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MeTtoauueckre peKOMEHIalluu 0 BBIMOJHEHHUIO MPAKTUYECKUX paboT pa3paboTaHbl HA OCHOBE
denepanbHOTO TOCYAAPCTBEHHOTO 00pa3oBaTenbHoro cranaapta (naiee ®I'OC) u Ha ocHOBe paboueit
pOrpaMMbl Y4eOHOH TUCHUTUIHHBI «MaTeMaTHKay, KOTOpas SBISETCS JUCIUILTHHOW MAaTEMAaTHIECKOTO
U O0OLero ecTecCTBEHHOHAYYHOTO IMKJIA IS CHEIHAIbHOCTH CPEAHEro MpodecCHOHAIbHOTO
obpaszoBanms (manee CIIO), 21.02.01 Paspaborka u J3KcIUTyatanuss HEPTSIHBIX M Ta30BbIX
MECTOPOXKICHUM.

B Meroanueckux peKOMEHIAIMSAX TMPUBEIACHbBI OCHOBHBIE TpPEOOBAHUSA 110 BBHIIOJHEHHUIO
MPAKTUYECKUX paboT, TNpeaHa3HAYCHHBIX JUIsl oOydaromuxcs. MeToAnYecKue pPeKOMEHIAlun
MpeIHAa3HAYEHBI JJIs OPraHU3alUU MPAKTUICCKUX PadOT CTYACHTOB B paMKax peallu3alHud MporpamMmm

cpeaHero npogeccuoHaIbHOro 00pa3oBaHus
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IHosicHuTeIbHAA 3alIMCKA

Metoauueckie pPEeKOMEHIAIMM 110 BBIMOJHEHHIO MPAKTUYECKUX pPadOT COCTaBJICHBI B
COOTBETCTBHUHM ¢ paboueil mporpaMmoii o «MaremaTrke». BelrosHeHre MpakTUYECKUX paboT sABIseTCs
OJHUM W3 BaXHEHIIMX YCIOBHH MO pEaTM3alUU MPOrpaMMbl ydeOHOW AUCHUILUIMHBI «MarteMaTHkay,
ABJISICTCA JUCLUUIUIMHOM MaTeMaTH4eCKOr0 M OOILIero ecTeCTBEHHOHAYYHOIO IMKJIa OCHOBHOM
npodeccnoHaTEHOM 00pa30BaTEIBHON TPOrPAMMBL.

BeinonHenne ayauTOpHBIX MPaKTHUYECKUX pabOT O0ydaroluxcs B IMPOLECCe M3Y4eHHUs Kypca
SBIISICTCS BAXXHBIM B YacTH CHUCTEMAaTH3allMM W 3aKpeIUICHHs 3HAHWI;, paclIupeHus M YriayOJieHus
TEOPETUYECKON MOATOTOBKU O0YYAIOIUXCS U OBJIAJCHHUs COOTBETCTBYIOIIMMY HAaBbIKAMMU:

1. IloHumaTh CynIHOCTh M COLMANBHYIO 3HAYUMOCTh CBOEH OynyIieil mpodeccuu, MposiBIsATh K
HEW yCTOMYHMBBIN MHTEPEC.

2. OpraHu3oBaTh COOCTBEHHYIO JESTEIbHOCTb, BHIOMPATh THIIOBBIE METOABI M CHOCOOBI
BBINOJIHEHUS TPO(ECCHOHANIBHBIX 3a/1a4, OLIEHUBATh UX 3 (PEKTUBHOCTh U KaYECTBO.

3. Ilpunumarb pemieHus B CTAHAAPTHBIX M HECTAHJAPTHBIX CUTYallUIX U HECTH 3a HUX
OTBETCTBEHHOCTb.

4. OcymecTBIsATh MOUCK M HUCIOJIb30BaHUE HH(MOpMaIuu, HeoOXoaumoi 1t 3 eKTHBHOTO
BBINOJIHEHUS TPO(HECCHOHANIBHBIX 3a/1a4, IPOPECCUOHATBHOTO U TMYHOCTHOI'O PA3BUTHS.

5. Hcnonw3oBarh HH(POPMAITMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTHH B MPO(ECCHOHATBLHON
JESTEIIBHOCTH.

6. Pabotate B KOJJIEKTHBE U B KOMaHe, 3 (HEeKTUBHO OOMIATHCS C KOJIETaMH, PYKOBOACTBOM,
MOTPEOUTEIISIMH.

7. bpath Ha ce0si OTBETCTBEHHOCTh 3a PaOOTy WIEHOB KOMaH]bl (IIOJAYMHEHHBIX), PE3YJbTAT
BBITIOJTHEHUS 3a/1aHUH.

8. CaMOCTOATENBHO ONpEeAeATh 3aJa4d NPOPECCHOHATBHOIO M JUYHOCTHOTO Pa3BUTHA,
3aHUMAaTbCs CaMOOOPa30BaHUEM, OCO3HAHHO IJIAHUPOBATH MOBBIIIEHNE KBATU(DHUKALHIH.

9. OpueHTHpPOBATHCSI B YCIOBHSX YacTOH CMEHBI TEXHOJIOTHMA B MPOPECCHOHATBHON
JESATEIIBHOCTH.

[lenbto BBIMOJIHEHUS MPAKTUYECKUX PAOOT SBISETCS MOJIY4YEHHE 3HAHUM M yMEHUH, KOTOpbIe
HEOOXOAWMBI JUIsl TMOATOTOBKM CHEIMAJIMCTOB CPEAHEr0 3BEHA, OCO3HAHUS HEOOXOJIUMOCTH
MPOJOJKEHHsT 00pa3oBaHMsI, CaMOpeaJu3allid B Pa3HOOOpA3HbIX BHJAX JIESITEIBHOCTH, a TaKXKE B
JOCTH)KEHUH ycIleXa B Pa3JInYHbIX cepax COLUAIBbHOMN KU3HH.

B pesynbrare ocBoeHUS y4eOHOUW MUCIUIUIMHBI O0YYaIOIIHICS T0HKEH YMETh:

aHAJM3UPOBATh CI0XKHbIE (PYHKIIMU U CTPOUTH UX IPpauKH;

BBITIOJHSATH JAEUCTBUS HaJl KOMIIJIEKCHBIMU YHCIIaMU;

BBIYHCIIATh 3HAYEHHSI TEOMETPUUECKUX BEIUYMH;

MIPOM3BOJIUTH ONIEpALMK HaJ MAaTPUIIAMU U OTIPEACTUTENSIMU;

pelaTh 3a/1auy Ha BHIYMCIIEHUE BEPOSATHOCTH C UCTIOIb30BAHUEM 3JIEMEHTOB KOMOWHATOPHKHY;
pemars MpUKIaJHblE 33Jayd C MCIOJIb30BAaHUEM D3JEMEHTOB JU(p(dEepeHINaTIbHOTO |
MHTETrPaJIbHOTO UCUHCIICHU;

pelarh CUCTEMbI JIMHEWHBIX YPaBHEHUH pa3InYHBIMU METOJaMH;

B pesynbrare ocBoeHus yueOHON AUCHUIUIMHBI 00YJaIONIUIICs JOKEH 3HATh:

OCHOBHBIE MaTeMaTHYECKHE METO/IbI pELIeHUs] TPUKJIIaIHbIX 33]1a4;

OCHOBHBIC TOHATHA W METOJbl MaTEeMaTH4YeCKOro aHajn3a, JUHEWHOW anreOphl, TEOpHUIo
KOMIUIEKCHBIX YHCEN, TEOPUU BEPOSTHOCTEN U MAaTEMAaTUYECKOW CTaTUCTHUKH;

OCHOBBI HHTEIpAJILHOTO U T (PepeHInaIbHOTO UCUNCIICHUS;

poiib M MECTO MaTeMaTHKH B COBPEMEHHOM MHUpPE MpPH OCBOCHHU MPO(eCcCHOHATBHBIX
JMCLUIUIMH U B cdepe NpoPecCHOHaNbHOMN e TeTbHOCTH.

YV VYV ¥V VVVVVYVY

Kpurepun onieHkH BBINOJIHEHHS 00y4AIOMIMMUCH NPAKTHYECKUX padoT.

OneHka 3HaHUHM CTYACHTOB IPOU3BOIUTCS 1O MATHOAIIEHOMN cUCTEME.
Kpurepun olieHKU ODpaKTUYECKUX 3aJaHUIL.




OTMeTKa «5» CTaBUTCS, €CIU:

- paboTa BBINTOTHEHA TIOJHOCTHIO;

- B JIOTHYECKUX PACCYKJICHUSAX U 0OOCHOBAHUH PEIICHUS HET MPOOETIOB U OIMHOOK;

- B PCIICHMM HET MaTeMaTHYeCKHUX OIMMOOK (BO3MOXHA OJIHA HETOYHOCTh, OIMCKa, HE

SIBJISTFOINASICS CIIC/ICTBMEM HE3HAHUS WJIM HEMOHUMaHUsl y4eOHOTO MaTepurana).

OtMeTKa «4» CTaBUTCS, €CIIU:
- paboTa BBITIOJTHEHA TIOJTHOCTHI0, HO 00OCHOBAHHUS IIATOB PEIICHUS HEJIOCTATOYHBI (€CIT YMEHUE
000CHOBBIBATh PACCYKIACHUS HE SBIISIIOCH CIIEIUATBHBIM O0BEKTOM ITPOBEPKH);

- IOTYIIICHA OJIHA CYIIECTBEHHAsS OIINOKA WM JBA-TPH HECYIIECTBEHHBIX OIIUOKH;

- MPaBWIBLHO BHINOJHEHO Oosee 75% 3amaHuid.

OtMeTKa «3» CTaBUTCS, ECIU:

- JIOMyIIeHBI 0oJiee OJIHOM CYIIECTBEHHON OIIMOKA WM 0ojiee JBYX-TPEX HECYIIEeCTBEHHBIX
OIMOOK, HO OOYYAIOIIHIACS BIIJCeT 00SI3aTEIIbHBIMI YMEHHUSIMHU TI0 TTPOBEPSEMOI TEME;

- IPY 3TOM MPABWJIBHO BBITIOJIHEHO HE MEHEE TTOJIOBUHBI PAOOTHI.
OTMeTKa «2)» CTaBUTCS, ECIU:

- JIOTYIIEHbl CYIIECTBEHHBbIE OINMOKHM, IIOKa3aBIIME, YTO OOYy4YalolIUiics He BIaJeeT
00s13aTeTbHBIMA YMCHHSIMHE 110 JIAHHOW TeMe B TIOJTHOM Mepe.
OtMmeTKa «1» cTaBUTCS, €CIIU:

- paboTa moKa3zaia MOJTHOE OTCYTCTBHE y OOyYaromerocss 00s3aTe/IbHBIX 3HAHUK M YMEHUU I10

MIPOBEPSIEMOM TeME WJIM 3HAYUTEIIbHAS YaCTh PaOOTHI BHIMOJHEHA HE CAMOCTOSATEIBHO.

K kxareropuu cywecmeaennvix owubox CienyeT OTHECTH OITMOKH, CBA3aHHBIC C HE3HAHUEM,
HEMOHMMAaHHUEM 00Y4YalOIIMMUCS OCHOBHBIX MOJIOKEHUH TEOPUH U C HEMPABUIBLHBIM TPUMEHEHUEM
METO/IOB, CIIOCOOOB, TPUEMOB PEIICHUSI MPAKTUUYECKUX 3aJaHul, MPETyCMOTPEHHBIX MPOTPAMMOM.

K kareropuu necywecmseennvix ouinbO0oK cieayeT OTHECTU MOTPEIIHOCTH, CBS3aHHBIE C
HEOPEKHBIM BBITIOJTHCHUEM 3aIHCeH, PUCYHKOB, TPa(UKOB, YEPTEKEH, a TAKIKE MOTPEITHOCTH U
HEJI0YEThI, KOTOPBIC HE MPUBOIAT K HCKAKCHHUIO CMBICIIA 32/IaHHSI M €70 BBITIOJTHEHUS.

[Ipu HanMuuu CyIIeCTBEHHOM OIMMOKU 3a/1aHUE CUUTACTCS HEBBITTOJTHEHHBIM.

BrImonHsATE ponyIeHHbIe pa0OThI M0 YBAXKUTEIBHBIM U HEYBAKUTEIBHBIM MPUYHHAM
00yJaronuiics MOKET Ha JIOMOJIHUTENbHBIX 3aHATUAX (COTIACHO PAaCIUCAHUIO), B YUTATHHOM 3aji€ WIN
JoMa.
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Bapmuanr 1.

Tema: Matpuis! u neiictBus Hax HUMU. Beruncnenue onpenenureneiillens: Otpabotars HaBbIKK
NercTBUi ¢ MaTpuliaMu. HaydnuTbest HaXOaUTh MaTpUIly oOpaTHYIO K JaHHOM, IeTIaTh IPOBEPKY C
ITOMOIIBIO EAMHUYHON MAaTPUILIBIL.

XoJ paboThl.
3 5 7 I 2 4
A=2 -1 0| B=|2 3 =2
3 2 -1 0 1

1. Haiitu cymmy marpu. 4 ,

E 5) _(2 3]
2. Haiitu matpunty C = 24 + 5B, eciu 41 , L =2)

1 3 1 2 1 0
A=|2 0 4| B=|1 -1 2
1 2 3 3 2 1

3. Haiitu mpousBenenne marpun AB u BA, ecnn :



3 2 2
A=]1 3 1
o o 5 3 4
4. Haiitin Matpuily oOpaTHYIO K JaHHOH , CAAeTaTh IPOBEPKY.
Bapuanr 2.

Tema: Marpunsl 1 1eiCTBUA HaJ HUMU. BbIlYKCIIEHHE ONIPEIEIUTENCH.

Heab: OtpaboTarh HaBbIKK AeHCTBUM ¢ MaTpuLiaMu. HayuuTbcst HAXOIUTh MaTpuIly OOpaTHYIO K
JAHHOM, J1eJ1aTh IIPOBEPKY C IOMOIIBIO €IMHUYHON MaTPULIBL.

Xom paboThl.
7 5 3 4 2 1
A=|0 -1 2| B=|-2 3 2
3 4 1 0 -1

1. Haiitu cymmy marpun. 2 ,

e 5} _[2 3]
2. Haiitu matpunty C = 44 + 3B, ecnu 41 , L =2)

1 3 1 o 1 2
A=(4 0 2| B=(2 -1 1
o 2 1 1 2 3
3. Haiitu mpoussenenue marpun AB u BA, ecnn :
2 2 3
A=(1 3 1
. . 4 3 5
4. Haiitu Matpuily oOpaTHYIO K JaHHOU , ClleJaTh IIPOBEPKY.
Bapuanr 3.

Tema: Marpuisl 1 1eliCTBUS HaJl HUMU. BpIUKCIIEHUE ONPENeIUTENEH.

Heanb: OtpaboTarh HaBbIKK AeMCTBUI ¢ MaTpuliaMu. Hayuntbes HaX0QuTh MaTpUIly OOpaTHYIO K
JAHHOM, J1e71aTh IPOBEPKY C MOMOIIBIO €IMHUYHON MaTPHIBI.

XoJ paboThl.
37 5 1 4
A=|2 0 —-1| B=|2 -2 3
4 2 3 -1 1 0

1. Haiitu cymmy Matpwuil. ,

3 5 2 3
2. Haiitu matpuny C = 54 + 2B, ecnu : L =2)



1 1 3 2 0 1
A=2 4 0 B=|1 2 -1
3. Haiitu nmpousBenenue matpunl AB u BA, ecnu 1 3 2 , 31 2
3 2 2
A=|1 1 3
o . 5 4 3
4. Haiitu MaTpuIily 0OOpaTHYIO K JaHHOU , ClleJIaTh TIPOBEPKY.
Bapuanr 4.

Tema: Marpunsl 1 1eiCTBUA HaJ HUMU. BbIlUKCIIEHHE ONIPEIEIUTENCH.

Heab: OtpaboTaTh HaBBIKU JCHCTBHIM ¢ MaTpullaMu. HayduThbcst HAXOUTH MaTPUIly OOpaTHYIO K
JAaHHOM, JIeTIaTh MPOBEPKY C MOMOIIBI0 SAMHUYHON MaTPHIIBL.

Xon paboThl.
5 7 3 2 4 1
A=|-1 0 2| B=|3 -2 2
3 2 4 0o 1 -1

1. Haiitu cymmy Matpwil. ,

E 5} _[2 3]
2. Haiitu matpuny C = 34 + 4B, ecnu 41 , I =2)

p—
[a—

3. Haiitu nmpousBenenue matpunl AB u BA, eciu 1 , 2
2 2 3
A=|3 1 1
. . 3 45
4. Haiitu Matpuily oOpaTHYIO K JaHHOU , ClIeJaTh IIPOBEPKY.

Briuuciaenue onpeaennrenei

[Ipumepsr:
1. BbIUuCIUTH ONpEAeTUTENh

43
6‘:4*6—(—5)*3:39

2. BwUucCIATE OMpeaeTuTeNb
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1 crroco6

Ve 4%2%2 +10% 2% 4+ (=2) ¥12%1— (1% 2% 4+ 4%2%12 +10* (~2) *2) =16+ 80 — 24— (8+ 96 — 40) =
=72-64=8

2 crioco0

[Tpubapnsiss yABOCHHBII BTOPOI cTONOEI K IEPBOMY ,3aT€M K TPEThEMY CTOJIOIY U IPUMEHAS GOopMyITy

a b ¢
b, ¢, a, G a, b,
a, b, c|=a b - +C, b , HaiieM
C C
a, b, c, 3 (3 a; G a; b
0 -2 4 0O -2 0
14 16

V=1l 2 12|=[4 2 16]=—(-2)
5 2 2/ |5 2 6 °

6‘:2(84—80):8

Breraucnutb OIIPCACIINTCIIN

25
1.
39
3 4
2.
-5 8
. 5 3
.\/51
a b
4.
-b a
2 3 -5
5 -1 4 1
6 -2 7
1 -3 1
0. 1
0 -1 3




-2 0 2
7. 12 -1 -2

1 -2 1

6 4 2
8. |7 51

3 2 4

2 1 1
9. |1 4 -1

-1 8 3

2 4 1
10. 3 4 2

4 1 -3

IIpakTnyeckas padora Ne 3-4
Borunciienune onpeaennTesiei 2-ro u 3-ro nopsiaka.
Haxo:xnenune o6paTHOii MATPULIBI.

Hean:

-IIpoBepuTh 3HaHKE CBOMCTB ONPENENUTENCH 2 U 3 IOPAAKOB, IPAaBUJIA BEHIYUCICHUS
ONPEIEIUTENIEH, BBIYUCIIUTEIIbHBIC HABBIKH

-IIpoBepuTh yMeHUS HAXOXKAECHUS MUHOPOB, aredpanyecKux JONOJTHEHUH U ONpeAeIUTeNeH.
[IpaBuiio BeIuMCIIEHUsI OOPaTHON MaTPUIIBL.

