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1 HOACHUTEJIBHASA 3AIIMCKA

CocraB M cojepkaHUE NPAKTUUECKUX 3aHATUN HampaBieHbl Ha peanuzaunto denepaabHOro
roCy/1apCTBEHHOI'0 00pa30BaTENIbHOTO CTaHIapTa CPEeIHEro NpodheCcCHOHaILHOTO0 00pa30BaHusl.

Benymieidi aunakTHYecKOW LENbI0 MPAKTUYECKHX 3aHATUN  sBiseTcss  (opMupoBaHUe
y4eOHBIX NPAaKTHUYECKUX YMEHHMH (YyMEHHH pemarh 3aJaud [0 MaTeMaTHKe) HEOOXOIUMBIX B
MOCIeAyIoeH y4eOHOM AeITeThHOCTH.

B coorBerctBHM ¢ paboueii mporpamMmMoil  y4yeOHOW AMCHMIUIMHBI  «MareMaThKa»
IIPEIyCMOTPEHO IIPOBEJACHHE IPAKTUUYECKUX  3aHATHM. B pamkax IpakTHUUECKOro 3aHsTHs
oOyyaronyecss MOTYT BBITIOJHSTH OJIHY MM HECKOJIBKO MPAKTUYECKUX PadoT.

B pe3ynbrare X BBIIOTHEHUSI, 00YUarOIIUNACS JOIHKEH:

ymembs:

VY1 pewath npukiagHble 3a7a4u B 00J1acTu MpodeccnoHalbHOMN 1eATeNbHOCTH,;
Y01.2 ananu3upoBath 3a1a9y W/WIA TPOOJIEMY H BBIACIATH €€ COCTaBHBIC YaCTH;
VY01.3 onpenensath 3Tanbl peluieHus 3a/1auu;

VY01.9 peanuzoBaTh COCTAaBIICHHBIN TIJIaH;

Y02.4 cTpyKTypupOBaTh MoIy4aeMyro HHGOPMAIHUIO;

Y02.7 ohopMIsSITh pe3ybTaThl OUCKA.

ConepkaHue TPAKTUYECKHX  OPHEHTHPOBAHO HA TOATOTOBKY OOYYAIOMIMXCS K OCBOCHHUIO
po(heCcCHOHAIBHOTO ~ MOIYJS  [POrpaMMbl  MOATOTOBKM — CHELMAIMCTOB  CPEIHEr0 3BEHa 110
CIICIMAITLHOCTH U OBIIAJICHUIO HPOPeCCUOHATbHBIMU KOMNEMEHYUAMU:

I[IK 1.1. DBbINOAHATH HaANaAKy, PpEryJupoOBKY U  IPOBEPKY  DIEKTPHUUYECKOIO
ANEKTPOMEXAHUYECKOTO 000PYIOBAHHUS.

A Taxxe GOPMUPOBAHUIO 0OUUX KOMNEMEH YU

OK 01 Bsibupats crioco0sl pemeHus 3aa4 npodeccuoHanbHOM AeITeIbHOCTH MPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM.

OK 02 OcymiecTBisATh MOUCK, aHAIW3 W HMHTEpIpeTanuio HH(OpManuu, HEoOXOoIUMON st
BBITNIOJTHEHMS 3a/1a4 MPOPECCUOHATBHON AESITEIbHOCTH.

BoinonHenue obyyaromuxcs NpakTHUYECKUX padoT 1o y4eOHo# nucuuruimae «MareMaTuka»
HaIpaBIIEHO HA:

- 00o00meHne, cUCTeMaTU3aIMI0, YIIyOJIeHHWe, 3aKpervieHHE, DPa3BUTHE M JIETAIU3AINIO
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH MO0 KOHKPETHBIM TeMaM Y4eOHOW JUCIUILTUHBL,

- (¢opMHpOBaHHE YMEHUH TPUMEHSATh TOJyYCHHBIC 3HAHUS Ha IPAKTUKE, PEaIM3AIHIO
€IMHCTBA WHTEIIEKTYaIbHOM U MPAKTUYECKON JAeATeIbHOCTH;

- (QopmupoBaHWE W pPa3BUTHE YyMCHW: HAONIOIaTh, CPABHUBATH, COIOCTABIISTH,
aHaJM3UPOBAaTh, A€TaTh BBIBOJBI U 00OOIICHHUS;

- BBIPAa0OTKY TPH PEIICHWH TOCTaBJICHHBIX 3aJa4 MPO(eCcCHOHATLHO 3HAYMMBIX KadecTB,
TaKHX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAs] MHUIIUATHBA.

[IpakTudeckue 3aHSATHS TPOBOATCS TOCTE COOTBETCTBYIOIIECH TEMBI, KOTOpas OOECIeUYrBacT
HAJIM4YME 3HAHUH, HCOOXOIMMBIX JIJIS1 €€ BBIITOJIHCHUS.
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2 IEPEYEHb IPAKTUYECKHX 3AHATHA

Pa3nesnl/Tembl Tembl KonuyectBo TpebdoBanus
NPAKTHYECKHUX/J1a00PaTOPHBIX 4yacoB oIrocC C1io
3aHATHI (ymeTn)
Paznen 1. KOMIIJIEKCHBIE UM CJIA 4
Tema 1.1. [TpakTuyeckas padora Nel 2 Y01.2, Y01.3,
Anrebpanyeckas Gpopma «JlericTBUS HaJl KOMIUIEKCHBIMHU v02.4, ¥02.7
KOMILJIEKCHOT'O YHUCIIa YHCIaMU B anreOpanveckoi
dhopme»
Tema 1.2. [TpakTrdeckas padorta Ne 2 2 V1, ¥01.2, V01.3,
Tpuronomerpudeckas «JlericTBUS HaJl KOMIUIEKCHBIMHU Y01.9, ¥02.7
(opmMa KOMIUIEKCHOTO YUCJIAMH B TPUTOHOMETPUUYECKOU
qucia dhopme»
Paspen 2. IUHEMHASI AJITEGPA 12
Tema 2.1. [TpakTuueckas pabota Ne3 2 ¥01.3,¥Y01.9
Marpuiipl u onpenenurenu | «JledcTBUs ¢ MaTpuLiaMm»
[TpakTuyeckas padora Ne 4 2 Y01.3,¥01.9
«Bpluncienue onpeaenuTenen»
Tema 2.2. [TpakTuyeckas padora Ne 5 2 Y01.2, Y01.3,
CucreMbl TUHESHHBIX «Pemenne cucreM JTUHEHHBIX vV01.9, ¥02.7
YpPaBHEHUU ypaBHeHui MeroaoM Kpamepa»
[TpakTuueckas paborta Ne 6 2 Yo01.2, V01.3,
«Pemenune cucTteM TUHEHHBIX v01.9, ¥02.7
YpaBHEHUU MaTPUYHBIM
METOZOM»
[TpakTnueckas padorta Ne 7 2 Yo01.2, V01.3,
«Pemenune cucTteM TMHEHHBIX v01.9, ¥02.7
ypaBHeHul MeroaoM ['ayccay
[TpakTuyeckas padora Ne 8 2 ¥01.2, Y01.3,
«Pemenune cucTteM TUHEHHBIX v01.9, ¥02.7
YpaBHEHUU pPa3IUYHBIMU
METOJIaMU»
Pasnen 3. MATEMATUYECKHN AHAJIN3 16
[Ipaktuueckas padota Ne 9 vV01.2, V01.3,
« Brruncnenue npenenon 2 V01.9; ¥02.4
Tewma 3.1 GyHKIHI
Teopus npenenos [TpakTuueckast pabota Ne 10 V01.2, V01.3,
« Uccnenoanue GpyHKImil Ha 5 ¥01.9; ¥02.4
HEMPEPBHIBHOCTh U TOUYKH
pa3pbiBa»
[TpakTtuyeckas padora Ne 11 Y01.2, ¥01.3,
«AuddepennmpoBanne 2 Y01.9, v02.4,
Tena 3.2. CJIOXKHBIX (DYHKIIHN ¥02.7
Iipouspoas dysKmms ¥ [TpakTuueckas padota N9v12 V1, V01.2, Y01.3,
«HccnenoBanue GpyHKIuii Ha ¥01.9, ¥02.4,
ee IpUMEeHEHNE
MOHOTOHHOCTb, 3KCTPEMYMBI, 2 v02.7

BBINTYKJIOCTh, BOTHYTOCTb,
neperuoy»




[TpakTnueckas padota Ne 13

V1, V01.2, ¥01.3,

« UccnenoBanue GpyHKImii n 2 ¥01.9, ¥02.4,
MTOCTPOEHUE TPAPUKOBY Y02.7
[IpakTuueckas abota 14
«EI;LI‘-II/ICJICHI/IC HGOII)IpeI[eHeHHBIX 2 yo1.2, yol.3,
HWHTETPaJIOB» Yol y024,
Y02.7
Tewma 3.3. [IpakTuueckas abota 15
WNHurerpai u ero «EI;LI‘-II/ICJICHI/IC OII)IpeI[eJIeHHLIX 2 YoL.2, YOL3,
MPUITOKEHUS HWHTETPaJIOB» YOL9, v02.4,
Y02.7
[TpakTudeckast pabora 16
« IB[pHMeHeHI/IeIZ)HpeI[eJIeHHOFO 2 Y1, Y01.2, YO1.3,
HHTerpanay ¥01.9, v02.4,
v02.7
Pasznen 4 DJIEMEHTBI TEOPMM BEPOSITHOCTEU U 2
MATEMATHUYECKON CTATUCTUKU
[TpakTuyeckas padora Nel7 2 V1,¥01.2,Y02.4
« Pemmenue 3amau Ha
BBIYHCIICHUE BEPOSITHOCTH C
UCIIOJIb30BaHUEM DJIEMEHTOB
KOMOMHATOPUKI
UTOT'O 34




3SMETOANYECKHE YKA3AHUS

Tema 1.1 Aaredpanyeckasi popmMa KOMILJIEKCHOTO YHCJIA
IIpakTnueckoe 3anaTne Ne 1
HeiicTBUS HaJl KOMILIEKCHBIMHU YHCJIaAMU B ajireopandeckoii popme.

Hean: HayuywuTbcs BBINOJHATH JEHCTBHUS HaJ KOMIUICKCHBIMH YHUCIIAMH, 3allMCaHHBIMH B
anredpandeckoit popme.

Bbinosinus padory, Bel Oynere:

ymembs:

- 3aMKChIBaTh KOMIUIEKCHBIE YHCIIA B ajdredpanyeckoii popme;

- BBITIOJIHATH JACHCTBHSI HAJl KOMIUIEKCHBIMH YHCIIAMU B anredpandeckoi popme.

MaTtepuajibHOe o0ecnedeHue: HHIUBUIyaIbHbIC 3a1aHuUs, KOHCIICKTHI JICKITHA.
3apanmue:
1. Jlausr komIuiekcHbIe uncna: z1= (7;1), 2,=(-1,5;1,5), z3=(4;-3).
3amucarh 3TH YKCia B anreopandeckoi popme.
2. Bpruucnurs:
1) z; +zy;
2) zp — z3,
3) &
Z3
4) zy- z3;
5) z7;
3. BerumciauTs: 3t 450 s
i—3 1+3i

ITopsinok BeINOJHEHHs PAa0OThI:
1. 3anumnTe KOMIUIEKCHBIE YHCIA B aylreOpandyeckoi popme z = a + bi

2. BoimonHuTe nEWCTBUS HaJA KOMIUIEKCHBIMH 4YHCIaMU B anreOpamdeckoil ¢opme,
HCTIONB3YS (OPMYJIBI:

z 4z =(ay +ap) + (B + By i
— %= {:ﬂl - ﬂ:} + {:'[Jl — .[J:}:';

212 = (ayay — byby) + (a1 by + ey by )i;

Xox pa0doThI:
1. [ansl komiuiekcHble uncia: z1= (7;1), z,=(-1,5;1,5), zs=(4;-3).
3anucarh 3TH 4YKcia B anredpandeckon popme.

Perienue:

T.k. anreGpanueckas popma KOMIUIEKCHOTO YHMCIIa UMEET BUJI: = = a + bi, TO Yncia B
anreOpandeckoit popme OyAyT 3anucaHbl B BUJIE:
7



5y =7+i6 29 ==13+ L5 zg =4 - 3i.

2. Breruuciours:

2+, =(7-15)+(14+15)i=55+ 2,5i;

73— 23 = (=15 —4) + (L5 + 3)i = —=5.5 + 4.5i;
Iy THL  T+0{3+30) 2B+ 4i+21i+3° __ 2B+251-3 154250
=y 4-30  (4-3004430 163" 1848 15
zoz3 = (1,54 15004 —30) = -6+ 451+ 6i —45% = -6+ 10,5{ + 45 = —1.5 + 10,5i;
=745 =T+ )T+ =204+ 14+ #)*(7+1) = (48 + 140)2(7 4+ 1) = (2304 + 1344i +
1962 0(7 + i) = (2304 + 1344i — 196)(7 + i) = (2108 + 1344:)(7 + i) = 13412 + 11516i

1431 4-51
3. BbIYHCIUTD: +1+’ _

1—3 a1
Pemrenue:
S N 8- _21-27
-3 1431
1) L3 _ (430)=i-3) _ -:-3—)3:3-5: _ ol _ _:_
1—3 (i=-3r-i-3 —1"45 10
2) 4-51 _ (4-51311-31) _ -}—12!—5!-}-15!3 _ -11-171 - —11—17i
1431 (1431371-3103 1-91° 10
3) f=(F)=(-1D*=1
4) —-i-11-17i-1=-21-27i

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kpurepun oneHku:

- «O1nuuHO» - yMeHHs COPMHPOBAHBI, BCE 3aJaHUs BBIIIOJHEHBI MPaBUILHO, 0€3
apupMeTHYECKUX OMMOO0K, perneHne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMUA 00OCHOBAHUSIMHU.
— «XO0pomio» - HEKOTOpble yMeHHsI C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHUS

BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBIMOIHEHHI ¢ omInOkamMu. bezommbouno BeimonHeHo 80-
89 % Bcex 3amaHu.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOAMMBIE YMEHUS B OCHOBHOM C(OPMHUPOBAHBI,
60J'II>HII/IHCTBO 3a)IaHI/II\/JI BBIIIOJIHEHO, HCKOTOPI)IG 13 BBIITIOJITHCHHBIX SaHaHI/II\/JI COI[Cp)KaT OIHI/I6KI/I.
Be3ommubouno BeITOTHEHO 70-79 % Beex 3agaHuil.

- ((Hey,I[OBJ'IeTBOPI/ITCJIBHO» - TCOPCTUYCCKOC COACPIKAHUC KypCa HE OCBOCHO,

HeoOXOoIMMbIe YMEHUsI He C(OPMHUPOBAHBI, BBHINOJIHEHHbIE y4eOHBbIE 3aJaHMs COJEp)KaT rpyoble
omnOku. be3ommbouno BeinonHeHO MeHee 70% Bcex 3a1aHuil.



Tema 1.2. Tpuronomerpuyeckasi popMa KOMILIEKCHOTO YHCJIa
IIpakTuyeckoe 3ansitue Ne 2
JleCTBHSA HAl KOMILIEKCHBIMHY YHCJIAMH B TPUTOHOMeETPUYecKol hopme

Heab: Hayuutbes BBIIIOJIHATH,  JIEUCTBUS  HAJ  KOMIUIEKCHBIMM  YHUCJIaMH B
TPUTOHOMETPUIECKOH (hopme.

Beinosinus patdory, Bel Oyaere:

ymemn:

- 3aMKCBIBATh KOMILJICKCHBIE YUCIIa B TPUTOHOMETPHUECKON (hopMe;

- BBITIOJIHATH JICHCTBUS B TPUTOHOMETPUYECKOH (opMe;

- IEPEXOJUTh OT OJTHON (OPMBI KOMIUIEKCHBIX YHCEI K APYror dopme.

MarepuanbHoe obecniedeHHe: NHIUBUIYaIbHbIE 3aJaHHsI, KOHCIIEKThI JIEKLIUH.
3aganue:
1. [aus! komiuiekcHbie uncna: z1=(-3;-5), 2,=(-7,2;7,2), z3=(2;6).
3anucarh 3TH YKclia B TPUTOHOMETPHUYECKON (opMme.

2. Beruucnure: z, - Z3, Zl, \VZ,

3. BBIHOJIHHTC JCHCTBHS U 3QIMIIMTE PE3YNBTAT B anredbpandeckoii hopme:

gETh +rr4:||

a) (3- {cus— isin T]] b) ;_

KpaTRne TCOPETHYECCKUEC CBCACHUSA

Tpuronomerpuyeckoil (opMoil KOMITJIEKCHBIX YHCEN HAa3bIBAETCS 3alIUCh UX B BUJIE!
z = r(cos@ + i- sing).

[Ipu BBIMOTHEHWH ACHCTBUN HaJ KOMIUIEKCHBIMH YHCIAMH B TPUTOHOMETPUYECKOH (opme
HCIOJIB3YIOTCS CleyIomue GopMyIbl:

Z3-23 =7y '?‘:{'3'3'5'[% + ‘F‘:}"‘ 555“{‘?"1 + ‘F':}]
o "

; = ;{cns{@l - cp:} + :'s:'n'[q:'l - EF':}]

ir

= "(cosng + isin ng)

Jy1st u3BNIeYeHUsT KOPHS N-i CTETIEHH U3 KOMIUJIEKCHOTO YKCJIa B TPUTOHOMETPUYECKOM hopme
z = r(cos@ + i - sin@) ucronp3yercs popMmya :

+2mic P+ 2k

+ isin

w, = V- (cos’ ), rae Vr - apudmernueckuii kopens, k=0, 1, 2, ..., n-1.

Aneopumm nepexooa om ancebpauyeckou Gopmvl K MpUSOHOMEMPUYECKOU.

