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AKT COI'ZIACOBAHUA

MeTonnueckux peKoMeHIaIui 10 BHIMOJTHEHUIO TPAKTUYECKUX padOT
1o JTUcuUIUinHe «MaremaTukay sl CeuaibHOCTH
15.02.12 MonTax, TeXHUYECKOE 00CTY)KUBAaHUE U PEMOHT ITPOMBIIILICHHOTO
obopynoBanus (1o orpacism) (TOIT 50), pazpadboranHbIX npenogaBareieM FxHO-
Ypanbckoro rocyJapcTBEHHOI0 TEXHUUECKOro kosuiemxa Yepnosou M. M.

YueOHast guciumuiiHa «MareMaTuka» SBJISIETCS  4YacThbi0  MPOTPamMMbl
MOJITOTOBKU CIEIUAINCTOB cpeaHero 3BeHa corjacHo PI'OC mo cnenuanbHOCTH
CIIO 15.02.12. MoHTax, TeXHUYECKOEe OOCTYKUBAHUE U PEMOHT MPOMBIIIJICHHOTO
obopynoBanusi (1o otpacisim) (tonm 50). YueOnas nucuuimimHa «MaTeMaTukay
OTHOCHUTCSI K MAaTeMaTH4eCKOMYy U OOIIeMy eCTECTBEHHOHAy4YHOMY IHKIY U
ompenenseT oOmUA 00beM 3HAHWKW ©W  yYMEHHH, COCTaBJISAIONMX  0asy
npo(hecCuOHANBHBIX KOMIETEHIIUH.

[IpakTrueckas HampaBIEHHOCTh YYEOHOW AMCIMIUIMHBI PEATU3YETCs 4Yepes
BBITIOJIHEHHE MPAKTUUECKUX paboT, Ha MPOBEJIEHNE KOTOPHIX MPOTPaMMOI OTBOJIUTCS
40 yacos.

MeToaudeckie pPEKOMEHIAIMU TI0 BBIMOJHEHHWIO TMPAKTUYECKUX padboT
pa3paboTanbl ¢ ydyeToM TpeOoBaHUM paboropaTenss K MOJATOTOBKE CIEIUATMCTOB
CpPEIHEro 3BEHa IO JAHHOW CHENUaIbHOCTH W BKIIOYAIOT B ce0s 20 MpaKkTUYECKHX
paboT, HalpaBJICHHBIX HA Pa3BUTHE YMEHHH aHAJIM3UPOBATH CIOKHBIE (YHKIHMH U
CTpOUTh WX TpadUKH; BBIMOIHATH JACHCTBUSA HAJ KOMIUICKCHBIMH YHCIIAMU;
BBIUHCTIATh 3HAUEHUS TEOMETPUYECKHX BEJIWYUH; MPOU3BOJIUTH OMNEpalUd Hal
MaTpullaMd W ONPEIETUTESIMU; pEIlaTh 3a7a4d Ha BBIUMCICHUE BEPOSITHOCTH C
WCIIOJIb30BAaHUEM JJIEMEHTOB KOMOWHATOPUKM, peliaTh NPUKIAIHBIE 3a7addl C
HCIOJIb30BaHUEM 3JIEMEHTOB JU(p(epeHIINaTIbHOTO U WHTErpajibHOrO HCUMCICHUH;
pemaTh CUCTEMbI JTMHEHHBIX YPABHEHHUM Pa3IMYHBIMU METOJJaMHU.

[IpakTrueckne pabOTBHl OOECIEUMBAIOT YCIOBHS g (hopmMupoBaHUs
KOMIIETEHTHOCTH CIELHMAJUCTOB B OCYIIECTBICHUM IIOMCKA W HCIOJb30BaHUS
uHdopmaiuu, HeoOXoMUMON i d(PPEKTUBHOTO BBHIMOTHEHUSI TMPO(PECCHOHATBHBIX
3aa4, MPOPECCHOHANBHOTO W JIMYHOCTHOTO pAa3BUTHS, B  HCIOJb30BAHUU
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTWA B MpOo¢eCCHOHATHHOU
AESTeNIbHOCTH, B Pa0OTE C KOJUIEKTUBOM, PYKOBOJCTBOM, MTOTPEOUTEIIMHU.

MeTtoaudeckre peKOMEHIAIMHN MO BBIMOJHEHUIO MPAKTHYECKUX pabOT MOTYT
OBITh MCIIONB30BAHBI NJI1 PAOOTHI B YUPEKICHHUSIX CPETHETO MPOGECCHOHATHHOTO
oOpazoBaHus

TeXHUYECKUN TUPEKTOP

3A0 «BMM-2» P.I'. leBanbn



HOACHUTEJBHASA 3AIINCKA

MeTtonuueckre peKOMEHJAIMU MO BBIMOJHEHUIO MPAKTUYECKUX PaboT I1o
yuebHoi muctumuinHe «MaTemaTukay MpenHa3HayeHbl Mg CTYIEHTOB 2 Kypca,
obyuarommxcs 1o crenraibHocTH 15.02.12 MoHTaxk, TEXHHYECKOe 00CTY)KUBaHUE U
PEMOHT IIPOMBIIICHHOTO 00opymoBaHus (1o orpacisim) (TOII-50)

[TpakTHyeckue 3aHITHS SBISIOTCS BAXKHBIM 3JIEMEHTOM y4e€OHOU JUCIUIUTUHBIL.
B nporiecce BBIMOTHEHUS! MPAKTUYECKUX Pa0dOT 00ydarolmuecs: CUCTEMATU3UPYIOT U
3aKPEIUISIIOT MOJIYYEHHbIE TEOPETHUECKUE 3HAHUSI, PA3BUBAIOT UHTEIUIEKTYyalbHbIE U
npodeccroHanbHble yYMEHHUs, (QOPMHUPYIOT 5SJIEMEHTbl KOMIIETEHIIMM OymaylIux
CIELUAIUCTOB.

Meronuueckue  pEeKOMEHJAUMW  NpelHa3HAa4eHbl Ui OpraHu3aluu
BBITIOJTHEHUSI IPAKTUYECKUX PabOT 10 y4eOHOHM NUCHUIUIMHE «MaTeMaTukay.

[Iporpammoii  yueOHOW  aucuuIiMHBL — «Maremarukay MOpeayCMOTPEHO
BoimonHeHne 20 mpakThdeckux paboT, HalpaBiCHHBIX Ha (opMHpoOBaHHe
I7IEMEHM 06 C1e0YIOUUX KOMNEM EHYUIL:

OK 1. Bribupats criocoObl penieHus 3a1a4 npohecCUOHaIbHON eI TeIbHOCTH,
NPUMEHUTEIBHO K Pa3IMUHBIM KOHTEKCTaM.

OK 2. OcyuiecTBasTh MOUCK, aHATU3 U UHTEPIPETALNIO HHPOPMALIUH,
HE0OXOAMMOM sl BBIMOJTHEHUS 3a/1a4 Npo(hecCUOHATBHOM NeATeTbHOCTH

OK 3. IlnmanupoBaTh ¥ peaiM30BBIBATH COOCTBEHHOE MPO(EeCcCCHOHATBLHOE U
JUYHOCTHOE PAa3BUTHE.

OK 4. PaboTtaTh B KOJUIEKTUBE U KOMaHJie, d(PPEKTUBHO B3aUMOICHCTBOBATH C
KOJUIETaMH, PYKOBOJCTBOM, KJIMEHTaMU

OK 5. OcymecTtBiasiTh yCTHYHO M NHUCBMEHHYK0 KOMMYHHKAlHIO Ha
rOCy/IapCTBEHHOM S3bIKE C YYE€TOM OCOOEHHOCTEH COLMAIbHOIO M KYJIbTYPHOIO
KOHTEKCTa

[IK 3.1. Onpenensth ONTUMAaJILHBIC METOIbI BOCCTAHOBJICHUS

PaboTOCTIOCOOHOCTH MPOMBIIIIIICHHOTO 000Dy I0BAHHUS

B pe3ynpTaTe u3yueHus: AUCUUIUIMHBI O0yUYaIOUTUICS TOJKEH YMentb:
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— AHanu3upoBaTh CIOXKHBIE (YHKIUU U CTPOUTH UX Ipaduki;

— BrinonHATh AeMCTBUS HAJl KOMIUIEKCHBIMU YHCTIAMHU;

— Brluncnars 3HaYeHUS TeOMETPUIECKUX BETMYNH;

— [lpousBoauTk onepanuu HaJ MATpULAMH U OIPEICIIUTENSIMY;

— PemwaTh 3a1aun Ha BBIYMCIIEHUE BEPOSITHOCTHU C MCIIOJIb30BAHUEM 3JIEMEHTOB

KOMOWHATOPUKH;

— PemaTe npuknagHbie 3a7a4d ¢ UCIIOIb30BAaHUEM JIEMEHTOB

¢ depeHInaTbHOTO U UHTETPAIbHOTO UCUUCIICHUI;

— PemwaTh cucteMbl IMHENHBIX YpaBHEHUH pa3IM4YHbBIMU METOAAMHU
B pe3ynbpTaTe 0OCBOSHMS NUCUUIUIMHBI CTYACHT JOKEH 3HATh!

— OCHOBHbIE MATEMAaTUYECKUE METOAbI PELICHUS PUKJIAJIHbIX 33/1a4;

— OCHOBHBIE TMOHATHS M METOAbl MAaTEMaTHYECKOro aHaiu3a, JMHEHHOU
anreOpbl, TEOPUI0 KOMIUIEKCHBIX YHUCEN, TEOPHUH BEPOSITHOCTEH M MaTeMaTHYeCKOU
CTaTUCTHUKH;

— OCHOBBI HHTETPATILHOTO U AU(PPEPEHLINATBHOTO NCUUCIICHUS;

— Ponp m MecTto MareMaTMku B COBPEMEHHOM MHUpPE TIpU  OCBOCHHUHU

MPO(ECCUOHATIBHBIX TUCIUILIUH U B chepe mpodecCuoHaTbHOU NeITeTbHOCTH.

Onucanue Kaxaou MpakTHYecKor paboThl COAEPKUT HOMEP, HA3BaHUE U 11EJIb
paboThl, (opMHpYyEeMBbIe B TMPOIECCE BBIMOJHEHUS pPa0OThl 3HAHMSA, yYMEHUS U
AJIEMEHTHl KOMIIETCHIIUN, TEOPETUUYECKOE H3JIOKEHHE HEOO0XOIMMOTO MaTrepuasa
(npu  HEOOXOAMMOCTH TPUMEPHI BBINOJIHEHUS 3aJaHUi), BapHaHTbl 3aJaHUM,
OTIMCaHHUE aJTOPUTMa BBIMIOJHEHUS PAa0OTBI W KOHTPOJIBHBIC BOIPOCHI (C IIEIIBIO
BBISIBUTH M YCTPAHUTHh HEOYCTHI B OCBOCHUU MaTepHaia).

st moydeHus: JTOTOJHUTEIBHOM, Oojiee mMmoApoOHONM WHGOPMAIUU TI0
OCHOBHBIM BOTIPOCaM Y4EOHOM JUCITUIUIMHBI B KOHIIE METOIUYCCKUX PEKOMEHIAITUH

MPUBEEH NepeueHb NHOOPMAITMOHHBIX UICTOYHUKOB.



OtyeTsl CTYACHTOB II0 IIPAKTHUYCCKUM pa60TaM JOJIDKHBI BBITIOJIHATBECA B
OTACJIIBHBIX TCTpAIiAX, COACPKATb HOMCP, HA3BAHHUC U LCJIb pa6OTI>I, BBIITOJIHCHHBIC

3aJIaHuA 1 UX PC3YJIbTAThI.



HEPEYEHDB ITPAKTUYECKHUX PABOT

Nen\n HazBanue npaktuueckoit paboThl Yacel

1. | IlocTtpoenue rpaguKoB peaabHbIX PYHKINNA C TOMOIIBIO 2
T€OMETPUYECKHUX ITPeoOpa3oBaHui

2. | Beiuucnenue npenenoB. PackpeiTie HeonpeneaeHHOCTH. 2
Brluncienre 0JHOCTOPOHHHUX IIPEIETIOB

3. | Haxoxnenne npeaenoB GyHKIMN ¢ ITOMOIIBIO 3aMeUYaTeIbHBIX 2
MpeIesioB

4. | Boruncnenue mpou3BOAHBIX 3JIEMEHTAPHBIX QYHKIIUH 2

5. | Boruncnenmne npou3BOIHBIX CIIOKHBIX (QYHKITUH 2

6. | IlpumeHeHue NpOM3BOAHOM K PELICHUIO NIPAKTUYECKUX 3a/1a4 2

7. | [IpuMeHeHre MPOU3BOAHOM K UCCIIETOBAHUIO (PYHKIIUU 2

8. | HaxoxneHue HeonpeneIeHHBIX HHTErPajioB Pa3InuHbIMH U 2
METOJaMH.

9. | BeruncneHue onpeaeeHHbIX HHTETPAJIOB. 2

10. | [IpumeHeHue OnpeIeICHHOTO HHTETpalla B MPaKTHUECKUX 2
3aa4ax

11. | JeiicTBus ¢ MaTpuliaMu 2

12. | Beraucnenwue onpeaenuTeas 3-ro MopsiaKa ¢ UCIOIb30BaHHEM 2
CBOMCTB OIIPEICITUTEIICH

13. | Haxoxxaenue oOpaTHOM MaTPHIIBI 2

14. | Pemienue cucteM N JIMHEWHBIX YPaBHEHUI C N HEU3BECTHBIMU 2
metonoMm Kpamepa

15. | Pemenue cucteM TMHEHHBIX YPABHEHHUI METOJaMU JTMHEHHON 2
anreopbl

16. | Pemenue CJIAY pa3audHbIME METOAAMU 2

17. | KoMIuiekcHEBIE YKciia U IEUCTBUS HaJl HUMA 2

18. | Pemenue npakTHYECKUX 3a]a4 HA ONPe/IeTIEHUE BEPOSITHOCTH 2

COOBITHS




19.

Pemenne 3a1a4 ¢ peaJIbHBIMU JUCKPETHBIMU CIIy4alHbIMU

BCINYMHAMH

20.

Pemenue 3amau Ha MaTeMaTHYECKOC OKNAaHUC, TUCIICPCHUIO

Hroro:

40




INPAKTUYECKAS PABOTA Ne 1

Haspanue npaktudeckout padorsi:llocmpoenue cpagukoe peanvnvix pynxuyuii c
noMouwb1o

2eomempuuecKux npeoopa3zoeanuil

Leab padoThl: HAYUYUTHCSA CTPOUTH TPAPUKU (HYHKITUH C TTOMOIIBIO TE€OMETPUIECKIX
npeoOpa3oBaHUM.
3HAHUSL:

OCHOBHBIE MaTeMAaTHYECKHE METObl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHbBIC
MOHATUSI W METOJAbl MAaTEeMaTHYECKOrO0 aHaiu3a, JUHEHHOW anreOpbl, TEOPHIO
KOMILJIEKCHBIX YHUCEI, TEOPUU BEPOSITHOCTEH U MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
MHTETPAIbHOTO U U] PEpEeHIINAIBHOTO UCYUCIICHUS; POJIb U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE TPH OCBOCHUU TNPO(ECCHOHATBHBIX AWCIMIUIMH U B cdepe
poeCCUOHANILHOM IESITEIbHOCTH.

YMEHHUSsI:

AHanmM3WpOBaTh CJIOXKHBIE (GYHKIMA W CTPOUTh WX TpaduKu, pemaTh
NpUKIAAHBIC 337a4d C HUCIOJIb30BAHUEM dJEMEHTOB U (epeHInanbHoro U
WHTETPATLHOTO UCYUCIICHUH, BBIYUCIISITh 3HAYCHUS TEOMETPUICCKUX BETMUNH

Teopernueckuit MaTepuas:
[Tycts 3anan rpadux ¢pyakiuu Y = f(x). UtoObl mocTpouts rpaduk QyHKIIUU

1. y=mf(x), r_em> 0 um# 1, HY)kHO OpPJAMHATHI TOYCK 3aJlaHHOTO Tpaduka

yMHOXUTh Ha M. Takoe mnpeoOpa3oBaHUE HAZBIBACTCS PACHIANCEHUEM OT

ocu X ¢ koahuuuentom M, eciiu M > 1, u corcamuem x ocu X, eciim 0 <m < 1.

2. y=—f(x) monyuaercss w3  Tpaduka byukuuu f(X) npeoopazosarnuem

cummempuu otnocutesibHo  ocu X.  (IIpeobpazoBanme  cummeTrpuun -

3epKaTbHOE OTPAKCHUE OTHOCUTEIBHO MPSMOIA. )

3. y=f(x) +n, mnomyuaercs wu3 rpaduxa ¢Gyaxiun f(X) napariensroimn

nepeHocoMm TIOCIIETHETO BIOJIb OCH OPAMHAT HA N eIUHUIL BBEpX, eciu N > 0 u,

COOTBETCTBEHHO Ha |N| equHul BHU3, eciu N < 0.
9



4., y=1(kx), rnek> 0 mk# 1. Uckombiii rpapuk (yHKIHH TOJydacTCs H3
3a7aHHOTO CkaTeM ¢ Kodddurmentom Kk ocu 'y (ecmm 0 <k < 1 ykazaHHoe

"cokatue" (aKTUYECKH SBISIETCS pacTshKeHUEM ¢ KoadumuentoMm 1/K)

5. y =f(—X) monyuaercs u3 rpaduka byukiuu f(X) npeoopazosanuem
cumMMempuu OTHOCUTEIILHO OCH Y
6. y=f(x + [|)nmomywsaercs wu3 rpaduka ¢yskuu f(X) napannensnoim
nepenocom nocieanero Ha | equnun BieBo, eciu | > 0 U, COOTBETCTBEHHO Ha
|I| emmawI BripaBo, ec m < 0.
Ilpumep 1:

3angan rpag’pmc dyskuun y = v/x. Heo6x0auM0 1mocTpouTsh rpapuku GpyHKIui y =

2V, y=2 y=vx+2 y=Vi-2y=vItZ y=Vi-2,=—Vi y=
Vv—X
Pewenue:

YroObl mOCTpouTh rpaduku APyrux QYHKIHIA, COACPKAIIX apryMeHT (X) 1Mo/

3HAKOM KBaJpaTHOI'O KOPHS, BOCIIOJIB3YCMCA IICPCUNCIICHHBIMU BBIIIC IIpAaBUJIaMU.

Jano: y = v/x.
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[octponm rpaduk GyHKumm y = 24/x
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[TapannenbHbIN nepeHoc rpaduka OTHOCUTEIBHO OJTHOM U3 OCEH B KaKyO-TH00
CTOPOHY pPaBHOCWJIEH TIEPeHOCY O3TOM OCH OTHOCUTEIBHO Tpaduka B
MIPOTHUBOIIOJIOXKHYIO CTOpOHY. [loaTomy 3-¢ m 6-¢ mpaBmia MOXXHO OOBEAMHUTH
CIEAYIOITUM obpazom: YTOOBI MIOCTPOUTH rpaduk byHKIIMH
y=f(x —m) +n
HY>KHO BBITIOJIHUTH MapajliebHBIN MEPEHOC BCEH MIOCKOCTH KOOPAMHAT TaK, YTOOBI
HAyaJioM HOBOW CHCTeMbl KoopauHaT X'y’ Obiia Touka O'(m;n). OdeBHIHO, YTO
BMECTO TOTO, YTOOBI IBAX/IbI IIEPEPUCOBLIBATH IpaduK, MPOIIIE NEPEUYEPTUTD OCH.
Ecnu HyHO CKOMOMHHPOBATH TOJIBKO MapasliebHbIE MEPEHOCHI, YTOOBI MOCTPOUTD
rpaduk QyHKIMH, TO BCE paBHO B KAKOM MOPSJIKE X BBITIOJIHATH, U BCE PABHO, UTO
MEPEHOCUTH - OCH WJIH KpuBble. Ho ecii Hy»KHO MOCTPOUTH rpaduK CIOKHOK
(GyHKIHMH, UCTIONB3YSI U TIEPEHOC, U PACTSKEHUE-CKATUE, U OTPAKEHHUSI, TO CICTYET
TIIATENFHO COOIIOIATh MOPSIAOK BBHITIOTHEHUS ONEPALIUN.

[TocnenoBarenbHOCTH MPEOOPa30BAHUIN MPU MOCTPOEHUU TPA(UKOB.
[Tycts 3aman rpaduk Gyukiuu Y = f(X) 1 Hy’)KHO TOCTPOUTH TpaduK
¢byakmun Y = m-f(kx + 1) + n, rae k, I, m, n - uncna.
3anuceiBaem Gopmyiny dyukuuu B Buae Y = m-f(k-(x + I/k)), T.e. BeiHOCHM 32 CKOOKH
KO3 PUIMEHT NpHU X B aprymeHTe QyHKLIHUH.
[TpousBoaum cxxatue ¢ kodddummentom K Baoas ocu Ox k ocu Oy. (Ecn K < 1, To
noJiyuuTcs pactsbkenue ot ocu Oy.)
Ecmu k <0, To cummeTpudHO 0oToOpaXkaeM rpaduk OTHOCHTEIIBHO OTHOCUTEIHHO
ocu Oy.
OcymiecTBiisieM MapauiebHbIN IEPEHOC (CABUT) MOJIYyYEHHOTO rpaduka
Ha I/K equHUI] BIIEBO WIIM BIIPaBo (B 3aBUCHMOCTH OT 3HAKa, IS TIOJIOKUTEIIBHOTO
YHClia BJIEBO).
[IpousBoaum pactsxkenue ¢ koddduirentom m ot ocu Ox (Baoas ocu Oy).
(Ecimtu m < 1, To momyuuTtcs cxarue kK ocu OX.)
Ecimum m <0, To cummeTpudHO oTOoOpaskaem rpaduk oTHOCUTENbHO ocu OX.
OcyiecTBiisieM MapasuieNbHbI NEPEHOC (CABUT) MOIYYEHHOTo rpadrka Ha N eJUHULL

BBEPX WJIM BHU3 (B 3aBUCUMOCTHU OT 3HaKa, mpu N >0 BBepX).
14



3aganme: IlocTpouTh B OJHOM cHCTeMe KOOPAUHAT rpapuku (yHKUMH,

BBINIOJIHUB NMPeIBAPUTEIbHO HENOYKY MPeodpa3oBaHMIi:

1. y=2x%+4x

2. y=1+1,5cosx
T

3 v=tg (x —5)

1
V=—--COsXx T 2
’ 2

KonTposabHbIE BONPOCHI:
1) Kakue npeobpa3zoBaHus rpa)uKOB BbI CETOIHS BBITOTHSIIN?
2) B 4ueM 0COOCHHOCTH IapaJlICIbHOTO IepeHOoca BAOJAb OCCH KoopauHaT?
Pactskenus u cxatus?
3) KakuMu 3HaHHSIMH HEOOXOAMMO 00Ja/aTh, YTOOBI BBIOJIHATH MOCTPOCHHUS
rpadukoB?

IMPAKTHYECKASA PABOTA Ne 2

Ha3Banue npakTuyeckou padorwl: Boiuucnenue npeoenos. Packpvimue

HeonpeOeJleunocmu. Bvtuucnenue oduocmoponnux npeOeroe.

Iesnb paGoThI: HAYYUTHCS BEIYUCIIATH MTPEACITHI.
3HAHMSA:

OCHOBHBIC MaTeMAaTHYECKHE METOIbI PEIICHUS TMPHUKIAIHBIX 3a7a4; OCHOBHBIC
MOHATUSI M METOJbl MAaTeMaTHYECKOrO0 aHaiu3a, JUHEHHON anreOpbl, TEOpHIo
KOMILJIEKCHBIX YHUCEI, TCOPUU BEPOSITHOCTEH U MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
WHTETPAJILHOTO U (P PEpeHIMAIBHOTO UCYUCIICHHS; POJIb U MECTO MaTEMaTUKH B
COBPEMEHHOM MHpE TPH OCBOCHUU TNPO(EeCCHOHATBHBIX AWCIHUIUIMH U B cdepe
poeCCUOHATILHOM IESITEIIBHOCTH.

YMEHHUS:

15



AHanu3upoBaTh CJIOXHbIE (QYHKUMM W CTPOUTh HUX Tpaduku, pemaTh
NpUKJIAJHbIE 33/aud C UCIOJIb30BAaHUEM 3JIeMEHTOB JuddepeHnansHoro u
WHTETPATLHOTO UCYUCIICHUH, BBIYUCIISITh 3HAYCHHUS TEOMETPUICCKUX BEITMUNH

Teopernyeckuii MaTepua:
Onpenesienue (HaxoxaeHUe TIpeaea GyHKINN Ha OECKOHEYHOCTH).
Yucno 4 HasweiBaeTcs npeaeniom pyukmuu f(X) mpu X — % ecnm i mo0on
OECKOHEUHO OOJIBIIION MOCIEA0BATEILHOCTH apTYMEHTOB (YHKIINHU (OECKOHEYHO
OOJIBITION TTOIOKUTETHPHON WU OTPHUIIATEIHHOMN ), IOCIICIOBATEIPHOCTD 3HAUCHHMA

9ToM QyHKIuu cxoautcs k 4. Obo3naydaetcs lim f(x) = A.
X— 00

3ameuanue.

[Mpenen ¢pyukuuu f(X) npu X — % GeckoHeueH, eCiu IS JTF000# OECKOHEYHO
0O0JIBIIION TTOCIEA0BATEIFHOCTH apTyMEHTOB QYHKIINHU (O€CKOHEYHO OOBIION
MOJIOKUTEIIBHOM WJIM OTPUIIATEIBHOM ), MOCIEI0BATEIbBHOCTh 3HAYEHUM 3TON

(i)YHKHI/II/I SIBJIICTCS OSCKOHEYHO OOIBIION MOJIOKHUTEIFHOM HITH OECKOHEYHO

o . lim f(x)=
60.TH)HIOI/I OTPpHULOATCIIbHOMU. O603Ha‘{aeTC5I X—m .

OcHoBHBIE HEONPEIACJACHHOCTH NMPEAECT0OB H UHX PACKPBITHE.

. 0
OCHOBHBI¢ BH/JIbI HCEOIPECACJICHHOCTECH: HOJb JCIWUTL HaA HOJIb (6)’

OCCKOHEYHOCTh  JCIUTh Ha 66CKOHC‘IHOCTL(§), HOJIb YMHOXHUTH Ha
oeckoneyHocTh (0 - 00), OECKOHEYHOCTh MHHYC OECKOHEYHOCTH (00 — 00),
eIMHMIA B CTENEHH OeCcKOHeYHocTh 1°, Homp B cremenu Houb 0°,
OECKOHEUHOCTh B CTENEHH HOJIb 00°,
PackpbIiBaTh HeoNpeaeJIeHHOCTH TO3BOJISCT:
yrporieHue Buaa GyHkiuu (mpeodpa3zoBaHue BhIPAKEHUS C UCIIOIb30BAHUEM
(bopMyJT COKPAIICHHOTO0 YMHOXKEHUS, TPUTOHOMETPHYECKHX (HOPMYIIL,
JOMHO>XCHHEM Ha COIPSHKCHHBIC BBIPAKECHHUS C TIOCICAYIOIIUM COKpAIICHUEM 1
T.IL.);

HCIIOJIBb30BAHUEC 3aMCUATCIIbHBIX IIPEACIIOB,

IIPUMCHCHHC IIpaBUJId .HOHI/ITaJ'IH;
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HCIIO0Ib30BaHNE 3aMCHBI OCCKOHEYHO MAaJIOTO BBIPpAXCHHUA CMY

3KBI/IBaJ'ICHTHBIM(I/ICHOJIBSOBaHI/Ie Ta6J'II/IHI>I SKBUBAJICHTHBLIX OCCKOHEYHO MaJ'ILIX).

Crpynnupyem HeolpeeIEHHOCTH B Ta0JIUIly HeomnpeneaeHHocte. Kaxaomy Bumy
HEONPEJEICHHOCTH TOCTaBUM B COOTBETCTBHE METOJA €€ pacKphITus (MEeTon
HaxO0XJICHUS Tpeena).

Tabnuna 1 - Metoabl HaXO0XKIeHHS Tpeielia

Bubr Metoabl HaXOXICHUS Ipeesia
HEONPEAEIIEHHOCT
en
<9) Heobxoaumo npeoOpa3zoBaTh U yIpoCTUTh BhipakeHue. Eciu
0 sin(kx) kx

CCTb BBIPpAKCHNC B A TO IIPUMCHACTCA

kx sin(kx)’

MIEPBBIN 3aMEYaTEIbHBIN TPEAE.

(oo) Heobxoaumo npeoOpa3zoBath U ynpocTUuTh Beipakenue. Eciu He

(0.0]
IIOMOracT, TO UCIIOJIb30BATh ITPAaBHUJIO Jlonurans.

: _ . 0
(0 00),(00 =) | Heopxommmo peoOpa3oBaTh HEONPEAEIEHHOCTD K BULY (5)

00
N (—), 3a TCM IIPUMCHUTD IIPAaBUJIO Jlonurans
00

1%, [IpuMensieM BTOPOM 3aMeydaTeNIbHbINA MPEaes
Ilpumepl:
x*+2x-3

x—=1 ﬁ
BeruncnuTe npeaen Ix"-5x+2

Pewenue.

[MoncrasisieM 3HaueHue:lim .

x?+2x-3 _ 12+21-3 (0)
x—13%¥2-5x+2  312-5-142
[Tpumnm k HeonpeaeneHHoCTH. CMOTPHUM B TaOJIMIly HEONPEAEIEHHOCTEN ISl
BbIOOpaA METO/1a pELIeHUs U TPOOYyeM YIPOCTUTh BblpakeHue. Tak Kak U UUCIUTENb U

3HaMCHAaTCJIb 06pama}0Tc>1 B HOJIb IIpH le, TO €CJIN PA3JIOKHWNTH HaA MHOXHWTCIIN 3THU

BBIPKCHUS, MOXKHO OyJIET COKpPaTUTh (X-1) M HEONPEeIEHHOCTh HCYC3HET.

17
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Paznoxum yucnuresb Ha MHOKUTEIIH:

¥ +2x—3=0
D=2"-4-1-(-3)=16=

_2_

X, = 5 16:—3
B P

‘. = 2+ 15=1;=,

Paznoxum 3HamMeHaTellb Ha MHOKUTEIIH

3x* —5x+2=0

D=(-5f-4-3-2=1=

541 2
NT 3 3
X =5+ﬂﬁ=1:‘=
2.3

2 ‘
3x? —5x+2=3[x—:\],lfx—l]
3T

Hamr npenen npumer BUI:

o (x+3)(x—-1) _ x+3 143
= lim = lim = =4

T e R T T

[Tocne mpeobpazoBaHus HEOMPEACICHHOCTh PACKPBLIACH.

0

lim

x%4+2x—3 _(0)
x->13x2 —5x+2

x? +2x-3
i B
Omeem.:*=13x" —5x+2

PaccMmoTpum nipenienbl Ha OECKOHEYHOCTH OT CTENEHHBIX BbIpaykeHui. Eciu
MOKa3aTeNId CTENIEHHOTO BBIPAXKEHHMSI MOJIOKUTENBHBI, TO IIpeie] Ha OECKOHEUHOCTH
OeckoneueH. [IpyueM OCHOBHOE 3HAaUE€HHUE UMEET HauOOJIbIIIas CTENEHb, OCTaIbHbIE
MOYHO OTOpachIBaTh.
Ilpumep2:.
. X 4+2x —4
Boraucnuts npegen T X T+12

Pewenue.

18



== 3y 412 o

CreneHpb YMCIUTEIIS paBHa CEMU, TO CCTh m=7. CTenicHb 3HAMCHATECJIS TAKKE PpaBHa

cemu N=7. PaSIICJ'II/IM Y YHCJINTENh U 3HAaMEHaTeIb Ha ~* .

. x7+2x5-4
o oxT+2x> =4 T
Jim 3x7 + 12 = M =
x7
2 4 2 4
. It5-% 1+5—-— 1+0-0 1
= lim = = = —
MITSIT TT3iZ T30 03
X [e'e]
: x'_'+2x5—4_1
Omeem*>= 3x +12 3

3aganue: Boruucaurs npegest PyHKUui:

Bapmanr 1.

x341

1. lim

x—>—1 x2-1
x%-2x-3
x—>—3 x2%2-9

4x2

x—0 X
x2-25
x—>—1 X+5

2x+x>2

x—>—1%x%2+5x+6

2
. x“—=25
7. lim
x->-1 x2-8

lim —=2
x->—1Vx+2-2
x3-27

9. lim

x—3 X-3

. 4x3-11x-3
10.lim ————

x—3 3x2-8x-3

19



1+2x+x3
11. lim ———
x—00 10x3+x2-80

12. J161_r>r613 \/_

KoHTpoJibHBbIE BONPOCHI:

1) Yro HazpBaeTcs npeaesioMm GyHKIun?

2) Kakas cBsA3b CyIIECTBYET MEXIy OECKOHEYHO Majol M OECKOHEYHO
007b11101 PyHKIIMEH?

3) Ha3oBuTte BuABI HEONPEIETEHHOCTEM.

IHPAKTHYECKASA PABOTA Ne 3

Ha3Banue npakTuueckoii padorol: Haxoicoenue npedenoe oyuKyuil ¢ noMouibio

3ameuameibHblX npedeﬂoe

Hean paboThl: HAYYUTHCS BBIUUCIATD 3aMeUYaTeIbHbIC MPECIbI.
3HAHMSA:

OcCHOBHBIE MaTeMAaTHYECKHE METObl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHbBIC
MOHATUS M METOJbl MAaTeMaTHYECKOrOo aHaiu3a, JUHEHHOW anreOpbl, TEOpHIO
KOMITJIEKCHBIX YHCEJI, TCOPUU BEPOSITHOCTEH U MaTEMaTHUECKON CTAaTUCTUKN; OCHOBBI
WHTETPAbHOTO U U] PEpeHIINATBHOTO UCYUCIICHUS; POJIb U MECTO MaTEeMaTHUKU B
COBPEMEHHOM MHpE TPH OCBOCHUH TNPO(ECCHOHATBHBIX AWCIMIUIMH U B cdepe
poeCCUOHATILHOM ESITEIIbHOCTH.

YMEHHUSsI:
AHanmM3WpOBaTh CJIOXKHBIE (QYHKIIMA W CTPOUTh WX TpaduKu, pemiaTh
NpUKIAAHBIC 337a4d C HUCIOJIb30BAaHUEM dJEMEHTOB U (PepeHnnansHoT0 U

HHTCTPAJIBbHOTO HC‘IHCHGHHﬁ, BBIYUCIIATh SBHAYCHUA TCOMETPUICCKUX BCIIMINH

Teopernuecknii MaTepua:
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o o . Sinx
HepBbll/l 3aMevaTeJIbHbIN Npeae/ UMCCT BU!: llr% . =1
X—

Ha IMPAKTHUKC Yallc BCTPCUAKOTCs MOI[I/I(l)I/IKaIII/II/I nmepBoro 3samMmev4aTeJIbHOIro

sin(kx)

npenesia B Bujae: lim 1

x—0 kx

rae, K — koadduiueHr.

