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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Mucuynuaa 51.0.10 IuddepenimanbHble ypaBHEHHsSI OTHOCUTCS K 00s13aTe/TbHOM YacTH
oOpa3zoBare/ibHO MTPOTPaMMBbI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

IInaHupyemMble pe3y/abTaThl 00yUeHNs 10 JUCIUIIHHE
(Moayn10), B  COOTBETCTBMM C HHAMKATOPOM
JAOCTH)KeHHsI KOMIIeTeHI[UH

dopmMmupyeMble HanMeHoBaHMe OLleHOYHOr'0 CPeACTBa
KOMIIeTeHI{UH

(xof, copmep>kaHue

KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHI[UH MO JUCLHIIIHHE KOHTPOJIA NPOMEXKyTOUHOMI
(xopm, cofiepkaHue ycrneBaemMoCTH arTecTanuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3Haem npuHyunbl YK-1.1: Konnoksuym
ocywecmensimb cbopa, ombopa u 06o6wjeHuss  |3Haem: Tecm SK3amen:

NOuck, Kpumuuecxuﬁ
dHaau3 u cuHmes

uHpopmayuu
YK-1.2: ¥Ymeem coomHocumb

- Memoabl, OCHOBUHHbIE HA

cbope, aHanuse u

KoumposnbHble

uH$opmayuu, 80NnpoChl
DA3HOPOOHble sieeHus U UHMepnpemayuu Hay4Hbix 309

npumeHsimb adauu

cuCmemHbIl nodxod | CUCMeMamu3supoeams ux e OQHHbIX;

i DAMKAX u3bpaHHbIx 8UA08 — OCHOBHble NPUHYUNbL, pakmbi,

peweHus npogeccuoHanbHoU NoHAMuUs, aHaaumMuueckue u 3auém:

nocmasneHHbIX 3a0au | dessmenbHOCMU yuc/neHHble Memoobl, Uyuaemble Konmponbhbie
YK-1.3: Umeem 8 ducyunauHe: 801npocChbl

npakmuueckuti onbim pabombt
€ UHOPMAYUOHHBIMU
UCMOYHUKAMU, ONbIM
HAY4YHO20 NOUCKA, CO30aHUs

HAY4YHbIX MeKcmos

YK-1.2:

Ymeem:

— UHMepnpemupoe8amb HO8YHO
uHpopmayuro 8 npedmemHoil
obaacmu;

— cmpoumb npocmetiwiue
mamemamuyeckue Mooenu u
uccnedoeamsn ux;

— doKasbleamp paHee U3yueHHble
8 paMKax OUCYUnAUHbl
mamemamuyeckue
ymeepacoeHust;

— pewamb Mamemamuyeckue
3a0auu Y —nuHeliHbie nepgo2o
nopsioka, bepHyaau, Pukammu,
0O0HOpPOOHbIe, 8 NOMHbIX
dugpeperyuanax, auHelinble /1Y
n-20 nopsi0Ka u AuHeliHble
cucmembl. A makdce [1Y,
Komopble, mpebytom HeKkomopoti

OpU2UHA/IbHOCMU MblUW/1€HUA

YK-1.3:
Baadeem:
— mepMuHosno2ueli npedMemHotl




obaacmu;

— NPUHYUNAaMU NOCMpOeHUs U
8bibopa 3¢ppekmusHbix
Memo0o8 pelleHus U
UHmMepnpemayuu pe3yabmamos;
— HABbIKAMU NOUCKA
uHpopmayuu 8 pamkax
npedmemuoil obaacmu e cemu
HumepHem u dpyaux
UCMOYHUKAX;

— HABBLIKAMU UCNO/Mb308AHUS
YHUBEPCANbHbIX
Mamemamuueckux nakemoe 0/1s
8bINO/IHEeHUs1 0151 UCCAe008aHUs
OuHamuueckux mooenetl;

— HaebIKamu uHmepnpemayuu
pe3y/bmamos YucaeHHO20
uccne008aHuss OUHAMUUECKUX
cucmem u OucppepeHyuaNbHBIX
ypasHeHuli;

— HABbIKAMU MAMeMamuy4ecko2o
MOOeNUpo8aHust 011 HECAONHCHBIX
OUHAMUYECKUX CUCMeM.

OIIK-1: CnocobeH
npumeHsimb
¢yHOameHmanbHble
3HAHUSL, NO/YYeHHble
6 obnacmu
mamemamuyecKux u
(unu) ecmecmeeHHbIx
Hayk, u
uCcnonb308amsp UxX 8
npogeccuoHanbHou
dessmeabHOCMU

OIIK-1.1: Obaadaem
¢yHOameHmanbHbIMU
3HAHUAMU, NOAYYEHHBIMU 8
obaacmu mamemamu4eckux u
(u1u) ecmecme@eHHbIX HAYK
OIIK-1.2: Ymeem
ucnonb308anb
¢yHOameHmanbHble 3HaHUs 8
npogeccuoHanbHou
desimenbHOCMU,
ocywecmensimb 8b160p
Memooos peweHust 3a0ay
npogeccuoHanbHou
OesimenbHOCMU HA OCHOBE
meopemuyecKux 3HaHull
OIIK-1.3: Umeem
npakmuyeckuil onbim
npumeHeHust
¢pyHOamMeHmManbHbIX 3HAHUL,
no/yueHHbIX 8 obaacmu
mamemamu4ecKux u
ecmecmeeHHbIX HAYK 8
npogeccuoHanbHoU
desimesbHOCMU

OIlK-1.1:

3Haem:

— OCHO8Hble ¢hakmbl u3
Mamemamuyecko20 aHanusd,
2eomempuu u aneedpbl U Opyaux
oucyunauH, Ha Komopble
onupaemcs u3y4eHue
OuCyunauHbl

«JucppeperyuanbHbie
YpasHeHus»

OIIK-1.2:

Ymeem:

— npumeHsimb 6a308ble 3HAHUS
ecmecmeeHHbIX Hayk,
mMamemamuxu u uHpopmamuku
— pewamb OCHOGHble Munbl

OJugpepeHyuabHbix ypasHeHull

OIIK-1.3:
Bnadeem:

— MamemamuyecKum
MblUIeHUeM, MAMeMamu4eckoll
Kyabmypotl ;
€NocobHOCMbIO yMOUHUMb,
nepecnpocums, 3a0amb 80npoc
Ha memy npeOMemHol obaacmu;
OCHOBHBIMU NpUEeMamul
npoeedeHus MamemMamu4eckux

KoumponbHas

paboma

OK3ameH:
3adauu

3auém:

Koumposnbhas paboma




dokazamenbcme

3. CTpyKTypa U cojep)kKaHHe AUCIUIIAHbI

3.1 TpyA0eMKOCTb AUCLUII/IUHBI

OYHas
O01yasi TPy/10€MKOCTBb, 3.€. 7
Yacos 1o yue0HOMY IIaHy 252
B TOM 4HC/Ie
ay/JUTOpHbIE 3aHATHA (KOHTaKTHas1 padoTa):
- 3aHATHUS JIEKIIHOHHOT0 THIIA 64
- 3aHATHSA CEMHUHAPCKOro THIA (MpaKTHYeCcKUe 3aHATHS / 1abopaTopHbIe paGoThI) 96
- KCP 3
caMocTosTe/IbHasA padoTa 53
IIpomexyTouHasi aTTecTamis 36

JK3aMeH, 3aUéT

3.2. CozepxaHWe JUCLUIIIMHbI

(cmpmeypupoeaHHoe no memam (pa36e/1aM) C YKdsdHuem 0mee0eHHO20 HA HUX Ko/auuecmed

axkademuuecKux udacog u 8uobl yuebHbIx 3aHamuil)

HanmeHoBaHue pa3fiesioB U TeM JUCLIATUIMHBL Bcero B TOM UHCJ/Ie
(wacen) KonTakTHast pabora (pabota Bo
B3aUMO/IeHCTBUY C IIpero/iaBaresiem),
Yyackl U3 HUX
3aHATHS CamocTosaTenbHas
CeMHUHapCKOro paGora
3anHaTHA TUMa o6yuarowerocs,
JIEKIIMOHHOTO | (TIpakThueckue | Bcero Hachbl
TUMa 3aHsTHs/nabopa
TOpHBbIe
paboThI), Uacel

0 0 o} 0 o}

i 0 0 i ¢

0 0 0 0 0
Tema 1. BBesieHue: mpuMepsbl U 3a/iaudl, NMPUBOAsLLME K AU depeHLMaIbHbIM 6 9 ’ 4 )
ypaBHeHusiM ([1Y)
Tema 2. /1Y nepBoro nopsjka, MHTerpupyeMele B KBaZipaTypax 34 10 16 26 8
Tema 3. [1Y niepBoro rnopsiKa, He pa3pellieHHble OTHOCUTE/IbHO POU3BOHOMN 12 4 4 8 4
Tema 4 MaTeMaTruecKrie MO/Ie/N [1eTePMUHUPOBAHHBIX SIBJIEHUH. 18 4 10 14 4
Tema 5. JIuneiinsie 1Y n-ro nopsiaka 14 6 4 10 4
Tema 6. JIuneiinsie [1Y n-ro nopsijka ¢ MoCTOSHHBIMU K03 duripieHTamu 23 6 12 18 5
Tema 7. Cuctembl TMHeHHbIX 1Y niepBoro nopsigxa 23 8 10 18 5
Tema 8. JIuHeliHble cuctembl 1Y ¢ MOCTOSSHHBIMU K03 duriieHTaMmu 23 8 10 18 5
Tema 9. CyljecTBOBaHMe U e[MHCTBEHHOCTb pellleHUH 13 4 4 8 5
Tema 10. ABTOHOMHBIE CCTEMBI. 24 6 14 20 4
Tema 11. YcroitunBocTsb 10 JIAMyHOBY 17 4 8 12 5
Tema 12. ITepBbie MHTErpasIsl 6 2 2 4 2




Arrecrarus 36

KCP 3 3

HWToro 252 64 96 163 53

Copiep>kaHue pa3/e/ioB U TeM [JUCIUILTUHBI

3 cemecTp

Tema 1. BeeieHre: mpuMepHI U 3aJjauu, MPUBO/SAIIME K qUdhepeHI[UaIbHBIM ypaBHeHUIM (1Y)
Tewma 2. 1Y nepBoro nopsijika, MHTerprpyemMsle B KBaipaTypax

Tema 3. 1Y nepBoro nopsjika, He pa3pellieHHble OTHOCUTE/IbHO MPOM3BOJHOMN

Tema 4 MareMaThuecKre MO/Ze/iU 1eTePMHUHUPOBaHHbIX SIBJIEHUM.

Tewma 5. Jluneiinble [1Y n-ro nopsjka

Tewma 6. Jlureiinsie 1Y n-ro ropsijka C MOCTOSTHHBIMU K03 duiiveHTaMu
4 cemecCTp

Tema 7. CucteMbl TMHeWHbIX Y mepBoro ropsjaka

Tema 8. JTunelinbie cucteMsl 1Y € MOCTOSSHHBIMH KO3(QQULIMEHTaMU
Tema 9. CyliijecTBOBaHHe U €JUHCTBEHHOCTh pellieHu

Tema 10. ABTOHOMHEIE CHCTEMBI.

Tema 11. ¥YcroituuBocCTs 110 JISIyHOBY

Tewma 12. IlepBble UHTErpanbl

4. YueGHO-MeTO/jUUECKOe 00ecrieueHHe CaMOCTOSITe/IbHO PadoThI 00yUaromuxcs

CamocrosTenbHasi paboTa o0ydaroL[uXcsi BK/IOUaeT B cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM U
3a/laHusIM [/ TEKYIlero KOHTPOJsSi U MPOMEXYTOYHOM aTTecTaly MO0 WTOraM OCBOEHUS AUCLIUILIMHbI
TPUBEIeHHBIM B TI. 5.

