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1. MacnmopT KOMIJIEKTa KOHTPOJIbHO-0I[€HOYHBIX CPEICTB

B pesynbrare ocBoeHUs y4eOHOW AUCHUILIMHBI Mamemamuxa OOYyYarOUIMICS TOJIKEH

obmamate mpenycmorpeHHbiMu @ DPI'OC mo cnemmanbHoct [IIICC3 15.02.12 MonTax,

TEXHHYECKOE OOCITy)KMBAaHWE ¥ PEMOHT TMPOMBIIUIEHHOTO 000pyaoBaHus (IO OTpacisaM)

CJICAYIOIUIMMU YMEHUSIMH, 3HAaHUSIMU, KOTOpbIe (POPMHUPYIOT POQecCHOHATbHBIE KOMIETEHIUH,

M OOIIMMHU KOMIIETEHIUSIMU:

V1. Pemmats npocteie audhepeHnnanbubie ypaBHEHNUS.
V2. [IpuMeHATh OCHOBHBIE YHCIICHHBIE METOBI JUIsl PEIICHHS IPUKIAIHbIX 3a/1a4.

3H.1. OCHOBHBIE MOHATHS U METOJIbl MATEMAaTHYECKOTO aHAIH3A.
3H.2. OCHOBBI TEOPUU BEPOSITHOCTEH U MATEMATUYECKONU CTATUCTUKH.
3H.3. OcHOBHI Teopuu AuddepeHIINATBHBIX YPaBHEHUM.

CDOpMI/IpyeMLIC O6H_[I/Ie KOMIICTCHIINH:

Kon
KOMIIETEeH
1107074

DopMyTHPOBKA KOMIIETCHIMH

OK 01 Bri6upath criocoObl perienus 3a1a4 npopeccuoHaIbHON
JeSITEIIbBHOCTH, IPUMEHUTEIBHO K Pa3JIMUYHbIM KOHTEKCTaM

OK 02 OcylecTBISATh TMOUCK, aHAIW3 M HHTEpHpeTanuio HHPOopMaIuH,
HEOOXOAWMOW It BBIOJMHEHUS  337a4  MpodecCHOHATBHON
JESITEIIbHOCTH

OK 03 [TnanupoBaTh M peann30BBIBATE COOCTBEHHOE MPOQECCHOHATBHOE U
JUYHOCTHOE Pa3BUTHE.

OK 04 PaGoratp B KOJIJIEKTHBE u KOMaHsie, 3¢ heKTUBHO
B3aMMOJIEICTBOBATH C KOJIJIETaMHU, PYKOBOJICTBOM, KIINEHTAMHU.

IIK 1.1 OcymiecTBisITh pabOThl MO TMOATOTOBKE E€IUHUIl O000pYIOBaHUS K
MOHTaXy

IIK 1.2 [TpoBoaUTH  MOHT@X  NPOMBIIUIEHHOTO  00OpyIOBaHMS B
COOTBETCTBUU C TEXHHUYECKON JOKYMEHTAIUEH

IIK 1.3 ITpon3BoauTE BBOJ B IKCILIyaTal[MI0 U UCIBITAHUS MPOMBIIIIEHHOTO
000pyTI0BaHUS B COOTBETCTBUM C TEXHUYECKON JOKYMEHTAIHEH

K 2.1. [IpoBoAUTH peraaMeHTHbIE pabOThI 10 TEXHUYECKOMY
00CTyKUBAaHUIO TPOMBIIIJIEHHOTO 000PY/I0BaHUsI B COOTBETCTBHUH C
JIOKyMEHTaIMeN 3aB01a-N3TOTOBUTES.

K 2.2. Ocy1ecTBIsITh JUarHOCTUPOBAHUE COCTOSHUS TPOMBIIIJIEHHOTO
00opynoBaHus U Je(EKTAIMIO €T0 Y3JI0B U JIEMEHTOB

[IK 2.3. [TpoBOIUTH peMOHTHBIE Pa0OTHI 110 BOCCTAHOBIICHUIO
paboTOCTIOCOOHOCTH MPOMBIIIIIEHHOTO 000PY10BaHUS

IIK 2.4. BrITTOTHATE HaMaI0YHBIC U PETYITUPOBOYHBIC PAOOTHI B
COOTBETCTBUU C MMPOU3BOJICTBEHHBIM 3a/IaHUEM.

[IK 3.1 Onpenenars ONTUMaJIbHbIE METOJIbl BOCCTAHOBJIEHUE

paboTOCIOCOOHOCTH MPOMBIIIIIEHHOT'O 000PYAOBAaHUS




[IK 3.2
pabor.

Pa3pabaTbIBaTh TEXHOJIOTUYECKYIO JOKYMEHTAIIMIO [T TPOBEACHUS

IK 3.3

OnpenensaTs NOTPEOHOCTH B MaTEPUATBHO-TEXHHYECKOM
o0ecIieueHNH PEMOHTHBIX, MOHTaKHBIX HaJaJl0YHBIX paboT
IPOMBIIIJICHHOTO 000PY/I0BaHHS

I1K 3.4

Opranu30BbIBaTh BBIIIOJIHEHHE IPOU3BOICTBEHHBIX 3aJaHUI
MOTYMHEHHBIM TIEPCOHAIIOM C COOJIOJICHIEM HOPM OXpaHbI TPyAa U
OepeKIIMBOTO MPOU3BOJICTBA.

dopMoii aTTeCTaIluy 10 YYeOHOU TUCIUTIIIMHE SBIISICTCS OUughhepenyuposannvlii 3auem.

2. Pe3yabTaThl 0CBOEHMS YUeOHOM JUCUMILIMHBI, MOJIeKAIIUE IIPOBEPKe

2.1. B pe3ynpTare arTecTanmud IO Y4eOHON IHUCHIUIUIMHE OCYIICCTBIICTCS KOMIUICKCHAs

MpOBEpPKa CICAYIOIUX YMEHUH W 3HAHWW, a TakKe JIUHAMUKA (HOPMHPOBAHHS OOIINX

KOMIIETEHLIUM:
Tabmuua 1.1
Pe3yiabTaThl 00y4yeHusi: yMeHUs, IHoka3aresu OLeHKH pe3yabTara dopma
3HAHUA U 001He KOMIIeTeHIIUN KOHTPOJISA
OLICHUBAHUSA
YMersb:
V1. Pemats npoctbie - Boruncnsate npenen pyHKIuM B IIpoBepka
muddepeHranbHbIe ypaBHEHHUS. TOYKE U B OECKOHEYHOCTH; CaMOCTOSITEIILHOU
OK 1 Beibupatsb crmoco0s! pereHus - UccnenoBaths GyHKIIMH HA BHEAYIUTOPHOU
3aja4 npoQeccuoHaIbHON HEIPEPBIBHOCTH B TOYKE; paboThI
NEeATEIbHOCTH, IPUMEHHUTEIILHO K - Haxoaute npon3BoaHYyIO TectupoBanue

Pa3IMYHBIM KOHTEKCTaM
OK 20cy1mecTBisITh TOUCK, aHAIHU3 U
HMHTEpPIpETAINIO HHPOPMAIIHH,
HE0OXOIUMOM TSI BHITIOJTHEHUS 33124
npodeccnoHaNbHOM e TENbHOCTH.

byHKIUY;

- HaxoauThe npon3BOAHBIE
BBICILIUX IOPSJIKOB;

- UccnenoBaTth pyHKIMY U
CTPOUTH TPaPUKH;

- Haxonutes HEonpeaeneHHbIE
HMHTETPAJIbI;

- Beruucnsate onpeneneHHbIe
MHTETPaJbl;

- HaxoauTte yacTHBIE
MIPOU3BOJHBIE.

V2. IIpuMeHATh OCHOBHBIE YUCIICHHBIE
METO/IbI JTsl PEIICHUS TPUKIAIHBIX
3ajad.

OK 02 Ocy1iecTBasATh MOUCK, aHATU3 U
WHTEpIpETaIio nHpopmMaImu,
HE0OXOIMMOM TSI BHITIOTHEHUS 33424
poeCCUOHATBHOU IEATETLHOCTH
OK 04PaboTtath B KOJJIEKTUBE U
KoMaHse, 3h(PEeKTUBHO
B3aUMOJICIICTBOBATH C KOJJIETAMHU,
PYKOBOJICTBOM, KJIMEHTAMH

- HaxonuTe BeposATHOCTH
CIIy4aifHOTO COOBITHS,

- CocTaBiIITh 3aKOHEI
pacrpeneneHust CIry4anHou
BCJIUYMHEL,

- BeIYUCIATh YHCIOBBIE
XapaKTEPUCTUKH CITyYaWHBIX
BEJIUYMH.

3HaTh:

3H.1. OCHOBHBIE MHOHSITHS U METOJBI
MaTeMaTHYeCKOro aHaJIN3a.

- Haxoxnenue  mnpousBoaHbIE
AIIEMEHTApHBIX (PYHKUINH;




- Beruucnenue minomanei Guryp u
00bEeMOB  TEN  BpalleHUA C
UCIIOJIb30BAaHUEM OIPENEIEHHOTO

MHTErpaa.
3H.2. OCHOBBI T€OpUU BEPOSTHOCTEW U | - IloHATHSA: cOOBITHS, YacToTa M
MaTeMaTHYeCKOM CTaTUCTUKH. BEPOSITHOCTb IMOSIBIICHHS COOBITHS,

COBMCCTHBIC u HCCOBMCCTHBIC
CO6BITI/I$I, IMoJIHasA BEPOATHOCTD,

- Teopema CIIOKECHUS
BEPOATHOCTEM;
- Teopema YMHOKECHHUS
BEPOSATHOCTEH.
3u.3. OcHOBBI Teopuu | - Buael nuddeperumanpHbIx
muddepeHInaTbHBIX YpaBHEHUH. —

3. OneHka ocBoeHHMs Y4eOHOM JUCHUIIMHBI:

3.1. ®opMbI U MeTOAbI OLIEHUBAHUS

[IpeameToM OLEHKM cCly’)KaT YMEHUs M 3HaHusA, npeaycmorpeHHole PI'OC 1mo
TUCITUTUIMHE MamemamuKka, HallpaBJICHHbIE Ha (OpMUpOBaHUE OOMIMX W MPO(ecCHOHATBHBIX
KOMIICTCHITHH.

[Ipn u3yyeHnn y4eOHOUN MUCUUIUIMHBI MPEIYCMOTPEHBI CIEAYIOIINE BHABI TEKYLIETO
KOHTPOJISI 3HAHUM 00y4aroIuXxcsi:

VY CTHBIN ONPOC — KOHTPOJIb, TPOBOJAUMBIN ITOCIIE U3YYEHHUs MaTeprasa B BUJI€ OTBETOB Ha
BOIIPOCHI, MO3BOJISIET HE TOJBKO MPOKOHTPOJMPOBATH 3HAHHME TEMBI ypOKa, HO M Pa3BUBATh
HABBIKK CBOOOIHOTO OOIIEHHUS, TPABIILHON YCTHON peuu;

[IucbMeHHBIM KOHTPOJIb — BBIITOJIHEHUEM MPAKTHUECKUX 3a/IaHUN MO OT/AEJIbHBIM TeMaw,
MO3BOJISIET BBIIBUTh YPOBEHBb YCBOCHHUSI TEOPETHYECKOTO MaTepuajia W yMEHHE NPUMEHSTh
MOJIyYCHHBIC 3HAHUS HA TIPAKTHUKE;

HToroBelif KOHTPOJL MO TUCIUILIMHE TPOBOAUTCA B OpME IK3aMeHa, AJis MOATOTOBKH K

KOTOPpOMY O6y‘-IaIOI_I_II/IC 3apaHCC 3HAKOMATC ¢ ICPEYHEM BOIIPOCOB MO JUCIHUIIIIMHE.

Ne | Tun (Bug) IIpoBepsiemble 3HanusaA 1 | Kpurepuu onenku
3alaHus yMeHHs
1 | Tectsr 3HaHWE OCHOB «5» - 100 — 90% mpaBHIBHBIX OTBETOB

MaTeMaTH4ecKoro aHanusa | «4» - 89 - 80% mpaBHIBHBIX OTBETOB
«3» - 79 — 70% mpaBUIIbHBIX OTBETOB
«2» - 69% u MeHee PaBUIBHBIX

OTBETOB




MareMaTnueckuit

JTUKTaHT

3HaHue TadIuI]
HPOU3BOJIHBIX, TIPABUII
muddepeHIrpoBaHus,

TaOJIHMIIBI HHTETPAJIOB

5» - 100 — 90% mpaBUIIbHBIX OTBETOB
«4» - 89 - 80% npaBUIbHBIX OTBETOB
«3» - 79 — 70% npaBUIIbHBIX OTBETOB
«2» - 69% u MeHee MpaBUIIbHBIX

OTBETOB

VYcTHblii onpoc

3HaHUE MPaBUIT
HaXO0XACHHUS IIPENIEIIOB
(GyHKINHU, ONpeeTCHHS
MPOU3BOHOM;
QITOPUTMOB BBIYHCIICHUS
IJI01aAeH
KPHUBOJIMHEWHBIX
Tpaneuui u petieHus
muddepeHIATbHBIX

yYpaBHEHUS C

3a mpaBUWJIbHBIN OTBET CTABUTCS

IIOJIOKHUTCIIbHAsA OLICHKA

pasaeNsomuMHcs
MIepeMEHHBIMU
[TpakTrueckas YMmenus camoctostensHo | Brimonnenue pa6otsl (He meHee 80%) —
paborta BBITIOJTHATH MPAKTUYECKUE | TTOJIOKUTEIHHAS OIICHKA
3a/laHus
CamocTtosaTenbHas | 3HaHUS U YMEHUS, [TonoxxurenpHas OlleHKA CTAaBUTCS MPU

paboTa CTy/1IeHTOB

¢dbopmupyeMble IpU
W3Y4YEHUH TEMBI.

3HaHMe MpaBuIl
oopmienus pedeparos,
pacyeTHBIX U pacyeTHO-

rpaduyeckux pador.

CO6J'IIO,Z[CHI/II/I MMPaBUJIIBHOCTHU PACUCTOB U

MOCTPOCHUU TPaPUKOB.




JJ1eMeHT yueQHoM

(DOprl U METOJAbI KOHTPOJIA

AUCUMILTHHBL Tekyluii KOHTPOJIb TpomeskyTOYHAsI ATTECTANUA
®opma KOHTPOJIS Mposepsiembie OK, VY, 3 ®opma KOHTPOJIS IIposepsiembie OK, VY, 3
Pazpnen 1 Jugpdepenyuposannviii 3auem Vi, V2
31,32 33
OK 2-5
Tema 1.1 Yemmuwii onpoc \Z
Ipaxmuyeckas paboma Nel 32, 33
Camocmosimenvras paboma OK 2-5
Tema 1.2 Yemmuwiii onpoc Vi
Ipakmuyeckas paboma Ne2 32,33
Camocmosimenvras paboma OK 2-5
Tema 1.3 Yemuwiii onpoc Vi
Ipakmuueckas paboma Ne2 33
Camocmosimenvras paboma OK 2-5
Pazpnen 2 Jugppepenyuposannwiii 3auem Vi, y2
31,32 33
OK 2-5
Tema 2.1 Yemmuwiii onpoc V2
IIpakmuueckas paboma Ne3 31, 32 33
Camocmosmenvras paboma OK 2-5
Pazpen 3 Jugpepenyuposannvui 3auem Vi, y2
31,3233
OK 2-5
Tema 3.1 Yemmuwiii onpoc V2
Ilpakmuueckas paboma Ne5 32
Camocmosmenvras paboma OK 2-5
Tema 3.2 Yemmuviii onpoc V2
Ilpakmuueckas paboma Ne5 32
Camocmosmenvras paboma OK 2-5
Tema 3.3 Yemmuviii onpoc V2
Ilpakmuueckas paboma Ne5 32
Camocmosmenvras paboma OK 2-5

KoHTposb 1 o1eHKa 0cBOeHHsI y4e0HOIi TUCIMIIHHBI 10 TeMaM (pa3jeaam)

Tabmuma 2.2



3.2. TunoBbIe 3aJaHUS AJISl OLEHKH OCBOEHUS Y4eOHOI T CIMILIHHBI
3.2.1. TunoBskle 3a1aHUs A/ OEHKH 3HAHMI

IIpakTnyeckas pagora Ne 1 «IIpousBogHast pyHKIHM»
Iesnb: cOBEPIICHCTBOBATE YMEHHs BBIYHCIISTH TIPOU3BOIHbIC SJIEMEHTAPHBIX QYHKIUH.
TeopeTuyeckue cBeJleHUsI K PAaKTHYeCKOli padoTe

Ipon3soaHast (QyHKIMHI B TOYKE) — OCHOBHOE IOHATHE AN((HEpEHIHAIBHOTO HCUHCICHNS, XapaKTePU3YOLee CKOPOCTh H3MEHEHHS
¢byHkunn (B naHHOM Touke). Onpenensercs Kak Hpe/iesl OTHOLICHHS IPHpPAIeH!s (yHKIMH K NPUPAIICHHIO €€ apTyMEHTa P CTPEMIICHHT
IPHUPAIICHAUS apTyMEeHTa K HYIII0, €CJIN TaKOHU Mpefen cymecTByeT. DyHKIHIO0, HMEIONIYI0 KOHEYHYIO IPOU3BOIHYIO (B HEKOTOPOH TOUKE),
Ha3bIBaIOT AU depeHupyeMoil (B JaHHOH TOUKe).

