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HOACHUTEJBHASA 3AIIMCKA

MeToauuecke peKOMEHJALMU IO BBIIOJHEHUIO MPAKTHUYECKUX padoT
IOPEICTaBISIIOT COOOW 4acThb Y4eOHO-METOAMYECKOIO KOMIUIEKTa MO ydyeOHOU
mucuumiuHe «MaTtematuka» U cooTBeTcTBYIOT TpeboBanusiM PI'OC u paboueit
nporpamme 1o AUCLUILIINHE.

[lenbto co3maHus pa3pabOTKU SIBISETCS OKa3aHHE IOMOILIU CTYJIEHTaM
IEPBOTO Kypca B OCBOCHMM Y4eOHOro MaTepuajia N0 JUCLUUIUIMHE B
VUPEKIACHUSIX CPETHETO MPOPEeCCHOHATEHOTO 00pa30BaHMSI.

B cBs3u ¢ BBeieHHEeM B 00pa30oBaTebHBIN mpoiiecc HoBoro deepanbHOro
rOCy/IapCTBEHHOTO 00pa30BaTENBbHOTO CTaHAapTa, KOTOPBIA OPUEHTHPOBAH Ha
BBIPA0OTKY y CTYJIEHTOB OOIIMX M MPOo(ecCHOHANBHBIX KOMIETEHIINI — Habopa
3HaHWW, YMEHHI, HaBBIKOB W JUYHOCTHBIX KayecTB, Bce OoJyiee aKTyaIbHOU
CTaHOBUTCS 3a]]a4a OpraHU3aluy NPAKTUYECKON pabOThI CTYIEHTOB.

[TpakTHueckue 3aHATUS SBISAIOTCS Ba)XHOM (opMOi 00pa30BaTEIBHOIO
mpouecca M HampaBlieHbl HA  SKCIEPUMEHTAIBHOE  IOJATBEP)KICHUE
TEOPETUUECKHUX TMOJOKEHUN U (POpMUPOBAHUE YUYEOHBIX U NPO(ECCUOHATBHBIX
OPAKTUYECKUX YMEHUN, OHM COCTABJSIIOT BaXKHYIO YacTh TEOPETHUECKOH U
npo(heCcCUOHATILHON MPaKTUUYECKON OJITOTOBKH.

HeoOxoauMbpIM U CTPYKTYPHBIM M 3JIEMEHTaMH MPAKTUYECKOTO 3aHATHUSA,
MIOMUMO CAMOCTOSITEIbHOM JEATEIbHOCTH CTYAEHTOB, SIBIIIOTCS WHCTPYKTAXK,
MIPOBOJIMMBIN MPENOAABATENEM, & TAKKE AHAJIU3 U OL[EHKA BBINOJHEHHBIX padboT
U CTETICHH OBIAJCHUS CTYACHTAMHM 3alJITAHUPOBAHHBIMU  YMCHHSIMH.
BpINOMHEHNIO NPAKTUYECKUX 3aHATUM MPEAIIECTBYET IIPOBEPKA 3HAHUM
CTYJIEHTOB, WX TEOPETHYECKOW TOTOBHOCTH K BBINOJIHEHUIO 3aJaHUS.
[IpakTUueckue 3aHATHS HOCIT PENpPOAYKTHBHBIN XapakTtep. PaboTel, HOcsue
PENPOAYKTUBHBIN XapakTep, OTIMYAIOTCS TEM, 4YTO NpPU HUX HPOBEACHUU
CTYZECHTBI MOJIb3YIOTCSI NOJAPOOHBIMUA MHCTPYKIMSIMH, B KOTOPBIX YKa3aHbl: LI€Tb
paboThl, TMOSICHEHUS (TEOpHs, OCHOBHBIE XapaKTEPUCTHUKH), OOOpYyIOBaHHUE,
HOPSZOK BBINOJHEHUS pabOThl, KOHTPOJIbHBIE BOIIPOCHI, yueOHas U CrelralbHas
JUTeparypa.

[Ipn wHaUBHUAYyanbHOW (QopMe OpraHu3aIuy 3aHITHH  KaKIbIH
CTYICHT BBIMOJHIET MHAMBHUAyalbHOE 3anaHue. CTpyKTypa MpOBEIEHUS
CBOAMTCS K CIEAYIOLIEMY:

— COOOIIEHNE TEMBI U 1IEJIH PadOThI;

— aKTyaJu3aluus TEOPeTHYECKUX 3HAHUM, KOTOpbIE
HEO0OXOAMMBI JUIsl NPAKTUYECKOU IEATETbHOCTH;

— pa3palboTKa anropuTMa NpoBEIECHUS IPAKTUYECKON AeSTEIbHOCTH;

— HEMOCPEICTBEHHOE MIPOBE/ICHUE MPAKTUYECKHUX PadoT;

— opopMmieHue pabOThI B TETPAASIX ISl MPAKTUYECKUX PadoT;

— 00001IeHNE U CUCTEMATHU3alMs TOJIyY€HHBIX PE3yJIbTaTOB.

Metoauueckast pa3paboTKa COJEPKUT BCE CTPYKTYpPHBIE AJIEMEHTHI ISl
OpraHM3ali MpPOBEACHUS MNpaKkTUYeckux 3aHiaTuid. IlpakTHueckue 3amaHus
MpEe/CTaBICHbl Pa3HOOOPA3HOrO XapakTepa W pPa3HOW CTENEHU CIOXKHOCTH.
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Hekotopele comepkar yCTHBIE 3amaHus 0a30BOTO  YPOBHS(COTBETHTh Ha
BOIIPOCHI»), BBIMOJHEHUE KOTOPBIX 0053aTeNbHBI, JUIsl TOTO YTOOBI MPUCTYIUThH KO
BTOPOMY OJIOKY— pelIeHUe NPaKTUYECKUX 3aJaHH.

ey npakTHYECKUX 3aHATHI:

— MOMOYb CTYJ€HTaM CHUCTEMAaTU3UPOBATh, 3aKPENUTh U YIIIYOUTh 3HAHMUS
TEOPETUYECKOIO XapaKTepa;

— HAYYHTh CTYJCHTOB TMpHUEMaM peHIeHHs MPaKTHYECKUX  3ajad,
CIOCOOCTBOBATh OBJAJCHUIO HAaBBIKAM W YMEHHSIM U BBINOJIHEHHUS PACUETOB,
rpaduyecKux U APYTrux BUAOB 3aaHUII;

— HAYYHUTh UX TMOJIH30BATHCS CIPABOYHOM JINTEPATYPOH;

— ¢opMuUpOBaTh yMEHHE YUYUTHCS CAMOCTOSITENbHO, T.€. OBJAJEBATh
METOJIaMH, CIOCO0aMM M TMpUEeMaMH  CaMOOOYYEHHs, CaMOpa3BUTUS U
CaMOKOHTPOJISI.

B pe3ynbpraTe npoBeaeHNs MPAKTUYECKUX 3aHATUHN MO AUCLUILIUHE

«MaTtemMaTHKa» CTyIEHT JOJKEH:

3HATh:

— 3HaYEHUE MATEeMaTHYECKON HayKH Ui pelleHMs 3ajad, BOZHUKAIOIIUX B
TEOPUU U MPAKTUKE;

— IIUPOTY U B TOXKE BPEMsI OTPAaHUYEHHOCTh MPUMEHEHHS] MATEMAaTUYECKUX
METOJIOB K aHalu3y W HCCIEIOBAHUIO MPOIIECCOB W SABICHWH B MPUPOJAEC U
00IIIeCTBE;

— 3HaY€HHUE MPAKTUKU U BOMPOCOB, BOSHUKAIOIINX B CAMON MaTEeMaTHKE JJIs
(GbopMupOBaHUS U Pa3BUTHUS MATEMAaTUIECKON HAYKH; UCTOPUIO PA3BUTHS MOHSITHS
Yyclia, CO3JaHus MaTEeMaTHYeCKOrO aHaln3a, BO3HUKHOBEHHUS W Pa3BUTHUS
T€OMETPUH;

—  yHHUBEpCaJbHBIH  XapakTep 3aKOHOB  JIOTUKM  MaTeMaTH4YEeCKHX
paccyXIeHUN, UX MTPUMEHUMOCTh BO BCEX 00JIaCTAX YEIOBEUECKOM ESTEIbHOCTH;

— BEPOSATHOCTHBIN XapaKTep pa3InyHbIX MPOLIECCOB OKPYKAIOIIETO MUPA.

yMeTb:

— HAaXOJIUTh 3HAUYEHUS KOPHs, CTENEeHH, jJorapudma, TPUTOHOMETPUUECKUX
BBIPQXXCHUI Ha OCHOBE OIpEENICHUS; BBINOJIHATH NMPeoOpa3oBaHUs BbIPAXKEHUH,
npuMeHss (QOopMysbl, CBA3aHHBIE CO CBOMCTBAMHU CTENEHEW, Jjorapudmos,
TPUTOHOMETPUUYECKUX (PYHKIIHIA;

— BBIYHCIIATh 3HaueHWE (PYHKIMU 1O 3aJlaHHOMY 3HAYCHUIO apTyMEHTa;
OTIPEENATh OCHOBHBIE CBOWMCTBA YHCIOBBIX (DYHKIHN; CTPOUTH Tpaduku
M3YYEHHBIX (DYHKIIMIA;

— HaxoOUTh TPOU3BOIHBIC JJIEMEHTAPHBIX (YHKIMH; HCIIOJIb30BaTh
NPOU3BOAHYIO JUISI W3YYCHHS CBOWCTB (YHKIUH U TIOCTPOEHUS TpaduKOB;
OPUMEHATHh MPOU3BOAHYIO JUISI HAXOXACHHUS HAuOOJbIIEr0O M HAWMEHBLIETO
3HAYECHMUS;

—  pematb  palUOHANbHBIE,  IOKa3aTelbHbIE,  JIOTapU(PMHUUECKHE,
TPUTOHOMETPUUYECKHE YPABHEHHUS, CBOSIINECS K TMHEWHBIM U KBaJIpaTHBIM, a TaK
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K€ aHaJOTMYHble HEPABEHCTBA M CHUCTEMbBI; HCIIOJIb30BaTh TI'paUyecKUuil METO.
pelIeHNs YpaBHEHUN U HEPABEHCTB;

— pemath MOpOCTEeiIre KOMOMHATOpPHBIE 3aJaydl METOJIOM Tmepedbopa, a
TaK)K€ C UCIIOJIb30BAHUEM U3BECTHBIX (POPMYII; BHIYUCISITH BEPOSTHOCTH COOBITUI
Ha OCHOBE IOACYETA YHCIIa UCXOJ0B;

— pemaTh IUIAHUMETPUYECKUE U MPOCTEHIINE CTEPEOMETPUUYECKUE 3a1aud
Ha HAXO0XJAEHUE N€OMETPUUYECKUX BEJIMYHMH; ONMUCHIBATH B3aUMHOE PACIIOJIOKECHUE
MPSIMBIX U TUIOCKOCTEW B MPOCTPAHCTBE; N300pakaThb OCHOBHBIC MHOTOTPAaHHUKHU U
KpYTJIbI€ TEJa; BBINOJHATh YEPTEKU IO YCIOBHUSAM 33a7ay; CTPOUTH IMPOCTEUIINE
cedeHus Kyoa, mpu3Mbl, TUPAMUJIBL;

— BBIUUCIICHHE OOBEMOB M IUIOMIAZCH MOBEPXHOCTEH MPOCTPAHCTBEHHBIX
Tell.

JlanHyt0 pa3pabOoTKy MOT'YT MCHOJIb30BaTh CTYAECHTHI ISl CAMOCTOSTEIbHOM
paboThl, a Tak e MpenojiaBaTesid MPU MPOBEACHUM MPAKTUYECKUX 3aHATUN T10
MaTEMaTHUKE.

Kpurtepun onieHKH NPAKTHYECKHUX 3aJaHUI

OueHKH 3a BBINOJHEHUE SBISAIOTCS MTOKA3aTeNIMM TEKYLIEH yCIeBaeMOCTH
CTYJIEHTOB 110 IUCLHHUIIIMHE «MaTreMaThKa.

OrMeTKa «5» cTaBUTCS, €CIIU:

paboTa BBINOJHEHA IMOJTHOCTBIO; B JIOTUYECKUX PACCYXKICHUAX H
000CHOBaHUU pEIICHUS HET MPOOEIOB OUIMOOK; B PEIICHHH HET MAaTEMaTUYECKHUX
OomKOOK (BO3MOXHA OJIHA HETOYHOCTb, OMNMCKA, HE SBIIAIOMIASCS CIEICTBHEM
HE3HaHWs WIK HETIOHUMaHus y4eOHOro Marepuana).

O1meTka «4» cTaBUTCS, €CIIH:

paboTa BBINOJIHEHA TMOJHOCTHIO, HO OOOCHOBAHMSI WIArOB PpELICHUS
HEJOCTaTOYHbl (€CIM yMEHHE OOOCHOBBIBaTh pPAaCCYXJIEHUS HE SBISUIOCH
CHeLHaTbHBIM 00bEKTOM IPOBEPKH);

JIOTyIlIEHa OJHA CYIIECTBEHHAas OWIMOKa WM JABa-TPU HECYIIECTBEHHBIX
OIIIHUOKH.

OTtmMmeTka «3» cTaBUTCS, €CIIH:

JOMyUIEHbI 00Jiee OJHOM CYIIECTBEHHOM OIIMOKH W 0oJiee ABYX-TPEX HE
CYILIECTBEHHBIX OLIMOOK, HO yYallluics BlIaJeeT 00A3aTeIbHBIMU ~ YMEHUSIMU 110
MPOBEPSIEMON TEeMe; NPU 3TOM MPABUIIBHO BBIIIOJIHEHO HE MEHEE IOJIOBUHBI
padoTHI.

OTMmeTKa «2» CTaBUTCS, €CIIH:

JlomylIieHbl CyIIEeCTBEHHbIE OIIMOKM, TIOKa3aBIIME, YTO Yy4alluiics He
BJa/ieeT 00s3aTeIbHBIMA YMEHUSAMH 10 JAHHOW TeMe B TIOJTHON Mepe.

K «kareropun cymecTBeHHbIX OIIMOOK CIeAyeT OTHECTH OIIMOKH,
CBSI3aHHBIC C HE3HAHUEM, HE IMOHMMAHHEM YYaIlUMHUCS OCHOBHBIX IOJIOKECHUU
TEOPUU U C HEMPABUIHHBIM MPUMEHEHHEM METOJ/IOB, CTIIOCOO0OB, MPUEMOB PEIICHUS
MPAKTUYECKUX 3aJaHHUM, TPELYCMOTPEHHBIX POrPAMMOM.

-6-



K kareropuu HecymieCTBEHHBIX OIIMOOK CIIEyET OTHECTH MOTPEIIHOCTH,
CBA3aHHBIE C HEOPEXKHBIM BBIMIOJIHEHUEM 3aluced, PUCYHKOB, TIpaduKOB,
yepTekel, a TaK K€ MOTPEHIHOCTH W HEAOYEeThl, KOTOpbIe HE MPUBOIAT K
UCKAKEHUIO CMbBICIIA 3aJJaHUS U €T0 BBITIOJIHEHHUS.

O0o0mennble  Tpe0OBaHMS K  CTyJAeHTAM IIPU  BBINOJHECHUH
NMPAaKTHYeCKUX pador:

a) TEOPETHUUECKH MOJTOTOBUTHCS K BBHIMOJIHEHUIO PaOOTHI;

0) BBIMOJTHUTH PabOTy B MOJTHOM OOBEME C COOIIOJCHUEM HEOOXOIUMBIX
TpeOOBaHU K €€ BBITIOJIHEHUIO;

B) 0()OPMHUTH OTYET MPABUIHHO W AKKYPATHO, BHITIOJHUTH PACUECTHI;

I) CaMOCTOSITEJILHO BBIMOJHUTh WHAMBUIAYAIbHOE 3aJaHUE, OTBETUTH Ha
KOHTPOJILHBIE BOIIPOCHI U CJI€NIaTh BHIBOJIBL;

1) IPYU HAJTUYUH MPOIYCKA COONIOCTH MOPSIIOK BBIMOJHEHUS MPOMYIIEHHBIX
PAKTUYECKUX padoT.

IMopsaok BhINOJTHEHUS] MPONYIEHHBIX PadoT:

a) TpU HAIMYUK TPOMyCcKa CTYAEHT 00s3aH U3YYUTh MaTepual
CaMOCTOSTENIbHO, MPEIBAPUTENHHO B35IB 3a/IaHUE Y TIPETIOaBaTEIs;

0) MOJIrOTOBUTH OTUET O MPAKTHUECKOM padoTe, cobitoas Bce TpeboBaHus,
PEIbABISIEMbIC K BHIITOJTHEHUIO TPAKTUYECKUX padoT;

B) ClIaTh MPEIOAABATEIIO MPAKTHUECKYIO paboTy IIpH CISAYIOIICH SBKE.

Opranuzanusi BBIIOJHEHHST U KOHTPOJII NPAKTHYECKUX paboT 1o
mucuIninae  «MaTteMaThukay SBISIETCS ITOATOTOBUTEIBHBIM DTAaIllOM K clade
SK3aM€EHa I10 JJaHHOU JTUCIUAIUINHE.



IHPAKTHYECKASA PABOTA Ne 1
Tema: @yHKUUM OJHOU NTEPEMEHHOM U UX CBOMCTBA.

Heas: ChopMupoBaTh yMEHHE HCIOJb30BaTh CBOMCTBA (DYHKIMU [UJISI €€
UCCJIeIOBAHMUSI, pellaTh 3aJa41 U YIPAKHEHUS 110 JaHHOU TeMe.

Teopernueckne cBeleHUs1 K NPAKTHYECKOH padoTe

Ecnu xakmoMmy 3JI€MEHTYy X M3 MHOXKeCcTBa X 1O HEKOoTopomy mpaBuiry f
MIOCTaBJICH B COOTBETCTBHE OJJEMEHT y MHOXecTBaY, TO TOBOPAT, 4YTO Ha
MHOXeCTBe X ompeaeneHa (QYHKIHS CO 3HAUCHUSIMH B MHOXECTBE Y, W
3anuchiBaioT Y=f(x).

MuoxkectBo X Has3biBaeTcsi oOnacteio ompenenenus Qyakuuun D(f), a
MHOXeCTBO Y — o0nacTero 3HaueHuid (pynkimm E(f).

Ilpumep 1. Haiitu o61acTh onpeaesieHus: QyHKIUN

15
Dy=—"

X+6
X+6#0

X #—6
D(y) = (—o0;-6)u(-6;0)
_ X+13
X2 —7x+12
_ x+13  x+13
y_x2—7x+12_(x—3)(x—4)
X—3#0 x-4=0
X3 X#4
D(y) =(—0;3)U(3;4)U(4; )
3)y =+/x?-81
x?-81>0
(x—9)(x+9)=0
D(y) = (—0;-9]U[9; )

2)y

OcHOBHBIE CBOWMCTBA (PYHKITUU:

1. YetHocTh U HedeTHOCTh. DyHKIMs Y=f(X) Ha3pIBaeTCSA YCTHOM, €CITH JIs
Jr0OBIX 3HaUCHUM X U3 oOactu onpeaencuus f(-X)=f(X), u Ha3bpIBaETCSI HEUETHOM,
eciu f(-xX)=-f(x). B npotuBHOM ciyuae ¢yukuus Yy=f(X) Ha3piBaeTcs (yHKIMEH
oO1uiero Bua.

IIpumep 2. Y CTaHOBUTH YETHOCTh WM HEYETHOCTD (DYHKIIHH.



Dy=x*+6

y(—Xx) = (—x)2 +6=x"+6=y(X)

= @yukyus uemnas

2)y =sin X+ 2x

y(—=x)=sin(=x)+2(—x)=—sin x—2x = —(sin x+2x) = —y(x)
=  Qyukyus Heuemnas

3y

o X+2
- x*-16
(—x)+2  —x+2
(-x)*-16 x> 16

=  @yuxyus obweco suoa

y(—x)=

2. Monoronnoctb.  ®ynkrmus  y=f(X) HaspiBaeTcs  BO3pacTaromIci
(yObIBarolieil) Ha HEKOTOPOM MPOMEXYTKE X M3 OOJACTH ONpEeNeTCHUs, €CiH
OOJIBIIIEMY 3HAYEHHUIO apryMEHTa W3 3TOr0 MPOMEKYTKa COOTBETCTBYET OoOJIbIlee
(MeHbIIeE) 3HAUCHHUE (PYHKITUH.

