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1. KOHCHEKT JEKIIUA

1 cemecTp

1. 1 Jleknus Ne 1 (2 gaca).

Tema: «MaTpunbl U onpeaeJuTe N

1.1.1 Bonpocel JieKIum:

1. Bunpl matpuil.

2. JleiicTBUS HAJl MAaTPULIAMHU.

3. OnpeaenuTenu BTOPOTO U TPETHETO MOPSIKA.

4. MuHopsl, anredpandeckue nonoidHeHus. Teopema Jlamnaca.
1.1.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. Buasl maTpuu.

Marpuna A ,,., — OpaMOyrombHas TabmMIA 4HCEN, COAepXKamas m CTPOK U 7

CTOJIOIIOB.

a;;— SIIEMEHTBI MATPHIIBI;

i — HOMEp CTPOKH, B KOTOPOW CTOUT dJEMEHT, [ =1, 2, ..., m;

J — HOMep CTOoJNOIIa, B KOTOPOM CTOMUT dJeMeHT, j=1,2,...,n;

mxn — pa3Mmep (pa3MepHOCTh) MaTPHULIBI.

Kpanparnas matpuna (A4 ,,,) — MaTpuma, y KOTOpOHl YHCIO CTPOK PaBHO YHCIY
CTOJIOLOB, /7 — MOPAAOK KBaJpPaTHON MaTPHIIbIL.

JInaroHajabHBIE 3JIEMEHTHI — 3TO 3JIEMEHTHI, Y KOTOPBIX [ = J: dy, Gy, Uss....

JlnaroHanbHasi MaTpulla — 3TO KBaJpaTHas MaTpPULA, BCE AJIEMEHTHl KOTOPOW, Kpome
JIMaroHalbHbIX, PAaBHBI HYIIO:

a, 0..0

0O a,..0
A}’an: 22

0O O0..a

nn

Enunanunas marpuna (E) — auaroHanmbHas MaTpuiia, Y KOTOPOM BCE JUAroHajbHBIE
9JICMCHTEI paBHbI CAUHUIIBI:

1 0

E= 0o 1) eIMHUYHAs MaTPHIIa BTOPOTO MOPS/IKa;
1 00

E=|0 1 0| - enuanynHas MaTpulia TPETHETO MOPSIKA.
0 0 1

TpaHCIOHMpPOBaHMEM MAaTpPULIBI HA3BIBACTCS IIEPEMEHA MECTaMU COOTBETCTBYIOLIUX

T
CTPOK MW  CTOJOIOB MaTpHIbl, HOBas Marpuma obOosHavaercss A uau A . Ecm
_ T _
A, —(al./.), mo A —(aﬁ).



2. [leiicTBus HAJl MATPUIIAMHU.
1. YMHOKEHHE MaTpULbl Ha YKCTI0. YTOOBI YMHOKHUTH MAaTpPHUILy HA YUCIIO, CIEIyeT
KQKJIbIH €€ 3JIEMEHT YMHOXKHUTh Ha 3TO YUCIIO:

B=2A-4 & by=2-a,,i=1,2,..,m, j=1,2,.,n.

q

2. CrnoxeHue MaTpull OJMHAKOBOro pasmepa. llpu cioxeHunm wmarpul ciegyer
CJIOKHUTb UX COOTBCTCTBYIOIIHEC DJICMCHTLI:

C=A4A+B & c¢;=a;+b,,i=1,2,...,m, j=1,2,..,n.

3. Bbrunranne Marpun oguHakoBoro pasmepa. Ilpu BeluMTaHMM M3 MaTpulbl A

MaTpHuibl B crienyer u3 5JeMeHTOB MAaTPUIIBI A BBIYECTH COOTBETCTBYIOIINE DJIEMEHTHI MATPHIIbI
B:
C=4-B < c¢;=a,-b;,i=1,2,..,m, j=1,2,..,n.

g
4. [TponsBenenne Matpui. Marpuubl MOXKHO YMHOXaTh, €CIM YHCIO CTOJOLIOB
IIEpBOI MaTpUIIBl PaBHO YMCIY CTPOK BTOpOW Marpulbl. Torga npousBeaeHueM MaTpumsl A, ,

Ha MaTpuny B, , Ha3biBaeTcs Takas marpuna C KX/l SJIEMEHT ¢, KOTOPO#l paBeH

kxn mxn
CyMM€ IpPOU3BEJICHUI JIEMEHTOB i—# CTPOKM MaTpullbl 4 Ha COOTBETCTBYIOILUE 3JIEMEHTHI
J —To cTon0ma MaTpuisl B :

C=4-B < c¢;=a,'b;+a, by, +..+a,-b,,i=1,2,...,m, j=1,2,..,n.
3. OnpeaenuTe/u BTOPOro M TpeThero nopsiaka.
Onpepenurens (AETEPMUHAHT) N - IO TMOPSIKA — 3TO YUCIOBas XapaKTepPUCTHKA

,detd, A4 nmu A .

MaTpuibl. st MaTpuisl 4 onpenenuTenh 0003HadYaeTCs | A

1. |A| = |a“| = a,, — ONIPEJEIHUTEINb IIEPBOTO MOPSJIKA;
2 A = a ap| .
. | | =l g |T W T A - OIpeIeNIUTENb BTOPOIO NOPAIKA;
21 22

3. |A| =ay Gy A3 = A Ay + Ay A3y + A3y Ay — Q3,03 — A10,,033 — ) A p3ds,

a3 Ay dy

— OIIPCACIIUTCIIb TPCTHCTO MOPAIKA.

4. MuHOpBI, anredpanyeckue qonojHenns. Teopema Jlaniaca.
Munopom M ,; sieMeHTa @ ,; ONPEAEHUTENs /1 — IO IOPs/IKa HA3bIBAETCS OLPEICIUTED

(n - 1)—r0 MOPAJIKA, TOMYYEHHBINH U3 TAaHHOTO BHIYEPKUBAHUEM I —1i CTPOKH U j — 20 CTOJOUA.

AnrebpauvecKuM JOTIONHEHUEM A ;; DJNIEMEHTA d,; ONPENEIUTENs HA3bIBACTCSA YMCIIO
Aij =(-D" 'Mij'

Teopema Jlamutaca: Omnpenenurens paBeH CyMMe IPOHM3BEACHUI 3JIEMEHTOB KaKOH-TNO0
CTPOKH (CTOJ01a) ONPEIEIUTENs HA COOTBETCTBYIOLIME AJIreOpanyeckue JOMOJHEHHUS.

CaoiicTBa onpenenuTenei:

1.ITpu TpaHCIOHUPOBAHUU MATPULBI 3HAUEHUE ONPENEIUTENS HE MEHSETCA.

2.Ecnu B ompeaenuTene MOMEHITh MECTaMU KaKue-Ti00 JBe CTPOKH (WM CTONOIA), TO
OIpeIeIUTENb U3MEHUT 3HaK, HE U3MEHUBIINUCH 10 a0COIIOTHON BEJIMYMHE.

3.1Ipu ymMHOXeHHMH CTOJNONA (WM CTPOKH) ONPEACIHUTENsT Ha HEKOTOPOE  YHCIIO
OIIPEACIUTEND YMHOXKAETCS HA 9TO YHUCIIO.

4.Ecnu onpenennTenb CONEPKUT HYJIEBOW CTOJIOCI] WM HYJIEBYIO CTPOKY, TO OH DPaBEH
HYJIIO.



5.0mnpenenurens HE U3MEHHUTCS, €CIM K DJIEMEHTaAM OJHOW M3 €ro CTPOK (CTonoOIa)
NpUOaBUTH (BBIUECTH) AJIEMEHTHI IPYroi CTPOKH (CTOI011a), yMHOKEHHBIC Ha KaKOE-JIM0O0 YHCIIO,
HE paBHOE HYIIIO.

6.0Onpenenurenb paBeH HYNIO, €CJIM OH COAEPKHUT OJUHAKOBBIE (IIPOMOPLHUOHAIIBLHBIC)
CTpOKH (CTONOIIBI).

1. 2 Jleknus Ne 2 (2 gaca).

Tema: «CucremMbl JJUHEHHBIX YPaBHEHU»
1.2.1 Bonpocsl JieKIum:

1. OcHOBHBIE TOHATHS.

2. Metonpl pemenus CJIY.

3. Teopema Kponekepa — Kanesnu.

1.2.2 KparTkoe conep:kaHue BOIPOCOB:

1. OcHOBHBIEC NOHATHS.

a,x, +a,x, +..+a, x, =b,

a X, +a22x2 +...+a2nxn =0, o o
Cucrema BuUJa Ha3bIBACTCA CUCTEMOU U3 M YPaBHCHHUU

a,x, +a, ,x,+..+a, x =b

m

C 71 HEU3BECTHBIMU.
B marpuunoii popme cucrema umeer Bua: A- X = B, rae

n
A= — OCHOBHAs MaTpHIla CUCTEMbI YPaBHEHUH,
aml amZ . amn
X b,
X, b,
X =| | — marpuna-croynoer HeU3BEeCTHLIX, B =| . | — marpuma-croider; cBOOO HBIX
9
xl’l bm
YJICHOB,
ay  ap a, | b
Alg=| ay a,, | b, .
= — paciMpeHHas MaTpuUlla CUCTEMbl ypaBHEHUH.
aml amz ot amn bm

OOuMM penieHneM CUCTEMBI SIBJISIETCS Ha0Op U3 7 YMCell, KOTOPBIE MPH MOJICTAHOBKE B
CHUCTEMY IIPEBPAIAIOT Ka)XKJ10€ €€ YPABHEHUE B TOKAECTBO.

Ecnu cucrema mmeer x0T Obl OJHO pELICHHE, TO OHA Ha3bIBaeTCs coBMecTHOW. Ecmm
CHUCTEMA HE UMEET HU OJIHOTO PEUICHMS], TO OHA HA3bIBAECTCS HECOBMECTHOM.

Cucrema Has3bpIBaeTCs OIIPENEICHHON, €CIM OHA HMEET TOJbKO OJHO pEIIeHHEe u
HEOIIpeIeJIEHHOH, eciu 6os1ee 0IHOTO.

2. Meroan! pemienns CJIY.

Cucrema U3 m ypaBHEHMI ¢ 7 HEM3BECTHBIMU pelIaeTcst MeToioM [aycca:

l.«IIpsiMoii XOm»: COCTaBUTh PACIIMPEHHYK) MATPHUIy CHCTEMBI M C IOMOULIBIO
3IIEMEHTAPHBIX NMPEOOpPa3OBaHUI MPUBECTH €€ K CTYNEHYaTOMY BHIY, TO €CTh IOJ TJIABHOU
JUaroHaJIbIO MATPULIBI IOJYYUTh HYJIEBBIE JJIEMEHTBHI.

2.«O0paTHBIN XO»: MO IOJyYEHHOW MAaTpHIEe CTYNEHYAaTOr0 BUIA BBIIHMCATh HOBYIO
CUCTEMY U HAWTH 3HAYEHHS HEU3BECTHBIX, HAYMHASL C TOCIEIHUX.



a,x, +a,x, +..+a, x, =b

. Ay X, +arX, +...+a, x, =b,
Cucremy 7 ypaBHEHUUH C 1 HEU3BECTHBIMU , IMEIONIYIO

a,x, +a,x,+..+a,x =b
€IMHCTBEHHOE pereHue (T.e. A = |A| # (), kxpoMe merona ["aycca, MOKHO TaK)Ke PEIIUTh:
a) METOJI0M OOpaTHOU MaTpuIlbl o hopmyiie:

X=A"B,rme A" - oOpaTHast MaTpHIIa JUIst MAaTPHUIIBL A ;
0) o ¢popmynam Kpamepa:

x, =—, j=1,2,....n,
A J

rae A, - ompenenuTenb, MOMyYaeMblii U3 TIIABHOTO ONpPENENUTeNs A 3aMEHOW [ —ro

CTONOIA Ha CTOJ0EI] CBOOOIHBIX YJICHOB.

3. Teopema Kponekepa — Kanesiu.

DeMeHTapHbIe TPEOOpa30BaAHUS MATPHII:

1.Ctpok# (cToNO1Ibl) MATPHUIIBI MOKHO MEHSITh MECTAMU;

2.Ctpoky (cTonber) MaTpuLbl MOXKHO YMHOXaTh Ha JEHCTBUTEIBHOE YHCIIO, OTIMYHOE
OT HYJIS.

3.K anmemeHTamM OJHON W3 CTPOK (CTONOIA) MATPHUIBI MOXKHO NMPUOABUTH DIEMEHTHI
JIPYroi cTpoku (CTOJIOIA), YMHOKEHHBIE Ha KaKOe-JIM00 YHCIIO.

Panrom Martpwuibl Ha3bIBaeTCs HAWOONBIIHMKA M3 MOPSJAKOB MHHOPOB JaHHOW MATpPHIIEI,
OTJIMYHBIX OT HYJIA.

CaoilicTBa paHra MaTpuibl:

1.ITpu TpaHCTIOHUPOBAHUU MATPUIIBI €€ PaHT HE MEHSETCSI.

2.Ecnv BEIYEPKHYTH U3 MATPHUIILI HYJIEBYIO CTPOKY (HYJIEBOHW CTONOEII), TO PAHT MATPHIIhI
HE U3MEHUTCS.

3.PaHT MaTpHIbl HE MEHSETCS TIPH SJIEMEHTAPHBIX MPeoOpa30BaHUSIX MATPHIIBL.

4.Ecnn matpunia A - KBajpaTHas MaTpullia nopsiika 71, To

rHA)=n < |[4]=0

C nmoMOUIpI0 3JIEMEHTapHbIX MpeoOpa3oBaHM MaTpPHUIly MOXKHO TPUBECTH K
CTYIIEHYaTOMY BHIY:

QA e 4, i

0 a, .. a, ay,
b

0O 0 .. a, .. a,

rne a, #0,i=1,..,r;r<k.

Panr maTpuiel cTyneH4aToro BuAa paBeH YMCIy HEHYJIEBBIX CTPOK 7 .

Teopema Kponekepa — Kamnemnu: cucrema JMHEHMHBIX ypaBHEHHMII COBMECTHA TOTJa M
TOJIBKO TOT/a, KOTJIJa PAaHT OCHOBHOM MaTpHUIIbl PABEH PAHTy PACHIUPEHHON MATPHULIBI.

CnencrBue 1. Ecniu panr OCHOBHOM MaTpullbl HE paBEH PaHry PaclIMPEHHOW MaTPHIbI,
TO CUCTEMA PELICHUN HE UMEET.

CnenctBue 2. CoBMECTHasl CUCTEMa UMEET €IMHCTBEHHOE PEIICHHE, €CJIM PAHT MATPHULIBI
paBEH YUCITy HEU3BECTHBIX.

CnencrBue 3. CoBMecTHasi cUCTeMa MMEET OECUMCIEHHOE MHOXECTBO PEIEHUM, eciiu
paHT MaTPHUILIbl MEHBIIIE YHCIIa HEU3BECTHBIX.



1. 3 Jlekuus Ne 3 (2 yaca).

Tema: «Bexktopsl. bazucy»

1.3.1 Bonpocsl JieKnum:

1. Busibl BEKTOpPOB.

2. JIuHelHble onepanyuy Hajl BEKTOpaMH.

3. ITIJICK. ba3zuc. KoopauHatsl BEKTOpa.

1.3.2 KpaTkoe coaep:xkaHue BONPOCOB:

1. Buabl BeKTOpOB.

Bekropnas BenuunHa (BEKTOp) — 3TO BEIUYMHA, KOTOpPAas XapaKTepU3YeTCs YUCICHHBIM
3HaYeHHEM U HampaBiieHHeM. ['eoMeTpuueckuM H300pakeHHEM BEKTOPHBIX BEIUYHMH CIIY)KaT
HaIpaBJCHHbIE OTPE3KU, T.€. OTPE3KH, JUJII KOTOPBIX OIpeiesieHbl Hauaao U koHel. [Ipu stom
JUIMHA OTpEe3Ka paBHAa YHUCICHHOMY 3HAUYEHHMIO BEKTOPHOM BEJIWYMHBI, @ €ro HAalpaBIICHHUE
COBIAJIACT C HAMPABICHHUEM BEKTOPHOM BEJIMUUHBI.

Bekropsl, nexamue Ha OJHOM NPSIMOW WIM MapajuleIbHbIX MPSAMBIX, Ha3bIBAIOTCS
KOJUTMHEAPHBIMU.

BexkTopsl, nexaliye B OJHOM MIIOCKOCTH WM B MapajuIeNIbHbIX MJIOCKOCTSX, HA3bIBAOTCS
KOMILJIAHAPHBIMHU.

2. JIuHeliHbIE ONlepPAllMU HA/l BEKTOPaMHU.

JleiicTBHsI HaJl BEKTOPAMHU B TEOMETPUUYECKON opme:

1. Cnoxenune BekTopoB. CyMMO# IBYyX BEKTOPOB d M b Has3bIBaeTCs BEKTOp ¢ =d +b ,
OIpeIeIsIEMBbIi 110 MPaBUJIY TPEYTOJbHHUKA HITH MapajijiesorpaMma.

3. YMHOXeHre BeKTopa Ha 4yuciio. [IpousBeneHnemM BEeKTOpa d Ha YMCIO A Ha3bIBaeTCs

BEKTOp b =A1d, UMCIOWMHA TUHY ‘b‘=|/1|-|c7 , HalpaBJI€HHME KOTOPOrO COBIAJAET C

HaIlpaBJIeHUEM BEKTOpa d, eciu A > 0, ¥ MPOTUBOIIOIOXKHO eMy, eciid A < 0.

JIeUCTBUS CIIOKEHHUsI, BBIYUTAHUS BEKTOPOB, 4 TAK)KE YMHOKEHHME BEKTOpAa Ha 4YHCIIO
Ha3bIBACTCsl IMHEHHBIMU OIIEPALUSIMHU.
CBolicTBa JIMHEHHBIX ONepaluii HaJl BEKTOPAMU:

) d+b=b+a; 2) G+(b+3)=(@G+b)+C;
) d+0=a; 4) da+(-1)a=0;
5)(a-B)a=a-(B-d); 6 (a+p)di=a-d+p-d;

d+a-b; 8) l-a=a.



3. IACK. Ba3uc. KoopanHaTtsl BekTOpA.
Tpu B3aumHO mepneHauKyJsipHble ocu Ox, Oy W Oz B NPOCTPAHCTBE C OOIIUM

HauaioM (O o00pa3yloT NpPSIMOYTOJIbHYIO JI€KapTOBY CHUCTEMY KOOPAMHAT B IPOCTPAHCTBE.
[Tnockoctn, mpoxonsuiue yepe3 Mapbl KOOPAMHATHBIX OCEH, Ha3bIBAIOTCS KOOPAMHATHBIMHU.
KoopaunaTHble MJIOCKOCTH — JENAT BCE IPOCTPAHCTBO HA BOCEMb 4YacTel, Ha3bIBa€MBIX
okTaHTamu. Kax/10My OKTaHTY COOTBETCTBYET OIIpe/ielIeHHasi KOMOMHAIUS 3HAKOB KOOPAMHAT:

Koopau OKTaHTBI
HaTbI I I I I V V V V
| 11 A\ | 11 111
X + - - + + - - +
y + + - — + + - —
- + + + + _ - - -

OpToM KOOpAMHATHOM OCH Ha3blBA€TCAd EIMHUYHBIA BEKTOP, HANpPaBICHHE KOTOPOIO
COBIIAJACT C MOJIOKUTEIBHBIM HAIIPAaBICHUEM OCH.

Optsel oceit Ox , Oy u Oz 0003HAYAIOT COOTBETCTBEHHO I, j,k . DTH BeKTOpa 00pa3yioT
OPTOHOPMHPOBAHHBIN (TIPSIMOYTOJIBHBIN JEKapTOBbII) Oa3uc.

[Tpon3BONBHBI BEKTOp @ MOXET OBITh NpeACTaBIeH B Oasuce i,j,k creayrommm
paBeHcTBOM: @ =ai +a,j+ak,rne a,,a,,a. —KOOPJUHATHI BEKTOPA a .

KoopaunartamMu BeKTOpa d Ha3bIBAlOTCA €ro NPOEKIHM Ha COOTBETCTBYIOIIUE OCH
KoopauHar u obosnavatores: [lp,a=a; Ilp,a=a ;llp,.a=a,

JlnmHa (MOyJb) BEKTOpA HAXOIUTCS 10 hopMyIie:

|c7| = \/ax2 + ay2 +a’
Hanpasnenue BekTopa @ onpenensercs yriaMu ¢, [ U ¥, 00pa30BaHHBIMU UM C OCSIMHU
koopauHaT Ox, Oy, Oz . KOCHHYCBI 3THX YIJI0B BBIYUCISIOTCS 10 (OPMYyIaM:
az
, COSy =—.

4

@ |l
Hamnpagnsitomuye KOCUHYCHI CBsI3aHbl COOTHOLLIEHUEM:
cos” a+cos” f+cos’ y =1.

JleificTBUS HaJl BEKTOpaMU B KOOpAWMHATHOU (popme:

a
, cosﬂ:|—y

cosa = =
a

3aaHbl Ba BEKTOpAa CBOMMH KOOpPAWHATAMU: d (ax sa,sa, ), b (bx ; by ; bz)

1. Cnoxenue BCKTOPOB. Z[J'Iﬂ TOT0 YTOOBI CJIOKHUTH JIBa BCKTOpAa HYXHO CJIIOXKHTDb
COOTBCTCTBYIOIIHUEC KOOPAWHATHI 3TUX BCKTOPOB!:

a+5(ax +b.sa, +b,;a. +bz).

2. Beruntanue BekTOpoB. UTOOBI M3 BEKTOpa @ BBIYECTH BEKTOP b , He0OX0oaMMO H3
KOOpAUHAT BCKTOpPa d BBLIYECTH COOTBCTCTBYIOIIHNEC KOOPANHATHI BECKTOPA g .

i-bla,~b,;a, ~b;a.~b.).

3. YMHOXEHHE BCKTOpa Ha YHUCIIO. Y1005l YMHOXHUTb BCKTOP Ha 4YHUCIIO, HCOGXOILI/IMO
KaXXIyI0 KOOPAUHATY 3TOI'0 BEKTOPa YMHOXKHUTH Ha JaHHOE YUCIIO:

Ad(da,;Aa,;a,)

VcinoBHe KOJUIMHEAPHOCTH BEKTOPOB  d(X,;),3Z,) H b (x,5¥,:2,): KOOPIUHATEHI

_N_A

KOJJTHHEAPHBIX BEKTOPOB MPONOPIIMOHAIBHBL, T.€. — =
X, Vv, =z
2 2 2

10



Ecnu panel touku M, (xl; yl;zl) u M, (xz; yz;zz), TO KOOPJHMHATHI BEKTOpPA

a=M M, naxomarcs o opmynam: a, =X, =X, a, =y, =y, A, =Z, ~Z.

1. 4 Jleknus Ne 4 (2 yaca).

Tema: «CkaJisipHOe, BEeKTOPHOE M CMEIIAaHHOE NMPOU3Be/IeHUsI BEKTOPOB»

1.4.1 Bonpocsl JieKIIuM:

1. CkansipHoe nMpou3Be€HUE BEKTOPOB, €r0 CBOWCTBA, TPUIIOKEHUS.

2. BextopHOe Npou3BeIeHHE BEKTOPOB, €r0 CBOWCTBA, MPUITIOKECHHUSL.

3. CMemianHOe MpOU3BeIeHNE BEKTOPOB, €T0 CBOMCTBA, MPUIIOKEHUSI.

1.4.2 KpaTkoe coaep:kaHue BOINPOCOB:

1. CkansipHoe npoun3Be/ieHNe BEKTOPOB, €ro CBOMCTBA, NPUJIOKEHUS.

CKaJISIpHBIM MMPOU3BCACHUCM JBYX BCKTOPOB HA3BIBACTCA YHCJIO, PABHOC IMMPOU3BCACHUIO
MOJIyJIel 3THUX BEKTOPOB Ha KOCHHYC YIJla MEX]ly HUMH, T.C.:

—

A
-|b|cos| a;b

a~b:‘a

JUist BeKTOpOB d (X,;),;2,) | l;(xz; ¥,3Z,) CKaSIPHOE MPOU3BEICHHE a-b BBIPAKACTCSI
bopmynoii:

ab =X,X, + YV, +2,2,.

CBoiicTBa CKAJISIPHOTO MIPOU3BEICHHSI:

1) a-b=b-a.

2) a-(b+é)=d-b+a-c.

3) (md)-l; = Zz-(ml;): m(d~l;), m = const .

o 12 v
4) a-a= | a | - CKaJIIpHBIA KBaJpaT BEKTOPA PaBEH KBAApaTy €ro JJINHBI.

5) albsa-b=0 YT alboxx,+yy,+zz,=0 - yclIoBHE
HEePICHIUKYISIPHOCTH (OPTOTOHATIBHOCTH) HEHYJICBBIX BEKTOPOB.

6) a-b= |c?| Ilp .b = ‘b ‘ llp,d — cBA3b TPOEKIMH BEKTOpPa M  CKaJAPHOIO
TIPOU3BEICHUSL.

ITpunioskeHus CKaIspHOrO IPOU3BENECHU:
a) Haxoxaenue yria Mexy BEKTOpaMH:

| o2

| _a-b XX, + WV, + 2,2,

cos| @b = = 2, 2, 2 2, 2, 2
|a|-‘b‘ \/x1 +y +z -\/x2 +y;, +25

6) PaGoTa moCTOSHHOM CHUJIBI ITPH MPSMOJIMHEHHOM MEPEMEIICHNN €€ TOYKU MPHII0KEHUS

paBHA CKAIIPHOMY MTPOU3BEICHUIO BEKTOPA CHIIBI HA BEKTOP NepeMenieHus: A = F-5.

B) HaxokneHue mNpoeKIMU BEKTOpa ¢ Ha HampaBlieHUE, 3a/JlaHHOE BEKTOPOM b ,

_ ab
ocymiecTsisercs no opmyne: [lp.a =———
d

2. BekTopHO€e npou3BeieHNe BEKTOPOB, €ro CBONCTBA, MPUJI0KEHUS.

Tpu HexoMIUTaHapHBIX BEKTOpa d, b ,C, B3STBIE B YKa3aHHOM IIOpSIKE, 00pa3zyroT
IPaByIO0 TPOHKY, €CJIM C KOHIIA TPEThEro BEKTOpa ¢ KpaTyaiIiuii MOBOPOT OT MEPBOTO BEKTOpa
d KO BTOPOMY BEKTOPY b BHJICH COBEPILIAIOLIUMCS IIPOTUB YaCOBOM CTPEJKHU U JIEBYIO, ECIIH 110

YacOBOI.

11



npasasd TpoHka, nepas Tpoiika

BekTopHBIM NpoH3BECHUEM JIBYX BEKTOPOB d M D Ha3bIBacTCs HOBBIA BEKTOp C, IUIA
KOTOPOI'O BBIITOJIHEHBI CIACAYIOLINE YCIOBHS:

)éla,clb;
2) |E|:|a|-‘5‘sin 5;5 ;
3) Bekropa a, b ut 00pa3yroT MpaBylo TPOHKY (BEKTOPHI d, b ,C OpPHUEHTHUPOBAHBI B

MIPOCTPAHCTBE TaK)Ke Kak Oa3MCHBIC BEKTOpa I, j, k).

i j k
ixb = X, ¥y, oz~ dbopMyIa asist BEIYUCICHHUS BEKTOPHOTO IMPOU3BEICHIS
X, YV, Z,
BEKTOPOB d (X,;V,;2,) U b(X,;¥,52,).
CBOIiCTBAa BEKTOPHOTO IIPOU3BEIECHUS:
) axb=-(pxa

S —

2) ax(b+c)=axb+axc.
3) (m&)xl;:c?x(ml;):m(axl;), m = const .
4) allb<axb=0- YCIIOBHE KOJUTMHEAPHOCTH HEHYJIEBBIX BEKTOPOB.

[Tpunio>keHns BEKTOPHOTO IPOU3BEACHUS:
a) Beruucnenue miomaay napauienorpaMma U TpeyroibHUKa:

:‘axg; S :l‘dxg‘.
2

napaannenoepamma mpey2oibHuKa

0) HaxosxaeHne MOMEHTa CHJIBI OTHOCUTEIILHO TOUKU O :
M = OAxF ,rae Touka A —TouYKa NPUIOKEHUS CUJIbL F .
3. CMemaHHOe NPOU3BeleHNEe BEKTOPOB, ero CBOMCTBA, PHJIOKEHHUS.
CMeIIaHHBIM MTPOM3BEICHUEM TpPEX BEKTOPOB d, b W ¢ Ha3bIBaeTCs YKCIIO, PaBHOE
(axb)-c.
CMerranHoOe TIpOU3BEIeHUE BEKTOPOB d, b u ¢ obo3Hauaetrcs abc .
®opmyna s BBIYMCICHUS CMELIAHHOTO MPOU3BEACHHS BEKTOPOB d(X,;V,;Z,),
b(x,;y,52,) U C(X3;)5;2;) IMEET BUIL:
XN 4
abc =|x, y, z,
X3 V3 Z
CBoiicTBa BEKTOPHOTO MPOU3BEICHUS:
1) (axb)-c=(bxc)-a=(cxad)-b.

12



2) (axb)-c=a-(bxc).
3) a,b,c —xomnnanapuol < abc =0 — ycioBHUE KOMIJIAHAPHOCTH BEKTOPOB.

HpI/IJIO)KeHI/IH CMCHIAHHOTO IMPOU3BCACHUA:
a) Brruncienue oonema MnmapauiCjCrnuimneaa uinu nmupaMuibl:

O T R

napann—oa nupamuder 6 abc‘ N

0) OpueHTanus BEKTOPOB B IPOCTPAHCTBE:
ecmu abc >0, to Bektopa d, b, ¢ 00pa3yroT MpaByIO TPOHKY;

ecmu abc <0, 1o BekToOpa @, b, ¢ 00pa3yroT JEBYIO TPOHKY.

1. 5 Jlekuus Ne 5 (2 yaca).

Tema: «IIpsimasi INHUSA HA MJIOCKOCTH»

1.5.1 Bonpocel Jieknum:

1. CriocoOsI 3aaHus IPSIMOMA.

2. BzaumHOE pacronoxeHne IByX MPsMbIX.

1.5.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. Cnoco0bl 3a1aHus NPAMON.

l. y = kx + b — ypaBHEHHE IPSAMOI C YITIOBBIM KO3 utueHTom k, k = tga ;

2. y—y, =k(x—x,) — ypaBHeHnue npsmMoi, npoxozsuieii depes Touky M,(x,; y,) ¢
YTJIOBBIM KOO PHUIIMEHTOM K ;
3 X=X% _ V=W
a B
TOYKa, p (@, ) — HaIpaBIAIOIIMNA BEKTOP, T.€. BEKTOP, JICXKAIIUM HA JAHHOW IPSIMOW WIH HA
HapaJuIeIbHON €11 IPSMOW;

— KaHOHHWYECKoe ypaBHeHue mpsiMoi, M (xy;y,) — HauambHas

X=at+x, .
— mapameTpuyeckoe ypaBHenue npsmou, M (X,; y,) — HavanibHas
y=pt+y,
TOYKa, p (o, ) — HAPABIAIOIIUN BEKTOD;
Y- _ X=X o o .
5. = — ypaBHEHHUE IMPSMOM, Npoxojsiieil yepe3 aBe Touku A(x,; y,) u

Vo=V XX
. _ V2N . Ny
B(x,;y,), k =~———yrioBoii K0O3QPUIHEHT TPSIMOIi;
Xy =X
6. A(x—x)+B(y—y,)=0 - ypaBHeHHe T™pPAMOIi, MPOXOMANEH Yepe3 TOUKY
M, (x,; ¥,) ¢ HOpManbHBIM BekTopoM 7i(A4; B).

HopManbHBIM BEeKTOpPOM Ha3bIBae€TCsA BEKTOP, MEPIEHAUKYIISIPHBIN TaHHOM MPSMOIi;

7. Ax + By + C = 0 — ob1iee (OCHOBHOE) ypaBHEHHE MPSAMOM, k = —ﬁ.
2. B3auMHoe pacnoJioskeHHe IBYyX NPSIMBbIX.

Al Bl
a) YcioBue napaienbHOCTH IPSIMBIX: k) =k, mm  — =—.

A2 BZ
0) YcioBue neprneHuKyIsIpHOCTY npsiMbiX: &, -k, =—1 wm A4 A, + BB, =0.

k, -k ‘A1A2+Ble‘
. 2 1
B) YTOJI @ MeXIy IBYMs NPAMBIMH: [g® = |————| HJIH COSQ = :
1+ k- k, \/A12+B12'\/A22+B22

13



Touka mepeceueHust ABYX MPSAMBIX HAXOJUTCS U3 PEIICHHS CHCTEMBI:
y=kx+b, Ax+By+C =0

{y:k2x+b2 ! {A2x+B2y+C2:O

Paccrosuue p ot touku M,(x,;y,) mo mpsmoit [:Ax+By+C =0 HaXOAUTCA

3 |Ax0 + By, +C|

vA? +B?

CJIeIYIOIIUM 00pa3oM: p(M os ! )

1. 6 Jlekuus Ne 6 (2 yaca).

Tema: «KpuBbie BTOPOro nopsiaiKka

1.6.1 Bonpocsl JieKIum:

1. OKpyXHOCTb.

2. Dnuric.

3. l'unepOomna.

4. ITapaOouna.

1.6.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. OKpy:KHOCTB.

Jlunmeit (KpuBOIi) BTOPOro TOpPSAKAa Ha3bIBAGTCS MHOXECTBO TOYEK IIJIOCKOCTH,
JEKapTOBbI KOOPJAUHATHI X, ¥ KOTOPBIX YIOBIETBOPAIOT YPABHEHUIO

Ax* +2Bxy+Cy* +2Dx+2Ey+F =0,

rne  A,B,C,D,E,F —TIOCTOSIHHbIE  JI€UCTBUTENIbHbIE  uuciia, npuuem  A,B,C
OJTHOBPEMEHHO HE PaBHBI HYJIIO.

Oxpyxuocte: x° +y° =R* um (x—x,)’ +(y—-y,) = R?, rae (x,;V,)— KOOpaHHATEI
LIEHTPA OKPYXKHOCTH, R — paanyc OKPYKHOCTH.

2. DJIMInc.
2 2

2 2
Diuuric: x_2+y_2 =1 wm (x ’260) + (v g’o)
a b a b

rae (xy;),) —KOOpAHNHATHI [IEHTpPA DIUIUIICA,

a — 0oJbIIIast MoJayoch, b — Majas Mmoxyoch,

2c — paccTosHre MeXay GOKycamu, IpuueM a° —c” = b*;
c

& = — —dKCIeHTpucHuTeT dJutunca (& < 1);
a

F(=c;0) u F,(c; 0) — dpokycsl ammmmnca.

3. I'mnep0oaa.

2 2 _ 2 B )
I“I/Inep6ona:z—2—z—2=1 WITH (x a’;o) W bg’o)

rae (xy;Y,) — KOOpAMHATHI IIEHTPaA THIIEPOOIIBI,

@ — IEHCTBUTENBHAS T10JYOCh, b — MHUMasl MOJIyOCh,
2c —paccrosiHue Mexay GoKycamu, ipuueM ¢’ —a’ =b>;

c
& = — —KCIEHTpHUCUTET runepoosl (& > 1);
a

F(=c;0) u F,(c; 0) — dokycsl runepOOIIbL;

y =+—Xx — ypaBHECHUS aCUMITOT THIIEPOOIIBL.
a
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4. IlapaboJa.
a) C ocbto cummerpun Ox :

y* =2px — ypaBHeHHe mapaGoibl; p — napamerp napaGoisL,
F (g, Oj — ¢oxyc napaboibl; x = —g — YPaBHEHUE TUPEKTPUCHI

6) C ocbto cummerpuu Oy :

x* =2py — ypaBHeHHUe MapaGoibl; p — NapaMeTp napabobl,

F (O; g] — ¢oxyc napaboinbl; y = —g — YpaBHEHME TUPEKTPUCHI.

1. 7 JIekuust Ne 7 (2 4yaca).

Tema: «IL10cKOCTH B IPOCTPAHCTBE)

1.7.1 Bonpochl JieKIum:

1. CrtocoObI 3a1aHusl IIOCKOCTU B IIPOCTPAHCTBE.

2. B3auMHO€ pacnosioKeHue MmIOCKOCTEH.

1.7.2 KpaTtkoe coaep:kaHue BOINPOCOB:

1. Cnoco0bI 3a1aHMS MIOCKOCTH B MPOCTPAHCTBE.

1) Ax+ By +Cz+ D =0 — oblee ypaBHEHHE IUIOCKOCTH, 7l = (A;B;C ) — HOPMAaJIbHBIN
BEKTOP IUIOCKOCTH, T.€. BEKTOP, MEPICHANKY/SIPHBII JTaHHOW TJIOCKOCTH;
2) Ax—x,)+B(y—y,)+C(z—z,)=0 — ypaBHeHHE IIOCKOCTH, MPOXOMASIIEH Yepe3
touky M (X,; Vo5 Z,) ¢ HOPMAIBHBIM BEKTOPOM 71 = (A;B;C );
X=X Y=y z—z
3) |x,—x, y,-y, z,—z,|=0 — ypaBHEHHE IUIOCKOCTH, IPOXOJAIIEH Yepe3 TPU TOUKH
Xy =X Vs=W Z3—Z
A(x;3 315 2)) 5 B(xy5 355 2,) 1 C(x35 35 23)5

X z
4) X 2o - ypaBHEHUE IUIOCKOCTH «B OTpe3Kax», Ine a,b,c- OTpEe3KH,

a b c
OTCEKaeMbIe COOTBETCTBEHHO Ha ocsix Ox, Oy, Oz .
2. BzanMHoe pacmnoJiokeHune njiaoCKoCcTe.
N A4, + BB, +C,C
1) cosg = cos (7, ,n,) = il St St
2 2 2 2 2 2
JAZ + B} +C? |42 + B2 +C]
2) 44, + BB, +C,C, =0 — ycnoBue nepneHAuKyIIPHOCTH INIOCKOCTEH;
Al Bl Cl Dl 2
3) — = — =— # — — yCIJIOBUE NapalIeIIbHOCTH IIOCKOCTEH;
AZ BZ CZ D2
Al 1 C'l Dl 2
— =— =——=— — YCIJIOBUE COBIIAJICHUS UIOCKOCTECH.
AZ BZ C2 D2
Paccrosuue p ot touku M (X,; Vo5 Z,) 1O IUIOCKOCTH 7 :Ax+By+Cz+D =0
| Ax, + By, + Cz, + D

BBIUHCIIseTCs 0 hopmyre: p(M ;)=
NA* + B* +C?

— YTOJI MCXKAY MJIIOCKOCTSAMU,
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1. 8 Jlekuus Ne 8 (2 yaca).

Tema: «Ilpsimasi B mnpocTpaHcTBE»

1.8.1 Bonpocel Jieknum:

1. CriocoOnI 3a1aHust IPSIMOM B IIPOCTPAHCTRBE.

2. BzaumHoOe€ pacronoxeHue NpsiMou U MI0CKOCTH.
3. [loHsATHE TOBEPXHOCTH B POCTPAHCTBE.

1.8.2 KpaTtkoe coaep:xkaHue BONPOCOB:

1. Cnoco0Obl 3a1aHusl PSIMOi B IPOCTPAHCTBE.

x—x — z—z 5
1) 0o Y=o _ ¢ — xanonnueckoe ypauenue ¢ M (X,; V,; Z,) - HauaILHOM

a B Y
TOYKOH, p(a, f,y) — HAIPABIAIOIIUM BEKTOPOM NPSIMOU;

X=at+x,
2) 1y = ft+y, —napameTpuyecKoe ypaBHEHHUE MIPSIMOIL;

z=yt+z,

X-x, Y-y,  z-z . .
3) = = — ypaBHEHHE IPSIMOM, NMPOXOIALICH 4Yepe3 IBE TOUYKH
X=X M=V 27 %
ACx; 15 2,) 1 B(xy; 353 2,) 5
{A1x+B1y+Clz+Dl =0

— IpsMas Kak JIMHUA IEPECEYEHUs IUIOCKOCTEH, Iue
A,x+B,y+C,z+D, =0

i j ok
p=n,xii,=|4, B, C,|—HAIPaBISsIOLMA BEKTOP MPSIMON.
AZ BZ C2

2. BzanmHoe pacnoJio:keHne nNpsiMoi 1 MJI0CKOCTH.
a,a, + S, + 77,
Vi + B +yl Nead + B+
2) aya, + B, S, + 7,7, =0 — ycnoBue nepneH UKy ISpHOCTH MPSMBIX;
3) il b =4 YCJIOBUE MApaJIeIbHOCTH MPSIMBIX;
a B 7
Xp=X Vo™ W 2T %
4) a, B 7, |# 0 — yCIOBHE CKPCIIMBAHHS MPSMBIX.
o, b, e
|Aa +Bf+ C;/|
\/Az +B+C? -\/0:2 +B+y

A B C
2) —=— =— — yClIOBUE NEPIEHANKYIIPHOCTU IPSIMOMN U IIIOCKOCTH;

1) cosp = — YrOJl MEXKy MPSIMBIMH;

1) sinp=

— YIoJI MEKAy NPSAMOU U MJIOCKOCTBIO;

a
Aa + Bﬁ’ +Cy=0 .
3) — YCJIOBHE MapajuIeIbHOCTH MPSIMOM U TUIOCKOCTH;

Ax,+ By, +Cz, + D #0
4) Aa+Bp+Cy=0
Ax,+ By, +Cz, + D=0

3. IloHsiTHE MOBEPXHOCTH B IPOCTPAHCTBE.
Kanonunueckue ypaBHEHMs IOBEPXHOCTEN

— YCJIOBUC MPHUHAJIC)KHOCTHU HpﬂMOfI IIJIOCKOCTH.

1. (x—=af +(y=b) +(z—c) = R* - cdepa c uenrpom B Touxe C(a; b;c);
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2 2 2
X 4
2.2 4 pal +— =1—bsnnurcounsm;
2 2 2 ’
a b c
X 2 y 2 ZZ
3. — +*5 ——5 =1—o01HON0N0CTHBI! rUnepOOIOUL;
a b c
xz yZ Z 2
4. — +<5 —— = —1 - ABynonocTHeIA runepoonon;
a b c
X 2 y 2 z 2
5.5+ 5 5= 0 — KOHYC BTOPOrO MOPSIKA;
a b c
X 2 y 2
6. — +<—5 = 2z — JJUIMIITHYECKUI napaboon;
a b
xZ y2
1. 5 —-5=2z- rUnepOoInYecKuid mapadboIon,
a b
xZ y2
8. — +*5 =1—omMNTHYECKNH NHUIMHID;
a b
X 2 y 2
9. o= 1 — runepOonuyecKuii MWIUHID;
a- b

10. x* = 2py —napaGonuyecKuii WATHH/IP.

Bpamenuem ¢urypst @ BOKpyr IaHHOM HpsIMOM (OCH BpallleHHUs) Ha3bIBAETCSI TaKOe
JIBIDKEHUE, TIPU KOTOPOM KaXKAas TOUKa (GUTrypel @ OMUCHIBAET OKPYKHOCTH C LIEHTPOM Ha OCH
BpAILEHU, JICKAILYIO B IJIOCKOCTH, NEPIIEHAUKYIISIPHON K OCH BpaILCHU.

[ToBepxHOCTh, 0Opa3oBaHHas BpAIIEHWEM JIMHUM BOKPYT OCH, HAa3bIBAETCS
IIOBEPXHOCTBIO BPAILICHHUS.

IIpaBwiio cocTaBjeHUsl yYpPaBHEHHS TNOBEPXHOCTH BpamleHUusi. YToOBl MOIYYHUTH
ypaBHEHHE MOBEPXHOCTH, 0Opa30BaHHON BpallleHWEM JHHUU L , nexamieid B miockoctu yOz ,

BOKpYT ocu Oz , HY)KHO B ypaBHEHUH 3TOH TUHUN [ (y; Z) =0 3aMeHUTh ¥ Ha T+/x" +)° .

3ameuanme. [lonyyeHne ypaBHEHMI MOBEPXHOCTEH, 0Opa3ylOIIUXCA MyTEM BpaIICHUS
IUIOCKUX JIMHUHM, KOTOPBIE JIEKAT B KOOPAUHATHBIX IJIOCKOCTAX, BOKPYT APYIMX KOOPAMHATHBIX
0Ceil, MPOU3BOAUTCA 110 AHAJIOTUYHBIM IIPABHUIIAM.

1. 9 Jlekuus Ne 9 (2 yaca).

Tema: «DyHKUMD)

1.9.1 Bonpocsl JieKnum:

1. OcHOBHBIE TOHSATHS.

2. CriocoObI 3a1aHUs PYHKLIUH.

3. OcHOBHBIE CBOMCTBA (DYHKITHH.

4. HeanemeHTapHble (QyHKIIHH.

1.9.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. OcHOBHBIE IOHATHS.

OYHKIUS — MPABUIIO, 10 KOTOPOMY KaXKJIOMY 3HAUEHHIO IEPEMEHHON X COOTBETCTBYET
€IMHCTBEHHOE 3HAUYE€HHE IEPEMEHHON y .

Ob6o3nauaercs: y = f(x).

IlepemeHHass x Ha3bpIBAcTCS HE3aBUCUMOW MEPEMEHHON WM apryMEHTOM, a IEPEMEHHas
Y — 3aBHCUMOM IEPEMEHHOM.
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bykBa f (BMecTo He€ MOXkeT ObITh g,k W Apyrue OyKBbI) O3HA4aeT MPaBUIIO, IO
KOTOpPOMY, 3Hasi 3HaYEHHE X , MOXKHO MOJIYYUTh 3HAYCHHUE ) .

2. Cnoco0Obl1 3a1anust GQyHKIIUU.

CnocoOwr 3amanus Gynakumu: 1) aHamutudeckwii, 2) TabnuuHbli; 3) rpaduueckuii;
4) CTOBECHBI.

I'paduxom ¢GyHKIMM Ha3bIBaC€TCS MHOMXECTBO BCEX TOUYEK  IUIOCKOCTH, a0CIIMCCHI
KOTOPBIX PaBHBI 3HAYCHHUSM apTyMEHTa, a OpPJIUHATBHl — COOTBETCTBYIOIIMM 3HAYCHUSIM CaMOU

GyHKIHIH.
3. OcHOBHBIE CBOMCTBA (PYHKIIUH.

1) MHOXecTBO 3HAa4YeHH HE3aBHUCUMOI IEpeMEHHOM x Ha3bIBaeTcsi 00JIaCThIO
onpenenenust pyHkuun u obosnavaercst D(y), D, , D, nan D(f).

2) MHOXecTBO 3Hau€HUi, MPUHUMAEMbIX 3aBUCHUMON TMEepEeMEHHOW ), Ha3bIBaeTCs
obsacTpio 3HaueHui GyHKuMU u obosHavaercs E(y), £, E, nim E(f).

3) Yérnas ¢pynknus — pyHkus y = f(x), obnamaromas CieIyroIMMA CBOHCTBAMHU:
1) e€ 00J1acTh onpeeNIeHUs] CAMMETPUYHA OTHOCUTEIBHO HYJIS;
2) I TF000T0 3HaUeHUs! x € D( f) BBIIOMHSETCS paBeHCTBO f(—x)= f(x).

I'padux nro6oi 4€THON PYHKINN CUMMETPUYECH OTHOCUTEIBHO OCH OpPZHMHAT.
Heuérnas pynkmus — pynkuus y = f(x), o0nagaromas clieayomMy CBOHCTBAMH:

1) e€ 00acTh orpeesIeHUs] CHMMETPUYHA OTHOCUTEIIBHO HYJIS;
2) 1151 1000ro0 3Ha4eHus1 x € D( f) BBINOJHIETCS paBEHCTBO f(—x)=—f(x).

I'padux nro6o0i HeUETHON PYHKIIMN CHMMETPHUYEH OTHOCUTENHHO Hauaia KOOPAUHAT.

OYHKINIO, HE SIBJISIONIYIOCS HU YETHOW, HU HEYETHOW Ha3bIBalOT (PyHKIMEH o01iero
BUJIA.

4) @ynkuus y = f(x) Ha3pIBaeTCs BO3pACTAIOIICH HAa MPOMEXYTKE X , eciu OoJsbLieMy

3HAYEHHUIO apTyMEHTa COOTBETCTBYET Oouibliiee 3HauUeHHE (PYHKIUH; T.€. JJIS JIIOOBIX 3HAUYCHUM
aprymMeHTa x, M x, U3 IPOMEXKYTKa X , TaKkuX, 4TO X, < X,, BBIIOJIHAETCS HEPABEHCTBO

S(x) < f(x,).
®ynkuusa y = f(x) HasblBaeTcs yObIBAalOIIEH Ha NPOMEXyTKe X , €Clld OOoIbLIEMY

S3HAYCHUIO apryMEeHTa COOTBETCTBYCT MCHBIICEC 3HAYCHUC (1)YHKHI/II/I; T.C. I JIFOOBIX 3HAYEHHUH
aprymeHTa x;, M x, H3 IIPOMCKYTKa X , TaKMX, 4YTO X, <X,, BBINOJHACTCA HCPABCHCTBO

f(x)> f(x,).
5) Touka sKCTpeMyMa — TOYKa MUHUMYMa WJIM MakCUMyMa () yHKITUH.
Touka x, Ha3plBaeTCs TOYKOM Makcumyma QyHKIUM y = f(x), eciid HaWAErcs Takas

OKPECTHOCTb TOYKH X, , YTO JUId BCEX X M3 DTOM OKPECTHOCTH BBINOJHAETCS [ (x,) > f(x), T.€.
f(x,) HanOonbee 3HaYeHHE QyHKIMKM [ (x) B HEKOTOPOH OKPECTHOCTH TOYKH X, .

Touka x, HaspiBaeTca TOYKOM MUHMMyMa QyHKUMHM y = f(x), ecnM HaWa€rca Takas
OKPECTHOCTb TOUKHU X, , YTO JJIs BCEX X M3 DTOM OKPECTHOCTH BHINONIHAETCS f(x,) < f(x), T.€.
f(x,) HauMeHblIEE 3HaYeHHE QYHKIUH [ (X) B HEKOTOPOH OKPECTHOCTH TOYKH X, .

6) ®ynkuus f(x) Has3bIBaeTCs NEPUOAMUYECKOM, €CIM cyliecTByeT Takoe uucio 7 #0,

qT0:
1)aa moboro x w3 obnactu onpenenenus ¢GyHkuuu yucna (x+7) u (x—T) Takxke

pUHAJJIeKAT 001aCcTU ONpeeSIeHuUs;
2)BbInonHseTcs paBeHcTBO: f(x)= f(x+T)= f(x—-T).
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Haumensbiiee monoXuTelbHOE YHCIO 7 HA3BIBAETCS OCHOBHBIM TNEPHUOAOM (DYHKIIHH.

. T .
Ecmu T —ocHoBHOl mepuon ¢yHKkuuum y = f(x), TO — —OCHOBHOWH mepuon (yHKIHU

A
v=a- f(kx+b).
7) Hynmu ¢byHKIUMU — 3HA4YeHHsS] apryMEHTa, MPU KOTOPHIX 3HAYCHUS (YHKIUH PaBHBI
HYJIIO.
8) ®ynkuus y = f(x) Ha3bIBAETCS OTPAHMYEHHON Ha MPOMEXYyTKe X , €ClIM CYIIeCTBYET
takoe uyucio M >0, 4ro | f (x)|<M , sl BceXx x € X . B mpoTtuBHOM ciydae, (QyHKIHS

Ha3bIBACTCsI HEOTPAaHUYECHHOM.
4. HeannemeHTapHbIe (PYyHKIUH.
OcHOBHBbIE 3JIEeMEHTapHble (PYHKIMH, IPUMEHSIEMbIE B MaTEMaTHKE:

1) crenenHas Yy =x",x€R;

2) nokasarensHas y=a ,a#1,a>0,a=const,

3) norapudmuueckas y =10g, x, a#1,a>0,a = const;

4) TPUTOHOMETPUYECKHUE: y = Sin X, ¥ = COS X, y = 12X, ¥ = C1gX ;

5) oOparHbIe TPUTOHOMETPHUYCCKHUE:

y =arcsin x, y = arccos x, y = arctgx, y = arcctgx .