Conepxanue

Onpenenenne 1. Marpuneii pasmepa 2 X 2  Ha3blBaeTCsd COBOKYIHOCTb  YHCEII,
PACIIOJIOKEHHBIX B BHJI€ TaOJIHULIBI U3 2 CTPOK U 2 CTOJIOLIOB.

4, &,

Yucna, cocrasisitonye A = 9Ty MaTpHWIly, Ha3bIBaIOTCS €€ DJJIeMEHTaMHu |
a21 a22

oOo3HauaroTcsi OykBOU ¢ nByMsl mHAekcaMu. [lepBbIii MHJIEKC yKa3bIBae€T HOMEP CTPOKH, a

BTOPOH - HOMEp CTOI011a, B KOTOPBIX CTOUT JaHHOE YHCIIO.

Omnpenenenne 2. Onpederumenem (uiuw  OeMEPMUHAHMOM) BMOPO2O  NOPsOKA,

COOTBETCTBYIOIIUM JTAHHOM MaTpHIle, HA3bIBAETCS YUCIIO.

Omnpenenurenb 0003Ha4YatOT CUMBOJIOM

8, 4,
aZl a'22
8, 4,
ITo onpenenenmuro, = A, 8, —ay - 8,.

21 a22
Yucna ai1, aie, az1, az2HA3BIBAIOTCS 3JIEMEHTAMU ONpeaACIIUTCIIA.

Omnpenenenne 3. AHaNOrn4yHO, €CIIU

10



8; dp aj
A=|a, a, a, |-KBaapaTHas MaTpula pa3mepa 3X3,

aSl a32 a‘33
TO COOTBETCTBYIOUIMM €M OINpelIeNuTeNIeM TPEThero IOpsAKa Has3bIBACTCS YUCIO, KOTOPOE
BBIYUCIISAETCS CIEIYIOMIUM 00pa3oM

ay &, a3
. Ay, Ay ay Qdy a, ady
ay Ay Ay =g “ A +ay;- :
d;, Ag Ay g Ay 4y
Ay 45 Ay

IIpaBuio «TpeyrobHUKOB)» (mpaBuiio Capproca)

«+»
«—%»
IIpumepsr:
BoryuciauTe onpeneauTeNIn:
2 5
1 =2-(-4)-(-3)-5=-8+15=7
g =293 +
3 21
5 3 2 3 2 5
2))2 5 3=3: -2 +1 =3-(15-12)-2-(6-9) +(8-15)=9+6—-7 =8
3 4 3 4 3 3 3 3 4

Pa3znoxkenue ONmpeaeaUTE]IdA MO 3JIEMEHTAM CTPOKHA H CTO0JI01A

Aneebpauueckum oononHeHuem 3AEMEHTa aij onipenenutens D HazpiBaeTcss MUHOD M ij 3TOTO 3JI€MEHTa,
B3STBIN CO 3HAKOM (-). Anredpandeckoe JOMOJIHEHNE AJIEMEHTA dij IPUHITO 0003HAYaTh Ajj.
Taxum obpaszom, 4ij =(-1)" M ;.

Onpeneanren TpeTbero NOPSAKa, UX BbIYMCIEHHE

8, ap aj
A=|a, a, a, |-KBagpaTHas MaTpHuua pasmepa 3 X 3

aSl a32 a‘33

COOTBETCTBYIOIIUM €Il OIpeIeTUTENeM TPETHEro MopsiiKa Ha3bIBAETCS YHCII0, KOTOPOE BBIYUCIISETCS
CIEAYIOIINM 00pa3om

11



dy &y A3
_ ay, Ay ay; Ay a, ay
Ay 3y Ay =ay - —a;- +a;- :
a;, Ag a3 Adgy ay Qg
Ay 45 g

Uucna ai11, a1z, i3 HaA3bIBAIOTCS JJIEMEHTAMU IEPBOM CTPOKH onpexaenutens. dopmyna gaer
pa3yioKEHUE OIpeaeauTeNsl TPEThEero MopsaKka Mo 3JIEeMEHTaM MEepBOil CTPOKU M CBOAMUT BBIYUCIICHUE
OTIpEJCIUTENS TPETHETO MOPAAKA K BRIUYUCICHUIO ONpe/IeNuTeNeld BTOPOTO MopsiaKa.

Onpenenureny TPETHETO MOPsiIKa 00JIaJal0T BCEMU CBOWCTBAMU OTIpEAEIUTENIe BTOPOTo MOPsAKa.

[Tpumep:
3 40
5 6 0 6
A=|0 5 6:3~0 2—4-1 2:3-(5~2—0'6)—4-(0—1~6):30+24:54
1 0 2

Haxo:xnenune o6paTHOi MATPULIBI.

Onpenenenue. KBagparHas MaTpuiia A Ha3bIBaeTCsl BBIPOXKJIECHHOM, €CIIM €€ ONpeAeIuTeNb paBeH
HYJIIO, U HEBBIPOXKJICHHOM, €CIIH €€ ONpPEeAEIUTEIb HE PABEH HYIIIO.

Onpenenenue. Ecnu A - kBagpaTHasi MaTpuiia, TO 0OpaTHOM 110 OTHOLLIEHUIO K A Ha3bIBaeTcs
MaTpulia, KoTopas Oyay4d yMHOKEHHOH, Ha A (KakK CIIpaBa Tak U CJIe€Ba), JaeT €ANHUYHYIO MAaTPHUILLY.
O6o3nauaercss AL,

Al-A=A-Al=E
-1 v
Omnp. Ecnu oOpatnas Mmatpuiia A™ CylIecTBYeT, TO MaTpulla A Ha3bIBaeTCA 0OPaATUMOM.
Omnp. Onepanys BBIYUCICHUS 00paTHOM MaTpUILIbl IPU YCIOBUH, YTO OHA CYILIECTBYET, HA3bIBACTCS
o6pa1ueHHeM MaTpPHUIIBL.
Teopema: 1ist TOro 4TOOBI KBaJpaTHAs MaTpuiia A uMmesna o0paTHyI0, HEOOXOAMMO U JOCTATOYHO,
LITO6I>I ManI/IIla 6BIJ'Ia HeBBIPO)KﬂeHHOﬁ, TO €CTh, I1T06I>I cC OHpe,I[eJII/ITeJ'IL 6HJ'I OTJINYCH OT HyJ'Iﬂ.

[Tpu ycnoBun D= |A| #0 oOpaTHasi MaTpHuIla HaXOUTCS 10 popMyIie

A Ao A
D D D
B Ae o Aw
D D D
K K K K
Av An o A
D D D

Jl1is HaX0XAeHUs 00paTHOW MAaTPHUIIBI HCTIONB3YIOT CIEIYIONIYIO CXEMY:

1. Haxonsar onpenenutenb MaTpULbI A;

2. Haxomsr anreOpandeckue JOMOTHEHHUS Ajj BCEX DJIEMEHTOB MAaTPHIIBI A M 3aIHCHIBAIOT HOBYIO

MaTpHuiLy;

3. MeHsoT MecTaMu CTOJIOIBI TOTYYEHHOW MaTPUIIb! (TPAHCIIOHUPYIO MAaTPHILY);

12



1
4. YMHOXAIOT MOJIYYCHHYIO MaTPHILy Ha 5
3aganus:

1.) BbIYMCJIMTH ONpeaesIuTeNlb

s g 2 ab 3 21
1. ‘_ 3 _ 4‘ 2. b b 3. 2 5 3
3 4 3
a b c 1 2 3
4. b c a 5 4 5 6
c a b 7 8 9
3 4 -5 a+b a c
6) 8 7 -2 7y la+c b ¢
2 -1 8 a 1 c
kK, -2 -1
A=l2 1 2
2) Jlana matpuua 3 -k 4
Haiitu
a)A™" unposepumes, umo A-A* = A" A=E
6) A+ A™
Bapuanm K, K, Bapuanm K,
1 3 -2 6 1
2 4 1 7 -2
3 3 -4 8 6
4 2 1 9 -6
5 3 -3 10 5

IpakTuuyeckas padora Ne 5-6

Pemenue cucrem JIMHEHBIX YPABHEHUH



Hean: [IpoBeputrh yMeHHMs y4yalllUXCs peUIaTh CHUCTEMbl JUHEWHBIX YpPAaBHEHUM MO  MPaBUITY
Kpamepa, metogom ["aycca u ¢ momonipio 0OpaTHON MaTpULibl (MATPHYHBIM METO/IOM).

3amanmue:
Pemuth cuctembl ypaBHEHUN:

a) o popmyne Kpamepa;
0) ¢ oMo 00paTHOM MaTPUIIB (MATPHUYHBIM METOIOM);

B) MeTosioM ["aycca.

2X+y+3z2=1, 2X—Yy+27=3, 3X—-y+z=12,
1:2x+3y+z=1, 2.X+Y+27=-4, 34X+2y+4z =6,
3X+2y+1z=6. A4x+y+4z=-3. 5x+y+2z=3.
2X—Yy+3z=-4, 3Xx—-2y+4z=12, 8Xx+3y—-6z =-4,
45x+3y+3z=11 543x+4y -2z =6, 6iX+y—-2=2,
X—2y+2z=-1. 2X—-y—7=-9. 4x+y—-3z=-b.
4x+y-32=9, 2X+3y+4z =33, 2X+3y+4z =12,
TiX+y—-2=-2, 847X -5y =24, 947x-5y+2=-33,
8x+3y—-6z=12. 4x+11z = 39. Ax+z=-1.
X+4y—27=6, 3X—-2y+4z=21, 3X—2y -5z =5,
1055y +4z =-20, 1143x+4y -2z =09, 12:2x+3y -4z =12,
3X—2y+5z2 =-22. 2x—-y—-1z=10. X—-2y+3z=-1

IIpakTuyeckas padGoraNe 7-8

Tema: Boruncienue npenesioB pyHKOHMU B TOYKe H HA 0€CKOHEYHOCTH

Hean: chopmupoBaTh yMEHHE HAXOIUTH TIPEIEbl PYHKITNN, UCTIOJIB30BATh 3aMeUaTeIbHbIC TPEIEITbI
JUTSL HAXOXKACHUS TIPEIEeTIOB.
Teopernyeckue cBeieHHsI K IPAKTUYeCKOH padoTe.

Yncno A HaseBaOT npederom Gynxyuu f(X) mpu X —> X, (1 mamyt M f(X) = A), ecan pos
X—>Xg

moboro €>0 maiimercs uwmcio 0 >0, 3aBUCAIEE OT , Takoe, 4YTro sl Bcex X # X;,

YIOBJIETBOPSIFOIINX YCIOBUIO |X — X0| < O, BBIMONMHAETCS HEPABEHCTBO ‘ f (X) - A‘ <&

Teopemsl 0 npenenax:

14



1. limc=c (c=const).

X—>Xg

2. Eciu ILm f(x)=A ILm ¢o(x) =B, ro:
lim(f(x)xo(x))=1lim f(x)£lime(x)=A£B;
X—>Xg X—=Xg X—Xo

lim(f (x)-o(x))=lim f (x)-lime(x) = A-B;

X—>Xg X—Xg X—=>Xo

lim f(x)

. f(x A
lim ( ):X?X" =—, (B%0).
=% @(x)  lime(x) B
X—>Xg
. . . sinXx
Ilepeuvlil 3ameuamenvhbiii npeoei. lim——=1.
x=>0 X

Bmopoii 3ameuamenvhuiti npeden (uucno e =2,718...):
1
lim@+1/X)" =€ wm Iirrg(1+ X)X =e.

X—>0 X—

3ameuamenvhbie npedenvl:

at-1 . e’ -1
lim =Ina lim =1
Xx—0 X Xx—0 X
. In(1+x . log.(1+x
|ImM=1 ImM:Iogae
x—0 X x—0 X
o (1+x) -1
lim ( ) =q
x—0 X
IIpumepsl perieHus:
2 _ _ ] 2 _7.1_ _
h.mzx 3x-5_2-1-31 5=_6=_3
=1 x+1 1+1 2
Koraa nan s11000ii npeneJi, CHa4aj1a NpoCTO NbITaeMCsl MOACTABUTH YHUCJI0 B QYHKIMIO

Co

1)IIpeneibl ¢ HeONpeAeAeHHOCTHIO BUAA ©° M MeTOJ HX penieHus!
1) nesieHune HA X B CTaplIeil CTeNeHH:
[Tpumep 1:
. 2x'-3x-5
rhe 1+ x+3x°

CHaygana MBI CMOTPHM Ha YHUCJIIUTCIIb U HAXOJUM B CTapmeﬁ CTCIICHHU:

A3y -5
lim .
x> |4+ x4 3x°

15



Crapiast cTeneHpb B YUCIUTENIE PaBHA JBYM.
Tenepb cMOTpHM Ha 3HAMEHATEIb M TOKE HAXOIUM + B CTapllieii CTEICHU:

2y -3x-5
lim ;
x>® |4+ x4+ 30 )

CTapma;I CTCIICHb 3HAMCHATCJIA paBHA ABYM.

3aTeM MBI BLI6I/IpaeM CaMyIO CTapmyro CTCIICHb YUCIUTCIIA U 3BHAMCHATCIIA: B IAHHOM ITPUMEPC OHU
COBIIQJAIOT U PaBHBI IBOMKE.

Ntak, MeTos pemieHus ciaeayomuii: AJsi TOro, YTo0bl paCKpbITh
oo

HEONPEACJTCHHOCTD @ HE00X0AMMO PasxeJIMTb YUCJIUTEIb U 3BHAMEHATEJIb HA B CTapIIIeﬁ

CTCIICHU.

. 2x2—3x—5_m_

—=—=1(" 5
wwe 14+ x4 3x oo Pazpenum ynciauTelb ¥ 3HAMEHATENb Ha
2xt—3x— 5 2x% 3x 5 370 50
T I S S S
() =lm T+x4+3x° e 1 x 32 wwe 170 177 T3
— = =tzt—= — t— *3
x o ox x x x

[Tpumep 2:
TR +152 4+ 941

lirn
= 53t +6x° - 3x— 4

Haiitu npenen

CHoBa B yHCIHTENIC U 3HAMCHATEIe Haxoaum ! CTB.pIJ.ICﬁ CTCIICHMU:

TR 1532 +9x +1

lim —e——
x=>® §y° 463" —-3x -4

MaxkcumManbHas CTeEHb B YUCIHUTEIE: 3
MakcumanbHas CTeeHb B 3HaMeHarene: 4
BLI6I/IpaeM HauOoJIbIIIEe 3HAYCHUC, B JAHHOM CJIy4ac€ YCTBCPKY.

4
Pa?:)leJ'II/IM YUCIIUTEINb U 3HAMEHATENb HA

75 +152 +9x +1 770 570 gt g0
7 - t=z t= t
(*:I=]JITJ. X — 1 X X X X —
rw 5xt +6r —3x—4 e c70 370 47"
3 St = 3
X s X X
_0+0+040_0_
54+0-0-0 5
[Ipumep 3
2z -3k -5
Haiitu npenen i ———— =—=1(*)

e x4l o



PazgenuM aucianTens ¥ 3HAMEHATENIb Ha &

Oxt —3x—5 ) 370 570
- I - Tz o
=1 —x =. & & = —=
(*)_];ﬂlm x+1 . l"”+l‘*” 0 ®
xj x x

| 8

IPH PACKPBITUH HEOMPEACICHHOCTH BUIA ° y HAC MOKET HOIYYHThCS KOHEUHOe YUCLO, HOIb
U OECKOHEYHOCTD.

0

2. Ilpeneanl ¢ HeoNpeaeJeHHOCTHIO BHIA 0 U METOJI MX PCIICHUA

1) PA3JO0KECHUEC YUCIUTECISA U SBHAMECHATEC/ISI HA MHOKUTEJIA.

[Tpumep 4
2x*=3x-5_0_

-1 x4 0 )

Paznoxyum yucauTenb U 3HaMEHATEIb Ha MHOXKUTEIU

I[JISI TOIrO I-ITO6I~)I pa3JIO)KI/ITI) YUCJINUTCIIb HA MHOXXUTCIIN, Hy‘}KHO peIHI/ITB KBaI[paTHOG ypaBHeHI/Ie:
2xt —3x-5=0

CHaqana HaxoIuM JUCKPUMUHAHT:

D=(-3%-4.2. (-5)=9+40=49

U xBaspaTHBII KOPEHb U3 HETO: D =43 =7 Jlanee HaXOAUM KOPHHU:
_—i=3-7 37 -4 _—i=3+7 3+7 10

xl— xg_ __E
2.2 4 4 2.2 4 42

Takum o6pazom:

2x° —3x-5=2{x- (—1)).(x—§] = 2(x+1)-(x—§] ={x+1) (2x-5)

Bcé. Uncnurennb Ha MHOXHUTEN PA3JIOKEH.

3HamMeHaTenb. 3HaMeHaTelb 1 JKe SIBISETCS MPOCTEUIIIMM MHOXKHUTEIIEM, U YIIPOCTUTH €TI0 HUKAaK
3
HCJIb34.

o {x+1){ex-5)
e (x+1)

MOYXHO COKpPAaTUTh Ha

(*) = lim (2x-5)=(*)

Tenepb 1 1IOACTaBIAEM -1B BBIPAXKCHUC, KOTOPOC OCTAJIOCH IO 3HAKOM

=2.(-1)-5=-2-5=-7
npezena:

=tim EFVC) o 5y p 5o

-1 r+1 !

2) YMHOKECHUEC YHUC/IUTEC/IA M SBHAMEHATE/IAA HaA CONMPAKCHHOE BBIPAKECHHUEC.

IIpumep S

- Ax+6—nx—21 _0
¥ S5x—15 5

=(*) 17



Haiitu npenen

YMHOKaeM YHCJINTE]b H 3HAMeHaTe Ib Ha CONPs’KEHHOE BBIPA'KEHUE!

(ofx+6 — 10z - 21} (fx+6 + 102 - 21) _
=3 (5x =151 (246 +-/10x-21)

(*) = lm

) — tim (fx+67° - (l0x-21)F  _
=355 —15) (Jx+6 +J10x - 21)
x+6-(10x—21) _
=3 (57 =150 (Jx+6 + 102 - 21)

x+6-10x+ 21
= lim
3 (52 —15). (42+6 + 07— 21)
—9x+27
(a-B)a+B)=a® —b%. T T e S s
[IpumeHsemM BBepxy hopmyny -2 @ =a :
0
Heonpenenennocthb 0 He nponana (mornpoOyiiTe MoJACTaBUTh TPOHKY), Aa U KOPHH TOKE HE

ncuesnu. Ho ¢ CyMMOﬁ KOpHeﬁ BCE 3HAUUTEIBLHO mpouie, €€ MOXXHO ITPEBPATUTD B ITOCTOSHHOC
yucio. Kak ato CHeHaTB? I[a IMIPOCTO IIOACTABUTDH TpOﬁKy o KOPpHHU:

—9x 427
(*) = lim
13 (5x—15) (4316410 3-21)
—9x+27 . —9x+27

= lim =
755 (52— 15). (O +49) 123 (57 —15) (34 3)
1. -9+ 27

i —— T

C poi 5x—15 @

qI/ICJ’[O, KaK YK€ OTMCYAJIOCh paHEC, JTy4lI€ BBIHECTHU 3a 3HAYOK IMPCaAciia.

