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1. TACIOPT KOMILIEKTA KOHTPOJILHO - OIEHOYHBIX CPEJICTB MO
YYEBHOW JJUCLUATIIMHE
EH.01 MATEMATHKA

1.1. O01mue mMoJ10:KeHUA

KoHTposibHO-01I€HOUHBIE
00pa3zoBaTeNbHON MpOorpaMMbl 1O CHEIUATBHOCTU
arperaToB M CHCTEM aBTOMOOWJIe W paboueld MpPOrpaMMbl

JIBUTaTENCH,

CpPCaCTB

EH.01Marematuxka.

KonTtponrHo-onieHouHble cpencTBa (nanee - KOC) npeaHasHayeHbl 111 KOHTPOJIS U OLEHKHU
00pa30BaTENbHBIX JOCTHKEHUN OOY4YarOIIUXCS, OCBOUBIIUX MPOTrpaMMy Y4eOHOU IUCHUILIMHBI
EH.01 Marematnka. KOC BKIIOYaIOT KOHTPOJBHBIE MaTepUANbl IS TPOBEICHUS TEKYIIETO
KOHTPOJISL U IPOMEKYTOUYHOM arrectaunu B popMme audhepeHurnpoBaHHOrO 3a4eTa.

pa3paboTaHbl B

COOTBETCTBUH C TpeOOBAHUSIMH
23.02.07 TexHuueckoe 0OCITY>KUBaAHUE

2. PE3YJbTATHI YCBOEHUS YYEFHOM JUCIHUIIJIUHBI

B pe3ynbTaTe OLEHKH OCYIIECTBIISIETCS IPOBEPKA CIEAYIOMINX OOBEKTOB!

MaTpHUIlAMU U OTIPEICTUTEIIAMU;
Pemate 3amaun Ha BBIYHCIICHHE
BEPOSITHOCTH C MCIOJIH30BAHUEM
AJIIEMEHTOB KOMOMHATOPUKH;
Pemate mnpukiagHple 3amadu
UCITOJIb30BAaHUEM DIIEMEHTOB
nuddepeHnranbHOTO u
MHTErPAJIbHOT'O UCUUCITICHU;
Pematp

CHCTEMBI JIMHEUHBIX

YPaBHEHHM pa3IMYHBIMU

MCTOJaMU

Kon IIK, OK YMenus 3HaHus

OK 01-06, AHanu3upoBaTh CJIOJKHEIE OCHOBHEIE MaTeMaTHUYECKHE METOIIBI

IK 1.1-1.3 GyHKIMM W CTPOUTh  MX | PEIICHUS NPUKIAAHBIX 33]1ay;

[K 2.1-2.3 rpaduku; OCHOBHBIE  TIOHATHSI U  METOHBI

IIK 3.1-3.3 BrimmoaHaTh JICUCTBUS HaJ | MaTEeMaTHYECKOI0 aHaJiM3a, JIMHEHWHOM

[1IK 4.1-4.3 KOMIUIEKCHBIMH YHCJIaMU; anreOpbl, TEOPUI0 KOMIUIEKCHBIX YHCEIl,

[IK 5.1-5.4 | Bpraucnarsb 3HA4YE€HUS | TEOpUU BEPOATHOCTEMN U

IIK 6.1-6.4 T€OMETPUYECKUX BEIIMYMH; MaTeMaTUYECKOM CTaTUCTHUKHU,
[IpousBoauTh,  OmEpalvu  HaJ OCHOBBI WHTETPaIbLHOTO u

mudpepeHInaIbHOr0 HCUUCIICHHUS;

Ponrrp ®w MecTO MareMaTUKH B

COBPEMCHHOM MHpPE TIPH OCBOCHUU
npo(PECCHOHANIBHBIX JIHUCHMIUIMH W B
chepe

JCATCIIBHOCTH.

podheCCHOHATBHOM

UCHUAILINHEI




3. KOMIIVIEKT KOHTPOJIBHO - OHEHOYHbIX CPEJICTB

3.1. 3agauus I oneHKH OcBOeHUS TeMbl 1.1 «DyHKIMA 01HOW He3ABUCUMON
nepeMeHHO’ 1 ee xapakTepucTuk.» (Pa3zgea 1 «MaTeMaTHYeCKU aHAJIN3»)

IIpakTnyeckoe 3ausitue Nel
«llocTpoenue rpapukoB peaabHLIX GVHKIMHA ¢ TOMOIILI0 TeOMEeTPHYECKUX
NPeoopPa3Z0BAHUI

Heab: pacmmpuTh TPENCTaBICHHE O MpHEMaX MOCTPOCHUS TpaduKoB, 000OIIUTH BCe
UMEIOIIMeCs] 3HaHWUS 00 OdJIEMEHTapHbIX QYHKIUAX, WX rpadukax, crmocobax 3amaHus,
(dbyHKIIMH, 00J1aCTH OTIpeIeICHUS U 00JIaCTH 3HAUYCHHIA.

OoOpa3oBareiibHbIE pe3yJbTaThl, 3asiBjeHHbIe B PI'OC:

CTyneHT nomKeH

YMETB:
MOCTPOUTH TpapvK HE TOJIBKO ANEMEHTAPHBIX PYHKIUH, HO U 00JIe€ CIOKHBIX.
MIPUMEHSTh TEOMETPUYECKUE NTPEOoOPa30BaHUS PU OCTPOEHUU I'paUKOB PyHKIUN

3HATh:

MOHSTHE YUCIOBOU (QYHKIIUU

o0xacTh onpezesneHus QyHKIUH,

00nacTh 3HaueHUs1 QYHKIIHH,

aprymMeHT QyHKIINUH,

rpaduk GyHKIUH,

reOMETPUYECKUE MTPEOOPa30BaAHMUS.

Teopernueckue cBeieHUs K NPAKTHYECKOUH padoTe

B uncTom BHie OCHOBHBIC JIeMEHTapHbIC (DYHKITMU BCTPEUAFOTCS, K COXKAICHHIO, HE TaK YacTo.
['opa3zno wamie NpuUXOgUTCSs UMEThH JIENIO C DJIEMEHTAPHBIMU (PYHKIUSMHU, TIOJYYCHHBIMU W3
OCHOBHBIX 3JIEMEHTApPHBIX MPU MOMOINU J00aBlIeHUs KOHCTAaHT U Koddduimentos. ['paduxu
TakuX (YHKIUNA MOXHO CTPOUTH, MPUMEHSSI TEOMETPUUYECKHE MpeoOpa3oBaHUs K Tpadukam
COOTBETCTBYIOIIUX OCHOBHBIX DJIEMEHTAPHBIX (PYHKIUH (UM MEPEXOIUTh K HOBOM CHCTEME

" 2
v =—l[x +:\! +2

3 3/ MpEeJCTaBIsACT CcO00i

koopauHat). K mpumepy, KBagpaTuuHas (QyHKIUS
KBaJpaTH4HyI0 napadony ¥~ % | CKAaTyio BTPOE OTHOCHTENLHO OCH OPAMHAT, CHMMETPHYHO
0TOOPaKEHHYI0 OTHOCHTEIBLHO OCH aOCHIUCC, CABMHYTYIO IIPOTHB HAIpaBIEHHsS 3TOM OCH

Ha 2/3 ¢IUHUIIBI U CABUHYTYIO TI0 HAITPABJICHUIO OCH OpJIMHAT Ha 2 ¢IMHUIIBI.


http://www.cleverstudents.ru/elementary_functions/basic_elementary_functions.html
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JlaBaiite ~ pasOepemMcsi B JTHX 2eoMempuyeckux  npeoopazosanuax _ zpaguka
@yHKYuu IONIaroBo Ha KOHKPETHBIX ITPHMEpaXx.
C moMoIIp0 reoMeTpUIecKX mpeodpazoBanmii rpaduka Gyakuuu f(X) Moxer OBITH TOCTPOCH

rpadguk 000N (GyHKIMM BUIA £k flzk, (x+a))+b , Tne k> 0.k, >0 KO2(DPUITMEHTBI
CKaTUS (mpu 0<k <0<k, < 1) 158105 pacTsIKECHUS (npu b >1.k > 1) BJIOJIb
k

oceit 0y ¥ OX COOTBETCTBEHHO, 3HAKH «MHHYC» Tiepes koddduimenramu *1 u k, YKa3bIBaIOT Ha
CUMMETPHYHOE OTOOpaKeHHE TpadrKa OTHOCUTEIHLHO KOOPIUHATHBIX OCEH, a U D onpenensor
CIABUT OTHOCHUTEIIBHO OCEH abCIUCC U OpJIMHAT COOTBETCTBEHHO.
T'eomempuueckue npeodpazosanus zpapuka ynkuyuu:
[lepBolit BUA - Macwmadbuposanue (CkaTue WIM PaCTSHKEHHE) BAOJb Oced abciuce u
OpIUHAT.

ky

Ha nHeoOxonuMocTh MacmITaOMpOBaHUS YKa3bIBAIOT KOI(PPUIMEHTH ™! U ke, OTJINYHBIE OT

0<k <0<k <1

CAUHUIBI, CCJIU , TO TIPOUCXOJUT CKATHC Fpa(l)I/IKa OTHOCUTECIBHOOY U

ke =1k, =1

pPacCTSHKCHUE OTHOCHTEIIBHO OX , CCIIH

OpJIMHAT M C)KATHE BIOJIb OCH abCIIHCC.
Bropoit  BHI - cummempuunoe  (3epKaibHoe)  omodpadcenue  OmHOCUMENbHO

KOODOUHAMHBIX OCElL.

Ha wHeoOXxomumocTh 3TOro  mnpeoOpa3oBaHMsl — YKa3bIBAIOT 3HAKH  «MHHYC»  IEpes

, TO IIPOU3BOIHNM PACTAKCHHC BAOJIb OCHU

ko3 uimenTamu kl(B TOM Clly4ae CHUMMETPUYHO OToOpaxkaeM TIpaduK OTHOCUTEIBHO

OoCH OX ) k, (B 9TOM Cilyyae CUMMETPUYHO OTOOpakaeM rpaduk OTHOCUTEIBHO ocu 0Y). Eciu
3HAKOB «MHHYC» HET, TO ATOT IIar MPOITYyCKaeTCsl.
Tperuii Bun - napannenvusiii neperoc (CIBUT) BIOJb OCEH OX H OY.

Oro mnpeodpazoanue mnpomsBoauTcs B IMOCJIEJHIOKO OYEPEAb npu Hammuun
ko3 durreHToB a u b, oTaruHbIX OT Hys. [Ipy MOJI0KHUTETBHOM a TpaduK CIBUTACTCS BIEBO
Ha |a| eIMHUIL, IPU OTPUIIATEIIBHBIX ¢ — BIpaBo Ha |a| enunuil. [Ipu nonoxurensHoMm b rpaduk
GyHKIMK TapajulelbHO TEPEHOCHM BBepxX Ha |b| emuHum, mpu oTpuiareabHoM b — BHH3
Ha |b| enunwui.

Coaepkanue NPaAKTHYECKON PadoThI

| sapuanm.
1). Ioctpotite rpaduku GyHKIUI:



1
a)y=(x-4)".6)y= 2(x+2)".
2) Ilycte nan rpaduk ¢pyakmun Y=f(X). Kak nonyunts rpaduk ¢pynkuun y = f(x+3)-4?
3). Ioctpoiite rpaduku GyHKIHA,
1
a)y= x+3-4;6)y=(x+3)*-4.

1l sapuanm.
1). Ioctpolite rpaduku GyHKIUII:
a)y =2(x-1)*,6) y = -(x+3)".
2). Ilyctp nan rpaduk pyakun y=Ff(X). Kak nony4uuts rpaduk ¢pynkmnun y = f(x-5)+2?
3) [locTpoiite rpadukn HyHKIMIA:
1
a) y =x-542;6) y =(x-5)" +2.

3.2. 3ananus ais oueHkn ocBoeHus TeMbl 1.2 «IIpexea pyvukmuu. HenpepobIBHOCTH
byvaxuuny (Pazgea 1 «MaTteMaTH4eCKU aHAJIN3Y)

IIpakTnuyeckoe 3ausaitue Ne2
Tema: «Haxoxnenue npeaeoB GyHKIHN ¢ NOMOIILIO 3aMeYaATEJbLHBIX MPEAeJI0B)

Heab: cpopMupoBaTh yMEHUE HAXOAMWTHb MPEAENbl MOCIEI0BATEILHOCTEN W Mpeaenbl
(yHKIUH, UCTIOIB30BaTh 3aMevaTeIbHbIC MPEICIIbI JJIsI HAaXO0XKIECHUS MPEICIIOB.