[Iporiecc BbIYKCIICHHS IPOU3BOAHOM Ha3biBaeTcst AuddeperunpoBanneM. OOpaTHBIH MpoLecc — HaX0XkKICHHE NepBOOOpa3HON —
HHTETPHPOBAHHE.

Mnmoctparys moHATHS POM3BOAHON

fx)

f(x0)

OnpeneneHne NpOU3BOJHOM HYHKIINH Yepe3 Ipeaes

ITycts B HEKOTOPOH OKPECTHOCTH TOUKH Lo = ]Eonpenenena
ﬂf : LII (I'D) - ]E — E'Hpomm)moﬁ (dyHKIMN f B TOUKE I'l:l'ﬂasblBaeTcsl IpeJiell, €CIIM OH CYLLECTBYET,
f(z) — f(xo) — lim f(xo + Az) — f(xo)

T — Tp Az—0 Ax

(yHKIH

OOwmenpuHATEIe 0003HAUCHUSI IIPOU3BOAHOM QYHKITHI y - f ( I)B TOYKE Io

F'(x0) = (o) = Df (a0) = L (o) = 2

%) = o

T=x(]

= y(z0)-

3aMeTnM, 4TO MOCIeIHee 0OBIYHO 0603HAYAET IPOU3BOIHYIO 110 BPEMEHH (B TEOPETHYECKOI MEXaHHKeE).

Tagauua npou3BoAHBIX

IIpousBoaHbIE CTENEHHBIX IIpousBoaHbIe TPHTOHOMETPHYECKHX IIpousBoanbie 00PATHBLIX TPHIOHOMETPHYECKHX
yHkumii yHKkumii yHkuuii
_ . T
() =0 (sinz)’ = cosx (arcsinz) = ——
V1 — 22
(%) = ax®" (cosx) = —sinz (arccosz) = — 1
V1 —a?
N —— I I
(a") =a’In H'l (tanx) = o (arctanz)’ = @
l i f
(lﬂga I) = m (C‘fgI) = —m (E{-TCCf-gI) = —m

TpaBuna nuddepernmpoBanms:

Oriepatiist HAX0XICHHS IPOM3BOHON HasbiBaeTcs AU hepeHurpoBaneM. [Ipy BHINOIHEHNN TO OIEepaliK YacTo NPUXOAUTCS paboTaTh
C YaCTHBIMH, CYMMaMH, IPOM3BEACHUAMHI (DYHKIIHIA, a TAKKe ¢ «DYHKUMSIMU QYHKIUI, TO €CTh CIIOKHBIME (GyHKIMIMU. Vcxoms u3
OIpe/IesIeH s MPOU3BOIHON, MOYKHO BBIBECTH MpaBuia auddepernupoBanms, obierdaromnme 3ty padory. Ecimu C — mocrostanoe ancio u f=f(x),
9=9(X) — mekoropsie auddepeHmpyemMbie HYHKIHH, TO CIPABEIUBBI CICAYIONINE npasuia ougdepenyuposanus:

° Gf:[]

° If:].

. (fre)=F+4




g) = f’g + fg

Q ..(g#0)

("“") ““
g QE (g#0)

ITpumep Nel. Haiitu npousBoHyio QyHKIUH F(.’I] = Zxa - 3.’1:4 + 19

Pewenue.

F'lix)=(2x?—3x*+19) = (2x¥) = (3x*) + (19) = 2(x*)' - 3(x*)' +0=2-3x*—3-
4x? = 6x* — 123

5

Tpumep Ne2. Haiitt mponu3BOAHYIO QYHKIIHH F (x] =x" — x‘; + O u BeruKCIATS ee 3HAYCHUA B TOUKax X — Oux=-—1

Pewenue.

F'ix)=(x*—x*4+9) =(x*) = (x*)' +(9) =5x*— 4x3 F'(0)=5-0"—4-0%=
0; F'(-1)=5-(—1)*—4-(—1)%= 9.

TMpumep Ne3. Haiitu nponsBognyro pyHkunu ¥ — (.’I 2 1] (32: 2 + 5:]

Pewenue.
¥y =((x*=1)(BEx*+5)) = (x* = 1) (3x% +5) + (x> —1)(3x% + 5)' = 2x(3x2 +5) +
6x(x® —1) = 2x(3x" + 5+ 3x% — 3) = 4x(3x? + 1).

x -6
Mpumep Ned. Haiitu npoussoanyto Gynkuuu ¥ — (Ex + 1).

Pewenue.
v = [x,"'—e)' _(x?-8) (Bx ) —(xT—8)(3x+1) _ 2x(3x+1)-3(x%-8) _ &x®+2x—3x%+18 _ 3x7+2x+18

3+l (3x+1)7 o (3x+1)° - (3x+1)7 T (Bx+1)?

.,

CopepixaHue NPaKTHYECKOi padoThbI

1 Ham{me HpOI/IBBOI[HBIe CITeyromuX (GyHKIHIL:

=4x? 4= x + 3
1 1
y=-x"+-x*—3x7+9,
- 1 4
=(2x*—=3)(2x* - 1)
2. Haiigute npoM3BOIHBIE CICAYIOMNX (DYHKITHI:
x=+5
Vv =—;
- x—1
Jx—7
Y = :
- 2x+9
(x—3)%
e
- Zx+1
x5 +3x"
y = ;
- 3x—-1
3x*—2x—4
}:l' _——

2x —1
3.  BrruncnuTe 3HaUCHUE IPOU3BOIHOM:
y=x"—3x*—2x+1,
y'(0)=7 y'(1)=?

4, Brruucnure 3naueHne HpOI/I3BOHHOf/‘I:
y =x%+x*+5%

y'(=1) =
10



5. HaiiguTte Npou3BOAHYIO CIESAYIOIMX ()YHKIIMIA:

y =5(3t° — 5¢% + 9)°
— - - =

Yy=241+2x—x~

6. Haiigute npou3BogHBIE CEAYIOMNX (QYHKIUI:
y=e™,
y=e *(x*+6x+6)

7.  Haiigute npou3BOgHBIE CEAYIOMINX ()YHKIUI:
v =In3x;

y =log;(4x —2)

8. Haiinure mpousBoHbIE ClEYIOMUX (yHKIIUIA:

y=7cosx— 5sinx — 9,
v =5 cos 2x;
y =sinxcosx

IIpakTnyeckas padora Ne 2 «IIpousBogHas C10KHON PyHKIMI»
Iesib: COBEpPIICHCTBOBATh YMEHHSI BEIYUCIISITH IPOU3BOIHBIE CIIOKHBIX (DYHKIHI.
TeopeTuyeckne cBelcHHS K NPaKTHYECKOl padoTe

CnoxHast QyHKIMS — 3TO (QYHKLHUS, apTyMEHTOM KOTOPOH TaKoKe sBJsieTcs (pyHKLUS.

C Haueil TOYKHM 3pEeHHs, 9TO OIpEICiIeHHe Hanbosee IMOHATHO. YCIOBHO MOXHO o6o3nadath Kak f(g(x)). To ects, g(X) kak Obl
apryment Qyukipu f(g(x)).
K npumepy, mycrbf— ¢ynkums apkradrenca, ag(X) = InXxects ¢yHkuus HarypansHOro Jsiorapupma, TOrAAd  CIOXKHAS
g(x) =x"+2x-3

byuxuust f(g(x)) npencrasnser codoit arctg(Inx). Eute npumep: f — GpyHKims Bo3BeieHUs B UETBEPTYIO CTEICHD, a

flglx)) = +2x-3]

1es1as paluoHanbHas QYHKIHS, TOTAa

2x+1¥

y=sin| J—/——
x’ —SJ

B cBor ouepenp, g(X) Takxke Moxer ObITh ClOkHOI (yHKumeil. Hampuwmep, YcioBHO Takoe

y = flAlf:(x))

ar
BBIPAKCHUEC MOKHO 0003HAYUTHh KaK

_2x+1

fx)=

KOpH:, X - 5 - ZIpO6Ha$I panroHajibHas (i)yHKI_H/I}I. JlornganHo TIPEAIIOJIOKUTD, YTO CTCIIEHb BIIO’KECHHOCTH (inHKHI/II\/'I MOJKET OBITh

y=fIALSLLLED)

JFOOBIM KOHEYHBIM HAaTypaIbHBIM YHCIOM .
YacTo MOXKHO CIIBIIATE, YTO CIOKHYIO (DYHKIMIO HA3bIBAIOT KOMITO3HIHEH (YHKIHIL.
Dopmyna HaXOXKICHUS TIPOU3BOTHOM CIIOKHOM (byHKIMN.

. Bmecs f— dyukmus cumyca, fi - (yHKIMS M3BICYECHHUS KBaJPaTHOTO

Nah

r Y [
(flglx)) = fglx))g'(x)
CopepixaHue NPaKTHYeCKO padoThbI

BapuanT 1

Haiiti npon3BOAHYIO CIOXKHOMN (DYHKIHUH:

y y=(2x"+ 7X2)10 5 y=tg (25x3 6y + 3%)
2) y= m 6) y= ecosx—lex
3) y= COS(16X2 - 2)(6) 7) y= arCSin(6X3 + 4X2)

2 y=In{15x" +¢¥) 8 y=5""

Bapuaur 2
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Haiitu mpon3BoOAHYIO CIOKHON (PyHKIUH:

1

3)

4)

5)

6)

7

8)

y = (8x° +12x%)’
y=v10x* ~Inx

y =sin(x* —3x°)

y =log,(5x" + x°)

y =ctg(2x* —7x° + 2x°)
y = 45

y =arcsin(11x® +5x)

y= 2ctg><

12



IpaxTuyeckas padora Ne 2 «[IpousBoaHbIe BBICIIUX IOPSIIKOBY»

Ilesb: COBEPLICHCTBOBATh YMEHHSI BBIYUCIIATH IIPOU3BOIHBIE BBHICHINX TTOPSAKOB.
TeopeTuyeckne cBeeHHs K NPAKTHYECKOl padoTe

Onpenenenne. [Tycts dynkius y = f(x) onpenenena n muddepenunpyema Ha nurepsaie (a, b). Eciu dpysxuus f ¢ (X)
muddepeHImpyemMa B TOUKE Xo € (@, b), TO ee MpOM3BOAHYO HAa3bIBAIOT BTOPOW MPOM3BOIHON MM HPOU3BOAHOM BTOpOro nopsiaka dyukimu f(X)
” ’ ’
f(x)=(f"(x))-

B TOUKE Xo U 0003Hau4atoT f " (Xo), TO ecTh

Onpenenenue. [Tycts dyrkmus y = f(x) uMeer Ha nuTepBae (a, b) nponssoxrsie f ¢ (x), f” (X), ..., f 7Y (x). Eciu B Touke
Xo € (@, b) cymectByet npomssonnas pynxumm f ™ (Xo), To 3Ty MPON3BOHYTO HA3BIBAIOT IPOM3BOHOI N-OTO TIOPSIKA, TO €CTh

fPx)=(f""(x),n=12,..,

rJie IPOM3BO/IHAS HYJIEBOrO opsijika — 310 Gynkuust f(X).

Du3nUecKHit CMBICI BTOPO POU3BOJHON. Y CKOPEHUE @ MPSMOIMHEHHOT0 ABIKEHHS TOYKU B TaHHBIH MOMEHT BPEMEHH PaBHO
BTOPO NPOU3BOJHOM ITyTH 11O BPEMEHH.

’ »
a=v =8
3a11amm s l'lpaKTP[‘leCKOFO 3AHATHA:

3apanue Ne 1. HaiiT mpon3BoHbIE BEICIIHX ITOPSAKOB (DYHKIHIA.

y=x" +3x°+2x% +3/7, y" -7

i y=sin®>x, y"—7
3 y:(4x2+3x+1)3, y7=7
., y=[(x+3)* y7-?
5 y=e"+x"+1 y* 2
6. Y =2sinx—3cosx, ylr -7
y=(x2+1]50

3aganne Ne 2. Cxonbko pa3 HykHO quddepeHnmpoBaTs QyHKIHO
CTEIEeHH.

, 9TOOBI B pe3ysIbTaTe MOTyqHIICss MAHOTOWIEH 30-if

X 2
3amanue Ne 3. JlokaxuTe, 9T0 11 (PYHKIHAH y = y=e +x crpaBeHBO paBeHcTso Y'Y =y

3amanme Ne 4,

— 3 _
1. B momeHT BpeMerH t = | HaiiiuTe CKOPOCTB M YCKOPEHHUE TOUKH, ABIKYIIEHCS NPSIMOINHEHHO 110 3aKOHY s=2t 3t .
5 . .
s=—t> =2t +3t+1

2. Touka JBMXETCS MO 3aKOHY . B xakue MOMEHTHI BpeMeHH ee yCKOpeHue OyIeT PaBHO HyIIO?

IpakTuyeckas padora Ne 3 «YcjioBUsI MOHOTOHHOCTH yHKnuH. Heodxoaumoe 1 10cTaTO4YHOE yCI0BHE CYLIECTBOBAHMS IKCTPEMyMa»
Iennb: coBepIICHCTBOBATh YMEHHUS HCCIE0BATh (DYHKIIHIO.

TeopeTuyeckue cBeleHUs K NPAKTHYECKO# padoTe
Heo6xonuMele yciioBus Bo3pacTaHus (YOBIBaHHS) QYHKIHN.
la; bl y=flx]
Teopema. Eciu  ougpgpepenyupyemas na nexkomopom uumepsane '~ ' | gyuxyus LM gospacmaem  (yovisaem) Ha  Hem,

o x]20 Flx)<0 x0 (a;b)

) 0n151 6cex

JlokasaTenabCTBO. ITycts byHKIHIA y= f r X ll BO3pacTaeT Ha HMHTEPBAJE l-ﬂ ! E'-'l l . Bri6epem MPOU3BOJILHEIC
Ay flx+dx|—f|x]
TOYKH X n X+ ﬁ X Ha 3TOM MHTEPBAJIC U pAaCCMOTPUM OTHOILICHUE ﬁ X ﬁ 'X

13



DyHKIHA y= f[ X] BO3pacTacr, HO3TOMY pH A x>0 Oyzer x+ x> x n f [’}H—ﬁ X]}f [X] R a
By _fleraxi~flx
Hpﬂﬁx{m Oyner X+ﬁ'x{xnf[’}:+ﬁ'x]{f[x].Bo601/1xcnyqa51x bx A x J
I x+hx|—flx
y=1lim f =1 ]20.
TaK KaK YHUCIIUTENb U 3HaMEHATelb ApoOH OyayT UMETh OANHAKOBBIEC 3HAaKH. CIef0BaTeNbHO, dx—0 A x

A i y=f(x] la; b)
HAJOTUYHO PaCCMATPUBACTCS CIIydaii, Koraa GyHKIus yOBIBaET HAHHTEPBAJIE ! .
3ameuanne 1./ eomempuyecku meopema o3nauaem, Ymo KacameivbHvle K epaguky eo3pacmaioweli GyHKyuu umeiom ocmpule Yol C

Ox

NONOXHCUMENTbHBIM HANPABIEHUEM OCU , a ybvisaioujue — myneie.
JloctaTouHble ycioBus Bo3pacTaHus (YObIBaHUS) QYHKIIIH.

