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

YTBEPXJAEHO
IIpopexTop no yueoHoii padore

A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: JluHaMHUYEeCKHE CHCTEMBI

10 HANPABJICHHUIO: CucteMHbII aHANU3 U yTIPAaBICHUE

NpoduJIb MOATOTOBKH: CucteMHbII aHATU3 U yIIPABICHUE B TEXHUYECKHUX, SKOHOMUYIECKHUX U COLIMATIbHBIX
crcTeMax

dusTex-urkona A3pokocMuueckux TexHomoruit
kadempa TeOpeTUIECKON MEXaHUKHU

Kypc: 2
KBAJM(PUKAIMA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 4 (BeCeHHUN) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonmnuecTBo KOHTpONBHBIX padoT, 3ananuil: 4

IIporpammy cocrasui: B.A. Ko3bMUHBIX, KaHA. (H3.-MaT. HAyK, JOLEHT

[Iporpamma obcyxaeHa Ha 3aceqannu kKadenpsl Teoperudeckoit Mexanuku 08.04.2021



AHHOTANMA

Kypc mocpsilleH uM3y4eHUI0O OCHOB METOJOB aHAJIN3a, HUCIOIb3YEMBIX B MEXAHHMKE, TCOPUM YIpPaBICHUS U
TEOpUH TUHAMHU4YecKuX cucteM. OCHOBHAS IeNIb Kypca COCTOUT B TOM, YTOOBI Ha MPUMEpE KIACCHYECKHX
MEXaHWYECKUX U JHHAMHYECKHX CHCTEM OIPOOOBATH METOABI, TMO3BOJSIONINE OIMPENSINTh HAUYHE WU
OTCYTCTBUE B CHCTEMaxX TE€X WJIM HHBIX CBOMCTB W 3((EKTOoB, TaKMX KaK HaJMYUE MEPHOTUICCKHX
TpaekTtopuii, Oudypkamnmii, xaoca. Bpienstorcs BechbMa Ba)KHBIE IOHSATHS, TAaKHE KaK YCTOWYHUBOCTB,
pO0aTCHOCTh, ONTUMAIBHOCTh. [Ipy 3TOM CTYJCHTHI JOJDKHBI Y3HATh, OTKY/Ia M KaK BO3HUKIHU OTH MOHSATHUS U
METOJIbI, KOT/Ia M TJI€ MOXKHO WX NPUMEHATh. B Kypce OOnbIIOoe BHUMAaHHE YJEISICTCS UCTOPHH Pa3BUTHS
MEXaHWKH, TEOPHH YIIPaBICHUA, TUHAMHYECKHX CHCTEM. YCTAaHAJIMBAETCA CYIIHOCTHAs CBA3b MEXAY
MEePEUUCICHHBIMU KAaTETOPUSIMHU.

1. leau u 3apauu

eap AUCUMNIMHBI
Lensio kypca sBisieTcs GopMupoBaHKe 0a30BbIX 3HAHUN U TIPO(HECCUOHATBHBIX KOMIICTCHITHIA
* B OCHOBaX TEOPHH IMHAMHUYCCKUX CHUCTEM W YMEHHW MPUMEHATH 3Ty TEOPHUIO Ha MPAKTHUKE IMPH
pEIIeHUY 3a]1ayu;
. B METOJMKE IMOCTPOCHUSI JUHAMHYECKUX MOJeNiell (U3NUECKHX TMPOIECCOB M OpraHU3alluu
CaMOCTOSTEIHPHOTO UCCIICIOBAHUS (PHU3NICCKUX SIBICHUM.
* B Pa3BUTUU HABBIKOB IIPUMEHEHHUS CIICIUATHHBIX MATEMaTHYECKUX METOJOB IPHU HCCIEAOBaHUN
CJHOXKHBIX TUHAMHYECKHUX CUCTEM.

3agaun AUCHMIIHHBI
3aauaMy JaHHOI'O Kypca sIBJISIFOTCS:
* OCBOEHHME 3HaHMM O IMHAMUYECKUX SBJICHMSX; BEIMUMHAX, XapaKTEPU3YIOLIUX O3TH SBJICHUS;
3aKOHAX, KOTOPHIM OHHU TMOJYMHSAIOTCS; METOJaX HayYHOIro MO3HAHHs MpHUpoAbl U (HOPMHUPOBAHUE HA
9TOM OCHOBE MPEICTABICHUH O (U3NUECKOHl KapTHHE MHpa; 3HAKOMCTBO C *OCHOBAMH TEOPHUH
JUHAMAYECKUX CUCTEM MEXaHHKH KaK OJHOW M3 (pyHIaMEHTaJIbHBIX (PU3MUECKUX U MAaTeMaTHYeCcKUX
TEOPUI;
* IpUMEHEHHE 3HAHUM AJIs1 O0bSICHEHUS SBJICHUI MPUPO/BI, IPUHIMIIOB PAOOTHI YCTPOICTB, PEeLICHUS]
¢usnyeckux 3agad, o0NagaromnuX JUHAMUIYECKUMH CBOMCTBAMU;
* (opMHpOBaHNE TOTOBHOCTH CTYAEHTOB K CaMOCTOSTEIbHONW MPO()ecCHOHAIBHOMN IEeATeNbHOCTH IO
pa3paboTke AMHAMUYECKMX Mojenell (U3NYEeCKHX SBICHUH W NPUMEHEHHIO CIIELHAIbHBIX
MaTeMaTHUYECKUX METO/I0B K MCCIIEIOBAHUIO ITUX MOJEIEH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3TaIlbl €€ PelIeHus,
KPUTHYECKUH aHaJN3 U CUHTE3 HHPOpPMaK, |OCHCTBUSA MO PELICHUIO 3a1a4l

MPUMEHSATh CUCTEMHBIH MOXOJ TS PELICHUS
MOCTAaBJICHHBIX 3a7a4

YK-2 Cnocoben onpenensite Kpyr 3a1a4d B VK-2.1 ®opMmynupyeT COBOKYIMHOCTb B3aUMOCBS3aHHBIX
paMKax MOCTaBJICHHOM LIeJIN U BBIOMpaTh 3aJa4 B paMKax  IIOCTaBIEHHOH 1meiau  paboThl,
ONITUMAJIbHBIEC CLIOCOOBI UX PEIIECHUs, UCXOAS U3 |00eCIeYMBAIOIINX ee JOCTHXCHHE. Omnpenenser

JNENCTBYIOIIUX MPABOBBIX HOPM, UMEIOIIUXCS  |OKHUAaeMbIe pe3yJIbTaThl pelIeHHs TOCTaBIEHHBIX 3a7a4
PECYPCOB U OTpaHUYCHUHI

OIIK-1 CriocoOeH aHaM3upOBaTh 3a/1a4H OIIK-1.1 OcymecTBiseT JIEKOMITO3HITHIO 3a1a9u
YIpaBJICHUS B TEXHUUECKUX CHCTEMax Ha yIpaBJICHHUS, BbIIENIAET 0a30BbIe COCTABIISIONINE 3aa41
OCHOBE TIPHOOPETEHHBIX 3HAHUI