[yt obecrieueHrst CaMOCTOSITE/IbHOW PabOThI 00yUarOIIUXCST UCTIONMb3YHOTCS:
OneKTpoHHBIE KYPChl, CO3ZIAHHBIE B CHCTeMe 37ieKTpoHHOro 00yueruss HHI'Y:

IuddepentmanbHble ypaBHeHUs, https://e-learning.unn.ru/course/view.php?id=28.

WHble yueOHO-MeTOfUUECKHE MaTepHaIb:
Bugpi camocTosiTesibHOM paboThl CTYI€HTOB:

. npopaboTKa TeopeTHUeCcKoro MaTepuara JIeKLIUOHHBIX 3aHSTHH;

. MO/IrOTOBKA JIOMAIIHUX 3a/jJaHUi K HayYHO-NIPaKTUUeCKHUM 3aHSATHSIM;

. TIOJTOTOBKA K BBITOJIHEHUIO NMMChMEHHBIX KOHTPOJIbHBIX paboT;

. MO/ITOTOBKA K MPOME)KYTOUHOM aTTecTaljuu B JopMe 3aueTa WM SK3aMeHa

BhIMoHsIeTCS1 CaMOCTOSITeNTbHO C UCTIOb30BaHUEM JIEKI[MOHHBIX MaTepHasioB U MaTepHasioB,
pa3o0paHHBIX B IUTEpaType (CIMCOK 00s13aTe/IbHOW U [IOTIOJIHUTE/TbHOM JINTepaTyPbl PUBOJUTCS).
KoHTpOJTb BBITIONHSIETCS TAK)KE B BH/e KOJUIOKBUYMa, KOTOPBIM TIPOBOJUTCS B Hauase 3-TO ceMecTpa.
KonnokBuym nMpoBOAUTCS IO TeopeTHUeCcKOMy Matepuany. CTaBUTCS OL[eHKa I10 MATHOaTBbHON
CUCTeMe, KOTOpasi IOTOM YUUTLIBAeTCs Ha SK3aMeHe.

[oMariiHye 3a/1aHusT BBIZIAIOTCS TI0 UMEIOLIEMYCS 3a/IaUHKKY (yKa3aH B CITUCKE JIATePaTypPbl), KOTOPLIH
BKJ/IIOUAeT KPaTKUil TeopeTHUeCcKuii MaTepuas U NpUMepbl pellieHust 3aZiau U3 KaXKJ0ro paszera.
[TpoBepKa BBITIOJTHEHUS JOMAILIHUX 3a/IaHWl TIPOBOAUTCS B Hayasie KaXK/I0ro MPaKTUUeCKOTo 3aHSTHS.



Wcnons3yeTcs iBe (GopMbI KOHTPOJIS: — BBIOOpOUHAs IPOBEPKa BBITTOTHEHHS 3a/JaHUM Y ABYX-TpeX
yeJIOBEK W3 IPYMIbl; — MPOBepKa B (hopMe KO/UIEKTUBHOTO 0OCY>KIeHUS Y IOCKU Pe3y/IbTaToB
BBITIOJTHEHUSI OT/Ze/IbHBIX 3a[JaHUU OZHUM W/ IBYMS CTY[€HTaMU.

K nabopaTopHOMY MpakTUKyMy FOTOBUTCSI TEOPeTHUeCKUM MaTepUas 1o CaeyHLUM TeMaMm:
JIabopatopHasi paboTa 1. MaTeMaTHueckre MOZie/IM JUHAMHUYEeCKUX CUCTeM B (hopMe 0OBIKHOBEHHBIX
nvddepeHIMaIbHBIX YpPaBHEHUM.

JlaboparopHas pabota 2. UnciieHHOe pellieHHe 3azaur Kol Kak mporiecc MaTeMaTHUeCKOTo
MO/IeTUPOBaHUS.

JlaboparopHas pabota 3. JIuHeHHbBIN AUHaAMUUYECKUH aemridep.

JTaboparopHast pabota 4. [TapameTpruuecKkuii pe30HaHC.

ITpoBepka ypoBHSI MO/ITOTOBKH ITPOBOIUTCS B Hauasie KaXKI0ro 1TabopaTOPHOTO 3aHSTHSI.
Wcnonb3yeTcst aBe GopMbI KOHTPOJIS: — BEIDOpOUHAsi IPOBePKa BBITIOJTHEHUS 3a/laHUH Y IBYX-TPeX
YyeJI0BeK M3 IPYITbI; — MPOBEPKa B JopMe KOJIJIEKTUBHOTO 00CY>KJeHUs y IOCKU Pe3y/IbTaTOB
BBITIOJTHEHUS! OTJ|e/TbHBIX 3a/laHul OHUM WU [IBYMS CTyZeHTaMH1

B Teuenune yueGHOTO ceMecTpa MPOBOAUTCS 4 ayAUTOPHbBIE ([Be B 3-eM U /IBe B 4-OM CEMeCTpe) U JiBe
JloMariiHye (o/iHa B TDETbEM U OfIHA B UETBEPTOM CEMECTpPe) KOHTPOJIbHbIE PA0OTHI TT0 MaTepHaiaM
BCeX pa3/iesioB JIEKLIJMOHHOI'O Kypca.

[171 IOATOTOBKY K KOHTPOJIbHBIM pab0oTaM peKOMeH/[yeTCsl TOBTOPHO MPOUUTATh TEOPETHYECKHEe
paszesibl B 3a/laUHMKe, IPOCMOTPETH [10JIe3HbIe pa3/e/ibl B COOTBETCTBYIOLMX UCTOYHUKAX U3 CIIUCKA
pPEeKOMeH/J0BaHHOM JIUTepaTyphl, @ TAK)Ke CaMOCTOSITE/IbHO pelllaTh HeCKOJIBKO 3a/jay 10 TeMe
KOHTPOJIbHOM pab0Thl M3 YKa3aHHOTO 3a/JauHUKa.

B kauecTBe MeTO/iMUeCKUX MaTeprasoB MPHU MOATOTOBKE K K3aMeHYy PeKOMeH/yeTCsl UCTI0/Tb30BaTh
COOCTBEHHbIE KOHCITEKTBI JIEKIIUH, a TAK)Ke UCTOUHUKU, PEKOMEH/JOBAaHHbIE B CITUCKE JIUTEPATYPhI
pa3zeia 6.

KoHTposibHbIe BOMIPOCHI U 3a[jaHusl 15l IPOBe/jeHusI TeKYIero KOHTPOJIsSI U TIPOMEXKXYTOUHOM
aTTecTal[My 110 UTOraM OCBOEHUS JUCLIUTIIMHBI IPUBe/ieHbI B 1. 5.2.

5. @®OoHJA OLEHOYHBIX CPEJACTB /Il TEKYIero KOHTPOJIA YCIeBaeMOCTH W HNPOMEXYTOYHOM
aTTeCcTalMi Mo JUCIUIIMHE (MO/Y/II0)

5.1 TunoBble 3a/jaHusA, HEOOXOAUMBIE /I OLIEHKH Pe3y/JbTaTOB 00yuyeHHs NPH HPOBeJeHHH
TeKYILLero KOHTPOJIsl yCIieBaeMOCTH C yKa3aHHeM KpUTepHeB X OLleHUBaHMsA:

5.1.1 TunoBsblie 3a/jaHus (oLeHOUHOe cpeAcTBO - KomiokBuyMm) /151 O1jfeHKH C(pOpMHPOBaHHOCTH
KomnereHu YK-1:

1. Onpegenenus, popmynupoBku: Y (auddepeHiansHoe ypaBHeHNe) IepBOro NMopsjKa: onpeziesieHie
00111eTO pellieHns, YaCTHOTO PellleHus], HesIBHOTO peltieHust (00muii uHTerpas). ['eoMeTpust pelieHnH -
W30K/IMHBI.

3azaua Komm. ®opmynupoBka TeopeMsl Cyl{eCTBOBaHHSI.

2.Jluneiinele 1Y nepsoro nopsizka. CBoiicTBa pelleHri OZHOPOJHOIO YpaBHEHHUSI.

3.JIuneiinsie [1Y nepBoro nopsiaka. PellieHre HeogHOpoAHOTO Y MeTo10M BapUaliuU MPOU3BOIbHOM
rioctosiHHoM. CBolicTBa pellieHUi HeogHOpoaHOTO Y



4.MeTtog, Koiu pertienust nuHeliHoro 1Y mepBoro nopsiika.

5.¥paBHeHue B MOMHBIX AuddepeHIraiax.

Bonpocs! ajis oueHkr komneteHUUU « OITK-1»:

1. JIuneiinble 1Y n-ro nopsigka. JIuHeiHb1 auddepeHiuanbHbIi onepaTtop nopsigka n. JInHeliHO-3aBUCUMBbIe
Y JIMHEHO — He3aBUCHMbIe QYHKIVH.

2. HeobxoamMoe yCioBHe TMHEHHOM 3aBUCUMOCTH (DYHKIHM.

3. CBOIICTBO pellieHUH TUHENHOTro ofAHopogHoro Y

4. TeopeMa Cyl|eCTBOBaHUS U eJMHCTBEHHOCTH pellleHus 3agauu Komwu (popm.)

5.* Teopema 00 orpezenuTesie BpoHCKOro /i1 THeHHOro ofHOpogHOro 1Y (a/bTepHaTHBA)
6. ®opmyna JInyBumig — OCTporpazckoro.

7. IIpocTpaHCTBO pelleHui MHelHOro ofAHOopoHoro Y. Teopema o CyleCTBOBaHMU N JTMHENHO
He3aBUCUMBIX pereHuii. ®CP.

8. TeopeMa (yTBepyKieHHEe) O CYI[eCTBOBaHMM JIMHEMHOTO ofHOpoAHOro Y n-ro nopsjka c ganHoi GCP
9. HeozHopogHOoe nuHeliHOe [TY n-ro nopsijika. Teopema 06 00IT[eM peleHuH.
10. MeTopn Bapralyy NMPOU3BOJIbHBIX TTOCTOSHHBIX.

11. JTunetinble ogHOPOJHEIE Y n-T0 Tops/Ka C TOCTOSHHBIMEU Ko3dduiireHTamu. Ciayuail MpOCThIX KOPHe
XapaKTepPUCTUUECKOr0 YpaBHEHMUSI.

12. JTunetinsie Y n-ro nopsifika ¢ MOCTOSIHHBIMU Ko3dduuyenTamu. Ciydaid KpaTHBIX KOpHel
XapaKTepUCTUYeCKOr0 ypaBHEHMUS.

13. JIunetinbie ofHOpOAHBIE 1Y N-TO MOPS/Ka C MOCTOSHHBIMU KO3(duireHTamu. BeljecTBeHHbIe pellieHust
BellleCTBeHHOr0 ypaBHeHus1. Jlemma o @CP.

14. Jlunelinble HeofHOPOAHBIEe 1Y n-ro nopsjka c NocTossHHBIMU K03 duientamu. I1paBast yacts —
KBa3UITO/IMHOM. TeopeMa 0 YaCTHOM pellleHHH.