TenepL OCTAJIOCh PA3JIOKUTDb YACIUTCIIb U 3HAMCHATCIIb HA MHOKUTCIIN U COKPATUTL «KBUHOBHUKOB»

HCOHpeI[CJ'IéHHOCTI/I HY a IpeACJI KOHCTAHTBI — paBCH caMOM KOHCTaHTE:

- Ly 0D Ly 29 1(3)_ 3
23 5(x—3) 63 5 6 10

5

Pemrenne AaHHOTO IMpUMEpa B YUCTOBOM BAaPHUAHTEC BBITJIAJUT TAK:

e Mr+6-J10x-21 0

e Sx—15 =5~

VYMHOXHUM YHCIATEIb M 3HAMEHATEIIh Ha COITPS’KEHHOC BBIPAXKCHUC.
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) = fim (fr+6-J10x-21) (fx+6+10x-21)

X3 S(x— 3 (x+6 +10x-21)

1 x+6-(10x—21) _
5553 (2 3y (46 +l0x=21 )

_1 1y xt6-10x421 1. -9x+27
5 g3 (x-3) 3073 (x—3)

1y 28a-3_-9__3

30%23 (x—=31 30 10

3) ucnojib3oBanme 1-ro 3amMeyaTeJIbHOTO Mpeaesia firmn S X 1
¥=0
IIpumep 6
sin Fx

Haiitu npenen 3y

BripaxkeHue 1oj 3HakoM Ipejiesnia MOX0XKe Ha IEPBbIN 3aMeuaTeNbHbIN MPeses, HO 3TO HE COBCEM OH,

[I0J, CUHYCOM HaxOAUTCSA Tx , @ B 3HAMEHATEJIC 3% B nomoGHbIX ClIy4asix IIEepBbIM 3aMedaTesIbHbII
IpeAesl HaM HYXXHO OpraHM30BaThb CaMOCTOSITEJIBHO, MCIOJb3ysd HCKYCCTBEHHBIM IpueM. XOx
pacCcyKIeHUH MOXeT OBbIThb TaKUM: «I10J CHHYCOM 7X, 3HAUWUT, B 3HaMEHaTelle TOXE HYXHO
MOJIYYUTh 7X».

A nenaercs 3T0 04E€Hb NPOCTO:

sm7x 0 =n7x 1 7
Iim — = — =
x=>0 3x ] x-»0 1 ¢} 3 3

IIpumep 7

Haittu npenen

5.2.2/0[)
Sx* 0 Sx-x = = J)alln]
lum = —=lum = lun —= ==/ =5.2.2=20
x-0 2 X () x—0 X X x—>0/ N ‘/“/"' X
s’ — S — -+ S — S — R —
o) o) b o1 3
2 2 2 2\ __2)
2 [Ipumep 8
Haittu ipenen
. dg2x 00 st 2 .8 2x

7 = 7 1~ 3
w=0 2x° 0 #=02x° (cosZx)T w0 2x

_ sm2x=]jml=l=m
sl Dy x= ¥ ]

[Ipumep 9

Haiitu npenen
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_ 2 2

]jml cos4x=9=]jm 2sin E:J::E. sit 2x=

¥=0 qx 0 x=0 S 5 x=0 ¥

=E]jmsm2x-sm2ng. Sm2x=3-2]jm(si112x)"n=i-[]=[]

5 x=0 1 5 x—0 1 5 ¥—=0 5
P -
2 2
[Ipumep 10

Haiitu npenen

. cigx- (l—lzc:-s2 3x) -0 i |:c:~s;r-{1—|::c:~s2 3x)
50 (x° 452 0 #=0 ginox (2% 452

cos Jr_“-(l—cc:-s2 ax) i 1-cos”3x 0

S0 ginx (2F 4+5x) w=lgn x (20455 0

2
sin” 3x

1.
rslgin x oz (x+5) 0snx.ox (27" 45) Sr0gin xox

sin © 3x firn sin * 3x

1]jm sm3x-sm3x_ 1]jrn x-sm3x-sm3;::l 1_9
51t x-3x-3x-§ 3

5 k=0 oity X- X S r=0

5

1
9

Bmopoii 3ameuamenvuslii npeoen

B TCOPHU MATCMATHUYCCKOI'0 aHaJIM3a JOKa3aHO, YTO:

hm(1+l] —e

= o

JlaHHbIH (hakT HOCUT Ha3BaHUE BTOPOI0 3aMevYaTeIbHOI0 MmpejeJa.

g=2,118261828...

Cnpaeka: —IMO UppauuoOHajibHoe 4ucio.

B kadecTBe mapaMerpa & MOKET BBICTYIATh HE TOJIBKO IIEPEMEHHAS * , HO M CJIOKHAS (YHKIIHS.
BaxHo 1umib, YTOOBI OHA CTPEMMJIACH K 0€CKOHEYHOCTH.

ITpumep 11

1 4x
- [1 +_]
Haiitu npenen e 3x

1 ix
i [1+—| =1"
e ix
ﬂaHHaH HEONPCACICHHOCTh KaK pa3 W PacCKphIBACTCA C ITOMOIIBIKO BTOPOTO
3aM€4aTCIIbHOr0 mnpeacia. HO, KaK dYacTo 6BIBaeT, BTOpOI71 3aMeydaTesIbHbII Ipeaci HYXHO
HNCKYCCTBCHHO OpPraHH30Barh. PaCCY)K)IaTB MOXHO CJICOYIOUINM 06p330MZ B JaHHOM IIpUMEPE
mapameTp &':3;{, 3HAYUT, B IIOKa3aTCJIC TOXC HYXHO OpPraHu3oBaThb 3?[_ I[J'Iﬂ 9TOro0 BO3BOAUM
1
OCHOBAHHE B CTENeHp ~X , ¥, 9TOOBI BRIp@KEHNE HE U3MEHWJIOCh — BO3BOJIUM B CTEIICHb 3x .

20



1

1 4x 1 ot
o Sx E—=w Sx

CTpallIHasi CTENICHb IPEBPATUIIACh B CAMITATHYHYIO OyKBY © !

IIpu 3TOM cam 3HAYOK Mpe/esia nepeMeniaeM B MOKa3aTellb:

- L
; 1 Ax {7 | \ 3 \3x
lim| 1+ — | :l"’:hm%!|l+—]
X0, 3x x>0 || 3x )

\ /
\, s

2+ Y 4
bm— =
= o™*3x — ()3

Conep:xaHue NpaKTHYECKOH padoThI.
1. BpluncauTh npeaeabl QyHKIIUM:

_ x*-9 - x*-1 . X*-5x+6
lim lim im—-———-—
x->3 X —3 -1 x—1 x=>8 X°—7x+10
2 4
. — 2 .
lim 2x2 5x+1 im x2 —9x lim 25x +1
x>+ 8X° —Ox +1 Bvd v x>+ 8x° —11x+1

x>+ BX° — X +1

2
|im—VX;r1_2 - Jax +5-3Jx IimM

3 x2—9 m—7 x>4 3x2 —13X +4
3 3
. X .o x°=1
. ANA—=Xx=2 Ilmﬁ lim 5 . AJB=x-=2
lim———= x-0 3x3 — X x>1 x2 —1 lim>—2—*<
x—0 3x x>l 2 _x —1
2. BLI‘II/ICJII/ITB npe,uenLI (I)YHKI_II/II\/’I, I/ICHOJ'IL3y}I 3aMCUHaATCIIbHBIC npenenbl.
. sin4x . TX . sin9x . e -1
lim lim ——— lim lim
x>0 X x>0 tg2X x>0 By x—0  2X
7x 4x
. e =-1 . e -1 1 X 2%
lim — lim lim| 1+ — iml 142
x=0 §in 2X =0 199X x>0~ 2x lem) 1+ 7x

IIpakTnyeckas padora Ne 9-10



IIpumeHeHnne Npou3BoOAHOIN B pU3MKe U TEXHHUKE.
Heau:

+ IloBTOpUTH, 0OOOOIUTG U CUCTEMATU3UPOBATh 3HAHUS O (PU3NYECKOM CMBICIIE TIEPBOH U BTOPOi
IIPOU3BOJHOM.

+ 3akpenuTh HaBBIKU HAXOXIEHUS MPOU3BOIHBIX.

Crnioco6cTBOBaTH BEIPAOOTKE HABHIKOB B IPUMEHEHUHU MIPOU3BOJHOM K PEIICHHUIO 33/1a4.

+ Pa3BuBaTh JOrMYECKOE MBILIEHHE, TaMATh, BHUMAHUE U CAMOCTOSTEIbHOCTb.

%

TeopeTnyeckasi 4acThb.
1. B uém 3akimrouaeTcss MEXaHUYECKUM CMBICI MPOU3BOIHOM?
Otger. [IpousBoanas Gpynknuu y = f(x), B TOUKE X0, BBIpaXXaeT CKOPOCTh U3MEHEHUS (QYHKIIMH B DTOU
TOYKE.
2. Ecnu ¢pyHKIMs 3aaHa 3aKOHOM MIPSIMOJIMHEHHOTO BHOKeHHS S = S(t), To S' (t) —?
OTtBer. CKOpOCTh IBMKCHHUSI B MOMEHT BpEMEHHU t - 3TO MPOM3BOAHAS 1O nepemernieHnto S' (t) = v(t)
3. Uto ecTh BTOpasi MPOU3BOAHAS OT 3aKOHA JIBUYKCHUS?
OtBet. CKOPOCTh U3MEHEHHSI CKOPOCTH ITOTO JBHXKCHUS, T.€. yckopenue a(t) = V' (t) = S'' (t).

C ¢wusnyeckoil TOYKH 3peHHs TUPPEPESHIMPOBAHUE — OIPEICICHUE CKOPOCTH H3MCHEHHS
NepeMeHHON Benn4yuHbI. [Ipon3BoaHast, TAKUM 00pa3oM, UTPAET POJIb CKOPOCTH M3MEHEHUS 3aBUCUMON
MEPEMEHHOHN Y T10 OTHOIICHUIO K U3MEHECHHUIO HE3aBUCHMOM MTEPEMEHHOM X.

Brrsicasiem dopmyssl u3 GU3NKH, TAE UCTIOIB3YETCs TPOU3BOIHAS.

v(t) = x'(t) — cKOpOCTb.

a(t) = v'(t) — yckopenue.

I(t) = g'(t) — cuna ToKa.

c(t) = Q'(t) — TETI0EMKOCTb.

d(l) = m'(l) — nuueiiHas MWIOTHOCTH.

K(t) = I'(t) — koo purmeHT TUHEHHOTO paciIupeHus..

o(t) = ¢'(t) — yrioBasi CKOPOCTb.
v e(t) = '(t) — yriaoBoe ycKopeHue.

UToObl 0XapaKkTepru30BaTh CKOPOCTh COBEPIICHUS PAaOOTHI, BBOAAT MOHITHE MOIIIHOCTH.
v N(t) = A'(t) — MOIIIHOCT®.
v F(X)= A'(X) — Cua ecTh ipou3BOiHAsI pabOTHI TI0 MEPEMEIICHHUIO.
v E=0'(t) - 9C unaykuun F = p'(t) — 2 3akon HeroTona.

AN N NN

IIpumepsl NnpUMeHEeHHs IPOU3BOAHOM B PU3HMKe

3agaua Pemienne
Tesio Maccoii 4 KT ABMzKeTcs npaMoanHeitno | 1. Wi = (m'v?)/2
1o 3akony X(t)=t>+t+1, X' (t) = v (t) = 2t+1,
v(3) =17,
1. KakoBa KuHeTHYECKas SHEPTUS a(t)=v'(t) =2,
Tena B KOHIIE W= (4:7%)/2=98
3 cek. IOcye Havajla ABMKEHUS Teaa? 2. F=ma,

at) =v' () =x""(t),
X' (t) =v () = 2t+1,

2. Kakosa cuna, feiicTByrommas Ha a(t)=v' (t) = 2,
Teno? F=ma=42=8H.
YroJ noBopoTa Tejia BOKPYI OCH U3MEHsSIeTCsl o(t) =0'(t)
no 3akony ¢(t)=0,1t>-0,5t+0,2. ¢'(t) = 0,2t-0,5
o(t) = 0,2t-0,5
HaliTi yrioByo CKOpOCTb BpallleHHUs TENA B ®(20) =35
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MOMeEHT BpemeHH t=20c.

Jos m060i Toukn C crep:xkus AB paunoii 10 d() =m'(l)
€M, Macca Kycka crep:kus AC onpenensiercst m'(l) = 61+5
no gopmyae m(l)=312+5I. d(l) = 6l+5

d(5) = 6:5+5=35 — B cepenuHe OoTpe3Ka
Haiitu nuHeliHyto IOTHOCTh CTEPKHS B d(10) = 6°10+5=65 — B KOHIIE OTpE3Ka

cepenrHe oTpe3ka AB, B KOHIIE oTpe3Ka.

KoJuecTBO 3JIeKTPHYECTBA, IPOTEKAKOIIIEe I(t) = q'(t)
Yyepe3 NPOBOAHMK, HAYHHAS ¢ MOMEHTA q'(t) = 6t-3
Bpemenn t=0, 3axaércsa popmy.aoi q=3t>-3t+4. I(t) = 6t-3
1(6) = 66-3=33

Haiitu cuny Toka B KOHIIE 6-i1 CEKYH/IbI.

HpaKTI/I‘leCKaﬂ 4acCTb.

1.HajiTin HeoOXoaAuMbIe BeJIMYNHBI.

navmu t, koeoa a(t)=0

natmu t, kocoa a(t)=2

1.1 S(t)=2t*+3t%-r+\7F 1.6 S(t)=12t >-(2/3)3 1.11 S(t)=21t+2t>-(1/3)83
v(t), a(t)-? v(t), a(t)-? v(t), a(t)-?
1.2 S(t)=5sin(3t+1), 1.7 S(t)=6cos(0,5t-4), 1.12  S(t)=0,5sin(4t+2),
v(t)-? v(t)-? v(t)-?
1.3 x(t)= - 4?+2t+2, 1.8 x(t)= Nt+2¢ - 3t+2, 1.13 x(t)=(-1/3)t3+2t2+5t,
v(1)-? v(25)-? v(2)-?
1.4 x(t)=t>-4t?, a(5)-? 1.9  x(t)=0,25t*-2t?, 1.14  x(t)=t>+3t%-1,
a(l) -? a(2) -?
1.5 X(t)=(-1/6)t3 +3t* — 5, 1.10  x(t)=2t3+t-1, 1.15 x(t)= (-1/3)t3+2t>+5t,

navmu t, koeoa v(t)=0

2. Pemuth 3a1a4y.

2.1 Haiitu cuny F, neiicTByromyto Ha MaTepHaIbHYIO TOUKY € Maccoi M, IBUXKYIILYIOCS NPSMOIMHENHO MO

3akony S(t) = 2t3-t?, npm t=2.

2.2 Teno Maccoil 2 KI' JBMKETCS MPAMOIMHENHO 110 3aKoHy X(t)=t?+t+1. Halith melicTBYIOIIYIO Ha TEIO

cuiny F, KHHETHYECKYIO SHEPTHIO TeNa Yyepe3 2¢ mocie Havyaia JBKEHHUS.

2.3 MaxoBHK, 3aJep)KUBaeMbIii TOPMO30M, 3a BpeMms t moBopaumBaerca Ha yronm ¢(t)=4t-0,3t?. Haiitu

YIJIOBYIO CKOPOCTH @(t) BpalieHns: MaxOBHUKa B MOMEHT BpeMeHH 2 c.

t1=0,

2.4 Touka IBMKETCS IO 3aKOHY X(t)=\/t. Haiitn e€ ckopocTb B MOMEHT BpEMEHHU 4.
2.5 Haiitu ckopocTh Tena, IBIKYIIerocs mo 3akony S(t)=3t+5.
2.6 Teno IBUKETCSA NMPSAMOIMHENHO 1Mo 3aKkoHy S(t)=2t>-t+4. HaiiTu CKOpOCTH Tela B MOMEHTBI BPEMEHH

=2, t3=5c.
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2.7 HaiiTu CKOpOCTh NBM)KCHHS TOUYKH B MOMEHT BPEMEHH =3¢, eclii 3aKOH ABMKEHUS 3a/1aH (popmymoit
s(t)=3t2-2t+5.

2.8 Teno ABUKETCS IMPAMOJIMHENHO 1o 3aKoHy S(t)=1-2t+t3, HaliTh cKOpOCTh M YCKOPEHHE B MOMEHT
BpeMeHu t=3c.

2.9 HaiiTu cKOpOCTb M YCKOPEHME JBUKEHHS Tela B MOMEHT BpeMeHH t=2¢, ecilu 3aKOH JBUKEHHS 3a/aH
gopmynoii s=4t%-3.

2.10 Korzma CKOpOCTh TOYKH, ABUKYLIEICS IPSAMOIMHEHHO 110 3aKony S(t)=t?-4t+5, pasua 0?

2.11 Cuna Toka usmensercs no 3akony 1=0,4t2 . HaliTu cKopocTh H3MEHEHHS CHIIBI TOKA B KOHIIE 8-
CEKYH/IbI.

2.12 i3MeHeHUe CUIIbI TOKA B 3aBUCUMOCTH OT BPEMEHH 3a1aHo ypaBHenueM | = 2t?-5t. Haiitu ckopocTb
M3MEHEHUS CUJIbI TOKA B KOHIIE 10-i1 CeKyH/IbI.

2.13 KonmuuectBo Termiotsl Q, mojrygaeMoe HEKOTOPBIM BEIIIECTBOM IPY HATPEBAHUU OIPEACIISACTCS 110
dopmyne Q=10t+0,5t?. Haiiti TemioémMkocTs 310oro Bemectsa npu 20 K.

2.14 3akoH u3MeHeHHs TeMIepatyphbl T Tena B 3aBHCHMMOCTH OT BpeMEHH 3a1aH ypasHenuem 1=0,3t2. C
KaKO# CKOPOCTBIO HArpeBaeTCs 3TO TEJIO B MOMEHT BpemeHu 10 c.

2.15 TemnepaTypa Tena u3Mensercs 1o 3akony T (t)=0,5t>-2t. C kakoii CKOPOCTbIO HarpeBaeTcs TEJO B
MOMEHT BpeMeHU 1=6c.

IpakTuyeckas padora Ne 11-12
IIpumeHeHne NPOU3BOAHON K HCCIeJ0BAHNIO GYHKIIMH M IIOCTPOEHUs rpauka
Heab: dopmupoBanue ymeHHIl wHcciaenoBaTh (QYHKIUM TMPU MOMOIIM MPOU3BOJHON, MNPUMEHSTh

MMPOU3BOJHYIO ITPpH PCHICHUHU 3a1a1 HAa MAKCUMYM U MUHUMYM.
MeToauuecKkue YKazanusd 1Jist HpaKTI/[‘-IeCKOﬁ paﬁoTbl

Teopernyeckue cBeeHus!