[TycTh KOMITIEKCHOE YHUCIIO 3aJ]aHo B anredpandeckoil popme z = a + bi,

1) Monyns r =|z| oxHO3HAYHO ompenaensieTcs mo popmyne » = ya” + b=,



2) Aprym™meHT ¢ onpezaensiercst u3 GopMyan CoS @ = 2. sin Q= b .
r r

3HaueHUs ApryMEHTa KOMILICKCHOI'O YKUCjia MOKHO HaXOJAUTh U TaK:

e Ormpenenutb, B KaKOM YETBEPTH HAXOJUTCS BEKTOpP (MUCIOJIb30BATH T'€OMETPHUUECKYIO
WHTEPIPETAIUIO YUCHA) = = a + bi

e PemuB ypaBHeHUE tgg = E, MOJIy4aeMm, 4To
B .
arg z = @ = arctg - JUJI1 BHYTPEHHUX TOYeK | u 4 yerBeprei,
B
arg z = @ = arctg -+ 7 UIA BHYTPCHHHUX TOUCK 2 YCTBEPTH,

b
arg z = @ = arctg ——w UL BHYTPCHHHUX TOYCK 3 YCTBCPTH.

Ecnu Touka z 1€KUT Ha JEHCTBUTEIBHON WIM MHUMOW OCH, TO arg Z MOXKHO HATH
HEIOCPEACTBEHHO.

3) Haiigs Moxysb U apryMeHT KOMIIJIEKCHOTO YUCIIa, Er0 MOXKHO 3alucaTh B
TPUTOHOMETPHUUYECKOM WM TTOKa3aTeNbHON popMe z = r(cosg + ising) Uy z = re'?,

Ilopsinok BbINOJIHEHHS PadOTHI:

1.3anummre 3aaHHBIE YMCIa B TPUTOHOMETPUIECKOW (hopMe, HUCIOIB3Ys alTOPHTM Iepexo/a
K TPUTOHOMETPHUYECKOH (popMme.

2.BrimonHuTe HeOOXOAUMBIE IEeHCTBUS.
Xoa paGoThI:

Janbl komIutekcHsie 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 =v49+1 = 'n.,-"ﬁ= 3 '..,-"E,
Uwuciio HaxoIUTCs B IEPBOM YETBEPTH, 3HAUUT

@ = nrctgj—_' = arctg0,1429,

z; =7 +4i= 5V2(cos 8°8 + isin8°8).
2) z;=-15+15i

1 & 1 o2 TR =
|zl = J(-15)" + 1.5 =225+ 225 = 25 =21

o E N 3.
Yucno HaXOAUTCS BO BTOPOM YETBEPTHU, 3HAUUT ¢ = arctg E +r=arctg(—1) + 7w = — StT=T0
T

3 =-154+15i= 2.1(msjf+ isin 7).
3) z3=4-3i

|z;] =v9+ 16 =25 = 5.

Uuciio HaxoIuTCs B 4ETBEPTOM YETBEPTH, 3HAUUT
@ = nrctg_T! = arctg (—0,75) = —36%°52",

z3 = 4 — 3i = 5(cos(—36°52 + isin(—36°52).

10



2. Beraucnure:
1) z; - z3;
2) %,
-3
3) =i,
4) \z;
Pemenue:

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

Iy 2

= 5

(cus(a=8' ~ (-36°52') ) + isin (38 + 35=52'}) = V2(cos 45° + isin45°);

=5 = (5v2) (cos5 - 8°8  + isin5 - 8°8') = 125001/2(cos40°40" + isind0°40');

Bocnons3yemcst popmyinoii:

— +27K . . @p+27K
o= (cos? T L jsin LTy
n n
B Hamewm npumepe n=2.
3V 135° 4360 135°4360°K
iz =g = | \‘ (cos + - + isin + Il];
[z 135°+360°-0 135°4+360°0 — . .
wy = |— ( s isin +_| - ) = 4/2.1(cos 67°30 + isin 67°30),
vz 135°+360°-1 135°+360°1 — - -
w = 7 (cus%Hsm +—) = \Z.1(cos 247°30' + isin 247°30')

2. BoImonHATE ACHCTBHS U 3aMMUAIIUTE PE3YIbTAT B allreOpandeckoi popme:
L tr B C c - c = 5
b . hm 5 bm o . &m Sr .. hm W2 2
2+ (cos— 4+ izsin — =2 (cus—-ﬁ :s:n—-ﬁ):ﬁé(cus— :s:n—):fu}(———:—):
{ { 24 + 2-1:]] 24 + 24 4 + 4

o] "
& &

—3242 — 324/2:

24(eosT5" pizin 78 24 : : : 1 e
ST = 2 (eos(75° — 15%) + isin (75° — 157) = B(cos60° + isin607) =8 (S +i%) =4+

I[cos 15:'+!:!r. 15" -

4[3i

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun onenkmn:
- «OTan4HO» - YyMeHHUS COPMUPOBAHBI, BCE 3aJaHUs BBINOJHEHbI NMPaBUIbHO, 0€3
apupMeTHYECKUX OMMOOK, pemeHrne 0hOpPMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
- «XOopomIo» - HEKOTOpble yMeHHs C(hOPMHPOBAHBI HEIOCTATOYHO, BCE 3aJaHMS
BBINOJIHEHBI, HEKOTOPBIE BU/bI 3a/1aHUI BBHINIOJIHEHBI ¢ omrOkaMu. be3zommbouno BeimoiaHeHo 80-
89 % Bcex 3amaHuil.
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- «Y IOBJIETBOPUTENILHO» - HEOOXOAWMBIE yYMEHHS B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO 3aJIaHUH BBITOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHH COJIEP)KAT OIIHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «Hey/moBIETBOPUTEIIEHO» - TEOPETHYECKOE COJIEp)KaHHUE Kypca HE OCBOCHO,
HE0OXOIMMbIC YMEHHUsI He C(HOPMHUPOBAHBI, BBHINOJIHCHHBIC yYeOHBIC 3aJaHMs COJEPIKAT IpyoOble
omnOku. be3ommbouno BeimoaHeHo MeHee 70% Bcex 3amaHui.

Tema 2.1. MaTpuubl 1 onpeaeJuTe I
IIpakTnyeckoe 3ansitue Ne3
JelicTBUS ¢ MATPULIAMH
Hean pabdotrbi: HayuynThest BHIMONHATH ACUCTBUS HAJ MATPULIAMH.

Boinosinus padorty, Bl Oynere:

ymemp:

- BBIIIOJIHATH ONEPALMH HAJl MAaTPULIAMU;

- HaXOJIUTh OOPATHYIO MaTPUILY.

MartepuanbHoe obecniedeHne: WHIUBUIYATbHbBIC 3aJaHMs], YYCOHUKHU, KOHCIICKTHI JICKIIHA.

3ananmue:

1. Haiitu matpuny € = A* + 3AB, T/Ie A = (__2 3 :I; E= {5 _1:].

1 -1 1 3
-2 1
2. BBIACHUTS, ABNISETCA MAaTpULA A~ = ( 5 __:) 00paTHOM K MaTpHIIE A = {g g)
3 2 -3\ /1 0 -5
3. Jameimarpump: A= 1 5 —-2|u B=(3 —4 1 | Haiigure: A+B;2A; AB; BA.
2 4 -1 0o -2 2

Kpartkue Teoperudeckne cBeleHUs:
Marpurieii Ha3pIBaeTCs MPSIMOYToJIbHAs TabaKIa yucen. MaTpuiia 3aiCchIBaeTCs B BUJE:
By Opz.. g
A=| 0y Bz 0O |
ﬂi"l'.l Ini"l'.: ﬂi"l'.i"!
JleicTBUA HAl MaTpULIAMMU:

1.CnoxeHue.
Onepaumi CJIOKECHUA BBOOAUTCA TOJIBKO IJIsA ManI/III OJNHAKOBBIX paSMCpOB. HpI/I CIIOXKCHHUU
ManI/IH ux COOTBGTCTByIOHH/Ie 3JICMCHTBI CKJIAABIBAKOTCH.

ay +byy ap +bpp ay +by
A+B=C=|ay +by G +by = gy + by
Oy + by Bz F B G + D

2. YMHOXK€EeHHE HA YUCIIO.

[Ipu yMHOKE€HUU MaTPUIbl Ha YUCIIO KaKIbIH €€ JIEMEHT YMHOKAeTCsl Ha 3TO YHUCIIO.

12



kﬂ].]. kﬂL: e kﬂlﬂ
kA =('rm:L K@y =+ Koy )
kﬂﬂ;l kﬂﬂ;: kﬂﬂ;i’!

3.YMHOXEHHUE MaTpHIL.

Onepanys yMHOXKEHHSI MAaTPUL] BBOJUTCS TOJIBKO JUIS ClIydasi, KOTJa YMCIIO CTOJIO0LI0B EPBOH
MaTpULbl PABHO YUCILYy CTPOK BTOPOM.

YroObl HANTH AJIEMEHT MATPHIIBI, CTOSIIUI B I-TOH CTpOKe B K-TOM cTOJI01IE, HY)KHO
BBIYKMCIIUTH CYMMY MIPOM3BEICHUI 3JIEMEHTOB i-TOM CTPOKH MEPBOW MATPHUIIBI HA COOTBETCTBYIOIINE
3JIEMEHTHI K-TOro CTOJIOIa BTOPOii.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. 3anumuTte 3a1aHue.

2. OmpenenuTe, Kakhe JEHCTBUSA, H IO KaKUM TpaBWIaM HEOOXOIWMO BBITIOJHHUTE.
[IpounTaiiTe KOHCIIEKT.

3. Bemonaure neiictus. [IpoBeppTe MpaBHILHOCTH BHIYUCICHUH.

Xoa paGoTsI:

1.Haiftu matpuny ¢ = A* + 3AE, eciiu
a=(7 2)e=( 3)
a) Haiinem A?, yMHOXasi MAaTpHLLy caMy Ha cest
2 (=2 3y (-2 3 7 -9
A :(1 —1)'(1 —1) :(—3 4)

0) Haiinem matpuily 34, yMHOXKHB BCE JIEMEHTBI MaTpUIlbl A Ha 3.

a=3( 2)=(3 3)

B) Haiinem npoussenenune 3AB

_(—6 0 5 —1y_ /=21 33
34B _( 3 —3) (1 3 ) - ( 12 —12]
r) Haitnem marpuny C, cxirageiBas COOTBETCTBYIOIINE DJICMECHTHI

-y D)+ (F B)-(3 %

2.Haiinem npousBeeHue 4 - A™* u Atoa

o=@ D(EF Y= 9-e

Yl [ Y B

4

B cooTtBeTcTBHE C OMMPCACIICHUCM JJAHHBIC MATPUIILI SABJIAIOTCA BSaI/IM006paTHBIMI/I.

-3 2 =3 1 0 =5
3. daner MaTpup: A=| 1 5 —-2|uB=({3 -4 1
2 4 -1 0 -2 2
Haiigure: 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
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-3 2 -3 1 0 -5 3 -2 11
C=A-B=(1 5 =213 -4 1 |=|16 —-16 -4
2 4 -1 0 -2 2 14 -14 -8

ciu=—3-1+2-3+(-3)-0=3;
Cl=—3-0+2-(—4)+(-3)-(-2) = -2;
ci3=—3(-5+2-1+(-3)-2=11;
;1 =1-1+5-3+(=2)-0=16;

€y =1:04+5-(—4) + (=2) (-2) = —16;
3 =1-(-5)+5-1+(-2)-2=—4;
c31=2"1+4-3+(-1)-0=14;
C32=2'0+4-(—-4)+(-1)-(-2) = -14;
c33=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

®dopma npegocTaBeHNs pe3yIbTaTa: BBIIOJHEHHAs paboTa.

Kpurepun oneHku:

- «OTIU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIOJHCHBI MMPABUIBHO, 0€3
apudmernyeckux ommoOOK, perieHre opopMICHO aKKypaTHO, ¢ HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHUs C()OpMUPOBaHBI HEJOCTATOYHO, BCE 3aJaHUA
BBITIOJIHEHBI, HEKOTOPHIE BUJIBI 33JJaHUN BBIIIOIHEHBI ¢ omHOkamMu. be3ommbOouyno BeinonHeHO 80-
89 % Bcex 3amaHuH.

- «Y IOBNETBOPUTEIILHO» - HEOOXOJAMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBITMHCTBO 3aJaHUM BBHITIOJIHEHO, HEKOTOPHIE M3 BBITTOJHEHHBIX 3aJaHUN COJEpPk AT OIIUOKH.
Bbe3ommb6ouno BeimonHeHO 70-79 % BCex 3agaHu.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOEHO,
HeoOXOoIMMbIEe YMeHUsI He C(OPMUPOBAHBI, BBHINOJIHEHHbIE y4eOHBbIE 3aJaHMs COJEp)KaT rpyoble
omnoOku. be3zommbouno BeimoHEHO MeHee 70% Bcex 3aIaHuii.

Tema 2.1. MaTpuubl 1 onpeaeuTe Il
IpakTHyeckoe 3anaTue Ned
Boruncienue onpeneauTeseH
Ienp padoThI: HAYYNUTHCS BBIYUCIIATH ONPEAESIUTEIN BTOPOIO U TPETHETO TOPSAKOB.

Boinosinus padoty, Bel Oyaere:

ymemp:

- BBIYUCIIATH OIMPEACIIUTEIIA BTOPOIr'0O IIOpsAaKa,

- BBIYUCIIATE ONPEACTIUTEIIN TPETHETO HOpr}IKa;
-BBIYMCIIATH ONPEIEIIUTENN YETBEPTOTO MOPSAKA.

MaTepna.m,Hoe odecmeyeHue: HWHAUBUAYAJIBHBIC 3a/1aHUA, y‘-Ie6HI/IKI/I, KOHCIIEKTBI JICKITHI.
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3aganue:

Brprunciuts onpenenurenu:

| 3 5 7 8
3 3 3 -5 10 -2 1 -1 7 0 1
O D N I o8 Do 5 3 2
I 1 -1 7 4

Kparkue TeopeTuueckue cBeeHHA:

Omnpenenurenem KBaApaTHON MaTpHIbl BTOPOTO MOpsiiKa (OIPEAeIUTEIEM BTOPOIO OPSIKA)
Ha3bIBAETCS YUCIIO, PABHOE PA3HOCTH MPOU3BEICHUN 3JIEMEHTOB IVIABHOM TUAroHalIu U JIEMEHTOB
1100OOYHOM JAUaroHau.

a by
=ay by —ay by

a; B

Omnpenenurenem KBaApaTHON MaTPUILIbl TPETHEr0 NOPsAAKa (ONPeIeIUTENIEM TPETHETO MOPSIAKA)
Ha3bIBAETCS YUCIIO, PABHOE

@11 @3 O3

i @ Ayg| = . o (I - b — - oy — ey — .
M Bl =ayyapaz +agpagzag +ay 0303 — 307 03 — G13071033 — G330330y
@3y f3z O3

OnpenenI/ITeneM KBaﬂpaTHOﬁ MaTpulbl N-ro MopsaKa Ha3bIBA€TCA YUCIIO, pABHOC CYMME
HpOI/ISBeI[CHI/Iﬁ 9JIEMEHTOB JIFOOOH CTPOKH HJIN CTOJ'I6I_Ia Ha ux anre6pqueCKI/Ie JOIIOJIHCHHA.

aj; Az 413 Qg
A= %21 G2z (a3 G2 = a,,411 + a1,41, + 1342 + a14,A
A3, A3, Q33 Qs 11411 12412 13413 14414

Ay Qgp Qg3 Agg
Aii = (=DM,
) -

MI/IHOPOM HEKOTOPOro 3JICMCHTA Q4; j OIIPEACINUTEII N-TO NOPsIIKa HA3bIBACTCS ONIPEACINTCIIb
(n'l)'FO nopsaaka, HOHy‘lCHHBIﬁ N3 UCXOAHOTO OIIPEACTIUTEIIA IMMYTEM BBIUCPKHUBAHUA CTPOKH U
CTOJ'I6I_I8., Ha NCPECCUCHUU KOTOPBIX HAXOAUTCH BLI6paHHBII>'I 9JICMCHT.

ITopsinok BbINOJHEHHS PadOTHI:

1 3anummre onpenenuTenb, ONpeaeTuTe KaKoro OH MOPsIKa.
2 Ncnomnb3yst COOTBETCTBYIOIIEE ONPE/ICNICHHE, BEIYUCIUTE 3HAUYCHNE OIPEICINTES.
Xox pa0doThI:

Brruucinuts onpenenurenu:

o — .
1) |§ ;|:2-6—3-{_—=}}:12+12:2=1-
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5 -2 1
2) 13 1 -4=5-1-(-3)+(-2)-(-9)-6+3-0-1-
6 0 -3

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

=48-30 =0
4 0 5
3 [-6 2 -7|=4-2-240-(-7)-1+(-6)-(-3)-5-
1 -3 2
—5:2:1—-(-6)-0-2-0(-3)-(-7)=164+04+90 -10—-0—84 =12
L X%
4) 0 5 3 2 =3A11+(_1)A21+0A31+1A41=3' 5 3 2 +1'
1 -1 7 4 -1 7 4
5 7 8 5 7 8 5 7 8
5 3 2(+0-{7 0 1|—1-|7 0 1|=122
-1 7 4 -1 7 4 5 3 2

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs padboTa.

Kpurepun oneHku:

— «OTnu4HO» - yMeHHus cpOPMHUPOBAHBI, BCE 3aJaHHS BBIMOJHEHB MPABUIBHO, 0€3
apu(pMeTHIECKNX OMHNOO0K, peueHne opopMIeHO aKKypaTHO, ¢ HEOOXOIMMBIMU OOOCHOBAHUSIMH.