K aneMeHTapHBIM OTHOCAT Bce (DYHKIMH, KOTOPHIE MOXKHO COCTaBUTh M3 OCHOBHBIX
DJIEMEHTApHBIX (DYHKIMKA C TOMOIIBIO anreOpanmyecKux neucTBui (+,—,-,+ C MPUMEHEHHEM
T00bIX KOA(pGHUIMEHTOB) M omepauuil B3sATUA (QYHKIMH OT (GYHKUMU (CIoXKHas (YyHKLHN),
MPUMEHEHHBIX KOHEUYHOE YHCIIO Pa3.

K HeanemeHTapHBIM (QYHKIHSIM OTHOCAT: ) = |x| U KyCOYHO-aHAJTUTHUYECKYIO (YHKIIHIO,

3a1aBaACMY10 PAa3JIMYHBIMA AaHAJIUTUYCCKUMU BBIPAKKCHUAMHA HA Pa3HbIX obacTax OIMPCACIICHUS.

1. 10 Jlexuusi Ne 10 (2 yaca).

Tema: «Ilpexges mocjieoBaTeJJbHOCTH U Mpeaes (PYHKIMID)

1.10.1 Bonpocsl Jieknuu:

1. ITonsiTHe MoOCIIEI0BATEIHHOCTH.

2. Ilpenen yncaoBOM MOCIEAOBATEIILHOCTH.

3. [Ipenen pyHKIMU B TOUKE.

1.10.2 KpaTkoe coaep:kaHue BONPOCOB:

1. IlousiTHe MOCJIE10BATEILHOCTH.

UncnoBoll TOCIENOBATEIILHOCTRIO Ha3bIBaeTCs (DYHKIMS HATYpPaTbHOTO apryMeHTa:

a,=f(n).

ITocnenoBarenbHOCTD {an} Ha3bIBACTCS OIPAHUYEHHOM, €CIIM CYIIECTBYET TAaKO€ YMCIIO

M >0, uto g n060ro n € N BBIIOIHIETCS HEPABEHCTBO |a,|< M . B mporuBHOM ciyuae,
MOCJIEA0BATEIbHOCTh HA3bIBAETCS HEOTPAHUUYECHHOM.

ITocnenoBarenbHOCTD {an} Ha3bIBaeTCs Bo3pacTaroleil (yobiBaromeil), ecnu ais 1o0oro

1 BBINOJIHSETCS HEpaBeHCTBO 4, >a, (a,,, <a,). Bospacraromas wnm yOblBaromias

n+l
IIOCJIEAOBATEILHOCTh HA3HIBAETCS MOHOTOHHOM.
2. IIpenes 4nuca0BOM MOCJIEI0BATEILHOCTH.

Uucno A Ha3bIBaeTCs MPeieoM YHCIOBOM MOCIIEI0BATEIbHOCTH {an}, €CIIu JUIs II000Tro
€ >0 Haiinercs Takod HoOMep N , 3aBUCALIMUA OT &, YTO VISl BCEX WIEHOB MOCIIEI0BATEIBHOCTH
Cc HOMepaMH n > N BEPHO HEPABEHCTBO: |an - A| <g.
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OGo3navaercs: lima, = 4.

[TocnenoBarenbHOCTh, UMEIOLIAS KOHEYHBIM MPENEN, Ha3bIBACTCS  CXOJIALICHCS.
[TocnenoBarenbHOCTh, HE UMEIOIIAs MpeieNa WK UMerolIasi OECKOHEUHBIN Mpe/iell, Ha3bIBaeTCs
pacxosIEncs.

3. Ilpexes pyHKIMH B TOUKE.

Yucno A HazpiBaercs npenesnoM (GyHKuuu y = f(x) npu x—>a, ecid A Jo0on

II0CJIEI0BATEIBHOCTH JOMYCTUMbBIX 3HA4eHUH aprymeHTta X, (X,#a), cxopsueiica kK a,
[I0CJIEI0BATEIBHOCTh  COOTBETCTBYIOIIMX 3HAUYEHUM (QYHKIUM CXOIUTCS K ducily A:
lim f(x)=4.
xX—a
Teopembl 0 npeaenax
Ecin mpenensr lim f(x) u limg(x) CymecTBYIOT, TO CIPaBEIUIMBBI CIECIYIOLINE
xX—>a xX—a

TEOPEMBI:
1. Ilpenen mocTOAHHOM paBEH CaMOU MOCTOSTHHOM:
IimC =C, C-const.

xX—a

2. Ilpenen cymmsbl (pa3HOCTH) ABYX (YHKIIUNA paBeH cymMme (Pa3HOCTH) IMPEAEIIOB dTHUX
byHKIMA:

lim(f (x) + g(x)) = lim £ (x) + lim g(x)

x—a x—a x—a

3. Ilpemen mnpowusBeneHuss IBYX (YHKIUI paBeH MNPOU3BEICHHUIO IMPEICIIOB ATHX
byHKIHIHA:

lim(/ (x)- g(x))=1lim /(x) - lim g(x) .

x—a x—a x—a

4. TTocTOSIHHBIN COMHOKUTEIb MOKHO BBIHOCUTH 3@ 3HAK Mpeena:

lim(C - f(x))=C-lim f(x).

x—a xX—a

5. Ilpenen oTHoOUmeHNs ABYX (YHKUIMN paBeH OTHOILICHMIO MPEAETIOB 3TUX (QYHKIMNA MPH
YCIIOBUH, UTO MpEes 3HaMeHAaTeNsl OTJIUYEH OT HYJIA:

lim f'(x)
. X .
hmf( )=X__>“ , limg(x)#0.
xX—a
6. [Ipenen crenenu ¢ HaTypaabHBIM MIOKA3aTENIEM PABEH TOM e CTENEeHH IpeJiena:

lim( /()" = {lim 1 (x))

3ameuanue: GopMyIUPOBKHU TeopeM 1 — 6 st ciaydasi, Korga X — 00, aHAJIOTMYHBI.

1. 11 Jlexmus Ne 11 (2 gaca).

Tema: «lIpaBuia packpbITHS HeoNpeaeJIeHHOCTEN»

1.11.1 Bonpocsl Jekuum:

1. beckoHeYHO Majble GYHKIUHU, UX CBOICTBA.

2. beckoneuno Gosbime GyHKITMU, UX CBOWCTBA.

3. 3aMmeuaTesbHbIE IPECIIbI.

1.11.2 KpaTkoe conep:kaHue BOIPOCOB:

1. BeckoHeuHO MaJible (PYHKIMH, HX CBOHCTBA.

@ynkius  f(x) Ha3pBaeTcs OECKOHEYHO Mallol mpu X —>a (x—> ), eciu

lim f(x)=0 (lim f(x)=0).
xX—a X—>0

3ameuaHue: MpoU3BeeHUE O0SCKOHEYHO Malloil (PYHKIMHM HA OTPaHUYCHHYIO (DYHKIIHIO
ecTh (QYHKIIHS OECKOHEYHO MaJiasi.
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CpaBHeHHe NOPSAKOB 0€CKOHEYHO MAJIBIX

Ecmn a(x) u B(x)— 6eckoHedHO Manble QYHKITUHN PU X —> d U 1jm_ZEx;
x—a X

=k, TO

1) npu k =0 dyHkuusa o«(x) Ha3biBaeTCsl OECKOHEUHO Majoi Oosiee BBICOKOTO MOPSIKa,

yeM QyHKIHS S(x) .

2) mpu 0 <k <oo ¢dyHKIUU a(x) U A(x) OAHOTO MOPSAIKA MAJIOCTH; B YaCTHOCTHU, IIPU

k=1 ¢dynkuun a(x) u B(x) Ha3bIBAIOTCS SKBUBAJICHTHBIMH.

3) npu k =c0 QyHkuMs «(x) Ha3bIBaeTCs OECKOHEYHO Majioi Oojiee HU3KOIO MOPSIKa,

yeMm QyHkmms S(x) .

TadJuna >KBUBAJEHTHBIX 0€CKOHEYHO MaJIbIX (mpu x — 0)

I) sinx~x 4) arctgx ~X 7)a* -1~ x-lna
2

5)1—cosx ~ X
2

2) tgx ~Xx 8) In(1+x) ~x

3) arcsinx ~X 6) e -1 ~x

2. beckoHe4yHo 0oJibIMe PYHKIUM, UX CBOMCTBA.
@OyHkuus  f(x) HaspBaeTcss OECKOHEYHO OO0JIbLION

lim f(x)=c (lim f(x)=).
3. 3ameuaTebHbIE NPeAEIbI.
. sinx
lim

x>0 x

=1 — nepBbli 3aMeUaTeNbHbIN Npeel;

. 1Y y y
hm(l +— | = e — BTOpOHU 3aMe4YaTeJIbHbIU IIPEICIT,
X—>00 x

1

lim(l + x)? = e — BTOpOH 3aMeuaTeNbHbIN Ipeaed.
x—0

IIpaBuiia packpbITHS HeoNpeaeJeHHOCTel

9) (I1+x)" =1 ~k-x,

k>0

mpu x—>a (x—>o), eciu

(1)

0 o0
— — (oo — oo) (O . oo)
0 0
1. Paznoxenue
YUCIUTENIS W 3HAMEHaTENs [Tpuse
Ha MHOKUTEIIH u JICHUE K
JloMHOX
COKpallleHHe Ipoou Henen eHie HeOompe/IeIeH-
2. JIOMHO)KEHHE | i€ Ha CTCIICHD HOCTH BHJA
YUCIUTEIS |
YUCIUTEIIS W 3HAMEHATENs | C 0
3HAMEHATeNs Ha i
Ha COTPSKEHHOE | HAUOOJBIINM 0
COTIPSDKEHHOE
BBIPOKCHHE paIuKaIy IoKa3arejieM
BBIPAKCHHE o0
3. IIpumenenue WK | —
TaOMUIBI  AKBUBAICHTHBIX 00
OCCKOHEYHO MaJIbIX

IIpume
HEHHE
BTOPOTO
3aMeyaTeIbHO
ro mpeaeina u
CBOMCTB
CTEICHEH

1. 12 Jlekumus Ne 12 (2 gaca).

Tema: «HenpepbIBHOCTH PyHKIMMN»
1.12.1 Bonpochl JieKnuu:

1. OgHOCTOPOHHKE TIPEACIIBI.

2. HempepbIBHOCTH (DYHKITUU B TOYKE.
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3. Touku paspsbIBa.

4. AcumnToTsl Tpaduka GyHKIIHH.

1.12.2 KpaTkoe coaep:kaHue BONPOCOB:
1. OqHocTOpOHHME Mpeaebl.

Ecmu f(x)—> A4, mpu x—>x, u x<X,, To 4ucio A, — Ha3bIBACTCs JICBOCTOPOHHUM

npejenom GyHKIUU f(x) B TOUKE X, U 0003HAYAETCS: lim0 f(x)=4,.

X—>x(—
Ecmn f(x) > A4, npu x —>Xx, u X>X,, T0 4yucino A, — Ha3bIBACTCS IPABOCTOPOHHUM

npeznenoM GyHKIMH f(x) B TOUKE X, ¥ 0003HAYAETCS: lim0 f(x)=4,.
)C*))CO‘F

[Tpenenst A, u A, Ha3pIBAIOTCS TaK)Xe€ OJHOCTOPOHHUMH Tpenenamu GyHKuuu f(x) B
TOYKE X,,.

2. HenpepsbiBHOCTH GyHKIIMH B TOYKe.

ITycts pyHKIMS y = f(x) ompeneneHa B TOYKE X, U B HEKOTOPOW OKPECTHOCTU 3TOH
TOYKH.

@yHknua y = f(x) Ha3bIBACTCS HENPEPBIBHOM B TOYKE X,, €CIU CYIIECTBYET MPEIEi
(GyHKLIMU B 3TOM TOYKE M OH PaBEH 3HAYECHUIO (DYHKIIMU B 3TOH TOUKE:

lim /()= f(x,)

@yHkuua y = f(x) Ha3blBaeTCd HENPEPBIBHOM B TOYKE X,, €CIM OHAa HMEET
OJTHOCTOPOHHUE TIPEJIENbl, PaBHBIE MEXy CO00H U paBHBIE B CBOIO OYepE/Ib 3HAYCHUIO (DYHKIIMU
B TOUKE X, .

IIycTe nepemMeHHas BeIM4YMHA X B HEKOTOPBIM HAYaJbHBII MOMEHT paBHA X,, B IPYyrou

(KOHECUYHBI) MOMEHT paBHa X,; TOTJA pPas’HOCTh AX=X,—X, Ha3bIBACTCS MPHUPAIICHUEM
MEPEMEHHOMN X .
[Tycts wucxomHoe (HauaabHOE) 3HavyeHWe (yHkuuM pasHO ), = f(X,), a HOBOe

(koHeuHoe) 3Hauenue  (ydakuum  paHo Y, =f(x)=f(x,+Ax); Torma  pasHOCTH
Ay =y, —y, = f(x,+Ax)— f(x,) HaspBaecTCs npuparieHneM QYHKIHU y = f(x) B TOYKE X, .
®DyHKuusS y = f(x) Ha3bIBACTCS HEMPEPHIBHOW B TOYKE X,, €CIH OECKOHEYHO MAIoMy
NPHUPAIIEHUIO apryMEHTa COOTBETCTBYET OCCKOHEYHO Majioe IMpHpanieHre (QYHKIUH; T.€.
cymectByer lim Ay =0.
Ax—0
®Oyukiwst y = £(x), HENPEPHIBHAS B KaKIOW TOUYKE 3aJaHHOTO MHTEPBala, HAa3hbIBACTCS

HETIPEepPBIBHOM Ha BCEM MHTEpBAJIC.

3ameuanme. Bce oaneMeHTapHble (QYHKIMHM HENpPEphIBHBI HA CBOMX OOJIACTSIX
OIpeIeTICHNSI.

3. Touxku paspsbiBa.

Touka, B KOTOpOH HE BBINOJHSAETCS YCIOBHE HENPEPHIBHOCTU (YHKIMH, HA3BIBACTCS
TOYKOM pa3pbIBa 3TOW (QyHKIIHH.

Touka X, Ha3pIBaeTCs TOUKOW yCTPAHUMOIO pa3pbiBa GyHKIUHU y = f(x), €ciu GyHKUUS
UMeeT KOHEUHBIN Mpeien Mpu X —> X, He paBHbII 3HAUEHUIO (PYHKIIUU B STON TOUKE.

Touka X, Ha3zpIBaeTcs TOUKOW pa3pbiBa 1-ro pona GyHKIuM y = f(x), ecnu QyHKIUSA

HMECT KOHCYHBIC OJHOCTOPOHHHE TMPCACIIbI, HC PABHBIC MCKAY co0oii: CYHICCTBYIOT
lim f(x)=4 u lim f(x)=4,, 10 A # A, .
0 X=Xy +0

X=X —!

3ameuanue. |A1 - A2| — Ha3bIBACTCSA CKAYKOM (DYHKIIMU B TOUKE X, .
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Ecnu xoTs1 Ob1 OIMH M3 OHOCTOPOHHUX TpeaenoB QyHKIMH y = f(x) B TOUKE X, paBeH
0ECKOHEUHOCTH WM BOOOIIE HE CYIIECTBYET, TO X, — TOYKa pa3pbiBa BTOPOTO poja STOU

byHKINN.

4. AcumMnToThl rpadpuka pyHkumnm.

AcHUMIITOTON KPUBOW HA3bIBACTCS MpsiMasi, pAaCCTOSIHUE O KOTOPOM OT TOUKH, JIeKallen
Ha KPUBOW, CTPEMHUTCA K HYJIO IPU HEOTPAHMYEHHOM YAAJICHMM OT Hadajga KOOPAMHAT ITOU
TOYKH IO KPUBOU.

[Ipsmass x =a Ha3pIBaeTCs BEPTUKAIBHOM acUMNTOTOH rpaduka ¢pyHkmmu y = f(x),

eciu lim f(x) =o0.

xX—a

[lpsimast y = kx + b Ha3pIBaeTCsl HAKJIIOHHOW acUMNTOTOW rpaduka ¢yHkuuu y = f(x),

€CIIM CYNIECTBYIOT JIBa KOHEYHBIX mpexaena ¢yHkuuun y= f(x): 1) k= lim S (x); 2)
x>t
b= lim(f(x)—k-x).
x—too
3ameuanue. Ecnu k=0, 10 b= lirp f(x) unpsmas y = b Ha3bIBaCTCs TOPU3OHTAILHOM

acUMIITOTOM rpaduka GyHKIuu y = f(x).

1. 13 Jlexkuusi Ne 13 (2 yaca).

Tema: «IIpousBogHas»

1.13.1 Bonpocskl JieKnuu:

1. IloHsiTHEe MPOU3BOIHOM.

2. 'eoMeTpuuecKknuii 1 MEXaHUYECKUI CMBICIIBI IIPOU3BOJHOM.

3. [IpaBuna u dhopmyssl nuddepeHITpOBaHHMS.

1.13.2 KpaTkoe coaep:kaHue BONPOCOB:

1. [TonsiTHE MPOU3BOIHOI.

ITpon3BonHOM QyHKIMM y = f(x) B TOYKE X Ha3bIBAaeTCAd IMpenel OTHOUICHUs
npUpameHus GyHKIUU K IPUPAILEHUIO apIyMEeHTa, KOTja pUpallieHne apryMeHTa CTPEMUTCS K
HYJTIO.

fl(x) = lim f(x+Ax)—f(x) )

Ax—0 Ax
Omnepanus HaX0XICHUS TPOU3BOAHON (HYHKIIMK Ha3bIBaeTCs TU(PEpEeHIINPOBAHNUEM.
Ecmu gynkius y = f(x) uMeeT NpOM3BOIHYIO B TOYKE X, TO TOBOPAT, YTO (YHKIHS

muddepeHIpyemMa B 3TOH TOUKE.

Ecmu ¢ynkuus y = f(x) auddepenunpyema B KaXI0i TOUYKE HEKOTOPOTO MHTEpBaia,
TO TOBOPST, YTO OHA AU depeHupyemMa Ha STOM HHTEpBAJIE.

2. 'eomeTpuYecKUil U MEXAaHUYECKUI CMBICJIBI IPOU3BOIHOM.

I'eomeTpruecKuil CMBICI MPOU3BOAHOM: MPOM3BOIHAS (DYHKIIMH, BBHIYMCICHHAS B TOUYKE

X, paBHa yrioBomy Ko3(h(}uIHeHTy KacaTelbHO!, MPOBEeAeHHON K rpaduky GyHKIHH y = f(x)

B TOYKE X, T.C.

f'(xo) = kKac = tg¢

VpaBHeHHE KacaTelbHOM K KpuBol y = f(x) B Touke M (X,; y,) umeeT BUI:

_ !
Y= )+ f(x)x—xp).
HopManelo K KpUBOH HasplBaeTcs MpsAMas, MepHEeHIUKYyIApHas KacaTelbHOH U
TIPOXO/IAIIAs Y€pPE3 TOUKY KACAHMS.
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1
y=1(x)- 700

MexaHuyeckuii CMBICT TMPOM3BOAHON TEpBOro mopsaka: eciau (yHKuus s =s(z)

(x—Xx,) - ypaBHEHHE HOpPMAJIH;

OMUCHIBACT 3aKOH MPSMOJIMHEHMHOTO JIBU)KEHHSI MaTepUadIbHOM TOYKH, TO €€ MPOU3BOHAs s'(¢)
€CTb CKOPOCTb v(f) B MOMEHT BPEMEHU ¢ :

v(t) = s'(¢t)

MexaHnuueckuil CMBICT TPOU3BOAHONW BTOPOTro mopsaka: ecid GyHKuus s = s(z)

OTMCHIBACT 3aKOH MPSIMOJIMHEHHOIO JABM)KEHUS MaTepUaIbHON TOYKH, TO IPOU3BOJHAS BTOPOTO
nopsiika s"(¢) ecTb yCKOpeHue a(t) 3TOMl TOUKM B MOMEHT BPEMEHH 1 :

a(t)y=v'(t)=s"(t).

Ou3nyeckuil CMbICI TMPOU3BOJHON: ecnu (QyHKUUS y = f(x) OMHUCHIBAET KakKo-mubo
¢du3nueckuii mpouecc, To MPOU3BOAHAS )’ €CTh CKOPOCTh MIPOTEKAHMS ITOTO MpoLIecca.

3. lIpaBunia u popmyJisl 1 pepeHIUpPOBAHMSA.

Ipasuaa nuddepenuupoBanus

[Tycts pynkumu u = u(x) U v = v(x)— aBe auddepeHuupyembie B HEKOTOPOM HHTEpBae
GyHKIIHH.

1)C'=0; 2) x! =1;
3) (uiv)’:u'iv'; 4) (u-v):u'v+u-v’;
5)(Cou) =C-u's 6) (zj =

v %

7. Ecnu ¢yHkuus u = g(x) uMeeT mpou3BoIHYIO g'(x), a yHkuus y = f(u) uMeer
npou3BOIHYO f'(u), TO cinoxkHas QyHkuus y = f(g(x)) HMeeT NPOU3BOAHYIO, KOTOpas
HaxoguTed 1o npasuiy: (f(g(x))' = f'(g(x))-g'(x).

®opmybl JupdepeHUNPOBAHUS

1. ") =n-u""-u', Buactaocrn (x") =n-x"";

2. (") =a"u'-Ina; 3. (e") =e"-u';
4. (log,u) = ; 5. (lnu)':u—;
u-lna u

6. (sinu) =u'-cosu; 7. (cosu)' =—u'-sinu;

! u, ’ '
8. (tgu) =———; 9. (ctgu)' =———>5—;

cos” u sin” u

. u' , u'

10. (arcsinu)’' = ——; 11. (arccosu)' =— ;
1-u’ 1-u®

12. (arctgu)' = ! 13. (arcctgu)' =— “
1+ 1+

1. 14 Jlexnus Ne 14 (2 gaca).

Tema: «lIpousBoanble BICIIUX MOPAAKOB. Judpepennuany
1.14.1 Bonpocsl JieKnum:

1. IIpon3BOIHBIE BBICIINX MOPSIAKOB.

2. llonsarue nuddepeHiuana.

2. 'eomerpuueckuii cMbic nudpepeHuana.
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3. Ilpunoxenue nuddepeHuana K NpruOIMKEHHBIM BEIYACICHUSM.

1.14.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Ilpou3sBoaHbIE BBICIINX NOPAIKOB.

[Tpou3BonHOI BTOpOro mopsaka (GpyHKIUM y = f(x) Ha3bIBae€TCs MPOM3BOAHAS OT €€

!

npousBozHoii, .. ¥" =(3’) .

ITpon3BonHONM TpeTbero mnopsiaka JaHHOW (DYHKIMM Ha3bIBaeTCs IMPOU3BOJAHAs OT €€
BTOPOU ITPOU3BOJHOM.

[Tpon3BoHOI N-TO MOPSAIKA UM N-OM MPOU3BOIHON OT PYHKIMH y = f(x) Ha3bpIBaeTcs

IIPOM3BOJIHAS OT €€ (n - l) -OH NPOU3BOJHOM.

3ameuanue. [[poM3BOIHYIO N-T'O MOPSIKA 0003HAYAIOT y(") wim f (")(x) :

2. llonsaiTue nuddepenunana.
Huddepenunanom ¢yHknuu y = f(x) B TOYKE X HaA3bIBAeTCs TIJIaBHAs 4YacTb €€

NpUpPALICHHS, PaBHAS TIPOU3BEICHUIO MPOU3BOJHON (QYHKIIMU HA IPUPALICHUE apryMEHTa:

dy=y"Ax.
Huddepennran He3aBUCUMON IEPEMEHHOM paBEeH MPUPAIICHUIO dTOW MIEPEMEHHOM
dx = Ax .

3ameuanue. Tak kak dx =Ax, To ompeneneHue auddepeHmara QyHKIUA MOKHO
nepenucarh Tak:

dy=y"-dx

Huddepenumanom ¢yakmum y = f(x) B TOYKE X HA3BIBACTCS IPOU3BEICHHE
Npon3BOIHON (HYyHKIMK Ha JuddepeHIral apryMeHTa.

3ameuanue. UtoObl HaiiT auddepennuan GQyHKIUA HY)KHO HAUTH MPOU3BOIHYIO TOM
(GYHKIIMM U YMHOXKHUTH €€ Ha BEIMYUHY dX .

3. I'eomeTrpuyeckuii cmbica 1uddepennuana.

I'eomerpuueckuii cmbicn auddepennnana Gynkmun: aupdepentuan Gy y = f(x)

B TOYKE X, pPaBeH NPUPALICHUIO OPAMHATHI KacaTelbHOH K rpaduKy (yHKIHU B ITOH TOUKE,

KOI'Zla apryMEHT IIOJIy4nJI IpupameHue Ax .

4. llpunoxenne nupdepeHnuaIa K NPUOJINAKEHHBIM BHIYHCICHUSIM.

JUis BBIYMCICHMH NpUOIMIKEHHBIX 3HAueHMH (QYHKIMH NIOpU MajblX I[PHPAILIEHUSIX
apryMeHTa UCHOJb3yeTcs popmyIa:

SO +Ax) = f(x) + (%) Ax.

[Tyctb a —npubamkeHHoe Yuciio, 3aMeHstolee co00i TouHOE 3HaUeHUE A .
AOGCONIOTHOM MOTPeIHOCThI0 MPUOIMKEHHOTO YHWCiIa « Ha3blBaeTcsi alcotoTHAS

BCJIMYMHA Pa3HOCTU MCKAY HUM U COOTBCTCTBYIOIIIUM TOYHBIM YUCIIOM! |a - A| .

OTHOCHUTENBHOI MOIPEIIHOCTBI0 NPUOJIMKEHHOIO 4YHClIa ¢ Ha3blBaeTCsl OTHOLICHUE
a0COIIOTHOW TMOTPEIIHOCTH ITOTO YUCIIA K COOTBETCTBYIOLIEMY TOUHOMY YHCIY, BEIpaKaeMoe B

a— A|
MPOLEHTAX: & = T -100%..

1. 15 Jlekums Ne 15 (2 gaca).

Tema: «Ilpujio:keHusi MPOU3BOIHOIN»

1.15.1 Bonpochkl JieKnuu:

1. ITpaBumno Jlonurans.

2. UccnenoBanue Ha MOHOTOHHOCTh (DYHKITUH, TOYKH SKCTPEMYyMaA.
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3. Haxox/eHrne HauMeHbIIero U HauboIbIIero 3HaYeHU (PYHKIIUU HA OTPE3Ke.
1.15.2 KpaTkoe conep:kaHue BOIPOCOB:
1. IIpaBuio Jlonurans.

HpaBI/IJ'IO Jlonnrans PACKPBITHA HECONMPECACIICHHOCTH B Aa (aj .

Ecnu:
1) bynkuum f,(x) u f,(x) muddepeHIrpyeMbl B OKPECTHOCTH TOYKH X,
2) ¢hyHKuMM B 9TOM TOUKe obOpaiarTes B Hylb: f,(x,) = f,(x,) =0,
3) f,(x) #0 B OKPECTHOCTH 3TOM TOUKH;
4) cymecTBYeT Mpenesl OTHOIICHUS TPOM3BOAHBIX (GYHKIMH TpH X —>X,, TOria
: x : (x
lim S _ lim —fl,( ) .
X=X, ]FZ(X) X=X, ]FZ(X)
I[MpaBuiio JlomuTasst paCKpBITHS HEONPEIAEICHHOCTH BU/IA (zj ;
o0
Ecnu:
1) bynkuum f,(x) u f,(x) muddepeHnupyeMbl B OKPECTHOCTH TOYKH X,),

2) hyHKIMH B OKPECTHOCTH TOYKH X,: lim f,(x) = lim f,(x) = o0,
X*)XO X*)XO

3) f,(x) #0 B OKPECTHOCTH 3TOM TOUKH;
4) cymecTByeT NpeAeN OTHOIIEHHUS NPOM3BOIHBIX (GYHKUMH MpU X —>X,, TOrma
[
. X . X
fim ) _ i )
x>x fo(x) ox f(x)
3ameuanne. Heompenenennoctn Buza (0-00), (OO—OO), (loo) CBOIATCS K
0 o0 .
HEONPE/IeNIEHHOCTSM BHJIa 0 U | — | myTem anreOpandecKux npeodpa3oBaHH.

o0

2. UccnenoBanue Ha MOHOTOHHOCTH (PYHKIIMH, TOYKH IKCTPpEeMyMa.
Bospacratomas u yobiBaromias (yHKIMH Ha3bIBAIOTCS MOHOTOHHBIMH.

[Tpu3nak MoHOTOHHOCTH pyHKIMH. DyHKIMS y = f(x), TuddepeHnupyemas Ha (a; b),
Bo3pacTaeT (yObIBaeT) Ha (a; b) TOTJa U TOJIbKO Toraa, koraa f'(x) >0 ( f'(x) <0) ausa aro60ro
x us (a;b).

HeoOxonumoe ycrnoBue sxctpemyma. Ecinu pynkuuu f(x) MMeeT B TOUKe X, IKCTPEMYM
u mudepeHIEpyeMa B 3TOi TOUKe, TO HepBas npousBoaHas [ (X,) oOpariaeTcs B HyJIIO UM HE

CYIIECTBYET.
Takum 00pa3zom, SKCTpeMyM MOKET HaOII0JaThCs B TOUKAX, B KOTOPhIX f'(x) =0 wiu

HE CYIIECTBYET; TAKUE TOYKU HA3bIBAIOTCS KPUTHUECKUMHU.
JloctatouyHoe ycnoBue dkcrpemyma. Ecnu  HemnpepbiBHasg — GyHKuus — y = f(x)

nuddepeHpyemMa B HEKOTOPOl OKPECTHOCTH KPUTHUYECKOW TOUKH X, U IpU IEpexoie uepes
Hee (cieBa HalpaBoO) NMPOM3BOAHAS f'(x) MEHsET 3HaK C IUII0OCa Ha MHMHYC, TO X, — TOYKa

MakChuMyMma; C MUHYCa Ha IIJIF0C, TO X, — TOYKa MHUHHMYMaA.

3. Haxo:kaeHne HaMMEHbIIEro U HAan00JIbIIEero 3HAaYeHN (PYHKIIUM HA OTPe3Ke.
UroObl HaliTH HaumOoOJbIlIee W HAWMEHbIEe 3HAYeHHs (QYHKIUU y = f(x) Ha OTpe3Ke

[a;b], Ha KOTOPOM OHa HETpepbIBHA, HEOOXOIUMO:
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1) HallTM KpUTHUYECKHE TOYKH, NPUHAAIEKAIIUE HHTEPBAILY (a; b), U BBIYHCIIUTH
3HaYeHUS (PYHKIMH B 3TUX TOUKAX;

2) BBIYMCIUTH 3HAUCHUS (QYHKIMU B TPAHUYHBIX TOUKaX oTpe3ka, T.e. f(a) u f(b);

3) u3 Bcex MOJTY4YeHHbIX 3HAU€HU BbIOpaTh HaMMEHbIIIee U HauboJIbIIIee.

1. 16 Jlexnus Ne 16 (2 gaca).

Tema: «IIpunoxkennss Npon3BOAHOM (IIPOIOJKEHHE))

1.16.1 Bonpocsl Jeknum:

1. UccnenoBanue Ha BOTHYTOCTh U BBITYKJIOCTh (DYHKITUHU, TOUYKH TIepernoa.

2. O6wmmii aH ucciaenoBaHus GyHKIMU U TOCTPOCHUS rpaduka

1.16.2 KpaTkoe coaep:kaHue BONPOCOB:

1. UccaenoBanue Ha BOTHYTOCTh M BBINMYKJIOCTh PYHKIMM, TOYKH Neperunoda.

KpuBas y = f(x) Has3pIBaeTCsl BBINIYKJIOW HA MPOMEKYTKE (a;b), eclu nmpu a<x<b
Iyra KpUBOH pacroyioKeHa HIKE KacaTelIbHOW, IPOBEIEHHOM B JIO0OW TOYKE 3TOrO
IPOMEKYTKA.

KpuBas y = f(x) Ha3bIBaeTcsi BOTHYTOM Ha IPOMEKYTKE (a;b), eciM Tpu a<x<b
Iyra KpUBOM pacrmojio’keHa BbIIIE KacaTelbHOM, IPOBEIEHHOW B J00OM TOYKE ATOro
MIPOMEKYTKA.

Touku, oTHENAOIMNE BBITYKIYI0 4YacTh HENPEPHIBHOW KPHBOW OT BOTHYTOW (WM
HA000POT), HA3bIBAIOTCS TOUKAMHU Nepernda KprUBOii.

HeoOxonumoe ycnoBue Touek mneperuda: Ecnmm ¢yHkumm f(x) uMeeT B TOYKe

P(xo; f (xo)) TOuKy mepernba u nuddepeHnupyemMa B 3TOH TOUYKE, TO BTOpas MPOU3BOIHAS
f"(x) paBHa Hymto0. TakuM 00pa3oM, TOUKH neperuda MoryT HaOJII0aTbCsl B TOUKAX, B KOTOPBIX
f"(x) =0 wim HE CyIIeCTBYET.

JlocTaTo4Hbl NPU3HAK BBITYKJIOCTH W BOTHYTOCTH KPHUBOW: €CIIM BO BCEX TOYKax
IIPOMEXKYTKA (a;b) BTOpasi MpPOM3BOAHAs f"(x) MOJOXKUTEIbHA, TO HAa 3TOM IPOMEXYTKE
rpadpuxk QyHKIMH y = f(x) SBISETCS BOTHYTBIM; €CJIH BO BCEX TOYKAX MPOMEXKYTKa (a;b)
BTOpas Mpou3BOAHas f"(x) OTpHULATENbHA, TO HAa 3TOM IPOMEXYTKe Ipaduk (yHKIHU
¥ = f(x) SIBIAETCS BBIIYKJIBIM.

JlocTaTouHBIN MPU3HAK CYLIECTBOBAHUS TOYKH Ieperuda: eciu s QyHKIUM y = f(x)

BTOpasi IPOM3BOJHAs f"(x) MPU X = X, paBHA HYJIO WM HE CYIIECTBYET M IIPH MIEPEXOJIE Yepe3
TOYKY X, MEHSET CBOM 3HaK, TO TOYKa P(xo; f (xo)) SIBJISICTCS. TOYKOW mepernda rpaduka

byHKINN.

2. O0mmii nu1an uccaenoBanus GyHKIUM U MOCTPOeHNs rpaduka

I. DnemenTapHoe uccaen0BaHuE:

1) HaiiTu oOyacTh onpeaeneHus PyHKIUY;

2) uccienoBarh (PYHKIHIO HA YETHOCTh (HEYETHOCTH );

3) uccnenoBath GYHKUHMIO HA IEPUOAUYHOCTD;

4) ompenenuTh, €CIM 3TO HE BBI3BIBACT OCOOBIX 3aTPYAHEHHUH, TOYKH IEepPEeceYCHUs
rpaduka ¢ KOOpAMHATHBIMHU OCSIMH.

II. UccnenoBanue rpaduka GyHKIIUH 110 IEPBON MPOU3BOTHOM:

1) naiitu f'(x);

2) ucnonp3yst HEOOXOIMMBIA MPHU3HAK CYHIECTBOBAHMS OJKCTpEMyMa HAWTH TOYKH,
«I10J03PUTENbHBIE» HA IKCTPEMYM, T.€. TOUKH B KOTOPBIX f'(x) =0 mnu f'(x) HE CyLLECTBYET;

3) HaHeCTH KPUTUYECKHE TOYKU Ha 00JacTh ONpeIesIeHUs] M HAalTH 3HaK MPOU3BOIHON BO
BCEX NOJYYMBIIUXCS UHTEpBaJaXx;

4) ucnonp3yst MPU3HAKK MOHOTOHHOCTH OTIPE/IEIHUTh XapaKTep MOHOTOHHOCTH ()YHKIIMU
Ha Ka)XJIOM MHTEpBaJle;

27



5) ucnoisib3yst JOCTaTOYHBIN MPU3HAK CYHIECTBOBAHMS SKCTPEMYMa YCTAHOBUTH HAIMYUE
JKCTpEeMyMa U MX XapakTep;

6) BBIYMCIIUTH 3HaYCHHE (PYHKIIUU B TOUKAX IKCTPEMyMa, €CITH OHU €CTh.

II1. UccnenoBanue rpaduka GyHKIIUU 11O BTOPOH MTPOU3BOIHOM:

1) naitu f"(x);

2) ucnonb3ysi HEOOXOIUMBIA MPU3HAK CYIIECTBOBAHHUS TOUYEK Meperrda, HaWTH TOUKH
«IOA03pUTENbHBIC)» HA TIEPErud, T.e. TOUKHU B KOTOPHIX f"(x) =0 unu f"(x) He CyllecTBYET;

3) HaHeCTH TIONy4YCHHBIE TOYKM Ha OO0JAacTh OMpeAeNiCHUS W HAWTH 3HAaK BTOPOU
MPOU3BOJHOM B KaXJAOM W3 MOJYyUYUBIIUXCS UHTEPBAJIOB;

4) ucnonb3yss AOCTATOYHBIA MPU3HAK BBIMYKJIOCTH M BOTHYTOCTHM KpPHUBOW YCTaHOBUTH
XapaKTep BBITYKJIOCTH (BOTHYTOCTH) Tpadrka QyHKIMH HA KaXIOM IPOMEXKYTKE;

5) ucnoab3ysl TOCTAaTOYHBIA NPU3HAK CYIIECTBOBAHMS TOYEK Mepernuda yCTaHOBUTH HX
HAJINYUE;

6) BBIYMCIUTH 3HAYCHUS (YHKIIMH B a0CIMCCax TOYEK meperuoa.

IV. UccnenoBanue kpuBoil y = f(x) Ha HAJIMYUE ACUMIITOT.

V. UccrnenoBanue noBeneHUs: PyHKIIUU HA TPAHHIIE €€ 001aCTH ONPEICIICHHS.
VLIloctpoenue rpaduka GyHKIUU U ONpeAeTIeHIE 00JIaCTH €€ 3HAUCHUH.

1. 17 Jlekumus Ne 17 (2 yaca).

Tema: «KpuBuzna KpuBoi»

1.17.1 Bonpochl JieKnuu:

1. JImvHa 1yru KpUBOM.

2. YT0J CMEKHOCTH U KPUBU3HA.

3. Paguyc u Kpyr KpUBHU3HBI.

4. DBOJIOTA U HBOJIbBEHTA.

1.17.2 KpaTkoe conep:kaHue BOIPOCOB:

1. lnmHa qyru KpuBoii.

JInHO# nyru KpUBOM Ha3bIBaeTCs Mpezell, K KOTOpOMY CTPEMUTCS JIIMHA JIOMAaHHOW MPH
CTPEMJICHUH K HYIIIO HauOOIbINEH U3 JJIMH OTPE3KOB JIOMAHHOM (€CIH ITOT Mpeied CYIIeCTBYeT
U HE 3aBUCHUT OT BbIOOpa TOYEK JIOMaHHOM).

2
JubdepeHinan JIMHBL IyTH BRIYHCISETCS 110 hopmye: ds =4/1+ (y’) dx .
2. YroJi CME:KHOCTH ¥ KPUBH3HA.
Vrinom cmexuoctd Aa nyru kpuoit MM HaspiBaeTCs yrosn moBOpoTa KacarelbHON

npu nepexone oT Touku M, k Touke M .

KpususHoit K kpuBo# B naHHoii ee Touke M, (xo ; yo) Ha3bIBACTCS MPEJEN OTHOIIEHUS
MOJYJISl yIila CMEKHOCTH A K JjIMHE IyTu KpuBoi As, korga As — 0:

) |Aa|
K =lim'—.
As—0 Ag
Jlist BBIYMCIIEHUS KPUBU3HBI IPUMEHSIIOTCA ClleAyoue (GopMyJibl:
"
Ym,
K = ——————, eciv JIMHKA 3a]]aHa ypaBHEHUEM y = f(X);
' 2
(1 + (yMo )z)
! " " ! _
|xt'yt_xt'yz| x-x(t)
K =-—————=, ecu IMHUA 3a/1aHa NAPAMETPUIECCKMMH yPABHEHUAMHU .
(( V() y=y()
xt t
1 .
Yucno R = Va HAa3bIBACTCS PaINyCOM KPUBH3HBI KpUBOW B TOuke M.

3. Paguyc n Kpyr KpuBHU3HBI.
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Koopaunats! nientpa kpuBusabl C (a; ,B) JTaHHOW KpHBOW B Touke M| ompemenstorcs
1o opmyam:

a:xo_y;”o '(1':(3’1'\40)2)
Y,
ﬂ:yo+1+(y”5uo)2
M,

2 2 2
VYpaBHEHHE OKPYKHOCTH (x—a) + (y— ﬂ) = R° Ha3bIBaeTcsi KpyroM (OKpYXKHOCTBIO)
KPHUBU3HBI KPUBO# JIMHUK B IaHHO# Touke M, .

4. IB0JIIOTA M 3BOJILBEHTA.

COBOKYIMHOCTh BCEX IIEHTPOB KPHUBHU3HBI KPHUBOW JHHHH OOpa3ylOT HOBYIO IMHUIO,
KOTOpasi Ha3bIBAE€TCS HBOJIOTOM MO OTHONIEHUIO K JAHHOW KpUBOM. [10 OTHOIIEHHUIO K ABOJIOTE
MCXOJIHAs KpUBasi Ha3bIBAETCS SBOJBBEHTOM.

[IpuBeneHHbIC BbIIIE YpPaBHEHUS, ONPEACISAIONIME KOOPAUMHATHI IEHTPOB KPHUBU3HBI
KPHUBOH ONPEACIISIIOT YPABHEHUE IBOJIFOTHI.

CBoiicTBa 3BOJIIOTHI.

1. HopManb k 1aHHOM KpUBOH SIBISIETCS KacaTEJIbHOM K €€ IBOJIIOTE.

2: Moaynb pa3HOCTH PaJUYyCOB KPUBU3HBI B JIFOOBIX TOUYKAX KPUBOW PAaBEH MOJYIIIO
JUIMHBI COOTBETCTBYIOLIEN 3BOJIFOTHI.

2 cemecTp

1. 18 Jlexnus Ne 18 (2 yaca).

Tema: «OcHOBHBbIE NOHATUSA (PYHKIHMHU ABYX IepeMeHHbIX)

1.18.1 Bonpocsl Jeknum:

1. O3 dbyHKIIMK ABYX MEPEMEHHBIX M €€ TEOMETPUUECKOE H300paKEHUE.

2. YacTHbI€ MpUpALLCHHUS.

3. YacTHble IPOU3BOIHBIE IEPBOIO U BTOpOro nopsiaka. Teopema IIBapia.
1.18.2 KpaTkoe conep:kaHue BOIPOCOB:

1. O3 ¢pyHkuuu AByX NepeMeHHBIX U ee reoMeTpUuiecKoe n300pakeHue.

Ecnu xaxnoit nape (x;¥) 3navenuit IBYX HE3aBUCUMBIX IIE€PEMEHHBIX BeTUUUH X u )

U3 HEKOTOpPOro MHOXxecTBa [ 1O KakoMy — JMOO NIpaBUIy CTaBUTCS B COOTBETCTBUE
OTIpeIeIeHHOE 3HAUCHNE BEJIMYMHBI Z , TO TOBOPAT, YTO Z €CTh (DYHKIHA JBYX NEPEMEHHBIX U

o0o3Hauaercss Z = f (x ;y). AHAJIOTUYHO ONpPEneNsioTcss (YHKIUU TpeX, YeThlpex U T...
MEPEMEHHBIX.

3nauenue QyHKIUU Z = f (X ; y) B Touke M, 0 (xo ; yo) Ha3bIBAa€TCA YaCTHBIM 3HA4YCHUEM
(ysxuuu u obosnavaercs f(X,; V,) wm f (MO).

Ob6nacteio onpenencHuss GyHKIHH Z = f (X . y) Ha3bIBAE€TCSI COBOKYITHOCTH I1ap (X . y) ,
MIPU KOTOPBIX (PYHKITUS CYIIECTBYET.

Jlunuelr ypoBHS (YHKIIMM JBYX TIEPEMEHHBIX Z = f (X; y) Ha3bIBAIOT JIMHUIO
f (X . y) =C wua miockocTn xOy, B TOYKAaX KOTOPOW (YHKIUS COXPAHIET IOCTOSHHOE
spauenue z = C .

[ToBepXHOCTBIO YpOBHS (YHKUMH TpeX IEpeMeHHbIX U = f (x YV Z) Ha3bIBACTCS
MHOJKECTBO BCEX TOYCK MPOCTPAHCTBA Oxyz , U1l KOTOPBIX JAaHHas (PYHKIUS UMEET OHO U TO
xe 3Hayenne u = C .
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OxkpectHocThIO TOukd M (X,;V,) pamuyca F Has3bIBaeTCs COBOKYITHOCTH BCEX TOUYECK

. 2 2
(x > y) , KOTOpBIC YOBICTBOPSIOT YCIOBHIO \/ (x — X, ) + ( Yy=J ) <r.
Ynucno A mHaseBaercss npemenoM ¢ymxummu Z = f(X;)) mpu crpemueHuu TOUKH
M(x; y) x Touke M (x,;y,), ecan mis kaxaoro uncia & > 0 Haiinercs takoe uncio 7 > 0,

910 JUIs JI000i TOuKKM M (x;y), M1 KOTOpbIX BepHo ycmosue MM <7, Takke BepHO U

yCIIOBUE ‘f(x; y)— A‘ < & . 3amuceBator: lim f(x; y)=A4.
y_>y(())

Iycts Touka M (x,;y,) npunagnexut obmactu onpexgernenns dyuxmun Z = f(X; ).
OyHKIMA Z = f (x ; y) Ha3bIBAeTCs HempepbiBHOUW B Touke M (X,;V,), €Clu UMeeT MeCTo

paBencTBO lim f(x;y) = f(x,; ¥,), npudem touka M (X; y) crpemurcs x Touxe M, (x,;y,)
e
IPOM3BOJIBHBIM 00pa30M, OCTABAsCh B 00IACTH Onpe/eaeHus GyHKIHH.
W3 ompeneneHus ClenyeT, YTO Ui HEMPEPHIBHOCTH (DYHKIMH B TOYKE JOJDKHBI
OBITH BBITIOJTHEHBI CIICYIOLINE YCIOBHSL:

1) pynxumst Z = f(X; ) onpenenena B Touxe M, (x,,V,);
2) cymecTtByert npenen lim f(x; y);
X=X
y%y(())
3) npenen paBeH 3HaueHu0 QyHKIMU B Touke M (xy,V,) :
lim f(x; ¥) = f(x05 o) -
y%y%
@OyHKIUS, HENmpepblBHAsT B KWKIOH TOYKE HEKOTOPOH O0JIaCTH, Ha3bIBaCTCS
HETPEPbIBHON B 00JIACTH.

Ecin B Hexoropoit Touke M (X,,),) He BIIONHSETCS XOTs ObI O/1HO M3 yenosuid 1 — 3,
TO 9Ta TOYKA HA3bIBAECTCS TOYKOW pa3peiBa (YHKIMH Z = f (x ; y) . Bce Toukm paspeiBa

dyukiun Z = f(X; V) 06pasyroT THHUIO — IMHUIO Pa3phIBA AHHOM (YYHKIIHH.

2. YacTHble MpUpAalIeHHS.

IIycts B HEKOTOPOi o6nacTH 3amana dyskums Z = f(X;)). Bo3bMeM MPOU3BONBHYIO
touxy M (X;V) u 3ananum npupamenne AX K mepeMeHHOH X .

Bemmuuna A z= f(x+Ax;y)— f(x;)) Ha3biBaeTcs YaCTHBIM NpHUpPAIIEHHEM (QYHKIMHU
10 IIEPEMEHHON X.

Hns pyHKum Z = f (x; y) BO3bMCM IIPOM3BOJIBHYIO TOYKY M (x; y) H 3aJaanM
npupamenne AY k nepeMeHHO# V .

Bennunna A z= f(x;y+Ay)— f(X;)) HasbBaeTCs YaCTHBIM MpUpALIEHHEM (QYHKIHU
10 IEPEMEHHOM Y.

st dyukumu  f(x; y) Bolpaxenue Az = f(x,+Ax;y,+Ay)— f(x,;y,) Ha3bIBaeTcs
TOJIHBIM mpupanieHueM GyHkiuu B Touke M,(X,; V) .

3. YacTHble NPOM3BOJHBIE IEPBOr0 U BTOPOro nopsaka. Teopema LlBapua.

lim 257 _ i L AGY) — f(x5 )
A0 Ax Ax—0 Ax

z=f(x;¥) no MEPEMEHHOH X.

HA3bIBAETCS YACTHOW MPOU3BOTHON (HYHKIIUU
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0 of (x;
O06o03HaueHue: —Z; z'; M; fHxp).
Ox Ox
A ) (-
lim — £ lim Sy +Ay) = /(%)) Ha3blBAETCSl YAaCTHOM MNPOU3BOAHOW  (DyHKIMM
Ay—0 Ay Ay—0 Ay

z= f (x; y) 10 IEPEMEHHOM .

z); _afgyx;y); £1(xp).

3ameuanue. Ilpy HaXOXJEHMM 4YaCTHOM IPOU3BOJHOM IO OJHOW M3 IEPEMEHHBIX
HOJIB3YIOTCS MpaBwiIaMu U Gopmynamu JuddepeHIupoBaHus (YHKIUU OJHOW MEpEeMEHHOM,
CYUTasi APYTYIO IEPEMEHHYIO IIOCTOSTHHOM.

0z
OOo3HaueHue: —;

0z 0Oz
[Mycte z = f(x;)). YacTHble NPOU3BOIHBIE a—,a— SBISAIOTCS  (QYHKIUSIMA ~ OT
X oy
TIIEPEMEHHBIX X, ).
[TpousBoHbIE STUX (YHKIUA Oy1yT YaCTHBIMH IPOM3BOAHBIMU BTOPOTO TOPAIKA:
0’z y 0’z 0’z 0’z
S =faxy) =) =[x, »); = [ (x.p).
o’ ot oxoy 7 oyox 77
[Ipou3BOHBIE BTOPOTO MOPSAKA MOXHO CHOBa au((depeHIMpoBarTs Kak Mo X,
Tak ¥ 110 ). [1oJ1y4nM 4acTHBIE IPOU3BOIHBIE TPETHETO MOPAIKA

oz &z 0z &z &z 0z 0z 0z

o’ axtoy’ oxdyox’ axoyd’ dyox®’ dyoxdy’ oyiox’ oyt
o’z 0z  dz 0z
oxdy Oyox OxOyox OxOyoy

YacTHbie IMPONU3BOJHBIC BHOA T.AO.

Ha3bIBAKOTCA CMCIIaHHBIMU ITPOU3BOAHBIMHU.

