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1.BBEOEHUE

Meroauueckue yka3aHMs K IPAaKTUYECKMM 3aHATUSAM DPa3pabOTaHbl B COOTBETCTBHM C
OI'OC CIIO no cneunmansHoctd  23.02.07 Texnmueckoe o00cCIy:KHBaHHE M PEMOHT
JABUTaTe/Ield, CHCTEM W arperatoB aBTOMOOWJIeil, pabouuM ydeOHBIM IJITAaHOM W padoueit
nporpamMoil aucuuiuinael EH  MaTtemMaTHka 1 CTYJCHTOB OYHOW  (OpMBI OOyYEHHSI.
PaGounii yueOHBbIi 1U1aH, IpelycMaTpUBAET U3y4YE€HUE Kypca B TeUeHHH 1 cemecTpa.

[Tporpamma nmpegycmaTpuBaeT 38 yacoB o0mero oobeMa BpeMEeH! Ha 3TOT B paboOThI, a
TAK)KE pacIpeleICHHe BPEMEHH Ha BBIIIOJIHEHUE 3alaHUl B 3aBUCHUMOCTH OT UX CJIO)KHOCTH U
o0beMa.

IIporpaMMa IpakTUYECKUX 3aHATHM IMPEAIOIAraeT IPAKTUYECKOE OCMBICICHHE W
OCBOEHHUE CIEAYIOIUX Pa3eIIoB:

- IuddepeHunanbHOe U HHTEIPAIbHOE UCUUCIIEHUE.

- Martpuus! ¥ ONpenenuTenu.

- KoMmnekcHele yncna.

- MHoecTBa U onepainuy HaJl MHOXKECTBAMH.

- OCHOBBI KOMOMHATOPHKH.

- Teopus BepoaTHOCTENH. MaTeMaTnyeckass CTAaTUCTHKA.

BrinosnHenue cryeHTaMu NpakTHYECKUX 3aHATHI HAITPABJICHO Ha:
- 0000111eH1e, CUCTeMaTU3alnI0, YTIyOJIeHne TEOPETHUECKUX 3HAHUM;
- opMupoBaHUE YMEHUI TPUMEHSTH MOJIYYCHHBIC 3HAHUS B IPAKTUYECKON JEATEIHHOCTH;
- Pa3BUTHUE AaHATUTUYECKUX, IPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX YMECHUH;
- BBIpaOOTKY CaMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH, TOYHOCTH U TBOPUECKOW MHUIIMATUBBI.

B pesynbrare BbINOMHEHNS IPAKTUYECKUX 3aHATUN 00y4YarOLIUICS JTOJKEH:!
ymemy:
e periath OOBIKHOBEHHbIE JU(PepeHINaIbHbIC YPaBHEHUS.
3HAMb.
® OCHOBHBIC IIOHATHS W METOJBl MAaTEMaTHYECKOI'O aHajau3a, IUCKPETHOM MaTeMaTHKH,
TEOPUH BEPOATHOCTEN U MATEMATUYECKON CTATUCTUKH.
® OCHOBHBIEC YHCIICHHBIE METO/IbI PELICHUS IPUKIAIHbIX 3a1a4.

B nmpomecce OCBOEHUS JOUCUUIUIMHBI  CTYAEHT NOJDKEH OBJIAAeBaTh OOIIMMH
KOMIIETEHIIUSIMU

OK 0l. BgeiOupare cnocoObl pemieHus 3agad  Opo(EecCUOHATBHOM  JESITeNbHOCTH,
MPUMEHUTEIHHO K Pa3IMYHBIM KOHTEKCTaM.

OK 02. OcyuiecTBiaTh MOWCK, aHATU3 M HHTEpHpeTanuio HHpopmanuu, HEOOXOAMMOMN s
BBINOJIHEHUS 3a/1a4 TPO(PECCUOHATLHON EATEIbHOCTH.

OK 03. IInanupoBaThb W peain30BbIBaTh COOCTBEHHOE MpodeccHoHaTbHOE U JUYHOCTHOE
pa3BUTHE.

OK 04. PabGoratp B KOJJIEKTUBE U KOMaHAe, 3()()EKTUBHO B3aUMOJIEHCTBOBATH C KOJUIETaMH,
PYKOBOJCTBOM, KIIMEHTAMH.

OK 05. OcyiiecTBisiTh YCTHYIO U MHCbMEHHYI0 KOMMYHHUKAIIUIO Ha TOCYJAPCTBEHHOM SI3BIKE C
y4€TOM 0COOCHHOCTEW COLMANBHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK 06. IIposBIsATE rpakJIaHCKO-NIATPUOTHYECKYIO ITO3MIMI0, JEMOHCTPUPOBATH OCO3HAHHOE
MOBEJICHHE HAa OCHOBE TPAJAULIMOHHBIX 00Ie4YeTI0BEYECKUX 1IEHHOCTEH.

OK 07. CopeiicTBOBaTh COXpPAHEHUIO OKPY’KaloLIeH cpenbl, pecypcocOepeskeHuto, 3pGeKTuBHO
JIeCTBOBATh B UPE3BBIYAIHBIX CUTYAIUSIX.
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OK 08. Hcnonws3zoBarh cpenctBa (U3UYECKON KYJIBTYpHl ISl COXPAHECHUS W YKpEIUICHUS
3M0pOBbsI B Tpolecce MNpo(ecCHOHANbHON  ACATENbHOCTH M TOZJAEpKaHHS
HE00X0IUMOTr0 YPOBHS (PU3MUECKON MOArOTOBIEHHOCTH.

OK 09. Ucnonp3oBaTh HHPOPMALMOHHBIE TEXHOJIOTHH B TPOPECCHOHATBHOM 1A TEIbHOCTH.

OK 10. TIlomp3oBarbcsi MTPOQPECCHOHAIBHOW JOKYMEHTAIlMEH Ha TOCYJapCTBEHHOM U
MHOCTPAHHOM SI3bIKE.

OK 11. IlmanupoBath NpeANPUHAMATEIBCKYIO ACATEIHHOCTD B MPO(deCCHOHATBHOM cdepe.

[pakTHuyeckre 3aHATHUS - OJAMH W3 BUJOB MPAKTUYECKOTO OOYYCHHS, MMEIOIIUI IETbI0
3aKpeIuIeHuEe TEOPETHUECKUX 3HAaHUN M (opMUpOBaHHE MPAKTHMYECKHMX YMEHUH M HaBBIKOB.
[IpakTruyeckass paboTa MO MaTeMaTHKE  3aK/II0YaeTCsl B BBINOJIHEHHH CTYACHTAMH IO
PYKOBOJICTBOM IIPEINO/AABATENsl KOMILJIEKCA Y4EeOHBIX 3aJaHM, HANpaBICHHBIX HAa YCBOEHHE
OCHOB y4eOHOW IMCIMIUIMHBI, TPUOOPETEHHE MPAKTHUECKHX HABBIKOB PELICHUS MPHUMEPOB H
3ajay.

Meroarckue yKka3aHus K BBITOHECHHIO IIPAKTHYSCKUX paboT CoepIKar:

- TeEMY,;

- KOJIMYECTBO YacoB;

- 1IeJTb paboTHI;

- 3aj1aHUe IS IPAKTHIECKOU paboThI;
- KOHTPOJIbHBIC BOIIPOCHI

Kpurepuu olieHKH IPaKTUYECKUX 3aHATHH:

Otmertka "5" cTaBUTCS TpU yCIIOBUH, €CIIH:
pa0oTa BBINOJIHEHA TOJHOCTHIO;
B JIOTUYECKHUX PACCYKJICHUAX U 000CHOBAHUHU HET IPOOEIIOB U OIITHOOK;
B PELICHUU HET MaTeMaTHUECKUX OIIMOOK (BO3MOYKHA OZJHA HETOYHOCTb, OITUCKA, HE
SIBJIAIOILASACS CJIE/ICTBUE HE3HAHUS WJIM HENIOHMMaHUs y4eOHOIro MaTepurasa)
OtmeTka "4" cTaBUTCS TIpU yCIIOBUH, €CIIH:
paboTa BBINOJIHEHA IOJTHOCTHIO, HO 0OOCHOBAHUS 111aroB PEIIeHUs] HEA0CTaTOYHBI (eciu
yMeHHe 000CHOBBIBATh PACCYKACHUS HE ABISIIOCH CIIEIMATbHBIM 00BEKTOM MTPOBEPKH);
JIOTyIII€Ha OJIHA CYLIECTBEHHAsI OIIMOKA UJIH JIBE-TPU HECYILIECTBEHHBIX OLINOKHU
Otmerka "3" cTaBUTCS TIPU yCIIOBUH, €CIIH:
JONyIIEHbl 0ojiee  OJHOM  CyNIECTBEHHOM oOmMOKKM wuiau  Oojee  ABYX-Tpex
HECYIIIECTBEHHBIX OIIMOOK, HO OOydwaromuiics BiageeT 00s3aTeNbHBIMU YMEHUSIMH MO
MIPOBEPSAEMO TeME; IPU FTOM IIPABUIIBHO HE BBHIIIOJHEHO MEHEE MOJOBUHBI paOOTHI
OtmeTtka "2" cTaBUTCS TIPU yCIIOBUH, €CIIH:
JIOTYIIEHbl CYIIECTBEHHbIE OIIMOKM, IOKa3aBIIME. 4YTO OOYyYalolIUICS HE BIAJEeT
00s13aTeNIbHBIMU YMEHUSIMU 10 JJAHHOM TeMe B MOJTHON Mepe.

K kareropuu cywecmeennvix ouubok cieayeT OTHECTU OLIUOKH, CB3aHHBIC C HE3HAHUEM,
HENOHMMaHHWEM OOYBAaIOIUMUCS OCHOBHBIX IIOJIO)KEHMH TEOpUM U C HENpaBUIbHBIM
OPUMEHEHHEM  METOJOB,  CIIOCOOOB, TPHEMOB  pEIIeHHs  MPAKTUYECKUX  3aJlaHHid,
IIPEAYCMOTPEHHBIX TPOTrPAMMON

K KaTCropuu HecyuiecmeeHnHHnvlx ouuUb oK CIICAYCT OTHCCTHU NOTIPCIIHOCTH, CBSA3aHHBLIC C
HC6pC)KHBIM BBITTIOJIHCHHUEM 3aHHCCfI, PUCYHKOB, Fpa(I)I/IKOB, qepTexceﬁ, a TaK¥KC IMOrpCIIHOCTU U
HEAOYCTHI, KOTOPBIC HC IPUBOAAT K HCKAXKCHUIO CMBICJIA 3aIaHUA U €0 BBIIIOJIHCHUA.



2.NMEPEYEHb NPAKTUYECKNX 3AHATUA

Ne . KoauuecTtBo
TemMaTHKa MPAKTHYECKUX 3aAHITHH
n/n 4acoB.
1. Brruncnenue npeaenon 2
5 Haxoxnenue npenenoB GyHKIUN C TOMOIIBIO 3aMeUaTeIbHbBIX
IPEIeIIOB.
3. HenpepbiBHOCTh QPyHKIIUH 2
4, Brruucienne npon3BoIHON U UCCieIoBaHHe (PYHKITHH. 2
o. Juddepenuman pynxpum. YacTHbie TIPOU3BOIHBIE. 2
6. Brruncnenne HeonpeaeeHHbIX HHTETPaJIoB. 2
7. Brrunciienue onpeneIeHHbIX HHTETPaJIoB. 2
8. JleficTBHsI ¢ MaTpUIIaMH. 2
9. Haxosxenrne o0paTHON MaTpHIIBL. 2
10, Pemenne cucreM MMHEHHBIX YPaBHEHUN METOAAMM JINHEWHON 2
anreOpsl.
11. | Pemenne CJIAY pa3nuyHbIMU METOJIAMHU. 2
12. | JlelicTBus HaJ KOMIICKCHBIMU YHCIAMH. 2
13. | ®opmMbI KOMIUJICKCHOTO YHUCIIA. 2
14, [TprmeHeHre MeToJa KOMIUIEKCHBIX YHCEN TSl PeLICHHS 2
MPHUKJIAJTHBIX 33]1a4.
15. | OcHOBBI KOMOMHATOPUKHU 2
16. | Pewenue 3amau. 2
17 Pemenue npakTaecKux 3a/1a4 Ha OMpeesiCHUE BEPOSITHOCTH 2
COOBITHSL.
18. Pemenue 3a1a4 ¢ peaIbHBIMU TUCKPETHBIMH CITYYaiHBIMU 5
BEJIMUYMHAMH.
19. | XapaKTepuCTUKH CIyYailHON BETMYHHBIL. 2
Hroro 38




3. COOEPXXAHUE NMPAKTUYECKUX 3AHATUN U
METOAONYECKUE YKA3AHUA K UX BbINOJNIHEHUIO

NMPAKTUYHECKOE 3AHATUE Ne1

1.Tema: Beruucnenue npeiesnos.
2.Kosin4ecTBO 4acoB: 2

3.]_[6.]1]) paﬁoTbI: HAaY4YHUTBCA BBIYUCIIATH IIPEACIIBI, pACKPBIBATH HCOIIPCACICHHOCTHU BU A
o 0

4.Heo0xoauMble 3HAHMSA AJI5 BLINOJHEHUS 3aJaHUA
Ll 3 - OECKOHEYHO MaJjias BEJIMUYnHa

lim —=rt0

¥=+0 x - OECKOHEYHO O0JIblIas BeJInYrnHa

AJITOPUTM pelieHHus:
1. TloncraBuTh B BBIpaXKEHUE NPEAEIbHOE 3HAUEHUE apryMeHTa.
2. OnpenenuTh €CTh MM HET HEONPEIeIeHHOCTh. Ecinu HeT, 1aTh OTBeT.
3. Eciuu HeonpeneneHHOCTb €CTh, TO IO €€ BUJLy BHIOpaTh OJIHO U3 IPABUJ YCTPAHEHUS 3TOM
HEOIpeIeIEHHOCTH.
4. TlpeoOpa3oBaTh BbIpaK€HUE COTIIACHO BHIOpAaHHOMY IpaBUILy, U K HOBOH (popme npezaena
IPUMEHUTD JaHHBIN aJIFOPUTM, HaUMHAas ¢ 1. 1.

IIpaBuJio 1.

f-l (K

. |

litn =|—]=

K fz':K:' = o
B uwncnurene w 3HaMeHaTelle BBIHECTH X B MAaKCUMAIBHOU

CTEIEHU, E€CJIM OTO BO3MOXKHO.

IIpaBuo 2.

im fi(x) _
X ¥p f(x)

(x —xg)

0
al=
LII/IC.]'II/ITGJ‘IB )48 3HaAMCHATCIIb paSI[eJ'II/ITB OHHOBpeMeHHO Ha

, €CJIM 3TO BO3MOXKHO.

