


1. llean 1 3apa4n OCBOEHMSI M CIUILJIMHBI

Iesib 0CBOCHMS AUCUUIUIMHBI — IPHOOpETeHNE PyHIaMEHTAIbHBIX 3HAHUH B
CIIeTYIOMUX 00JIACTAX BBICIICH MaTEeMAaTUKH: ajredpa, aHATMTUYECKasi TeOMETPHsI, MaTeMaTH-
4ecKHUii aHau3 QYHKIUN OJHOTO M HECKOJIBKUX MEPEMEHHBIX, TEOPUS YUCIOBBIX U (PYHKIHO-

HAJIBHBIX PAIOB, TeOpHs Au(pPepeHINATBHBIX YPABHEHUH, TApMOHIYECKHUN aHaN3. Y paBHEHHS
MaTeMaTH4eCKO (PpU3HKH.

3agaum.
— BJIAACHHUEC OCHOBHBIMHU TepMI/IHaMI/I U IIOHATUAMU BBICIHCﬁ MaTeMaTI/IKI/I;

- (bOpMI/IpOBaHI/IC YMCHUA CTPOUTH U UCCIICA0OBATE MATEMATUUYCCKUE MOACIIM Pa3JInYHbIX
MCTCOPOJIOTHYCCKUX IPOLICCCOB,

- ano6peTeHHe IMPAKTUYCCKUX HABBIKOB PCEIICHHA KIAaCCHUYCCKHUX 3aJad B paMKax
HU3YUYCHHBIX pa3aciioB BBICIIICH MATEMAaTHUKH.

2. MecTto0 JAUCUMIUIMHBI B  CTPYKTYpe OCHOBHOW mnpodeccHOHAJIbHOI
o0pa3oBaTeIbHON NPOTrPaAMMBbI

Jucnuimaa «Marematukay Juis Hanpasiienus noaroroskun 51.0.06 — «[Ipuknaanas

TUAPOMETCOPOJIOTUS» OTHOCUTCS K AUCLUILIMHAM OCHOBHOIO 00Ka 1 qucHuIuInHel (MOAYIs

).

JucuunnuHa u3y4daeTcs: CTyAeHTaMU B TEYEHHE TEPBBIX TPEX CEMECTPOB.
Jl71st OcCBOEHUSI TAaHHOM JUCIUIUTHHBI, CTYACHTHI JOJKHBI 3HATh IIKOJIBHBIA KYpC MaTeMaTHKH.
HucuunnuHa «MareMatuka»  SBISETCS BaXXHEWIIUM HMHCTPYMEHTOM JJIE  OCBOCHUS
muctmuinH:  «Mexanukay, «OOmas — ¢usmka», «Merteoponorus», «OKeaHOIOTHSY,
«"maponorusy, «O6paboTKa psiI0B HAOTIOISHUN» U JIP.

3. Ilepeyenn NJaHMpyeMbIX Pe3yJabTATOB 00y4eHHU s

[Tpouecc u3yueHust AMCUUILIMHBI HampaBiieH Ha (popmupoBanue kommnereHmii: OIMK-1

Ob6menpodeccnoHanbHbIe KOMIIETEHIIUN

Tab6mmma 1
Kon n Koa n nHaumeHoBaHue
HAHMEHOBAaHUe HHANKATOPA 10CTUKEHUS
. N PesyabTarhl 00yuyeHuUst
npogeccHOHAIbHOM npo¢ecCHOHATbHOM
KOMIIeTEeHIIUN KOMIIeTEeHIIUH
OIIK-1 Cnocoben OIIK-1.1. TTpumensiet 3HaTh: 3HaTh OCHOBHBIE MTOHATHUSA
MPUMEHATH 0a30BbIE | MaTEeMAaTUUYECKUE 3HAHUS JIJIsI BBICIIIEH MaTEMaTUKH U pa3iiny-
MaTeMaTHYeCKHe pelieHus 3a1a4 B HbIE MaTeMaTUYECKUE UHCTPY-
3HaHUS B 00J1aCTH npo¢eCcCuOHAIBHON NeATETLHOCTH. | MEHTHI, C IIOMOIIBIO KOTOPBIX
npodeccnoHanbHOM MO>KHO M3y4aTh MPOLIECCHI B
NeSITeIbHOCTH. OIIK-1.2. BeIgBiisieT B3aUMOCBS3b | OKEaHe.
MaTeMaTUYECKUX MOJENEH C YMeThb: HCHOJIb30BaTh OCHOBHBIE
COOTBETCTBYIOIIMMHU TPOIIECCAMHU B | PE3YJIbTATHI, MOJyUYCHHbBIC B
MHUPOBOM OKEaHe. BBICIIEH MaTeMaTUKe JIJIsl U3y-
YEHUS OKeaHa.
Biagers:— MeTogamMu BeIUKC-
JUTETHFHON MaTEeMaTHKU TSI
MPOBEACHUS KOPPEKTHBIX
pacd€ToB mpu 00paboTKe U
aHaJIM3€e PSAIOB HAOIIOICHUH.




4. CTpyKTYypa M coep:KaHue TUCHUIINHBI

4.1. O0beM JUCHUITHHBI JJIS1 OYHOI-3204HOI (POPMBI 00yUeHH S

O0BeM IUCIUIUIMHEI cocTaBiadeT 14 3aderHrix eguuwmil, 504 axkameMudeckux gaca.

Tabnuua 2

O06beM TUCIMIUIMHBI IO BUAAM YUEOHBIX 3aHITHI B aKaJEMUYSCKUX dacax

O0BEM TUCHUTIINHBI

Bcero yacos

Ounas ¢popma

3aounas opma

00y4eHus 00y4eHust
O0BLeM TUCHUILINHEI 504 504
KonTakTHasi padora
o0yyaromuxcs ¢ nmpenojaanaresieM (1o
BU/IaM ayUTOPHBIX y4eOHBbIX 196 56
3aHATHI) — BCEro:
B TOM YHUCIJIE: -
JICKIIUN 84 28
3aHSTHS CEMUHAPCKOrO THIIA: -
MPAKTUYECKUE 3aHATUS 112 28
CamocrosiTesibHas padora
(manee — CPC) — Bcero: 308 448
B TOM YHUCJE: KOHTPOJIbHbIE 90 60
paboTHl,
MOATOTOBKA K JK3aMEHY 60 90
Hroro 150 150
Bua npomexkyTodHoM IK3aMeH IK3aMeH

aTTeCTAallMH




4.2. CTpyKTYypa JMCHUILTHHBI

Tabmuma 3
CrpyKTypa TUCHMILIHHBI U1 OYHOU (hOpMBI 00yUeHHS
No Pa3nes / Tema Buasbl yuednoit DopMbl ®opmupyemsbie | HNuauka-
AUCHHUILIMHBI padoThl, B T.4. TeKy1lero KOMIIEeTeHIIUH TOPbI
CaMOCTOSITEIbHA KOHTPOJIA AOCTHKEHUS
o | 11 pabora ycneBaeMoCTH KOMIIeTeH-
% CTYEHTOB, Yac. 1107071
= 2 =
Ve g =
Q| § - ; S
= | &3
=J=

1 DyHKIUHU, UX 12 2 6 | [IpakTuueckas OIIK-1 OIIK-1.1
KJacCupUKaus u paborta. OIIK-1.2
CBOMCTBa

2 Teopus npene- 12 4 6 | [IpakTudeckas OIIK-1 OIIK-1.1
JIOB ¥ TEXHHKA pabora. OIIK-1.2
BBIUUCIICHHS.

HenpepbiBHOCTS.

3 [IpousBoaHas, 12 4 6 | [IpakTuueckas OIIK-1 OIIK-1.1
muddepeHmman, paborta. OIIK-1.2
CBOMCTBa U
TEXHUKA
muddepennupona
HUSL.

4 [TonHOE HCce- 12 4 6 | [IpakTuueckas OIIK-1 OIIK-1.1
noBaHue (QyHK- pabora. OIIK-1.2
[UH C IOMOIILIO Teopernueckuit
IIPENEIOB U ompoc Ne 1.

MIPOU3BOTHBIX [TpousBoaHbIE U
nuddepeHIm-
QJIBI

5 Heonpenenén- 1|4 4 6 | [IpakTuueckas OIIK-1 OIlK-1.1
HBI HHTErpal, paborta. OIIK-1.2
CBONCTBA U TEX-

HUKa UHTETPH-
pOBaHUS.

6 OnpenenéHHbIin 1,2 4 6 | [IpakTuueckas OIIK-1 OIIK-1.1
UHTErpas, CBOM- paborta. OIIK-1.2
CTBa U BBIYHCIIE-

HUE.

7 | 'eomerpuueckoe | 1 | 2 2 6 | [IpakTrueckas OIIK-1 OIIK-1.1
MIPUIIOKEHUE paborta. OIIK-1.2
OIPEeIEIEHHOTO Teopernueckuii
WHTErpaa. onpoc Ne 2.

Heonpenenén-
HBIU U
ONpEAEIEHHBIN-
WHTETPAJIBI




8 | ba3zoBble noHs- 2 2 6 | [IpakTuueckas OIIK-1 OIIK-1.1
TUS TEOpUU Aud- pabora. OIIK-1.2
(hepeHIMaTBEHBIX
YpaBHEHUH,
peleHue ypaBHe-

Hui 1-ro mopsaka

9 | Onpenenureny. 2 2 6 | [IpakTuueckas OIIK-1 OIIK-1.1
Pemenue cucrem pabora. OIIK-1.2
o ¢popmysam
Kpamepa

10 | Bekropnas anre6- 2 4 6 | [IpakTuueckas OIIK-1 OIIK-1.1
pa. JIuneiiabie pabora. OIIK-1.2
BEKTOpPHBIC
IPOCTPaHCTBA

11 | AHanuTHuecKast 2 4 6 | [IpakTuueckas OIIK-1 OIIK-1.1
reoMeTpHus Ha pabora. OIIK-1.2
TUIOCKOCTH

12 | Amnanutuueckas 2 4 6 | [IpakTuueckas OIIK-1 OIIK-1.1

reoMeTpHUsl B paborta. OIIK-1.2
POCTPaHCTBE KonTponsHas
pabora
13 Anrebpa 2 2 6 | [IpakTiueckas OIIK-1 OIIK-1.1
KOMILJICKCHBIX pabora. OIIK-1.2
4yucell. Teopernuecknii
Anrebpa onpoc Ne3.
MHOT'OUYJICHOB Aunrebpa u aH.
TeOMETPHS
IMoaroroBka K 32
IK3aMEHY

Y 28 | 42 | 110

14 | Pewenue 2 2 4 | Ilpaktuueckas OIIK-1 OIlK-1.1
JUHEUHBIX Tud- pabora. OIIK-1.2
(bepeHInaTbHBIX
ypaBHEHUH 2-T0
nopsiika ¢ mocT
ko3¢ duLreHTaMu

15 | 3apgaua ltypma- 2 2 4 | IlpakTnyeckas OIIK-1 OIIK-1.1

JInyBumns paborta. OIIK-1.2

16 | Marpuunas anre- 2 4 4 | [IpakTuueckas p OIIK-1 OIIK-1.1
Opa, penieHue - Teopernueckuii OIIK-1.2
HEHHBIX CHCTEM. ompoc Ne 1.

Huddepenu-
aJIbHBIE
YpaBHEHHS

17 | Tpéxauaronanb- 2 2 4 | [Ipaktuyeckas OIlK-1 OIlK-1.1

Hasl IPOrOHKa pabora. OIIK-1.2




18 | 3agaua Ha 212 4 4 [IpakTuueckas OIIK-1 OIIK-1.1
COOCTBEHHBIE pabora. OIIK-1.2
qucia u
COOCTBEHHBIE
BEKTOPBI

19 | Pewenue cucrem | 2 | 2 4 4 | IIpaktuyeckas OIIK-1 OIIK-1.1
. yp-mii ¢ mo- pabora. OIIK-1.2
CTOSTHHBIMH KO3(. Teopernueckuit

ompoc Ne 2
Marpuiibl u
CHUCTEMBI

20 | Yucnossle psiibl 2|2 4 4 | Ilpaktuueckas

pabora

21 | Crenennsie pagsl | 2 | 2 2 4 | Ilpaktuueckas OIIK-1 OIIK-1.1

pabora. OIIK-1.2

22 | OproronanbHbie | 2 | 2 2 4 | Ilpaktuueckas OIIK-1 OIIK-1.1

PAIBI pabora. OIIK-1.2

23 | ba3oBble nmousitus | 2 | 2 2 4 | [IpakTuyeckas OIIK-1 OIlK-1.1
Teopuun QyHKIUI paborta. OIIK-1.2
2-x ,3-x mepe-

MEHHBIX. YacT-
HBIC TIPOU3BO/I-
HBIE,

24 | DKCTpEeMyMBl 2|2 2 [IpakTuueckas OIIK-1 OIlK-1.1
GyHKIUH 1BYX pabota OIIK-1.2
MEPEMEHHBIX.

Hau6. n naum.
3HA4YeHUs

25 | KpuBonuneiinsle | 2 | 2 4 4 | Ilpaktuueckas OIIK-1 OIIK-1.1
MHTETpaJIbl paborta. OIIK-1.2

26 JIBoiiHbIE 2|2 4 4 | Ilpaktuueckas OIIK-1 OIIK-1.1

WHTETPAJIbI. pabora. OIIK-1.2
KontponbHas
pabota
27 Tpoitnbie 2 |2 2 4 | [Ipaktuueckas OIIK-1 OIlK-1.1
UHTETPaJIbI pabora. OIIK-1.2
Teopernueckuit
onpoc Ne 3.
WNHTerpanst
28 OneMeHThI - | - 2 ---- | IIpakTnueckas OIIK-1 OIIK-1.1
TEOPUH MO paborta. OIIK-1.2
ITonroroBka - | - -- 50
IK3aMeHy
Y 228 42 | 110




29 | Pemenue ogHo- 4 4 3 [IpakTuueckas OIIK-1 OIIK-1.1
MEpHOT0 ypaBHe- pabora. OIIK-1.2
HUS TEIUIONPO-

BOJBOJTHOCTHU
MetosioM Dypre

30 | Pemenue ogHO- 2 2 3 [IpakTnueckas OIIK-1 OIIK-1.1
MEPHOI'0 BOJIHO- paborta. OIIK-1.2
BOT'O ypaBHEHUS
MeronoMm Dypse

31 | Peuwenue nBy- 4 4 3 | IIpakTrueckas OIIK-1 OIIK-1.1
MEpPHOTO ypaBHe- pabora. OIIK-1.2
Hu Jlannaca me-

To0M Dypbe

32 YucneHHsie 4 4 3 | IIpakTrueckas OIIK-1 OIIK-1.1
METO/bI PEIICHHS pabora. OIIK-1.2
g depeHmab- Teopernueckuit

HBIX YpaBHEHUH ompoc Ne 1.
UYucnennsie
METO/IBI
peLeHHs 1.YP.

33 | Cerounslii MeTOX 2 2 3 | IIpakTrueckas OIIK-1 OIIK-1.1
pelieHus ypaBHe- pabora OIIK-1.2
HUS TEIUIONPO-

BOJHOCTH.

34 | CeTouHBI METOJ 4 4 3 | IIpakTrueckas OIIK-1 OIIK-1.1
pEIIeHUs BOJIHO- pabora. OIIK-1.2
BOTO YpaBHEHHS.

35 | CeTouHBI MeTO 4 4 3 | IIpakTnueckas OIIK-1 OIIK-1.1
peuieHus ypas- paborTa. OIIK-1.2
Henus Jlannaca u KonTponbhas
Ilyaccona. pabora.

36 | Meron nepemen- 2 2 3 OIIK-1 OIIK-1.1
HBIX HalpasJie- [TpakTrueckas OIIK-1.2
HUH 1715 AByMeEp- pabota
HOTO YpaBHEHUS
TEIUTOTPOBOIHO-

CTH
37 CrenmanpHbIe 2 2 3 | Teopernueckwmii OIIK-1 OIlK-1.1
byHKINN. ornpoc Ne 2. OIIK-1.2
[TonuHOMBI YucieHHble Me-
Jlexannpa, TOJIBI PELICHHUS
MHOTOWJICHBI ypaBHEHHA
YeOblmeBa Mart. GU3NKU
--- IToaroroBka K - | - 61 OIIK-1 OIIK-1.1
IK3AMEHY OIIK-1.2
28 | 28 88




CTpyKTypa TUCLUIUIMHBI 171 3204HOM opMBbl 00yUueHus

Tabnuua 4
Ne Pa3nes / Tema Bujbl yueOHol DopMbl ®opmupyemsbl| MHauka-
JAUCHMILTHHBI padoThI, B T.4. TeKyIIero e TOPBI
CaMOCTOSATEIbHASA KOHTPOJIA KOMIIeTeHIIUH | JOCTHKEHH
pa6ora ycrneBaeMocTH |
a CTY/JEHTOB, Yac. KOMIIETEH-
7 2 L
: £ o
2|2 &
) § S| O
= =
= =

1 | ®ynkuuy, ux 1 |- --- S OIIK-1 OIIK-1.1
KiaccuuKanus u OIIK-1.2
CBOICTBa

2 | Teopus npenenoB u 1 | | - 8 | e OIIK-1 OIIK-1.1
TEXHUKA BBIYUCIICHHS. OIIK-1.2
HenpepsIBHOCTS.

3 | IlpousBoanas, 1 |- --- 8 | mmmmmmmmme OIIK-1 OIIK-1.1
muddepennma, OIIK-1.2
CBOMCTBA ¥ TEXHMKA
Qg epeHIpPOBaHUSI.

4 | TlonHoe uccnenoBa- 1 |- --- 8 | mmmmmememeeeee- OIIK-1 OIIK-1.1
Hue QYHKIH ¢ OIIK-1.2
MTOMOIIIBIO TIPEJIEIIOB
Y TIPOM3BOTHBIX

5 | Heonpenenén- 112 2 8 | mpakTuueckas OIIK-1 OIIK-1.1
HBII MHTErpall, pabota c pele- OIIK-1.2
CBOWCTBA U TEXHUKA HUEM MIPHUMEPOB
MHTETPUPOBAHUSL.

6 | Onpenen€éHHbIN 1|2 2 8 | mpakTHueckas OIIK-1 OIIK-1.1
UHTErpal, CBOICTBA U paborta c pere- OIIK-1.2
BBIUUCIICHHE. HUEM MIPHUMEPOB

7 | eomerpuueckoe 1|2 2 8 | mpakTHueckas OIlK-1 OIlK-1.1
IIPUIJIOKEHNE paborta c pere- OIIK-1.2
ONpeEIEHHOTO HUEM IIPUMEPOB
WHTETpaa.

8 | bazoBble noHsATHUS 1|2 2 8 | mpakTHueckas OIlK-1 OIlK-1.1
Teopuu auddepeHiu- pabora c perie- OIIK-1.2
AIIbHBIX YpaBHEHU, HUEM TIPHUMEPOB
penieHne ypaBHeHU I
1-ro mopsiaka

9 | Onpenenuten. 1 |- --- S I OIIK-1 OIlK-1.1
Pemenne cuctem no OIIK-1.2
bopmynam Kpamepa




10 | BekropHas anreopa. --- --- 8 | - OIlK-1 OIlK-1.1
JIuHeiiHbie BEKTOP- OIIK-1.2
HBIE TIPOCTPAHCTBA
11 | AHanuTHuYecKast --- --- 8 | -mmmemmemeeeee- OIIK-1 OIlK-1.1
reoMeTpus Ha OIIK-1.2
IJIOCKOCTH
12 AHanuTthueckas --- --- 8 | -mmemmemmmemeeeeeee- OIIK-1 OIIK-1.1
reOMEeTpus B OIIK-1.2
POCTPAHCTBE
13 Anrebpa --- --- 8 | e OIIK-1 OIIK-1.1
KOMIUIEKCHBIX YHCEL. OIIK-1.2
Aunrebpa
MHOTOYJICHOB
14 | PemieHue NTMHEMHBIX 2 2 8 [IpakTuueckas OIIK-1 OIlK-1.1
muddepeHIaTbHBIX pabora ¢ pere- OIIK-1.2
ypaBHEHUH 2-T0 HHEM IIPUMEPOB
MOPAJIKA C TIOCT
kodpurmenTamu
15 3anaua [lltypma- 2 2 8 | mpakTuueckas OIIK-1 OIIK-1.1
JInyBusns pabora c perie- OIIK-1.2
HUEM IIPUMEPOB
16 | Marpuunas anre6pa, 2 2 8 | mpakTuueckas OIIK-1 OIIK-1.1
pelnieHue JIMHENHBIX pabora c perie- OIIK-1.2
CHCTEM. HUEM MIPHUMEPOB
17 | Meron Tpéxauaro- --- --- 8 | mmmmmeeeee- OIIK-1 OIIK-1.1
HaJIbHOU IIPOrOHKH OIIK-1.2
[ToaroroBka k --- - 88 | - e e
9K3aMEHY
Y 14 14 P i e
18 | 3amaya Ha -—- -—- 8 | —emmmmmeeee- OIIK-1 OIIK-1.1
COOCTBEHHBIC YHCTIA U OIIK-1.2
COOCTBEHHBIE
BEKTOPBI
19 | Pemenue cucrem --- --- 8 | -=mmmmmeemeee- OIIK-1 OIlK-1.1
aud. yp-uii ¢ no- OIIK-1.2
CTOSTHHBIMH KO3(.
20 | YucnoBsie psasl --- --- 8 | mmmmmmememmeeee- OIIK-1 OIlK-1.1
OIlK-1.2
21 | CremneHHBIC PSAIBI --- --- 8 | —meeeeeeee- OIIK-1 OIIK-1.1
OIIK-1.2
22 OpToroHanbHBIC --- --- 8 |- OIIK-1 OIIK-1.1
pAIBI OIIK-1.2




23 | ba3oBble noHATUSA --- i R < B B OIIK-1 OIIK-1.1
Teopun GyHKIUH 2-X, OIIK-1.2
3-X TMEepEeMECHHBIX.