Teopema. Ecin dyskums f(X;Y) u ee vacTHble NPOU3BOIHBIC s Lo fos frn

oTpesieNieHbl U HempephiBHEI B Touke M (x ; y) U €€ OKPECTHOCTH, TO BEPHO COOTHOILIECHUE:
0’z 0z
Ox0y  Oyox

3ameuyaHue. AHAIOTUYHO OMNPEACNSIOTCS YAaCTHBIC TPOM3BOAHBIE (YHKIHUU Tpex
MEPEMEHHBIX u© = [ (Xx;y;z).

1. 19 Jleknus Ne 19 (2 gaca).

Tema: «lIpunoxenns npoussoausix ®HIID»

1.19.1 Bonpocsl Jeknum:

1. Ionusrit nuddepenua.

2. [TpousBoaHas 1o HarnpasiieHHto. [ paaueHT.

3. KacarenbHast IJI0CKOCTh U HOPMaJlb.

1.19.2 KpaTkoe conep:kaHue BOIPOCOB:

1. ITonnblii nuddepenuna.

Juddeperunans apryMeHTOB X U ) PaBHBI IPUPAIICHUSM 3TUX apPTyMEHTOB:

dx=Ax, dy=Ay.
Bupaxenns  d z=f/(x;y)dx w dz=f/(x;y)dy nasemaorcs uactHbMM

muddepenupanamu pyakuun Z = (X)),
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[MonubiM guddepennmnanom Gyukiuu z = f(X;y) HasbiBaeTcs TiaBHas, JUHEWHAs

otHocutenbHO Ax 4 Ay, yacts mpupauienust GpyHkiud Az B Touke (X;V):
dz = £ y)dx + £ y)dy.

Iycrs dyskmus f (X3 V) nuddepenmupyema B Touxe (X,; V,). Toraa cnpaseminsa
npuOJIMKeHHas: popMyJIia JJisi BBIYUCIICHUS 3HAYCHUST QYHKIIUU JIBYX TIEPEMEHHBIX:

Sy +Ax; y, +Ay)zf(xo;yo)+fx'(x0;yo)'Ax'ny'(xo;yo)‘Ay-

2. IlpousBoanasi no HanpasJieHu0. ['paguent.

Paccmotpum  ¢ymkmmio 2= f(X;y) B touke  M(x,;y,) ®  Touke

M (x,+Ax; y, +Ay).
[posenem uepes Toukn M wu M, Bekrop S. VYIVIBl HakJIOHa 3TOrO BEKTOpa K

HaIpaBJICHUIO KOOPAWMHATHBIX ocen x % 0003HAYHUM COOTBETCTBEHHO X , ﬂ KOCI/IHYCI)I IOTHUX
YI'JIOB Ha3bIBAIOTCA HAIIPaBIAIOIIUMHU KOCUHYCaAaMH BEKTOpaA S.

. Az . .
Ipenen lim — HassBaeTcst mpomsBoxuoil dyukuun Z = f(X; ) mo mampasmennio

AS—0 AS
BEKTOpa S B TouKe M (Xy3¥,) 1 0b03HAUYACTCS:
%(M) = lim Az _ %(M)cosa + %(M)cosﬂ .
os A5->0AS  Ox oy

AHAJIOTUYHO ONPECIIACTCS MPOU3BO/IHAS 110 HAMPABJICHUIO QYHKIIUU TPEX HE3aBUCHMBIX
MIEPEMEHHBIX
ou . Au oOu
O (v1) = pim 2 O
Os

I'panuentom QyHKIUN Z = f (X; y) B Touke M (X,;),) Ha3pIBaETCA BEKTOP, MPOCKIIUH

= Im =%, (M )cosa +%(M)cosﬂ+%(M)cos7 .

KOTOPOTO Ha KOOPJMHATHBIC OCH PaBHBI 3HAYCHHSM YACTHBIX MPOM3BOIHBIX ITOH (DYHKIUH B
IAHHOU TOYKE:
62 - 62 -
grad z(M)=—(M)-i +=—(M)- .
ox dy
3ameuanme. ['paqueHT yKka3blBaeT HaNpaBiICHHUE HaWOBICTpeliiero pocra (QyHKIHH B
. 0z
naHHO# Touke. [Ipon3BoaHas 8_(M ) B HalpaBJICHUH TPaIUCHTa UMEET HanOoJIbIIee 3HAYCHHE,
s

paBHOE

2

oz (M)

2
o
|grad Z(M)| = (—(M)j +HE
ox dy
AHAJIOTUYHO ONpeenseTcs rPaAueHT (QYHKIUU TPeX HE3aBUCUMBIX MIEPEMEHHBIX:

arad u(M) =22 ()7 + 24 (). 7+ 24 (M) K
Ox dy oz

3. KacarejbHasl INIOCKOCTh U HOPMAJIb.

[€OMETPUYECKAM CMBICIIOM YacTHOM TPOM3BOJHON Z., BBIYMCICHHOH B TOYKE
M(xy;¥,), SBISETCS TAaHIGHC yria HAKJIOHA KacaTeJIbHOW, MPOBEICHHON B TOYKE
N, (x,5 ¥, 2,) K CEYEHHIO MOBEPXHOCTH IUIOCKOCTBIO J = ;.

['eomeTpuyecKUM CMBICIIOM YacTHOM IPOU3BOAHOU z;, BBIYMCIICHHOW B TOYKE

M(xy;¥,),  SBISCTCS TAHICHC YIJa HAKIOHA KACAaTeIbHOM, INPOBEACHHON B TOYKE

N, 0 ()C0 Voo ZO) K CCUCHHIO TIOBCPXHOCTH INIOCKOCTBIO X = X, .
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YpaBHeHHE KacaTeNnbHOM MII0CKOCTH K moBepxHoctn z = f(x; y) B Touke M (X,;),)
MMEET BHI:

z=f(x0530) = 11 (%0 yo)(x_xo)+f):(xo 5 Y0V =Y,) -

YpasHeHue HopManH K noBepxHoctu B touke M (X,; ), ) umeer Bux:

X=Xy V™Yo _Z7Z

fx’(xo;yo)_fy'(xo;yo) -1

1. 20 Jlexkumsi Ne 20 (2 gyaca).

Tema: «IkcTpeMmyM QyHKIUM ABYX IlepPeMEHHbBIX)

1.20.1 Bonpocsl JieKnuu:

1. ITonsitue sxkcTpeMyma.

2. HeoOxoMMoe 1 JOCTaTOYHOE YCIOBHS IKCTPEMyMa.

3. HaxokieHre HanMEeHBIIeT0 ¥ HauOOJIbIIEro 3HAYCHUH B 3aMKHYTOH 00J1acTH.

1.20.2 KpaTkoe coaep:kaHue BONPOCOB:
1. ITousiTHE IKCTPEMYyMA.

Iycts  dymkums Z = f(X; ) onpemenena B HekoTopoil obmactd D, TouKa
M(x,;y,)€D.

Ecmu mnst gymkmun Z = f (X)) B Hekoropoii okpectsocTn Touku M (Xy;),) BepHO
nepasenctBo f (X, ¥,)> f(X;y), 10 Touka M, Ha3bIBacTCS TOUKON MaKCUMyMa.

Ecmu nns dysakuuun Z = f(x;») B HEKOTOpOUl okpecTHOCTH TOYKU M (Xy;),) BepHO

HepaBeHcTBO f(X,; V) < f(x;¥), 10 Touka M, Ha3bIBaeTCS TOYKOM MUHHMYMA.

2. Heo0xoammoe u 10CTaTOYHOE YCJIOBHS IKCTpeMyMa.
Teopema 1 (HeoOXxoguMBbIe YCTOBHS IKCTPEMyMa).

Ecmu pynxums f (X3 ) B rouxe (X, V,) HMeeT SKCTPeMyM, TO B 9TOii TOUKE 1160 06e
ee YacTHbIE TIPOU3BOIHBIE IIEPBOTO MOPSAAKA PaBHBI HYMO (X5 v,) =0, f/(x,;y,) =0, mbo

XOTs ObI 0/IHA M3 YACTHBIX IPOM3BOJIHBIX HE CYIIECTBYET.

Touka, B KOTOpOW 3HA4E€HHs YAaCTHBIX NPOU3BOIHBIX IIEPBOTO IMOPAJIKA PAaBHBI HYIIIO,
Ha3bIBAIOT CTALHOHAPHON TOYKOM.

Touka, B KOTOpOM 3HaYEHMs YACTHBIX MPOU3BOAHBIX IIEPBOIO MOPSAKA PABHBI HYJIIO WIH
XOTs1 OBl OJTHA YACTHAsl MPOU3BOIHAS IEPBOTO MOPSIIKA HE CYLIECTBYET, HA3bIBAIOT KPUTHIECKOM
TOYKOH.

Teopema 2 (1ocTaTo4YHbIE YCJIOBHA IKCTPEMyMa).

[Ilycth B OKpECTHOCTH KpuTHYeckoi Ttoukn (X,;V,) oymxums f(X;)) nmeer
HETIPEPBIBHBIE YACTHBIE IPOU3BOJIHBIE IO BTOPOTO MOPSIKA BKIKYUTEILHO.

O6osnaunm 4 = f(x,; ), C= fy,;(xo 5 V0)s B= fx;(xo 5 Vo) -

Paccmorpum Beipakenue A = AC — B*.

1) Eciu A >0, 1o B Touke (Xy; V,) QyHKIMsA f(x;¥) nmeer DKCTPEMYM, IPH ITOM,
ecin A <0 — makcumym, eciu A > 0 — MunuMyMm.

2)Ecimu A <0, 10 B Touke (X,; V,) dynxums f (X V) He mmeer sxcTpemMyMa.

3) Eciu A =0, TO BBIBOJI O HAIMYHMH SKCTpeMyMa B Touke (X3 Vo) CHenaTh HENlb3s.
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3. Haxo:xxaeHne HaMMeHbIIEro ¥ Han0oJIb1Iero 3Ha4eH!il B 3aMKHYTOi 00/1aCTH.

ITycte f(x;y) ompeneneHa W HENpepblBHA B OTPAHWYCHHOM M 3aMKHYTOH 00jacTu.
Torna oHa gocTUraeT HaMMEHbBILIEr0 M HAaUOOJIBLIErO 3HAYEHUH MO0 B TOUKAX 3KCTpEMyMa,
1100 Ha rpaHuIe 0OJIACTH.

VYCIOBHBII 3KCTPEMYM HaXOJIUTCS, KOTJa MEPEMEHHbIE X U Yy, BXOASAIINE B (YHKIHUIO
z= f(x;y), HE SBIAIOTCA HE3aBUCHUMBIMH, T.€. CYILIECTBYET HEKOTOPOE COOTHOIICHUE

@(x;y) =0, KOTOPOE HA3bIBAECTCS YPABHEHHUEM CBSA3U.

Torna u3 nepeMeHHBIX X U Y TOJIBKO OJHa Oy/IeT HEe3aBUCHUMOM, T.K. Ipyras MOXET ObITh
BBIPAJKEHA YEPE3 HEe U3 YPABHEHUS CBS3H.

dz of of dy
T = f(x; — =
orna z = f(xy(x)) u dx Ox Oydx
B toukax skcTpemyma: (2 = nggﬂ =0mu a—(PJra—(PQ =0.
dx Ox Oydx Ox Oy dx

g"‘k@ + g#ua—(p on.
ox ox oy oy ) dx

IL]'IH BBIIIOJIHCHHA OJOTOro YCJIOBHA BO BCEX TOYKaxX HaleM HeOHpeI[CJTCHHBII;'I

Torma BeImOIHACTCS YCJIOBHUE:

g +A %9 _ 0
Ox Ox
K03 QUIMEHTA TaK, 4TOObI BBIIOIHAIACH CUCTEMa TpeX ypaBHenwuit: | 9 ) 99 _ 0
dy
P(x,y)=0

[Tony4yeHHass cucTemMa ypaBHEHHH SIBIISCTCS HEOOXOTUMBIMH YCIOBUSIMH YCIOBHOTO
skcTpemMyMa. OIHAaKO 3TO YCIIOBUE HE SIBISIETCS NOCTAaTOYHBIM. [IoATOMy mpm HaxoxaeHHU
KPUTUYECKHX TOUYEK TPeOYeTCs X JIOTIOJHUTEIFHOE CCIIeI0OBAHNE Ha IKCTPEMYM.

Bripaxkenue z = f(x;y)+ A - @(x;y) Ha3piBaeTcs GpyHkuueit Jlarpanxa.

Hcnonp3oBanue ¢yHkuuu Jlarpanxka JUisi HaxXOXAEHUS TOYEK JIKCTpeMyMa (yHKIHUU
Ha3bIBACTCs TAK)KE METOJIOM MHOXMTeENEH Jlarpanxka.

1. 21 Jlekumus Ne 21 (2 gaca).

Tema: «KoMmiekcHbIe YncIa»

1.21.1 Bonpocskl JJeKnuu:

1. YucnoBble MHOKECTBA.

2. [leiicTBUs HAJl KOMIUIEKCHBIMHU YHCIIAMH B anreOpandeckoit popme.

3. Tpuronomerpuueckas popma KoMmIiekcHoro yucia. ®opmyna Myaspa.

4. VI3BnedyeHue KOpHs U3 KOMILUIEKCHOTO YKCIA.

5. [lonsiTre pyHKIMN KOMIUIEKCHOTO apryMEHTa.

1.21.2 KpaTkoe coaep:kaHue BONPOCOB:

1. YucioBbIe MHOXKECTBA.

MHoOXecTBa, JJIEMEHTAMH KOTOPBIX SIBJISIIOTCA YHMCJA, HA3bIBAIOTCS YHUCIOBBIMHU
MHO>KECTBaMHU.

MHO0XeCTBO HaTypaibHBIX uncen: N = {1; 2:3;4; .. n; },

MHOXEeCTBO IEIBIX Yhcel: Z = {0; +1;£2;+3;...;£n; },

m
MHOXECTBO pallMOHAIBHBIX yucen: O = {— meZ,ne N} .
n

Bcesikoe panroHanbHOE YHCIIO BhIpaXKaeTcss OOBIKHOBEHHOH JAPOOBIO.
Yucno, KoTopoe HENb3sl MNPEACTaBUTh B BUAE OOBIKHOBEHHOH JpoOu, Ha3bIBaeTcs
UPPALMOHAIILHBIM.
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MHOXECTBO ~ ACUCTBUTENBHBIX 4YUCEd R CONEPKUT BCE pAaLHMOHAIBHBIE U
UPpalOHAIIbHBIC YHCIIA.
2. JleiicTBHS HAl KOMILIEKCHBIMH YUCJIaMHU B ajredpandeckoi popme.

. 2
KOMIUTEKCHBIM YKCIIOM Ha3bIBACTCS BHIPAXKEHHE BUIA z = a +bi, tae a,be R, i =—1.
Re(a + bi) = a — nelcTBUTENIbHAS YAaCTh KOMILJIEKCHOTO YUCIA;
Im(a + bi) = b — MHHUMAs 4aCTb KOMIUJIEKCHOTO YUCJIA;

r= |z| =+a’ +b* — MO1IyIIb KOMIIIEKCHOTO uKcia 7 > 0;

Z=a—bi— CONUpsKEHHOE I z =a + bi .

1)z +z,= (a1 +b, i)+(a2 +b, i) (a1 +a2) (bl + 2)

2) 21—22=(a1+b i)_(a2+bzl) (a1_a2) (bl )

3) z,-z, =(a, +b,i)-(a, +b,i)=(a, -a, b, -b,)+(a,b, +a,b,)i;

z, _a +bi (a1 + b, i)(a2 -b, i)

Z_ a, +b,i - (a2 +b, i)(a2 -b, i).

3. Tpuronomerpuyeckasi popma KoMILIEKCHOT0 4ynciaa. ®opmyaa Myaspa.
1) z=a+bi — anrebpanyeckas popmMa KOMIUIEKCHOTO YHCIIA.

4)

2) z=r(cos@+isin@) — TpUrOHOMETpHUUecKass (opMa KOMIUIEKCHOIO 4YHCIa, TIJe
@ =argz — apryMeHT KOMILJIEKCHOro uncna (0 < ¢ <27 ).

3) z=r-e'’ —nokasarenbHas popMa KOMILIEKCHOTO YHCIIA.

r=va*+b*

a=r-cose .
) = b — CBA3b MEXIYy anreOpandeckoil u
b=r-sing 1gp =~
a
TPUTOHOMETPHUYECKON (hopMaMU KOMIIEKCHOTO YHCIIA.
. ip —-ip ip —ip
. - e’ +e . e’ —e .
e'’ =cosp+ising; cosQ = T; sing = —; dopmysl Diinepa.
i

1) z,-2z,= rl(cosgo1 + isingol)- 1’2(C05¢2 + isingoz) =7- rz(cos((p1 + @2)+isin((p1 + (pz));
2) 2 HCSAEING) T (0o, ) sisinle - )
zZ, T (cos @, +isin (p2) 7
3) z" =r" (cosn@p+isinng) — popmyna Myaspa,;
4. U3Bj1e4yeHre KOPHA U3 KOMILJIEKCHOTO YHCJIA.

Q/_zﬁ/;[cos(erzﬁk+isin¢+2ﬂkj,k:0;1;...;n—l — W3BICYCHHUE KOPHS 7 — OU
n n

CTCIICHHU U3 KOMIIJICKCHOI'O YHCJIa.

3ameuanue. Bce 3HaueHus Q/; Ha KOMIUICKCHON ITIOCKOCTH O00pa3yroT MpaBUIIbHBIN
1l — YTOJIbHHUK.

S. IlonsiTHe 0 PYHKIUH KOMILIEKCHOI'0 apryMeHTa.

Ecin kaxxnomMy KOMIUIEKCHOMY 4HMCIy z €D 10 HEKOTOPOMY 3aKOHY ITOCTaBJIEHO B
COOTBETCTBHUE OIpEAENICHHOEe KOMIUIEKCHOe uucio we G, TO Ha 3ToM obmactu 3ajnaHa
OJIHO3HAYHAasl (PYHKIHS KOMILJIEKCHOTO MEPEMEHHOI0:

w = f(z)

MHuoxecTtBo D Ha3bIBaeTCsl 00JaCThIO ONpPENIEIeHUsl, MHOKECTBO G — 00JIacThiO
3HAYCHUH (PYHKITUH.

KommiekcHy o (yHKIIMIO MOKHO 3aIicaTh B BUJE:

. u(x,y) = Re f(2)
w= f(z) =u(x,y) +iv(x,y),
v(x,y) =Im f(2)
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U, V — IeUCTBUTENbHBIC (DYHKIIMHU OT IEPEMEHHBIX X U Y.
Ecnn kaxnoMy ze€ D COOTBETCTBYET HECKOJIBKO PA3JIMYHBIX 3HAYEHUM W, TO
byHkMsA w = f(z) Ha3bIBa€TCS MHOTO3HAYHOM.

OcHOBHbIE TPAHCHEHIEHTHbIE (PYHKIIUH
TpaHCUEHACHTHBIME HA3bIBAIOTCS AHAIMTHYECKUE (YHKIMH, KOTOpPhIE HE
SIBIISIFOTCSI aIreOpanyecKuMH.
Eciu apryMeHTOM MOKa3aTelbHON HIIM TPUTOHOMETPHYECKUX (PYHKIIHIA SBISCTCS
KOMILUIEKCHOE YHUCIIO, TO ONpeielieHHe 3TUX (YHKIM, BBOJMMOE B DJIEMEHTapHO# anreope,
TEPsIeT CMBICTI.
Dyukuuy €, cosz, Sinz CBA3aHbl MeX1y co00i Gpopmyoii Ditnepa. Jra Gpopmyna
MOKET OBITh OYCHB JIETKO IMOYYCHA CII0KEHHUEM COOTBETCTBYIOIINX PSIOB.
e =cosz+isinz
Taxoke cripaBe/IsTUBBI PABCHCTBA!

iz —iz iz —iz
e“+e ) e“—e
cosz=——— sinz=————
2 2i
e’ =e"" =¢e"e” =e*(cos y +isin y)
ezl+zz =ezlezz; (ez)m =ezm; ez+2ni — ez;
, sinz e -e”
gz = =— —
cosz (e +e™)
cosz i(e"+e™)
ctgz = = ;

sinz e" —e™”
JIsi TPUTOHOMETPHYECKUX (YHKIMH KOMIUICKCHOTO apryMEHTa CIIPABEIJIHBBI
OCHOBHBIE TPUTOHOMETPUUYECKHE TOXJECTBAa (CHHYC M KOCHHYC CyMMBI, Pa3sHOCTH H T.1.),
KOTOPBIE CIIPABEUTUBHI TSl PYHKIUH ACHCTBUTEILHOTO apryMEHTa.

I'unep6oIMyeckKuM CHHYCOM, KOCHHYCOM, TAHIEHCOM M KOTaHIeHCOM
Ha3BIBAIOTCS COOTBETCTBEHHO (DYHKIIUH:

e’ —e’’ e’ +e’ shz e —e’* chz e +e”
shz=———; chz=———; thz= =——— cthz= =—0;
2 2 chz e +e shz e’ —e
I'unepOoanveckue GyHKIUH MOTYT OBITH BBIPAYKEHBI yepes
TPUTOHOMETPHYCCKHE:
shz=—isiniz; chz =cosiz;

thz = —itgiz; cthz =ictgiz;
I'unep6onunueckue Gpynkuuu sh z u ch z umeror nepuox 2mi, a pynkuuu th z u cth
Z — TIepUOJ Ti.
[Tpumep. Haiitu sin(1+21).
e —e? ele'—e’e”’  e?(cosl+isinl)—e’(cosl—isinl)
225 2i -
_ cosl(e “—e)+isinle’ +e) = ¢ 2 sin1+iﬂcosl =ch2sinl+ sh2cos]1.
2i 2
Jlorapudmudeckass QyHKIUS KOMIUIEKCHOTO apryMeHTa OIpeaenseTcss Kak (yHKIus,
oOparHas 1oka3aTeabHOu.

sin(1+ 2i) =

w

e" =z, w=Lnz.

w

Ecmu w=u+1iv, 10 |e

=e" uArge" =argz +2mk =v.

Torna e" = |z; U= 1n|z| )

HUroro: w= Lnz = ln|z| +iargz +2nik; k=0,£1,%£2,...
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. b
J1is1 KOMIUIEKCHOTO yHcia z = a + ib argz = arctg —;
a

Bripaxkenue Inz = 1n|z| +iargz Ha3bIBaeTCs TJIaBHBIM 3HaUEHUEM JIorapudma.

Jlorapudmudeckass GyHKIHUSI KOMIUIEKCHOTO apryMeHTa oOJjafacT CIASAYIOIIMMHU
CBOWMCTBAMH:

1) In(zz,)=Inz +lnz;; 2) IZl=lnz ~Inz,; 3) In(z)" =nlnz 4)
Zy

an/_=llnz;
n

OOpaTHble TpUroOHOMeTpUUYecKHe (QYHKIHM KOMIUIEKCHOTO IEPEMEHHOIO

24427 —l‘+i[arg(zi\/22 —l)+2nkﬂ :l'Ln(z+\/z2 —1)
i
iz+~N1-2° +i[arg(izi\/l—zz)+2nkﬂ =1.Ln(iz+\/1—zz)
i

Arctgz = —i ln1+Zl +i[argl+Zl +2nkj =iLnZ_Z

HUMCIOT BU:

Arccosz = —i[ln

Aresinz = —i[ln

1—zi 1—zi 2i i+z
z+Nz7 +1 jLz'[atrg(zi\/z2 +1)+2nk]=Ln(Zi z* +1)
z+z7 ~1 +i[arg(zi\/22 —1)+2nk]=Ln(zi\/22 —1)

Arshz = In

Archz =1n
Arcthz = an I+z
2 1-z

1. 22 Jlekumus Ne 22 (2 gaca).

Tema: « MHOro4/J1eHbI»

1.22.1 Bonpochl JieKnuu:

1. ITonaTHE MHOTOUJIEHA.

2. OcHOBHas Teopema anreopsl.

3. Pa3nokeHne MHOTroueHa HA MHOKUTEIH.

4. Peuiennie ypaBHEHU BO MHOKECTBE KOMILJIEKCHBIX YHCEIL.

1.22.2 KpaTkoe coaep:kaHue BONPOCOB:
1. IToHsiTHE MHOTOYJIEHA.

Bepaxxenne Buma P, (x)=a,x" +a”71x”"1 +...+a,x+a, Ha3plBaeTCsi MHOIOYJIEHOM, a
1 — CTENEeHbI0 MHOTrOWwIeHa. UMCII0 Ha3bIBAIOT MHOTOWJIEHOM HYJIEBOU CTEIECHH.

KopHnem MHOrowieHa Ha3bIBaeTCsl Takoe 3HA4Y€HHE X,, MPU KOTOPOM MHOTOUJIECH
oOparaercsi B HyJIb.

2. OcHOBHas TeopemMa ajaredpsbl.

OcHoBHas Teopema anreOpbl: BCSIKWNA MHOTOWIEH 7 CTENEeHH HMEET XOTd Obl OIuH

KOPEHb.
CnenctBue: 000l MHOTOYIEH # CTENEHH C KOMIUIEKCHBIMU MEpEMEHHBIMU HMEET

POBHO 71 KOpHEH.
3. Pazj1oskeHne MHOro4JIeHa HA MHOKUTEJIH.

Teopema: ecau X, - KOpeHb MHOTOUYJIEHA, TO OH JENUTCS 0€3 ocTaTKa Ha (x—xo).
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Teopema. JIt000if MHOTOWIEH C NEHCTBUTEIbHBIMH KO3 duumeHTamMu pasiaraercss Ha
JUHENHBIE ¥ KBaJPaTHbIE MHOXKHUTEIH C IEHCTBUTEIbHBIMU KO GHUIIMEHTaAMH.
PannonanbHO# 1poOBI0 HA3BIBAETCSI OTHOLLIEHUE JIBYX MHOTOWJIEHOB

B, (x)
0, (%) '

Eciu n <k, To 1poOb HazbIBaeTCs MpaBWIBHOM, €CIM 1 > k , TO — HenpaBuwiIbHON. U3
HENPaBUJIBHOM ApoOM MOXKHO BBIAEIUTH LENYI0 4acTb. YacTo HY)KHO Pa3jIokKHUTh 3HAMEHATElb
Ha JIMHECHHBIE M KBAJIPATHBIC MHOXWTEIM. B CBSA3M C 3TMM paccMaTpUBalOT YETBIPE BHJA
IPOCTEHIINX pallMOHAIBHBIX APOOEH:

A A Ax+ B Ax+ B
1) ;2) —;3) — 4 r
X—a (X—Cl) X +px+q (x +px+q)
Teopema. JI100yr0 NpaBUIbHYI PALMOHAIBHYIO IpoOb MOXHO IpPEICTaBUTh B BHUJE
CYMMBI IPOCTEUIINX pAllMOHAIBHBIX APOOEH.

P(x o
Ecin R(x)z(—) - TpaBUJIbHAs pallMOHANbHAasg JpoOb, 3HameHaTenb P(X) koTopoit

O(x)
NPEJCTaBICH B BHJIE MPOU3BEICHHS JIMHEHHBIX M KBaJIPAaTUYHBIX MHOXHUTENEH (OTMETHM, YTO
10001 MHOTOWIEH C JACHCTBUTEIHHBIMU KOA((UIIMEHTAMU MOXKET OBITh MPEJICTABICH B TAKOM
suge: P(x) = (x - a)*...(x - b)B(x2 + px + q))”...(x2 + rx + s)" ), To sTa APOOL MOKET OBITH
pa3JoXeHa Ha IEeMEHTapHBIC 0 CICIYIONICH cXeMe:

R(x)=

P(x) A4, A, A, B, B, B, M x+ N,
= + — o —E— L+ + —+..+ 7t
O(x) x—a (x—a) (x—a) (x—=b) (x-b) (x—0b) X"+ px+gq
M,x+N, N M ,x+N, - R x+S, N R,x+S, R,x+S§,
(x* + px+q)° (x* +px+q)° X Hrx+s (X +rx+s)’ (x* +rx + )"

rie Aj, Bi, M, Ni, R;, S; — HeKOTOpBIE IOCTOSHHBIE BEJIMYHHBI.

4. PeuieHue ypaBHeHNI BO MHOKeCTBE KOMILIEKCHBIX YMCeJl.

CrnenctBueM M3 OCHOBHOM TE€OpEMBI anreOpsbl sBISETCS YTBEPXKIEHUE O TOM, UTO JII000€
KBaJJpaTHOE YPAaBHEHHE UMEET POBHO JBA KOPHS.

PelmTh BO MHOKECTBE KOMILIEKCHBIX YKMCEN ypaBHEHHE x° —8x +17 = 0.

Pemienne. /Ins  kBagpaTHOTO  ypaBHEHUS x*—8x+17=0 JUCKPUMUHAHT
D= (— 8)2 —4.-17=64-68=-4<0, a, 3HaYUT, ypaBHEHUE HE UMEET BEIICCTBEHHBIX KOpPHEH,
HO €CTh KOMIUJIEKCHBIE KOPHH:

D=-4=4.-(-1)=4i*, JD =+/4i* =2i .
_—b+D

1,2 —
2a

xl:—(—8)+21 :8+Zl:4+i;
2-1 2

xzz—(—8)—21 :8—21 a4
2-1 2

Wrtak, mpu pemieHWH KBAAPATHOTO YPaBHEHUS C OTPHUIATEIBHBIM JHUCKPUMHUHAHTOM
KOPHSIMHU SIBJISIFOTCS JIBA COTPSDKCHHBIX Yncia 417 .
OTtBet: 4+
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1. 23 Jlekumsi Ne 23 (2 yaca).

Tema: «IlepBooOpa3Hasi M HeonpeaeJeHHbII HHTErPaI»
1.23.1 Bonpochl JieKnuu:

1. IlepBooOpa3Has GyHKLUS U €€ CBOUCTBA.

2. [lonsTHE HEONPEEIEHHOTO UHTETPajla, OCHOBHBIE CBOMCTBA.
3. Tabnuua uHTErpaos.

1.23.2 KpaTkoe conep:kaHue BOIPOCOB:

1. IlepBooOpa3Hasi pyHKUMS U ee CBOMCTBA.

@ynkius  F(x) Ha3plBaeTCs MNepBooOpa3Hoil ¢yHkumed i ¢yHkumud f(x) Ha
IPOMEXKYTKE (a;b), ecnu B JM000M TOUKe X 3TOro MpoMexyTka, (GyHkmus F(x) umeer
npou3BogHYO F'(x), paBHylO f(x),T.e. F'(x)= f(x).

JlBe mro0bIe epBoOOpa3HbIe I OJHON U TOH ke (PYHKIUU MOTYT OTJIMYATHCS JIHUIIb Ha
IIOCTOSIHHYIO BEJINYMHY.

2. IlonsiTHE HeompeIeJICHHOT0 MHTErPaJia, 0CHOBHbIE CBOMCTBA.

COBOKYMHOCTH BCeX MEpBOOOPA3HBIX (PYHKIUH s TaHHON QyHKIUH f(x) Ha3bIBaeTCS

HEOIpeeICHHBIM HHTErpajioM OT GYHKIMH [ (x) U 0003HAYaeTCsi CHMBOJIOM j f(x)dx :

[ferydx=F(x)+C.

HaxoxneHne HeonpeneneHHOro HHTerpaja 1Mo JaHHOM MOABIHTErPAIbHON (QYHKIIUHN eCTh
neiictBue uHTerpupoBaHus. MHrerpupoBaHue — JneiictBue, 0oOpaTHOE MO OTHOIIEHUIO K
QG GepeHIIMPOBAHUIO.

CaoiicTBa HeonmpeaeJeHHOr0 HHTerpaJa:

1. IIpou3BoaHas OT HEONpPENENIEHHOTO0 WHTErpaja paBHA MOIBIHTETPATbHON (YHKIIMH:

'
([ feax) = £

2.  Juddepennuan HeompeAeNeHHOTO0 HHTErpajga paBeH  MOABIHTETPATbHOMY
BBIPOKEHUIO: d U f (x)dez f(x)dx .

3. Heompenenenuslit uHTErpai oT quddepeHiprana HeKOTopoil pyHKIUK paBEeH 3TOH ke
(GyHKLNU, CTIOKEHHOM ¢ 110001 MOCTOSIHHOM: jd [ f (x)] =f(x)+C.

4. TlocTosHHBI MHOXUTENb (OTIWYHBIM OT HYJs) MOXKHO BBIHOCHTH 32 3HAK
HEOIIPEIETIEHHOr0 UHTErpaIa: J A- f(x)dx = AJ f(x)dx .

5. HeonpeneneHnnslii HHTErpa OT aaredpandeckoil CyMMbl HECKOJIBKUX (YHKIUN paBeH
anreOpandyeckoil CyMMe HEONpeIeeHHbIX MHTErpajioB OT KaXKA0H (QYHKIIUHU B OTIEIbHOCTH:

[0+ o) - g(r)ldx = [ f(x)dx + [ p(x)dx — [ g(x)dx.

3. Tabiamua nHTErpaJIoB.

n+l

. n _u 1.
l)jdu—u+C, 2) Iu du—n+1+C,n;t 1;
du
3) |2 =1 C: 4 “du=e" +C;
)J.u n|u|+ ; )Ie u=e" +
5) ja“duz"—“+c; 6) [ sinudu =-cosu+C;
Ina
. du
7)Jcosudu=smu+C; S)I —=tgu+C;
cos” u
9)I .dzl =—ctgu+C; 10) jtgudu=—ln|cosu|+C;
sin” u
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11) jctgudu=ln|sinu|+C; 12)]\/7—arcsm +C;
1
13)I =—arctg£+C; 14) j%zllnu Yic.
a’+u’ a a u-—a°- 2a |u+a

1. 24 Jlexnus Ne 24 (2 gaca).

Tema: «MeToaABI HHTETPHPOBAHUSA»

1.24.1 Bonpocsl JieKnum:

1. HemocpeacTBeHHOE MHTETPUPOBAHUE.

2. 3amMeHa nepeMeHHOM.

3. aTerpupoBaHue mo 4acTsiM.

1.24.2 KpaTkoe conep:kaHue BOIPOCOB:

1. HemocpeacTBeHHOE MHTETPHPOBAHHUE.

HenocpencrBeHHOE MHTETpUPOBAaHUE — WHTETPUPOBAHHE, OCHOBAHHOE HAa MPUMEHEHUH
Ta0JIMLbl OCHOBHBIX HMHTErPAJOB, OCHOBHBIX CBOWCTB HEOIPENEICHHOIO MHTErpaja, a TaKke
MPOCTEHIINX TOXKAECTBEHHBIX MPe0Opa30BaHU MOIBIHTETPATEHON QYHKINH.

2. 3ameHa nmepeMeHHOM.

WuTerpupoBanue 3aMeHO nepeMeHHON (MEeTO/] MOACTAHOBKH).

Ecnu dpynkius f(x) uHTErpHpyeMa, TO UMEET MECTO clieayromas ¢popmya:

[ reods={ rlo]- o' @ydu
[locne Toro, kak HMHTErpaJ HalJeH C IOMOIIbIO MOJICTAHOBKH Xx = @(u), CIEIYeT

BO3BPATUTHCS K MIEPBOHAYATIBHO 3alaHHON NIEPEMEHHON X.
3amevyanue. VlHOrja BMECTO NOACTAHOBKU X = @(u) MPUMEHSIOT IOACTAHOBKY u = g(x)

, Toraa (popMysia 3aMEHbl IEPEMEHHON UMEET CIeAYIOIIUN BUA:
: =g(x)
[ £(g(x))- g'(x)x = =) du
= g'(x)dx
3. UaTerpupoBaHue 1o 4acTsm.

Eciu m u v — muddepenuupyemble QyHKIHMH OT MEPEeMEHHON X, TO CIpaBedJIMBa
dbopMynia HHTETPUPOBAHHUSI 110 YACTSM:

Ju-dv=u~v—Jv-du.

[Tpu >ToM 3a u nmpuHUMaeTcs QyHKIHS, KoTopas auddepeHunpoBaHeM yIpoIaeTcs, a
3a dv — Ta YacTh NOJBIHTETPAJIBHOTO BBIPAXKEHHUS, COIEpKamas dx, MHTErpal OT KOTOPOM
M3BECTEH MJIM MOXKET OBITh Hali/leH.

ITpumep. Haiitu nnTerpan Ix oS xdx .
Hcnone3ys dhopmyiy Iu cdv=u-v— jv -du, mpuMeM 3a Uu=X U dv =cosxdx, Torna
du=dx, v=jcosxdx=sinx.

CrnenoBartenbsHO, Ix cos xdx =x-sin x — jsin xdx=x-sinx+cosx+C
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1. 25 Jlekums Ne 25 (2 yaca).

Tema: «AHTerpupoBaHne palHOHAJIbHBIX PYHKIMID)

1.25.1 Bonpochl JieKnuu:

1. [TonaTue panmoHanbHOU PYHKITUH.

2. [Ipocreiimue panyoHanbHble APOOU U X UHTETPUPOBAHUE.

3. MTerpupoBanue paunoHAIbHBIX (YHKIUH.

1.25.2 KpaTkoe coaep:kaHue BONPOCOB:

1. [TonsiTHE panMOHAJILHOW (PYHKIIMH.

PanmonansHo# poOBI0 HA3BIBAETCS (PYHKIIHSI, paBHAS OTHOIICHUIO TBYX MHOTOYJICHOB:

f(x)=—""= £() ,tie P (x)—wmuorounen crenenn m, Q,(X) —MHOTOYIEH CTENEHH 7.

0,(x)

Ecnmm m<n, To paunnoHanbHas IpoOb Ha3bIBAaeTCs NPABHIBHOHN; €ClIM m >n, TO OHA
Ha3bIBACTCS HEMPABHILHOI.

3ameuanme. BesAkylo HENpaBHIBHYIO PAalMOHAIBHYIO JAPOOb MOXKHO, MyTEM JEICHUs
YUCINUTENS HAa 3HAMEHATelb, IPEJICTaBUTh B BHIEC CYMMbl MHOTOWIEHAa M MPaBHIBHON
panuoHaNIbHON IpOOH.

[Tpocreiimue panuoHanbHble Apodu ( A, a, B, p,q — NeACTBUTEIbHbIEC YUCIA):

A A Ax+ B 2
L ; Il ———,k22,keN); 1III. —— —4¢g <0,
x_ge (x—a)k’( s K E )7 x2+px+q7(p q< )9
v, B (k22 keN, pP-ag<0).
(x2+px+q)K

Teopema: Kaxayro mpaBUIBHYIO palMOHAIBbHYIO ApOOb MOKHO NPEACTaBUTH B BHJE
CYMMBI IPOCTEUIIUX pAllMOHATIBHBIX IPOOEH.

2. IIpocTreiimue pauuoHaJbHbIE IPO0OM U MX HHTErPUPOBAHUE.

L | 4= A-nlv—d|+C;
X—a

A .
Hj = R a)“+c’
Ax+B 4 2B—Ap 2x+p
HIIX +px+qd —2ln(x2+px+q)+——4q_ > —46] 5
Ax+B A Ap dt
dx =
N [ESin Caeyivs ki SR LR O [nom 8
2

dt
Ecnu 0603HauuTh 1, =J.ﬁ’me a’ :q_p_; t:X+£,TO
(l +a)(

;o230 !
o\ 2k-27 k-1 + )

3. UaTerpupoBaHue paMOHAJBHBIX (PYHKIIHIA.

AJITOPUTM MHTETPUPOBAHUS PALMOHAIBHBIX JApPo0eii:

1. Eciu npoOb HempaBuiibHAasl, TO IPEACTAaBUTh €€ B BHJAE CYMMBbl MHOIOYJIEHA HU
MPaBUJILHOMN pallMOHATIBLHON IPOOH.

2. Pa3noxuB 3HaMEHATeNlb MPABUIBHOW palMOHAIBHOM JpoOM Ha MHOXKHUTEIH,
IPEJICTAaBUTh €€ B BUJI€ CYMMBI IPOCTEUILINX pAl[MOHAIbHBIX IpOOEH.

3. IlpouHTerpupoBaTh MHOIOWIEH U MOJYYEHHYIO CyMMY MPOCTEHIINX IpoOei.
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1. 26 Jlexkumsi Ne 26 (2 yaca).

Tema: «AHTerpupoBaHre TPUTOHOMETPUYECKUX U MPPAIMOHAJILHBIX (DYHKIM I
1.26.1 Bonpochl JieKnuu:

1. YHuBepcanpHasi TpUrOHOMETpUYECKas MOCTaHOBKA.

2. YacTHble c1ydyad TPUTOHOMETPUUECKUX MOICTAHOBOK.

3. MaTerpupoBanue uppanroHaIbHbIX (PYHKIINHN.

1.26.2 KpaTkoe coaep:kaHue BONPOCOB:

1. YHuBepcaibHasi TPUTOHOMETPHYECKAS MOCTAHOBKA.

R(sinx; cosx) — o0o3HaueHne (PYHKIUU C TIEPEMEHHBIMH SINX U COSX, HaJ KOTOPHIMHU

BBIIIOJIHAKOTCA pallMOHAJIbHBIC I[CﬁCTBPIH (CJ'IO)KCHI/IC, BbIYUTAHUEC, YMHOKCHUC, ,HCJ'ICHI/IC).
YHI/IBCpcaJILHaSI TPUTOHOMECTPUUCCKAA NOACTAHOBKA:
2
1-1* 2dt

X . 2t
Ecmm ¢ =tg—, 10 sinx =— ; COSXx=———; dx = .
2 +1 t+1 t+1

2t 1= 2dt
LU +1) P+

IR(sin x;cos x)dx = IR

2. YacTHble ciIy4aH TPHTOHOMETPHYECKHX MOACTAHOBOK.
1) Ecnir R(—sinx; cosx)=—R(sinx; cosx), To yo6Ha mOCTaHOBKA £ = COS X .

2) Ecnn R(sinx; —cosx)=—R(sinx; cosx), To yno6Ha moacTaHoBKa ¢ = sin x .
3) Eciin R(— sinx; — cosx) = R(sinx; cosx) , TO yI0OHA ITOJICTAHOBKA ¢ = 1gX .

Hcnoab3oBaHue TPUTOHOMETPUYECKHUX MPeodpa3oBaHuUil
Wuterpains! Tumna jsin ax -cosbxdx , Icos ax - cosbx dx jsin ax -sin bx dx BBIYUCIISIOTCS

C TIOMOIIIBIO POPMYJT TPUTOHOMETPHUU:

sinacos B = %(sin(a - B) +sin(a + B));
cosa cos B = %(COS(CX — B)+cos(a + B));

sinasin f = %(cos(a — ) —cos(a + ,B)).

WHTerpansl OT YeTHBIX CTENEHEeH CHHYyca WJIM KOCHHYCAa HAaXOMAAT, UCTIONB3Ys (HOpMYIIbI
NOHMKEHUS NOPSIKA:
1—-cos2x 5 1+ cos2x . sin 2x
————— €08 X=————; SINXCOSX= .

2 2 2

WHTerpasbl OT HEUYETHBIX CTENEHEM CHHYCa WM KOCHHYCAa HAaxXOIAT, OTHAENsAs OT
HEUETHOM CTENEHH OJIMH COMHOXMTENb U Mojarast KOQyHKIMIO paBHONH HOBOM NepeMeHHOM.

3. UaTerpupoBanue HPPaLHOHATBbHBIX QYyHKIMI.

JIns BBIYMCIIEHUS] MHTErpajia jR(x; Nax+b )dx COBEpLIAIOT MOJACTAHOBKY ax +b =t".

sin® x =

JIns BBIYUMCIIEHUS HHTErpaja IR(x; YMax+b;%ax+b )dx HUCTIOIB3YIOT ITOACTAHOBKY
ax+b=t",rne p=HOK (n;m).
JIns BBIYMCIIEHUS] MHTErpajia jR(x; Na> —x )dx COBEpIIAIOT MOJCTAHOBKY X = a -sinf.

IL]'IH BbIYHCJICHHA UHTCI'palla jR(x; A\ a2 + X2 )dx BBIIIOJIHAIOT ITOACTAHOBKY X = a - gt .

a
JIng BeIYMCIIeHus HHTerpana jR(x; V x> —a’ )dx COBEpIIAIOT ITOJICTAHOBKY X = ——.
sint
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1. 27 Jlekumsi Ne 27 (2 yaca).

Tema: «OnpenesieHHbIA HHTETPADY

1.27.1 Bonpochl JieKnuu:

1. [ToHATHE ONpENEeNEHHOI0 HHTErpaa.

2. 'eomeTpuyeckuii 1 GPU3NIECKUNA CMBICIBL.

3. OCHOBHBIE CBOMCTBA ONPEIEIEHHOIO NHTErpaa.
4. ®opmyna HeroTona — JleitOuuma.

5. IIprembl UHTErPUPOBAHUA.

1.27.2 KpaTkoe coaep:kaHue BONPOCOB:

1. ITonsiTHE ONIpPeAe/IECHHOT0 HHTErpaJa.

Ilycts Ha otpeske [a;b] onpeneneHa Qynkuus f(x). PazoObeM oTpe3ok [a;b] Ha n

YacTel TOYKaMHM d =X, <X, <X, <...<X, ;| <X, <...<X =b. 13 Kak10ro uHreppaia (x-_l ; xl.)

1

n
BO3bMEM MTPOU3BOJIEHYIO TOUKY C; H COCTAaBUM CYMMY z f(¢)-Ax;, rme Ax, =x;, —x,_,.
i=1

n
Cymma Bujaa Z f(c;)-Ax; HaspIBaeTCs WMHTETpajbHOM CyMMOW, a ee Tpenes MNpu

i=1
maxAx, >0, eciin OH CymiecTBYeT W HE 3aBUCHUT HHM OT JEJE€HHs OTpPe3Ka HA YacTh, HH OT
BBIOOpA TOUEK C; B HHX, Ha3BIBACTCS ONPEAEICHHBIM UHTETpaioM OT QyHKIMH f(Xx) Ha OTpe3Ke

[a ; b] 1 0003HaUaeTcs

b n
= li )Ax, .
J e lim B fle)ax
. -
2. I'eomeTpuyeckuii M1 GPU3HYECKUI CMBICIBI.

b
OnpeneneHHbI UHTErpal I f(Xx)dx uyucieHHO paBeH IUIOUIAJAM COOTBETCTBYIOIIEH
a
KPUBOJIMHEHHOMN TpPaIleLUH.
Ecnnm marepuanpHas ToOYka NEpeMeEIIaeTcss MO NpsMOM C IMEPEMEHHON CKOPOCTHIO
v=v(t), TO IyTh, NPOUJCHHBIA €10 3a MPOMEKYTOK BPEMEHH OT { 10 ¢,, YACICHHO DABEH
t
ONpENIETICHHOMY MHTETpally OT CKOPOCTH 3a JaHHBIM MPOMEXYTOK BPEMEHH: § = '[v(t)dt.
g}

3. OcHOBHBIE CBOMCTBA ONpe/IeJIeHHOT0 MHTerpaJa.

l.]if(x)dx:O. 2. j)-k-f(x)dx:kff(x)dx.

3. Tf(x)dx = —'Tf(x)dx . 4. if(x)dx = jf(x)dx + if(x)dx .

b

5.

Qe >

()% fi(0)dx = [ fix)de £ [ f(x)dx.

b b
6. Ecmn f(x) < g(x)Ha oTpeske [a; b] ua<b,Tto If(x)dx < jg(x)dx.
7. Ecnu m u M — nauOoublliee U HauMEHblIee 3HaUYeHUE QYyHKIMM f(x) Ha OTpe3kKe

b
[a; b] cooTBeTcTBeHHO, T0 m(b —a)< If(x)dx <M(b-a).

a
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8. Teopema o cpeanem. Eciu dynkius f(x) HempepblBHA Ha OTpe3Ke [a; b], TO Ha 3TOM

b
OTpEe3Ke CYIIECTBYET TOYKA C, TaKas 4To I f(x)dx= f(c)-(b—a).

9. OHpCI[eJ'IeHHHﬁ HHTCTpa]l C INCPCMCHHBIM BCPXHUM IIPCACIOM CCTb OAHA U3

NepBOOOPA3HBIX MOABIHTEIPATBHON (DYHKITHH: ( '[ f (t)dtj = f(x).
b
10. Ecnu Ha oTpeske [a; b] (a<b) pyakuus f(x)=0, 1o If(x)dx >0;ecmu f(x)<0,

b
TO U jf(x)deO.
11. Ecnu ¢pynkuus f(x) HempepbIBHA Ha OTpPE3Ke [— a; a] , TO

jf(x)dx _ 2'([ f(x)dx, echu f(x)—uemnasn
- 0, ecnu f(x)— neuemnas
4. ®opmyaa Herorona — JleiiOnuna.
Ilycte f(x) HempepbiBHA Ha OTpPE3Ke [a; b] u F(x)—nepBooOpa3zHas ans f(x), Torma
uMeet Mecto ¢popmyna Hetotona-Jleitonuma:
b b
[ £Cr)de = F(x) a

=F(b)-F(a).

5. IlpuemMbl HHTErPUPOBAHMUS.
3aMeHa epeMEeHHON

b
IlycTh 3aan uHTErpal I f(x)dx,rne f(x) —HenpepbiBHAsA QYHKIHS HA OTpE3Ke [a , b].

BBeneM HOBYIO IEPEMEHHYIO B COOTBETCTBHH ¢ popMynoil x = ¢(¢). Toraa, ecnu: 1) p(a)=a,
o(B)=>b;2) p(t) u ¢@'(t) HENpEepbIBHBI HA OTPE3KE [a, ,B],
3) f((t)) onmpeneneHa Ha OTPE3Ke [a, ,B], TO

b B
[ £(dx = [ flo@]e' (@)t

HuTerpupoBaHue 1o 4acTsam
Ecin ¢yHkmuum u =@(x) M v =w(x) HENpepblBHBI Ha OTpe3Ke [a; b] , a TaKKe
HENpEepbIBHBI Ha 3TOM OTPE3Ke UX MPOU3BOJHBIE, TO CIpaBeInBa GOpMyJia HHTETPUPOBAHUS IO

qacCTAaM:
b b

udv = uv b— vdu.
|

a a a
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1. 28 Jlekumsi Ne 28 (2 yaca).

Tema: «I'eoMeTpruecKue NPUI0KEHUS ONPeIeICHHOI0 HHTErpaja
1.28.1 Bonpocskl Jieknuu:

1. [TpubnmkeHHOe BBIYUCIIEHUE ONIPEACICHHBIX HHTETPAJIOB.

2. Brruncnenue miomaaei miocKuX KPUBBIX.

3. Haxoxnenue o0bema Tena BpalieHusl.

4. BeruncneHnue JJIMHBI AYTH KPUBOU.

1.28.2 KpaTkoe coaep:kaHue BONPOCOB:
1. IIpudian:keHHOE BbIUMCIEHHE ONPeAeIeHHbIX HHTErPaJioB.
[Tycte Ha orpe3ke [a;b] 3amana HempepbiBHas QyHkuus f(x). PazoObeM ocHoBaHue

ATON Tpameuuu Ha 1 paBHBIX yacTed. OnpeneneHHbli HHTerpal NpUOIMKEHHO BBIUUCISETCS 10

dopmynam:
1. ®opMyiia IPAMOYTOJILHUKOB:
b b
b—-a b—-a
[ === (g p1 +ot ) mon [ f )y > == (01 4+t 9, 4 ,).

2. ®opmyna Tpamneuui:
t b—a +
[ £ (oydx = —(Mwl +‘..+y,,_lj.
/ n 2
3. ®opmyna napadon (Cummcona):
b
h
jf(x)dx ~ E(yo + Yy, 4 Yy et Yy, )20, ot J’2n—z))

2. Berunciienne niiomajaei nJIoCKuX KpuBbIX.
Eciu pynkuusa f(x)>0 Ha oTpeske [a; b], TO IUIOIAJb (PUTYPbI, OTPAHUUYEHHON CBEPXY
KpuBOH y = f(x), cHu3y — ocbto Ox , ¢ OOKOB — HPSMBIMM X =a,x = b, BBIUUCISAECTCA I10

dbopmye:
S = j F(x)dx .