OIIK-2 CriocobeH ¢hopMyInpoBarh 3a1a4u OIIK-2.1 Bumageer ¢QyHIaMeHTanbHBIMU  TIOHSTHSIMH,
YIpaBICHUS B TEXHUUECKUX CHCTEMaxX Ha 3aKOHAMH W TEOpUsSMH  NPOQWIBHBIX  pa3/elioB
OCHOBE 3HaHUH 10 MPOPHUILHBIM pa3enam MaTeMaTHYECKUX U €CTECTBEHHOHAYYHBIX TUCIUIUINH
MaTeMaTHYECKUX M €CTECTBEHHOHAYYHBIX

THUCLUIIINH

IMK-1 CriocobGeH MpoBOUTH UCCIIEI0BAHUE I[K-1.1  Bnageer  ¢yHAaMEHTANBHBIMH  TOHSATHSIMU,

CHUCTCM YIHPABJICHUA U UX KOMIIOHCHT 3aKOHAMHU U TCOPHUAMHU CUCTCMHOT'O aHAJIM3a




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

YMETb:

OCHOBHEBIC MOHATHS U KOHICIIITNI aHAJIUTHYCCKOH MCXaHUKH, Ba)KHCHIIIHIC TCOPCMbI MCXaHUKU U UX
CJICACTBUS, MOPAAOK NPUMCHCHUS TCOPECTUICCKOIO alrapara MEXaHHUKU B BaKHEHIIINX MMPAaKTUICCKUX
MPUITOXKCHUX

OCHOBHBIE MEXaHHYECKHX BCJIMYMHBI, UX OHNPCACJICHUA, CMBICII W 3HA4YCHUA IJId aHAJUTUYECKOMN
MCXAaHUKH;

OcHOBHEBIC MOJCIN MCXaHWYCCKHX }IBHCHI/II\/'I, HUIACOJIOTUI0 MOACIHUPOBAHUA MEXAHUYCCKHUX CHUCTEM U
MNPUHOUIIBI TOCTPOCHUA MATECMATUYCCKUX MO,Z[CHCﬁ MCXaHUYCCKUX CUCTEM,

OcHOBHEBIC MCETOAblI HCCJICOOBAHHA pPAaBHOBECUA W [ABWXCHHUA MCEXAHUYCCKHUX CHCTEM, OCHOBHBIX
AJITOPUTMOB TAKOI'O0 UCCIICAOBAHUH.

WNHTepnperupoBaTh MeXaHWYECKHE SBIEHUS TPHU TOMOIIM COOTBETCTBYIOIIETO TEOPETHUECKOTO
amnmapara.

[Tonb30BaThCs OMpENENeHUAMH MEXaHUYECKUX BEIMYWH U MOHATHH IJIA MPAaBUILHOTO MCTOJIKOBAHUS
KX CMBICIIA.

OOBSCHSTH XapakTep MOBEJACHNUS MEXaHUUECKUX CHCTEM C MPUMEHEHUEM OCHOBHBIX TEOPEM MEXaHUKH
M VX CICICTBHUH.

3anuchiBaTh YPaBHEHMsI, OMMCHIBAIOLIUE MMOBEACHUE MEXaHWYECKUX CHCTEM, YUHUTHIBAs Pa3MEPHOCTH
MEXaHWYECKUX BEIMYWH M WX MAaTEeMaTHYeCKyl0 TpPHUPONy (CKalspbl, BEKTOPBI, KBaTEPHUOHBI,
JIMHENHBIE OTIEPATOPHI).

[IpumMeHSTh OCHOBHBIE METOJIBI WCCIICJIOBAHHS PABHOBECHUS W JBUKCHHS MEXaHMYECKHX CHCTEM, a
TaK)ke OCHOBHBIE aJITOPUTMBI TAKOTO UCCIIEIOBAHUS TIPU PEIICHNH KOHKPETHBIX 3a]1au.

[Top30BaThCS MPU aHATUTHYESCKOM U YUCIICHHOM WCCIIEOBAHMS MAaTEeMaTUKO-MEXaHUUECKUX MOJIeIei
TEXHUYECKUX CUCTEM BO3MOXKHOCTSIMHU COBPEMEHHBIX KOMIIBIOTEPOB W MHPOPMAITMOHHBIX TEXHOIOTHH.

BJIAJIETh:

HaBpikamu 1 MeTOZaMU [TOCTPOEHUS U UCCIIEAOBAHMs MaTeMaTHdeCKUX MOAEJEH Ipu pelIeHuH 3a1ay
MEXaHUKH.

HaBpikamy IpUMEHEHHsI OCHOBHBIX 3aKOHOB TEOPETUYECKON MEXAHMKM B BAXKHEMIIUX MPAKTUYECKUX
MNPWIOKEHUSAX.

OCHOBHBIMU TEOPETUYECKUMHU MOIXOJaMH aHAIMTUYECKOM MEXaHUKU U METOJaMU aHaIu3a U PeLeHUs
COOTBETCTBYIOIUX YPaBHEHUI.

HaBblkamMM HCIIOJB30BaHMS BO3MOKHOCTEH COBPEMEHHBIX KOMIIBIOTEPOB M HMH(OPMAIMOHHBIX
TEXHOJIOTHI MPU AaHATUTUYECKOM M YUCIEHHOM HCCIENOBAaHUSA MaTeMaTHKO-MEXaHWYECKHX MOAENEH
TEXHUYECKUX CUCTEM.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 JlarpanxeBa MexaHHKa 2 4 7
) VYcnoBuss  paBHOBECHS — MaTepUAIbHOU 4 ’ 4
CHCTEMBI
3 YcToWYHnBOCTD 4 4 4
4 Manbie KonebaHHMS ~ KOHCEPBaTHUBHBIX 4 4 4
CUCTEM




Bo3HukHOBEHME TeopuUU  YIpaBIEHHS,

5 HIpUMEPBL IIPAKTUYECKUX 3aza4 4 4 6
YIpaBJICHUS TEXHUUECKUMU CUCTEMaMU

6 Marematndeckuii  anmapar — TEOpHH 4 4 3
yIpaBjiIeHUs

7 TumnoBele 3BEHBS CIEAAIMICH CHUCTEMbI, €¢ 4 4 6
TOYHOCTh Y YCTOWYMBOCTh

] VYopasiasieMocTh M HaOIIOIAaeMOCTh 4 4 6
JINHEHHBIX CUCTEM

Nroro yacos 30 30 45

[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)
1. JlarpanxeBa MeXaHHKa

[Tonsitue mexanmdeckod cBszu. Kiaccudukanus cBszeil. BupryaneHbie mepemerienus. OOriee
ypaBHEHHE JWHAMUKH [UIsI CHCTEMbl MaTEpUaNbHBIX TOYEK C HJICaJbHBIMH  CBA3SIMHU.
Kondurypaunonnoe MHOrooOpasue ToOJJOHOMHOM CHCTEMBI C KOHEYHBIM YHCIIOM CTENEHEH CBOOO/BI.
O06o006meHHble KoopauHaThl. YpaBHeHus: Jlarpamxka. O000meHHble cHiibl. YpaBHeHUs Jlarpamka B
cilydae TOTEHIMaIbHBIX cwil; (yHkius Jlarpamxka. YpaBHeHus Jlarpanka B HEHWHEPIIMAIBHBIX
CHUCTeMax OTCYETa.