5. 3apanue 1J1s1 NPpaKTHYECKOH padoThl

BbIYHCINTH
1) lim (2x2 — 3x + 4); 2) lim (x®—x2+ 1);
x—2 x—-1
L | 3 lim Bx+x2+8x+10);  4) lim ((x? - 1)(x ~ 3)(x ~ 5));
. (x + 3)(x ~ 2). . Jx+1
5):c1-1->m1 x + 2 ’ 6):151—1;1}1 Je—-1"




. 3 4
1 - Ti I S
l)xl—l;r:l} 2y — 6’ 2)x1—r>% 3x2 + 2x°
. 2x8 — 2x?2 . 3x3 4+ x
2 3) :%1—{[(1) 5x3 — 4x2° 4) ;1_1;% ?
. x — 3 4x2 - 9
| L = =
5) xl—rf:l; x2 -9 6) x—>1(1113/2} 2x + 8

NMPAKTUYHECKOE 3AHATUE Ne2

1.Tema: Haxoxxnenue npeaenoB GyHKIMA ¢ TOMOLIBIO 3aMeYaTeIbHBIX MPEEIIOB.
2.KoanuecTBo yacoB: 2

3.I_[e.111> paﬁDTbI: HAYYUTBCA BbIYUCIIATH ITPEACIIBI, PACKPBIBATE HCONIPCACICHHOCTHU BU 1A
o 0

4.Heo0xoauMple 3HAHUSA /I BBHINOJIHEHUS 32aAHNUA
Ll o - OECKOHEYHO MaJjias BEeJIMUYrHa

lim —=co

¥=+0 x - OECKOHEYHO O0JIblIas BeJInYnHa

AJITOPUTM pelIeHHus:
5. TloxcraBuTth B BhIpa)keHUE MPeCIbHOE 3HAUCHUE apIyMEHTa.
6. OnpenenuTs €CTh MM HET HEOTPEICICHHOCTh. Eciy HeT, 1aTh OTBET.
7. Ecnu HeonpeneneHHOCTh eCTh, TO 0 €€ BUY BIOPAaTh OJJHO U3 MPABUJI yCTPAHEHUS STOU
HEOIpeIeIEHHOCTH.
8. IIpeoOpa3oBaTh BeIpa’k€HHE COIIACHO BEIOPAHHOMY MpaBHUITy, U K HOBOM (hopMme nperena
IPUMEHUTD JaHHBIN aJITOPUTM, HaUMHasl ¢ 1. 1.

IIpaBuo 3.

[Ipy BBIYMCIIEHMM TPENEIOB OT MPPALMOHAIBHBIX BBIPAKCHMM, HE IONAJAIOIIMX B
IpeablIAyIIMe MpaBuiia, cieayeT n30aBUThCs OT KOPHEH, BXOJAIINX B HEONPEIEICHHOCTb.
Bo3moxHBI crienyromme crnocoobl:

o — +
3.1. 3ameHa INEPpEMCHHOU =t , IMO3BOJAOMIAA HU3BJICYb KOPHH, BXOASANIUC B
HCEOMPCACIICHHOCTD,

3.2. nonoiHeHue 10 (HopMyIibl, MO3BOJSIONIEH BO3BECTH KOPEHb B COOTBETCTBYIOILYIO

(a-bila+b)=a%-h2 ;

€My  CTENeHb,  3/eCh  HCIOJB3YIOTCS  (DOPMYJIBL:

(axb)(a®Fab+b?) =a®+b?



Hanpumep, VR +a-ax+b -
=(ﬁfx+a—\."x+b)(x+a+dx+b)= a-b

JE+ta+yx+b WEFTRB+NE D | pe ymHOKMM M paspemdmn

Ha COIIPAKCHHOC BBIPAKCHUC.

IIpaBuo 4.

[Ipy HanuuuM HEONMPENeNEeHHOCTH B Tpeleie OT BbIPAXEHUS, COJEPKAILEro
TPUTOHOMETpUUYECKHE (YHKIMHU, CIEeAyeT BBIIEIUTb B O5TOM BBIPAXKEHUU IePBbIi

3aMedaTeabHbIH npenesa:

a—0 O )

5. 3apanue 11 NIpakTHYeCKO# padoThI

BrIuncanrtn
2x3 — 8x2 + 1 3x2 — 5x + 4
1) lim ' 5 2) lim s
xo0o x3 4+ 4x2 + 2x xoo x2 4+ 2x + 3
. x% + xS . xt — x3 + |
3) lim —; 4) lim :
1 )x—>00 x3 + xt’ )x—>oc x3 + 2x2 4+ x’

5) lim (Jx? — x — x); 6) lim (JxZ + 5x — x).

1) lim sin2 x ] 2) lim sinx — cos x
T xam 1 4 cosx’ x—(w/4) tgx - 1
tg x : 3x
2 |V T 1 D Snax
ind 3 . sin3
5) lim §H—]——_-3——'-x; 6) lim 91n4x'
xr—0 X x-->0 X

NMPAKTUYECKOE 3AHATUE Ne3

1.Tema:HenpepriBHOCTh QYHKIIUH.

2.KosnuecTBo yacos: 2
3. leab padoThl: HAYYUTHCS UCCIENOBATh (PYHKIIMIO HA HEMTPEPHIBHOCTH B TOUKE.

4.H606XOZ[I/IMLIG 3HAHMA 1JId BbBINNOJIHCHUSA 3aJaHUA:



b fix)= lm f(z)=m

Ecau oqHoCTOpOHHHE NpeAe/Ibl KOHEYHBI U PABHbI: ¥—+k-] ¥ k4 , TO

litn f(x)=m

CYIIECTBYET OBILI npenen ¥=+k

Onpenenenue: QyHKINS HEIPEPHIBHA B TOUKE .'E: ecyy mpenen pyHKIMY B JaHHON TOYKE PaBeH

brn f(x)=

3HAYEHUIO QYHKIUH B 3TOM TOUKE: =k

Onpeodeneriue 0emaiu3upyemcs 6 C1eoViouux yCaoeuax:

1) @ynkyus dondxcna dbime onpeoeniena 6 moyke .'i: mo ecmb 00J1HCHO CYULeCMEO8AMb

3HA4YeéHuUue f

2) Honsxcen cyuwecmeosams oo0uwuil npeoen Gyukuuu x—k . Kakx ommeuanocwo eviuie, 3mo
nobpazymeeaem cyuiecmeosanue u pageHcmeo 00HOCMOPOHHUX NPeDelos:

b flx)=

b f{z)

k4

3) Hpedeﬂ d)yummu 6 OAHHOIl MOUKe 00J1)1ceH Oblmb PA6eH 3HAYEHUIO YYHKUUU 6 IMOll

b f{x)= (k)

mouke: x-=+k
Ecnu mapynieHo xorst 61)1 O/IHO 13 TPEX YCIOBUH, TO (YHKIHS TEPSET CBOMCTBO HEMIPEPHIBHOCTH

B TOYKC

HenpepbiBHOCTH (pyHKIMHU HA HHTepBaJie: QYHKIUS HEPEPbIBHA HA UHTEPBAJIE (ﬂls b :', eciu
OHa HeTpepbIBHA B KAXKJI0W TOUKE TaHHOI'O MHTEpBaJIa.

Kaaccudukanus Touek pa3pbiBa

1. Eciu B Touke .'i: HapyILIEHO YCIOBHE HEMPEPHIBHOCTU U OJJHOCTOPOHHME Mpe/esibl KOHEYHBbI,
TO OHA Ha3bIBACTCSA TOYKOM pa3pbiBa NEPBOro poaa.

2. Toukoii pa3pbiBa BTOPOro poaa(deckoHe4HbIi pa3pbIB) — KOT/1a JICBOCTOPOHHUHN HITH
IPaBOCTOPOHHMUH, a yaire, 00a npejena 6eCKOHEUHBI.

5. 3agaHue 1J1s1 IPAKTHYECKOH padoThI:

3anana ¢ynkuusa y=f(x). YcraHoBuTh, sBiIseTCA U JaHHAs QYHKIUS HenpepblBHOM. B cioyuae
pas3pbiBa (PyHKIIMM B HEKOTOPOM TOUKE HAWTH ee Mpeielbl ClieBa M CIpaBa, KIacCU(PHUIIMPOBATH
xapakrtep paspsiBa. [Toctpouts cxemMaTnuHO rpaduk QyHKIHH.

1 f )= {—x,x=<0,{~(x— 1y ,0<x<2,

2 f (x)= {cosx, x<0, {é+1,0<x<1,

3 f )= {— (x+1),xs—1, {x+1y, — 1<x =<0,

4 f )= {~ x*,x <0, {gx 0<x_4,

5 f )= {—2x,x=<0,{°+1,0<x<1,

6 f X)={—2x%,x=<0, {X,0<x<4,

NMPAKTUYHECKOE 3AHATUE Ne4

1.Tema:Boruncnenue npou3BoAHON U UCCiIeIOBaHUE (PYHKIIMH.

2.KosamnyecTBO 4acos: 2
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3. lleapb padoThbI: HAYYUTHCS BBIYUCIIATH TPOU3BOIHYIO CIIOKHOM (DYHKITHH, HCCIIEIOBAThH
(YHKILHIO C TIOMOUIBIO TPOU3BOTHOM.
4.HeoO0xoaumble 3HAHUSA 1JI51 BHINOJTHEHUS 32 IaHUS:

Ecnm y aBnsercsa guddepeHIInpyeMoil GQyHKIHEH OT U, a U ABIA-
erca Jud@epeHnupyeMoil QyHKOWeH OT X, TO IPOU3BOJHAA I 110 X
PaBHA IPOU3BENEHUIO IPOU3BOAHON PYHKIIUH I IO U HA IIPOHU3BOJ-
HYI0 QYHKIAH U IO X.

(@ (x)) = (¢ (x))9"(x).

dopMynbl anddepeHunposaHna

L4 ’ 4 !4 3 ?
u"Y = nu" " 'u (g u) = (% u
1V 1 , , 1 ,
(l_t) = —;—2 73 (log, u) = Ing "4
(Ju) = L. u’ @y =a*lna-u
2.Ju
’ 1 4 ! r
(1nu)=a-u (e¥Y =¢e“-u
llpou3BoAHbBIE TPUTOHOMETPUYECKUX (DYHKLNIA
(sin u) =cos u-*u’ {(cosu)Y =—sinu-u’
? 1 rd
(tg u) = . u’ (ctg u) =— u
cos2 y sin2 u

Hccaenopanue GpyHKIUH HA MAKCMMYM H MUHHUMYM € IOMOILUBIO NIEPBO IPOU3BOAHOM:
I. Haiitu npoussoguyio f'(x) byakuuu f(x).

II. HaiiT kxpuTHYecKkue TOYKM QyHKiuu y = f(x), T. €. TOYKH, B
KOTOPEIX f'(x) o6pamiaercs B HyJIb UJIH TEPIUAT PA3PHIB.

III. UccnenoBaTh 3HAK IIPOU3BOAHOM f'(Xx) B IIpOoMeKyTKaX, HA KO-
TOpEIe HaWJeHHBEIE KPUTHYECKHEe TOYKH AeJAT 00JIacTh olpeaese-
HuA QyHKnum f(x). IIpu aTom KpuTHyeckads TOYKa X = X, €CTh
TOYKAa MUHHUMYMA, €CJIA IPOM3BOAHAA MEHAET 3HAK IIPH Iepexole
yepe3 X = X,. Ecau ke B coceJHUX MPOMEXYTKaX, Pasfe/leHHbIX
KPHTHYECKOM TOYKOH X = X,, 3HAK [IPOM3BO/IHOM He MEHsAEeTCH, TO
B TOYKe X = X, QYHKIUSA He UMeeT HM MaKCUMyMa, HM MUHEMYMa.

IV. Bol4HCIUTE 3HAYEHUA (PYHKIHE B TOYKAX MaKCHMyMa H MH-
HHUMYMA.

Hauboubiee 1 HanMeHb1Iee 3HAYeHUS PyHKIUM:

11



I. HaiiTu KpuTHYECKHEe TOYKH, IIPHHAJJIeXKAalllle 3aJJaHHOMY IpO-
MEXYTKY, M BLIYHCJIHTEL 3HAYEHHA QYHKIHH B 9THX TOUKAaX.

II. HaiiTi sHaYyeHNA QYHKIIMHA Ha KOHIAX IPOMEXKYTKA.

ITI. CpaBHHUTH TOJNYYEHHBIE 3HAYEHHUS: MUHHMAJNBHOE W MAaKCH-
MAaJIbHOE M3 HUX ABJISIOTCA COOTBETCTBEHHO MHHMMYMOM H MAKCH-
MyMOoM (DYHKIIHH B PACCMATDHBAEMOM IIDOMEXKYTKE.

5. 3agaHue 1J1s1 IPAKTHYECKOH padoThI:

BbiunciauTh 3HaYeHHe TPOU3BOAHON NPH JaHHOM 3HAYEHUHU APTyMeHTa.

A) F(x) = (x2 + 2x — 1)4, x=-1;
1 | 2)f(x)=(x®-4x%+3)’, x=1;
3) f(x)=(3x —1)4, x =1,

1) f(x) = J4 — x2, x=.3;
2 2) f(x)= Jx3 + 1, x=2;
3) f(x)= Jx2 - 2x, x=3.

1w - HEEL x=2.3;

Jx2 -1
Sl 2=, x= J5;
2x + 1
3) f(x) = ————, x=.3.
Jxz + 1
1) f(x) = sin? 2x, x =mn/16;
2) f(x) = cos? 2x, x=7/16;
4 3) f(x) = tg? 3x, x=mn/12;
4) f(x) = tg2 xsin x, x =7/3;
5) f(x) = 8sin? xcos x, x=1/4;

HCCJIeI[OBaTb (l)yHKlll/ll/l Ha MPOMEKYTKH MOHOTOHHOCTH U TOYKH IKCTPpEMyMaA.
1)y==x%-6x+5; 2)y=2x2-4x +5;
Ny=—x2+4x +1; 4)y=x3-8x2+1;
B)y——5x%+ 322+ 2; 6) y = —2x5 + 15 x2 — 36 + 20;

S 1
Ny=x1-4x+ 4; By=—3x'-x-1
_ 1. I S
Ny=735.; 10)f(3§) ry—t

HaiiTu Han0Gosb1Iee U HAUMeHbIIee 3HaYeHUs1 QYHKIUH.
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)y=x2-6x+3, xe€ [0; B];

2) y = x% - 8x + 4, xe [-2; 2];
Hy=x- ixz, xe[-2; 4];

6 4)y=x%— 6x+ 13, xe [0; 6;
_ 1l 1 5 . 21

5)y—2x 3% xe[1; 3];

6)y = —x3+9x2 - 24x + 10, xe [0; 3].