Ecnu ¢pynkmus f(x) <0 Ha oTpeske [a; b], TO TIOHIaAb (QUTYPHI, OTPAHUYECHHON CHU3Y
y = f(x), cBepxy —ocbio Ox , ¢ OOKOB — MPSIMBIMU X = @, X = b, BRIYUCISETCS 110 popMyIie:

S =

i f(x)dx

Ecmm  f,(x) 2 f,(x) Ha oTpeske [a;b], TO TUIOMIAb (UTYPHI, 3aKIFOUEHHOW MEXIY
kpuBbiMH ) = f,(X) (cBepxy), ¥ = f,(x) (cHu3y), rie a@ u b — abCUKCChl TOYCK MEpecedeHHs
KPHBBIX, BEIYUCISIETCS 110 (hopmyIie:

S =[(£() = £i(0))dx.

3. Haxoxaenue o0beMa Tesia BpaleHHsl.
Ecin ¢yakums y = y(x) 3HAKONOCTOSIHHA Ha OTPE3KE [a;b], To 006vem V. Tena,

00pa30BaHHOTO BpalleHueM BOKPYT ocu Ox (Urypbl, OrpaHHYeHHON TUHUSIMUA y = y(x), y =0
, X =a,x=b, Beranciusaercs rno popmyre:

b
V.= ﬂjyz(x)dx .
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Eciu ¢yskimus x = x(y) 3HAKOMOCTOSIHHA Ha OTpE3Ke [c;d], T0 00bEM V, Tena,

00pa30oBaHHOIO BpallleHHeM BOKpYT ocu Oy (QUryphl, OrpaHUYeHHON TUHUAMU x = x(y), x =0
, y=c,y=d,Bbranciusercs no gopmyie:

d
V,= ﬂsz(y)dy .

Ecnu kpuBast AB sBasiercs rpadukom yHkmmu y = f(x)>0 Ha OTpe3ke [a;b], TO
mwiomaap S

noes.x

BBIYHCIIICTCS 110 (hopmyJie:
b
Sone = 27 [ L) A1+ (/' ()] .

Eciu xpuBas AB sBnsercs rpadukoM ¢GyHKIHH x = ¢@(y)>0 Ha OTpe3ke [a;b], TO

MOBEPXHOCTH, OOpa30BaHHOI BpalieHueM KpuBoii AB Bokpyr ocu Ox

wiomanp S MOBEPXHOCTH, OOpa3OBaHHOH BpalieHueM KpuBol AB Bokpyr ocu Oy

nos.y

BBIUKCIISIETCS 110 popMmyIe:

Sruey = 27 [ p(¥) 1+ (@' (1) dy .

4. BbluucieHue JJIMHbI IyTH KPUBOM.
Jlns miaockoil kpuBoit AB, ypaBHeHHE KOTOpoill y = f(x), rae a<x<b ee JuuHa

BBIUKCIISIETCS 110 popMmyIe:

/= J.w/1+(f’(x))2dx.

1. 29 Jlexnus Ne 29 (2 gaca).

Tema: «Pu3nyeckne NPUI0KEHUs ONPeNeICHHOI0 HHTErpasiay
1.29.1 Bonpocsl JieKnum:

1. Boruncnenue paboThl IEPEMEHHOM CHUIIBI.

2. HaxoxzaeHue naBieHHUS.

3. OnpeneneHue HEHTPA TAKECTH.

1.29.2 KpaTkoe coaep:kaHue BONPOCOB:
1. Boruncijienne padoThbl NepeMeHHON CHJIbI.
PaGora, nmpousBeneHHas mepeMeHHOW cwiioi F = F(x) TOpu HepeMeuieHHuH TOYKu M

BJOJIb ocl Ox W3 MOJOXKEHUS X = B MOJIOKEHUE X =D (a < b), HaXOAHUTCA 1o GpopmyIe:
A= jF (x)dx .
2. H;xomeﬂne JaBJICHUA.
b
P =gy [(£,)%) = f,(x)xd,

rie g - YCKOpPEHHe CBOOOJHOrO MAaAeHMs, ) - INIOTHOCTb XHUAKOCTH, X =a, x =b,
v, = f,(x), ¥, = f,(x) - muHUY, OrpaHUYUBAIOIINE TUIACTHHY.

3. OnpenesieHNe HEHTPA THAKECTH.

Koopaunats! (X,;y,) HEHTpa TSHKECTH BBIYUCISIOTCS 110 (HOPMYIIaMm:
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b 1 b

j-xydx 5 v dx
xc a}, s y c = },a

J. ydx J. ydx

1. 30 Jlexmus Ne 30 (2 gaca).

Tema: «HecoOcTBeHHbIE HHTEIPAJIBD»

1.30.1 Bonpocsl Jieknum:

1. HecoOcTBEHHBIE HHTETPaJIbI IEPBOTO POAA.

2. HecoGcTBEeHHBIE MHTErPpallbl BTOPOTO POAA.

3. 'eomeTpuyeckuii CMbICI HECOOCTBEHHBIX HHTEIPAJIOB, €T0 IPUMEHEHHUE.

1.30.2 KpaTkoe conep:kaHue BOIPOCOB:

1. HecoOcTBeHHBbIC HHTErPasbI IEPBOI0 PoaA.

Buzpl HecOOCTBEHHBIX HHTETPAJIOB:

1) wuHTErpam oOT HENpepbIBHOW (QYHKIMM 10 HEOTPAHWYEHHOMY HPOMEKYTKY
(HecobcTBeHHBIN UHTETpan I poaa);

2) uHTerpaj 1o KOHeUHOMY IIPOMEKYTKY OT (QYHKIMM, UMEIOLINHA Ha HEM O€CKOHEUHbIH
pa3pbIB (HecOOCTBEHHBIN nHTETpa II pona).

1. ITyctb pynkuusa f(x) HempepblBHA HA IPOMEXYTKE [a; + oo).

Tf(x)dx = blirgjf(x)dx .

Ecan npeaci ONpCACIICHHOIO MHTCIrpala CYHECTBYET W KOHCUYCH, TO HECOOCTBEHHBIH
HUHTCrpajl HAa3bIBACTCA CXOAALIUMCHA; CCJIA YKa3aHHBIﬁ nmpeacii HE CYWCCTBYCT WU OH
66CKOH€‘I€H, TO HECOOCTBEHHBIN HUHTCIrpajl Ha3bIBACTCA PACXOANIUMCH.

2. ITycth GyHKIUA f(x) HENpepblBHA HA IPOMEXYTKE (—00; b].
j‘f(x)dx = alirfzov[ff(x)dx.

;HyCTL q)yHKLU;;I f(x) HempepbIBHA HA IPOMEKYTKE (— 00; + OO).
T f(x)dx = j f(x)dx+ T f(x)dx,rae ¢ —npou3BOIBHOE YUCIIO.

2. HecoOcTBeHHbIE HHTErPAJIbI BTOPOI0 poaa.
1. [lycts Qynkuus f(x) HempepblBHA HAa MPOMEKYTKE [a;b) U uMeeT 0eCKOHEYHBIN
paspbIB IIpU X =b .

b b-¢

j /(x)dx = lim j F(x)dx.

2. Ilycts QyHKIMS f(x) HENpepbIBHA HA MPOMEXYTKE (a;b] U uMeeT OeCKOHEYHbIN
pasphIBIIpU X =4 .

jlf(x)dx = lim jf(x)dx.

ate

3. [lyctb dyHkus f(x) TepnuT OECKOHEUHBIH pa3phlB BO BHYTPEHHEH TOUKE C OTpe3Ka

[a; b], BO BCEX APYTUX TOYKAX HEMpephIBHA.
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j)-f(x)dx = jf(x)dx + j)-f(x)dx )

3. 'eoMeTpHYeCKHUI CMBICJ HECOOCTBEHHBIX MHTEIPAJIOB, €r0 IPUMEHEHHeE.
I'eomeTpuueckuii cMbIC]I HECOOCTBEHHOTO HHTEerpana / poja: HECOOCTBEHHbBIN MHTErpal
I poma oOT HeoTpuUATeIbHOM (QYHKIMM BbIpakaeT IUIOIAAb OECKOHEYHO AJIUHOMN

KPUBOJIMHEHHOMN TPaIlCLUH.
I'eomerpuyeckuii cMbICT HecoOCTBEHHOro HWHTerpasia [/ poma: HECOOCTBEHHBIN

uHTerpasl I/ pojga OT IMOJIOKUTEIbHOW (YHKIMHU BBIPAXKAET IJIOLAJb OECKOHEUHO BBICOKOM
KPUBOJIMHEWHOM TpaIleIuu.

1. 31 Jlekumsi Ne 31 (2 yaca).

Tema: «/IBoiiHOM MHTErpPa»

1.31.1 Bonpocskl Jeknuu:

1. IlonsiTue nBOMHOTO MHTETpaia. 'eOMeTpUUECKU CMBICII.

2. CniocoObl BBIYMCIIEHUS ABOMHOIO HUHTETpaa.

1.31.2 KpaTkoe conep:kaHue BOIPOCOB:

1. ITonsiTie nBOJHOrO NHTerpasia. 'eomeTpuyecknii CMbICII.

JIBOMHBIM MHTErpajoM OT HenpepblBHOW (GYHKIUU f(x;y), pacHpOCTPaHEHHBIM Ha
OrpaHUMYEHHYI0 o00sactb D IockocTH xOy, Ha3blBaeTCs Mpelesl COOTBETCTBYHOILEH

JIBYMEPHOUW MHTETPAIBHON CYMMBI:

j [ /(e y)drdy=_lim DRICTNETIR

maxAy *)0 i
7€ CyMMa pacrnpOCTpaHEHA Ha Te 3HAauYeHus | M k, JJIS KOTOPHIX TOuKH (X;5),)

npuHaiexkar odmactu D .
CaoiicTBa IBOIIHOr0 MHTErpaJa

1. ” - f(x; y)dxdy =c- ” f(x; y)dxdy, tne ¢ — const .

2 j [(AGs )= £ y))dxdy j [ A6 y)dxdy+ﬂfz(x y)dxdy.

3. ECJII/I obnacte D pa30oUTh JUHUEH HA JIBE O6JIaCTI/I D, n D, takue, uto D, U D, =D,

a [IEPpeCCUCHUC obnacreit Dl u D2 COCTOMT JIMIIb U3 JIMHUH, UX pa3z[em1}01uel71, TO

[]1Gesyydxdy = [[ £ G yyedy + [[ f (s y)dxdy

4. Ecnu pynkuusa f(x;y) HempepbiBHA B 3aMKHYTOM oOnactu D, muiomans KoTopoit S,

TO B 3TOM 00JIACTH CYIIECTBYET Takas Touka (X,;),), 4To

[[ 7 Ges yydedy = £ (x5 90)- S -

Bemnuuny  f(x,; yo):é. j I f(x; y)dxdy Ha3bIBalOT CpEAHUM 3HAaYeHUEM (YHKLUH
D

f(x;y) Bobnactu D.
2. Crioco0bl BbIYMCJIEHHSI IBOMHOI0 MHTErpaJia.
Ecnu obnacte D omnpenensiercs HepaBeHCTBaMu a < x <b, ),(x) <y < y,(x), npuuem

Ka)Kasi U3 HeNPEphIBHBIX KPUBBIX ) = y,(X) u Y = ,(X) mepecekaercs ¢ BepTHKaIb0 x = X (

X, <X <X,) TOJBKO B OJJHOM TOUKE, TO
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Y2 (x)

[] G yydxdy = [dx [ £ yydy

D a  y(x)
Y2 (x)

rac npu BbIYUCIICHUH J.f(x; y)dy BCIIMYMHY X I10JararoT IIOCTOSIHHOM.
yi(x)

Ecnu obnacte D onpenensiercs HepaBeHCTBaMH ¢ < y <d , X,(¥) <x<Xx,(y), npuuem
Ka)K/1asi U3 HeIIPEPhIBHBIX KPUBBIX X = X,()) U X = X,()) mepecekaercs ¢ FTOpU30OHTAIBI0 y =Y (

¥, <Y <y,) Tonpko B OHOH TOUKE, TO

d x5 ()
”f(x; y)dxdy = jdy If(x; y)dx »
D ¢ x»)

x5 (y)

r7ie P BBIYHCICHUU I f(x; y)dx BEIHYHMHY y MOJAraioT MOCTOSHHOM.

x ()

1. 32 Jlekumsi Ne 32 (2 yaca).

Tema: «IIpujioskeHus ABOMHOT0 HHTEIPAJIAY

1.32.1 Bonpochl JieKnuu:

1. 'eoMeTpuuecKkuii CMBICI IBOMHOTO MHTErpaja

2. ®u3nyecKuil CMBICI JBOIHOIO HHTErpana

1.32.2 KpaTkoe conep:kaHue BOIPOCOB:

1. 'eomeTpu4eckuii cMbICJI IBOWHOIO HHTErpajia

[unHAPUYECKMM TEJIOM HAa3bIBACTCA TEJIO, OrPAaHUYEHHOE CBEPXY IIOBEPXHOCTBIO
z= f(x;y)>0, CHU3Yy — 3aMKHYTOH o0siacTbto D miockocTu xOy , ¢ 60KOB — HMINHAPUIECKOM
IOBEPXHOCThIO, OOpa3yomas KOTopol mnapamienbHa ocu Oz, a HanpaBlsAOLIEH CIYXUT
rpanuna obnacrtu D .

OObeM LHUIMHAPUYECKOT 0 Tela HaXOAUTCS 110 popMyJIe:

v =[]/ 0s y)xdy.

3ameuanue. B yactHoM ciywae, korga f(x;y) =1, ABOMHOW MHTErpasl paBeH IUIOLIAIN
obnactu D u omnpenensieTcst GopMyIIou:

S= ”dxdy.
D

2. Pu3nyecKuili CMbICJI IBOMHOI0 MHTErpaja
Ecnu ob6macte D — miiockas IUIacTUHKA, Jiexkalas B MI0CKOCTH x(Oy , ¢ TOBEPXHOCTHOM

IUIOTHOCTBIO y(X;y), TO Maccy IJIACTUHKH BBIYMCISAIOT 110 popMyJI€:
m=[[y(xy)dxdy,
D

CTaTMYECKNE MOMEHTHI IUIACTUHKM OTHOCUTENIBHO ocel Ox u Oy BBIUUCIAIOT IO
dopmynam:

S, = [[yr(eyyaxdy; S, = [[xy(x;y)dxdy,
D D

KOOpI[I/IHaTbI ueHTpa TAXKECTU IIJIACTUHKHW HAXO04AT I1O (bopMynaM:
S S

x:—y; y= X
m m
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3ameuanue. B ciyyae OJHOpOIHOM IUIAaCTMHKM (IIOBEPXHOCTHAs IIJIOTHOCTh paBHA
eAMHMIIE), 3aHuMaroleil obnacte D miiockocT x(Oy, KOOPAMHATHI LIEHTpa TSKECTH X, Y

HAXOJAT 1O hOpMyJIam:
X= é”xdxdy , V= %”ydxdy,
D D

raoe S —mromanps ooiactu D .

1. 33 Jlekumsi Ne 33 (2 yaca).

Tema: «OcHoOBHBbIE NOHATHS JU(PPepeHINATBLHBIX YPABHEHH I
1.33.1 Bonpocsl JieKuuu:

1. 3anaun, npuBosauue K AuddepeHnnanbHbIM ypaBHEHUSIM.

2. YacTHbie U 0011IME pEIICHUSI.

3. 1Y nepBoro nopsiaka. 3agaya Komu.

4. 1V ¢ pa3aeneHHbIMU U Pa3AeAIOLMMUCS IEPEMEHHBIMU.

1.33.2 KpaTkoe coaep:kaHue BONPOCOB:

1. 3apaum, npuBoasimue Kk 1uddepeHUAIbHBIM YPABHEHUAM.

Pemenue paznuyHbIX TEOMETPUYECKHX, (U3MUECKUX W HHXKEHEPHBIX 3aJady 4acTo
IPUBOJAT K YPAaBHEHUSAM, KOTOPBIE CBA3BIBAIOT HE3aBUCUMBIC MEPEMEHHBIE, XapaKTEPU3YIOLIUe
Ty WJ UHYIO 3aJa4y, ¢ Kakoll — ju00 (QyHKIMEH STUX MEePEMEHHBIX U MPOU3BOJHBIMH 3TOU
(GYHKIIMY pa3TuYHBIX TOPSAIKOB.

CxopocTh pacriaja paausi NpONOPLHOHATbHA KOJMYECTBY pajaus B JIaHHBIA MOMEHT
BpeMeHu (repuos noypacnaaa pasen 1600 ser).

CkopocTh OXJIaXAEHHS BOJbI IPONOPLUOHAIBHA PA3HOCTH TEMIEpaTyp BOIbl B
pe3epByape U B OKpY>Kalolleil ero cpeje.

2. YacTHble U 001Me pelIeHU.

JuddepeHnnanbHbIM YpaBHEHHEM Ha3bIBAETCSl YpaBHEHHUE, CBA3BIBAIOIIEE HE3aBUCUMYIO
NepeMEeHHYI0, (PYHKIMIO 3TOW NEpeMEHHOM W Mpou3BOAHBbIC (WM AuddepeHransl) 3Ton
byHKIIHH.

HauBpiciuii mopsiioKk MpOU3BOIHBIX, BXOASIINX B YpaBHEHUE, HA3BIBACTCS MOPSIAKOM
nudepeHIMaIBPHOTO YPaBHEHHUS.

OO0umuM uHTerpanoM AuQQepeHInaIbHOr0 YpaBHEHHs Ha3blBaeTCs J000€ ypaBHEHHUE,
HE cojepkallee MPOU3BOAHBIX U AU depeHnanos, 1jig KOTOPOro faHHoe AuddepeHnnaisHoe
YPaBHEHHUE SIBIISETCS CIEIACTBUEM.

WuTerpanbHoil KpuBOM HasbIBaeTcsl rpaduk y = @(x) pemeHus Aud¢epeHnnaIbHoro

YPaBHEHHs Ha INIOCKOCTH xOy .

3. 1Y nepBoro nopsiaka. 3agaya Komm.

OO0umuM pemieHneM U depeHIMalIbHOTO ypaBHEHUs IEPBOTO MOPSAJIKAa Ha3bIBAETCS
takag nupdepennupyemas QyHkuus y = @(x,C), KOTOpas NpU MOJCTAHOBKE B HCXOJHOE
ypaBHEHHE BMECTO HEU3BECTHOM (YHKIMH 00palaeT ypaBHEHHUE B TOKIECTBO.

Ecnu npu kakux-nmub0 HayadbHBIX YCIOBHAX X =X,, J(X,)=), CyIIECTBYET TaKoe

snayenne C=C,, mpu KOTOpOM peiicHueM AUPHEPEHIMAIBHOTO YPABHEHHS SBISCTCS

dynkua  y=@(x,C,), 10 ¢ynakuus Y =@(x,C,) Ha3bIBAETCS YACTHBIM pPEIICHUEM

IuQdepeHIMaIbHOro ypaBHEHUs epBOro nopsaka.
3anayeit Komm HasbpiBaeTcs HaXO0XAEHHWE YaCTHOIO pelleHus Aud(epeHLHnaIbHOro

ypasHenus Buna ¥ = @(x,C,), yI0BIETBOPSIOIETO HAYAIBHBIM YCIOBUIM V(X,) = V.
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4. 1Y ¢ pa3aejieHHbIMH W Pa3fAe/IIOIMMHCS TepeMeHHbIMU.
HuddepenunanbHoe  ypaBHeHue  y' = f(x,y) Ha3bIBACTCS ~ YPaBHEHHEM  C
pa3eNaoIUMUCS IEPEMEHHBIMU, €CIIM €r0 MOXKHO 3anucaTh B BUae y' = a(x)B(y).
Takoe ypaBHEHHE MOKHO IPEICTaBUTh TAKXKe B BUAE: X (x)dx + Y(y)dy = 0;

j X (x)dx + j Y(»)dy =C
Tlocie HaXO0XKJACHUA COOTBCTCTBYIOIIUX MHTCIPAJIOB IIOJIYUACTCA O6H_I€€ peuICHUC
T depeHIIMATBHOTO YPAaBHEHMS C Pa3AeIAIOIUMUCS IEPEMEHHBIMH.
Ecimn 3a/laHbl HA4YaJIbHBIC YCJIOBUA, TO IIPHU HUX IMOJCTAHOBKC B 0611166 PCUICHHUC
HAaXOOUTCA IMOCTOsSIHHAsI BEJIMYMHA C, da, COOTBETCTBCHHO, 1 YHaCTHOC peH_ICHI/IC.

1.34 Jlexnus Ne 34 (2 yaca).

Tema: «luddepeHunanbHbIe YPAaBHEHHS NEPBOI0 MOPAIKA»
1.34.1 Bonpocsl JieKnum:

1. JIAY neporo nopsaka. Merons! Jlarpanxka u bepHyimn

2. YpaBuenus bepnynnu. Meron bepnysiu.

1.34.2 KpaTkoe conep:kaHue BOIPOCOB:

1. JIY nepBoro nopsiaka. Meroas! Jlarpan:xxa u bepnyniu

HuddepenunanbHoe ypaBHEHHE Ha3bIBA€TCs JIMHEHHBIM OTHOCUTEIBHO HEU3BECTHOM
(YHKIMH U €€ IPOU3BOJHOMN, €CJIM OHO MOXKET OBITh 3allCAHO B BUJE:

'+ P(x)y = 0(x),

IpU 3TOM eciu IpaBas 4yacTb Q(X) paBHAa HYNIO, TO TaKO€ ypaBHEHHME Ha3bIBAETCS
JMHENHBIM OJHOPOJIHBIM Iu(depeHIIMalIbHBIM YPaBHEHUEM, €ClIU IpaBast yacTb Q(X) HE paBHa
HYJII0, TO TaKO€ ypaBHEHME Ha3bIBAeTCsA JUHEHHBIM HEOAHOPOAHBIM U depeHInaTIbHBIM
YPaBHEHHEM.

Cytb MeTona bepHysuin 3akitouaercs B TOM, YTO UCKOMasi (DYHKIMS MPEICTaBIsACTCS B
BUJIC IPOU3BEICHUA ABYX QyHKIMH y =uv.

, dv du

ITpu aTOM O4eBUHO, yTO )’ =u-—+Vv-— - MU PepeHIUPOBAHUE 10 YACTSAM.

dx dx
IToxcraBiss B MICXOAHOE YpaBHEHUE, [1OJIy4aEM:
u v + v% + P(x)uv = Q(x) wnu uﬂ + v[@ + P(x)uj =0(x)
dx  dx dx dx
Jlanee cienyer ycioBHE — BBIPRXKEHHE B CKOOKaxX IPUPaBHUBACTCS K HYIIO U
HaxoauTcs QyHKUUA u = u(x), 3aTeM Apyras QyHKLUS.

2. YpaBHenus bepnynnu. Merox bepnyin.

YpasHenueM bepHymim HaseiBaetcsi ypaBHenue Buga ) +Py=Q-y", tne P u Q -
(GYHKLUU OT X WK MOCTOSHHBIE YNCIIA, a N — IOCTOSTHHOE YUCII0, He paBHOE 1.

Merton pemenus: metoz bepnyiu.

ITpumep. Haiitn 4acTHOE pelieHue YpaBHEHUS Y —y-tgx= —y2 cosx,
YIIOBJICTBOPSIONICE YCIOBUIO y(O) =0,5.

JlanHoe ypaBHEHUE ABIISIETCA ypaBHEHUEM bepuynu:
Y+ f(x)y=y"gx), n#l, n#0; f(x) u g(x) — usBectHple pynkuuu. s €ro peueHus
(KaK ¥ 7151 IMHEHHOTO YPAaBHEHMS) PUMEHSIEM MOJICTAaHOBKY y(x) = u(x)-v(x), rae u(x),v(x)—
HenpepblBHbIE (QyHKUMM aprymeHta x. Haiiném npousBoanyto y'(x), NPUMEHUB NPaBUIIO
T depeHIMPOBaHUS IPOU3BEACHUS IBYX (DYHKIIMM:
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Y'(x) =u'(x)-v(x) +u(x)-0'(x),

y' =u'v+uv'.

Torza JaHHOE ypaBHEHHE TTPUMET BHI:

u'+uL —uv-tgx = —u’v’ cosx

WIN

W' —u-1gx)+uv' = —u’v? cosx.

Bri6epem ¢pynkuuo u(x) Tak, 9to0obl u'—u-tgx =0.

[Ipu TakoM BBIGOPE QYHKIMH #(x) MBI IOJTyYAEM JIBA YPABHEHUS:
a)u' —u-tgx=0;

6) v’ =-uv’cosx.

[leppoe ypaBHeHHE (a) SABISETCA YyPAaBHEHHEM C DA3IENSAIONMMH  HEPEMEHHBIMH

OTHOCHUTEIBLHO U U X.

du du du 1
——u-tgx=0, —=tgx-dx, I—zjtgxdx, Inu=-Incosx, u= .
dx u u coS X

3necy mnpousBosibHas rmoctosiHHas C =0. IloacraBuB HaiiieHHOE 3HAY€HHE U B
ypaBHeHue (0), TOJIyInM:

1 dv 1 1
V' =— vi.cosx, —5=dx, —=x+C, v= .
COS X -V v x+C
Torna:
1 1 1
y =Uu-L= . =
cosx x+C (x+ C)cosx
WIH
1
y =————— — o0l11iee pelIeHne 3alaHHOr0 ypaBHEHHUS.
(x +C )cos x
Hcnonb3ys HauaapHbIE YCIOBUS, HAXOAUM 3HaYEHHE ITPOU3BOJIBLHOM 1oCcTOssHHOM C.
1 1 I 1
———, —=—, (=2
2 (0+C)cos0” 2 C
1
CnenoBarenbHO, y=-——=——— — 4YaCTHOE PELICHHUE, YAOBIECTBOPSAIOLIEE 3aJaHHBIM
(x + 2)cosx

Ha4YaJIbHBIM YCJIOBUSIM.

1. 35 Jlekums Ne 35 (2 yaca).

Tema: «luddepenunaibHble ypaBHEHUS NMEPBOro NOPsAKA (MPOA0JLKEHNE)»

1.35.1 Bonipocsl JieKuuu:

1. OnHopoausbie 1Y u npuBoAsIIMECs K HUM.

2. 1Y B nonsbix qudpdepeHnmranax.

1.35.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Onnopoansie /1Y u npuBoasimuecsi K HUM.

@yHknua f(x;y) Ha3bIBACTCS OJHOPOJHOM N — IO U3MEPEHHsS] OTHOCUTEIBHO CBOUX

apryMeHTOB X W Y, €clu Ui JIo0Oro 3Ha4yeHus mapamerpa ¢ (KpoMme HYIs) BBITOJIHSAETCS

toxaectBo: f(tx,ty) =t" f(x, ).
HuddepenunanpHoe ypaBHeHHe Buaa y' = f(x, y) Ha3plBacTCd OAHOPOAHBIM, €CIIU €r0

npaBasi 4acTb f(x;y) €CTh OAHOPOJHAS (PYHKLMS HYJIEBOTO M3MEPEHHUS OTHOCHTEIHHO CBOMX

apryMeHTOB.
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JIro6oe ypaBHeHue Buga P(x,y)dx + Q(x,y)dy =0 sBIseTcs OJHOPOAHBIM, €CIIU
¢yukuun P(x, y) 1 Q(X, y) — ogHOpoHbIEe (YHKIIMN OJJMHAKOBOIO U3MEPEHUS.
Pemenue 11060ro 0HOPOIHOTO YpaBHEHUSI OCHOBAHO Ha MPUBEJCHUU 3TOTO ypaBHEHUS

K YPaBHCHHIO C Pa3aACIAIOIMUMUCA ICPEMCHHBIMU MOJACTaHOBKOM BUA f = l , y, =t'x+¢t.
X

2. 1Y B noanbix 1uddepeHuuasiax.

HuddepenunanbHoe ypaBHEHHE NEpBOro mopsiaka Buma: M (x,y)dx + N(x,y)dy =0
HA3bIBACTCSl YpaBHEHHEM B MOJHBIX AuddepeHnnanax, eciu JjeBas 4acTh 3TOrO ypaBHEHUs
npencTanisier co0oit moaHbi AuddepeHnnan HeKoTopoilt pyHkuuu u = F(x, ).

HNHTerpupoBanue TaKOro ypaBHEHUS CBOJIUTCS K HAXOXKJICHHUIO (DYHKIIMH U, ITOCJE YEeTO
pElIEeHnE JIETKO HaXoauTcs B BuAe: du =0; u =C.

YcaoBHe TOTAIBHOCTH — 3TO HE00X0AHMOe U I0CTATOYHOE YCJIOBHE TOTO, YTO JIeBas
yacTh Ju(pHepeHIINaIbHOTO YPAaBHEHUSI SIBJISIETCS MOJHBIM U depeHIIanoM:
oM (x,y) _ ON(x.y)
oy ox
OOuuii nHTErpas UCXOAHOTO U (epeHINATBHOIO YPAaBHEHUS UMEET BUJL:

IM(x, y)dx + ‘[{N(x,y) — %M(x, y)dx}dy =C.

Buabl nudPepenunajbHbIX yPABHEHUI EPBOT0 NMOPSAKA

Bun 1Y HasBanue Crnioco6 penienus
C ~
F()dy = g(x)dx pasIeCHHbIMH UurerpupoBanne o0eux 4vacreit
TIEpEMEHHBIMU papeHcTha
C
y'=gx)f(y) Pa3AENAOUMMUC «Pa3nensii u HHTErpUpyii»
TIIEPEMEHHBIMU
y'=1(x;p), Onsopoaioe [oacranoBka ‘= f,
Ax; Ay) = ;
S (Ax; Ay) = f(x;p) N
M B N = .
Y+ px)y=f(x) Jluneitnoe CTOM bEpHyIUI: Y =urV,

yi=u"v+u-v

y'+p(x)y=f(x)-y"

YpaBHeHuUe Meton beprymu:
’ bepnymiu v=u-v, y'=u"-v+u-v
nz0,n=l
u(x;y) = | P(x; y)dx + () ;
P(x; y)dx+ Q(x; y)a B momHbIX . I
, Pl(x;7) = 0.(x:) angpepenanax | 406 Y) =[O Y)dy +h(x).

u(x;y)=C — obmuit uHTETpan
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3 cemecTp

1. 36 Jlexnus Ne 36 (2 uaca).

Tema: «1Y BbICHIUX NOPSAAKOB»

1.36.1 Bonpocsl Jeknum:

1. OCHOBHBIE TTOHSITHS.

2. J1Y, nonyckaroniye MoHWKEHHUE MOPSIKa.

1.36.2 KpaTkoe coaep:kaHue BONPOCOB:

1. OcHOBHBIE MOHATHS.

JuddepeHunanbHpIM ypaBHEHUEM NOPSKA N HAa3bIBAETCSl ypaBHEHUE BUA:

’ (n)\ _
F(x,y,9,...,y")=0
B HEKOTOPBIX ClTydastx 3TO YypaBHEHHE MOKHO Pa3pelinTh OTHOCHTEIBHO y(n):

(n) _ ’ (n-1)
y _f(xayay 7"'ay )
Tak xe kKak u YpaBHCHUEC IICPBOro MHOpsAsAKad, YPAaBHCHHUSA BBICIIHUX MOPAAKOB HMCIOT
OECKOHEYHOE KOJIMYECTBO pemeHHﬁ.
-1
Pemenue y=(p(x) YAOBJICTBOPACT HAYaJIbHBIM YCJIIOBUAM xo,yo,y{),...,yé” ), €ClIn

O(x)=Vos QX)) =y e 5 ()= p5" .

Haxoxzaenue pemenust  ypaheHus  F(x,1,),...,y") =0, ygoenerBopsiomero

-1
HAYAJIBHBIM YCIIOBUSIM X(, Vs Vo see s y(()" ) Ha3BIBAaETCS pemiennem 3anaun Komm.

Teopema Kommu. (Teopema 0 HEOOXOAMMBIX M JOCTATOYHBIX YCIOBHUAX
cymecTBoBaHus pemenus 3agaud Kommu): Ecian ¢ynkums (n-1) —ii mepeMeHHBIX BHIA

-1 o
£, ,...,y" ™) B HexoTopoii 06macTi D (n-1)- MEPHOTO POCTPAHCTBA HENPEPHIBHA M HMEET

(n-1)

HEIpephIBHbIE YaCTHBIE MPOM3BOAHBIE MO V,),...,"" ), To KakoBa Obl He ObLia Touka (

-1 o
X5 Vo> Voses Vo) B 2TOI 06IACTH, CYIIECTBYET €IMHCTBEHHOE PelleHHe y = ¢p(x) ypaBHEHHs

-1
Y = (x5, "), onpeneneHHOro B HEKOTOPOM HHTEpBAIE, COAEPIKAIIEM TOUKY Xo,

-1
YIOBJIETBOPAIONIEE HAYATBHBIM YCIOBHAM Xy, Vo> Vs Vo

JuddepeHnpanbuble ypaBHEHHs BBICIIMX IOPSAIKOB, PELIEHUE KOTOPBIX MOXKET OBITH
HaWIEHO aHAIMTUYECKH, MOKHO PA3/IEIMTh HA HECKOJIBLKO OCHOBHBIX TUIIOB.

2. 1Y, nonyckamwmue NOHUKeHHEe MOPSIKA.

Vpasuenns Buga y" = f(x), F(x;y59") =0, F(y;y;y") =0 HasblBAIOTCS HEMOIHBIME
nuddepeHIraNTbLHBIMUA YPABHEHUSAMH, [ONYCKAIONIMMU MOHUKEHHUE MOPSIKA.

[Moumkenue mopsaka aupdepeHIManbHOr0 ypaBHEHUsT — OCHOBHOM METOJ PELIEHUs
YPABHEHUH BBICIIUX TOPSAKOB. DTOT METOJ JAET BO3MOKHOCTH CPABHUTEILHO JIETKO HAXOIUTh
pELIEHNe, OIHAKO, OH IPUMEHUM JIAJIEKO HE KO BCEM YPABHEHHSIM.

Bug 1Y Ocob6eHHOCTh Crnioco6 pemienus

y'=f (x) He coamepxariee JIByKpaTHOE HHTETPUPOBAHUE
yuy

F(x;y'5y") = He conepxaiiee [ToacranoBka y'=p(x),
Y y'=p'(x)

F(y;yy") - He conepxariee IToacranoBka y'=pOy),
x y'=p'p
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1. 37 Jlekumusi Ne 37 (2 yaca).

Tema: «JIOAY BTOpOro mopsizka»

1.37.1 Bonipocsl JieKUMuU:

1. JIn"eiHo 3aBUCHMbIE U JUHEHHO HE3aBUCUMBIE (DYHKIIUU.

2. ®CP. Onpenenutens BpoHckoro.

3. Ctpykrypa obmiero pemenus JIOY.

4. XapaKkTepucTUIECKOE ypaBHEHUE.

1.37.2 KpaTkoe conep:kaHue BOIPOCOB:

1. J/IuHeiiHO 3aBHCUMBbIE 1 JIMHEIHO He3aBUCHUMbIe QYHKIMH.

®ynknum y,(x) 1 y,(X) Ha3pIBalOTCSA JMHEHHO HE3aBUCHMBIMH Ha HMHTEpBane (a;b),
ecinu paBeHCTBO .V, (X)+a,y,(x)=0, rie ,,a, €R, BbIIOIHIETCS TOrJa W TOJBKO TOIJA,
xorna o, =a, =0.

®ynkun y,(x) U y,(x) Ha3BIBAIOTCS JMHEHHO 3aBUCHMBIMH Ha MHTEpBaie (a;b), ecin
XOTs OBl OJHO W3 YHCEN () WIA (, OTINYHO OT HYJIs M BBIIOJHACTCS PaBEHCTBO
ay,(x)+a,y,(x)=0,rne o,a, €R.

®ynknun y,(x) n y,(x) ITUHEHHO 3aBHCUMBI Ha UHTEpBale (a;b) TOTAA M TOJIBKO TOT/A,
",

KOTZJa OHM NPONOPLUOHAIBHEI, T.€. IS BCEX X € (a;b) BBIIOIHIETCS PABEHCTBO @)
VX

b

A —const .
2. ®CP. Onpenenurenb Bponckoro.

Jnst nByx nuddepenuupyembix Gpynkuuin y,(x) u y,(x) onpenenurenem Bponckoro
(BpOHCKI/IaHOM) Ha3bIBACTCA OIIPCACIMUTECIIb BU/IA

X X

W(x)= yl]( ) J’f( )

»n(x) y(x)

Ecnu nuddepentupyembie GyHkunu y,(x) u y,(X) JIMHEHHO 3aBUCHMbI HA UHTEpBAIIE

(a;b), TO Ha 3TOM MHTEpBaJIe onpenenurens Bpouckoro W (x)=0.

Ecnu nuddepenunpyemsie byHkumu y,(x) u p,(X) IMHEHHO HE3aBUCUMBI HA HHTEpBAJIC
(a;b), TO onpeaenuTesb BpoHCKOro Ha ’TOM MHTEpPBAJIE HUTJE HE 00palllaeTCcs B HYJIIO.

JluneitnsiM onHOpOAHBIM JuddepeHnranbHbiM ypaBHeHueM (JIOY) Broporo nopsizika
Ha3bIBACTCs ypaBHEHUE Buga y" + p(x)y'+q(x)y =0, rae p(x) u g(x) — QyHKIMH, 3aBUCAIINE
OT apryMeHTa X.

Teopema. Eciu dynkuun y,(x) U y,(X) SBISIOTCS YaCTHBIMH PELICHHSIMH YpaBHCHHS
V'+ p(x)y'+q(x)y=0, TO pemeHueM OTOr0 YpaBHEHUS SABISIETCS TaKkKe (QYyHKUIUS
y=Cy,(x)+C,y,(x), rne C, u C, —npou3BoJbHbIC IOCTOSHHBIC.

dynaameHTaibHOM  cuctemoit pemenuit  JIOJY BTOporo mopsiika Ha3bIBaeTCA
COBOKYITHOCTB JIBYX JINHEHHO HE3aBHCUMBIX pereHuid y,(x) u p,(x).

3. Ctpykrypa oomero pemenust JIOJAY.
Teopema (cTtpykrypa obmero pemenus JIOAY Broporo mopsinka). Ecau aBa 4acTHBIX

peurenus y,(x) u y,(x) JIOAY Broporo mopsaka o0pa3yloT (HyHIaMEHTAIbHYI CHCTEMY, TO
o0ImuM peleHueM 3TOro ypaBHEHHUS ABIISICTCA COBOKYITHOCTb byHKIMH
y=C-y(x)+C,-y,(x),tne C,C, €R.

Haiitu oOmee pemenue auddepeHunaIbHOro YpaBHEHMsT BTOPOro  HOpsIKa
y"+2y'—3y=0. Haxonum oOrmiee pemieHne OJHOPOJHOTO YpaBHEHUS y”+2y'—3y=0.
Xapakrtepuctudyeckoe —ypaBHenue k°+2k-3=0 wumeer xopuu Kk =-3 wu k,=1.

-3
CnenoBatensHo, y, =Ce ™ +C,e".
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4. XapakTepucTuieckoe ypaBHeHHe.

Ecnu ko3 duumentsl p u g NOCTOAHHBI, TO ypaBHEHUE )"+ py'+ qy = 0 Ha3bIBaeTcs
JUHEHHBIM OJHOPOIHBIM UG depeHIaTbHBIM YPAaBHEHUEM BTOPOrO TMOPSAKA ¢ TOCTOSTHHBIMU
KO3 UILIMEHTaMH.

Xapakrepuctuueckum  ypaBHeHueM JIOJY  Broporo mopsanka '+ py'+qy =0

HA3BIBACTCS KBAJPaTHOE ypaBHeHue Buna k- + pk+q=0.

Bun 1Y HasBanue Cnoco6 pemieHus
y'+p-y'+gq- JOAAY ¢ C  1moMOImBI  XapaKTePUCTUUYECKOTO
IIOCTOSIHHBIMH ypaBHEeHUS k> +p-k+g=0:
K03 hHITUEHTaMHU
(1)(1) a) D > 0 : k.= 2 t \/B =
1,2 2
y=C,e"* +Ce"";

ki x kyx
y=Ce"" +C,xe"";

2

B) D<O0: az_p;b= 4q-p =
2 2

y=Ce" cosbx+C,e"" sinbx;

1. 38 Jlekumsi Ne 38 (2 yaca).

Tema: «JIHAY BTOpOro mopsizka»

1.38.1 Bonpocs! Jiekumu:

1. Ctpykrypa obmiero pemenust JIH/Y.

2. JIHJY BToporo mnopsiika ¢ IpaBod 4YacThi0 cnenuanbHoro Buaa. Ilonbop uvactHOro
peuieHusl.

3. Cucremsl 1ud depeHIManbHbIX ypaBHEHUH.

1.38.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Crpykrypa o0mero pemenus JIHAY.

JlunelinpiM  HeomHOpOIHBIM  nuddepeHnmanpabiM - ypaBHeHueM (JIHJY) BrToporo
HOpsiIKa Has3bIBaeTCsA ypaBHEHHME Buaa )"+ p(x)y' +q(x)y = f(x), tone p(x), q(x), f(x) —
(GyHKIIMH, 3aBUCSIINE OT apryMeHTa X .

Teopema (ctpykrypa obmero pemenus JIHIAY BToporo mopsiaka). OOmmM pemnieHrnem

V.., JIHAY BToporo nopsinka y"+ p-y'+¢q-y = f(x) ABageTcs cymma oOLIEro pelmeHus y,
cootrBercTBytomero JIOAY Broporo mnopsaka y"+ p-y'+¢q-y=0 H ero mnpou3BOJIBHOIO
YaCTHOTO PEWEHUs V, .0 Vo, =Voo T Vuu-

2. Merton Jlarpanska.

Ecmm y,,=Cy +C,y, - obmee pemenue JIOAY 3"+ p-y' +g-y=0, 10 0bImee

pemwenne JIHAY y"+p-y'+q-y= f(x) pasuo y,, =C/(x)y, +C,(x)y, npu ycioBuu, 4ro

C(x)= J‘ %(ix)dx, C,(x)=- J‘ J lf((xx)dx , W(x) — omnpenenutenb BpOHCKOTro sl 4aCTHBIX

) w(x)

petrenuii y,(x) u p,(x).
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3. JIHAY BTOpOro mopsizka ¢ npaBoil 4YacTbi0 crnenuajJbHoro suaa. Iloxdop
YACTHOI'O pPelleHns.

Bug 1Y HazBanue Crnioco6 pemeHus

V'+py + JHOY c Bun npasoii yacTu:

=/() | TOCTOTRKEMY L f@=e" PBx)= y, =x"e"P ()
KoIppHLTCHTaMx L f(0) =" (B, (v)cos fic+ O, (x)sin fir )=

U IIPaBOM 4YacCTbIO o ~ ‘
CIELUAaIbHOrO BUAa | V,, =X -é€ (PS (x)cos fx+ O, (x)sin ﬂx)

[ —4ducno coBmajgeHUW o« + fi C KOpPHAMHU
XapaKTepUCTHUECKOI0 ypaBHEHMUS;

s = max{n; m};

Py (x)=4; R(x)= Ax+B;

5 2
P,(x)=Ax" +Bx+C- MHOTOUJICHBI c
HEOIpeJeICHHBIMU KO3 PULHeHTaMU

1. 39 Jlekumsi Ne 39 (2 yaca).

Tema: «3HaAKOMOJIOKUTEIbHBIE PAABI»

1.39.1 Bonpocsl JieKuuu:

1. [ToHnaTHE YKCIOBOTO psIa.

2. [Ipumepsl cxoad1uUXcs U pacxoAaIuXcs psaoB.

3. CBoiicTBa psI0B.

4. HpI/I3HaKI/I CXOOANMOCTH 3HAKOITIOJIOXKUTCIBbHBIX pSIHOB.
5. DTaJIOHHBIE PSJIBL.

1.39.2 KpaTkoe coaep:kaHue BONPOCOB:

1. ITonsiTHE YN CIOBOTO PsAAA.

qI/ICJIOBBIM pHI[OM Ha3bIBACTCA 6€CKOH€‘-IHO€ BBIpa)KeHI/Ie BHU1a

a +a,+as+..+a,+..=Y a,,
n=l1

rue 4, a,, as,...— 4ICHbI psiga, @, —OOLIUH WIeH paja.

YactuuHble CyMBl psiga

Si=a; S,=a+a,; S;=a,+a,+a;; ... S =a+a,+a;+a,+..+a,.
$,8,,8,...,8

4 » +-» — IIOCIIEAOBATEIBHOCTD YaCTUYHBIX CYMM psJIa.
Ecnu npenen mociaenoBaTebHOCTH YAaCTUYHBIX CYMM CYHIECTBYET M KOHEYEH, TO 3TO
YHUCIIO S Ha3bIBACTCA CYMMOM Psia, a CaM Psijl Ha3bIBAIOT CXOASIIMMCS:

S=1lims§,.

n—»
Ecmu nmpeacia nocjacaoBaTCIIbHOCTH YaCTUYHBIX CYMM HE CYHICCTBYCT WJIUM I3TOT MPCACIT
PaBCH 66CKOH€‘IHOCTI/I, TO pAd HA3bIBACTCA paCXoaAIIUMCA, H OH CYMMbI HC UMCCT.

2. IIpumepsl CXOASIIMXCH H PACXOASIIUXCS PAAOB.

R
H HMCEPHBI CXOOJAIUXCA PAOO0B: ) .
prvep P ;2-5" ;n2+6n+8

1 1 1 1 1
IIpumepsn! pacxogsamuxcs paaoB: 3—3+3-3+3-3+...; —+—+—+—
PHNEPRIP i P 3 5 7 9 11
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2 2 2
+ + +...+ +....
3.5 5.7 7-9 (2n+1)2n+3)
Pemenne. OGmumii wieH @, MOXHO MPEICTABUTh B BUJE CYMMBI JIBYX CJIaraeMbIX:
2 1
2n+1)2n+3) 2n+1 2n+3°

Torna n —as yactuuHas cymma psiaa S, =a, +a, +a; +...+a, | +a, pasua:
1 1 1 1 1 1 1 1 1 1 1 1
S =l=-—=|+|=—=|+|=—=|[+..+ - + - =——
3 5 5 7 7 9 2n—-1 2n+1 2n+1 2n+3) 3 2n+3

ITo onpeneneHno CyMMBI psijia MoJIydaeM:

S=I1imS, =lim 11 :l_
n— noe\3 2n+3) 3

Haiitu cymmy psina

OrBer: l
3
3. CBoiicTBa psii0B.

o0 o0
1. Ecnu psin Zan CXOJIUTCS M €ro cymMMa paBHa S, TO psia ZCﬂ,7 , Toe ¢ = const ,

n=1 n=1

TAKKC CXOAUTCA 1 €0 CyMMa paBHA C - S.

2. Ecnu psin Zan CXOIMTCS C CyMMOH S, U psif an CXOIMTCS ¢ CyMMOH S,, TO psn
n=1 n=1

Z(an +b, ) cxomuTes u ero cymma pasa S, + S, .

n=1

3. OtOpacbiBaHUE U AONUCBHIBAHME KOHEUHOIO 4YKCJa WIEHOB psAJla HE MEHseT (akra
CXOIMMOCTH, HO MEHSET CYMMY CXOJSALIETOCs psaa.

CnenctBust U3 CBOWCTB PSIZIOB:

1. Cymma cxopsierocss U pacxoIsLierocs psoB €CTh Psii PACXOAAIIUICS.

2. Pa3HOCTBh UM cymMMa JBYX PacXOJsLINXCS PSJIOB, MOKET ObITh KaK CXOIALIUMCS, TaK
U PacXOJALIMMCS PSAIOM.

3. IlpousBeneHne pacxosIIErocs psjia Ha JEHCTBUTENBHOE YHUCIIO, OTIMYHOE OT HYJI,
€CTb pacXOoIsAIIMics psa.

o0
HeoOxonumoe yciioBue cXOAUMOCTH psfia: €CIU Pl Zan cxogured, To lima, =0.

n—»o
n=1

%
JlocTaTOYHBIN IPU3HAK PACXOJAUMOCTH psja: ecinu lima, # 0, TO pan z a, PacXOIHTCS.
n—»0 n=1
4. Ilpu3HaKM CXOAUMOCTH 3HAKOMOJI0KUTEIbHBIX PSAI0B.
UucnoBoii  psn, B KOTOPOM  BCE  WIEHBl  IOJIOKMUTENIbHBI,  HAa3bIBACTCS
3HAKOMOJIOKHUTEIbHBIM.
JlocTaTo4yHble MPU3HAKU CXOJUMOCTH 3HAKOIOJIOKUTEIbHBIX PSIOB:
1. [Tpusnak /lanambepa.

0
. . _a
JlaH 3HAKOMOJOXUTEIbHBIN Pl E a, wu cymecryer lim—=D. Torma npu: a)

=1 n—®0 an

D>1 pan Zan pacxomutcs; 0) D <1 psn Zan cxoauTcsi; B) mpu D =1 Bompoc o

n=1 n=1

0
CXOOUMOCTH psaa Z a, OCTacTCA OTKPLITBIM.

n=1
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2. Pamukanpubii pu3Hak Komm.

0
J1aH 3HAKOMOJIOKUTEIbHBIN Pl Zan u cymectByer lim4i/a, = K . Torna nmpu: a) K >1
n—>0

n=1

pan Zan pacxoautes; 6) K <1 psn Zan cxoautcs; B) mpu K =1 BOIMpOC O CXOAUMOCTH

n=1 n=1

o0
psaaa Z a, OCTAacCTCA OTKPLITBIM.
n=1

3. MurerpanpHabii npusHak Komu.

0
Ecnu unens! psiga Zan TakoBel, uto @, = f(n),Vne N, tne f(x) - HenpepbiBHas,

n=1
IMOJIOKUTCJIbHAsA, MOHOTOHHO YGBIBaIOIHafI Ha [a, + 00) ((1 > 1) (bYHKHI/Iﬂ, TO 3TOT psAa CXOAUTCA
(paCXO)II/ITCH) TOorAaa M TOJIBKO TOrAa, Koraa CXOOUTCA (paCXOI{I/ITCﬂ) HECOOCTBEHHBIN HHTCTIpal

I f(x)-dx.
5. DrajioHHBbIE PAABI.

1. Pax reomerpudeckoil mporpeccuu Zbl -q""'=b +b-q+b-q" +..: cxonurca Tpu

n=1

|q| <1; pacxoautcs npu |q| >1.

o0
2. O6061H€HHBII71 l"apMOHI/ILIGCKI/Iﬁ paa Z_a: CXOJUTCs IIpU o > 1, PaCXOaUTCA IIpHU
n=1

a<l.

00

3. Tapmonuueckuit psjg Z— pacxomutrcs  (momydaercs u3  00OOIIEHHOTO

n=1

rapMOHHMYECKOI0 psiia npu « = 1).

1. 40 Jlexuust Ne 40 (2 gaca).

Tema: «3Hakouepenyromuecs psiibb

1.40.1 Bonpocsl JieKuMu:

1. [TonsTHE 3HAKOUEPEIYIOIIETOCS pAa.

2. llpusznak JleitOnuna.

3. 3HakonepeMeHHbIe pAabl. JlOCTaTOYHBINA MPU3HAK CXOAMMOCTH.
4. AGCONIOTHAs U YCIOBHAs CXOJUMOCTb.