1. Bospacmanue u yovieanue pynkyuu
@Oynkus y = f(x) Ha3pIBaeTCs 6o3pacmaroweli B MpoMexyTke a < x < b, eciu Juis TOOBIX X1 U X, ,
MPUHAIIIEKAIINX 3TOMY POMEXKYTKY U TaKHX, 4TO X, < X5, AIMEET MECTO HepaBeHCTBO f(X1) <
f(x2).
@Oynkius y = f(x) Ha3pIBaeTCs yovigaroujeli B IPOMEXyTKe a < x < b, eciu A7 MOOBIX X1 U X5,
NPUHAUICKAIINX ITOMY IPOMEKYTKY U TaKUX, 4TO X; < X,, AIMEET MECTO HepaBeHCTBO f(x1) >
f(x2).
Kaxk Bo3pacraromue , Tak ¥ yObiBarommye (GpyHKIIMY Ha3bIBalOTCS MOHOTOHHBIMH, a TIPOMEKYTKH, B
KOTOPBIX (DYHKIIMSI BO3PACTACT HIIH YOBIBACT, - NPOMENCYMKAMU MOHOMOHHOCTIU.
Bospacranue n yosiBanue GyHkmn y = f(x) XapakTepu3yeTcst 3HaKOM €€ IPOU3BOAHOM:

ecii B HeKOTOpoM mpomexyTtke f'(x) > 0, To QpyHKIHs BO3pacTaeT B 3TOM ITPOMEKYTKE;
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ecii B HeKoTopoM mpomMexyTke f'(x) < 0, To pyHKIUS YOBIBACT B TOM IMPOMEKYTKE.
Ipumep 1. HalitTu mpoMexyTKH MOHOTOHHOCTHU CACAYIOMNX ()YHKITHIMA:

a) f(x) = x? —8x + 12 60) f(x) =x3—6x%+4

a) Haxomum mpomsBomnyo: f'(x) = 2x — 8, umeem 2x —8 =0 & x = 4.

[Tocnenyromue paccyxIeHus MPEICTaBUM B TaOIUIIE:

X —o<x<4 4 4<x<oo
f'(x) - 0 +
f(x) \ 7

Taxum oOpa3om, naHHast QyHKIHS B TPOMEKYTKe —o0 < x < 4 yObIBaer,

a B IpoMexyTke 4 < x < 0o BO3pacraer.
6) f'(x) =3x2 —12x, (32 —12x=0) & [} _ 2

CoctaBum Tabnuily:

X —o<x<0 0 0<x<4 4 d<x<oo
ff(x) |+ 0 - 0 +
f(x) 7 \ 7

Urak, B mpomexyTkax —oo < x < 0 m4 < x < 00 (yHKIHSI BO3pACTAET, a B mpomMexyTke 0 < x < 4 -

yOBIBaeT.

2. Hccneoosanue pynkyuu na 3xcmpemym
C NOMOUbIO NEPBOIl RPOU3BOOHOIL

Touka x, u3 obnactu onpenenenust GyHKuu f (X) Ha3bIBACTCS MOUKOU MUHUMYMA ITOR
(YHKITUH, €CITH CYIIECTBYET Takast § — OKPECTHOCTh
(xg — 6,xy + & )TOUKH X, UTO JUISI BCEX X # X U3 ITOH OKPECTHOCTH BBIITOJHICTCS HEPABEHCTBO
fO) = fxo).

Touka x, u3 obmactu onpeneneaus Gyukiun f (X) HA3BIBACTCS MOUKOU MAKCUMYMA ITOR
(GYHKIINH, €CITH CYIIECTBYET Takast § — OKPECTHOCTh

(xg — 6,xy + &) TOUKH Xy, UTO JIJIST BCEX X # X M3 ITOH OKPECTHOCTH BBIMOIHICTCS HEPABECHCTBO

f) < flxo).
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Toukn MHHUMYMa W MakcuMyMma (YHKIUH Ha3bIBAIOTCS MOYKAMU DKCMpemymda TaHHON
GyHKUMY, a 3HAYCHUs] QYHKIMHA B 3TUX TOUKAX — MUHUMYMOM U MAKCUMYMOM (AITA DKCMPEMYMAMU)
byHKIMN.

ToukamMu OJKCTpeMyMaMH MOTYT CIY)XUTb TOJBKO Kpumuueckue mouku, T.e. TOYKH,
HPHHAUICKAIINE 00IaCTH ONpeaeieHus pyHKIMH, B KOTOPbIX mpou3BoaHas f'(x) obparaercs B HYIb
WU TEPIUT Pa3phIB.

Ecnu npu mepexojie uepe3 KPUTHYECKYIO TOYKY X, mpousBomHas f'(Xx) MeHseT 3HaK, TO
¢byakuus f(x) uMeeT B TOUKE X, IKCTPEMyM: MHHAMYM B TOM CIlly4ae, KOTJa MPOU3BOIHAS MEHSCT
3HaK ¢ MUHYyca Ha IUIIOC, U MAaKCUMyM — KOTJa C IUTloca Ha MuHyc. Eciu ke mpu mepexone depes
KPUTHYECKYIO TOUKY X, mpousBogHas f'(x) He MeHsieT 3HaKa, TO GyHKus f(X) B TOUKE X, HE UMEET
IKCTpPEMyMa.

3. Ipasuno naxoscoenus sxcmpemymos gynxuyuu 'y = f(x)
C HOMOWBIO NEPBOIL NPOU3EOOHOIL
I.  Haittu npousBomuyio f'(x).
Il.  Haiiti kpuTndeckue Touku GyHkuuu y = f(x), T.e. Touku B KOTOphIX f'(x) oOpaiaercs B

HYJTb HJIH TEPITUT Pa3pPhIB.

I1l.  HccrnenoBath 3HaK Mpou3BOIHOI f'(X) B IPOMEKYTKaX, HA KOTOPBIC HalICHHBIC KPUTHICCKHE

TOYKH JeNAT o0nacte onpezaenenus GyHkuuu f(x). [Ipu 3TOM KpUTHUYECKasi TOUYKA X €CTh

TOYKAa MHHHMYMa, €CJIH OHa OT/EIISIET IPOMEKYTOK, B KoTopoM f'(x) < 0, OT mpoMexyTKa, B

kotopoM f'(x) > 0, 1 Touka MaKCHMyMa — B TIPOTHBHOM Cirydae. Ecin ke B coceHuX

MIPOMEXKYTKAX, PA3AECICHHBIX KPUTUIECKON TOUKON X, 3HAK IIPOU3BOJHON HE MEHSETCS, TO B

TOUKE X (PYHKIUSA IKCTPEMyMa HE UMEET.

IV.  BbluncauTh 3Ha4eHHs] QYHKIHUU B TOUKAX IKCTpPEMyMa.

IMpumep 2. VccrnenoBath Ha KCTPEMYM ClIEAYIOLINE QYHKIHH:
a) f(x) =x?—4x 6) f(x)=x3—3x?
a) Haxomum f'(x) = 2x —4 , npupaBHsSEM NPOU3BOIHYIO K HYIIO, uMeeM  2X — 4 = 0 . TTomyuum

€AVMHCTBEHHYIO KDUTHUYECKYIO TOUKY X = 2.

[Tocnenyromue paccyxIeHus MpeICTaBUM B TaOIH1Ie:

X —o0 < x <2 2 2<x<o
ff&)y |- 0 +
f(x) \ Murnumym 7
frnin(x) = f(2) = -4
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frain(X) = f(2) =22 —4-2=4-8=—4

Ipadux Gpynkuuu f(x) = x? — 4x ecth napadona. Touka MuHHMYMa (2;-4) SABJISAETCA BEPLUIMHOMN
mapaboJIbL.

6) Haxomum f'(x) = 3x% — 6x , mpupaBHsAeM OPOU3BOIHYIO K HYIIO, UMeeM 3x2 — 6x =0 .
[Tonyunm nBe kputuyeckue Touku x =0 u x = 2.

[Tocnenyromue paccyxIeHus MPEICTaBUM B TaOIUIIE:

X —o<x |0 0<x<2 |2 2<x<
<0
') |+ 0 - 0 n
f(x) 7 Maxcumym N Munumym 7
finax(xX) = fonin(x) =
~ f(0) =0 — F(2) = —4

fmax(x):f(o):3'03_6'0:()
fmin(x)=f(2)=3'23—6'2=—4
4. HauMmeHblIee M HANGOJIbIIee 3HAYEHUS (PYHKIIUU
JIst HaXOJK/ICHHUs HAMMEHbBIIET0 W HAauOOMNbIICro 3HAYCHUH (DYHKIMH, HENPEPHIBHOI B HEKOTOPOM
IIPOMEXYTKE, HEOOXOTUMO:

1) HaiiT KpUTHYECKHE TOYKH, NPHHAIICKAIINEC 33TaHHOMY MPOMEXKYTKY, U BBIUHCIHTH
3HAYCHUS PYHKIMH B OTHX TOYKAX;

2) Haiitu 3HaueHHs1 PyHKIUH HAa KOHIAX IPOMEKYTKA;

3) CpaBHUTH MOJYUYCHHBIC 3HAYEHHS; TOTJAa HAMMEHBIEC W HAUOOJbIICE M3 HUX SBISIOTCS
COOTBETCTBEHHO HAWMEHBIIUM ¥ HAHOOJBIINM 3HAYCHUSIMH (DYHKIMHA B PACCMATPHBACMOM
IPOMEXKYTKE.

IMpumep 3. Haiitu HanMenbIee n Haubomnbinee 3Hauenne pyaxuun f(x) = x> —4x + 3 B
npoMexyTtke 0 < x < 3.
Nmeem f'(x) = 2x — 4;2x —4 = 0, T.e. x = 2 - kpuTndeckas touka. Haxomum f(2) = —1; nainee,
BBIYKCIISIEM 3Ha4YeHHs QYHKIMHU Ha KOoHIax mpomexytka: f(0) =3, f(3) = 0.
HWrak, HaMeHblIIee 3HaueHUe QYHKIIMU PaBHO - | M IOCTHraeTcs €10 BO BHYTPEHHEH TOUKe

MMpOMCIKYTKaA, a HaMOOJIbIIIee 3HAUCHHE paBHO 3u JOCTUT'AaCTCsA Ha JICBOM KOHIIC TPOMCIKYTKaA.

5. Tlocrpoenue rpadgpukoB pyHKUMIA

Oowan cxema nocmpoenus 2pagpurkos Qynxkyui
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VI.
VII.

Haiitu o6acte onpeaenenust PyHKITUH.

BbisicHUTE, HE SBIISIETCS M (PYHKIUS YeTHON, HEYETHOW MIIM TIEPUOTUYECKOM.

Haiitu Touku nepecedenus rpaguka ¢ OCIMU KOOPIUHAT (€CIIH 3TO HE BBI3BIBACT 3aTPYTHEHUN).
Haiitu acumntoTsl rpaduka GyHKITUH.

Haiitu npomeKyTkiu MOHOTOHHOCTH (DYHKIIMM U €€ SKCTPEMYMBI.

Haiitu mpomMeXyTKH BBITYKJIOCTH Tpaduka GYHKIUU U TOYKHU Ieperuoa.

[Toctpouts rpaduk, UCTIONIB3Ys MOTYUYCHHBIC PE3YIbTAThI UCCIICTIOBAHUS.

Ipumep 4 . I[ToctpouTts rpaduk Gynkmuu y = x> — 6x2 + 9x — 3.

1.
2.

DyHKIWS ONPe/IC/ICHa Ha BCSH YMCIIOBOM mpsiMoi, T.e. D(y) = R.

HNannast QyHKUIMS HE SBISCTCS HU YCTHOW, HM HEYETHOHW; KpOME TOTO, OHA HE SIBISICTCS
IIEPUOTUYECKOM.

Haiinem touky nepeceuenus rpaduka ¢ oceto Oy: momnaras x = 0 , monyuyum y = —3 . Touku
nepecedeHus rpaduka ¢ oceto OX B JaHHOM CITydae HalWTH 3aTPYAHUTEIBHO.

OueBuaHO, YTO TpaPuK QPYHKIIUN HE UMEET ACHMITOT.

Haiinem npoussopuyio: y' = 3x2 — 12x + 9 . Jlanee, umeem (3x2 — 12x +9 =0) & (x2? —

x=1

4x+3=0)=>[x_3.

Toukn x = 1 u x = 3 gensaT obnacTe onpeneneHuss GYHKIUN HA TPU MPOMEXKyTKa: —0 < x < 1,1 <

x<3,3<x<o.Bupomexyrkax —0 < x <1u3 <x <oy >0,T0 ectb QyHKIUSI BO3pACTAET,

a B mpomexytke 1 <x <3 y' <0, 1o ectb dyukius yosiBaer. [Ipu mepexome depe3 Touky x = 1

IIPOM3BOJIHASI MEHSET 3HAK C ITUII0CA Ha MUHYC, a MPU MEPEX0/ie Yepe3 TOUKy X = 3 - ¢ MUHYca Ha ILTIOC.

3HAYUT, Yy = Y(1) = =1, Ypmin =y(3) = =3,

6.

Haiinem BTOpyro mpoumsBoanyro: y'' = 6x —12; 6x —12 =0, x = 2. Touka x = 2 Jenur
o0JacTe onpeneneHns PyHKIIMU Ha JIBa MPOMEXKyTKa —0 < x < 21 2 < x < c. B nmepom u3

Hux y'' < 0, a BO BTOpOM

y'" >0, To ecTh B MPOMEKYTKe —00 < x < 2 KpHBasi BBIYKJIa BBEPX, & B MPOMEKYTKe 2 < X < 00

BBINYKJIa BHU3. TakuM 00pa3oM, MOIydrM TOUKy rneperunda (2;-1).

7.

Hcnonb3ys nomydyeHHbIe JaHHbIE, CTPOUM UCKOMBIN rpaduk.

y= x3—6x?+9x —3
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N/

3aganus
Bapuanr 1.

o 1 1
1) Haiigure MIPOMEXYTKH MOHOTOHHOCTU QYHKIIMH Y = — §x3 + Exz + 1.
2) Haiinnre HauMeHbIEee ¥ HAHOOJIbIIIEE 3HAYEHUE GbyHKIMY:

1 3,1 5 1
y=3x"t3x —2x—§ Ha oTpe3ke —2 < x < 2.
3) Haiigure MIPOMEXKYTKH BBITYKJIOCTH U TOUKH Iepernda KpUBbIX:
1
a) y=x3+ 3x?; 6)y=§x3—4x.
o 1.3 ,1.2 1

4) J1aH 3aKOH NPSIMOJIMHENHOTO IBUKEHUS TOUKHU S = — P t° + > t° + > t+1

(t- B cexkyHpmax, S - B MeTpax). Haiiinte MakCHMaIbHYIO CKOPOCTD JBH)KEHHUS 3TOW TOYKH.

5) Hccrneayiite (GyHKIHIO U TIOCTPOTE ee rpaduk:
y =x3+6x%+9x +8.
Bapuanr 2.

1) Haiigure npoMeKyTKH MOHOTOHHOCTH QyHKIMU Yy = x* — 4x + 4.

2) Haiigure HauMeHbIIIee U HAUOOIIbIIIEE 3HAYCHUE DYHKITUH
y =§x3 +x2—3x—4 mnHaorpeske —4 < x < 2.

3) Haiigure mpOMEKYTKH BBIMYKJIOCTH M TOYKH Mepernda KPUBBIX:

a) y = x3 — 12x? + 145; 6)y=§x3+x2+§.
4) JlaH 3aKOH MPSIMOJMHEHHOTO IBU)KEHHS TOUKU S = — § t3+3t2+5t+3 (t - Bcexynuax, s
- B MeTpax). Haiiaure MakcuManbHYI0 CKOPOCTh JIBUXKEHHUS ATOM TOUKH.

5) Hccrneayiite (GyHKIHIO U TIOCTPOWTE ee rpaduk:

y=2x3—3x%—12x — 1.
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IIpakTuyeckasi padora Ne 13-14
HNurerpupoBanue GpyHKUuin

Hean paboThI:
Ha xoHKpeTHBIX mpuMepax HAay4YUTbCS HAXOAUTh HEOMPENEICHHBINH MHTErpan HemoCpeICTBEHHO C
IIOMOIIBIO Ta6JII/II_[bI HHTCI'PaJIOB.

Coaep:xanue padoThI:

Heonpeoenennwiit unmezpan

Heonpenenennplii unterpan Gpynxauu Y = f (X) - 9TO COBOKYIHOCThH BCEX MEPBOOOPA3ZHBIX

GyHKUUMHI F (X) +C s GyHKLIMHT f (X) O6o3HayaeTcs CUMBOJIOM J. f (X)dX =F (X) +C,

rac I - 3HaK HHTCIrpajia (3TO CTHJIM30BaHHAasA JIATHHCKas 6YKBa S , O3Havaromasa CyMMHPOBAHUC,

f (X) - IIOABIHTCTpaJIbHAsA (1)YHKI_II/I$I; f (X)dx - IIOJABIHTCTPAJIBHOC BLIPAXKCHHC, C — IIOCTOsIHHAas

MHTErPUPOBAHMS, CIIOCOOHAs IIPHHUMATH JTI000€ 3HaueHue; X —IepeMeHHasi HHTETPUPOBAHKS).
Humezpupoeanue — >T0 OTHICKAHHE TEPBOOOPA3HON MO €€ MPOU3BOAHOW. IDTO JCUCTBUE,
obpaTtHoe nudhepeHITMPOBAHMIO.

Ocnosnble cnocobwi Uurmezspuposarus
1. MeTton HCTIOCPCACTBCHHOI'O HHTCIPHUPOBAHUA, KOTOpLIﬁ 3aKJII04acTCa B HCIIOJIB30BaHHMHU

OCHOBHBIX CBOICTB HEONPEJEICHHOIO MHTErpaja U IMPUBEIECHUU MOJBIHTEIPaIbHOIO
BBIPQ)XEHUS K TAOIUYHOMY BUY.