15. Pe3oHaHCHbIe SIBJIEHUS TIPU JIeHCTBUY BHEIITHEH NeproANuecKoil CHJIbI.
16.* YpaBHeHMe Dusepa.

Kputepun onjeHuBaHus (0L{eHOUHOe CPeACTBO - Ko110KBHYM)

OneHka Kpurepuu orjeHrBaHUs

NIPEBOCXOHO YpoBeHb 3HaHUI B 00beMe, TIPEBBIILIAIOIIEM POTPAMMY TTOJTOTOBKH.




OueHka Kpurtepuu oLieHUBaHUs

YpoBeHb 3HaHMI B 06bEMe, COOTBETCTBYIOI|EM TTPOrpaMMe IOTOTOBKH, 6e3
OT/IMYHO
OLIMOOK.

YpoBeHb 3HaHUIA B 00bEMe, COOTBETCTBYIOL[EM TIPOTPaMMe TIOATOTOBKH.
OueHb XOpOLLIO
[ory1iieHo HeCKOJIbKO HeCyI|eCTBEHHBIX OLIHO0K

YpoBeHb 3HaHUIA B 00beMe, COOTBETCTBYIOL[EM TIPOTPaMMe TIOATOTOBKH.

XOpOIIIO

Iomy1iieHo HEeCKOMBbKO HerpyObIX OO0k

MUHUMA/IEHO [OIYCTUMBIM YPOBEHb 3HAHUM. JJOMYIIeHO MHOI'O HerpyObIxX
V/IOBJIETBOPUTETHHO y yp Homyy Py

OILIMOKU.

YpoBeHb 3HaHWH HIDKEe MUHUMAJTLHBIX TpeOoBaHUM. VIMen MeCcTo rpyoble
HEY/IOB/IETBOPUTE/TLHO

OILIUOKM.

YpoBeHb 3HaHWH HIDKe MUHUMAJTLHBIX TpeOoBaHUM. VIMen MeCcTo Tpy0ble
IUIOXO

OLLIMOKM.

5.1.2 TunoBble 3ajaHus (oneHouHOe cpeAcTBO - TecT) A OLeHKH C(HOPMHPOBAHHOCTH
KommnereHynu YK-1:

Bompoc 1
Tun Bompoca - k1accndukamis
®DopMy.IHPOBKA BOIIPOCA:

3amaHo oOBIKHOBeHHOE TH((hepeHNHaTbH0e YpaBHEHHE: ,1;(_1,--2 —Ddx+ },(xz —Ddy=0.

JI71s1 KaXKIoTo H3 OMMHCAHHBIX HIDKE MHOJKECTB TOUEK ONPEIeTHTh, UeM OHO ABJIAETCS UL JaHHOTO

s epeHIaIsHOTO YpaBHEeHH S, YKa3ak CIPaBa OT MHOKECTBA HOMEp OJTHOTO M3 TPeX BAPUAHTOR: 1.
«BETBB H30KJINHBI TOPU30HTANLHOTO HAKIOHAY, 2. «BETB H3OKIHMHEI BEPTHKATEHOTO HAKIOHAY; 3. «He
SABIIAETCH BETBLIO H30KIHHED),

Muoxecreo 1: x=0. y#0

MuoxectBo 2: x=1, y=#+l
MuoxectBo 3: x=—1, y#+l
Muoxecto 4: y=0, x#0
Muoxecteo 5: y =1, x# =l
MuoxectBo 6: y=—1 x#*+l1



Bomnpoc 2

Tun — MHOXXeCTBeHHEII BEIOOp

DopMy.IHPOBKA BoIpoca:

VkazaTe IHHeliHBle ogHOpoaHBIe nuddepeHNNaTbLHEIE YpaBHEeHNS IePBOTO MOPsAIKa, HMeIoIe
JacTHOE pellleHHe y = Sinx.

BapuaHThI OTBETOB:
° y=y-igx
e y =y-ctgx (+)
e Y=y cos® x

® Yy +y- =cosx +sinx

! Bomnpoc 3

Tun Bompoca: MHOXeCTBEHHEIIT BEIOOD
PopMy/IHPOBKA BOIPOCa:

VYKa3aTh ypaBHEHUS C pa3elsFOIIIMICS IIepeMeHHbIMH.
BapnaHThI 0TBeTOB:

e V' =ylnx @)

x+y
o &’(+x)dy—2x(1+e")dx=0.(+)
o (+p*—xy—x*yNdx+(x’y -8y —x*+8)dy=0 (+)

Bompoc 4

Tun Bompoca: MHOKECTBEHHEIIT BEIOOD
DopMyIHPOBKA BOIPOCA:
Kaxue nz mauii, onpeienseMEIX TPHBEISHHEIMHI (YHKITHAMH, SBISIOTCS TIABHEIMHI H30KIHHAMH
HUHTETPAIbHEIX KPHBBIX YPaBHEHHA V' = 31:;’%
y:(2x-1)
BapHAHTHI 0TBETOB:

o y=0 (+)

e y=3x+4

o x=3 (+)

e x=10



Bompoc 5

Tun Bonmpoca: OIMHOYHEIA BEIOOP
dopmMyIHPOBKA BOIIpPOCA:
Vka3aTek, Kakas U3 IpHBeIeHHBIX (PYHKIII SBIsfeTcA pelieHneM 3agaun Komm 1is

g gepeHnaIbHOTO ypaBHEHNA: y' = 3x3, y(0)=1.
BapuaHTbI 0TBETOB:

8 y=5,

(] _}J:x3+1.(+}

e y= £l

o y=3x +1

e Het mpaBHIBEHOTO OTBETa

Bompoc 6

Tun Bonmpoca: oIHHOYHEI BEIOOD

DopMy.IHPOBKA BOIIPOCA:

Kakoe ypaBHeHNe onChIBaeT MpOIecC paaloaKTHBHOTO pacmajia, eciau x(t) — KoIigecTBO
paJHOaKTHBHOIO BellleCTBa, KOTOpOe HMeeTCA B pacCMaTpHBaeMBblil MOMEHT BpeMeHH ¢ .
BapuaHTHI 0TBeTORB:

e Z_a a>0
dt

. @:—/‘LX'_1 A>0 )
dt

o F_iet AsD
dt

. @:—ﬁxz, A>0
dt

Bonpoc 7

Tun Bompoca: OIHHOYHETH BEIOOP

DopMyIHPOBKA BONIpoOCa:

Bribpats dhopmyity, koTopas 3ajiaeTr o0liiee peleHie THHEITHOro o{HopoHoro /Y ¢ nocTosHHBIMEI
kosppurnmenTamu 3" -3y + 2y =0.

BapuaHTHI 0TBETOB:

o y=(C-e¥

o y=C,e*+C.re™ (+)
o y=C-lnx

¢ y=C,-e¥®+C,re7*



Bompoc 8

Tun Bompoca: MHOKECTBEHHBII BEIOOD
DopMyIHPOBKA BOMpOCA:
B kakoM U3 mepeuncIeHHBIX KIaccOB (DYHKITHIT COAEPKUTCA JACTHOE PellleHHe HeOTHOPOIHOTO

y y" +y' =cos2x.
JuHeliHOro AudQepeHINAIEHOIO YpaBHEHI 7 >

BapuaHTEI 0TBETOB:
e y=C, coslx
] y:Cl-Sin(2r)+C2 (+)
e yvy=C -cosx+C,
e y=C cos (2x)+ C, sin (2x) (+)

Bonpoc 9

Tun Bompoca: MHOKECTBEHHEII BEIOOD

DopMyTHPOBKA BONPOCA:

3amans! UGG epeHHaTEHEIE YPaBHEHNSA U JOTIOIHHUTEIbHbIE YCTIOBHA, KOTOPBIM TOJLKHEI
yIOBIIeTBOPATE pemrenns. Kaxue 13 cienyronmix 3amad SBiaroTes 3agadeii Konm 1y 0OBIKHOBEHHOTO
nuddepennaIbHOTO YpaBHeHHS?

BapuaHTBI 0TBETOB:

o Y+xy=2x, y1)=2(+

e Y +ycosx=x2, y()=2,y(3)=0

e Y43y +Jx=0,7(0)=1"(0)=2(+

o Y'HY'=0,y(2)=3,y(2)=1

e YV +y"+y'=0,3(0)=1y"(0)=2,y"(0)=y"(0)=0(+)

o

Bomnpoc 10

Tun Bompoca: OHHOYHEI BEIOOP
DopMmyaHpoOBKa Bonpoca: Breidpats Gopmymy, KoTopas 3amaeT odliee pellleHHe JIHHeiTHOTo
HeogHOpoaHOTo JIY ¢ mOoCTOSHHEIMH KO3 durmuenTaMu y" -3y +2y =10sin x.

BapmnaHTel 0TBETOB:
s L pox
o y=C e
e y=C sinx+C,cosx

o y=C,-e' +C,-e™ +-sinx+3-cosx (+)

Her IIpaBHJIBHOT'O OTEBETA

Kputepumu orjeHnBaHus (oLjeHOUHOe cpeAcTBO - Tecr)



OueHka Kputepun ouieHuBaHus

3a4YTeHo I[TpuBeieHbI TPaBU/IbHBIE pellleHHst OOJBIIMHCTBA 3a/au 6e3 CyIriecTBeHHbIX OIHOOK.

He 3auTeHO TecTwl He pelieHbI NN B pellIeHNN OO/BLIIMHCTBA AOITyIeHbI FPYGLIE OIILIOKH.

5.1.3 TumnoBble 3apaHus (omeHO4YHoe cpeAcTBO - KoHTpo/ibHasi pafoTa) /i  OLeHKHU
chopmupoBanHocta KommnereHnuu OTIK-1:

Bapnant 1
3azava 1. IlpencraBuTh KapTHHY NOBeJeHHS HHTErPATBHEIX KPHBBIX YPaBHEHHII:

2 =%

a) y'= 2 8) y=2L;

Xy X
3amaua 2. PemnTs YpaBHEHIIA. C IIOMOIIEIO H30KIHHE IIOCTPOHTE HHTETI' pAJIbHEIS KPIIBBIE:

a) y' =sin(y—x),"6) I —.‘c"-afl-' + \L’ = .}’Fdr =08) ."x«v’rf— Vide+ydy=0,%) y' = # v(l)
e

3agaga 3. PemmurTs ypaBHeHN:
X X

a) (1+e” Jdx+e' (1-Z)dy=0;6) (2x—y+1)de+(2y—x—1)dy =0
v

x—-v+1

g) yy=—"—;
2x-2y+1

* i =
3agaua 4. BeraicanTe BpeMs MajeHHS MA4da ¢ BRICOTHI 16,3 M De3 HauanbHOII CKOPOCTH C yIeTOM
COIIPOTHRJICHHIA BO3OyXa, IPOMOPIHOHAIBEHOIO KBagpaTy ckopocTi. Haiignre cKopocTk B KOHIE

najIeHHA.



IBapHaHT 2 [@

3agaual. [IpeacTaBuTh KapTHHY NOBeeHNA HHTETPATLHBIX KPHBBIX YPaBHEeHHII:

3x—x x 25
_ S

) Y=
y 3x

3amaua 2. Pemmts YPaBHEHHA. C HoMouIbI0 H30KIHH IIOCTPOHTE HHTCT PAIIEHBIE KPDHBEIC.

& =

a) vy =sm(y+x); *5) (xy-x)dc+(xy+x—y—Ddy =0;

1 * -
6) y'=——; 2 ¥’ =4y"-1; y(0)=—.
Vv -1 R

3anava 3. PenmiTe ypaBHeHHA:
a) ¥ =sin=+2:°6) (x—y)dx +(2y—x+Ddv =0;
E &

e) (x+ y)dx-(2x+2y-1)dy=0; .

