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1. HEPEYEHD PE3VYJIbTATOB OBYYEHMUS 110 JUCHUIIJINHE

B pesynbrare OCBOEHHS AMCHUIUIMHBI Yy OOyYaromIUXcsi JOJDKHBI OBITH CPOPMUPOBAHBI
ciemyromue o0nenpoecCHOHATbLHBIC KOMIIETSHITMH U TTPO()eCcCHOHAIBHBIC KOMIICTCHIIUH:

HanmenoBanme KOMIICTCHIINHN

Ko xommierennuu

CriocoOeH IpUMEHSTh €CTECTBEHHOHAYYHBIE U OOIIEHH)KEHEPHBIC
3HAaHWUA, MCTOAbI MAaTCMATHYCCKOI'0 aHAJIM3a U MOACIUPOBaHN,
TEOPETHUYECKOTO U IKCIIEPUMEHTAILHOTO UCCICIOBAHUS B
PO eCCHOHATBHON S TETLHOCTH

OIlK-1

nporpamMmsbl 09.03.02 «HpOopManMOHHbBIE CHUCTEMBI U TEXHOJIOTHUNY.

MMPOT'PAMMBI
Jlannass ydeOHas JAUCIUIUIMHA OTHOCUTCS K O0OsI3aTeNbHOW YacTH 00pa3oBaTeNbHOM

2. MECTO JUCIHHUTILIMHBI B CTPYKTYPE OBPA3OBATEJILHOM

B rtabmuue 1 mpencraBieH IepeueHb KOMIETEHLMH C YKa3aHMEM Ie€peuHs AUCLMILINH,

(hopMUPYIOITUX 3TU KOMIIETEHIINU coTiacHo yaeOnomy miany OITOIT

Tabmmma 1

Kon HaunmenoBanue [IpenmecTByromme [Tocnenytromue

KOMIIETCHIIMU | KOMIIETEHIIHNH, JCLIUTUINHBI, JIACIIUTUINHBI,
dbopmupyemoii B pamkax | GopMuUpyIOIIHe bopMupyrome yKa3aHHYIO
OCBOCHMUS JTUCITUTUINHBI YKa3aHHYIO KOMIIETCHITAIO

KOMIIETCHITAIO
OIIK-1 CrocobeH MpUMEHSTh HNudopmarnka MaremaTudeckas JIOTHKa U

€CTCCTBEHHOHAYYHBIE U dusuka TEOPHUs AITOPUTMOB
00IIenHKCHEPHBIE 3HAHUS, DIIeKTPOTEXHHKA, OrneparimoOHHBIE CHCTEMBI
METOJIl MAaTEMaTHIECKOTO 3NIEKTPOHNUKA U JluckperHas MaTeMaTHKa
aHaJ3a U MOJICTUPOBAHUS, CXEMOTEXHUKA Teopust ynpaBiieHHS
TEOPETUIECKOTO U [IporpaMMUpOBaHIe Y4eOHas IpaKTHKA.

JKCIIEPUMEHTAILHOTO
HCCIICIOBAHUS B
npod eccruoHaTbHOMN
JIeSITELHOCTH

O3HakoMUTENbHAS MTPAKTHKA
NuxenepHas u
KOMIThIOTEpHAS rpaduka
Mertoap! onTUMHU3aLNAN
3ammTa BEIITYCKHON
KBaNTM()UKAITMOHHOW PabOTHI,

BKJTFOYAst MOJATOTOBKY K
mporenype 3aIUTHI u
MIPOIENYPY 3aITUTHI

* B KauecTBe dTana (GopMHUPOBAHUS KOMIIETCHIIMI HCIONB3YIOTCS HOMEpa CeMECTpOB coriiacHo ydeOHoro riana OITOIT




HepequL ITaHUPYEMBIX PE3YJILTATOB O6y‘-IeHI/I$I, COOTHCCCHHLBIX C INIAHUPYECMbBIMU PC3yIIbTaTaMH
OCBOCHHUSI OCHOBHOM MPO(eCCHOHAILHON 00pa30BaTeIbHOM MPOrPaMMBbl HAIIPABICHUS IOATOTOBKH,
MpeACTaBiIeH B Tabnue:

KOI[ 1 HAUMCHOBAaHHC KOI[ 1 HAMMCHOBAHUC MHAUKATOpA JOCTUKCHUS KOMIICTCHIIUA
KOMIIECTCHII

OIIK-1. Cnoco6en npumensts | OIIK-1.1. [Ipumensier ectecTBeHHOHAYYHbIC 3HAHUS B
CCTECTBCHHOHAYYHBIC 1 npoeCcCHOHATBHON AEATEIbHOCTH

001 e HKEeH epHBIC 3HAHUS,
METOJIbl MATEMATUIECKOr0
aHaM3a U MOJICIMPOBAHUS,
TEOPETUIECKOrO 1
IKCIIEPUMEHTAIbHOTO
MCCIICIOBAHMS B
poh)ecCHOHATILHOU
JIeATEIbHOCTH;




3. OFBEM JUCIHUILIMHBI 1 BUJIbl YYEGHOM PABOThBI

JHEBHAS ®OPMA OBYYEHUA

Bua yueOHol# padoThI Bcero Cemectp
1 2 3 4
OO0uasi Tpy10€éMKOCTb AU CHUNIIMHBI 360 yac | 724yac | 108 wac | 72 wac| 108 gac
10 z.e. 2 3.e. 3 3e | 23e | 3 3e.
KonTtakTHas padoTa ¢ npenoaaBareieM (BCero) 256 64 64 64 64
B ToMm uncne:
Jlexuun 128 32 32 32 32
[IpakTudeckue / CEeMUHAPCKUE 3aHATHUS 128 32 32 32 32
JlaGopaTopHble 3aHATHS - - - - -
Koncynprannn - - - - -
CamocTosiTeJibHasi padoTa (Bcero) 68 8 44 8 8
B mom yucne (ecau ecmw):
Kypcosoui npoexm / paboma +
Pacuemno-epagpuueckas paboma - - - - -
Konmponvuas paboma - - - - -
Pegpepam / acce / ooknao - - - - -
Hnoe 68 8 44 8 8
Bua npoMekyTouHOM arTecTanum (3a4eT, IK3aMeH) | DK3aMEH | 3ayer 3a4er 3a4eT | PK3aMeH
Kountpouab 36 (36)
3AOYHAS ®OPMA
Bua yuyeOHoi padoThI Bcero Cemectp
3 | 4 | 5 | 6
O0masi Tpy10éMKOCTb IV CHUIIMHbI 360uyac  72yac 108 wac 72uyac 108 yac
10 3.e. 23.e. 3 3. 2 3.e. 3 3.e.
KonTakTHasi pa6ora ¢ npenojaBartejeM (Bcero) 56 12 12 16 16
B ToMm unce:
Jlexmn 24 6 6 8 8
[TpakTuyeckue / CEeMUHAPCKUE 3aHATUS 24 6 6 8 8
JlaGopatopHbie 3aHATUS - - - - -
Koncynbranuu - - -
CamocTosiTesibHasi padoTa (Bcero) 268 60 96 56 56
B mom uucne (eciu ecms):
Kypcosoii npoexm / paboma +
Pacuemno-epagpuueckas paboma - - - - -
Konmponvuas paboma - - - - -




Buja yueo6Hoii padoThl Bceero CemecTp
3 | 4 | 5 | 6
O0uas TpPy10éMKOCTb AV CHUNIIMHbBI 360yac  72yac 108 wac 72uyac 108 yac
10 3.e. 2 3.e. 3 3. 23.e. 3 3.e.
Pegepam / scce / doxnao - - - - -
Hnoe 268 60 96 56 56
Buja npomexyTouHO# aTTecTanum (3a4eT, 9K3aMeH | 3ader 3auer 3ader | K3aMeH
JK3aMeH) (36)
OUYHO-3A0YHASA ®OPMA
Bua yueOHoli padoThl Bcero Cemectp
1 | 2 | 3 | 4
O0uasi TpPy10€éMKOCTb AU CIUNIIHMHBI 360vyac  72yac 108 wac 72uyac 108 yac
10 3.e. 23.e. 3 3e. 23.e. 3 3.e.
KonrakTHas paGora ¢ npenogaBareiieM (Bcero) 96 24 24 24 24
B ToMm unce:
Jleximn 48 12 12 12 12
[IpakTrueckue / ceMMHApCKUE 3aHATUS 48 12 12 12 12
JlaGopaTopHbIC 3aHATHS - - - - -
Koncynpranmnmn - - -
CamocrosiTesqibHasi padoTa (Bcero) 228 48 84 48 48
B mom uucne (echiu ecms):
Kypcosoui npoexm / paboma +
Pacuemno-epagpuueckas paboma - - - - -
Konmponvuas paboma - - - - -
Pegpepam / scce / ooknao - - - - -
Hnoe 228 48 84 48 48
Bua npomexyTouHoi arTecTanum (3a4er, SK3aMeH | 3adeTr 3aueT 3aueT | PK3aMeH
IK3aMeH) (36)
4. CTPYKTYPA U COAEPKXAHUE INCHUII/INHBI
4.1. KAJIEHIAPHO-TEMATHYECKOE IIJTAHUPOBAHUE
OYHASA ®OPMA OBYUEHMUSA
No KonuyecTBo yacoB Ha
n/m npakTuyeckue | maboparo dopma
Tewa JCKITUU /ceMUHapCcKue pHBIE CaMOCTOATE KOHTPOJIS
3aHSITHS samsrs | D000 padoty
Cemectp 1
PA3/IEJI 1. JIuneiinas ajaredpa ¢ 3JeMeHTAMH aHAJMTHYECKON reoMeTpHu
1 | Marpuusl u 6 6 1 tect ACT
OTIPEICTUTEIIN.




2 | Cucremsl 6 6 2 MIpOBEPOYHAs
JTUHEHHBIX pabota
YPaBHECHUM.

3 | DnemeHTHI 6 6 1 IPOBEPOYHAs
MaTpUYHOTO pabota
aHaJmn3a.

4 | DneMeHTsl 14 14 4 MPOBEPOYHAs
AHATTUTUYECKOU pabora
T€OMETPHH.

AHanmaTH4ecKast
TeOMETPHS
Wroro mo 1 cemectpy 32 32 8 3aueT
Cemectp 2

PA3JIEJI 2. Maremarudeckunii ananu3 u quddepenunanbubie ypaBHenus. Auddepennuannnoe
U MHTErpaJibHOE HCYHCJICHHE.

5 | Oynknus. [penen 6 6 6 IPOBEPOYHAs
Y HENPEPBHIBHOCTb. pabota

6 | duddepenmuposan 6 6 8 IPOBEPOYHAS
ne GYHKIHUU OJTHOM pabota
IIEPEMEHHOM.

7 | OcHOBHBIE 2 2 4 IIPOBEPOYHAs
TEOPEMBI pabora
muddepeHnnanTbHO
T'O MCUHCJICHHUS.

8 | UccnenoBanue 4 4 8 MPOBEPOYHAS
(byHKIIUHU ¢ pabora
MTOMOIIBIO
MPOU3BOIHOM.

9 | Oynkuun 6 6 8 MIPOBEPOYHAS
HECKOJIbKUX pabota
MIEPEMEHHBIX.

10 | HeonpeneneHHbIH 8 8 10 MIPOBEPOYHAS
WHTETpal. paborta

Wroro mo 2 cemectpy 32 32 44 3a4er
Cemectp 3

11 | OnpeneneHnnblit 8 8 2 MIPOBEPOYHAS
WHTETpal. pabora

12 | Iuddepennuansa 16 16 4 MIPOBEPOYHAs
bl€ YPAaBHEHUSI. paboTta

13 | Yucnossle u 8 8 2 IIPOBEPOYHAs
CTETIEHHBIE PSJIbL. pabota

Htoro no 3 cemectpy 32 32 8 3a4eT
Cemectp 4

PA3/IEJI 3. Teopusi BeposiTHOCTEIA.

14 | Teopus 4 4 1 IIPOBEpPOYHAs
BEPOSITHOCTEM. pabora
BepostHocTr
CIIy4aiHBIX
COOBITHH.

15 | IlocnenoBarenbHOC 2 2 1 IIPOBEpPOYHAs




TU UCIIBITAHUH.

pabota

16 | Cnyuaiinbie 4 4 1 IIPOBEpPOYHAs
BEITUYHHEI. pabota
Hucnosblie
XapaKTePUCTUKU
JMCKPETHON U
HEIPEPBIBHOU
CIIy4alHbIX
BEJIMYUH.

17 | OcHOBHBIE 3aKOHBI 4 4 1 IIPOBEPOYHAs
pacrnpeneineHus pabora
CIy4alHbIX
BEJIMYUH.

18 | Cucremsl 2 4 1 IIPOBEpPOYHAst
CITydaiiHbIX pabota
BEJIMYHH.

Koppensuusa u
perpeccust

19 | Cnyuaiinbie 2 2 IIPOBEpPOYHAs
nporecchl. Llenn paborta
MapxkoBa

20 | IpenenvHBIE 2 IIPOBEPOYHAs
TEOPEMBbl  TEOpUU pabota
BEPOSTHOCTEH.

PA3JIEJI 4. MaremaTudeckasi CTATUCTHKA.

21 | MaremaTtuveckas 2 2 MIPOBEPOYHAS
CTaTUCTHKA. pabora

22 | CratucTaueckoe 4 4 1 MIPOBEPOYHAS
OILICHUBaHUE pabota
apaMeTpoB.

23 | Craructuueckas 4 4 1 MIPOBEPOYHAS
IIPOBEpKa TMIIOTE3. paboTta

24 | OcHOBBI 2 2 1 MIPOBEPOYHAS
PErpecCUOHHOTO pabota
aHaJM3a.

Htoro no 4 cemecTpy 32 32 8 Dk3amen (36)

3AOYHASA ®OPMA OBYUYEHUA

Ne KonnuectBo yacoB Ha

n/m npakTudyeckue | maboparo dopma

Tema CaMOCTOsTEN
JEeKIUU /ceMuHapcKue pHbIE KOHTpOJIS
BHYIO PaboTy
3aHATUS 3aHSITHS
Cemectp 1

PA3/IEJI 1. JInneiinas ajaredpa ¢ 3J1eMeHTAMH AaHAJIMTHYCCKON reOMeTpHH

1 | Marpuiist u 1 1 15 Tect ACT
OTIpeJIeNINTENH.

2 | Cucremsl 1 1 15 IIPOBEpPOYHAs
TUHEHHBIX pabora
YPaBHEHUHU.

3 | DnemMeHTHI 2 2 15 IIPOBEpPOYHAs
MaTpPUYHOTO pabora

aHajm3a.




4 | DneMeHTbl 2 2 15 IIPOBEpPOYHAs
AHATUTUIECCKO T pabota
T€OMETPHH.

Ananutnyeckas
TeOMETPUS
Htoro mo 1 cemectpy 6 6 60 3a4eT
Cemectp 2

PA3JIEJI 2. Matemarudeckuii ananus u q1udgdepenunanbubie ypaBHenus. Auddepennuansnoe
U MHTErpaJibHOE HCYHCJICHHE.

5 | @ynkuus. [penen 1 1 16 IIPOBEPOYHAs
Y HENPEPBHIBHOCTb. pabota

6 | duddepenumponan 1 1 16 IIPOBEpPOYHAs
ne QyHKIHUU OJTHOM pabota
IIEPEMEHHOM.

7 | OcHOBHBIE 1 1 16 IIPOBEpPOYHAst
TEOPEMBI pabota
muddepeHnnanTbsHO
TO VICYMCIICHUSI.

8 | UccrnenoBanue 1 1 16 IPOBEPOYHAs
GbyHKIMH € pabota
TTOMOTIIHIO
MIPOU3BOJIHOM.

9 | OyHkUH 1 1 16 MPOBEPOYHAS
HECKOJIBKUX paborta
MIEPEMEHHBIX.

10 | HeonpeneneHHbIH 1 1 16 MPOBEPOYHAS
WHTETpaI. pabora

Hroro no 2 cemectpy 6 6 96 3a4eT
Cemectp 3

11 | OnpenencHHBIH 2 2 18 MIPOBEPOYHAS
WHTETpal. paborta

12 | Iuddepennmansa 4 4 19 MIPOBEPOYHAS
bl€ YpPaBHEHUSI. pabota

13 | Yucnosele u 2 2 19 MIPOBEPOYHAS
CTETICHHBIE PSIBL. pabota

Wtoro no 3 cemectpy 8 8 56 3a4yer
Cemectp 4

PA3JIEJI 3. Teopusi BeposiTHOCTEI.

14 | Teopus 1/2 1/2 5 pOBEpOYHas
BEPOSTHOCTEM. pabora
BepostHocTn
CIIy4aiHBIX
COOBITHH.

15 | ITocnenoBarenbHOC 1/2 1/2 5 IIPOBEPOYHAs
TH MCIIBITAaHUM. pabora

16 | Cnyuaiinble 1 1 5 IIPOBEpPOYHAs
BEJIMYUHBI. pabora
Hucnosblie
XapaKTepUCTUKU

JIUCKPETHOM U




HEIPEPBIBHOU

CIIy4alHbIX
BEITUYHH.

17 | OcHOBHBIE 3aKOHBI 1 1 5 MIPOBEPOYHAS
pacrnpeneineHus pabora
CIIy4alHbIX
BEJTUYHH.

18 | Cucremsl 1 1 5 IIPOBEPOYHAs
CIIy4aiiHbIX pabota
BEJTUYHH.

Koppensuus u
perpeccust

19 | Cnyqaiinbie 1/2 1/2 5 IPOBEPOYHAs
npouecchl. Llenn pabota
MapxkoBa

20 | IlpenenvHBIC 1/2 1/2 5 IPOBEpPOYHAS
TEOPEMBbl  TEOpPUU pabota
BEPOSITHOCTEM.

PA3JIEJI 4. MareMaTu4ecKasi CTATUCTHKA.

21 | Maremaruueckas 1/2 1/2 5 IIPOBEPOYHAS
CTaTUCTHKA. paborta

22 | CrarucTHYeCcKOe 1 1 5 MIPOBEPOYHAS
OILICHHUBAaHUE pabora
apaMeTpoB.

23 | Craructuueckas 1 1 5 MIPOBEPOYHAS
MIPOBEPKA THITOTE3. pabora

24 | OcHOBBI 1/2 1/2 6 IPOBEPOYHAs
PErpecCUOHHOTO pabota
aHayu3a.

Hroro mo 4 cemectpy 8 8 56 Dk3ameH (36)
OYHO-3AOYHASA ®OPMA OBYYEHMUA
Ne KosmmuecTBo yacoB Ha
n/m npakTudyeckue | jaboparo dopma
Tema CaMOCTOSITEN
JEKIUU /ceMUHapCcKue pHBIE KOHTPOJIS
BHYIO paboTy
3aHSTUS 3aHSATUS
Cemectp 1

PA3JIEJI 1. JIuneiinas ajaredpa ¢ 3JileMEeHTAMH AaHAJTUTHYECKOI reoMeTpum

1 | Matpuiisl 1 2 2 12 Tect ACT
OTIpEACTUTEIIN.

2 | Cucremsl 2 2 12 IIPOBEPOYHAs
JTUHEHHBIX paboTta
YpaBHEHUM.

3 | DnemeHTHI 4 4 12 IIPOBEPOYHAs
MaTpPUYHOTO paboTta
aHalM3a.

4 | DnemMeHThI 4 4 12 IIPOBEpPOYHAs
aHAJIUTUYECKON pabota
T€OMETPHH.

AHanuTuyeckas
reoOMeTpHUs
Hroro no 1 cemectpy 12 12 48 3a4er




Cemectp 2

PA3/IEJI 2. Maremaru4deckuii aHaau3 u au¢epeHnuaibabie ypapHeHus. uddepenuuaibnoe
U MHTErpajibHOe HCYHMCICHHE.

5 | @ynkuus. [penen 2 2 11 IIPOBEpPOYHAs
U HENPEPBHIBHOCTD. pabota

6 | duddepenumponan 2 2 11 IIPOBEPOYHAs
ne QYHKIMH OTHOU pabota
IIEPEMEHHOM.

7 | OcHOBHBIE 2 2 11 IIPOBEpPOYHAst
TEOPEMBI pabota
muddepeHnnanTbHO
IO CYHCIICHHUSI.

8 | UccnenoBanue 2 2 11 IPOBEpOYHAs
GbyHKIMH C pabota
TTOMOTIIBIO
MTPON3BOJHOM.

9 | Oynkuun 2 2 19 IIPOBEPOYHAs
HECKOJIBKUX paborta
IepEeMEHHBIX.

10 | HeompeneneHHbII 2 2 31 IIPOBEPOYHAs
UHTErpal. paboTta

Hroro no 2 cemectpy 12 12 84 3a4eT
Cemectp 3

11 | OnpeneneHHBIN 2 2 16 MPOBEPOYHAS
WHTETpaI. paborta

12 | Iuddepennmansa 6 6 16 MPOBEPOYHAS
bI€ YpaBHEHUS. pabora

13 | Yucnosele u 4 4 16 MIPOBEPOYHAS
CTETICHHBIE PSJIBL. pabota

Hroro no 3 cemectpy 12 12 48 3a4eT
Cemectp 4

PA3JIEJI 3. Teopusi BeposiTHOCTEIA.

14 | Teopus 1 1 10 MIPOBEPOYHAS
BEPOSITHOCTEH. pabota
BepostHocTH
CIIy4JailHbIX
COOBITHIA.

15 | ITocnemoBareabHOC 1 1 6 MIPOBEPOYHAS
TH UCIIBITaHUH. pabota

16 | Cnyuaiinble 1 1 10 IIPOBEPOYHAs
BEJIMYUHBI. pabora
Hucnosslie
XapaKTepUCTUKU
JMCKPETHON U
HEIPEPBIBHOU
CIIy4aiHBIX
BEJIMYHUH.

17 | OcHOBHBIE 3aKOHBI 1 1 10 IIPOBEpPOYHAs
pacripeqieneHus pabora

CIIy4aiHBIX




BEITUYHH.

18 | Cucremsl 1 1 10 MIpOBEpOYHAas
CITy4aHbIX pabora
BEITUYHH.

Koppensauus n
perpeccust

19 | Cnyuaiinbie 1 1 6 IIPOBEPOYHAs
nporiecchol. Lenu pabora
MapxkoBa

20 | IlpenenbHbIC 1 1 6 MIPOBEPOYHAS
TEOPEMbl  TEOPUU pabota
BEPOSITHOCTEM.

PA3JIEJI 4. MaTemaTuveckasi CTAaTUCTHKA.

21 | Maremaruueckas 1 1 7 MIPOBEPOYHAs
CTaTUCTHKA. pabora

22 | CrarucTHyeckoe 1 1 8 MIPOBEPOYHAs
OIICHUBaHUE paborta
apaMeTpoB.

23 | Cratuctuveckas 2 2 8 IIPOBEPOYHAs
MIPOBEpKa T'MIIOTES. paboTta

24 | OcHOBBI 1 1 8 MIPOBEPOYHAS
pPErpecCHOHHOTO pabora
aHaJIn3a.

Hroro mo 4 cemectpy 12 12 48 Dk3amen (36)

4.2.  KPATKOE COAEPXAHUE JIJEKHMOHHOI'O KYPCA

1 cemecTp

PA3JIEJI 1. JIuneiinas ajredpa ¢ 3jieMeHTAMH AaHAJIUTUYECKO reoMeTpPHH.

Tema 1. MaTpuubl ¥ onpeaeJuTeId.

Marpunel. Onepauuu Hajg Bekropamu U Marpuuamu. Onpenenutenu. OnpenenuTend U ux
cBoiictBa. MuHOp u anrebpanueckoe [OMOJIHEHHE. PaznoxkeHue omnpeaenauTens IO CTPOKe
(cTonbiy). O6paTHas MaTpuiia. AJTOPUTM BBIYHCIEHUS 00paTHOM MaTpuiibl. PaHr mMarpuiipl.

Tema 2. Cucrembl JIMHEHHBIX aJIredpanyecKuX ypaBHeHU

Cucrembl TuHEHHBIX ypaBHeHHH. MeTon oOpatHoi Marpuiiel. @opmynel. Kpamepa. Meton
nocnenosarenpHbiXx uckimoueHud laycca. WccnemoBanue CJIY. Teopema Kponekepa-Kanemnu.
Cucrema JIMHEMHBIX OJHOPOIHBIX YpaBHEHU . DyHIaMEHTaIbHAsl CUCTEMA PEILICHU.

Tema 3. DjieMeHTBI MATPUYHOI0 AHAJIM3A.

