PabGouyasi nporpamMma qucuunJnHbI (MoayJst) « Beiciasi MaTeMaTHKay, BRJIKOYAs

1. TpeGoBanus K pe3yabTaTam
1.1. TepeyeHb KOMIIETEHIIHIA,
0CBOEHHUs 00pa30BaTeJIbHOM 1T

OIICHOYHBbIC MATCPHAJbI

o0yueHusl MO TUCHHUILINHE (MOIYJIIO)
¢GopMupyemMbIX AUCHMIUIMHOH (MOayJieM) B mpouecce
OrpamMMbl

I'pynna xoMneTeHIHii

KaTteropusi kKomnereHumi Koabl U conep:kanue KOMIeTeHIU

yHI/IBepcaHLHLIe

Oo6menpodeccroHaIbHbIE

- OIIK-1. CmocobeH HUCIIOIL30BaTh
MaTeMaTHYECKUE,
€CTECTBCHHOHAYYHBIC U WH)KCHCPHBIC
3HAHUS JUIS DPEIICHUS 3ajJad CBOCH
po(eCCHOHATBHON IEATEIBHOCTH

- OIIK-3.  CnocobeH  mIpOBOAUTH
Hay4HBIC HCCJIEIOBAaHHMS W aHaIU3
MIOJTyYEeHHBIX Pe3yJIbTaTOB

- OIIK-4. CnocobeH HCIOIB30BAThH
METO/IBI MaTeMaTHYECKOTO
MOJICTPOBAHUS OTACTHHBIX CTAIUN 1
BCEro TEXHOJOTHYECKOTo IIpoIiecca,
OCYILECTBIISITh TEOPETHYCCKHIA
aHalm3 U JKCHEPUMEHTaJIbHYIO
MIPOBEPKY aJIEKBATHOCTH MOJIENIN

- OIIK-5. CriocobeH MTOHUMATh
HOPUHIMUIE  paboOTBl  COBPEMEHHBIX
UH(OOPMALMOHHBIX TEXHOJIOTHH |
HCIIOJIb30BAaTh UX I PCIICHUA 3a1a4
npo(eCCHOHANBHOM JACSITEIBHOCTU

ITpodeccronaapHbIe

1.2. KomneTeHIIUM ¥ HWHINKATOPHI

UX JOCTH:KeHHs, (opMHPYeMbIX JHCHUIIHHON

(Moys1eM) B mpouecce 0CBOEHHUs 00Pa30BaTeJILHOI MPOrpaMMblI

Kon Kon unankartopa
Copep:xaHue HHAUKATOPA KOMIIETEHIINH
KOMIETEHIIMH | KOMIeTEeHIHH

OIIK-1 OIIK-1.1 IIpumensier mnpu pemeHHH 3a1ad NPOPEeCCHOHANBHOW AEATENbHOCTH
MaTeMaTHYeCKUH amnmapar, MeTOAbl MaTeMaTH4YeCKOro aHaliu3a H
MOJIETTMPOBaHUS

OIIK-3 OIIK-3.3 OO0pabaTeiBaeT W HHTEPIPETHPYET OKCIEPUMEHTAIBHBIC ITaHHBIC IS
aHaJIM3a TEXHOJOTMYECKNX TMPOILECCOB, NPUMEHsSIS MaTeMaTHYEeCKHE,
CTaTHCTHUYECKHE, (Pu3NUecKHe, PU3NKO-XUMHIECKHE, XUMHUIECKAE METO/IBI

OIIK-4 OIlK-4.1 Ucnonp3yer MareMaTH4ecKME METOAbl W METOAbl CTATUCTUKU IS
00paboTKN M aHaNW3a JAaHHBIX NPH PEIICHWH 3a7a4 NpodeccHoHaIbHON
JIESITETIPHOCTH, TPUMEHSET METOABl MaTeMaTHYeCKOTO MOJETUPOBAHMS
MPOIIECCOB M OOBEKTOB Ha 0a3e CTaHAAPTHBIX MAKETOB MPUKIAJHBIX
porpaMMm

OIIK-5 OIIK-5.1 ITpumensier cpeacTBa COBPEMEHHBIX MH(GOPMAIMOHHBIX TEXHOJIOTHI IS
MIONCKA, XpaHeHHs, 00pabOTKH, aHaJIN3a M NMPECTaBICHU HHPOPMALUU

1.3. Pe3yabTaThl 00y4eHus 0 AUCHMILIUHE (MOILYJIIO)

Henap u3yuyeHuss AUCHMILVIMHBI (MoayJsi) — (GOPMUPOBAHHE MaTEMaTHYECKOW KYJIbTYpPbI
CTYJEHTOB, OBJIa/ICHHE COBPEMEHHBIM aIlllapaToM MaTEMaTHKHU JUIS JAIbHENIIETO UCTIOIb30BaHUs
B JIpyrMX O0JacTAX €CTECTBEHHOHAyYHOTO 3HAaHUS M JUCUUIUIMHAX €CTECTBEHHOHAYYHOTO

COJICpKaHus,

noATOTOBKAa K HU3YYCHHIO W TPHUMCHCHUIO MATCMATUUYCCKHUX MCTOJIOB B

npoecCuOoHANBbHOM 1eATEeNbHOCTH, K CAMOCTOATEILHOMY U3YUEHHUIO T€X pa3zesioB MaTeMaTHKH,
KOTOpPbIE MOT'YT MOTPEOOBATHCS IOMOJIHUTENBHO B IPAKTUUYECKOM M HCCiIeI0BaTelbCKOi padoTe;
(dbopMUpOBaHNE HABBIKOB MCIOJIb30BAaHUSI MaTEMaTHUYECKUX METO/J0B U OCHOB MaTeMaTHYeCKOTO
MOJICIIUPOBAHMS B TPAKTUYECKOH JIeATEIbHOCTH U HAy4HOIl padorTe.

B pe3ynbrate u3yueHus: AMCUUILIINHBI (MOIYJIs) 00yJaromuiics JOKeH

3HATb:

¢ MPUCMBI UCCIICAOBaHUA U

pemiCHU MATEMATHYCCKU (bOpMaJ'II/IBOBaHHLIX 3aga4,



MaTeMaTHYECKUE METOMbI, MCIOJIb3yeMble Jjsi cOopa, oOpabOTKM M aHaNM3a JAaHHBIX,
HEOOXOUMBIX JUI PELICHUS TOCTABICHHBIX SKOHOMUYECKUX 3a]1a4;

yMeThb:

BBIOMpATh pecypchl Uit Houcka HHGOopMauu, HEOOXOJUMOM JIJIs peIlIeHuUs TIOCTaBICHHOM
3a/1a4i;

HAXOJNTh, KPUTHYECKU aHATTU3UPOBATh, COMOCTABIATH, CUCTEMATH3UPOBATh U 0000IIATh
oOHapyXeHHYI0 HH(OPMALINIO, HEOOXOAUMYIO JIJIsl PELICHHS IOCTaBICHHOM 3a7auu;
BBISIBJISITH CUCTEMHBIE CBS3H M OTHOLICHHS MEKIY M3Y4aeMbIMU SIBJICHUSAMHU, TPOLECCAMU
U/ 00beKTaMH Ha OCHOBE MPUHSATON MMapaJurMbl

MPUMEHSATh MATEMATUUYECKUE METO/IbI JIJIsl PEIICHUs] PAKTUYECKUX 3a/1a4;

CTPOUTH MAaTEMATHUYECKHE MOJIETH TPUKIIATHBIX SKOHOMUYECKUX 3a/1a4 U UCCIIEIOBATh 3TU
MO/JIENH;

BJIA/1€Th:

METOJaMH MaTeMaTHYeCKOI'0 aHajiu3a, JMHEHMHON anreOpbl, IPUMEHSIEMbIMH B
YKOHOMHUKE;

HAaBBIKAMM IIPUMEHEHHUsI COBPEMEHHOT'0 MATEMATUYECKOI0 HHCTPYMEHTAPHS 1S pELICHUS
SKOHOMMYECKHX 3a7ay;

MaTEeMaTUYECKUMHA METOJAaMHU PELIEHUS THUIIOBBIX OpPraHU3alMOHHO-YIIPaBICHYECKUX
3az1a4.

2. O0beM, CTPYKTYpA U coiepiKaHue JUCHUILIMHBI (MOLYJI51)
2.1. O6beM AUCHUTUINHBI (MOTYJIs)

Buowl yueonoi pabomot Dopmot 00yuenusn
Ounasn
O0u1asi TPY/10eMKOCTD: 3a4ETHbIC eIMHUIIBI/9aChl 10/360
KonTakTHas padora: 216
3aHsATHS JEKIIMOHHOTO TUIIA 108
3aHATHS CEMHHAPCKOTO THUIIA 108
Koncyabranun 0
ITpoMeKyTOUYHAS aTTeCTAIMS: 3aU€T, 3a4€T, IK3aMEH 36
CamocrosiTebHasi padora (CP) 108

2.2. Tembl (pa3aenbl) TUCHUILTHHBI (MOIYJIS1) ¢ YKa3aHHEM OTBE€HHOI0 HA HUX KOJIHYeCcTBa
yacoB no popmam 00pa3oBaTeIbHOM NeATeIbHOCTH
Ounas popma 0dyuenus

Buabl yue6Hoii padoTthl (B yacax)
Ne | HaumeHoBaHue Tem Konrakruas padora
3auaTus
n/n | (pa3genos) 3aHATHSA CEMMHAPCKOI0 THIIA Cp
JIEKIMOHHOTO THIIA
JI Hubie 3 C JIP Hubie

1. DeMeHTHl TMHEHHON 12 0 12 0 0 0 12
anreOpel

2. 31eMeHTHI 12 0 12 0 0 0 12
AQHAJIUTUYECKOU
reOMETPUH

3. DNeMEeHTHI 14 0 14 0 0 0 14
MaTeMaTH4eCcKOro
aHaiM3a

4. Huddepennnansroe 14 0 14 0 0 0 14
HCUUCIICHUE

5. HHTerpanpHOE 14 0 14 0 0 0 14
HCUHCIICHUE

6. OyHKIIH 14 0 14 0 0 0 14
HECKOJIBKUX
IIepeMEHHBIX

7. HuddepennnansHbie 14 0 14 0 0 0 14
u pa3HOCTHBIE
ypaBHEHHS




| 8. | Pamm | 14 o | 14 | o | o | o | 14
Ilpumeuanusn:
JI — nexuum, I13 — npakruyeckue 3ansatus, C — cemunapsl, JIP — naboparopusie padotsl, CP — camocrosiTenbHas

pabora.
2.3. Coaep:kanue JUCHUIIMHBI (MOAYJsl), CTPYKTYPHPOBAaHHOe MO TeMaMm (pas3jejaM) H
BHaM padoT

ConepixaHue JeKIHOHHOI0 Kypca

HaumeHnoBaHnue TeM (pa3iesioB)

Copnep:xaHue JIEKIUOHHOI0 Kypca

DeMeHTHI TMHEHHON anreOphl

Bexrops! u neiictBus ¢ HUMU. JIuHelHOE pocTpaHcTBO. Matpuisl U
neiicTBus ¢ HUMHU. OTpenenuTeNnd: MOHITHE, CBOWCTBA, TIPIMCHEHHE.
Cucrembl JTHHEHHBIX YPaBHEHUI: TIOHATHE, BUIBI, METOIBI PEIICHUIA.
JlvHeiiHbIe OmepaToOphl U MCHCTBUS ¢ HUMHU. KBampaTuuHsie GopMbI:
MOHATHUS U BUJIBI.

DIEMEHThI AHAJIUTUYECKOM

reoMeTpHU

JInHUY Ha IJIOCKOCTH. KpI/IBI)Ie BTOpOI'0O MopsaKa: IMOHATHC, BUIBI,
HpeOGpa?)OBaHI/IH. HpSIMI:Ie JIMHWUW U TIJIOCKOCTH B TPOCTPAHCTBE.

3J1IeMEHTBI
aHajau3a

MaTCMaTU4YCCKOI'o

MHoXxecTBO: NOHATUE, BHUABL, onepauud Haj HumMu. DyHxuuu:
HOHATHE, BUJIBI, NpuMeHeHue. llepenensl: onpexneneHue, BUIBL
IIPUMEHEHUE. HenpepeiBHOCTB GbyHKIMH: OIIpE/ICTIEHNE,
CBOWCTBA,TIPUMEHEHUE.

HduddepernnansHoe HCIUCTICHIE

IMpowsBomHast (QYHKOMHU: OIpENENCHUE, CBOMCTBA, NPHMCHEHUSL.
CgoiictBa 1uddepeHIpyeMbIX (YHKIHH: OCHOBHBIE TEOPHH H
npasiia. VcenenoBanne GyHKIHMI C TOMOIIBIO TIEPBOI IPOU3BOIHOM.
HccnenoBanne (GyHKIMH ¢ IIOMOIIHIO BTOPOH IPOM3BOIHOM.

I/IHTCFpaHBHOG HCYHUCIICHUEC

Mertoas! naTErprpoBaHKs. VIHTErprpoBaHHE palliOHAIBHBIX APOOEH.

WnrerpupoBanne UpPAMOHAIIBHBIX (bYHKIHH.
WnTterpupoBanne TpuroHOMeTpHUYecKnX (GyHKIMA. OnpenecHHBIH
WHTETpAI: TIOHSATHE, CBOWCTBa, NpuMeHeHue. HecoOcTBeHHbIE
MHTETpalbl: HOHITHE, BUIbI, CBOMCTBA

OyHKIUH
TIEPEMEHHBIX

HCCKOJIBKHX

OyHKIMS MHOTHX TNEPEMEHHBIX: TOHSATHE, CBOICTBA, NMPUMEHEHHE.
YacTHble NpUpaIleHHs] U YaCTHBIE TIPOM3BO/IHBIE: TOHSITHE U CBOIMCTBA.
[MonHble npupalieHus W THONHBIA auddepeHnman: MNOHATHE U
CBONCTBO. DKCTpEMyM: OHSTHE M CBOMCTBA.

HNuddepennuanbHbie u
Pa3sHOCTHBIE ypaBHEHHUS

JubdepeHupnansHple  ypaBHEHHsT IEpPBOTO MOpsJKa: TOHSTHE,
cBoiicTBa, npuMenenust. J{uddepenunanbHpie ypaBHEHUsS] BTOPOTO U
BBICIIEr0 MOPSAKOB: MOHITHE, CBOWCTBA, NpUMEHEeHHe. PasHOCTHBIE
YpaBHEHHsI: IOHATHE, CBOICTBA, IPUMEHEHHE.

Psansr

YucroBble psiabl: IOHATHE, CBOWCTBA, TPUMeHeHHe. DyHKIIMOHATIbHBIE
PAABL: IOHSTHE, CBOICTBA, IpuMeHeHue. Pspl Taitnopa u Maknopena:
OIIpe/ie/IeHHe, CBOWCTBA, IPUMEHEHHE.

CojaeprxkaHue 3aHATHII CEMHHAPCKOI0 THIIA

HaunmenoBanue TeM (pa3iesion)

Tun Copaep:xaHue 3aHATHII CEMUHAPCKOT0 THIIA

OJeMeHTHI THHEHHON anreOphl

I13 | IIpoGemsl ai1st 00CY>KACHHUS:

Bexrops!l u IeUCTBYS ¢ HUMU.

JIuneltHOE MPOCTPaHCTBO.

Matpunpl 1 AEUCTBUS C HUMH.

Onpenenureny: NOHITHE, CBONCTBA, IPUMEHEHHE.
Cucrembl TMHEHHBIX ypaBHEHUIl: MOHATHE, BHUIbBI, METObI
pEILeHHH.

JIuHeliHble onepaTopsl U ACHCTBUSI C HUMU.
KBaznparmunbie GOpMBI: TOHATHS U BHIBL.

Pemenne 3agau:

[eiicTBus ¢ BeKTOpamu.

[HeiicTBus ¢ MmaTpunamu.

[IpumeHenue onpeaenuTenei.

Pelenue cucteM JIMHENHBIX YPaBHEHUI.

JleWicTBUS ¢ TMHEIHBIMU ONEepaTOpaMu.

[TprMeHeHne 3JIEMEHTOB JINHEHHOH aareOpbl B SKOHOMHUKE.

DJ1eMEHTBI AHAJIMTUYECKOH

reoMeTpru

I13 | [IpoGnemsl 1t 00CyKaECHHUS:
JIMHMY Ha TUIOCKOCTH.




KpuBble Broporo nopsjka: oHsATHE, BUbL, IPEoOpa3oBaHusI.
IpsiMble TMHUN U MIOCKOCTU B IPOCTPAHCTBE.

Pemenue 3anau:

Metoa KOOpAUHAT Ha MIIOCKOCTH.

IIpsimast B 1eKapTOBBIX KOOpJUHATAX.

VYcnoBust mapaieabHOCTH U NEPHEHANKYIIPHOCTH MPSIMBIX
Ha TUIOCKOCTH.

Kpussle Broporo nopsaka.

[IpeoOpa3oBanne  ypaBHEHHWH  BTOpPOTO  IOpsIKa K
KaHOHMYECKOMY BHUILY.

ITnockocTs.

[Ipsimast TuHMS B IPOCTPAHCTBE.

DJIeMEHTHI MaT€MaTH4YCCKOI O
aHaJIn3a

I13

ITpoGmems! 115t 00CYKACHIS:

MHOXECTBO: TIOHATHE, BUJIBI, OTICPAIIMU HAJl HUMH.
OYHKIMY: TIOHSITUE, BUIIBI, TIPUMCHEHHE.

[lepenensl: onpeaeneHue, BUAbL, IPUMEHEHHE.
HenpepbiBHOCTS  ()YHKIIMK:  ONpEHCNICHHE, CBOICTBA,
MPUMEHCHHE.

Pemienne 3agau:

Omneparu HaJ MHO>KECTBAMHU.