CoiicTBa ypaBHeHuii Jlarpanka: KOBapHaHTHOCTb, HEBBIPOXKJCHHOCTH (ITPUBEJICHHE K HOPMAILHOMY
Buny Komm). Crpykrypa kuneruueckoi sHepruy. CTauroHapHO 3alaHHbIE CUCTEMBI (CTallMOHApHAs
rapameTpu3alys); MOTeHIIHaIbHbIE, THPOCKOMUYECKHE, AUCCUIIaTUBHbIE CHIIbL. [lepBbie MHTErpasibl
JArpaHKeBBIX CHUCTEM: LHMKIMYECKHE HWHTErpajbl, OOOOLICHHBIM HWHTErpajl SHEpruu (MHTErpai
[Tennere—Axo0n).

2. YcnoBus paBHOBECHS MaTepUaIbHON CUCTEMBI

OmnpeneneHue MOJNOKEHUsI PABHOBECHUs. YCJIOBHUS PaBHOBECHSI CUCTEMbI C MJCAIbHBIMH CBS3SIMHU.
(MpUHLIMIT BUPTYaJIbHBIX IEPEMEIICHUI). YCIOBUS paBHOBECHSI TOJIOHOMHBIX CUCTEM.

3. YcTOoiUuBOCTH

OnpeneneHne yCTOMYMBOCTH, ACHMIITOTHUECKOW YCTOMYMBOCTH M HEYCTOMYMBOCTU TOJOXKEHUS
paBHOBecus. Teopemsl mpsiMoro Mertoza JIsmyHoBa A1 aBTOHOMHBIX CHCTEM: TeopeMsbl JIsmyHoBa 00
YCTOWYMBOCTH M ACHMIITOTHYECKON yCTOMYMBOCTH, TeopeMma HeTaeBa O HEyCTOMYHMBOCTH, TEOpEMA
Bapbammnaa—KpacoBckoro 06 ycnoBHSIX aCUMITOTHYECKONW YCTOWYMBOCTH M HEYCTOHYHBOCTH.

Teopema Jlarpamxa-upuxne 00 yCTOMYMBOCTH pPABHOBECHS KOHCEPBAaTHBHBIX MEXaHHYECKHX
CHUCTEM. YCJIOBUS HEYCTOMYHMBOCTH KOHCEPBATHBHBIX CHCTEM II0 KBAaJpPaTU4YHOM YacTH
noreHuansHOU Hepruu. [lonarue o Oudypkaumnu. Ciydaum moTepu yCTOMYUBOCTU JJISI CUCTEM C
[IOTEHIMAJIOM, 3aBUCSIIUM OT Iapamerpa. BiusHue r'MpOCKONMYECKMX M JUCCHUIIATUBHBIX CHJ Ha
YCTOMYMBOCTh paBHOBecHs. Teopema 00 acCHMITOTHYECKOW YCTOMYHMBOCTH CTPOTO JTMCCHIIATHBHBIX
CHUCTEM.

[lepsoiit Meton JlsmyHoBa ucciiegoBaHusi yCTOHYMBOCTH. Teopema JIsmyHoBa 00 yCTOHYMBOCTH IO
TUHeHOMY TpuONIMkeHuto (6e3 mokazarenberBa). Kpurepuii Payca—[ypsuia (6e3 oka3arenbeTsa).
JIBa cueHapus MOTepH YCTOMUMBOCTH: JUBEPreHus U (iatTep.

4. Marible KoneOaHust KOHCCPBATHBHBIX CUCTCM



Manble koneOaHUs KOHCEPBAaTHBHBIX CHCTEM BOJM3M YCTOMYMBOIO IIOJIOKEHHSI PaBHOBECHSI.
VYpaBHenue uactor. [maBHBIE (HOpManbHbIE) KoopauHartbl. OOmiee pemrenue. Cnyuyail KpaTHBIX
KOpHEH.

5. BO3HUKHOBCHHE TCOPHUHU YIIPABJICHUSA, IPUMCPBI IPAKTUYCCKUX 3aa4 YIIPABJICHUSA TCXHUYCCKUMU
CUCTCMaMH

Ucropuyecknue acmekTbl BO3HUKHOBEHHUS TEOpWUHM ympaieHus. Perymstop VYarra. 3amada o
Opaxuctoxpone. OOBEeKT ynpasieHHs], (a30Bble KOOPAMHATHI, YNpaBIsone GyHKUUH, YPaBHEHUS
COCTOSIHMS ~OOBEKTa, yHpaBisioliee ycTpoicTBo. PacmmpenHHoe (a3oBoe mpocTpaHCTBO
ynpasisieMoil cuctembl. CiocoObl 3a1aHusl Lienu yrnpasieHus. OyHKIHOHAI 3a1a4H.

VYmpasnenue crnyckom KA B armocdepe TutaHeThl Kak XapaKTEPHBIA NMpUMeEp 3ajaddl YIPaBJICHUS.
3aMKHYTBIE M Pa3OMKHYTBIE CHCTEMBI yIpaBieHus. [IporpaMma ympaBieHHs, CHHTE3 yIpaBICHUS.
OOparHast CBs3b MO KOOpAMHATAM M TIO BO3MYIIEHUSM. AHAIUTHYECKHE TOAXOABI K PEIICHUIO
JIMHEUHBIX 3aj1ad.

6. Maremarndeckuil anmapar TEOpHH YIIPaBIECHUS

Cucrtema ynpaBieHusl ¢ 0OOpaTHOM CBSI3bIO0 U €€ MaTeMaTHUECKOe OMHMCAHUE C MOMOUIbIO JIMHEHHOM
cucteMbl TU(QepeHIINaTbHbIX ypaBHEHHH. 3BEHO CHCTEMbl YIPAaBICHHS U €ro OIMCAHuE ¢
MOMOILBIO JIMHEHHOTO U (epeHIHalIbHOTO YpaBHEHUs N-ro mopsaka. OnepaTopHbIid MOAXO.
Xesucaiina, omnepatopHas mepeaatovHass (YHKIHs 3BeHa, ¢€ WCIOIBb30BaHUE JUIsI MCCIIEOBaHUS
YCTOHYMBOCTH IO BXOAY. XapakTEpUCTHYECKWH MHOrowieH. Maremarudeckas (opmannzanus
nojxoaa XeBucaiaa ¢ moMolibio npeodpazosanus Jlammaca. OCHOBHBIE TOJIOXKEHUS OTEPAIIMOHHOTO
ucuucnenusi. Ilepenarounas ¢ynkums 3BeHa H(s), marpuunas nepeparouHas (QyHKUMS JTUHEHHOM
CHCTEMbI, CMBICII SJIEMEHTOB MaTpU4HON nepenarounoi ¢pynkimu. Ilepenarounas GyHKIMS CHCTEMBI
YIpPABICHUS TPH PA3NHUYHBIX BUAAX COECOUHEHHS 3BEHBEB: IOCIIEOBATEIBHOM, IMApaIEIbHOM, C
00paTHOH CBSI3BIO.