Teopewa. Eenu s Y =1 LX) oudpepergupyera na unmepsase la;b),f(x}>0 f [x)<0 ) o
wes X0 10, D] s Y =T VX cospacmaem 6oaaem) na smos wnmepsaze.

Joxasatenserso. Tyers | (x>0, uHTepBATE 12, 5] Bosmment roun 2 X1 e x ompesiy 11 2] reopeny
Hamamaf[xz]—f[xi]zfl[ C]'[XE_XI],
e SO D] L Fl>0, e x2 0 PO PR e
aymaus Y =T (X) sospacraer va mirepase 185 D).
MAKCHMYM H MAHHMYM GYHKLIHE.

Touxa "0 wassisacrcs moukoii vaxcunyma () gy ¥ =1 (%) | ecm CyIeCTBYeT TaKas © — OKpEeCTHOCTS

Xy X7 X i flxl<f(x) FlxI>f(x)

TOYKH , ITO JUIS BCEX 13 OTOH OKPECTHOCTH BBIIOJHAECTCS HEPABEHCTBO ( ) (puc. 64).
3HaueHne QyHKIUH B TOUKE MaKCUMyMa (MUHUMYMa) Ha3bIBACTCS €€ MAKCUMYMOM (MUHUMYMOM).
MaxkcuMyM ¥ MEHUMYM (ByHKIIHU Ha3bIBAIOTCS €€ IKCMPEeMYMaMu.
Touku, B KOTOPBIX NMPOU3BOHAS (QYHKIHHU HE CYLIECTBYET WM PaBHA HYIIIO, HA3BIBAIOT KPUTNUYECKUMUL.

Heobxoxumoe ycioBue 3kcTpeMyma.

Teopema. Eciu oughpepenyupyemas pyrxyus -}:f [ X ] umeem SKCmpemym 6 mouke X':', Mo ee npousBOOHAs 8 MOU MouKe
f |X%|=0 ,

I[OKBB&TGIIBCTBO. HYCTB XD - TOYKa MakcumMymMma. CJTe[[OBaTeJ‘[BHO, B OKPECTHOCTH TOYKH XD BBITIOJTHACTCA
By _flxsAx—flx] g

Ax A x "o x>0

. Torma eciu

pasua uynio,

HEpaBeHCTBO 'f [x':' ll}f [’:qil +4 X]

Ay _flerdx—flx)
fox fox !

flxg+Lx|—f(x)

X,|= lim
Eem £ X<0 f il Ax =0 hx
CIH . Io ycoBuio TeOpeMBbl MPOU3BOIHAS DYHKIIHH X
cymecTByer. Ilepexons k npenerny npu Ax-0 > IOy MM 'f [x':' ]L 0 , €CIiA A x<0 " f [X':' ]; 0 , €CITH A x>0 . DTO BO3MOKXHO

JIHIIb B CTydYae 'f [XD]:D .

A
AHAJIOTMYHO MOKHO MTOKa3aTh YTBEPK/CHHUE TEOPEMbI ECITH 1 — TOUKa MUHHIMYMa.
3ameuanue 1. [eomempuuecku ymeepoicoenue meopemvl 03Hayaem, ymo 8 moukax dIKCmpemyma KacameivHvie K epapuxy Gynxyuu

1
Ox flx)=0 X,
napainenvibl ocu . OGparHas Teopema He BepHa. Ecimm ¢ 1779/ , TO 9TO He BCET/[@ 03HAYAET, YTO TOYKA — TOYKa SKCTPEMyMa.

1 L] 1
o = x :I:I p— a —
HGHCTBHTCHLHO, JTIL (I)yHKI_II/II/I 1-!" - B TOYKEC 0 TIPOU3BOIHA 1-!" _3 X‘F y -} [ [:I ] [:I , HO TOYKa C:I HC ABIACTCA HHU
MHHUMYMOM, HH MaKCUMYMOM. Cymec‘rBy}o‘r TaK Xe beHKHI/H/I, KOTOpBIE B TOYKaX OKCTpEMyMa HE HMCIOT HPOU3BOJHBIX. Tax

=X | x.=0 .
q)yHKHI/IH ‘} | B TOUKE 0 HE UMEET NPOU3BOAHOHN, HO 5Ta TOYKA SABJIACTCSA €€ MUHUMYMOM.
JloCTaTo4HOE yCIIOBUE SKCTPEMYMA.

) :!, :f[ X ] . 6 ) ) o
Teopema. Eciu  nenpepvignas — gynxyus ougpepenyupyema 6  HeKOMOPOU - —  OKPECMHOCMU — KPUMUYECKOU
1
Xy flx]
mouKu u npu nepexode uepes Hee (cliea HANPABo) NPOU3BOOHAS MeHsiem 3HAK ¢ NACA HA MUHYC (C MUHyca Ha nuoc), mo

A
mouxa ~U ecmb mouka maxcumyma (munumyma,).

Z[oxasa’renbcmo. PaCCMOTpI/IM 6 — OKpPECTHOCTH TOYKH XD . HyCTb BBITTOJTHACTCA ycjaoBus: 'f [X]}I:I 5 Py
x0 [x,—6, x ' x0 [x, x,+8 —
00010 [ a ! ':'] I/If [,x]r.:[:l , ama moboro [ 0 o ] Torma  dynxums ¥ _f [ X] BO3pacTacT  Ha
X,—06, X, Xy Xyt 6 =
UHTEpBaJe [ a ! ':'] U yObIBaeT Ha UHTEpBAJC [ 070 ] . CnenoBatenbHO, 3HAYCHHE (DYHKIIMU y= f [ X ] B TOYKE *p SBIISIETCS
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[XD—EJ'XD+5] . e.f[x]‘:f[xu] x0 [XD—E,' x,:,+n'5]

HauOOJIBIIMM 3HAYCHHEM Ha HHTEpBAJIC ! AT BCEX . D10 O3HayvacT,

A o
qTo 0 TOYKa MakCuMyMa. AHaJIOrU4HO JOKa3bIBACTCA ClIydau JI1 TOYKH MUHUMYMa.

Teopema. Eciu 6 mouke Xy nepeas  npousgooHas — GymKyuu pasua HlelO'f [x':' |_I:I , a emopas npousgoOHas 8

mouke XU cyulecmeyem U OmMauUdHa om HYJs 'f IIXD |;E I:I , mo npu 'f [XD |{I:I 8 MmouKe XU (ﬁynkuuﬂ -}I:f[ x] umeem MaxKcumym, a

npul f [x%]>0

— MUHUMYM.

I[OKZB&TGHBCTBO. HyCTB f IIXIJ | > I:I
F ol 1m LT bl
0 Ax -0 Ax Ax =0 Mx !

. Tak kak

flx+4 x|
—_—

y X
TO B JOCTATOYHO MaJION OerCTHOCTI/I TOYKHN I:l BBIIIOJIHACTCSA HepaBeHCTBO
1 i
flx+Ax|
—_—
A x

ﬁ.x::[],mf'[xﬁﬁx]‘iﬂ ﬁx::»[],mf'[xu*'ﬁx]-‘*ﬂl

Ecan ,aeciu
Xg
Takum 00pa3om, IIpH Iepexoe Yepe3 TOUKY nepBasi MPOU3BOIHAS MEHSIET 3HAK C MUHYCa Ha IUIroc. ClieoBaTenbHO, [0 TeopeMe

o X .
35 OCTATOYHEIX yCIOBHiT SKCTpEMyMa, TOUKa ~ I €CTh TOUKa MHHHIMYMA. AHATOTHYHO JOKA3BIBAETCS CITyUai T TOUKH MaKCHMYMaA.
IIpumep 1. MccnenoBaTs MOHOTOHHOCTE (PYHKITHH

_x—1

]
X+E
U HAUTHU €€ TOUYKH 3KCTpeMyMa.
Pemenue. Haiinem npon3BoaHyio QyHKINH U IPUPABHSIEM €€ K HYIIIO

o (x=1] [Pe8)—(x—1) [¥+8) _ ¥r8—(x—1)2x
[xg+3]2 [f+1|’

5f+8—2f+2x:—x2+2x+8:&

|2+ 1f |32+ 1T

—X 42 x+8=0, x,=—4, =2

=

Orcrona: Iloctpoum 4mciaoBylo ochb M Ha HeH OTMETUM METOJOM MHTEPBANOB 3HAKH

npon3BoaHOM. Tam, rne mpom3BonHas MeHseT 3Hak ¢ (+) Ha (-), OygeT Touka MakcHMyMma ( max ), e ¢ (-) Ha (+) — ToYKa MHHHMyMa
( min ). I3 pucyHka BHIHO, 4TO MHHUMYM JOCTHIACTCS B TOUKE x=—4 , MAKCHMYM - B TOUKE x=2 , IpuYeM
y _—4-1_ -5 y _2—=1 1
mEO16+8 0 24°°M™ 448 12
® [—oo —4| (2, +oa)
VHKIIHS yOBIBAaeT Ha HHTEpBanax - ! n'T!
HauGonbuiee n HanMeHblIee 3HaUSHUS QYHKIIMU Ha OTPE3Ke.

—4,2]

, BO3pACTacT Ha UHTEPBAJIC

Iycts byHKIUSA y= f [ X ] HeIpepbIBHA Ha OTpe3Ke [G ! b] . Takast pyHKIHS JOCTUTAET HA 3TOM OTPE3KE CBOETO HAHOOJIBIIETO 1

. , X a,
HaMMEHBIIIETO 3HAYCHUIH. DTH 3HAYCHUS OHA MOXET NpUHUMATB 00 BO BHYTPEHHEU TOYKE 0 OTpE3Ka ! N 00 Ha TpaHuIEe OTPE3Ka, T.

a_ b

€. B TOYKax u .
XDD [ﬂ; EJ] .}":f[x]
Ecmm , TO HaH60J’IBHIeC 1 HAUMEHBIICEC 3HAUYCHUS CIIEAYET UCKATh CPEAN KPUTUUCCKUX TOUCK (i)yHKLII/II/I .
Takum 00pa3oM, MOXHO CHOPMYIUPOBATH CIEAYIONIEE MPABWIO HAXOXKICHUS HAMOONBIIEr0 W HAMMEHBILEro 3HAYCHUH

dyHKIHH -}:f[ X] Ha OTpe3Ke [ﬂ; b] :

} (a; b
1) HaiiTi KpuTHYecKkue TOuKH (QyHKIMY HA UHTepBae ' ! ;
2) BBIYHUCJINTH 3HAYCHUS beHKHHH B Haﬁ}leHHBIX TOYKax;

3) BBIYMCINTH 3HAUCHUS (PYHKIMH Ha KOHIIAX OTPE3Ka, T. €. B TOUYKaX X=a " x=b ;
4) cpeny BceX BBHIYMCIICHHBIX 3HAYCHNH (DYHKIMU BBIOpPATh HAHOOJbIICe H HAaMEHBIIee.

3ameuanne 1. Ecim dyHKkIms y= f [ X ] MMeET JIMIIb OJIHY KPUTUUECKYIO TOUKY U OHA SIBJISIETCS TOYKOH MakCUMyMa (MHHHUMYMa),
TO B 3TOH TouKe QYHKINUS IPUHIMAET CBOE HanuboJblee (HanMeHbIIIee) 3HaYCHHE.

:!._.' - f[ X ] a’

3ameuanue 2. Eciu Gynkims He UMeeT Ha otpeske L+ = | kputnyeckux Touek, To Ha HeM QYHKIMS MO0 MOHOTOHHO
BO3pacTacT, J1160 MOHOTOHHO y6BIBaeT. Csou HanboJbIlIEE U HAMMEHBIIIEE 3HAYCHUS q)yHKHI/Iﬂ NPUHUMACT B 3TOM CJIy4ya€ Ha KOHLAX OTpE3Ka.
TIpumep 2. HaiiTu Hanbosbliee 1 HaUMEHbIIeE 3HAUCHUE QYHKIUN

v=3x"—100 ¥+ 960 x— 150
-3:3]
Pentenue. Haiinem npon3BoaHyto GyHKINH U IPUPABHSIEM €€ K HYIIO

v'=15x"-300 X+ 960=0, x* =20 X" +64 =0.

Ha OTpe3Ke
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X X [— . ]
. Touxu "“lu ™4 me nexar ma orpeske 3.3 , TI0ITOMY HaxOZHM

3HaYeHHs QyHKIUH B TOUKAX Ko, X U Ha IPaHuUlIe OTpe3Ka - B TOUKaX x==3 u X =3 :
y(-3)=3(-3F - 100(=3F +960(—3)— 150 =—3659;
yl=2|=3(=2F—100(-2f+960(-2|— 150=—2966 :
y[2)=3-2° =100 2°+960 -2 —150= 1066 -
y([3)=3-3°—100.3*+ 960 3—150=759,

BriOupaeM HauMeHbIIee U HAHOOJIbIIICE U3 ITHX 3HAYCHUIL.

=—3659, npu X=—=3, ¥, = 1066, npux=2

OTKyZ[a X]_:_da XEZ _2‘ XEZEJ X'I-:d

Ortser: Y uuae
IIpakTuyeckas padora Ne 4 «Haxo:xkaeHue HeonpeaeJeHHBIX HHTEIPAJI0B. Borunciienne onpeaeaeHHbIX HHTErpajgoB»
Ieab: COBEPLIECHCTBOBATh YMEHHS HAXOAUTH HEONIPEEICHHbBIE MHTETPAJIbl U BBIYUCIIATH ONPECICHHbBIE MHTErPaIbL.

TeopeTuyeckne cBeeHHs K NPAKTHYECKOl padoTe
OcHoOBHBIE CBOIiCTBA HeoNpe/leIeHHOr0 HHTErpajia

1°(j f(x)dx)’ = f(X) ; 2°dj f(x)dx = f(x)dx:
3 [dx() =F(x)+c 4° [k (x)dx = k[ ()dx;
5°j[f(x)ig(x)]:j f(x)dxijg(x)dx.

12.2. Ta6M1a OCHOBHBIX HHTErPAJIOB.

a+l

1.Iu"‘du . +C, (¢ # —1), s vactnocru, Idu =U+¢;

a+

Zjdu_u = In|u[ +c; 3.Ia“du =%+c; 4._[e“du =e' +¢; 5.jsin udu = —cosu + C;

6.'|'cosudu =sinu+c; 7.J'tgudu = —In|cosu| +c; 8.J'ctgudu =Insinul+c;

du du u

9. =tgu+c; 10. =—ctgu +¢C; 11. Intg—| +c¢
J‘coszu 9 J.sinzu 9 J.smu g2
u = du . u

12. =Injtg(=+ =) +¢C; 13.| ——==arcsin—+c;
Icos g(2 4) J.J 2 _y? a

14] In‘u+ u?+a’l+c; 15'[ :—arctgu+c
Ju? +a? a’+u’ a

2

16..[%: ! &4 C; 17J'\/a2—u2du:ﬂx/a2—u2 ;2 arcsinE+c;
a‘—u 2a |a—-u 2 2 a

+C.

2
u a
18.fxlu2ia2du=5x\/u24_ra2J_rE In‘u+ u?+a?

OCHOBHBIE METO/IbI HHTETPHPOBAHUS
MerToa HenmocpeCTBEHHOI0 HHTerPHPOBAHUS
Onpepenenne. Meroq HHTErpUPOBAHUS, IMPH KOTOPOM IaHHBIH HHTETpall IyTeM TOXKASCTBEHHBIX NPe0Opa3OBaHHN MOIBIHTETPAIbHOM
(YHKIUM (MM BBIPAXKEHUSI) M IIPUMEHEHHUs] CBOWCTB HEONPEASICHHOIO HHTETPHPOBAHUS MPUBOJUTCS K OJHOMY WIM HECKOJIBKHM TaOIMIHBIM

HUHTETPAJIOM, Ha3bIBACTCA HETIOCPEACTBEHHOM UHTECTPHUPOBAHUEM.