CJIeI[CTBI/IH MmePBOro 3aMmeuaTeJIbHOIro mpeaejaa:

) x ) 1 1
1. Iim—=limpFz=-=1
x-0sinx x50 1
2. lim = lim -=1
X—0Sinkx  x—0 SInkx
kx
IIpumep 1:
. sinf3x
=0 Dy

Haittn npenen:
Pemntenue:
IloxacraBisieM 3HaueHUE:

i 27)_0)

=0 2y )]

HpHIH.]'II/I K HCOIIPCACICHHOCTHU HOJIb ACIINTh HA HOJIb. CMOTpI/IM B Ta6J'II/I[[y

HEONpENEIEHHOCTEN AJIs ONpeesIeHUsl MeToa petieHns. KomOnHanus cunyca u ero

apryMeHTa MoJICKa3bIBaeT HaM O MPUMEHEHHUH MEPBOTO 3aMeUaTeIbHOT0 Mpeesa, HO
JUTSI 3TOTO CHavaJia Hy’)KHO HEMHOTO TTpeo0pa3oBaTh BeIpakeHHe. JIOMHOKNUM Ha 3X U
YUCIUTEh U 3HAMEHATEeIb IPOOH.

lim

sin(3x) _ (0\ 3xsin(3x)  (sin(3x) 3x _ 3 sin(3x)
x—0 2x B ( ) B 2

0) T 3x-(2x) oo\ 3x  2x) " x%o\2 T 3x
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sin(3x)

e ) |

3x )

b3 -:'[
B Cuily CICACTBUSA U3 IICPBOI'O 3aMCUYATCIIBHOTO ITPCACIIa - , IOOTOMY

OPUXOAUM K Pe3yJIbTaTy:

h.m[a sin(3x )

53:5,1'

3

=E'1=_
2 2

1—=0

o .- ) 1\*
BTopoii 3amMeuaTesibHbIN npeaea uMeet BUA: lim (1 + ;) =e

X— 00

WU B IPYroi 3a1ich lirré 1+x)Y*=e
X—

B ClIy4ac BTOPOIo 3aMCYATCIIbHOTO IIPpCACIa UMCCM ACJI0 C HCOIIPCACICHHOCTBIO

BHJIa €MHHUIA B CTENEHN 0ecKoHeYHOCTH(1%) .

IIpumep 2:

]jm{l— 2 )+
Breraucnuts npenen oo e HD

[ToacraBisieM OECKOHEYHOCTD:

x2+1 002 +1

lim(l—L>T=<1 L) L o1-0)” =1

X—>00 x2+1 00241

[Ipunuiu kK HeONpeAEeTEHHOCTH €IMHUIIA B CTENEHN 0€CKOHEUYHOCTh. CMOTpUM

B TaOJHUIlY HEONPEACICHHOCTEH JJIsI ONIpeIeTICHUS METO/1a PEIICHUS U

OCTaHaBJIMBACMCS Ha IPUMCHCHHUHN BTOPOI'0 3aMCYATCIbHOIO IMpCacia.

X241 x%+1 t
Cnenaem 3aMeny nepeMeHHbIX. [IycTet = — P =

Ecim X =% 10 I ¢

Hcxonublii mpeaes mocjie 3aMeHbl TPUMET BU/I:

-
-}

1 1
) & Vi
]J'.m[l— — \!4 ={1°°}=]J'm[1+l\! =hm [1+FE | =eg?
x—m _‘{_’"+]_J,I f—am I-),I f—m I_),I-)
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Ilpumep 3:

e
Boranciuts npegen X 1
Pewenue:

HOI[CT&BJDIGM OCCKOHEYHOCTB:

Em[g\* —lim 1_{} =[ﬂwm =17}

xswl x+1) 2w 1+l. 1+0)

X

HpI/IH_IJ'H/I K HCOIIPCACICHHOCTH CANHHNIIA B CTCIICHU 66CKOH€‘—IHOCTB, KOoTOpas
YKa3bIBACT HAa IPUMCHCHHUEC BTOPOI'O 3aMCUYATCIIbHOIO IIpCacia. BBII[CJ'II/IM HCIYyHo

YacTh B OCHOBAHMU MOKA3aTEIbHO CTCIICHHOU (1)YHK]_II/II/IZ

x—l_x+l—2_x+1 2 2

x+1_ x+1 _x+1_x+1= x+1

Torna IMpcaci 3allMmcTCA B BUAC!

]jm[x_l\!x =<1°°>=]jm[l—i\].x
x=ml x 41 x=2=l X +1)

Cnenaem 3aMeHy nepeMeHHBIX. [lycTh

x+1
t=—— = 2t=—x-1=x=-2¢-1

Fe

Ecmm X =% 10 I ==

Hcxonnslii mpeaen nocie 3aMeHbl MPUMET BU:
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X X

im (3) =)= Jim (1- =)
e \x+1) ~ ~ o X+ 1

1 "2t-1 132t e
= lim (1+—) - lim<<1+—> -(1+—) >
X—00 t t—o0 t t
-2t
= lim (1 + —)
t—oo t
1\t
- lim (1 + —)
t—>oo t
1\ 131
() (2 e ason e

B npeobOpa3zoBanusx ObUIM KCIIOIB30BAHbBI CBOMCTBA CTENEHU U CBOMCTBA MPEEIOB

3ananue: Boruncanrs npenena GyHKOuia:

L lim (1 +2)

X—00
i 55
¥—=0 Si_ﬂ 1 E

2. 2

. 1

3. lim (1 +>)5
X—00 X
i sin 2x

4. =0 Bx

5. lim (1 + )

X—00 3

. #n2x

lim —
6. Yan3x

KoHTpoJibHBIE BONIPOCHI:
1) ChopmynupyiiTe epBbIi 3aMeYaTeIbHbIHN MPEIe.

2) ChopmynupyiiTe BTOpO 3aMevaTeTbHbIH MPe/et.

IMPAKTUYECKAS PABOTA Ne 4
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HasBanue npakTuyeckoil padorbl: Boluuciaenue npouzeoonsvix 3InemeHmapHvlx

¢dynkuyui

Heap padoThl: HAYyYUTHCS HAXOAUTH MPOU3BOAHBIE (GYHKIUN 10 (dopMmynam
mudepeHITIpOBaHHUS.

3HAHMA:

OcHOBHBIE MaT€MaTHYECKHE METOJbl PEIICHUS] MPUKIAJAHBIX 3a7a4; OCHOBHBIC
MOHSATHS W METOJAbl MaTeMaTHYECKOTO aHalin3a, JIMHEHHOW anreOphl, TEOpHUIo
KOMIUIEKCHBIX YHCEN, TCOPUHU BEPOSTHOCTEH M MATEMAaTUYECKOW CTATUCTUKH; OCHOBBI
MHTETPaIbHOTO U U (HEepeHINAIBHOTO UCUUCIICHUS; POJIb U MECTO MaTEeMaTUKHU B
COBPEMEHHOM MHpPE IPH OCBOCHMM NPO(ECCHOHANBHBIX AUCLUUIUIMH U B cdepe
PO ECCUOHATIBHOM IESITEIbHOCTH.
yMeHHus:

AHanu3upoBaTh CIOXHBIE (QYHKIHUM W CTPOUTh WX TpaduKu, pemarb
NPUKIAIHBIE 33Ja4yd C HCIOJB30BAaHUEM JJIEMEHTOB AU(PPEpEeHINATBHOTO U

HHTCTPAJIBHOI'O HC‘{HCHGHI/Iﬁ, BBIYUCJIATD 3HAYCHUA I'COMCTPUICCKUX BCIIMYNH

Teopernueckuit MaTepuas
ITyTh X — apryment yakunu f(X) m &% - Mamoe 4ucI0, OTJAMIHOE OT HYJIS.
AX (unTaercs «IeabTa MKC») HAa3bIBAIOT MpUHpamenueM aprymenta ¢pynkmun. Ha

PHUCYHKCE I10 OCH a6CHI/ICC IIOKa3aHO M3MCHCHHUEC apryMCHTA OT 3HAYCHHUA X 10

sHavenns ¥ T AX (oTcrofa BUAHA CYTh HA3BaHMS «TIPUPAIIEHHE» ApIyMEHTa).

x X, + Ax
HpI/I Iepexoae OT 3Ha4YCHU apryMeHra ~ ¢ K

fx)  flx, +Ax)

COOTBCTCTBCHHO OT a0

3Ha4YCHUA (bYHKI_[I/II/I HU3MCHAIOTCA

IPY YCIIOBHH MOHOTOHHOCTH (DYHKITUH Ha
OTpe3Ke

[x0; xo +A x] . PazrocThf (xy +A x) — f(x0) =A f(x) Ha3pBaIOT MpHpaIIEHAEM
¢yuxuun f(X), COOTBETCTBYONIEM JaHHOMY ITPHpPAIICHUIO aprymenTa. Ha pucyHke

npupaileHue QyHKIMY MOKa3aHo MO OCU OpAUHAT.
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Omnpenenenue npou3BoAHON GyHKIMH B TOUKE.

Mycts dyrxums f(X) onpenenena na npomesytke (a; b), %o i Yo+ 4

- TOYKH 3TOTO
npomexyTka. Iponssoanoii pynxuun f(X) B Touke *¢ HaspBaercs npenen

OTHOIICHNUS IPHPAIICHAs BYHKIMK K IPUPAIIeHNIo aprymenTa mpu 4% —> 0.

O6o3Hauaercaf’/ (x,) = Jim Ai(;)
X—

IpaBsuaa nudpdepennupoBanus. [IponsBoanbie dTeMEeHTAPHBIX PYHKIUM

1.(c) =0

11.(a*) =a* Ina

2. (x) =1

12.(sinx)" = cosx

3. (U+v) =u’ +v/

13.(cosx) =—sinx

4.(w) =u'v+v'u

14.(tgx)’ =

COS® X

15. (ctgx)’ =

sin? x

16. (arcsinx)’ =
1-x?

-1
1-x?

17.(arccosx) =

26




8.(Inx) = 18. (arctgx) =

2

X |~

1+X

2

1
(logx)' ==1 19. (arctgx)’ =
9. (logx) ~loge (arctgx) T

10.(e*) =e*

HaiiTu npou3BoagHbIe CaeAYIINX QYHKIUM:
IIpumep 1

y=x2-4x+3.

Pemenue:

y /= (x%4x+3) /= (x?) - (4x) + 3.

IIpumep 2
5 1 1
—Jx =+
y Jx  x? 3x°
Pemenue:

BBOIIH IIpO6HI>Ie U OTPHULATCIIbHBIC ITIOKA3aTCIIN, Hp606p213y€M JaHHYIO (bYHKHI/H-Ol

1 -1
y=x2+5x°® —x? +=x7° .
3
[Tpumenss Gpopmyisl (6 u 7), mOIydnMm:

1 1 — 1 4
y’ =1X71 +5 1 x — (-2 +ﬂx*3*l =1X 2 —Ex P 42x 7 —x!
3 3 2 3

2
o1 5 2 1
Yok Tw T
IIpumep 3
:f '(x)= l;/—f/; . Beranenmts §/(1).
Pemenue:

[To popmynam (5 u 7) nosyuum:

BT M C S U N
§'<x):(&)'(1+&)—(1+&)’-&:z&(“ﬂ os _2ita 2
o] TR e
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TR S
A 2xi+ Vx|

P S
) 211 ++1)  2:2°

IIpumep 4

X

1
5

Penienue:

PackpeiBaeM CKOOKH U TIPOU3BOANM JIEJICHUE:

LVx) _1+2Vxex 1 2
X

—+—+1.
X X \/;

I/ICHOJIIBYGM I[pO6HI>Ie N OTPpULATCIIBHBIC ITOKA3aTCIIN, IIPUBOASA JAHHOC BBIPAKCHHC

K Buay (7) Tabmuip 2.1:

1
y=x'+2x 2 +1 .

Haxo1uM Ipou3BoaHyo y '

1) 3 1 1
= x?+2 S x2=-"—
’ (2] N

IIpumep S

Haiiti npon3BoaHy0 2-ro nopsiaka oT QyHKIUHN y =x -sin X -
Pewenue:

Ucnions3ys dopmynst 4,2 u 12 tabnuip 2.1, momydum:

y' =(x) sinx +x(sinx) =sinx+XcosXx .

JudpepeHnmpys Npou3BOAHYIO Y |, nMeeM:

y" =(sinx)" +(x) cosx + x(cosx) =cosX + COSX —XSinx =
=2C0SX —XSinX.

IIpumep 6

I[BI/I)KCHI/IC JICTUMKA IIPU KATAITYJIbTUPOBAHUU U3 PCAKTUBHOI'O CaMOJICTA
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MOHO TpuGmsuTensHo omucats popmynoi S=3,7t° +Int—19t (m). Onpenenuts

CKOPOCTb M YCKOPEHHE JIETYMKA YEPE3 2 € MOCIIC KaTamyJIbTUPOBAHUS.
Pentenue:

[To popmynam 3, 6,7 u 8 Tabnuer 2.1:

y=3s ,V=(37%+Int-19t)" ,
dt’

Torma v=3,7+3t? +% -19=259m/c; a= 3—\; a=111t* + % -19;

c2

1(m 1
a=222t- t—Z(—); a.,=222:2-7= 44,151%2
3ananue: Haiiaure npousBoAHY0 (YyHKUMH NPH JAHHOM 3HAYCHUM
apryMeHTa
Bapuanr 1
1. f(x) =x3—-3x2+4x-5; f'(2)

2. f(X)=(x—1)\/x+1;f'(3)

3. f(2) =2

4. f(t) = t2 +e*; f(0)

5. f(x) == f'(V3)

6. f(x)=2x3—4x2—-5x+3; f'(2)
7. fO)=(x—-DVx+1; f'B3)

8. f(2) === f'(2)

9. f(t) =3t —e3 +1; f'(2)

x+1

10.f(x) =1——; f'(V3)

5 4 '
11f(X)—4X +10——+ﬁ—;, f (1)

Vx
12.f(x) = (x + DVvx2 —1; f'(2)
13.£(2) = 225 ' (V3)

KOHTpOJIbHLIe BOIIPOCHI:

1) 3anumure onpeaeneHre MPOU3BOAHON
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2) Yem oTiHMYaeTCs MPOU3BOJHAS CJIOXKHOM (QPYHKIMU OT MPOU3BOJIHOMN

arieMeHTapHON QyHKIMH?

INPAKTUYECKAS PABOTA Ne 5

Ha3zBanme mnpakTuyeckoii padoTbl: Bbviuucienue npou3zeooOHbIX  CIOHCHBIX
Gdynkuyui

Hean padoThLI: HAYYUTHCS HAXOAWTH IPOU3BOAHBIC CIIOKHBIX (YHKIUH  TI0
dhopmynam auddepeHIpOoBaHUS.

3HAHMUA!

OCHOBHBIE MAaTEMaTUYECKUE METOMbl PEUICHUS MPUKIATHBIX 3aJa4; OCHOBHbIC
MOHSATUS M METOJbl MAaTeMAaTHMYeCKOro aHaliu3a, JIMHEWHOW anreOphl, TEOPHIOo
KOMIUJIEKCHBIX YUCEJI, TECOPUU BEPOSITHOCTEN U MATEMATUYECKON CTATUCTUKH; OCHOBBI
HMHTETPAILHOTO U U] PEepeHIINAIBHOTO UCYUCICHUS; POJb U MECTO MaT€MAaTUKH B
COBPEMEHHOM MHpE IpPH OCBOEHUHM NPO(ECCHOHAIBHBIX AWCIUIUIMH U B cdepe
PO ECCUOHATIBHOM IESITEIbHOCTH.

YMEHHUSA:
Pematp MIPUKJIaHbBIC 3a/1a4u c HCIIOJIb30BaHUEM AJIEMEHTOB

muddepeHnnanTsHOT0 M HHTETPATbHOTO UCUNCTICHUN

Teopernueckunii MaTepuaJl

Ecri y = §(u), e u = @(x), T.€. €CIM y 3aBUCHT OT X Y€PE3 POMEKYTOUHBIN

apryMeHT U, TO Y Ha3bIBA€TCS CIOXKHOU (DYHKIIMEH OT X.

[TpousBoaHas cinoxHOW (YHKIIUM paBHA MPOU3BEACHHUIO €€ MPOU3BOAHON IO
MPOMEXKYTOUYHOMY apryMEHTYy Ha MPOW3BOJHYIO 3TOT0 apryMEHTa IO HE3aBHUCUMOU
nepemennoi:y’ =§ ' (u)-u’(x).

IIpou3BoaHbIE CHAOKHBIX PYHKIUH
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1. (u”) S T T 11. (a_rcsi_nu)' __w
A1
2. (a“):a“ In a-u . '’
12. (arccoswz) = —
3. (e“) =e -u’ 1—wu”
4. (1 r_ o u’
(log , u) s 13. (arctg ) T2
0 u' v v
5. (Inz) = 14. (arcctg ) = — © =
’ 1+ wu~
6. (sinu) — cosze-ue
7. (cosu) = —sinw-u’
8. (Ve ) = %
(Vee) = %
S (tg u)r = :u2
cos” u
10. (ctg u)' = — _”,)
s T

. HaiiTu npousBoaHbIe cjieayommux QpyHKIuii:

IIpumep 1.

y =(L+5x)".

Pewenue:

[Momaras 1+5x = U m y = U3, mpumenss mpasmwio audQdepeHIupOBanus CIOKHOM
(GyHKLIHH, UMEEM:

y =3u?(L+5x) =3(L+5x)° -5=15(+5x) .
IIpumep 2

y =sin3x.

Pemenue:

[Tonaras 3x= U, HaifieM, UCTIOJIb3Ysl COOTBETCTBYIOIIHE (hOPMYJIBIL:
y' =(sinx®) =(sinu) =cosu-u’ =cos3x* -3

y' =3c0s3x. '
IIpumep 3

y =sinx’,

Pewrenue:

[Monaras x3= u, HaineM:

y' =(sinx*) =(sinu)’ =cosx-u’ =3x’ cosx".
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3aganme: Haiigure npousBoAHYH (YHKIUIA NPH JTAHHOM 3HAYEHUH
apryMmeHTa

1. f(x) = 3Ve®+3; £(0)

2. () =1-2=; f'(2)
f(x) =sin?x; f'(m/4)
F(x) =Incosx; F'(—m/3)
f(t) =sint — cos?t; f'(0)
f(x) = e*™%; f'(0)
f(x) =cos?x; f'(—m/4)
f(z) =Insinz; f'(r/6)
F(x) = cosx + sin?x; F'(0)
10.f(x) =Inctgx; f'(—m/4)
11.f(y) = e®5%; f'(m/4)
12.f(z) = Insin? 4z; f'(m/16)
13.f(x) = cos? x?; f'(m/4)
14.f(x) = 2sin®*xcosx; f'(m/2)
15.¢(x) = eSin2% — 3C082%, £7(())
16.F(y) = tg?3y; F'(0)

© o N o 0 &

KonTpobHbIE BONIPOCHI:
1) 3anumure onpeaeneHue NpoU3BOIHON
2) Uem omimMyaetrcss MNpPOU3BOAHAS CJOXKHOM (PYHKIHUM OT MPOU3BOIHOM

aneMeHTapHOU (QyHKLIMH?

IHPAKTHYECKASA PABOTA Ne 6

Ha3Banue npakTuuyeckoii padotrwi: Ilpumenenue npou3eo0Hoil K peuieHuro
NPaKmu4ecKux 3a0au
Lean padoThl: HAYYUTHCS TPUMEHSITH IPOU3BOIHBIE QYHKIIUNA K PEIICHUIO 33/1a4

3HaAHUAL.
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OCHOBHbIE MAaT€MaTU4YECKHE METOJIbl PELICHUs NMPUKIAJHBIX 337ad; OCHOBHBIE
HNOHATHS M METOJbl MAaTEeMaTHYECKOrOo aHaln3a, JIMHEHHOW anredpbl, TEOPHUIO
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEN M MATEMATUYECKOM CTATUCTUKH; OCHOBBI
UHTETPAIBHOTO U AUPPEpEeHINaTbHOIO UCUUCIEHUS; POJIb U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpE MpPH OCBOCHHHM MNPO(ECCHOHANBHBIX IUCHUUIUIMH U B cdepe
npodheccHnoHaNbHOMN e TEeTbHOCTH.
yMeHHus:

AHanu3upoBaTh CIOXHBIE (QYHKIMH W CTPOUTh HX TrpauKd, pemarb
OpUKJIaJHBIE 3aJadyd C MCIOJIb30BAaHUEM DJIEMEHTOB AU PepeHIraNIbHOTO U
MHTETPAJIbHOTO UCUNCIICHUM, BBIUNUCIATh 3HAUEHUSI TEOMETPUUYECKUX BEJIMYUH

Teopernueckuii MaTepuas:

[Tpou3BOgHYIO NMPUMEHSIOT HE TOJBKO B MaTeMaTHKE, HO U B JKOHOMHKE,
¢dusuke.

[IpousBoaHas pyHKIMHN UCHIOJIB3YETCS BCIONY, I/I€ €CTh HEPABHOMEPHOE MPOTEKAHUE
IIpolecca: 3TO U HEPAaBHOMEPHOE MEXaHUYECKOE JBHKEHUE, U NIEPEMEHHBIN TOK, U

XUMHUUYCCKUC PCAKIIMHU U paI[I/IoaKTHBHBIﬁ pacinaa BEmeCTBa M T.A., TaK Kak

MEXaHMIECKHiT CMBICT TPOM3BOIHOR - 5T0 MIHOBEHHas ckopocTs Vaer = 5 ).

[Ipu pemieHHH pa3aUYHBIX 3a/ady T€OMETPUM, MEXAHWKH, (PU3UKU U JIPYTUX
oTpaciiel 3HaHUS BO3HUKIA HEOOXOAMMOCTh C IOMOIIBIO OJHOTO M TOTO K€
aHAJIUTUYECKOTO Mpolecca U3 AaHHOW pyHKIMM y=f(X) moiayyaTs HOBYIO (PYyHKIHIO,
KOTOPYIO HA3bIBAIOT MPOU3BOJIHON (GyHKIMEH (MM MPOCTO MPOU3BOJHON) JaHHOU

: , d
y'= 1) w2
¢bynkuun f(x) 1 06003HaYAIOT CUMBOJIOM dx

IIpumep 1

B kakoil MOMEHT BpEMEHHU CKOPOCTh TeJla, [JBHXKYIIETroCsi IO 3aKOHY
S =3t* —15t + 2, paBHa 0?7 Halitu yckopeHue tena.

Pewenue:
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N
CKOpOCTI) TCIa V - 3TO IIEpBas IPOM3BOAHAA OT ICPECMCIICHUA S 110 BPECMCHH:

\7:(?1_’[8; 3aKOHY V=(3’[2 —15t+2)/ =16t —15.

Ecmm v=0, To 0=16t-15 => t = % =2,5(C)

N
YckopeHne g — 3To mepBas MPOU3BOJAHASA OT CKOPOCTH \/ MO BPEMEHH: a=— ;

dt
a=(6t-15) =6(w/. |

IIpumep 2

Touka coBepiiaer kojedaTeabHble IBUKEHUS 110 OCH abCLMCC MO 3aKOHY X =COS®t .
Haiitn MOMEHT BpeMeHH, KOTJIa CKOPOCTh paBHa HyI0. UeMy B 3TO Bpems paBHO X?

Pewenue:
dx )
V:E:—cosmcot © O=msinmt;

KT OKT
kn=t=>t—: X=cos——==1
) ®

IIpumep 3

3ajada 0 CKOPOCTHU TE€YEHUS BOJIbI B TpyOe. [1]

[To TpyGe, ceuenne KOTOpoi KPYyT C paliycoM 1, Te4eT Boja. M3BecTHO, 4TO
CKOPOCTb T€UEHUS MIPOIMOPIIMOHANIbHA TaK Ha3bIBAEMOMY THIPABINYECKOMY PATINYCy
npoduiis ceyeHus (3anoIHEHHOTO BOJION).

[MunpaBnuyeckuM ke pagnycom npoduis Ha3bIBA€TCS OTHOIICHUE TIIOMIATU
npodus K IJIMHE CMOYEHHOTO (TIOJIBOJTHOTO) MepUMeTpa NpouIIs.

[Tpu kakoM 3amoJIHEHUU TPYObI BOAOW CKOPOCTh Te€UEHUS (TIPU HEU3MEHHBIX

APYTUX YCIOBUSIX) OyaeT HauOobIIen?




Pewenue

121 5. R:E(]_—Sinu) 121 5. R:E(]_—Sinu)
a; T e resinak =7 o« e roesresinak =2 — )

Bocrnonp3yemcst 0003HAYCHUSAMU: - IICHTPATBHBIN yTOJI CETMEHTA 3aIIOJTHEHHS TPYOBI
BOoJIoM (B pamuanax) (puc 24). F-miomanes 3Toro cerMeHta u R- ruapaBinueckuii
paauyc. Torma miomans cekropa OACB paBHa , a miomanbs TpeyrojbHuka AOB
paBHa , unu . CMOYEHHBIN IEPUMETP PaBEH , a 3HAYUT, . DTa popmyra OyaeT BepHa U
B TOM cjIy4ae, eciu Oynaet Oosblie . Booobie, MoxkeT u3MeHaThest oT 0 110 .

1 2 R o 1 2 R o

S 2rsin—rcos —pepqr; 2rsin-reos —roon

Haﬁz[eM R' u cocraBum YPaBHCHHUC [JI1 HaXOXACHHUA KPHTHUYCCKHUX 3HAYCHUH

[Tomygyaem

r sina—acosa 0 .

2 o2 = VYa # 0 sina — acosa = 0 tgo = oo ~ 4,5 unu a ~ 258°
r sina—acosa 0 .

5 o2 = VY # 0 sina— acosa = 0 tgot = ot &~ 4,5 unu a ~ 258°

[lomyyeHHOE ypaBHEHHE MOXET ObITh PEIICHO rpaduuecku. ENMHCTBEHHBIN KOPEHb

€ro .
raz (8%~ g & 4,5q ~ 258,z (18X~ Mg » 4,5¢ ~ 258°

Hetpyano coobpasute, 4To npou3BoaHas oT R ,paBHasnpu nepexoie yepes , MEHsIET

3HAK C + Ha - .3HAYUT, IIPU CKOPOCTh TEUCHUS OYJeT HAMOOIBIIICH.

3ananue: Pemure 3a1a4u ¢ NOMOLIBIO IPOU3BOAHOM

1. BpamieHue Tena BOKPYI OCH OCYIIECTBISETCS MO 3akoHy ¢(t) = 3t> — 4t + 2.
Haiitu yrnoByto ckopocTh TOUkHM IpH t = 4¢ (@ u3MepsieTcs B paJinaHax).

2. HeoO6Xxoammo MOCTpOUTh OTKPBITHIN €100 MPSIMOYTOJIBHOTO CEYEHHUs ISl CTOKa
BOJBL. [[TMHA mepuMeTpa MomepeyHoro ceueHus xeynoda JoJKHA PABHITHCS 6 M.
Kakoii  BBICOTBI JOJDKHBI OBITb CTEHKH JKeJIo0a, YTOOBI  MOIYYHJIICS
MaKCUMAJIbHBIN CITUB?

3. 3aroToBiaeHHON MUIMTKON HYKHO obuiieBaTh 6000 KB. M OOKOBBIX CTEHOK U JTHA
xKejaoba MpsIMOYroJIbHOTO TonepedHoro cedenus anuHod 1000 M. KakoBbl
JOJKHBI OBITH Pa3Mephbl CEUeHHUsI, 4YTOOBI MTPOITYCKHAsI CIOCOOHOCTH JKet00a ObLta
HauOOoJIbIICH?
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KoHTpoJibHBbIE BONIPOCHI:
1) ChopmynupyiiTe MEXaHHUECKHUHA CMBICIT IIPOU3BOIHOM.
2) ChopmyaupyiiTe reOMeTPUIESCKHIA CMBICIT TIPOU3BOTHOM.

3) I'me npUMEHSIOTCS BBIYMCICHUS C IIOMOILBIO TPOU3BOIHOM

HNPAKTHYECKASA PABOTA Ne7
Ha3Banmne npaktudeckou padorwli: Ilpumenenue npou3e00HoIl K UCc1e0068aHUI0
¢ynuxyuu
eab padorbl: HayuyuThCsi HAXOIUTH C TOMOIIBIO TIEPBOM TPOU3BOAHOM
TOYKHU IKCTPEMYMa U MHTEPBAJIbI BO3PACTAHUS U YObIBaHUS (DYHKIIUU; C
MOMOILBIO BTOPOU MPOU3BOIHON TOUYKH MEepEeruda U MHTEPBAJIbl BHITYKIOCTH U
BOTHYTOCTH (DYHKIIUU; C TIOMOIIIBIO MPE/IETIOB BBIYUCISATH aCUMIITOTHI Ipaduka
(GyHKUIHMH; CTPOUTH Tpad UK MO MOJTHOMY HCCIIETOBAHUIO PYHKIIUU
3HAHUSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMbl PEUICHUS MPUKIATHBIX 3aJa4; OCHOBHBIC
MOHATUSI W METOJAbl MAaTeMaTHYECKOrOo aHaiu3a, JIUHEHHON anreOpbl, TEOPHI0
KOMIUIEKCHBIX YHMCEN, TEOPUU BEPOSATHOCTEW U MATEMAaTUUECKON CTATUCTUKHU; OCHOBBI
MHTETPATBHOTO U U] PEpeHIINaAIBHOTO0 UCYUCIEHUS; POJb U MECTO MAaT€MAaTHUKH B
COBPEMEHHOM MHpE NIpPH OCBOEHUHM NPO(EeCCHOHATIBHBIX AWCHUIUIMH U B cdepe
poeCCUOHATILHOM IESITEIIbHOCTH.
yMeHMUSs:

AHanmu3upoBaTh CJIOXHbIE (QYHKIMA W CTPOUTh HUX Tpaduku, pemaTth
NpUKIAAHBIC 337a4d C HUCIOJIb30BAaHUEM dJEMEHTOB U (epeHInansHoro U

HHTCTPAJIBbHOTO HC‘IHCJ’ICHHIZ, BBIYHCJIATb SHAYCHUSA TCOMETPUICCKUX BCIIMINH

Teopernuecknii MmaTepuaJ:
IMoaHoe ucciaenoBanve GPyHKIUU U MOCTPOeHUE rpaduka.

Crour 3aJa4da: IIPOBCCTHU ITIOJTHOC UCCIICAOBAHUC CI)YHKLII/II/I H IIOCTPOUTH €€

flx)= "_
rpaduk -1
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AJ'II‘OpI/ITM HCCICO0OBAHU (1)YHKHI/II/I COCTOHUT U3 CIICAYIOIIUX HIaroB.

1. HaxoxaeHnue o6j1acTu onpeaenaeHusi GyHKIUM.
DTO O4YEeHb BaXKHBIU IIAT UCCIEA0BaHUS (PYHKIIUH, TaK KaK BCE JlalbHEUIIINE
JeHCTBUS OyIyT IPOBOIUTHLCS HA 00JACTH ONPECIICHHMS.
B Haiem npumepe Hy>KHO HalTHU HYJIM 3HAMEHATENs] U UCKITIOYUTh UX U3 00JIacTH

HCﬁCTBHTCHBHBIX YUCCII.

(B apyrux mpumepax MOryT ObITh KOPHH, JIoTapudmbl U T.11. HarmoMHuM, 410 B

ATUX cTydasx 00JaCTh ONMPEEICHHS UILETCA CAEAYIOIHNM 00pa3oMm:

4-||',._-.-i ‘{I]
I KOPHA YCTHOU CTCIICHU, HAIIPHUMCD, =/ - o0nacTh OIIPCACIICHUA HAXOAUTCA

glx)=0.
U3 HepaBeHCTBa <"/~ 7 ;

log , g(x)

115 jorapudma - 001aCTh OMPEICIICHUSI HAXOAUTCS U3

HEPaBCHCTBA glx)>0 ).

2. UccnenoBanue pyHKUMN HA YeTHOCTH /I HEYETHOCTD.

. vi—x)=vx)
DyHKIMS ABISCTCS YeTHOM, eciit © + ' </  YeTHOCTh (QYHKIIMHU YKa3bIBACT

HA CUMMETPHIO Tpadyika OTHOCUTEIHLHO OCH OpJIMHAT.

. W—x)=—vlx)
OyHKIUSA ABIIACTCS HEUeTHOM, ectn ©*  * * ', HedeTHOCTh DyHKIIMH

yKa3bIBaeT Ha CUMMETPHIO rpadrika OTHOCUTEIHLHO Hayaia KOOpIUHAT.
Ecnu sxe Hu 0JIHO U3 paBEHCTB HE BBITIOJIHIETCS, TO TIepea HaMu (YHKITUS 00IIIeTro

BHAA.
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y(=x)= ylx)

B HameM nmpumepe BBIIOTHIETCS PABEHCTBO ~/, caenoBaTeNbHO, HAllla
byHKuus yetTHast. byjieM yuyuThIBaTh 3TO MPU NOCTPOSHUH rpaduka - oH OyJeT

CUMMETPHUYCH OTHOCUTECIIBHO OCH OY.

Haxo:x1eHue mnpoMe:KyTKOB BO3pacTaHusi M YObIBaHUA (PYHKUIMHU, TOYEK
IKCTPpEeMyMa.

HpOMC)KYTKI/I BO3paCTaHuA U Y6BIB8,HI/ISI ABJIAOTCA pCIICHUAMU

HEPABEHCTB fx)z0 nf x)<0 COOTBETCTBEHHO.

Touku, B KOTOPBIX IPOU3BOIHAS 0OpAILlaeTCs B HOJb,

Ha3bIBAIOT CTALMOHAPHBIMHU.

Kpurnyeckumu ToukamMu (GyHKIMHU HA3BIBAIOT BHYTPEHHUE TOYKU 001aCTH
OIpEJENICHMS], B KOTOPBIX MTPOU3BOAHAS (PYHKIMU PaBHA HYJIIO U HE
CYLIECTBYET.

3AMEYAHMUE (Bkit04aTh JIM KPUTUYECKUE TOUKU B IPOMEKYTKH BO3PACTAHUA U

yObIBaHHU:).