OCHOBHBIC JIEMEHTAPHBIC (PYHKIUH 1 UX TPAPHKH.
Brrauncnerne npenenoB mepeMEeHHBIX BENWYHH M (YHKITHNA
OJIHOW TIEpEMEHHOM.

HemnpepriBHBIC QYHKINHL

JuddepeHnnansHOE NCUNCITICHUE

I13

[poGmemb! 1151 00CYKACHIS:

[lpousBomHass ~ QyHKIMU:  ONpejelieHHe,  CBOICTBA,
MPUMEHEHHUS.

CaoticTBa uddepeHIpyeMbIX QYHKIMN: OCHOBHBIE TEOPUH
U TIpaBUJIA.

HccnenoBanue GpyHKIMI ¢ TOMOIIBIO TIEPBOI MPOU3BOTHOM.
HccnenoBanue GpyHKIMI ¢ TOMOLIBIO BTOPOH MTPOU3BOAHOM.
Juddepennman GyHkImm.

Permmenne 3agau:

ITpon3BoIHBIE OCHOBHBIX AJIEMEHTApHBIX (DYHKIIHH.
[IpowusBoTHEIE CIIOKHON M 00PATHOM (YHKIIHI.
ITpon3BoHbIE BBICIINX MOPSAKOB.

[prroxeHne TPON3BOHON K UCCIIESIOBAHNIO (DYHKITHH.

I/IHTeraJ'ILHOG HCYUCIICHUEC

13

[poGmemb! 115t 00CYKACHIS:

MeToab! UHTErpUPOBaHUSI.

WHTerprupoBaHue parvoHaIBHBIX APOOeii.

WHTerpupoBanue UppaIriMOHAIBHBIX ()yHKITHH.
WHTerpupoBaHue TPUTOHOMETPUUECKUX (DYHKIIUIA.
OnpeieneHHbIN HHTETPAJ: TIOHATHE, CBOMCTBA, TPUMEHEHHE.
HecoOcTBeHHBIE MHTErpaIBI: IOHSATHE, BUIbI, CBOHCTBA
Perenne 3agau:

WHTerpaibl 0T OCHOBHBIX (DYHKITHIA.

Hcnonb3oBaHue METONOB HWHTETPUPOBAHMS U  CIydas
HEONPEJIENIEHHBIX HHTErPAJIOB.

Brruucnenue onpeneneHHbIX HHTETPAIIOB.

Brruncnenne HecoOCTBEHHBIX HHTETPAJIOB.

DOyHKIUA HECKOJIBKUX
MepEMEHHBIX

13

[TpobGnemb! 1t 00CYKICHUS:

OYHKIMST MHOIMX IE€PEMEHHBIX: IIOHATHE, CBOICTBA,
MPUMEHEHHE.

YacTHbIE IPUPAIICHNUS U YaCTHBIE TPOU3BOIHBIE: ITOHITHE U
CBOIICTBA.

IMonHBIe IpUpaIIeHNs U TTOIHBIH AudepeHrat: MOHITHE U
CBOJCTBO.

OKcTpeMyM: OHATHE U CBOICTBA.

Pemenue 3anau:

OYHKINU HECKOJIBKUX NEPEMEHHBIX.

BerrunciieHre 4acTHBIX TPOU3BOIHBIX (DYHKIIMN HECKOJIBKHX
MepEeMEHHBIX.

Haxoxnerne nomHoro muddeperimana st GyHKINHA ABYX

4



U TPeX MEePEMEHHBIX.
JlokaJbHBIH SKCTpEMYM (YHKIIMU HECKOJIBKHX NEPEMEHHBIX.

JuddepennuansHoie u
Pa3HOCTHBIC YPaBHCHHUS

I13 | [IpoGnemsl 1t 00CyKaCHHUS:
JuddepeHunansiple  ypaBHEHHS
MOHATHE, CBOWCTBA, TPUMEHEHHSL.
JuddepeHnnansable  ypaBHEHHS BTOPOIO M BBICILIETO
MOPSI/IKOB: TOHSTHE, CBOMCTBA, TPUMEHEHHE.

Pa3nocTHbIE ypaBHEHMS: IOHATHE, CBOMCTBA, IPUMEHEHHE.
Permenne 3agau:

Pemenne  muddepeHIIMANBEHBIX
HOpSI/IKA.

Pemenne nmHEWHBIX U (dEpeHIHATBHBIX — YpaBHEHHN
BTOPOTO TIOPSIKA C TIOCTOSTHHBIMHU K03 (hHIeHTaMH.
Perienre THIIOBBIX Pa3HOCTHBIX YPaBHEHHH.

TIepBoro nopsiaKa:

YpaBHEHUH  INIEPBOIO

Psner

I13 | [IpoGnemsl 1t 00CyKaCHHUS:

YucnoBsle psiabl: IOHATHE, CBOMCTBA, IPUMEHEHHUE.
OyHKIMOHATIBHBIE PAMBL: TIOHATHE, CBONCTBA, IPHUMEHEHHE.
Paner Toiinopa m MaknopeHa: omnpejaeneHue, CBOWCTBA,
MPUMEHEHHE.

Pemenue 3anau:

[HeiictBus ¢ psaaamu.

PaznoxeHne B psi 3IeMEHTapHBIX (PyHKITUIA

HccnenoBanme psgoB Ha CXOAMOCTb.

Paznoxxenne yHkImi B psim MakiopeHa.

Coaep:xkanue caMOCTOATETbHOI PadoThI

HaunmeHnoBaHue TeM (pa3/iesioB)

Conep:kaHue caMOCTOSITEILHOI PaGoThI

OneMeHTHI TMHEHHOH! anreOpsl

Crneimduyeckie  CBOWCTBA  ONEpalid  YMHOXEHHS — MaTpHIL.
MartpuyHast MoJienb OaJlaHCOBOro aHanu3a. JInHelinas Monens oOMeHa
(MaTpHr4Has MOJENb MEKIYHAPOHONW TOPrOBIIH).

ONEeMEHTHI AHAJINTHYECKOH

reoMeTpun

HpI/IJ'IO)KCHI/IH MCTOJa KOOpAWHAT Ha IUIOCKOCTH. YacTHbIe Clrydan
O6HICFO YpaBHCHUA ILIOCKOCTH. HI/IJ'II/IHI[pI/I‘IeCKI/Ie TIOBEPXHOCTH.
HOBerHOCTI/I BpalicHusl. Kanonngeckue YpaBHCHUS HOBGpXHOCTeﬁ
BTOPOI'O INMOpsaKa.

DEeMEHTHI
aHaJIn3a

MaTE€MaTU4ICCKOIo

YpcoBele  MHOXeCTBa.  KOMIUIEKCHBIE YucioBele

NOCJICA0BATCIIBHOCTH.

qucia.

HduddepernnansHOE NCUNCITICHIE

[TponsBosHbIE BBHICHIMX IIOPSOKOB OT SIBHO 33/laHHBIX (DyHKIWH.
[Tpon3BosHbIE BBICIIMX IOPSAKOB OT HESBHO 3aJaHHBIX (DyHKIHH.
IIpons3BosHBIE BBICIIMX MOPSAKOB OT  (YHKIMH, 3aJaHHBIX
napamerpuyecku. [Ipunoxkenne audQepeHInaIbHOT0 HCUHCICHUS K
TFEOMETPHHU.

WHTerpanbHOEe UCUUCIICHUE

['eomeTpryeckue MPUIIOKEHHs ONpeieIeHHOro nHTerpana. [liomanp
WI0cKO# (urypel. O0beM Tena BpamieHust. JinHa 1yru KpUBOii.

OyHKIUU
TIePEMEHHBIX

HCCKOJIBKHUX

OynkimKM Tpex U Oojee mepeMeHHbIX. [Ipon3BoaHas Mo Ayre u Mo
HampapjieHut0. ['pagueHT W ero cBA3b C NPOU3BOJHON 1O
HanpasieHH0. KacarenbHasi II0CKOCTh U HOPMaJIb K IOBEPXHOCTH.

Huddepennnansapie u
Pa3HOCTHBIC ypaBHEHHS

JuddepeHnpnansHble ypaBHEHHS BBICIINX MOPAAKOB. OcoOble
pemrenns.  JnddepeHnmansaple  ypaBHEHHS, HE pa3pelleHHbIE
OTHOCHUTEIILHO MPOU3BOTHOM.

Pansr

[TpumMenenue psiioB B IPUOIM)KEHHBIX BhIYUCIeHHsX. [IpubmmkenHoe
BBIYMCIIEHHE 3HaueHWi ¢yHkumid. [IpnOmmkeHHoe BEIMHCIEHHE
uHTerpasos. MHrerpupoBanue qudpepeHINaNbHbIX ypaBHEHHH.

3. OHCHO‘{HI)IC MaTepuajJdbl AJd IMMPOBCACHHUA TEKYLIEro KOHTPOJAHA YCHEBAEMOCTH M
NMPOMEKYTOYHOM aTTeCTAIUM 00YYAIOIIUXCS 10 JUCHUIIMHE (MOAYJII0)

[lo nucuuminHe (MOIYINIO) MPEIYCMOTPEHBI CIEAYIOIIME BUIbI KOHTPOJSI KadyecTBa
OCBOEHHUS:
TEKYIIUNA KOHTPOJIb YCIIEBAEMOCTH;

MPOMEXKYTOUHAs aTTeCTAlUs 00YJaIOIIUXCS 0 AUCIUTIITNHE (MOIYIIIO).
31 OlleHO‘lele MaTepuaJdbl 1Jisl IPOBCACHUA Telcymei/'l arTrecraqmuu Mno JAUCHUMIIJIMHE
(Mony.110)




@ | KoHTpo/mpyeMble TeMbl (pa3aesbl) HauMmeHOBaHHE OLICHOYHOI0 CPEACTBA
n/n
1. | DnemeHTHI IMHEHHON anreOpsl YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TECT.
2. | DneMeHTHl aHAIMTHYECKOM TeOMETpUH YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TeCT.
3. | DneMeHTHI MaTeMaTHYECKOTO aHaJIN3a YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TECT.
4. | JnddepenumanpHoe ncuuciaeHue YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TeCT.
5. | MHTerpanpHOE HCUKCIEHUE YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TeCT.
6. | OyHKIMU HECKOJBKHUX MEPEMEHHBIX YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TeCT.
7. | Juddepenunanbuble U pa3HOCTHBIC YPaBHEHHUS YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TeCT.
8. | Panmr YCTHBIN onpoc, KeHChl, KOHTPOJIbHas paboTa, TeCT.

3.1.1 TunoBbie KOHTPOJIbHBIE 32JaHUSI UJIH HHbIE MAaTepPHaJIbl, HEOOXOAUMBIE [JIsl OLIEHKHU
3HAHUH, yMeHHI1, HABBIKOB M (WJIM) ONBITA JesiTeIbHOCTH B NpoLecce TeKylero KOHTPoJIs
yCIeBaeMOCTH
YcrHBIii onipoc

Ne
n/n

KonTposupyemsbie TeMblI (pa3aesibl)

Bomnpocs! k onpocy

1

Lo

DJneMeHThI THHEWHOU anreOphI

12.

13.
14.

Martpuup! u ux Buasl. Onepauny HaJ MaTPULIAMH.
Brruucnenue onpenenuTeneld KBaIpaTHbIX MaTPHIL
1, 2 1 3-r0 NOpAIKOB.
MuHop u anredpanyecKkoe IOMOJIHEHHE 3JIEMEHTa
MaTpPHULIBI.
Teopema Jlammaca. CBoiicTBa ompeaenuTenei,
BBITEKaroLIMe U3 TeopeMsl Jlamnaca.
OO0patHas marpuna. HeoOxoaumoe u JOCTaTOYHOE
yCIIOBUE CYIIECTBOBAHHS OOPAaTHON MaTPHUIIBL.
TeopeMa 0 paHre MaTpULBL.
Meton oOpaTHol Matpuisl pernenus CJIAY.
Merton Kpamepa pemenust CJIAY.
Meron I'aycca pewenns CJIAY.
. Teopema Kponekepa Kanemnnu.
. Cucremsbl OJHOPOJHBIX
DyHIaMeHTalbHasg CUCTEMa PEIIEHHH.
CoOcTBeHHBIE BEKTOPBI U COOCTBEHHBIC 3HAYCHHUS
JIMHEWHOTO omepaTopa.
Kagpatuunsie popMsl.
3HaKOONPEIeICHHOCTh KBaAPATUIHOH (HYOPMBI.

ypaBHEHUH.

OJIEMEHTBI aHAJIUTHYECKON

reoMeTpuun

MeTton KoopauHAaT Ha TIIOCKOCTH.

IIpsiMas B 1€KapTOBBIX KOOpAUHATAX.

Meroab! 3a1aHUs ypaBHEHUE IPSIMOM HA TNIOCKOCTH.
VYcnoBue napauienbHOCTH U NMEPIEHIUKYIAPHOCTH
HIPSAMBIX HA IJIOCKOCTH.

Yros Mexay AByMsI IPSIMBIMHU.

VYcnoBue napannensHOCTH

U TIEPIIEHANKYIISIPHOCTH ABYX MIIOCKOCTEHN

Yros Mexay ABYyMsI INIOCKOCTSIMU.

OKpy>KHOCTb 1 DJUTHIIC.

. 'unepOona n nmapaboma.
. YpaBHEHHE ILUIOCKOCTH U NPSIMOI B IPOCTPAHCTBE.
. IIpocTtpancTBeHHBIE (DUTYPBHI.

OJIEMEHTEI
aHajan3a

MaTeMaTH4YCCKOI'O

[TonsiTHE MHOKECTBA.

Onepanuu HaJ MHOKECTBaMHU.

[MousiTre GyHKINH.

CriocoObI 3a1aHusT PYHKITHH.

OcHOBHBIE CBOICTBA (DYHKIIHH.

OcHOBHBIE 3JIeMEHTapHbIe (YHKIMU U UX TpaduKH.
IIpenen 4MCIOBOM MOCHEAOBATENILHOCTH W €rO
Tre€OMETPHUYECKHI CMBICII.




© ®

10.
11.
12.
13.
14.

[Ipenen pyHKIIMYU B OECKOHEYHOCTH U B TOUKE.
BeckoHeuHo Majiple U OECKOHEYHO OOJjbIIHe
BEJIMYMHEI, UX CBOMCTBA.

OCHOBHBIE TEOPEMBI O Mpeieax.

[Tpu3Haky cylecTBOBaHHS MpeJiea.
3aMeuaTebHbIC IPEACIIbI.

OnpeneneHre HeMPEPHIBHOCTH PYHKIIUU B TOUKE.
Touku pa3peiBa GyHKINH.

HuddepeHnnanbrHoe HCUUCITICHHE

wn

©oN O A~

®uznyecknii, JKOHOMUYECKUH U T€OMETPUUECKUN
CMBICIT TIPOU3BOTHOM.

HenpepsiBHOCTS 1 A hepeHIrpyeMocTh GyHKLIUH.
OCHOBHEIE TIpaBmIa u (hopMyITBI
nuddepeHITpoBaHU.

[Tpoun3BoaHbIE CI0XKHOM U 00paTHON QYHKLUH.
[Tpou3BoaHbIE BEICHINX MOPSAKOB

PackpeiTie HeomnpeaeneHHOCTEH.

®opmyna Maksopena.

Hccnenopanue GyHKITHIA.

[onsTre muddepeHnnana (GyHKITHH.
I'eomeTpuyeckuii cmbicn nuddepernmana.

. [Ipubnmxenne nuddepeHnnana B nMpUOIMKEHHBIX

BBIYHCIICHHUAX.

WNHterpanpHoe ucuncaeHue

NGO~ WN

10.
11.
12.

13.
. I'eomeTprueckue TpPUIOKEHUS  OMpPEAETEHHOTO

[lepBooOpa3Hasi QyHKIMM ¥ HEONpeAeTeHHBIN
MHTerpall.

CBoiicTBa HEONPEIEIIEHHOTO HHTErpaa.
WuTerpainsl 0T OCHOBHBIX (DYHKITHAH.

DopMyIBI UHTETPUPOBAHUS.

Mertoj 3aMeHBI IEPEMEHHOM.

MeTon MHTErpUpOBaHUS 10 YaCTM.

[onsiTHe «HEOEPYIINXCA» HHTETPAJIOB.

[lonsTe  ompeneneHHOrO  HWHTErpajia,  €ro
FEOMETPUYECKUNA U DKOHOMUUYECKHUM CMBICII.
Hocrarounoe yCIIOBHE CYIIECTBOBAHUS
OIIpeJIeJIEHHOI'0 MHTErpaa.

CaoiicTBa onpeieIeHHOr0 HHTErpala.

®opmyna Herorona-JleitOHuIA.

OcobenHoctu HCIIOJIb30BaHMS METOJI0B
WHTETPUPOBAHMUS  JUIsI  CIOyd4ass  OIpeleNeHHBIX
HUHTETPAJIOB.

HecobGcTBeHHbBIE HHTETPAIBL.

UHTErpaja.

CDyHKLII/II/I HECKOJIbKUX IMMCPEMEHHBIX

APwnE

o u

©

YacTHble TPOU3BOIHBIE.

[IpousBoaHAas O HANIPaBICHHUIO.

I'paguent.

Juddepennman GyHKIMHA HECKOJILKAX IEPEMEHHBIX
— @HIL.

MakcumyM n Munumym OHIT.

Haubonbiee ¥ HamMeHblllee 3HaYeHHs (QYyHKIMN
HECKOJIbKUX MePEeMEHHBIX.

VY CIIOBHBIN SKCTPEMYM.

[ToHsiTE IBOMHOTO MHTETpaa.

Huddepennmanbapie U pa3HOCTHEIE
ypaBHEHUS

o

l'eomeTpuyeckass WHTEpIpeTals ypaBHEHHS V'=
f(x,y) u ero perieHwus.

WuTerpanbHbie KPUBBIE.

3agaya Komru.

YpaBHEHHUS ¢ Pa3ICISIIONIIMICS TIEPEMECHHBIMHU.