3. OrpannyeHHocts. @Oynknms Yy=f(X) Ha3pBaeTCI OrpaHWYCHHOW Ha
HEKOTOPOM TPOMEXYTKE X W3 00JIACTH OIPEACIICHUS, €CIIA CYIIECTBYET YHCIIO
M>0, Takoe, 4to | f(x)| <M s moboro xe X .

4. IMepuonnynoctb. Dynkiusa Y=f(X) Ha3bpIBaeTCI MNEPHOAMYCCKOU C
nepuogom T>0, ecnu mig JOOBIX 3HAYEHUH X U3 00JIACTH  OIpPECICHHUS
f(x+T)=F(x-T)=F(x).

Ecnu xaxxaomy 3HA4YeHHMIO IIEHBI P 3a €IMHHUIY TOBapa IMOCTaBICHO B
COOTBETCTBHE YHUCIO ( — KOJMYECTBO TOBapa, KOTOPOE MOTPEOUTEIH TOTOBBI
KyIUTh IO JaHHOW IIEHE 3a OMpPEIENICHHBIN MPOMEXYTOK BPEMEHH, TO TOBOPST,
41O 3a7aHa GyHKIus crpoca, u manryT q=Ff(p).

Ota (yHKUUS onpeseneHa Uil TeX 3HaUeHH p >0, 11t KoTopelx f(p)>0 u

MHOYKECTBO €€ 3Ha4YCHUH ¢ >0.

['padux dhyHKIIMM cTIpoca HA3BIBAIOT KPUBOM CIIpoca.
Ilpumep 3. ®OyHKUUS cOpoca HAa HEKOTOPBIM TOBAp UMEET BUJ

q= 60—\j1007+p , TJ€ (] — KOJIMY€ECTBO TOBapa (ThIC. IIT.); P — IEHA €MHUIBI TOBapa
(py6.). TpeOyeTcs HailTH:

e OO0nacTh ONpeAeseHUss U MHOXECTBO 3HaYEHUH 3TON (PyHKIIMU

e DyHKUUIO LIeHLI BBUAE P = f (q)

e OOBeM cripoca mpH 1eHax Ha Toap: p, =300; p, =800

e [leHy 3a equHuIly TOBapa, ecnu ¢, =10;q0, =15,

e Bripyuky npoaaBIoB B KakJOM U3 3TUX CIy4aeB.

Pewienue: 1) Ilomyunm cuctemy HEpaBeHCTB:

p=>0 p=>0 p=>0 p=>0

100+ p=>0 = p>-100 = p>-100 = <p=>-100= 0< p<3500
60—./100+ p >0 \/Mgeo 100+ p <3600 p <3500

D( f)=[0;3500]



Bripaszum 3HaueHwue p yepes q:

a/100+ p=60-¢g

100+ p =(60-q)’

100+ p = 3600-120q + g>

p =qg*—120q+ 3500
p>0, g°-120qg+3500=>0

gqe (—oo; 50] ) [70; oo)

=0, qe[0;50]U[70;0)

W3 3akoHa crpoca CiaeAyeT, YTO C YBEIMYCHHUEM IICHBI p OT Hyss a0 3500
py0. crpoc oibKeH maaath. B Hamrem ciydae QyHKIuUsA ( yObIBaeT B MPOMEKYTKE
q[0;50], cnenoBaTenbHO, MHOXKECTBO 3HaueHHH pyHkuuu E( f)e[0;50].

1) ®yHKIKS IEHBI UMEET BU P = q° —120q + 3500
p, =300= g, =60-+100+300 =60-20=40 (meic.uum.);

2)
p, =800= ¢, =60—+/100+800 =60-30=30 (meic.um.);
3) &= 10=> p, =100-120-10+3500 = 2400 (py6.);

0, =15= p, =225-120-15+3500=1925 (py6.).

4) Belpyuka OT MPOJakH COCTABIIACT U = pq, CIICIOBATEIIBHO,

u, = p, -0, = 2400-10 = 24000(py6.)

u, = p,-q, =1925-15 = 28875(py6.)

Ecnu kxaxaoMy 3HAYCHHIO IIEHBI P 3a €IWHHUIYy TOBapa IIOCTABIICHO B
COOTBETCTBHC YHCIIO (] — KOJUYECTBO TOBapa, KOTOPOE MPOU3BOJUTEIN T'OTOBHI
IIPOJaTh IO JIAHHOHM IIEHE 3a OIPEACIICHHBIN MPOMEKYTOK BPEMEHH, TO TOBOPSIT,
9TO 3a7aHa PYHKIHS MPEIIOKEHUs, ¥ Ayt g=¢(p).

OTa QyHKLUS ONpesesieHa Ul TeX 3HaYeHUH p >0, 11 KOTOPBIX ¢(p)>0 u
MHOYKECTBO €€ 3Ha4YCHUH ¢ >0.

Ilpumep 4. OyHKIUSA TPEIIOKEHHS HEKOTOPOIO TOBapa Ha PBIHKE HMMEET

BH]I ( =%(p— 2)’ -1, Tae ( — KOJMYECTBO IMpeajiaraeMoro ToBapa (ThIC. IIT.); P —

1IeHa eIUHUIIBI ToBapa (pyo.). TpebyeTcss HalTH:

e OO6nacTh OnpeAesNeHnss U MHOXECTBO 3HaYeHUN (QyHKLINH (]

e O0BEM NpensoKeHUs NP LEeHaX 3a €AMHMILY ToBapa: p, =11 p, =20

e 3aBUCHUMOCTbH LIEHBI 32 €IMHUILY TOBapa OT 00beMa crpoca, T.€. QYHKLHIO
p=¢ (@)

Pemenue: 1) Haiinem obnacte onpeneneHus:

1

~(p-2)*-1>0

g P=2)

(p—2)>-9>0

(p—2-3)(p—2+3)=0

(p-5)(p+1)=0

p & (—o0;—1]U[5;)

Tk.p>=0= pe[5x)
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MHosxecTBO 3Ha4eHui GyHKIMK ( Ipu p>5 Oyner qe[0;+wo).

p, =110, = 1 (11-2)*-1=9-1= 8(mbzc.mm.)

1) Ilpun 91
p, =20;q, = 5 (20-2)°-1=36-1= 35(mbzc.mm.)

|
2) Haiinem dynxumo P =% (@
1
== (p-2)>-1
a=45(-2)

1
~(p-2)%=q+1
9(I0 )" =q

(p-2)*=9(q+1)
p-2==%,9(q+1)

p—2=i&ﬂq+n
P=2+31/(q+1) p:2—31}(q+1)
Tx.p=5, p:2+3\li(qu)

Coaep:xanue NpakTUYECKON padoOThI:
3ananme 1. Haiitu obnacte onpeneneHust GyHKIINHA

32+ X
Dy= (x—4)(x+9)

29-X
2y = X% +15x
4x
Iy = x> —5X+6
4)y =/x*-100
5)y = log;(x-3)
Jx+2
6)y =
(x—3)(x+1)
3ananue 2. YCTaHOBUTH YETHOCTD UM HEYETHOCTh (DYHKIIHH.
Dy=x"-x*+3

2)y =
3)y =—sin x—4x
4)y=e"+12

x*+2
5)y =
)Y x> —16

6)y =tgx—2X

X +9

-COS X
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3aganme 3. a) DyHKIUSA cCOpoca HAa HEKOTOPBIA TOBap HMEET BHJ
q= 70—% , T (] — KOJIMYECTBO TOoBapa (ThIC. LIT.); P — LIEHA €IMHHULIBI TOBapa
(py06.). TpeOyeTcs HalTH:

e OO0nacTp onpeaeneHus: © MHOKECTBO 3HAYCHHM 3Toi (pyHKINU

e DyHKIUIO IeHBI B BUAE p= f ()

e OObeM crmpoca npu IieHax Ha ToBap: p, =150; p, =650

e [leny 3a equHUIY TOBapa, ecinu ¢, =15;q, =20,

e BpIpyuKy NIpoJaBLOB B KaKJI0OM U3 3THUX CIIy4aeB.

0) OyHKIHUA crIpoca HA HEKOTOPBIM TOBAp UMEET BUJ ( = 40—@ , The q —

KOJIMYECTBO TOBapa (ThIC. IIT.); P — IleHa eauHuIbl ToBapa (pyo.). TpeOyercs
HaWUTH:

e (O06nacTh OnpeAesieHUss U MHOXXECTBO 3HaYEHUH 3TON (DyHKIIUH
e DyHKIuIO HeHsI B BUAE p= f (q)

e OOBeM cipoca IpH LieHax Ha ToBap: p, =175; p, =350

e [leny 3a equnuily TOBapa, eciu ¢, =10;9, =30,

e BrIpyuky IIpOAABIOB B KaXJIOM U3 3TUX CIIy4YaeB.

3ananme 4. a) OyHKIUSA NPEAJIOKEHUS HEKOTOPOTO TOBAPA HA PhIHKE UMEET

BHU]I ( =%(p—3)2—1, rae ( — KOJWYECTBO MpeiiaraeMoro Toapa (ThIC. IIT.); P —

1eHa eAMHUIIBI ToBapa (pyo.). Tpebyercs HaitTu:

e OO0nacTh onpeaeneHusl 1 MHOXKECTBO 3HaYEHUM (pyHKIMHU (

e OO0BEM NpensioKeHUs MPU LEHax 3a €ANHUILY ToBapa: p,=7;p, =11

e 3aBHCHMOCTbH LIEHBI 32 €AMHUILY TOBapa OT o0beMa crpoca, T.e. PYHKIHIO
p=¢"(1)

0) DyHKUUS NPEAJIOKEHUS HEKOTOPOro TOBapa Ha pPBIHKE HMMEET BUJ

1
q =E(p— 5)°—1, rie  — KOJIMYECTBO MpesiaraeMoro Topapa (ThIC. IIT.); P — LieHa

eauHuLbl ToBapa (pyo.). TpeOyetcs HaiiTu:
e (OOJacTh onpeaeaeHrus U MHOKECTBO 3HaUCHUI QYyHKINU (
e OO0BEeM IPEensIoKEeHUs TPH TIeHax 3a eAUHUITY ToBapa: p, =37;p, =53

e 3aBUCHUMOCTbH LIEHBI 32 €IMHUILY TOBapa OT 00beMa crpoca, T.€. QYHKLHIO
-1
p=¢ (Q)

-12-



IHNPAKTHYECKAA PABOTA Ne 2

«IlocTtpoenue rpagukoB  peajdbHbIX (GYHKUMA ¢  NOMOUIbIO
reoMeTpU4eCKUX NpeodpasoBaHmiD)

eab padoThI:

1. 3akpenuTh HABBIKM TOCTPOCHUS TpadukoB GYHKUUNA C TMOMOIIBIO
reOMETPUYECKHUX MPEe0Opa30BaHUI

2. cTIOCOOCTBOBATh PA3BUTHIO AHAIMTUYECKOTO MBIIUICHHS, BHUMaHUS
00yyJarommxcs;

3. BOCIIUTAaTh HHTEpPEC K TMpeaMeTy, TPYIOTI0Ne, OTBETCTBEHHOCTb,
CaMOCTOSITENIbHOCTh U TBOPUYECKYIO0 aKTUBHOCTb.

KpaTkue Teopernyeckue u yueOHO-MeTOANYECKHE MATEPHAJIBI 10 TeMe
NPaKTH4YeCKOoi padoThl

[Tycts 3aman rpaduk Gyukiuu y = f(X). UtoOb mOCTpOUTh rpaduk GyHKIMN

1.y =mf(x), tne m> 0 u m # 1, Hy)KHO OpJIMHATHI TOYEK 3aJaHHOTO rpaduKa
YMHOXHTh Ha M. Takoe mpeoOpazoBaHKWe HA3bIBACTCS PACTSHKEHUEM OT OCH X C
ko3 dunrieHToM M, eciau M > 1, u cxxaTueM K ocu X, eciiu 0 <m < 1.

2.y = —fIX) momyuaercs u3 rpaduka ¢ynknum f(X) nmpeoOpasoBanuem
cuMMeTpur OTHocuTenbHO och X. (IIpeoOpazoBaHuMe CHMMETpHH — 3€pKabHOE
OTpaXEHUE OTHOCUTENBHO MPSMOIA.)

3.y = f(x) + n, monmyuaercs u3 rpaduka ¢yHkiuu f(X) mapamienbHBIM
IEPEHOCOM TIOCJICTHErO BIOJIh OCH OpIMHAT Ha N eIuHHI] BBEepX, eciu N > 0 u,
COOTBETCTBEHHO Ha |N| equHuI] BHU3, ecau N < 0.

4.y = f(kx), rme kK > 0 u k # 1. Uckomblii Tpaduk GyHKIIUU MMOTydaeTCs U3
3aJJaHHOTO CkaTheM ¢ Koaddumuentom K k ocu y (ecam 0 < k < 1 ykazaHHOe
"cokatue" (haKTUUECKHU SBJISIETCS pacTshkeHueM ¢ koaddumrentom 1/K)

5.y = f(-X) monywaercs u3 rpaduka ¢ynkuuu f(X) npeodpazoBanuem
CUMMETPHH OTHOCHTEJIBHO OCH Y

6.y = f(x + |) momydaercs u3 rpaduka Qynkuuu f(X) mapamienbHBIM
epeHocoM nocnentero Ha | equnwui BieBo, ecnm | > 0 u, coorBeTcTBeHHO HAa ||
eIUHUI] BIIpaBo, eciiu M < 0.

Hamnpumep, mycts 3axas rpaduk QyHKmae Y = VX_.
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YroObl mocTpouTh rpaduKu Ipyrux (HYyHKIHA, COAEPIKAIINX apryMeHT (X)

MoJ 3HAKOM KBaJIpaTHOTO KOPHS,
IpaBUJIAMH.
"kapangamom OjeaHo",

BOCIIONIB3yeMCSl TIEPEUYHMCICHHBIMUA  BBIIIIE
3amaHHbIl  TpauK TOBTOPUM BO BHOBb HAYEPUEHHBIX OCAX
TpeOyemblil Tpaduk,

KOTOpLIﬁ IMOJIYUUTCA IIOCIJIC

npeoOpa3zoBaHuid, caenaeM 0ojiee MHTEHCUBHBIM. B TeTpaau nuirHee MOKHO OyIeT
yIIUTh JACTUKOM, OCTAHETCS TOJIBKO Pe3yJIbTaT BHIMOJHEHUS 3a/1aHUs.

IIpumep 1a. TIloctpouts rpaduxk
dyHKIHH Y = 2VX_
& 1'1 t
7T
]
5
£}
3
2
I
1 -
109876-5432.1.012345678010y
=3
=
5
e
L s i

Pactanymu B 2 pa3za or ocu X.
OpanHara Ka)xa0i TOYKU yBEIUYHIIACh
B 2 pasza.

Ipumep 1b. IlocTtpouts rpaduk
yHKIHH Y = VX_ /2
e i =
T
]
5
1
3
1
1 -
109 876543210123 456088910k
3
=1
5
E ]
o s A

Cxamu BaBoe Kk ocu X. OpauHara
Ka)KJ0M TOUKW YMEHBIIWIACH B 2 pa3a.

IIpumep 3a. Iloctpouth

rpaduk
dyHKIIH Y = VX_ + 2

P

T
M

[T R PR RY -

i
049 87654321012 345678 010y

2
-3
=
=
=6
“ - o

==

[TapannensHo  mepeHecnau  Ha 2
€UHULIBI BBEpX BIOJb OCH Y.
Opaunara Kaxa0il TOYKH yBEIUYMIACch
Ha 2.

Ipumep 3b. IlocTtpouth
dyHKII Y = VX_ —2

rpaduk

-

¥
M

R T O s ]

=

>
-10-9-8--?-6-5-4-3-2-110 4 5 6 T 8 8 10 y
A

-

-3
=
=
=
" s i

[TapannensHo  mepeHecan  Ha 2
€MHULIBI BHU3 BIOJIb OocH Y. OpauHarta
KOKJIOM TOYKM yMEHbIIWIAch Ha 2
€IUHULIBI.

IIpumep 4a. Iloctpouts

rpadux

IIpumep 4b. Iloctpouts

rpadux
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dyHKIHE Y = V2X

P
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Cxamu BaBoe Kk ocu Y. AOcmucca
KaKJ0W TOYKH YMEHBINNIIACh B 2 pa3a.

dyHKEn Y = VX/2

~

L
(=T S T T - WS

|
e

X

& ol H oL

Pactsuynu B 2 pa3za or ocu Y.
Alcnrcca KaXI0i TOYKH YBEITUIUIACH
B 2 paza.

IIpumep 6a. Iloctpouts rpaduk

byHKUIMH Y = VX + 2

-

=
J

.
CIE T T A

'
e

X

IIpumep 6b. TIloctpouts rpaduk

byHKIMH Y = Vx =2

e

=
J

(S BT R - S R

D 10

=
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L
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i
=
s
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=
e
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ta
e
v
=11
=
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L
|
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= =
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i) =

\

[Tapammensio  mepeHecnmn  Ha 2 | [apamwiensHo — mepeHecnd  Ha 2
COUHUIBI  BJICBO  BIOJBb OCH X €OUHHUIIBI BIOpPaBO BAOJIb OCH X.
Abcuucca KaXKJJ0i TOUKM | AGcuucca KakIoi TOUKM YBEITHUYMIACh
YMEHbIINJIACh HA 2 €ITUHULIBL. Ha 2 eVHMIIBI.
Ipumep 2. TIloctpouts rpadux | Ilpumep 5. Iloctpouts rpaduk

dyHKIHH Y = —VX

dyHKIHE Y = VX
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3
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5
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Hpumenniu npeobpasosanye [Tpumennau npeoOpa3oBaHue
CHMMETPHH  — 3€PKAIIBHO OTPASWIN | p\ivernyy —  3epKalbHO  OTPAsHUIH

OTHOCHUTECIIBHO OCH X. OTHOCHTENBHO OCH Y.

3aMeTuM, YTO MapajieNbHBIN MEpPeHOoC TpadrKka OTHOCHTEIHHO OIHOU W3
ocell B KaKylo-THOO CTOPOHY PaBHOCHIIEH IEPEHOCY ITOW OCH OTHOCHUTEIIBHO
rpaduka B NPOTHUBOIOJIOXKHYIO CTOpoHy. [losToMy 3-¢ m 6-¢ mpaBuia MOXKHO
O00BETUHUTD CICAYIOIAM 00pa3oM: 4TOOBI MOCTPOUTH Tpaduk ¢pyHkmu Y = f(X —
M) + N HY>XHO BBIMOJHUTH MapauUICIbHBIA NMEPEHOC BCEH TUIOCKOCTH KOOPIAMHAT
Tak, YTOObI HAYajJOM HOBOH cucTeMbl KoopauHaT X'y' Obiia Touka O'(m;n).
OdeBHIHO, YTO BMECTO TOTO, YTOOBI JABAXKIbI MEPEPHUCOBLIBATH TpaduK, MPOIIE
MEPEYEPTUTD OCH.

Ecnn HyXHO CKOMOWHHPOBATH TOJIBKO MapaijiesibHble MEPEHOCHI, YTOOBI
MOCTPOUTH TpauK PYHKIMH, TO BCE pAaBHO B KAKOM TOPSAKE UX BBITIOTHATH, U BCE
paBHO, YTO MEPEHOCUTH - OCH WIU KpuBble. HO ecnm HY»KHO mOCTpouTh Tpaduk
CJIOKHOM (YHKIIUH, UCIIONb3YSl U MEPEHOC, U PacTshKEHUe-CKaTue, U OTpaKeHus,
TO CJIEAYET TLIATEeNIbHO COOJII0/IaTh MOPSAOK BBIIIOJHEHUS ONEpaliid.