NMPAKTUYECKOE 3AHATUE Ne5

1.Tema:luddepenunan pyHkiun. YacTHbIE TPOU3BOIHBIE.

2.Kosm4ecTBO 4acoB: 2

3. Heab padoThl: HAYYUTHCS BIUUCIATH nuddepeniman GyHKIuu, npuMeHsITs auddeperman
(GYHKIIUH K TIPUOIMYKEHHOMY BBIYUCIICHUIO, BEIYUCIIATH YaCTHBIC TIPOU3BOTHBIC.
4.Heo0XxoauMble 3HAHUS JJI5l BLINOJTHEHHS 32 JaHUSA:

Juddepennman GpyHKIHH OTHON IEPEMEHHOH 3aMCHIBACTCS B CICIYIOIIEM BHIE:
— — 4
dy = Yy &f (x)= f(2)dx

®opmyJia BBIYMCICHUS MPUOJINKEHHOT0 3HAYeHHUsl ¢ MOMOIIbI0 TuddepeHumnana:

Flm+bx) s f(x)+d[f(%)]

5. 3aganue 1J151 IPaAaKTHYECKOH padoThI:

Haiitu nuddepenunan pyHkuum.

Dy=01-x)5% 2)y= V4 - 2x%;
1
Hy= ; 4) y = In cos?x;
1 )y ey )y
5)y =In tg 2x; 6) y = 23,
T)y = e* sin x; 8)y=1+e~*.

Berunciaurs npudanKeHHOe 3HAYCHHE (DYHKIHH.
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Df(x)=2x2-x+1
2 f(x)=x2+3x-+1

3)f(x)= 3 2%+ 222~ 2x +4

2
4)f(x)=x*+x2+x+1
5 f(x)=x1-1

-
6) f(x) T 5 3

Dfx)=x3~-x2+x-3
8)f(x)=8x3—x2+5x—-1

opu x = 2,01;
npu x = 3,02;

npn x = 1,1;

opu x = 0,001;

nopu x = —3,3;
opu x = 1,1;

npu x = 3,03;
opu x = 3,02.

NMPAKTUYHECKOE 3AHATUE N26

1.Tema:BrrunciieHne HEONPEACIICHHBIX HHTETPAJIOB.

2.KosuuecTBo 4acos: 2
3. leab padoTbI:HAYUUTHCS BHIYUCISATH HEONIPEAEICHHBIN HHTETpaJL.

4.Heo0xoauMble 3HAHUS A1 BHINIOJIHEHHS 3aJaHUA:
TABJIUIIA HEOIIPEAEJEHHBIX HHTETPAJIOB

dx .
- VIII. = .
I. J dx = x. Im arcsin x
. nt1l
L [@+bxpde= @220 X [erdx=e
b(n + 1)
(n#-1). X. jlnxdx=xlnx—x.

n d _ xnt1 ” . a*
m. |« x=—, (n#-1). XL [ a*dx={-.

dx 1 .
V. == In|a + bx|. XII. _{ cos x dx = sin x.

a+ bx b

V. [ -l XIIL [ sin x dx = —cos x.

dx dx
VI. J i arctg x. X1V, _[ oy tg x.

_ 2./ 3 dx_ _ _
VIIL. J at+bx dx= 3b( a+bx). XV, sin’x ctg x.
5. 3apanue 1J1s1 MPpaKTHYECKO# padoOThI:
BobluncanTb HHTErpaJl.
1) J 3x2 dux; 2) j x* dx; 3) f x(m — 1) dy;
1
0] 4 a; 5)) 2%

D @x2-1)2dx
2 3) [ (38x4 + 8x 5) dx;
5) | (5ud/2 — Tud/4) du.

2y | x3(1 - 6x2) du;
4) [ (xt- 23— 3x2+ 1) dx;
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1)) 5+ dx: 2)I 42 d; 3) | (e + 2x) dux;
3 _ x . 2dx
4 (3% - e —1)dx: s
.1)J(sinx~5) dx; sin 2x dx; 3)Jsin 6x dx;
4
4)_[(4—3005 x) dx; 5)J.c0s4x dx.
cos x dx sin x dx | cos x dx
1)'[33,1'_nx—1’ j - cos x’ 3)j3+23inx’
5 dx
)I cos? 5x’ )j sin? (3x+ 2y’
2dx du
1y =22, 2) ] 24— 3)J ———ﬂ;
6 ) J1 - x2’ ) JB — ul ) J5 = 4x2
4)12‘3+ 5)jz+32

NMPAKTUYHECKOE 3AHATUE Ne7

1.Tema:Breruncnenue OIIPpCACIICHHBIX NHTCIPAJIOB.

2.Ko1m4ecTBO 4acoB: 2

3. Heab padoTbI:HAYYUTHCS BHIYUCIIATH ONPENEICHHBINA HHTETPAIL.
4.Heo0xoauMble 3HAHUS A/ BHINOJIHEHHS 3aJaHUA:

| f(x) dx = F(b) - F(a).

AJNTOpHTM HaXOMKIeHHS ONpeNeIeHHOr0 HHTErpaia _[f(x) dx

a

1. Haiitu mepBooGpasuyio pyurnuio F(x) nna pyuxkuun f(x).

II. BeruucnuTs 3aavenue F(x) npu x = b (b HazsIBaeTCcad BEPXHUM

npeaesioM).

II1. Beiuucnute 3Hauenne F(x) npu x = a (@ HasbIBaeTCA HUMHEM

TpenesoM).

1V. Breruucaurse passocts F(b) — F(a).

5. 3agaHue 1J1s1 IPAKTHYECKOH padoThI:

Bouruucantn HHTErpal.

.1) fxz dx;
[¢]

1 3) f x4 dx;
1

5) f (x3 + 2x) dx.

2) J? x3dx;
1

3
4) J' (4x8 — 3x2 + 2x + 1) dx;
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1 dx 172 qx
D J Es [ 25
1/2 1/3

.l)f(ﬂc—ix)dx; Z)Ix_ldx;

3 1
3 3) J e2* dx; 4)] e dux;
1 0
_. 9dx
5) J > -
3
n/3 n/4
1) I sin x dx; 2) J' cos x dx;
0 -n/4
/2 ) ) n/4 4 dx
4 3) _,;/[2 (cos x —sin x) dx; 4) .([) oo
3 dx
5) .[ sinZ x °
n/6

NMPAKTUYHECKOE 3AHATUE Ne8

1.Tema: [leiicTBUS C MAaTpULIAMH.

2.KonnyecTBo yacoB: 2

3. Heab padoThbl: chopMHpOBATH YMEHHUE BBINOIHATH apupMETHUECKHUE JEHUCTBHS ¢ MATPUILIAMU,
HaxXOJIUTh ONPENETUTENN MATPHIL.

4.HeoOxoaumble 3HAHUSA 1JIS1 BBINOJTHEHUS 32 IaHUS:

Martpuiieli Ha3bpIBaeTCA MPAMOYTONIbHAS TaOJHIIA YHMCEN, COCTOSIIasi U3 M CTPOK U N
CTOJIO1I0B, KOTOPYIO 3alKCHIBAIOT B CJIEIYIOIIEM BU/IE:

Q11 Ao Qin

a a a
A_| 82 22 2n

aAm Am2 vee Amn

s o0o3HayeHHs] MATpPHUIBl HCIOJB3YIOT MPONHCHBIE JIATUHCKHE OYKBBI, IS
0003HauEHHSI HIIEMEHTOB MaTPHUIbl — CTPOYHBIE JIATHHCKUE OYKBHI C YKa3aHUEM HOMEpa CTPOKU
U CTOJIOIa, HAa TEPECeUEeHUN KOTOPBIX CTOMT JaHHBIM 37eMeHT. 3amuch « Mmartpuua B unmeer

pasMep MXN» O3HAYaeT, YTO peYb HUJCT O MATPHUIIE, COCTOSINEH W3 M CTPOK M N CTOJOIOB.
3 -1 0
Hanpumep, Matpuna B = [2 3 5j umeet pasmep 2x3. Jlanee, bij - o6o3HaueHue smemenTa,

CTOSIILIETO Ha MEPECEYCHUH I-i CTPOKH U J-TO CTONOLA TAaHHOW MaTpHIlbl (B mpuMepe 023=5).
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ITpu cchlake Ha i-70 CTPOKY MaTpHIBI A HCIOIB3YIOT 0003HaYeHne Aj, IIPH CCHUIKE Ha j-il
cronberr — o6o3HaueHue Al.

Matpuna, y KOTOpPOH YMCIO CTPOK COBMAJaeT C YKUCIOM CTOJIOIIOB, Ha3bIBAETCS
K6aopamuou. DAEMEHTBI a11 , 22 ,..., ann KBaJpaTHOM Mmatpuilsl A (pa3mepa NXN) oOpa3yroT
enasHyto ouaeonans. KBajnpaTHas maTpuila, y KOTOPOM OTIMYHBIE OT HYJSI AJIEMEHTHI MOTYT
CTOATH TOJIBKO HA IJIaBHOW JUAroHaJIM, Ha3bIBAETCS OuazoHanvbHou. JlnaroHaipHas Marpula, y
KOTOpOW BCe AJIEMEHTHI (TJIaBHOWM auaroHanu!) paBHbI 1, HaspiBaeTcs edunuunou. Hakower,
KBaJpaTHasi MaTpUIla, Y KOTOPO HUKE (BBILIE) TJIaBHOM JMAaroHAM HAXOJSATCSA TOJBKO HYIIH,
Ha3bIBACTCS BepXHell (HudicHel) mpeyeonvHou mampuyei. Hampumep, cpeam KBaJIpaTHBIX
MaTpHIl pazmepa 3X3

-2 3 1 -2 0 O 1 0 O 2 6} 0}
A=| O 3 3 B=| O O O E=/0 1 0| C=|1 0 0}
(0) o -2 ¢} o 1 O 0 1 3 —4 -2

MaTpulia A sSBJIsieTCsl BepXHeH TpeyronsHoi, B — nuaronansuoi, C — HIKHEH TpeyronbHoil, E
— eJUHUYHOH.

Marpuiisl A, B HaseiBarotes pasuvivu (A=B), eciii OHU MMEIOT OJMHAKOBBINA pa3Mep, U
WX 3JICMEHTEHI, CTOSIIIIAE HA OJJUHAKOBBIX TIO3HIIHSIX, COBIAIAIOT.

Apugpmemuueckue deticmaus ¢ Mampuyamu.

UtoOb1 ymHOMCUMb Mampuyy A Ha omauyHOe om HYIs éeujecmeenHoe 4ucio k, HeoOXoaMMo
KKIBIHA JIEMEHT MAaTPUIbl YMHOXKUTH Ha 3TO YUCIIO:

a;; Q5 ... aqp ka;; kap, ... Kkay,

a a ... a ka ka ... ka
KA = k 21 22 2n _ 21 22 2n

A 8m2 - @mn kam kamne ..o kag,

Uto0s! HallTH cymmy mampuy A, B ogHON pa3MepHOCTH, HEOOXOIUMO CIIOXKHUTh JIEMEHTHI C
OJIMHAKOBBIMH MHAEKCAMU (CTOSIINE HA OJMHAKOBBIX MECTaXx):

a.ll a12 'y a.ln bll blz . bln

a a .. a b b .. b
A+B= 21 22 2n + 21 22 2n _

am 8mz - Qmn b bBmz - bon

am +bm1 Q2 +bmz - @mn +Pmn

4 — 1 (6]
Ilpumep 1. Haiitu 2A-B, ecnu A:[Z 3 j, B —[_3 2].

Pewenue. Crauana ymHOXKaeM MaTtpuily A Ha 9UCIIO «2», 3aTeM Matpuily B Ha uncio «-1», u,
HAKOHEII, HAXO0JIUM CYMMY MOJy4€HHBIX MaTpPHII:

ot (4 90 D W0 D)

2 -3
a 1 2|—2 1 2 ( 3)4 2+( 1)4 =
Nmeewm: = s 5 ~““s5 o 3 O 3 5|

=2(-1-0-2-5)+3(4-0—-2-3)—1(4-5— (1) -3) =—20 —18 — 23=—61.
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IIpoussedenue AB MOXHO OTIpefieIuTh TOJBKO A1 MaTpuil A pazmepa mxn u B pazmepa
nxp, npu stom AB=C, marpuma C mmeer pasmep MXpP, U ee IEMEHT Cijj HAXOJUTCA Kak
CKaJIIPHOE MpPOM3BEICHUE |- CTPOKM Marpuilel A Ha j-u cronben MaTpuibl B:
Cij =ABl =apbj +aizbpj +..+ainbnj (=12 ... m; j=12,..p). DakTHuecKH HEOGXOIHMO
KOKIYI0 CTPOKy MaTpuipl A (CTosuieil clieBa) yMHOXHUTh CKasIpHO Ha Kaxablil cToiber
Matpuilsl B (cTosiieii cripasa).

-1 1
1 -2
Ipumep 2. HaiiTu nipousBenenue MaTpur, = g ‘11 u B :[3 4 j
Pewenue. Pazmep matpunsl A 3X2, matpunsl B 2x2. [lostomy npousBenenue AB
HATH MOXXHO, TpousBenieHne BA — Het. [leiicTBys o cpopMyIMpOBaHHOMY BBIIIE MPABHITY,
MOJTy4aeM:

-1 1), (-LDL3) (-L1)(-2:4)) (-1+3 2+4 2 6

0 4( - ]: (0;4)L3) (0,4)(—2:4) |=| 0+12 0+16 |=|12 16
3

2 1 @CDE3)  (2:)(-2;4) 2+3 —4+4) |5 0

Marpuueit, mpancnonupoeannoti k MaTpune A pasmepa MXN, HazpiBaeTcs MaTpuna AT
paszMepa NXM, CTPOKH KOTOPOH SIBJISIFOTCS CTOJIONAMU MCXOJHON MAaTPUIIBL.

-2 1
-2 (0] 1 cT -l o 3
Hanpumep, ecmut €= 1 _3 3/,T0 = -
1 3
-1 1 T
. 2l —2),,(—2 4 6
Ilpumep 3. Haiitu g \s 4 T 5 7 3.

Peuwenue. Bocnoab30BaBIINCH BBIYHMCJICHHUAMU, IIPOBCACHHBIMU IIpU PCIICHHUU IIpUMEpA, a
TAKXE MpaBUJIaMU YMHOXCHUS MATPHUIIbI HA YU CJIO U CIIOKCHUSA MAaTpUI, ITOJTyUHUM!

-1 1), > 4 &7 (2 6 -2 5 -2 16
o 4 [3 4 j472[ : o 3] =12 16|+2 4 7|=|20 30
2 1 5 0 6 3 17 6

Marpuusr A, B Ha3bIBalOTCS 9K6UBANIEHMHbIMU, €CTH OJTHA TIOMYYEeHA U3 JPYrod MyTeM
BIIEMEHTapHBIX IPe0Opa30OBaAHMUI.