1. HOJIaI‘aIOT, 4TO IIPOMCIKYTKH BO3PpaACTAHUA U Y6BIBaHI/IH ABJIAKOTCA pCIICHUAMU

Flx)=0  flx)=0
HEpPABEHCTB 7 " u” 7 7 BaTOM Ciiyyae KpUTUYECKAE TOYKH HE
BKJIFOYAIOTCS B IIPOMEKYTKH.
2. TlomararoT, 4TO TOYKH, B KOTOPBIX (PYHKIIHS OMpeieiieHa, a KOHEUHOM

IIPOM3BOJHON HE UMEET, HY’)KHO BKJIFOUATh B IPOMEXKYTKH BO3pACTaHUS U

V=5ix
yObIBaHMs (HarpuMmep, PyHKIUS - B TOUKe x=() omnpeneieHa, a
1 !
y'=—7. y0)=2=x
oo
MIPOU3BOJIHAS B ATOM TOUKE OECKOHEUHA 3-x , x=0 cnenyer

BKJIFOUYHTH B TIPOMEKYTOK BO3paCTaHUs (DYyHKITUH).
Mpg1 OyeM BKITFOYATh KPUTHIECKHAE TOYKH B IPOMEKYTKH BO3PACTAHUS U
yOBIBaHMS, €CITM OHH MPUHAJJICKAT 00JIaCTH ompeeseHus: QyHKIIUU.
Takum 00pa3om, 4TOOBI ONPeeTUTh MPOMEKYTKH BO3PACTAHNS U YOBIBAHUS

Gynxkumn
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® BO-IIEPBBIX, HAXOIUM IPOU3BOIHYIO;
® BO-BTOPBIX, HAXOJUM KPUTUYECKHUE TOUYKH;
® B-TPEThUX, pa30HBaeM 00JIACTh ONpPEAETECHUS KPUTUYECCKUMHU TOUYKaMHU Ha

WHTEPBAJIbL;

¢ B-UYCTBCPTHIX, OIIPCACIIAACM 3HAK HpOH3BOI[HOﬁ Ha KaKI0M U3 IIPOMCIKYTKOB.
3HaK «ILIIOCH 6yzxeT COOTBCTCTBOBATDH IIPOMCIKYTKY BO3paCTaHHA, 3HAK

«MHHYC» - IPOMEXKYTKY yOBIBaHHUS.

HaXOI[I/IM IMPOU3BOJHYIO Ha obnactu OIIPCACIICHUA

_ |:'{'| I::zlx: —1_']— :{:l:::Ir: —1_.] . —2x

|:::Ix: - lr |::4.T = ”

flix)

Haxoaum kpuTH4eCcKUe TOUKH, I 3TOTO:

3. Haxonum ctarmoHapHbIe TOUKH (OHM K€ HYJIM YUCIUTENS): B HAIlIEeM MPUMEpe
x=0.

I
I+
b | =

4. Haxoaum HyJu 3HaMEHATEJIS: -
HanocuM 3T TOYKM Ha YHMCIIOBYIO OCh U OIIPEIEIsAEM 3HAK IIPOU3BOJHON BHYTPH
KQ)KJIOTO TIOJIyYEHHOT0 MPOMexXyTKa. Kak BapuaHT, MOKHO B3SITh JIFOOYIO TOUKY M3
IIPOMEXKYTKA U BBIYMCIIUTH 3HAYEHNE NMPOU3BOIHON B 3TOU Touke. Ecnu 3HaueHue
IIOJIOYKUATENIBHOE, TO CTABUM IUTFOCHUK HAJ 3TUM IIPOMEKYTKOM U IIEPEXOIUM K
CJIIEIYIOLIEMY, €CIIM OTPULIATEIILHOE, TO CTABUM MUHYC U T.1. K

=200 2.
[ T i
IIpuMepy, A , CIIEIOBATENILHO, HAJT IIEPBLIM CIIEBa

HHTCPBAJIOM CTaABUM ILIIOC.

L
4

@

)
/
/

1. JlemaeMm BBIBOI:
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e 2
o (yHKIUS BO3pacTaeT Ha MPOMEKYTKE 2) una OPOMEXYTKE - = -;

4

.2)' _'I'.-+D: ]

o (yHKIHS yObIBaCT HA MPOMEKYTKE Y Ha IPOMEKYTKE [2 /.

CxeMaTHYHO IITFOCaMH / MUHYCaMU OTMEUYCHBI TPOMEKYTKH TIe IPOU3BOIHAS

MOJIOKUTENbHA / OTpuIaTenbHa. Bo3pacraromue / yObIBaloOIne CTPEIOYKU

TIOKa3bIBAIOT HANPABICHUE BO3pacTaHus / yObIBAHUSI.

Touxamu sxcmpemyma @yHKyuu SBISIOTCS TOYKH, B KOTOPBIX (DYHKIIUS

OIpezesieHa 1 MPOXOIs Yepe3 KOTOphIe MPON3BOIHAS MEHSET 3HAK.

B Hamem npumepe TOUKO# dKCTpeMyMa siBiisieTcs Touka x=0 . 3HaueHune QyHKINU
f0)=——=0

B OTOI TOUKE PABHO 40°-1  Tak xak npoussonnas MeHsieT 3HaK ¢

IUTIOCA Ha MUHYC TIpU TIpoXoskaeHnn yepe3 Touky x=0 , To (0; 0) sBnsieTcst Toukoit

JOKaJIbHOTO MakcuMyMma. (Eciu Obl mpon3BoiHas MEHsIa 3HaK ¢ MUHYCa Ha ILIIOC,

TO MBI UMEJIHU OBl TOYKY JIOKAJIbHOI'O MI/IHI/IMYMa)

4. Haxo:kaeHue MpPoOMeKYTKOB BbINYKJIOCTH U BOTHYTOCTH QYyHKIMU U TOYEK
neperuda.

[IpoMexyTKH BOTHYTOCTH U BBIMYKJIOCTH (DYHKIIMHM HAXOASTCS NPU PELICHUSIMU

HEPABEHCTB f"x)= 0 51 f H[Ijg 0 COOTBETCTBEHHO.

MHoraa BOrHYTOCTh HAa3bIBAIOT BBITYKJIOCTBIO BHU3, & BBIMTYKJIOCTh —
BBIITYKJIOCTBIO BBEPX.

31ech TakXkKe CrpaBeAJIMBbI 3aMeUaHus, 0JOOHbIE 3aMeUaHusIM U3 TyHKTa Mpo
MPOMEKYTKU BO3pAaCTaHUs U yObIBAHHUS.

Taxum oOpa3om, 4TOOBI ONpeaeUTh NPOMEKYTKH BOTHYTOCTH U BHINYKJIOCTH
GyHkumuM :

® BO-IIEPBbIX, HAXOAUM BTOPYIO IPOU3BOIHYIO;

® BO-BTOPLIX, HAXOJAUM HYJH YUCIIUTCIIA U SHAMCHATCIIA BTOpOﬁ HpOHBBOlIHOﬁ;
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® B-TPEThUX, pa30HBacM 00JIaCTh ONpeAeIeHUs MOTYyYeHHBIMU TOUYKaMU Ha

HHTCPBAJIBI,

® B-UETBEPTHIX, ONPEAECIIAEM 3HAK BTOPOU IIPOU3BOJHOMN HA KAXKJIOM U3
POMEXKYTKOB. 3HAK «IUTIOC» OYJIET COOTBETCTBOBATH MTPOMEKYTKY
BOIHYTOCTH, 3HAK «MUHYC» - IIPOMEXYTKY BBIITYKIIOCTH.

HaxonuM BTOPYIO MPOU3BOIHYIO HA 00JIACTH ONPEEIICHHS.

.|'
—2x

flx)= ‘

|
o)

el 1 caeflaroaf) 20
o) o 1]

I[anee NIICM HYJIW YUCIIUTCIIA 1 3HaAMCHATCIIA.

r=x%
B namem IMpuMepe Hyneﬁ YUCJIIUTCIIA HCT, HYJIM 3HAMCHATCIIA

| =

HaHnocuM 3T TOYKM Ha YMCIIOBYIO OChb M OIIPEIEIIAEM 3HAK BTOPOU IIPOU3BOJIHOU
BHYTPH KaKJI0T0 MOJy4EHHOTO ITPOMEKYTKA.

+ - +

_ &)
a'"ff \ l llﬁ..\‘ / |
/ \ 2 .

I

\
A —
. /

1. Jlenaem BBIBOI:

b | =

1

S

k| =
| =

o (byHKIMS BBIMYKIIasi HA MPOMEXKYTKE [

1 [1, 3

B 2
o (byHKIIMS BOTHYTasi HA TPOMEKYTKE [ </ ¥ Ha IPOMEXKYTKE

(x,:; f(‘fcn

CYIIIECTBYET KacatenbHas K rpaduKy GYHKIIMU U BTOpas Mpou3BoAHAs HyHKIIUN

Touka Ha3BIBAETCS MOYKOU nepecuba, €Clu B JaHHON TOUKE

MEHSIET 3HAK IIPU NPOXOKICHUN YEPE3 0.
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Jpyrumu ciaoBaMu, TOUKaMy EPErudoa MOryT SBJIATHCA TOUKH, IPOXOJS Yepes
KOTOpBIE BTOpasi IPOU3BOHAS MEHSET 3HAK, B CAMUX TOUYKaX JUOO paBHA HYJIIO,
1100 HE CYIIECTBYET, HO 3T TOYKU BXOJAT B 001aCTh OmNpeesieHus (QyHKIUH.
B Hamem npumepe Touek neperuda HeT, Tak Kak BTOpast IPOU3BOIHAS MEHSIET

==
3HAK HpOXOI[ﬂ qepe3 TOYKHU

k| =

, @ OHH HE BXOJAT B 00JIACTh ONPEACTICHUS
byHKIUH.
5. HaxoxkaeHue ropu30OHTAIbHBIX, BEPTHKAJbHBIX H HAKJIOHHBIX
ACHMIITOT.
I'opusonmanvusie unu HaKIOHHbIE ACUMIIMOMbL CIIEAYET UCKATh JIUIIb TOT/a,
Korna ¢GyHKIus onpenenaeHa Ha 6eckoHeuHocTy. Ha rpanuniax obnactu

OIpCACICHHUA q)YHKL[I/IH HMCCT 6epmuKalbHble acumnmoniol, €CJIN OJHOCTOPOHHUC

IpcacJibl d)VHKI_II/II/I B 3TUX I'PAHUYHBIX TOYKaX OCCKOHEYHEI.

B HameM nmpumepe rpaHM4HBIMU TOYKaMU OOJIACTH ONPEACIICHUS

1

-
)

==
ABIIAKOTCA

I/ICCHGI[YGM ITIOBCICHUC (bYHKIII/IH IIpu HpI/I6JII/I)KCHI/II/I K 3THUM TOYKaM CJICBaA U

CIipaBa, JJIAd 4€T0 HaﬁI[CM OJHOCTOPOHHHC ITPCACIIbI:

lim L = lim < = 1/4 = 4+
xo—r04x? =1 1 1 Cx—-1D2x+1) (=2)(-0)
lim x—Z = lim x = L/ = -
x—>_?1+0 4x% —1 x—>%+0 (ZX - 1) (Zx + 1) (_2)("'0)
lim L = lim x = L/ = -
x—>+%—0 4x2 =1 x—>+%—0 (ZX - 1)(236 + 1) (+2)(_0)
lim L = lim x = 1/ = 400
xoirodx? =1 Lo Qe —1D2x+1)  (+2)(+0)
X= il
Taxk xak OJHOCTOPOHHHUC ITPCACIIbI 66CKOH€‘-IHBI, TO IIPAMEIC 2 ABJIAKOTCA

BCPTHKAJIbHBIMH ACUMIITOTaAMH I‘pa(i)I/IKa.
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fr=lim=——
v=Fkx+b r—m Y
HaxkJ/ioHHbIE aCUMMIITOTHI UIYTCS B BUJIEC IPAMBIX ~ , e
b = lim( flx)- k)
u o .

Ecim k=0 u b He paBHO 0€CKOHEYHOCTH, TO HAKJIIOHHAS aCHMITTOTa

CTaHET 2OPU3OHMATLHOU.

Urto Takoe BOOOIIE ITH ACUMITOTHI?

DTO0 Takue JTUHUH, K KOTOPHIM NpUOmKkaeTcs rpaduk GyHKITUN Ha
0eckoHeyHocTH. TakuM 00pa3oM, OHM OYEHBb TOMOTAIOT MPU MOCTPOSHUH Trpaduka
(GyHKUIHU.

Ecnu ropu30HTAITBHBIX WK HAKJIIOHHBIX aCUMIITOT HET, HO (DYHKITUS OTpe/ecHa
Ha TUTIOC OECKOHEYHOCTH U (MJIM) MUHYC OECKOHEUHOCTH, TO CJIETYET BBIUUCIUTh
npeaen GyHKIMY Ha TUTFOC OECKOHEYHOCTU U (UJTM) MUHYC O€CKOHEUYHOCTH, YTOOBI
UMETh MPEICTABJICHHUE O TOBEACHUH Tpaduka GyHKIIUU.

Jns Hamero npumepa

X
. (x] .. Ay? _
F=lm flx) = lim Ay’ -1 _ 0
X—s0 _‘{' X—s=0 _‘{

b =tim{ flx)—hr)=tm — =1
- Coamm Ayt =1 4

k.
| =

- TOPU30HTAJIbHASI ACUMIITOTA.
Ha »ToMm ¢ nccnegoBanure pyHKIMU 3aBEPIIAETCS, IEPEXOAUM K TOCTPOEHUIO

rpaduka.

Borunciisiem 3HaueHUs! PYHKIUM B IPOMEKYTOYHBIX TOYKAX.

Jli1s GoJiee TOYHOTO MOCTPOEHUs rpadka peKOMEHIyeM HalTH HECKOJIbKO
3HaYCHUN (PYHKIIMHM B IPOMEKYTOUYHBIX TOUKaX (TO €CTh B JIIOOBIX TOUKAX U3
o0nactu onpeaeneHus: GyHKIIH).

Jlnig Hamero npumepa HaieMm 3HaueHusl GyHKIUMHN B TOUKax x=-2 , x=-1, x=-
3/4 , x=-1/4 . B cuity yeTHOCTH (DYHKIIMH, 3TH 3HAYCHUS OYyIyT COBMAATh CO
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3HAYEHUSIMU B TOUYKaX x=2 ,x=1 ,x=3/4 ,x=1/4.

_ M= Afi2)= 2: :ix 27
fl=21=f12] _ = 0.2
T 4271 15
P fey 1° 1
(-1)= fll|]=————===20.33
f-1)= fll)= 55— =3
Bl
o3y (3 4 9 i
__|= _|= ?'_{_h =—=|:I..4:'
f| 4 ) ‘f\.{' (3 20
4{_, 1
4)
o |’1“‘f
f| _1 !=f| 1l 4 __ 1 0,08
L4 T4 1 12
4= -1
4

IHocTpoenue rpaguxa.

CHauaJsia CTpOUM aCUMMTOTHI, HAHOCUM TOYKH JIOKAIHHBIX MAKCUMYMOB U
MUHUMYMOB (DYHKIIMH, TOUKH TIeperuda u mpoMeXyTouHble TOUKH. [l yno06cTBa
MOCTPOEHUs Tpaprika MOKHO HAHECTH M CXEMAaTUYeCKoe 0003HaUCHUE

IIPOMCIKYTKOB BO3paCTaHus, Y6BIBaHI/I$I, BBIITYKJIOCTH U BOTHYTOCTH, HC 3P 7K€ MbI

MIPOBOAMIIM HICCIIeI0BaHUE (DYHKITUN =).
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1 1
X=—= X=—
9 b
- 2—' -
¥
1+
1
" L V=-=
= L ! £l 4
g x
] F ] T ] ] L] | | " ] T |
-3 -2 -1 0 1 2 3

OcTanoch MpoBECTH JTUHUH TpadrKa uepe3 OTMEUCHHBIE TOUKH, MPUOIMKAS K

ACHUMIITOTaM M CJICAYS CTPCIOYKAM.

3 o

,_.
|
bt | b=t
o
b | =

3aganme: Uccaenyiite yHKIUIO U HocTpoiire eé rpapux

a) f(x)=x*-2x+8.
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b) f(x):—%+x+§.

C) f(x)=-x*+5x+4.

2
1
) 4+16+4

KonTposbHbIE BONPOCHI:
1) HazoBuTe anroputm aHanuza QyHKIIHH.

2) HazoBuTe BUIBI aCUMIITOT.

IHPAKTHYECKASA PABOTA Ne 8

Haspanue npakruyeckoii padorel: Haxoscoenue neonpeoenennvblx UHmMezpanos
PA3TUYHBIMU U MEMOOAMU.

Ieap padOTBI:HAYYUTHCS BBIYHCIATH HEONPEIEIEHHBIA WHTErPAJbl C IOMOIIBIO
Ta0JIMIbI OCHOBHBIX HHTErPajoB

3HAHMA:

OCHOBHBIE MaT€MAaTHYECKHE METOAbI PEIICHUs NPUKIAJAHBIX 3a/1a4; OCHOBHbBIC
MOHATUS W METOAbl MaTeMaTUYEeCKOro aHaiau3a, JIMHEWHON anreOpbl, Teopuro
KOMILJIEKCHBIX YHCEIl, TEOPUU BEPOSITHOCTEN U MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
MHTETPaIIbHOTO U AU (EepeHINATBEHOTO UCYUCIIEHUS; pOJIb U MECTO MAaTeMAaTHKH B
COBPEMEHHOM MHpE NpPH OCBOEHUU NPO(PECCHOHANBHBIX TUCHUIUIMH W B cdepe
PO EeCCUOHATIEHOM €SI TEIbHOCTH.

YMEHHS:
Pemats PUKJIaAHbIC 3a/1auun C UCIIOJIb30BAHUEM  BJIEMEHTOB
muddepeHnnaaTbHOTO M HHTETPATHHOTO UCUNCTICHUHN
Teopernuecknii MmaTepuaJ:

OnpeneseHue nepBoodPa3HOIA.
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[TepBooOpasnoit ¢pyukiuu f(X) Ha mpomexyTtke (a; b) Ha3pIBaeTCs TaKas

byukuus F(X), 9TO BBIIOIHAETCS PABEHCTBO F'(x)=f(x) IUISL TFOOOTO X U3
3aJ[aHHOTO TIPOMEKYTKA.

Eciu npuHsaTh BO BHUMaHUE TOT (DAaKT, 4TO MPOU3BOAHASA OT KOHCTAaHTHl C paBHA
HYIII0, TO crpasetiBo paBeHcTBO(F (x) + C)/ = f(x). Takum o6pasom,
¢dynkuus f(X) umeer MHOXecTBO epBooOpa3Hbix F(X)+C, miist mpon3BONBHOM
KOHCTaHThI C, IIPHYEM STH IIEPBOOOPa3HbIE OTIMYAOTCS APYT OT ApPyra Ha
[IPOM3BOJILHYIO IIOCTOSIHHYIO BETHUNHY.

Onpenesienne HeONMpeaeJTeHHOr0 HHTErpaJia.

Bce MHOXecTBO epBooOpasHbix GyHKIuH f(X) Ha3bIBacTCS HEOMPEICICHHBIM

Jflf_x:]dr = Flf_x:]+ C

MHTErpajioM 3Tol (yHKIUU U 0003HaYaeTCs

Bripakenue £ x)dx HA3bIBAIOT N00bIHMe2PAlbHbIM 8blpadxcenuem, a f(X) —
noovinmezpanvHou ynxyueti. [logpIHTErpaIbHOE BEIpaXXEHUE MTPECTABIAECT CO00
muddepentman Gyukiuu f(X).

JleficTBUE HAXOXK/ICHHUS] HEM3BECTHOM (DYHKIIMU 10 3aaHHOMY ee auddepeHimary
Ha3bIBACTCSI HeonpeoeleHHbLM UHTETPUPOBAHUEM, TIOTOMY YTO PE3yIbTaTOM
UHTETPUPOBAHUS sIBJIsseTCS He oaHa GyHKimsa F(X), a MHOXeCTBO ee
nepBooOpasubix F(x)+C.

Ha ocHoBaHMM CBOMCTB MPOM3BOHON MOKHO C(HOPMYITUPOBATH U

JI0Ka3aTh CGOUCMEA HeonpeodeleHH020 unmezpaa (CBONCTBA MEPBOOOPA3HON)
[I f [_x_fldr_] ={Flx)+C) = fix)
[IpousBoaHas pe3yynbTaTa MHTETPUPOBAHUS PaBHA MOABIHTETPATIBHON (QYyHKIIUH.
jd[F[x:]:] = jF'[x:]ci&: = jflf_x:]dx = Flf_x:]+ C

Heonpenenennsiit uurerpan quddepennnana GyHKIUA paBEH CyMME caMoi

(GYHKUMU U TPOU3BOJIBHON KOHCTAHTHI.

Ik- Flxldx = ff-f flaldx

, TAC K — IIPON3BOJIbHAA KOHCTAHTA.

KoadduimeHT MOKHO BRIHOCUTD 3a 3HAK HEONPEIEIEHHOTO HHTErpaa.

47



4 Ilfllll + g[_.".’_]_]c‘lf_'a’ = jflat‘h t I gl:__"f_ilcf_"(

HeomnpeneneHHbIi HHTETPAI CyMMBI/pa3HOCTH (DYHKIIUN paBeH CyMMe/pa3HOCTH
HEOTPE/ICTICHHBIX HHTETPATIOB (DYHKITUN.
3aaya MHTErpUPOBaHUS SBIIsIETCA 00paTHOM 3a7aue nudPpepeHnpoBaHus, IPUIEM
MEXy STUMH 3a/1adaMU OYCHb TECHASI CBSI3b:
MIEPBOE CBOMCTBO MO3BOJISET MIPOBOIUTH IPOBEPKY HHTETPUPOBAHUSA. UTOOBI
IPOBEPUTH MPABUIHHOCTH BBIMIOJTHEHHOTO HHTETPUPOBAHUSI TOCTATOYHO
BBIYHCIIUTH MPOU3BOIHYIO TIOJYYCHHOTO pe3ynbTaTa. Eciau momydennas B
pesynbrate nuddepeHnpoBanus GyHKIN OKAKETCS PAaBHOM MOABIHTET PATbHOM
GbyHKIIAA, TO 3TO OYAET 03HAYATh, YTO NHTETPHUPOBAHUE ITPOBEICHO BEPHO;
BTOpPOE CBOMCTBO HEOMPEICICHHOTO MHTETPasa TIO3BOJISIET 0 U3BECTHOMY
muddepennnany QyHKIMu HAaWTH ee epBooOpa3Hyro. Ha sTom cBoiicTBe
OCHOBAHO HEMOCPEACTBEHHOE BHIUMCIICHUE HEOMPEACTIEHHBIX HHTETPAJIOB.
HecoMHeHHO, OCHOBHBIM METOJIOM HAaxXOXJEHHUs IMepBOOOpa3HON (DYHKIIMH
SBJISIETCSI HEMOCPEJCTBEHHOE WHTEIPUPOBAHUE C HUCIOJIb30BAHUEM TaOJIUIIBI
NEepBOOOPA3HBIX M CBOMCTB HEOMPEIEICHHOTO HHTerpaia. Bee apyrue metoap
WCIIOJIB3YIOTCS JIMIIb VISl TIPUBEACHUSI UCXOJAHOTO HMHTErpajia K TaOJIMYHOMY
BUTY.

Tabumua nepBoodpa3HbIX (HeonpeaeIeHHbIX HHTEIPAJIOB).
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|cosr-c.-r=s11::r—C‘ )
y a3 e =
| sin x - dx = —cosx — O ,,r = = In|xw — A _a|—C
J XT =
-~ A . . . o [1 — cos x|
|——=—=mgx-C | = =1n . —
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~ 1 — -

DopMyJIbl U3 JIEBOTO CTOJOIA TAOIHIIBI HA3bIBAIOT OCHOBHBIMU
nepBooOpazHbIMU. DOPMYIIBI U3 TPABOTO CTOJIOIA OCHOBHBIMU HE SIBIISIIOTCS, HO
OYEHb YACTO UCMOJb3YIOTCA MPU HAXOXKIACHUN HEONIPEAEIECHHBIX HHTETPaIoB. Mx

MOKHO MTPOBEPUTH TU(DPEPEHIIMPOBAHUEM.

Ilpumep 1:

Haiimute MHOXECTBO MepBOOOPa3HBIX (PYHKITUU

Pewenue.

flx)=2" +% 3/5x =27 +% (5x+4)3

3anuieM QyHKIHIO B BUJIC “~

Tak kak uHTErpan cyMmbl (DYHKIIMI paBEH CyMMeE UHTETPaioB, TO

o 1 . 3. .
A5x+4f l,'dx = IE" dv—‘[;-llzx—:l_l_z dx
. P 5! .

3
7
- -

[ flxlde = H:g .

YucnoBoit kKo3hGUIIMEHT MOXKHO BBIHECTH 3a 3HAK UHTETpaia:

If[_x_]dr = I 2hdy+ Ii | 5x + 4_]?1 dx =

~

=I1”dx— -‘[[_Sx—ﬂf_flfldv

IJl Taa
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[lepBblil U3 UHTErPATIOB NPUBEACH K TAOJTUYHOMY BUY, TOATOMY U3 TAOIHIIbI
73 X

“ .C
In2

1

J. 2y =
IEpBOOOPa3HBIX AJIs ITOKA3aTeIbHON (DYHKI[UH HMEEM

j[5x+4:]%dx

I[JIH HaXOXICHUA BTOPOT'O HHTCTPAJIa BOCITIOJIB3YCMCA Ta6HHH€ﬁ

¥p+1
x?dx=- +C
NIepBOOOPA3HBIX JIJISI CTETICHHOW (hYHKITUU p+l1 U

J‘f{k-x—iﬂdr=%FIZFC-I—E:]—C

IMpaBHJIOM . To ecTb
L1 L1 2 4
j::x—4J‘dr=i-1L (Sx+4)7 +C, =— (5x+4F = C
51 2
3
CnenoBaTelbHO,

Jqf[_r_]dr = :2“" Adx —% -_|'[_5.x + 4|‘ dy =

4 - 3 4
- = —:Ci_—:i-| J (Sx+4F=C, =
In2 2120 §
2. _l_'
- s Sy +4)F +C
In2
3
C=C +=C,
e 2

3ananue: Borunciure HeonpeaeJéHHbIe HHTETPaJibl
23 _3,2 :
a. f(gx ~x* + 8)dx;
b. [ sin?x cosx dx;
c. [(e* +2)dx
_[XZ’de

o

e. [(x*—8x3+ 4x)dx;6) [ cos? x sinx dx;
f. [(e3* + Ddx
g. Ixze”dx

KonTposabHbIe BONPOCHI:

1) Kaxkoii HHTErpaa Ha3bIBACTCS HEOMPEACTIEHHBIM?

2) HazoBHTE OCHOBHBIE METO/IbI HHTETPUPOBAHHUS.
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ITPAKTUYECKAS PABOTA Ne 9

Ha3Banue npakTnueckoil padoTbl: Boluucienue onpedenenHbvlx UHMecpaios
Heapr padoTbl: HAYYUTHCS BBIYUCIATH OMNPEACAEHHBIA HMHTErpajbl C MOMOIIBIO
Ta0IUIIBI OCHOBHBIX MHTETPaioB U popMyibl HetoToHa-Jleitbnuiia

3HAHUSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMBl PEUICHUS NPUKIATHBIX 3aJa4; OCHOBHBIC
MNOHATUS M METOJbl MAaTEeMaTUYECKOro aHaiu3a, JIMHEWHOW anre0pbl, TEOpHIO
KOMIUIEKCHBIX YHUCEN, TECOPUU BEPOSATHOCTEM U MATEMAaTUUECKON CTATUCTUKU; OCHOBBI
MHTETPAIHOTO U U] PEpEeHIINAIBHOTO UCYUCIICHUS; POJIb U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpPE TMPU OCBOCHHHM MNPO(PECCHOHATBHBIX IUCHUIUIMH U B cdepe
poeCCUOHATILHOM IESITEIbHOCTH.

YMEHHS:

Pemiats MIPUKJIa/IHbIC 3a/1auu c HCTIOJIb30BaHUEM 3JIEMEHTOB
muddepeHnaTbHOTO0 W HUHTETPAIBHOTO  HMCUUCIEHUM, BBIYUCISATH 3HAYCHUS
r€OMETPUYECKUX BEJIMUUH

Teopernueckunii MaTepuaJ:
Onpenenennplii uaTerpas Hororona-JleiiOHuna.
[TokaxkeM, Kak JAaeTcst MOHATHE onpeieeHHoro uHrerpaia Hetorona-JleitOuuua.
[Mycts dpynkuus y=Ff(X) umeet nepBoobpazuyto F(X) Ha orpeske [a; b], mpuuem
3HAaYCHHUE MEPBOOOPA3HOI B Touke X=a paBHo HyJi0: F(a)=0. Onpeoenennvim

unmezpanom Hvromona-Jleiibnuya Ha3pIBaeTCs 3HaYEHUE 3TOM IEPBOOOPA3HOI B

=

f‘ flxlde=F(b]
touke b, To ecTh, * npu F(a)=0.
DT0 onpejeieHre TECHO CB3aHo ¢ hopmynoit HeloToHa-

]
| £ (x)ebx = F(b)~Fla)
JleiOHuIa = . B dopmyie Herotona-Jleionuia F(X) — imobas

nepB006pa3Ha;1 N3 UX MHOKCCTBA, 4 B IIOHATHH OIIPCACICHHOI'O HHTCIpalia
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HeroTona-Jleitbauiia purypupyer UMEHHO Ta epBooOpa3Hasi, Kotopasi oopaliaercs
B HOJIb [IPU X=4a.
®opmyny Hetotona-JIeitOHMIIa HA3BIBAIOT OCHOBHOU (POPMYIOU UHMESPATLHO2O

UCUHUCIIEHUAL.

Ilpumepl:

j x*dx

Brraucnuth 3HaUeHUE ONPEASIICHHOTO HHTErpaia ! o ¢opmysie HeroTona-
JleitOHuAIIA.

Pewenue.

V=X
Jl1s Hayana OTMETHM, YTO MOJbIHTErpaibHas (QYHKITUS HEIIPEPhIBHA HA

orpeske [1;3], ciaemoBarenbHO, HHTETPUPYEMa HAa HEM.
y=x"
N3 Tabauiibl HEONpPeIeACHHBIX MHTEIPAJIOB BUHO, UTO ISl QYHKIIMU

MHOKECTBO HepBOO6p213HBIX JJIA BCEX HCﬁCTBHTCHBHBIX 3HAYCHUMN AprymcHTa

¥

13 F{x]=‘[_‘f]dx= —+C
= . 3
(cnemoBaTeNnbHO, U IS * e [ ’ ]) 3allUChIBAETCS KaK - . BozpMmem
xJ
Flx)==
nepBoo6pasnyo pu C = 0: 3
Teneps ocTanock Bocnoab3oBaThes popmynnoit HeroTona-Jlenonua nis
L X 3 1 26
J‘ _-{- C{ir_-{ = = —_——_— =
1 33 3 3
BBIYHCJICHUS OTPEEICHHOTO HHTErpaa: !
Ilpumep 2:
TS R cdxt -2
———dvwm | ———dx
Beraucnuth onpeneneHHbIe HHTETpaibl - & oo
Pewenue.
1
Ha oTpeske < moppIHTErpaiibHas (PYHKITUS HEMPEPHIBHA, CIIEI0BATEILHO,
WHTETpHUpyeMa.
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4" +2
y=—

Haiinem MHOeCTBO TIepBOOOpa3HbIX HYHKIIUU

5
-

X

4x° +2 ) 2 1_2
: Jx—ldx=4jxdr+2jx dx=2x ;_Hjj.

Bo3sMem nepBooOpaszHyro u 1o opmyine Herorona-JleliOuuia

BBIYHCIIUM TPeOYyeMbIil ONpeICICHHbIN HHTErpat:

1 1

A 2 (L,

—4 - hS E

2 . 2
! _;—| 2(—4r —L4!=%—4—%"—%=—28

-

[lepexoauM KO BTOPOMY OINPEAEICHHOMY UHTErpay.

Ha otpeske [-1;1] noasinTerpanbHast pyHKIUS HE OTPaHUYCHA, TaK

Kak % , TO €CTh, HE BBITOJHIECTCS HEOOXO0JUMOE YCIOBUE

Flx)=2x"-Z

UHTErpupyemMoctu GyHKIUU Ha oTpe3ke. boree Toro, X He ABJIAETCS

4x +2
y=—
NepBOOOpa3HON PYHKITHH X" ma otpeske [-1;1], mockonbky Touka 0,
MpUHaAJIekKaas OTpe3Ky, He BXOJUT B 00J1acTh onpeneneHus: QyHKIHH.
CrnenoBatenbHO, HE CYIIECTBYET ONpeAeeHHbIN nHTerpas Pumana u HeroToHa-

4x’ +2

y=—3

JleiiOHuIa 17151 QyHKITUH X" mHa otpeske [-1;1].

3ananue: Boruncanre onpeaejaéHHbIN HHTErpaJl
a. fozn sin xdx;
03
b.  J,7(2x + 5)dx
b) | 03 3 xdx;

C) f_on cos(2x)dx
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KoHTpoJibHBbIE BONPOCHI:
1) Kakoii uHTerpal Ha3bIBaeTCs ONPEICIEHHBIM?

2) anummute Gpopmyny Herorona-JleiiOHuIa

HPAKTHYECKASA PABOTA Ne 10

Ha3Banue npaktuyeckoii padorbl: Ilpumenenue onpeodenennozo unmecpana 6
NPaKmuyecKux 3a0auax

Heanb padoThbl: HayYUTHCS MPUMEHATH OMNPEACIEHHBIA HHTETpaAbl K PEUICHUIO
MPaKTUYECKUX 3a1ad

3HAHMSA:

OCHOBHBIE MaTeMAaTHYECKHE METObl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHBIC
MOHATUSI W METOJAbl MAaTeMaTHYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOPHIO
KOMILJIEKCHBIX YHUCEIl, TEOPUU BEPOSITHOCTEH U MATEMAaTUUYECKON CTATUCTUKU; OCHOBBI
WHTETPATLHOTO M U] PEpeHITNATBHOTO UCYUCIEHUS; POJIb U MECTO MaTEMaTHKH B
COBPEMEHHOM MHpE TIPH OCBOCHUH TNPO(ECCHOHATBHBIX AWCIMIUIMH U B cdepe
poeCCUOHATILHOM ESITEIIbHOCTH.

YMEHHUSsI:
Pemars  mpukiamHele  3amaud ¢ UCIIOJIb30BAHUEM  DJIEMEHTOB
muddepeHnaTbHOTO0 W HUHTETPAIBHOTO  HCUUCICHUW, BBIYUCISATH 3HAYCHUS

IreOMCTPHUUICCKUX BCIIMINH

Teopernuecknii MmaTepuaJ:

Bce mpoueccsl B mpupozie, B KOTOPBIX IOCTOSHHO MEHSIOTCS KAaKUE-TO
rapameTpbl, HallpUMEpP BpeEMs, TEMIIEpaTypa, JaBJIEHUE, KOOPIAWHATHI, U3Y4YAOTCS U
BBIYHUCIISIIOTCS  TOJIBKO C TIOMOUIBIO JTU(DPEpeHIMATIBHOIO W HUHTETPAIbHOTO
ucyucieHus. BoNbIIMHCTBO MHTErpalioB MOJIYYeHBbl KaK MaT. MOJEIH KaKUX-Ir0o
€CTECTBEHHBIX NPOLECCOB B paMKaxX MEAMIMHBI, OUOJOTUU, XUMHUHU, SKOHOMUKH,

TCXHUKEC
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1. I[TycTth MaTepHalibHas TOUKa ABMKETCA ¢ yekopeHueM a (t). Torma ee ckopocTs
paBHa
f
vt = | atde + v,
iy
a IICPCMCIUICHUC —
f
2= [ vt + x,,
fy

rae Vo, Xo — IOCTOSIHHBIE, ONPEEIIIEMbIE U3 HAYaJIbHBIX YCIOBHM, to U t — HAYaIbHBIN

1 KOHCYHBIA MOMEHTBI BpPCMCHHU.

2. Ilycts YEEMMUEHHE MOTHOCTH

IUTIOTHOCTB P (X) CTEPIKHS C

IIOCTOSIHHBIM CE€YEHHEM S 3aBHUCHUT OT

.

