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1 BBEJAEHUE

BaxHylo 4YacTb TeOpeTHYecKO ¥  mpodecCHOHATBHOM MPAKTUYECKOH  IMOATOTOBKH
00y4aromuxcsi COCTABIISIOT MPAKTUYESCKUE 3aHATHSL.
CocraB U coaepxaHHe NPAKTHUUECKUX 3aHATUN HallpaBiIeHbl Ha peanusanuio PenepajibHOrO
rOCyJapCTBEHHOTO 00pa30BaTEIBHOTO CTaHAAPTA CPEAHEro MPOPECCHOHATHFHOTO 00pa30BaHHUS.
Benymielt qunakTuyeckod Lenbl0 NPAaKTHMUECKUX 3aHATUM sBIsEeTCS (OpMUpOBaHHME Y4EOHBIX
[IPaKTUYECKUX YMEHMM (yMEHUH pemarh 3aJadyd [0 MaTeMaTHKEe, B TOM 4MCIE MPHUKIAIHOTO
Xapakrepa), He0OOX0JUMBIX B IOCIEAYIONIEH yueOHO! 1eTeIbHOCTH.
B coortBerctBHM ¢ paboueld mporpamMmol y4eOHOW ~AMCHUIUIMHBI  «MaremaTtuka»
IIPEyCMOTPEHO IPOBEACHHUE MPAKTUUECKUX 3aHATUH.
B pe3ynbpraTe X BBIIOJIHEHUS, 00y4atOLUNCs JOIDKEH:
ymemb.
— BBINIOJIHATH AEUCTBUS HaJl KOMIIJIEKCHBIMU YHCIIaMU;
— BBIYMCIISATh 3HAYEHHSI TEOMETPUUECKUX BEJINYMH;
—  pemiartb 3a/1a4d Ha BHIYHCIICHHE BEPOSITHOCTH C UCIOJIb30BAHNUEM 3JIEMEHTOB KOMOMHATOPHUKY;
—  pemarb MpHUKJIAaJHBIE 3aJaud C MCIOJIb30BAaHUEM JJIEMEHTOB JAU(PepeHIuaIbHOTO U
MHTETrpajbHOI0 UCUUCIICHHH;
—  pemiath CUCTEMbl JTUHEHHBIX YPaBHEHUN pa3IMUHBIMU METOIaMU;
— MIPOU3BOIUTH AEUCTBUS HAJ MATPUIIAMH U OTIPEIETUTENIMU
ConeprkaHre TPAKTUUECKUX padOT OpPUEHTHPOBAHO HA TOATOTOBKY CTYAEHTOB K OCBOEHHIO
MPO(ECCHOHATEHOTO  MOJYJII  OCHOBHOW  TIPOGECCHOHATFHONM — O0pa3oBaTENIbHOM  MPOTPaMMBI 110
CMELMATBHOCTH U OBJIAICHUIO MPOGECCHOHATEHBIMU KOMIIETEHIUSIMU:
I[IK 2.2. Pa3pabarbiBaTh  JOKYMEHTAI[MI0 MO  JKCIUIyaTallUM  3JEKTPUYECKOTO U
AIIEKTPOMEXAHUYECKOTO 000PYAOBaHHUS.
OK 01 BriOupate  cmocoObl  pemieHust  3amad  IpPO(ECCHOHATBHON — JIESTETBHOCTH
IIPUMEHUTEIBHO K Pa3JIMYHBIM KOHTEKCTaM.
OK 02 Hcmonb3oBaTh COBPEMEHHBIE CpEICTBAa TOWCKA, HWHTEpHpeTanuu uHpOpManuu, u
MH(GOPMALMOHHbIE TEXHOJIOTUH JUIs BBINOJIHEHH 3a/1a4 IPO(ECCUOHATIbHON 1A TEIbHOCTH.
BeinonHeHne cTyaeHTaMH MpakTHUYecKUX paboT mo ydeOHoM aucuuiuinHe «MaTteMaThukay
HaIIPABJICHO Ha:
- o0o01ieHue, cUcTeMaTU3aluio, YrilyOleHue, 3akpelvieHHe, pa3BUTHE U JeTalIN3alMio
MOJIy4EHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM JUCLUIUIMHBL,
- (dbopMupoBaHHe YMEHUH NPUMEHSTH MOJyYEHHbIE 3HAHUS Ha MPAKTUKE, pealu3alHio eUHCTBA
MHTEJUIEKTYaJIbHOM U IPAaKTUYECKON JEATEIbHOCTH;
—  BbIpabOTKY IpHU PELICHUM MTOCTABJIEHHBIX 337a4 NPO(EeCCHOHATBHO 3HAYMMBbIX KaueCTB, TAKUX
KaK CaMOCTOSITEJIbHOCTh, OTBETCTBEHHOCTb, TOUHOCTh, TBOPYECKAsi MHULIMATUBA.
[IpakTuyeckue 3aHATHSA TMPOBOAATCS IOCIE COOTBETCTBYIOLIEH TEMbl, KOTOpas OOecreurBaeT
HaJIM4Ke 3HAHUH, HEOOXOIUMBIX JUIs €€ BBIIIOJIHEHMSI.



2 METOANYECKUE YKA3AHUSA

Tema 1.1. Anredpandeckasi GopmMa KOMILIEKCHOTO Y CJIa
IIpakTnueckoe 3ansitue Ne 1
JeiicTBUS HAJl KOMILIEKCHBIMM YUCJIaMHU B ajiredpandeckoii ¢popme.

He.]'lb paﬁOTbI: HAaY4YUTBHCA BBIIIOJIHATH IleflCTBHSI Haa KOMIIIICKCHBIMH YHCIIaMH, 3allMCAHHBIMHU B
anredbpanveckoit popme.

Boinosnus padorty, Bl Oyaere:

YMETh:

VYo 01.03 onpenensaTs STanbl pemeHus 3a1a49u;

V1 BBEINOJTHATE JIEHCTBUS HaAJl KOMIUIEKCHBIMH YHCIIaMU,

MarepuanbHoe o0ecrieyeHnme:
NunpuBunyanbsHbIE 3a1aHUSA, KOHCIIEKTHI JIEKIIUNA

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

2. Jlansl koMIutekcHbIe uncina : z1=(-3;-5), 2,=(-7,2;7,2), 23=(2;6).
3anucaTh 3TH YKClia B anredpandeckoit opme.

1. Brrancnurs:
1) 21+ 22;

2) Z - 23,

3) /73

4) 2o * 23;

5) 215.

2. Beraucnaurs:
i
-2 1+3i

IMopsinok BbINOJIHEHHSI PA0OTHI:
1. 3anumnTe KOMIUIEKCHBIE YnCia B airedpandeckoit popme z = a + bi
2. BopmonnuTe AeicTBHUS HaJ KOMIUIEKCHBIMU 4YHCIaMUd B anreOpanueckoil Qopme, HCHONb3Ys
hopmyIbI:
Z1+ 2z, = (a1 + az) + (bl + bz)l
21— 7, = (a — ay) + (by = by);

zy - z; = (aya; — byby) + (a1by + ayby)i;

Z1 ajaz+bib; azbi—a1iby .

Z2 a% +b% a% +b%
Xoa pa0doThi:

1. Jlausl komIuiekcHble uncna : z;=(7;1), z,=(-1,5;1,5), zs=(4;-3).
3amucath 9TH YKCiIa B anredpandeckoit hopme.
Pemenue:
T.k. anrebpandeckast hopmMa KOMIZIEKCHOTO YMCIia UMEET BUJL Z=X+IiYy, TO

z,=7T+i; z,=-15+15i; z;=4-3i
2. BeimonmHUTE IeiCTBUS B anredbpandeckoit opme:
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1) 23+ zy;
2) 72- 13
3) Zl/Zg;
4) Zr * 73,
5) 215.

Pemrenue:

z1+2,=(7-15)+ (1 +1,5)i =55+ 2,5i;

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

z1 7+i (7+0)(4+30) 28+4i+21i+3i>  28+25(—3  25+25i

Z - 43 - (4-30)(4+30) - 16—9i% - 16+9 - 25

zy+ 23 = (=1,5 + 1,5i) (4 — 3i) = —6 + 4,5i + 6i — 4,5{* = —6 + 10,5 + 4,5 = —1,5 + 10,5iz] = (7 +i)°

=((7+0D5%(7+) =49+ 14i+ D*(7 + i) = (48 + 14D)*(7 + 1)
= (2304 + 1344i + 196i%)(7 + i) = (2304 + 1344i — 196) (7 + i) = (2108 + 1344i)(7 + i)
= 13412 + 11516i

3. BeruncauTs:

=1+1i

1+3i 4-51

—5t -1

i-3 1+3i

Pewenue:

L3 4250 oo o

i-3 1+3i

1) 1+3i_ (1+30)(-3-i) _ —3-i-9i-3i* -10i T
i-3  (3+i)(3-i) (B3?-i’ 10

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

: : : = =-11-17i
1+3i  (1+3i)1-3i) 1-(3i)? 10

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

®opma npeacTaBiieHUs pe3yJbTaTa: BbIIOJIHEHHAs padoTa.
Kpurepun oueHku:

3a NpaBWIBHBIA OTBET HA BOIPOCHI WJIM BEPHOE PEIICHUE 3aJ1a4M BBICTABIIACTCSA IOJIOKHUTEIbHAS
oreHka — 1 6aur.

3a He MpaBWIBHBIM OTBET Ha BOIIPOCHI MJIM HEBEPHOE PEIICHUE 3a7aUl BBICTABIISICTCS OTPHIIATCIIbHAS
onenka — 0 6ayUIoB.

KayecTBeHHast  oOlLleHKa  WHAMBHUIYAJIbHBIX
Hpouent 00pa30BaTENIbHBIX TOCTUKEHUIN
pe3yabTaTUBHOCTU o }
(MIpaBUIBHBIX OTBETOB) (oTMeTKa) BepOaIbHBIN aHAIOT
90 =100 5 OTJINYHO
80 + &9 4 XOPOIIO
60 =79 3 YIOBJIETBOPUTEIBHO
meHee 60 2 HE yJIOBJIETBOPUTEIILHO

Tema 1.2. Tpuronomerpudeckasi ¢opMa KOMILIEKCHOI0 YHCJIA



IIpakTnueckoe 3ansTue Ne 2
JelcTBHSA HAJl KOMIUICKCHBIMM YHCJIAaMH B TPUTOHOMETPHYECKOil (popme

Heas paGorbl: HayuuTbcs  BBINOJHATH  JIGWCTBUS  HAJ  KOMIUIEKCHBIMU — YHCIIaMU B
TPUTOHOMETPUYECKOU opme.

Boinosnus padorty, Bel Oyaere:

YMETh:

VYo 01.03 onpenensaTs STanbl pemeHus 3a1a49u;

Yo 01.02 ananu3upoBath 3a1a9y WK IpoOJIEeMy U BBIICIATh €€ COCTABHBIC YaCTH,
VY1 BBINONHATH ACHCTBHS HAI KOMILICKCHBIMHU YUCIAMH;

MarepuanbHoe obecniedenne: VHIuBHUIyabHBIC 3a/1aHUS, KOHCTICKTHI JIEKIIHI
3aganue:
1. Jlano: Tok B komIutekcHOU dopme 1=3-j4. HammcaTh ypaBHEHHE TOKA.