Teopernueckne cBeeHUs K NMPAKTHYECKOil padoTe
[TycTh CymecTBYeT MOCIEI0BAaTENbHOCTD ACHCTBUTENBHBIX UHCEN {8, € R:n>1}.

Yuciio a Ha3pIBACTCS nPedesiom noc1e006amenbHoCmu
lima, =aecR<Ve>0 3n,eN

n—oo
vn>n, [, —al<e
Yucio 4 HaspiBatoT npedenom gyuxyuu f(X) mpu X — x, (1 mumyt lim f(x) = A), ecnu
X—)XO
s moboro €>0 mHaiigercs uncno O >0, Takoe, YTO AT BCEX X # X,, YAOBJIETBOPSIOMINX

YCIIOBHIO ‘X — XO‘ < 8, BBITIOJIHACTCS HEPABCHCTBO ‘ f(x)— A‘ <E&.
TeopeMbl 0 Ipeaesiax:

1. limc=c (c=const).

X—Xg

2. Ecmu lim f(x)=A, limo(x)=B, To:
X—Xg

X—>Xg

Im(f(x) 2@(x)) = lim 1 (x) £ lim o(x) = A+ B;
Im(1(x)-@(x)=lim £ (x)-im o(x) = AB;



lim
|imf(x)=xl?r2 (X)zé, (B =0).
=0 e(x)  lime(x) B

. . ~.sinx
Ilepeviit 3ameuamenvHulit npeoe: Im(‘)l— =1.
X—> X
Bmopoit 3ameuamensnutit npeden (uucio e = 2,718...):
1

lim(L+1/x)* =e wm lim(l+ x)* =e.

X—>00 x—0
3ameuameinvHble npeodevl:
. a*-1 . e'-1
lim =Ina lim =1
x—0 X x—0 X
. In(1+x . log,(1+x
|ImM=1 lim 0a )_Iogae
x—0 X x—0 X
. (1+x) -1
Ilm—( ) =q
x—0 X

YroObl Haiitu mpenen snementapHoii Gynkuuu |lim f(X), HykHO npenensHOe 3HAUEHHE
X—>Xp

aprymMeHTa TMOJICTaBUTh B (DYHKIIMIO U MOCYUTATh. [Ipy 3TOM, ecnm x=xo MPUHAIIICKHUT OOJaCTH
omnpeneneHus GyHKIIMA, TO 3HAYCHHUE TIpesiesia OyIeT HaleHO, OHO paBHO 3HAYCHUIO (DYHKITUH B
TOYKE X=Xp. [Ipy BEIYHMCIICHUH TIPEICIOB MOJIC3HO MCIOIB30BaTh CICAYIOIINE COOTHOIICHU. Eciu
c=const, c#0, C=#o0, TO, yauThIBasi CBOMCTBA 0.0. U 0.M. QYHKIUH, TOTYINM:

0 C 00 N
-0 6—>oo; = 00 coo—c0—0: a* >0,ecmn0<a<la” — oo, ecinm a>1.
c C

Citydan, B KOTOPBIX MTOACTAaHOBKA IPEACIBHOIO 3HAYEHUS apTyMEHTa
B (DYHKIIMIO HE AaeT 3HAaUeHUs peJiesia, Ha3bIBAlOT HEONPEIeIEHHOCTIMU;
K HUM OTHOCSITCSI HEOIIPEAEIEHHOCTH BHUJIOB:

o0

[;]; (g) (00); (s0—20); (1); (o0°); (0°).

Conep:xanue NpakTHYECKO padoThI
3aganme 1. BerunciauTe npenesnsl Mocie10BaTeIbHOCTEM:
. n*+6n-5
lm-— 5
1. ~>=10n°-8n°+2
. n*-=2n+3
lim—————
2. n>=12n°+4n° -1
. n*+6
lim
3. "=7n-8




Iim(«/Zn +8 —\m)

n—oo

3aganue 2. Beraucnute npenens! GyHKINN, UCIIONB3YS 3aMedaTeNbHbIC TPEIeIbl:
lim 5sin8x
1. =0 6X
In(1+5x)
lim———=
2. x—0 X
1

lim(L+5x)%

3 x—0

(244
lim >
4, o=\ X +1

3apanme 3. Beruucauts npenens QyHKIMIMA:
2x° +15
10x* —4
x> —16
9 x4 X2 —5X+4
fim V2X+8 — 23— x
3. ° X=5

lim
Xx—1

1.

3.3. 3agauus 1Jid oueHKH ocBoeHus TeMbl 1.3 «/IuddepeHnuanbH0e M HHTErpaJbLHOe
ucuucaenusy (Pasaea 1 «KMartemaTu4eckui aHAJIH3Y)

IIpakTnueckoe 3ausitue Ne3
Tema: « Boruncjenue npou3BoaHbIX GpyHKIMI. [IpuMeHeHne Npou3BOIHON K PEIIeHUIO
NPAKTHYECKUX 3212,

Heab: cdopMupoBaTh yMEHHE HAXOAUTh MPOU3BOJHBIC DSJIEMEHTAPHBIX (YHKIIUMH,
MPOU3BOHBIC CIIOXKHBIX (DYHKIMI, TPUMEHSATh MPOU3BOJHYI0 K PEHICHUIO MPAKTUYECKUX
3a7ad4.

Teopernueckne cBeeHUs K NPAKTHYECKOil padoTe
Ipouseoonoii  ¢ynxkyuu Y= f(X) HaspBaeTcs KOHEUHBIM Mpeled OTHOIICHUS

npupamenus pyakuun Af = (X +AX) — f (X) x npupaiienno He3aBUCUMOM ITEPEMEHHON AX

IIPU CTPEMJICHUHU MTOCIIEAHETO K HYIIIO:
Ay lim f(x+Ax)— f(x)

y = f :AI)I(r_nﬂ)&:AXHO AX (1)
Ilpasuna oughgpepenyuposanusn
Ne |U=u(x), V=V(X)— Ne JU=u(x), V=V(X)—
nn | nubdepennupyemoie yakuuu  ||nmn | auddepenimupyembie GyHKINMN
y o, [IpownsBonHas CIIOJKHOU
+v) =u'+
B VU |y y = Ful, y' = £




I | (uv) =uv+uVv

OyHKIMA 3a7aHa IapaMeTpuyec-

KUMHA YpaBHCHUSIMHA
11 | (cu) =cu’, c=const Vil {X =x@® ., _dy vy
y Y= 05 N
y=y(t) dx X
IV (Ej _UVEIY (0 #0) Bemt y = (x) u x=17(y) —
Vv V2 V]| | B33MMHO oOpaTHbIC (DYHKIIHH,

v (cj’_ cv'  C=const
v) V2 (v(x)=0)

TO X :i,, (y, #0).
y

X

Dopmynsvl oupghepenyuposanus 0CHOBHBIX IT1EMEHMAPHBIX PYHKUUIL

No c=const, x — He3aBUCHUMAs IICPCMCHHAA,

o | U = u(x) — muddepeniupyemas QyHKIHS
1 |C=0 9 | (cosu) =-sinuu’
2 |x=1 10 | (tgu) = —
cos”u
3 | U =au*tu 11 | (ctgu)' =——
sin“u
4 | (@")=a"Inau 12 | (arcsinu)’ = v ; Ju[<1
V1-u?
5 | (e")y=e"u 13 | (arccosu)’ = — U ; Ju[<1
V1-u?
6 | (log,u) = (u>0) 14 | (arctgu)' = ! >
ulna 1+u
7 (Inu)’:u— (u>0) 15 | (arcctgu)' =— ! >
u 1+u
8 | (sinu) =cosu-u’

Coaep:xkanue NPaAKTHYIECKOHd Pad0ThI:

3ananme 1.

Haiitu mpousBoanbie 1-ro mopsiaka JaHHBIX (YHKITHIA:

1 gap. a)y:3x3—i7—<‘/x_5; 6)s = (1+1%)(2—3arcctgr); e)uzlns%; 2)z=
X

2 gap. a)y=5x—%+3ﬁ; 6)s = (4—3In7)(5+2sind); 6)u=sin*(2V +3); 2)z

3aganue 2.

5-sin3t

ot

_sin(2-t)
2—In3t

10



Hatitu mpon3BogHBIC CIOKHBIX (DYHKITHI:

Bapuanm 1 Bapuanm 2
a)y =(3x+ 1)% 0) y=vlInx + 2; a)y=(1+2x)% 0)y=tgx+2;
B) y =Iln(cos4x); r) B)y =iﬂ[x3v+ X 1) y:?w-; +tg3:

i —Bx+3 T 14s . _ 5
y=e tig s n)y == e) y= arcctgx?.
3

e) y= arccos’x.

_ 1—::_

3apanue 3 Bap.l
Bpamenne Tesa BOKpPYr OCH coBepumiaeTCsa II0 3aKOHY
¢ () = 3t2 — 4¢ + 2. HaltauTre yriaoByl CKOpPoCcTh ® (£) B IPOH3-
BOJIBHBLIA MOMeHT BpeMeHHM t n ipu £ = 4 ¢. (¢ (¢) — yroa B pa-
AuaHax, o (f) — CKOpOCTE B paguaHax B CEeKYHAY, [ — BpeMsA
B CEKyHZAaX.)

Bap.2

MaxOBHEK, 33JeD/KHBAEMEIH TOPMO30M, 38 BpeMs ¢ II0BODAYMBa-
erca Ha yrox ¢ (t) = 4t — 0,3t2. Haiigute: a) yrIoBy® cko-
pocTh © (f) BpaleHHA MaXOBHKa B MOMEHT BpemeHu = 2 ¢
6) Taxoifi MOMEHT BpeMeHH, KOTJa MAaXOBHMK OCTAHOBHUTCAH.
(o () — yron B pagmaHax, { — BpPeMS B CEKYHIAX.)

IIpakTuyeckoe 3ausaiTue Ne4
Tema: «HaxoxxaeHue HeonmpeaeJéHHLIX HHTErPAJIOB PA3JIUYHLIMY METOIAMI).

Ienb: Ha KOHKPETHBIX IpUMEpPax HAYYUTbCS HAXOIWUTh HEONPEACICHHBIA WHTErpas
HEMOCPEACTBEHHO C IMOMOIIBI0 TAaOIMIBI MHTETPaoB (HENOCPEICTBEHHOE MHTETPUPOBAHUE),
METOJIOM 3aMEHbl TEPEMEHHON (METOAOM IOACTAHOBKHM), a TakXKe C IOMOIIbI (OPMYIIbI
MHTETPUPOBAHUS 10 YACTSM.

Teopernueckne cBeeHUs K NPAKTUYECKOM padore
MeTo HenocpeACTBEHHOT0 HHTEIrPUPOBAHMS

Tabauya unmezpanos

n+1 dX dX 1
n X — _
dx = C,(n#-1 7. |— =ctgx+C 13. =—arctgx+C
L dx AU jS|n2X 3 Iaz+x2 a
. |dx=x+C 8. |tgxdx =Injcos x|+ C dx 1. la+x
2. ] J | | 14.[—5——==—In——=+C
a —-x 2a |Ja-x
3. jﬁzlnx+c 9. [ctgxdx = Insinx|+C
" 15. | o = = arcsin x+C
10. [e'dx=g"+C V1-x
4. [sinxdx = —cos xdx
dx . X
‘ " . [——=—==arcsin=+C
5. [cos xdx = sin xdx 11. Ja dx="2 +c 16. ] 2_ 2 a
Ina a —X
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dx
2
CoS X

6. [ =tgx+C

~=arctgx+C

342X —x°
Ilpumep 1: Berauciure [———"dx

Pemenne: [ BBIYMCIICHNST HHTETpalla CHavYala KaXIblid WIEH YHUCIUTENS MOWIEHHO Pa3aeiIiM
Ha 3HaMEHaTellb, 3aTEM BOCHOJIB3YeMCS 2 M 3 CBOMCTBAMM HEOINPEJECICHHOIO HWHTErpajia U
anMeHHM lu3 Ta6JII/IqHLIe MHTETPAJIBI

2
32Xy 3+ 2x-xy x=]3 dx+y—ux L§UX=3J%§+2JdX—P@X=3mx+2x—%'f+f

MeTOIl 3aMeHbI IIEPEMEHHOI 1101 3HAKOM HeoNpe/ieJIeHHOr0 HHTerpajia

CyTb 3TOr0 METO/Ia COCTOUT B TOM, YTO IIyT€M BBEICHHS HOBOW MEPEMEHHON HHTETPHPOBAHUS
3aJIaHHBIA ~ MHTErpajl CBOJUTCS K HOBOMY HHTETPaly, KOTOpPBIA JIETKO  BBIYMCIIACTCS
HETIOCPE/ICTBCHHBIM HHTEIPUPOBAHHEM.

