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1 BBEJJIEHUE

BaxHyl0o 4YacTh TEOpeTHYECKOM W  NPO(ECCHOHANBHOW  MPAKTUYECKOH  MOATOTOBKU
00y4aromuXxcsi COCTABISIIOT MPAKTUYECKUE 3aHATHS.

CocraB M cojep)kaHHE NPAKTHMUYECKUX 3aHATUN HampaBlieHbl Ha peanusanuio denepanbHOro
rOCyJapCTBEHHOTO 00pa30BaTEIBHOTO CTaHAaPTa CPEAHEr0 MPoPeCcCCHOHATHHOTO 00pa30BaHNSI.

Benymielt muaakTHUeCKON LIENbIO0 MPAKTUYECKUX 3aHATUN SIBISIETCS (OPMUPOBAHUE Y4EOHBIX
MPaKTUYECKUX YMEHUN (yMEHMH pelaTh 3aJayd [0 MaTeMaThKe, B TOM 4YHUCJIE MPUKIATHOIO
Xapakrepa), He0OOXOJUMBIX B IOCJIEIYIOIIENH yueOHOM JesITENbHOCTH.

B cooTBeTcTBUU ¢ paboueii mporpaMmmoii yd4eOHOW AUCIUIUIMHBI «MaTeMaTukay mperyCMOTPEHO
IIPOBEJICHUE MPAKTUYECKUX 3aHATUH.

B pe3ynbpraTe uX BBIIOJIHEHUS, 00y4atOLUNCs JOIDKEH:

ymemp.

— BBITIOJIHATh JEMCTBUS HaJl KOMIUIEKCHBIMH YUCIIaMU;

— BBIYUCIIATH 3HAYEHUS] TEOMETPUUECKUX BEIHUNH;

—pemiaTh 3a/1a4 Ha BBIYMCIIEHHE BEPOSITHOCTH C UCIOJIb30BAHNUEM 3JIEMEHTOB KOMOMHATOPHUKY;

—pemarh TNpUKIAJHbIE 3aJauyd C UCIOJIb30BAaHUEM JJIEMEHTOB JU(PEpeHLHnaTIbHOTO H
MHTErpajbHOI0 UCUUCIICHHH;

—pemiaTh CUCTEMBI JTMHEWHBIX YPaBHEHUH pa3InYHbBIMU METOJAMH;

—POU3BOANUTD ACHCTBUS HaJl MAaTpULIAMHU U ONIPEIEIUTEISIMU

ConeprkaHue MpPaKTUYECKMX pPa0OT OPUEHTHPOBAHO Ha TMOJIOTOBKY CTYJIEHTOB K OCBOEHHIO
MPO(ECCHOHATLHOTO  MOJYJISI OCHOBHOM  MPO(ECCHOHATBHOW  00pa3oBaTEeNbHOM  MPOrpaMMbI  TIO
CMELMATBHOCTU U OBJIQACHUIO NPOGheccuonanbHulMu KOMREMEeHYUAMU.

I[IK 2.2. PagpabaThiBaThb JOKYMEHTALIMIO IO  O3KCIUTyaTalldd  AJIEKTPUYECKOTO U
AIIEKTPOMEXAHUYECKOTO 000PYAOBAHHUS.

A Tak:xe popMHUPOBAHNIO OOIIUX KOMIIETEHIIMA:

OK 01 BriOupate cmocoObl  pemieHuss 3amad  IpO(PECCHOHAIBHOW — JIEATEIHHOCTH
IIPUMEHUTEIBHO K Pa3JIMYHBIM KOHTEKCTaM.

OK 02 Hcnomnp3oBaTh COBpEMEHHBIE CpPEICTBA IOWCKA, HWHTEpIpeTanuu uHpopmanuu, u
MH(GOPMALMOHHbIE TEXHOJIOTUH JUIs BBIIIOJIHEHUS 3a/1a4 PO(EeCCUOHABHON 1A TEIbHOCTH.

BeinonHenne oOywaromuxcs MpakTHUYECKUX paboT mo ydeOHoM aucuuiuimHe «MarteMaThka
HaIIPABJICHO Ha:

—000011eHne, CUCTEMaTH3allMl0, YriyOlieHue, 3akpeluvieHHe, pPa3BUTHE U JEeTalIU3alMIo
MOJIy4EHHBIX TEOPETUYECKUX 3HAaHUH 110 KOHKPETHBIM T€MaM Y4eOHOH IUCIUILINHBI;

—(hopMupoBaHUE YMEHUN IPUMEHATH MOTy4YEHHbIC 3HAHUS Ha MPAKTHKE, peau3aliio eIMHCTBA
MHTEJUIEKTYaJIbHOM U IPAaKTUYECKON JEATEIbHOCTH;

—BbIPAaOOTKY MPHU PELIEHUH NOCTaBJIEHHBIX 33134 PO(PEeCCHOHAIBHO 3HAYMMBIX KaYeCTB, TAKUX
KaK CaMOCTOSITEIIbHOCTb, OTBETCTBEHHOCTb, TOYHOCTb, TBOPUYECKAsi HHUI[UATHUBA.

IpaxkTuyeckue 3aHATHS IPOBOJITCS MOCIIE COOTBETCTBYIOLIEH TEMbI, KOTOpast 0OecrieyrBaeT HaJluIne
3HaHUH, HEOOXOUMBIX /ISl €€ BBIIOTHEHHS.



2 METOJANYECKHUE YKA3AHUSA
Tema 1.1. Anredpaundeckasi popma KOMILUIEKCHOTO YHCJIA

IIpakTnueckoe 3ansitue Ne 1
JelicTBUS HA/I KOMILUIEKCHBIMM YU CJIAMH B ajredpandeckoii popme.

He.]'lb: HAay4YUTbBCA BBIIIOJHATDH I[€I>’ICTBH$I Had KOMIUICKCHBIMHW YHCIIaMHU B anre6pa1/1quK0ﬁ
dopme.

BroinosiHenune padoTsl ciocodcTBYET (hopMHUPOBAHHIO:

[1K 2.2. PazpabarbiBaTh JOKYMEHTALMIO 10 3KCILIyaTallly AIEKTPUUYECKOTO U
JIEKTPOMEXAHMUECKOT0 000py10BaHHU.

OK 01 Bri6upats ciocoObl perieHus 3a1a4 npopeccuoHanbHON AeATeIbHOCTH IPUMEHUTENBHO
K pa3IM4HbIM KOHTEKCTAM.

OK 02 Hcnonp30BaTh COBPEMEHHBIE CPEJICTBA MIOUCKA, MHTEPIIPETALIMK HHPOPMALIUH, U
MH(}OPMAaLMOHHBIE TEXHOJIOTUHU ISl BBIIOJHEHUS 3a/1a4 PO (ECCUOHATbHON AEITEIbHOCTH.

MarepuanbHoe o0ecrieyeHme:
I/IH)II/IBI/IJIyaIH)HI)Ie 3aJaHHuA, KOHCIICKTHI J'IGKI_[I/II\/’I

3ananmue:
1. Mano: U=43.5-j5,6. OnpenenuTh akTUBHYIO P 1 peakTHBHYIO Q MOIIIHOCTb.

2. lanbl KOMIUTEKCHBIE uncna : z1=(-3;-5), 2,=(-7,2;7,2), z3=(2;6).
3anucaTh 3TH YKClia B anredpandeckoit hopme.

1.  BpluucauTh:
1) 21+ 2,

2) 2, - Z3;

3) 21/ z3;

4) 2, * 23,

5) 215.

2.  BpluMcauTh:
1-3i 1+4i .,
—+ —+i
i—2 1+3i

IMopsaok BHINOJTHEHHUSI PadOThI:
1. 3anuIKTe KOMILICKCHBIE YKCIia B anrebpandeckoii popme z = a + bi
2. BoimosnHuTe OSWCTBUS HAl KOMILICKCHBIMH YHCIIaMH B aireOpanyeckoil (opme, HCIOJB3Ys
bopMyIb:
7z, + 2z, = (a; + ay) + (by + by)i
21 — 75 = (a1 — az) + (by — by)i;
zy " 73 = (aya; — biby) + (a1b; + azby)i;

Z1 __ a1a2+b1b2 azbl—albz .

Zy aZ+b2 aZ+b2

1. Jlausl komruiekcHble uncna : z;=(7;1), z,=(-1,5;1,5), zs=(4;-3).
3amucath 9TH YKCiIa B anredpandeckoi popme.
Pemenue:
T.k. anrebpandeckast hopmMa KOMIIEKCHOTO YMCIIa UMEET BUJL Z=X+iYy, TO



2, =7+i; z,=-15+15i; 7,=4-3i

2. BeimosTHUTE NEeiCTBUS B anredbpandeckoi opme:
1) z1+ 2,

2) 2 - 3

3) 2/ 73,

4) 7, - z3;

5) 215.

Pemenne:

z1+2z,=(7-15)+(1+1,5)i =5,5+ 2,5i;

z,—z3=(—15—4)+ (1,54 3)i = —5,5 + 4,5i;

z, T+ (7+0)(4+30)  28+4i+21i+3i%2  28+25i—3  25+25i ..

‘1 - = : ~ = - = = =1+ L,

z3  4-3i  (4—30)(4+30) 16—9i2 16+9 25

Zy 23 = (=1,5+1,5i)(4 — 3i) = —6 + 4,5i + 6i — 4,5i> = —6 + 10,5{ + 4,5 = —1,5 + 10,5iz>

=7+D)5=7+D)D2(7+i)=0“49+14i+i®)?>(7+i) = (48 + 14i)*(7 + 1)
= (2304 + 1344i + 196i%)(7 + i) = (2304 + 1344i — 196)(7 + i)
= (2108 + 1344i)(7 +i) = 13412 + 11516i

3. Breruucianrs:

1+3i 4-51

—5t =1

i-3 1+3i

Pewenue:

13 45 oo

i-3 1+3i

1) 1+3i_ @+3)(-3-0) -3-i-0i-3* -10i _ .
i-3  (-3+i)(-3-i)  (-3)%-i* 10

2) 4-5i _(4-5)(1-3)) _4-12i-5i+15i° -11-17i 11-17i
1+3i  (1+3i)1-3i) 1-(3i)? 10 -

3) i® = (%) = (-1)* =1
4)~i+(-11-17i)~1=-i-11-17i-1=-21-28i

dopma npeacTaBiieHUs pe3yJbTaTa: BbIIOJIHEHHAs padoTa.

Kpurepum oueHku:
Onenka "otaumano" BBICTABJISICTCS, €CIM paboTa BBIMOJHEHA B TIOJHOM 00BEME C
coOnroieHneM HEOO0XOJAUMOM TMOCIEOBATeIbHOCTH JEHCTBUI; B OTBETE MPAaBHIBHO U aKKYpaTHO
BBIIIOJIHEHBI BCE 3aIIMCH M BEIYMCIICHH.
Ouenka '"'Xopomo' BBICTABIIICTCS, €CIM BBIMOJIHCHBI TPeOOBaHMS K OIleHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeAoYeTa.
Ouenka "yI0BJ1eTBOPUTEIbHO'" BBICTABISETCS, €CIM paboTa BBINOJHEHA HE TMOJHOCTHIO, HO
00BEM BBIMIOJTHEHHON YacTH TaKOB, YTO TMO3BOJISET MOJTYYUThH MPABUIbHBIE PE3YIbTATHl U BHIBOJIBI; B
X0JIe MPOBeACHUS PabOThI OBLITN TOMYIIEHBI OTHOKH.
Ouenka ""Hey10BJIETBOPUTEIbHO' BHICTABISETCS, €CITU padOTa BHITIOJHEHA HE MOJHOCTHIO HITN
00BEM BBITIOIHEHHOM YacTH pabOThI HE TO3BOJISET CAETIAaTh MPABUIBHBIX BHIBOJOB.



Tema 1.2. Tpuronomerpudeckasi popMa KOMILIEKCHOI0 YU CJIA

IIpakTnueckoe 3ansiTue Ne 2
JelcTBHSA HAJl KOMILIEKCHBIMM YHCJIAMU B TPHTOHOMETPHYECKOH (hopme

eab: HaydnuThbCsl BBINOJHATH ACUCTBUS HAJ KOMIUIEKCHBIMU YHCIAMH B TPUTOHOMETPUYECKOMN
dopme.

BreinosiHenune padoTsl ciocodcTBYET (hopMHUPOBAHHIO:

[1K 2.2. PazpabarbiBaTh JOKyMEHTALUIO 10 3KCILTyaTalluy 3JIEKTPUUECKOIO U
AJIEKTPOMEXAHUYECKOTO 000PYAOBaHMSL.

OK 01 Bri6upats criocoObl penieHust 3a4a4 IpoPecCHOHATBHOMN eI TeNbHOCTH TPUMEHHUTEIBHO
K pa3iIM4HbIM KOHTEKCTAM.

OK 02 Hcnonp30BaTh COBPEMEHHBIE CPEJICTBA MIOUCKA, MHTEPIIPETALIMN HHPOPMALIUH, U
MH(}OpPMAaLMOHHBIE TEXHOJIOTUH AJISl BBIMIOJIHEHUS 3a/1a4 MPOPECCUOHANBHOMN 1E€ATEIbHOCTH.

MarepuanbHoe obecniedenue: VHIMBHUyaIbHBIC 3a/1aHUSI, KOHCTIEKTHI JICKITUN

3ananmue:
1. lano: Tok B KoMIutekcHo# popme 1=3-j4. Hamucats ypaBHEHHE TOKA.

2. JIaHBI KOMIIJIEKCHBIE YHCIIa B TPUTOHOMETPUIECKOU opMme:

T . . T 3 ., . 3m
Zy = 5(c053+ lSln;) U zy = 8(cos?+ l sm?).

. . Z%22, 3.3
Brrancnure: z; * Zy; g zi; N2z
3. BeimonHUTE ACHCTBUS U 3aMIIATE PE3YJbTAT B alredpandeckoit popme:

) 5T, . . 57T\ 2 24(cos75%+isin 759)
a) (3 (COS 4 +isin 4 )) ) 3(cos 30%+isin 300)

Kpartkue TeopeTndeckue CBEICHUS:

Tpuronomerpuveckoit GpopMoil KOMIUIEKCHBIX YHCE HA3bIBACTCS 3alMCh UX B BUJE: Z =1 - (COSQp +
ising).

[Ipu BBITONHEHMM NEHCTBUH HAJ KOMIUICKCHBIMH 4YHCIAMHA B TPUTOHOMETpUYECKOH (opme

HCIIOJIL3YIOTCS ClIeayrommue (GOpMYJIbL:
Zy 2 =11 1(cos(@y + @,) + isin(@y + @,))
Zz; N ..
— = —(cos(¢p, — (Pz) + lSln(‘P1 - ‘Pz))
Z; T

z" =r"(cosng + isin np)
JIiisi M3BJICYCHUS KOPHS N-i CTENEHHM W3 KOMIUIEKCHOTO 4YHWCIa B TPUTOHOMETPHYECKOW (opme
z=r-(cos @+ising) ucnosb3yercs GopMyia :

+21k . . +2mk n o
w, = - (cos(p - +isin® - ), T7e Vr. apudmMeTnueckuii kopenb, k=0, 1, 2, ..., n-1.

Ilopsinok BbINOJTHEHHS PadOTHI:

1. 3anumuTe 3aJaHHbIE B TPUTOHOMETPHYECKOH dopme uncia.

2. Hcnonb3ys KOHCIIEKT, BBISICHUTE, KaK BBITOJIHSAIOTCS JEUCTBUS HAJl KOMIUJIEKCHBIMU YHCIIAMU B
TPUTOHOMETPHUYECKOU (opMme.

3. Brimonnurte 3agaHHble IeHCTBUS.

BrimonHuTe 1eHCTBUS U 3aMUIINTE PE3YNIbTAT B adredpandyeckoit popme:



: ST 4 iein2T))6 = 26 5T, isin®.6) = 5T 4 iein 2T =
1) (2 (cosz4+lsm24)) =2 (00524 6+lsm24 6)—64(6054 +Lsm4)—

64 (-2 — i) = —32v2 - 32V2i

2)
24(cos75° + isin 75°) 24 N N
3(cos 15° + isin 15°) 3 (cos(75°—=15°) +isin(75° = 15°) = 8(cos60° + isin60°)

1 3
=8(5+io- =4 + 4+/3i

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs padoTa.

Kputepuu onenkmu:

Ouenka "oTiM4HO'"  BBICTABIsAETCA, €CIM paboTa BBHINOJHEHA B TIOJHOM O00BEME C
coOiroieHeM HEO0XOAMMOM MOCIEA0BATEIbHOCTU JEHCTBUI; B OTBETE MPABWJIBHO U aKKypaTHO
BBITIOJTHEHBI BCE 3aITUCH U BBIUMCIICHUSI.

Ounenka ''Xopomo' BBICTaBISETCS, €CIU BBINOJHEHBl TPeOOBaHMS K OLIEHKE "OTJIMYHO", HO
JOTYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI10BJIETBOPUTEJIbHO' BBICTABISETCA, €CIM pabOTa BHITIOJIHEHA HE TMOJIHOCTHIO, HO
00BEM BBITMIOJHEHHON YaCTH TaKOB, YTO IMO3BOJISICT MOJYYUTh MPABWIHHBIC PE3YIbTaThl U BHIBOJIBI; B
XO0J1e TIPOBEACHUS PaOOTHI OBLIH JOMYIICHBI OIITHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BHICTABIISETCS, €CJIM padOTa BHITIOJIHEHA HE TTOJTHOCTHIO HIIH
00BEM BBITIOJIHEHHOM YacTH pabOThl HE O3BOJISET C/IeaTh MPaBUIBHBIX BBIBOJIOB

Tema 2.1. MaTpuusl 1 onpeaeuTeu

IIpakTnyeckoe 3ansitue Ne 3
HeiicTBHUs ¢ MATpULIAMU

Ilesib: HAYYUTHCS BBITIOJIHATD JIEHCTBUS HAJl MAaTPHUIIAMHU.

BbinosiHeHne padoThl coco0CTBYET (POPMUPOBAHUIO:

I1K 2.2. PazpabaThiBaTh JOKYMEHTAIIMIO 110 SKCIUTyaTallMH JICKTPHUIECKOTO U
AIIEKTPOMEXAaHUYECKOTO 000PYAOBAHHUS.

OK 01 Bei6upats crioco0bl pemieHust 3aaa4d mpoGecCHoHAIbHON JeATEILHOCTH PUMEHHUTEILHO
K Pa3JIM4HbIM KOHTEKCTAM.

OK 02 Hcnosip30BaTh COBpEMEHHBIE CPEACTBA TIOMCKA, MHTEPIpETalni HHpOopMaIuu, u
nH(OPMALMOHHBIE TEXHOJIOTUH JUIS BHIOJTHEHHS 3a/1a4 PO (eCCUOHATbHON A TETbHOCTH.

MarepuajibHoe ob6ecniedenue: HauBuyanbHble 3a0aHusl , Y4eOHUKH, KOHCIIEKTHI JIEKIIUH.

3aganue:
1. JIns pacueta TOKOB B CIOXHOW SJIEKTPUYECKOW II€MH UCHOJB3YIOTCS MaTpU4HbIe
npeoOpazoBanus. J[aHbI ABE MaTPHIIBI, OTPAXKAIOIINE KOMIIOHCHTHI IICTIH:

A= (_13 g);B = ((2) _13)

Haiinute cymMMy 1 pa3HOCTb 3TUX MaTpPHIL.
2. B anekTpuueckoi cxeme HCIOJIb3yeTcsl MaTpuyHas (opma 3amucu A CONPOTUBIICHHUS.
HaiinuTe npounsseneHre MaTpullbl CONPOTUBICHUN Ha yucio k=3:

R=(30 10)

3. Ilpu pacuére mapameTpoB TPAH3UCTOPHOI'O YCUIIUTENS BO3HUKIIA HEOOXOIUMOCTh YMHOXXHUTh
JIB€ MaTPULIBl, ONMCHIBAIOLINE MTAPAMETPhI KACKaJ0B YCUICHHUS:



1= (G =y &)

Haiinure nmpoussenenue matpunl A u B.

Kpartkue Teopernyeckue cBeIeHUS:
Marpuueid HasbIBaeTCs MPSIMOYTOJbHAs TaONMUIAa 4ucel. Marpuia 3amuchiBaeTCs B BHUJIE:

aq aqy... Ain
A=1 a1 aso... Arn
Am1  Amo... Apn

JelicTBus Hajg MaTpUIIAMH:
1.Cnoxenue.
Omneparusi COKEHUSI BBOJUTCS TOJBKO JJIsi MAaTPHUIl OJIMHAKOBBIX pa3MepoB. [lpu crosxeHun
MAaTPHI] UX COOTBETCTBYIOIIHNE JIEMEHTHI CKJIA/IBIBAKOTCA.
a;1 + b1 A+ by Ayt by
A+B=C=| ay; +byy ay; +byy - a2n+b2n>
my t bml amz + me Amn + bmn
2.YMHOKEHHE Ha YUCJIO.
[Ipu yMHOKEHMU MATPHUILIBI HA YHCIIO KaXK/IbIM €€ 2JIEMEHT YMHOKAETCS Ha 3TO YUCIIO.
kayy  kayp - ka,
kA =\ kay,; kay,,- kay,
k Am1 kamz kamn
3.YMHOX€EHHE MaTpHLl.
Omneparusi YMHOXXEHHUST MATPHI] BBOJUTCS TOJBKO JJISl CIIydasi, KOTJa YHCJIO CTOJOIOB MEepPBOM
MAaTPHUIIbI PABHO YHCILY CTPOK BTOPOH.
YrtoObl HANTH AIIEMEHT MATPUIIBI, CTOSIIIHN B I-TOH CTpoKe B K-TOM CTOJIOIE, HY)KHO BBIYUCIHTH
CYMMY HPOM3BEICHUI JIEMEHTOB I-TOW CTPOKHU MEPBOW MATPHIIBI HA COOTBETCTBYIOIINE IIEMEHTHI K-
TOTO CTOJIOIA BTOPOH.

Iopsinok BbINOJIHEHHSI PadOTHI:

1. 3amumwre 3amaHue.

2. Omnpenenurte, Kakue MACWCTBHUS, W MO KaKUM [paBUjIaM HEOOXOJUMO BBINOJHUTS.
[IpounTaiiTe KOHCIEKT.

3. Brmoanaute aeiictBus. [IpoBepbTe MPaBUILHOCTH BEIYUCICHHH.

1. Haiitu matpunty C = A? + 34B, ecu
(=2 3\. ,_(5 -1
A_(1 _1)‘3_(1 3)
a) Haiinem A YMHOJKasi MATPHUILy caMmy Ha ce0st
2_(—2 3\. (-2 3N\_(7 -9
4 _(1 —1) (1 —1)_(—3 4)
0) Haiinem matpuity 34, yMHOXHB BCE SJIEMEHTHI MaTPHUIlbl A Ha 3.
(-2 3\ _(—6 9
3‘4_3(1 —1)_(3 —3)

B) Haiinem npoussenenue 3AB

ap=(3 %) 3)=07 )
r) Haiinem matpuity C, CKIa/ibIBasi COOTBETCTBYIOIIHME SIEMEHTHI
7 =9 —-21 33 —14 24
c=(_3 4)+( 12 —12):( 9 —8)
2. Haitnem npoussenenue A A~ u A™1 - A:
-2 1
N ER N
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wa=(T Y6 D=6 D=r

3
B cooTtBeTcTBHU C ONPCACIICHUEM JAaHHBIC MAaTPULIBL ABJIAKOTCA B3aI/IMOO6paTHBIMI/I.

dopma npeacTaBIeHUs pe3yJibTaTa: BHIIOJHEHHAS paboTa.

Kputepuu onenku:

Ouenka '"oTiM4YHO"  BBICTABIACTCA, €CIM pabOTa BBHINOJHEHA B IIOJIHOM OO0BEME C
coOmmoieHneM HE0OXOAUMOM TOCIIEOBATEIFHOCTH JICHCTBHIA; B OTBETE MPABIJIBHO M aKKypaTHO
BBITIOJTHEHBI BCE 3aITMCH M BHIYHCIICHUSI.

Onenka ''Xxopomo' BbBICTaBISIETCS, €CJIU BBIIOJHEHBl TPeOOBaHMUS K OLIEHKE "OTJIMYHO", HO
JOTYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI10BJIETBOPUTEJIbHO' BBICTABIISIECTCA, €CJIM pabOTa BHITIOJIHEHA HE TOJIHOCTHIO, HO
00BEM BBITIOJTHEHHON YacTH TaKOB, YTO TO3BOJISET TOJYYUTh MPABUILHBIC PE3YIbTAThl U BBIBOJBI; B
X0J1e TIPOBEACHUS PaOOThI OB JOMYIICHBI OIITHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BHICTABIISETCS, €CJIM padOTa BHITIOJIHEHA HE MTOJTHOCTHIO HIIH
00BEM BBITIOIHEHHON YacTH pabOThI HE TIO3BOJISET CAENIaTh MPABMIIBHBIX BHIBOJIOB

Tema 2.1. MaTpuubl 1 onpeaeIuTe u

IIpakTuyeckoe 3ansaTue Ne 4
Borunciienue onpenesuresei

He.ﬂb: HAYYUTHECA BBIYUCIIATH OMPEACITIUTEIN BTOPOI0 U TPETHETO MOPAIKOB.

BbinosiHeHne padoThl coco0CTBYET (POPMUPOBAHUIO:

OK 01 Bei6upatb crmocoObl penieHust 3aaa4 mpoecCHOHATBHON AeATENFHOCTH TPUMEHUTEIHHO
K pa3JIM4HbIM KOHTEKCTAM.

OK 02 Hcnosip30BaTh COBpEMEHHBIE CPEACTBA TOWCKA, MHTEPIpETanu nHpopMaIuu, u

nH(OPMAaLMOHHBIE TEXHOJIOTUHU AJIsl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATEIbHOCTH.

