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1 BBEJAEHUE

BaxHylo 9acTe TeopeTmdeckoil M mnpodecCHOHAIBbHOW MPAKTUYECKOH IOJATOTOBKU CTYACHTOB
COCTABJISIOT IPAKTUYECKUE 3aHATHUS.

CoctaB u coaepKaHME NPAKTUYECKUX 3aHATUN HallpaBlIeHbl Ha peanusanuio DenepanbHOro
roCyJapCTBEHHOT'O 00pa30BaTEIbHOIO CTAaHAAPTA CPEAHEr0 NPOPECCUOHATIBHOIO 00pa30BaHMsL.

Benymieil AuakTHYECKOM LENbI0 MPAKTHYECKUX 3aHATHN SBISIETCS (JOPMHUPOBAHUE MPAKTHUECKUX
yMeHuM (yMeHMHl pemare 3aJayd [0 MaTeMaTHKe), HEOOXOOMMBIX B IOCIEayroled ydeOHOH
NEeATEIbHOCTH.

B coorBerctBHM ¢ paboueld mporpaMMod y4eOHOH JAUCIUIUIMHBI «DJEMEHTHI  BBICIICH
MaTE€MaTHKW» MPEyCMOTPEHO IPOBEICHUE TPAKTUYECKUX 3aHITUM.

B pe3ynbrare ux BBIIOJHEHUS, 00yYarOLIUics JOIKEH:

ymembo:

V1. BeinonHATh onepanuy HaJl MaTpULAMH U peIIaTh CUCTEMBI JIMHEWHBIX YPAaBHEHUH.

VY2. Pemats 3a1a4u, UCIIONIb3Ys YPABHEHUS MPSIMBIX U KPUBBIX BTOPOTO MOPSAKA HA MIOCKOCTH.
V3. [IpumensTh MeToab! U PepeHInaIbHOr0 U UHTETPaIbHOTO UCYUCICHUS.

V4. Pemars nuddepeHnpanbubie ypaBHEHUS.

V5. Ilonb30BaTbcs MOHATHSIMHI TEOPUH KOMIUJIEKCHBIX YHCE.

VYo 01.02 ananu3upoBath 3a7a4y U/Uiu IpodlieMy U BBLAETATH €€ COCTaBHbIC YaCTH;

VYo 01.03 onpenensars 3Tanbl pelieHus 3a1a4u;

Vo 01.05 cocTaBiaTh IJ1aH JEHCTBUM;

VYo 01.08 peasinzoBaTh COCTABICHHBIN IJIaH;

Yo 01.09 ouenuBarh pe3ynbTaT U MOCIEICTBUS CBOUX ICHCTBHI (CaMOCTOATENHHO MU C MOMOIIBIO
HAaCTaBHUKA);

VYo 02.02 onpenensate HEOOXOAMMbBIC HCTOYHUKH WH(OPMAITUH;

Yo 02.03 manupoBaTh MPOIIECC MOUCKA; CTPYKTYPUPOBATH MOTydaeMyro HH(OpMaINIo;

VY0 02.05 orieHuBaTh MPaKTUUECKYIO 3HAYUMOCTH PE3yJIbTaTOB MTOUCKA;

Yo 02.07 ucnonb30BaTh COBpEMEHHOE MPOTPAMMHOE 00ECTICUeHUE;

VYo 02.08 ucnosnp3oBaTh pa3IuvHbIe TU(POBBIE CPEACTBA ISl pelIeHUs TPOPECCHOHAIBHBIX 3a/1aY;

Yo 04.02 B3aumojeiicTBOBaTh C KOJJIEraMH, PYKOBOJCTBOM, KIMEHTaMH B XOjA€ HpodeccHOHATbHON
NeSITENIbHOCTH;

Yo 05.01 rpaMOTHO H371arath CBOM MBICIH U OQOPMIISATH TOKYMEHTHI MO MPOpEeCCHOHATBLHON TeMaTHKe
Ha TOCYJJapCTBEHHOM SI3bIKE;

Yo 09.01 monumarh OOMIMH CMBICT YETKO IPOU3HECEHHBIX BBICKA3bIBAHUN Ha H3BECTHBIE TEMBI
(mpodeccroHanbHbIE U OBITOBBIE);

VY0 09.02 yuacTBOBaTh B IMaJIOrax Ha 3HaKOMbIe 00IIMEe U MPO(eCcCHOHAIBHBIE TEMBI.

ConepkaHue MpPakTUYECKUX PabOT OPUEHTUPOBAHO HA MMOJATOTOBKY OOYYAIOIIMXCS K OCBOEHHIO
po(heCCHOHATIBHOTO MOAYJISI MPOrpaMMbl MOATOTOBKU CIEUATMCTOB CPEAHETO 3BEHA MO CHEHUATbHOCTH U
(opmupoBaHuI0 00UUX KOMNEMEHYUIL:

OK 1. Beibupartb ciocoOsl perieHus 3a1a4 npohecCHOHaIbHONW AEATeNbHOCTH, IPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 2. Mcnonb30BaTh COBPEMEHHBIE CPE/ICTBA MOKMCKA, aHAIM3a U UHTEPNpETaluu HHPOpMAIUU, U
WH(pOPMAIMOHHBIE TEXHOJIOTHH JIJIS BHITTOJTHEHUS 33/1a4 MPOo(heCcCHOHATBHOMN NI TeTbHOCTH.

OK 4. D¢ ¢pexTuBHO B3aUMOICHCTBOBATh U padOTaTh B KOJJICKTHBE U KOMAH/IE.

OK 5. OcymecTBiATh YCTHYHO M NUCBMEHHYIO KOMMYHHMKAIMIO Ha TOCYJApPCTBEHHOM S3BIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEN COLMAIIBHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 9. Ilonb3oBarbest mpodecCHOHAIBHONW TOKYMEHTallel Ha TOCYAapCTBEHHOM M MHOCTPAaHHOM
A3BIKaX.



BrimonHeHne 00y4yaronMucs MpakTHYECKUX padoT Mo y4eOHOM NUCIUTUIMHE « DJIEMEHTHI BBICIIIEH
MaTEeMaTHKW» HAIIPABJICHO HA:

- 00001IeHNe, CUCTEMATHU3AIIHIO, YTITyOICHHE, 3aKPEIJICHUE, PA3BUTHE U JCTATH3AINIO ITOJTYICHHBIX
TEOPETUYCCKUX 3HAHUN 10 KOHKPETHBIM TeMaM YIeOHOMN TUCIIUTIIHHEI;

- (bopmupoBaHME YMEHHI MPUMEHSTH MMOTYYCHHBIC 3HAHWS HAa MPAKTHKE, PEATM3AlHI0 STUHCTBA
HMHTEJUICKTYaJIbHOM U MTPAKTUIECKON JCSITeIbHOCTH;

- (opmupoBanue u pa3BuUTHE YMEHHI: HAONIONaTh, CPAaBHHUBATH, CONOCTABIATH, AHAIM3UPOBATH,
JIeJIaTh BBIBOABI M 000OIEHNS;

- BBIPaOOTKY MPH PEIICHUH MOCTABICHHBIX 3a/1a4 MPOGECCHOHATHHO 3HAYUMBIX Ka4eCTB, TAKUX KaK
CaMOCTOSITEJIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUSCKAsT MHUITMATHBA.

[pakTrdeckue 3aHATHS IPOBOASATCS IMOCIE COOTBETCTBYIOIICH TEMBI, KOTOpask 00ECICUMBACT HAIMYUC
3HaHUH, HEOOXOIUMBIX JIJIS €€ BBITOJIHEHMS.



2METOJANYECKHUE YKA3ZAHUS
Tema 1.1. MaTpuiubl 1 onpeaeJauTeu

IIpakTuyeckoe 3ansaTue Ne 1

Onepauuu Hag MaTpunamu. BeruuciieHue onpenenureaei

Heabr pabGorbi: dopMupoBaHHE YMEHUN BBIIOJHATH ONEPALMK HAJ MaTpULIAMHU; BBIYHCIATH
OTIpECTUTEIH.

Beinosinus patdory, Bel Oyaere:

ymemn:

- BBINOJIHATB ONEPALMU HaJl MaTpULIAMH;

- BBIYUCIIATH ONPEICIIUTEINH.

BrinosiHeHne npakTH4YecKOi padoThl cmocoOCTBYET (POPMUPOBAHMIO:

OK 1. Beibuparb criocoObl pemieHust 3aaa4 npoecCHOHATBHON eATENIbHOCTH, TPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 2. Mcmonp30BaTh COBpEMEHHBIE CPEICTBA MOUCKA, aHAIHM3a M MHTEPIPETAud UHPOPMALIUH, U
MH(GOPMAaIMOHHbIE TEXHOJOTUH IS BBIMOJIHEHUS 3a/1a4 IPO(pEeCCHOHATIBHOM 1€ TebHOCTH.

OK 4. DddexTrBHO B3aUMOICHCTBOBATh K pabOTaTh B KOJUICKTHUBE i KOMAH/IE.

OK 5. OcymiecTBisiTh yCTHYIO U IHCHMEHHYID KOMMYHHUKAIIMIO Ha TOCYAapCTBEHHOM S3bIKE
Poccuiickoii @enepanuu ¢ yueToM 0COOEHHOCTENH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTA.

OK 9. Ilonp3oBarecsi MpoeCcCHOHATHHON JOKYMEHTAIlMe Ha TOCYlapCTBEHHOM M HHOCTPAHHOM
A3BIKAX.

MarepunanbHoe obecrnieyeHue:

PaznaTounblif MaTepuain (KapTOUYKH C 3aJaHUSIMU), JIEKIHUH B TETPasX.

OO6pazoBaTenbHbIi TOpTAI.

TexHuueckue cpencTBa 0OyueHHs: KOMIBIOTEP C JMIIEH3UOHHBIM IPOrPaMMHBIM 00€CIeYeHUEM U
MYJIbTHMEHA TPOEKTOP.

3aganus:

1. Haiitu marpuny C = A+ 3AB, THE A = (—1-2 _31]: g = (? _alj

-2 1
2. BbIACHUTS, ABISETCS MaTpUIla A~ = ( 5 __:) 0o0paTHOM K MaTpule A = (g g]
-3 2 -3 1 0 -5
3. Hampimarpumpi: A= 1 5 —-2|u B=(3 —4 1 |. Haiigure: A+B; 2A; AB; BA.
2 4 -1 0 -2 2
4. BblYHMCINUTH ONPENEIUTEINN:
3 5 7 8
3 3 =5 m -2 1
-3 5 o , -1 7 0 1
|7 ) A 1ozl 3|15 s 2 HfE Lo
2 -1 7 3 -2 -1
1 -1 7 4

Kparkne Teopernyeckne cBeeHHs:

1. Ymnoorcenue mampuyvl na wucno. Ilpouszsedenuem mampuyvl A Ha 4ucio j Ha3bIBACTCS MaTpUIlA
B = 1A, DJIEMEHTBI, KOTOPBIX bij = ﬂaij msi=1,2,...m;j=1,2,...,n.

Cnencrsus.



1) O61muit MHOKUTENb BCEX DJIEMEHTOB MaTPUIIBI MOYKHO BHIHOCUTD 33 3HAK MATPHIIBL.
2) [IpousBenenue maTtpulibl A Ha uncio 0 ecTs HyJeBas MaTpula, To ectb 0-A=0.

2. Cnooxcenue mampuy. Cymmou o8yx mampuy A u B onuHakoBoro pazMepa MXN Ha3bIBaeTCs
matpuna C=4+B, 31eMeHTbI KOTOPOH Cij=aij*+6ij 0na 1=1,2,...,m; j=1,2,...,N(T.e. MATPUIIBI CKJIA/IBIBAIOTCS
MORJIEMEHTHO).

B yactHom ciiyuae 4+0=4.

3. Buviuumanue mampuy. Paznocms 08yx mampuy OIMHAKOBOTO pa3Mepa OINpeaessieTcss depes
npeapIaymue onepanuu: A-B=A+(-1)B.

4. Ymnoowcenue mampuy. Onepanus yMHOKEHHs MaTPUL] BBOJUTCS TOJIBKO IS Cllydasi, KOrjaa
YKCJIO CTOJIONOB MEPBOI MAaTPUILIbI PABHO YUCITY CTPOK BTOPOH.

YToOBI HAMTU DJICMCHT MaTpulbl, CTO?IHII/II/I B I-TOM CTPOKC B K-Tom CTOJI6IIC HY>XHO BbBIYUCJIUTDH
CyYMMY HpOI/ISBCI[eHI/II/I 3JIEMEHTOB I-TOM CTPOKH HepBOI/I MaTpulbl Ha COOTBETCTBYIOIINEC 3JICMCHTBI k-
TOro CTOJ'I6I_[a BTOpOI/I.

k - -
cy =ay-bj+a, b +K +a, b, =D a, by, 1=12,...m j=12...n
s=1

MHorune CBOfICTBa, npucymue ornepanuiaM Hald YuCiIiaMH, CHOpPaBCAJIMBBI W IJIA onepaunﬁ HaJl

MaTpuamMu:

) A+B=B+4 6) A(AB)=(A4)B = A(AB).
2) (A+B)+C=4+(B+O). 7) A(BC) = (4B)C.

3) /1(A+B):M+/IB. 8) A-E=E-A= A.

4) AB+C)=AB+ AC.

9) A-B#B-A
5) (4+B)C=AC+BC.

5. Boseeoenue 6 cmenens. Ilenoii nonoscumenshoti cmenenvio A" (m>1) kBagparHOi mMaTpuibl 4

Ha3bIBACTCS MPOU3BCACHUE M MATPUILl, paBHBIX A, T.C. pm_ AaA KA
m

Oneparusi BO3BE/ICHHE B CTENEHb ONPE/ENsAeTCs TONbKO I KBaAPATHBIX MATPHII,.
Crenctusi. 1) ac—g; 2) AL= A 3) am. A= amii; 4) (am* — amk.

6. Tpancnonuposanue mampuysl. MaTpuiia, moydeHHast U3 MaTpuilbl A TTyTeM 3aMEHBbI CTPOK Ha
COOTBETCTBYIOIIIME CTOJIOIbI, HA3BIBACTCS MPAHCHOHUPOBAHHOLU OTHOCUTETBHO MATpUIbl A
ob6o3Hagaercs A, TO eCTh:

a, a, K aq, a,; a, K ay
A = a a, K a,, AT = a, a, K a,
mn |K K K K |[™ |K K K K
a'm1 am2 K amn a'1n a2n K amn



OmnpenenureneM KBaapaTHOW MaTPHUIIBI BTOPOTO MOPsAIKa (OMpEeAETUTENeM BTOPOTO MOPSIIKA)
Ha3bIBAETCS YUCIIO, PABHOE PA3HOCTH NPOU3BEICHUN IIEMEHTOB TJIaBHOW JUArOHAJIN U 3JIEMEHTOB
1100OYHOMN JAUaroHau.

a by
:ﬂl'b:—ﬂ:'bl

ﬂ: IJ:

OnpenenureneM KBaApaTHON MaTPUIIbl TPETHEr0 NOPsAKa (OMpeIeIUTeNeM TPETHEro MOPSAKA)
HA3bIBAETCS YUCIIO, PABHOE
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Onpeoenumenem KBaJpaTHON MaTPHLbI N-TO MOPsAAKA HA3BIBAETCS YKHCIIO0, PABHOE CyMME IIPOU3BEICHUIN
9JIEMEHTOB JIF000W CTPOKH MJIH CTOJIONA HAa UX anreOpanyecKue JOMOIHEHHS.

a{1 Qqp 13 Q1a
A= dyq 0Oy Q23 024
31 dzz a3z 034
Ag1 A4y Q43 Oyq

= a11411 + a1241; + a13413 + a14474

A= (D)™ M;

MuHOPOM HEKOTOPOI'O SIEMEHTad;; ONpeJIeNuTeNs N-To Nops/iKa Ha3pIBAaETCA onpeneauTens  (N-1)-ro
Inopsajaka, HOJIy‘ICHHBIﬁ N3 UCXOOHOTO OIMPEACIUTEIIA MMYTEM BbIYCPKHUBAHUA CTPOKH U CTOJI6II3,, Ha
MEPCCCUCHNHN KOTOPBIX HAXOAUTCA BLI6p21HHBII71 DJICMCHT.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

=

3anuiuTe 3aaHue.

2. Ompenenute, Kakue NEHCTBHSA, W IO KaKUM MpaBWIaM HEOOXOIMMO BBHINMOJHUTH. [Ipounraiite
KOHCIIEKT.

3anuiuTe ONpeaeanuTeNb, ONPEeIeIUTe KaKoro OH MOopsaKa.

Hcrnons3ys COOTBETCTBYIOLIEE ONPEACIICHUE, BBIYUCIUTE 3HAYCHUE ONPEAEITUTENI.

Beimonnute neiicreus. 1lpoBeppTe NpaBUIbHOCTH BBIYNACICHUM.

3ananus:

ok w

1.Haiitu matpuiy € = A* + 3AE, ecliu
(=2 3y . _ (5 -1
‘4_(1 _1)' E_(']_ 3)
a) Haiinem A? YMHOasi MaTpuUIly caMy Ha ceOst
.:E:(_E 3).(—2 3):(? —9)
. 1 -1 1 -1 -3 4
0) Haiinem matpuiy 34, yMHOKHB BCE DJIEMEHTBI MaTpuUIlbl A Ha 3.
_af—-2 3y_{-6 0
34 _3(1 —1) _( 3 —3)
B) Haiinem npoussenenue 3AB
_f—=6 9 /3 =1y _ (=21 33
348 ‘( 3 —3:' (1 3 ) - ( 12 —12)
r) Haiinem marpunty C, ckiajpiBasi COOTBETCTBYIOIIUE SIEMEHTHI

=, D)+ (2 B3 3



2.Haiinem npousBeneHne A - A=* m A" - A:

aa=C A 3)=G ==

cas(Z HE -0 9=

B cootBercTBHM C OIMPCACIICHUEM JAHHBIC MAaTPUIIBI ABJIAIOTCA BBaI/IMOO6paTHBIMI/I.

-3 2 =3 1 0 =5
3 damerMatpuup: A=| 1 5 —-2|uB=(3 -4 1 |

2 4 -1 0o -2 2
Hatigure: A+B; 2A; AB; BA.

-3 2 -3 1 0 =5 -2 2 -8
A+B=(1 5 =-2])+(3 -4 1 |=4 1 -1}
2 4 -1 0 -2 2 2 2 1

-3 2 -3 1 0 -5 3 -2 11
C=A-B= ( 1 5 —2) ' (3 -4 1 ) (16 —16 —4);
2 4 -1 0 -2 2 14 -14 -8

¢ =-3-1+2-3+(=3)-0=3;
cp=1-1+5-3+(=2)-0= 16;
Csy=2-1+4:3+(=1)-0=14;
Caz=2-(=5)+4-1+(=1)-2 = -8,

1 0 -5 -3 2 =3 -13 —-18 2
B-A=|3 -4 1 ])|1 5 =-2|=(-11 -10 -=2|.
0 -2 2 2 4 -1 2 -2 2

Brruncaurs OIIPECACIINTCIIN:

. — )
1) |; ;|=2-ﬁ—3-{_—4}:12+12:2+

5 -2 1
)13 1 -4/=5-1-(-3)+(-2)-(-4)-6+3-0-1-
6 0 -3

-6:1:1-3:(-2)-(-3)-0:(—4)-5=-15+48-6-18=

=48-39 =0
4 0 5

3)|-6 2 -7|=4-2-2+0-(-7)-1+(-6)-(-3)-5-
1 -3 2

—5-2:-1—-(-6)-0-2—-0(=3)-(-7)=164+04+90 -10—-0—84 =12



3 .5 78 7 0 1 5 7 8
4) _01 g g %=3A11+(—1)A21+0A31+1A41:3- 5 3 2/+1-|5 3 2|+
L 1 1 7 4 1 7 4
5 7 8 5 7 8
0-|7 o 1/-1-]7 o 1|=122
1 7 4 5 3 2

®opma mnpeacraBieHus pe3yJbTatra: [lpencTraBuTh BBIIIOJIHEHHBIE 33JaHMsl B TETpaau MAJs
MPAKTUYECKUX pabOT MPETo1aBaTelio.

Kpurepun oneHku:

—  «OtnmuyHO» -  yMeHUss CHOPMHUPOBAHBI, BCE 3aJaHUS BBITOJHEHBI MPABWIBHO, 0€3
apudmeTnueckux ommOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMUA 000CHOBAHHUSIMHU.
—  «Xopomio» - HEKOTOpble yMEHHUS CQOPMHUPOBAaHBI HEIAOCTATOYHO, BCE 3aaHUs

BBITIOJTHEHBI, HEKOTOPbIC BUBI 3aJJaHUH BBIMIOJIHEHBI ¢ ommnOkaMu. be3ommbouno BeimomHeHo 80-89 %
BCEX 3aJIaHUM.

—  «YOBJIETBOPUTEIIBHO» - HEOOXOJUMBIE YMEHUs B OCHOBHOM C(OpPMHUPOBaHHI,
OOJIPIIMHCTBO ~ 3aJjaHUIl BBIIIOJHEHO, HEKOTOPBIC W3 BBINOJHEHHBIX 33JaHUil COAEp)KaT OLIMOKH.
bezommbouno BemomHEHO 70-79 % BCcex 3amaHuii.

«HeynoBneTBOpHUTEIIEHOY - TEOPETUYECKOE COJIEPIKaHNE Kypca He OCBOEGHO, HEOOXOIUMBIE
yMeHus He c()OPMHUPOBAHBI, BHITIOJHEHHBIE Y4eOHBIC 33JaHUs COAEPHKAT TPYObIE OIINOKH.
bezommbouno BeinonHeno menee 70% Bcex 3aaHuit

IIpakTuyeckoe 3ansaTue Ne 2

Pemienue MaTpUYHBIX YPaBHEHHH

Heas pab6orhbi: GopMHUpPOBAHHWE YMEHHMH BBHITIOJNHITH OMNEPAIMH HAJ MaTPUIAMU; BBIYUCIATH
ONPEICTUTEINH.

Beimosnus patdory, Bel Oyaere:

ymemy:

- BBIIIOJIHATH OIlEpaly HaJl MaTpULlaMH;

- BBIYMCIIATH ONPEACTUTENH.

BrinosiHeHHe npakTHYecKOi padoThl cocoOCTBYET (POPMUPOBAHMIO:

OK 1. BeibupaTh crnocoObl pemieHusi 3ajad npodecCUuOHATBbHON NesSTeNIbHOCTH, TPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTAM.

OK 2. Hcnonb30BaTh COBPEMEHHBIE CPENICTBA MOMCKA, aHAIM3a U WHTEpIpeTauuu WHGOpMaLuu, U
MH(pOPMAaIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHU 3a/1a4 PO eCCHOHATBHOM 1€ TeTbHOCTH.

OK 4. DddexTrBHO B3aUMOICHCTBOBATh M pabOTaTh B KOJJICKTHUBE 1 KOMAH/IE.

OK 5. OcymecTBiATh YCTHYHO M NHUCBMEHHYK) KOMMYHHKAaI[MI0 Ha TOCYAApCTBEHHOM  SI3bIKE
Poccuiickoii @enepanuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTA.

OK 9. Tlonp3oBaThcsi MpOPECCHOHATHPHON JOKYMEHTAIlMe Ha TOCYIapCTBEHHOM M HHOCTPAHHOM
A3BIKaX.

MarepuanbHoe o0ecnieyeHme:

Pa3narounslii Matepual (KapTOUKH C 3alaHUSIMH), JIEKIIUU B TETPAIAX.

OO6pazoBaTenbHbIN TOpTal.

TexHuueckue cpencTBa 0OyueHHUs: KOMIBIOTEP C JHMIIEH3UMOHHBIM MIPOrPaMMHBIM OOecrieueHHEeM U
MyJIbTUMEHNA TPOEKTOP.
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3aganusa;

1. Pemuts ypaBHeHue X=AB, rue 4 = (__2 31]: B = (5 _1].

1 - 1 3
-2 1
2. BbIACHUTS, ABJIAETCA MaTpULa A~ = ( 5 __;) 0o0paTHOM K MaTpule A = {g g]
-3 2 -3 1 0 =5
3. Hamsimarpumsi: A=( 1 5 —2])u B={|3 —4 1 | Pemmurs ypaBHenus: AX=B; 2A+X=B;
2 4 -1 0 -2 2
AB=X; BX=A.
4. BBIYUCIUTH ONPEACTUTEIN:
3 5 7 8
3 3 =5 1w -2 1
-3 5 P _ -1 7 0 1
2|3 3 A 12 I s 245 5 5
2 =1 7 3 -2 -1
1 -1 7 4

(I)opMa npeacraBjieHusi pe3yJbTara: HpCI[CTaBI/ITB BBIIIOJIHCHHBIC 3aJlaHHA B TCTpaaud JIA
IMPAaKTUICCKUX pa60T [peroaaBaTeIto.

