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1. IlepeyeHb NIAHUPYEMBIX Pe3y/JIbTATOB 00y4eHHUs 110 AUCHMILIMHE, COOTHECEHHBIX €
IVIAHUPYEMBbIMHU Pe3yJIbTaTaMH OCBOEHHS MPOrPaMMBbl

1.1. I[I/ICI_II/IHJII/IHa obecrieunBaeT OBJIAZICHUC CICAYIOIHNMU KOMIICTCHIIUAMM!

Kon HanmenoBanune Kon HanMmeHoBanme »rTama OCBOEHHS
KOMIIETEHIIUN KOMIIETEHIIUN JTamna OCBOCHHSA | KOMIICTCHIINH
KOMIIETEHIIUU
YK OC-9 CIIOCOOHOCTH HCIIOIb30BaTh VYK OC-9.1 CrocoOHOCTh UCIIOIE30BaTh
OCHOBBI 3KOHOMHAYECKUX 3KOHOMHYECKUE 3HAHUS JJI
3HAHUH B Pa3IMIHBIX TIOHUMAaHUs U OLIEHKH MPOIIECCOB B
cdepax JesTeNbHOCTH SKOHOMHUYECKOH cdhepe KU3HU

0011IeCTBa HA Pa3IMIHBIX YPOBHSIX;
MIPUMEHATh MaTeMaTHIECKUN
WHCTPYMEHTApUH JUIsl peIIeHNs
9KOHOMHYECKHX 3a7a4 (METO/IBI 1
pe3yNbTaThl MATPUIHON anreOphl,
AHAIUTUYECKON T€OMETPHUU U
TEOPHHU BEKTOPHBIX MPOCTPAHCTB)

YK OC-9 CIIOCOOHOCTH UCIIOIL30BATh YK 0C-9.2 Cr1ocoOHOCTE OLIEHUBATH
OCHOBBI JKOHOMHYECKHUX Pa3IMYHBIC ACTICKTHI COITUATBHO-
3HAHUH B Pa3IMIHBIX SKOHOMUYECKOH ITOIUTUKU
cdepax JesTenbHOCTH TOCyIapCTBa, IENIaTh MPOTHO3BI
OTHOCHTEJILHO JaJIbHEHIIIETO
(hYHKIIMOHUPOBAHUS

9KOHOMUYECKOH CHCTEMBI;
MIPUMEHATh MaTeMaTHIECKUN
MHCTPYMEHTApUH JUIsl peIeHNs
9KOHOMHYECKHX 3a7a4 (METO/IBI 1
Ppe3yibTaThl TeOpUH (PYyHKIUH
JIECTBUTEIILHBIX TIEPEMEHHBIX U
JddepeHanbHbIX ypaBHEHHH)

1.2. B pesysbrare 0OCBOCHUS AUCHUILIUHBI Y CTYACHTOB JOJDKHBI OBITH ChOPMUPOBAHBI:
OTD/TD Kox orama  ocBoeHus PesynbraTs! 00yuenns
(TIpy HaNTMYMH KOMITETEHINN
npodcranapra)
YK OC-9.1 3HaTh: OCHOBBI JINHEWHOH anreOpbl, aHATUTHIECKON

reOMETPUH U MATEMATUYEeCKOTO aHAITU3a

YMeTh: caMOCTOSITENILHO pa30oUpaThcs B BOMPOCAX
MIPUJIOKEHUST MATEMATHYECKUX METOJIOB K Pa3InUHBIM
001acTsIM 3HAaHHUHA

Brnanets HaBbIKAMU: PEIIEHHS CTAHIAPTHBIX MATEMATHYECKUX
3aj1a4 U3 OCHOBHBIX Pa3jiejioB MaTEMaTUKU

YK OC-9.2 3HaTh: OCHOBBI JINHEWHOH anreOpbl, aHATUTHIECKON
T€OMETPUH U MAaTEMaTH4YeCKOT0 aHaJIN3a

YMeTh: caMOCTOSITENIFHO pa3dnpaThcs B BOIPOCax
TIPUIIOKEHNST MaTEMAaTHIECKUX METO/IOB K Pa3IMIHBIM
o0acTsaM 3HaHUH

BrnaneTs HaBBIKaMU: peIIeHHs CTaHAIAPTHBIX MaTeMaTHYECKUX
3aj1a4 U3 OCHOBHBIX Pa3/eioB MaTEMaTHKU

2. O0bemM U MeCTO IMCHUILTUHBI B cTpykType OIl BO

O0beM TMCUMILTHHBI

2,00 3E, 56 ak. yaca(oB) Ha KOHTaKTHYIO paboTy ¢ mpemnoaBarenem, 16 ak. yaca(oB) Ha CaMOCTOSTEIBHYIO
paboTy oOyJaromumxcs;

MecTto qucuuminnsl B ctpykrype OII BO
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3. Conep:kaHue M CTPYKTYPA JMCHUILIHHBI

O0beM auciuIuIMHGI (MOAYJIIs), aK. 4ac./ Jac. dopma
TEKYIIETOo
Konrakrnas pabora Y
KOHTPOJIS
HanmenoBanue tem o0yyarommxcs ¢ x
Ne n/m CP YCIEBAEMOCTH ,
(pa3nenoB) Bcero TpenoaaBaTeIeM 2
. TIPOMEKYTOUHOMH
10 BUJIaM y4eOHBIX 3aHATHH
aTTecTaluu
J [ ap | m3 | Kcp
ouHas popma oOyueHHs
(Tabmmua3Crpokn) | Pasnmen 1. Jluneiinas
anrebpa n
P 0 0 | o 0 0 0
aHaIUTHYeCKast
TeOMEeTpHsI
1 Martputisl, CUCTEMBI Omnpoc,
JIMHEWHBIX YPaBHEHU, 8 4 0 4 0 0 KontponsHas
OTIPENICTIUTEIIN pabora
2 AHanutudeckas
TeOMEeTpHsl Ha TUIOCKOCTH Ompoc,
U B IIPOCTPAHCTBE. N- 6 2 0 2 0 2 KontponsHas
MepHbIE BEKTOPHBIE pabora
IIPOCTPaHCTBA
Pazpen 2.
. 0 0 0 0 0 0
MaremaTiuecKuii aHaJIn3
3 OyHKIMOHABHAS
3aBUCHMOCTb U TIPEJIeT Ompoc,
¢byHKINH, 4 2 0 2 0 0 Kontponsnas
HETIPEPHIBHOCTH pabora
GbyHKIHH
4 [IpousBonHas u
mddepernnan Omnpoc,
(YHKIMH, TPUITOKEHHS 8 2 0 4 0 2 KontponsHas
TIPOU3BOHON K pabora
WCCIIeIOBAHNIO (DYHKIMH
5 WnTerpansHoe
HCUHCIICHNUE:
HeOoIpeaeaEHHbBIN Onpoc,
pene L 6 2 0 2 0 2 KontponsHas
oTpeneNnEéHHBIN 1
N pabora
HecoOCTBEHHBIH
WHTErpajIbl
6 @OyHKINT HECKOJIBKUX
TIepEeMEHHBIX: TIpeJIeN
Heﬁ € LIBHOCTI)p , Onpoc,
peb ’ 8 2 0 4 0 2 KontponsHas
MIPOMU3BO/IHEIE,
pabora
SKCTPEMYMBI (DYHKIMHU 2-
X MepEeMEHHBIX
7 KomrmnekcHeie uncna. Ompoc,
Huddepernmanbable 8 2 0 4 0 2 KontponsHas
YpaBHEHUS pabora
Paznen 3. Teopust
BEPOSATHOCTEN U
P 0 0 | o 0 0 0
MareMaTnJecKast
CTAaTUCTHKA
1 CrnyJaiiHbie COOBITHS U
BEPOSITHOCTH, CXEMa Onpoc,
P ’ 6 2 0 2 0 2 KontponsHas
HE3aBHCUMBIX
. pabora
HCTIBITAHUHAM




O0beM auciuIuIMHEIL (MOAYIIs), aK. yac./ Jac. dopma
TEKYILEro
Konrakrnas pabora Y
KOHTPOJIS
HanmenoBanue tem o0yyarommxcs ¢ *
Ne n/m CP YCIEBAEMOCTH ,
(pa3nenoB) Bcero TpenoaaBaTeIeM 2
. TIPOMEKYTOUHOMH
10 BUJIaM y4eOHBIX 3aHATHH
aTTecTaluu
J [ ap | m3 | Kcp
ouHas popma oOyueHHs
2 Crny4aliHble BEIMYHHEL, Omnpoc,
3aKOHBI paclpeeIeHUs 6 2 0 2 0 2 KoutponbHas
CITyYaiHBIX BEIWYHNH pabora
3 enu MapkoBa u ux
UCIIONIb30BaHKE B
MO/JIETTIPOBAHUN
COLIMAJILHO-
SKOHOMHYECKUX 6 2 0 4 0 0 Ormpoc
IIPOLIECCOB.
Bri0opounsIit MeTos,
OIIEHKA ITapaMeTpOB
pacrpeaeneHus
4 IIposepka
CTaTUCTUYECKHX THITOTE3. Ompoc,
ONeMeHTEI 6 2 0 2 0 2 Kontponshas
KOPPEIALHOHHOTO U pabora
PErpeccHOHHOTO aHaN3a
IIpomexxyTounas
p y 0 3auer
aTTecTays
Bcero: 24/ 32/ 16/
72/72 0/0 0/0
24 32 16

[Mpumeuanne™ — GpopMbl TEKyIIEro KOHTPOIJIS YCIEBaEMOCTH: ToMalnHee 3a1anue (/13)

Conep:xaHue JMCUMILTHHBI

Conepmanne ANCIUIIJINHBI
Pa3pnen 1. JluHeiiHas aare6pa v aHAJTUTHYECKAsI TeOMeTPHsl.
Tema 1. MaTpuupl, cucTeMbl JIUHEHBIX YPABHEHMI, ONPee/INTeJIH.
[TonaTHe MaTpuIbl, omepaluii HaJl MaTpuLaMH, oOpaTHas MaTpuia, AnroputMm [aycca nmpuBeneHus
MaTpUIBl K CTYNEHYaTOMY BHIY M HaXOXAEHUS oOpaTHOW MaTpuubl. [IOHATHSA: CHCTEMbI JIMHEHHBIX
ypaBHEHUH, pemieHus cuctembl. Meroa ['aycca pemieHus cucteMm JMHEWHBIX ypaBHeHui. Kpurepuu
COBMECTHOCTH M OINPEAEIEHHOCTU CUCTEM JIMHEWHBIX ypaBHEHMH. OJTHOPOJHBIE CUCTEMBI JIMHEWHBIX
ypaBHeHul. [louarus onpenenureneil: 2-ro, 3-ro u n-ro nopsakos. CBoiicTBa onpeaenurteneii. Meroabl
BBIUMCIICHUS onpeaenuTeneid. Haxoxnaenus odpaTHO# MaTpuIlbl ¢ MOMOIIBIO ornpenenuTeneit. [IpaBuio
Kpamepa.
[TonsaTtus: Mmonenu JIeoHTbEBa MEXKOTPACIIEBOrO OaaHca, MaTPHULIBI MPSIMBIX 3aTpaTt, BEKTOpa BAJIOBOTO
IIPOJYKTa, BEKTOpAa KOHEYHOro mnpoaykra. dopmyiupoBka 3agauvd O MNPOAYKTUBHOCTH MOJEIU
JleoHThEBA, KpUTEPUU IIPOLYKTUBHOCTU MATPUILBI IIPSIMBIX 3aTpPAT.

Tema 2. AHaIUTHYeCKasi TeOMeTPHUsl HA IUVIOCKOCTH M B NPOCTPAHCTBE. N-MEpPHbIe BEKTOPHbIE
NPOCTPAHCTBA.

IlonsiTHe BEKkTOpa Ha IUIOCKOCTH U B MPOCTPAHCTBE, JIMHEHHBIE OIEpAllUU HAJl BEKTOPaMH, CBOMCTBA
TuX onepauuil. [lonaTue 6a3uca U KoopauHAT BeKkTopa. JlekapToBbl KOOPAMHATHI HA IUIOCKOCTH U B
npoctpancTBe. CKaJIpHOE TPOU3BEAECHUN BEKTOPOB, CBOMCTBA CKAJISIPHOIO MPOU3BeAeHUs. BekTopHoe
IIPOU3BEICHNE. Y paBHEHUS NPSIMOM Ha IJIOCKOCTHU U INIOCKOCTH B IPOCTPAHCTBE. 3a1a4H HAXOXKACHHUS:
yrila MEXAy MPSIMBIMU, YIVIA MEKIY IUIOCKOCTSAMHU, PACCTOSHMS OT TOYKH 0 IPSIMOU, PACCTOSIHUS OT
TOYKH JI0 TJIOCKOCTU. DJIEMEHTHI TEOPUU KPUBBIX BTOPOT0 MOPSAKA.

[ToHATHE N-MEPHOTO BEKTOPHOTO MpocTpaHcTBa. I[loHATHE 6a3uMca M paHra MHOXKECTBA BEKTOPOB N-
MEpPHOT0 BEKTOPHOI'O MpOCTpaHCTBa. lIoHATHE MOAIIPOCTPAHCTBA U PaA3MEPHOCTH MOAIPOCTPAHCTBA.



Meton mocTpoeHHs (PYHIAMEHTAIBHON CHUCTEMBl pPEIICHUH OJHOPOJAHONW CHUCTEMBI JHUHEHHBIX
YPaBHEHHUHU.

EBKIMIOBEI BEKTOPHBIE MPOCTPAHCTBA, HAXOXKIEHUS OPTOHOPMUPOBAHHOTO Oasmca. Merton
HAaWMEHBIINX KBaJAPATOB. ATIIIPOKCUMALIUS SKCIEPUMEHTAIBHBIX JAHHBIX HPSIMBIMH.

HaxoxneHne coOOCTBEHHBIX BEKTOPOB W COOCTBEHHBIX 3HAUCHUU MATPUIIBI, MPUBEIACHHE MATPUIIBI K
JIMaroHajJIbHOMY BH]Y.

Pasnen 2. MareMaTnyecKuii aHaIu3.

Tema 3. ®DyHKIMOHAJBbHAS 3aBUCHMOCTD M Npejies QyHKINH, HeNIPePbIBHOCTh (PYHKIMH.
OneMeHTapHble (YHKIMH, TpapUKH dJIEMEHTapHbIX (yHKIMHA. beckoHeyHO Manble W OECKOHEYHO
Oounblre GyHKINHU, TEOPEMbI 0 OecKoHeuHO MalbiX. [loHsTHE peaerna GyHKIUU, TEOPEMBI O TIpeenax.
Yucno Diinepa, NMpUIOKEHUS 4yuciIa DWiepa K BBIUMCICHHUIO NpenenoB. IloHsATHE HenpephIBHOCTH
(yHKIMHU B TOUKE U HA OTpe3Ke. TeopeMbl 0 HepephIBHBIX PyHKIMAX. Kitaccudukamnms Touek pa3phiBa.
CaoiicTBa (yHKIMI HETIPEPHIBHBIX Ha OTpe3ke: TeopeMa Beiiepiirpacca u reopema Korm.

Tema 4. IIponzBoanas u tudpdepeHnuan pyHKUHMH, NPUIOKEHUS POU3BOIHONH K
HUCCJIeI0BAHUI0 QYyHKIUIA.

[Tonatne mnpom3BOAHON (YHKIMH B TOUYKE. | €OMETpUYEeCKHi CMBICI NPOU3BOJHOM, ypaBHEHHE
kacaTenpHOU. OcHOBHbIE (DOpPMyYJBI W TpaBWia BBIYMCICHUs Npou3BogHOM. [Ipasunmo Jlomurass.
[Tonsatue muddepenunana Qynkuuu, nuHeapuzanus ¢yHkuuu. Ilpumenenus nuddepenHnmana K
npuOIMKEHHBIM BbIuucIeHUs M. MccrnenoBanue (yHKIIMM Ha MOHOTOHHOCTh M HAaJMYUE TOUYEK
skcTpemyMa. MccrenoBanue (yHKIMM Ha BBIMTYKJIOCTh M HAJMYME TOYEK Iepernda. BepTukanbHble,
TOPU30HTAJIBHBIE U HAKJIOHHbIE acUMOTOTHL. OOmias cxema MccieqoBaHUS (YHKIHMUA U TIOCTPOCHHUS
rpauKoB, IPUMEPHI.

Tema S. MHTerpanbHoe HCYHMCICHHE: HeONpede¢HHBIN, ONpeneaéHHbIA M HeCOOCTBEHHBIH
HHTErpaJbl.

[Tonatue mepBooOpa3HOl W HEONMpeneIEHHOr0 MHTErpaia, CBOMCTBA HEONpPEAECNEHHOTO WHTErpaja.
TaGnuunsle unTerpansl. OCHOBHBIE MpaBHJia MHTETPUPOBAHUSA: 3aMeHa MEPEMEHHON, BHECEHHE MO/
3HaK au¢depennuana, THTerpupoBaHue Mo yacTaM. [IpruéMbl MHTErpUpPOBaHUS JIs1 HEKOTOPBIX KJIACCOB
(bYHKUMN: pallMOHATIBHBIX IpoOei, QyHKIMIA ¢ paJuKaIaMy, TPUroHoMeTpudeckux GyHkiuid. [Ipumepsl
(GyHKUMHA, HE WHTETPUPYEMBIX B 3JEeMEHTapHbIX (yHKuMsAX. [loHATHE OmpenenéHHOro MHTErpaia,
cBoiicTBa omnpenenéHHoro wuHrerpana. ®opmyna Herorona-JleiiOHua, NPUEMBI  BBIYUCICHUS
onpenenéHHbIX UHTErpayos. [IpunokeHus omnpenenéHHOro MHTErpaja K BBIYKMCICHHIO IUIOLIANEH U
00béMoB. IlonsiTHe HecoOcTBeHHOTO wuHTerpaina 1-ro u 2-ro pozxa. [Ipu3HaKuM CcXoAUMOCTH
HECOOCTBEHHBIX MHTETPAJIOB.

Tema 6. @DYHKIMH HECKOJBKHX IEPEMEHHBIX: IMpelesl, HeNpepbIBHOCTb, NPOU3BOAHBIE,
IKCTPeMYMBbI (PYHKIHMH 2-X IepeMEeHHbIX.

[Tonatue ¢pyHkumu n-nepeMeHHbIX. [Ipenen n HenmpepbIBHOCTh (GYHKIMU 2-X MEPEeMEHHBIX. YacTHbIe
Npou3BOJIHBIE M AuddepeHnnan s GyHKIUU 2-X TEPEeMEHHBIX, MPOU3BOJIHAS IO HANPABJICHHUIO,
rpaauent. [lonsTue sxcTpemyma uist QyHKIMH 2-X TIEPEMEHHBIX, JOCTATOYHOE yCIOBHE SKCTPEMyMa.
IlonsiTHE YCIIOBHOTO 3KCTpeMyMma, METOJ MHOxuTened Jlarpanyka Mg HaxoKIEHUS YCIOBHOIO
SKCTpeMyMa. 3a/1a4a HaX0XKACHHUs HAanOOJIBIIEr0 ¥ HAMMEHBIIETO 3HaAYeHHUS (DYHKIIMU 2-X IEPEMEHHBIX
B 3aMKHYTOH U OTpaHUYEHHON 00JIaCTH.

Tema 7. KommiekcHsblie unciia. JlugdepeHunansHbie ypaBHeHU .

[ToHATHE MHOXECTBAa KOMIUIEKCHBIX YHCE, allre0pandeckue onepaniy HaJl KOMIUIEKCHBIMU YUCIIaMH.
Anrebpanueckasi 1 TPUTOHOMETpHUYEcKas GopMbl KOMITTIEKCHOTo uncia. ®opmyna Myaspa u ¢popmyna
M3BJICUEHUS] KOPHS N-Of CTEeNeHW U3 KOMIUIEKCHOro umcia. [lokazatenpHas (opmMa KOMIUIEKCHOTO
yrcia, popmyia Diinepa 17151 MHUMOW SKCTIOHEHTHI.

[Tonsarue nuddepeHnnantbHOro ypaBHeHUs n-ro nopsaka. 3agada Komu, TeopeMa CyniecTBOBaHUS U
eIMHCTBeHHOCTHU. [luddepeHnmanbabie ypaBHEHHS |-ro Mopsaaka ¢ pa3aessionMMHICs TepEMEHHBIMU.
Onnoponuble uddepeHManbHble  ypaBHeHUs 1-ro mnopsaka. Jluneiinele nuddepeHansHbe



ypaBHeHHs 1-ro nopsiaka. YpaBHeHnus: bepHyin. YpaBHeHus B NONHbIX Auddepennnanax. Jluneinsie
muddepeHnranbHble ypaBHEHHH 2-T0 TOPSIIKA C IOCTOSHHBIMU KO3 QUITEHTaAMH.

Pasnen 3. Teopust BeposITHOCTH M MaTeMaTH4YeCKasi CTATHCTHKA.

Tema 1. Ciryuaiinbie cOOBITHSI M BEPOSITHOCTH, CXeMa He3aBHCUMBbIX HCIIBITAHUH.

Knaccuyeckoe H  CTaTUCTHYECKOE OIpPENENICHHUE BEPOATHOCTH. DJIEMEHThl KOMOWHATOPUKH,
IIpUMEHEHHE KOMOMHATOPHKH K MOJICUETY BeposiTHOCTEH. [IpaBuiio ciioskeHus BEpOSITHOCTEN. Y ClIOBHAs
BEpOATHOCTB. [IpaBuiio ymHOkeHHUs BepossTHOCTEN. DopMyita nonHou BepostHocTH. Dopmyiia baiieca.
Cxema bepnynnu. buHOMHaibHbIE BEPOSITHOCTH. MHOTOYrOJBHUK PpacIpeleieHHs] BEPOSITHOCTEM.
Haubosnee BeposiTHOE YUCIIO yCTIEXOB. ACUMITOTHYECKUE (HOPMYJIBI 1151 ONHOMHAIBHBIX BEPOSTHOCTEH
(popmyuel Jlamnaca u Ilyaccona).