MarepuaJjibHoe obecniedeHne: WHIMBUIYAJIbHBIC 3a/IaHUsI, YICOHUKH, KOHCIICKTHI JICKIIUH.

3aganue:
BI—:ILII/ICJ'II/ITB OHpCI[CJ'II/ITeJ'II/IZ
3 3 3 =5 10 -2 1
1) |‘2 2| 1 1 2| 3l-15 5 -2
2 =1 7 3 -2 -1

KpaTkue TeopeTnueckue CBeICHHUS:

OmnpenenureneM KBaApaTHOW MAaTPHUIBI BTOPOTO MOPsAKA(OMPEIEIUTENEM BTOPOrO MOPSIKA)
HA3bIBAETCSl YHCIIO, PABHOE PA3HOCTH MPOU3BEJCHUI AIIEMEHTOB TJaBHOW UAroHaIM U 3JIEMEHTOB
MOOOYHOM IUaroHam.

a; b
a, b,

OnpenenureneM KBaJpaTHON MaTpPULIbl TPETHETO MOPSAAKA(OMPENETUTENEM TPETHErO MOPSAKA)

Ha3bIBAETCs YHCIIO, PABHOE
a1 Q12 4g3
d21 G2 Q23 = Q11Q27033 + Q12023031 + 21032013 — Q13022031 — Q12021033 — A3032011
az; a3z ds3

=a; by —a;- b

IHopsinok BbINOTHEHHS PadOTHI:



1 3anumuTe onpeaenuTeb, ONPEAIUTEe KAaKOTO OH MOPSIKA.
2 crionb3ysi COOTBETCTBYIONIECE OTPEACICHNE, BHIYUCIUTE 3HAUEHUE OTIPEICTUTEIA.

BeruucnuTe onpenenurenu:

1) g _64=2-6—3-(—4)=12+12=24
5 -2 1

2) 3 1 —4(=51-(-3)+(-2)(-4):6+3:-0-1—
6 0 -3

-6:1-1-3-(-2)-(-3)—0-(—4)-5=-154+48—-6—-18 =

=48-39=9
4 0 5
3) —6 2 —7|=4-2:240-(=7)-1+(=6)(=3) -5~
1 -3 2

—-5:2:1-(-6)0:2—-(-3)-(-7)=164+0+90—-10—-0—84 =12
®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.

Kpurtepun ouenku:

Ounenka '"oTamuyHoO'"  BBICTABISETCS, €cild paboTa BBIIOJHEHA B TMOJHOM OO0BEME C
coOiroieHneM HEOO0XOAMMOM MOCIEA0BATEIBHOCTH JCHCTBHI; B OTBETE MPAaBUIBLHO M aKKypaTHO
BBITIOJIHEHBI BCE 3aIIMCH U BHIYUCIICHUSI.

Ouenka '"'Xopomo'" BBICTABIISECTCS, €CIM BBIIOJIHEHBI TPeOOBaHMS K OIEHKE "OTIWYHO", HO
JOTYILIEHBI 2-3 HeJoYeTa.

Ouenka "yI0BJIETBOPUTEJIbHO' BBICTABIISCTCSA, €CIM pabOTa BBITIOJIHEHA HE TMOJIHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTU TaKOB, YTO MO3BOJISIET MOJIYYUTh MPaBUIIbHBIE PE3YIbTAThl U BHIBOJBI; B
X0J1e TIPOBEACHHS PaOOThI OBUIH JOMYIICHBI OIITHOKH.

Ouenka ""Hey/10BJIETBOPUTEJIBLHO' BBICTABIISAETCS, €CIIM padOTa BHIMOJHEHA HE TIOJIHOCTBIO UITH
00BEM BBINOJIHEHHOM YacTH pabOThI HE IO3BOJISET ClIENaTh MPABUIIbHBIX BHIBOJIOB.

Tema 2.2. Cucrembl JJUHEHHBIX YPABHEHUH

IIpakTnyeckoe 3ansitue Ne 5
Pemenune cucrem JimHeilHbIX ypaBHeHuil metoaom Kpamepa

Heab: HayunuTHCS pelaTh CUCTEMBI JIMHEHHBIX YpaBHEHHM, Ucnob3ys popmyinsl Kpamepa.

Brinosinenune padorsl cnocod6cTByeT GOPMUPOBAHUIO:

[1K 2.2. PazpabarbiBaTh TOKYMEHTAIUIO MO 3KCILTyaTallUU JIEKTPHUUECKOTO U
AIIEKTPOMEXAHUYECKOTO 000PYIOBAHHUS.

OK 01 Bei6upats criocoOb! perieHus 3a1a4 npopeccuoHaIbHON AeITeTbHOCTH TPUMEHUTEIHHO
K pa3JIMYHbIM KOHTEKCTaM.

OK 02 Hcnonk30BaTh COBpeMEHHBIE CPECTBA TIOUCKA, HHTEPIIPETallu HHPOPMAIUH, U
nH(OPMAIMOHHBIE TEXHOJIOTUHU AJIsl BHITIOJTHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATeIbHOCTH.

MarepnajabHoe obecriedeHune:
WunuBuyansHble 3a1aHUs , YI€OHUKU, KOHCTIEKTHI JICKITHH.
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3amanmue:
3JICKTpI/I‘IeCKa$I LICIIb COIIep)KI/IT TpI/I BCTBU C U3BCCTHBIMU 3HAUYCHUSIMHAU COHpOTI/IBJIeHI/Iﬁ nu

HanpsbkeHuid. Heo6xoaMMo HallTH TOKU B BETBSIX, PEIIMB CUCTEMY YPaBHEHUM:

3Xx+3y—-5z=-2
1) {3X—5V=11; 2)Ix+y+22=3
2x+3y=20 2X—y+72=27

ay1%1 + A1pXx; = by
Az1X1 + A% = by
CocraBuM ompenenuTeNb U3 KOIPPHUIMEHTOB TPH HEU3BECTHBIX. OTOT ONPEICIIUTENb
a1 a12|
az1 Az
CocrtaBuM omnpenenuTenn Kaxaod HeusBecTHoWl. Ompexpenutens A; noaydaercs U3
ompenenutenss & myTeM 3aMeHBl MEPBOTO CTOJIONA KOA(POUIIMEHTOB CTOJOIIOM W3 CBOOOJIHBIX
by ay
b, as;
Onpenenurens A, mnonaydaercs U3 onpenenurenss & myreM 3aMeHbl BTOpPOro CTOJOLa
K02(pPHUITMEHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
_lan b
A=
az b,

IlycTs nana cucrema AByX JIMHEMHBIX YPABHEHUH C IBYMsI HEU3BECTHBIMU: {

Ha3bIBACTCA OIMMPEACTIUTCIICEM CUCTCMBI.. A= |

YJ1eHOB.Ay =

I[Iycte nmana cucrema  Tpex  JIMHEWHBIX  YpPaBHEHUHM C  TpeMsi  HEU3BECTHBIMH:
ay11X1 + A12X; + Aq3%3 = by
Az1X1 + AgpX; + Az3X3 = by
A31X1 + A32X; + Az3x3 = b
CocraBuMm omnpenenutenb W3 KOIPOUIMEHTOB TIPHU HEU3BECTHBIX. OJTOT OMNPEACIUTEIH
a1 Q12 Qi3
HAa3bIBAECTCS OMPEACIIUTENEM CUCTEMBL:. A= [A21 A2z  Qp3
Q31 Qdzz daz3
CoctaBUM ompeAenuTeN Kaxaou HeusBecTHOW. Omnpeaenurenb A; MoJydaeTcs U3
onpenenuTens A myreM 3aMeHBI TIEPBOTO CTOJIONA KOA(PPHUITMEHTOB CTOIOIOM M3 CBOOOHBIX YJICHOB.
by ay; ag3
A= by ay; a3
bs as, asz
Onpenenurens A, moiydaercs U3 omnpenaenutens A myTreM 3aMeHbl BTOpPOro CToJOIa
K03 PHUIMEHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
a;; by ag3
A,=az by ay3
asy bs asz
Omnpenenurens A; mosydaetcss u3 omnpeaenuTens & myreM 3aMeHBl TPEThEro Crosdia
K03 PHUIIMEHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
a1 Qi by
Az=|az az by
az; Qs bs

A
UToOBl BBIYMCIHUTH 3HAUYEHUS HEM3BECTHBIX, Bocmoib3yemcs (opmynamu Kpamepa:x; = fl
e Qg _ A
1x2 - X! 3 = X
IHopsiaok BbINOJHEHNS PA0OTHI:
1.3anummre cucteMy ypaBHEHH.
2.3anuiinTe U BBIYUCINUTE ONIPEIETUTENb CUCTEMBI.
3.Bpruncnure onpeaenuTeNn Kaxa0i HEU3BECTHOM.
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4.HaiimuTe 3HaYCHUS HEU3BECTHBIX, UCTIONB3Ys (hopmynbl Kpamepa.

Xopn padoThr:
Paccmotpum npumep:
Pemnts cucreMy ypaBHEHHIA:
X1+ 2x5 — 3x3 = 0;
2x1 — Xy +4x3 =5;
3x;+x, —x3=5

1 2 -3
A=(2 -1 4 |;
3 1 -1
1 2 -3
AM=12 -1 4]|=10=%#0
3 1 -1
Brrancinum onpeaenuTenu KaxI0u nepeMeHHOM:
0 2 -3
A=1]5 -1 4|=0-15440-154+10—-0=20
5 1 -1
1 0 -3
A,=12 5 4|=-5-304+0+4+45—-0—-20=-10
3 5 -1
1 2 0
A;=(2 -1 5[=-54+0+30—-0—-20-5=0
3 1 5
xlzﬁzﬁzz;xz:A—Zz_—wz—l;x3=A—3=i=0
A 10 A 10 A 10

Ortser: (2;-1,0).
®dopMma npeacTaBIeHHs Pe3yIbTaTa: BBINOJHEHHAS paboTa.

Kpurepun oueHku:

Ouenka "oTjM4YHO'  BBICTABIACTCA, €CIM padoTa BHINOJHEHA B TIOJHOM O00BEME C
coOnrofieHneM HE0O0XOJAMMOM MOCIEA0BATEIbHOCTU JEHCTBHIl; B OTBETE MPABWJIBHO U aKKypaTHO

BBITIOJIHEHBI BCE 3AIIMCH U BBIYUCIIEHUSL.
Ouenka '"'Xopomo' BBICTABIISCTCS, €CIM BBIMOJIHCHBI TPeOOBaHMS K OIlEHKE "OTIWYHO", HO

JIOTYILIEHBI 2-3 HeJloYeTa.
Ouenka '"yI0BJIETBOPUTEJIBHO' BBICTABIISACTCS, €CJIM pabOTa BBITIOJIHEHA HE TMOJIHOCTHIO, HO

00BEM BBINOJHEHHON YacTH TaKOB, YTO IO3BOJIACT IOJYYHUTH IIPABUJIBHBIC PE3YIbTAaThl U BBIBOILI; B

X0/JIe MPOBeACHUS PabOThl OBLIN TOMYIIEHBI OUTHOKH.
Ouenka ""Hey10BJIETBOPUTEIbHO' BBICTABISETCS, €CIM pad0Ta BIMOJIHEHA HE MOTHOCTHIO WIH
00BbEM BBITTIOJTHEHHOM 4acTH PabOThI HE MO3BOJISET CACNIATh MPAaBUIBHBIX BHIBOJIOB

Tema 2. 2 Cucrembl JIMHEHHbBIX yPaBHEHHUI

IIpakTuyeckoe 3ansaTue Ne 6
Pemenue cucreM JJMHEHHBIX YPaBHEHHH MATPUYHBIM METOA0OM

He.m;: HAaYYUTHCA pClIaTh CUCTECMbI JIMHEWHBIX ypaBHeHPII’I MaTpUYHBIM METOAOM.

Brinosinenne padoTsl ciocodcTBYET (hopMHUPOBaAHHIO:
1K 2.2. Pa3pabaTbIBaTh TOKYMEHTALMIO MO HKCILTyaTalluX JIEKTPUUECKOTO U

AIIEKTPOMEXaHMUECKOT0 000PyIOBaHHMS.
OK 01 Bsi6upats criocoOsl penieHus 3aja4d NpopecCHOHaIbHOMN NesITeTbHOCTH TPUMEHUTEIHHO
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K Pa3JINYHBIM KOHTEKCTaM.
OK 02 Mcnonp30BaTh COBPEMEHHBIE CPEACTBA MOUCKA, MHTEPIPETALNU HHOOPMAIIH, 1
MH(OPMAIMOHHBIE TEXHOJIOTUH VIS BHITIOJIHEHHS 33124 PO (PECCHOHATIBHOMN e TETbHOCTH.

MarepuanbHoe o0ecrieueHne:
NunuBuyanbHble 3a1aHust , y4€OHUKH, KOHCTICKTHI JICKITUH.

3ananmue:
OnexTpuyeckas LENb COAEPKUT TPU BETBU C W3BECTHBIMU 3HAYEHMSIMH CONPOTUBIIEHUH U
HanpspkeHuid. Heo6xoauMo HallTH TOKU B BETBSIX, PELLIUB CUCTEMY YpaBHEHUI:

3% =X, + % =3 2% + 2%, — %X, =3
Loix+2%-3%=0 2.3y —x 15x =2
OX + X, —7X; =1 7%, +8x%, —6x, =13

Kpartkue Teopernueckne cBeIeHUS:

[IycTs 3aaHa cucTeMa JTUHEHHBIX YPAaBHEHUM:
A11%1 + A1pX5 + o+ Ay Xy = by;
Az1X1 + AgpXg + -+ F AgnXy = by

Am1X1 + QpaXy + -+ A Xy = by

a1 Qi Qn X1
CocraBum MarpuuHoe ypaBHeHue: AX =B, tne A= Q1 Q2 Qon |} X =|X2);
am1 Am2 Amn Xn
by
B=|b,
by,

X=A"1-B

UT0oOBI BEIYUCIUTH OOpATHYIO MATPHILY, HY>KHO:
a) BBIYMCIIUTH onpeieuTeh MaTpullbl A (A4 # 0);
0) HaliTu anreOpanyeckue AOMOJIHEHUS ISl KaXKIO0Tro JIEMEHTa MaTPUIBIA;
B) TPAHCIIOHUPOBATh MATPUILY U3 alNreOpandeckux JOMOTHEHUN;

1 ) A1n Az Ama
I') HAUTH OOpaTHYIO MaTpUIly: A ~ = v A1y Ayy Ama

i A Amn
YT06BI HANWTH HEM3BECTHYIO MATPHILy X, Hy/KHO YMHOXKHTb OOPaTHYIO MAaTpuIlyA  Ha MAaTpHUILy
B, cocTosinyto u3 cBOOOIHBIX YJICHOB.

IMopsinok BbINOJIHEHHUSI PA0OTHI:

1. 3anumuTe cucTeMy TMHEUHBIX YPABHEHU.
2. CocTaBbTE€ MaTPUYHOE YPABHEHHE.

3. Boruncnute 00paTHYIO MaTpUILY.

4. Haiigute 3HaYeHNUs] HEU3BECTHBIX.

5. 3anuinTe OTBET.

PaccmoTpum npumep:
Pewmnts cucreMy ypaBHEHMIA:
X1+ 2x5 — 3x3 = 0;
2x1 — X + 4x3 = 5;
3x; +x, —x3=5
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3 1 -1 X3 5
1 2 -3
Ad=12 -1 4|=10%#0
3 1 -1

1 4
A11=(—1)2|1 _1|=1—4=—3
2 4
A12=(—1)3|3 _1|=—(—2—12)=14
27 -1
Alg=(—1)4|3 1|=2+3=5
A21=_1; A22=8; A23=5; A31=5;A32=_10;A33=_5.

1/-3 -1 5

At =— —
T 154 g _150

(-3 -1 5 0\ . /20 2
X=A_1-B=E 14 8 —10)(5)5-|-10)=(-1
5 5 -5 5 0 0

Ortser: (2; -1; 0).
dopMma npeacTaBiaeHns pe3yaIbTaTa: BBITOJIHEHHAS padoTa.

Kpurtepun ouenku:
Ouenka "oTJMYHO'  BBICTABISACTCA, €CIIM pabdoTa BHINOJHEHA B IIOJHOM O00BEME ¢

coOmoieHneM HeoOXOAMMOU TOCIE0BATEIbHOCTA JCUCTBUI; B OTBETE MPABUIBHO U aKKYPAaTHO

BBITIOJIHEHBI BCE 3aIIMCH U BHIYMCIICHUSI.
Ouenka ''Xopomio' BBICTABIISICTCS, €CIM BBIMOJIHCHBI TPeOOBaHMS K OIleHKE "OTIWYHO", HO

JOTYILIEHBI 2-3 HeoYeTa.
Ouenka "yI0BJIETBOPUTEJIbHO' BBICTABIISCTCSA, €CIM pabOTa BBITIOJIHEHA HE TOJIHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPaBUIIbHBIE PE3YIbTAThl U BHIBOJBI; B

XO0J1e TIPOBEACHMS PaOOThI OBUIH JOMYIICHBI OIITHOKH.
Ouenka '""Hey/10BJIETBOPUTEILHO' BBICTABIISETCS, €CIIM pad0Ta BHITIOJHEHA HE TIOJJHOCTBHIO WITH

00BEM BBITIOJHEHHOM YacTH pa6OTbI HE MO3BOJIACT CACIAaTh IPaBUJIBHBIX BBEIBOJOB.

Tema 2. 2 Cucrembl JJUHEHHBIX YPABHEHUH

IIpakTuyeckoe 3ansaTue Ne 7
Pemenune cucrem JIMHeHbIX ypaBHeHni meroaom ["aycca

Henab: HayuyuThCcs pemiaTh CUCTEMbl JIMHEWHBIX YpaBHEHUH METOJOM IOCJEI0BATEIILHOTO
UCKITIOYEeHHsI IepeMeHHbIX (MeTo10M ["aycca).

Brinosinenne padoTsl ciocodcTBYET (hopMHUPOBaAHHIO:

1K 2.2. PazpabaTbIBaTh JOKYMEHTALUIO MO KCILTyaTalluU JIEKTPUYECKOTO U
AJIEKTPOMEXaHMUECKOT0 000pyI0OBaHMS.

OK 01 Bsi6upats criocoObl penieHus 3a1ad NpopecCuoHaIbHOM eI TeTbHOCTH TPUMEHUTEIBHO
K pa3iIM4HbIM KOHTEKCTAM.

OK 02 Mcnonp30BaTh COBpEMEHHBIE CPECTBA MOUCKA, MHTEPIIPETAllUM HH(OpMALIUH, U
MH(pOpPMAIMOHHbIE TEXHOJIOTUH VIS BBITIOJIHEHHS 33]1a4 PO(ECCHOHATIBHOM e TETbHOCTH.
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MarepuanbHoe o0ecrieyeHnne:
NunuBuayanbHbIe 3a0aHus], YICOHUKH, KOHCIICKTHI JICKITHA.

3amanmue:
DnexTpuyecKass LENb COAEPKUT TPU BETBU C H3BECTHBIMU 3HAUEHUSMU CONPOTUBJICHUHA U
HanpspkeHuid. Heo6xoauMo HallTH TOKU B BETBSIX, PELLIUB CUCTEMY YpaBHEHUI:

3%, —2X, =5X, + X, =3 X, +X, —3X; +2X, =6
112X —3%, + X, +5x, =3 2 | X — 2%, =X,=—6

X, +2X, —4X, =3 X, + X3 +3X, =16

X, — X, —4%; +9x, =22 2%, —3X, +2%X, =6

KpaTkue TeopeTnueckue cBeIeHUS:

Meton T'aycca siBiasieTrcss oqHMM M3 HauOoJiee YHUBEPCAJIBbHBIX METOJIOB PEUICHUS CHUCTEM
JUHENHBIX ypaBHEHUH. OH COCTOUT B MOCIIEA0BATEIHHOM UCKIOYEHUH HEU3BECTHBIX.
[Iponecc pemenus mo meroay ['aycca cocrout u3 nByx 3tamoB. Ha mepBom srtame (mpsmMoi xon)
CUCTeMa MpPHUBOJUTCS K cTyneHuyatomy Buay. Ha Bropom »stame (oOpaTHblii X0n) HIET
MIOCJIEIOBATEIBHOE ONPECICHUE HEU3BECTHBIX U3 3TOM CTYEHYaTOW CHCTEMBI.

Ha npaktuke ynoOGHee paboTaTh He C CHUCTEMOM ypaBHEHHil, a C pacIIMpeHHON MaTpullei,
BBITIOJIHSS BCE DIIEMEHTApHbIE MPeoOpa30BaHus HaJl €€ CTPOKAMHU.

DneMeHTapHbIMU MTPE0OpPa30BaHUSIMU MATPULIbI SIBIISIOTCS:

- IepecTaHOBKa CTPOK MECTAMU;

-YMHOKE€HHE HEKOTOPOW CTPOKHU Ha JIt000€e, HE pPaBHOE HYJIIO YHCIIO;

-npubaBIeHUe K 3JEMEHTaM OJHOW CTPOKM COOTBETCTBYIOIIHMX 3JIEMEHTOB JPYrol CTpPOKH,
YMHO>KEHHBIX Ha OJHO U TO K€ YHCIIO

Iopsinok BbINOJIHEHHSI PAadOTHI:

1. 3anummuTe cUCTEMY JTMHEHHBIX YPaBHCHHI.

2. CocraBbTe pacHIMPEHHYIO MaTPUILY.

3. BoimosiHuTe 31€MeHTapHbIe MpeoOpa30oBaHUsl CTPOK MATPHIIbI, UCKIIIOYas MOCIEI0BATENbHO
nepeMeHHble. B pesynbraTe 10KHA TOMYyYUTHCS CTYIIeHUaTas MaTpuULa.

4. Tlo cTyneHu4aToil MaTpHIle COCTaBbTE CUCTEMY.

5. [locnenoBarenbHO HAWAUTE 3HAUYCHUS] BCEX HEM3BECTHBIX.

6. 3anmumuTe OTBET.

PaccmoTpum npumep:
Pemuth cucremy ypaBHEHU:
X1+ 2xy —3x3 = 0;
2x1 — X + 4x3 = 5;
3x; +x, —x3=5
CocTaBuM pacHIMpEeHHYI0 MATPHUILY U3 KOO (GUIIMEHTOB MPU HEU3BECTHBIX U CBOOOTHBIX YICHOB:

1 2 =3|0
(AB)=(2 -1 4|5
3 1 -1I5
BeinonaHuM snemMeHTapHble mpeoOpa3oBaHus HaJl CTPOKAMU MaTPHILIbL:
1 2 =3]0 1 2 -=3]0 1 2 -=3]0
2 -1 4|5 ~{0 =5 10|5) ~{0 1 -=2|-1|~
3 1 -1I5 0 -5 8I5 0 -5 815
1 2 3]0
~10 1 -=-2(-1
0 0 =210

HOHy‘IGHHOﬁ MaTpule COOTBETCTBYCT CUCTEMA ypaBHCHI/II\/'II
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X1+2x2_3x3=0
X2—2x3 == _1
_2x3=0

)

Hauunasa CHU3Y BBCPX, HAXOAWM 3HAYCHUS HCU3BCCTHBIX!
x1+2x2—3X3=0 X1+2x2_3x3=0 x1+2(_1)=0

X, —2x3=-1 ; X, = —1 X x, =—1 X
x3=0 x3=0 x3 =0

X, =2

x, =—1

x3=0

Ortgert: (2;-1;0).
®dopMa npeacTaBiaeHus pe3yabTaTa: BBITOJIHEHHAS padoTa.
Kpurtepuu onenku:

Ounenka "orm4yHO" BBICTABIIICTCS, €CIIM padoTa BHINOJHEHA B TIOJHOM O00BEME C
coOmoieHneM HeoOX0MMOU TOCTIE0BATEIHPHOCTA JICUCTBUI; B OTBETE MPABUIBHO U aKKYPaTHO
BBITIOJTHEHBI BCE 3aITUCH U BBIUKCIICHUS.

Ouenka ''Xopomo' BBICTABIISIETCS, €CIM BBIMOJIHEHBI TPeOOBaHMS K OIleHKE "OTIWYHO", HO
JIOTMYILIEHBI 2-3 HeoYeTa.

Ouenka "yI10BJIETBOPUTEJIBLHO' BBICTABISCTCA, €CIM pabOTa BHITIOJIHEHA HE TMOJIHOCTHIO, HO
00BEM BBITMIOJTHEHHOW YaCTH TAKOB, YTO IMO3BOJISIET MOJIYYUTH MPABUIIBHBIE PE3YIbTAaThl U BBHIBOJBI; B
X0J1e TIPOBEACHHS PaOOThI OBUIH JOMYIICHBI OIITHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BBICTABIISETCS, €CIIM pa0OTa BRITMIOJHEHA HE TIOJIHOCTHIO UITH
00BEM BBIMOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIENaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 2. 2 Cucrembl JJUHEHHbIX YPABHEHU I

IIpakTnyeckoe 3ansitue Ne 8
Pemenne cucremM JTUHEHBIX YPaBHEHUI Pa3JIMYHbIMUA MEeTOAaMM

Heab: HayunuThcs pemaTh CUCTEMBI JIMHEHHBIX YPaBHEHHUM pa3IMuHbIMU METOIaMU.

BbinosineHne padoThl coco0CTBYET (POPMUPOBAHUIO:

I1K 2.2. PazpabaTbiBaTh JOKYMEHTAIIUIO TI0 SKCILTyaTaI[dU AJICKTPUUECKOTO 1
AIIEKTPOMEXAHUYECKOTO 000PYIOBaHHUS.

OK 01 Bei6upats ciocoObl perienus 3a1a4 npoQeccuoHaNbHON AeATeIbHOCTH IPUMEHUTEIBHO
K Pa3JIM4HbIM KOHTEKCTaM.

