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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
2IPOKOCMHYECKUX TEXHOJIOTHIi

C.C. HeroasieB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: YucrieHHbIE METOIbI PEIICHNS] YPAaBHEHUH TEIIONPOBOJHOCTH
10 HANPABJICHHUIO: Texuunueckas puznka
NpoduJIb MOATOTOBKH: Texnnueckast pu3znka KOCMUYECKHX JIETATEIbHBIX alapaToB

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadeapa KOCMUYECKHX JIETaTEeIbHBIX allllapaToB

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 75 4ac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 2

[Iporpammy cocrasuin: M.C. CepebpskoB, 3aMeCTHTENh 3aBEIYIOIIETO Kadeapoit

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapbl KOCMUYECKHX JieTaTeNbHbIX anmnaparos 02.06.2023



AHHOTANMA

Kypc "Uucnennble MeToAbl B Ta30BOil JUHAMUKE" OTHOCHTCS K BapuUaTHBHON YacTh 0O0pa30BaTeiIbHOMN
[IpOrpaMMBbl, U3y4aeTcst Ha 5 Kypce.

Wzyuenne naHHOW NUCUMIUIMHBI ONMUPAETCS Ha 3HAHMA, MOJYYCHHbIE B MPOLIECCE OCBOCHMS TUCLMILIIHMHBI
"BBeneHre B MEXaHUKY CIUIOIIHBIX cpen”, "YpaBHeHHs MareMarudeckoi ¢usuku", "BwraucnurenbHast
maremaTuka', "'a3oBass nuHaMuKa'".

N3yyenne yueOHOW AMCHMIUIMHBI HANpaBlieHO (GopMHpoBaHHE O0a30BBIX 3HAHWN OCHOBHBIX YHCIIEHHBIX
METO/IOB Ta30BOW JAMHAMHUKH, BBIPAOOTKY Yy HHX HABBIKOB aHaJM3a UYMCICHHBIX CXEM Pa3JIMYHBIX THIIOB,
YMEHHUS CTaBUTh U PELIATh 3a/1a4l Ia30BOH JUHAMUKHU C IPUMEHEHUEM COBPEMEHHBIX YMCICHHBIX IOAX0/0B.

ConeprxaHne Kypca OCHOBBIBA€TCSI HA CUCTEMHBIX 3HAHHUAX, MMOTYYSHHBIX B XOA€ U3YUCHHUS CIEAYIOIINX TEM:
BBenenue B unciieHHbIE METOAbI Ta30BOM TMHAMUKU.

Uucnennsie Metossl perenus O/Y.

UwrcneHHbIe METO/IBI pEeIIeHUs MapabouiYecKuX YpaBHEHUH.

UucrieHHbIe METO/IBI PEIICHUS AIUTUIITHYECKUX YPAaBHEHH.

UwrcneHHbIe METO/IBI PEIICHUS TUIIEPOOINYECKUX YPABHEHHH.

[lo 3aBepuieHHIO Kypca CTYACHTHI OBJIQJCIOT HAaBBIKAMH KYJIBTYPOH MOCTAaHOBKH M MOICITUPOBAHUSA
¢bu3MuecKuX 3a1ad, MPAKTUKOM MCCIEAOBAHUS U PEIICHHUS TEOPETHYECKUX M NMPHUKIAAHBIX 3a/1a4, OCBOCHUS
OospIoro oobemMa nH(pOPMALMY U CAMOCTOSTEILHON paOOTHI.

1. leau u 3apa4u

eap AUCUMNIMHBI

* 00ecreunTh OCBOCHHE CTyACHTAaMH OCHOBHBIX YHUCJICHHBIX MCTOJOB ra3oBOM JUHAMUKH, BLIpa6OTKy y
HHUX HABBIKOB aHAJIN3a YHUCJIICHHBIX CXCM PA3JIMYHBIX THUIIOB, YMCHUSA CTABUTH U PCHIATH 3a1a4U ra3oBoi
AVMHaMHKHU C IPUMEHCHHUEM COBPEMEHHBIX YUCJICHHBIX ITOAXO00B.

3agauu AU CHUILIHHBI

¢ MU3YUYCHHEC CTYACHTAMU MATCMATHYCCKUX MOJIeJIEHi OCHOBHBIX 3aJa4 ra30BoOi JUHAMUKH,

* U3Y4YEHHME TOYHBIX METOAOB pacyeTa ypaBHEHUM HEBA3KOIO U BSI3KOI'O TEUCHWUH ra3oB, ypaBHEHUI
MIOTPAaHUYHOTO CJIOSI, YPAaBHEHMSI TEIJIONPOBOAHOCTH M TIOTEHIMAA.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananuzupyet npoOJIEMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TIOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS
[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh I11aroB,
NpEeNBHUIA PE3YIbTaT KaXIOr0 M3 HUX W OLIEHHWBAs HX
BIMSIHUE  HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUPyeMOI
JEATENBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B

00JIACTH TEXHUYECKOU (HU3UKH
[IK-1 Crioco0OeH KpuTHYECKH aHAJIN3UPOBATh [IK-1.2

COBpPEMEHHBIE MTPOOTIEMBbI TEXHUUECKON (HU3HUKH,
CTaBHUTb 33J]a4 U Pa3padaThIBaTh MPOrpPaMMy
WCCIIeZIOBaHMsI, BEIOUPATH aJIeKBATHBIE CITOCOOBI
M METOJIbI PELICHHS SKCTICPUMECHTATBHBIX U
TEOPETUYECKUX 3a/1a4, HHTSPIPETHPOBATh,
MPEICTABIATH U IPUMEHSTH MTOJyYCHHBIC

NARUITETATLT

CrocobeH  craBUTh 3amaud B oOjacTu
mpo(eCCUOHATBHON JCATEIBHOCTH, Mpeaiarartb MyTH HX
pelieHus

[IK-1.3 CnocobeHn pa3paOaTbiBaTh U NMPUMEHATH HauOoiee
MOAXOMAIINE  TEOPEeTHYECKHE M SKCIEPUMEHTAJIbHBIC
METO/bl HMCCICJOBAaHWN K KOHKPETHOM Hay4yHOW 3ajadye U
MHTEPIIPETUPOBATH MOTYUYEHHbIE PE3YIbTaThI




Py

[IK-1.4 CnocobeH mNpoBOIUTH ampoOanuio pPe3yabTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

[1K-2 Crnoco0eH caMOCTOITENBHO BBIIIOIHITH
(U3KKO-TEXHIUUECKHE HayUHBIE HCCIICIOBAHMUS
JUTSL ONITUMU3AIIMN TTapaMeTPOB OOBEKTOB U
MPOIECCOB C MCIIOIB30BAHUEM CTAHJAPTHBIX U
CIEIAITBHO pa3padOTaHHBIX
WHCTPYMEHTAIBHBIX ¥ TPOTPAMMHBIX CPEJICTB

[IK-2.1 Bnageer coBpeMEHHBIMH (PU3MKO-TEXHUYECKHUMHU
METOlaMHd  TEOPETHYECKOI0 M IKCIEPUMEHTAJIBHOI'O
HCCIEeI0OBaHUS

[IK-2.2 IIpumensier MeTOAbl MaTeMaTHYECKOTO aHalu3a U
CTPOUT MaTeMaTHYECKHE MOJENM Uil pelleHus 3aaad
ONTHUMU3AINN

[IK-2.3 CnocobeH caMOCTOSTENFHO IUIAHUPOBAaTh U
NPOBOAUTH  HCIBITAHWA HAa  PacyeTHO-TEOPETUYECKHUX
MOJENIIX WM OKCICPUMEHTAJbHOM OOOpYIOBAaHHUU C
MPUMEHEHHEM CTaHJIAPTHBIX U CHENHAIBHO pa3paboTaHHBIX
WHCTPYMEHTAJIBHBIX U (MJIN) IPOrPaMMHBIX CPEICTB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)

B PE3YIBTATC OCBOCHUA JUCHUTIIINHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HAThb:

¢ OCHOBBI YHCJICHHOI'0O MOACIIMPOBAHUA PA3JIMYHBIX ITa30ANHAMHWYCCKUX Te‘leHI/II‘/’I;
*  0COOEHHOCTH YHCIIEHHOTO MOJCIIMPOBAHUSA napa6on1/mec1<1/1x, OJINIMIITUYICCKUX U FI/IHep6OJII/I‘-IeCKI/IX

3a1a4;

* COBPEMCHHBIE MaTeMaTHYECKHE MOJENN AJISl PEIICHHs 3a/ad OOTEKaHHs TeNl BSI3KHUM M HEBSI3KUM
ra3oM, 33J1a4d paclpOCTPAHEHU TEIUIA B CPENAX;

* c1ocoObl pa3pabOTKU pa3IUYHBIX MaTEMaTHYECKUX MOJIENIEH Ul aHaIi3a TeYSHUH ra3oB;

. METOJBl HCCJIENOBAaHUS PAa3HOCTHBIX CXEM Ha AaNIpOKCUMAILMI0 W YCTOMYHMBOCTH, METOABI
[IOCTPOEHHUS PACUETHBIX CETOK, METO/IbI PEIIEHUS CTallMOHAPHBIX U HECTALlMOHAPHBIX 3a7ad;

* METOABI IPOBEJAECHUS YNCIEHHOTO MOJEIHPOBAHNS TEUEHUH KUAKOCTH, Ta30B U IIA3MBI.

