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1. Ulenu n 3agayum aucumnnvHbl

Llenbto ocBoeHuss auvcuunnuHbl (Mogyns) asnsetcsa popMUpOBaHWE KOMMETEHLMN
obyuyatowerocs B o6rnactu npogeccnoHanbHon AeaTenbHOCTU U cepe npodheccnoHansHoOm
AEeATENbHOCTMU:

01 Ob6pasoBaHue 1 Hayka (B ccepax: obLiero, cpegHero npogeccuoHanbHoro, Ao-
NONHUTENBHOIO NPOeCCMOHaNbHOro 06pa3oBaHUS; Hay4HbIX UCCIeA0BaHUN),

08 ®duHaHchl U 3KOHOMMKA (B cdepe uccrnegoBaHnin, aHanuaa n NPorHo3MpoBaHus Co-
LUManbHO-9KOHOMUYECKUX NPOLIECCOB U SIBMIEHUA Ha MUKPO- U MakKpo- YPOBHE B 3KCNEPTHO-
aHanuTuyeckmnx cnyxbax (LeHTpax 3KOHOMWYECKOro aHanusa, nNpaBUTENbLCTBEHHOM CEKTOpe,
00LeCTBEHHbIX opraHnsaunsax); B cepe Npomn3BOACTBa NPOAYKUMM W YCIyr, BKIOYasa aHa-
nn3 cnpoca Ha NPoayKUUIO U YCNYTN M OLLEHKY UX TEKYLLEro U NepcnekTMBHOIo NpeasioxXeHus,
NpoABWXXEHME NMPOAYKUMM U YCIYT Ha PbIHOK, NiiaHMpoBaHne u obcnyxmBaHne pUHaHCOBbIX
NMOTOKOB, CBSA3@HHbIX C NPOU3BOACTBEHHOM AEATENbHOCTLIO; B chepax KpeanToBaHus, cTpa-
XOBaHW4, BKNOYasi MEHCUOHHOE U coumanbHoe, onepaumn Ha PUHAHCOBLIX PbIHKaxX; B coe-
pax BHYTPEHHEro 1 BHELHEro (oMHaHCOBOro KOHTPONA U ayauTa, (OUHAHCOBOMO KOHCYNbTU-
pOBaHUs, yrnpasneHnsa puckamm; B cdpepe KOHCanTuHra).

dvcumnnuHa HanpaBneHa Ha pelleHue 3ajady npodeccuoHanbHOM OesATENbHOCTU
cnegyowmx TUMoB:

— aHaNUTUYECKNN;

— Hay4HO-UccnenoBaTenbCKUN;

— OpraHM3aLMOHHO-yNpaBreHYeCcKui;

— negarorn4eckui;

— pMHaAHCOBbLIN;

— PaCYETHO-3KOHOMUYECKUM.

lMporpamma cocTaBneHa B cOOTBeTCTBUM € TpeboBaHusmn PefeparnbHOro rocyaapcr-
BEHHOro obpasoBaTefibHOro ctaHgapTa BbicLero obpasoBaHus Mo HanpasfeHUio NoaroToB-
kn 38.03.01 OkoHomuka (MNpukasd MuHucTtepcTBa Hayku n Bbiclero obpasoBaHus PO ot 12
asrycta 2020 r. N 954 "O6 yTBepxgeHun degepanbHOro rocygapcTtBeHHoro obpasoBaTerib-
HOro cTaHgapTa Bbicwero obpasoBaHus - GakanaBpuat MO HanpasfieHUIO MOArOTOBKU
38.03.01 SkoHoOMuUKA")

2. MNMepeyeHb nNnaHuMpyemMbiX pe3ynbTaToB OOYy4YeHUsl, COOTHECEHHbIX C MilaHun-
pyeMbiMU pe3ynbTaTaMu OCBOEHUA obpa3oBaTesibHOWN NMporpamMmbl

Ne Kopg dopmMynupoBkKa Koa n HanmeHoBaHue nHgukKaTopa [OCTUXKEHUA
n/n | Komne- KoMMeTeHUuUn KOMMeTeHuUn
TeHUUKn
1 OrlK-2 CnocobeH ocywectenate | MO 1onk.. — MNpuUMeHsieT cTaHgapTHble MaTeMaTU4eckne MeTo-

cbop, 06paboTKy 1 CTaTh- | ALl NpU peLLeHUn NPOECCMOHarNbHbIX 3aAaY, CBS3aHHbIX C 06-

CTiHeckin  aHalvs  AaH- | haGoTkoM M aHaNM30M AaHHbIX
HbIX, HEOBXOAUMbIX AN

peweHna nocTtaBJieHHbIX

9KOHOMMYECKUX 3aau

Koa n HanmeHoBaHue uHau- Pe3ynbTaTbl 06y4yeHus (noka3aTenu oLueHMBaHUA)

KaTopa AOCTUXEHUA Komne-

TEeHUUn

WO onko — MNpumMeHseT cTax- 3HaeT: OCHOBHbIE MOHATUS U MeToAbl AMddepeHLManbHOrO U MHTerpanb-

[apTHble MaTeMaTnyeckue HOrO UCYMCNEHUNA YHKUUIA HECKONMbKUX MNepeMeHHblX, avddepeHumans-

METOfb! NPU PeLLEeHN Npo- HbIX YPaBHEHWUW, pSAoOB, HEOOXOAMMbIE ANsl pelleHns NpPodeCcCMoHanbHbIX
3agaM

deccroHanbHbIX 3a4ay, CBS-
3aHHbIX ¢ 06paboTKOM 1 aHa-
NM30M [aHHbIX

YMeeT: NpuUMeHsATb MaTemMaTuyeckme MeTodbl MpU pelleHun npodeccuo-
HanbHbIX 3aga4

BnapeeT: HaBblKamMy NPMMEHEHNs CTaHOaPTHLIX MaTemMaTUYeckux MeToaoB
npy pelleHnn npodpeccroHarnbHbIX 3adad, CBsA3aHHbIX C 06paboTkoW U
aHanu3oM AaHHbIX




3. MecTo aucumnnuHel (Moayns) B cTtpyktype OOl BO

OucumnnuHa OTHOCUTCH K YacTu, opMUpyeMon y4acTHMKamm obpasoBaTesibHbIX OT-
HoweHun bnoka 1 OOI. OucuunnuHa aBnsieTcs 0653aTenbHON K U3y4EeHUIo.

N3yyeHne ancumniMHbl OCHOBAHO Ha 3HAHWUAX, YMEHUSAX U HaBblkaX, MOSyYEeHHbIX Npu
n3y4yeHum obyvatrowmmmca gucumnnmibl MatemaTuka.

AucumnnuHa aBnseTca npeglwecTsyowen ana udydeHns gucuunnuH: CrtaTuctuka,
OkoHoMeTpuka, OCHOBbI LMAPOBOM IKOHOMUKU U LUndpoBble BusHec-nnatgopmsbl, MHpop-
MauMOHHOe obecnevyeHne (PUHAHCOBO-XO3SIMCTBEHHON OeATEeNbHOCTU, Y4ebHasa npakTuka,
O3HaKoOMUTENbHas npakTuka, Y4ebHasa npakTuka, HayvyHO-uccnegosaTtenbckasi paborta (no-
nyvyeHve nNepBUYHbIX HaBbLIKOB Hay4yHO-uccriegoBaTernbckon paboTbl), [NponsBoacTBeHHas
npakTuka, npegamninoMHas npakTuka, nogrotoeka K npoueaype 3awmTtbl U 3awmTa BblMyCkK-

HOWM KBanNuUguKaLMOHHOM paboTbl.

4. O6bem gucumnnuHbl (Moayns) u BUAbI y4eOHoM paboTbl

O6was TpyaoeMKoCTb ANCUMNINHBI (MO4YISA) COCTaBNsAeT 6  3a4eTHbIX €AUHULL.

Bupbl yue6HoM paboThbl Bcero aka- Pacnpepenexnue
OeMUYeCKUX | TPyAOeMKOCTHU Nno
YacoB cemecTpam, ak.4
2 cemecTp
O6Las TpyaoeMKOCTb AUCLMNINHBI (MOAYNS) 216 216
KoHTakTHas paboTa B T. Y. ayguUTOPHbIe 3aHATUS: 91,9 91,9
Jlekummn 36 36
8 mom 4ucrie 8 hopmMe rpakmu4eckol rnod2omoeKu - -
lMpakTnyeckme 3aHATUS 54 54
8 mom yucrie 8 chopme ripakmu4eckol nod2o0moeku - -
KoHcynbTaumu Tekyime 1,8 1,8
Bud ammecmauyuu (3a4em) 0,1 0,1
CamocTtosTenbHas pa6oTa: 124,1 124,1
MpopaboTka MaTepumanos No nekuusm, y4ebHukam, y4ebHbeIM nocobusim 76,1 76,1
[MoAaroToBKa K NPakTUYECKUM 3aHATUSAM 14 14
lMoaroTtoBka K ayAMTOPHON KOHTPOMbHOW paboTte 10 10
[MoaroToBKa K BbINOSIHEHUIO TECTOBbLIX 3a4aHui 24 24

5 CogepxaHue gucuunnuHbl (Moayns), CTPYKTYpuMpoBaHHOe Nno Temam (pasge-
nam) c ykasaHuMeM OTBEeAEeHHOro Ha HMUX KONMyecTBa akageMU4YeCKUMX 4YacoB U BUMAOB

y4eOHbIX 3aHATUN

5.1 CogepxaHue pa3fgenoB AUCLUNIUHBI (MoaynsA)

HanmeHo- Tpyooem-
BaHue KOCTb
Ne CopepxxaHue pasgena
n/n pasaena (vka3biearomest membl u Qudakmuyeckue eOUHUYbI) pasaena,
ancumn- ak.4
NWHBI
1 Oudde- MoHATHE PyHKLMM MHOTMX NepeMeHHbIX. [[eoMeTpuyeckoe UCTOMNKOBaHUe
peHLun- YHKUMN OBYX NepeMeHHbIX. YacTHble Npon3BoaHble, onpeaeneHue, reo-
anbHoe U1 | MEeTPUYECKUIN CMbICH.
WHTe- lMpousBogHas no HanpasneHuo. 'pagneHT.
rpanbHoe OkcTpemMyM OYHKLMN HECKONBKUX NEPEMEHHbIX.
ncuucne- KpaTtHble uHTerpanel. OnpegeneHve, cBovcTBa. BelumcneHue B gekapto- 81
HWe (yHK- | BOW cMCTEME KoopauHar.
uun He- | 3aMeHa nepeMeHHOW B KpaTHbIX MHTerpanax.
CKOIbKUX MpunoxeHusa KpaTHbIX MHTerpanoB. MaremMaTtu4eckme METOLbI PELLIEHNS
nepemMeH- | rpo@eccroHasibHbIX 33434, CBI3aHHbIX C 06PaOOTKOV 1 aHA/IM30M [aHHbIX.
HbIX




2 KomnnekcHble yucna. KomnnekcHoe uncno B anrebpanyeckon, TpUroHo-
MEeTPUYECKOI 1 nokasatenoHon popmax. Onepauumn Hag KOMMIEKCHbIMU
yncnamm.
OnddepeHunanbHble ypaBHeHMs nepBoro nopsaaka. Obuiee n yacTHoe
peweHus. 3agaya Kowwn.
OnddepeHumnanbHble ypaBHEHMS MEPBOro Nopsiaka ¢ pa3aeneHHbIMA 1
pa3gensowumMmncs nepemMeHHbIMN.
OpHopoaHble ypaBHEHMS NepBOro nopsiaka. JInHerHble ypaBHeHMS 1 ypaB-
Andocpe- HeHusi BepHynnu.
peHuu- OnddepeHumnansbHble ypaBHEHMS BTOPOro Nopsifika, 4OnyCcKalLlwme noHu- 71
anbHble XeHne nopsgka.
YPaBHEHUA | nyneittbie audpepeHumnanbHble ypaBHeHMs1 BTOporo nopsaka. OgHopoa-
Hble NHenHble anddepeHUnansHble ypaBHEHMS BTOPOro nopsiaka ¢ no-
CTOSAHHbBIMW KO3 ULMEHTAMMN.
HeopgHopopHble nuHerHble anddepeHumanbHble YypaBHEHUS C NOCTOSIH-
HbIMK KO3bhMLIMEHTaMK M NPaBOW YacTbio CneuuansHoro Buaa.
MeToa Bapuaumm Npon3BOsbHbIX NMOCTOSHHBLIX. MaremMaTnyeckme MeToslbl
DELLIEHUS ITIPODECCHUOHA/IbHBIX 334a4, CBA3aHHBIX C 06PabOTKOU 1 aHA/IN30M
JaHHBIX.
3 Yucnosble psabl. Heobxognmoe ycnosue cxogumocTu. MpuaHaku cxogm-
MOCTM.
3HakonepemMeHHble psaabl. Teopema JlenbHmua. AbcontoTHasi U yCcrioBHasi
CXOAMMOCTb.
Psabl ®yHKUMOHanbHble psabl. CTeneHHble psabl, Teopema Abens. Paguyc n nH- 62,1
TepBas CXOAMMOCTU CTEMNEHHbIX PSAOB.
PasnoxeHune yHKLMIA B cTeNeHHble psaabl. [pumeHeHne psgoB B npubnu-
JKEHHbIX BblMUCTNEHUAX. MaTemMaTndyeckne METOLbI PELLEHMS TPogeccHo-
HA/IbHbIX 33434, CBA3aHHBIX C 06PaOOTKON M aHa/IM30M L[AHHbIX.
KoHcynbmauuu mekyuiue 1.8
3auem 0,1
5.2 Paspgenbl AaMcumnnuHbl 1 BUAbl 3aHATUNA
Ne Jlekuuu, ak. 4 MpakTnyeckne CPO,
HanmeHoBaHune pasgena ancumninHbl
n/n 3aHATUSA, aK. 4 ak. v
1 [OndepeHumnansHoe 1 MHTerpansHoe ucYncrieHne 16 24 41
YHKLMN HECKONMBKNX NEPEMEHHbIX
2 | OndpdepeHumnansHble ypaBHEHUS 12 18 41
3 Pagbi 8 12 42,1
KoHcynsmayuu mekyuwjue 1,8
3ayem 0,1
5.2.1 Jlekunn
HanmeHoBaHue pas-
Ne . TpyaooeMKkocTb,
n/n aena TemaTuka NeKLUMOHHbIX 3aHATUI ak. 4
ONCUUNINHBI
1 OundpdbepeHumnansHoe | MNMoHATUE DYHKLMU MHOTUX NepeMeHHbIX. [eoMeTpudeckoe
W MHTerpanbHoe WC- | UCTOrKoBaHMe OYHKUMN OBYX NepeMeHHbIX. YacTHble 2
yncrieHne  yHKUUKM | MPOU3BOAHLIE, ONpeaeneHne, reoMeTPUYECKU CMbICTT.
Heckonbkux  nepe- | MNMpounssogHasa no HanpaeneHuo. pagneHT. 2
MEHHbIX
OKCTPEMYM (DYHKLMN HECKOSIBKMUX NEPEMEHHBIX. 2
KpaTHble WHTerpansl. OnpeaeneHune, cBoicTea. BoluncneHne B
[EKAPTOBOW CUCTEME KOOPAMHAT. 2
3aMeHa NepeMeHHOM B KpaTHbIX MHTErpanax. 4
MNpunoXxeHnsa KpaTHbIX UHTErpanos. MaTtemaTmnyeckne Metoasbl
peLleHust NpodeccuoHarbHbIX 3afa4, CBA3aHHbIX ¢ 06paboTkoi 4
M aHaN30M AAHHBIX.