CroiicTBa npeoOpazoBanus Jlammaca. Teopema enmuHcTBeHHOCTH. Tabnuiia W300paskeHU A psia
aneMeHTapHblX  ¢QyHkuuid. IIpeoOpazoBanme Jlammaca panst  cBEprkm  QyHKUuil. AureOpa
nepenaroyHbix GyHKui. [lepeHoc Toukn chéMa CUrHajIa U TOYKHM CyMMHPOBAHHSI CUTHAJIOB C LIEJBIO
MOJY4YUTh O0Jiee MPOCTYI0 IKBUBAICHTHYIO cxeMy. OTKJIMK CUCTEMbI Ha CTAaHAAPTHBIC BO3ACHCTBUSA:
nenbra-(OyHKIN0, TeTa-QyHKIMI0, TapMOHWYEcKoe Koiebanue. BecoBas (yHKIUS, TepexoHas
($yHKUUMS, aMITTUTYIHO-(Pa30Bast XxapakTeprucTuka. CBs3b MEX]ly BECOBOW U MEPEXOAHOHN (PyHKIHSIMH.
CBs3b MEXy TIepeiaTouHO (QYHKINEH W aMIUIUTYTHO-(pa30Boii Xapakrepuctukoid. Mcnonp3oBanue
BECOBO (D)YHKLIUH JIJIsl HAXOKACHUS OTKIIMKA CUCTEMbI Ha IPOM3BOJILHOE BHEILIHEE BO3/ICHCTBUE.

7. TunoBbIe 3BEHBS CACASIIECH CUCTEMBI, €€ TOUHOCTh U YCTOMUMBOCTh

TunoBsle 3BEHBA KaK JJIEMEHTApHBIE SYEWKH CIOXKHONW cHCTeMbl ynpasieHus. llomydenue
YpaBHEHUI TUIOBBIX 3BEHBEB M3 OOIIEr0 BHAA JHHEHHOTo AuddepeHInanbHOro ypaBHEHHS N-TO
nopsiaka. MpeanbHbI  ycWIIMTeNlb, MHTETpUpyIOLIee 3BeHO, auddepeHuupyomee 3BEHO,
anepuoauyeckoe 3BeHO. lIpumepnl 3THX 3BEHBEB KaK peajbHbIX ycTpoicTB. IlocTpoeHme mis
MEPEUYNCICHHBIX THUIIOBBIX 3BEHBEB IMEPEHAATOUYHBIX, BECOBBIX, NEPEXOAHBIX (QYHKIUH U
aMIUIMTYHO-(a30BBIX XapakTepucTUK. VIHTepmperamus 3TuX (QYHKIMH W XapaKTEPUCTHK IS
peanbHBIX THUIIOBBIX 3BEHBEB. lIprMep MoydeHHs 4MCTOr0 MHTErpaTopa U3 anepruoIndecKoro 3BeHa
1 UJICaJIbHOTO YCHITUTENs, 00ObeIMHEHHBIX TTOJIOKUTEIBHON 00paTHOM CBA3BIO.

Cnepsmas cucrema. [lepematounsle QyHKIUM I8 OIIMOKM 1O 3aJalOIEMy BO3AEHCTBHUIO M IO
BO3MYIIIEHHIO. VcciieqoBaHne TOYHOCTH CIENAIIEH cHCTeMBl. Pa3iuyHble MOIXOABI K CHHTE3Y
MHBAPHAHTHOM CHUCTEMBI: yBEIMYCHHE KOI(PPUIMEHTA YCWICHHS, BBEACHHE IOJIOKUTEIbHOM
00paTHON CBS3M, BBEACHUE KOPPEKTHUPYIOUIMX 3BEHbEB. lIpMHIMNMAIbHBIE CIOKHOCTH CHHTE3a
WHBapUaHTHBIX CHUCTEM IpU YIPABICHUU IO OTKIOHEHMIO. VccienoBaHue TOYHOCTH ClEAsIIEH
CHUCTeMBbl Ha OONBIIMX HMHTEpBajaX BPEMEHH WU B IpelesibHOM ciydae. [loHarue o crarmyeckoi
omMOKe M yCTpaHEHHE A3TOW OMIMOKM IyTEM BBEACHUS B KOHTYp YHPAaBICHHS HHTETPHUPYIOIINX
3BEHBEB. ACTaTUUECKNE CUCTEMBI.



YCTOMYHUBOCTh CHUCTEMBI YIPABICHUSA [0 HAYajJbHBIM JAaHHBIM M €€ YCTOMYHMBOCTBH IIO BXOAY.
OrpaHM4YeHHOCTh BXOIHOTO M BBIXOZHOTO curHanoB. CyxneHue 00 yCTOHYHMBOCTH CHCTEMBI O €€
BECOBOW W TepenaTouHoi ¢GyHKIUsSM. CBs3b yCTOMYMBOCTH CHUCTEMBI C PACIOJIOKEHHEM KOpHEH
XapaKTEepUCTHYECKOTO MMONMHOMa. Auredpandeckue W rpaduyecKkue KpUTEPUH YCTOMYUBOCTU
(meoOxomumoe ycroBue, kputepuid Payca-I'ypuma, xkpurtepuii Muxaiinosa). HemnpepsiBHas
3aBHCUMOCTh KOPHEW MOJIMHOMAa OT €ro Kod(Q@HUUHUEHTOB. [ paHnIia YCTOHYMBOCTH B KOMIUIEKCHON
IUIOCKOCTU KOPHEH MOJIMHOMA M I'paHMLla YCTOHYUBOCTH B IIJIOCKOCTH IIapaMETPOB CUCTEMBL. MeTon
J-pa3buenust ans HaxOKICHHS oOnacTedl YCTOMYMBOCTH B IUIOCKOCTH mapaMeTpoB. llpumep
UCTIONB30BaHus MeToaa Jl-pa3ouenns.

XapakTepuUCTUYECKUI TOJMHOM CHCTEMBbl YINpPaBIEHUS C OTPHULATEIbHOW 0OpaTHOW CBS3BIO.
I'padmyeckuii MmeTon Hccne0BaHUS YCTOMYUBOCTH 3aMKHYTOW cUCTeMbl yrpasieHus. CyxaeHne 06
YCTOMYMBOCTH 3aMKHYTOM CHCTEMBI 10 aMIUIMTYIHO-()a30BOM YaCTOTHOW XapaKTEPUCTHKE
pa3oMkHyTOH cuctembl (kputepuii HaiikBucra). Mcnons3oBanne ADU-xapakepuCTHK JUTs aHAIIN3a
YCTOWYUBOCTH CJHOXHBIX CHCTEM IpPH OTCYTCTBUM WX TOYHOW MareMaTU4eCKOW MOZAEIH.
[lepenarounass GyHKIMS 3BEHA 3ama3[bIBaHUsl. YCTOMYMBOCTh CHUCTEMBI C OOpATHOU CBS3BIO MPHU
HaJM4HH{ 3ar1a3/(bIBaHUs.

