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1 BBEJAEHUE

BaxHylo yacTh TeOpeTH4ecKkoil U npohecCHOHAILHOW MPAKTHYECKOW MOATOTOBKU OOYYarOIIUXCs
COCTABJIAIOT IIPAKTUYECKHUE 3aHATUA.

CocTtaB M coiepkaHUE IPAKTUUYECKUX 3aHATUHM HampaBiieHbl Ha peanu3auuio DenepanbHOro
roCyJapCTBEHHOT0 00pa30BaTeIbHOIO CTaHAapTa CPEAHEro NPOoPecCHOHANBHOTO 00pa30BaHMsL.

Benymieidi  qumakTU4ecKOM — IeNbI0  MPAKTUYECKUX — 3aHATHH  sBisieTcs  (opMupoBaHue
poeCCUOHATIBHBIX NPAKTUYECKUX YMEHHUH (YMEHMH BBIOJHATH OINpEJesIeHHbIE JIeHCTBUS, Olepaluy,
HEOOXO/AMMBIE B TOCIEAYIOUIEM B MPO(ECCHOHATBLHONW NEATENBbHOCTH) MM y4eOHBIX NMPAKTUYECKUX
YMEHUH pemiaTh 3a1a4M 110 MaTeMaTUKe, HEOOXOJUMbIX B IOCIIEAYIOLIEH yUeOHOH e TeIbHOCTH.

B cootBercTBHM ¢ paboueil mporpaMMoil yueOHOM auciumiuHbl «MarteMaTHKay MperycMOTPEHO
IIPOBEJCHUE NPAKTUYECKUX 3aHATUU.

B pe3ynbrare X BBIIOJHEHMSI, 00Y4arOIUNACs JODKEH:

ymemup:

— ¥ 1. aHanu3upoBaTh CIOXKHBIE (PYyHKIIMU U CTPOUTH UX TPa(UKH;

— 'V 2. BRINOJHATE IEHCTBHS HaJ KOMIUVICKCHBIMH YHMCIIAMHU;

— Y 3. mpou3BOAUTH ACHCTBUS HAJ MAaTPUILIAMU U OTIPEACIIUTEIISIMU;

— VY 4. pewmath cUCTeMBI JINHEHHBIX YpaBHEHUH pa3IUUYHBIMA METOIaMHU

— ¥V 5. pemath 3a1au¥l Ha BHIYMCIICHUE BEPOSTHOCTH C UCTIOIb30BAHUEM HIIEMEHTOB KOMOUHATOPHKH;

— VYb6.pemare TpUKIAAHBIE 3aJaud C KCHOJB30BAaHHMEM DJJIEMEHTOB Ju(depeHInanbsHoro H
HWHTCTPaJIbHOT'O HCYHCIICHHIA.

ConepxaHne MPaKTUYECKUX U JIJAOOPaTOPHBIX 3aHSATHI OPUEHTHPOBAHO HA TIOATOTOBKY O0yJarOIUXCs K
OCBOEHHIO TPO(ECCHOHAIBHOTO MOAYJS IMPOrpaMMbl IOATOTOBKU CIIELUMAINCTOB CPEIHEro 3BEHa II0
CIIELIMATIBHOCTH U OBJIAJICHUIO HPOeCcCUOHAIbHBIMI KOMIEMEHUUAMU:

IIK 1.2 PaspaGaTbiBaTh BUPTYalbHYI0 MOJENIb 3JIEMEHTOB CHCTEM aBTOMATH3allMM Ha OCHOBE
BBIOPAHHOTO MTPOTPAMMHOTO 00ECTIEYeHUS U TEXHUIECKOTO 3a/IaHHs.

IIK 4.1 KouTponupoBaTh TeKylIMe MapaMeTpbl M (aKTUUECKUe II0KazaTelu paboThl CHCTEM
aBTOMaTH3allud B COOTBETCTBMM C TPeOOBAHUSMH HOPMATUBHO-TEXHMYECKOW JOKYMEHTAIlUM s
BBISIBIICHHS] BO3MOKHBIX OTKJIOHEHHH.

A Taxxe GOPMHUPOBAHUIO OOUIUX KOMNEM EHYUIL:

OK 01 Boi6upats crioco0Obl penieHus 3agad NpodhecCHOHAIbHON 1eATEeNbHOCTH MPUMEHUTENIBHO K
Pa3IUYHBIM KOHTEKCTAM.

OK 02 Hcnonp30BaTh COBPEMEHHBIE CPENICTBA TIOMCKA, aHAJIM3a M HHTEPIPETAud HHPOPMAIIUH, 1
WH(POPMAIMOHHBIE TEXHOJIOTHH IS BBITIOJHEHUS 3a/1a9 IPO(PECCHOHATBHOMN IeTETFHOCTH.

BrinonHenue o0yyaromuxcs MpakTUYECKUX W/UJIH Ta0OpaTOPHBIX padoT Mo Y4eOHOU AUCITUTUIHHE
«MatemaTHiKay HallpaBJICHO Ha:

- 00o001IeHre, cucTeMaTr3aIuio, yriayoaeHne, 3aKperieHle, pa3BUTHE U JCTATU3ALUIO TOTyYEeHHBIX
TEOPETUYECKHX 3HAHUN M0 KOHKPETHBIM TeMaM Y4eOHOMN JUCIUILTHBI;

- (hopmupoBaHNEe yMEHHI NMPUMEHSATH MOJTYYCHHbIE 3HAHUS HA MPAKTHKE, peayin3aliio €IUHCTBA
MHTEJJIEKTYAJIbHOM U TPAKTUYECKON AESITEIbHOCTH;

- (opmupoBaHue M pa3BUTHE YMEHHI: HaOII0/1aTh, CPaBHHUBATH, COINOCTABIATH, AHAIU3UPOBATDH,
Je7aTh BBIBOJABI M OOOOIIEHMS, CAaMOCTOSTEIbHO BECTH HCCIICAOBAHMA, MOJB30BATHCS PA3TUUYHBIMU
prUeMaMu U3MEpEeHU, opOpPMIIATH pe3yabTaThl B BUE TaONIHUII, CXeM, TPadUKOB;

- BBIpaOOTKY MPH PELICHUH MOCTaBICHHBIX 3a/1a4 MPOGECCHOHATHHO 3HAYUMBIX Ka4eCTB, TAKUX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAsi HHUIMATHBA.

IIpakTHdyeckue 3aHATUS TPOBOJITCS B paMKax COOTBETCTBYIOLIEH TEMBI, IIOCIE OCBOCHHS
TMIAKTUYECKUX €IMHUILL, KOTOphle 00eCIIeunBal0T HATMYUE 3HAHUHM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHS.



2METOIUYECKHUE YKA3AHUSA

Tema 1 KommiiekcHble uyncia
IIpakTuyeckoe 3ansaTue Ne 1

JelicTBUSA HAJl KOMILIEKCHBIMH YUCJIaMHU B ajiredpandeckoi ¢gpopme

Heab: Hayuntbces BRITOMHATE ASHCTBHS HAJl KOMIUICKCHBIMU YHCIIAMH, 3aITICAHHBIMU B aJIreOpanvecKon
dopme.

Beinosinus patdory, Bel Oyaere:
ymembs:
— Y2 BBINOJHATH IEUCTBUS HaJ KOMIUIEKCHBIMHU YHCIIAMU;
— Y0 01.02 ananu3upoBaTh 3aa4y U/ WK IPOOJIEMY U BBIJIEIATH €€ COCTaBHBIC YaCTH;
— VYo 01.03 onpenensaTs 3Tambl pelieHus 3a1auy;
— Y0 02.01 onpenensaTe 3a1auun A1 MOMCKa HHPOPMAIIHH;
— Y0 02.04 Be11en1Th HaKOOJIEE 3HAYMMOE B IepeyHe HH(MOpPMAIUH;

MaTtepuajibHOe o0ecnedeHue: HHIUBUIyaIbHbIC 3a1aHuUs, KOHCIICKTHI JICKITHIA.
3aganmue:
1. Jlausr komruiekcHbIe uncna: z1= (7;1), 2,=(-1,5;1,5), z3=(4;-3).
3anucaTth 3TH YUClia B aireOpandeckoi hopme.
2. Breuaucnuts:

1) z, +z,;
2) zy—z3

=,
3) =
) o
4) z,-zg;

5
5) =z3;

143i | 4-5i g
3. Bpruuncnuts: Pl

ITopsinok BbINoOJIHEHUs padoOThI:
1. 3anumuTe KOMILIEKCHBIE YUCIa B aredpanueckoit popme z = a + bi

2. BoimonHHATE ACHCTBUS HAJl KOMIUIEKCHBIMH YHCJIaMU B ajureOpandeckoil opme, UCHOb3ys
bopMmybL:
o+ 23 = (ay +ap) + (by + by
Iy — Iy = {:ﬂl - ﬂ:} + {IJJ_ - bg};’

z1-2; = (ay @y — byby) + (ayhy + e by )i

+815z + Gpby—mq By

.2 2
+i5 a5+

1

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

Pemenwne: T.x. anrebpandeckas popma KOMIJIEKCHOTO YMCIa UMEET BU: = = a + bi, TO YHCIa B
anredpandeckoit popme OyTyT 3anMCaHbl B BUIE:
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5y =7+i6 29 ==13+ L5 zg =4 - 3i.

2. Breruuciours:
2+, =(7-15)+(14+15)i=55+ 2,5i;
73— 23 = (=15 —4) + (L5 + 3)i = —=5.5 + 4.5i;

Iy T+1 [(T+0(44+30) 2B+ 4i+21i+3° 284251-3 254251 . .
= = = = =141

5 4-3 (4-30+3n 16-%° 18+ 5
zoz3 = (1,54 15004 —30) = -6+ 451+ 6i —45% = -6+ 10,5{ + 45 = —1.5 + 10,5i;
A=+ =(T+DT+) = (40 +14i + #)2(7+1) = (48 + 142 (7 + i) = (2304 + 1344 +
1962 0(7 + i) = (2304 + 1344i — 196)(7 + i) = (2108 + 1344:)(7 + i) = 13412 + 11516i

143 4-51
3. Bpumcnuth: — 4 — — if
-3 1+31
Pemenue:
1431 4-51 .
- ——# =_-21-27;
1-3 1431
1) 43 (1430)(=i-3) _ -!-313!3-3! L _
1—3 e T e —1"45 10
2) 4-5 _ (4-513(1-31) _ 4—12!—5!-}-15!3 _ -11-171 - _11—17i
1431 1431371-3103 1-91% 10
3 £=()¢=(-1*=1
4) —-i—-11-17i-1=-21-27i

®opma npeacTaB/ieHHus pe3yJabTaTa: padoTa JOHKHA OBITh MPEACTABICHA B BUJIE BBHITOJIHEHHBIX
BBIYUCIIEHUI.

Kputepuu onenkmu:

— OneHka «OTJIMYHO» BBICTABISIETCS, €CIOM BCE 3aJaHHs BBIMOJIHEHBI MpPaBHIBbHO, 0€3
apupMeTHYECKUX OMMOO0K, pelieHrne 0hOpMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 0O0OCHOBAHHUSIMH.

— OrneHka «XOpoIIo» BBICTABIAETCS, €CIM BCE 3aJaHMs BBIOJHEHBI, HEKOTOPBIC BUIBI 3aJaHHI
BBIIIOJIHEHEI ¢ ommbOKkaMu. be3onmoouno BeimoiHeHo 80-89 % Bcex 3amaHuii.

— OrneHka «yJIOBIETBOPUTENBHO» BBICTABISETCS, €CIH OOJBIIMHCTBO  3aJaHUIl BBINOJHEHO,

HEKOTOpbIE M3 BBHIMOJHEHHBIX 33/1aHuil cojepxar ommOku. bezommbo4yno BemonaeHo 70-79 %
BCEX 3aJIaHUM.

— OIlIeHKa «HEYIOBJIETBOPHUTEIILHOY» BBICTABIISIETCS, €CITU BHITIOJIHEHHBIE YU€OHBIE 3a/IaHUsI COJEPKAT
rpyOsie ommbku. be3ommbouyno BeimoaHeHo MeHee 70% Bcex 3aaaHuil.

Tema 1 KoMmiekcHbIE YHCJIA

IIpakTnueckoe 3ansaTHe Ne 2

JeiicTBUSA HaJl KOMILICKCHBIMHU YUCJIaMH B TPUTOHOMETpHYeCcKoil popme

Heab: HayuuTbcsi BBIMONHATH ACWCTBUS HAJ KOMIJIEKCHBIMH YHCIAMU B TPUTOHOMETPUUECKOMN
dbopwme.
Beinosnus patdory, Bel Oyaere:
ymemn:
— 'V 2 BBINOIHATE AEHCTBUS HaJl KOMIUIEKCHBIMH YHCIIAMU,
— ¥Y001.02 ananu3upoBaTh 3a1a4y U/ WK TPOOJIEMY U BBIIEIATH €€ COCTaBHBIC YaCTH;

6



— VY0 01.03 omnpenensaTs 3Tambl pelieHus 3a1a4H;
— ¥Y002.01 ompenensaTs 3amauu A MOMCKa HHPOPMAIINH,
Yo 02.04 BeiensaTs HanboJiee 3HAYUMOE B ITepevyHe HHPOPMAITIHI

MartepuajibHoe obecnedeHne: MHIUBUTYAIbHBIC 3a/IaHNSI, KOHCTICKTHI JICKITH.
3aganme:

1. Jlausl komiutekcHble uncna: z1=(-3;-5), z,=(-7,2;7,2), 23=(2;6).
3amnucarh 9TH YKCJIa B TPHTOHOMETPHUECKON (popMe.

=,
2. Beruucnure: 5 * Z5; o Zf; VEz.

2 &

3. BBIMONMHUTE OSHCTBYS U 3aUIIUTE PE3YNIbTAT B alireOpandeckoii hopme:
g . 3

51 ir ¢ 24cos 75" +izin 75"
a) (3- (cos TT + isin :T]] b) Ll il R

= 0l al
J(eos I +isr 30 )

KpaTKue TCOPETHYECCKUEC CBCACHUSA .

Tpuronomerpudeckoit (HopMoil KOMITJICKCHBIX YHCEN HA3bIBACTCS 3aIMCh UX B BUJIE:

z =r(cosg +1- sing).

HpI/I BBITNIOJIHCHHUH HeﬁCTBHﬁ HaJ KOMIUICKCHBIMHU 4YHCIaMHU B TpHI‘OHOMGTpH‘ICCKOﬁ (1)opMe
HCIOJIB3YIOTCA CIICAYHOIIUC (bOpMy'J'IBIZ

I tEp =Ty '?‘:('3'3'5{‘?'1 + ‘F‘:)"‘ 55"”{@1 + ‘P:}]
= LB
<= {'3':'5{‘?"1 - ‘F':} + fsm{‘ﬁ - '?9::}]

Z: ?":

" = r{cosng + isin ng)

Jnist u3BJI€UEHNS KOPHS N-H CTENEHH U3 KOMIUIEKCHOT'O YHCIIa B TPUTOHOMETpUYEcKoil popme
z = r(cosg +1- sing) ucnonszyercs popmya :

g+imk o @4Ink

+ isin

w, = \r- (cos }, TIIE /r - apudmMernueckuit kopenb, k=0, 1, 2, ..., n-1.

Aneopumm nepexooa om aneebpauieckoi Gopmul K mMpuOHOMEmpUu4eckou.
[TycTh KOMIUIEKCHOE YHMCIIO 33aJ]aHO B anredpandeckoil popme z = a + bi.

1) Monyne r =|z| ogHO3HAYHO OmpeenseTcs o popmyne r = va® + b2,
a . b

2) AprymeHTt ¢ onpenensiercs u3 popmya CosSg =—, Sing=—.
r r

3HaueHUS ApPTryMCHTAa KOMILJICKCHOI'O YKUCJIa MOKHO HaAXOJAUTh U TaK:

e Ompenenuth, B KaKOM YETBEPTH HAXOJUTCA BEKTOpP (MCIONB30BATh T'E€OMETPUUECKYIO
WHTEPIPETAINIO YUCA) = = a + bi

e PemuB ypaBHeHUE tgg = E, MOJIy4aeMm, 4To

B .
arg z = @ = arctg - U1 BHYTPEHHUX Touek | u 4 yeTBeprei,

b
argz = @ = arctg -+ m JUJI BHyTPEHHUX TOUYEK 2 YETBEPTH,

7



b
arg z = @ = arctg -—T IJIs1 BHYTPCHHHUX TOYCK 3 YCTBCPTHU.

Ecnu Touka z nexut Ha NEUCTBUTEIBHOW WJIM MHUMOM OCH, TO arg Z MOKHO HAWNTH HEMOCPEICTBEHHO.

3) Haiigsg Moaynb ¥ apryMeHT KOMIUIEKCHOTO YKCIIa, €r0 MOKHO 3aIUCaTh B TPUTOHOMETPUYECKOM
WM TTOKa3aTenbHOU GopMe =z = r(cosg +ising) UIU = = re'?.

ITopsinok BbINOJIHEHHSI PAa0OTHI:

1.3anummre 3amaHHBIC YHUCIIa B TPUTOHOMETPUYECKOW (popme, UCHOIB3ysl AlTOPUTM Tepexojia K
TPUTOHOMETPHYECKOH opMe.