OK 02 Hcnonb30BaTh COBpEMEHHBIE CPENICTBA IOUCKA, MHTEPIIPETAIMU UH(OPMALIUH, U
nH(OPMALIMOHHBIE TEXHOJIOTUHU AJIsl BBITIOJTHEHUS 3a/1a4 MPOPECCUOHANBHOMN 1EATEIbHOCTH.

MarepuajibHoe ob6ecniedenue: HIuBUyanbHbIE 3aJaHNs], YYCOHUKH, KOHCTIEKTHI JICKIIHIA.
3aganue:

OnexTpuyecKass LENb COAEPKUT TPU BETBH C W3BECTHBIMU 3HAUEHUSMU CONPOTHBIICHHH U
HanpsbkeHud. HeoO0xoqMMo HallTH TOKH B BETBSX, PELIMB CUCTEMY YPaBHEHHIA:
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3% =X, + X% =3

%+ 2%, 3% =0 2x; — 3%, + 4x5 = 11

1) Ba+%=7% =-1 ! x +2x,—3x3=9
—3x1 - 4‘X2 + x3 - _25

Kparkue Teopernueckre cBEACHUS:
I[Iycte pmana cucrema  Tpex  JIMHEHWHBIX  YpPaBHEHMHM C  TpEeMs  HEU3BECTHBIMH:
@y %) + Gyp%, +ay3x; = by
@y %) + aypx; +agx; = by
@3 %y + G39%; +a33x3 = by
UTo0Bbl pemmTh cucTeMy MeTojioM Kpamepa, cocTaBUM ONMpeAeuTeNb 3 K03(PPHUIHMCHTOB TIPpH
HEU3BECTHLIX.

Gy Gpr Oy
A= |Bzy B2z Bzg

9TO0T OMPCACIIUTEIIb HA3bIBACTCA ONPEACTIUTCIIEM CUCTCMBI:

figy Ggz Cfgg
CoCcTaBHM  ONpeleluTeNn KakIoi HewsBecTHOH. Ompenemurens 231 momywaercs  u3

onpesenutens & myrem 3aMeHBI IEPBOTO cTOIOLA KOAQPUIMEHTOB CTOIOIOM U3 CBOOOIHBIX UJIEHOB.

by a; ag;
A= 1By 8y 8y
by @y A

Onpeﬂenmenb ":"2 MOJIyJacTCad H3 ONPCACIIMTEIIA A IMyT€éM 3aMCHBI BTOPOI'0 CTOJ'I6IIa

K03 (UIIMEHTOB CTOJIOIOM U3 CBOOOTHBIX UJIEHOB.

ay, by oag
A= |8y by ay
ay by a
Onpenenurens 45 MOJy4aeTcsa W3 ONPEeNeNIUTENs a MyTeM 3aMEHBbI TPEThEro CTOJIONA

K03 PHUIIMEeHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
ay G by
@

A= @y @y by
ayy @y by
"\"I
X, = —
UToOBI BBIYMCINTH 3HAYCHHS] HEM3BECTHBIX, BOCMOb3yeMcs hopmynamu Kpamepa: L7
A, A
X, == x; ==
2 5, 3 A

Jliia penieHus cucteMbl MeToJioM ["aycca UCTIOIb3yHTe alrOpUTM:

1) 3anumuTe CUCTEMY JIMHEHHBIX YPaBHCHHIA.

2) CocTaBbTe pacHIMPEHHYIO MATPHILY.

3) BoInosHUTE 37eMEHTapHbIe MPeoOpa3oBaHUs CTPOK MATPHIIbI, UCKITIOYas MOCIEI0BATEILHO
nepeMeHHble. B pesynbraTte 10KHA TOTYYUTHCS CTYIIeHUaTas MaTpuUla.

4) Tlo cTyneH4YaToi MaTpHIle COCTABbTE CUCTEMY.

5) ITocnemoBaTebHO HAHANTE 3HAYCHHSI BCEX HEU3BECTHBIX.

6) BamuiuTe OTBET.

JUis pelieHns CUCTEMBbl MAaTPUYHBIM METOJIOM !

1. 3anumunTe cucTeMy JTMHEWHBIX YPAaBHEHUH.

2. CocraBbTE MaTPUYHOE YPABHEHHUE.

3. Beruucnute 0O6paTHyo MaTpuIy.

YToObI BEIYUCIUTE OOPATHYIO MaTPHILY, HY>KHO:

a) BEIYMCIIUTH ONpeaeauTens Matpuipl A (A4 = 0);

0) HaiiTu anreOpanyeckue JOTOIHEHUS ISl KaKIO0TO 3JeMEHTa MaTPULbI A;
B) TPAHCIIOHMPOBATH MATPHILY U3 aNreOpanyecKux AOMOJHEHUH;
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. Ay Ay Ay

Ah = o Ap Ay Ay
T') HATH OOpaTHYIO MaTPHILY: CNA Ay Agy
-1
UT06H! HAiiTH HEM3BECTHYIO MATPHILy X, HY)KHO YMHOKHTH OOPAaTHYIO MaTpHILy “  Ha MaTpuIly

B, cocrosmntyto u3 cBOOOJHBIX YICHOB.

4. Haiimure 3Ha4EeHUS HEU3BECTHBIX.
5. 3anuInTe OTBET.

®opma npeacTaBaeHUs Pe3yJbTaTa: BHIIOJIHEHHAs padoTa.

Kputepuu onenkmu:

Ouenka "oTiM4YHO"  BBICTABIsACTCA, €CIM pabOTa BBHINOJHEHA B TIOJHOM OO0BEME C
coOiroiecHueM HEO00XOAMMOM MOCIeA0BATEIbHOCTH JEHCTBHI; B OTBETE NPAaBUIBHO M aKKypaTHO
BBITIOJTHEHBI BCE 3aITUCH U BBIUMCIICHUSI.

Ounenka ''Xopomio'" BBICTaBJISETCS, €CJIM BBINOJHEHbI TPeOOBaHUS K OIEHKE "OTIMYHO", HO
JOTYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI10BJIETBOPUTEJIBHO' BBICTABISIETCA, €CJIM pabOTa BHITIOJIHEHA HE TOJIHOCTHIO, HO
00BEM BBIMOJTHEHHOW YacTH TAKOB, YTO IO3BOJISIET MOJIYUYUTh MPABWIBHBIC PE3YIbTAaThl U BBIBOJIBI; B
XO0JIe TIPOBEACHUS PaOOTHI OBLIH JOMYIICHBI OIITHOKH.

Ouenka ""Hey10BJIETBOPUTEIBLHO'" BBICTABIISETCS, €CITM pa0OTa BRITMIOJHEHA HE TIOJIHOCTHIO UITH
00BEM BBINMOJIHEHHOM YacTH pabOThl HE IO3BOJISET ClIENATh MPaBUIIbHBIX BHIBOJIOB.

Tema 3.1 Teopus npenenon

IIpakTnyeckas padbora Ne 9
Borunciienue npenesioB GyHKuui

Hean: HayuauTbcst BEBIYUCTATH Mpeaetbl yHKITUA.

BbinosiHeHne padoThl cnoco0CcTBYET (POPMUPOBAHUIO:

OK 01 Bei6upatp crioco0bl pemieHust 3aaa4d mpoGecCHoOHAIBHON JeATEILHOCTH PUMEHHUTEIEHO
K Pa3JIM4HbIM KOHTEKCTAM.

OK 02 Hcnosip30BaTh COBpEMEHHBIE CPEACTBA MOMCKA, MHTEPIpeTalni HHpopMauu, u
nH(OPMAaLMOHHBIE TEXHOJIOTUHU AJISl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATEIbHOCTH.

MarepuajibHoe obecrniedeHne: WHIMBUIYAJIbHBIC 3a/IaHUsI, KOHCTICKTHI JICKITHH.

3amanmue:
Boruncnuth npenenst QyHKIUN:
lim,,_{—x® 4 2x% — 4o — 1)
1 i+
.. 1/
oty
T 4r®-Tr-1
11Tl —
=iz gy_g
litn —_—
X—0a Iz+3I
oH4ErT410

ST 4dit-1
iy —pdy

lirn om

lirm, g

X

witl-1
x

U ( ix )x
11Tl I
el CT)

lirn, .o

© N o g B~ wDdE
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Ilopsiiok BbINOJIHEHUS PadOTHI:

1. Haiinure npenen (yHKINHU, UCTIONB3YsI TEOPEMBI O IIpeernax.

2. Ecnu nomydninach HEONpeneNIeHHOCTh, OTPEACIUTE €€ BUJ U CIIOCO0 PAaCKPBITHSL.
3. IIpeoOpa3yiite GyHKIUIO U paCKPOITE HEONPEIEICHHOCTb.

4. Bsbruucnute npened.

Haiitu npenen gpynkumu:

1. lim,i2x% —102® — 42 4+ 5)

Hcnonb3zyeM TeopeMbl 0 Ipeaeiax:

lim, (2% — 102 — 4o + 57 = 2lim,; 2% — 10(lm, ;)% —
4lim,,x+5 =16 —40 —8+ 5 = —27

2
2. lim ot
OyHKUMS TpeAcTaBisieT co00il OTHOIIEHHWE IBYX MHOTOWIEHOB, OOpAallaloUIMXCsi B HYJIb B
TOYKE x = 3.TloaTOMYy CHayasa npeodpazyem TAHHYTO byHKIHIO.
JIroboit KBaJpaTHBIA TPEXWIEH MOKHO pa3JOKUTh HA MHOXXHUTEIM C TOMOIIBIO (QOpMYIIbI
ex’+ bx+ ¢ = olx —x)(x — i), riue x U 3 KOpHU KBaJpaTHOr'o TpexXwicHa.
Kopnasamu KBaJpaTHOIO TpexwieHa Ix® —1lx+6 SABJISIFOTCS qncIa Ju 3; 3HAYUT

2
Zx? —1lx+ 6 = 3(x —gj[::: -3
A KOpHM KBaJIpaTHOTO TpexuieHa 2x® — Sx — 3 paBHmi U 3, cIe10BaTEIbHO
20 —8x =3 =20+ J(x - 3 .

q 2
i X 11X +6
Bosspamasice k npezeny, umMeeMm: lim, 35 =
2
2ri-11r46 B9 Bt it T
lim, g=—0—— = lim =limy g—=-——=-=1
33 g3 Hzﬂcﬁi:'(r—ﬂ) et T e T

11" —Erf—ar410
ot Syt 4l
Tak Kak MHOrOWIEHbl B YHCIHTEIE M 3HAMEHATeNe CTPEMSITCA K o0, TO MOJy4aeMm

3. lirm,

i}
HCONIPCACICHHOCTE BHOA [a] ,Z[J'IH €C PACKPBITHUA pasACIMM KaXao0€ cilaracMo€ 4YHUCIWUTCIA H

3HaMeHaTeIs Ha x%. Torna MOJTyYUM:
11 — 5xf —Bx 4+ 10

lirm 3 7

] fx* — Bt 4+ 2

_Hm?__?_?ﬂ?
wn Bt sx3+2
AT AT A

11 5 & 1n

T A TEZTE 0
= lim =-=10
r—aia 6—B+2 a]

P B

E'Iﬂ.E

UToObl BBIYMCIUTH Tpefen (GYHKIUH, HYKHO BOCIOJIB30BaThCs (GOpPMYIOM MEepBOTro
) LTS
3aMeuaTeNbHOTO mpefena: lim,, ,;— = 1. YMHOXHUM YUCIUTENb U 3HAMEHATENb IpoOH Ha 7
Ey

o 1 x oox
sing Zsinz 1 sing 1
lirn = lim =-lim—F==—-
—i r =0 L 2x=0 = 2
2 2
Bx

z

A, lim, e (1 _ ;)
[IpeoGpasyeM (yHKIUIO TakK, 9TOOBI MOKHO OBLIO PUMEHHUTH BTOPOM 3aMeydarelbHbIN Ipeer,
X

1
bopmyny lirn, ,q (1 + ;) =g
BBenem HOBYIO EPEMEHHYIO: £ = —3y,x — 0 ¥ — 0,
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345 3 418 1318y
lim (1 ——) = lim (1 ——) = lim (1+—) =g 15
r=0 xr = —3y = i

®opMa npeacTaBIeHUs pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepuu onenku:

Ouenka '"oTiM4YHO"  BBICTABIsACTCA, €CIM paboOTa BBHINOJHEHA B IIOJHOM OO0BEME C
coOmmoIeHneM HeoOXOAUMOM TOCIIEIOBATEIFHOCTH JICHCTBHIA; B OTBETE MPAaBWIBHO U aKKypaTHO
BBITIOJTHEHBI BCE 3AIHCH U BEIYHCIICHUSI.

Onenka ''Xopomo' BBICTaBJISETCS, €CJIU BBIIOJHEHBl TPeOOBaHMUS K OLIEHKE "OTJIMYHO", HO
JOMYIIEHBI 2-3 HeAgoYeTa.

OueHka "yI0BJIeTBOPHUTEIBHO'" BBICTABISICTCS, €CIIM pabOTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJTHEHHOW YacTH TAaKOB, YTO ITO3BOJISET MOJyYUTh MPABHIBHBIE PE3YJIbTAThl M BBHIBOJBI, B
X0/JI€ MPOBEACHUS PabOThl OBIIN TOMYIIEHbI OLIUOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BHICTABIISETCS, €CITH pa0OTa BRIMOJHEHA HE TIOJIHOCTHIO UITH
00BEM BBITIOIHEHHON YacTH pabOThI HE TIO3BOJISET CIENIATh MPABIIIBHBIX BBIBOIOB.

Tema 3.1 Teopus npenesnon

IIpakTuyeckas padora Ne 10
HccaenoBanue GQyHKIMH HA HENPEPbIBHOCTD M TOYKHU pa3pbiBa

Heab: HayunTbcs HaXonuTh TOYKM paspbiBa (DYHKUMH, ONpPENeNATh HUX pOJA, HaXOIUTh
aCUMNTOTHI IPaPUKOB QPYHKIUH.

BbinosiHeHne padoThl cioco0CTBYeT (POPMUPOBAHMIO:

I1K 2.2. PazpabaTsiBaTh JOKYMEHTAIIUIO TI0 SKCIUTyaTaI[dU JICKTPUUECKOTO U
AIIEKTPOMEXAHUYECKOTO 000PYIOBAHHUS.

OK 01 Bei6upats crioco0sl penieHust 3aaa4d mpoGecCHoOHAIBHON JeATETFHOCTH PUMEHHUTEIEHO
K pa3IM4HbIM KOHTEKCTaM.

OK 02 Hcnosib30BaTh COBpEMEHHBIE CPEACTBA MTOUCKA, HHTEPIPETAIMHA HHPOPMALIUH, U
nH(OPMAaLMOHHBIE TEXHOJIOTUHU AJIsl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATeIbHOCTH.

MarepuajbHoe oOecriedeHHe: WHAUBUAYAIbHBIC 3aJaHMS, KOHCICKTHI JIEKIHMHA, TabIuIa
MIPOM3BOTHBIX.

3aganue:
HccnenoBaTh (yHKIIMIO, OMUCHIBAIOIIYIO HAMpsOKEHUE B LIETIM HAa HENPEPHIBHOCTh M HAJIH4KE
TOYEK pa3pbiBa. Haiigure acMMITOTHI.

1) U(x)zxx—_‘:.
1
2) I(X):m

KpaTkue TeopeTnueckne CBEICHUS:

AcumnroTolt rpaduka QyHKIMK ¥ = fxIHa3bIBaeTCs Npsmasi, 00Jiafaromias TeM CBOHCTBOM, UTO
paccTostHME OT TOYKH (i f(x)) IO ITOM HPAMON CTPEMHUTCS K HYJIIO MPU HEOTPAaHUYEHHOM YAAJICHUU
TOUKHU TpaduKa OT Hayajga KOOPJHUHAT.

[Ipsimast x = & Ha3bIBAETCS BEPTUKAIBLHOW acUMNTOTOM rpaduka GyHKIMM ¥ = fix), €clu XOTH
ObI OJTHO U3 MPEAENbHbBIX 3HAUEHUH litn, 4 g fix) WM lirn, ..o f(x) PABHO —&3 MJTK +0
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3ameuanue. [Ipsmas x = & He MOJKET OBITH BEPTUKAIbHOU ACUMITOTOM, eciu
(GyHKIHS HETPEphIBHA B TOUYKE x = &. [[09TOMY BepTHKAJIbHBIC aCUMIITOTHI CJIEyeT UCKATh B TOYKAX
pas3pbiBa GYHKIHH.

[Ipsimast ¥ = b HA3BIBAETCS TOPU3OHTAIBHON acUMNTOTON rpaduka QyHKIUU ¥ = fix), €Cu XOTs
OBl OJTHO U3 MPEACTHHBIX 3HAYCHUM lirn, g F(x) WIH lim, ,_., f(x) paBHO b.

3ameuanue. ['paduk GyHKIMH MOXKET UMETh TOJBKO MPABYIO TOPU3OHTAIBHYIO ACUMITOTY HIU
TOJIBKO JIEBYIO.

[Ipsmas ¥ = kx + b Ha3bIBAETCA HAKJIOHHOU ACUMIITOTOH rpaduka byHKIMU ¥ = flx],
€CITH lirn, | flc) — kx — B =0

. Fiah

Ecmu mns GyHKIMU ¥ = f{x) CYNIECTBYIOT TPEICIIbI hm_r_;mT =KW lim, oflx) —kx) =&, TO
(YHKIHS IMEET HAKIIOHHYIO aCUMITOTY ¥ = kx 4+ & TIpH x — o2,

HccnenoBaTh GyHKINIO HA HEMPEPHIBHOCTh. HallTh acHMIITOTHI (PYHKITUH.

xz

Y=t
O6nacth onpenenenus GyHKIUKM Dif) = (—oo; 17U (1; +0a)

Touka x = 1 SIBJISIETCS] TOUKOM pa3pI)IBa 2 pona, T.K.

hmx—:l IZI [El] - 11mx—:1+ﬂ [El] +i

HpSIMafl x = 1 — BEpTUKaJIbHAsl aCUMNTOTA (PYHKIMH. YpaBHEHUE HAKIIOHHOW aCUMIITOTHI HMMEET

BUAg ¥ =kxr+4+ 5,
Lo 1 Flxd y xt xt y 1 1
P x| i (2x — 2:':1: x—:m 2x? — 2x -=r1—znn=»1=-2 27z

x

= 1i
W 2(x—1)
2! —xt x 1 1
= lim———— = lim = lim 2=§

e Alx— 17 x—es A — 1) xoe gy

i

Koneunsblii BUI1 NpAMOi Clie IyIOIIHi
1 1

¥ = EI +E .

dopmMa npeacTaBjieHusi pe3yJabTaTa: BHITOJHEHHAS padoTa.

Kpurepun oueHku:

Onenka "orau4yuo" BBICTABJIICTCSA, €CIUM paboTa BBIMOJHEHA B TIOJHOM O00BEME C
coOmoieHneM HeoOX0MMOM TOCIE0BATEIbHOCTH JICUCTBUIN; B OTBETE IMPABUIBHO M aKKYPaTHO
BBIIIOJIHEHBI BCE 3aIIMCH M BEIUMCIICHUS.

Ouenka '"'Xopomo' BBICTABISECTCS, €CIM BBIIOJIHEHBI TPeOOBaHMs K OIEHKE "OTIMYHO", HO
JIOTMYILIEHBI 2-3 HeJloYeTa.

Ounenka "y10BJ1eTBOPUTEIbHO'" BBICTABISIETCS, €CIM paboTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBIMIOJTHEHHON YacTH TaKOB, YTO MO3BOJISET MOIYYUTh MPABUIIbHBIC PE3YIbTATHl U BHIBOJIBI; B
X0/Jie MPOBeACHUS PabOThl OBLIN TOMYIIEHBI OUTHOKH.

Ouenka ""Hey10BJIETBOPUTEIbHO'" BBICTABISIETCS, €CIIU padOTa BHINIOJHEHA HE MOJHOCTHIO HIIU
00BbEM BBITTOJTHEHHOM Y4acTH PabOThI HE MO3BOJISET CACNATh MPABHIIBHBIX BHIBOIOB.

Tema 3.2 IIpousBoaHasi yHKIMHU U ee IPUMEHEeHHe

IIpakTnyeckoe 3ansaTue Ne 11
JAudppepenuupoBanne CI0KHbIX QYHKIUA

Hean: HayunThcst HAXOAUTH POU3BOIHBIE CIIOKHBIX (DYHKIIMH.

Brinosinenune padorsl cnoco6cTBYeT GOPMUPOBAHUIO:
OK 01 Bei6upats ciocoObl perienus 3a1a4 npoPeccuoOHATbHON AeITeIbHOCTH TPUMEHUTEIHHO
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K Pa3JINYHBIM KOHTEKCTaM.
OK 02 Mcrnonp30BaTh COBpEMEHHBIE CPECTBA MOUCKA, HHTEPIPETaluy HHHOpMAIUH, U
MH(OPMAIMOHHBIE TEXHOJIOTUH VIS BHITIOJIHEHHS 33124 PO (PECCHOHATIBHOMN e TETbHOCTH.

MarepuanbHoe ob0ecniedenue: VHauBu1yabHbIC 3a1aHKs, TaOJINIIA TPOU3BOAHBIX, KOHCIIEKTHI
JIEKLIUN.

3aganue:

Haiitu npousBoiHbIe PYHKITHI:
1) y=(5x*-2x)°

2) fFix) = 3sin(2x —'43]

3) Flx) = arcsindx + arccos®x
4) fFlx) =logs(7x*—5x%+1)

Ilopsinok BbINOJHEHHS PadOTHI:

1. Omnpenenuts Bua QyHKIMU. BBeCTH MPOMEXKYTOUHBIM apryMeHT.

2. OmpenenuTh, KaKUMH TpaBwiaMd JU((GEepeHIUpOBaHUS HYXHO  BOCIOJIB30BATHCS.
[IpuMeHnUTHh COOTBETCTBYIOIIEE MPABUIIO.

3.  Hcnonw3ys Tabnuily mpou3BOHBIX, HANTH IPOU3BOTHBIC (PYHKITHIA.

4. PackpbITh CKOOKHM M TIPUBECTH MOI00HBIE, €CITH 3TO YIPOCTHT 3aMUCh (DYHKIIUH.

Haiitu mpou3BoHbIE PYHKITHI:

1g(x) = (1—4x%)*
DyHKIUS ABIACTCS CIOXKHOI CTEIeHHOI. BBeleM MPOMEeXYTOUHbIH apryMeHT © = 1 — 4x?,
Tl nuddepeHIMPOBaHNs HYKHO BOCIONB30BaThes popmyioit (u™) = nu™ ™1 - o'
y =10(1—4x%)% (1 —4x?)' =10 (1 — 4x?)°(—8x)
= —80x(1— 4x%)*

2. f(x)= sin%x - cos 2x

@Oynkuus npencrasisieT co00i NPoU3BEICHUE BYX CIOKHBIX TPUTOHOMETPHUYECKUX ()YHKITHA.
[TosToMy cHauaja BOCIONb3yeMcs npaBuioM auddepenuupopanus (U -V) = U'V + UV’

1 1 1
fi(x)= [sinix -cos2x) = [siﬂix]'caszx + sin Ex[caszx]'

. . 1 .
BBeneM mpoMexyTOUHBII apryMeHT : JUIsl IepBoi PyHKIMU 1 = = x, Jis BTOPOil PyHKUIUU

u = 2x,
Ipu quddepeHIMPOBAHNH UCTIOIB3YEM CIIEAYIOUIHE (POPMYIIBL:
(sinu)’ = cosu -u',(cosu)’ = —sinuu'.

