degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: YucaeHHBIN aHaIN3
0 HANIPaBJICHUIO: I/IH(l)OpMaTI/IKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
HpO(l)HJIb MnoATrOTOBKMU: MaremaTudeckoe MOACIINPOBAHUC U KOMIIBIOTCPHBIC TCXHOJIOTUH

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBaHUS B reo(hU3UKe U

onoMareMaTHKe
Kypc: 3
KBauuKanus: Oakanasp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 6 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.

Bcero gacos: 45, Bcero 3a4. ef.: 1

[Iporpammy cocrtaBui: E.E. TeipThIlIHUKOB, A-p (u3.-Mart. HayK, mpodeccop

[Mporpamma obcyxieHa Ha 3acefjanny Kadeapbl BBIMUCIUTEILHBIX TEXHOJIOTHI U MOACTUPOBAHUS B TEOPHU3UKE U
onomaremaruke 16.05.2020



AHHOTANMA

UmrcneHHbIe aHAIU3 — 3TO HA0OP TEXHUK W TIOAXO0B JJIsl TPUOMKEHHOTO PEIICHUsT MAaTEMaTHIECKUX 3a]1ad.
OdyeHp peako 3ajauyd  anmpOKCUMAIlUW, WHTEPIONSIHH MU AuQQepeHInanbHbIe YPaBHEHUS PEIIaroTCs
AaHAIMTHYECKU, HO B OOJNBIIMHCTBE CIIy4aeB MOXKHO TIPEAJIOKHUTh HAJAEKHBIM YWUCICHHBIA aHaJW3,
MO3BOJISIOIIMM TMONYYUTh PEIICHUE C 3aJaHHOM ToYHOCThIO. Kypc mnpu3BaH [Aarh MpEACTaBICHUE O
COBPEMEHHOM COCTOSHHMU BBIYHCIUTENILHON MaTeMaTHKH W €€ MPUJIOKEHUH B aHanmu3e AaHHbIX. CTyHeHTHI
Hay4yaTcs HE TOJIbKO MOJy4aTh TEOPETUUECKUE OLIEHKU CXOIMMOCTH U HaJIEKHOCTU, HO YIy4llaTb U CTPOUTH
CBOU METOJIBI JUTS PelieHHs 00ojiee KOHKPETHBIX 3a71a4 Ha MPAKTHKE.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

OcBoenue cryneHTamu (yHIAMEHTAJIbHBIX 3HAHUH B OOJACTH NPUOIMKEHHOTO PEIICHUS] KPaeBBIX
3aJa4 M MarTeMaTH4eCKOro MOJEIMPOBAaHUS, W3yUYE€HUE COBPEMEHHBIX METOJOB JAUCKPETU3aLUU
Qg QepeHIaTbHbBIX YpaBHEHUH U 00J1aCTel UX MPAKTUYECKOTO MIPUMEHEHHS.

33]13‘[]([ JAUCHUIIINHBI

*  ¢opmupoBaHre 0a30BBIX 3HAHHI B OOJIACTH TUCKpeTH3aluHu U depeHUaIbLHBIX YPAaBHEHUH H
MaTeMaTHYeCKOTO MOJICIMPOBAHUS KaK JUCIUIUIMH, OOECIICUMBAIOIICH TEXHOJIOTUYECKUE OCHOBBI
COBPEMEHHBIX HHHOBAIIMOHHBIX Cep AeATEINbHOCTH;

® O6y‘-IeHI/Ie CTYACHTOB ABYM KjlaCCaM COBPEMCHHBIX METOJO0B AHUCKPECTU3AIINU U O3HAKOMJICHHUE C UX
MMPUITOXKCHUSIMU

. (hopMHpOBaHUE TOAXOJOB K BBIMNOJHEHHUIO HCCIEIOBAHUN CTyACHTAMH IO MaTreMaTHu4eCKOMY
MOZIEIIMPOBAHMIO B paMKax BBIITYCKHBIX pa0OT Ha CTENIEHb MarucTpa.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HanmeHoBaHnEe KOMITETEHITUT NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH
YK-1 CriocobOeH oCyIecTBISTh ITOUCK, VYK-1.3 PaccmarpuBaeT pa3nuyHbIE BapUaHTHl pPELICHUS
KPUTHUYECKUN aHAIIN3 ¥ CUHTE3 MHPOPMAITUH, 3a/1a491, OOCHUBACT UX NIPCUMYIMCCTBA U HCIOCTATKH
HPUMEHSATH CUCTEMHBIN MOAXO 1Jist peienns | YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
TIOCTABJICHHBIX 33/1a4 (dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