2. JlaHbl KOMIUICKCHBIE YHCIIa B TPUTOHOMETPUIECKOH hopme:

n , . T 3n ., . 3m
Z1=5 COS;-l-lSlTL; I/IZz=8 COS?+lSlTl?.

zZ
Beruucnure: z, - z,; =; 73 iz
1 2 1 2
Z1

3. BeITioyTHUTE IEHCTBUS U 3aIUIIIATE PE3YJIbTAT B aredpandeckoi Gpopme:

5t .. 5m 2 24(005750+isin 750)
a) (3 - (cos 4 +isin 4)) ) 3(cos 30%+isin 309)

Kpartkue Teoperuyeckue cBeleHUs:
Tpuronomerpuueckoil GpopmMoli KOMIUIEKCHBIX YUCEN HA3bIBAETCs 3alHCh UX B BHUIE: z =7 - (cosg +
ising).
[Ipn BBIMOTHEHWW [EHCTBHM HAJ KOMIUIGKCHBIMH YHCIaMH B TPUTOHOMETpHUYECKON (opme
HCIOJIb3YIOTCS Clenyromue GopMybl:
zq -52 = 77:1 -rz(cas(q)l + ‘/’2) + isin((p1 + (pz))
é = é(cos((p1 - (pz) + isin((p1 - (pz))
z" = r*(cosng + isin ng)
Jis u3BieyeHHs] KOpHS n-il CTENMEHU M3 KOMIUIEKCHOTO YHCiIa B TPUTOHOMETpUYECKOl (opme
z=r-(cos @+ising) ucmnonp3yercs popmyia :

w, = N+ (cos (’)Jf"k + isin W+j”k), e Vr. apumeTHueckuii kopens, k=0, 1, 2, ..., n-1,

IMopsinok BbINOJIHEHHSI PA0OTHI:

1. 3anuiuTe 3alaHHblE B TPUTOHOMETPUUECKOH GopMe umcIa.

2. Wcnonb3ys KOHCHEKT, BBIICHUTE, KAK BBITIONHAIOTCS JEHCTBUS HaJl KOMIUIEKCHBIMH YHCIaMH B
TPUTOHOMETPUUECKOH (opMe.

3. BhInosHUTE 3aaHHBIE ICHCTBHSL.

Xox pabdoThI:
BrimonHuTe 1eCTBUS U 3aMUIINTE PE3YNIbTAT B ajdredpanyeckoit popme:

6
1) (2- (cosz—z + isini—:)) =26 (cosz—z 6+ isinz—z : 6) = 64 (cos%ﬂ + isini—n) = 64 (—g - lg) =
—32v2 —32+2i
2)
24(cos75° +isin 75%) 24 1 3
( R 0) = — (cos(75° — 15°) + isin(75° — 15°) = 8(cos60° + isin60°) = 8| =+ i—
3(cos 15" +isin 157) 3 2 2

=4+ 4/3i
®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
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Kpurepun onenkn:

3a HpaBHHLHbeI OTBCT Ha BOIIPOCHI WJIM BCPHOC PCHICHHUC 3ala4d BBICTABJIACTCA ITOJOXUTCIIbHAA

oleHka — 1 Gamu.

3a He HpaBI/IJIBHBIﬁ OTBCT Ha BOIIPOCHI UJIM HCBCPHOC PCHICHUC 3a/Ja4X BBICTABJIACTCA OTPHULATCIIbHAA

orneuka — 0 6aIoB.

KagyecTBeHHast oOleHKa  WHAWBHIYAIbHBIX
Hpouenr 00pa30BaTENIbHBIX JOCTHUKEHHUM
pe3yabTaTUBHOCTH - :
(IpaBUIIBHBIX OTBETOB) (oTmerKa) BepOaIbHBINA aHaAJIOT
90 + 100 5) OTJIMYHO
80 + 89 4 XOPOIIO
60 + 79 3 YJIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 2.1. MaTpuubl 1 onpeaeJuTen
I[IpakTnueckoe 3ansiTue Ne 3
HeiicTBUS ¢ MAaTpULIAMU

Heﬂb paﬁoTbl: HAYYUTHECA BBIINIOJIHATH )I@ﬁCTBI/ISI Haa MaTpullaMi.

Bbinosinus patdory, Bel Oynere:
YMETb:

YO 01.03 onpenensars 3Tanbl pelICHNUS 3a/1a4U;
Y6 nmpou3BOAUTH ACHCTBUS HAJ MAaTPULIAMU U OTIPEACIIUTEIISIMU;

MarepuajbHoe obecnieuenue: VHIMBUyaIbHBIC 3aIaHUsI , YICOHUKH, KOHCTIEKTHI JICKITUH.

3aganue:

Onpepnenutes 3Havenue Toxkos I, I, I, I, I,, I, BO
BCeX LiensaX MeTOI0M KOHTYPHHX TOKOB,eC/IH
E,=308, E,=508,E,=408,E,=908,E.=208,E,=108,

R,=20Mm.

R,=50M

3\

1.Jlanbl MaTpuIpl :A = (_13 g) B = (g
Berunciure:A%2 — 3AB.

2. BbISICHHTB, ABIISIETCS MaTpuIa A~ = (

KpaTtkue TeopeTrnyeckue cBeeHH:

)

1

3

—2 ) . 2 3
5 2 | 0OpaTHOM K MaTpHUIE A = )
_z) 06p ™ ;2




Martpunieii Ha3pIBaeTCs NPSIMOYroJibHAs Tabnuia 4Ymceld. Marpuia 3amuchiBaeTcss B BHje: A =
a aiy... A1n
asq azy... Az,

An1 Ap2... Ann
JlencTBHA HAL MaTpULAMU:

1.Cnoxenue.
Oneparusi CJIOXKEHUS BBOJUTCS TOJIBKO ISl MATPUIl OJMHAKOBBIX pazMepoB. [lpu cioxxenun Marpuig
HX COOTBETCTBYIOLIME JIEMEHTBI CKJIAbIBAFOTCSI.
aig +byy ap + by g, + by,
A+B=C= azq + b21 az; + bzz aArpn + bZn
O bml A2 + me App + bmn
2.YMHOKEHHE Ha YUCJIO.
[Ipu yMHOKEHMU MAaTPHULIBI HA YHCIIO KaXK/IbIM €€ 2JIEMEHT YMHOKAETCS HA 3TO YUCIIO.
ka11 ka12 kaln
kA = ka21 kazz kazn
kaml kamZ kamn
3.YMHOXEeHHE MaTPHII.
Omneparusi YMHOKEHHMsSI MaTpUIl BBOJMTCS TOJBKO JUIS Clydas, KOTJa YHCIO CTOJOIOB IEepBOM
MAaTPHIbI PABHO YHCILY CTPOK BTOPOH.
YroObl HAWTH 3JEMEHT MATPHIIBI, CTOSAIIUN B I-TO¥ cTpoke B K-TOM CTOJIOLE, HY)KHO BBIYHCIIHTH
CyMMY MPOU3BEICHH 3JIEMEHTOB I-TO# CTPOKH MEPBOH MATPHUIBI HA COOTBETCTBYIOIIHE 3JIEMEHTHI K-
TOTO CTOJIOIA BTOPOH.

Ilopsiiok BbINOJIHEHHS PA0OTHI:

1. 3anumunTe 3agaHue.

2.  Ompenenure, Kakue NEHCTBHSA, W 1O KaKUM IMpaBHJIaM HEOOXOIMMO BBITOJHHUTE. [IpounTaiite
KOHCIIEKT.

3.  Bemousnure nefictus. [IpoBepbTe MpaBUIBHOCTD BHIYUCICHUH.

Xox padoThI:
1. Haiitu matpuny € = A% + 3AB, eciu
_(—2 3\.,_(5 -1

A_(1 _1)'3_(1 3)

a) Haiinem A, YMHOJKasi MATPHUILy camy Ha ce0st
2 (—2 3 ) (—2 3 ) ( 7 —9)
A = . =
1 -1 1 -1 -3 4
0) Haiimem marpuiry 34, yMHOKHB BCE JIEMEHTHI MaTpHIbl 4 Ha 3.
(=2 3\_ (-6 9
=307 5)=(3 )

1 -1 3 -3
B) Haiinem npoussenenue 3AB

_ (-6 9\ (5 —-1y_(-21 33
3AB = ( 3 —3) (1 3 ) - ( 12 —12)
r) Haiinem matpuiy C, ckaipIBasi COOTBETCTBYIOIINE AJIEMEHTHI

c=(5 (G =0 %)

2. Haiinem npousBenenue A- A u A7 - A:

wa=( YT 1= e

3

coan(THE D0 Y-

3
B cooTBeTcTBHU C ONPCACIICHUEM JAaHHBIC MaTPULBI ABJIAFOTCA B3aI/IMOO6paTHBIMI/I.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurepun onenkn:



33 HpaBHJ’IbHBIfI OTBCT Ha BOHpOCBI Nnin BepHOC pemeHI/Ie 3aJa4Yr BBICTABIIACTCA ITOJOXKHUTCIIbBHAA
oleHka — 1 Oami.

33 HC HpaBHJ’IBHBIfI OTBCT HA BOHpOCLI Nniin HeBepHOC pemeHI/Ie 3a4a4YU BBICTABJIACTCA OTpI/H_[aTeJ'IBHaSI
orenka — 0 0asIoB.

KagyecTBeHHast oOleHKa  WHAMBHIYAIbHBIX
Hpouent 00pa30BaTENIbHBIX JOCTHKEHUN
pe3yabTaTUBHOCTH - :
(IpaBUIIBHBIX OTBETOB) (oTmerKa) BepOaIbHBINA aHaAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIO
60 + 79 3 YJIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHHO

Tema 2.1. MaTpuusbl 1 onpeeuTe I
I[IpakTnueckoe 3ansitue Ne 4
Bblunciienue onpeaeaurTesiei

b padoThl: HAYYUTHCS BBIYUCISITH ONPEIACIIUTETN BTOPOTO U TPETHETO TTOPSIIKOB.
Bbinosinus patdory, Bel Oynere:

YMETh:

Yo 01.03 onpeieniTh STamnbl pemeHus 3a1a4u;

Y6 nmpou3BOAUTH ACUCTBUS HAJ MAaTPULIAMU U OTIPEACIIUTEIISIMU;

MarepuajbHoe obecniedeHne: WHIUBUTyaIbHbBIC 3a/IaHUs, YUeOHUKH, KOHCTIEKTHI JICKITUH.

3amanmue:
BBI‘H/ICJ'II/ITI) OHpCI[CJ'II/ITCJ'H/I:
3 & 3 3 -5 10 -2 1
1) |2 2| Al 1 2 3)|-15 5 -2
2 -1 7 3 -2 -1

KpaTkue TeopeTHYecKHe CBeJICHHS:
OnpesienuTeneM KBajpaTHOH MAaTPUII BTOPOTO TOpsIKA(OMpeneanTeeM BTOPOro MOPSAKA)
HA3BIBAETCS YHCIIO, PABHOE PA3HOCTH TIPOM3BEICHUH JJEMEHTOB IIABHOM JHArOHAIM M 3JIEMEHTOB
MOGOYHOM JMaroHaIN.
a bl
|a2 b,
OnpesienuTeneM KBajpaTHOH MATPUIIBI TPETHEro MOPSIKA(OMpEneanuTeeM TPEThEro MOPSAKa)
HA3BIBAETCS YHCIIO, PABHOE
a;; Qi Qg3
(21 G2 Q23| = aq10p2A33 + 412023031 + A1A32A13 — 13022031 — A12021 033 — A23032011
az; dzz ass

|=a1-b2—a2-b1

Ilopsinok BbINOJTHEHHS PadOTHI:
1 3anuIInTe ONPENEIUTEND, ONPENEIUTE KAKOTO OH MOpPsAKa.
2 Hcnonb3yst COOTBETCTBYIOIIEE ONPEICIEHUE, BBIYMCINTE 3HAUEHHUE ONPEACITUTENIS.

Xoa pa0doThi:
BoeruucnuTs onpenenurenu:

1) |§ _64|=2-6—3-(—4)=12+12=24
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5 -2 1
2) 3 1 —4/l=5-1-(-3)+(-2)-(-4)-64+3-0-1—
6 0 -3

-6:1:1-3-(-2)"(-3)—0-(—4)-5=—-15+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)=16+0+90—-10—-0—-84 =12
®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.

Kpurtepuu onenkmn:

3a HpaBHJ’IBHBIfI OTBCT Ha BOHpOCI)I NN BCpHOC pemeHI/Ie 3ada4YU BBICTABIISACTCA ITOJOXKHUTCIIbHAA
onenka — 1 6ayr.