2.BrImmosiuTe HEOOXOAUMBIE JIEHCTBUSL.
Xoa paGoTsI:
Janbl komiutekcHsie uncia: z1=(7;1), z,=(-1,5;1,5), z3=(4;-3).
1. 3anmcarp 9yncna 73, Z; ¥ Z3 B TPUTOHOMETPUIECKOU (hopMme.
Pemenue:
1) z;=7+i
|z ] = 449 + 1 = /50 = 54/2,
Uuciio HaxouTCs B IEPBOM YETBEPTH, 3HAUUT
@ = nrctgjj_' = arctg0,1429,
z; =7 +4i= 5V2(cos 8°8 + isin8°8).
2) z;=-15+15i

[ 1 & 1 o2 T =
|z = (-15)" + 1.5 =225+ 225 = 25 =21

o k ) 3.
Uucno HaxoauTCs BO BTOPOM YETBEPTH, 3HAYUT ¢ = arctg E +r=arctg(—1) +7=— StT=T0
T

3
7 = —1, 1.5i =2/ — + isi
Zq 1.5+ 1.5 l{u:u:us_}+szf1_1

3) z3=4-3i
|z;] =v9+ 16 =25 = 5.
Yuciio HaxoIUTCs B YETBEPTOM YETBEPTH, 3HAUUT
@ = nrctg_T! = arctg (—0,75) = —36%°52",
z3 = 4 — 3i = 5(cos(—36°52 + isin(—36°52).
2. Beruucnure:
1) z; - z3;
)
=4
3) =i;
4) \z,

Perenue:

Zyoz;=21-5 (.:us{135= — 36°52 ) + isin (135° — 3ﬁ=52'}) = 10,5(cos 98°8 + isin 98°8);



a_ 5%'E(.:c.s (88 — (-36°52') ) + isin (878 + 35=52'}) = V2(cos 45° + isind5°);

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

Bocnons3yemcest hopmyioi:

k= W(COS% +isin M)

B Hamewm npumepe n=2.

7 = g = ﬁ;-:{ms 135 +:35: £ o +:35:=a-];

o = IIE ppe BEFBID S0 s san’ & e crma -
:_‘“( = s )_M_. (cos 67°30' + isin 67°30");

_ B2 135243601 | 135436001y oo T L ———
Gy = N (cus— + isin —) = 4/2,1(cos 247730 + isin 247730

2. BwImonHATE ACHCTBHS U 3aMMUAIIUTE PE3YIbTAT B allreOpandeckoi popme:
5 cr B c c c c = =
5 .. am 5 am .. am 3T .. am W W2
2+ (cos— 4+ isin — =2 (cus—-ﬁ- :s:n—-ﬁ-)=ﬁ‘1-(cus— :5:n—)=ﬁ=1-(———:—:]=
{ { 24 + 2-1-:]] 24 + 24 2 + 4 2 2

—3242 — 32421

24(coeT5 4isin 75y 24 : : : 1 5
TR T ) = = (cos(75° — 15°) + isin(75° — 15°) = 8(cos60° + isin60%) = 8 (; + :"'T) =4+

3:::515:'+!:!r. 15" - 2

EET]

(I)opMa npeacraBjdeHusl pedyJjabTara: pa60Ta JOJIKHa OBITh MMpEeaACTaBJICHA B BUJIC BBIIIOJIHCHHBIX

BBIYUCIIEHUI.

Kputepuu onenkmn:
— OmeHKka «OTJIIMYHO» BBICTABISIETCSA, €CIM BCE 3aJaHHUsd  BBINOJHEHBl IPABUIIBHO,

apupMeTHYECKUX OMMOO0K, perieHrne 0hOpMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
— OIleHKa «XOpOUIO» BBICTABISAETCSA, €CIM BCE 3a/IaHMs BBINOJHEHBI, HEKOTOPBIE BUJbI 3aJlaHUN

BBIIIOJIHEHEI ¢ ommOKkaMu. be3onmoouno BeImoHeHo 80-89 % Bcex 3amaHuii.

— OlmeHKa «yJOBJIETBOPUTENIBHO» BBICTABISAETCSA, €CIM OOJBIIMHCTBO  3a/laHUM  BBIMOJHEHO,
HEKOTOpbIE M3 BBHIMOJHEHHBIX 33/JaHuil cojepxar ommoOku. bezommbouHo BImomHeHo 70-79 %

BceX 3aIaHUH.

- OHGHKa CHCYOOBJICTBOPUTCIILHO» BBICTABJIACTCA, €CJIU BBIIIOJIHCHHBIC y‘-Ie6HI)Ie 3alaHuA CoacpKar

rpyOsie omnOku. be3ommbouno BeinmonHeHo MeHee 70% Bcex 3a1aHuil.

Tema 2 JInneiinas aareodpa
IIpakTyeckoe 3ansaTue Ne3
HeiicTBus ¢ MAaTpULIAMM
ean padorbl: HayunThcsl BEIOIHATE AEUCTBUS HaJ MATPULIAMH.

Boinmosinu pa6ory, Bel Oynere:



ymembw:
- V3. IpOU3BOJUTH ﬂeﬁCTBHﬂ Haa MaTpyuliaMu U ONPCACIUTCIIAMU,
— Y0 01.02 ananu3upoBaTh 3aa4y U/ WK IPOOJIEMY U BBIIEIATH €€ COCTaBHBIC YaCTH;
— VY0 01.03 onpenenars 3Tansl pelIeHUs 3a0auu;
— Y0 02.01 onpenensaTes 3a1auu A1 MOMCKa MHPOPMAIINH,
— Y0 02.04 Be1enaTy Hanbosiee 3HAYMMOE B IepeyHe HHOpMAIUH;

MarepuanbHoe o0ecrniedeHne: UHIUBUIyaJIbHbIC 33/IaHUsI, YU€OHUKHU, KOHCTIEKTHI JICKIUH.
3aganue:

1. Haiitu maTpuily € = 4° + 3AB, € A = (__2 3 ]: B = {5 _1?].

1 -1 1 3
-2 1
2. BBIICHHTS, ABJIAETCSA MaTpULa A~ = ( 5 __g) 00paTHOI K MaTpHIle A = (g g)
4 £
-3 2 -3 1 0 =5
3. HaapiMarpunpl: A=| 1 5 —2|m B=|3 —4 1 | Haiimure: A+B;2A; AB; BA.
2 4 -1 0o -2 2

KpaTKne TCOPETHYECCKUEC CBCACHUSA
ManHHeﬁ HAa3bIBACTCA MPAMOYI'OJIbHAA Ta6J'II/II_[a YUCCII. ManI/II_[a 3aIIMChIBACTCA B BUJIC:
@y Oyp..  Oyp

A=| Gy G 0O |
Omi  Qmz..  Omp

JleicTBUs HaJ MaTpUIIAMMU:

1.CnoxeHnue.
Omnepanus CI0XKESHHS BBOJIUTCS TOJIBKO JIJISI MATPHUI] OJJUHAKOBBIX pa3MmepoB. [Ipu croxxeHnun
MaTpPHII UX COOTBETCTBYIOITUE dJIEMEHTHI CKJIIbIBAIOTCSI.

ay +by G b ay by,
A+ EBE=C=|ay +bsy Gon + B2z 8oy + by
ni"li.]. + bi“i.]. ﬂi"li.: + bﬂl: ﬂi"li.i"! + bi"'i.i"!
2. YMHOKEHHE Ha YHUCIO.
[Ipn yMHOK€HUU MaTpPUIbl HA YUCIIO KayKbI €€ 3JIEMEHT YMHOXKAeTCsl Ha 3TO YHUCIIO.
kayy, koo kay,
kd = (kﬂ:]_ kftan = kg, )
kﬂi"il |l-\-ﬂi"li.: |l-\-ﬂi"li.i’!
3.YMHOXEHHE MaTpHIL.

Omnepanyst yMHOXKEHHUS! MaTPUIL BBOAUTCS TOJIBKO JUISL CTydast, KOTAa YUCIIO0 CTOJIOIOB MEepBOi
MaTpHUILIbI PABHO YHCITY CTPOK BTOPOH.

YroObl HAWTH AJIEMEHT MATPUIIBI, CTOSIIIUI B I-TOW CTpOKe B K-TOM cTOJI01IE, HY’)KHO BBIUYHCIIUTH
CYMMY IIPOHM3BEACHUI 3JICMEHTOB I-TOW CTPOKH IEPBOM MATPHIILI HA COOTBETCTBYIOIIHME JIEMEHTHI K-
TOTO CTOJIOIA BTOPOH.

Ilopsinok BbINOJHEHHSI padOThHI:

1. 3anummure 3aJaHuc.
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2. Ompenenute, Kakue ACHCTBHS, M MO KAaKUM IpaBUiIaM HEOOXOIMMO BBINOJHUTH. [IpounTaiite
KOHCIIEKT.
3. Brmonnure peiictus. [IpoBeppTe MpaBUILHOCTH BBIYUCICHUH.

Xox padoThI:

1.Haiitu matpuny ¢ = A* + 3AE, eciiu
=2 3y L_{3 -1

H_El —1)' B_(l 3)
a) Haiinem A°, yMHOXXasi MaTpuIly camy Ha ceOst
.512—(_2 3)(—2 3)_(? —'El)
BN B | 1 -1/ -3 4
0) Haiinem matpuity 34, yMHOKHB BCE JIEMEHTHI MaTpHIIbl A Ha 3.

_af-2 3y_f-6 0
3’4_3(1 —1)_{3 —aj

B) Haiinem npoussenenue 3AB

_(—6 9%y (5 —1y_(-21 33
34B ‘( 3 —3) {1 3 ) B ( 12 —12)
r) Haitnem matpuny C, ckiiaapiBasi COOTBETCTBYIOIIME SJIEMEHTHI

=y )42 -0 3

2.Haiinem npousBeeHne A - A= m A~ - A4

ori=C DF Y= 9-s

3
-1 -2 13y 3 10

. 'Az(i —_-':)(5 5)=(u 1)=E'

B cooTBeTCTBHU C OMpeeCHUEM TaHHbIE MATPHIIBI SIBJISIOTCS B3aHMOOOPATHBIMHU.
-3 2 =3 1 0 -5

3.Jlanbl MmaTpuIbl: A = ( 1 5 —2) u B= (3 —4 1 )
2 4 -1 o -2 2

Haiigure: A+B; 2A; AB; BA.

-3 2 -3 1 0 =5 -2 2 -8
A+B=|1 5 —-2]+|3 —4 1 |=14 1 -1}
2 4 -1 0 - 2 2 1

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

¢, =-3-1+2-34+(-3)-0=3;
cp =—3-0+2-(—4) +(-3)-(-2) = -2;

c;3=—3-(=5)+2-1+(=3)-2=11;

€y =1-145-34(-2)-0=16;

Cpp = 1°04+5-(—4)+ (-2) (—2) = —1¢;
Cpg =1-(=5)+5-14+(-2)-2=—4;

Cyy =2-1+4-34+(-1)-0=14;

€y = 2-04+4-(—4)+ (1) (—2) = —14
€33 =2-(—5)+4-14+(-1)-2=-8,

11



1 0 =5 -3 2 -3 —-13 —-18 2
E-A=|3 —4 1 |-|1 5 —-2]|=|-11 —-10 -2
o -2 2 2 4 -1 2 —2 2

dopma npeacTaBeHHs pe3yJabTaTa: paboTa JOHKHA OBITH MPEACTABICHA B BUJIE BBITOJHEHHBIX
BBEIYHCIICHUN.

Kpurepun oneHku:

— OleHKka «OTJIMYHO» BBICTABJISETCSA, €CIM BCE 3aJlaHds BBIINOJHEHbl IPaBHIbHO, 0€3
aprupMETHYECKUX OMMOOK, pemeHrne 0hOpMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.

— OIlleHKa «XOpOIIO» BBICTABISAETCSA, €CIU BCE 3a/IaHMs BBIMOJHEHBI, HEKOTOPBIE BHJbI 3aJlaHUN
BBIIIOJIHEHBI ¢ olITHOKaMHu. be3ommbouno BeimoaneHo 80-89 % Bcex 3amaHuii.

— OIleHKa «yJIOBJIETBOPUTEILHO» BBICTABJISETCS, €CIH OOJBIIMHCTBO  3aJaHUN  BBIMIOJHEHO,
HEKOTOPBIC M3 BBHIMOJHEHHBIX 3aJlaHui cojepkar omuOku. be3zommboyno BeimosHeHo 70-79 %
BCEX 3aJaHHI.

— OrneHka «HEeYIOBIECTBOPUTEIIHHO» BBICTABIISICTCS, €CITU BHITIOJTHCHHBIC YICOHBIC 3aJaHUs COJCPKAT
rpyOsbie omubku. be3ommbouno BeimonHeHo meHee 70% Bcex 3aqaHMil.

Tema 2 JInneiinas anreopa
IIpakTHyeckoe 3anaTue Ned
Beruucienue onpeaenuresiei
Leab padoThl: HAYYUTHCS BBIYUCIIATH ONMPEACIUTENN BTOPOTO U TPETHEr0 MOPSIKOB.

Beimosiaue pa6orty, Bel Oynere:

ymemp:

— VY 3. 1pou3BOIUTh ACHUCTBUS HAJ MATPUIIAMHU U OTIPEACITUTEISIMU;

— VY0 01.02 ananu3upoBaTh 337a4y W/UIU NpoOIeMy U BbIIEIATh €€ COCTaBHbBIE YACTH;
— VY001.03 omnpenensaTs 3Tallbl pElICHU 3a/1a4H;

— VY002.01 ompenensTs 3a1a4u 1715 MOUCKA HH(OPMaLINK;

— VY002.04 BbLAEnATh HanOoOJIEE 3HAYUMOE B IIepeyHe HHPOPMALTUU

MartepuanbHoe obecrniedeHne: WHIUBUIYAIbHBIC 33a/IaHUsI, YU€OHUKH, KOHCTIEKTHI JICKITUH.
3ananmue:

Brruncnuts onpenenuten:

3 3 3 10 2 1 3 > 78

-3 -0 T iy 1 7 0 1
S P A s R DR
- 1 -1 7 4

Kpartkne Teopernyeckne cBeeHH:
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OmnpenenureneM KBaApaTHOM MaTpHIlbl BTOPOro MOpsiiKa (ONpPEAEeIUTEIIEM BTOPOT0 OPSAKA)
Ha3bIBAETCS YUCIIO, PABHOE PA3HOCTH NPOU3BEJCHUN JIEMEHTOB IVIABHOM JUArOHAIN U 3JIEMEHTOB
110OOYHOM AUaroHau.

a by
:ﬂl'b:—ﬂ:'bl

ﬂ: IJ:

OnpenenureneM KBaApaTHON MaTPHUIIbI TPETHETO MOPsIKa (OMpeIeanTeNIeM TPETHEro NopsaKa)
HA3bIBAETCS YUCIIO, PABHOE

ay

[Pt

=]

— fjgfgp ity — dppfy) gy — Qz30zpay)

23

=]

g

3

OrnpenenureneM KBaJpaTHON MaTPHIIbI N-TO OPAJIKA HA3bIBAETCS YUCIIO, PABHOE CyMME MTPOU3BEICHUIMA
3JIEMEHTOB JIF000H CTPOKH MJIM CTOJIOLA HA X alIreOpandyeckue JOTOTHEHUS.

Ay A @13 Oas
lay Loy og  Clog
— |82 22 E: 24| _
A= Qg Clg; (Ogg  Ogs| ap Ay +agA;,p Taggi;; tagdg,

fyy) gy gz Ogy
i)
Ay = (1M, .

; ompejenuTens N-ro Nopska HasbiBaeTcs onpeaenurens  (N-1)-ro
MOPSIIKA, TIOMYYSHHBINA U3 UCXOHOTO OMPECIIUTENS ITyTEM BBIYCPKUBAHUS CTPOKHU M CTOJIONA, HA

MNEPCCCUCHNHN KOTOPBIX HAXOAUTCA BBI6paHHBIﬁ JJICMCHT.

MHHOpOM HCKOTOPOI'oO 3JICMCHTA ti;

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI .

1 3anummre onpenenuTenb, ONMPEASINTE KAKOTO OH MOPSIIKA.
2 Vcnonb3yst COOTBETCTBYIOIIEE ONPE/ICNICHUE, BEIYUCIUTE 3HAUYCHNE OIPEICINTENS.
Xoa padoThI:

Brrunciaurts ONpCACIIUTCIIN:

2 — .
1) |§ ;|=2-ﬁ—3-'[,—4]=12+12=24

5 -2 1
2) 3 1 —4=5-1-(-3)+(-2)-(-9)-6+3-0-1-
6 0 -3

-6-1-1-3-(-2)-(-3)-0-(-4)-5=-15+48-6-18=
=48-30=0
4 0 5
3) |-6 2 -7|=4-2-240-(-7)-14+(-6)-(-3)-5-

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

13



_31 ? g f 7 0 1 5 7 8
1 —1 7 a4 -1 7 4 -1 7 4
5 7 8 5 7 B
o-{7 0 1|—1-|7 0 1| =122
g 17 4 5 3 2

dopma npeacTaBJeHHs pe3yJabTaTa: paboTa JOHKHA OBITh MPEACTABICHA B BUJIE BBITOJHEHHBIX
BBEIYHCIICHUN.

Kpurepun oneHku:

— OrneHka «OTJIMYHO» BBICTABISICTCS, €CIM BCE 3aJaHUs  BBIMOJIHCHBI IPAaBWIBHO, 0€3
apudmernyeckux ommbOOK, perieHre opopMIIEHO aKKypaTHO, ¢ HEOOXOIUMBIMU 0OOCHOBAHUSIMH.

— OIlleHKa «XOpOII0» BBICTABISAETCSA, €CJIU BCE 3a/IaHMs BBIMOJHEHBI, HEKOTOPBIC BHJIBI 3aJlaHUN
BBIIIOJIHEHBI ¢ olITHOKaMu. be3ommbouno BeimoaneHo 80-89 % Bcex 3amaHuii.

— OIleHKa «yIOBJIETBOPUTEILHO» BBICTABJISETCS, €CIM OOJBIIMHCTBO  3aJaHUW  BBINOJIHEHO,
HEKOTOPBIC M3 BBHIMOJHEHHBIX 3aJlaHui cojepkar omuOku. be3zommboyno BeimosHeHo 70-79 %
BCEX 3aJaHH.

— OrueHka «HEYJIOBIETBOPUTEIHHO» BBICTABIISIETCS, €CIIU BHITIOJHEHHbIE YUEOHbIE 3aJaHus COJepKAT
rpyOsie ommOku. be3ommbouno BeimonHeHo MeHee 70% Bcex 3a1aHuii.