OIIK-5 Cnocob6en yuactBoBarb B ipoBeienun  |OITK-5.3 CnocobeHn k mpodeccHoHaIbHON JKCITyaTanuu
(byHIaMEHTAIBHBIX U TIPUKJIATHBIX COBPEMEHHOM IKCTIEPUMEHTAIBHON
UCCIIeJOBaHUN M pa3paboTOK, CAMOCTOSITEIEHO |HAyYHO-HCCIIEA0BATEIBCKOM

OCBaMBaTh HOBBIC TEOPETHUCCKHUE, B TOM YHUCIIE, |(M3MEPUTEIbHO-aHATUTUIECKOW W TEXHOJIOTHYECKOM)
MaTeMaTHYEeCKHE METObI UCCIICIOBAHUN 1 anmaparypsl

paboTarh Ha COBPEMEHHOM IKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,
M3MEPHUTEIbHO-aHATUTUIECKON 1
TEXHOJIOTMYECKOH armaparype)

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HaTh:
- METO/IbI YUCJIEHHOI'O UHTEIPUPOBAHUS;
- METO/BI YUCIIEHHOTO PElIeHUs] HeMTMHEWHBIX Au((hepeHInanbHbIX YPaBHEHUH;
- METO/Ibl UUCJIEHHOI'O PEIIEHUs UHTEIPaIbHbIX YPaBHEHUH;
- METOJIbI OLIEHKH CXOJUMOCTH PEIICHHMN.
YMETB:

[l OCYIIECTBISATh MaTEMAaTHYECKYIO IIOCTAHOBKY (PM3MUYECKHX 3a/1ay;
[J TpUMEHSTHh METOAbI YUCIEHHOTO aHajIK3a K PEIIeHUI0 (U3NIECKHUX 3a1a4;
[l wuccrnenoBaTh NOTyYEHHbIE PELICHHUS B COMOCTABIEHHH C OCOOCHHOCTSIMU PeIIaeMoil 3ajauu;
[J nmenarh Ka4eCTBEHHBIE BBHIBOABI PH MEPEXO/IE K MPEACTIbHBIM YCIOBUSIM B H3y4aeMBIX MPoOIeMax;
[]  TOJB30BaThC CIPABOYHOM JHMTEPAaTypold HAy4YHOTO M NPHUKJIAJAHOTO XapakTepa A OBICTPOro
MOMCKa HEOOXOIMMBIX MAaTEMaTHYECKUX JaHHBIX U MOHSITHH.

BIIAJICTh:



0 0a30BBIMH 3HAHUSMHM B OOJACTH YUCICHHOIO aHANIW3a W METOAaMH WX MCIIOJIB30BaHUS B
npoQecCHOHAIBHON IS TETbHOCTH;

[J HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00bEMa HHOpMAITHH;

[l KyJabTYpO# MOCTAaHOBKU M MOACIHPOBAHUS (PH3HUECKHUX 3a/1a4.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTs pabora

WHaTerpanvubie YpaBHEHHUS.
QYHKIIMOHANBFHBIE  MPOCTpPAHCTBA U
CBOWMCTBA WHTETPANBHBIX  OIEPaTOPOB.
1 ATnmpoxkcumanus, YCTOWYHBOCTb, 6 5
CXOIUMOCTbD. Merton lanepkuna.
WuTerpanbubie ypaBHEHHs u
CTPYKTYpHUPOBAaHHEIE MATPHIIBL.

KBagparuunsie (YHKIIMOHAIIBI "
JIMHEHWHBIE CUCTEeMBl. MUHUMH3aIHsS Ha
MOJIMIPOCTPAHCTBAX M MPOEKIIMOHHBIE
MeTOJbI. A-HOpMa U A-OpTOTOHAIIEHOCTD.
MeTton COTPSDKEHHBIX  TPAJHEHTOB.
Meron ApnHonbau u meton Jlanuoma.
CxomuMOCTh  METOAa  COMPSIKEHHBIX
CPaJMECHTOB.

