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MeTtonuueckre pEeKOMEHAAIMU MO BBIMOJHEHUIO NPAKTHYECKUX pPaboT Io
yueOHOM auciuiuinHe «Marematuka B NpodeCcCUOHATBHOM — JIESITETbHOCTH
MpeHAa3HAYCHBI JIs1 CTYACHTOB 2 Kypca, 00yJaromuxcs mo crenuanbHocTa 15.02.16
TexHoI0THs MaTUHOCTPOEHUS

[IpakTrueckue 3aHATUS ABIISIOTCS BaKHBIM 3JIEMEHTOM y4€OHOM AMCIUIUIAHBI.
B mporecce BbIMoNHEHUST MPAKTUYECKUX pabOT 00ydaromuecss CUCTEMaTH3UPYIOT U
3aKPEIUISIIOT MOJIyYeHHbIE TEOPETUUECKUE 3HAHUS, PA3BUBAIOT UHTEIJICKTyalIbHbIE U
MpO(ECCUOHANIBHBIE YMEHHS, (POPMUPYIOT HJIEMEHThl KOMIIETEHIMH Oyaylmx
CIELUATMCTOB.

Meroguueckue  pEeKOMEHJALMM  NPEAHA3HAYEHbl  JJI1  OpraHU3alHH
BBINIOJIHEHHSI IPAKTHYECKUX PAa00T MO YYEOHOU JUCHUIUIMHE « MaTeMaTruKa.

[Iporpammoit  yueOHOM  aucHUILIUHBI  «Marematukay MpeayCMOTPEHO
BoimonHeHne 10 mpakTtudyeckux paboOT, HalpaBiCHHBIX Ha (opMHpoOBaHHe
INEMEHMO8 C1e0YIOUUX KOMNEMEeHWUIL:

OK 1. BsiOupats cnocoObl pemieHus 3ama4 MpoGeCCHOHATBHONU JeATEIbHOCTH

MIPUMEHUTEIBHO K
pa3IUYHBIM KOHTEKCTaM.

OK 2. Ucnonbp30BaTh COBPEMEHHBIE CPEACTBA MMONCKA, AHATIN3A U MHTEPIIPETALIUN
uH(popManuu, 1 THPOPMAIMOHHBIE TEXHOJIOTMH 17151 BEINIOJIHEHUA 3a1a4
po(eCCHOHAIBHOM ACSATEIBHOCTH

OK 4. DddexTuBHO B3auMOeHCTBOBAaTh U pabOTaTh B KOJUIEKTUBE U KOMaH/IE

OK 5. Ocy1iecTBIIATh YCTHYIO U TUCBMEHHYIO KOMMYHHMKALMIO HA
rocyaapcTBeHHOM si3bike Poccuiickoit deneparuu ¢ yaeTom ocoOeHHOCTEN
COLIMAJIBHOTO U KyJIbTYPHOI'O KOHTEKCTA

[TIK 1.1. Mcnionp30BaTh KOHCTPYKTOPCKYIO U TEXHOJOTHUECKYIO TOKYMEHTALIUIO
pu pa3pabOTKe TEXHOJOTUYECKUX MPOLIECCOB U3TOTOBJICHUS JAeTalel MallluH
[IK 1.5. BpImonaHsAT, pacyeThl NapamMeTpoB MEXAHUYECKOM 00paboTKu

W3TrOTOBJICHHS JI€Tajeil MAaIllMH, B T.4. C IPUMEHEHUEM CHUCTEM

aBTOMATU3UPOBAHHOTO MPOECKTUPOBAHUS

B pe3ynbraTe u3yueHus: AUCUUIUIMHBI O0YYaIOUTHIICS TOIKEH Y Memb:
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— AHanu3MpoBaTh CIOXKHBIE (YHKIUU U CTPOUTH UX Ipaduki;

— BpINoaHATE AeHCTBUS HAJl KOMIIEKCHBIMU YUCIIAMU;

— BpIuKCIATh 3HaU€HHUS T€OMETPUUECKUX BEJTMYMH;

— [lpousBoauTk onepanuu HaJ MAaTpULAMH U OIIPEIECIIUTENSIMY;

— PemwaTh 3a1aun Ha BBIYMCIIEHUE BEPOSITHOCTHU C MCIIOJIb30BAHUEM 3JIEMEHTOB

KOMOWHATOPUKH;

— Pemars npukinagHele 3aa41 ¢ UCIOIb30BAHUEM 3JIEMEHTOB

G depeHInanbHOr0 U HHTErPaIbHOTO HCUNCIECHUH;

— Pemars cucTeMbl TMHENHBIX YPaBHEHUH pa3IMYHBIMU METOIaMHU
B pe3ynbpTaTe 0CBOCHUS TUCHUIIIMHBI CTYACHT IOJKEH 3HATH:

— OcCHOBHBIE MATEMAaTUYECKUE METO/IbI PELIECHUS TPUKIIAAHBIX 33/1a4;

— OCHOBHBIE TIOHATHA M METOABl MAaTeMaTHYeCKOro AaHajn3a, JIMHEWHOU
anreOpbl, TEOPUIO KOMIUIEKCHBIX YHCEIl, TEOPUU BEPOSITHOCTEW W MaTeMaTUYECKOU
CTaTUCTHUKU;

— OCHOBBI UHTETPATILHOTO U AU HEepEeHIINATLHOTO HCUUCIICHUS;

— Ponp u Mecro MareMaTMKM B COBPEMEHHOM MHpE IIpU  OCBOCHHHU

npoecCHOHaTbHBIX JUCIUIUIMH U B cepe MpodhecCHOHAITBHON AeSTEIHHOCTH.

Onucanue Kaxaou MpakTHYecKor paboThl COAEPKUT HOMEP, HA3BaHUE U 11EJIb
paboThl, (opMHUpyeMBbIe B TMPOIECCE BBIMOJHEHUS pPa0OThl 3HAHHSA, yMEHUS U
AJIEMEHTHl KOMIIETCHIIUN, TEOPETUUYECKOE H3JI0KEHHE HEOOXOJAMMOT0o MaTepuasa
(mpu  HEOOXOAMMOCTH TPUMEPHI BBIMOJIHEHUS 3aJaHWi), BapHaHTbl 3aJaHUM,
OTIMCAaHHUE aJTOPUTMa BBIOJHEHHUS Pa0OTBI M KOHTPOJIBHBIC BOIMPOCH (C IIEIIBIO
BBISIBUTH U YCTPAHHUTh HEJIOUYETH B OCBOCHHH MaTepraa).

Jlnst  mosydeHus: JTOTIOJHUTEIBHOM, Oojee moApoOHOM WHGOPMAIMK 10
OCHOBHBIM BOIIPOCaM yUEOHOM TUCIUTIIMHBI B KOHIIE METOIUYCCKUX PEKOMEH AN

npuUBECH nepeyeHb NHHOPMAIIMOHHBIX HCTOYHUKOB.



OtueTnl CTYACHTOB IIO0 MNPaKTHUYCCKHUM pa60TaM JOJIDKHBI BBITIOJIHATHECA B
OTACJIBHBIX TCTpAIiaX, COACPKATb HOMCP, HA3BAHHUC U ILCJIb pa60TI)I, BBIITOJIHCHHBIC

3aJlaHrA 1 UX PC3YJIbTAThI.

HEPEYEHDB ITPAKTUYECKHUX PABOT

Nen\n HasBanue npaktuyeckoi paboThI Yacel
1. | Beluucnenue onpeaenurenei 2
2. | Pemenue cuctem NUHEHHBIX ypaBHeHH MeTo10M Kpamepa 2
3. | Beiuucnenue npenenon 2
4. | Beuucnenue 3amMeuaTeIbHbIX MPeIeioB 2
5. | Beruncnenue nporu3BOIHBIX JIEMEHTAPHBIX M CIIOKHBIX 2

GyHKIUH.
6. | UccnenoBanue ¢pyHKIIMU C TOMOIIBIO MPOU3BOHOM. 2
Brraucienre HeonpeaeIéHHBIX U ONPEICIEHHBIX HHTETPAIOB 2
8. | Pemenue npukIiagHbIX 3a/1a4y C UCIOIB30BAHHUEM UHTETPATHLHOTO 2
VCYHCJICHHUS.
9. | KoMmiekcHbIe Ynciia U JeHCTBUSA HAI HUAM. 2
10. | Pemenue mpodeccoHaNbHBIX 3a/1a4 HA BEIYUCIICHUE 2
BEPOATHOCTEH C UCTIOIB30BAHUEM DJIEMEHTOB MaTeMaTHIECKON
CTaTUCTHUKH.
Hroro: 20




INPAKTUYECKAS PABOTA Ne 1

HasBanue npaktudeckoit padorsi: Ilocmpoenue cpaghuros peanvhvix pynkyuii ¢
noMoub1o

2eomempuuecKux npeodopa3zoeanuil

Leap padoThl: HAYYUTHCS CTPOUTH TPAPUKU (HYHKITUH C TTOMOIIBIO T€OMETPUIECKIX
npeoOpa3oBaHUM.
3HAHMSA:

OcCHOBHBIE MaTeMaTHUYE€CKHE METOJbl PEIICHUs MPUKIAIHBIX 3a7a4; OCHOBHBIC
MOHATUST M METOJAbl MAaTEeMaTHYECKOrO0 aHaiu3a, JIUHEHHOM anreOpbl, TEOPHIo
KOMILJIEKCHBIX YHUCEIl, TEOPUU BEPOSITHOCTEN U MAaTEMAaTUYECKON CTAaTUCTUKU; OCHOBBI
HMHTETPAILHOTO U U] PEpeHIIMAIBHOTO UCYUCIICHUS; POJIb U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE MPH OCBOCHHH MNPO(ECCHOHANBHBIX IUCHUIUIMH U B cdepe
PO eCCUOHATILHOM IESITEIIbHOCTH.

YMEHHUSI:

AHanmM3WpoOBaTh CJIOXKHBIE (QYHKIMA W CTPOUTh WX TpaduKu, peniaTh
NPUKIAAHBIC 337a4d C HUCIOJIb30BAaHUEM dJEMEHTOB U (epeHnnansHoro U
WHTETPATLHOTO UCYUCIICHUH, BBIYUCIISITh 3HAUCHUS TEOMETPUICCKUX BEITMUNH

Teopernueckuit MaTepuas:
[Tycts 3aman rpadux dynknun y = f(x). UtoObl mocTpouTth rpaduk PyHKIIUN

1. y=mf(x), tmem> 0 um# 1, Hy)KHO OpIUHATBI TOYECK 3aJaHHOTO TpaduKa

YMHOXUTh Ha M. Takoe mnpeoOpa3zoBaHUE HA3BIBACTCS PACHIANCEHUEM OT

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

2.y = —f(X) momy4aeTcst u3 rpaduka byukun f(X) npeoopazosanuem

cummempuu otHocutenbHo  ocu X.  (IIpeoOpa3oBanue  cummerpuum -

3epKaTbHOE OTPAKCHUE OTHOCUTEIBHO MPSMOIA.)

3. y=f(x) +n, mnomyuaercs w3 rpaduka yHkYH f(X) naparrenvrvim

nepeHocoMm TIOCIICTHETO BIOJIb OCH OPAMHAT HA N eIUHUI] 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. Uckombiii rpapuk (yHKIHH TOJydYaeTCS M3
3a7aHHOrO CkaTeM ¢ Kodddurmentom Kk ocu y (ecmm 0 <k < 1 ykasaHHoe

"cokatue" (aKTUYECKH SBISIETCS pacTshkeHUueM ¢ Koddumuentom 1/K)

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

3anan rpa(bI/IK ¢yukuun y = +/x. Heo6x0auMo 1nocTpouTsh rpapuku GpyHKIuiA y =

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

YtoO0Bl MOCTPOUTD FpauKU APYTUX (PYHKIIMHI, COAEpKALUX APTYMEHT (X) 1o

3HAaKOM KBaJ[PpaTHOI'O KOPHS, BOCIIOJIB3YCMCA IICPCUNCIICHHBIMUA BBIIIC ITPpaBUJIaMMH.

Jlano: y = /x.
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[TapannenbHbIN epeHoc rpaduka OTHOCUTEIBLHO OJHOU U3 OCEH B KaKyr0-JIM0O0
CTOpPOHY pPaBHOCWJIEH TIE€peHOCYy HJTOM OCH OTHOCUTEIbHO Tpaduka B
MIPOTHUBOIIOJIOKHYIO CTOpOoHY. [loaTomy 3-¢ m 6-¢ mpaBmia MOXXHO OOBEAMHHTH
CIEAYIOITUM obpazom: YTOOBI MIOCTPOUTH rpaduk byHKIIIU
y=f(x —m) +n
HY’KHO BBITIOJIHUTH MapajuieIbHBIN MEPEHOC BCEH MIOCKOCTH KOOPAMHAT TaK, YTOOBI
HAyaJioM HOBOW cucTeMbl KoopauHaT X'y' Obuta Touka O'(m; n). OdveBwaHO, YTO
BMECTO TOTO, YTOOBI IBAXK/IbI TIEPEPUCOBLIBATH TpaduK, MPOIIE IEPEUEPTUTD OCH.
Ecnu Hy»HO CKOMOMHHPOBATH TOJIBKO MapajliebHbIE MEPEHOCHI, YTOOBI TOCTPOUTD
rpaduk QyHKIMH, TO BCE paBHO B KAKOM MOPSAJIKE UX BBITIOJIHATD, U BCE PaBHO, YTO
MEPEHOCUTH - OCH WJIH KpuBble. Ho eciu Hy>KHO MOCTPOUTH TpaduK CIOKHON
(GyHKIMU, UCTIOJIB3YSI U TIEPEHOC, U PACTSKEHUE-CKATHE, U OTPAXKEHUS, TO CICIYET
TIIATETIFHO COOIOAATH MOPSIOK BHITIOTHEHUS OTICpaIlUii.

[TocnenoBarenbHOCTH MPEOOPa30BAHUN MPU MOCTPOEHUU TPA(UKOB.
[Tycts 3aman rpaduk GyHkuuu Y = f(X) 1 Hy’>kKHO TOCTPOUTH rpaduk
dynakmun y = m-f(kx + 1) + n, rae k, I, m, n - uncna.
3anuceiBaem Gopmynny pyukimu B Buae Y = m-f(k-(x + I/k)), T.e. BeBiHOCHM 32 CKOOKH
KO3(PUIIMEHT NpHU X B apryMeHTe QyHKLIHUH.
[TpousBoaum cxxatue ¢ kodddummentom K Baoas ocn Ox k ocu Oy. (Ecimu kK < 1, To
HOJy4YHTCs pacTspkenue ot ocu Oy.)
Ecmu k <0, To cummMeTprudHO 0TOOpaxkaeM rpad)ik OTHOCUTEIEHO OTHOCHTEIBHO
ocu Qy.
OcymiecTBisieM mapauiebHbIN IEPEHOC (CABUT) MOYyYEHHOTO rpaduka
Ha I/K equnmIl BIeBO Wik BIpaBo (B 3aBUCHMOCTH OT 3HAKa, JIJIS MOJIOKHUTEILHOTO
YHClia BJIEBO).
[IpousBoaum pactskenue ¢ koddpduimenTom M ot ocu Ox (Baoas ocu Oy).
(Ecim m < 1, To momyuuTcst cxarue k ocu OX.)
Ecnu m <0, To cummeTpudHO 0TOOpaxkaem rpauk oTHocuTeabHO ocu OX.
OcymiecTBisieM napasuiebHbIN NEPEHOC (CABUT) MOIyYEeHHOTO rpadrka Ha N eIUHUIL

BBEPX WK BHU3 (B 3aBUCUMOCTH OT 3HaKa, npu N >0 BBepX).
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3aganue: IlocTpouTh B OJHOM cHCTeMe KOOPAUMHAT rpadpuku QyHKUMH,

BBINIOJIHUB NMPeIBAPUTEIbHO HEN0YKY 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 TMapalICIbHOTO IepeHoca BAOJIL OCCH KoopauHat?
Pactsxkenus u coxatus?
3) KakuMu 3HaHHSIMH HEOOXOAMMO 00Ja/aTh, YTOOBI BBIOJIHATH MOCTPOCHHUS
rpadukoB?

IMPAKTHYECKAS PABOTA Ne 2

Ha3Banue npaktuyeckou padorwl: Boiuucnenue npeoenos. Packpvimue

HeonpeOereuuocmu. Bovtuucnenue obnocmopouuux npedeﬂos.

esp padoThI: HAYYNUTHCS BEIYUCIATD MTPEAETBI.
3HAHUSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMBI PEUICHUS NPUKJIAIHBIX 3a1a4; OCHOBHBIC
MOHSATHUST W METOJIbl MaTeMaTHYECKOro aHaiu3a, JIMHEHHOW anreOpbl, TEOpHIo
KOMIIJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEW U MAaTEMATUYECKON CTATUCTUKH; OCHOBBI
UHTErpajJbHOTrO U IU(PEpeHIMATBHOTO UCYUCIICHUS; pOJib U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE MpPH OCBOCHMM MNPO(ECCHOHANBHBIX NUCLUUIUIMH U B cdepe
npodeccCHoHaNbHOM e TEeTbHOCTH.

YMEHHUS:
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AHanu3upoBaTh CJIOXHbIE (GYHKUMM W CTPOUTh HUX Tpaduku, pemaTh
NpUKJIaJHbIE 33/aud  C UCIOJIb30BAaHUEM 3JIeMEHTOB JuddepeHnnansHoro u
WHTETPAILHOTO UCYUCIICHUH, BBIYUCIISITh 3HAYCHUS TEOMETPUICCKUX BEITMUNH

Teopernyeckuii MaTepua:
OnpenesieHue (HaxoxaeHUe Tipeaea GyHKIIMA Ha OECKOHEYHOCTH).
Yucno 4 HasweiBaeTcs npeaesiom pynkmuu f(X) mpu X — % ecnm juis mo0on
OECKOHEUHO OOJIBIIIOHN MOCIEA0BATEILHOCTH apTYMEHTOB (DYHKIINHU (OECKOHEYHO
0OJIBIIION TTOJIOKUTEIILHON UITA OTPUIIATEIBHOM ), MOCIEI0BATEIbHOCTh 3HAYCHUM

91Ol QyHKIuu cxoautcs k 4. O6o3nadaercs lim f(x) = A.
X— 00

3ameuanue.

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

(bYHKI_[I/II/I SIBJIICTCS OSCKOHEYHO OOIBIION MOJIOKUTEIFHOM HITH OECKOHEYHO

o . lim f(x)=
OompIm10i oTpuIarensHoi. O003HauaeTcs == :

OcHoOBHBIE HeoNpeAeTeHHOCTH Mpeae/iOB U UX PaCKpbITHE.

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

0E€CKOHEUHOCTh JIEJIWTH Ha 6eCKOHe‘{HOCTb(§), HOJb YMHOXMWTH Ha
oeckoneyHocTh (0 - 00), OECKOHEYHOCTh MHHYC OECKOHEYHOCTH (00 — 00),
eIMHULIA B CTElEeHH OecKoHeyHocTh 1%, Homp B cremeHu Houb 0°,
OECKOHEYHOCTb B CTENEHU HOMb 000,
PacKphIBATh HEONPEAEJTEHHOCTH [T03BOJISIET:
yIpolieHre Buaa GyHKIuu (peoOdpa3oBaHue BHIPAKEHHS C HCIIOIb30BAHHEM
(OpMyII COKPAILIEHHOI0 YMHOXEHHUS, TPUTOHOMETPHUECKUX (POPMYII,
JOMHOKEHUEM Ha COINPSHKEHHBIE BBIPAKEHHUS C MOCIEAYIOIIMM COKPALIEHUEM U
T.IL.);

HCIIOJIB30BaHUEC 3aMCUATCIIbHBIX IIPEACIIOB,

IMPUMCHCHHUC [IPAaBHJIA .HOHI/ITaJ'Iﬂ;
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HCIIO0Ib30BaHNE 3aMCHBI OCCKOHEYHO MAaJIOTO BBIPpAXCHHUA CMY

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

Crpynnupyem HEeonpeIeICHHOCTHA B Ta0JIMIly HeonpeaeaeHHocTeil. Kaxaomy Buay
HEONPEJEICHHOCTU TOCTaBUM B COOTBETCTBHE METOJ €€ pacKphITus (MeTon
HaxO0XJICHUS Tpeena).

Tabnuna 1 - Metobl HaXOXIeHUS Tpeielia

Bupl MeToabl HaXOXKICHUS TIpeea
HEONPEAEIEHHOCT
97
<9) Heob6xonumo npeobpa3oBath U yIPOCTUTh BeipaxkeHue. Eciu
0 sin(kx) kx

CCTb BBIPpAKCHNC B A TO IIPUMCHACTCA

kx sin(kx)’

MIEPBBIN 3aMEYaTEIbHBIN TPEAE.

(oo) Heobxoaumo npeoOpa3zoBath U yIpOCTUTh BbipakeHue. Eciu He

(0.0]
IMOMOracT, TO UCIIOJIL30BATh ITPAaBUJIO Jlonurans.

. _ . 0
(0 00),(c0 — ) | Heopxommmo npeoOpa3oBaTh HEONPEAEIEHHOCTD K BUIY (5)

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

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

x—=1 ﬁ
BeruncnuTe npeaen Ix"-5x+2

Pewenue.

[Toxncrasnsem 3HaueHue: lim .

x%+2x-3 _ 12+21-3 (0)
x—13%¥2-5x+2  312-51+42
[Tpuinm k HeonpeaeneHHoCTH. CMOTPUM B TaOJINIly HEONPEAEIEHHOCTEN ISl
BbIOOpA METO/1a pELIeHUs U TPOOYyeM YIIPOCTUTD BbIpakeHue. Tak Kak U UUCIUTENb U

3HaMCHAaTCJIb 06pa1ua}0Tc;1 B HOJIb IIpH le, TO €CJIN PA3JIOKHWNTh HaA MHOXHWTCIIN 3THU

BBIPKEHUS, MOXKHO OYJIET COKpAaTUTh (X-1) U HEONPEACIECHHOCTh NCYE3HET.
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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

Ham npenen npumer Bu:

x+3)x—-1) x+3 1+3

T oD a(x-d) 3(1-0)

[Tocne mpeoOpazoBaHus HEOMPEAECICHHOCTh PACKPBLIACH.

0

lim =

x%4+2x—3 (0)
x->13x2 —5x+2

x? +2x-3
- T oy
Omesem:*=13x" —5x+2

PaccMoTpuM Ipejiesibl Ha OECKOHEYHOCTH OT CTENEHHBIX BhIpaXkeHuil. Eciu
MI0KA3aTeU CTEIIEHHOO BEIPAXKEHUS ITOJOKHUTEIBHBL, TO IPEIE] Ha OECKOHEYHOCTH
0eckoneuen. [IprueM OCHOBHOE 3HAYEHHE UMEET HAMOOIIbIIAs CTENEHD, OCTAILHBIE
MOHO OTOpachIBaTh.
IIpumep?2:.
. ox +2x -4
BeIunciuTh mpegen 3x7 +12

Pewenue.

14



== 3y 412 o

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

-

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

; . x7+2x5-4
X'+ 2x =4 T
Jim 3x7 + 12 = M =
x7
2 4 2 4
. I+5-= 1+—5-= 1+0-0 1
= IIm = = = —
x—0 3 +_l§ 3 +_§% 340 3

3aganue: Boruucaurs npegest PyHKIui:

Bapuanr 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

15



1+2x+x3
11. lim ————
x—00 10x3+x2-80

12. J161_r>r613 \/_

KoHTpoJibHBbIE BONPOCHI:

1) Yro HazpIBaeTcs npeaesiom GyHKIun?

2) Kakas cCBs3b CYIIECTBYET MEXIYy OECKOHEYHO Majiol M OECKOHEYHO
00JbIION PyHKIMEH?

3) HazoBuTe BUIBI HEONPEAEIECHHOCTEN.

IHPAKTHYECKAS PABOTA Ne 3

Ha3Banue npakTuueckoii padotrol: Haxoicoenue npedenoe oyHKyuil ¢ NOMOULbIO

3ameuameibHblX npedeﬂoe

Heab paboThl: HAYYUTHCS BBIUUCISATH 3aMeUyaTeIbHbIC MPECIbI.
3HAHMS.

OcCHOBHBIE MaTeMaTHUYECKHUE METOJbI PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHBIC
MOHATUS M METOJAbl MAaTeMaTHYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMITJIEKCHBIX YHCEJI, TCOPUU BEPOSITHOCTEH U MaTEMAaTHYECKON CTAaTUCTHUKN, OCHOBBI
MHTETPATLHOTO U U] PEpeHIINATBHOTO UCYUCIICHUS; POJIh U MECTO MaTEMaTHUKU B
COBPEMCHHOM MHpE TPH OCBOCHUW NPO(ECCHOHATBHBIX AWCIMIUIMH U B cdepe
PO eCCUOHATIEHOM IESITEIIBHOCTH.

YMEHHUSI:
AHamM3MpOBaTh CJIOKHBIE (QYHKIIMA W CTPOUTh WX TpaduKH, pemiaTh
MPUKIAAHBIC 337a4d C HCIOJIB30BAaHUEM DJIEMEHTOB Jud(epeHInansHoTO U

HHTCTPAJIBbHOTO I/ICIIPICHCHﬂﬁ, BBIYUCJIATDh SBHAYCHUA TCOMETPUICCKUX BCIIMYNH

Teopernueckuii MmaTepuas:

16



o o . Sinx
HepBbll/l 3aMeuaTeJIbHbIN Npeae/ UMCCT BU!: llr% ~ =1
X—

Ha IMPAKTHUKC Yalllc BCTPCUYAKOTCS MOI[I/I(l)I/IKaHI/II/I nmepBoro 3samMmeuaTeJIbHOIro

sin(kx)

npenesia B Buje: lim 1

x—0 kx

rae, K — koadduiueHr.

CJIeI[CTBI/IH MEPBOro 3aMmevaTeJIbHOIro nmpeaejaa:

. X . 1 1
1. llm_ =llmm=—=1
x—0 sinx x—0 1
2. lim = lim -=1
X—0Sinkx  x—0 Sinkx
kx
IIpumep 1:
. sinf3x
=0 Dy

Haittn npenen:
Pemntenue:
IloxncraBisieMm 3HaUEeHHE:

i 27)_0)

=0 2y )]

HpI/IHIJII/I K HCOIIPCACIICHHOCTHU HOJIb ACIINTh HA HOJIb. CMOTpI/IM B Ta6m/1uy

HEONpeNeEHHOCTEN AJIs ONpeesIeHUsl MeToa petieHns. KomOnHanus cuuyca u ero

apryMeHTa TMOJICKa3bIBaeT HaM O MPUMEHEHUH MEPBOTO 3aMeUaTeIbHOTO Mpeesa, HO
JUTS 3TOTO CHavaJia Hy>KHO HEMHOTO TTpeo0pa3oBaTh BEIpakeHHe. JIOMHOXKUM Ha 3X U
YUCIUTEh U 3HAMEHAaTelb IPOOH.

lim

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

0) " 3x-(2x)  x=0\ 3x 2x) x0\2  3x

17
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sin(3x)

e ) |

3x )

b3 -:'[
B Cuily CJICOCTBUS U3 IICPBOI'O 3aMCUYATCIIBHOT'O IIPpCaAciia - , IOOTOMY

OPUXOAUM K Pe3yJIbTaTy:

h.m[a sin(3x )

53:5,1'

3

=E'1=_
2 2

1—=0

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

X— 00

WK B IPYrOi 3aIicu lirré 1+x)*=e
X

B ClIy4ac BTOPOI'0O 3aMCYATCIIbHOTO IIPpCACIa UMCCM ICJI0 C HCOIIPCACICHHOCTBIO

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

IIpumep 2:

]jm{l— 2 )+
Beruucnuts npenen oo e HD

[ToacrasnsieM OECKOHEYHOCTD:

x2+1 002 +1

lim(l—L>T=<1 L) L o1-0)”=31")

X—>00 x2+1 00241

[Ipunuim Kk HeoNpeAEeNIEHHOCTH €IMHUIIA B CTENIEHH 0€CKOHEYHOCTh. CMOTpUM

B TaOJHUITY HEONPEACICHHOCTEH ISl ONPEIeICHNS METO/Ia PEIICHUS U

OCTaHaBJIMBACMCs Ha IPUMCHCHHUHN BTOPOI'0 3aMC€YaTCIbHOIO IMpeacia.

x?+1 _ x%+1 t
Cnenaem 3aMeHy nepeMmeHHbIX. [lycTbt = — =

Eciu X =% 10 I = —F

Hcxonubiid mpeaes nmocjie 3aMeHbl TPUMET BU/I:

-
-}

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

18
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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 IPUMCHCHNEC BTOPOT'O 3aMCUaTCIIbHOI'O IIpCcaciia. BBII[CJ'II/IM EIyro

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

Toraa npcacia 3allMmcTCA B BUAC!

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

Cnenaem 3aMeHy nepeMmeHHbIX. [1ycTh

x+1
t=—— = 2t=—x-1=x=-2¢-1

Fe

Ecmm X =% 10 I ==

Hcxomubiid mpeaer nocie 3aMeHbl PUMET BUL:

19



X X

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

1y "2t-1 1\ -2t ~
=lim(1+—> =1im<<1+_> .<1+_> >
X—00 t t—oo t t
-2t
= lim (1 + —)
t—oo t
11
- lim (1 + —)
t—oo t
1\ 2 11\ 1
= fim <<1+?> ) (1+2) =e?-a+0t=c

B npeobpa3zoBanusx ObUIA UCIIOIB30BAaHbBI CBOMCTBA CTENEHU U CBOMCTBA MPEIEIOB

3ananue: Boruncanrs npenena GyHKOui:

L lim (1 +2)

X—00
i 55
¥—=0 Si_ﬂ 1 E

2. 2

. 1

3. lim(1+-5)5*
X—00 X
i sin 2x

4. =0 Bx

5. lim (1 +—)*

X—00 3

. #n2x

lim —
6. Yan3x

KoHTpoJibHBIE BONIPOCHI:
1) Chopmynupyiite mepBbIii 3aMe4aTeIbHBIHN MTPEIET.