[TpumennM moicTaHoBKY X=0 (1),

riae ¢ (t) — yskuus, uMmeromnas HenpepbiBHYIO pou3Boanyo. Toraa f(x) = fle(t)], dx=¢'
(t)dt u

ffegdx = [ flp(®]e’ (hdt (1)

®opmyna (1) Ha3pIBaeTcs ¢hopmynoin 3ameHvl NEPEeMEHHOU 6 HeonpeoeeHHOM
unmezpaie.
IHpumep 1: Beraucnuts [ (3x—4)dx
Pemenwne: Beegem HoByto nepemennyto t = 3X-4, Torma dt =t'-dx=(3x—4)"-dx =3dx, oTKy1a

dx:%. [ToncTaBM HOBYIO MEPEMEHHYIO B MHTETpall (BMECTO BbIpakeHUsl 3x-4 MmojcTaBum i,

a  t*
BMECTO dx TOICTaBUM % . [ (Bx— 4) dx = jt3 = ;—2 +C
[lanee Hy>KHO BEpHYTBCS K nepBOHaqaﬂbHoﬁ nepeMeHHou. {151 aToro caenaemM oOpaTHyIO

3aMeHy (BMecTo t mojicTaBUM BhIpakeHUE 3x-4), MOTyYUM OKOHYATEIbHBIN OTBET.

j@x-ayax =24 4)

Mprmep 2. Haitron | (52° - 1 xdx

Pergerice. Tprmermm criocod mogeraHoeril Ilyvers sx¥-2=¢, HallgeMm

it
mijdeperinar (5x° - DVdx = tdr. 15x°dx=di, Pdx= =
l:['-r’lI-]:[-]I:--]]UII I]I-I'Iel']}a.]'l Hﬂl)f!l'ﬂ]ﬂ.[ﬂl\-l CJIﬂ,l'[‘q"I'OIJJ;[]I\.-I Oﬁl}ﬂ'iﬂl‘d:
: 10 -0 gt 1 ! 1
fGsxP—2) dn=lt S {Var-— _yo=-—Myo,
- T ARTE 15 11 165

HO f=35x —2cCIedoBaTeIBEHO,

[52- 2" 2ax- %(sf— 1y o
Omeen: | (5x%—2) xidx= %(Sf -ate o

HNHuTerpupoBanue mo 4acTamM

DopMyJia HHTETPUPOBAHUA 110 YACTAM UMEECT BUI:
judv = uv—Jvdu
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Brruncnenue nnarerpana judv CBOJIUTCS K BBIYMCIICHUIO HHTErpaia J' vdu, €CJIU IIOCJICIHUI

IPOLIE UCXOAHOTO.

Jl1st onipeiesieHrst MeTOoja MHTETPUPOBAHUS HEOOXOIMMO PYKOBOJICTBOBATHCS CIICTYIOIINM:
IHpumensem memood unmezpuposanus_no 4acmam:
1) echu noovinmecpanvnaa ynkyusa 3a0ana 6 eude NPOU3BeOeHUA PAZTUUHBIX QYHKUUL
(cmenenHOU U MPUOHOMEMPUYECKOU UNU 6 8UOe NPOU3BEOCHU MHO20Y]IeHA HA I00YI0

/1IeMeHmapuyro yukyuu (o2apumuueckyro; mpuzoHOMempuiecKylo; NOKa3ameabHy u
m.n.)

2) om Jjozapugpmuueckou gynkyuu;
3)om 00pamublX MPU2OHOMEMPUUECKUX PYHKUUIL
CoxepskaHue NPAKTHYECKOH PadOThI:

Ne 1
Bapuanr 1 Bapuanr 2
«3» «4-5» «3» «4-5»
5dx 3+2x—x? 3dx X2 —Tx+12
a)JlJer a)fT a) J1+X2 a) If
523y 1 23fx —3x?
0) | (X’ —3x+sin x)dx 6)I %/F 6) I(x4—2x+ﬁ)dx 0) ] W
B) [ (2x+1)* j—e2dx B) [(3x—4)° sin xdx
") v2+e B)12+3cosx
talt )] 2eldt
. cos i Nz
r) [sin 3xdx r)I—m r) [sin 2xdx (2+e)
Ne2
1) Ix-cosxdx; 2) Ix-ln xdx ; 3) _[(2x+1)sin xdx
4)_[(x+5)cos xdx ; 5) I(X—Z)sin xdx 6) I(x—4)ex dx

IIpakTHyeckoe 3ansaTHe NeS
Tema: «BbluncjieHue onpeaeJéHHbIX MHTErPAJIOB).
Iesab: Ha KOHKPETHBIX NPUMEPAX HAYUYUTHCA HAXOAUTh ONPEACTICHHBIN MHTETPA
Pa3JIMYHBIMU CTIOCOOAMH.
Teopernueckne cBeleHUs] K NPAKTUYECKOM padoTe
MeToa HEeNOCPEeACTBEHHOI0 MHTCIPUPOBAHUSA

Tabauya unmezpanos
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n+ dx dx 1
n X = —
dx = C,(n#-1 [ |- =dgx+C 13. =—arctgx+C
L. x"ax g o= ISInZX Ia2+x2 a
. |dx=x+C 8. [tgxdx = Injcos x|+C dx 1 la+x
2. | J | | 14, [5——==—1In +C
a —x 2a |a—-xX
3 J%:mHC 9. [ctgxdx =Injsinx|+C
X 15. | o =arcsin x+C
10 J‘exdxzex+c ' [1—X2
4., [sinxdx =—cos xdx '
dx . X
y X 16. |——==arcsin—+C
5. [cos xdx = sin xdx 11. [a'dx= I?a+c / a’—x a
dx
6. [—5—=tgx+C X _ arctgx+C
COoS X 12 ,[1+ X2 g
[lycTs TpeOyeTcss BBIUMCIUTH OINPEICICHHBIH HMHTErpan | = j f(x)dx OT HempepbhIBHOI
b
¢byukuun  f(x). Ecnu Oyner ompeneneHa (HaiiaeHa) mnepBooOpaszHass (QyHKUus F(x)

MOJABIHTETPATLHON (YHKIIMH, TO BEIMYMHA
dhopmyne Herotona-Jleitbuuiia

T f(x)dx=F(b)-F(a)

1. HemocpeacTBeHHOE HHTETPUPOBAHME

72

Ipumep 1. Beruncnure I (2cos x—3sin x)dx

0

Pemienue.
7l2

[ (2008 x—3sin x)dx = 2 [ cos xdx —3 [ sin xdx = [2sin x+3cos xJ;'* =
0 0 0

7l2 72

:(Zsin%+SCosgj—(Zsin 0+3c0s0)=2-3=-1

/2

OIMPCACIICHHOTO HMHTCTpaJIa BBIYHUCIICTCA 110

2. MeTo/J MOJACTAHOBKH (3aMeHa MepeMeHHOi 1Mo/1 3HAKOM ONpeieJIeHHOI0 MHTerpaJia)

Ilpumep 2. BplyuciuTh UHTETpAN

Pemmenue.

2
2 dx

¢ 1+sinx
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X . 2t 2dt 0
. t=tg—=sinXx=——;dx=——;x=0; t=tg—=1tg0=0;
S 1+t2 1+t2 9279 _
5 1+SInX x=" t:tgle
2 4
1 1 1 1 -2+1 |1
=J. 2dt o :2J.1 zdt > =2J. 1dt > =2J‘(l+t)_2dt=2% =
0(1+t2)(1+ 2) c14+2t+t? ) (A1) . ~2+1 |,
1+t
-1|1 1
U 2 2.2 g0
-1 |, 1+t 2 1
Ortser. 1.
CoaepskaHue NPAKTHYECKOH Pad0OThI:
Ne 1
|-BapuanT Il1-BapuanT
Brruncnure nHTETpat: 1. Beluncnure UHTErpadt:

3 ] 2
1) [x7dx; 2) [x?dx; 3) [cosxdx; 4)
1 0 T

2

1 9 1 7z

1) Ix3dx; 2) [x 2dx; 3) Isin xdx ; 4)
2 4 z
3 2

V4

—~16dx I-—9dx_
sin® x 2 COs% X’

BN —N N

1
4 5) | 2e*dx.
5) [0,5edx. ) '[
0 2. Beraucaure miomaau Guryp,

2. Berancimte TIoHaan (bHpr, OI'PAaHUYCHHBIX 3a1aHHBIMU JIMHWUAMM:

OI'PAaHUYCHHBIX 3a]aHHBIMHU 1)
JIMHUAMMA. 2
1) y=0, x=1 Xx=4, y=Xx"-—

y=0, x=0, x=3, y=X
2)
y=0, x=1 x=2, y=x3_

2)
y=0, x=0, x=1 y=x°+

Ne2

Brruncnuthe onpenesn€éHHble MHTETPalbl, WCIOJb3Yysl METOJ 3aMEHBI NEPEMEHHON U
MHTETPUPOBAHUE I10 YACTSIM:

a) fDE xvx +4 dx 0) f; dx B) ff Inx dx r)f;r xsinx dx

1+4x

IIpakTudyeckoe 3ausaiTue Ne6
Tema: «IIpuMeHeHE ONIPEACTEHHOT0 HHTErPaJIa B MPAKTHYECKHUX 3224YaX).

]_Ie.]'ll): OTpa60TaTB YMCHUC BBIYUCIIATH OIPCACICHHBIC MHTCTPAJIBI U IPUMCHATDH IMOJIYYCHHBIC
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KOMIICTCHIOWH IIpKU PCHICHNH 3a4a4 IIPUKIAAHOI'0 XapaKTcpa.

TeopeTquCKHe CBCIACHHUA K HpaKTI/I‘IeCKOﬁ paﬁoTe

Ne | ®uznueckas BennunHa ®opmyia Enuanns! nsmepenns
/11
1 | IlyTh, npOiiIEHHBIN TOYKOU C IEPEMEHHOMN t,,t, -¢c
ckopocThio L(T) 3a OTpe30K BpeMeHU S=T o(t)dt u(t) — M/c;
[tl L 2 ] iy S—m.
2 | Pabora nepemenHnoit cuinl f(X) Ha myTH OT ¢ f(x) — H;
TOYKH a JI0 TOYKH b A:I f(x)ax a; b—wm;
) A — JIx.
3 Cwna naBieHHS KUIKOCTU Ha b 0=9.8 m/c?;
BEPTUKAJIbHYIO TJIACTUHY P:g'[ pxf (x)dx P —Kkr/m*;
: a,b—wm;
p—H.

1. 3aga4ya 0 BLIYMCJICHUMN NIYTH

Ilpumep 1. CxopocTh NPSMOJMHEWHOTO JBHKEHUS Tella BbIpakaeTca (QopMylion
2t+3t* (m/c). Haiitu myTh, IpoiiIeHHBIN TEJIOM 3a 5 CEKYH/] OT HayaJla JBHKCHHSI.

Y

S=| v(vydt,

4
Pemenne:
1. t,=0c;t, =5c.

2. Tlo popmyme (1) Haiizem myTh, IPOWICHHBINA TEJIOM 32 5 CEK.

" =150(m).

0

S=[(2t+3t)dt = (t*+t°)
0

Otger. S=150 m.