OcHoBHbIE anreOpandyecKkue CTPYKTYphl, BEKTOPHBIE MPOCTPAHCTBA U  JUHEIHbIE
oToOpakeHus, OyneBbl anreOpbl. BeKTOpsl Ha MIOCKOCTH U B MpocTpaHcTBe. CHCTEMBbI BEKTOPOB.
JIunelinple omnepauuu Haj BekTopamu. CKalsipHOE TIPOM3BEACHHE BEKTOPOB. BekropHoe
npocTpancTBO. N - MEpHOE JTMHEHHOE BEKTOPHOE MPOCTPAHCTBO. PazmepHOCTh U 6a31C BEKTOPHOTO
npoctpancTBa. EBKiInmoBo mpocTpancTBo. JIuHeitHbie omepatopel ¥ Marpuilbl. CoOCTBEHHbIE
BEKTOPHI JMHEHHBIX omeparopoB. CoOCTBeHHbIe 3HaueHUs Marpuil. KsaapaTuunbie (HOPMBI.
KomniekcHeie uncna. KommiekcHble unciaa 1 MHOTOUJIEHBI.

Tema 4. DiaeMeHTHI aHAJIMTHYECKOH TreoMeTpHMH. AHAJINTHYECKAsi TIeoMeTpHs,
MHOTOMEpHasl €BKJIUJOBAa TeoMeTpusi, MuddepeHnnanbHas TeoMeTpuss KPUBBIX U MOBEPXHOCTEH,
AJIEMEHTBl TOMOJIOTHI. OJIEMEHThl AHAIUTHYECKOW TEeOMETPUM Ha TMPSMOM, IJIOCKOCTH U B
TPEXMEPHOM IPOCTPAHCTBE.

VYpasaenue ¢urypsl. OKpy>KHOCTh U 37nuIic. ['unep6osna u nmapabona. YpaBHeHUE MPsIMON



Ha IUIOCKOCTHU. YCJIOBHME MNapajUIE]bHOCTH U NEPHEHAMKYISIPHOCTH JBYX IpPSAMBIX. YpaBHEHUE
IUIOCKOCTU: 00lee M mapaMeTpuueckoe. YpaBHEHHE NpAMOM B mpocTpaHcTBe. AdduHHOE
npoctpancTBo. [IpsMbie u muockoct B apduHHOM TpOCTpaHCTBE. DIEMEHTH (PyHKINOHAIHLHOTO
aHanu3a. [loHaTHE rUNepIOCKOCTH. BBIMyKIibie MHOYXKECTBA U UX CBOMCTBA.

2 cemecTp.

PA3JIEJI 2. Maremarudeckuii a”anu3 u JupdepeHUUATbHbIE YPABHEHHS.
JuddepeHuuabHOe 1 HHTETPAJIbHOE HCYHCICHHUE.

Tema 1. ®ynxkuus. [Ipenes u HenmpepbIBHOCTD.

[Tonarue muoxectBa. Omeparuu Haj MHOXKecTBaMu. UuCiioBbIe MHOXecTBa. MHTepBai,
MOJIyUHTEpBaJl, OTpe30K. OrpaHMYeHHbIE MHOXKECTBA, BEPXHUE M HIWKHHUE TIPaHU YHCIIOBBIX
MHOECTB. AOcCOitOTHass BenuuuHa uucia. [loHsTHe OKpecTHOCTH TOUKH. DyHKIMOHAJIbHAS
3aBUCUMOCTb. ['paduku OCHOBHBIX 31eMeHTapHbIX (GyHKuM. IloHsTne ¢QyHKUMM U CcHOCOOBI
3amaHus. OcHOBHBIE cBolicTBa PyHKIMI. OOparHas QyHkiusa. CroxHas QyHKIUSA. DIeMeHTapHbIe
(GyHKIMU U UX cBOMCTBA. Teopust PyHKIUI KOMIIJIEKCHOTO IEPEMEHHOTO.

UucnoBas mocienoBarenbHOCTh. CBOWCTBAa YUCIOBBIX MHOXKECTB M IOCIIE€A0BATEIbHOCTEH.
[Ipenen mocnenoBaTeabHOCTH W €ro cBoiicTBa. CBOWCTBA CXOMSIIMXCS TOCIIEIOBATEIHHOCTEH.
JlemMma o aByx mmmironepax. Ooiue npaBuiia HaxoxaeHus npeaenos. [penen pynkuuun. [penen
u HenpepblBHOCTh (yHKiuu. HemnpepbiBHOCTH ¢GyHKIMH B TOuke. [noOanbHBIE CBOMCTBA
HenpepbIBHBIX (QYHKUUN. OpHocTopoHHHME mpenaensl. OOImMe MpaBuiia HAXOXKICHHUS TMPEAesoB
¢byHkuuu. 3amedartenbHble Tpenenbl. beckoHeuHO Manble U OeCKOHEYHO OoJbIine (YHKIHUU.
CpoiicTBa (YHKIMII HENMpephIBHBIX B TOYKE M Ha OTpe3Ke. DJIEeMEHThl Teopuu GYHKUUA U
(YHKIIMOHAIBHOTO aHAJIN3A.

Tema 3. [IndppepennupoBanme pyHKIUMH OHOM ITepeMEHHOM.

[TpousBognas u nuddepenmnuan. [Ipoussoanas GyHkuuu B Touke. [‘eoMeTpuyueCKuil CMBICIT
npou3BogHOU. [IpaBocTOpoHHSS M JIEBOCTOPOHHSAS MpousBoaHble. [IpaBuna auddepenmpoBanus.
[IpousBogHas cnoxkHoit (yHkuuu. [IponsBomHBIE OCHOBHBIX 3MIeMEHTApHBIX (yHKIUH. [loHsTHE
MPOU3BOAHBIX BBICHIUX MOPSIAKOB. OJIACTUYHOCTh W €€ CBOMCTBA. [€OMETpUYECKHI CMBICIT
JIACTUYHOCTH.

Tema 4. OcHOBHBIE TeopeMbl TU(PPepeHunATLHOT0 HCHUCTCHUS.

OcHoBHbIe TeOopeMbl 0 U depeHIUPYeMbIX GYHKIHIX U UX TPUTOKCHHUS.

Teopema depma u ee reomerpuueckuid cMmbici. Teopembl Pomns u Jlarpanmka U ux
reomerpuueckuid cMbicil. [IpaBuno Jlonurans. Bo3pacrtanue u yobiBanue ¢yHkiuu. JJoctarounsie
YCIIOBUSI MOHOTOHHOCTH (PYHKITHH.

Tema 5. UccienoBanue GpyHKIIMM € IOMOIIbIO POU3BOJIHOIM.

Bo3spacranue u yopiBanue QyHkmuii. JkctpemMyMm ¢GyHKIMUA. HanOoibliiee W HauMeHbIee
3HaueHuss QyHKIUH. Beimyknocts ¢yHkiuu. Touku nepernba. AcumMnToTsl rpaduka (yHKIHH.
O6mas cxema uccnenoBaHusl GYHKIUNA U TOCTPOEHHE TPaPHUKOB.

Tema 6. PyHKINH HECKOJIBbKHUX NepPeMEeHHbIX.

@YHKIMU HECKOJBKUX MEPEMEHHBIX, UX HENPEPBIBHOCTh. YacTHbIE MpUpALICHUS U YaCTHbIE
npousBoguble. uddepenuupyemocts DOHIL IlpousBogusie u auddepeHnnansl  QyHKIUR
HecKonbKUX nepeMeHHbIX. [lonubiii nuddepennuan. JuddepennmpoBanue caoxKHbBIX U HESIBHBIX
¢ynkimii. KacarenbHas MIoCKOCTh M HOpMallb K MOBepXHOCTH. [Ipon3BojHAs 1O HamMpaBIEHUIO.
I'paguent. IlpousBomnble M auddepeHLnanbl BHICIIUX HOPSAKOB. OKCTPEMyMBbl (YHKIHH
HECKOJIBKMX NIEPEMEHHBIX. YCIOBHBIN dKCTpeMyM. Meroa MHoxuTenen Jlarpanxa.

Tema 7. HeonpenejeHHbIN HHTErpaJl.

IlepBooOpa3Has ¢yHKIMS W HeoHpeaeneHHbIH uHTerpan. CBoiicTBa HEOINpeaeNeHHOIO
uHTerpana. VHTerpajibl OT OCHOBHBIX 3JIEMEHTapHbIX (yHKUMH. MeToa 3aMeHbl NepeMEeHHOH.
Meto MHTErpUpoBaHMsS MO 4YacTAMHU. VIHTerpupoBaHHE MPOCTEHIINX 3IEMEHTAPHBIX JAPOOEH.
WHTerpupoBaHne HEKOTOPHIX BUJIOB MUppalMoHalIbHOCTEN. VIHTErpupoBaHne TPUTOHOMETPHUUECKHUX
¢ynkimii. O6 UHTErpanax «HeOepyIUXCS» B AEMEHTAPHBIX (DYHKIUSX.

3 cemecTp

Tema 8. OnpenesieHHbIN HHTETPaJI.

Heompenenennsli u omnpeneneHHsld  uHTerpansl. MHrerpansHas cymma. Ilonstue



ONPENICTICHHOTO HWHTErpajia. leoMeTpudecKkuid CMBICI OIpeAesieHHOro uHTerpaiga. OCHOBHbIE
CBOICTBa ompeaeneHHOro wuHrerpana. OIpeneneHHbll MHTerpail ¢ I[EPEMEHHBIM BEPXHUM
npenenom. @opmyna Hertorona — JleiiOnwma. OCHOBHBIE METOJbI BBIYHCIICHUS OTPEACICHHOTO
MHTErpana: METOJ 3aMEHbl NEPEMEHHBIX, METOJ MHTErpUpOBaHUs O yacTsIM. lIpubnnxeHHbie
METO/Ibl BBIYMCIEHHUS OIPENEICHHOIO HHTerpajia. Bpluncienue miomaned U oObeMOB Tel C
IIOMOUIBIO OIpeesieHHoro uurerpaina. HecooctBennble nuTerpansl. HecoOcTBEHHBIE MHTETpAIBI C
OECKOHEUYHBIMH TIpeJeslaMi HHTErprpoBaHusi. HecoOCTBEHHBIE HMHTETpasibl OT HEOTPAHUYECHHBIX
¢bynkmii. CX0AMMOCTbh HECOOCTBEHHBIX HHTETpasioB. KpaTHbie HHTErpabl.

Tema 9. IndpdepenuuaibHbie ypaBHEeHUs.

[Monsitne muddepennmansHoro ypaBHeHus. JuddepeHnunanbHpie ypaBHEHUS TEPBOTO
nopsiika. Ilone nanpaBnennid. MuTerpanbubie kpuBble. 3agada Komu. Teopema cyiiecTBoBaHUS U
eIMHCTBEHHOCTH. JIY mepBoro mopsaka: ypaBHEHUS C pa3JIeISIIOIIMMUCS TepEeMEHHBIMH,
OJTHOpPOJIHBIE, JIMHEHHBIE M B MOJNHBIX auddepennmanax. Jluneitnole nuddepennuaibHbIe
YpaBHEHHUS C MOCTOSHHBIMU KodpduiueHnramu. CTpykrypa obiiero pemieHus. MeTtoj Bapuanuu
MIPOM3BOJBHBIX NMOCTOSHHBIX Jlarpanxka. /1Y Beicmiux mnopsakoB. Cuctemsl TuddepeHInanbHbIX
YPaBHEHUM.

Tema 10. YUncJioBble U cTeNeHHbIE PSI/AbI.

YucnoBoit psim u ero cymma. IlocnmemoBarensHOocTH W psanbl. HeoOxoammoe ycmoBue
cxomqumoctu. CBoicTBa cxonsdmuxcsi psjaoB. JlocTaroyHble MPU3HAKKA CXOJUMOCTH DSIOB C
MOJIOKUTENBHBIMU WJIEHAMH: NpU3HaK cpaBHeHMs, [lanmamOepa, mHTErpanbHbI NpusHakK. Psaabl c
MIPOM3BOJIBHBIMU WI€HAaMHU. AOCONIOTHAs U YCJIOBHAs CXOAMMOCTh. 3HAKOYEPEAYIOIIHECS PSIbl.
[Tpuznak JleiOHMIIA CXOAUMOCTH 3HAKOUYEPEAYIOIUXCs psiioB. OYHKIMOHANBHBIA pAl U 00nacTh
ero cxonumocTh. CreneHnble psabl. Teopema Abens. Paguyc v nHTepBaia CXOJAUMOCTH CTEIEHHOTO
psana. ['apmonmdeckuii ananus. Psag Teitnopa. Pa3noxxenue snemMeHTapHBIX (GYHKIHMA B CTETICHHON
pan.

4 cemecTp

PA3JIEJI 3. Teopusi BeposiTHOCTeil

Tema 1. Teopusi BepositHocTeil. BeposiTHOCTH c/1y4yaiiHbIX COOBITHIA.

OcHOBHBIE TOHATHS TeOpuHM BeposTHOCTe. CrydailiHpie coObiTHs. [Ipeamer Teopuum
BeposiTHOCTel.  CrmydaiiHple  coObiTHs. OTHOCHTENBbHAs  4acToTa. OMIMPUYCCKUA  3aKOH
YCTOMYMBOCTH OTHOCUTEIBHBIX 4acToT. IIpocTpaHcTBO 3nmeMeHTapHbIX HCX010B. CiydaiiHble
COOBITHS U OTIepaIH HAJl HUMH.

Krnaccuueckoe u TreoMeTpuyecKkoe ONpeAeNieHUE BEpPOSTHOCTH CIYyYalHOro COOBITHSL.
Yacrora u BepossTHOCTb. OCHOBHBIE (POPMYJIBI ISl BBIYHUCICHHS BEpOSATHOCTEH. BeposTHOCTHOE
npoctpancTBO. CBOKCTBA BEPOSITHOCTEH. YCinoBHasE BeposiTHOCTh. Dopmynna ymHOkeHus. Dopmyna
nosnHo BepositHocth. Popmyna baiieca.

Tema 2. [TocaenoBaTe ILHOCTH HCIILITAHUIA.

HesaBucumocts coObituii. IloBTopHBIE He3aBucuMble ucHbiTaHusi. Cxema bepHymiu.
Q®opmyna bepnymu. I[Ipenensnubie Teopembl Ilyaccona u MyaBpa-Jlamaca. 3aBucumbie
WCIIBITAHUA.

Tema 3. Coayuaiinble BeJUYMHBbL UYHNC/I0BbIe XAPAKTEPUCTHKHU [JMCKPETHOH M
HeNnpepbIBHOM CJIy4YailHbIX BETHYHH.

CnyyaitHbple BEeIMUMHBI U COCOOBI UX omucaHus. [luckpeTHas ciydaiiHas BenwuuHa. Psin
pacnpenencHus. OyHKIMS paclpeneneHuss U ee cBoicTBa. HempepblBHas cilydaiiHas BEJIWYMHA.
[TnoTHOCTH BeposiTHOCTEH U ee cBoiicTBa. CBs3b ¢ (hyHKIMEH pacnpenesneHus.

UucnoBbie XapaKTEpUCTUKH TUCKPETHOU CITydyallHOW BENTMYMHBL. YHUCIOBBIE XapaKTEPUCTUKU
HENPEPBIBHOM CIIy4YalHOW BEIWYMHBL. MareMaTuyeckue OXHUJIaHUE M JUCIEPCUsl CIIy4anHOU
BETUYMHBI W WX CBOHCTBAa. MOMEHTHI cCiay4aiHbIX BenuuuH. KosddummeHt Bapuanuu u
aCCUMETPUH, IKCLECC.

Tema 4. OcHOBHBIE 3aKOHBI pacnpeeeHUs CIyYalHHbIX BeTHYHH.

HopmanbHblit 3ak0H pacrpeneneHus. 3aKOH paclpe/iesieHus] BEpOsTHOCTEH It GYHKIUH oT
M3BECTHBIX CIy4yallHbIX BEIMYMH. BakHeille craniapTHble pacpeeieHUs] U UX XapaKTePUCTUKU:
o6unomuHanbHoe, [lyaccoHa, reoMeTpudeckoe, paBHOMEpHOE, MokazaTenbHoe. HopManbHblil 3akoH



pacripenenenus. OCHOBHBIE CBOMCTBa HOPMAJIBHOTO 3aKoHa pacrpeneneHus. Jlorapupmuaecku
HOpMaJIbHOE pacmpeneieHue. Pacnpenenenus, cBsi3aHHble ¢ HOpMaibHbIM: %2, CTblOAEHTA,
Qduepa.

Tema S. Cucrembl ciiy4aiiHbIX BeJTHYHH.

CoBMecTHOE pacnpesiesieHue CilydailHbIX BeauunH. OYHKIUS pacnpenesaeHus] U IUIOTHOCTh
JBYMEpPHOM  cilydalHOW Benu4MHbL.  He3aBucHMMOCTh  cioy4dalHBIX  BenuuumH. Kpurepuu
HE3aBUCUMOCTHU CIIy4ailHbIX BEJMWYMH. PacnpeneneHue cyMMbl HE3aBUCUMBIX CIy4alHbIX BEIHUYMH.
@opMynna CBEepTKH. YCIOBHBIE pacmpeneneHus. YciaoBHas ¢.p. ¥ IUIOTHOCTb. YCIIOBHOE
MaTeMaTUYECKOE OKHUJAHHUE M €ro CBOWCTBA. 3aBUCHMbIE CIydailHbleé BEJIMYMHBI. 3aKOH
pacnpeneneHuss BeposSTHOCTEN JUIsl (PYHKIMI OT M3BECTHBIX ClIydalHbIX BenuuuH. KoBapuanus u
ko3¢ ument koppemsaunu. Koppensuus u perpeccus.

Tema 6: IlpenenbHbIe TeOpeMbl TEOPUH BEPOSITHOCTEIA.

Hepasencto UebnimeBa. 3akon Oosbiux urcen u ero ciencraue. 3bU B hopme Uebnimea
u bepaymiu. Ocobast posib HOpMaAJIBHOTO paclpeie/ieHus: HeHTpaIbHas NpeAebHas Teopema.

PA3JIEJI 4. MaTemaTuveckasi CTATUCTUKA.

Tema 1. Maremaru4yeckasi CTaTHCTHKA.

OcHoBHbIE IOHATHA U 337]a41 MaTeMaTUYECKONW CTaTUCTUKH.

I'enepanbHasi COBOKYNHOCTh U BbIOOpKa. BapuanuoHHbBI psin. OMmupuueckas (QyHKIUS
pacnpeaenenus. Craructuka. [lomuron yacToT u rucrorpamma. BeiOopouHble XapakTepUCTUKU U UX
pacnpenenenue. CraTucTuku, uMmeromue pacnpeaeneHuss y2, Creionenta, Dumepa. Jlemma
dwuepa.

Tema 2. CraTucTHYECKOE OLIECHUBAHHE IAPAMETPOB.

Toueunsle M UHTEpBaJbHbIE OLEHKU. TOUEUHBIE OLIEHKM HEU3BECTHBIX IapaMeTpoB
pacnpeneneHuii. HecMmeleHHOCTb, COCTOATENBHOCTh, 3()(YEKTUBHOCTH TOYEYHBIX OLEHOK.
BeiOopouHble cpenHee M aucHepcHsl Kak OLEHKH. MeToj MOMEHTOB M METOJ] MAaKCHMaJIbHOTO
npasgononoous. MHTepBaibHble OLEHKU. JloBepuTENbHBIE HHTEpBaIbl I MAaTEMaTHYECKOIo
OXKUIAHUA U JUCIIEPCUU HOPMAIILHO PACIpPEAEICHHOM IeHEpalbHON COBOKYITHOCTH.

Tema 3. CraTucTHYeCKAs POBEPKA TMIIOTE3.

OcHOBHBIE TIOHATUSA TEOPUM MpPOBEpKH runore3. IIpoBepka rumores o paBeHCTBE
MaTeMAaTUYECKUX OXKUAAHUN U nucnepcuid. [IpoBepka runoressl o Buae pactpenenenus. Kpurepuu
ITupcona, KommoropoBa, Mmuseca. Craructuueckue MeToJbl 00pabOTKM HKCIEPUMEHTAIBHBIX
JAHHBIX.

Tema 4. OCHOBBI perpecCHOHHOI0 AHAJIHU3A.

Koppensuusa u perpeccusi. Kpusbie perpeccun. Jluneitnas perpeccus. Metoa HaMMeHbIINX
KBaJ[paToB. BeiOOpoUHOE ypaBHEHME TMHEHHON perpeccun. MHOXKeCTBEHHAs JIMHEHHas perpeccusl.
Henunelinasa perpeccus. KoppensnnoHHoe OTHOILIEHUE U €ro CBOMcTBAa. MaremaTnueckue MeTozbl
IIPUHSATHS PELLICHHUS.

4.3. TEMATHKA NPAKTUUYECKHUX 3AHATHUI

1 cemecTp

Pasnen 1. JIuneiinas aaredpa ¢ 3J1eMeHTAMM aHAJIUTHYECKOH reOMeTPHUH.

IIpakTuuyeckas padora Nel. OcHOBHBIE OlNepalluy HaJl MaTPULIAMH.

IIpakTnuyeckas padora Ne2. Beruucienue onpenenurene.

PaznoxeHue onpeaenuTenelt o aeMeHTaM CTPOKH (CToIONna)

IIpakTnueckas padora Ne3. O6parHas MaTpuLa.

IIpakTuuyeckas padora Ned. Pemenue cuctem nuHeiHbIX ypaBHeHu Meton Kpamepa
IIpakTuuyeckas padora Ne5. Pemienue cucteM NTMHEHHBIX ypaBHEHUH. MeTo1 00paTHOM MaTpPHUIBL.
IIpakTuueckas padora Ne6. Pemenue cuctem JIMHEHHBIX ypaBHeHUil Metox I'aycca. Teopema
Kponekepa-Kanemnu.

IIpakTuyeckas padora Ne7.-9. DneMeHTbl MaTPUYHOTO aHaNM3a. BEKTOpHI U onepaluu HaJl HUMH.
BexropHble IpOCTpaHCTBA, JIMHEWHBIE TPOCTPAHCTBA. DJIEMEHTHI aHATUTUYECKON T€OMETPUH.
IIpaktuueckas padora NelO. Ananutuyeckas reoMeTpuss Ha mIockocTH. CrocoObl 3amaHus



MPSAMOM Ha MJIOCKOCTU. B3anmMHOE pacIionoxkeHue npsMbiX.

IIpakTnueckas padora Nell. AnanuTuueckas reomeTpusi Ha IUIocKkocTu. KpuBble BTOpOTO
MOPsIZIKA.

IIpakTuyeckas padora Nel2. Ananutuueckasi reOMETpuUsi B IPOCTPAHCTBE. 3a/laHHE TUIOCKOCTH B
IIPOCTPAHCTBE.

IpakTuyeckas padora Nel3. AnanuThyeckas reoMeTpusi B MPOCTPAHCTBE. 3aJaHUE MPSMOU B
IIPOCTPAHCTBE.

IIpakTuyeckass padora Neld, Ananmuruueckass TeoMeTpus B TMPOCTpaHCTBE. BiammHoe
PacrosokKeHHE MPSIMbIX U IIJIOCKOCTEHN B MPOCTPAHCTBE.

IIpakTnueckas padora NelS. [loBepxHocTH BTOpPOro nopsjxa.

IIpakTuyeckas padora Nel6. [IpoBepounas padora.

2 cemecTp

Pasnen 2. Marematudeckuii ananu3 u (uddepennuaibubie ypapuenus. {udgdepenuuannnoe
U MHTerpajibHOe HCUMCIIeHHe.

IpakTuueckas padora Nel-3. Dynkuwms, cBoiicTBa ¢GyHKIHH. HempepbIBHOCTH (QyHKIHU.
Brruucnenue npenenoB GyHKIMMA.

IpakTuueckas padora Ned-6. JluddepenunpoBanne GyHKIUN OJHON NepeMeHHOH. Brruncnenne
MPOU3BOAHBIX. PUZUYECKUI U TEOMETPUYECKHI CMBICT TPOU3BOIHOM.

IIpakTuyeckass padora Ne/. OcHoBHBIE Teopembl AuddepeHImaiIpHoro ucurnciaenus. [Ipasuino
Jlonurans.

IpakTuueckas padora Ne8-9. I[IpumeHeHHWe TNPOWU3BOAHOW K UCCICNOBAHUIO (QYHKIUH W
MOCTPOEHUIO TPAPHUKOB.

IpakTuueckas padora NelO-12. OyHKIMM HECKOJIBKUX TEpEMEHHBIX. YacTHBIE MPOW3BOJIHBIC
OHII. Dxcrpemym @HII. YcnoBHbIN s3kcTpemyM. Meton MHOkuTeneln Jlarpanxa.