[IpoGmema  COOCTBEHHBIX  3HAYEHUM.
CrenieHHOW ~ MeTO[I. [Tpubnuxenne
(GyHKUIUH. ITonnaoMManbHas
3 WHTEPIIOSIIHSL. CxoanmocThb 6 5
HUHTEPIOJSILIUOHHOTO nporecca.
Anrebpanueckue U TPUTOHOMETPUYECKUE
MOJTUHOMBI.

Cmnaitnel.  Bapuanmonnoe — CBOHCTBO
€CTECTBEHHBIX CILIAHOB. MUHUMH3ALHA
4 HOpMBL. PaBHOMEpHBIE NPHUOIMKCHUSI. 6
Merton HAaUMEHBIINX KBaJIpaToB.
OproroHajibHble NOJIMHOMBI.

HucnenHnoe VHTETPUPOBAHMUE.
WNHTepnonsnuoHHble KBaJpaTypHbIE
5 ¢dopmynbl.  HenuHeliHble — ypaBHEHHS. 6 5
Meron npoctoii wurepauuu. MeToab
MUHUMU3ALUH.

Wtoro wacos 30 15

ITonroToBka k 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 6 (Becennuit)




1. HWHurterpanpHble ypaBHeHUs. @OYHKIIMOHAJIbHBIE TPOCTPAHCTBA M CBOMCTBA HHTETPAIBbHBIX
OIepaTopoB. AMNMPOKCUMAIHS, YCTOMYMBOCTB, cxomumocTh. Meron ['anmepkuna. MHTerpanbHbie
YPaBHEHUS U CTPYKTYPHPOBaHHBIE MaTPUILIBI.

WHnrerpaneuele  ypaBHeHHs. @OyHKIHOHANBHBIE MIPOCTPAHCTBA M CBOMCTBA HMHTErPAIBHBIX
OIIepaTopoB. DILTUNTHYHOCT. YpaBHEeHUE ¢ norapupmudeckum sipom. Teopema [llo-Bemnanna.
ATNMpoKcUMaIus, yCTOHYUBOCTh, CXOAUMOCTh. Meton ['anepkuna. Ponb cTporoil ayMnTHYHOCTH.
KommakTHbIE BO3MYIIIEHUS.

UnTerpanpHble ypaBHEHHS U CTPYKTYpUpPOBaHHbBIE MaTpuLbl. L{upKynsHTHBIE peno0yciIoBInBaTeNy.
MeTo/bl OBICTPOTO MPUOITMKEHHOTO YMHOXKCHHUSI.

2. KBagparuunele (yHKIIMOHANBI U JTUHEHHBIE CUCTEMBbl. MUHUMU3ANUS HA IMONMPOCTPAHCTBAX H
MIPOEKIIMOHHBIE METOABI. A-HOpMa U A-OpTOTOHAIBHOCTh. MeTO COMPSKEHHBIX IpalneHToB. MeTos
Apnonsau u Meton Jlarmionra. CXoauMOCTh METO/Ia COMPSIKEHHBIX TPaUeHTOB.

KBagparnunble (yHKIMOHAIBl M JUHEHHBIC CHCTEMbl. MHHHMH3AIMS Ha MOIINPOCTPAHCTBAX M
npoekunonnele Meroabl. [loanpocrpancta KpsutoBa. OnrumanbHOCTh moanpocTpancTs Kpoiosa.
MeTox MUHUMAIIBHBIX HEBSA30K.

A-HOpMa M A-OpTOTOHATBHOCTh. MeETOZ COMPSKEHHBIX TpaJueHTOB. MeTon ApPHOIBAN U METOJ
Jlannomra. [IceBnockansipHoe Npor3BeIeHUE U METOJ] OMopTOroHanu3anuu. KBasuMuHuMu3anus.
CxomuMOCTh METOa CONPSDKEHHBIX TpaaneHToB. Kiaccuueckas OLEHKa CXOAUMOCTH U €€
ytouneHus. "CBepxiuHeiHas" cXOAUMOCTh U "ucue3aronue" coOcTBeHHbIe 3HaueHus. Yucna Puria
u BekTopsl Putna. Teopema Bannepcmiouca-Bannepsopcera. [IpenoOycioBiuBanne B HE3PMUTOBOM U
3pMHUTOBOM citydae. CrieKTpaibHast 3KBUBAJICHTHOCTb U KJIACTEPHI.

