Paboyasi nporpamMmma qucuuiuinubl (MoayJst) «/Auddepenunanbabie ypaBHEeHH,
BRJIIOYasi OHCHOYHBIC MaTEePHAJIbI

1. TpeGoBanus Kk pe3yiabTaTaMm 00yYeHUsI M0 TUCHUILIMHE (MOTYJIIO)
1.1. Ilepeyenb koMmeTreHuMi, ¢opmMHupyeMbIX JHCHUIVIMHOW (MoOay/J1eM) B Ipouecce
OCBOEHHS1 00pa30BaTeJbLHONH MPOrPaMMBbl

I'pynna komneTeHUM Kareropusi komnereHumii Koapbl u conepkanne KoMneTeH Ml
YHuBepcalibHbIE - -

OobmenpodeccroHabHBIC - OIIK-1.  CmocobeH  TpUMEHSATH

€CTECTBEHHOHAYYHEIC u

0OIIIeNH)KEHEPHBIE 3HAHMSI, METOMbI

MaTeMaTHYeCKOTo aHanm3a u

MOJACINPOBAHUA, TCOPETUUYCCKOTO M

OKCIICPUMEHTAJIBHOTO HCCJICAOBAaHUA

B ITpo(ecCHOHAITLHOM JISATEIbHOCTH
IIpodeccronabHBIE - -

1.2. KoMmnereHuum W MHAMKATOPbI HMX JAOCTH:KeHHMsI, (OPMHPYeMbIX JHCHUIINHON

(MojyJieM) B mpouecce 0CBOeHHs1 00pa30BaTeIbHOI NMPOrpaMMbl

Kon Kon unaukaropa
Copep:kaHue HHIAKATOPA KOMIETEHIINT
KOMIIETEH I KOMIIETeH NI
OIIK-1 OIIK-1.1 [IpumeHsieT METOahl MAaTeMaTHYeCKOTO aHaiu3a W MOJCIMPOBAHUS B
npodecCHOHATLHOM eI TENIbHOCTH

1.3. Pe3yabTaThl 00y4eHus 10 JUCUMILIMHE (MOIYJII0)
Heab wu3yyeHMs IUCHMILIMHBI (MOAYJas1) — (QOPMUPOBAHME MATEMAaTUYECKOH KYJIbTYpPbI
CTYJICHTOB, OBJIQJICHHE COBPEMEHHBIM  allllapaToM MaTeMaTHKU Uil JajbHEHIIero
UCTOJNBb30BaHUSI B JIPYITMX 00JacTAX eCTECTBEHHOHAYYHOTO 3HAaHUS U JUCIMIUIMHAX
€CTECTBEHHOHAYYHOT'O COJIep’KaHus, MOArOTOBKA K M3YYEHHMIO U IMPUMEHEHUI0 MaTeMaTHYECKUX
METOOB B MPO(ECCHOHAIBHON NeATebHOCTH, K CAMOCTOSTEIbHOMY H3YyUEHHMIO TeX pPa3/elioB
MaTeMaTUKH, KOTOpble MOTyT MOTpeOOBaThCsl  JONOJHUTENBHO B  IPAKTHYECKOH U
UCCIIeIOBaTEeNbCKOW paboTe; (OPMHPOBAHME HABBIKOB HCIOJIb30BAHUS MAaTEMAaTHYECKUX
METOJIOB U OCHOB MaT€MaTH4E€CKOI'0 MOJEIMPOBAHNUS B MPAKTUYECKON €ATEIbHOCTH U HAyYHOU
pa0ore.
B pesynbrare uzyueHuss AMCUUIUIMHBI (MOYJIs1) 00yYaromuiics 10JKeH
3HATh:
® [IPUHLMIIBI IOCTPOEHUSI MATEMAaTUYECKUX MOJIENEH C MCIIOJIb30BAHUEM OOBIKHOBEHHBIX
muddepeHnnanbHbIX ypaBHEHUH; OCHOBHBbIE THUINbBI AU(QepeHnaNbHbIX ypaBHEHUN;
METOBI pelIeHUs] OOBIKHOBEHHBIX U (epeHIINaTbHBIX YPaBHEHHI U CUCTEM;
yMeThb:
e peuiath OOBIKHOBEHHbIE UG GEpeHIMaIbHbIC YPABHEHUS IEPBOIO U BBICIINX MOPSAKOB U
HOpPMaJIbHbIE CUCTEMbI OOBIKHOBEHHBIX AU(depeHLInaTbHbIX YPaBHEHHUIA;
BJIa/IeTh:
e HaBBIKaMHU cOOpa, aHAIN3A U UCIIOIB30BaHUS MH(OPMAIMH, HEOOXOAUMON ISl PEeLICHUI
muddepeHInanbHbIX YpaBHEHUH.
2. O0beM, CTPYKTYpa U coJepsKaHue TUCHUILINHBI (MOLYJIs1)
2.1. O0beM QMCHUIIMHBI (MOIYJIs1)

Buowt yueonoi pavomut Dopmut 00yuenusn

Ounas

OO01asi TPYI0EeMKOCTD: 3aUCTHBIC CAMHUIIBI/9aChI 4/144
KonTakTHas padora: 72
Jlexrrm 36
JlaGoparopHbie paboThI 0
[IpakTHyecKkue 3aHsATHS, CEMUHAPEI 36
IIpoMeskyTOYHasi aTTeCTalMA: YK3aMEH 36
CamocrositesibHas padora (CP) 36




2.2. Tembl (pa3geiibl) AUCHUILIMHBI (MOAYJSA) € YKa3aHMEM OTBEJAEHHOI0 Ha HHUX
KOJIMYeCTBA 4acoB 1o ¢popMam o0pa3oBaTeIbHOM 1eSITeILHOCTH
Ounasa ¢hopma odyuenusn
Buabl yueOHo# padoThl (B 4acax)
Ne | HanmeHoBanne TeM Konrakias padora
3anarus
n/n | (pazaenos) 3aHATHA CEMHMHAPCKOr0 THIA Cp
JIEKIIMOHHOTO THIIA
J Huble I3 C JIP Hubie
1. VYpaBHEHUsT TIEPBOIO 8 0 16 0 0 0 30
HopsIIKa
2. YpaBHeHus «n»-To 8 0 16 0 0 0 30
TIOPSIIAKA
3. Hopmainbhsie 16 0 32 0 0 0 60
CHCTEMBbI ypaBHCHH.
Ilpumeuanusn:

JI — nexumm, [13 — npakruyeckue 3ansatus, C — cemunapsl, JIP — na6opatopusie paborsl, CP — camocrositensHas

pabora.

2.3. Copepkanue JMCHUILIMHBI (MOAYJIsl), CTPYKTYPHPOBAaHHOe IO TemMaM (pa3jaesiaM) H
BUJaM padoT

Coaep:xaHue JIEKIIHOHHOTO Kypca

Ne
n/n

HaumenoBaHue Tem (pa3esioB)

CoaepixaHue JeKIMOHHOTO Kypca

1.

YpaBHEHMsI IEPBOrO NMOPSIIKA

[Monsitue nuddepeHnranbHOr0 ypaBHeHMs. Paznuunble 3amaqw,
NPUBOJSIIIHE K TUPPEepeHIHATEHBIM YPAaBHEHUSIM: PaJIM0aK THBHBIN
pacnaj; OBM)KEHHE CHCTEMBl MAaTEpUANIbHBIX YaCTHL; AMHAMHUKA
KOHKYPUPYIOIIMX IOMNYJSALMNA. YpaBHEHHA C DPa3ACIAOLUMUCS
NEPEMEHHBIMHA. YPaBHEHHS, NPUBOIAIIMECS K YPABHEHUSAM C
pa3eNAIOIUMACS  TIepeMeHHbIMU. OMHOPOAHBIE YPaBHEHUS W
ypaBHEHMs], MpuBOAdlIMecs K HuM. JluHamudeckas U
reoMeTpuuecKas HHTeprperanus AnpGepeHnaIbHOT0 yPaBHEHHS.
Pemenue ypaBHeHHH MeTo10M H30KIMH. 3aaada Komm.

ypaBHeHI/IH «n»-To nopsaaka

OcHoBHble MoHsATHA. JIuHelHble quddepeHnnanbHple YpaBHeHUs ¢
MOCTOSHHBIMH ~ Kod¢¢urmenTamu.  OmHOPOTHBIE  ypaBHEHHS.
dyHnamMeHTaNbHAs CTPYKTYpa PELICHUI OTHOPOAHOTO ypaBHEHHUS.
JluneiHO 3aBHCHMBIE W HE 3aBHCHMBIC pemieHus. Onpenenurens
BpoHckoro.XapakTepucTuueckoe ypaBHEHHE U €r0  KOPHH.
CrpkyTrypa oOLIero pemeHusi OJHOPOAHOTO ypaBHEHHS B
3aBUCHMOCTH OT KOPHEH XapaKTepHUCTHUECKOTO YPaBHEHHSI.

HopmanbHble CUCTEMBI YpaBHEHUIA.

3amaua Komm 1ms HopMmanmbpHON cucTembl. CBOHCTBa pemIeHUN
HOpMaJbHOW cucTeMbl. JIMHElHble cUCTeMbl. MeTonbl peleHus
OJTHOPOJHBIX CHCTEM: METOJ] MHTETPHPYEMBIX KOMOMHAIINI; METO.
WCKIIIOYEHHSI I METOJ CBEACHHSI CHCTEMBI yPaBHEHHH K OIHOMY
Oomee BBICOKOTO TmoOpsiaka. OOmee penreHHe HEOJHOPOIHBIX
CHCTEM.

ConepxaHue 3aHATHI CEMUHAPCKOI0 THIIA

Ne
n/n

HaumeHoBaHue TeM (pa3aesioB)

Tun Copep:xaHue 3aHATHII CEMMHAPCKOI0 THIA

ypaBHeHI/IH IMEPBOro nopsaaka

I13 | 3aBucumMocTs pemeHus 3agadun Komm or mapameTpoB u
HavaJIbHBIX ycsioBui. Ycnoue Jlunmmna. Obuiee, yacTHOE
u ocoboe pemenue. JIuHEWHbIE  ONHOPOJHBIE U
HEOAHOPOAHbIE YpaBHEHHUs. MeETOo[bl pelIeHUs JIMHEUHBIX
HEOTHOPOIHBIX YypaBHeHMWi: Merox Jlarpamxka (meron
BapHAallii TIPOM3BOJIGHOM TIOCTOSIHHOW); MeTox Diiepa;
Meton bepnymmu. VYpaBuenue bepnynmu. VYpaBHeHue

HapOy-Munnunra. Ypasaenue Pukkaru.

ypaBHeHI/IH «»-To nopsaKa

I13 | Jluneiinsle nuddepeHnnanbHbIe
MTOCTOSIHHBIMU K03 pULIMEHTaMH. Heonnoponusie
JUHEIHbIE YpaBHEHUS CTPYKTypa OOILIEro  pEIIeHUs
HEOJHOPOJHOIO JINHEHHOIO0 ypaBHEHUs. MeTonbl peleHus

HEOTHOPOIHBIX JINHCWHBIX ypaBHeHHH: Metoxn Jlarpamka

YPaBHEHHUS c




(W MeTon Bapualliu MPOWU3BOJIBLHON IOCTOSHHOM); METOJ
HEOIPEICIICHHBIX KO3 PuIneHTOB (METO ] moabopa).

3. | HopManbHbIe cUCTEMBI ypaBHEHUI. I13 | MeTton Bapuauuu NpPOU3BOJNBHBIX MOCTOSHHBIX. JIMHEHHbIE
YPaBHEHHSI U CHUCTEMBI C TOCTOSIHHBIMH KO3 (HUIICHTaMH.
[lepBble nHTErpanbsl HOPMAIBHOW CHUCTEMBI. ABTOHOMHAs
CHCTEMa U €€ CBOICTBa.