IIpakTuyeckasi padora Nel3. Brruncnenue muTerpanoB. OCHOBHBIE METOJbI MHTETPUPOBAHMS
HEOMPEIETICHHBIX UHTETPajIoB. MeTo 1 3aMEHbI TIEPEMEHHOM.

IIpakTHyeckasi padora Nel4. Beruncinenrne nHTErpasoB. MeTo 1 MHTETPUPOBAHUS 10 YACTSIM.
IIpakTuyeckasi padora Nel5. Berumcnenne wuHTEerpanoB. HHTerpupoBaHue parmoHaIBHBIX
npooeii.

IIpakTHyeckasi padora Nel6. Breruncnenue nnrerpanoB. HTerpupoBaHue TPUTOHOMETPHUUSCKHUX
(hyHKIUH.

3 cemecTp

IpakTHyeckasi padora Ne 17-18. OnpenencHusiii uHTErpail. [ coMeTpuyeckue mpuoKeHusI.
IpakTHyeckasi padora Nel9. HecoOCTBEHHBIEC HHTETPAIIHI.

IpakTuyeckasi padora Ne20. Kparasie unTerpainl. [ eomeTpuieckue MpuiaoKeHUS.
IIpakTnyeckass padora Ne21-22. Jludbdepenunansubie ypaBHeHHs. VHTerpaiabHble KpUBBIE.
[Mopsinox auddepenmanbHoro ypaBHeHus. Pemenue auddepeHIuanbHbIX YpaBHEHUN IEPBOTO
nopsifKa. YpaBHEHUS € pa3AeISIOIIUMUCS IEPEMEHHBIMHU.

IIpakTnyeckas padora Ne23-24. Pemenue auddepeHMaIbHbIX YpaBHEHUI MEPBOrO MOPSJIKA.
OpHOpOIHBIE U JINHEWHbIE YPABHEHMUS.

IIpakTnyeckas padora Ne25. Pemenne nquddepeHnnanbHbIX ypaBHEHU BTOPOTO MOPSIKA.
IIpakTuueckas padora Ne26-27. Pemenune nuddepeHIMaIbHbIX YpaBHEHUI BTOPOTo MHOpsKa.
JIuHeiltHble ypaBHEHUS (OIHOPOAHBIE U HEOHOPOAHBIE).

IIpakTnuyeckas padora Ne28. Penienue cucrem nuddepeHnaibHbIX ypaBHEHNH.

IIpakTuueckas padora Ne29-32. UucnoBble M cTeneHHble psabl. MccienoBaHue psjoB Ha
cxoauMocTb. Paznoxenue QyHkuuit B creneHHOM pan. [IpumeHenue psiioB K HpUOIMIKEHHBIM
BBIYUCIICHUSIM.

4 cemecTp

Pasgen 3. Teopusi BeposiTHOCTEIA.

IIpakTuueckasa padora Nel-2. Knaccuyeckoe omnpeneneHue BepoATHOCTH. [eomeTpuyeckue
BEpPOSITHOCTH. POPMYIIBI CIIOKEHUS U YMHOXKEHHUSI BEPOATHOCTEH. YcioBHas BEposITHOCTh. Dopmyna
nojaHo# BepositHocTH. Dopmyna baiteca.

IIpakTuuyeckas padora Ne3. Vcnsiranus bepaymu. [penensHbie Teopemsl B cxeme bepryrmu.



IIpakTnueckas padora Ned-5. JluckperHas ciyyailiHas BenudyuHa. OyHKIMS paclpeieeHus U ee
ceorcTBa. HemnpeppiBHas ciydaiiHass BenuunHa. UYHMCIOBBIE XapaKTEPUCTHKU JHUCKPETHOU
CIIy4aiiHOM BeIWYHHBI. YHCIOBBIE XapaKTEPUCTUKU HENPEPBIBHOM CIIy4aiiHOW BEJIMUUHBI.
IIpakTuyeckas padora Ne6-7. HopmanbHblii 3aK0H pacripenencHus. BaxHeimune ctanaapTHbie
pacnpeneneHuss M UX  XapakTepUCTHKU: OumHOMMHanbHOe, Ilyaccona, reomerpuueckoe,
paBHOMEpHOE, MoKa3aTesibHoe. OCHOBHBIE CBOMCTBa HOPMAJIBHOTO 3aKOHA PACIIPE/ICICHHUS.
IpakTuyeckas padora Ne8-9. CoBmecTHOE pacrpeneneHHe CIy4alHBIX BeMWYHH. DYHKIUSA
pacnpeneneHuss U IUIOTHOCTh JBYMEpPHOM cilydaiiHOM BenuuuHbl. KoBapuamms u ko3¢dduuueHT
koppensauuu. Koppensus u perpeccus.

PA3JIEJI 4. MaTemaTuveckasi CTAaTUCTHKA.

IpakTuuyeckas padora NelO. I'enepanbHas COBOKYMHOCTh M BbIOOpKa. BapmanmoHHBIH psij.
OMmnupuueckas pyHKus pacrpenenenus. [1oguron 4acTor u ructorpaMma.

IpakTuueckas padora Nell-12. TodeuyHble U WHTEPBAIBHBIC OIEHKH HEM3BECTHBIX MapaMETPOB.
MeTtoa MOMEHTOB METO/1 MAaKCUMAJIBHOTO MPaBJ0I0100us.

IIpakTnyeckas padora Nel3-14. TIpoBepka runores 0 paBeHCTBE MAaTeMaTHUYECKUX OXHUIaHUN U
nucriepenid. [TpoBepka runoressl 0 BUAE pacupeieCHuUs.

IIpakTuyeckas padora Nel5-16. BeibopouyHoe ypaBHeHHe THMHEHHON perpeccun. Hemuneitnas
perpeccusi. KoppeisimoHHoe OTHOLIEHHE.

5. IIEPEYEHb YYEBHO-METOANYECKOI'O OBECIIEYEHUSA J1JIsA
CAMOCTOSTEJABHOMN PABOTHI OBYYAIOIIINXCSH

5.1 OcHoBHas JuTEpaTypa

boromomos,  H. B. Maremarnka :  y4eOHuk mis By3oB/  H. B. Boromoios,
I1. U. Camoiinenko. — 6-e u3md., mepepad. u mon. — Mocksa : UsnmarensctBo [Opaiit, 2024. —
400 c. — (Bwicmiee oOpazoBanue). — ISBN 978-5-534-20141-3. — Tekct : 37€KTpOHHBIA //
Oo6pazosarensHas miardopma KOpaiit [caiit]. — URL: https://urait.ru/bcode/581540.

I'mcun, B.b. Maremaruka. Ilpaktukym : yueOnmk mus  By3oB/ B. b. I'mcun,
H. III. Kpemep. — Mockaa : U3narensctBo FOpaiit, 2024. — 204 ¢. — (Bricmiee oOpa3oBanue). —
ISBN 978-5-9916-8785-0. — Texkct : anekrponHsii / ObpazoBarenpHas miargopma FOpaiit [caiT].
— URL.: https://urait.ru/bcode/560803

Boromonos, H.B. Maremarnka. 3amgaus ¢ pemIeHUsIMHU . yUeOHHK JUIsl  By30B /
H. B. boromonoB. — 2-¢ u3a., mepepadb. u gom. — Mocksa : M3marenscTBo [Opaiit, 2024. —
755 c. — (Boicmiee o6pazoBanue). — ISBN 978-5-534-16210-3. — Tekcr : 21eKTpOHHBIA //
OopazosarensHas miardopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/568498

5.2 JlonoJHUTE/IbHAS JIUTEPATYypa

Beuromog, E. M. Maremaruka: JIOriKa, MHO)KECTBA, KOMOMHATOPHKA : Y4eOHHK ISl BY30B /
E. M. Beuromos, /I. B. [llupokoB. — 2-¢ wu3n. — Mocksa : M3marensctBo IOpaiit, 2024, —
176 c. — (Beiciiee oOpazoBanue). — ISBN 978-5-534-19122-6. — TekcT : 2JIEKTpOHHBIN //
O6pazosarensHas miardopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/563780

Xopomunosa, E. B. Beicuias maremaruka. JIeKIMH W CeMUHApHI : YYeOHUK sl BY30B /
E. B. XopommnoBa. — MockBa :  WznarensctBo  FOpaiit, 2024, — 452 c. — (Bsicuiee
oOpaszoBanue). — ISBN 978-5-534-10024-2. — Tekct : onexkrpoHHbl // OOpa3zoBarenbHas
miardopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/565354

5.3. Pecypchl nHGOpManMOHHO-KOMMYHUKALMOHHOM ceTH « MHTepHeT»

Anpec UnTepHeT pecypca HasBanue uTepHeT pecypca Pexum noctyma

UnTepHeT-yHUBEpCUTET HHPOPMALMOHHBIX

o CB00OOIHBIN
TEXHOJIOTU I

http://intuit.ru/



http://intuit.ru/

Caiit xxypHana «BecTHUK KOMIIBIOTEPHBIX

http://vkit.ru/ . CBOOOIHEIH
¥ HHOOPMAIIHOHHBIX TEXHOIOTHID»
CBoOomHast o0mienocTymnHas
http://ru.wikipedia.org/. MYJIbTHS3bIYHAS YHUBEPCAIbHAS HHTCPHET- CB00OHBII

OHIUKIIOIICOAW A

6. METOOAUYECKHUE YKA3AHUSA JJISA OBYYAIOLIUXCA

Jucnunnuaa «MaremaTruka» U3ydaeTcss B TEUEHHE YeThlpex cemecTpoB. llpwm
IUTAHUPOBAaHUM U OpraHM3all BpEMEHH, HEOoOXOJMMOro Ha U3yuyeHue OOydaromumcs
JUCLMIUIMHBL, HEOOX0IUMO MPHUIEPKUBATHCS CIEAYIOIINX PEKOMEHIAIUil.

B nepuox Mmexay ceccusiMH CTYIAEHTHl JOJDKHBI BECTH KOHCIIEKT JIEKIMH, H3ydaTh
TEOPETUYECKUI Marepual B COOTBETCTBUM C IPOrpPaMMOM Kypca, BBINOJHATH IPEAJIOKEHHBIE
MpernojaBaTesieM 3aJaHusl Ul CaMOCTOSITENIbHON pabOThl, TOTOBUTHCS K Clladye 3aueTa U HK3aMeHa,
npopabaTeiBasi HEOOXOIUMBINM MaTeprall COTJIACHO NEPEYHIO BOIIPOCOB Ui MOJATOTOBKHU K 3a4eTy U
9K3aMEHY U CIIUCKY PEKOMEHJOBAaHHOM JIUTEPaTyphI.

Brinosinenue nabopaTopHbIX pabOT OTHOCUTCS K UHCTY 00s13aTenbHBIX BUAOB padoT. [lepen
BBITIOJIHEHHEM pabOThl HEOOXOIMMO BHHUMATEIbHO O3HAKOMUTHCS C TEOPETUYECKHM MaTepUajioM,
MIPE/ICTaBICHHBIM B METOJIMYECKHX yKa3aHUSAX K COOTBETCTBYMOIIEH jabopaTopHoil pabote. Ilpu
HEO0OXOJIMMOCTH MOKHO BOCIIOJIb30BAaThCsl PEKOMEHIyeMOM juTeparypoil. B xozae BbINOJHEHUS
paboThl HEOOXOAMMO PYKOBOJICTBOBATHCS TMOPSAKOM BBITIOJIHEHHs J1ab0paTOpHOM pabOThI M
yKa3aHUsMM [IPENojiaBaTelis, PU 3TOM JOJIKHBI COOJIOAATHCS MpaBHa TEXHUKH OE30MaCHOCTH.
Pe3ynpTaToM BBINOJIHEHUST pabOTHI SIBJISAETCS OTUYET, KOTOPBIA JHOJIKEH ObITh aKKypaTHO 0(OpMIIEH
U BBIIIOJIHEH B COOTBETCTBUH C TPEOOBAaHUAMMU, IPUBEAEHHBIMU B METOINUYECKUX YKa3aHMSIX.

B ykazanHoe mpenosaBareneM BpeMs OOydarolvecs 3allMINAaoT OTYEThl. 3aliura
IIPOBOJIUTCS B BUJIE COOECEOBAHUS IO KOHTPOJBHBIM BONPOCAM, NMPUBEICHHBIM B METOJNYECKUX
ykazaHusax. Kpome Toro, npenogaBaTesb MOKET 3aJaBaTh JOIOJHUTEIBHBIE BOIIPOCHI, KACAOIIUECS
pe3yJIbTaTOB JKCIEPUMEHTA, BBIBOJOB IIO pe3ysbTaTaM oOnbelToB U T.I. K mnpomexyrouHoiu
aTTeCTallud JOIYCKAlTCsl OO0ydaroluecs, BBINOJHUBIIME BCe JIaOOpaTopHbIe paboThl U
3alIUTUBIIME OTYEThl MO HUM. lIpum HanMuuM 3a70KEHHOCTH IO J1abOpaToOpHBIM paboTaM, IO
COIJIACOBAHUIO C IIPEIoiaBaTesIeM, BO3MOXKHA 3aMeHa paboThl [0 BBINOJIHEHHUIO OTYeTa Ha pedepar
10 TEME COOTBETCTBYIOLIETO JIAOOPATOPHOIO 3aHATUS € IOCIEAYIOIIEH ero 3auToMn.

B TeueHnme cemecTpa M BO BpEMS CECCUM OCHOBHBIM BHMJIOM IIOATOTOBKH SIBIISIOTCS
caMoCTOsATeNIbHbIE 3aHATHSA. OHM BKJIIOYAIOT B ce0s H3ydeHHE BOIPOCOB, BBIHECEHHBIX Ha
CaMOCTOSITEJIbHOE H3y4eHHEe, O(OpMIIEHHE OTYETOB IO JIAOOPATOPHBIM paboTaM, a TaK Ke
IIOATOTOBKY K IIPOMEXYTOUHOM aTTecTaluu

Cucremarnueckass paboTa B COOTBETCTBHMM C IPOTPaMMOM JUCLMIIMHBI — YCJIOBUE
YCIIELITHOTO OCBOEHUS MaTepHala.

MeToauueckue PEeKOMEHAAIINH 110 Oﬁyqumo JIMII ¢ OrPAaHUYCHHBIMH

BO3MOKHOCTHMMU 310POBbH U HHBAJIUA0B

OcBoeHue AUCHUIUIMHBI OOYYarOIUMHUCS C OTPAaHUYEHHBIMHU BO3MOXHOCTSIMM 370POBBS
MOKET OBITh OpPraHM30BAaHO KaK COBMECTHO C JAPYIMMH OOy4aroIIMMHUCS, TaK M B OTHENbHBIX
rpynnax. [Ipeamnonaratorcs crienuanbHble YCIOBUS A HOJIy4eHUs: 00pa3oBaHus 00YJarOUUMHUCS C
OTpaHMYEHHBIMHA BO3MO>KHOCTSIMH 3710POBBSL.

IIpodeccopcko-nienarorndyeckuif  coCTaB 3HaAKOMHUTCS C  IICHXOJIOT0-(hM3HOJIOTHIECKUMHU
0COOEHHOCTSIMH O0YYarOIIUXCs UHBAIMJIOB U JIMIl C OFPAaHUYEHHBIMH BO3MOXHOCTSIMH 370POBBS,
WHAUBUIYAIbHBIMM ~ [pOrpaMMaMM  peaOWiInTalud  UHBAIMAOB  (npu  Hamuuuu). [lpu



http://vkit.ru/
http://ru.wikipedia.org/

HEOOXOJMMOCTH OCYIIECTBIISIETCS JOMOJHHUTENbHAs TOJJIEpPKKAa MPENoJaBaHUS ThIOTOPaMH,
MICUXOJIOTAaMH, COLMAIIBHBIMU PA0OTHUKAMH, TPOILIEAIIMMHU MOJI'OTOBKY aCCHCTEHTAMH.

B cootBercTBHM C METOOMYECKHMMH peKOMeHmanusMu MuHoOpHaykun P® (ytB. 8 ampens
2014 1. N AK-44/058H) B Kypce mpeanoJyiaracTcsi HCIOJIb30BaTh COLUATBHO-aKTUBHBIC H
pedekcuBHBIE METOJbl OOy4YeHHS, TEXHOJOTHUH COLMOKYJIBTYPHOH pEadMIUTALUU C IEINbI0
OKa3aHHs IOMOLIM B YCTAHOBJIEHUU IIOJHOLIEHHBIX MEXJIMYHOCTHBIX OTHOILIEHUH C JpYyruMHu
CTYIACHTaMM, CO3JaHMU KOM(OPTHOIO IICHUXOJOIMYECKOr0 KiIUMaTa B CTYAEHUYECKOM Tpymie.
[TonGop u pa3paboTKa yueOHBIX MAaTEPUATIOB MPOU3BOIATCS C YIETOM MPEJOCTaBICHUS MaTeprasa
B pa3IM4HbIX (opMax: ayAuaIbHOU, BU3yalbHOW, C UCIIOJIb30BAHUEM CIIELUAIBHBIX TEXHUUECKUX
CpeAcTB U MHPOPMAITMOHHBIX CUCTEM.

Menuamarepuanpl  TakKe ClEQyeT MCIONb30BaThb W QJalTUPOBaTh C  Y4ETOM
WHIUBUAYAJIbHBIX 0cOOeHHOCTeN 00yueHus nun ¢ OB3.

OcBoenne muctumumHel gunamu ¢ OB3 ocymiecTBisieTcs ¢ HMCHOJIb30BAaHUEM CPEJICTB
oOyueHuss 0OIIEro M CHENMAJbHOTO Ha3HAuYeHUs (MEPCOHATBHOTO U KOJUIEKTUBHOTO
WCIO0JIb30BaHUsA). MarepHuanbHO-TEXHUUECKOe OOecleueHne IMpeaycMaTpuBaeT IpUCIocoOIeHne
aynutopuit k Hyxknam jui ¢ OB3.

®dopma npoBeAeHUs aTTECTAllMU JJIs CTYJAEHTOB-WHBAJIUIOB YCTAHABJIMBAETCS C Y4ETOM
WHJIMBHUAYAIBHBIX TCUX0(U3nIecKkux ocodoeHHocTer. s crynentoB ¢ OB3 mpemxycmarpuBaercs
nocTynHas (opma npeaocTaBiIeHUs 3alaHui OLIEHOYHBIX CPEJICTB, 8 IMEHHO:

e B IEYaTHOM WJIM DJIEKTPOHHON Qopme (Uid JHIl ¢ HapyLIEHUSIMU OIMOPHO-IABUTAaTEIHHOIO
ammapara);
e B IIeYaTHOM popme UK AEKTPOHHON opMe C YBETUUEHHBIM MIPUPTOM U KOHTPACTHOCTHIO

(1751 UL ¢ HApYLIEHUSIMU CIIyXa, PEeUH, 3pEHHUs);

® METOJOM YTEHHUS aCCUCTEHTOM 3a/IaHus BCIYX (IUIsl JIUI[ C HAPYIICHUSIMU 3PCHMUS).

CryneHTaM ¢ WHBQJIWJHOCTBIO YBEIMYMBAETCS BpeMs Ha IMOATOTOBKY OTBETOB Ha
KOHTPOJIbHBIE BOMpOCHL. [l Takux CTYIOEHTOB HpeaycMaTpuBaeTcss JocTymnHas ¢opMma
MIPEeI0OCTABJICHUS OTBETOB Ha 33JaHUs, 3 IMEHHO:

® TMCHPMEHHO Ha Oymare Wjid HaOOpOM OTBETOB HAa KOMITBIOTEPE (AJIA JIUII C HAPYIICHUSIMH
clIyxa, peun);
e BBHIOOPOM OTBETA U3 BO3MOXKHBIX BAPHUAHTOB C UCIOJIB30BAHUEM YCIYT aCCUCTEHTA (AJIs JIUI]

C HapyILIEHUSIMU OTIOPHO-ABUTaTEIHHOTO amapara);

e yCTHO (47151 JIULI C HAPYLUICHUSIMU 3PEHHUS], ONIOPHO-JBUTATEIHLHOTO aIllapara).

[Ipn HeoOXoaMMOCTH [UIsi OOY4YalOUIMXCS C WHBATUAHOCTHIO MPOIEAYypa OLICHUBAHUS

Pe3yIbTaTOB 00YYEHHSI MOXKET MPOBOJUTHCS B HECKOJIBKO 3TAIOB.

7. IEPEYEHb HH®OPMALIMOHHBIX TEXHOJIOI UH,
INPOT'PAMMHOI'O OBECIIEYEHUSA 1 THO®OPMAIINOHHbBIX

CIHPABOYHbBIX CUCTEM
8.
Ilpy mpoBeieHHE 3aHATHH MO JAUCIUIUIMHE HCIIOIB3YIOTCS CIIEIYIOIIHE MPOTrPaMMHBIE
MIPOTYKTHI:
1. IIpoexTrop;
2. Windows (mis akageMudecKux opraHmsaiusx, gumensus Microsoft Imagine (panee

MSDN AA, DreamSpark);
3. Open Office (cBoboaroe I10).

9. HEOBXOIUMAS MATEPUAJIBHO-TEXHUYECKAS BA3A

AynuTtopus JUIs TIPOBEACHUS 3aHATUH JEKIIMOHHOTO THIA, 3aHITHI CEMHHAPCKOTO THIIA,
TPYNIOBBIX ¥ HWHAWBHUIYATbHBIX KOHCYIbTAIMM, TEKYIIETO KOHTPOJS M TMPOMEKYTOYHOH
arrectanuu (ayn. b —501).



[lepeyenb ocHOBHOTO 000OpynoBaHus: - oucHas mebens Ha 80 MecT, JeMOHCTpPAIIMOHHOE
oOopyznoBanue: 3kpat — 1 wT.; nmpoekrop — | mrr.; ITK — 1.

[Tomerenue as caMmocTosTebHOM padoThl (aya.5-609).

[Tepeuens obopymoBanus: oducHas mebenb Ha 20 mect, 9 TIK ¢ nocrtynom B MHTEpHET M
OUOC, pemMoHCTpallMOHHOE OOOpYyAOBaHUE: MPOEKTOp — | MIT.; 9KpaH, JOCKa yYEHUYECKas,
pabouee MecTo MPero1aBaTells.

Paspaborunk:
Kagenpa UuCY AOLEHT Kadeapbl O.10. PemHueBa
MuCy

(mecmo pabomut) (3aHuMaemast OONNHCHOCMb) (unuyuanvl, pamunus)
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1 IlepeyeHb KOMIETEHIMI ¢ YKa3aHHEM 3TANOB X ()OPMHPOBAHMSA B Ipolecce 0CBOCHUS
o0pa3oBaTe/IbHOM MPOrPaMMbl

OneHouHbIe CpeACcTBa pa3paboTaHbl Ui OIICHKU MpodeccuoHanbHbIx kKomneTenmuii: OITK-

1. INVIAHUPYEMBIE PE3YJIBTATBI OBYYEHUA 11O JUCHUIIJIMHE

[Imanupyembie pe3yabTaThl OCBOCHHS OCHOBHOM mpodeccHoHanbHON 00pa3oBaTenbHOM
nporpammsl (OITOIT) — koMneTeHuN 00yJarOIIUXCs ONMPEACTSIOTCS TPEOOBAHUSAMH CTaHAAPTA TI0
HaNpaBJICHUIO MOJATOTOBKU (CHEHHATbHOCTH) U (OPMUPYIOTCS B COOTBETCTBUM C MaTpulen
xomneteHiui OITOII (Tabnuma 2)

[Inanupyemble pe3ynaprarbl 0Oy4eHUs MO AUCLMIUIMHE — 3HAHUS, YMEHUs, HABBIKK U (WJIH)
OTIBIT JIESATEIILHOCTH, XapaKTEePU3YIOLIUE 3Tanbl (GOPMUPOBAHUS KOMIIETEHIIMI U 00ecrieunBatoIne
JNOCTH)KEHUE TNIAHUPYEMBIX pe3yJIbTaTOB OCBOECHHUSI 00pa30BaTeIbHOM MporpaMmbl, GOPMUPYIOTCS B
COOTBETCTBUM ¢ kKapTamu komnereHuui OITOIT.