2) ChopmynupyiiTe BTOPOii 3aMedaTe/IbHbINA Tpee).

IMPAKTUYECKAS PABOTA Ne 4
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HasBanue nmpaktuyeckoii padorbl: Boiuucaenue npouzeoonsvix 31eMeHmMApHbIX

Gdynkuui

Hean padoThl: HAYYNUTHCS HAXOMWUTHh MPOW3BOAHBIC (GYHKIMA 10 (opmyram
nuddepeHIupoBaHus.

3HAHMS:

OcHOBHbIE MaT€MaTHYECKHE METOJbl PELICHUS MPUKIAJAHBIX 3a7a4d; OCHOBHBIC
MOHSATHS W METOJAbl MaTeMaTHYECKOro aHalin3a, JIMHEHHOW anreOphl, TEOpHUIo
KOMIUIEKCHBIX YMCEN, TCOPUHU BEPOSTHOCTEH M MATEMAaTUIECKOW CTATUCTUKH; 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.

YMEHMSI:
AHanu3upoBaTh CIOXHBIE (QYHKIHUH W CTPOUTh HUX TpauKu, pemarb
NPUKJIAIHBIE 33Ja4d C HCIOJB30BAaHUEM JJIEMEHTOB AU(PPEpEeHINaTIBHOTO U

HHTCI'PAJIbHOI'O I/IC‘-II/ICJ'IGHI/If/'I, BBIYUCJEATh 3HAYCHUA I'COMCTPUYICCKUX BCIIMYHNH

Teopernueckuit MaTepuas
ITyTth X — apryment yukuuu f(X) u A% - mamoe 4uCI0, OTIMIHOE OT HYJIS.
AX (uynTaercs «JIeabTa UKC») HA3bIBAIOT MpUpalieHnueM aprymenta gynxkmun. Ha

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

sHayenns ¥ T AX (oTcrona BUAHA CyTh HA3BaHMS «IIPUPAIIEHHE» apryMEHTa).

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

fx)  flx, +Ax)

COOTBCTCTBCHHO OT a0

3Ha4YCHUA q)YHKI_II/II/I HU3MCHAIOTCA

IPY YCIIOBMH MOHOTOHHOCTH (D)YHKITUH Ha
OTpe3Ke

[x0; X0 +A x] . PasHOCTBf (X +A X) — f(Xy) =A f(x) Ha3pIBalOT HpHpPALIEHHEM
¢yuxuun f(X), COOTBETCTBYIOIIEM JaHHOMY ITPHUPAIIEHUIO aprymenTa. Ha pucynke

npupaiieHue GyHKIMU MOKa3aHo 10 OCH OP/AMHAT.
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Omnpenesenue npou3BoAHON GyHKIMH B TOUKE.

Mycrs dynxums f(X) onpenenena na npomeskyte (a; b), %o i Yo+ 4

- TOYKH 3TOTO
npomexyTka. lponssoauoii pynkuun f(X) B Touke *¢ HaspiBaercs npenen

OTHOIICHNUS IPHPAICHHs GYHKIMA K IPUPAIICHAI0 aprymenTa mpu 4% —> 0.

O6o3nauaercaf’/ (x,) = Jim Ai(;)
X—

IIpaBuaa nupdepenuupoanus. IIpousBoanbie 3j1eMeHTAPHBIX QYHKIUH

1.(c) =0 11.(2*) =a*Ina
2. (x) =1 12.(sinx)" = cos x
3. (u+v) =u' +v/ 13.(cosx)' = —sinx
4.(uv) =u'v+v'u 14 (tax) —
(t99) cos® X
/ / ! -1
u) u'v+vu 15. (ctax) =

5(;) v (otgx) sin? x
6.(cu) =uc’ 16. (arcsinx)’ = - ! 2
7. (x") =nxm 17.(arccosx)' = 1_1 -

22




8.(Inx) = 18. (arctgx)’ =

X | =

1+ x°

2

1
. I /:—I 1 . t /:
9. (logx) ~loge 9. (arctgx) s

10.(e*) =e¢*

HaiiTu npou3BoaHbIe CAeAYOIINX PYHKIUI:
IIpumep 1

y=x2-4x+3.

Pemenue:

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

IIpumep 2
5 1 1
X+ ==
y /x  x? 3x°
Pemenue:

BBops apoOHbIe 1 OTpHUIIATEIBHBIC MTOKA3ATENH, Mpeodpa3yeM JaHHYIO (QyHKIUIO:

1 -1
y=x2+5x% —x?+>x"° .

[Tpumenss Gopmysl (6 1 7), moIydum:

1 1 — 1 _4
y’ zlxifl +5(—£jx " — (=2 +(_3)X_3_1 zlx 2 —§X S+ 2x 0 —x!
2 3 3 2 3
1 5 2 1
y = B T s T
2Jx R /x* x' x
IIpumep 3

§ /(X) ) ]__:/—f/; . Beraucnuts j; /(l)'

Penienue:

[To popmynam (5 u 7) nosryuum:

= TR C S S
§’(x)=(&)/(1+&)—(1+&)’-&:2&(1+ﬂ 2x _2Jx 2 2.

(1+ \/§)2 (1+ \/§)Z L+vx)
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e L1
A 2x(t+ Vx|

e L1 1
PO e 27 e

IIpumep 4

o)

Penienue:

PackpbiBaeM CKOOKH M MPOU3BOJIUM JECIICHUE:

LVx) _1+2dx+x_ 1 2
X

—+—+1,
X X \/§

HCHOHB?;YCM IIpO6HI>Ie U OTpHULOATCIBbHBIC ITOKA3aTCIIU, IIPUBOIAA JAHHOC BBIPAKCHHC

K Buay (7) Tabmuip 2.1:

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

HaxoauM npousBoanyo y ':

3
y =—x* +2(%jx 2 :—iz— L

IIpumep S

Haiitn npon3BoaHy0 2-ro nopsaka or GyHKIUHN y = x - sin X -

Pemenue:

Ucnions3ys hopmynst 4,2 u 12 tabnuipl 2.1, momydum:

y

JudpepeHnmpys Npou3BOAHYIO ¥ |, nMeeM:

"=(x) sinx +x(sinx)" =sinx +xcosx .
y" =(sinx)" +(x) cosx + x(cosx)' =cos x + €os X — Xsin X =
=2C0SX — XSIN X.

IIpumep 6

JIBMKEHME JIETUHKA [TPU KATalyJIbTUPOBAHUY U3 PEAKTUBHOIO CaMOJIETa
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MOHO TpuGmsuTensHo omucats popmynoi S=3,7t° +Int-19t (m). Onpenenuts

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

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

v:ﬁ v=(37%+Int-19t)" ,
dt

1 dv 1
Torma v=3,73t> += -19=259m/c; a=—;a=111t° + = —19;
t dt t
a=22,2t—ti2@:j, a_, =222 2—%—4415/
3ananue: Haiiaure npousBoAHYI (YHKUMHA NpPH JAHHOM 3HAYCHUM
apryMeHTa
Bapuanr 1

1. f(x) =x3—-3x2+4x—5; f'(2)
2. f(x)=(x—1)vx+1;f’(3)

3. f()—

4, f(t):t2+62t'f(0)

5. f(0) =22 F(V3)

6. f(x)=2x3—4x2—-5x+3; f'(2)

~

fO)=(@-DVx+1; f'(3)
f@ =% f'(2)

9. f(t) =3t2—e3 +1; f'(2)
10.£(x) = 1 - 255 f/(V3)

oo

11.f(x) = 4x +10—ﬁ+3v%—§;f'(1)
12.f(x) = (x + 1)Vx?2—-1; f'(2)
13.f(z )—

KOHTpOJIl)HbIe BOIIPOCKI:

1) 3anuiure onpeeneHue MPoOU3BOIHON
25



2) UYem oTiHMyaeTcs MPOU3BOJHAA CJIOXKHOM (YHKIIMM OT TPOU3BOJHOM

arieMeHTapHON GyHKUIUU?

INPAKTUYECKAS PABOTA Ne §

Ha3zBanme mnpakTuyeckoii padoTbl: Bbviuucienue npou3zeooOHbIX  CIOHCHBIX
Gdynkuui

Iear padoTbI: HAYYUTHCS HAXOJIUTHh MPOU3BOJHBIC CJIOXKHBIX (QYHKIMH 1O
dopmynam auddepeHITIpOBaHMS.

3HAHMA!

OCHOBHBIE MATEMaTUYECKUE METOMbI PEUICHUS NPUKIATHBIX 3a7a4; OCHOBHbIC
MOHATUS M METOJbl MAaTeMAaTUYECKOrO0 aHaiu3a, JIMHEWHOW anre0phl, TEOpHIOo
KOMILJIEKCHBIX YUCEJI, TECOPUU BEPOSTHOCTEN U MATEMATUYECKON CTATUCTUKH; OCHOBBI
UHTErPaJbHOTO U TU(PEpEeHIIMATBHOTO UCYUCIICHHS; POJIb U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE NpPH OCBOEHUHM NPO(ECCHOHATIBHBIX AUCIUIUIMH U B cdepe
PO EeCCUOHATILHOM €SI TEIbHOCTH.

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

b depeHnnanTbHOTO U HHTETPATbHOTO UCUMCIICHUHN

Teopernueckunii MaTepuaJl

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

apryMeHT U, TO y Ha3bIBaeTcs CI0XKHOU (pyHKIMEH OT X.

[IpousBoaHas cinoxHOW (YHKIIUM PaBHA MPOU3BEIACHHUIO €€ MPOU3BOIHON IO
IPOMEKYTOUYHOMY APryMEHTY Ha MPOU3BOJHYIO 3TOr0 apryMeHTa MO HE3aBUCHUMOMU
nepemennoi:y’ =§'(u)-u’(x).

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

. HaiiTu npousBoanbie cieayrommnx GyHKiuii:

IIpumep 1.

y =(1+5x)".

Pewenue:

[Monaras 1+5x = U u y = U3, mpumenss mpaBuino m1ud)(pepeHIUPOBAHMS CIIOKHON
(GyHKLIHUH, UMEEM:

y =3u®(1+5x) =3(1+5x)’ -5:15(1+5x)2.
IIpumep 2

y =sin 3x.

Pemenue:

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

y' =3c0s3x. '
IIpumep 3

y =sinx’,

Peurenue:

[Momarast X°= U, HaiizeM:

y' =(sinx*) =(sinu)’ =cosx-u’ =3x* cos x°.
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3ananme: Haiiaure npousBOAHYHW (YHKHUII NpPU JTAHHOM 3HAYEHUH
aprymMeHTa

1. f(x) = 3Ve®+3; £(0)

2. () =1-2=; f'(2)
f(x) =sin?x; f'(m/4)
F(x) =Incosx; F'(—m/3)
f(t) =sint — cos?t; f'(0)
f(x) = e f7(0)
f(x) = cos?x; f'(—m/4)
f(z) =Insinz; f'(n/6)
F(x) = cosx + sin?x; F'(0)
10.f(x) =Inctgx; f'(—m/4)
11.£(y) = e52; f'(n/4)
12.f(z) = Insin? 4z; f'(m/16)
13.f (x) = cos? x?; f'(m/4)
14.f(x) = 2sin®*xcosx; f'(m/2)
15.¢(x) = eSin2% — 3C082%; £7(())
16.F(y) = tg?3y; F'(0)

© o N o 0 &

KonTpo/abHbIE BONIPOCHI:
1) 3anummTe onpeaeneHrne MPOU3BOHON
2) Uem omimMyaercss MNpOU3BOAHAS CJOXKHOM (PYHKIMM OT MPOU3BOIHOM

arieMeHTapHON GyHKUHUNA?

INPAKTHYECKAS PABOTA Ne 6

Haspanue npakTuuyeckoii padorwi: Ilpumenenue npou3eo0Hoil K peuieHuro
NPaKmMu4ecKux 3a0ay
Ieanb padoThI: HAYYUTHCS TPUMEHSITH POU3BOIHBIE QYHKIIUNA K PEIICHUIO 33/1a4

3HAHUAL.
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OCHOBHbBIE MaT€MaTH4YECKHE METOJbl PELICHUs NMPUKIAJHBIX 3a7ad; 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 (QYHKIHUH W CTPOUTh WX TpaduKu, pemarb
OpUKIIaJHbIE 3aayd C MCIOJIb30BAaHUEM DJIEMEHTOB AU PepeHIuanbHOro U
MHTETPaAJIbHOTO UCUUCIICHUN, BBIUNCIISATH 3HAUEHUSI TEOMETPUUYECKUX BEIMYNH

Teopernueckuii MaTepuas:

[Tpon3BogHYI0 NPUMEHSIOT HE TOJBKO B MaTeMaTHKE, HO U B JKOHOMHKE,
dusnke.

[IpousBoaHas (PyHKIIMHU UCIIOJIB3YETCS BCIOAY, I/I€ €CTh HEPABHOMEPHOE MPOTEKAHUE
nporecca: 3TO U HEPaBHOMEPHOE MEXaHUYECKOE JBMKEHUE, U NIEPEMEHHBIN TOK, U

XUMHUUYCCKUC PCAaKIMHU U paI[PIOEIKTI/IBHBIﬁ paciaa BEIeCTBaA M T.A., TaK Kak

MEXaHHMHIeCKHiT CMBICI TPOM3BOIHOI - 5T0 MIHOBEHHas ckopocTh Vaer = 5 ).

[Ipn pemieHHH pa3aUYHBIX 3a/1ady F€OMETPUM, MEXAHWKH, (PU3UKU U JIPYTUX
oTpaciiedl 3HaHUS BO3HUKIA HEOOXOAMMOCTh C IOMOIIBIO OJHOTO M TOTO K€
aHAJIMTUYECKOTO TMpolecca U3 AaHHOW GyHKIMK y=f(X) mosxy4yaTh HOBYIO (PYHKIUIO,
KOTOPYIO HA3bIBAIOT MPOM3BOJHON (GyHKIMEH (MM MPOCTO MPOW3BOJHOMN) JaHHOU

: , d
y'= 1) w2
¢bynknuu f(x) 1 0603HaYaIOT CHMBOJIOM dx

IIpumep 1

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

Peuwenue:
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CkopocTh Tena V- 3TO TepBas MPOU3BOJHAS OT MEpeMelleHuss S 1mo BpeMeHH:
5 dg
V= d_§; 3aKOHY V = (3t2 —15t + 2)/ =16t —15.
15
Ecmu v=0, To 0=16t-15 = t = e 2,5(c)

N
- - N d V
YCKOPCHI/Ie A — 9TO I€pBas MPOU3BOAHAA OT CKOPOCTH \/ IIO0 BPEMCHHU: a=——,

dt
a=(6t-15) =6/, )

IIpumep 2

Touka coBepiiaer kojedaTeabHbIe IBUKEHUS 110 OCH abCLMCC MO 3aKOHY X =COSmt .
Haiitn MOMEHT BpeMeHH, KOTJ]a CKOPOCTh paBHa HyJ10. UemMy B 3TO Bpemsi paBHO X?

Peuwenue:

X ) ]
V=—=—0SInNot ; 0=wsinwt;
dt

KT WKT
kn=ot=>t—; X=cos——==1 .
® ®

IIpumep 3

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

ITo TpyOe, ceueHne KOTOPOI KPyT ¢ paglycoM T, TedeT Boja. 3BecTHO, 4TO
CKOPOCTb T€UEHUS MIPOTMOPIIMOHANIbHA TaK Ha3bIBAEMOMY THAPABINYECKOMY PATIUYCy
npoduiia ceyeHus (3arnoIHEHHOTO BOJION).

[MunpaBnudeckum ke paanycom npoduis Ha3pIBa€TCS OTHOIICHUE TIIOMIATN
npoduiIs K IJIMHE CMOYEHHOTO (ITOJIBOJTHOTO) TIEpUMETpa MpopuIIs.

[Ipu kakoM 3amoJIHEHUU TPYObI BOJAOW CKOPOCTh TE€UCHUS (IIPU HEU3MEHHBIX

APYTUX YCIOBUSIX) OyaeT HauboIbIIen?




Pewenue

121 5. R=£(1_sinu) 121 5 . R=£(1_sinu)
o, T o T sina . o« Jme; riesresina . e

Bocrnons3yemcs 0003HaUCHUSAMU: - IICHTPATBHBIN YOI 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 , unu . CMOUYEHHBIN IEPUMETP PaBEH , a 3HAUUT, . DTa popmyra OyneT BepHa U
B TOM ciIy4ae, eciii OyaeT 6oJblie . Boobie, MoxkeT u3MeHaThest oT 0 110 .

1 2 R o 1 2 R o

5 218in-Tcos —pqpqr; 2rsinrcos Jraoq

Haﬁz[eM R' u cocraBum YPaBHCHHUC [JII HaXOXACHHUA KPHTHYCCKHUX 3HAYCHUMN

[Tosyyaem

r sina—acosa 0 .

2 o2 = a #* 0 sina — acosa = 0 tgo = o &~ 4,5 unu o ~ 258°
r sina—acosa 0 .

5 o2 = a # 0 sina — acosa = 0 tea = a

a~ 4,5unua~ 258°
[TonyueHHOE ypaBHEHHE MOXKET ObITh pelieHo rpaduuecku. ENMHCTBEHHBIN KOpEHb

€ro .

rcosa rcos

ree (80— Q) @~ 4,50~ 258% 5 (A~ ®) o~ 45q~ 258

HetpyaHo coobpa3uts, 4To mpon3BoaHas OT R ,paBHas mpu nepexoe 4epes , MEHSIET

3HAK C + Ha - .3HAYUT, TIPU CKOPOCTh TCUCHHS OyJET HAMOOIBIIICH.

3ananue: Pemnre 3a1a4u ¢ NOMOLIBIO IPOU3BOAHOM

1. BpamieHue Tena BOKPYI OCH OCYIIECTBISETCS MO 3akoHy ¢(t) = 3t2— 4t + 2.
Haiitu yrioByto ckopocTh ToOUKH pu t = 4¢ (o u3MepsieTcsi B pauaHax).

2. Heo0X0auMo TOCTPOUTH OTKPBITHIN KEI0O MPSMOYTOIBHOTO CEUYCHHUS AJIST CTOKA
BOJBL. J[TMHA mepuMeTpa MonepevHoro CeueHus Kenoda JoKHA PABHITHCS 6 M.
Kakoli BBICOTBI ~JOJDKHBI OBITH CTEHKH JKeJIo0a, dYTOOBI  ITOITYYHJICS
MaKCHUMAaJIbHBINA CITUB?

3. 3aroToBieHHOW MINTKON HYXHO o0suieBaTh 6000 kB. M OOKOBBIX CTEHOK M JHA

xKejaoba mpsiMoyrosibHOTO TmomnepedHoro cedenust anuHor 1000 M. KakoBbl
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JOJIKHBI OBITh Pa3Mephl CEUeHHUs, YTOOBI TPOITYCKHAsI CHOCOOHOCTD keno0a ObLia
HanOOoJbIIEH?
KoHTpoJibHbIE BONPOCHI:

1) ChopmynupyiiTe MEXaHHUECKHUHA CMBICIT IIPOU3BOIHOM.

2) ChopMymupyiiTe TeOMETPHUYECKUN CMBICI TIPOU3BOTHOM.

3) I'te npUMEHSFOTCS BBIYMCIICHUS C IIOMOIIBIO TPOU3BOTHOM

HPAKTHYECKAS PABOTA Ne7
Haspanue npaktudeckou padorsi: IIpumenenue npou3eo0Hoil K uccie006anuo
¢dynkuuu
Heap paborbi: HayunthCs HaXOOWTH C MOMOIIBIO MEPBOM NPOM3BOJHOM TOYKH
AKCTpPEMYMa M MHTEPBAJIbl BO3pACTaHUs U yObIBaHUS (PYHKIIMM; C IOMOIIbIO BTOPOU
MIPOU3BOAHON TOUYKH NEpernda U MHTEPBAJIbI BBITYKJIOCTH U BOTHYTOCTH (PYHKIUU; C
MTOMOILBIO MPEAEIIOB BBIUUCIATh ACUMITOTHI IpaduKka PyHKIUU; CTPOUTH Ipapuk 10
HOJTHOMY MCCJIEZIOBAHUIO (PYHKIIUU
3HAHMA:

OCHOBHBIE MaT€MAaTHYECKUE METObl PEIICHHUs NPUKIAAHBIX 3a7a4; OCHOBHBIC
MOHATUS M METOJAbl MAaTeMaTHYECKOrOo aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMILJIEKCHBIX YHUCEIl, TEOPUU BEPOSATHOCTEN U MATEMATUUYECKON CTATUCTUKU; OCHOBBI
UHTETPaIbHOTO U AUQPPEpEeHLNaTIbHOIO0 UCUUCIEHUS; pOJib U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpE NpH OCBOEHUM NpOo(eCcCHOHATBHBIX AUCIUIUIMH U B cdepe
PO eCCUOHATILHOM IESITEIIBHOCTH.

YMEHUS:
AHanu3upoBaTh CJIOXHbIE (GYHKUUM W CTPOUTh HUX Tpaduku, pemarb
NPUKIAJHBIE 33Ja4d C HCIOJB30BAaHUEM JJIEMEHTOB AU(PPEpeHLnaIbHOr0 U

HHTCTPAJIBbHOTO I/ICIII/ICJ'ICHI/If/'I, BBIYUCJIATDh SBHAYCHUA TCOMETPUICCKUX BCIININH

Teopernuyeckunii MmaTepuaJ:
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IMoaHoe uccaenoBanve GPyHKIUU U MOCTPOeHUE rpaduka.

Crour 3aga4da: IIPpOBCCTHU ITOJIHOC UCCIICAOBAHUC Q)YHKHI/II/I " ITIOCTPOUTH €C

o T
(x =—
fix) 4x- -1

rpaduk
AnropuTt™m uccieoBaHus (PyHKIIUNA COCTOUT U3 CIEAYIONINX IIaros.

1. Haxoxnaenue obactu onpeaenenust GyHKIum.
DTO0 OYEHb BaXKHBIH 1IAr UCCIETOBaHUA (DYHKIIMH, TAK KaK BCE TaJIbHEUIINE
JeHcTBUA OyIyT IPOBOAUTHCS HA OOJACTH ONPEACIICHHUS.
B Hamem npumepe Hy’>KHO HallTH HyJIM 3HAMEHATeNsl M UCKIIIOUUTh UX U3 00J1aCTH

I[CﬁCTBHTGJ'IBHBIX YUCCII.

(B apyrux mpumepax MOTyT ObITh KOPHH, JIoTapudmbl u T.1. Hanmomaunm, 4to B

9THUX ClIydasax 00J1aCTh OIpCACIICHUA UIICTCA CICAYIOINM 06pa30M:

:1-||'a-i X :|
I KOPHA 4YCTHOU CTCIICHU, HAIIPHUMCD, =/ - o0nacTh OIIPCACIICHUA HAXOAUTCA

glfx]& 0.
13 HEpaBEHCTBA < - :

log , g(x)

115 jorapudma - 001aCTh OMIPEICIICHUS HAXOAUTCS U3

HEPaBCHCTBA glx)>0 ).

2. UccaenoBanue GQyHKIMHU HA YETHOCTb WJIM HEYETHOCTb.

y(=x)=yx)

OyHKIUS SABISAECTCS Y€THOM, ecliu . YeTHOCTDh (DYHKIIMH YKA3bIBAET

Ha CUMMETPHIO Tpaika OTHOCUTENBHO OCH OpJMHAT.
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. yi—x)=—ylx)
®YHKHI/IH SABJICTCSA HEYETHOMU, €CIIN ' ’ . HequHOCTB (bYHKHI/II/I

yKa3bIBa€T Ha CHMMETPHIO rpaiKka OTHOCUTENIHHO Hayalla KOOpAHHAT.
Ecnu e H1 0JTHO U3 paBEHCTB HE BBINOJIHAETCS, TO NIEpe] HaMH (PYHKIHS 0011ero

BHU/IA.

y(=x)= ylx)

B Hamem npumepe BBITIOTHIETCS PABEHCTBO 7/, cnemoBaTeNnbHO, HAIllA
byHKIuMs yeTHas. byieM yuyuTheIBaTh 3TO MpH MOCTPOSHUHU Tpaduka - oH Oyner

CUMMETPHUYCH OTHOCUTECIBHO OCH OY.

Haxox1eHue mnpoMe:KyTKOB BO3pacTaHusi M YObIBaHUSI QYHKIMU, TOYEK
IKCTPEeMyMa.

[IpomexyTku Bo3pacTaHus U YObIBaHUS SIBJIIIOTCS PELICHUSIMU

HEPaBEHCTB fx)z0 nf x)=0 COOTBETCTBEHHO.

Touku, B KOTOPBIX IPOU3BOIHAS 0OpAIlaeTCs B HOJb,

Ha3bIBAIOT CTAIMOHAPHBIMMU.

Kputnyeckumu TouxkaMu GyHKIMN HA3BIBAIOT BHYTPEHHUE TOYKU 00JIACTH
OTpEJENICHMs], B KOTOPBIX MPOU3BOAHAS (PYHKIMU PaBHA HYJIIO WM HE
CYILIECTBYET.

3AMEYAHMUE (Bkito4ath 1M KPUTUYECKUE TOUKU B TPOMEKYTKH BO3PACTAHUA U

yObIBaHHUS).

1. TlonararoT, 4TO MPOMEXKYTKH BO3PACTAHUS U YOBIBAHUS SIBIISIOTCS PEIICHUSIMU

(x)=0

flx)=0 _ f
HepaBeHCTB - )51 . B atom cnyqae KpI/ITI/I‘ICCKI/IC TOYKHU HEC

BKJIFOYAIOTCS B IPOMEKYTKH.
2. IlonararoT, 4TO TOYKH, B KOTOPBIX (PYHKIMS ONpEIeTICHa, a KOHEUHON

HpOHBBOI{HOﬁ HC UMCCT, HY’KHO BKJIFOYATh B IPOMCIKYTKH BO3pACTAHUSA U

) =3

X
B TOUKE x=() ompeaeseHa, a

1
v = —, 1,"[]]:_
a ?‘ u-'llr__. El

MIPOU3BOJIHAS B ATOM TOUKE OECKOHEUHA 3-x , x=0 cnenyer

yObIBaHMs (HarpuMmep, PyHKIuUs -

=0

BKJIFOUUTH B IPOMEXKYTOK BO3pacTaHUs (PYHKIIHH).
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Mpg1 OyzieM BKITFOUATh KPUTUYECKUE TOUYKU B TPOMEKYTKU BO3pACTAHUS U
yObIBaHMSI, €CITM OHM MPUHAJJIEKAT 00JIaCTH onpeeaeHus GyHKIUU.
Takum 00pa3om, 4TOOBI ONIPeIeTUTh MPOMEKYTKH BO3PACTAHMS U YObIBAHUS
Gynxkumn
® BO-IIEPBBIX, HAXOAUM IIPOU3BOJHYIO;
® BO-BTOPBIX, HAXOJUM KPUTHYECKUE TOUYKH;
® B-TPEThUX, pa30MBaeM 00JIACTh OMpEAeNICHNU KPUTUYECKUMHU TOYKaMH Ha
VHTEPBAJIbI;
® B-YETBEPTHIX, ONPEIEIAEM 3HAK IPOU3BOAHOM HA KAXKJIOM U3 IIPOMEKYTKOB.
3HaK «II0C» OyAET COOTBETCTBOBATH MPOMEKYTKY BO3pacTaHUsl, 3HAK

«MHUHYC» - IPOMEXKYTKY YOBIBAHMS.

HaxonuMm npou3BoAHyI0 Ha 001aCTH ONpeieeHus

~ |:"i'| I:::Ir: —1_']— _‘{:|::4."i': —1_.] . -2x

Sfilx) — =
o |:~=Ix' -17 I:flx' —1T7

HaXOI[I/IM KPUTHYCCKHC TOYKH, JJIA 9TOIO:

3. Haxoaum cranmoHapHble TOUKH (OHH YK€ HYJIM YUCIUTENs): B HAIlIEM MPUMEPE

x=10.

I
an
b3 | =

4, Haxonwm HyJIM 3HAMCHATEIIS: -
HanocuM 3Ti TOUKM HA YHCJIOBYIO OCh M OMPEAEISAEM 3HAK MPOU3BOIHON BHYTPHU
KQKJIOTO TIOJTy9EHHOTO MPOMEXXyTKa. Kak BapuaHT, MOKHO B3SITh JIFOOYIO TOUKY W3
IIPOMEKYTKA U BBIYMCIIUTD 3HAYCHUE MTPOU3BOJHON B 3TOM TOuKe. Ecin 3HaueHue
MOJIOKUTEIBHOE, TO CTABUM IUTIOCUK HAJl ’TUM MPOMEKYTKOM U MEPEXOUM K
CIEAYIOLIEMY, €CIIU OTPULIATENBHOE, TO CTABUM MUHYC U T.1. K

f*[_1]=_2;:._1.] =E = ()

Ji=L 9

(4—1F 1T
HpI/IMpr, ) ’ :

HHTCPBAJIOM CTaBUM ILIHOC.