33 HC HpaBPIJ'II:HBIfI OTBECT HaA BOHpOCBI NN HeBepHoe pemeHI/Ie 3aJa4 BBICTABJIACTCA OTpI/II_[aTeJ'H)HaH
onenka — 0 0ayIoB.

TTporent KadecTtBeHHast  omeHka HHWBHYaTbHBIX
00pa3oBaTeNbHBIX TOCTUKEHUI
pe3yIbTaTUBHOCTH -
(MIpaBUIBHBIX OTBETOB) BepOaIbHBINA aHaAJIOT
(oTmeTKa)
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIO
60 + 79 3 YIOBJIETBOPUTEITHHO
meHee 60 2 HE YJOBJIETBOPUTEIHHO

Tema 2.2. Cucrembl JUHEHHBIX YPABHEHHH
IpakTuyeckoe 3ansaTue Ne 5
Pemienne cucreM JuHelHbIX ypaBHeHnid meToaom Kpamepa

esb padoThl: HAYYUTHCS PEIIaTh CHCTEMbI JIMHEHHBIX YpaBHEHUH, HCTIONB3Ys (hopmyiel Kpamepa.
Bbinosinus padory, Bel Oynere:

YMETh:

YO 01.03 onpenensats 3Tanbl pelICHUs 3a/1a4u;

YO 01.09 ouenuBaTh pe3yiabTaT U NOCIEACTBUS CBOUX ACHCTBUI

V5 pemath cucTeMbl JIMHEUHBIX YPAaBHEHUN Pa3IMYHBIMU METOIAMU.

MarepuajbHoe obecrnieyeHme:
NuauBuayansHble 3a1aHus , Y9€OHUKU, KOHCIIEKTHI JIEKIUH.

3aganme:
PemuTe cuctemel IMHENHBIX YPaBHEHUN:
3X+3y-5z=-2
1) {3“53’:11; 2){x+y+2z=3
2x+3y=20 2X—y+72=27

11



Kparkue TeopernuecKue CBeIeHus:

a11X1 + ay2x; = by
az1X1 + Azx; = by
CoctaBuM ompeaenuTenb U3 KOI(DQGUIMEHTOB MPH HEU3BECTHBIX. DTOT OINMPEICIUTENb HA3bIBACTCS

Ilycts nana cucrema AByX JIMHEMHBIX YPABHEHUH C IBYMsI HEU3BECTHBIMU: {

A a2
OTIPE/ICTUTEIEM CUCTEMBI:. A=
z1 Az
CocraBuMm omnpenenuTend Kaxaou HeusBecTHoW. Omnpeaenurens A; moiydaercs u3 onpeaenurens A
by ar
ITyTeM 3aMEHBI TIEPBOTO CTOJI0IAa KOAPPHUITUSHTOB CTOJIOIIOM U3 CBOOOTHBIX WICHOB. A= b a
2 Az

Omnpenenurens A, momydaercs u3 onpeaenuTens A myTeM 3aMeHbl BTOPOTO CToJI01a K03 PUIIHMEHTOB
CTOJIOIIOM U3 CBOOOTHBIX YICHOB.

_ |a11 by
A=
az, b,
[TycTh naHa cUcTeEMa Tpex JIMHENHBIX YpaBHEHHI C Tpems HEN3BECTHLIMU:

a1 X1 + appx; + agzxz = by
Ap1X1 + ApXp + Ap3Xx3 = by
a3 X1 + a3 Xz + azzX3 = b3
CocraBuM ompenenuTens U3 KOIQOUIMEHTOB TPH HEU3BECTHBIX. DTOT OIPEIECIUTENh Ha3bIBACTCS
a1 A1z 43
ONPENETUTENEM CUCTEMBL:. A= Q21 A2z 423
asz; daszz 04z
CocTaBuM omnpeaenuTenn KaXaou HenzBecTHO. OnpeaenuTens A, moyydaeTcst U3 onpenaenutens &
MyTeM 3aMEHbl TMEepBOTro croilua KO3PPUIMEHTOB CTOJIOLOM M3 CBOOOJHBIX  YJICHOB.
by a;; a3
A= by az a3
b; as; as3
Omnpenenurens A, moaydaeTcss U3 onpeaenuTens & myTeM 3aMeHbl BTOPOTO CT0JI01a KO3 PUITHIEHTOB
CTOJIOIIOM M3 CBOOOIHBIX YJIEHOB.

a;; by ags
Ay=|az by ap
az; by ass

Onpenenurens A moyrydaeTcst U3 onpeaenuTens & myTeMm 3aMeHbl TPEThEro cToo1na ko3hGUIUeHTOB

CTOJIOIIOM M3 CBOOOIHBIX YJIECHOB.

a;; Az by

Az=|az; az; b,

az; asp; bs

A A
UToOB! BEIYMCIUTH 3HAUEHUS HEU3BECTHBIX, BOCIolb3yemcs dopmynamu Kpamepa:x; = fl Xy = XZ;

Az
Xq = —
37 2

IMopsinok BbINOJIHEHHSI PA0OTHI:

1 .3anummTe cucTeMy ypaBHEHHUH.

2.3anuuInTe U BEIYUCIATE ONIPEAETUTENb CUCTEMBI.

3.Bpruncnure onpeaenuTeNnn Kaxa0i HEUn3BECTHOM.

4.HaiinuTe 3HaYeHUS HEU3BECTHBIX, UCTIONB3Ys (hopmynbl Kpamepa.

Xoa pa0doThi:

Paccmotpum nmpumep:
Pewmnts cucreMy ypaBHEHMIA:
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X1+2X2—3X3 = 0;
2X1—X2+4X3 =5;
3X1 +X2—X3=5

1 2 -3
A=12 -1 4 |
3 1 -1
1 2 -3
AA=12 -1 4(|(=10+0
3 1 -1
Beruncnum onpenenuTeny Kaxx 101 NepeMeHHOM:
0 2 -3
Ai=|5 -1 4|=0-15+40-154+10—-0=20
5 1 -1
1 0 -3
A=12 5 4|=-5-30+0+45-0-20=-10
3 5 -1
1 2 0
A3=12 -1 5{=-54+0+30-0-20-5=0
3 1 5
xlz%zi—gzz;xz:AA—zz_l—tO:—l;x3=AA—3=%=0

Ortser: (2;-1,0).
dopma npeacTraBiieHus pe3yJbTaTa: BbIINOJIHEHHAs padoTa.
Kpurtepun onenkm:
3a IpaBWIBHBIM OTBET Ha BOIPOCH WJIM BEPHOE PEIICHUE 3ala4M BBICTABIIACTCSA IOJOKUTENbHAS

oreHka — 1 6aur.
3a He MPaBWIBHBIN OTBET Ha BOMPOCH MJIM HEBEPHOE PEIICHUE 3a/1a4H BBICTABIISACTCS OTPUIIATEIIBHAS

orenka — 0 6ayUIoB.

TTpouenT KauecTBeHnnas oneHka I/IHILI/IBI/Iz{yaﬂvaHx
00pa3oBaTEIIbHBIX TOCTUKEHUI
pe3ybTaTUBHOCTH S ;
(TIpaBUIIBHBIX OTBETOB) (oTMeTKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
60 +~79 3 YAOBJIETBOPUTEIIHHO
Mmenee 60 2 HE yJIOBJIETBOPUTEIHHO

Tema 2. 2 CucreMbl JTUHEHHBIX YPABHEHU
IIpakTuyeckoe 3ansaTue Ne 6
Pemienne cucrem JIMHeHbIX ypaBHEHUH MAaTPUYHBIM METO/I0M

Ienb padoThl: HAYYUTHCS PELIATh CUCTEMBI JINHEHHBIX YPABHEHUI MATPUYHBIM METOAOM.
BemmoJsinus patdory, Bel Oyaere:

YMETB!
YO 01.03 onpenensts 3Tanbl pelieHus 3a1a4uu;
VYO 01.09 ouennBath pe3ynbTaT U MOCIEICTBHUS CBOUX ACHCTBUI

VY5 pemars CHUCTEMBI JIMHEWHBIX YPABHEHUN Pa3IMYHBIMU METOIAMH.

MarepuajbHoe obecnieyeHue:
WuauBuayansHble 3a7aHus , y4eOHUKU, KOHCIIEKTHI JIEKIIUH.
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3apanme: Pemnre cucTeMbl IMHEWHBIX YPABHEHUM:

3% =X, + X% =3 2X + 2%, —X; =3
Loox +2% -3% =0 2. 3%, — X, +5%; = -2
5% + X, —7x;=-1 7X, +8x, —6x%; =13

KpaTkue Teopernueckme cBeeHHs:

IlycTs 3aaHa cucTeMa JTUHEHHBIX YPAaBHEHUM:
ajx1 + Xy + o+ agpx, = by;
Az1X1 + AppXz + -+ + A Xy = by

Ap1X1 T QpaXy + o+ A Xy = bm

A Az Qap X1 by
CocraBum maTpuuHoe ypaBHeHue: AX = B, rne A = <a21 Az = Q2 ); X = <x2>; B = (bz).
am1 Am2 Amn
X=A1B

UT0oOBI BEIUUCTUTE OOPATHYIO MATPHILY, HY)KHO:
a) BBIYMCIIUTH onpeaienuTens Matpuiibl A (AA # 0);
0) HaifTH anrebpandecKre JOTIOTHEHHUS IS KaXK0T0 3JIEMEHTa MAaTPUIIBIA;
B) TPAHCIIOHUPOBATH MATPHUILY U3 ANTeOpandecKuX JTOTIOJTHEHUH,
Air A Am
r) HaiiT 06paTHYIO MaTpuily: A~ = i <A12 Ay oo Aml)
A Agp o Amn
YTo6Bl HAWTH HEM3BECTHYIO MATpUIly X, HY)KHO YMHOKHTh 00paTHYI0 MaTpuilyA~'Ha maTtpumy B,
COCTOSIIIYIO U3 CBOOOTHBIX UJICHOB.

Iopsinok BbINOJIHEHHSI PAadOTHI:

1. 3anummuTe cucTeMy JUHEWMHBIX YpaBHEHUH.
2. CocTaBbTe€ MaTPUYHOE YpaBHEHUE.

3. Beruucnure oOpaTHYIO MaTpHILy.

4. Haiinute 3Ha4EeHNU HEU3BECTHBIX.

5. 3anuimnTe OTBET.

Xox pabdoThI:
Paccmotpum npumep:
Pemnth cucremy ypaBHEHUM:

2x1 — X +4X3 = 5,

{xl + ZXZ — 3.X3 = 0,
3x1 +xZ—X3:5

1 2 -3
AA=12 -1 4(=10+#0
3 1 -1

Ay = (-1)? |_11 _41| =1-4=-3
Au::(—1f|§ :i|=—(—2—12)=14

2 -1
Amz(—nﬂg 1|=2+3=5
A21 = —1, A22 = 8, A23 = 5, A31 = 5, A32 = —10, A33 = -5,
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Al=—|14 8 -10

10
5 5 -5
. -3 -1 5 0 . 20 2
X=A‘1-B=B 14 8 -10)'|5)5 (-10])=(-1
5 5 -5 5 0 0

Ortger: (2; -1; 0).

dopma npeacTaBieHus pe3yJbTaTa: BHIIOJTHCHHAS paboTa.

Kputepuu onenku:

3a TpaBWIBHBIH OTBET HA BOIMPOCHI WJIM BEPHOE PEIICHUE 3a/Ia4¥l BBICTABIISCTCS IOJOKUTEIbHAS
omenka — 1 6ay.

3a HC HpaBHJ’IBHBIfI OTBECT Ha BOHpOCBI HNINn HCBepHOC pemeHHe 3a1a4M BBICTABJIACTCS OTpI/IHaTeJ'II)HaH
orenka — 0 6ayUIoB.