Tema 2. Ciryuyaiinble BeJJMYUHBI, 3AKOHbI pPaclpe/iesieHUus CJy4YaiiHbIX BeJIHYHH.

JluckpeTHas ciydaiiHas BEJIMYMHA. 3aKOH pacHpeleleHHUs AMCKPETHOM Cily4aliHOM BEIWYMHBI.
Onepauuy Haj cilydailHBIMM BeJIWYMHAMM. UMCIOBBIE XapaKTEPUCTHKU CIIyYalHBIX BEJIWYMH:
MaTEMaTHYECKOE 0KUJAHHUE, NUCIIEPCHs], CPEAHEE KBAaApaTUYECKOE OTKJIOHEHHE, MeauaHa. CBoilcTBa
YHUCJIOBBIX XaPAKTEPUCTHUK.

HenpepsiBHast ciyuaiiHag BenuunHa. OyHKOMA pacnpelNerceHuss U IUIOTHOCTh  BEPOATHOCTHU
HENPEPBIBHONW  CIyYalHOM BEIWYMHBL. YHCIOBBIE XapaKTEPUCTUKHM HENPEPBIBHOW  CIyd4alHOU
BEJIMYHHBI.

3aKoHBI pacrpesiesieHuss CIy4YalHbIX BEJIMYMH: OMHOMMAJIBHBINM 3aKOH pacmpeieNeHHs, 3aKOH
pactpenenenus Ilyaccona, reoMeTpuyeckoe paclpeesieHue, HOPMAJIBHBIA 3aKOH PpacCIpecsICHHUs.
CpoiicTBa HOpMaNbHOTO 3akoHa. Teopema UYeOwiméBa. 3akoH Oonbmux uyucen. lleHTpanbpHas
IIpeeIIbHAs TEOpEMA.

Tema 3. lenu MapkoBa U HX HCHOJb30BaHHE B MOAECJTHPOBAHUM COLMAJIBHO-IKOHOMHMYECKHX
npoueccos. Bb10Opo4YHBIil MeTO/1, OLIEHKA NapaMeTPOB paclpee/IeHusl.

Omnpenenenue u cnocod 3aganus 1enu Mapkosa. OgHopoaHbIe e MapkoBa. Martpuiia nepexo/ioB,
Teopema MapKkoBa 0 IpeAeTIbHBIX BEPOATHOCTIX. DIEMEHTHI TEOPUU MaCCOBOTO OOCTY>KUBAHHUS.
[ToHsATHS TreHepaIbHOM U BHIOOPOYHOM COBOKYITHOCTH OOBEKTOB. BapuannoHHsbIi psiz, Tabiuma 4acTor,
rucrorpamMma. UucClioBbIE XapaKTEPUCTHKH TE€HEPaJbHOH W BHIOOPOUYHON COBOKYITHOCTH: CpeIHEe,
qucnepcusi, AonsA. IloHATHE CTaTUCTUYECKOM OLICHKM HEW3BECTHOIO IIapaMeTpa paclpeneieHus
CllyyaliHOM BENUYMHBI, TpeOOBaHMSA, NPEABSIBISIEMble K CTATUCTHUECKHUM OIIGHKaM I1apamMeTpOB.
WHTepBabHbIe OLIEHKH TapaMeTpOB. JlOBEpUTENBbHBIN HHTEPBaJ, 10BEPUTEIbHAS BEPOATHOCTD, OLIMOKA
pernpe3eHTaTUBHOCTU. TeopeMa 00 omIMOKe pernpe3eHTaTUBHOCTH U CIIEACTBUS U3 HEE.

Tema 4. IIpoBepka cTaTHCTHYECKUX T'MIIOTE3. DJIeMEHThI KOPPEJSAIMOHHOIO U PerpecCHOHHOIO0
aHaJImM3a.

[Tonsatue cratucruyeckoi runore3bl. Omuodku 1-ro u 2-ro poaa, ypoBeHb 3HAUUMOCTH M MOIIHOCTb
cTaTucThdeckoro kpurepus. OOmas cxema NPOBEPKH CTAaTUCTUYECKMX TunoTe3. Cxema NpoBEPKU
TUIIOTE3bl O HOPMAJIBHOM PACIPEIEICHUN CIIy4YallHOM BeNU4nHbI — kputepuid [Inupcona.

[Tonatue koppensuoHHOoro MomeHTa. Koadduimenta Koppemsuun U ero cBoiictBa. Bribopounas
KOoppesilus. YpaBHEHUE IMHEHHOH perpeccuu, kodp¢uimeHt perpeccuu. IlpoBepka 3HaYMMOCTH
K03 pHLIIEHTa KOPPEISALIUH.

4. MartepuaJjbl TeKylIero KOHTPOJIsi yCleBaeMoCTH 00y4arommxcs 1 GOH/I OLeHOYHBIX
CPeACTB MPOMEKYTOYHOM ATTECTALMH N0 JMCIUIIIHHE

4.1. @opMbI U METOAbI TEKYLET0 KOHTPOJISI YCIIEBAeMOCTH 00YYaIOIINXCS M IPOMEKYTOYHOM
aTTecTaluu



4.1.1. B xone peanuzanuu aucuuminabl b1.65.08 MaremaTuka HCIONB3YIOTCS CIEAYIOLIME METOAbI
TEKYIIET0 KOHTPOJIS YCIIEBAEMOCTH O0YJarOIIMXCS:

Tema MeToabl TEKYLIEr0 KOHTPOJIA yCIEeBAEMOCTH
Tema 1. MaTpulipl, CUCTEMBI TUHENHBIX Omnpoc, KontponsHast pabora
yYpaBHEHUH, ONpeeUTENN
Tema 2. AHanuTHYeCKast FeOMETpHS Ha Onpoc, KontponsHast paborta
IJIOCKOCTH U B TIPOCTPAHCTBE. N-MEPHBIE BEKTOPHBIE
MIPOCTPAHCTBA
Tema 3. @yHKIMOHAJIBHAS 3aBUCUMOCTD U Npeae Omnpoc, KontponsHas paborta

(YHKUNH, HENPEPHIBHOCTH (PYHKIIUH

Tema 4. [IpousBonHas u auddepeHnman Onpoc, KontponsHast paborta
(YHKUINY, TPUIOKEHHS! TPOU3BOTHOMN K
HCCIIEIOBAHUIO (PYHKIUHA

Tewma 5. MHTErpanbHOE UCUUCICHUE: Omnpoc, KontponsHast pabora
HEOIpeAeNEHHBIHN, onpeaAenEHHbIN U
HECOOCTBEHHBII HHTETPaJIbI

Tema 6. @yHKIIMM HECKOJIBKUX TIEPEMEHHBIX: Omnpoc, KontponsHast pabora
IpeieN, HEMPePbIBHOCTh, IPOU3BOIHBIE,
IKCTpEMYMBI GYHKIIUH 2-X TIEPEMEHHBIX

Tema 7. KommuiekcHsle uncna. Auddepennmanbueie Omnpoc, KontponsHast pabora
ypaBHEHUS
Tema MeTtoasb! TeKyIIEro KOHTPOJISA
ycneBaeMoCTH
Tema 1. CityuaiiHble COOBITHS U BEPOSATHOCTH, Onpoc, Kontponsnas padota 1
CX€Ma HE3aBUCUMBIX UCIIBITaHUI
Tema 2. Crryualinble BEIHYUHBI, 3aKOHBI Omnpoc, KontponsHaas padota 2
pacnpezeneHus cay4yaiHbIX BETUUNH
Tema 3. Llenu MapkoBa 1 UX UCIIOJIb30BaHUE B Omnpoc

MOJIETTMPOBAaHUH COLIMATIBHO-OKOHOMHUYECKHUX
[IponeccoB. BeIOOpoUHbIiA METO, OLIEHKA TapaMeTPOB
pacnpezeneHust

Tema 4. TIpoBepka craTucTHUecKuX runotes. Dementsl | Omnpoc, Konrponpnas padora 3
KOPPEJSIIIMOHHOTO U
PErpECCHOHHOI0 aHaJIN3a

4.1.2. 3aueT NpoOBOAUTCS B MUCbMEHHOMH (hopme.

2.2. Marepuanbl TeKylIero KOHTPOJIsl yCleBaeMoCTH 00y4ar0MXCsl.
Bonpocs! 1J1s1 caMONIOATOTOBKH M NIPOBE/ICHUsI OIIPOCa HA 3aHATHSX.

Pasnen 1. JInneiiHas aaredpa u aHAJIMTHYECKAasi TeOMeTpHUs
Tema 1. MaTpuupbl, cucTeMbl JIUHEHHBIX YPABHEHMI, ONPeeIuTe I

1. O6’b$ICHI/ITL, KaK OIPEACIIAIOTCA OICpalUi HaJd MaTpUILlaMU: CJIOKEHUC, YMHOXKCHUEC, YMHOXKXCHHNUC HAa
YHCIIO. C(I)OpMyanOBaTL CBOMCTBA JTHX onepaunﬁ, Ha TIpuUMEpax MPOBCPUTH CIIPABCIJIINBOCTH
HEKOTOPLIX CBOMCTB.

JHoxkazats, uto ecnu s MaTpull A u B BeimonHsiercst paBeHcTBO AB =BA , T0 A u B kBagpaTHble MaTpUIIbI
OJIMHAKOBOTO MOPSAIKA.



2. OOBICHUTH, KaKH€ MaTpHULbl HA3bIBAIOT CTYNEHYATHIMH, TJIaBHBIMU CTyHeH4YaTbiMu. [IpuBectu
MpUMEPHI CTYTMEHYAThIX MaTpul. M3m0XKuTh anroputM [aycca npuBeneHUss MaTpHLbI K CTYyIIEHYATOMY
BUY MPH [TOMOILH JIEMEHTAPHBIX MPeoOpa3oBaHUM CTPOK.

-1

0

HpI/IBeCTI/I Marpuiy K INITaBHOMY CTYIICHYAaTOMY BUOY.

-1

LS N S
W W = =
—_ N o =
N = = O

3. OOBICHUTb, KakMe€ MaTpUIBl HA3bIBAIOTCS OOPAaTHUMBIMH, MPUBECTH MPHUMEPHI OOpAaTHUMBIX U
HeoOpaTuMbIx MaTpull. M3noxuts anroputM ["aycca HaxoxneHus o0paTHOi MaTpullbl. [lokasars, Kak ¢
MOMOIIBIO aNropuT™Ma ["aycca onpenennTs, 00paTHUMa JId MaTpula.

Pemmts MaTpyuyHOe ypaBHeHHE: | 2 -1 o X =| 2 -1

4. OOBICHWUTb, YTO IIOHMMAETCS MOJ CHCTEMOH JHMHEHHBIX ypaBHEHUH, pEIICHHEM CHCTEMBI,
MaTpUYHON 3alUChl0 cUcTeMbl. [IpuBecTH mpUMepsl: COBMECTHOM, HECOBMECTHOM, ONpeneiaéHHON U
HeolpeAenEHHON cUCcTeM JHMHEWHBIX ypaBHeHMM. Ha mpumepe mokasarb, 4TO MpH 3JI€MEHTapHBIX
npeoOpa3oBaHMAX PACIIMPEHHON MaTPUIBI CHCTEMBI TOIYyYaeTcs CHUCTeMa PaBHOCHIbHAS HCXOIHOU

CHUCTEME.
3x1+4x2+x3 +2x4:3 3x1+4x2+x3 +2x4:3
OHpeZ[eJ'II/ITI:, PaBHOCUJIBHEI JIM CUCTCMBI: 6x) +8xy +2x3+5x, =7 H 6x) +8xy +2x5 +5xy =7 ?
9xl +12x2 +3x3+10x4 =13 15x1 +20x2 +5x3+15x4 =20

5. MW3noxurb AJIrOpUTM Faycca PeUICHUA CUCTEM JIMHEWHBIX ypaBHeHHﬁ. HpI/IMGHI/ITL OTOT aJITOPUTM K
2xl+7x2 +3x3 +xy =6
PEHICHUIO CHCTEMBI 3x) +5xy +2x3 +2x4 = 4. O6’BHCHI/ITL, Kak C IIOMOUIbIKO aJIroOpuT™Ma Faycca

9x1+4x2+x3+7x4:2

OoInpeaejnTb, COBMCCTHA JIX CUCTEMA JIMHEHHBIX ypaBHeHI/If/i " ABJIICTCA JIM OHA OHpeﬂeHéHHOﬁ.

6. O6’B$ICHI/ITL, KaKue CHUCTEMBI JTUHEHHEIX ypaBHCHI/II\/'I Ha3bIBAOTCA OJAHOPOAHBIMU. HOKa3aTI:, KakK C
MMOMOLIbIO AJITOpHUTMA Faycca pacCrno3HaTb: UMECT JIM OAHOPOAHAsA CUCTEMaA JIMHEHHBIX ypaBHCHI/Iﬁ
HETPHUBUAJIBHOC PCLICHUC. C(l)OpMy.]'H/IpOBaTL AO0CTAaTOYHOC YCJIOBUE CYHICCTBOBAHUA HETPUBUAJIBHOI'O
peuicHud y OI[HOpO)IHOﬁ CHCTEMbI JIMHCHHBIX ypaBHeHHfI, IMOoKa3aTb Ha NpUMEPE, UTO 3TO YCIOBUEC HC
SABIIACTCS H€O6XOZ[I/IMLIM.

2x1+7x2 +3x3 + Xy =0
Pemnmtn OOIHOPOAHYKO CHUCTEMY 3x) +5x) +2x3 +2x4 =0, @ 3aTCM HaWTH 0611166 pelmieHUuC CHCTEMBI

9xl+4x2 +x3+7x4 =0

2x1+7x2 +3x3 +x4:2

.. =0

3x) +5xy +2x3 +2x4 =3, €CJIM U3BECTHO €€ YaCTHOC PCUICHUEC 2
X, =0

9x1+4x2+x3+7x4:9 3
Xy = 0

7. OOBICHUTb, YTO TMOHMMAETCA MOJ onpeaenuteseM wmarpuipl. ChopMynupoBaTh CBOWCTBa
onpenenureneil. Ha npumepe mokaszare, 4To ONpEeAETUTEND C ABYMS PABHBIMHU CTPOKAMHU PaBEH HYJIIO
(paccMoTpers ompenenuTens  3-ro  mopsiaka). [lokazaTh, Kak BBIYHCISIETCS ONpeNesIUTeNb
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BCpXHCTprFOJ'ILHOfI MaTpulbl. H3n0xuth METOJ BBIYUCJIICHHA ONPCACIUTECIISA MPUBCACHHUEM C€ro K

2 1 -21

3 -1
1 1 -11
1 -20 1

TPEYrojJibHOMY BHUY. HpI/IMCHI/ITL 9TOT MCTO/] K BBIYMCJICHUTIO OIIPCACIIUTCIIA MaTPUIIbL

8. Brimucarts (bOpMyJ'Iy JJI HAXO0XKACHU S 06paTHOI>'I MaTpuIibl ¢ IOMOMIBIO HpHCOCI[HHCHHOfI MaTpuUIibl.

0 0
X=|-1 o0

-2 -1

1
[Mpumenuts 5Ty QOpMyly K pEIICHHIO MaTpUYHOIO  ypaBHEHUS: 2
3

AN =

1
1
2
C(l)OpMyJ'II/IpOBaTB yCii0BUeC O6paTI/IMOCTI/I MaTpuUlibl Ha A3bIKC onpeﬂeaneneI‘/’I. I/ICHOJ'IL3y51 9TO yCJIOBHE,

11
HalTH BCE 3HAYCHUS k, IIpU KOTOPBIX MaTpuUlia 2 2 | ABJIACTCA O6paTHMOI>i.
3k

1
1
2

9. CdopmynupoBars npaBuino Kpamepa. IIpumenuts npaBuio Kpamepa mis pemieHus CHCTEMBI

-3x;+xy —4xy =6

2x; —2xy + x5 =1 , CACJIATH IIPOBEPKY. C(bOpMyHHpOBaTI: YCJIOBUE (Ha SI3BIKE OHpCI[eJIHTCHeﬁ), npu
- X +3x2 - X3 =1
KOTOPOM CHUCTEMA N - JTUHEHHBIX ypaBHCHI/Iﬁ C N - HCU3BECTHBIMH MMECT €AUHCTBCHHOC PCIICHUE.
o x|+ 2)(2 =3
I/ICHOHLByH 9TO YCJIOBHE, HAUTH BCEC 3HAYCHUIA k, IIpu KOTOPBIX CHUCTEMA nMeeT
X+ kx2 =1

CANMHCTBCHHOC PCIICHUC.

10. OOBSACHUTD, YTO OHUMAETCSI TIOA MOAENbI0 JIeOHTheBa MEXOTpaciieBoro OajaHca W B 4€M CyTh
NPUHIMIA JIMHEMHOCTH MaTepualibHbIX 3arpar. CpopMynupoBaTh KpUTEpUH NPOIYKTUBHOCTH IS
MAaTpHIIBI MPSIMBIX 3aTpart.

B cneﬂy}omeﬁ Ta6J'H/IIIC NPUBCACHBI JAaHHBIC 00 HCIOIHEHMM OajaHca 3a OTYETHBIN nepruog B YCJIOBHBIX
JCHCKHBIX CAMHUIIax:

[Motpebnenue
Ortpacinb Koneunslit npogykt Banosoii mpoaykr
1 orpacns 2 oTpacis
1 100 160 240 500
2 275 40 &5 400

Brruucnute HEOOXOOUMBIH O00BEM BalOBOTO BBIMYyCKa Ka)KIOW OTPAC/IH, €CIM KOHEYHBIH NMPOIYKT MEpPBOH
OTpaciiu I0JKEH yBeIUUUThCs Ha 25%, a BTopoit oTpaciu — B 1,5 paza.

Tema 2. AHaJIMTHYECKAsI TeOMeTPHs HA NMJIOCKOCTH M B IPOCTPAHCTBE. N-MePHbIe BEKTOPHbIE
NPOCTPAHCTBA

1. O6’b$ICHI/ITL, YTO MMOHUMACTCH 11O/ BEKTOPOM Ha IMJIOCKOCTHU U B IIPOCTPAHCTBE. OHpC,Z[CJ'II/ITI: orepanun
CJIOKCHUSA BCKTOPOB M YMHOXCHHUA BCKTOpAa HAa YUCIIO. C(bOpMYJ'IPIpOBaTL CBOICTBa 3THX onepaunﬁ.
Iloka3ath Ha MpuMeEpPE, 4TO CJIOKCHUC BEKTOPOB aCCOLIMATUBHO.

3Has BEKTOpBI, CIyXalllue€ CTOPOHAMH TpEYrojbHUKAa: AB=a,BC=C,CA =Db, HaiiTu BEKTOPHI,
COOTBETCTBEHHO KOJUIMHEAPHBIE OMCCEKTPUCAM YTIIOB 3TOIO TPEYTOJIbHUKA.

2. OHpC,Z[eJ'II/ITI: MOHATHS JIMHEHHOM 3aBUCHMOCTH M JIMHEHHOM HE3aBHCUMOCTH CHUCTEMEI BCKTOPOB.
HOKaSaTL, YTO JIIOOBIE TpU BEKTOpa Ha IJIOCKOCTHU JUHEWHO 3aBHCHMBI. BBecTn moHsTHe 0Oasuca u
C(bOpMyHHpOBaTI: TCOPEMY 00 omucaHuy 0A3KMCOB HA INIOCKOCTH U B OpOCTPAHCTBC. O6’B$ICHI/ITL, YTO TaKO€
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OpTOHOpMI/IpOBaHHHﬁ basuc u KOOpAWHATHI BEKTOpAa B JAaHHOM basuce. OHpe}IGJ'H/ITB IpAMOYTOJIBHYTO
ACKAPTOBY CUCTECMY KOOPpAWHAT HA INIOCKOCTU U B IMMPOCTPAHCTBE.

OrmpenenuTh, NMPH KaKUX 3HAYCHUSX P U ( cHCTeMa u3 IByX BekropoBa = (-2,3,p) u b= (q,-6,2) nuHelHO
3aBUCHMA.

3. I[aTb OMpEACIICHUEC CKAISIPHOIO MPOMU3BEACHHUA BCKTOPOB. C(I)OpMyJ'II/IpOBaTL CBOICTBa CKaJIApHOI'O
MMPpOU3BCACHUS. Brinucats q)OpMy'J'Iy IJI BBIPAKCHUS CKAJIAPHOTO IMPOU3BECACHUA YCPE3 KOOPAMHATHI
NEPEMHOKACMBIX BEKTOPOB. O6’LﬂCHI/ITL, KaK HaXOAUTb JJIMHY BEKTOPA U KOCUHYC yIJila MCXKY BEKTOpaMU
4YCpe3 CKAIAPHOC MPOU3BECACHUC.

Haiiti KoOpauHAaThI BEKTOpa X KOJUIMHEAPHOro BeKTOpy a = (2,1,-1) u yIOBJIETBOPAIONIETrO YCIOBUIO (X ,a ) =
3.

4. OOBICHUTHb, KaK COCTaBUTh YpPaBHEHHE MPAMOW, €CIM H3BECTHA TOYKAa HA NPSMOM M BEKTOP
OPTOTOHAJIBHBIN NpsIMOH (001iee ypaBHEeHHE TpsiMOi). [IpuBecTn cooTBeTCTBYIOUIMI TpHMep. Brimucars
(dopMyIy IS HAXOKACHUS PACCTOSHUS OT TOYKH JI0 MPSIMOH.

Haiitu paccrosiaue ot Touku A(21,32) go npsmoii m: 2x + 3y — 8 = 0, a Takke TOUKY, CAMMETPHYHYIO TOUKE
A(21,32) OTHOCHTENBHO 3TOU MPSIMOH.