Tema 2 JInneitnas aaredpa
IIpakTHyeckoe 3ansaTHE NeS
Pemenne cucrem nHeiiHbIX ypaBHeHnil Merogom Kpamepa.
Ilesb padoThl: HAYYNUTHCS pelIaTh CUCTEMbI JMHEHHBIX YpaBHEHUH, ucnonb3ys ¢popmynsl Kpamepa.

Beimosnus patdory, Bel Oyaere:
ymembp:

— VY 4. pemarb cUCTeMBI JIMHEHHBIX YpaBHEHUH pa3INYHBIMA METOAMH;

— VY001.02 ananu3upoBaTh 3a1a4y U/WiIK NPoOIEMY U BBIICIATH €€ COCTaBHbIE YaCTH;
— Y001.03 omnpenensaTs 3Tallbl pelICHU 3a/1a4H;

— VY002.01 ompenensaTh 3a7auu AJis NOMCKa MHPOPMALINH;

— VY0 02.04 BeiaenaTh Haubosee 3HauMMOE B IepeuHe HH(OpMalnu;

MarepunanbHoe obecnieyeHue:
WuauBuyanbHble 3aJaHusl , YI€OHUKH, KOHCTIEKTHI JIEKIHH.
3aganme:

Pemnts cucTeMbl JIMHEMHBIX YPAaBHEHU:
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By 11 3X+3y—-5z2=-2
1) {2)):3)/:20 2) Ix+y+2z=3
= 2Xx—y+72=27

KpaTlme TCOPETHYECCKUEC CBCACHUSA .

. . apx +apx =
ITycTh naHa cucTeMa JBYX JMHEHHBIX YPABHEHUH C JIBYMs HEM3BECTHBIMU: s - ams = B
11%) +agx; = by

CocTaBuM OIpeCaACIINTECIIb U3 KOB(b(i)I/IHI/ICHTOB IIpHU HEU3BCCTHBIX. 9TOoT OIIpEACIUTEIIb HA3bIBACTCA
ay nL:|
@z G2

OIPEECINUTEIIEM CUCTEMBIL: A=

CocTtaBuM ONPEACTUTENN KaXKI0H Hen3BeCTHOM. Onpenenurenpb Ay MOIyIaeTCs U3 ONpeaeTuTeNs A
by @y
e e

"
F fris

MyTE€M 3aMEHBI IEPBOT0 CTOJI01a KOA(D(HUIIUEHTOB CTOIOIIOM U3 CBOOOHBIX YICHOB. A;=
Omnpenenutespb A; MOTyYaeTCs U3 ONPEACIUTENS A IyTeM 3aMEHbI BTOPOTO CTOJIONA KO PHUIIUEHTOB

CTOIOLIOM M3 CBOOOIHBIX YJIEHOB.

ay; by
iz bs

A=

g% + ap%; + a3
[TycTh naHa cucTema Tpex JMHEWHBIX YPABHEHHI C TPEMsI HEU3BECTHBIMHU: {ay %) + ag3%; + ag3%;
a31% + a3z%; + a33x;

B3

Il
==

£

CocraBuM ompeAenuTensb U3 K03 PUIMEHTOB TPH HEM3BECTHBIX. JTOT ONMPEACIUTETh HA3bIBACTCSA
fyy Gz g

OIIPEACTTUTEIIEM CUCTEMBI: A= @23 @2z Osg

ftgy gz (gg

CocraBuM onpeenuTen Kaxx 01l Heu3BecTHOW. Onpenenurens 41 momydaeTcs U3 onpeaenurens &

IIyTE€M 3aMEHBbI IEPBOTo CTOI0LA KOAP(UIIUEHTOB CTOJIOIIOM U3 CBOOOHBIX YJICHOB.
by @y ayg

":"1 = n[Jg faa o

IJ; 32 i

[
[Ty

)

3

Omnpenenurens 4; monydaeTcs U3 onpeaenurens & myreM 3aMeHbl BTOPOTo cTosoa Ko GUIIMEHTOB
CTOJIOIIOM U3 CBOOOTHBIX YJICHOB.

ay by oags
Ay=lay by ag
as; by @z

Onpenenurens A; MOTydaeTCs U3 OMPEASTUTENS A MyTeM 3aMEeHBI TPETHETO CTOJIONA KOA(DPUITMEHTOB
CTOJIOIIOM M3 CBOOOIHBIX YJICHOB.
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a6 by
Az=lay  an by
a3y a3 by

a, . Ay, Ay
=,

Iopsiaok BbINOJIHEHUS PA0OTHI:
1. 3anummuTe cucTemMy ypaBHEHUU.
2.3anuimuTe U BEIYUCIUTE OMPEICTUTENh CHCTEMBI.
3.Beruucnure onpeaeuTeN KaK 10 HEU3BECTHOM.

4.HaiimuTe 3Ha4CHUS HEU3BECTHBIX, UCTIONB3Ys popmysl Kpamepa.

Xoa padoTbI:
PaccmoTtpum mpumep:

Pemnts cucremy ypaBHEHUN:

I1+2I2—3I3 =
2.1?1—.1':"-‘1'.1'3 :5:
3.1'1+I:—I3 :5

1 2 -3 1 2 -3
A= (2 -1 4 ); AA=2 -1 4 |=10=0
3 1 -1 3 1 -1

Brruncinum onpenenureny KaxxI0M epeMeHHOM:

o 2 -3
Aq=15 -1 4|=0-154+40-154+10-0=20
1 -1
1 0 -3
A,=12 5 4|=-5-30+0+45-0-20=-10
i 5 -1
1 2 0
Az=12 -1 5|=-53+0+30-0-20-5=10
3 1 5
A 20 Ay -10 A 0
_]-;1:—1:—":2;_];'::—':—":—']_;_]-;3:—'{_—":[]
A 10 A 140 A 10

Otser: (2;-1;0).

dopma npeacraBieHus pe3yJbTara: padoTa J0DKHA OBITH MIPEICTABICHA B BUJIE BHITIOJHEHHBIX
BBIYHUCIIEHUI.

Kpurtepun onenkmn:
— OueHka «OTJIIMYHO» BBICTABISIETCSA, €CIM BCE 3aJaHHs  BBINOJHEHBl IPAaBUIbHO, 0€3
apu(pMeTHYeCKUX OMHMOO0K, penieHne ohopMIeHO aKKypaTHO, C HEOOXOIUMBIMU OOOCHOBAHUSIMH.
16



OrneHkKa «XOpOIo» BBICTABISAETCS, €CIM BCE 3aJaHMs BBIOJHEHBI, HEKOTOPBIC BUIBI 3aJaHHI
BBIITOJIHEHBI ¢ olTnOKaMu. be3ormmbouno Beimoaneno 80-89 % Bcex 3amaHuii.

OneHka «yJIOBIETBOPUTEIBHO» BBICTABISACTCS, ©CIH OOJIBIIUHCTBO  3aJaHUIl  BBIMIOJIHEHO,
HEKOTOPBIC M3 BBIMOJHEHHBIX 3aJlaHui cojiepkar omuOku. be3zommbouno BeimosHeHo 70-79 %
BCEX 3aJaHMI.

OreHKa «HEYIOBJICTBOPUTEIIBHO» BBICTABIISICTCS, €CJIM BBIMIOJTHCHHBIC YUeOHBIC 3a1aHHUs COIepKAT
rpyOsie omOku. besommbouno BeimonHeHo MeHee 70% Bcex 3a1aHuil.

Tema 2 JInneiinas anreopa
IpakTuyeckoe 3anaTHe Neb
Pemenne cucreM JTMHEHHBIX yPABHEHU MATPUYHBIM METOA0M

esan padoTbl: HayuuThes pemiaTh CUCTEMBI IMHEHHBIX YPAaBHEHHA C TOMOIIBI0 OOPaTHOM MAaTPHIIBL.

Bbinosinus pabdory, Bel Oyaere:

ymems:

— VY 4. pematrb cuCTeMbl JIMHEHHBIX YpaBHEHUH pa3IUUYHBIMA METOaMHU;

— VY0 01.02 ananmu3upoBath 33134y W/HIU MPOOIEMY U BBIACTATH €€ COCTaBHBIC YacTH;

— VY001.03 onpenensaTs dTambl pelieHUs 3aa4u;
— VY002.01 onpexnensTs 3aqauu A1l MOMCKa WH(OPMAIINH;

— VY0 02.04 BeImenATs HanOOJIEE 3HAYMMOE B TIEpEeYHE HHPOPMALINY;

MartepuanbHoe obecnieuenune: VuauBuiyanbHbie 3a1aHusl, Y4eOHUKH, KOHCIIEKTHI JICKIIUAMN.

3aganue:

Pemnts cucreMy JIMHEMHBIX YPaBHEHUIA:

_ 2.1'1 —_ 3.1': + ‘1'.1'3 = J.J.
; 2) .1'1+2.1':-3J.’3:g
- —3.3{1 - ‘1'.1': +J.'3 = —23

Kpartkne Teopernyeckne cBeeHN:

ayy %) +ag,x, + ot agx, = b
. o) Aoy Xy F Qo Xs + o F A, X, = b,
[lycTpb 3a1aHa cucTeMa JIMHEMHBIX ypaBHEHUM: 4 2171 T Xy F Apn Xy, z
My + oz is +-+ QppnXy = bu
b,
@y Qyg b
CocraBuMm marpuuHoe ypaBHeHue: AX = B, rne A =| Gz Qa3 - -
g n
nl “nl..
bi‘!
X1
Xy
X = -
x
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YTo6k! HAliTH HEM3BECTHYIO MAaTpHIy X, HYxkHO A~ * B

UT0oOBI BEIUMCIUTH OOPATHYIO MaTPHUILY, HYKHO:

a) BBIYUCIHTH OIpeienTesb MaTpuilpl A (AA # 0);

0) HaiiTu anredpanveckue JOMOTHEHUS s KaKIO0T0 3JIeMEHTa MaTPpULl A M COCTaBUTh U3 HUX

COIO3HYIO MaTpuiry A*.

Ay Agy o
¥ v 5T Al’! Arm o
B) TPAHCIIOHUPOBATh MaTpUuIly A" uz anre6pa1/1quKHx JOIIOJTHCHUU AT = -7
Hlu }12::
J""11 Ail "'A:lzl
o _ 1] Ap Agn A,
I) HaliTn 06paTHyIO MaTpuily: A~ = = 127 g
‘ql:lz AE:: ""qmz

‘q‘nl
A >

n=

A

= tnn

YroObl HANTH HEM3BECTHYIO MATPUILY X, HY’KHO YMHOKHTh OOPaTHYIO MAaTpHIly A™' Ha MaTpUIly

B, cocTosiiyto u3 CBOOOHBIX YICHOB.
IMopsiiok BbINOJIHEHUS PA0OTHI:
1. 3anumuTe cucTeMy TMHEUHBIX YPaBHEHUN.
2. CocTaBpTe MaTPUYHOE YPABHEHHUE.
3. Beraucnaute oOpaTHYIO MaTpUILy.
4. Haiinute 3HAUCHNS HEH3BECTHBIX.
5. 3anummTe OTBET.
Xoa paGoTsI:

Pemnts cucreMy JIMHEMHBIX YPaBHEHUIA:

2.1'1 — 3.1': = -7
1) {ﬁxl-l—z.rz =12
Haiinem
12 31_ . - _10 =
a=|; °J=-10-9=-192 0 =oGparnas marpuua ects.
-1 _ _i -2 —3)
a7 = 1h—3 2

Pemrnm ypasHeHHE !

_oa-lp_ _L(=5 =3y /4y _ _ 1/-20-18y_ _ 1/-38y _ 2
o= C__’-'?{—3 2 )(ﬁ) B L'?{—'lE +'J.2) - 1.9( 0 ) _([])'
Ortsert: (2; 0).

2x) — 3 + 4x; = 11
2) I1+EI:—3J:3=Q
—3x) — 4x; +x; = —25
Hatinem
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. -2 -2 3 —21,13 -2 .
A=z =2 _2:2| . —3| |+| ,|=—l[lf1-.
8 _1 s -1 5 g8 sl7lg -1
Beruncnum anrebpandeckue JOMOTHECHUS
-2 =2 3 1
A | | = —12; Aq = — | | = —18;
i 1 5 ot -1 5
3 1 _
Ay = |_2 5= —4;
3 -2 2 1
.'3.|'|=—| |=—3]., ."J]"M_| = 4,
li E 5 & E 5
2 1 .
Ay = _|3 —2| =7
3 _2|_ _|2 3| _ .. _|- 3_
A3 |8 =130 4x g _q| =26 A= =18
CocTaBuM 00paTHYIO MaTpUILY:
. -12 -1 -4
At=-— (—31 2 7 )
M3 26 —13
Pemmm MatpuuHOe ypaBHEHUE:
. -12 -16 -4 10 i —120 + 64 + 56 . ] 0
X:A'LCZ—E(—E'L 2 7 )(_4):_5( —31[]—8—93)=—E(—416)=(4).
13 26 -13/7 14 130 — 104 + 182 208 -2
Ortsert: (0;4;-2).
CrnenaeM IpOBEPKY:
0+12-2=10
0—8+4=—-4 . (BepHO)
0—4-10=-14
dopma mpencTaBlIeHUs pe3ysibTaTa: padoTa JOJKHA OBITh MPEJCTABIICHA B BHJIC BBITIOJHECHHBIX
BBIYMCIICHUM.

Kpurepuu onenku:

OneHka «OTJAUYHO»  BBICTABIAETCS, €CJIM BCE 3aJaHUS  BBINOJHEHBI TPaBUWIBHO, 0€3
apudmeTnyeckux ommoOOK, perieHrne oPopMICHO aKKypaTHO, C HEOOXOJUMBIMU 00OCHOBAHHUSMHU.
OreHKa «XOpOIIO» BBICTABISETCS, €CIM BCE 3aJaHWs BBIOJIHEHBI, HEKOTOpPHIE BUJIbI 3aJaHUMN
BBIIIOJIHEHBI ¢ olTHOKaMu. be3ommbouno BeimoaneHo 80-89 % Bcex 3amaHuii.

OrneHKa «yJOBJIETBOPUTEIBHO» BBICTABIISICTCS, €CIM OOJIBIIMHCTBO  3aJaHUil  BBHITIOJIHEHO,
HEKOTOpBIE M3 BBIMOJHEHHBIX 3a/laHuil coaepkar omuoOku. besommbouno Beimonneno 70-79 %
BCEX 3aJaHHI.

OrneHKa «HEeYAOBIETBOPUTEIBHO» BBICTABISIETCS, €CIIM BHIMOJTHEHHbIE YUeOHbIe 3aaHUsI COIepKAT
rpyOsbie omnoku. be3ommbouno BeimoaHeHo MeHee 70% Bcex 3aJaHuil.

Tema 2 JIuneitnas aareopa
IIpakTnyeckoe 3ansaTue Ne7
Pemienue cucrem JiMHeiHBIX ypaBHeHuH meroaoM I"aycca.

I_[e.m, paﬁoTbI: HAaY4YUTHCA pCUIaTh CUCTCMBIL JIMHENHBIX ypaBHGHI/Iﬁ METOA0M ITOCIICEAOBATCIILHOI'O
HUCKIIIOYCHUSA IICPEMCHHBIX (MCTOI[OM Faycca).

Boinosinus padorty, Bel Oynere:

ymembs:

VY 4. pemath CUCTEMbI TMHEWHBIX yPaBHEHUH Pa3IMIHBIMU METOAAMH,
Y0 01.02 ananu3zupoBath 3a/1a4y W/WIH MPOOIEMY H BBIACIATH €€ COCTaBHBIC YaCTH;
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— VY001.03 omnpenensaTs 3Tallbl pElICHU 3a/1a4H;
— Y002.01 onpenensts 3ama4uu A1 MOMCKa HHPOPMAIINH,
— Y0 02.04 BeiaensaTh HanOOJIEE 3HAYUMOE B TIEpeuHe HHPOpMaUU

MarepunanbHoe obecniedenue: VHuBuyanbHble 3aJaHus], Y4€OHUKN, KOHCIIEKTHI JIEKIHUI.
3ananmue:

Pemnth cucTteMsl JIMHEMHBIX YPAaBHEHM:

Xy +x,—3x;+2x, =6,
X, +x3+ 3x, = 16,

Xy — 2x, — Xy = —6,

2x, — 3x, + 2x4 =6

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

Kparkue TeopeTrnueckue cBeeHH:

Mertopx ["aycca siBisieTcst oqHUM 13 HanOoJiee YHUBEPCATbHBIX METOIOB PEIICHHS CUCTEM JIMHEHHBIX
ypaBHeHUH. OH COCTOUT B MIOCIIEA0BATEILHOM UCKIIOYEHUHN HEU3BECTHBIX.

[Ipouecc pemenus no merony ['aycca coctout u3 nByx 3tanoB. Ha mepBom starne (mpsiMoii X0/1) cucreMa
MIPUBOJIUTCS K CTyNeH4YaToMy Buay. Ha BTopom sTane (0OpaTHBIN XO/) UIET MOCIE0BATEILHOE
oTpe/ieNIeHUEe HEU3BECTHBIX U3 3TOM CTYMEHYATOW CUCTEMBI.

Ha npaxTuke ynoOnee paboTaTh HE ¢ CHCTEMOW ypaBHEHHH, a C paCIIMPEHHON MaTPHUIIECH, BBIITOJIHSS BCE
3JIEMEHTapHbIE IPE0OPA30BAHUS HAJl €€ CTPOKAMM.

