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AKT COI'ZTIACOBAHUA

MeTonnueckux peKoMeHIaIui 10 BHIMOJTHEHUIO TPAKTUYECKUX padOT
1o JUcuUIinHe «MaremaTukay sl CeuaIbHOCTH
15.02.12 MonTax, TeXHUYECKOE 00CITY)KUBAaHHUE U PEMOHT ITPOMBIIILICHHOTO
obopynoBanus (1o otpaciisiM) (TOIT 50), pazpabotanHbIX npenogaBareneM FOxHO-
YpanbCkoro rocyaapCTBEHHOI0 TEXHUYECKOTO KoJutemka Yepnosou ..

YyeOnasts aucruiuimHa «MartemaTuka» SBISCTCS YacThi0  MPOTPAMMBI
MOJTOTOBKU CIEIUAINCTOB cpeaHero 3BeHa corjacHo PI'OC mo cnenuanbHOCTH
CIIO 15.02.12. MoHTaX, TEXHUYECKOE OOCITYKMBAaHUE MU PEMOHT IPOMBIIUIEHHOTO
obopynoBanus (no otpacisMm) (ton S50). YueOHas auciummHa «MartemaTukay
OTHOCHUTCA K MaTEeMaTHYECKOMY U OOIIEeMYy €CTCCTBEHHOHAYYHOMY IIUKIYy U
ompenensier oO0mMi 00beM 3HAHUM M YMEHHH, COCTaBJSIOIUX  0asy
npo(eccuoHaIbHBIX KOMITETCHIIUM.

[IpakTryeckas HampaBIEHHOCTh Y4YEOHOW AMCIUIUIMHBI peau3yercs dYepe3
BBITIOJIHEHUE MTPAKTUYECKUX PaboT, Ha MPOBE/IEHNE KOTOPHIX MPOTPaMMOI OTBOJIUTCS
40 4gacos.

MeTtonuueckre pPEKOMEHJAllMU 10 BBIMOJHEHUIO TPAKTHYECKUX PpadoT
pa3paboTaHbl ¢ y4eToM TpeOoBaHUU paboTojaTeNss K MOJATOTOBKE CIEIUATNCTOB
CpPEIHEro 3BEHa IO JaHHOM CMEIMaIbHOCTU M BKJIIOYAIOT B ce0sa 20 mpakTUUEeCKUX
paboT, HANpaBJICHHBIX HA Pa3BUTHC YMEHUHN aHAIM3UPOBATH CIOXKHBIC (DYHKIIMH H
CTpOUTh WX TpaduKH; BBIMOTHATH JACHCTBUSA HAJ KOMIUICKCHBIMH YHCIIAMU;
BBIYUCIIATh 3HAYCHHUS] TEOMETPUUYCCKHX BEJIWYHMH; IPOW3BOIUTH OIEpalid Haj
MaTpuIlaMd W ONPEICITUTESIMU; PEIIaTh 3a7a4d Ha BBIUYMUCICHUE BEPOSTHOCTH C
WCITOJIb30BAaHUEM JJIEMCHTOB KOMOWHATOPHKH;, peIlaTh TNPUKIAIHBIC 3aJa4yd C
HCITOJIb30BaHUEM JJIEMEHTOB JU(PPEPCHIIMATBPHOTO U WHTETPATIBHOTO HCYHMCIICHU;
peniaTh CUCTEMbI JJMHEHHBIX YPABHEHUH pPa3IMYHBIMU METOJIaMHU.

[IpakTtuueckue pabOTBHl OOECMEUMBAIOT YCJIOBHS g (opmMupoBaHUs
KOMITETEHTHOCTH CHEIMATMCTOB B OCYIIECTBICHWU TIOMCKA M UCIOJIb30BAHUS
uHbopmaIi, Heo0XoauMoi s 3(H(PEKTUBHOTO BBHIMOIHEHHUS MPO(EeCcCHOHATBLHBIX
3aay, MNPOPECCHOHAIIBHOTO W JUYHOCTHOTO Pa3BUTHSA, B  HCIOJb30BAHHUU
UH(OPMAITMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTUA B MpodecCHOHAIbHOU
NEATEIBLHOCTH, B pa00TE C KOJUICKTUBOM, PYKOBOJACTBOM, ITOTPEOUTEIISIMH.

MeTtonudeckre peKOMEHIAIMHU 110 BBIMOJTHEHUIO MPAKTUYCCKUX PadOT MOTYT
OBITH WCIIOJIB30BAHBI JUISI paOOTHI B YUPEKICHUAX CPEIHErO IMPOgECCHOHATBHOTO
o0pa3oBaHuUs

TexXHUYECKUN TUPEKTOP

3A0 «BMM-2» P.I'. leBanbn



HOACHUTEJBHASA 3AIINCKA

MeTtonuueckre peKOMEHJAIMU MO BBIMOJHEHUIO MPAKTUYECKUX PaboT I1o
yueOHON muctuiummae «MaTemMaTukay TpeaHa3HadeHbl sl CTYIACHTOB 2 Kypca,
obOyuarommuxcs 1o crenraibHocTH 15.02.12 MoHTaxk, TEXHUYECKOe 00CTy)KUBaHUE U
PEMOHT IPOMBIIIICHHOTO 000pymoBanus (1o orpacisam) (TOII-50)

[IpakTrueckue 3aHATHUS SIBJISIOTCS BaKHBIM 3JIEMEHTOM y4eOHOUN AUCIUTUIAHEI.
B nporiecce BBIMOTHEHUS! MPAKTUUECKUX padOT 0OydaroIIMecss CUCTEMATU3UPYIOT U
3aKPEIUISIIOT MOJIYYEHHbIE TEOPETHUECKUE 3HAHUSI, PA3BUBAIOT UHTEIUIEKTYalbHbIE U
npodeccruoHanbHble YMEHHUs, (DOPMUPYIOT DSJIEMEHTHl KOMIIETEHIUHA OyIyImx
CIELUATMCTOB.

Meronuueckue  pEeKOMEHJAUMW  NpelHa3HAa4eHbl Ui OpraHu3aluu
BBITIOJIHEHUS MMPAKTUYECKUX paboT 1o yueOHOU AUCIUIUTMHE «MaTeMaTukay.

[Iporpammoii  yueOHOW  aucuuIiMHBL — «Maremarukay MOpeayCMOTPEHO
BeimostHeHHEe 20 TpakTHYeCKUX paboT, HamNpaBJICHHBIX Ha (opMHpoBaHHe
INEMEHM O C1e0YIOUUX KOMNEM eHUUIL:

OK 01. BsiOupare cnocoObl pemieHuss 3anad  MpoQecCHOHATBHON
NeSATeTbHOCTH, TPUMEHUTEIHHO K PA3IMYHBIM KOHTEKCTaM.

OK 0 2. OcymiecTBisATh OUCK, aHAIN3 U HHTEPIPETAINI0 HHPOPMAIUH,
HE0OXOAMMOM /sl BBIMOJHEHUS 33/1a4 Npo(heCcCUOHATBHOU NeATeIbHOCTH

OK 03. IlnmanupoBaTh U peaan3oBbIBaTh COOCTBEHHOE MPO(ECCHOHATHLHOE H
JUYHOCTHOE PA3BUTHE.

OK 04. PaGoTath B KOJUIEKTUBE U KOMaH/E, Y)PEKTUBHO B3aMMOIeiCTBOBATH
C KOJUIeTaMu, pyKOBOJICTBOM, KITMEHTaMHU

OK 05. OcymecTBiasiTh YCTHYHO W NUCBMEHHYIO KOMMYHHUKAIIMIO Ha
rOCy/IapCTBEHHOM SI3bIKE C YYE€TOM OCOOEHHOCTEH COLMAIbHOIO M KYJIBTYPHOTO
KOHTEKCTa

[IK 3.1. Onpenensth ONTUMAaJILHBIC METOIbI BOCCTAHOBJICHUS

PaboTOCTIOCOOHOCTH MPOMBIIIIIICHHOTO 000PYI0BAHMUS

B pe3ynpTaTe u3yueHus: AUCUUIUIMHBI O0YUYaIOUTUIICS TOIKEH Y Mentb:
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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 337244 ¢ UCIOIB30BAHUEM 3JIEMEHTOB

¢ depeHInaTbHOTO U UHTETPAIbHOTO UCUUCIICHUI;

— PewaTh cucteMbl IMHEHHBIX YpaBHEHUH pa3IM4YHbIMU METOAAMU
B pe3ynbpTaTe 0OCBOCHMS IUCUUILUIMHBI CTYAECHT JOKEH 3HATD!

— OCHOBHbIE MATEMAaTUYECKUE METOAbI PELICHUS PUKJIAJIHbIX 33/1a4;

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

— OCHOBBI HHTETPATILHOTO U AU(PPEPEHLINATBHOTO NCUUCIICHUS;

— Ponrp m MecTto MareMaTMku B COBPEMEHHOM MHUpPE TMpPU OCBOCHHUHU

npoecCHOHaTbHBIX JUCIUIUIMH U B cepe MpodhecCHOHAITBHON AeSTEIHHOCTH.

Onucanue Kaxaou MpakTHYecKor paboThl COAEPKUT HOMEP, HA3BaHUE U 11EJIb
paboThl, (opMHpyEeMBbIe B TMPOIECCE BBIMOJHEHUS pPaOOThl 3HAHMSA, YMEHUS U
AJIEMEHTHl KOMIIETCHI[UN, TEOPETUUYECKOE H3JI0KEHUE HEOOXOJMMOT0o MaTepuasa
(npu  HEOOXOAMMOCTH TPUMEPHI BBIMOJIHEHUS 3aJaHU), BapHaHTbl 3aJaHUM,
OTIMCAaHHUE aJTOPUTMA BBIMOJHEHUS Pa0OThI M KOHTPOJIBHBIC BOIMPOCH (C IIEIIBIO
BBISIBUTH M YCTPAHUTh HEJIOUEThl B OCBOCHHH MaTepHaa).

Jlnst  mosydeHus: JTOTIOJHUTEIBHOM, Oojiee mMoApoOHOM uWHGOPMAIMK IO
OCHOBHBIM BOIIPOCAaM y4EOHOMW TUCIUTIIMHBI B KOHIIE METOIUYCCKUX PEKOMEH AN

npuUBECH nepeyeHb NHHOPMAIIMOHHBIX HCTOYHUKOB.



OtyeTsl CTYACHTOB II0 IIPAKTHUYCCKUM pa60TaM JOJIDKHBI BBITIOJIHATBECA B
OTACJIBHBIX TCTpadiaX, COACPKATb HOMCP, HA3BAHHUC U LCJIb pa6OTBI, BBIIIOJIHCHHBIC

3aJIaHrA 1 UX PC3YJIbTATHI.



HEPEYEHDB ITPAKTUYECKHUX PABOT

Nen\n Ha3Banue npaktuyeckoi paboTh Yacsl

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

2. | Beiuucnenue npenenoB. PackpeiTie HeOnpenenaeHHOCTH. 2
Brluncienre 0 JHOCTOPOHHHUX IIPENETIOB

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

4. | BeruncieHnre Npou3BOAHBIX 3JEMEHTAPHBIX QYHKIUN 2

5. | Briuncnenue npou3BOAHBIX CIOKHBIX PYHKIUI 2

6. | IlpumeHeHue NPON3BOAHOMN K PEILIEHUIO IPAKTUYECKUX 3a/1a4 2

/. | [IpuMeHeHne MPOU3BOAHOM K HCCIIETOBAHUIO (PYHKIIUU 2

8. | HaxoxneHue HeonpeneIeHHBIX HHTErPajioB Pa3InuHbIMH U 2
METOIAMH.

9. | BeruncneHue onpeaeeHHbIX HHTETPAJIOB. 2

10. | [IpumMeHeHue OnpeieICHHOTO HHTETpaia B TPaKTHIECKUX 2
3aj1ayax

11. | JeiicTBus ¢ MaTpuliaMu 2

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

13. | Haxoxxaenue oOpaTHOM MaTPHIIBI 2

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

15. | Pemienue cucteM JIMHEHMHBIX YPaBHEHUN METOAaMU JTUHEUHOU 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 OXKNIAaHue, JUCIICPCHIO

Hroro:

40




INPAKTUYECKAS PABOTA Ne 1

HasBanue npaktudeckoit padorsi:/locmpoenue cpagukoe peanvnuvix pynxuyuii c
nomoubio

2eomempuuecKux npeoopa3zoeanuil

Leap padoThl: HAYUYUTHCS CTPOUTH TPAPUKU (HYHKITUH C TOMOIIBIO TE€OMETPUIECKIX
npeoOpa3oBaHUM.
3HAHMSA:

OCHOBHBIE MaTeMAaTHYECKHE METObl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHbBIC
MOHATUST M METOJAbl MAaTEeMaTHYECKOrO0 aHaiu3a, JIUHEHHOM anreOpbl, TEOPHIo
KOMILJIEKCHBIX YHUCEIl, TEOPUU BEPOSITHOCTEN U MAaTEMAaTUYECKON CTAaTUCTUKU; OCHOBBI
UHTETPAIBHOTO W JU((HEPCHIIMATFHOTO UCYUCIICHUS; POJIb U MECTO MAaTEMAaTHUKH B
COBPEMEHHOM MHpE TPH OCBOCHUHU TNPO(EeCCHOHATBHBIX TUCIUIUIMH W B cdepe
PO EeCCUOHATILHOM IESITEIbHOCTH.

YMEHHSI:

AHanmM3WpOBaTh CJIOXKHBIE (QYHKIIMA W CTPOUTh WX TpaduKu, peniaTh
NPUKIAAHBIC 337a4d C HUCIOJIb30BAaHUEM dJEMEHTOB U (epeHnnansHoro U
WHTETPATLHOTO UCYUCIICHUH, BBIYUCIISITh 3HAUCHUS TEOMETPUICCKUX BEITMUNH

Teopernueckuit MaTepuas:
[TycTs 3anan rpadux dyaknuu Y = f(x). UtoObl mocTpouts rpaduk QyHKIIIN

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

YyMHOXUTh Ha M. Takoe mnpeoOpa3oBaHUE HAZBIBACTCS PACHANCEHUEM OT

ocH X C koadunmentom M, eciiu M > 1, u corcamuem x ocu X, eciim 0 <m < 1.

2. 'y = —f(X) monyuaetcst u3 rpaduka dbyukiun f(X) npeoopazosanuem

cummempuu otnocutesibHo  ocu X.  (IIpeobpazoBanme  cummeTrpuun -

3epKaTbHOE OTPAKCHUE OTHOCUTEIBHO MPSMOIA. )

3. y=f(x) +n, mnomyuaercs wu3 rpaduka Gyaxiun f(X) naparienvroimn

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

COOTBETCTBEHHO Ha |N| equHul BHU3, eciu N < 0.
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4., y=1(kx), rnek> 0 mk# 1. Hckombiii rpapuk (yHKIHH TOJydacTCs H3
3a7aHHOTO CkaTeM ¢ Kodddurmentom Kk ocu y (ecmu 0 <k < 1 ykazaHHoe

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

5. y =f(—X) monyuaercs u3 rpaduka byukiuu f(X) npeoopazosanuem
cumMMempuu OTHOCUTEIILHO OCH Y
6. y=f(x + [|)momywaercs w3 rpaduka dyaknun f(X) napanrensnoin
nepenocom niocnennero Ha | enunuil BieBo, eciu | > 0 U, COOTBETCTBEHHO Ha
|I| emmaMI BripaBo, ecu m < 0.
Ilpumep 1:

3anan rpa(bI/IK dyukuun y = v/x. Heo6x0auMo 1moctpouTsh rpaduku GpyHKIUH y =

2VX, y=2 y=vx+2 y=Vi-2y=vxtZ y=Vi-2,=—Vi y=
Vv—X
Pewenue:

Yt0o0BI MOCTPOUTH FpaPUKU APYTUX PYHKIUHI, COAEPKALIUX APTYMEHT (X) MO

3HAaKOM KBaJpaTHOI'O KOPHS, BOCIIOJIB3YCMCA IICPCUNCIICHHBIMU BBIIIC IIPpABUJIAMMU.

Jano: y = /x.
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[TapannenbHbIN nepeHoc rpaduka OTHOCUTEIBHO OJTHOM U3 OCEH B KaKy0-TH00
CTOPOHY pPaBHOCWJIEH TI€peHOCY dATOM OCHU  OTHOCHTENbHO rpaduka B
MIPOTHUBOIIOJIOXKHYIO CTOpOoHY. [loaTomy 3-¢ m 6-¢ mpaBmia MOXXHO OOBEAWMHUTH
CIEAYIOITUM o0Opazom: YTOOBI MIOCTPOUTH rpaduk byHKIIIU
y=f(x —m) +n
HY>KHO BBITIOJIHUTH MapajlieIbHBIN MEPEHOC BCEH MIOCKOCTH KOOPAMHAT TaK, YTOOBI
HAyaJioM HOBOW CHCTeMbl KoopawHat X'y’ Obiia Touka O'(m;n). OdveBHIHO, YTO
BMECTO TOTO, UTOOBI IBaX/IbI IIEPEPUCOBLIBATH rpaduK, MPOIIE NEPEUEPTUTD OCH.
Ecnu Hy’)XHO CKOMOMHUPOBATH TOJBKO MapaliebHbIE IEPEHOCHI, YTOOBI TIOCTPOUTD
rpaduk QyHKIHH, TO BCE paBHO B KAKOM MOPSJIKE X BBITIOJHATH, U BCE paBHO, YTO
MEPEHOCUTH - OCH WJIH KpuBble. Ho eciu Hy»KHO MOCTPOUTH rpaduK CIOKHOK
(YHKIIMH, UCIIOJIb3YS U IEPEHOC, U PACTKEHHE-CKATUE, U OTPAXKEHUS, TO CIEIYET
TIIATETIFHO COOIOAATH MOPSIOK BHITIOTHEHUS OTICpaIlUii.

[TocnenoBarenbHOCTH MPEOOPa30BaHUI MPU MOCTPOECHUU TPAPHUKOB.
[Tycts 3aman rpaduk Gyukuuu Y = f(X) 1 Hy)kKHO TOCTPOUTH TpaduK
dyskmun Y = m-f(kx + 1) + n, rae k, I, m, n - uncna.
3anuceiBaem Gopmyiy dhyukuuu B Buae Y = m-f(k-(x + I/k)), T.e. BBiHOCHM 32 CKOOKH
KO3(PUIIMEHT NpHU X B apryMeHTe QyHKLHUH.
[TpousBoaum cxxatue ¢ kodddummentom K Baoms ocn Ox k ocu Oy. (Ecau Kk < 1, To
HOJy4HTCs pacTspkeHue ot ocu QY.)
Ecmu k <0, To cummeTpraHO 0TOOpakaeM rpad)ik OTHOCUTEIIEHO OTHOCHTEIBHO
ocu Oy.
OcyuiecTBiseM napajijiesibHbIi nepeHoc (CIABUT) MOITYYEHHOr o Tpaduka
Ha /K emuauIl BieBO mitn BIIpaBo (B 3aBUCUMOCTH OT 3HAKA, JUIS MOJIOKUTESIHLHOTO
YHClia BJIEBO).
[IpousBoaum pactsxkenue ¢ kodhduirenTom M ot ocu Ox (Baoas ocu Oy).
(Ectu m < 1, To momyuuTtcs cxarue k ocu OX.)
Ecimm m <0, To cummeTpudHO oTOoOpaskaeMm rpaduk oTHOCUTENbHO ocu OX.
OcyiiecTBiisieM napasuiedbHbIA NEPEHOC (CABUT) MOJIYYEHHOT0 rpadrka Ha N eTUHULL

BBEPX WJIM BHU3 (B 3aBUCUMOCTH OT 3HaKa, mpu N >0 BBepX).
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3ananme: IlocTpouTh B OJHOM cHCTeMe KOOPAUMHAT rpadpuku QyHKUMH,

BBINIOJIHUB NMPeIBAPUTEIbHO HENOYKY NPeodpa3oBaHMIi:

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 CETOTHS BBITOTHSIIN?
2) B 4ueM 0COOCHHOCTH IapaJlICIbHOTO IepeHOoca BAOJAb OCCH KoopauHaT?
Pactskenus u cxatus?
3) KakuMu 3HaHMSIMH HEOOXOIMMO 00Ja/1aTh, YTOOBI BBIOJIHITH IMOCTPOCHHUS
rpadukoB?

IMPAKTHYECKASA PABOTA Ne 2

Ha3zBanue npakTudeckou padorwl: Boiuucaenue npeoenos. Packpvimue

HeonpeOereuuocmu. Bvtuucnenue oduocmopommx npeOeroe.

esanb paboThIl: HAYYNUTHCS BHIYUCIATD MPEEIBI.
3HAHUSA:

OCHOBHBIE MaTeMaTUYECKUE METOJbl PEIICHUS MPUKIATHBIX 3a7a4; OCHOBHbBIC
MOHSATHUST W METOJIbl MaTeMaTHYECKOro aHaiu3a, JIMHEHHOW anreOpbl, TEOpHIo
KOMIUIEKCHBIX YHCEN, TEOPUU BEPOSATHOCTEM U MATEMAaTUUECKON CTATUCTUKHU; OCHOBBI
UHTETpabHOTO U AU PEpEeHITNATLHOTO UCUUCICHUSI; POJIb U MECTO MAaTeMaTHUKH B
COBPEMEHHOM MHpE TPH OCBOCHUU TNPO(ECCHOHATBHBIX AWCIMIUIMH U B cdepe
PO eCCHOHATILHOM IESITEIIBHOCTH.

YMEHHUS:
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AHanu3upoBaTh CJIOXHbIE (QYHKUMA W CTPOUTh HUX Tpaduku, pemaTh
NpUKJIaJHbIE 33/aud  C UCIOJIb30BAaHUEM 3JIeMEHTOB JuddepeHnnansHoro u
WHTETPAILHOTO MCYUCIICHUH, BRIYUCIISITh 3HAYCHUS TEOMETPUICCKUX BEITMYNH

Teopernyeckuii MaTepua:
Onpenesienue (HaxoxaeHUe TIpeaea (GyHKINA Ha OECKOHEYHOCTH).
Yucno 4 HasweiBaeTcs npeaesiom pynkmuu f(X) mpu X — % ecnm uist mo00n
OECKOHEUHO OOJIBIIION MOCIEA0BATEILHOCTH apryMEeHTOB (DYyHKITUHU (OECKOHEUHO
OOJIBITION TTOOKUTETHHON WU OTPHUIIATEIHHOMN ), TIOCIICIOBATEIPHOCTh 3HAUCHHMA

aTOM QyHKIuu cxoautcs k 4. Obo3nadaetcs lim f(x) = A.
X— 00

3ameuanue.

[Mpenen ¢pynkuuu f(X) npu X — % GeckoHeueH, eciu I JTF000# OECKOHEYHO
0O0JIBIIION TTOCIEA0BATEILHOCTH apTyMEHTOB QYHKIINHU (OECKOHEYHO OOJBIITON
MOJIOKUTEIIBHOM WIIM OTPUIIATEIBLHOM ), MOCIIEI0BATEIbBHOCTh 3HAYEHUM 3TON

(bYHKHI/II/I SIBJIICTCS OSCKOHEYHO OOJIBIION MOJIOKHUTEIFHON MITH OECKOHEYHO

o . lim f(x)=
6OHBHIOI/I OTpULOATCIIBHOU. 0603Ha‘1aeTCH X—m .

OcHoOBHBIE HeoNpeaeIeHHOCTH MpeesiOB U UX PaCKpbITHE.

o 0
OCHOBHBI¢ BH/JIbI HCEONPEACJICHHOCTECH: HOJb JCIWTL HaA HOJIb (6)’

OECKOHEYHOCTh  JENUThL Ha 6eCKOHe‘{HOCTb(§), HOJb YMHOXMWTHL Ha
oeckoneyHocTh (0 - 00), OECKOHEYHOCTh MHHYC OECKOHEYHOCTH (00 — 00),
EIUHUI]A B CTENEHH OecKoHeuHocTb 1%, Homb B cTemeHu Houb 0Y,
OECKOHEUHOCTb B CTEIIEHH HOJb 000,
PacKkpbIBATh HEONPEIETEHHOCTH [T03BOJISIET:
yIpoIieHne Buaa GyHKIun (peodpa3oBaHie BHIPaKEHHS C HCIIOIb30BAHHEM
(OpMYII COKPALIEHHOI0 YMHOXEHUS, TPUTOHOMETPHUYECKHUX (POpMYII,
JOMHOKEHHEM Ha COIPSHKECHHBIE BBIPAKEHHUS C MTOCIIEAYIOIIMM COKPALLIEHUEM U
T.IL.);

HCIIOJIBb30BAHUEC 3aMCUATCIIbHBIX IIPEACIIOB,

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

3KBI/IBaJ]CHTHBIM(I/ICHOJIBSOBaHI/Ie Ta6JII/IHBI SKBHUBAJICHTHBIX OCCKOHECYHO MaJIBIX).

Crpynnupyem HEOINpeIeICHHOCTH B Ta0JIUIy HeomnpeneaeHHocte. Kaxaomy Buny
HEONPEJEICHHOCTU TOCTaBUM B COOTBETCTBHE METOJ €€ pacKphITus (MeTon
HaxO0XJICHUS Tpeena).

Tabnuna 1 - Metoabl HaXOXKIeHUS Tpeielia

Bubr Metobl HaXOXICHUS IIpeeIia
HEONPEAEIIEHHOCT
en
<9) Heob6xoaumo npeoOpa3zoBath U yIpoCTUTh Bhipakenue. Eciu
0 sin(kx) kx

CCTb BBIPAKCHNC B A TO IIPUMCHACTCA

kx sin(kx)’

MIEPBBIN 3aMEYaTEIIbHBIN TPEAET.