3. Ilpobnema coOctBeHHbIXx 3HadeHud. CremeHHod Mmeron. [Ipubmmxenune  GyHKUME.
[TonmmuomuanbHas uHTEpHOIALUA. CXOAMMOCTh MHTEPHOIALMOHHOTO Ipouecca. Anrebpandeckue u
TPUTOHOMETPHUYECKUE TIOJTUHOMBI.

[Ipobnema cobcTBeHHBIX 3HaYeHuid. CteneHHoN Metos. MTepanuu nmomnpocTtpancTB. QR-anropurm.
QR-asroput™m co cuBuramu. [obaneHas cxomumocts. KBagparnunas m KyOMuyeckash CXOIUMOCTb.
Opranuzanus BeruuciieHuil. Kak HaliTu CUHTYJISIpHOE pa3jioKeHUE.

[Mpubnmxenne ¢ynkuuid. [lomrHoMuanbHas wWHTEpHONANMS. VHTEPHONSAIMOHHBIA  TTOJTHMHOM
Jlarpanxa. IlorpemHocTs narpaHxeBodl uHTepnonAuuu. PasmeneHHsle pasHoctu. Popmyna
Heiorona. PasgeneHHble pa3sHOCTH C KpaTHbIMH y31amMu. OOOOLIEHHBIE HMHTEPHOJIALHOHHbIE
ycioBusl. TaOnuia pa3aeneHHbIX Pa3HOCTEH.

CXxoaMMOCTh MHTEPHOJIALMOHHOTO Ipouecca. Anredpanyeckiue U TPUTOHOMETPUIECKHE TTOTMHOMBI.
[Ipoekrtopsl, cBs3aHHble C¢ pagamu Dypbe. NHTEPIONSIUOHHBIE MPOEKTOPHI AJs YEOBIIIEBCKUX
CETOK.

4. Cuonaiiupl. BapuanuoHHOe CBONCTBO €CTECTBEHHBIX CIUIAWHOB. MUHUMU3ALIMS HOPMBI.
PaBHOMepHBIE npubmMKeHnsa. MeToa HAMMEHbIIUX KBagpaToB. OpTOroHaIbHBIE TTOIUHOMBI.

Cnnaitael. BapuannoHHOE CBOWCTBO €CTECTBEHHBIX CIUTIaHOB. Kak CTpOUTH ecTecTBEHHbIE
CILTAlHBI. AnnpokcuMauoHHbIE CBOMCTBa €CTECTBEHHBIX CILTaliHOB. B-cnnaiinsl.
KBa3unokanabHOCTb U JIEGHTOUHBIE MaTPULIbI.

Munumuzanust HopMbl. PaBHoMeprble nmpuOnvxkenus. [lomuHombr Yebbrmesa. Psa Telinopa u ero
JUCKPETHBIN aHAJIOL.

Meton HavMeHbIIUX KBagpaToB. OpPTOrOHAJNbHBIC TOJMHOMBL. TpexdwieHHbIE PEKYypPEHTHBIE
cooTHolleHUsl. KOpHH  OpTOrOH&JIBHBIX  IOJIMHOMOB.  TpEeXulI€HHblE  COOTHOLIEHHA U
TpexAuaroHayibHble MaTpulbl. COOTHOLICHHS pa3leieHUs MeXAy KOpHAMU. OpTOroHasbHBIC
[IOJIMHOMBI U pa3jiokeHue X0JIELKOro.

5. UwucnenHoe wuHTerpupoBaHue. VHTEpHONSAIMOHHBIE KBagpaTypHble Qopmynsl. HenuneiiHbie
ypaBHeHUs. MeTon npocTol nTepauui. MeToasl MUHUMH3ALUH.



YucrieHHOE HMHTETpUpOBaHME. VIHTepHoONALMOHHBIE KBajapaTypHble (opMyibl. Amnredpandeckas
TOYHOCTh. DOpMysbl NPAMOYTOJbHHKOB, Tpaneuuid, Cumncona. ®opmynsr 'aycca. CocraBHbIC
kBajsipatypable ¢Gopmynsl. [IpaBuno PyHre st oneHku mnorpemrHocteil. Kak wHTErpupoBaTh
"rmioxue" QyHKUUU.