YacTHble IpOU3BOJ-
HBIE,

24 | DKCTpEMyMBI e I I I e OIIK-1 OIIK-1.1
GbyHKIUI 1BYX OIIK-1.2
nepeMeHHbIX. Haub. u
HauM. 3HaYCHUS

25 | KpuBosauHeiiHbie --- - | 8 | = OIIK-1 OIIK-1.1
WHTETPaJIbI OIIK-1.2

26 | /{BOiiHBIE UHTErPAJIBI. --- - | 8 | = OIIK-1 OIIK-1.1

OIIK-1.2

27 | Tpolinbie HHTETPAIIBI --- — | 8 | e OIIK-1 OIIK-1.1

OIIK-1.2

28 | DieMEeHTHI TEOpUH e B B < B B OIIK-1 OIIK-1.1
T0JIst OIIK-1.2

29 | Pemenue ogno- 2 2 | 8 |- OIIK-1 OIIK-1.1
MEPHOT'0 ypaBHEHUS OIIK-1.2
TEIUIOTIPOBOAHOCTH
MeroaoMm Dypse

30 | Pemenue onHo- 2 2 [IpakTuueckas OIIK-1 OIIK-1.1
MEPHOTO BOJIHO- pabora. OIIK-1.2
BOTO YpaBHEHUS
MeroaoMm Dypse

31 | Pemenue nBy- 2 2 IIpakTryeckas OIIK-1 OIIK-1.1
MEPHOTO ypaBHEHHUS pabora. OIIK-1.2
Jlammaca meTonoM

Dypee
32 | YucneHHbIE METOIBI 2 2 IIpakTryeckas OIIK-1 OIIK-1.1
peleHus pabora. OIIK-1.2
TG hepeHIMaTbHBIX
yYpaBHEHUNU

33 | CeTouHBI METOX 2 2 [IpakTnyeckas OIIK-1 OIIK-1.1
pelieHus: ypaBHEHUS paboTta OIIK-1.2
TEIUTOTIPOBOHOCTH.

34 | CeTouHBI METONT 2 2 [IpakTuueckas OIlK-1 OIlK-1.1
peLIeHNs BOJHOBOTO pabora. OIIK-1.2
YpaBHEHWUS.

35 | CeTouHBIN METOX 2 2 [IpakTuyeckas OIlK-1 OIlK-1.1
peuieHus: ypaBHEHUS pabora. OIIK-1.2
Jlarnaca u [lyaccona

36 | Meron nepeMeHHbIX 2 2 [IpakTnueckas OIIK-1 OIIK-1.1
HaIpaBJICHUN JUIs pabora OIIK-1.2

yp-Hs TEIIONPOBO/I.




37

CrneuunanpHbie GyHK- 2 | - --- 8 | - OIIK-1 OIlK-1.1
mun. Iommaome! Jle- OIIK-1.2
YKaH/pa, MHOTOUWICHBI
YeObIIeBa

IMoaroroBka K 2 | - | - S I el B
IK3aMEeHy ---

-------------- 2 |14 | 14 | 224 [ e

4.3. ConepxxaHue TUCUUILTHHBI

4.3.1. ®yHKkuuM, KIaccupuKanus u cBoiicTBa

Omnpenenenne ¢ynkuumu. CnocoObl 3amaHus QyHKIUM. Buapl aHanuTH4yeckoro 3aaaHus
(GyHKUIMU: SBHBIA, HEsIBHBIN, mapamerpudeckuii. [lonarue snementapHbix ¢(yHkumid. Parwmo-
HaJIbHbIE U MppaluoHanbHble QyHKIUH. JInHeiiHas komOuHauus QyHkuid. OCHOBHbBIE CBOM-
cTBa: 00JacThb olnpejaesaeHusi, Y4ETHOCTb, HEYETHOCTh, MOHOTOHHOCTh, KOPHHU, NMEPUOJUYHOCTD,
orpaHu4eHHOCThb. [loHsATHE OOpaTHOW (yHKUMH U ycioBHe €€ cyuiecTBoBaHUs. JIMHelHas
3aBHCUMOCTH U JIMHEHHAsI HE3aBUCUMOCTD (DYHKITHIA.

4.3.2. Teopusi npeneioB  TeXHUKA BbIuucaeHusi. HempepbIBHOCTH

OcCHOBHBbIE MTOHATHUS U ONPEJEICHUS: OKPECTHOCTh TOUKU, TPAHUYHBIE U BHYTPEHHUE TOUKH,
npenensHble Touku. Onpenenenue npeaena GyHkuuu B Touke (o Komm). [Tonstue 6eckoney-
HOTO IIpezea.

CaoiictBa npesnena. EnunctBeHHOCTH. AnautuBHOCTh. OgHOpOonHOCTS. [Ipenen npoussene-
Hus. Ilpenen orHowmenus. Ilepexon k mpeneny B HepaBEHCTBaX (CBOMCTBO MOHOTOHHOCTH).
Teopema o cxxaroit pynkuuu. [Ipenen kommnozunuu GyHKIHI.

TexHuka BbluMciIeHUs OpefenoB. Bunel HeonpenenéHHocTe U ux packpeitue. Omnpenene-
HUEe OECKOHEUHO MajbIX M MX cpaBHeHHe. CBolicTBa 6eCKOHEUHO MajblX. CIMCOK OCHOBHBIX
SKBHUBAJIEHTHBIX OECKOHEYHO MaiibiX. OCHOBHOE CBOWCTBO AKBHMBAJEHTHBIX OECKOHEYHO Ma-
JIBIX.

Ompenenenne 0ECKOHEUHO OOJBIINX, KX CPAaBHEHHE U CBOMCTBA. OCHOBHOE CBOMCTBO YKBU-
BaJICHTHBIX O€CKOHEYHO OoyblIMX. PackpeiTie HeonpenenéHHOCTeH ¢ MOMOIIBIO SKBUBAJIEHT-
HBbIX OECKOHEUHO MaJibIX U OeckoHeyHOo Oosbiux. [lepBelif 1 BTOpOI 3ameuaTesibHbIE Mpee-
JBI M UX 000011IeHHE.

HenpepeiBHocTh. Omnpenenenue npupamieHus: apryMeHTa u npupaiuenus gpynkuuu. OaHo-
CTOPOHHHUE IIPEJIENbl B TOUKE: JIEBOCTOPOHHUIN U IIPaBOCTOPOHHUM Npeaensl. Tpu onpeneneHus
HENpephIBHOCTU (YHKIUMU B TOYKE M MX B3aMMOCBA3b. Onepanuu HaJl HENpepbIBHBIMU (yHK-
LUSMH B TOUKE: CII0)KEHUE, YMHOXKEHUE, JIeJIeHHEe, BO3BEACHUE B CTENEHb, JOrapu(pMHPOBAHUE,
koMmmo3unus. HenpepsiBHOCT pyHKIIMK B 001acTH. OHOCTOPOHHSISI HEIPEPHIBHOCTD.

OCHOBHBIC CBOMCTBA HEMPEPBIBHBIX HAa OTPEe3Ke (DYHKIMM. [IBe Teopembl Beiiep-
mrpacca, Teopema Komm, Teopema bomnbiano - Kommu. Teopema o HenpepbIBHOCTH 00paTHOM
¢bynkuuu. HempepsIBHOCTE dNIeMEeHTapHBIX (yHKIWN. PaBHOMEpHast HEMpPEpbIBHOCTh B WHTEP-
Basie. Teopema Kanropa o paBHOMEpHOH HENIPephIBHOCTH (YHKIUN HAa OTpE3KE.

Touku paspeiBa u ux kinaccudukanus. Pa3pbiBeI IEpBOTo pona, yCTpaHUMBIE pa3phiBbl. Pa3z-
PBIBBI BTOpOTo poja. [IpuBectu npuMeps! rpaguecKkux o0pa3oB pa3pbIBOB IEPBOIO U BTOPOTO
pona.

4.3.3. llpousBoaHas, 1updepeHuua, CBoiicTBa U TeXHUKa JU(depeHInpoOBaAHUA

Onpenenenve npousBoaHo. Juddepennupyemsle GpyHkuuu, HenpepbiBHO TuddepeHin-
pyemble (yHKIUH, Tiaagkue (QyHKIUH. BBIBOI NPOU3BOAHBIX MPOCTEHIIMX 3JIEMEHTapHBIX
¢bysakuii. opMyiibl Mpous3BeAeHUs U OTHOIIEHUs GyHKIMM. AuddepeHurpoBanie KOMIO3M-
U GyHKIKN, OOpaTHBIX U apaMeTpUUecKy 3aJaHHbIX QyHkuil. Jlorapudpmuueckoe nudde-




peHIpoBanue (1Ba crocoba). Juddepennuansusie TeopeMsl o cpeaaem: @epma, Porms, Jlar-
pamxa, Komm. ITpaBuno Jlonurans misi HaxokaeHUs mpejena oTHomeHus GpyHkiuil. dusu-
YECKUM U T€OMETPUUYECKHM CMBICI IIPOU3BOJIHOM.

Jnbdepennman. Onpenenenue audpdepenunana (QYHKIMH M €ro IeOMETPUYECKMId
cmbicn. JQuddepennuan aprymenta. OcCHOBHbBIE cBoiicTBa auddepeHnuana: OJHOPOIHOCTD,
annutuBHOCTh. Jluddepenunan npousBeneHuss U oTHolIeHUs (yHKuui. MHBapuaHTHOCTDH
¢dopmbl nepBoro nuddepenuana. Beipaxxenne mpousBoaHoi yepe3 auddepenunanst. Orme-
patop muddepeHInpoBaHuUs.

4.3.4. Tloanoe uccjenoBanne GyHKIUIA ¢ MOMOIIBIO MPeEIeI0B U MPOU3BOAHBIX

AcuMnTOTHI. Knaccudukauus acumnror. OnpenencHue HaKJIOHHOM acuMnToTel. Heobxo-
JIMMOE YCIIOBUE CYIIECTBOBAHUS HAKIIOHHBIX acUMIITOT. [locTpoeHune Gpopmys sl BEIYUCICHUS
MapaMeTpoOB HAKIIOHHOW acCUMMITOTHI. [ OpU30OHTAILHBIC aCUMIITOTHI. BepTHKAIbHBIE aCUMIITO-
Thl. HeoOxonruMoe yciioBre CyliecTBOBaHHS BEPTUKAIbHBIX ACHUMIITOT.

HaxoxaeHne nHTEpBaIOB MOHOTOHHOCTH (DYHKIIMM C TIOMOIIBIO MPOM3BOAHBIX. Omnpeene-
HUE Touek 3kcTpeMmyma. CranroHapHbsie Touku nuddepenupyemsix ¢pyHkuii. J[Ba nocrarou-
HBIX YCJIOBHSI CYIIIECTBOBAHUS TOUEK MaKCHMyMa MJIM MUHUMYyMa.

Haubonbiiee 1 HauMeHblllee 3HaYeHHs] HenmpepeiBHOU ¢yHkiuu. Teopema Beliepmirpacca.
AJNTOPUTM HAXO0KJICHUs HAHOOJIBIIIETO W HAUMEHBIIIETO 3HaUeHUI nuddepeHnupyemMon GyHkK-
uuu. Beimykiiocts rpaduka GyHKIMM BBepX M BHU3. Touku neperuda. OnpenencHue Buaa Bbl-
MYKJIOCTH U HAaXOXJEHHUE TOUYEK Nepernda ¢ HOMOLIbI0 BTOPOM MPOU3BOIHOM.

[Topsnox momHOTO HccnenoBaHus GYHKIMH U TOcTpoeHue e€ rpaduueckoro odpasa.

4.3.5. HeonpenenéHHbI HHTErpaJl, CBOHCTBA M TEXHHKA HHTErPUPOBAHUS.

OCHOBHBIC TIOHATHS W OIPENENICHUS. TOABIHTErpaNbHAsS (DYHKIMS, TOIBIHTETPAIHLHOE
BBIpO)KCHHUE, IEPEMEHHAss WHTETPUPOBAHMS, OIEpaTop UHTErpupoBaHusd. CBs3b MEXIy
muddepeHmpoBaHneM U HHTErpupoBaHreM. OCHOBHBIE TaOinM4HBIE WHTErpaibl. CBoiicTBa
HEONpPENENEHHBIX UHTETPAJIOB: OJHOPOAHOCTb, aJAUTUBHOCTh — JINHEUHOCTD.

TexHUKa MHTEIrPUPOBAHUS. MeTos pasiioKeHus, METO MOACTAHOBKH, UHTErPUPOBA-
HUE TI0 YacTsAM (C BBIBOJOM (OPMYIBI), PEKyPCHBHOE W PEKYPPEHTHOE HHTEIPUPOBAHHE.
JlpoOHO pannoHanbHble GYHKIUU M UX KJIacCU(UKaLUs: HEeNpaBUIIbHBIE JpOoOU, MpaBUIIbHbIE
npo6u. Ipocreiimme apodu u ux kinaccuduxanus. Pasnoxenne npaBuIbHBIX ApoOel Ha mpo-
CTelIIMe METOAOM HeomnpeAenEHHbIX Kod(duuneHToB. [IpencraBnenue HeMpaBUIbLHON ApOOH
B BHJIE CYMMBI [TOJINHOMA U NPaBUJILHON APOOH.

WuTerpupoBanue ApoOHO paunuoHalIbHBIX (PyHKIMI. HTEerpupoBaHHe HEKOTOPBIX TPUIO-
HOMeTpuueckuXx (yHKIuH. TpuroHomerpuueckas MOJACTAaHOBKAa M YHUBEpCallbHAsi TPUTOHO-
METpHUYECKas NOJICTaHOBKA.

4.3.6. OnpenesiéHHbII HHTErPaJl, CBOICTBA U CMOCOObI BHIYHCIEHHSA

ITocTpoeHre MHTErpajlbHOM CyMMBI U OIPEIEICHUE OMPENEIEHHOIO UHTErpaa. Y CIIOBUs
uHTerpupyemoctu. CBoiCTBa: OAHOPOJHOCTD, aTATUBHOCTD O MOJBIHTErpaIbHOW (QYHKIUH,
aJTUTUBHOCTD 10 00JIACTH MHTETPUPOBAHUS, MOHOTOHHOCTb, TEOPEMA O CPETHEM, COXPAHEHHE
3HAaKa, CBSI3b NPEENIOB UHTErpupoBaHus. OlieHKa 3HaUeHU UHTErpaa.

Brruncnenne. ®opmyna HetoTona - Jleitbuuiia. Metoa noactanoBku, popmyia HHTETPUPO-
BaHUA 10 YacTsAM. MIHTerpupoBaHue YETHBIX U HEYETHBIX (PYHKIMM 10 CAMMETPUYHOMY UHTEP-
Bairy. HecoOGcTBeHHBIE MHTETPAJIbI IEPBOTO M BTOPOTO BU/A, UX BBIUYUCIEHHE C TIOMOUIBIO Tpe-
JIEJIOB

OpToroHajbHBIC CHCTEMBbI (YHKIMU. Onpenencuue. [IpuMepsl TPUTOHOMETPHYECKHX
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4.3.7. T'eomeTpHyecKkoe NPUJIOKEHHE ONPeAeIéHHOT0 HHTerpaJja
Bbruucienne miomanu miockux ¢uryp. BeiBox (GopMyiibl BBIMMCICHMS AJMHBI IUIOCKON
KpuBOM. BpiBo (hopMyIIbI, C TOMOIIIBIO KOTOPOH BRIYHCISAETCA 00BEM Tella BPAICHHUS.

4.3.8. bazoBble NOHATHS TeopuHu AU pdepeHIHATBHBIX YPABHEHUI 1
CIoco0bl pelieHUus NPocTeuX ypaBHeHUil

Knaccudukanusi ypaBHEHUN: HOpANOK, JUHEHHOCTb, HEIHMHEHHOCTh, OJXHOPOJHOCTD,
HEOJJHOPOAHOCTb, C MIOCTOSTHHBIMH KOA((GHUIIMEHTAMU U C IEPEMEHHBIMH KO3 UIIEHTAMH.

Knaccudbukanus pemieHui: obmee penienue, oOMMHA HHTErpall, YacTHOE pEIICHHE,
ocoboe pemenue. OcoObie TOUKH.

[Ipocreiimue muddepeHIIaabHbpIe YPABHCHHUS IEPBOTO MOPSAAKA. YpaBHEHHUS
pa3fenéHHbBIMM NEPEMEHHBIMM W YPAaBHEHHUS C pPa3/essIOIIMMUCS NepeMeHHbIMU. Perienue
JTUHEWHOTOo U (PEepeHINATFHOTO YpaBHEHHSI TIEPBOTO MOPSAIKA C IEPEMEHHBIMH K03 duImeH-
tamu MetofoM 1. beprymm. Pemenue ypaBHenus U. bepnymnu — HenunelHoro auddepeH-
[IHAJIFHOTO ypaBHEHHUS MEPBOTO MOPSAIKA C MepeMeHHbIMU K03 duumentamu. Pemenue ypas-
HEHMH, COAepKaIUX TOJIBKO OJHY IEPEMEHHYIO.

3amava Komu. Penienne ypasaenus 1-ro nopsjka ¢ 3aJaHHbIMA HA9aIbHBIMU YCIIOBHAMMU.

4.3.9. Onpeaenuresin
I'eomerpuueckas nocraHoBka. Anredpandeckas nocraHoBka. CBoicTBa onpenenureneil BTo-

poro nopsiaka. OnpeaenuTenu TpeTbero nopsaka. Onpeaenurend N-ro NOpsSAKa U CrocoObl UX
BbIunciieHus. Teopema Jlannaca.

4.3.10. BexTopHasi aaredpa u JluHeiiHble BeKTOPHbIE IPOCTPAHCTBA

basosble nonsaTus. JIunelinsle onepanuu. HennHelinble onepanyy: CKaasipHOE, BEKTOPHOE U
cMelIaHHoe npou3BeneHus. KolmmHeapHOCTh U KOMIUIAHAPHOCTh BEKTOPOB. BekTopHbiii Oa-
3uc. JIuHeliHbple U HEIMHENHHBIE Ollepallui B KOOPAWHATHOH (Gopme.

baszoBble nousTus. Jluneinsle onepanuu. CkanspHoe Mpou3BeAeHHE. EBKINIOBBI BEKTOP-
Hele npocrtpaHcTBa. Hopma Bektopa. HepaBenctBo Komm — byHsikoBckoro. Yrom mexnay
BekTOpaMu JIMHEWHAass 3aBUCUMOCTh W JIMHEHHAs HE3aBUCHUMOCTh BEKTOpoB. bazuc. Oproro-
HaJIbHbIE CUCTEMBI BEKTOPOB M OPTOTOHANbHBIN Oa3uc. [locTpoeHne opTOroHaJbHOTO U OPTO-

HOPMHPOBAHHOTO 6a3uca B N- MEPHOM BEKTOPHOM IIPOCTPAHCTBE.
4.3.11. AvanuTnyecKasi reoMeTpHs HA MJIOCKOCTH

JlekapToBbI CUCTEMBI KOOpAMHAT Ha IuiockocTu. IlpeoOpa3oBanue cucremsl koopauHat. Ilo-
JsipHast cuctemMa KoopanHaT. CBs3b MOJISPHOM cUCTEMBbI KOOpAUHAT ¢ JekapToBoil. [locTpoeHue
YPaBHEHHUI NPSIMOi: ypaBHEHHE NPSMOM IO ABYM 3aJaHHBIM TOYKaM, IapaMETPUUYECKUE YpaB-
HEHUS MPsIMOM, ypaBHEHHUE NPSIMOM C YIIIOBBIM KOA(P(GUIIMEHTOM, ypaBHEHHUE NPSIMON B OTpE3-
Kax, ypaBHEHHUE NPSIMOI MO 3a/laHHON TOYKE U BEKTOPY, 00Ilee ypaBHEHHUE NMPSIMON, HOpMaJlb-
HOE YpaBHEHME MPSIMOU.