Kpurepun onenkmn:

— «OTanuHoO» -  yMmMeHHs c(OpMHpOBaHBI, BCE 3a/aHUs BBIMOJIHEHBI MPaBUIBHO, 0€3
apudmernyeckux ommoOOK, perieHre opopMICEHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSMHU.
— «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUsA

BBITTOJIHEHBI, HEKOTOPHIC BUJIBI 33JJaHUI BBHIMOJHEHBI ¢ omnOkaMu. bezommboyno BeimonHeHo 80-89 %
BceX 3alaHUH.

- «Y TOBIICTBOPUTEIHHO» - HEOOXOJUMBIC yMECHUS B OCHOBHOM C(hOpMHPOBAHBI,
OOJIBIIMHCTBO  3aJlaHUH BBIIIOJIHEHO, HEKOTOPBIC W3 BBHIMIOJHCHHBIX 3alaHUN COJCpKAT OIIMOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

«HeynoBiaeTBOPUTENHHOY - TEOPETUUECKOE CO/IepKaHNe Kypca HE OCBOCHO, HEOOXOIMMbIe
yMeHHUsI He c(OPMHUPOBAHBI, BHITIOJIHEHHBIE YUeOHbIC 3aJaHus coiepKaT rpyoble omnoku. be3zommnbouno
BeImoIHEHO MeHee 70% BceX 3amaHui

Tema 1.2. CucreMsbl JTHHEHHBIX YPABHEHU M

IIpakTnyeckoe 3ansaTne Ne 3

Pemenue cucrem JMHENHBIX YPABHEHUH PAa3JIMYHBIMU METOAAMH

Hean padorbi: HayuuThes pemaTh CUCTEMBI TIMHEWHBIX YPABHEHUM PA3TMYHBIMA METOIaAMH.

Bbmosnus padory, Bel Oynere:
ymemn:
-pelarh CUCTEMBbI JIMHEHHBIX YpaBHeHUH MeTojoM Kpamepa;
- pelaTh CUCTEMBI YpaBHEHUI MeTOI0M [ aycca;
- peliaTh CUCTEMBI JTIMHEWHBIX YPaBHEHHUI MaTPHUHBIM CIIOCOOOM.
BoinoJiHeHHe NPaKTHYECKON padoThl criocoOcTBYeT GOPMHUPOBAHMIO
OK 1. Beibupars criocoObl perieHust 3a1a4d npodhecCHOHATbHONU JeATEIbHOCTH, TPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM.
OK 2. Hcnonb30BaTh COBPEMEHHBIE CPEICTBA MOWCKA, aHAIM3a U WHTEpIpeTalui HHPOpMaIuu, U
nH(}OPMALIMOHHBIE TEXHOJIOTUH ISl BHIIOJTHEHUS 33/1a4 NpOo¢deCcCHOHaTbHON AESITEIbHOCTH.
OK 4. DddexTrBHO B3aUMOICHCTBOBATh M pabOTaTh B KOJJICKTHUBE i KOMAH/IE.

11



OK 5. OcymecTBiiTh yCTHYH0O M INHCbMEHHYI0 KOMMYHHUKALMI0O Ha TOCYJApCTBEHHOM S3BIKE
Poccutickoit deneparuu ¢ yueToMm 0COOEHHOCTEH COIUATBLHOTO U KYJIbTYPHOTO KOHTEKCTA.

OK 9. Ilonp3oBarecsi MpoeCCHOHATBPHON TOKYMEHTAlMEH Ha TOCYAapCTBEHHOM M HHOCTPAHHOM
SI3BIKAX.
MarepuanbHoe obecniedenue: ViHauBuIyabHbIC 3a1aHNs], YICOHUKH, KOHCIIEKTHI JICKIIUMH.

3aganmue:

Pemntes cucTeMsl JIMHEMHBIX YPAaBHEHMI:

X =X, + % =3 2y — 3x; + 4x; = 11

—3.1'1 —_ ‘1'.1': +.3L'3 = —25

SX + X, —TX =-1

KpaTRne TCOPETHYCCKUEC CBCACHUA

@y Xy + QX + a3

[TycTh AaHa cucTeMa TpexX JMHEHHBIX YPABHEHUH ¢ TPeMs HeM3BECTHBIMMU: §%11 %1 F Gpp¥y + 3 %5
O34 + a3p% + a3y

-

[

I
o oo

£

YroObl pemuTh cuctemy Merosiom Kpamepa, cocTaBUM OnpeenuTensb u3 KO3 OUIIMEHTOB MIPH
HEU3BECTHBIX.

Gy Gyz Gy

TOoT OIIPCOCIUTEIIb HAa3bIBACTCA ONPCACIUTECIICM CUCTEMBI: A= |Gz @zz Gz

Ggp Ggz O3

CocraBuM OIpEACIUTENN KaXKI0i Hen3BecTHOH. Onpenenurens 4y moiaydaeTcs U3 onpeaenurens 4
ITyTeM 3aMEHBI IIEPBOT0 CTONOA KO PUIIMEHTOB CTOIOIOM M3 CBOOOIHBIX YJICHOB.

by @, ag;
A= [by 4y ay
by a3 A

Onpenenurtesb 4; moydaeTcs U3 onpeaenutes &4 myreM 3aMeHbI BTOPOTO ¢TOJIONA KO3 PHUIIHEHTOB
CTOJIOIIOM M3 CBOOOIHBIX YJIEHOB.

ay by oA
A= lay By a

gy by @

(]
g

-
&

[N
[

Omnpenenurtesb 4; moydaeTcs U3 onpeaenutens 4 myreM 3aMeHbI TPEThero cTobIa K03 QUIHMEHTOB
CTOJIOIIOM M3 CBOOOIHBIX YJIEHOB.

ay A by
A= |ay  ap b
Gy Gy by
A 8,
YroOBI BBIYMCIINTG 3HAUEHHs HEM3BECTHBIX, BOCcNonb3yeMcs popmynamu Kpamepa:  x, = = x, = =,
A TR
j.__:
X3 =%

MCTOQ Faycca ABJIACTCA OOJHHUM H3 HanOoee YHUBCPCAJIBHBIX METOJO0B PCHICHUA CUCTCM JIMHENHBIX
ypaBHeHHfI. OH cocTout B oCICA0BATCIbHOM UCKIIOYCHUN HCU3BCCTHBIX.

12



1)
2)
3)

4)
5)
6)

[Ipouecc pemenus mo metoay ["aycca coctout u3 AByx dTanoB. Ha mepBom 3tarme (mpsmMoii xomn) cucrema
MIPUBOJIUTCS K CTyneH4YaroMy Buay. Ha BTopom stamne (0OpaTHBIN X0/) UIET MOCIE0BATEIbHOE
ONpeIeJICHUE HEU3BECTHBIX U3 3TOM CTYIIEHYaTON CHCTEMBI.

Ha npaktuke yno6Hee paboTaTh HE ¢ CUCTEMON ypaBHEHUH, a ¢ PACIIMPEHHOIN MaTpuUlleH, BBIIOIHSS BCE
3JIeMEHTapHbIe MpeoOpa3oBaHus HaJl €€ CTPOKaAMHU.

OeMeHTapHbIMU Pe00pPa30BaHUSIMU MATPULIbI SBJIAIOTCS:
- IEPECTAaHOBKA CTPOK MECTAMU;
-YMHOK€HHE HEKOTOPOH CTPOKHU Ha JIF000€, HE PABHOE HYIIIO YUCIIO;

-HpI/I6aBJ'I€HI/Ie K 3JICMCHTaM O,Z[HOI>'I CTPOKH COOTBETCTBYIOIIUX 3JICMCHTOB I[perﬁ CTPOKH, YMHOXKXCHHBIX
Ha OJHO M TO K€ 4YHCJIIO

Z[J'ISI pemiCHuA CUCTEMbI METOIOM I'aycca HCHOJ’IB3y1>iT€ AJIrOpUuTM:

3anuIuTe CUCTEMY JIMHENHBIX YPaBHEHUH.

CocraBbTe paCHIMPEHHYIO MaTPHUILY.

BreimonHuTe sneMeHTapHble  MPeoO0pa3oBaHMUS CTPOK  MATPHUIbl, HMCKJIIOYas IOCJIEJ0BATEIbHO
nepemMeHHble. B pe3ynbrare q0MKHA TOJIYYUTHCS CTyIEHYaTas MaTpula.

[To ctyneHuyaToii MaTpHIlE COCTaBbTE CUCTEMY.

[TocnenoBarenbHO HAMAUTE 3HAUEHUS BCEX HEU3BECTHBIX.

3anuumnTe OTBET.

Marpuusbiii Metod ( ¢ TOMOILIBK 00pPaTHON MAaTPULILI)
a11x1 + a12x2 + + alnxn = bl
alel + a22x2 + b + aann = bz

IlycTh 3amaHa cucTeMa JUHEHHBIX YPAaBHEHUMN:
ity s ¥ e S,
Aq11Aq3 . A1p Zl il
CocraBum matpuuHoe ypaBHeHue: AX = B, rne A = | @21 Q22 - Q2n |; B = 2 X= 2
An1an2.. Ann bn X,
Yro6bl HAWTH HEU3BECTHYIO MaTpuIly X, HyXHO A™1 - B
UTOoOBI BRIUMCTUTH 00PATHYIO MATPHILY, HY>KHO:

a) BEIYUCIUTH ONpeaenuTens MaTpullsl A (AA # 0);

0) HaiiTh anreOpandecKue JOTIOTHEHUS IS KaXK0TO 3JIEMEHTa MaTPHUIbl A U COCTAaBUTh U3 HUX
COIO3HYIO MaTpHiry A*.

A11Az1 o Amy
. A4, A
B) TPaHCIIOHUPOBATh MATPUILy A* U3 anreGpandeckux gononnenuit  A*T = R
AinAon o Apn
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N

A11 A21 ATll
1 A12A22 ...Anz

T) HaliTn 06paTHyto MaTpuiy: A~ = m

A1nAon o A
YroObl HANTH HEU3BECTHYIO MATPHILY X, HY’KHO YMHOXKHTb OOPATHYIO MaTpHIly A™' Ha MaTpHILy

B, cocrosmiyto u3 cBOOOJHBIX YIECHOB.

I[J'ISI pEIICHUA CUCTEMbI MATPUYHBIM METOJIOM:

1. 3anummuTe cucTemMy JUHEHHBIX YPaBHECHUN.

2. CocraBbTe MaTpUYHOE ypaBHEHHUE.

3. Beruuciaure oOpaTHyIO MaTpHILy.

UT0oOBI BEIYMCITATH OOPATHYIO MATPHILY, HYKHO:

a) BBIYMCIIUTH OIpPEIEIUTENh MAaTpUllbl A (44 = 0);

0) HaliTh anreOpanmyecKue AOMOHEHUS I KaXKIO0TO JIEMEHTA MATPHUIIBI A;
B) TPAHCIIOHUPOBATh MATPHILY U3 AITreOpanvdecKuX JOMOIHEHUN;

A11 A21 ATll
r) HaiiTh oGpatHyto Marpuiy: A~* = i A13A5; . Apy
AlnAZn e ATlTl

4. Haiinure 3HaYEHUS HEU3BECTHBIX.

. -1
YroObl HATH HEU3BECTHYIO MATpULly X, HY’KHO YMHOKUTb 0OpaTHYIO MaTpuLly 4 = Ha MaTpUIly
B, cocTosyto u3 cBOOOHBIX YJICHOB.

5. 3anuimTe OTBET.
IMopsinok BBINOJTHEHHS PA0OTHI:

3anunImnTe CUCTEMY JUHEHHBIX YPAaBHEHUMN.
Pemnre kaxxyro cucteMy BCeMHU TPEMs CITIOCOOAMH.
3anuIInTe OTBET.

Xoa padoTsi:
PaccmoTrpum npumepst:

1) Pemmts cucremy ypaBHeHuit Merogom Kpamepa:
x4 2x; —3x; =0

2x) —x; +4xy = 5

3.1'1 + Ig —_ .1'3 = 5

1 2 -3 1 2 -3
A=(2 -1 4);&:‘1: 2 -1 4|=10=%0
3 1 -1 3 1 -1
Brruncium onpenenuTeny KaxI0M nepeMeHHoM:
0 2 -3
Ay=15 -1 4| =0-15+40-15+10-0= 20
3 1 -1
1 0 -3
A.=12 5 4 | =—-5—-30+0+45—-0-20=-10
3 3 -1
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1 2 0

Ay=12 -1 3=-5+0+30-0-20-5=10
3 1 3
A 10 A 10 A 10

Ortser: (2;-1;0).

2) Pemmthb cuCTEMy ypaBHEHHI MATPUYHBIM METOIOM
2.1'1 —_ 3.1': + ‘1'.1'3 = J.J.
.7.'1 +2.1':—3J.'3 :g
—EII —_ ‘1'.1': +J.'3 = —25

Hatinem
2 3 1 -2 32 3 —2 3 -2
a=3 -2 —2|=2|° 3| |+| ‘| = -104.
: -1 -1
g -1 5
Brruncnum anrebpandeckue JOTMOTHCHHUS
-2 2 3
Ay = | | =—-12: Aqy = — | | —16:
nw=|_; s ; 11 ; ;
3 1
=2, Ll=-%
3 -2 2 1
A = | | = —31: Aaa | 2
12 g s ; 2=l s ;
2 1
Ay = — | | =7
i 3 1
3 -2 2 3 2 3
A~=| |—'J.3'.n-‘1rn=—| =26'.-fl“=| =-13
1.1 1 L E- —J_ 1 o _2

COCTaBI/IM 00paTHYIO MaTpuLy:
-12 -1 -4
A= - — (—31 27 )
v 13 286 —13
Pemnm matpuyHO€E ypaBHEHHE:

. -12 -1 -4 10 i —120 + 64 + 26 . 0 0
X=A'LC=—E(—31 2 7 )(_‘}):_E( —31[]—8—98)=—E(—‘1-16)=(‘1-).
13 26 —137 14 130 — 104 + 182 208 -2

Otger: (0;4;-2).
CrnenaeM IpoOBEpKY:
[ﬂ-l—'lE—E:'lEI

0-2+4=-4 .(BepHO)
0—4-10=-14
3) Pemmuts cucremy ypaBHeHuit MeTogiom [aycca
X + 2.1': —3.1'3 = U:
{2):1 — x5 + 43 = 5
3.1'1 +I: — x; = 5

COCTaBI/IM pacmnpeHHon ManI/II_Iy Hn3 KOB(I)(I)I/ILII/IGHT OB l'[pI/I HCU3BCCTHLBIX U CBO60I[HBIX YJICHOB.
1 2 =30
{41B) = (2 -1 4 5)
3 1 -1|5
BrinonHuM s5eMeHTapHble IpeoOpa3oBaHus HaJl CTPOKAMHU MAaTPUIIbL:
1 2 =30 1 2 =30 1 2 =30
(2 -1 4 5) ~ (n -5 10 5) ~ (n 1 -2 —1)~
3 1 -1]s 0 -5 8|5 0 -5 85

15




-3
—2
—2

1 0
Ry
0 0

[TonydyeHHOM MaTpuile COOTBETCTBYET CUCTEMA YPABHECHUM:

o

.1'1 + EI: — 3.1'3 = U
x:—2x3 = —1:
—2.173 = U

Haunnas CHHM3Y BBCPX, HAXOJAUM 3HAYCHUA HCU3BCCTHLBIX !

".r1+2.r:—3x3=[| x1+2x:—3x3=ﬂ .rl-I—E-{—J.]:[I
.1':—2.1'3 =-1 ; Xa =-1 ; X2 =-1 X

. .1'3:[] I;ZU .1'3:[]

’x1=2

I::—l_

L.l';:[]

Ortgert: (2;-1;0).
dopma npeacTaBiIeHHs pe3yJbTaTa: BEITIOJIHEHHAS padoTa.

Kputepun onenkmn:

— «OTanuHoO» -  yMmMeHHs c(OpMHpOBaHBI, BCE 3a/laHUs BBIMOJIHEHBI MPaBWIBHO, 0€3
apudmernyeckux ommbOK, perieHre opopMIICHO aKKypaTHO, C HEOOXOIUMBIMU 0OOCHOBAHHSIMH.
— «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITTOJIHEHBI, HEKOTOPHIC BUJIBI 33JJaHUI BBIMOJHEHBI ¢ omuOkaMu. bezommboyno BeimonHeHo 80-89 %
BceX 3alaHUH.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpPMHPOBAHBI,
OOJIBIIMHCTBO  3aJaHUI BBIIIOJIHEHO, HEKOTOpbIE M3 BBIMOJIHEHHBIX 3aJaHUil cojaepkaT OIINOKH.
be3omm6ouno BeimonHeHo 70-79 % Bcex 3agaHuil.

- «HeynoBneTBOpUTEIBHO» - TEOPETUUYECKOE COIEpKAHKUE Kypca HE OCBOEHO, HEOOXOIUMBbIE
yMEHHUs He CPOPMHUPOBAHBI, BHITIOJHEHHbIE YUeOHbIE 3a/1aHus CO/IepKaT rpyoOble omnoOku. be3zommbouno
BBINIOJIHEHO MeHee 70% Bcex 3a1aHuil.

Tema 2.1. DjieMeHTHI BeKTOPHOI aJredpsl

IIpakTnyeckoe 3ansaTne Ne 4

Onepanun HaJ BEeKTOpaMH

Iesns: HayunTscs BBINOJIHATE AEHCTBHS HAJ BEKTOPAMU, BBIYUCIATH YIOJI MEXKAY BEKTOPAMHU,
IMPHUMCEHATH BEKTOPHOC U CMCHIAHHOC IMTPOU3BCACHUA JJIA PCHICHUSA TCOMETPUUCCKUX 3aaa4d

Beinosnus patdory, Bel Oyaere:

ymemn.

- HAXOJUTh IPOEKIUIO BEKTOPA;

- BBIYUCIIATE YIOJI MEXY BEKTOpaMHU,

- BBIYUCJIATH BEKTOPHOE IIPOU3BEIACHUE U IIPUMEHATH €70 K PEIICHUIO 3a/1a4;

- BBIYUCIIATh CMCIIaHHOC IMMPOU3BCACHUC U IPUMEHATH €0 JIs1 BBIYUCIICHUSA o0BeMa.

BrinosiHeHne npakTH4YecKoi padoThl cnoco6cTBYeT (POPMUPOBAHNIO:
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OK 1. Beibuparb cniocoObl perieHust 3aaa4 npoecCHOHATbHON eATENIbHOCTH, TPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 2. Mcnonb30BaTh COBpEMEHHBIE CPEICTBA MOMCKA, aHAJIM3a M MHTEPIPETaluu WHPOPMALIUH, U
MH(GOPMAaLMOHHbIE TEXHOJOTUH JUIs BBIMOJIHEHUS 3a/1a4 IPO(pECCUOHATIBHOM 1€ TeIbHOCTH.

OK 4. DddexTrBHO B3aUMOICHCTBOBATh K pabOTaTh B KOJUICKTHUBE i KOMAH/IE.

OK 5. OcyuiecTBisaTh YCTHYIO U IHCbMEHHYI0 KOMMYHHUKAIMI0 Ha TIOCYAApCTBEHHOM SI3bIKE
Poccuiickoit @denepanuu ¢ yueToM 0COOEHHOCTEN COLMAIBHOTO U KYJIBTYPHOI'O KOHTEKCTA.

OK 9. ITomp3oBatbes mpodecCHOHATIBHON JOKYMEHTAIMEH Ha TOCYIapCTBEHHOM M HWHOCTPAHHOM
SA3BIKAX.

MatepuaibHoe o0ecniedeHue: MHIUBUAYaJIbHbIE 3a/1aHUS, KOHCIIEKTHI JIEKLIUH.

3ananue:

1. Jlano: a= (3;—6;—1), b= (1;4;—5), c= (3;—4;12). Haiitu npoexkiuio BeKTopa (5 + 5) Ha BEKTOP c.

2. Jlausl Bepimmubl Tpeyroiasauka A (1; -1; 2), B (5; -6; 2) u C (1; 3; -1). Haiigure mavHy BBICOTHI,
OIyIIEHHOH U3 BepiiuHbl B Ha ctopony AC.

3. Jlana nupamuna ¢ Bepuaamu Ag (7; 2; 4), Az (7; -1; -2), A3 (3; 3; 1), A4 (-4; 2; 1). Haitnure:

a) yroi Mexay pedpamu A1A; 1 A1Ay;

0) 00bEeM MUPAMHU/IBI;

B) JUIMHY BBICOTBI, OIILIEHHOW Ha TpaHb A1ALAs3.

Kparkue TeopeTuueckue cBeeHHA:

Bexmopom Ha3pIBaeTCs HANPaBICHHBIA OTPE30K AB C Ha4aJIbHOW TOYKOW A M KOHEYHOU TOUYKOH B.
BeKTOphI MOTYT 0603Ha4aThcs: a= AB.

Bekrophl, nexarnme Ha OJHOM TPSAMOM WM Ha TapAUICIbHBIX TPSIMBIX, Ha3bIBAIOTCS
KOJLIUHeapHuiMu, 1 0003HAYAIOTCS QHB.

BCKTOpI)I Ha3bIBAIOTCA KOMNniIaHapHovimu, €CJIN OHU JICKAT B OJIHOM INIOCKOCTH HJIH B mapaJlsiCJIbHBIX
IINIOCKOCTSX.

Eciu Hayano ¥ KOHEIl BEKTOpa COBITA/IAl0T, HAPUMED, AA, TO TaKOM BEKTOP HA3BIBAIOT H)JIEGbIM U
0003Ha4aoT 0= AA. J[JIMHA HYJIEBOTO BEKTOPA paBHA HYIIIO: ‘6‘ -0.

JIBa BEKTOpa HA3bIBAIOTCS pPAGHbIMU, €CIU OHU KOJUIMHEAPHBI, OJIMHAKOBO HAIpPAaBJIEHBl U UMEIOT
OJINHAKOBYIO JIJTUHY:

def |1 a™ 6;

a=h o
2) \a\ :\b\.
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Ipouseedenuem 6ekmopa a Ha 4ucio A Ha3bIBAETCS BEKTOP b= 4 a, UMEIOIIUN JIHHY ‘5‘ =2 ‘5

HalpaBJICHUE KOTOPOTO COBIMAJAcT C HAlpaBJIEHHEM BEKTOpa a, ecii A>0, W MPOTHUBOIOIOKHO EMY,
eciu A1<0.

TIpomusononodicnvim 6ekmopom -aHa3bIBACTCA NPOM3BEICHHE BeKTOpa aHa uucio (-1), T.e.
-a=(-Da.

HpSIMaSI lc 3aIaHHbIM HAIIPaBJICHUCM, IPUHUMACMBIM 34 ITOJIOKUTCIILEHOC, HA3BIBACTCA OCbHIO.

Ilpoexyueti eexmopa a Ha ochb |HaspiBacTcs umciio, o0O3HAYaeMoe npja W PaBHOE

‘a‘ COS @, 20e @€ [0,7[] — YTOJI MEXIIV BEKTODOM a U TOJIOKUTEIBHBIM HallpaBiIeHHueM ocH |.
- T

npja=MN, 0<p<—

z 2

@

M N npya=-MN,

<p<ur.

NN

BekTop a=(x,y,z) MOXKET OBITh NPEICTABIECH B BHJE a=xi+ y]+ zk, Tme i,

j, k — eaIuHUYHBIE

BEKTOPHI (OPTHI), COBNAIAOIINE C HApaBiIeHHEeM oceil coorBercTBeHHO OX, Oy, Oz; ‘iHij‘ =1

ﬂﬂuHCl 6eKmopa paBHA KOPHIO KBaJIpaTHOMY U3 CYMMbI KBaZIpaTOB €0 KOOPAUHAT:
=[OV =yt [ =[OM] =y 42" (1)

Jluneiinble omepanyu Haj BEKTOpaMM B KoopAuHaTHOW ¢opme. IlycTh BEKTOp a=(x,y,z) H

= +6=(X1+X21 Vit Yo 2+ 2,),

c=a
a25_6:()(1_)(21 Y1_y2121_zz)v

B = (er Y 22) , TOrZ1a

a IPOM3BENEHUE BEKTOPA a = (x,, Y, z) Ha YHCIIO A €CTb BEKTOP f = (Jx, Ay, Az,) -

Eciu jmambl Toukm M(x,y5,2) ¥ N(X,,Y,,2,), To Bektop MN GymeT HMeTh KOOPIMHATHI:
MN =(X2 _Xl’ y2 - yl’ 22 - Zl)'

JIBa BEKTOpa a ¥ b KOJLIUHeapHbl TOT/IA U TOJIBKO TOT/Ia, KOT/Ia MX KOOPAMHATHI TIPOMOPIIHOHATHHBI:
4_Vi_n

b < .
X Yo 7

a

Jenenue oTpe3ka B JTaHHOM OTHOWIECHHH. [IyCTh MaHbl TOUKU A=(xX,Y;,Z;) U B=(X,,Y,,2,), @ TOUKA
M onpenenena ycinosuemM AM=AMB, 1>0.

AMMEB=4:1
A M B

Tornma KoopAMHATHI X, Y, Z TOUKU M ONIPEnestoTCs paBeHCTBAMU
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X:x1+/1x2 :y1+/1y2 Z:zl+/122
k) ) .

1+4 1+4 1+4

B wactHom citywae A=1 u Touka M OyneT cepenuHon oTpe3ka AB.

