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BBEOEHUE

1. HacTosiwee wusgaHue $BASETCA OCHOBHbIM OpraHM3auVMOHHO-METOAMYECKMM OOKYMEHTOM
y4yebHO-MEeToAMYEeCKOro KoMMmekca no AUMCLUMNANHE B COCTaBe Nporpammbl MOATOTOBKM CMELManvcToB
cpeaHero 3BeHa (MMNCC3). OHoO npegHasHa4eHo cTaTbh AN HUX METOOUYECKOM OCHOBOW MO OCBOEHWUIO
AaHHOW AMCLMNIUHBI.

2. CopepxaTenbHOM OCHOBOW Ans pa3paboTku HacTosiwero uagaHus nocnyxuna Pabouas
nporpaMmma y4ebHOon AMCLUMNMMHbBI, YTBEPXKAEHHAsi B YCTaHOBNEHHOM NOpPSAKE.

3. MeToanyeckue acnekTbl HaCTOSILLEro U3gaHus pasBuTbl B y4eOHO-MEeTOAMYECKON nuTepaType
n opyrux paspaboTtkax, Bxoaswmx B coctas YMK no gaHHon gucumnnuHe.

4. Joctyn oby4alolmxca K 3MeKTpOHHOM Bepcum MeToamyeckux ykasaHun MO U3YYEHUIo
ancuunnuHel, obecneyeH B MHopMaLMoHHO-0bpa3oBaTenbHOW cpeae yHuBepcuTeTa.

[Mpn 3TOM B 3MEKTPOHHYIO BEPCUIO MOTYT ObiTb BHECEHbI TEKYLUME U3MEHEHUS] U OOMOSIHEHWS,
HanpaBfeHHble Ha MOBbILEHNE KadecTBa HacCTOSLWMX METOOUYECKMX YyKasaHWi OO0 MX nepev3faHns B
YCTaHOBMEHHOM MOpSAKe.

YBaxaemble obyyvatowmecs!

Mpuctynas K u3yyeHuto HoBoM Ang Bac yuyebHOM AMCUMMMAMHBI, Ha4yHUTE C BAYMYMBOIO
npoyteHus paspabotaHHbix Ans Bac cneumanbHbiX MeTOAMYECKMX YKasaHui. ITo nomoxeT Bam
BOBPEMSi NMOHATb U MPaBUbHO OLEHUTL ee porb B Bawem obpasosaHuu.

O3HakomMuBLUNCH c OpraHn3aumMOHHbIMM TpebosaHnaMM oTgeneHus cpegHero
npodeccuoHansLHOro 06pasoBaHMs No 3TON AUCUUMNIIMHE U COM3MEPMB C HUMU CBOM Cubl, Bbl cmoxeTe
caenaTb OCO3HaHHbIV BbIBOP COBCTBEHHOW TaKTUKM M cTpaTernn y4ebHom gesTensHocTH, ybepeyb cammx
cebs OT HepasyMHbIX peLUeHWIn MO OTHOLLEHWIO K Hel B Havane cemecTpa, a He Torga, Koraa yxe craHeT
nosgHo. Mcnonb3ysa 310 M3gaHue, Bbl 6€3 AONOMHUTENbHBIX OCMOXHEHUIW nodonaeTe K CeMecTpoBOW
aTTecTauum nNo 3Tol gUcuMniMHe. YcnewHocTb aTTectaummn 3aBncuT, npexae Bcero, oT Bac. Ee sanor —
pUTMUYHAsA, UeneHanpaBfneHHas, BAyMmumBas yyebHad paboTta, B uensx obecneyeHus KOTOPOW U
pa3paboTaHbl 3T MeTOAMYECK e YKa3aHus.



1. MaTtepuanbl No TeopeTUYECKON YacTU AUCLUNIIUHBI
1.1. UndopmaumnoHHoe obecneyeHne obyyeHus
MepeyeHb pekoMeHOyeMbIX y4ebHbIX usgaHunn, UHTepHeT pecypcoB, OOMNONIHUTENbLHOMN
nuTepaTtypbl, CNPaBOYHbIE U AONONIHUTENIbHbIE MaTepuanbl No AUCUUNIINHE

I'Iepequb mMTeparypbl, peKomer,yeMOﬁ A4 3ydeHna aucumnniinHbl:

ABTOp, HanmMeHOoBaHWeE, BbiIXOQHble JaHHbIE

HocTtyn

1

2

OcHoBHasi nuTepaTtypa

HapasH A. A. MatemaTuka : y4ebHuk / A.A. JlagasH. — 3-e 13g., ucnp. v gon.
— Mocksa : UHOPA-M, 2020. — 544 c. — ISBN 978-5-16-012592-3. - TekcrT:
aneKkTpoHHbI. - URL: https://znanium.com/catalog/product/1097484 (pata
obpaweHns: 08.06.2020).

OnNs aBTOPU3OBaHHbIX
nonb3oBaTenemn

JononHutensHas nuteparypa

HapasH A. A. CbopHuK 3agady no matematuke : yvyebHoe nocobue / A. A.
HapasH - 3-e n3a. - Mocksa : ®opym, MHOPA-M Uspatensckmun Jom, 2018. -

352 C. - TekcT: SMNEKTPOHHbIN. - URL:
https://new.znanium.com/catalog/product/970454 (nata obpaleHus:
08.06.2020).

BapaywkuH B. B. MaTemaTuka. OQnemeHTbl BbiCLLEN MaTeMaTUKN: YY4eOHUK: B 2
1. T. 1 / B.B. bapaywkuH, A.A. lMNMpokodbeB. — Mockea: KYPC: MH®PA-M,
2020. — 304 c. — ISBN 978-5-16-105427-7. - TeKcT: aneKkTpoHHbINn. - URL:
https://new.znanium.com/catalog/product/1079342 (naTa ob6palleHus:
08.06.2020).

BapaywkuH B. B. MaTemaTuka. OQnemeHTbl BbiCLLEN MaTeMaTUKN: Y4EOHUK: B 2
7. T. 2/ B.B. BapaywkuH, A.A. MNMpokodbes. — Mocksa: KYPC, HALL UHOPA-
M, 2020. — 368 c. — ISBN 978-5-16-104732-3. - TeKkcT: anekTpoHHbIn. - URL:
https://new.znanium.com/catalog/product/1047417 (pnaTa obpaLleHus:
08.06.2020).

lN'ycesa A. V. OuckpeTHaa maTematuka: ydyebHuk / A.W. lNycesa, B.C. Kupees,
A.H. Tuxommposa. — Mocksa: KYPC: UH®PA-M, 2019. — 208 ¢c. — ISBN 978-

5-16-105603-5. - TekcT: 3NEKTPOHHbIN. - URL:
https://new.znanium.com/catalog/product/978936 (nata ob6palleHus:
08.06.2020).

lN'yceBa A. U. OduckpeTHas matematuka: cOopHuk 3agad / A.U. TNyceea, B.C.
Kupees, A.H. Tuxommnposa. — Mocksa : KYPC: MUH®PA-M, 2018. — 224 c. —

ISBN 978-5-16-105604-2. - TekcT :  3NEKTPOHHLIN. - URL:
https://new.znanium.com/catalog/product/929964 (naTa ob6palleHus:
08.06.2020).

0N aBTOPU30BaHHbIX
nonb3oBaTenemn

lMepeyeHb pecypcoB MHMOPMAaLMOHHO-TENEKOMMYHUKALWUOHHOW CEeTU «UMHTEPHET» U NoKasibHbIX ceTen

yHMBEpCUTETa, HEOBXOOAUMBIX ANt OCBOEHWUSI AUCUMMNNHDI;

YpaneHHble 9neKkTpOHHble CeTeBble y4ebHble pecypCbl BPEMEHHOro AoCTyna, COpPMMPOBaHHbIE Ha
OCHOBaHUM NpsIMbIX AOrOBOPOB C NpaBoobnagatensamu (3NekTpoHHble 6ubnuoTteyHble cnuctemsl - 3BC),

MHOPMALIMOHHbIE CNPABOYHbIE CUCTEMBbI

HanmeHnoBaHue

HocTtyn

OneKTpOoHHO-6MbnuoTeyHasa cuctema Znanium

http://znanium.com/

1.2. TemaTU4eCcKWi NfaH TeOPEeTUYECKOro oGy4eHus

Ne n/n HaumeHoBaHue pa3fenos, TeM U cogepxaHue yyebHoro matepuana
1 2
BeegeHue 3HaueHne maTemaTVk1 B NPOdeCCHOoHanbHON AeATEeNbHOCTA U MPW OCBOEHUM

nporpamMmmbl NogroToBKM cneynarinctoB cpegHero 3BeHa

Pasgen 1. MaTemaTuyeckum aHanus

Tema 1.1 MpousBogHasa u e€ NpunoxeHue

CopepxaHue y4yebHoro marepumana

Onpepaenenune nponssogHon. Teopembl anddepeHunposaHusd. NMponssogHsle
aneMeHTapHbIX YHKUMA. MexaHn4yeckun CMbICIT BTOPOW MNPOW3BOLHOMN.
BospacTtaHve u yobiBaHve yHKUUN. SKCTpeMyMbl pyHKUuKN. Hanbonbluee m
HaumeHbLlee 3HadYeHne pyHkumKn. Obuasa cxema uccnefoBaHns YHKUUM

Tema 1.2 OuddepeHumansHoe ncuncneHve

CopepxaHue yyebHoro marepmana



https://znanium.com/catalog/product/1097484
https://new.znanium.com/catalog/product/970454
https://new.znanium.com/catalog/product/1079342
https://new.znanium.com/catalog/product/1047417
https://new.znanium.com/catalog/product/978936
https://new.znanium.com/catalog/product/929964
http://znanium.com/

"eomeTpuyecknin cmbicn npoussogHon. OdudbdpepeHuman dyHkumm. Tabnuua
anddepeHumnanos. [lNNpumeHenne anddepeHumnana ansa npubnMKeHHbIX
BbIYMCIEHUN. MapameTpuyeckoe 3agaHue OYHKLMN n eé
anddepeHumnpoBaHue. Conctea anddepeHumpyeMbix QYHKLUA.

Tema 1.3.

UHTerpanbHoe ncuncneHue

CopepxaHue y4yebHoro matepmana

MepBooGpasHas yHKUMS U HeonpedeneHHblin nHTerpan. OCHOBHble MeToapbl
WHTErpupoBaHus.  MHTerpupoBaHve  OpoGHO-paumoHasnbHbIX — OYHKLMWIA.
WHTerpupoBaHue TPUrOHOMETPUYECKNX BbIpakeHMWIA. MoHsATHe
onpegeneHHoro  uHTerpana. OcCHOBHble  CBOWCTBA  OMpedeneHHoro
nHTerpana. MpubnmxeHHoe BblYMCINEHNE onpeaeneHHoro MHTerpana.

Pasgen 2. OCHOBbI AUCKPETHON MaTeMaTUKK

Tema 2.1

BBeneHue B TEOPNHO MHOXeCTB

CopepxaHue yyebHoro marepmana

lMoHaTne mHOXecTBa M cnocobbl ero 3agaHus. NMoamHoxecTtBa. Onepauun
Hag MHOXecTBamu. CBOWCTBA onepauun Hag MHOXeCTBaMu. YNopsaoveHHble
MHoXxecTBa. [pssMoe NnponsBefeHne MHOXECTB.

Tema 2.2

BBeneHue B Teopuio rpacoB

CopepxaHue y4yeb6Horo marepumana

OcHoBHble noHATUs. Cnocobbl 3agaHusa rpados. Yactu rpacos. Onepaumm
Ha rpadpax. CBA3HOCTb B rpadax 1 AepeBbs.

Pasgen 3. dnemMeHTbl NIMHENHOMN anrebpbl

Tema 3.1

OCHOBHbIe CBegeHus o MaTpuulax

CopepxaHue yyeb6Horo marepmana

Onpepenenne Matpuubl. [enctBua Hag MaTpuuamMmym UM BeEKTOpamu.
Onpepgenutenb Mmatpuubl. CBoncTBa onpegenurenen M ux BblYUCIIEHUE.
O6patHasa maTtpuua. ObpalleHrne MaTpul, BTOPOro U TPETLEro NOPSAKOB.

Tema 3.2

PelueHne cMCTEM NMUHENHbIX YPAaBHEHUN

CopepxaHue yyebHoro matepmana

PewleHne npocTenunx mMaTpuUdHbIX ypaBHEHUA. PelleHne cuctem fNUHENHbIX
ypaBHeHuit no coopmynam Kpamepa. PelleHne cucteM NMHENHbIX ypaBHEHWIA
meTogom [faycca.

Paspen 4. OCHOBbI TEOPUU KOMIMJIEKCHbIX Ynucern

Tema 4.1

OCHOBbI TEOPUN KOMNJNEeKCHbIX Yucen

CopgepxxaHue y4eGHoOro matepuana

Onpe,u,eneHme KOMMJIEKCHOIO Yncna. [1encteusa Hag KOMMNEKCHbIMK Yncnamu.
rlOJ'IﬂprIe KOopAWHaTbl TOYKM Ha NJSTIOCKOCTU.

Pasgen 5. dnemMeHTbl TeOpUU BEPOATHOCTENM U MaTeMaTU4YECKOMN CTaTUCTUKU

Tema 5.1

OCHOBHbIE NOHATUA TEOPUUN BEPOATHOCTEN

CopepxaHue yyebHoro matepmana

OcCHoOBHble  MOHATUSA  kOMOWMHaTOpukN. OCHOBHblE  MOHATUS  Teopun
BepoATHocTen. Onepauun Hag cobbituamu.  CnyyYamHble  BENUYUHBI.
MaTemaTundyeckoe oxuagaHue.

Tema 5.2

AnemeHTbl MaTeMaTU4eCKOMU CTaTUCTUKN

CopgepxaHue yyeGHoro martepuana

MoHaTMe O 3agayax MaTeMaTuyeckon  ctaTUcTukM.  [eHepanbHas
COBOKYMHOCTb M BblOoopka. OueHka napaMeTpoB reHepanbHOW COBOKYMHOCTU
no eé Bblbopke. [loBepuTenbHbIE MHTEPBArbl 418 NapaMeTpoB HOPMarbHOro
pacnpegeneHus. [poBepka ctatucTndecknx runotes. JInHerHas koppensaums.

2. MaTepManbl Mo NPaKTU4Y€CKUM 3aHATUAM

2.1. MpakTnyeckne 3aHATUSA NO KYpPCy U NOAroToBKa 06y4aloLerocs K HUm
B xode npakTU4ecKnx 3aHATUIR, Kak ofgHOW M3 hopM cucTemaTudeckux y4eOHbIX 3aHsATUN,
oby4yatowmecs npnobpeTalT HEOOXOAMMbIE YMEHMS U HABbLIKM MO TOMY Ui MHOMY pasgeny AUCLMNIUHGI

«MaTemaTtuka».

O6wue uenu NpaKkTUYEecKoro 3aHATUS CBOOATCS K 3aKpenneHuio TeopeTUYeckux 3HaHuii, Gonee
rnMyGOKOMY OCBOEHUIO YXKe UMeoLMXC Yy 0Oy4alomnXCcss YMEHUA U HaBbIKOB U NPUOGPETEHNIO HOBbLIX
YMEHUIA U HABbIKOB, HEOBGXOAMMBIX UM AN OCYLLIECTBIEHUA CBOEW NPOodeccUoHanbHON AeaTenbHOCTU U
COCTaBMSAOLLMX KBanUuKaLUoHHble TpeBoBaHNA K crieumanucry.

OCHOBHbIMU 3aa4aMu NMPAKTUYECKUX 3aHATUIA SBNAIOTCS:

* yrnybneHne TeopeTUYecKon U NpakTUYeCcKor NoAroTOBKY;
* pasBuTME MHMLMATUBBI M CAMOCTOATENIbHOCTM 0BY4YaoLLMXCS BO BPEMS BbINOMHEHNS MU MPaKTUYECKNX

3aJaHunn.




[MpumMepHble MNpakTUYeckne 3afaHvus O YCrNewHOro OCBOEHUS pas3genoB yy4yebHoW AMCLMNIUHBI
MaTtemaTuka, KOTOpble PEKOMEHOOBaHO U3y4uTb W BBINOMHWUTL  Heobxoaumble  OEeNCTBUS
COOTBETCTBEHHO METOAUYECKUM YKa3aHMAM U pekoMeHaaunsIM.
PA3[EJl. MatemaTnyeckumn aHanus
MpousBogHas u eé npunoxeHus
MponsBogHaa dyHKUMW. [Mpomn3BOAHbIE OCHOBHbIX 3fEMEHTapHbIX (yHKUUN. [ponsBogHbIe
CnoxHon un obpatHon yHkumn. [lpousBogHble norapudmMmmyeckux  yHkumi. [MpoumsBoaHbie
nokasaTenbHbiX (PyHKUMIA. [1pon3BoaHbIE TPUrOHOMETpUYECKUX GyHKUuR. ViccnepoBaHue dyHKUMKU C
NOMOLLIbI0 Npou3BoaHON. OCHOBHbIE (hOPMYNblI MHTErpUpoBaHus. HenocpeacTBEHHOE UHTErpMpoBaHue.
WHTerpupoBaHue meToaom 3ameHbl nepemeHHon. OnpefeneHHbIn MHTerpan n ero HenocpeacTBeHHOe
BbluMcrieHne. BblunucneHve onpegeneHHoro mHTerpana mMeToaoM 3aMeHbl nepeMeHHon. BelumcneHue
nnowaam nNnockon urypsl.
MpakTuyeckne paboTbl: HaxoxdeHue npou3eodHbIX yHKUuUU. UccnedosaHue ¢hyHKUUU C MOMOWbIO
npou3sodOHolU u nocmpoeHue epahukos hyHKYUU. BbelyucrieHue HeornpedeneHHbIX UHMeaparsos.
BbiqucneHue onpedeneHHo20 uHmezparna.
MeToaunyeckue ykazaHus

lMoHATME nNpPOM3BOOHON SIBNSAETCA OAHUM M3 dyHAAMEHTanbHbIX MOHATUA MaTematukn. MHorue
3ajayun Kak camon MaTemaTuku, Tak U eCTECTBO3HAHUSA U TEXHWUKU MPUBOAAT K 3TOMY NMOHATUIO.

lMepen Tem Kak 3anucaTtb NOHATUE NMPOU3BOAHOW PEKOMEHAYETCA pacCMOTpeTb U3NYECKYHO 3adadvy
O HEpPaABHOMEPHOM [BWXEHUUN U €0 CKOPOCTU, KOTOpasi NPUBOAMUT K MOHATUIO MPOU3BOSHOWN.

» X
MpousBoaHon yHkumm f(x) B Touke ~ 7 HasbiBaeTcA Npeaen OTHOLIEeHWS! NpupalleHns yHKUUK K

Af(x
S'(x,) = lim M
npupaLLeHnto aprymeHTa, ecnu npupatieHne aprymeHta CTpeMUTCs K Hymto, T.e. =0 Ax

Onepaums HaxoxaeHs NPon3BOAHON HasbiBaeTca AndhbepeHUnpoBaHnem dyHKUUN.

FTEOMETPUYECKWU CMbICN NPOU3BOOHOU
MpoussogHas yHKkumMn f(x) B TOuKe Yo paBHa YrnoBoMy KO3(MULUMEHTY KacaTenbHOW,

y y _oX s
NpoBeAeHHON K rpadouky AaHHOW byHKUMM B ero Todke ¢ abcumccon ~7, T.e. f (77 )=k=tga. B atom
3aKs04YaeTCs reoMeTPU4YeCcKU CMbICTT MPOU3BOSHOM.

Yo T f ':'13}':'1 _'11'}- ypaBHeHWe KacaTernbHOn
®U3NYECKUX CMbICN NPOU3BOOHOW
MrHoBeHHas CKOpPOCTb NPSIMOMIMHEWHOrO ABWXEHWS MaTepuarnbHOW TOYKM B JI0OON MOMEHT
BpeMeHu t ecTb NponsBogHas OT NyTN S MO BpeMeHn t:

ds

V(t)=s'(t)= ! | B 3TOM 3aKMIOYAETCH MEXaHUYECKIi CMbICH NpOM3BOAHON.
YckopeHue a(t) NpsAMONUHERHOTO OBWXEHUSI MaTepuanibHOW TOYKM B MOMEHT BpemMeHu t paBHO
nepBon NPON3BOAHOM OT CKOPOCTM MO BPEMEHWN UMW BTOPOW MPOU3BOAHOM OT MyTW MO BpeMeHu, T.e. a(t)=
dv _d's
v(y=dat  dt’
NPABUNA AN PEPEHLIMPOBAHUA
Ecnu y dpyHkumm u(x) n v(X) cyecTByoT NPOM3BOAHbIE, TO

1. (u+v)' = u'+v' 3. (uv) = u'v+uv’
2.(cuy=cu 4. (uy=(uv-vu)ve (v 0)
NMPOU3BOOHbIE ANEMEHTAPHbIX ®YHKLUUA
DPyHKLUA NMpounsBogHasn
fx)=c EF=0,c-const
)= " (x") = @™
f(x) =e* €)' =¢"
f(x) = a* (@)'=a‘lna
1
f(x) =In x —
(nx) =2
1
f(X) = logax
(logax) I_xIna
f(x) = sin x (sin x) ' = cos x
f(x) = cos x (cos x) ' = - sin x




1

(tgx)'= cos® x

1

(ctg x) /- _sin” x

1
f(x) = arcsin x T
(arcsin x) /= 1= x°

1
f(x) = arccos x T
(arccos x) /= - 1= x”
1

f(x) = arctg x

f(x) =tg x

f(x) = ctg x

(arctgx) ' = 1+2°
1

(arcctgx) ' =- 1+x°

f(x) = arcctg x

NPOU3BOAHASA CIOXXHOWU ®YHKLUU
Ecnn y = f(g(x)) v cywecTByloT Npon3BOAHbIE e £x 10 Vx = e
yKas3blBakT, NO KakOMy aprglmeHTy BbIYUCIAKTCA NPON3BOAHbIE.
Mpumepst: 1. (3x4) = 3-4x° = 12x°
2. (5x*+8x-10)'=(5x%)"+(8x)-10'=5-2x+8-0=10x+8
3. ((x2-x)(5x-8)2'= (x*-x)"(5x-8) + (x*-X)-(5x-8)'=(2x-1)(5%-8)+(x*-x)5= 10x*  21x+8+5x*
bx= =15x"-26x+8
(:3 ) )PP (% 41) | xt43a?
4 \x2+1) (x2+1)2 T (x2+1)2
5. (sin(2x+1))’=sin’(2x+1) (2x+1)= 2cos(2x+1)

o 1 PR COSX
[xn'sm .'-f] =———smy| = ——
6.  24fsinx 2Nsmx (s x >0)

. .('Elx} - elr (31) ' 3631'

==

, Fde MHAOEKCbl g U X

CosY

P 1 )
[lnsinx) = Asmnx) = ctgx
8. BI1I1 X BI01 X (Sin X >0)
9. (€™M =" (xInx)'=e™*(Inx + 1) (x>0)
. 1 2(2x—2)  4x-2
10l2In(x* = 2x)) = 2(In (x* - 21'))’:21_-2_21_-(1:2 — 2Xp x2-3x  xP-2x
3agaHuA npakTnveckon paboTbl

Bonpochkl Ansi cCaMOKOHTpOnSA

1. Jante onpepeneHne NpomM3BoAHON PyHKUNN.

2. Hannwwute Bce dopmynbl anddepeHupoBaHus.

3. JanTe onpeaeneHue cnoxHom yHKUmK. Kak HaTu ee NpouM3BOaHYHO0?.
HanguTte npounsBogHbie (PyHKLMNA:

y=sim(7x—1) v =cos(4x + 5)

v =(6x-5)* y=(0.5x" +3)°
y=sinS5x +1g3x y =cosx’

v =cos’x y = In(cosx + 6x)
y=In(2x’ +7) y=e’

y=In’(2x +5) y=2" 4y

v =(4x =1)" y =sin’ x
y=(8x+3) y=(3x"+5x"-8)°
¥ =068sin3x




v = arctex’

Tema. NpaBuna anddepeHupoBaHus.

Llenb: npoBecTn ANarHOCTUKY YCBOEHMWSI CUCTEMbI 3HAaHUIN 1 YMEHUWI BbIMONHATb 3a4aHuUst

3apayum: BbISBUTb YPOBEHb YCBOEHMWS 3HAHWUI yYaLLMMMICS.

MHCTpyKLUMA NO BbINOJIHEHUIO PaboThbl

Ha BbInonHeHne KoHTpornbHOM paboTkl o matematuke gaetca 90 muHyT. PaboTa coctout n3 2 yacten u
cogepxut 18 3agaHun.

YacTtb 1 cogepxuT 10 3aganHmii (A1 — A10) 6a3oBoro ypoBHs o matepuany pasgena «lpoussoagHas u ee
NpMMEHeHVe» U oLueHnBaeTca B 2 banna.

YacTtb 2 conepxuT 2 6onee cnoxHbix 3aganunin (B1, B2) no matepuany pasgena «llponssogHas n ee
NpYMEHeHVE» 1 oLeHnBaeTcs B 5 6annos.

Mpu BLINOMHEHMM BCEX 3aaHUi HYXXHO 3anucaTtb NofHoe pelleHne n otBeT. CoBeTyeM Anst 9KOHOMMUM
BpeMeHW nponyckaTb 3aaHue, KOTopoe He yaaéTcs BbINOMHUTL Cpasy, U NepexoauTs K cneayowlemy. K
BbINOSTHEHWNIO NPONYLLEHHbIX 3a4aHn MOXHO BEPHYTbLCH, ecnn y Bac octaHeTcsa Bpems.

3a kaxabl NpaBunbHbIA OTBET B 3aBMCUMOCTU OT CITIOXHOCTU 3afilaHns JaéTcsa OT OAHOro 40 YeTbipex
©annoB. bannkl, NoNy4YeHHbIE BaMu 3a BCe BbIMOMHEHHbIE 3aaHus, CyMMuUpytoTcs. [NocTapantech
BbINOMHMTb Kak MOXHO BorbLue 3agaHuni n HabpaTb HanborbLlee KonNnM4ecTso Gannos.

BapuaHT 1
3

A1. HaiiauTe npoussoaHyto dyrkumm » = 4%
1) 12 2)12x 3) 4x° 4) 12x°
A2. HanguTe nponsBogHyo yHKUMM y=6x-11 .
1) -52)11 3) 64) 6x
x -1
y =

A3. Hangute nponssBogHyo yHKUMM X

1 x-1 2x+1 1

T2 2 2 i}
) * 2y x 3 X gX
y = xsinx

A4. Hangure nponsBogHyo yHKUUN
1)SiN X = X COS X 5ySiN X + X COS X 3)COS X 4y X + X COS X

2 .
. =x +SINXx BTOYKE X, =7
AS5. Hangure nponsBogHyo dyHKLUN

2

1)72' -1 2)27Z'+1 3)272'—14)27[
x! 3x°
y=—-——+2x
A6. BbluncnuTe 3HayeHne npom3BoaHoON OyHKLMK 2 2 B TOUKE X,=2.
1)102) 12 3)8 4)6
y =sin(3x+2)

A7. Hangure nponsBogHyo dyHKLUN .

cos(3x+ 2 —-3cos(3x+ 2 3cos(3x+ 2 —CcoS(3x+ 2

(3x+2) -3c0s(3x+2) 3cos(3x+2)  ~cos(3x+2)

y=3x2—12\/;

A8. BbluncnuTe 3HayeHne npom3sBoaHomn yHKL MK B TOUKe X,= 4.