Henuneiinsie ypaBaenus. Meroz npocrtoii ntepanuu. CXoIUMOCTb U PacXOAUMOCTh METOJA MPOCTOM
urepanuu. OnrTuMusanys MeToia npocToit urepauuu. Meron HproToHa ¥ 3pMUTOBA HHTEPIIOIALIMS.
MuoromepHbiii Bapuant meroga Hetorona. [Ipsimast u obparnas unrepnonsinus. CpaBHeHHE METOa
CEKYIMX U METOJla KacaTeIbHbIX.

Mertonet mMunumuzanuu. Meton Heiotona. Penakcamms. JpoGnenue mara. CyliecTBoBaHHE U
€IMHCTBEHHOCTb TOYKM MHUHMMYyMa. | paineHTHBIN MeToq ¢ apobieHreM mara. Meron ckopeiiiero
crycka. beicTpoe Bbluncienne rpaauenra. IlonsTue o0 OBpakKHOM METOE, METOAE CONPSKEHHBIX
HaNpaBICHUH, KBAa3MHBIOTOHOBCKMX  METOAAX, peJlakCalMoHHOM Meroie '"mrobOanmzauun'
CXOAMMOCTH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heo0xonnmoe ob6opynoBaHue 1Jis IEKIUN: KOMIIBIOTEP U MYJIBTUMEIUITHOE 000pyA0BaHuE (ITPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1. TerpreimmankoB E.E. Marpuunslii ananu3 u auHeliHas anredpa. - M.: @usmaniut, 2007, 480 c.
2. TeipteimmaukoB E.E. MeToas! uncneHHoro ananusa. -- M.: U3narenbckuii neHTp «Axaaemus», 2007,
320 c.

JomnonHutenbpHas auTeparypa

1. H.C.baxsanos, H.I1.XKuakos, I'M.Kob6enskoB, Unciennsie metonsl. Hayka, 1987.
2. G.H.Golub, Ch. Van Loan, Matrix Computations, The Hopkins University Press, 1989.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[Iporpammuoe obecnieueHre 1 HHHOPMAIIMOHHBIE TEXHOJIOTUH HE TPEOYIOTCSL.
9. MeTonnueckue yKa3anus 1J1s 00y4al0UIUXCs 110 0CBOSHHIO TUCHMILTHHBI (MOTYJIsT)

CTyneHT, W3ydYarolmui JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbIL, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.
B pesynbrare u3yuyeHUs AUCUUIUIMHBI CTYACHT MOJKEH 3HATh OCHOBHBIE OMNPEICICHUS, MHOHSTHS,
AKCHOMBI, AITOPUTMBI.

VYenenrHoe 0ocBoeHHE Kypca TpeOyeT HanpspKEHHOW caMOCTOsSTENbHOM paboThl cTyaeHTa. B mporpamme
Kypca MpUBEIEHO MHHHMAJIbHO HeoOXoauMoe BpeMs Ui paboThl CTyAEHTa Haja TEMOM.
CamocrosiTenbHas padoTa BKIIIOYAET B ceOs:

— YTEHUE U KOHCIICKTHPOBAHNE PEKOMEH/IOBAHHOM JIUTEPATYPHI,

— TpopaboTKy ydeOHOro marepuana (10 KOHCIIEKTaM JIeKIUi, y4eOHOH W HaydHOW IHUTeparype),
MOATOTOBKY OTBETOB HAa BOIPOCH, TNpPENHA3HAYEHHBIX [UII CAaMOCTOSITEIBHOTO  H3y4YCHHS,
JI0Ka3aTeJIbCTBO OTIEJIbHBIX YTBEPKIECHUM, CBOMCTB;

— TMOJITOTOBKY K UG GEPEHIIUNPOBAHHOMY 3a4ETYy.



PykoBOJACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHIUBUAYaIbHBIX KOHCYIBTAllHN.