Cranspuwvim npoussedenuem (a,b) IByX BEKTOPOB a Mb Ha3bIBACTCS YUCIIO0, PABHOE MPOM3BEICHHIO

JUINH 3TUX BEKTOPOB Ha KOCHHYC yIJja (¢ MEKIY HUMU:
(a.b)=ab=[alp|cos -
BeipazuMm ckansipHoe Ipou3BeAEeHHE YePE3 KOOPIUHATEI BEKTOPOB a ub .

Cransprnoe  npouseedenue (a,b) JBYX BEKTOPOB aHMbpaBHO CyMMe MpPOU3BEICHUIT
COOTBETCTBYIOIIMX KOOPJAUHAT 3TUX BEKTOPOB:

(5, 5): ab= ‘EHB‘ COSQ = XX, + VY, + 2,2, (2)
Cranapnwlii Kéadpam BEKTOPa PaBeH KBAPATy €ro JTHHbL:

— 2\ Z2 [ZP 2 2 2

@a)=a =l =x+y +2" (3)
YTon Meskly BEKTOpPaMH a | b OTpesienseTcs o hopmye

_ (51 6) _ XX + Y, + 4%, . 4)
CoOSp = ‘5‘6‘ - \/X12 4 y12 4 le \/XZZ 4 yzz 4 222

JIns IByX HEHYJIEBBIX BEKTOPOB a = (x,V,,z) H b= (x,,Y,,2,) VCI06UE OPMO2OHATLHOCHIY UMEET B

5J.5<:>x1x2 +Y1Y, +2,Z, =0.

BGKTODHOG IPOU3BEACHUC BEKTOPOB

Tpoiika BeKTOpoB a, b, ¢ ¢ oO0muM HavyasioM B Touke () HA3bIBAETCS MPABOM, €CIIM KpaTdalImmii

MOBOPOT OCH BEKTOpPA a K BEKTOPY b CO CTOPOHBI BEKTOpA C OCYIIECTBISIETCS MPOTUB YaCOBOW CTPEIIKU
(puc. a). B npoTuBHOM ciy4ae Tpoiika BEKTOPOB Ha3bIBaeTcs J€BOH (puc. 0).

Bexmopnvim npoussedenuem BEKTOpPOB a W b Ha3pIBaeTcs BEKTOp C, 0003Ha4aeMblii C=axb,
KOTOPBIN YIOBIETBOPSIET TPEM YCIOBUSIM:

1) | d=[alsinfa.b);
2) cla clb;
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3) a,b, ¢ —mpaBas TpoliKa BEKTOPOB.

MO,I[YJ'IB BEKTOPHOI'O IMTPOU3BCACHUA JBYX BEKTOPOB paBCH INIOIAAX IMapauieiiorpamMma, moCTpo€HHOIO
Ha 3THUX BEKTOpax.

¢ Lac e DTOT BEKTOp NEPHNEHAUKYISIPEH MEPEMHOKAEMbIM BEKTOpaM (TepIeHANKYISPEH
IJIOCKOCTH MapajuienorpaMmma), T.e 1

ol

i j k -
% = a, a a a, a
. ¥ 2 X N ]
axe=la, a, a,=i - ‘| +k
e, &) ‘le, s, |6 8,
6, 8, 8

JlJIiHa BEKTOPHOI'O IPOM3BEICHUS paBHA IUIONIA/IM TApauIeIOrpaMMa - yIBOEHHOI'O TPEYTOJIbHUKA, a
HMMEHHO MTPOU3BEJICHUIO CTOPOH B BUJIE€ BEKTOPOB & u b, omoxkeHHbIe OT O1HOI TOUKH, HA CUHYC yIJIa

) ¢
MEXy HUMH smL(é’, b).

CMelnranHoe MPOM3BEACHNE BEKTOPOB

M
CMeniaHHBIM IPOU3BEIEHUEM BEKTOPOB &, b v € naswBaercs neiicTBuTenBHOE YNCIIO, paBHOE
CKAIIIPHOMY IIPOU3BEIECHHUIO BEKTOPOB [g X t')_’] nt, roe [g X 6] - BEKTOPHOE IIPOU3BE/IEHNE BEKTOPOB &
V
mb.
CMeniaHHOE IPOU3BEIEHUE BEKTOPOB PABHO OINPENEIUTEIN0 MAaTPUILIBI TPETHETO MOPSAKA, CTPOKAMHU
KOTOPOH SABJISIFOTCSL KOOPJAMHATHI YMHOXAEMBIX BEKTOPOB, TO €CTh

a, a, a,
8.5.=(8x5]&)=p, b, b,|.
C c C

X y z

Yenosue Komnianaprocmu TpEX BEKTOPOB a , b, ¢ umeer BuA:

a, a, a,

Z,5,E—KOMHHaHaprlc>555:O<:>bX b, b,|=0.
C

X y z
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['eoMeTprUeCKUil CMBICIT CMEIIAHHOTO TPOM3BEACHUS COCTOMT B cienyromieM. CMmemaHHOe
MPOU3BEACHNE TPEX BEKTOPOB a, b, ¢ paBHO 00bemMy V mapajuienenuriesna, MOCTPOSHHOTO Ha ATHX

BEKTOpax, eciu a, b, ¢ — mpaBas Tpoiika. Eciu xe aTa Tpoiika jeBasi, TO CMEUIaHHOE MPOU3BEICHHE
OTPHILIATENIFHO U PaBHO 00BbEMY MapauIesIenuIie/ia ¢ MPOTUBOIIOIOKHBIM 3HAKOM:

— |V, 5, li_), C — npasas m OUKA,
abc = _ P P
-V, a, b, ¢ — sesas mpoiixa.
P
Vnapaﬂﬂmemnez)a = ‘g b ) a .

g 1
O06beM TeTpaszpa, IOCTPOEHHOI'O Ha BEKTOpax & but, paBHseTCS Y obbvema napasienenunena. [lomydaem:

1 1ip P
Y, —Zv :E\é’-b-&.

mempasopa 6 napannenenineoa

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1. Ilpoananu3upoBaTh YCIOBUE 3aJaUH.

2. BBITIOTHUTE pelieHue, TPUMEHSISI HEOOX0IUMBbIC (POPMYITHL.

3. 3anucaTth OTBET.
3ananmue:

N v %
1. Haiitu npoekiuio BeKTopa & na Bektop b, ecin &= (-1;0;2)m b =(3;-4; 1).
IJ

Pemenue. /{151 HaX0XIeHUS TPOCKIIMU BEKTOpA & ha Bektop b, 6yaem ncnonbsosatb popmyny

(gﬁ’) _ab +ab +ap,

o \[bZ +bZ +b?

HOI[CTaBHHH B HEC KOOPAUHATBI BEKTOPOB, IMOJTYIUM:
(85) -1.3+0-(-4)+21 -1 26
‘b B V32 + (- 4) +12 J26 26

V2

26

2.[lansl BepmnHbl TpeyroabHuka A(1;-1;2), B(5;-6;2), C(1;3;-1). HaiiTu aAnuHy ero BbICOTHI, OMYIIICHHON
u3 BepmHbl B Ha cTopony AC.

Pemenmne .

AB=(4:-5: 0); AC =(0; 4.-3)

Hpgg:

Hpgg =

OrtBer. Hpgg =-—

ik
ABx AC =|4 =5 0[=15i+12j+16k=(15 12: 16)
0 4-3

S o = %|.-u£* X .-!{"| = %Jiii +144 + 256 =

VI6+9-h

25
2

, . . 1 ,
{ dpyeon cmopons - S . = ;}'?- AC =

k3| -

Omeaem: 3
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®opMma npeacraBJieHUs pe3yJbTaTa: BHIIIOIHEHHAs paboTa.

Kpurepun oneHku:

—  «OtnmuyHO» -  yMeHHUss CHOPMHUPOBAHBI, BCE 3aJaHUS BBIOJHEHBI MPAaBWIBHO, 0€3
apudmernueckux ommbOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omurOkaMu. bezommbouno BeimosiHeHO 80-89 %
BCEX 3aJaHUH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJILIITMHCTBO ~ 3aJlaHU BBIMIOJIHEHO, HEKOTOPBhIC W3 BBHIMOJHEHHBIX 3aJaHUN COJEp)KaT OIITHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHui.

- «HeynoBiIeTBOPUTEIEHO» - TEOPETHUECKOE COAEPIKAHNUE Kypca HE OCBOSHO, HEOOXOIMMbIC
yMeHUs He chOpMHUPOBaAHBI, BHIMIOJHEHHBIC YUeOHBIC 3aaHuUs COACPIKAT IpyOble omrOKU. be3ommbouHo
BBINOIHEHO MeHee 70% Bcex 3aJaHuii.

Tema 2.2. AHATUTHYECKASI T€OMETPHS HA MJIOCKOCTH

IIpakTHyeckoe 3anaTHE N2 5

Pemenne 3a1a4 Mo aHAJUTHYECKOI TeOMeTPHH

Hean: popMupoBaHUEe YMEHUH COCTABIIATh YPABHEHUS IPSMBIX, yPaBHEHHS KPUBBIX 2-TO MOPSIIKA.
Brinosinus padorty, Bl Oynere:
ymemb:
- pewiartb 3a/1a4M, UCIIOJIb3Ysl YPABHEHUS IIPSIMBIX;
- pemiarthb 3a/1a4M, UCIOJIb3YSl YPABHEHHUS KPUBBIX BTOPOTO MOPsAKA HA MJIOCKOCTH.
- BbInosHeHHe NpaKTHYeCKOH padoThl criocodcTBYeT GOPMHPOBAHMIO:
- OK 01. Beibupars ciocoObl pemnieHust 3a1a4 mpo(ecCHOHATBHON IESITENFHOCTH PUMEHHTETIBHO K
Pa3IMYHBIM KOHTEKCTaM
- TIK 1.2. Pa3pabaTbIBaTh CX€MbI JIEKTPOHHBIX YCTPOWCTB Ha OCHOBE MHTETPAIBHBIX CXEM pa3HOU
CTEMNEHH UHTETPALU B COOTBETCTBUH C TEXHUUECKUM 33JaHUEM

MarepuanbHoe odecniedeHue: HHIUBUIYalIbHbIE 3aaHNs], KOHCIIEKThI JIEKLUH.
3aganue:

1. Haiitu Touky nepeceueHus: NpsIMbIX, 3a/laHHBIX ypaBHEHUSMU: a) 2x—y+3=0 U 4x+8y+17=0;
0) 2x—y+3=0 u 4x—-8y-11=0.

2. Hansl Bepuunsl A(4, 3), B(-3, -3), C(2, 7) tpeyronbauka ABC. HaiiTu: a) ypaBHEeHHE CTOPOHBI
AB; 6) ypaBHenue BbicoThl CH; B) ypaBHeHue menuanbl AM; r) touky N nepeceuenust meauansl AM u
BbicoTbl CH; 1) ypaBHEHHE NpsAMOM, Mpoxozsmeil depe3 BepmuHy C mapajuleabHO CTOpoHe AB; €)
paccrosinue ot Touku C 110 npssMoit 45.

3. CocTaBUTh ypaBHEHHE OKPYXHOCTH, MPOXOJsiiel depe3 Touky A(6; —1) ¢ HEeHTpOM B TOUKe
nepecedeHus npAMbIX 3X—-4y—-5=0 u 4x+3y-15=0.

Haiiti nonyocu, koopauHaTsl GOKYCOB U 3KCIIEHTPUCUTET AJLTUIICA 4x? + 25y —~100=0.

OHpe,Z[CJ'II/ITB BUI U PACIIOJIOKCHUC KpPIBOIZ (HOJ’IyOCI/I, KOOPAWHATLL (I)OKyCOB n 3KCL[CHTpI/ICI/ITCT)
5x2 +16y? +10x—96y +69=0.

6. Ilapabona c BepHIMHOI B Hadane KOOPAMHAT MPOXOoAMT uepe3 Touky A(1; —3) u cuMMeTpudHa
otHocuTeNbHO ocu Ox. Haiitu hokyc 1 ypaBHeHHs 1apaboibl ¥ €€ TUPEKTPHUCH.
Kparkue Teopernyeckue cBeieHUS:
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YpaBHeHrEe OPIMON Ha IIOCKOCTH

B nexapToBoii mpsiMOyrosibHOM cucteMe KoopAauHat OXY Ha IUIOCKOCTH Jit00asi mpsiMasi MOKeT ObITh
3aJlaHa ypaBHEHHEM IEPBOM CTENEHU

Ax+By+C=0, rne A, B, C — onpenenennsle uncna, A?+B?=0. M oOpaTHO, BCsKOEe ypaBHEHHE BHJA

Ax+ By +C =0 OIpeAeiiseT IpsAMYIO Ha IIIIOCKOCTH.

JlaHHOE ypaBHEHME Ha3bIBACTCS OOWUM YpaeHeHueMm NpsAMOl Ha IUIOCKOCTH, KO3(pQUIMEHTHI
ypaBHenus A, B onpenensror KOOpAMHATBHI BEKTOPatl, NEPHEHIUKYIIAPHOTO STOU MPAMON. DTOT BEKTOP
Ha3bIBACTCS HOPMAIbHBIM 6EKIMOPOM TIPSIMO.

VkaxkeM OCHOBHBIE CIIOCOOBI 3aJaHusg HpHMOfI Ha IIJIOCKOCTH U COOTBCTCTBYIOIIUEC YPAaBHCHHA.

1. Ipsimast mpoxomuT uepe3 TOuKy My(Xo; Vo) NEPHEHANKYISIPHO BeKTOpy h=(AB). B aToMm
ciry4ae TmpsiMasi OIMCHIBAETCS OOIIMM YpaBHEHUEM
Ax=x,)+B(y—y,)=0-

2. Tlpsimast IpoXoauT 4epe3 TOUKy My(Xo;Yo) TapamienbHo BEKTOpY §=(m,n). B 3ToM ciyuae
npsMast 3aJaeTCsl KAHOHUYECKUM YPAGHEeHUeM
X=X _Y=Yo.
m n

WK napamempudeCKumMu ypaeHeHusiIMu

X = X, +mt,
y =Y, +nt,

roet— napameTp, HpI/IHI/IMaIOH_[I/Iﬁ JIIO0BIE YHCIIOBBIC 3HAUCHUS.

3. Ipsamas mpoxomut yepe3 Touky My(Xq; Vo) € 3aJaHHBIM YIJIOM HAKJIOHA (@, OINpPEAeIsSeMbIM
yenosvim  kodgpguyuenmomk = tga (puc. 1). B >ToM ciaydae ypaBHEHUE TIPSIMOH HUMEET BUJ

Y=Y, =k(x=X%,).
YA

My

ot . -
x

LR

Puc. 1. : Puc. 2.

4. Tlpsimasi OTCeKaeT Ha KOOPAWMHATHBIX OCAX 3aJaHHBIe OTpe3ku (puc. 2). B srom cmydae
UCIIONB3YIOT ypagHeHue npsamoi 6 ompeskax X [ Y _ 1.
a b

5. [lpsimas 3amaHa yrjaoM HakKJIOHAa ¢, OINpPENETISEMbIM YIJIOBBIM KO3PGUIUEHTOM K =tga, U
oTpe3koM b, orcexkaeMbiM Ha ocu (Oy. B 3TOM ciydae HCHONB3YIOT ypasHeHue HpsSMou ¢ Yel08biM
KO3 puyuenmom y =kx+b .
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Paccmosnuedom mouxuM,(x,,y,) A0 TPSIMOH Ax+By+C=0 BBUHCISETCS 1O Qopmyrne

g :\Ax1+By1+C\_

VA% + B?

KpuBble BTOPOTO IOpsaKa Ha IIOCKOCTH

OO1ee ypaBHEHUE KPUBBIX BTOPOTO MOPSIKA UMEET BH/T

Ax? +Bxy + Cy? + Dx+Ey + F =0, B KOTOpOM 4, B u C He paBHbI HYJII0 OJHOBPEMEHHO, T.€. A? +B?+C? #0.

dnaunc u OKpyHcHOCMb
Onauncom Ha3bIBAETCS TEOMETPUUECKOE MECTO TOYEK IUIOCKOCTH, CyMMa PacCTOSHUN OT KOTOPBIX

A0 ABYX JaHHBIX TOYCK Fl u Fz, Ha3bIBACMbIX (bOKycaMI/I, €CTh BCJIMYMHA ITOCTOsAHHAA, paBHas 261, IIpUIcM

9Ta BeJIMYMHA OOJIbIIE PACCTOAHUA 2¢ MEXKAY (HOKYyCaMH.

Ecmm 3a ock Ox mpuHATH NOpsAMYR, Tpoxojsiryto depe3 ¢okyceiF; uF,, a 3a oce Oy —
MEePHeHIuKYIAp K ocu Ox, IPpOXOIAIIMiA yepe3 cepeanny orpeska FiF, (puc. 1), To ypaBHeHue imumnca

X2 2
IPUMET BUJ — + yT =1.
a

9T0 YpaBHCHHUEC HA3BIBAKOT KAHOHUYECKUM YpABHEHUEM JJIunca. HpI/I 9TOM a — OoJjbluas IIOJIyOCh

smmnca, b— ero manas moiyocs, ¢c=+va?-b’, F,(~c,0) ¥ F,(c,0) — poKychl dmnrca.

7 )
b "
— | A~
et S ——
=% ? F: a”
——
Puc. 1.

OtHomenne . _ C _ 1 Ha3bIBAETCS KCYEHMPUCUMEMOM IIUNCA.

[Tpu a<b ypaBHeHHE TakKe 3alaeT AIUIMIIC, HO y TAKOTO AIUIHICA (POKYCHI PACIIONIOKEHBI Ha OCH
Oy, napametp b 3amaer OOJNBLIYIO MONYOCh, @ @ — Mallyl0 TONyock. [lapamMeTp ¢, paBHBIN MOJIOBUHE

paccTosiHUsT MEXAy (OKycamH, MOXXHO HaWTH 1o Qopmyne c=+b’—a’, a IKCICHTPHCUTET — MO

bopmyne . :% :
[Tpu a=b ypaBHeHue 3a1aeT OKPYKHOCTb C IICHTPOM B Ha4ajie KOOPJMHAT M PAIUyCOM d.
OxkpyxHOCTb paguyca R ¢ mentpom B Touke C(X,, Y, ) 3a1aeTcst ypaBHEHHEM (x=%, ¥ +(y—y,) =R%.

T'unepbona
T'unepbonoti Ha3bIBaETCSI TEOMETPHUECKOE MECTO TOYEK TUIOCKOCTH, MOAYJIb PAa3HOCTH PAaCCTOSHUN

OT KOTOPBIX JO JIBYX JaHHbIX Touyek Fi; m F,, Ha3biBaeMbIX (poKycamu, €CThb BEIMYMHA MOCTOSHHAS,
paBHas 2a, IpUYeM 3Ta BeJIMYMHA MEHbIIIE PACCTOSIHUS 2¢ MEXy (pokycamu.
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Ecom 3a oceb Ox mpuHATH TpsAMyr0, MOpoxojsmryio depe3 (okyceiF; uF,;, a 3a ocb Oy —
NepreHAuKyYIsip K ocu Ox, mpoxoasumii yepe3 cepeaumny otpeska FiF, (puc. 2), To ypaBHEeHue

2 2
runepOoIbl IPUMET B X~ _ Y~ _ 1-

a? b?

OTO ypaBHEHHE HA3bIBAIOT KAHOHUYECKUM ypasHeHuem eunepboivi. llpu 3ToM a — nelcTBUTENbHAS

1I0JIyoCh runepOobl, b— ero MEUMast onyocs, ¢ =~va’ +b®, F/(-c,0) u F,(c,0) — pokycs! siuumnca.

Puc. 2.

Ornomenue . _ C .1 Ha3pIBAETCA 9KCyenmpucumemom unepoonsi. Ilpsamere y = J_rgx, K KOTOPBIM

a
anep60J1a HCOI'PaHUYCHHO HpI/I6J'II/I)KaeTC$I Ha 6CCKOH6‘IHOCTI/I, npeaAcCTaBIAOT c000Hf aCHMIITOTEI

runepoOoIbL.

2 2
YpaBHeHue _XT+ y 1, OMpeAeNsieT TUIepOoITy, HO Yy 3TON TUIepOoIbl (POKYCH PACIIONOKECHBI Ha
a“~ b

=

ocHu Oy, mapamMeTp b ecthb JeHUCTBUTEIbHAS MOJIyOCh, MapaMeTp a — MHHUMaAA IOJYOCh, 4 DKCHUCHTPUCUTET

BbIUUCIIseTCs 1Mo popmyie ,_C.
b

Ilapabona
Ilapabonoii Ha3bIBaeTCSl TEOMETPUYECKOE MECTO TOYEK IIOCKOCTH, PAaBHOYIAIEHHBIX OT JaHHON

TOYKH, Ha3bIBa€MOH (POKYCOM, U JAHHOM MPsIMOI1, Ha3bIBAEMON JUPEKTPUCOM.

Ecnu 3a ocb Ox NpUHATH NPSAMYIO, IPOXOJAITYIO Yepe3 (OKyC MEepIeHAUKYISIPHO AUPEKTpHUCE, a 3a
ocb Oy — mpsAMYyIO, MPOXOJSIIYI0 uepe3 CepequHy IMEepHeHIuKysIpa, OMYyLIIeHHOro M3 (okyca Ha
IUpeKTpUcy (puc. 3), To ypaBHEeHHE apabosibl IpUMET BUJ y? = 2px, IJIe p — pacCTossHUE OT (oKyca A0

JTUPEKTPUCHL. DTO ypaBHEHHE HA3bIBAIOT KAHOHUYECKUM ypaeHenuem napaboawvi. Ilpu stom _ _P —
2

ypaBHEHHE AUPEKTPUCHI, a HOKYC F(p,oj-
2

YA

"

Puc. 3.
VYpaBHeHue x°=2py 3amaer mapaboiy, CUMMETPUYHYIO OTHOCUTENbHO ocu Oy. B stoM cmyuae
jupekTpuca napabosst _ _ P, a pokyc F(O’pj'
2 2
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ITopsinok BbINOJIHEHUSI PadOTHI:

1. [Ipoananu3upoBaTh YCIOBHUE 3aa4H.
2. BBITIOTHUTE pelieHue, TPUMEHSISI HEOOXOUMBIE (POPMYIIBI.
3. 3anucaTth OTBET.

dopma npeacraBJieHUs pe3yJbTaTa: BhIIIOIHEHHAs paboTa.

Kpurepun onenkmn:

—  «OmmyHO» -  yMeHHsT CHOPMHPOBAHBI, BCE 3aJaHMs BBHIMOJHEHBI IPaBHIBHO, 0€3
apudmeTnueckux ommOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEJAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuoOkaMu. bezommbouno BeimosHeHo 80-89 %
BCEX 3aJaHUM.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(OpPMHPOBAHHI,
OOJILIITMHCTBO ~ 3aJaHU BBHITIOJIHEHO, HEKOTOPBhIC M3 BBIMOJHECHHBIX 3aJaHUN COJEp)KaT OIIMOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBneTBOPUTENBHOY» - TEOPETUUECKOE COACPKAHKIE Kypca HE OCBOEHO, HEOOXOAUMbIE
yMeHHUs He c(pOpMHPOBaAHBI, BHITIOJHEHHBIE yUeOHbIE 3aJaHus COAepKaT ITpyObie omuOku. be3zommnbouno
BBINOJIHEHO MeHee 70% Bcex 3aaHuii.

Tema 3.1. OcHOBBI TECOPUHA KOMILJICKCHBIX YHUCEJI

IIpakTnyeckoe 3ansaTue Ne 6

JelicTBUS HAl KOMILUIEKCHBIMHU YUCJIAMHU B ajiredpandeckoii popme

He.]'lb: Hay‘-II/ITI)Cﬂ BBITIOJIHATH HeﬁCTBHﬂ Haa KOMILUICKCHBIMHM 4YHCJIaMH, 3allMCaHHBIMH B
anredpandeckoit popme.

Boinoainus padorty, Bel Oynere:

ymemb:

- 3aMKMChIBaTh KOMIUIEKCHBIE YHCIIa B aldredpanyeckoil popme;

- BBITIOJIHATH ACHCTBUSI HAJl KOMIUIEKCHBIMH YHCIIaMHU B anredpandeckoit popme.

BrinosiHeHue npakTH4YecKoil padoThl cnoco0cTBYeT (POPMUPOBAHUIO:

OK 1. BeibupaTh crnocoObl pemieHus 3aaad npodecCuoHaNbHON NesSTebHOCTH, TPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 2. Hcnonb30BaTh COBPEMEHHbBIE CPEICTBA MOMCKA, aHAIM3a U MHTEpHpeTanuy MHPopManuu, 1
nH(OPMAIIMOHHBIE TEXHOJIOTUH I BHIOTHEHUS 33124 MPOodeCCHOHATBHON AeSITENEHOCTH.

OK 4. D} dexTrBHO B3aUMOCHCTBOBATh U PabOTaTh B KOJIJICKTUBE U KOMAHJIE.