3amaHus 11 NPAKTHYECKUIN YacTH:

1 Bapuant Iloctpoiite rTpaduk 3aBUCUMOCTH KPYTAIIET0O MOMEHTA
aBTOMOOMJIBHOTO JIBUTaTelii OT 4Yuciaa ero oOOpOTOB B MUHYTY, 3a/laBaeMblii
dbopmynoit  y = —(x — 400)2 + 140 rae Y — KpyTALIUHCS MOMEHT, X- YHCIIO
o0opoToB B MUHYTY. Ha ocu abcuucc OTioXHUTE YHCIO OOOPOTOB B MUHYTY; Ha
ocu opauHaT — kpyTtamuicas MmoMeHT B H M. [lo rpaduky dbyHkiuu onpenenure,
Kakoe HaMMEHbIIIee YUCIO OOOPOTOB IBUTATENS B MHUHYTY JOCTaTOYHO, YTOOBI
aBTOMOOWJIb HavaJl ABWIKCHUE (KpYMAWULUC MOMEHmM 00J1diceH bbimb He menee 6()
Hwm)?

2 BapuanT IlocTpoiite rpaduk 3aBUCMMOCTH TIpoliecca pa3orpea
JBUraTens JerkoBoro aBToMoous, 3agasaemMoro gpopmynoit T = —(t — 8)2 + 90,
rae T- Temnepatypa nsurartens, t- Bpemsa. Ha ocu abcmuce oTiioxkuTe BpeMs B
MUHYTax, MpOIIEAIIee OT 3allycKa ABUTATEeNsl, HA OCH OpJIMHAT — TEeMIIepaTypy
asurarenss B rTpamycax lLlembcusa. Ompenenute 1o TpaduKy, CKOJIBKO MHUHYT
JBUTATENb HarpeBascs ot TemmepaTypsl 60°C no Temneparypst 90 C.

-16 -




IIPAKTHYECKAS PABOTA Ne3
«Haxoxaenue mnpenejoB (QYHKIMH ¢ NOMOIIBI 3aMeYaTeJbHbIX
npeaeaoB»

eab padorThI:

1. 3aKkpenuTh HAaBBIKM HAXOXJICHUS IIPEACIOB (QYHKIUHA C ITOMOIIBIO
3aMeYaTelIbHBIX MPECIIOB

2. CIIOCOOCTBOBAaTh Pa3BUTHIO AHAIMTUYECKOTO MBIIUICHUS, BHUMAaHUS
oOyyJarommxcs;

3. BOCTIUTAaTh HMHTEpPEC K TMPEaMETy, TPYIOII00Ne, OTBETCTBEHHOCTD,
CaMOCTOSITEIIbHOCTh M TBOPUYECKYIO aKTUBHOCTD.

KpaTkue Teopernyeckue u y4eOHO-MeTOANYECKHE MATEPHAJIBI IO TeMe
NPAKTHYECKO padoThI
Teopema. [Ipenen oTHoIIEHUS CHHYyCa OECKOHEYHO MaJIOM JYTH K caMoil
5 i S X =1
Jyre, BRIPaKEHHOHM B paJinaHax, paBeH €IMHULIE, TO €CTh *~0 i
OTOT mpenen Ha3bIBAIOT NEPBBIM 3aMedaTelbHbIM IpenenoM. C  ero
MTOMOIIBIO BBIUMCIISIIOT MPEAEIIbI BBIPAXKEHUMN, COJIEPKAIIUX TPUTOHOMETPUUECKUE

GyHKUIUU.

sindx
Ilpumep 1. Beruucnurp #0  x
sindx ~ im si.nﬁx.

lit 5=
Pemenue. [IpecoOpazyem  maHHO€  BBIpaKeHue: 0! x  #+0  Ix
Stm SR,
¥=0 X
tim s
[Tpu BBIUHMCJICHUU MPENEIOB BHUJIA *—= ,
litn w(xi=1, lm W)= o o
rac ¢ e HCIIOJIB3YCTCA BTOpOH 3aMcUaTCJIIbHBIN
1
. 1 1 L
im [1+=]| == litn ¥ = lim +al e - g
npenpei: ¢ [ IJ W *=0 Grnt=e i «lxo ¢ e , ¢=24,71828 .,

lim (1+EJK.
IIpumep 2. Haiitu "= 4

|

3 3 3 .
2oy rE— fim (+35)%= lim (1+p)
Pemienne.  Ilomaras * , momyunm: 5 @ *=e I
3

1
im |1+ | =&
»=0

2

b
[J:2 +3]
w 2 - '
Hpumep 3. Haiitun *—° 2% =7
Pemenne. [Ipeo6pazyeM BeIpaKeHHUE, CTOSIIIEE MO 3HAKOM TIPEETBLHOTO
nepexoa.
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2
o2 4 w5 [32;
B, z
h:n{1+gJE;j_5=E}nm +3_5j
2
i ] x _j
xg—j a 5 xg
]jm[l"'zgj =¢ ]ij:;1r =3 ,E“m[zj] =¢
Tak kak *** xt =5 ,a ™= x*-3 70 T
[IpuBeneM enie HECKOJIBLKO 3aMeUaTEIbHBIX MTPEIEIIOB:
1+ 1
im P L - tim e 0% - ine, lim (40
l) =0 X =0 x x¥—=0 TaK KaK #—d .
limm Wl +x)=1
OKOHYATEIIBHO, *—? ;
i ogaltAd 1
2) ¥—=0 x e’
g —l=p=e” =p+l1
3
-1
fim o |met = Iip4l) = x = Iy 1 |=
=0 X
mpu r—=0p—10
3)
- y 1 .
lim = =1
J-'—}D]_nliy+1:] lim ]-ﬂr(]-"'.}’:]
= =0y
i 27 g
x—=l X .
4)
] +3 )
IIpumep 4. Haititu *-? x
L
Pemenue. J1y1s perieHust BOCIob3yeMcsi pOPMYIIOn -0 x
[Ipeobpazyem:
+35 1435 1435
I ) T G N T SO . el SRS R S
¥—=0 x = x=0 ix =0 Ix

3alaHuA MPAKTUYECKOH YacTu:

Bobruncaurs npejelibl

2sin3x

1i 1i 7 sin 6x
My = My~

. 2\* ) 5
o lim,,_,q (1 + ;) , lim, o (1 + x)x,

4
lim,_,, (1 + 2x)x
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HPAKTHYECKAA PABOTA Ne 4
Tema: Ilpemen  mociieaoBaTeJbHOCTH M mpexea  (PYHKUMH.
3aMeuaTe/bHbIE TIPeIebl.

Ieab: chopMupoBaTh yMEHHE HAXOIUTh MPEACIbI MOCIEI0BATEIBHOCTEH 1
npezaenbl (QYHKIUN, HCIOIB30BATh 3aMEYaTeNIbHbIC TPEACsbl I HaXO0XKICHUS
IPEJICIIOB.

TeopeTuueckue cBeeHUsI K MPAKTHYECKO# padoTe

[Tycth  cymiecTByeT — IOCJIEAOBATEIbHOCTh  JICHCTBUTCIBHBIX  YHCEI
{a,eR:n>1}

Hucno a Ha3bIBAETCS IPEAECIIOM IIOCIEA0BATEIbHOCTH
lima,=acR<Ve>0 3njeN

vn>n, l|a,—-a<e
n’+6n-5
Ipumep 1. Beraucmuts ipesen ™>10n°—8n* +2

148 >
. n*+6n-5 ) n> nd 1
lim——-—— ——=1im

T (10_ RE j 10

Pewenue nn
n>-2n+3

im——
Ipumep 2. Beraucmuts npesen ™*12n°+4n* -1

2 (2.3
n“-2n+3 . n n° n 0 0

12 1A 1 o 4 1) 12
e - n3(12+ j

3
Pewenue nn

n+6

lim
IIpumep 3. Berancours npegen "> /n—38
n®(L+ g)

lim —lim n?” _1_
n—>oo7n_8 oo o 7 8 0

Pewenue n n?

Iim(\/Zn +8 —«/n —1)
Ilpumep 4. BelUUCIUTH TIpEAET ">
Pewenue

!m(mim):!m(\/2n+8—\/n—1)(\/2n+8+\/n—1) ((\/2n+8) —(\/n—l))

=lim

(V2n+8++/n-1) e (V2n+8+/n-1)
n(1+g)
Cim (28 -(n-1) o 2n+8-n+1 L n+9 —lim n

e e I S I G O = oy B e
n




Yncio A HasbiBatot npedenom Gynryuu f(X) mpu X %0 (1 mumyt
limf(x)=A 550
*=% ), eciu I Jiroboro € > 0 HaNUAETCs YUCIO > Y, 3aBucsIIee OT ,

X # X, X=X, <8
TaKO€, 4TO IJId BCEX , YAOBJICTBOPAIOIINX YCJIOBHIO )
f(x)-Al<e.

BBITIOJIHACTCA HCPABCHCTBO |
Teopemsl 0 nipenenax:
limc=c
1. % (c=const).
lim f(x)=A, lime(x)=B,
2. Ecom *% =% TO:
!iryo(f (X) £ p(x)) = lmxw f(x)+ !irp0 o(x) = A£B;

lim(f (x)-@(x)) = lim  (x)-lim o(x) = AB;
X—>Xg X—>Xp X—>Xp

lim f(x)
limt ) _oe A g0
=% @(x) lime(x) B
X—>Xg
im>X g
x=>0 X

Ilepsbiii 3ameuamenvhblii npeoer.

Bmopoti 3ameuamenvhwiii npeden (uucino e =2,718...):
1

lim(1+1/x)* =e lim1+x)* =e.
X—>00 WIN Xx—0
3ameuamenvhule npedenvl:
lim®—_Ina lim&—1_1
x—0 X x—0 X
. In(1+x .
|Imgzl lim 10,(1+) =log, e
x—0 X x—0 X
C (1+x)" -1
Ilm—( ) =
x—0 X
i 5sin8x
Ipumep 5. Boraucmuts npexen <0 6X
0
. 55in8xM . 5sin8x-8 5.8 40 20
lim = lim = - _=
PeweHue x—0 6X x—0 6‘8X 6 6 3
. In(1+5x
jim M+ 5%)
Ipumep 6. Beraucnuts npegen *° X
0
_In(1+5x H _ 5In(1+5x
Ilm—( ) = Ilm—( ):
Pewenue *° X x>0 SX
1
lim(1+ 5x)3*

Ilpumep 7. Beraucaurs npenpen *-0
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1 PéJ l.5x££ Hm(Sx;Lj 5
X

lim(1+5x)3 = lim(1+5x)5 3 =g~ 3/ —g3
Pewenue x>0 x>0
2 X
. X°+4
lim >
x>o| X 4+1
Ilpumep 8. Beraucaute npenen
Pewenue
2 X [1wJ 2 X X
. [ x“+4 . [ x“+1+3 . 3
lim > = lim — =lim| 1+ > =
x>0 X° 41 x>o{ X" +1 x> X +1
x>+1 3
X ——X
3 X241
_ 1 _ 1 lim—>x  lim X
=lim| 1+ — =lim| 1+ — =g —gond =gl =
X0 X“+1 X—>0 X“+1
3 3
lim f (x),
Yr1o0bl HAWTH Mpenes dJIeMEHTAPHOU HKIIUH = X% HY>KHO
p p Yy Yy

MpcacJibHOC 3HAYCHHUC apryMCHTa IIOACTABHUTHL B ®YHKHHH)ZH HOCHHTaTB.IIpH
3TOM, €CJIN x:xojanHanHeﬁqrr 06HaCTH OIIpCACICHUA QBHHGHHL TO 3HAUCHUC
npenena OyneT HaWIeHO, OHO PABHO 3HAYEHHUIO (PYHKIMU B TOYKe Xx=xp. llpu
BBIYUCJICHHUHA IIPCACIIOB ITOJIC3HO HCIIOJb30BATh CICAYIOINC COOTHOIICHMA. Ecim
c=const, cz0, cC#wx

0 C s} "
——>0; ——> w0, ——>o; cw—>x;c:0—>0; a° >0,

C 0 c ecliu

' TO, yUYUTHIBasl CBOMCTBA 0.0. U 6.M. QYHKIMH, TOTYIUM:
O<a<la” >, ooy

a>1.
CﬂyangBKOTOpr(HOHCTaHOBKaHpeﬂeHBHOFO3HaquHHapFYMeHTa
B (byHKuHIO HE JacT 3HAYCHU Mpeaeciia, Ha3bIBalOT HEONIPECACICHHOCTSIMU,
K HUM OTHOCATCA HCOIIPCACICHHOCTH BUOOB:

(zj (gj (0%0); (o0 —o0); (17); (o°); (0°).
2x% +15

Ipumep 9. Beraucnuts npeaen ** 10x* — 4
2x*+15 . 2.1*+15 2415 17
Im > = |m > = —_——
Pewenue *t10x" -4 x»110-1°-4 10-4 6
lim X 16
Ilpumep 10. Beraucnuth nipeaen ** X* —5x+4
0
2 _ H X—4)(x+4 X+4 4+4
jim—X =10 i (X=A)0ced) o (ced) g (4+4)
>4 X% —bx+4 ot (x—4)(x-1) x4 (x-1) x4 (4-1)
Iim«/2x+8—«/23—x

Ilpumep 11. Beraucouts npeaen *>° X—5

_8
3

Pewenue

-21 -



Pewenue
i N2X+8 23— x m“m (\/2x+8 —\/23—x)(\/2x+8 +J23_x) )

o8 X5 8 (x—5)(v/2x+8+/23-x]
_lim ((m)z_(m)z) i ((2x+8)—(23-x)) i (2x+8-23+x) _
% (x=5)(V2x+8+/23-x) 7 (x=5)(V2x+8+423-x) **(x-5)(V2x+8+23-x)
i (3x-15) o 3(x-5) i 3 _
% (x=5)(V2x+8+428-x) 7 (x=5)(V2x+8+28-x) **(J2x+8+23-x)
3 3 3 3 1 122 22 2

(V25+8+23-5) (Vi8+i8) T8 2332 202 2222 42 4

Conep:kaHue NpaKTHYeCKO padoThI
3amanue 1. Beruncnuth npeesnsl 1oclie10BaTeIbHOCTEM:

1) lim 2n+1 2)“mS—Zn 3)“mlOnJr?,
n—oo 3n+5 n—oo n+6 n—oo 1+2n
: _ (3=n)%+(3+n)® _(n+1)°+(n-1)?
4)I|m4n—+16 5)I|m( )2 ( )2 6)I|m( )2 ( )2
e 9N e (3—N)°—(3+n) e (N—1)°—(n+1)
. 3n*+2n-1 . n*-100n* +1 :
Nlim————= 8)lim—————=  9)lim(v4n-7 —</n+2
2% n+2 2% 100n* +16n 2% (\/ v )
3ananue 2. Beraucnuth npeaensbl GyHKITHM:
x4+ 2x7 -3x X =3x-2 : (V1+X_1)
Diim————  2)lim——— 3)lim———~=
x>0  X°—3X°+X x—1 X"+ X x—0 X
. (’\/1+2X_3) . x*-3x+2 (x+1) 2+ (x-1)°
#limi———L  5)limZ—""%  6)lim _ _
X—4 —\F—Z x—1 X° -1 x—1 (X—l) —(X+1)
33+ 2x— 3 _15y2 VaX—7 —x+2
7)lim XX H2XTL gy iy X oASX T H X 9)Iim( )
X—>-2 X+ 2 x->0  18x°+15x X2 X—2
3apnanme 3. Bpiuuciouth npenensl GyHKUMNA, HCHOJb3Ys 3aMeyarebHbIe
MIpEJIEIIb:
2 x*+1 X X+1
1) lim| X3 lim[ XL} g fjm[ 23
X—>o0 X X—o0 x-1 X—>o0 2x+1
_ 1 . In(1+sinx . 2
4)lim(1+10x°)" 5)I|m¥ 6)I|m3x_ X
x—0 Xx—0 sin4x x>0 SIn4x
7)“thSX 8)Iimgln(l—ZX) 9)“mar_csm72x
x-0  1gX x-0 4arctg3x x>0 SIN X-X
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IHPAKTHYECKASA PABOTA NeS

«OcHOBBI TU(pPepeHIIHATBHOTO UCYHCICHU»

Y4yeOHasi Heb: YMETh HAXOAUTh IPOU3BOJHBIE SJIEMEHTAPHBIX M CI0XKHBIX
GYHKITAN, TPOU3BOIHBIC TTPOU3BEICHUS U YACTHOTO.

YyeOHsbie 3aga4n:

1) mpOBECTH YCTHBIH OMPOC MO TEOPETUYECKUM BOIIPOCAM

2) TpoBeCTH THUCBMEHHBIM ompoc 10 (opMyraM U MpaBWIaM
nuddepeHupoBaHus

3) BBINOJHUTD 3a7aHus Ha TuddepeHnpoBanue GyHKIUH

3amayu npakTHYeCcKOn padoThl

1. IloBTOpEeHHE TEOPETUUECKOTO MaTeprasa

2. [IpoBepka 3Hanuit GopMyI1 u paBuil AU PepeHInPOBAHUS
3. BemmonHenue 3aganuit Ha gudpepeHmpoBanue QyHKIIHA.
Copnep:xkanue padoThbl:

®opmyiibl AudhepeHIupOBaHUs

1. (X")=nx"" 13. 6O =ux""u'
2. (e7)'=¢ 14. (") =¢"-u’
3.(@)=q" Ina 15. (%)’ =g"-Ina-u’
1
4 (nxy=1 16. (nuy'=-v
' X
5. (Iogax),:xwlna 17. (log,u) =——u
6. (Sinx)' =cosx 18. (sinu)'=cosg-u'
7. (cosx)' = —sinx 19. (cosu)’ =—sinu-u’
8. ' 1 20 (tgu)' = ~ u
(tgx)' = o~ vy
Q. 1 21. (ctgu)' = ————-u’
(ctgx)' = sinzx Sin’u

10. (arctgx)’ = ! > 22. (arcctgu)’ = - Z'U'

1+x 1+u

o 1 ,
11. (arcsinx)' = ! 23. (arcsinu)' = =
ﬂl—xz 1-y

' 1 24. (arccos u)' =— 1 u’

12. (arccos x)' = — 2
1-

[TpaBuna nuddepeHmpoBanms

1. (¢)' =0,(cu) =cu’;
2. x'=1

3. (U+v)' =u"+Vv;

4, (W) =uv+Vv'y;

5 u, _uv-vu

. (V), V2
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IIpuMepbI BHIYUCICHHUH :

1) f(x)=3x*+2x%-5x+3; ucrons3ys popmyast (X")'=nx"", x'=1, ¢'=0

v npasmia (cu)'=cu' , (U+V) =U"+V' moayuaem

f(x)=(3x*+2x2-5x+3)")=(3x*)"+(2x%)'-(5x) '+(3)'=3(x*)'+2(x?)"-
5(X)"+(3)'=3-4x°+2-2x"-5- 1+0=12x"+4x-5

2) f(x)=x3cosx ; ucromb3ys popmyist (X")'=nx"" u (Cosx)'=-sinx u mpasuiIo

()" =uVv+V'U; nonyuaem

f(x)=(x’cosx)'= (X°)'cosx+ x> (CosX)'=3x"cosx+x>(-sinx) =3x°cosx-x’sinx

3) f(x)=x"/cosx ; ucmomb3ys hopmyis (X")'=nx"" u (cosx)'=-sinx u mpasuiIo

u,, uv-vu

(=)' =——— mnony4aem
v v

f(x)=(x" fcosx)'= ((x*)'cosx- x* (cosx)")/cos’x=(4x>cosx-x"(-sinx))/ cos?x
=(4x°cosx+x’sinx)/ cos*x

4) f(x)=cos(3x*+2) ; ucronb3ys GopMyIsl (Cosu)’ =—sinu-u’,

a morom (X")'=nx"", x'=1, ¢'=0

nonyuaem F(X) =c0s'(3x*+2)- (3x*+2)'= -sin(3x*+2)- 6x=-6x-sin(3x*+2)

5) f(x)=e ™*%; ucnoms3yst hopmysr ( (€)' =e"-u’, a morom (X")'=nx"", x'=1
,c'=0

momyaaem f(X) = (e %)= e ™8 (7x+8)'=e "**8.7=7¢ **°.