BaxxHo 1oOuThcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaTthCsi 3a KOHCYJABTALUSMH K
JIEKTODY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBAaHUS B reo(hU3UKe U

onomareMaTHKe
Kypc: 3
KBaTuuKanus: Oakanasp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 6 (BeceHHul) - nuddhepeHunpoBaHHbIil 3a4eT

Pa3zpadoTunk: E.E. TeIpTHIIHUKOB, A-p $U3.-MaT. HayK, podeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HanmeHoBaHnEe KOMITETEHITUT NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH
YK-1 CriocobOeH oCyIIecTBISTh ITOUCK, VYK-1.3 PaccmarpuBaeT pa3nuyHbIE BapUaHTHl PELICHUS
KPUTHUYECKUN aHATN3 ¥ CUHTE3 MHPOPMAITUH, 3a/1a491, OOCHUBACT UX NIPCUMYIMCCTBA U HCTOCTATKH
HPUMEHSATH CUCTEMHBIN MOAXO 1Jist petienns | VK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
MIOCTABJICHHBIX 33/1a4 (dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

OIIK-5 Cnocob6en yuactBoBarb B ipoBeienun  |OITK-5.3 CnocobeHn k mpodeccHoHaIbHON JKCITyaTanuu
(byHIaMEHTAIBHBIX U TIPUKJIATHBIX COBPEMEHHOM IKCTIEPUMEHTAIBHON
UCCIIeJOBAaHUN M pa3pab0TOK, CAMOCTOSITEIEHO |HAyYHO-HCCIIEA0BATEIBCKOM

OCBaMBaTh HOBBIC TEOPETHUCCKHUE, B TOM YHUCIIE, [(M3MEPUTEIbHO-aHATUTUIECKOW W TEXHOJOTHYECKOM)
MaTeMaTHYEeCKHE METObI UCCIICIOBAHUM 1 anmaparypsl

paboTarh Ha COBPEMEHHOM IKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,
M3MEPHUTEIbHO-aHATUTUIECKON 1
TEXHOJIOTUYECKOH armaparype)

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3ydeHust AUCIUTUIMHBI «UMCIICHHBIN aHaIN3y 00y4atoNuiics JOKEH:

3HATh:
- METO/IbI YUCJIEHHOI'O UHTEIPUPOBAHUS;
- METO/BI YUCIIEHHOTO PElICHHUs] HeMMHEWHBIX Au((epeHInanbHbIX YPaBHEHUH;
- METO/Ibl UHUCJIEHHOI'O PEIIEHUs MHTEIPaIbHbIX YPaBHEHUH;
- METOJIbI OLIEHKH CXOJUMOCTH pPEIICHHMN.
yMeTh:
[l OCYyIIECTBISATh MaTEMAaTHYECKYIO IIOCTAHOBKY (DM3MUYECKHX 3a/1a4;
[J TpUMEHSTHh METOAbI YUCIECHHOTO aHajIK3a K PEIICHUI0 (PU3NIECKHX 3a1a4;
[l wuccrnenoBaTh NOTyYEHHbIE PELICHHUS B COMOCTABIEHHH C OCOOCHHOCTSIMHU PeIIaeMoil 3ajauu;
[J nenarh Ka4eCTBEHHBIE BBHIBOABI PH MEPEXO/IE K NPEACTIbHBIM YCIOBUSAM B H3y4aeMBIX MPoOIeMax;
[]  TOJB30BaThCA CIPABOYHOM JHMTEPAaTypol HAy4YHOTO M NPHUKJIAAHOTO XapakTepa A OBICTPOro
MOMCKa HEOOXOIMMBIX MAaTEMaTHYECKUX JaHHBIX U MOHSITHHA.
BJIaJeTh:
O 0a30BbIMM 3HAHUSIMH B O0JACTH YHMCJICHHOTO aHAJIM3a W METOJAMH HX HCIIONb30BaHUS B
podeccuoHaIbHON 1S TETbHOCTH;
[J HaBBIKAMH OCBOECHHS 0OJIBIIOTO 00bEMa HH(OpMAIH;
[l KyJabTYpoO# MOCTAaHOBKH M MOAEIMPOBAHUS (PU3MUECKHUX 3a/1au.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

1. ITpoGnema coOcTBeHHbIX 3HaUeHni. Crenennoit meron. Utepanuu noanpocrpancts. QR-anropurm.
QR-anroput™m co cauramu. [moGanpHast cxommmocTs. KBagpartuunas n KyOWdecKas CXOXUMOCTD.
Opranuzauus BeruucieHuil. Kak HaliTh CHHTYIISIpHOE pas3sioKeHHE.