KpuBbie BTOpOro mopsjika. BeIBoJ KaHOHMYECKMX YpaBHEHHMI KPUBBIX 2-TO MOpSAKA: OK-
PYKHOCTH, 3JuUIHIIca, TunepOosbl U napadonsl. [IpuBenenue ypaBHeHuH 2-0i cTeNeHU K KaHO-
HU4ecKkoMy BUy. YacTHble ciaydan. OOmmii ciydail. MHBapuaHThl ypaBHEHUs 2-0i CTENEHU.

4.3.12. AHaauTH4ecKasi reoMeTpHus B IPOCTPAHCTBE

BriBo ypaBHEHMI INIOCKOCTH: YPAaBHEHME INIOCKOCTHU 10 JAHHBIM JABYM BEKTOpPAM U TOUKE,
ypaBHEHHE IJIOCKOCTU MO TPEM TOUKAM, YpaBHEHHE IUIOCKOCTH B OTpE3Kax, o0Ilee ypaBHEHHE
IJIOCKOCTH, HOPMAJIBHOE YPAaBHEHNUE TUIOCKOCTH. HenosHble ypaBHEHUS INIOCKOCTH.

BeIBOZ ypaBHEHUI MPSAMOM IO ABYM 3aJaHHBIM TOUYKaM, 110 33JaHHOM TOYKE U BEKTOpY. BbI-
BOJI apaMEeTPUUECKUX YpaBHEHHH MpAMOM u obmiero ypaBHeHus npsimoit. [loBepxHocTH BTO-
poro nopsnaka. LlmmHapruiyeckue noBEpXHOCTH.

4.3.13. Anredpa KOMIIEKCHBIX YHce U ajiredpa MHOT04/1eHOB

Anrebpandeckas dopma u apudmerndeckue aercTBuss. ConpspkEHHBIC YMCTia U UX CBOM-
crBa. I'paduueckuii obpa3. Tpuronomerpuueckas Gopma. Apupmernyeckre IecTBUs B TPU-




roHoMmeTpudeckoit popme. Bo3senenue B crenens (popmyna MyaBpa) U U3BJI€UCHHE KOPHS B
TpuroHoMeTpudeckoit dopme. Popmyna Diepa, mokazarenbHas (opma, BO3BEJICHUE B CTe-
NeHb ¥ U3BJICUCHHE KOPHS M3 KOMIUIEKCHOTO YMCIIa B TMoOKaszaTtenbHOH (opme. I'paduueckuii
o0pa3 KopHeH.

basosble nonsaTHs. Onepanuy HaJ MHOIOWIEHAMU: CIIOKEHUE, BEIUNTAaHUE, YMHOKeHuUE. Jle-
neHue 0e3 ocraTka u jaeneHue ¢ ocratkoM. Kopuu mHorowiena. OcHOBHasi TeopeMa anreopsl.
CrnencTBus U3 OCHOBHOM TEOPEMBI: YUCIIO KOPHEH B MHOXKECTBE KOMILJIEKCHBIX 4Hcell. Teopema
besy. O0o0ménnas teopema Buera. PaznokeHrne moIMHOMOB Ha MHOMHU-TEJIM B MHOXECTBE
KOMIUIEKCHBIX YHMCEJl M B MHOXECTBE JEHCTBUTENbHBIX YHUCEI. 3HAMEHUTHIE I1OJIMHOMBI:
nonuHoM Jlarpanska, nosimHoM HeroToHa.

4.3.14. InddepennuanbHbie ypaBHEHHUS 2-T0 MOPAIAKA

HDOCTeﬁMHC I[I/Id)d)CDGHHI/IaJ'IBHBIe YPAaBHCHHA BTOPOI'O0 MOPAAKA. IlonsTue
JMHEWHOW HE3aBUCUMOCTH JABYX (pyHKIuil. CBS3b KOJIMYECTBA NPOU3BOJIBHBIX MOCTOSIHHBIX C
nopsiikoM ypaBHeHus. [locTpoenue o01ero peneHus JMHEHHOTO 0JHOpoAHOTO Auddepenn-
aJIbHOT'O YpaBHEHMs BTOPOIO MOPsIKA C OCTOSHHBIMU KO3 (pUIIMeHTaMu METOI0M Diiepa.

Metoa Ditnepa. Beibop ananuTraeckoro Bujaa pemenus. [IocTpoeHne XapaKTepruCTHIEC-
KOI'O YpaBHEHHUsI U HaXOXKJieHue ero kopHeil. [loctpoenue ob1iero penieHust B 3aBUCUMOCTH OT
BHJIa KOPHEN XapaKTEPUCTUUECKOTO YPAaBHEHMS: Pa3HbIE NEUCTBUTEIbHBIE KOPHU, KOPEHb OJJUH
KpaTHOCTHU 2, KOMIUIEKCHbIE KOPHU, MHUMbIE€ KOPHHU.

Pemenue TUHEMHOrO HCOAHOPOAHOI'O I[I/Id)d)eDGHIII/IaﬂLHOFO YPAaBHCHHSA BTOPO-
ro IOpSAJKa C MOCTOSIHHBIMM KO HIIMEHTaMHU; MeTonom Jlarpan:xa (METOIOM Bapua-
UM [IPOU3BOJIBHBIX MOCTOSIHHBIX) U METOJIOM HeomnpenenéHHbIX Ko3dduuuentoB. OtaensHoO
paccMOTpeTh YaCTHBIN Cilydaid, KOr/ia IpaBasi 4aCcTh TAKUX YPaBHEHUU SIBISETCS CYMMOM (yHK-
Uil , KOTOpbIe MPUHAAIEKAT K Pa3HbIM Ki1accaM (yHKLUH.

Pemrenue 3amaun Ko, Ilocranoska 3agaun. CBs3b MOpsiKa ypaBHEHHUs C KOJIUYECT-
BOM HayaJbHbBIX YCIOBUH.

4.3.15. 3apaya lltypma - JInyBuiLis.

Pemenne mpocreimero ypasHenus Ilrypma - JlmyBwiuid Juisi TPUBHAQJIBHBIX KPaeBBIX
ycaoBuit 1-ro,2-ro u 3-ro pona. HaxoxeHne coOCTBEHHBIX 4YHCed U COOCTBEHHBIX BEKTOPOB
JUTSL KaXKI0T0 BUJA KPAeBbIX YCIOBHIA.

4.3.16. MaTpuyHas ajare0pa M pemieHue JHHCHHbBIX CHCTEM

ba3oBbie monsATHA. JIMHENHBIE Ollepaluy HaJ MaTpULAMU M CBOWCTBA ITHX ONEPALMM.
YMHOXEHUE MaTpHUILl U CBOWCTBA 3TOM omnepanuu. [IoHATHE TMHEHHON HE3aBUCUMOCTH CTPOKHU
n cronluoB. PaHr marpuubl. DieMeHTapHblEe MPeoOpa3oBaHUsS MaTpPULbl. DKBUBAJICHTHBIE
MaTpuibl U uX cBoiicTBa. KBaapartHele MaTpuipl. Kiaccudukanus KBagpaTHBIX MaTpHLL.
[TpeoOpazoBanre 6a3MCOB C MOMOIIBIO MATPHIL.

CucTeMbl TMHEHHBIX YPABHEHUMN.

Heonnoponnsie cucreMsl. bazossie nonsitust. Teopema Kponekepa - Kanennu u cinencrsus
n3 He€. DyHIaMeHTalnbHas cucteMa perieHnil. OCHOBHbIE MeToIbI pemieHus: metoq Kpamepa,
MaTpU4HbI MeTox, MeTof ["aycca (MeTon uckiroueHus), Mmetos ['aycca ¢ BBIOOPOM TIIIaBHOTO
aneMeHTa. PerieHue cucteM ¢ pasHbIMH CBOOOJHBIMU cTOsIONAaMH. PemieHue OJHOPOAHBIX
CHCTEM.

4.3.17. TpéxanaroHajabHasi IPOrOHKA

3amaun, NPUBOASIIME K PEIICHUIO JIMHEWHBIX HEOJHOPOAHBIX ajdreOpanyecKux CHCTEM C
TpéxanaroHanbHou Marpuuel. Ilocrpoenue pemenus takux cuctem. [Ipsmon xox — mocrpoe-
HUE TMPOTrOHOYHBIX KO3 uireHToB. OOpaTHBIX X0 — NOCTPOCHHE pelieHus cucTeMbl. JlocTa-
TOYHBIE YCJIOBUS I PEIIEHUSI CUCTEMbI METOJOM ITPOTOHKH.

4.3.18. 3axaya Ha cOOCTBEHHbIE 3HAYCHUS

[TocranoBka 3amgaun. CoOCTBeHHbIE YKcla U COOCTBEHHbIE BEeKTOpbl. YacTuuHas mpobiema

COOCTBEHHBIX YMCeN M MosiHas mpobiema. CBolcTBa COOCTBEHHBIX BEKTOpOB. (COOCTBEHHBIE




Yucia JUAroHaJbHBIX M TPEYTOJIbHBIX MaTpull. PemieHue 3amaun Ha COOCTBEHHBIE YHCIA U
COOCTBEHHBIE BEKTOPBI B IPOCTEHIINX CITydasiX.

4.3.19. Pemienue JinHelHbIX cucTeM quddepeHInaTbHBIX YPABHEHHI EPBOIo NOPsIKa ¢
NMOCTOSIHHBIMM K03pPuumeHTaMmu

bazoBbie moHATHSA. TTopsaok cucremsl, OOLIee pelleHre, YaCTHOE pEIeHKe, JMHENRHas
KOMOMHAIMs peleHni, GyHIaMeHTallbHasi CUCTEMA PELICHUH.

PemieHne  OaHOPOAHBIX CHCTEMbl METOJOM JMiepa. Ilocrpoenne U pelneHue
BEKOBOro ypaBHeHUs. HaxoxaeHue coOCTBEHHBIX BeKTOpOB. [locTtpoeHne (yHmaMeHTambHON
CHUCTEMBI PEUICHHUIA.

Pemienne  HEOTHOPOAHBIX CHUCTEMBI MeTojioM Jlarpanxka (METoJ Bapualuu
MIPOM3BOJBHBIX MMOCTOSHHBIX). TlocTpoenue obmiero pemenus. 3anaga Komm.

4.3.20. YucsoBbie psiabl

BBeneHnve MOHATHN: YHCIOBOW Dsiji, OOIIMIA WIEH psA/la, YaCTHYHAs CyMMa, OCTaTOK psja,
CXOAMMOCTH Psi/ia, PACXOIUMOCTh psAna. HeoOxoaumoe ycaoBre CXOAUMOCTH psAla U JOCTaTOY-
HOE YCJIOBHE PacXOJUMOCTU psna. JIBa HEOOXOJUMBIX M JOCTATOYHBIX YCIIOBUS CXOAMMOCTH
YHUCJIOBOIO psja. JIMHeilHble onepanuu HaJl CXOIAIMMHUCS PAIaMUA: YMHOXKEHUE Psiia Ha YUCIIO
U CJI0KEHHE PSAIOB.

HOCTaTO‘lHBIG OPU3HAKH CXOAMMOCTHU pPAJOB C TIOJIOKUTCJIBHBIMU YJICHAMMU.
MIepBBIN MPU3HAK CPABHEHUs, BTOPOI pU3HAK cpaBHEHUs, mpu3Hak [lanambepa, paaukanbHbIi
npusHak Kommwm, naTerpaneueiii npuszHak Komm. MccnenoBanne Ha CXOOQUMOCTh TapMOHUYEC-
KOTO psiia U 0000IIEHHBIX TAPMOHUYECKUX PSAZOB C MOMOIIBI0 MHTErpaibHOro npusHaka Ko-
. McenenoBanre Ha CXOAMMOCTh FEOMETPUUECKUX PSAAOB (PSAIOB T€OMETPUUYECKOM Iporpec-
cun).

3HAKOIIEPEMEHHBIC YHCIOBBIC PsJibl. 3Hakouepenyromuecs paasl. Teopema JleiiOuuna
u psnbl JleiiOnumna. AGCONIOTHAS U YCIIOBHAsA CXOAMMOCTh. CBOWCTBa aOCOJIOTHO U YCJIOBHO
CXOJSALLIUXCS PSIIOB.

4.3.21. CteneHHble PsabI

Ob6nacte cxoaumoctu psija. PaBHomepHas cxoauMocTb. CBOMCTBa paBHOMEPHO CXOASALINXCS
PSI0B: HENIPEPHIBHOCTh CYMMBbI, MHTETpUpOBaHUE U JIuddepeHupoBaHue psIoB.
CreneHnble psijibl. Teopema AGens. MHTepBan M paadyc CXOAUMOCTH CTENEHHOTO psa.
BeiBo hopMymbl U1 HAXOXKACHUS pajuyca CXOAMMOCTH C MOMOIIbIO Mpu3Haka JlanambGepa
WJIY MHTETrpajabHOro npusHaka Komm. PaBHoMEpHAs cXOqUMOCTBb.

Psan Tennopa. Pasnoxenue 6Geckoneuno auddepenimpyemoit hpyukimu B psia Teiinopa.
Ycnosue cxoaumoctu paaa Teitnopa. EAMHCTBEHHOCTD pa3nokeHust GyHKIuH B psja Teitnopa.
Pa3noxxenue mpocredmumx aneMeHTapHbIX QyHKuui B psan Teitnmopa. Psag Maxnopena. BoiBon
¢dopmynbl Diinepa ¢ moMomslo psaoB MakiopeHa. Muorounens! Teiinopa u MakiiopeHa.
[TpuOnmxEHHBIE BBIUNCICHUS 3HAUEHUH (QYHKIMH, TPOM3BOAHBIX M HHTETPAJIOB C MOMOILBIO
MHorouineHos Teiiopa u MaknopeHa.

4.3.22. Oproronaibnbie psigbl (Psab1 @ypbe)

Onpenenenre 0ECKOHEYHON OPTOrOHAJIbHOM cucTeMbl pyHKUuN, OnpeneneHue O€CKOHEUHOU
OpPTOrOHAJILHOW C BECOM CHUCTEeMblI (PYHKIMI. Pa3noxkeHune B psa MHTETpUPYEMBIX Ha OTpE3Ke
¢GbyHKIMH 0 opToroHanbHOMY Habopy pyHkumii. [Toctpoenne kordpunnentos Oypne

Turonomerpuyeckuid psj Pypbe. Pasznoxkenne QyHKIMH 110 GECKOHEYHOMY OPTOIO-
HaJIbHOMY TpUroHOMeTpuueckomy 6aszucy. Teopema Jlupuxie. Iloctpoenune ko3¢pduineHTos
JUI TpUroHOMeTpHueckux psagoB @ypee. CxoaumocTs B cpeiHeEM. TpUrOHOMETPUUECKUI Pl
JUIs Y4E€THBIX W HEUETHBIX (QyHKuMHA. PasnokeHue QyHKUMIA, 3aJaHHBIX Ha TOJIYHEPUOE.
Paznoxenue ¢pyHkuuii mo cunycam. Paznosxenue QpyHKIMA 10 KOCHHYCaM.




4.3.23. ba3oBble MOHATHSA A PYHKIMH 2-X M 3-X mepeMeHHbIX

ITocTtpoenue obnactu ompeneneHust A (QyHKIMH JBYX NepeMeHHbIX. [loHsTHe mpenena
¢byHkuuu B To4ke TuiockocTH. IlonsTre HenpepsiBHOCTU. ['eomeTpuueckuil o0pa3z QyHKIUU
IBYX NEPEMEHHBIX.

YacTtHble npon3BoaHbIC U b depeHIranbl. OnpeaeneHie 4acTHBIX MPOM3BOIHBIX
IIEPBOTO U BTOPOrO MOPSAAKOB. YCIIOBHE PABEHCTBA BTOPHIX CMEIIAHHBIX MPOU3BOAHBIX IS
(GyHKIMK BYX NEepeMeHHbIX. YacTHbIe MPOM3BOAHBIE M YacTHBIC NU((HEpEeHIINABI, TOTHBIHA
muddepennman. Juddepennuan BToporo mopsiaka. IlpousBogHas KOMIO3UIMM (DYHKITHI.
JuddepenurpoBanue HESBHO 3aJaHHBIX (YHKIMNA. YpaBHEHHE KacaTeIbHOM IUIOCKOCTH W
HOpMaJIi K IIOBEPXHOCTH.

4.3.24. Jxcrpemymbl pyHKUUI ABYX nepeMeHHbIX. HanGobme 1 HauMeHbIIKE
3HaYeHMs
Heo6xoaumeie ycioBust skcTpemyma. Muorouwren Teiiopa 1t GyHKINU IBYX NEPEMEHHBIX.
JlocTatouHble ycinoBHs 3KcTpeMyma. HaxoxkaeHue HamOONbIIMX M HAaUMEHBIIMX 3HAYEHUH
¢byHKuMi 1BYyX mepeMeHHbIX. [locTaHOBKa 33aJaun Ha HAXOXKJCHHE YCIOBHBIX SKCTPEMYMOB.
Pemienue 3a7a4 Ha yciaoBHBIA 3KCTpeMyM meToaoMm Jlarpanka. 3ajada Ha yCIOBHBIM 3KCTpeE-
MYM IS JIMHEHHBIX QYHKIMK (IPOCTEHIINI clydail CUMILIEKC METO/IA).

4.3.25. KpuBoJinHeiiHble HHTETPaJibl

[TocTpoeHre KPUBOJIMHEHHOTO UHTETpaia TEPBOTO PO, €ro CBOMCTBA. BhIunciieHne nHTerpa-
Jla B 3aBUCUMOCTH OT aHAJIMTUYCCKOI'O 3aJaHWA IIYTH UHTCIPUPOBAHUA. OHpeIIeJICHI/IC KpHBO-
JMHEWHOTO MHTETpajia BTOPOro pojia, €ro CBOMCTBAa M CIIOCOOBI BhIYHMCICHHs. MHTErpan 2-ro
poJia 1Mo 3aMKHYTOMY ITyTH. Y CJIOBHE HE3aBUCHMOCTH MHTErpajia 2-ro pojaa OT BHJA MyTH. BEI-
0Op MyTH MHTETPUPOBAHHMSI, €CIIU TIOABIHTETPATBHOE BRIPAKCHUE SBJISICTCS TIOJHBIM TU(depeH-
[MAJIOM M BBIYUCIICHHE TaKoro wMHTerpana. Haxoxaenue QyHkmuu no moiaHoMy auddepen-
uaiy. Pemenue ypaBHeHMsI B TOJTHBIX U QepeHInaiax.

4.3.26. /IBoiiHbIe HHTETPAIbI
[TocTpoeHne NBOMHOIO MHTErpaja Kak mpejena MHTerpanbHblXx cyMMm. CBOWMCTBa MHTErpaia
10 IIoniaay. Beruucienue 1BOMHOrO MHTErpana B IEKapTOBOM cucteMe KoopauHar. Iloctpo-
HUe skobuaHa (ompenenurens SIkobu). Beruncienue NBOMHOrO MHTErpaia B MOJSPHOU CHC-
Teme KoopauHat. Beruncinenue uaterpana I[lyaccona ¢ moMonip0 ABOMHOIO MHTErpaia B IO-
JIIpHOM cucTemMe KoopauHar. [IpuMeHeHre 1BOMHOro MHTErpala Uil BBIYMCICHH TUIOIAACH 1
00BEMOB.
4.3.27. TpoiiHble HHTerpaJibl
[TocTpoeHnue TpoHOTO HWHTErpaja B IeKapTOBOM cucteMe koopauHat. [loctpoenue sikoou-
aHa (ompenenurens SIkoOu) JUIsl UUIMHIPUYECKON CHCTEMbl KOOPAMHAT U M ChepruuecKoil
CUCTEMBI KOOpJMHAT. BpluncieHne TpoMHOro MHTerpaia B LHUIMHAPUYECKON U chepruyecKoit
cucreMax KoopauHart. [IpumeHeHne TpoiHOro HHTErpaia i BEIYUCIECHHS 00BEMOB.

4.3.28. Dj1eMeHTBI TEOPUH MOJS

CkansipHoe ToJe U BeKTOpHOE rose. Ornpenenenue mpon3BOJHOM 110 HAITPABICHHIO.

Omnpenenenus nuddepeHIINaTbHBIX ONepPaIui TePBOr0 MOPSJIKA. [(paaueHT u ero
OCHOBHBIE cBoOiicTBa. CBfA3b TIpajMeHTa M IMPOU3BOAHOM IO HampaBieHHIO. JIMBepreHIus
(pacxomumocTh) BekTOpHOTO Toyisi. Potop (Buxph) BekTopHOTro mois. JuddepeHiuaabHbie
OIEpaLiy BTOPOTO MOPSAAKA: TUBEPreHLUs OT IPAUEeHTa, POTOP OT I'PAJAUEHTa, AUBEPTEHIIHS.
Oneparop Jlannaca.