BapuaHTt 3

3azava 1. HanpspkeHue U CONPOTUB/IEHHE LielId pABHOMEPHO MEHSIIOTCS B TeUEHHUE MUHYTHI COOTBETCTBEHHO OT
O0poVwuor0poR.

CamouHaykIus L 1enu noctosiiHa. HauanmbHast cua Toka I0. HalijuTe 3aBUCUMOCTD CHJIbI TOKA OT BpeMEHU B
TedeHre TIepBOY MUHYTHI OTThITa.

3agaua 2. EcTecTBeHHBIN MPUPOCT Hace/ieHUst OOJIBIIOT0 ropoja MPOTOPLMOHaIeH HATMYHOMY KOTUYeCTBY
JKUTesel U IPOMeXXYTKY BpeMeHHU.

Kpowme Toro, HacesieHre Topo/ia yBelMuMBaeTcst 6;1arofapst MATpaLjuy; CKOPOCTb IIPUPOCTA HAaCeIeHUs STUM
IyTeM MPONOpLOHaTbHa BpeMeHH,

OTCUMTHIBAEMOMY OT MOMEHTa, KOTr/ja HacejieHue ropofia paBHsioch AQ. Haliyte 3aBUCMMOCTb YMCIa JKUTe/ei
ropoja OT BpeMeHH.

*3azmaua 3. Kamisi Bogibl, MMetolllast HauaabHy0 Maccy M0(2) i paBHOMEPHO HCIapsIIOLLasicsi CO CKOPOCTBEO
m (e/cex), CBOOOZIHO TafiaeT B BO3/yXe.

Cusia cornpoTUB/IEHUS BO3/iyXa MPOMOPI[MOHa/IbHa CKOPOCTHU ABMKeHUS Kariu (Ko3dpduiieHT
riporiopifoHanbHocTH k). Halizure 3aBUCHMOCTh

CKOpPOCTH OT BpeM€HHU, €C/IU B Hayda/IbHbI MOMEHT CKOPOCTBb pdBHa 0.

*3anauva 4. [JHo pe3epByapa, BMeCTUMOCTb KOTOPOro 300 /1, TOKPBITO COJIb0. CunTasi, UTo CKOPOCTh
PacTBOPEHHs COJIU MPOIOPLIMOHAIEHA Pa3HOCTH MeXAY



KOHLIeHTpal[1el B JaHHbI MOMEHT 1 KOHLIeHTpaLel HachbIllleHHOTro pacTBopa (1 k2 cosiu Ha 3 /1 BOZIbI) U UTO
JlaHHOe KOJINYeCTBO UHUCTON BOJIBI

pacTBopsieT 1/3 Ke CO/t B 00HYy MUHymy, HaliuTe, CKOJIbKO COJTK OyZIeT coiepkaTh pacTBOp yepe3 1 uac.

Kputepuu oneHuBanus (onieHoUHoe cpeAcTBO - KoHTpo/IbHasi padoTa)

OneHka Kpurepuu orjeHrBaHUs

HpOAeMOHCTpHpOBaHLI BCe OCHOBHbBIE YMEHMUH. PellieHsl Bce 0CHOBHBIE 3aauu.

TIPEBOCXO/IHO
BLINo/IHeHbI BCe 3a/jaHus], B II0JIHOM 00BbeMe Oe3 HeJoueToB
ITpoieMOHCTPHUPOBAHbI BCE OCHOBHBIE YMEHHUS, PellleHbl BCe OCHOBHBIE 3a/jauH C
OT/INYHO OT/Ie/IbHBIMUA HECYIIIeCTBEHHBIMHU He/I0UeTaMH, BLITTOJTHEHbBI BCE 3a/IaHUSI B TIOJTHOM

obneme.

HpOAeMOHCTpHpOBaHLI BCeé OCHOBHbIE YMEHUS. PertieHbl Bce OCHOBHbBIE 3aauu.
OYeHb XOpOo1lIo
P BrinonHeHsI BCe 3aaHKs, B [TOJITHOM O6’bEM€, HO HEeKOTOphbIe C HeJOoUeTaMH.

ITposieMOHCTPUPOBAHBI BCe OCHOBHBIE YMeHUsl. PellleHbl BCe OCHOBHBIE 3a/jauMl C
XOPOIIIO HerpyobIMU oIlMOKamMu. BBIMO/THEHBI BCe 33/]aHus, B TTOJTHOM 00beMe, HO
HEeKOTOpbIe C HeZJoUeTaMH.

[Tpo/ileMOHCTPUPOBaHbI OCHOBHBIE YMeHUsI. PellieHbl TUTIOBbIE 33/1aUy C HETPYOBIMU

YZ0BJIETBOPUTETHHO

ommbKaMu. BeITIOTHEHBI BCe 3a/laHusl, HO He B ITOJTHOM 00beme

[TpoieMOHCTPUPOBaHbI OCHOBHBIE YMeHUsI. PellieHbl TUTIOBbIE 33/1aUd C HETPYOBIMU
HEeY/I0B/IeTBOPUTE/ILHO

ommOKaMu. BeITOTHEHBI BCe 3a/laHus1, HO He B ITOJTHOM 00beme

OTCcyTCcTBHE MUHUMAaJIbHBIX YMeHUi. HeBO3MOKHOCTD OLIeHWUTh HaJiuure YMeHUi
TI7I0X0

BCJIe[ICTBHE OTKa3a 00yuaroIerocst OT OTBeTa

5.2. OnucaHue MIKaJI OIeHUBaHUA Pe3y/IbTaToB 00y4yeHHs 10 JUCIUIIMHE ITPH MPOMEe)XyTOUYHOMH
arTecTanuu

Ikana OIl€HMBAaHUA C(l)OPMI/IPOBaHHOCTI/I KOMHETEHI[Hﬁ

YpoBen

b

chopmu Hey/I0B/IETBOP | Y/AOBJ/IETBO Oo4YeHb

TJIOXO0 XOpOLIO OT/IMYHO NPEBOCX0/{HO

POBaHH HTe/IbHO pUTe/ILHO X0pOo1I0

oCTH

KoMIer

eHIUI

(uHpUK

aropa

AOCTHIK He 3aYTeHO0 3auTeHOo

eHus

KoMIer

eHIHii)

3HaHus OtcyTcTBUE YpoBeHb MuHumaneH | YpoBeHb YpoBeHb YpoBeHb YpoBeHb
3HaHUU 3HaHUM HIDKe o 3HaHUM B 3HaHUM B 3HaHUM B 3HaHUH B
TeopeTHUecKoro MHUHUMaJbHbIX JONyCTUMBI | 0OBeMe, obnewme, obbeme, obbeme,
MarepHara. TpeboBaHMIA. 1 ypoBeHb COOTBETCTBY | COOTBETCTBY | COOTBETCTB | IpeBbIIIAIOLIe
HeB03MOKHOCTh Vmenu mMecTo 3HaHUM. 01IeM 101IeM yIolieM M IIpOrpamMMy




rporpamme
OLIEHUTb TIOJTHOTY rporpamMme
o TIO/ITOTOBKH
3HAHUI JonymjeHo TIO/JITOTOBKH TornyeHo rporpaMme
BCJIE[ICTBHE MHOTO0 . JonyueHo | ° y TMO/ITOTOBK
rpyObie OIIHUOKK HECKOJIbKO TIOATOTOBKH.
OTKaza Herpy0bIx HECKOJIbKO u. Ommbok
HecyIecTse
obyuatoierocs ot oboK Herpy6bIx HHEIX HeT.
oTBeTa ormbok
oumbok
IIpogemoHc
TPHPOBaHBI
[Tpomemonc PHp
[IpogemoHc | Bce
ITpozieMOHC | TPHUpPOBaHbI
TPHUPOBaHbl | OCHOBHBIE
TPUPOBaHbl | BCe
BCe YMeHVsL. IIpogeMoHCTp
OCHOBHBIE OCHOBHBbIe
OrcyTcTBHE OCHOBHBIe PemieHs! VIPOBaHbI BCe
ITpu peleHnn yMeHUsl. YMeHMUSsI.
MHMHHMMA/IbHBIX YMeHMUsI. BCE OCHOBHbIE
. CTaH/apTHBIX Peens! Periens! Bce
YMEeHHH. PelileHbl Bce | OCHOBHbIE YMeHUsI.
3ajiaq He THIIOBBIE OCHOBHBIe
HeB03MO>XXHOCTb OCHOBHbIe 3a/jaum C PeliieHb! Bce
TIPOZIEMOHCTPUD | 3afjaudl C 3a71auu C
OL|eHUTh Ha/lnuue 3a/jauu. OT/le/IbHBIM | OCHOBHbIE
Ymenus N OBaHbI HerpyObIMH | HerpyObIMu
yMeHHH BrinosiHeHbl | U 3a/lauM.
OCHOBHBIE omMbKaMu. | OmMOKaMH.
BCJIe/ICTBUE BCe 337laHMsI | HecylecTB | BoirmosHeHbI
yMeHus. ViMenu | BeinosnHeHsl | BbinosHeHbl
OTKasa B TIOJTHOM €HHBIMH BCe 33/laHus, B
MecTo rpy0Obie BCE BCe 3aJjaHus
obyuarolerocs ot obbeme, HO | HeZjoueTaM | TOJHOM
omubKu 3a/laHusl, HO | B IIOJIHOM
oTBeTa HEeKOTOpble | U, obneme Ge3
HEe B obneme, HO
c BBITIOJIHEH HeJloueToB
TIOTHOM HEeKOTOpble
HeJjoueTaMH | bl BCe
obneme c
3a/laHusl B
He/loueTaMu
TIOJTHOM
obbeme
Nwmeetca
OtcyTcTBUE IIpogemoHc IIpogemoHc
MHMHHUMaJIbH ITposeMoHC
6a30BbIX ITpu peleHnH . TPUPOBaHBI TPHPOBaHBI
bl Habop TPHPOBaHBI ITpozieMOHCTp
HAaBBIKOB. CTaHJapTHBIX 6asoBble HaBBIKH
HaBBIKOB 6asoBble WpOBaH
HeB03MOKHOCTB 3a7iaq He HaBBIKY TIPA npu .
JU1st HaBBIKU NIPU TBOPUYECKUN
OLIEHWTDb Ha/lMure | TPOZIeMOHCTPHP pelLIeHnH perIeHnn
Hagblku pelLeHyst peleHrr TOZIXO[, K
HaBBLIKOB oBaHbI Oa30BbIe CTaH/|apTHBI HecTaHzapT
CTaH/IapTHBI CTaH/|apTHBI perIeHNI0
BCJIE[ICTBHE HaBbIKY. VIMenn X 3314 C HBIX 3a/1au
X 3a7iau C X 3a7a4 6e3 HeCTaHZJapTHbI
OTKaza MecTo rpy0Obie HEKOTOPBbIM 0e3
HEKOTOPBIM omboK 1 X 3a71au
obyuarorijerocsi OT | OIIMOKK u OLIMOOK U
u HeJloueToB
oTBeTa HeJjoueTaMu HeJloueToB
HeJloueTaMu
IITkana oneHMBaHUA [IPU IPOMEXYTOUHOM aTTeCTaliiyu
OueHka YpoBeHb NOJrOTOBKH
MPEeBOCX0/{HO Bce xkommeTeHIMM (YacTd KOMITETeHIMH), Ha (OpMHUpOBaHWe KOTODLIX HarpaBjeHa
MUCLIMIUIMHA, COPMHPOBAaHBI Ha YpPOBHE He HIDKE «IIPEeBOCXOAHO», MPOJEeMOHCTPHUPOBaHbI
3HaHWS, YMeHWs, BJafieHWss I10 COOTBETCTBYIOLMM KOMIIETEHL[SIM Ha YPOBHE BBIIIe
MpelyCMOTPEHHOT0 TIPOrpaMMoi
OT/INYHO Bce kommereHuMM (4acTM KOMIeTeHLMH), Ha (OpPMUpPOBaHME KOTOPBIX HarpaB/eHa
JUCLIMTUTAHA, COPMHUPOBAHBI HAa YPOBHE He HIDKe «OTJIMYHO».
3auTeHo OUYeHb XOpOII0 Bce KommereHIM (YacTW KOMITeTeHLMH), Ha (OPMHpOBaHHe KOTOPBIX HarpaBieHa
JMCLUIIMHA, COPMHUPOBaHBI HAa YPOBHE He HHXKe «0UeHb XOPOLLO»
XOpOILI0 Bce kommnereHuMM (4acTM KOMIIeTeHLMH), Ha (OpPMUpPOBaHME KOTOPBIX HarpaB/eHa
JUCLITUTNHA, CHOPMHUPOBAHBI HAa YPOBHE He HIDKE «XOPOLIO».
yAoBjeTBopuTenb | Bce KomreTeHIMM (YacTd KOMIIETeHIMM), Ha (OpMUpOBaHME KOTODbIX HarlpaBjeHa
HO [UMCLIUIJIMHA, COPMHUPOBAHBI Ha YPOBHE HE HWXKE «y/OBJIETBOPUTENBHO», TIPU 3TOM XOTS Obl
O/iHa KOMITeTeHIMs1 ChOPMHPOBaHa Ha YPOBHE «Y/I0BJIETBOPUTEIBHO»
HeyjoB/eTBopuTe | X0Ts Obl O7Ha KOMIIeTeHLMst CHOPMHUPOBaHAa Ha YPOBHE «HEY/|0B/I€TBOPUTEJIBHOY.
JIBHO