Paneom matpuuel A B nanbHeiliieM OyneM cUuTaThb YHMCIO CTPOK SKBUBAJIECHTHOH eil
CTyNEHYaTON MaTPHIIbI, UCIIONB3Yys 00o3HayeHue F(A). Tak, B pacCMOTPEHHOM BBIIIE ITPUMEPE
3.4 r(A)=3, r(B)=2. MoxHO J10Ka3aTh, 4TO paHr MaTpuibl A (pazMepa MXN) HE MOXKET OBITH
Gompme MMM N} (ganpumep, ans marpunst A pasmepa 2x3 T(A) <2). Kpowme Toro, panr
MAaTpHIIbI HE 3aBHCUT HU OT BBIOOPA BEAYIIUX AJIEMEHTOB, HH OT MPOBOIMMBIX MPEOOPa30BaHHIA.
DTO CBOWCTBO MOXKHO HCIIONIB30BaTh NpH TpoBepke. Tak, B mpumepe 3.4 mocie mepecTaHOBKH
NepBOM M BTOPOW CTPOKH B MaTpuile B MOXHO B KadecTBe BeIyIlIero cHayaja pacCMOTPETh
sneMeHT D12, a 3aTeM BEIUEPKHYTH TPETHIO CTPOKY, MPOIOPIHMOHANEHYI0 BTopoit (€3 = —C2):

2 0 4 9 1 3 2 5
B=|1 3 2 5|—S12%% > 0 4 9|
1 9 2 6 1 9 2 6
1 3 2 5
_C3=C3=3C1 | 5 0o 4 9 —{

1325)
—2 0 -4 -9

2 0 4 9

Buviyucnenue onpedenumeneti. Onpenenurens MaTpuibl A pazMepa 2X2 (omnpeaenuTenb
2-T0 TIOPSAIKA) — 3TO YHCII0, KOTOPOE MOKHO HANTH O TTPABHITY:
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a a
det A=|A =" 12l —aj 8., —a;pas

Az Az

(mpou3BeieHHE 3JIEMEHTOB, CTOSIINX Ha TJIABHOM WaroHail MaTpHIlbl, MUHYC IPOU3BEICHUE
AJIEMEHTOB, CTOSIIIIUX HAa MOOOYHON AMATOHAIIN).

Omnpenenurens maTpurbl A pasmepa 3X3 (ompenenuTenb 3-TO MOPSAAKA) — YHCIIO,
BBIYHUCIIIEMOE TI0 TIPABUILY «PACKpblmMUe onpedenumens no nepeoli CmpoKey:

&1 A2 A3
a a a a a a
detA=|A =|a a Aa| — a1 222 23| 21 23|, o .[821 22
21 22 23 11/, a a a a a
32 33 31 33 31 32
Az; 4agz Aags3

Ilpumep 4. Haittu:

2 —3 —
4 —1 2
3 1S ()

Pewenue. Tlpm HaxoXIEHUH ONpPENEIUTENST BOCIOJIb3yeMCsS CHadajga (QopMyJioi

1 M2 A3
az> Aapzs ar; apzs az; Az
detA= ‘N =|aosq aoso Aoz =3aq1 — +a13
Az Aag3 Az; Aagss ag, agy|> & 3aTeM (IUM
az; agz 3ags
BBIYMCIICHUS ONpEACIUTENEHT 2-to MOPSI/IKA) dbopmyitoit
a;; Qo
det A=|A = =ap8 — 31285
Az QdAxp '

5. 3agaHue 1719 NpaKTH4YeCKOH padoThI:

3ananue 1. BeimoaHuTs apudMeTHYECKHUE TEHCTBHS C MATPUIIAMH:

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

-5 -1 !
s 4 &Y 2 0 8 2 10 3
3)_8104—38 4| 4|3 8 5|+2/0 4 -2
1 -1 0 -4 7 5 2 -9
1 2) (1 4)(-2 4
5) + ' ;
3 14) |5 10) (-1 3
2 -1 3 2 3
1 0 -1 0 2
3101 -3 :
6)( )—13110 3|
2 4 8 -1 1
. (-5 6
3 4 5 , 372
N5 6 -2 1 -
1 -1

3ananme 2. Jlokaszats paBenctBo (AB)C=A(BC) mns marpuir:

4 —2 6 —1 1 4
1) AZ(l —3) B:[s 2], C_[z sj?
-3 2 1 2 1 0 1 3 1
yA=l 0 1 2| B=|-3 1 4| C=l2 1 4|
3 1 4) 3 2 1) -1 1 —-1)
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-3 2 1 1 2 5 4 1
3) A=| 0 1 2 B=4 —-1| c=| .
I ) 1 2 O 7

3 1 4 3 1

2 3 O 1 —1
1 3 1 -1
3apanme 3. Haiitu: 1) ;0 2) . 31 0 1
0 2 0 2
1 -1 0
3ananue 4. BerynuciauTs onpeaenuTeNu:
sinad —cosa -1 i 1 2
1) cosa Sina |’ 2) i =1 3) 0 -
1 0 5
2 3 3 2
4)56; 5)4_10; 6)0 4 7
-3 15
3 0 1
7) 0 -2 3 :
1 1 -

NMPAKTUYHECKOE 3AHATUE Ne9

1.Tema: Haxoxxenue oOpaTHO MaTpHUIbL.

2.KoanyecTBo yacoB: 2

3. Llesab padoThI: HAYYUTHCS BBIYUCIISATH OOPATHYIO MaTPUILY.
4.Heo0xoauMble 3HAHUS ISl BHINOJIHEHUSI 32JaHUSI:

OIIPEAEJIEHUE

OOpaTHoii MaTpuIlel, K KBaJIpaTHOW MaTpulie, Ha3bIBaeTCs Takas MaTpHIla I:I JUISL KOTOPOM
CIIPaBEUIMBO PABEHCTBO

A-Al=4a"1.4=E
TEOPEMA
Jl71s cylmecTBoBaHUs 00paTHOM MaTPHLBI . - HEOOXOMMO U JI0OCTATOYHO, YTOOBI MaTpuia . |

ObLTa HeBBIpOX(HeHHOﬁ, TO €CThb, YTOOBI i HYCTL 3alaHa KBaJpaTHasA MaTpHulla

i s . AT

TOr1a 0OpaTHYIO K Heif MaTpHITy - i ! MOKHO BBIMHCIHTD
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ITPUMEP 1
Haiitt 00paTHy0 MaTpUILy Ui MATPHIIBI - |
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[TpoBepuM, SIBIISETCS 1K 3a/laHHAs MATPUIIA HEBBIPOKIACHHOM. JIJ1s1 3TOTO BHIYUCIUM
OITPEJICIINTEN b 3TOU MATPHUILIBI
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3 |
OrnpeieNuTe b MaTPHUIIBI HE PABEH HYIII0, 3HAYUT, MATPHIIA . | HE BBIPOKICHHAS U
1S Heé CyLIECTBYeT oOpaTHas MaTpyua . |
Brruncium anrebpandeckue JOMOTHEHHUS - I' COOTBETCTBYIOIIHMX JIEMCHTOB
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Metoa I'aycca 115t HaxX0xk/AeHUS 0OPATHOM MATPHUIIbI

JIns HaXoKIeHns 0OpaTHOH MaTpHIel .1 MeTomoM 'aycca He0OX0UMO:

1) IOCTPOUTH BCIIOMOTATENBHYIO MAaTPHILy ! * IPUITMCAB K CTOJIONAM MaTpupl . | cripasa
CTOJIOIIBI SIMHIMYHON MATPUIIBI TOTO K€ TOPSIIKA, YTO U MAaTpHIA . 1:

IR s (AT | ] 1]

|'|':| L C e I'.'_.lII | 'I | e il
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2) plieMEeHTapHBIMHU TPe00Pa30BAHUAME CTPOK MPUBECTH MATPHUILy .1/ K MaTpuIle, B JIEBOU YacTH

KOTOpOﬁ CTOUT CAMHNYHAA MaTpula:

0 o 0 by b by

) |1 N B | I|'|III ||_|“_. ) |I-'-|_--.

3) MaTpuIia, CTOSIIAs B IPABON YaCTH MOTYyYEHHOU MATPHUIbl .% 1 OyaeT oOpaTHOM MaTpHIeit
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ITPUMEP 2

3amanue

Pemenue

Haiiti oOparHyto maTpuity kK Matpuie -1 merogom ['aycca.

U TIpUBEJIeM €€, C TIOMOIIIBIO dJIEMEHTAPHBIX TPe0Opa3OBaHui, K MaTPUIIE, B KOTOPOI
eAMHUYHAs MaTpuia Oyzaer ciesa. [lepectaBuM MecTaMu TIEPBYIO U BTOPYIO CTPOKH

r

| g

. g .
[Ipu6aBUM KO BTOPOIi CTPOKE TEPBYIO CTPOKY, YMHOKEHHYIO Ha = ! - a K TpeThbei
7 e

CTPOKE IIEPBYIO, YMHOKEHHYIO Ha '/
| heo o211 () £ D200 I [
LA I S T R 2ol
4 N T [}
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il 3 311 L | (| |0 | |
il [ 311 S I 3 |

YV MHOHM BTOPYIO CTPOKY Ha .~ !
g e AN T i g 5o (0
i | 0] I I [ i I | ]
il | 3 0 3 1 (I A N 3 1

[TpuGaBuM K mepBoii CTPOKE BTOPYIO, YMHOKEHHYIO Ha ''- @ K TpeTheil BTOPYIO,
YMHOXKEHHYIO Ha
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Toraa obpaTHas MaTpuia paBHa

—43 34 11
: 3

3 __ Kl
OtBer A7l = —1 —1 1
14 11 1
3 3 3

4

5. 3aganue 1J151 IPaAaKTHYECKOH padoThI:
1. Haiitu 0O6paTHyI0 MaTpHILy JJIs MATPHIL;

1 2 -1

1 -2 3 30 2 Z 4 3

) A=|0 4 -1 gp="t T2 3 ge=[3 2 5
5.0 0 5 6 3

2. Haiitu 00paTHYIO MaTpHILy AJS MATPHIL:

2 1 1 120
a) A=|0 2 1 6) 4=[0 3 1|
301 2 01 2

NMPAKTUYECKOE 3AHATUE Ne10

1.Tema:Pemenuie cuctem JIMHEHHBIX YpaBHEHUN METOAaMH JTUHEHHON anreOpsl.
2.KonmnyecTBo yacoB: 2

3. Heab padoThI:HAYYUTHCA PEIIATh CUCTEMBI JIMHEWHBIX YPABHEHUN METOAaMU JTUHEUHOMN
anreopswl.

4.HeoO0xoauMble 3HAHUS A1l BHINOJIHCHHS 3aJaHHUA:
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Paccmotpum cuctembr uHeHHBIX anreOpandeckux ypaBHeHud (CJIAY) mpou3BoJbHON
Pa3MCPHOCTH, COCTOAIIUC U3 m ypaBHeHI/Iﬁ C N HEU3BECTHBIMU

11Xy +aoXy + .o+ X, =y
a21X1 +622X2 + ...+ aznxn = b2
*)

Ami X1 F8maXs + .o+ 8pn Xy =bpy

all a12 e aln
A— 321 322 aee azn
Marpuia , CocTaBjieHHas1 u3 Kod(hduueHToB cucreMsl (*),
am amo .-« Qmn
by
b,
Ha3bIBACTCA MATpHIEH CHCTeMbI (ee pasMep — MXN), a BeKTop B = (m-mepHbIi)-
b
CTOJIOLIOM (BEeKTOpOM) CBOOO/IHBIX YJICHOB. Matpuny BUJA
a1 &z .- aAn|b
(A‘B)— aoq aoso aon b2 . . .
= Ha3bIBAIOT PACIIMPEHHON MaTpuIei cucremsl (*). JIro0oit
ami 8m2 .- 8mn|bm

HAa0Op 3HAYEHHWH  HEU3BECTHBIX Xis X200 Xy | 06pa3yIOH1HX N-MEpPHBIA  BEKTOP
X1
X2

_ _ T
X = =(X1, X2, %n)" | gpusercs pemeHmeM cucteMbl (), ecoM  OTH  4mcia

Xn
YAOBJIETBOPSIOT BCEM YPAaBHEHUSIM CUCTEMBI (T.€. IPEBPALLAIOT UX B ToXkAecTBa). OueBUIHO,
qro Pi =@nX +&ixXp +..+&inXn ypy gaxmoMm i=1,2,..,m (i-e ypaBHEHHe NPEICTABISIET
c000i1 CKalsIpHOE MPOM3BEICHUE -1/ CTPOKH MATPHIIBI cUCTeMbl Ha BeKTOp X), u (*) MOXKHO
nepenucarb B BUJe
AX =B ) (**)
3anuch (**) Ha3piBaeTcs "MaTpUUHOM (BEKTOpHOI) hopMoii 3anucu" cuctemsl (*).
Ilpumep 1. Beimucate Marpuily Ko3(p@QUIUEHTOB U CTONOEL CBOOOAHBIX UJIEHOB MJIS
2Xy — X5 + X3 — X4 =5

CHAY 6Xl _3)(2 + 2X3 _4X4 =7 .
4X; — Xy + X3 +3X, =10

2 -1 1 -7 5
Pewenue. OueBuano, uto ~A=|6 —3 2 —41. B =[ 7
4 -1 1 3 10
3 4 -2 0 2
Ipumep 2. 3anucate CJIAY, ecnu A=l1 72 g 2  B= —84

Pewenue. BBenem B paccMoTpeHHE BEKTOp X M C KaXIbIM CTOJIOIIOM MBICIICHHO
COIMOCTaBUM HEU3BECTHOE: C TIEPBBIM CTOJIOIIOM - 1, cO BTOPBIM - X2, ¢ TpeTbUM - X3, ¢
94eTBEepPTHIM - X4, OKOHYATENHHO HY)KHAs CHCTEMa JIMHEWHBIX alreOpandecKux ypaBHEHHI
MMeEeT BUJT

3X1+4X2 _2X3 :2
X1+ 77Xy +8X4 =—4
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5. 3apanue 11 NpakTUYeCcKoil padoThI:

3aganue 1. [lo pacumpennoii Matpuue Boimucars CJIAY.

8 -2 5 6|4 0 3 41
1)(A|B):2 0 4 115 2)(A|B): 12 0 1|11
5 4 10/-3
2 3 -110 712 1 -2 -3 45
3)(AB)=| 1 3 -1 3 4|3 4 (AB)=|2 -1 4 71
-7 4 0 0 -10 0 8 6 86

3ananme 2. Pemuth cuctemsl ypaBHeHuid MeTonoM Kpamepa u metosiom ["aycca.