CTpyKTypHasi yCTOWYMBOCTh CHCTEM ympasieHus. [Ipumep cucTteMbl ¢ JBOWHBIM HMHTETPAaTOPOM U
ariepyoanyeckuM 3BeHOM. Ilpumep cuctembl ¢ OAHMM HMHTErPaTOpoOM M HEYCTOWYMBBIM 3BEHOM.
JlokanbHas oOparHasi CBsI3b KaK OAMH U3 CIIOCOOOB M3MEHEHMS CTPYKTYPbl CHCTEMBI YNPaBICHUS U
YCTPaHEHHsI CTPYKTYPHOM HeycTOMYMBOCTH. llepexon OT oOmeparopHOro OINHUCAHUS CHCTEM
VOpaBICHUS K HMX ONHCAHHWI0O B TPOCTPAHCTBE COCTOAHMHU (anmroputm). OO00OIIEeHHE JTMHEHHON
CUCTEMBbl YIIpaBJIEHUs Ha Clyyail BEKTOpDHOIO BXOAa M BEKTOPHOIO BbIxoda. MarpuuHas
nepenarounas pynkuus. BecoBas ¢yHkuus, nepexoaHas QyHKIHs, XapaKTEPUCTHUECKUN MOTMHOM
JUTSI MHOTOMEPHOU JIMHEHHON CHCTEMBI YIIpaBlIeHHsI 0OIIETo BUIA.

PobacTHas cuctema ympaBieHHs, KaK CHCTeMa, COXpaHs;IOIas CBOM OCHOBHBIE CBOWCTBAa NpHU
HEKOTOPOM HU3MEHEHHH e€ mapaMeTpoB. PobacTHasi yCTOMYMBOCTB JMHEWHBIX CHUCTeM. Teopema
XapuToHOBa 0 poOACTHON YCTOHYMBOCTH ITOJUHOMA C HE3aBUCUMBIMH KO3 PHULIIEHTaMH.

8. praBJ'IfICMOCTL u Ha6J'IIO,I[aeMOCTB JIMHEWHEIX CHCTEM

CpoiicTBa ynpaBisieMOCTH M HaOJIIOOaeMOCTH JIMHEHHBIX cucTeM. HeoOXomuMmble M J0CTaTOYHBIE
YCIIOBUSL YHPAaBIAEMOCTH W HaOmromaemMocTd. HenuHelHBIE 37IEMEHTHI B CHUCTEME YIPaBIICHHMS.
[IpuMepsl HEMUHEMHBIX 3JIEMEHTOB U UX XapaKTEPUCTHUK. XapaKTepPHbIE OCOOCHHOCTH HEIMHEHHBIX
3NIEMEHTOB - 30Ha HEUyBCTBUTEIBHOCTH M YYaCTOK HEOJHO3HAYHOCTH (TUCTEPE3HC).

Merton ¢a3oBOd TUIOCKOCTH TPH HCCIIEJOBAaHUM CIEIANIed CUCTEMbl C OJHHM HEJIWHEHHBIM
aneMeHToM. Da30BbIi OPTPET, NPEAEIbHBIN LUK, aBTOKOJIeOaHue.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

HeobxonumMoe o6opynoBaHue /ISt JICKIHNA U MPAKTHUECKUX 3aHIATHN: KOMIBIOTED U MYJIBTUMETHITHOE
o0opynoBaHue (MPOEKTOp, MapKepHasi T0CKa, CBA3b ¢ MIHTepHETOM)

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. Kimaccuueckas mexanuka [Tekcr] : yue6. mocoOue : mon. M-BoM BBICII. H Cpell. CIell. 00pa3oB.
CCCP /M. A. Alizepman .— 2-e u3n., nepepad. — M. : Hayka, 1980 .— 367 c.
2. Jlekumu 1o aHanuTHYeckol MexaHuke [Tekct] : yue6. mocobue st By3oB / @. P. 'anTmaxep ; mon
pen. E. C. Ilataunkoro .— U3n. 3-e, crepeorurr. — M. : @uszmariut, 2001, 2002, 2005 .— 264 c.
3. OcuoBsl Teopetnyeckor mexanuku [Tekct] / B. @. XKypasneB .— 2-uzn., nepepad. — M. :
®usmatiut, 2001 .— 320 c.
4. Teopernueckast mexanuka [Tekct] : yue6. mocobue mist yH-oB / A. I1. Mapkees .— M. : Hayka, 1990
—415¢c.



5. COOpHUK 33/1a4 TI0 aHAIMTHYECKOW MexaHuke, [yueOHoe ocooue] /E. C. [Isaraunkuit, H. M.
Tpyxan, }O. 1. Xanyxkaes, I. 1. SIkoBeHKo ; MUHHCTEPCTBO HAYKH U BBICLIETO OOPa30BaHHUS
Poccutickoii ®enepanun, MockoBckuii (PU3NKO-TEXHUUECKUNA HHCTUTYT (HAITMOHATBHBIH
uccieAoBareabCKuil yausepeurer). Mocksa, MOTH, 2018

JomnonHurenbpHas auTeparypa

1. Beenenue B TeopeTHdecKyro MexaHuKy [ Tekcr], yue6. mocobue /HO. U. Xanykaes; M-Bo
oOpazoBanus u Hayku PD, Mock. pus.-texH. un-1 (Toc. yH-T). -M., MOTH, 2017

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://teormech.fizteh.ru - Caiit kadenps! TeopeTnueckoit Mexanuku MOTU
2. http://www.elibrary.ru/

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJOTHIi, HCIIOIb3yEeMbIX NPH OCYIIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

B npouecce camocTosATeNbHOM PabOThI 00YHaIOUIMXCs BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, Mathematica u ap.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

MeTO)II/I‘leCKI/Ie YKa3aHud IPUBOAATCA B €KECTOAHO pa3p363.TBIBa€MBIX JOMAIIHUX 3aJaHHUAX.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: CuCTeMHEI aHAIIN3 U yHpaBJICHUC
IIpO(l)I(lJIb MnoATrOTOBKMU: CucTeMHEI aHAIIN3 U YHOpaBJICHUC B TCXHUYCCKUX, SdKOHOMHUYCCKUX U COITUAJIIBHBIX
CUCTCMax

®usrex-mrkoiaa A3poKocMUYecKux TeXHONOr it
kadeapa TeOpeTUIECKON MEXaHUKH

Kypc: 2
KBaJIMpUKALUS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 4 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: B.A. Ko3bMUHBIX, KaHA. (H3.-MaT. HAyK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK, VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
KPUTHUYECKUHN aHaJN3 U CUHTE3 HHPOpPMauK, |OCHCTBUSA MO PELICHUIO 3a1a4l

MIPUMEHSITh CUCTEMHBIN MOAXO ISl peLIeHUs
OCTaBJIICHHBIX 3a7a4

YK-2 Cnocoben onpenensite Kpyr 3a1a4d B VK-2.1 ®opMmynupyeT COBOKYIMHOCTb B3aUMOCBSI3aHHBIX
paMKax MOCTaBJICHHOM LIeJIN U BBIOMpaTh 3aJa4 B paMKax  IIOCTaBIEHHOH 1meiau  paboThl,
ONITUMAJIbHBIEC CLIOCOOBI UX PEIICHUs, UCXOAS U3 |00eCIeYMBAIOIINX ee JOCTHXCHHE. Omnpenenser

HeﬁCTBy}OHIHX IIPaBOBLIX HOPM, UMCIOIIINXCA O0XKHMJACMBbIC PE3YJIbTAaThbl PECIICHNA TIOCTABJICHHBIX 3a1a4

PECYPCOB U OTpaHUYECHUHI

OIIK-1 CriocoOeH aHaIM3upOBaTh 3a/1a49H OIIK-1.1 OcymecTBiseT JIEKOMITO3UITHIO 3a1a91
YIpaBJICHUS B TEXHUUECKUX CHCTEMaX Ha yIpaBJICHHUS, BbIIENIAET 0a30BbIe COCTABIISIONINE 3a0a41
OCHOBE TIPHOOPETEHHBIX 3HAHUI