Bapuanm 1. Bapuanm 2.

Haiioume npou3eoonyio
1. f(X)=3x*+6x>-7Tx+1;
2. f(x)=5xsinx;
3. f(x)=6x°Inx
X2 42X
4. f(X) - x—1 ’
5. f(x) = sin(2x* — 3x + 1);
6. f(x) = cos’(2x — 1);
7. f(x)=6 **
8. f(x)=(5x+7)*
9.f(x)=log »"x
10. f(x)=In?x

Haiioume npou3eoonyio
1. f(x)=2x°-9x?+5x-8;
2. f(x)=6x"cosx;
3. f(x)=2x*Inx
3x—x? .

4. f )= ;

X+ 2
5. f(x) = cos(3x* — 4x + 2);
6. f(x) = sin’(2 - 3x)
7. f(x)=6 **
8.f(x)=(5x+7)*
9.f(x)=log ,"'x
10. f(x)=In*x
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IHPAKTHYECKAA PABOTA No6
Tema: Tughgpepenyuposanue npocmulx u c10xcHvIx Qynkuyuil

Heab: oTpaboTka yMeHUN W HaBBHIKOB AU(PGEPEHIIMPOBAHUS MPOCTHIX U
CJIOKHBIX (DYHKIIHMH.

Yueonoe ooopyoosanue:

1. MeTonuueckre yka3aHUsI IO BBIIIOJHEHUIO MPAKTUYECKUX padoT To
nucuuIiuinHe «MaTtemaTukay.

Hnpopmayuonnvie ucmounuxu:

2. I'puropreB B.II1., dyounckuit FO.A. DineMeHTHI BBICIIEH MaTeMAaTHUKH:
Y4eOHHUK IS CTY[I. yUpEeKIACHHUH cpea.npod. obpazoBanms. — 6-¢. u3m., crep. — M.:
N3patensckuii neHTp «Axanemusi», 2011. — 320 c.

3. I'puropreB  B.II.,, CabGypoBa T.H. COopHuk 3amad moO BBICIIEH
MaTeMaTtuke: yuye0.mocobue st CTyA. yupexaeHui cpen. npod. ObpazoBaHus. —
M.: U3natensckuii ieHTp «Akanemus», 2013. — 160 c.

OcHOBHBIE TeOpeTHYECKHE CBEACHUsI

Onpeoenenue. TponsBoanoii ¢yukuuu f(X) B Touke x = xo Ha3pIBaeTCA
npezesl OTHOIICHWS TpUpanieHus (QYHKIUK B 3TOH TOYKE K MPHPAIICHUIO
apryMeHTa, €CJIM OH CYIIECTBYET.

ff(x)zixirgof(x+Asz S (x)

OcHoBHbIe npaBuJia quddepeHIupoBaHus
O6o03naunm f(x) = u, g(X) = v — dbyskmu, tndpdepeHIupyemMbpie B TOUKE X.

1) (c) =0. ) (x) =1. 3) (Utv) =u'+v'.
’ | (E) :u'v—zuv’; (v %0)
4) () =c-u' 5) \V v
(&) =-Sv 0= S
6) \V v 7) (U-v) =uv+uv’
IIpou3BoAHBIC OCHOBHBIX 3JIEeMEHTAPHBIX PyHKIMH
HC' =0; 9) (sinx) =cosx
2)(Xm)' - me-l; 10) (cos x) =—sinx
) =L (1
3) ( X) 2Vx 11) (1) cos’ x
n__1 1
4) [xJ x? 12) (ctgx) = sin? x
N (arcsin x), - -
5) (e ) =€ 13) 1-x
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' (arccos x) =—

6) (ax) =a'lna 14) 1-x’
' 1 i
ln = — =
7)( x) ; 15) (arctgx) 1o
! 1 ! 1
g) (log, x) =Ina 16) (arcctgx) BT

IIpousBoaHas cJ10KHOM PyHKUMH

Teopema. ITycmo Yy = f(X); U = g(X), npuuem obracme 3nauenuti ynrxyuu U
exooum 6 obnacme onpedenenust pynxyuu f.

Toeoa MEFACORT

Ecmm Y= T, u=0(X) e ¥=T@X). cnoxuas pynxuus, to
V= £'(0)-u

Ha ocHOBaHMM ompe/ieIeHHs TPOU3BOTHON U TIPABIIT AU PEPESHIINPOBAHUS
cocTaBJieHa Ta0JIHIIa TPOU3BOIHBIX CIIOKHBIX (DYHKITHH.

' ! 1
a — . a—l. ' R t — 1
g ) =a-ut v (@eR) g (00 = o
' ! 1
a') =a"-Ina-u’ t —_ u’
2( ) v, 9(cgu) sin?u
3 (e“) =e'-u' (arcsinu) = L v
) 10 1-u? ’
! 1 ! ' 1
(log, u) = -u (arccosu) = - -u’
4 u-lna 1-u?
) 11 :
’ 1 ! 1
Inu) ==-u’ tgu) = '
(Inu) - u’ (arctg u) oo u,
6 (sinu) =cosu-u’ (arcctg u),:— L v
’ 1+u?

!

7 (cosu) =—sinu-u’
IIpumeps! gudpdepenuupoBanus GyHKInM
Ilpumep 1. HaliTu npou3BOAHYIO (PYHKIUU:

1 1 1 21 o1 2
y = + 5 — =
Yx 6x° 2Jx 6 2

! ’ !

1 1 1 ' 1 _4 3
y' = x SV SV I +l(x‘6) B 3+l(—6)x‘7—1 N
6 2 6 2 3 6 2\ 2
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IIpumep 2. Haiitn npoussoanyto Gpynxuun y = (x3 — 3x% + 1)3,
Pemenne:

UcnonszyeMm popmyny (u(x)™) =n X u(x)" 1 x (u(x))

y =33 —3x2 +1)2x (x3 —3x2 +1) =3(x3 —3x2 +1)% x (3x? — 6x)

IIpumep 3. Haiitu npousBoanyo Gyaknuu y = cos(4 — 2x).
Pemenne:

HUcnonesyem dopmymy (cos(u(x))) = —sin(u(x)) X (u(x))
y = —sin(4 — 2x) X (4 — 2x) = —sin(4 — 2x) X (0 — 2) = 2sin(4 — 2x)

l}? = 3(05?{
IIpumep 4. HaiiTu npon3BoAHYI0 QYHKIIUU (=) :
Pemenne:

(cx*)f =z 'lna

[TockosbKy , TO TIO MIPaBUJTy MPOU3BOJHON CIOKHON (DYHKIIMH
[0JIy4aeM

N ‘

¥ (x)= [3":'”) =3 (cosx) =—sinx IV

IIpumep 5. Haiiti pon3BoaHy0 GyHKIHH Y = V2 — 3x2.

Pemienne:
: 1

Hcnonszyem popmyy (y/u(x)) = N X (u(x))

x (2 — 3x2) ! x (0 — 6x) o«
y = —— — 3x¢) = —— — b6x) = ———

2V2 — 3x? ] 2V2 — 3x? 2V2 — 3x2
—3x
V2 —3x2
g[x) =tg-J1-x

Ilpumep 6. HaliTu mpou3BOAHYIO0 (PYHKITUU :

Pemenue:
31ech Mbl UMEEM JIENI0 ¢ Kommo3uuuen Tpex pynkuuii. [lponzBoanas

1
(tex) =—
TaHTEHCa paBHA Los X,

Tornma
g“[x) =|Ztg~.n'{1:) =ﬁl{\ﬁ—_x:l ) cosjifl—xl 2—\|'rll—x II:I_X) )

1 (-1 1

_cosgxn'rl—x EJl—x EJl—xcosgxﬁ.—x'

3ajanue 1JIA npaKkTH4YecKkoii padorsr Ne 1
Bapuasnr 1.

1. [Tonb3ysice hopmynamMu U npaBuiIamMu audpepeHIpoBaHnsl, HaUIUTe
POU3BOIHBIE (DYHKIIMIA:

-27-



4 2 (ﬁ + ij‘/; = X2
a) 5x" —35x +x+6;6) X . B) 4-x*
Bapuant 2.
1. [Tonw3ysacek hopmynamu u npaBuiiamMu ¢ hepeHInpoOBaHus, HaWIUTe
POU3BOIHbIE (DYHKIIUIA:
S .3
2) X X +&+3;6) (x2—3x—2)\/§;B)

Bapuasnr 3.
1. [Tonw3ysack hopmynamu u nmpaBuiiamMu ¢ hepeHInpoOBaHus, HalIUTe

POU3BOIHbIE (DYHKIIUIA:

1-x2
1-x3

2

2 1 X
07x> —Zx%+0,75x% + — : A
a) 3 10; ) (x+2)sinx. gy x+3.

Bapuanr 4.
1. [Tonb3ysice popmynaMu 1 npaBuiIaMu AU pepeHIpOBaHNs, HAUIUTE

MPOU3BOAHBIE (DYHKIIHIA:

10 s 1 sin x
2x +0,05x" —=x+03 (4 2) 3
a) / ;6) X JOSX gy 2-x7,

Bapuanrt 3.
1. [Tonb3ysice popmynaMu 1 npaBuiIaMu AU pepeHIpOBaHNs, HAUUTE
MPOU3BOAHBIE (DYHKIIHIA:
x3 —3x
X
) ; B) 1-2x .

P R )

a)4 3" 2 . 6) X

BapuaHnrt 6.

1. [Tonb3ysice hopmynamu u npaBuwiamMu audepeHIpoBanus, HauIUTe
IPOU3BOIHBIE (DYHKIIHIA:

2x?

a) 2" +1g X—3; 6) (2—\/;)-th; B) 3—X .

Bapuanr 7.

1. [Tonb3ysice popmynamMu u npaBuiaamMu U QPepeHIMpoOBaHNs, HalUTE
MPOU3BOAHBIEC (DYHKIIMI:

Bapuasnr 8.
1. [Tonp3ysick hopmynamu u npaBuwiamMu auddepeHInpoBanus, HauIUTE

IPOU3BOIHBIE (DYHKIIHIA:

_ e iax? —7x 118

a) 3 6) VX -Inx; p)

eX
X

3ajanue 1JI IPAKTH4YECKO padoThl Ne 2

Bapuasnr 1.
Brruncnute npou3BOIHBIC CIOXKHBIX (DYHKITHIA:
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aly 2 2 : f(x)= Inx
a) f(x)=1+x . 6) f(X)zSX; B) f(X):SIn3X; r) e +e™; 1)

f(x)=2tg°4x_

Bapuanr 2.
Brraucnure nmpon3BOIHBIE CIIOKHBIX (PYHKITHH:
1
f(x)=——
a) ) (2x-1)° . 6) f(x)=e™. B) f(x)=cos5x. r)

f(x):(3x+4)-I095(x+1+ xz);
1) f(x)=4ctg*2x_

Bapuanr 3.
Brruncnute npou3BOIHBIC CIOKHBIX (DYHKITHN:

a) flx =(3-x)". 6) f(x)=2I0932x; B) f(x):3tg(2x—zj; "

Briuncnute npou3BOIHBIC CIOKHBIX (DYHKITHN:

X
/ f(x)=3cos— 2

a) f(X)=5 X +/x . 0) f(X): |g(3x); B) ( ) 3: 1) f(X): x. 93X+X ;

) f (x)=log5 (2x+1)

Bapuanr 5.

Brrancnure npou3BoIHBIC CIIOKHBIX (DYHKITHN:

a) f (x)= (3— 2x‘°’)5 . 6) (x) =033 ~7x+2 p) f (x)= cos(x2 +4x +12);

r) f (x)= (3x +5x2 + xs)- 4 n f (x)=3sin’5x

Bapuasr 6.

Brraucnure mpou3BoIHBIC CIIOKHBIX (DYHKITHN:

1
F()= 5
_ f(x)=

a) (48] gy f=e™, 5 f(x)=19¢, )= Ginex ;)

f(x)=(n(2x+1))°

Bapuanrt?.
Brraucnure mpou3BoaHBIC CIIOKHBIX (DYHKITHN:

a) fx)=x? e+, 6) T¥)=tg”2x; p) f(x)=sin(-x); () =25
p )=},
Bapuasnr 8.
3 f(x)= sin5x
a) f)=v2x—1, g f()=e". 5 f(X)=tgvx. p <
f(x)=3/In(l—x)

;1)
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MNPAKTUYECKAS PABOTA Ne 7

Tema: Hccneooeanue Qynkyuu cpeocmeamu oughghepenyuanvnozo
ucuucienusa u nocmpoenue 2pagukos. Onpedenenue HauvoILUIEZ0 U
HauMeHbUIe20 3HAYEeHUA YHKYUU HA ompe3Ke.

Hesb: oTpaboTKa YMEHUN U HaBBIKOB UCCIIEOBAHUS (PYHKIIUN CPEICTBAMU
auddepeHInaIbHOr0 UCYUCICHHUS U ONpeIeNIeH ] HauOOIbIIeT0 U HAUMEHBIIIETO
3HaYeHUs PYHKIIMH Ha OTPE3KeE.

IIpumep BbINoOJIHeHHs 3a1aHus 1

IIpumep
HcciienoBath pyHKIMIO CPEACTBAMM
Ili1an uccienoBanus aupdepeHINATBLHOIO HCYUCTCHUS U
byHkuuu MOCTPOUTH ee rpapux
1 2
y = e (x> —3x“+4)
O6nactb onpeneneHus D(y)=(-00;+00)

byHK1IMN (MHOXKECTBO
BO3MOYHBIX 3HAUCHUN
MIEPEMEHHOM X)

Koopannater Touku

-1
N N 2 _
nepeceueHus ¢ ocbio Oy y(0) = 4 (0°=3x0°+4)=-1

Touka nepeceuenus ¢ ocsio Oy : (0;-1)

UccnenoBanne GyHKIIMHT Ha -1
A PyHKu y!/ = —(3x?% — 6x)
MOHOTOHHOCTH 4

3.3 _,
g X Tt

2 *732)°
X:OI/IJII/I_—3X+§=0
4 2

3.,=_3.
47 2
X=2

(-00;0)U(2;+00) — pyHKIHS YOBIBAET
(0;2) — byHkuums Bo3pacract

Onpenenenue ToUek

-1
T3 _ 2 _
SKCTpeMyMa (yHKIHH y(0) = 1 0 3x0°+4)=-1

(0;-1) — Touka MUHHMYMa
-1
y(2)=T(23—3X22+4) =0

(2;0) — Touka MakcuMyMma

HccnenoBanue GpyHKIMM HA = _TB we +% _0
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BBIITYKJIOCTh U BOTHYTOCTh y'-:_?3x+§ = 0: x=1

Omnpenenenre To4ek neperunoa

-1
— (13 _ 2 _
GyHKIHH y(1) = 1 (1 3x1“4+4)=-05

(1;-0,5) — Touka mepernda

Omnpenenenre KOOpIUHAT y(-1) = %1((_1)3 —3x(=1)2+4) = 0; (-
JOTIOJIHUTENBHBIX TOYEK 1.0)

y(3) = _71(33 —3x3%+4)=-1;(3;-1)

8. Tloctpoenme rpaduka

- N (28] =
t t t t 1

12 T S B X
——t—t—

IIpuMep BbINOTHEHHS 3aJaHUA 2

IIpumep 1. HaiiTn HauGoplnee ¥ HaUMeHblIee 3HaYeHus GpyHkmui Y = f(x)

Ha 33JJaHHOM OTPE3KeE.
X

y == 124]
Pemenne:
1) Haxomum mpou3BOIHYIO 33 JaHHON (PYHKITUH:
( X )'_x'x(x—l)—(x—l)'xx_x—l—x_ -1
x—1/ (x — 1)2 C (x—1% (x—1)2
2) Pemaem ypaHenue y'(x) = 0:
-1
S —
(x —1)?

JlanHOE ypaBHEHHE KOpPHEH HE MMEET, TaK KaK YHCIHUTE]b HE MOXET OBITh
paBeH HYIIIO.
3) Haxoawm 3HayeHHe GYHKIIMU HAa FPAHHUIIAX HHTEPBAjIA:
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2
y(2) = ST1T 2
4 4
YW=3173
CnenoBaTenbHO, Vyaus = 2, Yaaum — 15.

73

IIpumep 2. HaiiTn HanboJblee ¥ HaUMEHbLIEE 3HAYEHUs QyHKImH Y = f(x)
Ha 3aIaHHOM OTpPE3KE.

y = _Tl(x:" —3x% +4),[1,4].

Pemenmne:
1) Haxoaum pou3BOIHYIO 3a1aHHON (DYHKIIHH:

-1
y! = T (3x% — 6x)

2) Pemraem ypasuenue y'(x) = 0:

— 2 [— -
4x +2x 0
X 4x >) = 3 3
X=0uwm —x+=-=0
4 2
-3 -3
_X:_;
4 2
X=2

3) Tak kak HalJCHHOE 3HAYCHUE NPUHAIICIKUT 3aJaHHOMY OTpPE3KY, TO
HaXOJIMM 3Ha4Y€HHUs (PYHKIMU Ha TPAHULAX OTPE3Ka U B HAMJIEHHON TOYKeE:

-1
y(Z)ZT(23—3X22+4) =0
-1
y(l) 27(13 —3X 12 +4) =—0.5

—1
y(#) = (£ -3x4 +4) =-5

CnenoBatenbHO, Vyaus = 0, Viyaun = —5-

IIpumep BbINOJIHeHHS 3aJaHUs 3

M3 KBaagpaTHOIO JIMUCTA KECTU CO CTOPOHOW d HAJA0 U3TOTOBUTH OTKPBITYIO
CBEpXy KOpOOKy, BBIpE3aB IO yrjaM KBaJpaTUKU W 3arHyB 0Opa30oBaBLIHECS
kpoMkH. Kakoil 1oikHa ObITh CTOPOHA OCHOBaHUSI KOPOOKH, UTOOBI €€ 00BEM ObLIT
MaKCUMaJIbHBIM?

Pemenne:

O6o03HauMM 4Yepe3 X JJIMHY CTOPOHBI OCHOBaHMsI KopoOku. Torma IuHBI

1
CTOPOH BBIPE3aHHBIX KBAJPAaTUKOB PaBHbI E(a —Xx) , a 00beM KOpOOKH paBeH

1
5 (a — x) X x2. ITo cMBICITy 3a/]a49M YKCIIO Y yIOBJIETBOPSAET HepaBeHCTBY 0 < x <

a, T.e. npuHagiuexut uHTepBany (0;a). Takum oOpa3om, 3agavya CBOIUTCS K
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1
HAXOKICHHWIO HauOobInero 3HadeHus Gyakuun V(x) = 5 (a —x) X x%? mHa

unrepsaie (0; a).

3
V'(x) = ax —Exz =0

2x) =0
a(x-3%) 5

Tak kak V(0) = %(a —a) X 0% =0uV(a) =0, To HU OAHO U3 ITUX

3
X=0 nim x = Ea

3HAYCHUH HE MOXKET OBITh HAMOOJIBIIIHM.

2 1 2 2 2
Tak kak V (5 a) == (a -3 a) x G a)? = 5a3, TO, CJIEIOBATENHHO,

o o 2
MaKCUMaJIbHBIM 00bEeM UMECT Ta Kop061<a, CTOpPOHA OCHOBAHUA KOTOPOU paBHA 5

3apanme 1. UccnenoBars cpeactBamu qudpepeHInanbHOTO UCHUCICHUS

dynkuio Y=f(X) u moctpouts ee rpaduk.

1 y=x3-9x2+24x-16
2 y=x>-11x*+ 39x - 45
X2+ 6x°+9x + 4
S+ x%-5x+3
3+ 10%2 +32x + 32
34+ 9%+ 24x + 20
3. 14x% + 60x - 72
3. 12x% + 45x - 54
z 18x% + 105x -196

3
4
5
6
7
8
9
1 - 10%? + 28X - 24

y=
y=
y=
y=
y=
y=
y=
y=

3aganme 2. Haiitu Hanbosblee 1 HaUMeHblIee 3HaYeHnust QyHKIuiA ¥ = f(x)

Ha 3aJJaHHOM OTPE3KeE.