5. OOBICHUTH, KaK COCTABUTH YpaBHEHHUE MPSIMOM B CITydae, €CJIM U3BECTHA TOUKa Ha MPSAMOM U BEKTOD,
napayieabHbli JaHHON MpsIMOH (KaHOHMYECKOEe ypaBHEHHUE MPSAMOI), a TaKKe B CIIydae, eclii U3BECTHA
TOYKa Ha MPSIMOH U YIIIOBOH K03((UIMEHT NpsiMoi (ypaBHEHHE MPSIMOH C YTIOBBIM KO3(QQPHULIIUEHTOM).
[IpuBecTy COOTBETCTBYIOIIME TPUMEPBHI.

Haner toukn  A(-6,5), B(2,-3) u C(0,-5). CocraButh ypaBHeHHE cpeAHel nuHUHM TpeyroiapHuka ABC
napajuiensHoi ctopone BC.

6. O6’B$ICHI/ITL, KaK COCTaBUThb YPABHCHUC IJIOCKOCTHU B CJIy4daec, €CJIM U3BECCTHA TOYKA HA IIJIOCKOCTHU U
BCKTOpP, OpTOFOHa.]'ILHBIf/i K IINIOCKOCTH (O6III6€ YpaBHCHUC HHOCKOCTI/I), a TakKXKe B ClIy4ac, €CJIM U3BCCTHBI
TPU TOYKHU IIJIOCKOCTH, HC JICIKAIINC HA OlIHOfI HpHMOﬁ. HpI/IBeCTI/I COOTBCTCTBYIOIINEC IPUMEPHIL.

CocTaBuTh ypaBHEHHE IIOCKOCTH, IPOXOsIIeH yepes Touky Mi(3,-1,2) nepnenauKynspHoO BEKTOPY M, M, , II€
M; (4,-2,-1).

1 -2 1 -3 1 3
OHpeI[eJ'II/ITL, JICXKarT JIn HpHMLIe mu l B O}IHOﬁ IIJIOCKOCTH, b) OHpe)IeJ'H/ITL yFOJ‘I Me>1<}1y HpSIMI:IMI/I mu l;

7. JlaHbl NpSMBIE B IPOCTPAHCTBE: moXrl Y72 _z+3 g x ¥l z-1, a)

€) COCTaBUTh ypaBHEHHE IIJIOCKOCTH, poxo e yepes Touky A(1,1,1) mapauiensHo npsameiM m U L.

2x-3y+1=0
8. Jlaubl: npsMas B POCTPAHCTBE, 3aJaHHas CUCTEMOH [ : v urtouka M (1,0,1):
x—z-2=

a) COCTaBHUTb YpaBHEHHE IPAMOM [ B KAHOHUYECKOM BHJIE;
b) cocTaBuTh ypaBHEHHE INIOCKOCTH NEPICHAMKYIAPHOM IpsiMol [ 1 mpoxozsmeit uepes Touky M (1,0,1);

¢) Haiitu paccrosiaue ot touku M (1,0,1) mo mpsimoii /.

9. Ilycts KkpuBast ) 3a1aHa ypaBHEHUEM: 4x% + 6y2 —4x+12y-5=0 (*).
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a). [IpuBecTu ypaBHeHue (* ) K KAHOHMYECKOMY BUJIy U BBITUCATh HEOOXOAUMBIE TpPeoOpa3oBaHUsl KOOPIUHAT,
T.€. BBIPOXKEHHS X M )’ Yepe3 X M ) COOTBETCTBEHHO M KoopauHaThl Touku O, b).

K.]'IaCCI/I(bI/IIII/IpOBaTL KpUBYIO ¥ B COOTBETCTBHUHU C KAHOHUYECKNM YPaBHEHUEM, ITOJTYYCHHBIM B II. (a)

¢). M300pa3ute Ha OAHOM uepTexe: UCXOAHYIO (cTapyro) cucteMy KoopauHaT Oxy; HOBYIO CUCTEMY KOOpAMHAT
O'x'y", B KOTOpOIl KpHBasi ¥ UMeEET KAHOHHYECKOe ypaBHEHHe (Yka3aB KoopauHaTsl TOUkH O'); KpUBYIO ¥ .

10. [laTb onpeniesieHne n — MEPHOrO BEKTOpHOTro npoctpancTBa R" . OOBACHUTD, YTO TIOHUMACTCS 110]] 0a3UCOM
MHO)kecTBa M BekTopoB 3 R" . M3510%KHTh aJIrOpUTM HaXOXJICHUS 0a3uca Juisi KOHEYHOTO MHOXECTBA N —
MEpHBIX BEKTOPOB.

Haiitu 6asuc cucremsl Bektopos: v, = (1,1,3,-1) v,=(0,2,4,-4) V3= (1,3,7,-5) v,=(0,-1,-1,3) u BbIpa3suTh Bce

BEKTOPHI uepe3 Oa3ucHbIE.

11. I[aTI: OMpEACIICHUEC CBKIIM0Ba MPOCTPAHCTBA. O6’bﬂCHI/ITB, YTO TaKOC JIMHA BCKTOpAa M YIrojJ MCKIY
BCKTOpaMu B C€BKJIMAOBOM IIPOCTPAHCTBE. Ha OpuMEpe IMoKa3aTb, KakK HalTH JJIMHY BCKTOpPAa U YIOJ MCXKAY
BCKTOpAaMH B IIPOCTPAHCTBE R4 . I310XuTh anr OPUTM HAaXOXJACHUSA OPTOHOPMUPOBAHHOTO basuca IMpOCTpaHCTBA,
HOpO)K,Z[éHHOI‘ O KOHCYHBIM YHCJIOM BEKTOPOB.

Haiitu oproHopmMupoBaHHBIi 6asuc mpocTpaHctBa L =<v, Vv, Vi> | e v,= (1,2,2,-1) v,= (1,1,-5,3) V=

(372987_7)'

12. OOBsICHUTD, KaK HAUTH NPUOTMKEHHOE pellleHHe HECOBMECTHOM CHCTEMBbI IMHEHHBIX YPaBHEHHH METOJIOM
HauMEHBIINX KBaJIpaToB. M3/I0XNUTh r€OMETPUUYECKYI0 MHTEPIIPETALNI0 3TOro Meroaa. Ilokasars, kak HailTu
omu6Ky TOTy4eHHOTO TIPHOIMKEHHOTO pelenHns (KBaJpaTHuecKoe OTKIOHEHHE 3%).

MeToioM HaWMEHBLIMX KBaApaTOB HAWTH NPUOMIKEHHOE pEIIeHHE HECOBMECTHOM CHCTEMbI JIMHEWHBIX

X+ Xy = 2
ypaBHCHI/Ifl x| +x, =1 W OHOPCACINTD OIHI/I6Ky IMMOJIYYYCHHOT O PCIICHUA.
X+ 3x2 =0

13. OOBsICHUTB, KaK C TOMOIIBIO METO/a HAMMEHBIIMX KBAJAPAaTOB AlPOKCHMUPOBATH IKCIIEPHUMEHTAJIbHbIC
JIAHHBIE PA3JIMYHBIMH KPHBBIMH.

Brimucate  opmysibl, MO3BOJSIOMIME AaNMPOKCUMUPOBATh SKCIEPUMEHTAIbHbIE JaHHblE (yHKIHMEH BHIa
y = ax + b. [loka3ars, kak HaiiTu OIMOKY, TOTy4YeHHOH annpokcuManuu. OnpeaenuTb, Kakas u3 AByX QyHKINR
y=ax+b um y=ax*+ bx + ¢ JIyule annpokcUMUpPYeT CleAyIONIHe SKCIePUMEHTAIbHbIE TaHHbIE:

X 0 1 2 3
y 0 1 1 1

14. Jlatp ompeneneHre COOCTBEHHOTO BEKTOpPa M COOCTBEHHOI'O 3HAYEHHs MAaTpULbl. V3JOXKHUTH aaroputM
HaXO0KAEHUS COOCTBEHHBIX 3HAYEHUH U COOCTBEHHBIX BEKTOPOB MaTpHibl. CPOpMYyITUpOBATH KPUTEPHIA TOT00HUS

0 11
MaTpHIIbl AUaroHanbHo#. HaliT coOcTBeHHBIE 3HaYEHUS! U COOCTBEHHBIE BEKTOPBI MaTpulsl A= |1 0 1 |H

1 10
BBISICHUTB, IOAOOHA JIM MaTpula A AUaroHaJbHOM.

Pasznen 2. MaremaTndeckuii aHaIu3
Tema 3. ®DyHKIMOHAJBbHAS 3aBUCUMOCTD M Npees (yHKIUH, HeNPePbIBHOCTDL (pyHKIMHU

o : 2
1. Haiitu o6macTs onpesenenns dynkuuu: y = arcsin (2x° +x).
2. Haiitu obnacte onpenenenus pynkuun: y =log, log; log, x.
3.Haiitu o6nacts onpesenenus 1 oonacth 3HaueHuit Gpynxuun: y =I1g(1—-2cosx).

1

4. Haiitu oGiacts onpenesnenns GyHKuuu: = /SN~ .



5. Jna Qynkuuu y=L_r—§ HaiiTi oOpatHylo QyHKuMIO x = f'()) u ykasath eé obmacts onpeseneHus (

D(f™) ).

6. s pyskiun y =1 — x? ,rae —1<x <0, naiitu o6patuyto pynkuuto x = f ' () 1 ykazath e 06;1acTh
onpenenenus ( D(f7) ).

7. Haittu f(x), ecnn f(335) = x’.

8. UccnenoBarhb hyHKIHIO y= 3\/(1 — )c)2 + 3\/(1 + x)2 Ha YE€THOCTD.

9. HccnenoBats Gyrxumo y = In (x+~/1+x”) Ha uérHOCTS.

10. 1300pa3uth SCKU3bI TPAPUKOB CIACAYIONINX (YHKIIAN:

1-2|x]
-1

a)  y=Vx+1-2; b) y=Inx*+2;¢ y= pd) y=arccos (x+1);€) V=5
X

1 1
) y=e¥;g y= e h) y=sin (arcsin x); i) y =arcsin(sinx); j) y=arc tg(%);

K y=(x-5Vx.

11. OOBsICHUTEL Ha npuMepax, Kakue (I)YHKIII/II/I HAa3BLIBAIOTCS OCSCKOHEYHO MAJIBIM. YKa3aTL, B KaKOM cCJiy4dae

OCHOBHBbIE 21IeMeHTapHble pynkuun: X%, a*, X, Inx, sinx, cos x, t2 X ABIAIOTCA OECKOHEYHO MAJIBIMH.

CocTaBuTh mKany cpasHenuii s ynkimii X%, a*, e*, In X c ucnons3oBaHueM cuMBONA «O MANOE».

12. TIpusectu npumep (rpaduueckuii) GyHkuun f (x), KoTopas sABIsSeTCs OECKOHEYHO Manoi mpu X —> 1 u
npu x —> 2, mpusrtom f(1)=1un f(2)=2.

13. MoxeT 11 OTHOIIEHHE ABYX OSCKOHEUHO ManbIX (YHKUHUI (B OIXHOW M TOH k€ TOUKe) OBITh OECKOHEUHO
Oosboi GyHKIUei (B ToM ke Touke)? OTBET MOSICHUTS.

14. MoxeT 511 OTHOLIEHHE JIBYX OECKOHEYHO OONbInX (GYHKUUHA (mpu X —> +00) ObITh OECKOHEYHO MAaJOH
¢byuknuei (mpu X —> +00)? OTBET MOSICHUTb.

15. IIpusectu npumep (rpaduueckuit) Gynkuuu f (x), KOTopas OJHOBPEMEHHO SBJIAETCS OECKOHEYHO MaJloi

npu x —> 0 u 6eckoneuno 6onboi pu x — —oo , mpustoM  f(0)=—1.

16. IIpusectu npumep (rpaduueckuii) pynkuuu f (x), KOTOpas OXHOBPEMEHHO SBJISCTCS OECKOHEYHO MAJIOi

npu x — —oo ¥ 6eckoHeuHo Oonbmiol npu X —> —1, mpustom f(—1)=0.

17. Yka3zath, B Kakux ciyuasx Gyskuua f(x)=In (x+1)—2 aBnsgercs 6eCKOHEYHO MaJIOM, a B KAKUX CIydasx

0OECKOHEYHO OOJIBIION.
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1

18. Ykasarth, B Kakux ciydasx ¢Qydkuus f(X)= sBJsIeTC OECKOHEYHO Majoil, a B KakuX CilIydasx

-X
2x
0OECKOHEYHO OOJIBIIION.

2—-x o
19. Vkasats, B Kakux ciayuasx ¢ymkuus f (X) =€~ —1 sBasercs GeckoHeuHO Masoi, a B KAaKHX CIydasx

0OECKOHEYHO OOJIBIION.

20. JlaTb ompeneneHue Toro, 4to b sBisercs npegenoMm pynkuun f(x) mpm x —a,rae a u b yncna wiu

3—d4x-2x7

. 2.

too,1e. lim f(x)=b. Jlokasars, nons3ysce onpezenenuem mpejena, uro lim
X —>a X—>0 X

21. IIpusectu npumep (rpadudeckuii) GyHKIMU [ (X), U KOTOPOH OJHOBPEMEHHO BBINOIHSIIOTCS CIEAYIOIIHE

stk cootHowrennit: lim f(x)=-3, lim f(x)=1, lim f(x)=+40, lim f(x)=—0, f(-1)=0.
X—>+0 X—>—00 x—2-0 x—=2+0

o . 2
22. IlpuBectu npumep QpyHKIMN OECKOHEYHO MaOil 10 CpaBHEHHIO C PYHKIHEH f (x) =Inx npu X —> +00.
23. Ilpusectu npuMep GpyHKIUU OECKOHEUHO MaJol 10 cpaBHeHHIO ¢ GpyHkuueit f(x)=2x+1mpu x — 2.

24. IlpuBectu mpumep GyHKIMH  f(X), UL KOTOPOH CHPaBEIJIMBO  CIEIYIOIIEE COOTHOIICHHE!

X' 42" = o(f (x) npu x —> +o0.

25. TlpuBecTH mpUMEp ABYX pasoHuHbX GyEKumid f(x) u g (x) Takux, uro f(X)=o0( 3+e') u
g(x)=0(3"+e") upu x — +o.

26. Bepno s, uto ecnmu f(x)=o0(x) u g (x)=o0(x) npu X —>+%0, 10 U (f(x)+ g (x))=0(x) npu

X —> +00 . OTBET MOSICHUTE.

27. Bemucath acCHMMHOTOTHYECKHE (bOpMy'J'IBI HCO6X0)II/IMI:IC JJid  BBIUMUCIICHHUA  CICAYIOLICIO Mpeaciia

3\/1+x2 —COSX

lim — , @ 3aT€M BBIYMCIIUTH 3TOT HPEIEL.
x—0 sin x

28. Beimucath aCUMIITOTHMYECKHUE (bOpMy'J'IBI HGO6X0)II/IMI:I€ JJid  BBIUMCICHHUA  CICAYIOLICIO Mpeaciia
li arcsinx + arctg x

m
=0 Yl-x -1

29. Bemucath acCHMMHOTOTHYECKHE (bOpMy'J'IBI HCO6X0)II/IMI:IC JJId  BBIUMUCICHHUA  CICAYIOLICIO Mpeaciia

C Al+x-31-x
lim

x—0 tg X

, 4 3aTCM BBIYUCJIHUTL 3TOT IPCCII.

, 4 3aTCM BBIYUCJIHUTL 3TOT MPCACII.

2x-3
. . ) S5x-1
30. Brmmucats BTOpPOM 3aMe€UaTCJIbHbIU NPCALCIT, a 3aTEM BBIYUCIIUTL NPEACIT 111’1’1 .
x40\ Sx+2

31. OnpenenuTh MOHATHE HENPEPLIBHOCTH (YHKUMHU B Touke. [IpuBecTH Kiaccu(uKaluio TOYEK paspbiBa C

M +3x -1

2
X" +X

COOTBCTCTBYIOIIMMU IPUMEPAMMU. I/ICCHG,E[OBEITB XapaKTep TOYCK pa3pbiBa (1)YHKIII/II/I y=
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32. OmpenenuTh XapakTep TOUEK pa3pbiBa PyHKIMH ) =

33. IlpuBectu npumep (rpaduueckuii) GyHkuuun f (x), 111 KOTOPOil OTHOBPEMEHHO BHIIOIHSAIOTCS CIEAYOIIUE
ycinoBusi:  f (x) omlpenenieHa Ha MHOXECTBe ((—o0,+00), B Touke X =1 ¢yHkuums f (x) UMeeT ycTpaHUMBbIH
paspbiB, B Touke X =2 (yHKIus f(X) UMEeT pa3pblB TUIIA «CKAYOK», B Touke X =3 ¢yHKuus f (X) UMeer

paspbIB 2-ro poja.

34. CdopmynupoBaTh cBoiicTBa ()yHKIMHU HEMIPEPBHIBHON Ha OTpe3ke (Teopemy Beliepmrpacca u reopemy Komm).
[ToxazaTp, uTO BCE YCIOBUS ATUX TEOPEM CYLIECTBEHHBI.

. b
35. Bepno s, uto Qynkuus f(x) =sinx —5 UMeeT TOYKY TepeceueHusi ¢ ochto OX , IPHHAUICKALILYIO

T
OTpE3Ky [E, 7r]? OTBer 060cHOBATE.

3
x"=3x+1
36. Bepuo 1, uro ¢pyuxums  f'(x) = ————— orpannyena na otpeske /3, 7 /? OTBeT 000CHOBATD.
x —
x'—4x+4
37. Bepuo nm, uto Gynkums f'(X) = ————— orpannuena Ha untepsaie (1, 5)? OtBer 060CHOBATH.
x —

Tema 4. IIponzBoanas u 1uddepeHnuan GyHKIHA, NIPUIOKEHUS NPOU3BOIHON K MCCIeI0BAHUIO
GyHkumi

1. [arp onpexneneHue mpou3BogHON (yHKOuM B Touke. OOBSICHUTH T€OMETPUUYECKUN CMBICT MPOU3BOAHOM,
3amucarh OOIIMH BHJI ypaBHEHHUsS KacaTelbHOW K rpaduky ¢yHkumm y = f(x) B Touke ¢ abcumccol Xo .
OOBsicCHUTb, KaK HaWTH MNPOM3BOJHYIO CIOXHOH (YHKIMM, BBIYMCIHTH TIPOU3BOAHYI0  (PyHKIMHU

y =In’arcsinVx* 1.

—X

1
2. Haiiti npousBogHble PyHKIMNA: Y = In® In2v/'x , Yy = ln,/% +In(x - 1)2, y=%x (e 4 4 1),
X -

2 X 2 X
X +4 .4 X7 +2Xx €

y=1n2(2ex+1+ e2X 1 4e* 1), y= —— +arcsinVx> |y = ———— y=In*(Vx2-1)+
e* e cos’ x

3. CocraBHUTb ypaBHEHUE KacaTeIbHON K Mapaboie y = ~3x> + 2x + 1 B TOUKaX €& IEPECEUCHHS C OCHIO OP/IHHAT.

Crhenatp 4epTex.

X +1 .
4. CocraBUTb ypaBHEHHs KacaTelbHBIX K TUNepOone y = —1 napajieNbHbIX NpsMol y = —3x . Caenatb
X +

4EPTEK.
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5. CocraBuTh ypaBHEHHE KacaTeJIbHOW K rpaduky GyHKImMH Y =+V2X -5, npoBea&HHON MepneHANKYIIPHO

npsamMoii, npoxozsei yepe3 Touku A (1;1) u B(3;-1). Cnenatb ueptéx.

6. CocraBuTh ypaBHEHHE KacaTelbHOW K rpaduky (QyHKOHM y:x2—7x+6, MIPOBEAEHHON MapajueIbHO

IpAMO#i, NPOXOAsIIel Yepe3 Hayaa0 KOOPAMHAT moj yriaoM 45° ¢ MonokuTeTbHBIM HampaieHueM ocu OX.
Crhenatp 4epTex.

7. [Hatp ompenenenune nuddepenunanom ¢pyHkuuu. IlokazaTe, Kak ¢ MOMOIIbI0 auddepeHnnana moxydnuTh
npubImkEHHYI0 (HOpPMYITy AJsl OLEHKH IMOTPEHIHOCTH Ay , KOTOpas BO3HHKAeT MpPU BHIYUCICHUW 3HAUYCHUS
x2
¢ynkunu y = f(x) B TOouke xT Ax. Bobrumcauts ¢ yKa3aHHWEM IOTPEIIHOCTH 3HaYeHue QPYyHKIUU Y =
x“ =3

mpu  x=2 £0,001 .

x+1

Jx+l

8. Haiitu mupdepenman pynkuui: y =sin32x; Y = In(sin \/; ); y=

X -X
e’ —e In x

9. BblumMcauTh npeseNsl ¢ ToMonIbio npapuia Jlonurans: lim ——; lim —; lim xe™
In(1+x) 1/x
x—0 x—0 X—>4w0

X

10. OObsicHUTH, Kakas (YHKIUS Ha3bIBACTCS MOHOTOHHOW Ha MHOXkecTBe. [IpuBectn mnpumep (GyHKIMH
BO3pacTarlleil Ha MHOXecTBe [— 00, 1] u yObiBaromieli Ha MHOXecTBe [1, + o0 ). [laTh onpe/eneHne TOYKU
akcTpemyMa. M3JI0kKUTh CXeMy HUCCIIe[0BaHUS (PYHKIIMM Ha MOHOTOHHOCTh W HAJM4YME TOYEK DKCTPEMyMa.