2. Merox 3aMeHBI TIEpEMEHHOM (METO/T TIOJICTAHOBKH).
3. Meroa UHTETPUPOBAHUS TIO YACTSIM.

MeTton HEMOCPECACTBEHHOI'O HHTCI'PUPOBaAHUSA

Tabauya unmezpanos

n+l dx dx 1
n X = —
X = ne_1 7. |— =ctgx+C | ——— =—arctgx+C
1] X =24 C, (% ) {ewer 13 s = gartd
2. [dx=x+C 8. [tgxdx =In|cos x|+ C I dx —ilna+x iC
dx 9. [ctgxdx = Infsin x|+ C 14. a’-x° 2a |a-x
3. [—=Inx+C
X 10. [e*dx=¢"+C 15. j—dx =arcsinx+C
4. [sin xdx = —cos xdx ‘ 1-y?
X a
5. [cosxdx = sin xdx 11. [a'dx = Ina+C dx X
16. | =arcsin—+C
dx dX [A2 2 a
6. [—5—=tgx+C 12, [—— =arctgx+C a-Xx
Ccos X ey’

Merosi  HENOCPEJICTBEHHOIO  MHTETPUPOBAaHHUS  MpEAIojaraeT  Takoe  IpeoOpa3oBaHuUe
HOJBIHTErPATIbHOM (PYHKIMH, KOTOPOE IMO3BOJIIIIO ObI MCIIOIb30BATh /IS PELICHUsI TAOIUYHbIE HHTETPAIbL.
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Ipumep 1: Boraucmure | (x> —3x +sin x)dx

Pemenue: [l BbIUMCIEHMS MHTErpaja CHayajga BOCIOJIb3YyeMCS CBOWCTBAMH HEOIPEIEIEHHOrO
UHTErpaa, a 3aTeM puMeHuM 1 u 4 TabInYHbIE UHTETPAJIBL:

3+1 1+1
3 . 3 . X X
—3x+sinX)dx = | ydx =3 [ xdx + [sin xdx = -3. L __cosx+C=
Jx Jox=[x Jxder | 3+1 141
_x' 3 ?_cosx+C
4 2%

3+2x - ¥
IIpumep 2: Boruncinure I—dx

Pemenuie: [ BbIUMCIIEHUS] MHTErpajla CHadala KaXKIblil WiEH 4YUCIUTENs MOWICHHO pas3leliMM Ha
3HaMEHaTellb, 3aTEM BOCHOJIb3yeMcs 2 U 3 CBOICTBAMU HEONPEIEICHHOI0 UHTErpaja u npumMeHum 1 u 3

Ta0JIMYHBIC HHTETPAIBI
3+2Xx - y*
J' —de —

2
9 j;dx+j2—):(dx—jx?dx=3-jd—:+2-jdx—jxdx:3Inx+2x—%~X2+c

Merton 3aMeHbI nlepeMeHHOi (MeTo/I IOJACTAHOBKH)
eab padoThI:

Ha KOHKPCTHBIX IMPUMCPAX HAYUUTHCA BBIYHUCIATH HGOHpGI{CHCHHBIﬁ HHTCrpajlr MCETOAOM
IIOACTAaHOBKMH.

Copepxxanue padoThI:

OH sBisercs omHMM W3 HanbOosee A(P(HEKTHUBHBIX M PACIPOCTPAHEHHBIX TPHUEMOB HMHTETPHPOBAHMS,
MO3BOJIIONIMX BO MHOTHX CITydasX YIIPOCTUTh BbIUHCICHHE MHTerpata. CyTh 3TOr0 METOAa COCTOUT B TOM,
YTO IyTe€M BBEJECHHS HOBOM MNEpPEMEHHONW HHTEIPUPOBAaHMS 3aaHHBI HMHTErpajll CBOAUTCS K HOBOMY
MHTETrpaty, KOTOPBIi JIETKO BEIYMCIIAETCS HEOCPEICTBEHHBIM HHTETPUPOBAHHEM.

[Tpumennm noactaHoBky x=0 (t),

rae ¢ (t) — dyHkys, umeroInas HernpepsiBHYIO mpousBoaHyio. Toraa f(x) = ()], dx=¢' (t)dt u
[fegdx =] flo®]e' (hdt ()

®opmyna (1) Ha3bIBaeTCs hopmynoil 3ameHbl NepemMenHOll 8 HeONpeoeeHHOM unmezpaie.

IMpumep 1: Beraucauts | (3x—4)dx

Pemenne: Beenem HoByro mepemenHyto t = 3x-4, torqa dt=t'-dx =(3x—-4)"-dx =3dx, orkyna
dx :%. [ToncTaBuM HOBYIO MEpPEMEHHYIO B MHTErpall (BMECTO BbhIpakeHHs 3x-4 1ojacTaBUM l, BMECTO

dt
dx HOACTaBUM ?).

4k [ 2t
J(3x—4)dx = [t 3 12+C

Jlanee HYXHO BEpHYTbCS K IE€pPBOHAYaJIbHOM NepeMeHHOo#l. {1 3Toro caemaeMm oOpaTHYIO
3aMeHy (BMecTo t moJcTaBUM BbIpaskeHue 3x-4), MOJy4uM OKOHYATENbHbIN OTBET.

s (3x—4)
[(3x—4)"dx = —0 C
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Mpunep 2. Haitmu | (527 - 2 xdr.

Peertee. TIpHMeHIIM cTToc0b MogcTaHoBKIL IlyeTs 5x°-2=t, HallgeMm

muppepeHLRIaT:

at

(5x° - dx=tdt. 15x°dn=dt, Xedx=—,

15

HaHHbOT HHTErPaT Tep eImueM ¢ e TYFOLIIM 00PasoM:

HO f=5% —2¢leJoBaTelBHO.,

[e5d -2 dx =

LN

1 11

| Pt = 1l

15 11

(52— 2" %= %(5%— Dy o

. 1
Omeem: | (5x°-2) x'dx= %(Sf -ty o

3agaHusA 1J151 CAMOCTOAITEILHOMH PadoThI:

11
+ &,

BapuaHnt 1 BapuaHTt 2
«3» «4-5» «3» «4-5»
5dx 34+ 2x—x? 3dx X2 —Tx+12
a)I”XZ )l a) J1+x2 a) 17—

6) | (x*—3x +sin x)dx

6) [(x*—2x+ i)dx
X

-

2§/x——3x2
) 1=

B) | (2x+1)" 5) [ B) [(3x—4)° sin xdx
v2+e’ B)" 21 3cosx
costdt ﬂ

) [sin 3xdx rﬂm ) [sin 2xdx ") (2+¢h)’

IpakTuyeckasi padora Ne 15-16

Tema: Pemenne npukIaaHbIX 3214 € IOMOIIbIO HHTErPaJa.

Heanb: OTpaboTaTh HaBBIKM HAXOXIECHUS ONPEAEICHHOIO MHTErpaja AJis pelIeHNs 3a1a4 NPUKIaJHOTO

Xapakxrepa.

Ilpumepoi.

Ipumep 1. BeruucauTs miomans GUrypsl, OrpaHiueHHON JTMHUAME

Pemienne. HaxonuMm Toukn nepecevyeHus 3aJaHHbIX JIMHUH.

=x+2

x;
=2x——+6
Y 2




y=x+2

{ JC2
=2x-—+6
: 2

J11g 5TOTO peliaeM CUCTEMY YpaBHEHHI:

A Jlnst HaXOKAEeHUsT aOCIMCC TOYEK IMEPEeCeYCHUs 3aJaHHBbIX JTHHUMI
y :
X

x+2=2x-—+6 5
B pemaeM ypaBHEHUE: 2 wm X —2x—8=0
Haxomum: X1 = — 2, X2 = 4. Wtak, JaHHBIC TUHUH, TPEICTABIISIONINE
\ coboii mapaboiry u npsmyro, nepecekarorcs B toukax A(-2; 0), B(4;
6).

OTH JMHUM 00pa3yloT 3aMKHYTYIO (Urypy, IUIOLaab KOTOpPOH
BBIYHUCIISIEM 10 YKa3aHHOMU BbIlIe (popmyiie:

_ 4 2 4 2
x'S:I 2x—t 1 6-x-2 xzj x—2 4y
~2 2 -2 2

[To popmyne HproTona-JleitOHuia HaxoauM:

2 3 4
PO (S SRIV R L SR P S T
2 6 L 2 2 6

A
-2

S P m— ————

y A IIpumep 2. Haiitu miomans Qurypsl, OrpaHu4eHHON

_ .2 - _
sy Y =X tx+4 p y=—x+1

Pemenue. Haiinem TOYKU IepeceUYeHus

y=-x*+x+4 )
—x"+x+4 y=—x+I1

auHul Y = , TIPUPABHUBAsI OPJIMHATHI
muamii: Y =X Hx+4=—x+1 o, 5% -2x-3=0
’ ; _ Haxoxum xopuu X1 = — 1 ,X2= 3 u COOTBETCTBYOLINE UM
2 10 1\ 2 ? 4 x OpIWHATBI Y1 =2,Y2 =—2.

ITo hopmyne miomanu GuUrypsl noaydaem

S = j((—xz +x+4)—(—x+1))d = j.(—x2 +2x+3)dx=

-1

3 3
=[—%+x2 +3x] =(—9+9+9)—[%+1—3J=32

-1

Mpumep 3. OnpenennTs IUIOMAAb, OTPaHWYEHHYI0 mapabomoity =x2+ 1 wu
npsiMoit X +y = 3.

Pemenue.
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y=1'+l
14y=]

Pemras cucremy ypaBHeHUI HAXOJMM a0CITUCCHI TOUYEK MepeceyeHus X1 = — 2 U Xo = 1.

[Tonaras y2 = 3 —Xnuy1=x>+ I, Ha OCHOBAaHHUU

b
S =I(y2—y1)dx

(hopMyIIBI MoJy4yaem

Ipumep 4. Beraucints 00beM Tela, MOJIy4eHHOTO BpalieHneM BOKpyr ocu OX (purypbl, orpaHuYeHHOI
napabonamu y = X2 u X = y2.

Perenue.

PemnMm cucreMy ypaBHEHUI

y=x,
P=x xt=x x'-x=0, x(x—l)(xz+x+ljl= Q,

*n monyunM X1 = 0,x2= 1,y1= 0,y2= 1, oTkyma TOYKHU
nepeceuenus: kpuBbix O(0; 0), B(1; 1). Kak BuaHO Ha puCYHKe,
UCKOMBIH 00BEM Tella BpaIlleHUs! paBeH Pa3HOCTH JBYX 00BEMOB,
00pa30BaHHBIX BpalIeHHEM BOKPYr ocH OX KPHUBOJIMHEHHBIX
tpareruiit OCBA n ODBA:

1 1 2 5 !
X X 1 1 3z
V=V -V, =x|xdy—x|x‘dy =n] — - — m,,[___]m
b ! ! ”(2 SJO 2 5) 10

IMpumep 5. Berauciauts mioaab, orpaHndeHHy0 ocbio OX U CHHYCOUIO# Y = SiN X Ha OTpe3Kax:
a) [0, m]; ©) [0, 2x].
¥ Pewrenue.

a) Ha otpeske [0, ] dyHKmms sin X COXpaHseT 3HaK, U IMOATOMY IO

0 2n b
| PN T 5= _[ydx
dhopmyite a , ToJjlaras y = Sin X, HaXOouM
S = jsinxdx =—cosuf, =—(cosz—cos0)=—(-1-1)=2

0

0) Ha otpeske [0, 27t], pyHKIHsA Sin X MeHsIET 3HAK. J[JIT KOPPEKTHOTO perieHus 3a71a4u, HEOOXOIUMO
otpe3ok [0, 2n] pazaenuts Ha aBa [0, ] U [7, 27], B KaXA0M U3 KOTOPHIX (PYHKIIUS COXpaHSIET 3HAK.
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[To mpaBuTy 3HAaKOB, Ha OTpe3ke [7, 27| moma s 6epeTcst Co 3HAKOM MHHYC.

B utore, nckomas miomap paBHa

ko 2
S=5 -5, :J.sinxdx— Jsinxdxz—cosxﬁ —(—Cosx]| i :—(cosir—cos())+(C0527r—cosﬂ') =

2
T
0 b

=—(-1-D+(A-(-1)=4

3aIlaHI/I$I JUIA CaMOCTOSTCIIbHOU pa6OTBI 10 TEMC:

Bapuanr 1.

xZ
=x——+4
Y 2

1. BHIYHCIUTH MIIOMAAb GUIyYphl, OTPAHHYEHHOM THHMSAMA ~ — * + 3

_ 2 — —
2. Haiiti nomans GUrypsl, orpaHudenHo muamsamu Y =X+ 4x+4 p y=x—-1
3. OmnpenenuTs MIOMAb, OTPAHMYEHHYIO MapaboIoil Y = X2 + 5 u npamoii X + y = 6.

4. Beruuciauth 00beM Tela, MOJIYYEHHOTO BpalieHHeM BOKpYr ocu OX Gurypsel, orpaHu4eHHOU
napa6onamu y = X2 u X = 9y2.

5. Bwruuciutk miomaab, OorpaHuYeHHY0 0Chi0 OX B CHHYCOUIOH Y = COS X Ha OTpe3Kax:
a) [0, 7]; 6) [0, 2x].
6. 3a1aya Ha BBIUKCIICHHE PAOOThI CHIIBI YIIPYTOCTH:

CoxaTve X BUHTOBOM NPYKHMHBI, TNPONOPIHOHAIBHO MPHIOKEHHON cuie F. Bpruncnuts paboty
cwibl F nipu cxxatun npyxunst Ha 0,04 M, ecau u1st cxxatus ee Ha 0,01 M Hy>kHa cuiia pasHast 10 H.

A2
A= '[F (x)dx
(ITpn peleHnn 3a7a4u BOCIIOJIB3YUTECH bopmyoi 1 . Hs
HaxoxaeHus F(X) Bocrone3yiitech 3akonom I'yka F = kx).
Bapuant 2.
1
Lo YESAS x* +4
1. BBIUMCINTE MUIOmMAnb GUIYphl, O'PAHHYEHHOM TuHEsSME ¥ — % < 2

— 2 — —
2. Haiftu miomazns GUrypsl, orpaHideHHoi s ¥ = Y T4x T4 y=x—1

3. OmnpenenuTh MIOMAb, OTPAHUYEHHYIO Mapabomnoit Y = 2x? + 1 u mpamoii X + Yy = 1.

4. BplUUCIUTL OOBEM Tela, MOJYYEHHOTO BpameHueM BOKPYr ocu OX Gurypel, orpaHuueHHON
napaGomnamu Y = 4x% u X = y2.

5. Bwrunciurth iomaJb, OrpaHUYCHHYIO OCBIO Oxu CHHYCOHHOﬁ Yy = COS X Ha OTpe3Kax:
a) [0, x]; 6) [0, 2x].

6. 321,[[8.‘{8. Ha BBIYUCIICHUC paGOTLI CHJIbI YIIPYT'OCTH:
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Cxatve X BUHTOBOM TIPYKUHBI, TMPOMOPIHOHATIBLHO TpWIokeHHOW cwie F. Bprauciouts paboty
cunbl F mpu cxxatum npyxunbl Ha 0,04 M, ecu aiist cxxatust ee Ha 0,01 M HyxHa cuta paBHas 20 H.

A= TF(x)dx

(ITpu pelIeHnn 3a7a41 BOCIOJIb3YHTECH hopmyoit % . Hns
HaxoxaeHus F(X) Bocmonb3yiitecs 3akoHoM ['yka F = kX).

Bapuanr 3.

x:
3 YT +——4
1. BbIUMCIMTE MUIOmMAnb GUIyphl, O'paHHYEHHOM muHuaME > — X+ 2 2

— 42 = x—
2. Haiftu miomans GUrypsL, orpaHnueHHON mmumsavmu Y =% tr+4 y y=x—1

3. OnpenenuTs MIONIAAb, OFPAHMUEHHYIO Tapabonoii Y = 3X2 + 5 u mpsmoii X + Yy = 4.

4. BplUUCIUTL OOBEM Tela, MOJYYEHHOTO BpameHueM BOKPYr ocu OX (urypbl, orpaHuueHHON
napaGosamu Yy = 9x% u X = 4y?.

5. BpIUHCIUTE omajb, OrpaHUYCHHYHO OCBIO Oxu CI/IHYCOH,HOfI Y = COS X Ha OTpe3Kax:
a) [0, x]; ©) [0, 27].

6. 38.,[[21‘121 Ha BBIYUCJICHUC pa60TbI CHJIBI YIIPYT'OCTHU:

CoxaTve X BUHTOBOM NPY)KMHBI, TNPONOPIHOHAIBHO MPHIOKEHHON cuie F. Bpruncnute paboty
cwibl F nipu cxxatun npyxunsl Ha 0,04 M, ecau 1 cxatus ee Ha 0,01 M Hy’kHa cuita paBHas 15 H.

A= TF(x)dx

(ITpn peleHnn 3a7a4u BOCIIOJIB3YUTECH bopmyoi 1 . Hs
Haxoxaenus F(X) Bocrons3yiitech 3akonoM I'yka F = kx).

Bapuanr 4.
xZ
16 VT 2x——+4
1. BBIUMCINTE MUIOMAnb GUIYphl, O'paHHUEHHOM muHmsaME ¥ — ¥ 7 O 2

2 _
2. Haiftu miomans urypsl, orpannentoil mamsmvu ¥ =% H10x+325  y=x+5

3. OmnpemenuTh MIOMAAb, OTPAHUYEHHYIO TTapabooi Y = X2 — 5 u npsmoii X — Y = 6.

4. BplUMCIUTL OOBEM Tela, MOJYYEHHOTO BpameHueM BOKpYr ocu OX (Gurypel, orpaHuueHHON
napaGomnamu Yy = 3x% u X = 4y?.

5. Bwrunciurth iomaJb, OrpaHUYCHHYIO OCBIO Oxu CHHYCOHHOﬁ Yy = COS X Ha OTpe3Kax:
a) [0, x]; 0) [0, 2x].

6. 321,[[8.‘{8. Ha BBIYUCIICHUC paGOTLI CHJIbI YIIPYT'OCTH:
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CxaTve X BUHTOBOM NPY)KHMHBI, NPOMOPIHOHATIBHO MpHIOKEeHHOH cune F. Bpruncnuts paboty
cunbl F mpu cxxatum npyxunbl Ha 0,03 M, ecmm st oxatus ee Ha 0,01 M HyxHa cruta paBHas 10 H.

A= IF (x)dx
(ITpn peueHun 3a1a4u BOCIIOJIB3YUTECH bopmyoit i . Js
HaxoxaeHus F(X) Bocronb3yiiteck 3akonom ['yka F = kx).
Bapuanr 5.
xZ
=x—-—+4
y=x+3 y=x 2

1. Bsruncnuts miomaas GUrypsl, OrpaHu4eHHON JIUHUSAMU

= 2 —
2. Haiitu miomans GUrypsl, orpaHudentoil s ¥ =X t4x+4 y y=x-1

3. OmpenenuTs MO, OTPAHMUEHHYIO Iapabonoi Y = X? + 5 u mpsMoii X + Yy = 6.

4. BplUUCIUTL OOBEM Tela, MOJYYEHHOrO BpameHueM BOKPYr ocu OX (urypbl, orpaHuueHHON
napaGosamu Yy = 2X% u X = 4y?.

5. BbpIUHCIUTE iomajb, OrpaHUYCHHYHO OCBIO Oxu CI/IHYCOH,I[Oﬁ Y = COS X Ha OTpe3Kax:
a) [0, x]; ©) [0, 27].

6. 33,[[8.‘{3. Ha BBIYMCIICHUC pa6OTLI CHJIbI YIIPYT'OCTH:

Cxarue x BUHTOBOM MPYKUHBI, MPONOPLUOHATIBHO TNpHIOKeHHOH cuie F. Borumcauts paboty
cuiiel F pu cxxatun npyxunsl Ha 0,05 M, eciu U1t exartus ee Ha 0,01 M Hy»Ha cua pasBHas 15 H.