Andpcpeperun-

asnbHble ypaB-HeHUs

KomnnekcHble uncna. KomnnekcHoe yucno B anrebpanyeckon,
TPUrOHOMETPUYECKOW M NoKkasaTtenbHon popmax. Onepauumm Hag
KOMMIIEKCHBIMW YMCNaMMU.

IundbdepeHumanbHble ypaBHeHMs nepeoro nopsiaka. O6uuee u
YyacTHoe pelueHus. 3agaya Koww.

AundbdepeHumanbHble ypaBHEHMS NMEPBOro nopsiaka ¢
pasfeneHHbIMU 1 pasaensownuMmcs nepeMeHHbIMU.

OOHopoaHble ypaBHEHUSI NepBoro nopsigka. JIMHelHble
ypaBHEHUsI U ypaBHeHusi BepHynnu.

OuddepeHumanbHble ypaBHEHNS BTOPOro nopsaka,
JonyckaroLime NoHmKeHNe nopsaaka.

JlnHenHble anddepeHunansHble ypaBHEHMS BTOPOro NopsiaKka.
OpHopoaHble NMHenHble anddepeHumnanbHble ypaBHEHUS
BTOPOro nopsigka ¢ NOCTOsIHHbIMU KO3dhpumLmeHTamu.

HeopHopoaHble nuHenHble anddepeHunansHble ypaBHEHUS C
NOCTOSHHbIMM KO3 PULIMEHTAMM U NPABON YacCTbHO
cneumanbHOro Buaa.

MeToa Bapuauumn Nnpom3BOSbHbIX MOCTOSAHHbBIX.
MaTeMaTnyeckme MeToabl peleHns npodeccMoHasbHbIX 3a4ay,
CBsI3aHHbIX C 06paboTKON M aHANIM30M AaHHbIX.

Pagbi

Yucnosble pAanbl. Heobxogumoe ycrnoBune cXxoanmocTu. anI3Ha-
KN CXOOAMMOCTW.

3HakonepemeHHble psaabl. Teopema JlebHuua. AbcontoTHas m
yCNOBHasi CXOAMMOCTb.

dyHKuMOHanbHble padbl. CTeneHHble psabl, Teopema AGens.
Pagnyc 1 nHTepBan CXOAMMOCTU CTeNeHHbIX psSaoB.

PasznoxeHune dyHKLMIA B cTeneHHble psabl. [NMpymeHeHne psagos
B MPUMONMXKEHHbIX  BblYMCNEHMsIX. MaTemMaTuyeckne MeToabl
peLleHust NpodeccuoHasbHbIX 3aAa4, CBA3aHHbIX C 06paboTKoi
M aHa/IM30M [laHHbIX.

5.2.2 lNpaKkTnyeckune 3aHaTna

HanmeHoBaHue
pasgena
OUCUMMMNUHBI

TemaTuka npakTnyeckux 3aHaTum (CeMmHapoB)

TpyooeMKoCTb,
aK. 9

AndbbepeHun-
allbHOe N WUHTe-
rpanbHoe wnc4uc-

MoHaTne (byHKU,VIVI MHOIMX nepemMeHHbIX. I'eomeTqueCKoe
NUCTOJIKOBaHNEe (b)/HKLI,I/II/I OBYX NepeMeHHbIX. YacTHble
npon3BogHble, onpeneneHune, FeOMeTpVI‘-IeCKVIIZ CMbICJ1.

N

neHve  yHKUMn

MpousBogHas Nno HanpaeneHuto. MpaaneHT.

HEeCKOITbKNX ne-

SKCTpeMyM (*)YHKLI,VII/I HECKOJ1IbKMX NepeMeEHHbIX.

PEMEHHBbIX

KpaTHble WHTerpanbl. OnpeaeneHne, CBOWCTBA. BbluncneHne B
AEKaPTOBOW CUCTEME KOOPAMHAT.

3aMeHa nepeMeHHON B KpaTHbIX MHTerpanax.

ol b (M)A

MpunoxxeHns KpaTHbIX MHTErpanoB. MaTtemMaTnyeckne Metoael
peLueHust NpodeccuoHasbHbIX 3afay, CBA3aHHbIX ¢ 06paboTkoi u
aHaNN30M AaHHbIX.

OundepeHuymnans
Hble YypaBHeHUsI

KomnnekcHble yncna. KomnnekcHoe ymcno B anrebpavdeckon,
TPUFOHOMETPUYECKOW M NoKasaTtenbHon popmax. Onepaumm Hag
KOMMNNEKCHBbIMW Yncnamu.

OnddepeHumansHble ypaBHeHUs nepsoro nopsgka. Obuwee un
YyacTHoe pelleHuns. 3agadva Kowwn.

OudbdepeHumanbHble ypaBHEHUSI NePBOro Nnopsiaka ¢
pasfeneHHbIMU 1 pasgensitowLMMUCs NepeMEHHbIMU.

OaHopoaHble ypaBHEHUsI NepBoro nopsgka. JNIMHelHble ypaBHeHUs
1 ypaBHeHust BepHynnu.

OuddepeHymnansHble ypaBHEHUS BTOPOro nopsaka,
JonyckawLme NoOHWXeHMe nopsigka.

JlnHenHble anddepeHumnansHble ypaBHEHMS BTOPOro nopsaka.
OpHopoaHble NMHenHble AnddepeHUmnansHbie ypaBHEHUS BTOPOro
nopsiaka ¢ NOCTOSAHHLIMU KO3 LIMEHTAMM.




HeopHopoaHble nuHenHble anddepeHumnansHble ypaBHEHUS C
NOCTOSIHHLIMW KO3hULUMEHTaMM N NPaBOK YacTblo cheunarnbHOro
BuMaa. Metoq Bapraumm NpomnsBOsbHbIX NOCTOSIHHLIX. MaTeMaTuye- 4
CKMe MeTobl pelueHns NpodecCcMoHarnbHbIX 3aaad, CBS3aHHbIX C
06paboTKON 1 aHANIM30M AAHHbIX.
3 Pagbl Yucnosble psabl. Heobxoanmoe ycrnosmne cxoaumocTtu. [NpusHaku 4
CXOOMMOCTMW.
3HakonepemeHHble psagbl. Teopema JlenbHuua. AGconioTHas u >
YCINOBHasi CXOAMMOCTb.
dyHKUMOHanbHble psaabl. CTeneHHble pagbl, Teopema Abens. Pa- 4
Onyc U MHTepBan CXogMMOCTU CTENEHHbIX PAOOB.
PasnoxeHue gyHKUMI B cTeneHHble psabl. [pymeHeHne psagos B
NPUONMKEHHbIX  BbIMUCIIEHUAX. MaTemaTuyeckue MeToabl pe- 5
LeHMs npodeccMoHanbHbIX 3aaad, CBSA3aHHbIX C 06paboTkol U
QHA/IM30M AaHHbIX.
5.2.3 JTabopaTopHbIN NPaAKTUKYM - HE rpedyCcMOompeH
5.2.4 CamocTosaTenbHas paborta obyyarowmxcs
Ne HaumeHoBaHwue pa3sge- Bug CPO TpyooeMKoCTb,
n/n la AUCLUUNIINHbBI aKk. Y
1 OndpdepeHumnansHoe v | MoaroToBKa K BbIMNOJHEHWIO TECTOBbIX 3aaHWI 8
MHTErpanbHoe  MCHUC- | MoaroToBKa K ayAMTOPHON KOHTPOJIbHON pabote 8
neHve  yHKUMN  He- | MpopaboTka MaTepUasoB Mo NeKLMsM, yuebHIKaM, yueb- 25
CKOJIbKMX NepeMeHHbIX HbIM MOCOBUAM
2 MoAroToBKa K BbIMO/IHEHWUIO TECTOBbIX 3aZaHni 8
IndbdepeHumanbHble MoAroToBKa K ayAUTOPHON KOHTPO/bHOU paboTe 8
ypaBHeHUs MpopaboTka MaTepuanos No nekumsaMm, ydyebHukam, yueb- 25
HbIM nocobuam
3 Panpl MoAroToBKa K BbIMO/IHEHWUIO TECTOBbIX 3aZaHni 8
MoAroToBKa K ayAUTOPHON KOHTPOsIbHON paboTe 8
MpopaboTka MaTepuanos No nekumaMm, yyebHukam, yyeb- 26,1
HbIM nocobuam

6 YyebGHO-MeTOaQMYECKOE U UH(hOpMaLMOHHOEe obecneyeHne AUCLUNIIUHBI
[ns ocBOEHNS ANCUMNITMHBI 0BYy4YaoLWLMACA MOXET UCMONb30BaTh:

6.1 OcHOBHasa nuTtepartypa
1. Kpemep, H. W. MartemaTtnyeckun aHanms : yd4ebHUK W MpPaKTUKyMm Onsi BYy30B /
H. WW. Kpemep, B. A. TNyTko, N. M. TpuwimH ; otBeTCcTBEHHLIN peaakTop H. L. Kpemep. — 2-e

n3g., nepepab. wn pgon.— MockBa: WspatenbctBo HOpant, 2024. — 593c.
https://urait.ru/bcode/544892
2. bepmaH, I'. H. CbopHuMK 3agay no Kypcy matemaTudeckoro aHanusa. — 11-e uag,.,

ctep. — CaHkt-leTepbypr : Jlanb, 2023. — 492 c.: https://e.lanbook.com/book/295943

6.2 [lononHuTenbHaA nuTeparypa

1.lopnay, b. A. MatemaTtudeckun aHanus / 6. A. lopnay. — 2-e u3g., ctep. — CaHKT-
MeTtepbypr : JlaHb, 2024. — 604 c. https://e.lanbook.com/book/367505

2. AnapuHa, J1. B. Yucnosble u oyHKUMOHanNbHbIE paabl: yiebHoe nocobue. — 2-e nag,,
ncnp. — CaHkr-lMetepbypr : JlaHb, 2022. -YMO — 160 c. https://e.lanbook.com/book/210908

3. AHTOHOBa, W. B. KpaTHble 1 KpMBOSIMHENHbIE MHTErpansl. MaTtemaTuyeckun aHanms :
yyebHo-meTOooMyeckoe nocobme. — MockBa : PTY MUPOBA, 2022. — 46 c.
https://e.lanbook.com/book/256646

4. Nemungosuy, b. M. COOpHMK 3ag4a4d 1 ynpaxxHeHUn No MatematnyeckoMmy aHanuay / b.
M. OemunpgoBuy. — 25-e u3g., crep. — CaxkT-letepbypr : Jlanb, 2023. — 624 c.
https://e.lanbook.com/book/332675



https://urait.ru/bcode/544892
https://e.lanbook.com/book/367505
https://e.lanbook.com/book/256646
https://e.lanbook.com/book/332675

5. Wwunaves, B. C. OuddepeHumanbHoe M MHTErpanbHOE WUCYUCIIEHME : YY4EOHUK ”
npakTnkym ans sysos / B. C. lUnnayeB. — Mockea : N3gatenbctBo KOpanTt, 2024. — 212 c.
https://urait.ru/bcode/538769

6.3 MNMepeyeHb y4ebHO-MeTOANYECKOrO obecnevyeHMA AN caMoCTOATeNIbHOMN pa-
60TbI 06y4arowmxcs

1. bepmaH, . H. PewebHrk k cOOpHUKY 3agady No Kypcy maTemMaTMyecKoro aHanusa:
yyebHoe nocobue / I'. H. bepmaH. — 2-e n3g., ctep. — CaHkr-lNeTepbypr : NaHb, 2022. —
608 c. https://e.lanbook.com/book/210572.