ITpyMeHUTH 3Ty cXeMy K QyHKIMH Y = ln‘x + 5‘ + III‘ZX + 3‘ .
11. Onucare ajdropuT™M HaXOXJEHHS HAaWOONBLIETO M HAMMEHBIIETO 3HAYEeHUH (YHKIWU HENpPEphIBHOM Ha

2
otpeske. HaiiTu Hanbosblliee 1 HaMMEHbIIEE 3HaUeHUs QYHKLIUH Y = 2—4 Ha otpeske [1, 3].
X"+

12. OOBsICHUTH, B KAKOM CiIydae KpUBas Ha3bIBACTCS BBINYKJIOW (BOTHYTOH) B HEKOTOpol Touke. [IpuBectu
npuMep (GYHKUUH, TpapuK KOTOPOH SIBISETCS BBIMYKIBIM B Touke X(=2. M3NM0XHUTH cXeMy HCCIEIOBAHHS
(YHKIMU Ha BBITYKJIOCTH (BOIHYTOCTH) M HalW4Me Touek meperuda. [IpumeHHuTs 3Ty cxemy K (QYHKIUH
y= 2ln‘x‘ - ln‘x - 1‘ :

13. HaTI) OMPEACIICHUA: BepTHKaHLHOﬁ, FOpH3OHTaJ’IBHOﬁ ¥ HAKJIOHHOM aCUMIITOT. HpI/IBeCTI/I COOTBCTCTBYIOIIMC

. _3[.3 2
npumepsl. McciienoBaTh Ha HalTMYMe HAKJIOHHONW acUMITOTHI PyHKIUIO Y =3V X + X" .

14. Uznoxuthk o0IIyI0 cXeMy HccliefoBaHus (GYHKUMI U ocTpoeHus ux rpagukos. [IpumeHnTs 3Ty cxemy K

yskuun y = 3\/ x> —3x2.
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—2)2 In x
15. UccrnenoBarh QyHKIMH M MOCTPOUTH MX IpadUKH: y = %; y=x2e™; y=3x2(x-4)2 ; y= T;
(x=1) x

x3+3x2—2 1+x
y=———F " Yy=Eg7—=—
x3 3xz+1

Tema 5. UnTerpasbHoe HCUHCICHUE: HeONPeleJéHHbIH, onpeae1éHHbI 1 HecOOCTBeHHbIN
HHTErpaJibl

1. /[larp onpeznenenue nepBooOpa3HOl s GYHKUMH W HEONpeaenEéHHOro uHrerpana ot ¢yHkuuu. [lpusectu
cooTBeTCcTBYyIOIME TpuMepbl. ChopMyIMpoBaTh CBOMCTBO JIMHEHMHOCTH Jisi HEONMpPEAETIEHHOTO HHTerpaa.

4 2
. . —-3x"+3x" -1
HOHLByHCB CBOHUCTBOM JIMHEMHOCTU U Ta6J'II/I‘lHLIMI/I HUHTCIrpalaMi BbIYUCIUTb UHTCTPAJT dX .

x> =1
\/x_2—2x

3
. N 3+
2. BBI‘-II/ICJ'II/ITL HCOHpeL[eJ'IeHHbII/I I/IHTeraJlZ \/—
X

dx. Pe3ynbTaT MHTEIPUPOBAHUS TIPOBEPUTH

mddepeHIupOBaHUEM.

3. OObBsACHHTHL Ha KOHKPETHOM NPUMEPE IIPABUJIO 3aMCHBI HCpeMCHHOﬁ 1o 3HaKoOM HCOHpe}IGJ’IéHHOFO

dx
Vx2P+2x +3

HUHTCIrpaJia. I/ICHOJ'IB3y$I 9TO IPaBUJI0, BBIYUCINUTb UHTETPAL J.

4. Bpryucnuthb HCOHpeI[eJ'IéHHLIﬁ HUHTCrpall (MO)KHO HUCIIOJB30BAaTh MCTOJ BHCCCHMA 110/ 3HAK L[H(l)(bepeﬁunana):

e

1322 dx . Pe3ynbTaT HHTETPHPOBAHHS MPOBEPUTH AU dEpeHIIIPOBaHHEM
+Xx

5. C(l)OpMYJ'II/IPOBaTI: OpaBUJIO HUHTCIPUPOBAHUSA IO YaCTAM. I/ICHOJ'H:3y}1 9TO HPaBUJIO U IPABUJIO 3aMCHBI

. Jx
NEPEMCHHOU, BBIYUCIUTL UHTETPAJI J.e XXdX .

.. o 2x
6. BprancnuTh HeolnpenenEHHbIN HHTETpall METOJOM UHTETPUPOBAHHUS IO YaCTAM: I(x +1)e™ dx.

3x% +1
(x—D)(x* -1)

7. Bpraucauth HUHTCrpajl METOJ0M HCOHpelICJ'IéHHLIX KOB(l)(l)I/IHI/ICHTOBI j

8. Jlatp ompexeneHue OmNpeneNéHHOrO HMHTErpaja oT (pyHKUMHU, 3amaHHON Ha orpeske. ChopMmynaHpoBaTh
CBOMCTBAa JMHEWHOCTH, aAJUTUBHOCTH M HHTETPUPOBAHMS HEPABEHCTB JUISl OMNpPEACIEHHOTO MHTErpasa.

r
.. o [..2 2
HOHBBYHCB OMMPEACJICHUEM BLIYUCIIUTL OIPCACICHHBIN HWHTCrpall J. r —X dX , € T HEKOTOPOC
0

TIOJIOKHUTCIIBHOC ﬂeﬁCTBHTCHLHOG YHCIIO0.
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9. M310XuTh OCHOBHBIE CITIOCOOBI BBIUUCICHHS ONpeNe€HHOTO uHTerpaia: Gopmyiy Herorona-JleitOnnma u
METOJI 3aME€HBbl NEPEMEHHON MOJ 3HAKOM ONpEee]EHHOro HHTerpana. lMcmonb3ys 3T METOJbl BBIYHCIHUTH

1/2
. . / 1+x
OHpCI[eJ'ICHHLII/I I/IHTCFpa.]'I J. 1—dX .
-X

0

2
x—5

10. BpruucnuTe onpenenéHHbIN HHTErpal: .[2—
x°=2x+2

1

11. PaccMOTpeTh TeoMeTprUYecKHe MPUIIOKEHHS ONPEISIEHHOr0 UHTErpaia: BHIUMCICHNE TUIOMAJeH MIOCKUX
¢uryp u BeruHcIeHUE 00BEMOB TeN BpalleHUs. BEIUUCIUTE 00BEM Tena, MOyYeHHOTO OT BpalleHHsl QUTypsl,

OrpaHHYCHHOU MMHUAMH: Y =X —2, y=2-X, Y=+vX.

12. OOBsCHUTD Ha HpUMeEpax, YTO TOHMMAaeTci MOJ HECOOCTBEHHBIMH HHTErpajamu l-ro m 2-ro poja.
CdhopmynaupoBaTh IPU3HAKK CXOAUMOCTH HECOOCTBEHHBIX MHTETPATIOB. BHUMCINTE HECOOCTBEHHBIN MHTErpall

*jf’ dx
. x> =2x+10"
+00
cos2x dx
13. HccrenoBath CXOAMMOCTh HECOOCTBEHHOIO HHTErPaIa: .[—2 .
1+x

Tema 6. DyHKIMH HECKOJIBKHUX NIEPEMEHHBIX: Npeesi, HeNPePbIBHOCTD, IPOM3BOIHbBIE,
IKCTPEMYMbI (PYHKIMHU 2-X NepeMeHHbIX

1. Onpenenuthb MOHATHE QPYHKIUH N-iepeMeHHbIX. OOBICHUTD, YTO TOHUMAETCS IO/ 00JIaCThHIO ONPEeIICHHS
U JTMHUSMH YPOBHS (DYHKIHMM HECKOJBKHUX MepeMeHHbIX. HalTh U n300pa3uTh 001acTh onpeneneHus QpyHKIHUs

z=In(y+ %) s pyHKIMU Z = 2x% -3 y2 HAWTH YpaBHEHUE ¥ H300Pa3UTh JIMHUIO YPOBHSI, IIPOXOISIILYIO
x
gepe3 Touky A(—1,1).

2. Bsectu noHsaTus npeaciia U HEIPEPbIBHOCTHU JIA (byHKIH/II/I HECKOJIbKUX NMEPECMCHHBIX. Onpeaem/nb YaCTHBIC
MMpOU3BOJHBIC, C(bOpMyJ'IPIpOBaTI: TCOpEMY ]_HBapua O PAaBCHCTBC CMCIIAHHBLIX NPOU3BOAHBIX. ﬂﬂﬂ (by}IKIII/II/I

— 1 "no___n
z=In(y+ ?) IPOBEPHUTH CNIPABE/UIMBOCTb PABEHCTBA Zy), = Z ).

3. OmpenenuTh NPOM3BOAHYIO MO HAMPABICHUIO U IPaAMEHT, cHOpMYIHpPOBaTH CBOWCTBa rpagueHta. s

byHKIIMH  Z = y\/; - y2 —x+06)y maiitu npomssommyio B Touke M 0 (LD o HalpaBJICHUIO BEKTOPa
a=(3,4).

x2
4. Jlna GyHKUMM z =—: a) HaWTH ypaBHEHHE JIMHUM YPOBHs, poxojsieil yepes Touky (1;2); b)

y
HaiiTu rpaaueHT B Touke (1;2); ¢) B ogHON cuCTeMe KOOPAMHAT MOCTPOMTH JMHHMIO YPOBHS M TI'DaJMEHT,

HalJIeHHbIC B MII. a) U b).

o 2 2
5. Omnpesenuts HOMHBIA auddepenuan GpyHkuun aByX nepeMenssix. Jns gpynxmun Z = In(2y° —x" +xp)

HaiTu nonHell AuddepeHman
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6. OOBICHUTb, KAK COCTABUTb YPAaBHEHUE KacaTeIbHOW IIOCKOCTU K IOBEPXHOCTH, 3aJaHHOU ypaBHEHHEM,
pa3peléHHBIM OTHOCUTENIBHO z: z = f(Xx,y) u ypaBHeHueM obmero Bunma: F'(x,y,z)=0. Bbmucars

o 2 3 o
YpaBHEHHE HOPMANM K MOBEPXHOCTH B 3aiaHHOi Touke. s ¢pynxumu Z =In(x" —3y”) waiitu ypapuenus

KacaTeJIbHOM IJIOCKOCTH M HOPMaJIU K IOBEPXHOCTH, 3a7aHHOM dToi QyHkimeil, B Touke A(—1,0).

7. Haiitu YpaBHCHUA KacaTeJIbHOM IUIOCKOCTH H HOpMAJIM K TIIOBCPXHOCTH, BaﬂaHHOﬁ YpaBHCHUCM

—2y2 +Z2+xz+x2—4y:13, B Touke B(3,1,2).

8. OmpenenuTh MOHATHE SKCTpEMyMa JJisl PYHKIMH HECKOJIBKUX MepeMeHHbIX. ChopMyarpoBaTh HE00OX0AUMO
ycioBue sKkcTpemyMa (Tteopema depma), MOHATHE cTaquoHapHOH Touku. CopMyTUpoBaTh IOCTATOUYHOE

o 2
yCIIOBUE SKCTpeMyMa (QYHKIMH ABYX NlepeMeHHbIX. HaliTh skcTpeMyMbl GyHKIUN Z = y\/; -y —x+6y.

9. Bsectu nonstue ycnoBHOro sxkcrpemyma. ChopmynnpoBaTrb HEOOXOANMOE YCIOBHE YCIOBHOTO KCTPEMyMa
(meton MuOxuTenel Jlarpamxka). HaliTu ycnoBHbIN S5KCTpeMyM QYHKIMHU Z = X)' OPH yCIIOBHH, 9TO x2 + y2 =2

10. OOBACHUTD, KaK HAXOIUTHh HAaHOOJIbIlIee U HAUMEHbBIIIee 3HaYCHNE (PYHKIIMU IBYX MEPEMEHHBIX B 3aMKHYTOH
orpaHudeHHoi obnactu. [ dyHkumu z =2x+ y —2Xxy HailTu Hauboiblliee M HAMMEHBIIEE 3HAYEHUS B

obnactu D, orpaHUYEeHHON JIMHUAMU: y =X, y =2, x =0.

Tema 8. Komniexcubie unciaa. Indpepenunaibabie ypaBHeHHs

1. Onpenenuth anreOpanuecKyl0 W TPUTOHOMETPUYECKYI0 (OpMBI KOMIUIEKCHOro umcna. Hailitu

) (1-0)® . (1+0)®
JCHUCTBUTCIIBbHOC YHUCJIO PAaBHOC CYMMC: .
P N 1213y (C1-i3)

2. M300pa3suTh HAa KOMIUIEKCHOM IUIOCKOCTH BCE TOYKH Zz, YIAOBJIETBOPSIOLIME COOTHOIIEHHUIO:
z

— |21

z+2i—1

3. Brmucars Gopmyny Myaspa u ¢popmyity n3BleueHHs KOPHS #-OH CTENEHH M3 KOMIUIEKCHOTO YHcia, AaTh
reoMeTpuyeckas HHTeprperanus 3Tux Gopmyin. Haittu n n300pa3uth Ha KOMIUIEKCHOW MJIOCKOCTH BCE 3HAYCHUS

KOpHSA 3/—2+ 2\/§ -1 (KOpHH MpeNCcTaBUTh B anredpandeckoii popme).

4. OmpenenuTh MOKa3aTeJIbHYI0 (OPMY KOMIUIEKCHOTO YHCIa, BbIMKcCATh (opMmyiny OJiinepa aias MHUMOKN

3i-1 .

B IIOKA3aTeNbHOMN opme u HaiTh z'°.

OKCIIOHCHTHI. 33HI/IC3TB YUCJIO Z = ;
1+2i

5. OOBICHUTDH, YTO MOHMMaeTca nox AuddepeHInanbHBIM YpaBHEHHEM -0 U N-TO TOPAIKOB, IPUBECTH
cooTBeTcTBYytomMe npumepsl. ChopmynupoBaTts 3amauy Komm mist nuddepeHunansHoro ypaBHeHUs 1-ro
MOpsiIKA M TEOPEMY CYILIECTBOBAHUS M E€AWHCTBEHHOCTH. M3II0KUTH METOA pelieHus IudQepeHnnanbHbIX
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y

5 . ’
YPaBHCHHU C PAACIIAIOMIUMHACA IICPEMCHHBIMU, IPUMEHUT 3TOT METOJ K PCHICHUIO YPAaBHCHUSA: y = ) Xz .

Pemmth 3aaa4y O IMOCTPOCHUU MaTeMaTH4eCKOn MOACIN ,Z[eMOFpa(i)I/I‘lCCKOFO rnmpounecca.

6. 3moxxutb MeTon pemeHus OJHOPOAHBIX AuddepeHnranbHbIX ypaBHEHHH 1-TOo MOpsAaKa W ypaBHEHHH B

nonHeix  guddepennmanax. B kadyecTBe NpUMEpPOB  PEUINTh  ypaBHEHUS: y’:z+cos21 u

X X
(3x” +2y)dx + (2x —3)dy = 0.

7. W3noxutb MeTox pelieHus JTUHEHHBIX auddepeHuuanbHbpIX ypaBHEHHH 1-ro mopsaka W ypaBHEHHWH

Bepnymnu. B kauecTBe mpumepa peluTh ypaBHEHHE: % A —xy’.

X X

8. M3noxuTh MeToN peleHus JTUHEHHBIX Au(@epeHInaNbHbIX ypaBHEHUH 2-TO TOpSAKa C MOCTOSHHBIMHU
kodduumentamu. B kauecTBe npumepa pelnTh ypaBHeHHE: v +2y' +y =CcoSX.

. 3
9. Haiitu obuiee pemenue auddepeHnnanb-HOro ypaBHEHHUS: e dy=xdx.

P4
10. Haiiti obimee peurenne quddepeHiuanbHoro ypapaenus: x)' = y—xe* .

o 4
11. Haiitu oGee pemenne nuddpepeHnanbHOro ypaBHeHUs: xy’ —2y=2x".

12. Haiitu oG1ee pemenne nuddpepeHnanbHOro ypaBHeHUS:

—4x’e™ dv+(2x"e™ -9y") dy =0.

13. Haiitu oG1ee pemenne nuddepeHnanbHoro ypaBHeHUS: y" + y' +y=e".

BapuaHT KOHTpPOJIBHOIT padoThl Nel

Tewmsr: 1. Cuctemsl JINHEHHBIX YpaBHEHUI.
2. Omnpenenureny.
3. YpaBHEHUs NPSIMON U TNIOCKOCTH.
—X =X, —x;+8x, =0
1. Jla#a omHOpOJHASA CHCTEMA IMHEHHBIX YpaBHEHHH < x, +2x, +x; —5x, =0
4x, +5x, +5x, —27x, =0

a) HaWTH paHT MaTPUIbI CUCTEMBI,
b) mnoka3are, 4TO cUCcTEMa UMEET HETPUBHAILHOE PELLECHIE;

€) peUMTH CUCTEMY: BBIUCAThH OOlIee pelleHne, HATH HETPUBUAIBLHOE YaCTHOE PELICHUE U CAeNaTh s
HEro IPOBEPKY;
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2.

d) mpoBepuTh, SBISETCS 1M HAOOP 3HAYEHUI HEUBBECTHBIX X, = X, = X; = X, = —| pelleHueM

—X, =X, =Xy +8x, =-5
HEOIHOPOIHOM CUCTEMBI < X; + 2x, + X3 —5x, =1 , HOJIy4E€HHOU M3 MCXOJHOU OJHOPOAHOM
4x, +5x, +5x, —27x, =13

CHUCTEMBI, 1 BBIIIUCATH OGIIIGG peuiceHue 3TOH HeO}IHOpOI[HOﬁ CHUCTCMBI.

3 5 4

0 -1 1
Jano MaTpuuHoe ypaBHenue Z-| 2 3 1 |= ( 2’ 0 J :
-2 -3 -3

B

a) BBIYUCIUTD OMPEACTIUTCIIb MAaTPUIIbL B METOJIOM Pa3JIOKCHUS 110 2—0My CTOJ'I6IIy;

b) moKa3aTk, 4TO MaTpHIA B 06paTHMa M HalTH MaTpHUIly oGpatHyIo K Matpuie B (B ™), cienats npoepky

(1.e. mokasate, uro BB~ = E);
€) pelNTh MaTPUYHOE YpaBHEHHUE.
Hansl ne Touku miockoctu: A(1,—2), B(3,0). Haiitu:
a) ypaBHeHHe NpsMol AB;
b) paccrogHue OT Hauana KOOPAUHAT 0 NpsMoi AB;
€) YypaBHEHHE NPAMOM, MPOXOAAIIEH Yepe3 Hayallo KOOpAUHAT, TapaieNbHO NpsAMoit AB.

€) ypaBHEHHE IUIOCKOCTH, Ipoxoadmei yepes Touky C(0, 3, 1), mapajaenbHo INIOCKOCTH ¢ .

BapuaHT KOHTPOJILHOI padoThl Ne2

Tewmbl: 1. MeTo HaMMEHBIIIUX KBaJAPATOB.

1.

2. Kpussle 2-ro nopsiaka.

a). AHHpOKCI/IMI/IPOBaTL HpHMOfI CJICAYIOIHNE SKCIICPUMCHTAJIbHBIC JTAHHBIC!

b). CocTaBuUTh YpaBHCHUC HpHMOﬁ, HpOXO)ISIIIICﬁ 4Cpe3 MEPBbIC ABC OKCICPUMCHTAJIBHBIC TOYKHU (CM. II.

(@): (-1, =1) u (0, 0).

¢). [loxasars, uto mpsimasi, HaiieHHas B 1. (b), He OKe K AIKCIIEPUMEHTAIILHBIM TOYKAM, YeM MpsMasi,
HaliJicHHas B 1L ().

d). M300pa3uth B 0HON cHCTEME KOOPIUHAT 3KCIIEPUMEHTAIBbHBIC TOUKH U MPsIMbIE, HaliJleHHbIE B III. (2)

u (b).

KpuBas ¥ 3amaHa ypaBHEHUEM: 9x* + 27y2 —6x+36y—14=0 (*).
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a). [IpuBectu ypaBHeHHe (* ) K KAHOHMYECKOMY BUAY M BBIIIHCATh HEOOXOAUMBIE TPEOOpa30BaHUs KOOPAHMHAT,

' '
T.C. BIpaXXCHUS X U y, 4gepe3 x U y COOTBETCTBCHHO U KOOPAMWHATLI TOYKH O .
b). KJ'IaCCI/I(l)I/IIII/II)OBaTI: KpPUBYIO ¥ B COOTBETCTBUU C KAHOHUYECCKHUM YPABHECHUEM, MIOJTYUYECHHBIM B II. (a)

c). M300pa3uTh HAa OAHOM YEpTEXKE:
e  HCXOAHYIO (CTapylo) cucreMy KoopauHat Oxy;

e HOByl cucreMy koopauHat ('x'y’, B KOTOpoil KpHBas J HMMeET KaHOHHYECKOE

!
ypaBHenue (ykazas koopaunaTsl Touku O);

e KpHUBYIO ¥ .

BapuaHT KOHTPOJILHOI padoThl Ne3

Tewmsr: 1. ITonsaTue snemenTapHON GyHKINHU, TPaQUKH HIIEMEHTAPHBIX ()YHKITHA.
2. [Ipocreiimue cBoACTBA (PYHKIIHI: 00JIACTh ONpeAeTeHHs, 00IACTh 3HAYCHUI, YETHOCTD.
3. OGparHble GyHKINH.

1. U306pa3uts 3cku3 rpaduka GyHKIHn Y = €|x|_3 +1.

2. Haiitu o6nacts onpenenenns pyaxmun: Y = 1g (25— xz) ++/2-3x.

3. Haiiti o6nacTh 3HaueHui pysxumn: y =+ —x° —2x+3.

4. Vccnemoath GYHKIMIO V= x> —COSX HA YETHOCT.
y y

5. Jus GyHkumn y =arccosx Haiitu o6patHyro dyHKuM0 x = f'(y) 1 ykasars e€ 061acTb onpenencHus (
D(f™") ) u obnacts 3nauennii ( E(f ") ).