1) 21 2) 24 3)0 4) 3,5
1 V4
y=—tg(4x-7)+—
A9. Bbluncnure 3HavyeHne npom3sBogHoN OyHKLMK 2 4
Vs T T
X, = — — —
BTOYKE 4 1)2 2) 4 3)4 4) 2

2
A10. Haiigute nponssoaHyto dyHkum  » — % €05 X
1)2xsin X 2)—2xsin X 3)2xCOSx+ xZsin x 4)2x Cosx — x_sinx

y =14~42x -3

B1. Boluucnure 3HavyeHue NnponsBogHON PyHKLMM B TOYKE X,= 26.



y = 2
B2. Hangute 3HayeHune x, npu KOTOpbIX NPon3BogHas yHKLMN X pasHa 0.
BapuaHT 2
1 6
y=-x
A1. Hangure nponsBogHyo yHKLUN 3
1 5
6 5 X 5
1)2x 2)2x 3)3 4)6x
A2. Hangute nponsBogHyto yHKL MK y=12-5x .
1) 72)12 3) -54) -5x
x+3
y =
A3. Hangute nponsBogHyto yHKL MM X
3 2x -3 3 3
2 2 T T
nH*r 2 X 3) X 4 X
y=xC0Sx

A4. Hangute nponsBoaHyt0 yHKLMMK
1)COSX— Xsin X2)COSX+ Xsin X 3)—Sln X 4)x—5|n X

2 T
y =X + COS x B TOYKEC xO:—
AS5. Hangute nponsBogHyto doyHKL MK 2
T
) —-1
1)72' -1 2)72' +1 3)2 4)72'—1
x° 5x°
y=—- + 3x
AB. Bbluncnute 3HayeHe Npon3BoAHON OYHKLMK 3 2 B TOYKE X,=2.
1) 13 2)3 3)8 4) 27
. y =c0s(5x-2)
A7. Hangure nponsBogHyo yHKUUN .
—2sin(5x -2 -5sin(5x -2 5sin(5x -2 sin(5x — 2
y2sn(5¥-2)  oSsin(5x-2) _ssin(5x-2)  sin(5x-2)
3 1
N .
A8. Bbluncnure 3HayeHne npomsBogHon OyHKL MK x B TOYKe 4
1) -47 2) -49 3) 47 4) 115

5 y=1+ctg(2x+ )
A9. BbluncnuTe 3HayeHne npom3BoaHon PyHKLMK

T 1

X, =—-— - —
BTOUKE 4 1) 2 2)-1 3) -2 4) 2

2 .
A10. Haitgute npoussogyto dyHkumn  ~ = * SN X

1)2x C03x2)2xsin x - x° 003x3)2xsin X+ x°COSx 4)—2xCOSx

y =3044-3x

B1. Bbeluucnure 3HavyeHne nponsBogHoON pyHKLUMK B TOYKE X,= -7.

x4+ 2
Y = 5
B2. Hangute 3HayeHue X, Npu KOTOPbIX Npon3BoaHas pyHKLMM X pasHa 0.
OTBeThlI:
BapuaHT A1l A2 A3 A4 A5 A6 A7 A8 A9 A10 B1 B2
1 1 3 4 2 3 2 3 1 1 4 2 4
2 2 3 3 1 4 1 2 2 3 3 -9 -4




A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 B1 B2
1 1 1 1 1 1 2 2 2 2 3 3
«2» «3» «4» «5»

0-10 6. 11-14 6. 15-17 6. 18-20 6.

MCCNEOOBAHUE ®YHKLUMUU C NOMOLLUBLIKO MPON3BOOHOU
Cxema uccre@ogaHusi hyHKUUU C MOMOWbIO POU38OOHOU:
. Haritn obnactb onpeaeneHns yHKUMY;
. BblacHuTb, aBNaeTca Ny gaHHaa PyHKLMS YETHON UM HEYETHOW; NEPUOANYECKON;
. BbisicHUTb kOOpAMHaTBI TOUEK NepeceveHmns rpadumka yHKUNM C OCAMUN KOOPAMHAT;
. Hantn npounssogHyto;
. Hantn kputnyeckne Toukuy;
. Hantn npomexyTtkun Bo3pactaHus u ybbiBaHus;
. Hantu Touku skctpemyma yHKUMM U BBIYUCAINTL 3HAYEHUS OYHKLUUKN B 3TUX TOYKaX;
. MoctpounTb rpaduk pyHKLMK.

ONOOOARWN =

Mpumep: UccnepoBatk yHKUMIO M NOcTpouTk rpadmk: ~ ~ 1-x

1. Hanpgem obGnacTtb onpeaenernst 3agaHHon pyHkumm: 1 —x 20, x=—-1,x< 1.
2. Onpegenum Hanuyne acMMnToT.

a) BepTUKanbHbIX aCMMMTOT HET, TakK Kak lim x\/l -x=1- \/1 -1=0.

x—1

=kx+b
6) ropu3oHTanbHble UMK HAKMOHHbIE aCUMMNTOThLI ONPEAENATCA YpaBHEHNEM : y )

Bbeumncnum koadumumneHTsl K u b:

xvV1l—x

k = lim ——— = Ilim l1-x = -o
o x o , CnegoBaTernbHO, FOPU3OHTamNbHbIE UMW HAKMOHHbIE ACUMMTOTHI
OTCYTCTBYIOT.

3. Bblumcnum ToukM nepecedeHus rpadmka yHKUMM C OocaMM KoopaMHAT M uccnegyem yHKUMIO Ha
YETHOCTb.
Ecnmy=0,Tox=1wunnx =0, To ectb umeem (1,0), (0, 0) — TOYKM nepecequMﬂ C OCSIMW KoopauMHaT.

—x)=—xq/1- (- = —xvl+x = y(x -y(x).

3HauuT, gaHHaa PyHKUMA He SIBMSIeTCA YETHOM U He SABMSIeTCA HEeYEeTHOW, TO MMeeM (hyHKUMo obLuero

MpoBepnM YeTHOCTb cbyHKu,MVI.

Buaa.

!

4. NccnepyeM MOHOTOHHOCTbL (PYHKLIMM C NOMOLLbIO y

y'= (xx/l—x)' =(x)’~'\/l—x+x-('\/l—x)l =1 l—x+x4;(1—x)’ =

241 - x

1 ' ' 1 1
= \/1—x+x~—((1) —(x) j—‘\/l—x+x-ﬁ(0—l)— \/1—x+x~2—:(—1):

e o i i) o 200

21— x 241 - x 241 - x 21— x 241 - x
2-2x—x 2 - 3x

21— x 21— x
2-3x=0, =3 x=-2,x=7,,
241 - x = 0 Oonda Bcex X U3 obnactu onpegeneHus.

y + -

y / 2/3\ 1 >0
Ha tex nHTepBan: , PyHKUKMA Bo3pacTaeT. [NoaTomy
WHTEpBan Bo3pac - dyHkumm: (Y3; 1) . B Touke x = %4
DYHKLMS NPUHUM: (+) max HaueHue:

10




N E_E\E_EL_Eiﬁ_E Vo _2vs
Ymo 05773 3 3V3 3 3 3 43 3 3 3 9

5. Ctpoum rpadpmk pyHKLUN, OTMETUB TOYKY SKCTPEMYMA U TOYKM NepeceveHnst ¢ 0CsiMM KoopauHarT.
YTOouHUM BUA rpaduka npy NoMoLLmM AOMONHUTENbHBLIX TOYEK:

y(0)=0-4/1-0 = 0;

y(l) =1v1-1 = 0;
&

0.5

05 05 2 ¥

05

3apaHua npakTuyeckomn paboTbl (Mo BapuaHTam)
Onpenenutb MPOMEXYTKM MOHOTOHHOCTU pyHKuMM (a, b) mo obpasuy, uccnegosatb (QYHKUMIO U
nocTpouTb rpacmk hyHKLMM (C) NO cXxeme UccreaoBaHus.

1. a) y = (x-3) (x-2), b)y:x4 —8x° -9, c)y:l/3 x> — 2x% -5;

2. a)y:x3—3x2+2,b)y:xs—x3+x+2, c)y:8x3—4x2+3;

3. a)y:(x2+x2 (x-2), b) y =5 x> —4x* , ¢) y = 6x°— 2x —41;

4. a)y=x"=x"+8, b)y=x>x*+x+2,¢) y=-2+x—4;

5. a)y=3x"—6x+5b)y=3x"+4x>+1,c) y=3x°— 4x + 5;

6. a)y=4ax -2 +3,b)y=23+3x* - 12x + 1,c) y = 8X°— X* + 7Xx — 2;
7. a)y=x'—10x*+9,b)y=x>x*+x+2,¢)y=- 7>+ x* = 3x — 1;
8. a)y=x4—4x3—8x2+3, bgy=3x3—9x2+2,c)y=x3—4x2+3x+1;
9. a)y=x5—x2+8,b) y=x/3+2x2—5x+4,c)y=-5x3+6x2—3;
10. a)y=x3—3x2+2, b)y=x5—x3+x+2,c)y=8x3—4x2+3;

11. a)y=x3—3x+2,b)y=2x3+3x2—1,c3y=6x3—8x+21;

12. a)g/zxgx2+ 3x + 2), b)y:x4/4—2x2— 14, c)y=2x3—4x+7;

13a)y =15 =120 x* =12 x, b) y = x> =3x* + 2, €) y = 7x°— 2x° + 3x — 1;
14a)y=x-3+2,b)y=x>x*+x+2,¢)y=8x>—4x*+ 3.

Tema. UHTEIPAIbI
Kaxxgomy  maTemaTudeckoMy  OEWCTBUIO  COOTBeTCTByeT obpatHoe emy pgenctBue. [Ons
anddepeHUnpoBaHusa cyllectsyeT obpaTHoe AeWcTBME — WHTerpuvpoBaHue. HyxHO pasobpaTtbca B
onpegeneHnn nepsoobpasHon And  @yHKkumMn  f(x), NOHATb HEOAHO3HAYHOCTb  HaXOXOEHWS
nepsoobpasHoOn, a 3aTeM crneayeT M3yduTb OnpefenieHve HeonpeaeneHHoro WHTerpana, OCHOBHblE
CBOWCTBa HeonpeaeneHHoro nHTerpana.

NMEPBOOBPA3HAA
®yHkuma F(x) HasbiBaeTcs nepBooGpa3Hom aAnsd dyHkumm f(x) Ha gaHHOM npomexyTke, ecnu Ans

nto6Boro x 13 aToro NPOMexyTKa F ) =10) , Wnwu, 4TO TO Xe camoe, al (1] n fl::l]rh'
HE)MM/ep. MepBooGpaszHon ans dyHkumm f(x) = X Ha Bcen Yncnoson ocu aensieTca F(x)= X2, NOCKOMbKY
(x°12) "=x.

OCHOBHBIE CBOUCTBA NEPBOOBPA3HbIX
Ecnu F(x) — nepeoobpasHas dyHkumm f(x), To n dpyHkumsa F(x) + C, rae C — nponsBonbHas NOCTOSAHHAS,
Takke saBnseTcs nepoobpasHon dyHKUMM f(X).
TEOMETPUYECKAA NMHTEPIPETALNA

11



Mpadukn Bcex nepBoobpasHbIX OAHOM U TOW Xe

% dyHKkumMn f(x OyayT nonydyatbCA OAWMH W3  APYroro

AN .

napannensHblM nepeHocom Baonb ocn Oy. U Takmx
= rpachmkoB OyneT 6ECKOHEYHO MHOTO.

HEOMPEQENEHHbLIW UHTEIPAN
MHoxecTBO Bcex nepBoobpasHbix F(X)+c  ana dyHkuum  f(X) HasbiBaeTca HeonpeaeneHHbIM

| Flx)dx
UHTerpanom n obosHavaercsa -~

I f(x)dx.

Takum obpasom, =F(x) + C, rge C — npon3BonbHasa NOCTOsIHHaA.

TABJIMLLIA UHTEIPAJTIOB
J-rh _l clergy = —1r1|51r11|+(:
J,(ﬁar,( nri =tgx+C;
COs™ X
J'l—rh: | | " | nr.{ =—ctgx+C:
X TR X
J‘ —+C' [%dr=la1ctgi—ﬂ':
' T xt+al I I
J Tdv=e* +C: [%m:il,lr_a e
Syt —as 2a |x+a
J-smuﬁ cosx+ J‘ —in |'_,(.2 R
J.cus.i'nf.r siny + C: a"c _ a:r:su1—+£
,,n' a
_lrfgldn = —1l1|L'l'.'.I!-i 1| +C

NMPABUNA UHTETPUPOBAHUA

Ir{f(:ﬁ.:)mh: = rxjf(:ﬁ.:)d:ﬁ.:. {a —const)
f (f(x) £ g(x))dx = J' F(x)dx + | g(x)dx

WHTErPUPOBAHUE METOAOM 3AMEHbLI MEPEMEHHON
CywHocTb 9TOro MeToda 3akfnwyaeTcd B TOM, YTO NyTEM BBEAEHWS HOBOW NepemMeHHoW
WHTErpMpoBaHns yaaeTcs CBECTW 3afaHHblA WMHTerparn K HOBOMY UHTerpany, KOTOpbIi CpaBHUTENbHO
nerko 6epeTtcst HenocpeaCTBEHHO.

[ F()d

[Ona HaxoxaeHns WHTErpana - 3aMeHdeM MNepeMeHHYH X HOBOW nepemeHHoﬁ u C nomMmoLlbro

r
v =i i v = (1)edi
noaCcTaHOBKU A }. OunddepeHuupya 3TO paBeHCTBO, MNOMNy4YUM @ (u)d . MNMopacraBnss B
noAbIHTErpansHoe BbIpaXXeHNe BMECTO X U dx UX 3Ha4yeHus, BblpaXeHHble Yepe3 u U du, nmeem

[ £ = | £(@G0)e @)= | FGodu

M3 crnocoOOB MHTErpupoBaHUS PEKOMEHOYETCS W3YyYuTb NUb HEMNoCPeACTBEHHOE WHTErpupoBaHue
(NnpvBeOeHne K OOHOMY WITM HECKOSbKMM TabnMyHbIM WHTErpanam) u MeTon MOACTaHOBKM (3aMeHa
nepemMeHHoN).

Mpumepsbi:

12




3xt + 2% —5x+9 (. 5 R 3y} , -
J. LT Tﬂ T Ty J!El‘--j 2 40x? | dr =y 2 :1]11|:L'||9T—-c
x4 L X J 3 -1
. 9
=x*+2x—A5ln|x|-=+¢
1. X
4+ Y
2. Hantu ' ( ) .

_ L3
Cpenaem noacTaHOBKY t=4+x7. Hangem gudpdepeHuman obenx 4acter NoacTaHOBKM:

5 1
et 3];3{!1'1._ X (?r.‘{':?ﬂri".
oTKyaa CneposartenksHo,
5 3 1 1 1t 1 . 1 3 \5
| x*(4+x*) dx jr"-—dr —JI'IGTI ——te=—t+e=—la+x}) +e
v 3 3 3 5 15 15

dx , X .
———=arcsin-+ C,
Jlﬁ-x’ 4

3agaHuA npakTM4eckon paboTbl
Bonpochl Ans camoKOHTpPOnsi
1. Kakas pyHKumns HasbiBaeTCca nepBoobpasHon ans yHkumm f(x)?
2. [lanTe onpeaeneHvue HeonpeaeneHHoro nHTerpana.
3. MNepeuncnute OCHOBHbIE CBONCTBA HEONPEAENEHHOro NHTerpana.
4. Kakvum gencteMeM MOXHO NPOBEPUTb MHTErpupoBaHmne?
5. Hannwmnte ocHoBHbIE hOPMYIbl MHTErPUPOBaHMSA (TabnnyHble nHTerpansl).
Hangute HeonpepeneHHble MHTerpanbi:

| B3x* = 2x% +4x = S)d j(5x4+5x3_4}dx
l) = 6)
[(-113+51—3}d1 E(M—E-}fa:;w
2) 2
7)
3) | @x7 +1)’dx 0 [@x* +1) x2dh
4) [(31:+.‘b}13d1 roodx
9) S dx+ 1)
| (N"T + 3\-'{:};.1’1 F X e
5) - :
10)" 2x” +1
ONPEQENEHHbLIW UHTEIPAT
OnpegeneHHbiM uWHTerpanom ot dyHkumm f(x) Ha oTpeske [a; b] HasbiBaeTca npegen
kil . EJ _
2 S (€A Ax=—1
WHTErpanbHOn CyMmmbl *=1 npu " % e no

I f(x)dx = ymi FEDA
a T kel

, rae ok € [-T_i-_] . .1';.]
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CBA3b MEXAY ONPEAENEHHLIM MHTETPAJIOM U NEPBOOBPA3HOM
(POPMYNA HbIOTOHA-NNEUBHULIA)

[ns HenpepbIiBHON YHKLUK

A
[ r@ax=rin)

raoe F(x) - nepsoobpasHas ans f (x)

b= F(b)— F(a)

CBOWCTBA ONPEOENEHHOIO UHTErPAN

1| b b
_|'.*"'. f(x)dx =A -If{x}dx

3

b a
[FeOdx = [f(x)dx
a b

2| b b b
JURCO+ f200)dx =[f(0dx + [ (x)dx

P

b b
[f (x)dx =[f (x)dx + [f (x)dx

FTEOMETPUYECKUA CMbICI ONMPEAENEHHOIO MHTEIPAJIA

y=flx)

Mnowaab KpUBOMMHENHOW Tpaneuun, orpaHUYeHHOn
rpapMkoM  HernpepbIBHOW  MOSIOXUTEINbHOM  Ha
npomexyTke [a;b] pyHkummM f(X), OCbi0 X 1 NPAMBIMUM X
=aux=>b

b
§ = | f(0)a

Mnowanb KPMBOMMHENHOW Tpaneuun, orpaHUYeHHON
rpacpvkoM  HenpepbiBHOW  oTpuuaTtenbHOW  Ha
npomMexyTtke yHKUMK f(X), OCblo X U NPAMbBIMK X = a
mx=>b

§ = —_T F(x)dx

14



Ecnn dyHKUMS M3MEHSAET 3HaK Ha nNpomexyTke [a;b],
T0S

b
S, =8, = | f()ck

OnpeaeneHHbI UHTerpan LWMPOKO NMPUMEHSIETCA AN BbIYUCINEHNUS Pa3NUYHBLIX FreOMETPUYECKNX
1 hmandeckmx BennuuH. CriegyeTt pasobpaTbCs B CReayoLWmnx NPUNoXKXeHUsX onpeaeneHHoro nHTerpana:
- BblUMCIIEHME nJioLaam niockmx douryp (reoMeTpuyeckunii CMbICI onpeaesnieHHoro nHterpana);
- HaxoXaeHne obbema Tena BpalleHus;
- BblUMCIIEHME NYTK, NPONAEHHOro TOYKOM U CKOPOCTU Tena;
- BbluMCrieHne paboTbl CUIbI.
®U3NYECKUI CMbICN ONPEOENIEHHOIO MHTEMPANA

v Mpn NpAMONUHENHOM [ABMXEHUN nepemelleHue

o(t) CHIE
_ S UYNCNEHHO paBHO MNMOWAAN KPUBOMMUHENHOIA
Tpanewuun noa rpadMKoM 3aBUCUMOCTM CKOPOCTU

V oT BpemeHu t*
s ;

s=[V(yar

b

o~
[
o~
[ &)

BbIYUCIEHUE NNOWALENA U OB EMOB
C NOMOLWbIO ONPEOENEHHOIO UHTEIPANA

MNOWAAb ®UTYPHI,

OrpaHNYEeHHONW rpadmkamMmmn HenpepbiBHbIX PyHKUnA y= fi(X)
ny = fo(x) Takux, uto fo(x) =f,(x) Ans noboro rElae ,
roe a m B — abcunccbl TOYEK nepeceveHus rpadukos
PYHKUNR:

§=[(f,()~ AN

OBbEM TEJA,

NonyyeHHOro B pes3ynbTaTe BpalleHUa BOKPYr ocu X
KPUBOSIMHENHOW  Tpaneuun, orpaHuMyYeHHon rpadmkam
HEeMpepbIBHON U HeoTpuuaTtenbHOMm yHKuun y = y(X) Ha
oTpeske [a,b]

b
A o )
Ky =% _f Vo(x)dx
(4
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72 e T cin =1- () =
0 —mn// sin0=1-0=1

ﬁ:r:rsx dx =sin x| 5

4 0
5 5
Jdx =?jﬁ= TR =7 5-hl)=705-0)=7h5
51 % 1 4
3agaHuA npakTUu4yeckon paboTbl
Bonpochkl Ans caMOKOHTpoOss
1. anTe onpepenexHune onpeneneHHoro nHTerpana.
2. MNepeuyncnuTe OCHOBHbIE CBONCTBA OMpeaenieHHoro nHTerpana.
3. B uem 3akntovaeTca reomMeTprMYECKUn CMbICI ONpeaeneHHoro uHTerpana?
4. TpuBeanTte npuMepbl OU3NYECKUX U TEXHUYECKMX 3a4ad KOTOPblE MOXHO pewnTb C MOMOLLbHO
onpegerneHHoro nHTerpana.

Bbluncnurte on peneneHHblIe NHTerparnbl:

z = 1 .
l Sx’dx _[[Q‘“ + 1)
1) ! 6) -
toe b éx
[(6x —5x+4)ar [~
2) 5l 7 :(?1*]}
i
N1+ xdx; 1 .
3) ¢ 1[5”1-11 - X
g) ¢
= L
i aap+] ol
{ (;ﬁ— sin x) - € J >
Y. COE X 9) 9
4) i
[@-2x ) éx Pl 1o
5) 4 :T[ms: X sin® .1'} !
10) §

PA3[EJ1. OcHOBbI AUCKPETHON MaTeMaTUKun
OnemeHTbl Teopum MHoxecTB. Onepaumm Hag MHoxecTBamu. KomOGuHaTopuka. OnemeHTbl Teopuu
rpacos.
MpakTnyeckue paboTbl: BuinonHeHue onepayuu Had MHOXecmeamu.
Tema. AneMeHTbl TEOPUUN MHOXECTB
MeToaunyeckue ykasaHusA
OfHUM M3 OCHOBHbIX MCXOOHbLIX MOHATUA B MaTeEMaTUKe SBMNSETCA MOHATME MHOXECTBa U ero
anemeHToB. OcHOBaTenb Teopun MHoXecTB 'eopr KaHTop gan cnegywollee onpegeneHne MHOXeCTBa:
MHOXecmeo ecmb cobpaHue onpedernieHHbIX U passudHbix Mex0y cobol 06beKkmo8, MbICIIUMbIX Kak
eduHoe uerioe.
MHOXXeCTBO COCTOMT U3 aNemMeHToB. [MpnHaanNexXHoOCTb aNemMeHTa a MHOXecTBY A o6o3HavaeTcs
a € A; HEMpPUHaANEeXHOCTb afleMeHTa a MHoxecTBy A o0o3HavaeTca a ¢ Aunm a € A.
MHoxecTBO A HasbiBaeTcsi MoOMHOXecmaom MHOXecCTBa B (A < B, roe < 3Hak BkItodeHMs), ecnu
BCSIKUI anemeHT A saBnsieTcsa arnemeHTom B.
MuoxectBa A n B pasHbl (A =B), ectu AcBuB c A.
Ecrm A c B n A # B, To A HasbIBaeTCa cmpoaum usiu UCMUHHbIM rnodmMHoxecmeom B (A < <B,
3HaK CTPOroro BKMYEHUS).
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B maTemaTtuke paccMaTpvBaeTCsi MHOXECTBO, HE MMeloLlee 3MeMEHTOB. Takoe MHOXeCTBO
HasblBalOT nycmbiM W obosHavawT . lMpn atom & < A, T.e. NyCToe MHOXECTBO SBNSAETCH
NOAMHOXECTBOM Moboro MHoxecTsa A.

OObIYHO MHOXECTBO 3aJaeTcs ONMMCaHUMEM CBOWCTB 3M1EMEHTOB B HEro BXOAsAWMX. Tak, 3anunch
{x| S} uMTaeTcsa Tak: «KMHOXECTBO 3JIEMEHTOB X, 06MagatoLmx CBOMCTBOM S».

Onepauun Hag MHOXeCTBaMM.

Ob6beduHeHUem MHoXecTB A n B (A U B) Ha3biBaeTCs MHOXECTBO, COCTOSILLLEE U3 BCEX TEX U
TONbKO TEX 3IEMEHTOB, KOTOpble NpuHaanexar xotsa 6bl ogHomy u3 mHoxecTs A, B: A U B = {x| X e A
unm x € B}.

Mepeceyennem mHoxectB A n B (A n B) Ha3biBaeTCa MHOXECTBO, COCTOsILEE U3 BCEX TeX U
TONbKO TEX 3NIEMEHTOB, KOTOpble nNpuHagnexatu A, nB: AnB = {x| x e Anx e B}

PasHocmbro mHOXeCTB A u B (A \ B) Ha3biBaeTCa MHOXECTBO, COCTOSILLIEE U3 BCEX TEX M TONbKO
Tex anemMeHToB A, KOoTopble He cogepxatcs B B: A\B = {x| x e Anx ¢ B}

Cummempuyeckol pazHocmbio MHOXeCTB A n B (AAB) Ha3biBaeTCa MHOXECTBO, COCTosLLee 13
BCEX TE€X U TONbKO TeX anemMeHToB A 1 B, koTopble cogepxaTtcst TONbKO B OAHOM M3 3TUX MHOXECTB, TO
€CTb He coepxaTcs B ux nepeceveHun: AAB = {x| x (AuB)\(AnB)}.

Myctbe E — yHusepcanbHoe MHOXecmeo, Takoe 4YTO BCe pacCMaTpuBaemble MHOXEeCTBa
ABNAOTCA ero nogmHoxecTsamu. [lononHeHnem (o E) mHoxecTBa A (A ) Ha3blBaeTCA MHOXECTBO BCEX

3M1EMEHTOB, He NpuHaanexawmx A, Ho npuHagnexawux E: A=E\A
Mpumep. A n B — yucnosslie npomexyTtku, A = (0,5; 7]; B = [3; 8,7); E=[0; 10].

Haiimu: AUB; AnB; AAB; A\B; B\A; A; A ; B

PeweHue. B obbegmHeHe WA B BonayT Te 1 TOMbKO T€ Yncna (TOYKU OCK), KOTOpble BXOAAT XOTH Obl B
OOWH U3 3TUX ABYX MPOMEXYTKOB; MOMy4yaeM MpOMEXYTOK YMCIOBOW OCW, rAe LUTPUXOBKAa BCTpeYvaeTcs
XxoTs Obl oguH pas, T. e. Au B = (0,5;8,7).

B nepeceyeHve NA B BomayT Te U TOMbKO Te Yucna, KOTOpble BXOAAT B 006a MpoMexyTKa: Nno3aTtoMy
BbIOMpaeM NPOMEXYTOK YMCITOBON OCU, FAe LWTPUXOBKA HAaHeCeHa ABaxabl, T. . A NB= [3;7].

MHoxecTBo A\B cogepxuT Te 1 TONbKO Te Yucna n3 A, KoTopble He BXOAAT B B: noatomy BbiGupaem ToT
U3 3alUTPUXOBaHHbLIX MPOMEXYTKOB MEPBOW OCK, KOTOPbIA HEe 3aliTpPMXOBaH Ha BTOponl, T. e.. =A B\
(0,5;3) . Touka 3 He BXOOMT B NPOMEXYTOK, T. K. Be3.

AHanornyHo, B\A = (7; 8,7).

CummeTpuyHasg pasHocTb AA B ecTb o6beguHeHmne A\B n B\A, T1.e. AA B= (0,5;3) U (7; 8,7) JononHeHne

A , obo3Havaemoe A , COCTOUT U3 T€X N TOJIbKO TeX TOYEeK yHUBEepCalribHOro MHOXXecCTBa I, KOTOpble HE

BxogaTBA , T.e. A= [0; 0,5] U (7; 10]. AHanornyHo, B= [0; 3) U [8,7; 10]
Tema. dneMeHTbl KOMOGUHATOPUKN
MeToaunyeckue ykazaHusi

MycTb MMeeTcss MHOXecTBO S = {si, Sy, ..., S,}. Habop anemeHTOB Sj3 , Si2 , ..., Sik U3 MHOXecCTBa S
HasbiBaeTcH Bbloopko obbema k (k-anemMeHTHON BbIGOPKON) M3 N 3NIEMEHTOB.

Bbibopka HasbiBaeTca yriopss004YeHHOU, ecrniv Nopsifok 3neMeHTOB B Hel 3agaH. WHadve BbiGopka
Ha3blBaeTCs HEYNOpPsiAO4YEHHOMN.

Tak >xe pasnuyaroT BeIGOPKM C MOBTOPEHMAMU 1 6€3 NOBTOPEHMI B 3aBUCUMOCTM OT TOrO, AOMYCKaeTCs
UNN He JOMycKaeTCcsa MOBTOPHOE BXOXAEHME B BbIOOPKY OOHUX M Tex xe anemeHToB. [lpumep 1. MycTb S
={1, 2, 3}. Torga (1, 1), (1, 2), (1, 3), (2, 1), (2, 2), (2, 3), (3, 1), (3, 2), (3, 3) — BCe BO3MOXHblE
ynopsaoyeHHble BbIDOPKM 06beMa ABa U3 TPEX ANIEMEHTOB.

BcakuiA  yCTAHOBMEHHbLIN B KOHEYHOM MHOXECTBE MOPSOOK HasblBaeTCcs repecmaHo8KoU €ero
anemMeHToB. Yncrno Bcex NnepecTaHoOBOK M3 N 3anemMeHToB 0bo3HavaeTcs P,

P,=n!=1234...(n-1)n

Pa3meuwjeHuemM 13 n aNeMeHToB Mo k HasbiBaeTcHa ynopsgoveHHas Bblbopka 6e3 noBTopeHun obbema
K 13 n-aneMeHTHOro MHOXeCTBa.