5. Buabl guddepeHumanbHbpIX ypaBHEHHH IIEPBOTO
HOpSIKA.

6. Mertoap! pemieHns audepeHINANTEHBIX YpaBHEHUH
MEPBOTO MOPSIIKA.

7. Juddepennuansabie ypaBHEHHUS BTOPOTO TTOPSIIKA.

8. Jluneiinbie g pepeHImaIbHbIe ypaBHEHUS
BTOPOTO nopsiKa c MOCTOSTHHBIMH
ko3 pumenTamu.

9. Pa3HOCTHBIC ypaBHEHHUS.

10. Metoapl  pemieHHs ~— JHMHEHHBIX  Pa3HOCTHBIX

YpaBHEHUM.
8 | Pamel 1. TapMoHWYeCKUH P,
2. CXOmUMOCTh  4YHCJIOBOTO  pSJa. [Ipu3Haku
CXOJUMOCTH.
3. Pamer ¢ monoxkurenbHBIME wieHamu. [Ipu3Hak
CpaBHEHUS PAJIIOB. TIpenenbubiii MpU3HaK
CpaBHEHMUS.

4. Tlpu3Haku CXOJUMOCTH PsiI0B: pu3HaK Jlanamoepa;
WHTErpajbHbli npu3Hak Komm.
3nakouepenyromuecs psapl. [Ipusnak JleliOHmMIA.
6. DyHKUMOHANBHBIH psa. Tunbl (QYHKIHOHAIBHBIX
PSLIOB.
7. Crenenssle psapl. Pagnyc cXoauMOCTH CTETIEHHOTO
psana. Teopema AGers.
8. Psn Tetinopa.
9. Psg MaxkiopeHa, Kak 4YacTHBIM ciydald psga
Teitnopa.
10. HeoOxoauMblin " JOCTaTOYHBIN TIPU3HAK
CXOJIMMOCTH psAsia MakjopeHa.
Keiicol (cuTyanuu u 3a1a4M € 32JaHHBIMHU YCJIOBUSIMH)
1. TIpu KaKoM A dII€MEHTHI JIMHeHHOTo mpocTpancTa R3
x1=(3,-2,5),x2=(-4,2,1),x3=(2, -4, L) OyayT JuHEHHO 3aBUCUMBIMU?
2 JluneiiHOe NpPOCTPaHCTBO OOPA30BaHO MAaTpPULAMHU, HUMEIOLIUMHU 2 CTPOKM U 3 cTojalua.
CrnoxeHne U YMHOXEHHE Ha YHCIIO 3aJal0Tcsl OOBIYHBIM Ul MaTpHll criocodoM. Yemy paBHa
pa3MepHOCTb IPOCTpaHCcTBaA?
3.HaiiTu pa3MepHOCTb TPOCTPAHCTBA PELLIEHUI OJJHOPOIHOM CHCTEMBI TMHEUHBIX YPaBHEHUN
3X1+ 2X2 + X3 + X4 =0
2X1 + 4Xo + 2X3 -2X4 =0
X1 - 2X2 + BX3 - Xa =0
4. TIpu xakoM o otoOpaxenue A : R? — R?'3amannoe hopmymnoit
A( X1, X2) = (2x1 + a, 3X1 + 2X2), OyAeT IMHEWHBIM OTIePaToOpOM?
3 -1

5. JIunelinblil oneparop ¢ 3a7aH B 0azuce €1, €2 MaTulleh 2 5
HaiiTi 00pa3 BekTopa €1 + 2€2, B OTBETE yKa3aTh CYMMY €0 KOOPINHAT.
3 2

o

6. Jluneitnsiii oneparop @ : R? — R? 3aman maTpureit 3 8 ,

Bekrtop (B, 1) — coOCTBEeHHBII BEKTOp Ui (), OTHOCAIIMNCA K COOCTBEHHOMY 3HAYEHHIO A=2.
Hatitu f.

7. HaliTi MONOXXUTENBbHBIA UHIEKC MHEPIIMU KBAJPATHUHO (POPMBI

f(x1,x2) = X12 + 4X1X2 + X22

8. HaiiTi MaTpuily kBagpaTuuHoi GpopMbl, moaydaeMoii u3

f(X1,X2) = X12 + 4xixz + X2°

JTUHEHHON 3aMeHOM MepeMeHHbIX X1 = 3Y1+Y2, X2 =2Y1 - Y2 . B 0TBeTe yKka3zarh JIeMEHT, CTOSIIHIA
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B TIPaBOM BEPXHEM YTJIy MATPHIIBI.
JIuneiiHbIe NpocTpaHCcTBA
1. Jloka3atb, 4TO Kakaasl M3 JBYX CHCTEM BEKTOPOB (€) u (€’) siBiseTcs 0a3ucoM, HAUTH CBS3b
KOOPJMHAT OJIHOTO U TOTO K€ BEKTOpa B ATHX Oazucax.
e &=(,21), e §=[314)
g =(2, 3, 3), g =052 1),
g ={3,7,1), g ={.1,-96).

Pemenne
UToObI MPOBEPUTH, UTO KAXK/1ask U3 CHCTEM BEKTOPOB 00pa3yeT 6a3uc, HaJ0 HAWTH UX paHTu. J{is
npocTpaHcTBa V3 paHT Kaxk0i 13 CHCTEM BEKTOPOB JOIKHBI PABHATHCA 3.

1 2 3 1 2 3 1 0 0
e=|(2 3 J7|~|0 -1 1 |~|0 -1 0
1 3 1 o 1 =2 o o -1

rang (e’) =3, A(e’) =4

[lycth BekTOp * B Gasuce € MMeET KOOPAMHATHI (X1,X2,X3), a B 0asuce € — KOOPAMHATHI
(x’1,X°2,X’3).

Torna cBs3b 3amaercst Gopmynoit

i’

X Le

r
T ¢
2 =T %2 1 b}
H H — ¢
. i X |=Tx
| X T o
LR W i

Haiinem matpunty T nepexona ot 6azuca ek e’.
CornacHo paBeHCTBY €’=eT nMeeM MaTpUYHOE ypaBHEHUE

51 1 2 3
1 2 1 (=2 3 7|F
4 1 -4 1 3 1

JUISL peIIeHUs] KOTOPOTO MOCTPOUM MAaTPUILy

_18 7 5
et=| 5 -2 -1
T -1 -1

Jlanbie nmeeM:

-18 7 5%3 5 1
T=eTe'=| 5 -2 —1|1 2 1 |=
3 -1 -1)l4a 1 =&
-27 =71 -4
=l & 20 @
4 12 8

Hrak,



%Y (-27 -T1 —41y(x
=l ® 20 9 ||
% 4 12 8 Jlix

o =—27x =71zl —41x,
Xy = 9x] +20x5 + 921,
i =dx +12x; +8x1

2. Haiit pa3sMepHOCTH U Ga3MChbl CYMMBI U IIEPECEYEHUS IOANIPOCTPAHCTB
Li=<ai, a2, a3>ul2=<by, bz, b3>, ecau :

ar=(1,2,1-2)7 bi=(1,1,1,1)7
a2=(2,3,1,0) T b2=(1,01,-1)7
az=(1,2,2,-3) 7 bs=(1,3,0-4)T

EBKJIN/I0BBI IPOCTPAHCTBA

3. B eBKM10BOM MpocTpaHCcTBe R® HaiiT yron Mesk1y BeKTopamu
a=(3,-5,1,5,2)ub=(4,0,-4,4,1).

4. B eBKJIMIOBOM HPOCTPAHCTBE HAWTH KOCHHYC yriia Meay Bekropamu a u b , eciu llall = 3,
bl =1u 11 a—3bl1?+ 11 2a+ 2b1I* = 60

5. Jokazath, 4TO JrO0YI0 OpPTOTOHAJIBHYIO CHCTEMY HEHYJEBBIX BEKTOPOB EBKIIMI0BA
IIPOCTPAHCTBA MOXHO JIOTIOJHUTH JI0 OPTOTOHAIBHOTO 0a3uca 3TOro MPOCTPAHCTBA.

JIuHeiiHbIE OnepaTopbI

6. Haiitu coOcTBEHHBIE 3HAUEHHS U COOCTBEHHBIE BEKTOPHI

JHMHEHHOTO OIepaTopa, 3aJaHHOTO B HEKOTOPOM 0a3nce MaTpHIei

0O 1 0
-4 4 0
-2 10
Pemenne
3anuiieM XapakTepucTUYECKOe YpaBHEHUE
-1 1 0
-4 4-1 0=

A — AE[_|-2 1 -2 (—2°=0

Kopenb ypaBHeHUs: A = 2 MMeeT KPaTHOCTh 3 U SABJISETCS COOCTBEHHBIM 3HAYEHHEM JIMHEWHOTO
oreparopa.

KoopanHaTs! cOOCTBEHHOIO BEKTOPA, OTBEYAIOLIET0 COOCTBEHHOMY 3HAYEHHUIO

A =2 naiinem u3 ogaopoanoi CJIAY (A—AE)- X =O npu A = 2:

-2X1+ IX2 + 0x3 =0

“4X1+2X2+0x3=0

-2X1+ 1X2+ 0x3=0
BrruepkHyB U3 CHCTEMBI BTOPOE U TPEThE YPaBHEHUS, IPUIEM K YPaBHEHHUIO
—2x1+x2=0.
Panr marpunel cuctemsl =1, BeiOupaeM 0a3uCHON HEU3BECTHOM X2, X1 ¥ X3 OyIyT CBOOOTHBIMU
HeusBecTHBIMU. Perienne CJIAY MoXKeT OBITh 3alIMCAHO B BUJIE TMHENHON KOMOWHAIINY JINHEHHO
He3aBUCHUMBIX BekTopoB X = a (1,2,0) +  (0,0,1)
Bextopsr e1= (1,2,0) u €2 = (0,0,1) mopoxkmar0T cOOCTBEHHOE MOIIPOCTPAHCTBO OIEpaTopa.
JIro00it HEHYIEBOM BEKTOP ITOTO IMOIPOCTPAHCTBA SIBISETCS COOCTBEHHBIM BEKTOPOM OIlepaTopa
A, oTBeHarOIUM COOCTBEHHOMY 3HAUEHUIO A =2
7. Haiitu pa3MepHOCTH ¥ 6a3UChI CYMMBI M TIEPECEUEHUS TTOITPOCTPAHCTB

10



Li=<ai, a2, az>ulo=<bi, bz, b3>, ecnu :

ai=(1,2,1)" bi=(2,3,-1)"
a2=(1,1,-1)" b2=(1,2,2)"
as=(1,3,3) " bs=(1,1,-3) 7

8. Paznoxute BekTop X HAa CYMMY JIBYX BEKTOPOB, OJIMH U3 KOTOPBIX JISKUT B MOJIPOCTPAHCTBE,
HAaTSHYTOM Ha BEKTOPSHI a1, a2, a3 , a APYrOd OPTOrOHAJIEH K 3TOMY IOIIIPOCTPAHCTBY.

X =(-3,5,9,3)7
ai=(1,1,1,1)7 a2=02,-1,1, 1T as=(2,-7,-1,-1)7
9. Haiitu CO6CTB€HHBIC 3HAUYCHHUS U CO6CTB€HHBI€ BCKTOpa MaTpHIL:
11 1 1
5 6 -3 0o 2 1 2 5 -6 1 1 -1 -1
-1 0 1 -2 0 3 4 6 -9 1 -1 1 -1
gl 2 -1)gl-1-30) (36 -8 1 -1-11

10. [ns 3amaHHO MaTpHIbl JIMHEHHOTO OrepaTopa HaWTH 0a3uc u3 COOCTBEHHBIX BEKTOPOB H
COOTBETCTBYIOLIYIO €My JUAaroHajIbHY0 (GOPMY MaTpPHILIbI.

0100
1 000
0 001
0 010

A=
11. JIuneliHblit oiepaTop ¢ NEPEBOAMUT BEKTOPHI a1, 82, 83 COOTBETCTBEHHO B BEKTOPHI D1, b2, b3,
Haiitu matpuiy onepatopa ¢ B TOM ke 06a3uce, B KOTOPOM 3aJjaHbl KOOPIMHATAMH BCE BEKTOPBI:

a1=(1,2,-3)T a2=(0,1,2) T as=(1,0,4)"T

bi=(1,11)" bo=(1,2,1)7 bs=(0,1,1)T
Keaaparuunsie popMsl
12. IlpeoGpa3zoBaTh K CyMMe€ KBaJpaTOB KBaJpaTHUHYIO (OpMYy U BBIIUCATH MpeoOpa3oBaHHE
KOOpJUHAT
X12 + 2X1X2 + 2X2° + 4XoX3 + BX3?
13. IIpeoOpa3oBaTh K KAHOHUYECKOMY BHLY KBaJIpATUIHYIO POpMY

X12 + 2X22 + 3X3? - 4X1X2 - 4X2X3

1. HaiiTi MOXYJIN B aPI'YMEHTHI CAeJYIOHHEX YHCed:

1 J3  1-i
je . 1123 —— r e . - . — 113
a)i; 6) -3; B) 1 +i'%%; 1) 2+1 5 ,A)I_H_,e)( 4 + 3i)%;
1+
% ; .
) 13
2. Jorasars 7| = 2|, z+ 7 = [5]¢, arg (2, * 2,) = arg 2, +
z
+arg z,, arg'z';'=arg 2, —arg z,.

3. IlpegcTaBuTs B TPUTOHOMETPRYLCKOH (opMe cliefyio-

muel{ncna:a)zl=2«/—3— +2i;0)2,=1+i3B)2;=1~ J3i;
Tz, =i; )2z, =b.

Boruucnuts:
n+l
i n?+1
,ﬂ) lim !

noee n-1"

n?+2

a) lim(\/n2 +n ——\/nz —n);

n—yo0

tg

x® -1
1. lim 2~
z—1 Ilnz

11



. . 1/ sin®
- 1 +sinzeosdz\ ™
. lim{—7——— .
=0 \ 1 + sinxcos 2z

z+2

Y - / . 2 .
ER }Lmz Vln(:z:+2) +sin(4 — 2%} cos Y

Mpumep 3, Hpu raxux spaueHnax 4 u B dyHKOMA

~2sinx, xS—E,
2
f(x)= {Asinx+B,~ g <x< g, HeIlpeprIBHA?

b4
COSX, xz—
2

HartiTi nponaBoHEIe CAefYIOMEX GYHKIEMHE

2Jx +¥x
xz

H

1
L a)y=52- — ~-3Jx;6)y=

5 3
B)y=@.

RO Iy T ALUDLIL A) e

Haiitu DponspogHsle pyHKI[AH, 3aaHHLIX HapaMeTpHUdec-
KH:

d.x=e;,y=tgt;

15.x= 51(1—t2 ,y=cost.

HaiiTu nporssogutle byHKIHE, safaHENX HeBHO:

16. x +y— ev=0. ’

17.sin(x2-y) - y*=0.

18. [loka3aTs, uTo ypagHeHHe i = x° + 3x oupepenser op-
HOZHAURYIO GYHKNRI0 X = x(y) ¥ HAHTH ¢e MpoU3BOARYIO.

Hafity auddepesnmanb QyHKIUINE:
19. 5= §x* -In(1 - 52).
20.y _sin3x+1 .

cosbx ~1

Halttu nponssofsie ¥ udhepeHIIAANE] BTOPOTG HOPSIKA
i
21. y = arcsin| —
y = srcin
22 y= -etgx,

" 8. Henonbays opasnaa Jlomurana, HaliTH cleayoUHe
TIpeyensl:

. tgx-1 lim In (gin x) i
* ,h_l,% cos2x 6) x-=+0 In(sin 2x) *
4

IIpumep 7. PasnoskuTs cienyomue GyHKIHA 110 GopMyiam
Teitsopa 1 MakjopeHa B OKpecTHOCTH 3aJaHHBIX TOUEK:
a)y=x%+38x2-2x+4; x,=-1;6) y = tg x; x, = 0 (pop-

Mysa 3-ro nopazka); B) y = esir*; x, = 0 (popmyna 3-ro mo-

pPAZKa).

]?. HajiTu npoMexyTKH MOHOTOHHOCTH CIeIYIOMIAX GyH-
KU
Ila)y= x +cos 2 6)y = x%e% B) y=x—In(1 + x).
13. Haiity sxerpeMyMLy GyHKInii
x* -3x+2 i e
a)y m,ﬁ)y e*sin x;
14. Hailty To4YKH Neperu6a A HHTepBalhl BHIIYKIOCTH

YHRIHIL:
4

x . 2x 2x-x2
a)y = —=; 6) y = arcsin IB)y=2¢ .
ayy d+ 2 )y Lo DY
15. HaliTi acuMOTOTH TpadKoB hyHKImiL:
4x® 42 -1 1
a)y =—p———; 0}y =(x+2)e*.
x¥-x4l :

16. Haiit# nanfonbmie ¥ HAXMEHLIIAE JHAYCHNA GYHK.
nuit Ba OpOMeKyTHaX:
) xi-x+1 ; 1
a)y=—5———;x€[0; 1];
¥ e i’ T

6)y=2tgx—rtg2x;xe[0;§].

12



ITpumep 1. Hajita obxacry onpegenedus: pyHKIMHA U U306-
DasHTL MX rpadHyuecKn:

3)2241~x2+\}y2—1;5)3=——1 H

1-2%—y?

Hairru yacTHbIe EPOM3BOAHELE U YaCTHEIE AudbepeHI AT
2

9. w = (sin x)*. 10.z= sin'y— .

HaitiTu npousBosHbIe CI0XKHBIX QYHKIMI:
14. 2= f(x + y ; xy).
15.2=sinx'lny,x=13 y=e'.
HaiiTH npor3poZHYI0 GYHKIHY 10 3aZaHHOMY HallpaBJe-

HHO BekTopa A8 B 3a/aHHOI Touke A:
17. w=e"*2+3; 4 (1;1; 1); B(2; -3; 4).