(oo) Heobxoaumo npeoOpa3zoBath U ynpoCcTUTh Bhipakenue. Eciu He

(0.0]
IIOMOracT, TO UCII0JIb30BaTh IIPAaBUJIO Jlonurans.

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

co
501041 (—), 34 TCM IIPUMCHUTH IIPAaBUIIO Jlonurans
co

1%, [IpuMensieM BTOPOM 3aMedaTeNbHbIA MPeIes
Ilpumepl:
x*+2x-3

x—=1 ﬁ
BeruncnuTe npenen Ix"-5x+2

Pewenue.

[Toxacrasnsem 3HaueHue: lim .

x?+2x-3 _ 12+21-3 (0)
x—13%¥2-5x+2  312-51+42
[Tpumnm k HeonpeaeneHHOCTH. CMOTPUM B TaOJIMIlY HEOIIPEAEIEHHOCTEN ISl
BbIOOpaA METO/1a peLIeHUs U TPOOyeM YIPOCTUTh BblpakeHue. Tak Kak U UUCIUTENb U

3HaMCHAaTCJIb 06pa1ua}0TC$[ B HOJIb IIpH le, TO €CJIN PA3JIOXKHWNTH HA MHOXHWTCIIN 3THU

BBIPKEHUSI, MOXKHO OYJIET COKPATUTh (X-1) U HEONPEACIEHHOCTh NCYE3HET.

16
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Paznoxxum yuciauresb Ha MHOKUTEIIN:

¥ +2x—3=0
D=2"-4-1-(-3)=16=

_2_

X, = 5 16:—3
B P

‘. = 2+ 15=1;=,

Paznoxxum 3HamMeHaTellb HA MHOKUTEIIH:

3x* —5x+2=0

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

541 2
hT 33
5441
X, = 23 =1=

2 ‘
3x? —5x+2=3[x—:\],lfx—l]
3T

Hamr npenen npumer BUI:

x+3)x—-1) x+3 1+3

TG oD a(x-d) 3(1-9)

[Tocne npeobpazoBaHus HEOMPEAECICHHOCTh PACKPBLIACH.

0

lim =

x%4+2x—3 (0)
x->13x2 —5x+2

x? +2x-3
i B
Omeem.:*=13x" —5x+2

PaccmoTtpum nipenienbl Ha GECKOHEYHOCTH OT CTENEHHBIX BbIpaykeHuid. Eciu
MOKa3aTeNIM CTEIIEHHOTO BBIPAKEHHUSI MTOJIOKUTEIBHBI, TO Mpejiel Ha OECKOHEUHOCTH
oeckoneueH. [IpuueM oCHOBHOE 3HAaU€HHE UMEET HaUOOJIbIIIas CTENEHb, OCTATbHbBIE
MOHO OTOpachIBaTh.
Ilpumep2:.
. X 4+2x —4
Boraucnuts npegen T 3% T+12

Pewenue.

17



== 3y 412 o

CreneHpb YMCIIUTEIIS paBHa CEMHU, TO CCTh m=7. CTenicHb 3HAMECHATEJIS TAKKE PpaBHa

-

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

; . x7+2x5-4
X'+ 2x =4 T
M r iz A e
x7
2 4 2 4
. I+5-% 1+5-% 1+0-0 1
= IIm = = = —
x—0 3 +_l§ 3 +_é% 340 3

3aganue: Boruucaurs npeaest PyHKIui:

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+x2

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

18



1+2x+x3
11. lim ————
x—00 10x3+x2-80

12. J161_r>r613 \/_

KoHTpoJibHBbIE BONPOCHI:

1) Yro HazpIBaeTcs npeaesioMm GyHKIun?

2) Kakas cBs3b CyIIECTBYET MEXKIYy OECKOHEYHO Majioli M OEeCKOHEYHO
00Jb11101 PyHKIIMEN?

3) Ha3zoBuTte BuAbI HEONPEIETEHHOCTEM.

IHPAKTHYECKASA PABOTA Ne 3

Ha3Banue npakTuueckoii padotol: Haxoicoenue npedenos oyHKyuil ¢ nOMOUuibio

3ameuameibHblX npedeﬂoe

Hean paboThl: HAYYUTHCS BBIUUCIATh 3aMeUaTeIbHBIC PEICIIbI.
3HAHMS.

OcCHOBHBIE MaTeMAaTHYECKHE METObl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHbBIC
MOHATUS M METOJAbl MAaTeMaTHYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMITJIEKCHBIX YHCEJI, TCOPUU BEPOSITHOCTEH U MaTEMAaTHYECKON CTAaTUCTHUKN, OCHOBBI
UHTErPaJbHOTO U MU PEpeHIINAIBHOTO UCYUCIICHHS; POJIb U MECTO MaTeMaTHUKU B
COBPEMEHHOM MHpE TPH OCBOSHUW NPO(ECCHOHATBHBIX AWCIUIUIMH U B cdepe
npoecCuOHaNbHOM NESITEIbHOCTH.

YMEHHUS:
AHamM3MpOBaTh CJIOKHBIE (QYHKIIMA W CTPOUTh WX TpaduKH, pemiaTh
MPUKIAAHBIC 337a4d C HUCIOJIB30BAaHUEM DJIEMEHTOB JU(DPEpEeHIIMATBHOTO |

HHTCTPAJIBbHOTO I/ICIIPICHCHﬂﬁ, BBIYUCJIATDh SBHAYCHUA TCOMETPUICCKUX BCIIMYNH

Teopernuecknii MaTepua:
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o o . sSinx
HepBbll/l 3aMeuaTeJIbHbIN Npeae/ UMCCT BU!: hr% . =1
X—

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

sin(kx)

npenesia B Buje: lim 1

x—0 kx

rae, K — koadduiueHr.

CJICIICTBI/IH MmeEPBOro 3aMmeuaTeJIbHOro mpeaejaa:

) x ) 1 1
1. Iim—=limgpPz=-=1
x—-0Ssinx  x-0 1
. kx .
2. Iim——=limgfFm=-=1
x—0 Sin kx x—0
kx
IIpumep 1:
. sinf3x
=0 Dy

Haittu npenen:
Pemntenue:
IloacraBisieM 3HaueHUE:

i 27)_0)

=0 2y )]

[Ipunuiu K HEONpeAEIEHHOCTH HOJIb JEIUTh Ha HOJIb. CMOTpUM B TaOJIUILY

HEONpeNeeHHOCTEN AJIs ONpeesieHusl MeToa petieHnus. KomOnHanus cuuyca u ero

apryMeHTa T0JICKa3bIBaeT HaM O IPUMEHECHHH TIEPBOTO 3aMeUYaTeILHOIO Mpesesa, HO
JUTSI 3TOTO CHavayia Hy>)KHO HEMHOTO TTpeo0pa3oBaTh BeIpakeHue. JIOMHOKUM Ha 3X U
YUCIUTEIh U 3HAaMEHaTelb IPOOH.

lim

sin(3x) _ (0\ 3xsin(3x)  (sin(3x) 3x _ 3 sin(3x)
x>0 2Xx _< )_ 2

0) T 3x-(2x) x>0\ 3x  2x) xo\2 " 3x
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sin(3x)

e ) |

3x )

b3 -:'[
B Cuily CICACTBUSA U3 IICPBOIo 3aMCUYATCIIBHOT'O IIpCaciia - , IOOTOMY

IPUXOAUM K Pe3yJIbTatTy:

h.m[a sin(3x )

53:5,1'

3

=E'1=_
2 2

1—=0

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

X— 00

WU B IPYroi 3anicu lirré 1+x)*=e
X—

B ClIy4ac BTOPOIo 3aMCYATCIIbHOTO IIPpCACIa UMCCM I CJI0 C HCOIIPCACICHHOCTBIO

BHJIa €MHHUIA B cTENEHN 0ecKOoHeYHOCTL(1%) .

IIpumep 2:

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

[ToacrasnsieM OECKOHEYHOCTD:

x2+1 002 +1

lim(l—L>T=<1 L) L o1-0)” =1

X—>00 x2+1 0241

[Ipunuiu Kk HeoNpeaeNTeHHOCTH €IMHNIIA B CTENIEHH 0€CKOHEYHOCTh. CMOTpUM

B TaOJIUILY HEONPEACICHHOCTEH IS ONIPEISICHUS METO 1A PEIICHUS U

OCTaHaBJIMBACMCs Ha IPUMCHCHHUHN BTOPOI'0 3aMCYaTCIBbHOIO IMPpCacia.

x2+1  x%+1 t
Cnenaem 3aMeHy nepeMeHHbIX. [IycTet = — P =

Ecim X =% 10 I ¢

Hcxonubiid mpeaes mocjie 3aMeHbl PUMET 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&BJ'I}IGM OCCKOHEYHOCTB:

Em[g\* —lim 1_{} =[ﬂwm =17}

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

X

HpI/IH_IJII/I K HCOIIPCACICHHOCTH CANHHNIIA B CTCIICHU 6eCKOHe‘—IHOCTB, KOoTOpasd
YKa3bIBACT HAa IIPUMCHCHHEC BTOPOT'O 3aMCUATCIIbHOI'O IIpCaciia. BBII[@JII/IM LCIYHO

4acTh B OCHOBAHMU IIOKA3aTEIbHO CTCIICHHOU (I)YHKI_II/II/IZ

x—l_x+l—2_x+1 2 2

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

Torna IIpcaci 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

in (57) =)= Jim (1-159)
me\r+1) ~ T e x+1

1y "2t-1 1\ -2t 1\
= 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 npeobpa3zoBanusx ObUIA UCIIOIB30BAaHbBI CBOMCTBA CTENEHU U CBOMCTBA MPEIEIOB

3ananue: Boruncanrs npenena GyHKOun:

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 3aMeYaTeIbHbIN MTPEIE.

2) ChopmynupyiiTe BTOPOI 3aMedaTe/IbHbINA Tpee).

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

Gdynkuui

Hean padoThl: HAYYNUTHCS HAXOAWTHh MPOW3BOAHBIE (YHKIUN 1O QopMynam
nuddepeHIupoBaHus.

3HAHMS:

OcHOBHBIE MaT€MaTH4YECKHE METOJbl PELICHUS MPUKIAJAHBIX 3a7a4; OCHOBHBIC
MOHSATHS W METOJAbl MaTeMaTHYECKOro aHalin3a, JIMHEHHOW anreOphl, TEOpHUIo
KOMIUIEKCHBIX YHCEN, TCOPUHU BEPOSTHOCTEH U MATEMATUYECKOM CTATUCTHUKHU; OCHOBBI
UHTETPAIbHOTO U AU(PPEpEeHLINaTbHOIO0 UCUUCIEHUS; POJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpPE IpPH OCBOCHMM NPO(ECCHOHANBHBIX AUCLUUIUIMH U B cdepe
PO ECCUOHAIBEHOM €SI TEIIbHOCTH.

YMEHMS:
AHanu3upoBaTh CIOXHBIE (QYHKIHUM W CTPOUTh WX TpaduKu, pemarb
NPUKJIAIHBIE 33Ja4d C HCIOJB30BAaHUEM JJIEMEHTOB AU(PPEpEeHINaTIBHOTO U

HHTCI'PAJIBHOI'O HC‘{HCHCHHﬁ, BBIYUCJEATD 3HAYCHUA I'COMCTPUYICCKUX BCIIMNYHNH

Teopernueckuit MaTepuas
ITyTe X — apryment pyakunu f(X) u &% - mamoe 4uci0, OTIAMIHOE OT HYJIS.
AX (uynTaercs «IeabTa MKC») HAa3bIBAIOT MpHpamenueM aprymenta ¢gyunxkmun. Ha

PHUCYHKCE I10 OCH 3,6CI_[I/ICC IIOKa3aHO M3MCHCHHUC apryMCHTa OT 3HAYCHUA X 10

sHavenns ¥ T AX (oTcrofa BUAHA CYTh HA3BAHMS «TIPUPAIIEHHE» ApIryMEHTa).

x X, + Ax
HpH Iepexoae OT 3Ha4YCHUA apryMeHTa ~ ¢ K

fx)  flx, +Ax)

COOTBCTCTBCHHO OT a0

3Ha4YCHUA (bYHKI_[I/II/I HU3MCHAIOTCA

IPY YCIIOBHH MOHOTOHHOCTH (DYHKITUH Ha
OTpe3Ke

[x0; X0 +A x] . PasHOCTBf (X +A X) — f(Xy) =A f(x) Ha3pIBaIOT HpHpPALIEHHEM
¢yuxuun f(X), COOTBETCTBYOIIEM JaHHOMY ITPHpPAIICHUIO aprymenTa. Ha pucyHke

npupaieHue GyHKIUH MOKa3aHo 10 OCH OpJAMHAT.
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Omnpenesenue npou3BoAHON GyHKIMH B TOUKE.

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

- TOYKH 3TOTO
npomexyTka. llponssoauoii pynkuun f(X) B Touke *° HaspiBaercs npemen

OTHOIICHNUS IPHpAIICHAs HYHKIMA K TIPUPAIIeHnio aprymenTa mpu 4X —> 0.

O6o3Hauaercaf’/ (x,) = Alimo Ai(;)
X—

IIpaBuaa nupdepenuupoanus. IIpousBoaHbie dj1eMeHTAPHBIX QYHKIUH

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) =

25




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

2

X |~

1+X

2

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

10.(e*) =e*

HaiiTu npou3BoaHbIe CAeAYOIINX PYHKIUM:
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 I[pO6HI>IC N OTPHULATCIIbHBIC ITOKA3aTCIIN, Hpeo6pa3yeM JaHHYIO q)YHKI_II/IIOI

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

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) nosnyuum:

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
) 21+ VIf  2-2°

IIpumep 4

X

1
5

Penienue:

PackpriBaeM CKOOKHU ¥ MMPOU3BOJIUM JICJICHUE:

LVx) _1+2Vxex 1 2
X

—+—+1.
X X \/;

I/ICHOHBBYGM I[pO6HI>Ie U OTpULOATCIBbHBIC ITOKA3aTCIINU, IIPUBOIAA AAHHOC BBIPAKCHHUC

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 -

Penienue:

Ucnions3ys dopmyst 4,2 u 12 tabmuiisl 2.1, momydnm:

y' =(x) sinx +x(sinx)’ =sinx+XcosXx .

JudpepeHnmpys Npou3BOAHYIO ¥ |, nMeeM:

y" =(sinx)" +(x) cosx + x(cosx) =cosX + COSX —XSinx =

=2C0SX — XSinX.

IIpumep 6

I[BI/I)KCHI/IC JICTUHUKA IIPU KaTaIlyJIbTUPOBAHUHU U3 PCAKTUBHOI'O CaMOJICTA
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MOHO TpuéImsuTensHo omucats dpopmynoi S=3,7t° +Int—19t (m). Onpenenuts

CKOPOCTb M YCKOPEHUE JIETYMKA YePe3 2 € MOCII€ KaTanyJIbTUPOBAHUSL.
Pentenue:

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

y=3s ,V=(37%+Int-19t)" ,
dt’

Torga 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 (YHKUMH NPU 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(z) =2
4. f(t)=t2+e”' f'(0)

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

6. f(x)=2x3—4x?>—-5x+3; f'(2)
7. f() =@ —DVx+ T f(3)

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

9. f(t) =3t —e3 +1; f'(2)
10.(x) =1 -5 f/(V3)

11.f(x) = 4x +10—\/—E+3{/%—%;f’(1)
12.f(x) = <x+1)m; (2)

13.f(z )= f'(V3)

KOHTpOJIbHLIe BOIIPOCHI:

1) 3anumuTe onpeaeneHrne NPOU3BOAHON
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2) Yem oTiMyaeTcs NPOU3BOJHAS CJIOXKHOM (QPYHKIMU OT MPOU3BOJIHOMN

arieMeHTapHON QyHKIMH?

INPAKTUYECKAS PABOTA Ne 5

Ha3zBanme mnpakTuyeckoii padoTbl: Bbviuucienue npou3zeooOHbIX  CIOHCHBIX
Gdynkuui

Hear paldoTbl: HAy4YUTHCS HAXOAMTH IPOU3BOAHBIE CIIOXKHBIX (PYHKIUMH 1O
dbopmynam nuddepeHIMpOoBaHUS.

3HAHMA:

OCHOBHBIE MAaT€MAaTHYECKUE METObl PELICHUs IPUKIAAHBIX 3a7a4; OCHOBHBIC
HOHATHS M METOJbl MAaTEMaTHYEeCKOro aHalu3a, JIMHEHHOW anredpbl, TEOPHUIO
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEN U MATEMAaTUYECKOM CTATUCTUKU; OCHOBBI
UHTETPAIbHOTO U AUPPEpEeHINaTbHOIO UCUUCIEHUS; POJIb U MECTO MAaTeMAaTUKU B
COBPEMEHHOM MHpE IpPH OCBOEHUM NPO(ECCHOHATIBHBIX AWCIUIUIMH U B cdepe
PO ECCUOHATIBHOM €SI TEIbHOCTH.

YMEHHUS:
Pematp IIPUKJIAIHBIE 3a/1a4u c HCIIOJIb30BaHUEM AJIEMEHTOB

b depeHnnanTbHOTO U HHTETPATbHOTO UCUMCIICHUHN

Teopernueckunii MaTepuaJl

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

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

[TpousBoaHas cinoxHOW (YHKIIMM pPaBHA MPOU3BEACHHUIO €€ MPOU3BOAHON IO
MPOMEKYTOUYHOMY apryMEHTY Ha MPOU3BOJHYIO 3TOr0 apryMEHTa MO HE3aBUCUMOM
nepemennoi:y’ =§ ' (u)-u’(x).

IIpou3BoaHbIE CHAOKHBIX PYHKIUH

29



; ;
; o 1 ' u
1. (u e ) T e L 11. (arcsin )

u 1 u ’ \/l ll;’
2 (n ) =a” -Ina-u / 2’
’ 12. (arccosu) = — ——
3 (e" ) = e ‘u V1—u®
u ’ g
4. (log , u) e 13. (arctg u) = —2%
win a 14222
5. (1 AN 5 ' 24"
5. (Inu) = = 14. (arcctg ) 5
’ 1+ wu~
6. (sinw) = cosw -’
7. (coswu) = —sinw-u'
— u'
8. (\/u) —
22
9. (tgu) =%
COsS™ u

: ’ 2
10. (ctg u) = — .l,
S T u

. HaiiTu npousBoanbie cieayommnx GyHKuii:

IIpumep 1.

y =(L+5x)".

Pewenue:

[Momaras 1+5x = U u y = U3, mpumenss mpasmwio auddepeHIupOBaHus CIOKHOM
(YyHKUIHUH, UMEEM:

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

y =sin3x.

Pemenue:

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

y’ =3c0s3x.

IIpumep 3

y =sinx’,

Peurenue:

[Monaras x3= u, HaiimeM:

y' =(sinx*) =(sinu)’ =cosx-u’ =3x’ cosx".
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3aganme: Hailiaure npousBOAHYW (YHKUUII NP JAHHOM 3HAYEHHH
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'(rn/6)
F(x) = cosx + sin?x; F'(0)
10.f(x) =Inctgx; f'(—m/4)
11.f(y) = e®%; f'(m/4)
12.f(z) = Insin? 4z; f'(n/16)
13.f (x) = cos? x?; f'(m/4)
14.f (x) = 2sin®* x cosx; f'(1/2)
15.¢(x) = eSin2¥ — 3082, £/(())
16.F (y) = tg*3y; F'(0)

© o N o 0 &

KonTpo/abHbIE BONIPOCHI:
1) 3anummTe onpeaeneHrne MPOU3BOHON
2) Uem omimMyaetrcss MNpOU3BOJHAS CJOXKHOM (PYHKIHUM OT MPOU3BOTHOM

areMeHTapHOU (QyHKIMH?

INPAKTHYECKASA PABOTA Ne 6

Haspanue npaktuuyeckoii padorwi: Ilpumenenue npou3eo0noil K peuieHuro
NPaKmMu4ecKux 3a0au
eab paboThl: HAYYUTHCS TPUMEHSTH IPOM3BOIHbIE QYHKIIUNA K PEIICHUIO 33/1a4

3HaAHUAL.
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OCHOBHbIE MAaT€MaTU4YECKHE METOJIbl PELICHUs NMPUKIAJHBIX 337ad; OCHOBHBIE
HNOHATHS M METOJbl MAaTEMaTH4YECKOro aHaln3a, JIMHEHHOW anredpbl, TEOPHUIO
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTENW U MATEMATUYECKON CTATUCTUKH; OCHOBBI
UHTETPAJIBHOTO U AUPPEpEeHIINaTbHOIO UCUUCIEHUS; POJIb U MECTO MAaTEMAaTUKU B
COBPEMEHHOM MHpE MPH OCBOCHHHM MNPO(ECCHOHANBHBIX NUCLUUIUIMH U B cdepe
npodeccCHoHaNBbHOM e TETbHOCTH.

YMEHMS:

AHanu3upoBaTh CIOXHBIE (QYHKIMH W CTPOUTh HX TrpauKd, pemarb
OpUKIIaJHbIE 3aayd C MCIOJIb30BAaHUEM DJIEMEHTOB AU PepeHIuanbHOro U
MHTETPaAJIbHOTO UCUUCIICHUN, BBIUNCIISATH 3HAUEHUSI TEOMETPUUYECKUX BEIMYNH

Teopernueckuii MaTepuas:

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

[IpousBoaHas PyHKIIMM UCIIOJIB3YETCS BCIOMY, I/I€ €CTh HEPABHOMEPHOE MPOTEKAHUE
nporecca: 3TO U HEPAaBHOMEPHOE MEXaHUYECKOE JBHKEHUE, U NIEPEMEHHBIN TOK, U

XUMHUUYCCKUC PCAKIINHU U paI[HO&KTHBHBIﬁ pacaag BEIeCTBa M T.A., TaK Kak

MEXaHHHIeCKHil CMBICT TPOM3BOIHOI - 5T0 MIHOBEHHas ckopocTh Vaer = 5 ).

[Tpu pemeHNM pa3NUYHBIX 337a4 T€OMETPUH, MEXAHHWKHU, (U3UKU U JPYTHX
oTpaciiedl 3HaHUS BO3HUKIA HEOOXOAMMOCTh C IOMOIIBIO OJHOTO M TOTO K€
aHAJIUTUYECKOTO Mpolecca U3 AaHHOW GyHKIMM y=f(X) nmosy4yaTs HOBYIO (PYHKIHIO,
KOTOPYIO HAa3bIBAIOT MPOM3BOAHON (yHKIMEW (MM MPOCTO MPOU3BOJHON) JaHHOU

: , d
y'= 1) w2
dbynkuu f(x) 1 0003HaYaIOT CHMBOJIOM dx

IIpumep 1

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

Pewenue:

32


http://wiki.pskovedu.ru/index.php/%D0%A4%D0%B0%D0%B9%D0%BB:Image1271.gif
http://wiki.pskovedu.ru/index.php/%D0%A4%D0%B0%D0%B9%D0%BB:Image006.gif

N
CKOpOCTI) TClIa V - 3TO IICpBas IMPOM3BOAHAA 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 mepBasi MPOU3BOJIHAS OT CKOPOCTH \/ IO BpEMEHHU: a=— ;

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

IIpumep 2

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

Pewenue:
dx )
V:E:—cosmcot  O=owsSinot;

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 MIPOTMOPIIMOHANIbHA TaK Ha3bIBAEMOMY THIPABINYECKOMY PAINYCy
npo@uiist ceuyeHus (3arnoJIHEHHOTO BOJIOM).

[MunpaBnuyeckuM ke pagnycom npoduis Ha3bIBA€TCS OTHOIICHUE TIIOMIATU
npoduiIs K IJIMHE CMOYEHHOTO (ITOJIBOJTHOTO) TIEpUMETpa MpopuIIs.

[Tpu kakoM 3amoJIHEHUHU TPYObI BOAOW CKOPOCTh TeUCHUS (IIPU HEU3MEHHBIX

APYTUX YCIOBUSIX) OyaeT HaubobIIen?




Pewenue

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

Bocrnons3yemcst 0003HAaYCHUSAMU: - IICHTPATBHBIN yTOJI CETMEHTA 3aIIOJTHCHHS TPYOBI
BoJIoM (B pamuanax) (puc 24). F-miomaaes 3Toro cerMeHta u R- ruapaBinueckuii
panuyc. Torma miomans cekropa OACB paBHa , a miomaabs TpeyrojibHuka AOB
paBHa , uau . CMOYEHHBIN IEPUMETP PaBEH , a 3HAYUT, . DTa popmyra OyaeT BepHa U
B TOM ciIydae, eciii Oyaet 6oblie . Booobie, MoxkeT u3MeHsaThest oT 0 110 .

1 2 R o 1 2 R o

S 2rsin—rcos —pepqr; 2rsin-reos —roon

Haﬁ,Z[GM R' u cocraBum YPAaBHCHHUC VI HAXOXKIACHHA KPHTHYCCKHUX 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°

HetpyaHno coobpasuts, 4To npou3BoaHas oT R ,paBHasnpu nepexojie uepes , MEHsIET

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

3ananue: Pemure 3a1a4u ¢ NOMOLIBIO IPOU3BOAHOM

1. Bpamienue Tena BOKPYI OCH OCYIIECTBISETCS MO 3akoHy ¢(t) = 3t> — 4t + 2.
Haiitu yrinoByto ckopocTh TOUkHM Ipu t = 4¢ (® u3MepsieTcs B paJinaHax).