YMETB:

® BI)I6I/IpaTb AJCKBATHBIC YUCJICHHBIC MCTOABI JIsI IMPOBEACHUSA YHCICHHOI'O MOACIMPOBAHUA
Pa3INIHBIX TCUCHHUM Ta30B — CBCPX3BYKOBLIX, JO3BYKOBBIX W HCCKHMACMbIX, JIAMUHAPHBIX WU

TypOyJICHTHBIX;

° paBpa6aTI>IBaTB AJITOPUTMBI U IIPOrpaMMBbl IJid PCIICHUA Ia30JUHAMUYCCKUX 3a/1a4 Ha BBM, B TOM

YUCJIE C NapAJUIEIbHON apXUTEKTYPOU;

° PaCCUUTBIBATL MMAPaMCTPbl T'a30AUHAMUYCCKUX TEUECHUI C HCHOJB30BAHUEM COOCTBCHHBIX WU

KOMMEPUYECKHX MpPOrpaMM, OHPEAeNIATh
TETUIOBBIC TIOTOKH;

JIEHCTBYIOIIE HAa TOBEpXHOCTh JIA CHIBI, MOMEHTHI H

* TPOBOAWTH BEPU(UKAIMIO U BaJIUIALNIO IPOTPAMMHBIX KOJIOB;
. CaMOCTOATENBHO palboTaTh € Y4eOHOM, CIPaBOYHON JIUTEpPaTypod M MaKeTaMH HPUKIIAIHBIX

[IpOrpamMM IIpH IIPOBEAECHUHU PaCUETOB.
BJIaJIETh:

* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaIH;

* HaBBEIKAMH CaMOCTOSTSIbHOMN pa6OTLI;

* KyJIBbTYPOH MOCTAaHOBKM M MOAETMPOBAHMS (PU3MUECKUX 3a/1a4;
* TIPAKTUKOM MCCIIEIOBAHMS U PEIICHUS TEOPETUUIECKUX U MPUKIAIHBIX 33]1a4.

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

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

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

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 BBezienue B YMCICHHBIC METO/IBI Ta30BOM 6 5
JTMHAMHKH.




2 Uucnennsie Metosisl perenus OLY. 6 4

3 YucneHHble METO/IbI peLIeHus 10 3
napaboIMYECKUX YpaBHEHHM.

4 UucneHnele METO/IbI peuieHus ] 3
3JUIMNTUYECKUX YPaBHEHUI.

5 YucreHHble METO/IbI pelIeHus 30 60
runepOoINIecKUX YpaBHEHUH.

Hroro yacos 60 75

[ToaroTroBka k sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. BBenieHre B UMCIIEHHBIE METOBI Ta30BOM JTUHAMUKH.

3ajmaun YUCIEHHOTO MOJEIHpPOBaHUS B ra3oBoil guHamuke. [Ipumepsr npumenenuss UMI/L.
OKCIEepUMEHTANIBHBIA, TEOPETHUECKH W YHUCIIeHHbIe moaxonsl. OcHOBHBIE apocTtomHCTBa YM.
Hcnonp3oBanue koMMepueckux konos UMI/I.

Maremarndyeckass Monedb ra3oBoil nuHaMukH. [eHepannsa cetok. IIpocTpaHcTBEHHO-BpeMEHHast
nuckperusanys. Jlnneapuzaius ypaBHeHHA. MeTonbl 00padoTku naHHbIX. Kiaccudukamnms ommobok
YHCJICHHBIX METOI0B. MeTo/bl Bepu(pHUKaLuy MPOrpaMMHBIX KOJOB.

Meronpl auckperusauud. MeTon KOHEUHBIX pa3HOCTEd. MeTon KOHEUHBIX 3JIEMEHTOB. Metoxn
KOHEYHBIX 00beMOB. CHIeKTpabHbIE U IICEBAO-CIIEKTPalIbHbIe MeTOAbI, MeToabl IlerpoBa-l anepkuna,
METO/l OPTOrOHAJIbHBIX KOJUIOKALM, METO T10JIOC.

KauecTBeHHBIE CBOWCTBAa YMCIIEHHBIX METOOB — KOHCEPBAaTUBHOCTb, NIPUYMHHOCTH, OOPaTUMOCTD,
MTOJIOKUTENBHOCTD, TOYHOCTD, CXOAUMOCTb, alllIPOKCHMALUS U YCTONYNBOCTb.

2. Uucnennsie MeToswl penrenus OJ1Y.

OObikHOBeHHBIE MU (depeHITNAIBHbIE YPaBHEHHsSI B Ta30BOM JUHaAMUKe. UMCIIEHHBIE METOJBI IS
3amaun Komm m kpaeBoi 3amaun. SIBHbIE U HESIBHBIE CXEMbl. YCTOWYMBOCTH YMCIEHHBIX CXEM I
pemennst O/lY. XKéctkme cucrembr OJ[Y u merombl ux pemieHus. MHOTOIIAroBble CXEMBI -
Anamca-bemdopra u Anamca-MoyntoHa. SIBHble M HesiBHbIe cxeMbl Pynre-Kyrtra. Ilpumep —
UucnenHoe perienne 3anaun Komm i1 ypaBHEHHS pETaKCaIlvm.

3. HuciieHHBIE METOBI PELUICHNS NAapa0OINYECKUX YPAaBHECHHH.

[TapaGonnueckre ypaBHEHHs B ra30BOi AMHAMUKE. MapIeBblii anropuTM. YCIOBUS Napadonu3annu
ypaBHeHni1 HaBpe-CTokca. YpaBHEHHE TETIONPOBOJHOCTH M €ro MareMaTHYecKHe CBOWCTBA.
JIMCKpETHBIN NPUHIMII MakCUMyMa. SIBHbIE W HESIBHBIE CXEMBI JJI YPaBHEHHS TEIJIONPOBOAHOCTH.
[Ipumep —  UwumcieHHoe  MOIEIMpPOBAHHUE  OJHOMEpPHOW  TemtompoBogHOoCcTH.  (Cxema
Kpanka-Hukosncona. Cxema Jlaaconena. Cxema [liodopra-®Ppankena. KoHedHOAIEMEHTHBIE METOIBI
pelleHus] ypaBHEHUs TEIUIONPOBOIHOCTH. YCTONYUMBOCTh YMCJIEHHBIX CXEM IS HayaJbHO-KpaeBOH
3amaun. Meronel @ypre n Helimana aHann3a ycTOMYMBOCTH. MHOXHTEIb W MaTpHIla MEPEXOAA.
Hopwmel marpuusl nnepexona. HennneilHoe ypaBHEHME TEIIONPOBOAHOCTH. MHOTOMEPHOE YpaBHEHUE
TEIJIONIPOBOAHOCTH.

Pemenune cucrem nuHeiHbIX ypaBHeHMH. [Ipsamblie Meromsl, meton laycca. TpexamaroHanbHBIN
CKaJSIPHBIN ¥ OIIOYHBIN aNTOpUTMBI. METO/IBI pa3pe:KeHHBIX MATPHIL.