Haiitu npousBogHyo GyHKIIMY, 3aLaHHOH HesIBHO;
23, 24 — y = 0. 24, sin(x? + y?) - x —y = 0.

Ha#knt cTaunof{apHme TOUKH, TOYKH 3KCTPEMYMa I 3KCT-
PeMYMBI (PYHKIIMHA:

Jz=x'+yt - x% - 22y - Y.

4. z=xy * In(x? + y?).

5. z = 2= W(8x? - Gxy + 3y9).

HaliTu nanbonbinye 1 HauMeHbINKe 3HAYEeHHA QYHKITHE:

G.2=e* ¥ (2x% + 3y?) B kpyre x2 + y2 < 4.

7.z=x2—xy+y ecu o + |yl < 1.

Haditu Touku yc.nosnoro DKCTPEeMyMa H 3HaYeHHUA YCAOR-
HBIX DKCTPeMYMOB byHRIMIL:

B.z=x+y,ecau x>+ y2=1.

9 z=x2t+yl,ecmx+y=1.

B3ste unter PpaJibl

1 J‘(—x;—:)idx 2. IM@

2
.[x—f(% x 4. fotg*rax
dx
5'jsin2xvcoszx 8 -[4 5x
7.[¥+30? ax 8 [—&
x-Inx
2 gy dx
o | — 10. | )
d
11]5+2I _12..[——;—
cosx-sinx-dx
13. '[11‘5162 +1 14. }. 1+sin? x
2x-3
15. '[\f_+3 16. J.:c +4x+1
dx
17 [ 18 [ %
'[\)4—3x~x2 I.e’:(l*'ff—x)
19. _[ez"'cos x dx 20. Ilnxdx
21.Iarctgﬁ dx 22. [e¥ ax

1. Beruucnurs

2

1
5. jarctgxdx 6. | e** sin Bx dx

O Yy e

d h dx
i
- 8. |l 5V
-!x2+6x+10

=
D e | H O

1+sinx

13



HaliTy naomagy II0CKHX QUryp, OrpaHHYEHHLIX JTHHE-

SIMU:
)
1.y=tgx;x=0;x=z;y=0.
2 <x<l;
2. y= e 0<x ’ u oceio Ox.
(x-2)%, 1<gx<2,

1.PaccMoTpeTh CXOAMMOCTS UHTETPATIOB

1 }
1 = 1
ex dx
1. | —dx. A
J‘a:: dx 2J.x2+ao:~-2
0 0
(4 +o0
dx
3. J.m 4. !arctgx dx.

BrluncauTh JBOMHEBIE HATETPANH [0 NIPAMOYTOIBHON 06-
Jactu P:

3. Hﬂ— 0<x<1;0<y<1.

dxry+ D’
4, ‘”.xzye"y dedy:0<x<1;0<y<2.
P
HzMeHHTE IOPAZOK HHTETPHPOBAENA
2 2-x e hx
5. [dx [#xip ay. 6. [dx [y ay.
-6 2 1 0

L
Broraucaurs HHTETpaabl )
8. _U(x + ¥) dx dy, P — 06aacTh, oTpaHNYeHHAN KDHBLIMHA
P
¥=2xx+ty=4;x+y=12.

KparHble WHTErpasbl: [BOWHBIE MHTEpPrajbl, TPOMHBIE WHTEPrajbl, CBOMCTBA KpaTHBIX
UHTErpaJIoB.
CBeneHue IBOMHOTO MHTErpaja K IOBTOPHOMY OJTHOKPAaTHOMY.

3aMeHa NIEPEMEHHBIX B KPAaTHBIX MHTETPAjax: MEePEXos OT AEKapTOBOM K IPOM3BOJIBHOM CHCTEME
KOOPJMHAT, IKOOMAHBI IEpEX0/ja K HUIIMHIPUIECKON B K CPEepHUECKOM cucTeMaM KOOPIHHAT.

BrIuMCaIMTE KpHBOAKHeHHEIEe NHTEIPAJELI TEPBOro pOXas
1 I(x+ ) ds, I'— koATYD TpEyronsHUKA ¢ Beplrnaanu (0; 0);
r
(1; ) n (0;1);
2. I(xz +y7)ds, I — wpusag x = a(cos t + ¢ sin 1),
- :

BEIYHCIHTD KPHBONNHe Hble HHTETPAJIE BTOPOrO PoAa!

3. I(ny——l) dx + (x%y + 2)}dy, I'— gyra snnuuca

r
x =cos ¢; y = 3 sin t, nexamniaa B 1-if 4eTBepPTH.

6. j(2xy-1) dx + (xty + 2)dy, [— gyra mapa6oss:
13. BrIusteuTh NOBEPXHOCTHELH HATerpax 1-ro poaa

dD

H(T—)Z , Pre D - noBepxuocTs TeTpasgpax+y+z<1,
+x+y

D

x20,y20,220.
14. BRIUMCAHTL NOBePXHOCTHEIN HHTErpal BTOPOTO POAA

Hx dydz+ydzdx+zdxdy, rae D - BHemusia cTopoxa cde-
5 :

pBI £2 + 2 + 2t = aZ,

14



HceieloBaTh CXOAUMOCTD I;HAOB, npuMeHsAs ribnanann
cpaBHeHH A (MJIM HeoGXOAMMEIN IPU3HAK):
8.1-1+1-1+ .. +(-1)y"1+..

2 8 4 +n+1
'3 5 T T on+1

C nomommo npnaﬁaxa JNarambepa NCCEeL0BATDH CXORH-
MOCTE PAJOB:

2 L.3,5 .
"J2 2 a2 T (Jg)’
+oi
& om -1 3
\ . 14. - )
13. ), 2" ,%2 (n +1)

n:!

C noMonbio npusHaka Kourn uecaefoBaTh CXOAMMOCTH
pPSAOB:

oo n oo 2n-1
{n+1 n
17. Z(2n~1} . 18. Z(sn—l]
n=1 ] o n=1
I/ICCJIEJIOBaTL CXOANMOCTS CHAEAYIOIIHUX 3HAKOIIepeMeHHbBIX

panos. B cryyae cxoqumocTu HCCeNOBATH Ha abCoIIOTHYIO U
YCIOBHYIO CXOAMMOCTD.

( l)n -1 +-00 (_l)n—l
2122n - 22.}2-———*\/; :

HOpumep 1. OnpepeniTs HHTEPRAN CXOAUMOCTH PHLA U UCCIE-
JOBATb CXONUMOCTE €ro Ha KOHUAX WHTepBala:

o2 n-1 2 3

D x 1 E x
3t T T 32 T3 g8og T

1. Paanoxurs B psaf Pypee NepHOAHYECKYIO DYHKI[HIO ¢
neprogoM 27 (I = 11), KoTopas ollpefeeHa CASAVIOMHUM o6pa-
30M:

f(x)=—xnpa-n<x <0,

f(x)=xmpr 0 < x <7, 7 e flx)=lxl

KoHnTpoJbHblii padora
Konrtponsnas padora Nel

Brrauciuts

. 2+ 32+ T2 +5
1. lim 5 .
a——1 x°—x—2

(5 —n)*+(5+n)?
"n—oo (B—n)2— (5+n)2

In(1 + sin 2z)

z—0 sin 3z
s |
1. lim
z—=1 Ingx

KonTponbnast paborta Ne2

T
1. lim (’”2) .
nooc \n—1

15



1. BBIYHCITUTH MPOU3BOAHYIO (DYHKIIUU
2) v=01 4 x%arctg x v=

2. Haiitu npousBoaHyto Vx
y=1t*+4+t x=1t*-2¢

3. Haiitn muddepenunan hpyakuun
. T
¥ =sm Sx-l—c-::sg

4. WccnenoBaTh GYHKIUIO U IOCTPOUTH €€ TpaduK

Kontponbnas padora Ne3

Yoaonna 3aAM. Hatmu npouasoduste z, u zy, Gywryun 2 = 2w v},
2de w=u{z,y) uv=vizy).

3. z=u", t = sinx, © = COS Y.

YVOTORWAA 3A7AY. Hadmu npouseoduvie Byrwuut y = y(x), sedonns 4 _ ey
HEABHO YPOEHEHUSMY. - Zty=e .

YCAoBUA 3AAAYT. Habimw npomspogmyio dyuxmun w(z, y, z) B Touaxe A
[0 HANPABJIEHHWK) K TOMKe B

5. w= Jry+ V9 — 22, A(1,1,0), B(3,3,-1).

\7 " " 1AL o y ; . . g . o
YCaonug 3a0a1. Hodmy cmaguonapuse mowky 2adannued gipuyud 3. 2= :L'2 - 2$y + 2y2 + 2.
w uccaedosants UL TapaKmep.

KonTponbnas padota Ned
BbIuucnuTh MHTErpaisl

x3-17 sin 3x
1. fmdx 2. fcosz 3x
3x cosx

3. f(3x + 4)6 dx 4, fmdx

5. f1+ln(x—1)dx

x—1

Konrtponbnas paboraNe5
1. BobluncnuTh onpeneneHHbI HHTETpall:

3
2 o) r-dr
a) J(T - .5.1:) sin 2xdx 0) f Tl NTES

—1/2
2. BpruauciuTs mwiomans GUrypsl, OrpaHUYeHHON TpadukamMu (yHKIHHA:
2 2
y=4—x,y=x" —2r
3. BbluncnuTe ATMHBI YT KPUBBIX, 33JJaHHBIX YPaBHEHUSMH B MPSMOYTOJBHOW CHCTEME

KOOp/INHAT.

Inz

p— _— {..(2
Y 5=z s

=5,

4. Bpruuciautb 00beMBI TEI, 00pa30BaHHBIX BpaIlleHUEM (PUTYpP, OTpaHUYEHHBIX rpaduKaMu
dyrkumit. Ock Bpamenns () .

16



) y=—a’+50—6, y=0
6) y=2x—a’, y=—-2+2, =0

5. BBIUHMCINTE HECOOCTBEHHEBIH HUHTErpal Ujink YCTAaHOBUT €TI0 paCXOJAUMOCTD:

J’ 5) 1 xdx
o (€ +3)° o V1 -x3
KoHntposnbnas pabora Neb
1. HaI/ITI/I CyMMYy psia
a) 1 + 2m
z (3n —-2)3n+ 1) Z
2. UccnenoBath psaja Ha CXO,Z[I/IMOCTB
) ~— Tn-1
:15’” (n+ 1) Z (ﬂ )
- 1 - 2n+1
- n+1i - - n+1
112::1{ D In(n+ 1) Zf D n(m + 1)
3. Haiitu 06s1acTh CXOMMOCTH psiaa
a) — x™ 0) : n
Z ——= Z @2 +x)
n=1 n=1i

Ilpumep 1 Hailtu cuny T4ru coctaBa ¢ pyloil 110 UCTEYEHUH BPEMEHHU t HMEIOLEro HayalbHYIO
ckopocTh V0, JBUTAIOLIETOCsl ¢ YCKOPEHHEM MPSMOINPONOPLUUOHANBHBIM cuie Tsaru F=b-kv u
00paTHO IPONOPLUUOHAIBLHBIM MAcCce COCTaBa ¢ pynoi. Eciau B HauanbHBI MOMEHT BPEMEHU NIPU
t =0 cuna Tsru onpenensercs BoipakenueM F(t)= FO=b-kvO0.
A CKOpOCTh JIBIDKCHHSI COCTaBa C PyAoi siBisiercs QyHKIued Bpemenu, T.e. V= V(t), a ero
YCKOpEeHUeE omnpenensercs 2-M 3akoHoM Herotona
_dv_F
dt M rpe F=b-kv.
[Toaromy auddepeHnnanbHOe ypaBHEHHE UCXOAHOM 3a1aun Oy1eT UMETh BUJI:
dv_b-kv
dt m (*)
Pa3nenss nepemeHHbIE B 3TOM YpaBHEHHUH, [TOJIyYUM YPAaBHEHUE C Pa3eICHHBIMU IEPEMEHHBIMU
dv  dt
b-kv m
HHTerpupys KOTOpoe, HaiieM o0Ilee pelieHnue ypaBHeHUs (*)
1 1 m
——In|b—kv|:—t+C t:——ln|b—kv|+C
B perennn (**) ynoBieTBOpuM HadaibHOMY ycioBuio — V(0)=Vo.

0=-Tnp—ky|+C  C="n|b-ky)|
K =k

[ToncraBuB HaiiieHHOE 3HaueHHe MOocTosTHHOW C B o0Iiee pemieHue (**), TOJYYUM pelIeHUE
3aaaun Komu:

m m
t=—?ln|b—kv|+?ln‘b—kvo‘

nin

17



t="1n2K% e ky, Fobokvj="h

k [b—kv k |F
Takum 00pa3oM, HCKOMYIO CHIIy TSATH COCTaBa C PyAOH B OO0 MOMEHT BpeMEHH, HailieM M3
MOCJICIHETO PaBEHCTBA, M30ABUBIINCH B HEM OT Jorapudma

k k
tkzln R :>F—°:emt =F=Fe m'
m F A
Ipumep 2. PaccMOTpUM BEeHTHIAIMIO 36051 06bemoM V(M®), B KOTOpoM B Ipoliecce MPoBeIeHH S
paboT HaKaIUIMBAIOTCS BPEIHbIE Ta3000pa3Hble BhIIEICHUS B KonuuecTBe Z B 4ac. [Iycts oOMeH
BO3/IyXa B TeueHHH | yaca coctasnser M (M°/4), puueM IPUTOUYHBIH BO3AYX COIEPKHUT BPETHBIE
BeIeCTBA B KOHIEHTpauuu 4 Ha 1 M°. Tpebyercs Haiftn konueHTpammio Z (Ha 1 M%) Bpeansix
BBIJICTICHUI B 3a0oe uepe3 BpeMs t mocie Hadana paboThI, €ClM HadyalbHOE 3HAYCHHE ITOU
KOHIEHTPALUU (OCTATOK 3arpsi3HEHUN OT MpeabIayIIeii CMEHbI) coCTaBisAeT Zo.
A 3a Mablil MpOMEeXyTOK BpeMeHHu At KOHIIEHTpAIUs BPEAHBIX BbIICICHUI Z YBEIUYUBACTCS Ha
dZ. CrnenoBarenbHO 00Iiee KOIMYESCTBO BbIAeACHUN coctaBuT VJZ u OHO OydeT cOCTOSATh W3
BBIJICJICHUH, MPUHECEHHBIX MPUTOYHBIM BO3IYyXOM - pMUt, ¥ BbiIeeHHi 00pa30BaBIIMXCS B
npoiiecce pabotel - Zdt 3a BEIYETOM KOJIMUYECTBA BPEAHBIX BBIICICHHI, KOTOPOE COACPIKAIOCH B
U3BJICYCHHOM U3 320051 3a Bpems dt Bozayxe. [IpeanoaouM, 4To 3a MaIblid MPOMEKYTOK BPEMEHH
dt u3MeHeHHe KOHIIEHTPAIIMKM BPEIHBIX BbIICICHUN paBHO — ZMdt. CieoBarebHO, YpaBHCHHE
BEHTWISIIIMY 320051 UMEeT BU/I:
dz 1-M 7 LM

VdZ = yMdt +Zdt—ZMdt |, dt Vv RY,

[TorydueHHOE ypaBHEHHE SIBIISICTCS JIMHCWHBIM HEOAHOPOIHBIM YpaBHEHHEM, KOTOpoe Oynem
peliaTh UCHoab3ys cpaszy dopmyny obmiero pemenus (1.51):

1-M 1-M 1-M 1-M
z-ev1’|c +ﬂfe_vjdtdt _ev g MM VoV
Y, YVo1-M
1501051
' 1-M
Z(0)=2,

VYioBneTBopsAs HauyalbHOMY YCIOBHIO OTpeNie] MM 3HAYeHUE TPOU3BOJIBHOM

IIOCTOSIHHOU - - Takum 00pa3oM, OKOHYATEIBHOE pELICHHE
UCXOJHOM 3aJ1a4i UMEET BUJL:
1-M 1-M

—t M —t
Z=7p"V +——eV -1
1-M A

Ilpumep 3. HaliTu crity TATH cOCTaBa C pyJI0il 10 UCTEUEHUU BPEMEHH | MMEIOIIEero HadyalbHYH0
CKOPOCTB Vo, JIBUTAIOIIETOCS C YCKOPEHHEM MPSMONPONOPIHOHATIBHEIM cuiie Taru F=b-kv u
00paTHO MPONMOPIUOHATILHBIM Macce cocTaBa ¢ pynoi. Eciu B HauanbHBI MOMEHT BpEMEHH NPU
t =0 cuna Tsaru onpenensercs Beipaxenuem F(t)= Fo=b-kvo.
A CKOpOCTH JIBWKEHHUS COCTaBa C PyAOH sBisieTcs (QyHKnued Bpemenu, T.e. V= V(t), a ero
YCKOpEHUeE omnpenensercs 2-M 3akoHoM HproToHa

dv F
a— —

dt m rpe F=b-kv.
[Toaromy auddepeHnnanbHoe ypaBHEHNE UCXOAHOM 3a7aun OyAeT UMEeTh BUJL:
dv_b—kv
dt m (0)
Pa3nenss nepeMeHHbIE B ’TOM ypaBHEHUH, OJIYYHM YPaBHEHUE C pa3/ICIICHHBIMU IEPEMEHHBIMU

18



dv _Qt
b—kv m
WuTerpupys KoTopoe, HaiiaeM obiee pemeHue ypasHenus (L)

—I:'(I b&x‘é}j—( . t— e e

a1 (00)

B pemennu ([J[1) ynoBneTBopuM HadanbHOMY ycioBuro — V(0)=Vo.