1)

Ilpumep 2. ]IBa Tena HavaaM IBUTAThCA OJHOBPEMEHHO M3 OJHOW TOYKH B OJHOM
HampaBJIeHUH 10 npsimMoid. [lepBoe Teso aBmxkeTCs co ckopocThio V, =(6t* +2t)mM/c, BTOpOE — CO

ckopocThio V, =(4t+5)m/c. Ha kakoM pacCTOSIHUU IPYT OT Apyra OHU OKaKyTcs uepes 5 ¢?
Pemenune. Mckomas BenmumHa €CTh Pa3HOCTh PACCTOSTHUM, IPOMIEHHBIX TEJIAMHU 32 5 C.

" =275(m)

0

5
S,=[(6 t*+2t)dt = (2"3+t"2)
0

S,=[(4t+2)dt = (2t*+5t )
0

5 =75(m)

Takum obpazom, S=S,- S, =275-75=200(m).

2.3a712a492 0 BLIYHCJICHUH PA0OTHI MEPEMEHHOM CHJIbI.

PaboTta A stoii cubl F Beramcnsercs mo ¢popmyse:
A=F*s,

['me S — nepememienue, M.

16
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Ecnu F — cuna ynpyroctu, To no 3akony I'yka
F=kx, (2*)
r7ie X- BeJIMYMHA PACTSKEHUS UITU CXKaTHs,
K — ko3 dummeHT MpornopIroHaATEHOCTH.
Pabora nepemMeHHOM crIIbl BRIUUCsAETCS 110 popmyie (4)

A:T f (x)dx 3)

Ilpumep. Cuna ynpyroctu F npyxunsl, pactsayroi Ha 1, =0,05M, paBna 3H. Kakyro
paboTy HAZ0 MPOU3BECTHU, YTOOBI paCTAHYTh Mpyx uHy Ha 1, = 0,1Mm?
Pemenue:
1. Onpenenum k03GGHUIUEHT MPONOPIHOHATBHOCTH K.
[ToactaBum dhopmyny (2*) F=3 H, x = 0,05 m:
3=k*0,0,5, 1.e. k=60, caemoBatenbuo, F=60x=Ff(X).
2. IloacraBuB F=60X B dhopmyiy (3), Halinem 3HaueHHEe PabOThI IEPEMEHHOMN CHIIHI,
nojaaras, uro a=0; b=0,1:

0,1 0.1
A= I60xdx =30x*| =0,3]]x
0 0

OtBert. A =0,3]1x.

3. 3agaya o cuJie IaBJeHUs JKUIKOCTH.

Cornacno 3akony Ilackans BeauurHa P 1aBiieHUs )KUAKOCTH HA TOPU3OHTAIBHYIO
IJIOIIA/IKY BRIYHMCIIICTCS IO hopMyJie

P=gphs, (4)
I'me g — yckopeHne cBOOOAHOTO MaJeHus B M/C? |
P — IJIOTHOCTH JKUIKOCTH B KI/M?
h— ryOuHa morpy»kKeHwus IJIOIIAIKN B M;
S — wIomaak MWIOMAAKU B M2 ;
Cuta JaBIieHus )KUAKOCTH Ha BEPTUKAIBHYIO IIACTHHY BBIYKCISETC 10 hopmyie (5)

P=g [ pxf (x)dx. (5)

Ilpumep.

AxBapuym umMeeT GopMy IpsIMOYTOJILHOTO Napayenenuneaa. Halimem cuny naBineHus
BOJIbI (TUIOTHOCTH BBl 1000 kr/mM*), HaMOMHSIOIIEH aKBapUyM, Ha OJHY M3 €r0 BEPTUKAIbHBIX
CTEHOK, pa3mepsbl kotopoit 0,4mx0,7m.

Pemenue:
1.  Crenka umeet Gpopmy npsmoyronbHauka, modtomy f(X)=0.7x, rae xe[0;0,4], moaromy
npezensl naTerpupoBanus a=0 u b=0,4.
2. JIst HaX 0K ICHUSI CHITBI TaBJICHUSI BOJIBI HA CTEHY BOCTIOJIb3yeMcsi (hopMyIioi (5).

0,4 x2 [0.4
P=g [1000*0,7* xdx = 700 ~ | =560~549H

0 0
0=9.8 M/c? yckopeHHe CBOOOHOTO MaACHHSI.

Conepxkanue NPAKTHYECKON Pado0ThI
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Bapuant 1 (2).
1. CKOpOCTB IPSIMOJIMHEHHOTO IBIKCHHUS TeJIa BEIpakaeTcst popMynoi b=9t>-2t-8 (m/c).

Haiitu myTh, mpoiaeHHbIN TeoM 3a 3 (4) CeKyHAbI OT Hadyajia JIBUKEHUS.
2. JIBa Tema Havaj M IBUTATHCSI OJHOBPEMEHHO M3 OJHOW TOYKH B OJTHOM HAIPaBJICHUH TI0

npsiMoii. [lepBoe Teno IBUKeETCs Co CKOpocThio V,=(2t? +4t) m/c, BTopoe — O CKOPOCTHIO
v, =(3t+2) m/c. Ha xakoM pacCTOsIHMH IPYT OT Apyra oHu okaxkyTcs uepe3 10 (12) ¢?

3. Cuna ympyroctu F npyxunsl, pactsayrtoit Ha 1, =0,02 (0,05)m, paBua 2H. Kakyto
paboTy HaJ0 MIPOU3BECTH, YTOOBI pacTAHYTh npyxuHy Ha 1, = 0,05 (0,1)m?

3.4. 3amaHus 11 OeHKH 0CBOeHUS TeMbl 2.1 «Marpuubl 1 onpexeaurean» (Pazxena 2
«OCHOBHBIC MOHATHS U METOIbLI JUHEHHOW AJIre0pb»)

IIpakTHuyeckoe 3ausaTue Ne7
Tema: «JleiictBus ¢c MaTpunamu. Haxosknenne oOpaTHOH MATPHIILI».
Ieab: mpoBepUTH 3HAHKWE CBOMCTB onpeaeauTeNe 2 U 3 MopsAIKOB, MPAaBUJIa BBIYUCICHUSA
OIPEICIIUTEIICH, BBIYUCIIUTEIILHBIC HABBIKH, TPOBEPUTh YMEHUS HAXO0KJICHUS MUHOPOB,
anreOpanyecKux JOMOTHEHUN U ONIPEACTUTENCH, MPAaBUIO BRIYUCIICHHS 00paTHONM MaTpHIIBI.

Teopernueckne cBeJeHUs K MPAKTHYECKOM padoTe
Onpeoenumenem (uau 0emepmMuHAHmMoOM) 6MOpP0O20 NOPAOKA, COOTBETCTBYIOIUM
JAHHOM MaTpHUIIE, HA3bIBACTCSA YUCIO &, -8y, —ay - &y,-
Omnpenenurenb 0003HAYaIOT CUMBOJIOM

8, &,
a'21 a‘22

a,; a;
21 aZZ
Yucna ayy, aip, daz1, Ax»HA3BIBAIOTCS DJICMECHTAMH ONPEACITATEIIS.
a; a5, ag
A=|a, a,, a,; |- KBaagpaTHas MaTpuIlla pazmepa 3 X 3

aSl a32 a33

ITo onpenenenuto, = A8y —8y "8y

COOTBETCTBYIOIIMM €ii OMpeNeJUTeIeM TPeThero MOPsAKa Ha3bIBACTCS YHCIO0, KOTOPOE
BBIYHMCIISIETCS CAEAYIOITUM 00pa3om

&, &, 8
_ a,, dy ay;  Qy a9y
Ay 8y, Qy=ay- —a;,- +a;- :
a3, Ay d;; Qg a;; QA
3 93 g

KBagparHas matpuna A Ha3bIBaeTCs BBIPOKACHHOM, ECIIU €€ onpedeaumestb pager Hyur, u
HEBBIPOKACHHOM, ECIIU €€ onpedeumestb He PAGEH HYIIO.

Ecnu A - xkBaapaTHas MaTpuia, TO 00PaTHOM 110 OTHOLIEHUIO K A HAa3bIBAeTCsl MATPHLA,
KOTOpasi O0y1y4¥ YMHOKEHHOM, Ha A (KaK CIIpaBa TaK U CJIeBa), 1aeT eJMHUYHYI0

18



matpuny. O6o3nauaercs A .

AL A=A -A'=E

Ecnu oOpartHast maTpuia A'lcymeCTByeT, TO MaTpulla A Ha3bIBaeTCsI OOPATUMOM.

Onepayusn eviuucienus 0OpamHoi Mampuybl RPU YCi08uu, Ymo oHa Cyujecmeyent,
Ha3vleaemca 00pawieHuem Mampuybl.

Teopema: 011 moz2o umoowvl keadpamuasa mampuya A umena 00pamuyro, He0OX0OUMO u
00CmMamouHo, Ymoodbl MamMpuya ObL1a HEGbIPOHCOEHHOI, MO eChlb, YUMol ee onpeodesiumens
ObL1 omauYeH om Hyns.

n D=|A=0
pH YCIIOBUH oOpatTHasi MaTpUIla HAXOIUTCS 10 GOpMyJIe

A Ay An
D D D
LA A A
A"=ID D D
A A An
D D D

Jlna naxoxcoenusn 00pamHuoil Mampuybl UCHOJIbIYIOM C1EOYIOUYIO CXEeMY:
1.Haxondr onpeaenuTenb MaTPUIlbl A;

2.Haxopar anreOpanyeckue JIOMOAHEHHA Ajj BCEX DJEMEHTOB MAaTpPUIIBI A U 3aIIMCBIBAIOT
HOBYIO MaTpHLy;

3.MeHsroT MecTaMu CTOJIOLBI MOTYYSCHHON MaTpHUIIbl (TPAHCTIOHUPYIOT MATPHILY);
1
4. YMHOKaIOT NOJyYEHHYIO MaTpUIly Ha >

Conepkanue NPaAaKTHYECKON Pado0ThI
Bapuant 1 (1.3) Bapuaut?2 (2.4).
1. BUMCAUTD ONpEaeIUTENN:

- . 1 2 3 3 4 -5
D, ab ‘;‘2 45 6 8 7 -2
2) 1 37 8 9 2 -1 8

4)
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2. Jlana matpura A=|2 1 2

3 -k, 4

Hanitu

a)A™" unposepumo, umo A-A= A" A=E

6) A+ A"

Bapuanm K, K, Bapuanm K, K,

1 3 -2 6 1 5
2 4 1 7 -2 3
3 3 -4 8 6 -2
4 2 1 9 -6 1
5 3 -3 10 -5 1

3.5. 3amaHuss I OUEHKH OCBOCHHUHA TeMbl 2.2 «PenieHue CcHCTEM JHHEHHBIX

ajareopanyeckux vpasHeHuun (CJIAY)» (Pazgea 2 «(OCHOBHBLIE NOHATHS W METOIbI

JHHEHHOW aJIredpbl»)

IIpakTHnuyeckoe 3ausitue Ne§
Tema: «Penmienne cucTeM JUHEHHLIX YPABHEHUN PA3JIHYHBIMHA METOIAMM).
Heab: chopMupoBarh yMEHHE HCCIASAOBATH W HCIOJIB30BaTh Pa3IMUHbIE METOIBI JIJIs

pELIeHUs] CUCTEM JIMHEWHBIX aJIreOpanyecKux ypaBHEHUM

Teopernueckne cBeeHUs K NMPAKTHYECKOil padoTe

Anzopumm memoda I aycca. 1lens paccyxaeHUN — MyTeM dJIEMEHTapPHBIX TPeoOpa3zoBaHU
CBECTU MCXOAHYIO CHUCTEMY K pAaBHOCWUJIBHOM, pEIIeHHe KOTOPOM MOXHO BBINKCATH
HeInocpecTBeHHO. OCHOBHBIMMU IIaraMu MeTona ["aycca SBISIFOTCS CleayoLue.

|. Ilpsamou xo0. Bplncarth pacIIMpEHHYIO MAaTPHUIy CHUCTEMBI, ITyTEM 3JEMEHTapPHBIX
npeoOpa30BaHUil CBECTH €€ K SKBHUBAJICHTHON CTYNEHYATOW M OMPEICIUTh PAHTH MATPHUIIBI U
pacHUIMPEHHON MaTpulbl CUCTEMBI. ECiM OHM pa3iIMyHbI, TO UCXOAHAs CUCTEMa HECOBMECTHA,

T.¢. He umeeT perienuid. Ecimu r(A) = r(A‘ B), To mepexoauM K ClieayomeMy dTaimy.