- «XO0polIo» - HEKOTOpble yMeHHs CGhOPMHPOBAHBI HEIOCTATOYHO, BCE 3aJaHMS
BBIIIOJTHEHBI, HEKOTOPBIEC BU/IbI 3aJIaHUM BBINOJIHEHHI ¢ omKOkamu. be3omn6oyHo BbinogHeHO §0-
89 % Bcex 3a/1aHuid.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOAWMbBIE YMEHUSI B OCHOBHOM C(OpPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUM BBIOJIHEHO, HEKOTOPBIE W3 BBIIOJHEHHBIX 33JaHUN COJIEpP)KaT OLIMOKH.
be3omm6ouno BeimonHeHo 70-79 % Bcex 3agaHuil.

- «HeynoBneTBOpUTENbHO» - TEOPETHUECKOE COJEp)KaHuE Kypca HE OCBOEHO,
HeoOXoMMbIe YMeHUsi He C(OPMUPOBAHbI, BHIIOJHEHHbIE Y4e€OHBIE 3aJjaHUsl COJAEpXKaT IpyoOble
omnOku. be3ommbouHo BeinonHeHo MeHee 70% Bcex 3a1aHuil.

Tema 2.2 Cuctembl JTUHEHBIX YPABHEHU I
IIpakTnyeckoe 3ansaTne NeS
Pemenue cucrem JIMHEeHBIX ypaBHeHU#t MmeTtoaoM Kpamepa.
Ilesab padoThI: HAYYNUTHCS pelIaTh CUCTEMbI IMHEHHBIX YpaBHEHUH, HCHOIB3Ys (POPMYJIbI
Kpamepa.

Boinoinus padorty, Bl Oynere:

ymembo:

- pemaTh CUCTEMBI JIBYX JINHEWHBIX YPABHEHHM C IBYMsI HEU3BECTHBIMU MeTo10M Kpamepa;
- pemaTh CUCTEMBI TPEX JINHEWHBIX YPAaBHEHNUU C TPEMSI HEU3BECTHBIMH MeTo0M Kpamepa;

MarepuanbHoe o0ecnieyeHme:
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NHnuBuayanpHbIC 3a1aHUS , YICOHUKH, KOHCTIEKTHI JICKITUH.
3aganmue:

Pemnts cucTeMbl JIMHEMHBIX YPAaBHEHMI:

—57=-2

X5y =11 ) 3x+3y2523

2x+3y = 20 Xty+er=
2X—y+72=27

KpaTRne TECOPETHYCCKUEC CBCACHUS .

N . ayx +apx =
I[TycTh nana cucTeMa JABYX JMHENHBIX YPABHEHUH C IBYMS HEU3BECTHBIMM: o 4 arern = b
nx tapx =h

COCTaBI/IM OIIpCACIINTCIIb U3 K03(1)(1)I/IHI/I€HTOB IIp1 HCU3BCCTHLIX. 3TOT OIpCACIINTCIIb HA3bIBACTCA
@y Gy |
LS

OIIPEICIIUTEIIEM CUCTEMBL: A=

CocraBuM OIPEAETUTENN KaKI0M HEM3BECTHOM. OnpenenuTesb A; MOayIaeTCs U3 ONpeaeuTeNs A
by @ ‘
by e

&

MyTE€M 3aMEHBI IEPBOTO CTOJI01A KO3 (HUIIUEHTOB CTOIOIIOM U3 CBOOOHBIX YICHOB. A=

Omnpenenurens 4; moydaeTcs U3 onpeAenuTes & myTeM 3aMeHbl BTOPOTo CTOJI01a
KO2(pPUITMEHTOB CTOJIOIIOM M3 CBOOOIHBIX YJICHOB.

ay; by

a= iz bs

[TycTh nana cucrtema Tpex JUHEUHBIX YPABHEHHI C TPEMSI HEM3BECTHBIMU:
ay X + apx; +apzxg =y
ayx) + apx; +apx; = b
a3 xy + agx; + azzx; = by

COCTaBI/IM OIPEACIINTECIIb U3 KOS(I)(I)I/ILII/ICHTOB IIpU HCU3BCCTHBIX. 3TOT OIIPEACIINTECIIb HA3bIBACTCA
@y Gz g

OIPEACTIUTEIIEM CUCTEMBI: A= |02y @2z  Oag

(g; gz (Ogg

CocTaBuM olpeeanTenu Kaxa0i Heu3BecTHOW. Onpenenurens 4, moiydaercs U3 onpeaenuTens A

MyTeM 3aMEeHBI EPBOT0 cTOI01a KO (DUITUEHTOB CTOIOIIOM U3 CBOOOIHBIX YJICHOB.
by ap ag;
Aj= by ez agl.
by @

3 32

Ompenenurens 4; moxydaeTcs U3 ONpeAenuTens A MyTeM 3aMeHbl BTOPOTo cToJI0Ia
KO3 PHUIHUEHTOB CTOIOIOM U3 CBOOOJHBIX YJICHOB.

17



ay by oags
A= |ay by apg
ay by asx

OrmpenenuTenp A; MOIYYaeTCsl U3 ONPEACIUTENs A MyTeM 3aMeHbI TPEThEro CToIoNa
KO3 PHUIHUEHTOB CTOIOIOM U3 CBOOOJHBIX YJICHOB.

apy oy by
Az=|ag a; by
a; a3 by

I[Hopsiiok BbINOJIHEHUS PA0OTHI:
1. 3anumuTe cucTeMy ypaBHEHHH.
2.3anuirTe U BEIYUCIATE OMPEICTUTENb CUCTEMBI.
3.Berauciure onpeaeuTeN KaK 101 HEU3BECTHOM.

4.HaiiguTe 3HaY€HUS HEU3BECTHBIX, UCTIOB3Ys popmymsl Kpamepa.
Xox pabdoThI:

Paccmorpum mpumep:

Pemnth cucreMy ypaBHEHMIA:

2x) —xy +4x; = 55

{xl +2x; —3x; =0y
3.1'1 +Ig—x3 = 5

1 2 -3 1 2 -3
A= (2 -1 4 ); BA=2 -1 4|=10=20
3 1 -1 3 1 -1

Breruucnum onpenenurenn Kaxaou NepeMeHHOM:

0 2 -3

M=5 -1 4[=0-15+40-15+10-0=20
5 1 -1
1 0 -3

=2 5 4|=-5-30+0+45-0-20=-10
305 -1
1 2 0

A3=|2 -1 5|=-5+0+30-0-20-5=0
3 1 5

A 270 Aa -10 A h

n=—t=—=ip=—=—=-Ln=—=—=0

Otser: (2;-1;0).
18



®opMma npeacraBJieHUs pe3yJbTaTa: BHIIIOIHEHHAs paboTa.

Kpurepun oneHku:

- «OTnU4HO» - yMeHHUs COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MMPABUIBHO, 03
apudmernueckux ommbOOK, pernieHne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.

- «Xopomuio» - HEKOTOpble yMeHHs C(HOPMHUPOBAHBI HENOCTATOUYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIE BUbI 3aJIaHUH BBIMOIHEHHI ¢ omuOkamu. be3ommn6oyHo BbimonHeHO §0-
89 % Bcex 3a/1aHuid.

- «Y TOBIIETBOPUTEIBHO» - HEOOXOAHMMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUi BBINOJHEHO, HEKOTOPHIE M3 BBINOJIHEHHBIX 3aJaHHUi coaepkar OIIUOKH.
bezommbouno BeIMoaHeHO 70-79 % BCcex 3amaHuil.

- «HeynoBneTBOpUTENBbHO» - TEOPETHUECKOE COJep’KaHuEe Kypca HE OCBOEHO,
HeoOXouMble yMeHUsi He C(OPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHbIC 3aJaHMs COJEp:KaT rpyoble
ommOku. be3ommOouHo BeIMoaHEeHO MeHee 70% Bcex 3aaHui.

Tema 2.2 Cuctembl JTUHEHBIX YPaBHEHU
IIpakTHyeckoe 3anaTHE N6
Pemienne cucreM JIMHeiiHbIX YpaBHEHUH MaTPUYHBIM MeTO0M
Heanb padorbl: HayunTbes perars cUCTEMbI JIMHEHHBIX YPaBHEHUH C IOMOILBI0 0OpaTHON MaTpHLIBL.

Bbinosinus padory, Bel Oyaere:

ymembo:

-HaXO/IUTh OOPaTHYIO MaTpUILY;

- pelaTh CUCTEMY JIMHEMHBIX YPaBHEHUIN MaTpUYHBIM CLIOCOOOM.

MarepuanbHoe obecnieuenue: VHauBuiyaibHbIe 3a1aHNs], Y4eOHUKH, KOHCTIEKTHI JICKIIAMN.

3aganue:

Pemnts cucreMy JIMHEMHBIX YPaBHEHUI:

2.1'1 - 3.1': + ‘1'.1'3 = J.J.
2) .1'1 + EI: —_ 3.1'3 = g
—le - ‘1'.7.': +J.'3 = —23

{2.1'1 —3.1': = —?
) ﬁx1+2x: =J.2’

Kpartkne Teopernyeckne cBegeHHs:

a11X1 + A12Xy + -+ A1pnXp = b1
. .. ) Ap1X1 + AppXy + o+ AopXxy = b
[TycTh 3a1aHa CHCTEMA JIMHEWHBIX ypaBHeHui:{ ~ 2171 T 72272 Zn-n = ¥2

An1Xy + ApaXy + -+ App Xy = by
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a11 alz en aln b
CocraBum marpuuHoe ypaBHeHue: AX = B, rne A =| Q21422 A2n |; B = 2|
An1 An2.. App
by,
X1
X2
X =
xn

YroObl HAWTH HEU3BECTHYIO MaTpuIly X, HyxHO A~1 - B
UTOoOBI BEIUMCIUTH OOPATHYIO MaTPHUILY, HYKHO:
a) BBIYUCIIUTH ONpenenuTenb Matpuisl A (AA # 0);

0) HaiiTu anreGpanveckue JOMOTHEHUS IS KQKI0T0 JIEMEHTa MAaTPHUIIBI A U COCTaBUTh U3
HUX COIO3HYIO MaTpuiry A*.

B) TPAHCIIOHUPOBATH MATpHIly A* U3 anreOpandecKux JONOTHCHUH

Ay Agy o Ay
AT = Ay Ayy Ay ;
Agn Aoy o A
Ay Ay Ay
r) HaiiTu o6paTHyI0 MaTpuiy: A~1 = i A12 Azz Anz
Avn Agn o A

Yro6B!I HANTH HEM3BECTHYIO MATPUILY X, HY’KHO YMHOKHTB OOpaTHYIO MaTpHIly A~ Ha
Matpunly B, cocTosinyto u3 cBOOOIHBIX YIECHOB.

Ilopsinok BbINOJHEHHS padOThI:

1. 3anumuTe cucTeMy JUHEHHBIX YpaBHEHUH.
2. CocraBbTe MaTPUYHOE ypaBHEHHUE.

3. Beruncnure oOpaTHyIO MaTpuILy.

4. HaiinuTe 3Ha4€HUs1 HEU3BECTHBIX.

5. 3anuuuTe OTBET.

Xox padoThI:

Pemnte cucreMy TMHENHBIX ypaBHEHUI:

2.1'1 - 3.1'2 = -7
1) {ﬁxl + 2.1': =12
Haiinem
2 3|_ . _ iow
A= |3 _5| = —10 -9 = —19 # 0 =>00paTHAs MATPHIIA ECTh.

—1__L(—5 —3)
at=-zlg )
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Pemrnm ypasHeHHE !

X =A"tc= —ﬁ(:g _93) @ = —ri(ffg ;g) = _ﬁ(_nag) = (S)

Ortgert: (2; 0).

.7.'1 +2.1': —_ 3.7.'3 =

2.1'1 —_ 3.1': + ‘1'.1'3 = J.J.
2) .
—3.3{1 —_ ‘1'.1': +J.'3 = —25

Hatinem
A= : _37 _19 =7|_2 —2 —3|3 _2|+|3 _2|=—m4
s 2T s g sltlg 1 :
Brruncium aJIre6paI/I‘IeCKI/Ie JOITIOJIHCHUA
o e
’4“=|_32 —12 =%
e e wef g
’439=_|§ —L2|=?;
T T

CocTaBuM 00paTHYIO MATPUILY:
-12 -16 -4

atl= —lf—4(—31 2 7 )
13 26 —13

Pemmmm MatprudHOE ypaBHEHHE:

. -12 -1 -4 10 i —120 + 64 + 56 . 0 0
X=H'LC=—E(—31 2 7 )(_+)=_E( —3'LU—E—QE)=—E(—416)=(ﬂl-).
13 26 —137 \-14 130 — 104 + 182 208 -2

Ortgert: (0;4;-2).

CremnaeM mpoBepKY:
04+12-2=10

[ 0—3+4=-4.(BepHO)
0—4-10=-14

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun onenku:

- «OTaM4HO» - yMeHHUs COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIbHO, 03
apudmeTnyeckux ommoOOK, perieHrne opopMICHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSIMHU.

- «Xopomio» - HEKOTOpble YMEHUs c(HOpMUpOBaHBI HEJOCTATOYHO, BCE 3aaHUSA
BBITIOJTHEHBI, HEKOTOPBIE BUJIbI 3aJIaHUM BBIMOIHEHHI ¢ omKOkamu. be3ommn6oyHo BbmonHeHO §0-
89 % Bcex 3aJaHuM.

- «Y IOBNIETBOPUTEIILHO» - HEOOXOJMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHHI,
6OJ'II)HII/IHCTBO SallaHI/Iﬁ BBITIOJIHEHO, HeKOTOpBIe M3 BBIITOJIHCHHBIX SaﬂaHI/Iﬁ conepmaT OHII/I6KI/I.
Be3ommbouno BemonHeno 70-79 % Bcex 3amaHuii.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAaHWE Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BHIMIOJHEHHbIE y4eOHBbIC 3aJaHMs COJEpKaT rpyoble
omnOku. be3ommbouno BrinoaneHo menee 70% Bcex 3agaHui.
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Tema 2.2 Cucrembl JTHHEHHBIX YPABHEHU
IIpakTuyeckoe 3ansiTue Ne7
Pemenue cucreM JuHelHbIX ypaBHeHuid meToaom ["aycca.
eab padoThbI: HAYYUTHCA PELIATh CUCTEMBI JIMHEHHBIX YPAaBHEHU METOJOM MOCJIEI0BATEIHLHOTO
HCKJIFOYCHHS TIEpEeMEeHHBIX (MeToioM ["aycca).

Boinosinus padorty, Bel Oynere:

ymemb:

- peaTh CUCTEMBI TPEX JIMHEUHBIX YPaBHEHUN C TpeMsi HEM3BECTHBIMU METOJI0M [ aycca;

- pelllaTh CUCTEMbI YEThIPEX JIMHEHHBIX YPABHEHUN C YETHIPbMS HEM3BECTHBIMH METOAOM [ 'aycca;
MarepuanbHoe obecniedenue: ViHauBuIyabHbIC 3a1aHNs], YICOHUKH, KOHCIICKTHI JICKIIUH.
3aganue:

Pemnte cucTeMsl IMHEMHBIX YPAaBHEHMI:

X1 +x, —3x3+ 2x4 = 6,
X, + x3 +3x, = 16,

X — 2x, — X4 = —6,

2x1 — 3x, + 2x3 =6

3x—2y+z=10
14{x+5y—-2z=-15 2.
2x —2y—z=3

Kparkue TeopeTnueckue cBeeHHA:

Mertopn ["aycca siBisiercst oqHUM 13 HanOoJiee YHUBEPCATbHBIX METOIOB PEIICHHS CUCTEM
JUHENHBIX ypaBHEHUNH. OH COCTOUT B MOCIIEA0BATEIHLHOM UCKIIOUEHUN HEU3BECTHBIX.

[Iporecc pemenus mo merony ['aycca coctout u3 nByx 3tanoB. Ha mepBom sTane (mpsmoi xox)
cUCTeMa MPUBOJUTCS K CTyNeH4YaTomMy Buy. Ha BTopom stamne (0OpaTHBIN X0O1) UAET
MIOCJIE/I0BATEIBHOE ONPECICHNE HEM3BECTHBIX U3 ATOU CTYNEHYATON CUCTEMBI.

Ha npaktuke yno6Hee paboTaTh HE ¢ CUCTEMON ypaBHEHUH, a ¢ PaCUIMPEHHON MaTpuIleH,
BBINOJIHSAS BCE dJIEMEHTAapHbIE IPe0o0pa30BaHMs HaJl €€ CTPOKAMHU.

3J'I€MCHTapHBIMI/I Hp606p330BaHI/I$IMI/I MaTpulbl ABJIAOTCA:
- IEpCCTaHOBKaAa CTPOK MECTaMMU;
~YMHO>XXCHUC HCKOTOpOﬁ CTPOKH Ha J'II-O60€, HC PaBHOC HYJIIO YUCIIO;

-npudaBiIeHNE K AJIEMEHTaM OJTHOM CTPOKH COOTBETCTBYIOIIMX AJIEMEHTOB JIPYrOi CTPOKH,
YMHO>KEHHBIX Ha OJHO U TO K€ YHCIIO

Ilopsinok BbINOJHEHHS PadOThI:

1. 3anuuiMTe CUCTEMY JUHEHHBIX YPABHEHUN.
2. CocTaBbTe pacIIMPEHHYIO MATPULLY.
3. BoimonHuTe — sneMeHTapHble  MpeoOpa3oBaHUS — CTPOK — MATpHUIbl,  HCKIIOYas
IIOCJIEI0BATEIBLHO IIEPEMEHHBIE. B pe3ysbTaTe NOKHA MOIYy4YUThCS CTyIIEHYaTas MaTpULa.
4. Ilo ctyneH4aroil MaTpuLe COCTABbTE CUCTEMY.
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5. HOCJ’IGI[OB&TG.HBHO HaﬁﬂHTe 3HAYCHUS BCCX HCU3BCCTHBIX.
6. 3amuIIuTE OTBET.
Xox padoThI:

PaccmoTrpum npumep:

1) Pemmth cucTeMy ypaBHEHHIA:

2.171 — X1 +"‘1‘I3 = 5:

{Ii +2J.': —3.1'3 =
3.1'1 +.r:—x3 = 5

CocraBUM pacHIMpPeHHYIO MaTPHILy U3 KO3(PGUIIMEHTOB ITPH HEU3BECTHBIX U CBOOOTHBIX YICHOB:
1 2 =30

(4lB) = (2 -1 4 5)
5

i 1 -1
BoinonHuM 35eMeHTapHble IpeoOpa3oBaHus HaJl CTPOKAMHU MATPULIbL:

1 2 -=3|0 1 2 =30 1 2 =30
( -1 4 5) o (EI -3 10 5) o (EI 1 -2 —'l)w
3 1 -115 0 -5 815 0 -5 815

1 2 -=3|0
’\* (EI 1 -2 —'J.)
0 0

0 -2
HOHy‘lGHHOﬁ MaTpune COOTBETCTBYCT CUCTEMA ypaBHeHHﬁl

%]

x1+2x:—3x3 =[|
x:—2x3 = —1;
—EIEZU

Haunnas CHHU3Y BBCPX, HAXOAUM 3HAYCHUA HCU3BCCTHBIX!