2. Hayana maTtematunyeckoro aHanusa. AudpdepeHumanbHoe NCYUCTIEHNE: MPaKTUKYM:
yyebHoe nocobme / [O. C. Camko [u pgp.]. - BopoHex, 2021. - 91 vc.
http://biblos.vsuet.ru/ProtectedView/Book/ViewBook/2445

3. 3anopoxeu, I". 1. PyKOBOACTBO K pelleHunto 3aaay No MaTeMaTuyeckomy aHanmay :
yyebHoe nocobue / I'. W. 3anopoxeu,. — 8-e uag.,ctep. — CaHkT-lNeTepbypr : JlaHb, 2022. —
464 c. https://e.lanbook.com/book/210752

6.4 lMepeyeHb pecypcoB MHGMOPMALMOHHO-TENIEKOMMYHUKaALUMOHHON ceTn «WUH-
TEepPHeT», He0BXoAUMbIX AN OCBOEHUSA AUCLMNNNHBLI (MoAayns)

HanmeHoBaHue pecypca cetn «IHTepHeT» OIEKTPOHHbLIN agpec pecypca
«Pocculickoe obpasogaHue» - chedeparibHbili nopmarl https://www.edu.ru/
HayyHasi anekmpoHHasi bubnuomeka https://elibrary.ru/defaultx.asp?

HauuoranbHasi  uccrnedogeamernbckass  KoMmrbtomepHas | https://niks.su/
cemsb Poccuu

UHepopmayuoHHass cucmema «EOuHoe okHO OGocmyna k | http://window.edu.ru/
0bpasosamersibHbIM pecypcamy

OnekmpoHHas bubnuomeka BI'YUT http://biblos.vsuet.ru/megapro/web
Calim MuHucmepcmea Hayku U ebicuie20 obpasosaHusi P® | https://minobrnauki.gov.ru/
lMopman omkpbimozo on-line obpa3sogaHus https://npoed.ru/

OnekmpoHHas uHgopmayUuoHHO-0bpa3zosamerbHas cpeda | https://education.vsuet.ru/
@re0y BO «BIryunt

6.5 NepeyeHb MH(pOPMALUMOHHLIX TEXHONOINMW, UCMOJIb3yeMbIX MPU OCYyLLeCTB-
neHun obpasoBaTesibHOro npouecca no AucuuniuHe (Moaynio), BKNKYas nepeyvYeHb
nporpamMmmHoro o6ecne4yeHuss U UHPOPMaLMOHHbIX CNPABOYHbIX CUCTEM

[pu u3yyeHuu AucyunuHbl UCMOIb3yemcs rnpozpaMMmHoe obecrieyeHue u UHgopma-
UUOHHbIE Cripagoy4Hble cucmeMsbl: UHhopMayuoHHas cpeda 051 OUCmMaHUUOHHO20 0by4eHust
C30 «3KL», aBTOMaTnanpoBaHHas MHpopmaumoHHasa 6a3a «MHTepHeT-TpeHaxepbl», «UH-
TEPHET-3K3aMEHY.

Mpn ocBOEHMM AUCLUNNMUHBLI UCNONb3yeTCA JNIMLEH3UOHHOE U OTKpPbITOE MpPOo-
rpammHoe obecne4veHue — Windows, OC ALT Linux.

7 MaTepuanbHO-TeXHMYECKOe obecneyeHne AUCLMNIIUHDI

YyebHble ayantopumn Ans NpoBeaeHUst NEKUMOHHBIX U NPaKTUYECKUX 3aHATUKN, OCHa-
LLleHHble 060pyaoBaHNEM U TEXHUYECKMMU CpeacTBaMm obyyeHns (MynbTUMEOUNHBIMKU Npo-
eKTopamu, HACTEHHbIMW 3KpaHaAMW, UHTEPAKTUBHBIMW AOCKaMK, HOYTOykamu, gockamu, pa-
6ounmMn MecTamm no KonmyecTBy obyyaromxcs, paboyMm mecTom npenogasartens) — aya.
401, 225, 231 nnn vHble B COOTBETCTBUN C pacnucaHnem.

[onyckaeTca Mcnonb3oBaHWe APYrMX ayauTopuii B COOTBETCTBUM C pacnucaHuem
y4eOBHbIX 3aHATUN U OCHALLEHHbIX COOTBETCTBYHLUMM MaTepuanbHO-TEXHUYECKUM obecne-
YeHnem, B COOTBETCTBMM C TpeboBaHMsIMU, NpeabsBnsemMbiMM 06pasoBaTenbHbIM CTaHAap-
TOM.

lMomelleHns ons caMocCTosTeNnbHON paboTbl 06y4valoWmMXCs, OCHALLEHHbIE KOMMbHO-
TEPHOWN TEXHMKOM C BO3MOXHOCTbIO MOAKMNIOYEHUN K ceTn "MIHTepHeT" n obecneyeHnem goc-
Tyna Kk 6asam AaHHbIX U 9NEKTPOHHOW MHOpMaLUMOHHO-0bpa3soBaTenbHon cpege PrbOyY
BO «BI'YUT» — pecypcHbin ueHTp BITYWUT.
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https://education.vsuet.ru/

8 OueHo4Hble MaTepuanbl AnNs NPOMEXYTOYHOM aTTecTauum oby4arowmxca no
avcuunnuHe (Mmoaynio)

OueHou4Hble matepuansl (OM) gna gucumnnudbl (Mogyns) BkNoYaloT B cebs:

- NepeyeHb KOMNETEHLMN C YyKa3aHNeM WHONKATOPOB AOCTUXKEHUSI KOMMeTeHUMn, aTa-
NoB nx popMMpoBaHMS B NpoLecce 0CBOeHMs obpasoBaTeribHOM NporpaMmbl;

- ONucaHue LKan oLeHNBaHus;

- TUNOBbIE KOHTPOSbHbIE 3aJaHWUS U UHble MaTepuanbl, HeoBxoaAMMble O11S1 OLEHKU
3HaHUW, YMEHWUIN, HABbIKOB;

- MeTogu4eckne matepuansl, ornpeaensiowme npoueaypbl OUeHUBaHUA 3HaHUN, yMme-
HWIN, HaBLIKOB U (MNN) ONbiTa AEATENBHOCTMW.

OM npepncTtaBnsaoTCa OTAENbHBIM KOMMMEKTOM M BXOAAT B cOCTaB paboyer nporpam-
Mbl AUCUMUNIMHBI (MOAYNSA) B BUAE NPUMNOXEHUS.

OueHouyHble maTepuanbl dopmupytotca B cootseTcTum ¢ 1 BI'YUT «[lMonoxeHne 06
OLlEHOYHbIX MaTepuanax».



NMPUINOXEHUE
K paboyen nporpamme

1. OpI'aHVI3aL|,VIOHHO-MeTOFI,VI‘-IeCKVIe AaHHble AUCUMUMNIIUHBbI AN OMHO-3a04YHOM U 3a-

O4HOM ¢hopM OOy eHus

1.1 O6bemMbl pa3nuyHbix PopmM yyebHOM paboTbl U BUAbI KOHTPOSA B COOTBETCT-

BMM C y4eOHbIM NNaHOM (0YHO-3ao4Has copma)

O6Lwaga TpyaoeMKoCTb ANCUMMNNHBI (MOLYNSA) cOCTaBNAeT 6  3a4yeTHbIX eANHUL,

Buabl yuebHoOM paboThl

Bcero akagemm-
YyecKUx YyacoB

PacnpegeneHue
TPYAOEMKOCTU No
cemMecTpam, 4

2 cemecTp
O6wasn TpyaoeMKoCTb ANCLMNINHBI (MOAayns) 216 216
KoHTakTHas paboTa B T. 4. ayQUTOPHbIE 3aHATUS: 30,7 30,7
Jekumn 12 12
8 mom yucrie 8 chopme rnpakmu4eckol mod20mosKu - -
lMpakTnyeckme 3aHaATUSA 18 18
8 mom yucrie 8 chopme rpakmu4eckol mod20mosKu - -
KoHcynbTaumm Tekyime 0,6 0,6
Bud ammecmauyuu (3a4yem) 0,1 0,1
CamocTosiTenbHas pa6ora: 185,3 185,3
MpopaboTka maTepuanoB no nekuumsm, y4ebHukam, y4yebHbIM noco- 125,3 125,3
onsm
[MoaroToBKa K NpakTUYECKUM 3aHATUAM 18 18
MoaroToBka k ayguUTOPHOW KOHTPONbHOM paboTe 12 12
lNoaroToBka K BbINOMHEHUIO TECTOBbLIX 3a4aHUN 30 30

1.2 O6beMbl pa3nuyHbix PopMm yyebHON paboThbl U1 BUALI KOHTPONSA B COOTBETCT-

BWM C Y4eOHbIM NnaHoMm (3aoyvHasa ¢popma)

O6Lwaga TpyaoemMKoCTb ANCUMMNHBI (MOLYNSA) COCTaBNAeT 6  3a4eTHbIX €ANHUL,

Bupbl yue6HoM paboThbl Bcero PacnpeneneHue
akagemMu- | TPYAOEMKOCTU Mo
YeCcKUX cemecTpam, 9
YyacoB 2 cemecTp

O6was TpyaoeMKoCTb AMCLUMNANHBLI (MOAYNS) 216 216
KoHTakTHas paboTa B T. 4. aygUTOPHbIE 3aHATUS: 13,8 13,8
Nekyun 6 6

8 mom yucrie 8 ghopme npakmuyeckol nodaomosKu - -
MpakTnyeckmne 3aHATUA 6 6

8 mom yucrie 8 hopmMe rnpakmu4eckol mod20mosKu - -
KoHcynbTauuu TekyLime 0,6 0,9
KoHcynbTauum no KOHTPOrbHON paboTe 0,8 0,8

Bud ammecmauyuu (3a4yem) 0,1 0,1
CamocTosiTenbHas pabora: 198,3 198,3
MpopaboTka maTtepmanos No nekumam, yyebHukam, ydebHbiM nocobmsim 126,3 126,3
MogroToBKa K NpakTUYECKUM 3aHATUSM 24 24
lMoarotoBKa Kk ayguUTOPHOWM KOHTPOJIbHOW paboTe 12 12
KoHTponbHas pabota 10 10
[NoaroTtoBka K BbINMONMHEHUIO TECTOBLIX 3a4aHNN 26 26
MoaroTtoBkKa K 3a4eTy 3,9 3,9




OLIEHOYHbIE MATEPUAIIbI
AndA NPOMEXYTOYHOU ATTECTALIUU

no gucuunivHe

MATEMATUYECKUA AHANU3



1 NepeyeHb KOMNETEHUUN C yKa3zaHUeM 3TanoB ux popmmpoBaHus

Ne Kon PopmynupoBka Koa n HanmeHoBaHWe MHAUKaTOpa AOCTUXEHUA
n/n | Komne- KOMMeTeHLUun KOMMeTeHLun
TeHUUU
1 OrnK-2 CnocobeH ocyecTBrsate | MO 1omk.o — NPUMEHSIET cTaHAAPTHbIE MaTemMaTU4eckme MeToabl

cbop, 06paboTKy 1 cTaTu-
CTUYECKWI aHann3 gaH-
HbIX, HEOBXOAMMbIX Ans
peLUeHnst OCTaBMNEHHbIX
9KOHOMUWYECKMX 3aaa4

npu peLleHnn npodeccroHanbHbIX 3aaa4, CBA3aHHbIX ¢ 06pa-
GOTKOW 1 aHanM3oM AaHHbIX

Koa n HaumeHoBaHue MHAUKaTopa
AOCTUXEeHUA KoMmnetTeHUUu

Pe3ynbTaThbl 06y4yeHusi (nokasaTenu oLueHUBaHUs)

W01 0nke — NPUMEHSIET CTaHAapPTHbIE
MaTemMaTuyeckme MeToabl Npu pe-
LeHumM npodheccuoHanbHbIX 3agad,
CBsA3aHHbIX ¢ 06paboTkon n aHanm-
30M [aHHbIX

3HaeT: OCHOBHbIE NOHATUSA U MeToabl AnddepeHLnansHOro u
WHTErpanbHOro NCHYMCNEeHNs PYHKLMN HECKONBKUX NEPEMEHHbIX, He-
obxogumble Ans peweHns npodeccnoHanbHbiX 3agay

YmeerT: NPUMEHATb MaTeMaTu4eCckmne MeTonbl Npu peleHnn
npodeccuoHanbHbIX 3agad

Bnageet: HaBblkamu NnpuMeHeHna CTaHOapTHbIX MaTeMaTun4ye-
CKnx Metoaos npu peeHnmn I'IpO(*)eCCVIOHaJ'IbeIX 3agayv, CBA3aHHbIX