PaCCTOAHUA OO0 Hadajla CTCPIKHA.

Torna mMacca crepkHs paBHa e x ol
L
M=5 I olx)dx, entp macc

1]
rac L— AJIMHa CTCPIKHA, a HEHTP MACC CTCPKHSA HAXOJUTCA Ha PAaCCTOAHUA

3. Pabora rasa npwu ero pacmmpenun ot oobema Vi 10 o0bema V; paBHa
V?
A= J £dv,
II(,1
riae P (V) — naBnenue ra3a B 3TOM Mporiecce.
4. Pabora, mpousBeleHHas TmepeMeHHoW cwiod f(X) mpu mnepeMenieHuu 1o

b
. A= | flodx.
ocu Ox MaTepuallbHOW TOYKH OT X = @ JI0 X=b, HaXoauTcs 1Mo GhopmyIie “a

[Ipu pemiennn 3a1a4 Ha BBIYUCIICHHE PaOOThI CHIIBI YaCTO MCTOIB3YEeTCs 3aKOoH [y K
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a: F=kx, rne F — cuna H; x—a0coioTHOe yAJIMHEHHE MPYKUHBI, M, BBI3BAHHOE
cuioii F, a K —xoaddunment nponoprmonansaoctu, H/m

5. UtoObl HaliTh momans (GuUrypsl, KoTOpass OTrpaHWYeHa C JBYX CTOpPOH
npeaeaMu WHTETPUPOBAHUS W C OJHOM CTOPOHBI TpadUKOM (QYHKIIHH, TO

HEO0OXO0IMMO HAWTH MHTErpaj JaHHOW (pyHKIUU:

b
S = /f(:z:)d:z:

Ipumep 1: Mtak, npeanonokum, 4To HEKOTOPOE TEJIO JBUTAETCA CO CKOPOCTHIO,
3aJ1aHHON (hYHKIIMEH:

V(t) = 2 +1.

Pewenue:

ITo ycnoBuro 3a1a4M MbI IOJIKHBI OIIPEAETIUTD IyTh, KOTOPBIM ITPOMIET TEIIO 32

pOMEXYTOK BpeMenu [0;1].
Nrak, HalizeM onpeeieHHbIN HHTErpall JaHHOW (DYHKIIUU:

1

K 3 S 03 1 1
/( & (3 - )|0 3" (3 ) 3 3
0

DTO 03HAYAET, YTO 3a JAHHBINA MPOMEKYTOK BpEMEHHU, TeJio mpouwuio 1,3(3) m.

TouHO Tak k€ MOYKHO HATH CKOPOCTH O 3aaHHON (DYHKIIMN YCKOPEHUS

IIpumep 2:
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[Ipeanonoxum, 4To K HEKOTOPOMY TENY JUIsl €r0 MEPEIBUKEHUSI TPUKIIAIbIBAIOT
CUJTy, KoTopas u3MeHnsieTcs 1o 3akoHy F(x) = x +3. Heo6xonumo HaiiTu pabdoty,
KOTOPYIO IIPU 3TOM COBEpPIIAET CHUJIa JJI IepeMenieHus tena ¢ 1 M 10 2 M.

Pewenue:

JUtst Hax oK IeHHsI padOThI CIIeIyeT HAUTH ONpPEAEIICHHbIA HHTErpal 3aaHHOM

(I)YHKLII/II/I 10 U3BCCTHBIM IIPCACIIAM UHTCTPUPOBAHUSA:

2
2 92 12 1 9
= 7*3'2”(? e 1) S-S 8=

r 22 '
A= /(1 +3)dx = (—) - 31) -
1

o

~

1 -

DTO0 3HAYUT, YTO JUIs IEPEABMXKEHNUS TeJla MOTPEOOBAJIOCh COBEPIIUTH padboTy,
paBHy10 4,5 JIx HEprUH.

3aganue: Pemnre 3agaum:

1. Ilpyxxuna B crnokoiHOM cocTossHur umeeT maiuHy 0,2 M. Cuma B 50 H
pactsaruBaet npyxuny Ha 0,01 m. Kakyto paGoTy Hafo cOBEpIIUTh, YTOOBI PACTSIHYTh
e€ ot 0,22 10 0,32 M.

2. llunuaapuyeckas UCTEpHA ¢ paguycoM ocHoBanusi 0,5 M U BBICOTON 2 M
3arnojHeHa BOJOW. Bhramcnuth paboTy, KOTOPYIO HEOOXOAUMO MPOU3BECTH, YTOOBI
BBIKAUaTh BOJY U3 IIUCTCPHBI

3. Borunciure paboty 3a TPOMEXKYTOK BpemeHu [4;9 ], eciaum MOIIHOCTh
BEIYHCTIAETCS 10 (hopMyme Nit) = 6Vt + t3

4. BpluuciauTe KOJIMYECTBO HIJIEKTPUYECTBA, MPOTEKIIEro IO MPOBOJHUKY 3a

IPOMEKYTOK BpeMeHu [ 2;3 ], ecim cuia Toka 3agaercs popmyoi 1(8) = 3% - 2t + 5.

KonTpoabHbBIE BONPOCHI:
1) I'ne npuMeHsIOTCs ONpeeIEHHBIE MHTETPAJIbI
2)  Ilo xakum GopmysiaM BBIYUCIISIOTCS CKOPOCTh IBHKCHHUS U TIEpeMEIcHHE?

3) [To xako#t hopMyJie BEIUUCIISIETCSI Macca CTEPKHSI C TOCTOSIHHBIM CEYeHUEM?
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4)  Tlo xakoit popmyiie BeIUUCIsAETCS pab0oTa MPOU3BEAEHHAS TICPEMEHHOM CHITOM

Y MepeMEIIEHUN MaTEPUATIbHONU TOUKH?

IMPAKTUYECKAS PABOTA Nell
HasBanue npaktudeckoit padorsi: Jeiicmeusa c mampuyamu.
Ienb padoThI: HAYYUTHCS BBINOJIHATD JCHUCTBUS HAJl MAaTPULIAMM.
3HAHMA:

OCHOBHBIE MaTeMAaTHYECKUE METObl PEIICHHs IPUKIAAHBIX 3a7ad; OCHOBHBIC
MNOHATUS W METOAbl MAaTeMaTUYEeCKOro aHaiu3a, JIMHEWHON anreOpbl, TEOopHIo
KOMILJIEKCHBIX YHUCEIl, TEOPUU BEPOATHOCTEN U MATEMAaTUYECKON CTATUCTUKHU; OCHOBBI
MHTETPAIbHOTO U JU(P(HEpEeHINATBHOTO UCYUCIIEHUS; POJIb U MECTO MAaTeMAaTHUKHU B
COBPEMEHHOM MHpE IpPH OCBOEHUHM NPO(ECCHOHAIBHBIX AWCIUIUIMH U B cdepe
PO ECCUOHATIEHOM IESITEIbHOCTH.

YMEHHUS:
[Ipou3BoANTH ONepanuy HaJ MAaTPULIAMH U OIPEIETUTENSIMHU.
Teopernuecknii MaTepua:
Martpuneit A=A, mopsiaka m*n Ha3zbIBaeTCA NPSAMOYTojibHAas TaOauIa YUCEl,

coJieprKaliasi m - CTPOK | N - CTOJIOIOB

f 3
Q‘ll aiz ..,.ﬂ'ln

—_ —_ = | & o -
A=4 = {af?-;-) =| 421 Y22 2n

......................

B= Bnm = (b _i,r')? C= C}m: = (C f.r')

..‘4.22 =

dypdyp4d3
’433= P P P
21 922 933

JleMCTBUSI HAl MATPULIAMH.
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1. Cymmoii 1ByX MaTpuil A = (ai j) uB = (bi j) OJIMHAKOBOTO MOPSIKA
Ha3bIBAIOT MaTPHILY
C = (ci j) TaKOT0 YK€ TOPSJIKA, dJIEMEHTHI KOTOPOU PaBHBI CYMME COOTBETCTBYIOITUX
anemeHTOB MaTpull A u B TO €CTh C;j = Q;; + bj; .
2. AHaJIOTUYHO, PA3HOCTHIO JBYX MaTpHIl A = (ai j) uB = (bi j) U OJMHAKOBOTO
mopsiika Has3bpIBalOT Matpuily C = (ci j) TAKOTO K€ TMOPSIAKA, DJIEMEHTHI KOTOPOU

PaBHBI Pa3HOCTH COOTBETCTBYIONIMX 3JIEMEHTOB Matpull A1 B To ectb ¢;; = a;; —

IIpumep 1

12 2 -4 8
Haiinute cymmy u pasHocTs Matpull A u B, eciin A = (—3 4> ubB = (—3 6)
0o 7 10 1

Pewenue: Haliném cymmy JIByX 3aJaHHBIX MaTPUIL

12+ (—4) 2+8 8 10
A+B=(—3+(—3) 4+6>=(—6 10);
0+10 741 10 8

Haitném pasHocTh IBYX 3a/IaHHBIX MATPHII

12—(-4) 2-8 16 -6
A—B=(—3—(—3) 4—6>=(0 —2)
0-10 7-1 -10 6

3. YMHOXeHue MaTpHIIbl Ha YUCIIO

1-A=A4 0-A=0
m-(k-A)=(m-k)-A(m+k)-A=m-A+k-A k-(A+B)=
k-A+k-B

IIpumep 2

1 2 3
Haitqure npoussenenue 2 - (0 1 1)
1 3 2
1
0
1

1 2 3 2 2:2 23 2 4 6
Pewezme:Z-(O 1 1>=<2- 21 2-1>=<0 2 2)
1 3 2 2 2:3 2-2 2 6 4

4. YMHOXEHHUE MaTPHII
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[IpousBenenue MaTpuibiA,,., Ha MaTpully B,,., Ha3biBaeTca Matpuna Cpy,., Takas,

YTO 3JIeMEeHT MaTpHIlsl C, CTOSIIUN (—O0# CTPOKE U j-OM CTOJIOIE, T.€. 2JIeMeHT C; ji

paBEeH CyMME POU3BEICHUIN AIEMEHTOB [ —Oi CTPOKU MaTpulibl A Ha

COOTBCTCTBYIHOIIHC 3JICMCHTBI [ —oro CTOJI6Ha MaTpHUIbI B.

IIpumep 3

Haitqute npoussenenue matpuil A u B, eciin A,5; = (é (1) (2)) U B33 =

-1 0 1

(5 s 4>

-2 0 1

Pewenue:
A3 - Bss
_(1-(—1)+O-5+2-(—2) 1-0+40-1+2-0 1-1+0-4+2-1)
- \3:(-1)+1-5+0-(-2) 3:0+1:14+40:0 3-1+1-440-1

Az B3z = (_25 (1) ;)

3ananue: BpinoJiHuTE MO X0AY PAdOTHI

L3l 2 4 6
1. Haitnure npousBenenue matpuil A u B, ecmu A=(5 7 |, B=| |;
8 10 0
9 11
2 1 -1
2. Haiigure oOparnyro matpunny Al A=([5 2 4
7 3 4
3 6 3 -5 1 3
3. JJlano:A=( 0 1 2 |uB=| 2 7 0]
-5 4 -1 -3 -2 4
Haiinure: a) 3A+B 0) AB B)A A 1A

KonTposbHBIE BOIIPOCHI:
1. Kakwue onepanuu MOXKHO MPOU3BOAUTH C MATPULIAMHU?

2. ANTOpUTM HaxXOXAeHUs 0OpaTHOU MaTpULIbI?

MNPAKTUYECKAS PABOTA Nel2
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Ha3Banune npakTu4yeckoii padorbl: Boiuucnenue onpedenumensn 3-20 nopaoka c¢
UCNO1b306AHUEM CBOUCME onpedesiumelell

Heab paboThI: HAYYUTHCS BBIUUCIATH ONPEIETUTENN PA3HBIMU CIIOCOOAMU.

3HAHMA:

OCHOBHBIE MAaT€MAaTHYECKHE METObl PEIICHUS MPUKIAAHBIX 3a7a4; OCHOBHbBIE
MOHATUS W METOAbl MAaTeMAaTHYECKOTO aHaliu3a, JIMHCHWHOW aireOphl, TEOPHIO
KOMIUJIEKCHBIX YHCENI, TEOPUH BEPOATHOCTEH U MATEMATUUYECKON CTATUCTUKU; OCHOBBI
MHTETPAIbHOTO U AU GEepeHIINATFHOTO UCYUCICHUS; POJIb U MECTO MAaTeMaTUKH B
COBPEMEHHOM MHpE NIpPH OCBOCHUHU NPO(EeCcCHOHATBHBIX AUCIUIUIMH U B cdepe
npo(dhecCuoHANBbHOM e TENbHOCTH.
yMeHMUS:

[Ipon3BoANTH ONEpali HAJ MATPULAMHU U OMPEAECTUTENIMU
Teopernueckuii MaTepuas:
1. Onpenenurenb2-ro NOpsiAKa
OmnpeaesanreneM .BTOPOro MOPSAKA HA3bIBAECTCS BBIPAKEHUE BUA!

ay Ay — _
=A11032 — Az10q2

Ay dy
Yucna a4, yy, Azq (1, HA3BIBAIOT DJIEMEHTAMM ONPEAEIUTETIS.
Juaronans, oOpa3oBaHHas dJIEMEHTAMU A4 d,5, HA3BIBAETCS TJIABHOM, a

JMaroHaib, 00pa3oBaHHas dJIEMEHTAMU (51 A4, - TOOOYHOM.

Takum oOpa3om, onpeaennTeNb BTOPOro NOpsAaKa paBeH pa3HOCTH

MPOU3BEICHUHN AIIEMEHTOB IIaBHOW M MOOOYHOM THMaroHaleu.
3amemum, umo 6 omeeme NOIY4AEMCs YUCTO.

IIpumep 1

‘1 2‘ =1-4-3-2=-6.

3 4

2. Onpenenureb3-ro NOpPsAAKa

OmnpeaesnresneM TPETHETO MOPSIAKA HA3BIBAETCS BhIpAXKEHUE BUA!
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. Gy dgg

ay 4, Ay =aiazraszztaziazraiztairsarzasi-as1aaiz-asparzai1-az1a12ass.

dy Ay dg

DNEeMEHTHI a11; a2; a3z — 00OPA3yIOT TIIABHYIO TUaroHaib. Uncia ajs; az; az —

00pa3yroT MOOOYHYIO THArOHab.

N300pa3um, cxeMaTHUECKH, KaK 00pa3yroTCsl ClaraeMple ¢ TUTFOCOM H €

MHHYCOM:
e o o «a o 1 |ea & ®
e o o B '.o‘ ® ’ « o »
* o @ ¢ ¥ o [ o »|

C mirocoM BXOJASAT: MPOU3BEACHUE 2JIEMEHTOB Ha TJIaBHOW IMaroHalu,
OCTaJIbHBIE JIBA CJIAra€MBbIX SBJISIOTCS TPOU3BEICHUEM AJIEMEHTOB, PACIIOIOKEHHBIX
B BEpIIMHAX TPEYTOJILHUKOB C OCHOBAHUSIMM, MTApaJlJICIbHBIMU TJIABHOM JIMArOHAJIHN.

CnaraeMple ¢ MUHYCOM 00Pa3yIOTCs 10 TOU YK€ CXeME OTHOCUTEIBLHO
MMOOOYHON AUArOHAaJIH.

DTO NPaBUJIO BHIYUCIICHUS ONPEICIIUTENS TPETHETO MOPSIKa

Ha3bIBAIOTIHPABUJIOM TPeYroJibHMKa Win npasuiom Cappiloca:

IIpumep 2.
-1 3 2
2 8 1 :_182+212+311-182-1](-1)-232:-16+4+3-16+1-12:-36
1 1 2

3. BorunciieHue onpeaeuTesis:

@11 @17 413

_ @y @y @r) Qo3 @7 @13
(n] @33 dq3| —d" T dge tdge-

@37 473 a3 d13 d3] 33
3] @33 733
BBIIH/ICJIeHI/Ie OHPCJICJII/ITCJISI TpeTBeFO nopsmKa CBOAUTCA K BBIYHUCIICHHUIO Tpex
ONPEAEIUTEIICH BTOPOTO MOPSIKA.

IIpumep 3.
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-1 1 1 -1
-1 1=l -E-E +{-3}-E =38.
-6 -1 -1 -6
-6 -1
BaHaHne: Beruucants onpez[e.lmTeJm:
1 -1 2 5 2 5
A=[1 2 1) A=|-2 -1 -8
2 0 3 2 -3 =2
3 1 1 1 4 1
A=|1 2 3] A=|-1 1 3
-2 5 =2 1 2 -1
1 -1 -1 5 —6
A=|0 6 2 A=[4 3 -1
—6 -3 =2 -1 2 =2

KoHTpoJibHBIE BOIIPOCHI:
1) Uto Ha3bIBaeTCs onpeenuTesieM 2-ro nopsaka

2) HazoBuTe 1Ba crioco0a BEIYMCICHHUS 3-TO MOPSIKA.

INPAKTHYECKASA PABOTA Nel3
Ha3Banue npakTnueckoit padorbl: Haxoicoenue oopammuoi mampuypl.
Hean padoThI: HAYYUTHCS HAXOAUTH OOPATHYIO MAaTPUILY.
3HAHMS:

OCHOBHBIE MAaTEeMaTUYECKHE METOMbl PEIICHUS MPUKIATHBIX 33/1a4; OCHOBHbIC
MOHATUST M METOJbl MAaTeMaTHYECKOrO0 aHaiu3a, JUHEHHOW anreOpbl, TEOpHIo
KOMIUIEKCHBIX YHCEJN, TEOPUU BEPOSTHOCTEW U MATEMATUUECKON CTATUCTUKHU; OCHOBBI
MHTETPATILHOTO U U] PEpeHINAIBHOTO UCYUCIICHUS; pOJib U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE NpPH OCBOECHUU NPO(PECCHOHANBHBIX TUCHUIUIMH U B cdepe
poeCCUOHATILHOM IESITEIIBHOCTH.

yMeHHSI:

HpOI/I3BOI[I/ITI> OIICpallM1 Haa MaTpuoaMu U OIIPCACIUTCIISAMU.
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Teopernueckuii MmaTepua:
Ha MHOXecTBe MaTpull HE ONpEAENICHAa OIlepalus AEICHUs, OHA 3aMEHEHa
YMHOXEHHUEM Ha 0OpaTHYIO MaTpUILy.

H€6blp09fC()€HHOﬁ Ha3bIBACTCA KBAJIpATHAA MATpUIId, OIIPCACIINTCIIb KOTOpOﬁ

He paBeH Hymo. KpagparHas wmaTpuiia Ha3bIBAa€TCS BBIPOXKIACHHOW, €CIU €€

ompenenuTesib paBeH Hym0.O0patHas Marpuua 0OO0O03HA4YaeTcss HaACTPOYHBIM

-1
HHACKCOM

KBagpaTtnas MaTpuna A ' Ha3pIBa€TCS 0OPATHOM K HEBBIPOXKIACHHON
marpune A, ecauAdAd L= A1'A=F, rneF- »T0 enuHUYHAs MaTpuua

COOTBETCTBYIOLIErO NOPSIAKA.
OOpaTtHass Marpuila CYHIECTBYET TOJBKO [JIsi KBaJIpaTHBIX MaTpUI] C HE PaBHBIMU

HYIIO OIIPCACIHUTCIIIMU.

CeoMcTBa 06paTHOM MaTpULbI:
1

1 o {!.1 l:l — A

4° (A DT _ (AT) !
Jlnst MaTpuilbl BTOPOTO MOPSAKA MOXHO HEMHOTO OOJIErYuTh HAXOXKICHUE

00paTHOM, UCTIONB3YS CICIYIONTUN AT OPUTM:

Ilar 1. Haxogum onpenenurens A 3aJaHHOW MATPHIIbI, €CJIM OH PAaBEH HYJIIO, TO

JieaeM BBIBOJ, 4YTO OOpaTHOM MaTpHIbl HE CYIIECTBYET, MHA4Ye NEPEeXOJuM K

CIEAYIOLIEMY LIary.

Ilar 2.3neMeHThbl, CTOSIIAE HAa IVIABHOW JMAroHadud MEHSIEM MecTaMu, a ¥y

3JIEMEHTOB ITOOOYHOM AuaroHaJii MCHACM 3HaK Ha HpOTHBOHOJ’IO)KHI:Iﬁ.

Ilar 3. Jlenum Bce aieMeHThI Ha A U TToJTydaeM 00paTHYI0 MaTpHIly.

IIpumep 1

Bl =
= b
e

_.r'l — (
Haiitu oOpaTHyto MaTpHILy 1ist
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Pewenue.

N =
lar 1.

2
Cl=4-a=0
A , TOTJ1a 00paTHOM MaTpPHUILIbI HE CYIIECTBYET.

Pod =

Otser. Tak Kak ompeneanTeNIh MATPUIILI A paBeH HYJIIO, TO OHA HE UMEET OOPATHOM.

IIpmep 2

1 1
(1)
Haiitn 0OpaTHyr0 MaTpHILy IS 1

]

Pewenue.

[

o]

A=
[Iar 1. Haxonum onpeaenuTens:

1,_( 2 —1 )
[lar 2. —1 1
1 2 -1
_;1_1:_._;1::( )
[Iar 3. A —1 1

ce(2)
OTBeT. —1 1

HaxoskaeHue o0paTHOM MATPHIBI C IOMOLIbI0O MATPHUIBI M3 AJIre0panvecKux

§

‘1

| ‘=.—1=1¢u

[

JOTOJTHEeHHU .

1.  TlotpeOyroTcst MOHATUS MPAHCHOHUPOBAHHOU MAMPUYbL, MUHOPA MATPHULIBI U
anreOpanvdecKoro JOTOTHEHUS YIEMEHTa MaTPHUIIbI.
Mumnop K-o2o nopsioxa mampuyst A nopsidxa M ha N — 3TO OMPEINSIUTEIh MATPHIIBI
nopsiaka K Ha k, xoTopasi moyydaercs M3 3JCMCHTOB MaTpPHUIIbI A, HaXOMISIIUXCS B
BbIOpaHHBIX K cTpokax u K cronbrax. (k He mpPeBOCXOUT HAUMEHBIIIETO M3 YHCENT M

wim N).

M. . .
Munop ~ '/ modyyaeTcss M3 KBaApaTHOW  MaTpHUIBI A mopsaka N Ha N
BBIYCPKUBAHUEM 3JICMCHTOB -0t CTPOKH H |-020 CTOJIOIIA.

Jjist mpruMepa 3aruiieM, MUHOP 2-020 TIOPSIIKa, KOTOPBIN MOTy4YaeTcs U3

‘9 8 T
A=|6 5 14
3 2 1) o o
MaTpHIIbI 3 7 BBIOOPOM 27IEMEHTOB €€ BTOPOil, TpeTheli CTPOK U
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6 4
My=|, [F61-4:3=-6
NIEPBOT0, TPETHETO CTOJIOLIOB . Taxoke rmokaxeM MUHOD,
9 8 7
Ad=16 5 4
. 3 2 1) .
KOTOPBIN MOJTy4aeTcs U3 MaTPUIIbI e - BBIYEPKUBAHUEM BTOPOU CTPOKHU
o 8
M., = —9.2-8.3=-6
U TPEThETO CTOIO1IA S - . [Ipowsimoctpupyem
- .l"9 8
] 4 4
3 1 3 2
MOCTPOEHUE ITUX MUHOPOB: u

a, . .
Ancebpauyeckum  OONOIHEHUEM dNeMeHmda ti xeadpammou mampuyvl

A =Hcl ,-H_. i=1.2....n Jj=L2....n
g Ha3bIBAIOT MuHOp (N-1)-oro nopszxa,

KOTOpBIﬁ IIOJIy4acTCA M3 MaTpPHUIbI A, BBIYCPKHMBAHUCM JJICMCHTOB €C I-oi CTPOKH

i+
U J-0ro cToJ011a, YMHOKEHHbBIN Ha (_]) .

a. . A
AnreOpandyeckoe  JIONOJHEHUE dJIeMeHTa ‘4 o0o3Hauvaercss kKak /. Takum

A, =17 M,

obp3om, ¥ 8
9 8 7
A4=|6 5 4
Hanpuwmep, JUISL MaTPHUILBI > 2 1) anredpanyeckoe JOTIOJTHEHUE
A, =(-1)7 A1, ={—1}-j : =(-1)-(6-1-4-3)=6

a

dJIeMEHTa 12 ecThb
2. Ham mpuronstcst ABa CBOMCTBA OMPEACIIUTEIIS

Ha ocHOBaHMM CBOWCTB ONPENCIUTENS, ONPEAECTICHUS ONIEPALIUA YMHOKECHUS

MaTpPHIIbI HA YUCJIO U TIOHSITHS OOpPaTHOW MaTPUIILI CTIPABEJINBO
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‘T

‘A. .
rJy
paBCHCTBO rac - TpaHCHOHI/IpOBaHHaﬂ ManI/IHa,

o A. .
AJIeMEHTaMU KOTOPOIl SIBISIOTCS anreOpandeckue JONOJHEeHus 7.

-
i

Marpuua | | JEHCTBUTETHLHO SIBJISETCST 0OpaTHOM JIJIs1 MAaTPHIIBI A, TaK

KaK BBITIOJTHSAIOTCS PABCHCTBA Ad-4°=4"4A=E

AJITOPUTM HAXOXKACHUSI 00PATHOM MATPHUIIbI

C UCIIOJIb30BAHUCM PABCHCTBA

Brrauciasem OIIpCACIUTCIIb MATPUILIbL An Y6€)KIIa€MC5I, 4TO OH OTJIMYCH OT HYJIA (B

IIPOTUBHOM cllyyae MaTtpuua A HeoOpaTuma).

4.

. da. .
Crpoum - MaTpUILy U3 aNreOpandyecKux JAOMOTHEHUN JIEMEHTOB .

T
4. .1
TpancnioHupyem maTpuiy , TEM CaMbIM TIOJIy4aeM

r 1

4.1

. i . .
YMHOKaeM KaxK[IbIil 3JIEMEHT MaTPHULIbL Ha YUCJIO |A| . DTOM onepauueit
1
3aBepIIaeTCs HaXO0XIeHne 00paTHOM MaTpPHUIIbI
-1

A-A47 470 . 4
[IpoBoaMM ITPOBEPKY pe3yabTaTa, BBIYUCIISAS TPOU3BEIACHUS 51 :

A A =4 4=E

Ecmmn , TO oOpaTHasi MaTpHIla HailJIeHa BEpPHO, B IPOTUBHOM

cllydae Tie-To Obljia JOMmyIIeHa OmuoKa.

IIpumep 3
3004 -2
A=-2 1 0
2 3 !
Jlana matpuia - * . Halimute oOpaTHyt0 MaTpuiry.
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Pewenue:

Bpraucioum OIIPCACIINTCIIb MATPHUIIbI A, Pa3a0KUB Cro 110 JICMCHTAM TPCThCTO

cTOJIONA;:

Taa
— =,
I

Omnpenenurens OTIIMYEH OT HyJIS, TaK 4TO MaTpuia A odpaTuma.
Haiinem matpuiry u3 anredpandeckux JOMOJTHEHUN:

::Jiu Ay A )

A= Ay A A
x_"iﬂ Azy Ay J
S 1 0
Ay =(=1)7" =1-0-0-3=0
' 30
o 20 _
Ay =1 D‘:[—u.[;_—z].o—o-:|=D
Coe: 201
AL =(-1)"" —(—2).3-1.2=-8
T 2 3
cong =2 ,
,i:1=|j_—1|"‘.q =(—1}-(4.0—-(=2)-31=—6
33—z .
A, =(=1)7"- =3-0—(—-2)-2=4
| ‘2 0
oz |34
A, =(-1] .‘2 3 =(—1})-13-3—-4-2]=-1
. 4 -3 A
-"i'l.:[_]'l_l- =4 |:|—|—2|-].=2
. { o .

I I A e
A :[—1|"“-‘ =—1)-(3-0—(—=2]-1—2)1=4
372 =\ 2 0 . : . .

Ji33=|:'_—1'|3‘3-_3 4‘:3 1-4-(-2)=11
IToaTomy

0 0 -8}
l4,|=1-6 ¢+ -1

2 4 11
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Beimonaum TPAaHCIIOHNPOBAHUE MAaTpPHUIIbl U3 aﬂre6pa1/1qec1<1/1x ,IIOHOJIH@HHﬁ:

‘0 0 -8y [0 -6 27
l4. [ =|-6 4 -1/ =0 4 4
2 4 11) 1-8 -1 11}
- 1 T
a7 =],
Tenepps HaxoaUM 00paTHYIO MaTPHILy Kak |i| )
0 -6 2
1 1
AT=—4, [ =—-1 0 4 4=
-8 -1 11
1 1 . 1 3ol
0 —(-6) —-2 0 -2 =
16 16 16 g8 8
= L” L_I_ i_l_ = |:| £ l
16 16 16 44
Lig Ly Ly 2L Lon
16 16 16 2 16 16
3ananue: BolnoJHuTE 110 X0y PadoTHI
2 1 -1
1. Haiigute ob6patyro matpuy Al A=1|5 2 4
7 3 4

3 6 3
3. Jlano: A = ( o 1 2
-5 4 -1

Haiigure: a)A 0)A 1A
KonTposbHBIE BOIIPOCHI:
1) Kakas matpwuiia Ha3pIBaeTCsi 0OpATHOM?
2) YUTO Ha3bIBaCTCSI MUHOPOM MAaTPHIIBI
3) Uto Ha3bIBaeTCs ANreOpandecKuM JOMOTHEHHEM?

4) ANropuTM HaXOXKJICHHs 0OpaTHOM MaTPHUIIbI?

IHPAKTHYECKAS PABOTA Ne 14
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Ha3Banmne npakTudecko padornl: Peuienue cucmem NauHeuHvlX ypasuenuii Cn
HeuzsecmHuvimu memooom Kpamepa

Henanb padoTbl: HAayuyuTbCd peIIATh CHCTEMbl JMHEHHBIX YPaBHEHUU METOIOM
Kpamepa

3HAHUSA:

OCHOBHBIE MAaT€MAaTHYECKHE METObl PEIICHHUS MPUKIAAHBIX 3a7a4; OCHOBHbBIC
MNOHATUS M METOAbl MAaTeMaTUYECKOro aHaiu3a, JIMHEHMHOW anre0pbl, TEOpHIO
KOMIUIEKCHBIX YHUCEN, TEOPUU BEPOATHOCTEW U MATEMATUYECKON CTATUCTUKHU; OCHOBBI
UHTErpajJbHOr0 U MU PepeHInanTbHOr0 UCYUCICHUS; POJIb U MECTO MaTEMaTUKU B
COBPEMEHHOM MHpPE IpPH OCBOCHHM NPO(ECCHOHANBHBIX IUCUUIUIMH U B cdepe

PO ECCUOHATIBHOM IESITEIbHOCTH.

YMEHHUS:
[Ipou3BoAUTH omepanuyd HajJ MATPULAMH U ONPENETUTENSIMHU, peliaTh
CUCTEMBI IMHEUHBIX YPABHEHUN Pa3IMYHBIMU METOIAMU
Teopernueckunii MmaTepuaJ:
1.®@opmyasl Kpamepa niis1 cucteMbl U3 IBYX YPABHEHHH

CucreMbl U3 IByX YpaBHEHUN

{allx +apy=Db
1
anx+ayy =",

Omnpenesienue. OnpeaenuTeb, COCTABICHHBINA U3 KOIPPHUIIUESHTOB TIPH

HEU3BECTHBIX, HA3BIBACTCS OMPEACIUTEIIEM CUCTEMbI U 0003HaYaeTcs A (J1e71bTa):

A= ay  ap

ay Ay

Omnpenenurenn AX, Ay nojiy4aroTcst myTéM 3aMeHbl KO3 (ULIMEHTOB MTPU
COOTBETCTBYIOIINX HEU3BECTHBIX CBOOOTHBIMU WICHAMHU:

Ax=|2 @ =b1az-a120,; Ay=|“ by a11b2-b1ay;.

2 A ay 2

AED

Haittn 3HaueHUAXMYBO3MOKHO TOJIBKO ITPU YCIOBHUH, €CIIU

DTOT BBIBOJI CIIEAYET U3 CIAEAYIOUIEH TEOPEMBI.
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2. Teopema Kpamepa:Eciu onpedenumensd cucmemsbl Omauder om HyJs, mo
cucmema JTUHEUHbIX YPAGHEeHUL umMeem 00HO eOUHCMBEeHHOe peuleHue, NPU4EM
Heu38ecmHoe pasHo OMHOWeHUIo onpeoeaumenei. B 3uamenamene — onpedenumeins
cucmemsl, a 8 YUCIUmMene — onpeoeiumeib, NOJLY4YeHHbIl U3 Onpedearumeisi CUCmembl
nymém 3amemnvl Koaghguyuenmos npu 3mom Heuz8ecmuom c600600HbIMU YIeHAMU.

Oma meopema umeem mMecmo 01 CUCEMbl TUHEUHbIX YPAGHEHUT 1100020 NOpOKa.

Ax
A’y_

Takum obpazom, hopmyasr Kpamepa ons cucmemul uz 08yX ypasHeHuil: X=

Ay
A

IIpumep 1. Pemuth cuctemy JIMHENHBIX YPaBHEHUIA:

3xtix, =1
xn+dx, =-3

CornacHo ¢popmyiaMm MoJydaeMm:

1 2

. -3 4‘_1-4—2-(—3)_4+6_1D_1
! ‘3 2‘ Zed—1e2  12-2 10

2

1 4
‘31

1 —3‘_ Je(-3-1e1_-9-1_-10_

My =

7 2] ze4-2e1 12-2 10
1 4

Urtak, peierne cucrempr ™ = 1% = 1

2. YacTHble cayyau
Tpu caydas Ipu pelieHUH CUCTEM JUHEHHBIX YPABHEHHMM:
1) cuctema JMHEHBIX YpaBHEeHHMI HMeeT eIMHCTBEHHOe pelleHue(cucremMa
COBMECTHA U OIPEICTEHHA)

ay

e
2 B

Venopus: L*0 4n 4

2) cucreMa JIMHEHHbIX YPABHEHUI MMeeT 0eCHYnCIeHHOe MHOKECTBO

peuieHuii(cucTteMa COBMECTHA M HEOTIPEICTIEHHA)
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9 _ % "-E:'_l

[ )

5
i 2 "2 | T.e. KOO (DUIHUEHTHI IPH HEU3BECTHBIX U

Vemopust: &=0
CBOOO/IHBIE YIEHBI TPOMOPIHOHATBHBI.
3) cucTeMa JTMHEHHBIX YpaBHeHHI pelleHuii He mMeeT(CHCTeMa HECOBMECTHA)

dyy  thy by

A=D,ay ay &

]

YcnoBus:

Wtak, cucremMa M JMHEHHBIX YpaBHEHUH C N IEpEeMEHHBIMU HAa3bIBACTCS
Heco8MeCmHoU, €CIIN Y He€ HET HU OJTHOTO PELICHUS, U COBMECMHO, €CIIA OHA UMEET
X0Ts Obl 071HO penieHre. CoBMECTHasi CUCTEMa YpaBHEHU, UMEOIIasi TOJILKO OJTHO
pelIeHne, Ha3bIBACTCAONPeOeléHHOl, a 00ee OJTHOTO —HEeOnpeOeIEHHOU.
3.®opmyJanl Kpamepa quist cucremMbl M3 Tpex ypaBHEHUM

apx+a,y+azz=>b,
ApX+ayy+ay=h,,

Qg X + ag,y + 832 =D,.