KauecTBeHHass OIleHKa  WHAWBHIYaTbHBIX
IIponent 00pa3oBaTENbHBIX TOCTUKEHUI
pe3yIbTaTUBHOCTH - -
(MpaBUIIBHBIX OTBETOB) (oTmerKa) BepOaIbHBINA aHaAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
meHee 60 2 HE YIOBJIETBOPUTEIHHO

Tema 2. 2 Cucrembl JJUHEHHBIX YPABHEHHH
IIpakTnyeckoe 3ansitue Ne 7
Pemenne cucremM JTuHeiiHbIX YpaBHeHU MeTooM ["aycca

Heap padoThbl: HAYyYUTbCA pEIIATh CUCTEMBI JIMHEHHBIX ypaBHEHHH METOJOM IMOCJIEeI0BATEIBHOTO
UCKJTIIOYEeHHsI IepeMeHHbIX (MeTo10M ["aycca).
Bbinosinus patdory, Bel Oynere:

YMETb:

YO 01.03 onpenensars 3Tanbl pelIeHUs 3a/1a4u;
YO 01.09 ouenuBaTh pe3yiabTaT U NOCIEACTBUS CBOUX ACHUCTBUI
V5 pemate cucTeMbl JIMHEMHBIX YPAaBHEHUN PA3IMYHBIMU METOIAMH.

MarepuajbHoe obecrieueHne:
WunuBuayanbHble 3a1aHus, Y4eOHUKH, KOHCIIEKTHI JICKIUH.

3apanue:
PemuTe cuctemel IMHENHBIX YPaBHEHUN:

3X, —2X, =5%; + X, =3 X, + X, —3Xy +2X, =6
1. |2% —3X, +X; +5x, = -3 9 | X —2X; —X,=—6

X, +2X, —4X, =-3 X, + X3 +3%, =16

X, — X, —4%5 +9x, =22 2X, —3X, +2X, =6
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KpaTkue Teopernueckue cBeeHHs:

Merton ["aycca siBisieTcst OHUM M3 HanboJee YHUBEPCAIBHBIX METO/IOB PEIICHHS] CUCTEM JIMHEHHBIX
ypaBHeHui. OH COCTOUT B NOCJIEA0BATEIBHOM HCKIFOUEHUN HEU3BECTHBIX.

[Iponecc pemenust no merony ['aycca cocrout u3 nByx stanoB. Ha mepBom stame (mpsMou Xon)
cucTeMa NpPUBOAMUTCS K CTymeHdaromy Buay. Ha Bropom osrtanme (oOpaTHbI X0a) HAET
IIOCJIEI0BATEIILHOE ONPECIICHUE HEU3BECTHBIX U3 3TOU CTYIIEHYAaTON CUCTEMBI.

Ha npakrtuke yno0OHee paboTaTh HE ¢ CUCTEMOM YpaBHEHMM, a C PACUIMPEHHON MATPULIEH, BBIIIOJIHSA
BCE AJIEMEHTapHbIE IPe0Opa30BaHus HaJl €€ CTPOKaMHU.

DneMeHTapHbIMU TPE0OPa30BaHUSIMU MATPULIbI SIBJISIOTCS:

- IIEPECTAHOBKA CTPOK MECTAMM;

-YMHO>KEHHE HEKOTOPOU CTPOKHU Ha JIt000€, HE PaBHOE HYJIIO YHUCIIO;

-pubOaBIeHUE K DJEMEHTAM OJHOH CTPOKHM COOTBETCTBYIOIIMX OJJIEMEHTOB JPYrOM CTPOKH,
YMHO’KEHHBIX Ha OJJHO U TO K€ YUCIIO

HOpﬂI{OK BbINIOJTHCHHU A paﬁoTu:

1. 3anuinTe CUCTEMY JMHENHBIX YpaBHEHUH.

2. CocraBbTe pacHIMPEHHYIO0 MaTPUILY.

3. BoinosiHuTe ameMeHTapHble MpeoOpa3oBaHUs CTPOK MAaTpPHUILbl, MCKIIOYas MOCIEI0BATENbHO
IepeMeHHbIe. B pe3ynbpTrare J0JDKHA NOJIyYUThCS CTYIIEHYaTas MaTpula.

4. [To cTrynenuaToit MaTpUIE COCTABLTE CUCTEMY.

5. TlocnenoBaTeabHO HAUIUTE 3HAUYEHUS BCEX HEU3BECTHLIX.

6. 3anuIImTe OTBET.

Xox pa0doThI:
PaccmoTtpum npumep:
Pemnts cucreMy ypaBHEHMI:
X1 + 2.X'2 - 3X3 = 0,
le — Xy + 4‘X3 = 5,
3X1 + Xy — X3 = 5
CocTaBuM pacHIMpEeHHYI0 MaTPHUILY U3 KOA(GGUIIUEHTOB MPU HEM3BECTHBIX U CBOOOTHBIX UJICHOB:

1 2 =30
AIB)=12 -1 4|5
3 1 -1Is
BBIHOJ'IHI/IM SJ'IeMeHTapHBIe Hp606paSOBaHI/IH Hall CTpOKaMI/I ManPIIlI:I:
1 2 =3|0 1 2 =30 1 2 =3]0
2 -1 4|5 ~({o =5 10/|5) ~[0 1 =2[-1]~
3 1 -1ls 0 -5 8Is 0 -5 815
1 2 =30
~lo 1 =2|-1
0 0 =2lo

HOHY‘IGHHOﬁ MaTpune COOTBETCTBYCT CUCTEMA ypaBHeHHﬁ:

x1+2x2—3x3=0
xZ—ZX3 =-1
—ZX3:0

)

Hauunas CHU3Y BBCPX, HAXOANM 3HAUYCHUS HCU3BCCTHBIX:

X1 +2x;,—3x3=0 (x;+2x,—3x3=0 (x;+2-(-1)=0
P xy—2x3=-1 ; x; =—1 ; Xy = — ;
x3=0 x3=0 x3=0
x1=2
<x2=—1.
X3:O
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Ortgert: (2;-1,;0).

@dopma npeacTaBieHus pe3yJbTaTa: BHIIIOJTHCHHAS paboTa.

Kputepuu onenku:

3a TpaBWIBHBIH OTBET HA BOIMPOCHI WJIM BEPHOE PEIICHUE 3a/a4¥l BBICTABIISCTCS IOJOKUTEIbHAS
onenka — 1 6am.

321 HC HpaBHJIbHI:IfI OTBCT HaA BOHpOCI)I HNJIN HeBCpHOC peHIeHI/IC 3a4a4YU BBICTABJIACTCA OTpI/IIIaTeJH)HaFI
orenka — 0 6ayUIoB.

KauecTBeHHass oOIleHKa  WHIWBHIYyaTbHBIX
Hpouent 00pa30BaTENIbHBIX JOCTHKEHUN
Pe3yIIbTaTUBHOCTH o
(TTpaBUIIBHBIX OTBETOB) BepOAIbHBIN aHAJIOT
(oT™eTKa)
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO
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Tema 2. 2 Cucrembl JIMHEHBIX YPABHEHHUI
IIpakTnueckoe 3ansiTue Ne 8
Pemenne cucreM JIMHeiiHbIX YPABHEHHMI Pa3JIMYHBIMM METOAAMHU

Hean padorbl: HayunThest pemiath CUCTEMbI JTUHEHHBIX YPaBHEHUHN Pa3IMYHBIMU METOJaMHU.
Boinosnus padorty, Bl Oyaere:

YMETb:

YO 01.03 onpenensaTh 3Talbl pelieHus 3a/1a4y;

YO 01.09 onenuBath pe3ynbTar U MOCIEACTBHS CBOUX JICHCTBUH

V5 pemars CHCTEMBI JIMHEWHBIX YPABHEHUH Pa3JIMYHBIMU METOIAMH.

MarepuajbHoe obecniedenue: MHIuBUyaIbHbIE 3aJaHNsI, YYUEOHUKH, KOHCTIEKTBI JIEKLIUH.

3ananmue:
Pemnts crcTeMsl TMHENHBIX YPAaBHEHHM:
3X =X, + X% =3

X +2X,—3% =0
7 1 ZX1 - 3x2 + 4X3 = 11
1) 5X1+X2_ X3__ 2) x1+2x2—3X3=9
_3X1 - 4x2 + X3 = _25

KpaTkue Teopernueckue cBeeHHs:

ap xy +oapx; Fan
Gy Xy + g%y + 833 %3

Il
[l = i =
[

IlycTh JaHa cUCTeMa TpeX JMHEHHBIX YPaBHEHHMI ¢ TpeMsl HEeM3BECTHBIMM: F31¥1 T @3p%; + 833%3 = Dy
Uto6bl pemnTh cuctemy MetojoMm Kpamepa, coctaBuM omnpeaenuTess U3 Ko3(pQUIHMEHTOB Npu

HCEHU3BCCTHBIX.

Qyy  Hyz g
A= |y  Gxn g

OTOT OMpCACIINTEIb HA3bIBACTCA ONIPEACTIUTEIIEM CUCTCMBI:

ftgy Ggz COgg

CocTtaBUM ONpEEIUTENN KaXI0H HEU3BEeCTHOU. OmnpeaenuTennb 4 MOJTy4aeTCsl U3 OMpPEAeIIUTEIS A
MyTeM 3aMEHbl IMepBOro crosidna Kod3(pPUIMEHTOB CTONOIOM W3 CBOOOJHBIX  HJICHOB.

by apy ag;
Aj=1by ey ap
b a

O33

b3

ER
Onpenenurenb 4, MOJTy4aeTCs U3 OTPEICITUTEIIS a yTeM 3aMEHbI BTOPOTO CcTOJIONA KOA((HUIIUESHTOB
CTOJIOIIOM M3 CBOOOIHBIX YJIEHOB.

ayy by ag
A= ay By 4y
ayy by ag
Onpenenurens 4 IOJIYYa€eTCs U3 ONPENEIUTENA A MyTeM 3aMEHbI TPEThEro cTojo1a KodhdulreHToB

CTOJIOLIOM M3 CBOOOIHBIX YJIEHOB.
ay Gy by

A= ey 8y by
a;; a6y by
"\'1
x, = —
UToOBl BBIYHMCIUTH 3HAUEHUsI HEM3BECTHBIX, BOcmoJsb3yemcs dopmynamu Kpamepa: L7
A, A,
X, =5 xg =

2 I 3 A
Jlis penieHns cucteMsl MeToJioM ['aycca UCTIOIb3ylTe alnropuT™:
1) 3anuumTe cUcTeMy JIMHEHHBIX ypaBHEHUH.

2) CocraBpTe pacIIMPEHHYIO MaTpUILY.
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3) BrimosnHuTe 3reMEHTapHbIe MpeoO0pa3oBaHMs CTPOK MATPHUILIbL, MCKIIOYasl MOCIEI0BATEIHHO
nepeMeHHble. B pe3ynbraTe 10/KHA TOJTYyYUThCS CTYIIEHYaTas MaTpuLa.

4) Ilo cryneHuaToi MaTpULE COCTABLTE CUCTEMY.
5) ITocnenoBaTenbHO HAWWTE 3HAYEHUS BCEX HEU3BECTHBIX.
6) 3anuinTe OTBET.

JU71st peleHust CHCTEMbl MAaTPUYHBIM METOJIOM:
1. 3anumuTe cucTeMy JMHEUHBIX YpaBHEHUH.
2. CocraBbTE MaTpUYHOE YpaBHEHHE.
3. BoruncnuTe 00paTHYIO MaTpuLy.
YToObI BEIYHACIUTH OOPATHYIO MATPHILY, HYKHO:
a) BHIYUCIIMTB ONpeaenuTens Martpunsl A (44 = 0);
0) HaliTh anreOpanmyecKre AOTOJTHCHUS I KaXKIOTO JJIEMEHTA MAaTPHUIII A;
B) TPAHCIIOHMPOBATH MATPHILY U3 alreOpandecKiX AOMOTHEHUH;
Ay Ay A
at== A Ap e Ay

I') HaliTH 00paTHYIO MATPHILY: A Az Agp

At

UToOBl HAWTH HEU3BECTHYIO MAaTPHUILy X, HY)KHO YMHOKUTh OOpaTHYIO MaTpUIly Ha matpuny B,

COCTOSIIIYIO U3 CBOOOTHBIX YJICHOB.