1.40.2 KpaTkoe conep:kaHue BOIPOCOB:

1. ITonsiTHE 3HAKOYEPEXYIOLIErOCs PAAA.

3HAKOUEPENYIOLIMMCS DPAJLOM HA3bIBACTCA DI BHUAA -D"™'.a , tne a, >0
peayto p p n

n=1
>0 a3 ).
n=l1 n=0

2. Ilpusnaxk JleilOHULA.
[Ipuznax JleitOHuIa CXOAIUMOCTH 3HAKOUEPEAYIOLIETOCS Psijia: 3HAKOUEPEAYIOIIHICS Psif

no

4 —a,+a,—a,+..= Y (-1)""'a, cXomurcs, ecnu a) @, >4, (n=1,2,...); 6) li_r)r;an =0; cymma
n=1

SHAKOYCPCAYIOLIETOCH psaia HC MPCBOCXOAUT IICPBOr0 WICHA JAHHOT'O pAda.
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3. 3nakonepemMeHHbIe psiAbl. /l0CTATOYHBIN NPU3HAK CXOMMOCTH.

3HAKONEpEMEHHBIM  PSIIOM  HasblBacTCad  psij i”n’ B KOTOPOM IPUCYTCTBYET
n=1
0OECUMCIIEHHOE MHOXECTBO IIOJIOKUTEIbHBIX M OECUMCIEHHOE MHOXECTBO OTPHULATENIBHBIX
YIECHOB pAJa.
JlocTaTo4YHBINM MPU3HAK CXOAUMOCTH 3HAKOIIEPEMEHHOTO PsAa: €CIU PsAJll, COCTABICHHBIN
13 a0COJTIOTHBIX BEJIMYMH 3HAKOIIEPEMEHHOI'O psijia, CXOAMUTCS, TO U CaM 3HAKONEPEeMEHHBIN psizt
CXOOUTCH, T.€.

0 0
eciau Zun :|u1|+|u2|+...+ u,|+... cxomurcsi, TO U Zun =u +uy+..tu, +..

n=1 n=1

CXOJIUTCSL.
4. AOCOIIOTHASI M YCJIOBHASA CXOAMMOCTb.

o0
PSI,H C TPOHU3BOJIBHBIMH YJICHAMU Zun Ha3bIBACTCA CXOOAIINMCA 8.6COJHOTHO, CCJIn

n=1

CXOMUTCA PSf Z

n=1

ul’l

% % o
Ecnu psan Zun CXOOUTCS, a P Z|un| pacxoauTcs, TO psij Zun Ha3bIBAETCS YCIOBHO
n=1 n=1 n=l
CXOZSIIHAMCA.
IIpusnak Jlasam0epa a0COI0THOM CXOAMMOCTH.

o0
. . |u
JlaH 3HaKOIIEpEMEHHBIN Pl Zun u cymectByer lim—“*'=D. Torma mpu: a) D >1
oy n—>0! un

pan Zun pacxoautes; 6) D <1 pan Zun cxoautes; B) D =1 BOIpoOC 0CTAaeTCsi OTKPBITHIM.
n=1 n=1

Pamukanbubiil npusHak Komm adco1r0THOM CXOAMMOCTH.

JlaH 3HAKONEPEMEHHBIA PsL Zun u cymecrByer lim%/ju,| =K. Torna npu: a) K >1
n=1 n—>0

pan Zun pacxonutcs; 0) K <1 psin Zun cxoautcs; B) K =1 Bompoc o CXOAMMOCTHU psija

n=1 n=1

00
Z U, 0CTacTCsa OTKPBITHIM.
n=1

CaolicTBa a0CONMIOTHO CXOAAIMXCS PSATOB
1) Jina abGCcoMmOTHON CXOOMMOCTH psaa Zun HEOOXOAMMO M JJOCTaTOYHO, YTOOBI €ro

MO>XHO OBUIO MPEACTABUTH B BHJE PA3HOCTU JBYX CXOMISIIMXCS PAIOB C HEOTPUIATEIbHBIMU
qJICHAMH.

CnencrBue. YCIOBHO CXOISAIIUNUCS PAl SBISIETCS Pa3HOCTHIO ABYX PACXOSIIIUXCS PSIOB
C HEOTPHULATEIIbHBIMU CTPEMSALLIUMUCS K HYJIIO YWICHAMH.

2) B cxopsmemcs psije aro0ast rpyniupoBKa WICHOB psijia, HE H3MEHSIONIAs WX MOPSIKa,
COXPAHSET CXOAUMOCTD U BEJIMUUHY PAJA.

3) Ecnu psn cxoautcst aOCOMIOTHO, TO Psifl, TOJYYCHHBIA M3 HETO JIF000M NepPecTaHOBKOM
YJICHOB, TaK)Ke€ a0CONIFOTHO CXOAUTCS U UMEET TY KE CyMMY.

[lepecTaHOBKOI 4JIEHOB YCJIOBHO CXOJSIIETOCS psia MOXHO IOJIYyYHUTh YCJIOBHO
CXOIAIIUUCA P, UMEIOLIUHI JTI00YI0 HAanepe1 3aIaHHYI0 CYMMY, U JTaKe PaCXOISAIIUNACS PsI.
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1. 41 Jlexuus Ne 41 (2 gaca).

Tema: « DyHKUMOHAJbHBIE PAABI»

1.41.1 Bonpochkl JieKnuu:

1. [TousTre GpyHKIMOHAIBHOTO pAJa.

2. PaBHOMEpHas CXOUMOCTb.

3. Crenennsie psaabl. Teopema Abens. Paanyc u uHTEpBaI CXOIUMOCTH.
4. Pan Teitnopa u Maxnopena. PaznosxeHue sneMeHTapHbIX QyHKLIUN B PsI.
5. IlpumeHenue psaoB.

1.41.2 KpaTkoe coaep:kaHue BONPOCOB:

1. TonsiTne GyHKIMOHAJIBLHOIO P,

OYHKIIMOHATBHBIM PSAJIOM Ha3bIBACTCA PsiJl BUIA

u(x)+uy(x)+..Fu,(x)+...= iun(x) ,

rae u,(x) —yHKIUH, 3aBUCAIIKE OT apryMEHTa X .

COBOKYITHOCTb 3HAUEHUH X, IPU KAKJIOM U3 KOTOPBIX COOTBETCTBYIOIIUM YMCIOBOM Psif
CXOJIUTCS, HA3BIBACTCS 00IACTHIO CXOAUMOCTH (DYHKIIMOHAIBHOTO psija.
B obnacTtu cxonuMocCTH onpeesieHbl PyHKIIMH:

S, (%) =u,(x) +uy(x)+...+u,(x) — n—s yacTuuHas cymma GpyHKIHMOHAIBHOTO PSI/Ia;

S(x)=1imS, (x) — cyMMa (yHKIIMOHATIBHOI'O PAAA.

u, (x)].

o0 o0
Pan Zun (x) Ha3bIBaeTCS a0COTIOTHO CXOJISIIMMCS, €CITH CXOIUTCS PSIJT Z

n=1 n=1

2. PaBHOMepHasi CXOAMMOCTb.

0
Unenamu psaaa Zun (X) SABJIAIOTCA (bYHKI_II/II/I, 3aJIaHHBIC HAa OJJTHOM H TOM XC HMHTCPBAJIC

n=1

[a;b] , S(x)=1im S, (x) — cymMMa QyHKLHOHAIBHOTO PsfA.

0
Psin Zun (x) Ha3BIBaeTCS CXOISIIMMCS PABHOMEPHO, €CIIH maX|S (x)-S, (x)|—> 0.
a<x<b n—»
n=1
Jlnst TpoBepKM PABHOMEPHOW CXOJAMMOCTH TIPUMEHSIETCS JIOCTaTOYHBIA TPU3HAK
Beiiepmrpacca:

% %
Ecnu Bce |f”(x)| <a, Zan <o, n=123..., a<x<b, To pin Zun(x) pPaBHOMEPHO
n=1 n=1
CXOIUTCSL.
CBoiicTBa paBHOMEPHO CXOASAILIUXCS PAAOB:
1) Cymma paBHOMEPHO CXOJSIIETOCS Psiia U3 HENPEPBIBHBIX (DYHKIUH TaK)KEe HE MOXKET
UMETb Pa3phIBOB.
2) Pan, cxoasuuiicss paBHOMEPHO, MOXKHO MOYJIEHHO HHTETPUPOBATh.
3) Pan, cxonsmuiics paBHOMEPHO, MOXKHO MOYJIEHHO UG GEpeHIIpPOBaTh.
3. Crenennsble psiabl. Teopema AGensi. Paguyc u mHTepBaJ CXOAUMOCTH.

CTeneHHBIM PSI0M Ha3bIBAIOT PAJ BHA
ay +a,(x—x,)+a,(x—x,) +..+a,(x—x,)" +..= Zan(x —x,)"
n=0
WIIH
2 n _ - n _
ay+ax+ax +..+ax" +..= Zanx (ecmm x, =0),

n=0

Tae dy, Q), 0y, ..., 4,, ... — KOOPPUIUEHTHI psa.
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Teopema AGens. Ecnu creneHHou psn Zanx" cxogutes npu x=x, (x,#0), To oH
n=0

CXOJUTCA a0COJIFOTHO IIpU BCEX X, YAOBJICTBOPAOIINX YCIOBUIO |x| < |x1 )

€CJIU CTEIECHHOM piaa

Zanx" pacxoguTcsa IIpu X = X, (X2 * O), TO OH pacCXoAWTCA IPHU BCEX X, YAOBJICTBOPAIOIINUX
n=0

YCJIOBUIO |x| > |x2|

HeorpunarensHoe uucino R, Takoe, 4TO CTENEHHOM psl Zan(x—xo)" CXOOUTCS B
n=0

HHTCPBAJIC (XO—R;XO +R) H pacxoauTCsa BHC OTOI0 HMHTCpBalla, HA3bIBACTCA paauyCoM

CXOIMMOCTH ITOTO PsIJia, a HHTEPBAI (xo —R;x,+ R) — €r0 HHTEPBAIIOM CXOAMMOCTH.

JUis creneHHOro psna Zanx" : ecnmu R —ero paguyc CXOAHMMOCTH, TO (— R; R)—
n=0
MHTEPBAJ CXOAUMOCTH.
3ameuanue. Bennunny R MOXXHO HaWTH WM MCCIIEI0BAaHUEM a0COIIOTHOW CXOIAUMOCTH

psiaa no npusHaky Jlamam6epa, wim (ecim Bee @, # 0) mo popmyie R = lim @y
e an+l
OcHOBHbBIE CBOIiCTBA CTENEHHBIX PSAI0B:
1. CymMMa cTemeHHOTo psijia MpH BCEX 3HAYCHHUAX X W3 HWHTEpBAJIAa CXOJUMOCTH €CTh
HenpepbIBHASL (PYHKIINS.
2. CTeneHHoOM psij B €r0 MHTEPBAJIC CXOAUMOCTH MOKHO TTOWJIeHHO nudpepeHnnpoBath,

o0 o0

-1

r.e. S'(x)= Zanx" :Znanx" )
n=0 n=1

3. CreneHHON psii MOKHO MHTETPUPOBATH MO JIIOOOMY OTpE3Ky, COJAEp)KalleMycsl B
UHTEpBaJIe CXOJIUMOCTH, IPUUYEM

J-S(t)dt —J-[Za t" ldt = Za

<R.

4. Psan Teitisiopa m MakJiopeHa. Pasiiosxenne 3jieMeHTapHbIX QyHKIUH B psij.

o0
Ecmu (bYHKI_II/IH f(x) pasjiaractci B CTCIICHHOM paa Zan(x—xo)" ¢ o0JyacThro
n=0

cxogumoctu €2, TO 3TOT psf sSIBISETCA ee paaoM Teiaopa B TOUKE X, :

f( X,) f"( X,) JARED)
()= fx,) +7=02 =

YacrHslii BUA psaa Teﬁnopa pu X, = 0 IIPUHATO HA3bIBATh PsAOM MakiopeHa:

f(x) f(0)+ f(O) f"(O) x2 + o+ f(”)(())
2! n!
Pa3zno:xenue B CTeneHHOﬁ PAX 3J1eMeHTAPHBIX PyHKIMI
3 4
1) e =142+ 42 4% 4 cxomuesn opu X e(—oo; +oo).
o2t 3 4

(x—x,) +—(x—x,)" +...+ (x—=x,)" +....

X"+

2 3
2) a* —1+Tlna+?(lna) + 3 (Ina)® +...; cxomures pu xe(—oo;+oo).

3 5 7
X X

3) sinx = XX x X 'CXO,Z[I/ITC}IHI/IXE(—OO‘+OO)
N s P > T
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xz x4 x6
4) cosx =1——+-———+...; CXOOUTCS NIPH xe(—oo; +oo).

20 4 e
5)tgx=x+%x3+—x5+17 192

——Xx'+———X +...; CXOOUTCS NIpU Tox<Z
15 315 2835 2 2

1 (1 1 5 2 5 2 5
6) ctgx=——| = X+—X +——=xX"+——Xx +...|;cxomutci npu — 7 <X < T .
x \3 45 945 4725

2 3 4 5
x° x xT  x
7)In(lzx)=¢4x——+——-"—+"—— . ;cxoguTcanpu —1 < x<1.
) In( ) 2 3 4 5 P
. 1 ¥ 13 ¥ 1.3:5 x/
8) arcsmx=x+—-—+—-—+ -—+...;cxogutcs mpu —1 < x < 1.
2 3 24 5 2:4.6 7
x3 5 7

X
9) arctgx = x — 3 +?— +...;cxomutcs mpu —1 < x < 1.

10)
(1+x)" 1My m(m—l)xz N m(m—1)(m—2) - m(m—1)(m—-2)....m—n+1) o
I! 2! 3! n!
OMHOMUAIBHBIN PSII; CXOAUTCS B IpoMexyTke (—1;1).
3ameuanue. [Ipu T 1EeIOM U MOJIOKUTEIBHOM psiJi KOHEYEH, B IPOTUBHOM Cllydae —
OeCKOHEYEH.

5. IlpumeHeHue psiA0OB.

IIpumep. Breruncaute cos100° ¢ Tounoctsio 10 0,0001 .

Pemenne. Tax kak cosl00° =cos(90° +10") =—sinl0°, a 10° =% (paaman), TO

3 5 7
X

. X X X T
IMPpUMCHAA SIN X = — ——— +———+... H1moJjarag x = —, UMEEM:
o3 s 7 18
3 S 7
—sinl0° = —( ”/1 ‘18 - (”/31'8) + (”/51'8) - (”/71'8) + ) ~ —(0,17453 — 0,00089 + 0,00000 ) =

=-0,17364 ~-0,1736 .
OtBet: —0,1736 .
1

IIpumep. Beruncnute nHTErpa jxsin Jxdx ¢ TouHOCTBIO 10 0,001 .
0
Pemenue. [IpeaBaputenbHO MpeACTaBUM MOABIHTETPAIbHYIO (PYHKIUMIO B BHUIC
CTENEHHOTO psiia, JJIA 3TOTO0 HCIOJIb3YEM pa3liokeHHWe (YHKUUHU SinXx B CTECHEHHOW psI:
] X 3 5 .X7
sinx = ———+4———+...; CXOAUTCS IIPHU BCEX 3HAUYCHUAX X.

3aMEHMB X B pa3sIOKEHUU (QYHKIUU SIN X, HA X , HOJYyYUM:

sin v/x = +/x - ) + e () +

3! 5! 7!

xsina/x =xvx — + - +.=x2__ 4 7 4
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5 7 9 11

9
! 3 2 2 2 s B 3
stin\/;dxzj xz—x—+x——x—+... dx = 2x2_2x +2x —2x +
0 0 357 5 7-31 9.5 11-7

AR

Q

~ 0,4-0,0476 + 0,0019 — 0,0000 +... = 0,3543 ~ 0,354 .
OtBet: 0,354.

1. 42 Jlexnus Ne 42 (2 gaca).

Tema: «OcHOBBI TeOpHHU BEPOATHOCTEI»

1.42.1 Bonpocsl JieKIum:

1. Kombunaropuxa.

2. UcnbiTanue u coObiTre. Buspl coObITHi, HX Ki1accudukanus.

3. IToHsiTHe BEPOSITHOCTH ciIydyaitHOro coObITHs. CBOMCTBA BEPOSITHOCTH.
4. Pemenue 3a1a4 Ha HaXOXKACHUE BEPOATHOCTH.

1.42.2 KpaTkoe coaep:kaHue BONPOCOB:

1. KomOunaTopuka.

k
Pa3M€H_[eHI/I$IMI/I An Ha3bIBAKOTCA KOM6I/IHaI_II/II/I, COCTAaBJICHHBIC M3 11 PA3JIMYHBIX

AJIEMEHTOB MO K 3JI€MEHTOB, OTIMYAIONIMECS OJHA OT APYrOoM WM CaMUMHU DJIEMEHTaMH, WU
MOPSAAKOM UX CJICIOBAHUS.
Uuciio BCEeBO3MOXKHBIX pa3MEIICHUH U3 IT 3JIEMEHTOB 110 K BeIuucisiercs mo ¢popmyse:

A =n(n-1)(n-2)(n-3)...n—k+1)

0
[Monarator, uto A ,=1.

HepeCTaHOBKaMI/I Ha3bIBAIOTCA KOMGI/IHaLII/II/I, COCTOAIIME M3 OAHHUX MU TEX XKC II
Pa3JIUYIHBIX 3JIECMCHTOB U OTJIMYAIOIIUXCA TOJIBKO IHTOPAJAKOM UX CICAOBAHUA.

Yucno BCEBO3MOXKHBIX MEPpECTAaHOBOK M3 II 3JICMCHTOB 0003HaualOT cumMBosioM P u

n

BBIYHCIIAIOT 110 hopMmyrie:

P =123-..-(n=-2)-(n=1)-n=n!

CoueraHnsMH Ha3BIBAIOTCS KOM6I/IHaI_II/II/I, COCTAaBJICHHBIC U3 I PA3JIMYHLIX 3JICMCHTOB I10
K 371eMEHTOB, KOTOPbIE OTIMYAIOTCS XOTS ObI OJJHUM 3JIEMEHTOM.

Yucio coueTaHui U3 I 3IEMEHTOB 1o k MpUHATO 0003HaYaTh CHUMBOJIOM C,l,: . DTO0 4ucIo

BBIUKCIISIETCS 110 popMmyIe:
i n!

C k!(n—k)!

[IpaBmiio cymmbl. Eciiu s1eMeHT @ MOKHO BbIOpaTh m cHocobamu, a 3JeMeHT b — n
crocob6amu, TO BEIOOD «a WU b » MOXKHO cIeNaTh m + n CIOCOOaMH.

[IpaBmiio npousBeaeHus. Eciau aneMeHT a MOXXHO BbIOpaTh 7 crnoco0aMu, U MOCie
KaXKJ0I0 TaKOro BbIOOpa 3J1EMEHT b MOKeT ObITh BbIOpaH 7 croco0amu, TO BHIOOp «d U b» B
YKa3aHHOM MOPSAKE MOXHO CIENaTh /71 -1 ClIoco0aMHu.

2. UcnibiTanue U coObiTHE. Buabl cOObITHI, HX KiIacCHpUKAIHSA.

HcnpiTanue — OmbIT, IeHCTBUE WIIK HA0OP KaKUX-THOO yCIOBHIA.

CoObITHE — KaYECTBEHHBIN PE3y/IbTaT UCIBITAHUS.

Takoe coObITHE, KOTOpPOE MpPH HAIWYHMH HEKOTOPOTO KOMIUIEKCA YCIOBUH MOXET
IPOU30MTH WM HE HPOU30MTH, Ha3bIBAaeTCs ciydyallHbIM coObiTHEM. CoOblTHE Ha3bIBAETCSA
JIOCTOBEPHBIM, €CIH OHO O00s3aTeIbHO NPOU30IAET, €CIu TONbKO OYyIeT OcCyIIecTBIIeHa
OIpefie/IeHHass COBOKYNMHOCTh ycioBUil. COObITHE HA3bIBAETCSI HEBO3MOXKHBIM, €CIHM OHO INpHU
BBITMOJTHEHUH OIPEEICHHOTO KOMILIEKCa YCIOBHUI 3aBEIOMO HE MPOU30UIET.
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CoOwitust A, B, C, D Ha3bIBalOTCS HECOBMECTHBIMH, €CJTM HACTYIUICHHE KaKOT0-JIH00 13

HUX B YCIIOBUSX HUCIIBITAHUS MCKIIIOYAET BCSIKYIO BO3MOXKHOCTBH IOSIBIICHUS JIPYrOTO COOBITHUS
3TOW COBOKYITHOCTH.

CoOwitist A, B, C, D Ha3bIBaIOTCS COBMECTHBIMH, €CJIM B JJAHHBIX YCIOBUSX IMOSBIICHUE
OJIHOTO W3 ITHX COOBITHH HE HCKIIOYAeT BO3MOXHOCTH IOSIBICHUS APYTrOro COOBITHS 3TOU
COBOKYITHOCTH.

CoObiTus A, B,C,D cUdATalOT €AUHCTBCHHO BO3MOXXHBIMH B JAHHOM HCIIBITAHUH, CCIIH

OJIHO U3 3TUX COOBITHH U MPUTOM TOJILKO OJHO, 00s13aTEIBHO MPOU30UIET.
Cobwituss A,B,C,D Ha3bIBAIOTCS PaBHOBO3MOXXHBIMM, €CIM HET OCHOBAHUS

nmpeamnoJjaaratb GOJIBI_HYIO BO3MOXHOCTD NOABJICHUA OAHOT'O U3 HUX IIEPC BCCMU OCTAJIbHBIMU.
I[Ba CAMHCTBCHHO BO3MOXKHBIX u HCCOBMCCTHBIX COOBITHS Ha3bIBAIOTCA
IMPOTHUBOINOJIOKXHBIMHU. Ecmm OOHO U3 B3aUMHO IMPOTHUBOIIOJIOKHBIX COOBITHH 0003HAYCHO qucpes

A, TO npyroe NpuHATO 0003HAYATH A.

Ecin coObitust 4, B,C,D T1pu JAaHHBIX YCJIOBHSX SBISIOTCS HECOBMECTHBIMH U
€MHCTBEHHO BO3MOKHBIMH, TO TOBOPST, YTO OHU 00Pa3yIOT MOJHYIO CUCTEMY (ITOTHYIO TPYIITY)
COOBITHIA.

3. IloHsiTHE BEPOSATHOCTH CJIY4aiiHOr0 coObITHS. CBONCTBA BEPOSATHOCTH.

BeposiTHOCTBIO CcOOBITHST A Ha3bIBaeTCsl MaTeMaTH4yecKas OIlEHKa BO3MOYKHOCTH
MOSIBJICHUSI 3TOTO COOBITHS B PE3YJIbTATE OMBITA.

Kiaccuueckoe omnpezeneHne BepOSTHOCTH. BeposSTHOCThIO COOBITHS A Has3bIBacTCs
OTHOIIIEHUE YKMCJIA UCXOJIOB M , OJIArOMPUSTCTBYIOIIUX HACTYIUICHUIO COOBITUS A, K YUCTYy K

m
BCEBO3MOKHBIX UCXOJOB: P(A4) =—.

n
CBoiicTBa BEPOSITHOCTU COOBITHS:
1) BepoaTHOCTH 1OCTOBEPHOTO COOBITHS paBHA €AMHHUIIE.
2) BeposTHOCTH HEBO3MOKHOT'O COOBITHS PaBHA HYJIIO.
3) BepostHOCTh ciiydallHOTO CcOOBITHA — Oe3pa3MmepHas BeJIMYMHA, 3aKJIIOYEHHas B
UHTEpBaie (();1).
OTHOCHTENBHON 4acTOTON COOBITUA A Ha3bIBa€TCA OTHOLICHHE YUCHa m * MCTIBITAaHU, B
KOTOpBIX cOOBITUE A TMOSABUIOCH, K OOmEeMy uucily n* (QakTH4eCKH HpPOU3BEIEHHBIX
m *
ucneiTanuii: W(A) =
n
4. PeuieHue 32124 HA HAXO0K/IeHNE BEPOATHOCTH.
B maptuu uz 20 peraneir HaxomsTcs 4 OpakoBaHHBIX. Hayran BeiOuparor 5 meraneil.
Haiit BEposSTHOCTB TOTO, UTO CPEIU BEIOPAHHBIX JI€TaJeH ABE OKAXKyTCS OpPaKOBAHHBIMH.
Pemienue. BeposTHOCTP  BBIUMCIMM, HUCIIONb3YyS  KJIACCUYECKOE  OINpPEICICHHUE

m .
BeposATHOCTH P(A) = —. Uncno n BCEBO3ZMOXKHBIX MCXOJ0B PaBHO YMCTy coueTaHuit uz 20 mo
n

5, T.e.
_ O 2000 200 16-17-18-19-20
0 5120-5)! 515! 1.2-3-4.5
[ToncunTaem 4UCIO UCXOIOB M, OIATONMPHUATCTBYIOMUX COOBITHIO A. Cpenu 5 B3STHIX
Hayraj JeTajedl JOKHO ObITh 2 OpaKOBaHHBIX, OCTalbHBIE TPU — KadeCTBEHHBIX. YHCIO
croco00B BbIOOpa JBYX OpakoBaHHBIX JeTajlell U3 4 MMEIIUXCs OpaKOBaHHBIX PABHO YHUCIY
coueTtaHu u3 4 no 2:
= 4! 4 3.4
fo24=-2) 2120 1-2
Yucino cmocoOoB BbIOOpa Tpex KadecTBEHHBIX Aetanied u3 20 -4 =16 wumeromuxcs
Ka4ueCTBEHHBIX PABHO YMCIy coueTaHui u3 16 mo 3:

=15504 .
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s 160 16! 14-15-16
7 3116-3) 3L131 1-2-3
JlroOass rpymma KadyecTBEHHBIX JETale MOXKET KOMOWHHUPOBATHCA C JHOOOW Tpymmoin
6paKOBaHHI>IX, IO9TOMY 06IH€€ YHUCJIO0 UCXOJ0B M TI0 IIpaBUJIy ITPOU3BECACHUA paBHO
m=C;-C. =6-560=3360.

Torna nckomas BEposTHOCTb COOBITHSI paBHA

=560.

pay="1= 3390 6017
n 15504
OtBert: 0,217.

1. 43 Jlekuus Ne 43 (2 yaca).

Tema: «OcHOBHBIE TeOPEMbI TEOPUH BEPOSITHOCTEH

1.43.1 Bonpocsl JieKuMu:

1. Cymma 1 mpou3BeicHUE COOBITHIA.

2. Teopembl CTIOKEHHS 1 YMHOXKECHUSI.

3. ®opmyna nonHo BepositHocTu. Dopmyibl baiieca.

1.43.2 KpaTkoe coaep:kaHue BONPOCOB:

1. Cymma u npou3sBeieHre COOBITHIA.

CymMmoit aByx coObITUE A M B Ha3pIBalOT HOBOE COOBITHE, COCTOSIIEE B MOSBICHUHU
XO0T4 OBl OIHOTO U3 JAHHBIX COOBITHIA.

JIBa cOOBITHSI HA3BIBAIOTCSI HE3aBUCHUMBIMH, €CJIM TMOSBIEHUE OJHOTO U3 HUX HE BIHUSET
Ha BEPOSATHOCTH MOSIBICHUS APYroro COOBITHS B OJHOM M TOM K€ MCHBITAHWHU; B MPOTHBHOM
city4yae COOBITHSI HAa3bIBAIOTCS 3aBUCUMBIMHU.

[IpousBenenneM ABYX cOOBITUH A W B Ha3pBalOT HOBOE COOBITHE, COCTOSIIEE B
COBMECTHOM (OZHOBPEMEHHOM) IOSIBJIEHUU JAHHBIX COOBITHIA.

BepostHOCTh cOOBITHS B, BBIUMCICHHAs B MPEAIOJIO0KEHUHU, YTO APYyroe coobitHe A

Y€ OCYIIECTBUIIOCH, HA3bIBACTCS YCIOBHOM BEPOSTHOCTHIO U 3anucbkiBaetcst P, (B)

2. TeopeMBblI CJI0OKEHHS M YMHOKEHHSI.

Teopema 1. BeposTHOCTb HACTYyIUIEHUS XOTsA OBl OJHOTO M3 JBYX HECOBMECTHBIX
COOBITHI paBHA CyMME MX BEPOSITHOCTEH:

P(A+ B)=P(A)+ P(B)

Cuencreue 1. Cymma BepositHOcTel coObituii 4, , 4,, Ay, ... A,, 06pasyronmx noiHyo
Ipynily, paBHA €IUHUILIE:

P(A4)+P(4,))+P(A4)+...+ P(4,) =1

CaencrBue 2. CymMa BEpOATHOCTENW TPOTUBOIOJIOKHBIX COOBITUI PaBHA €UHUILIE:

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

Teopema 2. BeposITHOCTb COBMECTHOI'O HACTYIJICHUSI IBYX HE3aBUCUMBIX COOBITUI paBHA
IIPOU3BENICHUIO UX BEPOSTHOCTEM:

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

Teopema 3. BeposITHOCTE COBMECTHOI'O HACTYIUIEHUS JIBYX 3aBUCHUMBIX COOBITHI paBHa
IIPOM3BEACHUIO BEPOSITHOCTH OJJTHOTO U3 HUX Ha YCIOBHYIO BEPOSITHOCTb JAPYroro, BEIYMCICHHYIO
B IIPEJIII0JIOKEHUH, UTO IIEPBOE COOBITHE YKE HACTYIHIIO:

P(4-B)=P(4)- P,(B)

Teopema 4. BepoaTHOCTh HACTYIUIEHHUS] XOTSI OBl OJTHOTO U3 JIBYX COBMECTHBIX COOBITHIT

paBHa CyMMC BCpOHTHOCTeﬁ ITUX CO6I>ITI/II71 663 BCPOATHOCTHU UX COBMCCTHOI'O HACTYIIJICHUA:
P(A+ B)=P(A)+ P(B)- P(4B).
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3ameuanue. [lanHble TEOPEMBI MOT'YT OBITH 0000IIEHBI HA TPU U O0JIEE€ COOBITHSL.
3. ®opmyJia noJiHOM BepossiTHOCTH. @opmyJibl baiieca.
Teopema nosiHOl BeposiTHOCTU. BeposiTHOCTH cOOBITHUSL A, KOTOPOE MOXKET NMPOU30UTU

IPH YCJIOBHH OCYLIECTBJICHHUSI OIHOTO M3 HECOBMECTHBIX coObITHH (rHmore3) Bj,By,Bs,....B,,
00pa3yIoIMX MOJIHYIO IPYIILY, onpeaensercs GopMyoi:

P(A) = P(B) B, (A)+ P(B,)Fy (A) +...+ P(B,) B, (A)

@®opmynsl baiieca. Ilycth B pe3ynbrare MCHBITaHUS MPOU30LUIO COOBITHE A, KOTOpOE
MOTJIO HACTYIIHTh TOJBKO C KaXIbIM U3 coObiTHil By, By, B3, ..., B,, o0pa3yoomux MOIHY0O

rpyuny; P(B,), P(B,), ..., P(B,) 3apanee wusBectHbl. BepositHoctu rtumores By, By, ..., B,

rnocsie HacTymIeHus coobits A, 1.e. Py(B,), i =1, 2, ..., n, BBIMUCISAIOTCS 110 Bopmye:
P(B)F; (4)

PA(Bi): P(4)

1. 44 Jlexuus Ne 44 (2 yaca).

Tema: «IloBTOpPHBIE HCIIBITAHUS»

1.44.1 Bonipochkl JieKnuu:

1. Cxema bepnymnu. ®opmyna bepuymiu.

2. JlokanpHas Teopema Myaspa — Jlamaca.

3. ®opmyna Ilyaccona.

4. UnrerpanbHas TeopeMa Jlamnmaca.

1.44.2 KpaTkoe conep:kaHue BOIPOCOB:

1. Cxema Bepnysuin. ®opmya bepuysum.

[lycTh mpoOM3BOAATCS N HE3aBUCUMBIX HMCIBITAHUM, B KaXJIOM M3 KOTOPBIX BEPOSITHOCTh
MOSIBJICHHUSI HEKOTOPOTO COOBITHSI A OJWHAKOBA, HE 3aBHCUT OT HOMEpa UCHBITAHUS U paBHA p,

g =1—p — BEPOSTHOCTH HE TOSBICHHUS COObITHS B OnHOM ucnbitanuu. P, (k) — BeposTHOCTH
HOSBJICHUS B N UCTIBITAHUSIX COOBITUSL A POBHO & pa3 Bbiuucisercs 1no Gpopmyiie bepuymm:
PL(k)=Clpq™ =— prgrt,
k!'(n—k)!
Teopema. BepostHOCTh HacTyIIeHNS COOBITUSL A XOTS Obl OJIMH pa3 MpH MPOBEACHUU N
HE3aBHCHMBIX HCIbITAHUN paBHa P, =1-¢q".

[lycts k, — 4ucio NosiBIeHU COOBITUSL A , IMEIONIEr0 HAUOOIIBIIYIO BEPOSITHOCTD TIPU 71
UCIIBITAHUSAX, TOT/1a HEPABEHCTBO

np—q<ky,<np+p

olpezessieT HauBeposATHENIIIee YUCIIO TOSIBIEHUH COOBITHS IPU TOBTOPEHNUH UCTIBITAHUI.

2. JlokaabHast Teopema Myaspa — Jlamaca.

Ecnu uucio ucnelTaHuil 1 BENMKO, TO MpUMEHEHUE (GopMynbl bepHymuM HpUBOAMUT K
IrPOMO3AKMM BbluMcIeHUsM. Vcnonb3oBanue 53ToM (OpMynbl CTAaHOBUTCS MPAKTHUYECKU
HEBO3MOXXHBIM. B Takux ciyyasix OpUMEHSIOT NPHOIMKEHHYIO (OpMYIy, KOTOpasl BbIpa)aer
JIOKaIbHYIO TeopeMy Jlamiaca.

Ecnu BepoOsTHOCTh HACTYIUIEHUS COOBITHS A B Ka)KJJOM U3 I1 HE3aBUCHUMBbIX HUCIBITAaHUN
IIOCTOSIHHA M paBHa p (p OTIMYHA OT HYJS U €IUHUIIBI), a YUCIO I JOCTAaTOYHO BEIUKO, TO

BeposITHOCTH P, (1) TOr0, 4TO B 3THX HCIBITAHUSIX COOBITHE A HACTynuT T pa3 (6e3pa3indHo B

KaKO# MOCIe0BaTEIbHOCTH ) BEIYUCIIACTCS MPUOIMKEHHO 110 hopmyIie
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x
2

L o), e x =2y o=
. ,TIe X=——, a @(x)= e
\npq \npq V27

3. ®opmyaa Ilyaccona.
[TpumeHenne acuMnTOTHYECKOH (OPMYIIBI JIOKAIbHON Teopembl Jlammaca st cirydas,
Koraga BCPOATHOCTL P OnM3Ka K HYJIIO, IMIPUBOAUT K 3HAYUTCIIbHOMY OTKJIIOHCHUIO OT TOYHOTO

P, (m)=

snayenuss P, (m). Tlpu Mausix 3HAYeHUsX p (M [P MalbIX 3HAYECHHAX () MPUMEHSIOT

acuMmnrotuyeckyto popmyny Ilyaccona.

Ecnu BeposITHOCTh MOSIBICHUS COOBITUS A B KaXIOM M3 I HE3aBHCUMBIX HCIIBITAHHUMA
Maja, a YUCJIO MCHBITAHWM T JOCTATOYHO BEIUKO, TO BEPOSTHOCTH TOTO, YTO COOBITHE A
HACTYIUT T pa3, BEIUUCISIETCA MPUOIMKEHHO 10 (hopMyIie

m

A
P (my~~—e™*, tme l=np.
m!

4. UurerpanbHas Teopema Jlamaaca.
Ha npaxTtuke yacto TpeOyeTcs onpeleinuTb BEpOSITHOCTh TOrO, YTO COOBITHE A HACTYNUT

HEe MEHee T; pa3 U He OoJsiee T, pa3, TO €CTh YUCIIO T ONPENEIEHO HepaBeHCTBaMU M, <m < m,.
B Takux ciydasx mpuMeHSIOT HHTETpalbHylo Teopemy Jlammaca.

Ecnu BeposITHOCTh HACTYIJIEHUS COOBITHS A B Ka)JOM M3 I1 HE3aBUCUMBIX HCIBITAaHUI
MOCTOSIHHA M paBHa p (p OTIMYHA OT HYNS U €IUHUIIBI), a YUCIO I JOCTATOYHO BEIUKO, TO
BEPOSITHOCTH TOTO, YTO COOBITHE A B TAaKMX MCIBITAHUAX HACTYIIUT HE MEHEE T; pa3 U He OoJee T
2 pa3, BBIYHCISETCS MPUOIMKEHHO 1o Gopmye:

1 B X m, —np m, —np
P (m <m<m,)~ e *dx, rue == :3:2—/—
\/ZHZ,[ \ hpq npq

ZZ
2

1 ¢ - .
Oynkuus DP(x) = J-e dz HasbiBaercs ¢yHkuueil Jlammaca. VmeroTcst roToBble
0

N2
TabauIbl 3HaueHUH 3Toll QyHkuuu. Ecau monp3oBaTbcs TOTOBBIMM 3HAYEHUSMH (DYHKIUH
Jlannaca, To popmyny (16) MoXkHO 3anucarh Tak:

P, (m, <m<m,) ~ ()~ D(a).
Oynkuust D(x) sBiasercd HEUeTHOW, TO ecTb @(—x)=-@(x). IlosTomy Tabauna
3HauEHUH 3TOM (QPYHKUMU JaeTcs TOJbKO AJs MOJOKUTENbHbIX uncen. Oynkuus D(x) asusercs

MOHOTOHHO BO3pacTaloOIIel. MPU HEOTPaHMUEHHOM Bo3pacTaHuu X QyHKIusS D(X) cTpeMHUTbCS K
0,5.

1. 45 Jlekuus Ne 45 (2 gaca).

Tema: «/luckperHas cjy4ailHasi BeJMYNHAY

1.45.1 Bonipocsl JieKuMu:

1. Ilonsitue cnyvaitnoit BenuuuHbl. Ee BUABI.

2. 3aKOH pacHpeaesIeHns U MHOTOYTrOJIbHUK pactipeaencHus JCB.

3. HucnoBble XapaKTEepUCTUKH, KX CBOMCTBA.

1.45.2 KpaTkoe coaep:kaHue BONPOCOB:

1. lTousiTue caydaiiHoi BemunHbl. Ee BUABI.

CrnydaiiHOW Ha3bIBA€TCS BEIMUYMHA, KOTOPAsl B PE3yJIbTaTe UCIBITAHUS MOXKET MPUHATH TO
WJIM MHOE YMCIIOBOE 3HAYEHUE, IPUYEM 3apaHee HEM3BECTHO, KaKOE UMEHHO.

JluckpeTHO! (IpephIBHOM) HA3bIBAIOT CIy4YyallHYI0 BEJIMYMHY, KOTOpas IpUHUMAeT
OT/ACJIbHBIE, U30JUPOBAHHBIE BO3MOXKHBIE 3HAYEHUS C OMPEACIICHHBIMU BEPOATHOCTAMU. Hucino
BO3MOXKHBIX 3HAYEHUU JHUCKPETHOW CIIy4ailHOM BETUYMHBI MOXET OBITh KOHEYHBIM HIIU
OECKOHEYHBIM.
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HenpepsiBHON Cily4aiiHOM BEIMYMHOW HA3bIBACTCS TaKas BEJIMYMHA, KOTOpas MOXKET
IPUHUMATH J1I00bIE 3HAYEHUSI U3 HEKOTOPOI0 KOHEYHOI'0 MJIM OECKOHEYHOI'O MPOMEXKYTKA.

2. 3aKkoH pacnpesiesileHUs H MHOTOYI0JIbHUK pacnpenenenus [CB.

3aKOHOM pacHpeesIeHUs] TUCKPETHON CIydyallHOW BEJIIMYMHBI Ha3bIBAIOT COOTBETCTBHE
MEXJly BCEBO3MOXHBIMU 3HAYEHMSIMM M HX BEPOSTHOCTAMHU (OOBIYHO 3alMCBIBAIOT B BHJE
TaOJIHIIBI):

CaoiicTBO 3aK0Ha pacnpenenenus JICB: cymma BepoSITHOCTEH BCEBO3MOMKHBIX 3HAUEHUM

JICB paBHa enuHuie: Z p; =1.

i=1
3. UncjioBble XapaKTEePUCTUKH, X CBOMCTBA.
1) Maremarudeckoe oxxunanne: M(X)=x,p, +x,p, +...+x,p;, +...+x,p,

2) Mucnepeus: D(X) =M (X —M (X)) wm D(X)=M(X?)-(M(X))
3) Cpemnee kBapaTrueckoe oTkioHeHue: o (X) =/ D(X) .

CaoiicTBa MaTeMaTU4YECKOro CaoiicTBa aucnepcun
OXKUJAHHUSI

M(C)=C, C=const D(C)=0, C =const

M(C-X)=C-M(X) DX xY)=D(X)+D(Y)

M(X £Y)=M(X)+M(Y) D(C-X)=C*-D(X)

MX-Y)=M(X)-M(Y) D(X £C) = D(X)

1. 46 Jlexuust Ne 46 (2 yaca).

Tema: «Buabl pacnpeneaennit 1CB»

1.46.1 Bonipocsl JieKuMu:

1. bBunomMuanbHOE pacnpeeneHue.

2. Pacnipenenenue [lyaccona.

3. 'eomeTpryeckoe U TUIIEPreOMETPUYECKOE pacpeiesieHue.

1.46.2 KpaTkoe coaep:kaHue BONPOCOB:

1. bunoMuaJILHOE pacnpeaeseHue.

3aKoH pacrpeneieHus] CIy4aiHONM BeIWMYMHBI X , KOTOpas MOXKET MpUHUMATh 71+ 1

3HAYEHHE (O, L,2,.., n), onuceiBaeMblid hopmynoit bepHymu, Ha3piBaeTCs OUHOMHUATBHBIM.
Yucnossle xapakrepuctuku: M (X)=np, D(X)=npq,o(X)=+/npq .

2. Pacnpenenenue Ilyaccona.
3aKoH pacrpeneiacHusl CciaydyallHOM BelIMUYMHBI X , KOTOpas MOXET INPUHHUMATh LieJible

HEOTpHUIATEeNbHbIC 3HAYCHUS (O, L,2,.., n), onuceiBaeMblil (opmynoit Ilyaccona, Ha3biBaeTCs
3akoHoM [lyaccoHa.

Yucnossle xapakrepuctuku: M (X)=np, D(X)=np,o(X)=4/np.
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3. I'eomeTpuyeckoe U rUNepreoMeTpuYecKoe pacnpeaeacHme.

[lycTh mpOBOASATCS HE3aBUCHUMBIE HCHBITAHMS, B KaXJIOM H3 KOTOPBIX BEpPOSITHOCTh
nosiBieHus coobITus A paBHa p (0 < g <1) H, clernoBaTENbHO, BEPOSTHOCTD €r0 HE MOSBICHUS
g =1- p. VcuibiTanus 3aKaHYMBAIOTCS, KaK TOJBKO TMOSBUTCA COOBITHE A, TO €CTh €Cld
coObiTe A mosiBUIOCH B k-M HcCHBITaHUHU, TO B mpeablAymmx k-1 uchobITaHusIX OHO He
MOSIBUJIOCH.

Paccmorpum JICB X - 4uciO HUCHBITaHUM, KOTOPBIE HYKHO MPOBECTH /O IEPBOTO
nosiBfieHuss coObiTue A. Bo3MoxHbIMH 3HaueHUssMM X SBISIIOTCS HaTypajbHbIE YHCTA!
x =1Lx,=2x=3,...

[Iyctes B mepBbix k-1 ucnbiTaHusax coObiTHe A HE HACTYNMUIO, @ B K-M HUCHBITAaHUU
MOSIBUJIOCH. BEpOSTHOCTD 3TOT0 «CJIOKHOTO COOBITHS», IO TEOpPEME YMHOXKEHHUS BEPOATHOCTEN
HE3aBHUCUMBIX COOBITHIA,

P(X =k)=q¢""p.

[Tonaras k=1, 2, ... B popmyie (*) MoayduM reoMETPHUECKYIO MPOTPECCUIO C MEPBHIM
wieHoM p ¥ 3HaMmeHareneM g (0 < g < 1). [loaTomy pacnpenesieHre Ha3bIBalOT FEOMETPUUYECKUM.

[lycte B maptum u3z N wuzgenuit umeercs M crangaptHeix (M < N). U3 naptum
Clly4aiiHO OTOMpAIOT 71 U3/AEIUH, IPUYEM OTOOpAHHOE U3/IEIHUE IIepe]] 0OTOOPOM CIIEAYIOLIEro He
Bo3Bpaiaercsa. O6o3HauuM yepe3 X cilydailHyl0 BEJIMYMHY — YUCJIO 71 CTAHJAPTHBIX U3JENIUN
cpeau 7 OTOOpaHHBIX. BeposTHOCTH TOro, 4To cpeAau 7 OTOOpPaHHBIX OKaXETCsl POBHO M
Cy-Cyly

Cy

@opMyna  ompenenser  pacupelelieHHe — BEPOATHOCTEH,  KOTOPOE  Ha3bIBaIOT

TUIIEPTEOMETPUUECKUM.

CTaHJAPTHBIX BeIYMCIIsAETCs 10 hopmyne: P(X =m) =

1. 47 Jlexnus Ne 47 (2 gaca).

Tema: «Xapakrepucruku HCB»

1.47.1 Bonpocsl JieKum:

1. UnTerpanbHas GpyHKLMS pacnpeneseHus, €€ CBONCTBA

2. Iuddepenmansaas pynknus pacnpeaenenus HCB, ee cBolicTa.

3. Yucnossle xapaktepuctuku HCB.

1.47.2 KpaTkoe conep:kaHue BOIPOCOB:

1. UHTerpanbHas (pyHKIHSA pacnpeaesieHus, ee CBOlicTBa

WNuterpanbHoll pyHKIIMEN pacrpenesieHusi Ha3bIBalOT QYHKUHIO F'(x), ONPEAesIonIyio
BEPOSATHOCTb TOr'0, YTO CilydailHas BeauMuMHa X B pe3yslbTare MCIbITAHUS NPUMET 3HAYEHHE,
MEHBbIIEe X, T. €.

F(x)=P(X <x).

@OyHKIMS paclpeneieHus CYIIEeCTBYET KaK JUIsl HENPEPBIBHBIX, TaK U Ul AUCKPETHBIX
Cily4aiHbIX BelIMuuH. OHa NOJHOCTHIO XapaKTEPU3yeT CIydyallHyI0 BEJIUYMHY U ABISETCS OQHOU
u3 (HopM 3aKOHA paclpeaeIeHHUs.

JUis TUCKPETHOM CllydyaiiHOM BETMYMHBI (YHKIIUS paclpeeIeHUs UMEeT BU:

F(x)=Y P(X =x,)

X;<x

3HaK HEpaBEHCTBAa IMOJ 3HAKOM CYMMBl IIOKa3bIBa€T, 4YTO CYMMHPOBAHHE
pacrpocTpaHsieTcsl Ha TE€ BO3MOXKHbBIE 3HAYEHMsI CIydallHOM BEJIMUYMHBI, KOTOpPbIE MEHbILE
apryMeHTa X.
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@yHKIUA pacIpeneaeHuss JMCKPETHON CIydallHOM BEIMYMHBI X pa3pblBHA U BO3PACTacT
CKayKaMU IIPU MIEPEXOIE Yepe3 KAKI0€ 3HAUYCHUE X;.

BeposTHOCTE TOro, 4YTO HeENpephlBHAs CcllydaiiHas BeJIMdMHAa X IIPUMET OJHO
OIIpEZICIIEHHOE 3HAUYEHUE, paBHA HYIIIO.

Takum o00pa3om, HE MMEET CMbICIA TOBOPUTH O KAKOM — JMOO KOHKPETHOM
3HAYCHUM CIIydallHOM BeJMYMHBL. MHTepec NpencTaBisieT TOJIBKO BEPOSTHOCTH IONAJaHUs
Clly4alHOM BENWYMHBI B KakoW — MO0 MHTEpPBaj, 4YTO COOTBETCTBYET OOJBIIMHCTBY
IIPAKTUYECKUX 3a7ad.

IlepeiineM K OCOOEHHOCTSIM (DYHKLIMH paclpeneaeHusl IUCKPETHOW U HENpEepbIBHOU
CIIy4alHbIX BEJIMYMH.

Jlas JICB rpapux F' (X) UMEET pa3pbIBHbIN, cTyneHuaTelil BUl. ['padux pacnosnoxeH B
[10JIOCE, OTPAHUYEHHOU IpsAMBIMU y =0, y =1.

2. Inddepennuanbuas pynkuus pacnpenenenus HCB, ee cBoiicTBa.
HuddepenunansHoil ¢GyHKIHMEH pacrpeneneHuss (IUIOTHOCTBIO BeposATHOCTEH) f(x)

HENPEPBHIBHON CIIydallHOM BENUYHMHBI HA3bIBAIOT MPOM3BOJHYIO OT HHTETpalbHON (QyHKUIHU
pacrpeneneHus:

f(x)=F'(x)

[ImoTHOCTE pacmpenesneHus Takke HaszbiBaloT AU(@epeHUHATBLHON (PyHKuMer. Jlis
OTHUCaHUs JUCKPETHOM CIIy4ailHOM BEJIMUMHBI TUIOTHOCTH PACTIPECICHUS HEMpUeMIIeMa.

CMBICIT TUIOTHOCTH pachpefieNieHuss COCTOMT B TOM, YTO OHa IOKAa3bIBAeT KakK YacTo
MOSIBIISIETCS CllydaifHasi BelWynHa X B HEKOTOPOM OKPECTHOCTH TOYKH X MPU TOBTOPEHUU
OTIBITOB.

CaoiictBa F(x) CaoiictBa f(x)
1. l.OSF(x)<1 1. l. f(x)=0
2 2. F(x,)2 F(x,), ecin x, > X, 2. 2.
3. 3. Pla<X<pB)=F(f)-F(a) P(Q<X<ﬂ):ff(x)dx
4. 4. F(x)=0 npu x<a; F(x)=1 ”
nmpu x > b b
5.5 lim F(x) =0, lim F(x)=1 3.3 Jfaxc=1,
X €la; b]

3. YUucnossblie xapakrepucrukun HCB.

b
1) Maremaruueckoe oxunanue: M (X) = I x f(x)dx .

2) Ouenepens: D(X) = j (x—=M (X)) f(x)dx wnm D(X)= j X2 f(x)dx —(M(X))? .

3) Cpennee kBaaparuueckoe oTkjoHeHue: o(X) =+/D(X).
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1. 48 Jlexuust Ne 48 (2 uaca).

Tema: «Buasbl pacnpeneaenuniit HCB»

1.48.1 Bonpocs! JieKuuu:

1. PaBHOMepHOE paciipeiesieHue.

2. [lokazarenbHOE pacnpeneacHue.

3. HopMasbHbIi 3aKOH pacnpeeseHus, ero napamMmerpsbl.

4. Kpusas ['aycca. Ee cBoiicTBa u rpaduxk.

1.48.2 KpaTkoe conep:kaHue BOIPOCOB:

1. PapHOMepHoOe pacnipenesneHue.

HenpepsiBHast ciiydaiiHas BelIMYMHA MMEET PaBHOMEPHOE DAacCIpe]esieHue Ha OTpe3Ke
[a,b], eciu HA 3TOM OTpE3KE MIIOTHOCTh PACIPENEICHHS CIy4allHOM BEJIMUMHBI TOCTOSIHHA, a BHE
€ro paBHa HYJIIO:

0, nmpux<a
f(x)= ! ,npua<x<b

b—a

0, npux>b

0, npux<a
F(x)={=—=, npu a < x <b - uurerpanpuas QyHKIHs PABHOMEPHOTO PACIIPEICICHHUS.