’x1+2x2—3x3=[] I1+2Ig—3x3=ﬂ I1+2'|:—1:]:[|
.1':—2.1'3 =-1 ; [ X2 =-1 ; { Xy = - ;

! x3=10 x3=10 x3 =10

'.r1=2

I:——]..

L.r;:[]

Ortsert: (2;-1;0).

X1 +x, —3x3+ 2x4 = 6,
X, +x3 +3x, = 16,

X, — 2x, — X, = —6,

2xq — 3%, + 2x3 =6

2)
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1 1 -326 1 1 -3 26 1 1 -3 26
01 1316 [ 01 1316 |\ [0 1 1316 |_
1-20-1-6 0 3 -3 3 12 01 -11 4
2 -3 2 06 0 -5 8-4-6 0-5 8—-4-6
1 1 -326 1 1 -326 1 1 -3 26
60 1 1316 | ( 0 1 1 316 |_ 0 1 1 3 16
0 02 2 12 0 0 1 16 0 01 16
0 0 13 11 74 0 0 13 11 74 00 0-2-4
xl+xZ_3X3+ZX4:6,
X + x3 + 3x4 = 16,
x3+X4=6,
—2x, = —4

Hauunnas CHHM3Y BBCPX, HAXOJAUM 3HAYCHUS HCU3BCCTHLIX!

x, =8
X, =6
X3 =4’
X, =2

Otser : (8;6;4;2).

®opma npeacTraBiaeHus pe3yJabTaTa: BHIIOJIHEHHAs padboTa.

Kputepuu ounenkmu:

- «OTINYHO» - yMEHUs cPOPMUPOBAHBI, BCE 3aJaHHS BBIMOJIHEHBI MPABUIBHO, 0€3
apu(MeTHYECKUX OMKMOO0K, penieHre 0hopMIICHO aKKypaTHO, C HEOOXOJUMBIMI 00OCHOBAHHSIMH.

- «XOopomio» - HEKOTOpble yMEHHsI C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3a/JIaHUS
BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBHIMOIHEHHI ¢ omuOkamu. be3ommnboyHo BeimonHeHO §0-
89 % Bcex 3aJaHui.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHUS B OCHOBHOM C(OPMHUPOBAHEI,
OOJIBIIMHCTBO 3a/IaHUi BBIMOJHEHO, HEKOTOPHIE U3 BBIMOJHEHHBIX 3aJaHU COJEp)KAT OIIMOKH.
be3zomm6ouno BemonHeHo 70-79 % Bcex 3agaHuii.

- «HeynoBneTBOPUTENBHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HeoOXouMbIe yMeHHUsi He C(OPMHUPOBAHBI, BBHIMOJIHEHHbIE y4eOHBbIE 3aJaHUs COJIEpKaT TpyoObie
omnoOku. be3ommbo4Ho BrImoaHeHo MeHee 70% Bcex 3aJaHui.
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Tema 2.2 Cucrembl JTHHEHHBIX YPABHEHU
IIpakTuyeckoe 3ansaTue Ne§
Pemenne cucreM JIMHeiiHbIX YpaBHEHMH Pa3JIMYHBIMU MeTOJaMH.

eab padorni: HayuuThest pemiaTh CUCTEMbI IMHEUMHBIX YPaBHEHUN pa3IMYHBIMA METOJAMH.
Boinosnus padory, Bel Oynere:

ymembu:

-pelaTh CUCTEMBI JIMHENHBIX YpaBHEHHUI MeTo1oM Kpamepa;

- penark CUCTeMbl ypaBHEeHHI MeTooM [ aycca;

- pelaTh CUCTEMbI JJMHEWHBIX YPaBHEHUM MATPUUHBIM CIIOCOOOM.

MarepuanbHoe obecniedenue: HauBuayanbHble 3aJaHNs, YI€OHUKU, KOHCTIEKTHI JIEKIHH.

3ananmue:

Pemntes cucreMsl IMHENHBIX YPaBHEHUM:

3% =X, + X =3 2x, — 3x; 4 4x3 = 11
1) X +2X,—3%, =0 2){ x +2x;—3x3=9
—3x; — 413 + 33 = 25

BX, + X, — 7%, = —1 Xy — 4% + X

Kparkue TeopeTnueckue cBeeHHA:

IlycTs nana cucrema Tpex JIMHEMHBIX YPAaBHEHHM C TPEMS HEU3BECTHBIMU:
Ay ¥+ ap¥y Tapr; = by
ap Xy + Xy +ap3x3 = by

@31 %y + Q3% +ag3x3 = by

Urto6s! pemuTh cucteMy MerogoM Kpamepa, cocraBuM onpeenuTens U3 ko3hPpUIMeHToB npu
HEU3BECTHBIX.

Gy Gyz Oy

OTOT OIIPEACINUTEIIb HA3BIBACTCS ONPECACIUTEIEM CUCTEMBI: A= [fz; @Gzz  fz3

gy gz O

CocTaBuM OIpeIeINTENN KaxI0i Hern3BecTHOW. OnpeneuTens 4; MoydaeTcs U3 onpeaeuTes A
MyTEM 3aMEHBI TIEPBOTO CTOJIONA KOA(DPHUIIMEHTOB CTOIOIOM U3 CBOOOIHBIX YICHOB.
by 12 M3
A= by 1
by

]

b3

=]

b3

o

(]

-
3l

=]

Ba

e

3 33

Omnpenenurens 4; MOTydaeTCs U3 OTMPEACTUTENS A IyTeM 3aMeHBI BTOPOTO CTOJIOIA
KO3 PHUIHUEHTOB CTOIOIOM U3 CBOOOJHBIX YJICHOB.
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1)
2)
3)

4)
5)
6)

ay by ey
A= oy by @

[
[
)

ag by ag

Omnpenenurens 4; MONTydaeTCs U3 OMPEACTUTENS A IyTeM 3aMeHBI TPETHETO CTOI0A

KO2(pPUITMEHTOB CTOJIOIIOM M3 CBOOOIHBIX YJICHOB.

a
= ﬂﬂl Tqn bn
& Ly
a3; by

UToOb! BEIUMCIIUTD 3HAUYEHUSI HEM3BECTHBIX, BOCHONIb3yeMcs popmynamu Kpamepa:

4. 4y
Xn = — Xq = —
- ;\.’ 3 A

Jns pemienus cucteMbl METOIOM ['aycca UCIIONb3yUTe aITOPUTM:

3anuIIuTe CUCTEMY JIMHENHBIX YPaBHEHUH.
CocraBbTe paCHIUPEHHYIO MaTPHUILY.

Bemmoanute QJICMCHTAPHLIC npeo6pa30BaHI/1;1 CTPOK MaTpulbl, HCKIOYasA IIOCICOOBATCIIBHO
NEPCMCHHBIC. B PE3YIbTATC AOJDKHA IMOJIYYHUTHCA CTylICHYATasA MaTpulia.

ITo CTynquaTOﬁ MaTpune COCTaBbTC CUCTEMY.

IlocnenoBarenpHO HAWIUTE 3HAYEHUS BCEX HEU3BECTHDIX.

3anumunTe OTBET.

L= |

Jlnist perieHust cucTeMbl MAaTPUYHBIM METOOM:!
1. 3anuiuTe cUCTEMY JTMHEWHBIX YpaBHEHHH.

2. CocraBbTe MaTpUYHOE ypaBHEHUE.

3. Beruncaure oOpaTHYIO MaTpHILy.

UTOoOBI BRIUUCIUTH 0OpATHYIO MATPHILY, HY)KHO:

a) BBIYUCIIUTH ONPEACTUTENh MAaTPULIBI A (AA # 0);

0) HaiiTu anreGpandeckue JOMOTHEHUS A K00 3JIEMEHTa MaTPULIBI A

B) TPAHCIIOHMPOBATH MATPHILY U3 alredpanuecKux JOMOJTHEHUH;

All Azl "'ATll
I) HaliTH 06paTHYIO MaTpuIy: A~ = i A Ayy Ay
Aln Azn ...Ann

4. Haiioure 3Ha4EHU HEU3BECTHBIX.

. -1
Uto0Ob! HAITH HEN3BECTHYIO MATpULly X, HY’)KHO YMHOXKUTh OOpaTHYIO MaTpully 4 Ha
Matpunly B, cocTosinyto u3 cBOOOIHBIX YIECHOB.

5. 3anumunTe OTBET.

Ilopsinok BbINOJHEHHS PadOTHI:
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1. 3anummre cucTeMy JIMHEHHBIX ypaBHEHUI.
2. PemmuTe KaXXIyr0 CUCTEMY BCEMHU TPEMsI CIIOCOOaMHU.
3. 3amuimmre OTBET.

dopma npeacraBJieHUs pe3yJbTaTa: BHIIIOIHEHHAs paboTa.

Kpurepun oneHku:

- «OTnU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIOJHEHBI NMPABUIBHO, 03
apudmeTnueckux ommbOoK, penieHne 0POpPMIICHO aKKYpPaTHO, C HEOOXOUMBIMUA 0OOCHOBAHHUSIMH.

- «XOopomuio» - HEKOTOpble yMeHHsI C(HOPMUPOBAHBI HENOCTATOUYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIE BUbI 3aJlaHUM BBIMOIHEHHI ¢ omuOkamu. be3ommn6oyHo BbimonHeHO §0-
89 % Bcex 3a/1aHuid.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOAHUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/laHUi BBINOJIHEHO, HEKOTOPBIE W3 BBIMOJHEHHBIX 3aJaHUN COJIEP)KaT OLIUOKH.
bezommbouno BeIMoaHeHO 70-79 % BCex 3amaHuil.

— «HeynoBneTBOpUTENBHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BHITIOJHEHHbIE Y4eOHBIC 3aJaHHs COJAEpXKaT rpyoble
omuOku. be3zommbouyno BeimonHeHO MeHee 70% Bcex 3aaHui.

Tema 3.1 Teopus npenesion
IIpakTuyeckoe 3anaTue Ne 9
Breruuciaenue npegesioB GyHKumii

Henab: HayunTbes BEIUMCTATH Opeeibl PYHKIIHA.
Boinosinus padorty, Bel Oynere:
ymemp:
-BBIUMCIISITD MPeACIbl YHKIMM, UCIIONB3YS TEOPEMBI O Mpeeiiax;
- pacKpbIBaTh HEOIIPEAEICHHOCTH;
- HaXOJIUTh Mpeesbl PYHKIMHA, UCTIOIb3YsI POPMYJIIbl 3aMeUaTeNIbHbIX MTPEIEIOB.
MarepuanbHoe o0ecnedeHne: MHIUBUTyaIbHbIC 33/IaHUsI, KOHCTIEKThI JIEKIIH.
3aganue:
Boruucnuth 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,es (1 - z)sx

3. limy_ e

ITopsinok BbINOJIHEHUS PadOTHI:

Haiigure npenen gyHKIMH, UCTIOTB3YsI TEOPEMBI O IIpeienax.

Ecnu nonyunnace HeonpeaeneHHOCTb, ONPEIEIUTE €€ BUA U CIIOCO0 PacKpPbITHS.
[IpeobpasyiiTe GyHKINIO U paCKpOUTE HEONIPEAETEHHOCTb.

Brruncnure npeaesn.
Xox pa0doThI:
Haiitu npenen Gyukimu:

el oA

1) lim,,,(2x3 — 10x? — 4x + 5)
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Hcriosb3yeM TEOPEMBI O TIpeIeNiax:
lirr%(2x3 —10x%2 —4x +5)
x—

=2(hmx) —10(limx)2—4}ci_r)r%x+5=2-8—10-4—4-2+5=—

X2 xX—2

3x2-11x+6
2) lim _
) X23 ox2-5x-3

OyHKIUSA MpescTaBiIsieT co00M OTHOIIEHHE JBYX MHOTOYJIEHOB, 0OpAIalOIUXCs B HYJIb B
touke X = 3. [loaToMy cHauana npeoOpa3yeM JAaHHYIO (QYHKIHIO.
JIr060i1 KBaIpaTHBINA TPEXUWIEH MOXKHO Pa3JIOKHUTh HA MHOKUTEIN C TOMOILBIO (hOPMYJIbI

ax®+ bx +¢=aix —x,){(x —x,), I€ ¥ U ¥;KOPHU KBaAPATHOTO TPEXUJICHA.

KopHsiMu KBafipaTHOTO TpexwieHa 3x* — 11x + 6 SABISIOTCS YUCIA - U 3; 3HAYMT
3

3x2 —11x+ 6 = 3(x — 3)(x—§)

1
A KOpHHM KBaJ[paTHOTO TpexuseHa 2Xx% — 5X — 3 paBHBI - U 3, CJI€10BATEIBHO

2x2 —5x =3 =2(x —3)(x +7)
BOSBpaH_IaHCB K IIpeaeiy, UMCEM:

2 2
lim 3x2-11x+6 _ im 3(x-3)(x—3) im 3(x—3) im. ., 3X°2 _ 3limgogx-2 _ 33-2
X=3 ox2-5x-3 X73 2(x-3)(x+3) X=3 2(x+3) X23 2x4+1  2limygx+1 2341
77=1
. 11x3-5x%—6x+10
3) lim,_,q

6x%—8x2+2

Tak KaKk MHOTOUYJICHEI B YUCIIMTEIIC 1 3HAMEHATEIIC CTPEMSTCA K 00, TO IMOJIy4acM
HEOMIPCACIICHHOCTh BUIA [ ] I[J'IH €C pPaCKpbITUA Pa3aCIUM KaKAO0C CJIaracMoeC YUCIIUTECIIS U

3HaMeHatens Ha x*. Toraa momyumm:

] ) 11x* 5x* 6x 10 11 5 6 10
11x% — 5x* — 6x + 10 = T F T ETE T T TETE o
lim 3 S = lim I 7 = lim =—-=10
X Bx® — 8x~ + 2 X Gx B + 2 3 6 — _E'r + 2 ]
A T TR PR
X
. sinz
4) lim,_,—=

UToOBb! BEIUMCINUTD MTpeed QYHKIMH, HY’KHO BOCIIOJIb30BaThCs (hOPMYIION EpBOTO

sinx
3aMeyYaTeNbHOro Mpejaena: hmx_,o =1.

1
YMHOXKHUM YHUCIUTENIb U 3HaMEHaTellb ,Z[pO6I/I Ha E
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sinZ LsinZ 1 sinZ 1 1

. 7 SSing 1. > _
lim,_ o —2 =lim,_ 32 ==-limy(—*>=--1==
¥ P PR 2

5) limy -, (1 ;)5x

[IpeoOpazyeM (yHKIHIO Tak, YTOOBI MOXXHO OBLJIO MPUMEHHUTH BTOPOW 3aMeuaTeNIbHBIN

x

openen :  lim,_,q (1 + %) = e. BBezieM HOBYIO TIEPEMEHHYIO: X = —3y; X — 00; y — 0.
. 3\°% . 3 \>(3) A PP |
11rnx—»oo (1 - ;) = llmy—mo (1 - —_33/') = hmy_wo (1 + ;) =e = E

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurtepun ounenku:

- «OTan4HO» - yMeHHUS COPMUPOBAHBI, BCE 3aJaHUSI BBINOJIHEHBI MPAaBUILHO, 0€3
apudmernyeckux ommoOOK, perieHre opopMICHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHUs Cc()OpMUpOBaHBI HEIOCTATOYHO, BCE 3aaHUA
BBITIOJIHEHBI, HEKOTOPHIE BUJIBI 33JJaHUN BBITIOIHEHBI ¢ omKOKkamMu. be3ommOo4yHo BeionHEeHO 80-
89 % Bcex 3amaHuM.

- «Y IOBNIETBOPUTEIILHO» - HEOOXOJAMMBIE YMEHHUS B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIIMHCTBO 3aJIaHUH BBIIOJIHEHO, HEKOTOPHIC M3 BBIMIOJHEHHBIX 3aJaHHUN COJEPHKAT OIIHUOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiaeTBOPUTENBEHO» - TEOPETUYECKOE COJACp)KaHHUE Kypca HE OCBOECHO,
HEoOXOIMMBbIC YMEHUs HE CHOPMHUPOBAHBI, BBHITIOJHCHHBIE YYeOHBIC 3aJaHMs COJEPIKAT IpyobIe
omnbku. be3ommboyno BeIoaHEHO MeHee 70% Bcex 3amaHui.

Tema 3.1 Teopus npenenon
IIpakTuyeckoe 3ansaTue Ne 10
Hccaenopanue GQyHKUMNH HA HENPEPbIBHOCTH U TOYKH pa3pbiBa

Henab: HayuuTbcs HAXOAWTh TOYKM pa3pbiBa (PYHKUUN, ONpeneisiTh HUX poOJl, HaXOIUTh
aCUMIITOTHI I'paUKOB QPYHKIHU.