[ToncraBuB HaiteHHOe 3HaueHUE MmocTossHHON C B oOmiee pemenue ([1[]), moaydyum pemieHue
3amaun Korm:

Takum 00pa3oM, HCKOMYIO CHILy TATM COCTaBa C PyAOH B JIIOOOH MOMEHT BpeMEHHM, HalJeM u3
MIOCJIETHETO PaBEHCTBA, N30aBUBIIMCH B HEM OT JIoTapudma

— s L
et
T A

Ilpumep 4. TpybompoBos TemnoBoil maructpaiu (auamerp 20 cMm) 3alIUINEHHBIA HU30JSAIUCH
tommuHoW 10 cM oTarmumBaeT pabouee MOMEIIEHUE TpHU 3TOM Temreparypa Tpyosr 160°C, a
BHelHero ee nokposa 30°C. Onpenenuts pacnpeaesieHue TeMIIepaTypbl BHYTPH U30JIALIMH, €CITU
ko3 dunuent reronpoBogHocTH K = 0,00017, a Takke KOJIMYECTBO TEIIOTHI, OTIaBaeMoi 1 M
TPYOBL.

A Eciu Teno HaXOoauTCs B CTAIlMOHAPHOM TETIJIOBOM COCTOSTHUU U TeMIiiepaTypa 1’ B KaXKI0# ero
TOYKE €CTh (YHKIHS TOJBKO OJHON KOOpPAWHATBI X, TO, B COOTBETCTBUU C 3aKOHOM
TeronpoBogHOCcTH Dypbe, KOMMUECTBO TEIUIOTHI, UCIIYCKAEMOE B CEKYHTy Oy/IeT paBHO

AT
—= C

d>< (1)
rae A — kK03(hGUIMEHT TEIIONPOBOAHOCTH, a IUIONMAAb CeueHUs Tenaa S(X) ompeaessercs 1mo
dbopmyie
S(x)=2zxI,
rJie X— paanyc TpyoonpoBoja, | — aauHa TpyOsl, clieioBaTenbHO, ypaBHeHHE (1) MOKHO 3amucaTh
B BU/JIE

(= I B
A >< C

n
T
2P Le
dx
Paznensist nepemennbie B quddepeHimanbHoM ypaBHEHHH (2) TOTyYUM
O d:
d =
2Abz< 3

ITo ycnoBuro 3agaun HEOOXOAMMO ONPEAETUTH PACTIpeeNICHNE TEMIIepaTypbl BHYTPH M30JISIINH.
[ToaTomy cHauvana JieByr0 4yacTh ypaBHeHHd (3) uHTerpupyem B npeznenax ot 160°C go 30°C, a
IIpaByIO 4acTh MHTErpUpyeM B npenenax ot 10 go 20 cm.

ni

()
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e 221
TE06 =l
[Tocne unTerpupoBanus ypaBHenus (3), HaXOqUM

T =30-160= - Q nx}) =— Q In2
160 0,00017-24  1© 00001724 @

3aTem, MPOMHTETPUPYEM JIeBYIO 4acTh ypaBHeHus (3) B mpeaenax ot 160°C mo HekoTOpou
TeMIiepatypsl 7, a IpaByro 4acTh UHTErpupyeM B nipenaesnax ot 10 qo x cMm. [ocie nnterpupoBanus
ypaBHEHUS (3) HaX0JIUM

T
[T =- j
150 24
1y :T—16O=——Q Y R R
160 0,00017 - 2A 10 0,00017 - 2A 5)
Pa3znenuB nounenHo ypasHeHue (5) Ha ypaBHEHHE (4), TOTy4yUuM
T -160 In0.1x
~130 In2

U3 3Toro ypaBHeHHUsI CIEAYET, UTO 3aKOH paclpeIeleHHs TEMIIEPATypbl BHYTPU U30JIALUN OyIeT
UMETb BUJ

=5918-4318In x

Kpome Toro, no ycioBuio 3a1a4u He0OXOAMMO OIPENEIUTh KOJUUYECTBO TEIUIOTHI OTAaBaeMoH 1
M TpyOBI. [ToaTOMY A71s1 TOTO, YTOOBI BHIIOIHUTH YCIOBHE 331a4l HEOOXOANMO U3 ypaBHEHUS (4)
npu | = 100 cM Beipasuts Q U paccUUTaTh €r0 3HAUCHHE

o_130:0.00017-2:7:100 _130-0.00017:2:314-100 _ /e

In2 0,69315 A

IIpumep.5 Kycok pyiHOM MacChl m NaAaeT B PyJOCIYCK O] JEHCTBUEM CUIIBI TSKECTH, IIPU 3TOM
BO3JlyX OKa3bIBAa€T CONPOTHUBIICHHE, NMPONOPLUHUOHAIBHOE KBaJpaTy CKOpOCTH naneHus. Haitm
3aKOH JBUKEHUSA KYyCKa.

A Ilycts S — paccrosiHue, npoiiieHHoe TesnoM K MoMeHTy t. Torna nBukeHue onpeaensercs
YpaBHEHUEM

(@ = dj
FW:EN‘%
dt d

KOTOPOC MOXKCET OBITh IMPEACTABJICHO B BUJIC

mq) —mng<s
_ds
JIe CKOPOCTh dt ) Nuddepennmansioe ypaBuenue (1) sBIsfeTcs  ypaBHEHHEM
Pukkaru.
Pazzensist B HeM TlepeMeHHbIE, HMEEM

md
T g
Mmei<s

HJIN TTOCJIC COKPAIICHUA JIEBOM 4aCTHU paBCHCTBA HA m
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— =t
k
g—
m
WHTerpupys 3T0 paBeHCTBO, MOJydacM

f—i%?—ztﬂi
g—F
(2)

JIyist BBIYMCIIGHUSI MHTETPaia B JICBOK YacTH ypaBHEHHs (2) MPUMEHSIEM METOJ HEOMPEIeICHHBIX
ko3 puImeHToB, u Toraa

> A= E=x
o

Otkyna
A-B=0

1
Jg
Ap— L

/9

[ToncraBnss HalieHHbIe 3HaYeHUs K03 punmenToB B uaterpan (3), nmeeMm

o

A+B=

NI

2 |K

Jlis kpaTKocTH 0603Haq1/1M Torz[a MocJie YMHOXKEHHSI paBEHCTBa Ha M paxomum

Ll

1D

OTKyza
\

1 1 -
S = @)

[Torenuupys ypaBHeHue (4), noixydaem
=

OTtkyna uckomast pyHKIMS UMEEeT BUJT
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r &4

g=rm c* 1

WIH C YYETOM TOTr0, YTO
t t

rirfgtce?
=

2 @t—('_’é b

S (5)

W3 ypaBHeHus (5) oueBUIHO, YTO IpH t, cTpeMsiemMcsi K 06CKOHEYHOCTH, CKOPOCTb V IOCTUTaeT
IPEJEeIbHOI0 3HaUEeHUs

~|
=

1, HOIIy4uM

Vmax—= V,
1715 KOTOPOTO
rrm |/ rme
Kk Kk
CrneloBaTenbHO, ypaBHeHHeE (5) 3aIMCHIBAETCS B BULIE
t e
TANA <
t -t
L )

Hauansnoe ycnosue: mpu t =0 v = vo.
I[Tycth paau kpatkoctu 3amucu uo=Vo/V. Torna nocrosHHas uaterpuposanus C* B ypaBaeHuu (6)
IMPUHHUMACT 3HAYCHHUC

N
1+y,
HOI[CTEIBJ'IHH 9TO 3HAYCHHUC B YPABHCHUC (6), 3amMevaeM, 4To V MOKET OBITH 3aIIMcaHa B BHUJIC
e
@

Gy inj

[Mpuaumast, yro ipu t = 0 S = 0, MOXKEM Terepb ONPEIETUTh 3aKOH JBUKEHHS S
jsﬁ::l%/
O

r= _%

IToacraBisisa \Y "
IBIDKEHUSA

= fahELE

O\ v\,

U, =
0
\Y% B 3TO PaBCHCTBO, OKOHYATCJIBbHO IIOJIy4dacM HCKOMBIM 3aKOH

IIpumep 6. HaliTn penieHns: ypaBHEHHUS:

(x3y—3x2y+y3)dx+2x3dy =0

A PazneniB 00e yactu ucxonHoro ypaBHeHus: Ha dx#0 (x=0 — oueBHIHOE pELICHHUE), MTOTYIHM
ypaBHeHHe bepHym

2x° %4‘ (x3 —3x2)y =—y’

Cunras y#0 (y=0 — TpEBHATBHOE PENIEHNUE), NETUM 06€ YacTH MOCIeHero ypapHeHns Ha (-)°) u

_ .2
JieTaeM 3aMeny - )=y~ Torna nonyuum
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2y _
-5 =7, 3 2
x’z'— (x —3x )z =1
Pemas aTo ypaBHEHHE, HAXOAUM
z(x)=C,x e —x~°
Teneps 3anuiueM Bce peIeHUs] UCXOJHOTO YPaBHEHHS

Cyle*—y>—x’=0; x=0; y=0 4

Ilpumep 7. Haiitu ob1iee perieHne ypaBHCHHUS:
Y =—y° +l+x2.
A D10 ypaBHeHHe sABJIAETCS ypaBHEHHeM PukkaTth, B KoTopoM a(x) =-1, b(X)=0 u c(x) = 1+x2.

_ 2 _
Mposepka yenopus ¢V =—a()xX" =bI)X+1 " roupeno k  pesymerary: 1+x2=1+ 2
CJle10BaTENBHO, 3TO YCIOBHE BBIIOJIHACTCS U 38 YACTHOE PEIEHUE HCXOIHOTO YPABHEHHS MOKHO
1
y=x+- 2

_ r_1_ 2
npuHATH GyHKIMIO: 1~ X, TakuM o6pasom, monaras z y peramcmms? ~177 7

! J—
NPUBOJIUM HCXOJIHOC ypaBHCHHE K HEOJHOPOIAHOMY JIMHEHHOMY YpaBHEHHIO: 2 —2xz=1,
Otkyna

z=e" (C+ j e dv)

CJ'IGI[OBEITCJ'ILHO, 061_1_[66 PCHICHUC NCXOAHOI'O0 YPABHCHUA Pukkatu umeert BUI:

2
-X

e

yEXt
C+J.e_x dx
A

Ilpumep 8. HaiiTu o01uii MHTErpan ypaBHEHUS:
(x+y—Ddx+(x—y>+2)dy =0

A YcraHoBuUM, SIBISETCS JIM UCXO/JHOE PABHEHHME YpaBHEHHEM B MOJIHBIX quddeperumanax. s
3TOr0 NMPOBEPHM, BBINOJIHAETCS 1M ycaoBue Ditnepa (1.87). 3nech

2
M(x,y)=x+y—11 a N, y)=x—y"+2

oM on M _, oN_,

Beruncnum npousBoIHbIE W oy ox; O u Ox , CIEIOBATENIbHO, YCJIOBUE Jiepa
BBITNIOJIHEHO, U ICXO/IHOE YPaBHEHUE SIBJIETCS YpaBHEHUEM B MOJHBIX U depennnanax. Halinem
¢GyHkuuo U(X,y) M0 U3JI0KEHHO BBIIIE CXeMe, @ IMEHHO, MPEANOI0KUM, YTOOBI BHITOJIHSIOCH

ou
_ZM(xay)_

paBeHcTBO OX
o _ x+y-1
Ox 7

OTCr01a
2
X
u(x, ) = [ (et y=Ddv +p(y) =+ xy=x+ ()

ou
a_ = N(X, y)
Janee motpebyem oT U(X,y) obecrieuenns paeHcTBa & :

0| x, B 3 2
5{77%0/ x+(p(y)}—N(x,y)—x y +2

wm OPX 0@ M =x+9' N =x=y"+2 . PN="2"+2 Crenoparenso,
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3

p(») = (=" +2)dy = —y? +2y

TakuMm 00pa3oM, nckoMasi QyHKIHS ¥ COOTBETCTBEHHO OOIIMI MHTETpall HCXOIHOTO YpaBHEHUS

OyIlyT UMETh BU/I;
2 3

u(x,y):%+xy—x—y?+2y=C

[Tomyunum oOWIMH HWHTErpaj MCXOJHOTO YypaBHEHHUS, MOTPEOOBAaB BBIIOJIHEHUS PaBEHCTBA

- V)

u(x,y) = [(x= 3% + 2y + () =xy—y?+2y+w(X)

, a Temepp motpedyeMm, UTOOBI

w(x>=j(x—1)dx=£—x

2 . Takum

ou_

BBIIOJHAIOCH OX LYty () =x+y-1 Haiinem

06p2130M, O6H_[I/II71 HUHTErpajl UCXOAHOT'O YPAaBHCHUS UMCCT BU:
3 2

C=xy—y?+2y+%—x

M(x,y)

CrnepnoBarenbHO, HE3aBUCUMO OT TOT0, Kakoe u3 ycioBuii (1.86) OyneT BHIMOIHATHCS B MEPBYIO
ouepeib, OOIIMI HHTErPal HCXOIHOTO YPABHEHHS OyIET OJTHUM M TEM KeE.
OO01muii HHTErpasl UCXOAHOTO ypaBHEHUS MOXKHO 3amnucath B Buje (1.89):

[Gery=Ddx+[(x, =y +2)dy =C

Breimonnum HHTCTPHUPOBAHUC!

2 3
(%+xy—x] - +(x0y—y?+2yj‘i0=C

NI

2 2 3 3
x X y ¥
7+xy—x—(7°+x0y—x0J+[xoy—?+2yj—[x0y0 —?°+2y0j:C
. Yo

x
C,=C+=2—x,+x,p, +2y, — =
y 2 3
T.K. 0 MOXXHO OpaTh HMPOH3BOJIBHO, TO, 0003HAYMB :
OKOHYATeJIbHO MOIYYUM
2 3
x

y
X oxy—x—2 42
¢=2"" 377 a

X0

y'= eXp(xy J
IIpumep 9. HaiiTu pemieHus ypaBHEHMSL: Y/,

! j—
A Paspemms 5To ypaBHEHHe OTHOCHTENBHO X U, TIONaras B 9TOM ypaBHeHuH » ¥ momyanm

lelnp
p . Tak kak

dy:pd(llnpjzldp+h1pdy—lh1pdp
p p p

dyzpdx’ T0

HIJIIN
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(l—lnp dy—ldp =0
p

U3 5T0ro0 ypapHeHus HaxomuM: p =eu P~ CY  Takum 00pa3oMm, pelIeHHs HCXOJHOTO YpaBHEHUS
UMEIOT BUJ:

x=2
e qu Cx=1nCyA

IIpumep 10. Haiitn obiee pentenne ypapaerus: » Y~ 0

2 -
A 1. 3anmmewm xapaktepucruueckoe ypasaerne: 4 —1=0,

2. HaiiieM KOpHHU 3TOTO YPaBHEHHUSL: A=l A, =-1
3. TIockOMbKY KOpPHH J[EHCTBHUTEIBHBIC W pPa3jMYHble, TO MO TNPaBWiIy | UM CTaBiTCAd B

X

— X — —
cootBercTBHe GyHkiuu V1 ~€ > M V2 € xoropele cocTaBIAIOT (yHIAMEHTATBHYIO CHCTEMY
JUHEWHO HE3aBHUCHUMBIX DEIICHUM HCXOAHOTO ypaBHeHHus. CriemoBaTelbHO, 00IIee peIIeHHe
HCXOJHOTO YPABHEHUSI UMEET BU/I:

y(x)z Ce" + Cze_x-A

Ilpumep 11. Haiitu ob1iiee pelieHre ypaBHEHUS:

y® =5y 118" —34y"+ 45y 25y =0

A 1. 3anumiem XapakTepuCTUYECKOE YPABHEHHUE:

A =52 +184° =341 +451-25=0

2. DTO XapaKTEepUCTUUECKOE YpaBHEHHE UMEET KOPHHU:
A =1, 2,2’3 =1+2i, /14,5 =1+2i

3. Mul BUUM, YTO CpCan KOpHCfI XapaKTCPUCTHICCKOI'O YPABHCHUA CCTh KaK I[eﬁCTBHTeHLHLIe u
PAa3JIMYHBIC KOPHU, TaK U KOMIIUICKCHO COIPSXKCHHBIC, TPUYEM KOMIIJICKCHBIC KOPHU SABJIAIOTCA
KpaTHBIMHU. HOBTOMy JJId COCTaBJICHUSA q)YHHaMeHTaHBHOﬁ CHCTEMBI JIMHEHHO HE3aBHCHMBIX

—_ —_ X
pemienuii Bocronb3yemcs npaswiamu 1, 2 u 3. KopHio 4 =1 COOTBETCTBYeT pemmenue 21 ~ ¢ | a

L Ay, =142i Ays=1-2i
KaXKIA0OMYy U3 JBYKPATHBIX KOPHCHU ’ 158 ? , OTBCYAIOT PCIICHUA:

X pe X . X :
=e” cos2x =Xxe cos2x =e” sin 2x = xe’ sin 2x.
V2 RE > Y Vs COBOKYITHOCTh 3TUX TSATH

peLeHnit Vs Y2 V30 Va Vs oOpa3yeT (QyHAAMEHTATbHYI) CHCTEMY JHMHEHHO HE3aBHCHUMBIX
pemenuit. CnegoBaTesbHO, 00IIee PEIIeHNE 3aUIIeTCs TaK:

y=Ce" +e[(C, +xC)cos 2x +(Cyx + Cy )sin 2x]

IIpumep 12. HaiiTu yacTHOE U 00l1iee pelIeHre YpaBHEHUS:
2x

y'—4y'+5y =
COSX

A B cootBercTBHE ¢ MeTo10M Jlarpanska, COCTaBUM COOTBETCTBYIOIIEE 3TOMY HEOJTHOPOIHOMY
YPaBHEHUIO € TIOCTOSHHBIMH KO3 GHIIMEHTaMH OJJHOPOJAHOE YpaBHEHHE
y'—4y+5y=0

2 —
U pcluimM C€ro. I[J'I}I 9TOr0 3alMIICM XapaKTCPUCTHUYCCKOC YPAaBHCHUC! A _4ﬂ’+5_0. 910

A, =220
XapaKTePUCTHYECKOE YPaBHEHHE UMEET KOpHH: ~ 2 .