Conep:kaHue caMOCTOSITEIbHOI PadoThI

HaumenoBaHue Tem (pa3eyioB) Copep:kanue caMOCTOATEIBbHONH PadoThI

1. | YpaBHeHHS nepBOro Mopsaxa CrieranpHOe ypaBHEHHE PUKKaTH M METOABI €T0 HHTETPUPOBAHHUS.
VYpaBHeHuss B MOJHBIX JuddepeHnuanax. Yciopue Oiepa.
WHTEerpupyommii  MHOXKHTENb, YCIOBHS €ro CYIIECTBOBAHHSL.
VpaBHeHuss B TOJHBIX auddepeHnuanax. YciaoBue Oiinepa.
HHTErpupyOMHA MHOXXHTEIb, YCIOBHSI €r0 CYLISCTBOBaHHSI.
2. | YpaBHEHUs «N»-TO MOPsAKA Jluneiinple muddepeHIHaNbHbIE YpaBHEHHS C IepPEMEHHBIMH
ko3 dunnentamu. YpaBHeHus Disepa.
3. | HopmanbHble cuctembl ypaBHeHuil. | CucreMbl B CHMMETpHUYecKod ¢opme. HemuHedHble CHCTEMBI H
METOBI X HHTETPUPOBAHUSL.
3. OueHoyHble MaTepHaJbl VISl NPOBeJeHHS TeKYUIero KOHTPOJIA YCIeBAeMOCTH U
NMPOMEKYTOYHOM aTTeCTAMH 00y4aloIMXCs M0 JUCHUILINHE (MOIYJII0)
[To mucuwmuimae (MOIYJIO) MPEAYCMOTPEHBI CIECAYIONTHE BUJBI KOHTPOJS KadecTBa

OCBOCHUA:

o TCKyH_II/Iﬁ KOHTPOJIb YCIICBAEMOCTH;,

® IIPOMEXYTOYHAS ATTECTAIMS OOYJAFOIIUXCS O AUCIUILTHHE (MOIYIIIO).
3.1. OIIeHO‘-leIe MaTepuajabl AJf INPOBEACHUS TeKymeﬁ arrecraum 1o JAUCHMUIIIMHE

(MoxyJi10)
Ne | Kontposupyemblie TeMbl (pa3iesibl) HanMeHoBaHMe OLIEHOYHOT'O CPeICTBA
n/n
1. | YpaBHeHHS IEpBOrO MOPSAKA YerHbli onpoc. luckyccuu. Penenue 3anau
2. | YpaBHeHHs «n»-ro NOpsaKa Ycrablii onpoc. JJuckyccun. Pemenne 3agau
3. | HopmanbHbIe CUCTEMBI YpPaBHEHHI. Ycrasbiii onpoc. JJuckyccun. Pemenne 3agau

3.1.1 TunoBble KOHTPOJIbHBbIE 3aJaHUA WM NHbIE MATEPHAJIbI, HEOOX0AMMBbIE ISl OLEHKH
3HAHWI, YMEHUI, HABBIKOB U (WJIH) ONbITA IeATEJILHOCTH B NMpoLecce TeKYIero KOHTPOJIst
ycrneBaeMoCTH
YcrTHbli onpoc. /IucKkyccuoHHbIe MpoUeaypPbl
Tema Ne 1. YpaBHeHus nepBoro nopsiaka
3anstue 1. YpaBHeHUsI NePBOro NOPsIAKA: YPaBHEeHHs ¢ Pa3le/sIlOINMMUCS NepeMeHHbIMHI
Bonpocul ona yemnoeo onpoca
1. VYpaBHeHHUs C pa3aensomUMUCI NIEPEMEHHBIMH.
2. VYpaBHeHUs, NIPUBOAAIIMECS K YPABHEHUSM C PA3AEISIOLIUMUCS IEPEMEHHBIMU.
Bonpocwt ona ouckyccuu
1. YpaBHeHUsI, NPUBOSANIMECS K YPABHEHUSM C Pa3JCISIOLIUMUCS TIEPEMEHHBIMU.
2. 3anaya Komm.
Pewenue 3a0au
W3yunTh TMHAMUYECKYIO W TE€OMETPUICCKYI0 HHTEPIIPETANNIO0 U PEPeHIINATHHOTO YpaBHEHUS
U PEIlIeHUE YPaBHEHUH METOJAOM U30KJIMH.
3ansiTue 2. YpaBHeHUSI NEPBOro MOPSiAKA: JHHEHHbIe OJHOPOAHbIE M HEOJAHOPOIHbIE
YPABHEHUSA
Bonpocul ona yemnozo onpoca
1. 3aBucumocTh pemeHus 3agaur Komm oT mapaMeTpoB M HayalbHBIX YCJIOBHH.
VYcnoue Jlunmmuna.
2. Meron Baprauuu Npou3BOIbHON NOCTOSHHOM.
2. Bonpocwi 015 ouckyccuu
1. YpaBuenue bepuymu. YpaBuenue lapOy-Munaunra. YpaBHenue Pukkatu.
Pewenue 3a0au



W3y4uTh METO/Ibl MHTEIrPUPOBAHUS CIIEUAIBHOTO YpaBHEHUS Pukkatu
3ansTue 3. YpaBHeHUs NIEPBOIO NMOPSIAKA: YPABHEHHUS B MOJHbIX A pepeHnnaIax
Bonpocut ona ycmnozo onpoca
1. VYcnosue Diinepa.
2. VYcnoBus €ro CyliecTBOBaHUS HHTETPUPYIOLIETO MHOXKHUTES.
Bonpocwt ons ouckyccuu
1. HHTerpupyromuii MHOKNTENb
2. OOuee, yacTHOE U 0cO00E pElICHHE.
Pewenue 3a0au
N3yunTh BOIIPOC 3aBUCHMOCTH PElICHHs 3a1a4un Komm oT napamMeTpoB 1 HaYaJIbHBIX YCIOBUM.
Tema Ne 2. YpaBHeHHsl «n»-10 NOpsiAKa
3ansatue 1. YpaBHenuss «n»-ro nopsiaka: Jluneitnole nudgepeHnnanbHble YpaBHEHHs €
NMOCTOSAHHBIMHU KO3 GUIHeHTAMU
Bonpocuwl 0n5 ycmuozo onpoca
1. OnHOpoaHbBIE YpaBHEHMSL.
2. CrpkyTypa 00IIero pemeHus oAHOPOJHOIO YpaBHEHHsI B 3aBUCUMOCTH OT KOpHEM
XapaKTepUCTHUUECKOTO YPaBHEHUS.
Bonpocwt onsa ouckyccuu
1. Omnpenenurens BpoHckoro.
2. XapakTepUCTUYECKOE YPABHEHHE U €r0 KOPHH.
3. dynpaMeHTalbHas CTPYKTypa PELIEHUN OJHOPOIHOTO YPaBHEHMS.
Pewenue 3a0au
W3y4uTh TMHENHO 3aBUCHMBIE U HE 3aBUCUMBIE PEIICHUS.
3anstue 2. YpaBHeHust «n»-ro mnopsiaka: HeogHopoaHble JiMHeliHble ypaBHEHUSI €
NMOCTOSHHBIMHU KO3(PDMIMEHTAMH
Bonpocwl 0ns ycmuozo onpoca
1. Crpykrypa o0IIero pemeHus: HeoOAHOPOIHOTO JIMHEHHOTO YpaBHEHUSI.
2. Meroasl pelIeHns] HEOJHOPOAHBIX JTUHEHHBIX YPAaBHEHUM.
Bonpocul ona ouckyccuu
1. Meton Jlarpanxa (“au METO/ BapUaIlK MPOU3BOJILHOM MOCTOSHHOI)
2. Meton HeomnpeaeneHHbIX KOAQPHUIUEHTOB (METO1 To00pa).
Pewenue 3a0au
N3y4unTh onepanMoHHbBIN U ONEPAaTOPHBIM METO/bI HAXOKIEHHUS YaCTHOIO PEIIECHUS JIMHEWHOTO
HEOJHOPOIHOTO YPABHEHUS
3anaTHe 3. YpaBHeHUS] «n»-T0 NMOPSAJKA: YPABHEHHMS € NEepPeMEHHbBIMH KO3(HIHEHTAMH
JIuneiinbie 1upepeHnnAIbHBIE YPABHEHHS € IIepeMEeHHbIMHU K03 duiiueHTaMu.
Bonpocut ona ycmnozo onpoca
1. VYpaBHeHus Oinepa.
Bonpocul ona ouckyccuu
1. Metoasl cBeleHUS YpaBHEHHUS C IEPEMEHHBIMU KOIPOUIUEHTAMH K YPaBHEHHIO C
MOCTOSIHHBIMU K03 (purimeHramu.
Pewenue 3a0au
W3yunTh MeTOJ perieHus ypaBHeHus: YeOrbiena.
Tema Ne 3. HopmaJibHbIe cHCTEMBI YPABHEHHUI
3ansaTue 1. HopmauabHble cucrembl ypaBHeHuii: HeonHopoaHbie JIMHeHHbIe YPaBHEHUsI €
NOCTOSTHHBIMU KO3(PMIMEHTAMM.
Bonpocut ona ycmnozo onpoca
1. CaoiicTBa pemeHnii HOPMAJIBHON CUCTEMBI.
2. JluHelHBIE CUCTEMBI.
3. Mertobl pemeHuss OJHOPOIHBIX CUCTEM.
Bonpocul ona ouckyccuu
1. MeToa MHTErpUpyEeMbIX KOMOMHAITHI



2. MeToj MCKIIIOYEHHSI MM METOJl CBEJCHUS CUCTEMbl YpaBHEHHUH K OJHOMY OoJjiee BBICOKOTO
MopsAIKa.
Pewenue 3a0au
N3yunTs penienre cucTeM METOI0M DUiepa.
3ansaTue 2. HopmaiabHble cucremMbl ypasHeHuii: HeonHopoaHbie JIMHeHHbIEe YPaBHeHUs €
NOCTOSTHHBIMHU KO3(PMIMEHTAMH
Bonpocwt ona ycmnozo onpoca

1. OOwee pernieHre HEOTHOPOAHBIX CUCTEM.

2. Meroa Bapuanuy NpOU3BOJIBHBIX TOCTOSHHBIX.

3. JluneiiHble ypaBHEHUS U CUCTEMBI C TOCTOSSTHHBIMU KO3 (HULIUEHTAMH.
Bonpocul ona ouckyccuu
1. IlepBbie UHTETpaIbl HOPMAIBHON CUCTEMBI.
2. MetoJ BapHaliuy IPOU3BOJIbHBIX OCTOSHHBIX.
Pewenue 3a0au
W3yuuTh perieHre CUCTeM B CHMMETPUYECKOH Gopme.
3anstue 3. HopmanbHble CHCTeMbl yPABHEHHH: TUHAMHYECKHE CHCTEMbI
Bonpocut ona ycmnozo onpoca

1. ABTOHOMHas CUCTEMa U €€ CBOMCTBA.
Bonpocul ona ouckyccuu

1. VYpaBHeHue TpaekTOpHUi

2. 3akoH JABMKEHUs MaTepUAIbHONM TOYKU Ha ()a30BON TIIOCKOCTH.
Pewenue 3a0au
M3yunTh 371€MEHTHl KaueCTBEHHOM Teopuu auddepeHInanbHbIX YpaBHEHUH M TOCTPOEHUE
(ha30BbIX TOPTPETOB.
Pemenue 3axau
Ilpumep 1 HaliTu cwily TATM cocTaBa ¢ pyJOH IO UCTEUYEHNN BPEMEHU t UMEIOIIETO HAYaJIbHYIO
ckopocTh V0, TBUTAIOLIETOCS C YCKOPEHUEM MPSAMOIPONOPIMOHATBHBIM cuiie TiIru F=b-kv u
0o0paTHO NMPOMOPIIMOHATIBHBIM Macce cocTaBa ¢ pynoil. Eciiu B HayallbHbII MOMEHT BpEMEHHU IpH
t =0 cuuta Tsru onpenensercs BoipaxenueM F(t)= FO=b-kvO0.
A CKOpPOCTHh JIBIDKEHHUS COCTaBa C PYIOH sABisieTcs (PyHKIMEH BpeMeHH, T.€. V= V(Z), a €ro
YCKOpEHHE ompenensercs 2-M 3akoHoM HeroToHa

dv_F
a=—=—

dt m , rae F=b-kv.
[Tostomy nuddepeHnnanbHOe ypaBHEHNE UCXOIHOM 3a1aun OyeT UMETh BHI:

dv_b—kv

Pa3I[€J'[$[$[ HepeMeHHLIe B 3TOM ypaBHeHI/II/I, HOHy‘II/IM ypaBHeHHe C pa3ﬂeﬂeHHBIMI/I
MEPpEMECHHBIMU
dv _dt
b—kv m ,
WuTerpupys koTopoe, HaiiieM oOliee pelieHrne ypaBHeHus (*)
1 1 m
—=In|b—kv|==t+C t=——In|b—kv[+C
k m k

W ()
B pemienun (**) ynoBiIeTBOPUM HadaJIbHOMY yciIoBUIO — V(0)=V,.

m m
0==7 lnlb=kv,l+C C:?lnlb—kv0|.

[ToacraBuB HaiiieHHOE 3HAaueHHE MOCTOsTHHOW C B o0Iiee pemieHue (**), MOJYYUM pEeIICHUE
3amauu Komm:

m m
== In[b—kv}+ Inlb—kv|



0041

b—kv, m. F,
P n|—2)= Fy=b=kv, F:b—kv]:—ln\—|
“k b—kv k 'F'
Taxkum 00pa3om, UCKOMYIO CHIIy TSATH COCTaBa C pyaoi B 1000 MOMEHT BpeMeHHU, HalJeM u3
MOCJIEIHETO PAaBEHCTBA, M30aBUBIINCH B HEM OT Jorapudma

k F, F, L¥ _k,

t—=In|—|=—=e" 2F=F e "

m F' F A
IIpumep 2. PaccMOTPUM BEHTHIIALUIO 320051 00beMOM V(M?), B KOTOPOM B TIPOLIECCE MTPOBEIECHHUS
paboT HaKaIUTMBAIOTCSl BPEIHBIC Ta3000pa3HbIe BhIICICHUS B KomdyecTBe Z B 4ac. Ilycts oOMeH
BO3lyXa B TeyeHWH | yaca cocraBiser M (M’/4), NpUYeM NPUTOYHBIH BO3IAYX COIEPIKHUT
BpEIHbIE BEIIECTBA B KOHUEHTpauuu 4 Ha 1 m°. TpeOyercs Haiith xoHuentpanuio Z (ma 1 m’)
BPE/IHBIX BbIACNCHUI B 3a00€ uepe3 Bpems ¢ mocje Hayana paboThl, €clii HauyajlbHOE 3HAaYCHHE
ATOM KOHIIEHTpaLUU (OCTATOK 3arpsI3HEHUN OT MPEIbLAYIIEH CMEHBI) COCTaBIsET Zo.
A 3a Manblii MPOMEXYTOK BpEMEHU df KOHIEHTpPALUsi BPEAHBIX BBIJICICHUN Z yBEINYUBACTCS
Ha dZ. CrnenoBaTenbHO 00IIee KOJINYECTBO BBIJICICHUH COCTaBUT VdZ u OHO OyAeT COCTOSITh U3
BBIJICJICHUH, TPUHECEHHBIX MPHUTOYHBIM BO3IYXOM - uMdt, u BblIeTIeHUH 00pa30BaBIIMXCS B
nporiecce paboThl - Zdt 3a BBIYETOM KOJMYECTBA BPEIHBIX BBIIACICHUN, KOTOPOE COJIEPKAIOCh B
W3BJICUCHHOM M3 320051 3a BpeMs df Bosmyxe. [Ipenmonoum, 4To 3a Majiblii TPOMEXYTOK
BpPEMEHHU df U3MEHEHHE KOHIICHTPALMU BPEAHBIX BbIACICHUNA paBHO — ZMdt. CrieoBaTenbHO,
ypaBHEHHE BEHTHJISIIIMH 320051 UMEET BUJIL:

dz 1-M_,_uM
= - T 7=
VdZ=pMdt+Zdt—ZMdt  ,py  dt \%4 Vv

[TonmyyeHHOe ypaBHEHHE SIBISETCS JIMHEHHBIM HEOIHOPOIHBIM YpaBHEHHEM, KOTOpoe Oynem
pemaTh UCHoib3ys cpaszy hopmyiy obmiero pemenuns (1.51):