, CJICA0BATCIIbHO, HA/l IICPBLIM CJICBA
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1. JlemaeMm BBIBOA:

S
o (yHKIUS BO3pacTaeT Ha MPOMEKYTKE 2/ una OPOMEXYTKEe - = -;

g

o (yHKUUA yOBIBAET Ha IPOMEKYTKE Y Ha IIPOMEXYTKE [2 /.
CxeMaTuyHO IUTI0CAMH / MUHYCaMH OTMEUYEHBI POMEXKYTKH IJI€ IPOU3BOIHAS
NOJIOKUTENbHA / OTpuLiaTeNbHa. Bo3pacraromue / yObIBalomue CTpEIoYKu
MOKa3bIBAIOT HAIIPABJICHHE BO3PACTAHUS / yOBIBAHUS.

Toukamu sxcmpemyma ynkyuu SBISAIOTCS TOUYKH, B KOTOPBIX (YHKLIUS
OIIpElIeJIEHA U IPOXO0s Yepe3 KOTOPHIE IIPOU3BOIHAS MEHSET 3HAK.

B HameM nmpumepe TOUKOil 3KCTpeMyMa SBisieTcsl Touka x=0 . 3HaueHne QPyHKIUU

1(0)

B 3TOM TOYKE PABHO

=0

4-0° -1 . Tak kak mpou3BOJAHAsI MEHAET 3HAK C

IUTFOCa Ha MUHYC TIPH MPOXO0KaeHUH depe3 Touky x=0 , 1o (0; 0) sBiseTcst Toukoi
JokanbHOrOo Makcumyma. (Eciu Ob1 mpon3BoHAS MEHsUIa 3HAK ¢ MUHYCA Ha TUIIOC,

TO MBI M€ OBl TOYKY JIOKAJBHOTO MI/IHI/IMyMa)

4. HaxokaeHue MPOMEKYTKOB BBINYKJIOCTH H BOTHYTOCTH (DYHKIMHU M TOYEK
neperuoa.

HpOMe)KYTKI/I BOTHYTOCTH U BBIITYKJIOCTHU (bYHKI_[I/II/I HaxXOOATCA IIPHU PCIICHUAMUA

fx)z0  frix)<o

HCPABCHCTB COOTBETCTBCHHO.

I/IHOI‘J]a BOIHYTOCTb HAa3bIBAIOT BBIITYKJIOCTBIO BHH3, d BBIITYKIIOCTD —
BBIITYKJIOCTBIO BBCPX.

3}16CB TAKKC CITPAaBCAJINBLI 3aMCYaHM, HO}IO6HBIC 3aMCYaHUsM M3 ITyYHKTa IIpo

IIPOMEKYTKH BO3paCTaHus U yObIBAHHUS.
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Takum 00pa3om, 4TOOBI ONpeeTUTh MPOMEKYTKH BOTHYTOCTH U BBIITYKJI0CTH

GyHkumm :

® BO-IIEPBBIX, HAXOJAUM BTOPYIO IPOU3BOIHYIO;

® BO-BTOPBIX, HAXOAUM HYJIM YHCIHUTENS U 3HAMEHATENSI BTOPOU MPOU3BOIHOM;

® B-TPETHUX, pa30HMBaeM 00JIACTH ONIPEACICHHUS MTOTYYCHHBIMA TOYKAMHU Ha
WHTEPBAJIbL;

® B-UETBEPTHIX, ONPEACIIAEM 3HAK BTOPOU POU3BOJHOMN HA KAXKIOM U3
MPOMEKYTKOB. 3HAK «ILTIOC» OYJET COOTBETCTBOBATH MPOMEXKYTKY
BOTHYTOCTH, 3HAK «MHUHYC)» - IPOMEKYTKY BBIITYKIIOCTH.

HaxonuM BTOPYIO MPOU3BOIHYIO HA 00JACTH ONPEIECICHHUS.

.|'
—2x

£1(x)- \

|
|::4x: —1?]2 ). )

_ 20l 1f - aoflan -1 ) 242
(42 1) (4x* -1

Jlanee HNIICM HYJHW YUCIIUTCIIA 1 3HAMCHATCIIA.

I
[+
[

B namem npuMepe HyJiel YUCIUTENS HET, HYJIU 3HaMEHaTes
HaHnocuM 3TH TOYKM Ha YHMCIIOBYIO OCh M OIIPENEISAEM 3HAK BTOPOU MMPOU3BOIHON
BHYTPH KaKJIOT'0 MOJyYEHHOTO ITPOMEXKYTKA.

+ . +
A ! _ff \
/- VAN

1. Jlemaem BBIBOA:

Y
»

I

.\.
b /
g

ko | = (D
b | = (T

[_1.11
o (yHKIMS BBITyKIIasi HA IPOMEKYTKE 2°2) :

[_ T %\l [l o)
*  yHKuus BOrHyTas HA MPOMEKYTKE </ u Ha mpomexytke “2 /.
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CYILIECTBYET KacarenbHas K rpaduky QyHKIMHU U BTOpasi IPOU3BOAHAS PYHKIIUU

Touka Ha3BIBAETCA MOYKOU nepe2uba, €Clu B JaHHON TOUKE

MEHSIET 3HAK IIPU NPOXOKACHUN Yepe3 0.

Jpyrumu cioBamu, TOUKaMHU Mepernda MOTyT SBISTHCS TOUKH, POXOJIS Yepes3
KOTOpbIE BTOpas MPOU3BOHAS MEHSET 3HAK, B CAMUX TOYKaX JIMOO paBHA HYIIIO,
7100 HE CYIIEeCTBYET, HO 3T TOYKH BXOJSAT B 00JIaCTh OmpeieleHUsT (DYHKITHH.
B namem npumepe Touek neperuda HeT, Tak Kak BTOpasi HPOU3BOAHAS MEHSIET

r=x
3HAK IIPOXO0Iid 4CPC3 TOYKHU

| =

, @ OHU HE BXOJAT B 00JIaCTh ONpeAeIeHUs
GyHKIHH.
5. Haxo:kaeHue ropu3oHTAJbHBIX, BEPTHKAJBHBIX H HAKJIOHHBIX
aCMMITOT.
I'opuzoumanvuvie unu HaKIOHHbIE ACUMNINOMYBL CIIEAYET UCKATh JIMIIb TOT A,
Korna ¢GyHKIus onpenenacHa Ha 6eckoHeuyHocTu. Ha rpanunax obnactu

ONpCACICHHUA (bYHKL[I/IH HMCCT s6epmuKalbHble acumnnonivl, €CJIN OJHOCTOPOHHHUC

npeaciibl d)VHKI_[I/II/I B OTHUX I'PAHUYHBIX TOYKAX OECKOHEYHHEI.

B Haiem mpumepe rpaHUYHBIMA TOYKaMU O0JIACTH OTNPEACIICHUS

1

-y
)

==
ABIIAKOTCA

Hccnenyem nosenenue GyHKIUU MPU TPUOTUKEHUU K ’TUM TOYKAM CJieBa U

CIIpaBa, 1JId 4€1ro HaﬁI[CM OJHOCTOPOHHUC IIPCACIIbI:

lim L = lim < = 1/4 = 400
xo—i04x? =1 1 1 Qx-1D2x+1) (=2)(-0)

lim x—Z = lim x = 1/4 = —
wotrodx? =1 Lo (x—=1D@2x+1)  (=2)(+0)

lim x—Z = lim x = 1/4 =—
o =1l @x - DEx D (+D(0)

lim x—Z = lim x 1/ +o0

o 22 =1 ol @r—D@+ D D)
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v=1=

k| =

Tak Kak 0JTHOCTOPOHHHE MPEIeNIbl OCCKOHEUHBI, TO MPSMbIC SIBJISIIOTCS
BEPTUKAJIBLHBIMUA aCUMIITOTaMU Tpaduka.
. . flx]
fr = lim =¥—
y=ix+b =Y
Hak/10HHBbIE aCHMIITOTHI UIIYTCS B BUJIE MPSIMBIX ~ , e
b= limi: f [:;-:_] — Jx
U FE .

Eciu k=0 u b He paBHO O€CKOHEUHOCTH, TO HAKJIOHHAS aCHMIITOTA

CTaHET 20PU3OHMANLHOLL.

Urto Takoe BOOOIIE ITH ACUMITOTHI?

OT0 Takue JUHUH, K KOTOPHIM NpuOsmkaercs rpaduk GyHKIIUU Ha
6eckoHeuHocTH. TakuM 006pa3oM, OHM OYEHB TTOMOTAIOT MPU TIOCTPOCHUH TpadrKa
byHKIMH.

Ecnu ropu30HTaNBHBIX WK HAKJIOHHBIX aCUMIITOT HET, HO (PYHKITUS ompe/encHa
Ha TUTFOC OECKOHEYHOCTH U (MJIM) MUHYC OECKOHEUHOCTH, TO CJIETyET BHIUUCITUTh
npenen GyHKIMUA Ha TUTI0C OECKOHEYHOCTHU U (WJIM) MUHYC OECKOHEYHOCTH, YTOOBI
UMETh MPEICTABICHHE O TTOBEACHUH Tpadrka QyHKIIHH.

Jns Hamero npumepa

-

X

=tim L) A =1 g
L= x K= X

-

E:ﬂim[f[x]—h]:h’m#=l
resm Tt ’ el i | 4

K,
| =

- TOPU30HTAJIbHad aCHUMIITOTA.
Ha sTom ¢ HCCICAOBAHUC (bYHKLII/II/I 3aBCpHIACTCA, IICPEXOAUM K IIOCTPOCHUIO

rpaduxa.

6. BbrunciasieM 3HaYeHHs QYHKIIUM B IPOMEKYTOYHBIX TOYKAX.
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Jlst Gosiee TOYHOTO MOCTPOCHUS rpaduKa PEKOMEHIyeM HAUTH HECKOJIBKO

3HaUYCHUN (PYHKIIMHM B IPOMEKYTOYHBIX TOUKaX (TO €CTh B JIFOOBIX TOUKAX U3

oOnacTu onpeaeneHus PyHKITUN).
Jljig Haniero npumepa HaiaeM 3HaueHusl QyHKIUHU B TOUKax x=-2 , x=-1 , x=-
3/4 , x=-1/4 . B cwty yeTHOCTH (DYHKIIMH, 3T 3HAYCHUS OYyIyT COBMA/IATh CO

3HAYEHUSAMHU B TOUKax x=2 ,x=1 ,x=3/4 ,x=1/4.

fi=21=f12]= 2: :i::t].i”f
ST 4271 15
PR P 1’ 1
|I—]__|: |.1_|:—,:—ED‘33
fimt=7 = =3
)
(3 (3 \a) 9
—— = = =" =045
f|._ 4) f|~ 4) (37 20
| ' 4{_ -1
4)
|._,l-~1:
S P N 1
f|___ ) .fl___ ST = =0,
1= -1
4

IHocTpoenue rpaguxa.

CHauaja CTpOMM aCUMIITOTHI, HAHOCUM TOYKH JIOKAJTbHBIX MAKCHMYMOB U
MUHAMYMOB (DYHKIIMH, TOYKH TIEpernda u mpoMexyTouHbie TOUKH. [ ynoocTBa
MOCTPOEHUS Tparika MOKHO HAHECTH M CXEMaTUUeCKoe 0003HaUCHUE

MIPOMEKYTKOB BO3paCTaHusl, yOBIBaHUS, BBIITYKJIOCTH U BOTHYTOCTH, HE 3PS )K€ MBI

MIPOBOJIMIIN HICCIIEIOBAaHNE (DYHKIIMH =).
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1 1

X=——= X=—

i ] ) ]

- E—' -

y
1+
1
. 1 L _}"=—'
- * 4 » £ 4
i X

I ' I T T ¥ ¥ T T T |
-3 -2 -1 0 1 2 3

OcTanoch MpoBeCTH JUHUH TpadrKa uepe3 OTMEUCHHBIE TOUKHU, MPUOIMKAST K

ACHUMIITOTaM M CJICAYS CTPCIOYKAM.

3aganme: Uccaenyiite yHKIUIO U HOCTPoOiTe €€ rpaduk

a) f(x)=x*>-2x+8.
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C) f(x)=-x*+5x+4.

2
1
d) f="3242.
) () 4+16+4

KoHnTposibHbIE BONPOCHI:
1) Ha3zoBure anroput™ anaimu3a QyHKIUH.

2) HazoBuTe BUIBI aCUMIITOT.

IHPAKTHYECKAS PABOTA Ne 8

Ha3Banmne npakruueckoii padorbl: Haxoowcoenue neonpedenennvlx unmezpanios
PA3TUYHBIMU U MEMOOAMU.
Heap padoThbl: HAYYUTHCA BHIUUCISATH HEOMPEACIEHHBI MHTETPAIBI C TTOMOIIBIO
TaOJIUIBl OCHOBHBIX HHTETPAJIOB
3HAHUSL

OcCHOBHbIE MaT€MaTHYECKHE METOJbl PELICHUs MPHUKIAJHBIX 3a7ad; OCHOBHBIC
HNOHATHS M METOJbl MAaTEeMaTH4YEeCKOro aHalu3a, JIMHEHHOW anredpbl, TEOPHUIO
KOMIUIEKCHBIX YHCEI, TEOPUH BEPOSTHOCTEH M MaTEeMaTUYECKOW CTATUCTUKH; OCHOBBI
MHTETPAIbHOTO U JU((HEepeHINATBFHOTO UCYUCIIEHUS; POJIb U MECTO MaTeMaTHUKH B
COBPEMEHHOM MHpE TPH OCBOCHHHM MNPO(ECCHOHANBHBIX IUCHUIUIMH U B cdepe
npodeccuoHaNbHOMN NESITEIbHOCTH.
YMEHMSI:

Pemarp  mpuknagHple  3aJaudM ¢ HCIOJB30BAHHEM  DJIEMEHTOB
auddepeHInaTbHOTO U UHTETPAIbHOTO UCUUCICHUN
Teoperuuyeckuii MaTepua:

OnpeneseHue nepBooodPa3HOIA.
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[TepBooOpasnoit ¢pyukiuu f(X) Ha mpoMexyTke (a; b) Ha3bpIBaeTCs Takas

GyHkmus F(X), 4TO BBIMOTHICTCS PABEHCTBO F'(x)=f(x) 1151 JTF000TO X U3
33JJAaHHOTO ITPOMEXKYTKA.

Ecnu npuHsITh BO BHUMaHUE TOT (DAKT, 4TO MPOU3BOIHAS OT KOHCTAaHThI C paBHA
HYIII0, TO crpasetuBo paBeHcTBO(F (x) + C)/ = f(x). Takum o6pasom,
¢ynkuus f(X) umeer MmHOK)ecTBO epBooOpa3ubix F(X)+C, mist mpon3BoONIBHOM
KOHCTaHThl C, IpUYEM 3TU IEPBOOOPA3HBIE OTIUYAIOTCS APYT OT JIpyra Ha
IPOU3BOJIBHYIO ITOCTOSIHHYIO BEJIMUUHY.

Onpenenenne HeonpeaeJJeHHOT0 HHTErpaJa.

Bce MmHOXecTBO mepBooOpa3Hbix GyHKIuH f(X) Ha3pIBacTCS HEONPEIeICHHBIM

Jflf_x:]dr = Flf_x:]+ C

MHTErpajoM 3Toi GyHKIIMU U 0003HAYAETCs

Bripakenue £ x)dx HA3bIBAIOT N00bIHME2PAlbHbIM 8blpadcenuem, a f(X) —
noovinmezpanvHou hynxkyueti. IloapIHTErpaIbHOE BRIpaXXEHUE MPECTABIAECT CO00
muddepentman Gyukiuu f(X).

JleficTBUE HAXOXKICHUSI HEM3BECTHOM (DYHKIIMU MO 3alaHHOMY ee nuddepeHunary
HA3bIBACTCS HEONpeoeleHHbIM UHTETPUPOBAHUEM, TTIOTOMY YTO PE3yJIbTaTOM
MHTETPUPOBaHUS IBIIsACTCS He oaHa pyHkims F(X), a MHOXKeCTBO ee
nepBooOpasubix F(x)+C.

Ha ocHoBaHUM CBOMCTB IPOM3BOHON MOKHO C(HOPMYIUPOBATH U

JI0Ka3aTh CEOUCHEA HeOnPeOdeleHH020 unmezpaa (CBONCTBA MEPBOOOPA3HON)
[ flxldx] =(F(x]+C) = flx)
[TpousBoaHas pe3ysbTaTa HHTETPUPOBAHUS PaBHA TOIBIHTETPATBHON (PYHKITHH.
jd[F[x:]:] = jF'[x:]ci&: = jflf_x:]dx = Flf_x:]+ C

Heonpenenennsiit unrerpan quddepennnana GyHKIUA PaBEH CyMME caMoi

(GyHKLIMU U TPOU3BOJIBHONM KOHCTAHTHI.

Ik- Flxldx = ff-f flaldx

, TJie K — Tpon3BoOJIbHAs KOHCTAHTA.

KOB(I)(bI/IHI/IeHT MOKHO BBIHOCHUTD 3a 3HAK HCOMMPCACICHHOTO HHTCTPaJa.
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4 Ilfllll + g[_.".’_]_]c‘lf_'a’ = jflat‘h t I gl:__"f_ilcf_"(

HeomnpeneneHHbIli HHTETpaJI CyMMBI/pa3HOCTH (HYHKITUH paBeH CyMMe/pa3HOCTH
HEOTPE/ICTICHHBIX HHTETPATIOB (DyHKITUH.
3aaua MHTErpUPOBaHUS SBIIsIETCA 00paTHOM 3a7aue MudPpepeHIrpoBaHus, MIPUIEM
MEXIy STUMH 3a/1adaMy OYC€Hb TECHAsI CBSI3b:
MEPBOE CBOMCTBO MO3BOJISET MIPOBOIUTH IPOBEPKY MHTETPUPOBAHUSA. UTOOBI
IPOBEPUTH MPABUIHHOCTH BBIMIOJTHEHHOTO HHTETPUPOBAHUSI TOCTATOYHO
BBIYHCIIATH MMPOU3BOAHYIO TIOJYYCHHOTO pe3ynbTara. Ecium momydeHHas B
pesynbTrate nuddepeHIMpoBaHus GYHKIUS OKaXKETCS PAaBHOM MOIBIHTET pAIbHON
byHKIHMA, TO 3TO OYJET 03HAYATh, YTO HMHTETPHUPOBAHUE MTPOBEICHO BEPHO;
BTOpPOE CBOMCTBO HEOMPEICICHHOTO MHTETPasa TIO3BOJISIET 0 U3BECTHOMY
muddepennnany QyHKIIMU HAaWTH ee epBooOpa3Hyo. Ha aTom cBolicTBe
OCHOBAHO HEMOCPEACTBEHHOE BBIUYUCIICHNE HEOTIPEACTECHHBIX HHTETPAJIOB.
HecoMHEHHO, OCHOBHBIM METOJIOM HAaxXOXJEHHUs MepBOOOpa3HON (DYHKIINH
SBJISIETCSI HEMOCPEJCTBEHHOE WHTEIPUPOBAHUE C HUCIOJIB30BAHUEM TaOJUIIBI
MepBOOOPa3HBIX U CBOMCTB HEOMPECICHHOT0 HHTETpaia. Bee npyrue MeTo bl
UCIIOJIb3YIOTCS JIMIIb JUISI TIPUBEICHUS UCXOJHOTO MHTErpaja K TaOIUuYyHOMY
BUTY.

Tabumnua nepBoodpa3HbIX (HeonpeaeIeHHbIX MHTEIPAJIOB).
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| =% - o = —C. p=-1
o -1
| O dle =
. . s . ) - oo X .
|a“-.:.-r= — . =1 Jﬁ:—ﬂ:'ffg—_c
~ I ez @ —x he' P
[ o™ ) Fe = o o . X
Je’ A ‘Ffzarcsn‘_——c
) 2 _ 2 P
[ o - S
J = |-"’| -t P 1 X — 2 i
x ———==—1In —
N 7 : Y X — T ] N — 2
|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 . —
coss o S1TL % | SIL X |
- o .
| = — 0ty — " G‘T |1— S11L W
J o « = | =1n —
. Y COs Y | COs Y
- ol .
| ———— = arcsinx —
Y —
=i
| ———= = arergx—C
~ 1 — -

DopMyJIbI U3 JIEBOTO CTOJIOIA TAOIUIBI HA3bIBAIOT OCHOBHBIMU
nepBooOpazHbIMu. DOpMyITBI U3 IPABOTO CTOJIOIIA OCHOBHBIMH HE SIBJISIOTCS, HO
OYEHb YACTO UCMOJb3YIOTCS MPU HAXOKIACHUN HEOMIPEAECIECHHBIX HHTETPaIoB. 1x

MOKHO MTPOBEPUTH TU(DPEpEHIIMPOBAHUEM.

IIpumep 1:

Haiinute MHOXECTBO MTepBOOOPa3HBIX (PYHKITUU

Pewenue.

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

3anwuiieM (yHKITUIO B BUJIC “~

Tax kak uHTErpan cymmbl QyHKUUN paBeH CyMMe UHTErpajoB, TO

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

3
7
- -

[ flxlde = H:g .

YucnoBoi kKorhHUIIMEHT MOXKHO BBIHECTH 3a 3HAK UHTErpaia:

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

~

=I1”dx— -‘[[_Sx—ﬂf_flfldv

IJl Taa
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[1epBblil U3 UHTErPAJIOB NPUBEAEH K TAOJTUYHOMY BUJY, IOATOMY U3 TaOJIHIIbI
73 X

“ .C
In2

1

J. 2y =
EpBOOOPa3HBIX I ITOKA3aTeIbHON (DYHKIIUH HMEEM

j[5x+4:]%dx

]_IJ'ISI HaXOXIACHHUA BTOPOT'O MHTCTPAJIa BOCITIOJIB3YCMCA Ta6J]I/IH€ﬁ

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

J‘f{k-x—iﬂdr=%FIZFC-I—E:]—C

IIPaBUIIOM . To ectb
L1 L1 3 4
juv—4ﬁdf=i-Tl—:5r—4ﬁ*—cz=—l::r—4J—{?
51 2
a3
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?xcosx dx;
c. [(e* +2)dx

J.x2‘xdx

@ O

. J(x* —8x3 + 4x)dx;6) [ cos? x sinx dx;
[(e3* + Ddx
g. Ix2e3xdx

=h

KoHTpoJibHBbIE BONIPOCHI:
1) Kakoii uHTerpat Ha3bIBaeTCsl HEONPEICIIEHHBIM ?

2) Ha3zoBuTe OCHOBHBIC METO/Ibl HHTETPUPOBAHHSI.

TV



ITPAKTUYECKAS PABOTA Ne 9

Ha3Banue npakTnyeckoil padoTbl: Boluucienue onpedeneHHbvlx UHmMezpanios
Hear padoTbI: HAYYUTHCS BBIYUCIATH ONPEACAEHHBIA HMHTErpajbl C MOMOIIBIO
Ta0JIUIbl OCHOBHBIX HHTETpajioB U hopmynsl HetoToHa-JleliOHuia

3HAHMUSA.

OCHOBHBICE MATEMATHUYECKUE METOJIbl PEIICHUS] MPUKIAAHBIX 3a7ad; OCHOBHBIC
MOHSATHS M METOJIbl MaTeMaTHYECKOr0 aHaiMu3a, JMHEHHOH aireOpbl, TEOPHIO
KOMIUIEKCHBIX YHUCEN, TEOPUU BEPOSTHOCTEH U MATEMAaTUUECKOM CTAaTUCTUKHU; OCHOBBI
UHTETpaIbHOTO U AU (EpeHITNaTLHOTO UCUHCICHUS; POJIb U MECTO MaTeMaTHKHU B
COBPEMEHHOM MHpPE MPU OCBOCHHHM NPO(PECCHOHATBHBIX IUCHUIUIMH U B cdepe
po¢eCCUOHAILHON JIeATEIIbHOCTH.

YMEHHUSA:

Pemate MIPUKJIa/IHbIC 3a7a49u c HCTIO0JIb30BaHUEM 3JIEMEHTOB
muddepeHIMaTbHOr0 W MHTETPAJbHOTO  HMCYWCICHUM, BBIYUCIIATH  3HAYCHUS
r€OMETPUYECKUX BEJIMUUH

Teopernuecknii MmaTepuaJ:
Onpenenennplii uaTerpas Hororona-JleiiOHuna.
[TokaxkeMm, Kak gaeTcs MOHATHE OMNpeeeHHoro nurerpaia Hetotona-Jleionuna.
[Mycts dynkuus y=f(X) umeet nepBoobpaszuyio F(X) Ha orpeske [a; b], mpuuem
3HaYeHHE TIePBOOOpa3Hoii B Touke X=a paBHo Hy10: F(a)=0. Onpedenennvim

unmezpanom Heromona-Jleiibnuya Ha3piBaeTcsi 3HaYEHUE 3TON IEPBOOOPa3HOI B

=

f‘ flxlde=F(b]
Touke b, To ecTh, * npu F(a)=0.
DT0 onpejeeHre TeCHO CBs3aHo ¢ hopmynoit HeloToHa-

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

HepB006pa3Haﬂ N3 UX MHOJKCCTBA, a B IIOHATHUH OIIPCACIICHHOI'O MHTCIpajia

47


http://www.cleverstudents.ru/integral/definite_integral_calculation.html
http://www.cleverstudents.ru/integral/definite_integral_calculation.html

HreroTona-Jleitbuuiia purypupyer UMEHHO Ta nepBooOpasHasi, Kotopasi oOpalaercs
B HOJIb [IPU X=4a.
®opmyny Herotona-JIeitOHMIIAa HA3BIBAIOT OCHOBHOU (DOPMYIOU UHMESPATLHO2O

UCUHUCITIEHUA.

Ilpumepl:

j x*ex
Brraucnuth 3HaueHUE ONPESIICHHOTO HHTerpaia ! o ¢opmyse HproToHa-

JleiOHuUIIA.

Pewenue.

V=X
JI1s Hayajna OTMETHM, YTO MOJbIHTErpaibHas (YHKITUS HEIIPEPhIBHA HA

orpeske [1;3], ciemoBarenbHO, HHTETPUpPYEMa Ha HEM.
y=x"
N3 Tabauiibl HEONpeeAeHHBIX HHTEIPAJIOB BUHO, UTO ISl (YHKIIMU

MHOKECTBO HepBOO6p213HBIX JJIA BCEX HCﬁCTBHTCHBHBIX 3HAYCHUMN AprymMcHTa

¥

13 F{x]=‘[_‘f]dx= —+C
= . 3
(cnemoBaTenbHO, U IS * e [ ’ ]) 3aIllUChIBAETCS KaK - . BozpMmem
xJ
Flx)==
nepBoo6pasnyto npu C = 0: 3
Teneps octanock Bocnonb3oBatbes Gpopmynnoit HetoTona-Jlenonuna nis
Lo 3 1P 26
J‘ :{_ C{ir_-{ = = —_——_— =
! 3, 3 3 3
BBIYMCJICHUS ONIPESICHHOTO HHTETpaJa; !
Ilpumep 2:
TS R cdxt -2
—dx M —_— X
BEIYHCIIHTD ONPE/ICICHHBIC HHTETPABl —* oA
Pewenue.
1
Ha otpeske < moapIHTErpalibHas (PYHKITUS HEMPEPHIBHA, CIIEI0BATEILHO,
UHTETpUpyeMa.
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4" +2
y=—

Haiinem MHOeCTBO nepBOOOpa3HbIX QYHKITUH

5
-

X

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

Bo3bsmem nepBoobpaznyto u 1o popmyne Herotona-JleiOuuia

BBIUHCIIUM TpeOyeMbIil ONpeIeICHHbIN HHTErpa:

1 1

A 2 (L,

—4 - hS E

2 . 2
! _;—| 2(—4r —L4!=%—4—%"—%=—28

-

[lepexoauM KO BTOPOMY OIPEAECICHHOMY UHTETpaly.

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

Kak % , TO €CTh, HE BBITIOJHAETCS HEOOXOUMOE yCIOBUE

Flx)=2x"-Z

UHTErpupyemMoctu GyHKIuu Ha oTpe3ke. bonee Toro, X He SIBIAETCS

4x +2
y=—
nepBooOpa3Hoi GpyHKIHH X" ma otpeske [-1;1], mockonbky Touka 0,
MpUHAAJIekKaas OTpe3Ky, He BXOJUT B 00J1acTh onpeneneHus QyHKIIH.
CrnenoBarenibHO, HE CYHIECTBYET ONpeAesieHHbIN nHTerpan Pumana u HetotoHa-

4x’ +2

y=—3

JlewiOHuIA 17151 QYHKITUH X Ha 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 uHTerpa Ha3bIBacTCs ONPEICIIEHHBIM?

2) anummute Gopmyiy Herorona-JleiiOHmIIa

HPAKTHYECKAS PABOTA Ne 10

Haspanue npaktudeckoii padorel. Ilpumenenue onpeodenennHozo unmezpana 6
NpaKmuyecKux 3a0auax

Heanb padoTbl: HayYUTHCS MPUMEHATH OMNPEACIEHHBIA HHTETpPAIbl K PEHICHUIO
MPaKTUYECKUX 3aJ1ad

3HAHMSA:

OcCHOBHBIE MaTeMaTHUYE€CKHE METOJbl PEIICHUs MPUKIAIHBIX 3a7a4; OCHOBHBIC
MOHATUS M METOJAbl MAaTEeMaTUYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMIIJIEKCHBIX YHCEJI, TECOPUH BEPOATHOCTEH U MATEMATHYECKON CTATUCTUKHU; OCHOBBI
WHTETPALHOTO U MU PEpeHINATBHOTO UCYUCIICHUS; POJIh U MECTO MaTEMaTUKHA B
COBPEMEHHOM MHpE TPH OCBOCHUW NPO(ECCHOHATBHBIX AWCIUIUIMH U B cdepe
npoecCHoHaNbHOM NESITEIbHOCTH.