2X) — Xg + Xz =2 3Xy + Xy +3X3 =2
1) 3Xy + 2X5 + 2X3 =—2 2) 5X; — 2%, +2%x3 =1
X1 —2X5 + Xz =1 2X1 +2X5 +3X3 =1
X1 +2X, +3X3 =5 X1 —Xo +3X3 =9
3) 2Xy + Xy + X3 =1 4) — 2% +3Xy —4X3 =—16
X1 +3Xy +4X3 =1 X1 + 6X%X3 =13

NMPAKTUYECKOE 3AHATUE Ne11

1.Tema: Pemenne CJIAY pa3nuyHbIMU METOJAMHU.

2.KosinyecTBO 4acoB: 2

3. leab padoTbl: HAYUYUTHCS pelIaTh CUCTEMBI IMHEWHBIX YPAaBHEHUM METOAaMU JIMHEHHOM
anreopsl

4.HeoO0xoaumble 3HAHUSA 1JIS1 BINOJTHEHUS 32 IaHNS:

Knaccugpuxkayus cucmem nunetinvix aneebpauveckux ypasieruu. OnpeneneHuss 1 OCHOBHbIE
teopeMbl. Ecan CJIAY (*) umeer xors Obl OIHO pEILIEHHE, OHA HA3bIBAETCS COBMECHIHOU
(COOTBETCTBEHHO, CUCTEMA HecoeMecmHtas, eCli OHa BooO1Ie He uMmeeT pemeHuii). CoBMecTHas
cucteMa (*) Ha3bIBaeTCs oOnpedeneHHol, €CIM OHa HMEET €IMHCTBEHHOE peIIeHUe, |
HeonpedenenHoll, eClIM UMeeT 0oJiee OJTHOTO pelleHUs (B MOCIEeTHEM cllydae y Hee OECKOHEUHO
MHOTO peIIeHUN).

Martpuiy cucremsl (*) Oynem Ha3bIBaTh npusedenHoli (a caMy CUCTEMY KAHOHUYECKOLL),
ecimy B KaXJI0it i-ii cTpoke (i=1,2,...,m) ecTh dnemenT 2ii =1 a Bce ocTambHBIE dMEMEHTHI j-20
cTonlua paBHbl HymO. Takue 31eMeHTHl (M COOTBETCTBYIOLIME MM HEU3BECTHBIE) OyaeMm
Ha3bIBaTh 8edyuuMu, a OCTaBLUINECS HEU3BECTHBIE HA30BEM C8000OHbBIMU.

Teopema 1 (Kponexepa-Kanennu). CJIAY (*) coBMecTHa TOT/ia ¥ TOJIBKO TOT/a, KOT/Ia paHT
MaTpPHIIBI CUCTEMBI COBIIAJA€T C PAHTOM €€ PACHIMPEHHOW MATPHUILI, T.€ BBITOIHICTCS
pasencro F(A) =r(AB)

st coBMecTHOI cuctemst uncio © = F(A)

=r(AB) yazopem pPaHTrOM CHCTEMBI.

Teopema 2 (o konuuecmee pewenutt). Ilycts CJIAY (*) coBmectHa. Ecnu ee panr paBeH
YHUCITY HEU3BECTHBIX (r = r]), TO CHUCTEMA SIBJISIETCS OINPENEIICHHOW; €CIM PaHI CUCTEMBI
menbine unciaa vemssectbix (I <M), To nexomnas cucrema — HeonpeneneHHas.

HeonpeﬂeneHHaﬂ CHUCTEMa, KakK OBLIIO OTMCYCHO, HUMECT OECKOHEYHOE MHOKECTBO
peH.IeHHfI. COBOKYHHOCTB BCEX pCIJ_IeHI/Iﬁ Ha3bIBACTCA 061/{41/!]1/! pewenuem cucmembol.
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Aneopumm memooda I'aycca. lenb paccyXKIeHUI — MTyTeM 3JIEMEHTAPHBIX MTPeoOpa30BaHUMA
CBECTH HCXOJHYI0O CHCTEMY K DPaBHOCHJIBHOW, peIIeHHEe KOTOPOH MOXKHO BBIIHCATh
HernocpeacTBeHHO. OCHOBHBIMU IIaraMu MeTojia [aycca SBISIOTCS CleMyoIIne.

|. Ilpsmoii xo0. BeinmucaTh pacIIMPEeHHYI0 MATpPHUIy CHUCTEMBI, MyTEM 3JEMEHTapHBIX
npeoOpa3oBaHUil CBECTH €€ K HSKBUBAJICHTHOW CTYNEHYATOH M OINPENEIUTh PAaHTH MATPHUIBI U
pacuIMpeHHON MaTpULbl CHCTeMbl. ECiM OHM pa3iuuHbl, TO UCXOAHAs CHCTEMa HECOBMECTHA,
T.¢. He nmeert pemennii. Ecim ¥ (A) = r(AB) 1o MEPEXOANM K CIEIYIOLIEMY JTaIy.

II. CpaBHUTH paHT CUCTEMBI U YMCIIO HEU3BECTHBIX, C/ICIATh BBIBOJ O KOJMUYECTBE PEIICHHIA,
YUHUTBIBasI TEOpEMY 2.

I1l. Obpamusiii xoo. CTyneHYaTyr0o MaTpUIly NpeoOpa3oBaTh K HSKBUBAJICHTHOH €i
npuBeZeHHON. OnpeenuTh, KaKue HEN3BECTHBIC SIBIIAIOTCS BEAYIIMMH, KAKHE — CBOOOTHBIMH.

V. Brimucarh 1mo MoJSyd4eHHOH MaTpuIle CHCTEMY, 3alucaTh OTBET (BBIPa3WB, B Ciydae
HEOIPEeICHHONH CHUCTEMBbI, BEAYIIHME 3JIEMEHTHl uepe3 CBOOOJHBIC IS MOCTPOCHHS OOILEro
perIcHus).

2X; — X, —Xg3 =4

Ipumep 3. Pemmnts CJIAY 3% + 4%z —2X3 =11
3X; — 2%, +4X53 =11

Pewenue. IlpeobpazyeM paclIMpeHHY0 MaTPULLy CUCTEMBI:

C—] == >» —— E=1 — — = ™ = == == =< . m
r = — — r —
—— e e e <> | = — = > 2 -
'\3 L L L = L =1

HOCJIGI[HSISI Marpuia — CTyncHuaras. BGZ[YIIII/IMI/I HEU3BCCTHBIMU JJIA HEC ABJIAIOTCA X2 B
HIEPBOii CTpOKe, 3 BO BTOPOil U 1 B Tperbeil. OUeBHIHO, YTO CHCTEMa COBMECTHA M €€ PaHT
paBeH 3: r(AB)=r(A)=3=r [TockonbKy YHCIIO HEM3BECTHBIX TAaKXKE PAaBHO 3, MCXOJIHAs
cucTeMa SIBIIIETCS ONPEeAETICHHOM.

[lepexonuM K mpoBeAeHHIO IpeoOpazoBaHuil Mo oOpatHomMy Mmeroay [aycca (temepn
HeoOxouMo nonyyats Hyiaun HAJL BegymuMu sieMeHTaMH).

T = — A —— — = — e r’o —_— m — m | —

= B I L 76 27 C—a ——c—a e — s P P L s —
[ L= L= j L, - [ a3 a3

Cliclicz a3 T > — m_ 0‘71
== L= L1 L = = -
= L L= E=1
— X2 - —1
Ter[epL COCTaBJILIEM IIO HOCJ’ICI[HCI\/’I MaTpune CUCTEMY X3 =1 KW BBIIIMCBIBACEM 3HA4YCHHA
Xl = 3

HEM3BECTHBIX B Topsnke ux HoMepos: X=(3;1;1)". D10 u ecTh OTBET.
3Xy +4Xs + X3 +2X,4 =3

Ipumep 4. Jna CIAY) 6% +8Xa +2X3+5%4 =7 pajiry obmee W 1Ba YACTHBIX
10x; +12X, + 3X3 +10x, =16

peleHusl.

Pewenue. HpI/IBelIeM pacmeeHHy}o MAaTpHUILYy CUCTEMBI K CTYIIEHYATOM.

= P pe— rs = =N =| =
CN =) — = = - —_—— s ——=o—a o o o a | —
r3 = =5 =| =
e = el o o = = |-
LO =) o a | o

Ouesnano, uto M(AB) =T(A) =3=Tr yycno HemsBecTHBIX N=4 U B COOTBETCTBHH ¢ TEOpEMOi
6.2 WcxomHas CHCTeMa SIBISICTCS HeompenefeHHOi. Bemymue HeusBecTHble: <3 B mepBoid
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CTpoKe, 1 BO BTOpOH, X4 B Tperheil. CBOOOAHOE Hem3BecTHOE - *2. OOpaTHBIM XOJI0M
npeoOpa3zyeM MaTpHIly K IPUBEACHHOMY BHUY:

3 4 1 23 Co—Cp—acs 3 4 1 01 (o 4 1 0O—s8
1 O O 47 C1=C1-2C> 1 O O 03 C1=C1-3C> 1 O O O 3
O o o 11 O O o 1|1 Lo o o 1/ 1

BrinuceiBaeM MONMYYCHHYIO CHCTEMY M BEIYIIUME HEM3BECTHBIC BBIpakaeM uepe3 CBOOOHBIE:
4X, + X3 =—8 X3 =—8—4X%,

OO0miee pemieHWe 3amUChIBAEM B TOPSIKE HyMepaluu
X4 :1 X4 :1

Hem3BeCTHRIX: Xos =(3 X2: —8—4xy; 1) , X2 - m000€e BEelEeCTBEHHOE YHCIIO.

YacTHOE pelIeHHE MOMKHO IOJYYUTh, €CJIM IPHUAATh CBOOOJHOMY HEH3BECTHOMY X2
KOHKPETHOE 4uMcioBoe 3Hadenue. Hampumep, npu X2 =0 X, = (3:0:—81)" | a npu Xz =1
X, =@—1—41)"

Teopema Kpamepa. PaccMOTpUM «KBaJpaTHYI0» CUCTEMY JIMHEWHBIX YpaBHEHHUH (YnCiI0
HEM3BECTHBIX COBIIAJAET C YMCIOM YpaBHEHUI) BUa

A1 X FA90Xo + ...+ Xy = bl
Ap1 Xy +aAop Xy + ...+ Aopn Xy = b2
(*)
an1X) +anoXo + ...+ 8pnXy =bp
Teopema 3 (meopema Kpamepa). Eciiu onpenenuTeab MaTPUIbI CUHCTEMBI (*) OTJIIMYEH OT
HYJIs (| Al=0 ), TO JaHHAas CHUCTEMa UMEET €JAMHCTBEHHOE pEIlEHUE, MPUYEM 3HAYCHHS
HEU3BECTHBIX HAXOIATCS 1O popMyiamMm

Gl A
| |A|, 1= ) ,...,l’l

e | Ali- OTIpeACIUTENb MATPUIIBI, MOJYYCHHON W3 HMCXOJHOW MATPHUIIBl CUCTEMBI MyTeM
3aMeHBI 1-20 cToN0nAa Ha cToNOEI CBOOOMHBIX YWIEHOB.

Ipumep 5. Pemmts cuctemy 3% +4X2 —2X3 =11 yeronom Kpamepa.
3X; — 2%, +4X5 =11

Pewenue. BrmucpiBaeM A - MaTpuily cucteMbl U B - cronben; cBOOOJHBIX U/IEHOB:

2 -1 -1 4
A=l3 4 -2 B=11| Tanee BbrunCIIEM ONPEIETUTENHN:
3 -2 4 11

2 -1 -1

IA=|3 4 —2=2(016-—4)—(—1)A2+16) —1(—6—-12)=60-=0.
3 —2 a4 '
4 —1 -1
A, =11 4 —2(=416—4) — (—1(44 + 22) —1(—22 — 44) =180 .

11 —2 4

2 a4 -1
A, =[3 11 —2/=2(44+22) 412+ 6)—1(33—33)=60.
3 11 4 ;
2 —1 4
A, =|3 4 11]=2(44+22) — (—D(33—33) + 4(—6 —12) =60
3 —2 1
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_ A, _180 _ _|A, _eo_ . _|As _60

X, = =——=3- X, = = =1 X5 = = =1
ITo Teopeme Kpamepa *a Al ~ 60 » 27 A Te0 0 BTA Te0 Js
MPOBEPKHU PE3yJIbTaTa MOJCTABUM IMOJYYEHHbIC 3HAYEHHS HEU3BECTHBIX B KAXKJI0€ YpaBHEHUE
00paTUJIUCH B TOXKJIECTBA, 3HAYHT, PEIICHUE HANICHO BEPHO.
5. 3aganue 11 NpakTUHYeCKOil padoThI:

3ananue 1. Pemute CJIAY (B ciayuae HeompeneaeHHON CHCTEMBbI BBIITMCHIBATH 0OIee W JBa
TOOBIX YAaCTHBIX PEIICHHS).

X1 +2Xy —2X3 =—1 X1 +2Xy —2%3 =—1
1) X1 +3Xy, — X3 =4 2) X1 +3Xy, — X3 =4
—X; +4X3 =6 — X, +4X3 =4
X1 — X, — Xz =1 X1 +2Xy, —2X3 =—1
3) — 3%y +4X, +4X3 =2 4) X1 +3X, — X3 =4
2X1 + 2X, +3%x3 =10 —2Xy — Xy +8X%3 =20

NMPAKTUYHECKOE 3AHATUE Ne12

1.Tema:/leiicTBus HaJ KOMILJICKCHBIMH YHCIIAMHU.

2.KoaunuyecTBO Yacos: 2

3. leap padoTbI:HAYYUTHCS BBINOJIHATh MATEMATHUYECKUE AEHCTBUS HAJl KOMIUJIEKCHBIMU

YHCIaMH.

4.Heo0xoauMble 3HAHNUSA AJI BLITIOJTHEHUS 3a1aHAS
KomnaekcHsiMU 4UCAGMU HA3LIBAIOTCS YHMCJA BUAa a + bi,rneaun b —
JeHCTRUTENbHbBIE YHCIA, | — MHHMasA eJHHHIla, olpeleisdeMad pa-
BeHCTBOM 2 = —1.
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Creneny MHUMOH e {MHHIIBL:
izﬂ_l, i3=—i, i4=1, i4k=1, i4k+1=i,
i4k+2=_1, i4k+3=—i, kGZl).
JBa KOMIJIeKCHBIX 4ncia a, + byi 1 a, + byl HasEIBAIOTCA PABHLIMU,

eclH a, = ay, u by = b,.
Cymma (pazHocms) NBYX KOMIJIEKCHBIX UMceNd 2, = a4, + bjinz, =a, +
+ b,i HaxoauTCA 1O hopmyie

2, xz,=(a, ta,)+ (b; £ by)i.
fipouzsedenue NBYX KOMIVIEKCHBIX UMCeN 2 = a4, + bji 1 2, = @y + byi
HaXoAUTCA 110 Gopmye
Yacmuoe nBYX KOMILIEKCHBIX UKMCe] HAXOAUTCA No hopmyJie

a] +b11 . (al +b1i)(a1 ‘“bli) _ a1a2+b1b2 a2b1+a1b2_
ay + byl (ap+byi)(ay —byi) el + b2 a + b2

JlefcTBHA HAM KOMIIJIEKCHBIMM YHCJIAME MOYKHO IIPOM3BOAUTE IIO
NnpaBUJIaM AeHCTBHUH HaA anredpanyecKUMH JBYy4YJeHAMM, IDUHNMAaA

BO BHUMAaHUe, 4T0 i2 =—1.