Ax . _AY ., Az
, y=2Yz=22

A A A

X:

I'ne A (nenbra) coctaBieH U3 KO3 (OUIMEHTOB NIPU HEU3BECTHBIX:

a'11 a'12 al3
A=|a, a, a,|A onpenenurenu AX, Ay, Az noaydaroTcs MyTEM 3aMEHbI
a31 a32 a33

K03 GUIIMEHTOB IIPU COOTBETCTBYIOIIMNX HEU3BECTHBIX CBOOOHBIMHU WICHAMMU:

b a, ag a, b a; a, a, b
AX=b, a, a, ;Ay=1a, b, ay|;Az=|a, a, b,
b, a;, a; ay by ag ay a; b,

AED

Havitn 3HaueHUAX, Y U ZBO3MOKHO TOJIBKO MPH YCIOBHUH, €CIIU
IIpumep 2. Pemuth cuctemy JIMHEMHBIX YPaBHEHUI:

2x, —x, —3x; =3
3x, +4x, —5x; =-8
2x, + Tx, =17
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2 -1 -3
A=|3 4 -5=79,

o 2 7
3 -1 -3
Ax=|-8 4 -5=395,
17 2 7
2 3 -3
Ay=3 -8 -5=-158,
o 17 7
2 -1 3
Az=|3 4 -8 =237,
0o 2 17
x= 2% =5

b

=&Y =2, 7=22=3,
AT A

Otsert: (5; -2; 3)

3aganue:Pemntsb cucrtemy meroaom Kpamepa

—y=3 Sx—dy =5 3x+y+z=-2
Llax-2y=1 2lex—8y=10 > >*~y-z=10
y= Y= x—y+5z=-12
4,{2x—y+32=1 5.{2X—4Y+2225 6-{§x+_2y:§
7x+7y+3z=2 3x -6y +3z=9 -

_ x+2y—z=-3 x—4y+3z=5
7.{3&1?’:; 8.{2x+3y+z=—1 9.{2x—8y+6z=10
Y= x—y—z=3 3x — 12y + 9z =15

KonTpoabHbIE BONPOCHI:
1) YUto Ha3bIBACTCS CUCTEMOM JTMHEHHBIX YPaBHECHUI?
2) Kakas cuctema Ha3bIBaeTCs COBMECTHOM, Kakasi HECOBMECTHOM?

3) Kakast crucreMa Ha3bIBacTCs ONPE/ICIICHHON M HEOPEACIICHHOM ?
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4) Tlpu KakoM YCJIOBHU MOXKHO HCIOJIB30BaTh (Gopmynbl Kpamepa st pemieHus

CUCTEMBbI YpaBHEHUN?

INPAKTHYECKASA PABOTA NelsS
Ha3Banue npakTudeckoi padorsl: Peuwenue cucmem 1uHeiiHbIX ypagHeH Uil
Memooamu TUHEHHOU a1zedpbl
Iespb padoThI: HAYYNUTHCS PEIIATH CUCTEMBI TUHENHBIX YPABHEHUM.
3HAHMA:

OCHOBHBIE MAaTEMaTUYECKUE METOMBl PEUICHUS NPUKIATHBIX 3aJa4; OCHOBHBIC
MNOHATUS W METOAbl MAaTeMaTUYEeCKOro aHaiu3a, JIMHEWHON anreOpbl, TEOopHIo
KOMILJIEKCHBIX YHUCEIl, TEOPUU BEPOSITHOCTEN M MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
MHTETPAIbHOTO U JU(P(HEpEeHINATBHOTO UCYUCIIEHUS; POJIb U MECTO MAaTeMAaTHUKHU B
COBPEMEHHOM MHpE IpPH OCBOEHUHM NPO(ECCHOHAIBHBIX AWCIUIUIMH U B cdepe
PO ECCUOHATIEHOM IESITEIbHOCTH.

YMEHHS:
[Ipou3BoAUTH omepanuy HajJ MaTpUIAMU U OINpPEACIIUTEISIMU, PEelIaTh

CHCTEMBI JIMHEHHBIX ypaBHCHI/If/'I pas3’indYHbIMU MCTOAdaMU

Teopernueckunii MaTepuaJ:
Metoa I'aycca
Meroa T'aycca npekpacHO TOAXOAWT [UIS PEIICHUS CHUCTEM JIMHEWMHBIX
anrebpanueckux ypaBHeHuit (CJIAY). On oOnagaer psaoM TPEUMYIECTB IO
CPaBHEHMIO C IPYTMMU METOAAMMU:

1. Her HeoOXOAMMOCTH MpEIBAPUTEIBLHO UCCIIEIOBATh CUCTEMY YPAaBHEHHU Ha
COBMECTHOCTB;

2. Merogom ['aycca moxkHOo pemaTh He Tosubko CJIAY, B KOTOpPBIX 4YHCIIO
YPABHEHHM COBNAJAET C KOJUYECTBOM HEW3BECTHBIX IEPEMEHHBIX W OCHOBHAs
MaTpHULIA CUCTEMBI HEBBIPOXKICHHAs, HO U CUCTEMBI YPABHEHUN, B KOTOPBIX YHCIIO
YPAaBHEHHM HE COBNAJAET C KOJMYECTBOM HEU3ZBECTHBIX TMEPEMEHHBIX WU

ONPEAEIUTENIb OCHOBHOM MaTPULIBI PABEH HYJIIO;
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3. MCTO)I Faycca MNpUBOAUT K PEC3YyJIbTATy IIPHU CPABHUTCIBLHO HEOOIBIIIOM

KOJINYCCTBC BBIYHMCJIIMTCIIbHBIX onepauﬂﬁ.

[Ipu pemrenun cucreM ypaBHeHU# MetonoM ["aycca HeoOXOAMMO 3HATS:
Mampuya  cucmemsvt — 3TO  MaTpUlla, COCTaBJIEHHAas TOJBKO W3
K03 (UIIMEHTOB NMPU HEU3BECTHBIX
Pacwupennas mampuya cucmemsl — 3TO Ta K€ MaTpUIlA CHUCTEMBI ILTIOC
cTON0€1] CBOOOIHBIX YICHOB

QJICMCHTAPHBLIC HDGO6DaBOBaHI/ISI:

a) CTpoKHM MaTpHIIEI MOKHO TlepecTaBJIsATh MecTaMu. Ecim B MaTpulie
€CTh (MM TOSIBUJIIUCH) MPOTMOPIIMOHANIbHBIE (KaK YaCTHBIM CIIydail — OJMHAKOBBIC)
CTPOKH, TO CJICTYET YAAJUTh U3 MAaTPHUIILI BCE 3T CTPOKH KPOME OTHOM.

b) Ecau B MaTpuiie B XoJie peoOpa3oBaHUi MOSBHUIACH HYJIEBas CTPOKa,
TO €€ TaKXke cienyeT yaaiauTb. HyneBas cTpoka — 3TO CTpoKa, B KOTOPOU 0OHU
HYTU.

c) CTpoky MaTpuIlbl MOXXHO YMHOKHTH  (pa3iesinTh) Ha  J1H000C

YUCJI0, OTINYHOC OT HYVIJIA. I[aHHOG JICICTBUE OYCHb IMOJIC3HO, IIOCKOJIBKY

YOPOLIAET JaJIbHEUIE MpeoOpa30BaHus MaTPULIBI.
d) K crtpoke Marpuibl MOXHO NPHOABUTH  JPYIyH0  CTPOKY,

YMHOKCHHYI0O HA YU CJI0, OTJIMYHOC OT HYJIA.

IIpumep 1
x—y=-5
2x+y=-7 P

CHINTb CUCTEMY MCTOJI0OM Faycca

Pewenue:

1. HY)KHO 3aIMCaTh paACUUPEHHY0 Mampuyy CUcCmemasl.

]
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BeprukanbHas yepra BHYTPH MaTpHUIbl HE HECET HUKAKOIO MAaTeMaTH4eCKOTro
CMBICJIa — 3TO IPOCTO OTYEPKUBAHUE IS y100CTBa 0O(DOPMIICHHUS.

2. [locne Toro, Kak paclIMpeHHas MaTpHlla CUCTEMbl 3allMCaHa, C HEu
HE00XO0IUMO BBITIOJIHUTD HEKOTOpbIE NENCTBUA, KOTOpbIE TaK¥Ke
Ha3bIBAOTCS I1EMEHMAPHLIMU NPeoOdPA308AHUIMU.

3. YMHOXUM HEPBYIO CTPOKY Ha -2. [lomyuum matpuiry

G- )

4. Ko BTOpoii cTpoke nmpubaBiseM MepByro CTPOKY, YMHOXKEHHYIO Ha -2:
1 =15 -2 210 -2 2{l0
— —
2 117 2 17 0 3|3
S. Tenepp nepByIO CTPOKY MOXKHO Pa3JesIUTh «0OpaTHO» Ha —2:

ERE TGRSR

Ctpoxka, kotopyto I[IPUBABJISJIN — He n3MeHunach. Beerya MeHsSeTCs CTpPOKa,

K KOTOPOM IIPUBABJISIOT.

YMHOXaIOT CTPOKY OOBIYHO YCTHO WJIM Ha YEPHOBHKE, MPU STOM MBICICHHBIN
XO0J pac4y€TOB MPUMEPHO TAKOM:

«IIepenuceiBaro MaTpuLly 151 MIEPEINCHIBAIO IIEPBYIO

[1 —1‘—5} (1 _IFJ
_>

2 17 * k| %

CTPOKY: »

«CHavama mepBbIii cTONOEI. BHU3Y MHE HYXHO MOJYYHTH HOJb. [loaTomy

EIMHUITY BBEPXY YMHOXAK0 Ha —2: L(=2=-2 y ko BTOPOU CTPOKE MPUOABIISIO

neppyro: 2 + (=2) = 0. 3amuceiBato pe3yabTaT BO  BTOPYIO

{1 —1t5} {1 -1

—
2 1k7 0 *
CTPOKY:
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«Teneps BTOpOH cTonben. Beepxy —1 ymHoxaro Ha —2: ~ L(=21=2 xo BTOPOU

CTpoke mpubaBisito nepByro: 1 + 2 = 3. 3anuceiBalo pe3ysbTaT BO BTOPYIO

{1 _IFJ {1 —1—5}
—

2 1 k7 0 3|*

CTPOKY: »

«1 tpermit ctonbeu. Bepxy —5 ymHOxkar Ha —2: -2 =2=10 ko BTOPOU

CTpoKe mnpubaBisito neppyto: —7 + 10 = 3. 3anuceiBaio pe3ysibTaT BO BTOPYIO

[1 _ltﬂJ {1 _1‘_5J
—

b2 1T o 3|3

CTPOKY: »

Hean 31eMeHTApPHBIX NPe00pPa30BaAHMIl — IPUBECTU MATPUILY K CTYIIEHYATOMY

BHIY: . B odopmieHun 3agaHus OPSMO TaK M OTYEPKUBAIOT
MPOCTBIM KapaHAAIIOM <JISCTHHUITY», a TaKXe OOBOAAT KPYXKOYKAMHU YHCIIA,
KOTOpBIE pacIioyiaraloTcsi Ha «CTyrleHbkax». CaM TepMUH «CTyNEHYaThId BUI»
HE BIIOJHE TEOPETHYECKUW, B HAy4YHOM U Yy4yeOHOW JHUTEpaType OH 4YacTo
HA3BIBACTCS Mpaneyuesuonslli U0 UIH mpey2obHblil 8UO.

IIpumep 2:

Pemute meTogom ["aycca cucteMy ypaBHEHU:

Ax+2y—Sz=-1
2x—yv+3z=13
x+2y—z=9

3anuieM pacliMpEHHYIO0 MATPUILy CUCTEMBI:

32 =5K1
2 =1 313
1 2 =19

Pe3ynbTat, K KOTOpOMY HEOOXOIUMO TIPUMITH B XOJI€ PEIICHHUS:
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0@ —1)1
0 o (D|4]

\

[enp — ¢ MOMOIIIBIO 3JIEMEHTAPHBIX MTPEOoOPa30BaHUI IPUBECTU MATPUILY K
CTYyIIEHYaTOMY BUJTY.

CMOTpHM Ha JICBOC BCPXHCC YUCJIO!:

(3 2 «5k1)
2 -1 313
1 2 -1]9

[Toutn Bcerma 3nech JOJDKHA HAXOJWUTHCS eIUHHIA. YCTpouT U —1 (a mHOTHA M
Ipyrue 4Ymucia), HO KaK-TO TaK TPaIUIMOHHO CJIOKUJIOCh, YTO TyJa OOBIYHO
nomeniaroT equHuIy. Kak oprannzoBats enuauily? CMOTPUM Ha MEPBBIM CTONOCI] —
roTOBas €AMHUIIA Y HAC €CTh!
[IpeoOpazoBanue TmiepBOE: MEHSIEM MeECTaMH TIEPBYI0O U TPEThIO CTPOKU:
a2 =51 1 2 1|5
2 =1 3(13|—=|2 -1 3 (13
1 2 =19 302 =351
Tenepsb mepBasi CTPOKAa OCTAHETCS HEU3MEHHOM /10 KOHIA pemieHusi. Enunuia B

JIEBOM BEpPXHEM YIJy OpPraHU30BaHa. Tenepp HYKHO NOJYYUTh HYJM BOT HA ITUX

MECTax:

(1 2 =1|9>
(2) -1 3|13
B 7 <5

Hynun monyyaeM kak pa3 ¢ MOMOIIBI «TPyAHOTO» TpeoOpazoBaHusa. CHayana
paszOupaemcsi co BTopoit ctpokoit (2, —1, 3, 13). Uro HyXHO caemarh, 4ToObI Ha

MepBOM MO3ULIUH MOJIYYUTh HOJb? Hy’KHO KO BTOpPO# CTpPOKe NPUOABUTH NEPBYIO
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CTPOKY, YMHOKE€HHYI0 HAa —2. MBICJICHHO WJIM Ha YePHOBHKE YMHO)XKa€M TEPBYIO
ctpoky Ha —2. (-2, —4, 2, —18). U mnociegoBareabHO MNPOBOAUM (OMATH JKe

MBICJIEHHO WJIM HAa YEPHOBHUKE) CIIOKEHUE, KO BTOPOil CTPOKe MNpUHOABJIsEM

nepByIo CTPOKY, yxe YMHOKE€HHYI0 HA 2.
0 -5 5 -5
| I | I
-2 -4 2 -1k
+ + + +
2 -1 3 13
Pesynbrar 3aMUChIBAEM BO BTOPYIO CTPOKY:

202 =41 1 2 =15 1 2 =15
2 =1 3[13|—=|2 -1 3]13|=|0 -3 515
1 2 =19 3 2 =51 32 =51
AHajiornyHo pazbupaeMmcs ¢ TpeThel cTpokoi (3, 2, —5, —1). UToObl moayuuTh Ha
MEepBOM MO3UIMU HOJIb, HY’)KHO K TPeTheill CTpoKe NMPUOABUTH NMEPBYIO CTPOKY,
YMHOKe€HHYI0 Ha —3. MBICIICHHO WJIM Ha YEPHOBHUKE YMHOXKaeM MEPBYIO CTPOKY Ha

-3: (-3, -6, 3, -27). Uk Tperbeii cTpoke NpPuOABJISIEM NEPBYH CTPOKY,

YMHOKEHHY 10 Ha 3.
0 -4 -2 - 23
| | I |

-3 -6 3 -7
+ + + +
3 2 -5 -1

Pesynbrar 3aMMChIBaEM B TPETHIO CTPOKY:
32 =51 1 2 -1% 1 2 1% 1 2 =119

2 -1 3[13|—=2 -1 313|—=|0 -5 5F5|—=0 -3 5|-5
1 2 -1|% 3 02 —511 3 2 —5-1 0 -4 -2r28
Ha npakTtuke 31 neicTBUS OOBIYHO BBIMOJIHAIOTCS YCTHO U 3alUCHIBAIOTCS B OJMH

morar:

32 =51 1 2 -1% 1 2 =15
2 =1 33| —=|2 -1 3]13|(—=|0 -5 5|=-5
1 2 -1|9 302 =51 0 -4 —-21-28
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He Hy:XHO cuMTaTh BCE cpa3y W OJHOBpeMeHHO. [lopsAIOK BBIYMCICHUN U

«BITUCBIBAHU A PE3YJIbTATOB MOCJIEA0BATEC/ICH
to2 1) f1o2 -1y 12 -y (12 -y (12 -1
# ok kbl 5|0 ok k| 510 5 k| 50 -5 S0 -5 55|
* ok E - F S * * E N E S * * ESE S * * * |k * * E S I S

1 2 -19 12 -19 1 2 -1]9 1 2 -1 9

—|0 =5 5|-5|—=|0 =5 5pF5|—=|0 -5 5SF5|—=0 =5 5|-5
* * | * 0 —4 =*|=* 0o -4 —-2/* 0 -4 —2-28

L]

Jlanee  HY)XHO  TOJY4YHTh  €AMHHUILy Ha  CIEOYIOHIEH  «CTYIEHBKE»:

1 2 =19

. -

0 (-=5) 5|-5

— -

(0 = =iB]-08

B nanHOM mpumepe 3TO CAeNaTh JIETKO, BTOPYIO CTPOKY JI€IUM Ha —5 (IIOCKOJIBKY
TaM BCE Yucia JIeisaTcs Ha 5 0e3 ocTaTtka). 3a0HO JENUM TPEThIO CTPOKY Ha —2,

BCIb YCM MCHBIIC YHCJIa, TCM IIPOIIC PCIIICHHNC!

3 2 =51 1 2 =19 1 2 =15 1 2 -1%
2 =1 3[13|—=2 -1 3]13|—=|0 =5 5|=-5|—=|0 1 =11
1 2 -1|5% 3 2 =5K1 0 -4 228 0 2 1174

Ha 3axirouuTenbHOM 3Tare 3JIeMEHTapHbIX MPeoOpa3oBaHUl HYKHO MOJYYUTH

eme o HOIb 31eCH:
(1 2 -1[9)
0 1 -1|1
0 (2) 1[14)

151 5TOTO K TPeThel CTPOKe NpudaBjsieM BTOPYIO CTPOKY, YMHOKEHHYI0 HA —
2:
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302 =51 1 2 1% 1 2 =113 1 2 18
2 =1 3[13|—=(2 -1 3/13|—=0 =5 S|=-5|—=0 1 -1 |—=
1 2 1% 302 =51 0 -4 —2-28 o2 104

1 2 1% 1 2 =19
=0 1 =11 (=0 1 -1/

o o 32 oo 14
[TorpoOyiiTe pazodpaTh 3TO ACHCTBHE CaMOCTOSTEIHHO — MBICICHHO YMHOXBTE
BTOPYIO CTPOKY Ha —2 U TIPOBEAUTE CIOXKECHHE.
[Tocneanee BBIIOJIHEHHOE JEHCTBHE — MpUYECKA pe3ysbTaTa, AEIUM TPETHIO
CTPOKY Ha 3.
B pesymbrare 5SIeMEHTApHBIX TMPEeOOpa3oBaHUI IMOMydYeHA OSKBHUBAJICHTHAS

HCXOOHOU cucrema JIMHENHBIX YPaBHEHU:

Tenepr B JeiicTBUE BCTymaeT oOpaTHbBIM xon Mmetona [aycca. YpaBHeHus
«PACKpPYUYHMBAIOTCSD» CHU3Y BBEPX.

B TpeTheM ypaBHEHHH Y HAC YK€ TOTOBBIN pe3yibTar: Z =4

CMOTpHM Ha BTOpOE ypaBHeHHE: ¥~ © =1, 3nauenne «em» y’K€ M3BECTHO, TaKHUM
obOpazom:

y—4=1

¥=>5

x+2y—z=

W, HakoHel, NepBOE ypaBHEHUE: s «rpex» u «3eT» U3BECTHBHI, JEN0 32

MaJlbIM:
x+2.5-4=9
r+6=9
=73

Otger; *=%ry=52z=4

3aganmne: Pemunth cucremy meroaom I'aycca
Xy +x, —3xg =—2
1. Y2z, +4x,+x, =1
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Xyt x,—x, =10
2xy—x, —xg = —2
2. \dx, +x,—3x,=25
Xy T+ X, —x;— 2x, =10
2xy+x, —xg T, =2
3 \mxytx,—3x;+x, =4

KoHTpoJibHBIE BONIPOCHI:
1) Kakasi MaTpuIia Ha3pIBaeTCS PACITUPECHHOMN?
2) HazoBure snemMeHTHI mpeoOpasoBanuii nipu perienuun CJIIAY meromom

l'aycca

INPAKTUYECKASA PABOTA Ne 16

Ha3panue npakrnueckout padorbl: Peuienue CJIAY paznuunvimu memooamu
Hean pabdoThbl: HAyuyuThCA peIIaTh CHUCTEMbl JUHEHHBIX YpaBHEHUUA METOJOM
JIMHENHOU areOpsl

3HAHMSA:

OCHOBHBIE MAaTEeMaTUYECKUE METOJbl PEIICHUS MPUKIATHBIX 3a7a4,; OCHOBHbIC
MOHATUSI M METOJbl MAaTeMaTHYECKOrO0 aHaiu3a, JUHEHHON anreOpbl, TEOpHIo
KOMILJIEKCHBIX YHUCEIl, TCOPUU BEPOSITHOCTEH Y MaTEeMAaTUYECKOW CTATUCTUKU; OCHOBBI
HMHTETpajIbHOTO U AU PEepeHIInaIbHOr0 UCUUCICHUS; POJIb U MECTO MaTeMaTHUKU B
COBPEMEHHOM MHpE NpPH OCBOCHUHU NPOo(DEeCCHOHATBHBIX AWCIHUIUIMH U B cdepe
poeCCUOHATILHOM ESITEIIbHOCTH.

YMEHHUSsI:
[TpousBoauTH omepanuu HajJ MaTPUIIAMU U OMPEACIUTEISIMHU, PEIlaTh
CUCTEMBI IMHEWHBIX YPaBHEHUH PA3TMIHBIMUA METOTaAMH
Teopernuecknii MaTrepua:
Martpuunsiit Mmeros pemenust CJIAY: npumep peiieHus ¢ ToMOIIbI 00paTHOM
MaTpPHIIBI

Memoo obpamnou mampuybt — 3TO METOJ, UCTIONIB3YIoIIHics mpu pemennn CJIAY

B TOM CJIy4ae, €CJIi YUCJIO HEU3BECTHBIX PABHAETCS YHCILY YPABHEHH.
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Ecmm  marpuna /A HEBBIpOXKAEHAa, TO TOrga C  IIOMOLIBIO ONEpAalMi  Haj
MaTpUIIAMU BBIPA3UM HEU3BECTHYIO MaTtpuiy X . Onepauus JeJeHUs HA MHOKECTBE
MaTpUIl 3aMEHEHa YMHOXXEHHEM Ha OOpaTHYI0 MAaTpHIly, MO3TOMY A0 MHOKHUM
IIOCJIEHEE PABEHCTBO HAa MaTpuIly A ' cieBa:

A'AX =A'B= EX=A"'B=
X=41'B
[ToaTOMY, YTOOBI HAUTH HEU3BECTHYIO MAaTpUIy X HaJI0 HAWTH OOPATHYIO MATPULLY K

MaTpUIlE CHUCTEMBI M YMHOXWTb €€ CIlpaBa Ha BEKTOP-CTOJIOEI] CBOOOJHBIX
KO3 (UIINEHTOB.

IIpumep 1
2r1 +21r2 =7
o 2ri + 12 =9
Haittu pemenne CJIAY MaTPUYHBIM METOIOM.
Pewenue.

-
'

o

“

]

-(31) o-(3)

[
BrlmnuiieM MaTpuily CUCTEMbI L u MaTpHILy NMPaBbIX YacTen ¥/,
Haiinem oOpaTHyio Matpuily Ajis MaTpuIlbl CUCTeMbl. JlJisi MaTpuilkl BTOPOTO
Mopsijika 0OpaTHYI0 MOKHO HaXOJUTh MO CIEAYIONIEMY aTOPUTMY:

1) maTpuma 10JKHA OBITH HEBBIPOXKIEHA, TO €CTh €€ ONPEIEIUTENIb HE JOJHKEH
Al =1-

PaBHATHCA HYJIHO!
2) JJICMCHTBI, CTOAIIME Ha rJIaBHOM AuaroHajin MCHACM MCECTaMM, a4 y 3JICMCHTOB
MOOOYHOM JuaroHaJiIi MCHJACM 3HAK Ha HpOTHBOHOHO)I(HBIﬁ u ACIHUM IIOJIYUYCHHBIC

QJICMCHTELI Ha OIIPCACINTCIIb MaTPHIIbIL. I/ITaK, mojydyacm, 41O

i

-

Lo

| )G
()= (2)-(5)

I[Be MaTpuibl OAHOTO pazMEpa paBHBI, €CJIIM PaBHbI HX COOTBCTCTBYIOIIHUC OJICMCHTEI,

X — I A lB:( _i —_

TO €CTh B UTOTE€ UMEEM, 4TO 1 = —11 2 = 31
OtBer. r1 = —11 2 = 31
Ilpumep 2:
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201 +x2+ a5 =2
I — Iz = -2

o L '-) e — '-)
PewnTh ¢ MOMOLIBI0 06PATHON MaTPHIB! cHCTeMy \ 501 — 42 + 2r3 =2

Pemenue. 3anuiieM JaHHYIO CUCTEMY B MAaTPUUHOUN (opMme:

AX =B,
2 1 1 T
A= 1 =1 0 X = 2o
3 -1 2 Iy
rue - Marpura CHUCTEMBI, - cToJoeln
)
B = -2
7 o
HEHU3BECTHBIX, < / - cronbern npaBbix yacte. Torma
X=A1RB

Haiiiem o6patHyro MaTpuiy A ' k MaTpuIle A ¢ OMONIBIO COIO3HOM MaTPHUIIbL:

1 Ll
_.I'l l = = F: T
A A
3necs & = |A|- onpenenurens Marpumner A ; Martpuua A- COM3HAsS MATpUIQ, OHA

IIOJIyuCHa H3 HUCXOJHOM MaTpHIbI A 3aMeHOM €e DJIEMEHTOB HX aJIFC6paH‘{CCKI/IMI/I

JOITIOJIHCHUSIMU. HaﬁIIGM A , AJIs1 3TOIr'0 BBIYHCJIINM aJIF€6DaI/I‘I€CKI/IG JOITOJIHCHHUS K

AIEMEHTaM MaTpUIbI A !

Ay = (=)' j g = =2 Ay = (-1)'*2 1?_ g — -2
A= ()| L Tl =2 Am = (12| | =-3
Ay = (122 2 L1 A= (12| 2 =5
Agy = (=177 f _1 = -3

Takum o6pazom,
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-2 -2 2
A=| -3 1 5
1 1 -3

2 1 1
A=|1 =1 0|=2(-1)-241-(=1)-14+1-0-3—
b1 2

—3-(-1)-1—-(-1)-0-2—-1-1-2=—-4#10

A Tornma
-2 =3 1

- 1
A= _I -2 1 1
' 2 o =3

r L 2 -3 2
X = o = —I -2 1 -2 =

i]'::!_ . ? -:.* - ?

— 1 —1
= = 4 I 1
T }
I = -1
re =1

&

Otser. (¥3 =3

3ananue: Pemnre CJIAY MaTpM4YHBIM CIIOCO00OM

Jx,—-2x, =

A,
| L

1 2n,+3x,=2

2yv+x+z=-1

i—Z—v+3x=-1

—2x+3z+2y =5

2.
(%, +2x,—-2x,=3
3 3%, +3x, +5x, =0
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KoHTpoJibHBbIE BONPOCHI:
1) B uém 3akirouaercs MaTpudHbId MeTo pereHust CJIAY?
2) HazoBuTe aqropuT™ perieHus: OJHOPOIHON CUCTEMBI IMHCHHBIX YPaBHEHUH

METO/10M 00paTHOI MaTpPHUIIBI.

INPAKTHYECKAS PABOTA Ne 17

Ha3panue npakTudeckoil padorsi: Komnaekchole yucia u 0eiicmeus Hao HUMU
Hean paGoThl: HAYYUTCS BBHIMOIHATH ACHCTBUS HAJl KOMIUIEKCHBIMU YHCIIAMU
3a/laHHBIMU B ajreOpanveckoit popme.

3HAHMSA:

OcCHOBHbIE MaT€MaTHYECKHE METOJIbl PELICHUs] NMPUKIAJHBIX 3a7ad; OCHOBHBIE
MOHATUS W METOJAbl MAaTEeMaTUYECKOTO aHajiu3a, JUHEWHOW anreOpbl, TEOPUIO
KOMIUIEKCHBIX UHCEI, TEOPUHU BEPOSTHOCTEH U MATEMAaTUYECKOW CTATUCTUKH; OCHOBBI
MHTETPATBHOTO U TU(PPEpeHINAIBHOTO UCYUCIIEHUS; pOJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpE NIpPH OCBOEHUHM NPO(EeCCHOHAIBHBIX AMCIMIUIMH U B cdepe
poeCCUOHATILHOM ESITEIIbHOCTH.
yMEHHSI:

BrinonaHsaTh AeMCTBUS HAJ KOMIUIEKCHBIMHU YHCIIaMU

Teopernueckuit MaTepuas:

Onpeodenenue. KOMIUIEKCHBIM YHCIIOM HA3bIBACTCS BBIpaKEHUE BHa a + D,
rae a u b - neiictButenbHbie yncna. [Ipu 3TOM BBITOTHSIFOTCS YCIIOBUSL:
a) JIBa KOMIUIEKCHBIX 4Kclia a; + D11 u @ + bol paBHBI TOrMA M TOIBKO TOT A,
Korzaa a;=ap, b1=bhy.
0) CoxxeHre KOMIUIEKCHBIX YMCEeIT ONPEAEIIIeTCS TPABUIIOM:
(a1 + bai) + (a2 + boi) = (a1 + a2) + (by + by) 1.
B) YMHOXEHHE KOMITJIEKCHBIX YHCEI OINPEIeseTCs MPABUIIOM:
(8.1 + bll) (8.2 + bzl) = (8.18.2 - blbz) + (albz - azbl) I

Aaredpanveckas popMa KOMILJIEKCHOTO YHCJIA.
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3anuch KOMIDICKCHOTO YMcIia B BUjIe a + Di Ha3pIBaIOT anreOpanveckoit popmoit
KOMILJIEKCHOT'O YHCJIa, TJIe a — JCHCTBUTENIbHAS YacTh, DI — MHUMas 4acTb,
npudeM b — neficTBUTEIbEHOE YUCITO.
KomrmiekcHoe unciio a + Di cunraercs paBHBIM HYJIIO, €CJIU €0 ICHCTBUTEIbHAS U
MHHMasl YacTH paBHBI Hymt0: @ = b = 0
KomrmekcHoe uncio a + bi mpu b = 0 cuuraercs coBnagarommm ¢
JICHCTBUTEIILHBIM YKciioM a: a + 01 = a.
KommiekcHoe uncio a + bi mpu a = 0 Ha3bpIBaeTCSl YUCTO MHUMBIM U
obo3nauaercs bi: 0 + bi = bi.

JeiicTBHSI HAI KOMILIEKCHBIMM YHCJIAMU B ajiredpanveckoii gpopme.
Haj KOMITJIEKCHBIMH YUCJIaMU B areOpandeckoi (hopMe MOKHO BBIITOJIHATH
CJIEIYIOIIHAE ACHUCTBHUS.
1) Cnoxenue.
Onpeoenenue. CyMMO KOMIUIEKCHBIX UMCeNl Z1 = a; + Diimzp; = az +
bl Ha3bIBaETCS KOMIUIEKCHOE YHCIIO Z, IEHCTBUTEIbHAS YacTh KOTOPOT'O paBHA
CyMME€ JICMCTBUTEIIBHBIX YAaCTEN Z1 U Zp, @ MHAMAS YaCTh - CYMME MHHUMBIX YaCTEH
qHCceN Z1 M Z2, TO ecTh Z = (a1 + az) + (b1 + by)i.
Yucna Z3 ¥ Z; Ha3bIBAOTCS ClIaraeMbIMH.
CroXeHre KOMITICKCHBIX YHCEeN 001a1aeT CIeIyOIUMU CBOHCTBAMHU:
1°. KOMMyTaTUBHOCT®G: 21 + Zp = Z + 7.
2°. AcconMaTHBHOCTE: (21 + Z2) + 23 = 71 + (22 + Z3).
3°. KomruiekcHoe 4rciio —a —Di Ha3pIBaeTCs MPOTUBOIOIOXKHBIM KOMITJICKCHOMY
yuciy Z = a + bi. KommuiekcHoe 4rciio, IpOTHBOMOI0KHOE KOMIIEKCHOMY
quCITy Z, 0003HaYaeTcs -Zz. CyMMa KOMIUIEKCHBIX YHCEN Z U -Z paBHA HYO: Z + (-2)
=0
IIpumep 1. Bemonaute cnoxenne (3 —1) + (-1 + 2i).
B-N+(-1+2)=@B+(-1)+(-1+2)i=2+1i.

2) Beruuranue.
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Onpeoenenue. BeraecTh U3 KOMIUIEKCHOTO YHCTIA Z1 KOMIIEKCHOE YHCIIO Z3,
3HAYUT HAWTH TaKOE€ KOMITJICKCHOE YHMCIIO Z, UTO Z + Zp = Z3.

Teopema. Pa3HOCTh KOMITJIEKCHBIX YHCEJI CYIIIECTBYET M PUTOM €IMHCTBEHHA.
IIpumep 2. Beimosaaute Beruntanue (4 — 2i) - (-3 + 2i).
4-20)-(-3+2)={@4-(-3)+(-2-2)1=7-A4i.

3) YMHOKEHHE.

Onpeodenenue. IIpon3BeeHNEM KOMITJICKCHBIX

guceln Z;=a;+01i u z,=a,+b,i Ha3pIBaeTCS KOMIUIEKCHOE YHCIIO Z, ONPEIEISIEMOe
paBeHcTBOM: Z = (@;@z — b1b,) + (aib, + axbi)i.

Uwucna 71 ¥ Zo Ha3bIBAIOTCS COMHOKUTEISIMHU.

YMHOKEHHE KOMIUIEKCHBIX YHCENT 00JIaIaeT CIICTYIONTUMU CBOHCTBAMH:

1°. KOMMYTaTUBHOCT®: 212 = ZpZ1.