1 1 1
filx)= (sinix ~cos2x) = [sinix]'cﬂszx + sin Ex[cﬂszxj’

1 1y 1
=cos_x (E x) -cos2x + Siﬂix - (—sin2x)
1 1
- (2x) = —cos—x- cos2x — 2sin—x - sin2x.
2 2 2

B +EXT
2z

3.v=

- logs(3+10x)
OyHKIMSA NpeACTaBIsgeT COO0M YaCTHOE ABYX CIOXKHBIX (QYHKIMHA. [ToaToMy cHavana
_ U'v-uw
=L
. (235 log,(3 + 10x) — 2%¥5% . (log,(3 + 10x))’
T (log,(3 + 10x))?

r
U
BOCIIOJIb3yeMcs MpaBUIIoM Ju(depeHnpoBaHus (F)

22



BBezieM MpOMEKYTOUHbII apryMeHT : Ul HepBoit Gynkiuu u = 3x + 5x°, 1s BTOpOii
byukmun u = 3 + 10x,

[Tpu muddepeHrpoBaHUN HCIIOIB3yEeM CIEIYIONIHE POPMYIIHL:
(a*)' = a*lna - u', (log, u)' = u'

ulna
= xZ o X xT . -
(25 log (34 100 )— 2575 (log, (3410200

(log, (3+10x))"

r_

h=

] . . .- 1
ABK+EX Ty A z i _aBX+EXT = i
2 n2 (3x+5x%)r logg (3+10x) -2 Teri T 3+10x)1 _
(logy (3+10x))%
T . JEx+sx? 10
2 in2(3410x) log, (3+10x) -2 il
(logg(3+10x7)2 /

4. f(x) = arcsin %x + arccosbx

@OyHKIMS IPEACTABISAET COO0M CyMMY JIBYX CIIOKHBIX OOpPaTHBIX TPUTOHOMETPUUYECKUX

¢ynxumit. TlosToMy cHa"ana Bocnosb3yemcs npasuinoM maddeperuuposanus(U + V) = U’ + V',
I

3
fi(x)= (a:rcsiﬂgx) + (arccos5x)’

v ) 3 v
BBeneM mpoMexyTouHbII apryMeHT : JUlsl TepBOi PyHKIUU u = - X, JUlsl BTOpOH byHKIIMHN

uw = bx,
[Ipu nuddepeHrpoBaHuN UCTIONB3YEM CIEIYIOIINE POPMYIIbI:
. ul ut
(arcsinu)’ = = (arccosu)’ = — —
V1-uw vi-u
I r
.3 1 3 1 3 5
flilx)= {m’csm—x) + (arccos5x)'=——= (—x] ————(5x) = — — -
5 [1-(2x)2 B J1-(52)% g Jj——=_ Vi-25x
| . | =T
4 5 ) 15X

5.f(x) = arccosy1—e™
DYHKIUS SABISIETCS CIOKHOW 00paTHON TPUTOHOMETPUUYECKOU. BBeeM mpoMexyTOUHBIH

apryment u = V1— e* Jna muddepeHIupoBaHus Hy)KHO BOCIOIB30BaThHC (POPMYIIOH
ur

L — —
(arccosu)' = == 1
Flx) = [mccus‘ﬁ'l ) = ———————— (W1 — &Y
J1-(1-¢)

[TpomMeXyTOUHBIN apryMEHT SIBJISICTCS] TAKXKe CIIOKHOM QyHKIHMeH. BBeneM u 1 Hero HOBBIM
MIPOMEKYTOYHBIN apryMeHT
u=1—e%
Jia muddepeHnrpoBaHus HY>KHO BOCIIOJIb30BaThCsl POPMYIOii
¥

' (A
Vo) =%
—_— 1 PE—
f'(x]=(arccosﬁ,.-'1—ez"‘) :_N-'l—(l—e:xj.(fl_e:x)

(1 —e®)

Vi—1+e*® 2V1—e¥
1 1

= - ———=(-2e%)

E7 21 —g=

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kputepun onenkn:
Ounenka '"oTaM4HO'"  BBICTAaBIsETCS, €CIM paboTa BBHIOJHEHa B TMOJHOM 00bEME C
coOII0IecHNeM HEOOXOAUMOM TMOCIeT0BaTENbHOCTH JICHCTBHI; B OTBETE€ MPaBHJIBHO M AKKypaTHO

BBIIIOJIHECHBI BCE 3aIIMCH M BEIYHCIICHUS.
Ouenka '"Xopouio'" BBICTaBISETCS, €CIU BBIOJHEHBI TPeOOBaHHS K OIEHKE "OTIMYHO", HO

JOMYIIEHBI 2-3 HeAgoYeTa.
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Ouenka "yI10BJIeTBOPHUTEIBHO'" BBICTABISICTCS, €CIM pabOTa BBIMOJHEHA HE IMOJHOCTBIO, HO
00BEM BBITIOJTHEHHON YacTH TAaKOB, YTO TIO3BOJISICT MOJYYHUTh NMPABUIBHBIC PE3YNbTAThl U BBIBOJBI; B
XO0JIe POBEACHUS PaObOTHI OBLIN TOMYIIECHBI OITHOKH.

OneHka ""Hey/10BJIETBOPUTEIbHO' BBICTABISETCS, €CITU padOTa BBITIOJHEHA HE MOJTHOCTHIO HITH
00BEM BBITMIOJTHEHHOH YacTH pa0OThI HE TIO3BOJISET CIEIATh MPABUIBHBIX BHIBOIOB.

Tema 3.2 IIpon3zBoaHasi pyHKIMHU U ee IPUMeEHEHHE

IIpakTnueckas padora Ne 12
HccaenoBanne GyHKIMA HAa MOHOTOHHOCTb, IKCTPEMYMBbI, BBIMYKJIOCTh - BOTHYTOCTD, Ileperuo

Hean: Hayuutbces ucciienoBath PyHKIMH C TIOMOMIBIO MPOU3BOIHON HA MOHOTOHHOCTb,
9KCTPEMYMBI, BBIITYKJIOCTh - BOTHYTOCTb, IIEPEruo

BroinosiHenune padoTsl ciocodcTBYeT OPpMHUPOBAHMIO:

[1K 2.2. PazpabarbIBaTh TOKYMEHTAIUIO IO 3KCILTyaTalluu 3JIEKTPUYECKOTO U
AIIEKTPOMEXAHUYECKOTO 000PYAOBaHMUSL.

OK 01 Bei6upats ciocoObl perieHus 3a1a4 npopeccuoHanbHON AeATeIbHOCTH IPUMEHUTENBHO
K pa3IM4HbIM KOHTEKCTAM.

OK 02 Hcnonb30BaTh COBpEMEHHBIE CPEJICTBA TIOUCKA, MHTEPIIPETAllMK HHPOPMAIUH, U
nH(OpPMaLlMOHHbIE TEXHOJIOTUH JJIsl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1€ATEIbHOCTH.

MarepuajibHoe obecniedenue: VHauBuIyabHBIC 3a1aHMs, TAOINIIA TIPOU3BOIHBIX, KOHCIIEKTHI
JICKITAH.

3amanmue:

1) UccnemoBarh (PyHKIIMIO, OMKCHIBAIOIIYIO TOK B IIEMH HA TOYKH SKCTPEMyMa U MPOMEKYTKH
MOHOTOHHOCTH:

2
I(x) =4x® —3x* —6x+12.
2) UccnenoBath (DYHKIIHMIO, OMUCHIBAIOIIYIO TOK B IIEMH HA BBIMYKJIOCTh U BOTHYTOCTh, HAWTH
3
X 2

Touku reperuba: |(X) = i X©+3x+1.

KpaTkue TeopeTnueckue cBeIeHHUS:

ANroput™ uccienoBaHus GyHKIUN HA MOHOTOHHOCTb U OKCTPEMYMBbI:

1) Haiiti mpou3BOAHYIO ()YHKIIHH.

2) HaiiTu KpUTHYECKHE TOUKH.

3) OTMEeTUTh KPUTHYECKHE TOYKH HA YUCIOBOM MPSAMOI M ONMpPEJCIUTh 3HAK MPOU3BOIHON Ha
Ka)KJIOM HHTEpBaJIe.

4) 3anucaTh HHTEPBAJIbI, HA KOTOPBIX (pyHKIMA Bo3pacTaet f'(x) = 0 u yObIBaer f'(x) < 0.

5) BbInucaTh TOYKH SKCTPEMYMa H BBIYMCIIUTD 3HAYCHUS (DYHKIIUH B HHX.

ANroput™ uccienoBaHus GYHKIUU Ha BBITYKIOCTh U TOYKHU Ieperuoda:

1) Haiitu BTOpY!O IPOHM3BOIHYIO.

2) Haiitu TOYKH, B KOTOPBIX BTOpasi MPOU3BO/IHAS paBHA HYJIIO WIIK HE CYIIECTBYET.

3) OTMETUTh 3TH TOYKH Ha YHCIOBOM MPSIMOW M ONPEACIUTh 3HAK BTOPOW MPOU3BOIHON Ha
Ka)KJIOM WHTEpBaJIe.

4) Ecnu f"(x) =0, To rpaduk BeIMyKIblid BHU3. Ecu " (x) < 0, To rpaduK BBIMYKIIBIH BBEPX.

5) BeruncnuTh 3HaYeHUs QYHKIUHU B TOUKAX meperuoa.

Ilopsinok BbINOJTHEHHS PadOTHI:

1. 3anumute QyHKUIMIO.
2. cnonb3ys anropuTMsl, HCCae10BaTh (yHKIUH.
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1) Tnst pynxupn Y = 4x° —3x* —6x+12 D(y): R.
3HAYUT, ISl OTHICKAHUSI TOYCK 3KCTPEeMyMa HY)KHO HAMTH TOYKH, B KOTOPBIX MPOU3BOIHAS
paBHa HYJIIO WK HE CYLECTBYET.

V' =12x7 —6x-6=6(2x" —x 1)

.':0

‘ 2 _ 1
Ecmu ¥ ,10 2¥° -x-1=0 Torma x = 3 U X = l. OTH TOUKH pa3OMBAIOT YHCIOBYIO MPSIMYIO

Ha TPH IPOMEKYTKA.
y' = 6(2:{2 —-x-1)

Hatinem 3HaK MIPOU3BOJHOM ~ Ha KaXJ10M,
W3 MOJYYUBIINXCS TPOMEKYTKOB.
+ i - L + -
L] 1 Lo
142 1 X
1
Touku x:—E u X = 1 gBISIOTCA SKCTpEMalIbHBIMU, TaK KaK TPHU IEpexoJie 4Yepe3 3TU TOUYKU

MIPOM3BO/IHASI MEHSIET 3HAK.
1

X= =N TOYKa MAaKCUMyMa, TaK KaK IMPOU3BOJIHAs MEHSET 3HAK C «T» Ha «—», a ToYKa X = | —

TOYKa MUHUMYMa.
_Lloom 1
DyHKIMS BO3pACTaeT Ha MHTEpPBaIaxX | — oo,—E U [1,+oo) 1 yOBbIBaeT Ha | — E 1.
2) Haiiiem BTOpYIO MPOU3BOAHYIO 33IaHHOHN (QDyHKIINU:
[ L

b 2 !
y" = (L — ot 4 3r 1) = ('L — 2z + :s) =z -2
6 2

Haxom/LM TOYKH, B KOTOPBIX BTOpasi MPOM3BOIHAS paBHA HYIIO, ISl 3TOTO PELIacM
ypaBHeHue ¥ (x) =0,

y'r)=r—-2=0=r=2

HccnenyeM 3Hak BTOPOI MPOU3BOIHOM CJIEBA U CIIpaBa OT MOJYYEHHOM TOUKHU:

- +

2 x

L . -
Tak Kak Ha IPOMEKYTKE (—o0:2) BTOpAas MPOU3BOIHAS ¥ (x) <0

, TO Ha 3TOM ITPOMEKYTKE
y(x) (2 +00) y'(x) >0
¢bynkuus Y¥\-FIppImykia; B CHITy TOTO, YTO Ha MMPOMEKYTKE | < BTOpas npouspoanas 4 -H) = -
¢byHKkIus BorHyTa. Tak Kak mpu mepexoie 4epe3 TOUKy & = 2 BTopasi IPOU3BOIHAS CMEHMIIA 3HAK, TO
3Ta TOYKA SBJISCTCS TOYKOH mepernda rpaduka QyHKIHH.
Otger. Touka ¥ = 2 - Touka neperuda rpaduka QyHKIHH.

Ha npomexyrke (—00:2) (YHKIIHS BBITYKIIA, HA IPOMEKYTKE (2: +o0) (byHKIMS BOTHYTA.
®opma npeacTaBIeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa

Kpurepum oueHku:

Onenka "otaumano" BBICTABJISICTCS, €CIM paboTa BBINOJHEHA B IIOJIHOM OO0BEME C
coOnroieHneM HEOO0XOJAUMOM TOCIEA0BATEIBHOCTH JCHCTBHI; B OTBETE MPABUIBLHO M aKKypaTHO
BBITIOJIHECHBI BCE 3aIMCH M BEIYUCIICHHS.

Ouenka '"Xopouo'" BBICTaBISETCS, €CIU BBIOJHEHBI TPeOOBaHHS K OILEHKE "OTIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI10BJIeTBOPUTEILHO' BBICTABISIETCS, €CIM paboTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJTHEHHON YacTH TaKOB, YTO TMO3BOJSET MOMYYUThH MPABUIbHBIE PE3YIbTAThl U BHIBOJIBI; B
X0JIe MPOBEACHUS PabOThI OBLITN TOMYIIEHBI OITHOKH.
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Ouenka ""Hey10BJIETBOPUTEILHO' BBICTABIISETCS, €CIIM pad0Ta BHINOJHEHA HE TTOJHOCTHIO WK
00BEM BBITMIOJTHEHHOH YacTH paOOThI HE TIO3BOJISET CIEIATh MPABUIBHBIX BHIBOIOB.

Tema 3.2 IIponsBoaHasi pyHKIMHU U ee IPUMEHEHUe

IIpakTnueckas padora Ne 13
HccaenoBanue GpyHKUMH U IOCTPOeHUe rpaguKoOB

Heas: HayunTses uccnenoBars GyHKIUH U CTPOUTH IpaduKu HYHKITHIA.

BroinosiHenune padoTsl ciocodcTBYET (hopMHUPOBAHHIO:

[1K 2.2. PazpabarbiBaTh JOKYMEHTALUIO 10 3KCILTyaTalluU 3JIEKTPUUECKOIO U
AIIEKTPOMEXAHUYECKOTO 000PYAOBaHMUSL.

OK 01 Bri6upats ciocoObl perieHus 3a1a4 npopeccuoHanbHON AeATeIbHOCTH IPUMEHUTENBHO
K pa3IM4HbIM KOHTEKCTAM.

OK 02 Hcnonp30BaTh COBPEMEHHBIE CPEJICTBA MIOUCKA, MHTEPIIPETALIMK HHPOPMALIUH, U
MH(pOpPMAaLlMOHHBIE TEXHOJIOTUH AJIsl BBIMIOJIHEHUS 3a/1a4 MPOPECCUOHANBHOMN 1E€ATEIbHOCTH.

MarepuanbHoe o0ecrieyeHme:
NunuBuayanpHbIe 3aMaHMs, TAOIUIIA TPOU3BOIHBIX, KOHCTICKTHI JICKIIUN, yIeOHUKH.

3amanmue:

HccnenoBath (GyHKITNIO, OMMMCHIBAIONIYIO TOK B IIEMH MO OOIIEH cXeMe U MOCTPOUTH ee Tpaduk:
1. filee) = 527 — 38,

2. flx) =

x
xi—a

Kpartkue TeopeTndeckue CBEICHUS:

OO6mras cxema uccineaoBaHus (PyHKITHA.

1. Haittu o6macts onpenencuus pynkuuu D (y).

2. Haiitm (ecnmm 5TO HE BBI3BIBACT 3aTPyAHEHUN) TOYKH TMepecedeHus: rpaduka C OCsIMHU
koopauHaT (pu X =0 u ipu Y = 0).

3. UccnenoBaTh pyHKIMIO HA IEPHOJUYHOCTh, YETHOCTh U HEYETHOCTb.

4. HaiiTu nHTEpBAJIBI MOHOTOHHOCTH, TOYKH 3KCTPEMYMOB M 3HAYCHHS (DYHKIIUU B STHX TOYKAX.

5. Haiiti nHTEpBaJIBI BHITYKIOCTH (BOTHYTOCTH) M TOUKH Ieperuoda rpaduka GyHKIuu.

6. Haiiti acumnToThl rpaduka GyHKITUH.

7. HaiiTu 1OTIOTHUTENBHBIE TOYKH M IOCTPOUTH I'padyK 10 pe3yJbTaTaM UCCIICIOBAHMS.

ACHUMIITOTHI

AcuMmnrtoTol rpaduka GyHKIMYU ¥ = fxJHA3bpIBaCTCA MpsMasi, 00JIaaroias TeM CBOHCTBOM, YTO
paccTosiHUE OT TOYUKH (i £{x)) A0 ATOW MPSAMOU CTPEMUTCS K HYJIO NMPU HEOTPAHUYEHHOM yJATCHUU
TOYKHU I'paduKa OT Havajga KOOpIMHAT.

[Ipsimas x = & Ha3bIBAaETCS BEPTUKAIBLHON acuMNTOTOU rpaduka QyHKUUU ¥ = fix) , eclu XOTA
ObI OJTHO U3 MPENENbHBIX 3HAUCHUH litn, . g flx) WM lirng ..o f(x) PABHO —SHIIM +59,

3ameuanue. [Ipsmas x = & He MOXKET OBITE BEPTUKAJILHOU aCHUMIITOTOM, €CJIn
(GyHKIMS HeTMpepbIBHA B TOUKe x = &. [[09TOMY BepTHUKaIbHBIE ACUMIITOTHI CIIEIyeT UCKAaTh B TOUKAX
pa3pbiBa PyHKITUH.

[Ipsimast ¥ = & Ha3bIBaeTCS TOPU3OHTANBHON acUMNTOTOU rpaduka QyHKIUU ¥ = fix], ecnu XOTs
OBI OJTHO U3 MPEAEIbHBIX 3HAYCHUMN litn,_yen fx) WM litty, .. f(x) paBHO b.

3ameuanue. ['paduk GyHKIMH MOXKET UMETh TOJBKO MPABYIO TOPU30HTATBHYIO aCUMITOTY WM
TOJIBKO JIEBYIO.

[Ipsimas ¥ = kx + b Ha3pIBaeTCS HAKJIOHHON acUMOTOTOM rpaduka QyHKuuu ¥ = fixly = fl=),

€CIH limn, | flx) — kx — 8] =10
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. ey,
Ecmu ans ¢yHkmum ¥ = f{x) CyIIECTBYIOT TpPEIENbI llmx_,mT =kU limgoflx)—kx) =&, TO

(GyHKIMS IMEET HAKJIOHHYIO aCUMITOTY ¥ = kx + & TIpH x = w2,

[Topsitok BhINOTHEHUS! pabOTHI:
1. [TpoBecTu aHaM3 3a1aHHOM (PYHKIIMU IO OOIIEH cxeme.
2. TloctpouTts rpagux GyHKIHH.

HccnenoBaTh QyHKIHIO U TOCTPOUTH €€ TpaduK.
Z

&
¥= -
1. O6nacts onpeznenenus Gyukuun D{f) = (—o; 17 U (1; 400}
2. Ilpu moicTaHoBKe 3HaUeHHs « = 0 mosyunm y(0J) = 0,
Takyro e TOUKy MMOJydrM, €CIId pUpaBHIeM QYHKINIO K HY/I0. Touka x = 0 - ¢IUHCTBEHHASI
TOYKA MIEPECCUCHUSI C OCSIMHU KOOPINHAT.

3. IlpoBepsieM PyHKIIHMIO HA YETHOCTD
-x) ¥t
2

}?[_I:I =z o1 mxsn’
yli—x) & yla)ivl—x) £ —y(x).
Wrak, pyHKIMS HU YeTHAs, HU HEYETHAsI, HETIEpUOAMIecKasl.
4.JI5s OTBICKaHUSI MHTEPBAJIOB MOHOTOHHOCTH BBIYUCIISIEM TIEPBYIO MPOU3BOAHYIO (DYHKITH
22w —2) — b 2 4wt — 4w — 26t 24P — 4w
(2x — 27 B R Sk

[IpupaBHuBas ee K HYIIO, MOJYYUM KPUTHYECKHE TOYKH x = 0;x = 2. OHM pa3OuBarOT 00JaCTh
OMNpPENEIIEHUS HA CIAEAYIOIUE HHTEPBAIBI MOHOTOHHOCTH i —oa; D LVl 13 10 i1: 2% L (2 o)

Hccnenyem moBeieHne MpOM3BOIHOM ClieBa U ClIpaBa OT HAHJACHHBIX TOUEK pa3OUCHHS.

Fpa(bll/mecm WHTEPBaJIbl MOHOTOHHOCTH OyIyT UMETh BU/T

)"

4

}?:

-+ 3 £ -
o 1 2
Hccnenyemast GyHKITMS BO3pacTaeT Ha MHTEepBaIax [—aa; 0% U {2; 4w u yObIBaeT (0; 1) U (1; 27,
5.Touka =0 TOUYKa JOKaJIbHOIO MaKCUMyMa, x = 2 — JIOKaJbHOIr0O MHUHHUMYMa. Haiinem
3Ha4eHue QyHKuuM ¥, . = 0: v, = 2.
6.. J1y1st OTBICKaHUSI HHTEPBAJIOB BBHITYKJIOCTH HAWJIEM BTOPYIO IMPOU3BOTHYIO
, ldr—4i2r—2)t —(2xt — 4y 2(2x -2 2 g
Y (22— 2)° T x—2)°
a 1
ey —1)F (e —1)3
Takux WHTEpPBAJIOB HET, MOCKOJBKY BTOpas MPOW3BOIHAS HE NMPUHUMACT HYJEBBIX 3HAYEHUU B
00J1aCTH OTIpeICICHUSI.
7. llpsmasi x =1 — BepTUKaJdbHAs aCUMOTOTAa (PYHKUHUU. YpaBHEHHUE HAKIOHHOW aCHMIITOTHI

uMeer Bug ¥ = kx+ b,
Flz) P xt 1 1

AT TN e WSR2z MR, 272

5 y xt 1
Taielzr—2 2

P —x(x—1)

e 2(x—17
e . x i 1 1
ow 2x—1) aom2{z—1) som, Z 2
x

Koneunslil BUJ npsiMOid cleayromuii

1 1
}?—EI+E.

27



8.Ha ocHOBe mpoBeneHHOTO aHajM3a BBIIOJHIEM HOCTpoeHHe rpaduka QyHkmuu. ms 3Toro
CHadajla CTPOMM BCPTHUKAJIBHBLIC W HAKJIIOHHBIC aCMMITOTBI, 3aTCM HAXOAUM 3HAUCHUC (bYHKI_[I/II/I B
HCECKOJIbKHUX TOYKax U 110 HUX IMPOBOJUM IMOCTPOCHUC.

y=(x+1)/2

x=7

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.

Kpurepuu onenkn:

Ounenka '"oTamuyHO'"  BBICTABISETCS, €cld padoTa BBIIOJIHEHA B TOJHOM OO0BEME C
coOnroieHneM HEO0O0XOJAMMOM MOCIEeA0BATEIbHOCTH JEMCTBHI; B OTBETE NPAaBUIBHO M aKKypaTHO
BBITIOJIHEHBI BCE 3aIIMCH U BHIYMCIICHUS.

Ounenka ''Xopouo'" BBICTaBJISETCS, €CIM BBINOJHEHbI TpeOOBaHUS K OIEHKE "OTIMYHO", HO
JIOTMYILIEHBI 2-3 HeoYeTa.

Ouenka "y10BJIETBOPUTEJIbHO' BBICTABISACTCSA, €CIM pabOTa BHITIOJIHEHA HE TOJIHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTU TaKOB, YTO MO3BOJISIET MOJIYYUTh MPaBUIIbHBIE PE3YIbTAThl U BHIBOJBI; B
X0/J1e TIPOBEACHUS PaOOTHI ObLTH TOTYIIEHBI OITHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BBICTABIISETCS, €CITM pa0OTa BRIMOJHEHA HE TIOJIHOCTHIO UITH
00BEM BBITOJIHEHHOM YacTH pabOThl HE TIO3BOJISET ClIENATh MPaBUIIbHBIX BHIBOJIOB.

Tema 3.3 UnTerpaJ u ero npuJio:KeHust
IIpakTnyeckas padora 14
Bbluncienne HeonpeieJeHHbIX HHTErPajioB

ue.]]b: HayLII/ITBCSI HaxoJUTb HCOHpeI[eJ'IéHHI)Ie HHTETpaJibl pa3jiIMdHbIMU METOJaMHA

BbinosineHne padoThl cnoco0CTBYET (POPMUPOBAHUIO:

OK 01 Bei6upatp criocoObl pemieHust 3aaa4 mpoGecCHoHAIBHON JIeATEIbHOCTH PUMEHHUTEIEHO
K Pa3JIM4HbIM KOHTEKCTaM.

OK 02 Hcnonb30BaTh COBpEMEHHBIE CPENICTBA TIOUCKA, HHTEPIIPETAIMK HHPOPMAIUH, U
nH(OPMALMOHHBIE TEXHOJIOTUHU AJIsl BBITIOJTHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1eATEIbHOCTH.

MarepuajbHoe o0ecneyenue: VHnuBHIyanbHbIE 3aJaHusi, TaOJHIlAa WHTErPajioB u
KOHCIIEKTBI JIEKIIHUI.

3amanue

Ha 3axumax 1enu nedCTBYyeT OJMHOYHBIA HMMITYyNIbC HampspkeHHs. TpeOyercss ¢ MOMOIIbIO
nHTErpana J/[roamenst onpenenTh NePEXO HbIN TOK B OJTHOM U3 BETBEW 3a/IaHHOM 11€TH, BO3HUKAIOIIHNI
IIpU IEWCTBUU UMITYJIbCA HANPSIKEHUSI U PACCUMTAHHOIO MEPEXOJHOTO TOKA.

Brrunciite HeonpeaeneHHbIE HHTETPAJIbI:

1. f{?x: - m‘?}d.r;

B

cos x—1
L ———dx;
2 “r costx !
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3. _Ir Esx_lcix;
4. f cos;—rdx;

3x
5./ e
6. _r x - cosxdx.

Kpartkue teopernueckue cpenenus: Oynkiusa F(X) HasbIBaeTcs nepsoodpasznoi (yukyuei s
3amanHol QyHkuuu Y =f(X) Ha orpeske a>X>Db, ecam B KakIOW TOYKE STOr0 OTpe3Ka ee
npoussojHas pasna f(X), T.e. Fr(x) = f(x)-

Kaxnas HempepbiBHas (QYHKIHS UMeEeT OECKOHEYHOE MHOKECTBO IEpBOOOpa3HBIX (YHKIHWH,
OTJIMYAIOIIKXCS IPYT OT Apyra Ha MOCTOSIHHYIO BEIHUUHY.

Obmee  Boipaxkenne F(X)+Cmis Bcex  mepBooOpasHbix — (QYHKIMA ~ OT  JIAaHHOM
GyHKIIMI f(x) Ha3bIBACTCS HEONPEIETICHHBIM WHTETrPajIoM oT 9TOMN byHKIMH
1 0003HavYaeTcs:

jfumw

rne  f(X) HaswBaercs monbIHTErpanbHOM — (QyHkiued, f(X)dX —  moABIHTErpaNbHBIM
BEIPaKCHHUEM.

[Ipu BbIUKCICHUM HEOMpPENEICHHBIX UHTErPajJOB HEOOXOAMMO HCIIOJIb30BaTh KaK CTaHIAPTHYIO
Ta0HILy, TAaK U Pa3INIHbIC TIPHEMBI YIIPOIICHUS MTOIBIHTETPATIBHBIX BBIPKEHUH, TIO3BOJISIOIINX CBECTH
3a7ad9y K TaONMYHBIM WHTErpajaM NPUBECTH K TaKOMY BHIY, KOTOPBIH TMO3BOJHT BOCHOJB30BATHCS
CTPaBOYHBIMHU TAOJIUIAMH.