4. YucneHHble METO/bl PELLIEHHS] JIUITUYECKUX YPaBHEHUH.



DJUANITHYECKHUE YPAaBHEHHS B Ta30BOM TMHAMUKE. YPaBHEHHS MTOTSHIIMAILHOTO TCUSHUS. YpaBHEHUS
JUTSL KOPPEKIIMK JABICHUS TEUCHHMI Hec)KnMaeMoi kuakoctu. CraloHapHbIe T03BYKOBBIE TEUEHUS
Bs3koro rasa. WrepamumoHHble MeTombl. Metombl SIkoOm, [aycca-3eligens, mocnenoBaTeIbHOMN
BEepXHEeW penakcanuu. MeToabl paciieryieHus, JUHeHbIN Meton ["aycca-3eiiens u CUIbHO HEesIBHAS
nporieaypa. Meron B3BemeHHbIX HeBs30K. LU- paciieruienne u anroputM XoJerkoro. YeOsImeBckoe
yckopenue. IlognpoctpanctBa KpbuioBa M MpOEKIIMOHHBIE METOABI. MHOTOCETOUHbIE METOABI U
npexoHauIMs. CriTaKuBaroIUi OMeparop 1 ero CIIeKTPalbHbIe CBOHCTBRA.

Cemecrtp: 2 (Becennuit)
5. UncneHHbIE METOIBI PEHICHHS THIIEPOOINIECKUX YPaBHEHUH.

CpoiicTBa TUNEpOOTMUECKUX CUCTEM ypaBHEHHH. XapakTrepucTHKH. JleBble u mpaBble cOOCTBEHHBIE
BekTopa. JluaroHammsamyst W mpeoOpa3zoBaHHe TONOOHMsS. YCIOBHS COBMECTHOCTH  BJIOJb
xapakTepucTUK. HBapnanTel Pumana. YpaBHeHHE mepeHoca M BOJHOBOE ypaBHeHHEe. Hesszkoe
ypaBHeHHe bioprepca. YpaBuenus akyctuku. OTHOMEpHBIE YpaBHEHHS Ta30BOM THHAMUKH.
UuciieHHO MOIETMPOBaHNE CKAJSIPHOTO YpaBHEHUS NIepeHoca. UNCIeHHas JUCCUNaus U TUCTIEPCHSL.
dazoBasi U rpynmnoBasi CKOPOCTH. XapaKTePUCTUUECKHE CBOMCTBAa ypaBHEeHHi mepeHoca. Obmactu
BIIMSIHUS U 3aBUCHMOCTH.

Henuneiinpie runepbonuueckue ypaBHeHus. YucnenHoe pemieHue ypaBHeHus: broprepca. [lonsitie
00o0menHoro pemenus. CyniecTBoBaHME M €IWHCTBEHHOCTh pEIICHWH ypaBHeHHs broprepca.
Cnabas ¢popma ypaBuenwmii. CooTHonIeHUs1 PeHkHa- FTOTOHHO Ha pa3phiBax.

I'mnepOonuueckue ypaBHeHUs B (opme 3akoHOB coxpaHeHus. Bekrop moroka. TpancmoprHOe
ypaBHeHHe U ypaBHeHHe baknu-JleBeperta. DHTpONMITHOE YCIIOBHE.

3amava Pumana juist THHEHHON CUCTEMBI TUIIEPOOTUIECKUX YPABHEHHM.

CuctemMbl HEJTMHEHWHBIX THUNEPOOIMYECKUX YypaBHEHHH. XapakTepucrudyeckoe moise. JIuHeiHo
BBIPOXKJICHHOE ¥ HICTMHHO HenMHeitHoe noje. Kimaccudukarus pa3pbiBoB.

VYpaBHenus: Diinepa ogHOMEpHOU TazonuHaMuKH. SJkoOuaH Bekropa motoka. [IpaBble W JieBbie
COOCTBEHHBIE BEKTOpa skoOuaHa. XapakTepUCTHYECKHME COOTHOIIEHHs. Pacmajy mpon3BOIBHOTO
pa3pbiBa. COOTHOLIEHUSI Ha KOHTaKTHOM DPa3pblBE, BOJIHE Pa3psDKEHUSl U YIApHOM BojHE. YaapHas
annabara.

YucrieHHbIE CXEMBI PeIleHHs THIepOoInYecKuX ypaBHEHHH. CXeMbl ¢ PasHOCTAMHU IO M NPOTHB
notoka. lleHTpanbHO-pa3sHOcTHasd cxema. YcnoBue Kypanra-®Opunpuxca-JleBu. YcTOWYMBOCTH
YHUCIEHHBIX CXEM JUIl TUINEepOOIMYECKUX ypaBHEHHH. MeTox MOIU(HUIMPOBAHHOTO YpaBHEHHUS.
Cxema Jlakca. HesBHas cxema Diinepa. Cxema Jlakca-Benapoda. J[ByxmaroBeie cxembl. Mertonq
MakKopmaka. Cxema buma-Yopmunra. Hessnas cxema Kpanka-Hukosncona. Cxema Pycanosa.
Cxema Yopmunra-Kartnepa-Jlomakca. Cxembl Pynre-KyTThl.

CxeMbl ¢ pasHocTsiMHM NpoTuB noTtoka. Cxema [omyHoBa. PacuiensieHue 1OTOKOB U paclleIUIeHUe
pasHoctu notokoB. Cxembl Crurepa-Yopmunra u BanJlupa. AUSM cxema. Kunernyeckue cxembl
pacmeruienus. Cxema Omrepa. Cxema Poy. Cxema Xaprena-Jlakca-BanJlupa u ee Mmonudukanum.
CxeMbl C LIEHTPaJbHBIMU Pa3HOCTAMU Ul ypaBHeHMM Olnepa. CriakuBaHUE UM MCKYyCCTBEHHas
muccunarus. Cxema J[xefimucona n Heccnsxy-Teamopa.

Mertozbl MOBBILICHHUS HOPAJKa /U1 CXEM NPOTHB MoToka. [lomHas Bapmanms CETOYHOH (YHKIHH.
TVD — cxemsl u aumutepsl. ENO anmpokcumanus. WENO anroputmel. KomnakTHble pa3HOCTHBIE
CXEMBI.

IlocTaHOBKa TpPaHUYHBIX YCIOBUM JJI YPAaBHEHUH Ta30BOM JNMHAMHKH. YCTONYMBOCTH IPAHHYHBIX
ycnoBul. I'paHnuHble ycinoBusi Ha cTeHKE. [lOCTaHOBKAa T'paHWYHBIX YCIOBHM Ha BXOAHBIX H
BBIXOAHBIX Tpanunax. CBoOoaHbIe TpaHULbl. PaguanoHHble U NOMIOMIAIONINE TPAHUYHbIE YCIOBHSL.
[loctpoenne cerok. Anrebpamueckue Metoabl. uddepeHnmanbHbie METOABI — SIUIUITHYECKUE,
napaboiIruecKre U TunepOoInueckue reHepartopsl. MeTosi KoHPOPMHBIX 0ToOpakeHMid. PerynspHbie
ceTKH. MHorozonnsle ceTku. IlepekpsiBarommecs ceTkd. HecTpyKTypHpOBaHHBIE CETKH.
Tpuanryisauus Jlenone u nonuronsl Bopororo. @poHTanbHbIIA METOL.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heo0xonnmoe ob6opynoBanue 1Jis IpOBEIECHU CEMEHAPOB: YueOHas ayIuTOPHs, KOMIIBIOTEP U
MYJIBTUMEINIHOE 000py0BaHKE (IIPOEKTOP, NHTEPAKTUBHAS JOCKA).



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa
1. KoHBEKTHBHBIN TEIIOOOMEH JieTaTelbHbIX ammaparoB. Biacos B.U., TopmkoB A.b., 3anorun I H.,
3emusiackuit b.A., Kosanés P.B., JIynés B.B., Myp3unos 1.H. nox pexn. 3emmsackoro b.A. 13-Bo
OU3SMATIIUT. 2014 1.
2. Riemann Solvers and Numerical Methods for Fluid Dynamics, 3rd edition, E.Toro,Springer, 2008
3. Numerical Computation of Internal and External Flows. v1, 2nd edition,Hirsch C., Hirsch C.
.Elsevier, 2007
4. Elements of numerical methods for compressible flows. Cambridge Aerospace series, Knight D.
.Cambridge University Press, 2006
5. Applied computational fluid dynamics techniques, 2nd ed, Lohner R., John Wiley & Sons, 2008
6. nenTudukanms mporeccoB Temioo0MeHa JIeTaTelbHbIX amnaparoB : BBefieHne B Teoprio 00paTHBIX
3anad teriooomena [Teker])/O. M. Amdanos, -M., MamuHoctpoenue, 1979