ﬂfdt M _ﬂfdt =M, M V _ﬂt
Z=e " C1+“—fe Y dt|=e Vo C,- K2 v
|4 1 M 1501051
1_
t
Z:C1e \4 _ﬂ
1-M
VY noBneTBopsis HayalbHOMY YCIIOBUIO Z(O):ZO , ONpelenuM 3HauYe€HUE MPOU3BOJIIHLHOU
M
Zy= 1_IJ—’ =C =2t~ L
MOCTOSIHHOM 1-M I-M | Takum 00pa3oM, OKOHYATEIFHOE PEIICHHE
HCXOJIHOU 3a7Ja4d UMEET BUI;
1-M 1-M
L=17,e Voi e -1
1-M A

Ilpumep 3. HaliTu cuily TATM cOCTaBa C PyJ10il 10 UCTEYEHUU BPEMEHH ¢ UMEIOIIET0 HAaYaJIbHYIO
CKOPOCTH V), JIBUTAIOIIETOCS C YCKOPEHHEM MPSIMOMPONOPIHUOHATBHBIM CUile TATH F=b-kv u
00paTHO MPOMOPIIMOHATBHBIM Macce cocTaBa ¢ pynoil. Eciiu B HayalnbHbII MOMEHT BPEMEHU MPH
t =0 cwa taru onpenensiercs BeipaxkenueM F(1)= Fo=b-kv,.

A CKOpPOCTH JBWXKEHHS COCTaBa C PyAOH sBiIseTCs (QYHKIHMEW BpPeMEHH, T.e. V= V(t), a ero
yCKOpeHue omnpeaensercs 2-M 3akoHoM HproToHa

_dv_F
dt m  tne F=p-kv.
[TosTomy muddepeHnmaibHOe ypaBHEHHE UCXOAHOM 3a1aun OyAeT UMETh BUJL:
dv_b—kv
dt m ] (0)

Pa3nensm NEPEMCHHBIC B O3TOM YpPaBHCHUH, IIOJIYYHMM YpPaBHCHHEC C pPasACJICHHbBIMU
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NEPpCMCHHBIMU

dv _dt
b—kv m
HHuTterpupys koTopoe, Haitnem obiiee pemenne ypapHeHus ()

Lnp-r]=Li+c t=—"nlb—kv|+C
k m k

9

W (L)
B pemenun ([]1)) ynoBneTBopuM HauanbHOMY yciaoBuio — v(0)=v,.

m m
0=-Tlnb-kyl+C C:E1n|b—kv0|.

[ToncraBuB HaiineHHOe 3HaueHUE moctossHHOM C B oOmiee permenue ([1[]), moayuyuMm perieHue
3anauun Komu:

m m
== In[b—kv}+ Inlb k|
NN
b— kv F
_m 01=IF =k F=b—kvl=T1n|-2
t=2 It Fy=b—kvy, F=b—kv| =t Inl]

TakuMm oOpa3oM, HCKOMYIO CUJIy TATH COCTaBa C PYJOH B JH00OW MOMEHT BPEMEHH, HaleM U3
MOCJIETHETO PaBeHCTBA, N30aBUBIINCH B HEM OT JIorapudma

k F, F, %t —%t

t—=In|—|=—=e" 2 F=F e

m F' F A
Llpumep 4. TpyOonpoBoxa TeruioBor maructpanu (aumamerp 20 cM) 3alIMIIEHHBIA HU30JSAIUACH
tomuuHo 10 cM oTtamuBaer pabouee MOMeELIEHHE MPU 3TOM Temieparypa TpyOsl 160°C, a
BHemHero ee mokposa 30°C. OnpenenuTts pacrpeaesieHne TeMIIepaTypbl BHYTPH H30JIAINH, €CITH
koaduimeHT TemonpoBoaHoct k = 0,00017, a Takke KOTUYECTBO TEIUIOTHI, OT/IaBaeMoil 1 M
TpYOBI.
A Ecnu teno HaxoauTCs B CTALlMOHAPHOM TEIUIOBOM COCTOSIHMM U TemimepaTrypa I’ B KaXKJI0H ero
TOYKE €CTh (QYHKIHUS TOJBKO OJIHOM KOOpAMHATBI X, TO, B COOTBETCTBUU C 3aKOHOM
TEIUIONPOBOAHOCTU Dypbe, KOJTUYECTBO TEIJIOTHI, UCITyCKaeMO€E B CEKyHy OyJleT paBHO

dT
== —=
Q S(x) Ix const

(1)
rae 4 — Kod(h(UIUEHT TEeIIONPOBOIHOCTH, a IUIOMIAAb CEUYeHHUs Tena S(X) ompenensercs 1o
dbopmyite
S(x)=2rxl,

re x— paauyc TpyoOorpoBona, / — miauHa TpyOblI, clieqoBaTeNbHO, ypaBHeHHE (1) MOXKHO
3amucarth B BUJIC

—as(x) 9T = 5 9L
Q= )\S(x)dx— 2 A xl 0

WIH
Q+2 A xl ar =0
dx (2)
Pa3nenss nepemennbie B quddepeHnraibHOM ypaBHEHNH (2) TOTyYUM
dx
dr=—-—9 .
2l x 3)

o ycnoBuio 3a1auu HEOOXOUMO ONPEECIIUTh paclpeesieHUe TEMIIEPATyPbl BHYTPU U30JISALUH.
[TosToMy cHavama yeByto yacTh ypaBHeHUs (3) uHTerpupyem B npeaenax ot 160°C mo 30°C, a
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IIPaBYIO 4acTh I/IHTerI/IpyeM B npenenax ot 10 go 20 cm.

__Q pdx.
fdtT_ 2Aml f

160

[Tocne I/IHTel"pI/IpOBaHI/ISI ypaBHeHus (3), HaxoIuM

T[e,=30—160=— Q Inxf)=- Q1o
0,00017-2 0,00017-2n 4

3aTeM, MPOMHTETpUpYeM JieByl0 4acTh ypaBHeHus (3) B mpeaenax ot 160°C mo HEKoTOpoit
Temneparypbl 7, a IpaByl 4acTb HHTerpupyeM B mpenenax or 10 mo x cm. Ilocne
WHTETPUPOBAHUS ypaBHeHI/I;{ (3), Haxoaum

T
_ dx
fdtT_ 2Aml f

160
T :T—160:——Q Tt =-——2no,1
o 0,007 200 "G goo7 2 MO
PaznenuB nounenHo ypaBuenue (5) Ha ypaBHeHUE (4), MOTYyUYUM
T—160 _In0.1x
—130 In2

W3 sToro YpaBHCHHUSA CICAYCT, YTO 3aKOH paCIPCACICHUA TEMIICPATYPbl BHYTPHU U30JIALIUN 6y,[[eT
HUMETH BU]

T=591,8—-431,81Inx

Kpome Toro, o ycinoBuio 3a1aq4u HeOOXOAMMO OIPEAeNINTh KOJIUYECTBO TEIUIOTHI OTAaBaeMon 1
M TpyOBI. [ToaTOMY A71s1 TOTO, YTOOBI BHIIOJIHHUTH YCIOBHE 3314l HEOOXOAUMO U3 ypaBHEHHS (4)
ripu [ = 100 cm BeIpa3uTh O ¥ paccunuTaTh €ro 3HAYCHHE

Q:130-0 .00017-2-7-100 _130-0.00017-2-3,14-100 —1730600 kkas

In2 0,69315 A

Ilpumep.5 Kycok pyaHOW Macchl m NajaeT B PYJOCIYCK MOJ AEHCTBHEM CHIIBI TSKECTH, IPU
9TOM BO3[yX OKAa3bIBA€T CONPOTUBIICHHE, MPONOPLUUOHAIBHOE KBaJIpaTy CKOPOCTH IaJECHUS.
Haittn 3axoH nBHKEHUS KyCKa.
A Ilycts s — paccrosiHMe, MPOWIEHHOE TEJIOM K MOMEHTY f. Torjga ABM)KEHUE ONpenessercs
YPaBHEHUEM

d’s ds |’

m——=mg—k|—
dt dt

KOTOPOEC MOXET OBITE IpEaACTAaBJICHO B BUJC

dv
m—=mg— kv’
_ds
TJI€ CKOPOCTh dt Hubddepennuansioe ypaBHeHue (1) sBIsSIeTCS  ypaBHEHHEM
Puxkaru.
PaS,I[eJ'IHH B HEM HepeMeHHHe, HUMCECM
md v
— = dt
mg—kv



HNJIN T10CJIC COKpaH_ICHI/Iﬂ HeBOﬁ qacTu paBeHCTBa Ha m
dv
——=dt
2
g——v
m
HNHTerpupys 3T0 paBeHCTBO, I10JIy4acM
dv
f =t+C
k

g——v’
m

(2)
J1JIs BBIYHMCIICHUS] HHTETpaJia B JIEBOM YacTH ypaBHEHUs (2) MPUMEHSEM METOJT HeOTPeeICHHBIX
KOd(pUITUEHTOB, U TOT/1a

d Ad Bd
== — =7
9=V Vg— v \/§+\/%v

3)

Otkyna
A-B=0
A+B=1-

Vg
A=B= !

[ToncraBnss HalieHHbIe 3HaYeHUs K03 duimenToB B uuTerpan (3), umeem

1 ﬂjdg+\/mv_l ﬂfd(g mv

=t+C

2\ gk \/T( 2 \ gk \/_k
g g
+ ~ _ |
g m Y g m Y
gk_, ) 9K
JInst KpaTKocTH 0003HAYUM m . Torma mocie yMHOXEHHS paBCHCTBA Ha m
HaXOIM
[ d(g+rv| | dlg—rv| —2rlt+C)
g+rv g-rv
1701031
In|g+rv|=Inlg—rv|=2rt+2rC
OTKy/1a
+
In[ LY \=2rt42rC
g—rv )

[Torenuupys ypaBaenue (4), noixydaem
+rv
g :e2rt+2rC:lete2rC:{leC:CI :C1e2rt
g—rv



OTKy,Z[a HUCKOMas (byHKL[I/Iﬂ HUMECT BUJ
2rt
(C e*—1]

-9
_r'm c=L
WIH C YY4ETOM TOTO, YTO 9= k  u C , TIOJTYIHM
_rm (ert_ctle—rt)
Tk (ert_'_ci’e—rt) )

)%k YpaBHCHUA (5) OYCBUAHO, YTO IIPpU t, CTPCMSIICMCA K 66CKOHC‘IHOCTI/I, CKOPOCTb vV IOCTHUTAaCT
MpeaACIbHOTO 3HAUCHUA

Vinax= V,

JUISL KOTOPOTO

rm mg
V=—-=y—=
k k

CrnenoBatenbHO, ypaBHEHHE (5) 3aUCHIBAECTCS B BUIE

(ert_cé e—rt)

(ert_'_ctl e—rt) ©)
Hauanenoe ycnoBue: npu £ =0 v = v

[Tycth pagum kpatkocTu 3amucu uy=vy/V. Torma mocrossHHas uHTerpupoBanus C* B ypaBHEHUU
(6) mpuHUMAET 3HaYCHNE

V=

‘P 1—u,
1+u,
[ToncraBiss 310 3HaueHUE B ypaBHEHUE (6), 3aMeuaeM, 4ToO v MOXKET ObITh 3alrcaHa B BUE
( u,+thrt )
v=y. ~—
| 1+u, thre|

[Ipunumas, yto nipu ¢ = 0 s = 0, MOXKEM Tenepb ONPEACIUTD 3aKOH ABUKCHUS §:

t
s:f v(t)dtzzln(chrtwoshrt
0

r
r=4 U= Yo
HOJICTaBJ'IfIfI V nu V B OTO paBeHCTBO, OKOHYATCIBbHO nonyqaeM I/ICKOMI)II\/II 3aKOH

ABUXCHUA
2

\% t Vo t

s=—71In|ch g—+—shg—

g Vv V 'V A

IIpumep 6. HaliTn perieHus ypaBHEHHUS:

X y—3x2y+y¥ dx+2x3dy=0
A PaznienuB 00e yactu ucxoHOro ypaBHeHUs Ha dx#0 (x=0 — oueBHHOE pELIeHUE), MOTYUUM
ypaBHeHue bepHymm

2x3Zli—i+(x3—3x2)y:—y3

Cuwuras y#0 (y=0 — TpUBHATBLHOE PEIIEHHUE), AEIUM 00€ YacTH TOCIEAHEr0 ypaBHeHus Ha (-)°) u
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_.2
nenaeM 3ameny  Z (x)=y" Tornaa momyunm