5. 3aganue 1J151 IPaKTHYECKOH padoThI:

BBINOJIHUTD CJ10KeHHe U BbIYMTAHNE KOMILJIEKCHBIX YHCeJl.

1)z, =-3+bi,2,=4-Ti;
2)21=—§ +%1i,22=%1 + gi;

3)z; =-0,6 +0,2i, z, = -0,4 — 0,5i;
4)2,=3,6 +0,2i,2,=1,4-0,2i;
8)2,=3-0,7, 2, =-3+0,7i;
6)2,=-1+3i,2,=4+ 5i.

BbInoJIHUTD YMHOKECHHEC KOMIIVICKCHBIX YHCEJI.

1)2,=4-2i,2,=3 + 8i;

B)z,= 2 + Sizy= g 3i;
8)2,= &~ slzy= o~ bis
4)2,=1,5-2,1i, z,= 0,5+ 0,9i;
5)21=§—%i,22=% +gi;
6)21‘—'%—%%22:—%;.

BLIOJIHUTDL JACJCHUEC KOMIIJICKCHBIX YHCEJI.
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1)2,=2- 3,2, = —4 +1i; 22 =2~ 3i =2 + i
3 3)z; = J5i,2z,=4./5i; 4) z, = 5 — 8i, 2, = 2i;

5)2, = -1+ 6i, 2, = 6 — i 6)z,= 2 —2iz= 5 + 3

)2, = 0,2 - 0,3i, 2, = 0,5 + 0,4i.

NMPAKTUYHECKOE 3AHATUE Ne13

1.Tema: ®opMa KOMIIJIEKCHOTO YHUCIIA.

2.Ko1M4ecTBO 4acoB: 2

3. b padoThI:HAYIUTHCS TEPEBOIUTh KOMIUIEKCHBIC YUCIIA B Pa3HbIe (DOPMEI.

4.Heo0xoauMble 3HAHMS JJIS BBINOJHEHUS 3aJaHUS:
KomnaekcHsiMU 4UCAGMU HA3LIBAIOTCS YHMCJA BUAa a + bi,rneaun b —
JelCTBUTENbHEIE UHCIa, | — MHHMasA eIWHIIla, onpejesiseMas pa-
BeHCTBOM 2 = —1.

JIr000€e KOMILIEKCHOE YHCIIO (KpOMe HyJI?[) - [ S

Z =@ +51 moxcuo sanmcats B TPUTOHOMETPUYECKOU : C 2

dbopwme:

z= ‘z‘ (cos g+ stn f;?:l, e |Z|_ 3TO MOZLY.Ib

KOMILIEKCHOT'0 YMCJIa, a W aprymMeHTt
KOMILIEKCHOT'0 YHCJIa.
N300pa3um Ha KOMIUIEKCHON IUIOCKOCTH YUCIIO

Z=d '|'-'.i|5'1 cumTaem, uto ¥ - O:E:' - [:]:

g::r(mui mo :m': m..uoe- argz) :
I g L] . .

MoyJleM KOMILIEKCHOTO YHCIA & HA3bIBAETCS :
paccTosiHAEe OT Havajia KOOPJAHHAT 0 i
COOTBETCTBYIOIIEH TOUYKH KOMITJIEKCHOM MIOCKOCTH.
[TorpocTy TOBOPS, MOAYJIb — 3TO JUTHHA PAJTNYC- :
BEKTOpA.

t t 1 } i
O 1§ e i Resi

Mo1yJ1b KOMIUIEKCHOTO YHCIA & CTaHIapTHO 0003HAYAIOT: |Z| Wi &
ITo Teopeme ITudaropa nerko BeIBECTH GOpMYITy JUIsl HAXOKICHUS MOIYJISl KOMIUIEKCHOTO
2 2
a4+

qyciia; |Z| -

AprMeHTOM KOMIIJIEKCHOI'O YMCJIa .E-r HAa3bIBACTCA YIoJ ':;:I MCKOY IIOJIOKUTEILHOMN

IOJIYOCBIO IEMCTBUTEIBHOM OCU RE Z W pajnyc-BEKTOPOM, MTPOBEICHHBIM M3 Havaia KOOPAUHAT
K COOTBETCTBYIOIEH TOYKE. APIyMEHT He ONPEIENEH sl € JMHCTBEHHOTo urcna: & = U,
ApryMeHT KOMILIEKCHOTO YMCJIa & CTaHAapTHO 0003HAYAOT: &y LE 2

U3 reoMeTprueckux cooOpakeHU Mmoyrydaercs cieayromas GopMyia Ui HaX0XKACHUS
apryMeHTa:

argz = areig —
i

1) Ecmu & > ( (1-s 1 4-5 KOOpAMHATHBIC YETBEPTH, WM TIpaBast NOITYIIOCKOCTh), TO apTyMEHT

arg z = arelg —
HYKHO HaXOJUTh 10 (popmyie il
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2) Ecom & “ U: bl (2-s1 KOOpAMHATHAS YETBEPTH), TO APTYMEHT HYXXHO HaXOIHUTh 10 (hopMyJIe

argz = T+arctg —
i

3) Eciu @ < 0: hell (3-s1 KOOpAMHATHAS YETBEPTH), TO APTYMEHT HYXKHO HAXOIUTh 10 PopMyJie

gz =—-Mtarcig—
i@,

¢opmysa MyasBpa: Eciu KOMIIEKCHOE YHCIIO TPEACTABICHO B TPUTOHOMETPHYECKOW (hopme
z= |z| (cos g+ stn &)
dbopmyna: ’
z' = }zr (cos(ng)+isin ng)
I[aHHaﬂ (bOpMyJ'Ia CJICaAyeT H3 MNpaBuJa YMHOKCHHS KOMILICKCHBIX YHCEJ,
NpeacTaBJeHHbIX B TPUHTOHOMETPHUYECKOii popMe: YTOOBI HAWTH MPOU3BEIACHHUE YHCET

7= ‘Zl‘ (cos @ i ‘m, 2= ‘Zﬂ| (cos @ s %) HYKHO MEPEMHOXKHTH UX MOIYIH U
CII0KHTD apryMEHTHL:

22, =gl |- (cos(g +) isin( @ + )
5. 3aganue 1J151 IPaKTHYeCKOH padoThI:

[Tpumep 1
[IpeacTaBuTh B TPUTOHOMETPUYUECKOM (POPME KOMILIEKCHBIE YMCIIA:
z;=-3 z,=-4

TO IIpU €r0 BO3BCIACHHMHU B HaTypaJlbHYIO CTCIICHb HCHpaBe,Z[J'II/IBa

=lz=4d

[Tpumep 2
[IpencTaBuTh B TPUTOHOMETPUYECKOM (POPME KOMILIEKCHBIE Yrcia: £1 = 3+ "EE,

2, =-2%4 ;== z,=1- 3

[Ipumep 3 Bo3BecTy B MATYIO CTENEHb KOMIUIEKCHOE YUCIIO £ = ot

— ; o an
ITpumep 4 JlaHO KOMIUIEKCHOE YMCIIO £ = 5+ “\EE, HauTH Z°.

NMPAKTUYECKOE 3AHATUE Ne14

1.Tema:IIpumeHeHne MeTO1a KOMIUIEKCHBIX YUCEIN JJISl PELICHUS PUKIIAIHBIX 3a/1a4.
2.KoaunuyecTBO Yacos: 2

3. Heab padoThI:HAYYUTHCA IPUMEHATh METOJ KOMITJIEKCHBIX YHCEII IPU PEIIEHUH
MPUKJIAJAHBIX 3a7a4.

4.Heo0xoauMble 3HAHUS JJI5 BHINOJHEHUS 3aJaHHUA:

32



JI1060e neficTBUTEIBHOE YHUCJIO & COACPXKUTCA B MHOKECTBE KOMII-
JMIEKCHBIX YHUCEJI:

a=a+0+i; 0=0+0-i; 1=1+0-i; i=0+1-i.
IIpu a = 0 KoMiIIIeKCHOEe YKCJIo obpalnaerTcsa B YHCTO MHUMOE YHC-

1o bi.
Yucna a + bi u a — bi Ha3bIBAIOTCA KOMNACKCHO CONPAXEHHbIMU WA

obosHAUAIOTCS
z2=a+ bi=a — bi.
Komnuekcuole uncaa a + bi u —a — bi HA3BIBAIOTCS NpomMuUBONO-
NOXKHbIMU,

Modynem KOMILJIEKCHOFO YKcJia 2 = @ + bi HassIBaeTCsa YHUCIIO

lz| = |a + bi| = Ja?% + b2.

5. 3apanue nJis npakTHYeCKOii padoThI:

BpInoJHuTh NecTBUA.

1, 1 3 -2 (1 + 202+ i)
l)i’z)l—i’ 3)1+3i’ 4 3 - 2i ’
2+ 38 (3 + 2i)2 - i), a + bi_
1 Narne-z2y Yersnary a-b’
JB o+ 1-8i , 1+4di a+bi a-bi
S)Jﬁ—zi’ 9)—2+.-: -1 + 3i’ O)a—bi a+ bi’
BoIyucanTs.
1) i5 + 20 + j30 + 36 4 54, 2)i+i2+ i3+ it + i5;
1,1
fej2ej3e jde — .
) 3)icifeiei% 4)i3+i5’
1 1 1
5);—1—34—;2—34-1—35
_ Y
.| Da-ps pasgs ()
4) (1 +i)3; 5) (1 —-i)12,

NMPAKTUYECKOE 3AHATUE Ne15

1.Tema:OcHOBBI KOMOMHATOPHUKHU.

2.KonnyecTBo yacoB: 2

3. Heab padoTbl:HAYyYUTHCS PEIIaTh 33JJa41 UCIOJIb3Ysl OCHOBHBIE (POPMYJIIbI KOMOMHATOPUKH.
4.HeoO0xoaumble 3HAHUSA 1JIs1 BBINIOJTHEHUS 32 JaHUS:

HeDeCTaHOBKI/I-COCZ[I/IHeHI/IH, KOTOPBIC MOJXHO COCTAaBUTb U3 N MPEAMCTOB, MCHSA
BCEMHM BO3MOXXHBIMH CIIOCOOAMH HX MOPAIOK; KommgectBo Bcex IEPECTaHOBOK H3 1N

_— P =1F2ws® Fu=al

_P #l
3JIEMEHTOB 0003HayaroT 4 *# YUCII0 UX
MIPH 9TOM Ha3bIBAETCS NOPAOKOM TIEPECTAHOBKHU.

Yucmno n
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Pa3MelieHusi — COeMHEHUS, COACPIKAIIUE M0 M MPEAMETOB M3 YKCIIa N JaHHBIX,
Pa3TUYAIOIIUXCS TUOO TOPSAKOM MPEAMETOB, IN00 CAMUMU MPEIMETAMH;, YUCIIO UX.

Am !
Il
(22 — w2l
B xomOuHaTOpuKe pa3MenieHneM Ha3bIBACTCS PACIIOIOKEHUE
“mpeaMeToB” Ha HEKOTOPBIX “‘MecTax’’ P YCJIOBUH, YTO KaXK0€ MECTO 3aHSTO B
TOYHOCTH OJHHUM MPEIMETOM U BCE MIPEAMETHI Pa3TUYHBI.

CO‘leTaHI/Iﬂ-COGIII/IHeHI/ISI, coAcpKamme 1mo m IMmpeaAMCTOB M3 1N, PA3IMYAIOMIUCCA

Ipyr OT Jpyra, 1o KpailHeil  Mepe, OJHHM  MPEAMETOM;  YHCIO  HX
m

Cm _ Ax _ #l
P, mlin—m)l
" . Takum 00pazom, KOJIMYECTBO BAapUAHTOB NpPU COYCTAHUHU
6y,I[CT MCHBIIC KOJIMYECTBA pa3MCIHeHPII>i.

5. 3apanue nJis NpakTHYeCKOi padoThI:

Pemntnb 3amaun.

3agaua Ne 1. CKoJIBKHMH cIIOCOOaMU MOTYT OBITh PacCTaBJICHbI 8 yUacTHUI] (PUHAILHOTO
3a0era Ha 8-TH OETOBBIX JTIOPOKKaX?

3agauya Ne2.CKOJIbKO YEThIPEX3HAUYHBIX YHCET MOXKHO COCTaBUTh U3 udp 1,2,3,4 ecnu kaxaas
nugpa BXOAUT B U300pakeHHE YKCIia TOJIbKO OJUH pa3?

3agaua Ne 3. CKOJIBKMMHU CIIOCOOAMHU ISITEPO FOHOLIEH MOTYT MPUIIIACUTH MATEPHIX U3 BOCBMU
JICBYILICK HA TaHeI?

3agaua Ne 4. CKOJIBKO Pa3IMYHBIX JBY3HAYHBIX YHCET MOXKHO COCTaBUTh U3 udp 1, 2, 3,4, 5,
6,7, 8,9 mpH ycioBUH, UTO B 3aIIMCH YUCIIA KaXKasi HU(pa UCIOIb3YyEeTCs TOJIBKO OJUH pas.

3agaua NeS Cxonbkumu ciocobamu u3 10 yenoBek MOXKHO BBIOPAaTh KOMUCCHIO, COCTOSIIIYIO U3
4 yenosek?

3agaua Ne 6. B copeBHOBaHMM y4acTBYIOT 12 koMaH. CKOJBKO CyIIECTBYET BADUAHTOB
pacnpenenenus npu3ossix (1, 2, 3) mect?

3agaya Ne 7. Ha copeBHOBaHMSIX 1O JIETKOW aTJIETUKE HAIIy IIKOJY MpeICTaBiIsia KOMaHaa U3
10 cioprcMeHoB. CKOJIBKUMU CIIOCOOAMU TPEHEP MOXKET ONPEAENINTh, KTO U3 HUX
no0exut B actadere 4x100 M Ha IepBOM, BTOPOM, TPETHEM U YETBEPTOM dTanax?

3agaua Ne 8.CkonbKuMU cr1ioco0aMu MOYKHO BBUIOKHUTH B PsAJl KPAaCHBIHN, YEPHBIH, CHHUN U
3€JIEHBIN MIapuKu?

