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1 HOACHUTEJIBHASA 3AIIMCKA

CocraB M cojepkaHUE NPAKTUUECKUX 3aHATUN HampaBieHbl Ha peanuzaunto denepaabHOro
roCy/1IapCTBEHHOI0 00pa30BaTeNIbHOTO CTaHapTa CPeHEro NpodecCHOHaILHOTO0 00pa30BaHusl.

Benymieidi aunakTHYecKOW LENbI0 MPAKTUYECKHX 3aHATUN  sBiseTcss  (opMupoBaHUe
y4eOHBIX NPAaKTHUYECKUX YMEHHMH (YyMEHHH pemarh 3aJaud [0 MaTeMaTHKe) HEOOXOIUMBIX B
MocleAyromel yaeOHOM 1esaTeTbHOCTH.

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

B pe3ynbrare X BBINOIHEHUSI, 00Y4aIOIUNACS JOKEH:

ymembs:
V1. pemwats npuKiIagHble 337244 B 00JaCTH NMPOQecCHOHAIBHON 1eATeIbHOCTH;
Y01.2 ananu3upoBath 3a7a9y W/ WK IpoOJieMy U BBIIEIATH €€ COCTaBHBIC YaCTH;
VY01.3 onpenensats 3Tamnbl pelIeHUs 3a/1a4u;
V01.9 peanuzoBaTh COCTAaBIICHHBIN TIJIaH;
VY02.4 cTpyKTypupOBaTh M0Jy4yaeMyro HHPOPMALUIO;
¥02.7 opopMIATH pe3ysbTaThl IOUCKA.

ConepxaHne MPakTHYECKUX PabOT OPUEHTHPOBAHO HA TOATOTOBKY OOYYAIOMIMXCS K OCBOCHHIO
npo(eCCUOHATIBHBIX ~ MOJYJIEH MporpamMMbl  MOJATOTOBKM — CIELUMAINCTOB  CPEAHEro 3BEHa 10
CIIELIMATIBHOCTH U OBJIA/ICHUIO HPOecCUOHAIbHBIMU KOMNEMEHUUAMU:

IIK 1.4 - OcymecTtBiare pa3paboTKy, aJalTalUI0 peuentyp moiay(paOpUKaTOB C Y4ETOM
noTpeOHOCTEH pa3IMYHBIX KaTeropuil moTpeduTeneit, BUIOB U (hOpM 00CTYKUBAHHS;

IIK 2.8 - OcymecTBisTh pa3paboTKy, aJalTalUI0 PEeLenTyp ropsuux ONroj, KyJIUHApHBIX
W31, 3aKyCOK, B TOM YHCJE aBTOPCKUX, OpPEHJIOBBIX, PETMOHAIBHBIX C YYETOM IOTPEOHOCTEM
pa3IMYHBIX KaTeropuit morpedureneit, BUI0B U GOpM 00CTyKUBAHUS;

IIK 3.7 - OcymecTBasTh pa3paboTKy, ajanTalyi0 PelenTyp XOJOAHBIX OJI0J, KyJIUHApPHBIX
U3JeNNH, 3aKyCOK, B TOM YHCIIE€ aBTOPCKHMX, OpPEHIOBBIX, PErMOHAIBHBIX C YYETOM MOTpEeOHOCTEH
Pa3IMYHbIX KaTeropuil motpeduTenei, BUAOB U GopM 0O0CITYyKUBaHMUS,

I1IK 4.6 - OcyuiecTBasATh pa3paboTKy, aAaNTalMI0 PELENnTyp XOJOIHBIX M TOPSAYMX JECEepPTOB,
HAIUTKOB, B TOM YHCJI€ aBTOPCKHUX, OPEHIOBBIX, PETHOHAIBHBIX C YUETOM MOTPEOHOCTEN pa3IuYHbIX
Kareropuit morpedureneit, BUIOB U GopM 00CTyKUBAHUS;

I[IK 5.6 - OcymecTBasaTh pa3paboTKy, aJanTaluio pelenTyp XjaeO0oO0yIO4YHBIX, MYYHBIX
KOH/JUTEPCKUX U3JeNui, B TOM 4YHCIE€ AaBTOPCKUX, OpEHIOBBIX, PErHMOHAJIBHBIX C YUYETOM
MOTpeOHOCTEN pa3IMYHbIX KaTeropuil moTpeOuTeNe;

IIK 6.2 - Ocy1ecTBasaTh TEKYIEE IUTAHUPOBAHKUE, KOOPANHALMIO AESATEIBHOCTH TOAYNHEHHOTO
[IEpCOHANA C yYETOM B3aUMOJEHCTBUS C IPYTUMHU MOAPA3IEICHUSIMH;

1K 6.3 - Opranu3oBbIBaTh pecypcHOe oOecrieueHune JesITeIbHOCTH MO JYMHEHHOT O IIEPCOHaIa;

[IK 6.4 - OcyniecTBiasTh OPraHM3aLUI0 U KOHTPOJb TEKYIIEH NEATEIbHOCTH IMOAYMHEHHOTO
IIepCcoHaIa.

A Takike GOPMUPOBAHHIO 00U4UX KOMNEMEHUUIL.

OK 01 Beoibupate cnocoObl pemieHHs 3afad  NPOPECCHOHANBHON  JeSTENbHOCTH,
IIPUMEHUTEIBHO K Pa3JIMYHbIM KOHTEKCTAM;

OK.02 OcyuiecTBisTh MOUCK, aHAJIW3 U HWHTEPIpETAlMI0 UHPOpMAIMH, HEOOXOAUMOMN s
BBINOJIHEHUS 3a/1a4 TPO(PECCUOHATBHON AEATEIbHOCTH.



BrimonHenue o0ydaronmxcsi MpakTHUeCKuX padoT 1o yyeOHOW aucuuIuimHe «MaremaTukay
HAIpaBJICHO Ha:

- 0000leHne, CHUCTEeMATH3alMIo, YINIyOleHHe, 3aKpeIuleHHe, pa3sBUTHE M JETAIN3aLUI0
MOJTYYEHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHON TUCIUIUINHBI;

- (¢opMHpOBaHHWE YMEHUH NPUMEHSTH IOJyYCHHBIC 3HAHUS Ha TNPAKTHKE, PEATU3aLUI0
eIMHCTBA MHTEJUICKTYAIbHON M PAKTHYECKOH eI TeIbHOCTH;

- (dopmupoBaHe W pa3BUTHE yMEHHWI: HaOMOAaTh, CpPaBHUBATh, COIMOCTABIIATH,
aHAIM3UPOBATB, JIETATh BEIBOJIBI M 0000IIICHNS;

- BBIpAaOOTKY NpHW pEIICHUH IOCTABICHHBIX 3a/1a4 NMPOPECCHOHATBHO 3HAYMMBIX KadyecTB,
TaKUX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTb, TOUHOCTb, TBOPYECKAs! HHUIMATHBA.
[pakTrueckue 3aHATUS MPOBOISTCS IOCIIE COOTBETCTBYIOLIEH TEMbI, KOTOpas 00ecHeunBacT HAIMUUe
3HAHMH, HEOOXOIMMBIX IS €€ BBITOTHEHHUSI.



2 MIEPEYEHDb IPAKTUYECKHNX 3AHATUI

Paznennl/TemMbl Tembl npakTHyeckux/adoparopusix | Kosuvecrs | TpeGoBanus
3aHATHH 0 4acoB PI'oC CI1O
(ymeTB)
Paznen 1. OCHOBbBI MATEMATHUYECKOI'O AHAJIM3A 14
1.1 Ipenen ¢pyHkuuu. [IpakTuueckas pabora Ne 1 Beruucienue 2 Vi
HenpeppiBHOCTS QYHKIINH | IPEJEIOB
1.2 OcHoBHI [Ipaktuyeckas padora Ne 2 [IpaBuna 2 V1,V¥01.2,
muddepeHIaIbHOTO muddepennmpoBanus. TexHUKa v¥02.4,VY02.7
HCYMCIICHUS Qg depeHIpoBaHUS
[Ipaktrueckas padota Ne3 Beruuciienue 2 V1, VY01.2,
MIPOU3BOIHBIX CJIOXKHBIX (DYHKIIMHA ¥02.4,Y02.7
[IpakTuyeckas pabora Ne4 MccnenoBanue 2 V1,V¥01.2,
(GyHKIUH ¥ TOCTpoeHHE IrpadruKoB ¥02.4,Y02.7
1.3 HeonpenenéHuslii u [IpakTuueckas pabota Ne5 Beruucnenue 2 V1,V¥01.2,
OIpeIeIEHHBIA UHTETpAJl | HEONPEIEIEHHBIX HHTErPaJIOB ¥01.3, ¥01.9
[IpakTuueckas pabora Ne6 Beruucnenue 2 V1,V¥01.2,
onpeeNEHHBIX UHTErPaJIOB ¥01.3, ¥01.9
1.4 Tuddepenumnansusie | [Ipaktuueckas padora Ne7 Pemenue 2 V1,VY01.3,
YpaBHEHHUS Qg QepeHranbHbIX YpaBHEHUH Y01.9
Pazzen 2. OCHOBBI TEOPUU BEPOSITHOCTEU U 2
MATEMATHYECKOM CTATUCTHUKH
2.2 OcHOBBI [IpaxTuueckas padora Ne§ CocraBneHue 2 ¥01.3,¥01.9
MaTeMaTHYeCKON CTaTHUCTUYECKOTO pacHpeIeIeHUs
CTaTUCTHKH BBIOOPKH, TIOCTPOCHUE TTOJIUTOHA U
THCTOTPAMMBI
NTOI'O 16




3 METOJANYECKHUE YKA3AHUSA

Tema 1.1 Ilpeaea pynkuuu. HempepbiBHOCTH GyHKIIUT

IIpakTuyeckas padora Nel
Buviuucnenue npeoenos

Hesab: HayunuThCst BHIUUCIATD IPEebl QyHKINH.

Bbinosinus padory, Bel Oyaere:

ymemp:

-BBIYUCIIATH Ipeiesbl (QYHKIUHN, UCIIONb3Yys TEOPEMBI O Mpeenax;

- PacKpbIBaTh HEOIIPEAEICHHOCTH;

- HaXOJIUTh Mpeeibl PYHKIMA, UCTIONIB3Ys (OPMYJIIBI 3aMeUaTeNIbHBIX MPEeIOB.
MarepuanbHoe o0ecniedeHHe: NHIUBUIYalIbHbIE 3aJaHHsI, KOHCIIEKThI JIEKLUH.
3aganme:

BeraucnuTh nipeaennsl GyHKITHiA:

1. lim,_,(2x3 — 10x% — 4x + 5)
2 lim 3x%2-11x+6
) X3 )x2_5x-3
3 lim 11x3-5x2—-6x+10
' X290 ext-8x2+2
sin

3 2
4. limyo—2

5. lim,._., (1 - E)5’(

X
IMopsinok BbINOJIHEHHUS PadOTHI:

Haiinure npenen GpyHKIMH, UCTIONB3YSI TEOPEMBI O TIpEeax.
Ecnu nonyunnack HeonpeaeneHHOCTb, ONIPENIeIUTE €€ BUJ U CIIOCO0 PacKpbITHS.
[IpeoOpasyiiTe GyHKINIO U paCKpOUTE HEOTIPEAETEHHOCTb.
Brruncnvre npeaen.
Xoa paGoTsI:
Haiitu npenen ¢pynkuuu:
1) lim,,,(2x3 — 10x? — 4x + 5)

i N =

Hcnonb3yemM TEOPEMBI O TPeIeNIax:
lim(2x3 — 10x% — 4x + 5)

xX—2

=2(1imx)3—10(1imx)2—4}Ci£r%x+5=2-8—10-4—4-2+5=—27

xX—2 xX—2

3x2-11x+6
2) lim —_—
) X23 ox2_5x-3

CDYHKI_II/ISI MMpEaACTaBJIACT c000¥ OTHOIIIEHUE ABYX MHOTOYICHOB, 06pa1uaronmxc51 B HYJIb B

TOYKE x = 3. [Toaromy CHayalia npeodpazyem JaHHYIO G yHKIHIO.
JIroOo¥ KBaIpaTHBIN TPEXUICH MOKHO PA3JIOKUTh HA MHOYKHUTEINN C TIOMOIIBIO POPMYIIBI
ax®+bx + ¢ =alx —x,){x —x,), rae nmu x; KOpHHU KBagpaTHOTO TpEX4JICHA.