JomnonHutensHas auTeparypa
1.PazHocTHBIe cxembl: BBeneHue B Teoputo.lomyHoB C.K., Psa6enpkuii B.C.. M:Hayka, 1977
2. BeruucinurenbHble METOBI B JUHAMHUKE kuakoct» dneryep K. B 2-x Tomax. M:Mup.1991
3. BeuucnurenbHas THAPOJMHAMUKA U TeruiooOMeH. AuaepoH /1., Tannexwmn x., [Tnetuep P. B 2-x
Tomax. M:Mup.1990
4. YncnenHoe MoieTupoBaHre pearupyromux notoko.Opan 3., bopuc JIxx. M:Mup.1990
5. Jluuelinble U HENUMHEHHBIE BOJMHEL YuszeM Ix. M: Mup, 1977, 622 c.
6. JluneiiHple M HEMWHEHHBIE BOJIHBI B IUCIIEPTUPYIOMINX CIUIONMIHBIX cpenax [Tekcer],
[Monorpadusi]/A. I. barnoes, B. U. Epodees, A. B. lllekosn, -M., ®uzmarnut, 2009
7. BeuuciuTenbHas MaTeMaTika B mpuMepax u 3aiadax [Tekct] : yue6. mocobue nms By3os / H. B.
Komuenonra, 1. A. Mapon .— 3-e uzn., crepeorun. — CII6. : Jlaas, 2009 .— 368 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://lib.mipt.ru/ — anekrponHas 6ubmroreka dusrexa
2. http://www.edu.ru — penepanbHbiil mopran «Poccuiickoe 00pazoBaHue).
3. http://benran.ru —6ubMMOTEKA 1O €CTEeCTBEHHBIM HaykaMm Poccuiickoii akajJieMuH HayK.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

yueOHast ayTUTOpHsi, OCHAIICHHAs: KOMIIBFOTEPOM U MYJIBTUMEANHHBIM 000pyI0BaHUEM (IIPOCKTOD,
3BYKOBasi CHCTEMa).; TTaKeThl 0(pHCHOTO IporpaMmMHoro obecnedenus: Microsoft Office: Word, Excel,
PowerPoint, Windows Media Player.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

VYeneniHoe ocBoeHHE Kypca TpeOyeT OONBHION caMOCTOSTENbHOW paboThl cTydeHTa. B mporpamme
Kypca MpuBeIcHO MHHUMAJIbHO HEOOXOMMOE BPeMs JIIsl padOTHI CTY/IEHTa HaJl TEMOH.

CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

— YTEHHE Y KOHCIIEKTHPOBAaHNE PEKOMEHJOBAaHHOW JIUTEPATYPhI;

— npopaboTKy yueOHOro Marepuaia (1o KOHCIEKTaM, yueOHOM U HayYHOU JIUTEpaType);
— pelieHue 3a/1a4, NpeAjaracMblX CTyIEHTaM Ha CeMEHapax;

— MOATOTOBKY K KOHTPOJIbHBIM, CAMOCTOSITEIILHBIM paboTaM U TECTaM.

PyKoBOACTBO M KOHTPOJIb 3a CaMOCTOSITENBHOW paOOTOM CTyIEHTa OCYILECTBISIETCS B PE3yibTare
aHaJM3a MTOTOB KOHTPOJBHBIX, CAMOCTOATENBHBIX pabOT M TECTOB, a TaKKe HHIUBHUIYaJIbHBIX
koHcynpTanil. Ilokasarenem BnajgeHHs MaTepUaJoM CIYXKUT YMEHHE pemars 3axadd. [ns
(GbopMUpOBaHUS yYMEHUS IPUMEHATh TEOPETUYECKHE 3HAHUS HA IPAKTUKE CTYACHTY HEO0OXOAMMO
pelaTh Kak MOXKHO OOJbIIIe 3a/1a4.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa KOCMUYECKUX JIETAaTeIILHEIX alapaToB

Kypc: 1

KBaJU(PUKAHA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

Pa3zpadorunk: M.C. CepebOpsikoB, 3aMeCTUTEND 3aBEAYIOIIET0 Kadeapoi



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 CriocobOeH KpUTHYECKH aHATU3UPOBATh
COBpPEMEHHBIE MPOOIEMBbI TEXHUYECKON (PU3HUKH,
CTaBUTh 33Ja41 U pa3padaThIBaTh IPOTPaAMMy
WCCIICAOBaHMsI, BEIOUPATH aJIeKBaTHBIE CIIOCOOBI
Y METOJIbl PELICHUs SKCTIEPUMEHTAJIbHBIX U
TEOPETHUYECKUX 3a/1a4, HHTEPIIPETUPOBATD,
MPEACTABIATh U IPUMEHSTD HOIy4CHHbIE
PE3yIbTaThl

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
00JIACTH TEXHUYECKOW (DU3HKH

I[IK-1.2 ChonocobeH  craBuTh 3aJayd B 00JIacTH
MpoeCCUOHANBHON JAEATENbHOCTH, Mpeaiararb MMyTH HX
perieHust

IIK-1.3 CnocobeHn pa3pabarbiBaTh U MPUMEHATH Haunbolee
MOAXOASIIINE  TEOPETHYECKHE H  OKCICPUMEHTAJIbHBIC
METOABl HCCIENOBAaHUN K KOHKPETHOM HaydHOHM 3ajaye u
WHTEPIPETUPOBATH MOTYUYCHHBIEC PE3YJIBTATHI

[IK-1.4 CnocobeH mNpOBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMMKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pepeHIuIX

I1K-2 CiocobeH caMOCTOSITEILHO BEIITOIHATE
(DUBHKO-TEXHUUECKUE HAYYHBIC UCCIICIOBAHUS
JUTSL OTITUMU3AINH [TapaMETPOB OOEKTOB U
MIPOIIECCOB C UCTIOIh30BAaHUEM CTaHIAPTHEIX U
CHenHaIbHO pa3paboTaHHBIX
WHCTPYMEHTAIBHBIX M TPOTPAMMHBIX CPEICTB

[IK-2.1 Bnageer coBpeMEHHBIMH (PH3UKO-TEXHUICCKUMHU
METOIaMH  TEOPETHYECKOT0 W IKCHEPUMEHTAIBHOTO
HCCIIeJOBAaHUS

[IK-2.2 ITpumeHsieT METOABl MareMaTHYECKOrO aHalu3a U
CTpPOUT MaTeMaTHYECKUEe MOJENIN Uil pelleHus 3aaad
ONTHUMH3ALUU

IMK-2.3 CnocobeH caMOCTOSTENFHO IUIAHUPOBATh U
MPOBOJUTH  HUCHBITAHUS HA  PACUCTHO-TEOPETHUECKUX
MOZAEISIX WM OKCIEPHUMEHTAJbHOM O00OpYIOBaHMHM C
MPUMEHEHHEM CTaHJAPTHBIX M CHEIMAaJIbHO pa3padoTaHHBIX
MHCTPYMEHTAJIBHBIX U (MJIN) IPOTPAaMMHBIX CPEICTB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare usyueHuss IUCHMIIIMHBI «YHCIEHHBIE METOAbI PELICHUS YPaBHEHUN TEIIONPOBOIHOCTUY

00yJarouics JTOIDKEH:

3HAThb:

¢ OCHOBBI YHCJICHHOI'O MOACIIMPOBAHUA PA3JIMYHBIX ITa30AUNHAMHWYCCKUX Te‘leHI/II‘/’I;
*  0COOEHHOCTH YHCIIEHHOTO MOJCIIMPOBAHUSA napa6on1/mec1<1/1x, QJINIMIITUYICCKUX U FI/IHep6OJII/I‘-IeCKI/IX

3a1a4;

* COBPEMCHHBIE MaTeMaTHYECKHE MOJENN AJIS PEIICHHs 3a/1ad OOTEKaHHs TeNl BSI3KHUM M HEBSI3KUM
ra3oM, 33J1a4d paclpOCTPAHEHU TEIUIA B CPENAX;

* c1ocoObl pa3pabOTKU pa3IUYHBIX MaTEMaTHUYECKUX MOJIENIEH JUId aHaIi3a TeYSHUH ra3oB;

. METOJBl HCCIENOBAaHUS PA3HOCTHBIX CXEM HA AaNIpOKCUMAILMI0 W YCTOMYHMBOCTH, METOABI
[IOCTPOEHHUS PACUETHBIX CETOK, METO/IbI PEIIEHUS CTAllMOHAPHBIX U HECTALMOHAPHBIX 3a7ad;

* METOABI IPOBEJAECHUS YNCIEHHOTO MOJEIHPOBAHMS TEUEHUH KUAKOCTH, Ta30B U IIA3MBI.

yMeTh:



. BBIOMpATh aJCKBaTHBIC YWCICHHBIE METOABl Ui MPOBEICHHS YHCICHHOTO MOAEIMPOBAHUS
pa3IMuHBIX TEYEHUH Ta30B — CBEPX3BYKOBBIX, JIO3BYKOBBIX U HECKMMAEMbIX, JAMHHAPHBIX WU
TypOyJICHTHBIX;
* pa3pabaTbIBaTh AITOPUTMBI U IPOTPAMMBI Ul PEeIICHNs ra30AMHAMUYecKUX 3a1ad Ha OBM, B Tom
YHCJIe ¢ TapaJuIeIbHON apXUTEKTYPOI;
*  paccuMThIBaTh IapaMeTpbl I'a30JMHAMHYECKUX TEUYEHHH C HCIOJIb30BAaHHEM COOCTBEHHBIX HIIU
KOMMEpPYECKUX IPOrpaMM, OINpPENENATh JEHCTBYIOIIME HAa MOBEPXHOCTh JIA cCHIBI, MOMEHTB M
TEIUIOBbIE IIOTOKY;
* TPOBOAUTH BepUHUKALMIO U BAIHIALMIO IPOTPAMMHBIX KOJIOB;
. CaMOCTOATENbHO paboTaTh ¢ y4eOHOW, CIPaBOYHOM JIUTEpPaTypod M TMaKeTaMH MPUKIIAIHBIX
MIPOrpaMM NPHU NPOBEAECHUH PACUETOB.

BJIaJeTh:
* HaBBIKAMH OCBOCHMS 0OJIBIIOTO 00beMa HH(opMaIH;
* HaBBIKAMH CaMOCTOSTEIBHON PabOTHI;
* KYJNBTYpOH MOCTAHOBKH U MOAETHPOBAaHUS (U3NUCCKUX 3a7ad;
* IIPaKTUKOHN MCCJIEJOBAaHUS U PELIEHHs TEOPETUUECKUX U IPUKIIAJHBIX 3a/ad.

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



3. IlepeyeHb THUNOBBIX (IPUMEPHBIX) BONPOCOB, 3aJaHUI, TeM JJIsl MOATOTOBKHU K
TeKyIleMy KOHTPOJII0

Texymmii KOHTPOJIb OCYIIECTBIIACTCS B (hOpME KOHTPOIBHBIX/CAMOCTOSTEIBHBIX paboT
WM TECTOB B MUCBMEHHOM (opme 1o Kakaoil Teme. Kaxxnoe 3aganue B KOHTPOJIBHBIX
CaMOCTOSITENIbHBIX U TECTOBBIX pabOTax OICHWBACTCS OIPENIEICHHBIM KOJIUYECTBOM
O0amioB B KOHIE YCIOBHS Kakaoro 3aaanus. [lo wuroram HaOpaHHBIX 0ayuioB
BBICTABJISIETCS OLICHKA.

Kountpoabsnas padora Nel mo reme «UncjieHHbIe MeTOABI PelIEHUSs
napatdoJn4ecKnx ypaBHeHH D

1.

2.

honhE

N

Bapmuanr 1
Knaccudukanus ommOOK YHCIEHHBIX METOJ0B. MeToabl BepUpHUKalUuu
IIPOrpaMMHBIX KOJOB. (2)
MeTtoapl AucKpeTu3anui. MeToa KOHEYHBIX pa3HOCTEH. (2)
KauecTtBeHHble CBOWCTBAa UMCIEHHBIX METOJOB — KOHCEPBATUBHOCTb,
MPUYUHHOCTb, OOPaTHUMOCTb, TMOJOKUTEIBHOCTb, TOYHOCTH, CXOJHUMOCTbD,
annpoKCUMalUs U yCTOMYUBOCTD (2)
Haiitu koaddunmentsr B ammpokcumanuu (Ux)i=(@*Ui2 + b*Uit+ c*uit
d*uis1)/AX + O(AX3) (4)
BeiBecTr (hopmyity st BTOpO#M MPOM3BOJHOM (Uxx)i HA CeTKe ¢ AX = const Ha
MATUTOYCCHOM IadsioHe (5)

Bapuanr 2
Matemaruueckasi MoJieIb Ta30BOM JUHAMUKH. (2)
Mertoasl quckperrszauu. MeTo; KOHEYHBIX AJIEMEHTOB. (3)
Metoasl @ypre aHamM3a yCTOHNYUBOCTH. (2)
Haiitu kosddunments B anmpokcumarmu (ux)i=(a*Ui-2 + b*ui+ c*ui)/Ax +
O(Ax?) (4)
BeiBectr hopmysty aisi TpeTbed mpou3BOAHON (Uxxx)i HA ceTke ¢ AX = const
(4)

Bapuanr 3
Tunst cetok. [IpocTpaHcTBEHHO-BpeMEHHas JUCKpeTU3alus. (2)
Mertoas! quckperrsanuu. MeTo KOoHeYHBIX 00beMOB. (2)
Meroapl Helimana aHaiM3a yCTOMYMBOCTH. MHOXKUTEND U MaTpULA [IEpexoa.
(3)
BeiBect popmyny mist (uxx)i=(a*ui-1 + b*ui+ c*ui+1) Ha ceTke ¢ mepeMeHHBIM
[1aroM 10 X U OIIEHUTH €€ TOYHOCTD. (4)
BeiBecti hopmyiy [uisi BTOPOH MPOM3BOAHOI (Uxx)i HA 5-TOYeYHOM IabIIOHEe
(Ax = const). (4)

Kounrpoabnas padora Ne2 no reme «Uucjennoie MeToabl pemenus OY»

N

Bapmnanr 1
VYcroitunBocts 3aiaun Ko ans ypaBHeHus penakcauuu (1).
[Tpuseaure npumep xectkoro OY. (2)

Pemmre cuctemy Y, =—Y,; Y, =Y, ; y1(0) = 1; y2(0) = 1 sBHBIM MeTO/IOM
Oiinepa ¢ maroM Ax = /6 npu 0 < x < 1 u cpaBHUTE ¢ TOYHBIM perieHueM. (3)
Haiinure perynsipHoe acMMOTOTHYECKOE pa3JIOkKEHUE i ypaBHEHHs Bap-
nep-Tlons y" + 8(y2 —1)y’ + Y =0 npu manbix € (4)

Halinure ycnoBus, mpu KOTOPBIX AByXIIaroBbli meton Pynre-Kyrrsl umeer

BTOPOI MOPSIOK, ¥ ONIPENEIUTE BCE TAKUE METOIBL. (5)
Bapmuanr 2

1



=

5.

Pemenue kpaesoit 3amaun aia OJ1Y.
SIBnsiercs nmu ypaBHEHHE y’ = —50(y —COS X) KECTKUM U N04YeMY?

Pemmure cucremy yl' ==Y, y2 Y. + y1(0)

MeToaoM Diniepa ¢ maroM AX = /6 ipu 0 < x < 1 U cpaBHHTE C TOYHBIM

peleHueM.

Haiinure  npenenpHOe — pemieHne  aid  ypaBHeHus — Bap-nep-llois

y"+ &‘(y2 —1)y’ + Y =0 npu Gonpumx €

Haiinure Bce Tpexiiarosbsie siBHbIe MeTO/IbI PyHre-KyTThl TpeThero nopsaka.
Bapuant 3

[TpsiMble METO/IBI U TPEXAUATOHATIBHBIA CKAJISIPHBIN allTOPUTM.

[TpenoxuTe aaropuT™M aAanTUBHOIO KOHTPOJIA KECTKOCTU MPU YHUCICHHOM

pemennun O/1Y.

Pemmre cucremy Y, =—VY,; Y, =Y, ;y1(0) = 1; y2(0) = 1 metonom [Mukapa

1; y2(0) = 1 HesBHBIM

¢ marom AX = 1/6 ipu 0 <X < 1 ¥ CpaBHUTE C TOUYHBIM PEIICHUEM.
[TokazaTh cyiiecTBOBaHUE MPEEIBHOIO HUKIA Uil ypaBHeHus Bap-nep-Ilons

y"+ g(yz —1)y'+ y=0

[Toctpoiite npon3BoIbHBIN YeThIpEXIaroBbii AsBHbIN MeTo PK 4ro nopsaxa.