YMEHHUSI:
Pemats MPUKJIATHBIC 3a/1auu C UCIIOJIb30BAHUEM  DJIEMEHTOB
mubdepeHnuaTbHOT0 W HMHTETPAIBHOTO  HMCYUCICHWUW, BBIYUCISATH 3HAYCHUS

IreOMCTPHUUICCKUX BCIIMYNH

Teopernuecknii MaTepuaJ:

Bce mpoueccsl B mpupozie, B KOTOPBIX IOCTOSHHO MEHSIOTCA KaKUE-TO
rapameTpbl, HallpuMep BpeMs, TEMIIEpaTypa, JaBJIE€HUE, KOOPIAUHATHI, U3y4aloTCsA U
BBIUMCIIAIOTCS TOJIbKO C TMOMOUIbI0 JTU(DPEpEeHIMATIBHOIO W HUHTETPAIbHOTO
ucyucieHus. BoNbIIMHCTBO MHTETrpasioB MOJIY4YEHBI KaK MaT. MOJENHM KaKUX-JIH00
€CTECTBEHHBIX IPOIIECCOB B PAMKaxX MEIMLMHBI, OWOJIOTMH, XUMHH, 3KOHOMUKHU,

TCXHUKEC
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1. I[Tycth MaTepuaibHas TOUKa ABMKETCS ¢ yekopeHueM a (t). Torma ee ckopocTh
paBHa
f
vt = | atde + v,
iy
a IICPCMCIUICHUC —
f
2= [ vt + x,,
fy

rae Vo, Xo — IOCTOSIHHBIE, ONPEEIIIEMbIE U3 HAaYaJIbHBIX YCIIOBHM, to M t — HAYaIbHBIN

1 KOHCYHBIA MOMEHTBI BpPCMCHH.

2. Tlycts YEEMMUEHHE MOTHOCTH

IUIOTHOCTH P (X) CTEPIKHS C

IIOCTOSIHHBIM CEYEHHEM S 3aBHUCHUT OT

.

PaCCTOAHUA 00 Hadala CTCPIKHA.

Torma Macca cTepkHs paBHa . x ol
L
M=5 I olx)dx, entp macc

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

3. Pabora raza npu ero pacmuperuu ot oorema Vi 10 oobeMa V, paBHa
V?
A= J £dv,
II(,1
rae P (V) — naBnenue ra3a B 3TOM mpoliecce.
4. Pabora, mpousBeleHHas TmepeMeHHoW cwiod f(X) mpu mnepeMenieHuu 1o

b
. A= | flodx.
ocu Ox MaTepuaIbHOW TOYKHU OT X = @ 10 X=b, HaXoauTCs 10 hopmyJie “a

[Ipu pemiennu 3a1a4 Ha BbIYUCIEHUE paOOThI CUJIBI YAaCTO UCIOIb3yeTcs 3aK0oH [y Kk
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a: F=kx, rne F — cuna H; x—a0conoTHOe yJIMHEHHE MPYXKUHBI, M, BBI3BAHHOE
cunoii F, a K —xo3ddunment nponoprmonansaoctu, H/m

5. UtoObl HaWiTH miomanas QUrypsl, KoTOpas OrpaHWYeHAa C JBYX CTOpPOH
npeaenaMu MHTETPUPOBAHUS W C OJHOW CTOPOHBI TpaduKOM (QYHKIHUH, TO

HEO0OX0IMMO HAaWTH UHTErpaj JaHHOW (pyHKIUU:

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

IIpumep 1: Mtak, npeanonoxkuM, 4To HEKOTOPOE TEJIO JIBUTAETCA CO CKOPOCTHIO,
3aJ1aHHOMN (HYHKIIMEH:

V() = 2 +1.

Pewenue:

ITo ycmoBuIO 3a1a4M MbI JIOJIKHBI ONIPEAETIUTD Iy Th, KOTOPBIM ITPOMIET TEJIO 32

poMexyTok BpeMenu [0;1].
Urak, HalizeM onpeeieHHbIN HHTErpall JaHHOU (DYHKIIUU:

1

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

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

TouHO Tak ke MOKHO HalTH CKOPOCTH MO 3aAaHHON (DYHKIIMN YCKOPEHUs

IIpumep 2:
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[Ipeanonoxum, 4To K HEKOTOPOMY TEJy ISl €r0 MEPEIBUKEHUSI PUKIIAIbIBAIOT
CHJTy, KOTOpas u3MeHsieTcs 1o 3akoHy F(X) = x +3. HeoO6xoaumo HaitTu padoTy,
KOTOPYIO IPU 3TOM COBEPIIAET CUJIa JJI lepeMenieHus Tena ¢ 1 M 10 2 M.

Peuwenue:

Jnis Haxox/IeHus paboThI CIeyeT HAaWTH ONpe/IeICHHbIN HHTErpaj 3aJaHHON

Q)YHKHI/II/I I10 U3BCCTHBLIM IIpCACIaM UHTCTPUPOBAHUA:

2
2 92 12 1 9
= 7*3'2”(? e 1) S-S 8=

r 22 '
A= /(1 +3)dx = (—) - 31) -
1

o

~

1 -

DTO0 3HAYMUT, YTO JUIs IEPEABMKEHUS TeJla OTPEOOBAIOCh COBEPUINTH paboTy,
paBHy10 4,5 JIx 3HEprUH.

3aganue: Pemnre 3amaum:

1. Ilpyxuna B crnokoiHOM cocTosHuM umeeT miuHy 0,2 M. Cuma B 50 H
pactsaruBaet npyxkuny Ha 0,01 m. Kakyro paboTy Has0 COBEPIIUTH, YTOOBI PACTIHYThH
e€ ot 0,22 10 0,32 M.

2. lunuanpuyeckas UCTEpHA ¢ paguycoM ocHoBanusi 0,5 M U BBICOTON 2 M
3arnojHeHa BOJOW. Bhraucnuth paboTy, KOTOPYIHO HEOOXOIUMO MPOU3BECTH, YTOOBI
BBIKAYaTh BOJY U3 IIUCTCPHBI

3. Borunciure paboty 3a TPOMEXKYTOK BpemeHu [4;9 ], eciaum MOIIHOCTh
BEIUHCIIAETCA 10 (hopMye Nt} = 6V + £

4. BbluuciauTe KOJUYECTBO OJJICKTPUYECTBA, MPOTEKIIETO IO MPOBOAHUKY 3a

IPOMEKYTOK BpeMeHu [ 2;3 |, ecim cuiia Toka 3amaercs Gpopmydaoit 1(E) = 3% - 2t + 5.

KonTpoabHbBIE BONIPOCHI:
1) I'ne npuMeHsIOTCs ONpeeIEHHBIE MHTETPAJIbI
2)  Ilo xakum opmyiiaM BEIYUCIISIOTCS CKOPOCTh IBHKCHHUS U TIEpeMeIeHre?

3)  Ilo kakoii (hopMyJie BBIYUCIISETCS MAcca CTEPIKHSI C IOCTOSIHHBIM CEYCHUEM?
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4)  Tlo xakoit popmyiie BeIUUCIIsAETCS padoTa MPOU3BeAEHHAS TICPEMEHHOMN CHUIION

U MepeMEIEHUN MaTePUATbHONU TOUKH?

IMPAKTUYECKAS PABOTA Nell
Ha3Banue npakruyeckou padorsl: Jeiicmeus ¢ mampuyamu.
Ieab padoThI: HAYYUTHCS BBINOJIHAT JCHUCTBUS HAJ MAaTPHUIIAMM.
3HAHMA:

OCHOBHBIE MaT€MAaTHYECKUE METObl PELICHHs NMPUKIAAHBIX 3a7ad; 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.

YMEHHS:
[Ipou3BoANTH ONlepauy HaJ MaTPULIAMH U OTPEICTUTENSIMHU.
Teopernuecknit MaTepuaJ:
Martpuneit A=Amnn nopsaka m*n HazbIBaeTCsA NPSAMOYTOIbHAs TaOIMUIa YUCE,

coJieprKaliasi m - CTpOK M 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

JedcTBUSA HAJ MATPULIAMHU.

54



1. Cymmotli AByX MaTpuil A = (ai j) uB = (bi j) OJIMHAKOBOTO MOPSIKA
Ha3bIBAIOT MATPHILY
C = (ci j) TaKOTO K€ TOPSJIKA, JIEMEHTHI KOTOPOU PaBHBI CYMME COOTBETCTBYIOIINX
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 j) TAKOTO K€ TMOPSIAKA, DJIEMEHTHI KOTOPOU
PaBHBI Pa3HOCTH COOTBETCTBYIOIMX 3JI€MEHTOB Matpull Au B 1o ecthb ¢ = a;; —
bi;

IIpumep 1

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

Pewenue: Haliniém cymmy ByX 3aJJaHHBIX MaTPULL

12+ (—4) 2+8 8 10
A+B=(-3+(-3) 4+6|=|-6 10}
04+10 7+1 10 8

Haitném pasHocTh IBYX 3aIaHHBIX MATPUII
12—-(—4) 2-8 16 -6
A—B =(—3—(—3) 4—6)=( 0 —2)
0-10 7—1 -10 6
3. YMHOXeHue MaTpHIIbl Ha YUCIIO
1-A=A 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
Haitqure npoussenenne 20 1 1

1 2 3 21 22 2-3 2 4 6
Pewenue:2-{0 1 1]|=1(2-0 21 2-1]=(0 2 2
1 3 2 21 2:-3 2-2 2 6 4

4. YMHOXEHHUE MaTPHII
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[IpousBeaenne MaTpuubl A,,., Ha MaTpully B,,.; HazbiBaeTcs Matpula Cy,.x
TakKasi, 4To 3JeMeHT MaTpuIlsl C, CTOSIIUHN [ —OM CTPOKE H j-OM CTOJIOIE, T.€.

aneMeHT C;;, paBeH CyMMe MPOU3BEJCHUN PJIEMEHTOB [ —OM CTPOKU MaTpullbl A Ha

SE)

COOTBCTCTBYIOIIHUC 3JICMCHTBI [ —oro CTOJI6Ha MaTpHUIbI B.

Ipumep 3

Haitnute npoussenenue matpuil A u B, eciin A,; = (; (1) g) U B33 =

-1 0 1
(5 1 4
-2 0 1
Pewenue:
Ays B3z =
(1-(—1)+0-5+2-(—2) 1-0+40-1+2-0 1-1+0-4+2-1)

3-(-1D)+1:540:(-2) 3:0+1-1+0-0 3-1+1-4+0-1

Ajz B3z = (_25 (1) 3)

3ananue: BpinoJiHuTE MO X0Ay PAdOTHI

L3l 2 4 6
1. Haiinure npousBenenue matpun A u B, ecmu A=(5 7 |, B=| |;
8 10 O
9 11
2 1 -1
2. Haiigure oOparnyro matpuny A A=([5 2 4
7 3 4
3 6 3 -5 1 3
3. Jano:A={( 0 1 2 |uB=| 2 7 0]
-5 4 -1 -3 -2 4
Haiinure: a) 3A+B 6) AB B)A 1 A 1A

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

2. ANTOpPUTM HaXOXAEHUs 00paTHOU MaTpULIbI?

MNPAKTUYECKAS PABOTA Nel2
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Ha3Banmne npakTu4yeckoii padorbl: Boiuucnenue onpedenumensn 3-20 nopaoka c¢
UCNOIb306AHUEM CBOUCHE onpedesiumeell

Heab padoThI: HAYUUTHCS BBIUUCIATH ONPEIETUTENN PA3HBIMU CIIOCOOAMU.

3HAHMSA:

OCHOBHBIE MAaT€MAaTHYECKHE METOAbl PELICHUS MPUKIAAHBIX 3a7a4; OCHOBHbBIC
MOHATUS W METOJAbl MAaTEeMaTUYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOPHIO
KOMILJIEKCHBIX YHCENI, TEOPUH BEPOSATHOCTEH U MATEMATUYECKON CTATUCTUKHU; OCHOBBI
MHTETPATBHOTO U TU(PPEpeHINAIBHOTO UCYUCIIEHUS; POJIb U MECTO MAaTEMaTUKU B
COBPEMEHHOM MHpPE IpPH OCBOCHMM NPO(ECCHOHANBHBIX AUCLUUIUIMH U B cdepe
po(heCCUOHATIBHON S TENIbHOCTH.
yMeHMUS:

[Ipon3BoaANTH ONEpali HAJ MATPULAMH U OMIPEACTUTENIMU
Teopernueckuii MaTepuas:
1. Onpeaennrenb2-ro NnOpsiAKa
OmnpeaesnresneM .BTOPOro MOPsAKa HA3bIBAETCS BBIPAKEHUE BUA!

dy Ay |— _
=QA11022 — 421092

an dyp
Yucna ay, yy, Azq (1, HA3BIBAIOT DJIEMEHTAMU ONPEAEIUTETIS.
Juaronans, oOpa3oBaHHas dJIEMEHTAMU A4 d,5, HA3BIBAETCS TJIABHOM, a
JMaroHaib, 00pa3oBaHHas dJIEMEHTAMU (51 A4, - TOOOYHOM.
Takum 006pa3om, ompenenuTeIh BTOPOTO TOPSIKA PAaBEH PA3HOCTH
MIPOU3BEICHUN AJIIEMEHTOB IJIaBHON U TOOOYHOM JUAroHaJICH.
3amemum, umo 6 omeeme NOAYUAEMCSL YUCTIO.
Ipumep 1
‘1 2‘ =1-4-3-2=-6.
3 4
2. Onpenenurenb3-ro NOpsiaAKa

OnpeneJmTe.]IeM TPETHETO MOPAJAKA HA3bIBACTCA BLIPAKCHUEC BU/IA:
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ay 4 d4g

Ay Ay Ayl =a11dazztaziaspaistagarsasi-asi1dzea3z-aszearzal-a1a12ass.

az Ay dg

DNEeMEHTHI a11; a2; a3z — 00PA3yIOT TJIABHYIO TUaroHainb. Uncia ajs; az; az —

00pa3yroT MOOOYHYIO THArOHaIb.

N300pa3um, cxeMaTHUECKH, KaKk 00pa3yIoTCs CIaraeMple ¢ TUTFOCOM H C

MHUHYCOM:
le o @ « a9 |&a_ =& »
e o o= {‘ o« e /o — |\ 0.
e o @ ¢ ¢ o ¢ o o

C mirocoM BXOJASAT: MPOU3BEACHUE 2JIEMEHTOB Ha TJIaBHOW IMaroHalu,
OCTaJIbHBIE JIBA CJIAra€MbIX SBJISIOTCS MPOU3BEICHUEM DJIEMEHTOB, PACIIOJIOKEHHBIX
B BEPIIMHAX TPEYrOJIbHUKOB C OCHOBAaHUSIMU, MMapajlieIbHBIMU IJIABHOM JUAroHasu.

Cnaraemple ¢ MUHYCOM 00pa3yrOTCs IO TOM )K€ CXeMe OTHOCHUTEILHO
MMOOOYHON JUArOHAJIH.

DTO NpaBUJIO BHIUYUCIICHUS ONPEICIIUTENS TPETHETO MOPsIKa

Ha3bIBAIOTIIPABMJIOM TPeyroJibHUKa MM npaBuioM Capproca:

IIpumep 2.
-1 3 2
2 8 1/=-1-82+2:1:2+3-1:1-1:8-2-1-1:(-1)-2:3-2=-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 MOPSIKA.

IIpumep 3.
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-1 1 1 -1
-1 1=l -E-E +{-3}-E =38.
-6 -1 -1 -6
-6 -1
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) Yto Ha3bIBaeTCA ONpeneauTeneM 2-ro nopsaKa

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

INPAKTHYECKAS PABOTA Nel3
Ha3Banue npakTnueckoit padorbl: Haxoicoenue oopammuoi mampuybl.
Hean paboThI: HAYYUTHCS HAXOAUTH OOPATHYIO MaTpPUILy.
3HAHMA:

OCHOBHBIE MaT€MAaTHYECKHE METOAbl PELICHUs NPUKIAJHBIX 3a/1a4; OCHOBHbBIC
MOHSATHUST W METOJIbl MaTeMaTHYECKOro aHaiu3a, JIMHEHHOW anreOpbl, TEOpHIo
KOMIUIEKCHBIX YHUCEN, TEOPUU BEPOATHOCTEU U MATEMATUUECKON CTATUCTUKHU; OCHOBBI
UHTErpajJbHOTrO U IU(PEpeHIMATBHOTO UCYUCIICHUS; pOJib U MECTO MAaTEeMaTUKU B
COBPEMEHHOM MHpE NIpH OCBOEHUHM NpOo(decCHOHATBHBIX AUCIUIUIMH U B cdepe
npodeccCHoHaNbHOM e TEeTbHOCTH.

YMeHHS:

HpOI/ISBOI[I/ITB Oo1Icpanru Ha/l MaTpullaM U OIIPCACIIUTCIIAMMU.
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Teopernueckuii MmaTepua:
Ha MHOXecTBe MaTpull HE ONpENENICHAa OIepanus ACICHUs, OHA 3aMEHEHA
YMHOXXEHHUEM Ha OOpPaTHYIO MaTpHUILy.

H€6blp09fca€HHOﬁ Ha3bIBACTCA KBAJIpATHAA MATpUIId, OIIPCACIINTCIIb KOTOpOﬁ

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

ompeaenuTeNnb paBeH Hymo. OOpaTHas wMarpuma 00O3HAuYaeTcss HaJACTPOYHBIM

-1
HHACKCOM

KBagpaTtnas MaTpuna A ' HazpIBa€TCS 0OPaTHOM K HEBBIPOKJACHHON
marpuue A, ecanAdAd L - A"1A= FE, rmel'- 9310 enuHW4YHas  MaTpula

COOTBETCTBYIOLIETO NOPSAKA.
OOpaTHas Marpuila CYIIECTBYET TOJBKO [IJIsi KBaJIpaTHBIX MaTpUI] C HE PaBHBIMU

HYJIIO ONPCACIUTCIISAMU.

CeoMcTBa 06paTHOM MaTpULbI:
1

1 o {!.1 l:l — A

40 (4 DT _ (AT
Jnst MaTpuIbl BTOPOTO MOPSAKAa MOXHO HEMHOTO OOJErduTh HaXO0XKJICHUE

00paTHOM, UCTIONB3YS CIEAYIONIUN AT OPUTM:

Ilar 1. Haxogum onpenenurtens A 3aJaHHOW MATPUIlbI, €CJIM OH PaBE€H HYJIIO, TO

JieaeM BBIBOJ, 4YTO OOpaTHOW MAaTpHIbl HE CYIIECTBYET, MHA4Ye NEPEXOANM K

CIEAYyIOLIEMyY 1Iary.

Ilar 2.37eMeHThbl, CTOSIIME Ha [VIABHOW JMAaroHajiu MEHSEM MeCTamMu, a ¥y

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

Ilar 3. Jlenum Bce AeMeHThI Ha A ¥ TIoJIydaeM OOpaTHYIO MaTpHILy.

IIpumep 1

Bl =
= b
e

A= (
Haiitu oOpaTHyt0 MaTpuity Juist
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Pewenue.

N =
lar 1.

2
“l=4-4=0
1 , TOTJ1a 00OpaTHOM MaTPHIILI HE CYIIECTBYET.

Pod =

OtBet. Tak Kak ompeneanTeNh MATPUIILI A paBeH HYJIIO, TO OHA HE UMEET OOPATHOM.

IIpmep 2

1 1
(1)
Haiitn oOpaTHyr0 MaTpHIly IS 1

]

Pewenue.

[

o]

A=
[lar 1. Haxonum onpeaenurens:

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

ce(2)
OTBerT. —1 1

HaxoxaeHue 00paTHOM MATPHUIBI € IOMOIIBI0O MATPHIBI U3 AJreOpanvyecKnux

§

‘1

| ‘=.—1=1¢u

[

JIOTIOJTHEHU .

1.  TlotpeOyroTcs MOHATUS MPAHCHOHUPOBAHHOU MAMPUYbI, MUHOPA MATPHULIBI U
anreOpanvdecKoro JOTOTHEHUS YIEMEHTa MaTPHUIIbI.
Mumnop k-o2o nopsioxa mampuyst A nopsioxa M ha N — 3TO  OMPEIEIUTEIh MATPHIIBI
nopsiaka K Ha k, xoTopasi moyiydaercs M3 3JCMCHTOB MaTpPHUIbI A, HaXOMISIIUXCS B
BbIOpaHHbIX K cTpokax u K cronbax. (k He mpeBOCXOAUT HAUMEHBIIIETO M3 YHCeNT M

wuim Nn).

M. . .
Munop ~ '/ modydaeTcs M3 KBaApaTHOM  MaTpHUIbl 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 271EMEHTOB €€ BTOPOil, TPeThel CTPOK M
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6 4
M, = =6-1-4-3=—6
31
NIEPBOT0, TPETHETO CTOJIOILIOB . Takke rmokaxeM MUHOD,
9 8 7
Ad=16 5 4
. 3 2 1) .
KOTOPBIN MOJTy4YaeTcs U3 MaTpUIIbI e - BBIYEPKUBAHUEM BTOPOU CTPOKHU
o 8
M., = —9.2-8.3=-6
U TPETHETO CTOJIOIa S - . [IpousmocTpupyem
- .l"9 8
] 4 4
3 1 3 2
MOCTPOEHUE ITUX MUHOPOB: u

. . <
Aﬂee6pauquKuM O0ONOJIHeHUeM d1emMenma o KGCZOPCZI’I’ZHOM mampuybl

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

KOTOPBIN MOJTydaeTcss W3 MaTpHIlbl A, BBIYEPKHBAHHEM JJIEMCHTOB €€ I-Ol CTPOKH

i+
U J-0ro cTojd1a, yMHOKEHHbBIN Ha (_]) .

a,. A,
Anrebpanyeckoe  JIOMOJIHEHUE  dJieMeHTa ‘4 o0o3Hauvaercss kak /. Takum

A, =17 M,

obp3om, ‘¥ 8
9 8 7
A4=|6 5 4
Hanpuwmep, JUISL MAaTPULbI > 2 1) anredpanueckoe 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

MaTpPUIILI HA YUCJIO U TIOHATHS OOpPaTHOW MaTPUIILI CTIPABEIJIUBO
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‘T

‘A. _
i
rac - TpaHCHOHI/IpOBaHHaﬂ ManI/IIla,

2

PaBCHCTBO

o A. .
AJIeMEHTaMU KOTOPOHl SIBISIOTCS anreOpandeckue JONOJHEeHus 7.

-
i

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

KaK BBITIOJIHSAIOTCS PABEHCTBA Ad-4°=4"4A=E

AJITOPUTM HAXOXKACHUSI 00PATHOM MATPHUIIBI

C UCIIOJIb30BAHUCM PABCHCTBA

Brrauciasem OIIpCACIUTCIIb MATPUILIbL An Y66)I(IIaGMC5I, 4TO OH OTJIMYCH OT HYJIA (B

MPOTUBHOM cllydae MaTpulia A Heooparuma).

”A. f H
y a. .
"I - MaTpuiy n3 anreGpandecKux JOMOIHEHHH JIEMEHTOB i

Crpoum
| 4] 4.l
paHCTIOHUPYEM MaTPUILy , TEM CaMbIM TIOJTy4aeM
T 1
|4 4

YMHOXKaeM KaKIbIi JIEMEHT MaTPULIbI Ha YUCIIO0 |A| . DTOM onepauueit

1
3aBepIIaeTCs HaXOXIeHUe 00paTHON MaTPHUIIBI
-1

A-A7 470 .4
[IpoBoaMM ITPOBEPKY pe3yJIbTaTa, BBIYUCIIAS TPOU3BEICHUS 51 :

A A =4 4=E

Ecin , TO oOpaTHasi MaTpHUIla HaliJIeHa BEpHO, B IPOTUBHOM

cllydae rzie-To Obljia JOMmyIeHa omuoKa.

IIpumep 3
3004 =2
Ad=1-2 1 0
2 3 .|
Jlana matpuna - * . Halimute oOpaTHyO MaTpuiry.
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Peuwenue:

Bpraucioum OIIPCACIINTCIIb MATPHUIIbI A, Pa3aI0KUB CIro I10 JICMCHTAM TPCTHCTO

croJiona:
304 -2
\ 21
=2 1 o|=(=2)-(=1)7| "~ =
“ 3

OnpenenuTenb OTIMYCH OT HYJIS, TaK YTO MaTpuIiia A oOpartuma.
Haiinem maTpuity u3 anreOpandyeckux JOTMOTHEHUM:

::Jiu Ay A )
A ” = Ay Ay Ay
s A s

1o
Ay =(=1)7" =1-0-0-3=0

' 30

oo 20 _
Ay =17 D‘:L—]I-[_[_—Z‘,I-U—U-EI:D
s 2t . .
_,13:[_—]' - - q=|—_| 3—]-_=_S

C g P2 :
Ay == =(—1)-(4-0-(-2)-3)=—-6

L3 -2 .

A, =1-1] ", 0 =3.0—(—2)-2=4

oo 34 _
Ay =0=10 -, =133 -4-2)= -1

; 3] —1' _2 . 5
Ay =(—1F"- o730 (=2)1=2

=

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

f0 0 -8
l4,|=1-6 ¢+ -1

2 4 11
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Beimonaum TPaHCIIOHUPOBAHUEC MAaTPHIIbI N3 anre6pa1/1qec:1<nx I[OHOJ'IHCHI/If/'Il

f0 0 -8Y [0 -6 2
l4. [ =|-6 4 -1/ =0 4 4
24 11 -8 -1 11
_ 1
a7 =],
Teneps HaxoaUM 00paTHYIO MaTPHILy Kak |i|
) (0 -6 2]
L R S I S O
g TN 16| -
\-8 -1 11
(Lo Lie Lol o -2 1
16 16 16 § 8|
= 1 0 L._; i._; =1 0 1 1
16 16 16 44
;i-—s'n Loy L I—l LI
16 16 6 ) L2 16 16)
3ananue: BoinosHuTe 110 X04y padoThI
2 1 -1
1. Haiigute ob6patnyro matpuiry Al A=1|5 2 4
7 3 4

3 6 3
3. Jano:A={( 0 1 2
-5 4 -1

Haiigure: a)A * 0)A 1A

KonTpobHbIE BONPOCHI:

1) Kakas matpwuiia Ha3pIBaeTCsl 0OpaTHO#?

2) YTO Ha3bIBaCTCSI MUHOPOM MaTPHIIBI

3) Uto Ha3bIBaeTCs aNreOpanvdeckuM JAO0MOTHEHUEM?

4) AnropuT™M HaXOXKICHHS 0OpaTHON MaTPHIIbI?

IHNPAKTHYECKAS PABOTA Ne 14
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Ha3Banmne npakTudeckoi padorbi: Pewenue cucmem N auHennvlx ypagnenuil C
N neuzsecmuvimu memooom Kpamepa

Ieap padoTbI: HAyYUTHCS pEIIATh CHUCTEMBI JIMHEHWHBIX YPAaBHEHHU METOIOM
Kpamepa

3HAHUSA:

OCHOBHBIE MAaT€MAaTHYECKHE METOAbl PEIICHUS MPUKIAAHBIX 3a7a4; OCHOBHbBIE
MNOHATUS M METOJbl MAaTeMaTUYECKOro aHaiu3a, JIMHEWHOW anreOphl, TEOpHIO
KOMIUIEKCHBIX YHMCEN, TEOPUU BEPOSATHOCTEW 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.

yMEHHS:
[Ipon3BoauThs omepauuy HajJ MaTpULAMH U OINPEACTUTEISAMH, PEIIATh
CUCTEMBbI IMHEUHBIX YPABHEHUI Pa3IMYHBIMU METOIAMU
Teopernuecknii MmaTepuas:
1.®@opmyasl Kpamepa niis cucteMbl U3 IBYX YPABHEHUH

CucreMspl U3 IByX ypaBHEHUN

{anx +a,y=b
)
anx+ayy=D>,

Omnpenesienue. OnpeaenuTeb, COCTABICHHBINA U3 KOIPPHUIIUESHTOB TIPH

HEW3BECTHBIX, HA3BIBACTCS OMPEACIIUTEIIEM CUCTEMBI U 0003HavaeTcs A (1enpTa):

A= ap  dp

Ay dy

Omnpenenurenu AX, Ay nojy4aroTcsi myTéM 3aMeHbl KO3P(ULIMEHTOB IPU
COOTBETCTBYIOIINX HEU3BECTHBIX CBOOOTHBIMU WICHAMHU:

Ax=[r =bLaz-aby;Ay=|"" %1/ agaby-biaz.

b, a, an 2

D

Haiiti 3Ha4eHMs1 X U YBO3MOKHO TOJIBKO IIPU YCIOBUU, €CIIU

DTOT BBIBO/JI CIIEAYET U3 CIAEAYIONIEH TEOPEMBI.
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2. Teopema Kpamepa:Eciu onpedenumens cucmemsbl OMauder om HyJs, mo
cucmema JTUHEUHbIX YPAGHEeHUL umMeem 00HO eOUHCMBEHHOe pelleHue, NPU4EM
Heu38ecmHoe pasHo OMHOuleHUIo onpeoeaumeneu. B suamenamene — onpeoenumeins
cucmemsl, a 8 yuciumene — onpeoeiumelb, NOJLY4eHHbIl U3 Onpedearumeisi CUCmembl
nymém 3amemnvl Kodghguyuenmos npu 3mom Heuz8ecmuom c60000HbIMU YIeHAMU.

Oma meopema umeem mecmo O0Jisl CUCTEMbl TUHEUHbIX YPASHEeHULL 1106020 NopsOKA.