II. CpaBHUTH paHr CHCTEMBI M YHCIO HEU3BECTHBIX, CIEJIaTh BBIBOJ O KOJMWYECTBE
pElIeHU, yUUThIBasi TEOpEMY 2.

I1l. Obpamuwiii xo00. CtyneHyaTyro MaTpuily IpeoOpa3oBaTh K SKBHUBAJICHTHOW el
npuBeneHHON. OnpenennTb, KaKue HEU3BECTHBIE SBISIOTCS BEAYIIUMHU, KaKie — CBOOOIHBIMHU.

IV. Belnucare 1o NOJyYEHHOW MaTpHULIE CUCTEMY, 3allMcaTh OTBET (BBIPA3UB, B CIy4yae
HEOTPEICNIEHHOW CHUCTEMBI, BEIYyIIME AJIEMEHThl 4epe3 CBOOOIHBIC I MOCTPOCHHS OOIIETOo
peuieHus).
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Teopema Kpamepa. PaccMOTpUM «KBAJPATHYIO» CUCTEMY JIMHEHHBIX YPaBHEHUN (YUCIIO
HEU3BECTHBIX COBNAAAET C YUCIOM YPABHEHUN) BUAA

ag1X +agpXy +...+ ag Xy =y
do1X1 +aAooXo +...+ Ao Xy = b2

(*)

Eciau onpeaeanTelb MAaTPpHIbI cucTeMbl (¥) orinyen ot Hyas (| A[=z0), To nannas
CHCTEMA UMeeT eJUHCTBEHHOE peleHne, IPu4eM 3HAYCHUSI HeM3BeCTHBIX HAXOAATCS 10
dopmyaam

Al .
X; :u, 1=1,2,...,n

| Al

rae | Alj- onmpeaenuTesib MAaTPHIbl, MOJYYEHHOW W3 HMCXOAHOW MaTpPUIbI CHCTeMbI
MyTeM 3aMeHBbI i-20 CTOJIONA HA CTOJIOEH CBOOOIHBIX YJIEHOB.

CoaepskaHye NPAKTHYECKON PA00THI

3aganme 1. [To pacumpennoin matpuie Beinucatb CJIAY.

1) (A|B):[8 -2 5 6‘—4} 0 3 41

2 0 4 115 2) (AB)=[12 0 111

5 4 10/-3
2 3 -1 10 7|12 1 2 -3 45
3)(AB)=| 1 3 -1 3 4|-3 4) (AB)=|2 -1 4 7|-1
-7 4 0 0 -0 0 8 6 86

3ananue 2. Pemnth cucteMsl ypaBHeHuil memoodom Kpamepa u memooom I'aycca.

2X1 — X9 + X3 =2 3X; + Xy +3X3 =2
1) 13Xy +2X, +2X3 =2 2) 45X —2X, +2X3 =1
X1 —2Xy + X3 =1 2%y + 2%y +3X3 =1
X, +2X5 +3X3 =5 Xg —Xo +3X3=9
3) 1 2% + Xy + X3 =1 4) = 2% +3Xy —4x3 =-16
X1 +3X, +4x53 =1 Xq +6X3 =13

\

3ananue 3. Peute CJIAY (B ciydae HeolpeaeeHHON CHCTEMBbI BBIMCHIBATH OOIEe U JBa
J0OBIX YaCTHBIX PEIICHUSA).
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X1 +2Xy; —2X3 =-1 X; +2Xy, —2X3 =-1
1) 3 X +3X, —X3 =4 2) 7 X +3X, —X3=4
— X, +4X3=6 — X, +4X3 =4
X; — Xp — X3 =1 [ X +2X, —2X3 =-1
3) <—3X; +4Xy +4xX3=-2 4) Xp +3Xy —X3 =4
2% + 2X5 +3X%3 =10 |~ 2Xp — X +8X%3 =20

3.6. 3aganud 1 oneHKn ocBoeHus TeMbl 3.1 «MHokecTBa ¥ oTHOHIeHUs» (Pa3zmena 3
«OCHOBBI TUCKPETHOU MATEMATHKH)

IIpakTHyeckoe 3ansiTe Ne9
Tema: «BollnoJIHEHHE onepanyii HaJ MHOKECTBaAMM)).
Ieab: 3aKkpenuTh MOHITHE MHOKECTBA, HA KOHKPETHBIX MPUMEPAX HAYUYUTHCSA IIPUMEHSTh
MpaBuJia ornepaluii Hai MHOKECTBAMHU, MPOAOJIKUTH POPMUPOBAHUE YMEHUM CAMOCTOSITEILHO
BBINOJIHATH ONEPAUN C MHOKECTBAMH.
Teopernueckne cBeeHUs K NMPAKTHYECKOil padoTe

MHO0%€eCTBO — OJIHO U3 OCHOBHBIX MOHATHN MaTEMAaTHUKHU.

MHnoircecmeom Hazvigaemcsa cO60KYRHOCHIb HEKOMOPBIX IT1IEMEHM 08, 00EOUHEHHBIX
KaKum-au00 oouwum npusHaxom. JIeMEHTaMU MHOKECTBA MOTYT OBITh 4Kclia, (PUTYpHI,
MPEMEThI, TOHSATHUS U T.II.

MHoxecTBa 0003Ha4YaOTCS MPOMUCHBIMUA OYKBAaMHU, a 3JIEMEHTHl MHOXKECTBA CTPOUYHBIMU
OykBaMU. DJIEMEHTHI MHOKECTB 3aKITIOYAIOTCS B (PUTYPHBIE CKOOKH.

Ecau 35eMeHT X NpUHAAJIEKUT MHOKECTBY X, TO 3alIUCHIBAIOT X € X (€ —
MPUHAJIEKUT).

Ecnu MHOXeCTBO A sIBJIsIeTCS 4acThi0 MHOXeCTBa B, To 3anuceiBaior A C B (C —
COJICPKUTCS).

MHuooicecmeo morcem 0bimb 3a0aH0 0OHUM U3 QBYX CHOCOD08: NEPEeHUCTICHUECM U C
HOMOULbIO ONPEVeNAIULe20 C8OLICHIEA.

JIBa mHOxecTBa A U B pagnst (A=B), eciii OHU COCTOSIT U3 OJJTHUX U TEX KE DJIEMEHTOB.

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

Ooveounenuem (cymmoitr) MHOECTB A 1 B Ha3zbIBaeTcst MHOXkecTBO A U B, a5ieMeHTHI
KOTOPOTO MPUHAIEKAT XOTs ObI OJTHOMY U3 3TUX MHOXKECTB.

Hanpumep, ecm A={1,2,4}, B={3,4,5,6}, T0 AU B ={1,2,3,4,5,6}

Ilepeceuenuem (npouszeedenuem) MHoxecTB A u B HazbpiBaeTcss MHOKeCTBO A N B,
AJIEMEHTHI KOTOPOTO MPUHAJIEKAT KAK MHOXKECTBY A, TaK U MHOXKECTBY B.

Hanpumep, ecrm A={1,2,4}, B={3,4,5,2}, o AN B= {24}

Paznocmuro muoxects A u B HazpiBaeTcsi MHOXECTBO A/B, 311eMEeHTBI KOTOPOTO
NpUHAAJIeKAT MHOKECTBY A, HO HE MIPUHAJIEKAT MHOXKECTBY B.

Hanpumep, ecin A={1,2,3,4}, B={3,4,5}, T0 A/B= {1,2}

Cummempuunoil paznocmupto MHOXKECTB A U B Ha3bIBaeTcsi MHOKECTBO A A B,
sBJIsTtoIIeecs: oObeIMHeHUEM pa3HocTe MHOkeCTB A/B u B/A, To ecth A A B = (A/B) U (B/A).

22



Hanpumep, ecmu A={1,2,3,4}, B={3,4,5,6},To AAB={1,2} U {5,6} = {1,2,5,6}

CsoiicTBa:
CBoiicTBa NepecTAHOBOYHOCTH:
AUB=BUA
ANB=BNA

CoueraTesibHOE CBOIICTBO:
(AuB)uC=Au(BuUCQC)
ANB)NC=ANMBNC)
Kpyau Jiinepa (Jiinepa-Benna) — reomerpudeckasl cxema, C HIOMOIIBbI KOTOPOM
MO>KHO U300pa3uTh OTHOUICHUSI MEXAY MOJAMHOXKECTBAMM, JIJIsl HATJISTHOTO MPEICTABICHUS.
CoxepskaHue NPAKTHYECKOH PadOThI:

3ananus:

1. Bribepute yTBEpKICHHUE O YACITOBBIX MHOXKECTBAX, KOTOPOE SIBISETCS NCTUHHBIM:
a) MuaTepBai (-12;13) sBiseTcss HOIMHOKECTBOM oTpe3ka [-13;15]
0) MHOXECTBO ICHCTBUTEIBHBIX YHCET SIBIISETCS TTOIMHOKECTBOM MHOYKECTBA
HUPPANMOHATBHBIX YHCEIT
B) [IpomexxyTok (-14;3] sBiisseTcst moAMHOXKECTBOM oTpe3ka [-15;0]

2. Yxaxwure napy (X;y), HaXOJAIIYIOCS B OTHOIIEHUU Y=X-2

a) (5;3)
6) (-3;5)
B) (3;-5)

3. Hansr muoxectBa: A={5,10,15,20}, B={3,6,9,12,15}.
Y CcTaHOBUTE COOTBETCTBHUE MEXKY CIAEAYIOIIMMHA MHOXECTBaMU A 1 B

1. {15} ? oObearHeHne MHOKeECTB A 1 B
2. {3,5,6,9,10,12,15,20} ? pa3HOCTHh MHOXECTB A 1 B
3. {5,10,20} ? mepeceueHrne MHOkecTB A u B

4. Jlanbl MHOXKECTBa: a) A={e, 0, p, X}, B={X,y}.
0) A={12, 13, 14, 15} B={12, 14, 16}

Haiitu muoxxectea ANB, AUB, A/B, B/A

5. B tpéx BochMmbIx Kiaccax 70 pedsT. M3 Hux 27 3aHUMAarOTCS B IIAXMATHOM KPYKKeE, 32 MOI0T
B Xope, 22 yBlieKatoTcsi TeHHUCOM. B maxmaTHoMm kpysxke 10 pedsT u3 xopa, B xope 6
TEHHUCUCTOB, B IIIAXMAaTHOM KPYKKE€ 8 TEHHUCHUCTOB; 3 TEHHUCHCTA MOCEA0T U IaXMaTHBIN
KPYKOK, ¥ X0p. CKOJBbKO peOsIT HE TIOIOT B XOPE, HE YBIIEKAIOTCSI TCHHUCOM U HE 3aHUMAIOTCS B
maxMaTHoOM Kpykke? CKOJIBKO peOsT 3aHSTHl TOJIHKO TEHHUCOM?

3.7. 3amaHus 1S OleHKH 0CBOeHUS TeMbI 3.2 «OCHOBHbIE MOHATHS Teopuun rpados)
(Paznea 3 «OCHOBBI TUCKPETHOM MATEMATHKH)
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CaMocTOoATEJHLHAS PA00OTA IO TEME:

«OCHOBHBbIE IOHATUA TeopuH rpados»

Omeemums Ha eonpocol
mecma.:

1. Tpad G=(VE) cCOCTOMT U3 KOHEYHOr0 MHOXeCTBa BEPLWMWH (MK y310B) V U KOHEYHOro
MHOXecTBa pebep E. Kaxaoe pe6po cBsisbiBaeT (coeIMHAET) napy BeplunH. Ecnu pebpo a

coelWHAET BePLUMHbI X U Y, TO TOBOPAT, YTO pebpo a U BepLUUHbI X, V...
BoibepuTe oaMH NpaBWNbHbIA OTBET

noarpadgbl
BEPLUMHDI
WHLUWOEHTHDI
neTnu

2. [Ba pe6pa, cBA3bIBAOLUE OfIHY U TY )& Napy BEPLWH, Ha3bIBaKOT NapannenbHbiMu (M1
); peépo, cBA3bIBaKoLLEE BEPLUMHY Camy C COBOMI, Ha3blBatoT \ v\.