MockonbKy 3nMeMeHTbl Hallero MHOXecTBa S MNpPOHYMEpOBaHbl HEKOTOpPbIM 00pa3om, He ymanss
OBLWHOCTU MOXHO Ha3blBaTb pasMelleHMeM M3 N 3NeMeHToB Mo k ynopsigodeHHblr Habop w3 k
pasnMyHbIX YMCer, NpuHagnexawmux MHoxecTtsy {1, ..., n}.

F Bt
O60o3HauMM ~"* KOMMYECTBO Pa3NMYHbIX pasMeLleHunii ns n no k. A Gr— o
lMpumep 2. 1) MNycTb Ha 3K3aMeHe y NpenogaBaTensd N pas3nuyHbIX OUNeToB U coaBaTb MpuULIo k

-

cTyneHToB. Torga cywecTByeT poBHO ~ ' cnocoboB BblAaTb BCEM CTyAeHTaM MO OgHOMY GuneTy ans
NoaroTOBKM.

2)Mycte S ={1, 2, 3}. Torpa (1, 2), (1, 3), (2, 1), (2, 3), (3, 1), (3, 2) — BCE BO3MOXHblE pa3meLLeHs U3
Tpex anemMeHTOoB No ABa.
CoyemaHueM 13 n anemeHToB No k HasbiBaeTcs HeynopsgodeHHas Bolbopka 6e3 noBTopeHnin obbema k
M3 N-3M1EMEHTHOro MHOXECTBa.
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Kak u paHblie, MOXeM cunTaTb, YTO COYETaHMEM M3 N 3NEeMEHTOB Mo k Ha3biBaeTCca HeyrnopsgoYeHHbIN
Habop 13 Kk pa3nuyHbIX YMcen, NpuHaanexaiwumx MHoxecTBy {1, ..., n}. KonnyectBo coyeTaHunn us n no k

#l
E

*

0603HauYMM Gy : G2 Ki(n =)
lMpumep 3. 1) MNMpegnonoxMMm M3 N y4acTHUKOB CMOPTUBHOIO Kryba Ha COpEeBHOBaHWA LOIDKHbI MNoexaTtb

;
kakune-To k. Toraa umeetcst " pasnnyHbiX BO3MOXHOCTU cobpaTb KOMaHay.
2) Nycte S ={1, 2, 3}. Torga {1, 2}, {1, 3}, {2, 3} — BCE BO3MOXHbIE COYETAHNSA N3 TPEX SNIEMEHTOB MO
aBa.

3agaHuA npakTu4yeckon paboTbl

Bonpockl Ans caMOKOHTpoOss
1. Yto Takoe n-cpaktopmnan?
2. Yto Ha3biBaeTCsa nepectaHoBkamu? 3anuvwmre opmyny.
3. YTo HasbiBaeTcs pas3melleHnemM? 3anuwmnte doopmyny.
4. Y10 HasbiBaeTca coveTaHmem? 3anuwmnte dopmyny.
BbinonHuTe ynpaxHeHus:

1.Mycte E={1,2, 3,4} A={1,3, 4}, B={2 3}, C = {1, 4}. Haittn: a) 4L B: 6) A~ B:8) (BA)U C
2. Myctb A={1, 2}, B={2, 3}, C={1, 3}, Hantn: a) A uB U C; 6)An B n C; B)A\ (B L C); r)(A\B) U C;
A)(A v B)\(A n B).

3. M1306pas3nTb ¢ nomoLlbto guarpamm Jinepa — BeHHa cnegyrowme mHoxecTBa: a) AN B 0) A~ B; B)

AU & r) AU B.

4. O6cnepoeaHne 100 cTyoeHTOB By3a, M3yyalolMX pasfnyHble 12 MHOCTpPaHHble $3blkW, Aarno
cnegywoumne pesynbtaTthl: 28 YenoBek U3yyaroT HeMeLKuin A3blk, 30 YenoBek — aHMMUNCKUIA, 12 YenoBek —
PPaHUY3CKUA; HEMELKUA W aHImMUNCKMN — 8 4enosek; Hemeukun u dpaHuysckui — 5 yenosek;
aHrnunckun 1 dpaduysckun — 10 yenoeek; Bce Tpu s3blka — 3 4yenoseka. Onpegenntb, CKOMbKO
CTYOEHTOB U3y4aeT TONbKO OAWH MHOCTPaHHbIV S3bIK (HEMELKWUIA, aHTMUACKMIA, PaHLLy3CKUA); HE n3yyvaeT
HW OOHOrO MHOCTPAHHOIO AA3bIKa.

5. A n B — uncnosble npomexyTtku, |=[0, 10]. Hangute: AnB, AUB, A\ B, B\ A, AA B, A ,E ecnu: a) A

=[2,7),B=(1,5];6) A=[1,5],B=(2;8];8) A=[3;9),B=(2;4);1) A=[0;8],B=(3;9];8) A=I0; 8], B=
(3; 95, e) A=[1;4], B =(2; 6], x)A=[4, 9], B= (3, 5); 38) A=(7;9], B= [3; 8); n) A=[3; 6], B=(5; 7).

108! 316!
6. Bolumcnure: 1) 8 ; 2) A ; 3) 61(7!-31)
7.Bbluncnure: 1) Cl]-i ;2) C; + C;; 3) A]JJ
8. PewuTe ypaBHeHus: 1) 4 =42x; 2) "’1'.-3?“1 =5m(m+1)

Tema. Onepauun Hag MHOXeCTBaMu

Lenb: 3akpennuTb HaBbIKM OCYLLECTBMNEHUS oOnepaumMi Hag MHOXeCTBaMM, HaBblkM UCMOMb30BaHUS
anarpamm Jnnepa-BeHHa.

MNepea Havyanom 3aHATUA HEOOGXOAMMO 3HATb: MOHATUS MHOXECTBA, MOAMHOXECTBA, YHUBEPCANbHOro
MHOXECTBa, NepeceyeHnss MHOXECTB, 00beaNHEHNS MHOXECTB, Pa3HOCTU ABYX MHOXECTB U OOMNOMHEHUS;
noHATMe guarpamm dnnepa-BeHHa.

NMocne OKOHYaHUSA 3aHATUS HEOGXOAMMO yMeTb: HAaXOOUTb NepeceveHne, 06beanMHEHME, Pa3HOCTb U
OOMOSTHEHNE MHOXECTB, B TOM YMCIe C UCMONb30BaHMEM guarpamm dvinepa-BeHHa.

OCHOBHbIe TeopeTU4ecKue NosIoXKeHUsA U NPMMepbl PeLUeHUA TUNOBbIX 3aaHUM.

lMoHsimue mHo)xecmea. [ToOMHo)Xecmea.

MoHATME MHOXEeCTBa OTHOCUTCS K aKCMOMaTUYECKUM MOHATUAM MaTeMaTUKN.

MHOXeCTBO — COBOKYMHOCTb OMPEAENEHHbIX, Pa3NMiMMbIX Mexay cobol 06BHEKTOB, pacCMaTpuBaeMbIX
Kak eQuHoe Lenoe, u obnagarolas HEKOTOPbIM ODLLIMM CBOVCTBOM.

MmeeTcs Tpy BaXkHbIX MOMEHTA, XapakTepu3yloLmUx NOHATME MHOXECTBA:

1) ob6bekTbl, BXOOSALWME BO MHOXECTBO, ONpeAernéHHble — T.e. AN KaX40oro o6bekta MOXHO OAHO3HAYHO
ckasaTb, NPUHAAMNEXMUT N OH AAHHOMY MHOXECTBY UITN HET;

2) oObekTbl, BXOASLWMNE BO MHOXECTBO, Pa3NiMiMMbl Mexay coboi — T.e. BO MHOXECTBE HE MOXET ObITb
OBYX unu 6onee ogMHaKoOBbIX OOHLEKTOB;

3) Bce 0ObeKTbl, BXOAsWME BO MHOXECTBO, MbICMSATCA Kak €OMHOe Lenioe — T.e. BO MHOXeCTBe
abcTparnpytoTcsl OT CBOWCTB OTAENbHbIX OOBEKTOB, HO FOBOPST 00 oOLieM CBOWMCTBE MHOXECTBA, Kak
€AMHOro Lienoro; Takoe obLiee CBOMCTBO Ha3blBaOT XapakTEPUCTUHECKUM.

Hanpumep, MOXHO rOBOPUTL O MHOXECTBE BCEX KHUT AaHHOW OMGNMOTEKM, MHOXECTBE BCEX BEPLUMH
OAHHOrO MHOrOYronbHMKa, MHOXECTBE BCEX HaTyparbHbIX YACES, MHOXECTBE BCEX TOYEK JaHHOW NPSMON.
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MHoxecTBa 0603HA4alTCA MPOMUCHBIMM OykBaMu naTtuHckoro andgasuta: A, B, C, Dun 1.4. OO6bEKTHI,
BXOAsLLME BO MHOXECTBO, Ha3bIBalOT 3fIEMEeHTaMMm.
Hanpumep:
— MHOXeCTBO OykB pycCKoro andgaButa;
— MHOXECTBO HaTyparbHbIX YUCer;
— MHOXEeCTBO CTYAEHTOB, cuaaLmx Ha 1-m psagy.
MHOXecCTBO, COCTOsILEee U3 KOHEYHOrO YMcna 3NeMeHTOB, Ha3blBaeTCA KOHEeYHbIM, B NPOTMBHOM crny4vae
MHOXeCTBO Ha3blBaeTCs 6eCKOHeYHbIM. MHOXECTBO MOXET codepaTb U BCEro NUlib OOWH 3MEMEHT.
MHOXeCTBO, He codepallee 3NIEMEHTOB, Ha3biBaeTCs NYCTbIM 1 0603HavaeTca @.
MHoxecTBa A n S;, paCCMOTPEHHbIE Bbille, — KOHEYHbIE, @ MHOXeCTBO N — 6eckoHeuHoe.
MprHagNexXHOCTb ANeMeHTa MHOXECTBY 3anuCcbiBaeTCs 3HA4YKOM €. Hanpumep:
— OykBa «63» NpUHagnNeXuT MHOXecCTBY ByKB pycckoro andaeuTa;
— OykBa «b6eTay» He NpUHAANEXUT MHOXeCTBY BYKB pyccKoro andasuTa;
— 4yncno 5 NpUHagNeXxuT MHOXECTBY HaTyparbHbIX YnCen;
—y4uncno 5,5 — He NPUHAANEXNT MHOXECTBY HaTyparbHbIX YUCErT;
— Bonbgemap He cugut B nepBom psaay.
Takum o6pasom, ecnum MHOXECTBO COAEPKUT KOHEYHOE YMCO 3MEMEHTOB, TO OHO MOXET OblTb 3agaHo
nepeyncrnieHnemM ero anemeHToB. MHOXeCTBO MOXeT ObiTb Tawkke 3agaHO npu MNOMOLM npaswna,
NMO3BOSSAIOLLIEr0 ONpeaenuTb, ABMSETCA N AaHHbIN OOBHEKT 3IEMEHTOM MHOXeECTBa unu Het. Npn 3anucn
npaeuo, 3agarLLee MHOXECTBO, OTAENAETCHA BEPTMKANbHON YePTON NN ABOETOUMEM.
Hanpumep,
1) — MHOXeCTBO uumcen, nNpuvHagnexawux oTpesky (nogpasymeBaeTCsi MHOXECTBO OEeNCTBUTENbHbIX
yncern, KOTopble NePEYNCIUTL Yepes 3ansaTyr y)Ke HEBO3MOXHO);
2) — MHOXECTBO pauuoHarnbHbIX 4YWUCEM, TO €CTb, YMCEN, MpeacTaBuMbiX B Buae Apobu C uensiMm
ynucrnmTenem u HatyparnbHbIM 3HaMeHaTeneMm.
MHoxecTBO B HasbiBaeTCs NOAMHOXECTBOM MHOXECTBA A, €Cnn KaxabIi 3anemMeHT MHoXecTBa B
O[IHOBPEMEHHO SBNAETCA aneMeHToM MHoxecTBa A. MHbiMM crnoBamu, MHoXecTBO B copepxutcsa Bo
MHOXecTBe A: . 3Ha4OK Ha3bIBAKOT 3HAYKOM BKITHOYEHUS.
Hanpumep:

1. A — 3ato MHOXecTBO BykB pycckoro andasuta. O6o3Haumm yepe3d C — MHOXECTBO €ro rmacHbIX

OykB, kKOTOpOEe DyaeT NogMHOXECTBOM MHOXecTBa A. Torga: .
2. [lyctb 3apgaHbl MHOXecTBa A = {1, 3, 5, 7} n B = {3, 5}. OuyeBungHo, 4to B ecTb nogmHOXeCTBO A,
T.e..

3. MHoxecTtBO N HaTypanbHbIX YMCen ABNAETCS NOAMHOXECTBOM MHOXECTBA Z LernbIX Yucen
M3 onpepeneHvs NogMHOXeCTBa crieqyeT, UYTo Moboe MHOXECTBO SIBNSIETCA MOOMHOXECTBOM CaMoro
cebs, T. e. cnpaBegnnBoO yTBepxaeHue . [oBopAT, 4To A — camoe LwKnpokoe nogmHoxecTso A. Myctoe
MHOXECTBO ABMAETCS NMOAMHOXECTBOM N0OOro MHoXecTBa. [ycToe MHOXECTBO SIBNSIETCA CaMblM Y3KUM
NOAMHOXECTBOM JI0O0ro MHOXECTBA.
3admkcMpoBaHHOE KakMM-nnbo 0b6pa3om MHOXECTBO OO BLEKTOB, JOMYCTUMbIX MPU AaHHOM PacCMOTPEHMUN,
Ha3blBalOT YyHUBEpcallbHbIM  MHOXeCcTBOM (6a30BbIM ~ MHOXECTBOM,  OCHOBHbIM  MHOXECTBOM,
yHuBepcymom). YacTto ob6osHavaeTcs U.
MHoxecTBa A 1 B cumtaloTca paBHbIMKW, €ClM OHU COCTOSAT U3 OAHUX U TEX Xe 3reMeHTOB. PaBeHCTBO
MHOXecTB 0603HavatoT Tak: A = B.
Onepayuu Had MHo)xecmeamu. [Juazpammbl linepa-BeHHa.
MepeceyeHnem MHOXeCcTB AM B  HasblBaeTca  MHOXECTBO, COCTOsllee U3 BCeX 9reMEHTOB,
npyvHagnexawmx n MHoxecTtsy A 1 MHoxecTBy B. O6o3HauvaeTcs .
O6beguHeHnem MHoXecTB A u B HasbiBaeTcs Takoe MHOXECTBO , KaXabli SNEMEHT KOTOpPOro
copepxuTtcsa xoTst 6bl B 04HOM M3 MHOXecTB A unm B. O6o3HavaeTcs .
Pa3HocTblo ABYyX MHOXecTB A 1 B Ha3sbiBaeTCs MHOXECTBO , cofepallee nullb Te aNeMeHTbl U3 A,
KoTopble He BxoaaT B B. O6o3HavaeTcs .
Ecnn mHoxecTBO B — nogmHoXecTBo MHoOXecTBa A (), TO pa3HOCTb Ha3biBaeTCH AOMOSIHEHMEM KB B
MHoxecTBe A. O6o3HauvaeTcs .
[ononHeHnem MHoxecTBa A MO OTHOLWIEHUKO K YHMBEpcaribHOMY MHOxecTBy U eCTb MHOXECTBO
COCTaBJfIEHHOE U3 BCeX Tex aneMeHToB U, KoTopble He HaxoadaTca B A
MpakTnyeckas 4YacTb.
3adaHus ebinonHsaomes no eapuaHmam, 3adaHHbIM riperiodasameriem.
3apaHune 1. Obpa3syviTe BCe NOAMHOXECTBa MHOXecTBa bykB B CrioBe.
BapuaHT 1
BapuaHT 2
BapuaHTt 3
«pynb»
«hapbi»
«ONCK»
3apaHue 2. [laHHble MHOXeCTBa 3aaTh NepeyncrieHnemM Bcex CBOMX 3NeMEHTOB.
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BapuaHT 1
BapuaHT 2
BapuaHTt 3
A={xeR|x*-3x*+2x=0}.
A={x€eZ|<2"<5}
A={xeN|x*-3x-4<0}
3apaHue 3. [JaHbl MHOXecTBa A 1 B. Hantu: ANB, AUB, A\B, B\A, .
BapuaHT 1
BapuaHT 2
BapuaHTt 3

a)

A, BcZz
A={1;2;5;7;,9;11}

B ={1;4,6;7}

A, BcZ

A ={3;6;7;10}

B ={2;3;10;12}

A, BcZ
A={1;2;5;7;9;11}

B ={1,;4,6;7}

0)

'c::_"
-~ =
—

3 >>0W>

>>>>p
wllwllw

,BSR
A=[4;7),B=]3; 6]
3apaHue 4. Micnonb3ya anarpammel Qunepa-BeHHa gokasaTtb TOXOECTBO.
BapuaHT 1
BapuaHT 2
BapuaHT 3
A\(B U C) = (A\B) N (A\C)
AU (B\C) = (AN B)\C
AU(B \C) = (ANB) \ (ANC)
HononHumenbHbie 3a0aHus:
PelwwmTe 3agady ucnonbsys kpyrn dunepa: B rpynne aHrmuncknin a3blk nsyyarTt 15 CTyaAeHTOB, HEMeLUKui
— 10 ctygeHTOB, a paHuy3ckuini — 5, npuyem 3 CTygeHTa U3y4alT OAHOBPEMEHHO aHrMUUACKUN U
HEeMeLKUA A3blku, 2 CTygeHTa M3y4yaltoT OAHOBPEMEHHO aHIMUWCKUA 1 paHLy3CKuA A3blkn, 1 CTygeHT
n3y4yaeT OQHOBPEMEHHO (PPaHLY3CKMN U HEMELKUIA A3blkN. CKONbKO BCEro YErOBEK B Knacce M3yvaroT 3Tu
WHOCTpPaHHble A3blkM? CKOMbKO YernoBeK U3y4alT TOMbKO aHIMUACKUA  A3bIK?  HEeMEeUKUA A3bIK?
dpaHLy3CKni A3bIK?
PA3LEJ. dnemeHTbl NMHeNHOMN anre6pbl

Tema. MaTtpuubl 1 onpegenuTenu

OcHOBHbIe onpepeneHusi

o m xn
MaTtpuuen pasmepa HasblBaeTcs NpsiMoyronbHasa Tabnuua yncen, cogepxallas m

ctpoku N cron6uos. Yncna, cocTaBnsolme MaTpuLy, HasbiBalOTCA sNeMeHTamu MaTpuLbl.
MaTpuubl 0603Ha4aTCs NPONUCHBIMK (3arnaBHbIMK) GyKBaMu NaTUHCKOro andasuTa, Hanpumep, A,
B, C, ..., a Ansa 0603HaYeHns1 SNIEMEHTOB MaTpULbl UCMOMNb3YIOTCHA CTPOYHbIE BYKBbI C ABONHON

nHAekcaunen: a . rAe i - HOMep CTPOKM, | - Homep cTonbua.
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(au a12 alj aln)
‘ aZl azz az; a2n |
| |
R o
A =
mxn ‘ ail ai2 aij ain |
\ |
‘ cee . |
Laml a,, - Ay, . aan
U1 B COKpaLLeHHOW 3anmcu, A = (aij ); i=12,...,m; j=12,...,n.
7 0 -3
Hanpuwmep, A= . Hapsagy ¢ kpyrnbimy ckobkamum ncnonb3ylTcsa u gpyrue

2x3 |3 =5 8

0603Ha4eHns matpuubl: [ |, || ||

Ose matpuusl A u B opnoro pasmepa HasbiBaloTcs paBHBIMM, €GN OHM COBMAAAKOT
aij:bij |=1,2,m, j=1,2,...,n.
NO3NEeMEHTHO, T.€. Ans noobbix
Buabl matpuu. MaTtpuua, coctosLas ns ogHOW CTPOKK, Ha3biBAeTCA MaTpPULLEA-CTPOKOMN
(BeKTOpOM-CTpPOKOM), a N3 0gHOro cTonbua — MmaTpULen—cTon6LuoM (BEKTOPOM-CTONGLIOM):

[P ]
| by |
| - mMaTpuua-ctonbed,.

B = |
mel J
MaTpuua HasbiBaeTcs KBagpaTHom N -ro nopsiaka, ecrnm Yncno eé CTPoK PaBHO YMCHy CTONBLOB 1

paBHoO N.
(—1 7 4 W

Hanpumep, A=| 0 5 -7 | -kBajgpaTHas Matpuua TpeTbero nopsiaka.

s+ s 3

OnemeHTLI MaTpULbl @ , Y KOTOPbIX HOMep cTonbua paBeH HoMepy cTpoki (i = j), HasbiBatoTCA

A=(a,a,,..,a,)- MaTpULa-CTPOKa;

AvnaroHanbHbIMU U o6pa3yr0T rnaBHyrO guaroHanb MaTpuubl. Ons KBa,D,paTHOIZ MaTpuLubl rMaBHYHO

118y e, @

anaroHarsb O6pa3YIOT 3NIEMEHTbI a Ecnu Bce HeamnaroHasnbHbl€ 31EMEHTDI KBaD,paTHOVI

(6 0 OW

MaTpuLbl paBHbl HYNO, TO MaTpuLUa HasbiBaeTcs AuaroHanbHown. Hanpumep, A=| 0 10 0| -

lo o -8
anaroHarnbHaa MaTtpuua TpeTbero rnopsanka.
Ecnu V4 AuaroHanbHou MaTpuubl n -ro nopsaaka Bce gunaroHalbHble 311IeMeHTbl paBHbl eAnHuULE, TO

nn *

maTtpuvua HasblBaeTcs eauMHMYHOM matpuuein N -ro nopsiaka, oHa o6o3HavaeTcs 6yksow E .

(100}

Hanpumep, E =|0 1 0] -eAnMHNYHasd MaTpuLa TpeTbero nopsaaka.

lo o 1]

Onepauuu Hapg maTpuuamMm.
YMHOX€eHMe MaTpuubl Ha YUCno

I'Ipousae,quMeM MaTpuLbl A Ha yncno % HasbiBaeTcA mMaTtpula B=oaA , QNIEMEHTbI KOTOpOVI

bij=OLa.ij i=1,2,...,m; j=1,2,...,n
npu . Hanpunwmep, ecnu
-2 4 -10 20
A= , To bA =
3 8 15 40
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CneactBue. O6LWMIA MHOXUTEND BCEX 3NIEMEHTOB MaTpuLbl MOXXHO BbIHOCUTb 3a 3HAK MaTpuLibl.

20 12 6 10 6 3
=2
52 2 0 26 1 0
Hanpumep,
B yacTHoCTW, NpousBeaenne Matpubl A Ha uncno 0 ecTb Hynesas MaTpuua, T.e. 0-A=0
. A u B
CnoxeHue matpuu. Cymmon Asyx maTpul, OIMHaKOBOro pasmepa
m x n C=A+8B VCij=aij+bij
HasblBaeTCca Matpuua , 9NIEMEHTbI KOTOPON npu
i=12,....,m; j=12,...,n
(T.e. MaTpuLbl CKNaabIBAOTCH NO3MNEMEHTHO).
2 3 0 0 1 -4 2 4 -4
A = : B = : C=A+B-=
6 5 6 2 5 1 8 10 7

Hanpumep,

B yacTHom criysae A T O = A:

BbiuntaHue mMaTpul. Pa3HocTb AOByX Matpul OOMHAKOBOro pa3mepa onpenerndeTcd 4yepes

. A-B=A+(-1)B.
npegbiaylwime onepauuu:
YMHOXeHue maTpul. YMHOXeHMe MaTtpuubl A Ha matpuuy B onpegeneHo, korga umcno ctonbuos
nepBor MaTpuLbl pPaBHO 4YWCIly CTPOK BTOPOW.
A B C

mxk kxn mxn

Torga npou3seaeHnemMm maTpuy Ha3blBaeTCd Takada MmaTtpuua , Kakobln anemMeHT

C. .o
koTopon ! paBeH cymme NpOM3BEAEHMIA 3NEMEHTOB i-i CTPOKM MaTpuLbl A Ha COOTBETCTBYHOLLNE

anemeHTsl 1 -ro cTtonbua matpuupl B:

k
c,=a,b,+a,b,, +...+a, b, =>ab,, i=12,...m; j=12..,n
s=1

A-B
Mpumep. Bolumcnutb NnponssegeHne matpuy, ,

(3 0 1)
-1 0 2
A= , B=| 5 4 4].

3 4 0
-2 o 1]
roe

PeweHune. Harigem pasmep maTpuubl-nponssBedeHns (€Crv yMHOXeHue MaTpul, BO3MOXHO):
A-B=C

2x3 33 2x3  BpIYUCMIMM SMNEMEHTbI MaTpuLbl-NponsseaeHnsa C, yMHOXast SNeMeHTbl Kaxaon CTPOKK
mMaTpuubl A Ha COOTBETCTBYIOLLME 3eMeHTbl cTonbuos MaTpuubl B cnegytowmum obpasom:

) [(—1)-3+0-5+2.(—2) (-1)-0+0-4+2-0 (-1)-1+0-4+2-1
N7

3.3+4.5+0-(-2) 3-044-4+0-0 3-.1+4-4+0-1

29 16 19

MHorue cBoincTBa, NpucyLLMe onepauusam Hag Yucrnamu, cnpaseanuebl U ANs onepauni Haa
MaTpuuamu (4To cnegyeTt U3 onpeaeneHnn aTux onepauuii):
1. A+B=B+A. 2. (A+B)+C=A+(B+C). 3. a (A+B)=a4 + aB.
4. A(B+C)=AB+AC. 5. (A+B)C=AC+BC. 6. (4B )= (ad)B = A(aB).
7. A(BC)=(AB)C.

OpgHako uMelTCs U OTNUYUS.

a) Ecnu nponseepeHue matpuy AB cyLLecTByeT, TO NOCIe NEPECTAHOBKA COMHOXUTENEN MecTamm
npovsseneHne matpuy, BA  MoXeT n He cywecTBoBaTb. [leCTBUTENLHO, B MpUMepe NosnyyYnnu

npoun3segeHne matpul A axs’ B, ,, anpoussedeHve B, -4 He CyLleCTBYeT, TaK KakK 4YMCro

-7 0 1
Monyyaem C = [ ] .

2x3

cTonbLoB NepBor MaTpuLbl He COBMazaeT C YUCIIOM CTPOK BTOPOM MaTpuLibl.
0) Ecnu gaxe npousseaeHs AB u BA cylecTByOT, TO OHM MOTYT ObITb MaTpULamMmm pasHbix
pasMepoB.
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B) Korga o6a nponssegeHus AB n BA cywecTtBytoT n o6a — maTpuLbl OAMHAKOBOro pa3mepa (3710
BO3MOXHO TOJIbKO MPU YMHOXEHMUN KBagpaTHbIX MaTpuy, A u B ogHoro nopsigka), KOMMyTaTUBHbIN

(nepemMecTUTENbHbLIN) 3aKOH YMHOXXEHUS, BOOOLLe rOBOPS, He BbINOJIHAETCS, T.€. A-B=#B-A.
B yacTtHOM cnyyae kKOMMyTaTUBHbIM 3aKOHOM ObnafaeTt npousseaeHve nobor kKBagpaTHON MaTpulbl

An -ro nopsigka Ha eavMHuYHy0 MaTpuly E Toro e nopsigka, npudem aTo npomnssefeHue paBHo A:
AE=EA=A.
Takvm 00pas3oM, eaAnHMYHas MaTpuua UrpaeT npyu YMHOXEHUN MaTpuL, Ty Xe porib, YTO M Yncro 1 npu
YMHOXEHUN Ymcer.

r) NponsBeaeHne OBYX HEHYNEBbLIX MaTPUL, MOXET PaBHATLCS HYNEBOW MaTpuLe, T.e. U3 TOro, 4YTo
4-B=0, e cneagyet , yto A=0 nnn B=0.
Bo3BeneHue B cTeneHb. Llenoit nonoxurensHom cTeneHblo 4" (m > 1) KBagpaTHOW matpuubl A
Ha3blBaeTCs NPoOM3BEAEHNE M MaTpuL, paBHbIX A, T.e.
A" =A-A-... -A.