He 3a4YTeHO




TJI0XO0 XoTs1 6b1 0ZJHA KOMITETeHLMs1 CHOPMUPOBAHA Ha YPOBHE «ILIOXO0»

5.3 TumnoBble KOHTPOJ/IbHBbIE 3a/laHMsl W/IH HHbIE MaTepHa/ibl, He00X0JUMbIe /ISl OLEHKH
pe3y/IbTaTOB o00yueHHMsI Ha TMPOMEXYTOUHOM aTTeCTallid C YKa3aHHMeM KpHUTepHeB HX
OIleHUBaHMS:

5.3.1 TumnoBbie 3afaHus (oneHOUHOe CpeACcTBO - KOHTpO/IbHbIE BOMPOCHI) AJISI OLIEHKH
copMupoBaHHOCTH KoMmieTeHIMU YK-1

1. Onpegenenus auddepeHipanbHOrO ypaBHenus (IY) n-ro nopsigka, 1-ro mopsigka, onpeesieHye o0Iero
pellIeH!s], YaCTHOTO PellieHHs], HesIBHOTO pelileHust (001uii uHTerpa), ocoboro pemenus. 1Y ¢
pa3zessoMMHUCS TTePeMeHHbIMY U MTPUBOJSIIECS K HUM.

2. JIuneiineie 1Y nepBoro nopsizka. CBOICTBa pellieHui 0AHOPOAHOro vHeiiHoro Y. PelieHue
HeoHOpOoJHOTrOo MMHelHOoro 1Y MeTomoM JlarpaHska - Bapual[du MPOU3BOJIEHON TTOCTOSTHHOM. CBOMCTBa
pellieH’ HeoAHOPOJHOTO IuHeHoro Y.

3.*Meto Ko pertienusi iuHediHoro /1Y riepBoro mopsijka.

4. *]1Y, He pa3pellleHHble OTHOCUTEIBHO NIPOM3BOHOU. MeTto BBefileHUs napaMmeTpa. Y paBHeHus Knepo u
Jlarpamka. Oco0Oble pemieHUs U JUCKPUMHUHAHTHAsT KpUBast

5.JIuHelHbIN ocyuIATOP. Mozieny. BeIHYX/IeHHbIe KoyiebaHUs FapMOHUYECKOTO ¥ IMHEHHOTO OCIA/IISTOPA.
Pesonanc.

6.1Y BeicmMX TIOPSIAKOB. OTipe/iesieHre YaCTHOTO pellieHus], 00Iero perieHusl.

JIuneiinsie 1Y n- ro nopsigka. JIuneiinsle ogHopogHble 1Y. CBoHCTBA pellieHui TMHEHHOTo ofAHOpogHoro 1Y
n- TO MopsiAKa.

7.0Y Boiciux nopsakoB. Onpe/iesieHre YaCTHOTO pellieHus1, 00Itiero perieHus. JIuHeiHsle 1Y n- ro nopsjxka.
Jlunelinesle ogHopoaHble Y. CBOMCTBA pellleHUi TMHeHHOro ogHopoAHoro 1Y n- ro nopsiaxa.

8. ®ynmameHTanbHas cucrema peitienuit (PCP) nvHetiHoro ogHopoaHoro Y. Teopema cyiectBoBanus CP.
IMTocTpoenue obiiero perieHus TUHeHHOTo ogHOpoAHoro Y 1o ero @CP . Teopema o cBsi3u uHerHOTo 1Y €
ero ®CP

9.®opmyna Octporpagckoro — JinyBumis

10.0gHOpOAHBIE THHEHHBIe 1Y N-T0 TOpsAKa C MOCTOSTHHBIME K03 duiimeHTaMu. OThICKaHKe 00I11ero
pellleHys B C/ly4ae pas/U4HbIX /lefiCTBUTE/IbHBIX M KPAaTHBIX KOPHell XapaKTepUCTUYeCKOro ypaBHeHusl, B
C/lyyae KOMILJIEKCHO-COTIPSPKEHHBIX KOPHeH.

11.HeogHopogHsie muHeiiHbie Y. Teopema o BUze 001iero pemeHus. MeTozbl HaX0X/JeHHUs] YaCTHOTO
pellieHust IMHENHOT0 HeOZHOPOAHOTO YpaBHeHHs1 — MeTo/] JIarpanka (Bapyaliuy MPOX3BOIbHOMN MOCTOSHHOW) 1

*meton Kowm.

12.JTunetinbie Y n-ro ropsijika c riepeMeHHBIMU Ko3duiieHTamu. *YpaBHeHue Jiiepa.



13. Cucremsl 1uHelHbIX [1Y nepsoro nopsiaka. Cuctema 1Y BeiciMx nopsiikoB. KaHoHHueckas cuctema Y
BBICILIMX MTOPSSKOB

14.JIuHeliHble cucTeMbl. JIMHelHast 3aBUCUMOCTD W He3aBUCUMOCTD BeKTOD — pyHKIui. Orpegenurenb
Bponckoro. Heobxoiymoe ycioBre TUHEMHOM 3aBUCUMOCTH BeKTOp — (yHKUWH. Heobxoqumble
JOCTaTOYHbIE YCJIOBHS 3aBUCMMOCTU U HE3aBUCUMOCTH PeLleHU TMHEMHOW CUCTEMBI.

15.®yHamenTanbHas cucteMa petieHunii (PCP). Teopema o cyuectBoBaHurd PCP st TMHEHON 0JHOPOJHON
cuctemsl. [TocTpoeHue ob1ero perieHyst TMHEHHOW 0fHOPOAHOM crcTeMbl 1Y 10 ee OCP.

16. OpHOpO/IHBIE TMHEMHBIE CUCTEMBI C TTIOCTOSTHHBIMH K03 duumentamu. [Toctpoerre @CP 1 obrero
pelleHus.

17.HeomHOpOIHBIE TMHEHHBIE CUCTeMBI. MeTO/bl HaX0KeH!sI YaCTHBIX PellleHuid TMHeHHBIX HeOTHOPOIHBIX
CUCTEeM: MeTO/] Bapualliu MPOM3BOILHOU MOCTOSTHHOM

18. 3apmaua Komwu asist 1Y mepBoro nopsiika, pa3pelieHHbIX OTHOCHUTEIBHO MTPOU3BOAHOM. [JocTaTouHbIe
YCJI0BUS CYILeCTBOBaHUS U €JMHCTBEHHOCTHU pelleHus 3azaun Komm.

19.[TocraHoBKa 3afauun Koim aas Y n — ro nopsiika. Teopema cylijeCTBOBaHUSI U € JUHCTBEHHOCTH DPelleHUs
3. Korm.

20. ITocranoBka 3agaun Ko ass cucremel 1Y nepeoro nopszka. TeopeMa CylieCTBOBaHUS U
eIMHCTBEHHOCTH pellieHus 3afauun Kot /17151 HopMasbHOW cucteMsl 1Y

Zl.ﬂI/IHaMI/I‘—IeCKI/Ie CUCTEMBI, CBA3b MEXY Cl)aBOB]:IMI/I TPAE€KTOPUSAMU U UHTETDA/IbBHBIMW KPDHUBBIMU,
dBTOHOMHEBIE TMHAMUWYECKKE CHUCTEMBEI, (1)830Baﬂ IJIOCKOCTBh, MHTETI'Pa/IbHbIE MHOFOO6pa3I/IH.

22.0OKpeCcTHOCTH COCTOSIHWM paBHOBECHS aBTOHOMHBIX JUHAMHUECKHX CUCTEM [JBYX YpaBHEHW NTepPBOT0O
nopsifika. Tumbl 0coOBIX TOUYEK Ha (Pa30BOM T/IOCKOCTH, TTOHATHE 0 Tpy0o# crcTeMe, Mpe/e/IbHOM LUKJIe
CUCTEMBI.

23.YcroituuBocTs 1o JIsmyHoBy. ®yHkius JIsanyHoBa. Teopemsl JIsimyHOBa 00 yCTOMYMBOCTH,
aCHMITTOTUYECKOU YCTOMUMBOCTH, HEyCTOMUMBOCTH. Y CTOWYHMBOCTH 110 I1ePBOMY NPHO/IMKeHUIO, *TeopeMa
YeTaeBa 0 HEYCTOWYUBOCTH, IIPUMEpEI

24.1'[epBb1e HWHTEerpaJibl. OHPEAEHEHI/IH. FEOMETpI/IH repBOro MHTerpaJia. I/IHTEFPEIHI)I dBTOHOMHBIX CHCTEeM.