Beinosinus padory, Bel Oyaere:

ymembo:

- Hccre1oBaTh QYHKIIMU Ha HEMPEPBIBHOCTB;

- HaXOJIUTh TOYKHU Pa3pbIBa, ONPEIEIATh UX POL;

- HaXOJIUTh ACUMITOTHI.

MatepuaibHoe ofecriedyeHHMe: HWHIMBHyalbHbIE 3a/JaHUS, KOHCIEKTHI JEKIMHA, Tabiauma
MIPOU3BOIHBIX.

3aganue:

HccnenoBaTh pyHKIIMM HA HEMTPEPHIBHOCTh. HalTH TOUKM pa3pbiBa U ONpeaenuTh ux pod. Haiitu
aCUMMTOTHI (PYHKIUH.

1) y==2

x-g’

2) y= 2 —-tr—!l}.

x2-25

KpaTkue TeopeTnueckue cBeieHUS:
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Touxkamu paspviea @ynKyuu HA3BIBAIOTCA TOYKH, B KOTOPBIX HAPYIIACTCS YCJIOBHE
HEMPEPHIBHOCTH HYHKITHH.

Bce Touku pa3pbiBa QyHKIUHU pa3esiOTCs Ha TOUYKH pa3pbiBa IEPBOTO M BTOPOTO Po/ia.
Touka pa3pbeiBa X Ha3BIBACTCS MOUKOU paspwvléa nepgoeo pooa pyHkuuu y = f(x), ecnu B
3TOH TOYKE CYNIECTBYIOT KOHEUHbIC Mpeesibl QYHKIMU CJICBa U CIIPaBa, T €
limy o f(x) =A; m limy,y 4o f(x) = A,. Tlpu stom: ecim A; = Ap,T0 Touka X
Ha3bIBACTCS TOYKOW YCTPAaHHUMOTO pa3pbiBa; eciiu A; # A,, TO TOYKa X, Ha3bIBACTCS TOYKOM
KOHEYHOTO Pa3phiBa.

Touka paspbiBa X, HA3bIBACTCS MOUKOU paA3pbléa 6mopo2o poda GyHkimu y = f(x), ecinu 1o

KpaifHell Mepe OIMH U3 OJJHOCTOPOHHKX MPEICIOB HE CYIIECTBYET WIM PaBEH OECKOHCUHOCTH.
Acumnmomoui cpaghuka pynkyuu y = f(x)HazpIBaeTCs mpsimasi, 00J1a1alolasi TeM CBOMCTBOM, YTO
paccrosiaue o1 Touks (x: f(x)) 10 5TON MPAMOM CTPEMUTCS K HYIIFO IIPH HEOTPAHMYEHHOM YIAJIE€HUH
TOYKH rpaduka OT Hayajga KOOpIUHAT.

[Ipsimast x = a Ha3BIBACTCS BEPMUKAILHOU acumnmomot Tpaduka QyHKOHH ¥ = f(x]}, €CIu
XOTsI OBI OJTHO M3 MPEACITBHBIX 3HAYCHUN lim, ., o f(x) wam  lim,_ .., fix) paBHO —o° WM 42 .

3ameuanue. llpsmass x =a He  MOXET  OBITh  BEPTUKAIBHOW  ACUMIITOTOH,  €CIH
GyHKIUS HempepblBHA B TOYKE x = a. [l09TOMY BEpTHUKAaJIbHBIE ACHMIITOTHI CIIEyeT HCKaTh B
TOYKaX pa3pbiBa QyHKIUH.

[Ipsimast y = b Ha3bIBACTCS 2OPUBOHMANLHOU acumnmomou Tpapuka QyHKIUH ¥ = f(x), €CIu

XOTsI OBI OJTHO M3 MPEACIBHBIX 3HAYCHUM lim, .z f(x) WM lim,_,__. f(x) paBHO b.

3ameuanue. ['padpuk QyHKIHMU MOXKET UMETHh TOJBKO MPaBYIH NOPU30HTAIBHYIO aCUMITOTY
WIH TOJIBKO JIEBYIO.

[Ipsimast y = kx + b HA3BIBACTCA HAKIOHHOU acumnmomoti rpaduxa byHKINH ,
ecru lim, o | f{x) — kx — b = 0
Ecmn nnst dyHkumu v = f{x) CyIIECTBYIOT MpEEibl lim_l._,;.:ﬁ =ku lim_o(flx) —kx)=b, ToO
x
(GYHKIUS IMeeT HAaKJIOHHYIO aCUMITOTY ¥ = kx + b TIpu x — o2,
Xoa padoThI:

WccnenoBath pyHKIMIO Ha HENIPEPhIBHOCTh. HailTh acuMNTOTHI QyHKIIMH.
I:

y=

O6mactpb onpenencuus GyHkmu D(f) = (—eo; 1)U (1; +o2)

Touka x = 1 gBnseTCS TOUKOM pa3pbiBa 2 poja, T.K.

. x* 1 . x 1
lime g g——=|7|=—% lim_jp—=|-|=+w
LX—i o LX—i U

[Ipsimast x = 1 — BepTUKaJlbHAsg acCUMMTOTAa (PYHKIMH. YpaBHEHHE HAKJIOHHOW aCHMIITOTHI
UMeeT BuJ v = kx + b,
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P x | x° ’ x° | 1 1
= x _xi.mxpx_z]x xﬂ?xf—h xﬂ?_g_z
T ox
. x* 1 Coxt—x(x—1) o oxt—xt4x . x . 1 1
b=l 23T i Ty T e T _}LEM‘}LE7_3‘5
T ox

Koneunslil BUI IPAMOM CIIETYIOLIHI

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurepun oneHku:

- «OTnU4HO» - yMeHHUS COPMUPOBAHBI, BCE 3aJaHUS BBIOJHEHBI MMPABUIBHO, 03
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOUMBIMUA 000CHOBAHHUSIMH.

- «XOopomio» - HEKOTOpble yMEHHS C(HOPMHPOBAHBI HEIOCTATOYHO, BCE 3allaHMsI
BBINOJIHEHBI, HEKOTOPBIC BUJIbI 3a/IaHUI BBITIOJHEHBI ¢ omKOKaMu. be3ommnbo4Ho BhimoaHeHO 80-
89 % Bcex 3aaHuil.

— «Y IOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3aJ]aHUN BBIMIOJHEHO, HEKOTOPHIC W3 BBIMOJIHEHHBIX 3aJlaHUI COJEPKAT ONIHUOKH.
bezommbouno BemonHeHO 70-79 % BCcex 3agaHuii.

- «HeynoBieTBOPUTEIBHO» - TEOPETHUECKOE COJEpKAHUE Kypca HE OCBOCHO,
HEeoOXOIMMBbIE YMEHUsT HE CHOPMHUPOBAHBI, BBHITIOJHCHHBIE YYeOHBIC 3aJaHMs COJEPIKAT Ipyobie
omnOku. be3ommbouHo BhmoaHeHO MeHee 70% Bcex 3a1aHui.

Tema 3.2 IlpousBoaHasi pyHKIHMH U ee IPUMEHEHHUE
IIpakTnyeckoe 3ansaTue Ne 11
JuddepeHunpoBanne CI0KHbIX PyHKIMIA

Henab: HayunTbes HaXOAUTH IPOU3BOIHBIE CIOXKHBIX (YHKIIHM.

Beinosnus patdory, Bel Oyaere:

ymemp:

- IPUMEHSATH NpaBuiia TudPepeHIMpOBaHNS;

- HAXOJUTh MPOU3BOJIHBIE CIIOKHBIX (DYHKIIHII.

MatepuaibHoe ofecriedyeHHMe: WHIMBHyalbHbIE 3a/JaHUS, KOHCIEKTHI JEKIMHA, Tabiauia
IMPONU3BOJHBIX.

3aganue:

Haiitn npousBoaHble PyHKIMIMA

1. y=(5x% —2x)*

2. flx) = 3sin(2x —'4—*]
3. flx) = arcsindx + arccos*x
4
5

flx) =log: (7x* - 52"+ 1)
—
f':_r] — {n IL+EDSI

y L-cosx
HOpﬂI[OK BbBINNOJTHCHUA paﬁoTbI:
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1. Onpenenure Bua ¢yHkuud. Ecim  GyHKuus — sBISeTCs  CIOXKHOH, TO  BBEAUTE
MPOMEKYTOUYHBIN apryMEHT.

2. Ompenenute, KakuMH TpaBwiaMd JTUGGEpEeHIUPOBAHNUA HYXHO  BOCIIOJIB30BaThCS.

[TpuMeHUTE COOTBETCTBYIOIIEE MTPABHIIO.

Hcnonp3ys Tabnuily Mponu3BOAHBIX, HAWAUTE TPOU3BOIHBIC (DYHKITHIA.

4. PackpoliTe CKOOKH M MPUBEIUTE MOAOOHBIE, €CIIM ATO YIPOCTUT 3aMHUCh (YHKIIUH.

w

Xopn padoThl:

Haiitu npoun3BogHbIe PYHKITUI:

1. glx) =(1-4xn)

@yHKIUA ABISETCA CIOXKHOW CTENEHHOM. BBeneM mpoMeKyTOUHbIN apryMeHT u =1 —4x*. J{s
muddepeHIpoOBaHms HYKHO BOCITOIB30BaThCs (opMyIton (u™) = nu™! - u

)

¥y = 10(1 —4x%) (1 —4x%) =10 (1 — 4x*)%(—8x) = —80x(1 — 42%)

2. flx) = siﬂfx - cos 2x

OyHKIMS TPEACTaBIsAeT CO00M MPOM3BENCHUE IBYX CIOKHBIX TPUTOHOMETPHUECKUX (HYHKIUH.
[TosToMy cHauaja BOCIONIb3yeMcs paBuioM auddepenuupoanus (U V) = UV + UV

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

o o L o
BBeneM nmpoMeKyTOUHBIN apryMeHT: 1Js IepBOM QYHKIMH u = - x, N7 BTOPOH PpyHKUUU u = 2x,

IIpn T pepeHIMPOBaAHUT UCIIOJIb3YEM CIIEIyIOIINE bopMynbL:
{sinu]' = cosu-u,(cosu) = — sinuu.

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

1 1 1 ) ., 1 1 1
= ros ;x- ;.r s ros2x + s:'n;.r- {_—s:’n?x} ' {_2_1'} = ;cus ;x rrosix — 2sin ;x- sindx.

A3X+5T°

3.y=

loga (3+10x)

OyHKIUSA TpeAcTaBiIseT co0oW  YacTHOe  ABYX CHOXHBIX  (yHkiuid. Ilostomy chavana

U U V-
BOCIIOJIb3yeMCs ITpaBUIoM AU depeHInpoBaHus (1_) =0

(2554551 log, (3 4 10x) — 2945 . (log, (3 + 10x))’
- (log, (3 + 10x))°

y

BBenem mpoMeXyTOUHBIM apryMeHT: JUIs MepBOd (QYHKIUHM u = 3x + 5x%, JuId BTOpOH (YHKUIUU
u =3+ 10x.
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. _ 1
[Ipn nuddepeHumpoBaHuu UCTIONL3YEM CIIEMYIOIIUE GOPMYIIBL: (a*) = a“Ina - o, (log, u) = — o

L3+ 1) dnd

¥ = P = i f =

(log,(3+10x1) (log, (3+10x1)

A A
. . +5x° I n o 1 P
, ,g-“--"fi,L]:_::J|:3+1:_,_-}_g-€'r—.n‘i.Il:a”3+1:_1.”. FAFI 1 | .1.1.'+:|.1':| Iog, (34 10x) =245 ————— 34100y’

14

el . ]
2T (34 10x) log,, (34 10x) - 2F5 FyerRTar

|:|=,g_,|.'|+1:.'l.'||;I

4, flx) = nrcsfn§x+ arccosdx

OyHKIMS PEACTaBISAET COO0M CyMMY IBYX CIOKHBIX OOpaTHBIX TPUTOHOMETPHUUECKHUX (DYHKIUH.
[TosTOMy cHavaya BOCIob3yeMcs paBuiioM auddepeHiupoBanus (U + F]' =U +V.

Flx) = (nrcs:'ng.r)l + (arccosSx)’

o o 3 o
BeezieM pOMEXKYTOUHBII apryMeHT: [Ulsl IepBOM PYHKUMHK u = x, JUIs BTOPON QYHKUMM u = 5x.

[Ipu Im(bcpepeﬂuupOBaHHn UCIIOJIb3YEeM CIICAYIOIINE bopmymb:

u

{nrccusu] -

{:nrcs:'nu] =
vi-u? Vi-u

Flx) = (nrcs:'ngx) + {nrccusSx]’:;i (i_r) = :1},{5-1'} - ~ e

J

5. flx) = arccosvVl — &

(DYHKHI/ISI SIBIISIETCST CIIOKHOU 06paTHOI/I TpI/IFOHOMCTpI/I‘ICCKOI/I BBGHGM HpOMe)KYTO‘-IHBII/I apFYMeHT
-
u =+1—e>. Jlna nudpepeHnpoBanys HYKHO BOCIIONB30BaThes popMymnoii  {(arccosu) ' =

ml—u-

— - X — E X
x) = | arccosV1l — g = — = |V1-g¥).
i) =( v ) Y (v )
[TpomexxyTOUHBIN apTyYMEHT SIBJISIETCS TAKXKE CIIONKHOW QyHKIMenH. BBenem u 17151 Hero HOBBIM
MPOMEXKYTOUHBIM apryMEHT u =1 —e™*.

Jlst nudpdepeHmpoBaHus HYy>KHO BOCTIONIB30BaThCs (hOPMYITOit
N
{\IE} B 2
ey T = _ 1 — L 1 - 2t
fx) —{nrccus\-l—e ) = ——vl,m-'[\-l—e 1:} = -7 — (1 -¢ ) =

1 1
_ = 255 =
S { } V1-gix

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
Kpurepum ouenku:
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- «OTaU4HO» - yMeHHUs COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPABUIBHO, 03
aprupMETHYECKHUX OIMMOOK, peneHrne 0hOpMIIEHO aKKypaTHO, C HEOOXOUMBIMH 000CHOBAHUSIMH.

- «Xopomo» - HEKOTOpble yMEHHs C(HOPMHPOBAHBI HEIOCTATOYHO, BCE 3aJaHHS
BBITOJIHEHBI, HEKOTOPBIE BUBI 33/1aHUI BBHIIOJIHEHBI ¢ omnOkaMu. bezommbouno BeimoaHeHo 80-
89 % Bcex 3amaHuH.

- «Y IOBJIETBOPUTENFHO» - HEOOXOAWMBIE yYMEHHS B OCHOBHOM C(OPMHPOBAHBI,
OOJBIIMHCTBO 3a/IaHUi BBIIOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHUI COJEP)KAT OIIUOKH.
Bezommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBneTBOpUTENbHO» - TEOPETHUUECKOE COJEp)KaHUE Kypca HE OCBOEHO,
HE0O0XO/MMBIE YMEHHUsI HE C(POPMHUPOBAHBI, BHIMOJIHEHHBIC yueOHBIE 3aJaHUS COJIEp)KaT rpyObIe
ook, be3ommbouno BrimoaneHo menee 70% Bcex 3agaHui.

Tema 3.2 IlpousBogHasi pyHKIIUM U ee MPUMEHEHHE
IIpakTuyeckoe 3ansitue Ne 12
Hccaenopanue GQyHKIMiA HA MOHOTOHHOCTD, JKCTPEMYMBbI, BBIIYKJI0CTh, BOTHYTOCTb,
neperuo.
Heap padoTel: HaydyuThcst IPUMEHSATH TPOU3BOIHYIO JUTSI HCCIIETOBAHUS () YHKITUH.

Boinoinus padorty, Bl Oynere:

ymemas:

- OIPENENSITh MPOMEKYTKH MOHOTOHHOCTH,

- HaXOJIUTh 3KCTPEMYMBbI QYHKIINH,

- OIPEJIENSTh HallpaBJIEHNE BBIMYKIOCTH (DYHKIIMU, TOUKHU IIeperuoa.

MarepuanbHoe obGecniedenue: uauBuayanbHble 3aJaHus, TaOIUIA MPOU3BOIHBIX,
KOHCIIEKTHI JIEKIUH, Y4eOHUKH.

3aganue:

1. HUccnenyiite pyHK1IMIO HA MOHOTOHHOCTB!
flx) =x5—x3—2x

2. Haiigure skctpemymbl pynkimn: f(x) = x* — 4x3

w

Uccrnenyiite GyHKIMIO Ha MOHOTOHHOCTb M 9KcTpeMyMsl: f(x) = 3x° — 25x3 + 60x
4. Haiigutre npoMexyTKHU BBITYKJIOCTH (YHKLIUU:
f(x) = x* —10x3 + 36x2 + 100

KpaTkue TeopeTnueckue cBeeHUS:

Anzopumm HaAxoHcOeHUA IKCMPEMYMOE PYHKUUU U UHMEPBATI08 €€ MOHOMOHHOCIU C
HOMOWbIO NEPBOIL NPOU3BOOHOUL

1. Haiitu o6nacte onpeaeneHust GyHKIIMU U HHTEPBAJIbl, HA KOTOPBIX (YHKIIUS HETIPEPHIBHA.

2. Haiiti npousBoanyto ¢pyukuuu f '(X).
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3. Haiitu kputnyeckue Touku ¢yHKium Y =f(X), T.e. TOYKH, NpHHAAISKAIHE 0OJACTH
ornpezenacHus: PyHKINHU, B KOTOPBIX pou3BoaHas f '(X) oOparaercs B HyJb HIIH HE CYLIECTBYET.

4. MWccnenosath xapaktep wusMeHenus (ynkiuu f(X) uw 3Hak mnpowmsoguoii f '(X) B
NPOMEXYTKaX, Ha KOTOpbIC HaWJCHHbIC KPUTHYECKHE TOYKH JEISAT 00JacTh ONPEICICHUS

bynkuuun y = f (X).