KopnsiMu kBaipaTHOTO TpexuieHa 3x° — 1lx + 6 SBJIAIOTCS YACIA - U 3; 3HAYUT
o

3x2 — 11x + 6 = 3(x — 3)(x —2)

1
A KOpHHM KBaJIpaTHOTO TpexuieHa 2x% — 5X — 3 paBHbI - U 3, ClIeI0BATEILHO
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2x2—5x—3 = 2(x—3)(x+%)
Bo3Bpalasch K npejieiy, MIMeem:

2 2
lim 3x2-11x+6 __ .. 3(x-3)(x—3) im 3(x—3) im. ., 3Xo2 _ 3limgogx-2 _ 33-2
X3 ox2-5x-3 -3 2(x-3)(x+3) x=3 2(x+3) X23 2x+1  2limygx+1 2341
77=1
. 11x3-5x2—-6x+10
3) lim,_,,

6x*—8x2+2

Tak Kak MHOTOWICHBI B UYHCIUTEIC M 3HaAMEHATelIe CTPEMATCA K o0, TO II0JIydacM

HCOIIPCACICHHOCTh BHUOA [:] I[J'IH €€ PaCKpBITUA pPaA3ACIMM KaXJ0€ cilaracMoc 4YHUCIUTEIIA U

3HaMEHATEs Ha x*. Torna HOJIYYHM:
) . 11x* 5x* 6x 10 11 5 6 10
11x% —5%% — 6x + 10 = T F T ETE T T EZTETE o
lim 3 S = lim I 7 = lim =-=10
X300 Bx* — 8x~ + 2 X300 Gx B N 2 £ 6 — _B'r + 2 &
T TR LT
. X
. smE
4‘) hmx_>0 -

UroObl BBYUCIUTH TpeAen (QyHKIUH, HYXHO BOCIOJIB30BaThCS (POpMyIOH TepBOro

sinx
3aMevaTeNbHOro Mpeena: hmx_,o =1.

VYMHOXXUM YHCIIMTEIb U 3HAMEHATEIb ,Z[pO6I/I Ha

sm— %sinf sinZ 1
llmx_)o = lim,_ 352 =

2 . —
——hmx_m =3 1=

N |
N |-

. 3 5x
5) lim,._,,, (1 -2)
[IpeobpazyeM (yHKIHIO Tak, YTOOBI MOXHO OBLJIO MPUMEHHTH BTOPOW 3aMeuaTeNIbHBIN

X
npenen :  limy_,, (1 + %) = e. BBezeM HOBYIO IIEPEMEHHYIO: X = —3Y; X — 00; y — 0.
) 3\5% ) 3 \>'(=3¥y) ) 1\~ 15y 15
lim e (1=3) " = timy o (1-25) 7 =ty (145) 7 = e =

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kputepun onenkn:

- «O1nuyHO» - yMeHHsS COPMHPOBAHBI, BCE 3aJaHUs BBIIIOJHEHBI MPaBUILHO, 0€3
apupMeTHYECKUX OMMOO0K, perreHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.

— «XO0pomio» - HEKOTOpble yMeHHs C(HOPMHUPOBAHBI HENOCTATOYHO, BCE 3aJaHUS
BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJlaHUH BBIMOIHEHHI ¢ omubOkamu. be3ommnbouHo BeimonHeHO 80-
89 % Bcex 3a1aHuil.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOAMMBIE YMEHUS B OCHOBHOM C(OPMHUPOBAHBI,
OOJBIITMHCTBO 3aJ]aHU BBHITIOJIHEHO, HEKOTOPHIE M3 BBINOJHEHHBIX 33JJaHUN COJEpIKAT OIIUOKH.
bezommbouno BemonaHeHo 70-79 % Bcex 3amaHuil.

«HeynoBiIeTBOPUTENHEHO» - TEOPETHUYECKOE COJNIEpKaHUE Kypca HE OCBOCHO, HEOOXOIMMBIC
yMeHHsI He C(OpPMHpPOBaHBI, BBHINOJIHEHHbIE Yy4YeOHBbIE 3a/JaHUs COJEp)KaT TIpyOble OIIMOKHU.
bezommbouno BeIMonHeHO MeHee 70% Bcex 3aJaHuil.



Tema 1.2 OcHoBBI 1M PepeHIHATBLHOI0 HCYHCTCHUS

IIpakTnyeckas padora Ne2
Ilpasuna ougpghepenyuposanusn. Texnuxka ougpghepenyuposanusn

Heab pabdorsl: [IpoBepuTh Ha MpakTUKEe 3HAHWUE TOHATHSA IPOU3BOJHON (PYHKIMH, YMEHHE
HAXO/UTh MPOU3BOIHBIC FTIEMEHTAPHBIX (PYHKIIUI, CIIOKHBIX (QYHKIUH.

Beinosinus padory, Bel Oyaere ymers:
- pelarh PUKIJIAAHbIE 33Ja4u B 00J1aCTH IPOHECCUOHATIBHOMN 1EATEILHOCTH.

MarepuajibHoe o0ecrnieyeHue :

Teopernueckuii MaTepran METOAMYECKON PEKOMEHIAINU K TPAKTUIECKON padoTe.
NuauBuayanbHble KAPTOUYKU C BAPUAHTOM MPAKTUUECKON pabOTHI.

3aganue:

HaiiTn 3HayeHne NPOM3BOAHOM TAHHON (PyHKIIUM B JAHHON TOYKe.

y=2x*-3x+5, x=0 16)y = (x—3x*+5)%, x=0;
2)y=7x*-6+3x% x=0; 17)y = (7x — 1 + 4x%°, x = 0;
3)y=12-3x+2x% x=0; 18)y = (* +1)%, x =0;
Hy=x3-4x*+x, x=0; 19)y =(1-2x)", x=0;
5)y=21x+3x°>+7x° -5, x=0; 20)y = (4x +5x* —7)%, x =0;
6)y=x>-3x", x=1; 2 y=+/X+1, x=0;
y=(x+1)-2x3 x=1; 22)y=2x%+3, x=0;
8)y=dx - (T2 +5),x=1; 23)y=V4—-7%x%, x=0;
9)y=(2x*+3x)- (x—1), x=1; 24)y=~3x3, x=1;
10)y = (6x - 3x%) - (x> +2), x=1; 25)y=2Xx°, x=1;
x+1 1
11)y:—2,x:1; 26)y= ——, x=0;
X X+1
12)y= X X =0; 27)y = L x=0;
x—1' ’ 3-2x’ ’
13)y= 2x° X =0; 28)y = x=1
3X+5 ’ Ax —3x2 ’
14)y-7_2X x=1, 29)y = x=0;
x3 ’ 5% +3 ’
X 1
15)y = 2,x:O; 30)y:—2,x:0.
3—2X 67X

HajiTy npou3BoAHbIE CI0KHBIX (PYHKIHIL:

1. y = (5x3 — 2x)°



2. f(x) =3sin(2x — %)
3. f(x) = arcsindx + arccos®x
4.f(x) = logs(7x* — 5x3 + 1)

5f(x) =In

1+cosx

1-cosx

KpaTRne TCOPETHYECCKUEC CBCACHUSA

Omnpenenenne: IlpousBomnoir ¢ynkiuu f(x) (f(Xo)) B TOUKE Xp Ha3bIBACTCS YHCIO, K

HYIIIO.

()

il +an) =)

= npK Ax
KOTOPOMY CTPEMUTCS PA3HOCTHOE OTHOLIEHUE £ A , CTpeMsllIeMcs K
IIpou3BoaHbIE JJIeMEeHTAPHBIX QYHKIIUIA.
fx) i =)
C — const 0
w U ax®— 1
gn an
=" =% lna
1
Inx -
X
log = 1
3 =ln S
Sin s Cos #
Cos = - sinx
1
Tt =
COs< ¥

IIpaBuaa nuddepeHmupoBaHus
Ecin y pynkumii f(x) u g(X) cymecTByrOT IPOU3BOIHBIE, TO
DIftx) £ alx)) = Fix) £ gl)
Def(x)) = o fx), TAS ¢ —consf
BIlliﬁix}-qixﬂ = fxialx) +f(d ()
4 f(HI'] _ Flw) - glw) = fx) - dix)
%) o°0x)

ITopsinok BbINOJHEHHS PadOTHI:

1. Onpenenuts Bua GpyHKIMH. BBeCTH MpoMeKyTOUHBII apryMeHT.

2. OnpenenuTh, KaKUMH TpaBwiIamMu auddepeHnnpoBanmsi HY)KHO BOCIIOJIb30BaThCS.
[TpMEHHUTH COOTBETCTBYIOIIEE TPABUIIO.

3. Hcnonb3ys Tabnuily mpOU3BOIHBIX, HAWNTH TPOU3BOAHBIE (DYHKITHIA.

4. PackpbITh CKOOKHM M ITPUBECTH MOI00HBIE, €CIIH 3TO YIPOCTHUT 3aMUCh (PYHKIINH.

Xon paborsr:

Haiiti mpon3BoaHbIe PYHKIIHIA:

1. g(x) = (1 —4x?)1°

OyHKIUS ABISIETCSA CI0KHOM CTENEHHOW. BBeleM NMpoMeKyTOUYHBIN apryMEHT
Jns muddepeHpoBaHms HY)KHO BOCIIONB30BaThes popmyinon (u™) = nu

u=1-—4x>?

Tl—l_u

10



y =10(1—4x%)° (1 —4x?) =10 (1 — 4x?)°(—8x) = —80x(1 — 4x?)°

.1
2. f(x)= sin-x - cos 2x
DyHKIUS PEICTaBIsIeT COOOM MPOU3BEICHHE JBYX CIOKHBIX TPUTOHOMETPHUUYECKHX (DYHKIIHIA.
[TosToMy cHauana BOCIob3yeMcs npasuinoM auddepenrmposarus (U-V) = UV + UV’

, , 1 1 ,
fx)= (sinix *CoS2x) = (sinix) cos2x + Sinzx(COSZX)

o o 1 o
BBezieM npoMekyTOUHBII apryMeHT : JUlsl IepBOi QYHKIMK U = ~X, Ui BTOPOH QyHKImMK U =
2x.
[pu 1uddepeHmpoBaHuy HCHONB3yeM cieayomme Gopmyns:: (sinu) = cosu - u', (cosu) =
—sinuu’.

. 1 , 1 1 ,
fx)= (sinzx *COS2x) = (sinix) cos2x + sinzx(COSZx)

1 1 1 .
= coszx . (Ex) *cos2x + sinzx  (—sin2x) - (2x)

1 1 1
= =C0S—=X"'C0S2X — 2sin—x * sin2x.
2 2 2
3 23x+5x2
V= log,(3+10x)
OyHKOMST TPEACTABIsET COO0OW 4YacTHOE  JBYX CIOXHBIX  (yHKnuid. Ilosromy cHadana

v\ uv-uv’
BOCIIOJIB3YEMCS TPaBHIIOM I (hepeHInpOBaHus >) =

. (23*5%%) " Jog, (3 + 10x) — 23%*5%" - (log, (3 + 10x))’
Y= (log, (3 + 10x))?
BBezieM IIPOMEKXYTOUHBIN apryMeHT : i HepBoi GyHKuun u = 3x + 5x2, 11s BTOpoil GpyHKIMU
u =3+ 10x.
IMpu nuddepenimpoBanny Hcmoab3yeM cieayronme dGopmyns: (a®)’ = a*lna - u', (log, u)’' =
lulnau .