Tabmuna 1
Ilnanupyemble pe3yjbTaThl 00yUeHHs MO TUCHUIIIMHE

Ko n HaumeHoBanue
KOMIIETEHIINHN

KO)I 1 HAMMCHOBAHUEC MHAUKATOpa JOCTUKCHUA KOMIICTCHIINN

OIIK-1. Cnoco6en mpumensats | OITK-1.1. [IpumenseT ecrecTBeHHOHAYYHBIE 3HAHUS B
C€CTCCTBCHHOHAYIHBIC 1 npodecCUOHaIBLHOM ACSITEIIBHOCTH

00IIenHKCHEPHBIC 3HAHUS,
METOJIl MATEMaTHIECKOTO
aHaJN3a U MOJICITUPOBAHUS,
TEOPETUIECKOTO H
IKCIIEPUMEHTAILHOTO
HCCIIEIOBAHUS B
npodeccruoHaTbHOM
JIeSTEbHOCTH;

2 Onucanune noka3arejieil U KpuTepueB OLEHUBAHMS KOMIIETEHIIHIA HA PA3JIMYHBIX dTANaX UX
(¢opmupoBanus, onucaHue KA1 OLleHUBAHUS

Pesynbrarel oOydenus no nucrumiinHe «Marematuka» HampasieHus: noarotoku 09.03.02
«MHDOpPMALIMOHHBIE CHCTEMbl M TEXHOJOTHHM» ONPEACIAIOTCA IOKa3aTeIsIMH M KPUTEPUAMHU
OIICHHBAaHUS C(HOPMHUPOBAHHOCTH KOMIIETECHIIMH Ha 3Tanax ux (OopMHpOBaHMS IPEACTABICHBI B
Taom. 2.

Tabmuna 2
Marpuiia cOOTBeTCTBHS OIIEeHOYHBIX CPEICTB 3aNJAHUPOBAHHBIM Pe3yJIbTATAM 00y4eHH sl

OueHounble cpeacTBa
Komnerenuuun

Texylmuin KOHTPOJIb [TpomexkyTOUHBIN KOHTPOJIb (3a4eT)

Onenounoe Onenounoe 3auer DK3aMeH
cpenctso 1 CpencTBo 2 (BOTIPOCHI K (BompoCHI K

(mpakTHyeckoe (mpoBepouHas 3a4yeTy) AK3aMEHY)

3aJIaHus) pabora)
OI1K-1 OIlK-1.1. OIlK-1.1. OIlK-1.1. OIlK-1.1.




IToxa3aTesin 1 KpUTEepHHU OLleHUBaHUS c()OPMHUPOBAHHOCTH KOMIIETEHIMIT (IIPOMEKYTOYHOTO
KOHTPOJIfAA)

Ha »srame mnpoMeXyTouHOW aTTecTallMd HUCIOJIb3YeTCs CHCTEMa OLEHKH YCIIEBaeMOCTHU
oOydarommxcs, KOTOpas TIO3BOJISICT MPENOAaBarTeIi0 OLEHUTh YPOBEHb OCBOEHHs MaTepuala
oOyuatormmmucs. Kpurepun oneHuBaHuS CPOPMUPOBAHHOCTH IUIAHUPYEMBIX  PE3yIIbTaTOB
oOy4deHus (IECKPUTITOPOB) IpeacTaBieHbl B kKapTe komrerernun OITOTT.

dopmMa OIIEHKH 3HAHUHU: OIEHKA - 5 «OTIMYHO»; 4 «XOPOIIO»; 3 «YIOBIETBOPHUTEIBHO»; 2
«HEYIOBIETBOPUTEIbHO».  JlabopaTtopHbie  paOOThI, NPAKTUYECKHE  3aHATHS,  IPAKTHUKA
OILICHUBAIOTCSA: «3a4€T», «HE3a4eT». BO3MOKHO HCIIONIb30BaHNE OAITEHO-PEHTHHTOBOM OLIEHKH.

IIkana oneHuBaHus:
«3aueT» — BBICTABIISETCS, €CIH C(POPMUPOBAHHOCTD 3asIBICHHBIX JIECKPUIITOPOB KOMIIETEHIMIA Ha
_51 % u Oonee OlLlEHUBAETCSI HE HUKE «YIOBIETBOPUTEIBHO» IPU YCIOBUHM OTCYTCTBUSI KPUTEPHS
«HEYIIOBIIETBOPUTEIBHO». BBICTaBIIseTCS, KOTAa OOYYaroIIMIACS TIMOKAa3bIBaET XOPOIIUE 3HAHUS
M3Y4YEHHOTO Yy4eOHOIro MaTepuaia; CaMOCTOSITENIbHO, JIOTMYHO M IIOCJElI0BaTeNIbHO H3Jaraer u
MHTEPIPETHUPYET MaTepuanbl y4eOHOTO Kypca; MOJHOCTBIO PACKPBIBAET CMBICH IPEIaraeéMoro
BOTIPOCA; BJIAJICET OCHOBHBIMHM TEPMHUHAMHU W TIOHATHSIMH U3y9EHHOTO Kypca; MOKa3bIBaeT yMEHHE
MEPEIOKUATH TEOPETHUECKUE 3HAHMS Ha MPE/IIOIaraeMblil MPaKTHYECKHH OTIBIT.
«OTIMYHO» — BBICTABISICTCS, €CIIA COPMHUPOBAHHOCTH 3aSBICHHBIX JECKPUIITOPOB KOMIIETEHITHIHA
85 % Oonee (B coorBercTBHM ¢ Kapramu komrmeteHIuii OITOIT) orneHuBaeTCsS KpUTEPHSIMH
«XOPOILIO» U «OTJIUYHO», MPH YCIOBUU OTCYTCTBHUSI OLICHKH «HEYOBJIETBOPHUTEIHHO»: CTYAEHT
MoKa3aJl TMPOYHbIE 3HAHWS OCHOBHBIX TIIOJIOKEHHH (aKTHYECKOTO Marepuana, yMEHHe
CaMOCTOSITENIEHO pellaTh KOHKPETHBIE MPAKTHUECKUE 3a7a4d MOBBIIIIEHHOW CII0KHOCTH, CBOOOIHO
HCIIOJIb30BaTh CIIPABOYHYIO JIUTEpPaATypy, JejiaTh 000CHOBAaHHBIE BBIBOJBI U3 PE3YJIbTaTOB aHAIN3a
KOHKPETHBIX CUTYaIIHii;
«Xopouo» — BBICTABISETCS, €CIU C(HOPMUPOBAHHOCTH 3asBJICHHBIX JAECKPUIITOPOB KOMIIETEHIIHUMA
Ha 61 % wu Gonee (B cooTBeTcTBUM ¢ KapTtamu komrereHnuii OITOIT) onieHnBaeTcsi KpUuTepusMu
«XOPOILIO» U «OTIAUYHOY, MIPHU YCIOBUH OTCYTCTBUS OLIEHKH «HEYIOBIETBOPUTEIBHOY, JOMYCKAETCS
OIICHKA «YIOBJIETBOPUTENIbHO»: OOyJaloONIMiicsl MoKa3all MPOYHbIE 3HAHUS OCHOBHBIX MOJIOMKEHHM
(haKTH4YECKOr0 MaTepuaia, YMEHHE CaMOCTOATENbHO pelllaTh KOHKPETHbIE MPAKTUYECKUE 3a]ayH,
MpeyCMOTPEHHbIE paboyuell MporpaMMoil, OpPUEHTHUPOBATHCS B PEKOMEHIOBAHHOM CIpaBOYHON
JTUTEepaType, yMeeT IPAaBUIIbHO OLIEHUTH MOJTY4YEeHHbIE Pe3y/IbTaThl aHaJIN3a KOHKPETHBIX CUTYAIIH;
«Y10BJIETBOPUTEIbHO» — BBICTABISETCS, €CIU CHOPMHUPOBAHHOCTH 3aSIBJICHHBIX JECKPUIITOPOB
xomnetreHiuid _ 51 % wu Gosee (B coorBeTcTBUM ¢ Kapramu kommereHnuii OITOII) onenuBaercs
KPUTEPUSIMH «YIOBIIETBOPUTEIIBHO», «XOPOLIO» U «OTIMYHO»: OOydaloIIMKCsS MOKa3aJl 3HAHUE
OCHOBHBIX MOJOKEHUN (PaKTHUECKOTO Marepualia, yMEHHE MOJYYHTh C MOMOIIbIO MpenogaBaTess
MPaBWJIbHOE PEIIeHHWE KOHKPETHOW MpaKTHYecKOo# 3ajadu M3 YHciia MpeayCMOTPEHHBIX paboueit
MIPOrpaMMOii, 3HAKOMCTBO C PEKOMEHI0BAaHHON CIPABOYHOI TUTEPATYPOIt;
«HeynoBnerBopureibHo» «He3auer» — BbICTaBIsETCS, €CIM CPOPMHUPOBAHHOCTH 3asSBICHHBIX
JECKPUIITOPOB KoMIeTeHnuii menee yeM 51 % (B cooTBeTCTBMM C KapTaMH KOMIETEHIIMN
OIIOII): mpu oTBeTe 00y4YaIOUIErOCs BBISBIIIMCH CYIIECTBEHHBbIE MPOOEThl B 3HAHUSAX OCHOBHBIX
MOJIOKEHUH (PAKTUYECKOTO MaTepuajia, HEYMEHHE C IIOMOINBIO IpernojaBareis MOJYy4YUTh
MIPaBUIIBHOE PELIEHHE KOHKPETHOM MpakTUYecKOM 3alaud M3 4Mcia MPeJyCMOTPEHHBIX paboueit
MPOrpaMMoil y4eOHOM TUCIIUTUINHBI.

OTBeTbl M pemieHus: OOy4yaroIIMXCs OLEHMBAIOTCS MO CIHEAYIOUIMM OOIIUM KPUTEPUSM:
pacrio3HaBaHMe MpoOjieM; ONpeAeieHHe 3HauuMOW  MHGpOpMaluu; aHaau3  [pooieM;
apryMEHTUPOBAHHOCTh; HCIIONB30BAaHUE CTPATErwif; TBOPYECKHH TMOMXOM; BBIBOJABI, 0OOIIas
I'PaMOTHOCTb.

CooTBeTcTBHE KpPUTEPUEB OLIEHUBAHUSA C(HOPMUPOBAHHOCTH IUIAHUPYEMBIX PpE3YIbTaTOB
oOy4eHus (JECKPUIITOPOB) CHCTEMaM OIIEHOK MPEJICTaBIEHO B TA0I.



Tabnuua 4
HMHTerpajbHas oneHKa

Kpurepuun TpaguuuoHHas OLICHKA bajnbHO-peUTUHIOBAs OLICHKA
5 5 86 - 100
4 4 61-85
3 3 51-60
2ul 2, Hezauer 0-50
54,3 3auer 51-100

OOyuaroruecs 00s13aHbI CIaBaTh BCE 3a/IaHMsI B CPOKU, YCTAHOBIIEHHBIE MpenoaBareneM. OneHka
«YJIOBJ'ICTBOPI/ITCJ'II)HO» 110 JUCHUITIINHE, MOXKET BBICTABJIATHCA u npu HETIOJIHOMI
c(hOpMUPOBAHHOCTH KOMIIETEHIIUI B XOJ€ OCBOCHMsS OTACIBHON Y4EOHOW TUCIUTUIMHBI, €CIU MX
dbopMHupoBaHHME TIPENAIoNaraeTcsi MPOJOKUThL Ha OoJjiee TO3AHUX JTarmax oOydeHHUs, B XOJe

W3y4EHUs JPYrux y4eOHbIX JUCLHUILINH.

Iloxa3zaTenu u KPUTEPHUHA OLCHKHU IIOCTI/DKeH]/lﬁ CTYICHTOM 3allJIAHMPOBAHHBIX PE€3YyJIbTATOB

OCBOCHUHA

AUCHUIIJIMHBI B X0A€ TCKYIIECI0 KOHTPOJIA U HpOMe)KyTO‘IHOﬁ arrecranmmu

Ouena, Kputepun
YPOBEHbD
COTJIMYHOY, CTymeHT TOKa3aJl TMPOYHbIC 3HAHWUS OCHOBHBIX TOJOXCHHHA (DAKTHYCCKOTO
MOBBIIICHHBIA | MaTepHalia, yMEHHUE CaAMOCTOSTEIIBHO PellaTh KOHKPETHBIC TPAKTHUSCKUE 3a/1a4H
YpOBEHb MOBBIIIIEHHOW CJIOXKHOCTH, CBOOOIHO HCIIOJIL30BaTh CIPABOYHYIO JIUTEPATYPY,
JeNaTh 000CHOBAHHBIC BBIBOJIBI U3 PE3YJIBTATOB aHAIN3a KOHKPETHBIX CUTYAITUH
«XOPOIIO», CrTymeHT TOKa3aJl TMPOYHBIC 3HAHUS OCHOBHBIX ITOJIOKCHHUH (HAaKTHIECKOTO
MTOPOTOBBIH Marepuaiga, YMEHHE CaMOCTOSTEIbHO pellaTh KOHKPETHBIC MPAKTHYSCKUE
YPOBEHb 3aJladyd, MPEIyCMOTPEHHBIE pabodeld MporpaMMoil, OpPHEHTHUPOBAThCS B
PEKOMEHIOBAHHOM CIPAaBOYHOM JIUTEpaType, YyMEeT MPABHILHO OICHUTh
MOJIy4CHHBIC PE3YJIbTAThl aHAJIM3a KOHKPETHBIX CUTYaIUi
«ynoBieTBopuT | CTyAGHT IIOKa3ajl 3HAHWE OCHOBHBIX ITOJOKEHUH (HAKTHYSCKOTO MaTepuaa,
CIBHOY, YMEHHE TIOJyYUTh C IIOMOIIBIO IIPEMojaBarelis IPAaBHIBHOE PEIICHHE
MTOPOTOBBIN KOHKPETHOM TpPaKTHYECKOW 3aJayd M3 YHCIa MPEIyCMOTPEHHBIX pabodei
YPOBEHB MIPOrpaMMO¥, 3HAKOMCTBO C PEKOMEHJIOBAHHOW CIIPABOYHOM JIUTEpATypon
«ueynosneTBop | [Ipu oTBeTe CTyIEHTa BBISBUIUCH CYIIECTBEHHBIE MPOOEIBI B 3HAHUSAX OCHOBHBIX
HUTEILHOY, MOJIOXKCHUH (DaKTHUECKOTO Marepuasa, HEYyMEHHE C IOMOIIBIO IMPEroaaBaTess
YPOBEHb HE MOJIYYHUTh TMPABWIBLHOE PEIICHHE KOHKPETHOW IMPaKTUYECKOW 3a/aud W3 Yuclia
cOpMHUPOBAaH | MPEAYCMOTPEHHBIX paboyeii MporpaMMoil yueOHOM TUCIIUITITHHEI

3 TunoBbie KOHTPOJIbHBIC 32JAHUA WJIH MHbIC MaTepPHaJbl, HCOOXOANMMBIE JIs1 OLCHKHU
3HAHUH, yYMEHHH, HABBIKOB M (WJIM) ONBITAa [JeATEJbHOCTH, XaPAKTEPU3YIOIIUX ITAIbl
(opMupoBaHus KOMIIETEHIMI B IIpoLecce 0CBOCHUsI 00pa30BaTe/IbHOI NMPOrpaMMbl

3.1 [lepeyeHnb BONPOCOB /TSI MPOMEKYTOYHOM aTTecTaluu (3a4eT)

Bomnpocs k 3auety 1 cemecTp

1. Marpuupsl 1 onepauuu Hajg HUMU. [Ipumep

1. Onpenenurenu 2-ro u 3-ro nopsaakoB. [Ipasuiio Cappyca. [Ipumep.

2. MuHop u anrebpanueckoe T0NOTHEHHE. PaznokeHrne onpeaenuTeNs Mo CTpoKe / cTonoy /.
3. Ob6parHas MaTpuia. AITOPUTM BBIYUCICHHUS OOpaTHON MaTpUILIbI




4. Panr marpuipl. Di1eMeHTapHbIe TpeoOpa3oBaHus MaTpullbl. ba3ucHbIN MUHOD.

5. OcHoBHble noHATus u omnpexaenenus CJIIY: oqHOPOAHOCTb, COBMECTHOCTh, OINPEACIEHHOCTD.
3armuck CJIY B marpuuHoii opme.

6. Cuctema TMHEHHBIX ypaBHEHUH. MeTon oOpaTHO# MaTpulsl. [Ipumep

7. ®opmynsl Kpamepa. [Ipumep

8. Meton nocnenoBaresbHbIX UCKITIOueHu JKoprana-I'aycca.

9. UccnenoBanue cucteM JIMHEHHBIX ypaBHeHUU. Teopema Kponekepa- Kanemu.

10.Cucrema nMHENHHBIX OJHOPOAHBIX YpaBHeHUN. DyHAaMeHTanpHas cucTeMa pemeHuil. [lpumep
11.BexTops! U TMHEWHbIE ONepalliy Ha/l HUMHU.

12.Koopaunarel Bektopa. Panmmyc-Bekrop Touku. PacctosHue wmexay toukamu. CkansipHoe
IIPOU3BE/ICHUE JBYX BEKTOPOB.

13.I1onsiTHE TMHEMHOTO MPOCTPaHCTBA. JIMHEHAs HE3aBUCUMOCTh BEKTOPOB.

14.ba3uc nuHeltHOTO MpocTpaHcTBa. Teopema o pa3jiokeHur Bekropa mno 6asucy. [Ipumep.
15.Co0cTBeHHBIC 3HAYEHUSI U COOCTBEHHBIE BEKTOPHI. XapaKTEPUCTUUECKOE YPaBHEHHUE.

16. YpaBHeHUE NpsIMOM Ha MJIOCKOCTHU. YCIOBUS NMapauIeIbHOCTH U MEPIEHIUKYISIPHOCTH MPSMBbIX.
17. YpaBHEHHUsI OKPYKHOCTH U JJLUIUIICA.

18. YpaBHenue runepOosibl U mapadoibl.

19.¥YpaBHEHHS TIIOCKOCTH: 00IIIee U TapaMeTPUIECKOe.

20. YpaBHeHHE NPSAMON B TPOCTPAHCTBE

Bonpocs! k 3k3aMeHy 2 cemecTp
. MHOX€eCTBa U OTepaliy HaJ, HUMHU.
. Uucnossle MHOKecTBa. IHTEpBa, MoyuHTEpBa, OTPE30K.
. Orpann4eHHbIE MHOXKECTBA, BEPXHUE U HUKHUE TPAHU YUCIIOBBIX MHOXKECTB.
. AbcomroTHas BenmnurHa yrciia. OKpeCTHOCTh TOUKH.
. [lonsarue pynkmu u cnocoos! 3aaannsi. OCHOBHBIEC CBOMCTBA (DYHKITU.
. O6parnas ¢yuaknus. CrnoxxHas QyHKIIHS.
. DneMeHTapHble (DYHKITUU U UX CBOWCTBA.
. HucnoBas mociie10BaTeIbHOCTh U €€ CBOMCTBA. [Ipenen yncnoBoii mocieoBaTeIbHOCTH.
. CBoiicTBa cxomsmuxcs mociaenaopareapHocTed. JleMma o aByx mrumnnuonepax. OOriee mpaBuio
HAaxX0JICHUS TIPEJEIIOB
10.HepaBenctBo bepnymnu. Yucno E.
11.IIpenen ¢ynkuuu. OmpHoctopoHHUe mnpenensl. OOmuMe mpaBuiaa HAXOXKIACHUS TPEICIIOB
(hyHKIUH.
12.3ameuaresibHble MPEICTBI.
13.beckoHeyHO Mable U OECKOHEUHO OOJbIINe (QYHKIIHH.
14.HenpepsiBHOCTH GyHKIIMK. CBONCTBA QYHKIIMN HEMPEPHIBHBIX B TOUKE M HA OTPE3KE.
15.1TpousBoaHas QyHKIMK B Touke. [eomerpuyeckuil cMbIci Mpous3BogHOM. [IpaBocTopoHHSS U
JIEBOCTOPOHHSISI IPOU3BOIHBIE.
16.I1lpaBuna quddepennupoBanus. [Iponssoanas cnoxuoit pynkuuu. [Tpumep.
17.1Tpou3BoHbIE OCHOBHBIX 31eMeHTapHbIX (pyHKiui. [Tpumep. [loHsiTHE MPOU3BOMHBIX BBICIIUX
MOPSIKOB.
18.Teopema @epma U ee TeOMETPUUYECKHUI CMBICTT.
19.Teopems! Pomsist u Jlarpanxka 1 UX reOMeTpUUECKUNA CMBICIL.
20.ITpaBuino Jlonurans. [Ipumep.
21.Bo3pacranue u yosiBanue GpyHKIuH. JJocTarouHble YCIOBUS MOHOTOHHOCTH (DYHKITHH.
22.OxctpemyM ¢yHKIH. Heobxomumble U J0CTaTOYHBIE YCIOBUS SKCTPEMYyMa.
23.Bemykiocts pyHkuuu. Touku nepernba. ACUMITOTHI rpaduka GyHKINH.
24 IlepBooOpazHas (yHKIHMS ¥ HEONpeldeNeHHbI wuHTerpan. CBoicTBa HEOMNPEHETICHHOTO
WHTETpaa.
25.1HTerpanbl OT OCHOBHBIX JIEMEHTApHBIX (DYHKIIUHA.
26.Meton 3amensbl niepeMeHHou. [Ipumep.
27. Meton uHTErprpoBaHus 1o yactamu. [lpumep
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28 UnterpanbHast cymma. lloHdTtue omnpeneneHHOro wuHrerpaiga. leoMeTpudyecKkuil  CMBbICIT
ONPEAEIEHHOTO UHTETpaa.

29. OcHOBHBIE CBOMCTBA OMPEICICHHOIO UHTErpaa.

30. OmpeneneHHbIE MHTErpajd € IEpeMEHHbIM BepxHuUM npeneiaoM. @Popmyna Herorona —
JleitOnuma.

31.0cHOBHbIE METOABl BBIUMCICHUSI OINPENECIIEHHOTO MHTErpajga: METOJ 3aMEHbl IEPEMEHHBIX,
METOJI MHTETPUPOBAHHUS 10 YACTSIM.

32.1IpubnmKeHHbIE METOIbI BEIYMCIICHUS ONPEACICHHOTO HHTETpaa.

33. Beruncrienue mioniaieid 1 00beMOoB Tell C IIOMOIIbIO ONPEIEICHHOIO HHTErpaja.
34.HecoOcTBeHHbIe HHTETpaibl. HecoOcTBEHHBIE HMHTETpaibl ¢ OSCKOHEYHBIMH IpelesiaMu
WHTETPUPOBAHHSL.

35. HecoOcTBeHHBIE UHTETPAJIBI OT HEOTPAHUYEHHBIX (QYHKIIHI.

36. CxoiuMOCTh HECOOCTBEHHBIX UHTErpaioB. [Ipu3Haku cpaBHeHHUS.

37.IlonsiTve GyHKUMN HECKOJIBKUX NepeMeHHbIX. [Ipenen u HenpepbIBHOCTh (PYHKIIMHM HECKOJIbKUX
MIEPEMEHHBIX.

38. HacTHble npupalleHus U YaCTHbIE TPOU3BOIHBIE.

39. Iuddepenuupyemocts OHII. Tonusiit nuddepenimann.

40.InddepennmpoBanre CI0KHBIX U HEIBHBIX (QYHKITUH.

41.KacarenpHas INIOCKOCTh U HOPMaJlb K MIOBEPXHOCTH.

42.1Tpou3BoiHas No HampasieHUto. [ pagueHt.

43.IIpousBoansle u nuddepenmuanst Boiciux nopsaxkoB. Gopmyna Teitnopa.

44.OxcTpeMyMbl (YHKIIMM HECKOJIBKUX TepeMeHHBbIX. HeoOxommmMoe M J0CTaTOYHOE YCIOBUS
CYIIECTBOBaHMSI 3KCTPEMYMa.

45.YcnoBHBIN 3KCTpeMyM. MeTon MHOkUTENEN Jlarpanxa.

Bomnpocs! k 3auery 3 cemecTp
1. JIBOitHOM MHTErpai U €ro OCHOBHBIE CBOMCTBA. BhIuncClieHNE JBOMHBIX HHTErPAJIOB.
2. Tonstue muddepennmansHoro ypaBHeHus. MHTerpampHbie KpuBble. 3amada Komm. OO6mee u
yacTHoe pemienue J1V.
3. 1Y c pazgenstomumucs nepemeHubiMu. [Ipumep.
4. 1Y B nonasix quddepennuanax. [Ipumep.
5. JIuneitHbple 0JTHOPOIHBIE U HeoAHOpoAHbIE Y
6. YucnoBoi psi u ero cymma. CXoAMMOCTh YHCTIOBBIX psAoB. HeoOXoaumoe ycaoBue cxo IMMOCTH.
CBolicTBa CXOAIIUXCS PAZIOB.
7. [lpu3Haku cpaBHEHHS CXOIUMOCTH psJia C MOJOKUTEIbHBIMU YICHAMHU.
8. JlocTaTouHble MPU3HAKH CXOIUMOCTH PSAIOB C MOJOKHUTEIbHBIMU YJICHAMHU.
9. Papl ¢ mpoM3BOIBHBIMU YWiIeHaMU. AOCOIOTHAS U YCIOBHAS CXOAUMOCTb.
10.3nakouepenyromuecs. [Ipuznak JleiiOHUIIA CXOAUMOCTH 3HAKOUEPEAYIOLINXCS PSAIOB.
11.Crenennsie psasl. Teopema Abens. Paanyc u uHTEpBan CXOAMMOCTU CTEIICHHOTO PAJa.
12.Paznoxenue pyHkuuii B crernenHoi psaa. Psag Maknopena.
13.Paznoxenne B creneHHoil psa ¢ynkumii f(x)= 1/ (1-x) u fix)= 1/ (1+x). Pa3noxenue B
cTeneHHoM psan pyHkuui f{x)= ex u f(x)=1g(x).