OK 5. OcymecTBiaATh yCTHYHO M INHCBMEHHYK0 KOMMYHUKALMIO Ha TOCYJApCTBEHHOM S3BIKE
Poccutiickoit deneparuu ¢ yaeToMm 0COOEHHOCTEH CONUATBLHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 9. Ilonb3oBarkcsi MpodecCHOHANBPHON TOKYMEHTalMel Ha TOCYAapCTBEHHOM M HHOCTPAaHHOM
SI3BIKAX.

MarepuanbHoe o0ecniedeHne: NHIUBUIYaIbHbIE 3aJaHNsI, KOHCIIEKTHI JIEKLIUH.
3ananue:

1. [ans! komiuiekcHble uncia: z1= (7;1), z,=(-1,5;1,5), zs=(4;-3).
3anucaTh 3TH YKclia B adredpandeckoit popme.
2. BpIUUCIHTSH:
1) 74+ zy;
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2) z, — z3;

Z1,
3) =
Z3
4) z, - z3;
5,
5) z7;
143i  4-5i
3. Beruucmurei— + — — {8
-3 1+3i

KpaTRne TECOPETHYECCKUEC CBCACHUS .

Komnnexcnvim uuciom Ha3bIBaeTCs BBIpaKCHHE BUma a + bi, tTnae a u b — nelcTBUTENbHBIC YnCIa, a
CHMBON [ yHOBJETBOpSET yCJIOBHIO (% = —1,

Kommnekcusle uncna z; = a + bi u z, = ¢ + di Ha3bIBAIOTCS PaBHBIMU, ecmia = ¢ u b =d.

Kommnekcuble uncna z=a+ bi u Z = a — bi Ha3pBalOTCs comnpsbKeHHbIMH. Ymcna a+bi u  — a— bi
HA3BIBAIOTCS MMPOTHBOIOIOKHBIMH.

MoyneM KOMIUIEKCHOTO YHCIAa Ha3bIBAETCS IMHA PaJMyC-BEKTOPA COOTBETCTBYIOMIEH TOYKH KOMIUIEKCHOM
mwiockoct. O0o3Hauaercs |z| = Va2 + b2 =r.

3anuch KOMIUIEKCHOTO 4ucia Z B Buae a +bi, rne a u b € R, Ha3pBaercs anredpanueckoil ¢Gopmoit
KOMIUIEKCHOTO YUCIIA.

1. Cymma nByx uncen z; = a+ biu z, = c +dipaBnHaz, +z, = (a+ bi) + (c+di) = (a+c) + (b + d)i.
2. PasnocTts 1ByX uKcen z; = a+ bivu z, = c +dipaBHaz, —z, = (a + bi) — (c + di) = (a —¢) + (b — d)i.

3. Ilpom3BeneHHeM KOMIUIEKCHBIX 4YHCceNnl Z; =a-+bi m  z, = c + di Ha3pBaeTcsi KOMIUIEKCHOE YHCIIO
z1.Z, = (ac — bd) + (ad + bc)i.

4. YacTHbIM KOMIUIEKCHBIX dYHCeN Z; =a+bli mw  Z, =c+di # 0 Ha3pBaeTcs KOMIUIEKCHOE YHCIIO

7 = zy _ ac+bd | bc—ad
Tz, c2+d? | c2+4d?

5. Bo3BeeHHe KOMIJIEKCHOTO 4Ymc/ja B cTremeHb NeN paccMarpuBaeTcss KaK YacTHBIA Ciydall yMHOXKEHHA
KOMILJIEKCHOTO YHcia N pas.

Crenenu uncia i:
LLecrmn=4k+1
—l.ecun=4k+2
—l,ecmn=4k+3

l.ecrmn=4k

ITopsinox BeINOJIHEHUs PadOThI:
1. 3anumunTe KOMIUIEKCHBIE YHCIa B alreOpanyeckoi popme z = a + bi

2. BpimosiHUTE JAEUCTBUS HAJl KOMIUICKCHBIMH YHCJIAMH B alreOpandeckor (opme, MUCIONIb3Ys
bopMyIbL:

5t 2= {:ﬂl + ﬂ:} + {IJ]_ + IJ:}:-;
Z)—Eg = {:ﬂl - ﬂg} + {:‘[Jl - .[J:]:';
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zy-z3 = (ayay — byby) + (ayby + az by )i;

Iy aqa +[:1|':3+53[:1—5153_
+B

1

[

2
ﬁE+F

2

3amanmue:

1. [ans! komiuiekcHble uncia: z1= (7;1), z,=(-1,5;1,5), zs=(4;-3).
3anmcarh 3TH YUCiIa B anredpandeckoit popme.

Pemenue:

T.k. anreOpanyeckast popMa KOMIIJIEKCHOTO YMCIJIa UMEET BUJL: = = a + bi, TO YUCIIa B alreOpandeckoi
dhopme OyayT 3amucaHbl B BUC:

5y =7+ 2z =-L3+ L5 z3 =4 - 3i.

2. Breruuciaurs:
245 =(7-15)+(1+15)i=55+ 25
zp—z3 = (-15-4) + (L5 + 3)i = 5.5 + 4.5;

Iy THL (D330 1B+ 4i+210 437 _ 2B+251-3 _ 25425

=y 4-30  (4-3004430  16-%°° 1649 15
srzy = (1541504 —3i) = -6+ 45+ 6i —45: = -6+ 1054+ 45 =-154 105,
=T+ =(T+07+0 =049+ 141 + )T +1) = (48 + 140 7(7 + 1) = (2304 + 1344i +
1962 0(7 + i) = (2304 + 1344i — 196)(7 + i) = (2108 + 1344:)(7 + i) = 13412 + 11516i

=

1431 4-51
3. Bemumcnuth: — 4 — — if
1—3 1+3:
Pemenne:
1+31  4-51 .
- ——f =21 2.7
1—3 1431
1) 430 (1430)(-i-3) _ -!-313!3-5! _ o _ s
1—3 (1-3r-1-33 —1°49 10
2) 4-51 - (4-51311-31) - 4—12!—5!-}-15!3 - -11-171 = _11—17i
1431 1431371-3103 1-9= 10
3) =) =(-1)%=1
4) —-i-11-17i-1=-21-27i

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOIHEHHAs padoTa.
Kputepun onenkn:

- «OTnuyHO» -  yMEHHsS COPMHUPOBAHBI, BCE 3aJaHUsl BBHIMIOJHEHBI TMPABWIBHO, 0€3
apupMeTHYECKUX OMMOOK, pemeHne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIMMBIMU 000CHOBAHUSIMH.
— «Xopomio» - HEKOTOpble YyMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITIOJIHEHBI, HEKOTOPHIC BUJBI 33JJaHUI BBITIOIHEHBI ¢ omuOKkaMu. bezommboyno BeimomHeHO 80-89 %
BCEX 3aJIaHUM.

— «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpMHpPOBAHBI,
OOJIBIIMHCTBO  3aJlaHUIl BBIIIOJIHEHO, HEKOTOpbI€ M3 BBIMOJIHEHHBIX 3aJaHUil coaepkKaT OIIHNOKH.
be3omm6ouno BeimonHeHo 70-79 % Bcex 3agaHuil.

— «HeynoBneTBOpUTENBHO» - TEOPETUUECKOE COIEpKAHKNE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMEHHs He CPOPMUPOBAHBI, BHIIIOJIHEHHBIE yUeOHbIE 3a/laHus CO/IepKaT rpyoObie omnoku. be3zommbouno
BbINIOJIHEHO MeHee 70% Bcex 3a1aHuil.
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Tema 3.1. OcHOBBI TEOPHHU KOMILIEKCHBIX YK Cel

IIpakTHyeckoe 3ansaTHEe Ne 7

JeiicTBHS HAJl KOMILJIEKCHBIMHU YUCJIAMHU B TPUTOHOMeTpH4YecKkoil popme

Heab: HayunTbcst BBITONHATH ACUCTBUS HAJ KOMIUIEKCHBIMH YHCIAMU B TPUTOHOMETPHYECKOU
dopme.

Boinosinus padory, Bel Oyaere:

ymemn:

- 3aMKMChIBaTh KOMIUIEKCHBIE YMCIIa B TPUTOHOMETPHUECKOH popme;

- BBITIOJIHATH JACHCTBHSI B TPUTOHOMETPHYECKOH (hopMe;

- IEPEXOAUTH OT OAHON (POPMbI KOMILIEKCHBIX YHCEN K APYyroit popme.

BrinosiHeHne npakTHYeCKOi padoThl ciocoOCcTBYeT (POPMUPOBAHUIO:

OK 1. Beibupate crocoObl pemieHus 3aaa4d npo(ecCHOHATBLHON JESITEIIbHOCTH, TPUMEHHUTEIIBHO K
Pa3IUYHBIM KOHTEKCTaM.

OK 2. Hcnonb30BaTh COBPEMEHHBIE CPE/ICTBA MOWCKA, aHAIM3a U MHTEepHpeTauuu uHopManuu, u
MH(OPMAIMOHHBIC TEXHOJIOTUH TSI BRITIOJTHEHUS 33134 POGECCHOHATBHON ACSITEILHOCTH.

OK 4. DddexTrBHO B3auMOIeHCTBOBATh U pabOTaTh B KOJUIEKTHUBE M KOMaH/IE.

OK 5. OcymiecTBiaTh YCTHYI0O M NHCHhMEHHYIO KOMMYHHUKAIIMIO Ha TOCYAapCTBEHHOM SI3bIKE
Poccuiickoit @deneparuu ¢ yueToM 0COOCHHOCTEH COIMATBHOTO U KYJIbTYPHOT'O KOHTEKCTA.

OK 9. Ilonp3oBarecs MpoecCHOHATHHON JOKYMEHTAIlMe Ha TOCYylIapCTBEHHOM M HHOCTPAHHOM
SI3bIKaX.

MartepuanbHoe obecnedeHne: WHIUBUTYAIbHBIC 33/IaHUSI, KOHCTICKTHI JICKIIH.

3aganme:
1. Jlausl komiutekcHbie uncia: z1=(-3;-5), z,=(-7,2;7,2), z3=(2;6).
3ammcarh 3TH YUCIIa B TPUTOHOMETPHUYECKOHN Gopme.

2. Boruucnure: z, - Z3; — Zl, \Z;

3. BLIHOJ'IHI/ITC ,[[eI/ICTBI/IH u SaHI/IH_II/ITe pe3yanaT B anrerqueCKon (bopMe

a) {BI{CDS: I.S;n_:l b) ':l-""':' +rr.-:| I

= 30 iz 307
KpaTKHe TECOPETHYECCKUEC CBCACHUSA:

Tpuronomerpuueckoit HopMoil KOMIUIEKCHBIX YHCEI Ha3bIBACTCS 3alHCh X B BUJE:
z = r(cos@ + i- sing).

IIpu BbIMONHEHMM JEMCTBUH HAJ KOMIUIEKCHBIMH YHCIaMH B TPUTOHOMETpUUYECKOH (opme
UCTOJIB3YIOTCS cleaytoImue GopMyIbl:

IprI =Ty -r:{cns{cpl + tp::}+ fs:‘n{xpl + (P:J']
E r
z—: = r—:{cus{@l — q:.l::} + :'s:'n'[q;ll — (p::}]

" = r*cosng + isin ng)

Jli1g n3BIeYeHNs] KOPHS N-i CTENEeHH U3 KOMITJIEKCHOTO YUCJIa B TPUTOHOMETPUUECKON popme  Z =
r(cos@ + i- sing) ucnonp3yercst popmyna :
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+2mi +2mk o
+isin ==, rae  Vr - apudmernueckuii kopens, k=0, 1,2, ..., n-1.
K

ni— &
wyp = Vr-(cos

Aneopumm nepexooa om aneedpauieckou Gopmvl K mpUcOHOMEempuUYecKol.

[TycTh KOMITIEKCHOE YHCIIO 3aJ]aHO B anredpandeckoii popme z = a + bi,

N

1) Monynsr =|z| omHo3HauYHO ompenensercs mo popmyse r = va® + b.
a . b

2) AprymeHT ¢ omnpezensercs u3z GopmMys1 Cos@p =—, Sing=—.
r r

3HaucHUS APryMCHTAa KOMIIUICKCHOI'O YU CJIa MOKHO HaAXOAUTh U TaK:

e Omnpenenutb, B KaKOW YETBEPTH HAXOIUTCS BEKTOpP (HMCIOIb30BAThH
MHTEPIIPETALMIO YUCIA) = = a + bi

e Peuns ypaBHeHUE tgg = -, TOIYYaeM, YTO
B .
arg z = @ = arctg - JUJI1 BHYTPEHHUX TOYeK | u 4 yeTBepTei,
B
argz = @ = arctg -+ 7 IJId BHYTPCHHUX TOYCK 2 YCTBCPTH,

b
argz = @ = arctg-—n  JUISl BHYyTPEHHHUX TOYEK 3 YETBEPTH.

reOMETPUUYECKYIO

Ecnu Touka z neXuT Ha EUCTBUTEIBHOM MJIM MHUMOW OCH, TO arg Z MO>KHO HAaUTH HETOCPEICTBEHHO.

3) Haiinsa MOAYJIb U apIr'yMCEHT KOMIUICKCHOI'O YHUCJid, €TI0 MOYKHO 3aIlliCaTh B TpI/IFOHOMeTpH‘leCKOﬁ

WM [T0KA3aTeNbHON QopMe z = r(cosg +ising) WK z = re'?,

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1.3anmummuTe 3aJaHHbIC 4YHCJIa B TpHFOHOMGTpH‘ICCKOﬁ q)OpMC, HCIIOJIB3Yys aJITOPUTM IMEpexoaa K

TPUTOHOMETPHUECKOH (opMe.

2 .BeImosiHuTeE HEOOXOAUMBIE HEHCTBUA.
3amanue:

Janbl komIutekcubie uncia: z1=(7;1), z,=(-1,5;1,5), z3=(4;-3).
1. 3anucate yucna z1, Zp M Z3 B TPUTOHOMETPHUECKOM popme.
Pemenue:

1) z,=7+i

|z, ] = 49 + 1 =450 = 54/2,

Yucio HaXoIUTCS B IEPBOI YETBEPTH, 3HAYUT

@ = nrctgjj_' = arctg0,1429,

z; =7 +i= 5V2(cos 8°8 + ising°8).

2) z;=-15+15i

1 o8 1 o2 TR =
=13 +1.5 =225+ 235 = 35 22,1

I3
Uucno HaXOAUTCS BO BTOPOMl YETBEPTH, 3HAUUT ¢ = arctg E +m=arctg(-1) + w =
5, =—15415i= 2.'l{c|:|sz'T+ isin TT]

3) z3=4-3i

|z;] =v9+ 16 =25 = 5.
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Uuciio HaxoIUTCs B YETBEPTOU YETBEPTH, 3HAUUT
P = nrctg_T! = arctg (—0,73) = —36°°52",

z3 =4 — 3i = 5(cos(—36°52 + isin(—36°52).
2. Beruncaure:
1) z; - z3;
2)
=3
3) =i

4) l...'IZ: ,
Pemrenue:

=21-5 (.:.:s{135= — 36°52 ) + isin (135° — 35=52'}) = 10.5(cos 98°8 + isin 98°8);

3 5“'3(.:05 (88 - (-36°52) ) + isin (878 + 35=52'}) = V2(cos 45° + isin45°);

3 5

25 = (5v2) (cos5 - 8°8' + isin5 - 8°8') = 125004/2(cos40°40' + isind0°40');

Bocnonbsiyemcst popmyinoii:

+27K . . @+27K
o=V (cosZ ™ L isin £,
n n
B namem npumMepe n=2.
3+/2 135° 4360 135° 4360
Vaz =y = | ~ (cos - + isin . IL],
ﬁ 135°+360°-0 135°+360°0 — ] ]
w = [ (cus%Hsm +—) = \Z.1(cos 67°30' + isin 67°30°);
ﬁ 135°4360°-1 135°4+360°-1 —_— ) )
I (.’:us; +isin +—) = \/Z.1(cos 247°30 + isin 247°30')

2. BrimonHuTe ASMCTBUS U 3aMUIINTE PE3YIbTAT B anredpandeckoit popme:

C C 5 C C cC C n ';
L4 all & alt alt 2T alt Wi W&
2+ (cos— 4+ isin — =2 (cus—-ﬁ :'s:'n—-ﬁ)=ﬁ‘1-(cﬂs— :'s:'n—)=ﬁ=1-(———:'—:]=
{ { 24 + 2-1-]] 24 + 24 4 + 4 2

—324/2 - 32421
24700575 +izin 757 24 S o o fen T ] . oL . 1 3
————— = —(cos{75° - 15°) + isin (75° — 15°) = 8(cos60° + isin60°) = B(E +i T) =4+

3roos 15" +isin 15" -

=1-~.,-"§:'
dopma npeacTaBiaeHus pe3yJbTaTa: BHIIOTHEHHAs padoTa.

Kpurtepun onenkmn:

- «OTan4HO» -  yMeHHsl c(OpMHpOBaHBI, BCE€ 3a/JaHUs BBINOJIHEHBI TMpaBUWIbHO, 0€3

aprupMeTHYECKUX OMMOOK, pemeHrne 0hOpPMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
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- «Xopomio» - HEKOTOpble YMEHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omnOKkaMu. bezomubouno BeimosHeHo 80-89 %
BCEX 3aJaHUH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE YMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIITMHCTBO ~ 3aJaHU BBIMIOJIHEHO, HEKOTOPBhIC W3 BBHIMOJHEHHBIX 3aJaHUN COJEp)KaT OIITHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiaeTBOPUTEILHO» - TEOPETUUECKOE COIEPIKaHNE Kypca HE OCBOSHO, HEOOXOIMMbIC
yMEHUsS He CPOPMHUPOBAHBI, BHITIOJHEHHBIE yUeOHBIC 3aJaHus COACpKaT rpyobIie omuoOKku. be3ommboyHo
BBINOIHEHO MeHee 70% Bcex 3aJaHuii.

Tema 4.1. Teopus npenenos

IIpakTnueckoe 3ansaTue Ne 8

Broiuuciienne npeaesioB ¢ NOMOIIbIO 3aMeYaTeJIbHbIX MIPe1e/iOB, PACKPbITHE
HeolnpeaeJIeHHOCTel

Henab: HayunTbes BEIUMCTATH Opeeibl PYHKIIHA.
Boinosinus padorty, Bel Oynere:
ymemp:
-BBIYHCIISITH TIPEEITbl (QYHKIIHA, UCIIONB3Ys TEOPEMBI O TIpe/ernax;
- pacKpbIBaTh HEOIPEAEIEHHOCTH;
- HaXOAMTH Tpeeibl PYHKINH, UCTIOTB3Ys (HOPMYIIBI 3aMeYaTeNIbHBIX MPEICIIOB.
BrinosiHeHne npakTH4YecKOi padoThl cmocoOCcTBYeT (POPMUPOBAHMIO:
OK 1. Beibuparb criocoObl pemieHust 3aaa4 npoecCHOHATBHON eATENIbHOCTH, TPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM.
OK 2. Mcmons30BaTh COBPEMEHHBIE CPEICTBA IMOMCKA, aHAIHM3a M MHTEPIPETaluu WHPOPMALUH, U
nH(OPMALMOHHBIE TEXHOJIOTUH I BHIOTHEHUS 33124 NpodeCCHOHaTbHON AeSITENbHOCTH.
OK 4. D dexTrBHO B3aUMOCHCTBOBATh U PabOTATh B KOJIJICKTUBE U KOMAHJIE.
OK 5. OcymecTBiiATh yCTHYH0O M INHCBMEHHYK0 KOMMYHHKAIIMI0 HAa TOCYJapCTBEHHOM SI3BIKE
Poccutiickoit deneparuu ¢ yueToM 0COOEHHOCTEHW COIUATBLHOTO U KYJIBTYPHOTO KOHTEKCTA.
OK 9. Ilonb3oBatecsi MpodecCHOHATBHON JOKYMEHTAIlMe Ha rocylapCTBEHHOM M MHOCTPaHHOM
SI3bIKAX.
MarepunanbHoe o0ecniedeHne: NHIUBUIYaIbHbIE 3aJaHNsI, KOHCIIEKTHI JIEKLIUH.
3aganue:
Bbruucnuth npenens! GyHKIUI:
lim,_,(2x3 — 10x% — 4x + 5)
. 3x2-11x+6
lim,.,3 2x2-5x-3
11x3-5x2-6x+10
' x6x4—8x2+2
. sinz
4. lim,_, —

5. lim,_s (1 - g)sx

3. limy_q

Kparkne Teopernyeckne cBeeHHs:

Packpvimue neonpedenennocmetl pasnuuHulx munos
Jlnist Toro 4yTOOB! HANTH Mpenen 3JIeMEeHTapHON (PYHKIIMH, KOT/Ia apryMEHT CTPEMHUTCS K 3HAUEHHUIO,
MpUHAJIeKaeMy OOJacTH OIpeneieHHs] 3TOM (QYHKIMHM, HYKHO B BbIpaXXKEHHE (QYHKIIMH BMECTO
apryMeHTa IOJICTaBUTh €T0 MPEAEIbHOE 3HaUECHUE.
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Jlaneko He BCsKas MOJCTAHOBKA IPEICIBHOTO 3HAYEHUS B (DYHKIMIO BMECTO HE3aBUCHUMOU
IIEPEMEHHON MOXET cpa3y IPUBECTH K HaxoxJeHUro mnpenena. Cioydan, B KOTOPBIX IOACTaHOBKA
MPeebHOTO 3HAYeHUS B (DYHKIMIO HE JIaeT 3HAUCHHS MpeJieNa, Ha3bIBal0T HEOMPEICIIEHHOCTIMH; K HUM

OTHOCSATCSI HEONPEICIECHHOCTH BHUJIOB [fj, [%J, (O-oo), (oo—oo), (1°°), (ooo), (00). PaccMoTpuM HECKOJIBKO
(e 6]

THIIOB IPUMCPOB, KJ'IaCCI/Iq)I/IHI/Ip}IH HX I10 BUAY HCONIPEACICHHOCTHU U MPECACIIBPHOMY 3HAYCHUIO X.

1-i2 mun. PaccmoTpumM npumMepsl Buaa )!Lm% C HEOIIPEACICHHOCThIO BUA (EJ , THC f(X) U ¢(x)
0
B 00ILEM ciy4ae — CJIO’KHBIE CTENICHHbIC WIIM TOKa3aTesbHble GyHKIMU. B ciiydae cTemeHHBIX (YHKIUI
HE0OXO0IMMO BBHIHOCUTH 32 CKOOKY B UHMCIIUTENIC U B 3HAMEHATese IpoO0u X ¢ HauOOJBIINM MOKa3aTeleM
CTETIEHH CpeIu BCEX ClIaraéMbIX IpoOM; B CiIydae MOKa3aTeNbHBIX (YHKIMHA 32 CKOOKY BBIHOCHUTCS
HauboJsee OBICTPO BO3pacTarolllee cliaraeMoe Cpellu Bcex ciaraeMbix apodu. Ilocne cokpamienus npodu
HEOIPEAEIEHHOCTb YCTPAHIETCSL.
[Tone3Ho 3arOMHUTH MPaBUIIO:
0, eciu n<m,
agx" + a1Xn—l totay g X+ay (fj _ &, eciu N=m,
x> hox™ + by x™ 4+ by X+ by, by
0o, eciu N> M.
f(x)

. . 0
2-u mun. PaCCMOTpI/IM HpI/IMepI)I BHUIAa lim —) C HCOHpCIIGJIeHHOCTI)IO BUIOa [6) . B 3TOM cnyqae
X=Xy @ X

o0

HEOOXOMMO DAa3JIOKUTh HA MHOXHTEIW M YHCIUTENIb, W 3HAMEHATENb JIpPOOM WIH JOMHOXHTH H
YUCIAUTENb, U 3HAMEHAaTeldb JApOoOM Ha OAHO U TO e BBIpAKEHHE, NpuBOAsiLee K (opMyaam
COKpallleHHOro yMHokeHwusl. ITocie cokpareHus 1poOu HEONPEENEHHOCTb YCTPAHIETCS.

3-it mun. PaccMOTPUM HpPUMEPBI ¢ HEONPEAEIeHHOCTbIO BUuaa (w0—w). Eciu QyHkuus, crosias
0] 3HAKOM IIpefiesia, MPEACTaBIsAeT CO00H anredpanyuecKylo CymMMy ApoOei, TO HEeOoImpeaerIeHHOCTb
YCTpaHAETCS WIM MPUBOAUTCS KO 2-My THITY TIOCJIE TIPUBEACHUS Ipodeii Kk obmemy 3HameHarenro. Eciu
yHnoMsHyTasi QyHKIUS IPeICTaBiIsieT co00M anredpandeckyro CyMMY UPpPalMOHAIBHBIX BBIPAXEHHUH, TO
HEOIPEICIEHHOCTh YCTPAHAETCS UM MPUBOIUTCA K 1-My TUIY ITyTeM JOMHOXEHMS U JIeJIeHUs] GYHKLIUU
Ha OJIHO M TO e (CONpPsDKEHHOE) BRIpaXKEHUE, TPUBOAAIIEE K (POpMyIaM COKPALIEHHOTO YMHOXKEHUS.