BapuaHT KOHTPOJIBHOI padoThl Ne4

(x—2)°
(x=1*

HccnenoaTh QyHKIUIO M IOCTPOMTH €€ Tpaduk: ) =

BapuaHT KOHTPOJIBHOI padoThl NeS

Tewma: nunTerpanst

1. BBIYHUCITUTH HEOTIPEACIEHHBIH HHTETPAT:

J'I—S\/F%hzdx‘
X

Pesynbrar uHTErpHpOBaHUs MPOBEPUTH TUPPEPECHIUPOBAHUEM.

2. BrlunMcauTh HeOHpC}ICJ’IéHHBIﬁ HUHTCTpal (MO)KHO HUCIIOJB30BaTh METOJA BHCCCHHA 1104 3HAK

3 / .
muddepennunana): I% dx.
I-x

Pesynbrar uHTErpHpOBaHUs IPOBEPUTH TUPPEPECHIUPOBAHUEM.

. o X
3. Bruncaurs HCEOIMPEACICHHBIN UHTCTPAJI METOAOM UHTECTPHUPOBAHUS 110 YaCTAM: J(.x - 2)@ dx .



3
x +1
S g
X

4. BblYMCIUTH HUHTCrpal METO0M HCOHpeI[eJ'IéHHLIX KOS(l)(i)I/IIII/ICHTOBZ I
—X

1
5. Boruncnuts onpeaeaéHHbINA HHTETPAT: Ix—_4 dx .

2
o X —-2x+3

BapuaHT KOHTPOJIBLHOIT padoThl Ne6

Tema: pyHKIIMHM HECKONTBKUX MEPEMEHHBIX

1. UM3o6pa3uts Ha miockoctd Oxy (IITPUXOBKOW) 00sIacTh onpeaenenus GpyHkuu: z = arcsin(2x — y).

2. Jlns yHKimMu Z =
Y

a) HaWTU ypaBHEHHME JIMHUH YPOBHS, pOXo el yepes Touky (—1;1);
b) Haiitu rpaguent B Touke (—1;1);

C) B OJIHOH CHCTEME KOOPAHMHAT MOCTPOUTD JINHUIO YPOBHS U TPAaJAUCHT, HAiJleHHbIE B TIII. a) U b).

. o 2
3. Haiiru nonusiii muddepernuan gpynxuun: Z = cos(3x+y)—x".

n

2 4
4. s dynxuwan Z = In(5x” =3y " ) npoBeputs cripaBeuIHBO M paBEHCTBO: Z;;, =Z.

5. HccrnenoBarh Ha SKCTpeMyMbl QYHKIHIO: Z = y\/; - y2 -x+6y.

Tema 1. (Pa3znen 3). Cayuaiinble COOBITHS U BEPOSITHOCTH, CXeMa HE3aBUCHMMBbIX UCIIBITAHUH
Onpoc B popme Tecta (BbIOEpUTE MPABUIBHBIN OTBET):

1. UTo nmoHUMaeTCs 101 BEPOSITHOCTHIO COOBITHSL A B CiIydae, KOT/1a Pe3yIbTaThl OIbITa
00pa3yIoT MOJIHYIO TPYIITY PAaBHOBO3MOKHBIX M HECOBMECTHBIX AJIEMEHTAPHBIX HCXOH0B?
1. CymmMa 4ncia Bcex JIeMEHTApHBIX NCXO0I0B OJaronpHusITHRIX A7 cOObITHS A.
2. OTHOIIEHHUE YHCIIa BCEX DJIEMEHTAPHBIX HCXOJI0B OJIATONPUSATHBIX IJIsi COOBITHS A K 00IIeMy
YHCITY BCEX DJIEMEHTAPHBIX UCXOJIOB.
3. OrtHomeHue OOIIEero YHCIY BCEX AJIEMEHTAPHBIX UCXOJIOB K YUCITY BCEX IE€MEHTapHBIX
MCXOJI0B OJIaronpHUATHBIX JUIS COOBITUS A.

2. Habupas nHomep tenedona, aboHEHT 3a0bUT 01HYy LGPy 1 Habpai e€ Haynauy. Haiitu
BEPOSITHOCTH TOTO, UTO HaOpaHa HyKHas 1udpa.

1. 1/10.

2. 1/7.

3. 7/10.
3. Bpomiens! 1Be urpanbHbie KOCTH. HaiiTh BEpOSTHOCTH TOTO, 4TO CyMMa BBINABLINX OYKOB
paBHa 4.

1. 1/36.
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2. 3/36
3. 4/36

4. B xakoM cily4ae BEpOSITHOCTb CYMMBI JIBYyX COOBITHI paBHa CyMME BEPOSITHOCTEH STHX COOBITHIA, T.€.
P(A +B)=P(A)+P(B):

1. Ecniu B pe3ymbTare OIbITa 3T COOBITHS HE MOTYT HACTYITUTh OJTHOBPEMEHHO.

2. Ecniu coObITHE A HAaCTYIaeT TOIBKO MPH YCIOBUU HACTYIUIEHHs cOOBITUS B.

3. Ecnu coObiTue B HacTymaeT TOJNbKO MPH YCIOBUH HACTYIUIEHUS COOBITHS A

5. Ctpenok cTpensieT Mo MHUILEHH, pa3feaéHHoi Ha 3 obmactu. BeposTHOCTh TOmNajaHusi B MEPBYIO
obmacts paBHa 0,45 , a Bo BTopyto 0,35. Haiitu BepoSTHOCTB TOTO, YTO CTPEJIOK IPU OJHOM BBICTpEIIE
nonaa€Tt b0 B MEpBYI0, TM00 BO BTOPYIO 00JIACTb.

1. 1.

2. 0,2.

3. 0,8.

6. Uemy paBHa BepOSTHOCTH COOBITHS B mpu ycmoBum, uto mpom3omnuio cobeitue A, T.e. PA(B)
(')

1. P(AB).
2. P(AB)/P(A).
3. P(AB)/P(B).

7. Acnonb3yst MpaBUiIO YMHOXKEHUS BEPOSATHOCTEW HAMTU BEPOSTHOCTh TOIO, 4YTO, M3BIEKAsl HAYraJ
U3 KOPOOKHU C 5-10 OenbIMU u 4-Ms 4€pHBIMU IIapaMH MOCJIeI0BaTeNIbHO /1Ba Iapa (6e3 Bo3Bpara), B
NIEPBBII pa3 u3BJIeKaeTcs Oenblil map, a BO BTOPOH pa3 u€pHBIi map.

1.5/9 -4/8.

2.5/9-4/9.

3.2/9.

8. Ecnu coObiTie F MOXKET HACTymHTh TOJILKO MPH YCIOBUU HACTYIUICHUS OJTHOTO U3 COOBITHI A1, A,
..., An, 00pa3yIOIIKX MOJHYIO IPYIITY, TO KaK M0 (GopMyJie MOJHOW BEPOATHOCTH HAUTH BEPOSATHOCTh
coObrTusa F ?

1.P(F)=P(A1) - P(A2) - ... P(An).

2. PE)=PA) AT 4 peay P ® L
3.P(F)=P(A1) +P(A2) +...+P(An) .

F
L+ PA T

11. B kakoM ciy4yae BEpOSTHOCTH BBITAIIUTH HA SK3aMEHE «XOPOIIMK» OWJIeT AJs CTyAEHTa BBILIE:
Korjga oH Oepér Haygady OWJIeT MepBBIM WM BTOPHIM ? MOXHO CYHMTATh, YTO CTYAEHT MOJATOTOBMUII
tonpko 10 6uneros u3 20.

1. BeposiITHOCTB BBIIIIE, KOT/Ia CTYACHT OepéT OUJIeT MepBhIM.

2. BeposATHOCTH BBIIIIE, KOT/Ia CTYACHT OepET OUIIET BTOPHIM.

3. BeposiTHOCTH B 000MX CiTydasix COBIAJAIOT.

12. Ecnu coObiTie F MOKET HaCTYHHUTh TOJIBKO MPH yCIOBUU HACTYIUIEHHUS OJTHOTO U3 COOBITUI A1, Az,
..., An, 00pa3yOIUX MOTHYIO TPy, TO Kak mo ¢popMmyiie baiieca HaliTH yCIOBHYIO

BEPOSITHOCTh P (A ?

1. Pr(AD P(A1) - P(A2) ...  P(An).

2. A (peA) - P(AD) .. P(An))/ P(F).
3, LA _ (peay Py ey

13. Eciii BEpOosTHOCTh HACTYIUIEHHSI COOBITUS A B Ka)KJOM UCIIBITAHUU [TOCTOSIHHA U PaBHA P, TO YEMY



paBHa BeposATHOCTH Py(k) — HacTynnenus coOpiTust A poBHO K pa3 B n He3aBUCUMBIX HCTIBITAHUSAX 7

1. pk.
Ck
2. "k (1-p)rk.
Ck
3. " (1p).

14. BepostHocTh ansi kaxnaoro u3 10 GaHkoB pa3oputhcs B TeueHMH roja pasHa 0,1 . Haiitu
BEPOSITHOCTH TOTO, UTO 3a I'oJ] pa3opsATcs TouHO 3 u3 3Tux 10 6aHKOB.

1. Clo(0.1) (0.9 .
2. (0,1) .
3 (0,1)? (0,9)7 .

15. Vcnone3ys tabnuiy 3HaueHuil ¢ynkium Ilyaccona, HaiiTu BeposTHOCTH Toro, yto u3 10 000
yIaKkoBOK ToBapa poBHO 10 ymakoBOK cocTaBiieHbl ¢ HapyueHueM cta”zaapta ( Pioooo(10) ), ecin
BEPOSTHOCTb HApYILLIEHUS CTaHapTa Ui 0AHOM ynakoBku pasHa 0,001 .

1. P10000(10)50,125.
2. P10000(10)50,213 .
3. P10000(10) = 0,012

KonTtpoJubnas padora 1

Tembi: HenocpeOCmBeHHOe GblUUCTIEHUE 8ePOAMHOCHel (KOMOUHAMOPUKA);, onepayuy Hao coobImusamMu
(cnooicenue u ymHodceHue Gepossmmocmeti); gopmyna noanou eepoamuocmu u gopmyra batieca;
@opmyna bepnynnu, roxkanvras u unmezpanvras gopmynst Myaspa-Jlannaca, popmyna Ilyaccona.

1. B mudT mecTusTaxXHOTO 1I0Ma Ha MEPBOM 3Take BOILIH 3 uenoBeka. Kax bl U3 HUX ¢ OAMHAKOBOU
BEPOSITHOCTBIO BBHII/IET Ha JIIOOOM M3 dTa)kel, HaunHasi co Broporo. HaliT BeposATHOCTH TOTO, 4TO BCE
[1aCCaKUPBI BBINly HA YETBEPTOM 3TAKE.

2. Ha 3aBoze xene300€TOHHBIX M3JeNIMi U3roTaBIuBaroT naHend, 90% u3 KOTOPBIX — BBICILIETO COpTa.
KakoBa BeposITHOCTb TOTO, UTO U3 TPEX HAyral BEIOPAHHBIX MaHeNel BBICIIET0 COpTa OyAyT:

a) TPH IIaHEIH;

b) XO0Ts ObI OJTHA TTAHEJIb?

3. B aucnneitHoM knacce nmeercst 10 koMmnberoTepoB nepBoro tuna u 15 Broporo tuna. BepostHocTh
TOT0, YTO HAa KOMIIBIOTEPE NEPBOTO THIIA HE MTPOU30MIET cO0il, paBHa 0,9, a Ha KOMITBIOTEPE BTOPOTO THIIA
—0,7. HaiiTu BEpOSITHOCTb TOTO, YTO:

a) Ha cIy4aiiHO BEIOpAaHHOM KOMIIBIOTEpE MPOU30MAET cOoii; b) KOMITbIOTEP, HA KOTOPOM MPOHU30LIEN
c0oii, — mepBoro Tuma.

4. BeposITHOCTb MOSBICHUSI COOBITHS B KaXKJIOM M3 HE3aBUCHUMBIX HCIbITaHuil paBHa 0,25. Haiitu
BEPOSTHOCTH TOT0, YTO coObITHE HACTYnUT 50 pa3 B 243 HCHBITaHUSIX.

Tema 2. Ciryuaiinbie BeJJMYUHBI, 3AKOHbI pacnpe/ieseHus cjaydaiiHbix BeanunH Onpoc B popme
TecTa:

1. IlycTpb 3aK0H pacnpesieneHnst AUCKPETHOM CiIy4aiiHOM BeTMYMHBI X 3a1aéTcs TaOnuuei :
xi |l 3 4 b 9 10
pi 0,1 0,1 0, 03 0,1 2
2
Onpenenuts n3 kakoro uurepsana (1;5) unu (5;8) cinyqaiinas BennurHa X IpUMET 3HaUCHHE C
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OoJbLIel BEPOSATHOCTHIO?

W=

W =N

P(1<X<5) = P(5<X<8), T.e. 151 TUX UHTEPBAJIOB BEPOSITHOCTU COBMAAIOT.

. Kak onpenenserca ¢pyHkms pacrpeneneHus ciaydaiiHoi Bennuuasl X — F(x) ?
. F(x) = P(0<X<x) .

. F(x) =P(X<x) .

. F(x) = P(X>x).

P(1<X<5) > P(5<X<8) , T.e. U3 epBOro HHTEpBaJa C OOJBIIEH BEPOSITHOCTHIO.
P(1<X<5) < P(5<X<8), T.€. U3 BTOPOTO MHTEPBaIa ¢ OOJIBIICH BEPOSATHOCTHIO.
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0 npu x<0,
F(x) = % npu 0<x<3,

o o . 1 npu x>3.
3. HyCTB (bYHKI_II/ISI pacupCacsICHUA CIIy4YanHOU BEJIMYUHDBI X uMeeT BH:

HaiiTi BeposTHOCTB TOTO, YTO Cily4aiiHas BeIU4YMHA X IPUMET 3HaUeHHe U3 uHTepBana[l;4).
1. P(1<X<4) =F(1) = 1/3.

2.P(1=X<4)=F4)-F(1)=2/3.

3.P(1=X<4)=4/3-1/3=1.

4. Kakas u3 4YMCIIOBBIX XapaKTEPUCTUK JUCKPETHOW CIy4yallHOW BEIWYMHBI XapaKTEpU3yeT
cpenHee 3HaUeHHe 3TON BETUYUHBI?

1. Hucnepcus.

2. Marematuueckoe 0KUIaHKE.

3. CpenHee KBapaTUUECKOE OTKIOHEHUE.

5. Haiitn maTemaTuueckoe OKUAAaHUE YHCIIa JOTEpEeHHBIX OUJIETOB, HA KOTOPHIE BBIMAIaeT
BBIMTPBIII, eciii nprodpereHo 20 OuieToB, MPUUYEM BEPOSTHOCTH BBIUIPHIIIA MO OJHOMY
ounety pasHa 0,4.

1. MaremaTtnueckoe oxxunanue paHo 20/2 = 10 Ouneram.

2. MaremaTnueckoe oxkuanue paBHo 20/4 = 5 ounetam.

3. Maremaruueckoe oxunanue paBao 20-0,4 = 8 Ouneram.

6. Haiitn MaTemaTH4eckoe OXKHUJAaHHUE CYMMBI YHCIIa OYKOB, KOTOPHIE MOTYT BBITIQAATh MPHU
OpocaHUM IBYX MIPaJbHBIX KOCTEH, €CIIM MaTeMaTU4ecKoe OKUAaHNE YHCia OYKOB, KOTOPOE
MOJKET BBIMAIaTh Ha MEPBOM KOCTHU (Ha BTOPOU KOCTH) paBHO 7/2.

1. MaTemaTtrueckoe oxuaanue paBHo 7/2 +7/2 =17.

2. MareMaTHuY€CKO€ O’KUIaHUE paBHO 7/2.

3. Martemaruueckoe oxunanue paBao 7/2 - 7/2 = 49/4.

7. Uemy paBHa BEpOSTHOCTb TOI'O, YTO HENPEPBIBHAS ClydalHas BeIM4YMHA X IPUMET OJHO
onpeneaEHHOe 3HAUCHHE Xo, T.€. HaUTU P(X = Xo).

1. P(X=%0)=0.

2.P(X=x0)=1.

3. P(X = X,) — 3aBUCHUT OT YHUCIIOBOT'O 3HAYCHHUS Xo .

8. Kak cBs3anbl QyHKIUS pacnpeneneHus F(X) U TUIOTHOCTh BEPOSITHOCTH ((X) HEMPEPHIBHON
ciyyaliHOU BeM4HUHBI X ?

I.Fx) =0'(x) .

2.0x)=F (x).

3. g(x)= [ Fedx

nmpu x <0 unpu x > 2,

0
P(x) =19 x
; npu 0 < x < 2.

9. JlaHa MJIOTHOCTH BEPOATHOCTH CIy4allHOM BEIMUMHBI X

HaiiTi BeposTHOCTB TOTO, UTO cily4yaliHas BeJIMunHa X IPUMET 3HaUeHUe U3 UHTepBaia [1; 2]
T.e. P(1=X<2).
4 3

[o(x)dx ==
1. P(1<X<2) =1 4,
2. P(1<X<2) =0(2) — p(1)=1/2.
3.P(1<X<2)=9(2) = 1.



10. Texymas 1meHa akuuidi MOXET OBITh CMOJIEIMPOBAHA C TIOMOIIBIO HOPMAIBLHOTO 3aKOHA
pacrpesielieHusl ¢ MaTEMaTUYECKUM OXXuaaHnueMm a = 10 [eH.ell. U CPeAHUM KBaJIpaTHYECKUM
otkinonenunem ¢ = 0,1 nen.ex. . HaiiTu BepossTHOCTB TOTO, YTO 1IeHa akiuii Menbie 10,1 nen.ex.
, T.e. P(X.<10,1).

1. P(X<10,1)=®d((10,1-0,1)/0,1) = 1,7 , rae O(x) — ¢pynkius Jlamnaca.

2. P(X<10,1)=0,5 + 0,5®( (10,1-10) /0,1 ) = 0,8 , rne D(x) — bynkuus Jlamnaca.

3. P(X<10,1)=0,5.

11. KopoOku KOH(ET yIIaKOBBIBAIOTCS ABTOMATUYECKH U, CIIEIOBATEIILHO, MOXKHO CYUTATh, UTO
nx Macca X MMEET HOPMAJIbHBIA 3aKOH pacupeneiieHus. 3BecTHO, 4TO cpelHsAs Mmacca
KopoOku paBHa 250r, a cpeqHee KBaApaTHIECKoe OTKIOHEHUE ST . OnpenenuTh TpaHullbl, B
KOTOPBIX C BEPOSITHOCTBIO OJIM3KOH K 1 OyneT konebaThcst Macca yrmakoBaHHOU KOpoOku X .
1.235r <X <265r.

2.245r< X <255r.

3.250r< X <255r.

12. CnyuaiiHasg BenuurHa X MMEET HOPMaJbHBIN 3aKOH pPacHpelesIeHUs ¢ MaTeMaTH4YECKUM
OKUJAHUEM a = 25 U CpeAHUM KBaJpaTUUYECKUM OTKIOHEHHEM G = 2 . HailTu BeposITHOCTh
nonaganus X B uHTepBai [22; 28], t.e. P(22<X<28) .

1. P(22<X<28) = ®(3/2) = 0,866 , rne O(x) — pyukuus Jlamnaca.

2. P(22<X<28) = d(28/25) = 0,737 , rae O(x) — pynkius Jlannaca.

3. P(22<X<28) = 0,999.

13. Ecnu cinyuaiinas BenuuuHa X paBHa cymme 1000 HE3aBUCHUMBIX CIy4alHbIX BEIUYMH: X1,
X2, ..., X1000 , IMEIOIIMX OAMH U TOT K€ 3aKOH paclpeesICHus], OIMHAKOBbIE MAaTEMaTHUECKHE
OKUJAHWsI M OJUHAKOBBIE IUCIEPCHUU, TO KaKOMl BBIBOJ MOYKHO CH€JaTb O XapaKTepe
pacnpeneneHus Ciy4aiiHOW BEIUYMHbI X

I. MX)=M(Xj), rae i=1,2,...,1000.

2. DX)=D(Xi), roe i=1,2,...,1000.

3. 3aKoH pacnpeeieHus CllydyaifHON BeTMYUHBI X OJM30K K HOPMAJIbHOMY.

KonTpoJsbnas paéora 2
Temvr: 1. Obwue xapaxmepucmuku cayuatinou seaununsl.F(X) — ¢pyukyus

pacnpeoenen
us, O(X) —naromuocmo eeposmuocmeti, M(X) — mamemamuueckoe osxcudanue, D(X) —
oucnepcusi.

2. OcHogHble 3aKOHblL pacnpedeieHUs CLyYaluHbIX GeIUYUH. OUHOMUATbHDIL 3AKOH,
pacnpeodenenue Ilyaccona, nokazamenvbHoe pacnpeoeienue, pagHoMepHoe pacnpeoeeniie,
2eomempuyeckoe pacnpeoeiietie, HOpMAalbHblll 3aKOH PACNPeOeNeHUs.

1. s nanHOM dyHKIMU pactpenenenus F(x) ciayyaitHo Bennunnel X. Haiitu:
a) (YHKLHIO TUIOTHOCTH PACIpeeNIeH s BEPOSATHOCTEH — P(x) ,

M(X) D(X)

d) BeposATHOCTH MOMAIaHUS CIIyIaliHON BEIUIMHBI X Ha OTPE30K (L 2].