A= TF(x)dx

(ITpn penieHun 3a1a4n BOCITOJIB3YUTECH (dhopmyoit i . Jns
HaxoxaeHus F(X) Bocronp3yiitech 3akonoM ['yka F = kx).

Bapuanr 6.
1. Bsruncauts miomaas GUrypbl, OrpaHu4eHHON JIUHUSAMY , .

2. Haiitn miomas GpUrypbl, OrpaHUYEHHON THHAAMHA 1 > ~ -1
3. OmnpemenuTh MIOMAIb, OTPAHUUYEHHYIO TTapaboNoi Y = X2 + 2 1 mpaMoii X —y = 1.

4, BpluucouTh 00beM Tesla, IOJYYEHHOTo BpalleHHeM BOKpYr ocu OX QHIyphl, orpaHMYeHHOI
napaGomamu Yy = 2X% u X = 4y?.

5. BwHuUCIATH TUI0MIA/1b, OTPAHHYEHHYIO O0ChI0 OX M CHHYCOUIOH Y = COS X Ha OTpe3Kax:

a) [0, ]; 6) [0, 2m].

6. 321,[[8.‘{8. Ha BBIYUCIICHUC paGOTLI CHJIbI YIIPYT'OCTH:
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CxaTve X BUHTOBOM MPY)XKHMHBI, MPOMOPIHOHAIBHO MPHIOKEHHOH cwie F. Bpruncnuts paboty
cuibl F mpu cxxatum npyxunbl Ha 0,06 M, ecm st cxatus ee Ha 0,02 M HykHa cruta paBHas 20 H.

A= ]ZF(x)dx

(ITpn peleHun 3a7a4u BOCIIOJIB3YUTECH bopmyoi i . Js
HaxoxaeHus F(X) Bocmonb3yiitech 3akoHoM ['yka F = kX).

IIpakTnyeckas padora Nel7-18
Tema: Pemenne 3ana4. JIudgdepennupoBanue 1 HHTErpupoBaHue PyHKUIM A

Henan:
+ [loBTOpPHUTH, 000OIINUTE U CHCTEMATU3UPOBATh 3HAHUS O MIPOU3BOJIHON U IEPBOOOPA3HOM.

+ 3akpenuTh HABBIKW BBIYMCICHHUS TPOU3BOIHBIX, IEPBOOOPA3HBIX.
+ Pa3BuBaTh JIOrH4eCKOE MBILICHUE, IAMATh, BHUMAHUE U CAMOCTOSATEIbHOCTD.

IIpakTH4yeckast 4acTh.

BapuantNel ‘ BapuantNe2 BapuantNe3
1. Haiitu npou3BOIHYIO QYHKIIMH.
111 1.1.2 1.1.3
2 3 2
s — AD x_x‘+3x r=5 9_41+ﬂ ,=1 B 1_31';1'
yEAT 2t o (YT TR T s | YT e T

121 1.2.2 1.2.3

y = cos®(4x — 1) v =In(x%+ 2x — 4)

y =+/sin(x* + 3x + 4)

2.Beraucnuth npuOIMmKEHHO, UCTIONB3YS NMoHATHE TudepeHimana.

211 s 2.1.2 3 2.1.3 3
V= ap V= 81 V= 30

221 5,013 2.2.2 1,005 2.2.3 1,028

3. Haiitu HeonpeneEHHBIN HHTETPAlL.

3.11 3.1.2 3.1.3
1 5 2

I(Esim—xE'—F—e"‘)dx J-(Ecasx+4x15——)dx J-( . —6135—|—591)dx

3 x COS“X

321 J— 321 f(Sx+2]3dx 323 J.sin{Ex—E)dx

(4x — 3) 4

4. BIYUCIUTH IJIOLIA/b TNIOCKON (GUTypHI ¢ ToMotibio popmynsl HetoTona — JleliOHuma.
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411
y=—-3x+4
x=10
x =
y=0

t,-"f*’

"

T
e

AT
P
L

Pt
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4.1.2 4.1.3 el
*+2 Letrs]
v=——x T= — 5

© N RN

= . A

Y= 0 N E i =
5 b =0 \: x=2 14 34

a1 A

IIpakTuyeckasi padora Nel9-20
JABoitHoi#1 uHTerpaJ. I'eoMeTpuvecKue NpUIOKeHHs1 ABOMHOI0 MHTErpaJia

TeopeTuyeckas 4acTb

[Tpumepsr

1. U3MeHUTh NOpsAI0K UHTETPUPOBAHUS

2 4 4y 2 4
[ax[ t(x,y)dy=[dy [ f(xy)dx x| f(xy)dy

Ilo npeaciaM MHTCIPUPOBAHUA OIIPCACIIICM obnacTh HUHTCTPHUPOBAHUA, OHA OT'paHHUYCHA JIMHUAMHA

X=-2,Xx=2,y=x°

ly:4

WuTerpupyem B JIpyroMm IHOpsJKE - CHayaja 1o X, 3aTeM — 1o y. [Ipenensl BHyTpeHHEro MHTErpaia

HalijileM, pa3peliMB OTHOCHTENBHO X ypaBHeHHE mapabonbl X =—/Y,X=./Y . Ilpenensl BHENIHEro

uarerpanay =0,y =4 HaxomuMm Kak HauboJbllice M HaMMEHBIIEE 3HAYEHHWs y BO BCel oOyacTtu

HHTCTPHUPOBAHUA

2.BbIYHCIUTh JIBOMHOM HHTErpal H xydxdy ,rme o6macTe orpaHudeHa TpsAMoi Y =X—4 u
D

napabomnoit y° = 2x

[TocTpouB gaHHbBIE TMHUM MEXIY TOUKaMH uX nepecedenus (-2,2) u (8,4) nomyuum cerment AOB. Ero
MOXHO OTPaHHUYUTH 110 TOPU3OHTAIH ABYMS JMHUAMHU Y =-2,Y =4 TOrJa cieBa CErMEHT OTpaHHYCH
H

Y1

2:2%

Y=z -4

Al8:4)

8

2

y

napaboson X = Y W cripaBa mpsiMoii X =Y +4

2 y+4

4 y+4 4 X
H xydxdy = j ydy y_[ xdx = J.Z ygE

D -2

d —if( (y+ 47—y Lydy=
y=3100 y=)dy

I
2

4 3 6
1 y_+8i+8y2_y_
2\ 4 3 24

2

4

1%, 4 2 y®
Ejz(y +8y" +16y — -)dy = =90

-2

2 .Beraucauts miomanas GUrypsl, orpaHu4eHHON JTHHUSMH
X=4y-y*, X+y=6
Haiinem koopArHATBI TOYEK MEPECEUEHUS 3aIaHHBIX JIMHUM, permas
chcTeMy ypaBHeHMHT X=4y—-y° m X+Yy=6. B pesynpTare
nonyunm A(2;4), B(3;3). Takum o6pazom,
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4y-y? 3

3 4y-y? 3
S =gdxdy=£dy :J': dx=_|2.x|6y dy:.!(_yz +5y—6)dy=
3

= {—% y3+g y2—6y} = % (xB.ex.)

2
2. HaiiTu oObeM Tena, OrpaHHYEHHOro moBepxXHOCTAMH Y =1+X*,2=3X,y=512=0 wu
pacrioyiokeHHOro B | oKTaHe.
Teno, 00bEM KOTOPOrO HAA0 BBIYMCIUTH OrPAHMYEHHO CBEPXY IUIOCKOCTBIO Z=3X, COOKY
napaGonuyeckuM MUIMHEAPoM Y =1+ X° u mmockocteio Y =5. CieI0BaTenbHo, 3T0 UIMHIPHIECKOE

teno. O6macts D orpannyena napa6omoit y =1+ x> u npsameivu Y =5 u Z =0 . Takum 06pa3om, uMeeM
2

V= IJ‘ 3xdxdy = 3.2[ xdx j)‘ dy = 3J2‘ x[y]ixz dx = 3_2[(4x - x3)dx = C’{Zx2 —% x“} =12 (xy6.en.)
D 0 0 0 0

1+x2

BeInoaHuUTH 3aaHUSA:
W3MeHUTh NOPSI0K HHTETPUPOBAHUS

4 4
j dy j f (x, y)dx

1.2

2 2

dx j f(x,y)dy

dy| f(x,y)dx

n
P — N O ey
< | P — <

BreraucionTs I[BOI\/’IHI)I€ HUHTErpaibl MO O6J'IaCT$IM, OTpaHNYCHHBIM JIMHUAMHA

” x?ydxdy,y =0,y =+/2x—x*

4.0
jjsin(x+y)o|xo|y,y=o,y=x,x+y=Z

5. 2
[y -y, x =,y =

6.0
ﬂ%,xﬂ,y:x,xﬂy

7.9 X+

8.BbrancnuTh 1BOWHOM HHTErpat ” (2x+3y+1)dxdy no o6nacTu, orpaHMYEHHOM TPEYTOIBLHUKOM C
D

BepmuHamu (1,3);(-1,-1);(2,-4)
9. BHIYHCITUTE MIIOMA/b, OTPAHNYEHHYIO THHUSAMA X = Y° —2Y, X+ Yy =0
10. BorYrcnuTh TIIOMIA/bL, OTPAHUYCHHYIO JTMHUSMH y2 =4x+4,y=2-X
11. BEIYMCIUTE MUIOIIA/b, OTPAHHYEHHYIO JTHHUAMA Y = 4X— X%, y* = 2X (BHE mapabob)
12. BHIYUCIUTE MOk, OTPAHHYEHHYIO TMHUAME Y = X, Y =0,X+y—2=0
13. Beraucnuth 00BeM Tena, OTPaHHYEHHOTO MTOBEPXHOCTSIMHU
X*+y°=8x=0,y=0,z=0,x+y+z=4
14. Beraucnuth 00b€M TeJa, OTPAaHUICHHOTO TIOBEPXHOCTIIMHU X = 2y2, y=0,z2=0,x+2y+z=4

15. Beraucnuth 00beM TeJa, OTpaHUICHHOTO TIOBEPXHOCTSIMHU X* + y2 =7,¥= x?, y=1z=0
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16. Berarcnuth 00BbEM TeJa, OTPAHUYCHHOTO TTOBEPXHOCTIMU Z =4 — x%,x =0, y=0,2=0,2x+y=4
17. Beruuciaurts 00BeM Tela, OrPaHHYEHHOTO MTOBEPXHOCTIMU
3X+2y=12,3x+y=6,y=0,2=0,Xx+y+2=6

18. BBIYMCIHTE 00BEM TeNa, OTPAHMYEHHOTO OBEPXHOCTAMH Z =X+ Y+1y> =X,y=0,2=0,x=1

IIpakTnyeckas padora Ne 21-22
YpaBHeHHs ¢ pa3IeIsTIOIUMHCS epeMeHHbIMH

esab padoThi:

Ha xoHKpeTHBIX MpUMepax HAy4UThCs pemaTh AudepeHnuaibHble ypaBHEHUS ¢ pa3Aess oMU
[IepEMEHHBIMU

Conep:xkanue padoThbI:
Onpeoenenue.  Jlnbdepennuansnoe  ypaHenue V' = f(X,y) HasplBaeTcs  ypaBHEHHEM  C
Pa3aesIOIMMHCS epeMeHHbIMM, €CITH €70 MOYKHO 3aIIKCaTh B BUJIE

y'=a(x)B(y) wm X(x)dx+Y(y)dy =0;

[pumepl. Haiitu pemenne auddepeHnnanbHOro ypaBHEHHS l, =In y npu ycnosuu y(2) = 1.
y

2= =Iny dx:M J‘a’x:J.M x+C=J.h1yd(]ny)
dy y y

2

In
x+C= - obiee peleHue

2
pu y(2) = 1 monyqaem 2+C:1n21; = 2+C=0;, = C=-2;

2x—4

Urtoro: 2(x—2)=In’y; wm y=¢€" - YaCTHOE PEIIEHUE;

[pumep2. Penmuts ypasrerne y' = x(y° +1).

d
y2+l=dx; '[yzilzj-dx;

2 2
arctgy:x7+C; yztg(%-'-c}

3anaHus 1J1s1 CaMOCTOSITEJIbHOM PadoThI:

| Bapuanr: | | BapuanT: I | | Bapuanr:

1. Ilpoeepums, senaemcsa u peuieHuem OAHHO20 OuppepeHyuaIbHO20 yYpasHeHUs
YKazauuasa pynkyua:
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2.7 _
Xy’ —2xy=3 y' —y-ctgx = ctgx Xy +2y =eX

1 .
y=3x2—; y=sinx-1 y=3-¢%

1. Pewiume ypasnenue c pa3zoenaouwjumu nepemenHbIMu

y'=1+Xx L+ X))y —2xy =0 ydy —(1+2x)dx =0

2. Haiioume pewienue, yoosiemeopaiwouiee Ha4aa1bHOMY YC10GUIO

L+ )y =327y 2,[ydx—dy=0 y'+ysin 2x =0
y(0)=2 y(0)=1 v =1

IIpakTnyeckas padora Ne23-24
JIunelinble ogHOpoOAHBIe AU(pdepeHINATIbLHbIE YPABHEHHUS] BTOPOr0 NOPSJKA ¢ NMOCTOSTHHBIMHU
K03 PpuunenramMmu

AnddepeHumanbHoe

n ! — O
ypaBHeHue y - py+ay Hean

pador

Xapakrepucruyeckoe I pk+q=0 bl:

ypaBHeHue

Ha
KOHKp
€THBIX
pumMe
pax
Hay4yu
ThCA
pemar
b JIMHEHHblE OJHOPOJHBIE IU(QEepeHIMaIbHbIE YpPAaBHEHHsS BTOPOrO TOpPSJIKA C MOCTOSHHBIMU
K03 ULIEeHTaMHU.

Coaep:xanue padoThbi:
JluHelHbIM OAHOPOAHBIM U (EepeHInAIBHEIM YpPaBHEHHEM BTOPOTrO TMOPSAJIKAa C IOCTOSHHBIMU
K03 (ULIEeHTaMH HAa3bIBAETCS ypaBHEHUE BUA:

y” + py’ + qy = O , TJI€ P ¥ (- HOCTOSHHBIC BEJINYHHBI.

I[JBI OTBICKaHHA 06IJ_ICI‘0 pemieHud  JAaHHOI0  YpaBHCHHSA  COCTABJIACTCA  COOTBECTCTBYIOLICC
XapPaAKTCPUCTHYCCKOEC YPABHCHUC!

k? +pk+q=0.

Torma oOmee pemenne auddepeHInaTbHOTO YpaBHEHUS 3allUCBHIBACTCd B 3aBUCUMOCTH  OT
JUCKPUMHMHAHTA XapaKTEPUCTUUECKOTO YPABHEHUS U €r0 KOPHEM.
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OVCKpUMUHaHT D>0 D=0 D<0
Kophu k, = a+bi
XapaKTepUCTMYECKOro k, Kk, k, =k, ‘ —a_bi Hpum
ypaBHeHUA 2 =a=nl ep 1.
Pemm
MHOKecTBa peLueHwii y=ce" +ce” | y=e"(c +c,x) ax ) TP
p y =e™(c, coshx+c,sinb )ypaBH

enne Y —4y'+4y=0.

XapakTepucTudeckoe ypasnenue: k- —4k +4 = 0; k, =k, =2.

O6mee pemenne:| y = Ce”* + C,xe™".

IIpumep 2. Pemmts ypasuenne y" +2y'+5y =0.

XapaktepucTtudeckoe ypaBHenue: k- + 2k +5 = 0; D =-16; k, =-1+2i;

O6mee pemenne:| y = e (C, cos 2x + C, sin 2x).

3aganus AJ151 CaMOCTOATEILHON padoThI:

Pemiuts ypaBHeHusi: Hajiqure yacTHbIC pelleHUs] YPaBHEHHUId:

a) y' -5y +4y=0 a) ¥'-10y'+25y =0; y=2u y' =8 mpn x=0

6)y'-y=0 6) ¥"+8y'+9y =0; y=1u y' =2 npn x=0

B) V' — 7y +12y =0 B) y'=9y =0 y=2u y'=6 npu x=0

r) ' —4y'+5y=0

IMpakTnyeckas padora Ne25-26

IIpu3HAKHM CXOAMMOCTH YHCJIOBOTO Psiia

esanb padoThi:

[To3nakomuThest ¢ npusHakamu Komm n [lanamOepa. Ha KOHKpeTHBIX MpUMepax Hay4YUThCS MIPUMEHSTh
JAHHBIC IPU3HAKW IJId UCCIICAOBAHUSA pdaaa Ha CXOAUMOCTD.

Coaep:xanue padoThl:

[pusnak JJanambepa. (XKaun Jlepon J{anambep (1717 — 1783) — dpaHniry3ckuii MaTeMaTHK)

u
Ecnu ona psaoa Z " C NONONCUMETbHBIMU YeHaMU cyujecmeyem makoe yucino Q<lI, umo o0na

ulHl <
’
u Zu”
6cex docmamolmo 60Jlbmux N evinoansaemcs HepaeeHcmeo n mo p}ld cxodumCﬂ, eciu ace

u
ﬂzl,

u
07151 6cex 0OCmMamo4no 601buwux N 8bINOIHAEMCS Yeaosue Mn mo ps10 2.ty pacxooumcsi.
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ITpu3uak Ko (paguKaIbLHBIA OIPU3HAK)

u
Ecnu ona psoa Z " ¢ HeOmMpUYamenIbHLIMU YleHaMU cyujecmayem makxoe uucio (<I, umo ona

lu <
gcex 00cmamo4no 6oabuux N 6bINOIHAENCS HePaAseHCmEo v " q,

u
mo ps10 Z " CxX00Uumcs, eciu xHce 0 8cex 00CMamoyHo 60abuUx N GbINOIHAECMCSL HEPABEHCMBO

=
U, 21, mo ps10 zu" pacxooumcs.

Ilpumep: Onpenenutsb CXOAUMOCTb psJia

i 22 +1)
~\3n* +5

2n* +1 2
limz/u, =lim =1 n_-Z<1
n—»o n—»w 31’1 +5 n—0 i
n’ BeiBOa: psin cxomuTes.