5. OTHOCHUTENBHO KaXKIOM KPUTUYECKOM TOYKM OINPEAEIUTh, SBJISETCS JU OHA TOYKOU
MaKCUMyMa, MUHUMYyMa WIH HE SBJISIETCS TOUKOU 3KCTPEMYyMa.

[ToMHHU: KpHTHYECKasl TOYKa Xg €CTh TOYKAa MHHHMYyMa, €CIIM OHA OTICISCT IPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B koTopom f'(X)>0, 1 Touka MakcumMyma - B IPOTUBHOM CIIy4ae.
Ecnu e B cOCEHUX MPOMEXYTKaX, Pa3AeiIeHHBIX KPUTHUECKOW TOYKOI Xo, 3HAK ITPOU3BOTHON HE
MEHSIETCsI, TO B TOUKE Xo QyHKIHS SKCTpEeMyMa HE UMEeT.

6. BeruncnuTh 3HaYeHUs (YHKIMU B TOYKAX IKCTPEMyMa.

7. 3ammcarth pe3yibTar HCCICHOBAaHUA (I)YHKI_[I/II/IZ MMPOMECKYTKH MOHOTOHHOCTH U
OKCTPEMYMBI.

Anzopumm HaxoxncoeHusn bINYKA0CMeEN YHKYUU U MOYeK nepezuda:

=

Haxoaum BTOpYIO MPOU3BOIHYIO.
Haxoaum TOYKH, B KOTOPBIX f (x) = 0 WIIM HE CYILECTBYET.

N

3. Hccrnenyem 3Hak BTOpOW MPOM3BOJHOM CJeBa W CIIpaBa OT HAWJCHHBIX TOYCK U JIEJIaeM
BBIBOJT 00 MHTEpBAJIaX BBHIMYKJIOCTH M O HATMYHH TOUYCK ITeperuoa.
4. Haxoaum 3HaueHue PYHKIMH B TOUYKaX Meperuoa.

ITopsinok BbINOJHEHHS PadOTHI:

1) 3amummre QyHKIHIO.
2) Ormpenenure, KAKAM AITOPUTMOM HYXKHO BOCIIOJIB30BATHCS TS BBITIOJHEHHS 3a[aHUSL.
3) IlpuMeHUTE COOTBETCTBYIOIINIT AITOPUTM.
4) 3anuimre OTBET.
dopMa npeacTaBIeHHs Pe3yJbTaTa: BHITOJHEHHAS PaboTa.

Kputepun onenkn:

- «OTIUYHO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIOJHEHBI MMPABUIBHO, 0€3
apupMeTHYECKUX OMMOO0K, pelreHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSMH.

— «XO0pomio» - HEKOTOpble yMeHHsI C(HOPMHUPOBAHBI HEJOCTATOYHO, BCE 3a/aHUs
BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBHIMOIHEHHI ¢ omuOkamu. be3ommnb6ouHo BeimonHeHO §0-
89 % Bcex 3a/1aHMiA.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3a/IaHUi BBIIOJIHEHO, HEKOTOPHIE W3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIHUOKH.
bezommbouno BeimoHEHO 70-79 % BCex 3amaHui.

— «HeynoBiIeTBOPUTENBHO» - TEOPETUUYECKOE COJAEpKAHUE Kypca HE OCBOEHO,
HeoOXouMbIe yMeHHUsi He C(OPMHUPOBAHBI, BHIMOJHEHHbIE y4eOHBbIC 3aJaHHs COJEpKaT rpyobie
ommOku. be3zommbouyHo BeImoTHEHO MeHee 70% Bcex 3aaHui.
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Tema 3.2 IlpousBoaHasi pyHKIHMH U ee IPUMEHEHHUE
IMpakTnyeckoe 3ansitue Ne 13
Hccaenopanue GpyHKIMH U IOCTPOeHHE IPaPUKOB
Leas padotbi: HayunThes uccnenoBath GyHKIUU U CTPOUTH TpaduKH PYHKIHIA.

Boinosinus padory, Bel Oyaere:

ymemp:

- IPOBOJIUTH UCCIIEOBaHUE (PYHKIMI ¢ TOMOIBIO IPOU3BOIHOM;

- CTPOUTD TpaduKu PYHKITHI.

MarepunanbHoe obecnieyeHue:

WupuBuayanbHble 3aaHus, Ta0INIA POU3BOAHBIX, KOHCIIEKTHI JICKIIUH, YISOHUKH.
3aganue:

HccnenoBaTh QyHKIMIO 110 001 cXeMe U OCTPOUTH ee Ipaduk:

1. flx) = 5% — 325,

2. flx) = =—.

x4

Kpatkue Teopernueckue cBeJeHH:
Oowan cxema uccnedosanusn QynKyuil.
1. Haiitu obnacts onpenenenust ¢pyukuuu D (y).

2. Haiftu (ecau 3TO He BBbI3bIBAET 3aTPyIHEHMI) TOUKHM IepecedyeHus: rpaduxa ¢ ocsiMu
koopauHart (pu X =0 u npu y = 0).

3. HccnegoBathb (bYHKHHIO Ha NNCPUOAUIHOCTD, YETHOCTh U HCYCTHOCTD.

4. HaliTu uHTEpBaJlbl MOHOTOHHOCTH, TOYKH SKCTPEMYMOB M 3HAYEHUS (PYHKIMHU B 3TUX
TOYKax.

5. HaiiTi uHTEpBajbl BHITYKIOCTH (BOTHYTOCTH) M TOUKU Niepernba rpaduka GyHKINU.
6. Haiitu acuMnToThl rpaguka QyHKIUH.

7. HaiiTu 1OMOJMHUTENIbHBIE TOYKH U TOCTPOUTH IpaduK MO pe3ylbTaTaM UCCIIeTOBaHUS.
8. HaiiTn o6nacTs 3HaUeHUH.

Anzopumm HaAx02#cOCHUA IKCMPEMYMOE PYHKUUU U UHMEPEAI0E ee MOHOMOHHOCHU C
HOMOUWBIO NEPBOIL NPOU3BOOHOIL

1. Haiitu oGnacth onpezeneHus GyHKIMKA U UHTEPBaJIbI, HA KOTOPBIX (DYHKIMS HEMpPEpPbIBHA.

2. Haiiti npousBoanyro ¢yukiuu f '(X).
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3. Haiitu kputnyeckue Touku ¢yHKium Y =f(X), T.e. TOYKH, NpHHAAISKAIHE 0OJACTH
ornpezenacHus: PyHKINHU, B KOTOPBIX pou3BoaHas f '(X) oOparaercs B HyJb HIIH HE CYLIECTBYET.

4. MWccnenosath xapaktep wusMeHenus ¢yHkiuu f(X) uw 3Hak mnpowmsBoguoii f '(X) B
NPOMEXYTKaX, Ha KOTOpbIC HaWJCHHbIC KPUTHYECKHE TOYKH JEISAT 00JacTh ONPEICICHUS

bynkuuun y = f (X).
5. OTHOCHUTENBHO KaXKIOM KPUTUYECKOM TOYKM OINPEAEIUTh, SBJISETCS JU OHA TOYKOU

MaKCUMyMad, MUHUMYMaA HUJIM HC ABJIACTCA TOYKOM OKCTpEMYyMa.

[ToMHHU: KpHTHYECKasl TOYKa Xg €CTh TOYKAa MHHHMYyMa, €CIIM OHA OTICISCT IPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B koTopom f'(X)>0, 1 Touka MakcumMyma - B IPOTUBHOM CIIy4ae.
Ecnu e B cOCeHUX MPOMEXYTKaX, Pa3AeiICHHBIX KPUTHISCKON TOYKOH Xo, 3HAK ITPOU3BOTHON HE
MEHSIETCsI, TO B TOUKE Xo QyHKIHS SKCTpEeMyMa HE UMEeT.

6. BeruncnuTh 3HaYeHUs (YHKIMU B TOYKAX IKCTPEMyMa.

7. 3ammcarth pe3yibTar HCCICHOBAaHUA (I)YHKI_[I/II/IZ MMPOMECKYTKH MOHOTOHHOCTH U
OKCTPEMYMBI.

Anzopumm HaAxoxncOeHUsA bINYKIA0CHEll YHKYUU U MOoYeK nepecuda:

1. Haxoaum BTOpYIO MPOU3BOAHYIO.
2. Haxomum TOYKH, B KOTOPBIX F(x)=0 wim e CYIIECTBYET.

3. HUccrnenyem 3HaK BTOpPOM NPOHM3BOIHOW ClIeBa W ClpaBa OT HAWJCHHBIX TOYCK U
JieJIaeM BBIBOJT 00 MHTEPBajaxX BEIMTYKIOCTH U O HAJTMYWUU TOUYEK Meperuoa.
4. Haxoaum 3HaueHue GyHKIUHM B TOUKAX Meperuoa.

Acumnmomeui.

Acumnmomou epaguxa ¢hynkyuu y = f(x)}Ha3bIBaeTCs MpsMasi, o0siagaroniasi TeM CBOWCTBOM,
YTO PacCTOSHME OT TOYKH (x: f(x)) 1O DTOH NPAMOM CTPEMUTCA K HYJIIO NPH HEOTPAHMYEHHOM
yaJeHUuH TOUYKHU TpaduKa OT Hayaja KOOpAUHAT.

[Ipsimast x = a Ha3bIBACTCS BepMUKAILHOU acumnmomoti Tpaduka QyHKIUU y = f(x), eciau
XO0Ts OBl OJTHO U3 MPEAENbHBIX 3HAYCHUH lim, ., o f(x) umum  lim,_..o f(x} paBHO —ooUIM +22.

3ameuanue. [Ipsimas * =a He  MoOXeT  OBITh  BEPTHUKAJIbHOW  aCUMOTOTOM,  eciu
(GyHKIUS HenpepblBHa B TOuke x¥ = a. [l03TOMY BepTHUKaJIbHbIE ACUMIITOTHI CIEAYyeT HCKaTh B
TOUKax pa3pbiBa (PyHKIHH.

[Ipsimast ¥ = b Ha3bIBAETCS cOPUSOHMANLHOU acumnmomoul rpadpuka QyHKIUH y = f(x), ecnu

X0Ts OBI OIHO U3 MPEAEIbHBIX 3HAYCHUN lim,_ . f(x) wm lim,.__ f(x) paBHO b.

3ameuanme. ['padux QyHKIIMM MOXET UMETh TOJBKO MPaBYI0 TOPU3OHTAIBHYIO aCUMIITOTY
WM TOJIBKO JIEBYIO.

[Ipsimast y = kx + b Ha3bIBAeTCA HakaouHOU acumnmomou Tpaduka Gy y = f(x),

eciu lim, | flx) —kx — B = 0
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Fix)

Ecmu nna gyHKuMu y = f(x) CyIIECTBYIOT NPEAEbI “mx-.::l—_ =ku limg_o(f(x) —kx)=b, TO
(GyHKIMS UMEET HAKJIIOHHYIO aCUMIOTOTY ¥ = kx + b TIpH x — @,
ITopsinok BbINOJIHEHHSI PA0OTHI:
1. [TpoBecTu aHaNIM3 3a1aHHON (PYHKIIMH 10 OOIIEH cXeMe.
2. IToctpouts rpaduk GyHKINH.
Xox padoThI:

HccnenoBath GyHKIMIO U TOCTPOUTH €€ TpaduK.

¥

y¥=

2x—2
1. O6nacts onpeaesnenus pynkuuu D(f) = (—oo;1) U (1; +o0)
2. Tlpu moacTaHoBKe 3HaueHUs x = 0 mosxyuum y(0) = 0.

Takyto ’ke TOYKy MOIy4YMM, €CIM MpupaBHsieM QYHKIUIO K Hymo. Touka x=10 -
€IVMHCTBEHHAs1 TOYKA IIEPECEUEHHUSI C OCSIMHU KOOPAUHAT.

3. [IpoBepsieM GYHKIIMIO HA YETHOCTh

yil—x) = (xf __ x

—2x-2 2x+2

yl—x) = yla); y(—x) = —v(x).
Wrak, QyHKIMS HA YeTHAst, HA HeYEeTHAs, HEIIEPHOIUUECKasl.

4.]:[.]'[5[ OTBICKaHHA MHTCPBAJIOB MOHOTOHHOCTH BBIYUCIIACM IIEPBYIO IPONU3BOJHYIO (I)YHKI_II/II/I

Co2x(2x —2) =2 4xt —4x -2 22t —ax
YT T @ -2 T @m-2f T (x-2)f

[IpupaBHUBas €€ K HYIIIO, TOJIyYUM KpUTHYECKHE TOUKH x = 0; x = 2. OHU pa30uBarOT 00J1aCTh
OIIPENICIIECHUS Ha CIEAYIOIINE NHTEPBAIBI MOHOTOHHOCTH ({—&2; 0) U (0 L)W (1; 23 U (2; +0e)

I/ICCJ'ICI[yeM ITOBCACHUC HpOI/ISBOI[HOI\/’I CJICBA U CIIpaBa OT HalJICHHBIX TOYEK paB6I/IeHI/I$I.

I'padruecku MHTEpBAJIB MOHOTOHHOCTH OYAYT UMETh BH]L

¥
+ » = -
o 1 2

Uccnenyemast pyHKmst Bo3pacTaeT Ha MHTepBanax (—ce; 0} U (2; +e2) u yObIBaeT (0: 1) U (1: 2).

5.Touka x =0 TOYKAa JOKAJIBHOIO MAKCUMyMa, ¥ = 2 — JIOKAJIbLHOr0O MuHUMyMa. Haiinem
3HaueHue QyHkouu v, . =0y, . =2

6.. I OTBICKAHUS MHTEPBAJIOB BBITYKJIOCTH HalJIEM BTOPYIO IPOU3BOIHYIO
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s B-d@-2-f-2@-2o2 8 8 1
y= (2x — 2)% T2x—-2 T 8(x-1)F (x—1)3

Takux MHTEPBAJIOB HET, IIOCKOJIbKY BTOPAst IPOM3BOIHASL HE IPUHUMAET HYJIEBBIX 3HAYCHUN B
o0JacTH OmpeeIICHNS.

7. Ilpsimast x = 1 — BepTUKaJbHAs acUMOTOTa (DYHKIMH. YpPaBHEHUE HAKIOHHOW aCHMOTOTHI
UMeEeT BUJ v = kx + b,

L= 1 f{x]_l_ x* ’ x- ’ 1 1
T ae x _ri-mx(lr—E:Ix_rl—mzx:—Ex_rl—-T:7_;_2
Tox
. x’ 1 Coxt—x(x—1) xt-—x"4x x . 1 1
ATt R TN R - TN LR - T T S A
T ox

8.Ha ocHOBe MpOBEIEHHOTO aHAJIM3a BBHIOIHIEM MOCTpoeHue rpaduka Gpynkmun. s storo
CHaYyaja CTPOMM BEPTHKAJIbHBIC W HAKJIOHHBIC aCHUMITOTHI, 3aT€M HAaXOJIUM 3Ha4eHUE (PYHKIHU B
HECKOJIBKHMX TOYKaX M M0 HUX MIPOBOIMM ITIOCTPOCHHUE.

y=(x+1)/2

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOIHEHHAs padoTa.

Kpurtepun onenku:

- «OTaU4HO» - yMeHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIBHO, 03
apudmeTnyeckux ommbOK, perieHrne oPopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSIMHU.

- «Xopomio» - HEKOTOpble YMEHHsI C(OPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJIaHUS
BBITIOJTHEHBI, HEKOTOPHIE BHUJIBI 33JJaHUN BBITIOTHEHBI ¢ ommbOKkamMu. be3ommbouyHo BeimoHEHO 80-
89 % Bcex 3aJaHHi.

- «Y IOBIETBOPHUTEIILHO» - HEOOXOJMMBIE YMEHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBITMHCTBO 3aJ]aHWH BBHITIOJIHEHO, HEKOTOPHIE M3 BBIMTOJTHEHHBIX 3aJaHUN COJEPIKAT OIIUOKH.
Be3ommbouno BeimonHeHo 70-79 % Bcex 3agaHum.
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- «HeymoBNeTBOPUTENILHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HEOOXOaUMBbIE yMEHHUSI HE C(POPMHUPOBaAHBI, BBHIMIOJHEHHBIE Y4YeOHBIC 3aJaHUs COIEpKAT TPyObIe
omnOku. be3ommbouHo BeIMoaHeHO MeHee 70% Bcex 3aaHui.

Tema 3.3 UHTerpaj u ero npujIoKeHust
IMpakTnyeckoe 3ansitue Ne 14
BbrunciieHue HeonpeaeJeHHbIX HHTETPaJIoB
Heas pabGorbl: Hayuutbcs uHTErpupoBaTh (DYHKIMM, HCHONb3YysS pAa3JIM4HbIE METOJbI
UHTETPUPOBAHMUSL.

Bbinosinus padory, Bel Oyaere:
ymembs:

- HaXOJUTb HCONPCACICHHBIC HHTErpajibl METOAOM HEIOCPEACTBECHHOI'O HMHTCIPHUPOBAHM,
MCTOAOM IIOJACTAaHOBKH,

- HaXOJMUTh HEONPEICICHHbBIC HHTETPAJIbl METOJI0OM HHTETPUPOBAHHUS 10 YACTSIM.
MaTtepuajbHOe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHBHI)Ie 3aJaHusd, Ta6JII/IIIa HHTCIrpajioB, KOHCIICKTLL JICKIII/II\/JI, yqe6HI/IKI/I

3ananmue:
HaiinnTe HeonpeneeHHbIe HHTErPAJIbI:

1) J(8x* — 6% 4 2x — 3)dax
2) J- 3.1-"+:.I.-;-3.1-+:- dx

3) Jeos(10x —5) dx

4) [3* xdx

5) J- Sdx

254+18x°

2.
ITax

3
(1-2x%

6) J

Ilopsinok BbINOJHEHHS PadOThI:

1. 3amucarp 3agaHue W ONpPEACTUTb, KAaKUM U3 METOJIOB HHTETPUPOBAHUS HEOOXOAUMO
BOCIIOJIb30BAaThC.