Ilpumeper:
1)J.d(x) :Id(x+3):|n|x+3|+c
x+3 x+3
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j(4x3_COS§2x+31—xjd(x):4jx3dx_§j dg’;)x_ [3d(1—x)=

co

Metox HHTErpUpPOBaAHUSA TO/ICTAHOBKOIi

MeTOI[ IOACTAaHOBKH (I/IJ'IPI 3aMCHBI nepeMeHHoﬁ) 3aKJIFOYA€TCA B TOM, YTO 3aMCHAOT x Ha w(t) , TJC ¢(t) - HETIIPEPBIBHO

X = g¢(t)

nuddeperunpyemas GyHKIHsI, TOTArAKOT dx = (p’(t) U HOJTYYaroT J. f (X)dX = dx = qp'(t)d'[

= [t (t)dt.

IIpumepsr:

3%t 3dx = dt

1) _[cos3xdx = X 1
(3x)'dx =dt dx = édt

] 1.
=Icost><—smt+c=—sm3x+c
3 3

7x+8—tdx—1dt 1 1 1
2) Jsin(7x+8)dx: o :jsintx—dt =—=cost+c=—-=cos(/x+8)+c¢C
7dx = dt 7 7 7
xdx 1-x*=t dx= —Edt dt ¢ 1 t_1+1
[ = IR =—-[t7dt=->x +c=
1/1—X2 —2xdx = dt \/EXZX 2 2 _14_1
3) 2
1 L
= —§><2><t2 +c=—1-x*+c
o E5-3x=tdx=—<df ;. . 1 1 t° (15— 3x)°
4 | (15-3x)"dx = ; 3 |=[t'x(-D)dt=—=x—+c=— +C
) Ja5-39 ‘—3dx:dt Joxat=— 24
13.3. MeTo1 MHTErpUPOBAHMS 110 YACTAM
Iudu=uxu—IUdu
Bupn unrerpana IMoncranoBka
IP(x)arctgxdx; I P(x)arcctgxdx;f P(x) In xdx; u = arctgx
u = arcctgx
IP(x) arcsinxdx;IP(x) arccosxdx; P(x) - U=l x
MHOTOYJICH. U = arcsin X
U = arccos x
do = P(x)dx
v =[nepsoobpazasP (X)]
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J. P(x)e"; J P(x)sin kxdx j P(x) coskxdx,

K —nexomopoe uucno

P(X) — muozounen.

u = P(X)

do = edx

v = [nepsoobpazasE*]
do =sin kxdx

v =[nepsoobpaziasCoskx]

J‘eax cosbxdx; J-eax SinbXdX  a u b nekomopeie uucna.

Jeykpamnoe unmespuposanue
Hanpumep:

X

u=e"  dx=cosxdx
du =e*dx v =sinx

X

Iex cosxdx =

u=e"  do=sinxdx

:exsinx—jexsinxdx= :
u=e*dx b =-—C0SX

=e*sinx—(—e” cos+jeX cosxdx).

X

e .
_[ex cosxdx=?(sm X+ COSX)+C.

Ilpumeper:

u:lnx:du:ldx
1)I|nxdx: X

dv=dx=>v=x

U=2x+1=du=2dx

[(2x+1*d(x)=

2)

=(2x + 1)

1 =
dv=e¥*dx=v =_|'e3"dx =Ze¥

1
:xxlnx—J.xx—dx:xlnx—x+c

X

J' e3"2xdx—3(2x+1)e3‘ —5 ¥ te

Copep:kaHne NpaKTHYeCKOW PadoThl

Ne 1BbI4MCIUTD ONpeie/IeHHbIH HHTErpaJibl:

Bapuanr 1
1.

=< |2

<

<,
el

>

cosxdx

Ol N [N Ot P

[

Bapmuanr 2

e*dx
(3x2 —1)dx

sin xdx

P — N

Oty Ot

¢ dx
;|).1+x2

Ne2. [lpumeHsisi MeTO HeNOCPEACTBEHHOT0 HHTETPHPOBAHNS, BEIYHCINTH HHTETPAJIbI:

Bapuanr 1

Bapmuanr 2
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1. 1.
j( 2 ~— 3 Ydx J.(x4+i/;+3\/;+i2+1)dx
1+X 1— x? X° X
2. —x 2. .
IeX(Z—e—s)dx I(smx+5005x)dx
X
3. X X 3. —X
[ +3")dx [ear © " )ix
COS” X
4, _ ein3 4, 2
.[1 -SIL‘I X dx _[ctg xdx
sin“ x
Ne3. HO.]]b3yﬂCl> METOA0M NMOJACTAHOBKH BBIYUC/IHUTH HHTErpajabl:
BapuanTt 1 Bapuaut 2
1. j cosbxdx 1. J' sin 7xdx
J.—\/; dx 2. J.—COS\/; dx
Ux +1 Jx
dx dx
3. J-SInT 3. J-ﬁ
3
e4x d sin X d
4 Ie*—l X s Je™ cosxdx

Neq. C nomombio MeTo1a HHTErPUPOBAHUSA 110 YACTAM BbIYUCIUTH HHTErPaJibl:

Bapuant 1 Bapuant 2

1 I(4x3 +6x—7)ln xdx 1 I(xz +3x+2)ln xdx
2. I xIn xdx 2 j xIn(3x + 2)dx

3, Ixe‘xdx 3 Ixe5xdx

4. jarcsin xdx 4. jcos(ln X )dx

IIpakTnyeckas padora Ne S «YacTHbIe IPOM3BOHBICY

Lesib: COBEPIICHCTBOBATh YMEHHS BEIYUCIISITH YaCTHBIC POU3BO/IHBIC.
Teopernyeckue cBeieHHsl K IPAaKTHYeCKOi padoTe

MHoxecTBO TOYCK M, KOTOPbIC yAOBICTBOPSIIOT HEPABEHCTBY O (M;M 0 )< 5 , Ha3bIBAIOT 5 -~OKPECTHOCTBIO TOUKU M ;.
Tlycts byukiws qByx nepemenHbix z=f(X;y) (st GOMBIIEr0 KOJIMYECTBA MEPEMEHHBIX BCE aHAIIOTHYHO) OMpe/esieHa B HEKOTOPOi

okpecTHOCTH TOYKH M (X;y). JlaguM mepeMeHHOi x MmpHpalieHue Ax TaK, 4ToOBI ToUKa (x+ Ax ,y) TIpUHAUIekKANa 3Toi okpecTHOCTH. [Ipu
otoM QyHKuus Z=f(X;y) H3MEHHUTCS HA BEJTNYHHY

Az=T(x+Axy)- (X)),

KOTOpast Ha3bIBACTCS yacmuyunvim npupawjenuem Gynkyuu 7=f(X;y) no nepemennoil x.
AHAJIOTUYHO BETHIUHY

Az=T06y+Aay)— (X))

HAa3bIBAIOT YACMUYHbIM NpUpawenuem GYHKyuu no nepemeHHoll y.
Ecnu cymectByer npenen

lim Ax2 i fOXHAX) — F060)
Ax

Ax—0 AX AX—0

TO €ro Ha3bIBAIOT YacnHou npou3zeodnot gynxyuu z=f(X;y) 6 mouxe M (X;y) no nepemennoti x v 0603HAYAIOT TAKUIMH CHMBOJIAMH:
oz of _. ..
@ X s,
OX OX



AHaIOrM4HO
oz . AT im fy+Ay)— (X))
ay Ay—0 Ay Ay—0 Ay

W3 Takux ompeneneHuii ciaemyeT, 9To NpaBHiIa BEIYHUCICHHS IPOM3BOJHBIX, COBIAAIOT ¢ MpaBmwiaMu AuddepeHnupoBanus GyHKIMI
oJiHOM nepemeHHOH. CienyeT TOJIbKO MOMHUTh, YTO NPH BBIYMCICHUM YaCTHOM MPOM3BOIHON MO O/IHOM NEPEeMEHHON OCTalIbHbIE IIEPEMEHHbIE
CUHUTAIOTCS IOCTOSHHBIMU.

YacTHbIE IPOU3BOIHEIE XapaKTEePH3YIOT CKOPOCTh U3MEHEHHUs QYHKIUH B HAIIPABICHUH COOTBETCTBYIOIINX

07 01

KOOpP/MHATHBIX Oceil. YacTHbIE IPOM3BO/HBIC OT YACTHBIX MPOM3BOAHBIX —— , —— (yHKuuu Z=f(X;y) Ha3bIBAIOTCS YacmHbLMU
X Oy

npou3eo&nbmu 8Mmopoco }’lOpﬂ()Ka. q)yHKHI/Iﬂ JABYX NMEPEMEHHBIX MOKET UMETH Y€THIPE YaCTHBIC IIPOU3BOJHBIC BTOPOI'O IOPsSAKa,

KOTOpBIC 0003HAYAKOT TaK:

ofay_oz_,. ofa _0z _
ox\ox) ox* T axlay) avox "
o(ez) oz _. o(ez) 0%z
P 8_ Ly, 15 T2z %
y y\oy) oy
0’z 0%z

OXdy  dyox

YacTHbIe IIPOU3BOAHBIE OT YaCTHBIX MMPOU3BOJAHBIX BTOPOI'O IMOPAJAKA HA3BIBAKOTCA UYdACHIHbIMU npOu3800HbLMM mpembeco nopﬂdka uT.

>

S

S
=

Ipoussonusie HAa3bIBAIOTCS cMeuantbimu. MOXKHO 10Ka3aTh, YTO €CIIH OHU HEMPEPBIBHBL, TO PAaBHBI MEXTy COOOH.

1.

CaMo BBIUHCIICHHE YAaCTHOU IPOU3BOJHON IO CYIIECTBY HE IPEACTABIET HUYEr0 HOBOTO II0 CPABHEHMIO C BBIYHCICHHEM
O0OBIKHOBEHHOM ITPOM3BOTHOMA.
TIpumep 1: Haiiti yacTHBIC IPOM3BOAHBIE (DYHKITHI

7=xy* +4x%y® +5x—4y+1
Pemenne:
70 =2xy® +12x%y* +5
X
r 2,2 3
z, =3X7y +8x’y—-4
(mpu muddepeHIPOBaHIY TI0 X MBI CYUTaeM Y=CONSt, a npu audPpepeHIMpOBaHIY TI0 Y MBI CUMTaeM X=CONSt).
Tpumep 2: Haiiti uacTHBIE Mpon3BO/IHBIE QYHKITHH

z=(x*+y*)e"
z; = (X2 + yz)'xexy +(x2 + yZXexy)’X =2xe™ +(x2 + yz)exyy - (gx+ X2y + ys)exy

Pemenne: , ,
z) = (x2 + yz) yey +(x2 + yZXexy) y =2ye” +(x2 + yz)exyx = (2y+ X3 + xyz)eXy
ou Ju

: :'J}d-x}'-l ._.:-x}hlnx_
dx Ty

Tpumep 3: ITycts U= X* (Xx>0); YacTHBIE MPOU3BOIHBIE ITON GyHKIHH OYIyT:

TlepBast u3 HUX BBIYHCIIIETCS KaK POU3BOHAS CTEMCHHON (QYHKINK OT X
(ipu y =const), a BTopasi - Kak IIpOU3BOIHAsI [TOKA3aTEIbHOW QyHKIINY OT y
(mpu X = const).

X
TIpumep 4: Ecan u= arCtg y , TO

u hg D X

ox x4y’ 9y X2+ y2

X
x2+y2+z
au _ y2+22—x2 ~ou _ —2Xy S ou _ —2XzZ

ax_(x2+y2+22)2' 5y_(x2+y2+22)2' 0z _(x2+y2+22)2'

TIpumep 6: [Tycts = y . 'I:(X2 - y2 ), rae f (U) - npousgonvHas (GyHKIHS (MMEOLIAst IPOU3BOAHYIO).

TIpumep 5: Jlns U= 2 HMEEM:
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HOKaSaTL, YTO IJIA Z BCETaa BBITOJIHACTCA COOTHOMICHUC!

1 324.1 8z z
x 9% y Iy

KakoBa ObI HU ObLTa PyHKIUS f .

ITo mpasuity nuddepeHIpoBaHUs CI0KHOH (YHKIMH (O3Hawasi MITPHXOM IIPOU3BOAHYIO 10 U) HMeeM:

0z

o

9

— ey (X2 = %) 2x = 2xy - f(x2 - 3,

SofOF3E) 2y fiat- y,

1 OTCroga

1

dr 1 dz

T =2y S~ y’}+-t-' FOr=y) =2yt -y) = =
y 3y y ¥

x dx

Ilpumep 7: CropoHa @ TpeyroibHHKa ONPEAENSeTCS [O JBYM JAPYTMM CTOpOHaM D, C M 3aKiFOYeHHOMY MeXIy HHMH YLy O Tak:

a=

\/b2+c2—2bc-cosa.

Torna

da_

b—c-cosa _b-c-cosa, da b-c-sina
a " Oa a

\/b2 +02 —2bc-cosa

TIpakTuyeckas padora Ne 6 «PemeHne 0JHOPOAHBIX 00bLIKHOBEHHBIX JH(PepeHIHATBLHBIX YPABHEHUH NEPBOro Mo psiaKa»
L]ens: 3aKperieHre TEOPETHUECKOrO MaTepUaa o H3yICeHUIO peleHus TudhepeHHanbHbIX YpaBHeHHH | -ro mopsiaka.

Teopernyeckue cBeleHHsl K IPAKTHYeCKOi padoTe

OOmmuit Buj TMHEHHOTO YpaBHEHHS:

y'+P(X)y=Q(x)

CBOZ[PITC}I K IBYM ypaBHEHHUSAM C pasAC/IAIOIINMHUCS TIEPEMEHHBIMHU, €CIIM HCKOMYIO q)y'HKLH/I}O 3aMCHHUTD NPOU3BEACHUEM u* V, T. €.

du dw

y =uv; y'=1?—+ u—

dx dx

IIpumeps! penieHus ypaBHEHHsI:
PaccmotpuM npumep pereHust THHEHHOTo AU GepeHIaTbHOrO yPaBHEeHHUS:

1. Haiitu obuiee pemienre qudepeHuaibHoro ypaBHeHUs

’
y - y tg X = 2X H 4aCTHOE PEIICHIE, yAOBICTBOPSIONINE HadanbHoMy ycnosmio y(0) = 2.