KpuTepuu onjeHuBaHus (oLieHOUHOe cpeCcTBO - KOHTpo/IbHbIe BOIIPOCHI)

OueHka Kpurepun oLieHUBaHUs

Bce komneTeHIMY (4acTH KOMIIeTeHLIMH), Ha (hOpMUPOBaHHe KOTOPBIX HarlpaB/ieHa

TIPeBOCXOJHO

JMCLIMIUIMHA, CPOPMHPOBAHbI HAa YDOBHE He HIDKEe «IIPEBOCXOHO»

Bce xomneTeH1[UM (4aCcTH KOMIIeTeHLUM), Ha (hOpMHpPOBaHKe KOTOPBIX HarpaBjieHa
OT/IMYHO JVCLIMTIIHA, COPMUPOBAHBI HA YPOBHE He HIDKE «OT/IMUHO», TP 3TOM XOTsI ObI

OoHd KOMIIETEHIHA CCl)OpMI/IPOBaHa Ha YPOBHE «OT/IMYHO»

OueHb XOpOIIIo Bce komrereHiuy (4acTv KOMITeTeHIIM), Ha pOpMHUPOBaHKe KOTOPLIX HallpaB/ieHa




OueHka Kpurtepuu oLieHUBaHUs

JUCLIMIUIMHA, COPMHPOBaHbI HAa YPOBHE He HIDKe «0UeHb XODPOILO», TIPYU 3TOM
x0Ts1 OB 0JJHa KOMITeTeHL[1si CHOPMHUPOBaHa Ha YPOBHE «OUYeHb XOPOLIO»

Bce kommeTeHI1[uM (4acTH KOMIIeTeHIM), Ha (hopMHUpOBaHKe KOTOPLIX HarpaB/ieHa
XOPpOLIO JUCLIMIUIMHA, COPMHPOBAHbBI HAa YPOBHE HE HIDKE «XOPOILO», TIPU 3TOM XOTsI Obl
0/lHa KoMrieTeH1Us1 copMHUpOBaHa Ha YPOBHE «XOPOILIO»

Bce xommeTeH1[uM (4acTH KOMIIETEHIHH), Ha (HOPMHUPOBaHKEe KOTOPHIX HarpaBjieHa
JUCLMIIMHA, cOPMUPOBaHBI Ha YPOBHE He HIKe «YJO0B/IETBOPUTELHO», TIPU

Y/OBJIETBOPUTE/IHLHO
5TOM XOTs ObI 0/JHA KOMITETeHIMs CHOPMHUpPOBaHa Ha YPOBHE
«Y/I0BJIETBOPUTE/TLHO»
Xots Obl 0fHa KOMIIETeHL|sl CHOPMUPOBAaHA Ha YPOBHE «HEY/IOBIETBOPUTEILHO»
HEY/IOB/IETBOPUTETLHO N opmHp P Y P ’
HU O/[Ha U3 KOMIIETeHIU He CHOPMHUPOBAHA HA YPOBHE «TLJIOX0»
II0X0 Xotst ObI 0fHa KOMIIeTeHLMsl CHOPMUPOBAHA Ha YPOBHE «IIJIOX0»

5.3.2 TunoBble 3apaHusA (oeHOUHOe CpeAcTBO - KOHTpo/sibHbIe BOMPOCHI) A/ OLIEHKH
copmupoBaHHocTH KoMneTeHIMU Y K-1

1. Onpezpenenuie 1Y 1-To nopsijika, onipeziesieHys 00IIero pelieHus], 4aCTHOTO pellleHns, HeABHOTO PeIlleHusl
(ob1uii uHTErpa), 0coboro pereHus.

2. 3apaua Kot /ij11 ypaBHeHUI TIepBOTO TIOPSIIKA, pa3pellieHHbIX 0THOCUTENBHO MPOM3BOJHOMN. [locTaTouHbIe
YCJIOBUSI CYII|eCTBOBAHUSA U €JIMHCTBEHHOCTH pellieHus 3a1aun Koy,

3 JIunelinele 1Y niepBoro nopsizka. CBoCTBa pellleHHi 0JHOPOAHOro auHeliHoro Y. PelieHue
HeoHOpOJHOTrOo MMHelHoro Y mMetomom JlarpaHska - Bapvalldiy IIPOU3BOJILHOM TTOCTOSTHHOR/

*4. Metog, Koim perenus nvHeliHoro 1Y mepBoro nopsika.
5. 1Y B nonHbIX auddepenianax. HeodxoaumMble v OCTAaTOUHbIE YCIOBUS.

*6. 1Y Knepo u Jlarpawka. Ocobble pemieHys ¥ JUCKPUMHAHAHTHAs KPHBasi.

7. Jluneiinbie 1Y n-ro mopska. JIuHeiiHble ogHOpoAHbIe [1Y. CBOMCTBA pellleHUH TMHEWMHOTO 0IHOPOJHOTO
Y n—ro nopsagxa.

8. JIuHetliHas 3aBUCUMOCTh U HE3aBUCUMOCTE N GyHKIMM. Omnpezaenutesib BpoHcKoro.
9. JIuHetiHasi 3aBUCUMOCTh U He3aBUCUMOCTb N GyHKIMM. Onpezaenutens BpoHckoro.

10. ®ynpameHnTanbHas cucteMa petueHuii (OCP) nuHeliHoro ogHopoaHoro Y n-ro nopsiaka. Teopema
cymiecteoBanusi ®CP. TTocTpoeHue o0I1ero pereHus aMHeRHOro oaHopoaHoro Y o ero ®CP.

11. dynameHTanbHas cuctema petenuii (PCP) nuHeliHoro ogHopogHoro 1Y n-ro mnopszka. Teopema
cymiectBoBanuss @CP. TTocTpoeHue 006I1ero peiieHust IMHeHRHoro ogHopoaHoro Y 1o ero ®CP.



12. HeogHopogHble uHelHBIe ypaBHeHus 1Y . Teopema o Buzie 0011iero perreHusi. MeTo/[bl HaX0XK/IeHUs
YaCTHOTO pellleHus JiMHeltHoro HeogHopoaHoro 1Y — meTo Jlarpanska (Bapyaljiu POX3BOIbHOMN MOCTOSIHHOM)
u Metog Kowm

Kputepuu onjeHuBaHus (0LleHOUHOe CpeCTBO - KOHTpo/IbHbIE BOIIPOCHI)

Ouenka Kpurepun orjeHMBaHUsA

CBO60,E[HOE B/lajeHre€ OCHOBHBIM MaTe€pPHa/IOM C HE3HAUNTE/IbHBIMU TTOTPEIIHOCTAMMU.
,Z[OCTHTOI{HOE B/Ia/ieHHe OCHOBHBIM MaTepHa/iOM C He3HAUNTE/IbHBIMU IOTrPEIHOCTAMMU. BJ'IE:I,Z[EHI/IG

3aUTeHO N .
OCHOBHBIM MaTepHaJ/IOM C 3aMeTHBIMH TIOTPEITHOCTSIMU. 3HaHUe BaKHEHIIIUX OTIPee/IeHHI U
(hopMyTUPOBOK

He Bragenve MatepriasioM HeJOCTaTOUYHO, HEOOXOAKMA JOTIOTHUTE/TBHAS TTOAroToBKa. OTCyTCTBHE

3aUTeHO |BJ/Id/ieHUA MaTe€pUad/IOM.

5.3.3 TunoBble 3ajaHus (OLEHOYHOE CPeACTBO - 3ajauH) AIA OLeHKH C(POPMHPOBAHHOCTH
KommneTeHuu YK-1

3agaua 1.HamnpsbkeHue ¥ COMPOTHBIIEHHE L[eTIM PABHOMEPHO MEHSIFOTCSI B TeUeHHe MUHYThI COOTBETCTBEHHO OT
0 no Vu ot 0 go R. CamouHaykuus L

Lerr IIOCTOsAHHA. HauanbHasg cuna Toka Ip. HaﬁAHTe 3daBUCHMOCTB CWJIbI TOKa OT BpEMEHH B T€UEHUE nepBoﬁ
MHWHYTEI OIIbITA.

3azaua 2. EcTecTBeHHBIN MTPUPOCT HaceieH:Ust O0JIBILIOr0 ropo/ia MPOTOPLMOHAIeH HATMYHOMY KOJIMUECTBY
JKUTeNel U MpoMeXXyTKy BpeMeHU. Kpome Toro,

HacesieHHe ropo/ia yBeMunBaeTcs 61arofjapsi MUrparjuy; CKOpoCTb IIPUPOCTa HaceIeHusl 3TUM IyTeM
MPOIOpLIMOHAaIbHA BpEMEHH, OTCUUTHIBAEMOMY

OT MOMeHTa, KOrT/la HaceJileHWe ropoja paBHsI0ck Ag. HalijuTe 3aBUCUMOCTb UMC/ia )KUTeslel Topoja oT
BpeMeHU.

*3azava 3. Kanis Bogpl, MMerolasl HauaabHY0 Maccy Mo(2) ¥ paBHOMEPHO HCIapSOLAscs CO CKOPOCTBIO
m (2/cek), cBOOOJHO TIafiaeT B BO3AyXe.

Cusia COnpOTHUB/IEHHS BO3/lyXa MPOIOPLIMOHA/IbHA CKOPOCTH ABYKeHUsI Karyiu (Ko duriyieHT
nporniopuroHansHoCTH k). Halijute 3aBUCMMOCTD

CKOpPOCTHU OT BpeMeHHU, €C/IU B Hayda/bHbI MOMEHT CKOPOCTBb pdBHa 0.

*3agauva 4. [JHo pe3epByapa, BMeCTUMOCTb KOTOPOro 300 /1, OKPBITO CO/b0. CunTasi, UTO CKOPOCTh
pacTBOpeHUs COMIU MPONOPLIMOHA/IBHA PA3HOCTH MEXIY

KOHILIeHTparuel B JaHHbI MOMEHT M KOHLIeHTpareli HacklleHHOTro pacTtBopa (1 k2 cosu Ha 3 /1 BOZIbI) U UTO
JTAHHOEe KOJINYeCTBO UYHCTOU BO/IbI PACTBOPSIET

1/3 Ke conu B 00Hy MUuHymy, HalnTe, CKOJIBKO COJIU OyZIeT coJiep>kaTh pacTBOp yepe3 1 uac.



*3agaua 5. HekoTopble 6akTepry pa3MHOXKAIOTCS TTPOTIOPLIMOHAIBHO MX KOJTMUECTBY, HO B TO K€ BpeMsI

BbIpabaTHIBAIOT 5/, UCTPEOISAIONIHI UX

MPOIMNOPIHOHA/IBHO KOJIMUYECTBY fAa U KOJIMUYECTBY 6&KTepHﬁ. Haiiti KonmmuecTBO 6HKT€pHﬁ B 3aBMCHMOCTH OT

KOJ/JIM4YeCTBa dd.

5.3.4 TumnoBbie 3ajaHus (OLleHOYHOE CPeJCTBO
kovmneTeHuu OITK-1

Bomnpoc
THO Bompoca: MHOKeCTBeHHEII BEIOOD

PopMyIHPOBKA BOLpoOCA:
VKa3aTh ypaBHEHHA C pa3/eNAiolINMIICS TepeMeHHBIMIL.
BapHAHTHI OTBETOB:

o VY =ylnx ®»
XV
° 1}' - v
X+y

o e’(1+x¥)dy—2x(1+e¥)dx=0.(+)

- 3agaud) A OUEeHKH c(opMHPOBAHHOCTH

o (y+yP =y —x2yHdx+(x*y—8y—x*+8)dy=0 (+

Bonpoc
THO Bompoca: OQIHOYHEIII BEIOOP

PopMyTHPOBKA BOOpOCA:

Br16paths (opMyTy, KOTOpas 3ajiaeT obliee pelleHIe MIHEHHOro 0JHOPoJHOTO Y ¢ MOCTOAHHBIMU

ko3 oumentamu 3" —3y' +2y =0.
BapHAHTBI 0TBETOB:

o y=C-e*
o y=C-e*+Cr-e™ (+)
e y=C-lnx

o y=C'e¥+Cy-e*



Bompoc I
THan Bompoca: MHOKECTBEHHBIH BEIOOD

PopMyIHPOBKA BOMpOCA:

3anans! quddepeHnIanbHble YpaBHEHHA H JOIOMHHUTENbHbIE YCIOBHA, KOTOPEIM JOIKHBI YI0BIETBOPATH
pemenna. Kakue 13 cleIyrOmuX 3aad ABIAOTCS 3a1adell Komm 1718 00BIKHOBEHHOTO JTH((epeHIHaIbHOI0
ypaBHeHHA?