2. HeoO6Xxoammo MOCTpOUTh OTKPBITHIN €100 MPSIMOYTOJIBHOTO CEYEHHUs ISl CTOKa
BOJBL. [[TMHA mepuMeTpa MomepevyHoro ceueHus Keyoda JOKHA PABHITHCS 6 M.
Kakoii BBICOTBI JOJDKHBI OBITh CTEHKHM KeiNo0a, YTOOBI  MOTYYHIICS
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 MeXaHHUECKHUH CMBICIT IIPOXU3BOIHOM.
2) ChopmyaupyiiTe reOMeTPUIESCKHIA CMBICIT TIPOU3BOTHOM.

3) I'me npUMEHSIOTCS BBIYMCICHUS C IIOMOILBIO TPOU3BOIHOM

HNPAKTHYECKASA PABOTA Ne7
Ha3Banmne npaktudeckou padorwli: Ilpumenenue npou3eo0Hoill K uccied08anuIo
¢ynuxyuu
Hean padorbl: HayunThcss HAXOAUTH C IOMOILBIO TTEPBOM MMPOU3BOTHOM
TOYKH DKCTPEMYMa U UHTEPBAJIbI BO3pACTaHUS U YOBIBAHUS (DYHKIUU; C
MTOMOIILI0 BTOPOM MTPOU3BOIHOM TOUKHU MEpPEernda u MHTEPBAJIbI BBITYKIOCTH U
BOTHYTOCTH (PYHKIIMH; C TTIOMOIIBIO MPEJIEIOB BBIYUCISATH aCUMIITOTHI Ipaduka
(YHKUNU; CTPOUTH rPauK MO0 NOJTHOMY UCCIEAOBAHUIO (DYHKIIUU
3HAHUSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMbl PEUICHUS MPUKIATHBIX 3aJa4; OCHOBHBIC
MOHATUS M METOJAbl MAaTEeMaTHYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMILIEKCHBIX YHCEJI, TECOPUHU BEPOSITHOCTEN U MATEMATUYECKOU CTATUCTUKH; OCHOBBI
HMHTETpajIbHOrO U AudPepeHIInarIbHOr0 UCUUCIICHUS; POJIb U MECTO MaTEMaTUKU B
COBPEMEHHOM MHpPE MPU OCBOCHHHM NPO(PECCHOHATBHBIX IUCHUIUIMH U B cdepe
npoeccCuoHaNbHOM NESITEIbHOCTH.
yMeHHUS:

AHanmu3upoBaTh CJIOXHbIE (QYHKIMA W CTPOUTh HUX Tpaduku, pemaTth
NPUKJIAJHBIC 3aJa4d C UCIOJIb30BAaHUEM BJIEeMEHTOB nuddepeHnnansHoro u

HHTCTPAJIBbHOTO HCQHCHCHHﬁ, BBIYHCJIATDb SBHAYCHUSA TCOMETPUICCKUX BCIINYNH

Teopernuecknii MmaTepuaJ:
IMoaHoe ucciaenoBanve GPyHKIUU U MOCTPOeHUE rpaduka.

Crour 3ajlada: IIPOBCCTH I10JIHOC UCCICIOBAHNC (I)YHKHI/II/I H IIOCTPOUTH €€

flx)= "_
rpaduK -1
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AJIFOpI/ITM HCCIICOOBaHU (1)YHKHI/IH 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:

:1-||'a-i X :|
L KOPHA 9YCTHOU 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)
OyHKIMS ABISACTCS YeTHOM, eciiit © * 7 < '/ YeTHOCTh PYHKIIMH YKa3bIBACT

Ha CUMMETPHIO Tparika OTHOCUTEIHLHO OCH OpIUHAT.

. W—x)=—vlx)
OyHKIUSA ABIIACTCS HeUeTHOM, ecu ©*  ° * ', 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 ~/, cnenoBareNbHO, Hallla
dbyHKuus yetTHas. bysieM 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.

Kputndeckumu ToukamMu (pyHKIMHU HA3BIBAIOT BHYTPEHHUE TOYKU 00IaCcTH
OIpEJENICHMS], B KOTOPBIX MTPOU3BOAHAS (PYHKIMU PaBHA HYJIIO U HE
CYLIECTBYET.

3AMEYAHMUE (Bkit04aTh JIM KPUTUYECKUE TOUKU B IPOMEKYTKH BO3PACTAHUA U

yObIBaHHU:).

1. TlomararoT, 4TO MPOMEKYTKH BO3PACTAHUS U YOBIBAHHSI SIBJISIOTCS PEIICHUSMH
HEPABEHCTB fx)>0 nd (x)>0 . B aTOM cityuae KpUTHYECKHE TOUYKH HE
BKJTIOYAIOTCS B IPOMEIKYTKH.

2. TlonararoT, 4TO TOYKH, B KOTOPBIX (DYHKIIHSI OMpEAeIcHa, a KOHCTHOM

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

V=5ix
yObIBaHMs (HarpuMmep, PyHKIUS - B TOUKe x=() omnpeneieHa, a
1 !
y'=—. yl0)=s==
oo
MIPOM3BOHAS B 3TOM TOUKEe OECKOHEYHA 3-x , Xx=0 crienyer

BKJIFOUYHTH B TIPOMEKYTOK BO3paCTaHUs (DYyHKITUH).
Mpg1 OyeM BKITFOYATh KPUTHIECKHAE TOYKH B IPOMEKYTKH BO3PACTAHUS U
yOBIBaHMS, €CITM OHH MPUHAJJICKAT 00JIaCTH ompeeseHusT (yHKIIUM.
Taxum 00pa3om, 4TOOBI ONPeeTUTh MPOMEKYTKH BO3PACTAHNUS 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.

HaXOIII/IM IIPOU3BOJHYIO HA obnactn 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 HAIllEeM 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
puMepy, A , CIIEIOBATENIBHO, HAJT IIEPBBIM CIIEBa

HHTCPBAJIOM CTaBUM 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 / OTpuIaTeNnbHa. Bo3pacratomue / yObIBaloOIne CTPEIOUKU

TIOKa3bIBAIOT HANPABICHUE BO3pacTaHus / yObIBAHUSI.

Touxamu sxcmpemyma @yHKyuu SBISIOTCS TOYKH, B KOTOPBIX (DYHKIIUS

OmpezesieHa 1 MPOXOIs Yepe3 KOTOpPhIe MPON3BOIHAS MEHSET 3HAK.

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

B OTOI TOUKE PABHO 40°-1  Tak xak nmpoussonnas MeHsier 3HaK c

IUTIOCA Ha MUHYC TIpU TIpoXoskaeHun 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 NpPoOMeKYTKOB BbINYKJIOCTH U BOTHYTOCTH GYHKIMU 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 BO3pACTaHUs U yObIBAHMUS.

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

T4
o (yHKIUS BOTHYTAasi HA IPOMEXKYTKE [ </ ¥ Ha MPOMEKYTKE

(x,:; f(‘fcn

CYIIIECTBYET KacaTenbHas K rpaduky GYHKIMH U BTOpasi MPOU3BOAHAS (PYHKITUN

Touka Ha3BIBACTCS MOYKOL nepecuba, €Cu B JaHHON TOUKE

MEHSIET 3HAK IIPU NPOXOKACHUN 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 00JIaCTh onpeeneHus GyHKIUY.
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 CIEAYET UCKATh JIMIIb TOT /A,
Korna ¢GyHKIus onpenenaeHa Ha 6eckoHeuHocTy. Ha rpanuniax obnactu

OIpCACICHHUA q)YHKL[I/IH HMCCT 6epmuKalbHble acumnmonivbl, €CJIN OJHOCTOPOHHHUC

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

B HameM nmpumepe rpaHM4HBIMU TOYKaMU OOJIACTH ONPEACIICHUS

1

-
)

==
ABIIAKOTCA

Uccnemyem noBeneHne GyHKIIMU IPU TPUOIMKEHUU K 9TUM TOYKaM CJIeBa U

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

lim L = lim < = 1/4 = 400
xo—i04x? =1 1 1 Qx—-1D2x+1) (=2)(-0)
lim x—Z = lim x = 1/4 = —
x—>_?1+0 4x% —1 x—>%+0 (ZX - 1)(236 + 1) (_2)("'0)
lim x—Z = lim x = 1/4 = —
o2 =1 L @ D@+ D (#D(0)
lim L = lim ul = 1/4 = 400
xoirodx? =1 Lo Qe —1D2x+1)  (+2)(+0)
X= il
Tak Kak OJTHOCTOPOHHHE IPEIeIIbl OCCKOHECUHBI, TO MPSMbIC 2 SBIAFOTCS

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 ~ , TIIe
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.

Boiunciisiem 3HaYeHUs] PyHKIUM B IPOMEKYTOUYHBIX TOYKAX.

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

Jlyig Hamero npumepa HaieMm 3HaueHusl QyHKIUMHN 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 TOUKaxX 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 M BOTHYTOCTH, HC 3P 7K€ MbI

MIPOBOJIUIIN HCCIIETIOBAaHNE (DYHKIIMH =).
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OcTanoch NpOBECTH JIMHUM IpaduKa Yepe3 OTMEUEHHBIE TOUKH, TPUOINKAS K

ACHUMIITOTaM M CJICAYS CTPCIOYKAM.

3

3aganme: Uccaenyiite PyHKUUIO U HOCTpoiTe €€ rpapuk

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

KoHTposbHbIE BONPOCHI:
1) HazoBuTe anroputm aHanuza QyHKIIHH.

2) HazoBuTe BUIBI aCUMIITOT.

IHPAKTHYECKASA PABOTA Ne 8

Ha3Banne npakruueckoii padorbl: Haxoowcoenue neonpedenennvix unmezpanos
PAa3nUYHBIMU U MEMOOAMU.
Heap paGoTbI:HAYYUTHCS BBIYHUCISATH HEOMPECIEHHBI WHTETPAbI C TMOMOIIBIO
TaOJIUIBl OCHOBHBIX HHTETPAJIOB
3HAHUSL

OcHOBHbIE MaT€MaTHYECKHE METOJbl PELICHUS MPUKIAJHBIX 337ay; OCHOBHBIC
HNOHATHS M METOJbl MAaTEeMaTH4YEeCKOro aHalu3a, JIMHEHHOW anredpbl, TEOPHUIO
KOMIUIEKCHBIX YHCEN, TCOPUHU BEPOSTHOCTEH M MATEMAaTHIECKOW CTATUCTUKH; OCHOBBI
UHTETPaIbHOTO U AUPPEpEeHLINaTIbHOIO0 UCUUCIEHUS; POJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpE MpPH OCBOCHHM TPO(ECCHOHANBHBIX AUCHUIUIMH U B cdepe
npodeccuoHaNbHOMN NESITEIbHOCTH.
YMEHMS:

Pemarp  mpuknagHple  3aJaudM ¢ HCIOJB30BAHHEM  DJIEMEHTOB
muddepeHnnanTsHOTO M HHTETPATHHOTO HCUNCIICHUHN
Teopernuecknii MmaTepuaJ:

OnpeneseHue nepBoodpPa3HOIL.
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[TepBooOpasnoit ¢pyukiuu f(X) Ha mpoMexxyTke (a; b) Ha3pIBaeTCs Takas

Gyukuus F(X), 4TO BBITOIHSIETCS PABEHCTBO F'(x)=f(x) JUISL IFOOOTO X U3
3aJ[aHHOTO TIPOMEKYTKA.

Eciu npuHsaTh BO BHMMaHUE TOT (DaKT, 4TO MPOU3BOAHASA OT KOHCTaHTHl C paBHA
HYIII0, TO crpasetuBo paBeHcTBO(F (x) + C)/ = f(x). Takum o6pasom,
¢ynknus f(X) mmeer MmHOK)ecTBO epBooOpa3Hbix F(X)+C, mi1st mpon3BOIBHOM
KOHCTaHThI C, IIPHYEM STH IIEPBOOOPa3HBIE OTIMYAOTCS APYT OT Apyra Ha
IPOM3BOJILHYIO IIOCTOSIHHYIO BEJTHUNHY.

Onpenesienne HeONMpPeaeJIeHHOr0 HHTErpaJia.

Bce MHOXecTBO mepBooOpa3Hbix GyHKIMH f(X) Ha3bIBacTCS HEONPEICIICHHBIM

Jflf_x:]dr = Flf_x:]+ C

MHTErpajoM 3Toi GyHKIIMK U 0003HAYAETCS

Bripakenue £ x)dx HA3BIBAIOT N00bIHMe2PAlIbHbIM 8blpadxcenuem, a f(X) —
noovinmezpanvHou ynxyueti. [logpIHTErpaIbHOE BEIpaXXEHUE MTPECTABIAECT CO00
muddepentman Gyukiuu f(X).

JleficTBUE HAXOXKICHHUSI HEM3BECTHOM (DYHKIIMU 10 3aaHHOMY ee auddepeHimany
HA3bIBACTCS HEONpeoeleHHbIM UHTETPUPOBAHUEM, TTIOTOMY YTO PE3yJIbTaTOM
MHTETPUPOBaHUs IBIIsAeTCS He oaHa pyHKims F(X), a MHOKeCTBO ee
nepBooOpasubix F(x)+C.

Ha ocHoBaHUM CBOMCTB IPOM3BOHON MOKHO C(HOPMYITUPOBATH U

JI0Ka3aTh COUCMEA HeonpeodeleHH020 uHmezpaa (CBONCTBA MEPBOOOPA3HON)
[I f [_x_fldr_] ={Flx)+C) = fix)
[IpousBoaHas pe3yyibTaTa UHTETPUPOBAHUS PaBHA MOABIHTETPATHLHON (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.
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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.
3aaua MHTErpUPOBaHUS SBIIsIETCA 00paTHOM 3a7aue MudPpepeHIrpoBaHus, MIPUIEM
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
pesynbTate nuddepeHImpoBanns GYyHKIM OKaKETCs paBHOM MOIBIHTET paATbHON
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 BHIUMCICHUE HEOMPEACTIEHHBIX HHTETPAJIOB.
HecoMHEeHHO, OCHOBHBIM METOJIOM HAaXOXJEHHUs MepBOOOpa3sHON (DYyHKIINH
SABJISIETCSI HEMOCPEJCTBEHHOE WHTEIPUPOBAHUE C HCIOJIb30BAHUEM TaOJIUIIBI
MepBOOOPA3HBIX M CBOMCTB HEOIPENEICHHOTO HHTerpaia. Bee apyrue metoapt
UCIIOJIb3YIOTCS JIMIb JUIsl TIPUBEICHUSI UCXOJHOTO MHTErpajia K TaOJIMYHOMY
BUTY.

Tabumnua nepBoodpa3HbIX (HeonpeaeIeHHbIX MHTEIPAJIOB).
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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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| = — 0ty — " G‘T |1— S11L W
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=i
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~ 1 — -

DopMyJIbl U3 JIEBOTO CTOJOIA TAOIHIIBI HA3bIBAIOT OCHOBHBIMU
nepBooOpazHbIMU. DOpMyITBI U3 IPABOTO CTOJIOIA OCHOBHBIMU HE SIBJISIOTCS, HO
OYEHb YACTO UCMOJb3YIOTCA MPU HAXOXKIECHUN HEOMIPEAEIECHHBIX HHTETPaIoB. Mx

MOKHO MTPOBEPUTH TU(DPEPEHIIMPOBAHUEM.

IIpumep 1:

Haiimute MHOXECTBO MepBOOOPa3HBIX (PYHKITUU

Pewenue.

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

3anuieM QYHKIUIO B BUJIC “~

Tak kak uHTErpans cyMmbl (PYHKIIMI paBeH CyMMe UHTErPajioB, TO

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

3
7
- -

[ flxlde = H:g .

YucnoBoi korhGUIIMEHT MOXKHO BBIHECTH 3a 3HAK MHTErpaia:

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 IS ITOKA3aTeIbHON (DYHKIIUH HMEEM

j[5x+4:]%dx

]_IJ'ISI HaXOXIACHHUA BTOPOT'O MHTCTPAJIa BOCITIOJIB3YCMCA Ta6HHH€ﬁ

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

J‘f{k-x—iﬂdr=%FIZFC-I—E:]—C

IMpaBHJIOM . To ecThb
L1 L1 2 4
Ihx—4rd#=é-Tl—ESY—4F4—C:=—L£:T—4J—C?
51 2
3
CrnenoBaTtesbHO,

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

4 - 3 4
e e Y g R e
In2 2 |20 ;
2. WA
== + . (Sx+4)7 +C
In2
3
c=C,+2¢,
rie 2

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

@ O

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

KonTpoabHbIe BONPOCHI:

1) Kaxkoii HHTErpaa Ha3bIBACTCS HEOMPEACTIEHHBIM?

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

Ha3Banue npakTnyeckoil padoTbl: Boluucienue onpedenenHbvix UHmMezpaios
Hear padoTbI: HAYYUTHCS BBIYUCIATH ONPEACIEHHBIA HMHTErpajbl C MOMOUIBIO
TaOJIMIIBI OCHOBHBIX MHTETpaoB v Gpopmyiibl HetoTona-Jleitonuiia

3HAHUSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMBl PEUICHUS NPUKIATHBIX 3aJa4; OCHOBHBIC
MOHATUS M METOJbl MAaTeMaTUYECKOro aHaiu3a, JIMHEWHOW anreOpbl, TEOpHIO
KOMIUIEKCHBIX YHUCEN, TECOPUU BEPOSATHOCTEM U MATEMAaTUUECKON CTaTUCTUKHU; OCHOBBI
UHTErPaJbHOTO U TU(PEpEeHIIMATBHOTO UCYUCIICHUS; POJIb U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpPE MPU OCBOCHHHM NPO(PECCHOHATBHBIX IUCHUIUIMH U B cdepe
poecCuoHaNbHOM NESITEIbHOCTH.

YMEHHS:

Pemiats MIPUKJIa/IHbIC 3a/1a4u c UCIIO0JIb30BaHUEM 3JIEMEHTOB
muddepeHnaTbHOTO0 W HMHTETPAIBHOTO  HCUUCICHUM, BBIYUCISATH 3HAYCHUS
r€OMETPUYECKUX BEJIMUUH

Teopernuecknii MmaTepuaJ:
Onpenenennplii uaTerpag Hororona-JleiiOHuna.
[TokaxkeM, Kak JAaeTcsi MOHATHE onpeieeHHoro uHTerpaia Hetorona-JleitOuuua.
[Mycts dpynkuus y=Ff(X) umeet nepBoobpazuyto F(X) Ha orpeske [a; b], mpuuem
3HaYCHHUE MEPBOOOPA3HOI B Touke X=a paBHo HyJi0: F(a)=0. Onpeoenennvim

unmezpanom Horomona-Jleiibnuya Ha3bpIBaeTCs 3HAYEHUE 3TOM IEPBOOOPA3HOI B

=

f‘ flxlde=F(b]
Touke b, To ecTh, * npu F(a)=0.
DT0 onpezeieHre TeCHO CB3aHo ¢ hopmynoit HeloToHa-

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

HepBoo6pa3Haﬁ N3 UX MHOXKCCTBA, a4 B IIOHATHH OIIPCACIICHHOI'O MHTCIPalla
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HeroTona-Jleitbuuia purypupyer UMEHHO Ta epBooOpa3Hasi, Kotopas oOpaliaercs
B HOJIb [IPU X=4a.
®opmyy Hetotona-JIeitOHMITa HA3BIBAIOT OCHOBHOU (DOPMYNIOU UHMESPATLHO2O

UCUHUCITIEHUA.

Ilpumepl:

j x*ex
Brraucnuth 3HaueHUE ONPESIICHHOTO HHTerpaia ! o ¢opmysie HeroTona-

JleiOnuIIA.

Pewenue.

V=X
JI1s Hayaja OTMETHM, YTO MOJbIHTErpaibHas (YHKITUS HEIIPpEPhIBHA HA

orpeske [1;3], ciaemoBarenbHO, HHTETPUPYEMa Ha HEM.
y=x"
N3 Tabauiibl HEONpeIeAeHHBIX HHTEIPAJIOB BUHO, UTO ISl QYHKIIMH

MHOKECTBO HepBOO6p213HBIX JJIA BCEX HCﬁCTBHTCHBHBIX 3HAYCHUMN AprymcHTa

¥

13 F{x]=‘[_‘f]dx= —+C
= . 3
(cnemoBaTenbHO, U IS * e [ ’ ]) 3allUChIBAETCS KaK - . BozpMmem
xJ
Flx)==
nepBoo6pasnyo pu C = 0: 3
Teneps ocranock Bocnoab30BaThest popmynnoit HeroTona-Jleionuma nis
L X 3 1 26
J‘ _-{- C{ir_-{ = = —_——_— =
1 33 3 3
BBIYMCIICHUS ONPEACICHHOTO HHTErpaa: !
Ilpumep 2:
TS R cdxt -2
———dvwm | ———dx
Beraucnuth onpeiesieHHbIe HHTETpaibl — & oo
Pewenue.
1
Ha otpeske < moapIHTErpalibHas (PYHKITUS HEMPEPHIBHA, CJIEI0BATEILHO,
UHTETpUpyeMa.
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4" +2
y=—

Haiinem MHOeCTBO IepBOOOpa3HbIX (HYHKIIUU

5
-

X

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

Bo3smem nepBooOpazHyro u 1o popmyie Herorona-JleiiOuuia

BBIYHCITUM TpeOYEMbIil ONpeIeICHHbIN HHTErpa:

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 OTPAaHUYCHA, TaK

Kak % , TO €CTbh, HE BBITOJHSIECTCSI HEOOXOIUMOE YCIOBUE

Flx)=2x"-Z

MHTETpUPYyeMOCTH (PYHKIMH Ha oTpe3ke. bonee Toro, X He ABJIAETCS

4x +2
y=—
nepBooOpaszHoi GpyHKIHH X" ma otpeske [-1;1], mockonbky Touka 0,
MpUHaAJIekKaas OTpe3Ky, He BXOJUT B 00JIacTh onpeneneHus QyHKIIH.
CrnenoBartenbHO, HE CYIIECTBYET ONpeAeeHHbIN nHTerpas Pumana u HeroToHa-

4x’ +2

y=—3

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

3ananue: Boruncanre onpenejaéHHbIN 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

HasBanue npaktuyeckoii padorbl: Ilpumenenue onpeodenennozo unmezpana 8
NPaKmuyecKux 3a0auax

Heanb padoTbl: HayYUTHCS MPUMEHATH OMNPEACIEHHBIA HHTETpAbl K PEUICHUIO
MPaKTUYECKUX 3aJ1ad

3HAHMSA:

OCHOBHBIE MaTeMAaTHYECKHE METObl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHBIC
MOHATUS M METOJAbl MAaTEeMaTUYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMIUJIEKCHBIX YHCEJI, TECOPUH BEPOATHOCTEH U MATEMATUYECKON CTATUCTUKHU; OCHOBBI
WHTETPAILHOTO U U] PEpeHITNATBHOTO UCYUCIEHUS; POJIb U MECTO MaTEMAaTHKH B
COBPEMEHHOM MHpE TPH OCBOCHUW NPO(ECCHOHATBHBIX AWCIUIUIMH U B cdepe
npoecCHoHaNbHOM NESITEIbHOCTH.

YMEHHUSsI:
Pemats MPUKJIATHBIC 3a/1auu C UCIIOJIb30BAHUEM  DJIEMEHTOB
muddepeHnaTbHOTO0 W HMHTETPAIBHOTO  HCUUCICHWUW, BBIYUCISATH 3HAYCHUS

reOMCTPUUICCKUX BCIININH

Teopernuecknii MaTepuaJ:

Bce mpoueccsl B mpupozie, B KOTOPBIX IOCTOSHHO MEHSIOTCA KAaKUE-TO
rapameTpbl, HallpuMep BpeMs, TEMIIEpaTypa, JaBJICHUE, KOOPIAUHATHI, U3Y4YAOTCS U
BBIUMCIIAIOTCS TOJIbKO C TMOMOUIbI0 JTU(DPEpEeHIMATIBHOIO W HUHTETPAIbHOTO
ucyMcieHusl. BoNbIIMHCTBO MHTErpanioB MOJIY4YeHBI KaK MaT. MOJEIH KaKUX-IH00
€CTECTBEHHBIX NPOLECCOB B paMKaxX MEAMUIMHBI, OUOJOTUU, XUMHUHU, SKOHOMUKH,

TCXHHUKE
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1. I[TycTh MaTepHaibHas TOUKa ABMKETCS ¢ yekopeHueM a (t). Torma ee ckopocTh
paBHa
f
vt = | atde + v,
iy
a IICPCMCIUICHUC —
f
28 = | vt + x,,
fy

rae Vo, Xo — IOCTOSIHHBIE, ONPEEIIIEMBIE U3 HAYaJIbHBIX YCIOBHM, tg U t — HAYaIbHBIN

1 KOHCYHBIA MOMEHTBI BpPCMCHH.

2. Ilycts YEEMNUYEHME MOTHOCTH

IUIOTHOCTH P (X) CTEPIKHS C

IIOCTOSIHHBIM CEYEHHEM S 3aBHUCHUT OT

PaCCTOAHUA OO0 Hadalla CTCPIKHA.