3H€M€HTapHI)IMI/I Hp€06p330BaHI/I$IMI/I MaTpulbl ABJIAIOTCA:
- IEpCCTaHOBKAa CTPOK MECTAMHU;
~YMHO>XXCHUC HCKOTOpOﬁ CTPOKHU Ha J'II-O60€, HC PABHOC HYIIIO YUCJIO,

-npuOaBJIeHNE K AJIEMEHTaM OJJHOM CTPOKH COOTBETCTBYIOIIMX AJIEMEHTOB JIPYTrOi CTPOKH, YMHOMKEHHBIX
Ha OIHO M TO XK€ YHCIIO

ITopsinok BbINOJHEHHS PadOTHI:

1. 3anuumTe CUCTEMY JMHEMHBIX YpaBHEHUH.

2. CocTaBbTe pacIIMPEHHYIO MATPULLY.

3. BommonHuTe 31eMeHTapHble MpeoOpa3oBaHUS CTPOK MATPHUIlbl, MCKIIOYas MOCIEA0BATEIbHO
nepeMeHHsbIe. B pesynbrare q0iKHA OJIYyYUThCS CTYIIEHYaTas MaTpuLa.

4. Ilo cryneH4aTroil MaTpuLe COCTABbTE CUCTEMY.

5. IlocnenoBarebHO HAUUTE 3HAYEHUS BCEX HEU3BECTHBIX.

6. 3amuImuTe OTBET.
Xox pa0doThI:

PaccmoTpum npumep:

1) Pemmth cuCTEMy ypaBHEHHIA:
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EII — X3 +‘]:'.1':.| = 5:

{Il +2J.': —3.1'] = Ui
3.1'1 +Ig—x3 = 5

CocTaBuM pacHIMpeHHYIO MAaTPHUILy U3 KOA(D(UIIMEHTOB MPH HEU3BECTHBIX U CBOOOIHBIX WICHOB:

0
5)
3

Brimonmanm OJIEMCHTAPHEIC npeo6pa30BaHI/I;1 Haja CTpOKaMM MaTpHUIbI:

1 2 =30 1 2 =3|0 1 2 =30
( -1 4 5) ~ (EI -3 10 ) ~ (EI 1 -2 —'Lj~
3 1 -—115 0 -5 815 0 -3 815

1 2 -3|0
~ (EI 1 -2 —'J.)
0 0

0 -2
[Tony4yeHHOM MaTpHIlEe COOTBETCTBYET CUCTEMA YPABHEHMI:

_ 1 2 -3
(4]B) = (2 -1 4
3 1 -1

%]

I1+2I:—3J[3 :U
J::—E.r3 = —1:
—2.173:[]

Hauunas CHHU3Y BBCPX, HAXOJAUM 3HAYCHUS HCU3BCCTHLIX!

0y 4+ 22 —3x3 =0 x4+ 2x —3x3=0 ([ +2:-(-1)=0
x:—2x3 =-1 , [ X3 =-1 , { E % =-1 X

! x3 =10 x3=10 a3 =10

".r1=2

I:=—].

L.I']:U

Ortsert: (2;-1,0).

Xy +x, —3x;+2x, =6,
Xy+ x5+ 3x, =16,

2) X — 2x, — Xy = —6,
2xy — 3x, + 2xg4 =6

1 1 -3 2 6 1 1 -3 2 6 1 1 -3 2 6
0 1 1 3 16} | 01 1 316 |_ 0 1 1 316 |
1-20-1-6 0 3 -3 3 12 01 -11 4

2 -3 2 06 0 -5 B—4-—-06 0—5 B—-4—-06
1 1 -3 26 1 1 -3 26 1 1 -3 2686
01 1 316 |_ 0 1 1 3 16 0 1 1 3 16

0 02 2 12 0 0 1 1686 0 0 1 1 6

0 0 13 11 74 0 0 13 11 74 00 0 -—-2-—-4
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Xy t+x, —3x3+ 2x,=6,
x, + x5+ 3x, =16,

Xg Tx, =6,
—2x, = —4

Haunnas CHH3Y BBCPX, HAXOJUM 3HAYCHUSA HCU3BCCTHBIX!

x, =28
X, =6,
Xy =4
Xy =2

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

®opma npeacTaB/ieHHus pe3yJabTaTa: padoTa JOHKHA OBITh MPEACTABICHA B BUJIE BBHITOJIHEHHBIX
BBIYUCIIEHUI.

Kputepuu onenkmu:

— OneHka «OTJIMYHO» BBICTABISIETCS, €CIM BCE 3aJaHusl BBINOJIHEHBl MPaBWIbHO, 0€3
apudmeTnueckux ommoOOK, penreHne opopMIICHO aKKypaTHO, C HEOOXOIUMBIMU 000CHOBAHHUSIMH.

— OrneHka «XOpoII0» BBICTABIAETCS, €CIM BCE 3aJaHMs BBIIIOJHEHBI, HEKOTOPbIC BUIbI 3aJaHHI
BBITIOJTHEHBI ¢ omrOkamu. be3ommbo4yHo BeImoaHeHO 80-89 % BCcex 3amaHuil.

— OneHka «yJOBIETBOPUTENBHO» BBICTABISETCS, €CIAM OOJIBIIMHCTBO  3aJaHUIl BBINOJHEHO,
HEKOTOpbIE M3 BBHIMOJIHEHHBIX 33JaHUi comepxar ommoOku. besommbouno Bemoxaeno 70-79 %
BceX 3alaHUH.

— OrneHka «HEeYIOBIECTBOPUTEIIHHOY» BBICTABIISCTCS, €CITU BHITIOJTHCHHBIC YICOHBIC 3aJaHUs COJCPIKAT
rpyOsie ommbku. besommbouno BeimonHeHo meHee 70% Bcex 3aaHmil.

Tema 3 IlpouszBoaHas GyHKIIUM U ee IPUMEHEHHE
IIpakTyeckoe 3ansaTue Ne 8
JuddepeHunpoBanme CI0KHbIX QPyHKIMI

Henab: HayunThes HaXOAUTH IPOU3BOIHBIE CIOKHBIX (YHKIIHH.
Beimosinus padory, Bel Oyaere:
ymemp:
— YV 1 aHanu3upoBaTh CIOKHBIE PYHKIIUHA U CTPOUTH UX rpaduky,
— ¥Y001.02 ananu3upoBaTh 3a1a4y U/ WK TPOOJIEMY U BBIJEIATH €€ COCTaBHBIC YaCTH;
— Y001.03 onpenensaTs ATaIbl peLICHUs 3a/1a41;
— Y0 02.01 onpenensaTe 3a1auu A7 MOMCKa HHPOPMAIINH,
— VY0 02.04 BeiaensTh HanboJEe 3HAUMMOE B IepedHe nH(opMalun

MarepuanbHoe ofecrniedeHHe: WHAUBUAYAIbHbIE 3aJlaHUs, KOHCIEKTHI JIEKIUH, Tabnuia
HpOI/ISBOJIHI)IX.
3aganue:

Haiitu nponsBoanblie GyHKIMN
1. y=(5x%—2x)"
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2. flx) = 3sin(2x —f]

3. f{.r] = arcsin4x + arccos"x
4, flx) =logs(Tx*—5x* +1)
5

f{x} ::{n |L+EDSI

v l-cosx

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. Onpenenure Bua ¢yHkuuu. Ecin QyHKIuUS SBISETCS CIOXKHOHW, TO BBEIUTE NPOMEKYTOUHBIN
apryMeHT.

2. Omnpenenute, KakMMU TpaBwiaMu auddepeHnnpoBaHmsi HY)KHO BOCIOJIb30BaThCs. [IpumenuTe

COOTBETCTBYIOILEE TIPABUIIO.

Hcnonp3ys Tabnuily Mpou3BOAHBIX, HAWIUTE TPOU3BOIAHBIC (DYHKITHIA.

4. PackpoiiTe CKOOKHU U ITPUBEIUTE NOJOOHBIE, €CIIH ATO YIPOCTUT 3aIMCh (DYHKIHH.

w

Xoa paGoTsI:

Haiiti nmpou3BoaHbIe PYHKIIMIA:

1. glx) =(1— 4z

DyHKIMS SBISETCS CIIOXKHOW CTENeHHOW. BBeieM NpPOMEKYTOYHBIH apryMeHT — u =1 —4x*. s
nudGepeHIIPOBAHUS HY)KHO BOCIIONIB30BaThCS GOopMyIoit (u"™) = nu™t - o

E

y =101 —4x%) - (1 — 4x%) = 10 (1 — 4x?)%(—8x) = —80x(1 — 42%)

2. flx) = siﬂf.r ~cos 2x

OyHKIMS NpecTaBiIseT co00il Mpou3BeIeHHE ABYX CI0XKHBIX TPUTrOHOMeTpHuecKuX (GyHkuui. I[TosTomy
CHayana BOCITIONIb3yeMcsl TpaBuiIoM tuddeperunposanus (U-V) = UV 4+ UV

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

o 3 L o
BBenem mpoMexyTOUHBIN apryMeHT: JUIsl TepBOM PYHKIUM u = = x, JJIs BTOPOH (PYHKIUH u = 2x.

I[Tpu nuddepeHIMpOBaHUHI UCTIONB3YEM CIIEAYIOIIEe QOPMYIBL: (sinu) = cosu -, (cosu) = — sinuw,

) 1 L ] ]
i (x) = {sin;_r rcos 2x) = (sin ;.r] cosix + sin ;x{cus?x]
1 1 1 ) ., 1 1 1
=cos—x-|-x]|" cusEx+s:‘n—x-{_—s:’n2x} : '[_2.1:} = —cos—x rcosixy — 2sin —x - sinlx.
2 2 2 2 2 2

A3XT+5XT

3.y=

Ioga (3+10x)

DYHKIUS MPEACTaBIsSET CO00M YacTHOE NBYX CIOXKHBIX (yHKkIuil. [loaTomy cHadamga BOCTIONB3yeMCst
v v-u

i

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

y =

BBenem mnpomMexyTOYHBIM apryMeHT: Uisl NMepBOM (QYHKIMU u = 3x + 5x°, I BTOpPOH (YHKIHUH
u =3 + 10x,

, ) 1
[Ipn nuddepenmpoBaHky UCTIONB3YEM CIIEMYIOIHUE GOPMYIBL: (a*) = a“Ina - o, (log, u) = — o

2 iy
pead o e . PE LS RSN TR PR I TR Rk 1 1410x7
b [AxFax |'-]:_g;,|.__1 4 1) g+ '|]=§;.|.1+1...'l.'||' _ = in | 3x+5x :I ]"'g-'l"'1+1"""} = |_{—1:|T|!||3IJ+1"'1| _
= - = - =
3 ']ng.-'-"‘l'l:-"-"'_ ']ng.-'-"‘l'l:-"-"'_

110
L3+ M) in

el anyd
2T 234+ 10x) I, (34 10x) -2

|:|=_gl,|.'|+1:.'l.'||;I /

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

@OyHKIUS MPECTaBISACT CO00M CyMMY IBYX CIIOKHBIX  OOpaTHBIX TPUTOHOMETPUYECKUX (PYHKIIHH.
[TosToMy cHayasa BOCIONb3yeMCs paBuioM audepenuupoBanus (U +V) = U +V,

Flx) = (nrcs:'ng.r) + (arccosdx)’

o o 3 o
BeezieM pOMEKYTOUHBIH apryMeHT: Ul IepBOM PYHKUMK u =+ x, JUIs BTOPON QYHKUMH u = 5x.

Ipu udPepeHpoOBaHUY UCTIONB3YeM clieyronue popmyibr: (arcsinu)’ = Nl (arccosu)’ = - ,,.lu_h.;
vy 3y 1 (5 ) i s
flx) = (HWSLHEI) + (arccosdx)'= i o N 1;. o 0% = o iz
| |-I ] u 255

5. flx) = arccosVl — e

OYHKIMSA SBISETCS CIO0XKHOW OOpaTHON TPUTOHOMETpPUYECKOW. BBemeM mpoMexkyTOUHBIN _APTYMEHT
R
u =+1—e>. Jlna nudpepeHnnpoBanys HY>KHO BOCIIONb30BaThes popMynoit  (arccosu)’ = —

vi-u

. — 1 =
flx) = '[ﬂ?‘ﬂcus Vi-g) = - Tl | '[\'“1 - ﬂ'"‘}-
y Lmhl=es
[TpoMexyTOUHBII apryMeHT SIBIsIeTCS Tak)Ke CII0KHON (yHKIMel. BBeneM u st Hero HOBBIH
MPOMEKYTOUHBIN apTyMEHT u =1 — g™*.

Jlnst mudppepeHIMpoBanus HY’KHO BOCIIONB30BaThCs GOPMYJIOH
= _
{'\';} - T
ey =y L NN rompera SR S S P Y
f{_x}—(nrccus'-.-l et ) = Yy (\-L g }— T (1—e™) =

J L-14a®r 24
1

————(-2¢) =

g IWl—a* Ve
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®opma npeacTaBJeHHs pe3yJabTaTa: paboTa JOHKHA OBITH MPEACTABICHA B BUJIE BBHITOJHEHHBIX
BBEIYHCIICHUN.

Kpurepun oneHku:

— OrneHka «OTJIMYHO» BBICTABISICTCS, €CIM BCE 3aJaHUs BBIMOJIHCHBI IPAaBWIBHO, 0€3
aprupMETHYECKHUX OMMOOK, pemeHrne 0hOpMIICHO aKKypaTHO, C HEOOXOUMBIMH 000CHOBAaHUSIMH.

— OlleHKa «XOpOIIO» BBICTABISAETCSA, €CIU BCE 3a/IaHMs BBIMOJHEHBI, HEKOTOPBIE BHJIbI 3aJIaHUN
BBIIIOJIHEHBI ¢ olTHOKaMu. be3ormbouno BeimoaneHo 80-89 % Bcex 3amaHuii.

— OrneHka «yJIOBIETBOPUTEIBHO» BBICTABISCTCS, ©CIHM OOJIBIIMHCTBO  3aJaHUIl BBIIIOJIHEHO,
HEKOTOPBIC M3 BBIMOJHEHHBIX 3aJlaHUl cojepykar ommOku. beszommbouno BeimosHeHo 70-79 %
BCEX 3aJaHMI.

— OIIeHKa «HEYIOBJIETBOPHUTEIILHOY» BBICTABIISICTCS, €CJIM BBHITIOJIHCHHBIC YUeOHBIE 3a/IaHUSI COJEPIKAT
rpyOsie omOku. be3ommbouno BeimonHeHo meHee 70% Bcex 3a1aHuil.

Tema 3 [IpousBoaHas PyHKIUM U ee IPUMEHEHUE
IIpakTnyeckoe 3ansaTue Ne 9
Hccnenoanue GpyHKIUH HA MOHOTOHHOCTD, IKCTPEMYMBI, BHIIYKJIOCTh - BOTHYTOCTb,
neperuo.
Leas padoTbi: HaydnThCsi IPUMEHSATH POU3BOIHYIO JJISl HCCIIEOBAHUS (PYHKIIUH.

Brinosinus padorty, Bl Oynere:
ymemp:

— Y 1. aHanu3upoBaTh CIOKHBIE PYHKIIUN U CTPOUTH UX TPAPUKH;

— Y0 01.02 ananu3upoBats 331a4y U/WIK MPoOIeMy U BBIICIATH €€ COCTABHBIC YaCTH;
— Y0 01.03 onpenensaTe 3TaIbl peLICHUs 3a1a4H;

—  VY002.01 onpenensaTs 3aaauu A5 IoUcKa HH(OPMALINK;

— VY0 02.04 BbiensaTh HanOoJIee 3HAYMMOE B IIEpeyHe HHPOPMALIIU

MatepuanbHoe o0ecneuenne: VHIuBUAyanbHbIE 3aJaHUs, TAOIUIA TPOU3BOTHBIX, KOHCIIEKTHI
TeKUUH, Y4eOHUKH.

3aganue:

1. HUccnenyiite pyHKIMIO HA MOHOTOHHOCTB!
flx) =x% —x%—2x
2. Haiigure skerpemymsl dynkupn: f(x) = x* — 4x?
3. MHccrenyiite GpyHKIMIO HA MOHOTOHHOCTb U 3KcTpeMyMbl: f(x) = 3x% — 25x% + 60x

4. Haiigure npoMeXyTKH BBITYKIOCTH (DYHKIUU:
flx) =x*—10x% + 36x> + 100

KpaTkue Teopernyeckue cBeieHUS:

Anzopumm HAX0HCOCHUA IKCMPEMYMOE PYHKYUU U UHMEPEAI0E ee MOHOMOHHOCHU C
HOMOUWBIO NEPBOIL NPOU3BOOHOIL

1. Haiftu obnacTh ornpenenenust pyHKIUN U MHTEPBaibl, HA KOTOPHIX (QYHKIUS HEMPEPhIBHA.
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2. Haittu npousBoauyto ¢pyukmuu f'(X).

3. Haiitu xputhueckue Touku QyHkuuuy =f(X), T.e. TOYKH, NpPHHAIICKAIUES O00IACTH

ompezeaeHus: pyHKIMHU, B KOTOPBIX pou3BoaHas f'(X) oOpariaercs B HyJb HIIH HE CYIIECTBYET.

4. UccnenoBath xapaktep u3MeHenus: pyHkimu f (X) u 3nak npousBoanoi f '(X) B mpomexyTkax, Ha

KOTOPbIC HalICHHBIC KPUTHYCCKHUE TOYKH JICNIAT 00J1acTh onpeaeicuus pyukuuu Y = f (X).

5. OTHOCHUTEIBLHO Ka)I(,I[OfI KpHTquCKOﬁ TOYKH OIIPEACTIUTD, ABJISACTCA JIA OHA TOYKOM MaKCUMymMma,

MHUHUMYMa UJIN HE SABJIACTCA TOYKOH OKCTpEMyMa.

IlomHumM: KpUTHUYECKas TO4YKaA Xo €CTb TOYKAa MHHHMMYMA, €CJIM OHa OTACIACT IMIPOMEKYTOK, B

kotopoM f '(X)<0, ot mpomesxyTka, B koTopom f'(X)>0, u Touka MakcumMyma - B IPOTUBHOM ciry4dae. Eciu

XKE B

COCEAHUX IIPOMEXKYTKAX, pa3aCIICHHbIX KpHTH‘lCCKOfI TOYKOM Xo, 3HAK HpOHBBOI[HOfI HE MCHACTCA,

TO B TOUKE Xo (DYHKIUS IKCTpEMyMa HE UMEeT.