3.2 IlepedyeHb BONPOCOB AJIsl IK3aMEHA

Bomnpocsl k 3x3ameny 4 cemecTp
1. ITpocTpaHCTBO AleMEHTapHBIX UcX00B. CitydaliHble COOBITHS U ONIEPALUU HaJl HUMHU.
2. Kitaccuueckoe onpenenenue BepossTHocTu. CBolicTBa BeposiTHOcTel. [Ipumep.
3. Pa3memenus, coueranus, nepectaHoBkU. CBOMCTBA cOUeTaHUM.
4. TeomeTpuueckoe omnpeaesneHne BeposiTHocTy. [Ipumep.
5. VYcnoBHas BepoaTHOCTb. OOocHOBaHHME (OPMYIIBI YCIOBHOM BEPOSTHOCTH B KIACCHUYECKOM
ciiyyae. @opmyna yMHOKEHHs BeposTHOcTell. HezaBucuMoCTh COOBITHIA.
6. ®opmyra noaHOM BeposTHOCTH U popmyna baiteca. [Tpumep.



7. Cxema bepnynnu. ®opmyna bepnymnu. Ilpumep. Ilpenensusie Teopemsl [lyaccona u Myaspa —
Jlarutaca.

8. CnyuaiiHast tuckpeTHas BennuuHa. Pag pacnpenenenus. [pumep.

9. ®ynkuus pacnpezneneHus u ee cpoicrtna. [Ipumep.

10. HenpepsiBHas c. B. IlIOTHOCTB pacnpenesieHus: BEpOATHOCTEN 1 €€ CBOWCTBA.

11. Maremaruueckoe OXuJaHUE AUCKPETHOM U HETIPEPHIBHOM C. B. U €TI0 CBOMCTBA.

12. lucniepcus u ee CBOMCTBA.

13. Mona u meauana pacrpenenenus. HauanbHbie U 1ieHTpaJibHbIe MOMEHTHI C.B.

14.  uckpetrHoe pacmpeneneHue: OuHoMHanbHOe, Ilyaccona, reomeTpuueckoe U  HX
XapaKTePUCTUKU.

15. PaBHOMEpHOE M MOKa3aTelbHOE paclpeieieHUe U MX OCHOBHBIE XapakTepucTuku. Jlemma o
PaBHOMEPHOM paclpeieIeHUH.

16. HopmanbHOE pacripefiesieHne U ero XapakTepucTUKU. Jlemma o HOpMalbHOM pacIpeesieHUN.
BeposiTHOCTE COOBITHI, CBSI3aHHBIX C HOPMaJIbHBIM PaclpeieIeHUEM.

17. JIBymMmepHasi pyHKIHMS pacnpeneseHus U ee cBoiicTBa. CBsA3b ¢ OTHOMEPHBIMU .D.

18. Cucrema NByxX NUCKpeTHBIX c.B. Marpuua pacnpeneneHuil. CBsa3b C psaaMH pacnpe/iesieHus
OJIHOMEPHBIX C.B.

19. Kosapuarnus. Koagduiment koppensauuu u ero cBoiicrsa. KoBapuaruonnas marpuna.

20. VYcnoBHBIE 3aKOHBI PacHpeleNIeHUs JAUCKPETHBIX M HENpephIBHBIX C.B. [loHATHE perpeccum.
YpaBHEHHE perpeccum.

21. YciaoBHOE MaTeMaTn4eCKoe OKUIaHuE U €r0 CBOMCTBA.

22. He3aBUCHUMOCTB TUCKPETHBIX M HEMPEPBIBHBIX C.B. KpuTepuu HE3aBUCUMOCTH.

23. HepaBenctBo YeoOnimena. CiencrBue.

24. TlonsaTtue o 3akoHE OONBIIKMX YKUCEN. 3aKOH OoybIuX unceln B popme UeOpimeBa. CnencTaue.

25. llonsartue o 3akoHE OONBIIKMX YHCEN. 3aKOH OOJBIINX uncels B ¢popme bepHyrm.

26. Ilonatne O UEHTpalbHOW mpenenbHON Teopeme. LleHTpanibHas mpenenpbHas Teopema IS
HE3aBUCUMBIX OJTMHAKOBO PACHPEAEIECHHBIX C.B.

27. llonatre BBIOOPKH M T€HEPAITBHOU COBOKYITHOCTH. BEIOOPOUYHBIN METOI.

3.3 OuenouHnoe cpencrso 1 (mpakTu4YecKue 3aaHus)

1 cemecTp

Pasnen 1. Jluneitnasi ajaredopa ¢ 3jieMeHTaMM AaHAJIMTUYECKOI reOMeTPHN.

IIpakTHyeckasi pa6ora Nel. OcHOBHBIE ONepalliy HaJl MaTPUIIAMH.

IIpakTHyeckasi padora Ne2. BeruucieHue onpeaenuTesnci.

Pasnosxenue onpenenureneii mo 3IeMeHTaM CTPOKH (CToo1a)

IIpakTnyeckas padora Ne3. OOparHas Marpuia.

IIpakTnyeckas padora Ned. Pemenue cucreM MHEHHBIX ypaBHeHUIT Meton Kpamepa
IIpakTnyeckas padora Ne5. Pemienue cucreM JIMHEHHBIX ypaBHEHHI. MeToa 00paTHON MaTpHIIbL.
IIpakTnyeckas padora Ne6. Pemenue cucrem nuHeitHbIx ypaBHeHuil Merton [Maycca. Teopema
Kponekepa-Kanemnu.

IIpakTnyeckas padora Ne7.-9. DnemMeHTH MATPUYHOTO aHaIM3a. BEKTOpHI U onepanuu HajJ HUMH.
BekTopHble TpocTpaHCTBa, TUHEHHBIE POCTPAHCTBA. DIEMEHThI AHATUTUYECKON TE€OMETPUH.
IIpakTnuyeckass padora NelO. AnanuTtnueckas reomeTpus Ha MIOCKOCTH. CrHocoObl 3agaHus
MpsIMOM Ha TUIOCKOCTU. B3auMHOe€ pacnosokeHue npsmbiX.

IIpakTnyeckass padora Nell. AnanmuTudeckas reoMeTpusi Ha IJIOCKOCTH. KpuBble BTOpOTO
nopsiaxa.

IIpakTnyeckas padora Nel?2. Ananutuyeckas reOMETpHs B IPOCTPAHCTBE. 3aaHNe TUIOCKOCTH B
IIPOCTPAHCTBE.

IIpakTuyeckas padora Nel3. Ananutuyeckas reoMeTpusi B MPOCTPAHCTBE. 3aJaHuE NMPSMOU B
IIPOCTPAHCTBE.

IIpakTnueckass paGora Neld. AmnanuTudeckass TeOMETpUss B TMpOCTpaHCTBe. B3aumHoe
PacIoIOKEHHUE MPSAMBIX U MJIOCKOCTEN B MTPOCTPAHCTBE.



IIpakTnueckas padora Neld. [loBepxHOCTH BTOPOrO NopsijxKa.

IIpakTunyeckas padora Nel6. [IpoBepounas padora.

2 cemecTp

Pazgen 2. MaremaTndeckuii ananu3 u quddepenunanbublie ypapHenus. Jnddepenuuaibuoe
U MHTerpajibHOe HCYMCIIeHHe.

Ipaktuyeckas padora Nel-3. ®Dynkuwmsa, cBoiicTBa ¢(yHKIUH. HenpepbIBHOCTH (QYyHKIHH.
Brruncnenue npenenoB QyHKIUH.

IIpakTuyeckas padora Ned-6. JluddepenunpoBanne GyHKIUN OJHON NepeMeHHON. Brruncnenue
pOoU3BOAHBIX. DU3NYECKHUI U TE€OMETPUYECKUIM CMBICII ITPOU3BOIHOM.

IIpakTuyeckas padora Ne7. OcHoBHBIE Teopembl TupdepeHIHaTbLHOr0 ncunciaeHus. [IpaBuio
Jlonuras.

IpakTuueckas padora Ne8-9. I[IpumeHeHHe TNPOU3BOAHON K UCCIENOBaHUIO (QYHKIUH U
MOCTPOEHUIO TPAPHUKOB.

IMpakTuyeckas padora NelO-12. OyHKIMM HECKOJIBKUX TEpEMEHHBIX. YacTHBIE MPOM3BOJIHBIC
OHII. Oxcrpemym ®HII. Yenosuslil sxkcTpeMyM. Meton MHOXkuUTeNnel Jlarpanxka.

IpakTuueckas padora Nel3. Brruncnenne uHTerpanoB. OCHOBHBIE METOIBI HHTETPHPOBAHUS
HEOMPEIETIEHHBIX UHTETPajIoB. MeTo 1 3aMEHbI TEPEMEHHOM.

IIpakTnueckas padora Nel4. Borunicnenue uarerpanos. MeToa HHTETpUPOBAHUS IO YaCTSM.
IIpakTnueckas pabGora Neld. Beruncienue wuHTerpanoB. VHTerpupoBaHue palnHOHAIBHBIX
npooeii.

IpakTuueckas padora Nel6. Berancnenne naTerpanoB. MHTErpupoBaHUE TPUTOHOMETPHUYECKIX
(byHKIMH.

3 cemectp

IIpakTHyeckasi padora Ne 17-18. OnpeneneHusiii uHTerpail. [ eoMerpuyeckne mpuIoKeHusI.
IIpakTHyeckasi padora Nel9. HecoOCcTBEHHBIC HHTETPAIIHI.

IIpakTuyeckas padora Ne20. Kparasie unTerpaisl. [ eomeTpudeckue MpuiaoKeHUs.
IIpakTuyeckass padora Ne2l-22. JluddepennuanpHbie ypaBHEHUs. HTerpaabHble KpHUBHIE.
[Topsimox auddepeHmansHoro ypaBHeHus. Pemenune auddepeHImanbHbIX YpaBHEHUN IEPBOTO
MOPsAIKA. YPAaBHEHUS C Pa3eIAIOIUMHUCS IEPEMEHHBIMHU.

IIpakTuyeckasi padora Ne23-24. Pemenne nuddepeHIManbHbIX YPaBHCHHH TMEPBOTO TMOPSIIKA.
OnHOPOIHBIC U JTUHEHWHBIC YPABHEHMUSI.

IIpakTHyeckasi padora Ne25. Pemenue nuddepeHnraibHbIX YpaBHEHUH BTOPOTO MOPSIIKA.
IIpakTHyeckasi padora Ne26-27. Pemenue nuddepeHnnanbHbIX ypaBHEHUH BTOPOTO TOPSIKA.
JIuHeliHble ypaBHEHUS (OXHOPOAHBIE U HEOIHOPOAHBIE).

IpakTHyeckasi padora Ne28. Pemenue cucrem nudpepeHINaIbHBIX YPaBHCHHM.

IIpakTnyeckass padora Ne29-32. UucnoBele u creneHHble psanabsl. McciemoBaHue psiioB Ha
cxoauMocTb. Paznoxenue QyHkuuit B creneHHOM psan. [IpumeHenue psioB K NpUOIMIKEHHBIM
BBIYHCIICHUSAM.

4 cemecTp

Pa3znen 3. Teopusi BeposiTHOCTEIA.

IIpakTuueckasa padora Nel-2. Knaccuueckoe ompeneneHue BepoATHOCTH. leomeTpuueckue
BEpPOATHOCTH. POPMYIIBI CIIOKEHUS U YMHOXEHHUSI BEPOATHOCTEH. YCIOBHAs BEpOSITHOCTh. Dopmyna
nosiHou BepositTHocTh. Popmyna baiieca.

IIpakTuuyeckas padora Ne3. Vcnbitanus bepaymu. [penensHbie Teopemsl B cxeme beprymu.
IIpakTuueckas padora Ned-5. JluckperHas ciyuaiiHas BennunHa. OyHKIMS pacrpesieNeHus U ee
cBoiicTBa. HemnpepbiBHas ciydaiiHas BenuuuHA. YUCIIOBBIE XapaKTEPUCTHKH  JUCKPETHOMN
CIIy4aiiHOM BeIUYHHBI. YUCIOBBIE XapaKTEPUCTUKHU HENIPEPBIBHOM CIIy4aliHOW BEJIMYUHBI.
IIpakTuueckas padora Ne6-7. HopmanbHblii 3aK0H pacrpenencHus. BaxHeimne ctanaapTHble
pacripenenieHHs M MX  XapaKTepUCTUKU: OuMHOMHHaimbHOe, Ilyaccona, reomeTpuyeckoe,
paBHOMEpPHOE, MoKa3aTebHOE. OCHOBHBIE CBOMCTBA HOPMAJIBHOTO 3aKOHA PACIIPEIEIICHHUS.
IIpakTuueckas padora Ne8-9. CoBmecTHOe pacrpeneneHHe CIydalHbIX BeMWYMH. DYHKIUSA
pacripefieieHlst U IUIOTHOCTh JIByMEpHOW ciyyaiiHOW BenuuuHbl. KoBapuanus u ko3¢ puuueHT
koppensaunu. Koppensaus u perpeccus.



PA3IEJI 4. MatemaTu4ecKasi CTATUCTHKA.

IpakTuuyeckas padora NelO. I'enepanbHas COBOKYMHOCTh M BbIOOpKa. BapumanmoHHBIH psij.
OMmnupudeckas GyHKUIuUs pacupeneneHus. [1oauron 4acToT u ructorpamma.

IIpakTuuyeckas padora Nell-12. Toueunsle U MHTEPBAIbHBIC OIEHKH HEM3BECTHBIX MapaMETPOB.
MeTo1 MOMEHTOB METOI MAaKCUMAJIBHOTO MTPABIOIIOI00HS.

IIpakTunyeckas padora Nel3-14. TIpoBepka runores 0 paBEeHCTBE MAaTeMaTHUYCCKUX OXHUIaHUN U
nucriepenid. [TpoBepka runoressl 0 BUAE pacipeieICHHUs.

IIpakTuyeckas padora Nel5-16. Bribopodynoe ypaBHeHHe THMHEHHOU perpeccun. Hemuueiinas
perpeccusi. KoppeiasimoHHOE OTHOLIEHHUE.

3.4 OueHouHoe cpeactso 1 (mposepouHas padora)
PA3/IEJI 1. JIuneiinas ajaredpa c 3JieMeHTAMH aHAJIMTHYECKON reoMeTpuu
BapuanT npoBepo4Hoii padoThI 10 JTHHeHHOH anredpe
1. Ins nanaeix marpun A u B naiinure: C=2A-B, D=AB.
2 1 -1

1 21 2 1 -

A=|4 2 1 B=(4 0 3

-1 01 1 -11
2 1

1
2. BbIUKCIIUTD ONIPENETUTEND (3 —2 2
1 1 1 1

3. UccnenmoBarh cucTeMy Ha COBMECTHOCTB M B CITy4ae COBMECTHOCTH PEIIUTH ee:

a) metogoM Kpamepa,

0) metoom ["aycca,

B) MaTpUYHBIM METOJIOM.

4x, —X, =—b,

3X, +2X, +5x, =14,
X, —3X, +4x, =-19.
BapuaHT npoBepo4Hoii padoThl 10 AHAJTUTHYECKOH reoMeTPUn

1. CocraBuTh ypaBHEHUE NPSIMOH, MPOXOAAIIEH Yepe3 TOUKU A(l,—2) u B(2,0).
2. CocTaBUTh ypaBHEHHUE MPSMOMA, IPOXOIAIICH Yepe3 Hadallo KOOPMHAT, €CIIH U3BECTHO, YTO
npsiMasi TapajuiesabHa npsmoit 2x —4y —5=0.
3. Jlanb! nBe Touku M(4,2) u N(12,8). CocTaBuTh ypaBHEHUE OKPY)KHOCTH, JTHAMETPOM KOTOPOI
CITyXHUT oTpe3ok MN.
4. Hartncath ypaBHEHHE TUIOCKOCTH, MPOXOASIIEH Yepe3 TOUKy
M(4,-3,5) u neprneHIuKyIIpHOi BEKTOpY N = (1;—5;12).
5. CocTaBUTh KAHOHUYECKOE YPaBHEHHUE MPSIMOIA, Mpoxosiieit uepe3 Touky Mo(1,-2,3) u
napaiesibHo Bekropy a = (—2,1,4).
PA3JIEJI 2. Maremaru4yecknii anajau3 v JudepeHnuajibHble yPABHCHHS.
And¢epennnaibHoe 1 HHTETPATILHOE HCHYUCTICHHE.
BapuanT npoBepo4Hoii padoThI

2
1. BeIY¥CaUTL HHTErpa I(X +4)x
1

2. HaiiTu niomaas GUrypsl, orpaHuueHHON TuHusaMu Y =4—X° |y =3
3. Haiftu o6bem Tena, 00pa30BaHHOTO BpallleHHUEM BOKPYT OCH OX (PUTYpbI, OrpaHUYEHHON
JINHUSIMU y=2—X2 ,y=0 ,x>0

1
1
4. Bbruucinute HeCOOCTBEHHBIN MHTETpall j —ax
X
0



0 3x
5. Bel4ucIuTh HHTErpal I dXI(X —y)y
-2 X
6. 3aMEHUTD NOPSAIOK UHTETPUPOBAHMSI B IBOITHOM MHTETpalie

2 x+2 1 -
1 [ ax [ £(x y)dy 2) Jox [ £(x y)dy
-1 X2 -1 -1
7. Haiitu tutomaap GUrypsl, OrpaHUYCHHON JIUHUSAME: Y = SIN X y=0

PA3/IEJI 3-4. Teopus BepositHOocTell. MaTemMaTnyeckasi CTaTHCTHKA.
Bapuant npoBepouHoii padoTbI
1. CxonbKuMU criocob6aMy MOKHO BBIOpaTh JIBYX JI€KYPHBIX U3 TPYIIIbl B 24 yenoBeka?

2. B rpynne 15 aeBymiek u 11 napueii. CiyyaiiHeiM 00pa3oM BbIOMparoT OJHOTO cTyaeHTa. Kakosa
BEPOSITHOCTB, YTO ATO FOHOIIA?

3. Ha kaproukax HamucaHbl OyKBBHI M, a, T, €, M, a, T, 4, K, a. KapTouku mnepemMenuBamTcs u
packiaabiBaroTcs B psal. KakoBa BEpOsITHOCTb, YTO MPH 3TOM MOJIYIUTCS CIIOBO MaremMaThka?

4. Tpu crpenka HE3aBUCUMO Jpyr OT JApyra CTpENsIoT MO Leid. BeposTHOCTs momagaHus uis
nepBoro crpenka pasHa 0,75; st Broporo — 0,8; st Tpetsero — 0,9. HallTH BEPOATHOCTB TOTO, YTO
BCE TPU CTPEJIKAa OJJHOBPEMEHHO NONAAyT B LEJb.

5. CnoprcMeH cTpensieT o MALIEHU. BeposTHOCTh nonasaHus B NEPBBIA CEKTOP MPU 3TOM paBHA
0,4, a Bo BTOpOi1 — 0,3. KakoBa BEpOATHOCTh TOTO, YTO CIIOPTCMEH IOMAJIET B OJIUH U3 CEKTOPOB?

1. Ilpu MexaHn4deckoi 0OpabOTKE CTAaHOK OOBIYHO pabOTaeT B JIByX PEKHMaxX: PEHTAOCIHbHOM H
HepeHTalOenbHOM. PeHTabenpHbIl pexkuM Habmomaercss B 80% w3 Bcex ciydaeB paboOThI,
HepeHTabenbHblil — B 20%. BeposTHOCTh BbIXO/a M3 CTposi 3a Bpems U paboThl B peHTaOEIbHOM
pexume paBHa 0.1, B HepeHTabenpHOM — 0,7. HaliTu BepOsSTHOCTH BBIXOAA CTaHKAa M3 CTPOS 3a
Bpems t
2. BeposTHOCTh moOmMajgaHusl B MHILIEHb MPU OJHOM BBICTpeNie A AaHHOro crpenka 0,7 u He
3aBUCHT OT HOMepa BbIcTpesa. HailTu BeposiTHOCTh TOTO, YTO MPU 5 BBICTpENax MPOU30iAeT POBHO
2 nomnajaHusi B MUIIEHb.
3. BepostHocTh nosiBieHus: coObiTus paBHa 0,7 B kaxaoM u3 2100 He3aBUCUMBIX UCTIBITAHUM.
Haiitu BeposiTHOCTB TIOsiBIICHHS COOBITHS HE MeHee 1470 u He 6omee 1500 pas.
4. TuckpetHas c.B. X 337laHa 3aKOHOM pacIpeieIeHHs
Tpebyercs:

1) moctpouth PyHKIHIO pacmpeieNeHus,

2) HaliTU MaTeMaTHYeCKoe OXKUJIaHUE,

3) Moy,

4) nucriepcuro,

5) cpenHee KBaipaTUYECKOE OTKIOHEHUE,

6) ko3 PUIHEHT BapHaluy,

7) ko3 pULIMEeHT acCUMMETPHUH.

X -41-210 ]2 | 4
P|03|?7/01/01|0,1

5. HenpepriBHas c.B.X 3a7aHa INIOTHOCTBIO paciipeieseHus BeposiTHocTeil. TpeOyercs:
1) BwrYmcIUTH KOHCTaHTY C
2) waiitu M[X] u D[X]
3) HaiiTi BeposTHOCTh P (a < X < Db)



() = 0, x¢[2; 4]

a=2; ub=3

3cx?, xe[2;4]

6. HempepbiBHas cilyyaiiHas BelIMYMHA MMEET HOPMajbHOE pacnpexaencHue. Ee maremarnueckoe
oXxuzaHue paBHo M, , cperHee KBaJpaTU4EeCKOE OTKIOHEHHE paBHO o, . HaliTh BEpOATHOCTH TOTO,

4TO B PE3YIbTATC UCIBITAHUA CJIy‘-IB,fIHBJI BCJIMYMHA TPUMET 3HAYCHHUEC B MHTCPBAJIC

(a, b).

M

X

a b

12

8 14

7. lana BeiOOpKa. TpeOyeTcsi MOCTPOUTh paclpeeieHHe OTHOCUTENIBHBIX YacTOT, BapUAIMOHHBIH
psid, TOJUIOH YacTOT, OCHOBHBIE XapaKTEPUCTHUKU BapUALMOHHOTO psja (MOIY, MeIuaHy, pazmax
BapbUPOBaHUS) U MOCTPOUTH SMIIMPUUECKYIO (DYHKIIMIO paclpeesICHusI.

10, 12, 16, 10, 10, 15, 15, 10, 11, 12.

Kpurtepun oueHku npoBepo4Hoii padoThl

Onenka Kpurepuu onieHuBanus
«OTnuyHO» OneHka «OTJIMYHO» BBICTABIAETCS, €CIIM BCE 3a/JaHUs DPELIEHBI
MOJIHOCTBIO, B MPEJICTaBICHHOM pEHIeHMH OOOCHOBAaHHO TMOJIy4eH
MPaBUJIbHBINA OTBET.
«Xopo1o» OneHka «XOpOIIO» BBICTABIAETCSA, €CIHU  3aJaHUs peIIEeHbI

MOJIHOCTHIO, HO HET JIOCTAaTOYHOTO OOOCHOBAaHMS WM MPH BEPHOM
pelIeHUH JOMyIIeHa BBIYMUCIUTENbHAs ONIMOKA, HE BIMSIOMIAs Ha
MPaBUWIIbHYIO TIOCTEOBAaTEIbHOCTh PACCYXKACHHUM, U, BO3MOXKHO,
MpUBeANIasi K HEBEPHOMY OTBETY.