3amevamenvhole npedeﬂbl.

TepBhlit 3aMeuaTenbHbIA npeaen: lim 31X —1.
x—0 X

N N : 1" . 1
BTOpOI/I 3aMCUATCIIbHBIN ITPEACIT (‘II/ICJ'IO e): lim{1l+=| =e unu I|m(1+ y)y =e.
X—>0 X y—0

st Toro 4uro Obl M30aBUTHCS OT HEOIPENEJIEHHOCTH BHJA (1‘”) HEOO0XO/IMMO BBIIEIUTH LIENYI0
qacTh ApoOu (KoTopas A0JKHA ObITh paBHA 1) B BBIPaXKEHMH, CTOSIIEM IOJI 3HAKOM Ipejena ,KOTopoe
IpEJCTaBIseT cOo0OM CTENeHHO-NOKa3aTelbHyl0 (yHKIuo. HeompeneneHHOCTs ycTpaHsAeTcss IIpU
ITOMOLIY BBIJEJIEHUS] BTOPOTO 3aME€YaTeIbHOIO Mpeea.

Hanpumep:
X
| R | 1\ "
11m(1+—) =lim(1+0)”=(1") =lim| 1+ < =
X—00 X xX—00 X—00 (_)
k
1\ kY 1\Y k
= lim <1+—) = |1im <1+—) s
Yy —0 y X —0 y
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n

s,
1) lim (1 - 5= @”) = lim [(1 = g)_l e &

n—ooo
3 3n 2
= (n+2 L
2) llm(l——) = (1) = lim (1——) ={ am ={n>»4m ={  n =
n—owo 4n n—ow 4in
. 340 3
f‘}ll—l};lo 4 = [Z’
. x+3\% .
3) lim o ; JJAaHHBIH MpeIeT MOYKHO BBIYMCIUTD ABYMS CIIOCOOAMU:
X—00 -
1 ctoco0:
Pazgenum unciauTens Ha 3HAMEHATEN b BBIICIUB LETYI0 YacTh:
_x+3|x— 2
x—21 1 x+3 5
=> =1 _
5 x—2 x—2

5
x x e
limy o, (22) =limy,, (14 =) =lim,, l(1 +=2)° l = =My —

5x

: X
llmx_mﬁ

. 5
¢ * = Mo 5= 5.
2 croco0:
[TomenuB YnucaUTENs U 3HAMEHATEIH APOOU Ha X, CBEIEM JaHHBINA MIPE/IeNT K YaCTHOMY IPEICIIOB:
x  3\* 3\ ( 3\*
x x,3 B im(1+3) g
. x+3 T x+x BT 1+x _ X—>® X _f _ 45
im = lim = lim = ¥ =——= =
x—0 \X — X0 £ _ Z X—00 1— z li (1 2) £
x X X xl—r>£10 X

Hpe,[[eJ'IBI OT HCKOTOPLIX TPUT'OHOMCTPHUYICCKUX (l)yHKHHﬁ HGO6XO,I[I/IMO peliaTb MPUMCHSA HepBHfI
3aMevaTeIbHbIN MIMPEACII UIIN 3aKOH 3KBUBAJICHTHBIX BEJIMYUH IIPU YCIIOBHUH X — 0.
OKBUBaJCHTHEIMH HA3BIBAIOTCSI OSCKOHEUHO MaJjkIe BCJIIMYUHBI, ITPEACIT OT NOHATUSA KOTOPBIX PaBCH

CANHUIIC.

ITopsinok BbIMOJHEHHS Pa0OTHI:

1. HaiinuTe npenen GyHKIMHU, UCTIONB3Ys TEOPEMBI O TIpeesax.

2. Ecnum noxyuniack HEOMPEAEIIEHHOCTh, OTIPEICINTE €€ BU U CIIOCO0 PACKPBITHSL.
3. IIpeobpa3yiiTe pyHKIUIO U pacKpoiiTe HEONPEeNIeHHOCTb.

4. Beluucnurte npeaen.

3ananue:
Haiitu npenen dyakiuu:
1) lim,,,(2x3 — 10x? — 4x + 5)

Hcnons3yeM TeopeMsl O mpezesax:

lim(2x3 — 10x% — 4x + 5)
x—2 3 )
=2(limx) —10(limx) —4limx+5=2-8—10-4—4-245=—27
X2

x—2 xX—2
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3x2-11x+6
2) lim _—
) X3 2x2_5x-3

OyHKIUSA MpeNCcTaBIseT cO00M OTHOIIEHHE JBYX MHOTOWICHOB, OOPAIIAOIINUXCS B HYJIb B TOUKE
x = 3.IToaromy cHavana npeobOpa3zyeM JaHHYIO (YHKIHIO.
JIr000# KBaZPATHBIN TPEXUICH MOYKHO PA3JIOKUTh HA MHOKUTEIH C TIOMOIIBIO (POPMYJIbI

ax®+ bx + ¢ = a(x — x,){(x — x.), DI ¥| U XKOPHU KBaJAPaTHOTO TPEXUICHA.
KopHsiMu KBaipaTHOTO TpexwieHa 3x° — 11x + 6 SBJSIFOTCS YUCIA -U 3; 3HAYMT
3

2
3x2—11x+ 6 = 3(x — 3)(x—§)

1
A KOpHM KBaJ[paTHOTrO TpexuseHa 2Xx2 — 5X — 3 paBHBI - U 3, CJI€10BATEIBHO

2x2—5x—3 = 2(x—3)(x+%)
Bo3sBpamasce k npezaeiry, uMeem:

2 2

_3x2—-11x+6  3(x=3)x-3)  3(x—3)
Xl_rg 2x%2 —5x—3 - Xl_rg 1 =X12g 1
2(X—3)(X+7) 2(X+§)

3x—2 3lmx-2 3.3_3 7

-3

X‘lr3‘2x+1_2lin§x+1_2-3+1_7
X—

11x3-5x%2—6x+10
6x*—8x2+2

3) lim,, 00

Tak Kak MHOTOYJICHBI B YMCIIUTENE U 3HAMEHATelle CTPEMATCS K 00, TO TIOJy4aeM
HEOIpeAeNeHHOCTh BUa [:] Jn1st ee packpbITHsI pa3aeuM KaKJ0€ CIaraeMoe YUCIUTeNs U

3HaMCHATCJIA Ha -1'4. Torma MMOJIyYnM:

. . 11x* 5x* 6x 10 11 5 6 10

11x% — 527 — 6x + 10 = T F TETE T 2T E o
lim 3 5 = lim T T = lim = =-=10
X7 |5x —_ E_r‘ + 2 X7 Gx Bx 2 X7 6 g < 6

F A EtE
sin 5
4) lim
x-0 X
YtoObl BEIUMCIUTE peen (PyHKIUH, HYKHO BOCIIOJIb30BaThCs (hOpMYII0i IEpBOTO

3aMeyvaTeNbHOTO mpeaena: lim, % =1.

1
VYMHOXHAM YHCIUTENIb H 3HaAMEHATEIIh HpO6I/I Ha E

sins 1sin£ 1 sins 1 1
lim 2=limu=—lim 2=—-1=—
x-0 X x—0 1 2 x—0 £ 2

2% 2

5) limy—cs (1 - z)sx
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[IpeobpazyeM QyHKIHIO TaK, YTOOBI MOXHO OBUIO MPUMEHUTH BTOPOH 3aMeuaTeNbHBIN mpener :

X
lim, o (1 + i) = e. BBeneM HOBYIO IEPEMEHHYIO: X = —3y; X = 00; y — 00,
. 3\>% 3 \>(=3Y) 1\~ 15y _ 1
lim,_,q (1 — ;) = lim,,_, (1 — _—33}) = limy, (1 + ;) =e 15 = =

@dopMma npeacTaBJieHUs pe3yJbTaTa: BbIIIOJIHEHHAs paboTa.

Kpurepumn oneHku:

—  «OtnmuyHO» -  yMeHHUsT CHOPMHUPOBAHBI, BCE 3aJaHUS BBIIOJHEHBI MPABWIBHO, 0€3
apudmeTnueckux ommOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHPOBAaHBI HEIOCTATOYHO, BCE 3aJaHUA

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuroOkaMu. bezommbouno BeimosHeHo 80-89 %
BCEX 3aJaHMI.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJILIITMHCTBO  3aJaHU BBIMIOJIHEHO, HEKOTOPBhIC W3 BBIMOJHEHHBIX 3aJaHUN COJAEpXkKaT OUIUOKH.
Be3omnbouno BeimonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBneTBOPUTENBHOY» - TEOPETUUYECKOE COACPKAHKIE Kypca HE OCBOGHO, HEOOXOAUMbIE
YMEHUs He CPOPMUPOBAHBI, BHIITOJIHEHHBIE YUeOHBIC 3aaHUsI coaepkKar rpyosie omuoku. be3ommbouno
BeIMoIHEHO MeHee 70% BceX 3amaHui.

Tema 4.1. Teopus npeaeion

IIpakTHyeckoe 3anaTHEe Ne 9

Hccaenopanue GQyHKINA HA HENPEPbIBHOCTH M TOYKHU pa3pbiBa

Hean: Hayuntbcs HaX0OUTh TOUYKH pa3pbiBa PYHKLUUH, ONPENENIATh UX PO/, HAXOAUTh ACUMITOTHI
rpaduKkoB QPyHKINH.

Boinoanus padorty, Bel Oynere:

ymemb:

- HccreloBaTh QYHKIIMU Ha HEMPEPBIBHOCTE;

- HaXOJIUTh TOYKH Pa3pbiBa, ONPEIEIATh UX POL;

- HaXOJIUTh aCUMITOTHI.

BrinosiHeHHe npakTHYecKOi padoThl cocoOCTBYET (POPMUPOBAHMIO:

OK 1. Beibupats crnocoObl pemieHust 3afad npoecCHOHAIbHOW AESITeNbHOCTH, MPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTAM.

OK 2. Hcnonb30BaTh COBPEMEHHbBIE CPEICTBA MOMCKA, aHAIM3a U MHTEpHIpeTanuy MHPopManuu, 1
MH(pOPMAaIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHUS 3a/1a4 IPO(pEeCCHOHATIBHOM 1€ TeTbHOCTH.

OK 4. D dexTrBHO B3aUMOCHCTBOBATh U PabOTaTh B KOJJICKTUBE M KOMAH/IE.

OK 5. OcymecTBiaATh yCTHYHO M IHCBMEHHYI0 KOMMYHHUKAlMI0O Ha TOCYJApCTBEHHOM S3BIKE
Poccutiickoit deneparuu ¢ yaeToMm 0COOEHHOCTEH COIUATBLHOTO U KYJIBbTYPHOTO KOHTEKCTA.

OK 9. Ilonb3oBarkcsi MpodecCHOHATBLHON JOKYMEHTAllMe Ha rocylapCTBEHHOM M MHOCTPaHHOM
SI3bIKAX.

MarepuaibHoe o0ecrnieyeHHe: WHIMBUAYaJIbHbIE 3a/JaHUs, KOHCIIEKTHl JIeKUui, Talnuua
MIPOU3BOIHBIX.

3ananue:
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HccnenoBaTh pyHKIIMM HA HEMTPEPHIBHOCTh. HaliTH TOUKM pa3pbiBa U ONpeaenuTh ux pod. Haiitu
ACUMIITOTHI (DYHKITHIA.

l) y= :;:3_+:;
2) -T — :I;;ﬁ;gﬂl

Kparkue Teopernyeckne cBeaeHus:
Toukamu paspviéa ¢pyHKyuu Ha3bIBAIOTCS TOYKH, B KOTOPBIX HApYIIAETCs YCIOBHE HENPEPHIBHOCTH

byHKIHH.
Bce Touku pa3psiBa GyHKIUK pa3AesSIOTCS HA TOYKH pa3phbiBa MEPBOTO M BTOPOTO POJa.

Touka pa3pbiBa X, Ha3bIBACTCS MOYKOU pa3pviéa nepsozo poda GyHKIMU y = f(x), ecinu B 3TOH TOUKE
CYIIECTBYIOT KOHEUHBIE TIpeesbl (PYHKIIMU CJIEBA U CIIPaBa, T €
limy o f(x) = Am limy_, 40 f(x) = A,. IIpu sTOM: ecm A; = A,,T0 Touka X, Ha3bIBaeTCA
TOYKOH YCTPAaHHMOTO pa3pbiBa; eclinA; # A,, TO TOUYKA X Ha3bIBACTCS TOUYKO KOHEYHOTO pa3phIBa.
Touka pa3psiBa X Ha3bIBACTCS MOYKOU pa3psléa 6mopoco pooa GyHKIuU y = f(x), ecu mo KpaitHen
Mepe OJIH U3 OJTHOCTOPOHHUX IMPEJIEIIOB HE CYIIECTBYET WIIM paBeH OECKOHEYHOCTH.
Acumnmomoii zpaguka @yukyuuy = f{x)JHa3pIBacTCS MpsMas, 0O0JAJaroNIas TEM CBOWCTBOM, 4YTO
paccrostHue OT TOYKu(x: f(x)) MO 3TOil HPAMON CTPEMUTCA K HYIO NPHM HEOTPAHHYEHHOM YyIAlCHHH
TOUYKHM TpadyiKa OT Hayaja KOOPAHHAT.

[Ipsimast x = a Ha3BIBACTCS 8epmMuKaIbHOU acumnmomot Tpaduka QYHKIUU ¥ = fix), €CITU XOTSI ObI
OJ[HO W3 MPENICNIbHBIX 3HAUEHUM lim, ;5 fx} v lim,_ .y f(x) paBHO —co MM +co |

3ameuanue. llpsmas x = a He MOKET OBbITDH BEPTUKAJIBHOU aCUMIITOTOM, eclu
(GyHKIMS HeTpepbIBHA B TOYKe x = a. [103TOMy BepTHKaJlbHBIE ACUMIITOTHI CIEAYeT MCKaTh B TOYKAx

paspbiBa QyHKIUH.
[Ipsimast ¥ = b Ha3bIBAETCS copuU30HmManbHou acumnmomou rpadpuka GyHKIUM vy = fix), eclu XoTs

OBl OJTHO U3 MPEAENbHBIX 3HAYCHUM lim, s f(x) umu lim,_.__. f(x) paBHO b.

3ameuanme. ['paduk GyHKIMH MOXET UMETh TOJBKO MPaBYI0 TOPU3OHTAIBHYIO ACHUMOTOTY WU
TOJIBKO JIEBYIO.

[Ipsimast y = kx + b HA3BIBACTCA HAKIOHHOU acumnmomoti rpaduka
flx) —kx—b| =0

byHKIMH ,echu lim, g

Ecmu st QyHKIME y = f(x) CYyHICCTBYIOT MPEIEIbI lim_l._,:f% = k mlim,_,(f(x) — kx) = b, TO QyHKIMS
MMEET HAKJIOHHYIO aCUMIITOTY ¥ = kx + b IIpH x — o2,
Iopsaok BbINOJIHEHUS PA0OTHI:
1. Haiitu o6nacte onpeaeneHus: GyHKIMHU U BBIIBUTH TOUKU Pa3pbIBa.
2. Haiitu acumMnToThl QyHKUIUU.
3ananue:

WccnenoBaTth pyHKIMIO Ha HEMIPepbIBHOCTh. HailTh acuMNTOTHI QyHKIIMH.
I:

y¥=

2x—2
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O6nacts onpenenenus GyHkuuu D (f) = (—wo; 1) U (1; +00)

Touka x = 1 gBysieTcs TOYKOU pa3pbiBa 2 poja, T.K.

B x° 1 . x 1
limy o= = || = —®limpy o< = || =+
LX—i u! LX—i U

[Ipsimast x = 1 — BepTUKaJbHASA aCUMNTOTAa (PYHKIMH. YpaBHEHHE HAKIOHHOM aCUMITOTHI HMEET
BUI v =kx + 5.

L= 1 fx) ’ x° ’ x " 1 L
(= lIm— = 1lm— - =1IMm _—————= lim ==
= X xo=(2x — 20y xo=2x? -2y xo=, 2 2
T ox
b x’ 1 ) . i —x(x - 1) . T oxT+x . x . 1 1
= lim — — X | = lIm = lim = IIm_-.—_ = lim = =
xm=\2x — 2 2 == 2x—1) == 2(x —1) x=== 2(x— 1) x—-::z_z P
X
KoneuHblil BUJ IpsIMO CIEAYIOIIMIA
1 1
y=Lx+s.
dopMma npeacTaBJieHus pe3yJbTaTa: BHIIOIHEHHAs paboTa.
Kpurepun oneHku:
— «OTanuHoO» -  yMmMeHHs c(OpMHpOBaHBI, BCE 3a/JaHUs BBINOJIHEHBI MPaBUIBHO, 0€3
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOJUMBIMUA 000CHOBAHHUSIMH.
- «Xopomio» - HEKOTOpble YyMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuOkaMu. be3zommbouno BeimosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  3aJlaHUil BBINIOJIHEHO, HEKOTOPBIE W3 BBHIMOJHEHHBIX 3alaHUil COoJepKaT OIIMOKH.
be3zomm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COACPKAHKE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMeHHUs He c(pOpMHPOBaHBI, BHITIOTHEHHBIE yUeOHbBIE 3aJaHus coAepKaT TpyOsie ommoku. be3ommbouno
BBINOJIHEHO MeHee 70% Bcex 3aJaHMuii.

Tema 4.2. IludgdepenuuanbHoe ucuucjienne GyHKIUN OTHOM AeiicTBUTEILHON NepeMeHHoi

IIpakTuyeckoe 3ansaTue Ne 10

BorunciieHne npou3BOAHBIX CJa0KHBIX pyHkuuii. [Ipumenenune npasuia Jlonuraus

Henawb: HayunThcs HaXOAUTH MPOU3BOIHBIE CIIOKHBIX (DYHKIUH.

Beinosnus patdory, Bel Oyaere:

ymembp:

- IPUMEHSATH NpaBuia TudpPepeHIUPOBaAHNS;

- HAXOJUTh MPOU3BOIHBIE CIIOKHBIX (DYHKITHI.

MarepuaibHoe o0ecrieyeHHe: WHIMBUAYaJIbHbIE 3a/JaHUs, KOHCIIEKTHl JIeKUui, Talnuua
IMPONU3BOJHBIX.

3ananue:

Haiitu nponsBoanblie GyHKIMN
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1. y=(5x% - 2x)*

2. flx) = 3sin(2x —3)
3. flx) = arcsindx + arceos®x
4
5

Flxd =logs (7x* —5x* + 1)
—
f{_r] — l!.n I].+|:|:'3.T

W L-cosx

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. Onpenenure Bua ¢yHkuuu. Eciim QyHKIUS SIBISETCS CIIOXKHOMW, TO BBEIUTE MPOMEKYTOUHBIN
apryMeHT.

2. Omnpenenute, KakuMu TpaBwiaMu jauddepeHnnpoBaHusi HY)KHO BOCIOJIB30BaThes. [lpumennte

COOTBETCTBYIOIIEE MTPABUIIO.

Hcnonb3ys Tabnuily Mpou3BOAHBIX, HAWIUTE MPOU3BOIHBIC (DYHKITHIA.

4. PackpoiiTe CKOOKY ¥ MPUBEAUTE TTOIOOHBIE, €CITH 3TO YIPOCTHUT 3alKCh (DYHKIIUU.

w

3amanmne:
Haiiti npon3BoaHbIe PYHKIIMIA:
1. glx) =(1-4x¥)®

DyHKIMS ABISAETCS CIIOXKHOW CTENEHHOM. BBemeM NMPOMEKYTOYHBIA apryMeHT — u =1 —4x>. s
muddepeHIpoOBaHms HYKHO BOCIIOIB30BaThCs (opMyIton (u™) = nu™! - u

)

¥y = 10(1 —4x%) (1 —4x%) =10 (1 — 4x*)%(—8x) = —80x(1 — 42%)
2. flx) = sinéx *cos 2x

@DyHKIUS MpeACTaBIsAeT cO00H Mpon3BeIeHHE ABYX CI0XKHBIX TpUTOHOMeTpuueckux GyHkiuid. [ToaTomy
CHayana BOCIIONIb3yeMcsl paBuiIoM auddeperumposanus (U-V) = UV 4+ UV

. 1 |
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cus?x]

) ) L 9
BBenem nmpoMexxyTOUHBIM apryMeHT: JUIsl TepBOM PYHKIUM u == x, JJIs BTOPOH (PYHKIUH u = 2x,

I[Ipu nuddepeHMpoBaHIHN UCTIONB3YEM CIIEAYIOIHIE GOPMYIBL: (sinu) = cosu -, (cosu) = — sinuw,

[ J- ]
f (x) = {sin;_r ~cos2x) = (sin ;.r] cosix + sin ;x{cus?r]
1 1 1 i ., 1 1 1
=cos_x-|ox) cﬂsEx+sfn;x-{_—sfn2x} : {_Ex] = S cos ;x-cus?x—?s:’n S sin2x.

a3x+5x"

3.y=

Ioga (3+10x)

OyHKIMS PEACTABISAET COOONH YacTHOE MABYX CIOXKHBIX (yHKIUA. [loaTOMY CHayana BOCHOIb3yeMCs
U v-ur

i

npaBwioM auddepeHmpoBanus G:l =
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(2457 Y - log, (3 + 102) — 2545 - (log, (3 + 10x))’
(log, (3 + 10x))°

y =

BBenem mnpomMexyTOYHBIM apryMeHT: JUisl NMepBOM (YHKIMH u = 3x + 5x°, I BTOpPOH (QYHKIHUH
u =3 + 10x,

[Ipn nuddepenmpoBaHuu UCTIONL3YEM CIIEYIOIIUE GOPMYIIBL: (a*) = a“Ina - o, (log, u)' =

2 2

Ry - L E D - - adr+5x 0 (9 .;':Il - ] R el 1 ] [
n‘i'l' i o= oz, _'| 1 'I.:I r|‘h' iy o= oz, I.'I+1u.'|.'lll 2 nd |_ Jx+5x ]“‘;;' |‘__-|+1"_'|_:| P I.{—]:ITI!II;’IJ+1":LI
Fo= = 3 =
3 |]:g_,|_1+1...'l.'|| ko=, (3410277

11
L3+ )in2

Byl - mn ] n T
3 i3 i34 10x lom, (34 10— g0t

|:|=g£|3+1:.'l.'||'J

4. f{_r:] = grcsin %x + arccosix

@OyHKIUS MPEJCTABISCT CO00M CyMMY IBYX CIOXKHBIX  OOpaTHBIX TPUTOHOMETPHUYCCKHX (YHKIIUA.
[TosToMy cHauasa BOCIIONIb3yeMCs paBuioM auddepenuupoBanus (U +V) = U +V,

Flx) = (nrcs:'ng.r) + (arccosdx)’

o o 3 o
BeezieM pOMEXKyTOUHBIH apryMeHT: [Ulsl IepBOM PYHKIUMK u =+ x, JUIs BTOPON QYHKUMH u = 5x.

{arccosu)' = —

[pu 1uddepeHMpoBaHUM UCTIONb3yeM cleayromue Gopmyinbl: (arcsinu)’ = — —

I 3 ' 1 3 ! 9 |4
f{_.r} = (nrcs:'n%.r) + {arecosdx)'=—/— (i_r) { _r} — - ,:_
a |, a = \5 I1 i 1:' | k) v1-2hx=
1‘I‘]l—l_-.'l.'l \]1_3:”3

5. flx) = arccosVl — e

(DYHKHI/ISI SIBISETCS CJIOXKHOM O6paTHOI/I TpI/IFOHOMCTpI/IquKOI/I BBGI[GM HpOMG)KyTO'—IHI)II/I apFYMeHT

u =+1—e>. Jlna nudpepeHnnpoBanys HY>KHO BOCIIONb30BaThes popMynoit  (arccosu) = — ,
vi-u?

F (&) = (arccosv1 - & }I =_ m (W1=&).

[TpomexyTOUHBII apryMeHT ABISETCS TaKXkKe CI0KHOM (yHKIMeld. BBeaeM u J11st Hero HOBBIH
MIPOMEXYTOUHBIN apryMeHT u =1 — g™,

Jns nuddepeHnnpoBaHmst HY>KHO BOCIIOJIb30BaThCs (hopMyIion

(o) =2

WU
flx) = (ﬂrccus V1-—g™ PI = - ﬁ {(V1- e'-':"'}l =- + = 1— (1-6~) =
1

_ {71]_

g IWl—a* Ve

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
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Kpurtepun onenkmn:

—  «OtrimmyHO» -  yMeHHsI CHOPMHPOBAHBI, BCE 3aJaHMs BHIMOJHEHBI TPaBHIBHO, 0€3
apudmernueckux ommOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMUA 000CHOBAHHUSIMHU.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuroOkaMu. bezommbouno BeimosHeHo 80-89 %
BCEX 3aJaHUM.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIITMHCTBO  3aJaHUi BBHITIOJIHEHO, HEKOTOPhIE M3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIMOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiIeTBOPUTEIEHO» - TEOPETHUECKOE COIEPIKaHNUE Kypca HE OCBOSHO, HEOOXOIMMbIC
yMeHUs He cpOPMHUPOBaAHBI, BHIMOJHEHHBIC YUEOHBIC 3aaHUs COIepKaT Irpyobie omubku. be3zommbouno
BBINOJIHEHO MeHee 70% Bcex 3aJaHuii.