. (23’“'5"2)’-log2(3+10x)—23x+5x2-(10g2(3+10x))’ _
- (log, (3+10x))2 -
2 1

3x+5x2 2\ _o3x+5x2_ 1 .
2 In2 (3x+5x2)'log,(3+10x)-2 Griommz (3+10%) B

(log,(3+10x))?

3x+5x2 _53x+5x2, 10
2 In2(3+10x)log,(3+10x)—2 Grioninz

(log,(3+10x))?

.3
4. f(x) = arcsin—x + arccos5x
DOyHKIHSA TPEICTABISIET COO0H CyMMY JIBYX CJIOKHBIX OOPaTHBIX TPUTOHOMETPHUYECKUX (DYHKITHIA.

[odToMy cHauana Bocmonb3yemcs npapuioM auddepernupoanus(U + V) = U + V.
, 3\
fx)= (arcsingx) + (arccos5x)’

o o 3 o
BBeneM npoMeKyTOUYHBINH apryMeHT : JJisl MEepBOM (QPYHKIMH U = S X, A BTOPOH byHKIMU U =

5x.
[Ipn b hepeHIMPOBaHUH HCITIOJIB3YEM CIEeYIOIHNe bopMyIbI:

. ' u' '
(arcsinu) = — ; (arccosu) = — —

11



’

f'(x) = (arcsin%x) + (arccos5x)'=

5.f(x) = arccosV1 — e?*

@DyHKUMS SIBIISIETCS CI0XKHOW 00paTHON TPUTOHOMETpUYECKOW. BBe1eM IpOMEKyTOUHBIN apryMeHT

3 5

1 3\ 1 ,
/1—(§x)2 (Ex)  V1-Go? (5x) = 5 Jl_L_\/l—ZSxZ

25x2

u=+vV1—e?* Jlng aupdepeHIHpOBaHKUs HYKHO BOCIIOIB30BATHCS (HOPMYJIOit (arccosu) =
u!

1-u?’
, ' 1
f(x)= (arccos\/l - ezx) = - (W1 —e?)’
1—-(1—-e?%)
[IpoMeXyTOUHBI apryMEHT SIBIIICTCA TaKKe CIOXHON (yHKIued. BBemeM W s HEro HOBBIM
IIPOMEXYTOYHBII aprymMeHT

u=1-—e

st nuddepeHunpoBaHmst HY>KHO BOCIIOJIB30BaThCs (hOpMyIon
() =

u) =——

2Vu
’ ' 1 '
f(x)= (arccosx/ 1- er) =— . (\/ 1-— ezx)

1-(1-e%)
1 1 , 1 1

= (1-—e?) =—-—

— . . —(—26
V1—1+e?* 2V1—e?* e*2V1 — e

®opMma npeacTaBJieHus pe3yJbTaTa: BhIIOIHEHHAs paboTa.

)

Kpurepun oneHku:

Ounenka '"oraum4yHo'" cTaBHUTCS, €cnd paboTa BBHIOJHEHA B IOJHOM 00BEME C
coOroIcHueM HEOOXOIUMON TOCTIEeI0BATEIbHOCTH JIEHCTBHUIl; B OTBETE MPABHIBHO U aKKypaTHO
BBITIOJTHCHBI BCE 3aITMCH 1 BBIYHCIICHHS.

Ouenka ''xopomo" cTaBUTCS, €CTU BBHINOJHEHBI TpeOOBaHUS K OILIEHKE "OTIWYHO", HO
JOTMYIIEHBI 2-3 HeloYeTa.

Ouenka ''yI10BJIeTBOPUTEJIBHO' CTaBUTCA, €CM paboTa BBHIMOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOW YacTH TAaKOB, YTO MO3BOJISIET MOJYUYUTh MPaBUIIbHBIE PE3YIbTAThl U BBHIBOIBI,
B XO/JI€ MPOBEACHUS PabOThI OBLIH TOMYIIEHBI OITHOKH.

Ouenka ""Hey10BJIETBOPUTEJIBHO' CTaBUTCS, €CIM paboTa BBHIIOTHEHA HE MOTHOCTHIO WITH
00BEM BBITIOJIHEHHOH YacTH pabOThI HE TTO3BOJISET CIeaTh MPAaBUIHHBIX BHIBO/IOB.

IIpakTnueckas padora Ne3
Boiuucnenue npou3eo00nvix cnoxycHvix Qynxyuil

Iean: HayunThcst HAXOAUTH TPOU3BOIHBIE CIIOKHBIX (DYHKITHIA.

Boinosinus padorty, Bel Oynere:

ymembp:

- IPUMEHSATH NpaBuia quddepeHIpOBaHNS;

- HaXOAUTh MPOU3BOJIHBIE CIOKHBIX (DYHKIIUH.

MarepuanbHoe olecneuyeHue: WHIANBUAYAIbHBIE 3aJaHUsl, KOHCHEKTHl JIEKUUH, Tabiuna
IIPOU3BOIHBIX.

3ananmne:

Haiitn npousBoaHbIe PyHKIMIMA

12



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

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

Flxd =logs (7x* —5x* + 1)
—
f{x] ::{n |L+EDEI

W L-cosx

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

5. Ompenenute Bun ¢GyHkouu. Eciu  GyHKuus — sBiIseTcss  CIOXKHOH, TO  BBEIUTE
IIPOMEKYTOUHBIN apryMEHT.

6. Ompenenute, KakuMH NpaBWwIaMd JU(PQGEPEHIMPOBAHUSA HYKHO  BOCIHOJIb30BaThCA.

[TpuMeHUTE COOTBETCTBYIOIIEE MTPABHIIO.

Hcnonb3ys Tabnuily Npou3BOAHbBIX, HAWIUTE MPOU3BOAHbBIE (DYHKIIHIA.

8. PackpoliTe cKOOKHM U IPUBEANTE MOAOOHBIE, €CIIU 3TO YIPOCTUT 3aIUCh (DYHKIIHH.

~

Xox pabdoThI:

Haiiti npon3BoaHbIe PYHKIIMIA:

1. plx) =(1—4xm)t°

OyHKIUSA ABISAETCS CIOXKHOM CTENEHHOW. BBeAEM MPOMEKYTOUHBINA apryMeHT u =1 —4x=. Jlns
nudbepeHIMPOBAHUS HY)KHO BOCIIOIB30BaThCs GopMynoit (u™) = nut - o

y = 1001 —4%) (1 —4%) = 10 (1 — 4x7)%(=8x) = —80x(1 — 44%)’

2. flx) = siﬂfx - cos 2x

DyHKIMS OPEICTaBIsAeT COOOM MPOU3BEICHUE IBYX CIOKHBIX TPUIOHOMETPHUYECKUX (YHKIIMIA.
[TosToMy cHaudajia BOCIIOJIb3yeMcs paBuioM auddepeHnupopanus (U - V) = UV 4+ UV
f (x) = {sin;x ~cos2x) = (sin ;x] cosix + sin ;x{cus?r]

o o L o
BBeneM nmpoMeKyTOUHBIN apryMeHT: 1J1s IepBOM QYHKIMH u = - x, N7 BTOPOH PpyHKUMHU u = 2x,

[Ipn ¢ depeHIMpOBaHUH HCIIOJIB3YEM CIEAYIOIHNE bopMyIbL:
{sinu]' = cosu - u, (cosu) = — sinuwu.

- 1 1 ) ,
f (x) = {sin;x ~cos2x) = (sin ;x] cosix + sin ;x{cus?r]
1 1 1 i ., 1 1 1
=cos—x-|-x]| " cﬂsEx+sfn—x-{.—sfn2x} : {_2_1'] = —cos—x rcosixy — 2sin —x - sinlx.
2 2 2 22 2

adxT 451"

3.y=

Ioga (3+10x)

13



OyHKIMSA TpeAcTaBiIsieT co0OW  YacTHOEe  ABYX CHOXHBIX  (yHkimid. I[lostomy cHavama
" onv-rm
e

U
BOCIIOJIb3YeMCsI ITpaBUIoM AuddepeHnpoBaHus (1_) =

y =

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

BBeneM mpoMexyTOUHBIN apryMeHT: Ajs mepBod GYHKIUHM u = 3x + 5x°, 7S BTOPOM (PpyHKUUU
u =3 + 10x,

IIpn nuddbepeHIUpOBaHUN UCIOIB3YEM CIeAyIomue GOpMyIbl: (a*) = a“lna « o', (log. u)' = - sl
p p p Yy YyIo pMy. 8. ;

e 2 . £ B T L T PN 1 T
1 [ArEax |'-]=_giL3+1:.1':'—2"”"'T -{log, (3+10x))' - T2 | 3x45x :' ]u§3'~-1+1--1:'—= e muﬂull B
b |:|=§i|3+1:.'l.'||3 |:|=§i|3+1:.'l.'||3

14
(3% 1) in2

el . N o
2T 234+ 10x) log,, (34 10x) - 2F5

|]=§i|3+1:.'l.'||3

4, flx) = m"cs:'nix+ arccosdx

@OyHKIHUS TPEICTABISIET CO00I CyMMY JIBYX CIIOKHBIX OOPaTHBIX TPUTOHOMETPUYECKUX (YHKIIUH.
[TosToMy cHayasa BOCIIONBb3yeMCs MpaBuioM auddepenuupoBanus (U +V) = U +V,

Flx) = (nrcs:'ng.r) + (arccos3x)’

o o _3 o _
BBezieM IpoMexyTOYHBIN apryMeHT: JUIsl IEPBOM (PYHKIHMH u =+ x, JUISl BTOPOH (yHKIHUH u = 5x.

[Ipn I[Hq)(pepeHunpOBaHnn HCIIOJIB3YEM CIIEAYIOIHNE bopMyIbL:
{:nrcs:'nu}'= < {nrccusu} — -

W 1l-u-
f {.r} = (nrcstn .r)l + {arccosax)'= .1— E_r)l — ;— {.5.:;'}' = .3 — .5_

2 2 A5 J1-(5ch? * R [ W1-25x¢

3 I W T nxt

5. flx) = arccosVl — ™

@OyHKUUS ABISETCA CIIOXKHOM 00paTHON TPUTrOHOMETPUYECKOH. BBeieM mpomMexyTOUHbIH apTyMEHT
—
u =T —e=. Jlna qudpepeHIMpOBaHHs HyKHO BOCTIONB30BaThes popmyioii  (arccosu)’ =

\.-l—u-'

f(x) = (arecosV1 - & ) = —v—ﬁ (V1-é&=).

[TpomMexxyTOUHBIN apTyYMEHT SIBIISIETCS TAKXKE CIIOKHOW QyHKIMeH. BBenem u 1151 Hero HOBBIM
MPOMEXKYTOUHBIN apryMEHT u =1 — &™*.

Jlnst nudpdepeHmpoBaHus HYy>)KHO BOCTIONB30BaTHCS (hOPMYITOit
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(Va) =

Vi
' =’ 1 — L 1 : 2z
F&) = (arecosV1-&7) = - ——=-(V1- &) = - ——= ;=1 - ) =

y 1-i1- y1-
1 1

. . 1
—_—— -2 = —
g% 2] —gx { } V1-gx

®opma npeacrasiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kputepuu onenku:

- «O1nuyHO» - yMeHHS CHOPMHPOBAHBI, BCE 3aJaHUs BBIIOJHECHBI MPaBUILHO, 0€3
aprupMETHYECKHUX OMMOO0K, pemeHrne 0hOpMIICHO aKKypaTHO, C HEOOXOUMBIMU 000CHOBAHUSMH.