N

6. BeruncnuTh 3HauCHHS (QYHKIIMU B TOYKAX IKCTPEMyMa.
7. 3anucath pe3yabTaT UCCIeI0BaHUS (QYHKIIMH: IPOMEKYTKH MOHOTOHHOCTU U SKCTPEMYMBI.
Anzopumm HaxoxicoeHusn 6bINYKI0CMeEl (PYHKYUU U MOYeK nepezuda:

Haxoaum BTOpYIO MPOU3BOIHYIO.

Haxoaum TOYKH, B KOTOPBIX f (x) = 0 WM HE CyILECTBYET.

Hccnenyem 3HaKk BTOPOI MPOU3BOIHOMN CJI€Ba U CIIpaBa OT HaWJEHHBIX TOYEK U JIeTIaeM BBIBOJ 00
WHTEpBaJaX BBITYKJIOCTH M O HAJTUYUH TOYEK Ieperuoa.

Haxoauwm 3naueHue GyHKIIUU B TOYKaX reperuoa.

HOpﬂ)IOK BbIIIOJTHCHU A paﬁoTM:

1) 3amummre QyHKIHIO.

2) Ormpenenure, KAKAM AITOPUTMOM HYXKHO BOCIIOJIB30BATHCS TS BBITIOJHEHHS 3a[aHUSL.
3) IlpuMeHUTE COOTBETCTBYIOIINIT AITOPUTM.

4) 3anummre OTBET.

(I)opMa npeacraBjdeHusl pedyJjabTara: pa60Ta JOJIKHa OBITh IMMpEeacCTaBJICHA B BUJIC BBITIOJIHCHHBIX

BBIYUCIIEHUI.

Kpurtepun onenku:

OneHka «OTJIMYHO» BBICTABISIETCS, €CIM BCE 3aJaHusl BBIMOJIHEHBI MPaBHIBHO, 0€3
apupMeTHIeCKnX OMMOO0K, pemeHne 0hOpPMIICHO aKKypaTHO, C HEOOXOIMMBIMUA 00OCHOBAHUSIMH.
OueHKa «XOpOIlO» BBICTABISETCS, €CIM BCE 3aJaHUs BBINOJIHEHBI, HEKOTOpPbIE BUJbI 3aJaHUIN
BBIIIOJIHEHBI ¢ ommbOKkaMu. be3onmoouno BeimoiHeHo 80-89 % Bcex 3amaHui.

OrneHka «yIOBIETBOPUTENHHO» BBICTABISAETCS, €CIM OONBIIMHCTBO  3a/laHUi  BBIMOJIHEHO,
HEKOTOpbIC M3 BHIMOJIHEHHBIX 3a/IaHUil cojepkar ommoOku. besommobouno BemonaeHo 70-79 %
BCEX 3aJaHUM.

Or1ieHKa «HEYIOBJIETBOPUTEIHLHOY BBHICTABIISCTCS, €CITM BBIMOJTHEHHBIC YICOHBIC 3aJaHUS COIepKAT
rpyOsbie ommbku. besonmbouno BeimonHeHo MeHee 70% Bcex 3aJaHmid.
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Tema 3 IIpon3BoaHas GyHKIUH U ee IPUMEHEHHE
IMpakTnyeckoe 3ansiTue Ne 10
Hccaenopanue GpyHKUMH U IOCTPOeHHE IPaPUKOB
Leas padotbi: HayunThes uccnenoBath GyHKIUU U CTPOUTH TpaduKH PYHKIHIA.

Boinosinus padory, Bel Oyaere:
ymembs:

— Y 1. ananu3upoBath CIOXHBIE PYHKIIUU U CTPOUTH UX TPa(UKH;

— Y0 01.02 ananu3upoBath 33734y U/WIK MPOOIEMY U BBIICIATH €€ COCTABHBIC YaCTH;
— Y0 01.03 onpenensars 3Tansl pelICHUs 3a/1a4U;

— Y0 02.01 onpenensTh 3a1a4u 11 HOUCKA HH(DOpMaIuH;

— VY0 02.04 BeiaensaTh HauboJee 3HaUMMOE B TIepeuHe HH(POpMAIUH.

MarepuanbHoe obecnieyeHnme:

NunuBunyanbHbIe 3a1aHus, TAOIUIA TPOU3BOAHBIX, KOHCIIEKTHI JICKIIUH, YICOHUKH.
3aganmue:

HccnenoBath PyHKIMIO 11O OOIIEH CXeMe U TOCTPOUTH ee Tpaduk:

1. flx) = 5% — 325,

2. flx) = —.

x4

Kparkue TeopeTuyeckue cBeIeHH:
Oouwiaa cxema uccnedoganusn Qynxkyuil.
1. Haiitu obnacts onpenenenust ¢pyukuuu D (y).

2. Haiftu (ecu 3TO He BBI3BIBAET 3aTPYAHEHUI) TOUKH NepecedeHusl rpaduka ¢ ociMU KOOPJIWHAT
(mpu X =0 u ipu y = 0).

3. UccnenoBath PyHKINIO HA IEPUOAUYHOCTD, YETHOCTh U HEYETHOCTD.

4. HaiiTu nHTEpBaIbl MOHOTOHHOCTH, TOUYKH SKCTPEMYMOB U 3HAYEHUS (PYHKIIMU B ITHX TOUYKAX.
5. HaiiTu uHTEpBalbl BHITYKJIOCTH (BOTHYTOCTH) M TOUKH meperuda rpaduka GyHKIUH.

. Haiitn acumntoTsl rpaguka GpyHKIUH.

. HaifTn 1omOHUTENBHBIC TOYKH B TOCTPOUTH IpadK MO Pe3ylIbTaTaM UCCIICIOBaHUS.

8. Haiftu o6macTh 3HaUE€HUH.

Anzopumm HaAx0HcOEHUA IKCMPEMYMOE PYHKUUU U UHMEPBATIO8 €€ MOHOMOHHOCIU C
HOMOWUbIO NEPBOIL NPOU3BOOHOUL

1. Haiitu o6nacte onpeaeneHust GyHKIIMU U MHTEPBAJIbI, HA KOTOPBIX (PYHKIIMS HEMpephIBHA.

\S)

. Haiiti mpousBoanyro ¢yukuuu f '(X).
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3. Haiitu xpurtnueckue Touku QyHkumuy =f(X), T.e. TOYKHM, NpHHAAISKAIIUEC OOJIACTH
omnpezaencHus: pyHKINH, B KOTOPBIX pou3BoaHas f '(X) oOparaercs B HyJb HIIH HE CYLIECTBYET.

4. UccnenoBath xapaktep u3MeHenus: pyHkimu f (X) u 3nak npousBoanoi f '(X) B mpomexyTkax, Ha
KOTOPbIC HalICHHBIC KPUTHYCCKHUE TOUYKH JICNIAT 00J1acTh onpeaeicaus pyukuuu Y = f (X).

5. OTHOCHUTEIBLHO Ka)I(,I[OfI KpHTquCKOﬁ TOYKH OIIPEACTIUTD, ABIACTCA JIM OHA TOYKOM MaKCuMymMma,
MHUHUMYMa UJIN HE SABJIACTCA TOYKOH OKCTpEMyMa.

[TomHHM: KpuUTHYECKasE TOYKa Xg €CTh TOYKA MHHUMYMA, €CIM OHA OTAEJSET IPOMEXKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B kotopom f'(X)>0, u Touka MakcuMymMma - B IPOTUBHOM ciy4ae. Eciu
K€ B COCEIHUX IMPOMEKYTKAX, PA3JCIICHHBIX KPUTUUYECKON TOUKOM Xo, 3HAK MPOU3BOJHON HE MEHSETCH,
TO B TOYKE Xo (DYHKIUS IKCTPEMyMa HE UMeEeT.

6. Boruncnuts 3HaueHus QyHKIUU B TOYKAX 3KCTPEMyMa.
7. 3anucath pe3yabTaT ucciae0BaHus GYHKIIMH: POMEKYTKH MOHOTOHHOCTU U IKCTPEMYMBI.
Anzopumm HaxoxrncoeHusn bINYKI0CMeEN GYHKYUU U MoYeK nepezuda:

1. Haxoaum BTOpYIO MPOU3BOAHYIO.
2. Haxo[uM TOYKH, B KOTOPBIX f (x) = 0 WM HE CyIECTBYET.

3. Hccrnenyem 3HaK BTOpOW MPOM3BOJHON CJIEBa W CIpaBa OT HAMJICHHBIX TOYEK U JIejaeM
BBIBOJI 00 MHTEpBAJIaX BBHIMYKJIOCTH M O HATMYHH TOYCK ITEeperuoa.
4. Haxoaum 3HaueHue PYHKIMH B TOUYKaX Meperuoa.

Acumnmomei.

Acumnmomou epaghuxa ¢pynkyuu y = f(x)Ha3pIBaeTCs NpsAMas, obyajaroniasi TeM CBONCTBOM, UTO
paccTostHEE OT TOYKH (x: f(x)) 1O DTOM MPAMOIl CTPEMUTCS K HYJIIO NPH HEOTPAaHMYEHHOM yIAleHHH
TOYKH rpaduka OT Hayajaa KOOpJIUHaT.

[Ipsimast x = a Ha3BIBACTCS BepMUKAILHOU acumnmomou Tpapuka GyHKIUU ¥ = f(x), €ClIi XOTS ObI
OJIHO W3 NPEAEIbHbIX 3HAYCHUMN lim,_, o flx) mnm  lim,_ .., f(x) paBHO —ooniHn +oo.

3ameuanue. [Ipsamas x = a He MOXET OBIThH BEPTUKAIIBHOU aCUMIITOTOM, eClu
(GyHKIMS HenpepblBHA B TOuke x = a. [loaTOMy BepTHKajIbHbIE aCUMIITOTHI CIEAYET MCKaTh B TOUYKax
paspbiBa QyHKIMH.

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

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

3ameuanme. ['padux (yHKIUU MOXKET UMETh TOJBKO MPaBYIO T'OPU3OHTAIBHYIO ACUMITOTY HIIU
TOJIBKO JIEBYIO.

[Mpsimast y = kx + b Ha3bIBACTCSI HAKIOHHOU acumnmomotl Tpaduka pyHkumn ¥ = f(x),

eco lim, | flx) —kx —B| = 0
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fixy

Ecmn mns QyHkmum v = f(x) CyLIECTBYIOT MNpenenbl “mx—-:‘:T =ku limg_o(f(x) —kx)=b, TO
(GyHKIMS UMEET HAKJIIOHHYIO aCUMIOTOTY ¥ = kx + b TIpH x — @,
IMopsinok BbINOJHEHHUSI PAa0OThI:
1. [TpoBecTu aHaNIM3 3a1aHHON (PYHKIIMH 10 OOIIEH cXeMe.
2. IToctpouts rpaduk GyHKINH.
Xox padoThI:

HccnenoBath GyHKIMIO U TOCTPOUTH €€ TpaduK.

¥

y¥=

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

Takyto ke TOUKy MOJY4YUM, €CIM NpupaBHsieM (pyHKUHIO K Hynto. Touka x = 0 - eIMHCTBEHHas
TOYKa IIEPECEUEHHUS C OCAMU KOOpPAUHAT.

3. [IpoBepsieM GYHKIIMIO HA YETHOCTh

yil—x) = (xf __ x

—2x-2 2x+2

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

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

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

[IpupaBHUBast ee K HYJIO, MOJYyYUM KpUTHYECKUE TOUKH x = 0:x = 2. OHM pa3OuBaroT o0nacTh
OIIPENICIICHUS Ha CIEAYIONINE NHTEPBAIBI MOHOTOHHOCTH ({—%2; 0) U (0 L)W (L; 23 U (2; +0e)

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

I'paduuecku MHTEPBAIBI MOHOTOHHOCTH OYAYT UMETh BH]

¥

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

5.Toyka x = 0 TOYKa JIOKAJIHLHOT'O MaKCuMyMma, x = 2 — JJIOKAJIbHOTO MHHHUMYMa. Haﬁ)IeM 3HAYCHHC
(byHKI_[I/II/I Viax = 0: Voin = 2

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

Takux MHTEPBAJIOB HET, NOCKOJBbKY BTOpas IPOU3BOAHAS HE IPUHUMAET HYJIEBBIX 3HAYCHUH B
o0acTu ompeesIeHus.

7. llpsimast x = 1 — BepTUKAJIbHAS aCUMITOTA (PYHKUIMHU. Y paBHEHHE HAKIIOHHOM aCUMIITOTHI HMEET
BUI v =kx + 5.

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

8.Ha ocHOBe MpOBEIECHHOTO aHalM3a BHINONHAEM MocTpoeHue rpaduka QyHkuuu. s 3toro
CHayajla CTPOMM BEpPTHKAJIbHbIE M HAKJIOHHBbIE ACUMOTOTHI, 3aT€M HAaXOJIUM 3HayeHHE (QYHKLUU B
HECKOJIbKUX TOYKAX U MO HUX MPOBOJUM MOCTPOCHHUE.

y=(x+1)/2

dopma npeacTaBJeHHus pe3yJabTaTa: paboTa JOHKHA OBITH MPEACTAaBIEHA B BUJIE BBHITOJIHEHHBIX
BBIYUCIICHUIA.

Kpurepum ounenku:

— OrneHka «OTJIMYHO» BBICTABISIETCS, €CIOM BCE 3aJaHUs BBIMOJIHEHBl MpPaBWIBHO, 0€3
apupMeTHIeCKnX OMMOO0K, pemeHne 0ohOpMIICHO aKKypaTHO, C HEOOXOIUMBIMUA 00OCHOBAaHUSIMH.

— OIlleHKa «XOpOUIO» BBICTABISAETCSA, €CIU BCE 3a/laHMs BBINOJHEHBI, HEKOTOPBIE BHJbI 3aJlaHUN
BBIIIOJIHEHBI ¢ ommbOKkaMu. be3onmoouno BeimoHeHo 80-89 % Bcex 3amaHuii.

— OrneHka «yJIOBIETBOPUTENHHO» BBICTABISETCS, €CIAM OONBIIMHCTBO  3a/laHUil  BBIMOJTHEHO,
HEKOTOpbIE M3 BBHIMOJHEHHBIX 33/IaHuil cojepxar ommOku. bezommbo4yno BemonaeHo 70-79 %
BCEX 3aJaHUM.

— OueHka «HEeyJOBIETBOPUTEIHHOY» BHICTABIISIETCS, €CIM BBIMOJHEHHbIE YUEOHbIE 3aJaHUs COJepKaT
rpyosie ommbku. besommbouyno BeimonHeHo MeHee 70% Bcex 3aJaHuil.
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Tema 4 UnTerpaJj v ero npujioKeHust
IIpakTnueckoe 3ansaTue Ne 11
BbluuciieHHe HeonpeieJIeHHbIX HHTerpajioB
UCIIOJIb3Ysl PA3JIMYHBIE METO]IbI

Henr padorbl: HayuuTbcs UHTErpUpPOBaATh

HHTETrPUPOBAHUS.
Bbinosinus padory, Bel Oynere:

ymembs:

dyHkiuy,

— VYo 02.04 BerzensaTh HauboIIee 3HAaYMMOE B TIepeuHe nHpopMaum

MaTtepuajbHoe o0ecneyeHue:

I/IHI[I/IBI/II[yaJ'IBHLIC 3aJaHusd, Ta6J'II/ILIa HHTCI'pajioB, KOHCIICKTLI JICKI.IHfI, y‘le6HI/IKI/I

3aganue:
HaiiguTe HeonpeaejgeHHbIE HHTETPAJIbI:
1) J(8x* — 62" 4 2x — 3)dx
2) J- 3.1"+2.;—3.1‘+?‘ dx
3) _.r-:cus{:'lﬂ.r - 5} dx
4) f 34'1'3.:::1’.1:

5) _,r" hx

25+16x°

2.,
ITax

6) [ J

[1-2x4y

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

Vx
8) [ (a® +5x + 7) - Inxdx;
9) [ e cosaxdx;
10) [(x® + 4x + 3)e* dx.
Iopsia0K BbINOJIHEHUS PAGOThI:

1. 3amucarth 3aaHue U  OIPCACIIUTD,
BOCIIOJIb30BAaThC.

KakuM U3

31

METOJIOB

HHTCTpUPOBAHUA

Yo 01.02ananu3upoBarh 3a1a4y |/WIHA TPOOJIEMY U BBIICTSATH €€ COCTaBHBIC YaCTH;
Y0 01.03 onpenensTs 3Tanbl pelieHUs 3a0a4H;
Y0 02.01 ompenensiTh 3a7auu 1151 MOKCKa HH(POPMALINH;

HEe00X0aUMO



Ecnu umHTErpan MoOXXHO HAMTH METOAOM HENOCPEACTBEHHOIO HWHTETPUPOBAHUS, TO, HUCIOJb3YS
CBOMCTBA MHTETPAJIOB, IPUBEAUTE MHTETPaAI K TaOMUuHbIM opmynam. [Ipounterpupyiite.

Ecnu nHTErpan MoXHO HAUTH METOAOM NOACTAHOBKH, TO BBEIUTE HOBYIO NIEPEMEHHYIO, HAUJUTE €€
muddepennnan. [locne BBeneHUs HOBOM NMepeMEHHOW 3aJaHHBIA MHTErpall MPUBOJUTCS K HOBOMY
UHTETpaly, KOTOPBIM sBisercs TabmuuHbiM. Haiiagure — momydeHHBId uHTEerpan. B ciydae
HEONPENEIEHHOIO0 NHTErpajla BEPHUTECH K CTAPOil NEPEMEHHOM.