2. Ecnu mHTErpan MOXHO HalTH METOAOM HENOCPEACTBEHHOIO MHTETPUPOBAHUS, TO, UCIOIb3YS
CBOWCTBA MHTETPAJIOB, IPUBEUTE UHTETPal K TaOIUUHBIM popmyiam. [IpouHTerpupyiire.

3. Ecmm wHTErpam MOXHO HAWTH METOJOM IIOJICTAHOBKH, TO BBEAWUTE HOBYIO NEPEMEHHYIO,
Haiinute ee nuddepenuman. [locme BBeneHUS HOBOM INepeMEHHOW 3aJaHHBIM MHTErpaj
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MPUBOAMUTCS K HOBOMY HHTETpajiy, KOTOPBHIH siBisieTcss TaObnuuHbIM. Haiiaure momydeHHBIN
UHTErpall. B ciiydae HeonpeaeaeHHOro HHTErpajia BEPHUTECh K CTApOil IEPEMEHHOM.

4. Ecnu uWHTErpan HeNlb3sli HAWTH  BBINIEYKA3aHHBIMH CIOCO0aMH, TO TpUMEHUTE (Gopmyrty
MHTEIPUPOBAHKS 110 yacTaM | UdV = UV — [VdU. DToT MeTox 3aKiII04aeTcs B TOM, 4YTO
MOJBIHTETPAJIbHOE BBIPAXKEHUE TMPEACTABISETCS KaKUM-INOO 00pa3oM B BHUJE NMPOU3BEICHUS
nByx comuoxuteneir U wu dV. Batem, mocie nHaxoxaenuss dU u V, wucnons3yiite Gopmyity
WHTETPUPOBAHUS 110 YACTSIM.
-Unrerpans: Buna [ P(x)e*dx, [P(x)sinkxdx, [ P(x)coskxdx, rae P(X)- MHOrounes, k- umco.
Y no6Ho nostoxkuth U = P(x),a BCe OCTAIbHBIC MHOYXHUTEIH MPUHATH 3a dV.
-I/IHTerpaJILI BUIA fP{_x}nrcs:‘nxdx. fP{_x}nrccusxdx. fP{_x}{nxdx. fP{_x}nrctg.rd.r

[ P(x)arcctgxdx.

V10610 1010KuTh Plx)dx = dV, a OCTajbHBIC MHOXKHTEIHU MPUHSTH 32 U.

- MuTerpansl BUa f e sinbxdx, f e cosbxdx, rie @ U b uncna. 3a U MOXHO IPUHATE byHKIHIO
U=g%

Xona padorsel: Haiitu nunTerpaisr:

6x*—5x2+3x+4
J—/—

1) dx

YroObl HAWTH STOT HUHTCI'paJl, HYKHO CHadajla IPHUBCCTHU IMOABIHTCTPAIBHOC BBIPAKCHUEC K
Ta6J'II/I‘lHOMy BUOY. I[J'Iﬂ OTOI'O IPUMCHACM IMOYJICHHOC JACJICHHUC!:

J‘ﬁﬁ—s,r -I—3.r+=1-

ﬁ_r4 x4

= -+ — |dx
-rﬂ L xﬁ
j(ﬁx9—5+ +=}x-9)n’
J‘x:n’x— Ej

n’x 6x° 4x~! . 4
— ride = —Sx +3lnjx| +—+C=2% —59x 4+ 3In|x| ——-+C
x 3 -1 x

+3

f 15x2dx

2) (1-x3)*

OTO0T HHTErpajx MOXKHO HaWTH C IIOMOIIBKO METOJa IIOACTAHOBKH. BBGI[GM HOBYIO
MNEPEMEHHYTO.

1-x=t¢
J‘ 15:2dx |3 - =t J"J.Sn’t SJ‘ P U T 5 .
T LT —3xtdx=dt |5 | oz T~ t7dt = — +tC=—=+C= — +
(1—=x%) dt -3¢ -3 3t 3(1 — x%)
xdx = _E
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3) _]"{:.rE — 4x)Inx - dx

DTOT MHTErpall MOKHO HANTH C MOMOIIBIO METO/Ia HHTEIPUPOBAHHMS 110 YaCTSIM, OH OTHOCHTCS
KO BTOPOMY BHUY, IOITOMY U = Inx, dV = (x% — 4x)dx.
4

1 . "
dlU = —dx, V:J‘{xg—:}x)n’x:—_zx-
X 4

Hcnonb3ys hopMyily HHTETpUPOBAHUS 110 YACTAM, IOJTy4aeM

- .r'l u _r'1 11
(¥ —4x)inx - dr=Inx| —= 2+ | - — — 2y |—dx =
4 4 x
4 e 4 4
— 242 = — 7 - T e 2
{m(i- __r) f(q_ __r)n’.r {M(‘l- _.r) _Lﬁ-l—.r +C

4) J(x?* — 2x)cos4xdx

OTOT MHTErpajl MOKHO HAMTH C MOMOLIbIO METOJIa MHTEIPUPOBAHUS IO YACTSAM, OH OTHOCHUTCSA K
[IEPBOMY BUAY, IOATOMY U = x* —2x, dV = cosdxdx.

1
dll = (2x — 2)dx, V= J‘ cosdxdx = ‘—1_ sindx

. . 1 1 )
j{x‘ — 2x)cosdx dx = (x* — Ex} :}sfn‘}x — J‘ :1_ sindx(2x — E}d.r =

. 1 1 ) 1, . 1 i
(x* — 2_7:] 1 sindx — ;J‘ sindx(2x — 2]:1’.1: = :1_ (x? - 2.7:]5:'11‘1-_7: — ;J‘ sindx(x — 'L]d.r =

UTo0Ob! HATH OCTABIIMICSA UHTETPaJl, CHOBA IPUMEHsIEM (POPMYITy HHTETPUPOBAHUS MO YACTSIM.

UD=x—-1, dV = sindxdx.

1

dll = dx, V= J‘ sindxdx = — 1.::'::54-.1’
= 3G 20 sindx = (G = D) (- geostx) - [ =
—Ex —-2x sln=1-x—5{ -1 —Ecusi-_r - —‘—l_cusi-.m’.r—
2 (2 2x) sind S 1}( - 4) 'Lj 4xdx =
‘1__.r—_x stn.r—z{_.r— —4cusx +4 cosdxdx =

1. . 1 1
= E{I' — 2x) sindx +§{{x — 1)cosdx) — gJ‘cusq-xrix =

1., 1 . ) 1
—_ = a i - 1 — i
n (x _.r}s ndxr + 2 {{_.r l}{_cusq-x] 2 sindx + C

®opma npegocTaBjieHUs pe3yIbTAaTa: BhIOJIHEHHAs paboTa
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Kpurtepun onenkmn:
—  «OtnmmyHO» - yMeHUs chOpPMHUPOBAHBI, BCE 3aJaHHS BBHIMOJHEHBI MPABUWIBHO, 0€3
apudmeTnueckux ommbOOK, pernieHne oPopMIICHO aKKypaTHO, ¢ HEOOXOIUMBIMH 0OOCHOBAHHSIMH.
—  «Xopomio» - HEKOTOpble yMeHHsS CGHOPMHPOBAHBI HEIOCTATOYHO, BCE 3aaHHS
BBINOJIHEHBI, HEKOTOPBIC BUJIBI 3a/IaHUI BBHITIOJHEHBI ¢ omMOKaMu. bezommbo4Ho BhimoaHeHO 80-
89 % Bcex 3aaHuil.

- «Y IOBJICTBOPUTEIBHO» - HEOOXOJHMMBIC YMEHHS B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIIMHCTBO 3aJIaHUM BBIITOJIHEHO, HEKOTOPBIC M3 BBINOJHEHHBIX 3aJaHHHA COJIEPIKAT OIIUOKH.
Besommboyno BeimoHeHo 70-79 % Bcex 3amaHuil.

- «Hey/moBIETBOPUTEIIEHO» - TEOPETHYECKOE COJIEp)KaHUE Kypca HE OCBOCHO,
HEO0OXO0IMMbIE YMEHHUs He C(HOPMHUPOBAHBI, BBINOJHCHHBIC YY€OHBIC 3aJlaHUs COAEpXkKaT IpyObIe
oum0Oku. be3ommboyHo BeinoHEHO MeHee 70% Bcex 3a1aHui.

Tema 3.3 UHTerpas u ero npujio:KeHust
IIpakTnueckoe 3ansaTue Ne 15
Bbruuciienne onpeieJieHHbIX MHTErpajioB

Heﬂb paﬁDTbIZ Hay‘II/ITBCH HaxXOoJuThb OIIPCACICHHBIC HWHTCIPAJIbI, HCIIOJIB3YsS PA3JINYHbIC
MCTOJAbI HHTCTPUPOBAHMA.

Beinosinus padorty, Bl Oynere:

ymembp:

- BBIYUCIIATH OINIPEACIICHHBIC HHTCIPAJIBI pa3JIMUHBIMU METOJAMMU,
MarepunanbHoe obecrnieyeHue:

WuauBuyanbHble 3ajaHNs, Ta0INIA MHTETPaJloB, KOHCIIEKTHI JICKIUH, y4eOHUKH.
3aganue:

Brraucnure OIPCACIICHHBIC HHTCI'PAJIbI:
1 [(42 + 327 + 2x 4 Dax

47 — 1
E]

2. [l

E

el

3. [—

237
“ W (x+3)

[

4. [#e™™ cosxdx

5. f:TLT

ITopsinok BbINOJHEHHS padOThI:

1. 3anucarb 3aaHue MW ONpcACIInTb, KAKHUM H3 MCTOAOB HWHTCTPUPOBAHUA HGO6XOI[I/IMO
BOCITIOJIB30BAaThCA.
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2. Ecmu HUHTCrpajl MOXHO HauTH MCTOAOM HCHIOCPCACTBCHHOTO MHTCTPUPOBAHMA, TO, UCTIOJIb3YA
CBOMCTBa MHTETPAJOB, MPUBECTH MHTETpal K TaONIWYHBIM (opmyiam. [IponHTErpupoBath.
BrerurcnuTh 3Ha4eHHE OTPEIeNIEHHOT0 HHTerpana mo ¢popmyne Heiorona-Jleitonua.

3. Ecnu uHTEerpan MoXKHO HalTH METOJOM MOJCTAHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HAUTH

ee mubdepenunan. [locne BBeneHUS HOBOM MEPEeMEHHOMN 3aJaHHBI WHTErpal MPUBOIUTCS K
HOBOMY MHTErpajly, KOTOpBIA sBisierca TabiuyHbIM. Eciam wuHTErpan omnpenesieHHbIH, To
HE00XO0IMMO BBIYMCIUTH HOBBIE MPEeIbl UHTEerpupoBanus. HailTu nmonydeHHblil HHTErpa.

Xox padoThI:
1) f_gl(4 x3 —3x2% + 2x + 5)dx

_]-_'11{:‘1-.7:3 —3x +2x +5)dx = ‘l-f_llfdx—3fjlx2dx+2f:lxd.r+ Sfjl dx=x"—x*+x* + 5.r|3_1 =
2) -3 +3+5-3-(1+1+1-5)=81-27+9+15+2=80

J- 4 Bdx

T sy2sa

TOoT HHTCTpaJI MOXHO HalTH C MMOMOIIIBbI0 METOJa MOJACTaHOBKHU. BBegem HOBYIO ICPEMCHHYIO.

2 pl de

5
4 570 1442

: sinxdx
3) "r: costx
DTOT UHTETPaj MOKHO HANTH C TTOMOIIIBI0 METO/Ia MOJICTAHOBKY. BBeeM HOBYIO IEpEeMEHHYIO.
r cosx = ¢ h
T deosx = dt i
i —sinxdx = dt o .
sinxdx SHrax —dr .1 . 1 1
—_— = sinvdx = —dt = — =——|I== "|I== ——=2—-05=15
3 3 i .
. cos'x sy =0ty =cos0 =1 J t =2 2t 2:025 2
T T 1
¥ =— g =eos—=—
S B 3 2

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa

Kpurtepun onenkmn:
- «OTAN4HO» - YyMeHHUS COPMHUPOBAHBI, BCE 3aJaHUS BBHINOJHEHbI NMPaBUIbHO, 0€3
apupMeTHYECKUX OMMOO0K, pemeHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
- «XOopomIo» - HEKOTOpble yMeHHs C(hOPMHPOBAHBI HEIOCTATOYHO, BCE 3aJaHMS
BBINOJIHEHBI, HEKOTOPBIE BUBI 33/1aHUI BBIIOJIHEHBI ¢ omnOkaMu. bezommubouno BeimoaHeHo 80-

89 % Bcex 3amaHui.
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- «Y IOBJIETBOPUTENILHO» - HEOOXOAWMBIE yYMEHHS B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO 3aJIaHUH BBITOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHH COJIEP)KAT OIIHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHui.

- «Hey/moBIETBOPUTEIIBHO» - TEOPETHYECKOE COJICpP)KaHHe Kypca HE OCBOCHO,
HE0OXOIMMbIC YMEHHUsI He C(HOPMHUPOBAHBI, BBHINOJIHCHHBIC yYeOHBIC 3aJaHMs COJEPIKAT IpyoOble
omnOku. be3ommbouno BeimoaHeHo MeHee 70% Bcex 3amaHui.

Tema 3.3 UHTerpa u ero npujiosKeHust
IIpakTnyeckoe 3ansaTue Ne 16
IIpumeHeHne onpeneeHHOr0 HHTErpaJia
Ienp padoThI: HAYYNTHCS IPUMEHATH HHTETPUPOBAHUE JUUISl PELICHUS 3a1a4 T€OMETPHUH.

Beinosinus padorty, Bl Oynere:

ymemp:

- HAaXOJUTh I1omaaun 1JI0OCKHUX (bl/Ipr C IMIOMOIIBIO OITPCACIICHHBIX HHTCI'PAJIOB.
MarepunanbHoe obecrnieyeHue:

I/IH[[I/IBI/IIIyaJII)HBIG 3aJaHusd, Ta6JII/IIIa HHTCrpajioB, KOHCIICKTLL HCKHHfI, y‘~I€6HI/IKI/I
3aganue:

Haiitu miomany miockux Guryp, OrpaHMYeHHbIX JTHHUSMHU:
al)y=x"+1 y=0x=1x=4;
Byy=Inx.y=0 x=1,x =g,
B) vy = x%ix =4.
KpaTKHe TECOPETHYECCKUEC CBCACHUSA:

I'eomempuueckuii cmvicn onpedenreHHo20 uHmezpana

Iycrs dynxmms y=f(x) HenpepsiBHa Ha oTpe3ke [a;b] ¥ TpMHMMAEeT Ha 3TOM OTpe3Ke
HEOTpHIIaTeNbHbIe 3HaueHus, T.e. f(X)>0 mpu xe[a;b]. ®urypa, o6pa3oBaHHas NUHHSAMH X =a,
x=b, y=0, y=f(x), Ha3pIBaeTCa KpuBONIHMHEitHOI Tpanenueii (puc. 1). OnpeeTeHHEIH HHTErpa

OT HEOTpULATENbHONH (YHKIMHM HUMEET NPOCTOM TIeOMETPUYECKUH CMBICI: 3TO IUIOIAAb
KPHUBOJIMHENHON TPAINELVH.

Puc. 1

Ilnowaou nnockux guzyp
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1. Ecmm ¢ymxmms f(x) HeoTpumaTensHa Ha oTpeske [a;b], To miomane S mox kpuBoii Y = f(x) Ha

b
[a;b] (prc. 2) UMCIEHHO paBHA ONpeIeIeHHOMY HHTErpany oT f(X) Ha JaHHOM oTpeske: S :I f (x)dx
a

(reoMeTpuYECKHil CMBICIT ONPEEIEHHOT0 UHTErpaia).
y=x)

ol = & x Puc.?2

2. Ecmu dynkuus f(x) — HemonoxuTenbHas Ha oTpeske [a;b], To miomams S mox kpuoii y = f ()
Ha [a;b] (puc. 3) paBHa ompeneneHHOMy HHTerpany ot f(x) Ha [a;b], B3ATOMY CO 3HAKOM «MHHYC):

S =—j{ f(x)dx .

y=Hx)

Puc. 3
3. Ecmu ¢ynxuus f,(x)> f,(x) Ha orpeske [a;b], To miomams S QUIYpsI, 3aKIOUEHHON MEXTY

b
kpuBbiME Y = f,(x) u y = f,(x) Ha [a;b] (puc. 4) onpenensercs Gopmynoit S :I(fz(x)— f,(x))dx .

a

ITopsinok BbINOJHEHHS PadOTHI:

1. H3zoOpasute ¢purypy Ha KOOPJAMHATHOU IIOCKOCTH;
2. OmpenenuTe, ABIsIETCS M GUTYpa KPUBOJIMHEHHON Tparenuei.
3. Berruucnure niomans GUrypsl.

Xox padoTsI:
Haiitu nnomans purypsl, orpanndeHHoi rpadpukamu QyHKIMH y = x* —3xr+2uy=x—1.

Haiinem npenensl HHTErpUpOBaHUs - TOUKH MepecedeHus rpadukoB pyHKINH, A1 3TOrO
IIpUpaBHsIEM IIPaBble YaCTU UCXOTHBIX (DYHKIIMI U peInM MOTy4rBLIeecs
ypaBHeHHME x° — 3x + 2 = x — 1, KOpHAMH 3TOro ypaBHEHHS SBISIOTCS 9ucia x = 1 v x = 3,

CJICAOBATCIIbHO, OHHU U ABJISIIOTCA IMPEACTIAaMU UHTCTPHUPOBAHUS.
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2 3
3HaYuT, IIoNMaas GUIyphl paBHa: S = ff(x — 1Ddx — ff(xz —3x+ 2)dx = x? — X — (x? —
3422+2x)=4,5—3—0,5+1—273—-34,5+6—13+1,5—2=113 (k5. €1.)