Mpl BUIUM, YTO KOpPHU XapaKTEPUCTUYECKOTO YPABHEHMsI KOMILUIEKCHBIE, MO3TOMY oOlee
pellIeHNe OJHOPOIHOTO YPaBHEHHSI UMEET BUJL:
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y=Ce* cosx + C,e™ sin x
Bynem uckarb 4aCTHOE pelIeHHe UCXOJHOTO ypaBHEHHsI B BUIE
y=C,(x)e* cos x + C,(x)e* sin x *)

CocraBuM CUCTEMY

Cl(x)e* cosx + C}(x)e* sin x=0
2x
Cl'(x)(Zez“‘ cosx —e”* sin x)+ C, (x)(2e2" sin x +e>* cos x):
cos x
WJIM COKpAIas Ha e>,

C}(x)cos x + C}(x)sin x =0
C/(x)2cos x —sin x)+ C(x)2sin x + cos x)= !

Cos x (**)

Pemmuth 9Ty CHCTCMY OTHOCHUTCIIBHO Cl’ " Cé MOXHO pas3JIM9YHbIMU CHOCO6aMI/I, Harpumcep,
HCIIOJIB3Y IIPAaBUIIO KpaMepa. B JAaHHOM CJIy4dac yzL06Hee CHa4dalia Hp606pa3OBaTL BTOpPOC
YpaBHCHHE, a UMCHHO, YMHOXXHUTbH 00¢ ero yactu IEPBOro ypaBHCHHUA Ha —2 ¥ 3aTeM HpI/I6aBI/ITI)
HOJ'IyLIeHHHﬁ pe3yabTaT KO BTOPOMY. B utore IOJIYYUM YPAaBHCHHUC!:

C/(x)(~sin x)+ C}(x)cos x =

COS X
U, CJIeZI0BATEIbHO, ITUM YPABHEHHUEM MOKHO 3aMEHHUTh BTOPOE ypaBHEHHE B cucteme (**)

C}(x)cos x + C}(x)sin x =0
1

COS X
Pemas oty cucremy no npasuiny Kpamepa, nosryaum

C/(x)~sin x)+ C}(x)(cos x) =

0 snx
1 oS X,
Cl(x)= cosxY = —tgx, :>C](x):—.[tgxdx:ln|cosx|,
cosx sinx
—sinXx COSX
COS X 0
—sin x b
C;(x):%:l, :Cz(x):de:x.

’ ’
IToncrasisisg MOJYYCHHBIC 3HA4YCHHUS Cl HC2

HEOJHOPOJHOI'0 YpaBHCHUS
P oo (X) =€ (cos x - In|cos | + xsin x)

Takum 06pa3om, obIiee pereHne HCXOHOTO YPaBHEHH s HMeeT BHI:
y(x)=e>(C, cosx + C, sin x)+e™ (cosx -In|cos xf + xsin x)

B (*), mOMy4yuM YacTHOE PELIEHHE HCXOIHOTO

.A

Ipumep 13. HaiiTi yacTHOE pellleHUe ypaBHEHHs: "—y=xe
A 1. Jlns npaBoll dYacTH WCXOAHOTO YypaBHEHHs ompenenseM napamerpsr [[100q,l:
Ooooooooooobdg=1.

2 _ . A, =%1
2. KopHu xapaktepuctaueckoro ypasaenus 4 —1=0 JIEMCTBUTEIIBHBIE U PA3INYHEBIE, 2 .
y ,

A, =1

YuurhiBasi, uto uncio T ip ):1 COBIA/Ia€T C KOpHEM 1 ~ ~ .KpaTHOCTH 1, To Torna s=1,um =
max(q,l)= 1. Mcxoxas u3 3T0ro, MOXHO BBIMKHCATh BUJI HCKOMOT'O YaCTHOTO PEIICHHUS:
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v.(x)=e" (dyx+ 4,)x

3. IloacraBisieM B HCXOIHOE YPaBHEHHE BBIPAKEHUS T Vy(X) M €€ BTOPOi TPOU3BOIHOM
y(x)=e"[Ax7 + x(44, + 4,)+ 24, + 2A0T

[Tocne mpeoOpa3oBanuii (COKpalieHus Ha €' U MPUBEACHUS MMOA0OHBIX) MOJy4aeM PaBEHCTBO:
44, x+2A4, +24, =x

B srom paBeHcTBe mnpupaBHHUBaeM KO3()(PULUMEHTHl HpPU OAMHAKOBBIX CTENEHSAX (QYHKLUUU
IIEPEMEHHOM X B IIPABOM U JIEBOM YaCTAX:
x' 44, =1

1
x° 1 24, +24,=0 =7 2
, OTKyaa CJIE€AYET, 4TO .

A un A
[ToryueHHbIe 3HAYCHUS HEOTIPEICICHHBIX KOAPPUITUESHTOB *° 1 IOACTaBUB B BUJ HCKOMOTI'O
YaCTHOI'O PELLIEHHUS, IOJIyYUM OKOHYATEJIbHO:

r(e)=gerle —x)

Ilpumep 14. HaliTn yacTHOE pelieHUE ypaBHEHMUS:

y"=y"+3y" +5y="5¢e" cosx+4e"

A Ilpexne Bcero, QyHKIUIO / (x ) NpeJCTaBUM B BUAE CYMMBI JBYX (yHKIHA
fi(x)=5e* cosx m f,(x)=4e™"

pEIICHHE UCXOJHOTO YPABHEHHUSL.
1. dns pynxuuu f1(X) onpenensem napamerpst [0 0g,l: DO0OO000000000 q=0, a s

dynkimu f2(X) coorBercreenno 1000 OOOOOOOOMO0 q=0.

2. XapaKTepUCTUIECKOE yPABHCHHUE A =2 +32+5=0 pyeer KOpHH:

A==1 A =1%2i

. I[J'IH KaxKa0ro cirydasa 6y,I[eM HOI[6I/IpaTB CBOC€ YaCTHOC

(@+if)=2+i

VYuuteiBast, uto 1t Gyakmuu fi(X) ducio HE COBMNAJAET HU C OJHUM M3 KOpHEH

XapaKTepPUCTHYECKOTO ypaBHEHUsI, odTomy $=0, a miust ¢pynkuuu f2(X) umcio (a +if ): -1
coBmajaer ¢ KopHeMm [J1 kpatHocTH 1. MicXos 13 3TOro, MOXHO BBINKUCATh YaCTHOE PEIICHHE:

v, (x)=y,(x)+ v, (x)=e*(4, cosx + B, sin x)+ D,xe ™" _

X
3. IloacraBisieM B HCXOTHOE YPaBHCHHUC BBIPAXKCHUS IJISA y“( ) " €ro IMponu3BOAHLIX U HAXOJAUM

Ay, By, D,

3HAYCHHUS] HEOMNpPENeNIeHHbIX KOA((UIIMEHTOB . Jns ynoOcTBa ompeneneHus: 3TUX

K03 UIHEHTOB TOICTABHM ~ *! (x) B ypaBHEHHE ¢ paBoii yactsio f1(X), a 2 (x) B YpaBHEHHE C
npaBoii yacteio f2(X).

[oncrasnsem ~ (x)=e**(4, cos x + B, sin x)

v (x)=e*(24, cos x + 2B, sin x — 4, sin x + B, cos x),

" NPpOU3BOJHBIC:

y!(x)=e* (34, cosx + 3B, sin x — 44, sin x + 4B, cos x),
y"(x)=e* (24, cosx + 2B, sin x — 114, sin x + 11B, cos x)

2x
B MCXOJHOE YpaBHEHHE C MPaBoil uacTbio f1(X) = Y€ COSX Cokpamas Ha ¢ U MpUpaBHUBAs
K03 UIMEHTHI IPU COSX | SINX B IPABOH U JICBO YaCTAX MOTYYSHHOTO PaBEHCTBA, Oy/1eM HMETh
CHCTEMY M3 JBYX ypaBHEHHIA:

24, +11B, =34, -4B, + 64, +3B, + 54, =5,
2B, —114, =3B, +44, + 6B, —34, +5B, =0,
WU 1I0CTIe IpeoOpa3oBaHuil
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104, +10B, =5
~104, +10B, =0,

OTKY/Ia HaXOJUM, Y4TO
1 1 .
A, =B, =5 = yql(x)zzezx(cosx+ sin x)

Dyxe™
Hanee nmojacrasisieM GpyHkmuto f2(x) = 70 U €€ IPOU3BOJIHBIC:

! —-X 14 —X m —-X
Vip(x)=Dpe™ (= x+1), yiy(x)=Dye™(x=2), y7(x)=Dye™(3-x)
B HMCXOJHOE YpaBHEHHE C MpaBOH 4acThi0 paBHOU 4e™. CokpaTuUB Ha e™, MOJY4YUM PaBEHCTBO
8Do=4, T0 ectb Do = %, ciiemoBaTeIbLHO

palx) = xe

Taxum 06p330M, YaCTHOC pCHICHUEC UCXOJHOI'0 YPaBHCHU A 3alIMIIIEM B BUJIC CYMMBI IBYX YaCTHBIX
pemeHHﬁ, 1 OKOHYAaTCJIbHO OHO 6yI[CT HUMCTBb BU:

2 (6)= 30 () y (x) =+ € (cos x + sin x)+ + xe™
4 2 A

2.n ’ _
Ipumep 15. Haiitu peuenne ypapuenns: * 2~ =0,

dg 1
—_— ==

A Tlomaras X=€ wm { =X majirem dx X
BbIYKCIMM IIPOU3BOIHEIE 110 HOBOI NepeMeHHOi t, 0603HauKB ToukaMu U PepeHIUpOBAHKE 110
t:
dy dy dt d .
,:_y:_y._:—y-eit:ye t’
de dt dx dt
" d ' dt d . _—t —t s -\ -2t
=—(y)—=—pe " )e" =()-p)e
=)= dt(y ) (3 -7) |

[oncrasus V> B ucxomHOE ypaBHEHHE, TIOTYIUM

e e (y—y)—e e’ - y+y=0um j-2y+y=0

CrnemoBatenbHO, MBI MONYYHIN OJXHOPOJHOE JIMHEHHOE ypaBHeHHE. Ero xapakTepucTHdecKoe
2 p— = = (V]

ypasuerne 4 —24+1=0 pyeer xopun A=h=1 ITocKONBKY KOPHH JEHCTBHUTENBHBIC U

KpaTHbIE, C KPATHOCTHIO PABHOM JBYM, TO 00IIlee perieHne OyIeT HMETh BH/I:

We)=(C, +1C,)e",
[lepelias Kk mepeMEHHOM X, OKOHUATEIbHO MOTYyYUM O0IIIee PEeLIEHNE UCXOIHOTO YpaBHEHUS
yx)=(C, +Cy x4

IIpumep 16. HaiiTn pemieHne ypaBHEHUS:
xzy”—xy'+y =cosln x
da 1

_ —=e
. t J— o
A Tlonaras X=¢€ ygu {=Ix , HaliieM dx x
Bbraucmm mpon3BoIHEIC IO HOBOU IepeMeHHOM t, 0003HaYMB ToOUKaMu JU(GEepeHIIUPOBAHKE TIO
t:

' .-t " : * ), 2t
y=ye', y=(F-y)e
[oncraBus »>Y B cx0HOE ypaBHEHHE, TTONYINM
y—2y+ y=cost *)
DT0 HEOJHOPOIHOE TUHEHHOE ypaBHEHUE C MOCTOSHHBIMU Kodduimentramu OOIee pemeHue
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COOTBETCTBYIOIIETO €MY OJHOPOJHOTO ypaBHEHHUS (CM. npumep 36) UMEET BHU]L
t
y(t)= (Cl +1C, )e ,
a 9aCTHOE PEIICHNE MOXKHO MOJYYUTh METOJIOM HEOTPEIEICHHBIX KO (UITUESHTOB.
[TockonbKy MmapaMeTphl MpaBoi YaCcTH HEOJHOPOIAHOIO ypaBHEHHs (*) paBHBI, COOTBETCTBEHHO,

noooooooooo00n =0, =0 u yucno (OH_Z'B):"B HE COBIIAJAECT HU C OJHUM KOPHEM
XapaKTepUCTHYECKOro ypaBHeHus1, moaromy $=0, u m = max(q,l)= 0. Mcxons u3 310ro, MOXKHO
BBIIIMCATh BUJI KCKOMOI'O YaCTHOT'O PEILIECHHUS

y,(t)= A, cost + B, sin ¢

BBIYHCITIM TIPOM3BOIHEIE OT ¥ ¥)
y,(t)=—A, sin t + B, cost,

9,(t)=—A, cost — B, sin t
Y TIOJICTAaBUB UX B ypaBHEHUE (*), moiydum
—2B,cost+2A,sint=cost

[TpupaBHsieM KO3(QPUIMEHTH MPH OAWHAKOBBIX (YHKIHMSIX B MPABOM U JIEBOM YacTAX STOTO
ypaBHEHUS

-2B,=1, =B, :—%,

24,=0, =4, =0.
CrnenoBarenbHO, YaCTHOE pellieHue ypaBHEHU () nMeeT BUA

yq(f)=—%sinf'

a obmree pemenue ypaBHeHUs (*) OyIeT BBINISICTh TaK:
I .
yoéwee(t): (Cl + tCZ )et - Esm t
Takum oOpazom, obliiee perieHre HCXOJHOTO YPaBHEHUS UMEET BUI:

y(x)=(c, +C, ]nx)x—lsin]nx
2 A

3.1.2. Metoanuyeckue MaTepHAJbl, oONpele/sOlMe MNPOUeAYPbl OLECHMBAHMS 3HAHMIM,
YMEHHi, HABBIKOB U (MJIH) ONBITA /IeSITeJIbHOCTH B X0/1€ TEKYIIero KOHTPOJIS1 yCIleBaeMOCTH
YcTHBIA 0TBET

Orenka 3HaHui mpenmnonaraet AudepeHInpoBaHHbIN MOAX0A K 00yJaromeMycs, yuer
€ro MHIUBUAYaAJIbHBIX CIIOCOOHOCTEH, CTENIEHb YCBOSHHS U CUCTEMAaTH3allM1 OCHOBHBIX MOHSTUIN
W Kateropui mo aucuuiuiiHe. Kpome TOro, oOIeHWBAaeTCS HE TOJBKO TJIyOMHA 3HAHUN
IIOCTABJIEHHBIX BOIIPOCOB, HO M YMEHHME HCIOJIb30BaTh B OTBETE NPAKTHUUECKUN MaTepHall.
OueHnuBaeTcs KyJabTypa pedH, BllaJieHHe HaBbIKaMU OpaTOPCKOT0 UCKYCCTBA.

Kpumepuu oyenueanus: mociaen0BaTebHOCTb, IOJIHOTA, JOTUYHOCTD U3JI0KEHUS, aHAJIN3
pa3IMyYHBIX TOYEK 3pEHHs, CaMOCTOSTEIbHOE O000O0IIeHNe MaTepuana, HCI0JIb30BaHHUE
npo¢eCCHOHATIBHBIX TEPMHUHOB, KYJIbTypa pPeyH, HaBBIKM OpPaTOPCKOro MCKyccTBa. M3noxeHue
MaTepuaia 0e3 (pakTHUeCKHUX OLINOOK.

OneHka «omauyHO» CTAaBUTCS B Cllydae, KOTJa MaTepuall U3JaraeTcsi MCUEpIBIBAIOLIE,
MOCIE0BATENbHO, TPAMOTHO M JIOTUYECKH CTPOMHO, MPH 3TOM PACKPBIBAIOTCS HE TOJBKO
OCHOBHBIC MTOHATHUS, HO M aHAJTM3UPYIOTCS TOYKH 3PEHMS Pa3IHMYHBIX aBTOpoB. OOyyaromuics
HE 3aTPYAHSETCS C OTBETOM, COOJIIOJIAeT KYJIbTYpY PEUH.

O1eHka «xopowioy» CTaBUTCS, €CIM O0y4aroIUiCs TBEPIO 3HAET MaTepuai, rpaMOTHO U
M0 CYLIECTBY M3JaraeT €ro, 3HaeT IMPaKTHYecKylo 0a3y, HO MpH OTBETE€ Ha BOMPOC JOMYCKAET
HECYIIECTBEHHBIE MIOIPELTHOCTH.
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OneHka «yodogremsopumenbHoy CTAaBUTCS, €CIU 00yJaroIuiics OCBOUI TOJIbKO OCHOBHOM
MaTepuai, HO He 3HACT OTACTbHBIX JIeTaNeH, T0MyCcKaeT HETOYHOCTH, HEIOCTATOYHO MPABUIILHBIC
(bopMyIUPOBKH, HapyllIaeT IOCIEI0BAaTeIbHOCTh B M3JIOKEHHM MaTepuana, 3aTpyAHSETCs C
OTBETaMHM, IIOKA3bIBACT OTCYTCTBUE JOJDKHOW CBSI3M MEXKIY aHAIM30M, apryMEHTAIWed u
BBIBOJIAMHU.

OueHka «HeyOoosremeopumenvHoy CTaBUTCS, €CIM OOy4arolIMiicsi HE OTBEYaeT Ha
MOCTaBJICHHBIE BOIPOCHI.

Keiichl (cuTyanuu u 3aa4u ¢ 32ITaHHBIMH YCJIOBHSIMH)

OOyuaromuiics JOMKEH YMETh BBIICIUTH OCHOBHBIE IOJIOKEHUS M3 TEKCTa 3aJayu,
KOTOpBIC TPEOYIOT aHAIM3a U CIIYKAT YCIOBUSIMHU perieHus. VIcXo/s U3 MOCTaBICHHOTO BOIIpOca
B 33/1a4e, MOMbITATHCSI MAKCUMAJIbHO TOYHO ONPEAETUTH MPOOIEMY U COOTBETCTBEHHO PEIIUTH €€.

3aaun MOTYT pemiaThCsl YCTHO W/WiiM MUChbMEHHO. [Ipu pemieHuun 3am1ad Takke BaKHO
MpaBWIbHO C(HOPMYIHMPOBAaTh M 3allKcaTh BONPOCHL, HayMHas c Oojee OOMIMX M, KOHYAs
YAaCTHBIMH.