«y,Z[OBJ'IeTBOpI/ITeJ'IBHO »

OI_IeHKa «YAOBJICTBOPHUTCIIbHO» BBICTABJIACTCS, €CJIN 3aJaHUA PEIICHBL
HaCTU4YHO

«Hey,Z[OBJ'IeTBOpI/ITCJ'IBHO»

OHeHKa «CHEYOOBJIICTBOPUTEIIBHO» BBICTABJIIACTCA, C€CJIM PCUHICHUA
HEBCPHBI UJIM OTCYTCTBYIOT

Kpurepumn ko

HKPETHOI0 01lleHO4YHOTr 0 cpeacrTna (coriacuo [IOJTOKEHUIO

0 POMEKYTOYHOI arrecTannu odyuarwumuxcsa BYuT
10 MporpaMMam BbIclIero 00pa3oBaHusi — IporpaMMamM GakajaBpuara u nporpaMmmMam

CHenHaJTuTeTA)

ITo nToram TCCTUPOBAHUS OLICHKA 3HAHUM 06yqa}01uer0c51 IMPOU3BOAUTCA B COOTBECTCTBUU CO

CJICAYHOIMUMHA KPUTCPUAMU:

paBUIBHBIX 0TBETOB 0-39% — «HEYNOBIETBOPUTEIBHOY/ HE 3aUTECHOY;
paBUIBHBIX 0TBETOB 40-59% — «yIOBIETBOPUTEIBHOY/ «3aUTEHO;
MPaBUIBHBIX OTBETOB 60-79% — «XOpOIIO»/«3auTEHON;

IIpaBHJIbHBIX OTBCTOB

80-100% — «OTIMYHO»/«3a4TEHOY.

KO,Z[ 1 HAUMCHOBAaHHC
KOMIICTCHIIMHN

KO)I 1 HAUMCHOBAHUC MHAUKATOPA JOCTUKCHUS KOMIICTCHIIUU

OIIK-1. Criocoben npuMeHsITb

OIIK-1.1. ITpuMeHsIeT eCTECTBEHHOHAYYHbIE 3HAHUS B




€CTECTBEHHOHAYYHBIC U
OOTIEeHHKEH ePHBIC 3HAHHUS,
METO/IBI MATEMATHYECKOTO
aHaJIM3a U MOJICTUPOBAHNS,
TEOPETUYECKOro 1
9KCIIEPUMEHTAIBLHOTO
HcciIeaoBaHuA B
poheCCHOHATTLHOU
JIeATEIbHOCTH,;

podeCcCHOHANTBHON ACSITETLHOCTH

Howmep
3a/1aHUS

Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

1.

Marpuna 370...

A) matemaTH4ecKuil 00bEKT, 3aNIUCHIBAEMbIil B
BH/I€ MPSIMOYT0JILHOI Ta0IUIbI JIEMEHTOB
KOJIbIIA UJIM MOoJIs (HAnpuMep, LeJIbIX,
AeHCTBUTEIbHBIX WJIH KOMILJIEKCHBIX YK CeJ),
KOTOPbIi NpeacTaB/isieT co00ii COBOKYIIHOCTH
CTPOK H CTOJIOIOB, HA MepPeceYeHu KOTOPbIX
HAXOJSITCS €r0 3J1eMEHThI

B) maremaTnueckuii 0ObEKT, 3aMChIBACMBIi B
BHJIC KBAJPaTHON TAOJIHUIIbI, BCE DIEMEHTHI
KOTOPOM, CTOSIIIIME BHE TJIABHOW TMArOHAaJU, PaBHBI
HYJIIO;

C) maTeMaTHUECKUi OOBEKT, 3aITUCHIBAEMBIN B
BHJIC KBAJAPAaTHOW TAOIHUIIbI, JIEMEHTHI TJIABHON
JMAroHajau KOTOPOM paBHbI €AUHULIE MTOJIS, a
OCTaJIbHBIE PABHBI HYIIO;

D) npsimoyrosbpHas Tabnua,;

A

YMHOXaTh Ha YHCIIO MOYKHO:

A) J100yI0 MATPHILY;

B) TosibKO MaTpHILY-CTPOKY;

C) TOJIBKO MaTpPHUILy-CTOJIOEIL;

D) TosbKO MPSIMOYTOJIbHYIO MaTPHILY;
E) Tos1pKO KBaJpaTHYIO MAaTPHILY.

[TepeMHOXXaTh MOKHO MaTPHIIBI:

A) 106010 pasmepa;

B) ToapKO KBagpaTHBIE MATPHIIBI;

C) TOIBKO €IUHUYHBIE MATPHUIIBL;

D) MaTpHIBI TAKHE, YTO JIEBbIi COMHOKHTEID
HMeeT CTOJbKO CT0JI0I0B, CKOJIbKO CTPOK Y
MPABOI0 COMHOKHTEJIA.

OnpenenuTenb BHIYUCIACTCS:

A) fmst 11000# MaTpHUILBL;

B) TosibKO TS IMArOHANBHON MaTPHIIbI,
C) TONBKO AJISl TPSIMOYTOJIbHON MaTPHIIBI,
D) T0JbKO ISl KBAAPATHOH MATPHIIbI.

KBanparnas maTpuna ¢ HyJaeBOil CTpOKON UMEET
OIIPEIEIUTENIb PABHBIN:

A)l;

B)2;

C)0;




Howmep
3a/1aHUs

Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

D)-1.

6.

TpaHCHOHI/IpOBaHHaSI KBa,HpaTHaSI ManI/IL[a UMEECT
OIPEACIIUTEND:
A) paBHBIl onpeIeaTUTEI0 HCXOAHOH MATPHUILLL,

B) paBubiii 0;
C) paBHbiii 1;
D) paBHyrii -1.

A

OOparHas marpuiia CyniecTByeT JIst:

A) m1000¥ MaTpUIIbL;

B) mr000# KBapaTHOM MaTPUIIBI;

C) Hy/eBO# MaTpPHIIBI;

D) s11000ii KBaJIPATHOI HEBBLIPOAKIEHHOM
MaTpPHIBL

Cucrema IMHEHHBIX YpaBHEHUI UMEET peleHue
TOTZA U TOJIBKO TOI'JIA, KOT/Ia:

A) paHT MaTpHIbI CHCTEMBbI OOJIbIIIE paHTa
pacuIMpEeHHON MaTPHUIBI CUCTEMBI;

B) panr marpuipl cucTemMsl 0OJIbIle paHTa
pacIIMPEHHON MaTPUIbI CUCTEMBI Ha 2;

C) paHT MaTpHIlbl CHCTEMbI MEHBIIIC PaHTa
pacIIMPEHHON MaTpPUIbl CUCTEMBI Ha 1;

D) paHr MaTpHIIBl CHCTEMBI MEHBILIE PaHTa
pacIIMpPEeHHON MaTPULBI CHCTEMBI;

E) paHr MaTpHIILI CHCTEMBI PAaBEH PAHTY

pacuim lzeHHOﬁ MaTpHUIbI CHCTEMDI.

[Ipu yMHOXXEHUU MaTpUIIBl HAa OOpPaTHYIO K HEHl
MOJTy4aeM:

A) eIMHUYHYIO MATPHILY;

B) nyneByro marpuity;

C) amaroHajgbHYIO MATPHILY C PA3IHIHBIMH
SJIEMCHTAMHU Ha IJIABHOM IMaroHaIH.

10.

CucreMa JTMHEHHBIX YpaBHEHU HA3bIBAC€TCS
OJTHOPOJIHOM, €CJTU €€ TIpaBasi 4acTh:

A) paBHA HYJIEBOMY BEKTOPY:

B) oriuHa OT HyJIEBOTO BEKTOPA,

C) mpaBast 4acTh COCTOUT TOJIBKO M3 €MHHII.

11.

Metoa Kpamepa npumMeHUM 7151 peIeHUs
CUCTEMBbI JIMHEUHBIX ypaBHEHUH, €CIu:

A) marpuiia CHCTEMBI JIt00ast KBaJpaTHas;

B) marpuiia CHCTEMBI COCTOMT TOJIBKO U3 -1;

C) Marpuiia CHCTEMBI COCTOUT TOJIBKO U3 €IUHMIL;
D) maTpuua cucreMbl KBaJapaTHas U
HEBBIPOK/ICHHAS.

12.

MarpuyHslii METO MPUMEHUM ISl PELICHUS
CUCTEMBbI JJMHEWHBIX ypaBHEHUH, €CITu:

A) MaTpuIa CUCTEMBI JIt00as;

B) Marpuiia cHCTEMbI COCTOUT TOJIBKO U3 CIAUHUIL;
C) MaTpuIia cHCTeMbI KBaJApaTHas H
HEBLIPOKICHHAN

D) marpuiia cucrembl Jiro0ast KBaipaTHasl.




Howmep
3a/1aHUs

Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

13.

Meton ["aycca mpuMeHUM 1Sl pEeIIeHUs CUCTEMBbI
JIMHEHHBIX YPAaBHEHUH, €CIIN:

A) MaTpuIia CHCTEMbI KBapaTHas 1
HEBBIPOXKICHHAS;

B) MaTpuIia cHCTEMBI JI100as;

C) Marpuiia CHCTEMBI COCTOUT TOJIBKO M3 -1;

D) marpuiia cucremsl Ji00ast KBaapaTHasi.

B

14.

Panr marpuis! 510

A) Kor1a OHU JIeXaT Ha IepeCceKatomuXcs
IIJIOCKOCTSIX;

B) xorjia ux IBOWHOE BEKTOPHOE MTPOU3BEICHUE
PaBHO TpeM;

C) ux cMemIaHHOe NPOU3BeeHNE PABHO HYJIIO.
D) ux BEeKTOPHOE MPOU3BEICHHE PABHO HYIIIO

15.

Bexrop —370...

A) HarpaBJIeHHbBIN OTPE30K NPSAMOM, T. €. OTPE30K,
MMEIOIIUH JUTMHY PaBHYIO SIMHHUIIC U
MOJIOKUTEIPHOE HAIIPaBJICHUE,

B) 5TO HanpaBJIeHHbIH 0TPE30K NMPAMOI, T. €.
0TPEe30K, HMEIONINIA ONpeieIeHHYIO JJIMHY U
onpeneJeHHoe HANIPABJIEHNE;

C) nuHMs KOTOpast He HCKPUBIIIETCS, HE MIMEET HU
Hayajia, HU KOHIIa, €€ MO)KHO 0€CKOHEYHO
MPOJIOJKATh B 00€ CTOPOHHI;

D) nunust KoTopast He UCKPUBJISCTCS, HUMEET
Ha4yajio, HO He UMeET KOHIIA.

16.

JIBa BeKTOpa MepHneHAUKYISIPHBI TOTJIA U TOJIBKO
TOr/a, KOrja:

A) uXx IBOIHOE BEKTOPHOE MPOU3BEICHUE PABHO
HYIIO;

B) ux ckajsipHoe nNpou3sBe/ieHNe PABHO HYJII0;
C) ux BEKTOPHOE MPOU3BEIICHUE PABHO HYIIIO;

D) ux cKaJIIpHOE NMPOM3BEICHUE OTIUIHO OT HYJIS.

17.

Tpu BekTOpa KOMILJIaHAPHBI TOT/Ia U TOJIBLKO TOT/IA,
Korja:

A) Kor/a OHH JICKAT Ha MEPECEKAIOIINXCS
IUIOCKOCTSX;

B) xorma ux IBOMHOE BEKTOPHOE IPOM3BEICHHE
PaBHO TpEM;

C) MX cMelIaHHOE NPON3BeIeHHEe PABHO HYJIIO.
D) ux BEeKTOpHOE MPOU3BEJCHIE PABHO HYIIO

18.

OTMETUTDb HECYILECTBYIOIEE Ha3BaHHE YPaBHECHHS
MPSIMOM Ha TIOCKOCTH:

A) KaHOHHYECKOE;

B) napamerpuyeckue;

C) B oTpe3kax;

D) cnuHOIAJILHOE.

19.

I[Ba BCKTOpA KOJNIMHCAPHBIC TOr/lda U TOJIBKO TOT'Aa,
Koraa:
A) HUX BCKTOPHOC MPOU3BCACHUC PABHO HYIIIO,
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C) X KOOPAMHATHI NPAMO NPONOPUHOHAJIBHBI;
D) ux cKaJIIpHOE MPOM3BEJCHUE OTIUYHO OT HYJISL.

20.

OpT BEKTOpOM Ha3bIBACTCSA

A) BEKTOp HOPMUPOBAHHOTO MIPOCTPAHCTBA, JJIHHA
KOTOPOTO paBHA HYJIIO;

B) BeKTOp HOPMHUPOBAHHOIO NIPOCTPAHCTBA,
AJIMHA KOTOPOIo PaBHA eIMHHUIIE;

C) ynopsiioueHHas rnapa TOYeK eBKJIMI0Ba
IIPOCTPAHCTBA,

D) 310 HanpaBJICHHBIH OTPE30K MPSIMOit

21.

OO01iee ypaBHEHHE TIJI0CKOCTH
A) Ax+By+Cz+D = 0;

B) Ax+By+Cz+D =1,

C) x+y+z+D = 0;

D) x+y+z+1 =0

22.

Benuunna Ha3biBaeTcs 6eckoneyHo Masoi (bM)
eciu

A) eé npeneJ paBeH HYJI0

B) e€ mpenen paBeH OeCKOHEUHO

C) eé npenen paBeH KOHCTAHTE

D) e€ mpenen paBeH He CYIIECTBYET

23.

Bennuuna HasbiBaeTcs 6eckoHeuHo 60sbioii (BB)
ecim

A) e€ ipenen paBeH HYIIO

B) e€ npenen paBeH GecKOHEYHO

C) eé npenen paBeH KOHCTAHTE

D) e€ mpenen paBeH He CYIIECTBYET

24,

YacTHOW MpoU3BOAHOM (PYHKITMH HECKOIBKUX
MIePEeMEHHbBIX Ha3bIBACTCA:

A) npou3BOIHAS OT YaCTHOTO ApTyMEHTOB
dbyHKIINY;

B) npowusBoiHAas OT MPOU3BEICHUS apI'YMEHTOB
dbyHKIINY;

C) npowusBoHast OT JioraprdmMa 4aCTHOTO
apryMeHTOB (PYHKIUY;

D) npou3BoaHas or GYHKIMY P YCIOBHHU, YTO
BCe aPIr'YMEHThI KPOMe 0/IHOT0 OCTAIOTCs
NOCTOSIHHBIMM

E) nmpousBoaHast oT GyHKIUH [IPH YCIOBHH, YTO
BCE apryMEHTHI OCTAIOTCS OCTOSIHHBIMU.

25.

[IpousBosiHas GyHKIMU ONpenenseT:

A) m3MeHeHre QyHKIMU TIPH 33IlaHHOM
M3MEHEHUH apTyMEHTa,;

B) u3MeHeHue apryMeHTa npH 3a1aHHOM
WU3MEHEHUH (QYHKIIUY;

C) u3meHeHue apryMeHTa npy 3aJaHHOM 3HAYCHUH
byHKIMY;

D) m3meHenne QyHKIMM TP 3a]aHHOM 3HAYCHUH
apryMeHTa;

E) ckopocTh n3MeHenune YHKIUH DU




Howmep
3a/1aHUs

Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

H3MCHCHUU apryMEHTaA.

26.

Huddepenunan GpyHkuum — 370:

A) nosiHOE npUpalieHre QYHKIUHU P 33JaHHOM
W3MEHEHHH apTyMEHTa;

B) kBazpar npupaienuss GyHKIUH PU 331aHHOM
W3MEHEHHH apTyMEHTa,;

C) kBajipaTHbBIN KOPCHB U3 MPUPALICHUS (YyHKIIUH
MIpH 33JAHHOM W3MEHEHUHU apryMEHTa;

D) rnaBuas JauHeliHasi YacTh NPUPALEHUS
¢dyHKIMY NpU 321AHHOM H3MEHEHUH
apryMmeHTa.

27.

[Ipon3BogHOM BTOPOTO NOPsI/IKA HA3BIBACTC:

A) KBa/ipaT MPOU3BOTHOM MEPBOTO MOPSIKA;

B) xopeHb KBaJpaTHBIN OT MPOU3BOIHOMN IEPBOTO
MOPSAJIKA,

C) npou3BoIHAs OT NPOU3BOIHO¥ NEPBOro

MOPSI/IKA;
D) nepBoobOpa3Has HyHKIIHH.

28.

[TomaeM muddepennmanom GyHKIINH HECKOTBKUX
TIepEMEHHBIX Ha3bIBACTCI:

A) riaBHasi JUHEHHAsi YaCTh PUPAIIEHUS
dYyHKINY IPU U3MEHEHUH BCeX APIYMEHTOB;

B) riaBHast MHEHHAS YacTh TPUPAICHUS
(GyHKIMY TPU U3MEHEHUH OJTHOTO U3 apryMEHTOB;
C) raBHas TMHEHHAS YaCcTh PUPAICHHS
(yHKIIMY TIPU U3MEHEHHH JIoTapudma 0HOTO 13
apryMeHTOB.

29.

[TepBooOpa3Hoii pyHkIMK y = f(X) Ha3bIBaETCA:
A) dyukuus, paBHas cymme y = f(x) + C, rae C —
MIPOU3BOJIbHAS] KOHCTAHTA;

B) C f(x), rne C — mpou3BoibHAst KOHCTAHTa,

C) dyukums, paBuas cymme y = f(x) + C, rne C —
MPOU3BOJIbHASI KOHCTAHTA,

D) dyHKIMs, NPOU3BOIHAS KOTOPOii paBHa

3aganHo pynkumnu (byukuun v = f(x)).

30.

Kaxnas pynkuus y = f(x) umeer:
A) oaHy mepBooOpasHyro QyHKIIHIO;
B) poBHO 2 nepBooOpa3HbIX GYHKIUH;

C) MHOKeCTBO 11ePB0O0OPa3HBIX QYHKIIHIA.

31.

HeonpenenenusiMm naTerpasiom ¢pyHkuuu y = f(x)
Ha3bIBAaETCA:

A) COBOKYIIHOCTB BCeX MePBO0OPA3HbBIX
dbynknnm y = f(x);

B) nepBooOpasnas dpynkiun y = f(x);

C) cymma Bcex nepBooOpa3Hbix GyHKIuH y = f(X);
D) npousBenenne Bcex NepBOOOpasHBIX (GyHKIUH

y = f(X).

32.

ITepBooOpa3Hoii GyHKIMHK Y = X" sIBIsSETCS

byHKIWMS:
A)y=nx";
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B) y = x"/n;
Q) vy = x"Y(n+1);
D)y =x" (n+1).
33. [TepBooOpa3Hoit pyHKIHMK y = a* ABJIsIETCS A
byHKIMS:
A)y=aYn a;
B)y=2a%Ing;
C)y=aYInx.
34. [lepBooOpa3Hoit ¢pyHkuMU y = 1/X gBiseTcs D
GbyHKUIMS:
A)y=1/x%;
B) y = x:In x+x;
C) y = x:In x+x;
D)y =1In|x|.
35. [TepBooOpasHoit pyHKIHHK y = ¢* ABIsIETCS B
GbyHKUIMS:
A)y=¢e*lgx;
B) y =¢eXIne;
C)y=e*Inx;
D)y =e¥In x.
36. MeTo1 MHTErpUPOBAHUS TI0 YACTSAM MPUMECHUM A
MIPU UHTETPUPOBAHHH
A) npousBenenns QyHKIMIA;
B) cymMMBI min pa3sHOCTH HECKOJIBKUX (YHKITHIA,
C) cnoxHoOM QyHKINH;
D) nuneitHoit KoMOHMHAIIMU (QYHKIIHH.
37. O6iee pereHne HEOTHOPOIHOTO JTUHEHHOTO C
muddepennnansaoro ypasuenus (1Y) paBHo:
A) o0111eMy penIeHHuI0 OHOPOIHOTO JIMHEHHOTO
Y
B) yacTHOMY pelIeHHIO JTHUHEHHOTO
HeoHOopoaHOTO J{Y TUTIOC POU3BOIbHAS
GbyHKIMS;
C) cymMMe Y4acCTHOIrO pelieHus JHHEeIHOTo
HeoHOopoaHoro /1Y u o0uiero peueHus
JIMHEHHOro oAHOopoaHoro J1Y.
38. [IpousBoaHo¥ pyHkuuu y = f(x) Ha3pIBaeTCS: D
A) tipesiest OTHOIICHUS 3HAYCHUS PYHKITUH K
3HAYEHHIO ApPTYMEHTA MPHU CTPEMJICHUH apTyMEHTa
K HYITIO;
B) otHoreHue 3HadeHus QYHKIHH K 3HAYCHUTO
apryMeHTa,
C) oTHOIICHUE TpHpaIieHHsT PYHKIHU K
MIPHUPAIICHUIO apT'yMEHTA,
D) _npejiei OTHOIIEHUS NPUPAIIEHUs] QYHKIIUK
K NPUPANIEHUI) APTYMEHTA NPHU CTPeMJIEHUH
NpUpalieHusl APrYMEHTa K HYJII0.
39. YacTHON Mpou3BOAHON (PYHKIIMN HECKOIBKUX D

NEPCMCHHBIX HA3bIBACTCA:
A) IPpOU3BOJAHAA OT YaCTHOI'O apryMCHTOB
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byHKIMH;

B) npousBoHast OT MPOU3BENICHUS aPTYMEHTOB
byHKIMH;

C) npousBojHas OT jjoraprdma 4acTHOTO
apryMEeHTOB (DYHKIIHH;

D) npousBoaHasi oT GYHKIHHU NPH YCIOBHH, YTO

BCe AaPI'YMEHThI KPOMe O/IHOI'0 OCTAITCH
IOCTOAHHbIMHU;

E) nmpousBoaHas OT GyHKUUH [IPH YCIOBHH, YTO
BCE apIr'yMEHTHI OCTAKTCsl OCTOSTHHBIMH.

40.

[IpousBoaHas PyHKIIMH ONIpENEsIeT:

A) nzmeHeHrne QYHKIIUHU TIPH 33 JAHHOM
W3MEHEHUHU apTryMeHTa;

B) uameHeHue aprymMeHTa npu 3aJJaHHOM
W3MEHEHUHU (QYHKIINY;

C) u3MeHeHue apryMeHTa py 3aJaHHOM 3HAYCHUH
dbyHKIINN;

D) u3meHenne GpyHKIMH TpH 3alaHHOM 3HAYCHUH
apryMeHTa;

E) ckopocTh n3meHnenue QyHKIUU IPU
H3MEHEHUH APrYMEHTA.

41.

Judbdepenunan GyHKIUN — ITO:

A) monHoe npupanieHre QYHKIUH TP 3aJaHHOM
W3MEHEHUHU apTryMeHTa;

B) kBaapar npupainenust GyHKIHN TPU 3aaHHOM
W3MEHEHUHU apTryMEeHTa;

C) kBaapaTHBIN KOPEHb U3 MPHUPAIICHUS QYHKIIHN
MIpH 33JJaHHOM MU3MEHEHUU apTryMEeHTa;

D) raBHas JuHelHas YacTh IPUPAalleHUs

Q!HK!!I/II/I Inpu 3aJAaHHOM M3MCHCHHUHU

aprymMeHra.

42.

[Ipou3BogHOM BTOPOTO MOPSIKA HA3BIBACTCS:

A) KBaJIpaT MPOU3BOTHOM MEPBOTO MOPSIKA;

B) xopeHb KBaJpaTHBIN OT IPOU3BOIHOMN TEPBOTO
MOPSIIIKA,

C) npou3BoIHAS OT POU3BO/IHOI EPBOro

MOPS/IKA;
D) nepBoobOpa3Has QyHKIHH.

43.

[Tonubv nuddepennuanom GyHKIIMH HECKOJIBKIX
MIePEeMEHHBIX Ha3bIBACTCA:

A) maBHasi IUHEHASI YACTh NPUPAIEHUs
(GYHKUIMY IpU M3MEHEHUHU BCEX APITYMEHTOB;

B) raBHast MHE#HAsS YacTh MPUPAICHUS
(GyHKIMY TPU U3MEHEHHUH OJTHOTO U3 apryMEHTOB;
C) raBHast TMHEHHAS YacTh PUPAICHUS
(GyHKIMM TIPU U3MEHEHHUH Jloraprgma OJHOTO U3
apryMEeHTOB.

44,

IlepBooOpa3Hoii Gpynkuuu y = f(x) Ha3pIBaeTCs:
A) bynkuws, paBHas cymme y = f(x) + C, rne C —
MIPOU3BOJIbHASI KOHCTAHTA,

B) C f(x), rne C — mpou3BoJibHasi KOHCTAHTA,
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C) dynkuums, paBuas cymme y = f(x) + C, rne C —
IIPOM3BOJIbHAS KOHCTAHTA,;

D) dbyHkuus, Npou3Bo/iHAS KOTOPOii paBHA
3asaHHoi Gpynkunu (pynkuuu y = f(x)).

45.

Kaxnas pynkmus y = f(x) numeer:

A) onny nepBooOpa3Hy0 QyHKIIHIO;

B) poBHO 2 nepBooOpa3HbIX QYHKIHUI;

C) MHOKeCTBO NepB00OPa3HBIX PYHKIIMIA.