) ,
_—);:Z (x), 3. (.3 2

y X z—(x —3x)z:1
Pemas aTo ypaBHEHUE, HAXOUM

_ -3 x -3

z(x)—Clx e —x
Teneps 3anuniemM Bce peIeHHUs] HCXOAHOTO YPaBHEHHUS

C,y’e*—y’—x*=0;x=0;y=0

1y y =U,;x=U,y= A

IIpumep 7. HaiiTu ob1iee pelieHue ypaBHEHUS:
' 2 2
y=—y+1l+x
A D10 ypaBHEeHHe SBISETCS ypaBHEHMEM PHKkaTh, B KOTOpoM a(x) =-1, b(x)=0 u c(x) = 1+x°.
_ 2
[poepka ycioBus c(x)==a(x)x'=b(x)x+1 [lpueno k pesyaprary: 1+x’=1+ x°
CrnenoBatenbHO, 3TO YCJIOBUE BBINOJHACTCS M 32 YaCTHOE DPEIICHHE HCXOTHOTO YpPaBHEHUS
1
_ y=x+=
. yl =X Z
MOXHO TPHHATH (PYHKIIHIO: . Takum oOpa3om, monaras Y BBIYUCITUB
v_ -
y=1-2"2 | npusogum mcxomHOEe ypaBHEHHME K HEOIHOPOLHOMY JIMHEIHHOMY ypPaBHCHHMIO:
z—2xz=1 | Orxyna
% -
z=e*(C +f e " dx)
CnenoBarenbHO, 001IIee pelIeHre UCXOJHOTO ypaBHEeHUsI PUKKaTH nMeeT BHUI:
2

—X

y=x+ 6—2
C +f e dx ,
Llpumep 8. Haiitn 00mmii MHTETpaJl ypaBHEHUS:

(x+y—1)dx+(x—y’+2)dy=0
A YcTaHOBUM, SIBIISIETCS JIM UCXOJTHOE PAaBHEHHE ypaBHEHHWEM B MOJHBIX auddepennuanax. s
3TOr0 NMPOBEPHM, BBINOJIHAETCS 1 ycinoBue Ditnepa (1.87). 3nech

M(x,y)=x+y=1 o N(x,y)=x-y+2

a_M a_N a—M =1 a_N =1

Bbruncnum mponsBoaHbIE 0y y 0x . 0y u 0X , CIIEZIOBATEIbHO, YCIOBUE

Diinepa  BBITIOJTHEHO, H  HCXOJAHOE YPAaBHEHHE SBISIETCS  ypaBHEHHEM B ITOJHBIX
middepennuanax. Haidinem ¢QyHKUMIO u(X,y) TO H3JIO0XKEHHOH BBIIIE CXeMe, a MMEHHO,

ou _
__M( X, y)
MIPEIITOI0KHUM, YTOOBI BHITTOJIHSIIOCH PABEHCTBO 0x
ou_ x+ty—1
0x Y ’
OTCIOZIA
2
X
u(x,y)=J (x+y=1)dvro(y)="+xy-x+9(y)
'8 U
BN,y
Janee notpebyem OT u(x,y) obecrieuenus paeacrsa Y

X
6% ?2+xy—x+¢(y) =N(x,y)=x—y*+2

2
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WIn 0+x—0+¢'(y)=x+¢'(y)zx—y2+2 , WIH ¢’(}’):_y2+2 . CrienoBaTesbHO,
3

¢(y)=f(—y2+2)dy=—y§+2y

Taxkum o6pa3zom, uckomasi GyHKIUS U COOTBETCTBEHHO OOIIMI MHTErpasl HCXOAHOTO ypaBHEHHUS

OyIyT UMETh BUJI:

3

u(x,y):x?+xy—x—y?+2y:C

HOJ’Iy‘II/IM O6H_II/II71 I/IHTeraJ'I HUCXOOHOTO ypaBHeHI/IH, HOTpe6OBaB BBITTOJTHCHU A paBCHCTBa
ou

—=N(x,y)

0y

u(x,y):f (x—y2+2)dy+lp(x):x —y—+2y+¢/(x)
3 , a Temepb moTpedyeM, YTOOBI
2
X
—:M(X’y) , l[l(x): (X—l)dX:——X
BBIIONHATOCH  OX y+y (x)=x+y—1 . Haiinem J. 2
Takum oOpa3om, 001Ul HHTErpa UCXOIHOTO YpaBHEHHs] UMEET BU/I:

3
y

X
C=xy——+2y+——x
3 2 )
CrnenoBaTebHO, HE3aBUCUMO OT TOT0, Kakoe u3 ycioBuid (1.86) OyneT BBITIOJHATHCS B TIEPBYIO
ouepeb, OO HHTETPaAJI UCXOJHOTO YpaBHEHUS OYJET OJHUM H TEM Ke.
OO0mumit MHTETpaJI UCXOHOTO YPaBHEHHUS MOXHO 3anucaTh B Buje (1.89):

X

[ (x+y—1)dx+] (x,—y*+2)dy=C

BelInionHuM MHTETpUpOBaHUE:

X2 y3
el — X _ 2 y —
5 HXy X |X0+ X0y =g +2y \yo C
NI
2 2 3 3
X Xo Yy Yo
S TX| X Y X [ Xo Yy 32y = | Xe Yo 3 +2yo|=C
e Yoo MOMCHO Gpat TIPOU3BOIEHO, TO, 0603Ha4KB
2 3
X
C1=C+—0—x0+x0y0+2y0—&
2 3 , OKOHYATCJIbHO MOJTyYHUM
2 3
X y
_ Xy x—+2

y =exp
Ilpumep 9. Halitn penieHys: ypaBHEHHUS:

g

A PazpemyB 370 ypaBHEHHE OTHOCHUTEINBHO X U, TTOJIaras B TOM ypaBHeHUH Y =P | momyuyum

_J
x==Inp
p _Tak kax @Y= pdx , TO
dy=pd llnp :Xdp+lnpdy—llnpdp
p p p

2

12



nimn

1-Inpl|dy—Ldp|=0
pl|dy==dp

W3 sToro ypaBHEHUS HAXOIUM: p = e U P=CY . Takum o0pa3oM, peleHus UCXOJAHOTO
ypaBHEHUSI UMEIOT BUJ;

x=2
e 4 CGx=InCy 4

IIpumep 10. Haiiti ob1iee penieHne ypaBHeHUs: Y —y=0
2
A 1. 3anuiiem XxapakTepuCcTUUYECKOE YpaBHEHHE: A =1=0

. . A=A =—1
2. Haiinem KOpHHU 3TOTO ypaBHEHHUS: 1 2
3. IlockonbKy KOpPHM ACHCTBUTENBbHBIE W pa3iuyHble, TO IO MNpaBUily | UM cCTaBjATCS B

_ X _ X
COOTBETCTBHE (PYHKIIUU yi=e, n y,=¢€ , KOTOpBIE COCTaBJISAIOT (PYHIaMEHTAIbHYIO
CUCTEMY JIMHEWHO HE3aBUCHMBIX PEIICHUN HCXOJIHOro ypaBHeHHs. CrenoBarenbHO, o0IIee
pelIeHne UCXOQHOTO ypaBHEHUS UMEET BU/L!

ylx|=C,e*+C,e™* A

Ilpumep 11. Haiitu o01ee perieHne ypaBHEHHS:
yo=5y 418 {y =34 {y +45 {y{ =25 y=0(

A 1. 3anumeM xapakTepuCTUYECKOE YPABHEHHE:
A’—51"+181°—342+451—25=0

2. DTO XapaKTepUCTUIECKOE YPAaBHEHUE UMEET KOPHHU:

A=1,4,,=1£2i,, =142

3. MBI BUIUM, 4TO CpeAU KOPHEW XapaKTEPUCTUIECKOTO YPABHEHUS €CTh KaK JE€HCTBUTEIbHBIE U
pa3InyHble KOPHU, TAK U KOMIUIEKCHO COIPSIKEHHBIE, IIPUYEM KOMIUICKCHBIE KOPHU SBJISIOTCS
KkpaTHbIMU. [losTOMy 151 coctaBieHus (pyHAAaMEHTaIbHOW CUCTEMbI JIMHEHHO HE3aBHCHMBIX

A=1

pemieHuit Bocmosib3yeMcsi npaBwiamu 1, 2 u 3. Kopzio

A, =142 Ay =1-2i

_ X
Y1=€ | a kakmoMy M3 IBYKpaTHBIX KOpHei : u : , OTBEYAIOT
y,=e cos2x,y;=xe" cos2x,y,=e"sin2x, y.=xe"sin2x.

COOTBETCTBYET pELICHHE

peuieHus: CoBOKYNHOCTh

ATUX MATH PEIICHUMN YpYo Y Yels | obOpasyeT ¢GyHIaMEHTAIBHYIO CHCTEMY JIMHEHHO
HEe3aBUCHUMBIX pemieHuil. CieoBaTenbHO, 0011ee pelIeHne 3auIIeTCs TaK:
y=C1eX+eX[(C2+xC3)c052 x+(C4x+C5)sin2x] A

Ipumep 12. Haiitu yacTHOE U 0011iee pelIeHHE YPAaBHEHUS:
2x

—4y+5y=
J J Y COS X

A B cootBercTBHM ¢ MeTo10M JlarpaHxka, cCOCTaBUM COOTBETCTBYIOIEE ATOMY HEOTHOPOIHOMY
YPaBHEHHIO C TOCTOSHHBIMU KO3()(DUIIUCHTAMHU OHOPOJIHOE YPAaBHCHHE
y —4y+5y=0
A2—4)1+5=0
U pemuM ero. s 3Toro 3amuiineM XapaKTepPHCTHYECKOE ypaBHCHHE: =U | Dro

A, =240

XapaKTEPUCTHUYECKOE YPABHEHUE UMEET KOpPHU: 1,2
Mpbl BUIUM, YTO KOPHH XapaKTEpHUCTUYECKOIO YPaBHEHMS KOMILJIEKCHBbIE, MO3TOMY oOliee
pEeLlIeHNEe OJTHOPOIHOIO YPaBHEHMSI UMEET BUL:

13



2 2X .
y=C,e"“cosx+C,e "sin x

bynem uckars 4yaCTHOE pelIEHUE UCXOAHOTO YPABHEHUS B BUJE
2x 2X .
y:C1(x)e Cosx+C2(x)e sin x *)

CoctaBum cucremy

C, X ezxcosx+(32 xle?sinx=011

WM COKpaIas Ha e~

ot

!

C
1 **)

Pemmth 3Ty cucTeEMy OTHOCHUTEIBHO GGl yoxmo Pa3IMYHBIMM CHOCOOAaMHU, HaIpUMeEp,
ucnonb3ys npasuiao Kpamepa. B nanHom cimyuyae ygoOHee cHayana npeoOpa3oBaTh BTOpOE
ypaBHEHHE, a UMEHHO, YMHOXHUTh 00€ €ro 4acTH MEepBOro ypaBHEHUS Ha —2 U 3aTeM NpUOaBUTh
IIOJIy4YEHHBIM pe3yJIbTaT KO BTOPOMY. B utore nosryunM ypaBHEHUeE:

Xlcosx+C, x/sinx=00 64

C,[x|[—sin x)+C2(x)cosx:COSX

H, CIIeZIOBATEIbHO, TUM YPAaBHEHHUEM MOKHO 3aMEHHUTh BTOPOE YpaBHEHHE B cucteme (**)
L )

{C'1 poseC, rsin=0i 4

Pemas sty cucremy no npasuny Kpamepa, nomyunm

0 sinx
I |
‘[ | COS -
Xm— = - =]
Cylx] ‘COSX sinx‘ tgx,=C,lx| ftgxdx n|cosx|,
—sinx cosx
cosx 0
|—sinx 1—|
Crz(x]:%:l,:g(x]:fdx:x.

IloacraBisisg MOJIy4YCHHbIC 3HAYCHU: Cl i {C2"

HCOOAHOPOAHOI'O YPAaBHCHUS
x/=€**|cos x-In|cos x|+ xsin x|

y yacmdoe ' ° -/

B (*), MOJMy4YMM YacTHOE PELICHHE HCXOJHOTO

Takum 06pazom, ob1ee pereHne UCXOTHOTO YPAaBHEHUS UMEET BU/I:

y(x|=e*|C,cos x+C,sin x |+€**[cos x-In|cos x|+ x sin x| A

" — X
IIpumep 13. Haiiti yactHOe penienue ypasaenus: Y — Y=X€
A 1. JIns npaBoil 4acTH MCXOTHOTO ypaBHEHHMs OIpeaessieM mapameTpsl o.f,q,/: a=1,3=0, ¢
= 1.

2 —_— o
2. Kopuu xapakrepucrtiieckoro ypasuenms A —1=0  jeiicrBurensusie n pasmmubie,

A=+l la+if|=1 A =1

. Y4uTBIBasA, UTO YHUCIIO COBIIAJIAET C KOPHEM .KpaTHOCTH 1, TO
torga s=1, u m = max(q,/)= 1. Mcxoas u3 3TOro, MOXHO BBINHUCATh BUJ UCKOMOI'O YaCTHOTO
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pelenus:
vlxl=e*(Agx+A;|x

3. [ToxacTaBisieM B HCXOAHOE YPaBHEHHE BBIPAKEHHS IS 1,(X) U €€ BTOPOM IPOU3BOIHOMN
y(x)= [4A+A|+2A+2A ]

ITocne mpeoOpazoBanuil (COKpaleHus Ha € ¥ MPUBEJCHUS OJOOHBIX) OTY4aeM PaBEHCTBO:
4A0x+2A0+2A1:x

B srom paBeHcTBe mpupaBHUBaeM KOI()PHUIMEHTHI TpPHU OAMHAKOBBIX CTEMEHSIX (QYHKIUU
IIEPEMEHHOM X B IIPABOM U JIEBOM YaCTSIX:
1

x'14A,=1 .
0, _ A=—A =——
x:2A42A,=0 074717 4

, OTKyaa CJIE€AY€ET, 4TO

A, 1 A
[TonmyyeHHble 3HAUEHHS] HEONpPEIENCHHBIX KO3((UIMEHTOB 0 I MOACTaBUB B BHI
MCKOMOT'O YaCTHOT'O PEIICHHS, TTOJlyYHM OKOHYATEIbHO:
1 X[ 2
y,|x|==e*x*~x]
4
ngweg 14. Haittn ‘laCTHOC pelIeHne YPaBHEHUS:
y =y +3y +5y=5¢""cosx+4 e "
A [Ilpexne Bcero, (QyHKIUIO f (X) NpeACTaBUM B BHUJAE CYMMBI JABYX (DYHKIHIA

fl(XJZSeZXcosx u fz(x):4e_"

pelIeHne UCXOTHOTO YPaBHEHHSI.
1. dnst pynkuuu fi(x) onpenensiem napametps! o,B,q,l: =2, =1, g = 0, a nns byskuuu fo(x)
cootBeTcTBeHHO oL =[], B =101 g =0.