4.3.29. Pemienne ypaBHeHHsl O/ITHOMEPHOI0 YPABHEHHS TeNJIONPOBOJIHOCTH MeTOA0M

dypobe

Knaccudukanus IMHEHHBIX ypaBHEHUH MaTeMaTHYeCKOW (U3MKU C ABYMS HE3aBHCHMBIMU
MEePEMEHHBIMA W TIPUBEJICHWE TAaKUX YpaBHEHWH K KaHOHMYECKOMY BHIy. HauambHble U
KpaeBble yCIOBUS U MX Kiaccu(UKalus. Y CIOBHs COrJIaCOBAaHUS HAaYalIbHBIX U KPAeBBIX yCIIO-




Buid. KpaeBele ycnoBus aJid ypaBHeHUH amunTrudeckoro tuna. [loctanoska 3agaun Jupuxie u
ocTaHoBKa 3amaun Helimana.

PelieHne 0IHOPOJHOrO YpaBHEHHUS TEIJIOMPOBOJHOCTH C HYJIECBBIMU KPACBhI-
MU YCJIOBUSIMMU.

[lepBbiii mar pemenus. Pa3zieneHne NEpeMEHHBIX. IIpencraBieHue HEM3BECTHON
(GyHKIIUM B BUJI€ MPOU3BEACHUS IBYX HEU3BECTHBIX (DYHKIUH, IepBast U3 KOTOPBIX 3aBUCUT OT
MPOCTPAHCTBA, a JApyras TOJIbKO OT BpeMeHH. llocTpoeHne auddepeHnnarbHbIX yYpaBHEHHMA
JUTSL KOXKIOW U3 TaKUX (YHKIIUM.

Bropoit miar pemenus. 3amava Illtypma JInyBumis. Ilepsas Qynkuus sBiasercs
pemrenueM 3anaun Lltypma — JInyBWIIIS ¢ 3alaHHBIMHA KPaeBbIMH YCJIOBUSMU. Bropas (yHK-
1[Ms 3aBUCHUT TOJIBKO OT BPEMEHU U SIBIISIETCS pelIeHHUEM NpocToro quddepeHnaasHoro ypas-
HeHus 1-ro nmopsika.

Tperuii 1mar pemeHus. Metoa DPypbe. OkoHYATENLHOE PpELIEHUE ypPABHEHUE
TEIUIONPOBOJHOCTU CTPOUTCS C IOMOIIbIO TPUTOHOMETpUYeckoro psaa dypee.

Pemennie HEOTHOPOIHOTO YPAaBHEHUS C HYJICBBIMU KPAEBBIMH YCIOBUSIMHU YPAaBHEHUS

Pemennie oqHOPOTHOTO ypaBHEHUS C HEHYJIEBBIMHU KPAaE€BbIMH YCIOBUSIMH.

4.3.30. Pemienue BOJIHOBOTO OJITHOMEPHOI0 ypaBHeHusi MeToaoM Pypbe
IlepBeiii 1iar pemieHus. Pa3gelicHHME NEepeMEHHBIX. IlpencraBieHne HEM3BECTHOM
(GyHKINU B BHJIE TPOM3BEACHUS JBYX HEU3BECTHBIX (DYHKIIHI, ITepBast U3 KOTOPBIX 3aBHCUT OT
MPOCTPAHCTBA, a Jpyras TOJIbKO OT BpeMeHHU. [locTpoenue nupdepeHInanbHbIX YpaBHEHUIH
JUTSL KOKJIOW U3 TaKUX (YHKITHH.

Bropoi#i mar pemenus. 3agada Illtypma JInyBuiis. Ilepsas QyHKuus sBisercs
pemenrem 3amauu llltypma — JInyBWUIS ¢ 3alaHHBIMU KPaeBbIMU YCIOBUSMU. Bropas GpyHK-
U 3aBUCHT TOJIBKO OT BPEMEHH U SIBIIICTCS pelieHueM TudGepeHnaaIbHOro ypaBHEHUs 2-T0
MopsiIKa ¢ NOCTOSTHHBIMU K03 uiimeHramu.

Tperuit 1mar pemeHus. Metog @Dypbe. OxoHuUaTenbHOE pENIEHHE BOJIHOBOIO
YPAaBHEHUsI CTPOUTCS C IIOMOLIBIO TPUTOHOMETPUIECKOTO psAna Pypehe.

Perienne HEOTHOPOTHOTO YPaBHEHUSI C HYJIEBBIMU KPACBBIMH YCIOBHSIMH YPaBHECHUS

Pemenue OAHOPOJHOTO YpaBHCHHA C HCHYJICBBIMU KPACBBIMU YCIIOBUSAMMU.

4.3.31. Pemienne ypaBHenus Jlamiaca Ha niiockoctu MeroaoM ®ypbe

Perraercst miockas 3ajada Ha MPSIMOYrOJbHHKE B JEKApTOBOM CHCTEME KOOP/IMHAT,
pemaeTcs 3agava BHYTPH M BHE Kpyra B TOJSIDHOW CHUCTeMe KOoopauHaT. Pemiaercs 3amaua
Hupuxie — HeusBecTHas QYHKIMS 3a/JaHa Ha TPaHMUIIE.

IlepBoii miar pemeHus.Pa3geieHue NepeMeHHbIX. IlpencraBieHne HEM3BECTHOM
(GYHKIIUU B BUJIE TPOM3BEICHUS JIBYX HEU3BECTHBIX (DYHKITHI, IIEpBast U3 KOTOPBIX 3aBHUCHUT OT
MIEpOBOI MIEpEMEHHOM, a Apyras ToJbKo OoT BTopoi. CTposrcs u pemarorcs qudpdepeHnnans-
HBIC YPaBHEHUS JIJIS1 HAXOXKICHUS KaKJ0W HEU3BECTHOW (DYHKIINH.

BTopoli miar pemenus. cBsg3ad ¢ 3aaadent [ltypma JInyBuiis.

Tperuil mar peunieHus. OxoHuYaTenbHOE pelleHMe ypaBHeHMs Jlammaca CTpoMTCs ¢
HOMOIIBIO TPUTOHOMETPHIECKOTO psijia Dyphe.

4.3.32. Uncnennble pemieHusi AuddepeHunanbHbIX ypaBHeHH
Pemenue 3amaun Kouin

Meton Dunepa mis pemenus auddepeHnrans-Horo ypasaenus 1-ro mopsaka. Ouenka
TOYHOCTH DTOTO METO/a. [ €OMETPHYECKUI CMBICI METOIa Diiiepa.
Meton Pynre — KyTrTa mns pemenus nuddepennuansnoro ypasaenus 1-ro mopsixa.

OreHka TOYHOCTH 3TOTO MeToa. ['eomeTpruueckuii cmbica meTonia Pyrre — KyTTa.



[IpeoOpasoBanue nudepeHIanTbHbIX YpaBHEHHH BTOPOrO M TOPSAIKAa B CHCTEMY
mudGepHIMaTBHBIX YPaBHEHUH TTEPBOTO MOPSIIKA.

MeTtoa Ditsiepa ms penrenus cucteM audGepeHnaIbHBIX ypaBHEHHUI 1-T0 mopsiika.

Metoa Pynre — KyTTa nng pemenus cucrem auddepeHIHMaNbHbIX ypaBHEHHH 1-T0
opsaKa.

Pemenne nmHEHHOrO ypaBHEHHMA 2-TO  MOPSAKA C Ppa3HBIMHU KpaeBBIMH
yCJI0BUAMH. IloctpoeHue pa3sHOCTHOH alMpOKCUMALIMM  MCXOJHOTO  JIMHEWHOrO
i QepeHIManbHOTO YpaBHEHUSI BTOPOTO TMOpsiika. PerieHue pa3HOCTHOTO ypaBHEHHS
METOAOM TpéX,I[I/IaFOHaHBHOfI ITPOI'OHKH. PaCCManI/IBaIOTCH Pa3IMYHBIC KPACBEIC YCIIOBU.

4.3.33. CeTouHBI MeTO/] penieHusi ypaBHeHHsI TeNJIONPOBOIHOCTH

AnnpokcuumManus YaCTHBIX OPOXU3BOAHBIX. IIpaBoCTOPOHHSIS, JIEBOCTOPOHHSS U LIEH-
TpaJibHasd alrpoKCUMalrd INCPBbIX YACTHLIX IMPONU3BOAHLIX. L[eHTpaJIbHO PAa3HOCTHAA aIlmpoK-
CHMAaIIUsl BTOPBIX YaCTHBIX MPOU3BOAHBIX. OlIEHKa MOPSIKa TOYHOCTH TAKUX aAlIPOKCHMAITUH.

ITocTpoeHue perieHus: ypaBHEHHUS TEIUIONPOBOJAHOCTH 110 SIBHOM CXEME C pa3IMYHbIMU Kpae-
BbIMH ycioBusaMU. OlieHKa KauecTBa siBHOM cxembl. Y cnoBue Kypanta-Jlesu (Opuapuxca).

[ToctpoeHue pemieHuss ypaBHEHHUs TEILIONPOBOJAHOCTH IO HESIBHOW CXEME C Pa3IMYHBbIMHU
KpaeBbIMH ycioBUsAMU. OIleHKa KayecTBa HEIBHOW CXEMBI.

4.3.34. CeTouHbIii MeTO/ pellleHUs] BOJTHOBOT0 YPABHEHUS.
[TocTpoeHue pelieHys ypaBHEHHs TEIIONPOBOIHOCTH IO IBHOU CXEME C pa3InYHbIMU Kpae-
BbIMU yciioBusiMH. O1ieHKa KauecTBa siBHOM cxembl. Y cioBue Kypanra-Jleru (Opuapuxca).

4.3.35. CeTounblii MeTo/1 pelienns ypapHenus Jlaniaca u I[lyaccona

BBeneHne noHATHs UTEpalMOHHOTO Ipouecca. IlocTpoenne pa3HOCTHOM CXEMBI C ITOMOILBIO
LEHTPAJIbHO PA3HOCTHOM alIpOKCHMAllMU BTOPBIX YaCTHBIX NMpou3BoAHBIX. [locTpoeHue npu-
OJIVHDKEHHOTO PELIeHHUs C TOMOIIBIO UTEPALIMOHHOTO IIpoIiecca.

4.3.36. Pemienne AByMepHOI0 YpaBHeHUsl TENJIONPOBOHOCTH METO0M MepeMeHHbIX

HanpaBJIeHUi.

Onucanue airopurMa MeToAa. Ilepsoiit otan. OUKCUPYETCS OHA TIEPEMEHHAS U CTPO-
UTCS HESIBHASI CXEMa OTHOCUTENBHO APYroil nepemeHHon. [Tpu aTom Oepércs MosoBUHHBIN 11ar
1o BpeMeHH. Ha mocTpoeHHOM IMpOMEKYTOUHOM BPEMEHHOM clloe (PUKCUpyeTcs pyras mnepe-
MeHHas. BHOBB JUIsl Ipyroro HampaBieHUs] aHAJOTHYHBIM 00pa3oM CTPOUTCS BTOpasi HEsIBHAs
cxeMa. Bpems yBennuuBaercs emé Ha moyioBuHy wmara. [Iponecc npogomkaercs 10 OKOHYaHUS
HeoOxonuMmoro B 3anade BpemeHH. OlleHKa KadecTBa 3TOro Meroja. Vcmonb3oBaHue 3TOro
METOJ1a JJIs1 TPEXMEPHOTO CIIydasl.

4.3.37. CnenuanbHbie pyHKIUH

Ponb cnenuanbHbIX QYHKIUI HpU pelieHnH 3a1a4 MaTeMaTHYecKod (pU3UKKN U TEOpUU MpH-
OommxeHui. J[Ba nmpumepa cnenMadbHBIX (YHKIMHM, KOTOpPbIE UTPAlOT 0CO00 BaXKHYIO pOJIb B
MaTeMaTHKeE.

[TonuHombl JlexkaHapa urparor 0co0yio posib Cpead APYruX chepudecKux (QyHKIHMHA.
AHanuTUYecKui BUJ MOJIMHOMA, PEKYPPEHTHBIE COOTHOWIEHUS. OPTOrOHAIBHOCTh U JIpYTrHe
cBoiicTBa. O6IaCTh MIPUMEHEHHUS.

[TomuaOMBI YeOBIIIeBa 1mepBoro poaa SBISIOTCS BaKHEHIIMM HHCTPYMEHTOM B TEOPUH
npuOMKeHUN PyHKUMNA. AHATUTUYECKUN BUJI B TPUTOHOMETpUUecKor popme. PekyppeHTHbIe
cooTHoIeHus. AnreOpandeckas ¢opma MHorowieHa. OpTOrOHaIbHOCTh M JPYTrUe CBOMCTBA.
O6acTh NpUMEHEHUS.




4.4. Conepxxanue 3aHATHA CEMUHAPCKOI0 THIIA

ConeprkaHue NpakKTUYECKUX 3aHATUN IJIs1 O4HOM (hOpMBI 00yUCHHS

Tabmauma 5
Ne TemblI TemaTnKa NPAKTHYECKUX 3aHATHH Beero | C B Tom
JHCHATLIH 4acoB E qyucie
HEI M 4acoB
E npaKkTHyec-
C KHX
T 3aHATHH
P
DYHKIINHU, UX KIacCU(PUKAIKSA U CBOMCTBA 2 0
Teopus npeaenoB U TEXHUKA BHIYNCIECHUS. 0
HenpepsiBHOCTB
3 [TpousBonHas, nuddepennman, cBoiictBa u TexHuka | 4 1 0
nuddepeHIpoBaHms
4 [TonHoe uccnenoBanue PyHKIMMA ¢ TOMOIIBIO 4 1 0
MPEJIEeNIOB U POU3BOTHBIX
5 Heonpenenénubiil nHTErpasn, CBOMCTBA U TEXHHUKA 4 1 0
UHTETPUPOBAHUSL.
OnpenenéHHbIl HHTETpall, CBOICTBA U BHIYHUCIICHHUE. 0
7 I'eomeTpHrueckoe NpUI0KEeHNE ONPeaeIEHHOIO 2 0
UHTerpaja
8 bazoBbie moHATHS Teopun TudPepeHITHaTHHBIX 2 1 0
YpaBHEHUH, pelleHHe ypaBHEHuUl 1-ro nmopsaka
9 Omnpenenurenu. Pemenue cuctem no dhopmyinam 2 1 0
Kpamepa
10 BexTopnas anreOpa. JInHeiiHble BEKTOpHbIE 4 1 0
MIPOCTPaHCTBA
11 AHanuTH4YeCKas FEOMETPHUSI Ha IUIOCKOCTH 4 1 0
12 AHanuTHuyeckas reOMETPHUs B IPOCTPAHCTBE 4
KonTponbhas pabota
13 Anrebpa KOMITJIEKCHBIX YHCEIL. 2 1 0
Anrebpa MHOTOUYJICHOB
D I e 42 1 | -
11 Pemenune nuHeiHbIX U hepeHnaTbHBIX YpaBHEHHH | 2 2 0
2-T0 MopsJIKa ¢ noct KoddduuneHTamMu
12 3anayga ltypma — JInyBumis 2 2 0
13 Marpuunas anre0pa, pelieHue JMHEHHBIX CUCTEM 4 2 0
14 Meton TpéxanaroHaiabHON IPOrOHKH 2 2 0
15 3agaua Ha COOCTBEHHBIE YHCIIa U COOCTBEHHBIE 4 2 0
BEKTOPHI
16 Pemenue cuctem nuddepeHnunanbubix. YpaBHeHuii c| 4 2 0

MOCTOSIHHBIMU K03 punimenramu




17 Uucnosble psiabl 4 2 0
18 CreneHHbIe psiibl 2 2 0
19 OpToronasibHbi€ psAbI 2 2 0
20 bazosble noHsaTHsa Teopun GyHKuui 2-x ,3-x mepe- 2 2 0
MEHHBIX. YaCTHBIC TPOU3BOJIHBIC,
21 OkcTpeMyMbl GYHKIUI IBYX MTEPEMEHHBIX. 2 2 0
Haubosnpuie n HanMeHbIINE 3HAYCHHS
22 KpuBosnnHelinble HHTErpasbl 4 2 0
23 JIBOlHBIE HHTETPAIBI. 4 2 0
Konrponsnas padora.
24 TpoiiHble UHTETpAJIBI 2 2 0
25 Teopus nomns 2 2 0
) I B 42 2 | eememmeeeee-
26 Pelenrne oHOMEPHOTO YpaBHEHUS TEILIONPO- 4 3 0
BoJHOCTH MeToa0M Dypee.
27 Pemenne oqHOMEpPHOIO BOJIHOBOTO YpaBHEHHS 2 3 0
MerooM Dypee.
28 Pewenue neymepHoro ypaBHenus Jlamnaca metoiom 4 3 0
Dypse.
29 UucneHnHble METO/Ibl pelieHus JudpdepeHInaaIbHbIX 4 3 0
YpaBHEHHH ¢ HAYaJIbHBIMU ¥ TPAHUYHBIMH yCIOBUSMHU.
30 CeTo4HBII METO/T pelIeHUs] YpaBHEHHS TEIUIONPO- 2 3 0
BOJIHOCTH (sIBHAsl U HESIBHASI CXEMBI).
31 CeTouHbII METO/ PELIEHNUS BOJIHOBOTO YPABHEHHS. 4 3 0
KonTponbhas padota.
32 CerouHbIil MeTOA peleHus ypaBHeHus Jlannaca n 4 3 0
ITyaccona.
33 Mertox nepeMeHHBIX HalpaBJICHUH ISl TBYMEPHOTO 2 3 0
YpaBHEHHSI TEIUIOTIPOBOIHOCTH.

34 CrenmanbHble QYHKIIUN U UX TPUMEHEHHE. 2 3 0
) I L m=mmmmemmmeeeeeeeeeeeeeeeee 28 3 | -




ConeprxaHue MpaKTUYECKHUX 3aHATUN IS 320YHOM (POpPMBI 00ydeHUs

Tabnuua 6
Ne TteMbI Bcero | T'ox B Tom
JUCLHUILTH JacoB OﬁyquHﬂ yucjie
o yacoB
HBI TemaTHKa NPAKTHYECKUX 3aHATHI
npaKTH4ec-
KHX
3aHATHH
1 Heonpenenénuplii MHTErpai, CBOMCTBA U TEXHHUKA 2 1 0
WHTETPUPOBAHMUSL.
2 OnpenenéHHbIN UHTETPAJl, CBOMCTBA U 2 1 0
BBIYUCIICHHE.
3 ['eomeTpuueckoe NpuII0KEHUE ONPEACIEHHOTO 2 1 0
UHTErpaa.
4 bazoBbie moHATHS Teopun U PepeHIIHaTHHBIX 2 1 0
YpaBHEHUM, peLIeHHE YpaBHEHUN 1-ro mopsiika
5 Pemenne nuHeiHbIx quddepeHantbHbIX 2 1 0
YpaBHEHMH 2-TO MOPSIIKA C TOCTOSTHHBIMU
K03 urmeHTaMu
3amaua [ltypma - JInyBusis 2 1 0
7 Matpuunas anreOpa, pelieHrne JMHEHHbBIX 2 1 0
CHCTEM.
-------------------------------- 14 -—-m-e- 0
8 Pemenne ogHOMEpHOTO YpaBHEHUS 2 2 0
TETUIOTIPOBOAHOCTH MeToIoM Dypbe
9 Peniennie 0IHOMEPHOTO BOJIHOBOTO YPaBHEHHUS 2 2 0
meronoMm Dypse
10 Pemenue nymepHoro ypaBHeHwus Jlamnaca 2 2 0
meronoMm Dypse
11 YucneHHble METOBI PELLICHUS 2 2 0
g depeHInaIbHbIX YPaBHEHHUM
12 CeTouHbI METO/1 pellieHus] ypaBHEHUS 2 2 0
TEIUIONPOBOAHOCTH.
13 CeTo4HBII METO]T pelIeHHUs] BOJTHOBOTO 2 2 0
14 CerouHblil MeToA pelieHus: ypaBHeHus Jlamnnaca 2 2 0
u Ilyaccona
) > s 14 | - 0




1. IlepeyeHb y4yeOHO-METOAMYECKOr0 oO0ecmevYeHHs] CAMOCTOSITEJbHON pPadoThl
00yYauuXxcsl Mo JUCHUNINHE
1. Uadopmanmonnas cuctema «EauHOE OKHO JOCTyIa K 00pa3oBaTeIbHBIM
pecypcam» [DiekTpoHHbIi pecypc]. — Pexum goctyna: http://window.edu.ru/
2. Moodle
3.Bce sieknuy ¥ OMallHue 3a1aHus CUCTEMaTHYeCKH BhIKaaabBarorcss B Cloud.rshu.ru

6. OueHouHble cpeacTBAa sl TEKYIIEro KOHTPOJISI yCIeBaeMOCTH U
NMPOMEKYTOYHOM aTTEeCTANMH MO UTOraM OCBOEHUS TUCIIHIIJIMHBI

Yder ycneBaeMOCTH KaXKIOTO OOyYaromerocsi Mo JUCHUIUIMHE OCYIISCTBISICTCS IO
100-6amtpHOM mKane. MakcuMaabHOE KOJTMYECTBO 0a/UIOB MO JHUCIUILIMHE 32 OJIUH CEMECTP —
100:
- MAaKCUMaJIbHOE KOJIMYECTBO OAJNIOB 32 BBIMOJIHEHHE BCEX BUJIOB TEKYIIETO KOHTPOJIs — 60,
- MAKCUMAaJIbHOE KOJIMYECTBO 0AJJIOB 3a MOCEIICHHE JIEKIIMOHHBIX 3aHsaTui — 10
-MaKCUMaJIbHOE KOJIMYECTBO 0aIIOB 3a MPOXOKIECHUE TPOMEKYTOUHOM aTTecTaruu — 30
- MAKCUMAaJIbHOE KOJIMYECTBO JOMOJHHUTENBHBIX 0amioB — 15.