Bapnam‘m OTBETOB:

e Y +xy=2x, y)=21

y"+ycosx=x2, y()=2,y(3)=0

Y +3y" +Jx=0,y(0)=1 y'(0)=2®

YTy =032 =3,»(2) =1

« YV Hy"+y'=0,30)=1y"(0)=2y"(0)=y"(0)=00

3amaga 9. Hafitu pemenne 3amaun Konm: a) y'+4y = j7 ; ¥w0)=y'(0)=0.
cos 2x
6) y'=2V'+y=——  ¥(0)=¥(0)=0.
x°+d
1 T T
B) y'+4y= c ¥(=)=Y'(=)=0.
) V' +4 g B =R,

KpuTepuu onjeHuBaHus (0LleHOUHOE CPeJCTBO - 3a/|auu)

OueHka Kputepuu orieHuBaHUs

NPEeBOCXOJHO IIposeMoHCTpMpPOBaH TBOPUYECKUH MOAX0/, K pelleHrI0 HeCTaHapTHBIX 3a/ay

OT/IMYHO HPOAEMOHCTpHpOBaHLI HaBBIKH IMPU pEIIeHUH HeCTAHAAPTHBIX 3aJd4 6e3 ommbok




OueHka Kpurtepuu oLieHUBaHUs

Y He/IOUeTOB.

HpOAeMOHCTpHpOBaHLI 0a30Bble HABBLIKH Mpy peleHrr CTaHAdPTHBIX 3a/4ad4 6e3

OYeHb XOPOIII0
oIMOOK 1 HeJJOYETOB.

HPOAEMOHCTPHPOBBHLI 0a30BLIe HaBBIKU MpU peleHrr CTaHAAdPTHBIX 3a/4d4 C

XOpOLLO

HEKOTOPbLIMU HeJO0YeTaMU

HmeeTcst MUHUMAIBHBINA Ha6op HAaBBIKOB [T pelieHrda CTAHAdPTHBIX 3a4d4 C
Y/ZJOBJIETBOPUTEIHHO

HeKOTOPBIMH He/joueTaMu

I[Tpu pelleHNM CTaHJAPTHBIX 33/lau He TIPOZIeMOHCTPUPOBAHBI 0a30BbIe HABBIKH.
Hey/IOBJIETBOPUTE/TBHO

Vimenu MecTo rpyObie OIITUOKH.

OTCYTCTBI/IE BJ/Ia/IeHHA MaTepUaloM. HeB03M0OXHOCTB OLIEHUTHh Ha/IMUKe HaBbIKOB
IIOXO

BCJIe/ICTBHE OTKa3a 00yyarolerocs OT OTBeTa
5.3.5 TumnoBble 3asaHusa (omeHo4YHoe cpeAcTBO - KoHTpo/ibHasi pafoTa) /A  OLEeHKH

chopmupoBanHocTa KommnereHnuu OIMTK-1

Bapmanr 1.
3agada 1. Pemmurs JIY

a) y'+2xy=xe ;6) v —yvIln2=2""(cosx—1)In2 (maiitu pemienne, orpaHHIeHHOE IPH
X—>®);
> _ .
&) 3= =X .2) ydx—xdy=x"ydy;

2 -
x“cosy+asinly

1) (-Tj —U}"-'- 2xy—cosx=0;
x—1

% 3 y = g 5 i . 4 : 1
e) x’y-y=x‘e* ;) y-e'y=—sin——e cos—

XX %
(HaiiTu peleHne, yIOBIETBOPSIOIIEE YCIOBHIO: Y — 2 IPH X —>—0);
I~ vy 4
3) Y)=— u) y'+y+=——=0.
X +y+l x x*

BapuanT 2.

; 3agaua 2. HanpsskeHue 1 COIPOTHBJIEHHE €N PABHOMEPHO MEHAIOTCS B TeUeHHe MUHYTHI
COOTBeTCTBEHHO OT 0 10 V' 1 oT () no R. CamounaykusA L nienn nmoctosHAa. HadansHas cuiia Toka /.
Haiigure 3aBHCHMOCTE CHIIEI TOKAa OT BpeMeHH B TeueHIe IIepBOil MIHYTEI OITBITA.

3amaua 3. EcTecTBeHHBIN IIPHPOCT HacelleHUsA OONBIIOr0 TOpoja MPOIOPIIOHATIEH HATHUIHOMY
KOJIMYeCTBY JXKHUTelell U TIPOMeXYTKY BpeMeHH. KpoMme Toro, HaceleHHe Topoja YBelIHUHBaeTCH
Omaromaps MUTpamiH; CKOPOCTh IIPHPOCTa HAceleHHA 3THM IIyTeM IIPOIOpPIHOHATbHA BpEMeHH,
OTCUHTEIBAEMOMY OT MOMEHTa, KOT/Ia HacelIeHIe ropojia paBHsuIock Ay. HafiguTe 2aBHcHMOCTE dnicna
JKHUTENEH ropoa oT BpeMeHH.



Bapmnanr 3.

3ajaua 4. Kamig BoJpl, HMelomas HaualbHYIO Maccy Mp(e) U paBHOMEepHO HCHapAIOIIAaAci cO
CKOPOCTBIO /1 (2/cex), cBoOOMIHO MajiaeT B Bo3ayXe. CHia CONPOTHRIEHUS BO3yXa MPONOPIIHOHATIEHA
CKOPOCTH JBIDKeHHS Kammd (ko3dduimenT mnponopnuoHaidsHocTH k). Haifianre 3aBHCHMOCTB
CKOPOCTH OT BpeMeHH, eCTH B HauaTbHBIII MOMEHT CKopocTh paBHa (. Cuntats k # 2m .

3agaga 5. /I[HO pe3sepByapa, BMECTUMOCTH KoToporo 300 .1, MOKPBITO comblo. Cunrtas, 9T0 CKOPOCTH
pacTBOpeHHSA CONH IIPONOPIIOHATBEHA PAa3HOCTH MeXKJy KOHIeHTpaimiell B [JaHHBII MOMEHT H
KOHIIeHTpalell HacklllleHHOro pacTBopa (/ x2 COJH Ha 3 .7 BOJABI) H UTO JaHHOE KOJIHYeCTBO YHCTOIH
BOJBI pacTBOpsieT //3 K2 COMH B OOHY MuHyniy, HaliuTe, CKOIBKO COJH OYIET COIep)KaTk PacTBOP
gepes [ yac.

Bapuanr 4.
3amaua 6. HexoTopele OakTepHn pa3MHOKAIOTCA MPOMOPITHOHAIEHO HX KOIHYECTBY, HO B TO Xe

BpeMs BEIpa®aTBIBAIOT #1, UCTPEOISIONINII HX IMPONOPIHOHAILHO KOIHYECTBY $[1a U KOJIHUECTBY
OaxTepunii. Haliti KommaecTBO OakTepHil B 3aBUCHMOCTH OT KOJTHYECTBA Sj1a.

3amaua 7. Kupnudanasd cTteHa umMeeT TommuHy L. Haligute 3aBHCHMOCTE TemIepaTypsl OT
PacCTOSIHIA TOYKH OT HapyXHOT'O Kpasi CTEHBI, eClIH TeMrepaTypa paBHa 20° Ha BHyTpeHHell n 0° Ha

BHelllHell IOBepXHOCTH cTeHEl. HailiTe TakKe KOIIUeCTBO Telllla, KOTOpoe CTeHa IiepefiaeT HapyxKy B
Teuenne cytok Ha / cv’. (B cmiy 3akona HeooToHa CKOPOCTE pAacmpOCTpaHEHHs TeIlla depes

dTl
IUIOMIANKY IUIONIamgu S, TepHeHJUKYISIPHO OCH X, paBHa -( ks-d—)_._ rne k— xoapdunmeHt
x

TerwIonpoBogHocTH (k = 15-107"), T — TemmepaTypa.

Bapuanr 5.
3amaga 8. Haiitn oOmree pemrenne ypapHeHnsa: a) y" —2y"—3y'=2x;0

S
b
3
[
ﬁ-—
[l
w

By =1 n 2=y ), g (e +y)=x () (1-%)
¥ =2V =3y =3e";x) y¥ —y"=3x3) y-y"~(y') ~1=0,  y"=2Ay"-1) crgx,
g) ¥ W Tyl =40
3amaua 9. Haiitn pemenne 3agaun Komm: a) y"+4y = —— ¥0)=y'(0)=0.
cos 2x
6) y'-2y'+y=—s—:  3(0)=y(0)=0.
b i o

1 T T
B) y'+4y= ; (=)=y(-)=0.
). ' sin2x 4 T 4



Bapuanr 6.
3agaua 10. Pemmmts ypaBHeHne Jittepa a) x° v" +xy' — v =0.

6) (x—2)°y"-3(x-2)y'+4y=x.
2) Xy 4y’ + 2y=2In" x+12x.
3amaua 11. Pemmrs 3amagy Komm mra  cuctemsl  auddepeHIHATLHBIX — YpaBHEHHIT

Be=4x—Sy+ée* _ _
) X(0)=y(0)=0
W’=x+cost

6)

$=—4x+5y—e” cost
x(0)=0,0)=0

¥e= —x + sint
= —4x+ 5y +2e” _
B) x(0)=0,y(0)=0
o= —x=2
BapuanT 7.

3agaga 12. HOCTPOHTB Ha ¢a3030ﬁ INTOCKOCTH TPAaeKTOPHH CHCTEM H HCCIICIOBATh 0co0Ble TOUKI.

) Be=2x+y’ -1
a
Be=6x— v’ +1

0)
{3&: 4—4x-2y

= xy

Be= I—x% =yt
B
Be=2xy

] 3amauga 1. [lpencTaBuTh KapTHHY OBE/IEHHUsS HHTET PATbHBIX KPHBBIX YPaBHEHMII:

X v

a) y'= ) =y
xy %
3agaga 2. Perite ypaBHeHuA. C IOMOINBIO H30KIHH IOCTPOUTH HHTETPalbHbIe KPHBBIE:
a) y' =sin(y—x); 6) \/I —xdy+ \/I —yidx=08) 2xJ1-y’dx+ydy=0; 2) y' = _Y Y1) =1
Ax® —1
3agaua 3. PellnTh ypaBHEHHUS:
a) (E+e; )dx+e3_'(j'—£)dy =0,6) (2x—y+1)dxc+(2y—x—1)dv=0
¥y
. - x—y+1
) F=rs T
2x—=2y+1

3amaua 4. BoiumcanTe BpeMs TajJeHHS Msua ¢ BBICOTHI 16,3 M 0Oe3 HaualmbHONH CKOPOCTH C yUeTOM
COTIPOTHRIIEHUS BO3/yXa, TPOTMOPIHOHAILHOTO KBAJAPaTy CKOpocTH. HalignTe CKOpPOCTE B KOHIE
naJIeHus.

7



Bapuanr 2
3amaual. IlpeacTaBuTh KapTHHY IIOBEIEHHS HHTErpaIbHBIX KPHBLIX YPaBHEeHHII:
2
R .
y A%
3amaua 2. Permith ypaBHeHHs. C IOMOINELIO H30KIHH IIOCTPOUTE HHTETpaIbHEIE KPHBEIE:

a) y' =sin(y+x); 6) (xy-x)dx+(xy+x—y—1)dy=0:

1 2 1
) V=—r—=—:2) ¥y =44y -1, y(0)=—.
Jxt=1 2

3amaua 3. PenmmTh ypaBHeHHA:

a) y' :sinZJr'—v; 6) (x—y)dx+2y—x+1)dy=0;
x

¢) (x+ y)dx-(2x +2y-1)dy =0; .