IIpumep2: WccnenoBaTbh Ha CXOJUMOCTD Psiji

S
)
n=1 /3”
Pemenue. ITo MPU3HAKY Jlamambepa pan CXOJIUTCH,
1
e o (eD)NE L 3ey) o
lim —= = lim = lim —— = lim
nN—o0o un n—oo 3n+1 n N—o0 37 N n—o0 \/— \/—

IIpakTnueckas padora

1. Hamwucarts B paBBepHYTOM BUJIC U UCCIICAOBATH HA CXOAUMOCTD PSA:

o0

a)nz_:lSn 1’ (2n)|.
5 )Znnilz b)i(Znnjl)!;
3 a)ézus b)z 5“’

o0

: )y ————;
)nZ_l(s )2 );Jn_ n+1

IIpakTnuyeckass padora Ne 27-28

TaK Kak

Ilepexon ot anredpanyeckoii GopMbl KOMILJIEKCHOI0 YHCJIa K TPUTOHOMETPHYECKOH M 00paTHO.
JeiicTBUS HaJ KOMILICKCHBIMHU YUCJIaMU, 32AlIMCAHHBIMUA B TPUTOHOMETPUYECKOM Gopme
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Hean:

- OrpaboTka HaBBIKOB nepexoia oOT anredpandeckoil ¢GopMbl KOMIUIEKCHOTO 4YHCIAa K
TPUTOHOMETPHYECKOH 1 00paTHO

— 3aKpeIuIeHUe NOJYYEHHBIX TEOPETUYECKUX 3HAHUHN U MPAKTHYECKUX YMEHHUU CTYJICHTOB Ha JICHCTBHA
HaJl KOMIUIEKCHBIMH YHCJIAMH, 3aIIMCAaHHBIMU B TPUTOHOMETPHYECKOH (hopme.

Conep:xkanue:
3anuch KOMIUIGKCHOTO 4Kcia B Buje Z = a + bi, Ha3biBaeTcs anreOpandeckoil popMoi KOMILUIEKCHOTO

ypcia. Yacto ObIBaeT yz[06Ha TPUTOHOMETPpHUYUECKAA (bopMa 3aIIMCHU KOMIIJICKCHOI'O YHCJIa:

z = r(cos ¢ +isin @), rae

r= x4+ y°
— MOJIyJb, & ( = arg Z —apryMeHT KOMILIEKCHOTO YHCIIA.

[lycth 1o ompeneneHuto apryMeHTa UMeeM:

e
— a
Cosp = : —
2 2 Cosp=—,
a” +b » @=FCos g,
=

P b=rszmp

. b .
sin p = —F——; sin ¢ = —,
"||||:12+f:'2 r

OTCIOI[a IoJIy4qacTcs

z=a+ bi=r(cos ¢ +isin g).

Takas (opma Ha3bIBaeTCsI TPUTOHOMeTPUUecKOoil popmoii 3amrcu KomIuiekcHoro yucna. Kak BuaHo,
UIs  TOro, 4roObl TMepedTH OoT anredpandeckoil QopMbl 3amMcH KOMIUIEKCHOTO 4YHMCia K

TPUTOHOMETPHUECKOH (opMe, HY)KHO HAlTH €ro MOAYJb U OJIUH U3 apTyMEHTOB.

Ipumep 1
Bamucath unciao z=1-3i B TPUTOHOMETPHUECKOH popme.
1

Cos = >

R E

sth o = >

T _ bR bR Rk

z=72|cos —E + iz —E =2|cos E — isin E
3aganusa:

BeImomHUTE JEHCTBUS HaJ KOMIUICKCHBIMH YHCIAMH B TPUTOHOMETPUYECKOW (opme, pe3ynbTar
3amucaTh B TPUTOHOMETpUUYecKon (opme:

11 6.3—1+i

1+i
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2 %} 7. (F3-ik-1+ )

1+J§iJ6 8'(\@”}12

1-i

. (0,5—0,5\/§i]4 . (2\/§—Zi]3
"1 0,543 -0,5i '

5. 2+ V12 10. (-3 3if

((I[eﬁCTBHﬂ HaJl KOMIUVICEKCHBIMH YUC/IaMHU, 3allHCAHHBIMHA B TpI/II‘OHOMeTpI/I‘leCKOﬁ (l)OpMe»

Henp padoTrbl — 3aKperieHUE IOJYYEHHBIX TEOPETUYECKUMX 3HAHUN U MPAKTUYECKUX YMEHUI
CTY/IEHTOB Ha JIeHCTBHS HaJl KOMIUIEKCHBIMU YHCIIaMU, 3alIHCAaHHBIMHU B TPUTOHOMETPUUYECKOH opMme.

[Myctb z1 = r1(Cos @1 + i Sin @1) u Z2 = r2(Cos @2 + i sin ¢2). Umeem:
212y = rylcos ¢ Hisin @) - rolcos ¢, s o) =
=ryro(cos @ cos gy — sin g sn @y +i(sm @ cos gy +cos g s P =
=ryryleos (g + @q) +ism (g + o).

zy  rfcos g +ism g rilcos gy +ism qp) - rolcos gy — 1 5m @)

Zy  rofros gy tisingy)  po(cos gy +istmogpy) s ro(cos gy — 1S
7 r

. . 1 .
= r—(cos gy tism @) (cos gy —sm gy = r—(ms (ipy — o) + i sm (i — o).
2 2

Bunno, 4o B TpuroHoMeTpudeckoit (hopme ornepanuyu yMHOKEHUS U JAEJICHUs MPOU3BOAITCS OCOOCHHO
MIPOCTO: JJIsi TOTO, YTOOBI MEPEMHOXKUTH (Pa3/ieianTh) 1Ba KOMIUJIEKCHBIX YHCIIA, HYKHO NMEPEMHOXKUTh
(pa3zenuTh) UX MOAYIIU U CIOXKUTH (BBIUECTh) UX apTyMEHTHI.

OTCIOILa CJICAYCT, UTO AJId TOr'O YTOOBI NEPCMHOKHUTH N KOMIUICKCHBIX YHUCCJI, HYKHO ICPCMHOKUTH UX
MOJYJIM U CIOXUTH apryMEHTHI: €CIIHU @1, (2, ..., Pn — APTYMEHTHI YUCCIH Z1, Z2, ..., Zn, TO

arg (77, z)=¢ tp, t .+,

7,252, = 7|24l 2,

B YaCTHOCTHU, €CJIM BCC OTU 4YHUCIIA pPABHbBI MCKIY CO601>1, TO IMOJIyYHUM (I)OpMYJ'Iy, MO3BOJIAIOIIYIO
BO3BOJHTH KOMIIJICKCHOC YHMCJIO B J'IIO6YIO HAaTypaJIbHYIO CTCIICHb.

[lepBas popmyna Myaspa:
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' = (r(u::os p +isin LP))H

3ananuda:

=" (l:os aip +isin mp).

1) BbINOJHUTH JAeHCTBHS HAaJ KOMILUIEKCHBIMH YHCJIAMH B TPHUTOHOMeTpHUYecKoi dopme,

pe3yJIbTaT 3allucaTh B TPUTOHOMeTpHYecKoi (popme:

3.

1+\/_|J

1

|
* [ngosg;.] ! {
5. 2+ V12 (3=

2) BbINOJIHUTH AeiCTBHS:

6.3—1+i

7.()3-i)-1+)

1 BapmaHT

1. [IpeacraBbTe B TPUTOHOMETPUUECKOH opme:
Z=3+2i

2. HaiiTu Bce 3Ha4€HUsI KOPHEH:

2 BapuaHT
1.IlpencraBbTe B TPUrOHOMETPHUECKOH (hopMme:
Z=5-4i

2. Haiftu Bce 3HaueHUsI KOPHEH:

Y-16
Y1-3i
3. BosBectu B CTENEHb,  HCIONb3YH
3. BosBectu B  CTeNeHb,  HUCHOJb3YS .
TPUTOHOMETPUYECKYIO CTETICHb:
TPUTOHOMETPUYECKYIO CTETICHb: 3
(-5+5i)
=\5
(3-3i)
3 BapuaHT 4 BapuaHT
1.IIpencraBbre B TpuronomeTpuyeckoit popme: | 1. IlpeactaBeTe B TPUTOHOMETPUUECKOM
Z=-2 dopme:
Z=1-2i
2. Haiitu Bce 3HaueHUs1 KOpHEH: 2. Haiitu Bce 3HaueHus1 KOpHEH:
3 H .
v-2-2 Y23 -2i
. BosBectu B TENEHb UCTIONb3Ys
3 03BeC CTCTICHD, CHOMBSYA |3 Bospectm B CTeleHs, UCIIOJIb3YS

TPUTOHOMETPUIECKYIO HOPMY:

TPUTOHOMETPHUECKYIO (OpMY:
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1,13 f-iva3)°

2 2

3) BbINOJIHHTH AEHCTBUS HAJ KOMILIEKCHBIMHM YHCJIAMH B TPHTOHOMETPHYECKOii (hopme:

Brrancnuts:
Vaz 22, 3 Yz, 41
22

1. 7, =1+i, 2, =—/3 +i; 6. 2, =1-+/3i,z, =2+2i;
2. 2, =1-i, 2, =—/3—i; 7. 2,=-1+3i, 2, =-2-2j;
3. 21:—1+i,22:%+§i; 8.2, =-1-+3i, 2, =2+2i;
4. 21:—1—i,22:1—£i; 9. 21:\/§+i,22:—1—£i;

2 2 2 2
5. 7, =1++/3i, z, =2-2i; 10. zl:\/g—i,zz=%+§i;

IIpakTnyeckas padora Ne29-30

Tema: Pemrenue 3a1a4 BepOATHOCTHBIMHM METOXAMM.
enmn:

- C(bOpMI/IpOBaTb HAaBbIKH BBIYUCIICHUS 3a1a49 BEPOATHOCTHBIMHU MCTOAAMU;
+ Pa3BuBaTh JOTHYECKOE MBIIIJICHUEC, IIaMATh, BHUMAaHHUEC U CaMOCTOATCIIbHOCTD.

1. Kitaccuyeckast BepOSITHOCTH

B xmaccuueckoil cxeme BEPOSITHOCTD JIF000r0 COOBITUSA orpeaensaeTcsa Kak OTHOIICHHME YHCIa m
6HaFOHpI/I$ITHBIX UL COOBITHS A 3JIEMEHTAPHBIX HCXOJI0B K 06meMy YHCJIy 2JIEMCHTApHBIX MCXOJ0B N.
m
p[ Jq) =

M

[pumep 1:

Hexkro, meperacoBbiBasi Kojnoxy U3 36 KapT, U3BIEKAeT OTTyJa CIy4dailHbIM 00pa3oM OJHY KaprTy.
KakoBa BeposiITHOCTH TOTO, YTO 3TO OYAET TYy3?

Pewrenue:
Ty30B Bcero 4. DTo KOJIMUECTBO OJIArONMpHUATHBIX UCX0A0B. Beero kapt 36 - 3TO KOJIMUECTBO BCEX MCXOJIOB
ucnbiTanud. Mickomas BeposiTHOCTh paBHa 4/36 = 1/9

[pumep 2:

B konBepre cpean 25 KapTOyeK HAXOJIUTCA pa3biCKUBaemas KapTouka. M3 KoHBepTa Haygady
M3BJICUYCHO 6 KapTouek. KakoBa BEpOsSITHOCTH, UTO CPEIU HUX OKKETCS HyKHasi KapTOuKa?

Pemenue:
N3Bneup 6 kKapTOuek W3 25 MOXKHO C®5 crocobamMu. DTO KOMMYECTBO BCEX HMCXOIOB. IloacumraeM
KOJIMYECTBO ONAronpHusATHBIX UCXOA0B. Ecnu Hy)KHas KapTOuka yKe eCTh B HaOOpe, TO OCTalbHBIC MATh
KapToueK u3 24 MOKHO BeIOPaTh C°24 CIIOCO6AMHL.
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241

Ch _ 51191 24161 _ 6 _
Cch 251 51251 25
61191

0,24

1.1 [ectp mapoB ciydailHbIM 00pa3oM pacKJIaIbIBalOT B TPH siuka. HaliTh BEpOSTHOCTH TOTO,
YTO BO BCEX SIIMKAX OKAKETCS pa3HOE YHCIIO IIAapOB, IPU YCIOBHH, YTO BCE SIIUKU HE MYCTHIE.

1.2 Ha maxMaTHYIO JOCKY CIy4ailHbIM 00pa3oM IOCTaBJICHBI JBe JiaabH. KakoBa BEpOSITHOCTB, YTO
OHU He OyayT OUTh OfHA APYTYyI0?

1.3 lectp pykomnuceil ci1y4aiiHO PacKIIaAbIBAIOT MO MATH NankaMm. KakoBa BepOsSTHOCTh TOTO, YTO
POBHO OJ/IHA TIANKa OCTAHETCS MyCTON?

1.4 PebGenok nMeet Ha pykax 5 kyoukoB ¢ OykBamu: A, K, K, JI, Y. KakoBa BeposiTHOCTH TOTO, 4TO
pebeHok cobepet u3 KyOMKOB CI0BO "Kykia'"?

2. BoruucieHne BepoATHOCTEH ¢ IOMOIIBI0 GopMyJ1 KOMOMHATOPUKH

[pumep 1: B maptum u3 N = 10 neraneii umeercs L =7 cranmapTHBIX.

Haynauy ortoOpansl K= 6 neraneil. HaiiTu BEepOsSTHOCTH TOro, 4To Cpeld OTOOPaHHBIX eTalei
POBHO I' =4 CcTaHIapTHBIX.

Pemenue: Yucno N Bcex BO3MOXKHBIX 3JIEMEHTAapHBIX MCXOJOB BBIOOpPa pPaBHO YHUCIY CIIOCOOOB,

i
KOTOPBIMH MOKHO u3BieuYb K meraneit n3 N neranei, Te n= ~4 _ YUCITY
couetanuii 3 N snemenToB mo K.

i ] EE—
n = CN = Cl?ﬂ = 4321 =210
[ToacunTaeM YKCIIO MCXOJOB, COCTABIAIONIMX HHTEpecyroiiee Hac cobObitne A — (cpenu K meraneit
POBHO I' CTaHJAPTHBIX). W3 k cranmapTHBIX netanei B3STh I CTaHAAPTHBIX netanei
¥
MOKHO k criocobamu, TPU 3TOM OCTalbHbIe K—T jeranell JOMKHBI OBITh HECTAHIAPTHBIMH, B3SITh

k-r
ux n3 N — L HeCTaH,Z[apTHbIX ﬂeTaﬂeﬁ MOXHO N_L CHOCO63.MI/I. I’II/ICJ—IO M BCEX
C.?" C.‘:‘C—?"
6J‘Iar0HpI/I$ITCTByIOIJ_[I/IX A HUCXOI0B paBHO HpOI/I3BeL[eHI/IIO m= "EC ° N_L
. , , 165432
I -

m=CeCnr -GG _ 4.3.2.1.2:1 - 105

BepOHTHOCTB CO6BITI/I$I A paBHa OTHOUICHUKD M — quciia HCXO0O0B, 6HaFOHpI/I${TCTByIOH_[I/IX
CO6I)ITI/HO A, K n—‘H/ICJ'Iy BCEX BO3MOXHBIX 3HeMeHTapHI)IX NUCXOI0B

F k—r
Ci ‘Cw-L 105
P4) = B = N 210 = g5,

2.1 13 100 U3roTOBIEHHBIX NAJIBTO OKA3aJIOCh 7/ TPETHETO COPTA, a OCTAJIBHBIE NMAJIBTO NEPBOrO U
BTOpOro copta. KakoBa BeposITHOCTB, UTO MTh OTOOPAHHBIX NAIBTO OYAYT MEPBOI0 WK BTOPOTO COPTA.

2.2 Crynent 3Haer 30 u3 40 BompocoB mnporpammbl. Kaxiplii Ouier coaepX T JBa BOIpoca
nporpaMMbl. HaliTu BEpOATHOCTH TOTO, YTO CTYJEHT 3HAEeT 00a Bompoca ousera.

2.3 U3 ypubl, B kKoTopoit 30 mapoB Oenblx M 4 KpacHBIX, Hayjnady BbIHMMaioTcs 3 mapa. Haiitu
BEPOATHOCTH TOT'O, UTO CPEIU HUX €CTh XOTS Obl OJJMH KPACHBIH 1Iap.
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2.4 B maptuu u3 10 npubopoB 8 He uMeroT aedekra. HaliTu BEpOATHOCTH TOTO, UTO U3 JBYX Haynady
B3SITBIX IPUOOPOB XOTsI OBl OJIMH Oe3 nedekra.

2.5 W3 monHOTrO HAabopa KocTel JOMHUHO Hayraja OepyT 3 koctu. KakoBa BEpOSATHOCTh TOTO, YTO XOTS
OBl IBe U3 HUX JTyOIU?

2.6 OTKpBIBAIOTCS OJIHA 3a IPYTrOM KapThl K006l U3 36 mTyK. KakoBa BEpOsITHOCTh TOTO, YTO MEPBOit
KapTOW MMKOBOM MAacTU OKa)KeTcs nsATas Kapra?

2.7 B ypHe 6 Genbix u 5 kpacHbIX 1mapoB. Hayran mociemnoBarenbHo 6€3 Bo3BpaTa BRIHUMAIOT 2 I1apa.
Haiitu BeposiTHOCTB TOT0, 4TO 00a I11apa KpacHLIE.

2.8 Cpenu 17 CcTyAeHTOB TpYMIbI, U3 KOTOPBIX BOCEMb JEBYIIEK, Pa3bIlPhIBACTCS CEMb OWIIETOB,
MpUYeM KaXIbli MOXET BBIMTPaTh TOJNBKO OJMH Ouier. KakoBa BEpOSTHOCTh TOTO, 4YTO Cpeau
oOnanarenell OMIIETOB OKaXKYTCS YEThIPE JIEBYILKH?

2.9 MMaptus u3 100 uznenuit conepxut 40 uzaenuit 1-ro copra, a ocraiabHbie BTOporo copta. Haygauy
OepyT 4 uzenus, HAMTU BEPOATHOCTH TOTO, YTO BCE OHU OYIyT OJTHOTO COpTa.

2.10 HaiiTu BEepOATHOCTH TOTO, YTO B 4-X 3HAUHOM HOMEpE HayAady B3ATOW MAIIMHBI: a) BCe HUPPHI
pasnuuHbl, 0) Bce UGPBI OTMHAKOBBHI.

3. BoluuciieHue BEPOSITHOCTE HE3aBUCHUMBIX COOBITHH

[Mpumep 1: Jns cooOmieHuss 00 aBapuM YCTAHOBIICHBI JBa He3agucumo pabOTAIONIMX aBTOMaTa —
CUTHajJn3aTopa. BeposTHOCTH TOTo, UTO MpHU aBapuu cpaboTaeT MepBblil curHanuzarop, pasHa pir = 0,95,
BTOpoil — P2 =0,9. Haiitu BeposATHOCTb COOBITUS A — IPU aBapuu MOCTYNMUT CUTHAJ XOTSI Obl OT OJAHOIO
CUTHAJIM3aTopa.

Pemienne: CoObiTue A MOXKET OCYIIECTBUTBLCS, €CIIM MPOU30NACT OAHO U3 CICAYIOIIHUX COOBITHNA:

cpaboTaeT MEepPBBI CUTHATU3AaTOP M OAHOBPEMEHHO HE cpaboTaeT BTOpOU ~ A4 A 2; cpaboTaer BTOpOH
CUTHAJIM3ATOp W  OJHOBPEMEHHO HE cpaboTaeT MepBBIA — A 142; OTHOBPEMEHHO  CpabOTaIOT
o0a curnanusaropa  —A14»2, T.e. A :Alf'l 2+ A 142 + A14>.  BeposSTHOCTH  MPOTUBOIOJIOKHBIX

cobermmii <1 1 U A 2 cooTBeTcTBeHHO paBHBl (1= 1 —p1= 0,05 uw 2= 1 —p2= 0,1. CoObiTus,
cocTaBisifouIe 4, HECOBMECTHBI (HE MOTYT TPOU3OMTH OJHOBPEMEHHO), IO3TOMY BEPOSTHOCTb
coObITHs A paBHa

PA) = P A 2) + P(A 142) + P(4142) = pr-gz + qu-p2 + p1- Pz = 0,995.