—9y3_3y2 _ _9: 2x+1
L | V=203 -12x+1 [-2;4] 5 7% Laa
3 | y=-2x-9x*+6 [-2:1] 4 | y=x*+3x  [0;2]
3x+4 X+1 |
Ry [-24] 6 1Y% 3 g
y=x"-2x*+3 [-4:3] T
! ’ 8 y =1+cos X [E'E}
4x -1 ’ T
9 y=x2+3, [-13] 10 y=2sinx-1 {O;E}
3ananue 3

1 Kycokx npoBoioku giauHoM 48 cMm crubaroT Tak, 4yToObl 0Opa3oBajcs

npsIMOYTOJIbHUK. Kakyro JIMHY TOJDKHBI MMETh CTOPOHBI MPSAMOYTOJIBHHKA, YTO
€ro IIoIaas Obl1a HanOOIbIIIEH?
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2 Ilnomanp npsamoyroibHuKa 64 kB. cM. Kakyio JuiMHY JOMKHBI UMETH €T0
CTOPOHBI, YTOOBI TEPUMETP ObLIT HAUMEHBIIUM?

3 OTKpbITHIN 0aK, UMEIOIINI (OpMYy TPSIMOYTOJIBLHOTO Tapaljiesienunena ¢
KBaJIpaTHBIM OCHOBAaHMEM, JIOJDKEH BMelath 13,5 muTpoB kunkoctu. [Ipu kakux
pa3Mepax Oaka Ha €ro M3rOTOBJICHUE NOTpeOyeTcss HauMEHBIIEe KOIMYECTBO
MeTtasa’?

4 U3 xpyriaoro OpeBHa BbIPE3alOT OalKy C MPSIMOYTOJBHBIM CEUYEHHEM
HauOobIIen iomanu. Haligure pa3mepsl ceueHust 0anKku, eciu paanyc CeueHUs
OpeBHa paBeH 20 cMm.

5 BypoBas BhIIIKa pacmojokeHa B TMojie B 9 KM OT OnmKaiIied TOYKH
mocce. C OypoBoii HampaBUTh Kypbepa B MyHKT, PACIIONOKEHHBIHN 1O 1mocce B 15
KM OT YIIOMSIHYTOM TOYKHU (CUMTAEM II0CCe MPAMOIUHEUHBIM). CKOPOCTh Kypbepa
Ha BeJIOCHIE/E 1Mo moito 8§ km/4, a o mocce 10 km/4. K xakoil Touke mocce emy
HaJ0 €XaTh, YTOOBI B KpaTyaiiliee BpeMsl I0CTUYb ITyHKTa?

6 PasHocTh 1ByX uncen paBHa 8. KakoBbl TOJKHBI OBITH 3TH YUCIIA, YTOOBI
npou3Be/ieHue Ky0a IepBOro yucia Ha BTOpoe ObUIO HAMMEHbBIIUM?

7 Jlig CTOSIHKM MAIlMH BBLACTWIM IUIOLWAAKY HPSMOYTOJIbHON (HOpMBI,
OPUMBIKAIOLIYI0 OJTHOM CTOpPOHOH K creHe 3naHus. Ilnomanky obHecnu ¢ Tpex
CTOPOH MeTajulndeckoil cetkoi nimuHoM 200 MeTpoB, W IMJOLIaAb €€ IpU I3TOM
oka3zajach HanOombiiei. KakoBbl pa3mepsl MIomaaKu?

KoHTpoJibHBIE BONPOCHI

1 CdopmynupyiiTe HE0OXOAMMOE YCIOBUE CYIIECTBOBAHUSI AKCTPEMyMa
GyHKIIUU.

2 Kaxkue To4Kku Ha3bIBAIOTCS KPUTUYECKUMU?

3 CdopmynupyiiTe mpu3Hak Bo3pacTanus (yObIBaHUs) PYHKIUH.

4 CdhopmynupyiitTe MpU3HaK MakcuMyMa (MUHUMYMA) QyHKIIUH.

HPAKTHYECKASA PABOTA Ne 8
«OCHOBBI HHTEIPAJIBHOI0 HCYMCJICHU

Heab: VYMmeTh HaxoAUTh  HEOMNpPENECICHHBIM  UWHTErpajl  METOJAaMu
HEIMOCPEACTBEHHOTO MHTErPUPOBAHMS, UHTETPUPOBAHUS METOJOM IOJCTAHOBKH,
UHTETPUPOBAHUS [0 YacTsAM. YMEThb BBIYUCIATH ONPEAEJICHHBI WHTErpan ¢
nomoIbo Gopmynsl Hetorona-JletiOnuma

Conep:xkanue padoThbI:

Teopernuecknit MaTepuas

Tabauya unmeepanos

n+l dX dX 1
n X — _
dx=2—+C, A =ctgx +C 13. = Zarctgx +C

L Jx'dx R ISInZX 3 Ia2+x2 a

dx=x+C 8. [tgxdx =Inlcos x|+ C dx 1 Ja+x
: Id I? d —I| i | C 4. Iaz—x2:2alna—xJrC
3. X InxsC 9. [ctgxdx = In[sin x|+

X 10. [e*dx=¢"+C
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i __ X dx .
4. [sinxdx =—cos xdx 11 jaxdx=i+c 15. | , _ arcsin x+C
5. [cos xdx = sin xdx Ina 1-x
dx
dx _ dx . X
=tgx+C 12. | =arctgx+C 16. [———=arcsin=+C
6 jcoszx : 1+ x° J [ a

1. HemocpeacTBeHHOE HHTETPUPOBAHME

DTOT CmOCO0 HWHTETPUPOBAHUSA TIPEATIONAaraeT TaKoe MPeoOpa3oBaHUE
MOJIBIHTETPATBHON (PYHKIIMM, KOTOPOE TIO3BOJIJIO OBl WCIOJIB30BATH IS PEIICHHS
TaOJIMYHBIE MHTErPAJIBL.

[Ipy  HEMmoCpenCTBEHHOM  WHTETPUPOBAHWHM  TMPHMEHSIOTCS  CBOMCTBA
HEONPEICTICHHOTO HWHTErpaja, TaOnWiia HEOMPEeICHHBIX WHTETPAJIOB M, €CIH 3TO
HE00XO0IMMO, aJiredpandecKue MmpeoopazoBaHus

IIpuMmep BhIiuucaeHus 1:

Borunciute J(x°—3x+sin x)dx

Pemienue: [[ns BbIUMCIEHUS WHTETpajia CHayajla BOCIHONB3yeMcss 2 U 3

CBOICTBaMU HEOIPEACIEHHOT0 MHTErpaia, a 3aTeM npumMeHuM | u 4 TabiudHble
MHTErpaJIbl:

3+1 1+1

3_3x+sinx)dx =[x —3- [ xdx + [sinxdx=2X——-3.X _ _cosx+C =
J(x Jox =[x Jxax+ 3+1  1+1

x 3

2
== —=.x’—cos x+C
4 2

IIpumep BuIYuCJICHUSA 22
3+2Xx—x

Pemienne: [l BBIMMCICHUS WMHTErpala CHavyajga KaXIblM YJICH YWCIIUTEIA
MOYWICHHO pPa3leliiM Ha 3HAMEHaTeNb, 3aT€M BOCHOJb3yeMcsi 2 U 3 CBOMCTBaMHU
HEOIIPeICICHHOT0 MHTETpalia ¥ MPUMEHUM | B 3 TaGIuIHbIC HHTETPAJIBI

3+2x—x 3 2X ? dx 1
j—xdx:j—dx+j—dx—jidx =3-[—+2-[dx—[xdx =3Inx+2x-=-x*+¢

X X X X X 2

2. Metoa 3aMeHbI TepeMeHHOH (METOI MOACTAHOBKH)

OH sBysIeTCst OMHUM U3 HanOosee 3(P(PEeKTUBHBIX U PacIIpOCTPAHEHHBIX TPHEMOB
WHTETPUPOBAHUS, TIO3BOJISIIOIIMX BO MHOTMX CIIydasX YIOPOCTUTh BBIYHUCICHHUE
uaterpasia. CyTb 3TOrO METO/JA COCTOMT B TOM, 4YTO IIyT€éM BBEJACHHUS HOBOM

MIEPEMEHHON MHTETPUPOBAHUS 33JaHHBIA MHTErPal CBOAWTCS K HOBOMY HMHTEIpaly,
KOTOPBIH JIETKO BBIYHUCIISIETCS] HETTOCPEICTBEHHBIM NHTETPUPOBAHUEM.

IIpumep Boluuciaenusi 1: C pa3BepHyThIM 0popMIICHHEM
Brruncnute [ (3x—4)dx

Penienue:
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Beenem HOByto mepemennyto t = 3x-4, torma dt=t’-dx=(3x—4)"-dx =3dx,

dt
OTKyJIa dx=—. [TopcTaBuM HOBYIO NMEPEMEHHYIO B MHTErpall (BMECTO BBIPAXKEHUS

3x-4 moyctaBuM 1, BMECTO dx TOJICTABUM %)

4

CAVdx = (2 A
[(3x—4)dx = [t 3 12+C

Jlanee HY»XHO BEpHYThCS K INEPBOHAYAIBHOW MEepeMeHHOW. s 3toro
caenaeM oOpaTHyIO 3aMeHy (BMecTo ! mojctaBuM BbIpakeHHe 3x-4), MOIydyuM
OKOHYATEIbHBIN OTBET.

<IN (3)(—4)4
[(3x—4)dx = 0 +C

IIpuMep BuIYMCICHUS 2:
C kpaTkum opopMIIeHHEM
Penienue:

. | t=sinx | _ 1, 1o,
jsmxcosxdx—|dt:cosxdx|—Jtdt—zt +C—25m x + C.

3. UuTerpupoBaHue o 4acTsaM
dopmyJia HHTETPUPOBAHMS M0 YACTAM
[udv =uv - | vdu.

[IpuMep BeruncaeHU 1:

C pa3BepHyThIM 0pOpMIICHHUEM
Brerauciauts

_[ xe"dx.

Pemenue. Ilonaras, yro

=X,

e = dx,

dv = edx,

v=g",

I.:fv =.|-e=,'x.:fx,

HAXOIUM

.lee?”.:fx = Ix de® = xe" — _Ile”cix =xe" —e +

[IpumMep BbIYUCTIEHUS 2:
C kpatkum oopMmiIeHIEM
Borarcnuts | (3x+2)Inxdx

3x+2)Inxd .
J(3x+2) u=Inx, du=(Inx)'=1/xdx )=(3x2/2+2x)|nx-J(3x2/2+2x) 1/xdx=
. dv=(3x+2)dx, v=[(3x+2)dx=3x*12+2x
“(AX242X) nix-j(ox 12T 2X) LIXUX—(SK 1£

(3x2/2+2X)InX-3x*/4-2x+C
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OmnpeneneHHbI HHTErpaJl

OnpeneneHHblil HHTETpas BHIYUCISETCS MO cleayrolei Gpopmyie:
®opmyaa Herorona-Jleitonnma

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

a

IIpumep BuIuKcaenui 1:

3 341 3 4 3 4 4

[ —s)ax=2"5x =% 5y =2 5.3|-[L 51|=

1 3+1 L 4 . 4 4

(8L gs] [Lo5]=8 g5 1,5 8171 45 80 15_20-10-10
4 4 4 4 4 4

3aHaHHﬂ JJIA CaMOCTOSITEJIbLHOM paﬁoTLI:

Bapuanm 1 Bapuanm 2.
Bovtuucnume neonpeoenennsie Buviuucnume neonpedenennvie
UHmezpabl uHmezpabl
1. I(7—8X+4X3—6X5)dx 1. 1(1—5x+6x5—7x6)dx
2. | cos®xsinxdx 2. [ sin®xsinxdx
X
3. [ (4x-5)Inxdx 3.] (6x-3)e"dx
. Buviuucaume onpedenennulit unmezpain
Buvtuucnume onpeoenennulit unmezpan )
3

s, [ (4x° + 2)0x 4 | (% =3)dx

0

INPAKTUYECKAA PABOTA Ne 9

Tema: Pewenue HeonpeOereHHbtx unmezpanoe pasiludHbimu Memooamu.

Heab: oTpaboTka yMEHHMH M HABBIKOB BBIYHCIICHUS HEOMPEACIICHHBIX
WHTETPAIOB PA3JIMYHBIMU METOIAMH.

Heonpenenennbie HHTErpajbl
COBOKYIHOCTb Bcex mepBooOpasubix (X *C  ¢ymkmun f(X) HassBaercs
Heonpeodenennvim unmeepaiom oT (ynkuun f(X) m o0o03HaYaeTCss CHUMBOJIOM
f (x)dx =
j (X) ,T.e.jf(x)dx F()+C

B arom paBenctre f(X) HasbiBaeTcs nodvinmezpanvhou gpyukyueti, a f(X)dx —
ROObIHMEZPANLHbIM BbLPANCCHUEM.

Ceoilicmea HeonpeoeeHHbIX UHMEZPAI08

. (j f (x)dx), - f(X); " j[ f(x) + g(x)]dx :j f (x)dxijg(x)dx ;

-37-




5 If’(x)dx:f(x)+C_ c If(ax+b)dx:§F(ax+b)+C.

3 Ik-f(x)dx:kj'f(x)dx_

Tabauya npocmeiiniux unmezpaios

1 IOdu:C 6 cosudu=sinu+C
ua+1 .
Iuaduz 1+C 1 ; tgudu =—In|cosu|+C
a+ . azl, .Y ,
.du=u+C .GWMU:mhmq+C
2a. ) 8. . )
d_lc [ __ctguc
26.Ju* U 9. Jsin’u ,
.QH=2J6+C [_u =tgu+C
2B. ¥ Ju , 10. J cos’u ’
jgﬁ:hﬂw+c —JEL—:amﬁnE+C
3' u y 11 Jad-u? a ’
Ia%u:a +C fuz =3amw5+c
4. Ina , 12. Ju“+a a a ,
Ie“du=e”+C Zduz R e e
4a. : 13, Ju’-a 2a |u+a
" du
sinudu=-cosu+C —:In‘u+\/u2ia2 +C
5.I : 14, J Ju? +a?

IIpumepsl pelnieHNss HHTErPAJIOB PAa3JIMYHBIMH METOIAMH

Memoo nenocpeocmeenno2o uHmezZpuposanHus

HenocpencTBeHHOE MHTETPUPOBAHUE OCHOBAHO HA MPSMOM HMCHOJIb30BAHUU
TaOIUIBI MHTETPAIOB. BO3MOXKHBI ciiyyau:

1) naHHBI UHTErpaJl HAXOAUTCS HEMOCPEICTBEHHO MO COOTBETCTBYIOIIEMY
TaOJIMYHOMY MHTETpaly;

2) JaHHBIM MHTErpayl MOCjie NMPUMEHEHHs] CBOMCTB 3 M 4 NPUBOIUTCH K
OJIHOMY WJIM HECKOJIBKUM TaOJUYHBIM UHTErPAJIaM;

3) gHaHHBIA  MHTErpaJl  MOCJIE  3JIEMEHTapHbIX  TOXIAECTBEHHBIX

npeoOpa3oBaHUi HaJ MOABIHTErPabHOM (yHKIMEN (MO 4YIeHHOE JeJICHUE,
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MPUBEJCHUE K BUAY CTETICHHON (DYHKIIMH, UCTIOJb30BAHNE M3BECTHBIX TOXKICCTB)

1 IIPUMCHCHU A cBoMcTB 3 U 4 IMPUBOANUTCA K OJHOMY HUJIN HCCKOJbKHUM TaOIMYHBIM
HHTCTpaJlaM.

(sz —£+Ee’“jdx
IIpumep 1. Haiitn x 3 :
[TocnenoBaTenbHO NMPUMEHHMM K JIaHHOMY HHTErpany cBoiictBa 3 u 4, a
3aTEM BOCIIOJIb3YeMCs TaOIUIEeH OCHOBHBIX MHTEIPAJIOB:
I(Zxa —ﬂ+le““jdx = J'2x3dx—J'4—w(+ lexdx =
x 3 X 3
X3+l

3+1

:ij3dx—4jd—:+%.|‘exdx=2- —4In|x|+%eX+C:

X4

4
=2-——4In|x|+leX +C =X——4In|x|+leX +C
4 3 2 3

I(W+6—3X]dx.
Ilpumep 2. Haiitn Vx

J'(i/?+i—3*jdx:jx§dx+6jx;dx—jsxdx:

Jx
g+l —1+1 5 L
3 2 X 3 2 X
=;( +6- Xl _3 +C=%+6-XT—3 +C =
2.1 _1, I3 Bl In3
3 3 2
=§§/;+12\/_—3 +C=§x§/?+12\/_—3 +C
5 In3 5 In3 )

Humezpuposarnue memooom noocmanHoeKu

BpuvciauTh 3aJaHHBIM MHTETpajl HEMOCPEACTBEHHBIM HHTETPUPOBAHUEM
yJlaeTcsl JaJeKo HE BCErja, a MHOTAA 3TO CBA3aHO C OOJIBIIMMHU TPYIHOCTSMHU.
Opnum u3 Hambosiee YPPEKTUBHBIX MPUEMOB ABISIETCS METOJ MOJICTAHOBKHU WM
3aMEHBbI MEPEMEHHON MHTErpUpoBaHUs. CyIIHOCTh 3TOI0 METOJA 3aKJIKYacTCs B
TOM, YTO IIyTEM BBEICHUS HOBOM NEPEMEHHOM MHTEIPUPOBAHUS YJIAETCS CBECTHU
3a/IaHHBI UHTETpaJl K HOBOMY MHTErpally, KOTOPbI CPAaBHUTEIBLHO JIETKO Oepercs
HETIOCPEACTBEHHO.

,
IIpumep 1. Haiitn JB-5) ax
Penienmue:

t=3x-5 3x=t+5
t 5 dt 1
J.(BX—SYdX: X:§+§ :J‘t7§=§J‘t7dt:
dx=(3+§Jdt=1dt
3
8
l-t—+czit8+c—i(3x—5)8+c
3 8 24 24
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IIpumep 2. Haiitu [ sin(2 — 8x)dx

r 2—8x=t,—-8x=t—2
t-2 1.2 .
fsin(2—8x)dx= S—- __§t+§ =Jsint><(——)dt
d —( 1t+2)'— L ’
¥ =\"8"Tg) T g™
= 1f'tdt—1 t—1 2-8x)+C
= —g | sintdt = gcost = gcos x
o dx
IIpumep 3. Haiitu [ Wi
j dx _x=%=%_§=%t_§ _Jgdt_ljdt
2vV4 + 3x 1 4v 24/t 3J 24t
dx=(§t—§ _§dt

1 1
=§\/E=§V4‘+3X+C

Memoo unmezpuposanus no 4acmam

Ecmu u(X) m v(X) — muddepenupyembie (GyHKIUH, TO CIpaBeIINBa

dbopmyna
_[udv =uv-— J'vdu .

JanHyo GopMysly MHTETPUPOBAHUS MPUMEHSIOT OOBIYHO B TEX CilydasX,
Korjma QyHkmms U(X) ympoimaercss npu AuddepeHIIMPOBaHUH, a TepBooOpa3Has
st GyHKIUU V(X) JIETKO HaXOUTCH.

prwep Brerancnuth HCOIIPCACICHHBIC HWHTCrpajibl, HCIIOJIb3YysA MCTOJ
HHTCTPUPOBAHUA 110 YaCTAM:

2) j (5+ 4x) cos8xdx, 6) jln(3x+2) 3

Pemenne. a) Ilpu BBIUMCIEHUMHM TIEPBOTO HMHTErpajia BOCHOJIb3yEeMCS
dbopMyIoi HHTETPUPOBAHUS 110 YACTSIM:
u=>5+4x du = 4dx

5+4x)cos8x dx =
I( ) dv =cos8xdx v =sin8x

= %(5+ 4x)sin8x —g.[sin 8xdx =

= l(5+4x)sin8x+—Cosgx +C
8 16 .