Koutrpoabnasa padora Ne3 mno Teme «YUmncieHHble MeTOAbI pelIeHUs
napa0oJM4ecKuX ypaBHeHHN»

1
2.
3.
4

N

el A

Bapuanr 1
[TapaGonuyeckue ypaBHEHUS B Ta30BOM AUHAMUKE. (2)
Cxema Kpanka-Hukoscona. (2)
Y CTONYMBOCTD YHCIICHHBIX CXEM IS HA4albHO-KpaeBoii 3a1auu (2)
HccnenoBath yCTOfI‘II/IBOCTI) CXEMBI JUIS YpaBHEHHUS TEIJIONPOBOIHOCTH:

n+1_.n L
- 4)

uj Ui _ a Uiy
Hccnenosath aHHpOKCI/IMaHI/IIO HESIBHOM  CXEMBbl Uil ypaBHEHHs
n+1__mn n+i_o. n+1+un+1

u; u;
i L — a i+1 1—1 (5)

2u +ult

TCIIJIOMIIPOBOAHOCTH .
p A Ax?

Bapuanr 2
YcnoBus napabonusanuu ypaBueHuit HaBre-Croxca. (2)
Cxema JlaaconeHa. (2)
Meronsr ®Pypre u Helimana aHamu3a YCTOMYMBOCTH JUISI OJHOMEPHOTO
YpaBHEHHUSI TEIJIONPOBOAHOCTH. (2)
UccnenoBath anmpoKCUMAalMl0  SIBHOM CXeMBbl IS YpaBHEHUS

n+1 n
U U up ., —2ul+ul
TETIOMPOBOHOCTH: ————— = @ itl =1 (4)
HccnenoBaTh  yCTOMYHMBOCTB  CXEMBI Jl}oq)opTa d)paHKena JUISL  YpaBHEHUS
n+i_,n-1 ul un+1 w1y
TEIUIONPOBOAHOCTH: — e == szl wly (5)
Bapuanr 3

JIMCKpeTHBII NPUHLIMI MakcuMyMa. (2)
Cxema [rodopra-®pankena. (2)
MHuoxwuTenb 1 MaTpuia nepexoaa. Hopmsl Matpuiisl nepexoza. (2)

HccnenoBats YCTOWYHBOCTH HESBHOU CXEMBI JUIs yYpaBHEHUSA
n+1 n n+1 n+1 n+1
i —Uuj Uy —2uy Uy

TEIUIONPOBOHOCTH: ————— = @ = I L (5)

HccnenoBaTh anmpoKCHUMALMIO CXEMBbI I[m(bopTa-(DpaHKena JUIsl YpaBHEHHUS
n+1_, n-1 ut un+1 w14

TETJIONPOBOIHOCTH: — L =g e L (4)

Tect Ne 1 mo reme «UncjieHHbIe METOAbI PEeIICHUS JIJTMITHYECKUX YPABHEHHII»

2



1. Kakue u3 3THX ra30MHAMUYCCKUX YPABHEHHH SIBIISIOTCS dyuminTHIecKuMu (1) ?
a) YpaBHEHHE MOTEHIIMAJA, YPABHEHHS TOJ3YIIETO ABUKEHHUS, CTAllMOHAPHbBIE
CBEPX3BYKOBbIE YpaBHEeHUs Dilepa, ypaBHEHUS U KOPPEKIIUH JaBICHHUS.

0) YpaBHeHHE OTEHIIMANA, YPABHEHHUS TOI3YLIETO JBMKEHUS, YPAaBHEHHS
MOTPAHUYHOTO CJIOSI, YPaBHEHHUS JUIsI KOPPEKIIUH JaBICHHUS.

B) YpaBHEHUE OTEHIIMANA, YPABHEHUS MOJ3YILEr0 JBUKEHMS, CTAllMOHAPHbIE
JI03BYKOBBIE ypaBHEHUS Diijiepa, ypaBHEHHUs 7151 KOPPEKIIUU JTaBICHUS

2. Bo CKOJIBKO pa3 OTIMYAIOTCS CKOPOCTH CXOAMMOCTH MeTo10B SIkobu u "aycca-
3eitaens (1)?

a) OTMHAKOBBI

6) Meton ['aycca cxogutcs BIBoe ObICTpee.

B) Metoa ["aycca cxoauTcs B /2 pa3 ObIcTpee.

3. Kak konuyecTBO ornepanuii Juist IpsMoro Metoja uckitouenus ['aycca s
JMHEHHOM CUCTEMbI YPaBHEHHU 3aBUCHT OT Yucia ceTouHbIX y310B N (1)?

a) ~N?

6) ~N3

B) ~N?InN

4. Kak Beipaxkaetcs L, Hopma maTtpurst A(1)?

N
a) max
j=L...N IZ_;‘
6) N
a2,

B). . /piAAH )

5. Ilyctb G - MaTpua UTEpaLlMOHHOTO ITponecca. [Ipy Kakux yCclnoBUsSX CXOAATCS
utepauuu (2) ?

a) p(G)<1
6) p(G)<1

B) ,O(G) <lu Matpunia G CTporo JuaroHajbHO MPEOo0IIaIaroIIas.

a;;

q;

6. [Tycth MakcuMampHOE COOCTBEHHOE 3HAUYCHUE UTepalmoHHON Matpuiel G A = 0.9 u
pa3Mep COOTBETCTBYIOLIETO XKOpaHOBA OJ10Ka p=1, BO CKOJIBKO pa3 yMEHBIIUTCS
olnOKa UTEPAlMOHHOT0 MeToa 3a 5 utepauuii? (2)

a) B 1.881 pa3

6) B 1.694 paza

B) B 1.524 paza.

7. Kakue ycioBust HEOOXOAMMBI U JOCTATOUHBI JJISi CXOJIMMOCTH METO/Ia COMPSKEHHBIX
TPaIMeHTOB JJIs TMHEHHO# cuctemMbl AX = b (1)

a) A cuMMeTpuYHas

0) A TIOJIOKUTENBHO OIpeIeEHHAS

B) A CUMMETpHYHAs U MOJOKUTEIBHO OIpeesIEHHAs

8. Jlns nunelinoi cuctemel AX = b, marpuna A umeer Bug A= 0o 1) dim(A)=N,

dim(Y) = N/2. KakoBo makcuManbHoe urciio uteparuit GMRES anroputma tpebyercs
U1l CXOIMMOCTH MUTEpallMOHHOTO mporecca? (3)

a)N

0) N/2

B)N/2+1

9. Ilycts Metonq GMRES ucnonb3yercst 1uis penieHust IMHEHHONH CHCTEMBI C
CUMMETPUYHOMN IOJOKUTEIBHO ONpeAeIEHHON MaTpulel. [IpuBeaér mm 3To K
YBEITUYEHUIO CKOPOCTH CXOAMMOCTH METO/1a IO CpaBHEHHIO ¢ o0muM cirydaem? (3)

a) CKOPOCTh CXOJUMOCTH YBEITUUUTCS



0) CKOpPOCTh CXOAUMOCTH YMEHBIITUTCS

B) CKOPOCTb CXOJMMOCTH OCTAHETCSI HEU3MEHHOI.

10. B MHOTOCETOUHOM MeTO/Ie 1 Ha BCEX MPOMEXKYTOUHBIX CETKaxX Ucnoyb3yercsa 10
CriaXMBaroIIMX urepanuil SIkobu, B Metone 2 — 5 urepauuii I'aycca-3aiinens. Kakoit
METO/I C/IETIAeT MEHBIIIEE YHUCIO MHOTOCETOUYHBIX LIUKIIOB MO JOCTHKEHUIO 3aJIaHHOTO
KpUTEPUSL CXOAUMOCTU uTepanuii? (4)

a)l

0)2

B) KOJIMYECTBO LIUKIIOB Oy/1eT paBHBIM

Koutrpoabnasa pabdora Ned mno Teme «YUmucieHHbIe MeTOAbI pelIeHHUs
runepooJIHIeCKUX YpaBHeHUn»

Bapuanrl
1.  VYcnoBus runepOOIMYHOCTH CUCTEMBI YpaBHEHHIA (3).
2.  Tlomyuwure sskoOmaH, COOCTBEHHBIC 3HAUEHUS U MPaBbie COOCTBEHHBIC BEKTOpa
OJIHOMEPHBIX YpaBHEHUH aKyCTUKH (3).
3. OOmactu BAMSHUS U 3aBUCHMOCTH 3aaaun Komm i runepOooandeckon

cucteMsl (1)

4.  Tlonsatue 0600mEeHHOTO pemeHus. (2)

5. HeenuHcTBEHHOCTh OOOOIIEHHBIX PELICHUN HETMHEWHBIX TUIEPOOTUYECKIX
ypaBHeHuU# (2)

6. IlpenenbHas Teopema PoxxaecTBeHCKOro-SIHEHKO 00 0000IIEHHBIX peIIeHUsIX
KBa3WIMHEWHBIX THIIEPOOINUECKUX cucTeM (2)

7. 3amaua Pumana s TuHEHOM cucteMsl (3)

Bapuanr 2

1.  TIlpaBsle u neBbIc cOOCTBEHHBIC BekTOpa (1).

2. llomyuwnte sikOOMaH U COOCTBEHHBIC 3HAUEHUS OAHOMEPHBIX YpaBHEHHHA
Diinepa coBeplieHHOro rasa (3).