F(x)

b) MaremaTHYecKoe OKUIAHHE — , C) JAHUCHEPCUIO —

e) [loctpouts rpaduku pyHKIMH
0 pu x < 0,

F(x)= %(2x2+5x) npu 0 <x <3,
1 npu x > 3.
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u P(x)

2. Crnyuaiinas BenuuuHa X mopunHeHa 3akoHy Ilyaccona ¢ MaTemaTHueCKUM
O’KMJIaHUEM, PaBHBIM

3. HaliTu BEposITHOCTB TOTO, UTO CllydaliHasl BEJIMYMHA X IPUHUMAET 3HAUEHUE MEHBIIIEE,
4yeM e€ MaTEMaTUYECKOe OKUIaHNUE.

Tema 3. Lenn MapkoBa u MX MCNOJIb30BAHHE B MO/JI€JIUPOBAHNH COLUAILHO-
IKOHOMMYECKHMX NpoueccoB. BoIOOPOYHBIN MeTO/, OLICHKA MapaMeTPOB pacipeieeHus1
Tembl 1J1s onpoca:

1. Jlatb onpenenenue nenu MapkoBa, OJJHOPOIHOM IIETIH.

2. OOBACHUTH, UTO IOHUMAETCS MO/ MATPHIICH ITepexoa.

3. IIpuBecTH MpUMeEpPbl MAPKOBCKUX LIETIEH.

4. ChopmynupoBaTh TeopeMy MapkoBa O MpeIeIbHBIX BEPOSITHOCTSX.

5. IlpuBectu mpuMepsl MAPKOBCKUX LENEN C JUCKPETHBIM BPEMEHEM.

6. OOBSCHUTD, UTO TOHUMAETCS N0 LIETIbI0 MapKoBa ¢ HENPEPHIBHBIM BPEMEHEM.

Omnpoc B popme Tecra:

1. Ecniu st cnmydaifiHOM BeTMYMHBI X UMEETCS MOJUTOH YacTOT, IIOCTPOCHHBIN 110 HEKOTOPOH
BBIOOPOYHON COBOKYIMHOCTH CIy4alHOW BEIMYUHBI X, TO MOXHO JIK MO 3TOMY IIOJIUTOHY
YacTOT HAWTH 3HAUYEHHUs BBIOOPOYHOM CpeaHEeW M BHIOOPOYHONW IUCTIEPCHM CIy4aiHOM
BEJMMYUHBI X ?

O1Ber :

1. Her, Henb3s.

2. Jla, MOXHO.

3. MOKHO TOJIBKO B TOM CITy4ae, €CITH H3BECTEH 00bEM Beel TeHepaTbHON COBOKYITHOCTH.

D

2. B kakoMm ciydae CTaTUCTUYECKas OIEHKa ' n MapaMmerpa pachpeeIeHUs 0
Ha3bIBACTCSA HECMEILIEHHOH ?

OrBer : 1. Ecnu matremaTuueckoe OXKHUJIaHHUE 0, paBHo 0, T.e. 1@4( )=0.2. Ecmu

MaTeMaTUYeCKOe OXKUJIaHHE 0, paBHO 1, T.e. IQAI( )= 1.

3. Ecnu MaremaTHueckoe OXKUJIaHHE 0, paBHO 0 re. 1@!( )= 0
3. B kakoMm ciydae CTaTUCTUYECKas OICHKA 0, napamerpa pacnpejenenus 9
HAa3bIBAE€TCS COCTOSATEILHOMN ?

Otxgeer : 1. Ecnu gucnepcus 0, ctpemutcs k 0, %)= 0 mpy 1 —>© |
2. Ecnu ;[chepcﬁn paBHO 1, T.e. ?B( )= 1.

3. Ecnu matematuueckoe O)KI/IILaHIQG paBHo 0, T.e. M( 0, )=0.

4. SlBnsercs nu BBIOOpOYHAS CpefHssl X HECMEIIEHHOW M COCTOSITETLHOU OIEHKOM AJist
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reHepabHOM cpeaHei 10 ?
Ot1eer : 1. Jla, X - HecMemEHHASA U COCTOSTEIIbHAS OIICHKA IS
2. Her, X - cMemnénnas ¥ cocTosgTelIbHas OIleHKa IS

3. Her, X - cMeméHHasg U HECOCTOSITENbLHAS OLIEHKA JIJIS

5. SBasieTcst 1M BBIOOPOYHAS JUCTIEPCUS S° HECMEIIEHHON M COCTOSTENHHON OLEHKOW IIst
reHEPATLHON JUCTIEPCUH G ?

Orser : 1. Jla, s? - HecMeIERHAsA ¥ COCTOATENbHAs olleHKa 11 62 . 2. Her, s? - cMeménnas u
COCTOSITENILHAS OLIEHKA IS G-

3. Her, s? - cMeIIéHHAas 1 HECOCTOSITENbHAs OLICHKA Ul G- .

6. VI3 Oonpiioil mapTum aeTaneil uisi MpOBEpKU MpPOU3BEACHA ciydaiiHas BeIOOpka. Jloiis
HECTaHIApPTHHIX JeTanell B BhIOOpKe paBHa w = 0,8 , a cpeaHsas KBaapaTHyHas OIIMOKa

(&
BbIOOpKM Ui Jonau pasHa w = 0,02. HailTu BepOATHOCTH TOTO, YTO JIOJII HECTAaHIAPTHBIX
JeTajeld BO BCE MapTHH (p) OTIMYAETCS MO MOJIYJIO OT JIOJM HECTaHAAPTHBIX JeTajei B
BeIOOpKE (W) He 6onee yem Ha 0,03, T.e. P(|p—w[<0,03).

Orger:1. P(|p—w|<0,03) =d(0,8)=0,79, rae O(x) — ¢pynkius Jlamnaca.
2. P(|p—-w|<0,03) =d(0,02/0,03) = 0,50, rae O(x)— QyHKIHL
Jlamaca.

3. P(|p—w|<0,03) =d(0,03/0,02) = 0,87, rae O(x)— pyHkuus
Jlamaca.

7. W3BecTHO, UTO CpelHHE pa3Mephl 1eTalu, HalCHHBIE 10 CIy4YaiiHO# BEIOOPKE paBHBI X =

(&)
30, a cpenHsisi KBaJpaTUYHAs OUIMOKAa BBIOOPKM ISl cpenHedd paBHa x= 0,6 . Haiitm c
Haa&xHOCTHIO 0,99 (y = 0,99) ommbKy penpe3eHTaTUBHOCTH JUIsl BLIOOPOYHOH cpenHeil X, T.e.
HalTH A , Tre| X

— %o | =A, Xo._ CpeHUE pa3Mepsl JAeTajd BO BCEU NMapTHUH.

Orser: 1. A=®1(0,99):0,6 = 1,5, rne ®(x) — pynxuus odopatHas Kk GpyHkuuu Jlamaca.
2. A=®(0,99):0,6=<04 , rae O(x) — ¢pynkius Jlamnaca.

3.A= 0,6.

8. Haittu rpanuisl (10BepUTENbHBIN HHTEPBATL: [W — A ; w + A] ), B KOTOPBIX 3aKIH04YE€HA 1O
BKJIQIYUKOB OaHka, umeromux Bkian Oonee 10 000 pyO., eciu 1ois TakKMX BKJIAAUYUKOB B
ciyyaiiHoit BbIOOpke paBHa W = 70%, mpu 3TOM omuOKa BBIOOPOYHOH monu (omrnOka
penpe3eHTaTuBHOCTH) paBHa A = 10%.

OtBer: 1. [60% ; 70%)] .

2. [60% ; 80%] .

3. [70% ; 80%] .

9. Kak n3mMenuTtcs ommoKka penpe3eHTaTuBHOCTU A /17151 BBIOOPOYHOM IO, €CITH COXPaHss BCe
napaMeTpsl BBIOOPKU YBEIHYUTH HAAEKHOCTH (JOBEPUTEIBHYIO BEPOSATHOCTS Y) 3TOM OIIMOKH
?

O1geT : 1. Omubka penpe3eHTaTUBHOCTH A yBenuuutcs. 2. Ommdka pernpe3eHTaTUBHOCTH A
YMEHBIIUTCS.

3. OmmbKka penpe3eHTaTUBHOCTH A HE U3MEHUTCS.
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10. MO3KHO JIH «CKaTh» IOBEPHTEIbHBIA HHTEPBAN [T FeHepaTbHOM cpenneit ~0: [ — AX; +
A), He MeHsIs mapaMeTpoB BBIOOPKHU ?

Otxger : 1. Her Henb3s.

2. MoOXHO, eClli yBEJIUYUTH JOBEPUTEIBHYIO BEPOSITHOCTD Y .

3. MoxXHO, eclii YMEHBIIUTh 10BEPUTEIBHYIO BEPOSITHOCTS .

11. VI3BeCTHO, YTO TOBEPUTEIHHBIN HHTEPBaAN (HAMICHHBIH MO CIIly4aifHON BBIOOPKE) AJIS 10U
HECTaHJapTHBIX JleTajeil Bo Bced maptuu aetaneud (p) umeer Buu: [0,02 ; 0,04], a mons
HECTaHIApTHHIX JieTalneil B BbiOopke paBHa w = 0,03. HaiiT ormbKy penpe3eHTaTHBHOCTH JUIS
JIOJI HECTAHJAPTHBIX JIeTajeil B BEIOOPKE, T.€. TaKkoe MUHUMaIbHOe A,uto | w —p | < A.
OtBer:1. A=0,02.

2. A=0,01.

3. A=0,005.

Tema 5. IIpoBepka cTaTHCTHYECKHX TMIIOTE3. JJIeMEHTbl KOPPEJISIMOHHOIO U
perpecCHOHHOr0 aHAJIN3a
Omnpoc B popme TecTa:

1. B uém cocTouT OmmoKa MEpBOIro poJa mpu rmpoBEPKe CTaTUCTHYCCKOM THMIIOTE3hI?

Otxger: 1. [IpunaTh runoresy, Korna oHa HeBepHa. 2. OTBEPrHYTh TMIIOTE3Y, KOT1a OHA
BEpHa.
3. OTBepruyTh Kak camy runoTe3y, Tak U €€ OTpUllaHuE.

2. B uém cocTouT ommbKa BTOPOro poJia MpH MPOBEPKE CTATUCTUIECKON THIIOTE3bI?
Otxger: 1. [Ipunare runoresy, koraa oHa HeBepHa. 2. OTBEprHyTh T'MIIOTE3Y, KOI/Ia OHA
BEpHA.

3. IIpuHATH Kak caMy TMIIOTE3Y, TaK U €€ OTPHULIAHHUE.

3. Yro Ha3bIBAaETCS YPOBHEM 3HAUMMOCTH KPUTEPHSI IIPH MIPOBEPKE CTATUCTHUECKON TMIIOTE3BI
O1Bex: 1. BeposTHOCTH JOMyCTUTH OMIKUOKY 2-T0 poAa.

2. BeposATHOCTB HE AOMYCTUTh OMUOKY 1-r0 pona.

3. BeposTHOCTB 1OITyCTUTH OIMOKY 1-ro pona.

4. Yto Ha3bIBAETCS MOIIHOCTBIO KPUTEPHS ITPH MPOBEPKE CTATUCTUUECKOM THITOTE3bI?
O1Bex: 1. BeposSsTHOCTh OTBEPrHYTH I'MIIOTE3Y, KOT/Ia OHA HEBEpHA.

2. BeposTHOCTH JOMYCTUTH OMIMOKY 2-TO POAa.

3.1 —a, rae o — 3HaYeHHE YPOBHEM 3HAYMMOCTH KPUTEPUSL.

5. Ha yposne 3HaunmocTtu kputepus o = 0,05 mpoeputh ¢ nomourpto kpurepus Ilupcona
TUIIOTE3Y O HOPMAJbHOM pacHpeleNCHUH CIydyailHOW BeNWYMHBI X — BBIPAaOOTKH paboumx
OHOTO IIeXa, eciaM Wu3BecTHBl pacrpenenenue 100 paboumx 1exa mo BbeIpabOTKe: U
Ha0IIt01aeMoe 3HaUCHUE CTaTUCTUKIY =1,45.

104- 114- 124- 134-
114 124 134 144

6 20 45 24 5

BripaboTka 94-104

KonuuectBo
pabounx
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O1ger : 1. 'unoresy cienyer OTBEPrHyTh.
2. l'unore3y cineayer NpUHSATS.
3. Kpurepuii [Tupcona He o3BOJISIET JaTh OTBET HA ITOCTABJIEHHBIN BOIIPOC.

6. Ilycte ¢ mnomompio Kkputepus IlupcoHa mpoBepsieTcs THUMNOTE3a O HOPMAIBHOM
pacnpenenenud. M3 CcTaTUCTHUECKUX MAHHBIX HM3BECTHO, YTO 3HAYEHUE HaOII0gaeMon
CTaTUCTHKU paBHO ¥ = 3,64, a uncio creneneil ceodoasl pasuo k = 3. ITo Tabuuie HalTH
HauOoJbIlIee 3HAUCHUE YPOBHS 3HAYMMOCTH KPUTEPUS O, MPH KOTOPOM THIOTE3a OyneT
MIPHUHSTA.

OrBer:1. a=0,30.

2. a=0,01.

3. =0,90.

7. Ilycts X 1 Y — cay4aiinble BeIMYMHBI, paBHbIE CyMMe 0aJlIoB, HAOpAaHHBIX 33 TOX
cryneatamu @IOCH u U5/]{A coOTBETCTBEHHO. /{7151 cpaBHEHUS YPOBHS MOATOTOBKHU HA 3TUX
¢bakynpTeTax npoBeAcHa ciryyaitHas BbiOOpka cTyaeHToB: 20 ctyaenroB @OCH u 25

— 2=50 5_
crynentos MEJJA. Tlo BEIGOpKe MoTydeHs! crenyiodiiad Yésymprars:: ; 5 ; V= 1 10;

s2 =60
' . MOKHO 111 yTBEPKIaTh, 4TO CTYyAEeHTHl /B/[4 B ¢ M Y, [ Lyl e
DICH? daktuyuecku 1;1_[0 RN, H, R ERYENAY)
a=0,05

HE00XO0IMMO MTPOBEPUTH CIETYIONIYIO THIIOTE3Y:

IIpoBepKy runoressl NPOBECTH IPU YPOBHE 3HAUUMOCTU KPUTEPHUSL.

Otget: 1. ['unoresa oTBepraercsi.
2. T'unoTe3a He OTBEpraercs.
3. 115t npoBepKH TUIOTE3bI HEAOCTATOYHO JaHHBIX.

8. [l yacTu COTpYAHUKOB ObUT IOBEAEH TPEHUHT. X U Y — ciyyaifHble BeJTMYMHBI, paBHbIC
YUCILy JOTOBOPOB, 3aKIOYEHHBIX COTPYAHUKAMU MPOLIEAIIMMHU U HE MIPOLIEIIIMMYU TPEHUHT

cooTBeTcTBeHHO. [IpoussesieHa BoIOOpKa: /s = 60 (cpennuii, mpoLIeIINX TPEHUHT) U n-“
(cpenu, He npomeamux Tpenunr). [lo pesynpraram BeiGOpKy Haiinens:: X =80 y=60

b 2

o l— 70 O 1= 60
Hu .’PaHee OBLII0 U3BECTHO,
a=0,05

4TO: n
Ha ypoBHe 3HaunMocTu BBISICHUTb, IEHICTBUTEIBHO JIU CPEIHSIS
IIPOU3BOIUTEIBHOCTD,

MIPOLIEAIINX TPEHUHT CYLIECTBEHHO OTJIMYAETCS OT CPpEAHEN IIPOU3BOAUTEILHOCTH, HE
MPOIIEAIINX TPEHUHT WM Pe3yJIbTaThl BBIOOPKH HOCST CIlydaifHbIN Xapakrep. PakTHUECKU
Hy M(X)=MY); H:M(X)#M()

a=0,05

HE00XO0IMMO MTPOBEPUTH CIETYIONIYIO THIIOTE3Y:

IIpoBepKy runorTessl IPOBECTH IIPHU YPOBHE 3HAUUMOCTH KPUTEPUS
Otger : 1. 'unore3a oTBepraercs .

2. T'unoTe3a He OTBEpraercs.

3. 115t npoBEpKH TUIOTE3bI HEAOCTATOYHO JaHHBIX.

1. Ecnu u3 xax1oro HabIIOAEHUS X BBIYECTh KOHCTAHTY €, a KaX10€ HaOI0JJeHHuE )
yMHOXHUThGa (€ F 0), T0 KaK H3MEHHTCS KOBAPHALIHS MEXKTY X U  ?

=50
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2y LIycTR HAOMIOCHIS IBYX CAYSAUHPIX BETUUIMH X U Y HAXOAATCS HA NPAMOM IHHUU
. Ilokxazats, 4To ( — K03((HUIIMEHT KOPPEIAILIHA MEXIY X H V).

3. [lycte HabmoaeHus (pe3ynbTaThl BBIOOPOK) ABYX CIYyYalHBIX BEIMUYUH X U Y HAXOJATCS HA

npsvoit muamn Y = 410X TTokasars, uro B o1om cirywae €OV(X: ) =b-D(x)

4. Ilycth naHbl HAOMIOJCHUS TPEX CIyYalHBIX BEIUYHH X, Y U Z, U IIYCTh HAOMIOJACHHUS IBYX

CITy4aifHBIX BETHUHH X M J HAXOAATCA Ha npsivoii muaun Y = 41 bx ITokasats, uto ecim 0 >0

=7

R TO %% .z
D(x)=7, D(x+y)=14
5. ITycTh U3BECTHBI JUCIIEPCUU D(y) Y KOBapuauus
cov(x,y)=12

,TIe X U

y ciy4alHble BeIu4uHbl. Hailtu nucnepcuto

6. Habmonenus 20 map ;[(a)ﬂﬁy i) CJEIYIOIINE PE3YIbTAThI:
20

20 20 2 20 20

Zyi =60 le' =90 inyf =500 zylz =550 ZXIZ =700

, i=1 i=1 Ji=l ,i=l ,i=l . CocrTaButn
YpaBHEHUE JINHEWHOU PETPECCUU Y TIO X.

7. llpu ucciienoBaHUM KOPPETALMOHHON 3aBUCUMOCTH MEKIY X U ) MOJYUYEHBbI CIECIYIOIINE
pesympratsr: X =300 V= 1500 o(x)=8 o(»)=12  cov(x,3)=50  Cocrapurs
YPaBHEHUS JTMHEWHOW PErPECCUH Y 10 X U X T10 .

8. Ilo nannsIM 3a 20 €T COCTaBIEHO YpPaBHEHNE PETPECCUM MEXYy pacXxoJaMu Ha MUTaHUE (

YYu pacroyiaraéMbIM  JIMYHBIM ~ JOXO0J10M X ( ) y=30,7-0,025x . Kax m3menwnrcs
YpaBHEHHE PErPECCUU, ECIIH JAHHBIE 3a KaXIbIi o (KaK 10 X, TaK U 110 V) yBEIUUUTh Ha 15%?

15-7x

9. M3BecTHO ypaBHeHHE NMHEHHOW perpeccuu y mo x: u Ko3pdunment

r., =—0,85 -
KOPPEISAIUN MEXIY X U y: ) 77 . CocTaBUTh ypaBHEHHE JIUHEHHON PETPECCHUH X 110 ),

€CIIH cpeHee 3HaueHue x pasHo 30.
10. ITo oaHOI U TOI ke BHIOOPKE PACCUMTAHEI J1BA YPABHEHUS PETPECCUH y MO X: ¥ = 2+1.2x
u

xmoy: ¥=2+0.7Y Hajitu xospdpuument koppensuuu "= u cpeanne sHavendis  u V.

11. Mycts ypaBHeHue JuHeiiHOH perpeccun x o y umeet Bug: * — 100+15Y Cocrasurs
ypaBHEHHUE JMHENHOM PErpeccuH y 10 X, ECIU CpeIHee 3HaYeHue x paBHo 20, a AUCTIEPCHH X U

y cootsercTBenHo papup; () =4 D(y) =9

12. Brnagensiyy akuuii npeanpustust Y CTaJO U3BECTHO, YTO AKLMH MPEANpUATHS X CKOPO
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ynanyT B 1iene. [IponsBess GPuHAHCOBBIN M CTATUCTUYECKHA aHAJIH3, YIAJI0Ch YCTAaHOBUTH, YTO
KO3 PHUIHUEHT KOPPENALNU MEKAY CTOMMOCTBIO aKIMi ATUX MPEANPUATUN OTPULIATEIBHBIN U
paBeH (—0,93) . B cioxuBIeiics cUTyalluM Kakue AEWCTBUS C aKUMSAMU INpEeAnpusatus Y
CIIEAyeT MPeIPUHAT UX BIAAeNbily? BeiOpaTs OTBeT.

O1ger : 1. Cnenyer cpoyHO IIpOJaBaTh BCE AKLUM NPEANPUATHUS Y .

2. Cnegyer NOBPEMEHUTH C MPOJAXKEHN akIUil npeanpusaTus Y, 0)kuaas pocTa UX CTOUMOCTH.
3. IIpogaTth pOBHO NOJIOBUHY aKLIMK IPEIIPUITHS Y.

13. Ecnu ypaBHeHHe JTHHEHHOW PerpeccHH, CBS3bIBaroIIee 1IeHbl HAa HePTh — X C MHAEKCOM
HePTIHBIX KoMIaHuii — Y umeeT BuA: y = 10x + 3800, To yemy nmpuOIU3UTENBHO PaBEH UHACKC
HeTIHBIX KOMIaHu# npu nexe Hedru B 20 nen.ea. ? BeiOpaTh OTBET.

O1get : 1. Mnnekc Hedrsaupix komnanuii pasen 4200. 2. Muaekc He)TIHBIX KOMIAHUN
pasen 4000.