OIIK-2 CriocobeH ¢hopMyInpoBarh 3a1a4u OIIK-2.1 Bumageer ¢QyHIaMeHTanbHBIMU  TIOHSTHSIMH,
YIpaBICHUS B TEXHUUECKUX CHCTEMaX Ha 3aKOHAMH W TEOpUsSMH  NPOQWIBHBIX  pa3/elioB
OCHOBE 3HaHUH 10 MPOPHUILHBIM pa3enam MaTeMaTHYECKUX U €CTECTBEHHOHAYYHBIX TUCIUIUINH
MaTeMaTHYECKUX M €CTECTBEHHOHAYYHBIX

TUCLUIIIMH

IMK-1 CriocobGeH MpoBOUTH UCCIIEI0BAHUE [K-1.1  Bnageer  ¢yHAaMEHTANBHBIMH  TOHSATHSMU,
CHCTEM YTIPABJICHUS U MX KOMIIOHEHT 3aKOHAMH ¥ TEOPHUSMHU CUCTEMHOTO aHan3a

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI <(I[I/IHaMI/I‘IeCKI/Ie CHUCTCMbD» O6y‘laIOI].IHI>iC5I JOJIKCH:

3HAThb:

OcHOBHBIE TOHATHUS W KOHIICTIIIMHM aHAJIMTUYECKOW MEXaHWKH, BaKHEHMIIIME TEOpeMbl MEXaHUKH U HX
CJEICTBUS, MOPSAIOK MPUMEHEHUSI TEOPETUUECKOIO armapara MEXaHUKU B BAKHEUIINX MPAKTUYECKUX
MIPIIIOKEHUSX

OCHOBHBIC MEXaHUYECKUX BEIUYHMHBI, WX OMPEACIICHUS, CMBICT W 3HAYCHUS IS aHAJTUTHIECKOM
MEXaHUKH;

OCHOBHBIC MOJIETT MEXaHWYECKHUX SBICHUH, WICOIIOTHIO MOJICIIUPOBAHMS MEXAaHUYECKUX CUCTEM H
MIPUHITUIIBI TOCTPOEHUS MAaTEMaTHYECKUX MOJIENICH MEXaHUYECKUX CHCTEM;

OCHOBHBIC METONBI HCCJICIOBAaHUS PABHOBECHUS W JBWKCHHUS MEXAaHUYECKHUX CHCTEM, OCHOBHBIX
aJTOPUTMOB TaKOTO MCCIIEOBAHHUA.

yMeTh:

HNutepnperupoBaTb MEXAaHUYECKHE SIBICHUS MPHU MOMOUIM COOTBETCTBYIOUIETO TEOPETHUUYECKOTO
anmapara.

[Tonb30BaThCA ONMpEACICHUSIMA MEXAHUUYECKUX BEJIMYMH U MOHSITUN ISl MPABUIBHOIO HCTOJIKOBAHUS
HX CMBICJIA.

OOBSACHATH XapaKTep MOBEIEHUS MEXaHUYECKUX CUCTEM C TIPUMEHEHHUEM OCHOBHBIX TEOPEM MEXaHUKU
U UX CJIEICTBUU.

3anuchiBaTh YPaBHEHMsI, OMMCHIBAIONINE MTOBEACHHE MEXaHWYECKUX CHCTEM, YUUTHIBAS Pa3MEPHOCTH
MEXaHMYECKHX BEIMYMH M HX MaTeMaTH4YecKylo MpHpOay (CKajspbl, BEKTOPHI, KBAaTEPHHUOHBI,
JIMHEHHBIC OTIEPaTOPHI).

[IpumMeHsTE OCHOBHBIE METOIBI MCCIIEIOBAHMS PABHOBECHS M JBUKCHHMS MEXaHMYECKHX CHCTEM, a
TAKE€ OCHOBHBIE aJITOPUTMbI TAKOTO UCCIEIOBAHUS IPU PELICHUH KOHKPETHBIX 3a7a4.

[Tonp30BaThCs MPU aHATUTHYECKOM U YUCJIEHHOM HCCIIEOBAHMS MaTeMaTUKO-MEXaHUYECKUX MOjemei
TEXHUYECKUX CHCTEM BO3MOXXHOCTSIMH COBPEMEHHBIX KOMITBIOTEPOB U MH(GOPMAITMOHHBIX TEXHOIOTHH.

BJIaJeTh:




HaBpikamu 1 MeTOZaMU [TOCTPOEHUS U UCCIIEA0BAaHMs MaTeMaTHdeCKUX MOAEJEH IpU pelIeHuH 3a1ay
MEXaHUKH.

HaBpikamy IIpUMEHEHHsI OCHOBHBIX 3aKOHOB TEOPETUYECKON MEXAHMKM B BAXKHEHMIIUX MPAKTUYECKUX
NPWIOKEHUSAX.

OCHOBHBIMU TEOPETUYECKUMHU MOIXOJaMH aHAIMTUYECKON MEXaHUKU U METOJaMU aHaIM3a U PeLeHUs
COOTBETCTBYIOIUX YPaBHEHUI.

HaBblkamMM HCIIOJB30BaHMS BO3MOKHOCTEH COBPEMEHHBIX KOMIIBIOTEPOB M HH(OPMAIMOHHBIX
TEXHOJIOTHI MpPH AaHATUTUYECKOM M YUCIEHHOM HCCIENOBAaHUS MaTeMaTHKO-MEXaHUYECKHX MOJAENEH
TEXHUYECKUX CUCTEM.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0
3amaun A7 TeKYIIEero KOHTPOJIS MyOIMKYIOTCS B M3/1aBaeMbIX K Hadally ceMecTpa COOpHHUKAxX 3aJaHui.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

1. OmnpeneneHue TMoNIOKeHUS paBHOBecHs. [IpWHIMI BHUPTyalbHBIX NEpeMEIICHUH. YCIOBUs
paBHOBECHsI KOHCEPBAaTUBHBIX CUCTEM U TBEPIOIO Tela.

2. OmnpeneneHre yCTOMYMBOCTH (HEYCTOMUMBOCTH) TIONOXKEHHS paBHOBecus 10 JISmyHOBY.
Hocratounsie TeopeMbl 00 YCTOMYMBOCTM M  HEYCTOWYMBOCTH  MOJIOKEHUSI PaBHOBECHS
KOHCEepBaTUBHBIX cucTeM (Teopema Jlarpamxa-/lupuxie, nse TeopemMsl JlamyHoBa u Teopema Yeraesa o
HEYCTOHYHMBOCTH IOJIOKEHUSI PABHOBECHS).

3. Manbie kojeOaHMs KOHCEpPBaTWBHBIX cucTeM. JluHeapuzanus ypaBHeHuil Jlarpamxka BOMHM3H
YCTOMYMBOTO MOJIOKEHUS PABHOBECUS. YPABHEHUE YACTOT.

4. T'maBHBIE KOOpAMHATHI CHCTeMBl. Marpuia npeoOpa3oBaHUsl KOOPAMHAT, aMIUIMTYIHBIE BEKTOpA.
Ob1ee pemieHre Kak CyMMa TJIABHBIX KOJIEOaHUH.