Ecnu wuHTerpan Henp3s HaWTH BBIIIICYKA3aHHBIMH CIOCO0aMU, TO TpPHUMEHHTE (HOPMYITy
MHTETPUPOBAHMS 110 uacTaM | UdV = UV — [VdU.  DTOoT MeToj 3aKIIouaercsi B TOM, 4TO

MOJIBIHTETPATbHOE BBIPAKEHUE TMPEJICTABIICTCS KAKUM-IMOO 00pa3oM B BHUJE MPOU3BEACHUS IBYX
comuoxureneir U  wu dV. 3arem, mociae naxoxaernus dU u V,  ucnone3yiite Gopmyiy

MHTETPUPOBAHMUS TI0 YACTSM.
-Uurerpanst Buna | P(x)edx, [ P(x)sinkxdx, [ P(x)eoskxdx, rae P(X)- MHOrOUeH, k- uncio.

V10610 nonoxkutsk U = P(x),a Bce ocTallbHbIE MHOXHTEIN IPUHATH 3a dV.
-nuTerpanst Buaa [ P(x)arcsinxdx, [ P(x)arccosxdx, [P(x)inxdx, [P(x)arctgxdx
_]"P'[:_r;'l arcctgxdx,

VY 100HO 110510UTh Plxldx = dV, a ocTaIbHbIE MHOMKUTEIH npuHATH 32 U.
- Unrerpansl Buna | e sinbxdx, [ e eosbxdx, Tie a u b uncna. 3a U MoxHO npuHSTH GYHKIMIO U = °*

Xon padorei: Haiitu uaTerpans:

Bx*—5x"+3x+4
_r—..dx

e

1)

YroObl HAWTH JTOT HHTET paJl, HYXHO CHadalla IIPUBCCTH MOABIHTCTPAJIBHOC BBIPAXKCHUC K
Ta6J'II/I‘lHOMy BUOY. I[J'ISI 9TOr'0 NPpUMCHAICM MMOWICHHOC NCJICHUC!

jﬁﬁ—Ex" +3x+4

.5x4 ax 4
> - +— | dx
x© J:‘ x°
j(ﬁx=—5+ +=}x-9)rz
j.r: dx —5 j dx
n’.r G’ 4x~! . 4
+3 ] — iy = —Sx +3lnjx| +—+C=2x —9x 4+ 3In|x| - -+ C
x 3 -1 x
15x%dx
2 JTen

9TOT HHTCrpajl MOKHO HalTH ¢ MOMOIIIBIO METOJIa MOACTAaHOBKHU. BBeaem HOBYIO IICPEMCHHYIO.
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1-x=¢

" 1 _ LAY —
J‘lE.r‘n‘x_d{-L "J‘-}_dt_jlﬁn’t_ SJ‘t“}n’t— Sr3+r:_5 hee— 3 .

7
x*dx = ——

3) f{:.r3 — 4x)Inx -dx

DTOT MHTErpajl MOXHO HAWTH C MOMOIIBI0O METOAAa MHTETPUPOBAHUS IO YaCTSIM, OH OTHOCHUTCS KO
BTOPOMY BUJlY, TOATOMY U = Inx, dV = (x® — 4x)dx.

x-t

1 "
dl = —dx, V= J‘{x! —dxldy = — — 2x°
x 4

Hcnonb3ys hopMyay HHTETPUPOBAHUS 110 YACTSAM, TTOTy9aeM

i xt . x* 41
'[__r3 — 4-:]{nr rdxy = | —— 2x° | — — —2x" |—dx =
4 4 x
wt 3 e e
——2xT) = —_2 = S Pt z
Enr(‘} __r) J‘(‘} __r)n’.r {mc(‘} _.r] _Lﬁ-l—.r +C

4) [(x* — 2x)cosdxdx

OTOT MHTErpajg MOXXHO HAWTH C MOMOUIbI0 METOJa MHTETPUPOBAHUS IO YACTSIM, OH OTHOCUTCS K
NIEPBOMY BUAY, IO3TOMY U = x* —2x, dV = cosdxdx.

1
dU = (2x — 2)dx, V= J‘ cosdxdx = E sindx

. . 1 1 )
j{x‘ — 2x)cos4x dx = (x* — 2x) ;sfnﬂl-x — j 2 sindx (2% — 2)dx =
. 1 1 ) 1. . 1 )
(f —2x) 3 sindx ~3 sindx(2x — 2)dx = 3 (x* — 2x) sindx — 5 sindx (x — 1)dx =

YroObl HAaWTH OCTABIIMICSA UHTErpall, CHOBA MIPUMEHsIeM (pOPMYIy MHTEIPUPOBAHUS MO YACTIM.

UD=x—1, dV = sindxdx.

1
dll = dx, V= f sindxdx = — ;cus%x
1, 1 1 1
= ;{x' — 2x) sindx —E{{x - 1) (—Ecush’] - J‘ ~3 cosdxdx =
(2~ 2 sinx —~ ((x — 1)~ cost) .Lj txd
‘}_x—_xsnn.r—z{_.r— — 5 cosdx -I—‘} cosdxdx =

1. 1 1
= ;{x' — 2x)sindx + g{{x — 1){cos4x) — 3 f cosdxdx =
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1., 1 . ) 1
:}{_.r‘ — 2x)sindx + p ((x — 1)(cosdx) — Es:'ni-x +C

dopma npeacraBieHus pe3yJbTara: padoTa J0KHA OBITH IIPEICTABIICHA B BUJIE BBHIMOJTHEHHBIX
BBIYHUCIICHUI.

Kputepuu onenkmu:

— OneHKka «OTJIMYHO» BBICTABJISICTCS, €CJAM BCC 3aJaHMs  BBINOJIHCHBI IPAaBWIBHO, 0€3
apudmernueckux ommOOK, penieHrne opopMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 0O0CHOBAHHUSIMH.

— OreHKa «XOpOIlo» BBICTABIIACTCSA, €CIIM BCE 3aJaHMS BBITOJHCHBI, HEKOTOPBIC BHUIBI 3aJaHHM
BBIIOJIHEHEI ¢ omuoOKkamu. be3ommboouno BeimonHeno 80-89 % Bcex 3amaHuii.

— OreHKa «yJIOBJICTBOPUTEIBHO» BBICTABJISACTCS, ©CIM OOJIBIIMHCTBO  3aJaHUil  BBIIOJIHEHO,
HEKOTOPBIC M3 BBHIMOJHEHHBIX 33aJlaHUi cojepkar omuOku. beszommbouno BeimonHeHo 70-79 %
BCEX 3aJaHMI.

— OreHka «HEYIOBIETBOPUTEIHHO)» BHICTABIISIETCS, €CIM BHITIOJHEHHbIE YUEOHbIE 3aJaHus COJepKAT
rpyOsie ommOku. be3ommbouno BeimonHeHo MeHee 70% Bcex 3a1aHuii.

Tema 4 UHTErpaj u ero NpuIoKeHus
IMpakTnyeckoe 3ansiTue Ne 12
Brlyucienue onpeaeeHHbIX HHTErPaJioB

Heap padorsi: HayunTbest HAXOAUTh ONPENEIECHHbBIE UHTETPAJIBL, UCIIOJIb3YSl Pa3IMYHbIE METOMbI
MHTETPUPOBAHUS.

Brinosinus padorty, Bl Oynere:

ymemp:

— VY0 01.02 ananu3upoBaTh 3a7a4y U/Uiu IpobsieMy U BbIIETATh €€ COCTaBHbIC YaCTH;
— VY001.03 omnpenensaTs 3TaIlbl pelICHU 3a/1a4H;

— Y002.01 ompenensars 3axa4u U MOUCKA HHPOPMAIIUH;

— VY0 02.04 BbizensaTh HanboJIee 3HAYMMOE B IIepeyHe HHPOPMAIIUH.

MartepuanbHoe o0ecniedeHne:
NunuBuayanbHble 3a1aHus, TAOIUIA HHTETPAIOB, KOHCIIEKTHI IEKIUN, YIeOHUKH.
3aganue:

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

i~ 1
1. fl ('-.l".r-l-ﬁ)n’x
]

2. fir 2

4 dx

.

el

B Py
z .,.'Il.'l.'+.1|;I
4. [5e™™ cosxdx

5. _J"_*-:r miT
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Iopsinok BbINOJIHEHUSI PAa0OTHI:

1. 3amnwucare 3agaHue U ONPEACIUTh, KAaKUM W3 METOJOB HMHTETPUPOBAHUS HEOOXOIUMO
BOCITOJIB30BaThCH.

2. Ecnam wHTErpanm MOXXHO HaWTH METOAOM HEMOCPEACTBEHHOTO HWHTETPUPOBAHUS, TO, HCIIOIB3YS
CBOICTBa MHTErpajioB, MPHUBECTH HHTErpal K TaOnuuHbM ¢dopmynaMm. [IpouHTerpupoBars.
BrerurcnuTh 3Ha4eHHE OTPEIeNIEHHOr0 HHTerpaia mo ¢popmyine Herotona-Jleiibnua.

3. Ecnu uHTErpan MOKHO HaliTU METOJIOM II0JICTAHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HANTH €€

maddepennman. Ilocne BBeneHUs HOBOW NEPEMEHHOHM 3aJaHHbBIM WHTErpal HPUBOAUTCS K HOBOMY
MHTErpaity, KOTOPbIH sBisercs TabiauuHbIM. Eciin mHTErpan onpeneseHHbli, TO HeOOXOAUMO BBIUYUCINTh
HOBBIE IIPEJIENbl MHTErpupoBaHus. HaliTu nosydeHHblid HHTETpall.

Xopn padoThl:
3 3 2
1) J,(4x® —3x% +2x + 5)dx
_]-_Jl{:é.rE — 32 + 2x 4+ 5)dx = =1-_,r_11_r3d.r— 3 fjlx:dx+ 2 f_Jlxrix+ Sf_Jl de=x* — 2% + 2% + 523, =

2) 33 +30 5.3 -(1+1+1-5)=81-27+9+ 15+ 2 =80

J-i-' 4 Sdr

0 a4250f

DTOT UHTETpaj MOKHO HAlTH C OMOIIBI0 METO/Ia MOJICTAHOBKH. BBeieM HOBYIO IEPEMEHHYIO.

5
—x =t
5
-dx = dt
J-:-l- Sir EJ-:-I dr EJ-:-I i 2 —
Dossase a0 Ea T e dx == dt
: \Z 5
Xg = 0 t.n' =0
LXg = 0.4 tE = 11

_ 5 Zgptdr 1 1 _ 1 . _1®_=&
=3 5fﬂ e :nr‘ctgﬂn = :{nrctgl arctgl) = i
: Elrrds
3) "r: costx
9T10T HUHTCrpaJl MOKHO HalTH C IIOMOIIIBO METOOdAa IMTOACTAHOBKH. BBC)ICM HOBYIO IICPEMCHHYIO.
r cosx =t 7
T deosx = dt i
i —sinxdx = dt e 2
sinydx i —dt e, - 1 1
— = sinvdx = —dt = _ __—|I=— "|I:— ——=2-05=15
bl a4 “
. cos®x xg =0ty =cos0 =1 J t -2 2t 2-025 2
T T 1
g =— itz m=eos—=—
SR 3 2

dopma npeacraBieHus pe3yJbTara: padoTa J0DKHA OBITH IPEICTABICHA B BUJIE BHITIOJHEHHBIX
BBIYHUCIIEHUI.

Kpurtepun onenkmn:
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— OrneHka «OTJIMYHO» BBICTABISIETCS, €CITM BCE 3aJaHUS  BBHIMOJHEHBI IPaBWIBHO, 0e€3
aprupMeTHIECKUX OMMOO0K, pemeHrne 0hOpMIICHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSMH.

— OrneHka «XOpoIIo» BBICTABIISACTCS, €CIIM BCE 3aJaHMs BBITOJHEHBI, HEKOTOPBIC BUIBI 33JaHHMA
BBIIIOJIHEHBI ¢ olTnOKaMu. be3ormbouno BeimoaneHo 80-89 % Bcex 3amaHuii.

— OrneHka «yJOBIETBOPUTEIBHO» BBICTABISCTCS, ©CIHM OOJIBIIMHCTBO  3aJaHUIl  BBIIIOJHEHO,
HEKOTOPBIC M3 BBHIMOJHEHHBIX 3aJlaHui cofiepkar ommOku. be3zommbouno BeimosHeHo 70-79 %
BCEX 3aJaHMI.

— OIIeHKa «HEYIOBJIETBOPHUTEIILHOY» BBICTABIISICTCS, €CIIM BBHITIOJIHCHHBIC YUeOHBIE 3a/IaHUSI COJEPIKAT
rpyOsie omOku. be3ommbouno BeimonHeHo meHee 70% Bcex 3a1aHuil.

Tema 4 HHTerpaJ u ero npu/iokeHust
IMpakTnyeckoe 3ansiTue Ne 13
IIpuMeHeHHe onpeaeIeHHOr0 HHTerpaJa
Heap padoThl: HAYYUTHCS NPUMEHATh UHTETPUPOBAHUE JIJISl PELIEHUS 3a/1a4 T€OMETPHUH.

Brinosinus padorty, Bl Oynere:
ymemp:

— VY6 pemars NpUKIAAHbIE 334aydl C MCIOJB30BAHUEM JJIEMEHTOB IU(PPEPeHUUANBHOIO H
MHTErPaJIbHOIO NCYUCIICHUH;

— VYo 01.02 ananuzupoBath 3a1a4y U/UIU MPoOIEMY U BBIICIATH €€ COCTaBHBIE YaCTH;
— VY001.03 onpenensTs 3TAIbl peLICHUs 3a/1a41;

— Y0 02.01 onpenensaTe 3a1auun A1 MOMCKa HHPOPMAIIHH,

— Y0 02.04 BpiaensTh HAaMOOJIEE 3HAYUMOE B TIEpeUHEe HH(POpMAITUH.

MarepuanbHoe obecrneyeHue:
NunuBuayansHbIe 3a1aHus, TAOIUIIA HHTETPATIOB, KOHCIIEKTHI JIEKIIUN, YUeOHUKH.
3ananmue:

Haiitu miomaiu ImI0CKHUX (I)I/Il"yp, OrpaHNYCHHBIX JINHUAMU:
aA)y=x+1 y=0x=1x=4;
Bly=Ilnx.y =0, x =1l.x =&,

3

)yt =xhx =4,

Kparkue Teoperuyeckue cBeeHHA:
I'eomempuueckuii cmvici onpedenreHHo20 uHmezpaa

[ycte ¢yakums y=f(x) HempepelBHa Ha OTpeske |a;b] M IpPUHMMAeT Ha 3TOM OTpeE3Ke
HeOTpUIATeNbHbIe 3HaueHus, T.e. f(x)>0 mpu xe[a;b]. durypa, o6pasoBanHas THHUAMH X=a, X=b),
y=0, y=f(x), Ha3bIBaercs KpUBOJIMHEWHOUM Tpamnernueil (puc. 1). OmnpeneneHHbIi WHTETpal OT

HCOTpHI.[&TCJIBHOfI (I)YHKI_II/II/I UMECT HpOCTOﬁ FCOMCTpI/I‘-ICCKI/Iﬁ CMBICJI: 3TO INIOIIaAab KpHBOHHHCf/'IHOIZ
Tparenuuu.

Puc. 1
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ITnowaou naockux guzyp
1. Ecmu dynkmus f(x) HeoTpuIaTensHa Ha oTpeske [a;b], To mmomans S mox kpusoii y = f(x) Ha [a;b]

(puc. 2) YMCIEHHO paBHA ONpeleleHHOMYy HHTerpady oT f(x) Ha mamHOM oTpeske: S = | f(x)dx

[ 1=

(reoMeTpUYECKHil CMBICIT OTIPEEIEHHOTO UHTErpaia).

y = t.‘,;
\ 7

ol a = ‘ * Puc. 2

2. Ecmu dynxiusa f(x) — HemonoxuTensHas Ha oTpeske [a;b], To mmomans S mox kpusoit y = f(x) Ha
[a;b] (puc. 3) paBHa ompenenenHoMy mHTerpany oT f(x) Ha [a;b], B3STOMy cO 3HAKOM «MHHYCH:

S=—_Tf(x)dx.

‘ g Puc. 3
3. Ecmu dymxmusa f,(x)> f(x) Ha otpeske [a;b], To mmomans S GUrypsl, 3aKIIOUEHHON MEX LY KPUBBIMU

b
y=f,(x) m y=fi(x) Ha [a;b] (puc. 4) onpenensercs Gpopmynoii S =I(f2(x)— f,(x))dx .

Q o v x
T“ Puc. 4
Tops10K BBINOTHEHHUS PAGOTHI:

1. HN3zoOpasute ¢purypy Ha KOOPAMHATHOU IIOCKOCTH;
2. OmnpenenuTe, SABIsETCS M GUTYpa KPUBOJIMHEHHON Tparenuei.
3. Beruucnure niomane GUrypsl.

Xox padoTsI:
Haiitu nomans purypsl, orpaHndeHHoM rpadpukamu QyHKIMH y = x* —3x +2uy=x—1.

Haiinem npenenbl MHTErpUpOBaHUs - TOUKH MepecedeHus rpadukoB GyHKIUN, 1715 3TOrO MPUpPaBHIEM
TpaBble YacTH UCXOMHBIX (DYHKIMI M PELIM HOJIydHBIIeecs ypaBHeHue x- — 3x + 2 = x — 1, KopHamu

9TOIr0 YpaBHCHHA ABJIAIOTCA YUCIIA X = lpux= 3, CJICOOBATCIIbHO, OHU U ABJIAIOTCA MpPEACTIaMU

WHTETPUPOBAHUS.
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TTTEYTTT T

3Ha4nT, TIIOMAAb (UTYPHI pPaBHA:

5=ff(x—ljﬁ—ff(x3_3x+zjdx=2;_x_(1?_3

X 42x)=45-3-05+1—

-

27 1 _ 41
(?—3-4,5 +6—;+ 1,5 — 2) = ]_E| (kB.eg.)
[Tosryannm, 9o TUIomank GUrypsl papHa 1 f (xB. ex1.)