3. HWunekc HedTsaHbIX KoMTaHui paBeH 3600.

14. Ecnut k03 GUIMEHT KOPPENSLIUT MEXTY CITy4aiHbIMU BeTnurHAMHU X U Y OJIM30K K HYJIIO,
T.e. 1(X,Y) = 0, TO KaKoil BbIBOJ MOXHO CJ€JaThb O XapaKTepe CBA3M MEXAY CIydalHbIMU
BennunHaMu X 1 Y ? BeiOpathb oTBeT.

O1ger : 1. Mexnay cinydaiiHbIMU BeTMuMHaAMU X U Y OTCYTCTBYET JINHEHHAs CBS3b .

2. Mexny ciiydalilHBIMM BeTMYMHAMU X U Y UMEETCs JIMHEWHAs CBA3b.

3. Mexny ciydaliHpIMM BeTUYMHAMU X M Y HET HUKAKOM CTaTUCTUYECKON 3aBUCUMOCTH.

KonTtpoJubnas padora 3.
Temwi: 1. Kosapuayus u ko3¢pgpuyuenm xoppensiyuu.
2. VpasHenue napHoul TUHEuHOU pecpeccuul.

1. [Tycth HaOMIOAEHUS OBYX CIyYalHBIX BETUYHMH X M Y HAXOJATCS HA MPSMOU JIMHUU
=a+bx cov(x,y)=b-D(x
y . ITokazars, uTO (x.y) (x) .
2. Ecnu 13 Kaxa0ro HaOJIIOICHUS X BBIYECTh KOHCTAHTY ¢, @ KaXKI0€ HAOII0ICHUE y Pa3Ie/IUTh
Ha Ty ke KoHcTaHty ¢ ( €~ O), TO KaK U3MEHUTCS KOA((OUIIUEHT KOPPEISAIUH MEXITY X U V7

OTBET MOSICHUTE.
3. Ilo naHHbIM 32 25 J€T COCTaBIECHO YPaBHEHUE PETPECCUU MEXIY pacxoJaMu Ha MUTaHUE

( V) u pacnonaraempiM aEEIM goxomoM X () YV =333+0,093x . par yavennres
YPaBHEHHE PErpeccut, eCii JAHHBIE 33 KaXblii rof (Kak 10 X, TaK U IO y) YMEHBIIUTh Ha
10%?

4. 3BecTHO ypaBHEHHe JUHEHHOH perpeccuu y mo x: Y

r..,=-0,5 o .
KOPPEJSIIUA MEXIYy X B ): ) >~ . CocTaBUTh YpaBHEHHUE TUHEHHON PETPECCHH X TIO V),

€CII CpeHEE 3HaueHHe x paBHO 20.

=10-2x y xorpduument

2.3.  OueHoYHBIE CPEACTBA JJIsl IPOMEKYTOUYHOM aTTecTALMHA

4.3.1. IlepeyeHbp KOMIETEHIHII C YKa3aHUEM ITANOB UX ()OPMHUPOBAHHUS B MpoLecce
OCBOCHHS 00pa30BaTeJIbHOI NPOrpaMMBbl

35



Kon
KOMIIETEH
85041

HaumenoBanue KOMIICTCHIIUH

Kox srama
OCBOCHHSA
KOMIIETEHI]
nun

HaunMmenoBaHue 3Tama 0CBOCHHMS
KOMIICTCHII N

YK OC-9

CnocoOHOCTL UCHOIB30BAaTh
OCHOBBI DKOHOMHUYECKUX 3HAHUI B
pa3nu4YHbIX chepax AesITeIbHOCTH

YK OC-9.1

CriocoOHOCTh MCTIONB30BATh
SKOHOMMYECKHE 3HAHUS JUIs
MTOHMMAaHHUS U OLIEHKH IIPOLIECCOB B
HKOHOMHUYECKOH chepe KU3HH
o0IIecTBa Ha Pa3IMYHbIX YPOBHSX;
IIPUMEHSTh MaTeEMaTUYEeCKUI
MHCTPYMEHTApUH AJIs peLIEHUS
HSKOHOMMYECKHX 3aJa4 (METObI U
pe3yNbTaThl MAaTPUYHON anreOpsl,
AQHAJIMTUYECKOU FEOMETpUU U
TEOPUN BEKTOPHBIX IPOCTPAHCTB)

YK OC-2

CIOCOOHOCTH OIICHUBATH Pa3IUYHBIC
aCIIeKThI COIMAIBHO-
SKOHOMHUYECKOU IMOJTUTUKHU
rOCy/IapCcTBa, IeNaTh MPOTHO3BI
OTHOCHUTEIHLHO JATHHEHUIIIETO
(GYHKIIMOHMPOBAHUS
3KOHOMHYECKOM CUCTEMBI;
MPUMEHSITh MATEMAaTHICCKUN
WHCTPYMEHTAPHIL [T PeLICHUS
HKOHOMHYECKHUX 3a71a4 (METOIbI U
pe3yabTaThl TEOPHH (HYHKIIHIA
JICHCTBUTEILHBIX IEPEMEHHBIX U
nuddepeHIMaTbHBIX YPaBHEHUI)

4.3.2 Tloka3aTe/ M U KPUTEPUH OLEHUBAHUS KOMIIETEHIIUI HA Pa3JIMYHBIX ITaNax uX

(popmupoBanus

Ortan 0OCBOECHUA
KOMIIETEHLUU

Ilokazarenp olleHUBaHUSI

Kpurepuii onieHnBaHuA

YK OC-9.1

OIlepallMy HaJl MaTPULIAMH,
BBIYUCIIATH ONPEACIIUTEIN,
peuarb CUCTEMBI
JIMHEUHBIX YPaBHEHUN.

CriocoOHOCTB MPOU3BOIUTH

YMeeT BBIIOJIHATH ONepaliy HaJl MaTpUIIaMHU
(cKJIampIBaTh, yMHOXATh, 00paIaTh,
BBIYUCIISITH ONPEACIUTENH 2-T0, 3-TO, N-To
MOPSIIKOB), pelIaTh CUCTEMBI TMHEUHBIX
YPAaBHEHUM.

OIepaLuy HaJl
reOMETPUYECKUMU
BEKTOpPaMH, COCTABIIATh
yYpaBHEHUS MIPSMOH U
IIJIOCKOCTH,

KJ1acCU(UIUPOBATh KPUBbIE

2-ro nopsiaka.

CriocoOHOCTB MPOU3BOIUTH

YMeeT HaXOIUTh CKaJISIPHOE U BEKTOPHOE
[IPOU3BEICHUS TEOMETPUUECKUX BEKTOPOB,
COCTaBJIATh PA3JIMYHbBIC TUIIBI YPAaBHEHUU
[IPSAIMOH, INIOCKOCTU U IIPSIMOM B
[IPOCTPAHCTBE, 3HATh KAHOHUYECKUE
YPaBHEHHUS U CTPOUTH KPUBBIE 2-I'0 NOPSIKA.
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- 3HaHHME OCHOBHBIX MMOHATUH | YMEeT HaXOJUTh OPTOHOPMHUPOBAHHBIN Oa3ucC

¥ pe3yNIbTaTOB U3 Teopuy  [BEKTOPHOTO NPOCTPAHCTBA, PEIIaTh
METPUYECKUE 3a/1a4U B €BKJIMI0BBIX
[IPOCTPAHCTBAX, IPUMEHATH METOJ
HAaVMEHBIINX KBaJPaTOB K KOHKPETHBIM
BajadaM armnpoKCHUMALUH.

BEKTOPHBIX U €BKJIMJIOBBIX
IIPOCTPAHCTB, IIPUMEHSATH
9TU PE3YJbTATHI K PEILICHUIO
KOHKPETHBIX 3a/1a4,
Halpumep, arrpoKCUMaIuu
JKCIIEPUMEHTAIIBHBIX
JAHHBIX METOJIOM
HaVMEHBIINUX KBAJpPaTOB.

YK OC-9.2 - 3HaHHE OCHOBHBIX CBOWCTB | YMEET UCCIIe0BaTh (PYHKIUH, CTPOUTD

1 METOJ0OB UCCIeIOBaAaHUSI rpa(I)I/IKI/I U pCliaTh 3aia4r ONTUMH3AIUHN IJIA

dyHKLHiT 0HOI M MHOTHX (GYHKIUIH OJTHOW U HECKOJIbKHUX TIEPEMEHHBIX.

[IEPEMEHHBIX.

- CnocoOHOCTh MPOU3BOANUTE | YMEET MpeoOpa3oBhIBaTh ajdredpandeckue

anrebpauyecKkue onepayuy | BPIPAKEHHUSA C KOMIIEKCHBIMH YHCIIAMHU U
U3BJICKaTh KOPECHb N-Oii CTETICHU W3
KOMILIEKCHOT'O YHCIIA.

Haad KOMIIJIICKCHBIMUA
qucjaiaMu.

- Bmagers meTomamu VYwMmeer pemars 3agauy Ko st

penieHnst OOBIKHOBEHHBIX JuddepeHIHaNbHbIX yPABHCHUM, a TAKKe
pemaTh pa3iInyHbIe TUIIBI
muddepeHInanbHbIX ypaBHEHUH 1-T0
nopsi/iKa U JIMHeiHbIe TuddepeHIaabHbIe
YPaBHEHHH 2-TO MOPSIKA C TOCTOSTHHBIMH
KO3 PHUIIHEHTaAMH.

Qg depeHIaIbHbIX
ypaBHEHU U

4.3.3 TumnoBble KOHTPOJbHBbIC 33/laHMsl WJIM HHbIe MaTepuajbl (THUIOBbIE
OLICHOYHbIC MaTepHaJibl), He0OX0AMMbIe 1JIsl OLCHKHM 3HAHWIl, YMEHHi, HABBIKOB U
(M1M) ONbITA AEATEJBHOCTH, XaPAKTePH3YIOUIUX 3TaNbl (POPMUPOBAHUS KOMIIETEHIM I
B Ipolecce 0CBOCHHUs1 00pa30BaTeJbHOMH NPOrpaMMbl

Bapuant 3auetrnoro 3aganus (Pazmen 1)
Tewmsr:
- Marpungsl.
- Cucrembl TMHEWHBIX YPaBHEHUH.
- Omnpenenurenu.
- DJEeMEHTHl aHATMTUYECKON T€OMETPHUH.
- N-MEpHbIE BEKTOPHBIE IPOCTPAHCTBA.

1. W3BectHa Tabnuua OanaHca IByX oTpaciei MPOMBIIIIICHHOCTH:

[TorpeGuenne | Koneunslit | Banosoit
1 ‘ 2 MIPONYKT | BBIIMYCK

Otpacab
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1 15 10 5 30
2 20 30 10 60

a) [1o manHBIM TAOIUIIBI COCTAaBUTH MATPHILY MPSIMBIX 3aTpaT M ONPEICIINTh, BISAETCS JH
OHA MPOYKTUBHOU?

b) Haiitu npoussenenue marpuil A4-X, rae A — mMarpuiia npsMbix 3aTpart, a X — BEKTOP
BaJI0BOIO IIPOAYKTA.

4x1 +6)C2 +5)C3 —15)64 =0
2. JlaHa OTHOPO/HAsA CUCTEMA JIMHENHBIX YPABHEHUM 1 2x; +3x, +2x3 —7x4 =0
3)(1 +4)C2 +4.XT3 —11)(4 =0

a) HAWTH PaHT MaTPULBI CUCTEMBI;
b) mokasarb, 4TO CUCTEMA HMEET HETPUBUAIBHOE PELLIEHUE;

€) PpCIUTh CUCTEMY: BBIHCATHh OOIIee pelieHHe, HAWTH HETPUBUATHHOE YaCTHOE
pELIEHHE W CHEJNAaTh JUJIs HETO IIPOBEPKY.

3 5 4
3. Hanamatpuma B=[1 1 0
1 21

a) HailTu MUHOp U anredpanyecKkoe JONOJTHEHHE dIEMEHTA b,; MaTpulbl B;

b) BBUKCIUTH ONPEETUTETH MATPUIIBI B METOZOM PA3JIOKECHHS 110 3-€MY CTOJOIY;

€) [OKa3arh, YTO MaTpHila B o6paTiMa 1 HalTH MATpHUIly 0OpaTHyio K Marpuie B (B~
), Cenath MPOBEPKY (T.€. MoKaszaTh, uto BB™' =E).

<l

4. JlaHbl OPTOrOHAIILHBIE BEKTOPBI it = p—g U Vv = p+2q , 1€ |[_9| =2, |qg | =1. Haiitu:

a) CKaJsSIpHOE NPOU3BEACHHUE BEKTOPOB p U G ;
b) yrosm mexny Bekropamu p U q;

€) JUIMHY BEKTOpa U .
5. Jana cucrema BektopoB: a; =(1, —1, 3), a, =(—1, 2, 0),a3=(-1, 3, 3), a; =(-2, 5, 3).

a) Jlokasarp, 4TO JaHHAsl CUCTEMA BEKTOPOB SIBIISIETCS JTMHEWHO 3aBUCUMOIL.

b) IIpoBepuTh crIpaBeIIMBOCTE HEPABEHCTBA TPEYTOJIbHUKA U1 BEKTOPOB @), @, .

Bapuant 3x3amenannonHoro 3aganus (Pasznea 2)
1. a) Breinmucate BTOpOHM 3aMeuaTeNbHBIM IpeAen, a 3aTeéM BBIUUCIUTH Ipenes

o (3x=2)""
lim | 22—<
x40\ 3x+3



b) Jna pynkuuu y = "' =5 naiitn o6paTHyr0 QyHKIHIO X = [ ‘l(y) U yKa3aTb €&
o6macts onpenenerus ( D(f ) ) u ob6macts suavermit ( E(f ) ).

2. Brraucanthb HCOHpCZ[GJIéHHLIfI HHTCrpajl MCETOAOM HHTCIPUPOBAHUA 110 YaCTAM:

_[(x—7)cos2xdx.

3. Jana ¢yskumsa z = Xt - y2. Haiitu:
a) JIMHUIO YpOBHs (YpaBHEHHE U U300pa3uTh), IPOXOIAILYIO Yyepe3 Touky A(-2,2);

b) skcTpemyMm dyHKUUU z(x, y) OpU YCIOBUU y =2x —6.

eLHJ5”+cq—AEf5

4. a) HaiiTu nenoe 4ucio paBHOE CyMME:

(1-i)* (1+i)*°
b) U300pa3uTh Ha KOMIUIEKCHOH TIIJIOCKOCTH BCE TOYKH Zz, YJ/IOBJIETBOPSIOLINE
|z +2i] > 2,
COOTHOILIECHUIO: ]
lz—2+2i>2.

¥
5. Haiitu obmee pemenne qudepeHnnanbHOr0 ypaBHeHus: xy' = y—xe” .

Pa3zgen 3

1. OOBsACHUTD Ha IPUMEPAX, YTO TOHUMAETCS O] CIyYalHBIM COOBITHEM B TEOPHH
BEpOSATHOCTEH. B Kakux ciydasx coObITHE HA3bIBAIOT IOCTOBEPHBIM, a B KAKUX
HEBO3MOXKHBIM? J]aTh KJIaCCUUECKOE U CTATUCTUUECKOE ONPENEICHHS BEPOSITHOCTH,
OOBSICHUTB, KAK COOTHOCSTCS 3TH MOHATHA. Vcnonp3ys Kjaccuyeckoe omnpeeeHne, HailTu
BEPOSTHOCTH TOTO, YTO NMPHU OPOCAHHUU JBYX UTPAIBHBIX KOCTEH CyMMa OYKOB Ha
BBINABIINX TPaHAX — 4E€THA, MPUYEM HA TPAHU XOTS OBl OJJHOM M3 KOCTEH MOSIBUTCA
mecTépka.

2. CdopmynupoBaTh OCHOBHBIE MpaBHiia KOMOMHATOPUKHU: MIPABUIO CYMMBI U MIPABHUIIO
npousBeaeHus. Vicnomnp3ys 3Ty npaBuiia, HOJCUYUTATh, CKOJIBKUMH CIIOCOOaMH MOXKHO
Ha3BaTh pPeOEHKA B aHTTIUIICKON ceMbe (Y aHTJIMYaH MIPUHATO J1aBaTh JETSIM HECKOJIBKO
uMEH), ecnu peOEHKY naroT He Oosiee Tpéx MMEH, a obmiee yucio uMEH paBHo 300.

m m
Beimucats opMysibl 11 MOACYETA YACIIA COUETAHUN ( Ca ) ¥ MIepeCTaHOBOK ( P, ).
IIpuBecTu npuMepsl Ha IPUMEHEHHUE STHX (POPMYIL.

3. Ha npumepax mnoka3aTh, KaK OIPENENAIOTCS Olepaluud Haja COOBITHAMHU (CymMma,
pasHocTh, nmpousBeneHue). ChopMynupoBaTh TEOPEMYy O CIOKEHUU BEPOATHOCTEH.
Hcnonp3ys 3Ty TeopeMmy, HaWTH BEpPOSTHOCTH TOTO, YTO HEKOTOPHIH MpuOOp
npopaboTaer 0e3 MOJIOMKH TPU OKCILTyaTalldd CPOKOM OT 2 1o 4 JeT, eciu
BEPOATHOCTh €ro IOJOMKHM IpH 3KCIulyaTanuu no 2 Jser pasHa 0,15, a npu
AKCIUTyaTaluu cpokoM 1o 4 et — 0,32.

4. OOBSICHUTH Ha TMpUMeEpax, YTO MOHUMAETCS TOJ YCIOBHOM BEPOSTHOCTHIO COOBITHSL.
Breimmcats (GopMysbl Ui BBIUMCIEHUS YCIOBHOW BEPOSTHOCTH M BEPOSITHOCTU
npousBeneHus: coObiTuii. Mcnonb3ys 3t Gpopmyiibl, HAUTH BEPOSTHOCTH TOTO, YTO
B35TOC Hayraj H3JCJIN€ HEKOTOPOro NPEANpUITHS OKaXXeTCs IEPBOr0 copTa, €Ciu
U3BECTHO, YTO M3 BCEX M3JACIIMN, U3rOTABIMBAEMBIX HA 3TOM MPEINPUATUU TOJIBKO
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95% sBnsroTcs  cTaHAAapTHBIMM U 86% CcTaHOApTHBIX J€Taled  SBJISAIOTCSA
HEPBOCOPTHBIMH.

5. Beimucarts ¢opmyiy TOIHOM BeposTHOCTH U Gopmyny baiteca. B kauectBe mpumepa

paccMOTpeTh 3ajady O JOMHHO: IMYCTh W3 IOJIHOTO Habopa 28 KOCTeW JOMUHO
HayJady W3BJIEYEHA KOCTb, HANTU BEPOSATHOCTH TOIO, YTO BTOPYH) H3BJICUYEHHYIO
Hay/ady KOCTb MOKHO IIPUCTaBUTh K IIEPBOM.

6. M310XHUTh cXeMy s TOACYETa BEPOSATHOCTH HACTYIIJIEHUs cOOBITUSL A poBHO K pa3 B

n ucnbITaHusAX. Beimucars Gopmyny 6unomuanbHoil BepositHoctu Pn(k) (popmyna
Bepnymnu). Ucnons3yst ¢opmyny bepHysin, HailTH BEpOATHOCTH TOTO, YTO U3 &
MaJIbIX MPEANPUATHH 3a BpeMsl t COXpaHATCSA TOJBKO 2 MPEANPHUATHS, TIPU YCIOBHH,
YTO BEPOSITHOCTh MAJIOMY MPEANPHUITHIO CTaTh OAHKPOTOM 3a Bpems t paBHa 0,2.

Beimucats npubmmkénnyio ¢opmyny Ilyaccona st BblUMCIEHUS OMHOMHUAIBHOM
BepositHocTH Pn(k). Ilpumenuts ¢dopmyny Ilyaccona mis pemeHus cieayromien
3agaun: yueOHHUK u3gad tupaxom 100000 sk3eMIisipoB, BEPOSTHOCTD, YTO YUEOHUK
cOpourtopoBan HerpaBuwibHO paBHa 0,0001; HaliTH BEpOATHOCTH TOTO, YTO THUPAX
COJICPKUT POBHO 5 OpaKOBaHHBIX KHHUT.

JlaTte ompeneneHue Cily4allHOM BEJIMYMHBI, [PUBECTH IPUMEPBl JUCKPETHOH U
HENPEPBHIBHON Cy4yalHbIX BeIUYMH. OOBSACHUTH, YTO TAKOE 3aKOH PACIIPENEICHUS U
GyHKUIMS pacnpeneneHus IUCKPEeTHOM ciy4aiiHoi BennuuHbl. COCTaBUTH 3aKOH
pacmpeneneHusi, HaWTH (YHKLIUIO pachpeiesieHus M TOCTPOUTh €€ Tpaduk JUis
Clly4aiiHOM BenuuMHbI X, rae X — YUCIIO BO3BpAIIEHHBIX B CPOK KPEIUTOB U3 3
BBIJJAHHBIX OAHKOM, IIPH YCIOBUH, YTO BEPOSITHOCTh HEBO3BPAILICHHSI KIIMEHTOM OaHKa
KpeauTa B cpok paBHa 0,2.

OnpenenuTb OCHOBHBIE UHMCIIOBBIE XapaKTEPUCTUKH JMCKPETHOM CllydaiHOM
BEJIMYMHBI: MAaTEMATUYECKOE OKHMIAHME, AUCIEPCHUI0, CpEIHEe KBAaIpaTU4YECKOE
OTKJIOHEHHUE; pPa3bICHUTh UX coaepxareibHblii cmbicn. CdopmMyanpoBarthb
CBOMCTBA MAaTeMaTUYECKOr0 OXKMJaHud M jucnepcud. Hailtu matematmdeckoe
OKUJIaHUE M JIUCIEPCHUIO CIyYaltHON BeMMYMHBI X, rae X — YHUCiI0 Tesie(hOHHBIX
3BOHKOB, KOTOPBIE IIPEJCTOUT CAEJIATh TOPTOBOMY areHTy, IIPU YCJIOBUH, YTO areHT
UMeeT TpU Tesle(OHHBIX HOMEpa MOTEHUMAIBHBIX MOKyHaTeae U 3BOHUT UM JI0
TeX I0p, IOKa HE IMOJIyYUT 3aKa3a Ha MOKYIIKY TOBapa; BEPOSTHOCTb TOTO, YTO
NMOTEHI[MATBHBIN MMOKYIATeIhb CAeNIaeT 3aKas3, paBHa 0,4.