6.1. Tekyuuii KOHTPOJIb

HtoroBeiii ompoc, METOAUKA BBIIOJHEHUS W KPUTEPUHM OLEHUBAHUS TEKYILEro
KOHTPOJIS IO pa3jienaM JUCUMILIMHBI NpeAcTaBiieHbl B MOH/IE OLEHOUHBIX CPEJICTB MO JTaHHOU
JTUCIUILINHE.

6.2. IlpomeskyTOUHAs aTTECTALMS

dopma MPOMEXKYTOYHON aTTECTALUU MO TUCIUILINHE — IK3aMeH

®dopma mpoBeACHUS IK3aMeHa: TMCbMEHHO 1o Ousetam. B Ouiiere aBa TeOpeTUUECKHUX
BOIIPOCA U OJIHA 3a/1a4a.

Ilepeyenb BONPOCOB 1O BbICHIEH ajredpe s NOArOTOBKH K 3K3aMeHY 32 NepBblil
cemecTp.
1. Onpenemurenn N-ro mopsiaka. CnocoOwbl Bbuucienus. Cpoiicta. IIpusenenue
OTIpeIeNTUTENS K TPEYrojdsHOMY BUAY MeToqoM ["aycca.

2. BextopHas anredpa. Onpesenenue Bektopa. PapeHcTBo BekTopoB. KommiuHeapHOCTS 1
KOMILUIAHApHOCTh BEKTOpOB. HyneBoil BekTop. EnuHnuHblil BekTOp. JIMHEHHBIE omepanuu C
BEKTOpPaMM M CBOMCTBa 3THX onepanuil. CKalsipHOE, BEKTOPHOE M CMEIIAHHOE YMHOXECHHE
BEKTOPOB U CBOMCTBa 3THUX omepanuil. basucHble BEeKTOpbl B 2-X MEPHOM U TPEXMEPHOM
IIPOCTPAHCTBAX.

BexTopsl B koopauHatHOi (opme. KoopauHaTel €IMHUYHOIO BEKTOpa (HANpaBIsIOIIMe
KOCHHYCBI). JINHElHbIE Olepaluy BEKTOPOB B KOOpAUHATHOM Gopme. CKalsipHOe, BEKTOPHOE U
CMEIlIaHHO€E NTPOU3BEEHNE BEKTOPOB B KOOPIMHATHOU (hopMme.

VYcioBre OpTOroHaJILHOCTH, KOJUIMHEAPHOCTH W KOMILIAHOPHOCTH B KOOPAMHATHOM (opme.
Brruncnenune kocuHyca yria Mexxy BEKTOpaMU 4epe3 KOOPINHATHI BEKTOPOB.

3._Jluneitapie BekTOpHBIC N- MepHBIE MpOCTpaHCTBA. Onpenenenue N- mMepHOro
BeKTOpa. JIuHeilHble omepanuu ¢ BekTopamu. CKalsipHOE yYMHOKeHME BeKTopoB. Hopma
BekTopa. HepaBenctBo Komm-byHsAKOBCKOro. Beruncinenne KOCHHYCa yrila MEX1y BEKTOPaMH
JIuneltHast He3aBUCUMOCTh BEeKTOpoB. bazuc B N- mepHOM BekTOpHOM mpocTpaHcTBe. CBs3b
MEXIy JMHEHHON HE3aBUCHMOCTBIO M OPTOrOHAJBHOCTBIO BEKTOPOB. OpPTOrOHAIBHBIA H
OPTOHOPMHPOBAHHBINA OA3HCHI.

4. AHaIMTHYECKAs TSOMETPHUS HA IJIIOCKOCTH. JleKapTOBBI CHCTEMBI KOOPIMHAT, UX
kinaccuukanus u npeoOpazoBanus. [lomspHas cucrema koopauHar. CBsi3b JAEKapTOBOM
CUCTEMBI KOOPAMHAT C IOJSAPHOU. BbIYKMCIIEHHE IIIOIAaaN TPEYrOJIbHUKA Yepe3 KOOPAUHATHI
€ro BEepUIMH. YpaBHEHHE MpPSAMOM C YIIIOBBIM Ko3(hduiuMeHToM. YpaBHEHHE MpsMOW B
OTpe3Kax. YpaBHEHUE IPSIMOU, IPOXOAAILEH Yepe3 ABE 3aJaHHbIE TOUKHU. Y PaBHEHUE IPSIMOU,
MpOXOoJslle uYepe3 3aJaHHYI0 TOYKY C 3aJaHHBIM YIVIOBBIM KoddduuuentoMm. OOmiee



http://window.edu.ru/

ypaBHeHue npsmoi. HopmanbHOE ypaBHeHUE NPsAMON. YpaBHEHHE NPAMOU, IPOXOMASAIIEH
4yepes 3aJaHHYIO0 TOUKY IapaulelbHO 3aJaHHOMY BeKTOpy HaxoxzaeHune pacCTOSHHS OT TOYKH
10 npsMoil. CpaBHUTb NOHATUS omKIOHeHue u paccmoanue. Haxoxx1eHue pacCTOSIHUS MEXIY
napajiesIbHbIMU IpsAMbIMU. [locTpoeHne ypaBHEeHUs! OUCCEKTPUCH! yIa.

Kpussie Broporo nopsiaka. I 'eoMmerpuieckue onpeaenaeHus OKpYKHOCTH, AIUIUIICA, TUIIEpOO-
7Bl ¥ 11apabossl. KaHOHHYecKkre ypaBHEHMs KPUBBIX BTOPOrO MOPSIIKA: OKPY>KHOCTH, 3JUIMIICA,
runepOosel U napadonsl. [IpuBenenne anreOpanyeckoro ypaBHEHHs 2-TO MOpSAAKA K OJHOMY
U3 KAHOHWYECKUX YPAaBHEHUIN KPUBBIX BTOPOTO MOPSAIKA.

5. AHAIUTHYCCKAs] TCOMETPHUS B MPOCTPAHCTBE. BrIBOJ ypaBHEHUI IIOCKOCTEN:
YPaBHEHHUE ILUIOCKOCTH 10 IBYM BEKTOpaM M TOYKE, JIEXKAIUM Ha 3TOH INIOCKOCTH, YPaBHEHHE
IIJIOCKOCTH 110 TPEM 3aJJaHHBIM TOUYKAaM, JIEXKAIIUM Ha 3TOU IIJIOCKOCTH, YPABHEHHUE IIJIOCKOCTU B
oTpe3Kax, o0llee ypaBHEHHE IUIOCKOCTH, HOPMaJbHOE ypaBHEHHE IUIOCKOCTH. HemonHble
yYpaBHEHUS IIJIOCKOCTH.

IlocTtpoeHne ypaBHEHHH TIpAMOM: YPAaBHEHMsI IPSAMOM IO [BYM 3aJaHHBIM TOYKaM,
yYpaBHEHUE MNPAMOW II0 HAIPABIAIOIIEMY BEKTOPY M TOUYKE, NapaMETPUYECKUE YPaBHEHHUS
MPSMOM.

[ToBepxHocTH BTOpOro mopsaka. [Ipumepsl KaHOHMYECKUX YpaBHEHMH MOBEPXHOCTEN 2-TO
nopsaka: cgepa, JUIMIICOU], OJHOIOJIOCTHBIA TUIepOOJIOn I, IBYNOJIOCTHBIM Trunepoonous,
AUIMNTUYECKUN napabosnouna, runepOoandeckuil napadonounsa, KOHyc BToporo nopsaka. ITpu-
Mepbl KAaHOHMYECKUX YPAaBHCHHMM LWIMHJIPUYECKUX IIOBEPXHOCTEHM BTOPOIrO IOpSAKAa —
YPaBHEHMS AIIUIITUHYECKOTO MapadoINdecKOro U TUIepOOIMUECKOro HUINHAPOB.

6. AnreOpa KOMIUICKCHBIX YHCEN. AnreOpaudeckas (opmMa U apudMeTHUECKUe
neiictBus. Comnpsik€HHbIE unciaa UX cBoicTBa. ['padumyeckuit oOpa3. TpuroHomerpuueckas
dbopma. Apudmernueckue IEHCTBUS B TPUTOHOMETpUIecKor (popme. Bo3BeneHne B CTEICHD.
®opmyna MyaBpa U HU3BJICUECHHE KOpPHS B TpUTrOHOMeTpuueckoil ¢opme. dopmyna Diinepa,
1oKasaresiabHasi (opMa, BO3BE/ICHUE B CTENIEHb U U3BJICUYEHUE KOPHS U3 KOMIUIEKCHOTO YHCIIa B
noKasarejabHou opme.

/. AnreGpa MHOTOWICHOB M JIPOOHO-pPAllMOHAILHBIC BBIPAKCHUS. Onpenenenue
MHoOroujeHa (mosuHoma). PaBeHcTBO MHorowieHoB. HyneBoit MHorouneH. EnuHU4YHBIM
MHorouneH. JIuHelHble onepanuu ¢ MHoroujaeHamu. Onepanus yMHOXEHHMsST MHOTOYJIEHOB.
Kopan wmuorouwnenoB. KpaTHocTe kOpHA. Pas3nokeHMe MHOTOYWIEHOB HA MHOXHUTEIU B
MHO>KECTBE KOMIUIEKCHBIX UYMCEJ U B MHOYKECTBE JIEHCTBUTENBHBIX uucesl. Teopema besy.
O06006ménnas Teopema Buera.

JlpoOHO-palimoHanbHble  BbhIpakeHHs. [IpaBuwiibHble apoOu. HempaBuiibHble  J1poOH.
[Ipocreitmme apobu. Paznoxxkenue apobdeit Ha mpocteiue. [Ipeodpa3oBaHue HEMPABHIBHBIX
npo0elt B cyMMy MHOTOYJIEHA U MPaBUWIIbHON Apo0Hu.

IMepeueHbs MpUMEpPOB MO BbICHIEH ajnredpe s MOATOTOBKH K JK3aMeHY 3a MepBblii
cemMecTp:

1 1 1
1. Beruucnure onpeaenuTenb "1 0 1)
-1 -1 O

2. JlaHbBI BEKTOPBI AB = {a;6;B} u BC = {2; —3; 5}. Haiinute cymmy a + 3, eciii Touku A,
B, C nexat Ha OJTHOM IIPSIMOIA.

3. HaiimuTe ckanspHOe TpOM3BENEHHE BEKTOpoB 2a+b u a— 2b, ecnu yron Mexay
BexTopamu @ u b pasen 150°, |a| =+/3, |b| = 2.

4. Haiimure cymmy KoopauHar Bektopa b = {x,y, z}, koimmneapuoro Bexkropy a = {2;1; —1},
eciu ckansipaoe npoussenenue (b, a) = 3.



5. CocraBbTE ypaBHEHHE NPSAMOIL, IPOXOIALIEH UEpE3 HaYaJI0 KOOPAUHAT U TOUKY
A(—2;-3).

6. CocraBbTe ypaBHEHHE MPSAMOM, mpoxosiieii yepe3 Touky A(2;5) u orcekaromieir Ha OCH
OpAMHAT OTPE30K b = 7.

7. CocTaBbTe€ ypaBHCHHS MPSIMBIX, MPOXOAAIUX depe3 Touky M(—3; —4) u mapaieabHbIX
OCSIM KOOpJIMHAT.

8. Ompenenurte OCTPHIA yro Mexay npsaMbiMu y = —3x +7 u y = 2x + 1.
9. lokaxkute, yto npsimbie 4x — 6y + 7 = 0 u 20x — 30y — 11 = 0 mapasuienbHbI.

10. Joxaxwure, uro npsimpie 3x — 5y + 7 = 01 10x + 6y — 3 = 0 nepneHIuKyISIpHBI.
11. CocraBbTe ypaBHEHHUE MPAMOM, mpoxosieii uepes Touku M (—1;3), N (2;5).

12. Joxaxwure, uro npsimbie 3x —2y +1 =0 u 2x + 5y — 12 = 0 mnepecekaroTcs u
HAIUTE KOOPAMHATHI TOYKH ITePECEUCHUSI.

13. [IpuBenuTe ypaBHEHHE K KAHOHUYECKOMY BUIY M YCTAaHOBHUTE BUJ 3TOH KpuBoi. CocTaBbTe

ypaBHEHHE MPSAMOi, Mpoxosiei yepe3 Touky M (—2; —5) nmapamiensHo npsmoit 3x + 4y +

2=0.

14. IlpuBeaure ypaBHEHHE K KAHOHUYECKOMY BUY U YCTAaHOBUTE BUJ] 3TON KpUBOM
x?+4y2+8y+3=0.

15. [IpuBeauTe ypaBHEHHE K KAHOHUYECKOMY BUY U YCTAaHOBUTE BUJ] 3TON KpUBOM

x2+ 2y — 4y +4x = 0.

16. Ipuseaute ypaBHenue x2 — y? — 6x + 10 = 0 x kaHoHMYeckoMmy Buy. Kakas xpupas
2-T0 MOpsJIKa UMEET TaKOe YPaBHEHUI?

17. pusenure ypauenue 4y? + 8y — 2x — 1 = 0 k kaHOHU4YeckoMy Buy. Kakas kpupas 2-
ro NOpsAJIKa UMEET TaKOe ypaBHEHUN?

18. Manwr ne Touku A(1; 3; —2) u B (7; —4; 4). [locTpoiiTe ypaBHEHHE IUIOCKOCTH,
IpoxXoJsuIel uepe3 Touky B nepnenaukymsipHo otpesky AB.

19. CocraBbTe ypaBHEHUE MIOCKOCTH, IPOXOsAIIeH yepe3 Touky A (—2; 7; 3) mapauiensHo
wiockoctd x —4y +5z—1=0.

20. HanmmuTe ypaBHEHHE TUIOCKOCTH, MTPOXOASIIEH Yepe3 Hadyalo KOOPAMHAT M TOUKU
A@3;-2;1) m B(1;4;0).

21. Haiinure yroi, oOpa30BaHHBIN TPSIMBIMUA

3 6 2 29 6
22. CocTaBbTe ypaBHEHHUs NpAMOii, mpoxonsuiei yepe3 Touky A(1; —1; 0) nepneHaIuKyIsipHO
IJIOCKOCTH

x—1 y+2 z-5 x y—-3 z+1

2x —3y+5z—7=0.
23. Hamumwure ypaBHEHHE IUIOCKOCTH, TNPOXOJIIEH dYepe3 Hayajgo KOOpAMHAT THep-
MIEHIUKYJISIPHO MPSMOM
x+2 y—-3 z-1
4 5 =27
24. CoctaBbTe ypaBHEHHE IUIOCKOCTH, MPOXOJAIIe depe3 Touky A(4; —3;1) mapaiiebHO
MIPSIMBIM

y z x+1 y—-3 z—4
2 -3’ 5 4 2



25. Ha KOMIUIEKCHO#M TUIOCKOCTH HW300pa3uTe BCE TOYKH, JJII KOTOPHIX BEPHO HEPABEHCTBO
0<Imz<1.

26. Ha xOMIJIEKCHON IUIOCKOCTH HM300pa3uTe BCE TOYKH, JJIsi KOTOPHIX BEPHO HEPABEHCTBO
1< |z+2] <2

27. Ha KOMIUIEKCHON TUIOCKOCTH H300pa3uTe BCE TOYKH, JJIsi KOTOPHIX BEPHO HEPABEHCTBO
lz| = 2.

2x .
28. PazyioxuTe ABE MPaBWIBHYIO TPOOb TZ_sire  Hampocreiume.
x+1 .
29. PaznoxuTe 1Be MpaBUIBHYIO APOOH -1 Ha IpocTeiimune
5x3 .
30. IIpencraBbTe HEMPABHIBHYIO APOOH ~3_a. | BYWIC CYMMBI MHOTOWICHA M IPABUILHOH
npo6u. [lonydeHHyro MpaBUIIbHYIO P00k Pa3I0KUTE HA MPOCTEHIIHE.
3
x°+3
31. IlpencraBbTe HEMPABHIBHYIO APOOH DD B BUJIC€ CYMMBI MHOTOWJIEHA U
X X—

paBWIbHO poOu. [lodydeHHyI0 TpaBUIbHYIO APOOb Pa3IoKUTE HA POCTEHIINE.

32. Pemute cucremy metogoM Kpamepa

2x +z =6,
3x —4y = =2,
2y —z = 2.
33. Pemmre cuctemy metonom ["aycca
2x +z =6,
3x —4y = -2,
2y —z = 2.

IlepeyeHb BONPOCOB 10 MaTEMAaTHYECKOMY aHAIN3Y (PYyHKIMIT OTHOTO
MepeMEeHHOr0 K IK3aMeHy 3a MepBbIil ceMecTp.

1. ®yHKIHH, KITacCuDUKAIUS ¥ CBOKMCTBA. Omnpenenenue pyrkuunr CoocoOsl
3aaHuA CI)YHKI_[I/II/I BI/II[LI AHAJIUTUYCCKOT'O 3aJaHusA Q)YHKHI/II/IZ SIBHBII>’I, HCHBHBIﬁ,
napameTrpudeckuii. OCHOBHBIE CBOMCTBA: 00JACTh OMpeIeIeHUs, YETHOCTh, HEYETHOCTD,
MOHOTOHHOCTB, KOpHH, ICPUOAUYHOCTD U IICPUOA.

2. Teopus nipeiesioB M TEXHUKA BhIYMCIIeHUss. HenmpephIBHOCTh. OcHOBHBIE MOHS-
THUS 1 ONIPEACTICHUSA: OKPECTHOCTb TOUKHU, 'PAHUYHBIC 1 BHYTPCHHHUE TOYKH, ITPEACIIbHBIC
touku. Onpenenenue npeaena pyukuun B Touke (o Komm). [Torstre 6eckoHeyHOro npeaena.

CgnoiictBa npenena. EnuncTBeHHOCTh. AnuTuBHOCTE. OgHOpOoaHOCTE. [Ipenen mpoussene-
nus. [lpenen otHommenus. [lepexon k nmpeneny B HEpaBeHCTBAX (CBOWCTBO MOHOTOHHOCTH).
Teopema o cxxaroit pynkumu. [Ipenen komnozunuu GyHKIUI.

TexHUKa BEIYMCIICHUS IPEenoB. Buabl HeonpeneaéHHOCTEeN U UX pacKpbITHE.
Omnpenenenne 0ECKOHEYHO MaJIBIX B X cpaBHeHHE. CBoMcTBA O€CKOHEYHO Majbix. CIICOK
OCHOBHBIX DKBUBAJICHTHBIX 0€CKOHEYHO MallbiX. OCHOBHOE CBOWCTBO 3KBHUBAJICHTHBIX
O0eckoHeYHO MalbiX. OmpeneneHrne 6€CKOHEYHO OONBIINX, UX CPABHEHHE W CBOWCTBA.
OcHOBHOE CBOMCTBO KBHUBAJICHTHBIX OECKOHEUHO OONbIINX. PackpeiTHe HEOmpeaenEéHHOCTEN
C MIOMOIIIBIO SKBUBAJIEHTHBIX OECKOHEYHO MabIX U OeckoHeuHO Oombimx. [lepBblif u BTopoit
3aMeyaTesbHbIE MPeIEbl.

HenpepeiBHocTh. OmnpezneneHue npupaiieHus apryMeHTa u npupaiieHus G yHKIuH.
OnHoCTOpOHHME MPEEibl B TOUKE: JIEBOCTOPOHHUM U MPABOCTOPOHHMM. Tpu onpeneneHus




HEMPEePBIBHOCTU (QYHKIIMH B TOYKE M UX B3aUMOCB:3b. Oniepaninu Ha/l HENPEepPbIBHBIMU
(GYHKIUSMU B TOUKE: CIOKEHHE, YMHOXKEHUE, eJIeHue, KoMo3uuus. HenpepbIBHOCTD
¢bynkuuu B obmactu. OHOCTOPOHHSS HETIPEPHIBHOCTb.