1, npux>>b

b-a)’ 3(b-
Yucnoseie xapakTepucTuku: M (X) = ath , D(X) = ﬂ , o(X)= M )
12 6

Pla< X< p)= M — BEPOSATHOCTh NONAJAHUS B 3a1aHHBIA UHTEPBAJL.

2. Iloka3aTesibHOE pacnpenejieHue.
[TokazaTenbHBIM  (IPKCIIOHEHLMATBHBIM) HA3bIBACTCS PACIpPEACIICHHE BEpPOSTHOCTEH
HENPEPBHIBHOHN CIIy4aiiHOM BENTWYMHBI X, KOTOPOE OMUCKHIBACTCA MIIOTHOCTHIO:

0, npu x <0, 0, npu x<0,
f('x): “Ax > F('x)z Ax
A-e™", npu x2>0 l—e*", npu x2=0
UYucnossle xapakrepuctuku: M (X) = 1 , D(X)= € o(X)= L .

A o y)
-1 -1 o
P(O( <X < ,B) =e " —e M BEPOSITHOCTD ITONAJaHus B 3aJJaHHBIN HHTCPBAI.

—At (93
Oyukuus HagexxHocTn R(f) =e "' — BeposTHOCTL 6€30TKa3HON paboThl 3a BpEMS £ .

3. HopMasibHbIH 3aK0H pacnpeaejeHusl, ero napaMmerpsbl.
HopmasibHBIM HA3bIBa€TCS paclpeleeHue BEpPOSTHOCTEH HENPEPBIBHOM CIy4alHON
1 _M
2
BEJIMYUHBI, KOTOPOE OMKCHIBACTCS IUIOTHOCTHIO BEposATHOCTH: [(X) = T e %
oN2rx

MoxHO mOKa3aTh, YTO MAapaMeTpbl @ U O, BXOAAIIME B IIJIOTHOCTb PAacCHpPElEICHHUS
SIBJISIIOTCS  COOTBETCTBEHHO MATEMAaTHYECKMM OXHUIAHUEM M CPEIHHM KBaJAPAaTHYECKUM
OTKJIOHEHHMEM CIIy4aliHON BEINYNHBI X.

HopmaibHblii 3aK0H paclpeesieHus TakKe Ha3bIBaeTCs 3aKOHOM [aycca.

HopManbHblli 3aKOH paclpeneincHuss 3aHUMaeT LEHTPAIBHOE MECTO B TEOPHUH
BEPOATHOCTEH. JTO OOYCIOBIEHO TEM, YTO ATOT 3aKOH MPOSBISETCS BO BCEX CilydasX, KOrja
cilyyaiiHasi BeJIMYMHA SIBJIAETCS PE3y/IbTaTOM JEHCTBHUS OOJIBIIOTO YMCIA Pa3IMUHbIX (PAKTOPOB.
K HOpManpHOMY 3aKOHY NPUOJINKAIOTCS BCE OCTAJIbHBIE 3aKOHBI PACIIPEACTICHUS.

ITpu a =0 1 6 = 1 xpuBas Ha3bIBACTCSI HOPMUPOBAHHOM.
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BeposTHOCTh momanaHus Ciayd4alHOW BEIWYMHBI, PACHPEIEICHHON 10 HOPMAIBHOMY
3aKOHY, B 3aJlaHHBII MHTEPBaJ HaXOAUTCA IO hopMyIie:

P(a<X<ﬁ)=cD(ﬂj—cD[“_“J,

o o

42 .
rne @ (x) = 12/2 4y — pynkims Janaca Wi HHTErpail BepOSTHOCTEH.

|
—— J’ e
V2r

3HayeHus 3TOM (YHKLUMHU MPHU PA3IMYHBIX 3HAYEHUSAX X MOCUUTAHBl U NPHUBOJATCS B
CIEIHaJIbHBIX TaOIUIaX.

dynxnuto Jlamnaca sBiseTcs HeUeTHOH, T.e. D(—x) =—D(x).

IIpaBuno tpex curm: Ecnu cirydaliHas BeJIMYMHA MMEET HOPMAJIbHOE PACIPEIEICHUE, TO
OTKJIOHEHHE ITOH CIIy4yallHOM BEJIMYMHBI OT €€ MaTEMaTH4YECKOIO 0KUJaHUS 110 a0COIIOTHOM
BEJIMYMHE IPAKTUUECKHU HE MPEBBIINIAET YTPOEHHOIO CPEAHET0 KBAAPAaTUUYECKOIO OTKIOHEHUS:

P(X —a|<30)=0,9973.

4. Kpusas I'aycca. Ee cBoiicTBa u rpaduk.

I'paduik MIOTHOCTH HOPMAIBHOT'O paclpeieeHus Ha3blBaeTcs KpuBoii ["aycca.

1) KpuBasi CHMMETpPHYHA OTHOCUTEIBHO NPSAMONA X = a ;

2) dbynkuusa f(x) Bo3pacTaeT Ha (— 00; a) U yObIBaeT Ha (a; + OO)

3) GyHKIUSA UMEET MAKCUMYM B TOUKE a,L ;
o2
4) y = 0— ropu3oHTaJIbHas aCUMIITOTA;
5) kpuBasg BblIlyKJIa 0Opu xe(a—o0,a+0c) M BOTHyTa npu xe(—wo,a—0) U
xe(a+o,+»);
1

JJZﬂe'

6) x =a+ o — Touku nepernda; f(a * 0') =

Pucynok — I'padux ¢pyHKIIUM MIIOTHOCTH pacipeesieHus
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1. 49 Jlexuus Ne 49 (2 gaca).

Tema: «OcHOBHBIE BLIOOPOYHbIE XAaPAKTEPUCTUKID)
1.49.1 Bonipocsl JieKuMu:

1. 3ajaun MaTeMaTU4YECKOM CTATUCTHUKH.

2. 'enepanbHasi COBOKYIHOCTb M BBIOOpKA.

3. BeibopouHble XapaKTEepPUCTUKH.

1.49.2 KpaTkoe conep:kaHue BOIPOCOB:

1. 3apaun MaTeMaTH4eCKOH CTATHCTHKH.

MaremaTnueckasi CTaTHUCTMKAa — HaykKa, M3ydarollas MeToJsl cOopa, perucTpaluud U
00pabOTKH pe3yNbTaTOB SKCIEPUMEHTOB C LEJIbI0 IMO3HAHUSA 3aKOHOMEPHOCTEH CllydyalHBIX
MAacCOBBIX SIBICHUH.

3ara4u MaTeMaTU4eCKONW CTaTUCTUKHU:

1) Co3nanue metonoB cOopa M 0OpabOTKM CTAaTUCTUYECKUX MAHHBIX Ul MOJTY4EHUs
Hay4YHBIX U MPAKTUYECKUX BBIBOJOB.

2) Pa3paboTka METOIOB aHalIM3a CTAaTUCTHUECKUX MAHHBIX B 3aBUCUMOCTH OT LeJsei
uccie]oBaHMsl  (OLIEHKA HEM3BECTHOM (YHKUMM pacHpelesieHus, OLIEHKa IapaMeTpoB
pacrnpenieneHus, BUa KOTOpOro U3BECTEH, OLIEHKA 3aBUCUMOCTH OJITHOW CIy4alHOM BEITUYMHBI OT
AT oif).

3) IlpoBepka CTaTUCTMYECKHX TMIIOTE€3 O BHJI€ HEU3BECTHOTO DPACHpPENCNICHUS WU O
BEJIMUYMHE IapaMeTPOB paclpeesieHus, BUJ KOTOPOTO U3BECTEH.

2. 'eHepajibHasi COBOKYITHOCTH M BbIOOPKaA.

I'enepasibHass COBOKYNHOCTb — COBOKYIHOCTb OJHOPOAHBIX OOBEKTOB [UIsl M3Y4EHHUS
HEKOTOPOT0 KOJIMYECTBEHHOTO MTPU3HAKA.

BribopouHast cOBOKyHHOCTh (BbIOOpKAa) — COBOKYNHOCTb CIy4allHO OTOOpaHHBIX
00BEKTOB U3 I'eHEePaIbHOI COBOKYITHOCTH.

O0BbEMOM COBOKYNMHOCTH (BBIOOPOYHOM WIIM I'€HEpaJbHOM) Ha3bIBAlOT YHUCIO OOBEKTOB
9TON COBOKYITHOCTH.

[TycTh 13 reHepanbHONM COBOKYIHOCTH U3BJIE€YEHA BBIOOPKA, IPUYEM X, HAOIIOAAIOCh 7,

K

pas, X, — n, pas, ..., x, — n, Pasu Y n, =n — 00beM BHIOOPKH.
i=1

HaGiroaemple 3Ha4eHHMs x, Ha3bIBAIOT BapHAHTAMH, 9YHCIA HaOIIOJCHHN n,—

4acTOTaMU.
OTHOCHUTENBHBIE YACTOTHI — OTHOIICHHS YaCTOT K 00beMY BHIOOPKH:
n.
_ Y
W o=—.
n

BapuanmoHHBIH psJ — psil U3 BapUaHT, 3alIMCAaHHBIX B BO3PACTAIOLEM TIOPSIKE.

CraTuctuyeckoe pacipeieaeHie BbIOOPKU — 3TO NePEUYEHb BApUAHT U COOTBETCTBYIOIINX
UM 4aCTOT UM OTHOCHUTENBHBIX YaCTOT.

Buabl craTucTHYeCKUX pacnpeaeaeHuil BBIOOPKH:

1) nuckpeTHoOe pacipeieneHue BhIOOPKH:

HJIN
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2) uHTEpBaJIbHOE paclpe/iesieHne BEIOOPKHU:

o & & & ] (<)

n; 4! b n : "
W

(x} (¥, (¥ (1. . (x4l

/4 w w. W. N W,

[Tonuron 4acTor — JI0MaHas, OTPE3KU KOTOPOM COEAMHAIOT TOYKHU (X;;7,), (X,3n,), ...,
(x3m;) -

[TonuroH OTHOCHTENBHBIX YacTOT — JIOMaHas, OTPE3KHM KOTOPOW COEIMHSIOT TOYKH
(xl;VVl)’ (X2;W2), teo (xk;Wk) :

I'mcrorpaMma dacToT — cTymeH4aras (QUIrypa, COCTOAIIAs W3 IPAMOYIOJILHUKOB,
OCHOBaHMSAMH KOTOPBIX SABJIAIOTCH YACTUYHBIE MHTEPBAJIBI JJMHOK AX , a BBICOTAMM — 3HAYEHHS

. n;
IUIOTHOCTEH 4acToT: /; = 7’

FI/ICTOFpaMMa OTHOCHUTCIIBHBIX Y4CTOT — CTylCHYarTasd (bl/ll"ypa, CoCToAIIasA U3
MMpAMOYI'OJIbHUKOB, OCHOBAHUAMH KOTOPBIX ABJEIHOTCA YaCTUYHBIC HHTCPBAJIbI JJIMHOIO h, a

o . W
BbICOTAaMHU — 3HAYCHU IIJIOTHOCTCH OTHOCHUTCIIBHBIX 4aCTOT Pl = 71

3ameyanme. Ilnomane rucrorpaMMmbsl 4acToT paBHa oObemy BbIOOpkH. Ilmomans
TUCTOTPaMMBbI OTHOCUTEIBHBIX YaCTOT PaBHA €UHULIE.

3. Bbi0OOpoOYHbIe XapAKTEPUCTHKH.

Pa3max BapbupoBaHMS — 3TO pa3HOCTh MEXAY HauOOJIbLIEH U HaMMEHbLIEH BapuaHTaMU
BapHaLlMOHHOIO psija.

Mopa M, — BapuanTa, KOTOpasi UMeeT HauOONIbUIYIO YaCTOTY.

Menuana m, — BapuaHTa, KOTOpast ACIUT BapI/IaI_II/IOHHHﬁ pAad Ha ABC 4aCTH, paBHBIC 110

YUCITy BapHaHT.
Ecnu uncno Bapuant Hedetnoe (n =2k +1), 10: m, = x,,

X + X

Ecnu umncno Bapuast uetHoe ( n = 2k ), To: m, =
2

- 1 - 1
Bri6opounas cpenuss: x = —le. W X = —in ;.
n i n i

k

CBoICTBO BBIOOPOUYHOM CpeIHEN: Z(xl. -X)-n,=0.
i=1

Hucnepcus

1

n _ k —
a) Beibopounas nucnepcus: D, = lZ(xi —-x)’ wmm D, = lZ(xi -x)°n,.
i 1o

0) MicnipaBieHHas TUCIIepCHst:
2 n 2 - N2 2 1 < N2
s°= Dy, s” = Z(xi—x) WA § :—Z(xi—x) ‘n;.
n_l I’l—li:1 I’l—l,-:1
Cpennee KBaipaTUYECKOE OTKIOHEHHUE

a) BeibopouHoe cpeHee KBaipaTH4ecKoe OTKIOHEHUE: O = /D, .
. 2
0) McnpaBneHHoe cpelHEe KBaIpaTUUECKOE OTKJIOHEHHE: § = /S~ .

Koadppunuent Bapuanuu: V = 2.100%.

=
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1. 50 Jlexnust Ne 50 (2 gaca).

Tema: «To4yeunble 1 HHTEPBAJIbHBIE OLEHKH»

1.50.1 Bonpocsl Jeknum:

1. Toueunsble onieHku. HecMeleHHbIE U COCTOSTENbHBIE OLICHKH.

2. JloBeputenbHbli nHTEpBas. HagexHOCTB.

3. JloBepuTenbHBIM MHTEPBAJI ISl OLEHKH MATEMaTUYECKOTO OXHUIAHUS HOPMAIbHOTO
pacrpeaesneHus.

1.50.2 KpaTkoe coaep:kaHue BONPOCOB:

1. Touyeunslie onenkn. HecmenieHHbIe H COCTOATENbHbIE OLICHKH.

TouyeuHo#l OLIEHKOM HEW3BECTHOIO MapaMeTpa HAa3bIBAIOT YHMCIO (TOYKY Ha 4YMCIOBOMU
ocH), KOTOpOe MPUOIMU3UTENHFHO PAaBHO OIICHHMBAEMOMY MapaMeTpy U MOXKET 3aMEHUTh €ro ¢
JIOCTAaTOYHOM CTETIEHBIO TOYHOCTU B CTATUCTUUYECKHUX PacUeTax.

Jis TOro 4ToOBbl TOYEYHBIE CTATUCTUYECKHE OLIEHKH OO0ECIeunBaIl «XOPOILIUE)
NpUOJIMKEHUST ~ HEU3BECTHBIX  MAapaMeTpoB, OHU  JIOJDKHBI ~ OBITh  HECMEIICHHBIMH,
COCTOSITENIbHBIMH U 3()(PEKTHBHBIMHU.

HecMmemenHo#t Ha3bIBAIOT CTATHCTHYECKYIO OILICHKY, MAaTeMaTHYeCKOe OXHUIaHUE
KOTOPOI paBHO OIICHMBAEMOMY IapaMeTpy Mpu JTI0O60M 00beMe BHIOOPKH.

CocrosTenbHOM HA3bIBAIOT CTAaTUCTUYECKYIO OLEHKY, KOTOpas MpU 7 —> 00 CTPEMHUTCS
10 BEPOATHOCTU K OLIEHUBAEMOMY ITapameTpy.

O¢ddexTuBHON Ha3bIBAIOT TaKyl TOYEUYHYIO CTATUCTUYECKYIO OLIEHKY, KOTopas Npu
(¢uKCHPOBAaHHOM N UMEET HAUMEHBIIYIO TUCTIEPCHUIO.

TouyedyHble OLIEHKH MATEMATHYECKOT0 OKUIAHUS U TUCTIEPCUH:

X (BbIOOpOUYHAS CpelHssl) — HECMEIICHHAs! U COCTOATENIbHAS OLEHKA JJIi HEeU3BECTHOTO
MaTEeMaTUYECKOro OXKUIAHUS;

S2 (I/ICHpaBJIeHHaSI I[I/ICHepCI/ISI) — HCECMCIICHHAas1 MW COCTOATCIbHAsA OLCHKa IJId
HEU3BECTHOM JUCIICPCHUH,
S (I/ICHpaBJ'IeHHoe CpeaHeC KBaApaTHUUICCKOC OTKJ'IOHCHI/Ie) — HCCMCIICHHasA U

COCTOSITENIbHASA OLICHKA JIJIS1 HEU3BECTHOT'O CPEIHEr0 KBAPpaTUUECKOr0 OTKIIOHEHHUS.
2. loBepuTenabHblii nHTepBaa. HanexHocTs.
Jl1st TOCTPOEHUS! MHTEPBAIbHOM OLIEHKH PAaCCMOTPUM COOBITHE, 3aKJIIOUYAIOIIEECs B TOM,

v *
YTO OTKJIIOHCHHE TOYEYHOW OLEHKHU MapameTpa € OT HCTHHHOTO 3HA4YEHHs 3TOro mapamerpa 0
no aOCONIOTHOM BEIWYMHE HE MPEBBINIAET HEKOTOPYIO IOJOXKHUTEIbHYI BEIUYMHY A.

BepositHOCTE  Takoro coObITHS P(‘H—H*‘ < A)= y. 3aMEHHUB HEPaBEHCTBO ‘g_g* <A Ha

PABHOCHIIBHOE, TIOJIY4UM: P(H* —A<O<0" + A)z V-
BeposTHOCT TOTO, 4TO JoBepUTeNnbHbIA nHTepBan (0° — A, 0 + A) 3akmouaer B cebe

(MOKphIBaeT) HEU3BECTHBIN NapaMeTp 0 paBHA Y M Ha3bIBAETCS JOBEPUTEIBHONW BEPOSTHOCTHIO
WJIM HAJISKHOCTHIO HHTEPBAJILHON OIIeHKH. BemnunHy A Ha3bIBalOT TOYHOCTHIO OIICHKH.

3. /oBepuresbHBbIi HHTEPBAJ [JS OUNEHKHM MaTeMAaTH4eCKOIr0 OKUIAHUA
HOPMAJILHOTO pacnpeaeaeHnsl.

HHTCpBaHBHaﬂ OLCHKa ITapaM€Tpa d = X, CTPOUTCA I ABYX CIIyqdacB:

H

- s = s
x—t, -—=;x+t,-—=|, npun<30
n n

Iy = , TIe

o o
X—t-—;Xx+t-——|, npun=30
Jo )

n —00BbeM BBIOOPKH, y — HAJEKHOCTD (AOBEPUTENIbHAS BEPOATHOCTD ),

X — BBIOOpOYHAs CPENHSsI, o — BEIOOPOUHOE CpeHEee KBAaApaTHUYECKOEe OTKIOHEHHUE, s
— UCTIPaBJICHHOE CpeIHEee KBaAPaTUYECKOE OTKIOHEHHE,
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t, =t(n; y) — 4UCIO, ONPEICIICMOE 110 TAOIMLE IPHIIOKEHHUS

t —aprymeHT ¢pynkuuu Jlannaca, npu koropoM @(t) = % .

1. 51 Jleknus Ne 51 (2 yaca).

Tema: «Koppeasiuus»

1.51.1 Bonpocsl Jeknum:

1. Koppensiuonsnas 3aBUCUMOCTb.

2. Koppensnmonnas Tabnuna.

3. Koapunment koppensuum.

4. JInneiinas perpeccusi, €e napaMeTpsl.

1.51.2 KpaTkoe coaep:kaHue BONPOCOB:

1. KoppeasimuoHHasi 3aBUCUMOCTb.

VYcnoBuMmes 0003HauaTh yepe3 X HE3aBUCUMYIO IIEPEMEHHYI0. a uepe3 Y — 3aBUCUMYIO
IIEPEMEHHYIO.

3aBUCUMOCTh BeIWYMHBI Y OT X Has3blBaeTcd (QYHKIUOHAJIBHOM, €CIU KaXIOMYy
3HAYEHUIO BEIMUUHBI X COOTBETCTBYET €IMHCTBEHHOE 3HAYECHNUE BEJIMYUHBL Y.

OpHako ropaszio yaiie B OKpY)KaloIlleM Hac MUPE UMEET MECTO HE (PyHKIMOHAIbHAs, a
CTOXAaCTUYECKasi, MM BEPOSATHOCTHAs, 3aBUCHUMOCTb, KOTJa KaXkaoMy (GUKCUPOBAHHOMY
3HAQYCHUIO HE3aBHMCUMOM IEpEMEHHONM X COOTBETCTBYET HE OJHO, 4 MHOYKECTBO 3HAYCHHU
IIEPEMEHHOH Y, IpUUYeM CKa3aTh 3apaHee, KAKOE HMEHHO 3HAaUYE€HUE IIPUMET BEIMUYUHA Y, HEJb34.

Koppensunonnoir 3aBUCUMOCTBIO  (KOppemsiliell) Ha3bIBA€TCS 3aBUCUMOCTb, MPHU
KOTOPOM U3MEHEHUE OJTHOM BEJIMYMHBI BICUET U3MEHEHUE CPEJHETO 3HAUEHUS APYTOM.

2. Koppeasinuonnasi Tadauuna.

OOpaTuM BHUMAaHUE HA TO, YTO BBEJEHHBIE NOHATUS CTOXACTUYECKON U KOPPEISLIMOHHOMN
3aBUCUMOCTH OTHOCHJIUCH K T'€HEPAIbHOU COBOKYITHOCTH.

ITyctb umeercs 1 HaOmoAeHUM 1ByMepHOH BenuuuHbl (X;Y) . HabmronaBmmecs «MKchi»

U «UTI'PEKU» IIOMECTUM B TaOJIUIy, KOTOpas Ha3bIBACTCS KOPPEJIAIHOHHOM Ta0auuei

[Tpumep:
y\ 1 y 3 4 5
6 6 6 6 6 1
X
b
0 4 4
b 1
5 6 : 4
o o
3 1 3 ) y
0 0 2 6
3 ] 1 | 1
5 2 6
4 .
q q
0 ‘ ¢ 1o
| 1 1 4 B ) 1
0 8 4 2 00

3. KoappunueHT Koppeasinuu.
Ecm X wuw Y gBOAOTCS  HE3aBUCHUMBIMHM  CIyYallHBIMM  BEIMYMHAMHU, TO
MXY)=M(X)M(Y). Ecin xe X u Y 3aBucumsie, 10 M (XY) = M(X)M(Y).
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3a mepy 3aBucuMocTM X M Y mnpuHsTa Oe3pa3MepHas BeIMYMHA 7, ONpeienseMas
M(XY)-MX)M(Y)
COOTHOUICHUEM 7 = 1 Ha3bIBaeMast K03 (GUIIMEHTOM KOpPEIALUY.
a(X)o(Y)

Crydaiinple BelM4MHbI X M Y Ha3bIBalOTCAd HEKOPpPEIMpPOBaHHBIMHU, ecnu +» =0, u
KOppenupoBaHHBIMY, eciin 7 # ().

4. JInneiinas perpeccus, ee napamMeTpsbl.

KoppensuoHnHas 3aBUCUMOCTb MEXJY CIIy4ailHBIMH BeIUYMHaAMH X U Y SBISIETCS

JIMHEWHON KOppeNsaIuen, €clu TOYKH (xi; yl.) pacrnojaraioTcs BOJIM3UM HEKOTOPOUM MPSIMOH,

Ha3bIBaEMOU MPSIMOU PETPECCHH.
KoppensunonHass 3aBUCUMOCTh MEXKJy CIy4allHbIMU Be€IWYMHAMU X U Y Ha3bIBaCTCS

JUHEHHOHN Koppesiiuei, ecinu 06e pyHkuuu perpeccuu f(y) um g(X) sBistoTcs TUHEHHBIME. B
9TOM CJIy4ae JTHHHUH PETPECCHH - IPSIMBIE ¥ Ha3bIBAIOTCS MPSMBIMH PETPECCHH.
JUist  OIEHKW CHJIBI JIMHEHHOW KOPPEISAIMOHHOW CBSI3U  CIIYXXHUT BBIOOPOYHBII

KO3 (ULIMEHT KOppEsLuu:

R o )
=0 -y

X — BbIOOpOYHAs cpeHsisl Mpu3Haka X , y — BBIOOpOYHAs CpefHss Npu3HaKa Y .

YpaBHEHHE NPSIMOUN PETPECCUM:

y_;:by/x(x_;)a

by, BbIOOPOYHBIN K03 PUIMEHT perpeccuu (yriaoBod KOIPPUIMEHT HpsIMON

perpeccum):
b, .=r .izz(xi_x)()_’i_J’)
Y/X B G Z(XZ _x)z )

X

0,,0,~ BBI60pOLIHI>IC Cp€aAHUC KBAAPATHYCCKHUEC OTKIIOHCHUSA ITPU3HAKOB Yu X.

CaoiicTBa BEIOOPOYHOT0 KO3PPUIIMEHTA KOPPEISALIH:
1) —1<r<1;
2) uyeM Oonble |r

, TEM T€CHEE JIMHENHAss KOPPEJSILMA MEXAY ABYMs IIPU3HAKAMU;

3) ecnu |r| =1, To KOppeAMOHHAs 3aBUCUMOCTh CTAHOBUTCS (PYHKIIMOHATBHOM;

4) ecmu =0, TO MEXIy U3ydaeMbIMH MpPHU3HAKAMU HET JTUHEHHOW KOPPEISIUU, HO
BO3MOXXHO CYIIECTBOBAHHE KAKOTO-JIMOO JPYroro BHIA KOPPEISIHMOHHOW 3aBUCUMOCTHU
(mapabonudeckoi, runepOoOITNIECKON U T.1.).

5) ¥y u b,,, UMEIOT OJMHAKOBBIE 3HAKH.

1. 52 Jlekumsi Ne 52 (2 yaca).

Tema: «IIpoBepka rumores»

1.52.1 Bonpocskl JieKnuu:

1. [TousiTre craTUCTHUECKOM TUIIOTE3bl. HyneBas u anbTepHaTUBHAS TUIIOTE3bI.

2. CratucTudeckue KpUTepUH MPOBEPKH runore3. MouHoCcTh KpUTepHusl.

3. [TapameTpuueckue U HemapaMeTPHUUECKUE KPUTEPUU. Y CIIOBUSI TPUMEHUMOCTH.

1.52.2 KpaTkoe coaep:kaHue BONPOCOB:

1. TonsiTHe cTaTucTUYecKO runore3bl. HysieBasi M albTepHATHBHAS THIIOTE3bI.

Bo wmHorux MPAaKTUYCCKUX 3aJadax TOYHBIM 3aKOH pacnpeacicHuda HnucciIcayemMoro
npu3Haka X reHepalbHON COBOKYMHOCTHU HEW3BECTEH. B 3TOM ciiyuae He0OX0IMMO MPOBEPUTH
TUIIOTE3Y O MPEANOIaracMoM 3aKOHE pacipeieICHuUs.
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OcHoBHast (HyseBasl) THIOTE3a — OJTO MPEANOJIOKEHUE O BHUIE HEU3BECTHOIO
pacrpeieNeHus WM O TapaMeTpax U3BECTHBIX PACHpeeICHUM.

Konkypupyromas (anbTepHaTUBHAs) THIIOTE3a — 9TO FMIIOTE3a, SBISAIOMIASACS JTOTMUYECKUM
OTPHIIAHUEM OCHOBHOM I'MITOTE3BI.

2. CratucTnyecKkne KPUTEPHH NMPOBEPKH runore3. MomHoCThL KpUTEpHs.

CraTHCTHYECKUM KpUTEpUEM (MM NIPOCTO KPUTEPUEM) HA3bIBAIOT CIyYalHYIO BEIUUYHHY
K , KOTOpast CIyXUT 7151 IPOBEPKU TUIIOTE3BI.

HabaromaembiM  (OMmmpuueckuM) 3HadeHneM K

a6, HA3BIBAIOT 3HAYEHUE KPUTEpHUS,
BBIUMCJICHHOTO MO BEIOOPKE.

Kputnueckoii 0051acThi0 Ha3bIBalOT COBOKYNHOCTh 3HAUEHUIN KPUTEpHUsS, IPU KOTOPHIX
HYJIEBYIO TUIIOTE3Y OTBEPTatoT.

O6nacTpi0 TPUHATUSA THUNOTE3bl (00JACThIO JOMYCTUMBIX 3HAYEHUM) Ha3bIBAIOT
COBOKYITHOCTb 3HaYEHUN KPUTEPUS, IPU KOTOPBIX HYJIEBYIO TUIIOTE3Y NPUHUMAIOT.

Kpurnueckumn — Toukamu  (rpaHuuamu) k., HashlBAalOT  TOYKH, OTJACISIOLIME

KPUTHYECKYIO 00J1aCTh OT 00J1aCTH NPUHSITUS TUIIOTE3bI.
JUis OThICKaHWSI KPUTHYECKOM 0O0JacTH 3aJal0T YpOBEHb 3HAUMMOCTHM « W MILYT
KPUTUYECKHE TOYKHU, UCXOAS U3 CIETYIOUIMX COOTHOILICHHM:
a) JUlsl IPaBOCTOPOHHEN KPUTUUYECKOM 00s1acTi
P(K>k,)=a, k,>0;
0) 17151 IEBOCTOPOHHEH KpUTHYECKOH 001acTu
P(K<k,)=a, k, <0;

B) JJIsl ABYCTOPOHHEH KPUTUYECKOM 0051acTH

Kp

a a
P(K>ka):E npu k,, >0, P(K<—kxp):5.

Bo3moxHBI Cllydau:

I'mmores
[Tpunnmaercs Ortsepraercs
aHo
Bepa IIpaBunsHOE Ommbka nepBoro
P pelieHue pona
Hesepn Ommbka  BTOpOrO IIpaBunsHOE
a pona pelieHue

BeposiTHOCTh TOMYCTUTH OMHOKY MEPBOTO pojaa (OTBEPTHYTH HYJIEBYIO THIIOTE3Y, KOT/Ia
OHa BEPHA) HAa3bIBACTCS YPOBHEM 3HAYMMOCTH KPUTEPHS.

BeposiTHOCTh HE JOMYCTHTH OMIMOKY BTOPOTO poja (OTBEPTrHYTH HYJIEBYIO THIIOTE3Y,
KOT'/Ia OHA HEBEpPHA) Ha3bIBACTCS MOUTHOCTHIO KPUTEPHSI.

3. [lapameTpuyecKue U HeMapaMeTpPUiecKre KPpUTEPHHU. Y CI0BUS MPUMEHHMOCTH.

[TapameTpuveckue KpUTEPUH MPUMEHSIIOT B T€X CIIydasX, KOTJa 3aKOH paclpeecHUs
HOpPMAJTbHBIN; HEMApaMETPHUECKUE KPUTEPHUU ITHM YCIIOBUEM HE CBSI3aHBI.

Kpurepuii x2 [Tupcona («xu-KBagpaT») — HauOOJEE YaCTO YMOTPEOIIeMbId KPUTEPHUH,
MO>KET IPUMEHSTHCS JIJIS TIPOBEPKU THITOTE3BI O JTFOOOM 3aKOHE pacmpezeneHus. HezaBucumo ot
TOTO, KaKO€ pacrpeiesieHne uMeeT X, pacipeieseHue CaydyaiHON BeTUIMHBI 2,

) & (m] -m;)’

D D

i=1 m;

1

rac m? — OMIIUPUYCCKUEC YaCTOTHI, mT

; — TCOPCTHYCCKHC HaCTOThI, IIPHU n—» o0

2
CTPECMUTCA K )  — pPaClpeaACICHUIO C k crenensmu CBOGOIH:I.
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TeopeTquCKHe YaCTOTbl OIPCACIAIOTCA, HUCXOAd H3 TMPCAIOJOKCHHUA O 3aKOHC
PacipeaciICHuA reHepaanoﬁ COBOKYITHOCTH, B IaHHOM CJIy4dya€ O HOPMAJIbHOM 3aKOHC. Tak kak

m.
_ i T _
D = 7, LI Pi — TEOPETUYECKAS BEPOSATHOCTL, TO M, =N - P;.
h X, —X 1 a.
. _ _ M N _ 2
Jns  nuckpeTHoro psja: pi=—-:f(u) roe uy="""C%, fuy=——-e
o, O, N2
mupdepeHuranpHas  (QyHKIUS  HOPMHUPOBAHHOIO  HOPMAJbHOIO  paclpelesieHus, Liar
h=x,—x,;, X, — BbIOOpOYHas CPelHsS, ¢, — BHIOOPOYHOE CpELHEE KBAIPATHYECKOE
OTKJIOHEHHE.
X, —X X, | —X
. — _ i B i—1 B
Jlns mntepBansHOro psima: p; = P(x,_; <X <x;)=®@ T - et
B B

rae O(t) — pynknus Jlannaca.
2
PaccunTaB TEOPETHYECKHME YACTOTHI, HAXOMAT ¥ a6, - VI3 TAOIMILBI KDUTHYECKUX TOYEK
2
pacnipesienieHus y ~ 1o 3aJlaHHOMY YPOBHIO 3HQUMMOCTHU O (JOCTATOYHO Majas BEPOATHOCTb) U
o 2 . o
yHclly creneHeil cBobonpl k Haxondar X xpur (o, k) — rpanuny nmpaBOCTOpPOHHEH KPUTHYECKOU

obOnactu. 3necb k=s—r—1, rae s — 4uClIO pa3IUYHbIX 3HAUEHUH X; AUCKPETHOTO WM YUCIIO
UHTEPBAJIOB (Xi_| —X;j) HENPEephIBHOTO Mpu3Haka X, I' — YUCIO HMapaMeTpoB IPenojaraeMoro
3aKOHA paclpefesieHus, A HOPMalbHOIO pacmpezeneHus r=2, orcooga k=s—3. 3arem

2 2
CPaBHUBAIOT Yyos. M ¥ ipur (o, k) 1 memaroT BBIBOSI.
[Tpu dhopmyaupoBKe BEIBOAA PYKOBOACTBYIOTCS CIACAYIOIIUM IPABHIIOM:

2
® CClIn Ha6J'IIOI[a€MOC 3HAUCHUC KpUTCpUs ZHaGJ'I rmonajo B 00JacTh IMPUHATHUA

2 2 .
TUIOTESBI (Y fapn < X xpur (a, k)), TO HET ocHOBaHMI OTBEpPraTh HYJIEBYIO THIIOTE3Y, MO JJAHHBIM
HaOrofeHusT MpHU3HaK X MMEEeT HOPMAIbHBIA 3aKOH PpaCHpeAeeHUs, PACXOXKAECHUE MEXIY
2 T o
SMIMPHUYECKUMHU M TEOPETUUECKUMHU YaCTOTaMu (71, M M ; ) CIoydaiHoE;

2
® CClIn Ha6J'IIOI[a€MOC 3HAUYCHHUC KPUTCpUA ZHa6J‘I morajio B KpUTUYICCKYIO 00y1acTh (

2 2
Xraon > }(Kpm(oc, k)), To HymeBas THIOTE3a OTBEpPraeTcsi, CIPaBEIJIMBA KOHKYpPUPYIOIIas
TUIO0TE3a, TO €CTh NpU3HaK X HUMEEeT 3aKOH paclpeleeHHs, OTIUYHBIA OT HOPMAaJbHOTO,

2 T
PACXOKIACHUC MCIKAY OMITUPUICCKUMU U TCOPCTHICCKUMHU YaCTOTAMHA (ml- u mi ) 3HAa4YMUMO.
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2. METOAUYECKHUE YKA3AHUA .
ITO MPOBEJAEHUIO ITPAKTUYECKUX 3AHATHUU

1 cemecTp

2.1 lIpakTuyeckoe 3ausaTue Ne I13-1 (2 yaca).

Tema: «Pemenue cucreM ypaBHeHHN»

2.1.1 3apanue nis padoThbI:

1. BX0aHOI KOHTPOJIb.

2. Pemienue cucteM JIByX ypaBHEHHH C IByMsl HEU3BECTHBIMU.
2.1.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS

1. Pemuth cucteMy ypaBHEHHMIA:

2x-3y=-7 8x—-5y=3
a) ; 0
Sx+y=8 Tx+3y =10
2. CKOJIBKO pelIeHUI UMEET CUCTEMA JTUHEHHBIX YpaBHEHUM?

2x—3p=-7 _ [2x-3y=-7
a){x Y '6){x Y

S8x—12y=8" 7 |8x—12y=-28
3. Pemute cuctembl ypaBHeHU MeToa0M ["aycca:
X—y—z=-2 4x-3y+2z=9

a)y 2x+y+z=8 ; 0)42x+5y-3z=4.
4x—-2y+3z=5 S5x+6y—-2z=18

2.1.3 Pe3yabTarhl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHSATHUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U METOJBl JIMHEWHOW anreOpbl; HAYYUTCS HCIIOIb30BaTh MAaTEMAaTHYCCKUH ammapar s
00paboTKM TEXHUYECKON MH(OpMAIMU U aHalM3a JAAHHBIX; OBJAJCCT HABBIKAMH IMOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPO(EeCCHOHATBHBIX 3a/1a4.

2.2 llpaktuyeckoe 3anaTue Ne I[13-2 (2 gaca).
Tema «MaTpuubpy

2.2.1 3aganue njs1 padoThI:

1. JleiicTBUs HAJ MaTpULIAMH.

2. Pemenue cucreM ypaBHEHUI C TOMOIIBIO MAaTPHULL.
2.2.2 Kparkoe onucaHue mpoBoAMMOro 3aHATHS:

35 -6 2 8 -5
1. Hansl e Matpuubl 4=(2 4 3|u B=|{-3 -1 0 |.
-3 1 1 4 5 -3

Hatitu: A+ B; A—B; 34—-2B; A-B; B-A.

2. Pemmre cuctembl ypaBHEHUN C IIOMOILBIO MAaTPHIL:

2x-3y+z=6 2x—y+2z=3 X a2 =4

2x,+3x, —x; +x, =1
4x, —2x, —6x; =2

Sx,+4x, —5x,+2x, =1

a) {3x—y+2z=7; 0)ix+y+2z=-4; B)
x—y+z=4 4x+y+4z=-3

2.2.3 Pe3yabTaThl U BHIBOJBI:
B pesynbTaTte npoBeeHUs MPaKTUYECKOTO 3aHATHUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U METOJBl JIMHEWHOW anreOpbl; HAYYWUTCS HCIIONIb30BaTh MAaTEMAaTHYECKUH ammapar s
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00pabOTKH TEXHMUYECKON MH(pOpMAlMU U aHAJIM3a JAHHBIX; OBJIAJEET HaBbIKAMH IOCTPOEHUS
MaTeMaTHYeCKUX MOJielel TUIOBBIX NPO(EeCCHOHAIBHBIX 3a/1a4.

2.3 [IpakTuyeckoe 3ausaTue Ne I13-3 (2 yaca).

Tema «Onpenenanrtenan»

2.3.1 3apanue nis padoThbI:

1. Beruncnenue onpeaenuTencii BTOpOro U TPEThEro MOPSIKOB.
2. Onpenenenre paira MaTpUIlbl.

3. Pemenue cucrem no npasuiny Kpamepa.

2.2.2 Kparkoe onucaHue poBoAMMOro 3aHATHS:

1. BelunucauTs onpenenuTelb:

12 5 -7 sina cosa 4 3 e’ e
a) ; 0) ; B) |51 ;1)
31 -2 3 —cosa sina 6 —8 e’ 3e’*
3 -2 3
2. Jlna onpememurens | 6 5 12| malita: a) mmHOpRl M,,, M, , M,;
-1 0 2
0) anreOpandeckue JONOIHEHUS A, ; A, ; A, ; B) 3HAUCHUE ONPEAEIUTEN.
1 0 4 2
2 3 1
2 -1 3 1
3. Boruucnuts: a) (4 2 —1|; 6)|5 6 4|;B) .
0 0 5 -3
3 5 2 8
I -7 0 6
2 7 1
4 -7
4. OnpenenuTs paHT MaTpPHIL: a) s 14 ;60)| -4 -1 8
-2 6 9
2x—y+2z=3 2x—y+2z=3

5. Pemuthb cucreMy ypaBHEHUH: a) X+ y+2z=-4 ;0) <x+y+2z=-4
4x+y+4z=-3 4x+y+4z=-3

2.4.3 Pe3yabTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U METOJBl JIMHEWHOW anreOpbl; HAYYUTCS HCIIOIb30BaTh MATEMAaTHYECKHH ammapar s
00paboTKM TEXHUYECKON MH(OpMaAIMU U aHalM3a JAAHHBIX; OBJAJCET HABBIKAMH IMOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH THITOBBIX MPO(EeCCHOHATBHBIX 3a/1a4.

2.4 Ilpaktuyeckoe 3anaTue Ne [13-4 (2 gaca).

Tema «CucreMbl TUHEHHBIX ypaBHeHU . BekTOpHD)

2.4.1 3aganue nJst padoThI:

1. Pemenune cucrem JnMHEHHBIX ypaBHeHUH. llpumeHenue teopembl Kponekepa —
Kanennu.

2. JleficTBHs Ha/J BEKTOPAMH B TEOMETPUUECKOH opme.

3. Haxoxxnenune KkoopArHAT BEKTOPA.
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2.4.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:
Sx+4y—-Tz=-4 Sx+4y—-T7z=-4
1. Pemuts: @) <3x+5y—-9z=10 ;06) <3x+5y—-9z=8
2x—y+2z=-12 2x—y+2z=-12
3x-2y+z=>b
2. Onpenenuth, MPU KaKUX 3HAYCHHUSIX a U b cucremMa <5x—8y+9z=3: 1) umeer
2x+y+az=-1

€MHCTBEHHOE pPElIeHHE; 2) HEe UMEeT pelieHui; 3) nmeeT 0ECKOHEYHO MHOTO PEIlIeHUH.

3. H3o0Opa3ute mnpou3BOJBHO Bektopa d, b u ¢. IlocTpouTh BEKTOPHI
- - - - - 2~
K=(Mb+c)-5-4c-3b-15a u m=(b—-3c)-2+4c—3,5b +2(a—§b).
4.B A ABC cropoHa AB pa3neneHa TOYKOM M B OTHOWEHUM 4:3, cuuTas OT TOUYKH

A . Haittu pasiioxeHue BeKTopa CM mo BEKTOpaM d = CAwb=AB.
5. Mamel T1pu TOukHM A(2;-1), B(4;3),C(-2;1). HaiWitm KoOpauHATBI BEKTOPOB

AB, AC, BC , iX IJIMHBI, TIepuMeTp Tpeyroibuuka ABC .
6. Paccrosinue ot Touku M, nexamieit Ha ocu Ox, 10 Touku K (4;9) paBHo 15. Haiitu

KOOPAUHATHI TOUKHA M.

2.4.3 Pe3yabTaThbl U BHIBOJBI:

B pesynbTaTe npoBeaeHUs MPaKTUYECKOTO 3aHSATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
Y METOJIbl JIMTHEHHOW ¥ BEKTOPHOU aireOphl; HAYYUTCS MCIO0Jb30BaTh MATEMAaTHYECKUI armapar
st o0pabOTKM TeXHHYECKOW WHGPOpMAMK M aHaiu3a JaHHBIX; OBJAJCET HaBbIKAMHU
MOCTPOEHHUS MAaTEMAaTHYECKUX MOJIEIICH THIOBBIX MPO(HECCHOHATBHBIX 3a/1a4.

2.5 lIpakTuyeckoe 3ausaTue Ne I13-5 (2 yaca).

Tema «IIpousBeneHUs] BEKTOPOB»

2.5.1 3apanue nis padoThbI:

1. CkansipHO€ NpOU3BEAECHNUE BEKTOPOB, ET0 CBOWCTBA, IPUIIOKEHUS.
2. BekTOpHOE ITPOU3BENECHNUE BEKTOPOB, €I0 CBOWCTBA, IPUIIOKEHUS.
3. CMeliaHHOE IPOU3BEIEHUE BEKTOPOB, €TI0 CBONCTBA, IPUIIOKEHUSI.
2.5.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHUS:

—

1. BpluucnuTh  CKaNSApHOE  MPOW3BEJCHHE BEKTOPOB d W b, eciuu:
a) |a|=2,5‘=1,4(a;5)=30°; 6) d=(7;-54), b=(0;2:8); B) a=3-6j+4k;
b=i+2j+k.

2. Omnpenenuth yriuel TpeyroibHuka ABC c¢ BepmmHamu A(2;—1;3); B(1;1;1);
C(0;0;5).

3. Hauwl Tpu cunbl F,(9; - 3;4), F,(5;6;-2), F3 (—4;—-2;7), npuI0KCHHBIE K TOYKE
A(-5; 4; —2) . Beruucnuth paboTy, IpOU3BOJUMYIO PaBHOACHCTBYIONIEH STUX CHII, KOT/Ia TOYKA
€€ IIPWIOKEHUS, ABUTasCh NIPSIMOJIMHENHO, IepeMeIaeTcs B Touky B(4; 6; —5).

4. Namel Bektopa a(l;—1;2), b(0;1;—5), ¢(~8;9;0). BHUHCINTB: a) BEKTOPHOE

npousBeficHue a u b ; 0) cMenaHHoe Ipou3BeieHue abc .
5. Beluucnuth momaas U BBICOTY AD TpeyroiapHuka ¢ BepmmHamu A(7;3;4),

B(1;0;6), C(4;5;-2).
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6. BepmumHbl nupamuabl Haxonuarcs B Toukax A(2;3;4), B(4;7;3), C(1;2;2),
D(-2;0;—1). Beruucaurs muomaas rpauu ABC u o6beM nupamunsl ABCD.

7. Cuma F (2;2;9) npuwioxkeHa K Touke A(4;2;-3). Bplumcants MOAyJIb H

HaIIPABJIAIOIINE KOCUHYCHl MOMEHTA CUJIBI F OTHOCHTENHHO TOYKH B (2;4;0).

2.5.3 Pe3yabTaThl U BHIBO/bI:

B pesynbpTaTe npoBeneHUS NPAKTUYECKOTO 3aHATHS CTYJEHT OCBOMT OCHOBHBIE ITOHSATHUS
U METOJbl BEKTOPHOM anreOpbl; HAyudyuTCS HCIIOJIB30BaTh MaTeMAaTHUYECKUH ammapar s
00pabOTKM TEeXHUYECKOH MH(OpMalMK M aHaIW3a JAHHBIX; OBJAJEET HAaBbIKAMHU IOCTPOCHUS
MaTEMaTUYECKUX MOJIEIEH TUIIOBBIX MPOPECCUOHANBHBIX 3a/1a4.

2.6 IlpakTuyeckoe 3ansaTue Ne I[13-6 (2 gaca).

Tema «IIpsiMasi Ha IVIOCKOCTH

2.6.1 3aganue nist padoThI:

1. CriocoOsI 3aaHus IPSIMOMA.

2. B3aumHoOe pacnonoxeHue IByX MpsMbIX.

2.6.2 Kparkoe onucaHue nmpoBoAMMOro 3aHATHS:

1. CocraBuTh ypaBHEHHE HpPSIMOMH, €CIIU: a) ee YIrIoBoW kod3pduuueHtr x =-5 u oHa
npoxoauT uepe3 Touky A(7;—3); 6) ona mpoxoaut uepe3 Touku A(-3;5) u B(1;7);
B) mpoxoaut uepe3 Touku M (—1;8) u N (—1;—4).

2. Hanbl BepmuHbl TpeyroiabHuka A(-2;1), B(2;3), C(3;—4). CocraBUTh ypaBHEHUS:
a) cropousl AC ; 0) Mmenuansl BM ; B) HAUMEHBIIEH BBHICOTHI.

3. Cpeau mnpsMBIX YyKa3aTh HapajulelibHble M NEPHEHAMKYJsApHble: Sx—8y+7=0,
8x+5y-5=0, 5x+3y-8=0, 8&x—-—y—-5=0, 10x+6y—-13=0.

4. lanbl aBe npsimble 4x—ay =7 u 20x—12y =15. Ilpu xakom ycliOBUU OHHU OyIyT
napasuiensHbl? [Ipy kakux 3Ha4YeHUAX a OHU OyIyT mepeceKaThes?

2.6.3 Pe3yabTaThl U BHIBO/bI:

B pesynbTaTe npoBeneHUs MPaKTUYECKOrO 3aHATUS CTYJEHT OCBOUT OCHOBHBIE IOHSATHS
¥ METOJbl AaHATIMTUYECKONW F€OMETPUU; HAYYUTCS MCIOJIb30BaTh MAaTEMATHUYECKUI ammapar ajis

O6pa6OTKI/I TEXHUUYECKOMN I/IH(l)OpMaHI/II/I U aHaJIM3a JaHHBbIX; OBJIAACCT HABBIKAMH IMOCTPOCHMUA
MAaTEMAaTHYICCKUX Moneneﬁ THUITOBBIX HpO(beCCI/IOHaJIBHHX 3aaad.

2.7 llpaktuyeckoe 3anaTue Ne I[13-7 (2 gaca).

Tema «KpusBbie BTOPOro mopsiika»

2.7.1 3aganue njst padoThl:

1. KanoHn4ecKkue ypaBHEHMsI KPUBBIX BTOPOIO MOPSIKA.

2. B3zaumHoe pacnonoxeHue npsMoi 1 KpuBOil Ha MIIOCKOCTH.

2.7.2 KpaTrkoe onucaHue npoBoAMMOro 3aHATHUS:

1. CoctaBbTe ypaBHEHHE OKPYXKHOCTH, KOHLbI AMAMETpa KOTOPOH MMEIT KOOPIMUHATHI
A(—4;5) n B(8;9).

2. CocraBpTe YypaBHEHHME NpPSIMOH, MPOXOAALIEH Yepe3 LEHTPbl OKPYKHOCTEH:
x4+’ —8x—4y+11=0u x> +y* +4x+12y+4=0.

3. CocraBpTe ypaBHEHHUE DJUIMIICA, €CJIM OH MPOXOAUT yepe3 Touku A(4;0) u B(2;3).
HaiiTu Gonblyto 1 Maiyto MOJIYOCH, pacCTOSTHUE MEKIY (POKycaMH M SKCLIEHTPUCUTET AJLIUIICA.
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4. CocraBbT€ ypaBHEHHUE JIIIMIICA, OAMH M3 (OKYCOB KOTOPOTO HAXOJIUTCS B TOUKE
1
(\/5 ; 0), a DKCLICHTPUCUTET PaBEH 3

5. Haiitu xoopauHathl (POKYCOB, pacCTOSIHUE MEXIYy HUMH, JUIMHBI JIEHCTBUTEIBHON U
2 2

MHUMOM OCeil, SKCLIEHTPUCUTET TUIIEPOOIIBI o 1

6. CocTaBUTh ypaBHEHHE TUIEpOOIIbI, €CIIU JUIMHA JeHCTBUTENIbHON MOIYOoCH paBHa 8, U
runep6osa MpOXOAUT Yepe3 TOUKY (— 10;—3).