- «XO0pomio» - HEKOTOpble yMEHHs C(HOPMHUPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BBITOJIHEHBI, HEKOTOPBIE BUBI 33/1aHUI BBIIOJIHEHBI ¢ omnOkamu. bezommbouno BeimoaHeHo 80-
89 % Bcex 3amaHuH.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHHUS B OCHOBHOM C(OPMHUPOBAHEI,
OOJIBIIMHCTBO 3aJIaHUH BBIIOJIHEHO, HEKOTOPHIC M3 BBIMOJHEHHBIX 3aJaHHUI COJEPHKAT OIIHUOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiaeTBOPUTENBEHO» - TEOPETUUYECKOE COJEpKAHUE Kypca HE OCBOCHO,
HE0oOXO0IMMBbIE YMEHHUsT HE C(HOPMHUPOBAHBI, BHITIOJHCHHBIC YYCOHBIC 3aJaHHs COJIEpXkKaT TIpyObIe
omnbku. be3zommbouno BeIMoaHEHO MeHee 70% Bcex 3amaHui.

IIpakTnueckas padora Ned
Hccneoosanue gpynkyuii u nocmpoenue zpagpurkoe

Leas padoTbi: HayunTscs nccnenoBats GyHKIUU U CTPOUTH TpapUKH QYHKITUI.

Boinmosinus padorty, Bl Oynere:

ymemb:

- IPOBOJIUTH UCCIIEOBaHUE (PYHKIUI ¢ TOMOIIBIO IPOU3BOTHOM;

- CTPOUTH TpauKu PYHKIHH.

MarepuanbHoe o0ecnieyeHue:

WunuBuayanbHble 3a0aHusl, TaOIUIA TPOU3BOAHBIX, KOHCIIEKTHI JIEKIUH, Y4€OHUKH.
3aganue:

HccnenoBaTh QyHKIHIO 110 001l cXeMe U IOCTPOUTH ee TpaduK:

1. flx) = 5x% — 325,

2. flx) =

X

x*—4
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Kparkue TeopeTnyeckue cBeIeHH:
Oowan cxema uccnedosanusn QynKyuil.
1. Haiitu obnacte onpenenenust pyukuuu D (y).

2. Haiitu (ecam 3TO HE BBI3BIBACT 3aTPYIHEHHIA) TOYKH IEpecedeHus rpaduka ¢ OcsiMu
koopauHaT (pu X = 0 u ipu Y = 0).

3. UccnenoBath PyHKIHIO HA IEPHOAUYHOCTD, YSTHOCTh H HEYCTHOCTD.

4. Haiitu HHTEPBAJIBI MOHOTOHHOCTH, TOYKH 3KCTPEMYMOB H 3HAYCHUSA (bYHKI_[I/II/I B OTHX
TOYKax.

5. HaiiT nHTEpBaJIbI BHITYKIOCTH (BOTHYTOCTH) ¥ TOUKH Meperuda rpaduka GyHKIUH.
6. Haiitn acuMnToThI rpaduka QyHKIUH.

7. HaliT TOTIOMHUTENHHBIC TOYKH U TIOCTPOUTH TpaduK IO pe3ysIbTaTaM UCCIICIOBAHMS.
8. Haiitu 06n1acTh 3HaUE€HUH.

Anzopumm HaxoHcOeHUA IKCMPEMYMOE PYHKUUU U UHMEPEATIOE € MOHOMOHHOCHU C
HOMOWbIO NEPBOIL NPOU3BOOHOUL

1. Haiitu o6nacte onpezeneHus GyHKIMU U UHTEPBAJIbl, HA KOTOPBIX (YHKIIUS HETIPEPHIBHA.
2. Haiiti npou3Boanyto ¢pynkuuu f '(X).

3. Haiitu kputwueckue Toukd (yHKimu Yy =T (X), T.e. TOUKH, HpUHAIICKAIIHE 00JACTH
orpeeeHust PyHKIMHU, B KOTOPbIX ipou3BoaHas  f '(X) oOparaercst B HyJb HIIH HE CYIIIECTBYET.

4. WccnemoBath xapaktep usMmeHenusi ¢yHkuum f(X) u 3Hak mnpousBomnoii f '(X) B
MPOMEXYTKAaX, Ha KOTOpbIE HaWJCHHBIE KPUTHUYECKHWE TOUYKH JENAT OOJIACTH OIpENeICHUs

¢byuknuun y = f (X).

5. OTHOCHUTENIBHO Kaxxgou KpHTH‘ICCKOﬁ TOYKHU OHNPCACINTDb, SABJISICTCA JIM OHA TOYKOM
MaKCUMyMad, MUHUMYMaA HUJIN HE ABJIACTCH TOYKOM OKCTpEeMyMa.

[ToMHM: KpuUTHUYECKas TOYKa Xp €CTh TOYKA MHHHMYyMa, €CIIH OHA OTJEINSEeT MPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B kKoTopom f'(X)>0, 1 Touka MakcuMyma - B IPOTUBHOM CJIy4ae.
Ecnm ke B coceTHUX MPOMEXKYTKAxX, Pa3JeeHHBIX KPUTHYECKOW TOYKOW Xo, 3HAK MPOU3BOTHOM HE
MEHSETCS, TO B TOUKE Xo (PYHKIHMS 3KCTpeMyMa He UMeeT.

6. BeIunciuTh 3HAUCHUS (bYHKI_II/II/I B TOYKaX 3KCTpEMyMa.

7. 3amnucaTh pe3yibTaT HUCCIENOBaHUS (QYHKIMH: IPOMEKYTKM MOHOTOHHOCTH |
OKCTPEMYMBI.

Anzopumm Haxoxrcoenusn ebINYKI0CHMell YHKYUU U MoYeK nepezuoda:

1. Haxonum BTOpYIO NPOU3BOAHYIO.
2. HaxoauM TouYKH, B KOTOpPBIX f (x) = 0 MM He CyIIECTBYET.
3. Hccnemyem 3HaK BTOpPOW NMPOM3BOJHOM ClieBa M CIIpaBa OT HAWJICHHBIX TOYEK U
JieNiaeM BbIBOJI 00 MHTEepBajaX BHIMYKIOCTH U O HAJTMYUU TOUYEK Meperuoa.
16



4. Haxoaum 3HadeHHe (PYHKIUHU B TOUKAX Ieperuda.

Acumnmomol.

Acumnmomoui epagurxa ¢hynxyuu y = f(xJHa3bIBaeTCS MpsMasi, 00JIagaroniasi TeM CBOWCTBOM,
4TO PAaCCTOSHHME OT TOYKU (x: f(x)) 10 STOW NMPAMON CTPEMUTCH K HYJIIO IIPU HEOTPAHMYEHHOM
yIaJeHuu TOYKHU Tpaduka OT Hayasa KOOpAUHAT.

[Ipsimast x = a Ha3BIBACTCS BepMUKAIbHOU acumnmomot Tpaduka QyHKIUH ¥y = f(x), €clu
XOTsI OBl OJTHO M3 MPEACIbHBIX 3HAYCHUH lim,_ g f(x) umu  lim,_ .. g f(x) PaBHO —COMIIH 420,

3ameuanue. [IpssmMass x = a HE  MOXET  OBITh  BEPTUKAJIBHOH  aCHUMNTOTOH,  €CIH
(GyHKIUS HeMpephIBHA B TOYKE x = a. [l09TOMY BEpTHKAJIBHBIC ACHMIITOTHI CIEAYeT HCKaTh B
TOYKaX pa3pbiBa (PyHKIHH.

[Ipsimast ¥ = b Ha3bIBACTCS 20pU30OHMANbHOU acumnmomou Tpaduka QyHKUIUU ¥ = fix), ecnu

XO0TsI OBl OJTHO M3 MIPEACIbHBIX 3HAYCHHH lim, 5 f(x) vun lim,,__. f(x) paBHO b.

3ameuanmue. ['padux QyHKIHHE MOXKET UMETh TOJBKO MPABYIO TOPU3OHTAIBHYIO aCUMITOTY
UJIY TOJIBKO JIEBYIO.

[Ipsimast ¥ = kx + b HAa3BIBACTCS HAKIOHHOU acumnmomot rpaduka pyHkmn y = f(x),

ecnu limy_q|flx) —kx — B =0

fix)

Ecnu ang dyHKIMM y = f(x) CyUIECTBYIOT Mpeneisl lim, ,— = k U lim,_x(f {(x) —kx)=b, TO
X

(bYHKIMS IMEET HAaKJIOHHYIO aCUMIITOTY ¥ = kx + b IIpH x — @0,
Ilopsinok BbINOJHEHHS padOThI:

1. IIpoBecTn ananu3 3a1aHHON (DYHKIIMH 11O OOIIEH CXeMe.
2. [loctpouts rpadgux GyHKIUH.
Xoa padoThi:

HccnenoBaTh PyHKIMIO U TOCTPOUTH €€ rpaduK.

-

x

B
1. O6nacts onpenenenns Gyrkuun D(f) = (—oo; 13U (1; +00)
2. Tlpu mocTaHoOBKe 3HAUeHUS x = 0 moyyuM y(0) = 0.

Takyto e TOUKYy MOIy4duM, €ciaH TMpHpaBHAeM (QyHKIUO K Hymo. Touka x =0 -
€IMHCTBEHHAs TOUKA [EPECEYEHUS C OCSIMU KOOPAMHAT.

3. [IpoBepsieM HyHKIHIO HA YETHOCTD
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yl—x) = ¥

—Ix-2 2x+2

yl—x) = yla); y(—x) = —y(x).
Wrak, QyHKIMs HY YETHAs, HA HEUYETHAs, HEEPHOIUUECKa.

4.I[J'I$I OTBICKAaHHA MHTEPBAJIOB MOHOTOHHOCTH BBIYUCIIACM IIEPBYIO IIPOMU3BOJHYIO (bYHKI_II/II/I

o 2x(2x —2) =2 4xt —4x — 220 22t —4x

YT T er—2? T @ -2F (-2

[IpupaBHUBas €€ K HYJO, MOJYYUM KPUTHYECKHE TOUKH x = 0; x = 2. OHM pa30MBarOT 00J1aCTh
OIIpelieIeHUs Ha CIEAYIOIINE HHTEPBAIIBI MOHOTOHHOCTH (—6a; 0) U (0 1)U (1; 23 U (2; +02)

Hccnemxyem nmoBeneHne MpoU3BOIHOM CII€Ba M CIIpaBa OT HAMIEHHBIX TOYEK pa3ONeHHUS.

I'padmyecku mHTEPBATBI MOHOTOHHOCTH OYIyT UMETh BU]]

I/IccnezlyeMa;I (byHKI_II/I}I BO3pacTaeT Ha uHTepBanax (—cx 0 U (2: +03) u y6bIBaeT (0: 1) U (L 2).
5.Touka x =0 TOYKa JOKAIBHOTO MAaKCUMyMa, ¥ = 2 — JIOKaJbHOr0O MHHUMYyMa. Haiinem

3HaueHue GyHKIUKA ¥, ., = 0: vy, . = 2.

6.. Il OThICKAHUSI MHTEPBAJIOB BBIITYKJIOCTH HalJIEM BTOPYIO IPOU3BOIHYIO

o Wr-y@x-2-@F --2@x-2p02 8 8 1
T (2x— 2)* T 2x-2° 8x-1)7% (x-1)3

Takux UHTEPBAIOB HET, MOCKOJIBKY BTOPAsi MPOU3BOIHAS HE IPHHUMAET HYJIEBBIX 3HAUCHHH B
00J1aCTH ompeAeIeHHUS.