2—#1 cmoco6: CobObiTHe A MIPOTHBOIOJOKHOE A TPOU3OUIET, €CIM OJHOBPEMEHHO HEe cpaboTaroT
o0a curHaian3aropa — A 1H 2. Torga BeposITHOCTh COOBITHSA A paBHA

P)y=1-P(A 1A ;) =1-qrq2=1-0,005=0,995

3.1 Tpoe OXOTHMKOB OJJHOBPEMEHHO BBICTPEIMIIM B 3aiiia. HaliT BeposSsTHOCTH TOTO, YTO 3as1 OyaeT
yOHUT, eCITi KX U3 OXOTHUKOB yOuBaeT 3aiina ¢ BepositHocthio 0,5; 0,7 m 0,9 cooTrBeTcTBEHHO.

3.2 JIBa cTyAeHTa MLIYT HY)KHYIO KHUTY B MarasuHax. BeposTHOCTh TOro, 4ro KHUra Oyaer HalJeHa
IIEPBBIM CTyJeHTOM, paBHa 0,6, a BropsIM - 0,7. HaliTh BEpOATHOCTH TOTO, YTO TOJBKO OAUH CTYIEHT
HAWJIET KHUTY.

3.3 B anexktpruuecko 1enu 3 3J€MEHTa, KOTOpbIE BBIXOJAT M3 CTPOS HE3aBHCHMO APYr OT JIpyra C
BepoatHocTsmH 0,3; 0,2 u 0,1. OnpeaenuTs BEpOATHOCTh pa3pbiBa LIENH IPU MAPAIEIBHOM COEAMHEHUN
3JIEMEHTOB.

3.4 BeposTHOCTh HaJIM4Ms HY)KHOTO MaTtepuana Ha 1—ii 6a3e paBHa 0,9, Ha 2—it — 0,95, na 3-ii — 0,8,
Ha 4-i1 — 0,6. HaiiTu BepOSTHOCTb TOTO, YTO TOJILKO Ha OJHON 0a3e OKaKETCS HYKHBIM MaTepual.

3.5 /IBa cTpenka JenaroT Mo OAHOMY BBICTPENY B OAHY U TY jK€ MHIICHb. BEpOsATHOCTH MomnajaHus B
Hee mepBbIM cTpenakoMm 0,7, a BropeiM paBHa 0,6. HaiiTu BeposATHOCTH TOro, 4TO a) MHUIIEHb Oyner
nopakeHa; 0) TOJIbKO OJ[HO IOMa/laHue B LEJIb.
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3.6 PaGounii oO6CmyXMBaeT TpU CTaHKA. BepoOsSTHOCTH TOTO, YTO B TEUCHHME Yaca IMEPBbI CTAaHOK HE
notpedyeT BHUMaHUs pabodero, pasHa 0,3, BTopoit — 0,4, Tperuii — 0,7. HaifTu BEepOSITHOCTH TOTO, YTO B
TE€YEeHHE Yaca TOJIbKO OJIMH CTAHOK He MOTpedyeT BHUMaHUsI paboyero.

3.7 BeposITHOCTh HaIM4Ms HY)KHOTO Marepuaia Ha 1—ii 6a3e pasHa 0,9, na 2—it — 0,95, na 3-ii — 0,8,
Ha 4-ii — 0,6. HaiiTu BepOSTHOCTb TOTO, YTO TOJILKO Ha OHOM 0a3e HE OKaKETCs HY>KHOTO MaTepHala.

3.8 B anekrpuueckoil menu 3 3JIeMeHTa, KOTOpPBIE BBIXOAAT M3 CTPOS HE3aBHCHMO JAPYT OT Jpyra C
BepositHocTsiMU 0,3; 0,2 1 0,1. Onpenenuth BEPOATHOCTh pa3pbiBa LEMH NPU MOCIEA0BATEIBHOM COSIUHEHUH
3TUX JIEMEHTOB.

3.9 BeposTHOCTH, 0e€30TKa3HOW paboThl Oj0Ka, BXxojasmiero B cucremy, cocrasimser 0,8. [l
MOBBIIICHUS] HAJCKHOCTH YCTAaHABIMBAIOT TaKOW ke pe3epBHOM Oiok. HallT BeposSsTHOCTH Oe30TKa3zHOU
paboThI OJI0KA.

3.10 Tpu cnoprcmMeHa y4acTBYIOT B OTOOPOUYHBIX COPEBHOBaHMSIX. BeposTHOCTH 3auuclieHUs B
cOOpHYIO KOMaH]ly TIEPBOTO, BTOPOTO U TPETHETO CIOPTCMEHA cooTBeTCTBeHHO paBHbl 0,8; 0,7; 0,6, Haiitn
BEPOSTHOCTH TOTO, YTO XOTS OBbI OJIMH U3 ITHUX CIIOPTCMEHOB BOKAET B COOPHYIO.

4. ®opMyJia MOJIHO BEPOATHOCTH

[lpumep 1: 3a pasnuuHBIMH MaTepuallaMd IOCJIaHa aBTOMAIlMHA HayJgady Ha OAHY M3 Tpex 0a3.
BeposiTHOCTh Hanmm4Ms HY>)KHOTO MaTepuana Ha rnepBoi O6ase pasna 0,9, Ha BTOpO# - 0,8, Ha Tperbeii - 0,6.
HaiiT BeposSITHOCTH TOT0, YTO aBTOMAIIMHA HE PUBE3ET HY)KHOIO MaTepHaa.

Pemenne: JIns  monydeHMs HY)KHOTO — Marepuaia HeoOXOAMMO  BbIOpaTh  OmHy U3 0as.
CoOwitust Hi, H2, H3 - B3siTHe MaTepuajia C ONpEAEICHHBIX 0a3 COCTABISIOT MOJHYIO I'PYIIY COOBITHH,
MPUMEM 3TH COOBITHS 3a THIIOTE3bl, WX BEpPOSATHOCTH paBHbl P(H1) = P(H?) = P(H3z) = 1/3, T.K. TMIIOTE3BI
PaBHOBO3MOXKHBIC. YCIIOBHBIC BEPOSTHOCTH COOBITHSI A — (HET HYXHOIO Marepuaja) COOTBETCTBEHHO
paBubl P(AiH1) =1-0,9 = 0,1, P(4iH2) = 0,2, P(AiH3) = 0,4. Toraa no ¢popmyJie NOJTHOH BEPOSATHOCTH
HOJTYYHM

P(A) = P(AiH1)-P(H1) + P(4iH2) P(H2) + P(AiH3)-P(H3) = 0,175.

4.1 B onHoii ypHe 5 Genbix u 8 KpacHbIX, a B apyroil 10 Oenpix m 6 kpacHbIX mapoB. Haynauy
BBIHMMAIOT OJIMH 11ap. KakoBa BEpOsTHOCTH TOTO, UTO OH Oenoro 1sera?

4.2 BeposITHOCTB BBIMIOJHUTH padboTy 0e3 ommbok mais 10—tu cryaeHToB u3 rpynmsl paBHa 0,95; s
15—t — 0,7, a g 3—x ocranbHbix — 0,2. IlpenogaBarens OepeT HayAauyy OAHY TETpaib AJS MPOBEPKU.
KaxoBa BeposSITHOCTB TOTO, 4TO paboTa BBINOIHEHA O€3 OINO0K?

4.3 Ha c6opky noctynmio 3000 neraneii ¢ nepBoro cranka u 2000 co Broporo. IlepBblif cTaHOK JaeT
0,2%, a Bropoit 0,3% Opaka. HaiiTu BeposSTHOCTH TOro, YTO B3sTas HayAady JeTallb M3 HE
paccopTUPOBAHHOI NMPOJYKLIMU CTAHKOB OKaXeTCsl OpaKOBaHHOIA.

4.4 Umeetcs 2 mapTun OAMHAKOBBIX u3Aenui u3 10 u 12 mryk, npuyeM B KaXa0W MapTHH 1O OAHOMY
OpakoBaHHOMY u3zenuto. Haynauy B3siToe M3Aenve U3 MEpBON MapTHM MEPENIOKUIM BO BTOPYIO, MOCIHE
4ero HayAauy B3sUIM u3zenue u3 2—i naptuu. HaliTu BeposSTHOCTH TOT0, YTO OHO OpaKOBaHHOE.

4.5 B cocyn, conepxamuid 5 miapos, omymieH Oenblii map. KakoBa BeposSTHOCTh M3BJIE€Yb M3 HETO
Oenblii 11ap, eclid MPEANOI0KEHU 0 NEePBOHAYAILHOM MPUCYTCTBUM B cocyae oT 0 10 5 GenbIx mapos
PaBHOBO3MOJKHBI?

4.6 Panuonammia, BCTaBJI€HHAas B TEJIEBH30p, MOXKET MNPHUHALIEKATh K OJHOW U3 MapTHl C
BepostHocTsimu: 0,3: 0,2; 0,5. BeposiTHOCTH TOTrO, 4TO Jamma mpopaboTaeT 3aJaHHOE YUCIIO YacoB, IS
ATUX MapTuil paBHBI cooTtBeTcTBeHHO: 0,9; 0,8; 0,6. HaiiTu BeposSTHOCTH TOTO, YTO Jiamma mpopadoTaeT
3aJJaHHOE YHCIIO YacOB, €CJIM OHA BhIOpaHa Hayauy.

4.7 CryneHTy HY)XHa KHUTA, KOTOpass MOXXET HaXOAWThCA B OAHOW u3 4-X OMOIHUOTEK C
BepostHocTsimu 0,8; 0,7; 0.9; 0,75. CrtynmeHT momien B Hayjnady BblOpaHHyr Oubnmoreky. Kakoma
BEPOATHOCTH TOTO, UTO OH MOJIYYUT KHUTY?

4.8 Komanna paszeneHa Ha 3 Tpynmbl: cTapiuas —5 4eloBeK, cpenHss — 4 venoBeka, muiaamas — 10
YeJIOBEeK. BepoATHOCTH 3aHATH MEPBOE MECTO JUIS WICHOB KaKIOW I'PyMNIbl paBHBI COOTBETCTBEHHO (,2;
0,15; 0,1. KakoBa BepOsSITHOCTb TOT0, YTO Hay/1auy BbIOpAaHHBII CIIOPTCMEH CTAHET YEMITHOHOM?
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4.9 B smukax HaxomsaTcs cOOTBETCTBEHHO: |) 2 OGenblx u 3 "epHBbIX mmapa; 2) 4 O6enbiX U 3 Y4epHBIX
mapa: 3) 6 Oenblx M 2 uepHbIX Imapa. M3 Haynady BbIOpaHHOrO ANIMKA BBIHUMAaIOT miap. Haiitu

BEPOATHOCTH TOI'O, UTO OH OembIii.

4.10 JlerkoBble W Tpy30BBIE ABTOMOOHJIM B TpaHCHOPTHOM moToke MuMo A3C BcTpevaroTcs B
oTHomeHun 5:3. Ha 3ampaBky 3ae3kaer Kaxaas &-s Jerkoras W Kaxpas 12-1 rpysoBas. Kakoa

BEPOATHOCTH TOT'O, UTO NOABE3KAIOI[aA MallliHa 3aCACT Ha 3aHpaBKY?

IIpakTnyeckas padora Ne 31-32

Tema: Borumncienue cpeaHero apl/l(l)MeTI/I‘IECKOFO, MaAaTEMATUYCCKOI'0 O KUAAHUSA U JAUCIICPCUUA

CJIy4aiiHOM JUCKPETHOM BeJIMYMHBI.

Memnn:

+ CdopMupoBaTh HaBBIK HAaXOXXICHHS YHCIOBBIX XapaKTEPUCTUK IUCKPETHOH ciydyailHOM

BCJINYHHBI,

+ Pa3BuBaTh JIOTHYECKOE MBINIJICHUE, IIaMATh, BHUMAaHHC U CaMOCTOATCIIbHOCTD.

Teopernveckasi 4acTh.

IIpocras cpennsia apupmernyeckass — PaBHa OTHOIIEHUIO CYMMbI MHIMBUAYAJIbHBIX 3HAYEHUI

IIpHU3HAaKa K KOJIMYCCTBY IIPU3HAKOB B COBOKYITHOCTH

n =
i=1%i

M

x:

IIpumep 1. bpurana u3 6 pabounx nomydaer B mecsn 3 3,2 3,3 3,5 3,8 3,1 ToIc. pyo.

Haiitn CPEIHIONO 3apaboTHYIO IJ1aTy.
Pemenue:
(3+3,2+33+3,5+3,8+3,1)/6=3,32 ThIC. pYO.

B3BemienHasi cpeaHsis apudMeTHYecKasi — paBHa OTHOIICHHUIO (CyMMBbI HPOM3BEIEHUN

3HAUYCHHUA MPH3HAKA K YaCTOTC IMOBTOPCHUA TaHHOI'O HpI/I3HaKa) K (CYMMC 4aCTOT BCEX HpI/I3HaKOB).
HCHOJ’IBSyeTCS{, KOTria BapHaHTbBI HCCHeHyeMOﬁ COBOKYITHOCTH BCTPEYAIOTCA HCOJHMHAKOBOEC KOJINYCCTBO

pas.

[IpencraBuM 3TO B BUJE cleayrouei GopMyIbl:

« T i — [CHA 3a CAMHUIY IIPOAYKIIUHA;

« Wi xommuectBo (06BEM) MPOLYKINK;

IIpumep 2. Haiitu cpeanroro 3apaboTHYIO TUIaTy pabodyux 1exa 3a Mecsii|

3apaboTHas 1aTa 0JJHOro paboyero

ThIC. py0; X
3,2
33
3,4
4,0

Hroro:

Yucno paboumnx

F
20
35
14
6

75

Cpennsist 3apaboTHas 1yiaTa MOXKET OBITh MOJy4YeHa IyTeM JeJIeHns oOuIeil cyMMbl 3apaOOTHOM IIaThl

Ha ol11ee Yucao paboymx:
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H
Elx,-_;-"; mh+ Xt f 640+1155+ 4764240 2511

%ﬂ A+ o+t 1y 20435414 +6 75

iml

T=

Otgert: 3,35 THIC.pYO.

MareMaTHYeCKUM  O:KUJAHHEM ,Z[HCKpGTHOfI CJ'Iy‘—IElfIHOfI BCJIIMYMHBI HA3bIBA-CTCA CyMMa
HpOI/I3B€ILCHHI>’I €€ BO3MOJKHBIX 3HAYCHHMI Ha COOTBCTCTBYIOIIUC UM BCPOSATHOCTH:

M(X) =x1p1 +x2p2+ ... + Xuphn .

Ipumep 3. Haiitu maremMaTudeckoe OXKUAAHME AUCKPETHOM ClIydallHON BEJIMYMHBI, 3HAs 3aKOH €€
pacnpeneeHus:

5 4 3
P 0,2 0,5 0,3

Pemenue: Ilo popMyne HaxoauM MaTeMaTHUECKOE OXKUAAHUE:
M (X) =5*0,2 + 4*0,5 + 3*0,3 = 3,3.

Jucnepcuei (paccestHHeM) OUCKPETHOM CIIy4ailHOM BEJIMYMHBI HAa3bIBAIOT MaTEMaTH4YECKOe
OKUJaHKE KBaJpaTa OTKJIOHEHHUS CIIy4aliHON BEJIMYUHBI OT €€ MaTEMATUYECKOTO OXKUIAHUS:

D (X) =M [X - M (X)]%

IIpumep 4. Haiitu nucnepcuto ciydaliHOM BennuyuHBI X, KOTOpas 3ajJaHa CIEAYIOIUM 3aKOHOM
pacrpeneieHus:

1 2 5
p 03 0,5 0,2

Pemenue: Ilo popmyne HaxoauM MaTeMaTHUECKOE OXKUAAHUE:
M (X) = 1*0,3 + 2*0,5 + 5*0,2 = 2,3.

3amuchIBaeM BCe BO3MOKHBIC 3HAYCHUS KBapaTa OTKJIOHCHHUS:
[X1-M (X)]>=(1-2,3)* =1,69;

[X2- M (X)]2=(2 - 2,3)? = 0,09;

[Xs-M (X)]?=(5-2,3)2=7,29.

Torma 3akoH pacnpeaciiCcHrud KBaapaTta OTKJIOHCHUSA UMCCT CJ'IC,[[yIOIJ_[I/Iﬁ BU:

[X-M (X)? 169 0,09  [7,29
p 0,3 0,5 0,2
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ITo hopmysne HaXOaUM AUCTIEPCHIO:
D (X) =1,69*0,3 + 0,09*0,5 + 7,29*0,2 = 2,01.

IIpakTnyeckasi 4acTb.
1. 3aman 3akoH pacnpeneneHus ciaydailHOW BennuyuHbl X (B HEpPBOM CTpPOKE TaOIMIBI yKa3aHbI
BO3MOXKHBIE 3HAYEHUs BEJIMUYMHBI X, @ BO BTOPOM CTPOKE YKa3aHbl BEPOATHOCTH [P 3TUX BO3MOXKHBIX
3HaueHuil). Haiitu:
1. MaremaTuueckoe OXUAAHUE,

2. JIHCTIEPCHIO,

3. IMOCTPOUTH MHOI'OYT'OJIBHUK pacCpEacICHUA.

1.1
X |23 |25 [28 |29
p |03 |02 |04 |01
1.2

x |17 |21 [25 |27
p |02 |04 |03 |01
1.3

X |24 |26 |28 |30
p 02 |02 |05 |01
1.4

x |12 |16 [19 |21
p 01 |05 |03 |01
15

X |25 |27 [30 |32
p_ |02 [04 |03 |01
1.6

x |30 [32 [35 40
p_ |01 |05 |02 |02
1.7

x |12 [14 [16 |20
p_ |01 [02 [05 [02
1.8

x |21 |25 [28 |3l
p |01 [04 |02 [03
1.9

x |18 |22 [23 |26
p_ |02 [03 |04 |01




25 |28 30 33

01 |02 |04 |03

2. Paccunrtath cpeiHUi BO3pACT CTYJACHTOB B rpymie u3 20 YenoBex:

Nem\m | Bospact | Nem\m | Bospact | Ne m\m | Bospacr | Ne Bospacr
(;1eT) (;1eT) (;1eT) mm (;1eT)

1 18 6 20 11 22 16 21

2 18 7 19 12 19 17 19

3 19 8 19 13 19 18 19

4 20 9 19 14 20 19 19

5 19 10 20 15 20 20 19
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