3. CTeneHbto BEPLUIWHbI rpada HasbiBaeTca YUCO rpada, UHUMAEHTHbIX 3TON
BepLUWHe (NeTnu cCYUTarTCa ABaxabl).

| v

4. I'pad, Bce pebpa KOTOpOro HanpasneHbl, HBBbIBalOT‘ v\ rpaom, unu
oprpaom.

5. Kak MOXHO Ha3BaTb anﬂ,CTaBﬂEHHbIH Ha pHC}’HKE‘ rpal:b?
| a 2

-

4 d 3
BoibepuTe BCE NpaBUNbHbIE OTBETHI (OQMH UM HECKONBLKO)

(] BaBelleHHblA rpad
(] OO6blKHOBEHHbIW rpad
(] HarpyseHHbIn rpad
(] Toarpad

(] Oprpag

6. V| MapLupyTa Ha3blBaeTCA YUCNO AYT, KOTOPbIE OH COAEPHKAT.

7. MapLupyT Ha3blBaeTcs , eCcNv KaXxas ayra BCTpeyaeTcs B HeM He 6oNee OfHOro
pasa.
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8. v |Ha3bIBarOT MapLUPYT, B KOTOPOM BCE BEPLUWNHbI pa3U4HbI.
9. YTo NpeacTaBneHoO Ha pUCYHKe ?

1

-

BbibepuTe oAWH NpaBunbHbIA OTBET

() 3allada 0 KEHWIrcHeprckux MocTax
O Tpath ana unnocTpauum MaTpULbl CMEXHOCTH
O [pat ¢ YeTblpbMA KOMMNOHEHTAMMW CBASHOCTH

(3 basucHblid nogrpag B auMKNU4eckKom rpage

10. YTO NpeacTaBneHo Ha pUCyHKe ?

™

BbibepuTe 0QWH NPaBMNbHbIA OTBET

L]
-

O pad ona MANCTpaumMmM MaTpuLbl CMEXHOCTH
() baaucHbIW noarpad B aUMKNIUYecKOM rpage
() 3ajada 0 KeHWIrc6eprckux MocTax

O Tpath ¢ yeTbipbMA KOMMNOHEHTaMK CBA3HOCTH

Pemuts 3amauun ¢ npuMeHerrem 0a30Boii Teopun rpadoB:
Nel

Ha 3Tol Hegene B knacce WecTepo AexypHelx: AHA, Bepa, EereHnid, Aanuna, Cepreid u ®égop. PaccMoTpuM cnefyowmin rpad:
[iexypHble — 3T0 BeplUMHbI rpada, [Be BeplUMHbl COeAUHeHbl pebpoM, eCin COOTBETCTBYOWME pebaTa ApyxaT Mexay co6oi.
MonyunBLIWIACA rpad M306paxEH HMXe.

Bepa EBreHui
denop

HdaHwna
AHA

Ceprei (KoK péfep B 3ToM rpade? C KaKuMI exypHBIMU ADYXUT EBreHnii?
Ne2

Ymeepxdenue. KonnuecTso pébep B rpade paBHO NONOBKMHE CYMMbI CTENEHEl BLeX ero BepLUiH.
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B rpade 7 BepLUmH, cTeneHn kotopelx paeHel 1, 1, 2, 2, 2, 3, 3. Ckonbko pébep B 3T0M rpade?
Ne3
Onpenenure CTENEHU BEPIIMH JAaHHOTO Tpada:

A

C

B

3.8. 3aganus IS olleHKH ocBoeHus Pa3nena 4 «9j1eMeHThbl TEOPHH KOMILJIEKCHBIX YHCeI)

IIpakTHuyeckoe 3ausaTue Nel(
Tema: «KoMieKcHbIE YHCJIA M AeHCTBUS HAJX HUMH.
Ieab: oTpaboTaTh HaBBIKM Iepexojia OT ajaredpandeckoil (popMbpl KOMILIEKCHOTO YHCIIA K
TPUTOHOMETPUYECKOH M 00paTHO, 3aKpENHTh IOJYyYCHHBIE TEOPETUUYECKUE 3HAHUS W
NPAKTUYECKUE YMEHUS CTYJCHTOB IO BBINOJHECHUIO JEHCTBUM HAJl KOMIUIEKCHBIMU YHUCIIAMU,
3alIMCaHHBIMH B TPUTOHOMETPUUYECKOM (hopme.

Teopernueckne cBeeHUs K NPAKTHYECKOil padoTe

3amuch KOMIUIEKCHOTO Yuclia B BHe Z = a + Di, HasbiBaeTcs anrebpandeckoii hopmoi
KOMILJIEKCHOTO uncia. YacTo ObiBaeT y00Ha TpuroHomeTpuueckas opma 3anucu
KOMILJIEKCHOT'O YMCJIa;

z=r(cos @ +isin @), rae

2
r=ax +
yo_ MOJIyJlb, @ ( = arg zZ —apryMeHT KOMILIEKCHOTO YHCIIA.

IIycts 1o ompeneneHno aprymeHTa uMeeMm:

)

_ a
cos g = : _
2 2 Cosp=—,
o +& r {c;t=r|:05tp,
4 = =

& & b=pzin g

st p = ———; sthop = —;
".||c12+£:'2 7

Orcrona mosyvaercs

z=a+bi=r(cos ¢ +isin ).

Taxas hopma Ha3pIBaeTCSI TPUTOHOMETPHYECKOI (POPMOIT 3amHCH KOMITJIEKCHOTO yncia. Kak

BHUIHO, JJIS TOTO, YTOOBI HCpCﬁTH oT aﬂre6panq601<0171 q)OpMBI 3allMCH KOMIIJICKCHOI'O YHCJIa K
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TPUTOHOMETPUUECKOU (popme, HYKHO HAUTH €ro MOJYJIb U OJIMH U3 apTyMEHTOB.

Ipumep 1

3amucath yrciaozZ = 1 - v 3iB TpUroHoMeTpudecKoit hopme.

1
COs @ =§,
V3

sthop=——.

2

ool )

3agaHusd IS NPAKTHYECKON PadoThI

1. IlpeacraBbTe B TPUTOHOMETpPHUYECKOH (hopme:
a)Z=3+2i 0) Z=5-4i

2.BbINOJHUTH 1eMCTBUA HAJ KOMILUIEKCHBIMHU YHUCJIAMHU B TPUTOHOMETPHYEeCKOH opme:
BeranciauTs:

1) 212 2) i;
Z2
1. z,=1+i,2, =3 +i; 6. z,=1-3i, z, =2+2i;
2. 7,=1-i, 2, =—/3—i; 7. z,=-1+3i, 2, =-2-2i;
3. 21:—1+i,22:%+§i; 8. z,=—1-/3i, z, =—2+2i;
4, zl:_1_i,22:1_£i; 9. 21=\/§+i,22=—l—£i;
2 2 2 2
5. z,=1++/3i, z,=2-2i; 10. 21:\/§—i,22:%+§i;

3.9. Jamauusa aa ouneHKH ocBoeHHs TeMbl 5.1 «BepostHocTth. Teopema cjaokeHUs

BeposaTHocTel» (Pasmen 5 «OCHOBBLI TEOPHHM BEPOATHOCTEH H MATEeMATHYECKOM

CTATHCTHKH)

IpakTnyeckoe 3ausaTue Nell

Tema: «PelieHHe NPAKTHYECKHX 3a271a49 HA onpeaeeHue BEPOSITHOCTH COObITHSI

Heanb: chopMupoBaTh yMEHHUE PEIIaTh 33/1a4U HA HAXOXKJICHUE BEPOSITHOCTEN
TeopeTnueckue CBeIeHUA K MPAKTHYECCKOH padoTe
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Pa3nen maremaTviky, M3y4arollMii 3aKOHOMEPHOCTU CIyYalHbIX COOBITHM, HA3bIBAETCA
TEOPUEN BEPOSTHOCTEH.

BepositHocThtio P(A) cOOBITHSI A B HUCHBITAHUU C PABHOBO3MOXXHBIMHU 3JIEMEHTAPHBIMH
MCXOJaMH Ha3bIBAlOT OTHOIICHHE YMCIAa UCXOJOB m, OJIArONPHUSATCTBYIOMIUX COOBITHIO A, K
YHUCIIyn BCEX UCXOI0B UCIIBITAaHUS.

P(4) =

AKCHOMBI BEpOSITHOCTEM:

Kaxnomy coObITHIO A TIOCTaBJIEHO B COOTBETCTBUE HeoTpulareabHoe uucio P(A),
Ha3bIBAEMOE BEPOSITHOCTHIO COOBITHS A.

Ecau cobpitust Ay, A, ... momapHo HecOBMeCTHBI, TO P(A1+A,+...)=P(A1)+P(Ay)+...

CBoiiCTBa BEPOSTHOCTEI:

BeposiTHOCTh HEBO3MOKHOTO COOBITHS paBHA HYIO P=0.

BeposiTHOCTH I0CTOBEpHOTO COOBITHS paBHa equHuIEe P=1.

BeposiTHOCTh MPOU3BOIBHOrO CIy4alHOro coObITuss A 3akmouaerca Mexay 0 u 1:
0<P(A)<I.

CoObiTia A u B Ha3bIBalOTCA COBMECTHBIMH, €CIM OHHM MOTYT OJHOBPEMEHHO
MPOU30MTU, U HECOBMECTHBIMHU, €CJIM MPU OCYIIECTBIECHUM OJHOTO COOBITUSI HE MOMKET
MIPOU30UTHU JPYTOE.

CoObiTust A 1 B Ha3bIBalOTCS HE3aBUCHUMBIMU, €CJIM BEPOSTHOCTh HACTYIUICHUSI OHOTO
COOBITHS HE 3aBHCHUT OT TOTO, IPOU3OIILIO IPYTrO€ COOBITHE WU HET.

BeposiTHOCTH CyMMBI JIByX COBMECTHBIX COOBITHM paBHa CyMME BEpOSITHOCTEH
ciaraeMbix 0e3 BepositHocTH npousBeaeHus: P(A+B)=P(A)+P(B)-P(AB)

BeposiTHOCT CyMMBI JIByX HECOBMECTHBIX COOBITHI paBHA CYMME BEpOSTHOCTEH
cnaraembix: P(A+B)=P(A)+P(B).

P(A)+P(4)=1

VYcnoBHasi BEPOSITHOCTh — BEPOSITHOCTh OJHOTO COOBITHS, MPU YCIOBHM, UYTO JIPYroe
COOBITHE YK€ TTPOU3OIILIO.

BepositHocTh ipon3BeieHUs1 cOObITHI A 1 B paBHA nMpon3BeIeHUIO BEPOSITHOCTA OJTHOTO
M3 HUX Ha YCIOBHYIO BeposiTHOCTH Nipyroro: P(AB)=P(A)-P(A/B) unu P(BA)=P(A)-P(B/A)

BeposiTHOCTh mpou3BeIeHHs IBYX HE3aBUCUMBIX COOBITHH A U B paBHa mpou3BeneHUIO
BeposiTHOCTeM comHoxkureneit: P(AB)=P(A)-P(B).

llonnas eeposmnocms. @opmyna batieca

Ecnu cobbiTHe A MOXKET MPOU30UTH TOJBKO MPHU BBIMOIHEHUH OJTHOTO M3 coObITHI H,
Ho, ..., KoTOpBIE 00pa3yIOT MOJHYIO TPYNIy HECOBMECTHBIX COOBITHIA, TO BEPOATHOCTH COOBITHS
A BbIUHCIAETCS IO PopMyJie

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

Ota Gopmysia Ha3bIBaeTC POPMYIIOi OJHONU BEPOATHOCTH.