Tema 4.2. IluddepennnanbHoe ucHucjieHue PyHKIMU 0JHOM NeliCTBUTEILHOI MepeMeHHOM

IMpakTnyeckoe 3ansitue Ne 11

Hccaenopanue GpyHKUMNA U IOCTPOeHUE IPpauKOB
Iean padorbl: HayunThcs uccnenoBath GyHKINUU U CTPOUTH I'pauKy QyHKIMH.
Brinosinus padorty, Bl Oynere:

ymembs:

- IPOBOJUTH HCCIIeA0BaHUE (QYHKIIHI ¢ TOMOIIBIO TPOU3BOJHOM;

- CTPOUTD TpaduKu PYHKITHH.

BrinosiHeHne npakTH4YecKOi padoThl cmocoOCTBYET (POPMUPOBAHHIO:

OK 1. Beibupars criocoObl pemieHust 3aaa4 npoecCHOHATBHON AESTENbHOCTH, IPUMEHUTEIFHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 2. Hcnonb30BaTh COBPEMEHHbBIE CPEICTBA MOUCKA, aHAIM3a U MHTEpHpeTanuy MHPopManuu, 1
MH(pOPMAaIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHU 3a/1a4 PO eCCHOHATIBHOM 1€ TeTbHOCTH.

OK 4. DddexTrBHO B3aUMOCHCTBOBATh U PabOTATh B KOJIJIEKTUBE M KOMaH/IE.

OK 5. OcymecTBiaATh yCTHYHO M INHCBMEHHYK0 KOMMYHHUKALlMIO Ha TOCYJApCTBEHHOM S3BIKE
Poccutiickoit deneparuu ¢ yueToM 0COOEHHOCTEHN COIUATBLHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 9. Ilonb3oBarecsi mpodecCHOHATBLHON JOKYMEHTAllMel Ha TOCYAapCTBEHHOM U HWHOCTPAHHOM
SI3bIKaX.

MarepunanbHoe obecniedeHue:

WunuBuayanbHble 3a0aHus, TaOINA TPOU3BOAHBIX, KOHCIEKTHI JIEKIUH, Y4eOHUKH.
3aganue:

HccnenoBath pyHKIMIO 11O O0IIEH CXEMe U MOCTPOUTH €€ TpauK:

1. flx) = 557 — 325,

2. flx) =

X
x2—4'
Kparkne Teoperudeckue cBeleHUs:
Oobwan cxema uccie008anus yHKyui.

1. Haiitu oGnacte onpeaenenus Gpyukuuu D (y).
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2. Haiitu (ecnu 3TO HE BBI3BIBACT 3aTPyJHEHMI) TOUKU MepecedeHus rpaduka ¢ ociMu KOOPAHHAT
(mpu Xx=0wu npu y = 0).

3.
4.

[c BN BN

2.
3.

HCCJ’IGHOB&TB q)YHKI_II/IIO Ha IMICpUuoOANIHOCTh, YCTHOCTb U HCYCTHOCTD.

Haiitu HHTEPBAJIbl MOHOTOHHOCTH, TOYKH SKCTPEMYMOB U 3HAYCHHUA (bYHKI_[I/II/I B OTHUX TOYKax.

. HaliTu uHTEpBaJIBI BHITYKIOCTH (BOTHYTOCTH) M TOUKH Meperuda rpaduka GyHKIUH.
. Haiftu acumntoTsl rpaduka GyHKINH.
. HaiiTu monoiHuTeNbHBIE TOYKH U TOCTPOUTH IpadK MO pe3ynbTaTaM UCCIIEAOBAHUS.

. Hatitu oGnacte 3HaYeHUN.

AﬂzopumM HaxodcoeHus IKCmMpemymoe c[)ynkuuu U unmepeaioe ee MOHOomonHocmu ¢

HOMOUbIO NEPBOIL NPOU3BOOHOUL

. Haiitu o6nacte onpenenenus pyHKIIMU U HHTEPBAJIbI, HA KOTOPBHIX (DYHKIIMS HEMPEpPhIBHA.

Haiitu npousBoanyro ynkuuu f'(X).

Haiitu kputnueckue Touku ¢yukuuuy =T (X), T.e. TOUkHM, NpUHAIICKAIIAE OOJACTH
orpeeeHust PyHKIMHU, B KOTOPbIX ipou3BoaHas  f '(X) oOparaercst B HyJb HIIH HE CYIIIECTBYET.

4. Uccnenosath xapaktep usMeHenus Gpyukimu f (X) u 3nak npousBoanoi f '(X) B mpomMexyTkax, Ha
KOTOpbIE HaliICHHBIC KPUTHUIECKUE TOYKH JEIST 001acTh onpeaeaenus Gpyukmuuu y = f (X).

5. OTHOCUTENBHO KAKIO0W KPUTUUECKOW TOUKH OMPEETUTh, SIBISICTCS JIU OHA TOYKOW MaKCUMyMa,
MHHUMYMAa WJIM HE SIBJSETCS TOUYKON IKCTPEMYMA.

[TomHM: KpuTHYecKass TOUYKa Xg €CTh TOYKA MHUHUMYMa, €CIM OHa OTAENSeT INPOMEXKYTOK, B
kotopoM f '(x)<0, ot mpomexyTka, B koTopoM f '(X)>0, 1 Touka MakcuMyMa - B IPOTHBHOM ciydae. Eciu
K€ B COCEAHHUX MPOMEXKYTKAX, pPa3/IeICHHbIX KPUTUYECKOW TOUKOMU Xg, 3HAK MPOU3BOJHONW HE MEHSETCH,
TO B TOUKE Xo (QYHKIUS IKCTPEMyMa HE UMEET.

6. BoruncnuTh 3HaueHHs QYHKIUU B TOYKAX 3KCTPEMyMa.

7. 3anucath pe3yabTaT UCCIeI0BaHUS QYHKIIMH: POMEKYTKH MOHOTOHHOCTH U AKCTPEMYMBI.

Anzopumm HaxoxncoeHusn vINYKI0CMeEll YHKYUU U moyeK nepezuoa:

1.
2.
3.

Haxonum BTOpyr0 IpOU3BOAHYIO.

HaxouM TOUKH, B KOTOPHIX f (x) = 0 WM HE CYIIECTBYeT.

Uccnenyem 3HaK BTOPOU MPOU3BOJHON CJI€Ba U CIpaBa OT HAWJEHHBIX TOYEK U JEIaeM
BBIBOJ] 00 MHTEpBaJIax BBHIMYKJIOCTH U O HATMYUH TOUYEK Meperuoa.

Haxoaum 3HaueHne GyHKIIUU B TOUKaX reperuoa.

Acumnmomei.

Acumnmomou epaguxa ynxkyuuy = f(x)Ha3pIBaeTCs MpsimMas, obiagaronias TeEM CBOWCTBOM, UTO
paccrostHue oT TOYKHM(x: f(x)) 10 3TO NPSIMON CTPEMUTCS K HYIIO NPH HEOTPAHHYEHHOM YyIAIEHHH
TOYKH rpaduka OT Hayansa KOOpPAUHAT.
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[IpsiMast x = & Ha3bIBACTCS BepMUKAILHOU acumnmomou Tpapuka QYHKIUUA ¥ = f(x), €CIIU XOTS ObI
OJIHO M3 MPEAEIbHBIX 3HAYCHUM lim,_ ;g fx) Wi lim,_ .., f(x) paBHO —CoWIIM +02,

3ameuanue. [Ipsimas x = a He MOKET OBITh BEPTUKAJILHOM ACUMIITOTOM, eciu
(GyHKIUS HenpepblBHA B TOUYKe x = a. [l03TOMY BepTHKajIbHbIE aCUMIITOTHI CIEAYET MCKAaTh B TOYKax

paspbiBa QyHKIHH.

[Ipsimast v = b Ha3BIBACTCS 20pU3OHMANLHOU acumnmomou Tpadhuka QYHKIUU ¥ = f(x), €CITU XOTH

OBl OJTHO W3 MPEACTBHBIX 3HAYCHHUM lim, .z, f(x) umu lim,_.__, f(x) paBHO b.

3ameuanme. ['padux (yHKIUU MOXKET UMETHh TOJBKO MPABYIO TOPU3OHTAIBHYIO ACHMIITOTY HIIU
TOJIBKO JIEBYIO.

[Ipsimast ¥ = kx + b Ha3BIBACTCS HAKIOHHOU acumnmomot rpaduka pyHkmn y = f(x),
ecnu limy o |flx) —kx — 5| =0

Ecnu nna dynkuumu y = f{x) CYIIECTBYIOT Ipeesbl lim_l._,::fIi = k ulim,_.(f (x) - kx} = b, To QyHKUUA
x

MMEET HAKJIOHHYIO aCUMIITOTY ¥ = kx + b TIpH x — 2.
IMopsitok BBINOJTHEHHS PA0OTHI:
1. IIpoBecTn ananu3 3a1aHHON (DYHKIIMH 11O OOIIEH CXeMe.

3amanue:

HccnenoBaTh (PyHKIMIO M TOCTPOUTH €€ rpaduk.

x

y=

2x—2’
1. O6nacts onpenenenus GyHkuun D(f) = (—oo; 13U (1; +00)
2. Tlpu mocTaHoOBKe 3HaYeHUs x = 0 momyuum y(0) = 0.

Takyro ke TOUKY HOJY4YHM, €CIU NMpHUpaBHsAeM (QyHKIMIO K Hymat0. Touka x = 0 - eIMHCTBEHHas
TOYKa MEePECeUEHUs C OCAMU KOOPUHAT.

3. [IpoBepsieM HyHKIHIO HA YETHOCTD

yl—x) = Lot ¥

—Zx—2 mx+a

yi—x) = y(x); y(—x) = —y(x).
I/ITaK, (I)YHKI_II/ISI HU YCTHAasd, HU HCUCTHAA, HCIICPUOANYICCKaAs.

4.J11s1 OTBICKaHHSI MHTEPBAJIOB MOHOTOHHOCTH BBIYHCIISIEM IIEPBYIO MMPOU3BOIHYIO (PYHKIIMH

o222 —2) =2 4xt —ax — 228 22t —ax

YT @ —2F T @-2f T (x-2f
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[IpupaBHuBas ee K HYJIO, MOJTYYUM KpPUTHYECKHE TOUkH x = D;x = 2. OHHM pa30uMBarOT 00JaCTh
OIIpENICIIEeHNS Ha CIEAYIOINE HHTEPBAIIBI MOHOTOHHOCTH ({(—ca; 0) U (0: 1)U (1 23 U (25 402

Hccnenyem noBeneHne MpoOM3BOIHOM CII€Ba U CIIpaBa OT HAMIEHHBIX TOYEK pa3OUeHHUS.

I'padmyecku nHTEpBATIBI MOHOTOHHOCTH OYJIyT UMEThH BUJ]

5
o NN+

0 1 2

\ 4

Uccnenyemast pyHKIMs Bo3pacTaeT Ha MHTepBanax (—oe; 0} U (2; +e2) u yObIBaeT (0; 1) U (1; 2],

5.Touka x =0 TOYKa JOKAJIBHOIO MakCHMyMa, x = 2 — JIOKaJIbHOr0 MHHMMyMa. Haiiem 3HaueHue
(byHKHHH Viax = 0; Yoin = 2
6.. J1J1st OTBICKaHUSI HHTEPBAJIOB BBITYKJIOCTH HAMIEM BTOPYIO MPOU3BOIHYIO

o x-9(x-2)' -2 -4x)-22x-2)-2 8 = 8 1
B (22— 2)* T2x-2° 8x-1)7 (x-1)°

y
Takux HHTCPBAJIOB HCET, IIOCKOJIBKY BTOpasA IMPOU3BOAHAA HE IMPUHUMACT HYJICBBIX 3HAUCHUH B
obnactu OIIpCACIICHUAA.

7. llpsimast x = 1 — BepTUKaJIbHAS aCUMNTOTA PYHKIMH. YpaBHCHNE HAKIOHHOW aCHMIITOTHI MMECT
BUAg v=kx +5b,

k=1l fex) li i li = li ! .
Ta= _mex{E_r—2:|.r_x|'—-rr=»]=2x:—2.r_xl—-r£7_;_2
Tox
. x° 1 . —x(x—1) . —x tx . x . 1 1
bEiml 2 )T Tty it e o _}ﬂm‘}ﬂ?_;‘i
Toox

8.Ha ocHoBe MMPOBCACHHOTO aHaJIM3a BBIMIOJHACM ITOCTPOCHUC rpa(l)I/IKa (byHKLIPIPI Z[J'ISI 9TOro
CHadajla CTpOUM BCPTHUKAJIBbHBIC W HAKJIIOHHBIC ACHUMIITOTBLI, 3aTEM HAaxXOAHWM 3HAYCHHC q)yHKIII/II/I B
HCECKOJIBKHUX TOYKaX W IO HUX MIPOBOJUM IMOCTPOCHUC.

44



y=(x+1)/2

®opma npeacTaBieHus pe3yJbTaTa: BHIIOJHEHHAs padoTa.

Kputepun onenkmn:

- «OTanuHoO» -  yMeHHs c(OpMHpOBaHBI, BCE 3a/laHUs BBINOJIHEHBI MPaBWIBHO, 0€3
apudmeTnueckux ommMOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOUMBIMUA 000CHOBAHHUSIMH.
- «Xopomio» - HEKOTOpble YyMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omrOkaMu. be3zommbouno BeimosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(OpPMHPOBAHHI,
OOJILIITMHCTBO ~ 3aJaHUN BBIMIOJIHEHO, HEKOTOPBhIC M3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIHOKH.
Be3omnbouno BeimonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COACPKAHKIE Kypca HE OCBOEHO, HEOOXOAUMbIE
yMeHHUsI He c(pOpMHUPOBaAHBI, BHITIOTHEHHBIC yUeOHbBIE 3aJaHus coJiepKaT IrpyObie ommbOku. be3ommboyHo
BBINOJIHEHO MeHee 70% Bcex 3aaHuii.

Tema 4.3. UHTerpajibHOe HCUMcIeHUe (PYHKIMU OJHOI el CTBUTEeIbHOI NepeMeHHOi

IIpakTnyeckoe 3ansaTue Ne 12

HNHaTerpupoBanue 3aMeHOH NEePEMEHHOM U 110 YaCTAM B HeONpeAeJIeHHOM HHTerpaJe

Heas padorbi: HayuuTbcst uHTErpUpoBaTh (PYHKIMM, HCIOJNB3YS pa3iIMyHble METOJbI
MHTETPUPOBAHMUSL.

Boinoainus padorty, Bel Oynere:

ymemb:

- HAXOJUTh HEOTPEIeTICHHBIC MHTETPAJIBI METOI0M HETIOCPEACTBEHHOTO HHTETPUPOBAHHS, METOJOM
MOJCTaHOBKY;
- HAXOJUTh HEOTIPEICIICHHBIC MHTETPAJIBI METOJIOM MWHTETPUPOBAHUS 10 YACTSIM.

BrinosiHeHne npakTH4YecKoil padoThl cnoco6cTBYeT (POPMUPOBAHUIO:

OK 1. Beibupats crocoObl perieHus 3a1a4d npo(ecCHOHATBLHON AESITeIIbHOCTH, TPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 2. Hcnonb30BaTh COBpPEMEHHbIE CPEICTBA MOUCKA, aHAIM3a U UHTEpHpeTanuy uHpopManuu, 1
nH(OPMAIIMOHHBIE TEXHOJIOTUH IS BEIIOTHEHUS 33/1a4 TPO(EeCCHOHATEHON e TEIbHOCTH.

OK 4. DddexTrBHO B3aUMOCHCTBOBATh U PabOTaTh B KOJUICKTHBE U KOMAHJIE.
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OK 5. OcymecTBiiTh yCTHYH0O M INHCbMEHHYI0 KOMMYHHUKALMI0O Ha TOCYJApCTBEHHOM S3BIKE
Poccutiickoit deneparuu ¢ y4eToM 0COOCHHOCTEH COIMAIBLHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 9. Ilonb3oBarecsi MpoeCcCHOHATBLHON JOKYMEHTAIlMe Ha TOoCylapCTBEHHOM M HMHOCTPAHHOM
A3BIKAX.

MarepunanbHoe obecrnieyeHue:

WNuauBuyanbHble 3ajaHus, TaOIMLA MHTEIPaJloB, KOHCIIEKTHI JIEKIMH, y4eOHUKH.

3aganue:

HajinnTe HeonpeaeJgeHHbIe HHTETPAJIbI:
1)f{:8x4 —6x% + 2x — 3)dx
It 2 —3x47
2)f T g
3)I cos(10x — 5) dx
4) f 34

5) J- Sdx

25+16x°

2.,
ITax

2
[1-2x4)

6)J

7) J- 2x* —-1.::_— dx-1 dix

VX
HOpﬂIlOK BbIIIOJTHCHU A paGOTLI:

1. 3amucarp 3amaHMe W ONPEAENUTb, KAaKUM M3 METOJOB HMHTETPUPOBAHUS  HEOOXOIUMO
BOCIIOJIb30BaThCH.

2. Ecnm wHTETpaym MOXXHO HAWTH METOJIOM HEIMOCPEACTBEHHOTO HWHTETPUPOBAHHS, TO, HCIIOJIB3YS
CBOMCTBA MHTErPAIOB, MPUBEINTE UHTETPAN K TaOIU4HbIM opmynam. [IpounHTerpupyiirte.

3. Ecnm mHTErpan Mo>KHO HaWTH METOJIOM IOJICTAHOBKH, TO BBEJUTE HOBYIO NIEPEMEHHYIO, HAlIUTE ee
muddepennman. [locne BBeneHUs HOBOM MEepeMEHHOW 3aJaHHBIM WHTETpall MPUBOIUTCS K HOBOMY
UHTErpany, KOTOpbIM sBisercs TaOnuuyHbiM. Haiinute — nomydyeHHbId wuHTerpan. B ciywae
HEOIPEJIEIIEHHOT0 UHTErpajia BEPHUTECH K CTApOM IIEPEMEHHOM.

4. Ecnm wuwHTErpall HENb3s HaWTH BBHINIICYKA3aHHBIMU ~CTIOCO0aMHU, TO TIpUMEHUTE (QopMyIry
UHTCTPUPOBAHUA II0 YaCTAM f UdV = UV — f val, OTOT METOJ 3aKJII4YaeTcsd B TOM, 4YTO

MOJIBIHTETPATFHOE BBIPAKEHUE TPEJICTABISETCS KAaKUM-IMOO 00pa3oM B BUJE MPOU3BEACHUS IBYX
comuoxureneir Un dV. 3arem, nmocie Haxoxaenuss dUu V, ucronb3yiite Gopmyny HHTErpHPOBAHUS
0 YacTsIM.
-Unrerpans: Buna | P(x)edx, [ P(x)sinkxdx, [ P(x)eoskrdx, rae P(X)- MHOrOUNeH, k- uncio.
VY no6Ho nonoxutelU = P(x),a Bce ocTaabHbIe MHOXKUTENU MPUHSATH 32 dV.
-I/IHTeraJIBI BUIA _]"P{:x}nrcs:'nxdx. _]"P{:x}nrccusxdx. _]-P{:x}{nxdx. _]"P{:x}nrctg_rd_r

[ P(x)arcctgxdx.

VY 106HO N00KKUTh Flx)dx = dV, a 0CTa’dbHBIC MHOXKUTENHU MPUHSTH 32 U.

- UnTerpamns! Buna | e sinbxdx, [ e cosbxdx, Te an buncna. 3a UMOXHO NpUHAT GyHKIHMIO U = &%,
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Xox padorwi: Haiit unTerpaisl:

f 6x*—5x%%+3x+4

x2

1) dx

YtoObl HaAWTH OTOT HUHTErpajl, HYXHO CHadajla IIPHUBECTU IMOABIHTCIPAIBHOC BBIPAXCHUE K
Ta6J'II/I‘IHOMy BHUAOY. I[J'IH 9TOro NpuMEHIECM IMMOYWICHHOC ACIICHUC!

7 ax
Gx* S5x* 3x 4
= n T r|+ r|+ n dx
x© x© - x
. 3 .
= Gx —5+—+4x"° |dx
x
:ﬁjx:dx—de_r

dx . G’ 4x~1 . 4
+3 | —+ 4| xcdx= 3 —5.r+3[r1|_r|+—1-|—C=2x’—5x+3[r1|_r|——+lf.'
x - x

J‘ﬁf‘—5x3 +3x+ 4

xX

15x2dx
2) f(l—x3)4
3T1O0T HHTCIrpal MOKXHO HaAWTHU C IIOMOIIIBIO METOAA ITIOACTAHOBKH. BBCI[CM HOBYIO ICPEMCHHYIO.
1-x=t¢
J‘ 152dx | —F)=del s SJ‘ P U T 5 .
T LT —3xtdx=dt |5 | oz T~ t7dt = — +tC=—=+C= — +
(1—=x%) dt -3t -3 at 3(1 — x%)
wrdr = ——
3
3) _,r{:xi — 4x)inx - dx

DTOT MHTErpajl MOXHO HAaWTH C MOMOIIBI0O METOAAa MHTETPUPOBAHMS IO YACTSAM, OH OTHOCUTCS KO
BTOPOMY BUJTY, IOATOMY U = Inx, dV = (x? — 4x)dx.

.1'4

1 "
dlJ = —dx, 1’=J‘{_r9—4x]dx:—_2x-
x 4

Hcnonb3ys popMyiay HHTETPUPOBAHUS 110 YaCTAM, MOTy4aeM

. P . P 1l
(o —dx)iny dx = Inx| —— 2% | — — 2y |—dx =
4 4 x
x4 x? x4 x4
— =2yt - |—=-2 = — 2t | —— 4T
{M(i- __r) J‘(q_ __r)n’.r {nr(q_ _.r] _Lﬁ-l—.r +C

4) f(x? = 2x)cos4xdx

OTOT MHTErpajq MOXKHO HaWTH C MOMOIIBIO METOJa MHTETPHUPOBAHUS IO YacTsAM, OH OTHOCUTCS K
MEPBOMY BUAY, IOATOMY U = x* —2x, dV = cosdxdx.
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1
dlU = (2x — 2)dx, V= J‘ cosdrdx = ?} sindx
. - 1 1 )
(x° — 2x)cosdx dx = (x* — 2.1:} Es:’nﬂl-_r — :}s:‘n%.r{_Ex — E}d.r =
y 1 1 . 1., 1 :
(x* — 2x) 2 sindx -3 sindx(2x — 2)dx = 2 (x* — 2x) sindx — 3 sindx(x — 1)dx =

YroObl HAWTH OCTABIIMIACS HHTErPaJl, CHOBA MPUMEHsEM (POPMYITy HHTETPHPOBAHHUS IO YACTSIM.

UD=x—1, dV = sindxdx,

1
all = dx, V= J‘ sindxdx = — Ecusq-x
1(" 2x) sin4 .l{.r 1]( ! 4] f ! 4
—4x—_xs.nx—2{ - —4cus.r— —4cusxx—
- (2 — 20)sindx — ((x = 1)~ cost) .Lj bed
4_:—_1' stnx—z{_x— —4cusx +4 cosdxdx =
1 . 1 1
= —(x — 2x)sindx +—((x — Ll{cosdx) — —J‘cuﬂxdx =
4 a8 g
> (a2 = 20)sindx + = ((x — 1)(cosdx) — ——sindx + C
=1__.:lt - 2x stnx+8{_.r— cosdx —azslnx+

dopma npegocTaBIeHHs Pe3yIbTaTa: BBIIOJIHEHHAs paboTa

Kputepun onenkmn:

- «OTnuuHO» -  yMeHHsS COPMHUPOBAHBI, BCE 3aJaHUsl BBHINIOJHEHBI MPABWIBHO, 0O€3
apupMeTHYECKUX OMMOO0K, perieHrne 0hOpMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
— «Xopomio» - HEKOTOphle YyMeHHS C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHMUS

BBHITIOJTHEHBI, HEKOTOPBIE BHJIbI 3aJJaHHI BBINOJHEHBI ¢ ommnOkamu. bezommbouno BeimonHeHo 80-89 %
BCeX 3aJIaHUMH.

- «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(hOpMHpPOBaHBI,
OOJBIIMHCTBO  3aJaHUI BBIMIOJIHEHO, HEKOTOPbIE M3 BBIMOJTHEHHBIX 3alaHUN CcofepKaT OIIUOKH.
be3zomm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COAECPKAHKE Kypca HE OCBOEHO, HEOOXOIUMbIE
yMEHHUs He c(pOpPMHUPOBAHBI, BHIIOTHEHHBIE YUeOHBIE 3aJaHus coJiepKaT Tpyobie ommobOku. be3ommnbouHo
BbITOIHEHO MeHee 70% Bcex 3amaHui.