. I[J'ISI KaXXa01ro ciiyvdas 6yz[eM HOI[6I/IpaTB CBOC€ YaCTHOC

3
2. Xapaxtepucrtudeckoe ypastenne A —A +3A+5=0  pyeer kopuu:

A =-1,1,,=142]

YyuteiBas, 4ro a8 QyHKIOHH fi(X) YHACITO (a+lﬁ):2+l HE COBIAJACT HU C OJHUM U3
KOpHEH XapaKTepUCTHUECKOro ypaBHEHHsS, NodToMy s=0, a g QYHKOHU fo(X) dYHCIO

(O{Hﬁ):_l COBMaJlaeT C KOpHEeM A; KpaTHocTH |. Mcxons W3 3TOTO, MOXHO BBINHCATh
YacTHOE PelIeHHUE:
Yol X|=y (x4 y [ x|=€*( Agcos x+ B sin x|+ Dy xe

3. HOI[CT&BJ'I?IGM B HCXOAHOC YPAaBHCHHC BBLIPAKCHUSA JIA y”‘x) H €ro IMnpou3BOAHBIX H

A,,B,, D,

HAaXOJMM 3HA4YCHHs] HEOIpeAeNeHHbIX KOI(PPUIIMEHTOB Jns  ynoOctBa

X .
onpeeneHus 3TUX Kod(HPHUITMESHTOB MOACTaBUM y wl( | B YPaBHCHHE C TIPaBOM YacThio fi(X), a

YaolX B YpaBHEHHE C HpaBoﬁ 9acThIO f5(X).

+
MoxcraBusieM ‘*1( )= (A Cos X+ Bysin X) Y IIPOU3BOJHBIE:

Yarlx|= 2"(ZA cosx+2B,sinx— A,sin x+B cosx)

Yl X|=€¥[3A cos x+3B sinx—4 A sin x+4 B, cos x|,
yuilx|=€**[2A cos x+2 B sinx—11 A sin x+11B cosx)
B UCXOJITHOE YpaBHEHHUE C MPABOU YaCThIO fi(x) = 5¢”" cos x .Cokpamas Ha e** ¥ npupaBHUBAs

KO3(PUIMEHTHI MPU COSX U SINX B MPaBOM M JICBOM 4YacCTSIX MOJYYEHHOTO paBEHCTBA, OyaeM
UMETh CUCTEMY M3 JIBYX YpaBHEHHIA:
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{2A0+1180—3A0—4Bo+6uA0+3BO+5AO:5,z,LLL

DA;HOB,=5;i

OTKYyJa HaXxO0uM, 4TO

AOZBOZ%,ﬁyql(x]Z%ezx(cosx+sinx)

—X
Janee moacTapisieM QYHKIUIO fo(x) = Dyxe

! —X " —X " —X
yqz(x]z D,e ‘—x+1],yq2(x)=D0e (x—2),y”2(x)=Doe (B—X]
B MCXOJIHOE YpaBHEHHE C MPaBOM 4acThio paBHOU 4e™. COKpaTUB Ha e, MOJy4YUM PABEHCTBO
8Dy=4, T0 ectb Dy = %5, cnemoBaTeaIbHO

" €€ IIPOU3BOJHBIC!

y (x):lxefx
y2 h)

Takum 00pa3om, 4acTHOE pELIEHHE HCXOAHOIO YPAaBHEHMs 3allUIIEM B BHJE CyMMBbI JIByX
YaCTHBIX PEILICHUH, 1 OKOHYATEIbHO OHO OYyJIeT UMETh BU:

— _1 2x . 1 —x
yq(X)—yql(Xquz(x)—Ze (cosx+51nx)+§xe

A

2 " '
Hpumep 15. Haiitu pemenne ypasuenns: X Y —Xy +y=0
de _1_

A Tlonaras X =e' wm  =Inx , HaliieM dx x
BeluncivM Opou3BOHBIE TI0 HOBOM MEpEMEHHOMN f, 0003HAYMB TOUKaMu AuQQepeHIupoBaHue
o ¢:
Ly _dyde _dy
dx dt dx dt
d | .dt_d

YT T d

i yetlet=ly-yle

v

Hoxcrasus  J») B ucxomHOe ypaBHEHHUE, TOTYYHM
2t —2t{ . . t —t o . .
e’e M y—yl-eey+y=0, wm {y-2y+y=0¢

CreloBaTeIbHO, MBI TONYYMIIH OJHOPOJHOE JHHEHOe ypaBHeHHe. Ero XapakTepHcTHYecKoe

2 _ = = o
ypasenne A —2A+1=0  pyeer kopuu A=4=1 ITOCKOBKY KOPHHU JIEHCTBUTENIBHBIE 1
KpaTHBIE, C KPATHOCTBIO PAaBHOIi IBYM, TO 00lIee pelieHye OyaeT UMeTh BHI:
ylt)=[C +tC,)e!
Ilepeiins K mepeMeHHO X, OKOHYATEIBLHO II0JIy4UM 00LIee PEIeHHe UCXOJHOTO YPaBHEHHS
ylx|=(C+C, lnx)x A

Llpumep 16. HaiiTu penieHne ypaBHEHUS:
xzy —xy+y=coslnx

d _1_
=¢' t=Inx > dx x
A Tlomaras X=€¢ pm !— , HaiiIemM
Brruncnum mpou3BOHBIC 110 HOBOW MEpPEeMEHHOH f, 0003HauuB Toukamu auddepeHmpoBanue

11O 7.

y=ye L,y =ly—yle

—2t
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Moxcrasus J»J B ucxoanoe ypaBHEHHUE, TTOIYIUM

y—2y+y=cost (*)
DTO HEOAHOPOJHOE JIMHEWHOE YpaBHEHHE C MOCTOSHHBIMH Kodduimenramu OO1ee perieHne
COOTBETCTBYIOIIETO €My OJHOPOAHOIO ypaBHEHHUs (CM. npumep 36) UMEET BUJL

ylt)=[C +tC,)e!

a YaCTHOE PeLeHHE MOYKHO MOJIYYUTh METOI0M HEONPEIEIEHHBIX KO3((DUIIMEHTOB.
[Tockonpky mapaMeTpbl MpaBoOil YaCTH HEOJHOPOAHOIO ypaBHEHUS (*) paBHBI, COOTBETCTBEHHO,

a=0,B=1, ¢ = 0, Il = 0 u yucno (('H' lﬁ):lﬁ HE COBNAJACT HU C OJHHUM KOpPHEM
XapaKTepUCTUYECKOT0 ypaBHEeHHUsI, mo3Tomy s=0, u m = max(q,/)= 0. MUcxons u3 3Toro, Mo>xHo
BBIMHICATh BUJl ICKOMOT'O YaCTHOTO PELICHHUS:

y,|t|=A,cost+B,sint
t]

BBIqHCHI/IM HpOI/ISBO)IHBIe oT ‘y”
y,\t|]=—A,sint+B,cost,

y,lt|]=—A,cost—Bsint
U TIO/ICTAaBUB MX B ypaBHEHHE (*), MOIydnm
—2B,cost+2 A sint=cost

[IpupaBHsieM KO3(QPUIMEHTHI MPU OJAMHAKOBHIX (YHKIUSAX B MPaBOl M JIEBOM YacTAX 3TOro
ypaBHEHUS

1
—-2B,=1,»B,=——,
0 0 )
2A,=0,=A,=0.

CrnenoBatenbHO, YaCTHOE pellieHre ypaBHeHUs (*) uMeeT Bua

1
t|=—=sint
wi==gsine

a oOmiee penreHre ypaBHeHus (*) OyneT BBITISIIECTh Tak:
- (1
yo6wee(t)—(C1+tC2)e 5 sint |
Taxum o6paszom, oO1iee perieHrne HCXOAHOTO YpaBHEHUSI UMEET BU/I:

y[x):(C1+C21nx)x—lsinlnx
. A

3.1.2. MeTtoauueckue MaTepHabl, ONpeAe/sOlINe NPOUEeAyPbl OLEHHWBAHUS 3HAHWIA,

YMeHMi, HAaBBIKOB MW (MJHM) ONbITA JAeATEJbHOCTH B XO0d€ TeKyllero KOHTPOJIs

ycneBaeMoCTH

YcTHBI 0TBET

Omnenka 3HaHui npexanonaraet auddepeHInpoBaHHbIN MOAX0] K 00yJaroImemMycs, yJeT
€ro MHAWBUYabHBIX CIOCOOHOCTEH, CTENeHb YCBOCGHUS M CHCTEMAaTU3allu OCHOBHBIX MOHITHIA
u Kateropuét mo naucuurinHe. Kpome TOro, oOmeHMBAeTCs HE TOJBKO TIyOMHA 3HAHWUM
MOCTaBJIEHHBIX BONPOCOB, HO M YMEHHUE MCIOJb30BaTh B OTBETE NPAKTUUYECKUN MaTepHall.
OnenuBaeTcs KyJabTypa ped, BlaJieHHe HaBbIKaMU OpaTOPCKOT0 UCKYCCTBA.

Kpumepuu oyenusanus: nocieqoBaTeNbHOCTb, IOJTHOTA, JOTUYHOCTD U3JI0XKEHUS, aHAIU3
pa3IMuYHBIX TOYEK 3pEHMs, CaMOCTOSTEIbHOE O0000IIeHHe MaTepuaia, HCIOJIb30BaHue
mpo(ecCHOHANBHBIX TEPMHUHOB, KYJIbTypa pe4H, HAaBBIKM OPAaTOPCKOrO HCKyccTBa. M3moxeHue
MaTepuaia 0e3 (PaKTHIEeCKUX OINOOK.

OueHka «omauynO» CTABUTCA B Cllydyae, KOrja MaTepHhall W3JIaraeTcsi MCUYEpPIHbIBAIOLIE,
MOCJI€I0BATENbHO, TPAMOTHO M JIOTMUECKH CTPOMHO, MPHU STOM pPAaCKPHIBAIOTCS HE TOJIBKO
OCHOBHBIE TIOHATHS, HO U aHAIM3UPYIOTCS TOYKH 3pEHUS pa3iIHuHBIX aBTOpoB. OOydaromuiics
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HE 3aTPYIHSETCS C OTBETOM, COOIONAET KyJIbTypy PEeUH.

OneHka «xopouwto» CTaBUTCS, eclii 00ydJarolUics TBEpO 3HAET MaTepuas, rpaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, 3HaeT MPaKTHYeCKylo 0a3y, HO IpPU OTBETE Ha BONPOC JOIYCKAeT
HECYIIECTBEHHbIE OTPEIIHOCTH.

Onenka «ydoseiemeopumenbHo» CTaBUTCS,, €CIM OOYYaIOUIMICS OCBOMJ TOJBKO
OCHOBHOM MarepHaj, HO HE 3HAeT OTIENIbHBIX JeTajiel, 10MyCKaeT HEeTOYHOCTH, HEJOCTATOYHO
npaBUIbHbIE (OPMYJIHMPOBKH, HapylIaeT IOCIEeI0BaTeIbHOCTh B M3JIOKEHUH MaTrepuana,
3aTpyJHSIETCS C OTBETaMM, IIOKa3blBa€T OTCYTCTBHE JIOJDKHOW CBS3M MEXAYy aHalu30M,
apryMeHTaluen U BbIBOJAMM.

Ouenka «HeyoosremeopumenvbHoy CTaBUTCS, €CAM OOydaloUuiicss He OTBeYaeT Ha
IIOCTaBJIEHHBIE BOIIPOCHI.

Keiicol (cuTyanuu 4 3a1a4M ¢ 32JaHHbIMHU YCJIOBUSIMH)

OOyuaromuiicss JTOJKEH YMETh BBIJCIUTh OCHOBHBIC MOJIOKEHHS M3 TEKCTa 3a7ayH,
KOTOpBIE€ TPEOYIOT aHaIM3a U CIIyKaT YCIOBUAMHU perieHus. Mcxos U3 mocTaBiIeHHOTO BOIIpoca
B 3ajlaue, MONBITATbCS MAaKCUMAJIbHO TOYHO OINpPENENUTh Npo0IeMy U COOTBETCTBEHHO PELIUTH
ee.

3agaun MOTYT peIIaThCsl YCTHO W/WIM MUChbMEHHO. [Ipu pelieHuu 3a1ad Takke BaskHO
MpaBUIBLHO C(HOPMYIHUPOBATH M 3alKCaTh BOMPOCH, HadyWMHAs C Oojiee OOMMX H, KOHYAs
YaCTHBIMM.