C 00paboTKOM 1 aHanM30M AaHHbIX

2 lacnopT oLeHOYHbIX MaTepuaroB No AUMCUUNINHe

Ne Pasgensl anc- MHaekc KoH- OueHo4Hble cpeacTBa TexHonorusa/npoueaypa
n/n UMUMWHBI Tponupye- HanMeHoBaHue NeNe sagaHuin | oueHuBaHWs (CNocob KOH-
MOW Komne- Tpons)
TeHuun (Mnm
ee yacTu)
1 1-7, 26, 31-34 | KomnbloTepHOE TECTUPO-
. BaHue (NpoLeHTHaga Lwkana)
BaHk TecToBbIX 3agaHun
AndbbepeHun-
anbHoe W UHTe-
rpansHoe uc- 41-55 lMpoBepka npenogasaTe-
P CobecepnoBaHue (Bomnpo- P P penoa
yncrieHue OnK -2 nem (oueHka B cucteme
Cbl AnNs 3a4eTa)
dyHKUNN He- «3a4YTEHO-He 3a4TeHOoY)
CKONbKUX nepe- 3agayun ona npakTtude- MpoBepka npenogasaTe-
MEHHBbIX CKUX 3aHATUN nem (ypoBHeBag Likana)
MpoBepka npenogasaTe-
KoHTponbHasa paboTta poBepka riperoa
nem (yposHeBag Likana)
2 8-12, 16-18, KomMmnbloTepHoe TecTupo-
BaHk TecToBbIX 3agaHui 23-24, 27-28, | BaHue (NpoLEHTHagd LwKkana)
36-40
lMpoBepka npenogasate-
" HUK- CobecepnoBaHue (Bonpo-
gﬂﬁﬁzpe a""B bl IS Jaj'aqua) (BOMp 56-60 nem (oueHka B cucteme
Lenis yp OrkK -2 A «324TEHO-He 3a4TEeHOY)
3agaum gns npaktuye- MpoBepka npenogasaTe-
CKMX 3aHATUI nem (ypoBHeBas Likana)
lMpoBepka npenogasaTte-
KoHTponbHas paboTta poBeEp peroA
nem (ypoBsHeBagd LlKana)
3 . 13-15, 19-20, | KomnbtoTepHoe TeCTUPO-
BaHK TecToBbIX 3anaHNi 25, 29-30, 35 | BaHue (NpoLieHTHas WwKana)
61-70 lMpoBepka npenogasaTe-
Psaabl CobecenosaHue (Bonpo- posepka rpenon
OrK-2 nem (oueHka B cucteme
Cbl Ansi 3a4eTa)
«3a4YTEHO-HE 3a4YTEeHOY)
3apaum onsi npakTmuye- lMpoBepka npenogasaTe-
CKMX 3aHATUN nem (ypoBHeBas LuKana)




MpoBepka npenogasare-

KoHTponbHas paboTta
P P nem (ypoBHeBas LiKana)

3 OueHoYHble MaTepuanbi AN NPOMeXYTOYHOM aTTecTauum
TunoBble KOHTPOSbHbIE 3aAaHUA UITU UHbIe MaTepuanbl, Heo6xoanuMbIe AN OLEHKU
3HaHWKW, YMEHUN, HaBbIKOB U (UNK) onbiTa AEeATENbHOCTU, XapaKTepusyroLwmx 3Tanbl
chopMupoBaHMA KOMNETEHLUN B NpoLecce 0OCBOEHUA obpa3oBaTenbHOW NporpaMmmbl
ATTecTtauns obyyatoLerocs no AMCUMNIIMHE NPOBOANTCA B (hOpMe TECTUPOBAHUSA U Npe-
AycmaTpuBaeT BO3MOXHOCTb nocreayrouiero cobeceqoBaHus (3aveTa, ak3aMeHa).

3.1 baHK TecTOBbLIX 3agaHUN

OMNK-2 CnocobGeH ocyLiecTBnsaTb cbop, 06paboTKy U CTaTUCTUYECKUI aHaNM3 AaHHbIX, HE06XO0-
AVMbIX NS peLlleHnsi NOCTaBNeHHbIX 3KOHOMUYECKMNX 3aaau

Ne 3apa- TecToBoe 3agaHune
H¥s
Beibpatb ogvH oTBET
1 0z ) 5
YacTtHasa npoussogHasi 8_ dyHKUMN Z = X"y — ) paBHa:
X
1) 2xy 2) Xy — 2y 3) 2x 4) -2y
2 0z
YacTHas npoussoaHas & dyrkumm Z = COS(XY) pasha
1) - sin (xy) 2) -x sin (xy) 3) - y sin (xy) 4) y sin (xy)
3 0z
YacTtHas npoussogHas 8_ dyHkumm Z=XIny  pasHa
y
1 X
1) — 2) — 3) Iny 4)0
y y
4 822 yZ
YacTHas npousBoaHas 8_2 dyHKUMN Z = “— paBHa:
Yy X
2 2 2y 1
1) -~ 2 3 5 4) =
X X X X
5 "pagneHT dyHKUuN z = x> + Sy2 +6 BTOYke M(1;-2) paBeH:
1) gradz={2,—20} 2) gradz={2,-2} 3) gradz={1,-20} 4) gradz={1,0}
6 1 X
MoBTOPHLIN UHTErpan Idx.[xdy paBeH:
0 0
1) 1/6 2) 1/3 3)1/2 4)1
7 1 x
MOBTOpPHbIV MHTETpan jdxjydy paBeH:
0 0
1) 1/3 2) 1/6 3) 14 4)1/2
8 Obuwee peleHve guddepeHLmansHOro ypaBHEHUS xzy' = x—1 umeeT Bug




1)1nx—l+C g)]nx+l+C 3)C—]nx—l 4)C+lnx—l
X X

b X
9 Obuiee pelueHne anddepeHumansHoro ypasHeHus yy' = e* +1 umeet sug
Dy =2"+2x+C 2)y =" +x+C 3)y =2"+x+C 4) y’=e" +2x+C
10 "—_1/ 2
Ob6uwee peleHne guddepeHumansHoro ypasHens ) = —1/ X unmeet Bug
1) CX+x+C, 2) C/x+C, 3) Cx+C,+Inx 4) Cx+x*+C,
11 O6uyee pelueHve anddepeHumansHoro ypasHenus y" + 21"+ y = 0 umeet Bua
1 Ce*+Cuxe™ 2) Ce'+Ce™ 3y Ce " +Ce™ 4) Ce +C,
12 O6uee peluerne anddepeHumnansHoro ypasHenns Y + 2y —3y =0 umveet Bug
1 Ce ™ +Ce 2) Ce ™™ +C,e™ 3) Ce* +C,e™ 4) Ce ™  +Ce™
13 2n +3
Wccnegynte cxoammocTb psga Z C nomoLlbio npusHaka Janambepa.
n=1
Myctb | = lim—= . BbibepuTe BepHOe yTBEpXKAEHME:
n—oo u
1
1) | =6, psiA pacxoguTcs 2) | = 6 , pAA pacxogutcs
1 1
§)_| = 6 , psin cxoauTcs 4) | = 5 psia cxoauTcs
14
2n? +1Y)
Wccnepynte cxoauMocTb psaa Z 5 C NOMOLLbIO pagnkanbHOro npuaHaka Kowwu.
n+n?
MycTb | = r|]|_r)n vu, . Bbibepute BepHoe yTBEpXKOEHME:
1
1 | = 2, psag pacxoguTtcs 2) | = § , a4 pacxoguTcd
1 1
3) | = 6 , psin cxoauTcs 4) | = 5 psa cxoauTcs
15 o (n)( )
Pan Tennopa Z % ——2(X—X,)" dyrkumm y = f(X) npu X, =0 HasbiBaeTcs pspom
n=0
1) Abens 2) MakrnopeHa 3) NenbHnua 4) Kowm
BbibpaTb HECKOMbKO OTBETOB
16 U3 gaHHbIX AnddepeHumanbHbiX ypaBHEHUI YpaBHEHUSMUY C pa3faensiowMUCs nepeMeHHbIMN SB-

nswTcs... Boilbepute HECKONbKO OTBETOB.

1) y'+ ysin x = xe**”
2xy" =yln°x




3 X7y’ +4y' =Xy

2y
’ 2
HyYy-——7—=Y
X
17 W3 paHHbIX anddepeHumanbHbIX ypaBHEHMI OOHOPOAHBIMN ABNAIOTCSA. .. BeibepuTe Heckonbko oTBe-
TOB.
2
1) (X+5)y'=cos” y
y
2) xy'=y+x5*
2 3
3)y —3xy=e" 3
2 2
4 X°y'—xy 2y° =
18 [aHo nuHeltHoe ogHopoaHoe anddepeHunansHoe ypaBHeHe y" — 3y’ —10y =0. KopHu ero
XapaKTepUCTUYECKOro ypaBHEHWS PaBHbI. ..
1)2 2)-5 3 -2 1H5
19 Cpeaw nprBefeHHbIX pPAA0B CXOAATCs... BeibeprTe HeCKonNbKo OTBETOB.
= 1 21 = 1 > 1
Y- 23 Ay 4%
n=1\1N n=1 N n=11 n=l1
20 Cpeam npmBedeHHbIX pagoB cxoaaTces... Beibepute Heckonbko OTBETOB.
uy5 ads 9> 9>
el 4 6n+5 = 2n+1 T4n+5
PacnonoxeHve B npaBunbHOM nopsgke
21 Pacnonoxute anddepeHumnansHble ypaBHeHUS No BO3pacTaHUo nopsaaka
5 4 " m
D XY =y"=5X"Y 2 xy'-y=3xy’ 3 Xy-3y"=Xxy
OtBet: 3); 2); 1)
22 Pacnonoxute cteneHHble psabl No Bo3pacTaHWUIo UX paanycoB CXOD,VIMOCTVI
0 xn 0 xn 0 Xn X nl
H X 22— 3 2o
n=1 3 n=1 N +1 n=1 2
OtBet: 4); 2); 3); 1)
Bonpockl Ha conocTaBneHune
23 YcTaHoBWUTE COOTBETCTBME MeXay AddepeHunanbHbIMU YpaBHEHUAMM U UX TUNAMU

1 )/' 2xy = exz sin x A |ypaBHeHwWe ¢ pa3gensaoLwmMMUcs nepemeHHbIMKU
2 b |ogHopoaHoe ypaHeHue
y-L=y
X
3 y B |nuHeltHoe ypaBHeHMe
x Y
y’ Ex 4 2L
X




y! _ yz COS X [ |YpaBHeHue bepHynnu

OTtBeT: 1-B; 2-T; 3-A; 4-b

24
YCcTaHOBUTE COOTBETCTBME Mexay AnddepeHumnansHbIMU YPaBHEHUSMM U X OBLLUMMU peLLEeHNAMMN
1 " = A _ X -X
y'+y=0 y=Ce*+C,e
2 " r_ B _ X
y'+y'=0 y=C,+Ce
3 |y"'-y=0 B |y=C, cosx+C,sinx
4 "\ — r _ —x
y'-y'=0 y=C,+C,e
OTtBeT: 1-B; 2-T; 3-A; 4-b
25 YcTaHOBUTE COOTBETCTBME MEXAY PSAaMu U NpU3HaKamm CXoanuMOCTH, KOTOPbIE HYXXHO NPUMEHUTb
ONs X uccnegoBaHus
1 © 9N A |MHTerpanbHbIN NpU3HaKk
n=1 n!
2 n B |npu3Hak cpaBHeHMA
i 2n® +1 P P
~\ 7n’+3
3 i 1 B |npusHak Janambepa
~ (n+1)In*(n+1)
4 Zw: 1 [T |pagvkanbHbIN NPU3HaK
AN’ +2n° +3
OTBeT: 1-B; 2-I'; 3-A; 4-b
BcTaBuTb NponyLieHHoe CRoBo Un YNCNOo
26 dyHKunmn u = f (X, y, Z) - BEKTOpP, KOOpANHATaMM KOTOPOrO B KaXon TOUKE HEKOTOPOM
obrnacTtu SBNATCA YacTHble NPOoM3BOAHbIe aToN PyHKUMKM. OTBET BBEAUTE CIOBOM (CyLLEeCTBUTENb-
Hoe ¢ 6onbLuov BykBbl B UMEHUTENBLHOM Nagexe).
OtBeT: NpagueHT
27 AnddpepeHumansHoe ypaBHeHne nNepBoro nopsaka nveet BuA:
dy
——+p(X)y=f(x).
dx
OTBeT BBEAUTE CNOBOM (NpunaratenbHoe ¢ 6onbLuo OykBbl B UMEHUTENBHOM Nagexe).
OtBeT: JlnHenHoe
28 anddepeHumnansHoe ypaBHEHWE NEPBOTO Nopsigka MMeeT Bua;

ﬂ:f(zj
dx X )

OTBeT BBeauTe CrnoBoMm (npunaratenbHoe ¢ 60nbLIon 6YKBbl B UMEHUTENBHOM Nafexe).




OtBeT: OgHOpOAgHOE

29

o0
Ecnu yncnoson psg Zun cxoauTes, To lim u,=
N—o0
n=1

OTBeT BBEOAUTE YNCIIOM.

OTBeT: 0

30

=1
Ecrm a>1, TO psag Z—a
n=1

OTBeT BBEOUTE CITOBOM (rnaron B HacTodALem BpeMeHI/I).

OTBeT: cxoauTcs

3apgauum Ha 1-2 gencTBus
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HaiiTn yacTHyIo nponsBoaHyto dyHkuMn Z = 5X°y — y° + 7 no nepementHon x npn X =4,y =5. Ot-

BET BBEAUTE YNCIIOM.
PeweHue:

1) @:(SXZy—y3+7)'X:10xy
OX
1) @ =10-4-5=200

Xl(a5)

OTBeT: 200

32

HaiiTu yacTHylo NponsBoaHYH YHKUMKN Z = 5x2y - y3 +7 no nepemerHon ynpu X=4,y=5. Ot-

BeT BBeAUTE YNCMNOM.
PeweHue:

1) %:(SXZy—y3+7)’y =5x* —3y?