3ameTum, 4To onepaunda Bo3BeeHnda B CTeENEHb onpeaendeTca TONIbKO ANA KBagpaTHbIX MaTpul,. Mo
1

A =E, A'=A

onpegeneHnto nonararoT ) Heprﬂ,HO NMoKa3aTb, 4YTO
Am'Aszerk, (Am)szmk
, -1 2
A", roe A =
8 4

Mpumep. Hantu
-1 2)(-1 2 17 6

>
Il
Il

8 4 8 4 24 32
PeweHune. Heobxoanmo 3ameTutb, YTO U3 paBeHCTBA

4" = O eue He creayeT, 4To maTpuua A=O.
TpaHCNOHUPOBaHME MaTPULIbI — NEPEXOA OT MaTpvLbl A K Matpuue A | B KOTOPOI CTPOKU 1

’
cTonbubl NOMEHSANUCL MeCcTamMm C COXpaHeHunewm nopsaaka. ManVILI,a A Ha3blBaeTCA
TpaHCI'IOHVIpOBaHHOﬁ OTHOCUTEJIbHO MaTpuLbl A:

(an a, .. aln) (an a, .. amlw

| a21 a22 a'2n | | 12 22 m?2 |
- |

A—| |, A’:
kaml a, ., . aan kaln a,, .. aan

m xn
7! onpepeneHna cnegyet, 4YTto ecrnn maTtpuua A unmeert pa3mep , TO TpaHCno- HWpoBaHHaA

A/ xm.
mMaTtpuua nmeeT pasmep
7
7 2 -3 ’
A2><3: 4 5 6 ; A3><2:|L2 5|
-3 6J
Hanpuwmep, B nutepatype BcTpedaioTcs "

T
[pyriie 0603HaYEHIS TPAHCTIOHMPOBAHHOM MaTPULLI, Hanpumep A -

OnpeaenuTtenu KBagpaTHbIX MaTpuy,
HeobxoamMmocTb BBeAEHUSI ONpeaenuTens — Y1cna, XapakTepusytoLlero keagpaTtHyto Matpuuy A,
TECHO CBSI3aHO C PeLLEeHNEM CUCTEM MUHENHbIX YPaBHEHWIA.

A, A
Onpepgenutens matpuubl A 0603Ha4aeTcs | | unu det A.

A=(a,)
Onpepenurtenem maTpuvubl NepBOro nopsigka u

A =|al=a

, VN onpepgenuTenem nepBoro

A = (8)

a
nopsigka, HasblBaeTcs afieMeHT 1 : 1 Hanpumep, nyctb , Torga

AI:‘A‘:8.
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A =la.
Onpepenurtenem maTpuubl BTOPOro nopsiaka ( I ), uUnu onpegenurtenem BTOpPoro
nopsigkKa, HasblBaeTCsl YACIO, KOTOPOE OTbICKMBaAETCs No oopmyne

a11 alZ - 2 8
AZ:‘A‘: =apd, —apady, A= . 5 |
a a
a 2 Hanpumep, nycTb
-2 8
A2=‘A‘= =-2.5_-8.1=-18.
1 5
Torga
(all a12 a13 \]
A = | a 21 a 22 a 23 |
La a a J
MMycTb AaHa kBagpaTHas maTpuLa TpeTbero nopsaka 81 32 B/

A =\a_
OnpepenuTtenemM mMaTpuubl TpeTbero nopsgka ( ! )
nopsAka, Has3blBaeTCs YMCIIO, KOTOPOE HAXOAMTCS Mo hopmyse

, N onpegenutenem Tpetbero

1 4 2
Mpumep. Boluncnnte onpegenutens TpeTbero nopsiaka
2 1 2 1 2 2
A=1- -(-1)- +3- =1-0+1-3+3-6=21.
4 2 1 2 1 4

PeweHue.
OnpegenuTens TpeTbero nopsgka yaobHo BbIYMCHATE NO NPaBuy TPEyronbHUKOB (MK No npasuny
Cappyca). Nokaxem 3TO Ha cxeme

o o o [ o o o o o o o ° o o ° o (] o ° o o
o o ol = |o o o| 4+ |o o o+ |® o ol — |o o ol — (@ o ol — |o o °
o o o o o [ ° o o o ° o ° o o o o (] o [] o
Hanpuwmep,

1 2 3

-1 0 1|=1-0-5+2-1-2+(-1)-4-3-2.0-3-(-1)-2-5-4-1-1=
2 4 5

=0+4-12 -0+10 -4 =-2.
MuHopoMm M , anemeHTa a, maTtpuubl A N-ro nopsiaka HasblBaeTcs onpeenuTens MaTpuubl (n-
1)-ro nopsigka, Nony4eHHOM U3 MaTpuubl A BblYepKMBaHWEM i-1 CTPOKKU 1 j-ro ctonbua. Hanpumep,

a
MUHOPOM 3fieMeHTa ~ 12 maTtpuubl A TpeTbero nopsiaka oyoer

a,, QA
@y Ay
M, =la, a, ay|= = A, 05 T A5 dy
Ay dg
a a a

2
Kaxxgast MaTpuua n-ro nopsigka umeet N MuHopos (n-1)-ro nopsigka.
Anre6pan4eckum AONOMHEHNEM 4, dIEMEHTa a, MaTpuLbl N-ro NopsiAka Ha3blBaeTcs ero MUHoP,

A =(-1)"M™

i+]
~ - 1 . M ?
B3SITbI1 CO 3HAKOM ( ) ! ! 1.e. anrebpaunyeckoe gononHeHne coenaagaeT ¢
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i+ ]
MMHOPOM, €Cfi CyMMa HOMEPORB CTPOKM 1 ctonbua ( J ) - YETHOE YUCIIOo, M OTNIMYAETCs OT MMHOpa

3HakKoMm, ecrin (I * J) - He4YeTHoe 4ncno. Hanpmmep
A, =(-1)"M_ =-M A, =(-1)"M_ =M

23 23 237 31 31 31’
I'Ipumep. Hantu anre6paMHeCKme OO0NoJIHeHUA BCEX 3J1IEMEHTOB MaTpuULbl

(1 -1 3)

A=|2 2 1]

1 4 o

PewweHue

Aﬂ:(_l)mj ; =0; A, =(—1)Mi ; =-3; A, =(_1)1*3i j -6
A, =(-1)" 41 z=14; A, =(- )2*21 z:—l, A, =(- )2*31 _41:_5,
Ay =(-1)" _21 j --7; A, =(-1)" ; j =5 A_=(-1)" ; _21 - 4,

Onpegenutenem  KBagpaTHoOW MaTtpuubl A N-ro nopsigka  HasblBAeTCs YUCIO, paBHOE CymMe
Npon3BeAeHU 3NeMeHToB 1-1 CTPOKM Ha KX anrebpanyeckue JONONHEHWs:

n
A=a, A, +a,A, +...+a A = z a A g
s=1 (pasnoxeHune no anemeHTam 1-n cTpokm).
Tak, Hanpumep, BblYUCIIEHNEe onpeaennTenst 4-ro nopsiaka CBeAeTCS K BbIMUCIEHMWIO YeTbipex
onpeaenutenen 3-ro nopsiaka.
3HaHMe CBOWNCTB onpeaenuTeneit No3BonuT n3bexaTb rpPOMO3AKUX BblMUCIIEHWIA.

CBoucTBa onpegenuTtenen
1. Ecnu kakas-Hubyab cTpoka (cTtondel) MaTpuubl COCTOUT U3 OOHUX HYMEN, TO €€ onpeaennTernb
paBEeH HynH.
2. Ecnu Bce anemeHTbl kakon-nnmbo cTpoku (cTonbua) MaTpuLibl YMHOXUTL Ha vucno & | To eé
onpegenuTenb YMHOXMWTCA Ha 3To Yncrno & .
3ameyaHue. 3a 3HaK onpefenuTens MOXHO BbIHOCUTb OBLLMI MHOXWUTENb MOGON CTPOKK MK
cTonbu; 3a 3Hak MaTpuLbl MOXHO BbIHOCUTb OOLLUIA MHOXUTENb NIULLL BCEX SNIEMEHTOB.
) BN
3. [lpu TpaHCNOHMPOBAHMM MAaTpULbI €€ OnpeaenuTenb He N3MEHSETCS:
4. Tlpn nepectaHoBKe ABYX CTPOK (CTONGLOB) MaTpuLUbl €€ onpeaenuTens MEeHseT 3HaK Ha
NPOTUBOMONOXHbIN.
5. Ecnu anemeHTbl ABYX CTPOK (CTONGLOB) MaTpuLbl NPOMOpLMOHanbHbl ( B 4acTHO-
CTW, paBHbl), TO €€ onpeaenuTens paBeH HymHo.
6. Onpepenutenb KBagpaTHOW MaTpuLbl paBeH CymMe Npou3BeaeHnin aNeMeHTOB ntobon eé

n
A= z a is A is *
CTPOKK (CTOJ'I6LI,8) Ha nx anreramquKMe AOOonornHeHund, T.e. s=1

7. Cymma npousBeaeHuin 3N1IEMEHTOB Kakon-nmbo cTpokun (cTtonbua) maTpuubl Ha
anrebpaunyeckre OOMOSTHEHUS 3NIEMEHTOB APYron CTPOokM (CTonbua) 3Ton MaTpuLbl paBHa HyIHO, T. €.

n
YaAs=0 mpn i#]
S=1 i
8. OnpegenuTens MaTpULIbl He M3MEHNTCA, CNK K 3NIeMeHTaM Kakoi-nnbo cTpoku (ctonbua)
MaTpuLibl NpubaBUTL 3MEMEeHTbI ApYroii CTPokW (cTonbua), NpeaBapuTeNnbHO YMHOXEHHbIE Ha OHO 1 TO
e uncno.

9.Ecnu kaxapln anemeHT ! -1 cTpokM MaTpuubl NpeacTaBnsieT cobo CymMMy ABYX criaraeMbix, TO

onpegenvTenb 3TOM MaTpULbl paBEH CyMMe onpeaenuTener Takux MaTpul: Y NepBoi u3 Hux | -s
CTPOKa COCTOMT U3 MepBbIX criaraembiX, a y BTOPOW — U3 BTOPbIX. Bce ocTarnbHble CTPOKK Y BCEX TPEX
MaTpuL, He N3MEHSITCS.
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Hal‘lpl/IMep a 21 22 21 22 21 22

. b,,b_,...,Db
10. Cymma npoun3BeaeHunii NPon3BoSibHbIX Yncen ' 2 " Ha anrebpanyeckue LONONHEHUS
3NeMeHTOB noboi cTpokn (ctonbua) paBHa onpegenuTento maTpuubl,

y . . . b,,b,,...,Db
MOSTy4EeHHON M3 JaHHON 3aMeHON 3NIEMEHTOB 3TOW CTPOKK (cTonbua) Ha yncna ' 2 n

11. Ol'lpe,El,eJ'IVITeﬂb npon3seneHna AByx KBagpaTtHbIX MaTpul paBeH nponsseaeHno nx
c]=lal-le|

onpegenuTenen: , roe C=A-B ; A n B - maTpuupl h-ro nopsaka.

. AB = BA , |AB |=[BA |
3ameuaHue. /13 ceonctea 10 cnegyet, UTO Aaxe ecnu .

MepeuncneHHble CBOMCTBA onpeaenuTenen NO3BONSAT CyLLLECTBEHHO YNPOCTUTb UX BbIYMCIEHNE,
0CcobeHHO onpeaenuTenei BbICOKNX NOPSAKoB. [pu BblMMCHIEHUM ON-peaenuTenen LenecoobpasHo Tak
npeobpasoBaTbh UCXOOHYIO MaTpuLy € NOMOLLbI0 cBOMCTB 1-9, 4TOGbLI NpeobpasoBaHHas maTpuua umena
CTpOKy (nnm cTtonbeu), coaepxa-Liyto Kak MOXHO GonbLue Hyrnewn, a NoTOM HauTK onpeaenuTens
pasnoXeHneM no 3TOM CTpoke (cTtonbuy).

4 6 -2 4
1 2 -3 1
A=
4 -2 1 0
6 4 4 6
Mpumep. Bolumcnutb onpegenutens Y4eTBEPTOro nopsigka

PeweHune. MNpeobpasyem matpumuy Tak, YTOObI B 3-11 CTPOKE BCE ANIEMEHTbI, KPOME op,Horo
obpawanuck B Hynb. [1ns 3TOro yMHOXWUM, HanpumMmep, anemMeHTbl 3-ro ctonbua Ha (-4) uHa 2 n
npmbaBnM MX COOTBETCTBEHHO K arnemeHTam 1-ro n 2-ro ctonbuos. PacknagbiBas nony4YeHHbIN
onpegenuTenb N0 dfeMeHTam TPETbEeN CTPOKU, Hangem

4 6 -2 4 |12 2 -2 4
12 2 4
1 2 -3 1| |13 -4 -3 1 s
A|= = ~1.(-1)"" 13 -4 1]
4 -2 1 0o |0 0 1 0
~10 12 6
6 4 4 6/ |-10 12 4 6

Mony4yeHHbIN onpeaenuTenb TPETbEro Nopsaka MOXHO BbIYUCIIMTL MO NPaBUIy TPe-yrofibHUKOB MUn
C NOMOLLIbIO CBOWCTBA 6, O4HAKO MOXHO NPOAOIHKUTL yrpoLieHne matpuubl. «O6HYyNMM» B matpuue
TpeTbero nopsifka anemeHTbl 2- CTpokn (Kpome ogHoro). [ns aToro anemeHTa 3-ro ctonbua matpuup,
npefBapuUTENIbHO YMHOXMWB Ha

(-13) n Ha 4, cNoOXnM ¢ anemeHTammn 1-ro n 2-ro cTonbuoB COOTBETCTBEHHO:
12 2 4, |-40 18 4

\A\: 12 -4 1]=| 0 0 1
~10 12 6 |-8 36 6

PacknagpiBasi no anemeHTam BTOpOI7I CTPOKM N BbIHOCA obLwme MHOXMTENM, nony4yaem

,.s|— 40 18 5 1
Al=1-(-1) =(-1)-(-8)-18 - — _ 144
-88 36 11 2
Mpumep. Bblumcnntb onpegenutens TPeyroribHOW MaTpuLbl
2 -3 5 0
0 3 -2 1
0 0 -1 3
0 0 0 4

(KBagpaTtHasi maTpuua HasblBaeTCs TPEYrofibHOM, ECNW BCE €€ 3NEMEHTbI, PacnonoXeHHbIE HUXe (MK
BbiLLE) rMaBHOM AMaroHarnu, paBHbl HYIHO).
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PacknagbiBasi no nepeomy ctonbuy, nomnyyaem

2 -3 5 0
3 -2 1
0 3 -2 1 1 -1 3
=2-(-1) 0 -1 3/(+0+0+0=2-3 +0+0=
0 O -1 3 0 4
0 0 4
0 0 0 4

=2-3(-1)-4+0=-24.

Ha yacTHom npumepe ybexgaemcs B TOM, YTO onpeaennTenb TpeyronbHowm (1, 04eBUAHO,
AnaroHanbHo) MaTpuLbl paBeH NPoOU3BeAEHNIO 3NTIEMEHTOB [T1aBHOW AMaroHanu.
O6paTHas maTtpuua

-1
Onsi kaxgoro uicna @ #* 0 cyuectByer oBpatHoe unmcrno @ | Takoe, yTo npou3Bene-Hue

-1
a-a =1 [nsa kBagpaTHbIX MaTPUL, TOXXE BBOAUTCS aHarorM4Hoe NoHATHE.

-1
Onpeaenenune. Matpuua A~ HasbiBaeTCsi 0GpaTHOI MO OTHOLIEHWUIO K KBaapaTHOM maTtpuue A |

€CInn Npn yMHOXeHUn aTon MaTpuubl Ha JaHHYIO KakK CrnpaBa, TaK u crneBa nojiydaetcqa eanHn4Hasa
1 1

matpuua: A A=A -A =E
M3 onpegeneHuns cnegyerT, 4TO TOMNbKO KBagpaTHas MaTpuua umeeT obpaTHYH; B 3TOM cryyae u
obpaTtHas maTpuua SBnseTca KBagpaTHOM TOro e nopsaka.

OfHako He Kaaas KksagpaTHas maTpuua umeet obpaTtHyto. Ecnn & # 0 gensietca HeoBXxoaMMBIM 1

—1 -1
OOCTaTO4YHbIM YCI1OBUEM CYyLLIECTBOBaAHUA YNUCna a , TO And CywecTBOBaHNA MaTpulbl A TaKnUM

‘A ‘ #0
ycnoBuem aBndeTca TDGGOBaHI/Ie .

A ‘ #0
Ecnu onpegenutenb matpuubl OTIAMYEH OT Hyns (‘ ) TO Takasi KBagpaTHas
. . (an ‘A‘ = O)
MaTpuLa HasbliBaeTCs HeBbIPOXAEHHOMN, UM HeOCOGEHHOM; B NPOTMBHOM Crly4vae -
BbIPOXAEHHOM, NI OCOBEHHOMN.
Teopema (Heo6xoanMoOe U AOCTaTOYHOE YCNOBUE CYLLeCTBOBaHNA O6paTHOM MaTpuLbl).

-1
O6patHast matpuua A cyuiectByeT (M €4MHCTBEHHA) TOrga 1 TONMbKO TOrAa, Korga ucxogHas
mMaTpuua A HeBblpoxaeHHasi.  Mo)XHO JokasaTtb, YTo obpaTHas maTpuua UMeeT BUA

Al = i ;\; (|A|¢ O)
A , o
roe A - kBagpaTHas maTpuua N-ro nopsiaka, anemMeHTamm KOTOpoW SIBMsOTCS anrebpaun-yeckue
' a =A' =A_,
[OMOMHEHUst  anemMeHToB MaTpuubl A’ TpaHCMOHWPOBaHHOIA K A ’ ’ I
i=1,n; j=1,n A

" . MaTtpuuy A HasbiBaloT npucoeauHEHHOW Uy Co3- HOWM K Mmatpuue A.
AnropuTtm BbluMCneHUs1 o6paTHON MaTpuULbl

A 0
1. Haxogum onpegenutenb ncxogHon matpuubl. Ecnn ‘ ‘ , Tomatpuua A — Bbl-

1

- Al=0
poxaeHHasi u obpaTHasi matpuua A He cywectByeT. Ecnu ‘ ‘ , To MaTpuua A — HeBbIPOXOEeHHas

n obpaTHasa maTtpuua cyllecTsyer.
2. Haxogum matpuuy A ', TPaAHCNOHNPOBAaHHYIO K A.
3. Haxogum anrebpaunyeckne 4ONOMHEHUSA 3NIEMEHTOB TPAHCMOHNPOBAHHOW MaTpuLbl

A=A (i=1,2,..,n; j=1,2..n) -
I ! 1 COCTaBMSIEM M3 HUX NPUCOEANHEHHYI0 MaTpuLy A

a, =A,=A (i=1,2,.,n; j=1,2,..n)
4. Bbluucnsiem obpaTHyto MaTpuuy no cbopMyne (1).
1

5. MpoBepsieM NPaBULHOCTL BbIUMCTIEHNS 06paTHOM MaTpuubl A 1cxogs U3 ee onpeaeneHns

ATA=A-A"=E (n.5 He obsasaTeneH).
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(1 -1 3\

A=l2 2 1|

. . Ll 4 ZJ
Mpumep. Haitn matpuuy, oOpaTHYHO K JaHHOW: .
Al=21 #0

PeweHune. 1. Onpegenutens maTpuubl ‘ ‘ 7

-1
obpaTHas matpuua A cyulecTsyer.

, T. e. matpuua A — HeBblpOXAeHHas "

(1 21)

A'=|-1 2 4|

3 1 2 J
2. Haxogum matpuuy A " TPaHCNOHUPOBAHHYHO K A: L .
!
3. Haxoanm anrebpanyeckuie ONONHEHUS 3NeMeHToB MaTpuLbl A 1 cocTaBnsiem 13 HUX

(O 14 —YW

A=A :A=|-3 -1 5 |

A Le -5 4J
NPUCOEONHEHHYIO MaTpuLly A | yunTbiBast, 4ToO .
. 1 -
A =— A
A
4. Bbluncnsiem obpaTtHyto maTpuuy ‘ ‘
( 0 2 lw
| 21 3 3 |
| 15
( 0 14 - 7) = -— -— —
L1 |21 21 21|
A=—]-3 -1 51| [ s 5 4 |
21 - _ = _—
( 6 -5 4 J L 21 21 21 J

-1 -1
. AT A=A -A =E
5. MNoBepsiem NpaBUbHOCTb BblYUCTIEHNS 0BpaTHOW MaTpuLbl No oopMynam:
(pekomeHayeMm B 3TOM y6eanTbCs CaMOCTOATENbHO). [ns HEBLIPOXAEHHBIX MaTpUL, BbIMOTHATCA

b

A
cnepytowme ceonctea: 1) | | ;

AN =a g (AT) (A7) (aT) =7, g (aB) =B AT
PaHr maTpuubl

Ons pelweHnda n nccnenoBaHnd pdaga MatemMmaTtn4ecknx U npuknagHbiX 3agad BaXXHoe
3Ha4vYeHne nMmeeTt NoHATUE paHra maTpulbl.

B matpuue A pasmepom M X N ghiyepkmBaHMeM Kakmx-nmbo CTPOK U CTONBLIOB MOXXHO BbIYNEHUTb

k <min (m;n)
KBagpaTHble nogmatpuubl k-ro nopsigka, roe . Onpegenutenu Takux nogMaTpuy,
Ha3blBalOTCA MUHOpPamMu K-ro nopsigka matpuubi A.

Hanpumep, ns matpuubl A s MOXHO NONYy4UTb NogmMaTpuULbl NEPBOro, BTOPOro U TPETLEro
nopsiaKoB.

PaHrom matpuubl A HasblBaeTcst HamBbICLLMI NOPSAOK OTNINYHBLIX OT HYNS MMHOPOB 3TOW MaTpuULibl.

PaHr maTpuubl A o6o3HavaeTcsi rang A, rg A unu r (A). I3 onpeaenenust cnegyert:

A r(A) <min (m;n).
a) paHr MaTpuubl mxn - He NPeBOCXoAUT MeHbLLEero U3 ee pa3Mmepos, T. €. )

0) r(A)=0 Torga v TONbKO Torga, Korga anemMeHTbl MaTpuubl paBHbl Hynto, T.e. A=0;

. r(A)=n
B) ONd KBagpaTHOM MaTpuvubl N-ro Nopsaka

HEeBbIPOXOEHHaA.

TOorga v Tonbko Torga, korga matpuua A —
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(1 3 0 4}

A=|3 2 0 1 |

LZ -1 0 - 3J
Mpumep. Bbluncnutb paHr MaTpuLbl .

A,, r(A)<min (3;4)=3 .
PeweHwne. [Ins matpuubl = 3x . [poBepwuM, paBeH nn paHr TpéM, Ans
3TOro BbIYUCMMM BCE MUHOPBI TPETHEro NopsaKka, T. €. onpegenuTenu Bcex nogmMmaTpul, TpeTbero
nopsigka (Mx Bcero 4, OHU NONy4aKTCH NpU BblYEPKMBAHUN OAHOTO M3 CTONOLIOB MaTpULbl):

3 0 4 10 4 1 3 4 1 3 0
2 0 1 |=0 3 0 1 |=0 3 2 1 |=0 3 2 0}|=0
-1 0 -3 _ 2 0 -3 . 2 -1 -3 _ 2 -1 0
r(A)<2 o
|_|OCKOJ'Ibe BCe MUHOPbI TPeTbero nopsaaka Hynesble, . Tak kak CyLieCTByeT HEeHyneBou
1 3
=-7=%0
3 2 r(A)=2
MWHOP BTOPOro nopsaka, Hanpumep , TO .

B obwem cnyvae onpeaeneHue paHra maTpuubl nepebopom BceX MMHOPOB AOCTAaTOMHO  TPYAOEMKO.
[na obneryeHns 3Tow 3a4ayn UCMONb3YIOTCA NpeobpasoBaHns, COXPaHAKLLME PaHr MaTpuubl.
HasoBem anemeHTapHbIMM Npeo6pa3oBaHUAMM MaTPULbl CreayoLwme:

1. OT6packiBaHMe HyneBon cTpoku (cTonbua).

2. YMHOXeHWe BCeX 3reMeHTOB CTPOKM (cTonbua) MaTtpuubl Ha YMCNO, He paBHOe
Hyr0.

3. NameHeHne nopsigka CTpokK (CTonbLoB) MaTpuubl.

4. MpubaBneHne K KaxxgoMy 3fieMeHTY OOHOMW CTPOKM (CTONGLAa) COOTBETCTBYIOLLUX SNIEMEHTOB
Apyron cTpoku (ctonbua), yMHOXEHHbIX Ha ntoboe uncno.

5. TpaHCcnoHWpOBaHWe MaTpuLibl.

Teopema. PaHr matpuubl He N3MEHSEeTCS NpU ANIeMeHTapHbIX NPeobpasoBaHMAX MaTpuULbI.

Mpu n3y4eHnn cBONCTB onpeaenuTenen 6blno NokasaHo, YTo NpU Npeobpa3oBaHUsX KBaapaTHbIX
MaTpuL, MX onpeaenuteny nMbo CoxXpaHaTCs, MO0 YMHOXAOTCH Ha YMCHO, He paBHOe Hyni. B
pesynbTaTe COXpaHseTCs HaMBbICLLWIA NOPAAOK OTAINYHBIX OT HYNE MUHOPOB MCXOAHON MaTtpuubl, T. €.
€e paHr He M3MeHsieTcs.

C nomoLblo anemMeHTapHbIX MpeobpasoBaHWMini MOXHO MPMBECTM MaTpuuy K Tak HasbiBaeMoMmy
CTyneH4yaToOMy BMAY, KOr4a BblYMCIIEHME ee paHra He npeacTaBnseT Tpyaa.

MaTpuua A HasbiBaeTCA CTyNeH4YaTon, ecrv oHa MeeT BUA

(all a12 alr alk)

‘ O aZZ aZr aZk ‘
A:‘ e s e s o e ‘

L 0 o .. a, . arkJ

a, #0,i=1,2,..,r, r<k
roe

3ameuaHue. Ycnosue BCceraa MoxeT OblTb JOCTUTHYTO TPaHCMNOHMPOBaHNEM MaTpULbl.
OyeBMAHO, YTO paHr CTyNeHYaTon MaTpuLbl paBeH I, Tak Kak MMeeTCs MUHOpP [-ro nopsaka, He
paBHbIN HYIIO:

a, a, .. a;

0 Ay e Ay, 0
=a; ray, 8 #

0 0 . a

MNokaxkem Ha npumepe BblHUCIieHne paHra MmaTpulbl C NOMOLLbIO 3JIEMEHTAPHbIX npeo6paaoBaHM|7|.