Ax . _
A’y_

Takum obpazom, hopmyast Kpamepa ons cucmemol uz 08yx ypasHeHUil: X=

Ay
A

Ipumep 1. Pemuth cuctemy JIMHEHMHBIX yPaBHEHUIA:

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

CornacHo ¢popmysiaM 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, peruenne cucrempr ™ = 1% = 1

2. YacTHbIe c1ydan
Tpu ciydyasi npyu pelieHMH CUCTEM JIMHEHHbIX YPABHECHHUIA:
1) cucrema JiMHEHBIX YPABHEHUI UMeeT eIUHCTBEHHOE pelleHue(crucTeMa
COBMECTHA U ONpEICIEHHA)

ay

e
2 B

Venopusa: L*0 4n 4nm

2) cucremMa JIMHEeHbIX YPABHEHHUI UMeeT 0eCUnCIeHHOEe MHOYKECTBO

peuieHuii(cucreMa COBMECTHA U HEOTIPEIETIEHHA)
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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:

Wrak, cucremMa M TUHEHHBIX ypaBHEHUH C N IEPEMEHHBIMH HA3bIBACTCS
HecoeMeCmHoU, €CIIN Y He€ HET HU OJTHOTO PEILICHUS, U COBMECMHO, €CIIA OHA UMEET
X0Ts Obl 071HO penieHre. CoBMECTHasi CUCTEMa ypaBHEHUH, UMEOIIasi TOJILKO OJTHO
pelieHre, Ha3bIBaCTCAONpeoeléHHOl, a 00Iee OJTHOTO —HEeOnpeOeIEHHOU.
3.®opmyJasl Kpamepa 1is1 cucremMmbl U3 TpeX YypaBHEHUH

apx+a,y+azz=>b,
AnX+ay,yy+a, =h,,

Ay X+ agy+azsl=Dh,.

Ax . _AY ., Az
, y=2Y z=22

A A A

X:

I'ne A (nenbra) cocTaBieH u3 KO3 (OUIIMEHTOB NIPU HEU3BECTHBIX:

a'11 a'12 a13
A=a, a, ay|A onpenenutenu AX, Ay, AZ moaydaroTcs IyTEM 3aMEHbI
a31 a32 a33

KO2(PPUIIMEHTOB IIPY COOTBETCTBYIOIIMX HEU3BECTHBIX CBOOOHBIMHU WICHAMMU:

bl a12 alS a‘ll bl a13 all a‘12 bl
AX: b2 a22 a23 3Ay: a‘21 b2 a23 aAZ: a21 a22 b2
b3 a32 a‘33 aSl b3 a33 a‘31 a32 b3

AED

Haittn 3HaueHusx, Y U1 ZBO3MOXHO TOJBKO MPU YCIOBUU, €CIIH
IIpumep 2. Pemuth cuctemMy JIMHEMHBIX yPaBHEHUI:

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

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

b

=AY =.2: 7242 =3,
A A

Otsert: (5; -2; 3)

3ananue: Pemnth cucremy meroaom Kpamepa

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

. x+2y—z=-3 x—4y+3z=5
7'{42&1?]:; 8.{2x+3y+z=—1 9.{2x—8y+6z=10
Y= xX—y—z=3 3x — 12y + 9z = 15

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

3) Kakas cucreMa Ha3bIBAeTCsI OTPEICICHHON U HEONPEICICHHOM ?
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4) Tlpu KakoM YCJIOBHU MOXKHO HCIOJBb30BaTh (Gopmysbl Kpamepa s peuieHus

CUCTEMbI YpaBHEHU?

MNPAKTHYECKAS PABOTA Nel5
HasBanue npakTudeckoil padorTsl: Pewenue cucmem AUHEUHbIX yPAGHEH UL
Memooamu TUHeuHOou anzeopol
Hean paboThl: HAYYUTHCS pelIaTh CUCTEMBI IMHEHHBIX YPAaBHEHUM.
3HAHMA:

OCHOBHBIE MaT€MAaTHYECKUE METObl PELICHHs NMPUKIAAHBIX 3a7ad; OCHOBHBIC
MNOHATUST W METOAbl MAaTeMaTUYECKOro aHaiu3a, JIUHEWHON anreOpbl, TEOopHIo
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEN U MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
MHTETpaIbHOTO U JU(P(HEPEHINATBHOTO UCYUCIIEHUS; POJIb U MECTO MAaTeMAaTHKH B
COBPEMEHHOM MHpE IpPH OCBOEHUM NPO(ECCHOHATIBHBIX AWCIUIUIMH U B cdepe
MPO(PECCUOHATIBHOM IESITEIbHOCTH.

YMEHHUS:
[Ipou3BoAUTH omepalnuyd Haja MATPULAMH U ONPENETUTENSIMHU, peliaTh

CHUCTEMBI JIMHEUHBIX YPAaBHEHUHN Pa3IMYHbIMU METOIAMU

Teopernueckunii MaTepuaJ:
Metoa I'aycca
Mertoa TI'aycca npekpacHO TOAXOAWT I PEUIEHUS CUCTEM JIMHEWHBIX
anreOpandeckux ypaBHenmii (CJIAY). On obOnagaeT psaoM MTPEUMYIIECTB TIO
CPaBHEHMIO C IPYTHUMU METOAAMMU:

1. Her HeoOXoAMMOCTH MpEIBAPUTEIHLHO UCCIEIOBATh CUCTEMY YPAaBHEHHMH Ha
COBMECTHOCTB;

2. Merogom l'aycca moxkHO pemaTh He Tosibko CJIAY, B KOTOpBIX 4YHCIIO
YPaBHEHHM COBNAJAET C KOJUYECTBOM HEW3BECTHBIX IMEPEMEHHBIX M OCHOBHAs
MAaTpHULIA CUCTEMBI HEBBIPOXKJAEHHAs, HO U CUCTEMBI YPAaBHEHUH, B KOTOPBIX YHCIIO
YPaBHEHHI HE COBNAJAET C KOJMYECTBOM HEU3BECTHBIX TMEPEMEHHBIX WU

ONPENETUTENIb OCHOBHOW MaTPULIBI PABEH HYIIIO;
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3. Merox T'aycca npuBOAMT K pe3yibTaTy MPU CPABHUTEIBHO HEOOJBIIOM

KOJINYCCTBC BbIYHMCIIUTCIILHBIX onepaunﬁ.

[Ipu pemienun cucreM ypaBHeHU# MetooM ["aycca He0OXOAMMO 3HATS:
Mampuya  cucmemsvt — 3TO  MaTpulla, COCTaBJIEHHAas TOJBKO W3
K03((UIIMEHTOB MPU HEU3BECTHBIX
Pacwupennas mampuya cucmemsl — 3TO Ta K€ MaTpPHUIlA CHUCTEMBI ILTIOC
CcTOJIOEI] CBOOOTHBIX YWICHOB

QJICMCHTAPHBIC HDGO6D&3OB&HI/ISII

a) CTpoKHM MaTpHUIIEI MOKHO TepecTaBJIsATh MecTaMu. Eciim B MaTpulie
€CTh (MJIM TOSIBUJIIUCH) MPOTOPIIMOHANIbHBIE (KaK YaCTHBIM Ciydail — OJMHAKOBBIC)
CTPOKH, TO CJICTyET YAAJUTh U3 MATPHUIILI BCE 3TH CTPOKH KPOME OTHOM.

b) Ecau B MaTpuiie B XoJie peoOpa3oBaHUi MMOSBHUIACH HYJICBas CTPOKa,
TO €€ TaKXKe ClIelyeT yAajauThb. HyneBas cTpoka — 3TO CTpOKa, B KOTOPOU OOHU
HYIU.

c) CTpoky MaTpuIilbl MOXXHO YMHOKHTH  (pa3iesinTh) Ha  J1H000¢C

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

YIPOLIAET JaJIbHEUINE TPeoOpa30BaHUs MaTPHULIBI.
d) K crtpoke Marpuipl MOXHO NPHOABUTH  JPYIYH)  CTPOKY,

YMHOKEHHYIO HA YUCJI0, OTJIMYHOC OT HYJIA.

IIpumep 1
x—y=-5
2x+y=-7 P

CIIHUTHb CUCTEMY MCTOAOM Faycca

Pewenue:

1. HY)I(HO 3aIMCaTh paACUUperHyrO Mampuyy Cucmemasl.

)
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BeprukanbHas yepra BHYTPHM MaTpHUIbl HE HECET HUKAKOTO MAaTeMaTHYeCKOro
CMBICJIa — 3TO IPOCTO OTYEPKUBAHUE ISl y100CTBa 0(DOPMIICHHUS.

2. [locne Toro, Kak paclIMpeHHas MaTpHlla CHCTEMbI 3allMCaHa, C HEu
HE00X0IUMO BBITIOJIHUTH HEKOTOpbIE NENCTBUA, KOTOpbIE TaK¥Xe
Ha3bIBAOTCS 21EeMEHMAPHLIMU NPeoOdPA308AHUIMU.

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

G- )

4. Ko BTOpoii cTpoke nmpubasiisgeM MepByI0 CTPOKY, YMHOKEHHYIO Ha -2:
1 =15 -2 210 -2 2{l0
— —
2 117 2 17 0 3|3
S. Tenepp nepByI0 CTPOKY MOYKHO pa3esiuTh «0OpaTHO» Ha —2:

ERE TGRSR

Crtpoka, kotopyto [IPUBABJISAJIN — He u3dMenunack. Becerna MeHs€TCSl CTPOKa,

K KOTOPOM IIPUBABJISIOT.

YMHOXaIOT CTPOKY OOBIYHO YCTHO WJIM HAa YEPHOBUKE, MPU 3TOM MBICICHHBIN
XO0J pac4€TOB MPUMEPHO TAKOM:

«IIepenuceiBaro MaTpuIly 151 MIEPEINNCHIBAIO MIEPBYIO

[1 —1‘—5} (1 _IFJ
_>

2 17 * k| %

CTPOKY: »

«CHavana mepBbIii cTONOEI. BHU3Y MHE HYXHO MOJYYUTh HOJb. [loaTomy

SIMHUITY BBEPXY YMHOXAIO Ha —2: L(=2=-2 y ko BTOPOU CTPOKE MPUOABIISIO

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

{1 —1t5} {1 -1

—
2 17 0 *
CTPOKY:
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«Teneps BTOpO# cTonben. Beepxy —1 ymHoxaro Ha —2: ~ L(=21=2 xo BTOPOU

CTpoke mnpubaBisito nepByto: 1 + 2 = 3. 3anuceiBaio pe3yibTaT BO BTOPYIO

{1 _IFJ {1 —1—5}
—

Sz o 1R7 0 3|*

CTPOKY: »

«1 tpermit ctonbeu. Bepxy —5 ymHOxkar Ha —2:

-2 =2=10 ko BTOPOIA

CTpoKe mnpubaBisito neppyto: —7 + 10 = 3. 3anuceiBaio pe3yibTaT BO BTOPYIO

[1 _ltﬂJ {1 _1‘_5J
—

R - B o 3|3

CTPOKY: »

esp 3jIeMeHTAPHBIX NMPe00pPa30BaAHMl — IPUBECTU MATPUILYy K CTYIIEHUYATOMY

BHY: . B odopmieHun 3agaHus OPSMO TaK M OTYEPKUBAIOT
MPOCTBIM KapaHJAlIOM <JISCTHHUITY», a TaKKe OOBOJAT KpPY)KOUKAMHU YHCIIA,
KOTOpBIC PACIIOJIarafoTCs Ha «CTyneHbKax». CaM TepMUH «CTYIEHYATHId BHI»
HE BIIOJIHE TEOPETUYECKUU, B HAyYHOW M Y4YeOHOM JMTEepaType OH YacTo
Ha3BIBACTCS MpaneyuesuoHblil 810 WA mpey2oibHblil 8UO.

IIpumep 2:

Pemute meTonom ["aycca cucteMy ypaBHEHUI:

Ax+2y—Sz=-1
2x—yv+3z=13
x+2y—z=9

3anuueM pacuIMpEHHYI0 MATPUILY CUCTEMBI:

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

Pe3ynbTar, K KOTOpOMY HEOOXOUMO MPHUMITU B XOJ€ PEIICHUS:
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0@ —1)1
0 o (D|4]

\

[{enp — ¢ MOMOIIIBIO 3JIEMEHTAPHBIX MTPEOoOpPa30BaHUM MPUBECTU MATPUILY K
CTyIIEHYaTOMY BUJTY.

CMOTpHM Ha JICBOC BCPXHCC YHUCJIIO!:

(3 2 «5k1)
2 -1 313
1 2 -1]9

IToutn Bcerma 3nech JOJDKHA HAXOJUTHCS eIUHHIA. YCTpouT U —1 (a mHOTHA M
Ipyrue 4Yucia), HO KakK-TO TaK TPaIUIMOHHO CJIOKUJIOCh, YTO TyJa OOBIYHO
noMeniarT eauHuily. Kak oprann3oBats equHuIly? CMOTpUM Ha TIEPBBIN cTOon0CI —
rOTOBas €AMHUIIA Y HAC €CTh!
[IpeoOpa3oBanre TMepBoe: MEHSEM MeCTaMHd TIEPBYIO W 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 OCTAHETCSI HEU3MEHHOM /10 KOHIA pemieHus. Enununina B

JICBOM BCPXHEM YIJy OpraHM30BaHa. TGHCpB HYXHO ITIOJIYUYHUTb HYJHM BOT Ha 3THUX

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

Hymu monmyuaem kak pa3 ¢ TOMOMIBIO «TPYyAHOTO» mpeoOpa3oBaHus. CHauama
paszOupaemcsi co BTOpoit ctpokoit (2, —1, 3, 13). Uro HyXHO caemarh, 4ToObI Ha

MEPBOI MO3ULKHU MOJTYYUTh HONb? Hy)XHO KO BTOpPO# CTpOKe NPUOABUTH MEPBYIO
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CTPOKY, YMHOKE€HHYI0 HAa —2. MBICTICHHO WJIM Ha YEPHOBHKE YMHOXKAEM TEPBYIO
ctpoky Ha —2. (-2, —4, 2, —18). U mnocienoBareabHO MPOBOAUM (OISATH K€

MBICJIEHHO WJIM HAa YEPHOBHUKE) CIIOKEHHE, KO BTOPOil CTPOKe MNpHOABJIsEM

NMEePBYIO CTPOKY, yxe YMHOKEHHYI0 Ha =2:
0 -3 5 -3
| I | I
-2 -4 2 —-18
+ + + +
2 -1 3 13
Pesynbrar 3aMKrChIBaEM 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 pazdupaeMcs ¢ TpeThel cTpokoit (3, 2, -5, —1). UToObl moayunuTsh Ha
MEepBOM TMO3UIMU HOJIb, HY’)KHO K TPeThell CTpOKe NMPUOABUTHL NMEPBYIO CTPOKY,
YMHOK€HHYI0 Ha —3. MBICIIEHHO WM 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 3aMrChIBaACM 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 31 neicTBUS 0OBIYHO BBIMOJHSAIOTCS YCTHO U 3aIIMCHIBAIOTCS 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

75



He Hy:KHO cumTaTh BCEé cpa3y W OJHOBpPeMeHHO. [lopsAIOK BBIUMCICHUN U

«BIIMCBIBAHUA» 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  HYXKHO  TIOJYYHTh  €AMHHUILY HAa  CIEAYIOUIEH  «CTYIEHBKE»:

1 2 =19

. -

0 (-=5) 5|-5

— -

(0 = =iB]-08

B naHHOM mpumepe 3TO CAENaTh JIETKO, BTOPYIO CTPOKY €M Ha —5 (IIOCKOJIBKY
TaM BCe Yucia JIeisaTcs Ha 5 0e3 ocTaTtka). 3a0HO JEeNUM TPEThIO CTPOKY Ha —2,

BCIb YCM MCHBIIC YHCJIa, TCM IIPOIIC PCILICHHUC!

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 3akmrounTennbHOM dTare 3JIeMEHTapHbIX MPeoOpa3oBaHU HYXKHO MOJYYUTh

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

15 3TOTO K TpeThel CTPOKe NpudaBjsieM BTOPYIO CTPOKY, YMHOKEHHYIO 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 pa3obparh 3TO AEHCTBHUE CaMOCTOSITENIBHO — MBICJIEHHO YMHOXbTE
BTOPYIO CTPOKY Ha —2 M MPOBEUTE CIOKEHUE.

[locnenHee BBIMOJIHEHHOE NAEWCTBHE — NPUYECKA pPE3ysbTaTa, JEIUM TPETHIO
CTPOKY Ha 3.

B pe3ynbrare 3JeMEHTApHBIX MPeoOpa3OBaHUIl MOJydYeHAa HSKBHBAJCHTHAS

HCXOOHOU cucrema JIMHENHBIX YPaBHEHUI:

Tenepr B geiicTBUe BcTymaeT oOpaTHBIM xon Metona [aycca. YpaBHeHus
«PACKPYUYHMBAIOTCS» CHU3Y BBEPX.

B TpeTheM ypaBHEHHH Y HAC YK€ TOTOBBIN pe3ynbTar: Z =4

CMOTpHM Ha BTOpOE ypaBHeHHe: ¥~ © =1 3nauenne «e» y’K€ U3BECTHO, TaKHUM
obOpazom:

y—4=1

¥=>5

x+2y—z=

I/I, HAKOHCII, IICPBOC YPABHCHUC:! ? . «I/IrpeK» Hn «3€T» U3BCCTHBI, ACJIO 3a

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

Otger; *=%ry=52z=4

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

KoHTpoJibHBIE BONIPOCHI:
1) Kakasi MaTpuIia Ha3pIBaeTCS PACITUPECHHOMN?
2) HaszoBure sneMeHTHI mpeoOpasoBanuii npu perienuun CJIIAY meromom

l'aycca

INPAKTUYECKAS PABOTA Ne 16

Ha3Banue npakrn4ieckout padorbl: Peuwienue CJIAY paznuunvimu memooamu
Hean padoTbl: HAyuWTHCS peEIIATh CHUCTEMbl JUHEHHBIX YpaBHEHUH METOIOM
JIMHENHOU anreOpsl

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 TPH OCBOCHUW NPO(ECCHOHATBHBIX AWCIMIUIMH U B cdepe
PO eCCHOHATILHOM IESITEIIBHOCTH.

YMEHHUSsI:
[IpousBoanTh omepanuu HaJA MATPUIIAMH U ONPEICTUTEISIMHU, PEIIaTh
CUCTEMBbI JINHEWHBIX YPaBHEHUH Pa3IMIHBIMUA METOaMH
Teopernuecknii MaTrepua:
Martpuunsiit Mmeros pemenuss CJIAY: npumep peiieHus ¢ ToMOIIbI0 00paTHOM
MaTPHIIBI

Memoo obpammnou mampuybt — 3TO METOJ, UCIIOJIb3YyroIIMiics pu pemenun CJIAY

B TOM CJIy4dac, €CJIN YUCJIO HCU3BCCTHBIX PABHACTCA YUCITY ypaBHCHHﬁ.
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Ecnu  marpuna /A HEBBIpOXKAEHAa, TO TOrga C  IIOMOLIBIO ONEpAlMM  HaJ
MaTpUIAMU BBIPa3UM HEU3BECTHYIO MaTpuiy X . Onepauus JejaeHus Ha MHOKECTBE
MaTpull 3aMEHEHa YMHOXEHUEM Ha OOpaTHYI MaTpHully, MO3TOMY J0 MHOKHUM
TIOCJIEJHEE PABEHCTBO HAa MaTpuIy A ' cieBa:

A'AX =A'B= EX=A"'B=
X=41'B
[ToaTomMy, yTOOBI HAWTH HEU3BECTHYIO MaTpHIly X HAJI0 HATH OOpaTHYIO MaTpPHUILy K

MaTpUIIE CHCTEMBl M YMHOXWUTb €€ CIlpaBa Ha BEKTOP-CTOJIOEI] CBOOOJHBIX
KO3 (HUILINEHTOB.

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

-
'

2 7
) 2 (0)
W MaTpuly MpaBbIX YaCTCU :

]

A=
Brinuiiiem MaTpuily CUCTEMBI (
Haitnem oOpaTHyro Martpuily JjIi MaTpHUIlbl CHUCTEMBI. [l MaTpuisl BTOPOTO
opsiKa 0OPATHYIO MOXKHO HAXOJUTh IO CIACAYIOMIEMY aIrOPUTMY:

1) mMarpuiia nokHa OBITH HEBBIPOXKAECHA, TO €CTh €€ ONpEACIUTENh HE JOHKEH
paBmsitbest myotio: |4l = 1;

2) 2JIEMEHTBI, CTOAIINE Ha TJIABHOM JMAroHajiyd MEHSIEM MECTaMH, a y DJIEMEHTOB
MOOOYHON JMaroHajdd MEHSEM 3HaK Ha MPOTHUBOIIOJOKHBIA M JEIUM ITOJyYCHHBIC

OJICMCHTELI Ha ONIPCACIINTCIIbL MaTPULBI. I/ITaK, mojy4dacm, 41O

i

-

Lo

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

I[Be MaTpulbl OAHOTO pasMEpa paBHLBI, CCJIIN PaBHbI KX COOTBCTCTBYIOINIHEC 3JICMCHTEI,

X — I A lB:( _i —_

TO €CTh B UTOI'€ UMEEM, UTO *1 = —11 2 = 31
OteBer. 1 = —11 @2 = 31
Ipumep 2:
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201 +x2+ a5 =2
I — Iz = -2

o L '-) e — '-)
PelnTh ¢ MOMOLIBI0 06PAaTHON MaTPHIB! cHcTeMy \ 501 — 42 + 2r3 =2

Pemenue. 3anuiiieM JaHHYIO CUCTEMY B MAaTpUUYHOM opme:

AX =B,
2 1 1 T
A= 1 =1 0 X = 2o
3 -1 2 Iy
rue - Marpura CHUCTEMBI, - cToJoeln
)
B = -2
7 o
HEHU3BECTHBIX, = / - cronbern nmpaBbIx yactei. Torma
X=A41'B

Haiiiem o6patHyro MaTpuIiy A ' k MaTpuIle A ¢ TOMONIBIO COI03HOM MaTPHUIIbL:

At = LoyT

N

3nech A=A ONpeeNnTeNIb MaTpullbl A ; Marpuua A - coro3Has MaTpuia, OHa

MoJIydeHa W3 WCXOJIHOM MaTpuIlbl 4 3aMEeHOI ee SJIEMEHTOB MX alreOpanyecKUMHU

JOITIOJIHCHUSIMH. Haﬁz[eM 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 = (-2 | 2 L1 A= (12| 2 =5
Agy = (=177 f _1 = -3

Taxum 06pazom,
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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 Torma
-2 =3 1

~ 1
A= _I -2 1 1
' 2 ooo—a

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

3aganue: Pemnre CJIAY MAaTPUUYHBIM CIIOCOOOM

Jx,—-2x, =

A,
| L

1 2o +3x,=2

2yv+x+z=-1

i—Z—v+3x=-1

—2x+3z+2y =5

2.
(%, =2x,-2x,=13
50, +Tx, +x,=-1
3 3%, +3x, +5x, =0
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KoHTpoJibHBbIE BONPOCHI:
1) B uém 3akirouaercs MaTpudHbId MeTo pereHust CJIAY?
2) HazoBuTe anroput™ perieHus: OJHOPOAHON CHUCTEMBI INHCHHBIX YPaBHCHUN

METO/10M 00paTHOI MaTpPHUIIBI.

INPAKTHYECKAS PABOTA Ne 17

Ha3Banue npakruyeckou padorbl: Komniaekcuoie yucna u 0eicmeus Ha0 HuUmMu
e padoThI: HAYYUTCS BBINOJIHATH ICUCTBUS HAJ KOMIJIEKCHBIMHU YHCIIAMHU
3a/laHHBIMU B anreOpandeckoil popme.

3HAHMSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMbl PEIICHUS MPUKIATHBIX 3aJa4; OCHOBHBIC
MOHATUS M METOJAbl MAaTEeMaTUYECKOrO0 aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMIUIEKCHBIX YHCEN, TEOPUU BEPOSATHOCTEN U MATEMAaTUUECKON CTATUCTUKHU; OCHOBBI
MHTETPATLHOTO U U] PEpeHIIMAIBHOTO UCYUCIIEHUS; pOJib U MECTO MAaTEeMaTUKU B
COBPEMEHHOM MHpE NpPH OCBOEHUM NPO(ECCHOHATIBHBIX AUCIUIUIMH U B cdepe
PO eCCUOHATILHOM IESITEIIbHOCTH.
yMeHHUS:

BrInonHATh necTBUS HaJl KOMITJIEKCHBIMHU YHCIIAMU

Teopernueckuit MaTepua:

Onpeodenenue. KOMIUIEKCHBIM YHCIIOM Ha3bIBACTCS BBIpKEHUE BHa a + D,
rie a u b - gelicrBurenbHbIe yncia. [Ipu 3TOM BBITOIHSIOTCS YCIIOBUS:
a) JIBa KOMIUIEKCHBIX yKciia a; + D11 u @ + bol paBHBI TOrMa M TOIBKO TOTIA,
Korma a;=ap, b1=b,.
0) CoxxeHre KOMIUIEKCHBIX YMCEeIT ONPEAEIIIeTCS TPABUIIOM:
(a1 + bai) + (a2 + boi) = (a1 + ap) + (by + by) 1.
B) YMHOKEHHE KOMILJIEKCHBIX YMCEI OMPEIEIISIeTCS TPaBUIIOM:
(8.1 + bll) (8.2 + bzl) = (8.18.2 - blbz) + (albz - azbl) I

Anredpanveckasi popMa KOMILJIEKCHOTO YHCJIA.
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3anuch KOMIIGKCHOTO YMcIia B BUjIe a + Di Ha3bIBaIOT anreOpanveckoit popmoit
KOMILJIEKCHOT'O YHCJIa, TJIe a — JCHCTBUTENIbHAS YacTh, DI — MHUMas 4acTb,
npudeM b — neficTBUTEIbEHOE YUCITO.
KomrmiekcHoe unciio a + bi cunraercs paBHBIM HYJIIO, €CJTH €0 ICHCTBUTEIbHAS 1
MHHMasl YacTH paBHBI HyI0: & = b = 0
KomrmiekcHoe uncio a + bi mpu b = 0 cuuraercs coBnagarommm ¢
JICHCTBUTEIILHBIM YKciioM a: a + 01 = a.
KomrmutekcHoe uncio a + bi mpu @ = 0 Ha3pIBaeTCsS YMCTO MHUMBIM U
obo3nauaercs bi: 0 + bi = bi.

JeiicTBHSI HAI KOMILIEKCHBIMM YHMCJIAMU B ajiredopanyveckoii gpopme.
Haj KOMITJIEKCHBIMH YUCIIaMU B alreOpanveckoi (hopMe MOKHO BBITTOJIHATH
CJIECIYIOIIUE AEHUCTBHUS.
1) Cnoxenue.
Onpeoenenue. CyMMOI KOMIUICKCHBIX YMceNl Z;1 = a; + Diimzp; = az +
b,l Ha3bIBaeTCS KOMILIEKCHOE YHCIIO Z, IEHCTBUTEIbHAS YaCTh KOTOPOI'O paBHa
CyMME€ JICMCTBUTEIBHBIX YAaCTEMN Z1 U Zp, @ MHUMAS YaCTh - CYMME MHHUMBIX YaCcTEH
qKCeN Z1 M Z2, TO ecTh Z = (a1 + az) + (b1 + by)i.
Yucna Z3 ¥ Z; Ha3bIBAOTCS ClIaraeMbIMH.
CroXeHre KOMITICKCHBIX YHCEeN 001a/1aeT CIIeIyOIUMU CBOHCTBAMHU:
1°. KoMMyTaTUBHOCT®: 21 + Zp = Z + 7.
2°. AcconmaTuBHOCTD: (21 + Zp) + 23 =71 + (22 + Z3).
3°. KomruiekcHoe 4rciio —a —bi Ha3pIBaeTCss MPOTHBOIOIOKHBIM KOMILIEKCHOMY
guciy Z = a + bi. KoMiuiekcHoe 4uciio, mpOTHBOIOI0KHOE KOMITJICKCHOMY
qHCiy Z, 0003Havaercs -z. CymMMa KOMIUIEKCHBIX YHCeI Z U -Z paBHa HyIto: Z + (-2)
=0
IIpumep 1. Bemonaute cnoxenne (3 —1) + (-1 + 2i).
B-N+(C-1+2)=@B+(-1)+(-1+2)i=2+1i.

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

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

3) YMHOKEHHE.

Onpeoenenue. IIpon3BeeHNEM KOMITJICKCHBIX

guceln Z;=a;+01i u zZ,=a,+b,i Ha3pIBaeTCI KOMIUIEKCHOE YHCIIO Z, ONPESISIEMOe
paBeHCTBOM: Z = (a1a2 — b1by) + (a1b, + azb)i.

Uwucna 71 ¥ Zo Ha3bIBAIOTCS COMHOKUTEISIMHU.

YMHOKEHHE KOMIUIEKCHBIX YHCENT 00JIaIaeT CIIeTyIONUMI CBOHCTBAMH:

1°. KOMMYTaTUBHOCTb: Z1Z2 = ZpZ1.

2°. AccotaTuBHOCTE: (Z122)Z3 = 21(Z22Z3)

3°. JIucTpuOYyTUBHOCTh YMHOXKEHHUS OTHOCUTEIBLHO CIOKECHHUS:

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

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

Ha mnpakThke yMHOXEHHME KOMIUIEKCHBIX YHCEI IIPOM3BOAAT II0 IPaBUILY
YMHOKCHHSI CYMMBI Ha CYMMY M BBIJICIICHHS JI€HCTBUTEIILHON ¥ MHMMOM JaCTH.