46.

CoBMeCTHBIMM Ha3bIBAIOTCS CIIydaiiHbIE COOBITHS:

A) KOTOpBIE BCET/Ia MPOUCXOJIAT;

B) koTopble B eANHNYHOM MCIBLITAHMH MOTYT
IIPOM30MTH OIHOBPEMEHHO}

C) KOTOpBIC B €IMHUYHOM HCITBITAHUU HE MOTYT
MIPOU30MTH OJJTHOBPEMEHHO;

D) BeposITHOCTh KOTOPBIX 3aBUCHT OT pe3yJIbTara
MPEABIYIIErO HUCTIBITAHHUSL.

47.

HecoBMecTHBIMU Ha3bIBAIOTCS CITydailHbIE
COOBITHS:

A) KoTOpbl€ B eIMHHYHOM HCIBITAHUN HE
MOI'YVT NPOM30iTH OJHOBPEMEHHO;

B) koTophie B €TMHUYHOM HCITBITAHUH MOTYT
MPOU30UTH OJTHOBPEMEHHO;

C) KoTopbIe BCErIa MPOUCXOIAT;

D) xoTopble HE MPOUCXOIAT HUKOTIA.

48.

CymMa BEpOSITHOCTEH MOTHOW TPYIIIBI COOBITHIMA
paBHa:

A) gmciy Bcex COOBITHIT 3TOM TPYIIIHI;

B) 2;

C) -1,

D1

49,

JIst Kakoro COOBITUS BEPOSTHOCTh paBHa 1:
A) 10CTOBEPHOIO;

B) HeBO3MOXKHOTO;

C) HECOBMECTHOIO C JIOCTOBEPHEIM;

D) cayuaiiroro.

50.

J151s kakoro cOOBITHSI BEpOSTHOCTH paBHa 0:
A) 10CTOBEpPHOTO;

B) HeB03MOKHOIO;

C) HECOBMECTHOTO C JOCTOBEPHBIM;

D) ciryuaiinoro.

51.

J171s KakoTO COOBITHSI BEPOSTHOCTH MOKET OBIThH
paBHa 0,3:

A) ocToBepHOrO;

B) HeBO3MOKHOTO;

C) HECOBMECTHOTO C TOCTOBEPHBIM;

D) cayuaiiHoro.

52.

OTHOCHTENnpHAs YaCcTOTa CIIy4aifHOTO COOBITHUS
MOJKET IPUHUMATh 3HAYCHHUS:

A)or -1 1o + 1;

B) ot -2 o +2;




Howmep
3a/1aHUs

Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

C) ot 0 1o 3;
D) or 0 10 1;

E) or — o0 10 + 0.

53.

BeposiTHOCTB CilydaliHOTO COOBITHS MOXKET
U3MEHATHCA B IIpeJienax:

A)or-1 o+ 1;

B) ot -2 o +2;

C) or 0 1o 3;

D)or0Onol;

E) or — o0 10 + o0,

54.

YacTHOM MpOU3BOIHON (PYHKIIMHM HECKOJIBKUX
IIEPEMEHHBIX HAa3bIBACTCH:

A) npou3BOIHAS OT YaCTHOTO APTyMEHTOB
dbyHKIIUY;

B) npou3BoHas OT MPOU3BENICHUS APTYMEHTOB
dbyHKIINN;

C) npousBoaHas OT Joraprdma 4acTHOTO
apryMeHTOB (YHKIUY;

D) npou3BoaHasi 0T GYHKIHU PH YCIOBHH, YTO

BCE APTYMEHTBI KPOMeE OJTHOTO OCTAITCSI
MNOCTOAHHBIMM ;

E) npousBoaHas OT PyHKIHUH TIPU YCIOBUH, YTO
BCE apI'YMEHTBI OCTAIOTCSI TOCTOSIHHBIMHU.

55.

[IpownsBomHas GyHKIIMU OTIpEEISCT:

A) n3MeneHre QYHKIUH MIPH 3aJaHHOM
W3MEHEHHH apTyMEHTa,;

B) usmeHeHue apryMeHTa npH 3aJaHHOM
WU3MEHEHHH (QYHKIUY;

C) u3MeHeHue apryMeHTa py 3aJaHHOM 3HAYCHUH
dbyHKIIUN;

D) usMmeHenue GpyHKIMH OpH 3alaHHOM 3HAYCHUH
apryMeHTa;

E) ckopocTh u3MeHeHue QYHKIMY NIPH
N3MeHEeHHH apryMeHTA.

56.

Huddepenunan GyHKIUN — 3TO:

A) nosiHOE mpupalieHie QYHKIUU P 33 JaHHOM
W3MEHCHHH apTyMEHTA,;

B) xBajapar npupaiieHus GyHKIUH IPU 33TaHHOM
W3MEHCHHH apTyMEHTA,;

C) kBaspaTHbBIN KOPEHBb U3 MPUPALICHUS QYHKIMH
MIpH 33JJaHHOM MU3MEHEHUU apTyMEeHTa;

D) rnaBHasi iuHelHasi YacTh IPUPAallleHUus
GyYHKUIMY IpU 32 JAHHOM M3MEeHEeHUH
aprymMeHTa.

S7.

IIpou3BoHOM BTOPOTO NOPsKA HA3BIBAETCS:

A) KBa/IpaT MPOU3BOTHOM MEPBOTO MOPSIKA;

B) xopeHb KBaJpaTHBIN OT MPOU3BOIHOMN ITEPBOTO
Tops/IKa;

C) npou3BoIHAs OT NPOU3BOIHOI MEPBOro

HOpAJIKA;
D) nepBooOpa3Has (pyHKIHH.
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58.

[Momuabmv muddepernmanom GyHKIIUN HECKOIBKUX
NEpEMEHHBIX Ha3bIBACTCS:

A) riaBHas JuHelHAS YAaCTh NPUPAIEHUs
GYHKIMM NPU W3MeHEeHUH BCeX apryMeHTOB;

B) miaBHas JMHEHAS YacTh NPUPALICHUS
(GYHKIIUH TIPH M3MEHEHUH OJTHOTO M3 apryMEHTOB;
C) raBHas TMHEHHAS YaCTh PUPAILCHHS
(GYHKIIUH IPH M3MEHEHHH JIoTapudma 0THOTO U3
apryMEHTOB.

A

59.

Onpenenutenu 2-ro u 3-ro nopsaka. Mx
OCHOBHBIE CBOMCTBA.

OrnpenenuTenb BTOPOTO MOPSIIKA PaBeH
MIPOU3BEJICHUIO JIEMEHTOB Ha TJIaBHOU
AraroHaaun MI/IHYC HpOI/I3BGJIGHI/IC
9JEMEHTOB Ha MOOOYHOM

nuaroHanu. OnpenenuTeneM MaTpUIlbl
TPETHETO MOPSIAKA, UIIA OTIPEICTUTEIIEM
TPETHETO MOPSIAKA, HA3BIBAETCS YUCIIO,
KOTOPO€ BBIUUCISETCS TI0 popMyrie: ITo
YHUCJIO MPEACTABISIET AreOpandecKyro
CyMMY, COCTOSIITYIO U3 IIECTH CIIaraeMbIX.
B xaxxnoe ciaraemMoe BXOJUT POBHO TIO
OJTHOMY DJIEMEHTY U3 KaXKJIOH CTPOKH U
Ka)X710T0 cTos1011a MaTpuilsl. Kaxkmoe
cjaraeéMoe COCTOUT M3 TTPOU3BEACHUS TPEX
COMHOKUTEIIEH.

60.

MuHop u anreOpandeckoe TOTIOTHCHHE.
Pazioxxenue onpeneuTes Mo AeMEHTaM CTPOKH
WA CTOJIOIA.

MuHOp 3TO onpeaeanuTeNb, COCTaBICHHbBIN
U3 AJIEMEHTOB, COCTOSIINX Ha MepeCceueHrun
MIPOU3BOJILHO BBIJICICHHBIX K cTpoK U k
CTOJIOLIOB JAHHOW MaTpHIlbl WK
omnpeaenuTeni. Anredpandeckum
JOTIOJTHEHUEM MUHOpA MaTPHIIbI
HA3bIBAECTCS €T0 JOTOJIHUTEIbHBIA MUHOD,
YMHO>KEHHBIHN Ha (-1) B cTeneHu, paBHOU
CyMMe HOMEPOB CTPOK M HOMEPOB
CTOJI01I0B MUHOpA MATPHIIBL.

61.

[Tonsarue 06 onpenenurese n-ro nopsiaka. Ero
BBIUHCIICHHE.

OnpenenureneM MaTpUIbl A
(ompenenuTeneM MopsiiKa n) Ha3bIBACTCS
YHCII0, paBHOE anredpandyeckon cymme n!
CJIaraeMbIX, YOBIIETBOPSIIOIINX
CIEYIOIUM ycToBusM: 1) kaxaoe
claraeMoe ecTh IMPOU3BEICHUE N
AJIEMEHTOB MATPUIIbI, B3ATHIX [0 OJJHOMY
U3 KOKJOU CTPOKH U KaXKJIOTO CTOMNOIA; 2)
ciaraeMoe OepeTcsi CO 3HAKOM ILTIOCY,
€CJIM YKCIIO UHBEPCUM B IEPECTAHOBKE
MIEPBBIX UHJIEKCOB COMHOXUTENEH U YUCIIO
MHBEPCUI B EPECTAHOBKE BTOPBIX
WHJIEKCOB COMHOXHUTEJEH B CyMME JTAIOT
YeTHOE YHUCJIO.

62.

Cucrembl TMHENHBIX ypaBHEHUN. DOpMYIIbI
Kpawmepa.

Cucrema TMHEWHBIX ypaBHEHUN — 3TO
00beIMHEHUE U3 N TUHEHHBIX YpaBHEHUH,
Ka)KJI0€ U3 KOTOPBIX COJEPKUT kK
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nepeMmeHHbIX. Metoa Kpamepa (mpasuiio
Kpamepa) — cnoco0 pemienus cucrem
JMHENHBIX aNredpandecKux ypaBHEHUH ¢
YHCJIOM YpaBHEHUN paBHBIM YHUCILY
HEU3BECTHBIX C HEHYJIEBbIM INIABHBIM
OTIpENICIIUTENIEM MaTPULIBI KO((HUITEHTOB
cUCTeMbI (IPUYEM ISl TAKUX YpaBHEHUMN
pelIeHHEe CYLIIECTBYET U €JUHCTBEHHO).

63.

Marpuupl, ux Buapl. Onepauuu Haj MaTpULllaMy U

UX CBOMCTBA.

Marpurtieit pazmepa MXN ygaspisaercs
COBOKYITHOCTH YHCEN UM OOBEKTOB UHOM
MIPUPOJIBI, Pa3MEIIEHHBIX B BUJIE
MIPSIMOYTOJIbHOM TaOIHITBI B MCTPOKAX U
ncronmbmax. Paznuyator cremyroniue
OCHOBHBIE THUITBI MAaTPHII; CTPOYHAS,
CTOJIOIEBAsI, IPSIMOYTOJIbHAS, KBaJIpaTHAs,
JTuaroHajgbHas, CAUHUYIHAS, HYJIeBas,
TpaHCIIOHWPOBAHHAS.

CaoiictBa marpun: 1.Cymma

(pa3HOCTH) MaTpUIl HE MEHSETCS €CITH UX
MeHATh MecTamu: (A+B=B+A).
2.CouerarenbHbii 3ak0H: ((A+B)+C=A+
(B+C)). 3.CnpaBemymuBo
pacripenaenuTenbHoe cBoicTBo: (K
(A+B)=kA+kB).

4.PacnipenenuTesbHOE CBOMCTBO YMHOXKEH
Usl MaTPUIbl HA YHUCTIO:
((k+rm)*A=kA+mA).

5.CoueraTenbHOE CBOMCTBO YMHOKEHHUS Ma
Tpunbl Ha yncio: ((km)*A=k (mA)).
6.CoueraTenbHOE CBOMCTBO MMPOU3BEACHUS
marpuil: ((AB)C=A (BC)).

64.

O6parnas marpuna. Ee Beruncienue.

OOparHas MarpuIiia — Takas marpuia A -
1, mpu YMHO>KEHUH Ha KOTOPYIO

UCXOJ/IHAs MaTpuiia A naéT B pe3yiibTare
eNMHUYHYI0 MaTpully E:

KBaaparHas marpuiia oOpaTiMa Toraa u
TOJILKO TOTJIa, KOTJIa OHA HEBBIPOXKICHHAS,
T.¢. €€ ONpPEICIIUTENh HE PABEH HYIIIO.

65.

Pemienue cuctem JIMHENHHBIX YpaBHEHUHN €
MIOMOIIBI0 OOPATHOM MaTpPUIIBL.

Pemenune cucreM TMHEHHBIX
anreOpanvyeckuX ypaBHEHUH C

MIOMOIIBIO0 OOPaTHOM MaTpullbl TpedyeT
IPEABAPUTEIBHOTO 03HAKOMIICHUS C TAKUM
MOHATUEM KaK MaTpu4Has (hopma 3alucH
CJIAY. Metox 06paTHON MaTpHIIbI
IpeAHa3HaueH JUlsl peleHus TeX CUCTEM
JUHENWHBIX aaredpanyecKux ypaBHEHUH, y
KOTOPBIX OTPENEIUTENb MaTPHUIIbI
CHCTEMBI OTJIIMYEH OT HyIs1. EcTecTBeHHO,
IPU 3TOM IOJpazyMeBaeTcs, YTo MaTpuia
CHCTEMBI KBaJpaTHa (TIOHATHE
OTIpENICJIUTENIS CYIIECTBYET TOJIBKO IS



https://amkbook.net/education/sys_lin_eq/terms.html#slau1
https://amkbook.net/education/sys_lin_eq/terms.html#slau1
https://amkbook.net/education/matrix/inverse0.html
https://amkbook.net/education/sys_lin_eq/terms.html#slau2
https://amkbook.net/education/sys_lin_eq/terms.html#slau2
https://amkbook.net/education/sys_lin_eq/terms.html#slau2
https://amkbook.net/education/sys_lin_eq/terms.html#slau2
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KBaJpaTHbIX Marpull). CyTb MeTo1a
00paTHOM MaTPULIbI MOXKHO BBIPA3UTh B
TPEX MyHKTaX:

1. 3anwucare Tpu MaTpULIbl: MaTPUILY
CUCTEMBI A, MaTpHUIly
HEU3BECTHBIX X, MaTpUILy
CBOOO/IHBIX 4JIeHOB B.

2. Haiitu oGparnyro marpuiy A—1.

3. Hcnomb3zys
paBeHcTBO X=A—1-B nomxyuurs
pemenue 3anannoi CJIAY.

66.

Panr marpunpr. Teopema Kponekepa-Kanemnn.

Panr MarpuIp-aTo MakCUMaIbHOE YHCIIO
€€ JIMHENHO HE3aBUCUMBIX BEKTOPOB
CTOJI0LIOB (MM BEKTOPOB cTpoK). U3 aToro
oTpeaeNeHUs] OYEBH/IHO,

YTO paHT MaTPHIIBI HE MOXKET IPEBBIIIATh
KOJIMYECTBO €€ CTPOK (MM CTOJIOIIOB).
Taxke MOXKHO TTOKa3aTh, YTO CTOJIOIIBI
(cTpoKM) KBaipaTHON MaTpHIIbl TMHEHHO
HE3aBUCHMBI TOJIHKO B TOM clly4ae,

€CJIM MaTpHIla He SBJSETCS CUHTYIISIPHOI.
Teopema Kponekepa-Kanemnu. Cucrema
JUHEHWHBIX anreOpandecKuX ypaBHEHUH
COBMECTHA TOT/Ia U TOJIBKO TOTJa, Korja
paHr e€ OCHOBHOI MaTpHIIbl paBEH PAHTY
e€ pacHuIMpEeHHO MaTPHIIbI.

Cucrema uMeeT eJMHCTBEHHOE PEILIECHHE,
€CJIM paHT paBeH YUCIY HEM3BECTHBIX, U
0EeCKOHEUHOE MHOYKECTBO PELICHU, eCiu
paHr MEHbIIIE YUCIJIa HEU3BECTHBIX.

67.

Merop ['aycca.

Merton I'aycca npumMeHsrOT U1t
HaX0XKJICHUsI pellieHHsl TF000H cucTeMsl
JUHENHBbIX ypaBHEHUH. Metoz

["aycca. CyTb 3TOTO METO/A 3aKJIIOYAETCS B
IIOCJIEI0BATEIBHOM HCKIIIOUEHUH
HEU3BECTHBIX U3 YPABHEHUH IIyTEM
3IIeMEHTapHbIX peoOpa3oBanuii. 1
IIPUBEICHUS YTOU CUCTEMBI K
TPEYTOJIBHOMY BULY. A 3aT€M yKe
HaX0KJIEHUHM HEM3BECTHBIX OOPATHBIM
XOZIOM. 3amluChIBaTh 3TOT METOJ MOKHO Kak
4yepe3 CUCTEMY JIMHEWHBIX YPaBHEHUMH, TaK
U 4epe3 PacIIUpPEHHYI0 MaTPUILy JaHHOU
CUCTEMBI.

68.

Bekropsl. JInHEHbBIE OnIEpaMy HAl BEKTOPAMU U

HUX CBOMCTBA.

Bekrop — 310 noHATHE U3 TUHENHOMN
anredppl, 0OBEKT, HMEIOIIHUN JNIUHY U
HalpaBJICHHE.

JluHeitHble onepanyy HaJ BEKTOpamMu o0Iia



https://amkbook.net/education/matrix/inverse0.html
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JIAl0T CIIEAYIOIIUMU cBoWicTBamMu: 1) a + b
=b+a2)(at+tb)+c=a+(b+c)3)Arl
(A2a) =AlA2a 4) (Al+2A2)a=2Ala+2A2a5)
A (a+b)=0>Aa+Aa.

OTH CBOICTBA MO3BOJISAIOT

IPOBOJHTH OTIEPALINU C BEKTOPOMH, KaK
3TO AENAeTCsl B 00OBIYHOM anreope:
cllaraeMble MEHSIOT MECTaMH, BBOJIST
CKOOKH, IPYIIIUPYIOT, BBIHOCST 3a CKOOKH,
KaK CKaJIIPHBIE, TaK U BEKTOPHBIE O0IIHe
MHOHTEJIH.

69.

OpTHl, AeKapTOBa CUCTEMa KOOPIUHAT.
PaznoxeHune BeKTopa Mo opTam.

Opta 3T0 BEKTOp HOPMUPOBAHHOTO
MPOCTPAHCTBA, JJIMHA KOTOPOTO PaBHA
CAUHUIIC. EI[I/IHI/ILIHBIG BGKTOpa
I/ICHOJ'IBSYI-OTCH, B 4aCTHOCTH, JJId 3alaHUA
HaIpaBJICHUI B IPOCTPAHCTBE.
MHO)KeCTBO CANHUYHBIX BGKTOpOB
00pasyeT emMHUYHYIO cepy.
JexaproBa cucteMa KOOpAHHAT,
HpﬂMOHHHeﬁHaﬂ cucrema KOOp}II/IHaT Ha
MJIOCKOCTH HJIA B IPOCTPAHCTBE, B
KOTOPOM TOJIOKEHUE TOYKH MOXKET OBITh
OIPEJICIICHO KaK €€ MPOEKIMA Ha
(UKCUpPOBaHHBIEC TIPSIMBIE,
MepeceKaronmecs B OTHOM TOUKE,
Ha3bIBAEMOW HaYajI0M KOOpPJAUHAT. DTH
PO EKIUHU

Ha3bIBAIOTCSl KOOPIUHATAMU TOYKH, a
npsiMble — 0CcIMU KoopauHar. Cucrema
OpTOB (MK Ga3ucHast CHCTEMA BEKTOPOB) -
3TO CHUCTEMa €IMHUYHBIX BEKTOPOB OCEi
KOOPJIMHAT.

70.

CkansipHoe mpou3sBeieHue BekTopos. Ero
CBOICTBA U BBIUUCJICHHE B IEKAPTOBBIX
KOOp/AMHATaX. YCIOBHE OPTOTOHATLHOCTH
BEKTOPOB.

CkaJsipHbIM MIPOU3BEICHUEM JIBYX
BEKTOPOB HA3bIBAECTCS YUCIIO, PABHOE
MPOU3BENICHUIO JJIMH 3TUX BEKTOPOB Ha
KOCHHYC yIiia MeXIy HUMH. Eciu XoTh
OJIMH U3 BEKTOPOB HYJIEBOIi, TO yroi He
oTpeieNieH, ¥ CKaJIsIpHOE IPOU3BEICHHE T10
onpee’eHuIo paBHo Hym0. CBoiicTBa
CKaJISIPHOTO TIPOM3BEACHUS BEKTOPOB:
1.CkansipHoe nmpou3BeeHne BEKTOpa
camoro Ha ce0st Bcerzia O0JbIIe UM PaBHO
Hym0. B pe3ynbsrare nmonydaercst Hyib,
€CJIM BEKTOP paBeH HYJIEBOMY BEKTOpY. —a
*>5a>0—-0*—>0=0

2.CransipHO€ MPOU3BEICHNE BEKTOpa
caMoro Ha ce0sl paBHO KBaJIpary ero
Moxymsi: —a * —a = —|lall2

3.0meparnus CKanspHOTO MPOU3BEICHHS
KOMMYHHKATHBHA, TO €CTh COOTBETCTBYET
MEPEeMECTUTEIIHLHOMY 3aKOHY: —a * —b =



https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%B4%D1%83%D0%BB%D1%8C_%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%B0
https://www.webmath.ru/poleznoe/formules_4_0.php
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—b * —a

4.0nepanus CKaJIIpHOTO YMHOXKEHHUS
TUCTPUOYTHBHA, TO €CTh COOTBETCTBYET
pacrpenenuTebHOMY 3aKoHY: (—a + —b)
* sc=—>a* sc+ b * —c
5.CouyerarenbHblil 3aKOH U1 CKAJISIPHOTO
npousBeneHus: (k * —a) * -b=k * (—a
* b)

6.Ecnu ckansipHOe Mpon3BeieHUE IBYX
HEHYJIEBBIX BEKTOPOB PAaBHO HYITIO, TO 3TH
BEKTOPHI OPTOTOHAIBHEI, TO €CTh
NEePIEeHIUKYISIPHBI Ipyr apyry: a # 0, b #
0,a*b=0<=>a-lb

YcnoBue OpTOrOHaIBHOCTH BEKTOPOB. [IBa
BEKTOpa a U b OpTOroHaIbHbI
(mepneHAUKYISpHBI), €CIIN UX CKAISIPHOE
NIPOM3BEICHUE PAaBHO HYITIO.

71.

BekropHoe nmpousBenenue Bekropos. Ero
CBOMCTBA M BBIYMCIICHHUE B IEKAPTOBBIX
KOOpAMHATaX. YCIOBHE KOJUTMHEAPHOCTH
BEKTOPOB.

BexTopHBIM ITPOU3BEACHUEM JABYX BEKTOPO
B HA3bIBACTCSl BEKTOD, MEPIICHIUKYIISIPHBIN
000MM JTaHHBIM BEKTOPaM, M €ro JTHHA
Oynet

PaBHSATHCS TPOU3BEICHUIO JITTUH 3TUX BEKT
OPOB C CHHYCOM yIJIa MEXIY

JTAaHHBIMU BEKTOpAMH, a

TaKXKe 3TOT BEKTOP C ABYMSI HAYaJIbHbIMU
HMMEIOT TY)KE€ OPUEHTAINIO, KaK 1
JIEKapTOBa CUCTEMA KOOPJIMHAT.

VYCnoBUs KOJUIMHEAPHOCTH BEKTOPOB.

JIBa BekTOpa OynyT KOJUTMHEAPHBI IPU
BBITIOJITHEHHUH JIFOOOTO U3 ATUX YCIIOBHI:

1. /IBa BeKkTOpa a U b KOJUIMHEAPHBI, €CIIHA
CYILIECTBYET YMCJIO N TAKOE, YTO

a=n-b

2. JIBa BeKTOpa KOJUIMHEAPHBI, €CITU
OTHOIIIEHUS UX KOOPJIMHAT PABHBI.

N.B. YcnoBue 2 HenmpuMEHUMO, €CIIU OJH
13 KOMIIOHEHTOB BEKTOpa PaBEH HYIIO.

3. JIBa BEKTOpa KOJUIMHEAPHBI, €CITU UX
BEKTOPHOE MPOU3BEICHHUE PABHO HYIEBOMY
BEKTODY.

72.