1)g ==5.4"-3.5"=80-75=5

(4.9)

OTBeT: 5
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2 1
3,,2
BblunMcnnTb NOBTOPHLIN MHTErparn JdXI3X y“dy
0 0

PeweHnne
2

=4

1 2 x4
dx:J.x3dx ==
4

0 0

2 1 2 3
Idxj3x3y2dy :f3x3y—
0 0 0 3

0

OTBeT: 2
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1 X
BbIUMCINTL NOBTOPHbIN MHTErpan J.dXJ. 24xydy
0o 0

PeweHnne
X 1 8 1
dx = Ile5dx =12—
5 6

0

1 X 1 2
jdxj 24x°ydy :J.24x3 Y =2
0 0 0 2

0




OTBeT: 2
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Hantn pagnyc cXxoanmMmocCTu CTENEHHOIo paaa
n

n=0

=X
z(n+1)2-2”'

PelweHue:

PewweHue

a——l oa, = 1 .
" (n+Dp*-2"T T (n+2)7 2™

2 n+l 2
R = lim| 2| = jim N+ -2 5, (4+2)°

n—o an+1 n—»o (n +1)2 . 2n n—oo (n +1)2 N
OTBeT: 2

Kenc- 3apgaHus
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OvHamuka goxopa y(t) HekoTopon oTpacnu onuckiBaeTcs AuddepeHumanbHbIM ypaBHEHNEM

y

y’ =2t° + T C HavanbHbIM ycrioBuem Y(1)=3, roe t — Bpemsa B rogax. Hangute:

1) BENUUMHY goxoda 3a nepsble ABa roaa,
2) cuuTas, 4YTo Hayarnom otcyeTa AsnsieTcs 1 aHBaps 2018 roga, HaWTK NpUMpoCT goxoda 3a 2022
rogd. B otBeTe BBeauTe ABa uncna, pasaeneHHble Nnpobenom.

PelweHwe:
MaTtemaTtunyeckas Mmogenb Ans HaxoxaeHns 3aBucMMocTy y(t) goxoda OT BpeMeHu t npeacrasnseT
cobon 3agadvy Kown n nmeet Bug;

y’:2t2+1

t
y@)=3

Pewas 3agavy Ko, Hangem 3aBucumocThb y(t) Aoxoga oT BpeMeHu t: y(t) = t3 + 2.

BenununHa goxona 3a nepsble ABa rofa: y(Z) = 23 +2.-2=12
MpupocT goxoaa 3a 2022 rog (MATbIA FOA € HaYana oTcyeTta)

y(5)-y(4)=5"+2-5-(4°+2-4) =125+10—-64 -8 = 63
OTBeT: 12 63.
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MpeonpusTe BHeAPSET HOBYIO TEXHOMOMIO NPON3BOACTBA, NpU  KOTopor o6bem npoaykuun y(t)

yOooBneTBopsieT anddepeHLnanbHoOMy YpaBHEHUIO y'= 2(t+1) C HavyanbHbIM ycrnosuem y(0)=1,

roe t — Bpem4a B Hegenax. Hangute:

1) o6bem Npogykuun 3a NepBble TPU Hepenu

2) BbIpYYKYy OT peanusaLmu Nnpoaykuum npeanpuaTus 3a nepeble BOCEMb Heaerb, ecrnv CTou-
MOCTb €AUHULbI NPOAYKLUMN NOCTOSAHHA M paBHa 25 y.e. B oTBeTe BBeaUTe ABa Yncna, pa3gaeneHHble
npoGenom.
PelueHne:
MaTtemaTtnyeckasa Mmogens AN HaxoxaeHnsa 3aBmucumocT y(t) obbema NpoayKumMm OT BpeMeEHU t nme-
eT BUA:




S
2(t+1)

y(0)=1
Pewas 3agavy Kowwu, Havigem 3aBMCMMOCTb Y(t) o6bema npoayKumm oT BpeMeHH t: y(t) = \/t 1.

O6bem npoaykumm 3a nep.ble 3 Heaenu: y(3) = \/3 +1=2

BbipyyKy OT peanusauny NpoAayKLMN NpeanpusTus 3a nepBble BOCEMb Heaerb,

25-1(8) = 25/8+1 =75

OTBeT: 2 75.

y
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InHamuka goxopa y(t) HekoTopoit oTpacnu onucbiBaeTcs AnddepeHLmanbHbIM ypaBHEHNEM

2y

y' = t? + =X ¢ HavanbHbIM ycriosuem y(1)=4, rae t — BpeMsi B rogax. Hangute:

1) BenuumHy goxoaa 3a nepsble ABa roaa,
2) cunTas, 4Yto Havanom otcyeta sengaetcs 1 aHBapsa 2019 roga, HaWTU NpUPOCT goxoaa 3a 2022
roa. B otBeTe BBeanTe ABa 4Mcna, pasgeneHHble npobenom.

Pelwenwe:
MaTtemaTtnyeckaa mogensb Ang HaxoxaeHust 3aBucumMmocTty y(t) goxoda oT BpeMeHu t npeacraenseT
coboin 3agadvy Kowun n nmeet Bua;

y’:3t2+2—y

t
yh) =4

Pewas 3agauvy Kowwn, Hangem 3aBucnuMocTb Y(t) 4oxoada oT BPEMEHM t: y(t) = 3t3 + t2 .

BenuunHa goxopa 3a nepesie asa roga: )(2) = 3- 2°4+22=28
MpupocT goxopa 3a 2022 rof (YeTBEPTLIN rof C Havana oTcyeTa)

y(4)-»(3)=3-4°+4°—-(3-3°+3%) =118

OTBeT: 28 118.
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MpeonpuaTve BHeOPSIET HOBYIO TEXHOMOMMIO NMPOU3BOACTBA, NP KOTOPOK 06beM Npoaykumm y(t)

yooBneTeopsieT AndpepeHumansHoMy ypaBHeHuo Y = ﬂ C HavanbHbIM ycrnosuem y(0)=1,
t+1
roe t — Bpemd B Hegenax. Hangute:

1) o6bem NpoayKuuM 3a NepByl0 Hedento,

2) BbIPYYKY OT peanusauny NpoaykumMu npeanpuaTns 3a nepeble Tpu Hedenu, ecnv CTOMMOCTb ean-
HMLbI MPOAYKLMK NOCTOsIHHA M paBHa 15 y.e. B oTBeTe BBeauTe ABa yucna, pasgeneHHsbie npobenom.
PeweHue:

MaTtemaTnyeckas mofenb ANS HaXoXAeHUs 3aBMcMMOcCTK Y(t) obbema npoayKumnm oT BpemeHu t
npeacTaeBnseT cobon 3agady Kowm n nveet Bug;

,_ 2y
y Ct+1
y(0) =1

Pewas 3agayy Kowwu, Haigem 3aBMCMMOCTb Y(t) o6bema npoayKumm oT BpeMeHM t:

y(0) = (t+1)".

O6bem npoaykumn 3a nepsyio Heaenio: (1) = (1+1)2 =4
BbIpyuKy OT peanusauuny npogyKLM NpeanpusiTUs 3a NepBble BOCEMb Hegenb,




15- »(3) =15- (3+1)2 = 240
OTBeT: 4 240.
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IvHamuka goxopa y(t) HekoTopoit oTpacnm onncbiBaeTcs AvddepeHumanbHbIM YpaBHEHNEM

2y

y' = > + T C HavanbHbIM ycriosuem Y(1)=3, roe t — Bpemsa B rogax. Hangute:

1) BENUUMHY goxoaa 3a nepsble ABa roaa,
2) cunTas, 4Yto Havanom otc4yeTa siBnsaetcs 1 sHBaps 2018 roga, HalWTU NpUpocT goxoaa 3a 2022
rog. B oTBeTe BBeauTe ABa YMcna, pasgeneHHblie npobenom.

PeweHne:
MaTtemaTtnyeckas Mmogenb Ansg HaxoXxaeHus 3aBucumMocTu y(t) goxoda oT BpeMeHu t npeacraBnseT
cobon 3agadvy Kowwn n umeert Bua;

yr:t2+2_y

t
yd)=3

Pewas 3agavy Kowwu, Hargem 3aBMcuUMOCTb Y(t) 4oxoda OT BpEMEHM t: y(t) = t3 + 2t2 .

BenuunHa goxoga 3a nepsble gBa roga: y(Z) = 23 +2- 22 =16
MpupocT goxoaa 3a 2022 rog (NATbIM rof ¢ Ha4ana oTcyeTa)

¥(5)—y(4)=5"+2-5° — (4 +2-4%) =125+50 — 64 —32 = 79

OTBeT: 16 79.

3.2. Bonpocbl ans 3aveTa

OIK-2 CnocobeH ocyuiectBnAaTb cbop, 06paboTKy M CTaTUCTUYECKUA aHann3 AaHHbIX, He0bX0o-
ANMbIX ONS peLleHnst NOCTaBNeHHbIX 93KOHOMUYECKMX 3aaay

Homep
3agaHus

dopmynmpoBka Bornpoca
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OnpeaeneHne yHKUMK OBYX nepemeHHbIx. ObnacTe onpeaenexus, rpadumk pyHKUMM ABYX nepe-
MEHHbIX, JIMHUN YPOBHSI.
OTBeT:

Ecnu kaxpgoii nape (X, y) 3HaYeHuit ABYX He 3aBUCALLMX ApYr OT Apyra nepeMeHHbix X u Y

N3 HEKOTOPOI1 0BNAacTW UX N3MeHeHnss D Mo HeKOTOPOMY NpaBWUITy CTABUTCS B COOTBETCTBUE eUH-
CTBEHHOE 3Ha4YeHWe NepeMeHHol Z , TO ToBOPSIT, YTO 3aaHa PyHKUMA ABYX NEPEMEHHbIX

z=f (X, y) .06nactb D HasbiBaeTcs o6nacTbio onpeeneHns yHKUMM ABYX NEPEMEHHbIX.

MpaduK PYHKLMN ABYX NEPEMEHHbIX Z = f (X, Y) npeacTtaenseT coboi NoBepXHOCTb B Tpex-
MepHOM NpocTpaHcTBe. [ns nsyvyeHust noBeaeHUs PyHKLMUM CTPOAT Tak HasbiBaeMble NNHUM YPOBHS,

T. €. ceyeHusi nosepxHoctn Z = f (X, Y) nnockocTaMM z = C NPy pasnuuHbix 3HaveHnsix C.

42

OnpepeneHue okpecTHocTn Toukn M (XO, Yo )

OTBeT:




OMPEOENEHME . Mycts M 0 (XO, yo) — MPOK3BOJIbHAsA To4ka nrockocTn. OKkpecmHocmbio (Mnu
& -0KpecmHoCmbHo) TOYKU M (XO, yo) Ha3bIBaeTCA MHOXECTBO TOYEK MNOCKOCTU, KOOPANHATBLI KO-
TOPbIX CBSA3aHbl HEPABEHCTBOM

2

(x—x0)2+(y—yo)2<g

Opyrmmmn cnoBamm, OKPECTHOCTBIO TOYKM M (Xo,yo) Ha nnockoctn 6ygemMm HasbiBaTb

KPYr C LlEeHTPOM B 3TOW TOUYKe paguyca & , He BKITOYAOLLMI OKPYXKHOCTb.
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OnpeaeneHne BHYTPEHHEN M TPaHUYHOM TOYEK MHOXECTBa Ha nrockocTu. OnpeneneHve rpaHulbi
MHO>ecCTBa.
OTBeT:

OMPEOENEHME 1. Touka M HasbiBaeTcs 8HympeHHel Mmo4YyKolU MHOXeCTBa D, ecrm

CYLLIECTBYET OKPECTHOCTb 3TOW TOUKM, LiennkoM nexatasi 8 D .
To ecTb BHYTpPEHHME TOYKM 06nacTy NpuHaanexaT en BMECTe C HEKOTOPOW AOCTAaTOYHO Ma-
1o CBOEN OKPECTHOCTLIO.

ONMPENOENEHME 2. Ecnin nio6as okpecTHocTb Toukn M copepxuT kak Touku MHOXecTBa
D, tak v Touku, He npunaanexaume D, 1o M HaswbiBaeTcsa eparuyHoli moykol mHoxectsa D .

OMPEQEJNEHMUE 3. CoBOKYNHOCTb BCEX IPAHMYHbLIX TOYEK MHOXECTBa D hHasbiBaetcs ee
epaHuued.
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OnpegeneHns OTKPbITOrO, 3aMKHYTOrO U OrPaHNYEHHOTO MHOXECTB.

OTBeT:

ONPEOEJNIEHUE 1. MHOXeCTBO Ha NMIOCKOCTU, COCTOSALLEE U3 OOHUX BHYTPEHHMX TOYEK, HA3bIBaeTCs
OMKPbLIMBIM.

ONPEOENEHUE 2. Ecnu K MHOXECTBY OTHOCATCA 1 BCE TOYKM rPaHuLibl, TO OHO Ha3blBaeTCH 3aMK-
HymbIM.

OMPEOENEHUE 3. MHOXeCTBO Ha NMIOCKOCTN, Ha3blBaeTCs O2paHUYEeHHbIM, €Crn CyLLEeCTBYET Kpyr,
LenmMKoM cofepaliuii aTy obnacTb.

2
Muoxectso D C IR HasbiBaeTcs cesasHbIM, ecnin niobbie ase Toukn MHoxectsa My, Mo moxHo
COEOUHUTb HEMNPEepPbIBHOW KPUBO.

45

OnpeneneHust CBA3HOIO MHOXeCcTBa M obnacTu.
OTBeT:

OMNPEOENEHUE 1. MHOXeCTBO Ha NMMOCKOCTU Ha3blBaeTCHA CBA3HbLIM, €cnn Nobble ABEe TOYKN MHO-

xectsa My, M5 MoxHO coeamHUTL HenpepbIBHOI KPUBOIA.