5. OnpezeneHre acUMITOTUYECKON YCTOWYMBOCTH TIOJIOKEHHS paBHOBecus. Teopema JlsmyHoBa 00
YCTOMYMBOCTH O  JUHEWHOMY  mnpubmmwkenuto. Jluneapusaumsa  ypaBHeHuwit — Jlarpanxa.
Xapakrepuctuueckoe ypasHenue. Kpurepuit Payca-I'ypsuma.

6. BiusiHMEe TUPOCKONIMYECKMX U AMCCUIIATUBHBIX CHJ Ha YCTOWYMBOCTh DPAaBHOBECHs. YCIIOBHUE
Maiiesckoro-Yeraena.

7. OmnpezeneHre yCTOMYMBOCTH (HEYCTOMYMBOCTH) HEBO3MYIIEHHOTO JBIKeHHS. [IpsiMoii meton
JlanynoBa: Teopema JlamyHoBa 00  yCTOWYMBOCTM M ACHMIITOTHYECKOH  YCTOHYHMBOCTH
HEBO3MYILIEHHOTO ABMKEHMsI, TeopeMa YeTaeBa 0 HEYCTOHYMBOCTH HEBO3MYLLIEHHOIO JABMKEHUSL.

8. BeiHyXeHHbIEe KOoJieOaHus JIMHEHHON CTallMOHAPHON CHUCTEMBI MO IeHCTBHEM TapMOHHUYECKHUX CHII.
AmmnutynHo-¢a30oBas, aMIUIUTyAHas M (a3oBas XapaKTEPUCTHKH. SIBiIeHHe pe3oHaHca. Peakius
JIMHENHOW CTallMOHAPHOM CHCTEMBI HA HEFapMOHUYECKOE BO3ACHCTBHE.

9. DOnementsl Teopun kKaractpod. Kpusas paBHoBecwil. OcHOBHbIE THIBI OudypKauuid B
IMHAMHYECKHX cucTeMax. /luseprenuus u ¢uarrep.

10. EcTecTBeHHBIN (COMPOBOXKIAIOMINN) TPEXTPAHHUK. Pa3iokeHre CKOPOCTH M YCKOPEHHUS TOYKU B
OCSIX TPEXTPAHHHUKA.

11. O6001eHHbIe KOOPAMHATHI TOUKH. Pa3oxeHne CKOpOCTH U YCKOPEHHS TOYKHU B JIOKaJIbHOM Oasuce
KpUBOJMHEWHBIX KoopauHat. Koaddunuentsr Jlame.

12. Teepmoe Tteno. PasmokeHue ABW)KEHHA Tela Ha IOCTYyNaTelIbHOE [BIKEHHWE U BpallleHHE
(mBIWXEHME C HEMOJIBIKHOM TOUKOI). YIIOBas CKOPOCTh M YIJIOBOE€ YCKOPEHHE TBEpIOTo Tela.
Pacnpenenenue ckopocreil u yckopeHuii B TBepAoM Tene (dhopmyiibl Diinepa u PuBasbca).

13. KuHeMaTuuecKkuil BUHT TBEPAOIO TeNla. YpaBHEHHE OCH BUHTA.

14. ITnockonapamiensHOE IBUKEHUE TBEPAOTO TeIa. MTHOBEHHBIN LIEHTP CKOPOCTEN.

15. CnocobObl 3afaHus OpUEHTAMK TBEPAOrO Tejla. YIIel Diiyiepa, MaTpHULbl HarpaBIsSIOLINX
kocuHycoB. Kunemarnueckue ypaBHeHuUs Diijepa.

16. Teopema Diinepa O KOHEYHOM IIOBOPOTE TBEPAOrO Teja C HEMOABIKHOW TOYKOM. AnreOpa
KBaTepPHUOHOB. TpuroHomerpudeckas popma 3anucu KBaTepHHOHOB. KBaTepHHOHHBIN crioco0 3a1aHus
OpHEHTAIMHU TBEPJOTO TENA.

17. Croxxenre mOBOPOTOB B KBaTepHUOHHOH Qopme. [lapamerprr Pogpura—I amunsrona.

18. Kunemaruueckue ypaBHEHHUS BpalIaTEJbHOIO JABMKEHMsI TBEPAOrO Teja B KBAaTEPHUOHAX
(ypaBuenust Ilyaccona). MurterpupoBanue ypaBHeHuil [lyaccoHa ansi NmpenecCHOHHOTO ABHIKEHHUS
TBEPJIOTO Tela.



19. Kunemaruka crnoxHoro aBuxeHus. CloxeHHE CKOPOCTeH W YCKOPEHHH TO4YeK B CIOXKHOM
JBY>KEHUH.

20. Yrnosas CKOPOCTb 1 YITIOBOC YCKOPCHHUC TBCPAOTO TCJIa B CIIOKHOM ABUXKCHUU.

21. AxkcuoMarMKa MEXaHWKH. BHemiHMe M BHYTpeHHHE CWibl. MMITylbC, MOMEHT HMIylIbca U
KWHETUYeCKasi SHEPTHsl CHCTEMbl MaTepUaNbHBIX TOYeK. L[eHTp mMacc, MOMEHT CHIIBI, dJeMEHTapHas
paboTa ¥ MOITHOCTH CHIIBL.

22. OcHOBHBIE TEOPEMBI TUHAMUKH B WHEPIIHAIBHON CHCTEME OTCUETA.
23. Teopema Kenwura.

24. TloreHnuanbHbIE, TUPOCKOIMYECKUE, TUCCUIATUBHBIE CHUIIBL. KpuTepuil MOTEHIMANbHOCTH CHIL
KoHcepBaTuBHbBIEC CUCTEMBI, 3aKOH COXPAHEHUS SHEPTUU.

25. OCHOBHEIC TCOPCMbI JTMHAMUKHU B HCUHCPLIUAJIBHBIX CUCTCMAX OTCUCTA.

26. I[BI/I)KCHI/IG TOYKH B ICHTPAJILHOM IIOJIC. HeHTpaHBHaH CHJIa. HepBHe HUHTCrpajibl IBUKCHUA TOYKU
B IICHTPAJIbHOM II10JIC.

27. Ypasuenue bune. [lone BceMUpHOTO TATOTEHUS. YpaBHEHHE KOHUYECKUX CEUCHHI.
28. 3axons! Kemepa. 3agaua aByx Te.

29. TeH3op WHEPIUH W DIUIMIICOWJ WHEPLHUU TBEPAOTrO Tena. [JaBHBIE ocH MHEpIUH. [naBHas ock
WHEPLHUU.

30. IIpeobpa3oBanue TeH30pa MHEPLUHUU NPH I[OBOPOTE W MapajUIeIbHOM IEPEHOCE OCei: Teopema
I'oitrenca—IlITelinepa 11 TEH30pa HHEPLIUH.

31. BbIpaxeHUs] KHHETHYECKOTO MOMEHTAa W KHMHETHYECKOM 3HEprHM TBEpJOro Teja 4epe3 TEH30p
WHEPIINH.

32. lunaMyu4ecKue U KNHEMaTH4YeCcKie ypaBHeHHs Ditniepa. IHTerpupyeMsie cirydau.