29



(o -1 3 0 2}

|2 -4 1 5 3]
A =

4 5 7 10 o

L—z 1 8

Mpumep. Haritu paHr maTpuLbl

-5 3J
a

=0
PeweHwue. 1. Ecrm "1 , TO Npy NepecTaHoOBKe CTPOK Mnn cTonduoB obmBatoTCAa TOro, 4YTo

a. =0
1 . B maHHOM npumepe nomeHsiem mectamu, Hanpumep, 1-10 1 2-10 CTPOKN MaTpuLbl .

a, =0 . oh .
2. Ecnun u , TO, YMHOXas anemMeHTbl 2-1, 3-i 1 4- CTPOK Ha NoaxoAsLmne ynucna (MMeHHO Ha

-a,la,=0,-a,/a, =2, —-a,/la, =1
a u 81 u 4a u ) 1 NpnbaBnsas Nofly4YeHHbIe YMcna COOTBETCTBEHHO

oo . a
K arnieMeHTaMm 2-i, 3-1 u 4-ii CTpokK, [obbemcs Toro, 4Tobbl BCe anemeHThl 1-ro ctonbua (kpome 1)
paBHANUCH HYMHO:

( 2 -4 1 5 3) (2 -4 1 5 3)
| 0 -1 3 0 2| |0 -1 3 0 2|
| 4 5 7 -10 O | | 0 -3 9 0 6 |
L— 2 1 8 -5 BJ _ LO -3 9 0 GJ
3. Ecnu B nonyyeHHon matpuue 8p *0 (B paHHOM cnyyae 3y =—1#0 ), TO, YMHOXas 3NeMeHTbI
a,la, =-3, —a,la, = —3),

3-/1 1 4-1 CTPOK Ha NOAXOASALIME YNCHa (2 UMEHHO Ha
nobbemcs Toro, YTobbl BCce anemMeHThl 2-ro ctonbua

a .
(kpome 12 22 ) paBHANUCL Hyn. Ecnv B npouecce npeobpasoBaHuMii Nony4atTcs CTPOKU (Unu
cTonbubl), LENMMKOM COCTOSILLME U3 Hynel (kak B JaHHOM MpUMepe), To oTOpacbiBaeM 3TW CTPOKU (MK
cTonbupl):

(2 -4 15 98
0 -1 3 0 2| (2 -4 1 5 3
o o ooo|~(o —1302]
Lo 0 0 0 oJ

MocnedHsis maTpvua WMeeT CTyneHYyaTbll BU4 U COOEPXUT MWHOPbI BTOPOro NMopsiaka, He paBHble
2 -4
=-2=%0

0 -1 y y
HYI, Hanpumep . |-|03TOMy PaHr nofiy4eHHou CtyneH4aTtou, a cineagoBaTtesibHo, U

OAHHOM MaTpuLbl paBeH OBYM.
3AO0AHUE. Bolumcnutb onpegenurenu:

1 3 2 1 4 -3 5 B) 1 1

3 4
3 2 -4
a)l2 5 3| 6)13 -2 8| 2 0 0 8
4 1 -2/: 7 .
3 4 2 1 -7 -5 3 0 0 2
5 2 -3
4 4 7 5
2 3 4 -5 4 2 -1 101 1 0 5 2 0
als 7 -2 65 3 -2 L 2 3 8 3 5 4
r) .
2 -1 8 3 2 -1 1 3 6 7 2 4 1
0 4 1 0
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3 0 1 1 5 6 L, g .
a)lt o 1 6)0 1 B)[7 1 6 D s 4
1 1 0 7 4 6 0 5 ; L,
1 - _
1 -3 7 6
4 1 5 25 1 2 B) r)
“1 0 2 1 2 2 2
all 7 49| 6)|4 5
4 1 1 2 2 2 2
1 8 64 7 8 .
3 2 5 2 -2 3 2
2 -2 -2 4
5 1 01 1 2 1 0 B) 2 1 0 2
1 2 3
a)l4 5 9 6)|3 -4 5 | 3 2 1 0
2 1 4); r .
16 25 81 0 1 2 “1 0 1 3
-1 2 5
“1 2 1 3
SAOAHUE. YMHOXMTL MaTpuLbl:
L JL J (11 -4 1)1 1 1) 11 1)
0 7){5 8. | I | (1 2 3] |
a) ; -25 9 -2,5 4 3 L J 1 2 4
4 5 6
L15 5 1 JLlO 5 1J_ Ll 3 9J
2 (1 2)\(4 3) (1 2 3Y)4 1 2) (11 1)(1 4)
. Lo 3JL2 1J_ L1 1 2ﬂo _1 1J L1 2 Jr SJ
ol3 2 -l 2 1) 1o 3 6)
3 (2 1y-1 2y 9 )
L M J (1 -1\(-2 2 -=3) (1 2 0)
g0 3JL3 5) I (1 2 -1 |
’ 3 2 -4 3 -5 LO 3 4J 1 2 1
b2 o2)s w7 -
4. (-1 0)(2 5) (0 2 —1\(4 3 2) (1 2)
L 3l 1] | N E PR
R I R I B R
ol 3 -2 -1){1 3 5] 12 4 |

> (-2 0)(2

( 1

3 ZWZ 2 3} L

-3 2 0 0 1 4 1 3

IR NI SR R
3AOAHME. Hatn obpaTHble maTpuubl Ans MaTpuL;

1 (3 2) (1 -2 -1y |2 (3 4) (1 1 1)

a)LZ 1J; 6)|3 1 2 |. a)LZ SJ; 6)| 5 4 3|.

Ll 2 ZJ LlO 5 lJ
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(2 -3y (2 -1 o) |+ (3 1) (2 1 1)

a)L4 7 J' 6“ 5 3 6. a)Lz SJ' 6)|0 2 1l
L—l ~2 3 J { J

3 1 2
5. (2 3) (4 5 —5)
a)L—l 4J; ol1 2 2|
Ls 7 —2J

3AOAHUE. Hantn paHr matpuusl ABymMs cnocobamu:

L1 3 -5 0) 2. (1 2 1 4) 1
| | | | |

2 4 7 1 0 1 -1 3
LS?ZIJ LZSlllJ

5 2

/_
o o
© -
|
[
|
N
AN
N——

3 -1 3 2
LS -3 2 3J
Tema. CucteMbl MIMHENHbIX YPaBHEHUN
K cuctemam nMHENHbIX ypaBHEHU NPUBOAUT MHOXECTBO NPUKagHblX 3agad.
OcCHOBHbIe NOHATWA U onpeaeneHus
CnctemMa m NMHENHbIX ypaBHEHWA C N NepeMeHHbIMU UMeeT BUA

@, X, +a,X, + .+ a, X, + .. +a, x =b;

|a21x1 +a,X, + .+ a, X+ +a, X = b,.

m171 m272 mj mn “nTm-" (2)

a,.b,(i=1,2..,m; j=1,2,..,n)
roe ! - NPON3BOJIbHbIE YK1CIa, Ha3blBaeéMble COOTBETCTBEH-

HO KO3dphULMeHTaMU NPU NepeMeHHbIX Y CBOGOAHBLIMU YnieHaMu ypaBHeHMit. B 6o-
nee KpaTKoW 3anucy ¢ MOMOLLIbIO 3HAKOB CYMMMPOBAHUS CUCTEMY MOXHO 3anucaTtb B BuAe

> oa,x; =b, (i=1,2,., m)
j=1

X, =k, x, =k, ,.., x =k
PeweHnem cucrtembl (2) HasblBaeTCs Takasd COBOKYNHOCTb h 4ucen ( 1 1 "2 2 n "),

Nnpv NOACTaHOBKE KOTOPLIX KaX40e ypaBHEHME CUCTEMbI 0OpaLLaeTcsl B BEpHOE PaBEHCTBO.

Cuctema ypaBHEHMIA Ha3blBaeTCsl COBMECTHOM, €Cnv OHa MMeeT XOTs Obl OOHO pelleHue, U
HEeCOBMECTHOM, €ecnM OHa He umeeT pelweHun. CoBMECTHas cucTema ypaBHEHMW Ha3blBaAeTCHA
onpeaeneHHon, ecrm OHa MMeeT eAVMHCTBEHHOE pelleHue, N HeomnpenerieHHOW, ecnv OHa umeet
©onee ogHoro peleHusi. Hanpumep, cuctema

(x, +x, =10,

| X, — X, =10

ypaBHeHvuZ - COBMeCTHada 1 onpeaerieHHada, Tak Kak umeet euHCTBEHHOEe

[2x, + x, =10,

L2x1+ X, =15

pewweHue (10;0); cuctema - HECOBMECTHas!, a CUCTEMA YpaBHEHUN
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[2x, + x, =10,

L4 X, + 2X , = 20
- COBMECTHas 1 HeonpedeneHHasl, Tak kak umeet 6onee ogHoro, a To4-

X,=¢,Xx,=10 - 2c, rie ¢ — moboe  YUCIO
Hee, 6eCKOHEUYHOEe MHOXECTBO peLleHui ( 1 . )

[1Be cuctembl ypaBHEHWUI Ha3bIBAOTCA PaBHOCUIbHbLIMU, UM 3KBUBANEHTHbLIMU, ECITM OHU UMET
O[HO U TO XK€ MHOXECTBO PEeLUEHUN.
3anuvwem cuctemy (2) B matpmnyHon popme. O603HaUUM

(a0 2, o ay) (%) (Eq
X

La a .o a J Lx J Lb J

ml m 2 mn n m

roe A — maTpuua ko3 ULMEHTOB NPM NEPEMEHHbIX, UM MaTpuua cuctembl, X — maTpuua-ctonbeu
nepeMeHHbIX; B- ManI/ILI,a-CTOJ'I6eLI, CBO60/J,HbIX YJ1eHOB.

A X
Tak kak 4yMcno cronbuos MaTpuubl mxn paBHO YUCIy CTPOK MaTpuLbl nxl  UX npou3BefeHue

ecTb MaTpuua-ctonbew. AnemeHTamm
NoMy4YeHHON MaTtpuubl SIBASAOTCA NeBble YacTu cuctembl (2). Ha ocHoBaHuM onpepene-HUS paBeHCTBa
MaTpuL, cuctemy (2) MOXHO 3anucaTb B BUae

AX =B ©)
Cuctema n JMHENHbIX YpaBHEHUA C N nepemeHHbiMU. MeToa obpaTHol maTpuubl U opMynbl
Kpamepa
MycTb YNCNO ypaBHEHUIN CUCTEMBI (2) paBHO YMCIy NepeMeHHbIx, T.e. M = N Torga matpuua

. A \A \
CUCTEeMbl ABNAeTCd KBaﬂ,paTHOVI, aee Onpeﬂeﬂl/lTeﬂb Ha3blBaeTCcAa onpep,enMTeneM CUCTeMbl.

[nsa nonyyeHust pelweHus cuctembl (2) npy M = N npegnonoxum, 4To KBagpaTHas MaTpuua

A A= 0
CUCTEMbI ~ "*" HeBbIPOXAEHHAs, T.€. ee onpeaenuTenb . B aTom cnyyae cyuwecTtyeT
-1
obpaTtHas matpuua A
-1
YMHoxasi crieBa o6e YacTy MaTpUYHOTO paBeHcTBa (3) Ha MaTpuuy A | nonyyum

-1 -1 -1 -1
AT(AX )= ATB 1 m A (AX )= (ATA)X = EX = X
obpaTHoM maTpuubl ByaeT maTpuua-ctonodel

, TO pewieHnemMm cuctemMmbl METOOO0M

B ®)

A
Teopema Kpamepa. NycTb A - onpepenuTenb MaTpULbl CUCTEMBI (2),a '- onpemenutenb MmaTpuupbl,

nony4yaemoi U3 maTpuvubl A 3ameHol j-ro ctonéua cton6uoM cBoboaHbIX YneHos. Toraga, ecnu A#0,
cucTema MMeeT eIMHCTBEHHOE pelleHne, onpeaensemMoe rno dpopmynam

A .
X, =— (j=1,2,.., n)
A @)
®dopmynebl (4) nonqunw Ha3BaHue popmyn Kpamepa. B cootBeTCcTBMM C hopmynoli (1) obpaTHas
A= —
\A |
maTtpuua ,rae A - matpuua, npucoeanHeHHas k matpuue A. Tak kak aneMeHTbl

! ~
maTpuubl A ecTb anrebpanyeckve AOMONHEHUS 3NeMeHTOB MaTpuLbl A | TpaHCNOHMPOBAHHOM K A,
3anuLlemM paBeHCTBO (3) B pa3BepHyTOn hopme:
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()[R A A
x| 1A, NS
T A I
I R VYRV N
\A\: A
y‘-II/ITbIBaﬂ, YyTo , I'IOJ'IyLWIM nocne yMHO)KeHI/Iﬂ ManVILI|
(xlw (b1A11+b2A21+...+bnAn1)
| XZ | _ 1 |blA12 + bZAZZ o +bnAn2 |

oTKyga credyeT, 4To AONg nioGoro 1 (1=1.2,. 1)

1
X, = —(b A , bzA2j + ...+bnAnj)
A
. . bA +b,A, +..+b A =A A
Ha ocHoBaHuu cBoiicTBa 10 onpeaenuteneit ! ) ) Yorpe -
N - (j=1,2,..,n)
onpeaenuTenb MaTpuLlbl, NONyYeHHOW M3 MaTpulbl A 3aMeHol j-ro ctonbua cTon6Lom
A .
]
X, =—
cBob6oHbIX YneHoB. CnegosaTtenbsHo, A

Mpumep. Pelwntb cuctemy ypaBHeEHNI
(X, = X, + X, =3,
J2x1+x2+x3 =11,

[xl+ X, +2X, =8.
a) meTogom obpaTHon MaTpuubl; 6) no dopmynam Kpamepa.

[ )

Pewenue. a) O6osHaunm A=|2 1 1]; X=|x,|; B=|11|.Toraa B marpuyHon dopme

SO CS I LY

AaHHas cucteMa umeet Bug AX =B . Hangem onpepenutenb |A|: 5. Tak kak |A|¢ 0, maTtpuua A —

HEBbLIPOXXAEHHas, U CcyLLecTByeT obpaTHas maTpuua

1(1 3 —ZW (1 3 —ZW(

-1 . -1 1
A'==]-3 1 1 |; X=A'B=—|-3 1

|1 o s ) e o )le)

T. €. pewleHue cuctemsl (4; 2; 1) .

. A=0
6) Haiigem onpeaenuTenb cucTeMbl . Tak kak , No Teopeme Kpamepa cuctema
uMeeT eUHCTBEHHOE pellieHe.

A A A, .
Bbluvcnium onpegenutenu matpuy, L' 2 3" nony4YeHHbIX U3 maTpuy A, 3aMeHoN
COOTBETCTBEHHO MEepPBOro, BTOPOro U TPETLEro CTONOLIOB CTONOLIOM CBOGOAHLIX YNEHOB:

3 -1 1 1 3 1 1 -1 3
A =11 1 11=20; A,=2 11 1/=10; A,=2 1 11|=5.

2

8 1 2 1 8 2 1 1 8
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20 A, 10
—=4; x,=
S

Il
N
X

Il

:1,

1

A A
A A

o | o

Tenepb no opmynam Kpamepa (4)
T. €. pewieHue cuctembl (4;2;1).
MeTtop Naycca
PaccMoTpum pelleHne cuctemMbl (2) m JNUMHENHbIX YPaBHEHUA C N NepeMeHHbIMU B 00LLeM Buae.
MeTtop Naycca — meToa nocnenoBaTeNbHOIO UCKMOYEHUA NMepeMEeHHbIX — 3aKM0-4aeTcs B TOM,
YTO C MOMOLLIbIO 9NeMEHTapHbIX NpeobpasoBaHnii cucTemMa ypaBHEHUI NPUBOANTCH K PABHOCUINBHOM
cucTeme CTyneH4aToro (Mnu TpeyronbHoro) Buaa. 13 Hee nocnegoBaTtenbHO, HaYuHas ¢ nocnegHux (nNo
HOMepY) NepeMeHHbIX, HAXOAATCSA BCe OCTalbHble NEPEMEHHbIE.

.X
Mpeanonoxum, 4to B cucteme (2) KoadppmumeHT Nnpy nepeMeHHon ~ ! B NepBOM ypaBHEHUMU

a an:to)_

=0 - -
u (ecnun aTO He Tak, TO NepPeCTaHOBKOW YpaBHEHUN MecTaMu [obbeMcs Toro, 4YTo
LLar 1. YMHOXas nepBoe ypaBHEHME Ha nogxogdaLme yucrna (a UMeHHO Ha
-a,la,, -a,la, ,..,—a_./la
a u s u mi® 1) n npubaBnas NonydYeHHble ypaBHEHNS COOTBETCTBEH-HO KO
X
BTOPOMY, TPETLEMY, ..., M-MY YPABHEHUIO CUCTEMBI (2), WCKMIOYMM NEepeMEH-Hy0 ~ 1, N3 Bcex
nocreayowmx ypaBHeHUN, HA4YMHAsA Co BTOPOro.
Monyyum

1 1 1
[a()x + .o ra¥x =b(),
m n

roe 6ykBamu ¢ BepXHUM MHAeKcoM (1) 0603HauYeHbl HoBble KO3(ULMEHTDI, NOMYyYEHHbIE MNOCMe NePBOro
wara.
¢H
War 2. MNMpegnonoxum, 4to — 2 (ecnu aTo He Tak, TO COOTBETCTBYHOLLEN NEPECTAHOBKOW

al? 20

YpaBHEHWUW U NepeMeHHbIX C MU3MEHEHNEM nx Homepos Jobbemcs Toro, 4tobbl — 2 ).

1 1 1 1
( —aPral,—alral) ..,

YMHOXasi BTOpOe ypaBHeHWe Ha noaxoasiume Yvcna 2

) 6H)
—a_ . la
s m2 22 ) n I'IpVI6aBJ'IF|ﬂ nony4yeHHble ypaBHEHUA COOTBETCTBEHHO K TpeTbeMy, HeETBEepPTOMY,

X o
.., M—MYy ypaBHEHUIO CUCTEMbI, UCKITHOYUM NepeMeHHYI0 2 N3 BCeX Nnocrnenywmx ypaBHeHUN,
Ha4nHada C TpeTbero.

XX, 00X
I'Ipo,u,on>|<aﬂ npouecc nocrnenoBaTesibHOro UCKINK4YeHNA nepeMeHHbIX 3 4 -1, nocne

(r B 1)—F0 wara, nony4ymm cuctemy

|( a X, +a,Xx, +..+a, X +a, X  +..+a, X =b,
1) ) 1) ) )
| a,X,+..+a, X +a, X  +..+2a, ,=b.,
(r-1) (r-1) (r-1) (r-1)
J arr r ror+l r+1 "+a2n n_br !
-1
l 0=b""",
r+1
| 1
m
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Unucno Hynb B nocrnegHux M — ' ypaBHeHUsiX O3Ha4yaeT, YTO MX FieBble 4YacTM UMEKT BuUA
(r-1) b (D
Ecnun xota 6bl 0gHO 13 yuncen r+1 7T T m
COOTBETCTBYIOLLEE PABEHCTBO NPOTMBOPEYMBO, U cUcTeMa (2) HECOBMECTHa.
(r-1) b (D
Takum obpasom, ansa nobo COBMECTHOM CUCTEMbI Yncna  r+t ' —m B CUCTEME paBHbI HYIIIO.
B atom cnyyae nocnegtue M — ' ypaBHeHuit B cucteme (5) ABNSAIOTCA TOXAECTBAMM U UX MOXHO He
npUHUMaTb BO BHUMaHuWe npu peweHnn cuctemsl (2). OueBnaHo, YTO nocne oTépachiBaHUS «IULLHUX»
YPaBHEHUI BO3MOXHbI [Ba CIlydas: @) YMCIO ypaBHEHUA cuctembl (5) paBHO YMCMy NMEPEMEHHbIX, T. €.
I'="N (B aTom cny4yae cuctema (5) nmeet TpeyronbHbit Bua); 6) I < N (B aTom cnydyae cucrema (5)
umeeT cTyneHyaTbin Bua). lMepexon cuctemsl (2) K paBHOCUITBHON el cucteme (5) HasblBaeTCs NPAMbIM
xopoM MeToaa [aycca, a HaxoxaeHne nepeMeHHbix U3 cuctemol (5) — o6paTHbIM XO40M.

MpeobpasoBaHusa [aycca yaobHO nNpoBOAMTb, OCYLLECTBRAS npeobpas3oBaHUd He € caMumu
ypaBHEHUsIMU, a C MaTpuLen nx koacpdpuumeHToB. PaccMoTpum maTtpuly

(an a, -U blw

| a21 aZZ "'a2n bZ |

A=) |
Laml amZ "'amn bmJ
HasblBaeMylo paclUMPEHHOMN MaTpu1Len cucTeMbl (2),Tak Kak B Hee, KpOMe MaTpuLbl cuctemsl A,

OOMOMHUTENbHO BKITHOUEH CcTonbel cBOOOAHLIX YITEHOB.

(X, +2x, +3x, —2x,=6,

O-x1+0-x2+...+0~x
n, He paBHO HyMIo, TO

2X, +4x, - 2x, —3x,=18,

4
|3x1+2x2 - X, + 2x,=4,
{2x1—3x2 +2x3+x4:—8.

Mpumep. PewnTtb cuctemy ypaBHeHUN
PeweHue. PaclumpeHHas maTtpuua cucteMbl UMeeT BUg

(1 2 3 -2 6}
|2 4 -2 -3 |18 |
s 2 -1 2 |4
Lz -3 2 1 —8J

a, =0 X -
War 1. Tak kak 1 , UCKIIOYMM NepeMeHHY0 ~ 1 13 BCex CTPOK, HauMHasi Co BTOPOW, YMHOXas
BTOPYIO, TPETHIO N YETBEPTYI CTPOKM MaTpuubl Ha yncna (-2), (-3),
(-2) 1 NpmbBaBnasa NONyYeHHbIE CTPOKM COOTBETCTBEHHO KO BTOPON, TPETbEN, YETBEPTON CTPOKaM.
@ _

3ameTuB, YTO B HOBOW MaTpuue ~ 2 , MTOMEeHsieM MecTamun BTOPYIO U TPETbIO CTPOKMK:
( 1 2 3 -2 6 ] ( 1 2 3 -2 6 w
| 0 0 -8 1 6 | |0 -4 -10 8 - 14 |
|0 -4 -10 8 —14| |0 0 -8 1 6 |
LO -7 -4 5 ZOJ ~(0 -7 -4 5 —ZOJ

@ _
a.'=—4=%0 X

LWar 2. Tak kak Tenepb 2 , UCKIMIOYMM NepeEMEHHYI0 ~ 2 13 BCEX CTPOK, HauMHas ¢

TpeTben, YyMHOXasi BTOPYO CTPOKY Ha (_ 7 4) "

nNpnbaBnsis NONYy4YEHHYIO CTPOKY K YETBEPTOMN:
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1 2 3 -2 6
(1 2 3 -2 6 )
[0 -4 -10 8 - 14 |
|0 -4 -10 8 -14 | | |
| | 0 0 -8 1 6
o 0 -8 1 | 6 | 17 |17 |
lo o 0o -— |—|
0 0 135 9 45 | 16 8 )
al)=-8%0 13,5/8=27 /16
War 3. YuntbiBas, yto =~ , YMHOXXaeM TpeTblo CTPOKY Ha n,

y X
NpubaBnss NoMy4YeHHYH CTPOKY K YeTBEPTOM, UCKITHOUYUM 13 Hee nepemMeHHylo ~ . Monyuum (cm.
MOCMNEAHIO MaTpULly) CUCTEMY YPaBHEHWIA

X, +2X, +3X, —2x, =6,

(

| -4x,-10x, +8x,=-14,
J -8x, + x,=6,
|

117 117
— _X4 =—,
16 8
0TKyAa, ucnonb3ysa obpaTtHbIn xog Mmetoga aycca, Hagem 13 YeTBEPTOro ypaBHEHUSA Xy == 2 n3
6-x, 6+2
X 3 = = = — ,
TpeTbero -8 -8 N3 BTOPOro
-14 -8x, +10 x, -14 - 8(-2) +10(-1) )
X = = —
2
-4 -4 M M3  NepBOro  ypaBHEHUs
X1:6+2X4_3X3_2X2:6+(_2)_3(_1)_2'2:1, T.E. pelleHne cuUcTeMBI

(1;2;-1;2)

Mpumep. MeTtopom Naycca pelmnTb CUCTEMY YpaBHEHUN
(X, +2x, -Xx, =7,

J2x1—3x2+x3:3,

[4x1+ X, —x,=16.

PelueHue. npeobpasyem pacLLUMpPeHHY0 MaTpULy CUCTEMbI

(1 2 -1 7} (1 2 -1 7\ (1 2 -1 )

|2 -3 1 [3] |0 -7 3 |-11| |0 -7 3 -1

4 1 —1fis) o -7 3 2] (o o o 1J.

UTak, ypaBHeHMe, COOTBETCTBYHOLLEE TpeTbeIZ CTpOKe nocnegHen MaTpuubl, NPOTUBOPEYNBO — OHO

NpUBENoCh K HEBEPHOMY PaBEHCTBY 0=-1 , CrnegoBaTernbHO, JaHHasa cuctema HecoBMecTHaA.
Cuctema m NUHEMHbIX YpaBHEHUM C N MNepeMeHHbIMU
Bonpoc o paspelwmmocTu cuctemel (2) B 06LLEM BUAE pacCMaTpUBaETCS B CriefyoLen Teopeme.
Teopema KpoHekepa-Kanennu. Cuctema nvHenHbIX ypaBHEHUI COBMECTHa Torga U Tonbko Toraa,
Korga paHr MaTpuLbl CUCTEMbI PABEH PaHTry PacLUMPEHHON MaTPULbl 3TOW CUCTEMBI.

[na COBMECTHbIX CUCTEM NNHENHLIX YPaBHEHUI BEPHbI CneayloLne TeopemMsl.

. r=n
1. Ecnu paHr maTpuLbl COBMECTHON CUCTEMbI PABEH YMCIY NEPEMEHHBIX, T. €. , TO cuctema (2)
UMeeT eAUHCTBEHHOE peLLEeHNeE.

. r<n
2. Ecnu paHr MmaTpuLbl COBMECTHON CUCTEMbI MEHbLLIE YNCIa MEPEMEHHbIX, T. €. , TO cuctema
(2) HeonpepeneHHasn n MeeT BEeCKOHEYHOE MHOXECTBO PELUEHMNA.

r<n. Xy X, e, X
nyCTb , ' NepeMeHHbIX 1 2 " Ha3blBakOTCA OCHOBHbIMU (MJ'IIA 683I/ICHbIMM), ecnum

onpeaenuTenb matpuubl 13 KO3I(MULMEHTOB Npu HUX ( T.e. GA3UCHBIA MUHOP) OTNMYEH OT Hyns.
OcranbHble N — I' nepemMeHHbIX Ha3blBaOTCA HEOCHOBHBLIMU (MM CBOBOAHLIMM).

Peluenue cuctems (2), B kotopom Bce N — I' HEOCHOBHLIX NEpeMeHHbIX paBHbl HYMO, Ha3biBaeTCcH
6a3uUCHbIM.
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WccnepoBaTtb Ha COBMECTHOCTb M peLnTb MeTOAOM [faycca gaHHY CUCTEMY:
[2X, — X, + X, — X, =5,

Jx1+2x2—2x3+3x4:—6,

{:’>x1+x2 - X, +2x,=-1.

PeweHue. Npeobpasyem paclumpeHHyo maTpuly cuctembl (4ns yoobcTea BeluucreHun 6epem B
Ka4yecTBe NepBOi CTPOKM KOIMMULIMEHTLI BTOPOrO YpaBHEHNS, ¥ KOTOPOro KO3MMULIMEHT Npu x, paBeH
eavHuue):

(1 2 =2 3 —6) (1 2 -2 3 —6} (1 2 -2 3 —6}

|2 -1 1 -1|5]| |0 -5 5 -7 |17 | |0 -5 5 —7 17 |
L31—12—1J~Lo—55—7 17J~Loo 0 0 oJ

0 -5 5 -7 17

[1 2 -2 3 -6

J ,T.€. r(A)=r(A))=2.CnegoBaTteflbHO, cUCTEMa COBMECTHa.
r<n, (n=4).Takum obpasom, cncrema nmeet 6€CKOHEYHOE MHOXECTBO PELUEHUN.

. X, , X
OcTaBvM B NeBOW YacTu nepemMeHHble 1’ " 2 koTopble GepeM 3a OCHOBHbIE (ONpeaenuTenb 13
K03(pPMLMEHTOB NP HMX (Ga3UCHBIA MUHOP) OTIIMYEH OT HYNS, T. €.

1 2
0

0 -5 X, ,X
) . OcTanbHble HEOCHOBHbIE NEPeMeHHble ~ 3 '~ 4 nepeHocuM B Npaeble

[x, +2x,=-6+2x, - 3x,,

3
. L—5x2=17—5x3+7x4,
YacTu ypaBHeHUI. B pesynbTare nonyyum cuctemy

17 7 ( 17 7 w 4 1
X,=—+ X, — —X, X1=—6+2X3—3X4—2—?+X3—EX4 :E—EXA
oTkyaa S S n \ )
X,=C,,X,=C y
3apaBasi HEOCHOBHBIM NEPEMEHHBLIM MPOU3BOSIbHbIE 3HAYeHUs = 3 10 T4 2 Havgem BeckoHeuvHoe
( 4 1 17 7 \
X,=—-—C,; X,=——+C, ——C,; X,=C,; X,=¢C,
5 5 5 5

MHOXeCTBO pel.ueHvu7| CUCTEMbI k

(X —y+2z2=2
2x+y—-z=1

Lx -2y =-3
3apgaya. PelwmnTb cuctemy MaTpuyHbIM Cnocobom:

NI

X=1y,, A=,2 1 -1y, B=,1
PeweHue. [ycTb . Toraa JaHHy CUCTEMY MOXHO

3anucaTtb B BUAe Matpu4HOro ypaBHeHUA AX =B . Pelwaewm ero, nomHoXxas cnesa Ha o6paTHyro

CA'AX=ATB = EX-=A B. X=A'B

MarTpuuy: OTtcroga nony4yaem pelleHne .
-1

Haiioem cHavana A
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12

A 23~ (=D
(=)

CocTaBnsiem o6paTHy0 MaTpuLy

I—— T
242 2 -1
-0 14 1=~ =-(0-(-1))
-) 1 0
1 -P 0
1 -1 1
142 1 1
(—1) 2 T —T1| = =0-1=-1
(+) 1 0
1 -2 0
3+21 1 1+
=—(-1-2)=3, A =(-1)
2 -1 (+)
2+31 -1
=—(-2+1)=1 A, =(-1)
1 -2 (+)
L AL, AL (-2 =2 0) (2

(A,

a1

A :ALAH A, A32J:IL_1 -1 3J_6L
A, A, A, -5 1 3

Hanpem

X=AB==1 1 -3;41 ;=—1-2+1-1+(-3)(-3)
6 6
Ls -1 —3J [—3J L5.2+(—1).1+(—3)(—3)

|1 |

(2 2 0)(2)
L [ L

(2-2+2-1+0-(+3)

(6 ) (1)

AP

EH)

2
3

J
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. W)

MpoBepka. [NoacTaBuM HangeHHoe peLleHne B UCXOOHYI0 CUCTEMY: 1-2+3=2 (nctuHa),

2:1+2-3=1 (ycrura), 1 = 2-2 = =3 (ucruma).