2°. AccotMaTUBHOCTE: (2122)Z3 = 21(Z22Z3)

3°. JIucTprOYTUBHOCTh YMHOKEHUSI OTHOCUTEIBHO CJIOKECHHUS:

(Zl + Zz) 13 = 7123 + 70Z3.

40, 7 - = (a + bi)(a — bi) = @ + b?- geiicTBUTENLHOE YHUCIIO.

Ha mnpakTike yMHOXXEHHE KOMIUIEKCHBIX UHCENT MPOU3BOIAAT 10 IPABHILY
YMHOYKEHHUS CYMMBI Ha CYMMY H BBIJICJICHHS JCHCTBUTEILHOW U MHUMOM YacTH.

B cnenyromeM npuMepe pacCMOTPHM YMHOKEHHE KOMILJICKCHBIX YHCEN JIBYMsI
Croco0aMM: Mo MPAaBHIY U YMHOXCHHEM CYMMBI Ha CYMMY.

IIpumep 3. Bemmonuaute ymuoxenue (2 + 3i) (5 — 71i).

1cmocod. (2+31)(5-7i)=2x5-3x(-7)+(2x(-7)+3x5)i==(10+2])+
(-14+15)i=31+1.

2 cioco0. 2+ 31) (5—-7i) =2x5+2x (-7i) +3ix 5+ 3ix (-7)==10-14i +
15i +21 =31 +1i.

4) Jlenenue.
Onpedenenue. Pa3nennuTh KOMIUIEKCHOE YHUCIO Z1 HA KOMIUIEKCHOE YHUCIIO Zp, 3HAUUT

HAWTHU TaKOE€ KOMILJIEKCHOE YHCJIO Z,9TO Z * zp = 13.
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Teopema. YacTHOE KOMITIEKCHBIX YHCEJ CYIMIECTBYET U €AMHCTBEHHO, €CIIH Zz # ()
+ 0i.

Ha mpakTWke dYacTHOE KOMIUIEKCHBIX YHCEN HAXOMAT IyTeM YMHOXCHHS
YHCIUTENS K 3HAMEHATESI Ha YHCII0, COMPSKEHHOE 3HAMEHATEIIIO.

[Tycth 21 = a1 + bsi, Z = a2 + byl, Torga

zy _a;+ bl (a; +bii)(a; — byi)  (aja; + byby) + (azhby — arby)i

Zy _a2+b2i B (a2+b2i)(a2_b2i) B a%"'bzz
_ 410y + bib, azb; —a;b;
~ a?+b? as + bz

5) Bo3BezaeHue B 1ENyI0 MOJOKUTENBHYIO CTENEHb.
a) CTerneHn MHUMOM €TUHHITBI.
[lonb3ysach  paBeHCTBOM i2= -1, JIerKO ONpPENEIHTh JHOOYH  ILENYIO

MOJIOKUTEIBHYIO CTENIEHh MHUMOM equHHUILIbL. MMeem:

°=i2i=-,
=it =1,

o =iti=i,
i°=i“i? = -1,

i7= (5§12 = -i

:
B=i®?=1wnr. 1.

DTO MOKA3BIBAET, YTO 3HAYEHHMS CTEINEHH i", Tae N — LeIoe MONOKUTENLHOE YUCIIO,
IIEPUOIUYECKH TIOBTOPSAETCS IIPH YBEINYEHUH TTOKA3aTels Ha 4

[TosTOMy, YTOOBI BO3BECTH HYHCIO i B LENYK IOJIOXKUTEIbHYIO CTEIEHb, HAI0
TI0Ka3aTeNlb CTENEHH PA3lelIuTh Ha 4 U BO3BECTH i B CTEIEHD, II0KA3aTEllb KOTOPOH
PaBeH OCTATKY OT JEJICHHUSI.

[Ipumep 5. Beruncmure: (i3 +i17) - i %,

i36= (I 4)9= 19= 1’

| Tz (= =

i B= oS8 = ((4Px B =] - B=-i

(®+i7) i B=L+i)(-i)=-i+1=1—1i.



0) Bo3BeneHre KOMIUIEKCHOIO 4YHCIAa B ILEJIYIO IIOJOXKUTEIbHYI CTEIEeHb
MIPOM3BOJUTCS TI0 MPABUITY BO3BEICHUA JBYWICHA B COOTBETCTBYIOIIYIO CTEIICHbD,
TaK KaKk OHO MPEACTaBIIIeT COOON YaCTHBIM Cily4ail YMHOKEHHUS OIMHAKOBBIX
KOMILUIEKCHBIX COMHOXKUTEICH.
[Ipumep 6. Beraucmure: (4 + 2i)3
(4+ 202 =43+ 3x £2x2i + 3x 4x (2i)* + (2i)* = 64 + 96i — 48 — 8i = 16 + 88i.
3aganmne: BoinmosHUuTE 321aHNUsI IO X0y padoThI:

1. JlaHbBI KOMIUIEKCHBIC uncna z; = 2+ 3i,z, =5 —7i

Hainnure:

a) z; + z,

b) z, - z,
2. IlpousBennrte yMHOXKEHHE KOMIUIEKCHBIX uncen: (2 + 3i) - (5 — 7i)

8+2i
3. Brruuciure: i
-3l

4. Pemmmre ypaBHeHue: x2 — 6x + 13 = 0
KounTposibHbIe BOPOCHI:
1. Kak 0003HayaeTcst KOMIIJIEKCHOE YUCIIO?
2. @opMBI KOMITJIEKCHOTO yHcIia?

3. Kakwue nelicTBust MpoU3BOAATCS HaJl KOMIUICKCHBIMU YUCIaMU?

INPAKTHYECKASA PABOTA Ne 18

Ha3Banue npakTnueckoil padotol. Peuienue npakmuyeckux 3aoau Ha
6blUUCTIEHUE 6EPOAMHOCHU COObIMUAL.
Hean padoTbi: HayunThCsi BEIMUCTATH BEPOSTHOCTH COOBITUIA.
3HAHUA:

OCHOBHBIE MATEMATUYECKUE METOJIbl PEIICHUS] MPUKIAJAHBIX 3a7a4; OCHOBHBIC
MOHSATUS M METOJAbl MAaTeMAaTHYECKOTO aHaliu3a, JIMHEWHOW anreOphl, TEOPHIOo
KOMIIJIEKCHBIX YUCEJI, TECOPUU BEPOSITHOCTEN U MATEMATUYECKON CTATUCTUKH; OCHOBBI

MHTETPATLHOTO U U] PEpeHINAIBHOTO UCYUCIICHUS; POJIb U MECTO MaTEeMaTHUKU B
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COBPEMEHHOM MHpE NIpPH OCBOEHUHU NPOo(EeCcCCHOHATIBHBIX AUCIUIUIMH U B cdepe
npodeccuoHanbHOM eI TeIbHOCTH.
YMEHMSI:

PemaTte 3aaun Ha BBIYKCIIEHHE BEPOSITHOCTU C MCIOJIB30BAHUEM DJIEMEHTOB

KOMOWHATOPUKHU
Teopernyeckasi 4acThb:
1. Ciyuaiinoe co0bITHE

CayugaitHoe coObITHE — 3TO JMI000H (DaKT, KOTOPHIN B pe3yabTaTe MCHBITAHUS
MOXXET TPOM30UTH WM HE Npou3ouTu. CilydailHoe CcOOBITHE — 3TO pE3yJbTar
UCIIBITAHUSI.

Wcnbitanue (OmbIT, SKCHOEPUMEHT) — B 3TOM OINPEACICHUH MOHUMAETCs
OTIpe/ieJICHUE ONPEIEIEHHOr0 KOMIUIEKCa YCIOBH, B KOTOPBIX HaOMI0JAeTCsl TO WK
MHOE sBJIeHUE, (UKCUPYETCSs TOT WM HWHOM pe3yapTaT. MchbITaHue MOXET
MIPOBOJIUTHCA YEIOBEKOM, HO MOKET OCYILIECTBISATHCS U HE3aBUCUMO OT YEJIOBEKa.
YenoBeK B 3TOM CIIydae BBICTYIAET B POJIM HAOIIO1aTENs.

CoOpbITHEe 0003HAYAIOTCS HAYaJIbHBIMUA MPONUCHBIMU (3arJlaBHbIMU) OyKBaMH
JaTuHCKOTO andasutaA, B, C.

1. JlocToBepHOE COOBITHE — OTO COOBITHE, KOTOPOE€ B pe3ysbTaTe
HCTIBITaHUS 00S3aTENIbHO JOJKHO MTPOU30UTH.

2. HeBo3MoxxHOe coObITHE — 23TO COOBITHE, KOTOpOE B pe3ysbTaTe
WCTIBITaHUS BOOOIIE HE MOXKET MPOU30UTH.

CoObITHS Ha3bIBAIOTCS HECOBMECTHUMBIMHU, €CJIM HACTYIUIEHHE OJHOTO M3 HUX
MCKJIIOYAeT MOSIBJICHUE JPYroro. B mpoTUBHOM ciiyyae cOOBITUSI — COBMECTHBIE.

[IpOTHBONONOKHBIE COOBITHA: [1Ba cOObITHS A ¥ A  HaswBaloTCA
MPOTUBOMNOJIOKHBIMU, €CJIM HE TOSABIIEHWE OJHOTO U3 HUX B pe3yibTare JaHHOTO
WCIBITAHUS BIICYET MOSABIEHHE APYroro. (A ynraercs «He A»).

2. BepoSITHOCTD CJIy4ailHOTO COOBITHS

UucneHHass Mepa CTENEeHH OOBEKTHUBHOCTH BO3MOXKHOCTH HACTYIUICHHUS

COOBITHS HA3bIBACTCA 8EPOSAMHOCHbIO CAYHUAUHO20 COObIMUSL.

Knaccuuecrkoe onpedenerue BEpOSTHOCTH COOBITUS A
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m
BeposTHOCTE ~ cOOBITHA A paBHAa  OTHOIICHHID  YHCIA  CIIy4aes,
0JIarOMPUATCTBYIOMUX COOBITHIO A (M), K 00IIeMy YHCITy ciyqaes (n).
IIpumep 1
JlaGopaTopHasi Kpbica, TTOMEIICHHAs B JIAOMPHUHT, JOJDKHA W30paTh OJUH W3
MSITH BO3MOXHBIX TyTeH. JIMIIb OJMH M3 HUX BENET K MOOIIPEHHUI0 B BUjE nuiie. B
MPENOJIOKEHNH, YTO KpbICa C OJMHAKOBOW BEPOSTHOCTHIO M30€peT N000i MyTh,

KaKOBa BCPOATHOCTb BBI6paHHOF0 IIyTH, BEAYUICTO K HI/IH_IC?

1
PemeHue:E

IIpumep 2

[Ipu Opocanum UrpajibHOM KOCTH, BO3MOKHO, IIECTh MCXOJIOB: BbINajeHuE 1,
2,3,4,5, 6 oukoB. KakoBa BEpOSITHOCTb MOSIBICHUSI YETHOT'O YUCJIa OYKOB?

Pewenue: P(A) = % = %

CoObiTe A — «IOSBJIIEHHE YETHOTO YHCIA OYKOB)» OJarompusTCTBYIOT 3
ncxoqa (2, 4 u 6 04KoB).
IIpumep 3

Bce narypanbubie uncia ot 1 g0 30 3anucaHbl Ha OJIMHAKOBBIX KapTOUKax U
MoMelleHbl B ypHY. llocie TiiarenbHOro nepeMenMBaHusl KapTOYeK W3 YPHBI
M3BJICKAaeTCs OAHa KapTouka. KakoBa BEPOSTHOCTH TOrO, YTO YMCIO Ha B3ATOU
KapTOYKE OKa)XeTCs KpaTHbIM 57

Pewenue:

O6o03HaunM yepe3 A COOBITHE, COCTOSINEE B TOM, YTO YHUCIO Ha B3SITOU
KapTouke KpaTHO 5. B manHoM ucnbiTannu umeercs: 30 paBHOBO3MOXKHBIX UCXOJIOB,

13 KOTOPBIX COOBITHIO A OJIaronmpusTCTBYIOT 6 cxo0B 5, 10, 15, 20, 25, 30).

Cnenosarenbro, P(A) = % =0,2

IIpumep 4

[TonGpaceiBatoT 2 MoHeThl. KakoBa BepOsSTHOCTH, UTO 00€ YMagyT «repOoom»
KBEPXY?

Pewenue:
92



4 ucxona opocanust Mmouet: I'T', I'P, PT", PP.
ITycTh coObITHE A — «BBITIANN 2 TepOa» - ATOMY COOBITHIO OJIATOIPUSATCTBYET

OAMH HCXOA.

P(A) =2=2=0,25

m_1
n 4

IIpumep S

[TonpOpaceiBatoTCs J1Ba UTpaIbHBIX KyOHKa, MOJACUYUTHIBAETCS CyMMa OYKOB Ha
BEPXHHX I'paHsix. UTO BEposATHEE — OJYyUYUTh B cyMMe 7 wiin §?
Pewenue:
O603HaYMM COOBITHS: A — «BBINAJIO 7 OYKOBY», B —«BbITIAN0 § OYKOBY.
CoObITHI0 A 0IaronpusITCTBYIOT 6 3JIeMeHTapHbIX UcX010B: (1;6), (2;5),
(3:4), (4;3), (5:2), (6;1).
CoObiTusa B 6maronpustcTByeT 5 ucxoioB: (2;6), (3;5), (4:4), (5;3), (6;2).

Bcex paBHOBO3MOKHBIX HCX0J0B N=62 =36.

P(A) = == ===0,167, P(B) = — = 0,139

Utak, P(A) > P(B) nonyuuts B cymme 7 04KOB 00Jiee BEpOSITHOE COOBITHE, YEM
B CYMME€ 8 OYKOB.
3. CraTucru4eckoe onpeaeJeHuss BEPpOATHOCTH

OTHOCHUTEIBHAS YacTOTa COOBITHS — 3TO JOJIAI TCX (I)aKTI/ILIeCKI/I IMIPOBCACHHBIX

) m
UCIIBITaHUH, B KOTOPBIX coObiTHe A mosiBuioch W = P*(A)= — DTO oOmnbITHAs

AKCIIEPUMEHTAJIbHASL XaPAKTEPUCTUKA, TJI€ M — YUCJIO ONBITOB, B KOTOPBIX MOSIBUJIOCH
coObITHE A; N — YUCJIO BCEX MOBEACHHBIX OIBITOB.
BeposTHOCTBIO COOBITHSI HA3BIBAETCS YKCIIO, OKOJIO KOTOPOTO TPYHIUPYIOTCS

3HAa4YCHHUA YaCTOTbl JaHHOI'O COOBITHS B Pa3INYHBbIX CCPHAX OOJIBIIIOr0 YHMCIIa

o . m
ucneiTanuii P(A) = lim —
n—-oon

IIpumep 6

N3 982 60nbHBIX, MOCTYNHUBIIMX B XUPYPruyecKyro OOJbHUILY 3a Mmecsl, 275
4esloBeK MMeNu TpaBMbl. KakoBa oTHOCHTENbHAs 4acTOTa MOCTYIUIEHUs OOJIBHBIX C

9THUM BUJIOM 3a00JieBaHUs?
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Pewenue: P*(A) Z%

Ipumep 7

[Ipu cTpenbbde o mumenu yactora w=0,75. Haittu uncio nonaganuit npu 40

BBICTpEIAX.
Pewenue:. W = %:>m =Wn; m=0,75-40 = 30.

Omeem: Ob110 MoydeHo 30 nmomaxaHui.
4. 3aK0H CJIO’KeHUSsI BePOSITHOCTEM

CymMa BYX COOBITUH — 3TO Takoe COOBITHE, MPU KOTOPOM MOSBISIETCS XOTS
OBl 0JTHO U3 ATUX cOOBITHI (A nu B).

Ecru A u B coBmectHble coObiTHs, TO uXx cymma A+B o0o3Hayaer
HaCTyIIEHUE COOBITUS A Ui coOBITHS B, nitn 000uX COOBITHIT BMECTE.

Ecnu A u B HecoBMecTuMbIe coObITHS, TO cymMMa A+B 03HauaeT HacTyIUIeHUE
W COOBITUS A 1iu coObITHs B.
IIpumep 8

[ToGeauTens COpeBHOBaHUSI HArpakKJaaeTcsl Mpu3oM (coObiTue A), ACHEKHOM
npemueit (codbitue B), menansio (coObitue C). UTo mpeAcTaBiIsiOT OO0 COOBITUS
A+B?

Pewenue:

CoOpbiTuss A+B cocTouT B HarpakJIeHUU MOOSTUTENSI WM TPU30M JIEHEKHOM
MIpEMUEH, WITH TEM U APYTHM.
Ipumep 9

Typuct umMeer BO3MOXHOCTH moceTuth 3 ropoja: A, B u C. O6o3nauaem
coObITHs: A — TypuCT nocetus ropoa A; B- Typuct nocetun ropoa B;

C-typuct nocetun ropoa C. B uem 3akmogaercs: coositue A+C?

Pewenue:

TypucT OCETHIT TOJIBKO OAWH U3 TOpo10B A miu C, WK OH TIOCETHIT UX 00a.

BeposiTHOCTP CyMMBI JBYX HECOBMECTUMBIX COOBITUHA paBHA CyMMeE

BEPOSITHOCTEH 3TUX COOBITHIA:

P(A+B)=P(A)+(B).
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BeposiTHOCTh CyMMBI IBYX COBMECTHBIX COOBITUI paBHA CyMME BEPOSTHOCTEHN
UX COBMECTHOIO MOSIBJICHUS:
P(A+B)=P(A)+(B) — P(AB).
CymMMa BepOSITHOCTEH NUCKPETHBIA COOBITHI, 00pa3ylomux MOJIHYIO TPYIIILY,
paBHa €AMHULIEC

P(A )+ P(A »)+...= P(A,)=1

iP(Ai) =1

CyMmMa BepOsITHOCTEN MPOTUBOIOJIOKHBIX COOBITUI pPaBHA €AUHUIIE:

P(A)+P(A)=1.

N

Ipumep 10

1
[IycTh BepoSTHOCTH TOrO, 4TO 3a0er BbIMIPbIBaeT J[KUM, paBHa 3 @

1
BCPOATHOCTb TOI'O, 4TO 3a0er BBIMI'PACT TOM, paBHa E Kakosa BCPOATHOCTL TOrIO,

4TO 3a0€r BBIMTPAET OJIUH U3 HUX?

+

Pemenwme: P(A +B) = =

W
ul |-

Ipumep 11

BeposaTHOCTh TOTO, 4TO y B3POCIOTO MalMeHTa BCe 3yObl COXPaHUIUCh PaBHA
0,67. BeposTHOCTH TOTrO, YTO HEKOTOpbIe 3yObl OTCYTCTBYIOT paBHa 0,24.
BepositHOoCTh TOTO, yTO OH 6€33y0BIit paBHO 0,09. BuncnuTh BEpOSITHOCTH TOTO, YTO
y HalMeHTa HECKOJIBKO 3y00B.

Pewenue: P(A+B)=P(A)+P(B)=0,67+0,24=0,91.
Ipumep 12

BeposiTHOCTh moOmagaHus B OMYXOJIEBYIO KIETKY «MHILIEHb» TIEPBOTO
panuonyknuaa pasia P =0,7, a Broporo —P =0,8. HaliTu BepoATHOCTH MOMaIaHUs B
KJIETKY - «MHUILICHBY, €CJIU Obl OJTHOBPEMEHHO MCIOJIb30BAJIMCh 00a mpemnapara.

Pewenue:

P(A+B)=P(A)+P(B) - P(A -B)=0,7+0,8 - 0,56=0,94.

JIns HenpephIBHBIX CIy4YallHbIN BEIMYUH yCIOBUE HOPMUPOBKHA UMEET BHI:
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J_O:of(x)dx =1

IIpumep 13

B 6o0sb110i1 MOMyJIALUK II0A0BOM MYIIKH 25% MyX MUMEIOT MyTaluIo IJias3,
50% - myrtammio kpeuibeB, a 40% Myx ¢ Mmyranmueidl ria3 u KpeuUibeB. KakoBa
BEPOSATHOCTh TOI'O, YTO Y MYXH, HayJjauy BbIOPaHHOM U3 3TOM MOIMYJISILIMK, OKAKETCS
XOTsI Obl OJHA U3 3TUX MyTallUii?

Pewenue:

A — CoOsbITHe, cocTOsIIEe B TOM, YTO CIy4allHO BBIOpaHHass MXa HMEET
MyTanuu T7a3. B ecte coObITHE, cOCTOsIIEe B TOM, YTO CIIy4ailHO BBIOpaHHAs MyXa
MMEET MYTAllMI0 KpbUIbEB. BeposTHOCTH TOro, YyTo Myxa HMMEET OAHY WU 00€
MyTalluu:

P(A+B)=P(A)+P(B) - P(AB).
Torna P(A+B)=0,25+0,5 - 0,4- 0,25=0,65.
4. YcJji0BHasi BEPOSITHOCTD

VYcnoBHas BEpOSITHOCTh COOBITUS B — 3T0 BeposATHOCTH coObITUS B, HalineHHas
P YCJIOBUH, 4TO coObITHE A mpou3zonuio. O0o3nauvaercs P(A/B).

Ipumep 14

B kopoOke comepxarcs 3 Oenbix U 3 KeNnThiX TabmeTku. 13 KopoOKu JBaK bl
BBIHUMAIOT HayrajJ Mo OJHOW TalleTke, He BO3Bpalas HUX B KopoOKy. Haiitu
BEPOSITHOCTh TOSIBIICHUS OENbIX TaOJETOK MPU BTOPOM HCHbITaHuu (coObiTHE B),
€CJIM MPY NIEPBOM HMCIBITAHUHU ObLIIa U3BJIEUEHA jKelTas TadneTka (coObIThe A).

Pewenue:

[Tocne nmepBOro UCHbITaHUS B KOPOOKE OCTANIOCh 5 TaOJIETOK, U3 HUX 3 OCJNbIX.

Nckomoe ycnoBue BepositHocTH: P(B/A)= 3/5 =0,6.

Ipumep 15

B kopobke Haxomurcsa 8 KpacHbIX U 6 Oenbix Tabnetok. M3 kopoOku
nocieAoBaTeabHO 0e3 BO3BpalleHHs u3BiekaoT 3 Tabierku. Hailtu BeposTHOCTH
TOTO, YTO Bce 3 TaOJIETKU OelbIe.
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Pewenue:
O6o3HaunM; A - nmepBas TabneTka Oemas, A, - BTopas TtabieTka Oenas, Az -
TpeThs TabsieTKa Oemnasi.

P(A1A2 A3):P(A1)P(A2 /Al)'P(Ag /A1 Ag);

6 5 4
P(Al )= E; P(AZ /Al): E; P(Ag /A1 Az) = E;

P(A) = P(A1AA3) = LA -, 0,055.

IIpumep 16

[Ipeanonoxxum, 4To B HEKOTOPOU CeMbE UMEIOTCS 2 peOeHKa.

1. KaxoBa BeposITHOCTB, 4YTO 00a peOeHKa — MaIbUUKH?

2. Ecnn n3BecTHO, 4TO, O KpalHEW Mepe, OAUH U3 JIETeW — MAJIBYHK, TO
KaKOBa BEPOSITHOCTb TOTO, 4TO 00 peOCHKA — MATbYUKU?

3. Ecnu m3BecTHO, 4TO cTapummii peOEHOK — MallbYUK, TO BEPOSITHOCTD
TOT0, 4TO 00a peOeHKa — MAJTbYUKH?

Pewenue:

1. Yetsipe paBHOBepOsSITHBIX coObiTHsI MM, M1, JIM JI/1; POIMM)=1/4 .

2. Uckmouaetcs Bapuant JJ/[: P(MM)= 1/3.

3. Bapuants! Tonsko: MM, MJI: POIMM)= 1/2.
5.3aKk0oH YMHOKEHHUS BEPOSITHOCTEH

[IpousBeaeHne ABYX COOBITHM — 3TO COOBITHE, COCTOAIIEE B COBMECTHOM
MOSIBJICHUU ITUX cOObITUH (A u B).
IIpumep 17

[TycTh uMeroTCA cheayromue coObITUs: A — «HM3 KOJOJbI KapT BBIHYTA JaMay;
B — «u3 konoawl KapT BhIHyTa KapTa MUKOBOW MacTw». YTO MpencTaBiiieT cOOOM
cobpiTie AB?

Pewenue: AB ecTh COOBITHE «BBIHYTA AamMa UK.

CoObiTe B Ha3bIBaloTCS HE3aBUCHUMBIMU OT COOBITHS A, €CIIM TOSIBJICHUE
cOOBITHSI A HE U3MEHSIET BEPOSTHOCTH MOSBIICHUS COOBITHS B.

BeposTHOCTh  TMOSIBJICHUS HECKOJBKMX HE3aBUCHUMBIX COOBITHI  paBHa

MIPOU3BEICHUIO BEPOSTHOCTEHN 3TUX COOBITHIA:
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P(A-B)=P(A)- P(B).

J171s1 3aBUCUMBIX COOBITHIA:

P(AB)=P(A) -P(B/A).

BeposiTHOCT,  mpou3BeneHUsT JIByX COOBITMM  paBHa  MPOU3BEICHUIO
BEPOSATHOCTH OJHOTO M3 HHUX Ha YCIOBHYIO BEPOSTHOCTH APYroro, HahWJICHHYIO B
MPEANOIOKEHUH, YTO IEPBOE COOBITHE MPOU3OIILIO.

IHpumep 18
HaiiTu BEpOSTHOCTH COBMECTHOIO MOSBIEHHS TepOda Mpu OAHOM OpocaHUU

ABYX MOHCT.

Pewenue: P(A/B)=P(A) -P(B) =

N R
N
Il
AN

IIpumep 19

BeposiTHOCTH TOrO, 4TO y B3pOCIIOTO MallMeHTa BCe 3yObl COXPaHWINCH PaBHA
0,67. KakoBa BEpOATHOCTb TOTO, YTO y ABYX HE UMEIOIIUX OTHOLICHUS JIPYT K JAPYTY
OOJIBHBIX, 0’KUJIAIOIIMX MpUEMa B KAOMHETE CTOMATOJIOra, €CTh BCE 3yObI?

Pewenue: P(A - B)=P(A) - P(B)=0,67 - 0,67=0,45.
IMpumep 20

Haittu BEpOSITHOCTB TOr0, YTO B CEMBE U3 ABYX JETEU:

1)  oba pebenka — manmbuuku; 2) o0a peOCHKa — JEBOYKH; 3) CTapIIHid
peOeHOoK

MaJb4MK, & MIIAJIIINN — IeBoYKa. BeposTHOCTH pokaenus mansunka — 0,515.

Pewenue:

P(MM)=P(M) -P(M)=0,515 -0,515=0,265;

P(1/1)=0,485- 0,485=0,235;

P(MI)=0,515- 0,485=0,25
Ilpumep 21

N3BecTHO, uTO B 3 ciydasx u3 250 Ha cCBET MOSBISIIOTCSA OJU3HELbI, TPUUYEM

B OJIHOM ClIy4ae — 3TO UCTHHHbIE (MOHO3UIOTHBIE) OsM3Helbl. KakoBa BEpOsSTHOCT,
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YTO Yy OINpeeeHHOW OepeMEHHOM KEHIIUHBI POISTCS OJM3HEIbl MalbYUK MU
JIeBOYKa. YUTUTE, UTO OJTHOSIMITOBBIE OJIM3HEIIBI HUKOTIa HEe OBIBAIOT Pa3HbIX MOJIOB —
3TO 0053aTEIBLHO TN0O0 2 MaJIbUMKa, 00 2 JECBOYKH.

Pewenue:

BCPOHTHOCTB HNUMETHh JU3HUTI'OTHBIX 6J’II/ISH€LIOB paBHa:
3 .
250’

2

P(A)= 1-P(B)=1-1= -

Hckomast BEpOATHOCTD:

. 2 . 1

- 3 1
P(A) P(B)= 250 3 125 2 250

Ipumep 22

BeposaTHOCTh TOTO, YTO CTYJEHT B JIETHIOIO CECCHIO CIACT MEPBBIA AK3aMEH,
paBHa 0,9; Bropoit — 0,9; tpetuii — 0,8. HaliTu BEpOsATHOCTH TOTO, YTO CTYJAECHTOM
OynyT clianbl 1)TOJIBKO BTOPOM 9K3aMeH; 2)BCe TPH dK3aMEHa.

Pewenue:

1)  P(B)=P(A1 Az A3)=P(A1) - P(A2) - P(A;3)=0,1 0,9 0,2=0,018

2)  P(A1A2 A3)=P(A;) - P(A2) - P(A3)=0,9 0,9 0,8=0,648.

Teopema. BeposiTHOCTh MOSIBJIECHUS XOTA Obl OJJHOTO U3 COOBITUH A1 , Ay ,..., An
HE3aBHCUMBIX B COBOKYITHOCTH, paBHA PA3HOCTU MEXAY CIUHUIEH U MPOU3BEICHUEM
BEPOSTHOCTEN MPOTHBOMONIOKHBIX cOOBITHI A1, Az, ..., Ap.

IIpumep 23

BeposiTHOCTh momananus B 1eJb MPU CTpesbOe U3 Tpex opyauil TakoBa: P =
0,75; P, =0,8; P; = 0,85. KakoBa BepOsSTHOCTh XOTsI ObI OJTHOTO TIOTIaAaHus (COOBITHE
A) TIpu OTHOM 3aJITie U3 BCEX ITUX OPYAUit?

Pewenue:

gi=1-P;1=1-0,75=0,25;

g=1-P,=1-0,8=0,2;

gs=1-P;=1-0,85=0,15;

P(A) =1 —01020s;

P(A=1-0,25-0,2 - 0,15=0,9925.
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Ipumep 24

JIBa cTpernka CTpESIFOT 10 MUILIEHU. BEposITHOCTh monafgaHus B MUIIEHb MTPU
OJIHOM BBICTpeJie AJisl mepBoro crpenika paBHa 0,7, a nns Broporo — 0,8. Haittu
BEPOSATHOCTH TOT'O, YTO MPH OJTHOM 3QJIIE€ B MULIEHD MOMAJIET TOIBKO OAUH CTPEJIOK.

Pewenue:

BeposTHOCTh TOTO, 4TO B MUIIEHb MOMAJET MEPBBIM CTPEJIOK U HE MOMaAeT
BTOpPOM, paBHa:

P(A; A,)=0,7- (1-0,8)=0,7- 0,2=0,14

BepoaTHOCTh TOr0, YTO IMOMAJAET BTOPOM CTPEIIOK B MUIIEHb M HE MOMAAET
IIEPBBIM, paBHA:

P(A; Ay)=(1-0,7)- 0,8=0,3-0,8=0,24.

BepodaTHOCTh TOTO, YTO B MHILIEHb MONAJET TOJBKO OJWH CTPEJIOK, paBHA
CyMME 3THX BEPOSTHOCTEH:

P(A; A, )+P(A; A, )=0,14+0,24=0,38.
IIpumep 25

CKoJIbKO JO0JKHA TJIAHUPOBATH Mapa UMETh JETEeH, UTO Obl BEPOSATHOCTH XOTS
Obl omgHOro Majbunka Obuia Bhimie 90% (BEpOSTHOCTh POXKACHHUS Majb4yMKa U
nesouku — 0,5).

Pewenue:

IIycTh BEpOATHOCTB TOTO, UTO BCE JEBOYKMU:
111

—___ l - l N—
Py =221 In=(dy=049
BePOHTHOCTB TOI'O, YTO HE BCC ACBOYKU:

P(x0Tst OBI OIUH MaJbuMK)= 1 - {%}” =0,9.

0,1= ¢} ;= = 1/2" 2"=10 =n~4.

6.®opmy.a baiieca
dopmyina balieca mpuMmeHsieTcsi, Korjaa coObITHE 4, KOTOPOE MOMKET MOSBUTHCS
TOJBKO C OAHOM w3 runorte3 Hi, H ...H,, mpou3onuio u HEOOXOJUMO MPOU3BECTU

KOJIMYECTBEHHYIO TEPEOICHKY anpuopHulx BEPOSITHOCTEH »TMX rtumnores P(H),
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P(H,),..., P(H,), W3BECTHBIX JO HCIBITAHUSA, T.e. HAWTH anoOCMePUoOpHbLe

(HOHy‘{aeMBIG IMOCJIC IIPOBCACHHUA I/ICHBITaHI/ISI) YCJIOBHBIC BCPOATHOCTH THUIIOTC3

P(H/A), P(Ho/A), ..., P(H,/A):

P(Hi)-P(A/Hi)

P(HyA) = =525

Nmn BMecto P(A) ucnoib3yeM €€ 3HadeHHUE, BBIYMCIEHHOE MO0 (dopmyre

MOJIHOM BEPOSITHOCTH:

P(Hi)-P(A/Hi)
P(Hi)-P(A/Hi)+..+P(Hm)-P(A/Hn)

P(Hy/A) =

HUrak, nmycts 10 OmbITa UMEKTCA Tunoressl Hi, Hy ..., H,. Ilocine ombiTa
CTAHOBUTCS U3BECTHOM MH(OpMAIIUs O pe3yJibTaTax OMbITa, HO HE MOJHAs, 3 UMEHHO:
pe3yabTaThl HAOIIOICHUM TOKA3BIBAIOT, YTO HACTYIHUIIO HEKOTOPOE COOBITHE A.

CuuTaercs, 4To 10 ONbITa OBUIM U3BECTHBI (anpuopHsie) BEPOITHOCTU TUIIOTE3
P(Hy),P(H,), ...,P(H,) mn ycrosuvie BepositHoctd P(A/H:), P(A/Hy),..., P(A/H,).
Heobxoaumo onpenenuts anocmepuopHvle BepositHoctu runore3 P(Hi/A), P(Ho/A),
.., P(H,/A).

3nauenue ¢opmynsl balieca COCTOUT B TOM, YTO TIPU HACTYILJICHUH COOBITHUSA,
T.e. 1O Mepe TMOJyYeHUsT HOBOM HHQOpMAIMK, Mbl MOXEM TIPOBEPATH M
KOPPEKTUPOBATh BBIABUHYTHIE 0 MUCIBITAHUS TUMOTE3bl. Takoil moaxo/ Ha3bIBaeTCs
0aileCOBCKUM.

IIpumep 26

JIBa 0XOTHHMKA OJTHOBPEMEHHO CTPEJISIOT OAUHAKOBBIMU MYJIIMU B MeaBes. B
pe3ynbTate MeaBeAb ObLT YOUT oJHOM myneit (coObiTue A). Kak 0XOTHUKH JTOJKHBI
MOCIUTh IKYPY YOUTOro MEABEAs, €CJIM U3BECTHO, YTO BEPOATHOCTh MOMAJAaHUs Y
nepBoro oxoTtHuka 0,3,a y sroporo 0,67

Pewenue:

Bocnonb3yemcs ¢popmysoit baiteca. Onpenenum npeaBapUTesbHO THIIOTESbI.

['mnoresa /1 :monai nepBbid OXOTHUK, BTOPON ITPOMAaxXHYJICS.

I'unioresa H»: monan BTOPOM, NEPBLIA POMaXHYJICH.

['unote3a H;: monanu 006a OXOTHHUKA.