7. Ilpsimast x = 1 — BepTUKaJbHAs acUMOTOTa (PYHKIMU. YpaBHEHUE HAKJIOHHOW aCUMITOTHI

UMeeT BUJ v = kx + b,

k=1 ) li i li all li ! -
T e x _Ime':z.r—EJI_ILEEI:—EI_ILE?_E_E
Tox
. x* 1 Coxt—x(x—1) o oxt—xTtx . x . 1 1
b=lmlo——5—-5x)=lim 2(x — 1) = lim 2(x — 1) _}ﬂm_}ﬂ7_g_5
X

8.Ha ocHoBe MMPOBCACHHOT'O aHAJIM3a BBIITOJHACM IOCTPOCHUC I‘pa(pI/IKa (b}IHKI_II/II/I I[J'ISI 9TOTI'O
CHa4dajia CTPOMM BECPTUKAJIBHBIC U HAKJIOHHBIC ACUMIITOTBI, 3aTEM HaXOAHWM 3HAYCHUC Cb}IHKHI/II/I B
HCECKOJIBKHUX TOYKAaX W IO HUX IIPOBOJUM IMOCTPOCHUC.
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y=(x+1)/2

®opma npeacTaBieHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun ounenku:

- «OTan4HO» - yMeHHUS COPMUPOBAHBI, BCE 3aJaHUS BBINOJHEHBI MPaBUIbHO, 03
apudmernyeckux ommoOOK, perieHre opopMIEHO aKKypaTHO, ¢ HEOOXOJUMBIMU 00OCHOBAHHUSMHU.

- «Xopomio» - HEKOTOpble YMEHUsI C()OpMUpOBaHBI HEIOCTATOYHO, BCE 3aJaHUA
BBITIOJIHEHBI, HEKOTOPHIE BHUJIBI 33JlaHUN BBIIIOIHEHBI ¢ omrOkamMu. be3ommbouyHo BeinonHeHO 80-
89 % Bcex 3amaHuH.

- «Y TOBJIETBOPUTEIHHO» - HEOOXOJHMMBIC YMEHUS B OCHOBHOM C(OPMHUPOBAHHI,
OOJIBIIMHCTBO 3aJIaHU BBIIOJIHEHO, HEKOTOPHIC M3 BBIMIOJHEHHBIX 3aJaHHUI COJEPHKAT OIIHUOKH.
Bezommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUYECKOE COJCpKAHUE Kypca HE OCBOEHO,
HeoOXOoIMMBbIE YMEHUsT HE CHOPMHUPOBAHBI, BBHITIOJHCHHBIC YYeOHBIC 3aJaHMs COJEPIKAT Ipyobie
omnbku. be3ommboyno BeIMoaHEHO MeHee 70% Bcex 3amaHui.

Tema 1.3 HeonpeneaéHHbIN U onpeIeIEHHbIH MHTErpaJl

IIpakTHyeckas padora NeS
Buiuucnenue neonpedenénnvlx unmezpanoe

Heas pabGorbl: Hayuntbcs uHTErpupoBaTh (DYHKIMM, HCHONb3YysS pAa3JIMYHbIE METOJbI
MHTETPUPOBAHMUSL.

Boinoainus padorty, Bel Oynere:
ymembs:

- HaxXoJuThb HCONPCACICHHBIC HWHTCrpajibl METOAOM HCETIOCPCACTBCHHOTO HWHTCTPUPOBAHMA,
METOJAO0M INOACTaHOBKH,

- HAXOUTh HCOMMPEACTICHHBIC HHTCTPAJIBI MECTOAOM HHTCTPHUPOBAHUS 110 HaCTAM.
MarepuanbHoe o0ecrieyeHme:

NunuBuayanpHbIC 3a/1aHMS, TAOIUIIA HHTETPATIOB, KOHCIIEKTHI JICKITUH, YYeOHUKH.
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3aganue:
HajinnTe HeonpeaejgeHHbIe HHTErPAJIbI:
1) _.”:E.r'} — 62t 4 2x — E]n’x
2 | 3.1"+2.;—3.1‘+? i
3) _.r-:cus{:'lﬂ.r - 5} dx
4) f 34'1'3.:::1’.1:

5) J- Sdx

25+16x°

2.,
ITax

6) J

2
[1-2x4)

7) J-:.x-"-4.:i-3.r-1 dx

Vx
8) [(x* + 5x 4 7) - Inxdx;
9) [ e cosaxdx;
10) [(a® + 4x + 3)e* dx.
IMopsinok BbINoJIHEHUs PA0OTHI:

1. 3amucartp 3alaHue MW OIpPCACIUTD,
BOCIIOJIb30BAaThC.

KakmM H3 MCETOJA0OB HHTCIPUPOBAHUA HCO6XOI[I/IMO

Ecan mHTErpam MOXHO HaWTH METOAOM HENOCPEACTBEHHOI'O UHTETPUPOBAHMS, TO, UCIIOJIb3Ys
CBOMCTBA MHTErpajoB, IPUBEINUTE UHTETPAJ K TaOJU4HbIM Gopmynam. [Ipounrerpupyiire.
Ecan wHTErpan MOXKHO HaWTH METOJOM IIOJCTAHOBKH, TO BBEAUTE HOBYIO IIEPEMEHHYIO,
Hanautre ee auddepenuman. Ilocne BBeneHUS HOBOW IMEPEMEHHOM 3aJaHHBIA HHTErpa
IIPUBOAMUTCS K HOBOMY HHTErpajiy, KOTOpPbIM sBisercs TaOauuHbIM. Haiinute mnomydeHHBbIH
MHTErpal. B ciydae HeompeneeHHOro HHTErpaga BEpHUTECh K CTAPOM IEPEMEHHOM.

Ecnu wHTErpan Henb3s HAMTH  BbIIEYKa3aHHBIMM CIIOCOOAMHU, TO HpPHUMEHUTE (Gopmyny
MHTETPUPOBAHMUS II0 4YacCTsIM Judav=uv - [vdu. Dror meTon 3akmodaercs B TOM, 4TO

MOJIBIHTETPATFHOE BBIPAKEHUE TIPEICTABISCTCS KaKUM-ITHOO 00pa3oM B BHJIE MPOHM3BEACHUS
nByx comHoxutener U wu dV. 3arem, mocie Haxoxnenus dU u V, wucnonb3yite Gopmyny
WHTETPUPOBAHUS 110 YACTSIM.

-Nurerpanst Buna | P(x)edx, [ P(x)sinkxdx, [ P(x)eoskxdx, rae P(X)- MHOrouneH, k- umcio.
VY no6Ho nonoxute U = P(x),a BCe OCTAIbHbIE MHOXKHTENN MPHUHATH 32 dV.

-UnTerpans! Buaa [ P(x)arcsinxdx. [ P(x)arccosxdx, [P(x)inxdx. [P(x)arctgxdx

f P(x) arectgxdx,

VY 106HO0 1onokuTh Plx)dx = dV, a OCTalbHBIC MHOXKUTENHU MPUHSTH 32 U.
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- WinTerpansl Buna | e sinbxdx, | e cosbxdx, re a u b uncna. 3a U MOXHO NPUHATE QYHKIUIO
U=e™

Xox padoTwi: Haiitu unTerpasisl:

f 6x*—5x%+3x+4

1) dx

x2

Uro0bl HalTH ATOT MHTErpall, Hy)KHO CHayaja MPUBECTU MOJBIHTETPAJIBLHOE BBIPAKEHUE K
TabarMuHOMY BHUY. J{JIs1 5TOTO IpUMEHSIEM MOWICHHOE JeICHHE:

J‘ﬁﬁ-Sx +3x+=1-

ﬁ-.nr:'1 ir 4
:+ 7 dx
x
j(ﬁx=—5+ +=1-x':)n’
j.r:dx—Sj

n’.r 6. gy . 4
— xidx = —Sx 4+ 3njx|+—4+C=2x" —Bx 4+ 3In|x|——+C
x 3 -1 x

+3

f 15x2dx
(1-x3)4

9T1oT HHTCIrpajl MOXHO HaWTH C MOMOIILI0 METOoJa IIOJACTaHOBKU. BBenem HOBYHO
NIEPEMCHHY1O.

_'l.—x3=t
J"J.E.r:n’x d(1 —x%) = at 15dt SJ‘ P S R 5 .
L= “d3xfdx=dt |5 | Sz =2 | FrdE=— +C=—5+C= — +
(1-7 dt = -3 3t 3(1 — 5%
wldy = — —
3
3) J(x® — 4x) Inx - dx

DTOT MHTErpajl MOXKHO HANTH C MOMOIIBI0 METOJa HMHTETPUPOBAHHUS 110 YaCTSIM, OH OTHOCHTCS
KO BTOPOMY BUAY, TO3TOMY U = Inx, dV = (x® — 4x)dx.
4

1 . "
dl = —dx, VZJ‘{.IH—‘I-.r)n’x:——Ex'
x 4

Hcnonb3ys hopMyily HHTETpUPOBAHUS 110 YACTAM, OJTydaeM

- xt ., x* 41
(x* — =1-.r}{;er cdx = x| —— 2x° | — — —2x" |—dx =
4 4 x
Fo 3 x4 x4
— 2 = —_7 = — 2yt — 2
EM(% __r) J‘(q_ __r)n’.r {M(i- _.r) ]_,5+‘r +C

4) J(x? = 2x)cos4xdx
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9T10T HHTCIrpajl MOKHO HaWTH C IMOMOIIBIO METOJJd UHTCTPUPOBAHUS 110 HaCTAM, OH OTHOCUTCH K
MEPBOMY BUIY, OATOMY U = x* — 2x, dV = cosdxdx.

1
dll = (2x — 2)dx, V= J‘ cosdxdx = 3 sindx
. . 1 1 i
(x* — 2x)cosdx dx = (x* — Ex} :}sfn‘}x — ‘—l_s:'ml-_r{.Ex — E}d.r =

- 1 1 : 1., 1 :
(f —2x) 3 sindx — ;J‘ sindx(2x — 2)dx = 3 (x* — 2x) sindx — ;j sindx (x — 1)dx =

UToOb! HAITH OCTABIIUICSA UHTETPaJl, CHOBA MIPUMEHsieM (pOpMYITy HHTETPUPOBAHUS MO YACTSIM.

UD=x—1, dV = sindxdx.

1
dlU = dx, V= f sindxdx = — ;cusi-x
1 1 1 1
= (%2 — 2x)5i — il =1)l== - —= =
‘l_{x 2x) sindx 2{{.1: 1) ( ‘l_cusi-.r] f ‘l_cus‘l-xd.r

(2~ 2 sinx —~ ((x — 1)~ cost) .Lj txd
‘1__.r—_.r s.nx—z{_.r— —‘l_cusx -I—‘} cosdxdx =

1 1 1

= —(x® — 2x)sindx + —((x — 1{cosdx) — = f cosdxdx =
4 a a

(2 2x) sind - 1)(cos4x) " sintx 4 C

—ix" —Zdxlsindx +—-(\x — 1M cosdx) — —sindx +

4 E{ ) ) 3z

®opma npegocTaBjieHUs pe3y/IbTaTa: BbINOJIHEHHas paboTa

Kputepun onenkn:

- «O1nuyHO» - yMeHHsS COPMHPOBAHBI, BCE 3aJaHUs BBIIIOJHEHBI MPaBUILHO, 0€3
apupMeTHYECKUX OMMOO0K, pelieHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSMH.