3agaya Ne 9. VyamuMcs nanu cnvcok n3 10 KHUT, KOTOpbIE pEKOMEHAYETCS IPOYUTATh BO
BpeMsi KaHUKYJI. CKOJIBKUMHU CIOCOOaMH YYEHUK MOXKET BbIOpaTh U3 HUX 6 KHUT?

NMPAKTUYECKOE 3AHATUE Ne16

1.Tema:Pemnienue 3aau.
2.KosaunyecTBo 4acos: 2
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3. lHeab padoTbl:HAYyYUTHCS PEIlaTh 33Ja41 UCIOJIb3Ysl OCHOBHBIE (POPMYJITI KOMOMHATOPHUKH.
4.HeoO0xoaumble 3HAHUSA 1JI51 BHINOJTHEHUS 32 IaHNSL:

IlepecTaHOBKH-COCAMHEHHUS, KOTOPBIC MOKHO COCTaBHTH M3 N MPEIAMETOB, MEHSS
BCEMH BO3MOXXHBIMH CIIOCOOaMH HX MOPSI0K; KOJMYecTBO BceX MEpPecTaHOBOK M3 N
P - Po=1%2E3E =y
3JIEMEHTOB 0003HayarT 4+ *# YUCIIO UX "
[IPH 3TOM Ha3bIBACTCS HOPSIOKOM TIEPECTAHOBKH.

Yucio n

Pasmenienus — COCAMHCHM, COACPKAIME IO M MPEAMCTOB HU3 4YHCJIAa N JAaHHBIX,
Pa3IMIAOINXCA h11%(s10) IMOPAAKOM IIPEAMETOB, 1100 caMHUMU npeamMeTaMu,; 4Y1UCJIO UX.

A:w 1l
o(m -l
B xomOnHaTOprke pa3MeleHMeM Ha3bIBaeTCsl PacloyIOKEHUE
“npeaMeToB” Ha HEKOTOPBIX “‘MecTax’’ MpH YCIOBUHU, YTO KaXJ10€ MECTO 3aHITO B
TOYHOCTH OJHUM IPEAMETOM U BCE MPEIMETHI pa3IHUHbI.

CO‘IeTaHHH'COCI[I/IHeHI/IH, CoACpIKalue 110 m IpCeIMCTOB H3 N, pa3/IndarOmIuCCsa
Apyr oT Aapyra, 110 KpaﬁHeﬁ MEpPCE, OJHHUM MpeaAMCETOM; 15(R (V) nux
™

“"=Ax _ #l
o P, wlin—m)

OyzeT MeHbIIIe KOJTMYECTBA Pa3MEIICHUN.

. Takum 06pa30M, KOJIMYCCTBO BAPUAHTOB IIpU COYCTAHHH

5. 3agaHue 1J1s1 IPAKTHYECKOH padoThI:
1. Pemnte 3amaun.

1. loxasars Toxaectso Cr =C*

2. Jlokasars Toxzectso C ,}: +C) = C::]] .

3. Berpernnncs M 0OMEHSUIHCH PYKOIIOXKATHAMH AECATH CTAPBIX
apy3eit. CkoNMBKO BCero ObLIIO CAENAHO PYKOMOXKATHI?

4. Ha nnockoct maHo 12 TOueK, M3 KOTOPBHIX HUKAaKHE TPH HE
nexar Ha ofHo# mpsMoi. CKONBKO Pa3iHyYHBIX TPEYTrONBHHKOB MOKHO
MIOCTPOUTS C BEPIIMHAMH B 3THX TOYKax?

S. Ha mnockoctt maHo 12 ToYeK, M3 KOTOPHIX 4 JIEXAT Ha OOHOM
npsamoi. KpoMe Toro, H3 paccMarpHBaeMBIX TOYEK HHKaKHe 3 He JIEKaT Ha
oHO# npaMoit. 1) Cxonbko pa3nHYHBIX MPSMBIX MOXHO MPOBECTH Yepe3
3TH ToukH? 2) CxOIbKO MOXHO IOCTPOHMTE PA3NHYHBIX TPEYTONEHUKOB
C BEpPUIMHAMMU B 3THX TOYKaX?

2. PelinTh 321244 C IOBTOPEHUSIMH.
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1. Ise xomaHael A 1 b urpaior cepuio martueil mo Gackerbony
IO TeX Mop, MOKa OfHA U3 HHX HE ONEPXHUT YeThipex rnoben (HUYBHX B
6acket6os1e HeT). CKONBKO Pa3NIUYHBIX CepHii MaTueil MOXeT OBbITh?

2. CkonbkHMH cnocofamMM MOXHO MEpPecTaBUTh UMbl YHC-
na 123589, yTobsl Mexay OBYMS 4ETHBIMHM LM(PpPaMH CTOSIIM JBE HEuer-
HBIE.

3. CkonbkHMH cnocobaMH MOXHO TepecTaBUTh OyKBBI CllOBa
«3Meeen», YTOOB! TpH OYKBBI «e» HE X noapsan?

4. CkoNbKHUMH Ccriocob6aMH MOXHO MEepeCTaBHTh OYKBBI B CJIOBE
«mapara», 4To6s! iBe GYKBBI «a» HE CTOSIIH pAAOM?

NMPAKTUYHECKOE 3AHATUE Ne17

1.Tema: Pernenue npakTHYECKUX 3374 HA OMPEICIICHUE BEPOSATHOCTH COOBITHSI.
2.KoaunuyecTBO Yacos: 2
3. LHeab padoTbI:HAYUUTHCS PEILATh 33]]a41 HA BRIYUCICHHUE BEPOATHOCTH CIY4YaitHOTO
COOBITHSL.
4.Heo0xoauMble 3HAHNSA /IS BLINOJTHEHUS 321aHUS:

Onepanyy HaJ COOLITHIMH

Cymmoit, unu 00veouHeHuem, HeCKONbKUX COObIMUIL HA3bIBACMCA COObImue,
cocmosnuiee 6 HACMYNJIeHUU XOms Obl 00HO20 U3 IMUX COOLIMUIL.

Cymma S cobbITHit A, B,C,..., N o6osnauaercs Tax:
S=A+B+C+...+N,

Hanpumep, ecmu cobbitve A ecTh nomaganve B Ienb NpH NMEPBOM  BBICTpEJIE,
cobbiTne 5 — mpu BTOpOM, TO COOBITHE C' = A+ B ecrs nonananue B 1ens BooGle,
0e3pa3InyHO, IPU KaKOM BBICTpEJIe — MEPBOM, BTOPOM HJIM IIPU 000UX BMECTE.

Hpouwedenuem, uiu nepeceueénuem, HeCKoJibKux coovImuIl Hazvléaemcs c06blmue,
cocmonuiee 6 COBMECMHOM nNoA6J1eHUU 6cex Imux coovimuil.

[IpousBenenue S coOwITnii A B,C,...,N oOo3Havaercs

S=ABC...N,

Kiaaccuueckoe onpenesieHie BEPOATHOCTH CIAVUYANHOI0 COObITHS

I[J'I}I KOJIMYCCTBCHHOI'O CPABHCHU A COOBITHI 110 CTCIIEHH BO3MOKHOCTH HMX IOSBICHUS
BBOJUTCA YHUCIIOBasg MEpa, KOTOpass Ha3bIBACTCA BEPOATHOCTBIO COOBITHS.

BePO}lIMHOCIMbIO coObImus Ha3vléaemcs UUC0, A6rAIOuLeecs 6blPpAaANHCEHUEM MepPbl
00bEeKMUGHOI 603MONCHOCHIU NOAGTICHUS COObIMUAL.

P{A},

BeposarHocTs cobbitus A 6yneM 0603HauaTh cUMBOIOM
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Beponmnocmb coovimus Apa(ma OMHOUICHUIO uyucia cayuaee 1,
6szonpu;1mcm3ylomux emy, us3 oﬁmezo yuciaa M eOuHCmeeHHo 6O03MOIMHCHDIX,
PABGHOBO3MOICHBLIX U HECOBMECHHDBIX CIyUaes K Hucay 1, T. e.

m
p{ay =2
i)
5. 3amanme 1019 NPaKTHYECKOI padoThI:
Pemuts 3agaun.
3agaua 1. AGoHEHT 3a0bLT OCTEIHIO IU(PY HOMEpa TerneoHa U TOITOMY Habupaet eé

Hayral. Ol'[peI[eJ'II/ITB BEPOATHOCTH TOI'O, UTO EMY HpI/I,Z[éTCH 3BOHHUTH He 0oJiee 4eM B 3 MecTa.

3agaua 2. AGoHeHT 3a0bU1 nocaenHue 2 uudpsl TeneOHHOro HOMEpa, HO MMOMHUT, YTO OHH
pa3IuuHBl 1 00pa3yroT ABy3HauHOE uucio, MeHbinee 30. C yueTom 3Toro oH HabupaeT Hayraj
2 nudpsl. HaliTi BEpOSTHOCTH TOTO, YTO 3TO OYAYT HY)KHBIC TUDPHIL.

3agaua 3. Illectp mapoB ciayyailHBIM 00pa3oM pacKJIaJbIBalOT B TpU smuka. Haitu
BEPOSITHOCTH TOTO, YTO BO BCEX SAIMIMKAX OKAXKETCS Pa3HOE YKCIIO IIapOB, MPU YCIOBUH, YTO
BCE SIIMKHU HE MyCThIE.

3agaua 4. Ha maxmaTHyl0 JOCKy ciy4yaiiHbIM 00pa3oM IOCTaBjeHbl JBe Jajapu. Kakxosa
BEPOATHOCTb, YTO OHU HE OYJyT OUTH OAHA JpYryr0?

3agaua 5. lIllectp pykommuceil ciayyailHO packiaablBalOT MO NATH mnankam. Kakosa
BEPOATHOCTH TOT'0, YUTO POBHO OJIHA MAIKa OCTAHETCsl IyCTON?

3agaua 6. Lludpsr 1, 2, 3, ..., 9, BEINHCAHHBIC HA OTACIBHBIC KAPTOYKHU CKIIAIBIBAIOT B SIIIIUK
U THIATENBHO MepeMennBaroT. Hayraa BEBIHMMAIOT 0JIHY KapTouKy. HaiiTu BeposiTHOCTB TOTO,
YTO YMCJIO, HAIIMCAHHOE Ha ATOW KapTOYKe: a) 4YeTHOE; 0) IBY3HAYHOE.

3anaua 7. Ha nonke B cimyuaitHOM mopsiike pacctaBieHo 40 KHUT, CpeI KOTOPBIX HAXOIUTCS
TpexToMHUK [lymikuna. HailTu BEpOATHOCTH TOro, YTO O3TH TOMa CTOSAT B MOPSJIKE
BO3pacTaHUs HOMEpaA CJIEBA HAIIPABO, HO HE 0053aTEIbHO PSAAOM.

33}13‘-13 8. Ha Ka)KJI0M U3 MATH OJMHAKOBBIX KapTO4YCK Halle4aTaHa OJHA U3 CIICAYIOIIUX 6YKBZ

"a", "m", "p", "1", "10". KapTOuku TmiarensHo nepemenianbl. HaliTu BEpOSATHOCTH TOTO, YTO HA

YETHIPEX BBIHYTHIX 110 OJJHOM KapTOYKE MO>KHO IPOYECTh CJIOBO "topTa'.

3agaua 9. PeGeHoxk umeer Ha pykax 5 kyoukoB c OykBamu: A, K, K, JI, V. Kakosa
BEPOSITHOCTH TOTO, YTO PEOCHOK coOepeT 13 KyOHUKOB clioBO "Kykma"?

NMPAKTUYECKOE 3AHATUE Ne18

1.Tema: Pemienue 3a1au ¢ peaJibHbIMU JAUCKPETHBIMU CITyYalHBIMU BEJTUUNHAMH.
2.KoaunuecTBo yacos: 2

3. I.[e.m; paﬁOTbl:Hay‘—II/ITBCSI pemaTL 3aa4Y1 Ha BBIYHUCIICHUC BepOfITHOCTI/I HOBTOpHOFO nu
HC3aBUCHUMOT O UCIIBITAHHS.

4.H606X0}II/IMI)IC SHAHUA AJIA BBINIOJIHCHUSA 3aIaHUA:

Hcneimanus Hazviearomces He3a8UCUMbIMU, eClil 6EPOAMHOCNTb NO20 UJIU UHO20 ucxooa
Kaxic0020 UCNbIMAHUS HE 3A8UCUN OM moco, Kakue UCX00bl UMeU 0py21/t€ UCNbINMAHUA.
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He3aBucruMbIe HCTIBITAHKS MOTYT IIPOBOJUTHCS KAaK B OJJMHAKOBBIX YCIOBHAX, TaK U B
pa3nn4HbIX. B mepBoM citydae BepOSITHOCTh MOSBICHUS HEKOTOPOTO COOBITHSI BO BCEX
UCIBITAaHUAX OJ(HA U Ta JK€, BO BTOPOM CJIy4ae OHA MEHAETCSA OT UCIBITAHUS K UCIBITAHUIO.

le/lMepbl HE3A6UCUMDBIX NOBNOPHbLX UCNBIMAHUILL.

BBIMJIET U3 CTPOS OJMH U3 y3JIOB MPUOOpa WK JIBA, TPU Y374, MPUUEM BBIXOJ U3 CTPOS
KQ)XJ0r0 y3j1a HE 3aBUCHUT OT JPYIOro y3ja, a BEPOATHOCTb BBIXOA U3 CTPOS OJHOIO y3I1a
IIOCTOSIHHA BO BCEX UCIIBITAHUAX;

IIPOU3BEAEHHAS B HEKOTOPBIX IIOCTOSHHBIX TEXHOJIOIMYECKUX YCIOBUAX A€Tallb, UIH TPH,
4YeThIpe, IATh JETaled, OKAXKYTCA HECTaHAAPTHBIMU, NIPUYEM OJIHA JECTAlb MOXKET
OKa3aTbCsi HECTAHJApTHOM HE3aBUCHMO OT Jr00O0H Apyroil Aeranu U BEpOATHOCTh TOTO,
YTO JIeTajlb OKaXXETCsl HECTAHAATHOM, IIOCTOSIHHA BO BCEX UCIIBITAaHUSAX;

13 HECKOJIBKMX BBICTPEJIOB I10 MUIIEHU OJWH, TPU WIM YETHIPE BBICTPENA NONAAAIOT B
LeJb HE3aBUCHUMO OT MCXOZOB APYIMX BBICTPEIOB U BEPOATHOCTH IONAJAaHHS B LIENb
IIOCTOSIHHA BO BCEX UCIIBITAHUSAX;

IIpY OMYCKAHUKM MOHETBHI aBTOMAT CpabOoTaeT MPaBUIBLHO OJMH, JIBA WIH JPYroe 4HCIIO
pa3 HE3aBUCHUMO OT TOrO, KaKOW pe3yibTaT UMENHU JAPYTHE OIyCKaHHs MOHETBHI, U
BEPOATHOCTb TOT'O, UTO aBTOMAT CpabOTaET NMPaBUIbHO, IOCTOSIHHA BO BCEX UCIIBITAHUSAX.