®opma npeacTaBeHus pe3yJabTaTa: paboTa JOHKHA OBITH MPEACTABICHA B BUJIE BBHITOJIHEHHBIX
BBIYUCIIEHUI.

Kputepuu onenkmu:

— OneHka «OTJIMYHO» BBICTABISIETCS, €CIM BCE 3aJaHus BBINOJIHEHBl MPaBWIbHO, 0€3
apudmeTnueckux ommOOK, pernreHne oPopMIICHO aKKypaTHO, ¢ HEOOXOUMBIMUA 000CHOBAHHUSIMH.

— OrneHka «XOpoII0» BBICTABIIAETCS, €CIM BCE 3aJaHMs BBIOJHEHBI, HEKOTOPbIC BUIbI 3aJaHHI
BBITIOJTHEHBI ¢ omrbkamu. be3zommbo4yHo BeImoaHeHO 80-89 % BCcex 3amaHuil.

— OneHka «yJOBIETBOPUTENBHO» BBICTABISETCS, €CIAM OOJIBIIMHCTBO  3aJaHUIl BBIIOJHEHO,
HEKOTOpbIE M3 BBHIMOJHEHHBIX 33/JaHuil cojepxar ommOku. bezommbo4yno BemonaeHo 70-79 %
BCEX 3aJaHUM.

— OreHka «HEeYIO0BIECTBOPUTEITHHO)» BBICTABIISICTCS, €CITM BHITIOJTHCHHBIC YICOHBIE 3aJaHUs COJIepKAT
rpyosbie ommbku. be3ommbouno BeimoaHeHo MeHee 70% Bcex 3aaaHuil.

Tema 5 DneMeHTHI TeOpUH BepPOSTHOCTEH

IIpakTnyeckoe 3ansaTue Nel4
Pemienne KoMOMHATOPHBIX 32124
Heas padorbi: HayuuThcst oOTIAMYATh COYETAHUS OT pPa3MEIICHUH, MPUMEHATh (HOPMYIbl A
BBIYHMCIICHHS BCEX BHIOOPOK 0€3 MOBTOPEHUH.

Bbinosinus padory, Bel Oyaere:

yMeThb:

-V5 peumaTh 3aJa4y Ha BbIYHMCIICHUC BEPOATHOCTU C UCITIOJIb30BAHUECM 3JICMCHTOB KOM6I/IH3.TOpI/IKI/I;
- Y0 01.02 ananu3upoBath 3a7auy W/Win IpoOIeMy U BBIICIATH €€ COCTaBHbIC YaCTH;

- Y0 01.03 onpenensTs 3Tansl pelIeHAs 3a0a4H;

-Y002.01 ompenensaTh 3a1a4u 11 TOUCKA HH(POpMAIH;

- Y0 02.04 BbIIensaTh HauboOJEE 3HAUUMOE B IepeuHe nH(opMaluu

MarepunanbHoe obecrniedeHue:

NnauBuayanbHble 3a1aHNsI, CIPABOYHBIE MaTepUaIbl, KOHCTIEKTHI JIEKIIHA.

3aganue:
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1. B copeBHoBanmsax yuactByeT 10 yenoBek, Tpoe U3 HUX 3alUMyT 1-e, 2-¢ u 3-¢ Mecto. CKOJIIBKO
CYIIECTBYET pa3IM4YHBIX BAPHUAHTOB ?

2. W3 rpymnmel, B KOTOpo#l yuurtcs 12 yenoBek, HEOOXOAWMO BBIOpaTh 3 UEIOBEKAa B COBET
koseka. CKOJIBKO CYIIECTBYET pa3IMuHbIX CHOCOOOB TakKoro BhIOOpA.

3. Ha KHWXHOI MOJIKE BBICTABJICHBI 8 KHUT Pa3iIU4YHBIX aBTOPOB. CKOJIBKO CIIOCOOOB UMEETCS
IUIsl PACCTAHOBKH 3TUX KHUT B pa3HOM Hopsiike?

ITopsiiok BbINOJIHEHUS PAadOTHI

1. Omnpenenure BUI BHIOOPKH 0€3 MOBTOPEHUS.

2. Bribepere coOTBETCTBYIOUIYIO (POPMYITY JIJIsl BBIYUCICHUSI BO3MOXHBIX KOMOWHAIIHHA.

3. IlpousBeaure BBIYMCIECHHUS, UCIIONIB3Ys IOHATHE (haKTOpHAIA.

Xox padoThI:

1.KooBBIl 3aMOK OTKPBIBAETCSI TIOCTIEIOBATEIHbHBIM HAOOPOM YeThIpEX pa3HbIX mudp. Tpedyercs
OTPENICTUTh YHUCIIO BO3MOXKHBIX KOJOB, KOTOPBIE MOKHO IMOA00paTh JJIsI 3TOTO 3aMKa.

Pemenue.

Bo3moxnbix 1uudp Bcero necars(1,2,3,4,5,6,7,8,9,0).Kaxnas nHaOpaHHas KoMOMHAmMs Koja
OTJIMYAETCs OT IPYroil KoMOMHanuu XoTst Ob1 ogHo# tmdpoii(1,4,5,7 #2,4,5,7),m100 mopsakom Habopa
onuHakoBbIx 1ubp(1,4,5,7#4,5,7,1),n05ToMy Assg MOACYETa YHUCIIa BO3MOXKHBIX KOMOWHAIMI KOJIOB
UCIIOJIb3YeM (POPMYITy YUCIIa Pa3MEIICHUN.

2.Dopmyna pa3MelEeHUd UMEET BUL: AT =

nl
ra—1tny!

. el el _10e27e5d32 L
[IpousBosum pacuér Afy = — — p— 10:9 8.7 = 5040

. B Hamem cinydae n =4 .m =10,

3.CKoJIbKO CyIIECTBYET CIOcOO0OB BbIOOpA TPEX UEIOBEK U3 A€CATU?
Pemenue.

B nanHOM ciy4ae mpu BBIOOpE [UIS HAC BaXKEH TOJIKO COCTAaB IO TPH YEJIOBEKA, TOPSIIOK BBIOOpa
pOJIM HE UTpaeT, MOTOMY B OTIMYHUE OT IEPBOro MPHMEpa YUCIO CIOcOO0B MojcuuTaeM no gopmyie
COYETaHUM.

®dopmyna codyeTaHUM nMeeT BUAOCH = ﬁlml B namewm ciywgae n=10, m=3.

ie! ip!_rlagin
:4!(1.[:-—:4)!_:!?!_:1-2-1-?! =120.

[IponsBoaum pacuér: i, =

4.CKONBbKO pPA3IMYHBIX YETHIPEX3HAYHBIX YHMCET MOKHO cocTaBuUTh U3 1mudpl,2,3.4 9 nuudps He

MOBTOPSAOTCS)?

Pemenne.

[To ycnoBHIO aHO MHOMKECTBO W3 YETHIPEX 3JIEMEHTOB, KOTOpbIE TpeOyeTcs pacloyiokKHUTh B
OTpeIeIEHHOM nopsiike. 3HAuuT, TpeOyercss HANTH KOJMYECTBO MEPECTAHOBOK HX YETHIPEX
3JIEMEHTOB.

dopmyna nepecTaHOBOK U3 I —3JIEMEHTOB UMeeT BUA A, = n! B Hamem ciydae n =4,
[TpousBeném pacuét: £y, =4!1=4-3-2-1=24.

dopma npeacraBjieHus pe3yJbTaTa: padoTa J0DKHA OBITH IPEICTABICHA B BUJIE BHITIOJHEHHBIX
BBIYHUCIIEHUI.

Kpurtepun onenkmn:
— OrmeHKka «OTJIMYHO» BBICTABJISETCS, €CIM BCE 3aJaHWs  BBIMOJHEHBI TPaBUIbHO, 0e€3
apudmeTnyeckux ommoOOK, perieHrne opopMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHUSIMH.
— OI1eHKa «XOpOIIo» BBICTABIISETCS, €CJIU BCE 3aJIaHMs BBIMIOJHEHBI, HEKOTOPBIE BHJIBI 3aJIaHUN
BBIIOJIHEHEI ¢ omuroOKkamMu. be3ommbouno BeimonHeno 80-89 % Bcex 3amaHuii.
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— OI.[CHKa «y,Z[OBJIeTBOpI/ITeHBHO)) BBICTaBJIACTCA, C€CJIIN 60HLH.IPIHCTBO Ba[[aHI/Iﬁ BBIIIOJIHCHO,
HEKOTOPBIC M3 BBHIMOJHEHHBIX 3aJlaHuid conepkar ommOku. be3zommbouno BeimonHeHo 70-79 %
BCEX 3aJaHMI.

— OIeHKa «HEYIOBJIETBOPHUTEIIBLHOY» BBICTABIISICTCS, €CJIM BBHITIOJIHCHHBIC YUeOHBIE 3a/IaHUsI COJEPIKAT
rpyOsie omOku. besommbouno BeimonHeHo meHee 70% Bcex 3a1aHuil.

Tema 5 DneMeHTHI TeOpUM BepOSTHOCTEH
IIpakTnyeckoe 3ansitue NelS
Pemienue 3a1a4 Ha BbIYMC/JICHHE BEPOSITHOCTH € HCIIOJIb30BAHUEM 3J1EMEHTOB

KOMOUHATOPUKH
Leanb padorbl: HayunThcs HAXOAUTH BEPOATHOCTDh COOBITHI, UCIIOINIB3YS (DOPMYJIbI KOMOMHATOPUKH.
Boinosinus padorty, Bl Oynere:

ymembw:

- VY. pelaTh 3aJa4y Ha BbIYHMCIICHUC BEPOATHOCTU C UCTIOJIb30BAHUEM 3JIEMCHTOB KOM6I/IHaTOpI/IKI/I;
— Y001.02 ananu3upoBaTh 3a/1a4y U/WIH NPOOIEMy U BBIICIATH €€ COCTaBHbIC YaCTH;

— VY001.03 omnpenensaTh 3Tallbl pELICHUS 3a/1a4H;

— Y002.01 onpenensaTs 3a1a4uu A MOMCKa HHPOPMAIINH,

— Y0 02.04 BeImensaTh HaHOOIEE 3HAYMMOE B IIepeyHe HHPOpMaIu

MarepuanbHoe obecniedenue: HauBuyanbHble 3aJaHNs, KOHCIIEKTHI JICKIIUH.
3aganue:

1. T'oToBsICh K JOKJIaAy, CTYyIEHT BBIMHMCAT U3 KHUTHU LUTATy, HO, 3a0bIB HOMEp CTpPaHUIIbI, Ha
KOTOpOI OHa HaxoJujach, Hamucajl HoMep Haynady. KakoBa BepOsSITHOCTb TOTO, 4YTO CTYACHT 3amucall
HY>KHBI HOMEp, €CIIM OH IIOMHHT, YTO HOMEP BBIPAXKAETCS ABY3HAYHBIM YUCIOM?

2. B smuke 15 geraneit, cpenu kotopsix 10 okpamensl. COOpIIMK Hayaady BeIOpasl 3 meTaid.
KaxoBa BepOSITHOCTB TOTO, UTO BBIOpPAHHBIE IETAIM OKa3aJIlCh OKPAIIEHHBIMH?

3. Nwmeetca 8 xaprouek. OiHa CTOPOHA KaKIOW M3 HUX YUCTas, a Ha JPYrol HamucaHbl OYKBBI
JOWPJ, AH,3,I1. KapTouku kiagyT Ha CTOJ YMCTOM CTOPOHOM BBEpX, MEPEMENIMBAIOT, a 3aTE€M
MOCJIEZI0BATENBHO OAHY 3a IpYrol nepeBopaynBaioT. KakoBa BEposITHOCTh TOTO, MPHU MOCIEA0BATEILHOM
nosiBiieHNH OykB Oyzet cocranieH cioo [TIPA3/THUK?

4. llemb COCTOUT M3 HE3ABUCUMBIX OJIOKOB, COETMHEHHBIX B CHCTEMY C OJHUM BXOJIOM U OJIHUM

BBIXOJIOM.
{1} {3}

[— r———————————
2 {3

puc. 1
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BBIXOI[ H3 CTPOs 3a BpCMA T PA3JINYIHBIX 3JICMCHTOB LICITU — HC3aBUCUMBIC CO6BITI/I$I, UMCIOIHUEC

ClIeyIoLIIe BeposiTHOCTH: 1= 0,1, 4:=0,2,93=0,3,4,=04. rxa3 mo6oro u3 smementor
MIPUBOJIUT K IPEPHIBAHUIO CUTHAJIA B TOM BETBU LIETIH, IJI€ HAXOJUTCS JTaHHBIN 35ieMeHT. Haltn
HaJEKHOCTH CUCTEMBI/

KpaTRne TECOPETHYECCKUEC CBCACHUS .

Beposamnocmoro coobimus A Ha3bIBacTCsI OTHOIIEHHE YHCIIa M CIydacs, OJIArONPUSTCTBYIOIIMX €T0
MOSIBJICHHIO, K OOIIEMY YHMCIY BCEX HECOBMECTHBIX PaBHOBO3MOXHBIX H 00pa3yONIUX MOJHYIO TPYIITY
COOBITUH.

Takoe ompeselieHne BEPOSTHOCTH HA3bIBAIOT KIACCHYECKUM. BepOsITHOCTE COOBITHSI 0003HAYAETCS
m
P(A) wu Bbruncnsercs no gpopmymne: PLA) = —

BeposiTHOCTh MOSIBIICHUS COOBITHS 3aKII0YEHA B Mpesenax
or O0mol: O0=P(A) =1

HpI/I PCUICHUHU 3a/1a4 Ha BBIYHMCIICHNC BCPOATHOCTHU ITPUMCHAIOTCA (I)OpMy.]'IBI JJI ToACYECTa Yuciia
KOM6HHaHHﬁ U3 JaHHBIX 3JICMCHTOB!:

- YHCJIO MEePECTaHOBOK BhIUUCIIAETCS 110 popmyite: B, = n!

- YUCJIO pa3MemeH1/n?1 13 N 2JIEMEHTOB O M 2JIEMEHTOB B KAXKJIOM BBIYUCIISICTCS 110 (bOpMYJIeI

\
Am = n!
n (m—ml!

- YUCJIO COYETAaHUM M3 N 3JIEMEHTOB 10 M AJIEMEHTOB B KaXKI0M BBIUHCISCTCS 110 (I)opMyﬂe:

]
om = n!
n (n—m)l-m!

HanexHOCTh KaXKA0ro 3JeMEHTa CUCTEMBbI 2JIEKTPOCHA0KEHHUSI MOXKHO XapaKTeprU30BaTh
BEPOSTHOCTHIO pab0overo COCTOSHUS P U BEPOATHOCTHIO 0TKa3a (. Eciiu He y4uThIBaTh MIIaHOBBIE
MIPOCTOU (PEMOHTBI), TO MOYKHO CUHTATh, YTO 3JIEMEHTHI B JIF0OOH MOMEHT BPEMEHH HAaXOATCS B OJJTHOM
U3 3TUX cocTosiHUM. Torna cymMma BEpOSATHOCTEN ATUX COCTOSIHUM paBHa 1: p + g = 1.

Jlnst rpynnbl U3 IBYX 3JIEMEHTOB BO3MOJKHBI CIIEIYIOIME COUETAHUS:
00a siemeHTa B pabo4YeM COCTOSIHUM,
MIEPBBIN AJIIEMEHT B BBIHYKJIEHHOM MPOCTOE, BTOPOH B paboueM COCTOSTHUMY;
MIEPBBII DJIEMEHT B paboueM COCTOSTHUH, BTOPOI B BEIHY)KJIEHHOM IIPOCTOE;
4. o0a»nmeMeHTa B BEIHYKJIEHHOM MPOCTOE.
BeposTHOCTH 3TUX COCTOSTHUI MOKHO HANTH, BOCIIOJIB30BABIINCH TEOPEMON YMHOKEHUS BEPOSITHOCTEH.
Tak npu nocJjieq0BaTeJJbHOM COeIMHEHHUH JABYX 3JI€MEHTOB C HaJIS)KHOCTBIO KaX0T0 P1 U P2
HaJIeKHOCTh BCEH CXEeMBI ompeenseTcs kKak P = p, ' p,

wnh e

Jlpyrumu cioBaMu cxema pabomaem, eciu pabomaiom ooa 3nemenma. Ilpu omkaze 00nozo (1106020)
U3 HUX cxema pabomamo He 0Oyoem (mokK uepes yenv He noidem).

BeposiTHOCTB 0TKa3a 1JIsl OC/1e10BATEIbHOI0 COeIMHEeHHUSs

P =1 —q,q, (11 AByX DJIEMEHTOB).

P=1-gq5" ...q, (JUISI N —DJICMECHTOB).
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IIpy napa/uieIbHOM COCAUHEHUH ABYX 3JIEMEHTOB C HAJIEXKHOCTHIO KAXKIOI0 p1 U P2 HAZEKHOCTD
BCEH CXEMBI ONPEAEIAETCa Kak P = p, p, + P, " g, + Poq,

ITonp3ysich (hopMyIioii 11 BEPOSITHOCTU MOSBIEHUS XOTSI ObI OJTHOIO COOBITHS, HAIEAKHOCTh CXEMBI
MapajIeIbHOIO COCIMHCHUS 3aIIMChIBAIOT B BUAEC P =1 — gq,q-.

[pyrumu cinoBamu cxema pabomaem, eciu padomaiom o0oa 3jiemenma, HO makice ona pabomaem,
eciu vlitdem u3 cmpos U KaxKou 1udo 0OuH u3 3J1eMeHmos.