33. I'eomerpuueckas natepnperanus Ilyanco.

34. Cniyuaii Ditinepa. IlepBbie nnaTerpans! apmwkeHus. [lapameTpsl cBOOOTHON PEryIsIpHON MPELECCHU.
35. Ciryuait Jlarpamxka. IlepBbie HHTErpaibl IBUKCHHUS.

36. OcHoBHas (opmyna rupockonuu: (opmyna Ajsi MOMEHTA, NOAJNEPKUBAIOIIECTO BBIHYKACHHYIO
PETYJSPHYIO NIPELECCUI0 JMHAMUYECKH CUMMETPUYHOIO TBEPIOIO Tejla.

37. DKBHBaJECHTHbIE NPEOOPa30BaHUS CHCTEMbI CHJ, NEHCTBYIOIIMX Ha TBEPAOE Teno. AJITOPUTM
CBEIICHUS K BUHTY.

38. Mexanuueckas cBs3b. Kiaccudukauus csizeit.
39. Bo3MOXHBIE U BUPTyaJIbHBIE IEPEMEILIEHUS.

40. OOmee ypaBHEHHE AMHAMUKU JUISI CHUCTEMBl MaTepHUajbHBIX TOUEK C HACAJbHBIMH CBS3SIMU.
Kondurypaunonnoe MHOroo0pasne roJJoHOMHOW CHCTEMbI ¢ KOHEYHBIM YHCIIOM CTEeHei CBOOOBI.

41. TononomHusbie cucteMbl. O000IIEHHBIE KOOPIUHATHL. YpaBHeHUs Jlarparka. O000IIEHHBIE CHITBL.

42. VYpaBuenust Jlarpamka B ciayyae MNOTeHIHaNbHbIX cui. Jlarpamxkuan. KoBapuaHTHOCTH U
HEBBIPOXKIECHHOCTh ypaBHeHHH Jlarpanxka.

43. YpaBuenus Jlarpanxa B HEMHEPLUHUAIBHBIX CUCTEMAX OTCYETA.

44, CprKTypa KHHCTHYECKOM OHCPIUHU. Kunernueckas OHEpIrusa B CiIydac CTaL[HOHapHOﬁ CHUCTCMBI.
HOTCHLII/IaHBHBIe, TUPOCKOIMNYECCKUE, NTUCCUITAaTUBHBIC CUJIBI.

45. TlepBble MHTETpajbl JarpaH)XEBBIX CHCTEM: IUKJINYECKHE HWHTErpaibl, 0OOOLICHHBIH HMHTErpal
sHepruu (unrerpain [lennese—SAxoon).

HpI/IMepBI OK3aMCHAIIMOHHBIX OUJIECTOB:

buner 1. Kunemaruka CIOXHOTO IBHMXCHHS. 3aKOHBI CIIOXKCHHS CKOPOCTEH M YCKOPEHHIl TOYEK B
ciiokHoM aBukeHuu. @opmyna Kopuonuca.

buner 2. ®opmyibl A1 YIVIOBOM CKOPOCTHU M YIJIOBOI'O YCKOPEHHUS TeJla B CJIOAKHOM JIBUKEHUU.
buner 3. Kunemaruueckue ypaBHEHUs BpalllaTelIbHOTO ABUKEHMS TBEPJOIO Teja B yriax Diijepa.

bunier 4. Teopembl 00 U3MEHEHUH UMITYJIbCA U MOMEHTA MMITYJIbCA CUCTEMbl MaTepHaIbHBIX TOYCK B
HWHEepLUUAaIbHOM Oa3uce.

buner 5. Kunetuueckas sHeprusi CMCTEMbI MaTepUaIbHBIX ToueK. Teopema Kénura.

buner 6. VYpaBuenue I'amunsrona—SkoOu. Ilomsbiii uHTerpan ypasaenus [amunbsroHa—SKOOH.
Teopema Axo6wu.

Buner 7. Cnyuau pa3zieneHus NepeMEHHbBIX B ypaBHeHHHU | aMiibroHa—SKoOu.
buner 8. MnTerpanbasie uaBapuanthl [lyankape u [lyankape—Kaprana raMuIbTOHOBBIX CUCTEM.



buner 9. OOparHbie TeopeMmbl TEOpHM HHTETpajbHBIX HHBapHaHToB. Teopema Jlu Xya-wkyHa 00
YHHUBEPCAIbHBIX HHTETPAJbHBIX WHBAPHAHTaX IE€PBOTO NOpSIKa TIaMWIBTOHOBBIX cucTeM (6e3
JIOKa3aTeJIbCTBA).

Buner 10. Teopema JInyBuiist o coxpaneHun pa3oBoro 00beMa raMUIBTOHOBOM CHCTEMBI.

Kpurepuu onieHuBanus
Ouenka ommmyHo 10 OammoB - BBICTABIISICTCS ~ CTYJCHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
MHTEpEC K JaHHOW MPEAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHATh UX Ha NPAKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Oumenka ommMYHO 9 Oa;mwioB -  BBICTABISCTCA  CTYIACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE PU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTaBIETCA CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, IIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHUIUIMHBI U yMEHHE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHnH, ¢ HEKOTOPBIMU HEI0UETaMHu.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILECTBY H3JIaraeT €ro, yMeeT NPUMEHSTh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIHM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYILECTBY M3JIaraeT €ro, yMeeT NPUMEHATh NOIy4eHHbIE 3HAHUS Ha MPAKTHKE, HO JIONyCKAaeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
W 10 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJYyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka yHIOBIETBOPUTENBHO 4 Oana - BBICTABISAETCSA CTYAEHTY, IHOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NaJlbHEHWIIero oOy4eHHs, U
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yHIOBIETBOPUTENBHO 3 Oajula - BBICTABISAETCSA CTYAEHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX 0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM I1O0CIEeI0BAaTEIbHOCTH B H3JIOKEHUM IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3jeliaMy yu4eOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEr0 O0yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHU.
OueHka HEyIOBJIECTBOPUTENHHO 2 Oajula - BHICTABIAETCS CTYAEHTY, KOTOPBIA HE 3HAaeT OOJIbIIeH 4acTH
OCHOBHOTO COJEp)KaHUsl y4eOHOW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIB30BaTh IOJyYCHHBIEC 3HAHUS NPH PEIICHUN
THUIIOBBIX 33]1a4.
OreHka HEYNOBIETBOPUTEIBHO 1 0aymn - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep )KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne ommOKd B (GOPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITonroToBka K 3K3aMEHy CaMOCTOSITENbHAA: IEPEUUCICHBI 3aa49H, PEIIEHUE KOTOPBIX KaKIBIH CTYIEHT
U3J1araeT MOJIHOCTHIO.

Bo Bpems mpoBeaeHust sx3ameHa 0OydalolMecs MOTYT IOJb30BaThCsl MPOTPaMMOl JUCLUILIUHBI, a
TAKXE  CIPABOYHOW  JINTEPAaTypOH,  BBIYMCIMTEIBHOW  TEXHHKOM, KOHCIEKTaMU  JICKLIUM.

DK3aMEH MOXKET IMPOBOAUTHCS MO HMTOTaM TEKyIIEH YCIIeBaeMOCTH M CHa4u 3aJaHuid, WIH IyTeM
OpraHM3alUK CIENUAIBFHOTO ONpOca, TPOBOANMOTrO B YCTHOH (opme.