Ilopsinok BbINOJIHEHHS PA0OTHI:
1. BnumaTenbHO U3y4YHUTE MOABIHTETPATBbHYIO (PYHKIIHIO
2. Hcnonb3ys KOHCHEKTHI JIEKIHUM, ONpPeNeauTe Cioco0 HHTErPUPOBAHMSL.

1. Bbruncourte J' (53X — 4x) dx-

B nanHoMm ciydae — npuBOIUM K TaOJIMYHOMY BUTY

U XTdx = L x g C) :
n+1
I(5«& —4x)dx = 5.[ x¥Y2dx — 4I xdx =

X0,5+1 X2 1

0
=5 —4-1Cc="xM -2+ C
05+1 2 3
2. Berauciuts I de.

Sin” X
31ech Ul PUBEACHHS K TAOJIUIHOMY BULY

Usin xdx:—cosx+C;jidx:—ctg x+Cj

sin? x
peodpa3yeM MOJBIHTErPATIBHOE BHIPAKEHHUE K CYMME JIBYX CIaraeMblX:
sin® x +1 .
SIN™ X SIN~ X
Bo MHorux ciyuasx Ui IOpHUBEAEHUS K TaOIMYHOMY BUAY MOXHO HCIIOJIB30BATh 3aMEHY
nepeMeHHOH (II0JICTAHOBKY).
3. Beruncnuth uHTErpan I 421y .

)dx:—cosx—ctgx+C-

X
3nech UId NpUMEHEeHHUs TaOlnu4YHOU (OpMyIIbl J. a‘dx = L+ C HeoOxonuMmo mpeoOpa3oBaTh
Ina

MOKa3aTenb cTeneHu 2X — 1. BeeneM mojacranoBky: U = 2X — 1, otkyaa du = 2dX u gy = 1du~ Torna:
2
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u=2x-1
J'42x—1dx — \du=2dx [ = J4u .0,5du = 0,5]’4u du = 0,5I
dx = 0,5du

4U
n4

42X*l

In4
4. BbIYMCIMTH HHTErPa jsin 5xdX -

=05 +C-

u =5x
jsin 5xdx = )du=5dx{ = 1J‘sin udu = —Ecosu = —50055x+C
5 5 5

1
dx ==du
5
5. BBIUMCITUTH HHTETPAT J’ xdx
x? -8
R VN S ledu 1, 1
f XX _ Vdu = 2xdx :‘[2—:7 —u:flnu:fln(x2—8)+C'
x* -8 1 u 2°u 2 2
Xdx==du
2

— TaOJIMYHBIH. )

(UuaTerpan Idj=|nu+c
u

Xdx

V5-x?

6. BerauciuTs MHTETpa I

d u=5-x" 1pdu 1
Xax u —
= Jdu=-2xdx ({ =—>|—==-Z|u™?du=
J. [5_ x2 2,[\/6 3I
xdx = —=du
2
= =5-x* +C.
7. BprauciauTh UHTErpaji J' dx
(8 —3x)?
g u=8-3x 1ed 1
Iixzz du=-3dx ({ =-= —szz—f_[ufzdu=
(8 —3x) 1 3Ju 3
dx=—=du
3
—iz L +C
3u  3(8-3x)

2
8. Beruncnuth nHTErpan J‘ln X dx -
X
Tak xak (Inx)’ = 1, TO
X

u=Inx
u®  In®x

J‘Inzx ) _
dx = 1 =Iu du=—= +C
X du = =dx 3 3
X

9. Beluucnuth MHTETpa J- dx

8x2 +3
[IpuBenem uHTErpani Kk TadnuuHOM opmyre
du 1 u
J‘ﬁ =—arctg—+C-
u-+a° a a
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dx 1¢ dx 1 dx
j8x2+3_ijz+§_sj)(2+(\m2 -
8

arctg + C =163arctg1,63x +C’
10 BI)ILH/ICJII/ITI) HHTCIrpal J.X CoS de .

WHTerpansl Takoro TUIA BBIYMCIAIOTCS C TOMOINBI0 (POPMYSBI MHTETPUPOBAHUS IO YaCTSIM

Iudv=uv—fvdu-

u=x —  du=dx
dv = cos xdx -  v=sinx

= xsinx+cosx +C.
11. Beruucauth UHTErpan I X2 In xdx -

Ixcosxdx: = Xxsin x—Isin Xdx =

u=1Inx - du=1dx
2 X
jx In xdx = 3 nx-— j— —dx_
dv=x%dx — v=X3
3 3
_X Inx_L+C_
3

dopma npeacTrasiieHus pe3yJbTaTa: BbIIOJIHEHHAs paboTa

Kpurepun oueHku:

Ouenka "oTjM4YHO'  BBICTABIACTCA, €CIM padoTa BHINOJHEHA B TIOJHOM O00BEME C
coOmoieHneM HeoOXOAMMOU TOCIE0BATEIPHOCTA JNCUCTBUI; B OTBETE NPABWIBHO M aKKypaTHO
BBIIIOJIHEHBI BCE 3aIIMCH M BEIUMCIICHUS.

Ouenka '"'Xopomio' BBICTABIISCTCS, €CIM BBIMOJIHCHBI TPeOOBaHMS K OIleHKE "OTIWYHO", HO
JIOTMYILIEHBI 2-3 HeJloYeTa.

Ouenka '"yI0BJIETBOPUTEJIBHO' BBICTABIISACTCS, €CIM pabOTa BBITIOJIHEHA HE TMOJIHOCTHIO, HO
00BbEM BBITMOJTHEHHOW YaCTH TaKOB, YTO IMO3BOJISAET MOJYYUTh MPABUIBHBIC PE3ylIbTaThl M BHIBOJIBI; B
XO0/J1e TIPOBEACHMS PaOOThI OBUIH JOMYIICHBI OIITHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' BHICTABISETCS, €CIIU padOTa BHINIOJHEHA HE MOJIHOCTHIO HITU
00BbEM BBITTOJTHEHHOM YacTH PabOThI HE MO3BOJISET CACNIATh MPABHIIBHBIX BHIBOIOB.

Tema 3.3 UHTerpa u ero npuiosKeHust

IIpakTuyeckoe 3ansaTue Ne 15
Boruucienne onpeaeiéHHbIX HHTErPajaoB

He.m;: HOBTOpI/ITL OMpCACIICHUC onpenenéHHoro HHTErpaiga, €ro CBOMCTBA , MCTOIbI
HaXO0XJICHUA OHpeI[eJ'IéHHOFO HHTCrpaia.

Brinosinenune padorsl cnoco6cTBYeT OPMUPOBAHUIO:
OK 01 Bei6upats ciocoObl perienus 3a1a4 npoPecCuoOHATbHON AeITeIbHOCTH TPUMEHUTEIHHO
K pa3JIMuYHbIM KOHTEKCTaM.

31



OK 02 Mcrnonp30BaTh COBPEMEHHBIE CPECTBA MOUCKA, MHTEPIIPETAIUH HH(POPMALIUH, U
MH(GOPMAIMOHHBIE TEXHOJIOTUH IS BBITIOJIHEHHS 33]1a4 TPO(HECCHOHATBHON IS TEIbHOCTH.

MarepuanbHoe obecniedenne: VHIuBHIyabHBIC 3a/1aHUSI, KOHCTIEKTHI JICKIIHIA.

3ananue:
1. BbIYMCIUTH UHTETPAIIBI:

1) jt(x3 — 3x)dx

2) .1[(2x+ex)dx

3)
I\/2x+

Ilopsinok BbINOJIHEHHS PadOTHI:

1. Haiitu nepBooOpa3Hyto NOABIHTETPAILHON PYHKIINH.

2. Bocnons3oBaThcs Gpopmysoir HeroToHa- JleliOHwMIIa.

3. B ciydae HemocpeacTBEHHOTO HHTETPUPOBAHUS HAWTH MpHUpANIeHHE TIEPBOOOPA3HOM.

4. B cnyuyae BBeJEHHUS HOBOU MepeMEHHOW BEIWYUHBI HAUTU 3HAYEHUS] BEPXHETO U HUYKHETO
MIPEAEIIOB NHTETPUPOBAHHUS U ITOCIIE 3TOIO HAUTH UHTErPAJL.

4
1. BeruucnuTh UHTErpaji J- (2 + 3)dx”

3
TlepBoOGpa3Has: I(XZ +3x)dx = X? + g X2,

OTMeruM, YTO TPOHM3BOJBHYIO KOHCTaHTY C MOXKHO 3l1eCh HE 3alChIBaTh, TaK KaKk OHAa B
CIICAYIONICH OTIepaIiy YHHUTOKACTCS.
ITo dopmyne Herorona—JleiioHuA:

3 2\ 4 3 3
XX [ 3] (2,3, @~36,67-
3 2 ), 3 2 3 2 3

Bbrunciienne  3HaueHMsi — WHTErpaia  OOBIMHO  MNPUHATO  3alUCHIBATh  ICTIOYKOH,
0e3 BhIJICIICHHS TIepBO0Opa3Hoi u popmyinbl Hetorona—JIeliOHua.
0

j(x+ex)dx=()(22+exj 1 :[122+e1j—(0+e°):
0 0

=05+e-1=05+e~-05+2,718=2,218.
3. Boruncnute uHTErpan J~

1
2. Boruncnute UHTErpa j(x+ex)dx-

\/3X +4

u=3x+4

dx 1,du

= )du=3dx ( ]

Lw/3x+4 1 3II
dx:gdu

_[Euvz)7 _
3 .

1

2 2 8
="V3.7+4-23-(-)+4=_"
3 3J D 3
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Jlnst cokparieHus mpeodpa3oBaHuil pU 3aMEHE IEPEMEHHON yI0OHO BHOBH BBIYUCIISATH BEPXHHM
U HIKHUHA Tpenensl. JTO TMO3BONAET H30exaTb oOpaTHOW 3aMEHbl Ha HCXOJHYIO TEPEMEHHYIO B
IIOJIyYE€HHOH MepBOOOpa3HOl U yIpoulaeT BbluuciaeHus. Tak, uid JaHHOTO IPUMEpa MOXKHO 3alHCcaTh:

a=3-(-1)+4=1

u=3x+4 ( = )
HIDKHUU TIPS CJT
du=3dx = =
J.»\/3~x+ 1 pL=3-7T+4=25
dX=—du (Bepxuuii mpene)

B 25
1% du 2 2 2
== u¥? =SB -M)=2(6-1)=2
3 j j =5 )=56-1)
MBI TOJTYYHIIH TOT JK€ Pe3ybTarT, 663 06paTHoro nepexo/ia K pajukany +/3x +4 .

4. BEIYMCIUTH HHTETPA j X~/1+ xdx -

Uu=+~1+x
2 2 - =J1+0=1\ 3
J.X\/l‘f‘ xdx = U T @ =J.(u2 —1)u-2udu =
0 x=u?-1 B=+v1+3= 1

dx = 2udu

2

—ZI(u u)du—Z(5 3

1

2 5 3 5 3
:2(2_2] 2(1_1]_711-
5 3 5 3 15

1

/2
5. Boruncnuts uHTErpan [ xsin xdx-

[Ipy wHTErpUpPOBaHWUM IO 4YACTAM PEKOMEHIYeTCS CHadala TIOJHOCTBIO  OIPEICTHUTH
nepBooOpa3zHyto, a 3aTeM NpuMeHUTh hopmyrny Herotona—JleitOnuia.
2 u=x =  du=dx
Ixsm xdx = . =
0 dv=sinxdx =  v=-COsSX
/2 n/2
=(—XCOSX + Icos xdx) =(-xcosx+sinx)| =
0 0
=(——cos +sin j (0+sin0)=1"
2 2
dopmMa npeacTaBJieHusi pe3yabTaTa: BHITOJHEHHAS padoTa.
Kpurepum oueHku:
Onenka "otaumano" BBICTABJISICTCS, €CIM paboTa BBIMOJHEHA B TIOJHOM 00BEME C

CO6J'IIOI[€HI/ICM HCO6XOI[PIMOI>1 IIOCJIICA0OBATCIIbHOCTHU HeﬁCTBHﬁ; B OTBCTC IIPABUJIBHO M AKKYpPATHO

BBIIIOJIHCHBI BCC 3aIllMCH U BBIYUCICHUA.

Ouenka '"'Xopomo' BBICTABIISICTCS, €CIM BBIMOJIHEHBI TPEOOBAHMSA K OIEHKE "OTIWYHO",

JOMYUIEHBI 2-3 HeAgoYeTa.

HO

Ouenka "y10BJ1eTBOPUTEIBHO'" BBICTABISIETCSA, €CIM paboTa BBHIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBIMIOJTHEHHON YacTH TaKOB, YTO TMO3BOJISET MOJTYYUThH MPABUIbHBIE PE3YIbTATHl U BHIBOJIBI; B

X0A¢€ NPOBCACHUS pa60TBI ObLIH JAOIIYHICHBI OIIIHOKHU.

Ouenka ""Hey10BJIETBOPUTEIbHO'" BHICTABISETCS, €CITU padOTa BHITIOJHEHA HE MOJIHOCTHIO HITH

00BEM BBIMOJIHEHHON YacTH pabOThl HE MO3BOJIAET CAeNaTh PABUIIbHBIX BHIBOJIOB.
Tema 3.3 UnTerpaj u ero npujIoKeHus

IIpakTnueckoe 3ansitue Ne 16
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HNuTerpupoBanue pa3imyHbLIMU MeTOAAMH
Iean: PaccMoTpeTs pa3nuyHble CioCOObI MHTETPUPOBAHUS (DYHKITHIA.

BreinosiHenne padoTsl ciocodcTBYeT (hopMHUPOBaAHHIO:

OK 01 Bri6upats criocoOsl penieHus 3a1a4d NpopecCHOHATBHON NeSITeTbHOCTH TPUMEHUTEIHHO
K Pa3JINYHBIM KOHTEKCTaM.

OK 02 Hcnonp30BaTh COBPEMEHHBIE CPEJICTBA IOUCKA, MHTEPIIPETALIMA UHPOPMALIUH, U
WH(GOPMAIIMOHHBIE TEXHOJIOTUH JUIS BHITIOJIHEHHS 33124 PO (GECCHOHATIBHOMN e TETbHOCTH.

MaTepuaﬂbﬂoe odecmeyeHune:
I/IHI[I/IBI/IIIyaJH)HI)IC 3aJaHusd, Ta6111/1ua HUHTCTpajioOB, KOHCIICKThI JICKHI/Ifl, y‘~I€6HI/IKI/I

3amanue:
Haiinure naTerpansr:

1)[ 3% xdx

4  Jxdx
2L e

3)f:; sin®x - cosxdx
A

4) [(x*+ 5x+ 7)Inx - dx
5) [(x? + 4x + 3)edx

Iopsinok BbINOJIHEHHSI PadOTHI:

1. 3anucate 3ajaHue U ONpEAETUTb, KaKUM U3 METOJOB HMHTETPUPOBAHMS HEOOXOIUMO
BOCIIOJIB30BATHCA.

2. Ecnu nHTerpan MoXHO HalTH METOJOM HEMOCPEACTBEHHOTO UHTETPUPOBAHUS, TO, UCIIOIb3YS
CBOMCTBa MHTErPajoB, IPUBECTU UHTErpall K TaOMU4HbIM dopmyiam. [IpouHTerpupoBaTts.

3. Ecnu unTerpan Mo)HO HallTH METOJIOM MOJACTaHOBKHU, TO BBECTH HOBYIO IIEpEMEHHYI0, HATH
ee nuddepennuain. [locne BBeAeHNUS HOBOM MEPeMEHHON 3aJaHHBIN MHTErpai MPUBOJUTCS K HOBOMY
UHTErpaity, KOTOpbIA sBIseTcs TaOMM4HbIM. Ecnu mHTEerpasn ompeneNeHHBIN, TO BBIYUCIUTH HOBBIE
npezaesbl uHTerpupoBanus. Haiitn momydeHHbI uHTErpain. B ciiydae HeonpeneleHHOro MHTerpana
BEPHYTHCS K CTAPOU MEPEMEHHOM.

4. Ecnu wHTErpan Heib3s HAaWTH  BBIIIEYKa3aHHBIMH CHOCO0aMH, TO MPUMEHHUTH (OpPMYITy
UHTETPUPOBAHUA II0 4YacCTiIM f vgv = Uv — _r vau, OTOT METOJA 3aKII4aeTcs B TOM, YTO
MOJBIHTETPAIbHOE BBIPAXKEHHUE MPEICTaBISAETCS KaKUM-IHO0 o0pa3oM B BHUIE MPOU3BEIEHUS JIBYX
comuoxkuteneit Uu dV. 3arem, nocie naxoxaexus dUun V,ucnonb3oBats GopMyay WHTETPUPOBAHHUS
10 YaCTSIM.

— Unterpansl Buga [ P(x)e“dx, [P(x)sinkxdx, [ P(x)coskxdx, rme P(X)- mHorowuren, k-
qHCI0. Y 100HO MOJIOKUTE U = P(x), a Bce OCTaIbHbIE MHOYKHTEIN MPUHATH 3a dV.

—HWHTerpanel Buga _r P(.rj arcsinxdx, _r P[.r:'] arccosxdx, _rP(x] Inxdzx, _r P(.rj arctgxdx

_Ir P(x)arcctgxdx. Yno6no nonoxuts P(x)dx = dV, a ocranpHble MHOKHTEIH npuHATH 3a U.

—Wurerpans! Buga [ ™ sinbxdx, [ ¢ cosbxdx, rae au buncna. 3a U MOXHO NPUHATH QYHKIIHIO

U=
Haiitu naTerpast:
15x"dx
D) ey

(1-=%)*
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DTOT UHTErpaj MOKHO HAWTH C IOMOIIBI0 METO/Ia TI0JICTAaHOBKHU. BBe/ileM HOBYIO IEpEMEHHYIO.

1—x%=t¢
5 R =
T 3x“dx = dt
J— T
(1—x%) ) dt
xdx = ——
B J‘ 15dt
_Et‘}
——SJt_‘}dt =-5—+4+C=—+C
-3 3td
3(1— x¥)3
) J.-D4 Sdx
4425x2
DTOT UHTErpaj MOKHO HAWTH C TIOMOIIBIO METO/Ia TIOJICTAaHOBKHU. BBe/1eM HOBYIO IEpEMEHHYIO.
5
;XS
Sdx =dt
j-u,q sdx EJ.-M de  __ B b4 dx 2 ) =
- - 5 - - =
0 442827 470 1477 40 1+(§x}“ dx = —dt
xg =0 tyz =0
lx, = 0,4 t, =1
5 2 01 dt 1 =
=3 5d rrwcii m"ctgth, = —(afrctgl — arctg) =273
—sm.xri:.r
3) “rD costx
DTOT UHTErpaJl MOYKHO HAWTH C IOMOIIBIO METO/1a MOJICTAaHOBKU. BBeieM HOBYIO ITEpPEMEHHYIO.
cosx =t 7
w deosx = dt
3 —sinxdx = dt 0.5 —a
Fre el —dt t~=
JSLME = Sinxdx - —dt = f —3 = —_— |i"5
5 costx Xy =0 ty=cos0O=1| t —2
T . T 1
Xp =ty =cos =
"8 3 7F 3 2
1 o 1 1
! ——=2-05=15

_zrfll 2:0,25 2

4) [(x? — 4x)Inx - dx
DTOT MHTErPal MOXHO HANTH C MOMOIIBIO METOAa MHTETPUPOBAHMS 0 YaCTSIM, OH OTHOCHUTCS

KO BTOPOMY By, o3ToMy U = Inx, dV = (x? — 4x)dx,
1 x* .

dU = —dx, V=(x3—4x)dx = e 2x°

x

HCHOJ’IBSyﬂ (1)0pMy.]'Iy HHTCIpHUPOBAHU 110 YACTAM, I1OJTydacM

x* . x*

(x? — 4x)Inx - dx =iﬂ:x(?—2x‘)—J(T—2x ) dx =
xt x? xt x*
lﬂx(——zx:)—f (——2x)dx=lﬂx(——2x2)——+x2
4 4 4 16

+C
5) _r(xz — 2x) cos4x dx
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OTOT UHTETpaJl MOKHO HAWTH C MOMOIIBIO METOIa UHTETPUPOBAHUS 110 YACTSIM, OH OTHOCUTCS K
nepBoMy Bujy, nosromy U = x= — 2x, dV = cosdxdx,

1
dU = (2x — 2)dx, V= J. cosdxdx = Esiﬂ,d}x
J(xg — 2x)cos4x dx
" 1 1
= (x* — 2x) Esindlx — J Esiﬂd}x (2x — 2)dx =
. 1 1 1
(x* — 2x) Esindlx ~3 sindx(2x — 2)dx = 1 (x* — 2x)sindx

1
— EJ.sindlx(x —1)dx =

YtoObl HAWTH OCTABIIMICSA UHTErPal, CHOBA MPUMEHAEM (GOPMYITy HHTETPUPOBAHHUS TI0 YaCTSIM.
U=x—1, dV = sindxdx,

1

dll = dx, V=fsin4xdx=—;cos4x

1 1 1
= 1 (x* — 2x)sindx —15 ((x—1) (— Ecﬂsdlx)

—f——cos4xdx=
4

L (%= 20)sindx — = (( 1)( ! 4)+1f dxdx =
e x)sindx E(x g cosdx |+ | costxdx =

1 1 1
=2 (x° — 2x)sindx +§ ((x —1)(cos4x) — s cosdxdx =

1 1 1
—(x°— 2x)sindx + —((x — 1) (cosdx) — —sindx + C
S (7 = 22)sindx + — ((x — 1) (cos4x) — sindx +

dopma npeaocTaBaeHus pe3yabTaTa: BbITIOJHEHHAs paboTa

Kpurepun oueHku:

Onenka "oru4yHo" BBICTABJIICTCSA, €CIUM paboTa BBIMOJHEHA B TIOJHOM O00BEME C
coOmoieHneM HeoOXOMMOM TOCE0BATEIbHOCTH JICUCTBUIN; B OTBETE MNMPABUIBHO MU aKKYPaTHO
BBIITOJIHEHBI BCE 3aIIMCH M BEIYHCIIEHUS.

Ouenka ''Xopomio' BBICTABIISICTCS, €CIM BBIMOJIHCHBI TPeOOBaHMS K OIlEHKE "OTIWYHO", HO
JIOTMYILIEHBI 2-3 HeJloYeTa.

Ouenka "yI0BJIETBOPUTEJIBHO' BBICTABIISACTCS, €CJIM pabOTa BBITIOJIHEHA HE IMOJIHOCTHIO, HO
00BbEM BBITMIOJHEHHON YaCTH TAKOB, YTO IMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YJIbTATHl U BBIBOJIBI; B
X0/JIe MPOBeACHUS PabOThl OBLIN TOMYIIEHBI OUTHOKH.

OueHka ""Hey10BJIETBOPUTEIbHO' BBICTABISIETCS, €CIIU padOTa BHINIOJHEHA HE MOJIHOCTHIO HIIN
00BbEM BBITTOJTHEHHOM YacTH PabOThI HE MO3BOJISET CACNATh MPABHIIBHBIX BHIBOIOB.

Tema 3.3 UnTerpas u ero npuioKeHust

IIpakTnyeckoe 3ansaTue Ne 17
IIpuMeHeHne omnpeeJéHHBIX HHTETPAJIOB K PellIeHHI0 NMPUKJIAIHBIX 32124

ean: [IoBTOPUTH r€OMETPUYECKUN CMBICI ONPENEIEHHOTO UHTErpaa.

Brinosinenne padoTsl ciocodcTBYET (hopMHUPOBaAHHIO:

1K 2.2. Pa3pabaTbIBaTh TOKYMEHTALMIO IO SKCIUTyaTaI[MH IEKTPHUECKOTO U
ANIEKTPOMEXAaHMUECKOT0 000pyI0BaHMUS.

OK 01 Bsi6upats criocoOsl penieHus 3aa4d NpopecCHOHaIbHOMN NesITeTbHOCTH TPUMEHUTEIHHO
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K Pa3JINYHBIM KOHTEKCTaM.
OK 02 Mcrnonp30BaTh COBPEMEHHBIE CPECTBA MOUCKA, MHTEPIIPETAIUH HH(POPMALIUH, U
MH(OPMAIMOHHbBIE TEXHOJIOTUH JUIS BBITIOJHEHH 3a/1a4 TPO(ECCUOHATbHON 1A TEIbHOCTH.

MarepuajbHoe obecniedenue: MHuBryanbHble 3aJaHNsI, KOHCIIEKTHI JIEKLUN.

3ananmue:
Brruncnure KoaIM4ecTBO QJICKTPUYCCTBA, IMPOTCKIICIO IO IIPOBOAY 3a IMPOMCKYTOK BPEMCHH
. 2
[3:4], eciu cwna Toka 3amaercs Gopmyioit I(t)=3t"-2t

Boruncnure miomaau Guryp, orpaHUYeHHbIX TUHUSIMMU:

1. .y=9-x%y=0.

2.  y=cosx, x=r, x=0, y=0.

3. y=1/x x=2,x=4, y=0

3anayva. [Ipeanonoxum, uto B Touky O nmoMenieH eAMHUYHBIN anekTpuyeckuit 3apsa. OH
co3zaer aeKkTpuieckoe nosie. Haiftu paboTy 35€KTpUUECKOro MoJis MO MEPEMEIIEHUI0 EJMHUYHOTO
3apsijia U3 TOYKHU X B TOUKY X.