4. Haiaurte 3HaueHWs HEU3BECTHBIX.
5. 3anuimunTe OTBET.
dopma npeacTaBjieHusi pe3yabTaTa: BHITIOJHEHHAS padoTa.

Kpurtepun ouenku:

3a TpaBWIBHBIA OTBET Ha BONPOCHI WJIM BEPHOE PEIICHHWE 3aJa4Yd BBICTABISICTCS TOJIOKHUTEIbHAS
oreHka — 1 Gasu.

3a He MPaBWIBHBIN OTBET Ha BOMPOCH MJIM HEBEPHOE PEIICHUE 3a/1a4M BBICTABIISACTCS OTPUIIATEITBHAS
orenka — 0 6ayUIoB.

KauecTBeHHast OIEHKAa  WHAWBUIYaTbHBIX
TIpouent 00pa3oBaTeNIbHBIX JTIOCTUKEHUI
pe3yIbTaTUBHOCTH o }
(IpaBUIIBHBIX OTBETOB) (oTmerKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
60 +~79 3 YAOBJIETBOPUTEIIHHO
Mmenee 60 2 HE yJIOBJIETBOPUTEIBHO

Tema 3.1 Teopusi npeneson
IIpakTuyeckast padora Ne 9
Boruucienue npeanesioB pyHkumii

Heab: HayuuThcst BBIYUCIATH Ipeesbl yHKINHN.

BemmoJsinus patdory, Bel Oyaere:

YMETB!

VYO 01.02 ananu3upoBath 3aJauy Wi IpoOIeMy U BBLIEIITh €€ COCTaBHbIEC YacCTH;

YO 01.03 onpenensaTs 3Tamsl pelieHns 3a1a4y;

Y4 pemare NpUKIaAHBIE 33ayd C HUCIOJb30BAHHMEM 3JEMEHTOB JU(QepeHInanbHoro U
MHTETPaIbHOTO UCUNCIICHU;
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MarepuasnbHoe obecrniedeHne: WHIMBUTYaJIbHBIC 3a/IaHUSI, KOHCIEKTHI JICKIIUH.
3aganue:
Berarcnuth npenensl QyHKInI:
g, g(—x° 4+ 2xf — 4xr — 1)
r+d

Frt4id
4y7-Tr-1

Eri-gr-1
iy

lirm,,
lirm, g

lim _—
eI

1 L 4ErZ 0

1Tl e ——
A g Ty gl _q

, iy —pdy
hmx—m - .

X
Srdl-1

lirm, g

y ( 2x )"‘
11711 —
L PRER]

HOpﬂI{OK BbINIOJTHCHHU A paﬁoTu:

© N oo B~ ow e

1. Haiigure npenen pyHKuNU, UCHIONB3YS TEOPEMBI O MTpeienax.

2. Ecnu nonyunnachk HeONpeeIeHHOCTh, OIPECIIUTE €€ BUJI U CIIOCO0 PACKPBITHSL.
3. [IpeoOpasyiiTe GyHKIMIO U paCKPOUTE HEOTPEAEIEHHOCTb.

4, Brrunciure npeaein.

Xox pa0doThr:
Haiitu npenen ¢pyHxum:

1. lim,_( 22% — 102" — 4 + 53
Hcnonb3yeM TeopeMbl 0 mpeaeax:

lim, (2x% — 10x% — 4 + 57 = 2(lim,; )° — 10{lim,_; )% —
4lim,_zx+5 =16 —40 — 845 = —27

Sxo-1lx 46
2. lirn,, _,grsxjg
OyHKIMS TpeacTaBisieT coO0il OTHOIIEHHE JIBYX MHOTOWIEHOB, OOpalllaloluXxcs B HYJIb B TOUKE
x = 3.TloaTOMy cHayayia npeodpazyem TAaHHYIO GbyHKIHO.
JIro0o#1t KBagpaTHBIA TPEXWIEH MOHO pAa3joKUTh Ha MHOXKHUTEIH C TOMOIIBI0 (GopMyIbI
px’+ bx+ ¢ = elxr —x)x — i), riue x U x; KOpHU KBaJpaTHOTO TpEXWIEHA.
Kopusamu KBaJpaTHOIO TpexwieHa 3x? —1lx+6 SBIISIOTCS qncia U 3; 3HAYUT

2
Zx? —1lx+ 6 = 3(x —gj[::: -3
1
A KOPHH KBaJIpaTHOIO TpexuieHa 2x’ — Sx — 3 PaBHEI ¥ 3, ciemoBaTebHO

200 —85x =3 =20+ J(x - 3 .

. 128 11245
Bo3sBpamasce k npezeiy, umeem: lim,_,, Py

2
) Tr-11r+n ) r-T1x-3 . fr-1 9-1 7
hm.?t—:!S— = 1mx—:3+ = ]']'m.l'—:lE_ =T, o= 1
2xf-Cx-32 E(I+E)(r—3) lx+l a4l 7

1105 -Exf—fr410

. lim
3. e bt 8241

Tak kaKk MHOTOYJICHBI B YHCIUTEIC U 3HAMEHATEIE CTPEMSTCA K 00, TO MOJTy4aeM HCOIPCACIICHHOCTD

i}
BHUJIa [;] . Z[J'ISI €C PaCKpPBITUA PA3ACIIUM KAXKI0C ClIaracMo€ YUCIIUTCIIAA U 3HAMCHATCIIA Ha x2, Torma
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MOJIYYNM:
11x® —5x% — 6 + 10

lim 3 7
=0 fr* — Bx 4 2
11«% 54° ax+ 10
- lim A AT AT A
e Bxt Bt N 2
AT AT A
1 5 +1u
s i E_f 2 D
P B

am
4. lirm, g t

UToOBI BEIMUCIUTH TIpeAes GYHKIUHU, HY>KHO BOCIIOJIB30BAaThCS (POPMYIJION MEPBOTO 3aMeYaTesIbHOTO
[k

npezaena: lim, ,;— = 1. YMHOXUM YHCIIUTENh U 3HaAMEHATEh JPOOH Ha It
Ey

o 1 o
sinc 5 sing 1 zin 3 1
lirm = lim =-lim—==<
=0 w0 1 2x=0 = 2
2% 2

o, B

4. lim, (1 - —)
x.
[IpeoGpa3yeM QyHKIHIO Tak, 4TOOBI MOXHO OBLJIO NMPUMEHHUTh BTOPOM 3amedaTelbHbIN Ipenen,

i x
bopmyny limy (1 + ;) =g
BBeznem HOBYIO IEpEeMEHHYIO: * = — 3y, x — 8y — &,

34,5 3 15 118
lirn (1 ——) = lim (1 ——) = lim (1+—) =g 15
r—m x a0 — 3 a0 W

dopma npeacTraBieHUs pe3yJbTaTa: BbIIOJIHEHHAs padoTa.
Kpurepun oueHku:

3a mpaBHIBHBIM OTBET Ha BONIPOCHI MJIM BEPHOC PEIICHUE 33Ja4d BBICTABIISACTCS IOJIOXKHUTEIIbHAS
oreHka — 1 6asur.

3a He MPaBWIBHBIM OTBET HA BOIPOCH! WJIM HEBEPHOE PEIICHUE 33]1a4l BBICTABJISCTCS OTPHUIATEI bHAS
onenka — 0 6ayUIoB.

I KauecTBeHHass OICHKAa  WHIAUBUIYaJTbHBIX
OLIEHT N
poll 00pa3oBaTeIIbHBIX TOCTUXKCHUI
PE3yNbTaTUBHOCTH 5
all .
(IpaBUIIBHBIX OTBETOB) (oTMeTKa) BepOaIbHBIN aHAJIOT
90 -+~ 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
60 +79 3 YI0BJIETBOPUTEIHHO
Mmenee 60 2 HE yJIOBJIETBOPUTEIBHO

Tema 3.1 Teopusi npenesioB
IIpakTnyeckas padora Ne 10
Hcciaenopanue GQyHKUMH HA HENPEPbLIBHOCTL M TOYKHU pa3pbiBa

Hean: Hayuntbcs HaXOOUTh TOYKH pa3pbiBa (YHKUUH, ONPEAENITh UX POJ, HAXOJUTh aCHUMIITOTHI
rpaduKoB QYHKIIHH.
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Boinosnus padorty, Bel Oyaere:

YMETh!

YO 01.02 ananu3upoBaTh 3a7a4y Wik NpoOJieMy U BBIJCIATH €€ COCTaBHBIC YaCTH,

YO 01.03 onpenensaTh 3Tambl pelieHns 3a1a4y;

Y4 pemarh UpUKIAAHBIE 33a4dl  C HUCIOJb30BAHHUEM 3JEMEHTOB JH(QepeHIrnanbHOT0 U
MHTETPATBLHOTO UCUHCIICHHIA;

MarepuajibHOe of0ecredyeHHe: WHIMBHIyalbHBIC 33JaHUS, KOHCIEKTHI JIEKIMH, TaOIuIa
HpOI/I?;BOZIHI)IX.
3ananmue:

HccnenoBaTh QyHKIMK HA HETIPEPHIBHOCTh. HaliTH TOYKM pa3phiBa U ONPEaeTuTh X po. Haiitu
aCUMITOTHI (PYHKIUH.

2x° 43,
1) y: I2—91
z_ -

2) _ 2a% —4x-1D

T af_ng
Kparkue Teopernueckue cBeleHUs:
AcumnToToii rpaduka pyHkuMu y = fx)Ha3pIBaeTCA MpsMas, 00Jiagaronias TeM CBOWCTBOM, YTO
PacCTOSHUE OT TOYKH [x; £{x)) 0 DTOM MPSIMOM CTPEMHUTCS K HYIIIO IPH HEOTPAHMUYEHHOM YIAJICHHH
TOYKHU TpaduKka OT Hauajga KOOpIMHAT.

[Ipsimast x = & HA3BIBACTCS] BEPTUKAJBLHONH acMMNTOTOI rpaduka GyHKIUUA ¥ = f(x), eclu XOTs Obl
OJIHO M3 NMPEACIbHBIX 3HAYCHUN limy . g f(x) UM limg .0 f(x) PaBHO —& MM +00 ,

3ameuanue. [Ipsimas x = & HEe MOXKeET ObITh BEPTHUKAIbHONW aCUMITOTON, €ciM (YyHKIIMS HETIPpEpbIBHA
B Touke x = &. [l03TOMy BepTUKaJIbHbIE ACUMIITOTHI CJIEAYET UCKAaTh B TOUKAX pa3pbiBa (PyHKIUU.

[Ipsimast ¥ = & HA3BIBACTCS TOPU3OHTAIBHON acuMNTOTOM Tpaduka QyHKIMYU ¥ = fx]), ecau XOTs ObI
OJTHO U3 TPEACIbHBIX 3HAYCHUH lirn, g ) WK lim,, ., F(x) paBHO D.

3ameuanue. ['paduk GyHKIIMM MOXKET MMETh TOJBKO MPaBYI0 TOPU3OHTAIBHYIO ACHUMIITOTY WM
TOJIBKO JIEBYIO.

[Ipsimast ¥ = kx + b Ha3pIBaCTCS HAKJIOHHOM acuMNTOTOI rpaduka byHKIMN ¥ = flx],
€CIM lim,_ | flx) — ke — B =10

Ecmu nmns gyHkmum v = f{x) CyImIeCTBYIOT MpeeIbl limx_,mﬁTn =ku lim_uflc)—k3=5, TO

(YHKIIUS UMEET HAKJIOHHYIO aCUMITOTY ¥ = kx + b mipu x — o,

Xox padoThI:

HccnenoBaTth GyHKIIMIO Ha HEMPEPHIBHOCTh. HailTu acuMOTOTHI (PYyHKIIUU.
2

_ k4
Y=

O6nacts onpenenenust GyHKuuu DLF) = (—oo; 17 U (1; 4o0)

Touka x = 1 gBnseTcs TOYKOM pa3pbiBa 2 poaa, T.K.

lirmg - IZI [[l] - 11mx—:1+[l [[I] +i

HpﬂMaH x=1- BCpTUKAJIbHAA aCUMIITOTA q)YHKL[I/II/I ypaBHeHI/Ie HAKJIOHHOM aCUMITOTBHI HMEET BU]I
v=kr4+ b,

Lo 1 Fix i xt - lim xt y 1 1
T aha x abe (2 —2x  xseala? — 2x -=r1—znn=»1=-2 27
x
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P —xlx—1)

e 2 —17
wt— x4 x . 1

= =l =
e 2x—1)  woe2{z—1) xoe, _

Il
E.