OTH COOBITHS MOKHO OITHCATh OJIHOM CXEMOI. Ka)K,HOG COOBITHE HACTyIIa€T B KaXKAOM
HCIBITAaHUN C OJHOM M TOM JKE BCPOATHOCTBIO, KOTOpAasA HC HU3IMCHACTCA, C€CJIIM CTAHOBATCA
HU3BCCTHBIMHU  PE3YJIbTATBI  HPCABIAYIIUX UcnbiTanuii. Takue HCHBITAaHUS  HA3bIBAIOTCS
HC3aBUCHUMBIMH, a CXEMa Ha3bIBACTCs cxemou EepHyfmu. HpCIIHOJIaFaCTCFI, YTO TaKMUC HUCIIbITAHUA
MOT'YT OBITE IMOBTOPCHBI KaK YIrOAHO 0O0JIBIIOE KOIMYECTBO pas.

Ecau BEPOSATHOCTD ) HACTYIIICHUS coObITHS A B KaXXaA0M HUCIIBITAHUH ITOCTOSAHHA, TO

E
BEPOATHOCTH ~™* TOrO, 4TO B N HE3aBUCHUMBIX UCIBITAHUAX COOBITHE A HACTYUT M pa3,
HaXoAUTCs 110 popmyne beprynu:
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ITocTaBuMm 3agadyy — HaWTH BEPOATHOCTb TOr'o, 4TO COOBITHE TAaKOI'0 THUIA B N HE3aBUCHUMBIX
HCHBITAHUIX HACTYIIUT M pas.

5. 3aganue 1J151 IPaAaKTHYECKOH padoThI:

1. B nepsom 3arone Haxomsrcs 10 osell, U3 KOTOpeIX 2 — Oeble,

OCTaNIBHEIE — YEPHBIE, @ BO BTOPOM 3aroHe — 7 6€MIbIX ¥ 3 YEPHBIX OBIIEL.
Mexay 3aroHamMM €CTh NEPEXOI, ¥ OJHA U3 OBELl IEPBOTO 3arOHa NEpEIIa
BO BTOpOil. Ilepexoa 3axpslyin ¥ M3 BTOPOTO 3aroHa oToOpany ofiHy OBLY
Ui CTPHXKKH. KakoBa BEpOATHOCTB TOTO, YTO NMOHMaHHas OBLla OKa3ajach
M3 IEPBOTO 3arOHa, €CJIH H3BECTHO, 4TO OHa Oenas?

2. B 1pex xopoOkax nexar koHders! «Benoukay», npou3seaeHHbIE

Ha nByX (abpukax «PaccBe™» u «3apa». B nepsoii kopobke 30% xoHper
¢adpuxu «3aps», Bo Bropoit — 40%, a B TpeTheil — 50%. Hayran Buibpanu
KopoOKy ¥ M3 Hee Hayraj BeIHynH koHdery. KaxkoBa BEposTHOCTB, 4TO
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u3BJIcueHHas KoH(eTa Obina a) 13 nepBoit kopo6kH, 6) U3 BTOpOit KOpoOKH,
B) M3 TPEThEH KOPOOKH, €CITM H3BECTHO, YTO OHA OKA3aJiach NPOU3BEACHHOH
Ha ¢abprxe «3apsan?

3. B mecatu sumkax ymakopaHo 1o 100 omuHaxoBeIX Mo Gopme
JaTyHHBIX ¥ OpOH30BBHIX ILAPHKOB, NPHYEM ONS JIATYHHBIX LIAPHKOB
obpasyeT apuPMETHYECKYI0 IMPOTPECCHI0 ¢ HAYadbHBIM KOJIHYECTBOM
m,=10 NaTyHHBIX MIAPMKOB B [IEPBOM SILIMKE M PA3sHOCTHIO Takxke d=10
APUKOB, TaK 4TO B AmMKe Ne 2 — 20 51aTyHHBIX IIapUKOB, B SALIHKE
Ne 3 — 30 u 1.0. Haynauy Bei6panHbtit mapux okasasics naTyHHeiM. Kakosa
BEPOATHOCTB, UTO OH GBI M3BJICUEH a) U3 smuka Ne 2? 6) u3 smumka Ne 8?7
Bce smuky Mo BUAY HEOTIUYHUMEL.

NMPAKTUYHECKOE 3AHATUE Ne19

1.Tema: XapakTepuUCTUKU CIy4YaiHON BEJTMYUHBI.
2.Kosu4ecTBO 4acoB: 2
3. leap padoTbI:HAYYUTHCS BBIUUCIATH FJIEMEHTHl MATEMATUYECKOM CTAaTUCTUKH.

4.Heo0xoauMble 3HAHNSA /15 BLINMOJTHEHUS 321aHUA:
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Ilpumep 1: ITpubbin sazon ¢ nuenuyeli u mpebyemcs onpederums Koauye-
cmeo (Oonio) knelkosunbvl 8 ee 3epHax. Bce 3epna eazona Hazviearomcs zeHepanvHoOU
cosokyntiocmbio. O0Hako uccredosanuio byoym nodeepzHymyi He 6Ce 3epHa, a KaKas-
mo ux yacme, Ima 4acmb HA3bl8AEMCA GbIBOPOUHOE COBOKYRHOCHIBIO, UNU HPOCMO
evtboproii. ITonamio, umo evibopra donxcHa xopouto ompascame ceolicmea ecell
nuieruybl 8a2oHa, m.e. 0oaxCcHa bvimb penpezenmamueroli. Hanpumep, echu ons uc-
CNedo8aHun 0OHO20 8A20HA 635AU OECAMOK 3€pPeH U3 OOHOU MOYKU 6420HA, a O
UCCNe008aHUA OpY2020 6A2OHA 83AMU NAmb Npob NO CMO 3€pPeH U3 PA3HbIX MOYEK
8a20HA, Mo 8Mopan evtbopka o4esuoHo boree penpezeHmamueHa, vem nepeas.

ITpumep 2: Obyenas pabpuxa nianupyem evinyck 3umHeti Myxscckou obyeu.
Obyswuxam HYx*CHO 3HaMb, CKONLKO NPOYEHMOB MYNCHUH HOCAM KANCObll U3 Cyiye-
cmeyiouux pazvepos obysu. 30eck zeHepanbHas cOBOKYNHOCMb — 8CE MYNCUUHbL —
803MOXNCHble nokynamenu o6yeu. OdHako uccaedosaHue npoeodumcs Ha eblbopie,
ckadicem, u3 50 cayuaiino omobpannvix myxcuun. Ilpesicoe uem npucmynumse x uccne-
dosanuio, OaHHble NO NPU3HaKy — pasmep obysu — pacnonazaiom 8 nopadxe Heybbl-
saHun uny negozpacmarusn npusHaxa. Taxoil pao wucen HA3bIEAIOM BAPUAHUOHHBIM.
Ilycms, nanpumep, 6 pesynomame ynuunozo onpoca noaysuica pao uz 50 pazvepos
Myxcckou obyeu (cM. mabn. 14.1).

Tabnuya 14.1

25 (21 |20 | 27 | 31 |32 |25 )26 |28 |28 |31 |27 |24|25]27
21 [ 251 26 | 26 { 28 [ 27 | 27 |30 |27 |31 3029|2927 )26

28 |27 126 (25|28 |29 |27 )26 |22 23
30 [ 25124 123 | 32|28 |27 ]26)27|26

IToctporM BapuanMoOHHBIH pAN IO BO3PAcTaHHK NpH3HaKa
(rabn, 14.2).
Tabnuya 14.2

20 1 21 {21 122 [ 23 |23 124 (24 |25 252525252526
27 [ 27 | 27 [ 27 | 27 y 27 |27 (27 [ 28 { 28 { 28 | 28 | 28 | 28 | 29

26 |26 | 26 | 26 | 26 | 26 | 26 | 27 | 27 | 27
29129130 |30]30 (31|31 ]31]f32]32

IToup3ysack BapHALTMOHHBIM PSAAOM, NE€TKO MOCTPOUTE YiKE 3HAKO-
MYIO HaM Tabmnuily pacnpeaeneHus ciy4aifHOH BEMHYHHBI MO ee abcomoT-
HBIM yacToTaM (Tabin. 14.3, nepebie 1Be CTPOUYKM) U IO €€ OTHOCHTENBHAIM
yacrotTam (Tabn. 14.3, TpeThs cTpoKa).

=~
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Tabruya 14.3

X—
HECTIERYCMbIR 20 | 21 | 22 | 23 | 24 | 25 | 26 [ 27
NpH3HAK
{pazmep)

m — 4acToTa 1 2 1 2 2 6 8 11

m
Wz"";""‘
0,02 | 0,04 { 0,02 | 0,04 { 0,04 | 0,12 | 0,16 | 0,22

OTHOCHTENbHAS
4acToTa

28 29 30 31 32 KonTpons
6 3 3 3 2 2m=50=n

0,12 | 0,06 | 0,06 | 0,06 | 0,04 2w=1

BBezneM psaa BaXKHBIX MOHATHH, UCIONB3YEMBIX B CTATHCTHKE, HAa
MpUMeEpe BapHALIMOHHOTO psana Tabn. 14.2.

Pa3zmaxom BuIGOpKH R Ha3pBaeTCs pa3HOCTE MEXIY ee HaHbOJIb-
MM H HAUMEHBIIUM 3Ha4eHUsAMU. B nanHoM ciiyvae R =32 -20= 12,

Monoit B100pKkH Mo Ha3bIBacTCA 3HAUCHHE Cly4aitHOH BenUUH-
HBI, BCTpeYarllieecs B BEIOOpKe Hale Bcero. B nanHoM cnyuyae Mo = 27.

Mennanoii Bo1bopkn Me Ha3sIBaeTCA CpelHee YUCO (T.e. CTof-
IIee HAa CPEAHEM MECTE B BHIOOPKE), €CIIH KOJIHYECTBO YUCE]I HEUETHOE H
cpenHee apH(METHUECKOE IBYX CPEIHHHBIX YHCEJ, €C/TH MX KOJTMYECTBO B
BrIOOpKe yeTHoe. B Hamem npuMepe Ha 25 u 26 MecTax cTOUT pa3mep 27,

3HAUHT, Me = —211-22 =27.

Cpeannm 3HaueHnem X BuGopku X Ha3piBaeTcs cpemHee

X +x,+..X,
n

apA(METHYECKOE BCEX €€ 3HAYEHHH: X = . B Hamem npumepe:

_20+2]1+21+22+22+...+32+32

A= 50 B

_20-1+21-2422-1+23-2+24-2425-6+26-8+27-11+28-6+31-3+32-2+29-3430-3 =
50

41



3ananue 1J151 NPAKTHYECKOH PadoOThI:

1. XXano6b1 Ha ono3aaHMs NEKTPHYEK, MOCTYNHBILINE B AUCIIET-
yepckyo craHimu CeMadopoBo B TeHEHHE HENEIH, TIO3BOJIMIIA COCTABUTh
CeNyOUy0 IMarpaMMy 4acTOT MO ONO3JaHUAM 32 HENEIIIO:

©C = N W d oo

Onpenenute cpeaHee YUCIIO OMO3NAHMI B JEHb 3a HEOCNIIO U
CpeIHEKBAaAPaTHYHOE OTKJIOHEHHE.

2. Ha crpoiiky ¢ kupnuyHOro 3asona npuse3nu 20 ymakoBOK
Kupnuya. YToOBl NMpPOBEPUTH KAYE€CTBO MAPTHH, M3 KaXKIOH YMNAaKOBKH
BBITAIMIIHY CTy4yalHBIM 06pa30M [0 KUPIHYY ¥ 3aMEPHIIH JUIHHY KaXKIOro.
Huxe npencrasnensr nony4eHHsie BenuuuHsl (B cm): 20,5; 20,1; 21,3;
20,3; 19,8; 19,2; 20,1; 19,6; 20,2; 20; 20,5; 19,7; 19.9; 20,5; 19,6; 20,1;
19,4; 19,8; 19,1; 20,3.

a) Onpenenure CPEeAHION ATHHY KUPIHYA.

6) Haiinure BeTMYMHY CpeAHEKBaAPATUYHOIO OTKJIIOHEHHUS JUTMHBI
KHpIIH4Ya OT CPeOHEi.
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B) Kakoil npoueHT Kkupnuye#d, IAnNMHA KOTOPBIX OTIHYaeTCA
oT cpenHeii 6onbiue, yem Ha 0,2 cM? Bonblie yeM Ha BEJIMUHMHY CpEJHE-
KBapaTHYHOTO OTKJIOHEHMS?

3. Tlaceyuuk 3aMeTHJI, YTO M4YENIBl B JBYX €r0 YJIbAX INPOU3BOAAT
Mea HepaBHOMepHO. Pa3 B 10 aHei OH BEIHMMAJ COTHI U3 YIbA H 3aHOCHII
B Tabiuiy Maccy (B XI) CHATOrO Mena, BoipabOoTaHHOrO MYenaMH 3a Je-
CATH THEM.

a) IMTuens! xaxoro u3 ynbeB paborawt Gonee crabunsHo? (Coe-
NaiiTe BHIBOI, BBIYHMCIMB BEJIMYHHY CPEOHEKBAAPATHHHOTO OTKIOHEHHS
KOJIHYECTBA MPOMU3BEIACHHOrO Meja. )

0) Ecnu B mepsoM yise xuBet 100 myen, a Bo BTOpoM 75 muen, T0
CKOJILKO B CPEIHEM MPOH3BeIa Meay 3a nepuox ¢ 19 mo 28 asrycra kaxmas
nuena 1 u 2 ynps?

HurepBaino! BpeMeHH Macca mena (B Kr)
1-it yneit 2-ii yneit

C 20 no 30 anpens 11,4 11,9
C 1 anpens no 10 maq 12 10,8
C 11 no 20 mas 11,5 13,2
C 21 no 30 max 11,7 12,6
C 31 mMas no 9 uioBs 11 11,1
C 10 no 19 uious 10,6 11,4
C 20 no 29 urous 13,1 13,2
C 30 urons mo 9 wrons 12.8 12,9
C 10 no 19 nrons 11,9 13,5
C 20 no 29 mions 13 10,9
C 30 wions no 8 aBrycra 12,5 12,3
C 9 no 18 aBrycra 12,9 11,7
C 19 no 28 aBrycra 11,6 12

C 29 aBrycra o 8 ceHrnlOps 12 10,5
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