Pemrenue: Msl 3HaeM, 4TO Ha IPYrol €IMHUYHBIN 3apsij], IOMEIIEHHBIN B TOUKY X, AEUCTBYET
criIa, 0GPaTHO MPONOPIHOHAIBHAS KBAPaTy paccTosHus, T.e. F(X)=k/X*. IIpuMensieM hopMmyry st
paboThL, MOTYyYUM:

X2 X2
A= I k dx/x? = k '[ dx/x2, st pymkimm F(X)=K'/x? mepBoo6pasnyro U(X) MOKHO HAHTH 1O
x1 x1

2 =kix| > =k/x1-kix;

Oyukius U(X)= -K/X Ha3pIBacTCs MOTEHIMAIOM 3JIEKTPHUECKOTO MOJIS.
3agaya. HaliTh KOJMYECTBO AIEKTPUUYECTBA, TPOXOAAIIEE YEPE3 MOMEPEUYHOE CEUCHHE
npoBoaHuKa 3a 10 ¢, ecii cuita ToKa u3MeHsieTcs 1mo 3akony I(t)= (4t+ 1)

tabmure: U(X)=-k/X. [Tomyanm: A=U(X)

10 10
Peenne.Q= j (4t+1) dt= (22 +1) | *°=210 Ku.
0 0

HaiiTu konm4yecTBO 3JIEKTPUYECTBA, POXOIAIIIEE Yepe3 MONMepeyHOe CeYeHNEe MPOBOIHUKA 3a 20
C., €CIIM CHJIa TOKa u3MeHseTcs mo 3akony I(t)= 2t+ 1

IMopsinok BbINOJIHEHHSI PAa0OTHI:
1. M300pa3uTh KpUBOJUHEHHYIO TPAMCIHIO KOOPAWHATHOM IIJIOCKOCTH;
2. BpluucauTs mionaap MoaydeHHON KPUBOJIMHEHHOM Tpamneluy.

Brrauciure mionany Guryp, orpaHUYCHHbIX JIMHUSIMH:
1. y=sin x , x=r, x=0, y=0.
Pemenune. M300pa3um B KOOPMHATHOW TIOCKOCTH KPUBOJUHEHWHYIO TPAICIHIO.

y =sinx

OTcroga:
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S= fsin xdx
0

jsin Xdx = —cosx| =

0 0

=—(cosz —cos0)=2.

CnemoBarenbHo, S = \2\ =2 KB. €I
2 y=x*-4; x=0; x=5; y-=0.

Pemene N3006pa3um B KOOPAWHATHOH MJIOCKOCTH KPHUBOJIMHEHHYIO TPArenuio.

il

OCKM3  MOKa3bIBaeT, 4YTO  JIMHHUSA y= X2 -4 nepecekaer  och  OX. [Tpu
BBIYHMCIICHUN  ITUIOMIAJM  pa3o0beM WHTErpal HAa JiBa  ClIaraeéMbIX, JUII  TOTO  YTOOBI
HE  JIONYCTUTh  aireOpanveckoro  CJIOXKEHWS ~ BEJIMYMH  pa3NIMUHBIX  3HAKoB.  Haligem
CHavaja TOYKY IepeceucHus GyHKIHH ¢ 0ChIo OX:

X2 —4=0. X1=2 ;%=-2.

3HavueHne Xp=-2. [J[JorOpackiBaeM, Tak KaK OHO HE BXOJUT B  HHTEpBAI
0<x<5).

Taxum oOpaszom,

2 5
S = j(X2—4)dX + I(x2—4)dx __| 16 |8Y_97 ks.en.
0 2 3| |3] 3

3 Haiitu rutomaap GUrypsl, 3aKIFOUEHHON MEXKTY THHUAMH Y = 5X — X* u y =x°

Touku MEepeCCUCHUA JUHAN ONIPCHACIIATCA n3 YPpaBHCHUSA X2 =5x — X2 ,
T.C. X, = 0; Xy = 25.
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Jlyis pelieHus 3a/lad co CJIOXHBIM OYEpPTaHHEM OOJACTH YAOOHO HCIIOJIB30BaTh rpaduueckoe
pasioXeHue Ha CymMMy npocteimmx ¢uryp. Tak, B HaleMm ciry4ae:

0 2,5 0 2,5 0 2,5

CrnenmoBarelibHO, 9YTOOBI IOTYYUTh UCKOMYIO TUIOMIAAb S, TOCTATOYHO OMPEICIHUTD TUIOIIAIL Sq JUIS
QyHkumHM y =5x — X%¥ BBIUECTH U3 Hee IIomaab Sy juisl PyHKIHK y=x2, T.€.

5,21 = 5,21 B4

25 25
§=5,-8, =| [ (Bx—x*)dx -| [ x’dx =...=[1042 -
0 0

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.

Kpurtepun ouenku:

Ounenka '"oTamuyHoO'"  BBICTABISETCS, €cild paboTa BBIIOJIHEHA B TMOJHOM OO0BEME C
coOmoieHneM HeoOXOMMOU TOCTIE0BATEIPHOCTA JCUCTBUI; B OTBETE MPABUIBLHO U aKKYPaTHO
BBITIOJTHEHBI BCE 3AITUCH U BBIYMCIICHUS.

Ouenka '"'Xopomio' BBICTABIISETCS, €CIM BBIMOJIHEHBI TPeOOBaHMS K OIleHKE "OTIWYHO", HO
JIOTMYILIEHBI 2-3 HeoveTa.

Ouenka "y10BJIETBOPUTEJIbHO' BBICTABIISACTCSA, €CIM pabOTa BBITIOJIHEHA HE TMOJHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTH TAaKOB, YTO TO3BOJISIET MOJIYYUTh NMPaBUIbHBIE PE3ylbTaThl U BHIBOJbI; B
X0/J1e TIPOBEACHUS PaOOThI OB JOMYIICHBI OIITHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BBICTABIISETCS, €CIIM pa0OTa BRIMOJHEHA HE TIOJIHOCTHIO UITH
00BEM BBIMOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIENaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 3.4 [luddepenuuanbHbie ypaBHEeHHSI

IIpakTnyeckoe 3ansitue Ne 18
Pemenne qudppepeHunaJIbHbIX YPABHEHHH NEPBOr0 MOPSAKA ¢ pa3aessiiouUuMuCs
nepeMeHHbIMHU

Heab: Hayuutses pemats auddepeHnuanbabie ypaBHeHUS | mopsika ¢ pa3aessonuMu
nepeMeHHbIMU. HayunThcst HaXOAUTh 00IIME U YACTHBIE PELICHHUS .

Brinosinenune padorsl cnocod6cTByeT GOPMUPOBAHUIO:

OK 01 Bri6upats ciocoObl perienus 3a1a4 npoQeccuoHaNbHON AeATeIbHOCTH IPUMEHUTEIBHO
K Pa3JIM4HbIM KOHTEKCTaM.

OK 02 Hcnonb30BaTh COBpEMEHHBIE CPEJICTBA MIOUCKA, MHTEPIIPETallu HHPOPMAIUH, U
nH(OPMALMOHHBIE TEXHOJIOTUHU AJIsl BHIIOJTHEHHS 33/1a4 MPo(ecCHOHATbHON AeSITENbHOCTH.

MarepunaabHoe obecnedeHne:
WHuButyansHble 3alaHKsl, TAOIHUIIBI, CIIPABOYHUKH, YI€OHUKH, KOHCTIEKTHI JICKIIUH.

3aganne:
1. Haiitu oOmmiee pemenune nugdepeHnanbHOro ypaBHeHUs
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) I=Z
6) (v—1)%dx+ (1—x¥dy =0

2. Haiitu gactHoe pemenne auddepeHnaibHOro ypaBHeHUS
dy = (3x? — 2x)dx , eciu Yy=4 npu x=

IMopsiiok BbINOJIHEHUS PAdOTHI:
1) [IpuBecTu AaHHOE ypaBHEHHE K YPABHCHHUIO C Pa3JIC/ISIOIIMMU IEPEMEHHBIMH, T. €. IPOU3BECTH
paszaesieHne NEPEMEHHBIX, AJIs ATOTO:
a) IIpomsBonHbie QyHKIMH 3aMeHHUTH €€ AU PepeHIInaTIaMHU;
6) CrpynnupoBaTh WIEHBI C OMHAKOBBIMU UG GepeHIIaTIaMH U 3aIICATh UX B PA3HBIX YaCTAX
PaBEHCTBA, BhIHECA AUPPepeHInanbl 3a CKOOKH;
B) Ilogenuth naM yMHOXKUTH 00€ YaCTH paBEHCTBA Ha TAKHE BbIPa)KEHUs, UTOObI BCe (PYHKIIMU CTOSITU
npu ,,ceoux” nuddepeHnmanax, T. €. mpusect K suay: @(y)dy = ¢(x)dx
2) TIpouHTerprpoBaTh 00€ YaCTH PABEHCTBA U HANTH 00IIee pelIeHHeE.
3) Jlyis BBIAETICHUS YAaCTHOTO PElICHHUs 13 OOIIEro 3aaeTcsl TOUKa (%p: ¥y ), Yepe3 KOTOPYIO JOJKHA
MPOXOANTH MHTETpalibHas KpuBasi. Haxoaum 3Havuenune nmoctossHHONC ,a 3atrem C nmoacrasisieM B
oO11ee pelieHre 1 3aMCcbIBAeM YacTHOE PEIIeHHE.

Ecnu ¢ynkius f(X) B Touke X MMeeT mpouM3BOAHYKO , TO mpousBeaeHue f(X) . X Ha3biBaeTcs
ouppepenyuanom ¢pynxyuu f B Touke x u o603uauaercs df(x).

Huppepenyuanvnvle ypasnenus - 3TO ypaBHEHUS, CBI3BIBAIONINE HEM3BECTHYIO (DYHKIIHIO U €€
MIPOU3BO/IHEIC.

DJIeKTpUYECKas LETb.

PaccMoTpuM  DIIEKTPHYECKYIO II€Tb, COCTOSIIYI0O W3  IIOCIEIO0BAaTEIbHO  COCTUHEHHBIX
COTIPOTHUBJICHUSI M KOHJEHcCAaTopa. bynem cyurtaTh, Y4TO B IEMH CACIAHO KOPOTKOE 3aMbIKaHUE H
KOHJICHCATOP, MMEBIINI HAYaJIbHBIN 3apsij, HAYMHACT pa3pspKaThes. HampspkeHne Ha KOHAGHCATope B
MOMeHT BpeMeHH t 0603naunM uepes U(t). 3apsan q(t) ces3an ¢ Hanpsokernem U dopmynoit g= CU,
rae C- eMKOCTh KOHJIeHcaTopa. Yepe3 COMpOTUBICHUE MOMAET TOK, KOTOPBIA CBSI3aH C HANPsHKEHUEM
U dopmynoii U= - RI, rne R-Benmnumna compotuBieHuss ( 3akoH OMma), a 3HaK «- » CBsI3aH C
HampaBjieHHeM Toka. [losiBlIeHHEe TOKa CBsI3aHO C M3MEHEHHWEM 3apsiaa ( ,M , 3HAYWT, BenuuuHa |
SIBJISIETCSI CKOPOCTHIO M3MEHEHHUs 3apsijia Bo Bpemenu: |= dg/dt. [Toxcrasmsist B 3Ty dhopmyny Bmecto |
Beipaxkenne —U/R, a Bmecto ( Beipaskenue CU, momyunm ypaBHeHue mis Hanpspkenus: CdU/dt= -
U/R, dU/dt=-1U/RC

Pewenue oupgepenyuanvnoco ypaeumenus- 310 (QYHKIHMSA, TPH TOJACTAHOBKE KOTOPOM
YpaBHEHHE MTPEBPAIACTCS B TOKIACCTBO.

PaccMoTpuM  DIIEKTPUYECKYIO 1€, COCTOSIIYI0 M3  IOCIEAOBAaTENIbHO  COCAMHEHHBIX
koHzeHcaropa (¢ emkocthio C) m katymku ( ¢ WHAYKTUBHOCTBIO L). Byaem cuurtarh, 4to Ha
KOHJICHCAaTOPE ©CTh HAa4YallbHOE HANPSDKCHUE, B IICMU CJCITaHO KOPOTKOE 3aMbIKAaHUE M IOIIET TOK
yepes karymky. O6o3naunm depes U= U(t) nanpspkeHue Ha KOHAEHCATOPE B MOMEHT BpeMeHH .
HanpsbkeHne Ha KaTyliKe MPOMOPIMOHAIBHO CKOPOCTH M3MEHEHHs Toka |, Mpoxojsmiero uepes
kaTyiky, T.e. U= -Ldl/dt. Beipasxas oObrurbIM 00pa3zom, Tok | uepes 3apsa |= dg/dt u 3amensis 3apsn q
yepe3 CU, monmyunm: U= -Ldl/dt=-LCd U/ dt =- U/LC

3agaua. M3omupoBaHHOMY TPOBOJHUKY cooOmieH 3apsg  Q  emunun.  Benenctue
HECOBEPILIEHCTBA M30JISIMH MPOBOJHHUK MMOCTENEHHO TepseT cBoM 3apsi. CKOpOCTh MOTEpH 3apsijia B
JTAHHBI MOMEHT MPOTIOPIMOHATFHA HAJIIMYHOMY 3apsly MpoBOjAHWKA. KakoW 3apsj ocraHeTcs Ha
MIPOBOJIHUKE 110 HCTEYCHUH { MUH?

Pemenne: Ilycte k MoMeHTy t 3apsn mpoBogauka paBeH Q. CKOpOCTh MOTEpH 3apsjga B 3TOT
MoMeHT paBHa- dQ/dt. Tak kak 3Ta CKOPOCTh MPOMOPIHOHATIBEHA 3apsaay Q, TO MOJydHM CIIeIyIoIIee
middepeHnanbHOe ypaBHEHHE:

- (dQ/dt)= kQ, k- xoadpdumnuenT npornopruroHanbHOCTH. MHTErpupys 3TO ypaBHEHHE, TOTYdUM
oO1iee pernieHue:
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Q=Ce*. Ncnonb3yem HawanmpHOe ycnoBue: mpu t=0, Q=Q; Torma Q= C I u C=Qo.

CrenoBaTelbHO, 3aKOH MPOTEKAIOIIEr0 MPOIEcca 3amuckiBaeTcsa Tak: Q= Qg e™
3amauu JUIsi CaMOIIPOBEPKU

1. Dnexrpuyeckas Henb COCTOUT U3 MOCIIEN0BATEIBHO BKIIOUEHHOIO UCTOYHUKA [TOCTOSIHHOTO
TOKa, Jalollero HampspkeHue V, comportuBieHus R, camounaykiuu L u BbIKIO4arTesns, KOTOPBIH
BKutouaercs npu t=0. Haiiute 3aBUCUMOCTD CHJIBI TOKA OT BPEMEHU.

2. DnekTpuyeckas IeNmb COCTOMT W3 IMOCJIENOBATEIbHO BKJIIOYEHHOTO MCTOYHHMKA T OKa,
HalNpsDKEHHE KOTOPOTro MeHsiercst mo 3akoHy E=V sinwt, compotuBinenus R u camoumsgykimu L.
Haiigure cuiny Toka B LIeM IIPH YCTaHOBUBILIEMCS pEXKUME.

1) Haiitu o6miee perienue auphepeHInalIbHOTO YPaBHCHUS:
(6xdx + 3xyidx) — (6ydy + 2x%ydy) = 0
Crpynnupyem wienst ¢ dx u dy
3x(2+yH)dx —2y(3 +x)dy=10
-Pa3znenuMm nepeMeHHbIE

3xdx _ 2ydy
3+x2 2+y?
-UnTerpupyem

xdx ydy
3 - =2 =
3+x- 2+ y-
-Permaem 1o OTAETBHOCTH KaXKIBI WHTErPajl METO0M TOICTAHOBKHU

3 . 5
EIH(E +x*)=In(24+y°)+Inc

3
In(3+x)2=mIn(2+y%) ¢
-IloTeHuMpyeM 3TO ypaBHEHUE
VE+x2PF=(2+y%)-c
-3anmceiBaeM o0IIIee pelieHue:
(3+ x*)V3 + 2
2+ y? -
2) Haiitu gyacTtHbIe penieHue quddepeHnanbHbIX YpaBHEHU I
20y —3)dx —dy =0 npu x=0, y=4
-Paznenum nepemeHHble
dy = 2(y — 3)dx
dy

— = Zdx
v—3

-

C

-IIpounterpupyem obe 4acTu ypaBHEHUs

dy
f Y f 2dx
y—3
In(vy—3)=2x+Inc
-ITo onpenenennto norapupma 2x = Ine*
In(y —3) = In(e* - ¢)
-3anuiiemM o01ee perieHue
y=e¥®.c+3
-TloacraBuM B 3T0 ypaBHEHHE HavainbHbIe yenoBus X=0 , y=4
4=¢% c+3=>c=1
-3anuieM YacTHOE PEIICHUE
y=e¥+3

®opMa npeacTaBIeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa
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Onenka "oTam4yHO"  BBICTABISETCS, €CIM pPabOTa BBIIOJHEHA B IOJHOM O0O0BEME C
coOmoiIeHneM HeoOXOAUMOM TOCIEeT0BAaTENFHOCTH JICHCTBHIA; B OTBETE MPABHJIBHO M aKKypaTHO
BBITIOJTHEHBI BCE 3aIMCH M BHIYHCIICHUSI.

Onenka '"'xopomo' BbBICTaBISIETCS, €CIU BBIIIOJHEHBl TPeOOBaHMUS K OLIEHKE "OTIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI0BJIeTBOPHUTEIbHO'" BBICTABISICTCS, €CIIM pabOTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJTHEHHON YacTH TaKOB, YTO TO3BOJISIET IMOJIYYUTh MPABUIBHBIC PE3YIBTATHl M BHIBOJIBI, B
XO0JI€ MPOBEACHUS PaObOTHI OBLIN IOMYIICHBI OITHOKH.

OueHka ""Hey/10BJIETBOPUTEIBLHO' BBICTABIISETCS, €CITU padOTa BBITIOJHEHA HE MTOJTHOCTHIO HITH
00BEM BBITIOIHEHHON YacTH pabOThI HE TIO3BOJISCT CAENATh MPABMIIBHBIX BHIBOJIOB.

Tema 3.4 [InddepeHnuaibHbie ypaBHEHUS

I[IpakTnueckoe 3ansitue Ne 19
Pemienue quHelHbIX AU depeHIHATbHBIX YPABHEHUI IEPBOIro MOpPsiAKa

Heab: Hayuutbest ompenensats BuA Aud@epeHIUalbHBIX YpaBHEHHMM, HAaXOJIUTh oOlee u
YacTHOE pelleHne JHMHEeHHBIX AuddepeHuanbHbIX ypaBHeHui | nopsaxa.

BrinosiHenune padorsl cnocodcTBYeT GOPMUPOBAHUIO:

OK 01 Bei6upats ciocoObl perieHus 3a1a4 npopecCuoOHaIbHON AESITETbHOCTH TPUMEHUTEIBHO
K pa3IM4HbIM KOHTEKCTAM.

OK 02 Hcnonp30BaTh COBpEMEHHBIE CPEJICTBA TIOUCKA, HHTEPIIPETalluK HHPOPMAIUH, U
nH(OpPMaLlMOHHbIE TEXHOJIOTUH JJIsl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1€ATEIbHOCTH.

MarepuajbHoe o0ecnieyeHue:
WnauBuayanbHble 3aaHusl, TAOIULbI, CIPABOYHUKY, YI€OHUKH, KOHCIIEKTHI JICKIUI.

3ananmue:

1. Haiitu yactHOe pemnienue auddepeHInaIbHOTO YpaBHEHHS
a) _1}:'2 +x2}r =xy: _1}." npu }'{1:] =1

b) y'sinx —ycosx=1 npu:::E ,y=1

"
&

IMopsinok BbINOJIHEHHSI PA0OTHI:

HuddepennnanbHoe ypaBHEHHE CBOIHUTCS K PEUICHUIO IBYX Au(QepeHIuaNbHbIX ypaBHEHUH, C
pa3aengoIMMU IEPEeMEHHBIMH, CHa4Yalla OTHOCUTENBHO U , MOTOM-8, rje uad Heu3BeCTHbIC (YHKIIMU
OT X.

1) Haiitu yactHOe pemienue nuHeiHoro nuddepeHnnansHoro ypaBHeHus | mopsaka
xy +y =3, ecmu y=0, npu x=1
[IpuBeneM ypaBHEHUE K BUY IO OIIPENETIECHUIO
.y 3
}:r -|- =

x x
Cnenaem 3aMeHy

y = uld; £=uﬂ—|—ﬁ£

- dx dx dx

CrpynmnupyeM wieHsl ¢, moayunm

ﬁ(d—u-l-i):ﬂ,T.K.ﬂ# 0=> - _%
X dx

dx x
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Paznennm nepemenHsie

du  dx
u X
[Ipounterpupyem
du dx
u x
Inju| = —In|x|
[Iponorenuupyem
1
w=—
x
[ToncraBuM U B oCTaBLIeECs YPAaBHEHHE
1dd 3
xdx x
di = 3dx
[IpounTerpupyem
#=3x+c

IMoacraBuMm ¥ = utld
1
y==- (3x + c)- oOmiee pereHne
[TogcTaBUM HaYaATBHBIC YCIOBUS
0=34+¢c=>c=-3
3
v = = (x — 1)- 9acTHO€ pelIeHne
=

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.

Kpurepun oueHku:

Ouenka "oTJM4YHO'  BBICTABISACTCA, €CJIM padoOTa BHINOJHEHA B TIOJHOM O00BEME C
coOiroieHneM HEOO0XOAUMOM MOCIE0BAaTeIbHOCTU JEHCTBUI; B OTBETE MPAaBWJIBHO U aKKypaTHO
BBITIOJIHEHBI BCE 3aIIMCH U BHIYUCIICHUSI.

Ouenka ''Xopomo' BBICTABIISECTCS, €CIM BBIMOJIHCHBI TPeOOBaHMS K OIlEHKE "OTIWYHO", HO
JOTYILIEHBI 2-3 HeJoYeTa.

Ouenka "yI0BJIETBOPUTEJIbHO' BBICTABIISACTCS, €CJIM pabOTa BBITIOJIHEHA HE IMOJHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTU TaKOB, YTO MO3BOJISIET MOIYYUThH MPABUIIbHBIE PE3YIbTATHl U BHIBOJIBI; B
X0J1e TIPOBEACHHS PaOOThI OBUIH JOMYIICHBI OIITHOKH.

Ouenka ""Hey/10BJIETBOPUTEIBLHO' BBICTABIISETCS, €CIIM padOTa BHITMOJHEHA HE TIOJIHOCTBIO UITH
00BEM BBIMOJIHEHHOM YaCTH pabOThI HE MO3BOJIAET CIeaTh MPaBUIbHBIX BHIBOIOB.

Tema 3.4 [ludpdepennuanbubie ypaBHEeHUs

IIpakTuyeckoe 3ansaTue Ne 20
Pemenune onHopoaHbIX AU depeHunaNbHbIX YPABHEHHH IEPBOro NOPsSAKA

Heab: HayunuThCS pemaTh OJHOPOAHBIE AuddepeHInanbHble YpaBHEHHs TIEPBOTO MOPSIKA.

Brinosinenune padorsl cnoco6cTBYeT GOPMUPOBAHUIO:

OK 01 Bri6upats ciocoObl perieHus 3a/1a4 npoeccuoHaANbHON AeITeIbHOCTH TPUMEHUTENBHO
K pa3JIMYHbIM KOHTEKCTaM.

OK 02 Hcnonk30BaTh COBpeMEHHBIE CPECTBA TIOUCKA, HHTEPIIPETallui HHPOPMAIUH, U

HH(bOpMaHHOHHBIe TCXHOJIOTHH IJId BBIIIOJHCHUSA 3aJa4 HpO(i)eCCHOHaHBHOﬁ ACATCIIbHOCTH.

MaTepna.nbﬂoe obecmeyeHue: I/IHJII/IBI/IILyaJ'ILHLIe 3agaHuA, KOHCIICKTbI JICKITUM.
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3aganue:

Pemmmre nuddepennmanbabie ypaBHEHUS:
1. xyidy =(x? + yldx

2. (' — 2:%)dy + 2aeydx = 0.

IMopsiiok BbINOJIHEHUS PAdOTHI:
1. Omnpenenure Bua auddepeHnnanbHOTO ypaBHEHHS.
2. Ecnmu ypaBHEHHE SIBJISCTCS OAHOPOJHBIM Ju((depeHIHaTbHBIM yPaBHEHUEM IE€PBOTO

MOpsiiKa, TO IYTEM BBEJICHUS HOBOM IEPEMEHHON HYXHO NPHUBECTH 3aJaHHOE YpPaBHEHUE K
YPaBHEHUIO C pa3JeSIIOIIMMUCS [EPEMEHHBIMU. 3aMEHUM ¥ = Z ' x, j—i=x§+z, rae Z-HoBas
HEU3BECTHAs (PyHKIUS OT X.

[Tonyumnock ypaBHEHHE ¢ Pa3aeISIIONTUMU TEPEMEHHBIMU OTHOCUTEIHHO Z. ,

3. PemuTh nonmyunBmieecs ypaBHeHHue oTHOcHTENbHO Z. [locie aToro Hamo Z 3aMEHUTh HA - H
K
BBIPA3HUThH ).

HaiiTu yactHOe penienne ogHopoiHOro nuddepeHnransHoro ypapHenue | mopsaka

/

I
¥ = Ig—:"r, eciu Yy=0 npu x=1

3 , af_j.f d:_j" _ ¥
aMeHMM Y'Ha — -~ =
[IpousBenem NOACTAHOBKY ¥ = zx;
gy n
—=r—+4=
& :
= A+ 28
* |Iii.r+ = x !
L S X245
4 x
&z 24=
xr— = —=
i 2
gz 2Z2-—%2
r—=
gx 2

i dx

Paznenum nepeMenHsie ;— 6z = —
iz dx
[IpouHTerpupyeM BbIpakeHue: 2 [ —— J .