Kpumepuu oyenusanus — olleHKa yUUTHIBAET METObl U CPEJCTBA, UCIIOIb30BAaHHBIE MIPU
peLICHUH CUTYallMOHHOM, TPOOIEMHOH 3a/1a4H.

OueHka «omauunO» CTaBUTCS B Cciyyae, Korja oOOydaroluiicsi BBINOJHWII 3a/laHue
(pemm 3a1a4y), UCMOJIB3YS B IOJTHOM 00BbEME TEOPETUUECKHUE 3HAHUS U MPAKTUYECKUE HABbBIKH,
MOJTyYEHHBIE B TIpoIiecce 0OydIeHHUS.

OreHka «xopouioy CTaBUTCS, €CIU 00yYaroIIUiCs B 1I€JIOM BBIIIOJIHHUI BCE TPpeOOBaHUS,
HO HE COBCEM YETKO OIpeleisieTcss Omnopa Ha TEOPETUYECKHE TOJIOKEHHSI, H3JI0KEHHbIE B
Hay4yHOW JUTEpaType MO JAHHOMY BOIIPOCY.

Ouenka «yoognemseopumenvbHo» CTaBUTCS, €CIIU 00yUaIOUIUIICs MOKa3all MOJ0KUTEIbHbIE
pE3yJIbTAThI B IIPOLIECCE PELICHMS 3a4a4H.

OueHka «HeyoognemseopumenbHoy» CTABUTCA, €CIU OO0ydYarolMiics HE BBIIOJHWI BCE
TpeGoBaHusI.

JlucKycCHOHHBIE poue1ypbl

Kpyenviti cmon, ouckyccus, nonemuka, oucnym, dedamol, MUHU-KOHpepeHyuu SBISIOTCS
CpeICTBaMH, IO3BOJISIONIMMH BKJIIOYUTH OOY4YaIOIIUXCSl B MpoIlecC OOCYXKIEHUS CIHOPHOTO
BOIpOCA, MPOOJEMBbl M OLIEHUTh UX YMEHHE apryMEHTHPOBAaTh COOCTBEHHYIO TOYKY 3pEHUS.
3anaHue naercs 3apaHee, ONpeAessieTcsl Kpyr BOIPOCOB AJisi OOCYKICHHUSI, TPYHIbl YYaCTHUKOB
3TOr0 00CYXKJICHHUS.

JIcKyCcCHOHHBIE TPOLIEAYPBI MOTYT OBITh UCIIOJIB30BAHBI JIsl TOTO, YTOOBI CTY/I€HTHI:

—Jy4lle MOHIM YCBOsIeMbIil MaTtepuan Ha (oHE pa3sHOOOPA3HBIX MO3MIMN U MHEHUH, HE
00s13aTeIbHO JOCTUTasl 00ILEro MHEHHUS;

— CMOINIM IIOCTHYb CMBICI H3y4aeMOIo MaTepuana, KOTOpBI MHOTJa 4YyBCTBYIOT
MHTYUTUBHO, HO HE MOTYT BBICKa3aTh BepOaJbHO, YETKO U SCHO, WJIM KOHCTPYHUPOBATh HOBBII
CMBICJI, HOBYIO ITO3HILIUIO;

— CMOTJIM COIJIaCOBaTh CBOK MMO3UIMIO0 WM JACUCTBHUS OTHOCHUTEIBHO 00CYXkIaeMoil
poOIEMBI.

Kpumepuu oyenusanus — oueHUBaIOTCS AEUCTBUS BCEX YUaCTHUKOB Tpymnibl. [loHnManue
npoOjeMbl, BbICKa3bIBaHUS M JCUCTBHS MOJHOCTHIO COOTBETCTBYIOT 3aJaHHBIM  LIEJISM.
CooTBeTcTBHE pealbHON JIEHCTBUTEILHOCTH PEllIeHUH, BEIpa0OTaHHBIX B X0Jie Urpbl. Bragenue
TEPMUHOJIOTHEH, JEMOHCTpAlUs BIIAJCHUS Y4eOHBIM MaTepHajoM IO TeME WUIPHI, BIAJCHUE
METOJIaMU apryMeHTallul, yMeHue paboTaTh B rpymnne (yMEHHE CIyllaTh, KOHCTPYKTUBHO BECTH
Oeceny, yOexaarh, yIpaBisaTh BpeMeHEM, O€CKOH(IUKTHO OOIIATHCS), JOCTHIKEHHE HUIPOBBIX
1eseH, (COOTBETCTBUE POJIM — MPHU POJIEBOM UTPE). SICHOCTH M CTHIIb U3JIOKEHUSI.
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OneHka «omauuno» CTaBUTCS B Cllyyae, KOrja Bce TpeOOBAaHHUS BBINOJIHEHBI B MOJIHOM
o0beMe.

O1eHka «xopouio» CTaBUTCA, €CIM O0ydYarolrecs B IIEJIOM JEMOHCTPUPYIOT TOHUMAaHUE
po0JIeMbl, BHICKA3bIBAHUS U JCHCTBHSI MOJTHOCTHIO COOTBETCTBYIOT 3aJaHHBIM 1esaM. Pemenus,
BbIpaOOTaHHBIE B XOJ€ WIPHI, MOJHOCTBIO COOTBETCTBYIOT peasibHOW AedcTBHTENbHOCTH. Ho
HEKOTOpbIe 00BSICHEHUSI HE COBCEM apryMEHTHPOBaHbI, HAPYIIEHbI HOPMBI OOIIIEHUS, HAPYILICHBI
BPEMEHHBIE PAMKH, HAPYLIEH CTUJIb U3JI0KEHHUS.

OneHka «yooenemeopumenbroy CTaBUTCS, €CIA 00yUaroIIUecs B LIEJIOM JEMOHCTPUPYIOT
MOHMMaHHe TPOOIEeMbl, BHICKa3bIBAHUS U JACUCTBUS B LIEJIOM COOTBETCTBYIOT 33JJaHHBIM LIEIISIM.
Opnako, pelieHusi, BbIpaOOTaHHBIE B XOJAE MWIPbI, HE COBCEM COOTBETCTBYIOT peallbHOM
JIeUCTBUTENBHOCTH. HekoTopele OOBSICHEHHs HE COBCEM apryMEHTHPOBAHBI, HapyLICHbI
BPEMEHHbIE PAMKH, HApYLIEH CTUJIb H3JI0KEHHUS.

OueHka «HeyooeremeopumenvHoy CTABUTCA, €CIU OOydarolluecs HE MOHHMAIOT
po0sieMy, UX BBICKa3bIBaHHS HE COOTBETCTBYIOT 3a/IaHHBIM LIETISIM.

3.2. OueHo4HbIe MAaTEPHAJIbI JJIs1 IPOBEACHHUS IIPOMEKYTOYHON aTTeCTalluH
3.2.1. Kpurepum ouleHKH pe3yJ1bTaTOB 00yUeHHs N0 JMCHUILIHHE (MOAYJII0)

MIxana PesyabTaThl
Iloxa3aTenn oneHMBaHUS Pe3yIbTATOB 00yYeHHA
OLICHHBaHHS o0y4eHust
OTJIMYHO 3HaerT: - oOyyaromuiicst TIyOOKO M BCECTOPOHHE YCBOMJI MaTepHall, YBEpPEHHO,

JIOTWYHO, TIOCIIEIOBATEIBHO U TPAMOTHO €r0 M3JIaraeT, ONMpasich Ha 3HAHUSA
OCHOBHOH M JIOTIOJTHUTENILHOM JINTEpaTyphl,

- Ha OCHOBE CHCTEMHBIX HAay4HBIX 3HAHWH JeNlaeT KBaIM(UIHMPOBaHHBIC
BBIBOJIbI M 00001IIeHNS1, CBOOOIHO ONEPUPYET KATETOPUSIMH U MOHSATHIMHU.
VYmeer: - oOydJaromuiics yMeeT CaMOCTOSITENIbHO M IPaBUJIBHO peliath y4eOHO-
npodecCHOHANBHBIE  3a/Jaddl WIM  33JaHHs, YBEPEHHO, JIOTHYHO,
MIOCJIEI0BATENBHO M APIYMEHTHPOBAHO H3JIaraTh CBOE PELICHHUE, UCIIOIb3YS
Hay4YHBIC TIOHATHS, CChUIAsICh HA HOPMATHBHYIO 0a3y.

Bnaneer: - oOydaromuiicsi BIaJeeT panuoHAIBHBIMA METOJaMHU (C HCIIOJIb30BaHHEM
paIMOHATBHBIX METOAMK) PEIICHUS CIOXKHBIX MPOPECCHOHANBHBIX 3a/1ad,
NPE/ICTaBICHHBIX JICTOBBIMUA UTPAaMH, KeHcaMHy | T.JI.;

[Ipu pemeHnu MpoAEeMOHCTPUPOBAT HABBIKU

- BBIJICJICHUSA TJIABHOTO,

- CBSI3KOW TEOPETHYECKHX IMOJOXKEHUH C TpeOOBaHMAMH PYKOBOISIINX
JOKyMEHTOB,

- M3JI0)KEHHS MBICTIEH B JIOTHYECKON TOCIIeI0BATEIbHOCTH,

- CaMOCTOSTENIFHOTO aHain3a (haKThbl, COOBITHI, SIBICHUH, IPOILIECCOB B MX
B3aMMOCBSA3U U JUAJICKTUYCCKOM PAa3BUTUM.

XOPOIIO 3Haer: - oOyyaromuiics TBEpJO YCBOWJ MaTepuaj, AOCTaTOYHO TPaMOTHO €ro
W3JIaraeT, ONMpasch Ha 3HAHUS OCHOBHOHN M JOTIONHUTENILHOM JTUTEPATyPHI,
- 3arpynHsercss B (OpPMYyJIHMPOBAaHWM KBATH(DUIIMPOBAHHBIX BHIBOJAOB MU
00001IeHN, OmepupyeT KaTreropusMd W TOHATHUSMHM, HO HE BCerjaa
MPaBIJIBHO UX BEPUPHUIUPYET.

Ywmeer: - 00ydaloIIHiicsl yMEET CaMOCTOSITENILbHO M B OCHOBHOM NPABUIILHO PEIIaTh
yueOHO-TIpoecCHOHANIbHBIE 33/1a4d WJIM 33/1aHHs, YBEPEHHO, JIOTMYHO,
MOCJIE/IOBATENIbHO M apryMEHTHPOBAaHO H3JlaraTh CBOE pelIeHHE, HE B
MOJHOM MEPE HCHOJb3Yys HAYYHBIC MOHATHUA U CCBIJIKM Ha HOPMATUBHYIO
0azsy.

Brnapneer: - 00ydarommiicsi B IEIOM BJAJCET PalMOHAIGHBIMA METOJAMHU DEIICHHS
CJIOKHBIX TTIPO(ECCHOHATBHBIX 3a/1a4, PEICTABICHHBIX JICIOBEIMU UTPaMH,
KelicaMu U T.10.;

[lpn pemweHHn CMOr MNPOJEMOHCTPUPOBATH JIOCTATOYHOCTh, HO HE
TITyOMHHOCTH HAaBBIKOB,

- BBIJICJICHNUS TJIaBHOTO,

- M3JI0KEHHS MBICTICH B JIOTHYECKOU TOCIIeI0BATEIbHOCTH,

- CBS3KM TEOPETHYECKMX IOJIOKEHHH C TPEOOBAaHMAMH DPYKOBOISIINX
JOKyMEHTOB,

- CaMOCTOSTENIFHOTO aHaju3a (haKTbl, COOBITHIA, SIBICHUH, IPOLIECCOB B MX
B3aUMOCBSI3H M TUAIEKTHUECKOM Pa3BHTHH.

YIAOBJIETBO- 3HaerT: - o0y4aroIuiicss OpUEHTHPYETCsl B MaTepHalle, OJJHAKO 3aTPYAHSETCS B €ro
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PUTEJIBHO H3J10KEHNH;

- IOKa3bIBa€T HENOCTATOYHOCTh 3HAHUM OCHOBHOM M JIONOJIHUTEIbHOU
JUTEpPaTypBl;

- c1abo apryMEHTHPYET Hay4IHBIE TTOJIOKEHHS;

- IPaKTHYECKH He CIoco0eH c(hOpMyITHPOBATh BBIBOJIBI 1 0000IIEHNS;

- YaCTHYHO BJIAJICET CHCTEMOM MOHSTHH.

Ymeer: - 00y4aroIuiicsi B OCHOBHOM YMEET PELINTh y4eOHO-IPOdEeCcCHOHAIBHYIO
3ajady WIM 3aJaHue, HO JOIycKaeT omuOKH, cnabo apryMeHTHPYET CBOe
pelIeHne, HeJOCTaTOYHO HCIIONb3YeT HAYYHBIC TOHATHS U PYKOBOISIIHE
JOKYMEHTBI.

Brnageer: - oOydarommiicss BiIageeT HEKOTOPHIMH palMOHAIBHBIMA METOJaMHU
pelIeHnsT  CIOXHBIX  NMPOQECCHOHAIBHBIX  3aJad, IPEACTaBICHHBIX
JICTIOBBIMH MI'paMH, KeficaMt U T.1.;

[Ipu pemennn NpoIeMOHCTPUPOBAT HEJOCTATOUHOCTh HABBIKOB

- BBIICTICHUS TJIaBHOTO,

- M3JI0’KEHHS MBICIIEH B JIOTHYECKON MOCIE0BATEIIEHOCTH,

- CBSI3KM TEOPETHYECKUX TIOJIOKEHHH C TPEOOBAaHMAMH PYKOBOISIINX
JOKyMEHTOB,

- CaMOCTOSTENIFHOTO aHajn3a (haKThbl, COOBITHI, SIBICHUH, IPOLIECCOB B MX
B3aUMOCBSI3H M TUAIEKTHUECKOM Pa3BHTHH.