— «XO0pomio» - HEKOTOpble yMeHHs CHOpPMHpPOBAHBI HEIOCTATOYHO, BCE 3aJaHUS
BBHITIOJTHEHBI, HEKOTOPBIE BUBI 3aJIaHUH BBHIMOIHEHHI ¢ omuOkamu. be3ommnb6ouHo BeimonHeHO §0-
89 % Bcex 3a/1aHuid.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOAMMBIE YMEHUS B OCHOBHOM C(OPMHUPOBAHBI,
OOJBIIMHCTBO 3a/IaHUi BBINOJHEHO, HEKOTOPHIE M3 BBIMOJHEHHBIX 33aJaHUIl coAepkKaT OIMIHOKH.
bezommbouno BeinonHeHO 70-79 % Bcex 3amaHui.

— «HeynoBiIeTBOPUTENBHO» - TEOPETUUYECKOE COJAEpKAHUE Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BBHIMOJHEHHbIE y4eOHBbIC 3aJaHMs COJEp:KaT rpyobie
ommOku. be3zommbouHo BrimoHEHO MeHee 70% Bcex 3a/laHuid.

IIpakTHyeckas padora Ne6
Buiuucnenue onpedenénnvlx unmezpanoe

He.]'lb paﬁoT])I: Hay‘{I/ITBCSI HaxXOoJUuThb OIPCACICHHBIC HWHTCIPAJIbl, HCIIOJIb3YysS pPa3JIMYHbIC
MCTOAbI UHTCTPHUPOBAHUS.

Boinosinus padorty, Bl Oynere:
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ymembs:
- BBIYUCJIATH OIIPCACIICHHBIC HHTCIPAJIBI pa3JIMYHBIMU MCTOJaMU
MarepunanbHoe obecrnieyeHue:

NunuBuayanbHble 3a1aHus, TAOIUIA HHTETPAJIOB, KOHCIIEKTHI JISKIIUN, YICOHUKH.

3aganue:

Braucinure OIPCACIICHHBIC HHTCI'PAJIbI:
1 (42 + 32% + 2x 4 Dax

5. Jr—

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1. 3amucate 3alaHuC MW OIIPCACIUTb, KAaKHUM H3 MCTOJOB HMHTCTPUPOBAHHUA H606XOI[I/IMO

BOCIIOJIB30BaThCA.
2. Ecmu HHTCIrpal MOXHO HaUTH MCTOAOM HCHIOCPECACTBEHHOTO UHTCTPUPOBAHUSA, TO, UCIIOJIb3YA

CBOWCTBA MHTETPAJIOB, MPHUBECTH MHTETpall K TaOnmuHbIM Gopmyiam. [IpoumHTErpupoBaTh.
BbruucnuTh 3HaueHE onpeieleHHoro uHTerpaia no gopmyine Hetorona-JleiGnumna.
3. Ecnu mHTErpan MOKHO HalTH METOJOM IOJCTAHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HANTH

ee auddepenunan. Ilocne BBeneHHs HOBOM INMEpPEeMEHHOM 3aJlaHHBI WHTErpajd MPUBOJIUTCA K
HOBOMY MHTErpajly, KOTOpbIM sBisercs TaOmuuHbM. Ecnu wuHTerpan onpeneneHHbI, TO
HE00X0IMMO BBIYMCIUTH HOBBIE MpeeIbl HHTErpupoBanus. HailTu nmonydeHHbIi nHTErpa.

Xoa pa0doThI:
1) [ (4x3 —3x% + 2x + 5)dx

_]-_Jl{:é.rE — 32 + 2x 4+ 5)dx = =1-_,r_11_r3dx—Efjlx:d_r+2f_11xrix+ Sf_Jl de=x* — 2% + 2% + 523, =
2) -3 +3+5.3-(1+1+1-5)=81-27+9+15+2=80

J- % Gdx

T ay2sp

DTOT UHTETrPaJl MOXKHO HAWTH C MOMOIIBIO METO/Ia MOJICTAaHOBKU. BBe1eM HOBYIO TEPEMEHHYIO.
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- 5 -
cx=t
5
-dx = dt
JI":'} Dddx _EJI":'} dx __ij:4 dx _ 3 _
o nme - LEa ok eyt an=la
¥ o 23
g =0 tg =0
LXg = 0.4 tE = 11
_ B zgpldr 1 1t 1 — _L1 E_E
=1 5'r':' e :nrctgﬂn = :(nrctgl arctgl) = S 1Tz
: Einrds
3) "r: costx
DTOT UHTErpaj MOKHO HAlTH C MOMOIILI0 METO/Ia MOJICTAHOBKH. BBeieM HOBYIO IEpEMEHHYIO.
r cosx =t 7
T deosx = dt i
i —sinxdx = dt . 7
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—=—
=3 3 2

®opMma npeacTaBJieHus pe3yJbTaTa: BHIIOIHEHHAs paboTa

Kpurepun oneHku:
- «OTnu4HO» - yMEHHus cpOPMHUPOBAHBI, BCE 3aJaHHS BBHINOJHEHBI MPABUIBHO, 0€3

apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOJUMBIMUA 000CHOBAHHUSIMH.

- «XOopomio» - HEKOTOpble yMEHHsS CGHOPMHPOBAHBI HEIOCTATOYHO, BCE 3aTaHHS
BBINOJIHEHBI, HEKOTOPBIC BUJIBI 3a/IaHUI BBIIIOJHEHBI ¢ OMMOKaMH. be3ommOo4Ho BhiogHEHO 80-
89 % Bcex 3a/1aHuid.

— «Y TOBIIETBOPUTEIHHO» - HEOOXOAUMBIE YMEHUS B OCHOBHOM C(OPMHUPOBAHBI,
OOJBIIMHCTBO 3a/IaHUi BBIOJIHEHO, HEKOTOPHIE W3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OLIUOKH.
bezommbouno BeinonHeHO 70-79 % BCex 3amaHui.

— «HeynoBneTBOPUTENBHO» - TEOPETHUECKOE COJepKaHue Kypca HE OCBOEHO,
HeoOXoIuMbIe yMeHUsi He C(OPMHUPOBAHBI, BHIMOJHEHHbIE y4eOHBbIC 3aJaHHs COJEpKaT rpyoble
omuOku. be3ommbouyHo BrimoHEHO MeHee 70% Bcex 3aaHui.

Tema 1.4 [IndpdepennuanbHble ypaBHeHUs!

IIpakTnueckas padora Ne7
Pewenue ougppepenyuanvnvix ypasnenuii

Heas: popmupoBanue ymeHuil pemats TuddepeHaabHble YpaBHEHHs IEPBOTO U BTOPOTO
MOpsIKA.

Boinoanus padorty, Bul Oynere:

ymemb:
- pemarpy auddepeHMaIbHble ypaBHEHHUS TMEPBOTO TMOPSAKA C  Pa3aeisTIOIIAMUCS

[IEPEMEHHBIMU;
- peuarh JMHENHbIe IuddepeHIalbHble YpaBHEHUSI BTOPOTO MOPSAIKAa C MOCTOSHHBIMH

KO3 pHULIMEeHTaMU;
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- pemath AuddepeHInaIbHbIe YPAaBHEHHS BBICIIUX TOPSIKOB, JOMYCKAIONINE MOHWKCHHE
MOpsIKA.

MarepuanbHoe obecrniedeHne: WHIUBUTyAIbHbIC 33/IaHUsI, KOHCTIEKTHI JICKIIHA.

3aganue:
Haiitu o01mme perneHus: ypaBHCHHI:

1. (xy+x)2—;= 1.

2. (xy*+x)dx+ (x* —y)dy = 0.
3. (y —x%y)dy+(x + xy?) dx= 0.
4. (1+x?)dy—(xy + x)dx = 0.
5. ydx+ (1 —-y)xdy =0.
6. x>% + (y — 1Ddx= 0.
7. 2(xy + e)dx= xdy.
8. (x*+ 1)dy =y dx.
9. x2%y'—2xy = 3y.
10. ds = (6t — 2)dt,
11. dx = (8t? — 5)dt
12,8 _&_,
y 3x

13. 2 _dx =0,

6y
14.5y" = 3y,

15.1+y)dx—(2—x)dy =0

Kparkue Teopernyeckune cBeJleHHS:

JuddepeHnnanbHbM ypaBHEHUEM HA3bIBAIOT YpaBHEHHE, CBS3bIBAIOIIECE HE3aBHCHUMBIE
MEepeMeHHbIe, WX QYHKIUIO W mpou3BoaHble (wiu auddepennumansl) stoir GyHkumu. Ecmum
He3aBHCHMAas TIepeMEeHHas O/IHA, TO YpaBHEHUE Ha3bIBalOT OOBIKHOBEHHBIM; €CITU YK€ HE3aBHCHMBIX
MEPEeMEHHBIX JIBE WM OOJbIlle, TO YPABHCHHE HA3BIBAIOT AW(PEpeHINATHHBIM YpaBHCHHUEM B
YACTHBIX ITPOU3BOJIHBIX.

HauBbiciuii mopsiAoKk NPOU3BOJHOW, BXOASUIEH B YpPaBHEHHE, HA3BIBAIOT MOPSIIKOM
muddepeHMansHOr0 ypaBHenus. Hampumep:

1) x?y’ —5xy = y? 06bIkHOBEHHOE qU(PEPEHIMATBLHOE YPaBHEHHE TIEPBOTO TIOPA/IKA;

d? d
2) dTZ — 4-xyd—z = x? o6bIKHOBeHHOE Au((epeHHaTbHOe ypaBHEHNE BTOPOTO TIOPSIKA;
3) y'2 + y'y'" = x obbIkHOBeHHOE NU(DPEepeHINaNTbHOE yPABHEHHE TPETHETO HOPAIKA;

MHFy,y,y'") = 0 obuwmii Bux 06bIKHOBEHHOTO TU()PEPEHIMATEHOTO YPAaBHEHHS BTOPOTO
NOps/IKa;

5)x2 &

dx

Bynem paccmarpuBaTh OOBIKHOBEHHBIE IU((epeHINaTbHBIE YPaBHEHUS MEPBOTO MOPSIKA,
T.e. ypaBHeHus Bujia F(x,y,y’) = 0 win (B pa3peiieHHOM OTHOCHTENBHO V' BUIE) ¥ = f(X,¥).

Pemenuem nuddepeHaabHOro  ypaBHEHUs Has3bIBAIOT Takylo AuddepeHuupyemyro
¢byHKIMIOY = @(X), KOTOPYIO NpH MOJCTAHOBKE B YpaBHEHHE BMECTO HEM3BECTHOM (QYHKIIUU
oOpamraer ero B ToxzaecTBo. [Iporecc Haxoxaenus pemenus unddepeHnnanbHOro ypaBHEHUS
Ha3bIBAIOT WHTETPUPOBAHUEM MU PEPEHITNATHFHOTO YPaBHEHUS.

OO6umm pemieHreM auddepeHnnanbHOro ypaBHEHHs IEPBOro MOPsIIKa

y' = f(x,y) B obnactu D HaspiBaroT QyHKIm Yy = @(X,C), 001aJa0IIYyI0 CIIeTYIOIIMH
CBOMCTBaMH:

1) oHa sBIsIeTCS PEIICHWEM JaHHOTO YpPaBHEHHS MpPH JFOOBIX 3HAYEHUSX MPOU3BOJILHON
noctostHHOM C, mpuHaAIeKalluX HEKOTOPOMY MHOXKECTBY;

dz
+y 2 ay = 0 ypaBHEHHE B YACTHBIX IIPOU3BOAHBIX IIEPBOTO MOPSAIKA.
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2) mns ar000ro HavanbHOro ycimoBus V(Xp) = Y, Takoro, 4to(Xq;Yo)€ED, cymiecTByer
enuHCcTBeHHOe 3HadeHHeC = Cy, mnpum kotopoM pemieane y = < p(X,Cy) yHAOBIETBOpSET
3aJJaHHOMY HauajibHOMY YCJIOBHIO.