Pemaem nanHoe ypaBHEHHE
—2lnl2 —z| =lnldd +lne

In ——— = Inixc)
(2 —2)
1
[IponoTeHuypyeM BbIpaKeHHE aont = XC
Bripazum z:
1 _1
(2-12) _1 e
d—z=—7—
xre
. 1
=2 ——
W
3aMEeHuM z = f U BbIpa3uM Y

_ Axdwe-x
T um
[MoacraBuMm HavanmpHbIe yeiaoBus Y=0, x=1

o1, _ _ _1 _1i
0==7 ,2{?—1_0,2{?_1,«3’?—2,:_4

IloncraBum CB oO1iee perieHue
y = 2(x — ,{x)- YaCTHOE peIICHHE.

-o01iee penieHre

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun onenkn:
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Onenka "oTam4yHO"  BBICTABISETCS, €CIM pPabOTa BBIIOJHEHA B IOJHOM O0O0BEME C
coOnroieHrneM HEOOXOJAMMOHN TOCIEI0BATEIHLHOCTH JCHCTBHI, B OTBETE NPABUIBLHO M AKKypaTHO
BBITIOJTHEHBI BCE 3aIMCH M BHIYHCIICHUSI.

Ouenka '"Xopomo' BBICTABIISIETCS, €CIM BBINOJIHEHBI TPEOOBaHUS K OLIEHKE "OTIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI0BJIeTBOPHUTEIbHO'" BBICTABISICTCS, €CIIM pabOTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJTHEHHON YacTH TaKOB, YTO TO3BOJISIET IMOJIYYUTh MPABUIBHBIC PE3YIBTATHl M BHIBOJIBI, B
X0J1e TIPOBEeACHUS PaOOThI OBUIM JOMYIICHBI OIINOKH.

OueHka ""Hey/10BJIETBOPUTEIBLHO' BBICTABIISETCS, €CITU padOTa BBITIOJHEHA HE MTOJTHOCTHIO HITH
00BEM BBITIOJIHEHHOH YacTH paObOThI HE TIO3BOJISET CIIEIATh MPABUIIBHBIX BHIBOJIOB.

Tema 3.4 [InddepennuaibHbie ypaBHEHUS

MpakTHyeckoe 3ansaTue Ne 21
Pemienue qudpepeHnaIbHbIX YPABHEHHI BTOPOI0 NMOPSAKA

Hean: Hayunthes pemars auddepeHimanbuble  ypaBHeHus |l mopsiaka w  TuHEHHBbIE
onHopoaHbIe nuddepeninanbubie ypaBHeHus |l mopsiaka ¢ mocTosHHBIMUA KO3 GUIIUEHTaMHU.

BrinosiHenune padorsl crnocodcTBYeT GOPMUPOBAHUIO:

OK 01 Bei6upats ciocoObl perienus 3a1a4 npopecCuoHaNbHON AeITeIbHOCTH IPUMEHUTENBHO
K pa3IM4HbIM KOHTEKCTAM.

OK 02 Hcnonp30BaTh COBpEMEHHBIE CPEJICTBA MIOKUCKA, MHTEPIIPETalluK HHGOPMAIUH, U
nH(OpPMaLlMOHHBIE TEXHOJIOTUH AJISl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1€ATEIbHOCTH.

MarepuajbHoe o0ecnieyeHue:
WnuBuayanbHble 3a0aHusl , TAOTUII, CIPABOYHUKH, YUCOHUKHU, KOHCTIEKTHI JEKIUH.

3aganue:

1. Pemute muddepenumnansupie ypasuenus |l mopsiaka:
&y
a) E =5
b) ¥ ==x.4(10)B(L1)

2. Haiitu yactHOE pemenne ogHOpoiHOTO AuddepeHimaisHoro ypasuenus |l mopsiaka.
dz r d}' d}'

— —2— =3y =0npux=0;y=0, —=10

dax’ dx y i ) dx

Iopsinok BbINOJIHEHHSI Pa0OTHI:
1) Huddepenunanbapie  ypaBHEHHUS 1 Mopsiika  pelarTes JIBYKPATHBIM
gy

HHTCIPUPOBAHUCM, HYTGM BBEJICHUS HOBOM nepeMeHHoﬁ p= ax

[IpuBoaMM K YpaBHEHUIO C PA3ACIAIOIIMMU IEPEMEHHBIMU U PELIAEM OTHOCUTEIIBHO P.

[ToxcraBnseM p v pemiaeM ypaBHEHUE pPa3JeiICHUEM NEPEMEHHBIX OTHOCUTEIBHO Y.

Ecnu panpl HauyanbHbIE YCIOBHS, TO MOJCTaBJseM B OOIee PEIICHHE, COCTABIISIEM CHCTEMY
JTUHEHHBIX ypaBHEHUN U pemaeM oTHocutenbHo C; ml,. [logcraBnsas C; nC, B oOuiee pelieHue,
HaX0JUM YaCTHBIE PEIICHUS.

2) Onnoponnoe nuddepenunansHoe ypasHenue |l mopsaka.
[TyreM 3aMeHBI y = &

yl = ke

y = ke

CocTaBIisieM XapaKTepUCTHUECKOe ypaBHeHHe k™ + pk +q = o 13 KOTOPOro HaxoauM k; k.
Oouiee pemenne npu D>0 Gyzer:
y = D,_Ekix + ¢, ghax
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ITpu D=0 Gyxet:y = (¢, + cqx)

ITpu D<0 Oyner: y = e**(c, cosbx + ¢; sinbx)

[Ipu 3amaHHBIX HAYAJIBHBIX YCIOBUSX COCTABIISIEM CUCTEMY JIMHEMHBIX YPABHCHUN M pelIacM €€
OTHOCHUTENBHO C; uC,.

Il.Pemnts muddepeHmanbHoe ypaBHEHUE TTOPSIKA
d* ¥
= 1-—2x
dx iy
-3aMeHuM p = o TOJTYIHM:

dy
d” ¥ d{aj dyp
dx?  dx dr
-Pazgenum nepemeHHbIe
dp = (1 —2x)dx
-IIponnTerpupyem

=1-2x

dp = j(l — 2x)dx

p=x—x+¢
-3aMeHUM PHA—
ax
dy B 2
—=x-x +
dx
-Paznenum nepemeHHbIE

dy=({x —x+ ¢, )dx
-IIpounTerpupyem u nmoyrydyum oOliee perieHme

dy= | (x — =+ cyjdx

x: xE
yEo optarta
I11.Pemuth ogHOpoaHOE AuddepeHimanbHoe ypasaenue |l mopsiaka
a) y -5y +6=0

-CoCcTaBMM XapaKTEPUCTHUECKOE YPaBHEHHE

k* — 5k + 6 = 0, pemaem KBajpaTHOE ypaBHeHHUe, onydnm kg = 2,k, = 3
-O06mmee pemeHue Oyaer:

y=ce™ +ce®

b) J_." + 41-_1}" + 4'_1}1 =g
-CocTtaBuM XapaKTECPUCTUUCCKOC YPAaBHCHUC
k*+4k+4=0, (k+2)*= k=—2

-3anuiem o6mee perenue ast D=0

y =e (e + 63%)

c) y —6y +13y =0

-CocTaBUM XapaKTEPUCTHYECKOE YpaBHEHUE
k*—6k+12=0;D=36—-4-13= —16

- -
& &

-3amnuiiem ob1iiee penieHne
y = e¥ (¢, cos2x + ¢, sin 2x)

®opma npegocTaBjeHus pe3y/bTaTa: BHINOJIHEHHAs padoTa.
Kputepun onenkn:

Onenka '"oTaM4HO'"  BBICTAaBISETCS, €cCiM paboTa BBHIIOJHEHa B TMOJHOM 00bEME C
coOoIecHueM HeoOXOAUMOM TMOCHIe0BAaTeNbHOCTH JICHCTBHIA; B OTBETE€ MPaBHJIBHO M AKKypaTHO
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BBITIOJTHEHBI BCE 3aITUCH U BBIYUCIICHUS.

Onenka '"'xopomo' BBICTaBJISIETCS, €CJIM BBIIIOJHEHBl TPeOOBaHMUS K OLIEHKE "OTJIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "yI10BJIeTBOPHUTEIBHO'" BBICTABISICTCS, €CIM padOTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJTHEHHON YacTH TAaKOB, YTO TO3BOJISICT MOJIYYHUTh MPABUIBHBIC PE3YNIbTAaThl U BBIBOJBI; B
XO0JI€ MPOBEACHUS PaObOTHI OBLIN IOMYIICHBI ONTHOKH.

OuneHka ""Hey/10BJIETBOPUTEIBLHO' BBICTABIISICTCS, €CITU padOTa BBITIOJHEHA HE MTOJTHOCTHIO HITH
00BEM BBITIOIHEHHON YacTH pabOThI HE TIO3BOJISACT CAENATh MPABMIIBHBIX BHIBOJIOB.

Pa3nen 4 DiieMeHTHI TeOPUM BEPOSITHOCTEH U MaTeMaTH4YeCKOH CTATUCTHUKH

[MpakTHueckoe 3ansaTue Ne 22
Pemienue 3a1a4 Ha OCHOBHbIE MOHATUSI KOMOMHATOPUKH

Heab: OcMBICAUTh OCHOBHBIE TOHSTHS KOMOMHATOPUKH, HAYYUTHCS OTJIMYATh OJHY BBIOOPKY
OT JpYyroil, MpUMEHSTH (POPMYIIbI ISl UX HAXOXKICHUS.

BroinosiHenune padotsl ciocodcTBYeT hOopMHPOBAHMIO:

[1K 2.2. PazpabarbIBaTh TOKYMEHTALUIO MO 3KCILTyaTallu 3JIEKTPUUECKOT0 U
AIIEKTPOMEXAHUYECKOTO 000PYAOBaHHUS.

OK 01 Bri6upats ciocoObl perieHus 3a1a4 npopeccuoHanbHON AeATeIbHOCTH IPUMEHUTENBHO
K pa3JIM4HbIM KOHTEKCTAM.

OK 02 Hcnonb30BaTh COBpEMEHHBIE CPEJICTBA TIOUCKA, MHTEPIIPETAlMK HHPOPMAIUH, U
nH(OpPMaLlMOHHBIE TEXHOJIOTUH AJISl BBIMIOJIHEHUS 3a/1a4 MPO(PECCUOHANBHOMN 1€ATEIbHOCTH.

MarepuajibHoe o0ecnieueHue:
WnauBuayanbHble 3aaHusl, KOHCIEKTHI K.

3ananmue:
1. B copeBHOBaHMSIX y4acTBYET KOMaHa IEKTpUKOB u310 dyemoBek, Tpoe 3 HUX 3aiimMyT 1-e, 2-¢ u
3-¢ MecTo. CKOJIBKO CYIIECTBYET Pa3IWYHBIX BAPHAHTOB ?
2. U3 Opuraasl IeKTPUKOB, KOTOpas COCTOUT U3 12 yenoBek, HEOOXOIMMO BBIOpaTh 3 uenoBeKa Ha
ycrpaHeHue aBapuu. CKOJIBKO CYIIECTBYET Pa3IMUHBIX CIIOCOOOB Takoro BhIOOpa.
3. Ha nosnke mkada BbICTaBJICHBI 8 )KypHAJIOB pa3IMYHbIX HampaBiieHu# ydeTa. CKOJIBKO croco0oB
MMeeTCs ISl PACCTAaHOBKH ATHX JKYPHAJIOB B pa3HOM MOpsAKe?

Kpatkue TeopeTndeckue CBEICHUS:

B ocHoOBe penienus 3a1a4 Ha KOMOMHATOPUKY JIEXkKAT J[Ba TIPaBUJIA:

1.IIpasuno cnoxcenun. Eciv HEKOTOPBIA dJIEMEHT A MOXXHO BbIOpaTh M crioco0amu, a Ipyroi
aneMeHT B — N cmocobamu, HCKITFOYAIOIIMMHU JPYT JAPYTra, TO BEIOOP KAKOTO-HUOYIh OJHOTO M3 3THUX
aneMeHTOB( u6o A, 1160 B ) MOKHO OCYIIECTBUTH M + N criocobaMu.

2.1lpasuno ymuosxncenusn. Ecnu HEKOTOPBINA dJeMEHT A MOXHO BbIOpaTh M crocobamu U eciu
Moclie KaXJ0TO Takoro BhIOOpa 3jeMeHT B wmoxHO BbIOpaTh Ncmoco0amu, TO BbIOOp Mapsl
aneMeHTOoB (A, B) B ykazaHHOM HOPSAKE MOXKHO OCYIIECTBUTH M- N crnocobamu.

3aoaual. lpu hopMuUpOBaHUU PKHIIAXKa KOCMUUYECKOTO Kopalis umeercs:10 npeTeHaeHToB Ha
MOCT KOMaHupa,20 MpeTeHJeHTOB Ha MOCT OOPTHHXKEHEepa,25 MPEeTEeH/IEHTOB Ha MOCT KOCMOHABTa-
uccnenoBatens. CKOJIBKMMHU cIoco0aMi MOXKHO BBIOpaTh OJJHY M3 KaHAUAATYp Ha MOCT KOMaHIHpa,
WM GOPTUHXKEHEPa, MM KOCMOHABTa-KMccie10BaTess?

Pewenue. Tlo mpaBunmy cymmbsl cymectByeT 10+20+25=55cnmoco0oB BbIOOpa OJHON U3
KaHJIUAATYP.
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3a0aua2.B cTONOBOW NpEIaraloT JBa Pa3iIU4YHbIX NEPBBIX : 8, M a,;TPU Pa3IMYHBIX BTOPBIX
omroma: by, b,,b, n nBa pasmuunbix necepra:C, m C,. CKOIBKO pasiaMYHBIX 00EIOB M3 TpeX OIrOX
MOJKET BBIOpaTh MOKYNATeNb?

Pewenue. Tlepoe 011010 MOKHO BBIOpPAaTh IBYMsI CIIOcO0aMu, BTOPOE OIFO0 MOKHO BBIOpATh
TpeMs criocobamu, TpeThe OIr0/10 MOXKHO ABYMs criocobamu. [1o mpaBuiry yMHOKEHHS CYIIECTBYET 2
x3x2=12 crocoOoB BeIOpaTh 00€1 U3 TpeX OO

3. IloomHnosrcecmea n- mHoxycecme(coeouneHus).

JUis HaxoxaeHHs K — moMHOKeCTB HEKOTOpOro N— MHOECTBa HY)XHO BbIOparh K u3Nero
3JIEMEHTOB (II03TOMY YacTO FOBOPAT O 6bibopke K aeMenToB 13 N — semeHToB). [Ipo BeIOpaHHBIe K
13 N pa3aUYHBIX 3JICMEHTOB MPUHATO TOBOPHUTH, YTO OHU OOpPa3yIOT COCIMHEHUE U3 N AIIEMEHTOB IO
k .Coeounenue-coonparenbHblii TEpPMHH KOMOWHATOPUKHA. B 3aBUCHMOCTH  OT TOrO, MMEET JIH
3HAYEHUE TOPSAOK DJIEMEHTOB B COCTUHEHUH WJIH HET, a TAKXKE OT TOTO, BXOJAT B COCIUHEHUE BCe N
AJIEMEHTOB WJIM TOJBKO YacCTh WX, PA3JIMYAIOT TPU BUJA COCTUHEHUN: nepecmano8Ku, pasmeuieHus,
couemanus.

Ilepecmanosku.

[TepecranoBkamMu W3 N —D3JIEMEHTOB HA3bBIBAIOTCS TaKWe COCIUHEHHS H3 N — 3JIEMEHTOB,
KOTOPBIE OTJIMYAIOTCSI IPYT OT APYyra TOJBKO TMOPSAKOM PACIIOJIOKEHHUS dJIEMEHTOB.

O6Go3unauenue: P, =n!

Pazmewenus.

PasmemennssMu U3 N —3JE€MEHTOB HA3BIBAIOTCA TaKHE COCAWHEHUS, KaXKJI0€ W3 KOTOPBIX
COJICP’)KAT M DIIEMEHTOB, BBIOPAHHBIX W3 YHCIIA JIAHHBIX N —3JEMEHTOB, OTIUYAIOIIUXCS JTHUOO
COCTaBOM, JINOO TIOPSTKOM MX PACITOJIOKECHHUS, JTMOO U TEM , H JIPYTHM.

n!
(n—m)!

3aMeuanne. PaccMOTpeHHBIE paHEe TMEpPEeCTAHOBKM — YACTHBIM Ciaydall pa3MemieHud u3z N—

DJIEMEHTOB I10 N — 3JIEMEHTOB.

OGo3nauenue A =

n!
=A"=_"_nl
P,=A 0 n!
55440.
Couemanus.

CouetanusaMu U3 N- DJIEMEHTOB II0 MHA3BIBAIOTCA TaKHE COCAMHCHHUA, KOTOPBLIC OTIUYAKOTCA

ApYT OT Apyra XoTd OBl OJHUM DJICMCHTOM.
n!

O6o3nauenune:C) = ———
m!{n—m)!

IMopsiiok BbINOJIHEHUSI PA0OTHI:

1. Omnpenenute BuA BEIOOPKU 0€3 MOBTOPEHUS.

2. Bribepere COOTBETCTBYIONIYIO (OPMYITY JIJIsl BBIYMCICHUS BO3MOYKHBIX KOMOWHAITHIA.
3. IIpousBenuTte BBIYUCICHHSI, HCIIOJIB3YSI MOHSATHE (haKTOpHAIA.

Xox pabdoThI:

1. KofoBbIii 3aMOK OTKpBIBae€TCA IMOCIEIOBATEIBHBIM HAO0OPOM HYETHIPEX paszHbIX LUP.
TpeGyeTcs onpeAenuTs YKCIO BO3MOKHBIX KOJOB, KOTOPBIE MOKHO MOJA00pAaTh Ui 3TOTO 3aMKa.

Pemenue.

Bo3moxubsix mudp Bcero necsats(1,2,3,4,5,6,7,8,9,0).Kaxxnas nabpanHas KOMOMHANIMsS KoJa
OTIIMYaeTCs OT APYroi KoMOMHAIIMU XOTs ObI oHOM 1udpoii(1,4,5,7 #2,4,5,7),mu60 nopsakom Habopa
onuHakoBbIx nudp(1,4,5,7#4,5,7,1),mo3romy s mojcuéra 4ucia BO3MOXKHBIX KOMOMHAIMN KOJOB
UCIOJIb3yeM (POpMYITy YHCIia Pa3MEIIeHUN.

.

dopmyiaa pasMmenienuii uMeer BUI A, = — B namem cnyqae n = 4 ,m = 10,
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: 10! _1D:_1u-9-s-?-6-5-4-3-2-1_10_ 9.8-7 = S040
(10-4)! & £5-432-1

2.  CKOJIKO CYIIECTBYET CIIOCOOOB BBIOOPA TPEX YETIOBEK U3 JACCATH?
Pewenue.
B nganHOM ciydae mpH BBIOOpE i HAC BaKCH TOJBKO COCTaB [0 TPH YEIIOBEKA, MOPSIOK
BBIOOpA POJI HE UTPACT, MOATOMY B OTJIMYKME OT IEPBOrO MPHUMEPa YKCIO CIIOCOOOB MOACYMTAEM I10
dbopmyIie coueTaHui.

T[pousBoauM pacuér A7, =

n!

®opmyna coueranuii umeert Bum:C) = e —— B namem ciygae n=10, m=3.
10! 10! _7!-8-9-10
31(10-3)! 37 32171 =120.
3.CKONBKO pa3IMYHBIX YETHIPEX3HAYHBIX YHCET MOKHO cocTaBUTh U3 udpl,2,3.4 9 mudpsr He
MOBTOpPstOTCSA)?
Pemenue.

[To ycrnoBuio JaHO MHOXKECTBO U3 YETHIPEX IJIEMEHTOB, KOTOpbIE TpeOyeTcs pacrojioKUTh B
omnpeneaE€HHOM Topsiike. 3HA4MUT, TpeOyeTrcs  HAWTH KOJWYECTBO TEPECTAHOBOK HX YETBIPEX
3JIEMEHTOB.

dopmyra nepecTaHOBOK U3 T —3JIeMeHTOB uMeeT BuI: B, = n! B namewm ciydae n =4.

[MpomsBeném pacuét: Py =4!=4-3-2 - 1=24.

3amauu ¢ mpodecCHOHATEHON HAMTPaBICHHOCTHIO.

3anaua 1. Tenedonnas muHMsA, coenUHSIONIAs ABa MyHKTa A B B, pacmooKeHHBIX OJTUH OT
JPYroro Ha pacCTOSIHUU 2 KM, 000pBaiach B HEM3BeCTHOM MecTe. KakoBa BEpOSTHOCTH TOTO, YTO
00pbIB HaxouTCs He fAanbiie 450 M. oT myHKTa A?

Pemenune: P(A)=m/n=450/2000= 0,225

3anaua 2. Ha 8 kapToukax HamedaTaHa ojHa U3 cienyronmux Oyks e, T, T, ¢, e, p, 7, a.
Brianmas nocnienoBaTenbHO U3 SIIMKA HAYTaJ U BRIKJIAABIBAS UX B OJHY JIMHUIO, MOXKHO TTOJTYYHUTh
cinoBo Tenerpad. KakoBa BeposTHOCT 3TOTO COOBITHSI.

Pemenune: m=1, n=P paBHO unciy mepecTaHOBOK U3 8 OYKB.

P g=8!=1-2-3-4-5-6-7-8= 40320 P=m/n= 1/40320

3anaua 3. B kopoOke HaxoasTcs deKTpoiaamiibl 5 mt. mo 75 Bt u 6 mt. mo 100 Bt . U3
KOPOOKH BBIHUMAIOT OJHOBPEMEHHO JBE 3IeKTpojamibl. KakoBa BEpOATHOCTH TOTO, YTO 00€
nammouku 100 BT.

Pemenue. 31ech 4iCIIO PABHOBO3MOKHBIX HE3aBHCHMBIX UCXOJIOB COCTABIISIET

n=C/=111/2191=(9110-11)/2-91=55

CobbiTHIO A GnaronpustcTByioT Cg=6!/2141=(415-6)/2-4!=15 ncxomos. Clie/J0BaTEIBHO,
P(A)=15/55=3/11.

3anaua 4. Habupas Homep tenedoHa, abOHEHT 3a0bL1 ABE MOCISTHUE ITUGPBI U , TOMHS JIUIIb,

4TO TH HU(PHI pa3InyuHbl, Ha0pan ux Hayaayy. KakoBa BeposSTHOCT TOTO, UTO HOMEp HaOpaH
MPaBUIBHO?

[poussoaum pacuét:Ci, =

2
Pemenue: /[ge nmocnennue mudpbl MOXKHO Habpath A, crocobamu, a OIaronpUsSTCTBOBATH

cobbITHIO A ( tdpbl HAGPaHBI MPABHIIEHO) BYAET TOIBKO OMH crioco®. [Tosromy P(A)=1/ A},
=1/101/8!=1/90

3anaua 5. Cpeau 100 anexrponamn 5 6pakoBaHHbIX. KakoBa BeposSTHOCTB TOTO, YTO
BbIOpaHHBIE HayAa4y 3 JIEKTPOJIAMIIBI OKAXKYTCsl He OpaKOBaHHBIMU?

3
Pemenue: 113 100 snextponam 3 mamisl MOXHO BbIOpaTh C y, crocobamu. Tpu He

3
6paKOBaHHI>IX QJICKTPOJIAMII U3 061uer0 yucna 95 pa60‘{I/IX QJICKTPOJIAMIT MOKHO BBI6paTB. C95

CHOCO6aMI/I, CJICAOBATCIIbHO UCKOMasd BEPOSATHOCTb paBHA
P=Cg,/C.,=(95-94-93)/(100-99-98)=0.86
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3agaya 6. B nexy paboTaror 6 My>x4HH U 4 KeHIMHBI. B cMeHy oToOpasnu moapsia 7 4eIoBeK U3
10. KakoBa BEpOSITHOCTb TOT'0, CKOJIbKO JKEHITUH U MYXKYHMH ITONIAAYT B CMEHY?

3agauya 7. Ha kaxx/10if U3 BOCbMU KapTOUYEK HareyaTaHbl OYKBHI C, b, B, 3, 4, B, V,4. KapTouku
IIepEeBEPHYTHI U niepeMelianbl. KakoBa BEpOSTHOCTb, UTO, B35IB 5 U3 HUX, MOKHO IOJIYYUTh CIOBO «
CBSA3b»?

3agaua 8. B naptuu u3 20 usgenuii uetsipe OpakoBaHHBIX. HaiiTu BEpOATHOCTH TOTO, UTO CPEAU
TISITH B3SITBIX HAYTaJ] U3/IEIUNA OKaKeTCsl 1Ba OpakoBaHHBIX.(coObITHE B).

3agauya 9. HabGupast Homep Tenedona, aboHEHT 3a0bLT OCIEAHIO TPy U HAOpall ee Hayra.
HaiiTu BepossTHOCTH TOTO, YTO HOMEp HaOpaH MpaBUIIbHO. PemnTh 3aauy 1uisl ciy4yaes, €cliu
nocJieHss Edpa HoMepa a) 4yeTHas; 0) He Ooee 6.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.

Kpurtepun onenku:

Ouenka '"oTiuM4HO'  BBICTABIsAETCA, €CIM paboTa BBHINOJHEHA B TIOJHOM O00BEME C
coONroIcHHEeM HEO0XOAMMOM MOCIEA0BATEIbHOCTH JEMCTBHI; B OTBETE NPAaBUIBLHO M aKKypaTHO
BBITIOJTHEHBI BCE 3aITUCH U BBIUMCIICHUSI.