0) [Ipu BbIYMCIIEHNH BTOPOTO MHTETpaJIa TaK)Ke BOCIOJIb3yeMcs (popmyIioi
MHTETPUPOBAHHUS 110 4acTAM. B pe3ynbTare nosryuyum

3dx

u=In@Bx+2) du=——
3X+2

Jln(3x +2) dx=

:xln(3x+2)—J‘ 3 dx =
3X+2
dv = dx V=X

2

=xIn(3x+2) —J‘(l—m

jdx:xIn(3x+2)—x+§In(3x+2)+C
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3agaHus I CAMOCTOSITEIbHOM PadoThI

3az{aHHe. Breraucnure HHTCI'PpaJIbl, UCII0JIb3Ys YKA3aHHBIC MCTO/bI

Ne Memoo
Henocpeocmeennoe | Memoo

eapuanm unmezcpupoearusi no
unmezcpupoeanue nOOCMaHO8KU

a yacmam
.[(Z—Se“*+x)dx j \/523%2 _[xlnxdx

1 [ (5x° - cos x ~1) dx [ cos3xdx [(x+1)e" dx
j@xe—ﬁnx+3ﬁh I(2—3Xde famﬂnxdx
J(? - jdx jsh(3—2x)dx jxﬂnxdx

1 3

2 j(x o j J' (2-7x)" dx Iarctgx dx
I(3 sé-x ]dx I(md4x—ﬂdx IBxJnxdx
J(3x2 j dx I (6x—1)"° dx jgxcos x dx

3 I@cmx 5x-+$d IVX+4dX ngydx
I&ex—x3—4ﬁk Ism7xdx I3xmn5xdx
j(5x4—;i—r4jdx I V1+e*-e*dx f%xsh15xdx

4 jﬁ+3ﬂ§5+2J§%m IVS—Zxdx I&—4Mnxdx
I(&—wa/?)dx [ sin(1—3x) dx [ (x+3)e™ dx
j(ﬁ+2§/¥+1}ix J\/ﬁ _[xsin 2x dx

5 j(xs—imosxj dx ISf);x [xIn ax dx

. 3

I(ZSm x+x—1] dx Icos(l—Bx) Ix cos 3x dx

KoHTpoJibHBIE BONIPOCHI

1 JlaiiTe ompeneneHre HEONPEIeICHHOTO HHTETpaa.

2 B dem 3akirouaercs METO/ HETIOCPEACTBEHHOTO HHTETPUPOBAHHUS?
3 B dem 3akirouaeTcss METO UHTETPUPOBAHUS MTOACTAHOBKOM?
4 B yewm 3akit04aeTcs METOJ UHTETPUPOBAHUS 110 YACTSIM?

IHPAKTHYECKASA PABOTA Ne 10

Tema:

Heasb:
HHTCTpaIa AJIA BEIYUCIICHUA nnomaj:[eﬁ IJIOCKUX (1)I/Il“yp

IIpuMeHeHHe oOmpeaeIeHHOT0 HHTErpajga IJis BbIYMCJICHUS
IVIOLIA/Ied IIOCKUX puryp.

OTpabOTKa YMEHHMM W HABBHIKOB TPUMEHEHHUS OIPEIEICHHOTO
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IIpuMepsI pelieHus 3axa4

Ilpumep 1 . Beraucauts niaomaab GUrypbl, OrpaHU4€HHON JTUHUSAMMU:

y=x+2uy=—x%+4x+ 12

Pemenne:

['padukoM Y=X+2 sABiIseTCs NpsAMast JIMHUS, a TpadUKOM JIMHHK Y = —x? +
4x + 12 sBnsercsa napadosia, BETBU KOTOPOW HaNpaBlI€HbI BHU3.

1. YtoObI mOCTpOUTH rpaduK MpsMON HEOOXOIUMO 3a7aTh JBE TOUKHU:
. (

\
‘

2. [loctpoenne mnapaboibl HAaYMHAETCA C HAXOXKJIEHUS KOOpJAUHAT €€
BEPILIMHBIL:

-b, -4
Xp = 2a’ Xp = 2x(-1) =2
Ve V(X5); y, = —224+4x24+12=16
CrnenoBaTelbHO, KOOPAMHATHI BEPIIMHBI Napadosl (2;16).
[anee Halimem Touky nepecedyeHus ¢ ocbro Oy:

y(0)=—-0%2+4x0+12=12 - (0;12)

Jlanee HaiiileM TOYKH MepecedeHus ¢ 0cblo OX, peluB ypaBHEHHE:

—x?+4x+12=0
x2—4x—-12=0

D=64
—4 +/64
x1=—=—
—2
—4 — /64
X,=———— =6

-2
3.B omHo#t cumcteme KoopaMHAT CTpouMM o0Oa Tpadwka W OTMEUaeM
IITPUXOBKOH TIJIOIIA/1b, KOTOPYIO HAJI0 HAWTHU:

4. HaxouM TOYKM MepecedeHus 3aJaHHbIX TUHUM. [[7151 aTOTO pemaem
CHUCTEMY YPABHECHUN:

y=x+2
{yz—x2+4x+12

JIns Hax oK ICHUS a0CITUCC TOYCK IMEPECEUCHUS 3aIaHHBIX JTUHUM pelaeM
YpPaBHEHHUE:

Xx+2=—x>+4x+12 wm x*—3x—-10=0

PemuB kBaspaTHOE ypaBHEHHE, HAXOIUM: X3 = -2, Xp = 5.
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Wtak, naHHbIe TWHUAW, TIPEICTABIISIONINE COOO0M Mapadoiy U MPSMYIO,
nepeceKaroTcsl B TOUKax c¢ abcyuccamu xy = -2, X, = 5.

5. OTH MHUK 00pa3yIoT 3aMKHYTYIO (PUTYpY, TUIOIAb KOTOPOH
BBIYKCIIIEM 10 YKa3aHHOU BhIIIE (pOopMyJIe:

5 5
S=j (—x2+4x+12—x—2)dx=f (—x%+3x+10)dx
-2 —2

= 53+3><52+10><5 (_2)3+3x(_2)2+10x 2
~\ 3 2 — 3 2 (=2))
= 60ex?

Ilpumep 2. BIYUCINUTS TJIOIIA/b, OTPAHUYCHHYIO JUHUSIMU Y = X+ 1u x+
y =3.

Pemenne:

I'padukom Y = 3 — X ABJIgETCA IpAMAas JIMHKSA, a TPaQUKOM JIMHUU Y = X2 +
1 saBnsieTcs mapadosa, BETBH KOTOPOM HaINpaBIICHbI BBEPX.

1) UtoOb1 mOCTpOUTH TpaduK MPSMON HEOOXOIUMO 33aTh JABE TOUKH:

X 0 1
y 3 2
2) [loctpoeHne mapaboiabl HAYMHASTCS C HAXOXJICHUS KOOPIWHAT €¢
BEPUINHBI:
b, -0
s = g % = o 0
Vo= ¥ (%s); Yo =02+1=1

CrnenoBaTenbHO, KOOPJAUHATHI BEpITUHBI mapadoisl (0;1)
Janee HaliieM TOUKy nepeceueHus ¢ ocbto Oy:
y(0) =02+ 1 - (0;1)
Touek nepeceuenusi ¢ ocbto OX mapabora He UMEET, TaK Kak BepIInHA
pacnosnosxena Boiiie ocu OX U BETBU HallPaBJIEHbI BBEPX.

3) B oxHOIt cucTemMe KOOpAWHAT CTPOUM 00a rpaduKa U OTMEYaeM
ITPUXOBKOM IO, KOTOPYIO HAJ0 HAWUTH:

D —
P 0@ MN~*

4) Haxoaum TOYKH IepeceueHus 3aIaHHbIX JUHUN. J[71s1 3TOr0 peraeM
CUCTEMY YPABHEHMI:
y=x2+1
X+y =3,
HaxO0JMM aOCITUCCHI TOYCK IepecedeHus X = -2 U X = 1,
-43 -



3
2 S =J()’2 - yl)dx
5) Ionarasi y, =3 -Xuy; = X"+ 1, Ha ocHOBaHUU (HOPMYITBI ¢

IMojJy4acm

S:j;[(B—x) (D) =:1E(2—x—x2)dx= [Zx— %-%

1

-2

3anaHus VISl CAMOCTOSITEILHOI0 pelleHus
BBIUHCITAT [LI0MANb (BDUrYPbI, OFPAHMYCHHO Mapabooil y = ax’ + bx +
¢ unpsamoit y =kx + b. Cnenate 4yepTex.
y=-x"+4x-1; y=-x-1.
y=X2—6x+7; y=x+1
y=-x+6x-5, y=x-5
y=x*-6x+T7; y=-x+7
y=-x+1
y=x’+6x+7; y=x+7
y=-x*-6x-5; y=x+1
y=x2+6x+7; y=-x+1
y=-X° - 6X - 6; y=-X-6
10y=x*-4x+1; y=x+1

©O~NOOUTAWNER

<
Il
1
]

+

o
<
1

o

KoHTposbHBIE BONIPOCHI
1 B yeMm oTinMuue OonpeesieHHOr0 HHTErpajia OT HEOMPEAEeIEHHOTO?
2 Ilepeuncnute cBOWCTBA OMPENEICHHOTO HHTErpaa.

IIPAKTUYECKAS PABOTA Ne 11
«JleMcTBHUS HAI MATPULIAMID)

eab padoThI:

1. 3aKpenuTh HABBIKA BBIMOJIHCHHS JCHCTBHA C MaTpuiiamu (CJIOXKCHHE,
BbIUMTAHUE, YMHO)KEHUE, BO3BE/ICHNE B CTCIICHD)

2. CTIOCOOCTBOBATh PAa3BUTHIO AHATMTHYSCKOTO MBIIIUICHUS, BHUMAaHUSI
00yJarOIIMXCS;

3. BOCIIUTaTh HWHTEpPEC K TMpEeaAMEeTy, TPYAOI0Ne, OTBETCTBCHHOCTD,
CaMOCTOSITEIIEHOCTh U TBOPUYECKYIO aKTUBHOCTb.

Kpatkue TeopeTndeckue u y4eOHO-METOAUYECKHE MATEPHAJIBI IO TeMe
NPAKTHYECKOI padoThI

JeiicTBUSI HAX MATPULIAMHA

1) Cnoxenue. Onepanys CI0KEHUS MATPULL BBOJUTCS TOIBKO JIJISI MATPHII
OJIMHAKOBBIX Pa3MEpPOB.
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Cymmoii iByx MaTpun A 1 B 01MHaKOBOro pasmepa Ha3bIBa€TCs MaTpHLa
C = A + B, a1eMeHTbI KOTOPO# cjj = ajj + bjj
Ilpumep. Crnoxuth Matpullbl A u B, ecnu

CONTE D)

Pewenue. 3nece A u C — KBaipaTHBIE MaTPULBI BTOPOT'O MOPSJIKA.
CxknazipIBasi UX COOTBETCTBYIOLINE SIIEMEHTBI, OTyYHM
2—1 4+3\_(1 7
c=A+B=( =G )
-1+1 3-4 0 -1
2) YMHOXKeHHe MATPUILIbI HA YHCJIO.
IIpousBeaenreM MaTpuIbl A Ha YUCIIO A Ha3bIBaeTCs MaTpula B paBHas
LA, 371eMeHTBI KOTOpoil Djj = A4
VYMHOKE€HHE MATPUIIbl Ha YUCJIO CBOJAMUTCSA K YMHOKEHHIO Ha 9TO YHUCIIO BCEX
3JIEMEHTOB MaTPHIIBI.

2 -1 4
Ilpumep: YMHOXUTH MaTpUIly A = ( 0 5 —3) Ha 4KCIo A = 3.
-2 1 0

Pemenne. YMHOKas KaKIbIM WieH MaTpULbl A Ha 3, MOJTy4YUM

6 -3 12
3A = ( 0 15 -9 )
—6 3 0
3) YMHOKeHHe MAaTPHUIbI HA MATPHILY.

YMHo:KeHHe MaTpuubl A Ha MaTpuny B onpeneneHo Iy B TOM Clyyae,
KOI'/Ia YMCJIO CTOJIOLOB NEPBOIl MaTPHUILIBI PABHO YUCITY CTPOK BTOPON MaTpPHIIbI

a;; a by b
[IpousBenenmem matpun A = ( H 12), B= ( 1 12) Ha3bIBACTCS

dz1 A2 by, by,

a,1b;; +a,b a1 b1, + a;,b
MaTpuia C:A-B:( 11b11 N 12b21 11b12+ 12b22)

21011 T Q22021  QAz1D12 T A22023

HyXHO Ka)KIbIil 2JIEMEHT NEPBOM CTPOKHA YMHOXHUTH HA COOTBETCTBYIOLIUN
AJIEMEHT MEePBOro CTONOLA U MOJyYEHHbIE TPOU3BECHUS CIOKUTh U T. 1.

- -1 0 1
Aa=(3 7 o) l By = ( 5 1 4)
-2 0 1
A-B=
1-(-1)+0-5+2-(-2) 1:0+0-1+2-0 1-1+0-4+2-1
(3-(—1)+1-5+0-(—2) 3:0+1-14+0-0 3-0+1-4+0-1)
_ (—5 0 3).
2 1 7
Bonpocbl st 3aKperuieHHsI  TEOPEeTHYECKOro  Marepuaja K
NMPAKTHYECKOMY 3aHATHIO
1. Yto Ha3bIBaeTCS MaTpUIEii?
2. UTo Ha3bIBaCTCSl MAaTPULICU-CTPOKOM? MaTPUIIEH-CTOIOIOM? BEKTOPOM?

3. Kakue Matpuiipl Ha3pIBalOTCA MPSAMOYTOJIbHBIMUA? KBAAPATHBIMU ?
4. Kakuie MaTpulibl Ha3bIBAIOTCSI PABHBIMU ?
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5. UTto Ha3bIBaeTCs TJIABHOM AMArOHAIbIO MAaTPHUIIbI?
6. Kakast MaTpuila Ha3bIBaeTCs AUArOHAIbHONU?

7. UTo 3HAYUT TPAHCIIOHUPOBATH MATPUILYy?

8. TpaHcCIOHMpPYHTE MATPUILY

3 0 1
A=l -1 2 7
0 1 -3

9. UYro Ha3bIBaeTCSI CyMMOU MaTpHIL?

10. Yro Ha3pIBaeTCA MPOU3BEACHUEM MATPHULIbI HA YUCIIO?

11. Kak HaliTh IpOU3BEJICHUE JIBYX MaTpull?

12. B yem cocTouT 00s3aTeIbHOE YCIIOBUE CYIIECTBOBAHUS TIPOU3BEACHUS
matpun?

13. Kakumu cBoiicTBamMu 00JagacT MPOU3BEICHUE MATPHIL?

3aaHusA I IPAKTHYECKOIr0 3aHATHS
1. Beruuciure: D = AXB — 3C, ecin
0 3
_(2 1 1 _ (5 1
A= (5 5 5) B—(_l 5), c=(_5 o)

21 1

2. Borunciure: D = (AxB) + C*, eciiu

0 2
A (31D es(3 1) o= (P

3. Berunciure: D = AxB — 2C', ecin

0 3
(2 1 1 _ _( 5 1
A= (g 3 2) B‘(_} i) c=(5 o)
4. Berancimre: D = C?- (AxB)", eciu

A(p 38 w3 1)

[l
VoY
B
o -
N—r

IIPAKTHUYECKAS PABOTA Ne 12
«Haxo:xnenne o0paTHON MATPULIBD)

eab padoThI:

1. 3aKkpenuTh HABBIKM HAXOXACHUS OOPaTHOW MATPHUIIbI)

2. crocoOCTBOBAaTh PA3BUTUIO AHAIIMUTUYECKOTO MBIIUICHUS, BHUMaHUS
oOydJaromnmxcs;

3. BOCIUTaTh HHTEpPEC K MpeaAMETy, TpYAOoJdio0ue, OTBETCTBEHHOCTD,
CaMOCTOSTEIILHOCTh U TBOPYECKYIO aKTUBHOCTD.
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KpaTkue TeopeTHyecKue U y4eOHO-MeTOANMYECKHE MATEPUAJBI M0 TeMe

NPaKTHYECKOl PadoThl

2 -1 1
CocTtaBuM 00paTHYIO MaTpUILy JJIsl MATpULIbl A = (3 2 2> ;

1 -2 1
Boruucnum ornpeaenurens MaTpUIlbl A:

2 -1-1 2 2 3 2 3 2
f _3 i |—2 J 1 1|+ |1 —2|

=22+4)+13-2)+1(-6—-2)=12+1-8=5
Haiinem anre6pandeckue TOMOJTHCHUS

2 2 3 2
Ay = (_1)1+1 |_2 1| =6; A= (_1)1+2 |1 1 =-1 A3

= o] o =-8
Ay = (=1 |:% }| =—1; Ay =(-1)**? |i ﬂ =1 Axpi =
(—1)2+3 ﬁ :%| =3
Az = (=13t |_; H =—4; Az = (—=1)%*2 |§ ;| =—1; Az =

(_1)3+3 |§ _;| =7.

A

(

CocTaBuM MaTpuily U3 ajireOpanyecKux JTOMOJTHEHUN

6 —1 —8
-1 1 3
—4 -1 7

TpaHCIIOHMPYEM NOYYEHHYIO MATPHUILY, T.€. IEPEXOIUM K MATPHULIE

6 —1 —4
(—1 1 —1)
-8 3 7

1
YMHO)kasa Ha < TIOJTyqHuM 0OpaTHYIO MaTpHUILly

|
U1l U] = U] S

S~—

vl w Ul = Ul =

3ajaHnsi NPAKTHYECKOH YaCTH
CocTtaBuTh 00paTHBIC MATPHIIBI JJIST JAHHBIX

3 -1 -4 5 4 1 11 -1 2
2 5 —1), B( 1 2 2 ), C( 1 1 1)
1 3 1 -8 3 7 -2 4 1
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IHNPAKTHYECKAS PABOTA Ne 13
«Pemenue CJIAY no ¢popmynam Kpamepa»

Heab: 3akpenuTh HABBIKU HAXOXACHUS MEPEMEHHBIX CHUCTEMBbI JIMHEWHBIX
anredpanueckux ypaBHeHui no gopmynam Kpamepa

KparTkue Teopernyeckue U y4eOHO-MeTOANYECKHE MATEPHAJIBI 10 TeMe
NPAKTHYECKOl padoThI

Pemenue CJIAY meronom Kpamepa
[lycTh naHa cucrema JMHEHHBIX YPABHEHUM C 1 HEU3BECTHBIMU
aj1Xxq + ai2Xy + -+ A1nXn = bl'
Az1%1 + App%p + o+ AypXy = by, (1.1)
An1X1 + AnaXy + 0+ A Xy = by,
CoctaBuM TraBHBIA ompenenuTens cuctembl (1.1) T.e. ompenenurtens u3
KOA(PUIIMEHTOB MTPU HEU3BECTHBIX B JAHHOW CUCTEME.

a11, alz, 'Ll aln
A= |F2r G220 - Gon
anl, anz, a.,m

W BCIIOMOTATEIbHBIC OMPEACIUTEIN, COCTaBIsIEM WX IyTEM 3aMCHBI B
TJIABHOM OTPEICIUTENIE COOTBETCTBYIOMIETO CTOJOMA CTOJIOIOM, COCTOSIIAM W3
CBOOO/IHBIX YJIEHOB.

b, a;5, .. ain a1, by, ... ain
b,, a . a ay1, by, ... a
Ax = |20 7220 0072 Ay =R 2 DT
b,, Ay, .. Qun Ani, by, o Qun
ai1, 12, - by
As = |F2v Q22 - b,
An1, QAnz, - bn
Ecmu A+ 0, To pemenue cuctemsi (1.1) Haxogutes o popmynam Kpamepa:
Ax Ay Az
X =—; = —, =
A A A

Bompocsl i 3aKkpeluieHMsl TeOPeTHMYECKOro  Marepuaja K
NMPAKTHYECKOMY 3aHATHIO

1. Yto Ha3bIBAETCS CUCTEMOU JIMHEWHBIX alTeOpandecKux ypaBHEHU?

2. YTo 3HAUUT PELIUTh CUCTEMY YpaBHEHUI?

3. Uto sBnseTCS perieHneM CUCTEMBI?

4. Kakue ObIBAIOT CUCTEMBI JIMHEHHBIX aJIreOpandecKuX ypaBHEHH ?

5. KakuMu crmoco6aMu MOYKHO PEIIUTh CUCTEMY?
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6. OnumurTe MaTPUIHBINA CIIOCOO PEIICHUS CUCTEMbl YPAaBHCHHM.
7. Chopmymnupyiite Teopemy Kpamepa.
8. 3anummmTe popmynbsl Kpamepa.