Kpumepuu oyenusanus — onjeHKa y4uThIBA€T METOJIbI U CPEACTBA, UCIOIb30BAaHHBIC TPU
PEIICHUH CUTYaIlMOHHOM, TIPOOJIEMHOM 3a/1a4H.

OneHka «omau4H0» CTaBUTCA B Cllydae, Koraa 00yJaroIuics BBIMOTHII 3aJaHUE (PeIIrI
3a/1a4y), HUCIOJb3ysl B IOJHOM OOBEME TEOPETHYCCKHE 3HAHWS W TPAKTHYSCKHUE HABBIKH,
MOJIy4YEHHBIE B MIpoliecce 00yUeHusl.

OneHKa «xopouto» CTaBUTCS, €CITH 00YyJAIONTUICS B IICJIOM BBITIOJHIUT BCE TPEOOBAHMSI, HO
HE COBCEM YETKO OMpEJeNsieTcs Onopa Ha TEOPETUUYECKUE MOJIOKEHHUSI, U3JI0KEHHbIE B HAYYHOI
JUTEpAType MO JAHHOMY BOIIPOCY.

OneHka «yodognemsopumesnbHo» CTABUTCS, €CIU 00yUYaIOIIUICS TOKa3aJl MMOJIOKUTETIbHBIC
PE3YJIBTATHI B MPOIIECCE PEIICHHUS 3a/1a4H.

OueHka «HeydognemeopumenbHo» CTaBUTCS, €CIIM OOYy4arolMiicss HE BBIMIOJHUI BCe
TpeOoBaHUS.

TecTtupoBanue

SBnsieTcst OTHUM U3 CPEICTB KOHTPOJIS 3HAHUH O0YJAFOIIUXCS 110 TUCITUTUTHHE (MOJIYITIO).

Kpumepuu oyenusanus — npaBUIbHBINA OTBET Ha BOIIPOC

OreHka «omauyH0» CTAaBUTCS B ClIydae, eCiu MpaBmibHO BhIMOIHEHO 90-100% 3amanuii.

OueHka «xopouio» CTaBUTCS, €CIU NPABUIBHO BhINOIHEHO 70-89% 3ananuid.

OneHka «ydosremsopumenvoy CTaBUTCS B CIIydae, €CJIM MPAaBIILHO BhITOHEHO 50-69%
3a7laHUN.

OrneHka «Hey0081emeopumenbHo» CTaBUTCSA, €CIU MPaBUIBLHO BBIMOJHEHO MeHee 50%
3aJlaHuH.

3.2. OueHoYHbIe MATEPHAJIBI /IS MPOBEAEHUS MPOMEKYTOYHON aTTeCTAIIUH
3.2.1. Kputepuu oieHKH pe3y/1bTaTOB 00y4eHHsl M0 AUCHUILINHE (MOAYJII0)

Mxana Pe3yabTaTsl
IHoka3zaTeu oueHNBAHUS Pe3yJbTATOB 00y4eHHs
OlLlCHUBAHUA 0o0y4yeHust
OTJIMYHO 3Haer: - oOygarommuiicss TIIyOOKO M BCECTOPOHHE YCBOWJI MaTepHaj, yBEpEHHO,

JIOTUYHO, TIOCIIEJOBATEIbHO U IPAMOTHO €0 M3JIaraeT, ONnpasich Ha 3HAHUS
OCHOBHOH U JOIOJIHUTEIBHON INTEPATYPBI,

- Ha OCHOBC CHCTEMHBLIX HAaY4YHBIX 3HAHUH JAcaact KBaJ’lI/Iq)I/IHI/IpOBaHHBIe
BBIBOZIBI M 0000IIeHNS], CBOOOIHO ONEPHPYET KATETOPHSIMHU M MTOHATUSIMH.
YmMmeer: - o0yJaromuiicss yMeeT CaMOCTOATENbHO W TPAaBWIBHO pellaTh ydeOHO-
npodeccHoHaNbHBIE  3aJadyd WM 33JaHds, YBEPEHHO, JIOTUYHO,
MOCTIEIOBATEEHO U apTYMEHTHPOBAHO M3JIaraTh CBOE PEIICHHE, HCIIONb3Ys
Hay4JHBIE MTOHSITHSI, CChIIASCh HA HOPMATHBHYIO 0a3y.

Bnaneer: - 00yJaronIuiics BiaieeT panroHATBHBIMU METOJIaMH (C UCHOIB30BAHUEM
palMOHATBHBIX METOJAMK) PEIIeHHs CI0KHBIX NMpOo(ecCHOHATBHBIX 3ajad,
MpPeJCTAaBICHHBIX JIEJIOBBIMU UIPaMU, KeHicaMH U T.1.;

IIpu pemenuu NpoaeMOHCTPUPOBAI HABBIKI

- BBIJIEJIEHUS TJIaBHOTO,

- CBSIBKOH TEOPETHYECKUX IIOJIOKEHUH C TpeOOBaHMSIMU PYKOBOSIINX
JIOKYMEHTOB,
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- U3JI0JKEHUS MBICIICH B JJOTHUECKOM oCJIC10BAaTCIbHOCTH,
- CaMOCTOATCIIBHOI'O aHaJin3a (baKTI)I, CO6LITHfI, ﬂBHCHHﬁ, MMpOLECCOB B UX
B3aMMOCBS3U U JUAJICKTUYCCKOM pa3BUTHUH.

XOPOIIO

3Haer:

- oO0ydaroluiicss TBEpIO YCBOWJI Marepuall, JOCTaTOYHO I'PaMOTHO €ro
u3jaraet, ONUPasiCh Ha 3HAHUS OCHOBHOH U JOIOJIHUTENIBHON IUTEPaTyPHI,
- 3arpynHsercss B (OpPMYJIMPOBAHMM KBaJH(DUIMPOBAHHBIX BBIBOIOB M
000011IeHu, omepupyeT KaTeropus MM M HOHATHSIMM, HO HE BCerja
MPaBIJIBHO HX BEPUPHLIUPYET.

YmMmeer:

- 00yJaIOIUIACS YMEET CaMOCTOATEIBHO U B OCHOBHOM NPABIJIBHO PEIlaTh
y4eOHO-TIpO(eCCHOHANBHBIE 3aladyd WIH 3aJaHus, YBEPEHHO, JIOTMYHO,
HOCTICZIOBATENIFHO M apTyMEHTHPOBAHO H3JaraTb CBOE peEIICHHE, He B
HOJIHOI Mepe HCIOJB3ysl Hay4YHBIC MOHATHS M CCBUIKM Ha HOPMAaTHBHYIO
0azy.

Bnaneer:

- O0ydJarouiiicss B HEJNOM BIIAAEET PAllMOHAIBFHBIMH METOJAaMH pEIICHUI
CJIO’KHBIX TIPO(EeCCHOHANBHBIX 3a/1a4, IPEACTABICHHBIX IEIOBBIMU UTPAMH,
KelcaMu U T.].;

[Ipn pemennn cMor nOpPOAEMOHCTPUPOBATh JOCTATOYHOCTb, HO HE
FHyGI/IHHOCTL HaBBIKOB,

- BBIJICJICHUA I''TaBHOT'O,

- U3JI0KCHUS MBICIICH B JJOTMYECKOM MOCJIEI0BATCILHOCTH,

- CBS3KH TEOPETHYCCKHAX TOJOXKEHHH ¢ TPeOOBAHUSAMH PYKOBOISIINX
JIOKyMEHTOB,

- CaMOCTOSITENBHOTO aHanmu3a (akThl, COOBITHI, SBICHUH, MIPOIIECCOB B UX
B3aMMOCBSI3U U JUAIIEKTHYECKOM Pa3BUTHH.

YAOBJIETBO-
PUTEJIBHO

3HaeT:

- o0ydaromuiicss OpHEHTHPYETCSl B MaTepHale, OMHAKO 3aTPYIHSICTCS B €T0
M3JI0KCHHNH;

- TIOKa3bIBacT HEAOCTATOYHOCTh 3HAHUI OCHOBHOM M JOIOIHHUTEIHHOMN
JUTEPATYPBI;

- c1abo apryMeHTHPYET Hay4HBbIE ITOJIOKEHHUS;

- IPaKTHYECKH He CriocoOeH chOpPMYIHPOBATh BHIBOBI M 0000LICHUS;

- YACTUYHO BJIAJICET CUCTEMOI IOHATHI.

YmMmeer:

- o0yuaromuiicss B OCHOBHOM YMEET PeIIUTh yueOHO-NpodeccroHaIbHYIO
3a7ady WIM 3aJaHue, HO JOIycKaeT omuOKH, ci1abo apryMeHTHPYET CBOE
pelmieHne, HeJOCTaTOYHO MCIONB3yeT HAay4HBIE MOHATHS M PYKOBOISIINE
JIOKYMEHTBI.

Bnaneer:

- oOyyaromuiicss BiajeeT HEKOTOPHIMH pAIlMOHATBHBIMH METOJaMHU
PEIIeHHS CIIOXKHBIX PO ECCHOHATBHBIX 33124, IPEACTABICHHBIX ICJTOBBIMA
UTpamH, KeficaMu | T.1I.;

[pu pemennn MpoaEeMOHCTPHPOBAT HEAOCTATOYHOCTH HABBIKOB

- BBIJICJICHHS TJIABHOTO,

- U3JI0’KCHUS MBICJICH B JIOTHUECKOM MOCIIEI0BATEIIBHOCTH,

- CBA3KH TEOPETHYECKHUX IOJOXKEHUH ¢ TpeOOBaHUSAMHU PYKOBOISIINX
JIOKYMEHTOB,

- CAMOCTOSITETILHOTO aHanu3a (akThl, COOBITHH, SBJICHHA, IPOIECCOB B UX
B3aMMOCBS3U U TUAJICKTUYCCKOM pPa3sBUTHUH.

HEYJIOBJIETBO-
PUTEJIBHO

3Haer:

- o0yyaronuiicst He yCBOMJI 3HAYUTENILHOM YacTH MaTepHana;

- HE MOXET apryMEHTHPOBaTh HAYUHbIE [TOJI0KEHHS;

- He GOPMYIHPYET KBaTU(PHUIIMPOBAHHBIX BEIBOJOB M 0000IICHNUH;
- HE BJIaJIeeT CUCTEMOH MOHSITHH.

VYmeer:

oOyyarommuiics He IMOKazal YMEHHE pemarb y4eOHO-podecCHOHAIBHYIO
3a7a4y WIK 3a/IaHHe.

Bnaneer:

HC BBIIIOJIHCHBI Tpe6OBaHI/IH, NpeaABbABIIACMbBIC K HaBbIKaM, OILICHHBACMbIM
«YAOBJICTBOPUTCIILHOY.

3.2.2. KOHTpOJIbHBIE 3a]aHusl

aTTecTaluu

HW/MJIM MHbIe MATepHaJbl /sl POBeJeHUs NMPOMEeKYTOYHOM

CnHcok BONPOCOB /il YCTHBIX OTBETOB (BAPMAHTHI TECTA)
1. BekTops! U 1EHCTBUS C HUMH.
2. JluneitHOE TIPOCTPAHCTBO.
3. Marpuiisl u AeMCTBUS C HUMHU.
4. OmnpenenuTenu: MOHATHE, CBOICTBA, IPUMEHEHHUE.
5. Cucrembl IMHEHHBIX YPaBHEHUH: IOHATHE, BU/IbI, METO/IbI PEILICHHH.
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JIuHeitHbIe onepaTopkl U AEHCTBUS C HUMHU.

KBanpatuunsie GOpMBbI: TOHATHS U BUJBI.

JIuHUM Ha TIOCKOCTH.

KpuBbie BTOpOro mopsaka: moHsTHE, BUABL, TpeoOpa3oBaHusl.

. IIpsiMble JINHUU ¥ TUNIOCKOCTH B ITPOCTPAHCTBE.

. IIpakTHueckoe 3ansaTue

. MHOeCTBO: IOHATHE, BUJIbI, OTIIEpPALlUU HAJl HUMHU.

. OyHKIUHU: IOHATHE, BUJIbI, IPUMECHEHHE.

. Ilepenensr: onpenenenue, BUIbI, IPUMEHEHHUE.

. HemipeprIBHOCTD (hyHKIIMHM: OTIpE/IeIeHNE, CBOMCTBA, TPUMEHEHHE.

. IlpousBoHas pyHKIMM: OnpeieseHne, CBOICTBA, IPUMEHEHHUS.

. CoiictBa muddepenunpyemMpIx GyHKIIMHA: OCHOBHBIE TEOPUH U IIPABUIIA.
. UccnenoBanue GyHKINNA ¢ TOMOIIBIO TIEPBOM MPOU3BOTHOM.

. UccnenoBanue GyHKIMN C TOMOIIBIO BTOPOM MTPOU3BOIHOM.

. MeToapl MHTETpUPOBaHUSL.

. IaTerpupoBanue palnoHaIbHbIX APOOEH.

. IHTerpupoBanue uppauvoHaaIbHbIX (QYHKIIMHA.

. IHTerpupoBaHie TPUTOHOMETPUIECKUX (PYHKITUH.

. Onpenene bl MHTErpaj: MOHATUE, CBOWCTBA, IPUMEHEHUE.

. HecobcTBeHHbIE MHTETpAIBL: TIOHSATHE, BUIBI, CBOWCTBA

. BexTopsI ¥ 1eiCTBUSA C HUMU.

. JIuHeiiHOE MPOCTPaHCTBO.

. MaTpu1iibl 1 AEUCTBUS C HUMU.

. Onpenenurenu: NOHATUE, CBOMCTBA, IPUMEHEHHE.

. CrucreMpl TMHENHBIX YPaBHEHUM: ITOHATHE, BUIbI, METOBI PEILICHUI.

. JInneliHbIe onepaTophl U IEUCTBUS C HUMMU.

. KBagpaTuuHblie GOpMBI: OHATHS U BUJBI.

. JInHUYM HA TUIOCKOCTH.

. KpuBble BToporo nopsijka: noHsTHe, BUJIbl, IpeoOpa3oBaHMUs.

. IIpsiMbI€ INHUM U IITIOCKOCTH B IPOCTPAHCTBE.

. IIpakTueckoe 3ansatue

. MHOK€eCTBO: MOHSTHE, BUJIBI, OTIEPALIN HAJl HUMU.

. OYHKIUHU: IOHATHE, BUJIbI, IPUMEHEHHUE.

. Ilepenensl: onpeneneHue, BUIbL, IPUMEHEHNE.

. HenpeprIBHOCTH (hyHKIIMHU: OTIpe/ieieHne, CBOICTBA, IPUMEHEHHE.

. IIpon3BoHas GyHKIMH: ONpeIeleHHe, CBOMCTBA, TPUMEHEHHUS.

. CpoiictBa nuddepenunpyemMbIx GyHKIMHU: OCHOBHBIE TEOPUH U IIPABUIIA.
. UccnenoBanue GpyHKINH ¢ TOMOIIBIO IEPBOI MPOU3BOIHOM.

. UccnenoBanue GyHKIMN C TOMOIIBIO BTOPOM MPOU3BOIHOM.

. MeTobl MHTErpUPOBAHUS.

. IHTerpupoBanue pamoHaibHbBIX APOOEi.

. UaTerpupoBanue uppanroHaibHbIX (PYHKINHN.

. IHTerpupoBaHye TPUrOHOMETPUUYECKUX (PYHKIUH.

. OnpeesieHHBIN UHTErpall: MOHATHE, CBOMCTBA, IPUMEHEHHE.

. HecoOcTBeHHBIE MHTETpaIBl: TOHATHE, BUJIbI, CBOMCTBA

. OyHKIIMS MHOTUX IIEPEMEHHBIX: [IOHATHE, CBOWCTBA, IPUMEHEHHE.

. HacTHble IpUpalleHus U YaCTHBIC TPOU3BOJHBIC: IIOHATHE U CBONCTBA.
. I[lonmuble mpupanienus 1 noJHeIi quddepeHnman: ToHITHE U CBOWCTBO.
. DKCTpEMyM: NTOHATHE U CBOMCTBA.

. Auddepenunanbable ypaBHEHHUS IEPBOT0O MOPSAIKA: OHITHE, CBOMCTBA, TPUMEHEHUS.
. Auddepenumanbuple ypaBHEHUSI BTOPOTO U BBICIIETO0 MOPSAKOB: TOHSATHE, CBOMCTBA,

IIPUMEHEHHE.
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57. Pa3HOCTHBIC ypaBHEHHUS: TIOHSATHE, CBOWCTBA, MPUMECHEHHE.

58. YucnoBsle psAabl: HOHATHE, CBOWCTBA, IPUMEHEHHE.

59. OyHKUMOHANIBHBIE PSAAbL: TOHITHE. CBOMCTBA, TPUMEHEHHUE.

60. Psaasr Tolnopa u Makiopena: ornpeeneHue, CBOMCTBa, IPUMEHEHHE.
TekcTbl NPOOJIEMHO-aHATUTHYECKUX U (MJIM) NPAKTHYECKUX YUEOHO-TIPO(eCCHOHATBHBIX
3a1a4
1.BpruncauTh onpenennTeb:
P P
-4 p,
2. Pemuth ypaBHEHUE:
X

P2 _6
Py P(x+1)

3.IIpOBEpPHUTH CYIECTBOBAHKE U BHIYHMCIMTL OOPATHYIO MATPHILY ISl MATPUILIBL:
(p1 ps]

4=\2 P

4 PemuTh cUCTEMY JIMHEWHBIX ypaBHEHHH 110 GopMysiam Kpamepa:

pX—p,y=8
3X+py =17

5. Haiitu co6cTBeHHbIE 3HAUEHUS MATPHUIIbIL:
(pl psj

A=\2 P

6.CocTaBUTh ypaBHEHHE TPACKTOPUU TOUYKU M (X; y), KOTOpasi MPU CBOEM JABHUKEHUU OCTACTCS

BIBoe Oymoke K Touke A(—1;—1), uem k Touke B(—4;—4).