1
Houyuniy, vro miomans Gpurypst pasia 17 (kB. ex.)

®opMma npeacTaBJieHus pe3yJbTaTa: BRIIOIHEHHAs paboTa.

Kpurepum ouenku:

- «OTnu4HO» - yMEHHus cpOPMHUPOBAHBI, BCE 3aJaHHS BBHIMOJHEHB MPABUIBHO, 0€3
apudmernyeckux ommOOK, perieHre opopMIIEHO aKKypaTHO, ¢ HEOOXOIUMBIMU 0OOCHOBAHUSIMH.

— «Xopomuio» - HEKOTOpble yMeHMsI C(OPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHU
BBIIIOJTHEHBI, HEKOTOPBIE BUJbI 3aJIaHUM BBINOJIHEHHI ¢ omKOkamu. be3ommn6oyHo BbinogHeHO §0-
89 % Bcex 3amaHuM.

— «Y IOBJIETBOPUTENILHO» - HEOOXOAMMBIE yYMEHHSI B OCHOBHOM C(HOPMHPOBAHHI,
OOJIBIIMHCTBO 3aJ]aHUH BBIIIOJHEHO, HEKOTOPHIE M3 BBHINMOJHEHHBIX 33JJaHUN COAEP)KAT OMIMOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

— «HeynoBneTBOpuTENbHO» - TEOPETHUECKOE COJEp)KaHUE Kypca HE OCBOEHO,
HeoOXOoIMMbIe YMEHUsI He C(OPMHUPOBAHBI, BBHINOJIHEHHbIE Y4eOHBIE 3aJaHUs COJAEpKaT IpyObie
omnOku. be3ommbouHo BeinonHeHo MeHee 70% Bcex 3a1aHuil.

Paznend4  DieMeHTHI TeOPUM BEPOSTHOCTEH M MaTeMaTHYeCKOH CTATUCTUKH

IIpakTyeckoe 3ansaTue Nel7
Pemenne 3aga4 Ha BbIuMc/IeHHEe BEPOSITHOCTH € UCIIOJIb30BAHHEM 3J1eMEHTOB
KOMOUHATOPUKH
Heanb padorbl: HayunuThcs HAX0AUTH BEPOSATHOCTH COOBITHI, UCIIONIB3YS (OPMYJIIbI
KOMOWHATOPHKHU.

Boinoinus padorty, Bl Oynere:
ymemp:

-BBIUUCIISATH YUCIIO UCXO0JI0B, OJIATOMPUSITCTBYIOIINX HACTYTUICHHIO PACCMAaTPUBAEMOTO COOBITHS,
UCTIONB3YsT (OpMYITbl KOMOWHATOPHUKH;

- BBITUCIIATH BEPOATHOCTD COOBITHS IO KIIaCCUYCCKOMY ONPCACICHUIO BCPOATHOCTH.
MaTepna.m,Hoe odecmeyeHue: I/IH,I[I/IBI/I,Z[yaJ'H:HBIC 3agaHus, KOHCIICKTBI JICKITUM.
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3aganue:

1. T'oToBsCh K AOKIamy, CTYJAEHT BBIMUCAT U3 KHHUTH IIUTATy, HO, 3a0bIB HOMEDP CTPaHUIIBI,
Ha KOTOpPOM OHa HAaXOAWJIaCh, HaMmHUcall HOMEp Haynaudy. KakoBa BEpOSITHOCTb TOrO, YTO CTYJIEHT
3amucal Hy>KHbI HOMEp, €CJId OH TIOMHHT, YTO HOMEP BBIPa)KAETCs IBY3HAUYHBIM YHCIIOM?

2. B smuke 15 peraneit, cpenu xotopeix 10 okpamensl. COopmmKk Haynady BbiOpan 3
netanu. KakoBa BepOsSTHOCTh TOTO, YTO BBIOPAHHBIC JIETAIM OKA3aJIMCh OKPAIICHHBIMU ?

3. Nmeetca 8 kaprouek. OHA CTOpOHA KaXAOW M3 HUX YMCTasi, a Ha APYroil HanmucaHbl
oykssl :K,1,P,JI, A,H,3,I1. Kaprouku kiaayT Ha CTOJ YUCTON CTOPOHOH BBEPX, MEPEMEIINBAIOT, a
3aTeM TIOCJIeIOBATEIbHO OJHY 3a Jpyroil mepeBopaunBaioT. KakoBa BepOSITHOCTH TOTO, MpU
MOCJIeI0BAaTEILHOM TOSIBJICHUU OYKB OyzeT coctapiieH cioBo [IPA3JIHUK?

4. llenb COCTOUT W3 HE3aBUCHUMBIX OJIOKOB, COSTUHEHHBIX B CUCTEMY C OJIHUM BXOJIOM H
OJHUM BBIXOOM.

’

oo,
—
-
ey,

| N
—

P 3
o
b
-
=)

puc. 1

Brixon u3 CTpOs 3a BpEM:A T Pa3JIMYHBIX 3JICMCHTOB LICTIN — HC3aBUCHMBIC CO6BITI/I$I,

=01 g.=029.,=03g,=04,
HMMEIOLIUE CIECAYIOIINE BEPOSTHOCTHU: 1=V 4 G2=02 03=0 2 G= Y% Orkas mo6oro
13 3JIEMEHTOB MPUBOJUT K MPEPHIBAHUIO CUTHAJIA B TOW BETBHU ILI€IH, /1€ HAXOIUTCS
a”HHBIN d1emedT. Halitu HaneXxHOCTh cucTtemsl/

Kpartkne Teopernyeckne cBegeHus:

Bepoamnocmoio codvimusa A Ha3pIBaeTCsl OTHOIIEHUE YHUCIAa M Cilydaes, O1aronpUATCTBYIOLINX
€ro MOSIBJIEHUIO, K O0IIeMy YHCITy BCEX HECOBMECTHBIX PaBHOBO3MOXKHBIX M 00pa3yroIIUX
MOJTHYIO TPYIITY COOBITHIA.

Takoe ompezeneHre BEPOSITHOCTH HAa3bIBAIOT KIACCHUECKUM. BeposTHOCTH COOBITHS
m
o6osnauaercst P(A) 1 BbIumciseTcs no Gpopmyie: PA) = —

BeposiTHOCTh MOsIBNIEHHS COOBITHS 3aKII0OUeHa B Mpeenax
or Omol: 0=P(4) =1

[Ipu pemennu 3a1a4 Ha BEIYUCIEHUE BEPOSITHOCTH MPUMEHSIOTCS (DOPMYJIIBI JIJISl TIO/ICUETa YHCIIa
KOMOMHAUMH U3 TaHHBIX JJIEMEHTOB:

- YHUCJIO MEePECTaHOBOK BBIYHCIIECTCS o hopmyne: B, = n!
- YUCJIO paSMeHleHI/Iﬁ 13 N 3JIEMEHTOB IO M 3JIEMEHTOB B KaXX/IOM BBIYUCIIAECTCA I10 (popMyne:

m _ n!
An - (n—-m)!
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- YHCJIO COYeTaHUH U3 N 3JIEMEHTOB 110 M 3JIE€MEHTOB B KaXXJ10M BBIYUCJIACTCS 110 (popMyne:

n!
m _
Cn —m)l'm!
(n—-m)!-m!

HaznexHOCTh KaXKA0T0 3JIeMEHTa CUCTEMBbI SJIEKTPOCHA0KEHHUS] MOXKHO XapaKTeprU30BaTh
BEPOSTHOCTHIO pab0overo COCTOSHUS P M BEPOATHOCTHIO 0TKa3a (. Eciiu He y4UTHIBATh MIIaHOBBIE
IIPOCTOU (PEMOHTBHI), TO MOXKHO CUUTATh, YTO JIEMEHTHI B JFOOOH MOMEHT BPEMEHH HaXOJATCA B
OJIHOM M3 3TUX cOCTOsAHUH. Torzna cyMMa BEpOSATHOCTEN 3TUX COCTOsSIHUM paBHa 1: p + q = 1.

JIist TpynmbBl U3 ABYX 3JIEMEHTOB BO3MOXHBI CIICTYIOIINE COYCTAHUS:
00a siemeHTa B pabo4YeM COCTOSHUH,
MIEPBBIN AJIEMEHT B BBIHYKJICHHOM IPOCTOE, BTOPOH B pab0deM COCTOSTHUMY;
MIEPBBIN DJIEMEHT B pab04YeM COCTOSIHHH, BTOPOI B BBIHYKJICHHOM ITPOCTOC;
4. o0a snmeMeHTa B BBIHYKJEHHOM MTPOCTOE.
BeposITHOCTH 3THX COCTOSIHHI MOYKHO HAWTH, BOCIIOIH30BABIIHCH TEOPEMON YMHOKEHUS
BEPOSITHOCTEM.
Tak npu mocJie10BaTeIbHOM COETUHEHHH IBYX JIEMEHTOB C HAJIKHOCTHIO KOXKIOTO P1 U P2
HAJC)KHOCTh BCEH CXEMBI ONpeeisieTcs Kak P = p; " p,
Jlpyrumu ciioBaMu cxema pabomaem, eciu pabomaiom ooa nemenma. Ilpu omkaze 00nozo
(1106020) u3 Hux cxema pabomams He 6yoem (MOK Yepe3 uensv He noioem).
BeposTHOCTh OTKa3a JJIsl MOCJIeA0BATEILHOIO COeTNHEHUSI
P =1 — q1q, (115 AByX 3J€MEHTOB).
P=1-q.9,"..q, (111 n —-1eMEHTOB).

wrh e

[Ipu napaJuieIbHOM COeIMHEHUM ABYX 3JIEMEHTOB C HAJIC)KHOCTBIO KaXKIO0I0 p1 U P2
HAJE)KHOCTb BCEH CXEMBI omnpeenseTcs Kak P = p1.p, + p1° Q2 + P2q1
[Tosb3ysick (hopMyITO¥ /1Tt BEPOSATHOCTH MOSBICHHSI XOTS ObI OJTHOTO COOBITHS, HAICKHOCTh CXEMBI
NapajuieJIbHOTO COeIMHEHMS 3allUChIBAOT B BUAe P = 1 — q4q,.

[pyrumu cioBamu cxema padomaem, eciu padomarom 0oa ynemenma, Ho MmaxHce OHa
pabomaem, eciu 8vliidem u3 cmposa U KaAKou 1udo 00UH u3 31eMeHmos.

ITopsinok BbINOJHEHHS PadOTHI:

1. Onpenenure coobiTHE A, BEPOSTHOCTH KOTOPOTO HY)KHO BBIYUCIIUTS.

2. TIpocuuraiite obiee 4rcio (N) BO3MOMXHBIX HCXOJIOB.

3. TIpocuuTaiite uncio ucxoa0B (M), 6;1arONPUATCTBYIONIMX HACTYIIJICHUIO COOBITHS A.

4. Ucnonwe3yiite Gopmyny Ansi BBIUYHCICHUS BEPOATHOCTH  OMNPEAETEHHOTO COOBITHS.
m

PlA) =—

n

Xoxa pa0doThI:

1.Habupas Homep Tenedona, aboHeHT 3a0bu1 nocaeanue 3 nudpsl 1 Habpal UX HayAaudy, TOMHS .
YTO OHU pa3iuuHbl. HaliiuTe BEpOSITHOCTH TOTO, UTO HAOpaHbI HYKHbIE [IU(PHI.

Perenue:

CoOriTHE A- «<HOMEp HaOpaH BEPHO».
Yucno n-olumiee YUCIO MCXOJOB MCIBITAHUS MOJYYMM,  BOCIOJIB30BABIIUCH (OpMyIaMu
koMOuHatopuku. Beero umeercst 10 mudp, T.€. uncio nemMeHToB paBHO 10; B KaxJ10e cOeAMHEHNE
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BXOJIUT 0 3 1UdpPbI; TOPAIOK QP (IEMEHTOB) CYIIECTBEHEH INMpH HaOope HoMepa, 3HAYHT,
HY>KHO HaWTH 4uCiI0 pazMemeHuid u3 10 ameMeHnToB 1o 3 o ¢gopmyie:
Ay =—2L =179 _ 990 . Wrak, n=720
(10-3) 7! 7!
Yucno m=1, T.K. TOJIBKO OAMH HaOOp U3 TPEX Udp ABISIETCS HY)KHBIM. 3HAYHT,
P(4) =T=—

720

2.113 ypHBI, B KOTOpO# HaxoasaTcs 12 0enbix U 8 4€pHBIX IIapOB, BRIHUMAIOT HayAady JBa Iapa.
KaxoBa BeposITHOCTh TOTrO, 4TO 00a 11apa OKaxyTcst Y4EpHbIMU?

Pemrenue:

CobbITHE A- «00a Iapa OKaKYyTCS YEPHBIMUY.

Yucno N-o0liee YHCIO MCXOAOB MCIIBITAHMS MOJNYYUM,  BOCIIOJB30BABIIMCH (DOPMYJIAMH
koMOuHaTopuku. OOIlee YMCIO BO3MOKHBIX CIydaeB N paBHO YMCIy codeTaHuii u3 20
3IIEMEHTOB ) -

(12+8) mo mBa: nN=c3; = 2 e

20020-3)! 248 1218
Uucno cimydaeB M, OJIArONPUSTCTBYIOMUX COOBITHIO A, PaBHO YHCIY COYETaHHN U3 &
! B _ &7

31eMeHTOB ( 8 YepHBIX WIAPOB ) MO JBa: N=Ci = — e 12 15'228
L O—& )0 Faa i ¥ H

=190.

PlA) =2 =2 20,147

n 190
3.Ha msaTm xapToukax paspe3Hoii a30yku Hanucanbl OykBbl A,3,K,0, M. Kaprouku
NepEeMEIMBAIOTCS U HayraJl packiaasiBatoTcs B psjl. KakoBa BeposiTHOCTH Toro. YTo moiayduTes
cioBo 3AMOK?

Pemenune: CoObiTHe A - «mtoyautcs ¢i1oBo 3AMOK».

Uucno n-obimiee YMCIO HUCXOAOB HCHBITAaHUS TOJIYyYUM,  BOCHOJB30BaBIIMCH (hopMmyramu
koMOuHaropuku. OOIee 4YHCIO BO3MOXHBIX CIIy4aeB N PaBHO YHCIY IMEPECTAHOBOK U3 5
aseMeHTOB (OykB): N=P; = 5!=5-4.3-2.1=120.

Yucno cmyyaeB M, OJaronpusITCTBYIOUINX COOBITHIO A, paBHO 1, T.K. TpeOyeTCsl COCTaBUTh CIOBO
¢ OyKBaMH, pacCTaBICHHBIMU B ONPEACTEHHOM MOPSAIKE. A 3TH OYKBBI Pa3IUYHBL.

P(4) == —

n L0

4. llerb COCTOUT U3 HE3aBUCUMBIX OJIOKOB, COETMHEHHBIX B CHCTEMY C OJIHUM BXOJIOM M OJHUM
BBIXOJIOM.

ke
H
~

o~
N
—

,‘k
| 3]
e
A,
(=)

puc. 1

Brixon u3 CTPOs 3a BpEMA T PAa3JIMYHBIX 3JIEMCHTOB LCITN — HC3aBUCHUMBIC CO6LITI/I}I, HMCIOIHEC

=0,1,q,=0,2,q,=0,3; q,=0,4.
CJIe1YIOILE BEPOSITHOCTH: Q=54 G=04 67N G=NS Orgas mo6oro us snemMeHToB
MIPUBOJIUT K MPEPHIBAHUIO CUTHAIIA B TOW BETBHU IIEMH, TJI€ HAXOIUTCS NaHHBIHM 1eMenT. Haiitu
HAaACXKHOCTbh CUCTCMEI.

50



Pewenue:
CoOnITHEe A — cucTeMa Hage)KHa.
CoObiTue Aj— i-ii 610K paboTaeT 6€30TKa3HO.

DneMeHTHI | U 2 coeIMHEeHbI MapalyIeIbHO, U JJIEMEHTHI 3 U 4 COSIMHEHBI MApAJJIEIBHO, a MEXIY
co00i1 OHU COEAMHEHBI MOCIIEIOBATEILHO, TOTIa HCIIONIB3Ys (DOPMYITBI, TOTYIHUM
P [A]:[1— 4, qg]- :1—q3f:,'4:|:[1—[], 1-0,2)(1-0,3-0,4|=(1-0,02) (1—0,12)/=0,98- 0,86=0,8624

®opma npeacTaBieHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurepun oneHku:

- «OTIU4HO» - yMEHHUs COPMHUPOBAHBI, BCE 3aJaHUS BBIOJHCHBI MMPaBUIBHO, 0€3
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, C HEOOXOUMBIMUA 000CHOBAHHUSIMH.

— «XO0pomio» - HEKOTOpble yMeHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUA
BBITIOJTHEHBI, HEKOTOPBIE BU/BI 3a/IaHUH BBIMOIHEHHI ¢ omuOkamu. be3ommn6ouHo BeimonHeHO 80-
89 % Bcex 3aaHuil.

— «Y IOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHUSI B OCHOBHOM C(OPMHUPOBAHBI,
OOJIBIIMHCTBO 3aJIaHU BBIIOJIHCHO, HEKOTOPHIC M3 BBIMIOJHEHHBIX 3aJaHHUI COJIEPHKAT OIIHUOKH.
Bezommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOEHO,
HE0oOXOIMMBbIE YMEHUsI HE C(HOPMHUPOBAHBI, BHINIOJHCHHBIC YYeOHBIC 3aJaHMs COJIEPIKAT Ipyoble
omnOku. be3ommboyHo BhimoaHeHO MeHee 70% Bcex 3aaHui.
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