OcHoBHBIE CBOMCTBA (DYHKIIMI HEMPEPBIBHBIX Ha oTpe3ke. JIBe TeopeMbl Beliepimrpacca,
teopema Ko, Teopema bonbriano — Komm. Teopema o HenpepbIBHOCTH 00paTHON (YHKITUH.
HenpepriBHOCTB 351eMEHTapHBIX (PYHKLIUH.

Touku pa3peiBa 1 ux ki1accudukaius. Pa3psIBbl IEPBOTO po/Ia, yCTPAHUMBIE pa3phiBbl. Pa3-
pBIBBI BTOpOro poja. [lpuBectu mpumepsl rpadguueckux o06pa3oB pa3pbIBOB IEPBOTO U BTOPOTO
poza.

3. [IpousBoaHas, auddepeHiman, cBOUCTBA U TexHuKa TuddepeHrpoBaHus.
Omnpenenenue npousBoaHou. Juddepenupyemoie GyHKIMM, HeTpepbIBHO AU hepeHiu-
pyemMblie QyHKIHH, TIIagKkue GyHKINH. 3HATh OCHOBHYIO TAaOJIHUITy TPOU3BOIHBIX AJIEMEHTAPHBIX
¢byukuii. OCHOBHBIE CBOMCTBA MPOU3BOAHBIX: aJAUTUBHOCTh, OJHOPOIHOCTD. Juddepeniu-
pOBaHUE NMPOU3BEACHHS U OTHOLIeHUs GyHKUUH. [TuddepenipoBanrne KOMIO3UIIUN

GbyHKIMH, 0OpaTHBIX U MapaMeTpUIecKu 3aJaHHbIX QpyHKUMd. Jlorapudmuueckoe
muddepennmpoBanue (aBa criocoda). [Ipasuio Jlonurans [uist HaX0XKISHHUS Tpeaesna
oTHomIeHusa QyHKIuH. Oru3nueckuil 1 TeOMETPUUYECKUI CMBICI TPOU3BOTHOM.

Huddepennman. Onpexnenenne nuddepennnana GyHKINN U €10 TEOMETPHUECKUI CMBICI.
Huddepennman aprymenta. OCHOBHBIC CBOMCTBa nuddepeHimana: 0THOPOIHOCTD, aITUTHB-
HocTh. [luddepenunan npousseaeHus. Boipakenue npon3BoaHoN yepe3 aAuddepeHnnabl.

4. IlonHoe uccaenoBanne PyHKIMH C ITOMOIIBIO IIPEACSIOB ¥ IPOU3BOIHBIX.

AcumnTotsl. Knaccudukanus acumnrot. OnpeneneHre HakIoOHHON acuMnToTsl. Heo6xo-
JMMOE yCJIOBHUE CYIIECTBOBAHUS HAKJIOHHBIX aCUMITOT. BhluncieHne napaMeTpoB HaKJIOHHOH
acuMITOTHL. ['opu3oHTaIbHBIE acCUMIITOTHI. BepTukansHble acuMnToThl. Heobxoaumoe
YCIJIOBUE CYLIECTBOBAHUS BEPTUKAIbHBIX ACUMIITOT.

HaxoxxaeHue uHTepBajloB MOHOTOHHOCTH (DYHKIIMH C IOMOIIBIO IIPOU3BOIHBIX.
Omnpenenenne Touek skcTpeMmyma. CranroHapHbIe TOUKH U depeHpyeMbix GyHKuii. [IBa
JOCTaTOYHBIX YCIIOBUS CYLIECTBOBAHMS TOUEK MAaKCUMyMa WIM MUHUMYMa.

Haubonpiiee n HanMeHbllIee 3HAYCHHS HENPEPHIBHON (PYHKINU. AJITOPUTM HaXO0XKICHHS
HauOOJIBIIEr0 U HAMMEHbIIEro 3HaYeHU! auddepeHunpyemoit pyHkuu. BoimykiaocTs
rpaduka QyHKIIMU BBEpX U BHU3. Touku nepernda. OnpeneneHue BUa BEITYKIOCTH U
HaXO0XXJICHHE TOYEK Meperuda ¢ moMoIIbio BTOPO MPOU3BOTHOM.

5. HeonpenenéHHbIN MHTErPpaAJI, CBOMCTBA M TEXHUKA MHTETPUPOBAHUS.

OcHOBHBbIE MIOHATHUS U OIIPENIEICHMS: OAbIHTErpaIbHast PYHKIINS, OIBIHTETPAILHOE BhIpa-
KEHHUe, IepeMeHHasi UHTErpUPOBaHUs. 3HATh OCHOBHYIO TaOIMIly HHTETpasioB. CBsI3b MEXKIY
nuddepeHIMpoBaHUEM U UHTETpupoBaHueM. CBOICTBa HEONPEAEIEHHBIX UHTETPAJIOB: OJIHO-
POIHOCTb, aJIUTUBHOCTb.

TexHuka nnTerpupoBanus. MeToJ pa3ioKeHus, METO] OJCTAHOBKH, HHTEIPUPOBAHUE 1O
gacTaM (¢ BeIBOJOM (hopmyibl). MHTErpupoBanue ApoOHO-palliOHAIBHBIX (QYHKIHI.
HHTerpupoBaHue HEKOTOPBIX TPUTOHOMETPUYECKUX (PYHKIUH.

6. OnpenenéHHbI MHTErpai, CBOMCTBA M CIIOCOOBI BBIYMCICHHS. IToctpoenue
WHTETPAIbHOM  CyMMBl U OINpEIEIICHUE ONpEeAEeNEHHOIO0  MHTErpaja. Y CJIOBUSA
uHTerpupyemocti. CBOMCTBA: OJHOPOAHOCTD, aJJITATUBHOCTD IO MOABIHTEIPAIbHON (YHKIINH,
aJIMTUBHOCTD MO 00JIACTH MHTETPUPOBAHUS, MOHOTOHHOCTb, TEOPEMA O CPEITHEM, COXPAHEHHE
3HaKa, CBA3b NPEIEIIOB UHTErpupoBaHus. OLleHKa 3HAUEHUI UHTErpaa.

Boruucnenne. ®opmyna Herotona — Jleitoruma. Meton moacTaHoBKH, (OpMysia HHTETPUPO-
BaHUA 10 YacTsM. HTerpupoBaHue YETHBIX U HEYETHBIX (PYHKUUN MO0 CHUMMETPUYHOMY UHTEP-
Bary. HecoOcTBEHHBIE MHTETPAJIBI IEPBOTO PO/IA, UX BHIYHCIECHUE C TOMOLIBIO IIPEIENIOB.




OproroHanbHble CHUCTEMbl (YHKIHH. OnpeneHeHHe. IIpuMepsl TPUTOHOMETPUUYECKUX

. . kmx kmx )%
CHCTEM  OPTOTOHAIBHBIX  (PYHKIIUH sin——, cos —— HA  OTpe3Ke [-1,1],
k=0
kmx kmx

. knx @ ) ® kmx)®
sin—, cos — u {sin— , 1c0s — Ha otpe3ke [0,1].
L L Jk=0 U k=1 U k=0

1. FGOMGTDI/I‘-IGCKOC NPUI0KCHHAEC ONPEACIEHHOIO NUHTErpaaa. Brluncienue mio-
1 ¥ MI0CKUX Guryp. BeiBoa popMyIibl BEIYKCIEHUS ATHHBI ITIOCKOH KpuBoii. BeiBox dhop-
MYJIbl BEIYUCIIECHHS 00BbEMa Tella BPALeHHUS.

8. bazoBble MOHATHS TCOPHUH III/Id)d)CDCHHI/IaJIBHI)IX YPABHCHUM.

Knaccudukanus ypaBHeHHH: NOPSAOK, JUHEHHOCTh, HEIMHEHMHOCTb, OJHOPOJHOCTD,
HEOJIHOPOJAHOCTbH, C MOCTOSSTHHBIMU KO3 (UIIMEHTAMH U C TIEpeMEHHBIMU KO3 ULIMEeHTaMU.

Knaccudukanus penienmii. oOmnee penieHne, OOIMM HWHTErpaj, YacTHOE pEIIeHUE,
[pocremme nuddepeHManTbHbIe YPAaBHEHUS TEPBOTO MOPSIKA U CIOCOOBI WX PEHICHHS.
VYpaBHeHUs ¢ pa3ieIEHHBIMU IEPEMEHHBIMHU U YPABHEHUS C PA3JACISIIOIIMMUCS IEPEMEHHBIMH.
Pemenne nmHeliHOTO AMQQEPEHINATHPHOIO YPABHCHHS TEPBOrO IMOPSAKA C TEPEMEHHBIMH
koaddunmentamu merogoMm S. bepuymnnu. Pemenue ypaBuenust M. bepHymin — HelUHEHHOTO
¢ hepeHIMATBFHOTO YPABHEHHUS IIEPBOTO MOPSIIKA ¢ IEpeMEHHBIME KOd(DHUIIMeHTaMu.

IlepeyeHb NPUMEPOB MO MATEMATHYECKOMY aHAJIN3Y QYHKIHIT O/THOTO MEPEeMEHHOT0 K
IK3aMeHY 3a MepBblii ceMecTp:
1. Bremauciure npeacii ¢ IOMOUIbIO SKBUBAJICHTHBIX OECKOHEYHO MaJIbIX

~ sin15x . sin? 3x (e =1)?

im ———. im—. im———.

x-0 tg10x x-0In(1 + 9x2) x>0 xsin3x
2. BrluncauTe npeen ¢ IOMOIBIO SKBUBAIECHTHBIX OECKOHEYHO OOJIBIIMX

. 9x7 + x> L 7x? —x o 5x5+x*—13
m —s. m-————. lim .
xl)—oo 12x5 + x2 x—}+oo 15x3 + x2 x—1>+oo 4x7 — 6 + 25

3. Brerumcnute npeacii ¢ TOMOIIbIO 2-T0 3aMeYaTeIbLHOIO npenaciia

k™ x In(a+x) —Ina
lim(1+;> . Lim( X ) lim (@ +X) —Ina

X—00 x—+o0 \1 + x x—+0 X

4. Haiinure oTHOCTOPOHHUE NpeAebl PyHKUNN B 3aJaHHOW TOUKe

w=m fo={" IV x=t1 f(x)={‘/4_x2' x<1

X, X > . 0~ x—2, x> 1.

5. Hccnenyiite GyHKIMIO HA HEMTPEPHIBHOCTH B 33/IaHHON TOYKE
1

2x2—x—1 2x — 1
f(x) =m B TOUKe X, = 2. f(x) = ——— BTO4YKe ¥, = 1.
2x+1

6. Hccrnenyiite (hyHKIMIO Ha HEMPEPHIBHOCTH B 33JJaHHOI 06JacTu

1 1
G5 - D Ha oTpe3ke [1;5]. f(x) = T~ 26x T 25

Ha oTpe3ke[1; 25].

f&) =

7. Haiinute TOYKM pa3pbiBa QYHKIIMHU U ONPEIEIIUTE UX PO



[x + 1] _x?=9 _ sinx
x+1° f(x)_x—?;' f(x)_T

f&) = fGx) =

1
(x=5x-1
8. Haiinure npousBoaHyIO QYHKIUU

X
f(x) =In(5x3 —x). f(x)=arctg(lnx). f(x)=1In? <arctg (§)>
9. Haiigure NpOU3BOJHYIO MAPAMETPHUYECKH 3aJaHHON (PYHKIIUU

t+1 t—1 5 s -
X=—T Y= x=1t>y=3t. x=cos’x,y=sin’x.
10. HaiinuTe npon3BOAHYI0 (PYHKIIMH ¢ TOMOIIKIO JIorapudmuueckoro auddepeHurpoBanus

f(x)=x"*  f(x) =cosxs™*.  f(x) = x".
11. HaiiguTe npenen ¢ moMoIsio npasuia Jlomurans

In(sin15 x) i In x x

im —. lim —.
x—0 Inx x—+00 X x—+oo0 x3
12. CocraBbTe ypaBHEHHE KacaTelbHOM U HOpManu K rpaguky GpyHkuuu y = 2x% — 6x + 3 B
Touke ¢ abcuuccont x, = 1.
13. B kakoii ToUKe MIIOCKOCTH KacaTenbHas K rpaguky GyHknuu y = In x mapamienpHa
IpsAMOM
y=2x+5?
14. HaiinuTe yroi, moja KOTOPBIM TepeceKaroTcsi rpaduku AByX QyHKIHUN

y?=2x wnx*+ y?=8.
15. B KaKKX TOYKaX IUIOCKOCTH KacaTelbHas napabole, ypaBHeHHe KOTOpoil y = —x2 + 4x —
6, HaKJIOHEHA K ocH abctpce 1o yriioM 45° wim napajuiensHa ocu aberucec?

16. Haiigute nuddepenman GpyHkuu

y=arctgvx , y=x%*lnx, y=xtgx.
17. Uccnenyiite (yHKLMIO Ha aCUMITOTHI

6x3 2x? x3

Yo 4 YTy 1 y_(x+1)2'

18. Haiinute nHTEpBaibl BO3pacTaHus U yObIBaHUS (PYHKLIUU
y=x3-6x2+5. y=(x-2)2 y=In(x?-2x+4).

19. Haiimute sKCTpeMyMbI (QyHKITHH

y=x3-3x+1 y=e¥ 5 3 —x _arctgx.

20. HaiinuTe Touku nepern6a u MHTEPBAJIbl BBITYKIOCTH BBEPX U BHU3
y=x3—-5x2+4+3x—5 y=e*. y=xe*.X
21. HaiimuTe nHTETpA C IOMOIIBI0 HHTETPUPOBAHMS IO YaCTSIM

f 3x sin 2xdx. f 3x e ™ 2xdx. f In 7x dx.
22. lIpounHTerpupyiite APOOHO PAMOHATBHYIO (PYHKITHIO

J x d J x+3 d J X d

x2—4% -1 X2—5x+6

23. Bo3pMuTE HHTETPAT OT TPUTOHOMETPHUECKON (DYHKIIUU

fsin3x sin 2xdx. fSinSx cos 2xdx. fSinzx dx. fCosBx cos 2xdx. fCoszx dx.

24. Bpraucnute onpeaenEHHbI HHTETPa



1 1

e
1
fxe‘xdx. fln(x+ 3)dx. f%dx.
1

0 0
25. Haiinure o6mmii naTerpai AudGepeHnnaIb-Horo ypaBHEHUs ¢ pa3IeIéHHBIMU

NEPEeMCHHBIME M PEIlICHHE C HaYaibHBIM ycioBueM y(1) = 1.

xdx = (y + 1)dy. xdx + ydy = 0.
26. HaiinuTe obmiee pemieHue wiv o0nuii nHTerpat quddepeHnaaIbsHOr0 ypaBHEHUS C
Pa3IeISIFONIMMICS IEPEMEHHBIMHU U PEIICHUE C HaYaabHbIM yciaoBueM Yy (1) = 1.

d 2
Y = ?y (1 +yH)x =y + x?)dy.

dx
27. HaiiguTe o0rmiee penieHre Wik o0l maTerpai nuddepeHmaibsHoro ypaBHEHHS
2x 1
r_ L,y I I [
=e’, - ) - ) - . .
y y y‘/; Y T 1tz Y = Sinx

IlepeueHnb BONMPOCOB MO BhICIIEH ajredpe K IK3aMeHy 3a BTOPOii ceMecTp.

1. Marpuunas anredpa. Onpenenenue MaTpunbl. JIMHEHHbIE ONEpPalUK ¢ MATPUIAMH U
ux cBoictBa. Omepanuss yMHOXKEHMsI MaTpull U CBOHCTBAa 3ToM omnepauuu. JluHeiHas
HE3aBUCUMOCTb CTPOK (CT0s10110B). PaHT MaTpuIsl. DneMeHTapHble IpeoOpa30oBaHusl MaTPULIbL.
DOKBUBaJICHTHbIE MaTpUllbl. BeiunciieHne panra MaTpuilbl C IOMOILBIO IPUBEIECHUS MAaTPULIBI K
TpaneueBUIHOMY WIH TPEYTOJIbHOMY BHIY.

KBanpartusle maTtpuipl. YncnoBas XapakTepUCTUKA- ONPEAEIUTENb KBaJApPATHOW MaTpPUIIbI.
JuaronaneHple MaTpuubl EnuHuunele matpuuel. TpeyronpHbeie maTpuinibl. CHMMETpUYHBIE
Mmatpuisl. OO6paTHast MaTpula. Pemenne MaTpuuHbix ypaBHeHH. [IpeoOpa3oBanus 6a3ucos C
IIOMOUIBIO MaTPHLLI.

2. JluHelHbple  anreOpandyecKUE CHUCTEMBI. PaciiypeHHas MaTpulla CHCTEMBL.
Marpuna cucremsl. Teopema Kponekepa — Kanein u ciencrsusa u3 He€. PemieHne cucteMsl
MeToaoM [aycca ¢ BEIOOPOM IIaBHOTO 3j1eMeHTa. Omucarh alrOpUTM ATOTO MeToja (MpsiIMOi
xol U oOpatHbiii X0l ). COBMECTHOCTb M HECOBMECTHOCTb CHCTeMbl. Pa3o0parh ciydait
OTCYTCTBHSI PELICHHUs, CiIydall e AMHCTBEHHOCTH, PELIeHHUs, CiTydail OeCUMCIEHHOIO0 MHOYKECTBa
pemienuid. Iloctpoenne ¢yHIaMeHTanbHOM CHUCTEMbl pelieHuid. PemieHne cucremsl ¢
pa3IMYHBIMM TNpaBbIMM 4acTsAMU. CucTeMbl ¢ TpEXAUAroOHAJIbHBIMM MATpULAMH M METOA
pelIeHns TaKMX CHUCTEM — METOJl TpEXIUaroHaJbHOM NPOroHKU. OJHOPOAHBIE CUCTEMBI.
Tpusnansnoe pemenue. [loctpoenne GpyH1aMeHTaIbHON CUCTEMBI pEIICHU.

3. 3amaya Ha COOCTBEHHBIC 3HAYCHHS W COOCTBEHHBIE BEKTOPHI. [locranoska
3amaun. CoOCTBEHHBIE YMCIa U COOCTBEHHbIE BEKTOpbl. YacTuyHasi mpoOnema coOCTBEHHBIX
yucen M mosHas mnpoOsnema. CBoiicTBa COOCTBEHHBIX BEKTOpOB.  CoOCTBEHHBIE 4YHCIIa
JMaroHAJIbHBIX U TPEYroJIbHBIX MaTpHIl. AJTOPUTM pPEIICHHs B MPOCTEHIIMX Ciydasx (Bce
COOCTBEHHBIE UNCIIa — pa3Hble IeHCTBUTENIbHBIC YHCTA).

OO0pa3sen KOHTPOJILHOI 32 NMEPBbIH ceMecTP.

1. Haiimute mpenensr:
. sin? 3x _ 7x?% — x ~ In(sin15x)
im———, im ———, lim——
x-01In(1 + 9x2) x>+015x3 + x2" x>0 Inx

2. Haiinure ipon3BoiHbIC (DYHKITUT:



f(x) = In? <arctg (g)),f(x) = x*.

3. Haiinure acuMntoTsl rpaduka GyHKITUN
3

I
Y= (x +1)%
4. ITpounTterpupyire QyHKIHIO
f In7x dx.
5. Beruncnure uHTErpa
e
In x
—dx.

X
1

6. Haiinure obmiee penierue win oomuii nHTerpa qudepeHnnanTbHOro ypaBHEHUS
y' =eY.
7. Haiimute yrod, moja KOTOPbIM TepeceKaroTcsi rpaduku ABYX (yHKIIUN

y?=2x wnx*+ y?=8.
8. B xakoif Touke TIIOCKOCTH KacaTelbHas K rpaduky QyHKIuu y = In x mapajuienbHa IpsMoit
y=2x+5?

9. Haiimure muddepennman pyskuun y = arctgy/x 10.

IlepeyeHs BONMPOCOB 10 MATEMATHYECKOMY aHAIN3Y K IK3aMeHY 3a BTOPOii
cemecTp.

1. JluddepeHnunanbuple ypaBHEHHs] 2-TO  TOpsAAka. [lodsthe IuHEHHOH
HE3aBHUCUMOCTH JBYX G¢yHkIuil. IlocTtpoeHue oOuiero pemeHus JIUHEWHOTO OIHOPOIHOTO
i QepeHIMaIbHOIO ypaBHEHUSI BTOPOrO TMOpsAKa C TOCTOSHHBIMH K03 duuumeHramu
MeTonoM Ditnepa. CBs3b KOIMYECTBA IPOU3BOJIBHBIX ITOCTOSIHHBIX C MOPSIKOM YpaBHEHUSI.