3.  XapaxTtepucTuku ypaBHeHHs nepenoca (1)

4.  CymecTBoBaHHUEe U €IMHCTBEHHOCTD pelIeHUii ypaBHeHus broprepca. (2)

5.  DHrponuiiHoe ycnoBue (2)

6.  Ycnosue Jlakca (2)

7. Henunelinple rtHUnepOONMUYECKUE CHUCTEMBI. BBIpOXKJACHHBIE W HUCTUHHO
HeNMUHEeWHbIe mos. (3)

Bapuanr 3

1.  TIIpeoGpazoBanus moo0us runepOooIMYecKoit cucTeMbl ypaBHeHuH (1).

2.  Tlomyuwnte sikOOMaH OJTHOMEPHBIX YpaBHEHUH Dilyiepa JJis raza ¢ ypaBHEHHEM
cocrosiHust P =P(p.e) (3).

3. XapaxTepuCTHKH HEBsI3KOTO ypaBHeHUs broprepca (1)

4.  VYcnosus Penknna-I'toronno ams cinaObIx perieHuil HelMHeHHbIX
rUNepOOINYECKUX ypaBHEHUH. (2)

5.  YcrioBue ycTONYHMBOCTH CKA4KOB (2)

6. JlmaroHamu3amysi TUHEHHOW THIIEPOOTMIECKON CUCTEMBI(2)

7. Knaccudukamus pa3pbIBoB /i HETUHEHHOM runepooindeckoit cuctemsl (3)

Kpurepuii oniennBanus
Kounrpoabsnas padora Nel no reme «UncjieHHbIE MeTOAbI PelIEHUS
napadoJIu4ecKuX YpaBHEHHN»

Orenka HaGpannsie 6amibt
oTiigHoO (10) oonee 14 GammoB
oTIUIHO (9) 13
OoTIU4HO (8) 12
xopoto (7) 11




xopoio (6)

oT 9 1o 10 BKJIIIOUUTEILHO

xopomuio (5)

OoT 7 10 8 BKIIFOUUTEIHLHO

YAOBJIETBOPUTENHHO (4) 6
YIOBJIETBOPUTENILHO (3) 3)

HEYIOBJICTBOPUTEIHHO (2) 4

HEYIOBJIETBOPUTENIHHO (1) He Oonee 3

KonTpoabHas padora Ne2 nmo reme «Uuciennoie meToabl pemenus OY»

Orenka

HabOpanHubie 6aybl

otaruno (10)

Oosee 14 6autoB

oTn4HO (9) 13
oTIIN4HO (8) 12
xopouo (7) 11
xopomio (6) ot 9 10 10 BKIIOYUTEIBHO
xopotio (5) oT 7 10 8 BKIIFOUUTEIILHO
yJOBJICTBOPHUTENHHO (4) 6
yJIOBJIETBOPHUTENHHO (3) 5
HEYJIOBJIETBOPUTEIBHHO (2) 4
HEey0BJIeTBOpUTEIHHO (1) He Oonee 3
Kontpoabnass paGora Ne3 mo Teme «YnciaeHHble MeTOAbI pelleHHs
napadoJIn4ecKuX YPaBHEHHIN»
Onenka

HaGpannsie 6amib

otiinyHo (10)

oostee 14 GautoB

oin4HO (9) 13
oTIn4HO (8) 12
xopouo (7) 11
xoporio (6) ot 9 10 10 BKIIOYUTEITHHO
xopoio (5) oT 7 10 8 BKIIFOUUTEIILHO
YIOBJICTBOPUTEIILHO (4) 6
YJIOBJIETBOPUTENBHO (3) 5
HEYJIOBJIETBOPUTEIHHO (2) 4
HEeyI0BJIeTBOpUTEIHHO (1) He Oouee 3

Tect Ne 1 mo Teme «YUncjieHHbIE METOBI PEIICHUS DM THYCCKUX YPABHEHHII»

Onenka HaGpansble 6ajuib
otanyHo (10) 18-19
OoTIU4HO (9) 16-17
orngHO (8) 15
xopoo (7) 13-14
xopotio (6) 12
xopotio (5) 10-11
yJIOBJIETBOPUTENBHO (4) 8-9
YIOBJICTBOPUTEIIHHO (3) 6-7
HEYJIOBJIETBOPUTEIBLHO (2) 5
Hey10BJIeTBOpUTEIHHO (1) He 6onee 4
KonTpoabHass padora Ned mnmo Teme «YuciaeHHble MeTOAbl PpelIeHUs
runep00JM4YecKX ypaBHeHHi»
OreHka HaGpannsie 6amib

otnuyHo (10)

0osee 14 6atoB




oTIn4HO (9) 13
oTIU4HO (8) 12
xoporo (7) 11
xopomio (6) ot 9 10 10 BKIIOYUTEIHHO
xopotio (5) oT 7 10 8 BKIIFOUUTEIILHO
YAOBJICTBOPUTEIHHO (4) 6
yJIOBJIETBOPUTEIBHO (3) 5
HEYIOBJICTBOPUTEIHHO (2) 4
HEYAO0BJIETBOPUTENHHO (1) He Oonee 3

4. IlepevyeHb TUNOBBIX (IPUMEPHBIX) BONPOCOB M TeM J1JIsl IPOBEIEHUS
NMPOMEKYTOYHOM aTTEeCTAIMU 00yYAKO M XCS

ATtTecTanus mo AUCHUILTHHE «YUCICHHBIE METO/IBI B TA30BOW JUHAMHKEY OCYIIECTBIISETCS
B ¢popme nuddepeHupoBanHoro 3auera B 9 cemectpe u B popMme nudhepeHIImpoBaHHOTO
3aueta B 10 cemectpe.

BIWJIET Ne 1
1. CoiicTBa runepOOINYECKUX CUCTEM YpaBHEHUH.
2. CxeMbl ¢ pa3HOCTSAMH 110 U ITPOTUB MOTOKA.

BIWJIET Ne 2
1. XapakrepucTtuku. JleBble U mpaBble COOCTBEHHbIE BEKTOPA.
2. llenTpanpHO-pa3HOCTHAS CXEMa.

BUJIET Ne 3
1. JInaronanu3anus 1 npeoOpa3oBaHue MOJ00HS.
2. Ycnosue Kypanra-Opunpuxca-Jlesu.

BIIET Ne 4
1. YcnoBust COBMECTHOCTH BIIOJIb XaPaKTEPUCTHUK.
2. 2. . Cxema Jlakca.

BUJIET Ne 5
1. NuBapuanTs! Pumana.
2. Cxema Jlakca-Bennpoda.

BUJIET Ne 6
1. [TonsiTrie 0600IIEHHOTO PEIICHHUS.
2. Meron MakKopmaka.

BUWJIET Ne 7
1. CymecTBOBaHNE U €IMHCTBEHHOCTD PEILICHUI ypaBHEHHS broprepca.
2. Cxema buma-YopmuHra.

BUJIET Ne 8
1. CootHomenus: PenkuHa-I toronno Ha pa3pbIBax.
2. Cxema Pycanosa.

BIJIET Ne 9
1. 3anaya Pumana juis muHeHON cUCTeMbI TUIIEPOOINYECKUX YPABHEHHH.
2. Cxema Yopmunra-Karnepa-Jlomaxca.

BIWJIET Ne 10
1. Xapakrepuctnueckoe rnose. JIMHelHO BBIPOXKACHHOE U HICTHHHO HEJIMHENHOE T0JIE.
2. Cxema I'onyHoBa.



BUJIET Ne 11
1. Knaccugukarus pa3pbIBOB.
2. Cxema Crturepa-Y opMuHra.

BUJIET Ne 12
1. IIpaBbie u JieBble COOCTBEHHBIE BEKTOPA IKOOMaHA HEBSI3KUX TTOTOKOB.
2. Cxema BanJlupa.