Koneunblil BUII IPAMOI CJIeTYIOLIHIA
1 1
¥ = EI + i
dopmMa npeacTaBjieHus pe3yabTaTa: BHIIOJIHEHHAS padoTa.

Kpurepuu onenkmn:

3a HpaBHJ’IBHBIfI OTBCT Ha BOHpOCI)I NN BepHOC pemeHI/Ie 3ada4YU BBICTABIISACTCA ITOJOXKHUTCIIbHAA
omenka — 1 6ay.

3a HC HpaBHJ’IBHBIfI OTBECT Ha BOHpOCBI NN HeBepHOC pemeHI/Ie 3a1a4YU BBICTABJISACTCSA OTpI/IHaTeJ'II)HaSI
onenka — 0 6ayIoB.

KauecTBeHHass OIleHKa  WHIWBHIYATbHBIX
lIponenT 00pa3oBaTeNbHBIX TOCTUKEHUIN
pe3yIbTaTUBHOCTH o -

(MIpaBUIBHBIX OTBETOB) (oTmerKa) BepOaIbHBINA aHaAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIIO
60 +~ 79 3 YIOBJIETBOPUTEIHHO
meHee 60 2 HE YAOBJIETBOPUTEIHHO

Tema 3.2 IlpousBogHasi QyHKIMU U ee IPUMEHEHHUE
IIpakTnyeckoe 3ansaTue Ne 11
JAnddepennupoBanne CJA0KHBIX (PYHKIMH

ean padorbl: HayuynThess HAXOAUTH MPOU3BOIHBIC CIOKHBIX (DYHKITUH.

Bbinosinus patdory, Bel Oynere:

YMETb:

YO 01.02 ananu3upoBaTh 3a7a4y WIH MPOOJIEMY U BBIJCIATH €€ COCTABHBIC YaCTH,

YO 01.03 onpenensars 3Tanbl pelICHUs 3a/1a4u;

Y4 pemare mNpUKIaAHBIE 33Ja4ydl C KCIOJb30BAHUEM DJIEMEHTOB U depeHIHaTbHOr0 U
WUHTETrpaIbHOTO UCUUCIICHHI;

MarepuajbHoe oOecneuenue: VHauBuayanbHble 3aqaHusi, TaOnuIla MPOM3BOIHBIX, KOHCIEKTHI
JIEKIINN.

IIpousBoaHas B JIeKTPOTeXHUKe. [I[poTekaHue TOKa B 3JIEKTPUUYECKOM MM (3a7a4a O MTHOBEHHOM
BEITUYMHE TOKA).

[IpencraBuM cede IMEKTPUIECKYIO 1IETIb ¢ HEKOTOPHIM UCTOUYHUKOM Toka. O003HauuM uepe3 (=
q(t) kosmuecTBO ArMeKTpruUecTBa ( B KyJOHAX), MPOTEKAOIIEe Yepe3 MOMePeYHOe CeUSHHE TPOBOTHUKA
3a Bpems t. Toraa g(t)-g(t) ecTb KOIMUYECTBO IEKTPUUECTBA, MPOTEKAIOIIEE Yepe3 yKa3aHHOE CeUCHHE
3a MPOMEXYTOK BpeMeHH 0T MoMeHTa t 10 MmoMeHTa t . CpeHeil cuiloi ToKa 3a yKa3aHHbIH
MIPOMEKYTOK BPEMEHU HA3bIBAETCS YUCIIO

lep= q(t1)-q(to)/ ta-to

B cnydae mocTostHHOTO TOKa cpeiHss cuia Toka | Oyaer oAMHaKOBOM A IFOOBIX Pa3IUnYHbBIX,
HO OJIMHAKOBBIX IO JJTUTEIBHOCTH MTPOMEKYTKOB BpeMeHH. Eciiu B 11enu nepeMeHHbIN TOK, TO |
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,OyJIeT pa3IuYHOM ISl pa3InYHbBIX, HO OJJUHAKOBBIX 110 JJIUTEIBHOCTH IPOMEKYTKOB BPEMEHH.
[TosTOoMy /U1l XapaKTEPUCTUKU LEMH TEPEMEHHOT0 TOKA BBOJIST MOHATHE MTHOBEHHOM CHIIBI TOKA,
WM CHJIBI TOKA B JIaHHBI MOMEHT BPEMEHU: MCHOBEHHOM cuiioi Toka I(t) B MOMEHT BpemeHH t
Ha3bIBaeTCs mpeaen ( eciu OH CYLIECTBYET), K KOTOPOMY CTPEMHTCS CPEIHSS CHIIa 32 IIPOMEXKYTOK
BpemeHu oT t 10 ¢,

I=lim q(t)-q(to)/t-to

toto

3agaua 1. KommuecTBo aiieKTpUYecTBa, MPOTEKAIOIIEe Yepe3 MPOBOAHUK, HAUMHASI C MOMEHTA
t=0, BbIpakero dopmyioit Q= 5t2+2t (KyaoHoB). BeiBecTr OpMYITy isi BBIYHCICHHUS CHIIBI TOKA B
0001 MOMEHT BPEMEHH U OTIPE/ICTUTD CHITy TOKA B KOHIIE TPEThEH CEKYH/IBI.

Pemenne. 1=dQ/dt = 10t + 2, 1(3) =10.3 =30 (A).

3amaua 2. VI3MeHEHHe CHIIbI TOKA B 3aBHCHMOCTH OT BPEMEHH BEIPOKCHO ypaHeHue 1= 2t%-5t. (
|- B ammepax, t- B cekynaax). Haiitu ckopocTh U3MEHEHMSI CUJIbI TOKA B KOHIe 10-i c.

Pemenne: V = 4t-5, V(10) =4.10-5=35 Alc

3anaua 3. Haiitu crry Toka |, eciti KOM4ecTBO H3MeHsieTcs 1o 3akony Q(t)=2t* + 1
AIIEKTPUYECTBA, TIPOXOIAIIEE Yepe3 MoIepeuHoe ceueHne mpoBoaHuKa 3a 10 c.

Pemenne: | = 4t 1(10) =4.10=40(A).

3anaua 4. Hax neHTpoM Kpyriioro croja pajanyca BUCHT jammna. Ha kakoi BeIcoTe creayeT
MOJIBECUTH ATY JIAMITY, YTOOBI Ha KPasiX CTOJA MOJYYUTh HAaHOOJIBIIYIO OCBEIICHHOCTb.

Pemenue: E =k sina/ (h? +r?

sina =h/ vh*+r?,

Bumecro dyrkumn E = kh/(h? + 1?)

BMecTo h° = Z.

T=(zl(z+)% =(z+r*-32)(z+r*)" T=0,

-2z=0, z=r"/2,

W =r% 2.

OcBelEeHHOCT, MakcUMabHa, ecii h = r/ V2 ,T.e,ecmutge=h/r=1/ V2

3angaya 5. Koam4ecTBO 3€KTpUUYECTBa, MPOTEKAOIIEE Yepe3 MPOBOJHUK, HAUMHAS C MOMEHTA
t= 0, 3amaetrcs popmymoit = 3t° + t + 2 .Haiizure CUJIy TOKa B MOMEHT BpeMeHH = 3.

3agaya 6. B kakrue MOMEHTHI BPEMEHH TOK B IIENU PABEH HYIIIO, €CIINU KOJMYECTBO
AIIEKTPUYECTBA, MPOTEKAIOIIET0 Yepe3 MPOBOJHUK, 3a7aeTcs (OpMyIION:

a)gq=t+ki, byq=4t+2

3agaua 7. V3amepeHnust BETUUMHBI 3apsiia Ha 00KIaIKaxX KOHAEHCATOpa MOKa3alu, YTo 3apsij
MEHSIETCS co BpeMeHeM 110 3akoHy ()= 3,05 + 6,11 t* — 0,8t+1. Haiixure 3aK0H H3MEHEHUS CHIIBI
TOKa.

32 pacemotpum dynxumio T = E2/ K% = h? /(h? + r?)?,

3aganue:

HajiTu npousBoanbie GpyHKUMT
v = {E_r! - E.rjE'

f(x) = 3sin(2x —'43]
Flx) = arcsindx + arccos®x

Flx) = logs (7x* —5x* + 1)
A
f{_r:] =in |M£

4 1-cosx
IHopsaok BbINOJIHEHHS PA0OTHI:
1.  Onpenenuts BuI GyHKIMHU. BBECTH MPOMEKYTOUHBIN apryMeHT.
2.  Ompenenuth, KaKUMH MpaBuiamMu auddepeHpoBanus HYy)KHO BOCIONIb30BaThes. [IpuMeHnuTh
COOTBETCTBYIOLIEE ITPABUIIO.
3. Hcnonb3ys Tabauily mpou3BOIHBIX, HAUTH MPOU3BOHBIC ()YHKITHIA.
4.  PackpbITh CKOOKH U MIPUBECTH MOTOOHBIE, €CITU 3TO YIPOCTHUT 3aMUCh PYHKIINH.
dopma npeacraBiIeHus pe3yJibTara:
Haiitu npousBoaHbIe PyHKIIMIA:

o P DPE
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1. glx) = (1 — 4x*)1?

DyHKUHUS SABISETCS CI0XKHON CTENEHHOM. BBeeM npomexyrounbiii aprymeHT u© = 1 —4x”. Jlna

mddepeHITIpOBaHIS HYKHO BOCIONb30BaThcs Gopmymnoit (u™) = nu™* - u'

y =10(1— 4x%)%- (1 —4x?)' = 10 (1 — 4x*)*(—8x)
= —80x(1— 4x%)*

2. flx)= sin%x - cos 2x

OyHKIMS MPEACTABIAET COO0H MPOU3BECHHUE ABYX CIIOKHBIX TPUTOHOMETPHUYECKUX (QYHKIIUH.
[TosToMy cHayasia BOCNONIb3yeMcs npasuioM auddepennupopanus (U -V) = U'V + UV’

1 1 1
fiix)= (sinix ~cos2x) = [sinix:]'mszx + sin Ex(caszx]'
BBeneM nmpoMexyTOouHbIN apryMeHT : JUlsl IEpBON PYHKIIUU U = %x, JUIs BTOpOH pyHKIMU U = 2x.

[Ipu nuddepeHrpoBaHnN UCTIONIB3YEM CIEYIOIINE POPMYIIbI:
(sinu)’ = cosu -u',(cosu)’ = —sinuu'.

1 1 1
fiix)= (sinix ~cos2x) = [sinix]'cﬂszx + sin Ex[coszxj'

1 1y 1
=cos—x- (—x) - cos2x + sin—x - (—sin2x)
2 2 2
1 1
- (2x) = —cos—x- cos2x — 2sin—x - sin2x.
2 2 2
25::+5::1
. y=——mm—
- log, (3+10x)

DyYHKIMS MPEACTABISAET COO0M YacTHOE ABYX CIOXHBIX (yHKIUN. [TosTOMY cHavaa
I
wv-uwr

I
w
BOCIIOJIb3yeMCs TIpaBujIoM auddepeHpoBaHms (E) =

. (235 log,(3 + 10x) — 2% ¥5% . (log,(3 + 10x))’
YT (log, (3 + 10x))?

BBezeM IpOMeXyTOUHBIH apryMeHT : [Uist IepBoi (pyHKIuH ¥ = 3x + 5x 2, st Bropoit QyHKIuK
u =3+ 10=x.