['umore3a Hi: 06a MpoMaxHYIHCH.
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Co0ObITHEAMOXKET MPOU3OUTH TOJIBKO TOTA, KOT/Ia MPOU30IIIa TUOO0 THIoTe3a
H,, mn6o runores3a Hy, T. €.:
P(A/H1)=1, P(A/H3)=0
P(4A/H»)=1, P(4/H4)=0
[Ipennosiaraem, 4T0 MOMaJaHHWs OXOTHUKOB B MEIBEAS HE 3aBUCAT JIPYT OT
npyra. 1 nonyydaem:
P()=0,3-(1-0,6) =0,12;
P(H3)=0,6-(1-0,3) =0,42;
P(H3)=0,3-0,6 =0,18;
P(Hy)=(1-0,3)(1-0,6) =0,28.

[Tpumensiem popmyny baiieca:
P(H1)-P(A/H1)

P(Hl/A) - P(H1)-P(A/H1) + P(H2)-P(A/H2) + P(H3)-P(A/H3) + P(H4)-P(A/H4)
P(Hy/A) = 2 =2
0,12-1+0,42-1+0,18-0+0,28-0 9
B P(H2)-P(A/H2)
P(H/A) = P(H1)-P(A/H1) + P(H2)-P(A/H2) + P(H3)-P(A/H3) + P(H4)-P(A/H4)
P(Hy/A) = 0421 =7
0,12-1+0,42-1+0,18-0+0,28-0 9

Takum oOpazoM, MpU CHOPABEIJIMBOM [EJICHUM MEPBbIA OXOTHUK JOJIKEH

2 .
TMOJY4UTh MKYPbI, T.C. MEHBIIE HETBEPTOH 4YACTU WIKYphI, B TO BPEMs Kak, Ha

. 1
TEPBBIH B3I, KA3a10Ch, YTO €My MPUYUTACTCS - IKYPBI (0,3).

3aganme: Pemure 3axaun

1. KakoBa BEpOSITHOCTb TOTO, UTO HayJlauy BeIOpaHHOE 1enoe yucio ot 40 no 70
ABJISIETCA KpaTHBIM 67

2. KakoBa BepOSITHOCTB TOTO, UTO MPH MATH OpOCaHUSIX MOHETHI OHA TP pasa
ynajaet repooM KBepxy?

3. KoHcynpTalimoHHBII MYHKT YHUBEPCUTETA MOJIY4AET MAKEThl C KOHTPOJIbHBIMU
pabotamu u3 roposioB A, B u C. BeposTHOCTS nosy4eHus nakera u3 ropojaa A
paBHa 0,6, a u3 ropoga B — 0,1. HailiTu BepoATHOCTH TOr'0, YTO OYEPEIHOU

naket Oyzer nosnydeH u3 ropoja C.
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4. BeposATHOCTh TOTO, YTO B JICTHIOIO CECCHUIO CTYJEHT CIACT NEPBBIN DK3aMeEH,
paBHa 0,8; Bropoii — 0,9; Tpetuit — 0,8. HailTu BEpOSITHOCTH TOTO, YTO
CTYAEHT CAACT XOTs Obl OJIMH 3K3aMEH.

5. Mmeercs nBa 0JMHAKOBBIX SITUKa C mapamMu. B mepBom siiuke 2 6enbix U 1
YEepHBIN 1ap, a BO BTOpoM — 1 Oenblid u 4 4epHbIX 1mapa. Haymaay BeiOuparoT
OJIMH SIIUK W BBIHUMAIOT M3 Hero map. KakoBa BeposSITHOCTH TOTO, YTO OC-

TaBIIUUCA AP SIBISIETCS OeNbIM?

IHNPAKTHYECKAAPABOTA Ne 19
Ha3panue npakTudeckou padorsl: Peuienue 3a0au c peanbHoimu OUCKPEemHbIMU
CAYUAUHBIMU GETUYUHAMU
Hean padorel: HayunTthes pemaTs 3a/1auu ¢ UCIOJIb30BAaHUEM IUCKPETHBIX
CIIyYalHBIX BEJIMYNH
3HaHus:

OCHOBHBIE MAaTEMaTUYECKUE METOMbl PEIICHUS NPUKIATHBIX 3aJa4; OCHOBHbIC
MOHATUSI W METOJAbl MAaTeMaTHYECKOrOo aHaiu3a, JIUHEHHON anreOpbl, TEOPHI0
KOMIUIEKCHBIX YHMCEN, TEOPUU BEPOSATHOCTEW U MATEMAaTUUECKON CTATUCTUKHU; OCHOBBI
UHTETpajIbHOTO U AU PEepeHIInaIbHOr0 UCUUCICHUS; POJIb U MECTO MaTeMaTHUKU B
COBPEMEHHOM MHpPE MPU OCBOCHUHU NPOQPECCHOHATBHBIX IUCIUIUIMH U B cdepe
poeCCUOHATILHOM IESITEIIbHOCTH.
yMeHMUSs:

Pemiats 3a7aun Ha BBIUKUCIICHHE BEPOSITHOCTH C HCIOJIb30BAHUEM 3JIEMEHTOB
KOMOWHATOPUKHU

Teopernueckunii MmaTepuaJ:

1. Ciyyaiinble BeJNYNHBI

Cnyuaunas eenuyuna — 3TO BEIUYMHA, KOTOpas B pe3yjbTaTe HCIBITAHUS B
3aBUCHUMOCTH OT CJliydass TPUHUMAET OJHO M3 BO3MOXHOTO MHOXECTBAa CBOUX
3HaYeHUM (KaKkoe UMEHHO — 3apaHee HEM3BECTHO).

Jluckpemnas cayuaunas 6eauduHa — OITO ClydailHasg BeJIWYMHA, KOTrJa

IIPpUHUMACT OTACIBHOC U30JINPOBAHHOC, CHCTHOC MHOJKCCTBO 3HAYCHUM.
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Henpepvisnasa  cnyuaunas  eenuuuna — OTO  CIy4yalHas  BEJIWYUHA,
IpPUHUMAIOIIAs JTI00bIe 3HaYEHUsI U3 HEKOTOporo uHTepBana. [loHaTue HenpephIBHOM
CIIy4allHOW BEJIMYMHBI BO3HUKAET ITPU U3MEPEHUSX.

CrnyualiHple BETUYMHBI 0003HAYAIOTCS KOHEYHBIMM 3arjiaBHbIMH OyKBamu
naTuHCKoro andasuta X, V, Z , a uX 3HAYCHUS] — COOTBETCTBYIOIIUMH CTPOUYHBIMHU
OykBamu X, ), Z.
2.3akoH pacnpeaesieHUs CJIy4aliHON BeJIUYUHbI

OTO BCSIKOE COOTHOUIEHWE, YCTAHABIMBAIOLIEE CBS3b MEXKIY BO3MOXXHBIMH
3HAYEHUSIMU CIIy4YalHOM BEJIMYMHBI U COOTBETCTBYIOIIUMHU UM BEPOSITHOCTSIMH.

Jist ouckpemnoti cy4ailHOM BEJMYMHBI 3aKOH PACHpeIesIeHUs] MOXKET ObITh
3a/1aH B BUJIC mabauysl, aHATUTUUECKU (B BULIE hopmyvl) U epaduyecku.

Tabauya — »10 mpocTeitiias Gopma 3aJaHus 3aKOHA pacmpeneiieHus. B Heit
IIEPEYUCIIEHBl B TIOPSAJAKE BO3PACTaHHs BCE BO3MOXHBIE 3HAYCHHs CIy4allHOMN

BeNIMYMHBI X U COOTBETCTBYIOIIME BEPOSATHOCTH. JTa TaOJMIA HA3bIBAETCS psooM

pacnpeoeeHusl.
X1 X2 Xn
P1 P2 Pn

n
Zpi =1
i=1

Psn pacnpenenenust MoXeT ObITh M300paxkeH TpadUyecKku, €clid MO OCH abCIHCC
OTKJIAJbIBaTh 3HAYEHUs CIy4YallHOM BETWYWHBI, a MO OCH OpAUHAT —
COOTBETCTBYIOIINE MX BeposiTHOCTU. CoemnHEeHNEe 00pa3yeT JOMaHyl JTUHHUIO. DTO

MHOTI'OYI'OJIbHUK HJIN ITOJUI'OH PACIIPCACIICHUA BepOﬂTHOCTeﬁ.

Pi a

X1 X2 X3 Xn X

v

11oniieoH pa‘cnpe& ZIIEH U eepo)‘tiimocmed
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IIpumep 1

3a1ar0T M 3aKOHBI pacHpeacieHUus] JUCKPETHOU CIy4allHOWBEIWYHHBI CIICAYIOIINE
TaOIULIBI?

A) b)
il |2 |3 |4
Pi101/04/0,3|0,2

Pi101{02]03|05

Pewenue

A) Jla, Tak KaK BBITIONHsIETCS yciaoBue Y-, pi = 1: 0,1+0,4+0,3+0,2=1

b) Her: 0,1+0,2+0,3+0,5 # 1.
IIpumep 2
B nenexnoit norepeu BoimyiieHo 100 6umieroB. Pa3eirpeiBaeTcst 0iMH BRIMTPHIIT B 50
pyOneit u 10 Bemmrpsimeit mo 1 pyomio. HaliTu 3akoH pacnpeneneHus: ciydaitHOM
BEJIMUYUHBI X — CTOMMOCTHM BO3MO>KHOT'O BBIMIpBINIA JJIS BIAJEblla OJHOTO
JoTeperHoro ouera.

Pewenue: 603M0XHBIC 3HAUCHUS X:

P Xi 50 1 0
1= pi 0,01 0,1 0,89
1
100’
_10 5o
P, = 100’ P;=1 (Pz + Pl)
KonTposs: 0,01 +0,1 +0,89 =1
IIpumep 3

BeposiTHOCTH TOTO, UTO CTYAEHT CAACT CEMECTPOBBIN IK3aMEH 1Mo OMo(du3MKe paBHA
0,7, a mo ouoxumuu — 0,9. CocTaBbTe 3aKOH pACIpPEACIICHUs YHCIIa CEMECTPOBBIX
AK3aMEHOB, KOTOpPbIE cIAcT CTyJeHT. [[oCcTpOouTh MHOTOYTrOJBHUK paclpeacieHust
BEPOSITHOCTEM.

Pewenue

Bo3MoOsKHBIE 3HAUEHHST X — YHCIIO CAAHHBIX dK3amMeHoB: 0,1,2.

Cunraem BEpOSTHOCTH:

P(X=0) = P(A_l)'P(Xz) =(1-0,7)(1-0,9)=0,3-0,1 =0,03
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P(X=1) = P(A1A2+ A1A2) = P(A1)'P(A2) + P(A1)-P(Az)=0,7-0,1 +0,3-0,9 = 0,34
P(X=0) =P(A1A2) = P(A1)-P(A2) = (1 - 0,7)-(1 - 0,9)=0,7-0,9 = 0,63.

Psn pacnipenenenns numeer BUL:

Xi 0 1 2

pi 0,03 0,34 0,63

Kontpoms: 0,03 +0,34 + 0,63 = 1.
pif

0,6
04 1
02 T,

0 1 2 3

Mmuozoyeonvruuk pacnpedenenus geposmHocmel

3.@yHKIHA pacnpeaeieHus CJIy4YailHbIX BeJUYUH

®yuknus F(x), Bblpaxkaromas s KaKIOTO X BEPOATHOCTh TOrO, YTO
cilydaiiHas BeIMYMHAa XMOPUMET 3HAYEHHE MEHbIIE HEKOTOPOTO (PMKCHPOBAHHOTO X,
Haszwvleaemcs yHKyuel pacnpedenenusi ciydaiHon BenuuuHsl X: P(x) = P( X< x). Ee
TAaK)K€ Ha3bIBAIOT UHMESPANbHOU (QYHKYueu pacnpeoeneHusi JTUCKPETHBIX U

HCIIPCPBIBHBIX cnyqaﬁHbe BCJINYHH.

IIpumep 4
Xi 1 4 5 7
pi 0,4 0,1 0,3 0,2

JlaH psn pacupeneneHus CIy4auHbIX BEJIMUUHBI:

Haiitu 1 n306pa3uth rpaduk ee QyHKIIUU pacripeecHusl.
Pewenue

Bynem 3amaBath pa3iauyHbie 3HAYEHUS Xil HAXOIUTh 15 F(X):

1. Ecmm x<1,F(x)=0
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2.  Ilycre 1< x <4, (manpumep, x =2), F(x) =P(x=1) = 0,4.

3.  Ilycts 4< x <5, (Hanpumep, x = 4,25),

F(x) =P(X<Xx)=P(x=1) +P(x=4)=05+0,4=0,5

4.  Ilycrs 5<x <7, F(X) =(P(x=1)) + P(x=4) + P(x=5)=0,5+0,3=0,8.
S. ITycth x>7

v

- --------

0!

®PyHKYuA pacnpedeneHusa duckpemHoli cayyaliHocmu 8eanuyuH

F(x) = (P(x=1) + P(x=4) + P(x=5) + P(x=7) = 0,8 + 0,2 =1
OyHKIMS pacrpefiesieHusl 00  JUCKPETHOW Clay4yalHOW BEJIIMYUHBI  €CTh
paspbiBHasi cTyneH4yaTas (YHKIMS, CKAa4YKM KOTOPOM MPOUCXOJAT B TOYKax,
COOTBETCTBYIOIIMX BO3MOXXHBIM 3HAQUEHUSM CIIyYalHOM BEJIWYMHBI U PAaBHBI

BCPOATHOCTAM I3THUX 3HAUCHUM.

4. YncJioBble XapaKTePUCTUKH TMCKPETHOM C1y4aliHOi BeJTMYUHBI
1. Mamemamuueckum oxcudanuem M(X); TUCKPETHOU CIIydyalHOW BEITMYMHBI
Ha3bIBACTCSI CyMMa NPOW3BEIACHUIN BCEX €€ 3HAYCHUN HE COOTBETCTBYIOIIHE UM
BEPOSTHOCTH:
M(X) = £, xipi
IIpumep 5
W3BecTHBI 3HaUCHMS pacmpenesieHns CiydalHbIX BedudrH X U Y — YHUCJIO OYKOB

BBIOMBAEMBIX ICPBBIM U BTOPBIM CTPCIIKAMMU.

Xi 0 1 2 3 4 5 6 7 8 9 10

pi | 0,15 0,11 | 0,04 | 0,05 | 0,04 | 0,10 | 0,10 | 0,04 | 0,05 | 0,12 | 0,20
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Xi 0 1 2 3 4 S) 6 7 8 9 10
pi |001003]|005|009]0,11|0,24|0,21 | 0,10 | 0,10 | 0,04 | 0,02

HeoOxomumMo BBIABHTH, KaKOW W3 JIBYX CTPEIIKOB CTpeiisgeT Jydmre. IlocTpouTh
MHOTOYTOJIBHUKH PaCIIpeIeTICHHUS.
Pewenue:
O4eBHIHO, YTO M3 JBYX CTPEJIKOB JydIlle CTPEJSIET TOT, KTO B CPEIHEM BHIOHWBAET
OOJIBITIEE KOJIMYECTBO OYKOB.

M(X) =0-0,15 + 1-0,10 + 2-0,04 + ... + 9-0,12 + 10-0,2 = 5,36

M(Y) = 0-0,01 + 1-0,03-0,05 + ... +9:0,04 + 10-0,02 = 5,36

To ecThb cpeaHee 4Ynucio BBIOMBAEMBIX OYKOB Y ABYX CTPCIKOB OAMHAKOBO.

IIpumep 6

Cnyuaiinas BeMurHa X 3aJlaHa 3aKOHOM pacipeieTICHusI:
Xi 1 2 5
Pi 0,3 0,5 0,2

Pewenue: M(X) = 10,3 +2:0,5 + 50,2 =23
2. Jlucnepcus AUCKpETHOMCITYy4aliHOCTH BeNMMUYUHBI. CIIOBO «IHCTEPCUS O3HAYAET
«paccestHue»:

D(X) = M(X — M(X))2.
Jlucnepcueri D(x)cmydaiiHOl BENIMYMHBI HA3BIBACTCS MATEMAaTHUYECKOE OXKHUJAHUE
KBaJpaTa €¢ OTKJIOHCHHSI OT MAaTEMaTHYECKOTO OXKHTaHMS.
Cpeonee keadpamuueckoe omkloHeHUue ¢ (CTaHIapTHOE OTKIIOHEHUE WJIA CTaHIapT)
CITy4ailHOW BETWYHHBI X — 3TO apu(PMETHUYECKOEe 3HaUYE€HHWE KOPHS KBaJIpPaTHOTO U3

ee IUCTICPCHH:

c=+D(X)
IIpumep 7.
B 3amaue 1 o cTpenkax BBIYMCIUTH JUCIIEPCHUIO YMCIIA BBIOUTHIX OYKOB JIJIsI KAXKI0TO
cTpesKa.

Pewenue:
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OuyeBHIHO, YTO Jy4ylI€ CTPEJISI TOT CTPEJOK, Y KOTOPOrO MPH PABEHCTBE CPEAHUX
3HAUYEHUN 4YKCIia BBIOUTHIX OYKOB MEHBIIE OTKJIOHEHHE HTOr0 YHCJIa OTHOCUTEIHHO
CpeaHero 3HaYeHus (aucnepcus).
D(X) = (0 -5,36)2 0,15 + (1 —5,36)?-0,11 + ... + (10 — 5,36)?-0,2 = 13,6
D(X) = (0 -5,36)% 0,01 + (1 —5,36)?-0,03 + ... + (10 —5,36)?-0,02 = 4,17
Omeem: Jlucriepcus MEHbILIE y BTOPOTO CTPEJIKA.
IIpumep 8
B 3amade 2 BBIUMCIUTH TUCIIEPCHUIO.

Pewenue:

D(x)=(1-2,3)?-0,3+(2-2,3)%0,5+ (5-2,3)%0,2=2,01

5. I11OTHOCTH BEPOSATHOCTH HENPEPBIBHBIX CJAYYAHHBIX BEJIUYHH
IInomnocmoio  epossmuocmu, uau  niomuocmvlo  pacnpedenenus  f(x)

HEenpepvl6HOl CAYYalHol BEIVUYMHBI X, HA3bIBAETCS MPOM3BOAHAS €€ (DYHKIHH

pacrpeneneHus:
f(x) = F'(X)
Ee maroice nazviearom oughgpepenyuanvrou pyHkimen pacnpeeeHus.
flx) 4
J
0 >

a b X

Ceoucmeo n1omHocmu 6eposmHOCmu.

1. Heorpunarenbras ¢pyukmus f(x) >0 .

2. [Inomanp Gurypsl, orpaHUYeHHON KPUBOU pacrpeeseHus U 0Cblo adcuucc,
paBHa €IUHUILIE.

3. BeposatHocTs monagaHusi HEMIPEPHIBHOW CITy4YallHOW BEJIMYMHBI B UHTEPBAJ
[a, D]paBHa ompeneeHHOMY MHTETpally OT €€ IUIOTHOCTH BEPOSTHOCTH B Ipeeiax

oT a 1o b.
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['eomeTpuueckasi HHTEpHpETALUS:

[TomydyeHHasi BEpOSATHOCTh paBHA IUIOMIAU (DUTYpBI, OTPAHHUYEHHON CBEpXY
KPUBOM pacrpeesiCHHs U ONUPAIOIIeics HaoTpe3ok|[a, b].

HenpepbiBHas ciydaiiHas BEJIMYMHA OMUCHIBACTCS CICAYIOIIMMU YUCIOBBIMHU

XApaKTCPUCTHUKAMU:

1.  Marematuueckoe oxuganue: M(X) = fjooox - f(x)dx
2. Jlucmepcus D(X) = f_oooo(x — M(x))?-f(x)dx
W D(X) = [~ x2-f(x)dx — (M(x))?

6.HopmaJjibHbIH 3aKOH pacnpeae/eHus
OTOT 3akOH Haubosiee 4YacTo BeTpedaercs Ha mpaktuke. OH  sBIsAETCS
IpeeabHbBIM 3aKOHOM, K KOTOPOMY MPUOINKAIOTCS IPYTHe 3aKOHBI paclpeieIeHHUs.
HopmanbeHoe pacnipeneneHue sSBISIETCS OAHUM W3 CaMbIX BaXKHBIX PACIpPEICICHUN B
cratuctuke. OOBIYHO BCE CPaBHUBAIOT C HOPMaJIbHBIM 3aKOHOM paclpe/ieICHMSL.
HenpepbiBHast ~ ciydaiiHass  BeIMYMHA  XUMEET  HOPMaIbHBIA  3aKOH
pacnpenenenus (3akoH Il'aycca) ¢ mapaMeTpamMM U M G2, €CIM €€ IUIOTHOCTh

BCPOATHOCTH UMCECT BU!

_(x=1)2

e 20°
oN2r

Ceoticmea niomuocmu pacnpeoeieHust 8eposmHOCmel.

fx) =

> Omna kosokoo0pa3zHas («kosiokon ['aycca»), nHaue yHUMOTAJIbHAS.

»  lInotHOCTH oOmpemensercs AByMS MapaMeTpaMu: MaTeMaTHYCCKUM
oXXugaHueM (1) ¥ CPEIHUM KBaJAPAaTHYCCKUM OTKJIOHEHUEM (G).

> CumMeTpruyHas OTHOCUTEIBHO CPEIHETO.

> CpenHee u MeiaHa HOPMAJIBHOTO paclpeAeieHUsI PaBHBI.
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»  KpuBas cnBuraercs BOpaBO, €CIM CpeAHEE YBEIUYMBACTCS TIpPU
[IOCTOSTHHOM KBaJpaTUYECKOM OTKJIOHEHUH (puc. 0), W CIOBUTAETCS BJIEBO, €CIIU
CpeIHEEe YMEHBIIAETCS.

»  KpuBas pacmmpsiercs, eciu cpeiHee KBaJpaTHYECKOCOTKIOHEHHE a
YBEIIMUUBAETCS (€CITU CPEAHEE TTOCTOSIHHO).

> KpuBass cranoButTcsi Ooyiee OCTPOKOHEUHOM C MEHbBIIEH MHUPUHON
OCHOBaHUS KOJIOKOJA, €CJIM a YMEHbBINAETCS MPH CPEJHEM IOCTOSHHOM (ILIOLIa/ib

nmoj rpadukoM Beeraa paBHa 1)(puc. B).

) f(x) 4 o) | = H2>Hh
1
o2
0 X > x
" B M2
BY(X) A Hi=H2

O1

o2

(07

v

| 251 |25

Kpueas HOpMasibHO20 3GKOHA pacnpedesneHus u ee usmeHeHUs npu
U3MeHeHUU napamempoe

JononnumensHule ceolicmea:

BeposiTHOCTh TOTO, UTO HOPMAIBHO pacmlpe/eleHHas clydaiiHas BEIMYUHA X
CO CpEIHMM |l W CpPEIHMM KBQJPAaTUYCCKUM OTKJIOHEHHEM G (CTaHJapTHOE
OTKJIOHEHUE) HaxoauTcs Mexay (UL - 6) u (L + &), paBHa 0,68, T.e. 68% ciydaitHoi
BEIIMYMHBI X OTJIMYACTCS OT CpeaHero He Oojiee yeM Ha OJHO CTaHJIAPTHOE

OTKJIOHEHHUE £ G.
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BeposiITHOCTh TOTO, YTO HOPMAIILHO pacmpesiesieHHasi clydaiiHas BEJIWYMHA X
HaxoauTcst Mexay (U - 26) u (U + 206), paBHa 0,95, T.e. npumepHo 95% ciydaiitHOU
BEJIMYMHBI X OTIIMYAETCS OT CPETHETO Ha JIBa CTAaHAAPTHBIX OTKIOHCHHS +2G.

BeposTHOCTh TOTO, YTO HOPMAJIBHO paclpe/eicHHas ClydaiiHas BEIMYUHA X
Haxomutcest Mexay (U - 3c) u (ut 30), paBHa 0,99, T.e. 99% (npakTuvecku

I[OCTOBCpHO). DTO CBOMCTBO HOCUT Ha3BaHUE IMpaBHJIO TPCX CUI'M.

f(x) 1

99%
——p

lpasuno mpex cuzm

3ananue: BoinosiHuTe JeiicTBUA 10 X041y Pa00ThI

1. I[I/ICerTHaH cnyqaﬁHaﬂ BeJIMYMHA XHMeEET 3aKOH PacipCacCiaCHusd.

X 0,2 0,4 0,6 0.8 1
pi 0,1 0,2 0,4 P4 0,1
Yemy paBHa BeposTHOCTh PiX = 0,8)? IlocTpouTh MHOTOYTOJBHUK

pacnpeaenenus. Halitn marematndeckoe 0KUIaHUE U JUCTIEPCUIO.

2. IuckpeTrHas cinydyaiiHas BeInuuHa XUMEET 3aKOH pacIpeiesieHus.

Xi 3 4 5 6 7

Pi Py 0,15 P3 0,25 0,35

Haiitu BepositHocTh Pi(x = 3) u P3(x = 5), ecnu u3BecTHO, uTo P3B 4 pasza
oomnpiie Pi. [locTpouTs MHOTOYTONBHUK pactpenencHus. Hailtm matemaTudeckoe
0’KMJIAHUE U JUCIIEPCUIO.

KonTposabHbIe BONPOCHI:
3. Kakas BennuuHa Ha3bIBA€TCS CIIy4aliHOMN?

4. 3aKkoH pacmpeaesieHUs CIy4yaHbIX BEJIUUHH?
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5. Uto Ha3bIBaeTCs MIOTHOCTHIO BEPOSITHOCTH?
INPAKTHYECKAAPABOTA Ne 20
Ha3Banue mnpaktudyeckoid padotrbl: Pewenue 3a0au na mamemamuyeckoe
0XcuOanue, OUCnepcuro
Heas pabGorbl: Hayuuthcss pemaTh 3aaud HAa MaTEMaTUYECKOE OXKHUJIAHUE U
TUCIIEPCUIO
3HaHus:

OCHOBHBIE MAaTEeMaTUYECKUE METOMbl PEIICHUS MPUKIATHBIX 3a7a4; OCHOBHbIC
MNOHATUS M METOAbl MAaTEMaTUYECKOro aHajiu3a, JIMHEHMHOW anre0pbl, TEOpHUIO
KOMIUIEKCHBIX YHCEN, TEOPUU BEPOSATHOCTEW U MATEMATUUECKON CTATUCTUKHU; OCHOBBI
HUHTETpajibHOTO U AU PepeHInaIbHOr0 UCUUCICHUS; POJIb U MECTO MaTeMaTHUKU B
COBPEMEHHOM MHpE NIpPH OCBOCHUHU NPO(dEeCCHOHATBHBIX AUCIHUIUIMH U B cdepe
PO ECCUOHATIBHOM IESITEIbHOCTH.
yMeHHUS:

Pemrars 3a1aun Ha BBIYUCIIEHUE BEPOATHOCTH C UCMOJb30BAHUEM 3JIEMEHTOB

koMOuHaTtopuku TeopeTuyeckniimarepua:

Mamemamuueckoe 0JCUOaHUe CITy49aTHOU
BeirunHbl XX (0603Hauaercs M(X)M(X) umu  pexxe E(X)E(X))  xapakTepusyet
cpelHee 3HAUYCHHUE CIIyYalHOW BEJIMYMHBI (JIMCKPETHON WJIM HENpephiBHONM). Mart.
0’KHJIAHUE - ATO MEPBbIN HaYIbLHBI MOMEHT 3afaHHoi CB.

MaremaTudeckoe 0KHJIaHUE OTHOCAT K TaK Ha3bIBAEMBIM XAPAKMEPUCMUKAM
noJI0cerus pactipesieieHus: (K KOTOPhIM TakKe MPUHAIIEkKAT MOJAa M MEIHUaHa).
DTa XapakTepUCTHKA OMHUCHIBAET HEKOE YCPEAHEHHOE IMOJIOKEHUE CIIy4alHON
BEJIMYMHBI HA YUCIOBOM OCH. CKaKeM, €CJIM MaT. OKUAAHUE CIyYallHOW BEJIMYHHbI
- cpoka ciayxObl jamribl, paBHO 100 9acoB, TO CUMTAeTCs, YTO 3HAYCHHUS CpPOKa
CITY>KOBI COCpeOTOUYEHHI (C 00EMX CTOPOH) OT ATOTO 3HAYEHHUS (C TEM WU HUHBIM

pa3dopocoM, 0 KOTOPOM Y>Ke TOBOPHT AMCIIEPCHUS).

MareMaTu4ecKkuM 0KUIJAHUEM JUCKPETHOU CIIyYaHOW BEJIWYMHBI HAa3bIBAIOT CYMMY

HpOI/ISBeI[eHI/Iﬁ BCEX €€ BO3MOKHBIX 3HAUYCHUM HA UX BCPOATHOCTH.
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Ecnu guckpetHasi ciydaliHasi BETMYMHA NMMPUHUMAET TOJIBKO 3HAYCHMS X1, X2, ..., Xn,
BEPOSTHOCTU KOTOPBIX COOTBETCTBEHHO PABHBI P1, P2, ..., Pn . TOra MaTeMaTH4e€CKUM
0XUJAHHUE ONPEAEIACTCS PABEHCTBOM:
M (X) = X1p1 + Xop2 + ...+ XnPn.
IIpumep 1. HailTu MareMaTH4eCKOE OXHAAHUE JUCKPETHOM ClydailHOU
BEJIMYMHBI, 3HAsI 3aKOH €€ PaCIpPEICIICHUS:

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

Pewenue. I1o popmyne (3.1) HaxonuM MaTeMaTHUECKOE OXKHUIAHUE:
M (X) = 5*0,2 + 4*0,5 + 3*0,3 = 3,3.
Ecnu nuckperHas ciy4yaliHas BEJIMYMHA IPUHUMAET CUETHOE MHOKECTBO

BO3MOJKHBIX 3HAUCHUM, TO

[rn)
M(X)=>xp,

i=1
Ha npaxrtrke 4acTo mpuxoAUTCS OLUEHHUTh PACCEIHUE BO3MOXKHBIX 3HAUYCHUU
CIIy4alHOW BEJIMYMHBI BOKPYT €€ CPEIHErO 3HAYECHUS.
Hucnepcuent (pacceanuem) TUCKPETHOW CIy4allHOW BEIMYMHBI HA3BIBAIOT
MAaTeMaTH4YECKOE OXKUJAHHWE KBAAPATa OTKJIOHEHHUS CIy4YalHOW BEJIMYUHBI OT
€€ MaTEMATUYECKOTO OKHUIaHHUS:

D (X) =M [X - M (X)]2

IIpumep 2

W3BecTHBI 3HaUYCHMS pacmpenesieHus CiydalHbIX BedUYrMH X U Y — YHUCJIO OYKOB

BBIOMBAEMBIX ICPBBIM U BTOPBIM CTPCIIKAMMU.

Xi 0 1 2 3 4 5 6 7 8 9 10

pi | 0,15 0,11 | 0,04 | 0,05 | 0,04 | 0,10 | 0,10 | 0,04 | 0,05 | 0,12 | 0,20

Xi 0 1 2 3 4 S) 6 7 8 9 10
pi |001)003]|005|009]0,11|0,24|0,21 0,10 | 0,10 | 0,04 | 0,02
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HeobOxomumo BBISABHTH, KaKOW W3 JIBYX CTPENKOB cTpenser jaydimre. [loctpoutsb
MHOTOYTOJBLHUKH PaCIpeIeIICHNU.
Pewenue:
OdeBHUIHO, YTO M3 JBYX CTPEJIKOB JIydYIlle CTPEISICT TOT, KTO B CPEIHEM BHIOHWBAET
OOJIBITIEE KOJIMYECTBO OYKOB.

M(X) =0-0,15 + 1-0,10 + 2-0,04 + ... + 9:0,12 + 10-0,2 = 5,36

M(Y) = 0-0,01 + 1-0,03-0,05 + ... +9:0,04 + 10-0,02 = 5,36

To ecTb CPCOHCC YUCIIO BBIOMBACMBIX OYKOB Y ABYX CTPCIIKOB OAWMHAKOBO.

Ipumep 3

CiydaitHas BenuurHa X 3aJ1aHa 3aKOHOM PacCIIpeeICHUs:
Xi 1 2 5
Pi 0,3 0,5 0,2

Pewenue: M(X) = 10,3 +2:0,5 + 50,2 =23

Jucnepcueti D(x)cinydailHOM BeTWYMHBI HA3BIBAETCS MATEMATHUYECKOE OXKUJAHUE
KBaJipaTa €€ OTKJIOHEHHUS OT MaTeMaTHYECKOTO OKUJIaHMUS.

Cpeonee keadpamuueckoe omkioHeHue ¢ (CTaHIapTHOE OTKIOHEHUE WJIM CTaHAapT)
CIIy4ailHOM BEeTUYHMHBI X — 3TO apu(PMETHUYECKOEe 3HaYE€HUE KOPHS KBaJIPaTHOTO U3

¢¢ IUCTICPCHH:

c=+D(X)
IIpumep 4.
B 3amaue 1 o cTpenkax BEIYMCIUTE JUCIICPCHUIO YUCTIA BRIOMTHIX OYKOB JIJIS KaXK0TO
CTpeJiKa.
Pewenue:
Ou4eBHIHO, YTO JIy4llle CTPEJsUT TOT CTPENIOK, Y KOTOPOTO MPHU PABEHCTBE CPEIHUX
3HAYEHUN YKCIa BBIOUTBHIX OYKOB MEHBIIE OTKIOHEHHE JTOT0 YKCIa OTHOCHUTEIHHO

CpeAHEero 3HaueHus (aucnepcus).
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D(X) = (0—5,36)2 -0,15 + (1 — 5,36)%0,11 + ... + (10 — 5,36)%0,2 = 13,6
D(X) = (0-5,36)2 -0,01 + (1 — 5,36)%0,03 + ... + (10 — 5,36)%-0,02 = 4,17

Omeem: Jlucriepcusi MEHbILIE Y BTOPOTO CTPEJIKA.

IIpumep 5

B 3amade 2 BBIUMCIUTH TUCIIEPCHUIO.

Pewenue:

D(x)=(1-2,3)?-03+(2-2,3)%0,5+ (5-2,3)%0,2=2,01

3anaHne: BbInoJHUTDH 3a/laHUs [0 BapuaHnTam

Bapuanr 1

1. Cnyuaiinas BennurHa X 3a/1aHa 3aKOHOM pacipeaeIeHuUs

Xi

2

3

10

Pi

0,1

0,4

0,5

Haiitu maTemaTnyeckoe OXHMIAaHUC U CPCAHCC KBAAPATHYCCKOC OTKIIOHCHHUC (7()()

HOCTpOI/ITB MHOTI'OYT'OJIbHUK PaCIIpCACIICHUS].

2. Haiitu qucnepcuio ciydyailHOM BeIMYUHBI X, 3Hasl 3aKOH €€ pacipeiesICHus.

HOCTpOI/ITB MHOTI'OYT'OJIbHUK PaCIIpCACIICHUS].

Xi 0,1 2 10 20
Pi 0,4 0,2 0,15 0,25
Bapuant2.