Mertoa Ditnepa. Beibop ananutudeckoro Buaa pemeHus. Iloctpoenue xapakTepuctuyec-
KOTO YpaBHEHHUs U HaXOXKJeHHE ero KopHei. [loctpoenune ob1iero penieHns B 3aBUCUMOCTH OT
BUJIa KOPHEH XapaKTePUCTUIECKOTO YPAaBHEHUS: pa3HbIE JCHCTBUTENbHBIE KOPHHU, KOPEHB OJIH
KpPaTHOCTHU 2, KOMIIJIEKCHbIE KOPHU, MHUMBbIE KOPHHU.

Mertox Jlarpanxka (METOA BapHallMW TPOU3BOJBHBIX MOCTOSHHBIX) JUIS PEUICHUS HEOIHO-
POIHBIX JIMHEHHBIX JU(GEpeHINATbHBIX YpPaBHEHUH 2-ro MopsaKka C MOCTOSHHBIMU
K03 ULIEeHTaMHU.

Meton HeonpeaeaEHHBIX KOY(DHOUIIMEHTOB /sl pelenns HeOXHOPOAHBIX JUHEHHBIX
g depeHIMATbHBIX YpaBHEHUH 2-T0 OPSAKA C TOCTOSHHBIMU K03 pULIMeHTaMu.

Pemrenue 3amaun  Komm. TIlocranoBka 3amaun. CBsi3b NOpsAAKa YpaBHEHHS C
KOJINYECTBOM HauyallbHBIX ycloBHid. Pemenue 3anaun Komm i ypaBHeHUI nepBoro mopsijaka
U JUIsl YPaBHEHUW BTOPOTO MOPSAIKA.

2. Pemenune nuHEHHBIX cucteM anddepeHInanbHbIX YPaBHEHHUN TIEPBOTO
IOPSAAKA C TMOCTOSHHBIMU KOd(hduIMeHTaMu. CHauana paccMaTpUBAETCS pPELIECHHE

OOAHOPOJHBIX CUCTEM METOAOM 3171nepa. IToToMm cnyqaﬁ pemieHud HCOAHOPOAHBIX CUCTCM.

3. UncnoBble psIbl. Breenue MOHSATHIA: YUCIOBOM psin, oOmui 4YieH psaa, 9acTUIHas
cymma. HeoOxommmoe ycliOBHE CXOAUMOCTH ps/ia U JOCTATOYHOE YCIOBHE PACXOAMMOCTH




psna. JIBa HEOOXOOUMBIX M JTIOCTATOYHBIX YCIOBHSI CXOJUMOCTH YHCIOBOTO psiaa. JlnHeliHbie
olepaluy HaJl CXOAAIIMMUCS pAJaMU: YMHOKEHHE PSia HA YHACIIO U CII0XKECHHE PSIIOB.

JloCcTaTO4YHbIC MPU3HAKU CXOAUMOCTH PSJOB C MOJOKUTEILHBIMUA YJICHAMU:
NEpPBbIM MPU3HAK CPABHEHUS, BTOPOI NPU3HAK CpaBHEHUs, Npu3Hak [lanambepa, paauKanbHbIi
npu3Hak  Komm, wHrerpaneHbii  npusHak  Komwum. MecnepoBanue Ha  CXOIHMMOCTH
TrapMOHUYECKOTO pPsijila U OOOOLIEHHBIX FAPMOHUYECKHX PSAOB C IOMOIIBIO HUHTErPaJbHOIO
npuszHaka Kommu. HMcecnenoBaHue Ha CXOAMMOCTb T'€OMETPUUYECKHUX  PSAOB  (psAIOB
reOMETPHUECKON IIPOrPeECCUn).

3HaKOYCpEeAYIOMMECS PSAAbL. Teopema JleiiGnuna u psaasl JleliOuuna. AGcomoTHas u
yCJIOBHAsi cX0AUMOCTh. CBOKCTBA a0COIIOTHO U YCIIOBHO CXOJSIIUXCS PSJIOB.

4. DOYHKIMOHAIBHBIC PSIAbl M WX NPUIOKCHUE. MHTepBan CXOAMMOCTH psja.
PaBHomepHast cxomumocTh. CBOMCTBA PABHOMEPHO CXOJSIIMXCA PAJIOB: HEMPEPHIBHOCTD
CYMMBbI, UHTETpUpOBaHUE U AU]epeHupoBaHme psioB.

CrencHHbIC psaabl. Teopema AGens. MHTepBan U paguyc CXOAMMOCTH CTEIICHHOIO PsJIa.
BeiBog opmymbl UIsI HAXOKACHUS pajnyca CXOAMMOCTH C TOMOIIbI0 mpu3Haka JlamambGepa
WM uHTerpaigbHoro npusHaka Komwu. PaBHOMEpHas CXOAMMOCTH CTENEHHBIX PSAAOB Ha
OTpE3Ke.

Psag Tennopa. Pasnoxenue Oeckoneuno auddepennupyemoit Gpynkuuu B psaja Teinopa.
YcnoBue cxomuMocTH psina. EnuHCTBEeHHOCTh pasnokeHuss (QyHKuuu B psa.Paznoxenue
MPOCTEUIINX JIeMEeHTapHBIX QYyHKIU B psia Teitnopa. Psg Maknopena.

MHuorounieHnbl Teinopa u  MaknopeHa. IIpuOmvkEéHHbIE BLYMCICHHS 3HAYCHUM
GyHKIUH, TPOU3BOAHBIX M HMHTETPAJIOB C MOMOIIBI0 MHOTOWIEHOB Teinopa u MaknopeHa.
BeiBog op-Myn pa3HOCTHOW ammpoKCHMAIys MEpPBOH W BTOPOW MPOM3BOJHBIX C ITOMOIIBIO
MHoTrouwiIeHa Teiopa.

Turonomerpuueckuil psijg Pypne. Pasznoxkenne QyHKIuM 10 OECKOHEYHOMY OpPTOTrO-
HaJbHOMY TpUTOHOMEeTpudeckomy Oasucy. Iloctpoenue kodadpduinmentoB dypve. Tpurono-
METPUUYECKUHN PsifI U YETHBIX U HEUETHBIX (DYHKITUH.

5. ba3oBble mOHATHSA I8 (YHKIUKA HECKOJBKHMX TIEPEMEHHBIX. Iloctpoenue
obnactu omnpeneneHus A (YHKUMU JBYX NEPEMEHHBIX M T€OMETpPUUYECKHH 00pa3 Takux
GyHKIU.

YacTtHble npou3BoaHbIe U b depeHIanbl. OnpeaeneHne 9acTHBIX MPOH3BOIHBIX
MEPBOTO U BTOPOTO MOPSAKOB. YCIOBHE PABEHCTBA BTOPHIX CMEIIAHHBIX MPOM3BOJIHBIX JUIS
GyHKINK JBYX TepeMEeHHBIX. YacTHbIe TPOM3BOJHBIE M YacTHBIE NU(D(HEPEHITNABI, TTOTHBIHA
mipdepentman. Juddepenumnan BToporo mnopsaka. [IpomsBoanas KoMmo3uiuu (GyHKIHN
(momuas mpousBoaHas). uddepenunpoBanne HESBHO 3aJaHHBIX (YHKIMH. YpaBHEHUE
KacaTeJIbHON TNIOCKOCTH U HOPMAJIH K TOBEPXHOCTH.

6. DKcTpeMyMbI DYHKIIMA ABYX MMEPEMEHHBIX. HeoOX0oquMble yCIOBHS SKCTPEMYMA.
Mmnorounen Telnopa g yHKIUM ABYX MepeMeHHbIX. BpIBOA HEOOXOJMMOro M J0CTaTod-
HOTO YCJIOBUH CYIIECTBOBAaHUS dKcTpemyMa. HaxoxieHne HauOOoJbIINX U HAaUMEHbIINX 3Ha-
yeHui (pyHKIMHA IBYX mepeMeHHbIX. [locTaHOBKA 3a/71a4M Ha HAaXOXJIEHUE YCIOBHBIX JKCTpe-
MyMOB. PellleHne 3aad Ha YCIOBHBIM 3KCTpeMyM meroAom Jlarpanxka. 3agaya Ha yCIOBHBIN
HKCTPEMYM ISl TIMHEHHBIX QYHKIMHN (MTPOCTEHIINIA ciTydail CUMITJIEKC METO/a).

7. KpuBonuHEHbIC MHTErpajbl. ITocTpoeHne KpUBOIMHEHHOrO MHTErpaja MHepBOro
pona, ero CBOWCTBA. BbluncieHHE HMHTErpaja B 3aBUCUMOCTM OT BHUJA AHAJIUTHYECKOTO
3a/IaHus TyTH UHTerpupoBanus. OnpeeneHne KpUBOJIUHEHHOTO HHTETpalla BTOPOTO PoJia, €ro
CBOMCTBA M 3aBUCHMOCTh HHTErpaja OT HampaBieHHs MyTh HHTEerpupoBaHus. CrocoOsl




BbruncieHus. aTerpan 2-ro poaa mo 3aMKHYTOMY ITYyTH. Y CIIOBUE HE3aBHCHMOCTH MHTETrpaja
2-T0 poza OT BUAa MyTH. BRIOOP MyTH WHTETPUPOBAHUS, €CIIH MOJBIHTETPATHOE BBIPAKEHHE
SBIIICTCS TIOJHBIM JudQepeHiiaioM ¥ BBYHCICHUE TAaKOro WHTerpana. HaxokaeHue
dbyHkumK o nostHoMy nuddepeHimany. Pemenue ypaBHeHUS B IOJHBIX TuddepeHIaniax.

8. JIBoliHBIC MHTETpaJIbl. [TocTpoeHue ABOWHOIO MHTErpaa Kak IIpeeia HHTErpaabHbIX
cymM. CBolicTBa MHTerpaja Mo Iulouiaau. BeluucieHne ABOWHOIO MHTErpaja B JIEKapTOBOM
cucreme koopauHar. [loctpoenue sikoOuana (onpenenurens Skoou). Berurcienue 1BOMHOrO
UHTErpajla B MOJIIPHOM CHCTEME KOOpAuHaT. Beruucinenue uHrerpana Ilyaccona ¢ nmomounbsro
JBOMHOIO MHTErpaia B NOJIPHOU cucTeMe KoopAauHar. [I[pumMeHeHre 1BOMHOro MHTErpana s
BBIUUCIICHUS TJIOUIAIeH 1 00BEMOB.

9. TpotiHple MHATErPAIIBI. I[TocTpoeHHe TPOMHOro HHTErpana Kak Ipeea HHTErpaabHbIX
cymm. CBoiicTBa MHTerpaia mo o0béMy. BerumcieHue TpoilHOro MHTerpaja B JEKapTOBOM
cucreme koopauHat. [loctpoenue sikoOuana (ompenenurens SIKoOM) A LMIMHIAPUYECKOM
CHUCTEMBbI KOOpPJMHAT. BhIYMCIEHNE TPOMHOIO0 MHTErpajia B LMJIMHAPUYECKONW CHUCTEME KOOP-
muHat. Cdepuyeckas cucTeMa KOOpAMHAT M COOTBETCTBYIOUIMH sikoOuaH. Ilpumenenue
TPOWHOI0 MHTETpajia Jisl BEIYUCIEHUS 00BEMOB.

10. DyieMeHTBI TEOpPUHM IT0JsA. CxanspHoe TI0je M BeKTOpHoe Ioje. OrnpeneneHue
IIPOU3BOHOM 110 HAIIPABJICHUIO.
Onpenenenus nuddepeHInalbHbIX onepaluuil nepBoro nopsjaka. ['paiueHT U ero OCHOBHBIE
cBoiicTBa. CBsI3b Ipajiu€HTa U IPOU3BOIHOMN M0 HampaBieHHIo. JluBepreHius (pacxoIuMoCTh)
BEeKTOpHOro 1nojsi. Potop (Buxps) BekropHoro nois. Juddepeniuanbasie onepaniuy BTOPOro
MOpsAJIKA: TUBEPreHIUs OT TPaJUEHTa, pOTOP OT I'PaIu€HTa, TUBEPTEHLUs OT POTOpA.

IlepeyeHb MPUMEPOB MO MATEMATHYECKOMY aHATU3Y K IK3aMeHY 3a 2-i ceMecTp.
1. Haiinure oOrmiee pemeHre oTHOPOIHOTO Ju(PepeHITnaNTBHOTO ypaBHEHUS METOA0M Didiepa
y'—6y'"+8y=0, y'—4y' +4y=0, y"+9y =0, y"—10y"+ 29y =0.

2. Haitnure obiee penieHue HeoJHOPOIHOTO quhepeHInanTbHOT0 YpaBHEHUS METOI0M
Jlarpanxa
y'—y'=x, y'+y=4e* y"+y' =cosx.

3. Haiinute oO1iee perieHrne HeoAHOPOIHOTO AU(depeHInanbHOro ypaBHEHHSI METOJOM
HeomnpeAeNEHHBIX KO3PPUIIUESHTOB

y'—=y'=x, y'+y=4e¥, y"+y' =cosx.
4. UccnemyiiTe psij Ha CXOAMMOCTB € HOMOLIBIO IpH3HaKa Jlanambepa
o
n
25
n=1
5. Uccrnenyiite psit Ha CXOAMMOCTS C TIOMOIIBIO PaJHKaIbHOrO pu3Haka Kormu
(o8] n n
2. (3

n=1

5. I/ICCHCHYﬁTC pAaa Ha CXOAUMOCTD C TOMOIIBIO UHTCTPAJIBHOT'O ITPU3HAKA Komu.
()

z 1
nlnn’

n=1
7. Uccnenyiite psig Ha aOCOMIOTHYIO U YCIOBHYIO CXOAMMOCThH (CXOAUMOCTS 110 JIeiOHuIry).




(o]
>
n .
n=2
8. Haﬁ,HHTe paanyc u o0JacTe CXOAUMOCTH CTCIICHHOI'O psAaa
(00
(n+1)
on
n=2

9. Haiinure 061acTh CXOIMMOCTH CTENICHHOTO Psijia

(0]

=" n
Zn(n+1)<x+1) '

n=2
10. Paszmoxuth dpyHKImo Y= x + 1 B psix @ypbe mo kocurycam Ha otpeske [0; 7).

11. Haitgure nmonueiii nuddepeniuan 1-ro nopsaka ot GyHKIHH
z=In(Bx+2y). 2. z=x7.
. d o
12. HaiinuTe MOJIHYIO MPOU3BOIHYIO d—i 10 TIEPEMEHHOM 110 t OT PYHKIIUU

2

z=ye ¥ tnex =2t+2, y=sint. z=xtan3y, raex = t?, y = 2t3,

13. HaiinuTe mpon3BOAHYIO CKaJsIpHOTO 1ot v = 2xy + 3yz + 5zx 1o 3amaHHOMY
HanpasieHuro Bekropa a = {12; 3;4} B rouke B(1; 2;5).

o ov _ 2.3
14. Haiigure npou3BOIHYIO 5, CKALIPHOrO mons v = 2x“y> + 5z 10 HampaBIEHUIO
BekTopa a = {1;1; 1}.

15. Haiiaute rpaaueHt grad z miaockoro ckaasipHoro moiist z = In(3x + 2y) B Touke
B(1;2;5).

16. HaiiuTe HanpasieHne HauOONIbLIEro pocTa GYHKLIUU ¥ = XY + yZ + 5zx? B Touke
B(1;2;3).
17. Haitnure quBeprennuio (pacxoaumocts) div(@) BEKTOPHOTrO OIS

a(x,y,z) = 2xyi + 3xzj + 7yzk B touke A(3;1;2).
18. Haitute auseprenuuio ot rpaauenta div(grad w), eciu w = 3xy + 5yz3.

19. TToctpoiite porop (Buxps) rot(b) 3a1aHHOr0 BEKTOPHOT'O ITOJIS
b(x,y,z) = 2xyi + 3xzj + 7yzk. b(x,y,z) = grad(xy + yz + 5zx?).

20. Haiinure npenensl MHTETPUPOBAHUS ABOMHOIO MHTErpaa, €ciu 0071acTh HHTETPUPOBAHUS
3TO TPEYTOJIbHUK cO cTopoHamMu x = 0,y = 0, x +y = 2.

21. HaiinuTe mpenesbl HHTETPUPOBAHUS IBOMHOTO HHTETPaJIa, €CIIA 001aCTh MHTETPUPOBAHHS
OIMCaHa CUCTEMOM HEPABEHCTB

x =0,
y =0, {
x2+y2 <.

y > x2,
y <4 —x?

22. [lomeHsiiTe MOPSAOK HHTETPUPOBAHUS



=

‘ol 1 Hzf( )d fzd jxf( )d
jodyyf f(x,y)dx. f_ldxof x,y)dx. ) xx x,y)dx.

23. Berunciure HHTETpat

2x Iny
4 y 2
f dxf =dy, J dy] e*dx.
2 X 1
x 0
21. Berauciure UHTETpat
ﬂ. cos(x + y) dxdy,
D

eciu 001acTh HHTETPUPOBAHUS OrpaHudeHa MpsiMbiMu X = 0,y =,y = x.
OO0pasen KOHTPOJILHOM padOTHI 32 BTOPOI cemMecTp

1. Haitnure oO1iee pemieHrne oJHOPOAHOTO AudPepeHInanibHOro ypaBHEHUSI METOA0M Ditnepa

y'—6y' +8y=0
2. Haiigute oOmiee pemieHre HeoJTHOPOAHOTO AU GepeHINATFHOTO YPaBHEHUS METOI0M
Jlarpanxa
yII _ yl — x.
3. HaiinuTe oOiee penieHne HEOJHOPOIHOTO TU(depeHIaTIbHOTO YPaBHEHHS METOIOM
HEOIpeaeIEHHBIX KO PHUIIMEHTOB

y' +y =4e*.

4. Uccnenyiite psa Ha aOCOMIOTHYIO U YCIOBHYIO CXOJIUMOCTD (CXOAMMOCTH 10 JleiOHuIy).
(o]

; (—i)”.

5. Halipure pannyc u 061acTh CXOIMMOCTH CTENIEHHOTO psia

(o]

n=2
6. Pasmoxuth QpyHKImo Y= x + 1 B psix @ypbe mo KocuHycam Ha otpeske [0; ).

7. Haiiinte npoM3BOAHYIO CKAIAPHOTO ToNist v = 2xy + 3yz + 5zx 10 3agaHHOMY
HanpaieHuio Bektopa a = {12; 3;4} B touke B(1; 2;5).

8. Haiinurte Hanpasienre HauOOIBIIETO pocTa GyHKIMKE ¥V = XY + yZ + 52x? B Touke
B(1;2;3).

9. Beranciaute uHTErpa

ﬂ cos(x + y) dxdy,
D

eciii 00J1aCTh HHTETPUPOBAHUS OrpaHrueHa npsiMbiMu x = 0,y =1,y = x.



Hepeqenb BOIIPOCOB IO MATEMATUYECCKOMY aHAJIN3Y K IK3aMEHY 3a TpeTl/Iﬁ
ceMecTp
1. ba3oBble TOHATHS B TEOPUH YPAaBHEHUN MAaTEMaTHYECKON (DU3UKH.
KJ'IaCCI/I(l)I/IKaHI/IH JIMHEUHBIX ypaBHeHI/Iﬁ C IABYMs HE3aBUCUMBIMH INICPEMCHHBIMHU M IIPHUBEC-
JCHUC UX K KaHOHI/I‘-ICCKOMy BI/II[y. Ha‘-IaJILHLIC nu KpaeBbIe YCJIOBI/HI JJIA ypaBHeHI/If/i Marema-
TUYECKOU (1)I/I3I/IKI/I. CYH_IGCTBOBaHI/Ie U CAUHCTBEHHOCTDb PCUHICHUA.

2. Pemienue OJHOPOAHOIO YPAaBHCHHS TEILIIPOBOJHOCTH C HAYAJbHBIM
YCJIOBUEM U C HYJIEBBIMU KPACBbIMU VCIOBUIMHU.

IlepBbiii 11ar pemieHus.Pa3aencHue NepeMEHHBIX. IIpencraBieHne HEM3BECTHOM
(GYHKIIMU B BUJIE TPOHM3BEICHUS JIBYX HEU3BECTHBIX (DYHKIIHUI, IIEpBast U3 KOTOPBIX 3aBHCHUT OT
MPOCTPAHCTBA, a JApyras TOJIbKO OT BpeMeHH. Iloctpoenue auddepeHnnanbHbIX ypaBHEHUH
JUTSL KOXKIOW U3 TaKUX (YHKIIUM.

Bropori mar pemenus. 3agada Illtypma JInyBuiis. Ilepsas GyHKuus sBisercs
pemerrieM 3amaun llltypma — JInyBrUIS ¢ 3aaHHBIMU KpaeBbIMU YCIOBUSAMHU. Bropas ¢GyHK-
YIS 3aBUCHT TOJILKO OT BPEMEHH U SIBIISICTCS PEIICHHEM MPOCTOro auddepeHInaibHOro ypas-
HeHus 1-To mopsika.