BUJIET Ne 13
1. Pacnaja nmpou3BOJILHOTO pa3phiBa.
2. AUSM cxema.

BIWIET Ne 14
1. CooTHOIIEHHUST HA KOHTAKTHOM Pa3pbIBE, BOJIHE PA3psHKEHUS U yIapHOM BOJIHE.
2. Cxema Ormepa.

BUJIET Ne 15
1. Ynapuas aguabara.
2. Cxema Poy.

Kpurepun ornieHuBaHus
oueHka  «otauuyHo  (10)»  BeIcTaBIse€TCS  CTYAEHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBAaHHbIE, TINyOOKHE 3HAHMUA Y4eOHOH NpOrpaMMbl JUCLUIUIMHBI HpPU OTBETE
HK3aMEHALIMOHHOTO0 OWJIeTa M OTBETE Ha BOIPOCHI [0 MpOrpamMMe AMCLUUIUIMHBI, a TAKXKE IO
pe3yibTaTaM KOHTPOJIBHBIX, CAMOCTOSTENbHBIX Pa0OT U TECTOB,;
OLlEHKa «OTIUYHO (9)» BBICTABIAECTCS CTYACHTY, IMOKAa3aBIIEMY CHCTEMAaTH3HPOBAHHBIC, TIyOOKHE
3HaHUS y4eOHOW IporpamMMbl JUCUUIUIMHBI IPU OTBETE HK3aMEHALlMOHHOTO Ousera U OTBETe Ha
BOIIPOCHI I10 MpOrpamMMe JUCLUIUIMHBL, a TAKK€ M0 pe3yibTaTaM KOHTPOJIbHBIX, CAMOCTOSITENbHBIX
paboT U TECTOB;
OLICHKa «OTJIMYHO (8)» BBICTABISAETCS CTYACHTY, IIOKa3aBIIEMY CHCTEMaTU3UPOBAHHbIC, 3HAHUS
y4eOHOM porpaMMbl AUCHUIUIMHBI IIPU OTBETE SK3aMEHALMOHHOIO OWjeTa U OTBETE Ha BOIPOCH 10
[IporpaMMe AMCLUUILIMHBI, @ TAK)KE 10 PE3yJIbTaTaM KOHTPOJIbHBIX, CAMOCTOSITENIbHBIX padOT U TECTOB;
oleHKa «xopomo (7)» BBICTaBISAETCS CTYIAEHTY MO pe3ysbTaTaM KOHTPOJbHBIX, CaMOCTOATEIbHBIX
paboT M TECTOB, €CIM OH TBEPAO 3HAET MarTepuaj 3K3aMEHAllMOHHOro Ouiiera, TPaMOTHO M IO
CYLIECTBY M3JIaracT €ro, yMeeT IPUMEHSATH MTOJIyY€HHbIE 3HAHUS Ha MIPAKTUKE, HO JOIYCKAEeT B OTBETE
WIM B pEIICHUH 33]]a4 HEKOTOpPbIEe HETOUHOCTH;
OLIEHKa «Xopomo (6)» BBICTABISAETCS CTYIAEHTY MO pe3ysbTaTaM KOHTPOJbHBIX, CAMOCTOSATEIbHBIX
paboT U TECTOB, €CIM OH 3HAET MaTepuall dK3aMEHAIMOHHOIO OWIIETa, IO CYILECTBY M3JIaraeT €ro,
yM€eT IPUMEHSITh ITOJIy4EHHBIE 3HaHHS Ha TPAKTUKE, HO JOIYCKAET B OTBETE MHOI'O HETOUHOCTEN;
OlLIEHKa «XOpoImIo (5)» BBICTABISAETCS CTYAEHTY IO Pe3yJbTaTaM KOHTPOJBHBIX, CaMOCTOSITEJIbHBIX
paboT M  TECTOB, €CcAM OH 3HAeT MaTepuall HK3aMEHAI[MOHHOIO OuieTa, M3Jaraer ero, ymeer
MIPUMEHSITH [TOJIyY€HHbIE 3HAaHUsI Ha TPAKTHKE, HE JJOMYCKAeT B OTBETE TPYOBIX OLINOOK;
OLIEHKA «y/IOBJIETBOPUTENHHO (4)» BBICTABISAETCS CTYIEHTY IO pe3yiabTaTaM KOHTPOJbHBIX,
CaMOCTOSITENIbHBIX pabOT U TECTOB, a TAaKXKe, €CJIM BO BPEMs OTBETA 3K3aMEHAI[MOHHOIO Omiera oH
nokaszajl (parMeHTapHbIH, XapakTep 3HAHUH, HEIOCTATOYHO IMpPaBUIIbHBIE (HOPMYIHUPOBKH 0a30BBIX
MOHATHUH, HO TIPH 3TOM OH BJIa/Ie€T OCHOBHBIMHU pa3/ieiaMu y4yeOHOM MporpaMmbl, HEOOXOJUMBIMH JUIS
JanbHEeNIero o0y4eHus;
OLICHKA «YyJOBJIETBOPUTEIBHO (3)» BBICTABIAETCA CTYAEHTY IO pe3ylbTaTaM KOHTPOJIBHBIX,
CaMOCTOSITENIbHBIX paboOT U TECTOB, a TaKXKe, €CJIM BO BpPEMs OTBETa SK3aMEHAIIMOHHOTO OuiieTa OH
MoKa3aJl pa3pO3HEHHbIM XapakTep 3HaHWN, HEJOCTATOYHO NpaBUIbHBIE (POPMYIUPOBKH 0a30BBIX
MOHATHM, HApyILIEHUE JIOTUYECKOM MOCIIeI0BaTEIHbHOCTH B U3JI0KEHUHU MPOTPAMMHOI0 MaTepHualia, HO
IpU 5TOM OH BIAJEET OCHOBHBIMH pa3jielaMd Y4eOHOH MporpamMmbl, HEOOXOAWMBIMU JUIS
NalbHENIero oO0y4eHHUs M MOXKET MPUMEHSATh IMOJy4YeHHbIE 3HaHMs Mo o0pa3lly B CTaHIApTHOMN
CUTYaluHy;
OLIGHKAa «HEYAOBJIETBOPUTENBHO (2-1)» BBICTABISETCS CTYIEHTY IO pe3ylbTaTaM KOHTPOJBHBIX,
7



CaMOCTOSITENILHBIX pabOT U TECTOB, a TaKXke, €CJIM BO BpPeMs OTBETa HK3aMEHALlMOHHOTO Ouiera, oH
MoKa3aJl YTO HE 3HAET OOJbIIEH YacTH OCHOBHOTO COJEpKaHHs y4eOHOW MporpaMMbl TUCIMILIMHEI,
JoMycKaeT TpyOble omuOKkd B (OPMYIUPOBKAX OCHOBHBIX MOHSITHH IHUCUUIUIMHBI U HE YMEET
HCI0JIb30BaTh NOJyYEHHbIE 3HAHUS [IPU PEIICHNUU TUIOBBIX TPAKTUUYECKUX 3a7auy.

5. MeTtoauyeckue MaTepuaJibl, onpeaejsiiomme nNpouexypbl OlleHUBAHUSA 3HAHM,

yYMeHH i, HABBIKOB H (HJIN) ONBITA /IeSITeJILHOCTH

[Topsnox npoBeaeHHsI KOHTPOJIBHBIX pabOT/TECTOB:

Bo BpeMs nmpoBeAeHHS ~KOHTPOJBHBIX  pPabOT/TECTOB  OOYyYaroOIIMECcss MOTYT

M0JIb30BAThCS MIPOrPAMMOi TUCIUIUIUHBI, KAJIbKYISTOPAMH.

JuddepeHnpoBaHHBIN 3a4€T MPOBOIUTCS MTyTEM OpPraHU3aluU CIICIUATBHOTO OMpoca

B YCTHOH ¢opMe, eciu pe3yibTaToOM BBINOJIHEHHUS KOHTPOJIBHOW pPalbOTHI SBISETCS

OIICHKA HEYIOBJICTBOPUTEILHO HIIM OLIEHKA OTCYTCTBYET IO YBAKHUTEIHLHOU MPUYHHE.

[Ipu npoBegeHun  HUTOroBoro yctHoro auddepeHIrpoBaHHOrO  3auéra  00ydaroleMycs
npenocrasisiercss 30 MUHYT Ha MOATOTOBKY. Ompoc 00ydaromerocss He JOJDKEH MPEBBINIATh OJHOTO
aCTPOHOMHUYECKOTO Yaca.