Bcesikoe pemenue y = @(X, Cy),, moiryuarorieecst 13 00IIEro pemeHus

y = @(x,C), npu kokperHoM 3HaueHUH C = C, HA3BIBAIOT YACTHBIM PELICHUEM.

3ajaua, B KOTOpOil TpeOyercs HAaWTH YacTHOE pelieHue ypaBHeHus V' = f(X,y),
YIOBJIETBOPSIOLIEE HAYAIBHOMY YCIOBUIO Y(Xo) = Yo, Ha3bIBaIOT 3agaueid Komm.

IMoctpoennstit  wa  miockoct  (XOY)rpaguk  Beskoro  perieHus Y = @(X)
i QepeHIMaTbHOTO YPaBHEHUSI HA3bIBAIOT MHTETPAIBbHOM KPUBOW O3TOrO ypaBHEHHUs. Takum
obpasom, ob0memy pemennio y = @(X,C) na mmiockoctd (XOY) COOTBETCTBYET CEMEUCTBO
MHTETPAJbHBIX KPUBBIX, 3aBUCSINEE OT OJAHOTO MapameTrpa — IPOU3BOIBHON mocTtosHHOUW C, a
YaCTHOMY PELICHHIO, yJOBIETBOPSIOIIEMY HAuyalbHOMY YCIOBHIO Y(Xo) = Yo, — KpHUBas 3TOr0
ceMeicTBa, MPOXoIAIIas yepe3 3aAaHHy 0 Touky M (Xg; Vo)-

Teopema Komm Ecnu ¢yHkmus f(X,y) HempepblBHA W UMEET HENPEPHIBHYI YaCTHYIO

d
HpOI/I3BOIlHyIO£ B obnactu D to pemenue muddepenimansaoro ypasuenus y' = f(x,y) npu

HaYaJIbHOM YCJIOBUH Y(Xg) = Yo CYIIECTBYET M €AUHCTBEHHO, T.€. Yepe3 TOUKY (Xq; Vo) MPOXOIUT
€IMHCTBEHHAs! MHTErPAJIbHAS KPUBAsi JAHHOTO YPaBHEHHUS.

Oco0ObIM pelIeHHeM Ha3blBalOT TaKOEe pEIIeHHEe, BO BCEX TOYKAX KOTOPOIo YCJIOBUE
€IMHCTBEHHOCTH HE BBINOJHSETCA, T.€. B JIOO0H OKPECTHOCTH Kaxa0M Touku (X;y) ocoboro
peleHusl CyLIeCTBYIOT 0 KpailHel Mepe JBe HHTErpajlbHble KPHUBBIC, IPOXOAAILIME 4Yepe3 3Ty
TOUKY.

Oco06ble peleHns He NOoIy4arTcs U3 o0uero peueHus 1uddepeHIaabHOro YpaBHEHUsT HU
I KaKUX 3HAYCHHUSX NPOU3BOJIbHOMN mocTosiHHOM C (B ToM umcne u npu C = £00).

Oco0bIM penieHueM SBIISCTCSl OrHOAloIias CeMeicTBa MHTETPalIbHBIX KPUBBIX (€CIHM OHA
CYIIECTBYET), T.€. JIMHUS, KOTOpas B KaXJOW CBOEHW TOUKE Kacaercsi IO MEHbIIeH Mepe OAHOI
HMHTETPAIbHON KPUBOM.

Hanpumep, obiiiee penieHne ypasHenus y' = +,/1 — y? 3anmceiBaercst B Bujie y = sin(x +
C). OTO ceMeNCTBO MHTETpalbHBIX KPUBBIX MMeET JBe orubaronye: y=1 u y = — 1, KoTopble U
SIBJISIFOTCS] OCOOBIMU PEIICHUSIMH.

HuddepenunanbHble ypaBHEHHS IEPBOTO MOPSIKA C pa3AesIOIIUMUCS TEPEMEHHBIMU

JuddepennnanbHOe ypaBHEHUE BUAA

fi(x)e, (y)dx — f,(X)o,(y)dy = 0
OTHOCHUTCSI K THITy YpaBHEHUH C pa3AeiAIONUMUCS TEpPeMEHHBIMU. Ecnum HU onHA W3
bynkuuit f;(x), f2(x), ¢1(¥), 2(y) He paBHa TOXIECTBEHHO HYJIO, TO B PE3yJbTaTe JEICHUS
fi)dx 020y
£ 0,0
fi(0dx _ fwz(y)dy.
f2(x) 0, )
Pemenne muddepeHnuanbHOro ypaBHEHHUS, BBIPAXXEHHOC B HESIBHOW (opme, Ha3bIBAIOT
HMHTETPAJIIOM 3TOTO ypaBHEHUS.
IMopsinok BBINOJTHEHUS PA0OTHI:
1. Pemuts ypasuenue x(y? — 4) dx + ydy = 0.
Paszenus o0e yacTu ypaBHeHus Ha y2 — 4 # 0, umeeM

ydy
xdx + a 0

WNHterpupys, Haxoaum
x?+1Inly?—4|=InC  wmwm y?—4=_Ce *
310 o011ee perieHue JaHHoro auddepeHnnanbHOro ypaBHeHHUS.
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MCXOMHOTO ypaBHeHus Ha f;(X) - @, (Y) OHO mpuBOAMTCA K BUIY:

PasBenéM mnepemeHHbIE B pa3HbIE YacTH PABEHCTBA M IIPOMHTETPUPYEM




ITycts Teneps y2 — 4 = 0, T.e. y = +2. HenocpeacTBEHHOH MOICTAaHOBKON yOexknaemcs,
4TO0 y = F2 — pelieHne UCX0IHOro ypaBHeHUs. OJHAKO OHO HeE SIBISIETCS OCOOBIM, TaK Kak €ro
MO>KHO MOJY4YUTh U3 ob1ero pemenus npu C = 0.

2. HaiiTu 49acTHBI WHTErpan ypaBHEHUS Y’ COSX = % YIOBIIETBOPSIIOIIMN HaYaJIbHOMY
ycnosuio y(0) = 1.

d
[Monarasy’ = é— MepenuIleM JaHHOE YPAaBHEHHE B BUJIE

cos x d_y -
dx Iny
Paznenum nepemeHHble:
Iny P dx

y Y cos x
[Tpounrerpupyem o6e 4acTH ypaBHEHHUS:

Iny . d_x 1 _ x
dey—wax+c,Hnnzln2y—lntan(2+4)+c

Hcnone3ys HadyanpHOe ycioBue y = 1 pu X = 0, Haxogum C = 0. OkoHYaTeIbHO MOJIy4UM
1 X T
=Iln2y =Intan(z+ —
Sln2y =in an( 5 + 4)

3. Haiitu oO1uii mHTErpan ypaBHeHus y' = tgx + tgy

dy
[lonaras == U pasacisia IEPEMCHHBIC, ITPUXOJUM K ABHCHUIO
dx ’

ctg ydy = td xdx. Uaterpupys, umeem
[ctgydy = [tg x dx, mm In|siny| = —In|cos x| + InC.
Orcrona HaxoauMm siny = ﬁ, uim siny cosx = C (oOumuii uaTErpa).
1. Haiitu yactHoe perienue nudhepeHInaTbHOr0 ypaBHEHUS

(1 + x*)dy + ydx = 0 nupu nagansnom ycnosun y(1) = 1.
dy dx

[Tpeobpaszyem naHHOE ypaBHEHHE K BUAY priibwyer? WuTerpupys, nmeem

ay dx _
f S = f1+x2, w In|y| = —arctg x + C

370 00U MHTErpal JAHHOTO YpaBHEHHUS.
Tenepb, uCHONB3ys HadalbHOE YCIOBHE, HailieM NPOM3BOJIBHYIO MOCTOsSHHYIO:In1 =
—arctg 1+C, 1.e.C=r4. Ciie10oBaTenbpHo,

n
Iny = —arctg x + T
_ I _arctgx
OTKY/1a IOJy4aeM UCKOMOE YacTHOE PELIeHHUEe Y = e+ .
2. Pemmuts ypaBHenue,x dy = y dx,eciunpux = 5;y = 10.
J1s pa3aejieHHsl TepeMeHHbIX 00e 4acTH YPaBHEHHUs MOJEIUM Ha IPOU3BEJIECHHE XY,
MOJTYyYHM:

dy dx
y x
WuTerpupys o6e yacTu NociaeHero ypaBHEeHus, HaiieM:
f dy (dx
y J x

WA
Iny=Inx+InC.
B mpaBoit yactu npubasieHo nocrosHHoe B Buae In C s obierdeHuss NOTEHIMPOBAHUS.
OcB06OX/1a51Ch OT CUMBOJIA JIOTapu(dMa; T. €. MOTEHLIUPYs, TOTYyIHM OO0I1Iee pelIeHue:
y =Cx
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st onpeneneHust mocTossHHOro C MOJCTaBUM B MOJTYYEHHOE PEICHHE HayallbHbIE YCIOBUS
x= 5uy = 10, uro maer

10 = 5C,

Otkyna

C =2

CnenoBarenbHO, HCKOMOE YacTHOE pelleHue Oyer:

y = 2x.

Takum oOpa3om, W3 BCeX MNPAMBIX (CEeMEHCTBA MPSIMBIX), MPOXOAAIIMX Yepe3 Hadaio
KOOP/AMHAT, MBI BBIJICJIAIIHM OJIHY, HA KOTOPOH JISXKHT TOUKa ¢ koopauHatamu (5; 10).

6. Pemuth ypaBHEeHHE Z—i =2(y—3),ecunpux =0; y = 4.
ITocne pazneneHus NEpEMEHHBIX ITOJTYyYUM:
dy
—— = 2dx,
y—3
oTCIO0/1a
d
f o f 2dx
y—3
Wi

In(y —3) =2x + C.
Haxoaum 3nauenne C u3 ycinoBust X = 0 uy = 4; clenaB MOJCTaHOBKY, HOJYUHM:
In(4-3)=2+0+C,
OTKy/1a

Hraxk,
In(y — 3) = 2x.
JIJ1sl TOTEHIMPOBAHKS HY)KHO M IIPaBYIO 4acTh IOCJEIHEr0 paBeHCTBA HAIUCATh CO 3HAKOM
norapudma. Ions3yscs onpenenenueM norapudma, 0yaeM UMeTh:
2x =Ine?*

CJIe/I0BaTeNbHO, PEIlIeHHE MOKHO TIepenncaTh B BUJIE

In(y —3) = lne?*
0TCI0/1a, TOTEHIUPYS, HoMydaeM y — 3 = e2*, umm
y =e?* +3.

®opma npeacraBiaeHust pe3yJabTaTa: BHIIOIHEHHAs padoTa.

Kpurtepun onenku:

Ounenka '"oTaM4HO'" CTaBUTCS, €clu paboOTa BBHIMOJIHEHA B IOJHOM 00BEME C
cOOJTI0JIEHNEM HEOOXOIUMOM TMOCIEA0BATEILHOCTH JICUCTBUI; B OTBETE MPABUIBHO M aKKypaTHO
BBITIOJIHEHBI BCE 3aIMCH U BBIUYMCIICHUSI.

Ouenka ''xopomo' CTaBUTCS, €CIU BBINOJTHEHBI TpeOOBaHMS K OLIEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.

Ouenka "yI10BJIETBOPUTENIbHO'" CTaBUTCS, e€CiM paboTa BHITIOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOTHEHHOM YaCTH TAKOB, YTO MO3BOJSET MONYYUTh MPABUIbHBIC PE3YIbTAaThl U BHIBOJIBI,
B X0/JI€ MPOBEACHUS pabOThI OBLIH JTOMYIIEHBI OLUTHOKH.