2. llpubmwxenue ¢ynkuuil. llommHomuanbHas wuHTEpHOMAUUS. WHTEPHONSILMOHHBIA OJIMHOM
Jlarpanxa. [lorpemHocTts narpanxeBoid uaTepnoysinuu. Paznenennsle paznoctu. @opmyna HeroToHa.
Paznenennsie pazHocTu ¢ KpatHeIMU y3namu. OO0OLIeHHbIE MHTEPHOSIIMOHHbBIE ycioBusa. Tabnuia
pa3ieNeHHbBIX Pa3HOCTEN.

3. CX0auMMOCTb MHTEPHOJIALMOHHOTO Mporecca. Anredpandeckiue ¥ TPUTOHOMETPHUYECKUE TTOTMHOMBI.
[IpoekTopsl, cBs3annble ¢ pagamu Pypre. UHTEpHoIsIHOHHBIE POESKTOPHI I YEOBIIEBCKUX CETOK.



4. Cnnaiinel. BapuanmoHHOE CBONCTBO €CTECTBEHHBIX CIUIAHHOB. Kak cTpouTh ecTecTBEHHBIC
CIUTaifHBI. ANIMPOKCUMAIIMOHHBIE CBOMCTBA €CTECTBEHHBIX CIUIaiHOB. B-crmaiinel. KBazunokanbHOCTh
U JICHTOYHBIE MaTPHILIBI.

5. Munnmusauus HopMbl. PaBHomepHble npuOnmxenusi. [lonunomsr Yebsimesa. Psn Teitnopa u ero
JUCKPETHBII aHAJIOT.

6. Merton HauMeHbIIMX KBagpaToB. OpTOroHalbHblE IIOJIMHOMBI. TpexwieHHbIE PEKYpPpEHTHbIE
cooTHomeHusA. KopHU OPTOrOHaNbHBIX MOIMHOMOB. TpeXUIeHHbIE COOTHOIIEHUS U TPEXIUArOHaJIbHbIE
Marpulibl. COOTHOLIEHUs pa3feleHus MexAy KOpHsAMH. OpTOroHajbHbIE MOJIMHOMBI U Pa3jIoKeHHE
Xonenxkoro.

7. YucnenHoe wuHTerpupoBanue. MHTepnomsiunoHHBIE KBaaparypHbie (opMmynbl. Anredpanveckas
TOYHOCTh. DOpMyJBl TPSIMOYTOIBHHUKOB, Tpamnenuii, Cumncona. ®opmynsr [aycca. CoctaBHBIE
KBaJ-parypHbie popmyisl. [IpaBuno Pynre mist ouenku norpemHocreii. Kak narerpuposars "minoxue”
(dyHKINH.

8. Henuneitnsie ypaBHeHus. Metox mnpoctoii ureparuu. CXOAMMOCTh M PacXOIWMOCTh METOJa
npoctoi urepaumu. Ontumuzanust Merofa mpoctod utepanuu. Meron Heroorona u 3pmwuToBa
uHTepnoisusa. MHoromepHblli BapuaHT Metona Heiotona. Ilpsimast m oOparHash WHTEPIIONSIUS.
CpaBHeHHE METOJa CEKYIIMX U METO/Ia KacaTeIbHbIX.

9. Meronbel MuHnMmzanuu. Meron Hwiotona. Pemakcanus. JlpoOmenme mrara. CyriecTBOBaHHWE U
CIMHCTBEHHOCTh TOYKM MHUHHMMYyMa. | pajineHTHBIA MeToj| ¢ apobieHueM Imara. Mertoj ckopeiiiero
cnycka. beictpoe Beuucienue rpaaveHTa. lloHstHe 00 OBpa)KHOM METOAE, METOZAE COIPSKEHHBIX
HaTpaBJIeHUH, KBA3MHBIOTOHOBCKHX METO/IaX, pellakCaIllMOHHOM MeTo/ie "Tiio0anu3aiuu” CXOMUMOCTH.

10. KBagpatnunsle (QyHKIHMOHAJIBI M JIMHEHHBIE CHUCTEMbl. MUHUMH3AIMs Ha TOANPOCTPAHCTBAX H
npoekunoHHele Metonsl. Iloanpocrpancrea KpbuioBa. OnrumMansHOCTh nomnpocTpaHcTB Kpeliosa.
MeTton MUHUMAIBHBIX HEBSI30K.