3amaua 4. B cpexny ¢ mocTosgHHON TemIlepaTypoil 20 ° moMecTHIN Teno, Harpetoe fno 100° Uepes 10
MuHYm TeMIeparypa Tella moHH3UIack a0 702 Uepe3 xakoe BpeMs TeMIlepaTypa Teda CTaHeT paBHOIT
30°

Bapmuanr 4
3ajauga 1. IlpescTaBeTe KapTHHY NOBe [eHIA HHTETpaJIbHEIX KPHBBIX YpaBHEHHIT:
, X +y’ =17 _ dy  (x-y)
f?) J’, — ———— % _l- o } — A
xy+4 dc  x-y°

335[3‘{8. 2. Permuth YpaBHCHHA. C IoMONIIBI0 H30KIHH ITIOCTPOHUTE HHTCIPalIbHBIC KPHBEIC!

] -~ r .‘V
a) y'=dos(xty); 6) y=-—""_;
x+2

2
' y ' 4- v
6) ¥ =-%; 2 y=—1
Vx y
3amaua 3. Permuth ypaBHEeHHA:

2

: x B 49
a) T%:V-i-m 6)__1;':2[ yhe J
X

rry=1

o dy x—y+1
) — :

dx 3x—3y+2
3amaua 4. Temo maccoii ! epavm B OTHOPOIHOM IIOJIE CHIIBI TSDKECTH OpOIIeHO BEepTHKAIBEHO BBEPX C
HAYaIbHOH CKOpocThio 20 cm/cex. COIPOTHBIEHHE BO3AyXa IIPOIOPIHOHAILHO CKOPOCTH H IPH
ckopocT / cym/cex paBHO eduHuje cinol. HaliinTe BpeMs moseTa Tefa 0 MaKCHMAalIbHOI BBICOTEL



Bapunanr 5
3agaua 1. IlpeacTaBUTh KapTHHY HOBeJeHH HHTETPATbHBIX KPHBBIX YpaBHEHHII:
2
3t —x 2y

ﬂ) _];' = 5) .1’,' - 3
¥y 3x°

3agaua 2. Pemurts YpaBHCHHA. C MOMOIIB H30KIHH MOCTPOUTE HHTET PAlIEHBIC KPHBEIE!

a) vy =sm(y+x); 6) (xy-x)dx+(xy+x—y-Ddy=0;
. 1 ; 2 1
¢) Y =———;2) y=44y" -1, y(0)=—.
e 2
3amaua 3. Pemuts ypaBHEeHHSA:

a) ¥ =sinZ+2; 6) (x—y)de+Q2y—x+Ddv=0;
X 6

e) (x+ vidx-(2x+2y-1)dv=0; .

3amaua 4. B cpeny c mocTtosiHHON TeMnepaTypol 20 ° moMecTiiii Teno, HarpeToe g0 /00° Yep

MUHym TeMIepaTypa Tena moHH3mIack 1o 70 ¢ Uepes kakoe BpeMs TeMIepaTypa Telda CTaHET p:
30°

BapunaHT 6

3amaual. IlpencTaBUTE KapTHHY MOBeIeHNS HHTETPATHHBIX KPHBBIX YPaBHEHUI:
g g

x“+y -13 _. ,

DR

T > > J
& =) =3 3fsin? x

33,[[3'-’1& 2. Pemmite VYpaBHEHHA. C DoMOUIbI0 H30KIHH MOCTPOUTE HHTET paJILHBEIC KPHBLIC!

‘ 2x,1- 3"

aq y =

dy _
Q)E_am(x yv=1): 6)y

y
F 1 !
g) Vv :E\/_;; 2) YV =4/y—x.
3ajgaua 3. PelmiTe ypaBHeHUA:
: P _ ., 2x+y+3 . 3x+2y
ay y. =———-=1 SRR e N oee—
2yx+y° 4dx+2y—1 L o8 TR

3amaua 4. Teno maccoit / epavy B OTHOPOIHOM ITOJIE CIUIBI TSXKECTH OpOIIeHO BepTHKATIBHC
C Ha4YaJIbHOI CKopocThio 20 cm/cex. CONPOTHBIECHNE BO3OyXa IPOIOPLIHOHAIBEHO KBAIPaTy CKO)
U TIPH CKOPOCTH [/ cm/cex paBHO eduniije ciuisl. HalTH BpeMs mHojleTa Tesa JI0 JOCTIKEHHS CKO
30 cw/cex.



3amaua 1. Pemmmts JTY]

2 g
a) y'+2xy=xe ™ ;6) y'—yIn2=25"%(cosx—1)In2 (umaiitn pemrenue, orpanmIeHHoe
IIpH X —> 0 );

2
6) ¥'= = 2) ydx—xdy = x?ydy:

x%cosy+asin2y

0 (x%2 -1y +2xy—cosx=0;

2 if 2 t—_]- ! X 1 5 1 X 1
e) x*y'—y=x%e * ;o) y'—e*y=—sin——e*cos—
X X X
(HaliTH pellleHne, yI0BIETBOPSIOIIEE YCIOBHIO: Y — 2 IpH X —» —00);
3% y 4
) P=———— ) PP ———=l
X +y+l x x*

KpuTepuu oneHuBanus (onieHoUHoe cpecTBO - KoHTpo/IbHast padoTa)

OreHka Kpurepuu oLieHrBaHUs

3a4TeHO HpI/IBe,Z[eHbI TMMpaBUJIbHBIE DElIeHUA OOJIBIIIMHCTBA 3a41a4 6e3 CyIleCTBEHHBIX OILMOOK.

He 3a4TeHO 3aflaud He pellieHbl WK B PellieHnH OOJIBIIMHCTBA 33/1a IOMyIieHbl rpyObie OmMOKY.

6. YueGHO-MeTOfMUeCKOe 1 HH(OpMaLOHHOE o00ecrieyeHHe JUCIMILTHHBI (MO/y/151)

OcHOBHasi TuTeparypa:

1. IouTpsirun JleB CemeHoBuu. OObIKHOBeHHbIe JuddepeHIaabHble YypaBHeHUs : yueb. AJisi CTy/IeHTOB
Mar. crieljaabHOCTel yH-TOB. - M. : Hayka, 1982. - 331 c. - 0.85., 141 3k3.

2. dnbcronbly JleB OpHecTtoBrY. [IuddepeHiiianbHble ypaBHEHUS M BapUALMOHHOE UCUKCTIEHNE :
yueOHUK. - 5-e u3f. - M. : Dauropuan YPCC, 2002. - 320 c. - ISBN 5-354-00135-8 : 117.00., 68 3k3.

3. Camotinenko AHarosmii Muxaiinosud. JuddepeHiuansHbie ypaBHeHus : [IpuMepsl U 3aiauu : [yue0.
rocobue fi71s1 By30B]. - 2-e u3f., mepepab. - M. : Boicmas mikona, 1989. - 382, [1] c. : u. - ISBN 5-06-
000557-7 (B mep.) : 1.20., 231 3Kk3.

4. dununmoB Anekceii @efoposry. CO0pHUK 3ajau 1o guddepeHaabHeIM ypaBHeHUsM : bosiee 14000
3afiau C oTBeTaMH : [yueb. mocobwue] . - M3a. 3-e. - M. : JIUBPOKOM, 2009. - 240 c. - ISBN 978-5-397-
00658-3 : 270.00., 48 3k3.

[oronHuTebHast TUTepaTypa:

1. TuxonoB AnHzpeit HukonaeBuu. [IuddepeHiyaabHble ypaBHeHuUs : [yueb. /11 YH-TOB 10
cnieriaibHOCTIM "TIpukiiaj. MateMatuka" u "®usmka'"]. - 2-e uzg., nepepab. u gor. - M. : Hayka, 1985. -



231 c. - (Kypc BbICIIel MaTeMaTUKK U MaTeMaTHueCcKor (u3uKHU. BbIM. 7). - 0.80., 39 3k3.

2. bubukos FO. H. Kypc o6bikHOBeHHBbIX v depeHIuanbHbIX ypaBHeHuM / bubukos FO. H. - 2-e u3g,,
ctep. - Cankt-Iletepbypr : Jlanb, 2022. - 304 c. - Kaura u3 Kostekiyy Jlanb - MareMatuka. - ISBN 978-
5-8114-1176-4., https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=799724&idb=0.

3. [IpakTuKyMm 1o aucuurvHe "uddepeHiuanbHabie ypapHeHUs " : yueOHO-MeToAMuecKoe rmocobue. Y.
1/E. B. I'ybuna, E. FO. Kaguna, H. B. Kucenera, I'. B.Ocurios ; HHI'Y um. H. U. JTobaueBckoro. -
Hwxuuiit Hosropog, : 3a-8o HHI'Y, 2016. - 29 c. - TeKCT : 3/1eKTPOHHbI.
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=823688&idb=0.

[TporpammHoOe obecrieueHre U VIHTepHET-peCcypChl (B COOTBETCTBUU C COJIePXKaHUEM JIVCIIUTIIAHBI):

®oHj obpa3oBaTenbHBIX 3/1eKTPOHHBIX pecypcoB HHI'Y, URL: http://www.unn.ru/books/resources.html..
— cBOOO/IHBIM [JOCTYTI.

1. OnekTpoHHas 6ubnmoTeuHas cuctema «M3gatensctBo Jlanb», 2016, URL: https://e.lanbook.com
2. Ouddepeniianbhble ypaBHeHUs: https://openedu.ru/course/ITMOUniversity/ DIFEQ/

3. MuddepeniranbHbie ypaBHeHus (14 nekuuid): https://teach-in.ru/course/differential-equations-p1
4. OuddepeHiinanbHble ypaBHeHUs U KpaeBble 3afauu: http://ed-online.ru/courses/214-

Differentsialnye-uravneniya-i-kraevye-zadachi
5. OuddepentmanbHbie ypaBHeHUs: https://intuit.ru/studies/courses/911/325/info

7. MaTepHua/IbHO-TeXHHYeCKoe ofecreyeHUe JUCHUILIMHBI (MOY /1)

YueOHble ayIUTOPUM [ijisi TIPOBeJIeHWs yueOHBbIX 3aHSITHM, TpeJyCMOTPEeHHBIX 00pa30oBaTe/bHOU
MPOrpaMMOM, OCHaIlleHbl MY/JIbTUMEJUNHBIM 000py/JoBaHUEeM (TPOEKTOp, 3KpaH), TeXHUUeCKUMHU
cpefcTBaMu 00yYeHHs, KOMITbFOTEpaMH.

[TomerrieHust 11 CAaMOCTOSITENTBHON pabOThl 0OYYArOIIUXCS OCHAIeHbI KOMIBIOTEPHON TEXHUKOHN C
BO3MOKHOCTBIO TOAK/IOUeHUss K ceTd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/€KTPOHHYIO
WHGOPMAaLIMOHHO-00pa30BaTeIbHYI0 Cpejly.

[Tporpamma cocrtaBiieHa B cooTBeTcTBUM ¢ TpeboBanusmu OC HHI'Y mno HampaBieHHO
nogrotoBku/crieriaabHoCTH 01.03.02 - TIpuknagHas MaTeMaTHKa U MHGOpPMaTHKa.

Astop(b): ['ybuHa Enena BacunbeBHa, KaHAuAaT Gpr3MKo-MaTeMaTHYeCKUX HayK.
PeriensenT(b1): JlomakuHa JIroboBb CepreeBHa.
3aBenyroumii Kaeapoii: Ocunos I'puropuii BiaguMupoBuy, J0KTOp (PU3UKO-MaTeMaTHUeCKUX HayK.

ITporpamMma o006peHa Ha 3acejJaHUM MeTOANUECKOM Komuccuu ot 17.12.2025, mpoTtokos Ne Ne6.
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