Ecnu BBIMOTHSIOTCS BCE YCIOBHS, HMEIONTUE MECTO JIJIs1 ()OPMYIIBI TTOJTHOW BEPOSITHOCTH,
u p(A) =0, TO BBEITIOJHAETCS PAaBEHCTBO, Ha3biBaeMoe (hopmynoii baiieca:

(Hi)'p(A/ Hi)
P(A)

p(H,/ A) ="

Dopmyna bepnynriu
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1) BeposATHOCTh TOrO, YTO COOBITHE A HACTYNMHT POBHO M pa3 NpH NPOBEACHUH N
HE3aBUCUMBIX WCHOBITAHUN, KaXIbId K3 KOTOPHIX HKMEET POBHO JIBa HCXO0Ja
BbIUMCIIgeTCs o popmyne bepuymmu P (m)=CP p"(1-p)" ™, m=0,12,...,n

2) BepostHocTh HacTyruieHUsT COOBITHS A XOTA Obl OJAMH pa3 MPU TMPOBEIACHUH N
HE3aBUCUMBIX WCHBITaHUMH, YIOBJIETBOPSIOIINAX cxeMe bepnymu, paBHa
P(m>1)=1-q",g=1-p

3) BeposATHOCTh HACTYIUICHHS COOBITHS A XOTS Obl OIWH pa3 MpPU TMPOBEICHHUH N
HE3aBUCHUMBIX UCIBITAHUM, YAOBIETBOPSIONIUX CXeMe bepHyn, HaCTYIIUT HE MEHEe

My
My U HE ooJtee mo Pa3 BBIYHUCIEICTCA 110 (bOpMy.He Pn (ml <m< mz) = Z Pn (m)
m,

4) HauBeposiTHEHIIee 3HAYCHUE My YKCIIa HACTYIUICHUSI COOBITHS A TP MPOBEICHUU N
IIOBTOPHBIX HE3aBUCUMBIX HCIIBITAHHWM, YJIOBJIETBOPAIOIIMX CcXxeMe bepHyn,
np—q<m,<np+p

BBIYHCIIIETCS 110 (hOPMYJIC
opmy np—(1-p)<m,<np+p

Jaganus 1 NPAKTHYECKON PadoThI

1.B maptuu u3 30 mukcepoB 2 OpakoBaHHBIX. HaillTu BEpOATHOCTh KYyNHUTh HCIIPABHBIN
MHKCED.

2. V3 34 sx3aMeHaIMOHHBIX OMIJIETOB, MPOHYMEPOBAHHBIX C TIOMOIIBIO Yncel oT 1 10 34,
HayJady u3BiekaeTcst ouH. KakoBa BEpOATHOCTb, YTO HOMEP BBITSHYTOrO OUJIETa €CTh YHCIIO,
KPaTHOE TPEM.

3. BepostHoCcTh MOpakeHust omHou muteHu — 0,7, a npyroi — 0,8. KakoBa BeposSTHOCTB,
4TO OyZIEeT MOpa)keHa XOTs Obl OJJHA MUIIEHb, €CJIM NTO HUM CTPEJISIOT HE3aBUCUMO JAPYT OT
apyra.

4. B n1Byx KOpoOKax Jexar pydykH pa3Horo 1peta. B nepBoii kopoOke — 4 KpacHBIX U 6
YEpHBIX, BO BTOPOW — 3 KPACHBIX, 5 CUHUX U 2 4epHbIX. I3 00enx KOpoOOK BBIHUMAIOT MO
oJIHOM pyuku. HaliTu BepoSITHOCTb, YTO 00€ PYyUKH KpacHbIE.

5. B nepBoit naptuu 20 nammn, Bo BTopoi — 30 nami U B TpeTbeit — 50 mam.
BeposiTHOCTH TOTO, YTO ITpOopabOoTaeT 3alaHHOE BpeMSs, paBHa i repBoi naptuu 0,7, st
BTopoi — 0,8 u 1151 Tperbeit maptum — 0,9. KakoBa BEposITHOCTB TOTO, UTO Hay1ayy B3sTas
Jammna npopaboTaeT 3agaHnHoe BpeMs? HallTu BeposSTHOCTD, UTO 3Ta JIaMIia MPUHAJICKUT
MepBOM MapTun?

6. Umerorcs 3 onuHakoBbie YpHBI. B mepBoit ypHe HaxomsTcs 5 OenbIX U 7 YEpHBIX
1apoB, BO BTOPO — TOJIBKO O€Jible ¥ B TPETheil — TOJIbKO YepHble. Hayran BeIOMparoTcs ypHa 1
U3 Hee U3BJeKaeTcsa oAuH map. KakoBa BEposSTHOCTh, UTO 3TOT I1ap OeJbIii?

7. BeposiTHOCTB BBIMIPBILLIA IO OJHOMY JoTepeiHoMy Ouiety paBHa 0,2. Halitu
BEPOSATHOCTb, YTO U3 6 MPUOOPETEHHBIX OUIIETOB 2 OKAKYTCS BBIUTPBIIIHBIMHU.

8. [TprGop COCTOUT U3 MIECTH SIEMEHTOB, pa0OTAIOIINX HE3aBUCHMO APYT OT ApYyTa.
BepositHOCTh 6€30TKa3HOH pabOTHI KaXKIOTO dJIEMEHTA 3a onpeaeneHHoe BpeMs pasHa 0,6. s
0e30TKa3HON paboThI MPHUOOpPa HEOOXOAUMO, UTOOBI XOTS ObI OJIMH JIEMEHT ObLIT UCIIPABEH.
KaxoBa BeposiITHOCTB, 4TO 3a TaHHOE Bpems pubop Oymet paboTaTh 6€30TKa3HO?
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9

" HaiiTu BepOSTHOCTB OCYLIECTBIEHHS OT JBYX JIO YETBIPEX PA3rOBOPOB I10 TeNe(OHy
MIPU HAOJIIOJICHUH MSITH HE3aBUCUMBIX BBI30BOB, €CJIM BEPOSTHOCTH TOTO, YTO Pa3roBOP

coctouTcs, paBHa 0,7.
10.

Maraszun nosyuui 50 geraneid. BeposTHOCTh HATMUKS HECTAaHAAPTHOM JIETAIM B TAPTUHU
paBHa 0,05. Haiitu Hanbonee BepOSATHOE YUCIIO HECTAHIAPTHBIX JETalIel B MapTUH.

3.10. 3aganus A OUNEHKH OCBOEHHS TeMbl 5.2 «CiayuaidHas BeJUYNHA, ee (VHKIHUSA
pacnpeaejgenussy (Pazmea 5 «OCHOBBLI TeOpHUHM BePOATHOCTEH W MATEMATHYECKOM
CTATUCTHKWY)

IpakTnuyeckoe 3ansarue Nel?2

Tema: «PeleHue 3a1a4 ¢ peajibHbIMHU JUCKPETHBIMH CJAYYAWHBIMH BEJIHYUHAMMIN)

Heab: B xo4e penieHUs NMPaKTUYECKUX 3ajJad 3aKpENUTh IOHATHS JUCKPETHOM CiIydyailHOM
BEJIMYMHBI, MaTEMaTUYECKOTO OXHJaHUs (CpeaHEro 3HAYCHMS) JTUCKPETHOM CilydyalHOU
BEJIMYMHBI, JUCTIEPCUH, & TAKKE CPETHETO KBAAPATUYHOTO OTKJIOHEHUS JUCKPETHOM CIy4aliHOU
BEJIMYMHBI.
Teopernueckne cBeeHUs K MPAKTHYECKOil padoTe

CnyyaliHble BeJIMUMHBI, UMEIOIIME CUETHBIE MHOXKECTBA BO3MOKHBIX 3HAYCHU,
HA3bIBAIOTCS OUCKpemHuvimu. Mamemamuueckum oxncuoanuem (cpeoHum 3nauenuem)
JVCKPETHOM CIIy4allHOM BEJIMYMHBI X HA3bIBAIOT CYMMY IPOU3BEICHUN BCEX €€ BOZMOKHBIX
3HAYEHHI HA COOTBETCTBYIOIIME UM BEPOSITHOCTA M (X) = Z X P,

i=1

Hucnepcueii TUCKPETHOW CIIy4alHOW BEJIMYMHBI X HA3bIBAIOT MATEMaTUYECKOE
0’KMJIAHUE KBaJpaTa OTKJIOHEHHUS CIIy4YaifHON BEJIMUMHBI OT €€ MAaTEMAaTHUYECKOTO OXKUAHUS
D(X) = M (X-M (X))*. Jlucrepcusi TUCKPETHOW CITYYaHON BEJIMYUHBI BBIYHCIISICTCS 110
dhopmynam:

DO =X (% -m)'p

D(X) =M (X*) = (M (X))’
Cpeonum KeaopamuuHbviM OMKIOHEHUEM TUCKPETHON CIy4YallHOW BEJIMYMHBI HA3bIBAKOT
KOPEHb KBAJIPATHBIN U3 Iucnepcun o(X) = W .
Ipumep 1: Cnydaitnas BennunHa X 3aJaHa TaOJMUIEH pacmpeseneHus] BEPOSITHOCTEH.
Haittu M(X), D(X), o(X).

pi 0,1 0,4 0,3 0,2
Pewenue:
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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

3agaHud 15 IPAKTHYECKOH PA0OThHI
Ne 1

Haiite gucnepcuio BbIOOpKHU:

1) 10cm, 12 em, Tem, 11 em; 2) 161, 1401, 131, 17 15

3) 11¢,14¢,11¢,12¢,12¢; 4)5Mm,13 M,8mMm,12 M, 12 M,
Ne 2

Haiit aucnepcuio COBOKYIHOCTH 3HAYEHHIT cayuainoil Benan-
Hbl X, 3alaHHOM YACTOTHBLIM pacIpeeIeHueM:

1) | X | 2 3 4 6 2) | X | -1 | 2 3 4 5

M| 3 2 2 3 M| 3 1 2 3 1

Ne 3

HaiiTn cpeanee xBajpaTuyHOe OTKJIOHEHHME OT CPe/lHero 3Have-
HUSA 3JeMeHTOB BEIOOpKH:

1) 3kr, 5 kr, 5 Kr, 8 kr, 4 kr; 2) 12wm, 10 M, T M, 12 M, 9 M.
Ne 4

CpaBruTh aAucmepcnm ABYX BLIGOPOK, MMEIOUIMX OJMHAKOBBIE
Cpe/lHHe 3HAYeHUA:

1) 6,10, 7, 8, 9 u 8, 9, 5, 10;

2) 5,12, 7,8, 18 n 17, 6, 11, 7, 9, 10.

Ne §

CpaBuuTh AHCnEepcHH BRIGOPOK, MMEIOIUX Pa3Hble CpeHHe 3HAa-

YeHHSA:

1) 4, 6, u 6, 8,
2, 6

8,9, 8 0,12, '9:
2) 6, 3,4, 8,9n :

1
’3’7’5’7

z
=
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HAByx dyr6oanCcTOB, YYACTBYIOMHUX B UI'PDAX NATH Ce30HOB M 3a-
OMBIIMX OAMHAKOBOE KOJHMYECTBO rojios (cMm. tabaummy), cpas-
HUTh 110 CTAaOMIBHOCTH Pe3yJILTATOB.

YcenosHBIH HOMED ceaoHa 1 2 3 4 5

Ywueno ronos, sabureix l-m Qyr- 18 23 19 17 23
6onmecrom

Yncno ronos, sabureix 2-m Qyr- 19 16 22 23 20
boamcToM

Ne

BN |

HAByXx dyrbonucToB, OAWH U3 KOTOPLIX YUACTBOBAJ B MATH UIDO-
BBIX CE30HAaX, a Apyroi — B mecTH (cM. Tabauiny), CPABHUTH 110
crabuabHOCTH B 3a0MBAHHMM TIOJIOB.

Venopunlit HoMep cesona 1 2 3 4 5 6
Yucno rosos, saburseix 1-m ¢yr- | 17 [ 21 | 20 | 16 | 15 | 19
fosucrom
Yucno rosnos, saburwx 2-m ¢pyr- | — | 17 | 20 | 18 | 21 | 14
fosucrom

3.11. 3a11aHml AJIA OLICHKH OCBOCHUSA TEMbI 5.3 «MatemMaTuueckoe OKMIAAHHNEC U TUCIICPCUA

cayvuyanHo BeanduHbB (Paznena 5 «OCHOBBI TEOPHUH BEPOSATHOCTEH W MATEMATHYECKOM
CTATHCTUKW)

CamocrosiTeqibHas padoTa 1Mo Teme:
«XapaKTepUCTUKH COYYANHON BeTMYUHBD)

3apanue 1.

HajiTn gucnepcuio BuIOOpKH:

1) 10 cm, 12 cem, Tem, 11 em; 2) 161, 141, 1371, 17 1

3) 11¢,14¢,11¢,12¢,12¢; 4)5Mm,13 M, 8M,12 M, 12 M.,

3axanue 2.