[Ipu nuddepeHrpoBaHuN UCHOIB3YEM CIAEAYIOMINE (POPMYIIbL:
¥
u

uyl — ou vyl P
(a*) = a*lna - u', (log, u) ——

= xZ . X xT . -
p (2R rlog, (34 10x) - 28R log (34102000

- (log, (3+10x))"

[

] . - .-
AR F+EX T A z i _aBX+EXT =
2 n2 (3x4+52%)r log, (34+10x) -2 i T 3+10x)1 _
logy (3+10x))%
LEX4EXT. . r SEX+EXT o
2 in2(3+10x) log, (3+10x) -2 Tl e
(logg(3+10x))% /

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

@OyHKUUA NpeICcTaBIseT cO00M CyMMY IBYX CIOKHBIX OOpaTHBIX TPUTOHOMETPUUECKUX (PYHKIIMIA.
[TosTOMY CHaYana BOCTob3yeMcst ipasiioM nuddepentmposanus(U + V) = U' + V",
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!

3
fi(x)= (m‘csiﬂgx) + (arccos5x)'

. o 3 .
BBenem npoMeKyTOUHBIH apryMeHT : Ui NepBOi QYHKINU U = - %, JUls BTOpoH byHKIMHM U = 5x,

[Tpu muddepeHIIPOBaHUYT HCTIOTH3yEeM CHGILYIOH.II/IG (hopMyIBI:
wl

(arcsinu)’ = = (arccosu)’ = _«,-E'I

'(x) = nix) =t () - 2 (50 = e - S

fi(x) {m’csmEx + (arccos5x) e -x NrecSE (5x) s L= Vi
N 47 zEx

5f(x) = arccosvV1l—e™

OyHKIHUS SIBISIETCS CI0KHONW 00OpaTHOIN TPUTOHOMETpHUECKOH. BBeieM npoMeKyToOUHbIN apryMeHT

u=v1—e*® Jlnga mupdepeHunupoBaHUs HyKHO BOCIIOIB30BaTHCA (OPMYIION
wt

(arccosu)’ = ==
1 ! 1 -
b (.r] = [:arccus‘p"l —&) = . v1- r=?:!Jr].-
J1-(01-é%)

[TpomMexxyTOUHBIN apryMEHT SIBJISIETCS] TAKXKe CIIOKHOUM QyHKIHe. BBeneM u [j1st HEro HOBBIH
HpOMe)KYTO‘—IHI)II/I apryMeHT

u=1—e"

st mupdepeHImpoBaHus HY)KHO BOCIIOJIB30BATHCS (HOPMYIIOi

.l

[\-P): —

241
—_— 1 PE—
f'(x]=(arccosﬁ,.-'1—ez"‘) =— (fl—e“")
T-(-e™
L v 1( )
= —— . . . (1_e21’jf
Vi—1+4+e® 241 —e%
1 1
(267

¥ 231 — g2
dopma npeacTaBiieHus pe3yJbTaTa: BHIIOJHCHHAs padoTa.

Kpurepun oueHku:

3a mpaBUIBHBIA OTBET HA BOIMPOCHI WM BEPHOE PEIICHUE 3aJaud BBICTABJISAETCS IOJIOKHUTEIbHAS
oreHka — 1 oasur.

3a He MpaBWIBHBIM OTBET Ha BOIPOCHI MJIM HEBEPHOE PEIICHUE 3a7a4l BBICTABIISICTCS OTPHUIATCIIbHAS
onenka — 0 6ayUIoB.

ITpouent KavecTBeHHast onieHka HHIUBUYaJIbHEIX
00pa30BaTeNbHBIX TOCTUKEHUHN
pe3yAbTaTUBHOCTH Sann -
(TIpaBUIBHBIX OTBETOB) (oT™eTKa) BepOaIbHBIN aHAIOT
90 + 100 5 OTJINYHO
80+~ &9 4 XOpOLIO
60 =79 3 YIOBJIETBOPUTEIBHO
MeHee 60 2 HE YJIOBJIETBOPUTEIHHO
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Tema 3.2 IIponsBoaHasi pyHKIMHU U ee IPUMEHEHUe
IIpakTnueckas padora Ne 12
Hccnenopanne pyHknmii Ha MOHOTOHHOCTD, IKCTPEMYMbI, BBIIYKJIOCTDb - BOTHYTOCTb, Ileperud

Heab padorbl: HayuuThes uccnenoBarh GyHKIIUU C IIOMOIIBIO TPOU3BOTHOM
Ha MOHOTOHHOCTb, SKCTPEMYMBI, BEITYKIIOCTh - BOTHYTOCTh, IIEperud

Boinosnus padorty, Bel Oyaere:

YMETB!

YO 01.02 ananu3upoBaTh 3a7a4y WIK MpoOJIeMy U BBIICIATH €€ COCTAaBHBIC YaCTH,

YO 01.03 onpenensaTs 3Talibl pelieHus 3a/1auu;

Y4 pemare mNpUKIaAHBIE 3aJa4yd C KCIOJIb30BAHUEM D3JEMEHTOB JU(p(EepeHIHATBHOTO U
WHTETPATBLHOTO HCUHCIICHHIA;

Marepuanbnoe oOecnedenue: VHauBHyanbHBIC 3a7aHUs, TaOJHUIA TPOU3BOIHBIX, KOHCIIEKTHI

JICKIUH.

3aganue:

1) HWccnegoBarh (QyHKIMIO Ha TOYKM OKCTpEMyMa M IPOMEXYTKHM  MOHOTOHHOCTH:

y =4x% —3x* —6x+12.

2) HccnenoBaTh (YyHKIMIO Ha BBIIYKIOCTh M BOTHYTOCTb, HaMlTH TOUKH Teperuoa:
X,

y:E—x +3x+1.

Kpartkue Teoperudeckue cBeleHUs:

AnTOpuUTM Hccaea0BaHusa (YHKITUM HA MOHOTOHHOCTB ¥ DKCTPEMYMBI:

1)  Haiitu nponsBoaHyIO QYHKIIUH.

2)  Haiitu kpuTH4eckne TOUKH.

3)  OTMeTuTh KPUTHYECKHE TOYKM HA YMCIOBOW MPSAMOM M ONPEACIUTh 3HAK MPOU3BOJAHOM Ha
Ka)KJIOM HHTEpBaJIe.

4) 3anucaTh HHTEPBAJIbI, HA KOTOPhIX (PyHKIMS Bo3pacTaeT f' (x) = 0 u yObiBaer f' (x) < 0.

5)  BobimucaTh TOUYKHM 3KCTpEMyMa U BBIUUCIIUTH 3HAUYCHUS] GYHKIIUU B HUX.

ANropuT™ uccienoBaHus GYHKIUU Ha BBITYKIOCTh U TOUKHU Neperuoda:

1)  Haiiti BTOpYyIO IPOU3BOIHYIO.

2)  HaiiTu TOuKH, B KOTOPBIX BTOPasi IPOU3BO/IHAS PaBHA HYJIIO UM HE CYLIECTBYET.

3)  OTMeTuTh ATHM TOYKM HA YHCIOBOW MPSIMOM M OMNPEACIUTh 3HAK BTOPOW MPOM3BOJHON Ha
Ka)KJIOM HHTEpBaJIe.

4)  Ecmm f"(x) =0, To rpaduk BeITYyKIbIH BHU3. Ecn ' (x) < 0, To rpaduK BBIYKIIBIH BBEPX.

5)  BbruncnuTh 3HaYeHUs PYHKIIUU B TOUKaxX reperuoa.

Ilopsinok BbINOJTHEHHS PadOTHI:
1. 3anuimute GyHKIHUIO.
2. Hcnonb3yst anropuTMsl, UCCIIEI0BATh (PYHKIIUU.

Xoxa padoThI:

1) dns pynxmmu Y = 4x> —3x* —6x+12 D(y): R.

3HAYNT, IS OTBICKAHUS TOYEK DKCTPEMyMa HY)KHO HAWTH TOYKU, B KOTOPBIX NMPOU3BOJHAS PaBHA
HYJIFO HJTH HE CYIIECTBYET.

' =12x7 —6x—6=6(2x" —x 1)

.':0

. 2 _ 1
Eciu * ,10 2X° ~x-1=0 Torga x = 3 U X = 1. OTu Touku pazOoMBAIOT YUCIIOBYIO MPSAMYIO

Ha TPH MPOMEXKYTKA.
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' 2
Haiinem 3HaK npousBoHoit ¥ 6(2x" —x-1)

M3 NMOJIYYUBHIUXCS MIPOMECIKYTKOB.

Ha KaXJIOM,

- +
+ 1 1 -
I T Lo

X

-112 1

1
Touku x = ~3 U X = 1 gBISAIOTCS IKCTpEMalbHBIMU, TaK KaK IPU IEPEXOJIe Yepe3 ITH TOUYKH
IIPOM3BO/IHASI MEHSIET 3HAK.
X = =N TOUKAa MaKCUMyMa, TaK KaK IPOU3BO/HAsI MEHSIET 3HAK C «+» Ha «—», a TOUKa X = | — To4ka
MUHHUMYyMaA.

N 1

OyHKIMS BO3pACTAET HA MHTEpBaIax | — oo,—E ) [1,+oo) 1 yOBbIBaeT Ha | — E q].
2) Haiinem BTOpYIO POM3BOIHYIO 33IaHHON (DYHKIIHH:

x? _ " 2 '
y'=(=—-2"+3z+1) =|=—-220+3) =z -2
6 2

Haxonum To4yku, B KOTOPBIX BTOpast MPOU3BOIHAS PaBHA HYJIIO, JIJISI 3TOTO peliaeM
ypaBHenue ¥ "(z) =0

y'(r)=r=-2=0=1r=2

Hccnenyem 3Hak BTOpO MPOU3BOIHOM CJIEBA M CIIPaBa OT MOJYYEHHOM TOUYKHU:

- +

2 x

- . " e -
Tax kak Ha npomexytke |~ 2) gropas nponssomas ¥ () <0

, TO Ha 3TOM IIPOMEKYTKE

1 {'I’}l {-j. +DC}| 1 ”'[r']"]l ()
¢bynkuus YL IBpInmykia; B CUTy TOTO, YTO Ha MPOMEKYTKE | < BTOpas npousBoanas 4 ) = -
dynkims Borayra. Tak Kak pu mepexojie Yepes3 ToUKy & = 2 BTopas MpOU3BOIHAS CMEHUIIA 3HAK, TO
9Ta TOYKa SBJISETCS TOUKOU reperuda rpapuka QyHKIum.
Otser. Touka & = 2 - Touka nepern6a rpaduka GyHKIUU.

Ha nmpomexyTke (—o0:2) (yHKIIMS BBIMYKJIA, HA TTPOMEKYTKE (2 +00) (YHKIIHS BOTHYTA.

dopma npeacTaBiieHus pe3yJbTaTa: BbINOJIHEHHAs paboTa

Kpurepun oueHku:

3a mpaBWIbHBIN OTBET HA BOIMPOCHI WJIM BEPHOE PEIIEHUE 3a/layll BBICTABISAETCS IMOJIOKUTEIbHAS
oreHka — 1 6asur.

3a He MpaBWIIBHBIN OTBET Ha BOIIPOCHI MJIM HEBEPHOE PEIICHUE 3aa4l BBICTABIISICTCS OTPHIIATEIbHAS
onenka — 0 6ayUIoB.