COSX

Pemenne:
JlanHOE ypaBHEHHE SBIISIETCS JMHEIHBIM, TaK KaK COJICPIKHT UCKOMYIO (YHKIHIO M €¢ NMPOW3BOJHYIO B IIEPBOI CTENEHU U He

COZIEPIKHT X Ipou3BeneHuil. [IpruMenseM moAcTaHOBKY Y = UV, TAe U U V — HEKOTOpbIe Hen3BecTHbIe GyHKIUH aprymeHTa x. Ecimu y = uv,

’
’ [ ’ ’
TO y = (UV) =uv+uv . Toxcrasmsist ¥y u y B HCXOTHOE ypaBHEHHE, MOJTY9UM

[ ’
uv-+uv —uv tg X= 2X E I'pynmupyem mepBoe M TpeThe ClaraeMble M BBIHOCHM V33  CKOOKY
X

v(u'—utgx)+uv' = ZXL(l),
COSX

Tax kak uckomast pyHKIMS y IpeCTaBICHA B BUAC MPOU3BEICHNUS BYX APYTHX HEH3BECTHBIX (PYHKI[Hi, TO OfHY M3 HUX MOXHO BBIOpaTh
IPOU3BOIBHO. BriOepem dyHKIHIO U Tak, 4TOOBI BEIpaKeHHE, CTOSIIEee B KPYIJIBIX CKOOKax JIeBOi yacT paBeHcTsa (1), oOpamianocs B HyIb,

'
T.€., YTOOBI IMENI0 MECTO PABEHCTBO u-u tg X = O (2). Torna ypaBuenue (1) npuHUMAaeT BUA

1
=2X—— A).
COSX

VYpasuenue (2) sABIseTCS ypaBHEHHEM C Pa3JeIIONIMUCS IePEeMEHHBIMI OTHOCHTENBHO U U X. PemiM ero

du du du 1
—=utgx; M otgxdx. [ (tgxdx. Inu=-— u=——
™ g =19 ,J'u J'gx x: Inu=—Incosx: ooy
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UrtoOBl paBeHCTBO (2) MMEIO MECTO, JOCTAaTOYHO HAWTU OJHO KaKoe-MHOO YacTHOE PEIICHHE, YAOBICTBOPSIONICE ITOMY yPaBHEHHIO.
IosToMy ans MPOCTOTHI NMPU MHTCTPUPOBAHUM 3TOTO YPABHEHHS HAXOAMM TO HYAaCTHOE pELICHHE, KOTOPOE COOTBETCTBYET 3HAUYCHHUIO
npousBonbHOi noctostHHON C = 0. IlogcTaBus B (3) HaliieHHOE BBIpaXKeHHE IS U, MOIYIUM

1 1
—V = 2)(—; V’ — 2X : dV = 2XdX.I/IHTerpprﬂ, umeen V. = X2 + C
COSX COSX

Tenepb MOKHO ITOJIYYUTH 06mee PEIICHNE UCXOAHOI'O YPaBHECHUSA

1
y:uv=a£;Q2+C)

OmnpenenuM 3Ha4eHHe POM3BOJIbHOM NOCTOSHHOM C NPH yKa3aHHbIX HAaYaJbHBIX YCIOBUAX

2:i(0+c);c=2

cos0
— 2 2
Takum obpasom, y - X+ €CTh YaCTHOC PEIICHHE, YIOBJIICTBOPSIOIICE JaHHOMY Ha4yalbHOMY YCIIOBHIO.
COSx
Copaep:xaHne NpaKTHYeCKOH padoThI
dy v
1——==3x
dx x

22 4 2xy—1=0
dx
3.%— 7y = 8e?*

d_:lf . 2
4.5(:05 X—Vslnx =Co8™X

IIpakruyeckas padora Ne 7 «PenreHue JUHEHBIX 00bIKHOBEHHBIX AU ¢epeHIHAIbHbIX YPABHEHUI EPBOIo MOPSIKA»
Lesb: TpHOOPECTH HABBIKH PEIICHUS JIHHEHHBIX AN(hepeHIHaIbHBIX YpaBHEHUH IEPBOTO MOPSIIKA.

TeopeTuyeckue cBeleHUsI K NPAKTHYECKO# padoTe
JubdepeHnuanbHbIM  ypaBHEHHEM HA3BIBACTCSl ypaBHEHME, CBSA3BIBAIOINEE HE3aBUCHMBIC IIEpeMEHHbBIC, HMX (YHKIHU H
npousBoHbIe (WK TuddepeHnnansl) 3Toi GpyHKIUH.

Ecmn muddepeHnnansHoe ypaBHEHHE HMEET OHY HE3aBHCHMYIO MEPEMEHHYIO, TO OHO Ha3bIBAeTCS OOBIKHOBEHHBIM
muddepeHnnanbHbIM YpaBHEHHEM, €CITH K€ HE3aBUCHMBIX MEPEMEHHBIX JBe WIM Oosee, TO Takoe Au(pepeHIranbHOe ypaBHEHHE
HasbBaeTcs JuddepeHHaIbHBIM YPaBHEHHEM B YACTHBIX IPOU3BOIHBIX.

HawuBsicnmii mopsioK NPOM3BOHBIX, BXOISAIINX B YpaBHEHHE, Ha3bIBaeTCsl HOPSIKOM AU(depeHInaIbHOro ypaBHEHHSI.

IIpumep.
’
%}_@7’% I5=€ . oGuxnosenmoe mupdepeHnnanbHoe  ypaBHeHHe | — To mHopsaka. B obmeM BUIE 3amMChIBAETCS

I(cy3)=—C
P %

o— B - OOBIKHOBEHHOE auddepeHnnanTbHoe ypaBHEHHE 2 — TO TMOpsaka. B oOmeM Bujae 3alHChIBACTCS
> o
IFCpinH—€
P

a: j@} : - Z[I/I(i)(bepeHHPIaJ'ILHOC YpaBHEHHUE B HaCTHBIX MPOU3BOAHBIX IIEPBOIO MOPsAAKA.

O6wuM pemierneM aupepeHIHaIbHOTO ypaBHEHUsT HasbiBaeTcst Takas aupdepenuupyemas ¢yukuust Y = [I(X, C), koropas mpu
MOJICTAHOBKE B HCXOIHOE yPAaBHEHHE BMECTO HEM3BECTHOH (yHKIIMHK 00paliacT ypaBHEHNE B TOXKACCTBO.
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CBoticTBa 00IIEr0 pemeHHs.
1) T.x. nocrosiuHast C — MPOM3BOJIbHAS BEINYHMHA, TO BOOOIIE TOBOPs AU (epeHIalIbHOEe YpaBHEHHE UMEEeT OECKOHEUHOE MHOXKECTBO
pELIEeHU.
2) Ilpu xakmx- 1uO0 HAYaIBHBIX YCIOBHSX X = Xo, Y(Xo) = Yo cymectByeT Takoe 3HaueHHe C = Cg, IpH KOTOPOM peIICHHEM
g depeHuanbHoro ypassenus ssistercs Gpyskius y = [1(x, Co).
Omnpenenenue. Pemenne Buna y = [I(x, Co) Ha3bIBaeTCs YaCTHBIM pelleHHeM AuddepeHnnaasHOTo ypaBHEHHS.
Onpenenenne. 3amayeit Ko (Orrocten JIyn Koruu (1789-1857)- dpanuy3ckunii MaTeMaTHK) Ha3bIBACTCS HAXOXKICHHE JIDOOTO YaCTHOTO
petenust auddepeHnnaIbHoro ypasHeHus suna y = [I(X, Cq), yIOBICTBOPSIOLIEr0 HA4YaabHBIM YCIOBUSIM Y(Xo) = Yo.
Teopema Komm. (Teopema 0 CyIecCTBOBAaHHH U €IHHCTBEHHOCTH pelIeHus TuddepeHIansHoro ypaBHeHus 1 - To mopsiaka)
Ecmu dynkmms f(X, y) HenpepsiBHa B Hekotopoil obmactn D B miockoctu XOY u mmeer B 3TOH 00JaCTH HENPEPHIBHYIO YaCTHYIO

MIPOU3BOJIHYIO J/! :f (~X;y), TO KakoBa Obl He ObLia TOYKa (Xo, Yo) B 00nactu D, cyliecTByeT eJMHCTBEHHOE pEIICHUE y= (p(x)

ypaBHEHHS ,)/l :ﬂxy), OIpEIETIEHHOE B HEKOTOPOM HHTEPBAJIE, COAEPKALIEM TOYKY Xo, IPUHUMAIOILEE NPH X = Xo 3HAUYEHUE
[1(X0) = Yo, T.€. CyIIECTBYET €JMHCTBEHHOE pelleHue Iu((epeHIINaIbHOTO YPaBHEHHS.

Omnpenenenne. VurerpanoM auddepeHnansHOro ypaBHEHHsI HasblBaeTcsl JIIo0oe ypaBHEHHE, HE COAepiKallee HMPOM3BOJHBIX, M
KOTOPOTo faHHOe AU hepeHINaNIbHOEe YpaBHEHUE SBILSIETCS CIIEICTBUEM.

Tpumep. Haiitu obiee perenue nudpepeHHaIbHOr0 ypaBHEHUS )9/ +y =O

O6mee pemenne TudGEPEHIHAILHOIO YPaBHEHUs] HILETCS C IOMOIIBI0O MHTEIPUPOBAHHS JICBOH M IMPABOW YacTeil ypaBHEHHs, KOTOpOE
MIPEABAPUTENBHO PE0OPA30BAHO CIIEAYIOIIUM 00pa3oM:

dy
x——+y=0

dx Y
xdy=—yd.
dy_ dx

y X
dy  cdd
Teneps HHTETPHPYEM: J-i - '7

B % x
In—=31nx=t+C
1o Hixe=Cg
Inxy=C,
xy=° =C
C
Y = — - 510 0bmEE penrenne HCXOTHOTO TU((EPEHIUATEHOTO yPABHEHHS.

X
I[Ol'[yCTPIM, 3aJIlaHbl HEKOTOPBIC HAYAJIbHBIC YCIIOBUS: Xo = l, Yo= 2, TOoraa UMEEM

Ilpr moACTaHOBKE MONYYCHHOTO 3HAYCHHUs IOCTOSHHOW B OOllee pelIeHHEe MOJTydaeM YacTHOE PEIICHHE MPH 3aJaHHBIX HadalbHBIX
ycnoBusix (pemenue 3anaqu Komm).

Omnpenenenne. MuTerpanbHoil kpuBoil HasbiBaeTcest rpaduk Y = [1(X) perrenus auddepeHimansHoro ypaBHeHus Ha miockoctd XOY.

I[nd)d)eper—mnanbﬂue YPaBHCHHUA IIEPBOIr0 MOPAJIKA.

Omnpenenenne. JuddepeHnnanbHbM ypaBHEHHEM IIEPBOTO IOPsIKa HA3bIBAETCS COOTHOIICHHUE, CBs3bIBaiomiee (YHKIHIO, ee MEepBYIO
MPOU3BO/HYIO M HE3aBUCUMYIO IEPEMEHHYIO, T.€. COOTHOLIEHHUE BUJIA:

IcH30H)=C

Ecmn takoe cooTHomeHne mpeoOpa3oBaTh K BHIY ,)/( :f(-X;y) TO 3T0 AudepeHIraIbHOe ypaBHEHHE MIEPBOTO Mopska Oyaer
HAa3bIBATHCS yPABHEHHUEM, Pa3pEIICHHBIM OTHOCHTEIBHO IIPOU3BOIHOM.

Ipeobpa3syem Takoe BeIpaXKeHHE Jaiee:

IIpumep. Pemmts ypaBHeHuE y’ =y .
d_ 2
dx

y%d):dj
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[Pt
3153 —xtC
Z?Z(XH'QB- o6umit nHTErpa

1
I = 5,%(@ - ob1iee pereHme

ripu yciosuu y(1) = 0.

IIpumep. Pemuth ypaBHeHue x e =0

&Zgr—xé:c
.

Eemn y(1) =0, 10 T Rg=— g
Wrak, yacTHblit HHTETpa: 2= W_ﬂ

YpaBHeHue Bua:

y+p(x)y=q(x) (*), roe p(x) u q(X) — HenpepbIBHbIE (YHKINH, Ha3bIBACTCS JMHEHHBIM AU QepeHInalIbHbBIM ypaBHEHUEM MIEPBOTO MOPSIKA.
HasBanue ypaBHeHUs OOBSCHSICTCS TEM, YTO HEM3BECTHAs! DYHKIVS Y U € TIPOM3BOIHAS y' BXOJAT B ypaBHEHHUE JIMHEHHO, T. €. B IIEPBOH CTEHICHH.

Ecmm q(x) = 0, To ypaBHeHue (*) Ha3pIBAaeTCsl TMHEHHBIM OJHOPONHBIM ypaBHeHHeM. Eciu q(x)#0, To ypaBHeHue (*) Ha3bIBaeTCs JIMHEHHBIM
HEOJTHOPOTHEIM ypaBHEHHEM.
Jlnst HaxookzieHust obmiero pemenus ypaBHeHUs (10) MoxeT ObITh NPUMEHEH METOJ BapHalWH MOCTOSHHOH. B 9TOM MeTone cHavaia HaxomsT obuiee
pelIeHne IMHEHHOTO OHOPO/THOTO YPABHEHHS:

y'+p(x)y=0 (**) COOTBETCTBYIOIIET0 JAHHOMY HEOJHOPOJHOMY ypaBHEeHHIO (¥). YpaBHeHUe (¥*) siBisieTcsl ypaBHEHHEM C Pa3/IeIIIOIIMICS
HepeMeHHBIME. Pa3/iersis mepeMeHHbIe i HHTErPUPYsl, IMEeM:

ﬂll.r'

Y =p(x)dx = Inlyj=-Ip(x)dx+1n|C4]

OTCIOZ[& TMOTEHIUPYS, HAXOANM 06H16€ PENICHNE JAHHOI'O YPAaBHEHUS:
y=+C,¢" p(x)dx’ Wi FCe'h’(‘)“‘ (**%)

rie C=+C; — npou3BOJIbHAS TOCTOSHHASL.

Teneps Haiinem oOee peurenre ypasuenus (*) B Buge (***), rne C OyaeM cuuTaTh HE TIOCTOSHHOM, @ HOBOM HEM3BECTHOW (YHKIIMEH OT X
(B 9TOM CMBICI MeToza!), T. €. B BHIE
— -p(ods
y=C(x)e Ipx)dx

YroOs! HaiiTi QyHKMo C(X) MoJCTaBUM pelieHue B Buze B ypaBHenue (*). Ilomydnm:
C(0)e™*-Cp(x)e M +p(x)C(e " =g(x)
HJIn

C(x)=q(x)e™*
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Wrtak, 4rto0bl QyHKIMs sBisUIAck perieHneM ypaBHeHus (¥), Gynkims C(X) JODKHA yIOBICTBOPSTH YPaBHECHHIO C'(x)e'fp(x}dX-C(X)p(x)e'
PO p()C e =g (x).

WuTterpupys ero, HaXoUM:
C(x)=q(x)e"™*dx+C,

rae C; — npou3BojibHasi noctosiHHas. [loacrasmsst HaiineHnoe Boipaxkerne it C (x) B coorHourenue (10), monydaem obuiee perieHue
nuHeitHoro ypaBHeHus (10):

y(X)=Cle:[p(x)dx +e:[p(x)dxj'q(x)efp(x)dxdx
[puwmep. Haiitu o6imee pemenne ypapuenus y'+3y=e™.