3aaHus I NPAKTHYECKOI0 3aHATHS:

Pemure cucrembl ypaBHeHnuii mo popmyaam Kpamepa:

3x; +x, —2x3 = 6, 2x1 +7x, + 13x3 = 6,
a) {le — 3x, + 2x3 = —4, 0) {Bxl + 14x, + 12x; = 18,
4x, — 2x, — 3x3 = —2. 5x; + 25x, + 16x3; = 39.
X, + 2x, = 10, 3x, +4x, =11,
B) {3x1 + 2x, + x3 = 23, r) {sz + 6x3; = 28,
X, +2x3 = 13. X+ 2x3 =17.

ITPAKTHYECKAS PABOTA Nel4
«Pemenue CJIAY pa3in4yHbIMH METOXAMM»

Heab: 3akpenuTh yMEHUS W HaBBIKM B PEHICHUU CHUCTEM JIMHEWHBIX
anredpanvyeckux ypaBHEHHI MeTOJOM oOpaTHOM MaTpuilsl, MeTojioM [aycca, 1o
dopmymnam Kpamepa

Kparkue Teopernyeckue U y4eOHO-METOAUYECKHE MATEPHAJIBI 10 TeMe
NPAKTHYECKO padoThI

Pemienune cucremMsl JIMHEHHbIX YPABHEHUI B MATPUYHOM (popme

[lycTh naHa cucrema JMHEHHBIX YPABHEHUM C 1 HEU3BECTHBIMU
A11X1 + QyXp + -+ Ay Xy, = by,
Ap1X1 + AppXy + -+ + AypX, = by, (1.1)

Ap1X1 + ApaXy + o+ AppXy = bn.

CocrtaBuM Matpuity k03P GUIIUEHTOB:

all, alz, nnn aln
L
An1, Ap2, - Appn
CocTtaBUM MaTpUITy-CTOI0€I CBOOOJIHBIX YICHOB:
by
B = b,
by,



CocTaBuM elle MaTpUIy-CTOJIOEI HEU3BECTHBIX:

X1
X =72
le
Torma cuctema (1.1) B matpuunoit ¢popme npumer Buag A-X = B
Eciu detA # 0, To ymHoxas A+ X = B na A™1, nony4nm X =

Al-B
Ha sToit hopmyiie ocHOBaH MaTpUYHBIN CLIOCOO PEIICHUS CUCTEM JIMHEHHBIX
YPaBHCHUU.
Ipumep. Pewitump mampuuHvlm cnocooom cucmemy ypasHeHuil
2X1 — Xy +x3 = 2,
{3x1 + 2x, + 2x3 = =2,
X1 —2x, +x3 =1
Pemienue. /{151 JaHHOM CHCTEMBI

2 -1 1 X1 2
a=(s 2 2) we(2) a-(-2)
1 -2 1 X3 1

Yr066I Bocnonb30BaThes Gopmynoit X = A~ - B, Hano HaliTu MaTpuIy,
oOparHyIo K MaTpule A, T.e. A71
Brruncnum onpenenuTens MaTpuibl A:

2 -1 1 2 2 3 2 3 2
— 9. —(-1)- .
f _; i 2 |—2 1| D 1|+1 |1 —2|

=22+4)+13-2)+1(-6—-2)=124+1-8=5
Haiinem anreGpandeckue 10MOTHEHUS

Ay = (=DM |_§ i| =6, A = (-1 ﬁ i =—=1; A
= 2=

-1 1 2 1
gy = (2|7 1= =1 Ay = (CDFP|] =1 Ay =
2 -1
02| Tl =3
1 -2
-1 1 2 1
A31:(—1)3+1| 2 1 = —4; A32:(—1)3+2|3 2|=—1} Azz =

ol Tl=7.

CocTtaBuM MaTpuIly U3 aIredpandecKux JOMOTHEHUN

6 —1 -8
(—1 1 3)
-4 -1 7

TpaHCIIOHMPYEM NOYYEHHYIO MATPULLY, T.€. IEPEXOIUM K MATPHULIE
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6 —1 —4
(—1 1 —1)
-8 3 7

1
YMHOXkas Ha < TIoJTyduM 0OpaTHYIO MaTpHUILy

6 1 4
/ 5 5 5\
a1
5 5 5
8 3 7
5 5 5
Hrak,
/ 6 1 4 12+2—4
5 5 5§ 5 \
*1 1 1 1 2 —2-2-1 2
2 =|'_§ 5 5|\ ¢ =| —s5 |~ {7
*3 \ g 3 7] ‘1 \em—6+7 3
5 5 5 5
OtBet: x; = 2; x, = —1;x3 = 3.

Bonpocsl 1A 3aKpeIuvieHHsl  TEOPeTHYEeCKOro  Marepuajia
NMPAKTHYECKOMY 3aHATHIO
UTo Ha3bIBAETCS CUCTEMOM JTMHEUHBIX alreOpanyecKux ypaBHEHUMN?
YTO 3HAYUT PEMIUTH CUCTEMY YPABHECHHI?
UYro siBRsieTCSA pEIIEHHEM CUCTEMBI?
Kakue ObIBarOT CHCTEMBI JTUHEHHBIX ajdreOpandecKkux ypaBHEHUM ?
Kakumu criocobamMu MOXKHO PENIUTH CUCTEMY?
OnummmTe MaTPUYHBIN CIOCOO pEIIeHUsI CUCTEMBI YPaBHEHUH.
Onummte cioco6 pemenust CJIAY no dopmynam Kpamepa
Onumure meton [Maycca pemenust CJIAY

ONOThwWDE

3aaHus IS NIPAKTHYECKOI0 3aHATHSA:
Pemure cucremMsbl ypaBHEHHH B MATPU4YHOM dopme:
5x + 3y =12, 3x — 2y =5,
a){Zx—y=7. 0) &x—4y=11

PemyTe cucTeMbl IMHEWHBIX YpaBHEHUH 110 GOpMyIaM
Kpamepa (B), MeTomom laycca (T)

2x — =11
B){x 3y ,

6% — Oy = 33 X+ 4y 42z =—1,

2x—3y+z=-7,
r){
x —4y = -5.
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INPAKTHYECKAS PABOTA Ne 15
«BbInojiHeHnEe onepanuid HaJl MHOKeCTBAMID)

Heas pabdorbl: chopMHpPOBATH YMEHHE BBIIOJHATH ONEpaluu ¢
MHO>KECTBaMHU

Conep:xkanue padoThbI:

Teopernyeckue cBeIeHNUs

MHO0XeCTBO — OJJHO M3 OCHOBHBIX MOHITUM MaTEeMaTHKH.

MHOXECTBOM  Ha3bIBAETCS  COBOKYIHOCTh  HEKOTOPBIX  JJIEMEHTOB,
00BEIMHEHHBIX KAaKUM-THO0 OOIUM MPU3HAKOM. DJIEMEHTAMU MHOXECTBA MOTYT
OBITH YMCIIa, (GUTYPBI, MPEIMETHI, IOHATHS U T.I1.

MHuoxecTBa 0003HAYAIOTCSI IPOMTUCHBIMU OyYKBaMH, a 3JIEMEHTHI MHOYKECTBO
CTPOYHBIMU OYKBaMHU. DJIEMEHTHI MHOXKECTB 3aKJIIOYAOTCS B (PUTYpHBIE CKOOKH.

Ecnu sneMeHT X MpUHAIICKUT MHOKECTBY X, TO 3alIUCHIBAIOT X € X (€ —
PUHAIICHKUT).

Ecnu MHOXeCTBO A SBJISETCS 4aCThIO MHOXKecTBa B, To 3anuceiBaroTr A C B
(€ — conmepkutes).

MHO0XeCTBO MOXKET OBITh 33/IaHO OJHUM M3 ABYX CIIOCOOOB: MEPEUNCICHUEM
Y C NOMOIIIBIO ONPEIEIISIIONIETO CBOMCTRA.

JIBa MmHOkecTBa A u B paBHbI (A=B), eciii OHU COCTOST U3 OJIHUX U TEX Ke
3JIEMEHTOB.

Hanpuwmep, ecnu A={1,2,3,4}, B={3,1,4,2} To A=B.

O0beauneHueM (cymmoi) MHOXeCcTB A u B Ha3zbiBaeTcsi MHOKECTBO A U B,
3JIEMEHTHI KOTOPOTO MPUHAJIC)KAT XOTS ObI OJTHOMY U3 3THX MHOXKECTB.

Hanpumep, eciu A={1,2,4}, B={3,4,5,6}, 0o AUB ={1,2,3,4,5,6}

[lepeceuennem (pousBeeHNEM) MHOXKECTB A U B Ha3bIBaeTCs MHOKECTBO
A N B, 351eMeHTHI KOTOPOTO NPUHALIEKAT KAK MHOKECTBY A, TaK U MHOKECTBY B.

Hanpumep, ecmn A={1,2,4}, B={3,4,5,2}, T0 AN B= {2,4}

Pa3HocThio MHOXecTB A u B Ha3piBaeTcsi MHOXKeCTBO AB, 3jeMeHTHI
KOTOPOTO MPUHAJJIKAT MHOKECBY A, HO HE TPUHAIE)KaT MHOXKECTBY B.

Hanpumep, ecmn A={1,2,3,4}, B={3,4,5}, T0 AB = {1,2}

CuMMeTpUYHOI pa3HOCThIO MHOXECTB A U B Ha3bIBaeTcss MHOXKECTBO A A
B, sBistromeecs: o0beuHEHNEM pa3HocTe MHOXKecTB AB 1 BA, To ecth A A B =
(AB) U (BA).

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

Ceoticmea:
CBoiicTBa IepEeCTAaHOBOYHOCTH
AUB=BUA
ANB=BNA

CoueTaTeIbHOE CBOUCTBO:
(AuB)uC=AuUu(BUCQC)
ANB)NC=ANBNCOC)
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3anaHus NPaAKTHYECKON YaCTH:

1. 3apanne «C mupy mo HuTke». CHayana HaJlo BOCCTAHOBUTD IIECTh CIIOB
(monoBuHa OYKB Y€ BIHCaHA), a IMOCJIE M3 CEKTOPOB, OT KOTOPBIX OTXOJST
CTpPEJIKH, HY’)KHO B3ATh OYKBBI U TIOMECTHTh B IIEHTpalbHyIO0 (urypy. Y Bac
MOJyYUTCSl TJaBHOE CJIOBO 3aJaHus ((pamMuwidsg OCHOBOIOJOKHUKA TEOPHUH
MHOXECTB)!

2. Ynpaxuenune «Hauau napy»

N TepECEUCHUE

B(A) MOIIIHOCTh MHOKECTBa A

U nepeceueHre 00beIMHEHHE
%) MyCTO€ MHOXECTBO

A OyJieaH MHOXeCTBa A

|Al YHUBEPCAIBHOE MHOKECTBO
\ JIOIIOJIHEHHE

U pPa3HOCTh

3. OmpenenuTh B KaKWX OTHONIICHHSIX HAXOMATCA MEXAy coOod Tpu
MHO>KECTBA:

1) A{l, 3}; B — MHOXECTBO HEUYETHBIX MOJOXUTEIbHbIX uucen; C —
MHOJKECTBO peleHnii ypaBHenns X —4X+3=0.

2) A={1, 2, 3}; B={2, 3}; C — mHOXecTBO pernreHuii ypaBHeHnus X—1=0.

3) U={1, 2, 3, ..., 20}, A — MHOXECTBO YETHBIX 4Hcel, B — MHOXECTBO
HEYETHBIX YUCETI.

4) A — MHOXKECTBO PCIICHUN YpaBHEHUS 2X*-8X+6=0; B — MHOKECTBO
pemienuii ypaBaenus X-1=0; N — MHO>eCTBO HaTypajIbHBIX YHCEIL.

5) A={a, b, c}; B={a, b, d}, C={b, c}.

6) A={a, b}; B={a, c}; C={a, b, c}.

7) A={a}; B={{a}, {b}}; C={b}.

8) A — MHOXeCTBO pelieHHi ypaBHeHHsS X—5=0; B — MHOXeCTBO pelieHHi
ypasuerns X°—9=0; C={{5}, {3}}.
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9) A — MHOXeCTBO peureHnii ypasHenms X —4X+3=0; B={{1}, {3}}; C —
MHOYECTBO HEYCTHBIX HATYPaIbHBIX YHCEIL.

10) A={a, b, c}; B={{c}}; C={c}.

11) A={a, b}; B={b, c}; C={a}.

12) A={a}; B={b}; C={a, b, c}.

4. IlpuasB MHOXeCTBO ImepBbIXx 20 HaTypaJbHBIX YHCEI B KadyeCTBE
yHuBepcyMma U, 3alMIINTE €ro MOAMHOXKECTBA: A — YETHBIX YuCell; B — HeYeTHBIX
gucen; C — kBaaparoB uucesl; D — NMpoCTBIX 4YMCen; W 3alULIMTE MHOXKECTBA,
KOTOPBIE MOJIy4aTcs B pe3ysbTaTe CICIYIOIUX Olepaluil:

1) AUB; 2) AnB; 3) AnC; 4) AnD; 5) C—-A;6)C—B; 7) C+D; 8) U - A;

9)U-B;10) U-D;11) U-A; 12) AUB.

ITPAKTHYECKAS PABOTA Ne 16
«KoMIuIekCHbIe YKncJIa U JeiiCTBUA HAJl HUMID)

eab padoThI:

1. 3aKkpenuTh YMEHHS 110 BBINIOJHCHUIO JEUCTBHH C KOMIUICKCHBIMH
quciIaMu

2. CTIOCOOCTBOBATh PA3BUTHIO AHAIUTHYECKOTO MBIMUICHHUS, BHUMAHUS
oOyyarommxcs;

3. BOCTIUTaTh HMHTEpPEC K TMPeaMeTy, TPYIOTI0O0NEe, OTBETCTBEHHOCTD,
CaMOCTOSITENIbHOCTh U TBOPUECKYIO aKTUBHOCTb.

Kparkue Teopernueckne M yueOHO-MeTOANYECKHE MATEPUAIBI 110 TeMe
NPAKTHYECKOI padoThI

JlecTBUS ¢ KOMILIEKCHBIMHU YHCJIAMHA

1. Caoxkenue. Tak Kak KOMIIEKCHOE YMCJIO MOKHO MHTEPIPETUPOBATH Kak
TOYKY HAa KOMIUJIEKCHOM TIJIOCKOCTH, TO €CIIU

Zl = a1+i 'bl’ Z,= a2+i 'bz’ UMeeM.  7,+7,= (a1+a2)+i '(b1+b2)
Hanpumep:

(3+2i) + (-4+71) = (3-4)+(2+7)I = -1+9i.

2. YMHOKEeHHE.

a). Ecm yncna 3aganel B anredpanyeckoi hopme, UMeeM:

Z," 2= (a1+i bl) '(a2+i bz) = a1a2+i . a1b2+i 'a2b1+ i2'b1b2 '

VuuthiBas, 4To j° =1, UMEEM:

Z,Z:= alaz_b1b2+i ) (a1b2+ azbl) '

B). Ecnm umcna 3aganbl B KOMIUIEKCHOH (opme 7, = w(cos Q.+ i-sin @1) 51

7,= ‘rl‘(cos @,+i-sing), 10 7,7,= ‘rl‘ : ‘rz‘ (cos(@,+ ) +i-sin(@,+))).
I[Ipy n0Ka3aTENbCTBE MBI UCHONB3yeM (POPMYJIIBI CHHYCA CYMMBI M KOCHHYCA
CYMMBbI IBYX YIUIOB ( IIPOJEIIAiiTe CAMOCTOSTEIBHO).
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3. lesieHue.

a). Ecmm uymcnma 3amanpl B anreOpamdeckodl ¢opme, TO YHCIHTENIb U
3HAMCHATENIb JOMHOXXHM Ha COIPSPKEHHOC K 3HAMEHATEIIO0 YHCIO, YTOOBI B
3HaMEHATEJIE MMOTYYHIIOCh JeHCTBUTEIbHOE YHCIo. MiMeem:

z_a+i-h,_(@-+ib)-@-ib) _aa.,-bb.+i-@b,~ab)

- . - 2 2
Z, aA,t! 'bz (a2+|bz)(az_lbz) a2+b2
( pojenaiTe BEIYMCICHHUS CAMOCTOSTENBHO, YUNTBIBAS. PABEHCTBO | = —1).

B). Ecam uucna 3amaHel B KOMILIEKCHOM (opme le‘rjj(cosgpl+i-sin @)u

7, =|r(cos @,+i-sing), 1o
Zi _

I -
= s, ) vising, - ), et 7,20,

4.Bo3BeaeHue B CTENEHb.

dopmyay Npou3BEACHHUS ABYX KOMILICKCHBIX YHUCEI MOYKHO OOOOIIUTH Ha N

comMHOXxuTener. OTcro1a, Kak YacTHBIN cliydail, mosydaeTcs: popMmyna:
z"=(r-(cos p+i-sin @)) =r"- (cos(ne)+i-sin(ne))

5. U3BJieyeHue KOPHA N-0i CTENEHH.
Nmeet mecto dpopmyna Myaspa:
+27K . . @+27K
Q/E=Q/E~(cos¢—+|-sm¢—), rae keZ.
n n

TakuMm 00pazoM, KOMIUIEKCHOE YHUCIIO Z UMEET OECKOHEUHO MHOTO KOpHEH
N-0ii CTENEHW, NPUYEM Pa3IUYHBIX KOpPHEM — poBHO N wmrTyk. Bce kopHM
PacroyIokKeHbl Ha OKPYXKHOCTH paguyca Xr B BepIIMHAX NPAaBWILHOrO N-
YTOJIbHHKA.

Bonpocel 1S 3aKpeIUVIeHHs1  TEOPETHYeCKOro  marepuaga K
NPAKTHYECKOMY 3aHATHIO

1. aiiTe onpenesieHne KOMILJIEKCHOTO YUCIa.

2. Uto Ha3bIBa€TCI MHUMOM €UHULIEN?

3. B xakux gopmax MOKHO 3amicaTh KOMIIJIEKCHOE YUCIIO?

4. Kakue neicTBUS MOXKHO COBEpIIATh HAJl KOMIUIEKCHBIMU YUCIaMU?

5. O0BsACHUTE MOHATUE CONMPSKEHHOTO KOMILJIEKCHOTO YHUCIIa.

3aaHus I IPAKTHYECKOT0 3aHATHS:
1. 3anucatb KOMILJIEKCHBIE yucia B anredpandecKou u
TPUTOHOMETPUUECKON (hOopME, OTMETUTh WX Ha KOMIUIEKCHOM TTIOCKOCTH.

a). z=cos——i-sinZ, 6).z=—cosZ—i-sin, B). (1""_)6
°° ¢ (1-i)

2. Bemmonauts aevictBus. OTBET 3amucath B aredOpanyeckoit popme.
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. V4 . . T
(i —ﬁ)(cosﬁﬂsm E)
1-i

,
13 T . . T
: COS——isin =) (1++/3
6). [ N3 i) . 557N
2 2 i°
3. BBIqI/ICJII/ITB BCC pa3J]I/ItIHI>Ie KOpHI/I X KOMIIJICKCHOI'O YHUCJiIa U HAHECCTHU UX
Ha KOMHH@KCHYIO TTJIOCKOCTD.

a). §/32(cos z +isin z) 6). 4i B) 1 r) ¥-1

4. PemnTh ypaBHCHUS:

8) 7-6z+10=0 0 7°410+29=0 B) 7’+Z]=0 ) |z|—iz=12i

5. Ilpyn KakuxX 3HAYEHHAX NapameTpa & YpaBHEHHE HMMEET KOMILUIEKCHBIE
KopHU?

a).