CwMmeniaHHO€ Mpou3BeIeHuE BEKTOPoB. Ero
CBOMCTBA U BBIYHCIIEHHE B IEKAPTOBBIX

KOOpAWHAarax. VYcnosue KOMIIJIAHApHOCTHU TPEX

BEKTOPOB.

CMemaHHBIM TPOU3BEIEHUEM BEKTOPOB a,
b 1 ¢ Ha3BIBaeTCA YMCIO, pAaBHOE
CKaJIIPHOMY ITPOU3BEIECHUIO BEKTOPHOTO
IPOM3BEIEHUS BEKTOPOB a U b Ha BEKTOP C.
VYc10BUs KOMILIAHAPHOCTH BEKTOPOB

Jna 3-x BekropoB. Tpu BekTopa
KOMIUIAHAPHBI €CJIM UX CMELIaHHOE
IIPOU3BECHUE PABHO HYIIIO

Jlna 3-x BekropoB. Tpu BekTopa
KOMIUIAHAPHBI €CJIM OHU JIMHEHHO
3aBUCHMBI
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s n BekTOopoB. Bekropa KoMIlIaHapHBI
€CJIM Cpe/i HUX He 0oJiee ABYX JIMHEHHO
HE3aBHCHMBbIX BEKTOPOB

73.

YpaBHEHHE IUIOCKOCTH B HOPMAaJIbHOM, BEKTOPHOMN

Y KOOPJIUHATHOU (opme.

O6miee ypaBHenue miaockocTu. [lonstue

TUIEPIIIOCKOCTH.

HopmanbsHO€ ypaBHEHUE IIIIOCKOCTH B
IIPSIMOYTOJIBHOM CHCTEME

koopauHaT OXYZ onpenesnseT MmIOCKOCTb,
KOTOpast yaajieHa OT Hadajla KOOpAWHAT Ha
PacCTOsIHUEC P B IIOJIOKATCIILHOM
HaIPaBJICHUH HOPMAJIbHOTO BEKTOPA ITOU

N
n = (cosa, cos . cosy)

TTOCKOCTH . Ecm p=0, 10
IJIOCKOCTh MPOXOAUT Yepe3 Hauajo
KOOPJIMHAT.

[Tpunsitoe oOuiee ypaBHEHUE TI0CKOCTH
00bIYHO MMeeT ciaenyromuil Bua: A X+B
y+C z+D= Ax+By+Cz+D = 0. Ono B
OCHOBHOM HCIIOJIb3YETCsl TOJIBKO JIIs 3-
MEPHOTO MPOCTPAHCTBA U MIPSIM-HOM
KOoOpIuHaTHOM cucteMbl. Eciu 3aiano
oO11ee ypaBHEHHE MIJIOCKOCTH, U UMEeTCS
JIEWCTBUTEIIBHOE YHCIIO, HEPABHOE HYIIO.
OHO MOXET 3a/1aTh ONPEACICHHYIO
IIJIOCKOCTh, COBITA/IAIOIIYIO C UCXOAHOM,
OIpenesieMON ypaBHEHHUEM BBILLIE U
OIIPENEIUT TOUKH TPEXMEPHOTO
IIPOCTpaHCTBA. | MIepniockocTy —
MOJAIPOCTPAHCTBO €BKIUIOBA WU
ad(UHHOTO MPOCTPAHCTBA KOPA3MEPHOCTU
1, TO ecTh C pa3sMEPHOCTHIO, HA €AUHUILY
MEHBIIIeH, yeM 0ObemITIonIee
IIPOCTPAHCTBO.

74.

Venosue napalyiIiCJIbHOCTH U NIEPICHAUKYIIIPHOCTHU

IJIOCKOCTEN.

Ecnu yronm Mexay nepecekaromuMucs 1o
ckoctsimu paBeH 90 rpamycoMm, TO TIOCKOCT
U TIepHeHIUKyIspHbL. [Ipr3Hak
NEPIEHINKYIIPHOCTH TUIOCKOCTEH: eCIn
OJTHA U3 JIBYX TUIOCKOCTEH MPOXOJHUT Yepe3
NPSMYIO, IEPIECHAUKYISIPHYIO K IPYroi
IUIOCKOCTH, TO TaKUE IIOCKOCTH
nepreHauKysapHbl. CieacTue u3
NPU3HAKA TIEPIICHIUKYIIPHOCTH
mIockoctei: I11mockocTs,
NepIeHINKYIISIPHAst K MPSIMOU, TT0 KOTOPO#
NIEPECEKAIOTCS JIBE IaHHBIC TUIOCKOCTH,
NEPIECHINKYIIIPHA K KaXI0H U3 dTHX
TUIOCKOCTEH. YCIIOBHE MapalIeIbHOCTH
IBYX

TIOCKOCTeH. /IBE MI0OCKOCTH TOT/A U TOJIBK
0 TOrJIa MapauIeIbHbI IPYT APYTY, KOTAA U
X HOpPMaJIbHBIC BEKTOPBI MapajlIeIbHbI ME
xay coboii. [TorTomy U3 ycnoBus
NapajIeIbHOCTH JIBYX BEKTOPOB. DTO H
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€CTb YCJIOBHE MapaJICIbHOCTH JIBYX
miockocTeit. Itak, IBe IMII0CKOCTH
napajuieJIbHbl APYT APYTY TOTAA U TOJIBKO
Tora, Korna ko3¢ duimeHTs npu
COOTBETCTBYIOIIUX TEKYIIUX KOOPAUHATAX
MIPOTIOPIIMOHAIHHBI.

75.

BekTopHoe, kKaHOHUYECKOE U MTapaMEeTPUIECKOE

YPaBHEHHE TIPSMOM.
[Ipsimast Kak TUHUS TIEPECECUCHUS ABYX
IO CKOCTEM.

JIt0601#i BEKTOp, OTIIMYHBINA OT HYJIEBOTO,
IapaJuIeIbHbIN 3aJaHHOMN NPSAMOH,
Ha3bIBACTCS HAIPABIISIOIINM

BEKTOPOM 3TOM MPAMOU.

Iycts Ha npsamoit L 3amana
M, (X1 s Vi )

g
TOYKA , aBexropd —I LM _

HATpPaBIIONIHI BekTop npsvoit L .

Touxa ™ '*> Y’ npunanexut npsvoii,
ecim

MM =|x-

- v
BEKTOD X1>Y = Y1l mapannenen

Bextopy < :
X=X _Y- )

) m (1)
VYpaBuenue (1) Ha3bIBaeTCs KAHOHUYECKUM
ypaBHEHHEM IPSMO¥ Ha TUTOCKOCTH.
[TapameTpuyeckoe ypaBHEHHE TPSIMON:
[Tycts manrst Touka MO (X0, Y0, z0 ) Ha
npsiMoit u Bektop S = (I,m,Nn) , nexammuii Ha
ATOM MpsIMOM (W € TapajieTbHO ).
BekTop S Ha3bIBAIOT €IIe HAIPaBIISIONIIM
BEKTOPOM MPAMOM.
[IpsiMast B mpoCTpaHCTBE MOXKET OBITh
oTpeiesieHa KaK JIMHUS IEPEeCeUCHUs IBYyX
HeTapauIeIbHBIX
miockocteit 4 X By +Cz+ D =0y

A, x+B, yv+C, -z+D, =0

, TO €CThb KaK
MHOXECTBO TOYEK, YIOBIETBOPSAIOIINX
CHUCTEME JIBYX JIMHEHHBIX YpaBHEHUI

0A x+B -y+C, -z+ D =0,

04, x+B, 'y+C, -z+ D, =0. (2)

CrpaBeanuBo 1 00paTHOE YTBEPKICHHE:
CUCTEeMa JIByX He3aBUCHUMBIX JTHHEHHBIX
ypaBHEHUH BUJA (2) onpeaenser mpsamyro
KaK JIMHUIO TIePeCceYeHHUs TII0CKOCTeH
(ecru OHM He TIapaJUIeTbHbI). YpaBHEHUS
CUCTEMBI (2) Ha3bIBAIOTCS OOIIUM

ypaBHEHHMEM NPSIMOH B IPOCTPaHCTBE R’

76.

Onpenenenne METPUUECKOTO TPOCTPAHCTBA.
IIpumepsl.

MeTpuueckuM MpoCTPaHCTBOM HA3bIBAETC
sl HEITYCTO€ MHOKECTBO, B KOTOPOM MEKTY
0001 apoi AIEMEHTOB, 00JIaJAOIIIX

ONpeJIeJICHHBIMU CBOMCTBAMU, ONPEEICHO
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paccTosiHue, Ha3bIBAEMOE METPUKOM.
[Tpumepsl. duckpernas merpuka: d (X, y) =
0,ecm x =y, ud (X, y) =1 Bo Bcex
OCTaJIbHBIX CiTydasx. BeniecTBeHHbIC
gucia ¢ Gynkiueit paccrosuus d (X, y) = |
Y — X | ¥ eBKJIMJI0BO MPOCTPAHCTBO
SIBJISIFOTCS TTOJTHBIMU METPHUYECKUMHU
IPOCTPAHCTBAMU. MaHXETTEHCKAs, HITH
rOpOJICKasi METPUKA: KOOPIMHATHAS
IUIOCKOCTh, Ha KOTOPOI paccTosiHUE
OIIpPEJIENIEHO KaK CyMMa PacCTOSHUI
MEXTy KOOpAMHATAMH.

77.

Anrebpandeckue KpUBbI€ 2-0r0 HOpsKa.
Hununaapsl, cdepa, KOHYCBI, HIUTUIICOU,

runepOoIouIbl, TapadoIoU bl (MX KAHOHUYECKHE

ypaBHEHUS U TpaduKn).

K KpHBBIM BTOPOTO MOPSIAKA OTHOCSITCS
9JUTUTIC, YACTHBIM CIIy4aeM KOTOPOTO
ABJISIETCS OKPYKHOCTB, rurnepoomna u
napaboia. Kpome Toro, B HEKOTOPBIX
CITydasiX ypaBHEHHE BTOPOH CTETICHH
OTHOCHTEJBHO X H Y MOXKET OTIPENEINISATh
JIBE TIPSIMbIE, TOUKY FIJTH MHAMOE
TE€OMETPUIECKOE MECTO.

KpwuBble BTOporo nopsiika — 3JUIHIIC,
rurnep6oa u mapabosia — UrparoT
OOJIBIITYIO POJTb B TIPUKJIATHBIX BOTIPOCAX.

78.

[IpuBenenue o01ero ypaBHEHUSI KpPUBOW BTOPOTO

InopsaaKa K KAHOHUYCCKOM BUY.

OO0miee ypaBHEHHE KPUBOUW BTOPOTO
MOPSZIKA UMEET BUT

a,x* +2a,xy +a,y* +2ax +2a,y +a 5
IIpUYEM IpEAIOIaracTcCAa, 4YTo Cpcau

a,,d
gucen 11’

HEHYIIEBOE.

a
122722 ecTh XOTS OBI OHO

79.

[Tapabona (ompenenenue, COCTaBlIeHUE

KaHOHUYECKOTO ypaBHeHHUs). OCHOBHbIE CBOMCTBA
U XapaKTEPUCTHKH 1apadoJibl (0Ch CHMMETPHH,
LEHTP BEPUIMHBI, SKCIICHTPUCUTET, TUPEKTPHUCHI,
(doxanbHbie paguycel). [TocTpoenue mapabobl.

[TapaGosa— reomMeTpuyYecKoe MEeCTO TOUEeK
HAa TUIOCKOCTH, PABHOYJAIEHHBIX OT
JAHHOM TIPSIMOM (Ha3bIBaEMOM
JTUPEKTPUCOI apaboibl) U JAHHON TOUKH
(na3piBaeMoit poxycom napabousl). Eciu
(boKyc NeKUT Ha TUPEKTpUce, TO mapadboia
BBIpOXKJAeTCs B MpsaMyro. Hapsiay ¢
AJUIATICOM M runep6osoii, napadoina
SBJIsIETCS KOHNYEeCKUM cedeHueM. OHa
MOXeET OBbITh OTpe/ieieHa Kak KOHMUECKOe
CEUEHHE C eTMHUYHBIM SKCLIEHTPUCUTETOM.

80.

l'unep6omna (onpenenenue, cocTaBleHUe
ypaBHeHHUs1). OCHOBHBIE CBOICTBA U

XapaKTEepPUCTUKHU TUTIEPOOJIBI (OCH CUMMETPUH,

LHCHTP BCPIINHBI, IMOJIYOCH, SKCICHTPUCUTCT,

JMPEKTPUCHI, ACUMIITOTHI, (JOKATBbHBIE PaJNYChI).

IToctpoenue runepOoILI.

['mnep6omna

— 93TO IJIOCKast KpUBasi BTOPOTo MOPSIJIKa,
KOTOpasi COCTOUT U3 JBYX OTAEIbHBIX
KPHBBIX, KOTOPHIE HE TIEPECEKAIOTCA.
®opmyina runepboinsl y = k/x, npu
ycaoBuH, uto k He paBHo 0. To ecTb
BEPLIUHBI TUIIEPOOIIBI CTPEMSATCS K HOJIIO,

HO HUKOTI'JId HC NCPCCCKAOTCA C HUM.




Howmep
3a/1aHUs

Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

['unep60osa — 3TO MHOXKECTBO TOUEK
IUIOCKOCTH, MOJTYIIb PA3HOCTH PacCTOSHUI
KOTOPBIX OT ABYX TOYCK, HA3bIBACMbIX
dbokycamu, €CTh BETMYMHA TTOCTOSIHHASL.

81.

Dmurc (onpeneaeHue, CoOCTaBICHUE
KaHOHUYECKOTO ypaBHEHUs). OCHOBHbIE CBOMCTBA
U XapaKTEPUCTUKHU AUIHUICA (OCU CUMMETPUH,
LIEHTP BEPLIMHBI, I0JTYOCH, IKCIICHTPUCUTET,
TMPEKTPUCHI, (hoKaIbHbIE paanychl). [locrpoenne
IUINIICA.

Omune — 3aMKHYyTasi KpUBast Ha
IJIOCKOCTH, KOTOPAst MOKET ObITH
[I0JIy4€Ha KaK IepeceueHre II0CKOCTU U
KPYTOBOTO IIMJIMH/IPA WM KaK
OpPTOTOHAJIbHASI TPOEKIUS OKPY>KHOCTH Ha
MI0CKOCTh. OKPYKHOCTH SIBJISIETCS
YacTHBIM citydaeM auunca. Hapsay ¢
runep0osoi 1 napaboo, AIIUIIC
SIBIISIETCS KOHWYECKUM CEYCHUEM U
KBaJIPUKOM.

82.

OKpyXHOCTb (OINpesesIeHUE, COCTaBICHNE
ypaBHeHus). HopmanbHOe 1 KaHOHUYECKoe
ypaBHEHHE OKPYKHOCTH.

OKpyXHOCTbh — 3TO MHOKECTBO BCEX
TOYEK Ha TUIOCKOCTH, HAXOISIIUXCS Ha
OJTMHAKOBOM PACCTOSIHUH OT JTAHHOM TOYKH.
HopmansHbIM ypaBHEHHEM OKPY)KHOCTH
pamuycaRc IIEHTpOM B TOUKE HA3bIBACTCS
ypaBHeHHe(X-X0)? + (Y-Yo)? = R2.

B wactHOCTH, ypaBHEHHE OKPY)KHOCTH
panuyca Rc eHTpoM B Hauane KOOpAUHAT
uMeeT BUIX? + y2 = R%u
Ha3bIBACTCAKAHOHUYECKUM

YPaBHEHHUEM OKPYXHOCTH.
KanoHnveckuM ypaBHeHHEM 3muuica (B

KaHOHHUYECKOM CUCTEME KOOPJIMHAT)
2 2
X
+ Y =1

3

2
Ha3bIBAeTCs ypaBHeHHe 4

83.

Koopaunatsl TOUKH nepecedeHus npsMon u
IJIOCKOCTH B MPOCTPAHCTBE. YTOJ MEXIY ABYMS
MPSIMBIMU, MEX]Ty MIPSIMOM U IJIOCKOCTHIO B
MIPOCTPAHCTBE. YCIIOBUS NapauieIbHOCTH U
MEePIEeHIUKYISIPHOCTH TPSIMBIX, MIPSIMOM 5
MJIOCKOCTH.

BBenem B TpexmMepHOM

IIPOCTPAHCTBE MPSIMOYTOJIBHYIO CUCTEMY
koopauHat Oxyz. Ternepp Kax 0¥ mpsMoin
COOTBETCTBYIOT YpPaBHEHUS MPAMOM
HEKOTOPOTO BUJIA (MM MOCBSAIICHA

CTaThs BUJIbl YPABHEHUN IPSIMOM B
MPOCTPAHCTBE), KaXA0H MIOCKOCTH
OTBEYAeT ypaBHEHUE TUIOCKOCTH (MOKETe
03HAaKOMUTBCS CO CTATbEe BUbBI
ypaBHEHUS TJIOCKOCTH), & KaXkI0H TOUKe
COOTBETCTBYET YIOPSAJOUYEHHAs TPOilka
YKuCcel — KOOPAUHATHI TOUKH.

VYron Mexay IpsIMbIMU OYEBUTHBIM
00pa3oM CBs3aH C COOTBETCTBYIOIIMMH
COOTHOUIEHUSIMU MEK/y HAallPaBJISIOIIUMU
BEKTOpaMU (| 3TUX IPSIMBIX.

gy gz b dy ey mg

Cos =

Mg

A NI nl 12 0]
Q)

Vron MCXKAY IIJIOCKOCTBIO

s



http://www.cleverstudents.ru/vectors/cartesian_rectangular_coordinates.html
http://www.cleverstudents.ru/vectors/cartesian_rectangular_coordinates.html
http://www.cleverstudents.ru/line_and_plane/forms_of_equations_of_line_in_space.html
http://www.cleverstudents.ru/line_and_plane/forms_of_equations_of_line_in_space.html
http://www.cleverstudents.ru/line_and_plane/forms_of_equation_of_plane.html
http://www.cleverstudents.ru/line_and_plane/forms_of_equation_of_plane.html
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3a/1aHUs
Ax+Bv+C2+ D=0 (1)
U IpSAMOI
rA—xn ¥-¥ EZ2-E
! " no (2
84. Pasnuunble BUIBI ypaBHEHHUs IPSAMON B YpaBHEHMS NPSAMOU 110 JBYM TOYKaM

MIPOCTPAHCTBE (KAHOHMYECKOE; TapaMeTPUUECKOE:

npoxoJsuieit uepes ase Touku). [IpuBenenue

0011ero ypaBHEHHUS MPSAMON K KAHOHUYECKOMY

BULLY.

X=X Y=V ZTZ

N =X Yi—Yo Z1—Zp
BekTopHO-IapaMeTprYecKoe ypaBHEHUE
npsaMoi
r=rog+adat,
M, (’"0 )= Mo(xo;}’o;zu)
rae -
(dukcupoBaHHas TOUKa, JeKalas Ha
qi= (l; m;n)
PSIMOM; - HAIPaBJISAOIINAN
BEKTOP.
KaHoHHnueckue ypaBHEHHs IPSIMOU
X=Xy, P =N T

{ M 1

85.

Ces3b MeX 1y QyHKIHEH, €€ mpeaeioM u
O0eckoHeuHO Mayio (yHKIneld. OCHOBHBIE
TEOPEMBI O TIpeeax (JI0K-Th).

Bem dynxius 7 ) umeer

mpu~ 7 ¥o (¥ 7 %) npenen, pasubrii A |

TO €€ MOYKHO TPEJICTABUTh B BUJC CYMMBI
sroro uncia 4 u Geckoneuno

masoit XX ppp ¥ 7> Yo (X =),

re./(x)=A+olx) Teopema 2. Eciu
dyrxumio 7 () moxkno npencrasuts Kak

cymmy uncna < i 6eckonedHo

Manoi &(X) x%xo(x—)oo

npu ), TO
ancio 4 ectb npesen 3Toi GyHKIHHI
X —> X, (x — ©0 )’

Iim f(x)=4

T.e. ¥l

npu

. Teopema 1. (o
npeeIbHOM MepexoJie B paBeHcTBe) Ecim
NBe (QYHKIIMYA TPUHUMAIOT OJJMHAKOBBIE
3HAYEeHHs B OKPECTHOCTH HEKOTOPO
TOYKHU, TO UX MPEENbI B 3TOM TOUKe
COBMA/IAIOT.

S =g, Fpf0="me0)

Teopema 2. (0 mpenebHOM Mepexose B
HepaBeHCTBe) Eciu 3HaueHust

¢ysakunu f(X) B OKpecTHOCTH HEKOTOPOI
TOYKH HE MPEBOCXOAT COOTBETCTBYIOIIUX
3HaueHud QyHKImu g(X) , TO mpenen
¢ynakuunu f(X) B aT0i TOUKE HE
npeBocxoauT npeaena Gyakimn g(X).




Howmep
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Coneprkanue Borpoca

IIpaBUIBHBIN OTBET

Fy<glx), Lim £ (x) < li_lgg(x).

86.

TlousiTie 4nCIOBOM IIOC/IEIOBATEILHOCTH.
JlelicTBUSI HAJL HUMU.

Eciu kaxaomy suadenno 1 EN crapures
B COOTBETCTBHE O ONPEIETEHHOMY 3aKOHY
HEKOTOPOE BEIIECTBEHHOE YUCIIO Xn, TO
MHOKECTBO 3aHYMEPOBAHHbIX
BCIICCTBCHHBIX UHCCII
X,y Xo,een, X
| |
samuck | %nl
Oy/ieM Ha3bIBaTh YHCIIOBOM
TI0C/IE0BATENBHOCTBIO UITH TIPOCTO
IO CJICIOBATEIFHOCTBIO.

777" — COKpaIEHHAA

87.

[Ipsimast Ha mmockocTu. OOIIee ypaBHEHUE
npsiMoi. HopManpHBI 1 HanpaBIISIOIIMA BEKTOPBI
npsAMoil Ha ockoctu. [TocTpoenue npsmoit Ha
IIJIOCKOCTH.

ypaBHenue F(x, y)=0 Ha3bpiBaeTcs
ypaBHeHUEeM JuHUM L (B 3amanHON
CUCTEME KOOPJMHAT), €CIIH 3TOMY
YpaBHEHUIO YOBJIETBOPSIIOT KOOPAUHATHI X
U y m1000# TOUKH, JexKaiel Ha TuHuM L, n
HE yIOBIIETBOPSIOT KOOPAMHATH HUKAKOM
TOYKH, He JIeKallel Ha 3To# aunuu.JIrodas
npsiMasi Ha MJI0CKOCTH 3a/1aeTcs
YpaBHEHUEM MEPBOM CTEIIEHHU
OTHOCHUTEJIBHO TIEPEMEHHBIX X U ).

O6miee ypaBHeHue npsimoii— AX + By + C
= 0. Henonubie ypaBHEHUS MPSMOH -
VYpaBHEeHHE NMPSAMON HA3BIBAIOT HETIOJIHBIM
€CJIM OJIUH U3 ero K03(h(UINEHTOB paBeH
nymo. C =0, A#0, B#0 — IIpsamas
MPOXOJUT Yepe3 HayaJlo KOOPAHHAT.
JIxo0oit HEHyIeBOil BEKTOP,
NEePIEeHIUKYISIPHBIN NPsAMOil Ha3bIBaeTCS
e€ HOpMaJIbHBIM BEKTOPOM, H

o06o3nauaercs =4, Bl

88.

KOJ'IJ'II/IHeapHOCTL 1 KOMIUIAHApHOCTb BEKTOPA.
ba3uc nnockoctu n IIpOCTpPaHCTBA. Kanonnueckwuit
0a3uc MIOCKOCTH U IMpoCTpaHCTBA. KOOp,I[I/IHaTLI
BCKTOpaA.

KosmmHeapHOCTh— OTHOIICHUE
napajuieIbHOCTH BEKTOPOB: JBa
HEHYJICBBIX BEKTOpPA HAa3bIBAIOTCS
KOJUTMHEAPHBIMU, €CITH OHHM JIS)KAT Ha
napauIeNbHBIX IPSIMbBIX WU HAa OJTHOM
npsimoii. KoMmuranapHocTs) —

CBOMCTBO TPEX (MK OONBIIETO YKCIa) BEK
TOPOB, KOTOPBIE, OyIydr MPUBEAEHHBIMH K
o01eMy Hayaiy, e)ar B OTHOM MIOCKOCT
.

KoopnuHaTbl — 3TO0 COBOKYITHOCTH YHCE,
KOTOPBIE OMPEEIISIOT MOJIOKEHUE KaKOTO-
1160 00beKTa Ha MPSIMOM, TNIOCKOCTH,
MOBEPXHOCTH WJIH B POCTPAHCTRBE.
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