Ounenka ''Xopomo' BBICTaBISIETCS, €CIU BBINOJHEHBl TPeOOBaHMUS K OLIEHKE "OTJIMYHO", HO
JIOTMYILIEHBI 2-3 HeoYeTa.

Ouenka '"y10BJIETBOPUTEJIBLHO' BBICTABISACTCSA, €CIM paboTa BHITIOJIHEHA HE TOJIHOCTHIO, HO
00BEM BBIMIOJTHEHHOW YaCTH TAKOB, YTO TMO3BOJIAET MOJTYYHTHh MPABUIBHBIC PE3yIbTAaThl M BHIBOJBI; B
X0/J1e TIPOBEACHUS PaOOTHI OBLIH JOMYIICHBI OIITHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO' BBICTABIISETCS, €CITH pa0OTa BRITMIOJHEHA HE TIOJIHOCTHIO UITH
00BEM BBINOJIHEHHOH YacTH pabOThl HE MO3BOJISET CENaTh MPAaBUIbHBIX BBIBOJIOB.

Pa3znes 4 DiieMeHThI TEOPUH BEPOSITHOCTEH I MAaTEeMATUYeCKON CTATUCTUKH

IIpakTuyeckoe 3ansaTue Ne 23
Peurenue 3a1a4 Ha BbIYMC/IeHHE BEPOSTHOCTH € MCNIOJb30BAHUEM 3J1€eMEHTOB KOMOMHATOPUKH

Heab: HayunThcs HAXOAUTH BEPOSITHOCTH COOBITHH, HCTIONB3Ys (POPMYIIbI KOMOMHATOPHKH.

BbinosineHne padoThl cnoco0CTBYET (POPMUPOBAHUIO:

I1K 2.2. PazpabaTbiBaTh JOKYMEHTAIIUIO 110 SKCIUTyaTaI[dU JICKTPUUECKOTO U
AIIEKTPOMEXAHUYECKOTO 000PYAOBAHHUSL.

OK 01 Bei6upatp criocoObl pemieHust 3aaa4 mpoGecCHoOHAIBHON JeATETbHOCTH PUMEHHUTEILHO
K Pa3JIM4HbIM KOHTEKCTaM.

OK 02 Hcnosip30BaTh COBpEMEHHBIE CPEACTBA MOMCKA, HHTEPIpEeTalnu HHpopMaIuu, u
nH(OPMALMOHHBIE TEXHOJIOTUHU AJIsl BBITIOJTHEHUS 3a/1a4 MPOPECCUOHANBHOMN 1eATEIbHOCTH.

MarepuajibHoe obecniedenue: VHIuBYyanbHbIe 3aJaHNs], KOHCIIEKTHI JIEKIIUH.

3amanmue:

1. ToroBsich K JOKIaay, CTyJCHT BBIIUCAT U3 KHUTHM LIUTATy, HO, 3a0bIB HOMEp CTpaHUIIbI, Ha
KOTOpO# OHa HaXOAWJIAaCh, HaNKcal HOMep Hayaaudy. KakoBa BEpOSITHOCTh TOTO, YTO CTYAEHT 3alHCall
HY)KHBIIl HOMED, €CJIM OH IOMHUT, YTO HOMEP BBIPa)KA€TCs JBY3HAUYHBIM YHCIOM?

2. B smuke 15 neraneit, cpeau kotopbix 10 okpamiensl. COOpLIMK Hayznady BbIOpa 3 jeTaiu.
KakoBa BEpOSTHOCTH TOI'0.4TO BHIOpaHHBIE JETAIM OKa3aJMCh OKpalleHHbIMU?

3. Nmeercs 8 xaprouek. OJjHa CTOpPOHA KaKJOW M3 HUX YUCTas, a Ha JAPYrod HamMcaHbl OYKBBI
JOWPJJL, AJH,3,I1. KapTouku KimaayT Ha CTOJ YMCTOM CTOPOHOW BBEpX, NMEPEMENIMBAIOT, a 3aTEM
MIOCJIEOBATENPHO  OJHY 3a Jpyrod mepeBopaunBaroT. KakoBa  BEpOSTHOCTb  TOTO.NpU
MOCIIeI0BaTeIbHOM MOsIBIEHUH OykB Oyner coctasieH cioBo [IPA3/THUK?
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Kpartkue Teopernyeckue cBeIeHHUS:

BeposiTHOCTBIO COOBITHSI A Ha3bIBACTCS OTHOLICHWE 4YHCIA M CiIydaeB, OJaronpusTCTBYIOMIUX
€ro MOSBIICHHUIO, K OOIIEeMYy YMCIIy BCEX HECOBMECTHBIX PaBHOBO3MOXKHBIX W 00pa3yIOLIMX MOJHYIO
rpynny coObiThif. Takoe omnpeneneHHe BEpOSTHOCTH — HA3bIBAIOT KJIAcCHYECKUM. BeposTHOCTH

m
coObITHs 0603Hauaercs P(A) u Beruucnsercs no gopmyine: P(A) = —

BepositHOCTh TOsIBJIEHHS COOBITHS 3aKiIoueHa B mpenenax oT 0go 1: 0 = P(4A) = 1

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. Omnpenenute coObITHE A, BEPOITHOCTH KOTOPOTO HYKHO BBIYUCIIUTH.

2. IlpocuuTaiite obmiee yrcao(N) BO3MOXKHBIX HCXOIOB.

3. IlpocuuTaiite 4YUCIO UCXOM0B(M), OIATONPUATCTBYIOIINX HACTYIUICHUIO COOBITHS A.

4. Ucnonb3yiiTe ¢GopMyly  JUid BBIYUCIEHUS BEPOSITHOCTH  ONPEAENEHHOTO COOBITHUS.
P(4) = %

1.Habupas Homep tenedoHa, aboHeHT 3a0bu1 nocnenHue 3 nudpel 1 Habpasl X Haynady, HOMHS
. 9TO OHM pa3nn4Hbl. Haiinre BEpOSTHOCTD TOTO, YTO HAOpaHBI HYXKHBIE U (PHI.

Pemrenne.

1. CoOwitne A-«HOMEp HaOpaH BEPHOY.

2. UYwmcno n-o0iee 9MCII0 HCXOI0B UCTIBITAHUS TTOJTYdUM, BOCIIOJIb30BaBIIMCH ()OPMYIIaMU
koMOuHaTopuku. Beero umeercs 10 nudp, T.e.. 4uciao 31neMeHToB paBHO 10; B Kaxka0e COeAMHEHNE
BXOJUT 1O 3 uudpsl; mopsaIoK HUPp(3JIEMEHTOB) CyLIECTBEHEH MpU HAbope HOMepa, 3HAUUT, HY>KHO

. o im! 78510
HaiiTH 4mcyIo pasMemernnii u3 10 s1eMenToB 1o 3 mo opmynedd, = MZTZDO' Uraxk,
n=720

3. Ywmcmo m=1, T.K. TOJIBKO OJIMH HA0OP U3 TPEX UPP SBISETCS HYKHBIM.

1
4. P(a) = % ~ 720

2.3 ypHBI, B KOTOpo# HaxoasaTcs 12 Oenbix U 8 4€pHBIX IIapOB, BRIHUMAIOT HayAady JBa Imapa.
KakoBa BeposiTHOCTh TOTO, YTO 00a mapa OKaXyTcst YEpHBIMU?

Pewrenue.

1. CoOwiTHe A-«00a mapa OKaKyTCsS YEPHBIMIY.

2. Yucno n-obuiee YUCIO UCXOA0B UCHBITAHUS TOTYYHM, BOCIOJIH30BaBIIUCH (POPMYITaMHU

koMOuHaTopuku. OOIIee YHCIO BO3MOXXHBIX CIIydaeB N paBHO 4YMCITy codeTaHui u3 20
20 20! _20-15-18!
e —— =190.
2i20-23 218! 1-2-18!
3. Ywcno cimygaeB M, GIaronpusATCTBYIOIIMX COOBITUIO A, paBHO YUCITY COYCTAaHHH H3 8

snemenToB ( 12+8) mo xBa: n=C3, =

7 _ _ 8 _878! _
aneMeHTOB ( 8 "YepHBIX mapoB ) mo aBa: n= Cg = $—Te—m—28

4. p(A)="=2=2E ~o0,147
n 150

2.Ha MATH KapTouykax pa3pe3Hoil a30yku Hamucanbl OykBel A,3,K,O,.M. Kaprouku
MePEeMEIIMBAIOTCA U HAyTaJl pacKiaapiBatoTcs B psal. KakoBa BEposATHOCTH TOTO. YUTO MOITYUUTCS CIIOBO
3AMOK ?

Pemenue.

1. Cob6brtne A-«nomyantcst cmoBo 3AMOKY.

2. Yucno n-o0Iiee 4YMCIO MCXOJOB UCHBITAHUS IMONYYUM, BOCIOJB30BABIIUCH (POPMYTAMH
koMOuHaTOpuKu. OOImee dYHUCIO BO3MOXKHBIX CIydyaeB N pPaBHO YHCIY MEPECTAHOBOK U3 5
aneMeHToB(OykB): N=FP; = 5!=5-4- 3 -2 - 1=120.

3. UYucno coyyaeB M, OIaronpusiTCTBYIOLMIUX COOBITHIO A, paBHO 1, T.K. TpeOyeTcs COCTaBUTh
CIIOBO ¢ OyKBaMU, paCCTaBJICHHBIMH B OMPENICTIEHHOM MOPSAKE. A 3TH OYKBBI Pa3IMYHBL

1
4. P(4) = % ~ 120
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3amaun ¢ mpodeccnoHaILHOM HAMPaBICHHOCTHIO.
3anaua 1. Ha cknan noctynuinu anektpoytioru, 80 % ¢ nepBoro 3aBoja u 20 % co BToporo.
Cpenu ipoaykmuu mepBoro 3aBoaa 90 % BBIIEPKUBAIOT TApaHTUIHBINA CPOK, CO BTOPOTO 3aBoaa- 95
%. KakoBa BEpOSITHOCTb, YTO B3SITbIM HAayraJl Co CKJIaJa yTIOT BbIACPKUBAET FrapaHTUHHBIN CPOK?
KakoBa BeposiTHOCTB, UTO YTIOT C IEPBOTO 3aBOJIA?

Pemenne:

P (A1) =0,8- BeposiTHOCTB, YTO YTIOT MOCTYIHJI Ha CKJIAJI C IEPBOTO 3aBOJIA.

P (A2) =0,2- co BTOpOTO.

Ycnoabie BeposTHOCTU P a1(B) =0,9 u Pa2(B) =0,95- uto yTIOT BBIIEPKUT rapaHTUHHBIH CPOK
C IIEPBOT0 3aBOJA U CO BTOPOTO.

1) TlonHast BEpOSITHOCTD, YTO OH IIPOCTYKHUT OMPENIEICHHOE BPEMSI, HE3aBUCUMO C KaKOTO OH
3aBoja paBHa P(B)=P(A1)-Pa1(B)+P(A2)-Pa2(B)=0,8-0,9+0,2-0,95=0,91  2)BeposTHOCTb, YTO yTIOT
C TIEpBOTO 3aBOJa paBHA

Ps(A1)=P(A1)-Pa1(B)/P(B)=0,8-0,9/0,91=0,79

3agaua 2. ABTOMAT IITaMITYeT JIeTaau. BeposTHOCTh TOTO, YTO 3a OJIHY CMEHY He OyJieT
M3TrOTOBJIEHO HU OJTHOM HecTaHAapTHOM Aetanu, paBHa 0,9. KakoBa BeposTHOCTB TOTO, 4TO OyayT
CTaHJAPTHBIMU BCE JIETAIH, U3TOTOBJISIEMbIE 32 TPU CMEHBI?

Pemenue: P(A)= 0,9 Ilo Teopeme 0 BEpOSATHOCTH HE3aBUCUMBIX COOBITUH,

P(B)=P(A)-P(A)-P(A)=0,9-0,9-0,9= 0,729

3apaua 3. Paguocranuus 1, 2,3 HE3aBUCUMO OJTHA OT APYroi MOCHUIAKOT MO OJHOM Mepenaye
panuocTtaniuu 4. BeposTHOCTH puemMa nepeaadyu paauoctaniuent 4 ot ctanuui 1, 2, 3
cootBeTcTBeHHO paBHbl P1=0,4, P,=0,5, P3=0,7. HaiiTu BeposTHOCTH TOTO, 4TO cTaHIuen 4 Oymer
MIpUHATA: a) TOJIBKO OJHA Mepenada; 0) XoTs Obl OJHA Mepenaya.

Pemenue: a) BeposTHOCTH TOTO, 4TO CTaHIMEH U OyAeT MPUHSTA TOJIBKO OJIHA TIepeaaya:
P(A)=P(A1A; A3)+P(A1A; A3) +P(AA; A3)=0,4-0,5-0,3+0,6-0,5-0,3+

+0,6:0,5-0,7=0,06+0,09+0,21=0,36

0) [Ipuem nepenaun paguocTannueit 4 or cranuuu 1, 2, 3- B3aMMHO He3aBUCHUMBIE cOObITHS. [1o
TEOPEME O BEPOSITHOCTH OCYLIECTBICHUS XOTs Obl OJIHOTO HE3aBUCHUMOIO COOBITHS, BEPOSITHOCTH TOTO,
YTO CTaHIMEH 4 OyJeT MpHUHATA XOTs OBl OJJHA TIepeaya:

P(A)=(1-P(A1))-(1-P(A2))-(1-P(As))=

1-(1-0,4)-(1-0,5)-(1-0,7)=1-0,6-0,5-0,3=

=1-0,09=0,91

dopma npeacTaBiieHUs pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurepun oueHku:

Onenka "orau4yHo" BBICTABJIICTCSA, €CIM paboTa BBIMOJHEHA B IIOJHOM O00BEME ¢
coOmoieHneM HeoOXOMMOM TOCE0BATEIbHOCTH JICUCTBUIN; B OTBETE MNMPABUIBHO MU aKKYPaTHO
BBIIIOJIHEHBI BCE 3aIIMCH M BEIYMCIICHU.

Ouenka '"'Xopomo' BBICTABIISICTCS, €CIM BBIOJIHCHBI TPeOOBaHMS K OIleHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeAoYeTa.

Ounenka "y10BJ1eTBOPUTEIBHO' BHICTABISIETCS, €CIM paboTa BBIMOJHEHA HE IMOJHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTH TaKOB, YTO TMO3BOJISET MOIYYUTh MPABUIbHBIC PE3YIbTATHl U BHIBOJIBI; B
X0/JIe MPOBeACHUS PabOThl OBLIN TOMYIIEHBI OUTHOKH.

Ouenka ""Hey/10BJIETBOPUTEIBHO' BBICTABISETCS, €CITU padOTa BHITIOJHEHA HE MOJHOCTHIO HIIH
00BEM BBITIOIHEHHOH YacTH paObOThI HE TIO3BOJISIET ClIENaTh MPaBUIbHBIX BHIBOJIOB.

Pa3nesn 4 DiieMeHTHI TeOPHH BEPOATHOCTEH 1 MAaTEeMATHYECKOM CTATHCTHKH

IIpakTuyeckoe 3ansaTue Ne 24
Ymnc/i0Bble XapaAKTEPUCTUKHU BbIOOPKH
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Iean: PaccMoTpeTh OTEBHBIE TPUMEPHI, XapaKTePHbIE 11 BRIOOPOYHOTO METO/A.

BreinosiHenne padoTsl ciocodcTBYeT (hopMHPOBaAHHIO:
1K 2.2. PazpabaTbIiBaTh TOKYMEHTALMIO IO AKCILTyaTallUU IIEKTPUYECKOTO U
JIEKTPOMEXAHMUECKOT0 000pyI0BaHHU.

OK 01 Bri6upats criocoObl penieHust 3a1a4 IpopecCHOHATBHOMN eI TeTbHOCTH IPUMEHUTEIBHO

K Pa3JINYHBIM KOHTEKCTaM.
OK 02 Hcnonp30BaTh COBPEMEHHBIE CPEJICTBA IIOUCKA, HHTEPIIPETALIUN HHPOPMALIUU, U
WH(GOPMAIIMOHHBIE TEXHOJIOTUH JUIS BHITIOJHEHHS 33124 PO (PECCHOHATIBHOMN e TEITbHOCTH.
MatepuajibHoe o0ecnieyenue: HIUBUya bHBIE 3a1aHUS, KOHCTICKTHI JICKITH.
3ananmue:

1. Ha snexTpocTaHIiuy MpOBEAEH 3aMep HaNpsHKEHHS B pa3HOE BPEMS CYTOK:

ul 2| 4] 7] 8] 9|1
| p2 | 2m | e | P2 | s | 3ps

HOCTpOI\/’ITe IMMOJIMTOH YaCTOT U IMOJIMT'OH OTHOCHUTCIIBHBIX YaCTOT 110 3TOMY pacCrpeaciCHUIO.

2. Ha mpOMBIIIEHHOM TIOICTAHIIMH ITPOBOIMIIOCH HAOIIOIeHHE 3a HanpshDKeHUueM. [lorydeHsr

CICOYIOIINE MHTCPBAJIbI HAITPSOKCHUA U YaCTOThI UX ITOSBJICHHS

Ne Unrepsau, Cymma gacToT
WHTEpBaja Xi — Xi g BapuaHT I;Ii{TepBana,

3—5 P

2 5-7 2

3 =9 3ps

4 9-11 p?

S 11-13 2p5

6 13-15 3p?

7 15-17 D1+

[TocTpoiiTe rUCTOrpaMMBbI YaCTOT U OTHOCHTEIIBHBIX YACTOT IO PACHPE/ICIICHHUIO BRIOOPKHU:
3. ImeeTcs reHepaTop HAINPsIKEHUS, KOTOPHIN BbIAACT 3HAYCHHS HANPSDKCHUS C M3BECTHOM
YJaCTOTOMU:

U 5 10 15 20 25 30 35,
LZZZ P1 3p1 p2 2p2 p; 2ps3 2p;

Haiigute IFCHCPAJIbHYIO CPECAHIOI0, TCHCPAJIBHYIO JUCIICPCUTO, TCHECPAJIBHOC CTAHIApTHOC
OTKJIOHCHHUEC, MOy, MCJINAHY U pa3Max.
4, HpOI/IBBeI[eHLI 3aMEpbI CHUJIBI TOKA B IICTIN. HOJ'Iy‘{eHLI CICOYOIINEC 3HAYCHUS .

1| 2 | 4 | 6 | 8 | 10] 12 | 14
2

ni| P2 |2pz\ P | P | P3 ] 2p3 ]pz+p3
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Haiitu BEIOOpOUYHYIO CPEIHIO0 BEIOOPOYHBIE JUCTIEPCUIO M CTAaHAAPTHOE OTKJIIOHEHHE.
OOparute BHMMaHHE: P1= uuciy OykB B Bariem umenu; p,= umciy OykB B Bameit pamunuu; p3 =
yrcay OykB B uMeHH Barrero otua.

Ilopsinok BbINOIHEHHS PadOTHI:

1 TIpounTaB ycinoBue NpeAOKEHHON 3a/1a4H , 10 KOHCIIEKTY JIEKLIIUN HAalauTe
COOTBETCTBYIOIIKE (POPMYJIBI.

2.IlpuMeHunTE TEKUUOHHBIA TEOPETUUYECKUHN MaTeprall JUIsl pEeLIeHUs] KayKJIOW 3aJauu.

3 B ciyyae HE0OXOAUMOCTH TPEACTABUTH TEOMETPUUYECKYIO HHTEPIIPETALIUIO YUCIOBBIX
XapaKTEPUCTUK. BBIOOPKHU.

1. 3amano pacmnpeesieHue 9acTOT BRIOOPKH:
xi| 2] 6]12]15
nn| 3|10 7] 5

CocTaBuTh pacnpeesieHne OTHOCUTENIFHBIX YacTOT.
Omnpenenum cHavasia 00beM BBIOOPKHU:
n=34+104+7+5 =25,

. n
Haiinem oTHOCHTENBHBIE YAaCTOTHI IO (hopMyse W, = —:
n

w1=2_'°;=0,12; w2=%=0,40;wg=2—75_)=0,28;w4 =2—55=0120-

CnemoBaTeabHO,
xi | 2 | 6 | 12 ] 15
w; | 012 ] 0,40 0,28 | 0,20
KonTposb: 0,12+0,40+0,28+0,20=1.
2. Ilo pe3ynpraTraM npumMepa | MOCTPOUTH MOJTUTOHBI YACTOT U OTHOCUTEIIBHBIX YaCTOT.

Pemenne. OtoOpa3uB HA MJIOCKOCTH TOYKH C KOOPIMHATAMH (Xi ,ni) 1 COEINHUB UX
OTpE3KaMH, MOJTYIHM TIOJIUTOH YacTOT:

N

10 oo

AHaJOrNYHO OCTPOUM HOJIUTOH IO TOYKaMm (X;,W,):

Wi

0,40 P

0,28

0,20

0,12

2 6 12 15 Xi
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3.IlocrpoiiTe TUCTOrpaMMy TIO CIIEYIOLIEMY CTaTUCTHIECKOMY pacipe/IClICHHUIO:

WurepBan Cymma yactoT
Ne nnrTepBana JUIMHOM BApUAHT

h=5 Nj
1 5-10 4
2 10-15 6
3 15-20 16
4 20— 25 36
5 25—-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexe Bcero, onpenennm 00beM BEIOOPKHU:

n=4+64+16+36+24+104+4 =100,
[1o n3BECTHBIM CyMMaM 4acTOT BapUAHT PACCYUTAEM IUIOTHOCTh YACTOTHI 110 HHTEPBAIaM:

Ne I110THOCTE 9aCTOTHI No II10THOCTE YaCTOTHI
WHTEpBaja % WHTEpBaja %
1 0,2 5 4,8
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2
N3006pa3um nosydeHHbIN pe3yabTaT:
N;
h
7
6
5
4
3
2
1
— 1 .
5 10 15 20 25 30 35 40 X

4. HaiimuTe cTaTUCTHYECKUE OLICHKH T'eHEPaTbHOM COBOKYITHOCTH, 3aJaHHON CIIETYIOIIUM

BapHallMOHHbIM PAOOM:

BapHaHTa X |

| 5 |

gactorta N;

2
8 |

Pemenue. Onpenenum 00beM COBOKYITHOCTH:
N =8+9+10+3=30.

Haitnem renepanbHyro CpeHIO:
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~8:2+9-4+10-5+3-6
g 30
JU1st BBIYKCIICHHS TEHEPAILHON AUCIIEPCUU MCTIONb3YeM GOpMYILY o _x7 (%, F Ornpenenum

X 4:

CPpCOHIOIO KBAJIPaTOB:
X7 - 8-2°+9-4°+10-5* +3.6°
r 30
Takum O6pa3OM, D, =178-4?=18.

=178"

['enepanbHOE CTaHAAPTHOE OTKIOHEHHUE: & = /D, =18 =134-

OOBIYHO TOJYYEHHBIX PE3yIbTAaTOB JOCTATOYHO LIS MPAKTHYECKUX 3a1a4. OJHAaKO MOXKHO
MOJIYYUTh JOTIOJTHUTEIbHBIC XapaKTEPUCTUKH I 00JI€€ TOHKOM OIEHKH I'eHepaIbHOM COBOKYITHOCTH.
[IpuBenem ux:

Mopga Mo : HauOoJIbIIas 4acToTa

Mo =10"
Menuana Me: BapuallMOHHBIN PsJl JETUTCS MOTIOJIaM B TOUKE

Me = 4,5-
Pa3zmax Bapuanuu R: B mpumepe
Xiax = 6 Xmin =21
MO3TOMY
R=6-2=4.

5. U3 renepanbHON COBOKYITHOCTH M3BJI€YEHA BBIOOpKA

Haiimure cTaTucTHyeckre XapaKTepUCTUKU BEIOOPKH.
Pemenne. Onpenenum 00beM BEIOOPKHU:
n=92+94 +103 +105 +106 =500 .
Bri6opounas cpemnsis:
> 92-1+94-2+103-3+105-4+106 -5

Xp = ~182.
B 500

OnpenenuM CpeaHIO KBaIpaToOB:
“7 9217 4+94.2% +103-3% +105 - 42 +106 - 52

X2 =11,45.
500

Brei6opouHnas aucrepcus:
Dy = X2 —(X, f =1145-182? =814.
BLI6OpOLIHOC CTaHAAPTHOC OTKIIOHCHHUC!

oy =+/814 = 2,85.

dopma npeacTaBieHus pe3yJbTaTa: BBIIOJIHEHHAs paboTa.

Kpurepum oueHku:

Ounenka '"oTaM4HO'"  BBICTAaBIISETCS, €CIM paboTa BBHIIOJHEHa B TMOJHOM 00bEME C
coOnroieHneM HEOO0XOJAUMOM TOCIEA0BATEIBHOCTH JCHCTBHI; B OTBETE MPAaBUIBLHO M aKKypaTHO
BBIIIOJIHECHBI BCE 3aIIMCH M BEIYHCIICHUS.

Ouenka '"Xopouo'" BBICTaBISETCS, €CIU BBIOJHEHBI TPeOOBaHHS K OILEHKE "OTIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "y10BJ1eTBOPUTEIBLHO' BBICTABISIETCS, €CIM paboTa BBIMOJHEHA HE IMOJHOCTBIO, HO
00BEM BBITIOJTHEHHON YacTH TAaKOB, YTO TO3BOJSET MOJIYYUTh MPaBUIbHBIC PE3YNbTAaThl U BHIBOJBI; B
X0JIe MPOBEACHUS PabOThI OBLITN IOMYIIEHBI OITHOKH.
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OneHka ""Hey/10BJIETBOPUTEIbHO' BBICTABIISIETCS, €CITU padOTa BHITIOJHEHA HE MTOJTHOCTHIO HITH
00BEM BBITMIOJTHEHHOH YacTH paOOThI HE TIO3BOJISET CIEIATh MPABUIBHBIX BHIBOIOB.
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