HOE€ MHO)KeCINTso Hec HO€e MHO)>Kecm

B napameTpun4eckom Bnage HenpepbiBHaA KpuBad Ha NniioCKOCTU 3a4aéTcs C MOMOLLbIO AOBYyX Henpe-

puigHbIX doyHkumi @ (), P (t):

x = g(t)
b= by A

OMPEOENEHUE 2. OTkpbiTOE CBA3HOE MHOXECTBO Ha3biBaeTCs 06nacTblo.
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OnpeaeneHune npegena MyHKUMW OBYX NEPEMEHHbIX.
OTBeT:

Onpepenetue. Yncrio A hasbisaetcs npepenom dyHkumm Z = f (X, y) nou X —=> X5, Y=Y
(unm B Touke M, (Xo ) yo) ), ecnn ans noboro ckoMb YroAHO Marnoro NOIOXUTENLHOro Ynucna

& > 0 cywectayer 0 = 0(&) > 0 (sasucsiee o1 & ) Takoe, uto ans Beex X # Xy, Y # Y, u

yO0BNETBOPSIIOLLMX HEPaBEHCTBY \/(X - Xo)2 +(y - yo)2 < O BLINOMHAETCS HEPABEHCTBO

[ f(x y)—Al<e.
O6o3HavaeTcs npegen cnegywwmm obpasom:
lim f(x,y)=Auwm lim f(x,y)=A.
M—-Mq

X—>Xg
Y—Yo
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HenpepbIBHOCTb (PYHKLUMU ABYX NEePEMEHHbIX

OTBeT:

oynkuns Z = (X, Y) HasbizaeTcs HenpepeisHoit B Touke M 0 (XO, yo) cecrm: 1) (X, Y)

onpepeneHa 8 Touke M 0 (XO, yO) 1 ee OKPECTHOCTH; 2) MMeeT koHeuHbi npeaen liM f (X, y) ;
X—Xg

Y—Yo

3) aTOT Npepen paseH sHavenmio dyHkumm B Touke M (XO’ y0) s




fim T (x, ¥) = 0%, ¥o)-

Y—Yo
odyrkumst Z = f (X, y) Ha3blBaeTCs HenpepbIBHON B HEKOTOPOK 06nacTu, ecrnv oHa

HenpepbIBHA B KaXXO0W ToYKe 3Toi obnacTu.

48 YacTHble NpoM3BOaHbIE NEPBOro Nopsaka.
OTBeT:
MycTb 3a4aHa dyHKUMS ABYX nepeMeHHbix Z = f (X, y) . Dapgum aprymenty X npupaenne AX,
a apryMeHT Y ocTaBuMM HemsaMeHHbIM. Toraa yHKUMSA Z Nony4unT npupatleHune
f (X + AX, y) —f (X, y), KOTOpPOEe Ha3blBAETCS YaCTHBIM NpupatleHeM Z no nepemerHoin X u
o6osHavaetcst A, Z:

Az=T(X+AX y)- (X, y).

AnanornuHo, dukenpyst aprymeHT X 1 npuaasas apryMeHTy Y npupatie-Hue Ay,
nony4nmM YacTtHoe npupatieHve pyHkummn Z no nepemeHHon Y :

Ayz=1(x, y+Ay)—f(x, y).

YacTHoW Npor3BOAHON DYHKLMM ABYX NEPEMEHHbIX N0 OAHOWN N3 3TUX NEPEMEHHbIX
HasblBaeTCs npeaen OTHOLWEHMS COOTBETCTBYIOLLIErO YaCTHOrO NpupaLLeHns YHKLUMU K NPUpaLLeHunio
AaHHOW NepeMeHHOW, Koraa nocnegHee CTPeMnUTCs K Hymno (ecnv 3TOT nNpeaen CyLlecTByeT).

. o0z 0z
ObosHavaeTcst YacTHas Npon3BoAHas crneayowmm obpasom: Z, , Zy wnm —, ——, U
ox oy
! !
f (i y), (% y).
Takum o6pa3omM, No onpeaeneHnio MeeMm:
oz .. Az . f(X+Ax y)- (X,
z, =—=lim ——=lim ( )~ f( y)'
OX M—0 AX AX—0 AX
oz . Az  f(x, y+Ay)- f(X,
z), =— = lim —— = lim (X y+ay) = 1% ¥)
ay Ay—0 Ay AX—0 Ay
49 YacTHble Npon3BOAHbIE BbICLLUNX NOPAAKOB

OTBeT:

! !
YacTHble npon3BoaHbIE ZX n Zy Ha3blBAKT TaKXe YaCTHbIMU NPONU3BOAHbIMU NMEPBOro

nopsiaka. YacTHbIMU NPOM3BOAHLIMY BTOPOro nopsiaka dyHkummn Z = f (X, y) Ha3blBaloTCS

YacTHble NPOM3BOAHbIE OT YaCTHbIX MPOU3BOAHbLIX NEPBOrO Nopsiaka.
YacTHbIX NPOM3BOAHbIX BTOPOro Nopsiaka YeTblpe:

0’z ooz
oyox ox\ oy
0’z 0oz 0’z 0oz
ZZX =(Z;,); unu =—| = s Z;y =(Z;,)'y nwm —— =_—| —
oxoy  Oy\ox oay” oy\oy
AHaNorn4yHo onNpeaensaTCsa YacTHble NPon3BoaHbIe 3-r0, 4-ro u 6ornee BbICOKMX MOPSIAKOB.
Hanpumep, ons oyHkuun Z = f(X, y) nmeem:

Z” (ZV ! azz a (azj Z” (ZV)I
= M —— = —| — |; = nnu
o ox> ox\ox) ¥ Xy




2 2
Z”I 6 a Z m a a Z
=—| —= |, =—| ——= |nT.A0
XXX 2 XXy 2
OX \ OX oy \ Ox
YacTHble npon3BogHbIe BTOPOro nnin ©onee BbICOKOro nopsaaka, B3ATbli€ MO pa3fiMyHbIM
nepemMeHHbIM, Ha3blBatoTCA CMellaHHbIMU YaCTHbIMU NMPONU3BOAHbIMU.
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OKCTPEeMyM (DYHKLIMM HECKOITbKMX NepeMeHHbIX. Heobxoammoe ycnosue akcTpemyma
OtgeT:

Touka M 0 (XO, yo) Ha3bIBAETCS TOYKOI MUHUMYMa (Makcumyma) doyHkumn Z = | (X, y) ,
eCru CyLLeCTByeT Takas okpecTHoCTb Toukn M o » UTO ANSA BCEX TOYeK M (X, y) 3 3TON
OKPECTHOCTY BbINONHAETCS HepaBeHCTBO | (XO, yo) < f (X, y), (f (XO, yo) > f (X, y) )

Touky MUHUMYMA 1 Makcumyma yHkummn Z = f (X, y) Ha3bIBaOTCS TOYKaMU IKCTpEMyMa,

a 3HadYeHus PYHKUMM B 3TUX TOYKaX — IKCTpeMyMaMu OYHKLUMN (MUHUMYMOM 1 MaKCMYMOM
COOTBETCTBEHHO).

Teopema (HeobxoamMmoe ycrnoBsue akcTpemyma). Ecnm (X0 , yo) — TOYKa IKCTpemyMma

anddepeHunpyemon dyHkuMn Z = f (X, y) , TO ee 4YacTHble NPOn3BOAHbIE Z; " Z; B 3TOW TOUKe

paBHbl HYIHO: Z;(XO, yo) =0, Z;,(XO, yo) =0.

51

Kputnyeckme Touku. [loctaTouyHoE yCnoBume aKkCTpeMyma

OTBeT:
TouYKM, B KOTOPbIX YaCTHbIE NMPON3BOAHbLIE MEPBOro NopsiAka paBHbl HYI0, Ha3biBaKTCH

KPUTUYECKMMU MIN CTauMOHapHbIMW. B KpuTMyeckux Toukax yHKkuma Z = f (X, y) MOXET UMETb
3KCTPEMYM, @ MOXET U HEe NMETb.
Teopema (goctaToyHoe ycrnosue akcTpemyma). [yctb oyHKuma Z = f (X, y) :a)

onpefernieHa B HEKOTOPON OKPECTHOCTU KPUTNYECKOW TOUKU (XO, yo) , B KOTOpOMN Z; (Xo, yo) =0wu
Z;, (XO, yo) =0; 0) meeT HenpepbIBHbIE YAaCTHbIE MPOU3BOAHBLIE BTOPOro Nopsiaka

Z) (X, Yy) = A Z;'y(Xo, Y,) = B; Z;y(XO, Y,) =C . Toraa, ecu A=AC —B? >0,10
dyHKUMA Z = f (X, y) B TOYKe (XO, yo) NUMeEEeT IKCTPEMYM: MakcUMyMm, ecnn A<Q; MUHUMYM, ecnu
A>0;ecrm A= AC —B? <0, 10 dpyrkums Z = T (X, Y) & Touke (XO, yo) 3KCTpemymMa He

2
nmeer. B cny4yae A = AC - B = 0 BOMPOC O HalmMM4nn 3KCTpemMyma OCTaeTCA OTKPbITbIM.
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O6uwasn cxema nccrnegoBaHus beHKLI,VIVI OBYX NMepeMeHHbIX Ha 3KCTpeEMYM

OTBeT:

Mpw nccnepgoBaHum yHKLMM OBYX NEPEMEHHbIX HA SKCTPEMYM PEKOMEHAYeTCs
MCNOMb30BaTh CNEAYIOLLYIO CXEMY:

o ! !
1. HaiiTn yacTHble NnponsBoaHbIe NepBoro nopsaaka: Z, u Zy.
!
z, =0,
2. PewwuTb cuctemy ypaBHeHUN ' W HaNTU KPUTUYECKUE TOYKN (PYHKLIUW.
y - )
. " " "
3. Haiitn yacTHble npounssoaHbIe BTOporo nopsaka: Z,, , ny , Zyy .
4. Bbluncnntb 3Ha4YeHUs YacTHbLIX MPOU3BOAHbBIX BTOPOro MOPSiAKa B KaXaoM

KPUTMYECKOW TOYKE U, UCNOSb3yA JOCTATOYHbIE YCMNOBUSA, caenaTh BbIBOA O HanMyumn akcTpemyma.
5. HaiTtu skcTpeMymbl (pyHKLUNK.
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MoHsTME NHTErpanbHOM CyMMbl OYHKLMN ABYX NEPEMEHHbIX Ha NMPSIMOYTroSbHUKE.
OTBer:

MycTb npounssonbHasa dyHkums f(x, y) onpegenexa sciogy Ha npsmoyronbHuke R = [a<x < b] x [c
<y <d]. Pasobbem oTpe3ok a <X < b Ha N YaCTUYHbIX OTPE3KOB NPU MOMOLLM TOYEK & = X < X1 <
X, <...<X,=bh, a oTpe3ok ¢ £y < d Ha p YaCTUYHbLIX CETMEHTOB MPWU MOMOLLN TOYEK C = Yo < Y3 <
Y2 < ... <Yp = d. 3TOMY pasbneHnio Npun nomoLLu NpsiMbIX, NapannenbHbix ocam Ox u Oy, cooT-
BETCTBYET pa3bueHne nNpssMoyrosibHMKa R Ha NP YacTUYHbBIX MPSAMOYFOSIbHUKOB Ry = [Xk1 < X < Xy]
x[yasysylk=1,2,..,n;1=1,2, ..., p). YKazaHHOe pa3dueHne npsmoyronbHmuka R 06o3Ha-
Ynum cumBorioM T. Ha kaXxgom YacTUYHOM NpsiMOYrofibHUKe Ry BbIGepeM NpoM3BOSIbHYO TOUKY
(&, n). Monoxme Axy = Xy - Xk.1, AY) = Y - V.1, 0003Ha4UMM vepe3 ARy nnowaab NpsiMoyrofibH1Ka
Ry. OueBuaHo, ARH = AXkAy|.

Yuncno

n _p
o= Z f (S, m)AX Ay,
k=1 I=1
Ha3blBaeTCA MHTerpanbHon cymmomn dyHkuum f(x, y), cooTBeTcTBYIOLWEN AaHHOMY pa3bueruo T
npsiMoyrofnbHUKa R 1 gaHHOMy BbIGOPY NPOMEXYTOYHbIX ToYeK (&, 7)) HA YaCTUYHbIX NPAMO-
yronbHukax pasbuexms T.
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InamMeTp YyacTuyHoro npsiMoyrosibHuka. Mpeaen UHTerpanbHbIX CyMM YHKLMKN ABYX NEepeMeH-
HbIX. OnpeaeneHne ABOWHOIO MHTErpana Ha NpPsIMOYroSbHYKE.

OTBer:

2 2
[uaroHanb \/(AXk) + (Ay.) 6ynem HasbiBaTb AMaMeTPOM NpsMoyronbHuka Ry. Cumso-

nom A 0603Ha4YMM HanbonbLIMIN U3 AMaMeTPOB BCEX YACTUYHbIX NMPSMOYTOSbHMKOB Ry

Yucro | HasbiBaeTCsl NpepenomM uHTerpanbHbix cymm (1) npyu A — 0, ecnu ana nboro no-
NOXMWTENBLHOIO YMCNa € MOXHO YKa3aTb Takoe NonoXxuTensHoe Yncno 6, 4to npu A < 6 HesaBu-
CMMO OT Bblbopa Touek (€, 1)) Ha YaCTUYHBIX NPAMOYrofibHMKaxX R BbIMOMHAETCA paBeHCTBO

|lo-l]|<e.

®yHkuus f(X, y) Ha3bIBaeTCA MHTErPMPYEMON Ha NpAMOYronbHuke R, ecnin cyllecTByeT Ko-
HeYHbIn Npegen | nHTerpanbHbIX CyMM 3ToW dyHKUmMKM npu A — 0.