OueHka "Hey10BJIeTBOPUTEIbHO'" CTaBUTCS, €CIIM padOTa BHITIONHEHA HE TIOTHOCTHIO WIIH
00BEM BBITIOTHEHHOM YacTH pabOTHI HE MTO3BOJISAET CAENATh MPABHIIBHBIX BHIBOJIOB.

Tema 2.2 OCHOBBLI MATEMATHYECKOM CTATHCTHKH
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IIpakTuyeckas padora Ne§
Cocmasnenue cmamucmuuecko2o pacnpeoeienus 6bl00pKu, ROCMPOEeHUE NOAUSOHA U
2ucmozpammel

]_le.]'lb paﬁOTbI: (DOpMI/IpOBaHI/IC YMCHHA COCTABJIATH CTATUCTUYCCKOC PACTIPEACIICHUEC BLI60pKI/I.

Beinosinus padory, Bel Oyaere ymers:
- COCTaBJIATh CTATUCTUUYECKOE PacHpeiesieHle BEIOOPKH;
- BBIIIOJIHATH IOCTPOEHHUE IOJIUTOHA U TUCTOIPAMMBI.

MarepuanbHoe obecniedenne: HuBuyanbHble 3aJaHUs], KOHCIIEKTHI JIEKLIUH.

3ananmue:
1. I[TocTpOUTh MOTUTOHBI YACTOT U OTHOCUTEIIBHBIX YaCTOT IO PacipeIelICHUI0 BRIOOPKHU:

x 2 |4 |7 |8 |9 |12
ni ||012 |2p2 |p2 |I022 |ps |3p3

1. TloctpoiiTe rUCTOrpaMMbl YaCTOT U OTHOCHUTEIIBHBIX YACTOT IO PaclpeieICHUI0 BEIOOPKU:

No Wnrepean, | Cymma 4acToT
unrepBana | X — Xi .1 ﬁiapI/IaHT MHTEepBaIa,
- 3-5 P1

2 il 2p;

3 7—9 3ps

4 9-11 p’

5 11-13 2p;

6 1315 3p?

7 15-17 P1+P2

3. Jlnig TeHepaIbHON COBOKYITHOCTH, 33JaHHON PaCIpeICIICHHEM

xi |5 |10 |15 |20 |25 |30 |35
Ni |I01 |3I01 |I02 |2I02 | P |2P3 |2p§

Haiinute reHepanbHyI0 CpEOHIO, TEHEPAIbHYIO UCIIEPCHIO, TE€HEpPaJbHOE CTaHIapTHOE
OTKJIOHEHHE, MOJly, MEJTUaHy U pa3Max.
4.113 reHepaibHON COBOKYITHOCTH CJIEJIaHa BRIOOPKA, 3aTaHHAST PACIIPEIeIICHUEM:

xi| 2 | 4] 6 | 8 |10 | 12 | 14
ni|p2|2p2|p1|p12 |P3 |2I03 |I02+I03

Haiitu BBIOOpPOUHYIO CPEIHIOI0 BHIOOPOUYHBIE JUCIIEPCHIO M CTaHIApTHOE OTKJIOHeHue. OOpaTtute
BHUMaHue: P1 = uuciay OykB B Bamem umenu;p,= uyuciny OykB B Bamieit pamunuu;ps= uucimy
OykB B ©MeHHU Baiero otna.

Ilopsinok BbINOJHEHHS padOThI:
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IIlpounTaB  ycloBHE  NPEUIOKEHHOM  3aJauyd,ll0  KOHCIEKTY JIEKIUM  HalauTe
COOTBETCTBYIOIIHE (POPMYIIBI.

2]IpuMeHuTE IEKIIMOHHBIA TEOPETUUYECKUN MaTepuan JJis PEIICHUsT KaXI0H 3aaauu.

3 B cinydae HEOOXOIUMOCTH IPEICTABUTh I'€OMETPUYECKYI0 HHTEPIPETALHI0 YHCIOBBIX
XapaKTEPUCTHK BHIOOPKH.

Xon pa6oTsi:
1. 3apaHo pacrpeienieHue 4acTOT BHIOOPKHU:

| 6 |12 |15
|10 | 7 | 5

Xi|
ni|

2
3

CocraBuTh pacripe/ieJIeHne OTHOCUTEIBHBIX YacTOT.
Omnpenenum cHavana 00beM BHIOOPKH:

N=3+10+7+5=25.

n.
HaiiieM oTHOCHTEBHBIE YAaCTOTHI 110 hopMmysie W, = —:
n

A :2:0,12; W, :£:0,40;W3 2120,28;W4 :320,20.
25 25 25 25
CnenoBarennbHO,

xx | 2 | 6 |12 | 15

w; |012 | 040 |0,28 | 0,20

Konrpons: 0,12+ 0,40+ 0,28+0,20 =1.

2.. Ilo pesynpTaram mpumepa | MOCTPOUTH IMOJUTOHBI YACTOT ¥ OTHOCHTENBHBIX YaCTOT.
Pemenne. OToOpa3suB Ha MIOCKOCTH TOUKH ¢ koopauHaTamu (X;,N;) M coemuHuMB MX OTpe3KamH,

IMOJIYYHM IIOJIUTOH YaCTOT:

n; |

10 2

2 6 12 15 Xi

AHAJIOTMYHO MOCTPOMM TOJIUTOH TI0 Toukam (X;,W;)

Wi}

0,40 7

0,28

0,20 30

0,12




3.ITocTpoiiTe rucTorpaMmy o cieayolueMy CTaTUCTUIECKOMY pacipeesIeHUIO:

HutepBan Cymma  yactor
Nemurepsana |7 " ﬁiap“a‘"
1 5—-10 4
2 10 - 15 6
3 15-20 16
4 20-25 36
3) 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexxne Bcero, onpeaenum 00beM BEIOOPKHU:

N=4+6+16+36+24+10+4=100.
[To U3BECTHBIM CyMMaM YacCTOT BapUAHT PACCUYUTAEM IIJIOTHOCTh YACTOTHI [10 HHTEPBAIAM:

IlnotHOCTHE 9JaCTOTHI IlnotHOCTE 9aCTOTHI
No N Ne N
i i
WHTEpBaa — WHTEpBaJIa —
h h
1 0,2 5 4.8
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2

N300pa3um nosydyeHHbIH pe3ybTar:

-|=

B N W A~ o N

4. HaiimuTe CTaTHUCTUYECKUE OLIEHKM TE€HEpPaJIbHOM COBOKYIMHOCTH, 3aJaHHOM CIEAYIOLUIUM
BAPUALIMOHHBIM PSIOM:

BapuantaX; | 2 | 4 | 5 |
gacTtoTa N; |8 |9



Pemenue. Onpenenum 00beM COBOKYITHOCTH
N.=8+9+10+3=30.
Haiinem renepaibHyt0 CpeIHIOKO:
~8:-2+9-4+10-5+3:6
30

o = \2
Jlns BeIYMCIIEHHs TEHEepalbHOH aucrmepcuu ucnoabdyeM ¢opmynry D = Xf —(X r) :
Onpenenum CpeiHIO KBapaTOB:

—5 8.22+49.4*+10-5°+3-67
Xr = 30

X, 4,

=178.

Taknm obpasom, D =17,8—4% =18.

[eHepanbHOE CTaHAAPTHOE OTKIOHEHHE: O =+/Dp =+/18 =1,34.

OOBIYHO IMMOJIYYCHHBIX PE3YJIbTATOB AOCTATOYHO I IMPAKTUYCCKUX 3ajady. OIIHaKO MOXHO

MOJyYUTh JIOMOJHUTENIbHBIE XapaKTePUCTUKU Ui Oojiee TOHKOH OLIEHKH TeHepabHOU
coBOKynHocTH. [IpuBenem ux:

Monga Mo : HanGosblas yacToTa

Mo =10.
Menauana Me : BapHalMOHHBIN PSIJT ACIUTCS MOIMOJIaM B TOUKE
Me=45.

Pasmax Bapuanuu R: B ipumepe X, = 6;X,;, =2, mostomy

R=6-2=4.
5. 3 renepanbHON COBOKYITHOCTH M3BJIEYEHA BHIOOPKA

Haiigure ctaTucTuueckre XapakTepUCTUKH BBIOOPKHU.
Pemenue. Onpenenum o6beM BHIOOPKH:

n=92+94+103+105+106 =500.
Bribopounas cpennsis:
- 92-1+94.-2+103-3+105-4+106-5
500
OmnpenenrM CpeHIOK KBAAPATOB:

— 12 92 Q2 22 B2
X? _ 921" +94-2 +103503O +105-4° +106-5 1145,

Bri6opounas aucnepcus:
D, = X2 (X, f =11,45-182% =814,
Bre16opouHOe cTaHIapTHOE OTKIIOHEHUE:
oy =+/814 =285.
6. . OnpegenuTe MOITHOCTH Kakoro U3 MHOKecTB A = {1, 3,5, 7,9} umu B = {2, 4, 6, 8} Gomnb1e.
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Pemenwue. [ToHATHE MOIIHOCTH KOHEYHBIX MHOXKECTB TMO3BOJIICT CPABHHBATh MX MO KOJUYECTBY
anemenToB. Tak, ecmu A = {1, 3,5,7,9},aB=1{2,4,6,8}, Tom (A) =15, am (B) =4 u noromy m
(A) >m (B).

7. Ilycte A ectb oTpe3ok [1, 3], B - orpesok [2, 4]; Torna oObeTMHEHHEM ZLsE Oynet orpe3ok [1,

Al E

4], mepecedeHueM i - orpe3ok [2, 3], pasHocteio A\B - momymutepBan [1, 2), B\A -
nosiyuHrepsai (3, 4].

8. Ilyctb A ecThb MHOXECTBO MPSIMOYTOJbHUKOB, B - MHOXECTBO Bcex poMOOB Ha IUIOCKOCTH.

Al E
Torga €CTh MHOXKECTBO BCeX KBaapaToB, A\B - MHOXKECTBO NPSMOYTOJIbHUKOB C HEPABHBIMHU
cropoHamu, B\A - MHOXeECTBO BCeX pOMOOB C HEpaBHBIMHU YTJIAMHU.

®opma npeacTraBJieHus pe3ybTaTa: BbIIOJHEHHAs padoTa.

Kpurepun onenkmn:

Onenka '"oTaW4YHO'" CTaBUTCS, eciii paboTa BBIIOJIHEHA B IIOJIHOM O00BEME C
coOroicHueM HEOOXOIUMON TMOCTIEeI0BATEIbHOCTH JIEHCTBHUIl; B OTBETE MPABHIBHO U aKKypaTHO
BBITIOJIHCHBI BCC 3aIIMICU U BBIYUCIICHU .

Ounenka '"xopomo'" CTaBHUTCS, €CITM BBIOJHEHB TpPeOOBaHUS K OIEHKE "OTIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ounenka ''y10BJIeTBOPUTEJIBHO' CTAaBUTCA, €CM paboTa BBIMOJIHEHA HE IMOJHOCTBIO, HO
00BEM BBITIOTHEHHOM YaCTH TAKOB, YTO IMO3BOJISET MOJNYYUTh MPABUIBHBIC PE3YIbTAThl U BHIBOIBI,
B XO/I€ MPOBeACHUS pabOThI OBUIH TOMYIIEHBI OLTHOKH.

Ouenka ""Hey10BJIETBOPUTEJIBHO' CTaBUTCS, €CIM paboTa BBIIOTHEHA HE MOJTHOCTHIO UITH
00BEM BBITTOJTHEHHOM YacTH pabOThI HE MO3BOJISET CACNIATh MPABHIIBHBIX BHIBOJIOB.
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