2. x'+10x+a=0 0 ax’+4(@—2)x+1=0

HaiiTi 5T1 KOpHU TIpU KaKOM-TTOO0 3HAYEHUU TTapaMeTpa.

6. Kakoe MHOXKECTBO TOYEK Ha KOMIUIEKCHOW TUIOCKOCTH 3aJaeTCs
yCJI0BHEM?

a) (Rez)'+(Imz)'=2 ©)- Im(z-2)=(Rez) B z.7-4Imz=0

T T
) —<argz< —
D Re(z9=0 V- 2Re(ifd O (6 3< ,?

N300pa3uth HaliZICHHOE MHOYKECTBO Ha KOMIUIEKCHON IIIOCKOCTH.

IMPAKTUYECKAS PABOTA Nel7
«PelieHne TMNPAKTHYECKHX 33Ja4 HAa oOnpeJaejeHHe BePOSTHOCTH
COOBITHA»

Hear paGorbi: chopMUpOBATH YMEHHUS IO OINPEICICHUIO BEPOSTHOCTH
COOBITHSA

Teopernueckue cBeIeHUs:

IHonsiTue 0 cixy4yaiiHOM COOBITHH.

Ecin cobbiTue mpu 3aJaHHBIX YCIOBHUSIX MOXET IPOU30MTH WM He
OPOU30MTH, TO OHO HAa3bIBaeTCA ciay4aiinsim. B ToM ciydae, koraa coObITHE
JOJDKHO HETIPEMEHHO MPOU30MTH, €T0 Ha3bIBAIOT 0OCHMO6EPHBIM, 3 B TOM Cllydae,
KOT'ZIa OHO 3aBEIOMO HE MOXKET IPOU3ONTH,~ HEEO3MONHCHbBIM.

CoObITHSI Ha3bIBAIOTCS HECOBMECHMHBIMU, €CIIM KAXKIBIH pa3 BO3MOXKHO
ITOSIBJIEHUE TOJIBKO OJTHOT'O U3 HUX.

CoObITHS  HA3BIBAIOTCS  COGMECHIHBIMU, €CIU B JAHHBIX YCJIOBHSX
NOSIBJIEHUE OJHOTO M3 3TUX COOBITUN HE MCKIIOYAET MOSBIECHUE APYroro mpu TOM
K€ UCIIBITAHUH.

CoObITHS HAa3BIBAIOTCA HPOMUBONOJIOHCHBIMU, €CITA B YCIOBUSIX UCIBITAHUS
OHM, SBIISISICh EAUHCTBEHHBIMU €I0 HCXOAAaMHU, HECOBMECTHBI.
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CoObiTHs TpUHATO 0003HAYaTh 3arjaBHBIMH OyKBaMH JIATHHCKOTO
andasuta: 4, B, C, /1, ....

Knaccuueckoe onpeaesieHue BepoOSiITHOCTH

Uucno, sBusmomieecs BbIpaKCHUEM Mepbl OOBEKTUBHOM BO3MOXKHOCTHU
HACTYIUUICHUS COOBITUS, HA3BIBACTCA 6EPOAMHOCHIbIO DTOTO COOBITHS U
0003HaYaeTcss CUMBOJIOM P(4).

Onpeodenenue. BepoaTHOCThIO COOBITHS A Ha3bIBACTCS OTHOIICHHE YHCTIA
HCXOJ0B M, OJaronpHUsTCTBYIOMINX HACTYIJICHUIO TAHHOTO COOBITUSL A, K YUCTY N

m

BCEX UCXOJIOB T.€. P(A)=—.
n
Teopema cnosxcenusn eeposamuocment
BepostHocTh HacTyrieHUss JBYX (MM HECKOJBKMX) HECOBMECTHBIX
COOBITUI paBHA CyMMeE BEPOSTHOCTEH ATUX COOBITHMA: P(A+B)=P(A)+P(B)

wm  P(A+A +.+A)=P(A)+P(A)+..+P(A)

Teopema ymHuodcenun epoamuocmeil

BepoaTHOCTh OAHOBPEMEHHOIO TOSIBIICHHUS JIBYX HE3aBUCHUMBIX COOBITHI
paBHa MPOU3BEJICHUIO BEPOATHOCTEH 3TUX COOBITHI: P(AB) = P(A)-P(B).

BeposiTHOCTh ~ MOSIBIIEHHS  HECKOJBKUX  COOBITHH, HE3aBUCHUMBIX B
COBOKYITHOCTHU, BEIYHUCIIAETCS 110 (hopMyIIe

P(AA,..A) =P(A)-P(A)-...P(A).

IHonsiTue 0 cixy4aiiHOM COOBITHH.

Ecnu coObiTue mnpu 3aJaHHBIX YCJIOBUSX MOXKET MPOU3OUTH WM HE
MIPOU30MTH, TO OHO HA3BIBACTCS c/ay4auHvimM. B TOM ciydae, Korja coObITHE
JOJIKHO HETIPEMEHHO MPOU30MTH, €r0 Ha3bIBAIOT 0OCHOGEPHBIM, 3 B TOM Cllydae,
KOI'/Ia OHO 3aBEJIOMO HE MOXKET MPOU30UTH,- HEBOIMONCHBIM.

CoObITHS HA3BIBAIOTCS HECOBMECHHbIMU, €CIU KAXKIbIM pa3 BO3MOXKHO
MOSIBJIEHUE TOJIBKO OJHOTO U3 HUX.

CoObITHSI HA3bIBAIOTCS CO6MECHIHBIMU, €CIM B JIaHHBIX YCJIOBHUSX
HOSIBJIGHUE OJHOTO U3 3THUX COOBITHI HE MCKIIIOYAET MOSBJICHUE APYTroro mpu TOM
7K€ UCIIBITAHUH.

CoOBbITHS HA3BIBAIOTCSI RPOMUBONOTNONHCHBIMU, ECITU B YCIIOBUSX UCTIBITAHUS
OHM, ABJISISICh €IMHCTBEHHBIMH €0 UCXOAaMH1, HECOBMECTHBI.

CoObiTHs TpUHATO 0003HAYaTh 3arjaBHBIMH OyKBaMH JIATHHCKOTO
andasuta: 4, B, C, /1, ....

Kaaccuueckoe onpeaesieHue BepOsITHOCTH

Yucno, SBIAOIIEECS BBIPAKEHUEM MEpPbl OOBEKTUBHOM BO3MOXKHOCTH
HACTYIUIEHUS COOBITHS, Ha3bIBACTCA 6EPOAMHOCHMbBI) HTOTO COOBITHS U
0003HavaeTcs CMUMBOJIOM P(4).

Onpedenenue. BepoaTHOCThIO COOBITHUS A Ha3bIBACTCS OTHOIICHHE YHUCTA
UCXOJ0B M, 01aronpusATCTBYIONIMX HACTYIIEHUIO JAHHOTO COOBITUS A, K YUCIy N

m
BCEX MCXOJOB T.€. P(A) = .
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Teopema cnosxcenusn eepoamuocment
BepostHocTh HacTyrieHuss JABYX (WM HECKOJIBKMX) HECOBMECTHBIX
COOBITUM paBHA CyMME BEPOSTHOCTEH 3THX COOBITHI: P(A+B)=P(A)+ P(B)

wi P(A +A, +..+A)=P(A)+P(A)+..+P(A)

Teopema ymuoscenHus eepoasmuocment

BeposTHOCTh OJHOBPEMEHHOI'O MOSBICHHS ABYX HE3aBHCHUMBIX COOBITHMN
paBHa MPOU3BEJICHUIO BEPOATHOCTEN 3TUX COOBITHIL: P(AB) = P(A)-P(B).

BeposiTHOCTh ~ TOSIBJIEHUS  HECKOJBKUX  COOBITUM, HE3aBUCUMBIX B
COBOKYIHOCTH, BEIYHUCIIAETCS 110 (hopMyJie

P(AA,..A,) =P(A)-P(A)-..-P(A)).

3agaua 1. B notepee u3z 1000 OGmieroB mmerorcss 200 BBIUTPHIIIHBIX.
Brinumarot Hayraa oguH Ouser. Yemy paBHA BEpOSITHOCTH TOTO, YTO STOT OMIIET
BBIATPBILIHBIN?

Pemenue. O61ee yucno paznuyabix ucxoqoB ectb N=1000. Yucio ucxoaos,
0JIArONpUSATCTBYIONIUMX TOJYYEHUIO BBIMTphIIA, coctaBiasier M=200. CoriiacHo
dopmyIe, moaydyum

pay=m-20 1 45
n 1000 5

3amaya 2. Ha 3a04yHO€ OTHENIEHHE TEXHHKyMa IMOCTYHAalOT KOHTPOJIbHBIE
paboThl 1Mo MaTematuke u3 ropofoB A, B u C. BeposTHOCTh MNOCTYIUICHUSA
KOHTPOJBHON paboTel u3 ropoga A paBuHa 0,6, uz ropoma B - 0,1. Haiitu
BEPOSITHOCTh TOT'O, YTO OYepeAHasi KOHTpOIbHas paboTa mocTynuT u3 ropoaa C.

Pemenue. CoObITHA «KOHTpOJBHAs paboTa mocTynuiaa Hu3 ropona A»,
«KOHTpOJIbHAasi paboTa mocTynwjia u3 ropoaa B» U «koHTposibHas pabora
noctynuia u3 ropoaa C» o0pa3yloT MOJHYK CHCTEMY, MO3TOMY CyMMa HX
BEPOSITHOCTEW paBHA €IUHULIE:

0,6+01+p=1,T.e. p=1-0,7=03.

3anaua 3. B nepBoif ypHe HaxomauTcsi 6 uyepHBIX U 4 OenbIX IIapa, BO
BTOPOM- 5 uepHBIX U 7 OenbIX mapoB. M3 kaxmaol ypHBI U3BJICKAIOT TIO OJTHOMY
mrapy. KakoBa BEposSITHOCTB TOTO, YTO 00a 11apa OKaXKyTcsl OeIbIMHU.

Pemenue. [lycth A — W3 mepBOM ypHBI U3BJICUEH Oeiblid map; A,- U3

BTOpPOM ypHBI u3BJIe4YeH Oenblii map. OyeBHIHO, 4YTO COOBITHS A U A,

HC3aBUCUMEBEI.
Tax Kax P(A) ===, P(A,) =, T0 10 popuy7e P(AA,) = P(A)-P(A)
HAXOINM
2 7 14 7
PAR) =S "6 a0

3aiaHus NPAKTUYECKOH YaCTH:

[Tpu cTpenpbe Mo MUTIIEHH BEPOSTHOCTH CAENATh OTJIIMYHBIA BHICTPEIN paBHA
0,3, a BEpoOSTHOCTh BBICTpENla Ha OILEHKY «xopomio» pasHa 0,4. Kakoa
BEPOSITHOCTD MOJYUYUTh 3a CJCTAHHBIN BBICTPEN OLICHKY HE HUYKE «XOPOIIO»?
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BeposiTHOCTH TOrO, 4ro JMIO ymMper Ha 71-m romy xu3Hu, paBHa 0,04.
KakoBa BeposiITHOCTb TOTO, YTO YeJIOBEK HE yMpeET Ha 71-m rogy?|

bpocaercs omuH pa3 wurpanbHas KOCTb. OnpenenuTs BEPOSTHOCTh
BBIIAJICHUS 3 WM 5 OYKOB.

B ypne 30 mapos: 15 6enbix, 10 kpacHbIx ¥ 5 cuaux. KakoBa BEpOSITHOCTh
BBIHYTh LIBETHOM 11ap, €CIM BBIHUMAETCS OJIMH 1Iap?

B nenexHno-BemeBoii orepee Ha ceputo B 1000 OmieroB nmpuxoautcs 120
neHexkHbIX U 80 BemieBbIX BbIMTpHINICH. KakoBa BepOSITHOCTH KaKOro-auoo
BBIMTPHIIIA HA OJUH JIOTEPEUHBIN OHIIeT?

B ypue 3 Oenbix u 3 depHbIix mapa. M3 ypHBI ABa)KIbl BBIHUMAIOT IO
OJIHOMY IIIapy, He Bo3Bparias ux oopatHo. HailTi BeposITHOCTh MOSBIICHHS O€II0TO
mapa Mpyd BTOPOM MCIBITAHWU, €CJIM MPU IMEPBOM HCIHBITAHUM ObLT HM3BIICUCH
YEPHBIN 1Iap.

B xonone 36 kapt. Haynauy BBIHUMAIOTCS U3 KOJIOBI 2 KapThl. OnIpeaenuTh
BEPOSTHOCTH TOT'O, YTO BTOPBIM BBIHYT TY3, €CJIU [IEPBBIM TOXKE BBIHYT TY3.

B ypue 2 Oenbix u 3 yepHbIX 11apa. M3 ypHbI BRBIHUMAIOT OIS JABa HIapa.
Haiitu BeposiTHOCTH TOTO, 4TO 002 m1apa Oebie.

KakxoBa BeposITHOCTh TOTO, YTO U3 KOJIOJIbI B 36 KapT OyAyT BBIHYTHI MOAPST
nBa Ty3a?

JIBa cTpenka CTpEesioT MO Ledu. BeposSTHOCTh MOpAKEHUsI LEIU IEPBBIM
CTpENKOM Ipu oAHOM BbIcTpene paBHa 0,8, BTopbiM ctpenkom — 0,7. Haltu
BEPOSITHOCTh MOPAXKEHUS LIETU ABYMSI ITYJISIMU B OJHOM 3aJIIIe.

HaiiT BepOATHOCTH OJHOBPEMEHHOIO TIOSBJICHUS Tepba mOpu OJHOM
OpocaHuM JABYX MOHET.

Nmeetcsa aBa smmka, coaepskamux mo 10 geraneir. B mepBoM smuke 8, BO
BTOPOM 7 CTaHAAPTHBIX nAetaned. M3 kaxaoro fmmka Hayaady BBIHUMAIOT IO
onHOM neranu. HallTu BEpOSTHOCTH TOTO, YTO 00€ BBIHYTHIE JETATH OKaXYyTCS
CTaHJapTHBIMHU.

B cembe nBoe nereit. [lpuHuMas coOBITHS, COCTOSIIIIME B POXKICHUU
MaJbyuKa U JE€BOYKH PAaBHOBEPOSITHBIMHU, HAUTU BEPOSITHOCTH TOTO, YTO B CEMbE:
a) BCE JICBOUYKH; 0) AETH OJHOTO TOJIA. |

[IycTh BCXO0XKECTh ceMsiH oleHuBaeTcsa BeposiTHOCThIO (,7. KakoBa BeposT-
HOCTh TOTO, YTO U3 JIBYX IMOCESHHBIX CEMsH B3OHIET KaKoe-Tu00 0HO?

N3 xononp! B 36 KapT Hayady BBIHUMAETCs ogHa. KakoBa BEpOATHOCTh
TOTO, YTO OYJET BbIHyTa MUKA WIH Ty3?
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IMMPAKTUYECKAS PABOTA Nel18
«Pemenne 3amay ¢ peajbHbIMM JUCKPETHBIMH  CJOYyYaiiHBIMH
BeJIMYMHAMI»

Heab padoThI:

1. 3akpenuTh YMEHHsI MO PEHICHUIO 3a/lad C PEaTbHbBIMU JUCKPETHBIMU
CIIy4ailHBIMH BEJIMUMHAMU

2. cTIOCOOCTBOBATh PA3BUTHIO AHAIUTUYECKOTO MBIINUICHHS, BHUMAHUS
00yyJarommxcs;

3. BOCIIUTAaTh HMHTEpPEC K TMPEaMETy, TPYIOII00Ne, OTBETCTBEHHOCTD,
CaMOCTOSITENIbHOCTh U TBOPUYECKYIO0 AKTUBHOCTb.

Kpatkue TeopeTudeckne u y4eOHO-MeTOAUYECKHE MATEPHAJIBI IO TeMe
NPaKTH4YeCcKoil padoThbl

1. CaryuaiiHoii BeJJMYMHON Ha3bIBACTCS YMCIIOBasl MEpEeMEHHAs BEJIMYMHA,
MPUHUMAKONIAass B 3aBUCHUMOCTH OT CJly4yas T€ WIM HWHBIE 3HAYEHHUS C
OIPEICIIEHHBIMUA BEPOATHOCTSIMH.

2. MaTeMaTH4YeCKUM OKUJAAHMEM JIHMCKPETHON CIIydallHOW BETUYUHBI
HA3bIBACTCS YHCJIO, PABHOE CYMME€ MPOM3BEACHHUM BCEX 3HAYCHUN CIy4alHOMN
BEJIMYMHBI Ha BEPOSATHOCTH 3TUX 3HAYCHHH M(X) = inpi = X1P1t XoP2 + ... + X Pn
(1)

3. lucnepcueid  AUCKPETHOW  CIy4allHOWM  BENWYMHBI  HA3bIBACTCS
MATEMATUYECKOE OXKHUJAHUE KBAaJApaTa OTKJIOHEHWS CIy4alHOW BEJIIMYMHBI OT €€
MaTtemarraeckoro oxumanmst: D(X) = M(x — M(x))? (2) wm wim D(x) = M(X®) —
(M(X))* (3)

4. Jlucnepcusi cilydailHOM BEJIWYMHBI XapaKTepu3yeT CTeNeHb pa3dpoca
3HAYEHHM CIIyYailHOW BEJIMYMHBI OTHOCUTEIIBHO €€ MATEMATUYECKOTO OXKHUTaHUSL.

CpeaHuM KBaJApPATHYHBIM OTKJIOHEHHEM JUCKPETHOM  CIIy4alHOMN

BEJIMYUHBI HA3BIBAETCS KBAAPATHEINA KOPEHb U3 Aucnepcuu: O (X) = v D(x) (4)

IIpumepl. HaiiTu maTremaTHyecKO€ OXHUJAHHUE, JUCIIEPCUI0O U CpPEIHEE
KBaJpaTUYHOE OTKIIOHEHUE YHhCJia OYKOB, BBIMAJMAIIUX MpU OpocaHuu
UTPaJIbHON KOCTH.

Pemenne. CnydaitHas BenMurHa X 4YMCIa OYKOB MIPUHUMAET 3Ha4YeHUs 1, 2,
3, 4,5, 6. CocTaBuM 3aKOH €€ pacupeaeiaeHus:

[

Xi |1 |2 3 |4 5 6
Pi 1/6 |1/6 |1/6 |1/6 |1/6 |1/6

Torna maTemaTudeckoe oKugaHue Beraucisercs mo dpopmyse (1):

S IRV SO T W SR l l
M(X) =1 6+2 6+3 6+4.T+5.E_+6._§.=3,5_

N 2
3aKOH pacnpeaeIeHNs CIy4alHOW BEJTUYUHBI X
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Xi |1 |4 9 |16 |25 |36
Pi 1/6 |1/6 |1/6 1/6 |1/6 |1/6

Torma M(X%) = 1/6(1+4+9+16+25+36) =1/6-91=91/6

Ilo dopmyre (3) maiimem aucmepemio: D(X) = M(X®) — (M(x))*=91/6-
(7/2)°=35/12=2,92

[To popmyrne (4) BBIYKUCIUM CpeTHEE KBAAPATUIHOE OTKIIOHEHUE

3(x) = VD(x)=V2, 92~1,71

Otset: M(x)=3,5; D(x)=2,92; 6(x) =1,71.

3ajaHns NPAKTHYECKOH YaCTH:

1. CocTaBuTh 3aKOH paclpeAciieHUus U HAUTH MaTeMaTHYECKOE OXKUIAHHE
CYMMBI YHCJIa OYKOB, KOTOpPBIE MOTYT BBINACTh MPH OJHOM OpOCaHUM JBYX
UTPATBHBIX KOCTEH

2. HaliTn MmaTemMaTnuecKkoe OXXUJTaHUEe ITPOU3BEICHUS YUCIIa OYKOB, KOTOPHIC
MOTYT BBIIACTH MPHU OJTHOM OpOCAHHH JIBYX UTPATBHBIX KOCTEH

3. Jlnd 3a1aHHOTO 3aK0Ha pacrpeaeneHus natu M(X), D(x), 6(X).

Xi 10 |3 5 |8
pi 0.3 /0.25 {0.3 |0.15
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