YkasaHHbIn npegen | HasbiBaeTcs ABOMHbIM UHTErpanom oT yHkuum f(x, y) no npsamo-
yronbHuky R 1 o6o3HavaeTcs ogHMM 13 cnegyoLwmx CMMBOIOB:

| = j j f (x, y)dxdy
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OnpepgeneHne ABOWHOMO MHTErpana Ha Npov3BobHON obnacTu.
OTBerT:

MycTtb G 3amMKHyTasi orpaHnyeHHasa obnacTb 1 nycTtb f(X,y) onpegeneHa n orpaHmnyena Ha G. Tyctb R
- IPAMOYronbHUK, cogepxawmi G. Beegem yHkLMIO

flx,y), (x,y) €G

fGay) = {0, (x,y) € R\G

Yucno

|| £ axdy




Mbl 6y,u,eM HasblBaTb MHTeranom no oébnactn G n obosHayaTb

| £0oy) dxdy
G
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OnddepeHumanbHble ypaBHEHMS: OOLIKHOBEHHbIE N YPABHEHUS B YaCTHbIX MPOU3BOAHbIX. [opagok
onddepeHumansHoOro ypasHeHuns. Pewenne guddepeHumansHOro ypaBHeHus. VIHTerpasnbHble Kpu-
BblE.

OTBeT:

OnddepeHumnanbHbIM ypaBHEHNEM Ha3blBAETCH YpaBHEHUE, CBsA3biBaOLLEE HE3AaBUCKMMYIO
nepeMeHHY0, UCKOMYIO OYHKLIMIO 1 NPOU3BOAHbIE PA3NUYHbIX NOPSAKOB 3TOM (OYHKLUN.

Ecnu nckomas dyHKUMS 3aBUCUT OT OAHOM NepemMeHHon, To anddepeHumnansHoe ypaBHeHe
Ha3blBaeTCA 0ObIKHOBEHHbIM, €CIM OT HECKOMNbKUX — YPaBHEHNEM B YACTHbIX NPOU3BOOHbIX.

HauBbICLUMI NOPAAOK NPOU3BOAHBIX, BXOASALWNX B YpaBHEHUE, Ha3blBa€TCS NOPAAKOM And-
depeHumansHoro ypaBsHeHust. PelneHnem anddepeHumanbHoro ypaBHeHMs HasbliBaeTcs yHKUMS,
noacTaHoBKa KOTOPOM B ypaBHeHWe obpallaeT ero B TOXXAeCTBO. [poLecc oTbICKaHMs pelleHust
anddepeHUnanbHOro ypaBHEHNSI Ha3biBaeTCs €ro MHTErpupoBaHmeM, rpaduk pelleHns ouddepeH-
LUnanbHOro ypaBHEHUs1 Ha3blBaeTCs UHTErpanbHOW KpMBOW.
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IndbdepeHumanbHble ypaBHeHWs NnepBoro nopsiaka. HavanbHoe ycnosume. O6Liee 1 YacTHoe pelue-
HUSA.

OTBeT:
OnddepeHunanbHbiM ypaBHEHNEM NEPBOro NOpsiAka Ha3biBAaeTCA COOTHOLLEHME, CBA3bIBaKOLLEe
yHKLMIO, ee NepByto MPON3BOAHYIO U HE3AaBUCUMYIO MEPEMEHHYIO, T.€. COOTHOLWIEHWE BMAaa:

’
F(x,y,y")=0.
yCJ'IOBl/Ie, YTO MpU X = Xop (byHKLI,VIﬂ Y AOJKHA paBHATbLCA 3a4aHHOMY 4ucny yO, Ha3blBaeTCAd Hayallb-

X=Xg = yO '

O6wwmm pelieHnem anddepeHUmnanbHOro ypaBHEHNS NeEPBOro nopsaka HasblBaeTcs PyHKUMAY= ¢(X,
C),koTOpasi 3aBUCUT OT OAHOM NPOUN3BOISIbHOM MOCTOSAHHOW C 1 yAOBNETBOPSIET CNEAYIOLWNM YCIOBU-
AM:

a) oHa ypoBneTBopseT auddepeHUnansHOMY ypaBHEHUIO NPy Mo6OM HEKOTOPOM 3HaveHuu C.

HbIM ycnoBnem n obosHavaetcs Y

6) kakoBO Gkl HU BbiNoO HauanbHoE yCroBue Y|, _, =Y, , MOXHO HaiTh Takoe 3HaueHne C = Co,

4YTO PYHKUMA Y = @(X, Cp) yAOBNETBOPSEeT AaHHOMY HayanbHOMY YCMOBWIO.

YacTHbIM pelueHneM auddepeHLnansHOro ypaBHEHUst NepBOro nopsiaka HasbiBaeTcs nobas dyHk-
umns y = o(X, Cop), nonydeHHas 3 obero peweHuns y = ¢(x,C) npu KOHKPETHOM 3Ha4YeHUU NOCTOAHHON
C= Co_
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IndbdepeHumanbHble ypaBHeHUs! ¢ pasaensolMMNca nepeMeHHbIMU. MHTerpMpoBaHne ypaBHeHu ¢
pa3aensrWwmuMmcs nepeMeHHbIMN.

OTBeT:
OnddepeHumnanbHoe ypaBHEHE NEPBOro Nopsaka HasbiBaeTCs YpaBHEHMEM C pas3aensaowmMmMncsa
nepemMeHHbIMU, eCIN OHO MOXET ObITb NPeaCcTaBeHO B BUAe

y'="f(x)g(y) (2)

MHTerpMPOBaHMe ypaBHeHMI7I C pasgendarnwmmmMmnca nepeMeHHbIMN COCTOUT 13 crnefyrLlnx LWaros:

d

/ dy _ .
1 war: sameHnm B (1) Y Ha —— u nepenuwiemM ypaBHeHue: d_ = (X) g ( y) ;
X

2 war: ymHoxum o6e vactn Ha OX: dy = f (X) g (y)dX ;

3 war: pasgenum obe yactu ypasHeHus Ha (J ( y) , cuntas, yto g (y) #0:




dy

— =f (X) dx. OndpdepeHumnansHoe ypaBHEHME Takoro Buaa Ha3blBaeTCs ypaBHEHMEM C pas-

a(y)

AeNieHHbIMUN NepeMeHHbIMU;

dy
4 war: npouHTerpupyem obe 4acTu 3TOro ypaBHEHUS: J.— = J f (X)dX .

9(y)
59 OpHopoaHble auddepeHumanbHble ypaBHEHNUSI NEPBOro NopsaaKka.
OTBeT:
OnddepeHunansHoe ypaBHEHE NEPBOro Nopsaka Ha3blBaeTcs OQHOPOAHbBIM, ECITU €r0 MOXHO Npu-
BECTU K BUAy
y'=1f Yy
X
OpHopoaHoe anddepeHunanbHOe ypaBHEHNE NEPBOro NopsiAka CBOAUTCH K ypaBHEHMIO C pasae-
NALWMMUCA NepeMeHHbIMU B pe3ynbTaTe 3ameHbl nepemeHHon no copmyne: U = X . dencreu-
X
4 4
TenbHo, Takkak Y =UX 10 Y =UX+U, MoO3TOMY MOCrEe BbINOMHEHWUSI NOACTAHOBKU ypaBHe-
' . ; f (U) —u
Hue npumet Bug UX+U = f (U), unu, nocne npeobpasosanuii, U = T , T.e., iBNseTcA
ypaBHEHUEM C pa3genslowuMmncs nepeMeHHbIMU.
60 JInHenHble audbdbepeHumanbHblie ypaBHEHNSA NEPBOro Nopsiaka.
OTBeT:
OnddepeHunanbHoe ypaBHEHNE NePBOro nopsaka HasblBaeTCcs JIUHEUHbIM, €CN HEN3BECTHas
hyHKLMA 1 ee NPon3BoaHas BXOAAT B HETO NIMHEWHO, TO €CTb B MEPBOM CTENEHN. Takoe ypaBHEHME
nveeT BuUg
, —
y'+p(x)y=q(x). (@)

Pewenne guddepeHumansHoro ypasHeHus (1) 6yaem uckatb B BUAE NPOV3BEAEHUS ABYX
pyHKUMIA: y(X) = U(X) V(X). Moacrasum Y = UV NPOV3BOAHYIO y'=u'v+uv g ypaBHe-
Hue (1):

u'v+uv+p(x)uv=q(x) uam U'v+ u(v'+ p(x)v) = g(x).

PyHKLMIO V ByeM noa6upath Takum 06pa3om, 4Tobbl BinonHsinocs yernosue V+P(X)V=0 . Torpa
u'v =q(X) . Takum o6pasom, AN HAXOXAEHNA peLleHnst ypaBHeHus (1) HYKHO peLnTb cucTemy
anddepeHumnansbHbIX ypaBHEHNUIA
v'+p(x) =0,
u'v=q(x).
61 lNoHAaTne yncnosoro paga. YactmyHaa cymma, cymma, CXoauMoCTb, pacxoguMocTb psaa.

OTBeT:

Yuncnosbim pAAOM  Ha3blBa€TCA BblpaXeHune

Uy +U, + .+ Uy o= DU
-1




U, HasbiBaeTcs nepsbIM YneHom psipa, U, — N -Mm, nnu o6LWMM YneHom psiga.

n
Cymma N nepeblx YneHoB psiga HasbiBaeTcs ero N - yacTU4YHOW CyMMOI: Sn = E u, .
k=1

Ecnu cywecTByeTt KOHEYHbI npepnen nocrnenoBaTtesyibHOCTU YaCTUYHbIX CyMM pdaa:

limS, =S,

N—o0

TO rOBOPAT, YTO pAd CXOOUTCA, a YHACIO S Ha3blBaeTCA CyMMOI7I pana.

Ecnn Ilm Sn He CyLleCTBYyeT unn GGCKOHe‘-IeH, TO TO NOBOPAT, YTO pAd pacxoanuTcs.
n—oo

62 Heobxogumoe ycnosme cxoguMOCTHN YUCIIOBOIO psida (C AokasaTenbCTBOM).
OTBeT:
o0
TEOPEMA. Ecnv psg Z U, cxoauTcs, TO ero obLwmnii YneH CTPEMUTCA K HYIHO: lim u, = 0.
n=1 Nn—oo
Hoka3arenbcTBO. Tak Kak pag Z U, cxooutcs, To no onpeaeneHnio cyllecTsyert lim Sn =S,
n=1 n—oo
roe Sn — YacTu4yHas cymma psga.
Mpn N —> 00 yncno (n —l) TaKKe HeOrpaHMYeHHOo pacTeT, MO3TOMY lim Snfl =S . Otciopa
n—o0
n n-1
|Im(Sn - Sn_l) =S—-S=0,Ho Sn - Sn_l = Zuk — Zuk = U, . CneposaternbHo,
N—o0
k=1 k=1
limu, =0.
nN—oo
63 WHTerpanbHbIn NpusHak (hopMynupoBka TeopeMbl).
OTBeT:
Teopema (MHTerpanbHbIN NpU3Hak). MNycTtb Z U, —pAag, uneHbl KOTOPOro NONOXMTENbHbI 1 He
n=1
Bo3pacTatoT. Kpome Toro, cyliecTsyeT HenpepbiBHas HeBo3pacTawwlas dyHkuma Y = f (X) Takas,
gro f (1):u1, f (2)=u2, o, f (n)zun, .... Torpa
+00 ©
1) ecnn HeCOBCTBEHHbI MHTErpan J. f (X)dX cxoguTcs, To pag Zun TOXE
1 n=1
cXoauTcs;
+00 0
2) ecnv HecobCTBEHHbIN NUHTErparn J f (X)dX pacxoauTcs, TO psag Zun TOXE
1 n=1
pacxoauTcs.
64 MpusHak cpaBHeHUs B opMe HepaBeHCTB ((POpMynuUpoBKa TEOPEMbI).

OTBeT:




Teopema 1 (lMpnsHak cpaBHeEHUs B oopmMe HepaBeHCTB). [ycTb Z U, un Zvn — psAabl C NOMOXHU-
n=1 n=1

TeNbHbIMK YneHamu, npudem U, < V,, Ons Bcex HOMEpPOB N, Ha4YMHas ¢ HekoToporo. Toraa:

o0 o0
1) ecnmpsag Zvn CX0OUTCS, TO CXOAUTCS U psag Z u,
n=1 n=1

[ee} o0
2) ecnu psg Z U, pacxogutcs, To pacxoamtea 1 psag Zvn .
n=1 n=1
TO psgbl Nnbo oba cxopaTcs, Nubo oba pacxogaTcs.
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MpunsHak cpaBHeHUs B NpegenbHon dopme (hbopMynupoBka Teopembl). OB0OLLEHHbIV rapMOHMYe-
CKuI psg.

OTBer:

Teopema ([pu3aHak cpaBHeEHMS B NpefenbHon dopme).

0 0
MycTb Z u, u Zvn — pAfibl C NONOXUTENbHLIMU YneHamu. ECnn cylLecTByeT KOHeYHbI npeaen
n=1 n=1

. u
lim—2%0, psigbl Nnbo oba cxopATcs, nMbo oba pacxogdaTcs.
n—o \/
n

3ameuaHue. [py NpuMeHeHUN NpuU3HaKa cpaBHeHWA B npeaenbHon opMe yaobHo 6paTb B kayecT-
BE psa, C KOTOPbIM CPaBHMBAETCS OaHHLIN psf, Tak Ha3biBaeMbl 060BLEHHbIV FapMOHNYECKUI PAa

=1
Z—a , KOTOpbIN cxoauTes Npu « > 1 1 pacxogutcs npy a < 1.
n=1 n
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MpusHak Janambepa, pagmkanbHbin Npu3Hak Kowwm ((hopMynupoBku Teopem).