Torma macca cTep:kHs paBHa g - i

L
M=g I o(x)dx, IenTp Macc
0
riae L — nnuHa cTepakHs, a LEHTP MacC CTEPKHS HaXOAUTCS HA PACCTOSIHUU

3. Pabora rasa npwu ero pacmmpenun ot oobema Vi 10 oo0bema V; paBHa
V?
An=|Par,
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, HaX0auTCs 1Mo hopmyJie "a

[Ipu pemennn 3a1a4 Ha BBIYUCIICHHE PaOOThI CHIIBI YaCTO MCTOIB3YETCs 3aKOoH [y K
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a: F=kx, rne F— cuna H; x—a0conoTHOe yAJIMHEHUE MPYKUHBI, M, BBI3BAHHOE
cunoii F, a K —xo3ddunment nponoprmonansaoctu, H/m

5. UtoObl HaliTh momans (GuUrypsl, KoTOpass OTrpaHWYeHa C JBYX CTOpPOH
npeaenaMu MHTETPUPOBAHUS W C OJHOW CTOPOHBI TpadUKOM (QYHKIHH, TO

HE0OXO0IMMO HAaWTH UHTETpajl JaHHOW (pyHKIUU:

S = /bf(:lr) dzx

Ipumep 1: Mtak, npeanonokum, 4To HEKOTOPOE TEJIO JBUTAETCA CO CKOPOCTHIO,
3aJlaHHON (HYHKIIMEH:

V() = 2 +1.

Pewenue:

ITo ycnoBurO 331241 MbI IOJIKHBI OIIPEAETIUTD IyTh, KOTOPBIM IIPOMIET TEJIO 32

pOMEXyTOK BpeMenu [0;1].

Wrak, HalizeM onpeeieHHbIN HHTErpall JaHHOW (DYHKIIUU:

l
- 3 b8 03 | 1
S= | @F+l)dt=|=-F+t]| ==+1-{=+0)=z+1=;
/( Je (3+>I(, 3" (:;+) 3 3
()

DTO 03HAYAET, YTO 32 JAHHBIN MPOMEKYTOK BpEMEHHU, TeJio mpouwuio 1,3(3) m.

TouyHO Tak ke MOKHO HalTH CKOPOCTH MO 3aAaHHON (DYHKIIMM YCKOPEHUS

IIpumep 2:
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[Ipeanonoxum, 4To K HEKOTOPOMY TENY JUIsl €r0 NEPEIBUKEHUSI PUKIIAIbIBAIOT
CUJTy, KoTOpas u3MeHnsieTcs 1o 3akony F(x) = x +3. Heo6xonumo HaiiTu padoTy,
KOTOPYIO IIPU 3TOM COBEpIIAET CHUJIa JJI IepeMenieHus tena ¢ 1 M 10 2 M.

Pewenue:

Jlnis HaxoxAeHus paboThI CIeyeT HAaUTH ONpeIeICHHbBIN HHTErpaj 3aJaHHON

Q)YHKHI/II/I I10 U3BCCTHBLIM IIPpCACIaM UHTCIPUPOBAHHNA:

2

A= -(' 3)dr = ".2*3’ 2’*22 3-2 5 3-1) =246 : '3*‘9
= r+3)dr = == 432 —?+.--— ==k —-4—)~3~..—2
1

- l - -

DTO0 3HAUMUT, YTO JUIsS IEPEABMKEHUS TeJla OTPEOOBAIOCh COBEPUINTH paboTy,
paBHy0 4,5 [k 3HEPrUH.

3aganue: Pemnre 3amaum:

1. Ilpyxxuna B crnokoiHOM cocTossHur umeeT maiuHy 0,2 M. Cuma B 50 H
pactsaruBaet npyxuny Ha 0,01 m. Kakyro paboTy Haf0 COBEPIIUTH, YTOOBI PACTSIHYTh
e€ ot 0,22 10 0,32 M.

2. llunuaapuyeckas UCTEpHA ¢ paguycoM ocHoBanusi 0,5 M U BBICOTON 2 M
3arnojHeHa BOAOW. Bhrauciuth paboTy, KOTOPYIO HEOOXOIUMO MPOU3BECTH, YTOOBI
BBIKAUaTh BOJY U3 IIUCTCPHBI

3. Borunciure paboty 3a TPOMEXKYTOK BpemeHu [4;9 ], eciaum MOIIHOCTh
BEIYHCTIAETCS 1O (hopMyme Nit) = 6V + t3

4. BpluuciauTe KOJIMYECTBO HIJIEKTPUYECTBA, MPOTEKIIEro IO MPOBOJHUKY 3a

IPOMEKYTOK BpeMeHH [ 2;3 ], ecin crita Toka 3amaercs popmysioit 1) = 3% - 2t + 5.

KonTpoabHbBIE BONIPOCHI:
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 CHITOH

U MepEeMEIEHUN MaTePUATIbHONU TOUKH?

IMPAKTUYECKAS PABOTA Nell
HazBanue npakruyeckou padorsl: Jeiicmeus c mampuyamu.
Ienb padoThI: HAYYUTHCS BBINOJIHAT JCHUCTBUS HAJ MATPULIAMM.
3HAHMA:

OCHOBHBIE MAaT€MAaTHYECKUE METObl PELICHUs INMPHUKIAAHBIX 3a7a4; OCHOBHBIC
HOHATHS M METOJbl MAaTEMaTHYECKOro aHalu3a, JIMHEHHOW anredpbl, TEOPHUIO
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEN U MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
UHTETPAIbHOTO U AUPPEpEeHINaTIbHOIO0 UCUUCIEHUS; POJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpE IpPH OCBOEHUM NPO(ECCHOHATIBHBIX AWCIUIUIMH U B cdepe
MPO(PECCUOHATIBHOM IESITEIbHOCTH.

YMEHHUS:
[Ipou3BoANTH ONlepanuy HaJ MAaTPULIAMH U OIPEIETUTENSIMHU.
Teopernuecknit MaTepuaJ:
Martpuneit A=Amnn mopsiaka m*n Ha3zbIBaeTCsA NPSAMOYroyibHas 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) TaKOTO YK€ TOPSJIKA, dJIEMEHTHI KOTOPOU PaBHBI CYMME COOTBETCTBYIOITUX
anemeHTOB MaTpull A u B TO €CThb C;j = Q;; + bj; .
2. AHaJIOTUYHO, PA3HOCTHIO JBYX MaTpHIl A = (ai j) uB = (bl- j) U OJMHAKOBOTO
mopsiika Has3bIBalOT Matpuily C = (ci ]-) TAKOTO K€ TOPSIAKA, DJIEMEHThI KOTOPOU

PaBHBI Pa3HOCTH COOTBETCTBYIONIMX 3JIeMEHTOB Matpull A1 B To ecth ¢;; = a;j —

IIpumep 1

12 2 -4 8
Haiinute cymmy u pasHocts Matpull A u B, eciiu 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 MaTPUII

12—(-4) 2-8 16 —6
A-B=(_3_<_3> 4_6)=(o _z)
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

Ipumep 2

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

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

4. YMHOXEHHUE MaTPHII
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[IpousBenenne MaTpuibiA,,., Ha MaTpully B,,., Ha3biBaeTca Matpuna Cp,., Takas,

YTO 3JIeMEeHT MaTpuIlsl C, CTOSIIUN (—0# CTPOKE U j-OM CTOJIOIE, T.€. 2JIeMEHT C; i

paBeH CyMMeE MPOU3BEACHUIN AIEMEHTOB [ —Oi CTPOKU MaTpulibl A Ha

COOTBCTCTBYIOIIHC 3JICMCHTBI [ —oro CTOH6Ha MaTpHUIbI B.

Ipumep 3

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

-1 0 1

(5 1 4)

-2 0 1

Pewenue:
A3 - Bss
_(1-(—1)+0-5+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) 3)

3ananue: BoinoJiHuTE MO X0AY PadOTHI

L3l 2 4 6
1. Haitnure npousBenenue matpuil A u B, ecmu A=(5 7 |, B=| |;
8 10 O
9 11
2 1 -1
2. Haiigure oOparnyro matpuny At 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

KonTpoabHbIE BONIPOCHI:
1. Kakwue onepanuu MOXKHO MPOU3BOAUTH C MATPULIAMHU?

2. ANTOpUTM HaxXOXAeHUs 0OpaTHOU MaTpULIbI?

MNMPAKTUYECKASA PABOTA Nel2
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Ha3Banue npakTu4yeckoii padorel: Boiuucnenue onpedenumensn 3-20 nopaoka c¢
UCNOIb306AHUEM CBOUICME onpedeiumeell

Heab padoThI: HAYYUTHCS BBIUUCIATH ONPEIETUTENN PA3HBIMU CIIOCOOAMU.

3HAHMSA:

OCHOBHBIE MAaT€MAaTHYECKHE METObl PEIICHUS MPUKIAAHBIX 3a7a4; OCHOBHbBIE
MOHATUS W METOJAbl MAaTEeMaTUYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOPHIO
KOMIIJIEKCHBIX YKCENl, TEOPUH BEPOATHOCTEH U MATEMATUUECKON CTATUCTUKU; OCHOBBI
MHTETPAIbHOTO U JU((GEepeHIIMATFHOTO UCYUCICHUS; POJIb U MECTO MAaTeMAaTHUKH B
COBPEMEHHOM MHpPE IpPH OCBOCHMM NPO(ECCHOHANBHBIX AUCLUUIUIMH U B cdepe
po(heCCUOHATIBHON S TENIbHOCTH.
yMeHHUS:

[Ipon3BoANTH ONEpali HAJ MATPULAMHU U OMPEAECTUTENIMU
Teopernueckuii MaTepuaJ:
1. Onpeaennrensb2-ro nopsiaKka
OmnpeaesmnreneM .BTOPOro MOPSAAKA HA3bIBAECTCS BBIPAKEHUE BUA!

ay Ay — _
=QA11022 — 421092

Ay dy
Yucna a4, zy, Az1 (1, HA3BIBAIOT DJIEMEHTAMU ONPEAEIUTETIS.
Juaronans, oOpa3oBaHHas dJIEMEHTAMU A4 d,5, HA3BIBAETCS TJIABHOM, a

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

Takum 00pa3om, onmpenenuTeab BTOPOTO TOPSIKa PAaBEH PA3HOCTH

MPOU3BEACHUMN PJIEMEHTOB IJIaBHOW U MOOOYHOMN JUaroHasie.
3amemum, umo 6 omeeme NOJAYUAEMCS YUCTO.

Ipumep 1

‘1 2‘ =1-4-3-2=-6.

3 4

2. Onpenenurenb3-ro NOpsiaAKa

OmnpenesnreneM TPETHETO MOPSAKA HA3BIBAETCS BhIpAXKEHUE BUA!
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. Gy dgg

ay 4, Ay =aiiazrazztaziazraiztairsarsasi-asi1aaiz-asparszai1-az1a12ass.

dy Ay dg

DNEeMEHTHI a11; a2; a3z — O0OPA3yIOT TIIABHYIO TUaroHainb. Uncia ajs; az; as —

00pa3yroT MOOOYHYIO THArOHAIb.

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

MHUHYCOM:
le o o LI |ea_ & »
(o o o|l= |a7 0/ » — | &\ o e

C mirocoM BXOJASAT: MPOU3BEACHUE 2JIEMEHTOB Ha TJIaBHOW IMaroHalu,
OCTaJIbHBIE JIBA CJIAra€MbIX SBJISIOTCS TPOU3BEICHUEM AJIEMEHTOB, PACIIOIOKEHHBIX
B BEPIIIMHAX TPEYTOJLHUKOB C OCHOBAHMUSIMH, MapajlieIbHBIMU TJIABHON JTUAarOHaJIH.

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

DTO NPaBUJIO BHIYUCIICHUS ONPEICIIUTENS TPETHETO MOPSIKa

Ha3bIBAIOTIPABUJIOM TPeYroJibHMKa Win npasuiom Cappioca:

IIpumep 2.
-1 3 2
2 8 1 :_182+212+311-]82-1](-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/ICJICHI/IC OHpelIeJII/ITeJISI TpeTBeFO nop;mKa CBOAUTCA K BBIYHUCIICHHUIO TpGX
ONPEAETUTEIICH BTOPOTO MOPSJIKA.

IIpumep 3.
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-1 1 1 -1
-1 1=l -E-E +{-3}-E =38.
-6 -1 -1 -6
-6 -1
BanaHne: 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 onpenenuTesieM 2-ro nopsjaka

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

INPAKTHYECKASA PABOTA Nel3
Ha3Banue npakTnueckoit padorbl: Haxoicoenue oopammuoi mampuybl.
Hean paboThl: HAYYUTHCS HAXOAUTH OOPATHYIO MAaTPUILY.
3HAHUSL:

OCHOBHBIE MAaTEeMaTUYECKHE METONbl PEIICHUS MPUKIATHBIX 33/1a4; OCHOBHbBIC
MOHATUS M METOJAbl MAaTeMaTHYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMIUIEKCHBIX YHMCEN, TEOPUU BEPOSATHOCTEM U MATEMAaTUUECKON CTATUCTUKHU; OCHOBBI
UHTErpajJbHOTrO U IU(PEpeHIMATBHOTO UCYUCIICHUS; pOJib U MECTO MAaTEeMaTUKU B
COBPEMEHHOM MHpE NpPH OCBOECHUU NPO(PECCHOHANBHBIX TUCHUIUIMH U B cdepe
PO eCCUOHATIEHOM IESITEIIBHOCTH.

yMeHHSI:

HpOI/I3BOI[I/ITI> OIICpallMi 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 MATpUIld, OIPCACIUTCIIb KOTOpOﬁ

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

omnpenenuTesib paBeH Hym.O0patHas Marpuua o0OO0O03HA4YaeTcss HaACTPOYHBIM

-1
HHACKCOM

KBagpaTtnas MaTpuna A ' HaspIBaeTCs 0OpaTHOM K HEBBIPOKIACHHON
marpuue A, ecanAdAd L= A 1'A=F, rtneF- »T0 eIuHUYHAA Marpuia

COOTBETCTBYIOLIErO NOPSAKA.
OOpaTtHas Martpuila CYHIECTBYET TOJBKO [JIsi KBaJIpaTHBIX MaTPUI] C HE PaBHBIMU

HYJIIO OIIPCACIUTCIIAAMU.

CeoMcTBa 06paTHOM MaTpULbI:
1

1 o {!.1 l:l — A

40 (4 DT _ (AT) !
Jlnst MaTpuilbl BTOPOTO MOPSAKA MOXHO HEMHOTO OOJErYuTh HAXOXKICHUE

00paTHOM, UCTIONB3YS CIEAYIONTUN aITOPUTM:

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

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

CIEeAYIOLIEMY LIary.

Ilar 2.3neMeHThbl, CTOSIIME HAa [VIABHOW JAMAroHalud MEHSIEeM MecTaMu, a ¥y

3JIEMEHTOB ITOOOYHOM AvaroHaJii MCHACM 3HAK Ha HpOTPIBOHOJ'IO)KHBIﬁ.

Ilar 3. Jlenum Bce aeMeHTHI 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 ompeneanTeh MATPUIILI A paBeH HYJIO, TO OHA HE UMEET OOPATHOM.

IIpmep 2

1 1
(1)
Haiitn 0OpaTHyr0 MaTpHILy IS 1

]

Pewenue.

[

o]

A=
[Ilar 1. Haxonum onpeaenuTens:

-(27)
[lar 2. —1 1
1 2 -1
_;1_1:_._;1::( )
[Iar 3. A —1 1

ce(2)
OTBeT. —1 1

HaxoskaeHue o0paTHOM MATPHLBI ¢ IOMOLIBI0O MATPHUIBI U3 AJreOpandyecKux

§

‘1

| ‘=.—1=1¢u

[

JIOTIOJTHEHU .

1.  TlotpeOyroTcst NOHATUS MPAHCHOHUPOBAHHOU MAMPUYbL, MUHOPA MATPHULIBI U
anreOpanvdecKoro JOTOTHEHUS YIEMEHTa MaTPHUIIbI.
Mumnop k-o2o nopsioxa mampuyst A nopsidxa M ha N — 3TO OMPEIEIUTEh MATPHIIBI
nopsiaka K Ha k, xoTopasi moyrydaercs M3 3JCMCHTOB MaTpPHUIbI A, HaXOMISIIUXCS B
BoIOpaHHBIX K cTpokax u K cronomax. (k He mMpeBOCXOIUT HAUMEHBIIIETO U3 YUCesT M

Wim N).

M. . .
Munop ~ '/ modyyaeTcs M3 KBaApaTHOW  MaTpHUIBI A mopsaka N Ha N
BBIYEPKUBAHUEM 3JIEMEHTOB I-011 CTPOKH U |-020 CTOJIOIIA.

Jyist mprMepa 3aruiieM, MUHOP 2-020 TIOPSIIKA, KOTOPBINA 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 CTOJIOILIOB . Tak>ke nmoka>xeM 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 CTOJIOIa S - . [Ipowsimoctpupyem
- .l"9 8
] 4 4
3 1 3 2
MOCTPOEHUE ITUX MUHOPOB: u

a, . .
Ancebpauyeckum  OONOIHEHUEM dNeMeHma ti xeadpammou mampuyvl

A :Hai. H i=1.2....n j=L2....n
’ Ha3bIBAIOT muHOp (N-1)-oro mopska,

KOTOpBIfI IMOJYy4acCTCA M3 MATPHUIbI A, BBIYCPKHMBAHUCM JJICMCHTOB €C I-oi CTPOKH

i+
U J-0ro cToJ011a, YMHOKEHHBIN Ha (_]) :

a,. A,
Anrebpandyeckoe  JIONIOJHEHUE DJIeMeHTa ‘4 o0o3Hauvaercss kak /. Takum

A, =17 M,

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

a

JIeMEHTa 12 ecTb
2. Ham mpuronstcst ABa CBOMCTBA OMPEACITUTEIIS

Ha ocHOBaHMM CBOWCTB ONPENCIUTENS, ONPEAECTICHUS ONIEPALIUA YMHOXKECHUS

MaTpPHIILI HA YUCJIO U TIOHSITHS OOpaTHOW MaTPUIILI CTIPABEIJIUBO
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‘T

‘A. .
rJy
paBGHCTBO rac - TpaHCHOHI/IpOBaHHaH ManI/IIIa,

o A. .
AJIeMEHTaMU KOTOPOHl SIBISIOTCS anreOpandeckue JONOJHEeHus 7.

-
i

Marpuua | | JEHCTBUTETHLHO SIBJISETCST 0OpaTHOM JJIs1 MATPHIIBI A, TaK

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

AJITOPUTM HAXOKACHUSI 00PATHOM MATPHUIIbI

C UCIIOJIb30BAHUCM PAaBCHCTBA

Brrauciasem OIIpCACIUTCIIb MATPUILIbL An Y6G)KIIa€MC}I, 4TO OH OTJIMYCH OT HYJIA (B

IIPOTUBHOM cllyyae MaTtpuua A HeoOpaTuma).

4.

. da. .
Crpoum - MaTpUILy U3 aIreOpandecKux 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

Ecin , TO oOpaTHasi MaTpHUIla HaliJIeHa BEpHO, 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

Onpenenurens OTIMYEH OT HYJIS, TaK 4TO MaTpuia A odpaTuma.
Haiinem matpuiry u3 anredpandeckux JOTOJTHEHUN:

::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 TPAaHCIIOHUPOBAHUE MAaTpHUIIbl U3 aHFe6paI/I‘{€CKI/IX HOHOHH@HHﬁ:

f0 0 -8Y [0 -6 2
l4. [ =|-6 4 -1/ =0 4 4
2 4 1) (-8 -1 11
_ 1
a7 =],
Tenepb HaXOUM OOPATHYIO MATPHILY KaK 4]
) (0 -6 2]
L R S I S O
g TN 16| -
-8 -1 11}
(Lo Lie Lol o -2 1
16 16 - 16 ' 3 3 _
= 1 0 L._; i._; =1 0 1 1
16 16 16 14
;i-—s'n Loy L I—l LI
18 - 16 16 ! 2 16 16}
3ananue: BolnoHuTE 110 X0y PadOTHI
2 1 -1
1. Haiigute ob6patyro matpuiy 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

KonTpoabHbBIE BONIPOCHI:

1) Kakas matpwuiia Ha3pIBaeTCs OOpaTHOM?

2) YTO Ha3bIBaCTCSI MUHOPOM MaTPHIIBI

3) Uto Ha3bIBaeTCs ANreOpandecKuM JOMOTHEHHEM?

4) ANropuTM HaXOXKJICHHs 0OpaTHOM MaTPHUIIbI?

IHPAKTHYECKAS PABOTA Ne 14
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Ha3zBanmne npakTudecko padorwl: Peuienue cucmem NauHEUHbIX ypasHeHuil CN
HeuzsecmHuvimu memooom Kpamepa

Heap padoTbI: HAYYUTHCS pEIIATh CHUCTEMBI JIMHEHWHBIX YPABHEHHM METOAO0M
Kpamepa

3HAHUSA:

OCHOBHBIE MAaT€MAaTHYECKHE METObl PEIICHHUS MPUKIAAHBIX 3a7a4; OCHOBHbBIC
MNOHATUS M METOJbl MAaTeMaTUYECKOro aHaiu3a, JIMHEWHOW anreOphl, TEOpHIO
KOMIUIEKCHBIX YHMCEN, TEOPUU BEPOSATHOCTEU U MATEMATUUECKON CTATUCTUKHU; OCHOBBI
UHTETPAIbHOTO U AU(PPEpEeHLINaTbHOIO0 UCUUCIEHUS; POJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpPE IpPH OCBOCHMM NPO(ECCHOHANBHBIX AUCLUUIUIMH U B cdepe

PO ECCUOHAIBEHOM €SI TEIIbHOCTH.

yMeHHMS:
[Ipon3BoauThs omepauuy HajJ MaTpULAMHU U ONPEACTUTEISAMH, PEIIATh
CUCTEMBI IMHEUHBIX YPABHEHUN Pa3IMYHBIMH METOIAMU
Teopernueckunii MaTepuaJ:
1.®@opmyasl Kpamepa niis cucreMbl U3 IBYX YPABHEHHUH

CucreMsbl U3 IByX YpaBHEHUN

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

Omnpenesienue. OnpeaenuTeb, COCTABICHHBINA U3 KOYPPUIIUESHTOB TIPH

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

A= ay  ap

ay Ay

Onpenenurenu AX, Ay nojiydaroTcsi IyTéM 3aMeHbl KO3P(GULIMEHTOB TTPU
COOTBETCTBYIOIINX HEU3BECTHBIX CBOOOTHBIMU WICHAMHU:

Ax=|2 e =b1az-a100; Ay=|“ by a11b2-b1ays.

2 A ay 2

AED

Haittn 3HaueHUAXNYBO3MOKHO TOJIBKO ITPU YCIOBUH, €CIU

DTOT BBIBOJI CIIEAYET U3 CIAEAYIOUIEH TEOPEMBI.
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2. Teopema Kpamepa: Eciu onpedenumensd cucmemsbl Omauder om HyJs, mo
cucmema JTUHEUHbIX YPAGHEeHU umeem 00HO eOUHCMBEHHOe peuleHue, NPUYEM
Heu38ecmHoe pasHo OMHOUueHUIo onpeoeaumeneil. B 3uamenamene — onpedenumeins
cucmemsl, a 8 yuciumene — onpeoeiumelb, NOJLY4eHHbIl U3 Onpedearumeisi CUCmembl
nymém 3amemnvi KO3 puyueHmos npu 3mom Heu38eCmHoOM c80000HbIMU YTICHAMU.

Oma meopema umeem mMecmo 0Jis CUCeMbl TUHEUHbIX YPAGHEHUT 1106020 NOPAOKA.

Ax o _
A’y_

Takum obpazom, hopmyast Kpamepa ons cucmemol uz 08yxX ypasHeHuil: X=

Ay
A

IIpumep 1. Pemuth cuctemy JIMHEHMHBIX YPaBHEHUIA:

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

CornacHo ¢popmysiaMm 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

rtak, pererne cucrempr ™ = 1% = 1

2. YacTHble ciayyan
Tpu caydyas npu pelieHUH CUCTEM JJUHEHHBIX YPABHEHHMM:
1) cuctema JMHeHBIX YpaBHEeHHMI HUMeeT eIMHCTBEHHOe peleHue(cucremMa
COBMECTHA M ONpEIeIEHHA)

ay

e
2 B

Venopusa: L*0 4n 4nm

2) cucreMa JIMHEHHBIX YPABHEHUI MMeeT 0eCYNCIeHHOe 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
CBOOOIHBIE YJIEHBI IPOMOPIUOHATBHBI.
3) cucTeMa JIMHEHbIX YpaBHeHHii peleHnii He MMeeT(CHCTeMa HECOBMECTHA)

dyy  thy by

A=D,ay ay &

]

YcnoBus:

Wtak, cucremMa M JMHEHHBIX YpaBHEHUH C N IEpEeMEHHBIMH HAa3bIBACTCS
HecoemMecmHou, €CIIN 'y He€ HET HU OJTHOTO PELICHUS, U COBMECMHO, €CIIA OHA UMEET
X0Ts Obl 071HO penieHre. CoBMECTHasi CUCTEMa ypaBHEHU, UMEoIIasi TOJILKO OJHO
pelieHre, Ha3bIBaCTCAONpeoeléHHOl, a 00Iee OJTHOTO —HEeOnpeOeIEHHOU.
3.®opmyasnl Kpamepa 1is1 cucremMmbl U3 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 (OUIIMEHTOB NIPU HEU3BECTHBIX:

a'11 a'12 al3
A=|a, a, a,|A onpenenurenu AX, Ay, Az nomy4daroTcs myTEM 3aMEHbI
a31 a32 a33

KO2(PHUIIMEHTOB IIPU COOTBETCTBYIOIINX HEU3BECTHBIX CBOOOHBIMHU WICHAMMU:

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

AED

Haittn 3HaueHusAX, Y 1 ZBO3MOYXKHO TOJIBKO IPHU YCJIOBUH, €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

Otser: (5; -2; 3)

3aganue:Pemnts cucrtemy meroaom Kpamepa

—y=3 Sx—dy =5 3x+y+z=-2
Llsx-2y=1 2lex—8y=10 > >*~y-z=10
y= Y= x—y+5z=-12
4,{2x—y+32=1 5.{296—4}’4'22:5 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 TMHEHHBIX YPaBHEHUI?
2) Kakas cucrema Ha3bIBaeTCs COBMECTHOM, Kakasi HECOBMECTHOM?