11. A-HOpMa M A-OpPTOrOHAJIBHOCTE. METOJ CONpPSKEHHBIX I'PagueHTOB. MeTton ApHONBIN M METOJ
Jlannoma. [TceBnockansipHoe Npou3BeAeHNE U METO OnopToroHann3anuy. KeasuMuanMu3zanus.

12. CxomuMOCTh METO/a COMPSDKEHHBIX TrpaaueHToB. Kilaccuyeckas olleHKa CXOIWMOCTH H €€
yrounenwus. "CBepxiauHeitHas" cXoquMocTh U "ucdesatomniue" coOCTBeHHbIe 3HaueHus. Yucia Putia n
BekTopel Putma. Teopema Bannmepcmiouca-BannepBopcra. IIpenoOyciioBnuBaHie B HEOPMHUTOBOM U
3PMUTOBOM citydae. CreKTpaibHas 9KBUBAJICHTHOCTD U KJIACTEPHI.

13. Huterpanbuble ypaBHeHHs. OyHKIMOHANBHBIX MPOCTPAHCTBA U CBOMCTBa HMHTEIPAIbHBIX
OIepaTopoB. DILTUNTHYHOCT. YpaBHEeHUE ¢ norapupmudeckum sijpom. Teopema [llo-Bemnanna.

14. Annpoxcumariusi, yCTOWIHUBOCTb, cX0quMocTh. Metox ["anepkuna. Ponb cTporoit aiinnTHYHOCTH.
KommakTHbIE BO3MYIIIEHUS.

15. WnterpanbHple  ypaBHEHHsT M CTPYKTypuUpOBaHHble  Marpumbl.  LIUpKysstHTHBIC
npenoOyciioBiuBarean. MeToasl OBICTPOro MPUOIMKEHHOTO YMHOKEHHUSI.

[MpumMepHbIil TepedeHb OUIIETOB:

buner Nel.

1. CXoauMOCTh MHTEPIOJIALMOHHOTO Mpolecca. AnredpandecKkiue 1 TPUTOHOMETPHUYECKUE TTOTMHOMBI.
[IpoekTopsl, cBs3annble ¢ pagamu Pypre. UHTEpHOISIHMOHHBIE TPOSKTOPHI I YEOBIIEBCKUX CETOK.
2. Munumuzanust HopMbl. PaBHoMepHbie npubnmxenns. [lonmunomsr YeOrimesa. Psag Teinopa u ero
JUCKPETHBII aHAJIOT.

Buner Ne2.

1. Cmumaitepl. BapualimoHHOE CBOMCTBO €CTECTBEHHBIX CIUIAfHOB. Kak CTpouTh ecTeCTBeHHBIS
CIUTaifHBI. ANIMPOKCUMAIIMOHHBIE CBOMCTBA €CTECTBEHHBIX CIUIaiHOB. B-crmaiinel. KBazunokanbHOCTh
Y JICHTOYHBIE MaTPHULIbIL.

2. Meton HauMeHBIIMX KBagparoB. OPTOrOHANBHBIE TIOJMHOMBL TpexXuieHHbIE pEKyppEeHTHBIC
cooTHomeHus1. KopHI OpTOrOHANBHBIX TOJIMHOMOB. TpexusieHHbIE COOTHOIIEHHUS U TPEXTUaroHaIbHbIE
Matpuibl. COOTHOIICHHS pPa3leieHUS MEXIy KOpHsSMH. OpTOTOHANLHBIE TOJMHOMBI U Pa3JIOKCHHE
XOJIeIIKOTO.

Kpurepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka ommyHO 8§ OamioB - BBICTaBJIIETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaiia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 0Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIN,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

Bo Bpemss mnpoBenenus anddepeHUIHpPOBaHHOTO 3adeTra OOydYalolIMecsi MOrYT IOJIb30BaThCS
[NpOrpaMMOM JUCLHMIUIMHBI, a TakXe CIPaBOYHOM JIMTEPATYPOM, BBIYUCIMUTEIBHOU TEXHUKOM,
KOHCIIEKTaMH JICKIIHH.

HuddepeHIMPOBaHHBIA 3a4eT MOXKET MPOBOAUTHCS MO WTOraM TEKyIIEeH YCHEeBAEMOCTH U CHAYH
3aJIaHui, WK ITyTeM OpraHu3alMy CIIELHAIBHOTO OIIPOca, IPOBOIUMOIO B YCTHOH (hopme.