Haiiti aucnepcuio COBOKYIHOCTH 3HAYEHUN cayuaiHoil Beauyn-
Hbl X, 3alaHHOM 4aCTOTHLIM pacIpeeIeHueM:

1) | X | 2 3 4 6 2)| X | -1 2 3 4 5

M | 3 2 2 3 M| 3 1 2 3 1

3aganue 3.

32



HaiiTn cpeanee xBajpaTH4YHOE OTKJOHEHME OT CPejlHero s3Haue-
HUSA 3JIéeMeHTOB BEIOOpDKM:

1) 3kr, 5 kr, b Kr, 8 Kkr, 4 kr; 2) 12m,10 M, 7M™, 12 M, 9 M.

3ananmue 4. Haiitu paszmax, Moy, MeIMaHy U CpeTHEE BHIOOPKH:
1) -5, -15, 12, -7, 8, 13, -1, -T;
2) 16, -2, -8, 10, 14, -6, -2, 11.
3aganue 5.
HaiiTu pasmax, mony, MeAuaHy ¥ cpejHee BHIGODKYM 3HAYEHMI

CAy4aiHOH BeamuyuHbl X, pacupefeseHHe KOTOPBIX IO YACTO-
TamMm M zagaHo Tabauneii:

1) X -1 0 1 3 3 6

M 2 3 4 1 1 1 |
2) X -2 -1 0 2 3 1

M 1 2 4 1 1 1

3.12. 3agaHud 111 OeHKH OCBOCHHUS Kypca vueoHoi nucuumianuabl EH.01
MATEMATHKA (23.02.07)

e dopMa/BuJ MPOMEKYTOUHOM ATTECTANNH

DopMOil IPOMEKYTOUHOM aTTECTALlMU B COOTBETCTBUU C YUE€OHBIM TUIAHOM SIBJIIETCS:
g depeHIrpOBaHHBIN 3a4eT

e dopMa NpoBeJCHUA POMEKYTOYHON aTTECTALMHU
[TuceMeHHas KOHTpOJIbHAs padoTa.

e Cpox nposenenust

JIMcUMIIINHA B COOTBETCTBUU C YYEOHBIM IJIAHOM T10 CIIELIMATbHOCTU U3ydaeTcs Ha
MPOTSHKEHUH OAHOTO cemecTpa. [IpoMekyTouHas aTTecTanusi IpOBOJUTCS B KOHIIE CEMECTpa.
IIpoBepsieMble 3HAHUSI U YMEHMS:

B pe3ynbTaTte ocBOoeHUs y4eOHON AUCIUIUITMHBI O0YYarOIIUICS JOJKEH Y Memb:
V1.Pemars npukiagnble 3aa4u B 00J1acTi NPOPECCHOHAIBHON AESITEIbHOCTH.

B pe3ynbTaTte ocBoeHUs yueOHON AUCIUIUIMHBI O0YHAIOIIUIICS JOJDKEH 3HAMDb:
31.3HaueHne MaTeMaTUKU B MPO(HECCUOHATBHOM NESATEILHOCTH U TTPU OCBOCHUU
obpazoBarensHOl iporpammbl CI1O;
32.0OcHOBHBIE MAaTEMATUIECKHE METO/IbI PEIICHUS MPUKIIATHBIX 33/1a4 B 00JaCTH
poheCCHOHAIBHON JISITEIIbHOCTH;
33.0OCHOBHBIE IOHSATHUS U METOJ/Ibl MATEMATUYECKOTO aHAIN3A;
34.0OCHOBBI TEOPUH BEPOSITHOCTEN U MATEMAaTUYECKOW CTATUCTUKH;
35.0cHOBHBIE OHATHUS U METObI AUCKPETHON MaTeMaTUKU, TUHEWHOMN anreOphl.
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HUTOI'OBAS KOHTPOJIBHAS PAGOTA
(muddepeHIUPOBAHHLIN 324€T)

Bapuanr 1

. n’+6n-5
1. Beraucaure npenen lim————
n—>»10n" —-8n° +2

2. Haiigure npoussoanyro Gpyrkiun y =(3x + 1)*
3. Ilpumenss hopmyny Heiotona — JleitOHMIIA, BEIUUCTUTE OMPEICIEHHBIN HHTErPa:

1
jxsdx
2
3
4. Beluucnute HeonmpeneaEHHbIN HHTETpal:
3+2x—x°
) dx
3 21
5. Boumcouts onpenenurens: 2 9 3
3 4 3

6. Pemuth ypaBHEHUE: x? —6x+18=0
7. Haiitu nucniepcuto Beioopku: 10 cMm, 12 cm, 7 cMm, 11 cm

Bapuanr 2

2
. X°-16
1. Beraucnute npezen lim————
x>4 X° —5Xx+4

2. Haiinure npousBoanyo ¢pyukuun y = (1 + 2x)°
3. Ilpumensis popmyny HeroTona — JleiiOHuUIIa, BBIYUCIUTE ONPEICIEHHBIN HHTETPAL:

3
Ix‘zdx
1

4. Bpruucnure HeoNpeAerEHHbIA HHTErpa:

x2 —T7x+12
f dx
X
1 2 3
5. Berauciuts onpenemrens (4 5 6
7 8 9

6. Pemuth ypaBHEHHUE: x> —2x+10=0
7. Haititu qucniepcuto Beioopku: 16T, 141,13 1, 171

8.



JUCHUILIAHBI

4. KOHTPOJIb Y OIIEHKA PE3YJIBTATOB OCBOEHHUS YUEBHOM

Kputepuu oneHku
nuddepeHIMpOBaHHOTO 3aUeTa

OHGHKa YPOBH:A IMOATOTOBKHU

Oain
(oTMeTKa)

BepOaIbHBIN aHAJIOT

OtcyTtcTBHE OIIMOOK B paboTe, KOPPEKTHOCTH
odopMieHus 1 BerancieHnid. Pabota
BBIIIOJIHEHA B ITOJTHOM 00BEME.

be3 nonoiHUTENbHBIX MOACHEHUH (YKa3aHUM)
MCIIOJIb3YIOTCSI HABBIKU M YMEHHSL.

Bce marepuansl ohopMIIeHBI aKKypaTHO U
COTJIACHO YKa3aHHBIM TPEOOBaHUSIM.

JlatoTcsi rpaMOTHBIE OTBETHI Ha MIOCTABJICHHBIE
BONPOCHI.

5

OTJIMYHO

Pabota BbINOIHEHA B TOJIHOM 00bEME.
HaBbIkM 1 yMEHUs, TOJTy4EHHBIE [TPU
M3YYEHUU JHUCLUUIUTMHBI, HE MOTYT OBITh
MCIIOJIb30BaHbI 0€3 TOMOJIHUTENbHBIX
MTOSICHEHU .

[Ipu opopmuenun paboTb

JOMYIIEHBI HECYIIIECTBEHHBIE OLIMOKHU B
pacueTax (OMMOKH MPU OKPYTIICHUU YUCEN U
T.IL.).

XOPOIIO

PaOorta BbIIIOJIHEHA B ITOJIHOM 00BEME,

HO COJICP)KUT IPyObIe OMMOKH, YTO IMOBJICKIIO
HEBEPHBIC BBIYMCIICHUS BCEX JAPYTHX
mapaMeTpoB.

HaBbIku 11 yMeHUs, TTOTyYCHHBIC TTPU
W3YYCHUHU JTUCIUTUIAHBI, HE MOTYT OBIThH
HCIIOJIBL30BaHbI 0€3 JUINTEIbHBIX
JTOITOJIHUTEIIHbHBIX ITOSCHEHUH.

[Toxa3aHbl OrpaHUYEHHBIC 3HAHUS TTPEAMETA
IIPY OTBETE HA BOITPOCHI.

YAOBJICTBOPHUTCIBHO

PaboTa conepxut npuHIUNIHATBHBIC
omuOKu (TepenyTanbl GOpMyJIbl, HApyIIeHa
MOCJIEIOBATEILHOCTH BBHITTOTHEHUS
BBIYHCIICHUN U T.11.). OTCYTCTBYIOT 6a30BBIC
IITKOJTHHBIC 3HAHUSI.

Pabota odopmieHa kpaitHe HEOPEKHO.
[Toka3piBaeTCsl HE3HAHUE MIPEAMETA MPU
OTBETE Ha BOIMPOCHI.

HCYIOBJICTBOPUTCIILHO

NudopMannoHHbIe HCTOYHUKH LIS pa3padoTkn koMmiuiekta KOC
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10 Y4eOHOM INCUUILIHHE
EH.01 MATEMATHUKA
(cienmanbsHOCTh 23.02.07 Texuuueckoe oOCTy)KHUBaHUE IBUTATENEH, arperaToB U CUCTEM
aBTOMOOMJICH)

OCHOBHBIC HICTOYHUKH

1. bammakoB M.U. Maremaruka: anrebpa ¥ Hayajia MaTEMaTHYECKOTO aHAM3a.

I'eomeTpus. 3agaunuk, u3aaTeabckuit eHTp "Axkagemus', 2022

2. bammakoB M.U. Maremaruka: anrebpa M Hadajlo MaTEMaTUYECKOrO aHalM3a.

I'eomeTpust. YueOHuk, n3garenbckuil eHTp "Axagemus", 2022

3. bapun N.M. «Marematndeckuii ananu3. Y4ueOHuk u mpaktukym st CIIO. M. -
Opaiit, 2022.

4. boromonoB H.B. IlpakTuueckue 3aHATHS MO MaTe€MaTHKe; y4eOHOE MOocoOHe Mo
MaTeMaTUKe JIJIsl CPEIHUX CHEIUAIbHBIX YUeOHBIX 3aBeAeHMil.- M. Beiciias mikona, 2022.

5. MBames-MycaroB O.C. «Teopuss BEpOATHOCTEH W MaTEMAaTHYECKas CTATHCTHKA.
VYuebnuk u npaktukym st CITO. M. - FOpaiit, 2022.

6. Kauenosckuit M.M. u nap. (mox pen.I'.H. SxosneBa) AnreOpa (B 2 yactsix). M.-
Hayka, 2022

7. Kauenosckuit M.U. u np. (mox pen.I.H. flkosnesa) ['eomerpus. M.- Hayka, 2022

8. TarapuukoB O.B. DnemeHnTsl nuHeHON anreOpnl. YueOHuk u npaktukyMm st CIIO.
M. - FOpaiit, 2022.
9. [TomoB A.M. Teopusi BEeposSTHOCTEH W MaTeMaTHYeCKash CTATUCTUKA. YUYEOHUK s
CIIO. M. - IOpaiir, 2022.

JonoJHuTEeIbHbIC HCTOYHUKH
1. AmumoB II.A. u ap. MaTemaTtuka: anredpa U Hayajia MaTeMaTHYECKOrO aHan3a,

reomeTpusi. Anredpa YW Hayajia MaTeMaTUyecKoro aHanu3a (0a30BbIi U yriayOJeHHBIN
ypoBHHM).10—11 kmaccel. M., 2023.

2. bammakop M.M. Maremarnka: KH. IS TIpenojaaBarelisa: MeToi, Imocobwe. M.,
2023.

3. bammvakos M.U., Lpranos III.M. MeTtoauueckoe 1mocoOue ISl IOATOTOBKH K
EI'D. M., 2023

DJIeKTPOHHBIE H3AaHUA (3JEeKTPOHHBIE PecypChl)

1. WNudopmauuonusii mnoprtas HauuonanbHasi »snekTpoHHas Oubnuoreka (Pexum
nocryma). URL: http://u36.pd

2. HWudopmanmoHHblii mOpTan NEKTPOHHO-OMOJMOTEYHAss cucTeMa Znanium.com
(Pexxum nmocrtyma): URL: http://znanium.com/

3. Wndopmanmonnslii mopran OnekTpoHHas Oubnmoreka IOpaiit (Pexxum pocrtyna):
URL: https://biblio-online.ru/

4. Nndopmanmonnsnii nmopran [Mazera «Marematuka» uzgartenbckoro goma «Ilepsoe
ceHTsa0ps». (Pexxum noctyna): URL:http://mat.1september.ru .

5. Undopmammonusnii mopran Martematuueckue 3Tioabl (Pexxum noctyma): URL:
http://www.etudes.
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