3) Kakas crucreMa Ha3bIBacTCs ONPE/ICIICHHON M HEOPEACIICHHOM ?
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4) Tlpu KakoM YCJIOBHU MOXKHO HCIOJIb30BaTh (Gopmysbl Kpamepa st pemieHus

CUCTEMBbI YpaBHEHUN?

MNPAKTUYECKAS PABOTA Nel5
HasBanue npakTudeckoil padorsl: Pewenue cucmem 1uHeiiHvlX ypagHeH Uil
Memooamu TUHeuHou anzeopol
Hean paboThl: HAYYUTHCS pElIaTh CUCTEMBI IMHEHHBIX YpAaBHEHUM.
3HAHMS:

OCHOBHBIE MAaT€MAaTHYECKUE METObl PELICHUs INMPHUKIAAHBIX 3a7a4; OCHOBHBIC
MNOHATUST W METOABbl MaTeMAaTUYECKOro aHaiu3a, JIUHEWHON anreOpbl, TEOpHIo
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEN U MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
MHTETpaIbHOTO U JU(P(HEPEHINATBHOTO UCYUCIIEHUS; POJIb U MECTO MAaTeMAaTHKH B
COBPEMEHHOM MHpE NIpPH OCBOEHUHM NPO(ECCHOHATIBHBIX AMCIUIUIMH U B cdepe
MPO(PECCUOHATIBHOM IESITEIbHOCTH.

YMEHHUs:
[Ipou3BoAUTH omepanuy HajJ MATPULAMH U ONPENETUTENSIMHU, peliaTh

CHUCTEMBI JJMHEUHBIX YPABHEHUHN Pa3IMYHBIMU METOIAMU

Teopernueckunii MaTepuaJ:
Metoa I'aycca
Meroa TI'aycca npekpacHO TIOAXOAWT [UI PEIIEHUS CHUCTEM JIMHEHMHBIX
anrebpandeckux ypaBHeHuit (CJIAY). On oOmnamaer psaoM TPEUMYIIECTB IO
CPaBHEHMIO C IPYTMMU METOAAMMU:

1.  Her HeoOX0oAMMOCTH MpeIBAPUTEIBLHO UCCIEIOBATh CUCTEMY YPaBHEHHU Ha
COBMECTHOCTB;

2. Merogom ['aycca moxkHOo pemaTh He Tosubko CJIAY, B KOTOpPBIX 4YHCIIO
YPABHEHHI COBNAJAET C KOJUYECTBOM HEW3BECTHBIX IEPEMEHHBIX U OCHOBHAs
MaTpuLa CUCTEMBI HEBBIPOXKIACHHASA, HO U CUCTEMBbI YPABHEHUM, B KOTOPBIX YHUCJIIO
YPAaBHEHHM HE COBIAJAET C KOJIMYECTBOM HEU3BECTHBIX NIEPEMEHHBIX WU

ONPENEIUTENIb OCHOBHOW MaTPULIBI PABEH HYJIIO;
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3. MCTO)I Faycca MNpUBOAUT K PEC3YyJIbTATy IIPHU CPABHUTCIBHO HEOOIBIIIOM

KOJINYCCTBC BbIYHMCIIUTCIILHBIX onepaunﬁ.

[Ipu pemrenun cucreM ypaBHeHU# MetonoM ["aycca HeoOXOAMMO 3HATS:
Mampuya  cucmemsvt — 3TO  MaTpUlla, COCTaBJIEHHAas TOJBKO W3
K03((UIIMEHTOB MPU HEU3BECTHBIX
Pacwupennas mampuya cucmemsvl — 3TO Ta K€ MaTpPUIA CHUCTEMBI ILTIOC
CTON0€1] CBOOOIHBIX YJICHOB

QJICMCHTAPHBIC HDGO6D&3OB&HI/ISII

a) CTpoKkHM MaTpHIIEI MOKHO TIepecTaBJIsATh MecTaMu. Ecim B MaTpulie
€CTh (MJIM TOSIBUIIUCH) MPOTOPIIMOHANIbHBIE (KaK YaCTHBIM CIyd4ail — OJMHAKOBBIC)
CTPOKH, TO CJICTYEeT YAAJUTh U3 MAaTPHUIILI BCE 3T CTPOKH KPOME OTHOM.

b) Ecau B MaTpuiie B XoJie peoOpa3oBaHUi MMOSBHUIACH HYJIEBas CTPOKa,
TO €€ TaKXe Clie/lyeT yAajauThb. HyneBas cTpoka — 3TO CTpOKa, B KOTOPOU 0OHU
HYU.

c) CTpoky MaTpuIilbl MOXXHO YMHOKHTH  (pa3iesinTh) Ha  J1H000C

YuCJI0, OTINYHOC OT HYVIJIA. I[aHHOG JICICTBUE OYCHb IMOJIC3HO, IIOCKOJIBKY

YOPOLIAET AaJIbHEUIINE TPeoOpa3oBaHusl MATPHIIBL.
d) K crtpoke Marpuibl MOXHO NPHOABUTH  JPYIyH0  CTPOKY,

YMHOKEHHYI0O HA YU CJI0, OTJIMYHOC OT HYJIA.

IIpumep 1
x—y=-5
2x+y=-7 P

CHINTb CUCTEMY MCTOJI0OM Faycca

Pewenue:

1. HY)KHO 3a1McaTh pacCuluperHyro Mampuyy Cucmemal.

]
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BeprtukanbHas yepra BHYTPUM MaTpHUIbl HE HECET HUKAKOTO MAaTeMaTHUYeCKOro
CMBICJIa — 3TO IPOCTO OTYEPKUBAHUE ISl y100CTBa 0(DOPMIICHHUS.

2. [locne Toro, Kak paclIMpeHHas MaTpHlla CUCTEMbl 3allMCaHa, C HEu
HE00X0IUMO BBITIOJIHUTD HEKOTOpbIE JeNCTBuUA, KOTOpbIE TaKKe
Ha3bIBAOTCS 21EeMEHMAPHbIMU NPeoOdPA308AHUIMU.

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

G- A

4. Ko BTOpOIii cTpoke nmpubasisgeM 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[ITPUBABJISAJIN — He n3MeHunach. Beeryia MeHseTCs CTpOKa,

K KOTOPOM IIPUBABJISIOT.

YMHOXaIOT CTPOKY OOBIYHO YCTHO WJIM HAa YEPHOBUKE, MPU 3TOM 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 YMHOXAI0 Ha —2: L(=2=-2 y ko BTOPOU CTPOKE MPUOABIISIO

neppyro: 2 + (=2) = 0. 3amuceiBalo pe3yiabTaT 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 neppyro: —7 + 10 = 3. 3anuceiBaio pe3yyibTaT BO BTOPYIO

1 =15 1 =135
%
b2 1T o 3|3
CTPOKY: »
esp 3jIeMeHTAPHBIX NMPe00Pa30BaAHMl — IPUBECTU MATPUILYy K CTYIIEHUYATOMY

il

L0 [
BUAY: *

7. B odopmieHHM 3aaHUs NPAMO TaK M OTYEPKMBAIOT
MPOCTBIM KapaHAAIIOM <JISCTHHUITY», a TaKXe OOBOAAT KPYXKOYKAMHU YHCIIA,
KOTOPBIE PacCIioaraloTcsl Ha «CTyleHbkax». CaM TepPMUH «CTyNEHYaThId BUI»
HE BIIOJHE TEOPETHYECKUW, B HAy4YHOM U Yy4yeOHOW JHUTEpaType OH 4YacTo
HA3BIBACTCS Mpaneyuesuonslli U0 UIH mpey2obHblil 8UO.

IIpumep 2:

Pemute meTonom ["aycca cucteMy ypaBHEHUI:

Ax+2y—Sz=-1
2x—yv+3z=13
x+2y—z=9

3anumeM paclIMpEHHY0 MATPUILY CHUCTEMBI:

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

Pesynbrat, K KOTOpOMY HEOOXOIUMO TIPUUATH B XOJI€ PEIICHHS:
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@ 2 -1l9)

0L —1f1
0 0 [(D]4)

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

CMOTpHM Ha JICBOC BCPXHCC YUCJIO!:

(3 2 =51
2 -1 313
1 2 -1]9,

IToutn Bcerma 3nech JOJDKHA HAaXOIUTHCS eIUHHIA. YCTpouT U —1 (a mHOTHA M
Ipyrue 4Yucia), HO KakK-TO TaK TPaIUIMOHHO CJIOKUJIOCh, YTO TyJa OOBIYHO
noMeniarT eauHuily. Kak oprann3oBats enuHuIly? CMOTpUM Ha TIEPBBIN cTon0OeI —
rOTOBas €AMHUIIA Y HAC €CTh!
IIpeoOpazoBanre TmepBoe: MEHSEM MeECTaMHd TIEPBYIO U TPEThIO CTPOKH:
a2 =51 1 2 1|5
2 =1 3(13|—=|2 -1 3 (13
1 2 =15 3 2 =51
Tenepsb mepBasi CTPOKAa OCTAHETCS HEU3MEHHOM /10 KOHIA pemieHusi. Enunuia B

JIEBOM BEPXHEM YTy OpPraHU30BaHa. Tenepp HYKHO NOJYYUTh HYJM BOT HA ITUX

MECTax:

(1 2 =1/9)
AN

() -1 3 [13
s (N
'\_l'\-:%__,"'ll 2 - :\ i ]./,.

Hynun nomywaeM kak pa3 ¢ MOMOIIBI «TPyAHOTO» TpeoOpazoBanusa. CHayana
paszOupaemcsi co BTOopoi ctpokoi (2, —1, 3, 13). Uro HyXHO caemnarh, 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 mnocienoBaTeabHO MPOBOAUM (OISTh Ke

MBICJIEHHO WJIM HAa YEPHOBHUKE) CIIOKEHHE, KO BTOPOil CTPOKe MNpHOABJIsEM

NnepBYyI0 CTPOKY, yxKe YMHOKEHHYI0 Ha -2:
0 -3 5 -3
| I | I
-2 -4 2 —-18
+ + + +
2 -1 3 13
Pesynbrar 3alMChIBAEM 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
AHaJIOTHYHO pazdoupaeMcs ¢ TpeThel cTpokoit (3, 2, -5, —1). UToObl moayuuTh Ha
MEepBOM TMO3UIMU HOJIb, HY’)KHO K TPeTheill CTpOKe NMPUOABUTHL NMEPBYIO CTPOKY,
YMHO:K€HHYI0 Ha —3. MBICIIEHHO WJIM Ha YEPHOBUKE YMHOKAaeM MEPBYIO CTPOKY Ha

-3: (3, 6, 3, -27). Uk Tperneii cTPpOKe NpuOABIAEM MEPBYIO CTPOKY,

YMHOKEHHYI0 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 npaxTtuke 3TH neicTBHUSI OOBIYHO BBINOJHSAIOTCS YCTHO U 3alUCHIBAIOTCS B OJIMH
1Iar:

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 BCEé cpa3y W OJHOBpPeMeHHO. [lopsAIOK BBIYMCICHUN U

«BITMCBIBAHU > PE3YJIbTATOB MOC/JIEA0BATEC/IICH
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»:

B nanHOM mpumepe 3TO CAENaTh JETKO, 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

ClIc OIHUH HOJIb 30CCh.
1 2 =1]9)

0 = =K1

0 (2) 1[14)

{151 3TOTO 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 =19 1 2 -1
—=(0 1 =11 =0 1 -1f1
0o 0 32 o0 14

[TonpoOyiite pa3o0parh 3TO JEHCTBUE CAMOCTOSITENBHO — MBICICHHO YMHOXbTE
BTOPYIO CTPOKY Ha —2 U MPOBEUTE CIOKEHUE.

[locnenHee BBINOJIHEHHOE NAEWCTBHE — MNPUYECKA PE3YNbTATa, JEIUM TPETHIO
CTPOKY Ha 3.

B pe3ynbrare 53J€MEHTApHBIX MPEeOOpa3oBaHUN MOIMy4YEHA OSKBUBAJICHTHAs

HCXOOHOU cucrema JIMHENHBIX YPaBHEHU:

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

B TpeTheM ypaBHEHHH Y HAC YK€ TOTOBBIN pe3ybTar: Z =4

CMOTpHM Ha BTOpOE ypaBHeHHe: ¥~ © =1, 3nauenne «em» y’K€ MU3BECTHO, 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

3ananme: Pemnths cucremy merogom I'aycca
Xy +x, —3xg =—2
1. Y2z, +4x,+x, =1
80



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) Kakast MaTpuIia Ha3pIBaeTCs PACIITUPESHHOMN?
2) HazoBure snemMeHTHI mpeoOpasoBanuii nipu perienuun CJIIAY meromom

l'aycca

INPAKTUYECKASA PABOTA Ne 16

Ha3Banue npakrn4ieckout padorbl: Peuienue CJIAY paznuunvimu memooamu
Hean padoTbl: HAyuyUTHCS peIIaTh CHUCTEMbl JUHEHHBIX YpPaBHEHUUA METOJOM
JMHENHOM areOpsl

3HAHMSA:

OCHOBHBIE MaTEMaTUYECKUE METOJbl PEIICHUS MPUKJIATHBIX 3a7a4, OCHOBHbIC
MOHATUS M METOJAbl MAaTeMaTHYECKOro aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMIIJIEKCHBIX YHCEJI, TECOPUH BEPOATHOCTEH U MATEMATUYECKON CTATUCTUKHU; OCHOBBI
HMHTETpajIbHOTO U AU PepeHInanbHOro UCUUCICHUS; POJb U MECTO MaTeMaTHUKU B
COBPEMEHHOM MHpE TpPH OCBOCHUU NPO(ECCHOHATBHBIX AWCIHUIUIMH U B cdepe
npoeccCuoHaNbHOM NESITEIbHOCTH.

YMEHHUSsI:
[IpousBoauTh omepanuu HajJ MaTPUIAMU W OINPEACIUTEISIMHU, PEIiaTh
CUCTEMBI INHEWHBIX YPaBHEHUH Pa3IMIHBIMUA METOaMH
Teopernuecknii MaTrepua:
Martpuunsiit Mmeros pemenust CJIAY: npumep peiieHus ¢ ToMOIIbI 00paTHOM
MaTPHITBI

Memoo obpamnou mampuysbt — 3TO METOJ, UCTIONIB3YoIIHiics ripu pemennn CJIAY

B TOM CJIy4ae, €CJIM YUCIIO HEM3BECTHBIX PABHSIETCS YUCTY YPaBHEHUH.
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Ecamu  marpuna /A HEBBIpOXKAEHAa, TO TOrga C  IIOMOLIBIO ONEpAallMi  HaJ
MaTpUIAMU BBIPa3UM HEU3BECTHYIO MaTpuiy X . Onepauus JejaeHUs Ha MHOKECTBE
MaTpull 3aMEHEHa YMHOXEHUEM Ha OOpaTHYH MAaTpHully, MMO3TOMY IO MHOXKHUM
TIOCJIEJHEE PABEHCTBO HAa MaTpuIly A ' cieBa:

ATAX = A 'B= EX=A'B=
X=—A'B

[ToaTOMY, YTOOBI HAUTH HEU3BECTHYIO MaTpULly X HaJ0 HAWTU OOPATHYIO MATPULLy K
MaTpulEe CHUCTEMBl W YMHOXHUTh €€ CIpaBa Ha BEKTOP-CTOJIOEH CBOOOJHBIX
KO3 (HUILINEHTOB.

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

-
'

2

) o=(s)
U MaTpUILy NMPaBbIX YacTen M

[

_.r'l e (
Brinuiem MaTpuny CUCTCMbI
Haiinem oOpaTHyio Matpuily Ajis MaTpuIlbl CcUCTeMbl. JlJisi MaTpuilkl BTOPOTO
ImopsaaKa O6paTHy1-0 MOKHO HAXOOUTD I10 CICAYIOMICMY aJITOPUTMY:

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

PaBHATHCA HYJIHO!
2) JJIECMCHTHI, CTOAIIME Ha rJIaBHOMU AuaroHajiyn MCHACM MECTaMM, 4 y 3JICMCHTOB
ITOOOYHOM JuaroHaJiIi MCHJACM 3HAK Ha HpOTPIBOHOJIO)I(HBIﬁ H OCIHUM ITIOJIYYCHHBIC

OJICMCHTELI Ha ONIPCACIINTCIIbL MaTPULBI. I/ITaK, mojy4dyacm, 4TO

i

-

Lo

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

I[Be MaTpulbl OAHOTO pasMcEpa paBHLBI, €CJIIN PaBHbI KX COOTBCTCTBYIOIIHUC 3JICMCHTEI,

X — I A lB:( _i —_

TO €CTh B UTOI'€ UMEEM, UTO *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 — '-)
PelnTb ¢ MOMOLIBI0 06PAaTHON MaTPHIB! cHCTeMy \ 501 — 42 + 2r3 =2

Pemenue. 3anuiieM JaHHYIO CUCTEMY B MaTPUUHOU dopMme:

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

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

1 Ll
_.I'l l = = F: T
A A
3necs & = |A|- onpenenurens Marpumner A ; Martpuua A- COMO3HAS MATpHIQ, OHA

IIOJIyuCHa H3 HUCXOJHOM MaTpHIbI A 3aMeHOM €e DJIEMEHTOB HX aﬂre6paI/I‘-IeCKI/IMI/I

JOITIOJIHCHUSIMH. HaﬁHeM A , AJIs1 3TOIr0 BBIYHCJIINM aﬂre6paﬂquKHe JOIMOJIHCHHUS K

AJEMEHTaM 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 MaTpMYHbIM CIIOCO0OM

Jx,—-2x, =

A,
| L

1 2o +3x,=2

2yv+x+z=-1

i—Z—v+3x=-1

—2x+3z+2y =5

2.
(%, +2x,—-2x,=3
3 3%, +3x, +5x, =0

84



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

Ha3Banue npakruyeckou padorbl: Komniaekcuoie yucina u 0eicmeus Ha0 HUmMu
Hean paboThl: HAYYUTCS BBIMOIHATE ACHCTBUS HAJl KOMIUIEKCHBIMU YHCIIaMU
3a/IaHHBIMU B anreOpandeckoil popme.

3HAHMSA:

OcCHOBHbIE MaT€MaTHYECKHE METOJIbl PELICHUs] NMPUKIAJHBIX 3a7ad; OCHOBHBIE
MOHATUS W METOAbl MAaTEeMAaTUYECKOTO aHajiu3a, JUHEWHOW anreOpbl, TEOPUIO
KOMIIJIEKCHBIX YHCEJI, TEOPUU BEPOSTHOCTEN U MATEMAaTUYECKON CTATUCTUKN; OCHOBBI
MHTETPATBHOTO U TU(PPEpeHINAIBHOTO UCYUCIIEHUS; pOJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpE NIpPH OCBOEHUHM NPO(EeCCHOHATBHBIX AMCIMUIUIMH U B cdepe
PO eCCUOHATILHOM IESITEIIbHOCTH.
yMEHHSI:

BrinonaHsaTh AeMCTBUS HAJ KOMIUIEKCHBIMHU YHCIIaMU

Teopernueckuit MaTepuas:

Onpeodenenue. KOMIUIEKCHBIM YHCIIOM HA3bIBACTCS BBIpaKEHUE BHa a + D,
rae a u b - gericTBuTenbHbIC Ynciia. [Ipu 3TOM BBIMOIHSIOTCS YCIOBHS:
a) JlBa KOMIUIEKCHBIX 4Kciia a; + D11 u @ + bol paBHBI TOrMa M TOBKO TOTIA,
Korma a;=ap, b1=b,.
0) CoxxeHre KOMIUIEKCHBIX YMCEeIT ONPEAEIIIeTCS TPABUIIOM:
(a1 + bai) + (a2 + boi) = (a1 + ap) + (by + by) 1.
B) YMHOXEHHE KOMIUIEKCHBIX YHCEJI ONPENEISAETCS TPABUIIOM:
(8.1 + bll) (8.2 + bzl) = (8.18.2 - blbz) + (albz - azbl) I

Aaredpanveckas popMa KOMILJIEKCHOTO YHCJIA.
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3anuch KOMIICKCHOTO YMcIia B BUjIe a + bi Ha3bIBaIOT anredpanveckoit popmoit
KOMILIEKCHOTO YHCJIa, TJIe a — JCHCTBUTENIbHAS YacTh, DI — MHUMAas 4acTh,
npudeM D — TelHCTBUTEIBHOE YUCIIO.
KomrmiekcHoe uncio a + bi cunraercs paBHBIM HYJIIO, €CJIU €0 ICHCTBUTEIbHAS U
MHHMasl YacTH paBHBI Hymt0: @ = b = 0
KomrmiekcHoe uncio a + bi mpu b = 0 cuuraercs coBnagarommm ¢
JICHCTBUTEIILHBIM YKciioM a&: a + 01 = a.
KomrmiekcHoe uncio a + bi mpu a = 0 Ha3bpIBaeTCSI YUCTO MHUMBIM U
obo3nauaercs bi: 0 + bi = bi.

JeiicTBHSI HAI KOMILIEKCHBIMM YHCJIAMU B ajiredpanveckoii gpopme.
Hanx KOMIUIEKCHBIMU YHCITaMU B alireOpanveckoit popmMe MOKHO BBITIOJHSATh
CJIEIYIOIIHAE ACHUCTBHUS.
1) Cnoxenue.
Onpeoenenue. CyMMOI KOMIUIEKCHBIX UMCell Z1 = a; + Diimzp; = az +
bl Ha3bIBaeTCS KOMILIEKCHOE YHCIIO Z, IEHCTBUTEIbHAS YacTh KOTOPOT'O paBHA
CyMME€ JICMCTBUTEIIBHBIX YAaCTEN Z1 U Zp, @ MHUMAS YaCTh - CYMME MHHUMBIX YaCTEH
qHCeN Z1 M Z2, TO ecTh Z = (a1 + az) + (b1 + by)i.
Yucna 71 v Zo Ha3bIBAIOTCS ClIaraeMbIMHU.
CroXeHre KOMITICKCHBIX YHCEeN 001a1aeT CIeIyOIUMU CBOHCTBAMHU:
1°. KOMMyTaTUBHOCT®G: 21 + Zp = Z + 7.
2°. AcconMaTHBHOCTE: (21 + Z2) + 23 = 71 + (22 + Z3).
3°. KomrutekcHoe 4nciio —a —bi Ha3bIBaeTCs IPOTUBOIOIOKHBIM KOMILICKCHOMY
yrcay Z = a + bi. KommuiekcHOe 9iCiio, IPOTHBOIOI0XKHOE KOMITTICKCHOMY
qHCIy Z, 0003Havaercs -z. CymMmMa KOMIUICKCHBIX YHCeN Z U -Z paBHa HYJO: Z + (-2)
=0
IIpumep 1. Bemonaute cnoxenne (3 —1) + (-1 + 2i).
B-N+(C-1+2)=@B+(-1)+(-1+2)i=2+1i.

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

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

3) YMHOKEHHE.

Onpeodenenue. IIpon3BeeHNEM KOMITJICKCHBIX

guceln Z;=a;+01i u zZ,=a,+b,i Ha3pIBaeTCS KOMIUIEKCHOE YHCIIO Z, ONPEISISIEMOE
paBeHCTBOM: Z = (a1a2 — b1by) + (aib, + azb)i.

Uwucna 71 ¥ Zo Ha3bIBAIOTCS COMHOKUTEISIMHU.

YMHOKEHHE KOMIUIEKCHBIX YHCENT 00JIaIaeT CIICTYIONTUMU CBOHCTBAMH:

1°. KOMMYTaTUBHOCT®: 212 = ZpZ1.

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

3°. JIucTprOYTUBHOCTh YMHOKEHUSI OTHOCUTEIBHO CJIOKECHHUS:

(Zl + Zz) 13 = 7123 + 72Z3.

40, 7 - = (a + bi)(a — bi) = a? + b?- gelicTBUTENLHOE YKCIIO.

Ha mnpakThke yMHOXCHHME KOMIUIEKCHBIX YHCEI IIPOM3BOAAT II0 MPaBUILY
YMHOKCHHSI CYMMBI Ha CYMMY M BBIJICIICHHS J€HCTBUTEILHON ¥ MHMUMOM YaCTH.

B crienyroreM mpuMepe pPacCMOTPUM YMHOMKCHHE KOMILIEKCHBIX YHCEN JBYMS
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 crtoco0. (2 +31) (5—7i) =2x5+2x (-7i) + 3ix 5+ 3ix (-71)) ==10-14i +
15i +21 =31 +.

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 KOMIUIEKCHBIX YHCEN CYIIECTBYET U €AMHCTBEHHO, €CIIH Zz # ()
+ 0i.

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

[Tycth 21 = a1 + bsi, o = a2 + byl, Toroa

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

Zy B a, + bzl B (az + bzi)(az - bzl) B a% + b22
_ 4,0y + byib, azb, —a;b;
~ a?+b? as + bz

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

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", T1€e N — Leloe MONOKUTENLHOE YUCIIO,
IIEPUOIUYECKH TIOBTOPSAETCS IIPH YBEINYEHUH TTOKA3aTels Ha 4 .