Tpernit 1mar pemeHus. Metoa Dypbe. OxkoHuareabHOE pEIIEHUE YPAaBHEHHUE
TEIUIOTPOBOJHOCTH CTPOUTCS C MTOMOIIBIO TPUTOHOMETPUIECKOTO psina Dypne.

3. Pemmenne O0JIJHOMEPHOI'0 BOJJHOBOI'O YpaBHEHHS METOA0M Dyphe.

IlepBbiii 1iar pemeHus.Pa3aencHUe NEpEeMEHHBIX.  IIpencraBieHue HEU3BECTHOM
(GyHKIMU B BHJIE TPOM3BEACHUS JBYX HEU3BECTHBIX (DYHKIIHI, ITepBast U3 KOTOPBIX 3aBHCHUT OT
MIPOCTPAHCTBA, a JApyras TOIbKO OT BpeMeHHu. llocTpoenue auddepeHnnanbHbIX ypaBHEHHMA
JUTSL KQOKJIOW U3 TaKUX (YHKITHH.

Bropoii mar pemenus. 3agaya Illtypma JIuyBuiis. Ilepsas QyHKuus sBseTcs
peUICHUCM 3alavuu H_[Tpra — .HI/IYBI/IJ'IJ'I}I C 3alaHHbIMU HAYaJIbHBIMU YCJIOBUSIMHU U KPACBbIMU
YCJ'IOBI/ISIMI/I. BTOpaﬂ (bYHKIH/IH 3aBUCUT TOJIBKO OT BpeMeHI/I U ABIISICTCS pGHIGHI/ICM
Qg QepeHIMaIbHOr0 ypaBHEHHs 2-T0 MOpsAKa ¢ HOCTOSHHBIMU K03 puimenTamu.

Tperuit 1mar pemeHus. Metog ®Dypbe. OxoHuUaTenbHOE pENIEHHE BOJHOBOTO
YPaBHEHUsI CTPOUTCS C IIOMOIIBIO TPUTOHOMETPUUIECKOTO psAsa Dypehe.

4. Pemienue nByMepHoOro ypaBHeHus Jlamiaca MmetojgoM Pypee.

Perraercst miockas 3ajada Ha MPSIMOYTOJbHHUKE B JEKaPTOBOM CHCTEME KOOPIUHAT, PEIIacTCs
3ajaua BHYTPH M BHE Kpyra B TOJSIPHOW cUcTeMe KoopauHaT. Pemaercs 3amaua Jlupuxmne —
HEU3BeCTHas QYHKIMS 3ajaHa Ha TPaHHMIIE.

IlepBeii 1miar pemeHus.Pa3geieHue NepeMeHHbIX. IlpencraBieHne HEM3BECTHOM
(GYHKIUU B BUJIE TPOHM3BEICHUS JIBYX HEU3BECTHBIX (DYHKITHI, IIEpBast U3 KOTOPHIX 3aBHUCHUT OT
MIEpOBOI MEpPEMEHHOM, a Apyras ToJbKOo OoT BTOpoi. CTposTcs U pemarorcs AuddepeHnas-
HBIC YPaBHEHUS JIJIS1 HAXO0XKICHHS KaK0H HEU3BECTHOW (YHKIINH.

Bropoii mar penienust cBsizaH ¢ 3agadeut [Htypma JInyBuiis.

Tperuii mar pemeHus. OKoH4YaTenbHOE pelleHHe ypaBHEHHs Jlamaca CTPOMTCH C
MTOMOIIBIO TPUTOHOMETPUYIECKOTO psifga Dyphbe.

5. UncneHHble METOILI perieHnst 1uddepeHImaaIbHbIX VPABHEHMWIA.
Pemenne 3amaun Komm




MeTtoa Dunepa mis pemenns auddepeHIransHOro ypasenus 1-ro mopsaka. OueHka
TOYHOCTH 3TOro MeTona. ['eoMeTpuueckuii cMbIC MeToja Jitiepa.
Meton Pynre — KyTTa mns pemenns auddepenimansnoro ypasaenus 1-ro nopsjixa.

OreHka TO4HOCTH 3TOro Metona. ['eomerpuueckuii cmpbicn metosa Pynre — KyTTa.
[IpeoOpasoBanue nuddepeHIaTbHbIX YpaBHEHHH BTOPOIO M TMOPSAIKAa B CHCTEMY
I QepHIMATbHBIX YPaBHEHUH IIEPBOTO MOPsAKa.
MeTtoa Ditsiepa ms penrenus cucteM aud@GepeHInaIbHBIX ypaBHEHHMI 1-r0 mopsiika.

Meton Pynre — KyTTa mis pemenus cucreM auddepeHnnansHbiXx ypaBHEHHE 1-ro
HopsaKa.
Pemienne  JTMHEMHOIO HHd)d)eDeHHHaHBHOFO YPaBHCHUA C  33aJdHHBIMHAU

KPaCBbBIMH YCJIOBUAMM.

ITocTpoeHne pasHOCTHBIX alIIPOKCUMALUK IIEPBOM U BTOPOU IIPOU3BOJHOM: JIEBOCTOPOHHSS,
LIEHTPaJIbHAas allPOKCUMALIMH.

[TocTtpoeHne pa3HOCTHOM ANMPOKCHMALUN HCXOJHOTO JHMHEHHOro IudQepeHnaIbLHoro
YPaBHEHHUs BTOPOro nopsiaka. Pemenue pa3HOCTHOTO ypaBHEHHsI METOJOM TPEXAMArOHAIIBHOU
IIPOroHKH. PaccmarpuBaroTCs pa3andHble KPAaeBble YCIOBHS.

6. CeToUYHBIN MCTO/J PCIICHU YPAaBHCHHS TCIIJIOIIPOBOAHOCTH.

AHHDOKCI/II/IMaHI/IH YAaCTHBIX IMPOU3BOJAHBIX. [IpaBoCTOpOHHSAS, TE€BOCTOPOHHSS U LIEH-
TpajbHas annpOKCUMAIUs MEPBbIX YaCTHBIX MPOU3BOJAHBIX. L[eHTpallbHO pa3HOCTHAS AlIIPOK-
CUMaIIUs BTOPBIX YaCTHBIX MTPOU3BOAHBIX. OIIEHKA MOPSIAKA TOUHOCTH TaKUX alllIPOKCUMAIIUH.

[TocTpoeHue penieHus: ypaBHEHHS TEIUIONPOBOIHOCTH IO SIBHOM CXe€M€ € pa3IuyHbIMU Kpae-
BeIMU yciioBusiMH. OIleHKa KadecTBa SIBHOM cXxembl. Yka3arh ycioBue Kypanrta- JleBu
(Opuppuxca), mpu KOTOpPOM TMpOLIeCC pelieHuss OyneT YCTOWYMB OTHOCHUTEIHHO
MOrPEMTHOCTEM.

[TocTpoeHue perieHus ypaBHEHHUs TEIUIONPOBOJHOCTH IO HESABHOM CXEME C Pa3IMYHBIMU
KpaeBbIMU yCIOBHSAMU. OlleHKa Ka4eCTBA HESIBHOW CXEMBI.

7. CeTOYHbBI METO/ PEUICHUS] BOJIHOBOTO YPABHEHUS.
[locTpoeHne CceTOYHOM anmpOKCHMAIMM YpaBHEHHs. PemeHus MOoCTpOEHHOTO
Pa3HOCTHOT'O YPaBHEHUS 10 IBHOM CXEME C YUETOM 3aJaHHBIX KPAEBBIX YCIOBHM.
VYka3zarp ycnoBue Kypanra- JleBu (®puppuxca), Ipd KOTOPOM IMPOLECC PElIeHHs OyeT

YCTOI>'I‘II/IB OTHOCHUTCIIBHO HOl"pCH.IHOCTCfI.

8. Cerounslii MeTO1 pemeHus ypasuenns Jlamnaca u Ilyaccona.

BBCI[GHI/IG IMOHATHA UTCPALITMOHHOI'O IIpoIecca. HOCTpOGHI/IC paSHOCTHOI\/'I CXEMBbI C ITIOMOIIIBIO
LHEHTPAJIbHO paBHOCTHOﬁ AIlIPpOKCUMAIIM BTOPBIX YACTHBIX IMMPONU3BOAHBIX. HOCTpOCHI/Ie pu-
OJIM>KEHHOTO PEIISHUS C TTOMOIIBI0 UTEPAIIMOHHOTO TIpoliecca.

9. PenteHue ABYMEPHOIO VPABHEHHS TEILUIOMPOBOIHOCTH METOJIOM IEPEMEH-
HBIX HAIIPaBJICHUU.

Onucanue aaropuTMa MeToja. Iepseiii stan. GUKCUpyeTcs OJHA IIEPEMEHHAS U CTPO-
UTCS HESIBHASI CX€Ma OTHOCUTENIBHO ApYyroi nepemeHHou. [Ipu aTom Oepércs MoNoBUHHBIN m1ar
1o BpeMeHH. Ha mocTpoeHHOM IMpOMEKYTOUYHOM BPEMEHHOM clloe (PUKCUpyeTcs pyras mnepe-
MeHHas. BHOBB JUIsl Ipyroro HampaBiIeHUs aHAJTOTHYHBIM 00pa30M CTPOUTCS BTOpasi HEsBHAS
cxema. Bpems yBennuuBaercs ell€ Ha M0JI0BUHY wara. [Ipouecc nmpoaoimkaercs 10 OKOHYaHUs
HeoOxonuMoro B 3anade BpeMmeHH. OlleHKa KadecTBa 3TOro Meroja. lMcmonb3oBaHue 3TOro
MeToza i1l TPEXMEPHOT'O CIyyYasi.




10. CoenumanbHble (QYHKIIUHA. Poib crnenuaibHBIX (QYHKIMI TIpH pEIICHHM 3ajad
MareMaThudeckol (U3UMKM W Teopuu NpuOIMmKeHWi. [[Ba mpumepa crenuaabHbIX (YHKIIHM,
KOTOPBIE UTPAIOT 0CO00 BAXKHYIO POJIb B MATEMATHKE.

[lonuHOMBI JIeKaHApA urparor 0coOyI0 poiib CPEAd APYruX cPepuuecKuXx (YHKIHMA.
AHanuTUYeCKUi BUJ MOJIMHOMA, PEKYPPEHTHBIE COOTHOIIEHUS. OPTOrOHAIBHOCTh U JIPYTHe
cBoiicTBa. O0IaCTh IPUMEHEHHUS.

[TomuaOMBI YeOBIIIeBa nepBoro poaa ABISIOTCA BaKHEHIIMM HHCTPYMEHTOM B TEOPUH
NpUOMKeHUH QYHKIIUNA. AHATUTUYECKUA BUJ B TPUTOHOMETpUYEeCKol popme. PekyppeHTHBIE
cooTHomeHus. AnreOpandeckas ¢opma MHorowieHa. OpTOrOHANBHOCTh M APYrHE CBOWCTBA.
O6nacTh NpUMEHEHUS.

OO0pasen KOHTPOJIbHOI PadOTHI 32 TPETHI CEMeCTP

1. Pemure nuddepennnansHoe ypaBHEHHE METOA0OM Disiepa (caenarh TpH Iara)

y"=y"+2(1-x),y(0) =1,y'(0) = 1.h = 0.01.

2. 3anuInuTe pa3HOCTHYIO CUCTEMY alreOpandecKux YpaBHEHUN IS PEIICHUSI CETOYHBIM
MeToIoM T pepeHITUATEHOTO YPaBHEHHS C 3aIaHHBIMH KPAeBBIMH YCIIOBHUSIMH.

yll _ xyl + xy,

y(1) = 0,y(2) = 2.h = 0.2.

3. Cz[enaﬁTe 1Iar Mo SIBHOM cxXeMe IS peliCHUs YPaBHCHUSA TCIIJIOIIPOBOAHOCTHU

ou 0%u

3 = a2 x+t,h=0.2,

T=0.02, u(x,0) =2x,u(1,t) =2+tu(2,t) =8+t

6.3. basibHO-peliTHHIOBasi CHCTEMA OLlEHMBAHUS

Ta6muna 7 (1,2).

Pacrnipenenenne 6ayinoB no BugaMm yueOHOM pabOThI B IEPBOM U BTOPOM CeMecTpax

Buj yueoHoii paGoThbl, 32 KOTOPYIO CTABATCS 0aJJIbI bauibl
Ilocenenue JIEKIIMOHHBIX 3aHATUI 0-10
Teopernueckuii onpoc Nel 0-20
Teopernueckuit ompoc Ne2 0-20
Teopernueckuii onpoc Ne3 0-20
[TpomesxyTouHas arrecTanus 0-30
UTOIr'o 0-100
Tabmuma 7(3)
Pacnpenenenue 6a11oB 1o BUaM yueOHON pabOThl B TPEThEM CEMECTpe
Bup yueOHoil padoThl, 32 KOTOPYIO CTABATCSH 0aJJIbI bayibl
Ilocenenue JEKIIMOHHBIX 3aHATUI 0-10
Teopernueckuii onpoc Nel 0-30
Teopernueckuit ompoc Ne2 0-30
IIpoMexyTouHas aTTecTalus 0-30
NUTOIrOo 0-100
Tabnwuma 8.
PacnpeseneHre T1ONOIHUTENbHBIX 0aloB
JlonosHuTE/IbHBIE DAJLIIBI Bbamasl
(Oanybl, KOTOpBIE MOT'YT OBITH H06aBieHbI 10 100)
AKTHUBHOCTB Ha y4eOHBIX 3aHATHSIX 0-5
Vuactue B OauMnuaae 0-10
UTOIr'o 0-15




MuHuMaNbHOE KOJMYECTBO OAlJIOB JUIsl JIOMYCKAa 1O IMPOMEXKYTOYHON AaTTecTaluu
cocrapisieT 40 GaioB MpU yCIOBUH BBIITOJIHEHHUS BCEX BUJIOB TEKYILETO KOHTPOJIS.

Tabnuma 9.
banpHas mKaia UTOroBOi OIICHKH Ha dK3aMEHE
Onenka Banabl
OTimyHO 85-100
Xopo1io 65-84
Y 10BI€TBOPUTENHHO 40-64
HeynonerBopurenbHO 0-39

7. MeToauvecKkue peKOMEHAAUMH I 00y4AIOUIUXCH M0 0CBOEHHMIO TUCIIUIIUHBI

Meroanueckue pPEKOMEHJIAMM KO BCEM BHJAAM ayJAUTOPHBIX 3aHATUNA, a TakKxke
METOAMYECKHUE PEKOMEHIAIMU 0 OPTaHHW3alldd CaMOCTOSITEIBHOW padOTHI, B TOM YHCJIE IO
MOATOTOBKE K TEKYIIEMY KOHTPOJIO W MPOMEXKYTOYHOM arTecTaldd, MpEeACTABICHBI B
MeTtoanyeckux pEeKOMEHJAIUAX I OOydYaroIMXCsl 10 OCBOCHUIO  JUCHHUTLIMHBI
«MartemaTuka.

8. YueOHO-MeTOANYecKoe U MH(OpMalHOHHOE o0ecTieYeHre 1M CHMIIJIMHbI
8.1. [lepeueHb OCHOBHOI U AOMOJHUTENBHON Y4eOHOI TUTEpaTyphl

OcHoBHasi iuTeparypa

1. I'. benuxoBa, E. A. bpoBkuna, JI. B. BurkoBckas. Bricmias anrebpa. YuebGHoe
mocobue. — Cn6.:.PITMVY,2021. — 170 c. ¢ uin.

2. T'A. bemukopa, JI. B. BwurkoBckas. Marematuka. Yacte 3. OcHOBEHI
MaTeMaTHYECKOro aHanm3a. Yueobnoe nocooue. — C6.:PI'TMVY,2015. — 208 c. ¢ wiL.

3. I'M. bemuxoa, E. A. bpokuna, JI. B. Butkobckas. JuddepeHunanbubie
ypaBHeHHs. Yaebnoe nmocooune. — Cn6.:PITMVY,2020. — 162 c. ¢ .

4. B.S. Apcenun. Metoasl mareMaTuyeckod (M3MKUHM CHEIHalbHbIE (YHKIUH.
I'maBHas penakius (u3. Mat. IuTeparypsl u3a. « Hayka», 1974. — 432 c.

5. I'.W. benukona, E.A. bpoBkuna, b.I'. Barep, JI.B. Butkosckas, FO.JI. MaTBees.

Yucaenusle MeToAbl. YueobHoe nocodue. — Cnb.: PITMYVY.,2019. — 174 ¢. ¢ un.

6. T.I. Anmpeea. MATEMATUKA: cnenuanbHble QYHKIMM U HEKOTOPHIE
npuiokeHus. YuebHoe nocooue. — Cno.: PITMY,2013. — 102 c. ¢ um.

JlonoJIHUTeIbHAS JTUTepaTypa

1. 1. M. AkcenenkoBa, O. A. Mansiruna, H. C. Yekankuna u ap. Psauper. MaTEeTpan
®dypse u npeodpazoanue Pypwe. [Ipunoxenus. — M.: B Kawmwxknbiii tom «J IMBPOKOM»,
2009. — 208 c.

2. 10.A. lanunoB. Muorowiens! Yeosimesa. — M.: Equtopuan YPCC 2003. — 160 c.

3. W. 1. baBpun. Briciias marematuka. YueOuuk. — M.:M3natensckuii HeHTp
«Axagemus»,2005. — 616 c. ¢ w.

4. M.JI. Kpacnos, A. 1. Kucenés, I'. 1. Makapenko u 1p. Bes BbIcias maremaTHka.
Vuyeonuk. T.2 — M.: U3gatenncrBo JIKU, 2007. — 192 c.

5. B. JI. @aitnmmunar. JduddepeHnuanbHoe U UHTETpalbHOE HCUUCIEHUE (DYyHKIHMMA
Heckonbkux aprymenToB. CI16.: BXB-IletepOypr,2007. — 208 c.

9. MarepuajibHO-TeXHUYECKOe o0ecnedeHne TUCHUNINHBI

1. Aynutopusi Ajis MpOBENEHUS JIEKIMOHHBIX M NPAKTHUECKUX 3aHATHH. Xopolne
oonpmme mocku!!! KoMmbroTepHbIii Kiacc ¢ COBpEMEHHBIMU IMaKeTaMH MaTeMaTHYECKUX
nporpamm! !

10. Oco0eHHOCTH OCBOEGHHSI JUCHHUILIMHLI [JJd HHBAJIWIAOB W JHI C
OrpaHH4Y€HHBIMHA BO3MOKHOCTHMM 3/10POBbHA




OOyuenue O0OydYalOUIMXCS C OrPAaHMYCHHBIMH BO3MOXKHOCTSIMH  37I0POBbS  IIpU
HEOOXOIMMOCTH OCYIIECTBIISIETCSI Ha OCHOBE aJalTUPOBAHHON pabodeil MporpaMMbl C
WCTOJB30BAHUEM CHENHAJIbHBIX METONOB OOyueHHS W JUAAKTUYECKHX MaTepUalioB,
COCTaBJICHHBIX C YYETOM OCOOEHHOCTEH MCUXO(PHU3UYECKOr0 pPa3BUTHS, WHIAUBUAYAIbHBIX
BO3MOXKHOCTEH U COCTOSIHUS 3JI0POBbSI TAKUX 00YYaIOMIUXCS (00yUYaromerocs).

[Ipu ompenenenuu ¢GopMbl MPOBEACHUA 3aHATHI C OOydYarOIUMCS-UHBAIHIOM
YUUTBHIBAIOTCSI PEKOMEHAAIINH, COAECPIKAIINECcs] B MHANBUAYAJIbHON MpOrpaMMe peabuiIuTaium
VMHBAJIWJ1a, OTHOCUTEJIBHO PEKOMEH/I0BAHHBIX YCIOBUM U BUJOB TPyAa.

[Tpu HEOOXOAMMOCTH [T 00YUAIOIIMXCS U3 YMCIIa MHBAJIMIOB U JIUI C OTPaHHYCHHBIMH
BO3MOXXHOCTSIMU 37I0POBbsSI CO3/IAIOTCSI CHEIMalIbHbIE padoure MecTa C y4eTOM HapyIICHHBIX
(GyHKIMN ¥ OTpaHUYCHUN JKU3HEACATEIbHOCTH.

11. Bo03MOXXHOCTH NPUMEHEHHUSI 3JIEKTPOHHOI0 OOyYeHHS] M JMCTAHIHOHHBIX
o0pa3oBaTeIbHBIX TEXHOJIOTHH

[IpakTHueckass 4acThp [OUCUMIUIMHBI ~ MOXET pEAM30BBIBATHCS C NPUMEHEHUEM
AJIEKTPOHHOTO o0y4yeHMss ¥ JUCTAaHIIMOHHBIX 00pa3oBaTENbHBIX  TEXHOJOTHH.