7. NaHbl ypaBHEHHUs acUMNTOT y =+ 2x u Touka M (5;8), nexamas Ha rumepOoue.
CocTaBuTh €€ ypaBHEHHUE.

8. HaiiTu koopauHatThl OKyca U ypaBHEHHE IUPEKTPHCHI s 1apaboibl y = 0,5x> .

9. CoctaBuTh ypaBHeHHE Mapaloiibl, ecnu ee (Gokyc Haxonutcs B Touke: a) F(5;0);
0) F(0;-3).

10. Haiftu koopIumHaThl TOUYEK IIEPECEUEHUS KPUBOM BTOPOro MOpSAAKAa W IPSIMOM:
x? oyt 2
a) —+-—=1ux+3y—-21=0;0) l6x—y =0 n 2x—y+2=0.Crenarb 4yepTex.
225 25
2.7.3 Pe3yabTaThl U BHIBO/bI:
B pesynbpTaTe npoBeNeHUS NPAKTUYECKOTO 3aHATHS CTYJE€HT OCBOMT OCHOBHBIE ITOHSATHUS
U METO/Ibl aHAJTUTHUYECKON T'€OMETPUHN; HAYUYUTCSA HCIIOJIb30BaTh MaTeMAaTUUECKUN anmnapar aJis
00pabOTKM TEeXHUYECKOH MH(OpMalMK M aHaIW3a JAHHBIX; OBJAJEET HABBIKAMHU IOCTPOCHUS

MAaTEMAaTUYCCKUX Moneneﬁ THUIIOBBIX HpO(l)GCCI/IOHaJIBHBIX 3ajJa4.

2.8 lIpakTuyeckoe 3ansaTue Ne I13-8 (2 yaca).

Tema «ILi10CKOCTH B IPOCTPAHCTBE»

2.8.1 3apanue nis padoThbI:

1. CniocoOblI 3a1aHUs IIOCKOCTH B IIPOCTPAHCTBE.

2. BzaumHoOe pacnonoxeHue miocKoCTeH.

2.8.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

1. Jlns miiockocTH 3amnucaTh KOOPAMHATHI HOPMAJIbHOTO BEKTOPA, ABYX TOYEK, JEKAIINX
B IUIOCKOCTH, HaIlpaBIISIOIIEr0 BekTopa: a) Sx—2y+3z-10=0; 6) 2x+3y+6z—-12=0.
Hanucatp ypaBHeHHE «B OTpe3Kax» JaHHBIX TJIOCKOCTEH.

2. YcTaHOBUTH B3aMMHOE PACIOJIOKEHUE CIEAYIOUIMX Iap IUIOCKOCTEM M ONpPENeIUTh
yroJl MeXay HUMH:

a) x—3y+z+1=0u 2x+y—-4z+2=0;

0) 3x+y—z+2=0u 6x+2y—-2z+3=0;

2
B) \/Ex—y+6z+5:O u 4x+\/§y—§z+7=0.

3. Haumsr touxku A4 (4;7;8), A,(-1;13;0), 4,(2:;4;9), A4,(1;8;9). CocraButsh
ypaBHEHHUs IUIOCKOCTU: a) A, A, A, ; 06) napamnenbHoil miockoctu A, A, A, 1 npoxozasuei yepes
T0uky A,; B) A A4,; 1) A,M , nepneHIuKynIpHON K IUIOCKOCTH A, A, A, . Beruncoure cunyc
yrina Mexay npamoit 4,4, u A, 4,4, .

2.8.3 Pe3yabTaThl U BHIBO/bI:

B pesynbTaTe npoBeneHUs MPaKTUYECKOrO 3aHATUS CTYJEHT OCBOUT OCHOBHBIE IOHSATHS
¥ METOJbl AaHATIMTUYECKON F€OMETPUU; HAYYUTCS MCIOJIb30BaTh MAaTEMATHUYECKUI ammapar ajis

O6pa6OTKI/I TEXHUUYECKOMN I/IH(l)OpMaHI/II/I W aHaJIM3a JaHHBIX; OBJIAACCT HABBIKAMH IMOCTPOCHMUA
MAaTEMAaTHYCCKUX Moneneﬁ THUITOBBIX HpO(beCCI/IOHaJIBHHX 3aaad.
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2.9 lIpaktuyeckoe 3anaTue Ne I[13-9 (2 gaca).

Tema «IIpsimasi B mpocTpaHcTBe»

2.9.1 3aganue nist padoThI:

1. CriocoOblI 3a1aHus PSIMOIL B TPOCTPAHCTBE.

2. B3zaumHoe€ pacnonoxeHue NpsiMon U MI0CKOCTH.

3. IToBepxHOCTHU B IPOCTPAHCTBE.

2.9.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

1. Jlnsg npsAMo# 3anucaTh KOOPAMHATBI HAIPABIAIOLIEr0 BEKTOPA, TPEX TOYEK, JIEIKAIINX

x =3t
Ha IPSIMOi: a)xl_1:1:Z+2;6) y=4t-5.
z=—t+3

2. Nanbl yetsipe Toukn A4, (4;7;8), 4,(=1;13;0), 4,(2;4;9), 4,(;8;9). CocraBursb
ypaBHeHus npsamoii: a) 4 A4,; 6) A,M , nepnenauKynsapHON K IIIOCKOCTH A A4, A, . BerancanTs
CHHYC yrJla MEXIy IpAMON A, A, M TIOCKOCTbIO A, A, A, .

3. YCTaHOBHTH B3aMMHOE PACIIOJIOKEHUE IPSIMOMN U MIIIOCKOCTH:

x=2t+1
a)yy=3t u2x—-y+z+1=0; 6)%:)}?_1:Zjiznx—2y+52—620;
z==-2+t
x=1 y =z-1
B) === Ux—2y+5z-6=0.
1 3 1

2.9.3 Pe3yabTarhl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHSATHSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U METOJbl AaHAIMTUYECKON FCOMETPUH; HAYYUTCS MCIOJIb30BaTh MaTEeMATHUYECCKUH ammapar s
00paboTKM TEXHUYECKON MH(OpMAIMU U aHalM3a JAHHBIX; OBJAJCCT HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPO(EeCCHOHATBHBIX 3a/1a4.

2.10 IIpakTu4yeckoe 3ansiTue Ne I13-10 (2 gaca).
Tema «®@yHKUIUD)
2.10.1 3apanue nis padoThbI:
1. Onpenenenuie CBONCTB QyHKIUH.
2. [loctpoenue rpaduKkoB 37I€MEHTAPHBIX U HEITIEMEHTAPHBIX (QYHKIIHIA.
2.10.2 KpaTkoe onucaHue NpoBOAMMOIo 3aHATHSA:
1. Haiiti 06macth onpeesieHust CleyronuX GyHKIAN:
1 _ 7/ 2. 2y . vI—x
a) y=46—x +m, 0) y=43-x";B) y=log,(4—-x°);1) y=

In(4+x)

2. Haiimure E(y) nBymss cmocobamu: a) y= 4cos(% - xj + sin(zz + x) ; 0)

y=x"—-6x+5.
3. UccnenoBaTh (YHKIIMIO HA YETHOCTb:
a) f(x)="22:6) f(x)=x"-cosx;B) f(x)=6x—x’;1) f(x)= 1gx+§ :
X X —
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0 npu x<0

2

4. Jlns oyskumm  f(x) = z—g npu 0<x<7 Hautu  f(=2), f(0), f(5), F(8).

1 npu x>7

[octpouTts rpaduk GyHKIHH.
2.10.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbraTte npoBeneHus MpakTUYECKOrO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC ITIOHATHS
M METOJIbl MaTEMaTHYECKOr0 aHAJIN3a; HAYYUTCSl UCIOJIb30BaTh MaTEMaTUYECKUN amnmapaT AJis
00pabOTKM TEXHUYECKOH MH(OpMAIMK M aHAIW3a JAHHBIX; OBJIAJCET HABBIKAMHU IOCTPOCHUS

MAaTEMATUYCCKUX MOI[CJ'ICﬁ THUIIOBBIX HpO(beCCI/IOHaJ'IBHBIX 3ajaay.

2.11 IlpakTn4eckoe 3ansitue Ne I13-11 (2 gaca).

Tema «Ilpenen mocienoBaTeJbHOCTH U Mpeaea GyHKuumn»
2.11.1 3apanue s padoThbI:

1. Boruncnenue npezaena 4ucioBOM MOCIEI0BATEIbHOCTH.

2. Beruncnenue npezena GyHKIUH.

2.11.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Hayunas ¢ kakoro HOMCpa, 3HAYCHUA YHCI0BOM IMOCJICAOBATCIIBHOCTH X, =

OyIyT OTIMYAThCA OT YUCia 2,5 Ha BEJIMYUHY, MeHbIIyI0: a) £ =0,2;06) £=0,017?

2. OHpCI[eJ'II/ITB YUCJIO, K KOTOPOMY CTPEMUTCA YU CI0BAA IMOCICAOBATCIIbHOCTD!

a)x, =M;6) X, = ! .
2n 2n+1

3. Haittu npenen ¢yHKIuu: a) limﬂ 6) lim ﬂ B) lmL
>l x4 x° H,l cos =>32x—6

2.11.3 Pe3yJbTaThbl U BHIBOJBI:

Sn+3

2n

B pesynbraTte npoBeneHus MpakTUYECKOrO 3aHATUS CTYAEHT OCBOUT OCHOBHBIC ITOHATHS
M METOJIbl MaTEMaTHYECKOr0 aHAJIN3a; HAYYUTCSl UCIOJIb30BaTh MaTEMaTUYECKUN amnmapar AJis
00pabOTKM TEXHUYECKOH HMH(OpMAIMK M aHAIW3a JAHHBIX; OBJIAJEET HABBIKAMHU IOCTPOCHUS

MAaTEMATUYCCKUX MOI[CJ'ICﬁ THUIIOBBIX HpO(beCCI/IOHaJ'IBHBIX 3aJaay.

2.12 IIpakTu4yeckoe 3ansiTue Ne I13-12 (2 gaca).
Tema «IIpaBuia pacKpbITUA HEONPeaeJIeHHOCTe
2.12.1 3apanue nis padoThbI:

1. Berancnenue npenena QyHKIIHH.

2. CpaBHeHHE OECKOHEYHO MAJIbIX (PYHKITUH.

3. [IpuMeHeHue 3amedaTeNIbHbIX MPEIEIOB.

2.12.2 KpaTkoe onucaHue NpoBOMMOI0 3aHATHS:

2
1. Haiiru: 1) hm)z;m;Z) lim¢ 3) lim— %
=0 5x” —12x ol 7 —x" —6x x—’7\/9+x 4
2 f— f— —
2 .BeauciauTs: 1) lim M’Z) hmwj3 lmw
e Tx? +x—11 e Txt +x7 —11 e Tx" +x—11
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3. Haiitu 3Hauenue: 1) lim [ 312 _LZJ ;2) lim (\/xz +3x — x).

-2\ x7 =8 X — X+
o . sinllx . cosdx—-1 ) 2
4. Haiitu: 1) lim—————; 2) lim————; 3) limig"9x-cig5x.
0 gretg3x =0 gretg” 2x x>0

8x 4 x+3
5. Beluuciouth:  a) lim(l+gj ; 0) 1im(1+9x)§; B) lim(erSj ; T)

xX— o X x—0 xX—> 0 x+l
: 2 Y
lim | 1+— .
X—> +0© X +6

2.12.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbraTte npoBeneHus MPaKTHYECKOTO 3aHATHS CTYIEHT OCBOUT OCHOBHBIE TTOHSATHUS
U METO/Ibl MaTeMaTH4YECKOIro aHaln3a; Hay4yUuTCsl MCII0JIb30BaTh MaTeMaTUUECKUH ammapar Jyis
00pabOTKM TEXHUYECKOH HMH(OpMAIMK M aHAIW3a JAHHBIX; OBJIAJEET HABBIKAMHU IOCTPOCHUS
MaTeMaTHYeCKUX MOJIeel TUIIOBBIX NPO(EeCCHOHAIBHBIX 3a/1a4.

2.13 IlpakTnueckoe 3ansitue Ne I13-13 (2 gaca).
Tema «HenpepbIBHOCTH QyHKIIUN»

2.13.1 3apanue s padoThI:

1. Boruncnenne oqHOCTOPOHHUX MPEIETIOB.

2. UccnenoBanue QyHKIMH Ha HEMPEPHIBHOCTD.

3. OnpexeneHue TOYEK pa3pbiBa.

2.13.2 KpaTkoe onucaHnue NpoBOAMMOro 3aHSATHSA:
1. UccnenoBaTh Ha HEMPEPHIBHOCTH:!

4x2 -1 x3 4
a) y=——;0) y=——;B) y=———.
R i e A PR e v
HccnenoBaTh Ha HENPEpPHIBHOCTh  (PYHKIIMM ¥ TOCTPOMTHh WX Trpaduku: a)
x+1, x<0, 2 <
x*+1 npux<l1 5 ¥+l onpux<l
f(x)= ;0) y=9x"—-1, 0<x<1,;B) f(x)=9 1 .
x+1 npux>1 npu x > 1

—-x, x2>1, x—1
A
2. UccnenoBats Ha HenpepbIBHOCTE f(x) =3 +1 BTOoukax x, =1wu x, =—1.

cosx npux<0
3. [Ipu xakom 3HaueHuu a f(x)= HenpepbIBHA B TOYKe x, =0 ?
a(x—=1) npux>0

x+2
4. CKONbKO TOYEK pasphiBa (M KaKOro posia) UMeeT QyHKuus: a) y=—————;
x°+8x+12
|sin x|
=-—— 7 [locTpouts rpaduk QyHKIUH.
sin x

1 npux<0

V4
5. UccnenoBats dpynkmuo f(x)=<cosx npu 0<x< By Ha HEMPEPBHIBHOCTD U C/IENaTh

4
1-x npux=>—
P 2

CXeMaTUYECKUU UCPTECK.
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2.13.3 Pe3yabTaThl M BHIBOAbI:

B pe3yabTaTe mpoBeaeHUs MPAKTHYECKOTO 3aHATHS CTYJICHT OCBOMT OCHOBHBIC IMOHSATHUS
¥ METOJIbI MaTeMaTHYECKOr0 aHaln3a; HAYIUTCS MCIOIb30BaTh MaTeMaTHYCCKUI ammapar Juis
00pabOTKM TEXHHYECKON MHGOpPMAIMU W aHAJIM3a JAHHBIX; OBJIAJICCT HABBIKAMH IOCTPOCHUS
MaTEeMATHYECKUX MOJIENICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.14 IlpakTn4eckoe 3ansitue Ne I13-14 (2 yaca).

Tema «IIpousBoaHas»

2.14.1 3ananue nis padoThI:

1. Haxosxxienue mpor3BOTHOM.

2. 'eomeTpuueckuii 1 MEXaHUYECKUI CMBICIIBI TIPOU3BOJHOM.
2.14.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Haiitu npousBoaHyw: a) :¥; 0) y:x4—121 " +6-3x* +sin4;
X
B) y:i7—°\/x4 +3%;1) y=(x’+2)-sinx;n) y= 1nx4.
X X—

2. Haiitu mnpou3BOAHYIO OT (YHKIMH M YIPOCTUTH TONYYEHHOE BBIpOKEHHE: a)

x-sinx+cosx—8;6) x-arcsinx ++/1—x’ ;B)x-arctg%—%ln(x2 +9).

3. CocTaBuTh ypaBHEHHE KacaTelbHOW K rpaduky GyHKmuu f(x)= B TOYKE €T0

nepecedeHus ¢ ocbro opauHar. Crenarb puCyHOK.

4. HaiiTu CKOpPOCTh U YCKOPEHHE TOYKH, IBUXKYLICHCS NPSIMOIMHEHHO MO 3aKOHY
2

.t o
s(t) = 2s1n? B MOMEHT BpeMeHH ¢ =1 ¢. HallTu KuHeTHYeCKyo 3HEpIruIo Tena gyepe3z 3 ¢

10CJIe Hayana ABHKEHHUS.

2.14.3 Pe3yJbTaThl M BBIBOJBI:

B pesynbraTte npoBeneHUs NPaKTUYECKOTO 3aHATHUS CTYAEHT OCBOUT OCHOBHBIE IOHSATHUS
M METOJIbl MaTEMaTHYECKOr0 aHajIn3a; HAYYUTCsl MCIOJb30BaTh MaTeMaTUUYECKUI anmapaT AJs
00pabOTKM TEeXHUYECKOH MH(OpMalMK M aHaIW3a JAHHBIX; OBJAJEET HAaBBIKAMHU IOCTPOCHHUS
MaTeMaTHYECKUX MOJIEIel THITOBBIX MPO()EeCCHOHAIBHBIX 3a/1a4.

2.15 IIpakTuyeckoe 3ansiTue Ne I13-15 (2 gaca).

Tema «IIpousBoaHble BeICIIMX NOPAAKOB. JInddepenuuan

2.15.1 3apnanue nis padoThbI:

1. IIpon3BOIHBIE BBICIIKUX MOPSIAKOB.

2. Beriuncnenue nquddepennnana.

3. Ilpunoxenue nuddepeHnuana K NpruOIMKEHHBIM BEIYHACICHUSIM.
2.15.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Borancnats: a) y19), ecmu y = e*(x+4);6) y®°), ecmn y =cosx.

2. llpoBeputh, SBISETCA IU pelieHueM ypaBHeHus " +2y'—8y =0 ¢yHkuus

y=e> +9e .

3

+ x?

3. Boruucnuts: a) d(4x—6); 0) d(l j ; B) d(In(x+6));1) d(cos8x).
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dx dt
4. Buectu dynxuuio nox 3uak muddepenuuana: a) xdx; 6) cosxdx; B) —; 1) —;—.
X cos” ¢
5. Ilone3ysice MpUONMKEHHBIM PaBEHCTBOM f(x)~ f(x,)+ f'(x)(x—x,), BBIYMCIHUTH
npUOIMKEHHO YKa3aHHbBIC BEIMYUHBI:
0. 0. 0.2. 1y 3 . . .
a) cos61;0) tg44”;B) e ;1) /7,76 ; 0) arctg1,05; e) arcsin0,54 .
2.15.3 Pe3yJbTaThbl U BHIBOJBI:
B pesynbTaTte mpoBeneHusT MPaKTUYECKOTO 3aHATHSI CTYJEHT OCBOUT OCHOBHBIE ITOHSTHUS
U METOJIbl MaTeMaTHYeCKOro aHajlu3a; HaYyYUTCsl MCIOJIb30BaTh MaTeMaTHYeCKUll ammapaT AJis
00paboOTKM TEeXHHUYECKON MHGOpMAIMU U aHAJIM3a JAaHHBIX; OBJIAJCET HABBIKAMH IOCTPOCHUS
MaTeMaTHYECKUX MOJIENIel TUIIOBBIX MPOPECCHOHANBHBIX 3a/1a4.

2.16 IIpakTu4yeckoe 3ansitue Ne I13-16 (2 gaca).
Tema «IIpuniiokeHus: NPOU3BOIHON»
2.16.1 3apanue nis padoThbI:
1. Beruucnenue npenenos 1o npaswity Jlonurais.
2. UccnenoBanue Ha MOHOTOHHOCTh (DYHKITUH, HAXOXKICHHE TOUEK SKCTPEMyMa.
3. HaxoxaeHrne HauMeHbIero ¥ HauboIbIIero 3HaYeHN (YHKIIMU Ha OTPE3Ke.
4. UccnenoBaHue Ha BOTHYTOCTb U BBIITYKJIOCTh (DYHKIIMHU, HAXOXKIEHUE TOUEK reperuoa.
5. IlocTpoenue rpadukoB GyHKIHH.
2.16.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:
- Afx-1 ) A7 +e -2
1. Beruucnuts npegen ¢pyukuuu: a) lim———; 6) lim ——; B) lim——.
x—>1 v; -1 X—>+o0 ln(x + 7) x>0 X

2. UccnenoBars QYHKIHIO y = —x° + 6x° — 4 W MOCTPOUTH e¢ TpaduK.

3. [Toctpouts rpaduk QyHKIMH: &) y = 21 " ;0) y= e
X"+
4. Ha napaboJse HaiiTU TOUKY, HAUMEHEE yJAaJICHHYIO OT psAMOM y =2x—4 .

5. TpeOyeTcs BHINOPOAUTH MPSIMOYrOABHOE MACTOMIIE MUIOMAALI0 1 xu’ W pasaeauTh

€ro Ha JiBa IpPSIMOYTOJIbHBIX yuacTka. Kakoll HauMeHbIIEH AJUHBI 3a00p IpPU ITOM MOMKET
MOTYy4YUTHCS?

2.16.3 Pe3yabTaThl ¥ BHIBOAbI:

B pesynbpTaTe mpoBeneHUS NPAKTUYECKOTO 3aHATHS CTYJE€HT OCBOMT OCHOBHBIE ITOHSATHUS
¥ METOJIbl MaTEMaTHYECKOr0 aHaIn3a; HAYYUTCsl MCIOJb30BaTh MaTeMaTUUYEeCKUIl anmapaT AJs
00pabOTKM TEeXHUYECKOH MH(OpMalMK M aHaIW3a JAHHBIX; OBJAJEET HABBIKAMHU IOCTPOCHHUS
MaTeMaTHYECKUX MOJIEIel THITOBBIX MPO(EeCCHOHAIBHBIX 3a/1a4.

2.17 llpakTn4eckoe 3ansitue Ne I13-17 (2 gaca).

Tema «KpuBusHa KpuBoi»

2.17.1 3apanue s padoThbI:

1. Onpenenenuie KPUBU3HBI, pauyca U Kpyra KpUBH3HbI KPUBOH.

2. CocraBiieHHE ypaBHEHHUS IBOJIIOTHI.

2.17.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Onpenenuth pagnyc KpUBU3HBI U MOCTPOUTH KPUBYIO U KPYr KPUBU3HBI KPUBOWU B

z 2

yKa3aHHOH TOYKe: a) y =e”, (O; 1); 0) y=cosx, | =22
4 2

2. HaiiTu MakcuManbHyI0 KpUBU3HY KPUBOM y =e”.
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2
. X

3. Hanucars ypaBHEHHE 3BOJIIOTBI KpPUBOH y =1-—-——WU MOCTPOUTb KPUBYIO M €€
2

SBOJTIOTY.

4. OnpenenuTs paanyc KPUBU3HBI M MOCTPOUTH KPUBYIO M KPYT KPHBU3HBI KPHBOW B
yKa3aHHO# Touke: a) y = Inx , (1; 0); 0) y=x", (—1; —1).

2.17.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte mpoBeneHus: MPaKTUYECKOTO 3aHATHSI CTYJEHT OCBOUT OCHOBHBIE ITOHSTHUS
U METOJbl MAaTEMaTUUYECKOT0 aHajIu3a; HAy4YUTCS MCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar Jjis
00paboTKM TEeXHHUYECKON WMHGOpMAIMU U aHAJIM3a JNAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPOo(eCCHOHATBHBIX 3a/1a4.

2 cemecTp

2.18 IlpakTnueckoe 3ansitue Ne I13-18 (2 uaca).

Tema «®@yHKUIUSA ABYX NePeMeHHbIX»

2.18.1 3aganue aJs padoThI:

1. Haxoxpaenue obnactu onpenenenus GyHKINN ABYX MEpEMEHHBIX.
2. Brruncnenue npou3BOAHBIX IEPBOTO U BTOPOTO MOPSIIKOB.

2.18.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1
1. Haiitu obGnmacte ompeneneHus (QYHKIUH ABYX IEPEMEHHBIX: a) Z 23—; 0)
y—x
z=In(y’> —4x+8); B) zzzsln%;r) Z=AX+Y+x—y;0) z:w/x—\/;.

2 2 : 3 3
. + . +
2. Beruucnute: a) lim x ) ; 0) hmw.
DoAxT T +1-1 o0 Xty

3. HaiitTu wdyacTHBIE TNpPOM3BOAHBIE MAHHBIX (QYHKIMA 1O KaXIOH HE3aBUCHUMOMN

IEpEMEHHON: a) z =x" — ) ; 0) z :£+3xy4; B) z =sin(e® —5y°).
y

4. HaiiTu 3HayeHHs YaCTHBIX NPOM3BOAHBIX: a) f(X;)y)=x+y—+/x"+y> B Touke
(3; 4); 0) z= ln(x+zlj B TOUKE (1; 2).
X

5. BuruucianTbh YacTHEIE IMPOU3BOAHBIC BTOPOTO IMOpAAKAa W MNPOBCPUTHL PABCHCTBO

zy, =z, M QyHKUMA: a) z = e” -y*,06) z= arctg(x— 2)+§—7x6y.

Xy

2.18.3 Pe3yJbTaThl U BHIBOJBI:

B pesynbTaTte npoBeneHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U METOJbl MAaTEMaTUUECKOTO aHajIu3a; HAy4YUTCS MCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar Jjis
00paboTKM TEeXHHUYECKON MHGOpMAIMU U aHAJIM3a NAaHHBIX; OBJIAJECT HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPO(heCCHOHATBHBIX 3a/1a4.
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2.19 IlpakTnyeckoe 3ansitue Ne I13-19 (2 yaca).

Tema «Ilpuiio:keHusi IPOU3BOAHBIX (PYHKUMA HECKOJIBKUX MepPeMEHHbIX)
2.19.1 3ananue s padoThI:

1. Haxoxaenue nuddepennnana, ero npuioxeHue.

2. IIpousBonHas 1o HampaslieHU0. ['paaueHrT.

3. KacarenbHas IIIOCKOCTh U HOPMaJlb.

2.19.2 Kpatkoe onucaHnue NpoBOJAMMOro 3aHATHSA:

o . X+
1. Haiitn yactable qudepeHnuansl QyHKINUU: a) z =sinxy ; 0) z = Y.
xX=y
. X
2. HaiiTn 3nauenue nomHoro auddepennuana GQyHKIUNA z = % mpu x=2, y=1,
XY

Ax=0,01, Ay =0,03.
3. Haiitu npousBoiHyr0 GYHKIMH u = x° +3y> B Touke M (2;—1) B HampaBieHUH
BEKTOpA S=1 + .

4. Haiitn grad z B Touke M(3;2),ecnu z =x" + y’.

N y 1 .16
5. Haiitu Touku, B KOTOpOii rpaaueHT GyHKIUH z = In| x + — | paBeH i Y J-
y

6. Jlns TOBEPXHOCTH z =2x° —4y> COCTaBUTH YPaBHEHHWs KacaTEIbHOM IUIOCKOCTH M
HOpPMAaJu B TOYKE (2; 1; 4).

2.19.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U METOJbl MAaTEMaTUUYECKOT0 aHajau3a; HAy4YUTCS MCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar s
00paboTKM TEeXHHUYECKON MHGOpMAIMU U aHAJIM3a NAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEICH TUITOBBIX MPO(eCCHOHATBHBIX 3a/1a4.

2.20 IIpakTu4yeckoe 3ansiTue Ne I13-20 (2 gaca).

Tema «IkcTpeMyM (PYHKIHMH IBYX IepeMEeHHbIX»

2.20.1 3apanue nis padoThbI:

1. UccnenoBanue GyHKIHMU ABYX NMEPEMEHHBIX HA SKCTPEMYM.

2. MeTol HaUMEHBIINX KBaJAPaTOB

2.20.2 KpaTkoe onucaHue NpoBOJIMMOIo 3aHATHSA:

1. UccnenoBaTh Ha 3KCTpeMyM (pYHKIUU:

a) z=—4+6x—x> —xy—y°;

0) z=x"—xy+y> +8x—4y+15;

B) z=2x"—14xy+y> +2x -9y +1.

2. 3HaueHUs IEPEMEHHBIX BEIWYMH X M Yy, IIOJy4YEHHBIE B peE3ylbTaTe OIbITa,
IPEJICTaBIECHbI B BUAE TAOJINLIbL:
X 2 4 6 8 10
y 5,5 8,5 13, 17,3 20,1
6

IIpenmonarasi, YTO NEPEMEHHBIE X U Yy CBSI3aHbl JUHEHMHOM 3aBUCHUMOCTBIO Y =ax +b,
HATH cCIOCOOOM HAaMMEHBIINX KBAIPATOB MapameTpsl a u b .
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2.20.3 Pe3yabTaThbl M BHIBOAbI:

B pe3yabTaTe mpoBeaeHUs MPAKTHYECKOTO 3aHATHS CTYJICHT OCBOMT OCHOBHBIC IMOHSATHUS
¥ METOJIbI MaTeMaTHYECKOr0 aHaln3a; HAYIUTCS MCIOIb30BaTh MaTeMaTHYCCKUI ammapar Juis
00pabOTKM TEXHHYECKON MHGOpPMAIMU W aHAJIM3a JAHHBIX; OBJIAJICCT HABBIKAMH IOCTPOCHUS
MaTEeMATHYECKUX MOJIENICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.21 IIpakTu4yeckoe 3ansaTue Ne I13-21 (2 gaca).

Tema «KoMIuiekCHbIE YHCIA)»

2.21.1 3apnanue nis padoThbI:

1. leiicTBus HaJl KOMIUIEKCHBIMU YHCIIAMH B anreOpandeckoit popme.

2. Tpuronomerpudeckas Gpopma komruiekcHoro uncia. Dopmyna Myaspa.

3. U3Bneuenue KOpHs U3 KOMILIEKCHOTO YKCTIA.

2.21.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. JlaHbI KOMIIEKCHBIE YnCHa z, =3+ 5i, z, =—-4-3i, z, =7 —i.BbranuciuTs:
Z, + 24

a) Zytzy0 25, 0) (z, —2)2z;; B)Z—; r) -
1 3

Zy+Zy

2. Cnenyrolue KOMIUIEKCHBIE YHCIa U300pa3uTh BEKTOPaMH, ONPEISIUTh UX MOAYIH U
apryMEHTHI M 3aIiCaTh B TPHTOHOMETPHUYECKON opme:

a) z, =3, z,=-4, z,=2i, z,=-6i;

6) z, =7-7i, z,=1+~3i, z,=-3J2-3V2i, z, =—3+i.

3. Beramcuts: a) (—1+i)7;6) (—/3+i)°;B) ¥/=64 ;1) Y1+ .

2.20.3 Pe3yabTaThbl M BHIBOAbI:

B pesynbTaTe npoBeneHus MPakTUYECKOrO 3aHATUS CTYJEHT OCBOUT OCHOBHBIE IOHSATHS
U MeToAsl Teopuu (YHKIUHA KOMIUIEKCHON TIEePEeMEHHON; HAy4YUTCS HCIIOJIh30BATh
MaTeMaTUYecKUi ammapaT [isi 0oOpabOTKM TeXHUYECKOW WHGOpMalUW M aHalIu3a JaHHBIX;

OBJIAJICCT HABBIKAMH IIOCTPOSHUS MATEMATHUYECKHX MOJIENCH THIOBBIX MpodeccrnoHaIbHBIX
3a1ad4.

2.22 IIpakTnyeckoe 3ansiTue Ne I13-22 (2 gaca).

Tema «MHOro4JeHbI»

2.22.1 3apnanue nis padoThbI:

1. Paznosxenre MHOTOUYICHA HA MHOKHTECIIH.

2. Pemenne ypaBHEHU BO MHOKECTBE KOMITJIEKCHBIX YHCEI.
2.22.2 KpaTkoe onucaHue NpoBOAMMOro 3aHATHSA:

1. PemuTh ypaBHEHUSI BO MHOKECTBE KOMIIJIEKCHBIX YHCEII:

a) x’+16=0; 6) x> —2x+4=0;
B) X’ +4x+13=0; 1) 3x*-2x+17=0;
n) X —125=0; e) ¥ +216=0.

2. 3anucaTh TPUBEIECHHOE KBAJPATHOE YpPaBHEHHUE, KOPHSIMH KOTOPOrO SIBISIFOTCS
KOMILJIEKCHO-COTIPSKEHHBIE YHCIIA:

a) +7i; 6) 5+2i; B) —1++/5i; r) —9+4+2i.

2.22.3 Pe3yJbTaThl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPakKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
U MeToAbl Teopun (PYHKIMH KOMIUIEKCHOW TEPEMEHHOM; HAy4dHUTCs HCIOJb30BaTh
MaTeMAaTHYECKUN ammapaTr [Uisi oOpaOdOTKH TEXHUYECKOW WH(GOpPMAlUW W aHAIHW3a JaHHBIX;
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OBJIAJICCT HABBIKAMH IIOCTPOSHUS MATEMATHUYECKHX MOJIENCH THIOBBIX MpodeccrnoHaIbHBIX
3a1ad4.

2.23 IIpakTu4yeckoe 3ansaTue Ne I13-23 (2 gaca).

IlepBooOpa3Hasi U HeompeaeJeHHbII HHTErPaJ

2.23.1 3apanue qis padoThbI:

1. Haxoxxaenue nepBooOpa3Hoi (HyHKINH.

2. Boruncnenue HeonpeeIeHHOro HHTerpasa no Tabauie.

3. l'eomeTpuueckuii cMbICT HEOTPEIEICHHOTO HHTErpasa.

2.23.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Jlano ypaBHEHHE CKOpPOCTH ABWXKEHUs Tena v(¢)=2¢+5. Halitu ypaBHeHHe mIyTH,

€CJIM 3a IEePBbIe 3 ¢ IBUXEHHUS TEJIO Mpouuio 32 m.

2. Haiitu wuHTerpamel: a) J-(x“+i3—53\/x_2jdx; 0) '[4”‘ 3+L dx; B)
X

Ux
IL; )

9x? +1

1
25—x2

[(7eosx=10%)dx; 1) | v |

cos2x —cos’ x

J- dx 3) J- dv
Ja—ox> TV o7
3. CocTaBUTh ypaBHEHHME KpPHBOM, MpOXOAAIIEH uepe3 TOUKy (—2;8), eciu yrioBoi

K03 pHLIEHT KacaTeNbHON B 1000 TOUKE KacaHUsl x paBeH 2x —4.

2.23.3 Pe3yabTaThl M BHIBOJbI:

B pesynpraTe mpoBeaeHUs MPAKTHUECKOTO 3aHATHS CTYJCHT OCBOUT OCHOBHBIC ITOHSTHUS
U METO/Ibl MaTeMaTH4YeCKOr0 aHallu3a; HAyYUTCs MCIIOJIb30BaTh MaTeMaTHUECKUH ammapar Jyis
00paboTKM TeXHHYECKO MH(GOPMAIMKM W aHAINW3a JAHHBIX; OBJAJCET HABBHIKAMH MOCTPOCHHUS
MaTeMaTHYECKUX MOJIEIel THITOBBIX MPO()EeCCHOHAIBHBIX 3a/1a4.

2.24 IlpakTn4eckoe 3ansitue Ne I13-24 (2 yaca).
Tema «MeTobl HHTETPUPOBAHUSD)

2.24.1 3ananue aJs padoThbI:

1. HemocpeacTBeHHOE MHTETpUPOBAHHE.

2. 3amMeHa NNepeEMEHHOM.

3. MaTerpupoBanue mo 4acTsM.

2.24.2 KpaTkoe onucaHue NpoBOAMMOro 3aHATHSA:

2
X dx
1. Beranenuts uaTerpan: a) |(Sx—1)"dx; 6) [edx;B) | ——.
2" +5‘
2. [IpeoOpa3oBaTh U BBIUUCIUTD: a) J'3tg X+ dx ; 0) I
sin” x 10”

3. Beluncnuts: a) Iarccrgxdx ; 0) j(6x +1)- singdx; B) Ie" sin 2xdx .

4. BBIYUCITUTH: a) Ie cos xdx ; 0) J' *Fdx B) I xdx 1) J~lnx

COS )C

2.24.3 Pe3yJbTaThl M BBIBOJBI:
B pesynbraTte npoBeneHUs NPaKTUYECKOTO 3aHATHUS CTYAEHT OCBOUT OCHOBHBIE IOHSATHUS
Y METOJIbl MaTEMaTHYECKOI0 aHaJIn3a; HAYYUTCsl MUCIOJb30BaTh MaTeMaTUUYEeCKUIl anmapaT AJs
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00pabOTKM TEXHUYECKOH HMH(OpMAIMK M aHAIW3a JAHHBIX; OBJAJEET HABBIKAMHU IOCTPOCHUS
MaTeMaTHYeCKUX MOJieel TUIOBBIX NPO(EeCCHOHAIBHBIX 3a/1a4.

2.25 IIpakTuyeckoe 3ansiTue Ne I13-25 (2 gaca).

Tema «MHTErpHpOBaHNE PALMOHAIBLHBIX (PyHKIHIT»
2.25.1 3apnanue qis padoThbI:

1. UnTerpupoBanne NpoCTENIINX palliOHAIbHBIX IpOOeEil.
3. MHTerpupoBaHue palMOHaNbHbBIX (GYHKINH.

2.25.2 KpaTkoe onucaHue NpoBOJAMMOro 3aHATHSA:
Haiitu HeonpeieIeHHbIE HHTETPAJIBL:

2) J- ddx ;6)J~ c_l'x B) J.;ji);
8d 8d
)I 2 )I x3’)j 2 _4x+4

)J-(4x+5)dx 6 J- (2 —x)dx . J- Tdx

8x+17’ x2+4x+20° 2_2x+5
J- (4x + 4l)dx J~ (6x +23)dx . B) J~ (x* =57x +157)dx
x> +3x-4" x2+6x+9° —9x+20 '

2.25.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
¥ METOJbI MAaTEMaTUUECKOTO aHajIn3a; HAay4YUTCS MCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar s
00paboOTKM TEeXHHYECKON WMHGOpMAIMU U aHAJIM3a JAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPOo(heCCHOHATBHBIX 3a/1a4.

2.26 IIpakTnyeckoe 3ansiTue Ne I13-26 (2 yaca).

Tema «MHTErpHpPOBaHNE TPUTOHOMETPUYECKHX U HPPALMOHAIBHBIX (DYHKIHID)
2.26.1 3apnanue nis padoThbI:

1. YHuBepcanbHas TPUTOHOMETPUYECKas MOACTAaHOBKA.

2. YacTHble c1y4au TPUTOHOMETPUYECKHUX MOICTaHOBOK.

3. MHTerpupoBanue UppanuoHaIbHBIX ()YHKIIHA.

2.26.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

WuTerpupoBaTh TPUTOHOMETPHUYECKUE (DYHKITIH

1. BeIYUCIUTE: I - d ; J. tgxdx ; I\7/sin4 x - cos’ xdx ;

3sin x —cos x sin® x +3cos’ x

2. Haiitu: Icos7x-cos§xdx; .[sinz x-cos? xdx ; .[tg3xdx.

I/IHTCI‘pI/IpOBaTB UppalroHaaIbHble PYHKIIUU
3. Haitm: J- 2x 7dx J- x+3dx

VX —x+5 V15 =2x—x*

4. BEIYHUCIUTD: X dx I X +3 dx

dx )
IZ+\/x—8’ '[\/x+6 Yx+3+8x+3

2.26.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeeHUs MPaKTUYECKOTO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
¥ METOJbl MAaTEMaTUUECKOTO aHajau3a; HAay4YUTCS WCIIOIh30BaTh MAaTEeMAaTUUYECKHH ammapar Jjis
00paboOTKM TEeXHHYECKON MHGOpPMAIMU U aHAJIM3a NAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPOo(eCcCHOHATBHBIX 3a/1a4.
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2.27 llpakTn4eckoe 3ansitue Ne I13-27 (2 gaca).

Tema «OnpenesieHHbIH HHTETPAD)

2.27.1 3ananue s padoThbI:

1. Beruucnenue no gpopmyne Herotona — JleiioHua.

2. CBoiicTBa OnpeneNeHHOro HHTerpaa.

3. 3amMeHa nepeMEeHHOI B ONpeIeIEHHOM UHTETpae.

4. luTerpupoBaHue MO YacTsIM B OIIPEICIEHHOM WHTErpale.
2.27.2 KpaTkoe onucaHue nposomeoro 3aHATHSA:

1. Borancnuts: a) I3x dx; 6)I ; B) I (x* +3)dx.
+x°

2. Haiitu: a) j.} ; 0) T'/[ 2 sm( - @, j dt; B)j\/ 2x+1dx
5 1(3

3. Haiitu: a)j 3x dx ; 0) J. I xdx

\/1+lnx 0 V4 —x?

z

6 0,25
4. BeruncauTh ONpeieICHHbIN HHTETpa: a) Ixcos 3xdx ; 6) jarctg4xdx.
0

2.27.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHus MPakKTUYECKOTO 3aHSATUS CTYJEHT OCBOUT OCHOBHBIE MOHSTHS
¥ METOJbI MAaTEMaTUUYECKOT0 aHajau3a; HAy4YUTCS MCIIOIh30BaTh MAaTEeMAaTUUYECKHH ammapar s
00paboOTKM TEeXHHYECKON MHGOpPMAIMU U aHAJIM3a JAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPO(eCCHOHATBHBIX 3a/1a4.

2.28 IIpakTuyeckoe 3ansiTue Ne I13-28 (2 yaca).

Tema «I'eomeTpuYecKkne NPUJIOKEHUS ONPeIeTeHHOT0 MHTErpaJiay»
2.28.1 3apnanue qist padoThbI:

1. [IpubnmxeHHOE BHIYUCIICHHUE ONPEACIICHHBIX HHTETPAJIOB.

2. Brruncnenue miomaaei miocKuX KpUBBIX.

3. HaxoxneHnue oObema Tesa BpaleHusl.

4. BpruuciaeHue IJIMHbI JyTH KPUBOM.

2.28.2 KpaTkoe onncaHnue NpoBOJAMMOro 3aHATHSA:

1. Haiitu muomniaap miockoi Gurypel, OrpaHUuEeHHON JIMHUSAMU:

a) y=e*, y=0, x=-2, x=1;0) y=x"-4, y=0, x=-3;
B) y=—x"+4x+6, y=6-x; T) y=Inx, y=In’x.

2. Haittu nnuny nyru kpuBoil y =1+ Insinx, % <x< %

3. BelUMCIUTD JUIMHY AyTH KpUBO# y° = (x +1)°, OTCEUEHHOM psiMoit x = 4.
4. Haiitm o0bem Tena, 00pa30BaHHOTO BpamieHueM BOKpYyr ocu Ox  durypsi,
OrpaHU4YeHHON JuHuAMU Xy =4, x=1,x=4,y=0.
2 2

5. Haiitu o0bem Tena, 00pa3oBaHHOTO BpallleHHeM BOKpYT ocu Oy 3IIIUIca by + 21

16
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6. HaiiTu muiomaapr MOBEPXHOCTH KOHYyca, 00pa3yeMoro BpalieHueM BOKpYr ocu Ox
oTpe3ka npsiMot y =2x or x=0 10 x=2.

2.28.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte mpoBeneHUsT MPaKTUYECKOTO 3aHATHSI CTYJEHT OCBOUT OCHOBHBIE ITOHSTHS
¥ METOJbl MAaTEMaTUUECKOTO aHajIu3a; HAay4YUTCS WCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar JJjis
00paboOTKM TEeXHHYECKON MHGOpPMAIMU U aHAIM3a NAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEICH TUITOBBIX MPO(heCCHOHATBHBIX 3a/1a4.

2.29 IIpakTuyeckoe 3ansiTue Ne I13-29 (2 gaca).

Tema «Du3uveckne NPUI0KEHUS ONPeAeJIEHHOI0 HHTErpaiay

2.29.1 3ananue nis padoThbI:

1. Beruncnenue paboThl IEPEMEHHOMN CHIIBI.

2. HaxoxxneHue JaBiieHHUs.

3. Brluucienue nyTtu npu HepaBHOMEPHOM JIBHXKCHHH.

2.29.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. CxxaTtue npyXKUHBI MPONOPLUUOHATBHO TPUIIOKEHHON cuje. Beruncauth paboTy CHUITbI
NpU CXKAaTUU NPYXKUHBI HA 7 CM, €ClIM JUIsS CKaThus ee Ha | CM. HY)KHO NPWIOXKHUTH cuily 4
H.Onpenenuts paboTy, KOTOPYIO HEOOXOIUMO 3aTPATUTh HAa BIKAYMBAHUE BOJBI U3 PE3epByapa,
MPEACTABISIIONIETO cO00M JeKamuidi Ha OOKy KpYroBOW UWJWHAP JUIMHOW [ W paguycoMm
OCHOBaHUS R, yepe3 HaxoJIsdlleecss BBEPXY OTBEpPCTHE. Y NENbHBIM BeC BOABl y = 9,81kH / M.

Brraucnute paboty B ciyvae, korga [ =5u, R=1m.

2. Pa3mepsl nupamuzabl Xeorca NpUOJU3UTENBHO TakoBbl: BbicoTa 140 M, pedpo
ocHoBaHus (kBaapara) 200 M. [110THOCTH KaMHsI, U3 KOTOPOTrO OHA CHAEIaHa MPHUOIU3UTEIHHO
paBHa 2,5-10°ke/n’. Beruaucauts paboTy, 3aTpayeHHYIO IPU €€ MOCTPOMKE Ha MPEOI0JICHUE
CHJIBI TSKECTH.

3. IlnactuHka B (opMme TpeyrojpHUKAa NOTpyXKEHa BEPTHUKAIbHO B BOJY TaK, YTO €€
OCHOBAHHME JIGKHUT Ha MOBEPXHOCTU BOJbl. OCHOBaHUE IIACTUHKU a , BhicoTa /. Ilogcuntarh
CHUJLY J1aBJICHUS BOJbI HA KaKIYI0 U3 CTOPOH IUIACTUHKH.

4. HaiiTu myTh, IPOWJCHHBII TEIOM 3a IPOMEXYTOK BPEMEHH OT ¢, =2 10 ¢, =6, ecin

CKOpOCTB IBMXKEHUS v(f) =3t> +5.

5. Haiitu nyTh, NpoWIEHHBIM TEIOM NpPU CBOOOAHOM IMAJEHUM 3a IATYIO CEKYyHIY OT
HayaJla rajeHus, eciau u(t) = gt .

6. CxopocTb Tena 3amaercs Gopmymnon v = +/1+¢ (M/c). Haiitu myTh, polIeHHBINA TEIOM
3a epBble 10 ¢ mocie Hayana ABUKCHHUS.

2.29.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC IMOHSTHS
¥ METOJbI MAaTEMaTUUYECKOT0 aHajau3a; HAy4YUTCS WCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar JJjis
00paboOTKM TEeXHHYECKON WMHGOpPMAIMU U aHAIM3a JAaHHBIX; OBJIAJEET HAaBBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPO(eCcCHOHATBHBIX 3a/1a4.

2.30 IIpakTu4yeckoe 3ansiTue Ne I13-30 (2 gaca).

Tema «HecoOcTBeHHBIC HHTETPATbD)

2.30.1 3apanue nuis padoThbI:

1. HecoOcTBEHHBIE HHTETPaJIbI IEPBOTO POAA.

2. HecoOcTBeHHbIE HHTErpabl BTOPOTO PoJia.

3. 'eomeTprueckuii CMbICI HECOOCTBEHHBIX HHTEIPAJIOB, €T0 IPUMEHEHHUE.

2.30.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. BeruucanTh HECOOCTBEHHBIE MHTETPAJIBI U AATh FEOMETPUUECKYI0 HHTEPIIPETALINIO:
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o rooy o \X 1
a) I4de; 6) j4xdx; B) j i dx . r) I —
| S 1 Ze

2. UccnenoBaTh Ha CXOAUMOCTb UHTETPAJIbL:

I—l dx i—l dx _6[—1 dx

a ;0 ;B

) 1 x—=3 ) 1(x—2)2 )SVx—S

3. Beruucnuts HCCO6CTBCHHBIC HHTCTPAJIbl HJIK JOKA34aTh paCXOAUMOCTh:

2) J- xdx J- IJ’-S dx
Xl 3\/2 ax’ 1V3x—x* -2

4. Boruncnauth miuomans (GUrypbl, 3aKIIOUEHHOW MEXIy JHMHUEH y =

1
1+x?

n cc

ACHUMIITOTOM.

5. Bbluncauth 00beM Tela, OrPaHUYEHHOI'O IOBEPXHOCTBIO IMOJIyHalOLIEHCs INpu
2 _-x* o
BpAICHUM JIUHUKM Y = X € BOKpPYT CBOEil aCHMIITOTHL.

2
v —X 193
6. @urypa, orpaHluYeHHas JUHUEH ) =€ = U ee aCUMIITOTOM, BpalaeTcsi BOKPYT OCH

opauHatT. Berauciautsh 00beM Tena, KOTOpoe MPH 3TOM MOITYdaeTcCsl.

2.30.3 Pe3yJabTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHus MPakKTUYECKOTO 3aHSATUS CTYJEHT OCBOUT OCHOBHBIE MOHSTHS
U METOJbl MAaTEMaTUUYECKOTO aHajIn3a; HAy4YUTCs MCIIOIh30BaTh MAaTEMAaTUUYECKHU ammapar JJjis
00paboOTKM TEeXHHYECKON WMHGOpMAIMU U aHAIM3a JAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMATHYECKUX MOJIENICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.31 IlpakTn4eckoe 3ansitue Ne I13-31 (2 gaca).

Tema «/|BoWiHOM MHTErPaD»

2.31.1 3apanue s padoThI:

1. CiocoObl BEIYHCIIEHUSI ABOMHOTO HHTETpaa.

2. Brruncnenue miomaau miocKol KpUBOM.

3. HaxoxnaeHnue o0bemMa MpoCTpaHCTBEHHOTO Tea.

4. HaxoxaeHue KOOpAUHAT IIEHTPA TSHXKECTU OAHOPOIHOMN MIIaCTHUHBL.
2.31.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Beruucnurs J. I (x+2y)dxdy , ecnn obnacte D orpaHuyeHa NpsMBIMH y = X, y = 2X,
D

x=2,x=3.
2. UI3MeHUTH MOpA 0K I/IHTCFpI/IPOBaHI/IH B I/IHTeraJ'Ie'
e Iny 3 X /2

) jdyjf(xy)dx 6>jdxjf(xy>dy+jdx jf(x y)dy.

3. HaI/ITI/I JBOMHBIM MHTEIPUPOBAHUEM ILIOLIA/b o6nacm, OrpaHUYEHHON MapaboyamMu
y:\/;, y:2\/; U npsMoit x =4.

4. Haiitu cpenHee 3HadeHHe (QYHKIMM z =2X+y B TPEYroJbHUKE, OrPaHUYEHHOM
OCSIMU KOOpPJMHAT U IIPSAIMON y+x =3 .

5. Haiitu o0beM Teja, OrPaHUYEHHOrO C GOKOB KPYrOBBIM IMJIMHAPOM x° + p° =8,

CHHU3Y IINIOCKOCTBIO Z = 0 , CBEPXY INUIOCKOCTBKO X+ )y +ZzZ = 4 , PacCIIOJIOKCHHOI'0O B IICPBOM
OKTaHTC.
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2 2

6. HaiiTu KoOpaMHATHI IIEHTPA TSHKECTH (DUTYPBI, OTPAHUYEHHON DJUTMIICOM — + RN

9

U NIpAMOM R
5 3

2.31.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
¥ METOJbI MAaTEMaTUUECKOTO aHajau3a; HAy4YUTCS HCIIOIh30BaTh MAaTEMAaTUUYECKHH ammapar JJjis
00paboOTKM TEeXHHYECKON WMHGOpMAIMU U aHAIM3a NAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTEeMaTUYECKUX MOJIEJICH TUITOBBIX MPO(eCCHOHATBHBIX 3a/1a4.

2.32 IIpakTuyeckoe 3ansiTue Ne I13-32 (2 gaca).
Tema «KpaTHble MHTErpaJb»

2.32.1 3apnanue nis padoThbI:

1. Beruucnenue TpOMHOIO HHTErpaa.

2. [IpunoxxeHus: TpOMHOTO UHTETpaa.

3. Beruncnenue KpUBOJIMHEHHOIO HHTETpaIa.

2.32.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:
1. BeIuncauTh TPOHMHBIEC MHTETPATIBL:

1 2 3 a X Xy
a) jdxjdyjdz;cs) jdxjdij3y3zdz.
0 0 0 0 0 0
2. Bpruucnurh jjjxydxdydz , Q-—o00nacTb, OrpaHHYEHHas TUNEPOOIUUYECKUM
Q

napaboJIONIOM z = Xy U IVIOCKOCTSIMU x+y=1u z=0 (z=0).