[TosTOMy, YTOOBI BO3BECTH HYHCIO i B LENYK IOJIOXKUTEIbHYIO CTEIEHb, HAI0
I0Ka3aTeNlb CTENCHH PA3e/IuTh Ha 4 U BO3BECTH i B CTEIEHB, II0KA3aTellb KOTOPOH
PAaBEH OCTATKY OT JIeJICHHS.

[Ipumep 5. Beruncure: (i3 +i17) -i 2,

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
MIPOU3BOJIUTCS TIO TIPABUJTY BO3BEICHHUS JIBYy4YJeHA B COOTBETCTBYIOIIYIO CTEIICHbD,
TaK KaKk OHO MPEACTaBIIIeT COOON YaCTHBIM Cily4ail YMHOKEHHUS OIMHAKOBBIX
KOMILJIEKCHBIX COMHOKHTEIICH.
[Ipumep 6. Beraucmure: (4 + 2i)3
(4+ 202 =43+ 3x 2% 2i + 3x 4x (2i)* + (2i)* = 64 + 96i — 48 — 8i = 16 + 88i.
3aganue: BoinmosiHUuTE 321aHKsI IO X0y padOThI:

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

Havinure:

a) z; + z,

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

8+2i
3. Brruuciure: i
-5l

4. Pemmmre ypaBHeHue: x2 — 6x + 13 =0
KoHTpoJibHbIE BOPOCHI:
1. Kak o003HauaeTcs KOMILIEKCHOE YUCIIO?
2. @opMBI KOMITJIEKCHOTO yHcIia?

3. Kakwue nelicTBust MpoU3BOAATCS HaJl KOMIUICKCHBIMU YUCIaMU?

INPAKTHYECKASA PABOTA Ne 18

Ha3Banue npakTnueckoil padotbl. Peutenue npakmuyeckux 3aoau Ha
6bIUUCIICHUE 6EPOAMHOCHIU COObIMUAL.
Hean padoTbi: HayunThCsi BEIMUCIATH BEPOSTHOCTH COOBITHIA.
3HAHUA:

OCHOBHBIE MATEMATUYECKUE METOJIbl PEIICHUS] MPUKIAJAHBIX 3a7a4; OCHOBHBIC
MOHSATUS W METOJbl MAaTeMAaTHYECKOTO aHaliu3a, JIMHEWHOW anreOphl, TEOPHIo
KOMIUJIEKCHBIX YMCET, TECOPUU BEPOSITHOCTEN M MATEMATUUYECKOU CTATUCTUKH; OCHOBBI

MHTETPATLHOTO U U] PEpeHIINATBHOTO UCYUCIICHUS; POJIh U MECTO MaTEeMaTHUKU B
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COBPEMEHHOM MHpE NIpH OCBOEHUHM NpOo(EeCcCHOHATIBHBIX AUCIUIUIMH U B cdepe
npodeccuoHaNbHOM NESITEIbHOCTH.
YMEHMS:

PemaTte 3amaun Ha BBIYMCIEHHWE BEPOSITHOCTU C HUCIOJIb30BAHUEM 3JIEMEHTOB

KOMOWHATOPUKHU
Teopernueckast 4acTh:
1. Ciyuaiinoe co0bITHE

CayugaitHoe coObITHE — 3TO JMI000H (DaKT, KOTOPHIN B pe3yabTaTe MCHBITAHUS
MOKET MpPOU30MTH WM He mnpouzotu. CiyuyailHOe COOBITHUE — 3TO pe3yjbTar
UCTIBITAHUSI.

WcnpiTanue (OMBIT, 3KCHEPUMEHT) — B OTOM ONpEACICHUU TOHHUMAETCS
OIIpe/IeNICHUE ONPEIEIEHHOr0 KOMIUIEKCa YCIOBH, B KOTOPBIX HaOMI0JaeTCsl TO WK
WHOE sIBJIIeHWE, (UKCHUPYETCS TOT WM WHOW pe3yibTar. lcmbiTaHne MOXET
MIPOBOJIUTHCA YEIOBEKOM, HO MOKET OCYILIECTBISATHCS M HE3aBUCUMO OT YEJIOBEKa.
YenoBek B 3TOM CIIydae BBICTYIIAET B POJIM HAOIIOAaTENs.

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

1. JlocToBepHOE COOBITHE — OTO COOBITHE, KOTOPOE€ B pe3ysbTaTe
WCTIBITaHUS 00S13aTENIbHO JOJKHO MTPOU30UTH.

2. HeBo3MoxxHOe coObITHE — 23TO COOBITHE, KOTOpOE B pe3yJbTaTe
HCTIBITaHUS BOOOIIIE HE MOXKET MPOU3OUTH.

CoObITHS Ha3bIBAIOTCS HECOBMECTHUMBIMHU, €CJIM HACTYIUIEHHE OJHOTO M3 HUX
UCKJIIOYAEeT MOSIBICHUE APYTroro. B mpoTUBHOM citydyae COOBITHSI — COBMECTHBIE.

[IpOTUBONOJIOKHBIE COOBITHS: 1Ba COOBITUS A © A HaspIBAIOTCA
MPOTUBOMOJIOKHBIMU, €CJIM HE TOSABIICHHWE OJHOTO W3 HUX B pe3yibTare JaHHOTO
WCILITAHKS BIEYET HOSABIEHHE APYroro. (A uuraercs «ue Ay).

2. BeposITHOCTD CJIy4ailHOTO COOBITHS

UucneHHass Mepa CTENEeHH OOBEKTHUBHOCTH BO3MOXKHOCTH HACTYIUICHHUS

COOBITHS HA3BIBACTCA 8EPOSMHOCIbIO CAYUAUHO20 COOLIMUSL.

Knaccuuecrkoe onpedenerue BEpOSTHOCTH COOBITUS A
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m
BeposTHOCTE ~ cOOBITHA A paBHAa  OTHOIICHHID  YHCIA  CIIy4aes,
0JIaroMpPUATCTBYIOMUX COOBITHIO A (M), K 00IIeMy YHCITy ciy4aes (n).
IIpumep 1
JlaGopaTopHas Kpbica, ITOMEIICHHAs B JIAOWPHUHT, JODKHA W30paTh OJWH M3
ISITH BO3MOXHBIX TyTeH. JIubs ouH U3 HUX BEAET K MOOIIPEHHUIO B BUje nuiie. B
MPEIOJIOKEHNH, YTO KpbIca C OJMHAKOBOW BEPOSTHOCTHIO M30€peT J000M MyTh,

KaKOBa BCPOATHOCTb BBI6paHHOF0 IIyTH, BEAYHUICTO 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 — «IOSABJIIEHHE YETHOTO YHCIA OYKOB)» OJarompusTCTBYIOT 3
ncxoja (2, 4 u 6 0O4KOB).
IIpumep 3

Bce narypanbubie uncia ot 1 g0 30 3anucaHbl Ha OJIMHAKOBBIX KapTOUKax U
noMenieHsl B ypHy. llocie TmiarenbHOro mnepeMenIMBaHus KapTOYeK W3 YPHBI
U3BJIEKAETCS OJIHA KapTouka. KakoBa BEpOSITHOCTH TOTO, YTO YHUCIO Ha B3SITOU
KapTOYKE OKaXeTCs KpaTHBIM 57

Pewenue:

O6o03HaunM yepe3 A COOBITHE, COCTOSINEE B TOM, YTO YHUCIO Ha B3SITOU
KapTouyke kpaTHO 5. B nmanHoMm ucnbiTaHuu uMeercs 30 paBHOBO3MOKHBIX HCXOJIOB,

13 KOTOPBIX COOBITHIO A GiiaronpusiTcTBYIOT 6 ncxonos 5, 10, 15, 20, 25, 30).

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

IIpumep 4

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

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

OAHMH HCXOA.

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

m_1
n 4

IIpumep 5

[TonpOpaceiBatoTCs J1Ba UTpaIbHBIX KyOHKa, MOJACUYUTHIBAETCS CyMMa OYKOB Ha
BEPXHUX I'paHsx. UTO BEpoOsATHEE — OTYyUYUTh B cyMMe 7 win §?
Pewenue:
O603HaYMM COOBITHS: A — «BBINAJIO 7 OYKOBY», B —«BbIMaN0 8§ 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 IMPOBCACHHBIX

9 m
UCTIBITAHUM, B KOTOPBIX cOoObITHE A mosiBUuioch W = P*(A)= — DTO oOmnbITHAs

JKCIIEPUMEHTAJIbHAS XAPAKTEPUCTHUKA, TJI€ M — YUCJIO ONBITOB, B KOTOPBIX MOSIBUJIOCH
coObITHE A; N — YUCJIO BCEX MOBEACHHBIX OIBITOB.
BeposiTHOCThIO COOBITHSI HA3BIBACTCS YHCIIO, OKOJIO KOTOPOTO TPYHIUPYIOTCS

3HAa4YCHHUA YaCTOTbl JaHHOI'O COOBITHS B Pa3INYHBIX CCPHAX OOJIBIIIOr0 YHCIIa

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 BUAOM 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 0OJTHO U3 ATUX cOObITHI (A niH B).

Ecru A u B coBmectHble coObiTHs, TO uXx cymma A+B o0o3Hayaer
HACTYIUIEHUE COOBITUS A Wi coObITHS B, i 060ux coObITHII BMECTE.

Ecnu A u B HecoBMecTuMbIe coObITHS, TO cymMMa A+B 03HauaeT HacTyIUIeHUE
uiu coobiTust A miu coObitus B.
IIpumep 8

[ToGeauTens COpeBHOBAHUSI HArpakJaaeTcsl Mpu3oM (coObiTue A), ACHEKHOM
npemueit (cooeitue B), megansio (coObitue C). UTo mpeACcTaBIsSIOT OO0 COOBITHS
A+B?

Pewenue:

CoOpbiTuss A+B cocTouT B HarpakJIeHUU MOOSTUTENSI WM TPU30M JIEHEKHOM
MIPEMUEH, WA TEM U APYTHM.
IIpumep 9

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

C-typuct nocetun ropoa C. B uem 3akitouaercs coobitue A+C?

Pewenue:

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

BeposiTHOCTP CyMMBI JBYX HECOBMECTUMBIX COOBITUHA paBHA CyMMeE

BEPOSITHOCTEN 3TUX COOBITHIA:

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

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
BCPOATHOCTL TOI'O, 4YTO 3a0er BBIMI'PACT TOM, paBHa E KaxkoBa BCPOATHOCTL TOIO,

4TO 3a0€r BEIMTPAET OJIUH U3 HUX?

+

Pemenwue: P(A +B) =

W
ul |-

8
15
IIpumep 11

BeposaTHOCTh TOTO, 4TO y B3POCIOTO MalMeHTa BCe 3yObl COXPaHUIUCh PaBHA
0,67. BeposSTHOCTH TOrO, YTO HEKOTOpbIe 3yObl OTCYTCTBYIOT paBHa 0,24.
BepositHocTh TOTO, uTO OH 6€33y0BhIit paBHO 0,09. BEuncanTh BEpOSITHOCTH TOTO, YTO
y HalMeHTa HECKOJIBKO 3y00B.

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

BeposiTHOCTh moOmMagaHus B OMYXOJIEBYIO KIETKY «MHIIEHb» TIEPBOTO
panuonyknuaa pasaa P =0,7, a Broporo —P =0,8. HaliTu BepoATHOCTb MOMAaIaHUs B
KJIETKY - «MUIIEHbY, €CJIU Obl OJJHOBPEMEHHO HUCTIOJIb30BAIUCH 00a mpenapara.

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 ¢ Mmyramueidl ria3 u KpeuibeB. KakoBa
BEPOSATHOCTH TOT'O, UTO Y MYXH, HayJjauy BbIOPaHHOM U3 3TOH MOMYJISILIMM, OKAKETCS
XOTs1 ObI OJJHA U3 ATUX MyTallUii?

Pewenue:

A — CoOsbITHe, cocTOsIIEe B TOM, YTO CIy4allHO BBIOpaHHass MXa HMEET
MyTaluu r7as. B ecte coObITHE, COCTOsIIEE B TOM, YTO CIIy4allHO BBIOpaHHAs MyXa
UMEET MYTAallMI0 KpbUIbEB. BeposTHOCTH TOro, 4To Myxa HUMeEeT OJHYy WM 00e
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. Yci10BHas1 BEPOSATHOCTH

VYcinoBHas BEpOSITHOCTh COOBITUS B — 3T0 BeposATHOCTH coObITUS B, HalineHHas
P YCJIOBUH, 4TO coObITHE A mpou3zonuio. Odo3nauvaercs P(A/B).

Ipumep 14

B kopo0Oke comepxkarcs 3 O6enbix U 3 KeNnThiX TabneTku. 13 KopoOKu aBaK bl
BBIHUMAIOT Hayraj 1o OJHOW Ta0yeTke, He BoO3Bpamas UX B KopoOKy. Haiitu
BEPOSITHOCTh TOSIBJICHUSI OENbIX TaOJIETOK MPH BTOPOM HCHBITaHUU (COObITHE B),
€CJIM MPY NIEPBOM HMCIBITAHNHU ObLIIa U3BJIEUEHA jKenTas TadneTka (coObIThe A).

Pewenue:

[Tocne mepBOro UCHBITAHUS B KOPOOKE OCTAIOCH 5 TabJIETOK, U3 HUX 3 OCIbIX.

Hckomoe ycnoBue BepositHoctu: P(B/A)= 3/5 =0,6.

IIpumep 15

B kopobke Haxomurcsa 8 KpacHbIX U 6 Oenbix Tabnetok. M3 kopoOku
nocJiieioBaTeabHO 0e3 BO3BpalleHusl u3BiIeKaoT 3 Tabierku. Hailtu BeposTHOCTH
TOT'O, UTO BCE 3 TaOJIETKHU OeJIbIE.
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Pewenue:
O6o3HaunM; A - nmepBas TabneTka Oemnas, A, - BTopas TtabieTka Oenas, Az -
TpeThs TabsieTKa Oenasi.

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

P(A1)= 1_64; P(Az /Aq)= 1—53; P(A3 /A1 Ay) = %;

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

Ipumep 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 peOeHKa — MaTbYUKU?

3. Ecnu m3BecTHO, 4TO cTapummii peOEHOK — MallbYMK, 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.
5.3aKkoH YMHOKeHHUS BEPOSITHOCTEH

[IpousBeaeHne ABYX COOBITHM — ATO COOBITHE, COCTOAIIEE B COBMECTHOM
MOSIBJICHUU ITUX cOObITUH (A u B).
Ipumep 17

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

Pewenue: AB ecTh COOBITHE «BBIHYTA AamMa UK.

CoObiTe B Ha3bIBAIOTCS HE3aBUCUMBIMU OT COOBITHS A, €ClIM TOSIBICHHUE
COOBITHS A HE U3MEHSET BEPOSTHOCTHU MOSBIICHUS cOObITHS B.

BeposiTHOCTh ~ MOSIBIEHUS HECKOJbKMX HE3aBHCHUMBIX COOBITUHM  paBHA

MIPOU3BEICHUIO BEPOSTHOCTEH 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 YCIIOBHYIO BEPOSTHOCTH APYrOoro, HaWJICHHYIO B
MPEANOJIOKEHNUHN, YTO IEPBOE COOBITHE MPOU3OIILIO.

Ipumep 18
HaiiTu BEpOSTHOCTH COBMECTHOIO MOSBIEHHS TepOda Mpu OAHOM OpocaHUU

ABYX MOHCT.

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

N
N |-
Il
AN

IIpumep 19

BeposiTHOCTH TOrO, 4TO Y B3pOCIIOTO MallMeHTa BCe 3yObl COXPaHWINCH PaBHA
0,67. KakoBa BEpOATHOCTb TOTO, YTO y JBYX HE UMEIOIIUX OTHOLICHUS JIPYT K IPYTY
OOJIbHBIX, 0’KHUJIAIOIIMX MpUEeMa B KAOMHETE CTOMATOJIOra, €CTh BCE 3yObI?

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

Haittu BEpOSITHOCTB TOr0, YTO B CEMBE U3 ABYX JETEU:

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

MaJIbuiK, a MIIQJIIIANA — ieBouka. BeposTHOCTh poxieHus maiabuuka — 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
Ipumep 21

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

B OJIHOM CJIy4ae — 3TO UCTUHHbIE (MOHO3UTOTHbIE) Onu3Henbl. KakoBa BepOsITHOCTb,
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YTO Yy OINpeeeHHOW OepeMEHHOM KEHIIUHBI POMASTCS OJM3HEIbl MaJbYUK MU
JIeBOYKA. YUTUTE, UTO OJTHOSIMITOBBIE OJIM3HEIIBI HUKOTIa HEe OBIBAIOT Pa3HbIX MOJIOB —
9TO 00s3aTEIBHO 00 2 MallburKa, TH00 2 IEBOYKH.

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

IIpumep 22

BeposaTHOCTh TOTO, YTO CTYJEHT B JIETHIOIO CECCHIO CIACT MEPBBIA AK3aMEH,
paBHa 0,9; Bropoit — 0,9; tpetuii — 0,8. HaliTu BEpOsSTHOCTH TOTO, UYTO CTYJAECHTOM
OynyT clanbl 1)TOJIBKO BTOPOM 9K3aMeH; 2)BCe TPU 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 MOSIBJIEHUS XOTA Obl OJJHOTO U3 COOBITUH A1 , Ay ,..., An
HE3aBUCHMbBIX B COBOKYITHOCTH, PaBHA Pa3HOCTU MEXIY €IUHUIIEH U MPOU3BEICHUEM
BEPOATHOCTEN MPOTUBONONOKHBIX 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 BepOSTHOCTh XOTsI ObI OJTHOTO TOTIaAaHus (COOBITHE
A) TIpu OJTHOM 3aJITie U3 BCEX ATUX OPYAUiL?

Pewenue:

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

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

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

P(A) =1 —01020;

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

JIBa cTpernka CTpeSItoT 10 MULIEHU. BEpoATHOCTh MonagaHusi B MUIIEHb ITPU
OJIHOM BBICTpeJie AJisl mepBoro crpesika paBHa 0,7, a nus Broporo — 0,8. Haiitu
BEPOSATHOCTH TOT'0, YTO MPH OJTHOM 3QJIIE€ B MULIEHD MOMAJIET TOIBKO OAUH CTPEJIOK.

Pewenue:

BeposaTHOCTh TOTO, UTO B MUIIEHb IOMAJET MEPBBIM CTPEJIOK U HE MOMaAeT
BTOpPOM, paBHa:

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

BepoaTHOCTh TOrO, YTO IMOMAJAET BTOPOM CTPEJIIOK B MUIIEHb U HE MOMAAET
IIEPBbIN, paBHA:

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

BepodaTHOCTh TOTO, YTO B MHILEHb MONAJET TOJBKO OJHUH 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 ogHOro Majbuuka Obuia Beimie 90% (BEpOSTHOCTH POXKACHUS MajdbyMKa U
nesouku — 0,5).

Pewenue:

IIycTh BEpOATHOCTB TOTO, UTO BCE JEBOYKMU:
111

P(H) =333 ln = é%}n: 0,9

2

B@pOHTHOCTB TOI'O, YTO HC BCC ICBOYKU:

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

1y,.1

0,1=¢=)";— =1/2";, 2"=10 =n~ 4.

27 10
6.®opmy.a baiieca

dopmyina balieca mpuMmeHsieTcsi, Korjaa coObITHEe 4, KOTOPOE MOYKET MOSBUTHCS

TOJILKO C OJHOW W3 rumnorte3 Hi, H, ...H,, Tpou301uI0 U HEOOXOIUMO MPOU3BECTH

KOJIMYECTBEHHYIO TEPEOICHKY anpuopHulXx BEPOSTHOCTEH »TMX rtumnores P(H),
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P(H,),..., P(H,), U"3BECTHBIX JO WCHBITaHUSA, T.e. HAWTH anocmepuopHvle

(HOHy‘{aeMLIC IMOCJIC IIPOBCIACHHUA I/ICI'[I)ITaHI/ISI) YCJIOBHBIC BCPOATHOCTH THUIIOTC3

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

P(Hi)-P(A/Hi)

P(HYA) = =—525

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

MOJIHOM BEPOSITHOCTH:

P(Hi)-P(A/Hi)
P(Hi)-P(A/Hi)+..4+P(Hm)-P(A/Hn)

P(Hy/A) =

HUrak, nmycts 10 ombITa UMEKTCA Tunoressl Hi, H, ..., H,. Ilocine ombiTa
CTAHOBUTCS U3BECTHOM MH(OpMAIIUs O pe3ysibTaTax OMbITa, HO HE MOJHAs, @ UMEHHO:
pe3yabTaThl HAOIIOICHUI TOKA3bIBAIOT, YTO HACTYIHUIIO HEKOTOPOE COOBITHE A.

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

3nauyenue ¢opmynnl balieca COCTOUT B TOM, YTO TIPU HACTYILJICHUU COOBITHUSA,
T.e. 1O Mepe TOJy4eHUs] HOBOM HH(OpManuu, MbI MOXKEM TPOBEPATH W
KOPPEKTUPOBATh BBIABUHYTHIE J0 HUCIBITAHUS TUMOTE3bl. Takoil moaxod Ha3bIBaeTCs
0aileCOBCKUM.

IIpumep 26

JIBa 0XOTHHMKA OJTHOBPEMEHHO CTPEJISIOT OAUHAKOBBIMU MYJIIMU B MeaABes. B
pe3ynbTaTe MeABeAb ObLT YOUT OJHOMU myneit (coObitTue A). Kak 0XOTHUKH TOJKHBI
MOJEIUTh IIKYPY YOUTOro MEABEs, €CJIM U3BECTHO, YTO BEPOATHOCTh MOMAJaHUs y
nepBoro oxotHuka 0,3,a y sroporo 0,67

Pewenue:

Bocnons3yemcs hopmysoit baiieca. Onpenenum npeaBapuTesIbHO THIIOTE3bI.

['unoresa /H :monai nepBbid OXOTHUK, BTOPON ITPOMAaxXHYJICS.

I'unioresa H>: monan BTOPOM, EPBBIM POMAXHYJICH.

['unoTte3a H;: monanu 006a OXOTHUKA.

['umore3a Hi: 06a mpoMaxHYIHCH.
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Co0ObITHEAMOXKET MPOU3OUTH TOJILKO TOTA, KOT/Ia MPOU30IIIa JTUOO0 THIoTEe3a
H,, mn6o runores3a Hy, T. €.:
P(A/H1)=1, P(A/H3)=0
P(4A/H»)=1, P(4/H4)=0
[Ipennmonaraem, 4To NMONaJaHus OXOTHHUKOB B MEIBEAS HE 3aBUCAT APYr OT
npyra. U nmonydaem:
P()=0,3-(1-0,6)=0,12;
P(H,)=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(Hz/A) = P(H1)-P(A/H1) + P(H2)-P(A/H2) + P(H3)-P(A/H3) + P(H4)-P(A/H4)
P(Ho/A) = 0427 =2
0,12-1+0,42-1+0,18-:0+0,28-0 9

Takum oOpa3oM, MpU CHOPABEIIMBOM JEICHUH MEPBbI OXOTHUK JOJIKEH

2 .
MOMYYUTh IIKYPbI, T.C. MEHBIIC YETBEPTOH HACTH WIKYPhI, B TO BPEMs Kak, Ha

. 1
MEPBbIA B3I, KA3a710Ch, YTO €My MPUYUTACTCS - MIKYPBI (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, YTO IIPH MATH OPOCAHUSIX MOHETHI OHA TPU pa3a
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. HaiiTu BepOoATHOCTH 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 SIIMK W BBIHUMAIOT M3 Hero map. KakoBa BeposSITHOCTH TOTO, YTO OC-

TaBIIUUCA AP SIBISIETCS OeNbIM?

IHPAKTHYECKAAPABOTA Ne 19
Haspanue npaktudeckou padorsl: Peuienue 3a0au c peanbHolmu OUCKPEmHbIMU
CAYUAUHBIMU GETUYUHAMU
Hean padorel: Hayunthbes pemaTs 3a/1auu ¢ UCIOJIb30BAaHUEM TUCKPETHBIX
CIIyYalHbIX BEJIIMYNH
3HaHus:

OCHOBHBIE MAaTEMaTUYECKUE METOMbl PEIICHUS NPUKIATHBIX 3aJa4; OCHOBHbIC
MOHATUS M METOJAbl MAaTEeMaTHYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMILIEKCHBIX YHCEJI, TECOPUHU BEPOSITHOCTEN U MATEMATUYECKOU CTATUCTUKH; OCHOBBI
MHTETPATILHOTO U U] PEpeHINAIBHOTO UCYUCIIEHUS; pOJib U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE IpPU OCBOEHUU NPO(PECCHOHANBHBIX IUCHUIUIMH U B cdepe
npoeccCuoHaNbHOM NESITEIbHOCTH.
yMeHHUS:

Pemiats 3a7aun Ha BBIUKUCIICHHE BEPOSITHOCTH C HCIOJIb30BAHUEM 3JIEMEHTOB
KOMOWHATOPUKHU

Teopernuecknii MaTepuaJ:

1. Cay4ajiinble BeTHYHHBI

Cnyuaunas eenuyuna — 3TO BEIUYMHA, KOTOpas B pe3yjbTaTe HCIBITAHUS B
3aBUCUMOCTH OT Ciy4as MNpPUHMMAeT OJHO K3 BO3MOXXHOIO MHOXECTBAa CBOHUX
3HAYECHHUN (KaKO€ MIMEHHO — 3apaHee HEU3BECTHO).

