JlocTym
IpoJJIeH Ha OCHOBAaHWM CYOJIMIIEH3MOHHOTO joroBopa Ne Sage/73 ot
09.01.2017 http://online.sagepub.com/ JloroBop HeHCTBYeT ¢ MOMEHTA
noxnucanud mo 31.12.2017r.

18.American Chemical Society. Jloctyn mnpomjieH Ha  OCHOBaHWUHU
cyonmiensnonHoro jgoroBopa NeACS/73 ot 09.01.2017 r. pubs.acs.org
JloroBop aercTByeT ¢ MOMeHTa noanucanus no 31.12.2017r.

19.Science (akagmemmueckomy kypHaiay The American Association for the
Advancement of Science (AAAS) http://www.sciencemag.org/. Hdoctyn
Opo[JIeH Ha OCHOBaHMM CyOnuieH3uoHHoro pgoroBopa Ne 01.08.2017r.
JloroBop aeicTByeT ¢ MOMeHTa noanucanus no 31.12.2017r.

10.MeToanyeckue yKkazaHus 1Jis1 00y4arOIMXCS 10 OCBOEHMIO TUCIUTIIUHBI.

CamocTosTenbHast paboTa CTYACHTOB PEATU3yeTCs B BUJIE:

MOJIFOTOBKU K KOHTPOJIBHBIM paboTam;

MOJATOTOBKU K CEMHUHAPCKUM (IMIPAKTUYECKUM) 3aHATHUSAM;

BBINOJIHEHNS HHIUBUAYAIbHBIX 3a/1aHUN IO OCHOBHBIM T€MaM JUCLHUIIINHBI;

HamucaHue pedeparoB mno npodiemMaM aucuUIUIMHBL "®Pu3znuka (azoBbIX

NEPEXOA0B U KPUTHUECKHUX SIBJICHUN'".

00s13aTeIbHOE MOCEIEHUE JIEKIIUH BEYIIETO IPENOAaBaTels;

® JIEKIMH — OCHOBHOE METOJUYECKOE PYKOBOJCTBO MPU U3YYEHHUH AUCIUIUIMHBI,
HauboJsiee ONTUMAIBHBIM 00Pa30M CTPYKTYPHUPOBAHHOE U CKOPPEKTUPOBAHHOE


http://link.springer.com/
https://www.scopus.com/
http://webofknowledge.com/
http://search.proquest.com/
http://search.proquest.com/
http://online.sagepub.com/
http://pubs.acs.org/
http://www.sciencemag.org/

Ha COBPEMEHHBINA MaTepua,

B JIEKIMHU TJyOOKO M TOAPOOHO, apryMEHTHPOBAHO M METOAOJIOIMYECKU
CTPOTO pacCMaTPUBAIOTCS TJIaBHBIE POOJIEMBI TEMBI;

B JIEKIIMM JAlOTCsI HEOOXOJUMBbIE pa3Hble MOAXOAbl K HCCIETyEeMbIM
npobJiemMam;

HOJATOTOBKY U aKTUBHYIO paOOTy Ha JIaDOpaTOPHBIX 3aHATHIX;

HOJrOTOBKA K JIAOOPATOPHBIM 3aHATHUAM BKJIIOYAET MPOPabOTKYy MaTepualioB
JIEKLIHIA, pEKOMEHJOBAaHHOW Y4eOHON JTUTEPATYPBI.

11.1lepeyenb MHGPOPMALMOHHBIX TEXHOJIOT Ui, MCIIOJIb3YeMbIX IIPH
OCyLIeCTBJICHHH 00pa30BaTeIbHOIO NMPOLeCcca M0 JUCHUIINHE, BKIIYas
nepeYeHb NPOrpaMMHOro odecneyeHust 1 MHPOPMALMOHHBIX CIIPABOYHBIX
CHCTEM.

O6pa30BaT€JII>HI)Ie TCXHOJIOTHH, IMPUMCHACMBIC Ha IMPAKTHYCCKUX u

1a00pATOPHBIX 3aHATHUSIX:

1.

TexHoysoruss akTUBHOTO (KOHTEKCTHOr0) OOyueHMs (KOJUIEKTHBHas padoTa
MajJbIMH TpPYIIaMH — HCCIEAOBaTeNIbCcKas Wrpa: Tpymma pa30uBaeTcs Ha
MOJATPYIIBI, B KaXJI0M M3 KOTOPHIX HA3HAYACTCS PYKOBOAMUTEND (OMpenesnser
Head M 3a/ladyd, Ha3HayaeT OTBETCTBEHHBIX 32 OTHEJIbHBIE 3a/1aud,
KOOPJIMHUPYET paboTy ¢ TpENCTaBisieT oOIiee pelieHre 3a7adu) |
UCIIOJIHUTENH (PeIatoT OT/ACNIbHBIE 3a]]a4H );

TexHonorus AenoBON Wrpbl (MMUTAIMOHHAS COPEBHOBATEIbHAS UTpa: Majbie
TPYNIBl  TOJNYYal0T OJWHAKOBOE 3aJaHUE, pACIPENeNsSIoTCS IO  POJsM
(pyKOBOAMTEIb, OTBETCTBCHHBIE UCIIOJIHUTEIN) W BBITOJIHSIIOT €0 Ha CKOPOCTh
¥ Ka4eCTBO, KOTOPOE OIIEHWBAETCS MPEIOIaBaTEIIEM ),

TexHOMOTHS WHTEPAKTUBHOTO OOYy4YeHUsS (MO3TOBOM IITYpM: TPyMIa MOTydaeT
3aaHue, Jajiee MpeAaraeTcs BhICKa3bIBaTh KaK MOXHO OOJbIlIee KOJUYECTBO
BApUAHTOB PEIICHUS, 3aTEM W3 OOIIETr0 YKClia BBICKA3aHHBIX HJIEH OTOUPAIOT
HanOoJIee ylauyHble, KOTOPbIe MOTYT OBITh MCIIOJIb30BAaHbI HAa MIPAKTUKE).

12.Onucanne MaTepuaJIbHO-TEXHUYECKOI 0a3bl, HEOOXOAMMOI 1151
OCyIIIeCTBJIEHUS 00Pa30BaTEJIbHOI0 MPOLECCca MO AMCIUIINHE.

I[J'ISI MaTCpPUAJIBbHO-TCXHHUYCCKOT'O oOecrieueHus JUCIUIIIINHBI «UncjaeHHbIe

METObI B (PU3UKE)» UCTIOJIb3YETCS:

KOMITbIOTEPHBIE KJIACCHI (PU3UYECKOTrO (PaKyJIbTeTa.
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