7.Jlano ypaBHenue: y* — 2x + 4y + 2 = 0. BblAcHUTB, KaKyl0 KPHBYIO BTOPOTO MOPAIKA OHA

OIMCHIBAET.

8.ITapabosna ¢ BepIIMHOI B Hayajle KOOpJAUHAT MPOXOAUT uepe3 Touky A(2;8) u cuMMmerpuyHa
otHocuTenbHO ocu Oy. Hanucats ee ypaBHeHHe.

9. s npsimoit PX+ P,y — Py =0 : a) IPOBECTHU NEPIIEHIUKYISIPHYIO €l MPSAMYI0, IPOXOASIIYIO
yepe3 Touky (20; —18) u 3anucarth ee ypaBHeHHe, 0) ONpeieNUTh KOOPAUHATH TOUKHU ITepeceueHust

. . . PSX—py+ps=0
NaHHOI mpsMoii ¢ mpsiMoii P2X — Py + Py =Y
10. lausr 1Ba MHOXKecTBa: A = {-1,0,3,5} uB={-3,1,0, 7, 9}. Haiitu AUB, ANB, A\B,B\A

11. OnpenenuTs HHTEpBANBI MOHOTOHHOCTH f(X) = X3 -9X? +15X +1.

12. Hanucath ypaBHEHHUE KacaTeIbHON K KpHI y 3

B B TOUKe Xo =-1

6x
lim (1 + —j
13. Beruncnutsb npeaen o 3x
14. Haiitu obnacte onpeneneHust GyHkumnu z = 2In(xy).

15. Haiiti nmpousBogayro GyHkmutf (x) = sin(5x + 3)

16. Haittu npousBoaHyto GyHKIEY :'T

17. Haiitu nuddepenunan Q)yHKuIJ":arcrg\/-; B TOYKE X = 1.
18.Haiitr BTOpYI0 mpom3BoaHyio (GyHKun ¢! B Touke x = 0.
19.Yemy paBHa mmepBooOpaszHast (pyHKm-“/ (-"2 +1) ?

[x“dx_
-1
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20. BeruricinuTh HHTETpal
¢ lnx
21. BelaucauTh uHTErpan | —dx
X

22. BelyucnuTh HHTETpA. |115it1 xebx

23. BbIuHCIUTh YJaCTHbIC MPOU3BOTHBIC IIEPBOTO U BTOPOTO MOPSAKA il QYHKIIUH Z
=33 - 22 + 2
= y-+ty.
24. Haiitu 5xctpeMyM GyHKIun Z = Xy(2-X—-Y).
P P
25. Jlnsa pyHkuup# =¥"7 +337 —4x97 B Touke K(3,1,1) Haiitu rpaguenT.
26. Haittu monnsiii nuddepenuman pyHk € B Touke M (1,1).

27. Haiitu obumii naTerpan qudQepeHnaibHbpX ypaBHEeHUN]:

a) tgxsin® ydx +cos’ xctgydy = 0. 6) 1+ dx—(2+ )1+ x*dy=0

28. IIpouHTErpHpOBaTh ypaBHEHHE Y’ = XY + Xy TIpH HauanbHOM ycrnoBuH y(0) = 2
29. Pemuth nuddepeHIMATBHBIC YDABHECHUS:

a) y=x’+y 6) y'cosx+ ysinx=1

30. Pemuth ypaBHEHHE
(2xy +3p7)dx + (x* + 6xy —3y7 )dy = 0
z cos’n
31. Onpenenutb CXOQUTCS JIU AAHHBIN P Eln—g .Ecnu cxoautcs, yka3zaTh 0 KakoMy
NPU3HAKY CXOIMMOCTH.
32. Paznoxuts Gynkmuio Y(X) = cos(x?) B pax Makiopena.
3.2.3. MeToauueckue MaTepuajbl, OINpelesiOllde MpoueIypbl OLEHUBAHHUSA 3HAHMIA,
yYMeHHUii, HABBIKOB B X0/1€ IPOMEKYTOYHOI aTTecTaluu

IIpounenypa oneHnBaHusi 3HAHUM (YCTHBIA O0TBET)
[Ipenen nauTeapHOCTH 10 MUHYT
[IpennaraeMoe KOJU4ECTBO 3aJaHUH 2 Bompoca
[ocnemoBaTenbHOCTH BEIOOPKH BOMPOCOB U3 | CriywaiiHas
KaXJIOTO pa3zierna
Kpurepuu oneHku - TpeOyeMBIit 00bEM U CTPYKTYpa
- U3JI0XKEHKE MaTepuaa 0e3 (pakTUIeCKUuX OIUO0K
- JIOTHKa U3JI0KCHUS
- HCIIOJIb30BaHNE COOTBETCTBYIOIIEH TEPMUHOJIOTUU
- CTHJIb PEYHU U KYJIbTypa peuu
- MOI00P MPUMEPOB MX HAYYHOU JINTEPATYPhI M IPAKTUKU

«5» ecnm Tpe6OBaHI/I${ K OTBETY BBIITOJIHCHBI B IOJTHOM o0beMe

«4» ecnu B IICJIOM BBbIIIOJTHCHBI Tpe60BaHI/I}I K OTBE€TY, OJHAaKO €CTb
HeOOJIbIIINEe HETOYHOCTH B M3JI03KEHHH HEKOTOPBIX BOIIPOCOB

«3» ecimn Tpe60BaHI/IH BBITIOJTHEHBI YaCTUYHO — HE BbIJACPIKAH O6’I>CM, €CTh

Q)aKTH"IeCKI/Ie OIHI/I6KI/I, HapylieHa JIOrMKa H3JI0KCHMU,
HEAOCTATOYHO UCTIOJIBL3YCTCA COOTBETCTBYIOLIAA TCPMUHOJIOTUN

IIpouenypa ouneHMBaHMs YMeHHIi M HABBLIKOB (pellleHHe NMPOOJEMHO-AHATUTHYECKHUX W
NPaKTHYECKUX Y4eOHO-TTPo(hecCHOHAIBHBIX 321a4)

[IpeaaraeMoe KOJIMYECTBO 3aJaHUI 1
[TocnenoBaTeIbHOCTD BHIOOPKH CayuaiiHas
Kpurepun oneHku: - BBIZIEJICHUE U IOHUMAaHUE IPOOJIeMbI

- yMeHHE 0000IaTh, COMOCTABIIATH PA3THYHBIC TOUKH 3PCHUS

- OJIHOTA UCITOJIb30BaHUS UCTOYHHUKOB

- HaJIM4Ke aBTOPCKOM MO3ULIUU

- COOTBETCTBHE OTBETA MIOCTABIIEHHOMY BOIIPOCY

- HWCIONB30BaHWE COIMAILHOTO oOmbiTa, MarepuanoB CMMU,
CTAaTUCTUYCCKUX JAaHHBIX
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= JIOTUYHOCTDH U3JIOKCHHUA

- YMCHHC CACJIaTh KBaHI/I(l)I/IIII/IpOBaHHI)IG BBIBOJIbI U 0606H16HI/I$I C
TOYKH 3pCHUSA PCIICHUA HpO(beCCI/IOHa.HLHLIX 3aga4

- YMCHHUEC NPUBECTHU ITPUMEDP

- OIopa Ha TCOPECTUUCCKUC TTOJIOKCHUA

- BJIaICHUC COOTBeTCTByIOIIIeﬁ TepMHHOHOFHeﬁ

«5» ecnu TpeGOBaHI/Iﬂ K OTBCTY BBIIIOJIHCHBI B IOJTHOM o0bemMe

«4» ecu B IICJIOM BbIIIOJTHCHBI Tpe60BaHI/IH K OTBCTY, OJHAKO €CTb

HeOOJIbIIIME HETOYHOCTH B M3JIO)KCHHH HEKOTOPBHIX BOIPOCOB.
3arpymgasercss B (QOpMyTHMpOBaHWH — KBaTU(PHUIIMPOBAHHBIX
BBIBOJIOB M 0000IIEHMIT

«3» ecimn TpeOOBaHNUS BBHIIIOJIHEHBI YaCTUYHO — MBITAETCS 000CHOBATH CBOIO

TOYKY 3pCHHsA, OJHAKO clabo apryMeHTHpPYeT Hay4HBIC
MOJIOXKEHHS, TPAaKTHYECKH HE CHOCOOCH CaMOCTOSTEIBHO
c(opMyIHpPOBaTh BBIBOABI M 000OIIEHMS, HE BHIUT CBA3b C
npodeccHoHAILHOM NesITeIbHOCTHIO

4. y‘leﬁHO-MeTOHI/I‘IeCKOQ U MaAaTCPUAJBHO-TEXHUYECKOEC o0ecrneuyeHue JAUCHHUIIIMHBI

(Mmonxyuis)
4.1. DjeKTpOHHBIE y4eOHbIe U3TAHUS

1.

BoromonoB, H.B. Maremaruka: y4yeOnuk jus1  By3oB/ H. B. boromonos,

I1. K. Camoiinenko. — 5-¢ uza., nepepad. u gon. — Mocksa . M3narensctBo FOpaidr,
2023. — 401 c. — (Beicuiee obpaszoBanme). — ISBN 978-5-534-07001-9. — Tekcr :
anekTpoHHblt // OOpa3oBatenbHas mnatdopma FOpait [caiit]. — URL:

https://urait.ru/bcode/510750.

Mauynuc, B. B. Boiciiast matemaTrka : yaueOHoe mocobue i By3os / B. B. Mauynuc. —
5-e u3n., nmepepad. u qorm. — MockBsa : U3natenberBo FOpaiit, 2023. — 306 ¢. — (Bricmee
obpaszoBanme). —  ISBN 978-5-534-01277-4. —  Tekctr : DdICKTpOHHBIA  //
OopasoBarenbHas miathopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/513124.
[Iunaues, B. C. Boicuias matemaruka. [Tomubiii kype B 2 T. Tom 1 : yueOHuK 17151 BY30B /
B. C. [llunayes ; nox penakuueit A. H. Tuxonosa. — 4-e u3n., ucnp. u gon. — Mocksa :
WznarensctBo FOpaiit, 2023. — 248 c. — (Bricmiee obpazoBanue). — ISBN 978-5-534-
07889-3. — Tekcr : anekTponHsbli // ObOpa3oBarensHas miatdopma FOpait [caiiT]. —
URL.: https://urait.ru/bcode/513025.

Iumaves, B. C. Beicuias maremaruka. [Tonasiii kype B 2 T. Tom 2 : yueOHHK 17151 BY30B /
B. C. [llunayes ; mox penakuueit A. H. TuxonoBa. — 4-e u3j., ucnp. u aon. — Mocksa :
NznarensctBo FOpaiit, 2023. — 305 ¢. — (Bwicmiee oopazoBanue). — ISBN 978-5-534-
07891-6. — Tekcr : snexTpoHHbIH // Obpa3oBarenbHas miuatdopma FOpaiit [calfT]. —
URL.: https://urait.ru/bcode/513026.

4.2. DjeKTpoHHBIEe 00pa30BaTebHbIE PecypChl

1.

2.

7.

DnexTponHas 6ubnuoreunas cuctema «95C FOPAUT» Biblio-online.ru (3BC «IOpaiit»)
[Onekrponnsii pecype]. — URL: https://urait.ru/.

OnexTpoHHO-OubOMnoreuHas cucreMa ZNANIUM [Onextponnsiii pecypc]. — URL:
https://znanium.com/.

OnexTpoHHas 6ubianoTeuHas cucrema «KoHCYIbTaHT CTyJeHTa» [ DNEeKTpOHHBIN pecypc].
— URL: https://www.studentlibrary.ru/.

e-Library.ru: Hayunas snextpoHHass Oubnmotreka [DnextponHsii pecypc]. — URL:
http://elibrary.ru/.

Hayunas snextponnas 6muommoreka «KubepJlennnkay [Dnektponnsiit pecypc]. — URL:
http://cyberleninka.ru/.

Nudopmanmonnas cucrema «EnnHOEe OKHO JOCTyma K 0Opa3oBaTeNbHBIM pecypcam»
[Onekrponnslii pecype]. — URL: http://window.edu.ru/.

@OenepalibHbIl LEHTP HHPOPMAIIMOHHO-00Pa30BaTENbHBIX PECYpPCOB [DIIEKTPOHHBIN
pecypc]. — URL: http://fcior.edu.ru/.

4.3. CoBpeMeHHbIe TpodeccCHOHAIbHBIE 0a3bl JAHHBIX U MH(POPMALHOHHBIE CIPABOYHBIE
CHCTEMBI
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https://urait.ru/
https://znanium.com/
https://www.studentlibrary.ru/
http://elibrary.ru/defaultx.asp
http://cyberleninka.ru/
http://window.edu.ru/
http://fcior.edu.ru/

OO6yuatromumcst  obecrieueH A0cTyn (yAaJleHHBIH JIOCTYN) K HIDKE CICIYIOINUM

COBPEMEHHBIM NpodeccHoHaNbHBIM 0a3aM JaHHBIX U UH(OPMAIIMOHHBIM CIIPAaBOYHBIM CUCTEMaM:

1. CnoBapu w oSHHOMKIONEOWM Ha Axajgemuke [OnektpoHHbii pecypc]. — URL:
http://dic.academic.ru.

2. Cucrema nHpOpMaIMOHHO-TIPaBOBOro ooecneueHus «I apant» [IIeKTpOHHBINA pecypc]. —
URL: http://ivo.garant.ru/.

4.4. KoMIJIeKT JIMIEH3MOHHOT0 M CBOOOJHO PAaCHPOCTPAHSIEMOI0 MPOrPAMMHOIO
olecrneyeHusl, B TOM YHcCJie 0Te4eCTBEHHOI0 NPON3BOICTBA
1. JIuuen3moHHOE MporpaMMHOE oOecriedeHue: oneparuonHas cucreMa Microsoft Windows,
nakeT opHUCHBIX npuitoxeHuit Microsoft Office.
2. CB0OOAHO pacmpoCTpaHsIeMOe ITPOrpaMMHOE 0OecIiedeHre: CBOOOHBIC TTAKEThl O(PHCHBIX
npuinoxxernii Apache Open Office, LibreOffice.
3. IlporpammHoe obecrieyeHHE OTEYECTBEHHOTO IPOM3BOJCTBA: CIPABOYHO-IIPABOBAS
cucrema «lapant» (DneKTpoHHbIN nepuoaudeckuil cripaBouHuk «Cucrema TAPAHTY),
obpasoBarenbHas miatdopma FOPAUT (Dnekrponnas 6ubmmoreunas cucrema «IBC
IOPAIT» Biblio-online.ru (3BC «kOpaiit»)), >/1EKTPOHHO-GHOIHOTEUHAs CHCTEMA
ZNANIUM, snektponnast Oubnuoreynas cucremMa «KoHCynbTaHT CTyEHTay.
4.5. ObopynoBaHue H TeXHHYECKHE CpeacTBa 00y4eHHs

Jlisa peanuzanuy AUCHUILTMHBL (MOJYJSl) HCIONB3YIOTCS Y4eOHBIE ayIUTOPUHU st
NpOBEICHUS Y4YEOHBIX 3aHATHHA, KOTOpbIE OCHAIICHBI O0OPYAOBaHHEM W TEXHUYECKHMHU
cpeacTBaMu OOYyYEHHUS, U TMOMEIICHUS JIJIsl CaMOCTOSTENIbHOM paboThl 00yUYaroIuXCsl, KOTOPhIE
OCHAIIIEHBI KOMITBIOTEPHON TEXHHKOW C BO3MOYKHOCTBIO MOJKIIOUEHHs K ceTn «MHTepHeT» U
o0ecrieyeHbl JIOCTYIIOM B JJIEKTPOHHYIO HH(OpMalMOHHO-00pazoBatenbHylo cpeny PXTY
um. JI.1. Menneneesa. Jlommyckaercst 3aMmeHa 000pY0BaHHS €0 BUPTYaIbHBIMU aHAJIOTAMH.

HaumeHoBaHue y4eOHBIX ayAUTOPHUIA IS OcHaleHHOCTh Y4eOHBIX ayAUTOPHU VISl IPOBeIeHHU
NpoBedeHUs! y4eOHbIX 3aHATHIH U Y4eOHbIX 3aHATHII M NOMeIeHHu i ISl CaMOCTOATEeIbHOI
MOMeIeHHI 1151 CaMOCTOATeNbHOI padoThI 000py1I0BaHMEM M TEXHUYECKMMHU CPecTBAMMU
padoThr* o0y4eHust
Y4ebHBlE  ayAuTOpHM  ANAA  TPOBEACHHA | YueOHas ayIuTOpHs YKOMIUIEKTOBaHA CIEIHANTM3UPOBAHHON
y4eOHBIX 3aHATHH Mebembpl0, OTBEHaromeld BCEM YCTAHOBICHHBIM HOpPMaM H

TpeboBaHUSAM, 000PYIOBAaHHEM M TEXHHYECKHMH CPEICTBAMHU
0o0yueHns (MOOMIIBHOE MYIIBTUMEIUITHOE 000pYTIOBAHHUE).
ITomemenne it caMOCTOSTENbHON pabOThI [TomemeHne  OCHAamIEHO  KOMIIBIOTEPHOM  TEXHHKOH ¢
BO3MOXXHOCTBIO ~TOAKIIOUeHHMs: K cetn «MHTepHer» n
obecrieueHHeM JOCTyNa B 3JEKTPOHHYIO HH(OPMAIOHHO-
obpazoBatensHyto cpeny PXTY mm. J[.M. MenneneeBa u K
9bC.

* Homep KOHKpPETHOW ayJMTOPUHU yKa3aH B NIpHKa3e 00 ayAuTOpHOM (OHAIE, paclUCaHUM y4eOHBIX 3aHITHIl U
pacnucaHuy MPOMEXYTOUHOH aTTeCTALUH.
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