Tema 4.3. UnTerpajibHoe HcunciaeHue (PYHKIMU OHOI 1elCTBUTEIbHOI MepeMeHHOii

IIpakTuyeckoe 3ansaTue Ne 13

Brruucienue OINpeaACJCHHBIX HHTEIPAJI0B

Leanb padorbi: HayunThCsl HAXOANUTH ONPENECICHHBIE UHTETPAJIBI, UCIIONIB3Ys PA3IUYHBIE METOBI
WHTETPUPOBAHHUSL.

Boinosinus padorty, Bul Oynere:
48



ymemb:

- BBIYHCIIATH ONpeeNIEHHbIE MHTETPANIbl PA3IUYHBIMU METOJAMH;

MarepunanbHoe obecrnieyeHue:

NuauBuayanbHble 3aaHus, TaOIUIA HHTETPAJIOB, KOHCIIEKTHI JIEKIUN, YIeOHUKH.

BeinosiHeHHe IpaKkTHYeCKOil padoThl c10COOCTBYeT (POPMHPOBAHMIO:

OK 1. Beibuparte crocoObl pemieHus 3aaad npo(ecCHOHATBLHON JESITSIIBHOCTH, TPUMEHHUTEIIBHO K
Pa3IMYHbIM KOHTEKCTAM.

OK 2. Hcnonb30BaTh COBPEMEHHbIE CPEICTBA MOMCKA, aHAIM3a U UHTEpIpeTanuu uHbopManuu, u
MH(OPMAIMOHHbBIE TEXHOJIOTHH IS BBIIOJIHEHUS 3a/1a4 IPO(PECCHOHATIBHOM 1 TEIbHOCTH.

OK 4. DddexTrnBHO B3aUMOACHCTBOBATh U PabOTaTh B KOJUICKTHBE U KOMAHJIE.

OK 5. OcymecTBiiTh yCTHYHO M IHCbMEHHYI0 KOMMYHHUKALMI0O Ha TOCYJapCTBEHHOM S3BIKE
Poccutickoit deneparuu ¢ yaeToM 0COOEHHOCTEH CONUATBLHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 9. Ilonp3oBarecsi mpoeCCHOHATBPHONW JOKYMEHTAMEH Ha TOCYAapCTBEHHOM M HHOCTPAHHOM
SI3BIKAX.

3aganue:

Breraucnute OIIPCACIICHHBIC MHTCI'PAJIbI:
1. _]"_Jz'[:‘l-.rE + 32 + 2x + 1)dx

17 — 1
LS (Ve ﬁ) dx
3

2. [T

4 dx

.

el

B Py
z .,.'Il.'l.'+.1|;I
4. [#e™™ cosxdx

5. f:TLT

ITopsinok BbINOJHEHHS PadOTHI:

1. 3anucarb 3alaHue " ONpCACINTb, KaKUM U3 MCETOAOB HHTCIPUPOBAHUA HeO6XOI[I/IMO
BOCIIOJIB30BAaThCA.

2. Ecnm wuHTErpam MOXXHO HaMTH METOJIOM HENOCPEACTBEHHOI'O HMHTEIPUPOBAHHUSA, TO, HCIIOJIb3YS
CBOICTBa MHTErpajioB, MNPHUBECTH MHTErpajl K TaOnuuHbIM ¢opMmynaM. IIpouHTerpupoBars.
BbruucnuTh 3HaueHUE onpeieieHHoro nuTerpaia mno gopmyne Hetorona-JleiiGuumna.

3. Ecnu uMHTErpan MOKHO HaiTH METOJOM IIOJCTaHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HANUTH €€

mudp¢epennnan. [locie BBeneHUS HOBOM NEpEeMEHHOW 3aJaHHBIM MHTErpajl MPUBOAUTCS K HOBOMY
MHTErpaiy, KOTOpbIi siBisieTcs TabauuHbM. Eciin uHTErpan onpeseneHHblid, TO HE0OX0IUMO BBIUHCIHUTD
HOBBIE MpEeJIEbl MHTErpupoBaHus. HaliTh mony4eHHbIN HHTETpal.

3aganue:

1) [ (4x3 —3x% + 2x + 5)dx

fjl{:‘}xE — 3% 4+ 2x +5)dx = =1-_,r_-11_r3dx—3fjlx:dx+2f:lxdx+ 5_,['_-1l dex=x* — 2% 42> £ 523, =
2) -3 43 +5.3-(1+1+1-5)=81-27+09+15+2=80

J-i-'-i hdx
n —

Y4425
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DTOT UHTErpail MOKHO HAlTH ¢ TOMOIIbIO METO/Ia MMOACTaHOBKU. BBeieM HOBYIO NepeMEHHYIO.

r 5
—x=t
5
-dx = dt
J":'l' Sddx _EJI":'I' dx __if:4 dx _ 2 _
0 g5y T 20 B T 40 1+{3_1}3 dx = - dt
i 2 5
Xg = 0ty =10
LXg = 0.4 tE =1

I J,L dt _ éﬂrﬁ-tgﬂ# = %{nrctg'l — arctgl) =

T4 590 a2 a
= sinrdy
3) Ji—
v oOET X
9T10T HHTCTPAaJI MOXHO HaNTH C IIOMOIIBO METOdAa ITOACTAHOBKH. BBC,Z[CM HOBYIO IICPEMCHHYIO.
r cosx =t 1
T deosx = dt i
3 —sinxdxy = dt . a
sinvdx i —dt A 1 .. 1 1
—_— = sinxdx = —dt = — :——lI:': qu:': ——=2—-05=1.5
3 3 2 .
. cos'x xg =0ty =cos0 =1 J t -2 2t 2:025 2
T T 1
¥g =— itz =pos—=—
SR T 3 2
®opMma npeacTaBJieHus pe3yJbTaTa: BHIOIHEHHAs paboTa
Kpurepun oneHku:
- «OTnuyHO» -  yMeHHs C(HOpPMHPOBAHBI, BCE 3aJaHMs BBIOJIHEHBI ITPABHIIBHO, 0€3
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOUMBIMUA 000CHOBAHHUSIMH.
— «XOpOH_IO» - HCKOTOPBIC YMCHHA C(I)OpMI/IpOBaHBI HEOOCTATOYHO, BCC 3alaHu:d

BBIITOJIHCHBI, HCKOTOPBIC BHU/IbI 3aJIaHU# BBIIIOJHEHBI C omuoOkamu. be3ommbouno BeimonaHeHo 80-89 %

BceX 3aJIaHUU.
— «Y IOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,

OOJIBIIIMHCTBO 3aJIaHUM BBIIIOJIHCHO, HCKOTOPBLIC U3 BBIITOJIHCHHBIX 3aJlaHuI coJepKar OIIIMOKH.

Be3ommubouno BeITOHEHO 70-79 % BCex 3agaHuUil.
- «HeynoBneTBOPUTENBHO» - TEOPETUUECKOE COIepkKAHNE Kypca HE OCBOCHO, HEOOXOAMMBIE

yYMEHHS HE CPOPMUPOBAHBI, BHIIIOJIHEHHBIE yUeOHbBIE 3a/laHus CO/IepKaT rpyoOble omnoku. be3zommbouno
BeIMOTHEHO MeHee 70% BceX 3amaHui.

Tema 4.4. In¢depeHuuanbHoe U HHTerpajbHOe HCYHCIeHUE (PYHKIIMU HECKOJIbKHUX
AEHCTBUTEJIbHBIX ITEPeMEHHbIX

IMpakTnyeckoe 3ansiTue Ne 14

BoruuciieHre YaCTHBIX MPOU3BOAHBIX U AU(PPepeHunaT0B PyHKIUH
HECKOJILKHX IepeMeHHbIX.
Heapb padoTbl: hopMHUpOBaHKHE YMEHHI BHIYUCIATH YaCTHBIE IPOU3BOIHBIE U AU(depeHIInabI

(GYHKIUI HECKOJIBKUX MIEPEMEHHBIX.

Boinoinus padorty, Bl Oynere:

ymembs:
- BBIYHCIISITh YaCTHBIE TPOU3BOIHBIE (DYHKIIUN HECKOIBKUX MEPEMEHHBIX;
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- BBIUMCIIATH AuddepeHnnansl GyHKIMI HECKOIBKUX MEPEMEHHBIX.

BoinosiHeHHe NPaKTHYECKO# padoThl cliocoOcTBYeT GOPMHUPOBAHMIO

OK 1. Beibuparp criocoObl pemieHust 3a1a4 npopecCUOHATBbHON NeATeNbHOCTH, TPUMEHHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 2. Mcnonb30BaTh COBpEMEHHBIE CPEJCTBA MOUCKA, aHAIHM3a M MHTEPIPETAlud UHPOPMALIUH, U
nH(OpPMAaLIMOHHBIE TEXHOJIOTUH I BHIOTHEHUS 33/1a4 NpOodeCcCHOHaTbHON AeSITENbHOCTH.

OK 4. DddexTrBHO B3aUMOICHCTBOBATh B pabOTaTh B KOJUICKTHUBE i KOMAH/IE.

OK 5. OcyuecTBiiTh YCTHYIHO M TNHCbMEHHYI0 KOMMYHUKALMIO Ha TOCYIApCTBEHHOM S3BIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEN COLMAIBHOTO U KYJIBTYPHOI'O KOHTEKCTA.

OK 9. ITomp3oBaTbes mpodecCHOHATIBHON JTOKYMEHTAIMEeH Ha TOCYIapCTBEHHOM M HWHOCTPAHHOM
SA3BIKAX.

MarepuajibHoe o0ecnieyeHue:

WNuauBuyanbHble 3aaHNs, TA0INIA HHTETPAJIOB, KOHCIIEKTHI JICKIHH, y4eOHUKH.

3aganmue:

1. Haiiti yacTHbIe IpOU3BOAHBIC QyHKIHMN: a)z = e* Y + (2x — 1); 0)z = xe¥ + x7;

B)z = In(vx +/y).

2. Haiiti yacTHBIC TIPOU3BOHBIE BTOPOTO MOPSIKA (PYHKIIUH IBYX IIEPEMEHHBIX

z = sin (x + \/;).
3. Haiitu nuddepennman Gynkuuu asyx nepeMennbixz = In(1 + e* + y?).
Kparkne Teopernyeckne cBe1eHHs:

[TycTh WMeeTcss N MEPEMEHHBIX BEJIWYMH, M KaKJAOMY HAOOpy HX 3HAYEHUH (¥, X,, K, X,) W3

HEKOTOPOI'0 MHOKECTBA X COOTBETCTBYET OJHO BIIOJIHE OINPEICIICHHOE 3HAYCHHUE TIEPEMEHHON BEITMYHUHBI
z. Toraa roBopsIT, 4TO 3aJ1aHa QYHKYUsL HECKOIbKUX NepemMennbix z = f(x;, X,, K , X, ).

HepCMGHHHe X1, Xo, K, X, Ha3bIBAIOTCSA HE3ABUCUMBIMU NEPEMEHHbIMU WIN apeymeHmamu, 1 —

3aeucumoll nepemennou, a cuMBon f o3madaer szaxon coomeemcmeus. MHOXKeCTBO X Ha3bIBACTCSA
obaacmuio onpeoeneHus QyHKYUuU.
Yacmuou npouseoonot ¢ynkyuuz = f(x, y) M0 X Ha3bIBAIOT NPOM3BOAHYIO QyHKIMK z= f(X, y) TO X

npy (PUKCUPOBAHHOM TIEPEMEHHOM Y M 0603HauaT f,(X, y).
Yacmuas npouzeoonas gynkyuuz= f(x, y) no y npu pUKCUPOBAHHON MEPEMEHHON X 0003HAYAETCS
fr(x y).

of of
I[J'ISI YaCTHBIX TPOU3BOJHBIX UCIIOJIB3YIOT TAKKE 0003HaUYCHHUS 8_ n—.
X

oy
0? ., ofof
Yacmuvie npouszeoonsie 6mopo2o nopsoka ONpeNesoTCs CIeayIImUM 00pa3om: y =fo=—|—/1,

OX
St _ofd) &, _ofx
o> Y aylay) axay Y axlay)

Juppepenyuanom Gynxumu z= f(x, y) HazplBaeTCs CyMMa MPOM3BEICHUN YACTHBIX MPOM3BOIHBIX
5TOM (QYHKIMM Ha NPHUPAIIEHWs HE3aBUCHUMBIX IEPEMEHHBIX 0z =Z,AX+ZiAy mimm dz=zdx+z,dy wuam

dz = a dx+ a dy.
ox oy
Iopsaok BbINOJIHEHUS PA0OTHI:
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1. Ilpoananu3upoBaTh YCIOBUE 3aJaYH.
2. BBITIOTHUTE pelieHue, TPUMEHSISI HEOOXOIUMBIC (POPMYITBI.
3. 3anucarh OTBET.

3aganue:

2
1. HaiiTi wacTHBIE Ipon3BOAHEIE GyHKIMIA: a) z=Xx>y° +5x* 3y +1;6) z=x%" ;B) z=xIny + 2,
X

Pemenue. a) Ilpu muddepeHnnpoBaHUM MO X CUMTAEM IOCTOSHHOW BeaW4uHOW y. Takum oOpaszowm,

0z o o
Z, = = = 3x2y5 +10x. Ilpu muddepeHIMpPOBaHUK 1O J CUATAEM TIOCTOSIHHOW BEJIMYMHON X,
X

oz
CIIe/JOBATEIIBHO, 7, = v =5x3y*-3.

o . oz 2
0) Ipu auddepeHIUPOBAHUH IO X CUNTAEM [TOCTOSHHOMN BenuuuHou y. Takum obpasom, z, =—=2xe’ .
16

I[Ipu  guddepeHmUpoBaHMH TIO )y CYATAEM IIOCTOSHHOH  BEIUYMHOH X,  CJIEJIOBaTENbHO,
oz
!

_0L _ 2. o2V
z, =—=x%" - 2y=2x"ye’ |
by

B) Ilpu nuddepenuupoBanun MO X CcyUTaeM MOCTOSHHOM BenumuunHOM Y. Takum o6pazowm,
’

Z, = % =Iny+ y(%) =Iny —X—y2 . Ilpn nuddepeHunpoBaHur MO y CUUTAEM MOCTOSIHHOM BEJIMYMHOM X,
CJIEIOBATEIIBHO,
7 = x(lny)’ 1 y’:5+l.
e X y X
2. HaifTu yacTHbIe NPOM3BO/HbBIE BTOPOTO HOPsIKA (YHKIUHU JABYX HePeMEHHBIX Z = In(l+x+2y).
Pemenue. YacTHble MPOU3BOJHBIE NIEPBOTO MOPSIKA UMEIOT BUJL: Z :;, z, :L. Cunras
1+x+2y 1+x+2y
UX HOBBIMM (YHKUMSMHU JBYX II€PEMEHHBIX, HaWJEeM HUX 4YacTHble Mpou3BojaHble. [lomyuaem:
. 1 oo 2 oo 4
o@ax+2yP Y @ax+2yP Y (@ex+2y)P

3. Haittu nuddepennman GyHKINM IBYX MEPEMEHHBIX Z = X7y — Y X .
Pemenne. YacTHble NPOW3BOJHBIE ITIEPBOTO TOPAAKA HMEIOT BUI: Z,=2x-Yy°® zy = x? —3y2x.

CrnetoBaTenbHO, dz = (2xy - y3)dx + (x2 - 3y2x)dy .

3aganue:

1. BpucauTh 1BOWHON MHTETpa:

H(lezyz +16y3x3)dxdy

a) D ,raeD:x = 1;y = x%;y = —/x;
”(36x2y2 —96y3x3)dxdy

0) D ,raeD:x = 1;y = —x3;y = Vx,.

Kparkne Teopernyeckne cBeeHHs:
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JIBOWMHBIM HHTETpasioM OT GpyHkmu Z = f(x; y) mo odsactu D Ha3bpIBaeTCs KOHEUHBIH Mpees (€Cau OH
CYILIECTBYET) HHTETPAIBHBIX CyMM Y1, f (x;; ¥;)AS; npumaxd; — 0, mpuueM 3TOT IpeIeN He 3aBUCUT
HU OT c11oco0a pa3OueHwst 001acTh Ha AJIEMEHTApHbBIE YacTH, HA OT BbIOOpa TouekB HUX. Tak, qBOHHOM
WHTETPaJl ONPEACISeTCS PABEHCTBOM

[ resmandy = Jim Y feusvons
maxd;—0 j=1

B stom ciyuae ¢pynakuus f(x; y) Ha3pIBaeTcs uHTErpupyemoii B oonactu D, D- oGmacth
MHTErPUPOBAHUS; X U Y — IEpEMEHHbBIC HHTETPUPOBAHUS; dXdy — SIEMEHT IUIOMIAIH.

JIBOifHOM MHTETpall 001a1aeT CISAYIONUMHU CBOMCTBAMH.
I I do =5(G)
1. © , rie S(G) — mromanp obmactu G.

2. TTocTOAHHBINM MHOKUTENIL MOKHO BEIHOCHTE 3a 3HAK HBOﬁHOFO HHTCIrpajia:

'U Af (x,y)do = AJ] f(x,y)Jdo
©) ©) _

3. JIBoliHOI MHTETpal aAIMTHBEH OTHOCUTEIBHO MOIBIHTETPAIbHON (DyHKIINH:

ﬂ(f1 +f,)do = ﬂ flda+ﬂ f,do
©) ©) ©) .

4. JIBOitHOM MHTETpaN aJTATUBEH OTHOCUTEIILHO 00JIaCTH MHTETPUPOBAHUS: €CITH GC=GuG, ,

” fdo = ﬂ fdo + jj' fdo
ST ) B N

®,T0 (G

npu4eM G NG, =

JIBOWHOW MHTErpAJl UMEET IPOCTOM F€OMETPUUECKUN CMBICII: BEJIMYMHA JABOMHOIO MHTErpajia OT
HEOTPHUIATENbHON PYHKIIMU paBHA 00beMY IMIUHAPUIECKOTO TeNa.

Brruncienue ABOMHOr0 MHTErpaia

[TycTp obnacte D onpenensieTcss HepaBEeHCTBAMM:

{ a<x<b

' <y<

¢<X)— y=s "”(X) U TIpU TOM, BCSIKas Mpsimasi, napaiensHas ocu Oy nepecekaet rpanuily obdiactu D e
Oosiee ueM B JIByX TOYKax (puc. 1), Toraa BeIYHUCICHUE IBOMHOTO HHTerpaia oT GpyHkuu f(x,y) B
obnactu D cBoUTCS K BEIYHUCICHHIO, TAK HA3bIBAEMOT0, IOBTOPHOTO MHTETpaja 1no ¢popmyie:

b w(x)
ﬂ f(x,y)dxdy = Idx j f(x,y)dy
D a  olx)

(1)
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B ¢opmyne (1) cHavanma BBIMHCIAETCS
PRy A BHYTPCHHUN HMHTErpajg IO IEPEMEHHON Y,
{ D 7 cuuTas MpPU 3TOM X BEIMYMHOW MOCTOSHHOU
' gt y(x)
f(x,y)dy. 3areM BBIYMCISAETCA BHEIIHUMN
> olx)

MHTErpaJl 110 IIEPEMEHHON X.

Ecmm obmacth WHTETPUPOBAHUS eCTh

| c<y<d
: D'{gw)sm(y)

U TIPU OTOM, BCSIKas MpsiMasi, mapayienbHas ocu Ox
nepecekaer rpanuiy obmactu D He Oonee uem B
JIBYX TOukax (puc. 2), Toraa IBOWHOW HHTErpant
BBIYHMCIIICTCSI 4Yepe3 IOBTOPHBIM HMHTETpan I0

dbopmye:

J £xy)ex )

H f(x,y)dxdy = j.dy
D (v)

f(y)
¢ aly

3ameuanue 1. Eciin 00macTe HHTErprUpOBaHUs O0JIee CIIOKHAS, YEM B ONMCAHHBIX BBIIIE CIYYasx, TO €€
MOXHO pa30UTh Ha HECKOJIBKO HEMEPECEKAIOMINXCS YacTeH, yJOBIETBOPSIOIINX YKa3aHHBIM YCIOBUSM,
IIPYU NOMOILM MPSAMBIX MAapaIEIbHBIX KOOPIAUHATHBIM OCSAM. 3aT€M IPUMEHHUTh CBOMCTBO aIMTUBHOCTH.

R Hamnpuwmep, o6nacts, n300pakeHHYI0 Ha PHC.3, MOXXKHO pa3OUTh
20 DI Ha Tpu obnactu. Toraa

0 % ﬂ' fdxdy:J'J' folxdy + J’ j fdxdy+ﬂ' folxdy
’ D, Ds

D D,

Puc. 3

3ameuanue 2. [Ipeaenbr HHTErpUPOBAHUS BHEIIIHETO UHTETpaJIa B IOBTOPHOM MHTETpAJI€ BCETaa
noctosiHHbL. [Ipenensl HHTErprupoBaHUS BHYTPEHHETO UHTErpaia, B 001IeM ciydae, OyayT GyHKIUIMU
TOU NIEPEMEHHOM, IT0 KOTOPOU BBIYUCIISETCA BHELIHUN UHTErPAL.

Ilopsinok BbINOJHEHHS padOThI:

1. Ilpoananu3upoBaTh YCIOBUE 3aJaUH.
2. BBITIOTHUTE peneHune, TPUMEHSISI HeOOX0IUMbIe (POPMYITHL.
3. 3anucarh OTBET.

3aganue:
Brruncinuts ABOMHOW UHTETpAI
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J'J‘ (x—2yx )dxdy

5 e Dix+y=2 y=x*

3

Pemenue. O6macth uHTErpUpOoBaHus D orpannyeHa npsiMoit y+ X = 2 1 mapadbosioun y = X2, MPOXOIAIIEH
gyepes Hadallo KOOPAUHAT, ¢ ochio cummerpuu Oy (puc. 4). OnpenenuM TOUKH repeceueHus TpadukoB
dbyHKIUH. /{711 TOTO perm cucTemy:

3 {x+y:2
2 =
y=x

I k.

ﬁ\ [ £ x2+x-2=0

\ \ / D=1-4-(-2)=9
AVS 8, X ,," _1_
AN =2

\ { D] [ B 1 2

Puc. 4

Nwmeem aBe Touku nepeceuenusi: A(—2, 4), B(1, 1). Jlro6as npsamas, npoxojsinas dyepe3 BHYTPEHHUE
TOYKHU oTpe3ka [—2;1] mapamnensHo ocu Oy nepecekaer rpaHuity oosactu D B 1Byx Toukax: B TOUKE
Bxozaa "°", B KOTOpo# y = X U B TOUKe BbIXOza "X", B KoTopoil y = 2—x. Takum oOpa3om, 061acTh
-2<x<1

X2 <y<2-x

uHTerpupoBanus D MOXKHO 3a/1aTh HEPABEHCTBAMU: { . Toraa no ¢popmyne (1) momyqaem:

2-x

ﬂ (x—2yx )dxdy = jdx I(X—ZyX)dy

CHauana BeIUHCIISIEM BHYTPEHHUN UHTETPAJI TI0 Y, CYUTAsI X MOCTOSTHHOM BEJIMUUHON

ij(x— 2yx)dy = xzjx(l—Zy)dy = x(y— yzliz_x = x(2— x—(2-xf —x2+ x“):

XZ

= x(—2+3x—2x2 +x4)=—2x+3x2 —2x3+ x5,

Jlanee BbIUMCIISIEM BHEIIHUNA HHTETpAJl

p  xo )
I(—2x+3x2 -2x3 +x5}1x:[—x2 +x3—?+?J
) )

H (x—2yx)dxdy =9
Otser: D

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurepum ouenku:
- «OTnuyHO» -  yMeHHs c(hOpPMHpPOBAHbI, BCE 3aJaHMs BBINOJHEHBl IMpaBHIbHO, 0e3
apu(pMeTHIeCKUX OMHMOO0K, penieHne ohopMICHO aKKypaTHO, C HEOOXOTUMBIMI 000CHOBAHHUSIMH.
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- «Xopomio» - HEKOTOpble YMEHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIC BUABI 3aJaHUI BBITIOTHEHBI ¢ omuOKkaMu. bezomubouno BemonHeno 80-89 %
BCEX 3aJaHUH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE YMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIITMHCTBO ~ 3aJaHU BBIMIOJIHEHO, HEKOTOPBhIC W3 BBHIMOJHEHHBIX 3aJaHUN COJEp)KaT OIITHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiaeTBOPUTEIBEHO» - TEOPETUUECKOE COACPIKaHNE Kypca HE OCBOSHO, HEOOXOIMMbIC
yMeHUs He chOpMUPOBaAHBI, BHIMOJHEHHBIC YUeOHBIC 3aaHUs COACpIKAT IpyOble omMOKU. be3ommboyHo
BBINOIHEHO MeHee 70% Bcex 3aJaHuii.

Tema 4.5. Teopust psinos

IIpakTyeckoe 3ansaTue Ne 15

Pasjioskenue djiemeHTapHbIX GyHKuMi B psaa Teilsiopa
Leas: popMupoBaHue yMEHHI pacKiIaabIBaTh dJieMeHTapHble GyHKIH B psin Teinopa.

Boinosinus padorty, Bel Oynere:

ymemp:

packiaibIBaTh 3JeMeHTapHble pyHKUIMHU B psia Teitnopa.