HOpHI[OK BbIITOJTHCHHU A paﬁoTLl:

1. Ompenenute codbiTre A, BEpOSATHOCTh KOTOPOTO HYKHO BBIYMCIUTD.
2. TIpocuwnraiite obI1ee 4rcio (N) BO3MOYKHBIX HCXOJIOB.
3. IlpocunTaiite 4ymuciIo UCX0a0B (M), OIArOMPHUATCTBYIOIINX HACTYIUICHUIO COOBITHS A.
v . m
4. Viconb3yiite GopMysTy ISl BBIMMCIICHHS BEPOSATHOCTH OMPENENEHHOTO coObIThs. P4) = —.

Xopn padorhl:

1.Habupast Homep tenedona, aboHeHT 3a0bu1 ocaenHue 3 mudpsl 1 HAOpaI UX HayJAady, IOMHS . YTO
OHU pasznuuHbl. HaliuTe BEpOsSTHOCTH TOTO, YTO HAOpaHBI HY)KHBIE ITU(PHI.

Pemenue:

CoObiTHE A- «HOMEp HaOpaH BEPHO».
Yucno n-obmiee YWUCIO HUCXOJOB HUCHBITAHUSA  IOJY4YUM, BOCIOJIb30BaBIINCh  (popMyTIaMHu
komOuHaTopuku. Beero umeercs 10 mudp, T.e. yucio siaeMeHToB paBHO 10; B KaxJI0e COEJUHEHHE
BXOJUT MO 3 1u@pbl; Mopsaaok nudp (3J€MEHTOB) CYIIECTBEHEH MpU HAabope HoMepa, 3HAUUT, HYKHO
HaiiTu yncno pasmerienuit u3 10 snemenToB no 3 no ¢opmyie:
A, = .L = £ = m = 720 . Urak, n=720
(10-3)! 7! 7!
Yucno m=1, T.K. TOJIBKO OJUH HA0Op U3 TPEX LHUPP ABIAETCS HYKHBIM. 3HAUUT,
P(4) =Z=—

720
2.U3 ypHBI, B KOTOpO HaxonsaTcs 12 6enbIx U 8 4EPHBIX 1IapOB, BEIHUMAIOT Hay1auy JiBa mapa. Kakosa
BEPOSITHOCTh TOTO, YTO 00a IIapa OKaXyTcsl YEPHBIMU?

Pemenne:

CobpiTHe A- «00a mmapa OKaXyTCsl YEPHBIMI.
Uucno n-o0miee YHCIO MCXOAOB HUCIBITAHUS  TOJIYYUM, BOCTIOJIb30BaBIINCH  (OopMyTaMu
KoMOuHaTtopuku. OOIIee YKMCIO BO3MOXKHBIX CIydaeB N paBHO YHCITY codeTaHuil u3 20 JIeMEHTOB

a0 2,

(12+8) mo gBa: n=¢, = —0 =22 2190,

2l20-2)¢ 2-18 1-2-18!

Yucrno ciaydaeB M, OJ1aronpusTCTBYIONIMX COOBITUIO A, pPaBHO YHCITy COYeTaHWil u3 8 sneMeHTOB ( 8
) B _ 8 _8TE
YepHBIX IAapoB ) M0 JBa: N=(; = ——=—=——-=28

NE-2)! 26 1218

m pis -] ;
PlA) =—=_—~0147
3.Ha st kapToukax pa3pe3Hoii a30yku Hanucanbl OykBbl A,3,K,0,M. Kaprouku nepememuBaroTcs u

HayraJ packiaabiBaroTcs B psii. KakoBa BepoaTHOCTh Toro. Urto nomyunrcs cioso 3AMOK?
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Pemenue: CoObiTue A- «momyuutcs ciioBo 3SAMOK.

Yucno n-obmiee YUCIO HCXOJOB HCHBITAHUSA  IOJIYYHM, BOCIIOJIb30BAaBUIMCE  (OpMYyIaMu
koMOuHatopuku. OOIIee dYHUCIO  BO3MOXKHBIX CIIy4aeB N paBHO YHUCITY MEPECTaHOBOK U3 5
a5eMenToB (0ykB): N=P; = 5!=5-4.3 .2.1=120.

Yucno ciaydaeB M, OJaromnpusTCTBYIOIMX COOBITHIO A, paBHO 1, T.K. TpeOyeTcsi COCTaBUTH CIOBO C
OyKBaMH, pacCTaBJICHHBIMU B OIIPEJCIEHHOM NOPAIKE. A 3TH OYKBBI pa3IUYHBbI.

P(a) == —

no 120

4, HGHB COCTOHUT U3 HE3aBUCHMbIX 6J'IOI(OB, COCAMHCHHBIX B CUCTEMY C OJHHUM BXOJOM U OJHUM
BBIXOJ0M.

..
N ,l
e

,'1:\
L’ ' 2

3
- ‘\‘
()

puc. 1

Brixon u3 ctpost 3a BpeMst T pa3nuyHbIX 3JIEMEHTOB LIETTH — HE3aBUCUMBIE COOBITHSI, UMEIOIINE
CJIEYIOIINE BEPOSATHOCTHU: q,=0,1,¢,=0,2,9;=0,3,4,=04. OTka3 1r000ro 13 AIEMEHTOB IMPUBOJIUT K

MPEPHIBAHUIO CUTHAJIA B TOW BETBH LIENH, T/I€ HAXOIUTCS JaHHBIN 35eMeHT. HaliTh Haie’KHOCTh CUCTEMBI.
Pewenue:

CoOpITHE A — cHCcTeMa HaJIe)KHA.

CobbiTue Aj— i-it 610K paboTaeT 6€30TKa3HO.

OnemMeHTsl 1 1 2 COCAUHCHBI ITapaJlJICJIbHO, U DJICMCHTHBI 3u4d COCAVUHCHBI ITapaJlJICJIbHO, a MCKIAY coboit
OHHU COEJIMHEHBI MTOCIIEA0BATEIBHO, TOT/IA UCIOJIBb3YS (POPMYJIBI, TOITYYUM
PlA|=|1-gq,4,) [1—g;q,/=11-0,1-0,2]- (1-0,3-0,4|=(1-0,02)-(1-0,12|=0,98- 0,88=0,8624

dopma npeacraBieHus pe3yJbTara: padoTa J0DKHA OBITH MIPEICTABICHA B BUJIE BHITIOJHEHHBIX
BBIYHUCIIEHUI.

Kpurepun onenkmn:

— OrmeHKka «OTJIMYHO» BBICTABJISETCS, €CIW BCE 3aJaHWs  BBIMOJHEHBI TPaBUIbHO, 0e€3
apudmeTnyeckux ommoOOK, perieHne oPopMICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.

— OrmeHKa «XOpOII0» BBICTABISAETCSA, €CIU BCE 3a/JIaHHS BBITIOJHEHBI, HEKOTOPHIC BUIBI 3aJaHHM
BBIIIOJIHEHBI ¢ OITHOKaMu. be3ommbouno BeimoaaeHo 80-89 % Bcex 3amaHuil.

— OImeHKa «yJIOBJIETBOPUTEIBHO» BBICTABJISETCS, €CIM OOJBITMHCTBO  3aJaHUN  BBITIOJHEHO,
HEKOTOpBIC M3 BBIMIOJHEHHBIX 3a/laHuil coaepkar omubku. besommbouno BeimonHeHo 70-79 %
BCEX 3aIaHUM.
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- OI.[GHKa CHCYHOBJICTBOPUTCIILHO» BBICTABJIACTCA, €CJIM BBIIIOJIHCHHBIC y‘-IeGHBIe 3alaHuA COACPIKaT
rpyOsbie omubku. be3ommbouno BeinmonHeHo meHee 70% Bcex 3aqaHMil.

Tema 5 DneMeHTHI TeOpUH BepPOSITHOCTEM
IIpakTnyeckoe 3ansitue Nel6
Bri0opka. UnciioBble XapakTepuCTUKH BbIOOPKHU. ['eHepaibHasi COBOKYNIHOCTh U BBIOOPOYHAS
COBOKYNHOCTh. Onpe/iejieHue CTATUCTUYECKUX pacnpeaeJeHu il

Heab padotbl: PaccMoTpeTh OTAEIbHBIE IPUMEPHI, XapaKTEePHbIE /U1 BLIOOPOUYHOTO METO/A.

BbinosinuB padory, Bel Oyaere:
yMeTh:
— Y001.02 ananu3upoBaTh 3a/1a4y W/ WK MPOOJIEMY U BBIJICIATH €€ COCTaBHBIC YaCTH;
— VY001.03 omnpenensaTs 3Tallbl pELICHU 3a/1a4H;
— Y002.01 omnpenensaTs 3ama4u AJis MOMCKA HHPOPMAIINH;
— VY0 02.04 BeImenaTs HanOOJIEE 3HAYMMOE B IIEpPEYHE HHPOPMALIUH.
MarepuanbHoe obecniedenue: HauBuyanbHble 3aJaHNs, KOHCIIEKTHI JICKIIUH.

3aganue:
1. I[TocTpOUTh MOTUTOHBI YACTOT U OTHOCUTEIIBHBIX YaCTOT IO PacipeIeICHUI0 BRIOOPKHU:

x | 2 | 4|7 | 8| 9|12
ni|pf|2pz|pz|p§|p3|3ps

2. ITocTpoiiTe TUCTOrPaMMBI YaCTOT M OTHOCHTEIBHBIX YaCTOT TI0 PACTIPECIICHHIO BEIOOPKH:

No Uurepsan, CyMMma yacToT
HHTEpBAJIA Xi _ Xi+l BapuaHT ?]?Temea,

1 3-5 D1

2 5-7 2p,

3 -39 3ps

4 9-11 p

5 11-13 2p;

6 13-15 3p?
! 15-17 P1+P2

3. I[J'IH FCHCpaHLHOﬁ COBOKYIIHOCTH, 3aJlaHHOM pacipeaciCHuCM:

x;| 5 10| 15]20] 25|30 35
Ni| pr |3ps| p2 | 202 | p? | 2ps | 2p2

Haiinure renepaibHyr0 CpEeaHIO0, T€HEPAIIBHYIO JUCIIEPCUIO, TEHEPAIBHOE CTAaHAAPTHOE OTKIOHEHUE,
MOJy, MEMAHY U pa3Max.
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4. V13 reHepa’IbHON COBOKYITHOCTH CJeJiaHa BBIOOPKA, 3aJJaHHAsl paclpeeICHHEM:

xi]l 2 | 4| 6 | 8 |10 12 | 14
| P | 20 | P | B ps | 2ps | potps

Haiit BBIOOpOYHYIO CpeIHIOI0 BEIOOPOYHBIE AUCIICPCUIO M CTAaHIAPTHOE OTKIIOHEeHHe. OOpaTute
BHHUMaHUeE: P = unciay OykB B Bamiem umenu; p;= unciny OykB B Barmeii pamunuu; p3 = unciny OyKB B
uMeHHu Barrero otma.

IHopsinok BbINOJHEHHUSI PA0OTHI:

1 IIpounTaB yciaoBHE MPENTIOKEHHON 3a/1a4M , IO KOHCIIEKTY JIEKLIUN HAlIUTE COOTBETCTBYIOLIME
(hopMyIIBI.

2.1lpuMeHuTE TEKUNOHHBIA TEOPETUYECKUI MaTepuall sl pELICHUs] KaKJIOW 3a/1auH.

3 B cityuae HEOOXOUMOCTH HPEACTaBUTh NT€OMETPUUYECKYI0 HHTEPIPETALUIO YUCIOBBIX XapaKTEPUCTHK.
BEIOOPKH.

Xona padotsl: 1. 3anaHo paciipeiesieHue YacTOT BEIOOPKHU:

x| 2|6 |12]15
nn| 3]10] 7|5

CocTaBuTh pacupeeNeHie OTHOCUTENBHBIX YacTOT.
Omnpenenum cHavana 00beM BHIOOPKHU:
n=34+1047+5 =25,

o n
Haiinem oTHOCHTENbHBIE YACTOTHI IO pOpMyIE W, = —:
n

W1=235=0,121 W2 =%:O’4O,W3 =2l5=0,28,w4 =2£5=O,20.

CrnenoBartenbHO,

Kontpons: 0,12+ 0,40+0,28+ 0,20 =1.
2. Tlo pe3ynpTaTam npumepa 1 moCTpOUTH MOJTUTOHBI YACTOT U OTHOCUTENBHBIX 4aCTOT.
Penrenne. OTOOGpPa3MB Ha MIIOCKOCTH TOYKHU ¢ KoopauHaTamu (X;,N;) U COEJUHUB UX OTPE3KaMH,

MOJIYYHUM IIOJIUTOH YaCTOT:

N

2 6 12 15 Xi

AHaJIOTMYHO MOCTPOUM TOJIUTOH 10 TOUKaM (X;,W;) :
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Wi
0,40 P
0,28 /
0,20
0,12 @
2 6 12 15 Xi

3.ITocTtpoiiTe rucTorpaMMy IO CIEAYIOIIEMY CTATUCTHYECKOMY PacIpeIeiCHUIO:

NutepBan Cymma yacToT
Ne unTepBana JUIMHOU BAPUAHT

h=5 N;
1 5-10 4
2 10 - 15 6
3 15-20 16
4 2025 36
S) 25-30 24
6 30-35 10
7 35-40 4

Pemenwue. [Ipexne Bcero, onpenennm 00beM BEIOOPKH:
=44 64 16 4+ 36 4+ 24 4 1044 = 100,
ITo u3BecTHBIM CyMMaM YaCTOT BapUaHT paCCUUTACM IIJIOTHOCTH YaCTOThI IO MHTCPBAJIaM:

No [1;1oTHOCTE YacTOTHI Ne [;1OTHOCTE YacCTOTHI
VHTEpBaia % VHTEpBaia %

1 0,2 5 48

2 1,2 6 2,0

3 3,2 7 0,8

4 7,2

N300pa3um 1osyuyeHHbIH pe3ybTar:
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4. Haitnure cTaTUCTUYECKHE OLIEHKU T€HEpaIbHOM COBOKYITHOCTH, 3aJJaHHOM CIIEIYIOLIUM
BAPUALIMOHHBIM PSIIOM:

BapUaHTa X; | 2
gacrotaN; | 8 |

| 4] 5]6
9 |10] 3
Pemenue. Onpenenrim 06beM COBOKYITHOCTH:
N =8+9+10+3=30.
Haitnem renepaibHyto CpeIHIONO:
_8:2+9:4+10-5+3-6 _
30
J11 BBIMUCIIEHHs TeHEPAIbHON IUCTIEPCHH HCTIONBb3yeM GopMyIy p _ X7 (%, ) - Onpenenum cperHIon

X 4-

KBaJIpaTOB:
57 8:22+9.-4°+10-5°+3-6°
Xt =

30

=178"

Taxum obpasom, p. =17,8-4% =18.
['eHepanpHOE CTaHIAPTHOE OTKIOHECHUE: o, =D, = J18=1,34.

O6I)I‘-IHO HOJIyT-IeHHI)IX peBy.HI)TaTOB JOCTATOYHO IJIA HpaKTI/I‘-ICCKI/IX 3aaa4. OI[HaKO MOXHO HOJIy‘-II/ITI)
JIOTIOJTHUTEJIBHBIC XapaKTEPUCTHKH [T 00JIee TOHKOM OIICHKH TeHepaIbHOM cOBOKYHOCTH. [IpuBenem
nux:

Moga Mo : HanOoJbIIas YacToTa

Mo =10-

Menuana Me: BapualiMOHHBIN psi AEAUTCS MIOMOJIAM B TOUKE

Me=45.
Pa3zmax Bapuanuu R: B npumepe
Xex = 6, Xmin =2
MO3TOMY
R=6-2=4.

5. 13 reHepanbHOI COBOKYMHOCTH M3BJI€YE€HA BBIOOpKA

Haiigure ctaTucTuueckre XapakTepUCTUKH BBIOOPKHU.
Pemenune. Onpenenum o0beM BIOOPKU:
n=92+94+103+105+106 =500 .
Bribopounas cpennsis:
- 92-1+94-2+103-3+105-4+106-5

Xgn = =182.
B 500

Omnpenenum CpeTHIOI KBaPaTOB:
w7 92-1° +94-2% +103- 3 +105-4% +106 -5

X 2 =11,45-
500

Bri0opounas aucnepcus:
D, = X2 —(X, ] =11,45-182° =814.
BLI60pO‘IHOC CTAaHAAPTHOC OTKJIOHCHUC!
o, =+/814 =285,
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dopma npeacraBiaeHus pe3yJbTaTa: padoTa J0DKHA OBITH MPEICTABICHA B BUJIE BHITIOJHEHHBIX
BBIYHUCIICHUI.

Kputepuu onenku:

— OueHka «OTJIMYHO» BBICTABISIETCS, €CIM BCE 3aJaHusl BBINOJIHEHBl MPaBWIbHO, 0€3
apudmernueckux ommoOOK, pernieHne oPopMIICHO aKKypaTHO, ¢ HEOOXOIUMBIMH 0OOCHOBAHHSIMH.

— OneHka «XOpoIl0» BBICTABIIAETCS, €CIM BCE 3aJaHMs BBIIOJHEHBI, HEKOTOPbIC BUIbI 3aJaHHIi
BBITIOJTHEHBI ¢ omrbkamu. be3ommbo4yno BemoaHeHo 80-89 % Bcex 3amaHuil.

— OneHka «yJOBIETBOPUTENBHO» BBICTABISETCS, €CIAM OOJIBIIMHCTBO  3aJaHUIl BBINOJHEHO,
HEKOTOpbI€ M3 BBIMOJHEHHBIX 33JaHuil cojepxar omuoOku. bezommboyno Bemonneno 70-79 %
BCEX 3aIaHUI.

— OrneHka «HEeYIOBIECTBOPUTEIHHOY» BHICTABIISICTCS, €CIIM BHITIOJTHEHHBIC YICOHbBIE 3aJaHUs COJICPIKAT
rpyObie omnbku. be3ommbouno BeinmonHeno mexee 70% Bcex 3aaHMil.
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