B crienyromeM mpuMepe pacCMOTPUM YMHOXKEHHE KOMIUIEKCHBIX YHCEN JIBYMSI
croco0aMu: Mo MPaBHIy U YMHOKEHHEM CyMMbI Ha CYMMY.

IIpumep 3. Bemmonuute ymuoxenune (2 + 3i) (5 — 7i).

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. Pa3nenutb KOMITIEKCHOE YHCIIO Z3 HA KOMIUIEKCHOE YHUCIIO Zp, 3HAUUT

HAWUTH TaKO€ KOMIUIEKCHOE YHCJIIO Z, UTO Z * Zp = Z3.
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Teopema. YacTHOE KOMITIEKCHBIX YHCEN CYIIECTBYET M €AMHCTBEHHO, €CIH Zz # ()
+ 0i.

Ha mpakTWkKe dYacTHOE KOMIUIEKCHBIX YHCEN HAaXOMAT MyTeM YMHOXCHHS
YHCIUTENS K 3HAMEHATESI Ha YHCII0, COMPSKEHHOE 3HAMEHATEIIIO.

[Tycth 23 = a1 + bsi, o = a2 + byl, Toroa

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

Zy _a2+b2i B (a2+b2i)(a2_b2i) B a§+b22
_ a0, + by by azb; — aib;
~ a?+b? as + b?

5) Bo3Benenue B 1E1yI0 MOJ0KUTEIbHYIO CTENEHb.
a) CTerneHn MHUMOM €TUHHITBI.
[lonb3ysCh  PaBEHCTBOM i2= -1, JIerKO ONpPENEIUTh JIHOOYI0  HENYIO

MOJIOKUTEIBHYIO CTENIEHb MHUMOM equHUILIbl. MMeem:

°=i2i=-,
=P =1,

o =iti=i,
i°=i“i? = -1,

i7= (5§12 = -i

:
P=i®i”=1ur n

DTO MOKA3BIBAET, YTO 3HAYEHHMS CTEINEHH i", T1€e N — Leloe MONOKUTENLHOE YUCIIO,
NIEPUOIMYECKH TIOBTOPSAETCS TIPH YBEJINUEHUHM 1T0Ka3aTels Ha 4

[To5TOMy, 4TOOBI BO3BECTH HYHCIO i B LEIYI0 MOJOXKUTEIbHYIO CTEIEHb, HAI0
TI0Ka3aTeNlb CTENCHH Pa3e/IuTh Ha 4 U BO3BECTH i B CTEIEHB, II0KA3aTellb KOTOPOH
paBEH OCTATKY OT JIeJICHHS.

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

i36= (I 4)9= 19= 1’

V=il = (iYxi=1-i=i

i B= 58 = ((4Px B =] - B=-i

(®+i17) iB=1+i)(-i)=-i+1=1—i.



0) Bo3BeneHne KOMIUIEKCHOTO 4YHCIAa B ILEJIYI0 IIOJOXKUTEIbHYK CTEIEeHb
MIPOU3BOJIUTCS IO TIPABUJIY BO3BEICHHUS JIBYUJieHa B COOTBETCTBYIOIIYIO CTEIICHbD,
TaK KaK OHO MPEACTaBIIsIeT COOON YaCTHBIM Ciy4ail YMHOKEHHUS OJMHAKOBBIX
KOMILJIEKCHBIX COMHOKHTEIICH.
[Ipumep 6. Beraucnure: (4 + 2i)3
(4 + 203 =43+ 3x £2x 2i + 3x 4x (2i)> + (2i)* = 64 + 96i — 48 — 8i = 16 + 88i.
3aganue: BoinmosiHUTE 321aHKsI IO X0y padOThI:

1. JlaHBI 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
-3l

4. Pemmre ypaBHeHue: x2 — 6x + 13 = 0
KonTpoabHbIE BONIPOCHI:
1. Kak o003HauaeTcs KOMILIEKCHOE YUCIIO?
2. @opMBI KOMITJIEKCHOTO yHcIia?

3. Kakwue nericTBust Mpou3BOAATCS HaJl KOMIUICKCHBIMU YUCIaMU?

INPAKTHYECKAS PABOTA Ne 18

Haspanue npaktudeckoul padorsl: Peuienue npakmuueckux 3aoau Ha
6bIUUCIICHUE 6EPOAMHOCHIU COObIMUSL.
Heab padorbi: HayuyuThCsl BEIYUCISATH BEPOSITHOCTH COOBITHIA.
3HAHUSA:

OCHOBHBIE MAaTEMaTUYECKUE METOMBI PEUICHUS NPUKJIAIHBIX 3a1a4; OCHOBHBIC
MOHSATUS W METOJAbl MAaTeMAaTHYECKOTO aHaliu3a, JMHEHWHOW anreOphl, TEOPHIo
KOMILUIEKCHBIX YHCEII, TEOPUHU BEPOSTHOCTEN U MATEMATUYECKOW CTATUCTUKH; OCHOBBI

MHTETPaNbHOTO U AU (HEepeHINATBFHOTO UCYUCIICHUS; POJIb U MECTO MAaTeMAaTHUKH B
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COBPEMEHHOM MHpPE IpPU OCBOCHMM NPO(ECCHOHANBHBIX AHUCLUUIUIMH U B cdepe
po(heCCUOHATIBHON JESTENbHOCTH.
YMEHMS:

Pemarp 3aaun Ha BBIYMCIIEHUE BEPOSITHOCTH C MCIOJIb30BAaHUEM 3JEMEHTOB

KOMOWHATOPUKHU
Teopernueckast 4acTh:
1. Cay4aiinoe coObITHE

CrnydaiiHoe coObITHE — 3TO 000U (haKT, KOTOPBIM B pe3yJibTaTe UCHBITAHUS
MOKET MpPOU30MTH WM He mnpouzotu. CiydallHOe COOBITHUE — 3TO pe3yJbTar
UCTIBITAHUSI.

WcnpiTanue (OMBIT, KCHEPUMEHT) — B OTOM OMNpEACICHUU MOHUMAETCS
OIpe/IeNICHUE ONPEIEIEHHOT0 KOMIUIEKCa YCIOBUHM, B KOTOPBIX HAOII0JAETCs TO WIH
WHOE sIBJIeHWE, (UKCHUPYETCs TOT WM HHOW pe3ynbTaTr. MchpiTaHne MOXET
MPOBOAMTHCS YEIOBEKOM, HO MOXET OCYILIECTBIATHCS W HE3aBUCHMO OT YEJIOBEKA.
YenoBek B 3TOM ClIydae BBICTYIAET B pOJIM HAOIIOAaTEs.

CoOpbiTHEe 0003HAYAIOTCS HAYAJIbHBIMU NMPONMUCHBIMU (3arjlaBHbIMU) OyKBaMH
natuHcKoro andasura A, B, C.

1. JlocToBepHOE COOBITHE — OTO COOBITHE, KOTOPOE B pe3yJbTaTe
WCTIBITaHUS 00S13aTENIbHO JOJKHO MTPOU30UTH.

2. HeBo3MoxxHOe coObITHE — 23TO COOBITHE, KOTOpOE B pe3yibTaTe
UCTIBITAHUS BOOOIIIE HE MOXKET MPOU3OUTH.

CoObITHS HA3bIBAIOTCS HECOBMECTHUMBIMHU, €CJIM HACTYIUICHHE OJHOTO M3 HUX
MCKJTIIOYAET MOSIBJICHUE JPYyroro. B mpoTUBHOM ciiyyae cOOBITHSI — COBMECTHBIE.

[IpOTUBOINOJIOKHBIE COOBITHA: [IBa COObITHS A © A  Ha3pIBaKOTCA
MPOTUBOMNOJIOKHBIMU, €CJIM HE TOSABIIEHHE OJHOTO M3 HUX B pe3yjibTaTe JaHHOTO
WCILITAHKS BIEYET HOSABIEHHE APYroro. (A unraercs «ue Ax).

2. BeposSITHOCTD CJIy4ailHOTO COOBITHS

YucneHnHass wmepa cTelneHH OOBEKTUBHOCTH BO3MOKHOCTH HACTYIUICHUS

COOBITHS HA3bIBAETCS 8EPOSAMHOCHBIO CAYHUAUHO20 COOLIMUSL.

Knaccuuecrkoe onpeoenerue BEpOSTHOCTH COOBITUS A
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m

BeposTHOCTE  cOOBITHA A paBHAa  OTHOIIEHHIO  YHCIA  CIIy4aes,
0JIaroMPUATCTBYIOIIMX COOBITHIO A (M), K 00IIeMy YHCITy cirydaes (n).
IIpumep 1

JlaGopaTopHas Kpbica, ITOMEIICHHAsT B JIAOWPHUHT, JODKHA M30paTh OJUH W3
ISITA BO3MOXHBIX TyTeH. JIMb OMH U3 HUX BEAET K MOOIIPEHUIO B BUAe nuiie. B

MPEIOJIOKEHNH, YTO KpbIca C OJMHAKOBOW BEPOSTHOCTHIO M30EpeT J000M MyTh,

KaKOBa BCPOATHOCTb BBI6paHHOFO IMyTH, BEAYHICTO K HI/IH_IC?

1
Pemenue:g

IIpumep 2

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

Pewenue: P(A) = % = %

CoObiTHe A — «IOSBJIICHHE YETHOTO YHCIA OYKOB» OJarompusTCTBYIOT 3
ncxoja (2, 4 u 6 0O4KoB).
IIpumep 3

Bce narypanbshbie uncina ot 1 1o 30 3anmuMcaHbl HA OMHAKOBBIX KApTOYKax U
noMenieHsl B ypHy. llocie TmiatenbHOro mnepeMenMBaHusl KapTOYeK W3 YPHBI
U3BJIEKAETCS OJIHA KapTouka. KakoBa BEpOSITHOCTH TOTO, YTO YHUCIO Ha B3SITOU
KapTOYKE OKaXeTCs KpaTHBIM 57

Pewenue:

O6o3HaunM yepe3 A COOBITHE, COCTOAIEE B TOM, YTO YHCJIO Ha B3ATOU
KapTouyke kpaTHO 5. B nmanHoMm ucnbiTaHuu uMeercs 30 paBHOBO3MOKHBIX HCXOJIOB,

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

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

IIpumep 4

[Ton6paceiBatoT 2 MoHeThl. KakoBa BEpOsSTHOCTH, UTO 00€ ymagyT «repOom»
KBEPXY?

Pewenue:
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4 ucxona opocanust Mmouet: I'T', I'P, PT", PP.
ITycth coObiTHE A — «BBITIANHN 2 TepOa» - ITOMY COOBITHIO OJIArONPHUATCTBYET

OAHMH HCXOA.

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

m_1
n 4

IIpumep 5

[TonOpackiBatoTCs J1Ba UTPAJIbHBIX KyOHKa, MOJCYUTHIBAETCS CyMMa OYKOB Ha
BEPXHHX I'paHsX. UTO BEpOATHEE — OTYyUYUTh B CyMMe 7 wiin §7?
Pewenue:
O603HaYMM COOBITHS: A — «BBINAJIO 7 OYKOBY», B —«BbITIANIO § OYKOBY.
CoObITHI0 A OIaronpusITCTBYIOT 6 3yeMeHTapHbIX Ucxo0B: (1;6), (2;5),
(3:4), (4:3), (5:2), (6:1).
CoObiTusa B 6naronpustcTByeT 5 ucxonoB: (2;6), (3;5), (4:4), (5;3), (6;2).

Bcex paBHOBO3MOKHBIX HCX0J0B N=62 =36.

P(A) = === 0,167, P(B) = —=0,139

3

Urak, P(A) > P(B) monyunts B cymMe 7 0O4KOB 00Jiee BEpOSITHOE COOBITHE, YEM
B CYMME€ 8 OYKOB.
3. CraTucTu4eckoe onpeaeJeHusl BEepOATHOCTH

OTtHOCHUTENBHAS YacTOTa COOBITHS — 3TO JOJIAI TCX (I)aKTI/ILIeCKI/I IMPOBCACHHBIX

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

AKCIIEPUMEHTAJIbHAS XAPAKTEPUCTUKA, TI€ M — YUCJIO ONBITOB, B KOTOPBIX MOSIBUJIOCH
coObITHE A; N — YUCJIO BCEX MOBEJACHHBIX OIBITOB.
BeposiTHOCTBIO COOBITHSI HA3BIBACTCSI 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 00abHBIX, MOCTYNMHUBIIUX B XUPYPrUUECKYIO0 OOJBHUILY 3a Mecsll, 275
YeJIOBEK MMeNU TpaBMbl. KakoBa OTHOCHTENbHAS YacTOTa MOCTYIUICHUS OOJBHBIX C

9THUM BUIOM 3a00JieBaHUs?
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Pewenue: P*(A) 2%

Ipumep 7

[Ipu cTpennbde o mumienu yactora w=0,75. Haittu uncio nonaganuit npu 40

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

Omeem: ObL10 oydeHo 30 nmomagaHui.
4. 3aK0H CJIO’KeHUS BePOSITHOCTEM

CyMmma 1ByX COOBITHM — 3TO TaKO€ COOBITHE, MPU KOTOPOM TOSIBIIETCS XOTS
OBl 0JTHO U3 ATUX coObITHI (A niu B).

Ecnru A u B coBmectHble coObiTHUS, TO uX cymma A+B o0o3HayaeT
HACTYTUJIEHHUE COOBITUSL A Wi coObITHs B, miin 060ux coOBITHII BMECTE.

Eciu A u B HecoBMecTuMbIe coObITHS, TO cymMmMa A+B 03HauaeT HacTyIJICHUE
uinu coobiTust A mim coObiTus B.
IIpumep 8

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

Pewenue:

CoOpbiTuss A+B cocToUT B HarpakJIeHUU MOOSTUTENS UM TPU30M JIEHEKHOM
MIpEMUEH, WA TEM U APYTHM.
IIpumep 9

Typuct nmeer Bo3MOXXHOCTH mocetuth 3 roponxa: A, B u C. O6o3nauaem
coObITHsi: A — TypuCT nocetun ropoa A; B- Typuct nocetun ropoa B;

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

Pewenue:

TypuCT MOCETHI TOJIBKO OJUH W3 TOpo1oB A wiu C, WM OH MOCETHIT UX 00a.

BeposiTHOCTP CyMMBI JBYX HECOBMECTUMBIX COOBITUH paBHA CyMMeE

BEPOSTHOCTEN ATUX COOBITHIA:

P(A+B)=P(A)*+(B).
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BeposiTHOCTh CyMMBI IBYX COBMECTHBIX COOBITHUI paBHA CyMME BEpOSTHOCTEMN
UX COBMECTHOI'O MOSIBJICHUS:
P(A+B)=P(A)+(B) — P(AB).
CyMMa BepOSTHOCTEH NUCKPETHBIA COOBITHI, 00pa3yIomuX MOJHYIO TPYyIIIy,
paBHa eAMHULIEC

P(A1 )+ P(A »)+...= P(A)=1

iP(Ai) =1

CyMMa BepOSITHOCTEN MPOTUBOIOJIOKHBIX COOBITUI pPaBHA €AUHUILIE:

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

W

Ipumep 10

1
[IycTh BepoOsSITHOCTH TOrO, 4TO 3a0er BbIMIPbIBaEeT JKKUM, paBHa 3 @

1
BEPOSITHOCTh TOTO, YTO 3a0er BeIMrpacT Tom, paBHA = KakoBa BeposTHOCTH TOTO,

4TO 3a0€r BBIMTPAET OJIMH U3 HUX?

+

Pemenwue: P(A +B) =

W=
Ul =

8
15
IIpumep 11

BeposiTHOCTH TOr0, YTO y B3pOCJIOro MalMEeHTa BCE 3yObl COXPAHUIIUCh PaBHA
0,67. BeposSTHOCTH TOTrO, 4YTO HEKOTOpbIe 3yObl OTCyTCTBYyIOT paBHa 0,24.
BepositHOCTh TOTO, uTO OH 0€33y0BhIit paBHO 0,09. BEIancauTh BEpOSITHOCTH TOTO, YTO
y HaleHTa HECKOJIbKO 3y00B.

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

BeposiTHOCTh moOmagaHuss B OMYXOJIEBYIO KJIETKY «MHIIEHB» TIEPBOTO
panuonykiuaa pasia P =0,7, a Broporo —P =0,8. HaliTu BepoATHOCTH MOMaIaHUs B
KJIETKY - «MUILICHbY, €CJIU Obl OJJHOBPEMEHHO HCIIOJIB30BAIMCH 00a Mpenapara.

Pewenue:

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

J171st HenmpephIBHBIX CIIyYalHBIM BEJIMYUH yCIIOBUE HOPMUPOBKH UMEET BU:
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j_o:of(x)dx =1

IIpumep 13

B 60Jb110#1 MOMYJISIUK TIOA0BOM MYIIKH 25% MyX UMEIOT MyTalUIo TIJias3,
50% - mytammio kpeuibeB, a 40% Myx ¢ Myranueidl a3 u KpeuibeB. KakoBa
BEPOSITHOCTh TOTO, YTO Y MYXH, HayJlauy BIOpAaHHOUW U3 3TOW MOMYJISAIUHU, OKAKETCS
XOTs1 Obl OJJHA U3 3TUX MyTalUit?

Pewenue:

A — CoOwITHE, cocToflllee B TOM, YTO CIy4ailHO BBIOpaHHAsT MXa HMMEET
MyTaluu ria3. B ectb coObITHE, COCTOSIIEE B TOM, YTO CIy4ailHO BbIOpaHHas Myxa
UMEET MYTAlMI0 KpbUIbEB. BeposTHOCTH TOro, YyTo Myxa HMMeEET OJHY WU 00e
MyTalUu:

P(A+B)=P(A)+P(B) - P(AB).
Torna P(A+B)=0,25+0,5 - 0,4- 0,25=0,65.
4. Ycii0BHas1 BEPOSITHOCTH

VYcmoBHAs BEpOSATHOCTh COOBITHS B — 3T0 BeposATHOCTH coObITHS B, HalineHHas
P YCIIOBUH, 4TO coObITHE A mpousonuio. Obo3Hauaercs P(A/B).

Ipumep 14

B xopoOke comepkarcs 3 Oenbix 1 3 kenThiX TabjaeTku. M3 KOpoOKH ABaXKIbI
BBIHUMAIOT HAyraj 1o OJHOM Ta0yeTke, He BoO3Bpamas uUX B KOpoOKy. Haiitu
BEPOSITHOCTh TOSIBJICHUSI OENbIX TaOJIETOK MPH BTOPOM HCHBITaHUU (COObITHE B),
€CJIM MPY IEPBOM HCTBITAHNUU ObLJIa U3BJIEUEHA JKenTast TadneTka (coObITre A).

Pewenue:

[Tocne mepBOro UCHBLITAHUS B KOPOOKE OCTANIOCH 5 TabJIETOK, U3 HUX 3 OCINbIX.

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

IIpumep 15

B xopoOke HaxoautTcs 8 KpacHeIXx U 6 Oenbix Tabnerok. M3 kopoOku
MOCJIeTIOBATEILHO O3 BO3BpaIlleHUs W3BJIEKatoT 3 Tabierku. HalTu BeposITHOCTH
TOT'0, UTO BCE 3 TaOJIETKHU OeJIbIE.
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Pewenue:
O6o3HaunMm; A - epBas TabieTka Oemas, A, - BTopas TtabieTka Oenast, Az -
TpeThs TabsieTKa Oenasi.

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

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

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

Ipumep 16

[Tpenmosnoxum, 4To B HEKOTOPOH CEMbE UMEIOTCS 2 peOeHKa.

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

2. Ecnu n3BecTHO, 4TO, O KpalHEW Mepe, OOUH U3 JI€TEN — MAJIBbYHK, TO
KaKoBa BEPOSITHOCTb TOTO, UTO 00 peOeHKa — MATbYUKU?

3. Ecnn u3BecTHO, 4TO crapummii peOEHOK — MallbYUK, TO BEPOSITHOCTD
TOT0, 4TO 00a peOeHKa — MAJTbYUKH?

Pewenue:

1. YUetnipe paBHOBEepOSITHBIX coObITHsI MM, M/, JIM JIJ1; P(MM)= 1/4 .

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

3. Bapuants! Tonsko: MM, MJI: P(IMM)= 1/2.
5.3aKkoH YMHOKeHHUS BEPOSITHOCTEH

[IpousBeaeHrne ABYX COOBITHH — ATO COOBITHE, COCTOAIIEE B COBMECTHOM
MOSIBJICHUU ITUX cOObITUH (A 1 B).
Ipumep 17

[TycTh uMeIOTCS CIEAYIONME COOBITHS: A — «M3 KOJIOJBI KapT BHIHYTA JlaMay;
B — «u3 konoawl KapT BbIHyTa KapTa MUKOBOM MacTu». UTO mpelcTaBisieT coOou
coObiTe AB?

Pewenue: AB ecTh COOBITHE «BBIHYTA AamMa UK.

CoObiTe B Ha3bIBAIOTCS HE3aBUCUMBIMU OT COOBITHS A, €ClIM TOSIBICHHUE
cOOBITHSI A HE M3MEHSIET BEPOSTHOCTH MOSBIICHUS COOBITHS B.

BeposiTHOCTh ~ TMOSIBIEHUST HECKOJBKHUX HE3aBUCUMBIX COOBITUM  paBHA

MIPOU3BEICHUIO BEPOSITHOCTEHN STUX 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
BEPOATHOCTH OJHOTO M3 HHUX Ha YCIOBHYIK) BEpPOSTHOCTH IAPYrOro, HAaWJCHHYIO B
MPEANOJIOKEHNUHN, YTO IEPBOE COOBITHE MPOU3OIILIO.

Ipumep 18
HaiiTu BEpOSTHOCTH COBMECTHOI'O MOSBJIEHHS TepOa Mpu OAHOM OpocCaHUHU

ABYX MOHCT.

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

Y
N |-
Il
AN

IIpumep 19

BeposiTHOCTH TOrO, 4TO y B3pOCIIOrO MAallMEHTa BCe 3yObl COXPaHUINCh paBHA
0,67. KakoBa BEpOATHOCTH TOTO, YTO y JBYX HE UMEIOIIUX OTHOLICHUS IPYT K APYTY
OOJIbHBIX, 0’KUJIAIOIIKX IIpHEeMa B KAOMHETE CTOMATOJIOra, €CTh BCE 3yObl?

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

Haittu BEpOSITHOCTB TOr0, YTO B CEMBE U3 ABYX JCTEU:

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

MaJb4MK, a MIQIIUN — 1eBouka. BepostHoCTh posknenust manibunka — 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 ciiyyasx u3 250 Ha CBET MOSBISIIOTCSA OJU3HEIbI, TPUYEM

B OJHOM CJIy4ac€ — 3TO UCTHHHBIC (MOHOSI/IFOTHI)IC) 6JII/13HCHI>I. KaxkoBa BEPOATHOCTD,
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YTO Yy OMNpeeNIeHHOW OepeMEHHOM KEHIIUHBI POMASTCS OJM3HEIbl MaJbYuK MU
JIeBOYKA. YUTUTE, UTO OJTHOSIMITOBBIC OJIM3HEIBI 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

BeposTHOCTh TOTO, UTO CTYAEHT B JIETHIOK CECCHIO CIACT MEPBBIA AK3aMEH,
paBHa 0,9; Bropoit — 0,9; tpetuii — 0,8. HaliTu BEpOsATHOCTH TOTO, YTO CTYJECHTOM
OyIyT clianbl 1)TOJIBKO BTOPOM 9K3aMEH; 2)BCe TPH dK3aMEHa.

Pewenue:

1)  P(B)=P(A1A2A3)=P(A1) - P(A2) - P(A;)=0,1 0,9 0,2=0,018

2)  P(Ai1A2 A3)=P(A;) - P(A2) - P(A3)=0,9 0,9 0,8=0,648.

Teopema. BeposiTHOCTh MOSIBJIEHUS XOTA Obl OJTHOTO U3 COOBITUH A1 , Az ..., An,
HE3aBUCHMbBIX B COBOKYITHOCTH, paBHAa Pa3HOCTU MEXIY €IUHUIIEH U MPOU3BEACHUEM
BEPOATHOCTEN MPOTUBONOIOKHBIX coObITHIl A1, Az, ..., Ap.

IIpumep 23

BeposiTHOCTh momananus B 1eJIb MPU CTpesbOe U3 Tpex opyauil TakoBa: P =
0,75; P, =0,8; P; = 0,85. KakoBa BepOSATHOCTb XOTsI ObI OJTHOTO MoMaaaHus (COObBITHE
A) ip1 OHOM 3aJire U3 BCEX 3TUX OPYAHiA?

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 CTpESIFOT 10 MUILIEHU. BEposITHOCTh monafgaHus B MUIIEHb MTPU
OJIHOM BBICTpeJie AJisi 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 IMONAJET TOJIBKO OJWH CTPEIOK, paBHA
CyMME 3THX BEPOSTHOCTEH:

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

CKoJIbKO J0JKHA TJIAHUPOBATh Mapa UMETh JETEH, UTO Obl BEPOSITHOCThH XOTS
Obl ogHOro Majbuuka Obuia Beimie 90% (BEpOSTHOCTH POXKACHUS MadbyMKa U
nesouku — 0,5).

Pewenue:

IIycTh BEpOATHOCTB TOTO, UTO BCE JEBOYKMU:
111

P(JI) =233 ln :{%}”: 0,9

2

BGpOHTHOCTL TOro, 4TO HEC BCC JCBOYKMH.

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

01=(=)"; —=1/2" 2"=10=n~4,

6.®opmy.a baiieca
dopmyna baiieca mpuMeHsieTcsi, KOraa coObITHE A, KOTOPOE MOMKET MOSBUTHCS
TOJIBKO C OJHOW W3 rumnore3 Hi, H, ...H,, Tpou301uI0 U HEOOXOIUMO MPOU3BECTH

KOJIMUECTBEHHYIO TIEPEOIICHKY anpuopHbix BEposSTHOCTEH 3TuX runore3 P(H1), P(H>),
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..., P(H,), W3BECTHBIX 10 HCIBITAHUSA, T.C. HAWUTH anocmepuopuvie (IMOTyIacMbIe

1oCJIe TIPOBEACHUS MCIBITaHUS) yCIOBHBIE BeposiTHOcTH rumnote3 P(Hi/A), P(Ha/A),

.., P(H,/A):

P(Hi)-P(A/Hi)

P(HYA) = =25

Nmn Bmecto P(A) ucnoiib3yeM ee 3HayeHue, BBIYKCIECHHOE Mo (dopmylie

MOJIHOM BEPOSITHOCTH:

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

P(H/A) =

HUrak, mycTe 10 ombITa UMEKTCA runoressl Hi, Hr, ..., H,. Ilocime ombiTa
CTAHOBUTCS U3BECTHOM MH(OpMAIIUs O pe3yJibTaTax OMbITa, HO HE MOJHAs, a8 UMEHHO:
pe3yJIbTaThl HAOIIOICHUI TOKA3BIBAIOT, YTO HACTYIHUIIO HEKOTOPOE COOBITHE A.

CuuTaercs, 4To 10 ONbITa OBUIM U3BECTHBI (anpuopHsie) BEPOITHOCTU TUIIOTE3
P(H1),P(H;), ...P(H,) mn ycrosuvie BepositHocth P(A/Hi), P(A/H)),..., P(A/H,).
Heobxoaumo onpenenuts anocmepuopHvle BepositHoctu runore3 P(Hi/A), P(H»/A),
.., P(H,/A).

3nauenue ¢opmyiisl balieca cCOCTOUT B TOM, YTO TIPU HACTYILJICHUU COOBITHUSA,
T.e. N0 Mepe TOJy4eHUsI HOBOM HH(OpMaUM, MBI MOXKEM TIPOBEPATH H
KOPPEKTUPOBATh BHIABUHYTHIE 10 MCIBITAHUS TUIOTE3bl. TakoMW MOJX0/1 Ha3bIBACTCS
0aileCOBCKUM.

IIpumep 26

JIBa 0XOTHHMKA OJTHOBPEMEHHO CTPEJISIOT OAUHAKOBBIMU MYJISIMU B MeABes. B
pesyibTaTe MeABeAb ObLT yOUT oaHOU myneit (coObitne 4). Kak 0XOTHUKH TOJKHBI
MOJCJIUTh MIKYPY YOUTOTO MEIBEIs, €CIM U3BECTHO, UTO BEPOSTHOCTD IMOIMAaHUS Y
nepBoro oxotHuka 0,3,a y sroporo 0,67

Pewenue:

Bocnonb3yemcs hopmynoit baiteca. Onpenenum npeaBapuTesIbHO THIIOTE3bI.

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

['unoresa H>: momnai BTOPOH, IEPBbIA MPOMAaXHYJICS.

['unote3a H;: monaau 006a OXOTHHUKA.

['umore3a Hi: 06a MpoMaxHYJIUCH.
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CoObiTue A MOXET MNPOU30HTH TOJILKO TOTrAa, KOrJa Mpou3ouuia Juoo
runore3a Hi, 1noo runoresa Ho, T. €.:
P(A/H1)=1, P(A/H3)=0
P(4/H»)=1, P(A/H4)=0
[Ipennosiaraem, 4T0 MOMagaHWs OXOTHUKOB B MEIBEIS HE 3aBUCIT JIPyr OT
npyra. 1 monyygaem:
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(H;)=(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
_ P(H2)-P(A/H2)
P(H/A) = P(H1)-P(A/H1) + P(H2)-P(A/H2) + P(H3)-P(A/H3) + P(H4)-P(A/H4)
P(Hy/A) = oAzZ =27
0,12-1+0,42-1+0,18:0+0,28-0 9

Takum oOpa3oM, MpU CHOPABEIIMBOM JEICHUM MEPBbIM OXOTHUK JOJIKEH

2 .
MOJy4MTh IIKYPbI, T.C. MEHBIIC YETBEPTOH HACTH WIKYPhI, B TO BPEMs Kak, Ha

. 1
MEPBbIA B3I, KA3a710Ch, YTO €My NPUYUTACTCS - HIKYPBI (0,3).