3. BbluncauTh TPOHHBIM MHTETPUPOBAHUEM OOBEM Tella, OTPAaHMUYCHHOTO LMIMHIPAMHU
z=4-y*, z=y>+2 nmiockoctamu x=-1, x=2.

4. BeluMCIUTh KPUBOJMHEIHBIE HHTETPAJIbIL:

ds . 1 "

a) I , Tme L —oTpe3oKk npsAMou y=5x—2, 3aKJIIOYEHHBIM MEXIY TOYKaMHU
XY

A(0;-2), B(4;0).

0) Ixyds, rae L —KOHTyp npsMoyroasHuka ¢ BepmmHamu A(0;0), B(4;0), C(4;2),
L

D(0;2).

2.32.3 Pe3yabTaThl M BHIBOAbI:

B pe3yabTaTe mpoBeaeHUs MPAKTUYECKOTO 3aHATHS CTYJICHT OCBOMT OCHOBHBIC ITOHSATHS
¥ METOJIbI MaTeMaTHYEeCKOI0 aHalN3a; HAYIUTCS MCIOIb30BaTh MaTeMaTHICCKUI ammapar Juis
00pabOTKM TEXHHYECKON MHGOpPMAIMU W aHAJIM3a JAHHBIX; OBJIAJICCT HABBIKAMH IOCTPOCHUS
MaTEeMATHYECKUX MOJIEICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.33 IIpakTu4yeckoe 3ansiTue Ne I13-33 (2 gaca).

Tema «OcHoOBHBIE NOHATHS MU (P PepeHIHATBHBIX YPABHEHUID)
2.33.1 3apanue qis padoThbI:

1. 3agaun, npuBosmue K 1updHepeHInalIbHBIM YPAaBHEHUSM.

2. YacTHble 1 00IIMe pelIeHus.

3. 1Y nepsoro nopsiaka. 3anaya Komm.

99



4. 1V ¢ pa3aeneHHbIMU U Pa3AeAIOLMMUCS TIEPEMEHHBIMU.

2.33.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. CkopocTtbh pacnajga paaus NpONOPLHOHATIbHA KOJIMYECTBY paausl B JaHHBIH MOMEHT
BpeMEHH. Bprumcinte, depe3 ckoiabko yer oT 100 r pamusa ocrta”erca 65 I, €clnM NEPUOL
nosypacnazaa paseH 1600 ner.

dx

V1=x? .

3. Haittu wactaoe pemenue Y x°dy +(y —1)dx = 0, yHOBIETBOpsIOLIee HaYaIbHBIM

2. Haiitu o6mmii unterpan Y: a) \/;dy =x’dx;6) y'dy=

ycmoBusM x, =1, y, =2.

4. M3BectHo, uTo (yHKIUSA y(x) yHOBIETBOpAeT MU EpEeHINATLHOMY YPaBHEHUIO

Y=y n y(=3)=5. Haiitu ().
2+x

5. Boja B OTKpBITOM pe3epByape cHauajia umena Temmneparypy 70°C, uepe3 10 mMunyT
TemnepaTypa Boabl cTama 65°C, Temmeparypa okpyxkarwomieil peseppyap cpeasl 15°C .
Onpenenutb TemmepaTypy BoOIbl B pesepByape uepe3 30 MHHYT OT HA4aJbHOTO MOMEHTA.
(CkopocTh oxJ1aXJIeHUsl BOBI MPOMOPIIMOHATbHA Pa3HOCTH TEMIIEPATyp BOJIBI B pe3epByape U B
OKpY’KaloIlleH ero cpene).

2.33.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbpTaTe nmpoBeaeHUs NPAKTUUECKOTO 3aHATHSI CTYJEHT OCBOMT OCHOBHBIE IOHATHUS
U MeTOoJbl Teopun auddepeHIanIbHbIX YPaBHEHUN; HAYUYUTCS MCIIOJNb30BaTh MaTeMaTHYECKUN
ammapar A o0pabOTKM TEeXHHYECKOH MH(pOpMalWu M aHadH3a JaHHBIX; OBJaJeeT HaBBIKAMU
MOCTPOCHUS MaTEMaTHUECKUX MOJIENIel TUIIOBBIX MPO(eCcCCHOHANBHBIX 3a/1a4.

2.34 IIpakTuyeckoe 3ansitue Ne I13-34 (2 yaca).

Tema «/{u¢pdepenunanbHbie YypaBHEHHS MEPBOI0 MOPAIKA»

2.34.1 3apanue qis padoThbI:

1. JIuneiinsle nuddepennnanbupie ypaBHEHHS 1epBoro nopsiaka. Meroasl Jlarpamka u
beprynnu

2. VYpasuenus bepnymau. Meron bepnymn.

3. OnHoponHsble nuddepeHnanbHble ypaBHEHNS U IPUBOIAIINECS K HUM.

4. Muddepennunanbapie ypaBHEHHS B TOTHBIX Ju(QepeHnmnanax.

2.34.2 Kpatkoe onucaHue NpoBOAMMOro 3aHATHSA:
1. Peminth nuddepennanbtble ypaBHEHUA:

a) I-x)(y'+y)=e";0) y'—dxy=x.

2. Haitru yactroe pemerne: (1+x°)y' —2xy=(1+x")*, y, =5,x, =-2
3. Pemuts: a) xy'+ y =2x’y*, 6) y'+ yctgx = y’sin xcos x .

4. Pemuts 3anauy Komm:

! ’ 3
a) 0 —2y=x"\y, y)=1;6) y —%=y2, Yo =—4x,=1.
5. Pemuth muddepennmranbabie ypaBHEHHUS IEPBOTO MOPSIKA
2 2 1
a) x)' = y++x> + > ;6) »' :xz;zy; B) (1—%jdx+[y2 +—jdy =0.
X X X
Y

Y -3 2
6. Permuts: a) y’:x+—y;6) xy'=xe* +y;B) y'=u_
xX—y 4y —x
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7. Halitn yactHoe pemenue 1Y e dx + (2 y—xe” )dy =0, YAOBIETBOPAIOLIEE YCIOBUIO

y(-3)=0.

8. Pemuts 3amauy Komm: x + ye* + (y + e*)y’ =0, y(0)=4.

2.34.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeeHUs MPaKTUYECKOTO 3aHSATUSL CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
U MeTOJbI Teopuu AuddepeHInaTbHbIX YPaBHEHUM; HAYUYUTCS MCIOJIb30BAaTh MaTEeMaTHICCKUI
anmapar ais 00pa0OTKH TEXHHUYECKON MH(OpMalMKM W aHaIu3a JaHHBIX; OBIIAJCCT HABBIKAMHU
MOCTPOSHHUS MAaTEMAaTHYECKUX MOJIEICH THIOBBIX MPO()ECCHOHATBHBIX 3a1a4.

3 cemecTp

2.35 IIpakTnyeckoe 3ansitue Ne I13-35 (2 gaca).

Tema «/{u¢ppepenunaibHbie YypaBHEHHS BBICIIUX OPAIKOB
2.35.1 3apnanue nist padoThbI:

1. IToBrOopenue 1Y nepBoro nopsaka

2. Pemenue /Y, nonyckaroiiyue NOHMAKEHUE MOPSIKA.

2.35.2 Kpatkoe onucaHnue NpoBOAMMOro 3aHATHSA:

1. Peminth nuddepennanbtble ypaBHEHUA:

: 10-2
y—2+6-1+4; r) y’:o—xf.
X X 2y+x

2. OnBITHBIM IIyT€M YCTaHOBJIEHO, YTO HpPHU OpPOKEHHUU KOPMOB CKOPOCTh H3MEHEHMS
Macchl (pupocTa) AelcTByIOIIEro (pepMeHTa NpornopLUUuoHaNbHa €ro HAJIMYHOMY KOJIMYECTBY.
3a 4 yaca mocie Havyana OpoXkeHus: Macca ¢pepmeHTa yMeHbInmiack ¢ 12 r no 9 r. Haiftu maccy
dbepmenTa nocse 10 yacoB OpoKeHUSI.

a) y'dy=6"dx; 0)x’y' -2xy=1; B)2y =

3
3. Pemuts: a) y”:#,npu xzz yzln_Z’ y'=1;0) y"+ 2 y'= o 3
4 1+x

cos? x 2 1+ x?

B) y-y"+(y) =051) y=y"e’, ¥(0)=0, y'(0)=1

2.35.3 Pe3yabTaThl ¥ BHIBOAbI:

B pe3yabTaTe mpoBeaeHUs MPAKTUYECKOTO 3aHATHS CTYJCHT OCBOMT OCHOBHBIC IMOHSATHS
U MeTOJIbI Teopun MU epeHINATBHBIX YPAaBHEHUN; HAYUYUTCS UCIIOJIB30BaTh MAaTeMAaTHUECKUN
anmapar Jijisi 00pa0OTKM TEXHHUYECKOH MH(OpMAllMK W aHajdu3a JaHHBIX; OBJIAJICCT HABBIKAMHU
MOCTPOCHUS MaTEMATHUYECKHUX MOJIENIeH TUTIOBBIX MPO(ECCHOHAIBHBIX 3a/1a4.

2.36 IlpakTnueckoe 3ansitue Ne I13-36 (2 yaca).

Tema «JluHeiinble oaHOpoaHble U depeHIHATbLHbIE YPABHEHUSI BTOPOIo
NOPSIAKA»

2.36.1 3apanue nis padoThbI:

1. JIuneitHO 3aBUCHMBIE U JIMHEHHO HE3aBUCUMBIE ()yHKIIHUH.

2. ®CP. Onpenenurens BpoHnckoro.

3. Pemenne JIOJY Broporo nopsaka. Paznuunele cinydau.

2.36.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. TIpoBepuTh, 9T0 QYHKIMH y = x> W y =x" JHHCHHO HE3aBHCHMBIC. YOCIUTHCS, UTO
oHu 00pazytoT ®CP u cocTaBUTh €r0 ypaBHEHHUE.

2. ®yHKOMH y =X U y=x’ YAOBJIETBOPAIOT HEKOTOPOMY IU(PEPEHIHATBHOMY
YPaBHEHUIO BTOPOro mopsaka. HailTu gacTHOe pemieHue 3TOro ypaBHEHUs, YAOBIETBOPSIOIIEE
HavanbHbIM yenoBusMm y(1) =1, y'(1)=0.

3. Pemmuts J1VY:

1. y"+y'=2y=0. 2. y"=2y"+y=0
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3. y"+2y'-5y=0. 4. y"+5y"'=0

5.y"=2y"=0. 6. y'=3y"+2y=0
7. y"=2y"=0. 8. y"+3y'+2y=0.
9. y'—4y=0 10. y"=y"'=2y=0

2.36.3 Pe3yJbTaThbl U BHIBOJBI:
B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC MOHSTHS

U MeTOJbI Teopuu AuddepeHInaTbHbIX YPaBHEHUM; HAYUYUTCS MCIOJIb30BAaTh MaTEeMaTHYCCKUI
anmapar ais 00pa0OTKM TeXHHUYECKON MH(OpMalMKu W aHaIu3a JaHHBIX; OBIIAJCCT HABBIKAMHU
MOCTPOSHHUS MAaTEMAaTHYECKUX MOJIEICH THIOBBIX MPO(HECCHOHATBHBIX 3a/1a4.

2.37 llpakTn4eckoe 3ansitue Ne I13-37 (2 gaca).
Tema «J/IuHeiinble HeoaHOpoaHble U depeHHANbHbIE YPaBHEHHUS BTOPOIo

MOPSIAKA

BUOA.

2.37.1 3apnanue nis padoThbI:
1. Pemrenne JIHAY no merony Jlarpanxa.
2. ITon6op wactHoro pemenust JIHIAY BToporo mopsijka ¢ mpaBoi 4acThIO CHEIIUATBLHOTO

2.37.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Pemnts /Y BTOpOro nopsaxa:

a) y"+3y'—4y=x>+1;6) y"+8y' -9y =sinx;B) y" -5y -6y =4xe ";
r) y'=2y'+y=e;n) y"—y =2y =3e>(sin x + cos x) .

2. Petuts [IV:a) y"+3y' —4y=x"+1;0) y" -5y —6y =4xe"

3. 3ammcarb cTpykTypy uactHoro pemenus JIHAY mno Buny ¢ynkuum f(x):

y'+4y=f(x);a) f(x)=4x>+1; 6) f(x)=10e cos2x;B) f(x)=x-sinx.

2.37.3 Pe3yabTaThl M BHIBOAbI:
B pe3yabTaTe mpoBeaeHUs MPAKTUYECKOTO 3aHATHS CTYJICHT OCBOMT OCHOBHBIC ITOHSATHS

U METOJbI TeopuH Tu(epeHINANBHBIX yPaBHEHH; HAYYUTCS UCIOJIb30BaTh MaTeMAaTHYECKUN
anmapar aias oOpaOOTKM TEXHHYECKOH MHpoOpMaluu M aHaIM3a JaHHBIX; OBJaJeeT HaBBIKAMU
HOCTPOCHHS MAaTEMAaTHYECKUX MOJIEIeH THIIOBBIX MPO(eCCHOHANBHBIX 33/1a4.

o
=+
3

2.38 IIpakTuueckoe 3ansitue Ne I13-38 (2 uaca).
Tema «3HAKOMOI0KUTEIBHBIE PSIAbD)
2.38.1 3apanue nist padoThbI:
1. Haxoxnenue o01iero ujieHa psjaa.
2. UccnenoBanue Ha CXOUMOCTD 3HAKOTIOIOXKHUTEIbHBIX PSIIOB.
2.38.2 KpaTkoe onncanue NpoBOAMMOro 3aHSATHSA:
1. Halitu popmyny i obiiero uieHa psaa:
1 3 5 7 4 9 16 N 25

a —F =+ —=+—F+...; 0 l+—+—+—+—
) 2 22 2 2t ) 2 6 24 120

3 2 4 3 5 4
== =]+
7 11 15
2. HaiiTu 9acTU4YHYIO0 CyMMY MEPBBIX YETHIPEX WICHOB psijia U CYMMY psija:

a) 1+8+27+...; 6) L, 1 +..5B) ) 1
1.2 23 3.4 4.5 =\ 4

3. HpOBepI/ITB, BBITIOJIHACTCA JIN HCO6XOI[I/IMOG YCIOBUC CXOAUMOCTHU psaa:

+...3 B)
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2
S5 B 064051405014+ lo,5+0,1" ]+

1
a) ) ——;
,,Z:‘ 2n+1
4. UccnemoBaTh Ha CXOJUMOCTD PSI:

1 1 1 1 = 1
b — et — ) 6 —; —
) TSR ERETH ) ;(2;1—1)-2" ") Z:'n r)

2 3 4
1 (2 3 4
s el B el B el B
3 \5 7 9
2.38.3 Pe3yabTaThl ¥ BHIBOAbI:
B pe3yabTaTe mpoBeaeHUs MPAKTUYECKOTO 3aHATHS CTYJICHT OCBOMT OCHOBHBIC ITOHSATHS
U METOJbI Teopuu AuQdepeHIINAIBHBIX YPABHEHUH; HAYIUTCS HCIOIH30BATh MAaTEMAaTHUECKUN

amrmapar ajst 06p360TKI/I TEXHUYECKOM I/IH(i)OpMaHI/II/I W aHallM3a JAaHHBIX, OBJIAACCT HaBbIKAMU
MOCTPOCHUSA MATECMATUYCCKUX MOI[CHCﬁ THUITOBBIX HpO(I)CCCI/IOHaJIBHBIX 3aagad.

2.39 IIpakTnyeckoe 3ansiTue Ne I13-39 (2 yaca).

Tema «3Hakouepenyomuecss psaabh

2.39.1 3apanue s padoThI:

1. ITpuznHak JleitoHuA.

2. JlocTaTOYHBIA MPU3HAK CXOJUMOCTH 3HAKOMIEPEMEHHBIX PSIIOB.

3. UccnenoBanue psaoB Ha aOCOMIOTHYIO U YCIIOBHYIO CXOJIUMOCTb.

2.39.2 Kpatkoe onucaHue NpoOBOJAMMOIo 3aHATHSA:

1. ITo MpU3HAKY Jleitbnuna UCCIIEIOBATh CXOJUMOCTh psana
1 2 3 4

- + - +
+1 27+1 3°+1 4%+1

1 1 1 1 1
2. UccaenoBath cXOOUMOCTh psina 1— E e +

27 2% 2% 2
3. UccnenoBarh Ha aOCOIIOTHYIO M YCIOBHYIO CXOJUMOCTh CIIEAYIOIINE PSAIBL:

N L1 e
) B0 1- e o o) R

4. HWccnenoBaTh CXOAMMOCTh 3HAKONEPEMEHHBIX PSIOB M YCTAaHOBUTH XapakKTep

n+l

1 4 7 10
CXOJIUMOCTH (aOcomroTHas, yCIIOBHAs): a) ———t———+..;
2 5 8 11
1 7 13 19 25 31 I 1 1 1 1
0) —+—-——F+—F+t—~—— ;B) ——+———+———+
10 10° 10° 10° 107 10 35 7 9 11

5. Onpenenuts cymMmy psiaa 3 —1+ % — é +... c Tounoctbio 0,01 AByMs criocobamu.

2.39.3 Pe3yabTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPakKTUYECKOTO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
¥ MeToAbl TeopuH TuddepeHINATBHBIX YPABHEHUH; HAYIUTCS UCIOJIB30BaTh MAaTEMaTHICCKUI
anmapar ais 00pa0OTKH TeXHHUYECKON MH(OpMalMKu W aHaIu3a JaHHBIX; OBIIAJCCT HABBIKAMHU
MOCTPOSHHUS MAaTEMAaTHYECKUX MOJIEICH THIOBBIX MPO()ECCHOHATBHBIX 3a/1a4.
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2.40 IIpakTn4yeckoe 3ansitue Ne I13-40 (2 yaca).
Tema «CTenenHble psabD)
2.40.1 3apanue s padoOTHI:
1. Teopema AGesns. Pannyc u uHTEpBaI CXOAUMOCTH.
2. Pan Teitnopa u Maxknopena. PaznosxeHue sneMeHTapHbIX QyHKLIUN B P
3. I[IpuMmeHeHue psioB.
2.40.2 KpaTkoe onucaHnue NpoBOJAMMOIo 3aHATHSA:
00 5}1
1. HammucaTp nepBble TpU WieHa psaaa Z , HAWTU MHTEpBAJl CXOAUMOCTH psiia U
1 3"\n
HCCIIEIOBATh €r0 CXOJUMOCTb Ha KOHIIAX MHTEpBaia.
2. HaiiTu uHTEpBan CXOAMMOCTH CTENEHHOIO psAAa U UCCIEN0BaTh CXOAUMOCTh psja Ha
KOHI[aX I/IHTepBaJIa. Haiitu cyMMy pana HpI/I x=-1.

DI LD s DR

3. Paznoxuts B psifg MaKnopeHa (byHKumo f(x):
a) f(x)= ln(1+ j 0) f(x)=— \/: ;B) f(x)= \x cos 2x

4. BpluMciuTh ONpPENENIEHHBIM MHTErpanx ¢ ToyHocThio 1o 0,001  myrem

IpeIBapUTEIFHOTO PA3I0KEHUS MOABIHTEIPAIbHOW (PYHKIIMM B CTENCHHOW psAJ M MOUYWIEHHOTO

HHTCTPHUPOBAHUA 3TOI'O pAaa.
0,2 —x

1. Ofde. 2. Oj.se‘”zdx. 3. I dx. 4. jcos\/;dx.
0 X 0 0

5. 3anucarh B BHJE CTCIICHHOTO psijia YaCTHOE peuieHue ypaBHeHus y" —xy'+y—1=0

mpu y(0)=0, »'(0)=0.

2.40.3 Pe3yJabTaThbl U BHIBOJBI:

B pesynbTaTte npoBeeHUs MPaKTUYECKOTO 3aHSATUSL CTYJEHT OCBOUT OCHOBHBIC MMOHSTHS
¥ MeToAbl TeopuH TuddepeHINATbHBIX YPABHECHUH; HAYIUTCS UCIOJIB30BaTh MAaTEMaTHYCCKUI
anmapar s o0pabOTKM TeXHUYECKOW MH(OpMAIMU M aHalld3a JIaHHBIX; OBJAJCET HABBIKAMU
MOCTPOEHHUS MAaTEMAaTHYECKUX MOJIEICH THIOBBIX MPO(ECCHOHATBHBIX 3a/1a4.

2.41 IIpakTu4yeckoe 3ansiTue Ne I13-41 (2 gaca).
Tema «OCHOBBI TEOPHM BEPOSITHOCTEH»

2.41.1 3apnanue qis padoThbI:

1. Kombunaropuxa.

2. Buns! coObITHIA.

3. Pemienue 3a1au Ha HaXOXK/JIEHUE BEPOSITHOCTH.
2.41.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Borucnnte: a) C2 -C1;6) Co — B, + A3

2. B ke 20 ucnpaBHBIX mpepoxpanutenei 1 5 ¢ gedpexkrom. HeoOxoaumo 3aMEeHUTH
3 npenoxpanurens. HaliTu BEpOATHOCTH TOTO, UTO: @) TOJIBKO 2 MPENOXPaHUTENS UCIIPABHBI; 0)
MEHBIIIE, YEM 2 IPEIOXPAHUTENS UCIPABHBI; B) XOTA Obl 1 Ipe1oXpaHUTENb UCIIPABEH.

3. Ky0, Bce rpaHu KOTOPOTO OKpalleHbl, pacliuieH Ha 64 KyOuKa 0JIMHAKOBOI'O pa3Mepa.
HaiiTu BeposATHOCTH TOro, YTO HayjAayy H3BJICUEHHBIH KyOMK HMEET: a) OJHYy OKpAILIEHHYIO

rpaHb; 0) TPU OKPAIICHHBIX TPaHHU.
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4. Cpenu 10 MUKpPOKaNbKyJISTOPOB JHIIb 4 HOBBIX, OCTaJbHbIE — OBIBIINE B
ynotpebnaenun. Hayran B3sTo Tpu MUKpOKalnbKymsiTopa. KakoBa BEposSTHOCTH TOTO, UTO BCE OHU
OKa)XyTCsl HOBBIMU?

2.41.3 Pe3yJbTaThbl 4 BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
U METOJbl TEOPUU BEPOSTHOCTEH; HAy4YUTCS HCIOIb30BaTh MaTEeMaTHUECKHH ammapar s
00paboTKM TEeXHHYECKON MHGOpMAIMU U aHAIM3a JAaHHBIX; OBJIAJEET HABBIKAMH IOCTPOCHUS
MaTeMaTHYECKUX MOJIENel TUIIOBBIX MPOPECCHOHANBHBIX 3a/1a4.

2.42 IIpakTu4yeckoe 3ansiTue Ne I13-42 (2 gaca).

Tema «OcHOBHBIE TeOPpeMbI TEOPHH BEPOSITHOCTEI

2.42.1 3apnanue nist padoThbI:

1. Cymma 1 npou3BeieHUE COOBITHH.

2. Teopembl CI0KEHHUS 1 YMHOXKECHUS.

3. ®opmyna noiaHoi BepoaTHocTH. Popmyisl baiieca.

2.42.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. UrpanpHas KOCTb HaJMTa CBUHIIOM, B PE€3YyJlbTAaT€ YEro BEPOSTHOCTh BbINAJEHUS
KaQ)KJIOTO YKCJIa OYKOB IIPOIMOPIMOHANIBHA 3TOMY unciy. Haliiure yka3aHHbIe BEpOSITHOCTH.

2. JIBa cTpenka MpOU3BEIH M0 OJHOMY BBICTPENY 10 MULIEHH. BeposATHOCTh MOpakeHUs
MUIIEHH KaXIbIM U3 cTpenkoB paBHa 0,9. Halitm BeposiTHocTh TOro, utO: 1) 00a cTpenka
NOpa3sT MUILEHB; 2) XOTs Obl OJIMH CTPEJIOK MOPA3UT MUILEHB; 3) HU OAMH CTPEJIOK HE MOPa3uT
MUIIEHB.

3. Crynent Bblyums1 16 u3 20 BompocoB mporpammsel. HaiiTu BeposSiTHOCTH TOrO, 4YTO
CTYJCHT 3HaeT OTBET: a) Ha J[Ba BOIpOca; 0) TOJIbKO HA OJMH BOMPOC U3 JIBYX, COAEPIKAIIUXCS B
€ro 3K3aMEHallMOHHOM OuJIeTE.

4. MarasuH noJy4u JIB€, paBHbIE 110 KOJUYECTBY, HAPTHH TEIEBU30POB OJTHOM U TOM XKe
mapku. M3BecTHO, uTO B cpeaneM 14% TeneBu30poB B nepBoi naptuu U 8% BO BTOPOH UMEIOT
CKpPBITHIN Opak. HaiiTu BepoATHOCTH TOTO, UTO KYIIJICHHBIN B Mara3suHe TeiaeBU30p 0e3 Opaka.

5. U3penue nposepsieTcss Ha CTaHAAPTHOCTh OJHHMM M3 TPEX TOBapoOBeIOB. BeposTHOCTH
TOT0, YTO M3JEIUE MOMajaeT K IMepBOMYy ToBapoBedy, paBHa 0,25, ko Bropomy — 0,26 um k
tperbeMy — 0,49. BeposATHOCTH TOro, yTo M3JenHe OyIAEeT NMPU3HAHO CTAaHAAPTHBIM IEPBBIM
toBapoBenomM, paBHa 0,95, Bropeim — 0,98, Tperbum — 0,97. HallTH BEpPOSATHOCTH TOTrO, YTO
U3JIeIHE IPOBEPEHO BTOPHIM TOBAPOBEIOM.

2.42.3 Pe3yJabTaThbl U BHIBOJBI:

B pesynbpTaTe mpoBeaeHUs NPAKTUUECKOTO 3aHATHSI CTYJEHT OCBOMT OCHOBHBIE ITOHATHUS
U METOAbl TEOPUH BEPOSITHOCTEH; HAYUYMTCS HMCIOJIb30BAaTh MAaTEeMAaTUYECKUI ammapaTr s
00pabOTKM TEXHUYECKOH HMH(OpMAIMK M aHAIW3a JAHHBIX; OBJIAJEET HABBIKAMHU IOCTPOCHUS
MaTeMaTHYECKUX MOJIENel TUIIOBBIX MPOPECCHOHANBHBIX 3a/1a4.

2.43 IlpakTn4eckoe 3ansaitue Ne I13-43 (2 yaca).

Tema «IloBTOpPHBIE HCTIBITAHUS»

2.43.1 3ananue s padoThbI:

1. Cxema bepnymnu. ®opmyna bepuymm.

2. JlokanpHas Teopema Myaspa — Jlamaca.

3. ®opmymna Ilyaccona.

4. UnrerpanbHas TeopeMa Jlanmnaca.

2.43.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. BepossTHOCTB IpopacTaHus CEMsIH TaHHOTO copTa pacteHuil paBHa 0,75 . [locesno 10

cemsH. Halitu Han6onee BCPOATHOC YUCJIO BCXO0B.
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2. Tlo craructuueckuM JaHHBIM B HEKOTOPOM pailoHe B TEYEHHE JIETHETO Ce30Ha
BEPOSITHOCTH BbITIaJieHUs1 10k paBHa 0,2 . Haiitu Hanboiiee BEpOATHOE YKCIO HE JTOKIJIUBBIX

JTHEH, €CJIM ITUTEIHbHOCTD JIETHETO Ce30Ha CYUTATh paBHOU 90 AHSM.
3. BeposTHOCTH TOro, 4YTO 3€pHO 3apakeHO BpexutTensmu, paBHa 0,002. Haiitu

BEPOATHOCTH TOTO, uTo U3 2000 3epeH okaxkeTcs He 0oJiee ABYX 3apayKEHHBIX 3€pEH.

4. BeposTHOCTh BBDKMBAHUs OaKTEepUi Mociie paanoakTUBHOTO oOiydeHus: papHa 0,003.
Haiitu BeposiTHOCTH TOT0, yTO Nocie oomydeHust u3 300 6GakTepuii OcTaHETCs HE MEHEE TPEX.

5. Tlocpemnuueckas ¢upma 3akioyaeT IOTOBOPHI C aBTOCAJOHAMHM Ha JOCTaBKY
aBToMoOmiield. M3BecTHO, YTO OT KaXIOro cajioHa 3asgBKa Ha OYEpPEIHOM MecsI] MOKET
nocTynuth Ha ¢upMmy ¢ BepoatHocThio 0,4. Onpenenutb MHHUMajIbHOE KOJIUYECTBO
ABTOCAJIOHOB, ¢ KOTOPBIMH ()UpMa JOJDKHA 3aKIFOYUTH JIOTOBOPHI, YTOOBI C BEPOSTHOCTHIO HE
meHee 0,9 oT HHUX MOCTymana XOTs Obl OJHA 3asBKa Ha JOCTaBKY aBTOMOOWIJIEH Ha o4yepeqHOn
Mmecs. [Ipu HaliieHHOM 3HaYeHUU ONpeleNuTh Hanboee BEPOSITHOE YHUCIIO 3asiBOK HA IOCTABKY
Ha OYEpEeIHOU MECSI] U BEPOATHOCTh MOCTYIJIEHUS TAKOTO KOJIMYECTBA 3a5BOK.

2.43.3 Pe3yabTaThl M BHIBO/bI:

B pesynbTaTe npoBeneHUs MPakKTUYECKOrO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIE IOHSATHS
U METOABbl TEOPUH BEPOSITHOCTEH; HAY4YUTCS HCIOJIb30BaTh MAaTeMaTHYECKUW ammapar s
00paboTKK TeXxHHYeCKOl MHGOpMAIlMU U aHalM3a JaHHBIX; OBJIAJEeT HaBBIKAMH IOCTPOEHUS
MaTEeMATHYECKUX MOJIEICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.44 IIpakTu4yeckoe 3ansiTue Ne I13-44 (2 yaca).

Tema «/[uckperHas cirydailiHas BeJHYHHA»

2.44.1 3ananue nis padoThbI:

1. CocraBieHue 3aKoHa paclpeneieHus, IOCTPOCHUE MHOIOYTOJIbHUKA paclpeieieHus
JCB.

2. HaxoxaeHue 4iCIIOBBbIX XapaKTEPUCTHK.

2.44.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. 3aaH 3aKOH pacnpenencHus caydyaiiHOW BETUYUHBI X.
X 2 3 6 7 8 10
p 0,1 0,2 0,2 0,15 0,1

Haiitu: 1) marematmueckoe oxumanue M (X); 2) mucnepcuro D (X); 3) cpemnee
KBaJIpaTHuecKoe OTKIOHEeHHE G (X); 4) MOCTPOUTH MHOTOYTOJIbHUK paclpeaeeHusl.

2. UzBectHO, uTo M(X)=5 M(Y)=8,D(X)=2,D(Y)=6. Haiitu: a) M(X —-3); 6)
MOX -4Y);B) MQ3Y -2X +5);r) D(Y+4); n) D(X-T7);e) D(-2X);x) D3X —-2Y);3)

D(B3X +4Y -5).
3. JlaHbl 3aKOHBI paclpeeIeHUs] CIIy4YalHbIX BEJIMYUH X U Y
X 1 2 N 0,5 1
o 0.2 0.8 P 0,3 0,7

Haiitu M(X+V), M(X-Y).

4. JICB X npHHUMAET TOJNBKO JBa BO3MOXKHBIX 3HaYeHUs X, U X, (x, > x,). M3BecTHO,
yro P(X =x,)=0,6. Haiitu 3akon pacnpenenenus JICB X, ecmu M (X) =14, D(X) =0,24 .

2.44.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbraTe mpoBeAeHUS MPAKTUYECKOTO 3aHATHA CTYJEHT OCBOUT OCHOBHBIC ITOHATHUS
U METOAbl TEOPHUU BEPOATHOCTEW; HAYYUTCS MCIOIL30BATH MAaTEMAaTUYECKMM ammapar s

00pabOTKM TEXHUYECKOH HMH(OpMAIMK M aHAIW3a JTAHHBIX; OBJIAJEET HABBIKAMHU IOCTPOCHUS
MaTeMaTHYeCKUX MOJieel TUIOBBIX NPO(EeCCHOHAIBHBIX 3a/1a4.
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2.45 IlpakTn4eckoe 3ansitue Ne I13-45 (2 gaca).

Tema «Buabl pacnpeneneHuil JUCKPETHBIX CJIYYalHBIX BeJTMYHH

2.45.1 3apanue s padoThI:

1. BunomMmManbHOE pacnpeneneHue.

2. Pacnipenenenue [lyaccona.

3. 'eomeTprueckoe U THIEPreoMETPUUECKOE pacpeiesICHHE.

2.45.2 Kpatkoe onucaHue NpoBOJAMMOro 3aHATHSA:

1. B sHeprocucreMe nMeeTcs rpymnna U3 4eThbIpeX OAHOTUIIHBIX arperaToB, HAXOAALIUXCS
B HE3aBUCHUMBIX U OJIMHAKOBBIX YCIOBUSX. BEpOATHOCTH HCIPABHOTO COCTOSIHUSI KaKIIOTO
arperata B TeyeHHe BpeMeHU 1 oauHakoBa u paBHa 0,6. CoCTaBUTH 3aKOH pacrpeeieHus
JUACKPETHOM CIIy4yalHOW BENMYMHBI X — 4YHCIAa arperaTtoB, HAXOMSIIMXCS B HUCIPABHOM
COCTOSSHUM B Te4YeHue BpeMeHUu 7. HalTu 4YuCIOBBIE XAPAKTEPUCTUKU OTOH CIy4alHOU
BEJTUYNHBI.

2. CTyneHT — BTOPOKYPCHHK PEIINII TOMOYb OMOIMOTeKe yHUBepcuTeTa. EMy nmopydunu
3amonHuTh S00 KHUKHBIX (OPMYISIPOB. BeposTHOCTh OMIMOKH TpH 3alloJHEHUU (Gopmyrsipa
paBHa 0,002. CocTaBUTh 3aKOH pacmlpeneicHus CIy4yalHON BETUYHHBI — YHCIO (HOPMYJIISPOB,
3aI0JIHEHHBIX CTYAEHTOM BEPHO.

3. B maprum 20 wusnmenuil, cpeau HHUX HMEIOTCS S5 OpakoBaHHBIX. g TpoBepku
BbIOMpatoT ciydaiiHo 3 wu3genus. CoCTaBUTh 3aKOH pacIpeneeHHs] 4uciia OpaKkOBaHHBIX
u3zienuii B BeIOOpKe. HaiiTu MaTemaTHueckoe OXUAaHUE U AUCTIEPCHIO.

4. TTpou3BOAATCS MHOTOKPATHBIE MCIBITAHUS HEKOTOPOTO 3JEMEHTa Ha HaJeKHOCTh 10
TeX IOp, MOKa 3JIEMEHT He oTKaxeT. Hailtn matematnueckoe oxxujaanue u aucnepeuto JCB —
YHUCIa OMBITOB, KOTOPhIE HAJ0 MPOU3BECTU. BEpOSATHOCTH OTKa3a 3J€MEHTa B KaXKJIOM OIBITE
pasHa 0,1.

2.45.3 Pe3yabTaThl M BHIBOJbI:

B pesynbTaTe npoBeneHUs MPakTUYECKOrO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIE IOHSATHS
U METOABbl TEOPUH BEPOSITHOCTEH; HAYUYUTCS HCIHOJIb30BaTh MAaTeMaTHYECKUW ammapar s
00paboTKK TeXxHHYeCKO MHGOpMAIlMU U aHalM3a JaHHBIX; OBJIAJEeT HaBBIKAMH IOCTPOEHUS
MaTEeMATHYECKUX MOJIENICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.46 IlpakTn4eckoe 3ansitue Ne I13-46 (2 yaca).

Tema «XapakTepuCTUKH HeNPEePbIBHBIX CIYYAWHBIX BeJTUYUH

2.46.1 3axanue s padoThI:

1. UnTerpanbHas pyHKLIMS pacrpeesieHus1, ee CBONCTBA

2. Muddepenunansuas pynkuus pacnpenenenus HCB, ee cBoiicTsa.

3. Uucnosele xapaktepuctuku HCB.

2.46.2 Kpatkoe onncaHnue NpoBOAMMOro 3aHATHSA:

1. CnyuaiiHas BenmuuumHa X = 3ajJaHa IUIOTHOCTBIO pacmpeneieHus f(x)=2x B

unrepsaiue (0; 1), BHe 3Toro unreppana f(x)=0. Haittu M (X), D(X), o(X).
2. HenpepriBHas ciiyyaliHas BeJIMUMHA 3a/1aHA IJIOTHOCTHIO BEPOSITHOCTEN
0, nmpu x<1
f(x)=3ax, npu 1<x<3
0, nmpu x2>3
Haiitu: 1) mapamerp a;2) D(X);3) P2< X <2)5).
3. HenpepriBHast cirydaiiHasi BeIMUMHA 3a/1aHa QYHKIUEH pacipeaesieHus:
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0, npu x<0

F(x)=<3x"+2x, npu O<x<%

1, npu x=>-—
P 3

HaiiTu miIoTHOCTh BEPOSATHOCTEM, MAaTEMaTUYECKOE OXHUIAHUE, NUCHEPCUI0 U CPEIHEE
KBapaTUYECKOE OTKJIOHEHHUE 3TON CIIy4yalHON BEIMYHHBI.

2.46.3 Pe3yabTaThl M BHIBObI:

B pesynbTaTe npoBeneHus MpakTUYECKOrO 3aHATUS CTYJEHT OCBOUT OCHOBHBIE MOHSATHS
U METOJAbl TEOPHUHM BEPOSATHOCTEN; HAYYHUTCS HCHOJIB30BaTh MATEMATHYECKWW ammapar i
00paboTKK TeXxHHYeCKOil MHGOpMAIllMU U aHaAlM3a JaHHBIX; OBJIAJEeT HaBBIKAMH IOCTPOEHUS
MaTEeMAaTHYECKUX MOJIEICH TUTIOBBIX MPOPECCHOHATBHBIX 3a/1a4.

2.47 IlpakTn4eckoe 3ansitue Ne I13-47 (2 gaca).

Tema «Buabl pacnpeneneHuil HenmpepbIBHBIX CJAYYailHbIX BeJIHYHH

2.47.1 3ananue 15 padoThI:

1. PaBHOMEpPHOE pacnpeenecHue.

2. [lokazarenbHOE pacnpeneacHue.

3. HopManbHbIi 3aKOH paclpeneIcHts], €ro NapaMeTphl.

4. Kpusas ['aycca. Ee cBoiicTBa u rpadux.

2.47.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Haittu aucnepcuro u cpeiHee KBaIpaTHIECKOE OTKIOHEHHUE CIIy4aliHOW BEJIMYUHBL X
, pacupenereHHON PaBHOMEPHO B UHTepBaie (2;8).

2. DKoJIOT U3y4aeT MPOLECC pacCEMBaHMsI CEMSIH OINPENEIEHHOI0 pacTeHus. JlomycTum,
YTO CEMEHA PACCEHBAIOTCS B CPEAHEM Ha PACCTOSIHME B 1 M OT MaTepUHCKOIO PACTEHHUS U 4YTO
pacnpeziefieHue BEpOSTHOCTEN i 3TOrO pacCTOSIHUS SKCIOHeHIManbHoe. Kakas nons ceMsiH
paccenBaeTcs 6osiee 4eM Ha 2 M OT pacTeHus?

3. HopManbHO pacnpezesieHHas cilydaiiHas BeIMYMHA 334aHa IJIOTHOCTbIO BEPOSATHOCTEN

(x-13)?

f(x)=C-e ** .Haiiti: 1) 3nauenue koadpduuuenta C; 2) npoussenenue M (X)-D(X); 3)
IPOMEXYTKH BOTHYTOCTH (YyHKIMU f(x); 4) OCh CHMMETPUU HOPMAJIbHON KpHUBOI; 5)

3HayeHne pyHkuuu f(x) B ToOukax meperunda; 6) BeposiTHOCTH nomnaganus B unrepsan (10;14).

4. JInst HEKOTOPOTO BHIa MIIEKOITUTAIOUINX Macca B3pOCIO 0COOM SBISETCS HOPMAJIbHO
pacipeneneHHou ciy4yaitHoi BeruurHon co cpeqHuM 100 Kr U cTaHJapTHBIM OTKJIOHEHUEM § KT.
Yemy paBHBI BEpPOSTHOCTH TOTO, YTO )KHBOTHOE MMEET Maccy: a) MeHbie 90 kr; 6) ot 95 m0 110
Kr?

5. CnydaitHas BennmuMHa X — Macca OJHOTO 3€pHa — pacopeliesieHa HOPMAaJbHO C
a=018r u o =0,05r. Xopoumme BCXOAbI NAIOT 3€pHa, Macca KOTOopbix Oombmie 0,15 T.
Haiinure: a) mpoueHT ceMsiH, KOTOpbIe AaAyT XOpOIIHWE BCXOJbI; 0) BETUYHMHY, KOTOPYIO C
BeposATHOCTHIO 0,95 He MpeBbICUT Macca OTOOPAHHOTO 3EpPHA.

2.47.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
U METOAbl TEOPUH BEPOSTHOCTEH; HAYUYUTCS HMCIOJIB30BATh MATEeMAaTUYECKUU ammapaTr s
00pabOTKM TEeXHHYECKON MHGOpMAIMU U aHAJIM3a NAaHHBIX; OBJIAJCET HABBIKAMH IOCTPOCHUS
MaTeMaTHYECKUX MOJIENel TUIIOBBIX MPOPECCHOHANBHBIX 3a/1a4.
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2.48 IlpakTnueckoe 3ansitue Ne I13-48 (2 yaca).
Tema «OcHOBHbBIE BIOOPOYHBIE XaPAKTEPUCTUKID)
2.48.1 3ananue 115 padoOTHI:
1. HaxoxaeHue BEIOOPOYHBIX XapaKTEPUCTHK.

2.48.2 KpaTkoe onncaHnue NpoBOJAMMOro 3aHATHSA:
1. Hanwsr usmepenusst 100 oOGpaboTaHHBIX AeTaleH.
OTKJIOHEHHH OT 33JaHHOT0 pa3Mepa U COOTBETCTBYIOLME UM YaCTOTHI.

B Ta6J'II/IH€ YKa3aHbl 3HAYCHUSA

(ol | Comis] | Cusimt] | (<1205] | (<0.550] | (0:05] | (0.531] | 151 | (15:2)
n, 2 4 9 18 23 20 15 9
CIH/ITaH, 4YTO IIPpU3HAK X — OTKJIOHEHHUE OT IMPOCKTHOI'0 pasMepa — MNOAUUHACTCSA

HOPMAaJIbLHOMY 3aKOHY pachpeneiieHus, 1) MOCTPOUTh THMCTOrPAMMY OTHOCHTENIBHBIX YacTOT;
2) 3amucaTh JIUCKPETHOE paclpejesieHne Mpu3Haka X ; 3) HAaTH OCHOBHBIC BBHIOOPOYHBIC
XapaKTEPUCTUKH, B35IB B KAUECTBE BapUAHT CEPEIUHBI HHTEPBAJIOB

2.48.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeaeHUs MPaKTUYECKOTO 3aHATUSL CTYJEHT OCBOUT OCHOBHBIC MOHSTHS
U METOJbl MaTeMaTHYEeCKOH CTAaTHCTHKH, HAYYHTCS HCIOJb30BaTh MATEMAaTHYECKUU ammapar
UIsE  00pabOTKM TEeXHHYECKOW WH(OpMAIlMM W aHalIW3a JaHHBIX; OBIIAJCCT HaBBIKAMU
MOCTPOSHHUS MAaTEMAaTHYECKUX MOJIEICH THIOBBIX MPO(ECCHOHATBHBIX 3a/1a4.

2.49 IIpakTnyeckoe 3ansiTue Ne I13-49 (2 gaca).

Tema «To4yeuHble U HHTEPBAJIbHbIE OLEHKH»

2.49.1 3ananue nis padoThbI:

1. HaxokieHne TOUCUHBIX OICHOK.

2. OnpeneneHure JOBEPUTEIBHOTO MHTEPBAa JJIsl OLIEHKH MAaTeMaTHYECKOTO OXKUIAHUS
HOPMAaJILHOTO pacipeiesieHuUs.

2.49.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. HaiiTu HecMEIICHHBIC OICHKH IS HEH3BCCTHBIX MATEMATHUECCKOrO OXUJIAHUS U
JUCTICPCUU CITYYaifHOW BEIMYMHBI X , 3aJIaHHOW CTATUCTHYECKUM pacIipeiesieHueM BHIOOPKH:

2

2. Ilo BbIOOpke oObeMa n =16 u3 TreHepaJbHOW COBOKYMHOCTH OIpEAETICHbI
BbIOOpOYHast cpeAHss X = 41,7 1 ucnpaBlIEHHOE CpelHEE KBaJpaTUUYECKOE OTKIOHEHHE s =4 .
Haiitu 95-nponieHTHBIN AOBEPUTENBHBIN MHTEpBaAI AJs F€HEPAIbHON CpelHEH U I'eHEepalbHOI0
CPEIHEro KBaIPaTUYECKOTO OTKJIIOHCHHS.

3. IlpoBeneHo 25 paBHOTOYHBIX H3MEPEHUIl HEKOTOPOH (HU3MUECKOW BEIMYUHBI U
Hal{leHO cpenHee apu(METHYEeCKoe pe3yabTaToB H3MepeHuid x =42,5. Bce wu3Mmepenus
IIPOBEJCHBI OJJTHUM M TEM K€ MPUOOPOM C U3BECTHBIM CPEIHUM KBaJPAaTUYECKUM OTKIOHEHHEM
omnOok u3mepeHut o =2,1. Haiitu ¢ HanexHocTbio y =0,9 HOBEPUTENbHBIN MHTEpBaNl AJS
OLIEHKH UCTUHHOTO 3HAYEHUS U3MepsieMOl (PU3NIEeCKOI BETHUNHBI.

2.49.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbraTte npoBeneHus MPakTUYECKOrO 3aHATUS CTYJEHT OCBOUT OCHOBHBIC ITOHATHS
U METOJIbl MaTEMaTH4YECKOM CTaTHUCTHKH; HAyYHUTCA MCIOJIb30BAaTh MATEMaTHYECKHH ammapar
Ui 00pabOTKM TEXHHYECKOW WH(GOpPMAMU M aHajdu3a JaHHBIX; OBJAJCET HaBbIKAMH
HOCTPOCHMS MAaTEMAaTUYECKUX MOJIEIel THITOBBIX NPO(EeCCHOHANBHBIX 3a/a4.
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2.50 IIpakTn4yeckoe 3ansitue Ne I13-50 (2 gaca).
Tema «Koppeasuus»
2.50.1 3apanue a5 padoThI:
1. CocraBiieHHE KOPPEIAITMOHHON TaOTHIIBI.
3. Beruncnenne ko3 puureHTa Koppesium.
4. OnpeneneHre napameTpoB JUMHEUHOU pEerpecCuu.
2.50.2 KpaTkoe onucaHue NpoBOAMMOro 3aHATHSA:
1. I[Tonydensl aHHBIE MEXKAY AIUHON Kojoca ( X ) u unciaoM 3epeH ( V) B HeM:
X 7 18 11 {12(9 |7 19 107 |8 10 |13 (13|14 (127 |9 |8 |9 10
Y 15 120 |28 |28 |23 |17 |23 |25 |16 |21 |23 |28 |31 (32|30 )16 25|20 )23 |25
[To naHHBIM COCTaBUTH KOPPEISIUOHHYIO TAOIHILY; MOCTPOUTH SMIUPHUECKYIO JUHUIO
perpeccuu U 3anMcarb ypaBHEHUE TEOPETUUECKOM JIMHUU PErPECCUU.
2. MeTo/1oM HaUMEHBIIUX KBaIpaTOB HAWTU ypaBHEHUE MPsAMOIl perpeccud ¥ Ha X 1O
JTAHHBIM, IPUBEJICHHBIM B KOPPEISIIMOHHON Ta0bnue:

\l)x 16 26 36 46 56 n,
20 4 4
25 6 8 14
30 10 32 4 46
35 3 12 1 16
40 9 6 5 20
n, 10 18 44 22 6 100

3. Beutn npon3BeieHBl H3MepeHus o0Ieil ATHHBI CTBoJIAa B ¢M ( X ) M JUIMHBI €r0 4acTH
0e3 BerBeil (Y) HecsITH MOJIOABIX COCEH. Pe3ynbTaTbl 3TOr0 HM3MEPEHHs IPEACTaBICHBI B
tabnuie. Beraucnuts BHIOOPOYHBIH KO(POHUIMEHT KOPPEISIIUU M HAWTH YpaBHEHHE HPSMOMN
perpeccun Y Ha X .

X; | 25 35 45 55 65 75 85 95 105 115

Y| 14 18 19 20 23 23 24 26 29 34

2.50.3 Pe3yJbTaThbl U BHIBOJBI:

B pesynbTaTte npoBeeHUs MPaKTUYECKOTO 3aHSATUSL CTYJEHT OCBOUT OCHOBHBIC MMOHSTHS
U CTaTUCTHYECKUE METOJIbI 00pabOTKH ASKCIIEPUMEHTAIBHBIX JaHHBIX; HAYYUTCS MCIOJb30BATh
MaTeMAaTHYECKUN ammapaTr [Uisi oOpaOdOTKH TEXHUYECKOW WH(GOpPMAlMM W aHAIHW3a JaHHBIX;
OBJIQJICET HABBIKAMU ITOCTPOCHHS MAaTEMaTHUYECKHX MOJIEICH THUIOBBIX MPOodhecCHOHATBHBIX
3aJ1a4.

2.51 IlpakTn4eckoe 3ansitue Ne I13-51 (2 gaca).

Tema «IIpoBepka runores»

2.51.1 3apanue nis padoThI:

1. Onpenenenue HyI€BOM U aIbTEPHATUBHON TUIIOTE3.

2. [IppumeHeHne CTaTUCTUUECKUX KPUTEPUEB IIPOBEPKU TUIIOTES.

2.51.2 KpaTkoe onucaHue NpoBOAMMOI0 3aHATHS:

1. Hcnonezys xputepuii Ilupcona, mnpu ypoBHe 3Hauummoctd 0,05 mnpoBepurs,
COTJIacyeTcsl JIM TUIIOTe3a O HOPMAJIbHOM paCHpEAesIeHUH T€HEepalbHOM COBOKYMHOCTH X €
3a/laHHBIM SMIUPUUYECKHUM paclpeeICHUEM.

HUHTEPBAJIb 3-5 |5-7 |7-9 9-11 11-13 | 13-15 | 15-17 | 17-19 | 19—
21
4acTOThI 5 8 10 18 20 16 11 7 5

2. JlaHO CTaTMCTUYECKOE pacIpeeIeHNE
BapHUaHThI 0 1 2 3 4 5 6
4acTOThI 7 21 26 21 13 7 3 2

N
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O1leHUTh  CTENEHb  COIJIaCOBAHHOCTH CTaTUCTUYECKOTO  pACIPENCICHUS  C
pacrnipenenenuem Ilyaccona.

2.51.3 Pe3yabTaThl M BHIBOAbI:

B pesynbTaTe nmpoBeaeHUs MPaKTUYECKOTO 3aHATHS CTYJEHT OCBOUT OCHOBHBIC ITOHSTHS
U CTaTUCTUYECKUE METOJIbI 00pa0OTKM SKCHEPUMEHTAIBHBIX JAaHHBIX; HAYYUTCS HCIOJb30BAThH
MaTeMaTUYECKHi ammapar s 0OpaOOTKM TEXHHUYECKOW HH(POpMalMH W aHAIW3a IaHHBIX;
OBJIAJICCT HABBIKAMH IIOCTPOSHUS MATEMATHUYECKHX MOJIENCH THIOBBIX MpodeccrnoHaIbHBIX
3a7a4.
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