(x =1
ly-
OTBerT: {Z_

1) Pewwntb cuctemy metogom Kpamepa.
Bo3bMeM 3Ty ke cuctemy u pelumm e€ € NOMOLLbI0 onpeaenvTenen.

(X —y+2z=2 1 -1 1
2X+y—-z=1 A =2 1 -1|=-6
tx -2y =-3 1 -2 0
, 3anuem onpeaenuterns CUCTEMBI
3ameHuM B A cTonbeu koachcpuLmeHToB Npu X Ha cTonGeL, npaBbiX YacTen
2 -1 1 2 -1 1
2+1 | 1

A =1 1 -1 = =3(-1) =3(-)(0+2)=-6

) -2 0

3ameHnM B A cTonGeL, kKoaPULUNEHTOB Npu Y ha ctonGeu npaBbix YacTei
1 2 1

=-9-3=-12

A .
3ameHum B cTonGel koaduuMeHToB Npy Z Ha cTonbel npaebix YacTei

112 J-2) ——12f

1+2 3 3
A=2 1 1 =13 0 3||=(-1) (-1 =-21+3=-18
) -1 -7
1 -2 -3 -1 0 -

( AX -6
| X=——= —7=
A -6
j Ay =12
y = = = =
| A -6
| Az -18
Mo dopmynam Kpamepa nonyyaem peLueHue -6
(x =1
ly-
OTBeT: {Z =3 .

3) Pewutb cuctembl metogom lMaycca:



(x —y+z=1
2X+y—-z=1
a) {x—2y=—3

(1 -1 1 2 )
—| 1 -1 1|

B=2
Ll -2 0 |-3 J
BbinucbiBaem pacluMpeHHyo Matpuuy M C NOMOLLUbIO 3JTEMEHTapPHbIX

npeobpasoBaHU NPUBOAMM €€ UMK K TPEYroNbHOMY BUAY, UMK K BUAY Tpaneuum (kak nonydmrcs).

(1 -1 1 [2)(-2) (-1

B—LZ 1 -1 1JM (1 -1 1 2 ) (1 -1 1 2

1 -2 0 |-3

y z

;1 -1 1 R)

1 (-1) | |

0 -1 -1 [-5 0 1 1 b
~ (0 0o -6 |-18 ~ (0 0o 18] rA=31rB=3= ,_3

Tak Kak u1crio HemssecTHbIX N = 3 1 paBHO paHry cUCTeMbI, CUCTEMA UMEET EANHCTBEHHOE PELLEHIE.
Mo nony4yeHHol MaTpuLie BOCCTaHaBNMBaeM CUCTEMY YpaBHEHWIA. oS cHU3Y BBepX, NoryyYaem aTo

(1 -1 1 2 )
\

(X —y+z2=2
y+z=5
{2:3

peLueHue:

_ =5-7z=5-3=2
M3 nocnenHero ypasHeHus Z = 3 , C MOMOLLIbIO BTOPOro Haxoamm y

. =2 =
B nNepBoe ypaBHEHNE HangeHHble y n z 3, Haxoanm

X=2+4+4y-z2=2+2-3=4-3=1.

" Moactaensas

[x =1
ly-2
OTBeT: {223.

(X —y+2z2=2

2X+y-z=1
6) [x+2y—22:1

(1 -1 1 12)(-2) (-1 (1 -1 1 2 )

sl 1 _1 |1 i/ o 3 3 |3
Ll 2 -2 1J :Lo 3 -3 —1J(_1):
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rA=2, rB=3.
CnepoeatenbHo, no TeopeMe KpoHekepa-Kanennu cuctema HecoBMecTHa (T. €. He

“MmeeT pelueHnst). Beinuwem ypaBHeHWe, COOTBETCTBYOLLEE NOCNEAHEN CTPOKE NOMYYEHHON MaTpULbl:

0-x+0-y+0.-z2=2
, YTO HEBO3MOXHO.

OTBeT: cucTEMA HE MMeeT peweHuns.

(3x -2y +z=-1
—-2X+y-2z=2

8) {x -y-z=1
3anvcbiBaem pacLUMPEHHY MaTpuLy:

(3 -2 1 |-1) (1 -1 -1 [1)(2) (-3) (1 -1 -1 [1)
B:|—2 1 -2 2| ’—2 1 -2 Z‘Z/ |O -1 -4 4|
[ 1 -1 -1 1J = L 3 -2 1 —1J - Lo 1 4 —4J</
(1 -1 -1 |1) (1 -1 -1 1)
|5E:£m;ﬂ ....... 4| 0 1 4 -4
= {O 0 0 sz LO 0 0 OJ
rA=rB=2 |

. OTcropa cnepnyert, 4YTO cMucTtemMa CoBMeCTHa.

n=3>r=2
Yuncno Hen3BecTHbIX . CnepoBaTtenbHO, cuctema nmeeTt 6eckoHe4YHOe MHOXEeCTBO

pewennii: N — =3 -2 =1 Orciona cuctema umeet ogHy cBOBOAHYIO NEPEMEHHYIO, MYCTb 3TO GyaeT

X
z , Torga Y — 6asuncHble (663VICHbIX HEeN3BECTHbIX CTOJIbKO, KaKOB pPaHI CUCTEMBbI, T. €. CKOJIbKO
HEeHYyIeBblX CTPOK OCTaeTCA B nocnegHen ManVILI,e).

(x —y-z=1
Jy+4z=—4

3anvemM cucteMy, COOTBETCTBYHOLLYIO MONY4YEeHHON MaTpuue: {
CnepoBatenbHO, uas CHU3Y BBEPX, BblpaxkaeM 6a3ncHble Hen3BeCTHbIE Yepes caoGonHyro Z U3

BTOPOrO YPaBHEHWS BbipaXaem y=-4-4z, . NepBoro ypasHeHMs
X=y+z+1l=(-4-4z)+2+1= 4 _4;,.7;,.1-_-3_3z
(X = -3 -3z
J y=-4-4z

2=12
OObulee pelueHue: {
N3 obLiero peLueHnst MOXXHO Nony4utb noboe YacTHoe pelueHune. Myctb Z = -2 torpa nony4mm

4ACTHOE peweHUe: X=-3-3(-2)=-3+6=3, y=-4-4(-2)=-4+8=4.

([x =3
ly-4
{z =-2
YacTHoe pelleHue: .
~ X! ) Z
BbinonHuM npoBepky obuero pellexuns. [Insg aToro NOACTaBMM HanAEHHbIE BblpaXeHuWs y B

ypaBHEHWS! UCXO4HOMN CUCTEMBI:
1) 3(-3-3z2)-2(-4-4z)+z=-1

-9-90z+8+ 8= =-1 -1=-1 (I/ICTI/IHa)

IIN
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2) —2(-3-3z)+(-4-42)-22=2

6+6z-4-4z-2z=2 2=2 (ucruna)
3) (-3-3z)-(-4-4z)-z=1
-3-3z+4+4z-2=1 1=1 (uctuna)
X=-3-3z
( 3-3
iy:—4—4z
OTBeT: ‘Z:Z .
3AOAHUE. Pewntb cuctembl MaTpudHbiM cnocobom u no dopmynam Kpamepa:
L ([2Xx -3y +z2=2 (2x —4y +3z =1
X+5y—-4z=-5 X—-2y+4z=3
a)t4x+y—3z:—4; 6)[3x—y+52:2
2. (X +2y+3z=17 (X +y-2z=-3
Jx—3y+22:5 S5X -2y + 7z =22
a){x+y+z:3 : 6)[2x—5y+4z:4
3. (X +2y-32=0 (X +2y +32 =2
JZx—y+4z:5 Jx—y+z:0
a){3x+y—z:2’ 6){x+3y—z:—2.
4. (X +2y+z2=4 (2X +y+22=6
JSX—5y+32:1 J3x—z=0
a){2x+7y—z=8; 6)LXerﬁLz:Z
5. (X +y+2=6 (2Xx +3y -z =-3
2X —-y+z=3 J4x+y+32:9
a)tx—erZZ:S; 6){x+y+z:2

3apaHue. Pewuntb cuctembl metogom lMaycca:

= [2x -y +3z=-7 ([2Xx +y+2z=2
Jx+2y—62:—1 X+3y+z=5
a)L—x+5y—15z:8; |x+y+52=—7
6){2x+3y—3z=14;
(x -3y +2z=5 ([2Xx -y +3z-T7t=5
3IX—y+4z=7 6x -3y +z-4t=7
5) LSX—7y+82:1; N {4x—2y+14z—31t:18.
2. [x —2y+3z=1 (2x + 5y —8z =8
J3x+2y—4z:2 4x +3y -9z =9

a) t5x—2y+22

I
o

|2x+3y—52=7

6)[x+8y—7z=12;
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(x+y+z=1 (9x —3y +5z + 6t =4
X —-11y + 4z =13 6X -2y +3z+t=5

B)t2x—10y+52:1_ {3x—y+32+14t:—8

)

3. (x +2y +3z =17 (x -7y +6z=4
Jx—3y+22:5 X+12y -11z = -7
a){ZX—y+52=12. |3x—2y+z:1
6)[8x+y—32:—1 ;
(x -3y +4z=1 (X +3y+2z=4
JZx—y—z:—G 2X + 6y +2z2=2
B){3x—4y+3z=0_ |4x+8y—z:2
3 9 32=6
r){x+ y + 3z .
4. (X +2y +3z=4 (3X — 2y + 5z + 4t = 2
2X+y-z=3 JGX—4y+4z+3t:3
a)[3x+3y+22:7_ 6)t9x—6y+32+2t:4_
(X +2y-2z2=5 (X +2y +3z=2
JZx—y—32=4 X—-y+z=0
B){:ixﬁty—5z:1_ |x+3y—z:—2
3 4 3z=0
r){x+ y + 3z _
5. (3x + 2y +z=-1 (2x — 3y +5z+7t=1
J7x+6y+52:5 J4x—6y+22+3t:2

6) {2x—3y—1lz—15t:1;

(X -y+3z2=0 (X +2y +3z2+4t=5

a) [5x+4y+3z:2;

2X -7y +5z=1 X—-y+z-t=1

r)L

5) {3x—8y+82:5;

PA3MEJl. 3nemMeHTbl TeEOpPUU BEPOATHOCTEN U MaTeMaTU4YECKOM CTaTUCTUKN
MoHsATME COOLITUA U BEPOATHOCTU COOGLITMSA. [JOCTOBEpPHbIE U HEBO3MOXHbLIE COObLITMA. Knaccudeckoe
onpeferneHne BeposiTHOCTEN. TeopeMa CrioXXeHUs BeposTHOCTeN. TeopeMa YMHOXEHUA BEpPOSATHOCTEN.
Cny4danHaa BenuuvHa. [OuckpeTHas W HenpepbiBHas cryvyanHas BenuvyuHa. 3akoH pacnpegeneHus
Cny4yavHOn BENUYMHbI.
MeToaunyeckue ykasaHusA

Mpexge 4yemM NO3HAKOMUTLCS C OCHOBHBIMWU MOHATUSIMA TEOPUU BEPOSTHOCTEWN criefyeT pacCMOTPETb
TpY TUNa KOMOMHAaLMIA: NepeCcTaHOBKX, pasMeLLEeHUsl, coveTaHns. YACHUTb Ansi cebs, Yem oTnumyatoTcs
nepecTaHOBKN OT pa3MeLLeHNs, MEPECTAHOBKM OT COYETaHUs!, pa3MeLLEHMS OT COYETaHUS.

Mo pekomeHayemon nutepatype pasobpartbca B hopMynax M B pelleHHbIX KOMOUHATOPHbIX 3agavax.
PaccmoTpute noHsTME cny4arHoro cobbiTus u Ha npumepax pasbeputecb B BuAax cobbiTus:
HEBO3MOXHbIE, JOCTOBEPHbIE, COBMECTHbIE, HECOBMECTHbIE, 3aBNCNMbIE, HE3ABNCUMbIE.

Mocne aTUX MOHATMW cnegyeT W3y4uTb KIacCUYecKoe onpefeneHne BeposiTHOCTM CcobbITusA, U
Hay4YUTbCA HaxXOAWUTb BEPOSTHOCTb B MPOCTEMLIMX 3ajadax, UCNoNb3ysd Krnaccuyeckoe onpepeneHve
BEpPOSTHOCTEN.

W3 onepauwnin Hag cobbITUSIMU HEOBXOANMO NMO3HAKOMUTLCS MKLLbL C CYMMOW KOHEYHOrO Yncrna cobbITUi.
M3yyeHne TeopeTudeckoro martepuana criefyet COonpoBOXAaTb PacCMOTPEHMEM peLleHHbIX 3agad no
npeanoXxeHHbIM y4ebHuKaM, a 3aTem criegyeT OTBETUTb Ha BOMPOCH! A1 CAMOKOHTPOIS.
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Cny4yanHoe cobbiTMe, CBA3aHHOE C HEKOTOpPbIM OfMbITOM, SIBMAETCA KayeCTBEHHON XapaKTepUCTUKON
onbiTa. KonmyecTBeHHOM e XapaKTepUCTUKOW pesynbTaTa NpOBEAEHHOro OnbiTa ABAgeTcsa criyvyanHas
BENMYMHa.

PaccmaTtpuBasi npumepbl, HEOOXOAMMO YCBOWUTb MOHATME CRyYalHOW BEMNWYUHBI, BUAbI CIydaiHOW
BEMWYMHbI (ANCKPETHOM N HEMPEPLIBHOW) 1 UX onpeaeneHuns. Hy)kHO paccMoTpeTb COOTBETCTBME MEXAY
BO3MOXHbIMW  3HAYEHUSIMUA  CINYy4YalHOW BENUYMHBI UM WX BEPOSATHOCTSMW. Takoe COOTBETCTBME
HasblBaeTCA 3aKkOHOM p oOnpedeneHus CcriydarHon Benu4YMHbl. 3akoH pacnpegeneHvs cryyYyanHomn
BENUYMHbI yOOOHO AaBaTh B BuAe Tabnuubl.

Bonpochl Ansi CaMOKOHTpPOIs
. Uto noHumaeTca nog cnyyanHeiM cobbiTnem? Npueegute npumepsl.
. Kakne cobbitusa HasbiBaoTCa AocToBEpHbIMU? [MprBeauTe npumMepsi.
. Kakne cobbitusa HasbiBaoTCA HEBO3MOXHbIMU? [MprBeauTe NnpumMmepsl.
. UTo noHumaeTcst nog BEpPOATHOCTLIO COObITUA?
HaniTe knaccuyeckoe onpegeneHme BepOsiTHOCTU COObITHS.
. Kakune cobbiTnsi HasbiBalOTCA HECOBMECTHBIMU, COBMECTHbIMU? [NMpuBeanTe npumepsl.
. Kak popmynmpyeTcsa Teopema croxeHusi BeposTHOCTEN?
. JaiiTe onpegeneHne 4acToTbl HACTYMNEHNST COOBLITUA N OOBSCHWUTE OT YEro oHa 3aBUCUT?
. Kakumu ceonctBamu obnagaet BepoATHOCTb COObITUA?
10. Kakne cobbiTus Ha3blBalOTCA HE3aBUCMMbIMU, 3aBUCUMbIMU? [puBeanTe npumepsl.
11. Kakas BenuumHa HasbiBaeTCs criyqyanHon?
OCHOBHbIe NOHATUA U MeTOoAbl TEOPUM BEPOATHOCTEN N MaTeMaTU4eCKOWN CTaTUCTUKU
Tema. CnoxeHue U yMHOXeHue BepOATHOCTEN
Lenb: HayunTbCA BbIMUCIATL BEPOATHOCTM CYMMbl COBMECTHBIX W  HECOBMECTHbLIX COObITUR,
npoun3BefeHnNst He3aBNCUMbIX U 3aBUCUMBIX CODLITUN.
Onsi BbiNoNHeHWst paboTbl HEOOXOAMMO 3Hamb OCHOBbI TEOPWMM BEPOSITHOCTEW; HeOoOXOaMMO ymemb
BbIYMCMSATb BEPOATHOCTb COObITUIA C UCMOSb30BAHNEM 3f1IEMEHTOB KOMOMHATOPUKN.
KPATKAA TEOPUA U METOOUYECKME PEKOMEHOALIUU
1. Cymmolii A + B aByx cobbiTuii A n B HasbiBalOT cobbiTUe, cocTosee B NOSIBNEHNN cobbiTus A,
unu cobbiTnsi B, nunn oboux atux cobbITUN.
a. Teopema CrnoOXeHUs BepoOATHOCTEW HECOBMECTHbIX COObITUNA. BeposaTHOCTb
NOSABMEHUS OOHOrO M3 ABYX HECOBMECTHbIX CODObITWI, paBHa CyMMe BEPOSATHOCTEMN 3TUX
cobbituii: P (A + B) = P(A) + P(B)
b. Teopema cnoxeHus BepOSITHOCTEN COBMECTHbIX COObLITUN. BEpOATHOCTL NOSABMEHNS
X0Ta Obl OOHOrO U3 OBYX COBMECTHbIX COObITUIA paBHa CyMME BEPOSITHOCTEM 3TUX
coObITHIN 6e3 BEPOATHOCTM UX coBMecTHoro nosienexus: P(A+B) = P(A) + P(B) — P(AB)
2. [lpou3eedeHuem fByx cobbiTi A 1 B HasbiBaoT cobbiTe AB, cocTosiliee B COBMECTHOM
NOSsIBNEHUUN 3TUX COBBITUN.
a. Teopema npousBeaeHUs ANA He3aBUCUMbIX COObITUM. [INa He3aBUCUMBIX CODbITUI
BEPOATHOCTb COBMECTHOIO MOSIBIEHUSA COOLITUI paBHa MPOU3BEAEHMIO BEPOSTHOCTEN
aTmx cobuiTun: P(AB) = P(A) P(B).
b. Teopema yMHOXeHUA BepOATHOCTEWN. BEepoATHOCTL COBMECTHOro MOSIBNEHUS OBYX
COoObITUIN paBHa NPOM3BEAEHNI0 BEPOATHOCTN OAHOMO U3 HUX HA YCITOBHYK BEPOSATHOCTb
APYroro, BbIYMCIEHHYIO B NPEANOSIOKEHMM, YTO NepBOe cobbiTne yxe HacTynuno: P(AB)
= P(A) Pa(B).
3. BepossmHocmb nosiesieHUs1 xomsi 6b1 0OHO20 U3 He3aeUCUMbIX COObImuUU.
Ecnu cobbitusa Ay, Ay, As,... Ay HE3aBUCUMbI B COBOKYMHOCTU, npudeM P(A;) = p1, P(A2) = p2, P(A3) = pau
T.4.; 91,02, 03, -.-, n— BEPOATHOCTN MPOTUBOMOSNOXKHbBIX CODBITUNA.
BeposTHOCTb HacTynneHnst cobbiTnst A, COCTOSALLLEro B HACTYMNfeHUN XOTa Obl 0AHOIO U3 cobbiTun A, Ay,
As,... A, paBHa:
P(A) =1 -010203...qn.
4. BepossimHocmb nosiesieHUsi mosibko 00H020 u3 d8yx cobbimul. P(A) = p.g, + p.Q:
3apauu
1.
Cpeawn coTtpygHukoB hupmbl 28% 3HaKOT aHrUNnCKun s3bik, 30% — HEMELIKUI; aHTTIMACKUIA U HEMELIKUIA —
8%. HaiTn BeposiTHOCTb TOrO, YTO CIy4anHO BblOpaHHbIN COTPYAHMK (PMpMbl 3HaeT XoTa 6bl OOUH A3bIK.
MmeeTcs 3 qdwmka, cogepxawmx no 20 getanen. B nepsom dwmke 12, B0 BTopoMm 5 1 B TpeTbeMm 9
CTaHOapTHbIX AeTanen. N3 kaxaoro dwimMka Haygady BblHMMAOT No ogHOW AgeTanu. HanTu BeposTHOCTb
TOro, YTO BCe AeTarnm OKaXyTcs CTaHAapPTHLIMMU.
2.
Mpoussoantca 6ombomeTaHne Mo Tpem cknagam Goenpunacos, npudem cOpacbiBaeTca ogHa Gomba.
BeposiTHocTb nonagaHusa B nepsbinn cknag 0,025; so sTopon — 0,03; B TpeTtnin 0,019. MNMpn nonagaHun B
OIMH U3 CKNaaoB B3pbIBAlOTCH BCe TpU. HalTu BEpOATHOCTbL TOro, YTO Cknaabl 6yayT B30pBaHbI.
B anekTpuyeckyto Lenb nocnegoBaTenbHO BKNIOYEHb! TPU areMeHTa, paboTalowmne He3aBMCMMO OAUH OT
apyroro. BepoaTHOCTM OTKa30B NepBoOro, BTOPOro U TPETLErO 3fIEMEHTOB COOTBETCTBEHHO paBHbl: P, =

©CO~NOORWN =
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0,1; p, = 0,15; p, = 0,2. HaliT\ BEpPOSATHOCTb TOrO, YTO TOKa B Lienu He OyaeT (He paboTtaeT xoTsa Obl 1
3NIEMEHT).
3.
MmeeTcs 3 qawmka, cogepxawmx no 15 getanen. B nepsom dwmke 5, BO BTopom 7 1 B Tpetbem 10
CTaHOapTHbIX AeTanen. M3 kaxgoro silivka Haygady BbIHMMAKOT MO OAHOW AeTanu. HaWTu BeposiTHOCTb
TOro, YTO BCe AeTarnm OKaXyTcs CTaHAapTHbIMM.
Cpeawn ctypeHToB rpynnbl 15% nmeloT OTnMYHbIE OueHKU no matematuke, 34% — no uctopun. MNMpn atom
12% saBngawTCa oTnNUYHMKamu no obeum aucuunnuHam. Hantm BepoATHOCTb TOro, YTO CryYyanHo
BbIOpaHHbIN CTYOEHT YUNTCHA Ha KOTIIMYHO» XOTS Obl MO OAHOM AUCLMUNIINHE.
4.
OTaen TeXHUYeCKoro KOHTPOrs NpoBepsieT U3aenusa Ha cTaHaapTHOCTb. BeposiTHOCTL Toro, UTo M3genve
ctaHgapTHo, pasHa 0,9. Hantm BEpOATHOCTb TOro, YTO M3 ABYX MPOBEPEHHbIX U3AEeNuin TONbKO OAHO
CTaHOapTHOe.
B awwuke 10 geTtanen, M3 KOTOpbIX YeTbipe OkpawleHbl. COopWKK Haygady B3sn Tpu getanu. Hamtu
BEPOATHOCTb TOrO, YTO XOTHA Obl OAHA U3 B3SITbIX AeTanen okpalleHa.
Pewums 3adayvy dsyms criocobamu.
5.
Ha nonke ctoaT 6 y4ebHmKoB no matematmke u 3 no nHcdopmartuke. C nonku Haygady 6epetca cHavana
OoAuH y4ebHuk. MNoTtom BTOpOW. Hamtu BepoAaTHOCTb, YTO nepBas B3dATas kHura GygeT ydebHuKOM Mo
uHdopmaTturke, a BTopas y4ebHMKOM N0 MaTemaTuke.
B awmke Haxoautca 8 ctaHOapTHbIX U 6 HecTaHAapTHbIX AeTanu. Hayaayy BblHMMAETCA CHavana ogHa
getanb, a noTom BTOpas. Hantum BepoATHOCTb, YTO MepBas B3ATas AeTanb CTaHgapTHas, a BTopas
HecTaHOapTHas.
6.
YCTPOWCTBO COOEPXMT OBa He3aBMCMMO paboTalolmx arnemeHTa. BeposiTHOCTM OTkas3a 3nemMeHTOoB
cooTBeTCTBEHHO paBHbl 0,05 u 0,08. HainTn BepoATHOCTM OTKasa YCTPOWCTBaA, €cnu gng aToro
[OCTaTOYHO, YTOObI OTKa3an XoTs Obl OANH 3MIEMEHT.
M3 naptum m3genun TtoBapoBep oTOMpaeT v3genus BbiCLLEro copta. BeposaTHOCTb ToOro, 4To Haygady
B3ATOE W3Qenve OKaXeTca Bbicwero coprta, paBHa 0,8. Hamtm BeposiTHOCTb TOro, 4To M3 ABYX
NPOBEPEHHbIX N3AENUIA TOMNBKO OAHO BbICLLErO COpTa.
7.
Ha ctennaxe 6ubnmoTekn B criyyanHoM nopsigke paccrtaBneHo 15 yyeBHukoB, MpuyeM NsTb U3 HUX B
nepennete. bubnuotekapb 6epeT Haygady Tpu yyebHuka. Hantm BepoATHOCTb TOrO, YTO XOTH Obl OAMH
13 B34ATbIX Y4eOHNKOB OKaxkeTcs B nepennete (cobbitne A).
Pewums 3adayy dsymsi criocobamu.
MacTtep obcnyxuatT 5 ctaHkoB. 20% paboyero BpemMeHU OH NPOBOAWUT y nepBoro craHka, 10% - y
BTOpOro, 15% - y Tpetbero, 25% - y yetBeptoro, 30% - y nAToro craHka. Hantu BepoATHOCTb TOro, 4YTO B
Hayaavy BblOpaHHbI MOMEHT BpEMEHM MacTep HaxoguTcsa y 1, unu 2, unu 3 ctaHka.
KOHTPOIJIbHbLIE BOMPOCDI
1. YeMm oTnunyaeTcst onepauusi CrIoXXeHNs BEPOSTHOCTEN OT NPon3BeaeHNs?
2. 3anvwwuTte cnocobbl, KOTOPbLIMM MOXHO paccyuTaTb BEPOATHOCTb MOSBMEHUs XOTA Obl ogHOro

cobbiTna?
Tema. 3aKoH pacnpepeneHus
Llenb: npoBecTM AOMArHOCTMKY YCBOEHMSI OCHOBHbBIX MOHATMA U OPMyr MO TEOpUM BEPOATHOCTU U
NMOHMMaHWs 3aKoHa pacnpeaeneHms
3apaum: BbISBUTbL YPOBEHb YCBOEHMWS 3HAHWUIA yYaLLMMMICS.
MHCTPYKLMA NO BbINONHEHUIO paboThl
Ha oTBeThl Ha Bonpockl No matemaTtuke faetca90 MuHyT. PaboTa coctouT 13 25 BONpocoB Ha 3HaHue
onpegeneHnii 1 maTtemMaTtmyeckux opmMyr, a Takke BO3MOXHOCTM CaMUM NPUBECTU NPUMEPBI.
B 3agaHusix HYKHO HanucaTtb YeTkoe onpegenexHne nnvu opmyny unm npusectun npumep. CoeeTtyem
Ansi 93KOHOMWM BPEMEHW MpomnycKaTb 3agaHue, KOTOpoe He yAaETcs BbIMOMHUTL cpasy, U NEPexoauTb K
cnegyowemy. K BbINOMHEHMIO NPONYLLEHHbIX 3aaHUA MOXHO BEPHYTLCS, ecnn 'y Bac octaHeTcsa Bpemsi.
3a kaxabl NpaBuIbHbBIA OTBET AaETcsl oavH 6ann. Bannbl, NonyyYyeHHbIe BamMmu 3a BCE BbINMOJTHEHHbIE
3agaHusl, cymmupyroTcs. lNMoctapanTech BbINOMHUTD Kak MOXHO Gonblue 3agaHui 1 HabpaTb
HanbornbLlee konuyecTso Ganmnos.
Bonpocbl

1. CdopmynupyiTe Knaccmyeckoe onpeneneHme BepoaTHOCTU. B yem orpaHM4eHHOCTb 3TOro
onpegenenna? B yem pasnuune mexagy BepOSTHOCTbIO M OTHOCUTENBbHOW YacTOTON?

2. Korga npyMeHsIoT reoMmeTpru4eckoe onpeaeneHne BepoaTHOCTM? MNMoveMy B 3TUX criyyasix
Henb3s NoNb30BaTbCs KNAaCCUYECKUM OnpeaeneHnem?

3. [ante onpeneneHne cymmbl cobbiTun. MpreeanTe npuMepbl: CyMMbl ABYX HECOBMECTHbIX
COBbITMIN; CYMMbI BYX COBMECTHbIX COBbITUN.