OTBeT:

Teopema 1 (MpusHak Oanambepa). [ycTb Ans psga Zun, u, >0,

n=1

n

un+1

=1. Torpa

CylLlecTByeT npeaen lim

N—o0 u
n

1) ecnn | <1 pag Zun cxoauTcs,

n=1

0
2) ecrm 1>1 psa Zun pacxoanTcs.
n=1

3ameuaHue. Ecnu I :1, TO BOMPOC O CXOOAMMOCTU pAfa OCTaeTCA OTKPbITbIM.
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PagukanbHbin npusHak Kowwm (popmynmpoBka Teopemsl).
OTBeT:

Teopema (PapgukanbHbin npusHak Kowmw). MNyctb anga paga Zun, u
n=1

>0,

n




CyLLleCTBYeT npeaen lim «”/Un =1. Torpa

n—o0

o0
1) ecnm I <1, 10 psg Zun cxoauTces,
n=1

2) ecrm | >1 psp Zun pacxoauTcs.

n=1
3ameuanue. Ecrm | =1, 10 BOMPOC O CXOOMMOCTU psfia OCTaeTCcs OTKPbIThIM.
68 3HakouvepeaytoLmecs pagbl. MNMpusnak JlenbHuua (popmynupoBka Teopemsl).
OTBeT:
3HakouepeayLmnMcs psgom HasbiBaeTcs psg Buaa:
n+l
u, —uy +uy —u, +..+ED"u, 4+
rme U, >0, n=123,..
. n-1
TEOPEMA (npusHak JlenbHuua). Ecnv gna sHakoyepeayowerocs psaa Z(—l) u,, u, >0
n=1
BbINOSIHEHbI YCITOBUS:
1. Uu>u,>u>...>u,>U.,;>...,
2. limu, =0,
n—oo
TO PsiZ CXOAUTCS M ero cymma S < u;.
69 3HakonepeMeHHble psiabl. [locTaTovyHOE yCnoBMe CXOOUMOCTU 3HaKoNnepeMeHHoro psiga (dpopmynu-
poBKa TeopeMbl). AGCOMNIOTHO U YCITOBHO CXOAALLMECS PAbl.
OTBeT:
o0
3HakonepeMeHHbIM Ha3blBaeTCs YNCNOBOW psag Z U, , 4neHbl KOTOPOro MMEKT Pas3nuyHble 3HaKU.
n=1
o0 o0
TEOPEMA. Ecnu anst 3HakonepemMeHHOoro psaa Z U, cxoautcs psg Z|Un| , COCTaBMNeHHbIN U3
n=1 n=1
MOAYIen ero YrieHoB, TO AaHHbIN 3HAKONepeEMEHHbIN PSS CXOAUTCS.
3HakonepeMeHHbIN pag HasblBaeTCa abCoONOTHO CXOOALLUMMCS, €CIM CXOAUTCSA P, COCTaBMNEHHbIN
13 MOAynemn ero YnieHoB.
3HakonepeMeHHbIN psaa Ha3blBAETCHA YCITOBHO CXOAALLUMCS, €CMNY OH CXOAUTCS, a Psif, COCTaBMEHHbIN
“3 Moaynemn ero YneHoB, PacXoanTCS.
70 CrteneHHble psaabl. Paguyc, niTepsan, o6nactbe CXOANUMOCTH CTEMNEHHOTO psaa

OTBeT:
CreneHHbIM pssfOM Ha3biBaeTCH pag Buaa

o0

2 n _ n

ClO +a1x+a2x +...+anx +...= E anx
n=0

. a
_ n
Yucro R, onpenensiemoe pasencrsom R =1im —a , Ha3bIBAETCA pagMycoM CXOAMMOCTU CTe-
n—oo
n+1




o0
NeHHoro psaa Zanxn . uTepean (—R; R) Ha3blBaeTCs UHTEPBArioM CXOAUMOCTY 3TOro psaa.
n=0

0
O6nacTblo CX0OMMOCTN CTEMNEHHOIO pana Zaan Ha3biBaeTCca ero nHTtepsaJyt CXoanMoOCTU, K KOTO-
n=0

poMy, BbITb MOXET, npucoeamHeHbl Toukn X = R un (unn) X =—R.

4. MeToguyeckue maTepuanbl, onpegensiolyme npoueaypbl OLeHUBaHUA 3HAHUN, yMe-
HWUW, HABLIKOB U (MNK) onbiTa AEATENbHOCTU, XapaKTepuU3yLWmX 3Tanbl popMupoBaHUA
KoMneTeHUun

Mpoueaypbl OLEHMBAHUSA B XOA4€ U3YYEeHUS ANCLMMIANHBI 3HAHUIW, YMEHUI 1 HABbIKOB,
XapakTepuayoLmx atanbl POpMUPOBaAHUS KOMMETEHLUNIN, perfnameHTUpYTCS NONOXEHUAMN:

- BIN'YUT 2.4.03 MNonoxeHne 0 KypCoBbIX 3K3aMeHax 1 3a4eTax;

- M BIr'YWUT 4.1.02 NonoxeHne 0 peNTUHIOBOW OLIEHKE TEKYLLIEN YyCneBaeMoCTH, a TaKkke
MeTOANYECKUMUN YKa3aHUSMU:

MaTtematnyeckun aHanus [QU]: 3agaHusa camoctosaTensHon paboTbl obyyatowwmxes / Bo-
POHEX. FOC. YH-T UHX. TexHon.; cocT. A. [1. YepHbiwos, E. H. Koeanesa, C. ®. KysHeuos, M. B.
MonoswuHknHa, C.H. Owenkosa, O.10. Hukndgoposa — BopoHex : BI'YUT, 2022.
https://education.vsuet.ru/

MaTtematnyecknin aHanus [QU]: 3agaHna onst NnpakTMYeckmux 3aHAaTUn / BOpoHeX. roc. yH-
T MHX. TexHon.; cocT. A. [1. YepHbiwosg, E. H. KoBanesa, C. ®. KysHeuos, M. B. [NlonoBuHk1Ha,
C.H. Owenkoea, O.FO. Hukndoposa — BopoHex : BIYUT, 2022. hitps://education.vsuet.ru/

NS OUEHKM 3HaHWIA, YMEHMWI, HABbIKOB 0OY4YatoLLMXCS N0 AUCUMMNIIMHE NPUMEHSIETCS
penTuMHroBas cuctema. Mitorosas oueHka no AUCUMNINMHE onpeaenseTcs Ha OCHOBaHUN onpe-
AeneHus cpeaHeapudMeTUYecKoro aHa4yeHns 6anmoB No Kaxaomy 3agaHuto.



https://education.vsuet.ru/
https://education.vsuet.ru/

5. OnucaHue nokasarenewn u KpUTepues OLIEHMBAHUA KOMMNETEHLMI Ha Pa3fNUYHbIX 3Tanax ux oopMMpoBaHUA, onucaHue LKan
OLIeHUBaHMWA ANA KaXAoro pesynbTata 06y4YyeHusi No gucumunnuHe

PesynbtaTthbl 00y-

MpeameT oueHkM (NpoayKT

lNokasaTenb oue-

Kputepun oueHnBaHus

LUkana oueHnBaHus

YeHus Mo aTanam Unu npouecc) HMBaHWSA CHOPMNPOBAHHOCTM KOMMETEHLIMIA AxameMudeckast | YpoBeHb Oc-
dopmupoBaHuns OLICHKa WJIU BOEHHS KOMIIE-
KOMMeTeHU N Oasb TEHINN
OlNK-2 CnocobHocTh ocyLlecTBnaTb cbop, aHanu3 n 06paboTKy AaHHbIX, HEOBXOANMBIX NS pelleHns npodeccuoHanbHbIX 3agad
3HATb OCHOBHbI€ MOHATUS U Me- PesynbTathl - AaHbl NpaBuIbHble OTBETHI MeHee YeM Ha 59,99 % Bcex Tec- Heypnoenetso- He ocsoeHa
Toabl auddepeHLmansLHo- | TeCTUPOBaHUS TOBbIX BOMPOCOB puTenbHO (Hev.D.OCTaTOLI-
ro WU UHTErpanbHoro ucYuc- HbIi)
NeHUst YHKLMU HECKOb- - AaHbl NpaBunbHbIe 0TBEThLI Ha 60-74,99% BCex TECTOBLIX BO- YnoeneTsopu- OcsoeHa
KX NepeMeHHbIX, He06Xo- npocos TeTIeHo (6a3oBei)
AVMble AN peLleHns npo- - flaHbl NpaBurbHble OTBETHI Ha 75-84,99% BCex TECTOBbIX BO- Xopotuo OcBoeHa 5
beccroHarnbHbIX 3aaad npocos (noBbILIEHHEI)
- faHbl NpaBunbHble oTBeThl Ha 85-100% Bcex TecToBbix BONpo- | OTnmyHo OcBoeHa
CcOB (NOBbILLEHHBIN)
CobecepnosaHue (3a- | Obyvatowmncsa obnagaet YacTUYHBIMU U Pa3pO3HEHHBIMUN 3Ha- He 3auTeHo He ocBoeHa /
yer) HUSIMU, TOMNBbKO HEKOTOPLIE N3 KOTOPbIX MOXET CBSI3bIBaTb MEX- HegocTaToY-
ay cobon HbIlA
Obyuatowumincs obnagaeT HAboOpoOM 3HAHMI, 4OCTATOUYHLIM ANs 3ayTeHo OcBoeHa /
CUCTEMHOrO B3rnaga Ha n3yvyaembli OObeKT 6asoBblili (Mo-
BbILLEHHbIN)
YMETb NPUMEHsITbL MaTemaTuye- PeweHuve Tnnoebix | OByyalowniics He BriageeT YMEHUAMN BbINONHEHNS 3a4aHNN; Heynoenetso- | He ocsoeHa /
CKne MeToabl NPU pelleHnn | 3agad Ha npakTu- He AEMOHCTPUPYET YMEHUI, NPedyCMOTPEHHbIX MIIaHNPYEMbIMU | PUTENBHO HeJocTaTouy-
npodeccuoHarnbHbIX 3a4ay | YeCKMX 3aHSATUSAX pesynbTataMu oby4yeHus HbIN
OGyyvatowuincs ucnblTbiBaeT 3aTpyaHEHUS NPU BbINONHeHWM 3a- | YooBneTteopu- | OcBoeHa /
AaHWIM N0 anropuTMy; AEMOHCTPUPYET MUHMManbHbIN Habop TenbHO 6asoBbIf
YMEHUI, NpeayCMOTPEHHbIX NNaHUPyeMbIMUK pe3yrbTaTamm
06y4eHus
O6yyvatowuiics BbINOMHAET 3a4aHusi ¢ UCNONb30BaHUEM anro- Xopouo OcBoeHa /
pUTMa peLLeHnsi, NPy BbINONTHEHUN AONYCKAET HE3HAYNUTENbHbIE MOBbILUEHHbIN
OLUMOBKM U HETOYHOCTU, hOpMYnMpPYET BbIBOAbI; AEMOHCTPUPYET
YMEHUS, NPeayCMOTPEHHbIE NNaHUpyeMbIMU pe3dynbTaTtamu
06y4eHus
O6yyatowuiics BbINOMNHSET 3a4aHnsi, OpMUPYs anroputm pe- OTnun4yHo OcBoeHa /

LUEHMS, NP BbIMNONIHEHUM HEe JOMYyCKAEeT OWMOOK U HETOYHOCTEMN,
hopmynupyeT BbIBOAbI; AEMOHCTPUPYET YMEHUSI, NpeayCMoT-
PEHHbIE NNAHMPYEMbIMY pPe3ynbTaTaMu 00yYeHus

MOBbILLEHHbIN




BINNAOETb

HaBblKaMW NPUMEHEHUs
CTaHOapTHbIX MaTtemaTuye-
CKUX METOOB Mpu peLle-
HUK NpodeccnoHanbHbIX
3apaud, cBsA3aHHbIX ¢ obpa-
GOTKOW N aHanNN3oM AaH-
HbIX

KoHTponbHas pa-
6oTa

Obyuatowuinca He BnageeT HaBblKaMU BbINOMHEHNS 3a4aHUN; HeynosneTtBo- | He ocBoeHa /
He OeMOHCTPUPYET HaBbIKOB, NPEAYCMOTPEHHbIX NNIAHUPYEMbI- | PUTENBHO HeJocTaTou-
MU pesynbTatammn obyveHus HbIN
O6yyvarowuics ncnbiTbiBaeT 3aTpyaHEHUS NPU BbINONHEHWM 3a- | YgoBneTteopu- | OcBoeHa /
OaHWIA NO anropuTMmy; AEMOHCTPUPYET MUHMManbHbIN Habop TenbHO 6a3oBbil
HaBbIKOB, NPEAYCMOTPEHHbIX MITAaHUPYEMbIMU pe3ynbTaTamu

obyyeHus

O6yuatouincsa BeINONHAET 3aaHus C UCNOSb30BaHUEM arnro- Xopouo OcBoeHa /
pUTMa peLUeHnsi, NPy BbINONTHEHUN AONYCKAET HE3HAYUTENbHbIE MOBbILUEHHbIN
OLNBKM N HETOYHOCTUK, POPMYNMPYET BbIBOAbI; AEMOHCTPUPYET

HaBbIKK, MPeaYCMOTPEHHbIE MITAHNPYEMbIMU pe3ynbTaTamm

0oby4eHus

O6yuatowuincs BeINONHAET 3adaHusl, hopMmnpys anroputMm pe- OTnnyHo OcBoeHa /

LUEHWS, NPV BbINOMHEHWUN He AOMYyCKaeT OWMOOK M HETOYHOCTEN,
dhopMynmMpyeT BblBOAbI; 4EMOHCTPUPYET HaBbIKW, MPEAYCMOT-
peHHble NNaHnpyeMbIMy pesyribTaTamn obyyYeHns

NMOBbILLEHHbIN
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