3ananue: Pemure 3agaun

1. KakoBa BeposITHOCTB TOTO, YTO HayJauy BeIOpaHHOE 1iesioe yucio ot 40 qo 70
SABJISIETCA KpaTHBIM 67

2. KakoBa BepOSITHOCTb TOT'O, YTO MPHU MATH OPOCAHUSIX MOHETHI OHA TPHU pa3a
ynajaet repooM KBepxy?

3. KoHCynbTanimoHHBIN MYHKT YHUBEPCUTETA MOTYyYaeT MAKEThl C KOHTPOJIbHBIMU
pabotamu u3 ropoaoB A, B u C. BeposTHOCTb moJTydeHusI MakeTa u3 ropoaa A
paBHa 0,6, a u3 ropona B — 0,1. HaiiTu BEepoOsITHOCTh TOTO, YTO OYEPEAHOM

naket Oynert noiaydex u3 ropoza C.
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4. BeposATHOCTh TOTO, YTO B JICTHIOIO CECCHUIO CTYJIEHT CIACT MEPBBIN DK3aMeH,
paBHa 0,8; Bropoii — 0,9; Tpetuit — 0,8. HailTu BEpOSTHOCTH TOTO, YTO
CTYACHT CAACT XOTs Obl OJIMH 3K3aMEH.

5. MmMeercs aBa 0MHAKOBBIX SIUKA C ImapamMu. B mepBoM simuke 2 Oenbix u 1
YEepHBIN 1ap, a BO BTOpoM — 1 Oenblid u 4 4epHbIX mapa. Haympady BeIOMparoT
OJIMH SIIUK W BBIHUMAIOT M3 Hero map. KakoBa BeposSITHOCTH TOTO, YTO OC-

TaBIIUNCSA Iap SBISIETCS O€NbIM?

IHPAKTHYECKASPABOTA Ne 19
Haspanue npakTudeckou padorsl: Peuienue 3a0au c peanbHoimu OUCKPEMHbIMU
CAYUAUHBIMU GETUYUHAMU
Iean padorel: HayunThbes pemars 3a/1auu ¢ UCIOJIb30BAaHUEM TUCKPETHBIX
CIIy4YalHbIX BEJIIMYNH
3HaHus:

OCHOBHBIE MAaTEeMaTUYECKHE METOJIbl PEIICHUS MPUKIAIHBIX 3a7a4; OCHOBHbIC
MOHATUS M METOJAbl MAaTeMaTHYECKOrOo aHaiu3a, JIUHEHHOW anreOpbl, TEOpHIo
KOMILIEKCHBIX YHCEJI, TECOPUHU BEPOSITHOCTEN U MATEMATUYECKOU CTATUCTUKH; OCHOBBI
MHTETPATILHOTO U U] PEpeHINAIBHOTO UCYUCIIEHUS; pOJib U MECTO MaTEeMaTUKU B
COBPEMEHHOM MHpE NIpPH OCBOEHUM NPO(ECCHOHATBHBIX AUCIMUIUIMH U B cdepe
npoeccCuoHaNbHOM NESITEIbHOCTH.
yMeHMUSI:

Pemiath 3aaun Ha BBIYKUCIICHHE BEPOSITHOCTH C HCMOJIb30BAHUEM 3JIEMEHTOB
KOMOWHATOPUKHU

Teopernuecknii MaTepuaJ:

1. Cayuajiinple BeTMYUHBI

Cnyuauinas eenuyuna — 3TO BEIUYMHA, KOTOpas B pe3yJbTaTe UCIBITAHUS B
3aBUCUMOCTH OT Ciy4yass NPUHUMAeT OJHO W3 BO3MOXXHOIO MHOXECTBAa CBOHUX
3HAYECHUN (KaKO€ HIMEHHO — 3apaHee HEU3BECTHO).

Jluckpemnas cayuaunas 6eauduHa — OITO ClydailHasg BeJIWYMHA, KOTJa

MPUHUMACT OTACIbHOC U30JIUPOBAHHOC, CACTHOC MHOKCCTBO 3HAUCHUMH.
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Henpepvisnasa  cnyvaunas eenuuuna — O3TO  ClIydadHass  BEJIWYUHA,
PUHUMAIOIIAs JTI0ObIe 3HaYEHHUsI U3 HEKOTOpOoro uHTepBana. [loHaTue HenpephIBHOM
CIIy4allHOW BEJIMYMHBI BO3HUKAET IIPU U3MEPEHUSX.

CnydaiiHple BETUYMHBI 0003HAYAIOTCS KOHEYHBIMM 3arjlaBHbIMM OyKBamu
natuHCKoro andasurta X, V, Z , a ©X 3HAYCHUS] — COOTBETCTBYIOIIUMH CTPOUYHBIMHU
OykBaMmHu X, ), Z.
2.3akoH pacnpeaesieHUs CJIy4aliHON BeJIUIUHbI

DTO BCAKOE COOTHOIIECHHWE, YCTAHABIMBAIOLIEE CBA3b MEXKAY BO3MOKHBIMU
3HAYEHUSIMU CIIy4YalHOM BEJIMYMHBI U COOTBETCTBYIOLIMMH UM BEPOSITHOCTSIMH.

Jist ouckpemmoti CIy4yaliHOM BEJMYMHBI 3aKOH PACHpEIeNICHUs] MOXKET OBITh
3a/1aH B BUJIC mabauybl, AHATUTUYECKU (B BULIE hopmyvl) U epaguyecku.

Tabauya — »10 mpocTeitias Gopma 3aJaHus 3aKOHA pacmpeneiieHus. B Heit
IIEPEYUCIIEHBl B TIOPSAJAKE BO3PAaCTaHHs BCE BO3MOXKHBIE 3HAYCHHs CIy4alHON

BEIMYMHBI X U COOTBETCTBYIOIIHME BEPOSATHOCTH. JTa TaOJMIA HA3bIBAETCSA pso0oM

pacnpeoeeHusl.
X1 X2 Xn
P1 P2 Pn

n
Zpi =1
i=1

Psn pacnpenenenust MOXeT ObITh M300paxkeH TpadUyecKku, €clid MO OCH abCIHCC
OTKJIAQbIBaTh 3HAYEHUs CIy4yallHOM BETWYWHB, a IO OCH OpAUHAT —
COOTBETCTBYIOIIKE MX BeposTHOCTH. CoennHEeHUE 00paszyeT JOMaHyIO JIMHUI0. DTO

MHOT'OYT'OJIbHHUK WJIHU IMOJIMTOH paCIpCACIICHUA BepOHTHOCTeﬁ.

Pi A

X1 X2 X3 Xn X

v

1loniieonH pa‘cnpea CJILER UM 66p0ﬁiiiHOCm€ﬁ
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IIpumep 1

3a1a10T M 3aKOHBI pacHpeicsieHUs] JUCKPETHON CIy4ailHOMBEIWYHHBI CIICAYIOIIHE
TaOIULIBI?

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

Pi10,1{02]03|05

Pewenue

A) [Ta, Tak Kak BBINOJHACTCS ychoBue Y-, pi = 1: 0,1+0,4+0,3+0,2=1

b) Het: 0,14+0,2+0,3+0,5 # 1.
IIpumep 2
B nenexnoit norepeu BoimyiieHo 100 6uneroB. Pa3birpeiBaeTcst 0iMH BRIMTPHIIT B 50
pyOneit u 10 Bemmrpsimeit mo 1 pyomro. HallTu 3akoH pacnpeneneHus: ciiydaiHOM
BEJIMYUHBI X — CTOMMOCTHM BO3MO>KHOT'O BBIMIpBINIA JJIS BIAJEblla OJHOTO
JOTeperHOro OmieTa.

Pewenue: 603M0XKHBIC 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

BeposATHOCTE TOTO, UTO CTYAEHT CAACT CEMECTPOBBIN dK3aMeH M0 OMOPU3HKE paBHA
0,7, a mo ouoxumuu — 0,9. CocTaBbTe 3aKOH paCIpEACIICHUs YHClIa CEMECTPOBBIX
HK3aMEHOB, KOTOpbIE cIacT CTyAeHT. [[ocTpouTh MHOTOYTOJBHUK pacCIpeae/ICHUS
BEPOSTHOCTEH.

Pewenue

Bo3MosKHBIE 3HAUYEHHST X — YHCIIO CAAHHBIX 3K3amMeHoB: 0,1,2.

Cuurtaem BEpOSTHOCTH:

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

Psn pacnipenenenns 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 CJIy4YailHbIX BeJUYHH

Oynkuus F(x), Belpaxkaromas s KaKIOro X BEpPOSTHOCTh TOTO, 4YTO
Cily4yaiiHasi BeMu4YrMHa XMPUMET 3HAYCHHE MEHbIIIE HEKOTOPOro (PUKCHPOBAHHOTO X,
Haszvleaemcs yHKyuel pacnpedenenus ciydaiiHon Benuuunsl X.: P(x) = P( X< x). Ee
TAaK)K€ Ha3bIBAIOT UHMESPANbHOU (QYHKYueu pacnpeoeneHusi JTUCKPETHBIX U

HCTIPCPBIBHBIX CIIY YalHBIX BEJIUYMH.

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

JlaH psn pacupeneneHus CIy4alHbIX BEJIMUYUHBI:

Haiitu 1 n306pa3uth rpaduk ee QyHKIIUU pacripeecHusl.
Pewenue

Bynem 3anaBath pa3auyHbie 3HaYCHUS Xil HAXOIUTh JIs F(X):

1.  Ecm x<1,F(X)=0
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2.  Ilycte 1< x <4, (manpumep, x =2), F(x) =P(x=1) =0,4.

3. [Tycth 4< x < 5, (mampumep, x = 4,25),

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

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

v

- --------

0!

®PyHKYuA pacnpedeneHusa duckpemHol cayyaliHocmu eeanuyvuH

F(x) = (P(x=1) + P(x=4) + P(x=5) + P(x=7) = 0,8 + 0,2 =1
OyHKIMS ~paclpefesieHus] 000  TUCKPETHOM CiaydyalHOW BEJMYUHBI  €CTh
paspbiBHasi cTyneH4yaTas (DYHKIUS, CKAa4YKM KOTOPOM MPOUCXOJAT B TOYKaXx,
COOTBETCTBYIOLIMX BO3MOXHBIM 3HAQUEHUSIM CIIyYallHOM BEJIWYMHBI W PaBHBI

BCPOATHOCTAM ITHUX 3HAYCHUM.

4. YncJioBble XapaKTePUCTUKH TMCKPETHOM CIy4aliHOi BeJTMYUHBI
1. Mamemamuueckum oxcudanuem M(X); TUCKPETHOM CIIydyallHOW BEITMYHUHBI
Ha3bIBACTCSI CyMMa NPOM3BEACHUI BCEX €€ 3HAYCHUN HE COOTBETCTBYIOIIHE WM
BEPOSITHOCTH:
M(X) = B, xipi
IIpumep 5
W3BecTHBI 3HaUCHMS pacmpenesieHns CIy4alHbIX BedudruH X U Y — YUCIO 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 | 0,20 | 0,20 | 0,04 | 0,05 | 0,12 | 0,20
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Xi 0 1 2 3 4 S) 6 7 8 9 10
pi |001003]|005|009]|0,11|0,24|0,21 0,10 | 0,10 | 0,04 | 0,02

HeoOxoaumo BBISIBUTH, KAaKOM M3 JBYX CTpPENKOB crpenser Jjydiie. [loctpouts
MHOTOYTOJIBHUKH PacpeIeIcHusl.
Pewenue:
O4eBUIHO, YTO U3 JBYX CTPEJIKOB Jy4YIlE CTPEISET TOT, KTO B CPEAHEM BbIOMBAET
0O0JIbIIIEE KOJIUYECTBO OYKOB.

M(X) = 0-0,15 + 1-0,10 + 2-0,04 + ... + 90,12 + 10-0,2 = 5,36

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

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

IIpumep 6

Crnydaiinast BemMurHa 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 =2,3
2. Jucnepcus nuckpeTHOU citydailHOCTH BeMWYUHBL. CIIOBO «JIUCTIEPCHUS» O3HAYAET
«paccestHue»:

D(X) = M(X — M(X))2.
Jlucnepcueri D(x)cmydailHONl BENIMYMHBI HA3BIBACTCS MATEMAaTHUYECKOE OXHUJAHUE
KBaJIpaTa €€ OTKJIOHEHUS OT MaTeMaTHYCCKOTO OKHIaHH.
Cpeonee keadpamuueckoe omkioHeHue ¢ (CTaHAAPTHOE OTKJIOHEHUE WM CTaHIapT)
CITy4altHOW BETWYHMHBI X — 3TO apu(PMETHUYECKOEC 3HaUYECHHWE KOPHS KBaJIPaTHOTO U3

ee TUCTICPCHH:

c=.D(X)
IIpumep 7.
B 3amaue 1 o cTpenkax BEIYMCIUTH JUCIIEPCUIO YUCTIA BBIOUTHIX OYKOB JIJI KaXKI0TO
CTpeKa.

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)-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. Jlucniepcusi MEHbILIE Y BTOPOT'O CTPEJIKA.
IIpumep 8
B 3amade 2 BBIUMCIUTH TUCTIEPCHUIO.

Peuwenue:

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

5. I11OTHOCTH BEPOSATHOCTH HENPEPBIBHBIX CJAYYAHHBIX BeJIUYHH
IInomnocmolo  epossmuocmu, unu  naomuocmvio  pacnpedenenus  f(x)

HenpepviéHoU CAYYalHol BEIUYMHBI X, HA3bIBAETCS MPOM3BOAHAS €€ (YHKIHH

pacrpeeIIieHus:
f(x) =F'(x)
Ee makoice nasvisarom oughgpepenyuanvror GpyHKIuen pacupeaesicHus.
f(x) A
J
0 >

a b X

Ceoticmeo niomnocmu 6eposmHoCmu.’

1. Heorpunarenbhas ¢pyukmus f(x) >0 .

2. [nomans GuUrypsl, orpaHUYEHHON KPUBOU pacrpeeseHs U 0Cblo adcucc,
paBHa €AUHULIE.

3. BeposiTHOCTh mOMagaHusl HEMPEPHIBHON CIIy4allHON BETUYHMHBI B WHTEPBAJ
[a, b]paBHa ompeneneHHOMY WHTETpaly OT €€ IJIOTHOCTH BEPOSTHOCTU B Ipeienax

ot a o b.
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['eomeTpuueckast HHTEpIpETAIUS:

[TomyyeHHasi BEpOATHOCTh paBHA IUIOMIAU (DUTYpPBI, OTPAHUYEHHON CBEpXY
KPUBOM pactpeiesiCHHs U ONMPAOIIEiCst HA0OTPE30K [a, b].

HenpepbiBHas ciydaiiHas BEJIMYMHA OMUCHIBACTCS CICAYIONIUMU YUCIOBBIMU

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 Haubojee YacTo BCTpedaercs Ha mpaktuke. OH  sBIgeTCS
IpeeIbHBIM 3aKOHOM, K KOTOPOMY MPHUOIMKAIOTCS APYTHE 3aKOHBI pacIpeeICHNUs.
HopmanbsHoe pacnipeneneHue sSBISIETCS OAHUM W3 CaMbIX BaXKHBIX PACIpPEICICHUN B
cratucTtuke. OOBIYHO BCE CPAaBHUBAIOT C HOPMaJIbHBIM 3aKOHOM pacIpeleieHHUS.
HenpepbiBHast ~ ciyvaiiHass  BequuuHa  XUMEET  HOPMAIbHBIM  3aKOH
pacnpenenenus (3akoH [aycca) ¢ mapameTpamMM L M G2, €CIM €€ IUIOTHOCTh

BCPOATHOCTU NMCCT BHU:

_(x=1)2

e 262

f(x):o\/%

Ceoticmea niomnocmu pacnpeoenenus 6eposimHoOCmen.

> Omna xonokoo0Opa3Has («xoJsiokoi ["aycca»), nHaue yHUMO1aJbHasl.

»  IlnotHocTh ompenensieTcss AByMs TapaMeTpamMH: MaTEeMaTHYECKUM
oXugaHueM () ¥ CPEIHUM KBaJAPaTHYCCKUM OTKJIOHEHUEM (G).

> CuMMmeTpUyHas OTHOCUTEIBHO CPETHETO.

> Cpennee u Me1MaHa HOPMAJIbHOTO PaCIpPEIE/ICHNs PABHBI.
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»  KpuBas cnBuraercs BOpPaBO, €CIM CpeAHEE YBEIUYMBACTCS TIpU
IOCTOSTHHOM KBaJpaTUYECKOM OTKJIOHEHUH (puc. 0), W CIBUTAETCsS BJIEBO, €CIIU
CpeIHEEe YMEHBIIAETCS.

»  KpuBas pacmupsiercsi, €clii CpeqHee KBaJpaTHYeCKOoe OTKIOHEHHE a
YBEJIMUUBAETCS (€CIIU CPeAHEE TOCTOSTHHO).

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

noj rpadukoM Bcerna pasHa 1)(puc. B).

) f(x) » e, =0 H2>
1
T
0 X > X
n H1 H2
B (x) | K f“ ?
o2
L\ o |
J N, e R

351 |35

Kpueas HOpMasibHO20 3GKOHA pacnpedeneHus u ee UusmeHeHUs npu
U3MeHeHUU napamempoe

LononnumenvHule ceoticmea:

BeposiTHOCTh TOTO, YTO HOPMAIBHO pacmlpe/eleHHas clydyaiiHash BEIMYMHA X
CO CpEIHMM | W CPEIHHM KBaJpPaTUYCCKUM OTKJIOHEHHEM G (CTaHJapTHOE
OTKJIOHEHHUE) HaxoauTcs Mexay (UL - o) u (L + G), paBHa 0,68, T.e. 68% ciyyaitHol
BETMYMHBI X OTJIMYAETCS OT CpeAHEero He Oojiee 4eM Ha OJHO CTaHIAPTHOE

OTKJIOHEHHUE =* G.
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BeposiITHOCTh TOTO, YTO HOPMAIILHO pachpesiesieHHasi cliydaifHash BEJIUMYMHA X
HaxoauTcst Mexay (U - 26) u (U + 26), paBHa 0,95, T.e. npumepHo 95% cirydaitHOU
BEJIMUMHBI X OTJIMYAETCS OT CPETHETO Ha JIBa CTAaHAAPTHBIX OTKIOHCHHS +2G.

BeposTHOCTh TOTO, YTO HOPMAIBHO paclpe/eicHHas clydaiiHas BEIMYMHA 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. IuckpeTHas ciay4yaiiHas BeTuYrMHa XHUMEET 3aKOH pacipeeeHusl.

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

pacnpeaenenus. Haltn maremaTnieckoe 0XKUIaHUE U JUCIEPCUIO.

2. IuckpeTtHas ciaydyaiiHas BeIMuuHa XUMEET 3aKOH pacipeiesICHusI.

Xi 3 4 3) 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 pacmpenencHus. Hailtm maTemaTudeckoe
0’KMJIAHUE U JUCIIEPCUIO.

KonTpoabHbIe BONPOCHI:
3. Kaxkas BenmnunHa Ha3bIBa€TCS CITy9aiiHOMN ?

4. 3aKoH pacnpelieseHus CIIy4yalHbIX BETUYUH?
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5. Uto Ha3bIBaeTCS MIIOTHOCTHIO BEPOATHOCTHU?
INPAKTHYECKASPABOTA Ne 20
Haspanue mnpakruuyeckoii padorwl: Pewenue 3adau nHa mamemamuueckoe
oxcuoanue, oucnepcuro
Heab padorbi: Hayunthca pemate 3a7aud HAa MaTeMaTUYECKOE OXUJIAHUE U
JTUCIIEPCHIO
3HaHus:

OCHOBHBIE MAaTEMaTUYECKUE METOJbl PEIICHUS MPUKIATHBIX 3a7a4, OCHOBHbIC
MOHATUS M METOJbl MAaTeMaTUYECKOrOo aHajiu3a, 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:

Pemrats 3a1aun Ha BBIYUCIIEHUE BEPOATHOCTH C UCMOJb30BAHUEM 3JIEMEHTOB

koMOuHaTopuku Teopernueckuii MaTepuaJ:

Mamemamuueckoe 0Jcudanue CIyv4aitHou
BenrunHbl XX (0603Hauaercs M(X)M(X) umn  pexxe E(X)E(X))  xapakrepusyet
cpelHee 3HAUYCHHUE CIIyYalHOW BEJMYMHBI (JIMCKPETHOM WJIM HENpephiBHOM). Mart.
0’KHJIAHUE - ATO MEPBbIN HaYIbLHBI MOMEHT 3afaHHoi CB.

MareMatuyeckoe OXKuJaHUE OTHOCIT K TaK HAa3bIBAEMBIM XApPAKMePUCMUKAM
noJodceHus pacupenesieHus (K KOTOPbIM Takke MPUHAJIeKAT MOJIa U MEIUaHA).
DTa XapakTepUCTHKA OMHUCHIBAET HEKOE YCPEIHEHHOE IOJIOKEHHE CIy4ailHOM
BEJIMYMHBI Ha YUCIIOBOM ocH. CKakeM, €ClTi MaT. OKUJIaHUE CITyYaiiHOW BETUYUHBI
- cpoka ciyxObl jammbl, paBHO 100 4acoB, TO CUMTAETCs, YTO 3HAUEHHUS CPOKa
CITY>KOBI COCpPeOTOUYEHHI (C 00EMX CTOPOH) OT ATOTO 3HAYEHHUS (C TEM WM HUHBIM

pa3dopocoM, 0 KOTOPOM YIKE TOBOPHUT AMCIIEPCHUS).

MaremaTH4eCKuM OXHNIJaHHUEM I[PICKpCTHOﬁ cnyqaﬁHoﬁ BCIMYMHBI HA3BIBAIOT CYMMY

HpOH3BCI[€HHI>i BCEX €€ BO3MOKHBIX 3HAUCHUM HA UX BCPOATHOCTH.
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Ecnu guckpeTtHasi ciyyaliHash BEIMYMHA NMPUHUMAET TOJIBKO 3HAYCHMS X1, X2, ..., Xn,
BEPOSTHOCTH KOTOPBIX COOTBETCTBEHHO PABHBI P1, P2, ..., Pn . TOraa MaTeMaTHu4eCKUM
0XKUJAHHUE ONPEACISAETCS PABEHCTBOM:
M (X) = X1p1 + Xop2 + ...+ XnPn.
IIpumep 1. HailTu MareMaTH4eCKOE OXKHAAHUE JMCKPETHOM CiydailHOU
BEJIMYMHBI, 3HAsI 3aKOH €€ PaCIpPEICIICHUS:

X 5 4 3
p 0,2 0,5 0,3

Pewenue. ITo popmyne (3.1) HaxoauM MaTeMaTUYECKOE OXKHUIaHUE:
M (X) = 5*0,2 + 4*0,5 + 3*0,3 = 3,3.
Ecnu auckperHas ciyuyaiiHas BeJMYMHA TNPUHHUMAET CUETHOE MHOXKECTBO

BO3MOJKHBIX 3HAUCHUM, TO

]
M(X)=> %p;
i=1
Ha npakTuke 4acTto NpUXOIUTCS OLIEHUTh PACCESIHUE BO3MOXKHBIX 3HAUYECHHUU
CIIy4allHOW BEJIMYMHBI BOKPYT €€ CPEJHErO 3HAYEHUS.
Hucnepcuen (pacceanuem) NUCKPETHON CIIyYaWHOM BEJIMYWHBI HA3bIBAKOT
MaTEMaTUYECKOE 0XKUIAHHME KBaJApaTa OTKJIOHEHMS CIy4YalHON BEIWYUHBI OT

€€ MaTCMaTHYCCKOI'O OXKUAaHU .

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

IIpumep 2

N3BecTHBI 3HAUCHUSI pacHpeAesiCHUs] CIIyYalHbIX BEIUYMH X U Y — YHCJIO 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 |001003]|005|009]0,11|0,24|0,21 0,10 | 0,10 | 0,04 | 0,02
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HeoOxomumo BBISIBHTH, KaKOW M3 JIBYX CTPENKOB cTpenser jaydmre. [loctpouts
MHOTOYTOJBHUKH PaCIpeIeIICHNU.
Pewenue:
OdeBHIHO, YTO M3 JIBYX CTPEJKOB JIy4YIlle CTPESET TOT, KTO B CPEIHEM BBIOMBAET
OOJIBITIEE KOJIMYECTBO OYKOB.

M(X) =0-0,15 + 1-0,10 + 20,04 + ... + 9:0,12 + 10-0,2 = 5,36

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

To ecTb CPCOHCC YUCIIO BBIOMBACMBIX OYKOB Y ABYX CTPCIIKOB OAMHAKOBO.

IIpumep 3

CiyyaiiHasa BenuurHa X 3a/1aHa 3aKOHOM PacCIIpeIeTICHNUs:
Xi 1 2 5
Pi 0,3 0,5 0,2

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

Jlucnepcueti D(x)cmydaiiHOM BEIMYMHBI HA3BIBACTCS MaTEMAaTHUYECKOE OXHIAHUC
KBaJpaTa €¢ OTKJIOHCHHSI OT MAaTEMaTHIECKOTO OXKHTaHHUS.

Cpeonee keadpamuueckoe omkioHeHue ¢ (CTAaHIAPTHOE OTKIOHCHUE WJIM CTaHIApT)
CIIy4YailHOM BeMWYUHBI X — 3TO apu(MeTHYecKoe 3HaUYCHHE KOPHS KBAJAPATHOTO U3

e¢ IUCTICPCHH:

c=.D(X)
IIpumep 4.
B 3amade 1 o cTpenkax BEIYMCIUTE JUCIICPCHIO YUCTIA BRIOMTHIX OYKOB JIJIS KaXKI0TO
CTpeKa.
Pewenue:
OueBHIHO, YTO JIyUllle CTPEJsUT TOT CTPENIOK, Y KOTOPOTO MPHU PABEHCTBE CPEIHUX
3HAYEHUN YKCJIa BBIOUTHIX OYKOB MEHBIIE OTKJIOHEHHE JTOT0 YKCJIa OTHOCHUTEIHHO

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

Omeem: Jlucriepcusi MEHbIIE Y BTOPOTO CTPEJIKA.

IIpumep 5

B 3amade 2 BBIUMCIUTH TUCIIEPCHUIO.

Pewenue:

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

3aganue: BoInoJIHUTDH 3aJaHUA 11O BapuaHTaM

Bapuanr 1

1. Cnyqaiinas BenmunHa X 3aJaHa 3aKOHOM PacIpeacIIcHU:

Xi

2

3

10

Pi

0,1

0,4

0,5

Haittu maTemaTndeckoe OXHMIAaHUC U CPCAHCC KBAAPATHYCCKOC OTKIIOHCHHUC G(X)

[TocTpouTh MHOTOYTOJIBHUK PACTIPEAECITICHUS.

2. Haiitu qucnepcuio ciydailHOM BeJIMYUHBI X, 3Hasl 3aKOH €€ pacipeiesICHus.

[TocTpouTh MHOTOYTOJIBHUK PACTIPEAECIICHUS.

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

1. HaifTu maTeMaTudeckoe OXKHIAHUE U JAUCIEPCHUIO CIy4YailHON BETUYUHBI X,

Xi

3

5

2

Pi

0,1

0,6

0,3

3HaA 3aKOH €€ paClIpCaAcIICHUS.

2. Haittm nucnepcuto ciaydailHOW BelIMYMHBI X, KOTOpasl 3ajaHa 3aKOHOM

pacripeieneHusl.

Xi
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Pi 0,1 0,6 0,3

KoHTposbHbIE BONPOCHI:
1. Yrto Ha3pIBaeTCI MaTEMAaTUYECKUM OXKUATAHUEM?
2. Tlo xakoii popMyJie BEIYUCIAETCS MAaTEMaTUUECKOE OXKUJIaHKE?

3. Uro Takoe gucnepcusi?

Cnucok aureparypsl

1. I'puropseB B.I1. MaTematuka: y4eOHUK 715 CTyA. YUpexAeHUN cpel. mpod.
obpazosanus / B.I1. I'puropses, T.H. CabypoBa. — 2-¢ u3a., crep.-M.: U3narenbckuit
ueHTp «Axkaaemusi», 2018. —368 ¢

2. Tlexmeukuit W.J[. Marematnka [Tekct] : yueb. mocobOue s CTYI.
Yupexnenuit cpen. mpod. obpazoanus /M. [exnenkuit. - 12-e u3z., crep. — M.:
N3parensckuit neHTp «Axanemus», 2017 . - 320c.

Humepuem-pecypceo:

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

[lepeMecTHuTeNbHBIN 3aKOH cllokeHMs: 8 + b =D + a.
CouerarenbHbIN 3aKOH CIOXKeHUs: (@ + b) +c=a + (b + ¢).
[lepeMecTHuTEIBHBIN 3aKOH YMHOKEHUS: ab = ba.
CoueTaTenbHbIN 3aKOH YMHOXEHUS: (ab)c = a(bc).
PacnipenenuTenbHplil 3aKOH YMHOXEHHSI OTHOCUTEIBHO CIOXKEHHUSL: (a + b)c =

ac + be.

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

ac - be.