Jluckpemnas cayuaunas 6eauduHa — OITO ClydailHasg BeJIWYMHA, KOrJa

INIPpUHUMACT OTACIBHOC U30JIMPOBAHHOC, CHCTHOC MHOKCCTBO 3HAUCHUM.
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Henpepvisnasa  cnyuaunas eenuuuna — O3TO  CHOy4daHas  BEJIMYMHA,
PUHUMAIOIIAs JTI0ObIe 3HaYEHHUsI U3 HEKOTOpOoro uHTepBana. [loHaTue HenpephIBHOM
CIIy4allHOW BEJIMYMHBI BO3HUKAET IIPU U3MEPEHUSX.

CrnyualiHple BETUYMHBI 0003HAYAIOTCS KOHEYHBIMM 3arjiaBHbIMH OyKBamu
naTuHCKoro andabuta X, V, Z , a uX 3HAYCHUS] — COOTBETCTBYIOIIUMHU CTPOUYHBIMHU
OykBamHu X, ), Z.
2.3akoH pacnpeaesieHUs CJIy4aiiHON BeJIUYUHbI

OTO BCSIKOE COOTHOUIEHWE, YCTAHABIMBAIOLIEE CBS3b MEXKIY BO3MOXXHBIMH
3HAYEHUSIMU CIIy4YallHOM BEJIMYMHBI U COOTBETCTBYIOIIUMHU UM BEPOSITHOCTSIMH.

Jist ouckpemmoti cy4ailHOM BEJMYMHBI 3aKOH PACHpEIeNIeHUs] MOXKET OBITh
3a/1aH B BUJIC mabauybl, aHATUTUUECKU (B BULIE hopmyvl) U epaduyecku.

Tabauya — »10 mpocTeitmas Gopma 3aJaHus 3aKOHA pacmpeneiieHus. B Heit
IIEPEYUCIIEHBl B TIOPSAJAKE BO3PACTaHHs BCE BO3MOXKHBIE 3HAYCHHS CIy4allHOMN

BEIMYMHBI X U COOTBETCTBYIOIIME BEPOSATHOCTH. JTa TaOJIMIA HA3bIBAETCS psiooM

pacnpeoeneHusl.
X1 X2 .- Xn
P1 P2 .. Pn

n
Zpi =1
i=1

Psn pacnpenenenust MOXeT ObITh M300paxkeH TpadUyecKku, €clid MO OCH abCIHCC
OTKJAJbIBaTh 3HAYEHWs CIy4ailHOM BENWYWHB, a IO OCH OpJAUHAT —
COOTBETCTBYIOIINE HX BeposiTHOCTU. CoemuHEeHNEe 00pa3yeT JOMaHyl JTUHHUIO. DTO

MHOI'OYI'OJIbHUK HWJIH ITIOJIUI'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 pacHpeeeHus] JUCKPETHOU CIy4allHOWBEIWYHHBI CICAYIOIINE
TaOIULIBI?

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

Pi|0,1]02]03|05

Pewenue

A) Jla, Tak KaK BBITIONHsIETCS yciaoBue Y. i—, 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 BoimymieHo 100 6umneroB. Pa3birpeiBaeTcst 01MH BRIMTPHIIT B 50
pyOneit u 10 Bemmrpsimeit mo 1 pyomro. HaliTu 3akoH pacnpeneneHus ciydaiHoOM
BEJIMYUHBI X — CTOMMOCTHM BO3MO>KHOT'O BBIMIPBINIA JJIS BJAJETblla OJHOTO
JOTeperHOro OmieTa.

Pewenue: 603M0KHBIC 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. [locTpOuTh MHOTOYTOJIBHUK pachpeaeacHust
BEPOSTHOCTEH.

Pewenue

Bo3MosKkHBIE 3HAUYEHHST X — YHCIIO CAAHHBIX dK3aMeHoB: 0,1,2.

Cuunraem BEpOSTHOCTH:

P(X=0) = P(A_l)'P(Xz) =(1-0,7)(1-09)=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 nmeer 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.OyHKIHA pacnpeaeieHus CIy4YailHbIX BeJUYHH

Oyukiuss F(x), BbIpaxaromass A KaKIOTO X BEPOATHOCTb TOrO, YTO
cllydaiiHas BeMMYMHAa XMOPUMET 3HAUEHHE MEHbIIE HEKOTOPOTO (PUKCHPOBAHHOTO X,
Haszvleaemcs yHKyuel pacnpedenenusi ciydaiHon BennuuHsl X: P(x) = P( X< x). Ee
TAaK)K€ Ha3bIBAIOT UHMESPANbHOU (QYHKYueu pacnpeoeneHusi JTUCKPETHBIX U

HCIIPCPBIBHBIX CquaﬁHbIX BCJINYHH.

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

JlaH psn pacupeneneHus CIy4alHbIX BEJIMUUHBI:

Haiitu 1 n306pa3uth rpaduk ee QyHKIIUU pacrpeecHusl.
Pewenue

Bynem 3anaBath pa3auyHbie 3HAYEHUS Xil HAXOIUTh 115 F(X):

1. Ecmm x<1,F(x)=0
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2.  Ilycrte 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)=0,5+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
OyHKIMSA pacnpeneieHuss J000W JUCKPETHOM CIydYaliHOM BENIMYMHBI  €CTh
paspbiBHasi cTyneH4yaTas (YHKIUS, CKAa4YKM KOTOPOM MPOMUCXOJAT B TOYKaXx,
COOTBETCTBYIOIIUX BO3MOXHBIM 3HAYCHUSAM CIIy4alHOM BEJIMYUHBI W PaBHBI

BCPOATHOCTAM ITHUX 3HAYCHUM.

4. YncJioBble XapaKTePUCTUKH TMCKPETHOM CIy4aliHOi BeJTMYUHBI
1. Mamemamuueckum oxcudanuem M(X); TUCKPETHOU CIIy4allHON BEJIIMUUHBI
Ha3bIBACTCSI CyMMa TMPOU3BEACHHN BCEX €€ 3HAYCHHM HE COOTBETCTBYIOIIUE UM
BEPOSITHOCTH:
M(X) = S, xipi
IIpumep 5
W3BecTHBI 3HaUYCHMS pacmpenesieHns CiIydalHbIX BeaudrnH X U Y — YHUCIO 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 |001)003]|005|009]0,11|0,24|0,21 | 0,20 | 0,10 | 0,04 | 0,02

HeoOxomuMo BBIABHTH, KaKOW W3 JIBYX CTPEIIKOB cTpeiisgeT Jjydmre. IlocTpouTh
MHOTOYTOJIbHUKH PacIpeIeTICHHUS.
Pewenue:
Od4eBHUIHO, YTO M3 JBYX CTPEJKOB JydIlle CTPESeT TOT, KTO B CPEIHEM BHIOHMBAET
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 cpeaHce Ynciio BBIOMBAEMBIX OYKOB Y ABYX CTPCIKOB OAMHAKOBO.

IIpumep 6

Crnyuaiinast BeMurHa X 3aJlaHa 3aKOHOM pacipeieNIeHusI:
Xi 1 2 5
Pi 0,3 0,5 0,2

Pewenue: M(X) = 10,3+ 2:0,5 + 50,2 =23
2. Jlucnepcus nUCKpETHOMCITYy4YaliHOCTH BeNMMUYUHBI. CIIOBO «IHCTIEPCUS O3HAYAET
«paccestHue»:

D(X) = M(X — M(X))2.
Jlucnepcueri D(x)cmydailHOil BEeIMYMHBI HA3bIBACTCS MATEMATHUYECKOE OXKHUJAHUE
KBaJpaTa €¢ OTKJIOHCHHSI OT MAaTEMaTHUYECKOTO OXKHTaHMS.
Cpeonee keadpamuueckoe omkloHeHUue ¢ (CTaHIapTHOE OTKIOHEHUE WJIA CTaHIapT)
CITyJailHOW BETUYHMHBI X — 3TO apu(PMETHUYECKOE 3HaUYECHWE KOPHS KBaJPaTHOTO W3

ee TUCTICPCHH:

c=+D(X)
IIpumep 7.
B 3amaue 1 o cTpenkax BBIYMCIUTD JUCIIEPCHUIO YMCIIa BBIOUTHIX OYKOB JJIsI KAXKI0TO
cTpenka.

Pewenue:
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OueBHIHO, YTO Jy4ylI€ CTPEJISI TOT CTPEJOK, Y KOTOPOrO MPH PABEHCTBE CPEAHUX
3HAUYEHUN YKCIIa BBIOUTHIX OYKOB MEHBIIE OTKJIOHEHHE HTOT0 YKCJIa OTHOCUTEIHHO
CpeAHero 3HaYeHus (qucnepcus).
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. [lucriepcusi MEHbIIE Y BTOPOT'O 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  epossmnocmu, unu  niomuocmvio  pacnpedenenus  f(x)

HenpepvléHoU CAYYalHol BEIVUYMHBI X, HA3bIBAETCS MPOU3BOAHAS €€ (DYHKIMH

pacrpeesIeHus:
f(x) = F'(X)
Ee makoice nasvisarom oughgpepenyuanvror GpyHkuen pacupeaeicHus.
f(x) A
J
0 >

a b X

Ceoucmeo ni1omuHocmu 6eposmHOCmu.

1. Heorpunarenbuas ¢pyukmus f(x) >0 .

2. [Inomanp Gurypsl, orpaHUYeHHON KPUBOU pacrpeeneHus U 0Cblo adcuucc,
paBHa €AUHULIE.

3. BeposatHocTs monagaHusi HEMIPEPHIBHOW CITy4YallHON BEJIMYMHBI B UHTEPBAJ
[a, b]paBHa ompeneeHHOMY MHTETpally OT €€ IUIOTHOCTH BEPOSTHOCTH B Ipeeiax

oT a 1o b.
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['eomeTpuueckast HHTEpIpETAIUS:

[TonmydyeHHasi BEpOSATHOCTh paBHA IUIOMIAU (DUTYpBI, OTPAHUYEHHON CBEpXY
KPHBOM pacrtpeesicHHs U ONUPAIOIIEeHCs HaoTpe30K|[a, b].

HenpepbiBHas ciydaiiHas BEJIMYMHA OMUCHIBACTCS CICAYIOIIMMU YUCIOBBIMHU

XapaKTCPUCTUKAMU:

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

6.HopmaJibHBIH 3aKOH pacnpeae/JeHus
OTOT 3akOH Haubosiee 4YacTo BeTpedaercs Ha mpaktuke. OH  sBIsAeTCS
IpeeIbHBIM 3aKOHOM, K KOTOPOMY MPHUOIMKAIOTCS APYTrUe 3aKOHbI pacIpeIeIeHNUs.
HopmanbeHoe pacnipeneneHue sSBISIETCS OAHUM W3 CaMbIX BaXKHBIX PACIpPEICICHAN B
cratuctuke. OOBIYHO BCE CPAaBHUBAIOT C HOPMaJIbHBIM 3aKOHOM pacIpeieICHHsL.
HenpepbiBHast ~ ciydaiiHass  BeIMYMHA  XUMEET  HOPMaIbHBIA  3aKOH
pacnpenenenus (3akoH Il'aycca) ¢ mapaMeTpamMM U M G2, €CIM €€ IUIOTHOCTh

BCPOATHOCTU NMCCT BHU:

_(x=1)2

e 20°

f(x)=m/z

Ceoticmea niomuHocmu pacnpeoeieHus eposmHOCMel.

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

»  IInotHOCTH oOmpemensercs AByMs IapaMeTpaMu: MaTeMaTHYCCKUM
oXugaHueM () ¥ CPEIHUM KBaJAPATHYCCKHUM OTKJIOHEHHEM (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 CIBUTAETCsS BJIEBO, €CIIU
CpeaHEEe 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

o rpadukoM Bceraa paBHa 1)(puc. B).

) f(x) e | n=on H2>Ha
1
o2rx
0 X > X
|2 M H2
BY(X) A Hi=H2
O1
o2
L\ @ i
J PN, e :

| 251 |35

Kpueas HOpMasibHO20 3aGKOHA pacnpedesneHus u ee UsmeHeHUs npu
U3MeHeHUU napamempoe

JononnumensHule ceolicmea:

BeposiTHOCTh TOTO, UTO HOPMAJIBHO pacmlpe/eleHHas clydailHas BEIMYUHA X
CO CpEIHMM | W CPEIHMM KBaJpPaTHYCCKUM OTKJIOHEHHEM G (CTaHJapTHOE
OTKJIOHEHHUE) HaxoauTcs Mexay (U - ) u (L + &), paBHa 0,68, T.e. 68% ciydaitHoi
BETMYMHBI X OTJIMYAETCS OT CpeAHEero He Oojiee 4eM Ha OJHO CTaHIAPTHOE

OTKJIOHEHHUE =* G.
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BeposiITHOCTh TOTO, YTO HOPMAIILHO pachpesiesieHHasi cliydaiiHas BEJIMYMHA X
HaxoauTcst Mexay (U - 26) u (U + 26), paBHa 0,95, T.e. npumepHo 95% ciydaiitHOU
BEJIMUMHBI X OTJIUYAETCS OT CPEHETrO Ha JIBa CTAaHAAPTHBIX OTKIOHCHHS +2G.

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

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

f(x) 1

99%
——p

lpasuno mpex cuzm

3ananue: BoinosiHuTe 1eiicTBUA 10 X041y Pa0d0ThI

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

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

pacnpeaenenus. Haltu maremaTtndeckoe 0KUIaHUE U JUCTIIEPCUIO.

2. IuckpetHas ciay4yaiiHas BeIMuMHA XUMEET 3aKOH pacipeiesIeHusl.

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 P1. [locTpouTs MHOTOYTONBHUK pacmupenencHus. Hailtm matemaTudeckoe
0’KMJIAHUE U JUCIIEPCUIO.

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

4. 3aKkoH pacmpeaesieHUs CIy4yaHbIX BEJIUUHH?
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5. Uto Ha3bIBaeTCs MIOTHOCTHIO BEPOSITHOCTH?
INPAKTHYECKAAPABOTA Ne 20
Haspanue mnpakruuyeckoii padorwl: Pewenue 3adau nHa mamemamuueckoe
oxcuoanue, oucnepcuro
Heab padorbi: Hayunthcs pemate 3a7auyd HAa MaTeMaTUYECKOE OXKHUJIAHUE U
JTUCIIEPCHIO
3HaHus:

OCHOBHBIE MAaTEeMaTUYECKUE METOMbl PEIICHUS MPUKIATHBIX 3a7a4; OCHOBHbIC
MOHATUST M METOJbl MAaTeMaTUYECKOrOo aHaiu3a, JIMHEWHOW anre0pbl, TEOpHUIO
KOMILIEKCHBIX YHCEII, TEOPUU BEPOSITHOCTEN U MATEMATUUYECKOU CTATUCTUKH; OCHOBBI
HMHTETpajIbHOrO U AU PepeHInaIbHOr0 UCUUCICHUS; POJb U MECTO MaTeMaTHUKU B
COBPEMEHHOM MHpE TpPH OCBOCHUHU NPO(ECCHOHATBHBIX AUCIUIUIMH U B cdepe
PO ECCUOHATIBHOM €SI TEIbHOCTH.
yMeHHUS:

Pemrars 3a1aun Ha BBIYUCIIEHUE BEPOATHOCTH C UCMOJb30BAHUEM 3JIEMEHTOB

koMOuHatopuku TeopeTuyeckniimarepua:

Mamemamuueckoe 0Jcudanue CIydaitHou
BeirunHbl XX (0603Hauaercs M(X)M(X) umu pexxe E(X)E(X))  xapakTepusyet
cpeaHee 3HAUYCHHUE CIIyYalHOW BEMYMHBI (IMCKPETHON WJIM HENpephiBHOM). Mart.
0’KHJIAHUE - ATO MEPBbIN HaYIbLHBI MOMEHT 3afaHHoi CB.

MaTteMaTuyeckoe OXUIAaHUE OTHOCHT K TaK HAa3bIBAEMBIM XAPAKMEPUCTNUKAM
noJI0cerus pactipesieieHus: (K KOTOPhIM TakKe MPUHAIIEkKAT MOJAa M MEIHUaHa).
DTa XapakTepUCTHKA OMHUCHIBAET HEKOE YCPEAHEHHOE IOJI0KEHUE CIly4alHON
BEJIMYMHBI Ha YUCIIOBOM ocH. CKakeM, €ClTi MaT. OKUJIaHUE CITyYaiiHOW BETUYUHBI
- cpoka ciyxObl Jiammbl, paBHO 100 9acoB, TO CUMTAETCs, YTO 3HAUEHHUS CpPOKa
CITY>KOBI COCpeOTOUYEHHI (C 00EMX CTOPOH) OT ATOTO 3HAYEHHUS (C TEM WU HUHBIM

pa3dopocoM, 0 KOTOPOM Y>Ke TOBOPHT AMCIIEPCHUS).

MareMaTu4ecKkuM 0XKUJAHUEM JUCKPETHOW CIIyYalHOW BEJIWYUHBI HAa3bIBAIOT CYMMY

HpOI/ISBeI[eHI/Iﬁ BCEX €€ BO3MOKHBIX 3HAYCHUM HA UX BCPOATHOCTH.
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Ecnu guckpetHasi ciydaliHasi BETMYMHA NMPUHUMAET TOJIBKO 3HAYCHMS X1, X2, ..., Xn,
BEPOSTHOCTH KOTOPBIX COOTBETCTBEHHO PABHBI P1, P2, ..., Pn . TOraa MareMaTuyeCKuM
0XKUJAHHUE ONPEACISAETCS 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) HaxoauM MaTeMaTUYECKOE OXKHUIaHUE:
M (X) = 5*0,2 + 4*0,5 + 3*0,3 = 3,3.
Ecnu puckperHas ciyyaiiHas BeJMYMHA TNPUHHUMAET CUETHOE MHOXKECTBO

BO3MOJKHBIX 3HAUCHUM, TO

]
M(X)=> %p;

i=1
Ha npakTuke 4acTto NpUXOIUTCS OLICHUTh PACCESIHUE BO3MOJKHBIX 3HAYEHUN
CIIy4alHOW BEJIMYMHBI BOKPYT €€ CPEIHErO 3HAYECHUS.
Hucnepcuen (pacceanuem) NUCKPETHON CIIy4alHOM BEJIMYWHBI HA3bIBAKOT
MaTEMaTUYECKOE 0XKUIAHME KBaJpaTa OTKJIOHEHMS CIy4alHOM BEJIWYUHBI OT
€€ MaTeMaTUYECKOTO OKUTaHHUS:

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

IIpumep 2

W3BecTHBI 3HaUYCHMS pacmpenesieHns Ciy4dalHbIX BeduYrH 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]011)0,24/|0,21 0,10 | 0,10 | 0,04 | 0,02
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HeoOxomumMo BBIABHTH, KaKOW M3 JIBYX CTPEJIKOB cTpenser jaydimre. [loctpoutsb
MHOTOYTOJIBHUKH PaCIpeIeIICHNU.
Pewenue:
OdeBHUIHO, YTO M3 JBYX CTPEJIKOB JIyYIlle CTPEISCT TOT, KTO B CPEJIHEM BHIOHMBAET
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 OUKOB Y ABYX CTPCJIKOB OAMHAKOBO.

IIpumep 3

CiyqaitHas BenruurHa X 3a/1aHa 3aKOHOM PacIpeeTICHUs:
Xi 1 2 S)
Pi 0,3 0,5 0,2

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

Jlucnepcueti D(x)cmydaiiHON BENMMYMHBI HA3BIBACTCS MATEMAaTHUYECKOE OXHIAHUC
KBaJpaTa €¢ OTKJIOHCHHSI OT MAaTEMaTHUYECKOTO OXKHTaHMS.

Cpeonee keadpamuueckoe omkloHeHue ¢ (CTAaHIAPTHOE OTKIOHEHUE WJIM CTaHIapT)
CIIy4aHOM BeTWYUHBI X — 3TO apu(MeTHYecKoe 3HaUYCHHE KOPHS KBAJAPATHOTO U3

e¢ IUCTIICPCHH:

c=+D(X)
IIpumep 4.
B 3amade 1 o cTpenkax BEIYMCIUTE JTUCIICPCHIO YUCTIA BRIOMTHIX OYKOB JIJIS KaXKI0TO
CTpeKa.
Pewenue:
Ou4eBHIHO, YTO JIy4llle CTPEJsUT TOT CTPENIOK, Y KOTOPOTO MPHU PABEHCTBE CPEIHUX
3HAYEHUN YKCJIa BBIOUTHIX OYKOB MEHBIIE OTKJIOHEHHE DTOT0 YKCJIa OTHOCHUTEIHHO

CpeIHero 3HAYCHUS (IUCTIepCus).
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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 MEHbIIE Y BTOPOTO CTPEJIKA.

IIpumep 5

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

SaHaHne: 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 mMaTemaTnyeckoe OXHMIAaHUC U CPCOAHCC KBAAPATHYCCKOC OTKIIOHCHHUC G(AX)

HOCTpOI/ITB MHOTI'OYT'OJIBHUK PaCIIpCaACICHUA.

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

[TocTpouTh MHOTOYTOJIBHUK PACTIPEAECIICHUS.

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

1. HailiTn MmaTeMaTn4yeckoe OKHJAHUE U JUCTICPCUIO0 CITydYalHON BEIMYMHBI X,

Xi

3

5

2

Pi

0,1

0,6

0,3

3HaA 3aKOH €€ paClIpCaAcIICHUS.

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

pacrpeaeneHusl.

Xi
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Pi

0,1

0,6

0,3

KOHTpOJIl)HbIe BOIIPOCHI:

1. Yrto Ha3pIBaeTCa MaTEMAaTUYECKUM OXKUATAHUEM?

2. Ilo xakoii popmyIie BBIYUCISIETCS] MAaTEMAaTHYECKOE OXKUAaHUE?

3. Uro Takoe aucnepcus?

Cnucok aureparypsl

1. I'puropseB B.I1. MaTematuka: y4eOHUK 7151 CTYA. YUpexKIAeHUN cpell. mpod.
obpazosanus / B.I1. I'puropses, T.H. CabypoBa. — 2-¢ u3a., ctep.-M.: U3narenbckuii
ueHTp «Axaaemusi», 2018. —368 ¢

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

Humepuem-pecypceol:

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: & + b =D + a.
CouerarenbHbIN 3aKOH CIOXKeHUs: (@ + b) +c=a + (b + ¢).
[lepemecTHuTEIBHBII 3aKOH YMHOXKEHUS: ab = ba.
CoueTaTenbHbIN 3aKOH YMHOXEHUS: (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

%=g, bz0, c=0.

OcHOBHOE CBOWCTBO nipobdu: bc b

HevictBus ¢ qpo0saMu (MpeanoaaraeTcs, YTo 3HaMEeHaTeN IPo0eit OTIIMYHBI

OT HYJISA):
a,b_e+b a.c_advbe
c ¢ c ' b d bd
ac _a a -a_a
bd bd b b b
a ¢ _ad a" _ a"
b'd b’ (Ej b

CreneHu u KOpHHU

Cmenenns ¢ uejbiM nokasamenem

a =a-a --a (npaB,HEN’ m-:l)

117



a'=a, d =1 (@=0), a™=1d" (2=0)

CsoiicTBa:

aa®” = am+n, am/an o am-n, (am)" o amn,

(@b} = a™”, (afp] =a"fb".

Kopenw n-ti cmenenu

a =0

3

Va - apupmeTHyeckuii KopeHs N-ii cTenmeny u3 uncia &

az0 neN, n>l.

Caoicrsa:
Jalb =a/ip  (b>0) z=4a
B uactHOCTH, V@ - apuMeTHUECKUIA KBaIpaTHBIH

(Ve =a, +a? =l

KOPEHB:!

Cmenenwb ¢ OpoOHbIM (PAyUOHATILbHBIM) NOKA3AMeNeM

a®™ =% wmeZ, nelN, nz2 a>0.

3 b

Cesoticmea cmenetu ¢ 0eucmeaumelbHbiM NOKa3ameiem

(>0, >0, xeR, yeR)
axa}‘=ax+y, (ax)v___a&}‘, (ab))ﬂzaxbx,
(afby = o fb", @ =broee,

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

Apugmemuueckas npoepeccus

(a, )
ApumeTrndeckas IPOrpeccus - YUCIOBast MOCIEI0BATCILHOCTD

S Il

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

apu(pMETHIECKON TTPOTPECCUH ).

CaoiicTBa apu(pMeTUIECKOM MPOTPeCCUu:

ax +an+2
Qopl — @ = Qppa — Qs Ay = 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 (b#O), Z)bml:bxq (Q.#O),n_lz

['eomeTpuyeckas nporpeccusi - YUcaoBas MOCie10BaTEIbHOCTD

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

CBolicTBa reOMETPUYECKOU MPOTPECCUH:
2
bm»l /bx = bx+2 J/bml ) b b b

] T Pauaa

®opmyra N-ro uieHa: bu=bg

(g=1)
@OpMy.HI)I CYMMI)I n HepBLIX YJICHOB

g =bxq_bl AN bl(q” _1)

» ’ Tt

g-1 Tog-1

CyMMa GeCKOHEYHOM reOMETPUUECKON TPOTPECCHU:

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

AP S E-BERE),
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? +ab3+b4),
a’+b’ = (a+b)(a4—a3b+a2b2—ab3 +b4),
a* -b* =(a-bla™ +a" b+ ...+ @™ b,
I R e RO T S o |
(a+b) =a*+2ab+b*, [a-b) =a® -2ab+b?,
(a+bY = a® +3a*b+3ab® +5°,
(a-bf = a®-3a’b+3ab® - b,
(@+b+cf =a® +b* +c* + 2ab+ 2ac + 2bc,
(a+b—c)° =&+ + ¢ +2ab- 2ac - 2be,
(a+b+c+df =a® +b +c* +d® +2ab+ 2ac+2ad+ 2bc+2bd + 2cd,
(a+b-c-df =a®+b* +* +d* +2ab- 2ac- 2ad - 2bc— 2bd + 2cd,,
alx-x)0x-x )= ad +bx+c,

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

CBoiiCTBa YHCJI0BBIX HEPABEHCTB

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

4) Ecnu a < b, a u b ognoro 3naka, To 1/a > 1/b.
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5)Ecoua<buc<d,toa+c<b+da-d<b-c.
6) Ecoma<b,c<d,a>0,b>0,c>0,d>0, Toac < hd.