HEYJIOBJIETBO- 3Haer: - 00y4aroIIHIACs HE YCBOMII 3HAUUTEIILHON YaCTH MaTepHala,;
PUTEJIBHO - HE MOXKET apIr'yMEHTHPOBATh HAYYHBIE OJIOKEHHUS;

- He (OPMyIHpPYeT KBATHU(HUIIMPOBAHHBIX BEIBOJOB U 0000IICHHI;
- HE BJIAJCeT CUCTEMOU MOHSTHI.

Ywmeer: o0ydJaromuiics He IMOKa3al YMEHHE pemarh y4eOHO-IpodeccCHOHAIBHYIO
3aJady WM 33aHHe.
Brnapeer: HE BBINTOJHEHBI TPEOOBAHMS, MPEIABSBISIEMbIC K HaBbIKaM, OIICHUBAEMBIM

«YAOBJICTBOPUTCIILHO».

3.2.2. KoHTpoOJIbHBIC 3aaHUS H/WJIH MHbIC MaTepHaJbl 1Jisl IPOBEACHHUS NMPOMEKYTOYHOH
aTTecTaluu
CnHcok BONPOCOB /151 YCTHBIX OTBETOB (BApHAHThI TECTA)

1.

O NN kWD

10.

11

12.
13.
14.

15

16.
17.
18.
19.

20.

HopwmaibHbie cucTeMbl OOBIKHOBEHHBIX THU(DGEpeHIIMAIBHBIX YPABHEHHM.
JluHamuueckre 1 aBTOHOMHO JUHAMHYECKHUE CUCTEMBI.

3agava Ko 11t HOpMaabHON CUCTEMBI.

CucteMbl ypaBHEHHI B CUMMETpUYECKOr opme.

MeTo bl HHTErPUPOBAHUS CUCTEM- METOJ] HHTETPUPYEMBIX KOMOUHAITHIHA.

Merton cBeieHUs] CUCTEMBI YPaBHEHUH K OJJHOMY ypaBHEHHIO 00Jiee BBICOKOTO MOPSAKA.
Jluneiinpie cuctemsl quddepeHnranIbHbIX YpaBHeHHA. OO0IHe CBONCTBA CUCTEM.
[Toctpoenue QyHAaMEHTATBLHONH CHUCTEMBI PELICHWH W OOILIEro pPelIeHUs OJTHOPOIHON
CHCTEMBI C TIOCTOSTHHBIMU KO3 puieHTamu.

JluHeliHbIE CHUCTEMbl ypaBHEHHMH C TMOCTOSIHHBIMH  Ko3(dduuumenramu. Metox
HEONpeIeIeHHBIX KOA(DPHUITUEHTOB.

YcroitunBocTh penienus AudQepeHInanbHOro ypaBHEeHHS

. YpaBHEHUs MEPBOTO MOPSIAKA, PpPa3pPEIICHHbIE OTHOCUTEIBLHO MPOU3BOAHOW. Bubl

3alaHusd pCUHICHUA.

3agava Ko 1151 ypaBHEHHS IEPBOTO MOPSJIKA.

YPaBHeHI/IH C pasaciadromuMuUcCd NMCPEMCHHBIMUA U YPABHCHUA, TPUBOJAIINCCA K HUM
JluneiiHble ypaBHEHHS IEPBOTO MOPSAKA. AJTOPUTM PEIIEHUS! OTHOPOJIHOTO YpaBHEHUSI.

. HeogHoponnble nuHeWHbIE ypaBHEHUs nepBoro mnopsiaka. Meron Jlarpanxa (meton

BapHyalliy MMPOU3BOIHLHOM MMOCTOSTHHOM ).

HeonnoponHsle MMHEHBIE ypaBHEHUs [IEPBOro nopsaka. Meron bepryiu

YpaBHEeHUs EPBOTO MOPAAKA, MPUBOISIIMECS K JIMHEHHBIM. Y paBHEeHU bepHyuin.
VYpaBHeHus B noiHbIX Auddepennnanax. YcnoBus, Ipu KOTOPBIX ypaBHEHHE IEPBOTO
NopsiJIKa SBJSIETCS] ypaBHEHHEM B MOJHBIX Auddepenunanax. Bua obmero nnrerpana.
['eomeTpuyeckoe MCTOJIKOBAaHHE ypaBHEHMs MEpBOTo nopsaka. ['papuueckoe perieHue
YPaBHEHUS - METOJ1 U30KJIMH.

®opMynupoBKa ycnosus JIummuna.
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21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

YpaBHEHUs IIEPBOTO NMOPAAKA, IPUBOASIIHAECS K JIMHEHHBIM.

JIuneliHbIe ypaBHEHMS NIEPBOTO MOPsI/IKA, HE Pa3peIICHHbIE OTHOCUTEIBHO POU3BOIHOM.
VYpasnenus Jlarpanxa n Knepo.

[uddepenunanbiple  ypaBHEHHS  BBICHIMX  MOPSAKOB. (OCHOBHBIE TMOHATHS U
onpeznenenus. [locranoBka 3agaun Komm.

JIuneliHple OMHOPOAHBIE YypaBHEHHsA n-ro mnopsjaka. OcHoOBHble mnoHATHA. CBolcTBa
peuieHuil. JINHEWHO He3aBUCHMBIEC U 3aBHCHMBIC pelieHus. OyHaaMeHTalbHas CUCTEMa
peneHui.

JluHeliHbIe OAHOPOJHBIE YPaBHEHHUS A-TO MOPAJIKA C MOCTOSHHBIMU KO3((dHUIIMEHTaMHU.
Crpyxkrypa byHIaMeHTaIbHOM CUCTEMBI B 3aBUCUMOCTH OT  KOpHeH
XapaKTEPUCTUYECKOTO0 YPAaBHEHHUS.

JluHeiiHble OJHOPOJHBIE YpaBHEHUS N-TO MOPSAJKA C MOCTOSHHBIMH Ko3(@UIMeHTaMu.
[TpaBuia mocTpoeHHs OOIIETO PEIICHHUS.

AJNTOPUTM HAXO0KIECHHS YaCTHOTO PEIICHHs] JTMHEHHOTO HEOJHOPOJIHOIO YPABHEHHUS 1-TO
nopsiika MeTozioM Jlarpamska (MeTo/] Bapualuy IpOU3BOJIbHON OCTOSHHON).

AJNTOPUTM HAXO0KIECHHS YaCTHOTO PEIICHHs] TMHEHHOTO HEOJHOPOJIHOIO YPABHEHHUS 1-TO
HOPsI/IKa METOZIOM HEeoNpeAeIeHHbIX K03 hUIneHTos.

JIuHeliHple OAHOPOJHBIE YPAaBHEHHs #-TO IOPSIAKA, MPUBOAUMBIE K YpPaBHEHHUSAM C
NOCTOSIHHBIMU K03 punimentamu. YpaBHenue Difnepa.

JIuHeliHple OAHOPONHBIE YPAaBHEHHs #-TO IOPSAKA, NPUBOAUMBIE K YpPaBHEHHUSAM C
NOCTOSIHHBIMU K03 punimenramu. Ypapaenue YeOrbliiena.

TexkcTbl MP00JIEMHO-AHAJIUTHYECKUX H (MJIH) PAKTHYECKHUX YU4eOHO-NIPOdeCcCHOHATBHBIX

3a1a4
1.

il

®© N

14.

15.

16.

17.
18.

19.

Kakoe ypaBHeHue Ha3bpiBatoT nudpepeHmantbHbIM?

Yro Takoe nopsaaok auddepeHnnanbHoro ypaBHeHus?

Uro Ha3bIBaIOT perieHneM AuddepeHnnaIbHoro ypaBHeHus?

Kakoe muddepenimanbHoe ypaBHEHHE HAa3bIBAIOT OOBIKHOBEHHBIM?

Kakoe muddepennmanbHoe ypaBHEHHE HA3bIBAIOT  ypPaBHEHHWEM B YACTHBIX
IIPOU3BOJHBIX?

[TpuBenuTe oOMIMIA BUJI ypaBHEHUS IEPBOTO MOPSAIKA.

Coopmynupyiite 3anaqy Komrm.

B dem coctout reomerpuueckuii cMbici 3agaun Komm?

Coopmynupyiite Teopema cyiiecTBOBaHUS U €MHCTBEHHOCTH pelleHus 3a1aun Komm.

. Chopmynupyiite ycmosue Jlummmiia.

. Kakoe pemenne auddepennnanbHoro ypaBHeHHs Ha3bIBaeTCs 00IUM?

. Kakoe pemenune quddepeHnnaasHOro ypaBHEHUS HA3bIBACTCS YaCTHBIM?

. IlpoBeputh, uro ¢yHknus y = x+C ecTb oOuiee peuieHue anpdepeHInaIbHOro

ypaBHeHUs y' = 1 M HalTH YaCTHOE pElICHUE, YOBIETBOPSIOIIEE HAYAIBHOMY YCIOBHUIO
V|x=0=0. J1aTb reoMeTpruecKoe UCTOJIKOBAHUE PE3yIbTaTa.

[Ipoeputh, uto dyHKIUs y = Ce* ecTh ob0mee pemenne audepeHInaTbHOTO
ypaBHeHHA y' - y = 0 M HaliTH YacTHOE pEUICHHE, YAOBIETBOPSIOLIEE HAYaIbHOMY
YCIOBHIO V|,-;=-1. J|aTh TeOMETpHUYECKOE NCTOJIKOBAaHUE PE3yJIbTATA.
JHuddepennnanbHoe  ypaBHEHHME  Kakoro BHJAa  HA3bIBAeTCs  ypaBHEHHEM  C
pa3AeISIIOIIUMUCS TIEPEMEHHBIMU?

3anumurte o6umwit uHTEerpan IudQepeHINaTIbHOI0 YPaBHEHUS C  Pas3eisIOIUMUCS
MEPEMEHHBIMH.

Pemuts ypaBaenue: 3e“tg(y)-dx + (2—e*)-sec(2y)-dy=0.

Hailitn uactHOe pemieHue ypaBHeHus (1+e")-y-y'=e’, yaoBieTBopsiollee HavyaJbHOMY
YCIOBHIO Y|y=p=1.

Hailitn wacTHble pemieHusi ypaBHEHUS y'sin(x)=y-Inx, yAOBIETBOPSIOIIUE HAaYAJIbHBIM
YCIOBHAM: Q) V|x=z2=€; 0) V|x=rn=1.
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20.

21.

22.

23.

HaiiTi Takyro KpuBYI0, MPOXOAIIyI0 Yepe3 TouKy (0, —2), 4TOOBl TAaHTEHC YTJia HaKJIOHA
KacaTeJIbHOM B JIIOOOW ee TOYKe paBHSUICS OpJAMHATE 3TOM TOYKH, YBEJIIMYEHHON Ha TpU
€AMHUIIBL.

Haiitn kpuByto, 001a1af0IIyI0 TEM CBOMCTBOM, YTO JIJTMHA €€ IYTH, 3aKITI0OUEHHON MEXKTY
KaKUMH-THO0 ABYMS Toukamu P u (O, MpOMOPIHOHANIBHA Pa3HOCTH PACCTOSHUN JTHUX
TOYEK OT HETOABMKHOHN TOUKH O.

JomycTtum, 4TO MpU MOCTOSHHOW TEMIIepaType CKOPOCTh PACTBOPEHUSI TBEPJOro Tella B
KHUJIKOCTH  MPOIMOPLMOHATbHA  KOJUYECTBY OSTOrO0  BEIIECTBA, €IlI€ MOTYIIEro
PacTBOPUTHCS B KUAKOCTU J0 HACHIIICHHSI MOCIETHEH (IIpearnoiaraeTcs, YTo BEIIeCTBa,
BXO/JISIIIIME€ B paCTBOP, XUMUYECKH HE IEHCTBYIOT APYT Ha JIpyra, U pacTBOP JajeK elie OT
HACBIIICHMS, TAK KaK MHA4€ JIMHEWHBIN 3aKOH JUIsl CKOPOCTU PACTBOPEHUSI HEIPUMEHUM ).
HaiiTi 3aBUCUMOCTD KOJIMYECTBA PaCTBOPUBILIETOCS BEIIECTBA OT BPEMEHHU.

B munuHapudeckoM cocyae oObeMoM V), 3akirodeH aTMOC(EpHBIH BO3IAYX, KOTOPBIH
anuabatndecku (6e3 oOMeHa Teria ¢ OKPYXKaroIIeH cpemoi) cxxumaeTcst 10 oobema V.

Beruucnuth paboTy cxxaTus.