10. O6BsicHUTB, YTO MOHUMAETCS oA GyHKIHeN pacnpeneneHus F(X) 1 moTHOCTHIO
BEPOSTHOCTH

[1(x) HenpepriBHO#t ciyvaiiHoit Bemmurnbl. CHopMyTHpOBATH CBOMCTBA (DYHKIIHIT
F(x) u [ WIns cnyuaiinoii Benmmunnsl X, 3aaHHO# QyHKIMEH pacnpeaeaeHust

0 mpu x<0,
F(x)-{x> mpu 0<x<I,

1 mpu x>1. N
HaWTH IJIOTHOCTb BEPOSITHOCTH ¢(X), MaTEMaTHIECKOE

oxxusanue M(X)
u BepositHOoCcTh P(0,5 <X <1).

11. OOBsICHUTHP B KakoM cllyyae TOBODPST, YTO Cly4ailHas BedMYyMHa X HMEeT
HOpMaJIbHBIN 3aKkoH pacnperneneHus. CPopMyIHpoBaTh CBOMCTBA HOPMAIBLHOTO
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3akoHa pacnpeneneHus. OOBSICHUTP Ha NPUMEpPE COAEPIKATENbHBI CMBICI
«mpaBuja 3 [ ». IIpeamnonoxus, 4TO LIEHA aKUHUM MMEET HOPMAJIBHBIA 3aKOH
pacmpeneneHus, HalTH BEPOSTHOCTh TOTO, YTO 3Ta ILieHa OyJeT Koiedarhecs B
rpanuiax ot 14 no 14,8 nen.ex., ecnu cpeaHss 1eHa akiuil paBHa 14,5, a cpegHee
KBaJipaTHueckoe oTkioHenue 0,1.

12. ChopmynupoBats Teopemy UeOblmeBa U OOBSICHUTH, YTO MOHMMACTCS O]
3aKOHOM OONBIINX YHcell. Vcmonb3ysl HEeHTPalbHY0 MPEACIbHYI0 TEOpEMY, HAUTH
BEPOATHOCTH TOTO, YTO HEKOTOpasl ciydyaitHas BenndrHa X 3aKI0ueHa B TPaHUIIAX
ot 13 no 13,5, eciu uzBectHO, uTo X paBHa cymme 100 HE3aBUCUMBIX CIIy4YailHBIX
BeMIMYMH X1, X2, « « « 5 X100 , IMEIOIIMX OJUH U TOT K€ 3aKOH PACHPEACIICHUS,
oauHakoBble MaremaTuueckue oxkuganus M(Xi) = 0,132 u oauHaKoOBbIE
nucnepcuu D(Xi) = 0,004 .

13. Jlate ompenenenue nenu MapkoBa, omHOpomaHON menu. OOBACHUTH, YTO
[IOHUMAETCs MOJ MaTpulel nepexona. [Ipusectu nmpumepsl MapKOBCKUX LIETIEH.
CdhopmynupoBaTh Teopemy MapkoBa 0 MpeaesIbHBIX BEPOSATHOCTSIX.

14. OOBSICHUTH, YTO MOHHUMAETCS TOJ| T€HEPATbHON M BBIOOPOUYHOH COBOKYIHOCTAMHU
00BeKTOB. Brimucars GopMyIbl Ui BEIYUCICHHS CPEJHETO 3HAUEHUS, JUCIIEPCUU H
JOJAM Ui TeHepaJibHOW W BbIOOpOYHOW coBOKymHocTed. Ilokasarp, Kak 110

BapUALIMOHHOMY PSY:

Xi 3 4 6 9

n; 12 8 10 | 20

[TocTpOUTH MOTUTOH YaCTOT, TUCTOTPaMMY, SIMIIUPUUYECKYIO (QYHKIHIO pactpenenenus F(x).

15. OOBSICHUTD, YTO IOHUMAETCSI TIOJ] CTATUCTHUYECKOM OIIEHKOW HEU3BECTHOTO MapameTpa
pacnpenenenus ciydaiHod BemuuuHbl. ChopmynupoBaTh TpeOOBaHUS, KOTOpPHIE
MPEABSABISIIOTCS K CTAaTUCTUYECKUMM OLEHKaM mapameTpoB. [l  clienyromero

BAapHUAIlMOHHOT'O pAaa:

Xi | 94-100 | 100-106 | 106-112 | 112-118

n; 3 7 11 19

Haiitu cratucTryeckue OLEHKH I TeHEPAILHOM CPEHEN U TeHePAIbHOW JOJIU, JJIs
TE€HEPAIBHON JUCIIEPCUM BBIUUCIUTE HECMELIEHHYIO OLICHKY .

16. OOBSICHUTH, YTO TTOHUMAETCS MO OIIUOKOW Perpe3eHTaTUBHOCTH, JOBEPUTEIbHBIM
MHTEPBAJIOM U JOBEPUTEIIBHOM BEPOSATHOCTHIO OLEHKUM HEKOTOPOro Iapamerpa
reHepalbHOH  COBOKYNMHOCTH 10  BbeIOOpke.  CdopmynupoBate  Teopemy,
CBSI3BIBAIOIIYIO 9TH MOHATHUS (TeopeMa 00 omuOKe penpe3eHTaTuBHOCTH). crionb3ys
3Ty TEOpPEMY, HAWTHU BEPOSATHOCTb, C KOTOPOH cpenHuil pesyabrar 100 nsmepenuit
HEKOTOPOil BEIMUMHBI, PaBHEIH X = 30 | oTnimuaercs OT MCTMHHOTO 3HAYEHHS STOM
BEJIMYUHEI HE 00JIee YeM Ha 1, IIpH yCIIOBUH, 9TO BEIOOPOUHAsS AMCIIEPCHs $* paBHa 36.

17. ChopmyarpoBaTh CIEACTBHUS U3 TEOPEMBI O PEIPE3CHTATUBHOCTH, MO3BOJISIOIINE MO
JIOBEPHUTEIBHOI BEPOSITHOCTU CTPOUTH JOBEPUTEIbHBIA HHTEPBAJI U HAXOIUTh 00BEM
BBIOOPKH, €CJIM U3BECTHA OUIMOKA penpe3eHTaTUBHOCTU. VICTIONb3ys 3TH CIEACTBHA,
ONPENETUTh TPAHMIIBI, B KOTOPHIX C HaAEKHOCTHIO 0,99 3aKiI04EHO MCTHUHHOE
3HAYCHUE U3MEPSAEMON BEJTUUMHBI, eciiu 110 NaHHbIM 100 u3MepeHuii HaliieH CpeaHNI

pesyabrar X = 30 u BBIOOpOYHAs JuciepCcHst s* = 36.

18. OOBACHUTD, UTO IOHUMAETCS MOJ CTATUCTHYECKOM TMIOTE30M, OIMOKaMH 1-T0 U 2-
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r'0 poJia, ypOBHEM 3HAYMMOCTH U MOIIHOCTBIO CTATUCTHYECKOTO Kputepus. [IpuBectu
OpuUMep TUIOTE3bl, Ul KOTOpoi ommOka 1-ro poma Binedér Oojee THKKHE
HOCJEICTBHSI, YeM OIINOKa 2-T0 poJia U MPUMeEp TUIOTE3bI, Ut KOTOPOii omubdka 2-ro
poxa Oosiee onacHa, 4yem 1-ro.

19.

N3510UTh CX€My IPOBEPKU T'MIIOTE3BI O HOPMAJIBHOM PACIPEAEICHUN I€HEPAIbHOU

coBOKyINHOCTH (kputepuil [Iupcona). Mcnonb3ys 3Ty cxeMmy, Ha ypOBHE 3HAUMMOCTHU
(= 0,05 mpoBeputs ¢ momomplo Kpurepus llupcona rumoresy o HOpPMaIbHOM
pacrnpesieleHuu Cay4ailHOM BeMUYMHBI X — BBIPAOOTKHM pabOYHMX OJHOTO LieXa, eCIH
u3BecTHO pacnpeneneHue 100 pabouyunx 1exa mo BeIpabOTKe:

Bripabot 94- 104- 114- 124- 134-
Ka 104 114 124 134 144
Komnuec 6 ) 45 2 5
TBO 0 4

pabounx

(YkazaHue: s ynpoIeHus! BBIYUCICHUH MOKHO CUYUTATh, YTO (DaKTUUECKU
Ha0JII0IaEMO€ 3HAUEHHE CTATUCTHKH YiKe HallieHo U paBHO x = 1,45.)

20. OOBSICHUTH, YTO TMOHHMATH TOJA KOPPEJSLUHUOHHBIM MOMEHTOM H KO3(PQPHUIHEHTOM
KOPPEJSIUH ABYX CIIy4allHBIX BEIMYUH. BrinucaTs (opMyJIbl st BRBIYUCIECHHS BHIOOPOUHON
koppemsiiun. ChopmynupoBaTh cBoiicTBa kodddummenta koppensiuu. Mcmonb3ys 3Te
CBOMCTBA, 0XapaKTEepU30BaATh CBA3b MEKIY CIy4alHBIMA BeIWYMHaMU X U Y — LCHBI Ha
aKIUH JBYX MPEANPUATUH, €CITU U3BECTHBI IaHHBIE 32 HEJIEIIO:

X 1 2 4 5
Y 1,6 1,5 1 1
Hun In. Br. Cp. qr.
HCACIN
21. OObSACHUTH, YTO TOHMMAETCS IIOJl YpaBHEHHWEM JMHEWHOW perpeccuu u

K02(ppHULIEHTOM perpeccuu As IBYX CIy4alHbIX BeInuuH. [loka3aTk, Kak 10 BEIOOPKE
COCTaBUTh YpaBHEHHE JIMHEMHOMN perpeccur. Mcnonb3ys ciaeayromue SMIMPUIECKUE
JTaHHBIC JUJIS IBYX CIIYyYalHBIX BEJIMUYMH Y U X:

X 1

2 4 5

Y 1

2 2 3

CocraBuTh ypaBHeHME JUHEIHON perpeccun Y no X

Ikana oneHUBaHUA

85-100 0a1710B

Ha 3ayere

VYMeeT BBINONHATH ONEpAallMU HaJ MaTpulamH (CKJIaablBaTh, YMHOXAaTh,
o0pariare, BEIYUCIATH OMpPEASIUTEeNN 2-T0, 3-T0, N-ro MOPSAIKOB), peuaTh
CUCTEMBI JJUHENHBIX YPAaBHEHUI; YMEET HAXOJUTh CKAJISIPHOE U BEKTOPHOE
IIPOU3BENIECHUSI T€OMETPUUYECKUX BEKTOPOB, COCTABIATH PA3JIMYHBIE THIIbI
YPAaBHEHUN MPAMOW, IUIOCKOCTH M IPsSAMOM B IPOCTPAHCTBE, 3HATh
KAaHOHMYECKHE YypaBHEHHS M CTPOUTh KpHUBBIE 2-TO TOPSAKA; YMEET
HaXOJUTh OPTOHOPMHUPOBAHHBIN 0a3MC BEKTOPHOI'O IPOCTPAHCTBA, peLIaTh
METPUUYECKHE 3a/adll B E€BKIUIOBBIX NPOCTPAHCTBAX, MPUMEHITb METOL
HAaMMEHBIINX KBAJIPATOB K KOHKPETHBIM 3aJla4aM allllpOKCUMALIHH.

3aauu penIeHbl MOJHOCTHIO 0€3 CYNIECTBEHHBIX OIIMOOK.
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YMmeer wuccnenoBath (QyHKUMH, CTPOUTh TpaduKM M pelarh 3aJadyu
ONTUMM3AIMHU 151 QYHKLIUH OJHON U HECKOJIBKUX MEPEMEHHBIX.

YMeer npeoOpa3oBbIBaTh reOpandeckre BBIPAKEHHUS C KOMIUIEKCHBIMH
YKCJIaMU ¥ U3BJIEKaTh KOPEHb N-0i CTENEHU U3 KOMIUIEKCHOI'O YHCJIA.
VYmeer pemtats 3agauy Komm mist muddepeHanbHbIX ypaBHEHUH, a TaKKe
pemaTh pa3nudHble TUIHl AU depeHInanbHbIX ypaBHEHHH 1-T0 mopsaka u
nuHelHble uddepeHnnanbable ypaBHEHHH 2-T0 TOPSIIKA C TOCTOSHHBIMHU
KO3 PHUIIHEHTaAMH.

84-70 0an10B

Ha 3ayere
'YMeeT BBINOJNHATH ONEpalMy HaJ MaTpULaMH (CKJIaabIBaTh, YMHOKATh,
o0pamarh, BBIYUCIATh OMPEAETUTENH 2-T0, 3-T0, N-TO MOPSIKOB), peuaTh
CUCTEMBI JIMHEWHBIX YPaBHEHU; YMEET HAxXOJIUTh CKAJSIPHOE M BEKTOPHOE
[IPOU3BENECHUS TE€OMETPUUYECKUX BEKTOPOB, COCTABJIATH Pa3IMYHBIE THUIIBI
YPABHEHUN MpPsAMOMW, IUIOCKOCTH U MpPsAMOW B IPOCTPAHCTBE, 3HATH
KaHOHMYECKHE YPaBHEHUS U CTPOUTH KPUBBIE 2-T'0 MOPAJIKA; YMEET HAXOUTh
OPTOHOPMHUPOBAHHBIM ~ 0a3WCc  BEKTOPHOTO  MPOCTPAHCTBA,  peLIaTh
METPUUYECKUE 3aJa4d B EBKJIMJOBBIX IPOCTPAHCTBAX, INPUMEHSITh METOJ]
HAaUMEHBIINX KBAaJPATOB K KOHKPETHBIM 3aJjauaM alllpOKCUMALINH.
Tpu 3a1auM pelIeHbI IOJTHOCTBIO, BE — C HEJOUETaMHU.
YMmeer wuccnenoBath (QyHKUMH, CTPOUTh TpaduKW M pemarh 3aJadyu
ONTUMM3AIMHU 151 QYHKLIUH OJHON U HECKOJIBKUX MEPEMEHHBIX.
YMeer npeoOpa3oBbIBaTh NreOpandeckre BBIPAKEHHUS C KOMIUIEKCHBIMH
YKCJIaMU ¥ U3BJIEKaTh KOPEHb N-0i1 CTENEHU U3 KOMIUIEKCHOI'O YHCJIA.
VYmeer pemtats 3anauy Komm 1yt muddepeHnanbHbpIX ypaBHEHUH, a TaKKe
pemaTh pa3nudHble TUITHl AU depeHnnanbHbIX ypaBHEHHH 1-T0 mopsaka u
nuHelHble 1uddepeHnnanbable ypaBHEHHN 2-T0 TOPsIIKA C MOCTOSHHBIMHU
KO3 PHUIIHEHTaAMH.

69-55 0a110B

Ha 3ayere

YMEET BBINOJIHATH ONEpallMM HaJX MaTpulaMH (CKJIaaplBaTh, YMHOKAaTh,
oOpamnarh, BBIYUCIATh OMPEAETUTENH 2-T0, 3-T0, N-TO MOPSIKOB), peuaTh
CHUCTEMBbl JMHEWHBIX YypaBHEHHMH; C OIIMOKAMHM HAXOAMUT CKaJSIpHOE U
BEKTOPHOE  IIPOM3BENEHUS T'€OMETPUUECKUX BEKTOPOB, HEYBEPEHHO
COCTABJISICT Pa3JIMYHbIC TUIIBI YPABHEHHUM IPSAMOM, INIOCKOCTH U IPSIMOM B
NPOCTPAHCTBE; yMEET HAaXOIUTh OPTOHOPMHPOBAHHBIN 0a3uc BEKTOPHOTO
MIPOCTPAHCTBA, PEIIAET METPUUECKHE 3a7jaul B €BKJIMJOBBIX IIPOCTPAHCTBAX,
oIy cKast MHOTOYHMCIICHHBIE OIIUOKH.

YMmeer wuccnenoBath (QyHKUMH, CTPOUTh TpaduKW M pelarh 3aJadyu
ONITUMH3AIMHU 151 YHKLIUH OJHON U HECKOJIBKUX MEPEMEHHBIX.
YMeer npeoOpa3oBbIBaTh NreOpandeckre BBIPAKEHHUS C KOMIUIEKCHBIMH
YKCJIaMU ¥ U3BJIEKaTh KOPEHb N-0i CTENEHU U3 KOMIUIEKCHOI'O YHCIA.
VYmeer pemtats 3aaauy Kommu mist muddepeHanbHbpIX ypaBHEHUH, a TaKKe
pemaTh pa3nudHble TUIEl AU depeHInanbHbIX ypaBHEHHH 1-T0 mopsaka u
nuHelHble 1uddepeHnnanbable ypaBHEHHN 2-TO TOPSIIKA C MOCTOSHHBIMHU
KO3 PHUIIHEHTaAMH.

JIBe 3amaum pemieHsl MOJIHOCTBIO, B OCTalbHBIX €CTh CYIIECTBEHHBIE

HCOOYCTBI.

IlepeBox 6a/1/10B B TPaAMIIMOHHYI0 CHCTEMY OLICHKH:
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Bamnel mo 100-6aipHOMI
CHUCTEME

[TaTnbaiuibHast cucTEMA OLIEHKHU

CucreMa OIleHUBAHUA
«3a4TEHO-HE 3aUTECHO»

85-100 6amnoB OTJIIMYHO 3ayTeHo
70-84 GamnoB XOPOIIIO 3a4TEHO
55-69 6amnoB YAOBJIETBOPUTEIBHO 3aYTEHO
Menee 55 GanoB HEYJO0BJIETBOPUTEIBHO He 3aureHo

4.4. Meroauveckue MaTepuaJbl, opeesoimue Npoueaypbl OLeHUBAHUSA
3HAHMH, YMEeHHI, HABLIKOB M (WJIH) ONBITA AEATEJbHOCTH, XapaKTepPHU3yIOIHNX
jransl (OPMUPOBAHUA KOMIIETCHIMI

3auéT IPOBOAUTCS B MUCBMEHHOU (hopMme.

Ha Boinmonnenue 3aganust orBoautcs 90 MUHyT (2 akageMUYECKUX daca).

PesynbraTsl 00bABISAIOTCS HA 3-i pabOYMii IeHb MOCTe 1aThl AK3aMeHa, B 3TOT
e JIeHb BO3MOXKEH T0Ka3 paboT U MoJydeHrne oOpaTHOM CBsI3U OT mpernojaasaresns. B
OTIENBHBIX CTy4asX BO3MOXKHO YCTHOE coOeceloBaHHe MO BHIMOJIHEHHOH padoTe.

5. YueOHas 1uTepatypa u pecypcbl HHGpOpPMAaLHOHHO-
TeJIeKOMMYHUKAINOHHOM ceTH ""HTepHeT'', BK/IIOYAs epedyeHb yueOHo-
METOIM4YECKOro odecrnevyeHus JJIs CAMOCTOSATEIbHOM PadoThl 00y4arOIMXCH

OcHoBHasl TuTeparypa:

o AMCHMIIJINHE

1. Illunaues B. C. Bricimas MmaTematuka - Beiciiag mikouna, 1996 - 479 c. c.
2. Bericmias MaTeMaTHKa JJIsi SKOHOMUYecKoro OakanaBpuara - FOpaiir, 2015 - 910 c. c.
3. Kpemep H. 1. Teopus BeposiTHOCTEN U MaTeMaTHuecKas craTucTuka - FOpant, 2016 - 514 c.

C.
4. I'mypman B. E. Teopust BeposiTHOCTEN 1 MaTeMaTudeckas cratuctuka - Opaiit, 2020 - 479 c.

C.

JlononHuTenbHAs JIUTEPATYypa:
1. B.JI. MupoHOB, D11eMeHTHI JIMHEHHOHN anreOpbl ¥ aHATUTUYECKON TeoMeTpur, MeToaudeckoe

mocobue. M.: leno, 2010.

2. Kpacc, M. C. MaTtemartuka B 5koHOMHKE. ba3oBslii kypc: yueOHuk st 6akanaspos / M. C.

Kpacc. — 2-e u3z., ucnp. u non. — M.: U3narensctBo FOpaiit, 2014. — 470 c. — (Cepusi:
bakanaBp. Axkanemuueckuit kypc). — ISBN 978-5-9916-3137-2. Pexxum noctyna: www.biblio-

online.ru/book/3023ABDD-97FC-4BF7-928D-82 AD6B68E9DF

3. Teopus Beposarnocrei, E.C. Bentuens, Mocksa, 2015 r.
4. MatemaTrueckue MeTo1bl U Mozienu B ynpasienuu, E.B. [llukun, A.I'. Uxaptumswuin, 2015

TI.

5. Beenenue B akoHOMeTpuKY, Kpucrodep Hoyreptu, Mocksa, 2009 r.

HNuTepHeT-pecypesl:
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6. MarepuajabHo-TeXHHYecKas 0a3a, MHPOPMALMOHHbIE TEXHOJIOTHH,
NMporpaMMHoe odecrneyeHre 1 HHPOPMALMOHHbIE CIIPABOYHbIE CHCTEMbI
TpeboBanus Kk ay TMTOPUU:
- JIekmonusle
- CemmnHapckue

TpeboBanwust kK 000PYIOBAHUIO:
- Tocka
- IPOEKTOP

TpeboBanust K MPOrpaMMHOMY OOECTIEYEHHIO:
- Microsoft Office 2019 (xontpakt ¢ nponasioM AO «Jlanut» ot 18.10.2019 Ne117/08-19)
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