2 2 - 4
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.

alog,,_b - b
OcHoBHOE JOrapupMUIECKOE TOKIECTBO:
lgd . 10%% =4
- IeCATUYHBIN JTorapudm (jJorapudm mo ocHoBanuto 10):
_— elnb — b

- HATYpaJbHbBIA Jorapudm (Jlorapudm 10 OCHOBAHHMIO €):

[Tepexon 0T OAHOTO OCHOBAHHUS K IPYroMYy:

Iogab=10g‘b
log a
logab=1l =1gb=Eb’ _Bb_kb
B wacTtHOCTH, g, 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=—1og{v, logazi=1ogﬂu—logav,
v %
log ,u* = alog, u, Ioga’%fsz=llogau, nelN, n=l
7

Tpuronomerpuveckue GopmyJisl
Tpuronomerpuyeckue pyHKIUU

Sm &, COS&,
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tga = sin @fcos &,

citga = cos&fsin @,

seca = lfcosa,

cosec & = 1/sin

a# a2+ m,

& # 2+ m,

&, &EM, RELZ.

3HaKM TPUTOHOMeTpUYeCKHX PyHKIMIA

& #M,

neEz,

nez,

ne s,

YeteepTs Benuyuna yrna sin & COS Y tga cig &
I 0 << a2 + + + -
I A2 << + . - _
I << 3af2 - - + +
v 3nfl<e<2n - + - ~
DopMy.Jibl IPUBEACHUS
8 sin 8 cos 8 tg8 ctg 8
?T}‘(2+C¥ cos &y —sin. & —cig& —ig&
T+a —sin & —-cos& tga cigl
372’,/24‘&’ —Ccos & sih & —cig& —ig&
A+ sin & cos & tga cigl
-& —sin & cos & —iga —cigd
nf2-a Cos & sin & cigl ga
- sin & —Cos & —igd —cigl
3nf2-a —cos & —sin @ ctge tge
Q- —sin & cos & —iga —cigd
OcHOBHBIE TPUTOHOMECTPHUICCKHUE TOXKIACCTBA
sin 2@ +cos® @=1,
tga -ctga =1, a=anfl, neli,
l+iga=1/cos* @, azn/2+m, neZ,

l+cigia=1/sin

‘o, axm,
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BbipaxeHne TPpUroHOMeTPUYECKUX PYHKIUN Yepe3 OAHY U3 HUX TOIO0 kKe

aprymeHra

(BBIOOp 3HAKA MIEpe]l KOPHEM 3aBHCUT OT TOTO, B KAKOW YE€TBEPTH HAXOIUTCS

yron )
Yepes sin &
cos @=++1-sn? e,
sn @ ++1-sm? @
o= ——oow, dgu=———
+1-sn’a sm &
Yepes €5 <
sin @ = ++/1-cos® @,
+1-cos® & cos&
g =—————— gl ————
cos & +4/1- cos® @
tg&
Uepes o
1
ctga=—,
tge
sin & = A COsq = !

i«,'1+fgga' i«{l+fg2a
tge
Yepes Gkl

gl = 3
citg&
1 cige

s @ =r————; O =
T 41 +etgia + ﬁfl +etgia

DopMyJIbl CII0KEHUS

sin (@ + &)= sin @ cos S+ cosasin 8,
sin(af— ,8)= sin & cos 8— cosa@sm 8,
cos{@ + 8)= cosa@cos 8—sin asin 8,

cos(a' - ,6’) =cos&cos 8+smm @sin 5,
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g+t o=t
Zg(a+ﬁ)=g—gﬁ, £ (a:_ =g—g,8
l-itge tg8 1+ige g8
(B IOCTIeIHUX ABYX opMynax & #7/2+m, BS=af2+m y
COOTBETCTBeHHO &+ 8 #f2+m, a- S=nf2+m, nel):

ctge-ctgh—1 ctge-ctg8+1
. ctgla-8)=
ctgh+ ctga ctgB—cige

ctgla+ 8)=

(B TOCIIeTHKUX OBYX opMmyaax & #7m, G#m g
COOTBETCTBEHHO &+ 8 #7/m, @— G#m, ne€Z),

IIpeoGpa3oBanue cyMMbl TPUTOHOMETPHYECKUX (PyHKIMIA

+ X1
sin & +sin 8= 2sin az'gcosa2'8,

- -
sina:-—sin,ﬁ=2sina ﬁcosa '8,
2 2
a-g
5
cz+,85incr—ﬁ’

2

a+
cos&+cos §=2cos - ,8005

cos&@—cos 8=—2sn

sin (@ + &)
cos @cos 8

il
cos&cos 8

sin (& +
ctga’+czgﬁ=M, & Bzm, nelz,
st & sin

sin | S—&
cigl —cigh=——m— (ﬁ . ) .
sin &sin 8

Asin x+ Beosx=~/A* +B* snx+ @),

IIpeoOpa3oBanue npou3BeleHUsI TPUTOHOMETPUYECKUX PYHKIMHA B CyMMY

T
iga+igh= a,ﬁ¢§+m, neEZ,

T
a’,ﬁ¢§+m, nez,

& B+m, nez,

smasn 8 = l[cos(a’— ,8)— cos(a + ﬁ)],

cos@ cos 8 = -li[cos(a* - ,8)+ cos(o: - ,8)],

]

sn acos 8= é[sin(cr— Bl+snfa+ g
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Tpuronomerpuyeckue GyHKUUM ABOMHOTO U TPOHHOI0 aprymMeHTa

s 2a = 25N & COS&,
2 Y > 2
cos2ae=cos" @—-sm a¢=1-2sm " a=2¢cos" a-1,
sin 3e = 3sn @—4sin’ @, cos3a=4cos’ @-3cosa,

Fga—tg’
ngf ; rg3cr=—ga ;5‘“.
1-tg"a 1=3ig

tgla=

Tpuronomerpuyeckne GyHKINH MOJOBHHHOIO APryMeHTA

. af2
(BBIOOp 3HAKA 3aBHCHUT OT TOTO, B KAKOW YETBEPTU HAXOAUTCS yroJl )

1 1-cosa & 1+
sm _=i1’—’ cos—=*, 'ﬂ,
2 2 2 2
& 1-cosa & St & 1—-cosa
tg—=t——, tg—= =—
2 1+cose 2 l1+4cosa SM &

BripaxeHue TPUrOHOMETPUYECKOM QYHKIMH Yepe3 TAHTeHC MOJT0BUHHOIO

aprymeHra

_ zglef?) o 1-tg'(af2)

Sma_HIgg(a/Z)’ = 1+tg(af2)’
__ugle?) o 1-g (@)
Be= 1-tg*(af2)’ G 2tglaf2)

YucaoBbie QyHKUHMH

OCHOBHbBIC MOHATHUSA

X - R
Oo6mnacTs ornpeneneHus (MHOXeCTBO 3ananus) Gpynkmuu f: . X=D ().

() ={f(x)re x)= 7(x)

MHuosxecTBo 3HaueHU (yHKIWH f:
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Ty= RleX, y=
I'papuk dpyukimm: - [(x v)e |xe Fr=if (X)J

v X - X —x] =
YetHas GyHKINA: el Hf( x) = f(x)

VieX =>-xeX fl-x)=-7F(x)
Heuernas pynkums: u

a. VxeX Dx+aeckX, x-@e X
[Teproaudeckast pyukmus (nmepuoaa *):

Flx+a)= f(x)

MonoTOoHHBIE QyHKUIMH

®ynxkius f crporo Bo3pacraer (Bo3pacTtaer) Ha MHOXKECTBE X
V€ X, X <x =>f(x1)< f(xz)
®ynkius f Bo3pacraet (He yObIBaeT) Ha MHOXKECTBE X
Ve X, X <x =>f(x1)£ f(xz)
®yukius f crporo yosiBaeT (yObiBaeT) Ha MHOXKECTBE X
vrxl’x’,! EX’ xl <x2 = f(xl)>f(x2)
®yukius f yobiBaeT (He Bo3pacTaeT) Ha MHOXKECTBE X-

vxl’xﬁ EX’ xl <x2 :>Jf.(x1):2 f(xﬁ)

menenHas yHKyus

a=2n ne N :

1.
y=x*, D(f)= R, E(f)=[0, +w [
| ~; 0]
@OyHKIUS YeTHAsI, CTPOro yObIBaeT Ha M CTPOTO BO3pacTaeT
o+
wa 10+ (puic. 2.1).

a=2n-1 ne N

y=x"" D(f)=R, E(f)=R.

OyHKIMS HEYeTHAas, CTPOTo Bo3pacTaeT (puc. 2.2).

&=-2n nei:

3.
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y=— Df)=&\o} E(f)=]0; +w|

x
]—oo; 0[ ]O;+00[
@DyHKIHMS YETHAs1, CTPOr0 BO3pACTacT Ha U CTPOro yObIBAaeT Ha
YA gt YA yﬂx:a J A

1 | =x2

\ i y

\ !
\ 1

\ (4
— \\ /, IS
-1 g 7 X

a=-2nrn+1, ne N :
4,

¥= 5 D)= R\o) E(f)= R\[0}

[0 Jos+er]
OyHKIMS HEYETHAsI, CTPOTO yObIBAET Ha u

(puc. 2.4).

a ez
5 %*

y=x*, D(f)=]0 +o[ E(f)=]0 +o |

[Tpu vexotopeix & D(f) u E(f) moryT ObITh mupe.

¥ YA YA
\y= 1/43 yaex y=10"
\
\
-1 i
W 0 x
\-7 1 1

o
>
[
=Y

Okcnonenma
y=e"=eplx) D(f)=R, E(f)=]0 +of

@yHKIMSA CTPOrO BO3PACTAET.

Tloxazamenvras ¢ynxyus (puc. 2.6)
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y:ax =€ﬂna’ a)o, a’r‘tl,
D(f)= &, E(f)=]0, +o]
[Tpu 0 < a < 1 ¢ynHKus cTporo yosBaeT, mpu a > 1 cTporo Bo3pacraer.

Jloeapugpmuueckasn ¢hynkyus

Jlorapugm HaTypaJabHbIN

y=lnx D(f)=]0, +of, E(f)=R
@yHKIMSA CTPOTO BO3PACTAET.

y A YA

y=lnx —’y:'l.g_{'
1 et
74
0/7 e X i y=lggs X

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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Yi .
y=COSX  y=Sinx

e Wl . WP
TN 520 HINZ S 2 %

Punc. 29

@ =2
Oyukuus HeyeTHas. [lepruon Ha xaxnom u3

[—- mf2+ 27k, wf2+ 2% ], ke Z,
MIPOMEKYTKOB

[7!'/2+ 2k, 32+ 2nk ], keZ,
Ha CTporo yObIBaeT.

2. Y= %% (puc. 2.9):

¢. cTporo Bo3pacraer,

D(f)=r, E(f)=]-1 1]

@ =27
Oyukuus yetHas. [lepuon Ha xaxnom u3

[Zﬂfc; T+ Zfzfc], keZ,
MIPOMEKYTKOB ¢. cTporo yObIBaer,

[7r+ 2nk;, 2w+ 27&], ke Z,
Ha CTPOTO BO3pACTAET.

3.7 TER (puc. 2.10):

D(f)=RrR\{nf2+nk|kez}, E(f)=R
YA

@ =7
Oyukuus HeuetHas. [lepuon DyHKIMS CTPOrO BO3PACTACT HA KaXkKIOM

Frfe+mc, nfo+ak], kez.
13 MPOMEKYTKOB

4, BEEEEE (puc. 2.11):
Dif)=R\mk|kez}, E(f)=R
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@ =7
Oyukius HeueTHas. [lepros @DyHKIMS CTPOro yObIBACT HA KaXkIOM U3

[m‘c; :«T+m’c], ke Z.
MIPOMEXKYTKOB

Obpamuvie mpucoHomempuueckue QyHKyuu

1. 7T HENE e, 2.12).

D(f)=[-1, 1], &(f)=[-#=/2; n/2]

@DyHKIUS HEYETHAs!, CTPOTO BO3pPACTaET.

. .1 . «ﬁ T
arcsn 0= 0, arcsm —= —, arcsm —= —,
2 6 2 4
. A3 7 . bia
arcsin — = —, arcsm 1= —.
2 3 2

2. V= AIECOSX (hyc. 2.13):
p(f)=[~1 1} =(f)=[0 =]

@DyHKIUSA CTPOro yObIBAET

amcos(— 1)= m, arccos[— ?] = %, arccos[— ﬂE = il ;

( 1} 2 b
arccos|—— [=—, arccosO=—, arccos
2 3 2

2
arccos —="—
2 4
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772 z

=7 @ S
IIpenenl
CaoiicTBa npeaeioB
@,) ©.)
1. Ecniu mocnienoBaTebHOCTH u CXOHATCS, TO
im(e +4 )=lma +lmb, lmab =lma lmb,
nsw # a0 T a0 a0 TP oasw nswo
lim (@, —&,)=lim @, —lim &,, lmca,=clm a,,
n-3© n-sw@ n->w© n—w© n-sw©
lim a
. a 7
lim = =22 le bn;éO)
nrw© f lim & o
n e n
lima, =a, «,<b, Vn, a<b.
2. Ecmm *** 51 TO
a,2c,<b, Vn, lma,=lmb, =a Ilme¢ =a
3. Ecim u e - TO ™7
m q, =@, Ilm |a, =|a|
4. Ecimm = T0 7
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HexoTopbie npeaesl

4 1/% _ ; A
1;}2]0(1 +x)" =e, lxlglm(l +1/x) =e,

i In{1+x) = it log, 1 + x)= 1 ,
x=0 x =0 X Ina
e’ =1 .oat =1
lim =1, lim =lna,
=0 x =0 x
lim ﬁ =1, lim chx;l = l,:::: lim @— 1,
=0 =0 2 =0 x
lim (L+x) =¢, limx*nx=0 (x>0}
=0 5 #—>+0
@ a
im 2 %_0 (x>0} lm =0, fimx =1
e o o =+
lim () (lg| <1} rlllinwng =0 (|q|<1),

im (1 +1/n) =e, hrn( “far)=0 (lg|>1)
( "l =0, hm (Innfn)=0
lmw(ln nfn®)=0 (05> 0), ,l,linm“f_ﬂ (@ >0),

=t ImAAR]=0, Jnln/)-2

& k-1
Gt +an +..+a, 4y (

n——)OO

lim b #0
mebn* bt ++b, by b
. P42 4.+ 07 1
lim = s
n o n?H p+1
1 1 1
lim | —+ +..+— |[=1n2,
ol pt+l nr+2 2n

2
lim[ 2:52n ] L (chopmyna  Banmica),

nxol1.3-.-(2n-1) ) 2n+1 2
| sinle, 1 l—czosle_, limfg=,
=0y x>0 x 2 =0 x
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IMpousBoaubie u 1uddepeHnaIbI

OmnpenesieHue MPOU3BOAHOI

Florg +Ax) = flxy)

S (xp) = Jim. . ;
71(x,) = lim f(x)—f(xo),

F=> % X=X,

71(x) = lim f(x+h)—f(x)'

h=0 h

OIIHOCTOpOHHI/Ie MMPpOnU3BOAHLIC

f;(xo)zgxlg"_m e »
fj(x0)=£r_1)10f(x°+b§3—f(x°)

®Oyukuus, 1udpdepeHuupyemasi B ToUKe Xo

f(x0+5x)=f(xo)+AAx+O(M) Ax —> 0

pu

A= r(xo )
JAunddepenunan

dy =, =2,

Mu¢ppepenunpoBanue apupmMernyecKuXx KOMOMHAUAI
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(u,v,w

- nuddepeHurpyemMbie PyHKINHU,

a, 8
" - MOCTOSHHBIE

f

(cm+,6‘u) =an'+ B, d(cm+ ,8\1)=asdu+ B,

(uv)’ =uv+uy, a’(uv)= udv + v,
f
(ww) =YW+ uv'w + 1w,
d(1vw)= vwdu+uwdv + vidw,

t

(EJ _ ufv—gw’(v " 0), a{fi}= vdu—zudv,

v v v v
t

Jx) i 7 i
C 0 a’ a’lna
1 In x 1/x
x% o Inx| 1/x
% 2X log, x :
xlna
N i> x>0 sin x COSX
1/x e COSX —sinx
g’ g’ tgx 12
cos“x
1 1
1 - th
8 sin® x . ch?x
! 1
i R——— o £ | _
arcsin x Jl_——xz | | cthx =
- 1
arccosx Y pr| <1 ln(x+ w/x2+1) P a2
1 1
arctg x — ln’x+ Nx? —1| o | >1
arcctg x - L 1—ln1+—JC :
. 14 x> o8 | 1 —x?
shx chx 1{x) 5(x)
chx shx
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IIpou3BoaHAs CTENEHHO-NOKA3ATEeJAbHOU PyHKUINH

f

t

(u”) = (e““) =y +uIny v,

IIpou3BoaHbIe BBICHINX MOPSIAKOB HEKOTOPBIX (PYHKIM A

/(x) 7x)
& 0
%% ala-1)--(a-n+1)x*™
Inx (~17 (r-1)x(0t=1)
g’ g’
a’ a' In"a
sin x sin(x + /m/2)
cOSx cos(x + mf2)
{th npu n=2k,
shx
chx npu n=2%k-1
chx npu n=2k,
ehx {shx npu n=2%k-1
y =arctg x gt = (n—1)cos™ ysinn{y +x/2)

JlokaabHbIH IKCTpeMyM auddepeHunpyeMoi GpyHKIMU

Heobxooumoe ycnosue nokanvnozo sxcmpemyma

J (% )=0.

Ecmu Xg - Touka JiokanbHOTOo dKcTpeMyma (yHkimu f, To

ﬂocmamoqﬂble YCl0o8uUsd JTIOKAJbHO2O IKCmpemyma

F4xJ=0.
I IIpasuao. Ilycts

Ecau f' ipu nepexojie uepes Touky Xo MeHser 3Hak ¢ "+" Ha "-", To Xp - TOUKa
9

JIOKAJIbHOT'O MaKCHUMYyMa.
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~_n

Ecnu f' mpu nmepexoze uepe3 TOUKY Xo MEHsIET 3HaK ¢ "-" Ha "+", TO Xp - TOUKa
JIOKQJIBHOT'O MUHUMYMa.

Eciu f' mpu mepexoe gyepe3 TOUKy Xo He MEHSIET 3HaKa, TO TOYKa Xo He
ABJISICTCS TOYKOU JIOKAJIBHOI'O 3KCTPEMYyMa.

II Mpasuio. [Tycts f nBaxkaer nuddepennmpyema B

fr(xo)zoa fﬂ(xo)io'

TOYKE Xo,
f "(xl] ) < O>
Ecmmn TO Xp - TOYKA JJOKAJIHLHOI'O MaKCuMymMma.
f "(IU ) > 07
Ecmmn TO Xp - TOYKA JJOKAJIBbHOTO MHWHHUMYMa.

III IpaBuio. [Tycts f n pa3s HenpepeiBHO AuddepeHrpyema B

f((xo ): f"(xo )= e = f(n_l)(xo )= Q, f(n)(xo)?&o-

TOUKE X U
¥ () (xo )< 0,
ECHI/I N - YeTHOE U TO Xp - TOUKA JJIOKAJIBbHOT'O MaKCI/IMYMa.
¥ (n)(xo ) >0,
Eciu n - yveTHOE 1 TO Xg - TOYKA JIOKAIIbHOTO MUHHUMYMa.

Eciu n - HeueTHOoE, TO Xo HE ABJIACTCS TOUKOU JIOKAIBHOTO SKCTPEMyMa.

Touku neperuda

[Tycts pyukuus f onpenenena B HEKOTOPOI OKPECTHOCTH TOYKHU Xo,
HEeTMpephIBHA B TOUKE Xo U UMEET B ATOM TOUKE KOHEUHYIO W1 OECKOHEUHYIO
npou3BoHY0. Eciiu mpu nmepexoie uepes Touky Xo pyHkius f meHsier
HarpaBJICHUE BBITYKIOCTH, TO Xo Ha3bIBAIOT TOYKOM nepernba Gyukiuu f, a
TouKy (Xo; f(Xo)) - Toukol nepernda rpaduka pynkiuu f. ['padux GyHkImm
NIEPEXONT C OJHOM CTOPOHBI KacaTeIbHOM, IPOBEAeHHON B TOUKe (Xo; f(Xo)), 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.

,ZZOCI’I’ZCZMO‘!Hble YyCcilosus Hajauvdus nepeeu6a

flx)
1. Ecnu MEHSIET 3HaK MIPH MePeX0/Ie Yepe3 TOUKY Xo, TO Xg - TOUKA
neperuoa.
f"(xo )= fm(xo )= = f(n—lj(xo )"_" 0, f(n)(xu ) #0,
2. Ecin 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 Gpyukiuu f (Ha mpomexytke); C - mpou3BOJIbHAS TOCTOSHHAS.

Ocnoenvie ceolicmea

(ff (X)dX)'= Fx) af(x)dx= 1 (x)ax

1.

, [Fi(x)ax= F(x)+C, [dF(x)= F(x)+C.
Jf(x)dx =F(x)+C,

3. Ecnu TO

Jf[ax+b)dx= lz"’(a:x+:.‘>)+(3', a#0

[
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4 J(%"(X)+ pii4 (x))dx = ajf (x)dx+ ﬁjg(x)dx, el + 4% =0

3amena NMEPEMEHHBIX B HEONIPEACJICHHOM HHTEIrpaJjie

1 Jf(u(x))u’(x)dx = Jf(u)du =Flu)+C=Flu(x))+C

x=plt), @()=0, F (oo,
2. Ecin - IepBOOOpa3Has I TO

[elxix=[elpl)e )it = FE)+C = Flp™ )+ C

dopmyJia HHTETPUPOBAHMS MO YACTAM

judv =uy— Jvdu,

(u, v - muddepennupyembie HyHKIIHH).

IIpocreiiine HHTErpaJIbI

jo-dx=c, jl-dx=jdx=x+c,

dex= x_; +C, ngdx = §+ (4]

dx ax 1
—=1n +C, —=——+C,
Jx |x| ng x
dx 1 . Xd+1
j?=_§—+c’ Jx dx=a+1+c, ai—l:
ax 1 1 adx
S e O [ R

dx 1 x
J T =—arcig—+C, a#0,
a‘+x @ @

j dx2 =lln|1+x|+C',
s T TR

J* dx =i]na+x

a’-x* 2a |a-x

+C, a=z0,

j Rt =lln|x2+a|+C,
2

Jr2 + e

d
J % = arcsin x+
1imined

ax -
jﬁ=arcsm—+0,
a’—x @
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j & =1n(x+\1x2+1)+c,

22 +1
[ ‘jx =1nx+«.’x2—1|+C,
x =1

=In|x+~x +a~+C,

JAdf = —ctgx+C, J

s X COS X

=tgx+C,

JJieMeHThl KOMOUHATOPUKHU, popmyaa HeoToHa
IlepectanoBku. Pazmemenusi. Coueranusi.

Yucno nepecTaHOBOK U3 N DJIEMEHTOB:
P =12V 3n=inl.

. m(n 2 m)
Ywucno pasmenieHnd u3 N mo )

f],’,‘:PN:n!, A,’:' =l =K

. m(n 2 m)
Yuciio coueTanul U3 N 1o :

CBolicTBa COUCTaHUM:
Cr=CI™, 0sm<n, C,=Cr=]

b b

CY+Ch ..+ C =2,

PexypeHTHas gopmyina it yucaa COYeTaHUM:

cCr+CM=C*!, 0<msn

2+l 2
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®opmya ounoma HeroToHna

(a+b) =a+b,
(a+b) =a® +2ab+b?,
(a+b) =a® +3a’b+3ab’ +5°,
(a+b) =a* +4a°b+6a° 0" + 4ab’ + b
(a+b) = a® +5a*b+10a°b? +10a°b® +5ab* +b°,
(a+b) =Cla” +Cla" b+ C2a™ b +...+
+Cra" b +...+ C D", neN.
Eciu k-t anen ((k+1)-e cimaraemoe) pasinosxeHus CTeIIeHH OMHOMa 0003HAYaTh

T
gepe3  , TO

T, = Cra"*p".

Tpeyroabnuk Ilackans

o 1

1 1 1

2. 1 2 1

31 3 3 1

4 1 < 6 -+ 1

5 1 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’ Cru "':Cx

).

(N-st cTpOKa COCTOUT M3 YHCEI

Bo3BeaeHne MHOIro4/JieHa B CTell€eHb
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Y=a +b* +E + 2ab+ 2ac+ 2bc,

(a+b+c)
(a+b-c) =a® +b* +&* +2ab-2ac - 2bc,
(a-b-c)*=a* +b* +* - 2ab- 2ac + 2bc,
(a+b+cf =a® +b° +c° + 3(a2b+azc +bla+bic+
+cga+cgb)+ 6abc,
(a+b+c) =a* +b* +c* +4(a3b+a3c+b3a+
+b'c+c’a +c:3£:v)+6(5112b2 +a’ct +b%? )+

+1 Z(azbc +blac+c? ab),
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