JlaHHOE ypaBHEHHe SBIAETCS NMHEHHBIM. 31ech p(X)=3, q(x)=e¢”. PellaeM CHauyaia COOTBETCTBYIOLIEE OJHOPOIHOE ypaBHeHHe y'+3y=0.

dy

Paznenss nepemenHble ¥ =3dxu unTerpupys, Haxoaum Injy|=-3x+In|Cy| mmn y=+C,e*=Ce™. Mmem oblriee pelicHue JAHHOTO ypaBHEHHS B

suze y=C(x)e™. Muddepenmupys, nmeem y'=C'(x)e >-3C(x)e™. IloacTapnsis B AaHHOE ypaBHEHHE BBHIPAKCHHS s y 1 Y, momydaem C'(x)e”

= C'(x)=e™ mm dC=c™dx, orkyma C(x)= 565X+C2, rae Cz- mpousBosibHas MocTosHHas. Clen0BaTeNbHO, O0ILIee PELIEHHE JaHHOTO

YpaBHEHHsI UMEET BUJL:

1 1

y=C(x)e¥=( 5 e¥+C,)e ™ wm y= 3 e2+Ce ™
Meron U. bepnyiau

CyTb 3arirouaercst B cienyromeM. Pemenne ypasHenust (10) mmercs B Bujie NpPOU3BEACHUS IBYX APYTHX (DYHKUUI, T.e. ¢ IIOMOIIBIO
MIOCTAHOBKU (TT0ICTaHOBKA bepHyum):

y=u(x)+v(x)

e u(x), v(X) - Hem3BecTHbIe QYHKIUH OT X, IPHYEM OJHA U3 HUX MPOM3BOJibHA. Torma y'=u'v+uv' [logcTaBisis BoIpaKeHUS A1 Y U y' B
ypasHeHnue (10), morygaem:
u'v+tuv+p(x)uv=q(x) wm u'v+tu(v'+p(x)v)=q(x) (15)

dv dv

Bribepem ¢dyHkmuo v(X) Tak, 9ToOBl CymMMa B CKOOKax obOpaTuiach B Hynb, T.e. V+p(x)v=0. Urak, dx +p(x)v=0, T.e. ¥ =-p(x)dx.
Wurerpupys, MOTyJaeM: In|v=-Jp(x)dx-+lnlc|.
Beumy cBoGoxs! BEIOOpa (QyHKINH V(X), MOXKHO NpHHATH c=1. Otcioma v=eP% Toncrasmas HalileHHyI0 (QyHKIWIO v B ypaBHenue (10),
nonyuaem u'e "M¥=q(x). TlomydyeHo ypaBHEHHE C PA3AEIIONINMHCS MepPeMEHHBIMI. Peraem ero: u:fq(x)efp(x)dx. Bo3Bpaiascs k mepeMeHHoi Y,
HOJIy4aeM pelIeHHe HCXOAHOTo AnddepeHnanbHoe ypaBHEHNUsL.

y=usv=(; q(x)-eh’(X)“'Xd)Hc)-e’f"(x)CIX
pumep. Haiiti obliee perexue ypapaerus y'+3y=e>

Jlenaem 3aMeHy MepeMEHHBIX y=uev; y'=u'v+uv', rae u=u(x) - npousBoibHas GpyHKIHs, v=Vv(X) - QyHKIHs, onpenensemMas Tak, 4To0bl y=uev
GbIIO peleHHeM ypaBHeHus U'v+uv'+3usv=e?. [pymnmupyem wieHbl MONyd4eHHOro ypaBHenms: u'v+u(v'+3v)=e™. [IpupaBHEBAEM MHOKHTEITb

dv

BTOPOTO cllaraemMoro, CTOSIMH B CKOOKax K HYJTIO V'+3v=0; = dx +3v=0.
PewnB nannoe audypepeHnnanbHOe ypaBHEHHE ¢ Pa3ASIISIOLMMHUCS IePEMEHHBIMH, HMEeM

dv 1= 1_% h(CJHl = x:[x—y}h(CJH) ﬁ

ax =3y > =-3dx = | &% =3[dx = Injv|=-3x = v=e™
o -3 2 o
Toxacrassis HalieHHyio GyHKIHIO V=€~ B ypaBHeHue u'v+u(v'+3v)=e™, naiizem u

du 1

weePoe? oz o AX =g o [du=le™dx = u="3 e>+c

TloxcraBnsas um v B y=uev HaXOAUM PCHICHUE 3aJaHHOI'0 YPaBHCHUA:
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1 1
y=(5 e™+cyee® mmmn y= 3 ePace™
CopepixaHue NPaKTHYeCKOi padoThbI
Bapuant 1
1. Haiitu o01uee pelieHne ypaBHEHHS: y' + X =4

X

v ! - —
2. HaiiTn 4acTHOE pelIeHHEe YPaBHEHHS, yIOBJIETBOPSIOIIEE YKa3aHHBIM HadalbHbIM ycinousam: Y + 2y =4x; y= 3pu X = 0.

Bapuant 2

y

. ’
1. Haiitir obmiee pemenue ypauenns: y —— = ——

X X
dl—‘:‘l—y:exxﬂ y=enpux=1

2. Haiit yactHOE PpeIICHNE YpaBHEHUS, YIOBJIETBOPAIONICE YKa3aHHBIM Ha4YaJIbHBIM YCJIOBUSM! dX X

Bapnanr 3

xd—y—x2+2y:0

1. Haiitu obee pemenue ypapaenns: (X

2. HaliTyt 4acTHO® peleHHe YPaBHeHHsL, YAOBICTBOPSIOLEe YKa3aHHBIM HAa4albHBIM yCIOBIAM: (X X X2
Bapmuanr 4

d—y+xy=x

1. Haiitu obiee pemenue ypapuenns: (X

2. Haiiti yacTHOE PEIICHNE YpaBHEHUS, YIOBJIETBOPAIONICE YKa3aHHBIM Ha4YaJIbHBIM

dlcoszx:tg x—y;y=0npux=0

yenoBusam: (X

Bapmuanr 5

] 2
1. Haiitn obmiee pemeHne ypaBHEHHUS: Xy — 3y_ —X
2. HaiiTi yacTHOe peneHre ypaBHEHNUs], YIOBICTBOPSIONIEee yKa3aHHBIM HaqalbHbIM

yenosuan: COS XY’ — YSin X = €0s% X; Yy =Lupu X = 0.
Bapuanr 6

2 _
1. Haiitu obmiee pemerne ypaBHeHHs: Xy — 2Xy =3

y—_1=1;y=2anX=2.
X

o !
2. Haiitn wactHOE peIICHUE ypaBHEHU, YIOBJIECTBOPAIONICS YKa3aHHBIM Ha4YaJIbHBIM YCIIOBUSAM! y +

IpaxTuyeckas padora Ne 8 « MHTepnpeTanus onepanuii HaJl MHOKECTBAMIDY
Ieas: chopMIpoBaTh YMEHUE BBIIOTHATE OIIEPALIN ¢ MHOKECTBAMU
TeopeTuuyeckne cBelcHHs K MPaKTHYECKOIl padoTe

MHO0K€CTBO — OIHO U3 OCHOBHBIM IIOHATUH MaTEMaTUKU.

MHOXEeCTBOM Ha3bIBaeTCsI COBOKYITHOCTh HEKOTOPBIX DJIEMEHTOB, OOBEIMHEHHBIX KaKUM-JIHOO OOIMM IPH3HAKOM. DIIeMEHTaMU
MHOKECTBA MOT'YT OBITh UKCia, GUTYPBI, IPEIMETHI, HOHSATHS U T.I1.

MHoxxecTBa 0003HAYAIOTCS MNPOMUCHBIMM OYKBaMH, a 3JIEMEHTbI MHOXECTBO CTPOYHBIMU OyKBaMU. OJEMEHTHl MHOXKECTB
3aKJIFOYArOTCs B (QUTypHBIE CKOOKH.

Ecnu sneMeHT X NpUHAJUISKUT MHOXKECTBY X, TO 3aITUCHIBAIOT X € X (€ — MpHUHAJUICHKNT).

Ecnu MHOKECTBO A SIBIISIETCS YaCThIO MHOXeECTBa B, To 3amuceiBaloT A C B (C — copepxutcs).

MHOXECTBO MOKET OBITh 33JJaHO OJHUM U3 IBYX CIIOCOOOB: MEPEUUCICHHEM U C IOMOIIBIO OMPEAEISIOIIETr0 CBOMCTRA.

J1Ba MHOXXecTBa A 1 B paBHBI (A=B), ecii OHU COCTOST U3 OJHHX M TEX JKE 3JIEMEHTOB.

Hampumep, ecmn A={1,2,3,4}, B={3,1,4,2} To A=B.

O0benuHeHreM (CyMMoii) MHOKeCTB A 1 B HasbiBaeTcss MHOXKeCTBO A U B, 31IeMEHTBI KOTOPOTO MPHHAAIEKAT XOTS Obl OTHOMY U3
9THX MHOXKECTB.

Hanpumep, ecrm A={1,2,4}, B={3,4,5,6}, 10 AU B ={1,2,3,4,5,6}

Ilepeceuennem (npousBeeHUEM) MHOXKeCTB A U B Ha3biBaeTcs MHOXeCTBO A ( B, 31eMEHTHI KOTOPOTo IpUHAUIEKAT Kak
MHOXXECTBY A, TaKk 1 MHOXKECTBY B.

Hanpumep, ecmn A={1,2,4},B={3,4,52},To ANB={2,4}

Pa3HocThIO MHOXECTB A U B Ha3sbiBaeTcss MHOXKeCTBO AB, 311eMEHTBI KOTOPOro NMpPUHAUIEKAT MHOXKECBY A, HO HE NMpPUHAUIEKAT
MHOXeCTBY B.

Hanpumep, ecmn A={1,2,3,4}, B={3,4,5}, To AB= {1,2}

CHMMETpHYHOH pa3HOCTBIO MHOXKECTB A 1 B HaspiBaeTcst MHOXKeCTBO A A B, siBisttonieecst o0beIHEHNEM pasHocTel MHOXKeCcTB AB
u BA, To ectb A A B=(AB) U (BA).

Hanpumep, ecnu A={1,2,3,4}, B={3,4,5,6}, 10 AAB={1,2} U {5,6} = {1,2,5,6}

Ceoticmea:
CBoiicTBa MIEPECTaHOBOYHOCTHU:
AUB=BUA
ANB=BNA

CO‘{eTaTCJ’ILHOC CBOﬁCTBOI
(AUB)UC=AU(BUC)
(ANB)NC=ANBNC)
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Kpyru Oiinepa (Diinepa-Bena) — reomerpuueckass cxema, C IOMOIIBIO KOTOPOH MOXHO H300pa3UTh OTHOLICHHS MEXIY
HOJIMHOXKECTBAMH, [T HATJIAAHOTO TIPE/ICTABICHHUS.

Ilpumep: Cpenu MIKOIBHUKOB MIECTOTO KJIacca IPOBOAMIOCH aHKETUPOBAHHE 110 TIOOUMBIM MynbTdhuIbMaM. CaMbIMU HOITYIIPHBIMU
okazamuch Tpu MynbThmibMa: «bemocHexxka u cemb rHOMOBY, «I'yOoka bo6 Ksanparusre Illtans, «Bonk u TeneHox». Beero B kmacce 38
4enoBeK. «benocHexKy M ceMb THOMOBY» BbIOpanu 21 y4eHHK, CpeAn KOTOPBIX Tpoe Ha3Baiu enie «Boik u TeneHok», mecrepo — «I'yoka bob
Ksanpatnsie 1llTans», a oquH Hamucal Bce TpU MynbTomibMa. MynbTounsM «Boik u TeneHok» HazBamu 13 pebsT, cpenyu KOTOPBIX ISTEpO
BBIOpay cpasy iBa MyabTdunpMa. CKOIbKO YenoBeK BEIOpamu MynbThunsM «Iyoka bo6 Keanparusie IlITanbn?

Pewenue: B o10ii 3amaue 3 MHOXKECTBa, U3 YCJIOBHil 3aa4d BHIHO, YTO BCE OHM HepeceKaroTcs Mexay coboit. ITomyuaem Takoit

YEePTEK:
"benocHexka "I"y6Kka bo6
U cemb rHomoe" KeaapaTHele WTaHbL"
"Bonk u TeneHok"
YuuthiBas YCJIIOBHE, YTO Cpean peG}IT, KOTOPBIE Ha3BaJIk MyJH;TCbPIJH)M «BoJIK U TeIIeHOK» ATEPO BBI6paJII/[ Cpasy aBa MyJ'IBT(bI/IJ'IBMa,
MoJry4yaem:
"benocHekKa "y6ka bob
U cemb rHomoe" KeaapaTHele WTaHLI"

%

"Bonk 1 TeneHok"

21 -3 -6—1=11 - pebsar BrIOpann TONBKO «BETOCHEXKY 1 CEMb THOMOBY.
13-3-1-2=7— pebar cMoTpAT TONbKO «BONK 1 TeneHOK».
TTomyuaem:

"BenocHexka "INy6ka bob
U cemb rHomoe" KeanpaTHele wraHer"

\V/

"Bonk u TeneHok"

38-(11+3+1+6+2+7)=8—genoBek cmoTpsT ToIbKO «['yoka bo6 KBanparusie LlITans.
Jenaem BriBoz, uTo «I'yOKa Bob6 KBanpatusie llITans BeiOpamu 8 +2 + 1 + 6 = 17 yenosexk.
Ortser. 17 yenoBex BoIOpany MynbTguibsM «I'yoka boo Ksanpatusie IllTans.

CopepixaHue NPaKTHYeCKOi padoThbI
3ananue 1. 1) Haittu muoxxectBa ANB, AUB, A/B, B/A, ecnu:
a) A={e, 0, p, x} B={x, y}
6) A={x: -3<x<4} B={x: 0<x<6}
B) A={2"+1}, B={n+1} neN

2) Haiitu muoxectsa ANB, AUB, A/B, B/A, eciu:
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a) A={12, 13, 14, 15} B={12, 14, 16}
6) A={x: 0<x<2} B={x: 1<x<4}
B) A={3-(n+1)}, B={n+5} neN

3apanme 2. 1) Ha 1 kypce yuatcs 200 ctymenTtoB, 106 U3 HUX 3HAIOT aHTJIMICKUHM s13bIK, 60 — HeMeukuit, 92 — gpaHiy3ckuil. 24 cTyaeHTa 3HAIOT
AQHITIMACKUI M HEMELKHU# s13bIkH, 36 — aHrmiickuil U ¢panysckuii, 30 — Hemeukuit U ¢panysckuii, 14 — Bce Tpu s3biKa. OCTaNbHBIC 3HAIOT
TOJIBKO OJIMH MCTIAHCKHIA 13BIK. CKOJIBKO CTYIEHTOB 3HAIOT:

a) TOJIbKO OJIMH SI3bIK?
0) UCTIAHCKUIT S3bIK?
B) TOJIBKO HEMEIKHIA S3BIK?

T) 3HAIOT aHJIMHACKUI 1 HEMELKH, HO HE 3HAIOT QpaHIy3CcKuii?

2) Ha 1 xypce yaarcst 200 crymenToB, 106 13 HEX 3HAIOT aHIVIMHCKHIT sA3bIK, 60 — HeMenKui, 92 — ppaHIy3cKkuil. 24 CTy/IeHTa 3HAIOT aHTJIMHCKAH
W HEeMELKHH s13bIKH, 36 — aHrmiickuil U (panmysckuii, 30 — HemeuKkuit 1 Gppaniy3ckuii, 14 — Bce Tpu s3bika. OCTANBHBIC 3HAIOT TOJIBKO OJMH
uCIaHCKuil s13bIK. CKOJIBKO CTYIEHTOB 3HAIOT:

a) POBHO JIBa 53bIKa?
0) TONBKO (PpaHITy3CKHIA A3BIK?
B) 3HAIOT HEMELKHI U (DPAHIY3CKHUii, HO HE 3HAIOT AHTITUHCKHIA?

T') HE 3HAIOT UCTIAHCKUH S3bIK?

IIpakTuyeckas padora Ne 9, 10, 11 «Popmy.ia noJiHoii BeposiTHocTH. Popmya Beiieca. [IoBTOpHBIC H He3aBUCHMbIE HCTILITAHUS.
Ipocreiimuii moTok codbiTHii M pacnpenenenus Ilyaccona. luckperHas u HenpepbIBHas ciIy4aiinbie BeJM4nHbl. Criocod 3ajanus
JAMCKPeTHOIi BeTHUHHbL. UHc/I0BbIe XapaKTePUCTHKH JHCKPETHOI ciIy4aiiHoii BeTHUHHbD)

Hesb: chopmMupoBaTh yMEHHE PEIIaTh 3aJa4l Ha HAXOXKACHHE BEPOSTHOCTEH.
TeopeTuyeckue cBeleHUs K NPAKTHYECKO# padoTe
Knaccuueckoe onpedenenue seposimuocmu
Paznen MmareMaTHKu, H3y4alOMIUii 3aKOHOMEPHOCTH CITy4allHbIX COOBITHH, HA3bIBACTCS TEOPHEH BEPOITHOCTEH.
BepositHOCTBIO P(A) COOBITHS A B HCIBITAHHM C PAaBHOBO3MOXKHBIMH JJIEMEHTAPHBIMH HMCXOAAaMH HAa3bIBAIOT OTHOIICHHE YHClIa
HCXOJIOB M, OJIaronpHATCTBYIOMIMX COOBITHIO A, K YHCIYN BCEX UCXOJOB UCIIBITAHUSL.

m
P(4) = —
n
IIpumep 1: B maptun u3 30 MukcepoB 2 GpakoBaHHBIX. HaiiT BepoSTHOCTh KyIHUTh HCIIPABHBIA MHUKCED.
n=30m=30—2=128
28 14
P =

30 15
AKCHOMBI BEpOSITHOCTEH:
KaxmoMy cOOBITHIO A MOCTaBJIEHO B COOTBETCTBHE HEOTPHIATENbHOE YnCIo P(A), Ha3pIBaeMOe BEPOSITHOCTBIO COOBITHS A.
Ecnu coObiTust Ay, A; ... monapHo HecoBMeCTHBI, TO P(A1+Az+...)=P(A1)+P(A2)+...
CBoiicTBa BEpOSTHOCTEH:
BeposTHOCTE HEBO3MOXKHOTO COOBITHS paBHa HYIt0 P=0.
BeposTHOCTH JOCTOBEPHOTO COOBITHUS paBHa equHHIe P=1.
BeposaTHOCTH NPOM3BOIBHOTO CIIyIaifHOro coOBITHs A 3aKimoyaercst Mexay 0 u 1: 0<P(A)<I.
Ilpumep 2: V3 34 sk3aMeHALMOHHBIX OHJIETOB, MPOHYMEPOBAHHBIX C MOMOLIBIO yuced OoT | mo 34, Haygady W3BICKACTCS OMMH.
KakxoBa BeposITHOCTB, YTO HOMEp BBITSHYTOTO OMIIETa €CTh YHCIIO0, KPATHOE TPEM.
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Pewenue: Haiinem kommuectBo urcen ot 1 1o 34, kpatHeix Tpem. Jto uucna 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33. Bcero Takux uucen

11
34

CoObiTust A M B Ha3bIBalOTCSA COBMECTHBIMH, €CIM OHH MOTIYT OJHOBPEMEHHO IPOM30MTH, M HECOBMECTHBIMH, €CIH IIPU
OCYILECTBICHUH OTHOTO COOBITHS HE MOXKET IIPOU3OITH APYTOE.