JIpo0HbIe BbIPpAKEHUSA

ac=g,b¢0, C'&E0;

OcHOBHOE CBOWCTBO ipobdu: bc b

HevictBus ¢ qpo0saMu (MpeanoaaraeTcs, YTo 3HaMEeHaTeN IPo0eit OTIIMYHBI

OT HYJIS1):
Bob B¥D 8.C GlHb
c ¢ ¢ B d bd
ac _a a -a_a
bd b b b b
a ¢ _ad a" _ a"
b'd b’ (EJ b

CreneHu u KOpHHA

Cmenenns ¢ yeibim nokazamejiem

a =aa --a (npa3,”eN’ n:-:l)
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a'=a,d =1 (@=0), a™=1d" (a=0)

CsoiicTBa:

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

(@b} = a™”, (afp] =a"fb".

Kopenw n-ti cmenenu

a =0

b

Va - apudmernyeckuii kopeHs N-it creneny u3 yucna &

az0 neN, n>l.

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

(Ve =a, Va*=pl

KOPEHB:!

Cmenenwb ¢ OpoOHbIM (PAYUOHAILHBIM) NOKA3AmMelemM

a™ =ia" wmeZ, nelN, nz2, a>0.

b

Ceoticmea cmeneHu ¢ 0eticmeumeibHbiM noKkasameJiem

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

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

Apugpmemuueckasn npoepeccus

(a, )
ApudmeTndeckas IPOrpeccus - YUCI0Bast MOCIeI0BATCILHOCTD =

caeiasEdl sl 2.

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

apu(pMETHIECKON TTPOTPECCUH ).

CBoiicTBa apu(METUUECKON MPOTPECCUU:

Gy T2
Qa1 % = Qppa — Qs @ = —'_""'2 .

a, =a+d(n-1)

®opmyiia N-To YieHa:

@opMyJIbI CyMMBI N MEPBBIX YIEHOB:

g c@takp o 2atdn-1),

2 2

l'eomempuueckas npozpeccusi

(&),

b1=b (f)#O), Z)bx+l=bxq (q¢0):n_12

['eomeTpuyeckas nporpeccusi - YUcaoBas MOCie10BaTEIbHOCTD

onpenessgemMasl yCIOBUsIMH: 1)
... (Q - 3HAMEHATEIIb TEOMETPUUECKOM MPOTPECCHN).

CBolicTBa reOMETPUYECKON MPOTPECCH:
2
bm+l ]bx = bx+2 )}‘bml ) b b b

x4l = Pauaa-

®dopmyia N-ro yieHa: bu=bg

g#1)
CDOpMYJ'H)I CYMMBI n HepBBIX YJICHOB .

e 53 bxq_bl e bl(q” _1)

» ’ N

g-1 . g-1

CymMma 0eCKOHEYHON T€OMETPUUYECKOMN MPOTPECCUU:

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

a®-b* ={a-b)a+b),
a®-b* = (a- B)la® +ab+b?),
a®+b° = (a+bla* —ab+b?),
at-bt = (a—b)(a3+a2b+ab2 +b3)= (a—b)(a+b)(a2+b2),
a’-b = (a—b)(a" +a’b+a’h? +ab’ +b4),
a’+b’ = (a+b)(a4—a3b+a2b2—ab3 +b4),

a*-b* =(a-bla™ +a" b+ ...+ ab™ b,
i R ORI | < Y ]
(a+b) =a*+2ab+b*, (a-b) =a®-2ab+b?,
(a+b) =& +3a’b+3ab® +b7,

(a-bf = a® - 3a’b+3ab® - b,

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

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

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

IJI€ X1, X2 - KOPHYU KBaJIPAaTHOTO TpexdaeHa ax? + bx + c.
CBoiicTBa YHCJIOBBIX HEPABEHCTB

1) Ecnu a < b, To npu modom C: a + ¢ < b + c.
2)Ecrma<bwuc>0, 10 ac<bc.
3)Ecoma<buc<0, 1o ac>bc.

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

117



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

——

Jlorapugmsi

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

al"gab - b
OcHoBHOE JI0TapuPMUIECKOE TOKIECTBO:
lgd . 10%% = 5.
- IeCATUYHBIN JTorapudm (jJorapudm mo ocHoBanuio 10):
In b elnb — b

- HATypaJIbHBIN Jorapudm (JloraprudmM 0 OCHOBAHHMIO €):

[Tepexon OT OQHOTO OCHOBAHUS K IPYTOMY:

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

M=lge= —— 04343
In10 - MOJTYJIb MI€PEX0Jia OT HATyPaAJIbHBIX JIOTapU(MOB K

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

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

log(l=—10g{v, logazi=logﬂu—logcv,
% v
log ,u® = alog, u, logawg:llogau, nehN, n=l
7

Tpuronomerpuveckue GpopmyJisl
Tpuronomerpuuyeckue GyHKIUU

SM &, COS &,
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tga = sin &fcos &,

ctga=cos&fsin @,

sec& = lfcosa,

cosec & = 1fsin

a# a2+ m,

& # 7/ 2+ m,

&, &EM, RELZ.

3HaKM TPUTOHOMeTPUYeCKHX PyHKIMIA

& #7;,

necz,

nez,

nez,

YeteepTs Benuyuna yrna sin & COS ¥ tga cig &
I 0<a<af2 + + + -
I a2 << + - - -
I T @< 3af2 - - + +
IV 3Infl<ea<2n - + —~ -
DopMyJIbl IPUBEACHUS
8 sin 8 cos 8 tg8 ctg 8
?T}‘(2+C}:' cos &y —sin. & —cig& —ig&
T+a —sin & —-cos & tga cigl
37!'/2'1‘&’ —Ccos & sih & —cig& —ig&
2T+ sin & Cos & tga cigl
-& —sin & cos & —iga —cigd
af2-a Cos & sin & cigl tga
T-& sin & —Cos & —igd —cigdl
nfe-a —cos & —sin. & cigd tga
2M—& —sin & CoS & —lg& —cigd
OcHOBHBIE TPUTOHOMECTPHUICCKHUE TOXKIAECCTBA
sin 2 @+cos® @=1,
tga-ctga =1 a=anfl, ne i,
1+tgla=1/cos* @, a=n/2+m, nelZ,

l+cigia=1/sin

‘o, axm,
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BobipaxeHnue TpUroHOMeTpUYECKUX PYHKIUN Yepe3 OAHY U3 HUX TOI0 kKe

aprymeHra

(BBIOOp 3HAKA MEpel KOPHEM 3aBUCHUT OT TOTO, B KAKOM Y€TBEPTU HAXOIUTCS

yroin &)
Yepes sin &
cos @=*+1-sn? a,
sn @ +41-sm? @
o= ——ow, cga=———
+41-sin’a S &
Yepes €5 &
s @ = ++/1 - cos? @,
+1-cos’a cos&
fgo=——— ciga= ——+-—
cos& +f1- cos® @
tgx
UYepes -
1
ctga=—,
tga
sin & = B COS = !

i«,{1+fg2a’ :tf,{l+rg2a'
tg
Yepes SeBCs

gl = y
ctg&
1 cige

sih & =—e———, S =—pr————.
T 41 +etgia + .01 +ctgia

DopMyJIbl CII0KEHUS

sm(a+,8)=sina'cos,8+cosa’sm 8,
sin (@ — 8)=sin @cos 8- cos asin 8,
cos(af+,3)= cos@cos 8—sin @smn B,

cos(a’ - ,8)= cos&cos S+sm @sm 5,
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g +1 to =t
zg(a:+ﬁ)=g—gﬁ, tga- =g—gﬁ
l1-tge tgh 1+ige-tgh
(B OCTIEHNX IBYX opMynax & = Af2+7m, S=#mf2+m y
COOTBETCTBeHHO &+ 8 # Af2+m, a- S=nf2+m, nel):

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

ctgla+ B)=

(B TOCIIeIHKUX OBYX opMmyaax & #m, G#m g
COOTBETCTBEHHO &+ 8 # 7™, a— G#m, ne€Z),

IIpeoGpa3oBanue cyMMbl TPUTOHOMETPHYECKUX (PyHKIMIA

+ =
sin & +sin 8= 2sin a2ﬁcosa2ﬁ,

- +
sincz-—sin,B=25ina ﬁcosa ﬁ,
2 2
a-g
>
a+,85ina'—)8,

2

a+
cos& +cos 8=2cos - '8005

cos@—cos §=-2sin

sin (@ + 8)
cos @cos 8

sin | @ —
cos@cos 8

sin (& +
cﬁga:+c£g,8=M, &, B#m, nelz,
st & sin

sin | S—&
ctg — ctgf= ——= (}8. ) ,
sin &sin 8

Asin x+ Beosx= /A +B% s (x+ @, ),

IIpeoOpa3oBaHue npou3BeieHUS] TPUTOHOMETPUYECKUX PYHKUMHA B CyMMY

T
tga+itgh= a,,ﬁ¢§+m, neEZ,

T
a,ﬁ¢§+m, nez,

& B8+#m, nez,

smoasn 8 = %[cos[a'— ,8)— cos(cx - ﬁ)],

cose cos 8 = %[cos(a' - ,8)+ cos(af - ,8)],

sn acos 8= é[sin(a— 8l+sinla+ 8]
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Tpuronomerpuyeckue QyHKUUM ABOMHOTO U TPOHHOI0 apryMeHTa

s 2& = 25M & COsS,
2 AL s 2
cos2ae=cos  @—-sma@=1-2sm a=2¢co8" a-1,
sin 3e = 3sn @— 4sin’ @, cos3a=4cos’ @—-3cose,

dga-tg’
1-tg a 1-3ig «

tgla=

Tpuronomerpuyeckne GyHKINH MOJOBHHHOIO aPryMeHTA

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

L& 1-cosa & 1+
36} _=iw#—’ COS—= i,’ﬂ,
2 2 2 2
& 1-cose & Sh & 1-cosa
tg—=%,——, fg—= = — .
2 1+ cose 2 l+4cos« sm &

BripaxkeHue TPUrOHOMETPUYECKOM PYHKIUH Yepe3 TAHTeHC TOJI0BUHHOIO

aprymeHra

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

e 1+t (af2)’ MR 1+t (af2)
__ugla?) 1ot (@)
Ee= 1-tg* (@f2) g otglaf2)

YucaoBbie QyHKUHMH

OCHOBHbBIC MOHATHUSA

X - R
OO6uacTp ornpeeneHus (MHOXXeCTBO 3anaHus) GyHkny f: . X=D ().

E(f)={rix)re x)= s(x)

MHoxecTBo 3HaueHM QyHKIHH f:
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r,={x, y)eRreX, y=
Ipaduk Qpynxmmm: [(x y)eRxeX, y=f (X)J

Y X - X —x] =
YeTHas QyHKIUS: REE el Flea).=F(x)

VieX =-xeXx fl-x)=-7f(x)
Heuernas ynkuus: u

o, VxeX Dxt+aeck, x-@we X
[Tepuoaudeckas pynkmus (nmeproaa “):

flx+a)= flx)

MoHOTOHHBIE PYHKIUH

®yuknus f crporo Bo3pacraer (Bo3pacTtaer) Ha MHOXKECTBE X-
vleXE € X’ xl <x2 :>f(xl)< f(x2)
®yukius f Bo3pacraet (He yObIBaeT) Ha MHOXKECTBE X
Vxl’x2 € X’ xl <x2 :>J.(xl)S f(xﬁ)
®ymuxkius f crporo yosiBaeT (yObIBaeT) Ha MHOYKECTBE X
vxl’xﬁ EX’ xl <x2 — f(xl)>f(x2)
®yukius f yobiBaeT (He Bo3pacTaeT) Ha MHOXKECTBE X

vxl’xﬁ EX’ xl <x2 :>f(xl)2 f(xil)

meneHHas QyHKyus

a=2n ne N

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

a=2n-1 ne N

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

DyHKIMS HEYETHAs!, CTPOro Bo3pacraer (puc. 2.2).

&=-2n, neN:

3.
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y= b, or)=R\o) E(r)=]0, +o ]

X
]—oo; O[ ]0;+00[
@yHKIHMS YETHAs1, CTPOr0 BO3pACTacT Ha U CTPOro yObIBaeT Ha
¥l Yi ax¥ J A
¥ ,r{fr s f-?.-'l.' P
jt }r.-,-,{? |y 17X b

|

\ / V2 y=1/x?
\\. ..#"III'\|I -
- ] S -
-f ¢ 7 X ! x
4 a==2n+l, ne;N:
1
Y= R D(f)= R\{O}: E(f)= RE‘{O}‘
]—oo; O[ ]0;+00[
@DyHKIMS HEYETHAs!, CTPOTO yObIBaeT Ha u (puc. 2.4).
5 aez:
y=x*, D(f)=]0 +o| E(f)=]0 +o]
[Tpu vexotoprix & D(f) u E(f) MmoryT ObITE mIupe.
yl YA YA
Ly= 1/43 y=£t y=10"
\
\
-1 N
N g 1 x
) g 1 1

S
>
=Y
=~

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

@yHKIMSA CTPOrO BO3PACTAET.

Tloxazamenvras ¢ynxkyus (puc. 2.6)
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x e 3
y=a =¢e¢ , a>0,a=l

D(f)=R, E(f)=]0; +a
[Tpu 0 < a < 1 ¢ynkuus ctporo yosiBaet, mpu a > 1 cTporo Bo3pacraer.

Jloeapugpmuueckasn ¢hynkyus

Jlorapugm HaTypaJIbHbIH

y=tx, (f)=]0; +of E(f)-R
@yHKIMSA CTPOTO BO3PACTAET.

yA YA

y:{n)( y:,l.g_).(.
1 D aas
7

Jlorapugm ¢ ocHoBaHueM a

y=log,x, a>0, a=l,
D(f)=]0, +o, E(f)=R

ITpu 0 <a <1 ¢. crporo yonIBaeT, npu a > 1 crporo Bo3pacTaer.

Tpueonomempuueckue Qhynkyuu

177 (oue. 2.9):

o(f)=r, E(f)=]-1 1]
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YA .
y=COSX  y=sinx

e SIS A
TIN50 AN S 2 X

Puc 29

@ = 27
Oyukuua HeuetHas. [lepruon Ha xaxxqom u3

[-7f2+27, nfe+2rk | ke Z,
IIPOMEKYTKOB ¢. cTporo Bo3pacraer,

[7/2+ 27k, 3nf2+ 27k |, kez,
Ha CTpOTro yOBIBaeT.

2. Y= %% (puc. 2.9):
D(f)=r, E(f)=]-1 1]

.
Oyukuus yetHas. [lepuon Ha xaxnaom u3

[Zfzfc; T+ 27&%], keZ,
MIPOMEKYTKOB ¢. ctporo yObIBaer,

[7r+ Ak, 2w+ 278'6], ke Z,
Ha CTPOTO BO3pACTAET.

3.7 7 (puc. 2.10):

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

@ =7
OyHkuus HeyeTHas. [lepruon @yHKIMS CTPOr0 BO3PACTAET HA KAXKIAOM

Frj2+mc, nfo+Ak], keZ.
U3 IPOMEKYTKOB

4, Y =cex (puc. 2.11):
D(f)=R\{mk\kez}, E(f)=R
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@ =7
Oyukius HeueTHas. [lepros @DyHKIUS CTPOro YOBIBAET HAa KAXKIOM U3

[m’c; 7r+7zfc], ke Z.
MIPOMEXKYTKOB

Obpamuvle mpucoHomempuyeckue QyHKyuu
1. 7T oue. 2.12):
p(f)=[-1 1}, E(f)=[-n/2; =/2]

@DyHKIHUS HEYETHAs!, CTPOTO BO3pPACTAaET.

: .1 . N2 o
arcsin 0= 0, arcsm —= —, arcsm —= —,
2 6 2 4
A3 ; big
arcsin — = —, arcsm 1= —
& i3 2

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

DYHKIHUSA CTPOro yObIBAET

arccos(— 1)= m, arccos[— ﬁ] = %, apccos[— ﬂE = s

2 2 ) 4
( ] 2 T 1
arceos| == |==—_ arecos:="—: :areeos—=-—.
3 2 2 3
NE
arccos —= —, arccos =E’ arccos1l= 0
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a2 x

=1 0 F X
IIpenenl
CroiicTBa npe/eyioB
(@) ()
1. Eciiu nocnenoBaTesbHOCTU u CXOZSTCSI, TO
im(e +4 )=lma +lmb, lmab =lma lmb,
73 © n n n_>0°rz n_>°°n n_>0°nn n-)oonn—)oo”
lim (@, — 4 )=lm a, - lim &, lmca,=clm a,,
n-© n—>w n—© n—>w© n—>w
lm a
. a 7.
lim = =22 Q}m bn¢0)
e h  lim b, wow
n 150 n
ma,=a, a,<b, Vi, a<b.
2. Ecma " u TO
a,=c,=b, Vn, lma,=lmb, =a, Ilmec =a
3. Ecn e e TO ™%
lim q, =@, lm |a, =|a|
4. Ecmu "> T0 ™7
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HexoTopbie npeaesl

. 1/% _ : A
1}1_1)10(1 +x)" =e, 1x1§1w(1 +1/x) =e,

i In{1+x) o log, (1 + x)= 1 ,
x>0 4 50 x Ina
e’ -1 . a’ -1
lim =1, lim =lna,
=0 X x=0 X
_ shx . chx-1 1 thx
lim —=1, lim ——=—,u lim —=
a0y x50 x 2 =0 x
lim (1+x) =, limx*Inx=0 (x>0}
x>0 X —=>+40
(21 21
im 2 E_0 (@>0) lim =0, limx*=1.
I >t o =+
im g" =0 (g<1} lmng"=0 (g|<1}

im (1 +1/n) =e, lm[n“/a”)=0 (4]>1)
lm [a" fnt] = 0, Im (Innfn)=0

glgnw(ln?nzn“)=o (a>0), lm, J_=1 (a>0),

im 3 =1, lm{i/A)=0,  lm(n/3f)=e,

& k-1
G +an  +..+a, Gy (

lim by, #0
me bt bt b, by b
1P +27P 4.+ 07 1
lim = :
n3w n?H p+1

1 1 1
lim | —+ +..+—|=1n2,
o+l n+2 2n

2
lim[ 2:32n ] c (chopmyna  Banmica),

n>ol1.3..-(2n-1) ) 2n+1 2
| sinx=, | l—czosx=1_, hmfgz,
=0 x =0 ¥ 2 =0 x
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IIpousBoaubie u TuddepeHuaIbI

OmnpenesieHue MPOU3BOAHOI

Florg +Ax) - flx,)

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

on x_xo

71(x) =lim f(x+h)—f(x)'

h=0 h

OIIHOCTOpOHHI/Ie MMPpOnU3BOAHLIC

f;(x0)=ﬂlxlg‘1+0 A ,
f:(xo)=£§of[xo+5§2_f(xo)

®Oyukuus, 1uddepeHuupyemasi B ToUKe Xo

Jlxo + Ax)= flx, )+ AAx+0(Ax)  Ax -0

pu

A= r(xo )
Juddepenuna

dy = e, =2,

AnddepenunpoBanne apupmeTnyecKnX KOMOMHALMH
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(u, v, w - nuddepeniupyembie GyHKIUH,

f

a!

- IOCTOAHHBIC

(au+,8b) =an'+ B, a’(cm+ ,8\1)=cm’u+ B,

3

(uv) =uv+y, d(uv)=ua’v +vdu,

(1evw) =uyw+ ' + 10w,
d(wvw)= vwdu+uwdv + vidw,

f

v v

(EJ _ 1y —guv'(v s 0), a’[%]= vc:fu—2 udv

v v

() -som )

IIpon3BoaHBbIE OCHOBHBIX 3JIEMEHTAPHBIX (PYHKIMI

7(x) /(x) 7{x) /(x)
¢ 0 a’ a"lna
1 In x 1/x
X% ™ Inx| 1/x
% 2X log, x leI.'l -
Vx ﬁ> x>0 sin x cosx
1/x T COSX —ginx
1
7 & B4 cos’ x
1 1
1 - th
8 sin® x . chx
1 1
arcsin x ﬁ, |x| <1 cthx e
1 1
arccosx i pr| <1 ln(x+ NE +1) T
1
arctg x : L . ln’x+v‘x2—1‘ remg x| >1
0 gl
arcctg x - : 1—ln 1+_x L
= laeac? 2 l-x ] cep?
shx chx 1(x) 5(x)
chx shx
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IIpou3BoaHASA CTENEHHO-MOKA3ATEeJAbHOU PYHKUMH

f

f

[u”) = (e““) =y +ut nuy v

IIpou3BoaHbIe BBICHIUX NOPSAKOB HEKOTOPBIX (PYHKIM A

J(x) 7))
c 0
x“ afa-1)--(a-n+1)x*™
Inx (-1 (r-1)x(0=1)
g’ e’
a’ a' In"a
sin x sin (x + /m/2)
COSX cos(x + m/2)
{th npu n=2k,
shx
chx npu n=2%k-1
chx npu n=2k,
ohx {s‘hx npu n=2%k-1
y =arctgx g = (n-1)tcos” ysinn(y +7/2)

JlokaabHbIH IKCTpeMyM auddepeHuupyeMoii GQyHKIMH

Heobxooumoe ycnosue nokanvnozo sxcmpemyma

S (%)= 0.

Ecnu Xg - Touka iokanbHOTo SKcTpeMyma GyHkiuu f, To

ﬂocmamoqule YCl08Us IOKATIbHO2O IKCmpemyma

74x,)=0.
I IIpaBuano. Ilycts

mu f' ipu mepexoge 9 TOYKY Xo MEHSIET 3H Ha "-", TO Xg - TOU
Ecnu f epexo/ie Yyepe3 TOUKY Xo MeHsieT 3Hak ¢ "+" Ha "-", To Xo - Touka

JIOKAJIBHOI'O MaKCHUMYyMa.

132



n_n

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

Ecmu f' mpu mepexoie gyepe3 TOUKy Xo HE MEHSIET 3HaKa, TO TOYKa Xo He
ABJISICTCS TOYKOU JIOKAJIBHOI'O 3KCTPEMYMa.

II Mpasuio. [Tycts f nBaxkaer nuddepennmpyema B

f'[x0)=0, f"(xo)¢0'

TOYKE Xo,
f "(xo ) < O>
Ecmu TO Xp - TOYKA JOKAJIHbHOI'O MaKCuMyMa.
f "(xﬁ ) > 07
Ecmu TO Xp - TOYKA JJOKAJIBbHOTO MHWHHUMYMa.

III IpaBuao. [Tycts f n pa3 HenpepeiBHO AuddepeHrpyema B

fr(xo )= f"(xo )= e f(n_l)(xo )= q, f(n)(xo)?éo-

TOUKE X U
¥ () (xo )< 0,
ECHI/I N - 4eTHOE U TO Xp - TOUKA JIOKAJIBbHOT'O MaKCI/IMYMa.
¥ (n)(xo ) >0,
Ecnu n - yetHoE 1 TO Xp - TOYKA JIOKATPHOTO MUHUMYMA.

Eciu n - HedeTHOoe, TO Xo HE ABIACTCS TOYKOM JIOKATBHOTO SKCTpEMyMaA.

Touku neperuda

[Tycts pyukuus f onpenenena B HEKOTOPOI OKPECTHOCTH TOYKHU Xo,
HEeTMpephIBHA B TOUKE Xo U UMEET B ATOM TOUKE KOHEUHYIO WJIM OECKOHEUHYIO
npou3BoaHy0. Ecim ipu epexojie depe3 Touky Xo pynkmms f menser
HaIpaBJICHUE BBITYKIOCTH, TO Xo HA3bIBAIOT TOUKOH mnepernda ¢pyHkiuu f, a
TouKy (Xo; f(Xo)) - Touko# nepernda rpaduka ¢pynkuu f. [padux Gyskimm
NIEPEXONT C OJHOM CTOPOHBI KacaTeIbHOM, IPOBEeAeHHON B TOUKE (Xo; f(X0)), Ha

npyryto ctopony. Touku neperu0a f - Touku sxkcTpemyma s f'.

Heobxooumvie ycnosus nanuvus nepecuba
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f"[x0)=0 f"(xﬁ)

1100 HE CYIIECTBYET.

ﬂocmamoqﬂbze YClo6UsA Haauvus nepeeu6a

f(x)
1. Ecimu MEHSIET 3HaK IIPH MepexoJie Yepe3 TOUKY Xo, TO Xp - TOUKA
neperuoa.
f"(xo )= fm(xo ): = f(n_l)(xo )= 0, f(n)(xo ) #0,
2. Ecim TO

IpU N YETHOM Xg - TOUKa Ieperuda, mpu N HEUETHOM Xg HE SBJIAETCS TOUKON
neperud

HeonpeneneHHbIA HHTErPaA
IlepBooOpa3nas

[TepBooOpa3uoit pynkuuu f Ha mpomexxyTke | HaspiBaeTcs pyHkims F, Takas,

Fix)= f(x) ¥xel
0

HeonpeneneHHbId HHTErPaJl
[#(x)dx = F(x)+C,

riae F - mepBoobpasnas ¢pynkiuu f (Ha mpomexyTke); C - MpoU3BOJIbHAS TOCTOSTHHAS.

OcHoesHvie ceoticmea

(ff (x)dx)'= fx) a|f(x)ax= f(x)ax

1.

, [Fi(x)ax= B(x)+C, [aF(x)= F(x)+C.
J}“(x)dx = F(x)+C’,

3. Ecou TO

Jf(aﬂb)dx: lF(ax+b)+C, a#0.

43
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, N )+ B = o 1+ [ elxlan. o+ <0

3amena NMEPEMEHHBIX B HEONIPEACJICHHOM HHTETpaJjie

L If(u(x))u’(x)dx = Jf(u)du =Fu)+C=Flu(x))+C.

x=plt), ()=0, F (gop,
2. Ecin - nepBoo6pa3Ha;1 st TO

[elx)ax = [ glol))e ()t = Fl)+C = Flg™ (x))+C.

dopmyJ/ia HHTETPUPOBAHMS MO YACTIAM

judv =uy —Jvdu,

(u, v - muddepennmpyembie GyHKIHH).

IIpocreiiue HHTErpaJIbl

jom:c, jl.dx=jdx=x+c,

dex= x—22+C, ngdx= §+C,

1
=In C, |—==—-—+C,
[Z=np+c, G-t
dx 1 4 _ x.:z'+1 K
J-X—3_—§+C’, Jx dx—a+1+C, o+ =l
Jd_izﬁ_ﬁj-k —arcﬁgx+C,
B

Jd—x = lar(:zg—+('3', a#0,

ar2+;rc2 «a a
J dx =_1n|l+x| c
1-x* |l x|

J dx =i]na+x

5 5 +C, a=z0,
a“—x 20 |la—x

j AE =%1n|x2+a|+C,

Jr2 +
J* dx
Nl—x

ax ox
Jﬁmarcsm =,
a’—x @

= arcsin x+
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dx
=Inlx++x +1)]+C
)
j}:mxwf—lha
x+Jx2+a‘+C,

x =1
ax

=

J ax =—ctgx+C, J i =tgx+C,

sin? x cos? x

=Iln

DJieMeHTbl KOMOMHATOPUKH, (popmy.ia HeroToHa

IlepectanoBku. Pazmemenusi. Coueranmusi.

Yucio INEePECTAHOBOK U3 N DJICMCHTOB:

P =123 n=nl

. m(nzm)
Ywucno pasmenieHnd u3 N mo )
A= B o i)
(n—m)!
A =nln-1)-(n-m+1), 4 =1,
A4 = (n-m)A7,
A =P =n, A=A =n.
. m(nlzm)
Hucno coueranuut u3 N no :
7l
= -
& m!(n—m)l’
&z n(n—l) [n—m+l) n(n—1)~-~[n—m+l)
C?! 3 =
mll 1.2.3

CBolicTBa COYETAHUIL:
Cr=C}™ 02m<n, Cr=Cl=1

b N

CL4Cht.t CE=2"

PexypenTtHas gopmyiia il uMcia COUYeTaHUM:
Cricrt=C*!, 0<m<n

2+l 2
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®opmyJa ounoma HeroTona

(a+b) =a+b,
(a+b) =a® +2ab+ b7,
(a+b) = a® +3a’b+3ab’ +5°,
(a+b) =a* +4a°b+6a°H* + 4ab® + b
(a+b)’ = a® +5a*b+10a’b® +10a°b® + 5ab* +5°,
(a+b) =Cla" +Cla" b+ C2a™ b +...+
+Cra b +...+ CBDY, neN.
Ecmu k-#t unen ((k+1)-e cimaraemoe) pasiosxeHus CTelIeHH OMHOMa 0003HAYaTh

T
gepe3 , TO

T, = Cra™*b".

Tpeyroabnuk Ilackans

10 10 5 1

15 20 15 6 1

21 35 35 21 7

23 56 70 56 28 8

315 84 126 12¢ 84 36 9 1

45 120 210 252 210 120 45 10 1

W -l v RwoN = O
o W W - v B N

—
o
—
—

0 1 »
Cx’ Cx: "':C:a

).

(N-st cTpOKa COCTOUT M3 YHCEI

Bo3Beaenne MHOro4.JieHA B CTeNEeHbL
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P=a? +b + 6% +2ab+ 2ac+ 2bc,

(a+b+c)
(a+b-c) =a® +b* +&* +2ab-2ac - 2bc,
(a-b-c)’=a®+b* +* - 2ab- 2ac + 2bc,
(a+b+cf =a® +b° +c° + 3(a2b+agc +bla+bic+
+cga+cgb)+6abc,
(a+b+c) =a* +b* +c* +4(a3b+a3c +b'a+
+b’c +c73c:c+c3b)+f§-(a¢2b2 +a’ct +b%c? )+

+1 Z(agbc +bac+c’ ab),
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