4. Cdopmynupynte 1 oKaXKMTe TEOPEMY O CITIOXEHUN BEPOSATHOCTEN HECOBMECTHbLIX COBLITUIA.
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5. [aiTe onpegeneHne nponsseaeHus codbiTuin. MNMprueBeguTe NpMmMepsbl: Npon3BeaeHUs ABYX
HEe3aBNCKMbIX COObITMI; MPOU3BEOEHNS OBYX 3aBUCUMbIX CODBITUN.

6. UYTo Takoe ycrnoBHasi BEPOSATHOCTL?

7. Cdopmynupyite Teopemy 00 YMHOXEHUN BEPOATHOCTEN ANst ABYX COObITUI (00LLniA
cnyyan). Kakyo dpopmy NpuHMMaeT 3Ta Teopema B criyyae, Korga cobbiTusa He3aBUCUMbI?

8. [lpueeaunte hopmMyny NOSHON BEPOATHOCTH.

9. TlpuseanTte cpopmynel baneca.

10. Yro Takoe cxema BepHynnu?

11. B kakux cnyyasax npumMmeHsitotes: opmyna bepHynnu; Teopema lNyaccoHa; Teopema Myaspa-
Jlannaca?

12. MNpueeguTe NpyMepbl ANCKPETHBIX U HEMPEPLIBHBLIX CyYariHbIX BENUYMH.

13. YT0 Ha3biBaeTCHA 3aKOHOM pacnpeeneHnss BeposTHOCTEN Cry4YaHON BENUYMHBbI?

14. Yto HasbiBaeTCA MaTteMaTU4eCKMM OXugaHuem CriyyanHon BenmynHbl? Kak oHo
o6o3Ha4vaeTcA? [lokaxnTe ero CBoMCTBa.

15. YT0 HasbiBaeTCHa Ancnepcuen criyqyanHom BenmunHbl? Kak oHa o6o3HavaeTcs? [Jokaxute ee
cBoncTBa. Kak B3anmocBsA3aHbl cpegHeKkBaapaTu4eckoe OTKNOHeHWe 1 gucnepcus?

16. Yemy paBHbI YNCIIOBbIE XapakTePUCTUKM BUHOMMANBLHOIO pacnpeneneHus; pacnpegeneHus
MyaccoHna?

17. Yo HasbiBaeTCcHa DyHKUMEN pacnpeneneHms cny4anHon BennyunHel? ChopmynupyiTe ee
cBowcTBa. B yem pasnuuume rpadmkoB yHKUMI pacnpegeneHns ons HenpepbiBHOW M A8 ANCKPETHON
CrnyYanHbIX BEMUYNH?

18. JanTe onpeaeneHue NiOTHOCTM pacnpeneneHns BepoATHOCTEN HENPEPLIBHOW CydanHom
BENWYMHbI, COOPMYNMPYNTE €e CBOMCTBA.

19. Kak HarTu BEpOSATHOCTb TOrO, YTO HENPEPbIBHAA CnyyanHas BenuuvHa npumeT 3HaYyeHne ns
AAaHHOro UHTepBarna, ecnv U3BecTHa: ee yHKUMSA pacnpeaeneHuns; ee NNoTHOCTb pacnpeneneHus
BEPOSITHOCTEN?

20. Kak B3aMmMmocBsi3aHbl (hyHKLMSA pacnpegeneHns u NoTHOCTb pacnpeaeneHns BEpOSTHOCTEN
Cny4anHOon BENNYMHbBI?

21. Hangute M[X] n D[X] cny4yanHon BeNn4YnHbl, pacnpegeneHHon paBHOMEPHO Ha NHTepBsane
(a; 8).

22. KakoB BEpPOATHOCTHbIN CMbICI NapaMeTpoB a 1 O Cny4yanHon BeNUYMHbI, pacnpegeneHHom no
HOpManbHOMY 3aKOHY? HanuwimnTe NAOTHOCTbL HOPMAanbHOMO pacnpeaerneHuns.

23. B uem 3akntovaeTtca “npasuno Tpex curm”? Kak, nonb3yscb 9TUM NpaBuioMm, HanTm
HavMeHbLlee 1 Hanborbluee 3Ha4YeHUsi HOPMarbHO pacnpeaeneHHoN CryYanHON BENUYMHbI?

24. Ckonbko napameTpoB MMeeT nokasatenbHoe pacnpegenenvne? Kak HanTu gnsa gaHHoro
pacnpegenexus M[X], o[X]?

Tema. BbluncneHme mateMaTn4yeckoro oXXupgaHusa u gucnepcum crny4yanHom BenmMUYmHbl

Lenn n 3apgaumn: o606WNTL U cucTemaTn3mMpoBaTb 3HaHWS MO TemMe, NPOBECTU AMAarHOCTUKY YCBOEHMS
CUCTEMbI 3HAHUIN N YMEHUIN BbINONHATL 3aaHNA CTaHOAPTHOrO YPOBHS.

Ob6ecneyeHne NpakTU4ecKon paboTbli:

KoHcnekT.

KapTouku ¢ 3agaHnsamu.

1. OGpa3syloT N NONHYK rpynny criegyloLlme rpynnbl COObITUIA: @) ONbIT — BpocaHMe MOHETHI; CObbITUSA:
A1 — nosiBneHue repba; A2 — nosiBneHune umgpbl; 6) onbiT — BpocaHne ABYX MOHET; cobbiTua: Bx—
nosiBneHne Apyx repbos; B2 — nosiBneHne AByx uudp; B) onbiT — ABa BbICTPENa NO MULLEHW; COBbITUS:
A0 — Hu opgHoro nonagaHus; Ax — ofHO nonajaHue; A2 — aABa nonagaHus; r) onblT — [Ba BbiCTpena
no mMuweHu; cobbitua: Cl— xoTa Obl ogHO nonaganue; C2 — xoTa 6bl oguH MpomMax; A) onbiT —
BbIHUMaHMe KapTbl M3 KONoApl; cobbITUsi: D1— nosiBrieHne KapTbl YePBOHHOW MacTu; D2 — nosiBnexHune
KapTbl 6yOHOBOWM MacTu; D3 — nosaBneHue kapTbl TpedoBoOn MacTn?

2. B ypHe a Genbix (6) m b 4epHbix (4) wapoB. N3 ypHbl BbIHMMAaT (OQHOBPEMEHHO WU
nocnegoBarternbHO) ABa Wapa. Hantu BepoaTHOCTb Toro, 4To oba wapa 6ygyT 6ensivn 1.

3. B ypHe a 6enbix n b 4epHbix WapoB. N3 ypHbl BbIHUMAalOTCA cpasy ABa wwapa. Hantn BepoaTHOCTb
TOro, YTO 3TU Wapbl OyAyT pasHbIX LBETOB.

4. B ypHea Genbix, b 4epHbIX U C KpacHbix (K) wapoB. Tpu M3 HUX BblHUMaOTCS Hayragd. Hantm
BEPOSATHOCTb TOrO, YTO MO KparHewn Mepe ABa U3 HUX OyayT OAHOLBETHbLIMM.

5. BpocatoTcsa nBe MoHeThl. PaccmaTtpuBatotca cobbitusi: A — BeinageHue repba Ha nepBon MoHeTe; B
— BbinageHue repba Ha BTopon MoHeTe. HanTtn BeposATHOCTbL cobbiTna C = A + B.

6. V3 nonHon konogbl KapT (52 kapTbl) BbIHUMAKOT OAHOBPEMEHHO YeTbipe kapTbl. PaccmatpuBatotcs
cobbiTna: A — cpegm BbIHYThIX KapT bygeT xoTa 6bl ogHa 6y6HOBOW MacTu; B — cpeaun BbiHYTbIX KapT
OygeT xoTs Obl 0gHa YepBOHHOM MacTu. HaTn BepoAaTHOCTb cobbitua C = A + B,

7. N3 nonHown konodbl kapT (52 nucTta) BelIHMMAKOTCA cpasy YeTbipe KapTbl. HanTn BEpOSATHOCTbL TOro, YTO
BCE 3TU YeTbIpe KapTbl OyayT pasHbiX MacTen.

8. B ypHe 0 6enbix 1 b YepHbIX WapoB. M3 ypHbl BbIHUMAKOT Hayrag OguvH Wwap. Hantm BeposaTHOCTb TOro,
YTO 3TOT Wap — b6enbin.
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9 B ypHe a 6enbix n b 4yepHbIX WapoB. 3 ypHbI BbIHYNM OAMH LWap W, He rMsas, OTNOXUMN B CTOPOHY.
Mocne aToro n3 ypHbl B3snu ewwe oauH wap. OH okasarncsi 6enbiM. Hantn BeposaTHOCTb TOro, YTO NepPBbI
Lap, OTMOXEHHbIN B CTOPOHY, — ToXe 6enbIi.

10. B ypHe a Genbix U 6 4YepHbix wWwapoB (a >2). V3 ypHbl BblIHMMAaKT cpa3y Aea Lwwapa. Hantu
BEPOSITHOCTb TOro, 4YTo 06a Wwapa oyayT 6enbiMu.

«2» «3» «4» «5»

0-5 6-8 9 10

BbluucneHne mateMaTuyeCKOro oXxXmgaHus n gucnepcumn cry4amHom BerMUYnHbI»

Lenb: 3akpenneHve TeopeTUYeckoro maTepuana no U3y4eHWo cpefHero KBagpaTU4HOro OTKIMOHEHMS
ancnepcum OUCKPETHOM Cny4aHON BENUYMHBI

MeToanueckne ykaszaHus

Oduncnepcusa nmeeT pasmMepHOCTb PaBHYI KBagpaTy pa3mMepHOCTU CryvyarHon BenuyuHbl. [oaTomy B Tex
cnydvasix, Korga kenatenbHO, 4YTOObl OLeHKa paccesiHus uMena pasMepHOCTb CNy4YarHOW BENWYUHBI,

cafX)=./D{X)
BbIYMCMSIOT HE AUCTNEPCUIO, a CpeaHee KBagpaTU4eckoe OTKIMOHEHNE:
CpenHee kBagpaTMyecKkoe OTKIIOHEHME PaBHO KOPHIO KBagpaTHOMY M3 Oucrnepcuu, MNo3TOMy ero
pa3smMepHOCTb paBHa pPasMepHOCTU CriydYanHowm BenuuuHbl. Hanpumep, ecnn X BbipaXkaeTcs B JIMHENHbIX

MeTpax, To =4 TOXe BblpaxaeTcs B NMHENHbIX MeTpax, a D(X) — B KBagpaTHbIX MeTpax.

2. Mpumep:

Hantn cpegHee kBagpaTWyHOE OTKIIOHEHWE Cry4yarHOW BenuyuHbl X, 3a4aHHOW CMeayloLmnM 3aKOHOM

pacnpegeneHus:

X2 4 6 8

P 0.20.150.350.3

PelweHue.

Hanpgem matemaTtuyeckoe oxuganme M(X):

M(X)=2*0.2+4*0.15+6*0.35+8*0.3= 5.5

CocTaBuM 3akoH pacnpegeneHns cnydamHon BeNUYMHbI X2

X* 4 16 36 64

P 0.2 0.150.350.3
M(X?)=4*0.2+16*0.15+36*0.35+64*0.3=0.8+2.4+12.6+19.2=35
D(X)=M(X?%)-M*(X)=35-(5.5)°=35-30.25=4.75

Haiinem cpefiHee KBaJpaTUYHOE OTKITIOHEHME: a(X) = \/D(X) = V475 =2.18

Mpumepbl ANs CaMOCTOATENIbHOIO peLleHuns

1. JaHo cnepyowee pacnpegeneHne ANCKPETHON CriydarHON BeNnYnHbl X

X1 2 4 5

P 0.310.1 0.29 0.3

Hantn ee matemaTuyeckoe oxugaHuve, OUCNEPCUIO U CpefHEeKBadpaTUYHOE OTKIOHEHWE, UCMOonb3ys
dopmynbl ANs UX onpeaeneHus.

2. [aH psp pacnpegeneHus AUCKPETHOW CriyYanHOW BENUYnHBI X:

X, | 10 | 20 | 30 | 40 | 50 | 60
p; | 0,24 | 0,36 | 0,20 | 0,15 | 0,03 | 0,02

Hantn ee matemaTtuyeckoe oxugaHve, GUCNepcuto U cpeaHeksagpaTuyHoe OTKITOHEHMe.

3. CnyyaiHas BenuumHa X 3agaHa cneayoLwum 3akoHOM pacnpeaeneHus:

x1 3 6 8

p0,20,1040,3

HaWTn M(X) — maTemaTudeckoe oxuaaHue, D(x) — Aaucnepcuio, 6(X) — cpedHee  KBaapaTuyeckoe
OTKMOHEHMEe Cry4anHoOn BeNUYnHbI

4. HanTn cpegHee KsagpaTu4eckoe OTKIMOHEHWE crydYarHoOn BenuymnHbl X , KoTopas 3ajaHa criegyroLwmm
pPSAOM pacnpegeneHus:

X2 3 10

P0,10,40,5

Tema. OCHOBHbIe NOHATUA MaTeMaTU4YeCKOW CTaTUCTUKUN
OnemeHTbl cTaTUCTUKN. Pag HabnogeHuid. Tabnuua pacnpegenerHuns. OTHocuTenbHas YacTtoTa
NosiBNEHUs CoObITUS.
MpakTuyeckne paboTbl. [locmpoums ronu2oH Yacmom 8 8bI60pKe.
MeToaunyeckue ykazaHusi

YncnoBble XxapakTepUCTUKUN BbIOOPKN.

Mpn npoBegeHUM CTaTUCTUYECKOTO MWCCreaoBaHns nocre cbopa M rpynnMPOBKM  OaHHbIX
nepexoasaT K ux aHanuay, UCnonb3ysi Ansg 9Toro pasnuyHble obobuwarwme nokasatenu. MNMpocrtenwmmm
U3 HUX ABRSIOTCA: cpefHee apudmeTnyeckoe (cpeaHee BbIGOPOYHOE), MOaa, MeanaHa, pasmMax.

48




1) CpedHee apu(pmemuqecme(x_ﬁj(cpeduee ebI60POYHOE) WUMEET [ABOWHOW CMbICH: OHO
MOXeT OblTb CpefHUM 3HayYeHMeM MnpusHaka B OAHHOW COBOKYMHOCTM (Hanpumep, CpefHsis 3apnnaTa
oTgena); 3To0 NpuBNMXKEHHOEe 3HavyeHue MOCTOSAHHOW BeNUYMHLI, NOoABepralwwencs U3MeHeHUsIM
(Hanpumep: pocT YenoBeka).

[ns HaxoXaeHWs cpeaHero 3HavyeHnsi BbIGOPKM HYXKHO:

- CINOXWTb BCE pe3yrnbTaThl, BXxogsLme B BbIOOPKY;

- MOJTYYEHHYIO CYMMY pa3fenutb Ha KONMYecTBO pe3yrbTaToB.

[nst HaxoXaeHns cpeaHero BbIOOPOYHOIO HYXKHO:

- KaXKOyH0 BapuaHTy YMHOXUTb Ha €€ 4acToTy;

- CINOXWTb BCE MOSyYeHHbIE NMPON3BEAEHMS;

- pa3genutb HalAeHHY Cymmy Ha 06bEM BbIGOPKN.

2) Pa3max ebl6OpKU — 3TO pasHOCTb Mexay Haubomnblleld M HauMeHbLUed BapUaHTOMN.

R = Xmax — Xmin

3) Moda eb160pKu — 3TO Hanbornee 4YacTo BCTpevalLlasicsa BapyaHTa (M 0y.

CnoXHOCTb B TOM, 4YTO peakKada COBOKYNMHOCTb MeeT eAUHCTBEHHYIO MOoay.

CornalueHusi no noBoay MoAbl:

- Ecnun Bce 3HayeHusa B rpynne BCTpeYvaloTCA OAMHOKOrO 4YacTo, CYMTAIOT, YTO Y AAHHOW rpynnbl,
MOAbI HET.

- Korga gBa cocegHux 3HayeHWst UMEKT OOUHAKOBYHK 4YacTOTy M 3TU 4YacToTbl Bonblie nobbix
LPYrux 4acToT B rpynne, TO MOAON CUMTaOT CPEOHEE OT 3TUX ABYX 3HAYEHUNA.

- Ecnu gBa HecMeXHbIX 3HaYEHNS UMEIOT PaBHYI0 Y HaMBonbLUyO B AaHHON rpyrnmne 4acToTy, TO Yy
3TON rpynnbl eCTb ABE MOJbI, TaKas rpynna Ha3biBaeTcs GuMoaanbHoN.

Ecnu pacnpegeneHue MMEET HECKONbKO MO, TO TOBOPSIT, YTO OHO MYNbTUMOZAILHO WINK
MHoromozarnbHo. MynbTuMoAansHOCTb pacnpefenieHnss [aeT BaXkHyl WHopMauvio o npupoae
uccriegyemMoro npusHaka. Hanpumep, B couuvonornyeckux onpocax, ecrnm npusHak npeacraenseT cobol
npeanoyTeHne unn oTHoweHune K 4emMy-To, TO MyIbTUMOAAalibHOCTb MOXeT O3Ha4aTb, YTO CyLleCTBYIOT
HEeCKOJ1bKO onpeaeneHHO pas3finyHbIX MHEHUN.

4)MeduaHa ebI6OpPKU — 3TO cepeanHHOe 3HaYeHNe ynopsiAoHeHHOro psiga BblI6opku (M £).

Ecnu B psily HEYETHOE YMCIO SNEMEHTOB, TO MeMaHa paBHa 3HAYEHUIO LIEHTPanbHOro afieMeHTa.

Ecnun B pagy 4€THOe 4MCrno 3NeMEHTOB, TO MeJuaHa paBHa cpegHemy apudMeTUYecKoMy ABYX
LEeHTparnbHbIX 3HaYeHUIA.

Mpumep 1

[aH BapuaunoHHbin psa: 4, 6, 3, 8,4, 3,5,4,5,6,4,3,6,5,4,3,5,7,8, 4.

CocTaBuM Tabnuuy pacnpegeneHust 4acTor:

X, 3 4 5 6 7 8

n, 4 6 4 3 1 2

Haiigpem pasmax, Moay u cpegHee BbIGOPOYHOE:
R=Xp, —Xpn=8—5=23

Mﬂ = 4

_ 3-444-6+5-446-3+7-14+8-2

X, = = 4,85
20

3agaHus

1) Hanitn cpegHee apudmeTuyeckoe, pasmax psga Ymcen:

a) 24, 22, 27, 20, 16, 32

_ 24+ 22+ 27+ 20+16+ 32

Xy = 6

R=Xpgx — Xpmin = 32— 16 =16

0) 35, 5, 23, 5, 28, 30
35+5+23+5+28+30 1

B 6 -

R=x,,. —Xpnm =35—5=30

2) Hantu meguaHy psaga dnicen:

= 23,5

X
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a) 30, 32, 37, 40, 41, 42, 45, 49, 52 — ynopsagoyYeHHbIN paj 13 AeBATU SNIEMEHTOB. ME = 41.
0) 102, 104, 205, 207, 327, 408, 417 — ynopsifoYeHHbIN psg N3 CEMU 3N1IEMEHTOB. ME = 20?.
20422
M, ="—"—=21
2

B) 16, 18, 20, 22, 24, 26 — ynopsii04eHHbIN psg U3 LWEeCTU 3NEMEHTOB. .
N 1,2; 1,4; 2,2; 2,6; 3,2; 3,8; 4,4; 56 — ynopsgoveHHbli psg U3 BOCbMU 3NIEMEHTOB.
ME _ 2,6+3,2 _ 2’9
2 .
3agaHuA npakTn4eckon paboTbl

1. NpoBeas y4ét uncna GpakoBaHHbIX AeTtanen B 10 Awmkax ¢ OOMHAKOBbLIM YMCIIOM AeTanen,
nony4Ynnu crnegyowmi pag gaHseix: 1,2, 2, 3,1,0,2, 1, 3, 2.

CocTaBuTb BapuauuoHHbIN psaa, Tabnuuy pacnpegeneHvs dactoT. Hanvpute gns atoro psga
obbem BbIGOpKM, cpeagHee apudmeTudeckoe, pasMmax, MeamaHy u mogy. NocTpouTb NONUIOH 4acToT B
BblOOpKE.

2. OTmMevass Bpemsi (C TOYHOCTbIO A0 MMUHYThI), KOTOpOe Tokapu Opuragbl 3aTpatunm Ha
00paboTKy ogHOWM AeTanu, NONy4YMnm Takow psia AaHHbIX:

30, 32, 32, 38, 36, 31, 32, 38, 35, 36, 32, 40, 42, 36, 33, 35, 32, 32, 40, 38.

CocTaBuTb BapuauMoHHbLIA psia, Tabnuuy pacnpegeneHus vactoT. Hanaute gns atoro psga
ob6bem BbIOOPKK, cpeagHee apudmeTnyeckoe, pasMax, MeaMaHy u moay. NocTpoutb NOMAMUIOH 4acToT B
BblOOpKE.

3. B opraHumsaumm Benu exedHeBHbI Y4Y4ET MOCTYNMBLUMX B TeyeHue wmecsaua nucem. B
pesynbTare NosyYnnu Takon psag OaHHbIX:

39, 43, 40, 0, 56, 38, 24, 21, 35, 38, 0, 58, 31, 49, 38, 25, 34, 0, 52, 40, 42, 40, 39, 54, 0, 64, 44,
50, 38, 37, 32.

CocTtaBuTb BapuauuoHHbIM psad, Tabnuuy pacnpegeneHus vactot. Hamawute gns aToro psaga
ob6bem BbIOOPKK, cpeaHee apudmeTndeckoe, pasMax, MeavaHy u moay. NocTpoutb NOMMUIOH YacToT B
BblOOpKe.

MogroToBka 0OYy4YarOLLIMXCS K MPAKTUHECKMM 3aHATUSAM OCYLLIECTBIISIETCS C YHETOM OOLLEN CTPYKTYPbl y4eBHOro
npouecca. Ha npakTnyecknx 3aHATUSIX OCYLLECTBISETCA BXOOHOW N TEKYLUMIA ayaAUTOPHbIA KOHTPOSbL B BMAE
onpoca, No OCHOBHbLIM MOHSATUSAM OUCLMMIWHbI.

MogroTtoBka K MPaKTUYECKUM 3aHATMS noAapa3ymeBaeT NpopaboTKy KOHCMEKTOB, W3ydeHne Tem
BbIHECEHHbIX Ha CaMOCTOATENbHY0 paboTty. [na ocywecTBneHusa paboTbl MO MOAFOTOBKE K 3aHATUAM,
HeOobX0AMMO O3HAKOMUTBLCS C METOAMYECKMMM YKa3aHWUSIMWU MO OUCUMNIIMHE, BHUMATENBLHO O3HAKOMUTBLCS C
nuTeEpPaTypon 1 3NEKTPOHHBIMU PECYpCaMK, C PEKOMEHAALIMAMM MO NOArOTOBKE.

2.2. MeToaunyeckue ykasaHusi No opraHu3saumm caMocTosiTeNibHOM paboTbl oby4arowmxcs

Llenb camocTosaTensHow paboTbl: popmypoBaHme y 00y4atoLmMxcs yMEHUA U HAaBbIKOB B obnacTu
MaTeMaTuKu.

Mpexae, Yem NPUCTYNUTL K caMmocTosTenbHON paboTe, obydaloWwniics OOMKEH 03HAaKOMUTLCH C
OCHOBHbIMW  MOMeHTamu paboden nporpamMmmbl No  AucuunivHe «MaTtematuka», nogobpatb
HeobXxoaMMYylo NUTEpPaTypy U U3Yy4nTb TEOPETUYECKNE MONOXEHNS ANCLMNANHBI.

Ha camocTosiTenbHoe n3yveHve oby4yatoLmMMcs BbIHOCATCSA TEMb:

1. MexaHunyeckni CMmbICn BTOpOW npoussBogHon. BospactaHme wu  ybbiBaHue  dhyHKumn.
OkcTpeMmyMbl hyHKUMN. Hanbornbluee n HanmeHbLlee 3HadeHne yHKUuK,

2. [eomeTpuydeckui CMbICh NPOU3BOOHON. OundpcbepeHunan dyHKUUK. Tabnuua
anddepeHunanos. [NpumeHeHne auddepeHunana and  npUBNMKEHHbIX  BbIYUCIIEHWN.
MapameTpuyeckoe  3agaHve  dyHKkUMM ©n eé  auddepeHumpoaHune. CBoNCTBa
andepeHunpyemMbix YHKLUA.

3. MNepBoobpasHass GYHKUMSA W HeonpedeneHHbIi  MHTerparn. OcHoBHblIE  MeTOAbI
nHTerpupoBaHus. WHTerpvpoBaHme OpoGHO-paunoHanbHbiX yHKUMA.  VHTerpupoBaHue
TPUrOHOMETPUYECKUX BblpaxeHui. MoHaTne onpegeneHHoro nHterpana. OCHOBHbIE CBOWCTBA
onpegeneHHoro uHterpana. MpubnwkeHHoe BbluMCNeHMe onpeaeneHHoro nHTerpana.

4. CsowcTBa onepauuii Hag MHOXeCTBaMU. YNOpsAOYEHHbIE MHOXECTBA.

5. OcHoBHble NoHATUS Teopum rpadoB. Cnocobbl 3agaHus rpados. Yactu rpados. Onepauun Ha
rpadax. CBsI3HOCTb B rpadhax n gepesbs.

6. CaowicTBa onpegenuTenen n ux Bel4NCNEHME.

7. PeweHne npocTterwnx MaTpudHbIX ypaBHeHUN. PelleHne cuctem nMHENHbIX YpaBHEHWN Mo
dopmyrnam Kpamepa. PelleHne cuctem nuHenHbIX ypaBHEHUA MmeTodom [faycca.

8. [lonsapHble koopAuHaTLI TOYKM Ha MIOCKOCTMU.

9. CnyvanHble BenuynHbl. MatemaTnyeckoe oxungaHue.

10. MNoHaATHe o 3agavax mMaTeMaTU4eCcKOM CTaTUCTUMKU. ['eHepanbHasi COBOKYMHOCTb M BblGOpKa.
OueHka napaMeTpoB reHepanbHOW COBOKYNHOCTM Mo €€ Bblbopke. [oBepuTenbHble
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WHTEepBanbl AN9 MapameTpoB HOPMAanbHOroO pacnpegeneHus. [lpoBepka CTaTUCTUYECKMX
rmnoTes. JlInHenHasa koppensaums.

Mo wutoram wn3yyeHust OaHHbIX TeM OOyyalLMNCA MULIET KOHCMEKT, KOHTPOJSibHble paboThl,
npoxoauT TecTupoBaHue. B TeuyeHne cemecTpa, NMpoBOAMTCA PYOEXHbIA KOHTPOSb YCMEeBaeMOCTU MO
AVCUMNIIMHE, K KOTOpPOMY oOOy4vawwmics [omkeH ObiTb nogrotoBreH. OTCyTCTBME NPOMYCKOB
ayOuTOpHbIX 3aHATUW, akTUBHas paboTa Ha MpaKTUYEeCKUX 3aHATUSAX, obLllee BbIMONHeHWe rpaduka
y4yebHon paboTbl ABMASAIOTCA OCHOBaHMEM AfiS MOMyYeHUs MOMOXUTENBHOW OLEHKM MO AaHHOMY Buay
KOHTpons. B kauecTBe pybexxHOro KOHTPoONsa MoxeT 6bITb MCNONb30BaHa KOHTPONbHas paboTa.

LWKANA U KPUTEPUN OLEHVBAHNA
OTBETOB Ha 3aaHnsi pybexxHOoro KOHTpons
- OueHKa «OTNNYHO» BbICTaBmnsieTcs obydawwemycs, ecnu nonyveHo 6onee 80% npaBurbHbIX
OTBETOB.
- OLleHKa «xopoLloy - nonyyeHo oT 71 go 80% npaBunbHbIX OTBETOB.
- OLleHKa «yOOBNEeTBOPUTENbHO» - nonydeHo oT 60 go 70% npaBuibHbIX OTBETOB.
- OL|EHKa «HEeyJOBNETBOPUTENBHOY - NoNy4eHo MmeHee 60% npaBuITbHbIX OTBETOB.

O6LWmMin anropuTM CamMoCTOATENLHOIO U3YYEeHUA TEM

1) O3HakOMUTBLCS C PEeKOMEHOOBaHHOM Y4ebHOW nuUTepaTypon W INEKTPOHHBLIMW pecypcamu Mno Teme
(opreHTUpysAChb Ha BONPOCHI Ansi CAMOKOHTPOIS).