1. HailiTn MaTeMaTn4yeckoe OKUJAHUE U JUCTICPCUIO0 CITydYaHON BEIMYMHBI X,

Xi

3

5

2

Pi

0,1

0,6

0,3

3HaA 3aKOH €€ paClIpCaAcCIICHUS.

2. Haittu nucnepcuto ciaydailHOW BelMMYMHBI X, KOTOpas 3ajaHa 3aKOHOM

pacrpeaeneHusl.

Xi
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Pi

0,1

0,6

0,3

KOHTpOJII)HI)Ie BOIIPOCHI:

1. Yrto Ha3pIBaeTCa MaTEMAaTUYECKUM OXKUATAHUEM?

2. Ilo xakoii popmyIie BBIYUCISIETCS] MAaTEMAaTHYECKOE OXKUAaHUE?

3. Uro Takoe aucnepcus?

Cnucok aureparypsl

1. T'puropseB B.I1. MaTtematuka: yaeOHUK I CTYA. YUpEeXKIEHUN cpe. mpod.
obpazosanus / B.I1. I'puropses, T.H. CabypoBa. — 2-¢ u3a., ctep.-M.: M3narenbckuit
ueHTp «Axkaaemus», 2018. —368 ¢

2. Tlexmeuxuit M.JI. Maremaruka [Tekct] : yue6.mocobue st CTyn. YUpexaeHui
cpen. ipod. obpazosanusa /M.J1. [lexneukuit. - 12-¢ uzn., crep. — M.: M3marensckmii
neHTp «Axkagemusi», 2017 . - 320c.

Humepuem-pecypcoi:

www.ru.Wikipedia.org

www.ru.matformula.ru

www.reshebnik.ru
WWW.exponenta.ru

bl
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[Tpunoxenune A

Hexoropsbie cBegeHHMs U3 3JIEMEHTAPHON MaTeMATHKHU
Auredpa

3aKkoHBI AelCTBHI HAJ YHCJIAMHU

[lepemecTruTeNbHBIN 3aKOH cllokeHUs: 8 + b =Db + a.
CouerarenbHbIN 3aKOH CIOXKeHUs: (@ + b) +c=a + (b + ¢).
[lepemecTHuTEIBHBII 3aKOH YMHOXKEHUS: ab = ba.
CoueTraTenbHbIN 3aKOH YMHOXKEHUS: (ab)c = a(bc).
PacnipenenutenbHpli 3aKOH YMHOXEHHUSI OTHOCUTEIBHO CIOXKEHUSL: (a + b)c =

ac + be.

PaCHpCI[CJII/ITCJII)HI:Jﬁ 3dKOH YMHOKCHHA OTHOCUTCIIbHO BbIYUTAHUSA: (a - b)C =

ac - be.

JIpo0OHbBIe BHIPpAKEHUSA

ac=g,b¢0, C'&E0;

OcHOBHOE CBOWCTBO nipobdu: bc b

HevictBus ¢ qpo0saMu (MpeanoaaraeTcs, YTo 3HaMEeHaTeN IPo0eit OTIIMYHBI

OT HYJISA):
a,b_atb a c_adtbe
c ¢ ¢ B d bd
ac o a_ -a_ a
bd bd b b b
a ¢ _ad a" _ a"
b'd b’ (EJ b

CreneHu u KOpHHU

Cmenenns ¢ uejbiM nokasamenem

a =aa --a (npae.,”e’?"r’ n:-:l)
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a'=a,d =1 (@=0), a™=1d" (a=0)

CsoiicTBa:

a™a® = amwz, am/an o am—n, (amj" con axm,

(@b} = a™”, (afp] =a"fb".

Kopenw n-ti cmenenu

a =0

b

Va - apupmeTnyeckuii KopeHs N-if cTeneny u3 uncia &

az0 neN, n>l.

Caoicrsa:
alb =a/p  (b>0), z=4a
B uactHOCTH, V@ - apuMeTHUECKUIi KBaIpaTHBIH

(Ve =a, Va*=pl

KOPEHB:!

Cmenenwb ¢ OpoOHbIM (PAyUOHATILbHBIM) NOKA3AMeNeM

a™ =ia" wmeZ, nelN, nz2, a>0.

b

Cesoticmea cmenetu ¢ 0eucmeaumelbHbiM NOKa3ameiem

(>0, >0, x€R, yeR)
axa}‘___aﬂy’ (ax)“za&}‘, (ab)xzaxbx,
(afp)' = a*fb*, a* =boee,

a" =e"™ = exp(xha), a*=10"*
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IMporpeccun

Apugmemuueckas npoepeccus

(a, )
ApumeTndeckas IPOrpeccus - YUCI0Bast MOCIEI0BATEILHOCTD

caeiasEdl sl 2.

ompezenseMas ycaosusamu: 1) & =& 2) @ * (d - pasHoCTB

apu(pMETHIECKON TTPOTPECCUH ).

CaoiicTBa apu(pMeTUIECKOM MPOTPeCCUu:

Gy T2
Qa1 % = Qppa — Qs @ = —'_""'2 .

a, =a+d(n-1)

dopwmyia N-TO YieHa:

@opMyJIbl CyMMBI N MIEPBBIX YJIEHOB:

g c@takp o 2atdn-1),

2 2

[I'eomempuueckas npozpeccusi

(&),

b1=b (f)#O), Z)bx+l=bxq (q¢0):n_12

['eomeTpuyeckas nporpeccusi - YUcaoBas MOCie10BaTEIbHOCTD

omnpenessgemMasl yCIOBUsIMHU: 1)
... (Q - 3HAMEHATEIIb TEOMETPUUECKOM MPOTPECCHN).

CBolicTBa reOMETPUYECKOU MPOTPECCUH:
2
bm+l ]bx = bx+2 )}‘bml ) b b b

x4l = Pauan-

dopmyiaa N-ro YieHa: bu=bg

g#1)
@opMyIibl CyMMBI N TIEPBBIX YJICHOB :

e 53 bxq_bl e bl(q” _1)

» ’ N

g-1 . g-1

CyMMa GeCKOHEYHOM reOMETPUUECKON TPOTPECCHU:

b+bg+bg’ + . =bfll-q), |q<1.
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®opMyJibl COKPALIEHHOT0 YMHOKEHUSI

a® -b* =(a-b)la+b),
a®-b* = (a- B)la® +ab+b?),
a®+b° = (a+b)a’ —ab+b?)
at-bt = (a—b)(a3+a2b+ab2 +b3)= (a—b)(a+b)(a2+b2),
a’-b = (a—b)(a" +a’b+a’h? +ab’ +b4),
a’+b’ = (a+b)(a4—a3b+a2b2—ab3 +b4),
a*-b* =(a-bla™ +a" b+ ...+ ab™ b,
i R ORI | < Y ]
(a+b) =a*+2ab+b*, (a-b) =a®-2ab+b?,

(a+b) =& +3a’b+3ab® +b7,
(a-bf = a® - 3a’b+3ab® - b,

(a+b+cf = +b* + %+ 2ab+ 2ac+ 2bc,

(a+b—c)2 =’ +b* +¢* +2ab- 2ac - 2bc,
(a+b+c+df =a® +b* +* +d* +2ab+2ac+2ad + 2bc+2bd + 2cd,
(a+b-c-df =a®+b* +* +d* +2ab- 2ac- 2ad - 2bc— 2bd +2cd,,

alx-x)x-x )= a +bx+c,

rae Xi, X2 - KOpHU KBaAPATHOT'O TPEeX4JICHA ax’ + bx + c.

CBoliCTBa YHCJI0BBIX HEPABEHCTB

1) Eciim a < b, To npu moboM C: a + ¢ < b + c.
2)Ecma<bwuc>0,Toac<bc.
3)Ecrma<buc<0, 10 ac>bc.

4) Ecnu a < b, a u b ognoro 3naka, To 1/a > 1/b.

121



5)Ecoua<buc<d,toat+c<b+da-d<b-c.
6) Ecoma<b,c<d,a>0,b>0,c>0,d>0, Toac < hd.

2 2 ” -
7)Ecnna<b,a>o,b>0,TOa <b, a"<b* (neN)

——

Jlorapugmbi

log,b (a>0, a=l, b>0)
- norapudm uucna b mo ocHoBaHMIO a.

al"gab - b
OcHoBHOE JOrapupMUIECKOE TOKIECTBO:
lgd . 10%% = 5.
- IeCATUYHBIN JTorapudm (jJorapudm mo ocHoBanuto 10):
In b elnb — b

- HATYpaJbHbBIA Jorapudm (Jlorapudm 10 OCHOBAHHMIO €):

[Tepexon 0T OAHOTO OCHOBAHHUS K IPYroMYy:

Iogab=10g‘b
log, a
logabzl L =]gb=Eb’ b:@:@
B wacTtHOCTH, 0g,a lga 4 ge M (

M=lge= —— 04343
In10 - MOJTyJIb TIepEX0Jia OT HATyPAJIbHBIX JIOTapU(MOB K

JECATUYHBIM ).
Csoiicta jorapudmos (U, v >0):

log,a=1, log,1=0, log,{uv)=log,u+log,v,

log(l=—10g{v, logazi=logﬂu—logcv,
% %
log ,u® = alog, u, logawg:llogau, nehN, n=l
7

Tpuronomerpuveckue GopmyJisl
Tpuronomerpuyeckue pyHKIUU

SM &, COS&,
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tga = sin &fcos &,

ctga=cos&fsin @,

seca = lfcosa,

cosec & = 1fsin

a# a2+ m,

& # [ 2+ 7,

&, &EM, RELZ.

3HaKM TPUTOHOMeTpUYeCKHX PyHKIMIA

& #7;,

necz,

nez,

nez,

YeteepTs Benuyuna yrna sin & COS ¥ tga cig &
I 0<a<af2 + + + -
I a2 << + - - -
I T @< 3af2 - - + +
IV 3Infl<ea<2n - + —~ -
DopMy.JIbl IPUBEACHUSA
8 sin 8 cos 8 tg8 ctg 8
?T}‘(2+C}:' cos &y —sin. & —cig& —ig&
T+a —sin & —-cos & tga cigl
37!'/2'1‘&’ —Ccos & sih & —cig& —ig&
2T+ sin & cos & tga cigl
-& —sin & cos & —iga —cigd
af2-a Cos & sin & cigl tga
T-& sin & —Cos & —igd —cigdl
nfe-a —cos & —sin. & cigd tga
2M—& —sin & CoS & —lg& —cigd
OcHoBHBIE TPUTOHOMECTPHUICCKHUE TOXKIACCTBA
sin 2 @+cos® @=1,
tga-ctga =1 a=anfl, ne i,
l+iga=1/cos* @, a=znf2+m, neZ,

l+cigia=1/sin

‘o, axm,
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BbipaxeHne TPpUroHOMeTPUYECKUX PYHKIUN Yepe3 OAHY U3 HUX TOIO0 kKe

aprymeHra

(BBIOOp 3HAKA MEpe]l KOPHEM 3aBHCUT OT TOTO, B KAKOW YE€TBEPTU HAXOIUTCS

yron &)
Yepes sin &
cos @=*+1-sn? a,
sn @ +41-sm? @
g = ———, dga=———.
+41-sin’a S &
Yepes €5 &
sin @ = ++/1-cos® @,
+1-cos’a cos&
fgo=——— ciga= ——+-—
cosa ++/1- cos® @
tge
Uepes -
1
ctga=——o
tga
SiN & = A COsS& = L

i«,{1+fg2a’ :tf,{l+rg2a'
tg
Yepes SeBCs

gl = 3
ctg&
1 cige

sih & =—e———, S =—pr————.
T 41 +etgia + .01 +ctgia

DopMyJIbI CII0KEHUS

sm(a+,8)=sina'cos,8+cosa’sm 8,
sin (@ — 8) = sin @cos 8- cos asin 8,
cos(af+,3)= cos@cos 8—sin @smn B,

cos(a’ - ,8)= cos&cos S+sm @sm 5,
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g +1 toc—t
zg(a+ﬁ)=ga—g}6’ ¢ (a_ =M
l1-tge tgh 1+ige-tgh
(B mOCNeHUX ABYX opMynax & #7Af2+m, B=# mf2+m y
COOTBETCTBeHHO &+ 8 # Af2+m, a- S=nf2+m, nel):

ctge-ctgh—1 ctge-ctg8+1
. ctgla-8)=
ctghB+ ctg ctgB—cige

ctgla+ B)=

(B TOCIeTHKUX OBYX opMmyaax & #m, G#m g
COOTBETCTBEHHO &+ 8 # 7™, a— G#m, ne€Z),

IIpeoOpa3oBanue cyMMbl TPUTOHOMETPUYECKUX (PYyHKIIUIA

+ =
sin & +sin 8= 2sin a2ﬁcosa2ﬁ,

- +
sincz-—sin,B=25ina ﬁcosa ﬁ,
2 2
a-g
5
a+,85ina'—)8,

2

a+
cos& +cos 8=2cos - '8005

cos@—cos §=-2sin

sin (@ + &)
cos @cos 8

sin (& —
cos@cos 8

sin (& +
cﬁga:+c£g,8=M, &, B#m, nelz,
st & sin

sin | S—&
ctg — ctgf= ——= (}8. ) ,
sin &sin 8

Asinx+ Bcosx =4+ B? sin (x+ %),

IIpeoOpa3oBaHue Npou3BeIeHUS TPUTOHOMETPUYECKUX PYHKUMHA B CyMMY

T
tga+itgh= a,,ﬁ¢§+m, neEZ,

bia
a,,ﬁ¢§+m, nez,

& B8+#m, nez,

smoasn 8 = %[cos[a'— ,8)— cos(cx - ﬁ)],

cose cos 8 = %[cos(a' - ,8)+ cos(af - ,8)],

sn acos 8= é[sin(a— 8l+sinla+ 8]
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Tpuronomerpuyeckue GyHKUUM ABOMHOTO U TPOHHOI0 aprymMeHTa

s 2& = 25M & COsS,
2 AL s 2
cos2ae=cos  @—-sma@=1-2sm a=2¢co8" a-1,
sin 3e = 3sn @— 4sin’ @, cos3a=4cos’ @—-3cose,

dga-tg’
1-tg a 1-3ig «

tgla=

Tpuronomerpuyeckne GyHKINH MOJOBHHHOIO APryMeHTA

. af2
(BBIOOp 3HAKA 3aBHCHUT OT TOTO, B KAKOW YETBEPTU HAXOAUTCS yroJl )

L& 1-cosa & 1+
36} _=iw#—’ COS—= i,’ﬂ,
2 2 2 2
& 1-cose & Sh & 1-cosa
tg—=%,——, fg—= = — .
2 1+ cose 2 l+4cos« sm &

BripaxeHue TPUrOHOMETPUYECKOM QYHKIMH Yepe3 TAHTeHC MOJT0BUHHOIO

aprymeHra

_ zglef?) o 1-tg'(af)

e 1+t (af2)’ MR 1+t (af2)
__ugla?) 1ot (@)
Ee= 1-tg*(af2)’ g 2tglaf2)

YucsioBbie PYyHKIUH

OCHOBHbBIC MOHATHUSA

X - R
Oo6mnacTs ornpeneneHus (MHOXeCTBO 3ananus) Gpynkmuy f: . X=D ().

E(f)={rix)re x)= s(x)

MHuosxecTBo 3HaueHU (QyHKIWH f:
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Iy= RllxeX, y=
Ipaduk Qpynxmmm: [(x v)e |xE J=i (X)J

v X - X —x] =
YetHas GyHKINA: BB rimiiae Hf( x) = f(x)

VieX =-xeXx fl-x)=-7f(x)
Heuernas pynkums: u

o, VxeX Dxt+aeck, x-@®e X
[Teproaudeckas pyukmus (nmepuoaa “):

flx+a)= flx)

MonoTOoHHBIE QyHKUIMH

®ynkus f crporo Bo3pacraer (Bo3pacTaer) Ha MHOXKECTBE X
Vx5, € X, X <x, =>f(x1)< f(xz)
®ynkius f Bo3pacraet (He yObIBaeT) Ha MHOXKECTBE X-
Vx5, e X, X <x =>f(x1)S f(xz)
®ynkius f crporo yosiBaeT (yObiBaeT) Ha MHOXKECTBE X
vxl’xﬁ EX’ xl <x2 = f(xl)>f(x2)
®yukius f yobiBaeT (He Bo3pacTaeT) Ha MHOXKECTBE X-

vxl’xﬁ EX’ xl <x2 :>f(xl)2 f(xil)

meneHHas yHKyus

a=2n ne N

1.
y=x*, D(f)=R, E(f)=[0, +w [
] ~; 0]
OyHKIMS YeTHas, CTPOTO yObIBaeT Ha U CTPOTO BO3paCTaeT
o+
Ha 0, +o | (puc. 2.1).

a=2n-1 ne N

y=x"" D(f)=R, E(f)=R.

OyHKIMS HEYeTHAas, CTPOTo Bo3pacTaeT (puc. 2.2).

&=-2n, neN:

3.
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y= b, or)=R\o) E(r)=]0, +o ]

X
]—oo; O[ ]0;+00[
@DyHKIHMS YETHAs1, CTPOr0 BO3pACTacT Ha U CTPOro yObIBAaeT Ha
¥l Yi ax¥ J A
¥ ,r{fr s f-?.-'l.' P
jt }r.-,-,{? |y 17X b

|

\ / V2 y=1/x?
\\. ..#"III'\|I -
- ] S -
-f ¢ 7 X ! x
4 a==2n+l, ne;N:
1
Y= R D(f)= R\{O}: E(f)= RE‘{O}‘
]—oo; O[ ]0;+00[
@DyHKIMS HEYETHAs!, CTPOTO yObIBaeT Ha u (puc. 2.4).
5 aez:
y=x*, D(f)=]0 +o| E(f)=]0 +o]
[Tpu vexotopeix & D(f) u E(f) MmoryT ObITh mupe.
yl YA YA
Ly= 1/43 y=£t y=10"
\
\
-1 N
N g 1 x
) g 1 1

S
>
=Y
=~

Okcnonenma
y=e"=eplx), D(f)= R, E(f)=]0 +of

@yHKIMSA CTPOrO BO3PACTAET.

Tloxazamenvras ¢ynxyus (puc. 2.6)
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x e 3
y=a =¢e¢ , a>0,a=l

D(f)= R, E(f)=]0, +o]
[Tpu 0 < a < 1 ¢ynkuus cTporo yosBaeT, mpu a > 1 cTporo Bo3pacraer.

Jloeapugpmuueckan ¢hynkyus

Jlorapugm HaTypaJabHbIN

y=hx D(f)=]0, +of, E(f)=R
@yHKIMSA CTPOTO BO3PACTAET.

yA YA

y:{n)( y:,l.g_).(.
1 D aas
7

Jlorapugm ¢ ocHoBaHueM a

y=log,x, a>0, a=l,
D(f)=]0; +of, E(f)=R

IIpu 0 <a <1 ¢. crporo yonIBaeT, npu a > 1 crporo Bo3pacTaer.

Tpueconomempuueckue Qhynkyuu

177 (oue. 2.9):

o(f)=r, E(f)=]-1 1]
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YA .
y=COSX  y=sinx

e SIS A
TIN50 AN S 2 X

Puc 29

@ = 27
Oyukuusa HeuetHas. [lepuon Ha xaxgom u3

[-7f2+27, nfe+2rk | ke Z,
MIPOMEXKYTKOB ¢. cTporo Bo3pacraer,

[7/2+ 27k, 3nf2+ 27k |, kez,
Ha CTpOro yObIBaeT.

2. Y= %% (puc. 2.9):
D(f)=& E(f)=]-1 1]

.
Oyukuus yetHas. [lepuon Ha xaxnom u3

[Zfzfc; T+ 27&%], keZ,
MIPOMEKYTKOB ¢. cTporo yObIBaer,

[7r+ Ak, 2w+ 278'6], ke Z,
Ha CTPOTO BO3pACTAET.

3.7 % (puc. 2.10);

D(f)=rR\{nf2+nk|kez), E(f)=R
YA

@ =7
OyHkuus HeyeTHas. [lepuon @yHKIMS CTPOr0 BO3PACTAET HA KAXKIOM

Frj2+mc, nfo+Ak], keZ.
U3 IPOMEKYTKOB

4.7 =& (puc. 2.11):
D(f)=R\{mk\kez}, E(f)=R
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@ =7
Oyukius HeueTHas. [lepros @DyHKIUS CTPOro yOBIBACT HA KaXkIOM U3

[m’c; 7r+7zfc], ke Z.
MIPOMEXKYTKOB

Obpamusie mpueconomempuyecKue yHKyuu
1. 7T oue. 2.12):
o(f)=[~1 1} E(f)=[-n/2 /2]

@DyHKIUS HEYETHAs!, CTPOTO BO3pPACTaET.

: O «/5 T
arcsin 0= 0, arcsm —= —, arcsm —= —,
2 6 2 4
: Vg ; big
arcsin — = —, arcsm 1= —.
3 2

2. V= AIECOSX (phyc. 2.13):
p(f)=[-1 1} =(f)=[0 =]

@DyHKIUSA CTPOro yObIBAET

arccos(— 1)= m, arccos[— g] = % apccos[— ﬂE = s

( 1] 2 T 1
arceos| == |==—_ arecos:="—: :areeos—=-—.
2 3 2 2 3
2 T J§ big
arccos —= —, arccos—=—, arccosl=_0
2 4 2 6
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a2 x

IIpenenl

CaoiicTBa npeaeioB

1. Ecin nocieoBaTebHOCTH | CXOASATCSL, TO
im(e +4 )=lma +lmb, lmab =lma lmb,
s 7 n s O nw 7 e 17 ns© P asw 7
lim (@, — 4 )=lm a, - lim &, lmca,=clm a,,

n-© n—=w© n—© n—w© n—=w©

lm a,
lim = =22 QMbn¢0)
moph  lm b, woe

n—

PN

Imae, =a, a, <b ¥n, a<bh.
n n n
2. Ecimm 2% u TO
2. e Bl Y, hmwan = lm}obn =a, lmc, =a
3. Ecimn u" "2 TO ™%
m ¢, =a, limmczn :|a|.
4. Ecnon % To ™7
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HexoTopbie npeaesl

. 1/% _ : A
1}1_1)10(1 +x)" =e, 1x1§1w(1 +1/x) =e,

i In{1+x) o log, (1 + x)= 1 ,
x>0 4 50 x Ina
e’ -1 . a’ -1
lim =1, lim =lna,
=0 X x=0 X
_ shx . chx-1 1 thx
lim —=1, lim ——=—,u lim —=
a0y x50 x 2 =0 x
lim (1+x) =, limx*Inx=0 (x>0}
x>0 X —=>+40
(21 21
im 2 E_0 (@>0) lim =0, limx*=1.
I >t o =+
im g" =0 (g<1} lmng"=0 (g|<1}

im (1 +1/n) =e, lm[n“/a”)=0 (4]>1)
lm [a" fnt] = 0, Im (Innfn)=0

glgnw(ln?nzn“)=o (a>0), lm, J_=1 (a>0),

im 3 =1, lm{i/A)=0,  lm(n/3f)=e,

& k-1
G +an  +..+a, Gy (

lim by, #0
me bt bt b, by b
1P +27P 4.+ 07 1
lim = :
n3w n?H p+1

1 1 1
lim | —+ +..+—|=1n2,
o+l n+2 2n

2
lim[ 2:32n ] c (chopmyna  Banmica),

n>ol1.3..-(2n-1) ) 2n+1 2
| sinx=, | l—czosx=1_, hmfgz,
=0 x =0 ¥ 2 =0 x
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IMpousBoaubie u 1uddepeHnaIbI

OmnpenesieHue MPOU3BOAHOI

Florg +Ax) - flx,)

S () = Jim. . ,
71(x,) = lim f[x)—f(xo),

on x_xo

71(x) =lim f(x+h)—f(x)'

h=0 h

OIIHOCTOpOHHI/Ie MMPpOnU3BOAHLIC

f;(x0)=ﬂlxlg‘1+0 A ,
f:(xo)=£§of[xo+5§2_f(xo)

®Oyukuus, 1udpdepeHuupyemasi B ToUKe Xo

Jlxo + Ax)= flx, )+ AAx+0(Ax)  Ax -0

pu

A= r(xo )
JAuddepenumnan

dy = e, =2,

Mu¢ppepenunpoBanue apupmMernyecKuXx KOMOMHAUAI
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(u, v, w - nuddepeniupyembie GyHKIUH,

f

a!

- IIOCTOSHHBIC

(au+,8b) =an'+ B, a’(cm+ ,8\1)=cm’u+ B,

3

(uv) =uv+y, d(uv)=ua’v +vdu,

(1evw) =uyw+ ' + 10w,
d(wvw)= vwdu+uwdv + vidw,

f

v v

(EJ _ 1y —guv'(v s 0), a’[%]= vc:fu—2 udv

v v

(o 404

IIpou3BOaHBIC OCHOBHbIX 3JIEMEHTAPHBIX QYHKIUI

7(x) /(x) 7{x) /(x)
¢ 0 a’ a"lna
1 In x 1/x
X% ™ Inx| 1/x
% 2X log, x leI.'l -
Vx ﬁ> x>0 sin x cosx
1/x T COSX —ginx
1
7 & B4 cos’ x
1 1
1 - th
8 sin® x . chx
1 1
arcsin x ﬁ, |x| <1 cthx e
1 1
arccosx i pr| <1 ln(x+ NE +1) T
1
arctg x : L . ln’x+v‘x2—1‘ remg x| >1
0 gl
arcctg x - : 1—ln 1+_x L
= laeac? 2 l-x ] cep?
shx chx 1(x) 5(x)
chx shx
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IIpou3BoaHas CTENEHHO-MOKA3ATEeJAbHOU PyHKUINH

f

f

[u”) = (e““) =y u +utlnu v,

IIpou3BoaHbIe BBICHINX MOPSIAKOB HEKOTOPBIX (PYHKIM A

J(x) 7))
c 0
x“ afa-1)--(a-n+1)x*™
Inx (-1 (r-1)x(0=1)
g’ e’
a’ a' In"a
sin x sin (x + /m/2)
COSX cos(x + m/2)
{th npu n=2k,
shx
chx npu n=2%k-1
chx npu n=2k,
ohx {s‘hx npu n=2%k-1
y =arctgx g = (n-1)tcos” ysinn(y +7/2)

JlokaabHbI| IKCTPeMyM auddepeHunpyeMoii GQyHKIMU

Heobxooumoe ycnosue nokanvnozo sxcmpemyma

S (%)= 0.

Ecmu Xg - Touka JiokanbHOTo dKcTpemyma (yHkimu f, To

ﬂocmamoqﬂble YCl0o8uUsd JTIOKAJbHO2O IKCmpemyma

74x,)=0.
I IIpasuao. Ilycts

Ecmu f' mpu mepexoze uepes TOUKy Xo MEHsIET 3HaK ¢ "+" Ha "-", TO Xo - TOUKa

JIOKAJIbHOT'O MaKCHUMYyMa.
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n_n

Ecnu f' mpu nmepexoze uepe3 TOUKY Xo MEHsIET 3HaK ¢ "-" Ha "+", TO Xo - TOUKa
JIOKQJIBHOT'O MUHUMYMa.

Ecimu f' mpu mepexoe gyepe3 TOUKy Xo He MEHSIET 3HaKa, TO TOYKa Xg He
ABJISICTCS TOYKOU JIOKAJIBHOI'O 3KCTPEMYyMa.

II MpaBuio. [Tycts f nBaxkaer nuddepennmpyema B

f'[x0)=0, f"(xo)¢0'

TOYKE Xo,
f "(xo ) < O>
Ecmmn TO Xp - TOYKA JJOKAJIBHOTO MaKCuMymMma.
f "(xﬁ ) > 07
Ecmmn TO Xp - TOYKA JJOKAJIBbHOTO MHWHHUMYMa.

III IpaBuao. [Tycts f n pas HenpepeiBHO AuddepeHrpyema B

fr(xo )= f"(xo )= e f(n_l)(xo )= q, f(n)(xo)?éo-

TOUKE X U
¥ () (xo )< 0,
ECHH N - YeTHOE U TO Xp - TOUKA JJOKAJIBbHOT'O MaKCI/IMYMa.
¥ (n)(xo ) >0,
Ecnu n - yeTHOE M TO Xp - TOYKA JIOKATHPHOTO MUHUMYMaA.

Ecaun - HEYECTHOE, TO Xo HEC ABJISICTCA TOYKOM JIOKAJIbHOTO 9KCTpCMyMa.

Touku neperuda

[Tycts pyukuus f onpenenena B HEKOTOPOH OKPECTHOCTH TOYKHU Xo,
HENpPEepbIBHA B TOUKE Xg M KIMEET B ATOH TOUYKE KOHCUHYIO MIIH OCCKOHCUHYIO
npou3BoIHY0. Eciiu npu nmepexoe uepes Touky Xo hyHkius f meHsier
HarpaBJICHUE BBITYKIOCTH, TO Xo Ha3bIBAIOT TOYKOM nepernba Gyukiuu f, a
TouKy (Xo; f(Xo)) - Touko# nepernda rpaduka ¢pynkuu f. [padux GyHkImm
MIEPEXOMT C OJHOM CTOPOHBI KacaTeIbHOM, IPOBEeACHHON B TOUKe (Xo; f(X0)), Ha

Ipyryro cropony. Touku neperuda f - Touku sxcrpemyma s f'.

Heobxooumvie ycnosus nanuuus nepecuba
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f"[x0)=0 f"(xﬁ)

160 HE CYIIIECTBYET.

ﬂocmamoqﬂble YyCcilosus Hajauvdus nepeeu6a

f(x)
1. Ecnin MEHSIET 3HaK IIPH MepexoJie Yepe3 TOUKY Xo, TO Xp - TOUKa
neperuoa.
f"(xo )= fm(xo ): = f(n_l)(xo )= 0, f(n)(xo ) #0,
2. Ecmm TO

IpU N YETHOM Xg - TOUKa Iepernda, mpu N HEUETHOM Xg HE SBJIAETCS TOUKON
neperud

HeonpeneneHHbIA HHTErPaA
IlepBooOpa3nas

[TepBooOpa3uoit pyukiuu f Ha mpomexyTtke | HaspBaeTcs pynkius F, Takas,

Fix)= f(x) ¥xel
0

HeonpeneneHHbId HHTErPaJl
[#(x)dx = F(x)+C,

rie F - mepBooOpasnas Gpyukimu f (Ha mpomexytke); C - mpou3BOJIbHAS TOCTOSHHAS.

Ocnoenvie ceolicmea

(ff (x)dx)'= fx) a|f(x)ax= f(x)ax

1.

, [Fi(x)ax= B(x)+C, [aF(x)= F(x)+C.
J}“(x)dx = F(x)+C’,

3. Ecnu TO

Jf(aﬂb)dx: lF(ax+b)+C, a#0.

43
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, N )+ s = o 1+ f[elx)an. o+ <0

3amena NMEPEMEHHBIX B HEONIPEACJICHHOM HHTEIrpaJjie

L If(u(x))u’(x)dx = Jf(u)du =Fu)+C=Flu(x))+C.

x=plt), ()=0, F (gop,
2. Ecin - nepBoo6pa3Ha;1 st TO

[elx)ax = [ glol))e ()t = Fl)+C = Flg™ (x))+C.

dopmyJia HHTETPUPOBAHMS 10 YACTAM

judv =uy —Jvdu,

(u, v - muddepennupyembie HyHKIIHH).

IIpocreiiine HHTErpaJIbI

jom:c, jl.dx=jdx=x+c,

dex= x—22+C, ngdx= §+C,

1
=In C, |—==—-—+C,
[Z=np+c, G-t
dx 1 4 _ x.:z'+1 K
J-X—3_—§+C’, Jx dx—a+1+C, o+ =l
Jd_izﬁ_ﬁj-k —arcﬁgx+C,
B

Jd—x = lar(:zg—+('3', a#0,

a*+x®  a @
jdx =_1n|l+x| c
1-x* |l x|

J dx =i]na+x

5 5 +C, a=z0,
a“—x 20 |la—x

j AE =%1n|x2+a|+C,

Jr2 +
J* dx
Nl—x

ax ox
Jﬁmarcsm =,
a’—x @

= arcsin x+
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ax
=Inlx++x +1)]+C,
)
j%:mxwf—lha
x+v‘x2+a‘+C,

x =1
ax

=

J ax =—ctgx+C, J i =tgx+C,

sin? x cos? x

=In

DJieMeHTbl KOMOMHATOPUKH, (popmy.ia HeroToHa

HepeCTaHOBKl/I. PaSMeIIIEHI/ISI. Coueranus.

Yucio INEePECTAHOBOK U3 N DJICMCHTOB:

P =123 n=nl

. m(nzm)
Ywucno pasmenieHnd u3 N mo )
A= B o i)
(n—m)!
A =nln-1)--(n-m+1), 4 =1,
A4 = (n-m)A7,
A=p=n A'=A=n
. m(nlzm)
Hucno coueranuut u3 N no :
7l
[ - R
& m!(n—m)l’
&z n(n—l)~-[n—m+l) n(n—1)~-~[n—m+l)
C, = = :
mll 1.2.3...

CBolicTBa COYETAHUIL:
Cr=C}™ 02m<n, Cr=Cl=1

b N

CL+Cl+..4+C =2,

PexypeHTHas gopmyina it yucaa COYeTaHUM:
Cricrt=C*!, 0<m<n

2+l 2
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®opmya ounoma HeroToHna

(a+b) =a+b,
(a+b) =a® +2ab+ b7,
(a+b) = a® +3a’b+3ab’ +5°,
(a+b) =a* +4a°b+6a°H* + 4ab® + b
(a+b) = a® +5a*b+10a°b* +10a°b® +5ab* +b°
(a+b) =Cla" +Cla" b+ C2a™ b +...+
+Cra b +...+ CBDY, neN.
Eciu k-t anen ((k+1)-e cimaraemoe) pasinosxeHus CTelIeHH OMHOMa 0003HAYaTh

T
gepe3 , TO

T, = Cra™*b".

Tpeyroabauk Ilackans

o 1

1 1 1

2. 1 2 1

2 1 3 3 1

4 1 - 6 -+ 1

51 5 10 10 5 1

6 1 6 15 20 15 6 1

71 7 21 35 35 21 7

8 1 8 23 56 70 56 28 8

9 1 9 315 84 126 12¢ 84 36 9 1
10 1 10 45 120 210 252 210 120 45 10 1

0 1 »
Cx’ Cx: "':C:a

).

(N-st cTpOKa COCTOUT M3 YHCEI

Bo3BeaeHne MHOIro4/JieHa B CTell€eHb
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P=a? +b + 6% +2ab+ 2ac+ 2bc,

(a+b+c)
(a+b-c) =a® +b* +&* +2ab-2ac - 2bc,
(a-b-c)*=a’+b* +c* - 2ab- 2ac + 2bc,
(a+b+cf =a® +b°+c° + 3(a2b+agc +bla+bic+
+cga+cgb)+6abc,
(a+b+c) =a* +b* +c* +4(a3b+a3c +b'a+
+b’c +c73c:c+c3b)+f§-(a¢2b2 +a’ct +b%c? )+

+1 Z(agbc +bac+c’ ab),
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