Co0biTist A 1 B Ha3bIBAalOTCSI HE3aBHCHMBIMH, €CJIM BEPOSITHOCTh HACTYIUICHHS] OZHOTO COOBITHS HE 3aBHCHUT OT TOrO, MPOH3OLILIO
JIpyroe coObITUE WIIU HET.

BepO}ITHOCTB CYMMBI BYX COBMECTHBIX CO6I)ITI/Ii/’I paBHa CyMME€ BCpOﬂTHOCTefI claracMbIX 683 BEPOSITHOCTU TIPOU3BEACHUSA:
P(A+B)=P(A)+P(B)-P(AB)

Ipumep 3: BeposiTHOCTb OpakeHus oquoi mumenn — 0,7, a apyroit — 0,8. KakoBa BeposiTHOCTB, YTO OyAeT Hopa)keHa XOTs Obl OfHA
MHIIIEHb, €CIHU 10 HUM CTPEJSIOT He3aBUCUMO APYT OT ApYyTa.

Pewenue: T.K. COBBITHS COBMECTHEL, T0 [J = 0, 7+ 0, 8— 0, 7- 0, 8= :L 5- O, 56 = 0, 94

BeposTHOCTH CyMMBI IByX HECOBMECTHBIX COOBITHI paBHA CyMMe BepOsTHOCTeH cnaraeMblx: P(A+B)=P(A)+P(B).

11. Takum 0OpazoM, HCKOMasi BEpOATHOCTE [J =

p(Ay+P(A)=1

VcioBHas BEPOSTHOCTb — BEPOSITHOCTD OJJHOTO COOBITHUSL, IIPH YCIIOBHH, YTO APYroe COOBITHE Y)KE IPOU3OLLIO.

BepositHOCTh npou3BeieHus coObITHIl A 1 B paBHa npon3BeIeHNIO BEPOSITHOCTH OJHOIO U3 HUX Ha YCJIOBHYIO BEPOSITHOCTD APYIoro:
P(AB)=P(A)-P(A/B) umu P(BA)=P(A)-P(B/A)

BeposiTHOCTD NpoOM3BENCHHUS JABYX HE3aBUCHMBIX COObITMH A u B paBHAa IpPOM3BEAECHHIO BEPOSITHOCTEH COMHOMXKHTENEH:
P(AB)=P(A)-P(B).

Tpumep 4: B n1Byx KOpoOKax JIeXKaT pydKH pa3HOro nsera. B nepBoi kopoOke — 4 KpacHbIX U 6 YepHBIX, BO BTOPOW — 3 KpacHBIX, 5
CHHUX U 2 4epHbIX. 13 00enx KopoOOK BHIHMMAIOT 110 OJHOM py4ukH. HalTH BEpOSTHOCTD, YTO 00€ PyYKH KpacHbIE.

Pewenue: Haiinem BepOsITHOCTH BBITAILUTD KPACHYIO PYUKY U3 KOXKI0H KOPOOKU

n, =10
m =4

ot
110

4.3_12_
10 10 100

Ilonnas eeposmuocms. Popmyna Baiieca
Ecnu coObiTie A MOXKET MPOM30MTH TOJIBKO HPH BBIIOJIHEHUH OAHOTO U3 coObiTuid Hi, Hy, ..., KOTOpBIE 00pa3yloT MOJHYIO TPYyNITy
HECOBMECTHBIX COOBITHIA, TO BEPOSITHOCTE COOBITHS A BEYHCIIIETCS IO hopMmyIie

P(A) =p(H,)-p(A/H,) +p(H,) - p(A/ H,) +p(H,) - p(A/ H,) +...

Ota Gopmyra Ha3bIBACTCs (POPMYIION TTOTHOI BEPOSITHOCTH.

0,12

Tor/ia BEpOATHOCTB TOTO, 4TO 06e pydky kpacupie: ) = [ - P, =

Ecnu BeITIONHSIOTCS BCe ycioBus, HMEIOLIUE MECTO 1T (l)OpMyJ'[BI TIOJTHOW BEPOSITHOCTH, H p(A) * ()7 TO BBITIOJIHACTCS

PpaBeHCTBO, Ha3bIBaeMoe GopMyitoii baiteca:
P(A)

IIpumep 1: B nepsoit maptun 20 mamm, Bo Bropoi — 30 mamm u B TpeTbeit — 50 mamm. BeposTHOCTH TOr0, 4TO MpOpaboTaeT 3a1aHHOEe
BpeMsi, paBHa Juii nepBoii naptuu 0,7, 1us Bropoit — 0,8 u anst tperseid maptun — 0,9. KakoBa BepOsSTHOCTB TOTO, YTO Haynady B3sTas JlamIia
npopaboTaeT 3agaHHoe BpeMs? HailTu BeposiTHOCTB, 4TO 3Ta JaMIa NPHHAUICKUT NEepBOil mapTuu?

Pewenue: TTyctb coObITHEe A — Hayady B3sTast JlaMIia IpopaboTaeT 3a1aHHOe BpeMsl.

Torna, mycts Hy — namna u3 nepBoit naptuu, H, — namna u3 Bropoii naptun 1 Hz— namna u3 tperbeit naptuu. Torna coOsitie A/Hy —
JlaMma M3 MepBoi mapTuu npopaboTaer 3anaHHoe Bpems, A/H, — namma u3 BTOpoii maptuu nmpopaboTaer 3anaHHOe Bpems U A/H; — nammna u3
TpeThel mapTuu npopaboTaeT 3aaHHOe BpeMs. Halinem BeposTHOCTH
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n=20+30+50=100
20
H,)=——=0,2
p(H,) 100

EY

=0,3
100

p(H,) =

50
Hy)=—=0,5
P(Hs) =100

p(A/H,)=0,7

p(A/H,)=0,8

pP(A/H,;)=0,9

P(A) =p(H)-p(A/H,) +p(H,)-p(A/H,) +p(H,) - p(A/H,) =
=0,2-0,7+0,3-0,8+0,5-0,9=0,14+0,24+0,45=0,83
Teneps, ucnone3yst hopmy.ty baiieca HaiiemM BEpOSTHOCTH TOTO, YTO 3T JIAMIIA IPUHAICIKHUT EPBOM MAPTUH

H,) -p(A/H 0,2-0,7

p(A) 0,83
Ipumep 2: Imerotcs 3 oMHAKOBBIC YPHBL. B mepBoii ypHe HaxoasaTcs S5 OeNbIX U 7 YEpHBIX IIAPOB, BO BTOPOM — TOJIBKO Oelbie U B

TpeThel — TOJbKO YepHble. Hayran BolOMparoTcs ypHa v U3 Hee u3BJieKaeTcs ofuH 1ap. KakoBa BEpOsSTHOCTb, YTO TOT 1ap Oesnblit?

Pewenue: TTycth coObITHE A — U3BJIEKAeTCS OENBIN mIap.
Torna, mycts H; — map n3 nepsoii ypusl, H, — map u3 Bropoii ypasl u H; — map u3 tperseii ypHbl. Torna coositie A/H; — Gernblif map

u3 nepBoii ypusl, A/H, — Gestplit map u3 Bropoit ypusl u A/Hz — Oenblii miap u3 TpeTbeii ypHbl. Haiizem BepostHOCTH

p(Hl) =

p(H2)=

p(H3) =

WlFk Wl Wik

5
12

p(A/H,) =1

p(A/H;)=0

P(A) =p(H,)-p(A/H,) +p(H,) -p(A/ H,) +p(H,) -p(A/ H,) =
15,1, 1,5 117

312 3 3 36 3 36

P(AVH)) =

Dopmyna bepnynnu
1)  BeposTHOCTB TOTrO, YTO COOBITHE A HACTYIIHT POBHO M a3 NP NPOBEACHHH N HE3aBUCHMBIX HCIIBITAHNMH, KaX/IbIH U3 KOTOPBIX

MMeeT POBHO JIBa UCXO/1a Beraucsierest o gopmyine Beprymu Pn (m) = Cnm pm (1— p)n—m ,m=0,1,2,...,n

Ilpumep 1: BeposITHOCTH BBIUTPHIIIA MO0 OJHOMY JIoTepeiHoMy Omiery paBHa 0,2. HaiiT BeposSTHOCTB, 4TO U3 6 MPHOOPETEHHBIX

OMIIETOB 2 OKaXKyTCsl BHIMTPBILITHBIMHL.
Pewenue:

p=0,2
n=6
m=2
6!
P(m)=C ' p"1-p)"" = Cg 0,2°(1-0,2)°%?% = M-0,04-0,84 ~ 0,246
2)  BepoATHOCTb HACTYIUICHHS COOBITHA A XOTA ObI OJMH pa3 IpH HpOBe):[eI-{I/II/I -n HE3aBUCHUMBIX MCIIBITAHHIL, YIOBIECTBOPSIONIIX

cxeme BepHyiun, paBHa Pn (m 2> 1) =1- qn 4= 1- p

Ilpumep 2: Tlpubop COCTOMT M3 LIECTH DJIEMEHTOB, paOOTAIOIINX HE3aBHCHMO APYr OT Ipyra. BeposTHOCTh 0e30TKa3HOW paboThI
Ka)X7I0ro dJIEMEHTa 3a ompezencHHoe Bpems pasHa 0,6. st Ge3oTka3zHol paboTel mpubopa HEOOXOIUMO, YTOOBI XOTsI OBl OJUH 3JIEMEHT ObUT
ucnpaseH. KakoBa BEpOSTHOCTb, 4TO 32 JaHHOE BpeMs mpubop Oyner padoraTh 0e30TKa3HO?

Pewenue:
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p=0,6= g=0,4

n=6

m=>1

P,(m>1)=1-0,4° ~0,9959

3) BeposTHOCTH HACTYIUICHHSI COOBITUSI A XOTSI ObI OfMH pa3 MpH IPOBEACHUM N HE3aBUCHMBIX HCIBITAHUI, yIOBICTBOPSIOMIAX
cxeme  bepHymm, HacTymuT He MeHee M; wm  He Oojmee M, pa3  BbUMCHAeTcs 1O (opmyie

Pn(mISmSm2)=ZPn(m)
m

Tlpumep 3: Haiit BepOsTHOCTb OCYIIECTBICHHS OT JIBYX JI0 YETHIPEX Pa3roBOPOB 110 TeJe(OHY NPU HAOIIOCHNM IIATH HE3aBHCHMBIX

BBI30BOB, €CJIM BEPOATHOCTb TOT'O, YTO Pa3roBop cocroutcs, pasHa 0,7.
Pewenue:

p=0,7

n=>5

2<m<4

P(2<m<4)=C.0,7°(1-0,7)>*+C}.0,7°(1-0,7)>° +C{-0,7*(1-0,7)>* ~ 0,801

4) HanBepoxTHeﬁmee 3HA4YCHHE Mo YHuCJia HACTYIUICHUS cobbITHST A IIpUA NPOBEACHUM N MOBTOPHBIX HE3aBUCHUMBIX HCHBITaHHﬁ,

np—gq<m,<np+p
np—(1-p)<m,<np+p

yIoBIeTBopsiIomux cxeMme bepHyiu, Beraucisercs no popmyie

IIpumep 4: Marazun nonyuun 50 neraneil. BeposTHOCTh HAJIMUMs HECTAaHIAPTHOW AeTanu B nmaptuu pasHa 0,05. Haiitu naubonee

BEPOSTHOE YHCJIO HECTAHAPTHBIX JIeTalIeH B ApTHH.
Pewenue:

p=0,05
n=50

my,—"?

g=1-p=1-0,05=0,95
50-0,05-0,95<m, <50-0,05+0,05
1,55<m,<2,55
m, =2
Jluckpemuas ciyuainas 6eMuyuna i ee Yicio8ble Xapakmepucmuxiy

Cuyqaitnast BemmanHa X — 3TO 9ucioBas QyHKIHS X=f (C{)I ) , OTpeJieNIeHHasl Ha TPOCTPAHCTBE DIIEMEHTAPHBIX COOBITHH.

Cnyqal?rm,le BCJIIMYWHBI, UMCIOMIUEC CYECTHBIC MHOYKECTBA BO3MOXKHBIX Z’,Ha‘IeHI/II\/'I7 Ha3bIBalOTCA THUCKPETHBIMH. III/ICerTHaH cnyt{ai/’mas{ BCIIMYWHA

OIpEaCICHa, €CJIM M3BECTHBI BCC €€ 3HAYCHUA W COOTBCTCTBYIOIIMEC MM BEPOATHOCTH. CooTHolleHne MEKIAY BO3MOXHBIMHU 3HAYCHUAMH

anaﬁHOﬁ BEJIMIUHBI U COOTBETCTBYIOIIMMU UM BEPOATHOCTSAMH HA3bIBAIOT PACHPEACIICHUEM BepOﬂTHOCTeﬁ C.]'Iy'-laﬁHOﬁ BCIIMYHHBI. Z[J'[ﬂ
n

JIICKPETHOM CITy4aifHON BEIMYMHBI 3TO COOTBETCTBHE MOXKET OBITh 3aIIMCAaHO B BUJIE TAOIHIIBL: Z pi =1

i=1
Xi X1 X2 e Xn
Pi P1 P2 Pn

MareMaTH4ecKuM OXHUITaHUEM (Cpe}IHI/IM 3Haqer—meM) lIHCerTHOﬁ cnyqaﬁﬁoﬁ BEJIMYUHBI X HA3BIBAIOT CyMMYy HpO"SBeI{eHI/Iﬁ BCEX €€

0
BO3MOJKHBIX 3HaYE€HHI HA COOTBETCTBYIOILHE UM BEPOSITHOCTH M (X) = E Xi pi
i=1
Jucnepcueil nuckperHol ciyuaiiHON BenMYuMHBI X Ha3bIBAIOT MAaTEMAaTHUECKOE OXMIAHUE KBaJpaTa OTKJIOHEHUsS CiydailHOH

2 . N
BCJIIMYHMHBI OT €€ MAaTEMAaTUYCCKOI0 OXKHUIAHUSA D(X) = M (X_ M (X)) . [annepcnﬂ JUCKPETHOU CIIYYaWHOU BCINYUHBI BBIYUCTACTCA

o opmymam:
n

(% _m)z Pi

i=1

D(X) =M (X*) - (M (X))*

CpeI[HI/IM KBaApaTUIHBIM OTKJIIOHCHUEM HHCerTHOﬁ cnyqaimoﬁ BCJINYUHBI HAa3bIBAlOT KOPEHb KBaﬂpaTHbIﬁ 3 JUCIIEpCHU

o(X) =/D(X).