2) Ha aTol ocHOBE COCTaBMTb Pa3BEPHYTLIN MIaH N3NOXEeHNs TEMbI

3) OdopmMuTe  OTYETHBLIM MaTepuan B YCTAHOBIMEHHOMW OpMEe B COOTBETCTBMU METOANYECKMMU
pekomMeHZaumamMm

4) NpepoctaBnTb OTYETHBINM MaTepuan npenogaBaTento

5) MpoiTh UToroBoe TeCTMpOBaHWE B YCTAHOBIEHHOE AN BHEAYAUTOPHON paboThl Bpemst

npencrtaBneHbl B d)OH,CI,aX OLUEeHO4YHbIX cpeactes no

Bonpockl Ang caMOKOHTPONSA OCBOEHMWS TEMbI -
AUCUUNINHE

B xoge camoctoaTenbHow paboThl kaxxgomMy obydaroleMycs pekoMeHayeTCs NonyyYnTb 3agaHus
no Bcem Buaam paboT, YTO JaCT BO3MOXHOCTb OXBaTUTb BCE TEMbl Y4EOHOW ANCLUMIMHBI.

Obyvatowuncs moxeT BblbpaTb OAMH U3 BapvaHTOB camMOCTOsTENbHOW paboThl, 3TO ABNAETCA
ob6s3aTeNnbHbBIM YCroBMeM OCBOEHUS y4ebHoro matepuana:

1. Mounck nHdpopmavumn.

2. HanucaHue KoHcnekTa.

Jdanee npuBedeHbl pa3bsCHEHWS MO KaxAoMy BuAy CamMoOCTOATENbHOW paboTbl U AaHbl
pekoMeHAaLuMn No ee BbINOMHEHNO, a Takke TpeboBaHWS K NMOArOTOBKE U cAaye oTyeTa M CPOKWU cAaym
oTyeTa.

1. Mownck nHpopmaumn.

HaHHbIi BMA camocTosTenbHoW paboTbl obydvatowmxca npegnonaraeT cbop, ob6paboTky u
npegcraBneHne MHGopMauum no TeMam CaMOCTOATENbHOro M3yyeHus. BbinonHeHwe paHHOro Buaa
CaMOCTOATENbHON paboTbl pekoMeHAyeTCA NPOBOAMTL B CriedytoLLen NocneaoBaTenbHOCTU:

- bopmMmupoBaHME MepeyvHs BOMPOCOB, HEOOXOAMMBLIX AN OCBELEHUA B pamkax BblOpaHHOM
TeMmbl;

- paboTta ¢ nMTepaTypHbIMU U SPYTMMWN MHAPOPMAaLMOHHBIMU UCTOYHMKaMU;

- cucTeMaTusaums NoNyYeHHbIX AaHHbIX.

MeToguyeckne pekoMmeHgauum no paboTe ¢ NUTepaTypon

BaxHol cocTaBnsilolen CaMOCTOATENbHOW BHeayAMTOPHOW MNOAroTOBKM sABnsAeTcA paboTta ¢
nuTepaTypon KO BCeM 3aHSATUI: CEMMHAPCKMM, NMPaKTUYeCKMM, Npu MOArOTOBKE K 3a4eTaM, 3K3aMeHaM,
TECTUPOBAaHMIO, YHACTUIO B HaY4HbIX KOHDEPEHLUSIX.

YmeHne pabotaTte € nuMTepaTypol O3HayaeT HayuyMTbCA OCMBICIIEHHO MOMb30BaTbCH
NCTOYHUKaMW.

CyLecTByeT HECKOMNbKO MeTodoB paboTkl C NnTepaTypon.

OOWH U3 HUX - CaMbll N3BECTHbIN - MEeTOA MOBTOPEHUHA: MPOYMTAHHBIA TEKCT MOXHO 3ay4uTb
Han3ycTb. [1pocToe NoBTOpEeHNe BO3AENCTBYET Ha MaMsATb MEXaHWYECKM U MOBEPXHOCTHO. [ony4eHHble
TakvM nyTem cBeAeHus rnerko 3abbiBatoTcs.

Haunbonee acpdpeKkTnBHLIV METOA - METOA KOOUPOBAHUSA: NMPOYUTAHHBIN TEKCT HY>KHO MOABEPTHYTh
fornblen, yem npoctoe 3aydmBaHue, obpaboTke. YToObI OocHOBaTenbHO obpaboTaTb MHOPMaLUIO U
3akogupoBaTb ee [Ans  XPaHeHUs, BaXXHO MPOBECTW LUeNnbll psd  MbICIUTENbHBIX — Onepauuii:
NPOKOMMEHTUPOBAaTb HOBble [aHHble; OLEHWTb WX 3HayeHwe; MOCTaBWUTb BOMPOCHI; COMOCTaBUTb
nony4eHHble CBeAeHNs C paHee U3BECTHbIMMU.

Ona ynyyweHna obpaboTkm MHOPMaLuM OYeHb BaXHO YCTaHaBMMBaTb OCMbICIIEHHbIE CBS3WU,
CTPYKTYpUpOBaTb HOBblE CBEAEHMS.

N3ydyeHune HayyHOM y4ebHOM 1 MHOW NuTepaTypbl TpebyeT BeaeHus paboynx sanncen.

dopma 3anucert MoXeT ObITb BECbMa pa3HOOOpPa3HON: NPOCTON UMK Pa3BEPHYTLIN NIaH, TE3NCHI,
umUTaThl, KOHCNEKT.
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MnaH - nepBOOCHOBa, kKapkac kakow- numbBo nuMcCbMeHHoW paboThbl, onpedenswoLine
nocrefoBaTenbHOCTb U3MNOXEHNs MaTtepuarna.

MnaH aBnsieTca Hanbornee KpaTkoM M MOTOMY CaMOW OOCTYMHOW U pacnpocTpaHeHHoW copMoni
3anncen cogepXaHus WMCXOAHOrMo UCTOYMHWMKa wHpopmaumu. Mo cyuwectBy, 3TO nNepeyeHb OCHOBHbIX
BOMPOCOB, pacCMaTpuvBaeMbIX B UCTOYHMKE. [1naH MOXeT ObiTb NPOCTbIM U pa3BepHyTbIM. VX oTnuymne
COCTOUT B CTEMEHN AeTanuaaumm cogepxaHus u, COoTBETCTBEHHO, B 0ObeMe.

MpenmyLecTBO NnaHa cocTouT B CeaytoLweMm.

Bo-nepBbix, NnaH no3sonseT Haunyywmm obpasom yACHUTb JNIOTMKY MbICNW aBTopa, ynpoliaeT
NMOHVMaHVe rmaBHbIX MOMEHTOB NPOU3BEAEHMS.

Bo-BTOpbIX, nnaH no3BonsieT ObICTPO W rnyboKO MPOHUKHYTb B CYLWHOCTb MNOCTPOEHUS
npou3BeaeHns u, cnegosaTernbHO, ropasfo Nerye OpPMEeHTMPOBATLCSA B €r0 CoAepKaHNu.

B-TpeTbux, nnaH no3sonseT — nNpu nocrneayowem Bo3BpalleHnn K HeMy — BbicTpee 0BblMHOro
BCMOMHUTb NPOYMUTaAHHOE.

B-yeTBepTbIX, C MOMOLBIO NnaHa ropa3go ygobHee OTbICKMBAaTb B MCTOYHMKE HYXHble MecCTa,
dakTbl, yuTaThl 1 T.4.

Bbinuckn - Hebonbline dparMeHTbl TekcTa (HemnofHble W NOJSHble NpeariokeHusl, oTAensbl
ab3aubl, a Takke OOCMOBHble M OnM3KME K AOCMOBHbIM 3anvMcyM 06 m3naraembix B HEM dhakTax),
copepxatume B cebe KBUHTICCEHLMIO CoaepKaHUsA MPOYMTaHHOrO.

Bbinuckn npepcraenaioT cobovi Gonee CnoxHyt OpMY 3anvMcyu COAEPXKaHUA WUCXOAHOro
UCTOYHMKA MHGopMaLmK. o cyTh, BbIMUCKU — HE YTO MHOE, KaK LUTaTbl, 3aMMCTBOBAHHbLIE U3 TEKCTa.
BbInMckn NO3BOMSAKOT B KOHLEHTPUPOBAHHbIE (POPME U C MakCMMarbHOW TOYHOCTbIO BOCMPOU3BECTU B
NPOn3BONbHOM (Yalle mnocriefoBaTernibHOM) nopsiake Hambornee BaxHble MbICNM aBTopa. B oTaenbHbIX
crnyyasix — Korga 3TO OnpaBOaHO C TOYKM 3pEHUS NPOAOIMKEHUs paboTbl Hag TEKCTOM — BMOSHE
AONYCTUMO 3aMEHSATb LUTUPOBAHNE M3NOXeHMEM, BNIM3KUM JOCITOBHOMY U3MOXEHUIO.

Tes3nchbl — CxaToe M3NOXeHWe COoAepXaHus U3y4eHHOro maTepuana B yTBepauTenbHOW (pexe
onpoBsepratoLen) hopme.

OTnuuyme Te3ncoB OT OObIYHBIX BBIMUCOK COCTOUT B crneaytolem. Bo-nepBbix, Teancam npucylia
3HauuTENbLHO Gonee BbiCOKasi CTEMEHb KOHLUEHTpauuu maTepuana. Bo-BTopbix, B Te3ncax oTmevaercs
npeobnagaHve BbIBOOOB Haj OOLMMW paccyXaeHuaMn. B-TpeTbumx, Yalle BCero Tesnchbl 3anmncbiBatoTcs
©nn3Kko K opuUrMHanbHOMY TEKCTY, T.e. 6€3 MCMoNb30BaHMs NPSIMOro LIMTUPOBaHMS.

AHHOTaUMSA — KpaTKoe U3NOXEHNE OCHOBHOMO COAEPXaHWsi UCXOQHOMO UCTOYHMKA MHAdopMaLmu,
pawoulee o Hem obobuieHHoe npeacTasneHne. K HanvcaHuio aHHOTauuyi npuberawT B Tex cny4vasx,
Korga noaSIMHHAs UEHHOCTb W MNPUrOAHOCTb MCXOOHOMO MCTOYHMKA MHGOPMAaUMK  UCMOMHUTEN
NMCbMEHHON paboTbl OKOHYaTENbHO HEsCHAa, HO B TO K€ BPeMsl O HEM HEeOBXOAMMO OCTaBMTb KPaTKYyHo
3anucb ¢ obobLaroLen xapaktepucTukon. [Ing ykasaHHOW Lenu n NCnonb3yeTcs aHHoTaums.

Pestome — KkpaTkas oOLeHKa W3YYEeHHOro COAEepPXaHUs UCXOOHOro MCTOYHWKa WHopMaumu,
nonyyeHHas, npexae BCero, Ha OCHOBE COAepXallMxca B HEM BbIBOOOB. Pestome BecbMa CXOAHO MNo
CBOEeW CyTu C aHHoTauuen. OgHako, B OTNMYME OT MOCNEeLHEeN, TEKCT pe3toMe KOHLUEHTpupyeT B cebe
OaHHble He M3 OCHOBHOMO CoAepXKaHUA UCXOAHOro UCTOYHUKa MHAOpMAaLMK, a U3 ero 3akni4UTenbHON
yacTu, npexae Bcero BbIBOAOB. Ho, Kak 1 B criyyae ¢ aHHoTaumewn, pestoMe nsnaraeTcs CBoOMMM crosamu
— BbIJEPXKN N3 OPUrMHANBHOIO TEKCTa B HEM NPaKTUYECKN HE BCTpEeYvatoTCs.

KoHcnekT — cnoxHas 3anucb COAepXaHus WCXOAHOro TeKkcTa, BkM4vawwas B cebs
3aMMCTBOBaHUA (UMTaThl) Hanbonee npyMeYaTerbHbIX MECT B COMETaHMM C NNaHOM UCTOYHMKA, a Takke
CXKaTblVi aHanu3 3anMcaHHOro maTepuana v BolBoAbl N0 HEMY.

MeToguyeckne pekomeHgaumm no COCTaBNEHUIO KOHCMEKTa

1. BHuMaTenbHO npoyvuTanTe TEeKCT. YTOYHWUTE B CNpaBOYHOW NuUTepaType HEenoOHSATHbIe
cnoB.a. Npu 3an1cuK He 3abyabTe BbIHECTU CMPABOYHbIE AaHHbIE HA MO KOHCMEKTA;
Bblaenute rmaBHoe, cOCTaBbTe MNNaH;

KpaTtko cdopmynupyiTe OCHOBHblE TMOMOXEHUA TeKCcTa, OTMEeTbTe aprymeHTauuto
aBToOpa;

4. 3aKoHCNeKTUpynWTe maTtepuan, 4eTko crnefys nyHktam nnaHa. [pu KoHcnekTupoBaHun

CcTapanTech BbIpas3nTb MbICIb CBOMMU CrioBamMu. 3anucu cnefyeT BECTU YETKO, SICHO.
5. 'pamoTHO 3anuceiBanTe uuTaTbl. LMTUpYSA, yduTbiBanTe NaKOHWYHOCTb, 3HAYUMOCTb
MbICIN.

B TekcTe KkoHCMeKkTa XenaterbHO MPUBOAMTL HE TOSbKO TE3WCHbIE TMOMOXEHUS, HO U UX

pokasatenbsctBa. [lpu odopmneHnn KoHcnekTa Heobxooumo CTPEMUTbLCA K  EeMKOCTU  KaxKgoro
npegnoxeHns. Mbicnn aBTopa KHUMM crniedyeT m3naratb KpaTko, 3ab0TACk O CTUne 1 BbIpa3nTENbHOCTU
HanMcaHHOro. YMcno JOMONHUTENbHbBIX 3NEMEHTOB KOHCMNEKTa AOIMKHO ObITb MOrM4eckn 060CHOBaHHbIM,
3anncu OOMKHbl pacnpefensaTbca B onpedeneHHOW nocrnefoBaTenbHOCTU, OTBeYalolen normyeckom
CTPYKTYpe npou3BeaeHus. [na yTo4YHeHMs 1 AONONHEHUA HeobXoanMO OCTaBMSATL NONS.
KoHCnekT — 3TO TeKCT, KOTOopbl oby4datolimMicsa nuuieT, cokpawias yyxou. OH npeactaensietr cobon
3anucb, BKNIOYAOLLYIO BbIMUCKK, TE3UCHI, CXeMbl, NnaHbl. CBA3YOLWEN OCHOBON CTAHOBUTCS Nornyeckas
LenoYyka, KoTopasi CoeMHSIEeT BCe COKPaLLEHUS U BCE YaCTW 3anucen.

CyuiecTtByeT crnegytowas knaccugurkaumns KOHCNEKTOB:

2.
3.
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MnaH-koHcnekT. CHavana Hy)XHO HamucaTb NfaH TeKCTa, a 3aTeM Ha MNyHKTbl NiiaHa genarTcs
KOMMEHTapun: CBOOOAHO M3IOXEHHbIA TEKCT NMBO uuTaThl.

TeMaTnyeckMn KOHCMEKT - KpaTKoe W3NOXeHWe [aHHOW TeMbl C  MCMNOSb30BaHWMEM HECKOMbKUX
MCTOYHMKOB.

TekcTyanbHbI KOHCAEKT COCTOMT M3 UMTaT OOHOMo TeKCTa.

CBOOOAHbLIN KOHCMEKT - UMTaTbl U COBCTBEHHBLIE (HOPMYITMPOBKMU.

CocTaBneHne KoHcMnekTa

Ona Havana onpegenuTe uenb HanucaHua KoHcnekta. Korga OygeTte uuTaTb u3ydaemblii
Martepuan BnepBble, BblIOENNTE €ro OCHOBHbLIE CMbICIIOBbIE 4acTu, onpedenute rnaBHOe, cAenanTte
BbIBOAbl. ECcnn Bbl cocTaBnsAeTe nnaH-KOHCMEKT, NogymMamTe, Kakue MYHKTbl HY)XXHO B HEro BKMOYMWTb,
4yTOObl pPackpbITb Kaxgoe nonoxeHne. Haubonee 3Hauumylo uWHQOpMauulo (Tesncbl) KpaTKo |
nocnegoBaTesibHO U3MOXUTe CBOMMN crioBamu nnbo 3anuwimTte B BUAE LuTart.

Taknm 06pa3om, KOHCMEKT BKITHOYAET B ce0si OCHOBHbIE MOSNOXEHUS, paKTbl, MPUMEpPLI U BbIBOAbI.
Mcnonb3yiTe YycrnoBHble 0003HadeHMsi, cokpallanTe oTAeNbHble croBa. Bbigensiite NyHKTbl U
noAnNyHKTbl, NOAYEPKMBANTE, BblAeNnanTe LBETOM KItouyeBble crioBa. LleHHOCTb KOHCNeKTa 3akstoyaeTcs B
TOM, YTO aBTOP MOXET nNucaTb ero He No 3agaHHoOMy 0bpasLy, a yaobHbIM Ans cebs cnocobom.
lMpaBnna KOHCNeKTUpoBaHnA

3anuwute Ha3BaHWe TekcTa unm ero Yactun. OTMeTbTe BbIXOAHbIE AaHHble (MECTO M rOf BbiMycka
nsganus, umsa nagartensl). Ocmbicnute cogepxaHune Tekcta. lNMpountante matepuan asaxabl. CoctaBbTe
nnaH, KOTopbl CTAHET OCHOBOW KOHCMEKTAa.

B npouecce KOHCNEKTMPOBaHWS OCTaBbTE MECTO (LUMPOKME MOns) Ans 3aMeTOK, OOMOSTHEHUMN,
3anncu MMeH N He3HAKOMbIX TEPMUHOB. Bamn JOMKHO ObiTb OTMEYEHO TO, YTO TpebyeT pasbsaCHEHUN.
3anuce BegnTe CBOMMU CNOBaMM, YTO MOMOXET MNy4dlleMy OCMbICIIEHUIO TEKCTA.

Cobniogante npaBuna UMTUMPOBaHMA: LuTaTa OOSMKHA ObiTb 3akftovyeHa B KaBblYku, danTe
CChISIKY Ha €e WMCTOYHMK, yKasaB cTpaHuuy. Knaccuduumpynte 3HaHud, T.e. pacnpegensnte ux no
rpynnam, rnaeam u T.4. Bbl MoxeTe nonb3oBaTbCs OYKBEHHbIMM OOO3HAYEHUSIMU PYCCKOro WIn
NaTMHCKOTO $NA3bIKOB, a Takke uudpamu. [uarpammbl, CXembl W Tabnuubl NpUMAOAT KOHCMEKTY
HarnsigHocTb. CnegoBaTternbHO, U3ydaeMblli Matepuarn nerde ycesanBaeTcs.

KoHcneKT moxeT ObITb 3anvMcaH B TeTpaau UK Ha oTAenNbHbIX NMcTkax. TeTpagn yaobHo HOCUTb
Ha nekuun u cemuHapbl. PekomeHayeTca ocTaBnaTb nons Ans ganbHenwen paboTbl Hag4 KOHCMEKTOM.
Bbl MOXeTe BHOCUTb AOMOMHUTENbHbIE 3anncK, 3aMmevaHns 1 NyHKTbl NnaHa.

Takum 00pa3oM, KOHCMEKTUPOBaHME MOMOraeT MOHUMAHWIO U YCBOEHUID HOBOMo MaTepuana;
cnocobCTBYeET BhIpabOoOTKE YMEHUIN U HABBLIKOB rPAMOTHOMO U3NOXEHUA TEOPUM U NPAKTUYECKNX BOMPOCOB
B MMCbMEHHOWN dhopme; popMrpyeT yMeHne nanaratb CBOUMU CrioBamMmun MbICIU APYrnx Nioaen.

BoT nmoyemMy XOpoOLLIO HaMMCaHHbIA KOHCMEKT SABNSAETCA 3arioroM ycrnexa Ha 9K3aMeHe U B
npodeccuoHanbHon AeatenbHoCcTU. 3yynTe BCce acnekTbl NpaBUIibHOrO KOHCMEKTUPOBaHUSA, Toraa Bbl
Hay4YnTechb TPYAUTLCS Ha NeKUMaX pe3ynbTaTUBHO U C YAOBOMNbLCTBUEM.

KoHcnekT-cxema - 3To cxeMaTtudeckas 3anucb npodntaHHoro. Hanbonee pacnpocTpaHeHHbIMU SBASIOTCS
CXeMbl «reHearnorm4eckoe ApeBo» N «nayyvyok».

B cxeme «reHeanormyeckoe [OpeBO» BbIAENSOTCS OCHOBHble COCTaBnsiolWmMe Hambonee
CINOXHOro MOHATUSA, KrtoyeBble CroBa M T.M. U pacnonaralTcs B NocrnefoBaTeNbHOCTU «CBEPXY BHU3» —
OT OOLLEero NOHATUS K ero YacTHbIM COCTaBMSOLLMM.

B cxeme «nayyok» HasBaHMe TeMbl MMM BOMpOCa 3anuCbIBaeTCs W 3akr4vaeTca B OBan,
KOTOPbIN COCTaBMSIET «TEMO Nay4ykay». 3atem NpoayMbIBAeTCs, Kakne NOHATUSA SBNAKTCA OCHOBHbBIMU, UX
3anNnCbIBAOT HA CXEME TakK, YTO OHM 00pPasyoT «HOXKM nayykay. [ns Toro 4tobbl yCUnNuTb YCTONYMBOCTb
KHOXKM», K HAM NPUCOEOMNHSIIOT KITFOUEBbIE CNOBa U opasbl, KOTOPbIE CNYXXaT ONOPON Ans NamMaTu.

CocTaBneHne KOHCMEKTOB-CXEM CMoCOOCTBYEeT He TOMbKO 3anoMuHaHuio maTepuana. Takas
paboTa pasBMBaeT CMOCOGHOCTb BLIOENATH CaMOE [MaBHOE, CYLLECTBEHHOe B y4yeOHOM martepwuane,
KnaccudpuumpoBaTtb MHOPMaLno.

PekomeHaaumm no BbINOMHEHUIO:

1. TNopbGepute hakTbl ANSA COCTABMEHMSI CXEMbI U BblAENUTE cpeaun HUX OCHOBHbIE, OOLLME MOHATHUS.

2. OnpepgenuTe KroYeBble CroOBa, hpasbl, MOMOrarLme packpbiTb CYTb OCHOBHOIO MOHATUS.

3. CrpynnupynTte akTel B JIOrM4ECKOW MNOCnedoBaTeNbHOCTW, LaWTe Has3BaHWe BblAeNeHHbIM

rpynnam.

4. 3anonHuTe cxemy OaHHbIMM.

LWkana n KpuTepumn oLeHNBaHUS TEM, BBIHOCMMbIX Ha CaMOCTOSITENTbHOE N3YyYEHUE:
- «3a4YTEHO» BLICTaBMNSETCA 00y4alroLEMYCsl, €CrM OH NPeaoCcTaBuUil OTYETHOCTb MO CaMOCTOATENbHO
n3ydeHHbIM TeMaMm, cobniogas 3agaHHyto hopmy n TpeboBaHUs K HeR;
- «He 3a4yTeHO» BbICTaBnsAeTca oOyyallemycs, €ecnM OH He npegocTaBuil  OTYETHOCTb MO
CaMOCTOSITENbHO M3Y4EHHbIM TemaMm, He cobntopaeT Tpebyemyro opMy OTYETHOCTU M TpeboBaHMsA K
HEeNn.

3. MpomexyTo4yHasa (ceMecTpoBas) aTTecTtaymsa rno Kypcy

3.1 HopmaTtuBHas 6a3a npoBefeHus
NPOMEXYTOYHOMW aTTecTaumMm oby4varlumnxcs no pesynbTataM U3y4eHUs AUCLMNIIUHbI:
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1) «lNonoxeHne o TeKyLLLEM KOHTPONe ycneBaemMoCcTu, MPOMEXYTOHHOM aTTecTaumm obydaroLmxcs no
nporpaMmmam BbIcLLero obpasoBaHus — nporpaMmam bakanaspuata, nporpaMMam crneynanvreTa,
nporpaMmmam MaructpaTypbl 1 cpegHero npodeccroHanbHoro obpasosaHus B PI60Y BO Omckun FTAY»

OCHOBHbIe XapaKTepucTUKMn
NPoOMeXXyTOYHOWN aTTecTaLumm oby4aroLWmnXCA NO UToram u3y4yeHUs AUCLUNIIUHbI

Llenb YCTaHOBMEHNE YPOBHSI JOCTUXKEHUS KaxabiM obyyarowmumcs Lenen
NPOMEXYTOYHOWN aTTecTaumm - 06y4eHus No JaHHOW ANCUMMIIVHE
dopma

3K3aMeH

NPOMEXYTOM HOW aTTecTauuu -

1) NOAroTOBKa K 9K3aMeHy OCYLLECTBNSIETCS 3a CYET y4ebHOro
BpeMeHU (TPYOOEMKOCTM), OTBEAEHHOIO HA 3K3aMEHaLMOHHYHO
ceccuto Ans obyyaroLwmxcs, CPOKM KOTOPOMN yCTaHaBNMBAOTCA
MecTto sk3ameHa npvKasom no dununany

B rpadhuke yyebHoro npoecca: 2) paTa, BpeMsi U MeCTO NpoBeAeHWs 3Kk3aMeHa ornpeaensercs
Fpa(bI/IKOM cOayn 3K3aMeHOB, yTBepXaaeMblM 3aMeCcTUTenem
aunpektopa Tapckoro pynmnana no o6pasoBaTenbHON 1 Hay4YHON

AesTenbHocTH

OCHOBHbIE YCNOBMSA NOATOTOBKM K NPOXOXAEHME 3aKMYNTENBHOIO TECTUPOBaHWS, MO pesyrnbTatam
3K3aMeHy OCBOEHUSA ANCLMNIIUHBI

$opma nposegeHus - (MCbMEHHbIN, YCTHbIN)

Mpoueaypa NpoBeaeHVsl ak3ameHa - | npefAcTasneHa B OHAe OLeHOYHbIX CPEACTB Mo AUCLMMNNHE

OK3aMeHaLMOoHHas nporpamMmma

- 1) npeactaBneHa B PoHAE OLIEHOYHbIX CPEACTB MO ANCUUNINHE
no yqe6H0|/| AncunnimnHe: ) pea q) A 4 pea Anct

OCHOBHbIE KpUTEPUN OOCTUKEHMS
COOTBETCTBYIOLLErNO YPOBHS
OCBOEHWSA NporpammMbl y4eGHoM npeacTaBneHbl B M. 4 paboyeit nporpamMmmbl
AVCUMNIIMHBI, UCNONb3yeMble
Ha 3K3aMeHe,

3.2. 3akno4ynTernbHoe TeCTMpoBaHUe No UToram U3yyeHUsa AUCLUMNIUHDbI

Mo nToram M3yyeHus OUCLUUMNMMHBI, Obyyalolwmecs NpoxXoaaT 3akniounTernbHOe TeCTUpOBaHME.
TectupoBaHue  gaBnseTcs  POPMOW  KOHTPOMS,  HanpasfieHHOW Ha  NpPOBepKy  BnageHus
TEPMUHOMOrMYECKUM annapaTtoM, COBPEMEHHbIMU NMH(POPMALIMOHHBIMU TEXHOMOMMAMU N KOHKPETHLIMU
3HaAHMAMM MO AUCLUNIIHE.

3.2.1 NoaroToBKa K 3aKnww4vnTernbHOMY TeCTUPOBaHUIO NO NToram UlyvyeHmsa QUCUNNIHLI

TecTupoBaHWE OCYLLECTBNSIETCA MO BCEM TEMaM W pasgeniaM OUCUMMNIMHLI, BKIOYasi TeMb,
BbIHOCMMbIE Ha CAMOCTOSITENbHOE N3YYeHWE.

Mpouenypa TeCTMpPOBaHWs OrpaHM4YeHa BO BpPeMeHu U npegnonaraetT  MakcumarnbHoe
cocpefioTodeHne obyyatoLLerocs Ha BbINOMHEHMU TECTa, CoAepXKaLlero HECKOMbKO TECTOBbIX 3aaHui.

3.2.2 WWKANA N KPUTEPUN OLLEHUBAHUA
OTBETOB Ha TECTOBbIE BOMPOCHI TECTUPOBAHUA MO UTOraM OCBOEHWUS AUCLIUMINHDI

- OUEeHKa «OTNNYHO» BbICTaBnseTCca obydarowemMycs, ecnu nonyveHo 6onee 80% npaBUNbHBIX
OTBETOB.

- OLleHKa «XopoLo» - nony4eHo oT 71 Ao 80% npaBuribHbIX OTBETOB.

- OLleHKa «yOO0BMNETBOPUTENBHOY» - MONyyYeHo oT 60 go 70% npaBunbHbIX OTBETOB.

- OLleHKa «HEeYyOOBNETBOPUTENBHOY - NONy4YeHO MeHee 60% NpaBuITbHLIX OTBETOB.
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