24. Hality peleHne ypaBHEHHS: X -Sin(y)y'=2, yAOBIETBOPSIONIEE YCIOBUIO: Y—TT2, X—>00,
3.2.3. MeTtoanueckue MaTepHaJbl, ONpeAe/sOle MNPOLeAypPbl OLECHHMBAHUS 3HAHWIA,
YMEHHUIi1, HABBIKOB B X0/i¢ IPOMEKYTOYHOM aTTeCTALNHU

IIpouenypa oneHuBaHusi 3HAHUH (YCTHBIH OTBET)

KaXXJI0I'0 pazacia

[Ipenen anurensHOCTU 10 MuHyT
[IpeanaraeMoe KOJIMYECTBO 3aJaHUMN 2 Bompoca
ITocnenoBaTrenbHOCTH BEIOOPKHU BOIIpocoB u3 | CiywaiiHas

Kpurepun onenkn

- TpeOyeMBIii 00bEM H CTPYKTYpa

- I3TI0KEeHHE MaTeprana 6e3 (pakTHIeCKuX OmuOOK

- JIOTHKA M3JI0KEHHS

- UCTIONIb30BaHUE COOTBETCTBYIOIICH TEPMHUHOIOTHUH

- CTHJIb PEYH U KyJbTypa pedu

- 1oA00p MPUMEPOB MX HAYYHOU JINTEPATYPHI U MPAKTUKU

«5» ecin TpeOOBaHMUS K OTBETY BBHIIIOJHEHEI B ITOJTHOM 00beMe

«4» ecim B IICJIOM BBIIOJHEHHI TpeOOBaHWSI K OTBETY, OJHAKO €CTb
HEOOJIBIIIE HETOYHOCTH B M3JI0KCHHH HEKOTOPBIX BOIIPOCOB

«3» ecim TpeOOBaHUS BBITOJHCHBI YaCTHYHO — HE BBIACPKAaH 00BEM, €CTh

¢daxkTryeckue  OmWMOKM, HapylleHa JIOTHKA  M3JI0XKEHHS,
HEJIOCTATOYHO MCIOJIb3YETCsl COOTBETCTBYIONIAs] TEPMUHOJIOTHU

IIpouenypa oneHMBaHMS YMeHHIl M

NMPAKTHYECKUX Y4eOHO-TIPO(heCCHOHAIBHBIX 3a/1a4)

HAaBbIKOB (pemelme leOﬁJIeMHO-aHaJII/ITI/I‘leCKI/IX H

IIpennaraemoe KOJWYECTBO 3aJIaHUN

1

ITociieroBaTeTbHOCTD BRIOOPKH

Cirydaiinas

Kputepuu ouenku:

- BBIJICTICHUE M TIOHUMAHUE TPOOIIEMBI

- yMeHHUe 00001aTh, COMOCTABNIATH Pa3IHYHBIC TOUKH 3PCHHUS

- TIOJIHOTA UCIOJIb30BaHUs HCTOYHUKOB

- HAJIMYKE aBTOPCKOW MO3ULIMU

- COOTBETCTBUE OTBETA [IOCTABJIEHHOMY BOIPOCY

- WCIOJb30BaHWE COIMAIBHOTO oOmbiTa, MarepuaioB CMU,
CTaTUCTUYCCKUX JAHHBIX

- JIOTHYHOCTH U3JIOKCHHS

- YMEHHE CJIeNIaTh KBATH(UIIMPOBAHHBIC BEIBOJIBI U 000OIIICHUS C
TOYKH 3PCHUS PEIICHUs MPo(eCcCHOHANBHBIX 3a1a9

- YMEHHE IIPUBECTU IIPUMEDP

- OTopa Ha TEOPETUUECKUE TTOTOKEHHS

- BJIaJICHHE COOTBETCTBYIOIIEH TEPMHUHOJIOTHEN

«5» ecamn TpeOOBaHUS K OTBETY BBIIIOJHECHBI B ITOJHOM 00beME

«4» ecnu B IICJIOM BBINIOJHECHBI TpPEOOBaHWS K OTBETY, OJHAKO €CTh
HEOOJIBIIIE HETOYHOCTH B H3JIOKCHUU HEKOTOPBIX BOIIPOCOB.
3arpynusiercs B (OPMYJIMPOBaHMHM  KBaIU(HINPOBAHHBIX
BBIBOZOB U 0000IIEHUI

«3» ecnu TpeOOBaHMs BBIOJHEHB! YACTHYHO — IBITAETCSI 000CHOBAThH CBOIO
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TOYKY 3pEHHsS, OJHAKO CJabo apryMeHTHUPYeT HaydHbIC
MOJIOKEHNSA, TIPAKTHYECKH HE CHOCOOEH  CaMOCTOSATENBHO
chopMyIHpOBaTh BHIBOABI M 000OIIEHMS, HE BHIUT CBS3b C
IpoeCCHOHANBHOM JIESITEIbHOCTIO

4. Y4yeOHO-MeTOAUYECKOe W MAaTepHabHO-TEXHHYeCKoe olecnevyeHne IUCHUNIMHBI
(MmoxyJis)
4.1. DJIeKTPOHHbIE Y4eOHbIe U3IAHUA

1.

MaremaTnueckuii aHanu3 U auddepeHraIbHbple YpaBHEHU. 3aaud U yIPaKHEHHS :
ydyebHnoe nocobue / B. B. Biacos, C. 1. Mutpoxus, A. B. IIpomkuna [u ap.]. — 3-e uzn.
— Mocksa : UntepHet-Yuusepcurer Mudopmanmonnsix Texnomoruit (MHTYUT), A
ITu Ap Menua, 2020. — 375 c. — ISBN 978-5-4497-0657-7. — TekcT : 3MeKTpOHHBIH //

[udposoit  obpazoBarenbHbii  pecypc IPR - SMART : [caiit — URL:
https://www.iprbookshop.ru/97549.html. — Pexum pmoctyma: Jjsi  aBTOpH3UD.
II0JIb30BaTENECH

Illep6akoBa, 0. B. Jluddepennmanpabie ypaBHeHus : ydeObHoe mocobue / 1O. B.
[lepbakoBa. — 2-e¢ m3a. — CapatoB : Hayunas xuura, 2019. — 159 c. — ISBN 978-5-
9758-1728-0. — Texker : anektponubii // I{udposoit ob6pazoBarensHbi pecypc IPR
SMART : [caiiT]. — URL: https://www.iprbookshop.ru/81007.html. — Pexum moctyma:
JUTSL aBTOPH3HP. TT0JIb30BATEICH

Orosa, H. B. Bwicmmas wmaremaruka. [luddepeHnmnanbibie ypaBHEHHS : y4eOHO-
Meroauueckoe mocobue / H. B. IOroa. — HoBocubupck : HoBocubupckuit
roCy/lapCTBEHHbIN TexHuueckuil yHusepcuteT, 2020. — 28 c. — ISBN 978-5-7782-
4111-4. — Texkcr : anexTponnsiii // L{ludposoit o6pazoBatenbubiii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/99175.html. — Pexum pocryma: mis
aBTOPH3HP. MOJIb30BATEIICH

OmarynoB, M. I'. OObikHOBeHHbIE IU(EpeHINaIbHbIE YPaBHEHHUS @ TEOpUs H
npwioxenuss / M. I'. FOmarynoB. — MockBa, MkeBck : PerymspHas u XaoTH4eckas
JuHamuKa, MHCTUTYT KoMIbloTepHBIX uccnenoBanui, 2019. — 181 c¢. — ISBN 978-5-
4344-0763-2. — Tekct : snexkrponHbid // IludpoBoit obpazoBatenbHblli pecypc IPR
SMART : [caiiT]. — URL: https://www.iprbookshop.ru/91969.html. — Pexum moctyma:
JUTSL aBTOPH3HP. TT0JIb30BATEICH

4.2. DjieKTpOHHBIE 00pa3oBaTe/bHbIE Pecypchl

1.

2.

3.

7.

DnekTponHas Oubimoreunass cucrema «OBC IOPAUT» Biblio-online.ru (3BC
«IOpaitt») [Dnextponnsiii pecypc]. — URL: https://urait.ru/.

DOnexkTpoHHO-OnOmoTeyHass cuctemMa ZNANIUM [Onekrponnsiii pecypc]. — URL:
https://znanium.com/.

DnexkTpoHHas OubOmuoreuHas cuctema «KoHCynbTaHT cCTyaeHTa» [DJIEKTPOHHBIN
pecypc]. — URL: https://www.studentlibrary.ru/.

e-Library.ru: Hayunas »snextponHas OuOnmoreka [Onektponnbii pecypc]. — URL:
http://elibrary.ru/.

Hayunas snektponnas oubnuoreka «KubepJlenunka» [Dnexkrponusiii pecypc]. — URL:
http://cyberleninka.ru/.

Nndopmanmonnas cucrema «EnuHoe OKHO IocTyma K 00pa3oBaTENIbHBIM pecypcam»
[QnexTponnsiil pecypc]. — URL: http://window.edu.ru/.

denepanbHblil 1IEHTP HHPOPMAIIMOHHO-00Pa30BaTEIbHBIX PECYpPCcoB [DIEKTPOHHBIN
pecypc]. — URL: http:/fcior.edu.ru/.

4.3. CoBpemenHble npodeccuoHaJIbHbIE 0a3bl JAHHBIX U MH(OPMANMOHHbIE CIIPABOYHbIE
CHCTEMBI

OOy4arommmMcs  obecriedeH J0cTyn  (YOJICHHBIA JIOCTYN) K HWKE CICAYIOIIHNM

COBpPCMCHHBIM HpO(i)eCCI/IOHaJIBHbIM 0azam JaHHbIX H I/IH(I)OpMaLII/IOHHLIM CIIpaBOYHBIM
CUCTEMAaM:

1.

CnoBapu u osHuuKIONEeOuM Ha Akanemuke [OnextponHslii pecypc]. — URL:
http://dic.academic.ru.

23


http://fcior.edu.ru/
http://window.edu.ru/
http://cyberleninka.ru/
http://elibrary.ru/defaultx.asp
https://www.studentlibrary.ru/
https://znanium.com/
https://urait.ru/

2. Cucrema MH(GOPMALIMOHHO-TIPaBOBOro obecrieueHus «lapanT» [DneKTpoHHBIN pecypc].
— URL: http://ivo.garant.ru/.

4.4. KoMIjIeKT JIMIEH3NOHHOT0 W CBOOOJHO PpPacnpoCTpPaHsAeMOro INPOrpaMMHOIO
olecreyeHusi, B TOM YHCJIe 0Te4eCTBEHHOT0 IPOU3BOACTBA
1. JluueH3noHHOE MporpaMMHOe oOecreueHHue: oOmepanuoHHass cucreMa Microsoft
Windows, naket opucubix npuioxenuit Microsoft Office.
2. CB0OOOAHO pacHpocTpaHseMOe TMPOrpaMMHOE oOOeclieueHre: CBOOOJHBIC TaKEThI
oducubix npunoxxkenuit Apache Open Office, LibreOffice.
3. IIporpammHoe obecrieueHHE OTEYECTBEHHOTO IPOU3BOJCTBA: CIIPABOYHO-TPABOBAs
cucrema «lapant» (DneKTpoHHBIN nepuoanueckuil cnpaBoyHuk «Cucrema APAHTY),
oGpasoBatenbHas miarhpopma FOPAUT (Dnexrponnas Guénmoreunas cuctema «IBC
IOPAWT» Biblio-online.ru (OBC «lOpaiit»)), >IeKTPOHHO-OHOIHOTEHAs CHCTEMa
ZNANIUM, snexktpoHHas 6ubianoTeyHas cucteMa «KOHCYJIbTaHT CTyIeHTay.
4.5. O0opynoBaHue U TeXHHYECKHe CPeIcTBa 00y4eHHs

Jns peanuzanu  JUCHUIUIMHBL (MOAYJS) MCIONB3YIOTCA Yy4ueOHBIE ayJUTOPUHU JUIS
MPOBEJCHUST Y4YeOHBIX 3aHATHI, KOTOpbIE OCHAIEHBbl OOOPYJOBaHHEM M TEXHUYECKHUMHU
cpeacTBaMU OOy4YeHHMs, U TIOMEIICHUS JJIS CaMOCTOSTeNIbHOW paboThl 00yJaromuXxcsi, KOTOpbIe
OCHAIIeHbl KOMIBIOTEPHON TEXHUKOH C BO3MOXHOCTBIO MOJAKIIOUEHUs K ceth «VHTepHeT» u
o0ecriedeHbl JIOCTYIIOM B D3JIEKTPOHHYIO HH(OpMAIMOHHO-00pa3zoBaTenabHyo cpeny PXTY
uM. JI.M. Menneneesa. Jlomyckaercsi 3aMeHa 000PYI0BaHMSI €T0 BUPTYAJTbHBIMU aHAJIOTaMHU.

HanmeHoBanue y4yeOHBIX ayTUTOPHIi 1151 OcHaIIEHHOCTH Y4eOHBIX ayAUTOPHIi sl IPOBeTEHUS
NpoBedeHUsI y9eOHbIX 3aHATHH U Y4eOHBIX 3aHSTHII ¥ IOMEIIEeHU JUIsI CAMOCTOATETbHOI
MOMeIeHHii 1J151 CAMOCTOSITeILHOI padoThI 060py10BAHHEM U TEXHHYECKUMH CPeICTBAMHU
padoThI* 00y4yeHHs
YueOHbIC  ayAMTOpHUHM  JUIS  TPOBEACHUS | YucOHAs ayAMTOPUS YKOMIUICKTOBAaHA CIICIUATU3UPOBAHHOMN
YYeOHBIX 3aHATHU MeOeTIbI0, OTBEYAIONICH BCEM YCTAHOBICHHBIM HOpMaM |

TpeOOBaHUSIM, 000PYIOBAHHEM M TEXHHUYCCKUMH CPEICTBAMU
00yueHus (MOOMIBHOE MYJIETUMETUIHOE 000pYI0BAHHUE).
[TomemieHne 7151 cCaMOCTOATENEHON PaOOTHI Ilomemienne  OCHAIIEHO  KOMIIBIOTEPHOM  TEXHHUKOHM  C
BO3MOKHOCTBIO ~TOAKMIOUeHHS K cetd «UHTepHET» U
o0ecriedeHHEeM JIOCTyNa B 3JICKTPOHHYI0 HWH(POPMAIMOHHO-
obpaszosarenbHyo cpeny PXTY um. JI.M. Menneneesa u K
9BC.

* HoMep KOHKPETHOW ayJUTOPUH yKa3aH B MpHKa3e 00 ayIUTOPHOM (OHJE, PACIHCAHWUU YUYCOHBIX 3aHATUH H
pacnrcaHuy IPOMEXYTOYHOH aTTECTAIUH.
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