D(X)
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Ecmm cnyqaﬁHaﬂ BeMMUYUHA X UMEET OMHOMHUAIBHOE pacnpeneacHue BepOfITHOCTCﬁ, TO
M(X)=np D(X)=npq

Ipumep 1: Crydaiinas BennunHa X 3a1aHa Tabmuueid pacnpeaenenus Bepositnocreid. Haiitu M(X), D(X), o(X).

Xi 2 5 8 9
pi 0,1 04 0,3 0,2
Pewenue:

M(X)=2-0,1+5-0,4+8-0,3+9-0,2=0,2+2+2,4+1,8=6,4
M (X?)=4-0,1+25-0,4+64.0,3+81.0,2 = 45,8
D(X) =45,8—6,4° = 4,84

o(X)=/D(X) =/4,84=2,2

Ilpumep 2: HaliTu MaTeMaTH4ecKoe OXKHMJAHUE U JUCIEPCHIO YUCIA JOTEPEHHBIX OMJIETOB, HA KOTOPbIC BBINAAYT BBIUIPBILIM, €CIU
nprobpereno 100 6ueToB, a BEpOSATHOCTS BEIUTPHIIIA Ha KaX bl Omter pasHa 0,05.

Pewenue:
M (X) =100-0,05=5
D(X)=100-0,05-0,95=4,75

o(X) =+D(X) =/4,75=2,18

CopepixaHue NPaKTHYeCKOi padoThbI
3ananue 1. Mcnonb3ys K1acCHYECKOE ONPEAEICHUE BEPOSITHOCTU COOBITHS, PELINTD CIEIYIOIIUE 3a/1a4H:

1. B kopoOke 4 KpacHBIX, 5 3€JIeHbIX, 8 XKenThIX, 7 Oenbix U 1 uepHblii mwap. HallTu BEpOSITHOCTH BHITALUTh: KPACHBIN LIAp; CUHUI
mrap; OeJblil map; [BETHOM IIap; WK 3eJICHBINH MM OBl 1Iap; He KPacHBIN 1Iap; [I1ap OJHOTO U3 IBETOB CBETO(OpA.

2. B cembe — nBoe aereld. KakoBa BepOsTHOCTB, YTO CTAapIIMi peOSHOK — IEBOYKA, €CIIM M3BECTHO, YTO B CEMbE €CTh AETH 000Ero
nona?

3. Macrep, umesa 10 nmeranei, u3 KOTOpbIX 4 — HECTaHIAPTHHIX, NPOBEPAET AETANU OJIHY 3a JPYToH, MOKa eMy He IONaJercs
cragapTHas. KakoBa BeposTHOCTb, YTO OH IIPOBEPUT POBHO ABE AETaNIH?

4. B ogHoM simuke 3 OenbIx ¥ 7 YepHBIX LIapoB, B IPYTOM SIIUKe — 6 OenbIX U 8 uepHbIX mapa. HallTu BEpOSATHOCTH TOTO, 4TO XOTS
OBl M3 OZTHOTO SIIHKa OyJeT BBIHYT Oelbli map, eciy U3 KaXKI0ro SIUKa BEIHYTO 110 OJHOMY IIapy.

5. 3aTensCcTBO OTIPABUIIO Ta3€Thl B TPU MOUYTOBBIX OTAENCHHS. BeposATHOCTH CBOEBPEMEHHON TOCTAaBKH ras3eT B IepBOE OT/ENEHUE
pasHa 0,9, Bo BTOpOE - 0,7, B TpeThe - 0,85. HaiiTu BeposiTHOCTD CIAEAYIOUIUX COOBITHIL:

a) TOJIBKO OJTHO OTZEJICHHE MOITyIHT Ia3eThl BOBPEMS;

0) XOTs1 OBl O/THO OT/IENICHUE TOJIYYHT Ta3eThl C OMO3AHUEM.

6. B nepBoit ypue HaxonsTcs 12 6enbix v 4 yepHbIX MIapoB, a BO BTOPOit 5 Genbix U 10 yepHbIX mapoB. V3 Ka10i ypHBI BEIHYJIN TO
mapy. KakoBa BeposITHOCTE TOT0, UTO 00a I1apa oKaxyTcsl 4epHbIMI? KakoBa BeposSTHOCTB, 4TO 00a Iapa OKaxxyTcst OembIMu?

7. B maptum u3 25 peraneit Haxonsarcs 8 OpakoBaHHBIX. BBIHMMAIOT M3 mapTWM Hayaady 1Be jerand. OmnpenenuTtb, KakoBa
BEPOATHOCTB TOTO, YTO 00€ JETAIN OKAXYTCS OpaKOBaHHBIMH.

8. IloxOpomieHs! aBe UrpaibHbIe KOCTH. HallTH BEpOSTHOCTE COOBITHS A TOTO, 9TO BBINTAJET XOTS ObI OfHA IIEeCTepKa.

9. HaiiTu BepOsITHOCTb, YTO NPU OpPOCAHHUU UTPATBHON KOCTH BBINAJIET YUCIIO, Oosbiee 4.

10. HaiiTi BEpOSTHOCTB, 4TO NPHU OPOCAHHU UTPATLHONW KOCTH BBIMAAET YHUCIIO, HE MEHbIIee 2 U He Ooubliiee 5.

3ananue 2. Vcrione3ys hopMyisl HONHOM BepoaTHOCTH U baifeca, pemmTs ciemyronye 3a1aqu:

1. Umerotcs 2 oaMHAKOBBIE YpHBL. B mepBoii ypHe HaxonsTcst 7 OenbIX ¥ 3 YepHBIX IapoB, BO BTOPOi — 6 Oenbix U 4 yepHbix. Hayran
BBIOMPAIOTCS YPHA U M3 HEE M3BJIEKASTCs O/IMH 1ap. BoiOpaHHBIN map okasacs 4epHbIM. KakoBa BEpOSTHOCTB, YTO 3TOT LIap U3 2 YpHBI?

2. Jlerany, M3roTOBJISIEMbIE LIEXOM 3aBOJA, IONAJAIOT ULl MPOBEPKHM MX HA CTaHAAPTHOCTh K OJHOMY H3 JBYX KOHTPOJIEPOB.
BeposiTHOCTS TOTO, UTO J€TaNb MOHazeT K mepBoMy KonTpouepy =0,5, ko BTopomy =0,6. BeposTHOCTE TOr0, 4TO roAHas AeTanb OyJaeT MIpHU3HaHA
CTaHAAPTHOH 1mepBbIM KoHTponepoM =0,94, a ropeim =0,92. ['oqHas neranb npyu NpoBepKe ObLIa MpHU3HAHA CTaHAAPTHOH. HaliTi BeposSTHOCTD
TOT0, YTO 3TY JETaJb IPOBEPHII IIEPBBIl KOHTPOJIEP.

3. Umeercst 1Ba Habopa jeraneil. BeposTHOCTH TOTO, YTO JieTallb MEPBOro Habopa cranmaptHas pasua 0,9, a Broporo — 0,8. Haittu
BEPOSITHOCTH TOTO, UTO B3ATasl HAyJady AeTalb — CTAHJAPTHASL.

4. Nmerotcst 3 ouHaKoBble ypHEL. B mepBoii ypHe HaxonaTcss 6 CHHUX M 4 YEPHBIX MIapOB, BO BTOPOH — TOJIBKO CHHHE U B TPETheH —
TONBKO uepHsle. Hayran BeIOupaloTcs ypHa U U3 Hee U3BIIeKaeTcs OAUH map. KakoBa BEpOsTHOCTD, UTO 3TOT IIap CUHUI?

5. NmetoTces 2 oquHakoBbie YpHBL. B niepBoii ypHe HaxonsaTcs 7 O0enbIX U 3 uepHbBIX IapoB, BO BTOPOil — 6 Oenbix u 4 uepHbIX. Hayran
BBIOUPAIOTCS ypHA U U3 Hee U3BJIEKaeTCsl OAUH Iap. BEIOpaHHEII map oka3ascs 4yepHbIM. KakoBa BEpOSTHOCTB, UTO 3TOT HIap u3 1 ypHbI?

3ananne 3. Vcnone3ys hopmyny BepHyutH, pennTh Cleayronue 3a1aqm:
1. BeposATHOCTH TOTO, YTO PACXOA INIEKTPOIHEPTUH HA MPOAOIDKEHHH OJHHX CYTOK HE HPEBBICHT yCTAaHOBICHHOU HOpMEI paBHa 0,75.
HaiiTi BeposSTHOCTB TOTO, 4TO B OJMbKalIIKe 6 CYyTOK pacXo[] JJIEKTPOIHEPTHHU B TEUSHNE 4 CYTOK HE MIPEBBICUT HOPMBI.

2. Haiitn BEPOSATHOCTh OCYIICCTBJICHUSI OT OAHOTO OO0 TPEX pa3roBOPOB IO Te.TIe(bOHy npu Ha6J’IIOZ[€HI/II/I ICCTH HC3aBUCHUMBIX BBI3OBOB,
€CJIU BEPOATHOCTH TOI'0, YTO pa3roBOp COCTOUTCH, paBHA 0,6

3. [Ipubop COCTOUT W3 ISTH DJIEMEHTOB, BKIIOUEHHBIX B IIENb MapaUleNbHO U padOTAIomUX HE3aBHCHMO JAPYT OT Apyra. BepostHocTh
6e30TKa3HO paboThl Kaxxaoro dmeMenTa 3a Bpemst T paena 0,5. Jlnst 6e3aBapuiiHoil paboTsl mpuboOpa AOCTATOYHO, YTOOBI XOTS OBl OJHH
3J]IeMeHT ObLI UcnpaBeH. KakoBa BepoATHOCTB TOro, 4To 3a BpeMs T npubop Oyznet paborats 6e30TKa3HO?
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4. BeposATHOCTB BBIMIPHIIIA O OJHOMY JIoTepeitHoMy Omiery =0,3. KakoBa BepoATHOCTb TOTO, YTO M3 CEMH MPHOOPETEHHBIX OHICTOB TPH
OuiieTa OKaXKyTCsl BBIUTPBIIIHBIMU?

5. Marasun nonyuuin 40 neraneid. BeposTHOCTbh HamMuKs HECTaHIAPTHOM Aeranu B naptuu pasHa 0,04. Haiitu Hanbosee BeposTHOE YUCIIO
HECTaHJAPTHBIX JIeTaleil B 3TOM MapTHu.

6. BepodTHOCTh M3rOTOBJICHUS Ha aBTOMAaTHYECKOM CTaHKe CTaHIApTHOH Aeramu pasHa 0,8. Haiinsd BeposATHOCTH BO3MOXKHOTO UHCIIA
HosiBIIeHHsl OpaKkoBaHHBIX JeTaneil cpexu 5 OTOOpaHHBIX, HAHTH HaWBEPOSATHEWIEe UHCIO IOSBICHUS OpaKoBaHHBIX JeTaneil u3 5
0TOOpaHHBIX, YKa3aB €ro BEPOSATHOCT.

7. CKOIBbKO pa3 HEOOXOAMMO IOAOPOCHTH HIPATBHYIO KOCTh, YTOOBI HAUBEPOSTHEHIIIee BEIIaJeHHEe TPOHKH ObLI0 paBHO 107

8. Jlnst JaHHOTO YJacTHUKA HIPHI BEPOSITHOCTH HAOPOCUTH KOIbI0 Ha Kombiiek =0,3. KakoBa BepOsTHOCTb TOr0, UTO IPH HMIECTH Opockax 3
KOJIbI[a OKaXKyTCsl Ha KOJIbILIKE?

9. Ha camonere nMeroTcs 4 OMHAKOBBIX ABUraTels. BeposTHOCT, HOpMalbHOI paboTHI KaXJOro ABUraTels B Ioiere paBHa p. Haiitu
BEPOSTHOCTH TOTO, YTO B IIOJIETE€ MOT'YT BO3HUKHYTH HEIIOJIAKH B OJJHOM ABHUTaTele.

10. BeposarHocTh 0TKa3a Kaxjoro npudopa npu ucnsitanuu pasHa 0,4. Uro BeposiTHEE 0XKMIATh: OTKA3 JBYX NPUOOPOB IPU UCIIBITAHUK
YeThIpEeX MM 0TKAa3 TPeX MPHOOPOB IPH HCIBITAHUHN HIECTH, €CIIH IPUOOPHI HCIBITEIBAIOTCS HE3aBHCHMO JPYT OT Jpyra?

11. BeposTHOCTb TOTO, YTO Ha HEKOTOPOM IPEANPHATHH PAcXo] dJIEKTPOSHEPTrHU He IPEBBICUT CyTouHOI HopMbl paBHa 0,8. Kakoa
BEPOATHOCTb TOTO, YTO B TCUCHHE IIATH PAOOUHX JHEH U3 CEMHU IIepepacxo/ia AEKTPOIHEPrun He Oyner?

3ananue 4. Haiity uncioBble XapaKTEPUCTUKY JUCKPETHBIX CIIyJalHBIX BETHIUH:

1. HaiiTu MaTeMaTHueCKOE 0KMJAHUE CIydailHOM BeIMUYMHBI X, 3Has 3aKOH €€ pacIlpe/Ie/IeHus:

Xj 3 5 2

pi 0,1 0,6 0,3

2. BeposiTHOCTB momagaHus B LIeNb NpH cTpenbbe n3 opyaust 0,6. Halitn MaTemaTHdeckoe oXupaHHe OOIIEro 4Kcia IONaJaHui, eciy
Oyner npou3sBeneHo 10 BbICTPEINIOB.
3. Haiitu pucnepcuio ciydaiiHOM BeIHUMHBI X, KOTOpas 3a/laHa CIEAYIOIINM 3aKOHOM PaCIIpeeNIeHUs

Xi

1

2

5

pi

0,3

0,5

0,2

4. HaiiTn tucniepcuio

CITydaifHON BemMunHBI X, KOTOpas 3a/laHa CIEAYIOIINM 3aKOHOM paclpee/ICHUs:

Xi

2

3

5

0,6

0,3

pi 01

5. INpousBoautcs 10 HE3aBUCUMBIX MCHBITAHUMN, B Ka)KIOM M3 KOTOPBIX BEPOSITHOCTD TOSBICHUS coObITUs paBHa 0,6. Haiiti nucnepcuro
CIy4aifHO# BETHYMHBI X — YHCIIa HOSBICHHS COOBITHS B 9THX HCIBITAHHUSX.
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4. KoHTpO/1bHO-01IeHOYHBIe MAaTePHAJIbI JIsI HTOTOBOIi ATTECTAIMH 10 Y4eOHOH AHCIHIIIHHE
B pesynbrare aTTecTaly Mo y4eOHOH JUCIUILIMHE OCYIIECTBIISETCS KOMILIEKCHAs IPOBEPKa CIEAYIONMX YMEHUH 1 3HAHMI, a TaKkxKe
JMHAMHKa (POPMHUPOBAHUS OOIINX KOMIETEHIUH.
OueHKa OCBOCHHS y4eOHON IMCLMIUIMHBI OCYIIECTBISETCS C HMCIIONB30BAHHEM CIEAYIOIHUX ()OPM M METOHOB: (PPOHTAIBHBIN U
UHJVMBHIyalbHBIH ONPOC BO BpeMs ayJHTOPHBIX 3aHATHH; KOHTPOJBHBIE M TECTOBHIE 3aJaHHS IO TeMaM y4eOHOH NUCIMIUIMHBL, IIPOBEJCHHE

MPAaKTHYECKUX PaboT.
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Jluer corjiacoBaHust

JonoHeHus: U u3MeHeHus1 K komiiekTy KOC Ha y4yeOHbI# roa

JlonomHeHMs u W3MEHEHHUS K KOMIUIEKTY KOC Ha yueOHbI jyoi mo JACIUTUTHHE

B komrutekT KOC BHECEHBI CIIEAYIOLINE U3MEHEHUS:

JlononHeHus U U3MEHECHUS B KOMILIIEKTE KOC 00CYXIeHBI Ha 3aceqaHnN TIHK
« » 20 T. (mpoTokoi Ne ).
Tpencenarens TILK / /
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