BrinosiHeHHe npakTHYecKOi padoThl CIOCOOCTBYET (PDOPMUPOBAHUIO:

OK 1. Beibupars criocoObl pemieHust 3aaa4 nmpoeCCHOHATBHON eATENIbHOCTH, TPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK 2. Mcmons30BaTh COBpEMEHHBIE CPEJCTBA MOUCKA, aHAIHM3a M MHTEPIPETAud UHPOPMALIUH, U
nH(OPMALMOHHBIE TEXHOJIOTUH I BHIOTHEHUS 33/1a4 MPO(HeCcCUOHATEHOM NESTEIbHOCTH.

OK 4. DddexTrBHO B3aUMOICHCTBOBATh M pabOTaTh B KOJUICKTHUBE i KOMAH/IE.

OK 5. OcyuiecTBiATh YCTHYH0O M HHUCBMEHHYK) KOMMYHUKAI[MI0O Ha TOCYAapCTBEHHOM  SI3bIKE
Poccuiickoit deneparuu ¢ yueToM 0COOEHHOCTEHN COIUATBLHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 9. Ilonb3oBaTecsi MpodecCHOHATBHON JOKYMEHTAIMe Ha rocylapCTBEHHOM M MHOCTPaHHOM
SI3bIKaX.

MarepunanbHoe o0ecniedeHne: NHIUBUIYAIbHbIE 3aJaHNsI, KOHCIIEKTHI JIEKLIUH.

3aganue:
Pa3noxuts cnenyromue GyHKIMU B psia Teinopa mpu 3a1aHHOM HayallbHOM 3HAYEHUU apTyMEHTa X!

a) e*, a=-2;6) 3>, a=-1;8) In(3+2x), a=1.

Kpartkne Teopernyeckne cBegeHus:

Ecnmu dyskmus f(x) B HEKOTOPOM HMHTEpBaje PacKIaIbIBACTCS B CTEIIEHHOM DS MO CTETICHSIM X —
a, TO 3TO pas3ioxxeHue €IMHCTBEHHO u 3a/aeTcst bopmyIoii:

" i)
F@=r@+ L0 -+ LD oy T8 M@

(x—a) +. " ix—al+ ..

Psnpr Telinopa HEKOTOPBIX 3JIEMEHTapHBIX QYHKIUH. IMEIOT MECTO ClleAyIOIINEe Pa3IOKEHHS:

56



T _1,2 1‘3 T
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1\2 1‘4 2n
) — [ — - ... (—1ym = oo oo
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1 T 1
ArCtE T = 7 — — 4 — — - .- + (—1)"71 ~1:1
a 3 ' 5 R P rebny]
- \ .1‘2 .I‘3 ) 1-."3—1"‘“
11n‘l+.:,|=.r—T—i-?—‘”—i-l,— | T+....xe(_1-,1]

Otr GOPMYITBI HCIIOJIB3YIOTCS ISl IIPUOIMKEHHOTO BEIUMCIICHHSI 3HAUCHUH YKa3aHHBIX (YHKITHA.
IMopsiiok BBINOJTHEHHS PA0OTHI:
1) Haittu npousBonusie pynkunu f(X) B Touke x =a: f (“)(a), vneN.
2) CocraButs psaa Teiinopa Z
n=0
3ananue:

(x)=x" +4x° —3x4+2

1. Pa3noxuTh GyHKIHIO J B psip Tewnopa o creneHsm (x=1)

B nanHoM ciydae ¢ =1

Flay= ) =1+4-34+2=4

FUx = 4 -3+ =32 4823
Jla)=fN=3+8-3=18

M= (32 +8x— 3 = 6x+3
FHa)=f"h=6+8=14

F" X =(6x+8) =6 =const
SMa)=7"D=56

[4) — r_
JHx =06y =0 , BCE TIPOM3BO/IHBIE, HAUMHAS C YeTBEPTON MPOU3BOIHON, OYAYT HYJIEBBIMH.

Teneps nmocraBisieM HalIeHHBIE 3HaUueHUs B popmyiry Teitnopa:

Flx) =2 +4x° —3x+2=4+%(x—1)+12—d:(x—1)2+%(x—1)3+0+0+[] +..=

=44+ x-D+7x-D+(x-1°
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y=In{l+2x) (X_B:'.

2. Paznoxute QyHKIHIIO B psn Teitsiopa mo creneHsam

B oannom cnyuwae: a =3
Fix)=703)=h7
£ = (a(14+22) = ——

1+2x
t ot _E
f(xu]'—f@—?
N '__ 2% 1
f(x:l_[l+2x] T dtza)

) ) 2t 2y
Jim)=F (3):_?—3:_[§]

f

wen 201 ) 212 22

7 (‘ﬂ_[ (1+2xfj T+ 227tz
2*. 2

S xm) =3 = =

U G ) LR e )]

A e

R N o | e A (i 0]

S )= (3= =

Taxum obpazom:
2 _2? 22l (=17 2% (=1

(14 2x) =l 7L (x =3+ — e (1= P 4 — L (=3 4.+ ks (x=3"+. =
1l 2! 3| 7l

_ 2 ~ ~ 22 ~ 5 23 ~ 5 (_1):!+1 ] 2:! ~ .

=T+ S-S S e (-

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOIHEHHAs padoTa.

Kputepuu onenkmn:

— «OTnu4HO» -  yMeHHsl c(OpMHpOBaHBI, BCE 3a/JaHUs BBHIMOJIHEHBI MPaBUIBHO, 0e3
apupMeTHYECKUX OMMOOK, permeHrne 0hOpPMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
— «Xopomio» - HEKOTOpble YMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBHITIOJTHEHBI, HEKOTOPBIC BHUJIBI 3aJJaHHI BBIMOIHEHBI ¢ omnOkamu. bezommobouno BeimonHeHo 80-89 %
BCEX 3aJIaHUM.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO  3aJlaHUIl BBIMIOJIHEHO, HEKOTOPbIE M3 BBIMOJIHEHHBIX 3aJaHUl COAepkKaT OIIUOKH.
Bbe3zomm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.
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- «HeymoBIeTBOPUTENBHOY - TEOPETUIECKOE COACPKAHKE Kypca HE OCBOCHO, HEOOXOIUMbIE
yMEHUS He C(POPMHUPOBAHBI, BHITIOJHEHHBIE yUeOHBIC 3aJaHusI COAepKaT rpyobIe omuoOku. be3ommboyHo
BbINIOJIHEHO MeHee 70% Bcex 3aaHuil.

Tema 4.6. O0bIkHOBeHHbIe TH( (PepeHInATbHbIe YPABHEHUS

IIpakTnyeckoe 3ansaTue Ne 16

Pemienue nugpepeHnaIbLHBIX YPABHEHUI NIEPBOro MOPsAIKA.

Heab: Hayuntses pemats nuddepeHnuanbabie ypaBHEHHs! IEPBOTO MOPsIIKa

Beinosinus patdory, Bel Oyaere:

ymembs:

- onpeneNsaTh BUI AUQPHEPEHIINATHFHOTO YPAaBHEHUS;

- HaxoJIuTh of1iee penieHue auddepeHuanbHOro ypaBHEHUS ePBOTro MOPSAKA;

- HaXOIWTh YacTHOE peuieHrne Au(QepeHInanbHOr0 ypaBHEHUS, YAOBIECTBOPSIONIEe HEKOTOPHIM
HavyalbHBIM YCIIOBUAM (pemarts 3anavyy Kormm).

BoinosiHeHHe MpaKkTHYeCKO0il padoThl c10coO6CcTBYeT (POPMHPOBAHMIO:

OK 1. Beibupath crnocoObl pemieHus: 3aga4 npohecCHuOHATbHON NesTeIbHOCTH, TPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM.

OK 2. Hcnonb30BaTh COBPEMEHHBIE CPEICTBA MOMCKA, aHAIM3a U UHTEpHIpeTanuu uHbopManuu, u
MH(GOPMAIIMOHHBIE TEXHOJIOTHH IS BBITIOJHEHUS 3a/1a4 IPO(PECCHOHATBLHOM 1S TeTbHOCTH.

OK 4. DddexTrBHO B3auMOIeHCTBOBATh U pabOTaTh B KOJUIEKTHUBE M KOMaH/IE.

OK 5. OcymecTBiiTh YCTHYHO M TNHCbMEHHYI0 KOMMYHHUKALMIO Ha TOCYIApCTBEHHOM S3BIKE
Poccuiickoit @deneparuu ¢ yueToM 0COOCHHOCTEH COIMATBHOTO U KYJIbTYPHOTO KOHTEKCTA.

OK 9. Ilonp3oBarecsi mpoeCCHOHATFHONW TOKYMEHTAlMEeH Ha TOCYAapCTBEHHOM M HHOCTPAHHOM
SI3BIKAX.

MarepuanbHoe odecniedeHue: NHIUBUIYalIbHbIE 3aaHNsI, KOHCIIEKThI JIEKLIUH.

3aganue:

1. Haiitu obiee pemenne qugdepeHnnaIbHOro ypaBHeHNs

ay _ sax
a)ﬁ_ Vy

6) (y — D2%dx+ (1 —x3)dy =0

2. Haiitu yactHOe perienue 1ugdepeHInanTbHOr0 ypaBHEHUs
a) y2+x%y'=xy-y mpuy(1) =1

b) y'sinx—ycosx =1 npung,y:1

Ilopsinok BbINOJHEHHS padOThI:

1. Onpenenute Buj qudepeHInaIbHOr0 ypaBHEHUS.
2. Ecnm ypaBHeHHE SBISETCS YPABHEHUEM C pA30eNA0UWUMUCT NePEeMEHHbIMU, TO
1) TlpuBenuTte naHHOE ypaBHEHHE K YPAaBHEHHUIO C Pa3JIeICHHBIMU IIEPEMEHHBIMH, T. €.
MPOM3BEIUTE pa3AeiIeHUe TePEMEHHBIX, U 3TOTO:
-IIpousBoanbie GyHKIMM 3aMeHHTE e€ U depeHIaIaMu;
-CrpynnupyiTe WIEHb ¢ OJUHAKOBBIMH TU(QepeHIraIaMi U 3alHIINTe UX B Pa3HBIX YacTIX
paBEeHCTBA, BbIHEC AU(PepeHInabl 3a CKOOKH;
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- Tlogenure WM yMHOXKBTE 00€ 4aCTH PABEHCTBA HA TAKKUE BBIPAXKCHUSI, YTOOBI BCE (PYHKIIUH
CTOSUTH TIpH ,,cBOUX” muddepenimanax, 1. e. mpusectu K Buay: @(y)dy = @(x)dx

2) IIpounrerpupyiite 00€ 4acTH paBEHCTBA U HAWUTE OOLIEe PEIICHHE.

3) Jlns BBIACICHHMS YaCTHOTO PEIICHHS M3 OOIIEro 3amaeTcst Touka (Xo:Yo), 4epe3 KOTOPYIO
JOJDKHA IPOXOIUTh UHTErpajibHast KpuBasi. Haxoaum 3Hauenue nocrosHuoir C ,a 3atem C moncrasisieMm
B 00lLIIee pelICHHE U 3aIMChIBAEM YaCTHOE PEIICHUE.

3. s pemieHust 00HopooHozo oughghepenyuanvro2o ypaerenusl mopsika JaHHOE ypaBHEHHUE IyTEM

BBE/ICHUS HOBOW IIEPEMEHHOI HYKHO IIPUBECTU K YPABHEHUIO C Pa3ICIAIOIUMHUCS [IEPEMEHHBIMH.

dy dz
3aMEeHUM Y = Z * X, =X tzrne Z-HoBas HeU3BeCTHas (QYHKIHA OT X.

HOJ'Iy‘lI/IJ'IOCB YpaBHCHHE C pasaCIArOIIUMU IIEPEMCHHBIMU OTHOCUTCIIBHO Z. Pemus €ro, HajJgo Z

3aMCHHTH Ha z H BBIPpA3UTL ).

4. Jlunetinoe nuddepennmansaoe ypapaenue | mopsiaka pemaercs myTeM MmoACTaHOBKH
dy dd du
=u-9;, —==u—+9—
Y dx dx dx
JuddepeHnnansHoe ypaBHEHHE CBOIUTCS K PEMICHUIO ABYX MU GepeHIIMaIbHBIX YPABHEHHM, C
pa3aenaIUMU TEPEMEHHBIME, CHaYalla OTHOCUTEIBHO U , MOTOM-UJ, TJe U U O HEU3BECTHBIE (PYHKIINH
oT X.

3aganue:

1) Haiitu obuiee pemerue nupGepeHInaIbHOr0 YpaBHEHUS:
(6xdx + 3xy?dx) — (6ydy + 2x*ydy) =0
Crpynmupyem wiens ¢ dX u dy
3x(2 + y?)dx — 2y(3 + x®)dy = 0
-Pazgenum nepeMeHHbIe
3xdx 2ydy
3+x2 2+4y2

xdx d
31 =2f yay
3+x2 2 +y?

-PemaeM Mo oTAENbHOCTH KaXKIbIH HUHTCrpaj METOAOM IMOJACTAHOBKHA

-UnTerpupyem

3
Eln(S +x*) =In(2+y%) +1Inc

3
In3+x?)2=In(2+y%)c
-TToTeHIUpYEM STO ypaBHEHHE

JB+x2)3=0Q2+y?-c

B+x)V3+x2
2+y? -

-3anuceiBaeM o011ee pelieHue:

2. Haiitu yacTHOe pelieHrne OJHOPOAHOTO JTuddepeHInaIbHOro ypaBHenue | mopsaka
) 2x+y . _
==, > ecm y=0 nmpux=1
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dy. d 2x+
-3ameHuM Yy’ Ha 22y

dx’ dx 2x
. dy dz
-IIpousBeneM NMOACTaHOBKY Y = ZX; Xtz
dz 2x+zx dz x(2+z
xX—+z= ; x—+z=¥
dx 2x dx 2x
dz 242z
X— = -z
dx 2
dz 2-—2z
x—:
dx 2

2 dx
-Pazgenum nepeMeHHbIe P dz = <

-IlpounTerpupyem Bbipaskenue: 2 [ szZz =]

-Pemaem nannoe ypasuenne —21In|2 — z| = In|x| +Inc

In = In(xc
1
-IIponoreHupyeM BelpakeHue G = X€
- (2 —7)2 =2
Bripazum z: (2 — z)“ = -
1
2—z=—
xc
1
z=2—-—=

Vxe

2xVxc—x
———— ofuiee perieHue

vXxc
-IToncraBum HavanbHbIE yermoBus Yy=0 , Xx=1

_ e, _ i Jooloot
O_ \/2,2\/5_1—0,2'\/?—1,'\/?—2,6' 4

-IToxcraBum CB oO1ee penieane y = 2(x — 4/X) 4aCTHOE pEIICHHE.

-3aMeHuM z = % Y BBIPA3UM Yy =

3. Haiiti yacTHOe perieHne TMHEHHOTo TuddepeHIaIb-Horo ypaBaeHus | mopsiaka
xy' +y = 3, ecnu y=0, npu x=1

-IIpuBenem ypaBHEHHE K BUY 10 ONPEICICHUIO

Vi y
+==-
YT T
-Caenaem 3aMeHy
. dy ad du
y = uﬁ, E;==115;'+19E;
-Crpynnupyem wieHsl ¢, NOJIy4uM
du u _4du__ _u
19(;+;) =0,Tk. 9 # O—>dx ==
-Pa3nenum nepeMeHHbIe
du  dx
u x
-IIpounTterpupyem
du dx
u x
In|u| = —In|x|
-IIponorenmpyem
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u =
-IloncraBum U B ocTaBLIeeCs] ypaBHEHHE
1d9 3
xdx x
dv = 3dx
-IIponnTrerpupyem
9=3x+c

-IToacraBum y = ud
y = i(Sx + ¢)- ob1iee pereHue

'HOIICTaBI/IM Ha4aJIbHBIC YCIIOBUA
0=3+4c=>c=-3

3
y== (x — 1)- yacTHOe penieHne

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kpurepun oneHku:

- «OTnuyHO» -  yMeHHs C(hOpPMHpPOBAHBI, BCE 3aJaHMs BBHINOJHEHBI IMPaBHIbHO, 0€3
apu(pMeTHIECKNX OMHMOO0K, penieHne ohopMICHO aKKypaTHO, C HEOOXOTUMBIMI 000CHOBAHHSIMH.
- «Xopomio» - HEKOTOpble YyMeHHS Cc(HOPMUPOBAHBI HEJOCTATOYHO, BCE 3aJaHUS

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuOkaMu. be3zommbouno BeimosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBbIE YMEHUS B OCHOBHOM C(OpPMHPOBAHHI,
OOJILIITMHCTBO  3aJaHU BBIMIOJIHEHO, HEKOTOPBhIC W3 BBHIMOJHEHHBIX 3aJaHUN CcoJepkKaT OUIUOKH.
be3zomm6ouno BemonHeHo 70-79 % Bcex 3amaHuii.

- «HeynoBneTBOPUTENBHOY» - TEOPETUUECKOE CO/IepPKAHKE Kypca HE OCBOEHO, HEOOXOIUMBbIe
yMEHHUS He c(pOPMHUPOBAHBI, BHIIOTHEHHBIE yUeOHbBIE 3aJaHus coJiepKaT Tpyosie ommobOku. be3ommnbouHo
BbeITOIHEHO MeHee 70% Bcex 3amaHui.

Tema 4.6. O0bIkHOBeHHbIe TH( (PepeHInATbHbIC YPABHEHUSI

IIpakTyeckoe 3ansaTue Ne 17

Pemienue nudgpepeHunaIbHBIX YPABHEHUH BBICHINX NOPSAIKOB.

Heawb padorel: Hayuuthes pemars quddepennuansubie ypaBuenus |l nopsinka u auHeHbie
onHOopoiHbIe ¢ depeHImanbabie ypaBHeHus |l mopsnka ¢ moctosHHBIME K03 QUITHECHTaMH.

Beinosnus patdory, Bel Oyaere:
ymemp:
- pemiath quQdepeHIraIbHbIe YpaBHEHH BTOPOTo MOPsIKa, JOMyCKAIONUe TOHMKEHUE TOPs/IKa;
- HaxXOJIUTh OO0IIee U YaCTHOE pellleHre npocTeimux nuddepeHaibHbIX ypaBHEHUH BTOPOTO MOPSIIKa;
- HaXOAMTH 00Illee U YaCTHOE PElICHUE JIMHEHHOTO 0OHOPOIHOTO JU(PepeHIINaTbHOTO YpaBHEHUS
BTOPOT'O MOPSAKA C MOCTOSHHBIMU K03 puiinenTamu.
BbinosiHeHHe IPaKTHYeCKO#l padoThl cIOCOOCTBYeT (POPMHPOBAHMIO!
OK 1. Beibupath crnocoObl pemieHus 3aaad npodecCuoHaNbHON NesSTeIbHOCTH, TPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTAM.
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OK 2. Hcnonp30BaTh COBpEMEHHBIE CPEJCTBA MOUCKA, aHAIM3a M MHTEPIpPETalud UHPOPMALUH, U
MH(GOPMAaLMOHHbIE TEXHOJOTHH JUIs BBIMOJIHEHU 3a/1a4 IPO(PECCUOHATIBHOM 1€ TETbHOCTH.
OK 4. DddexTrBHO B3aUMOICHCTBOBATh B pabOTaTh B KOJUICKTHUBE i KOMAH/IE.
OK 5. OcyuiecTBiasTh yCTHYIO U IHCBbMEHHYI0 KOMMYHHUKAIMI0 Ha TOCYJapCTBEHHOM S3bIKE
Poccuiickoit @denepanuu ¢ yueToM 0COOEHHOCTEN COLMAIBHOTO U KYJIBbTYPHOI'O KOHTEKCTA.
OK 9. Ilonb3oBarbcs MpoecCHOHATBHON JOKYMEHTalMel Ha TOCYAapCTBEHHOM M MHOCTPAaHHOM
SA3BIKAX.
MarepuajibHoe o0ecnieyeHue:
WupuBuayanbHble 3aJaHNs , TAOJIUIIBI, CIIPABOYHUKH, YICOHUKHU, KOHCTIEKTHI JICKITUH.
3aganue:
1. Pemmts muddepenunansubie ypasHenus |l mopsiaka:
d?y
a) ) =5
b) y" =x,A(1;0); B(1;1)
2. HaiiTi yacTHOe pemeHre ofHopogHoro aupdepenuuansHoro ypasHenus |l mopsaka.

d’y _dy dy
7~ 27,3y =0mpux=0;y =0, —=0

Ilopsinok BbINOJIHEHHS PadOTHI:

1) Iuddepenumansupie ypaBHenus |l mopsaka pemiarTcs JBYKPAaTHBIM HWHTETPHPOBAHHEM,
dy
dx
[IpuBoIMM K ypaBHEHUIO C pa3AESIOUIMMH IEPEMEHHBIMU U PELIaéM OTHOCUTENBHO .
[ToncraBnsieM p U pelraeM ypaBHEHHE pa3elieHUeM NePEeMEHHbIX OTHOCUTEINIBHO Y.
Ecnu nansl HauaabHbIE YCIOBUS, TO MOJCTABIIIEM B OOILIEe PEIIEHNE, COCTABIISIEM CUCTEMY JTMHEHHBIX
ypaBHeHUH U pemraem oTHocuTenbHO C; U Cy. [loactasnsis C; v C, B ob1iee perieHue, HaX0 UM YacTHbBIS
pelIeHus.

2) OnHoponHoe auddepenimansHoe ypasHenue |l mopska.

IIyTeM 3aMenbl y = eX

IMyTEM BBEJICHUSI HOBOW IIEPEMEHHON P =

y' = ke!*

y" = k2 ekx
CocrasnsieM xapakTepucTudeckoe ypapenue k? + pk + q = o u3 xoroporo Haxomum k1 K.
O6mee pemenue npu D>0 Oyzaer:

y = c,eX1¥ 4 ¢ ekeX

Ipu D=0 6ynet: y = eX*(c; + c,%)
ITpu D<0 6yzner: y = e®*(cq cos bx + ¢, sinbx)
[Ipu 3a1aHHBIX HAYaJIBHBIX YCIOBHSX COCTABJISEM CUCTEMY JIMHEMHBIX YPABHEHUH U pelaeM eé
oTHOcuTenbHO C; U C,.

3aganue:

Pemmts nuddepennmanbuoe ypaBHeHHE 2 OpsiiKa
d?y
W =1-2x

dy
-3aMeHNM p = > TOTyHIM:
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-Pasienm nepeMeHHbIe
dp = (1 — 2x)dx

fdp J(l — 2x)dx

p=x—x*+¢

-ITpounTerpupyem

d
-3aMeHuM pHa ﬁ

dy
— 2

dx !
‘Pa3I[6J'II/IM IEPEMEHHEIC

dy = (x — x% + ¢;)dx
-IIpounTerpupyem u noay4um odiiee penieHne

fdy f(x—x + ¢q)dx

y—7—?+clx+c2

[l.  Pemmuts ogHOponHoe muddepenunansuoe ypasHenue |l mopsaka
a)y"'—-5y'+6=0
-CocTaBUM XapaKTEpUCTHUECKOE YpaBHEHUE

k? — 5k + 6 = 0, pemmaeMm KBafpaTHOE ypaBHeHMe, nonyuum  k; = 2,k, = 3
-Ob61mee pemienue OyaeT:
y = cre? + cye3”

b) y"+4y'+4y =o0
-COoCTaBUM XapaKTePUCTHUECKOE YpaBHEHHUE

k?+4k+4=0, (k+2)*=0 k=-2
-3anumem oduiee pemenue s D=0
y = e (e + 6px)

c)y"—6y +13y =0
-COoCTaBUM XapaKTEPUCTHUECKOE YPaBHEHHUE

61V16i%2  6+4i
2 2

k?—6k+12=0;D=36—-4-13 = —16D<0 =>x;, =
-3anumiemM oo1iee pereHne

y = e3*(cq cos 2x + ¢, sin 2x)

®opma npeacTaBieHus pe3yabTaTa: BHIIOJHEHHAs paboTa.
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Kpurtepun onenkmn:

—  «OtrimmyHO» -  yMeHHsI CHOPMHPOBAHBI, BCE 3aJaHMs BHIMOJHEHBI TPaBHIBHO, 0€3
apudmeTnueckux ommbOOK, pernieHne oPopMIICHO aKKypaTHO, ¢ HEOOXOIUMBIMH 0OOCHOBAHHSIMH.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuroOkaMu. bezommbouno BeimosHeHo 80-89 %
BCEX 3aJaHUM.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(hOPMHPOBAHBI,
OOJIBIITMHCTBO  3aJlaHU BBHIMIOJIHEHO, HEKOTOPBhIC W3 BBHIMOJHEHHBIX 3aJaHUN COJEp)KaT OIITHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiIeTBOPUTEIEHO» - TEOPETHUECKOE COIEPIKaHNUE Kypca HE OCBOSHO, HEOOXOIMMbIC
yMeHUsS He ChOPMHUPOBAHBI, BHITIOJHEHHBIE YUeOHBIC 3aJIaHUs COJIepPKaT rpyobie omnoku. bezommbouno
BBINOJIHEHO MeHee 70% Bcex 3aJaHuii.
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