KauecTtBeHHast olleHKa WHANBUAYATbHBIX
Hpouexr 00pa30BaTeNbHBIX JOCTHKECHUN
PE3yNbTaTUBHOCTH S -
(TIpaBUIIBHBIX OTBETOB) (oT™eTKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOpOIIO
60 =79 3 YIOBJIETBOPUTEIBHO
MmeHee 60 2 HE yJIOBJIETBOPUTEIBHO
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Tema 3.2 IIponsBoaHasi pyHKIMHU U ee IPUMEHEHUe
IIpakTnueckas padora Ne 13
HccaenoBanue GpyHKIUHA U IOCTPOeHHE IPaKOB

Heas padorbi: HayanThes nccnenoBarh (GyHKIUU U CTPOUTH TpadUKH HYHKITUI.
Boinosnus padorty, Bl Oyaere:

YMETb:

YO 01.02 ananu3upoBaTh 3a7a4y WIK MpoOJIeMy U BBIICIATH €€ COCTAaBHBIC YaCTH,

YO 01.03 onpenensaTh 3Talbl pelieHus 3a/1a4y;

YO 02.05 oueHuBaTh NPaKTHYECKYIO 3HAUUMOCTh PE3Yy/IbTaTOB IOUCKA

Y4 pemare mNpUKIaAHBIE 3aJa4yd C KCIOJIb30BAHUEM D3JEMEHTOB JU(p(EepeHIHATBHOTO U
WHTETPATBLHOTO HCUHCIICHHIA;

MarepuanbHoe o0ecrieyeHnme:
NunuBunyanbHbie 3a0aHus, TaOIUIIA TPOU3BOAHBIX, KOHCTIEKTHI JICKITUH, YICOHHUKH.

3aganue:
Yepe3 alfOMUHUEBYIO IIMHY MPSAMOYTOJIBHOTO cedeHus iuHbl | mpomyckaror Tok cumoit 160A u

IJIOTHOCTBIO 1

5 UToOBI mMHA HE TIeperpesach, TeII00TIa4da JOJDKHA ObITh KaK MOKHO OOJIBIIIE,
MM

T.. IIWHA JOJDKHA UMETh OOKOBYIO MOBEPXHOCTh. HaillTu pa3Mepsl cedeHMs IMHUHBI, TPH KOTOPHIX
OOKOBasi TOBEPXHOCTh IIMHBI MAaKCHUMaJbHA, €CJIM MO0 KOHCTPYKTUBHBIM COOOpakeHUsIM TpeOyercs,
9TOOBI TOJIIIMHA IIWHBI 3aKTF0YANIach B Mpejenax oT 4 10 8 MM.

HccnenoBaTh (GyHKIHIO 1O 00IIIEH CXeMe M TIOCTPOUTH €€ rpaduK:
1. fiee) = 527 — 328,
e
2. flxd = e
KpaTkue TeopeTnyeckue cBeieHHsA:
OO6mras cxema uccineaoBaHus QYHKITUH.

1. Haittu o6macts onpenencuus pynkuuu D (y).
2. Haiitu (ecnu 3TO He BBI3BIBACT 3aTPYAHEHUN) TOUKH NepecedeHus rpaduka ¢ OCsIMU KOOpIHHAT
(mpu X =0 u pu y = 0).
3. UccnenoBath (GyHKIHMIO HA IEPUOJUUYHOCTD, YETHOCTh U HEUETHOCTb.
4. Haiitu uHTEpBajIbl MOHOTOHHOCTH, TOUKH SKCTPEMYMOB U 3HauU€HUsI (QYHKIMH B 3TUX TOYKAX.
5. Haiiti uHTEpBasIBI BHITYKIOCTH (BOTHYTOCTH) M TOUKH Ieperuoda rpaduka GyHKIuM.
6. Haitti acumnToThl rpaduka GyHKITUH.
7. HaiiTu 1ONOTHUTENbHBIE TOUKU U IOCTPOUTH I'paduK MO pe3ybTaTaM UCCIIeOBaHUS.
ACHUMITOTHI.
AcumnrToToii rpadguka ¢pyHkuuu ¥ = fxIHa3pIBacTCs MpsMasi, o0Jiaaromas TeM CBOMCTBOM, 4YTO
PacCTOSIHUE OT TOYKH [x; f{x)) IO 9TOM MPAMOM CTPEMHTCS K HYIIO IPH HEOTPAHUYECHHOM YIaJeHUH
TOYKH rpaduka oT Ha4yajga KOOPAUHAT.
[Ipsimast x = & Ha3pIBaeTCS BEPTUKAJIBLHOM acuMNTOTOM rpaduka GyHKuu ¥ = fix) , ecnu XOoTs Obl
OJIHO W3 MPEACIbHBIX 3HAYCHUN limy ,, g flx) WM limg ., f(x) PAaBHO —SOMIIM +09,
3ameuanue. [Ipsmas x = & He MOXKET ObITh BEPTHUKAIBHONW aCUMITOTON, €clu (PYHKIIMS HETpEphIBHA
B Touke x = &. [[03TOMY BepTUKaJIbHBIE ACUMIITOTHI CIIEAyeT UCKATh B TOUKAX pa3pbiBa (PyHKIUU.
[Ipsimas ¥ = & Ha3pIBaeTCAd rOPU3OHTAIBHON acUMNTOTOM rpaduka QyHKIUU ¥ = fix], eclu XOTsa Obl
OJIHO U3 MPEAEIbHBIX 3HAYCHUN litn,_q Fix) Wim lin,,_ .. fix) paBHO b.
3ameuanue. ['paduk GyHKIIMM MOXKET MMETh TOJBKO MPaBYI0 TOPU3OHTAIBHYIO ACUMIITOTY WIH
TOJIBKO JIEBYIO.

[Ipsimast ¥ = kx + b Ha3pIBaeTCAd HAKJIOHHOW  acuMNTOTOM rpaduka  GyHKumMH ¥ = flcly = fx),
€CIH litn, | flx) —kx — 8| =10
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Ecmu s QyHkium v = f{x) CyIIECTBYIOT IpPEICIIbI limx_,mf(Tn =ku lim_u(flx) -kt =5, TO

(bYHKIMS UMEET HAKJIOHHYIO aCUMIITOTY ¥ = kx + & TIpH x — 2,
IMopsanok BbINOTHEHHSI PA0OTHI:

1. [IpoBecTu aHaM3 3a1aHHOH (PYHKIIMU IO OOIIEH cXxeme.

2. lloctpouTts rpaduk GyHKIUH.

Xoa paGoThI:
I/ICCJIeZIlOBaTI) (YHKIHIO ¥ TOCTPOUTH €€ TpaduK.
X
Yo ur
1. O6nacts onpeznenenus GyHkuun DIf) = (—oo; 17 U (1 400)
2. Ilpu moicTaHoBKe 3HaUeHHs « = 0 mosyunm y(0J) = 0,
Takyro e TOYKy MMOJIy4rM, €CIIM PUpaBHsAEeM (QYHKIHUIO K HYI0. Touka x = 0 - eIMHCTBEHHAs] TOYKA
MepecevYeHus ¢ OCSIMH KOOPIUHAT.

3. IlpoBepsieM pyHKIIHMIO HA YETHOCTD
(—a® xE

—-2x-2 2x 42’

wl—r) =

ywl—x) # yled; yl—x) £ —y(x].
Wrak, pyHKIUS HU YeTHAs, HU HEYETHAsI, HETIEPUOAMUeCcKasl.
4.JI5s OTBICKaHUSI MHTEPBAJIOB MOHOTOHHOCTH BBIYUCIISIEM TIEPBYIO MPOU3BOAHYIO (DYHKITH

, 2xlZx—2)—xt 2 4xt —dr — 220 2x% — 4
YT T e — 2 (zx—2f (ze-2)
[IpupaBHUBas ee K HYJO, MOJYy4YUM KpUTHYECKHE TOUkKM x = 0;x = 2. OHM pa30uBarOT 00JaCTb
OIpPEAEIIEHUS Ha CIAEAYIOIIUE HHTEPBAIBI MOHOTOHHOCTH i —a; U L 0; 17 L0 (1, 2 L) {2 4oy
Hccneqyem moBeeHrne MpoM3BOIHOM ClieBa U CTIpaBa OT HAHJACHHBIX TOUEK pa3OUCHHS.
I'paduaeckn nHTEPBATBI MOHOTOHHOCTH OYIyT UMETh BUJT

,"‘I

> e TN
o 1 2
Uccnenyemast GyHKIMS Bo3pacTaeT Ha MHTEepBaiax (—oa; 0% U (2 4w m yObiBaeT (0; 1) U (1; 27.
5.Touka x =0 ToYyKa JIOKQJILHOTO MAaKCUMyMa, x¥ = 2 — JIOKaJbHOI0O MUHHMMYyMa. Haiinem 3HaueHue
bynxkuuum vy, =0: vy, =2
6.. 171 OThICKaHUSI UHTEPBAJIOB BBITYKIOCTHA HAJEM BTOPYIO TPOU3BOAHYIO
, ldr—4i(2r—2)t —2xt — 4y 2022 -2 2 a
Y= (2 — 2)° T -7
8 1
Calr—10% (x—1)d
Takux MHTEpBaJOB HET, MOCKOJBKY BTOpas MPOU3BOJHAS HE MPUHUMAECT HYJICBBIX 3HAUYCHUU B
obnacTu onpeaesieHusl.
7. Ipsimast x = 1 — BepTUKaJIbHAsg acUMNTOTa (YHKIHMH. YpaBHEHHE HAKIOHHOW aCHUMITOTHI HMEET
BUI ¥=kx+ b,
Flx xt x? 1 1

k:.%izm-a x =}l:m-=|:2x —2:|x:-%1—3n=1=2x2—21':}1"n"1°2_3:

5 y xt 1
Tahelzr—2 2

y P —xlx—1)
T e 2(x—1)
-t x 1

= = ]_I = 1
e 2x—1)  amm2(x—1) ey

KoneuHslil BUJ IpsIMON CIIEAYIOMINAMA

1 1
}?—EI+E.
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8.Ha ocHOBe MpOBEZICHHOTO aHaAIN3a BHIIOJIHAEM OCcTpoeHHe rpaduka GyHKkuuu. s 3Toro cHavana
CTPOUM BCPTHUKAJIBHBIC U HAKIIOHHBIC ACUMIITOTHI, 3aTCM HAaXOJUM 3HAYCHUC d)YHKHI/II/I B HECKOJIBKHX
TOYKax U IO HUX MMPOBOANM IIOCTPOCHUC.

y=(x+1)72

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.
Kpurtepuu onenkn:

33 HpaBHJ’IBHBIfI OTBCT Ha BOHpOCBI NN BepHoe pemeHHe 3a1a4 BBICTABJIACTCS ITOJIOXKUTCIIbHAS
onenka — 1 6ay.

33 HC HpaBPIJ'II:HBIfI OTBECT HaA BOHpOCBI NN HeBepHoe pemeHHe 3aJa4 BBICTABJIACTCA OTpI/II_[aTeJ'H)HaH
onenka — 0 0ayIoB.

KauecTBeHHas OIleHKAa WHIUBUYATbHBIX
Hpouent 00pa3oBaTeNbHBIX JOCTHKEHUN
Pe3yNbTaTUBHOCTH S
(TIpaBUIIBHBIX OTBETOB) BepOATbHBIN aHAJIOT
(oTmeTKa)
90 + 100 5) OTJINYHO
80 + 89 4 XOPOIIO
60 + 79 3 YIOBJIETBOPUTEITHHO
meHee 60 2 HE YIOBJIETBOPUTEIBHO

Tema 3.3 UHTerpas u ero npuJioskeHust
IIpakTnyeckas padora 14
BblunciieHue Heonpe/ieJleHHbIX HHTErPAJIOB

]_le.]]b paﬁoTbI: HayLII/ITBCSI HaXoaUuThb HCOHpCI[CJ'IéHHI)IC HWHTCIrpaibl pa3iIniHbIMU ME€TOJaMU

Boinosinus padory, Bel Oyaere:

YMETh:

YO 01.02 ananu3upoBath 3a1a4y WIK MPOOIEMY U BBIJIENISTh €€ COCTABHBIE YaCTH;

VY4 pemarb MNpUKIAIHBIE 3aJa4yd  C HCIOJb30BAHHEM JJIEMEHTOB AuddepeHIIuaIbHOTO |
MHTETPAIBHOTO UCYUCIICHUH;

MarepuajbHoe obecneuenue: VHIuBHUIyanbHbIC 3a/aHUs, TaONHMIIA UHTETPAJOB M  KOHCIEKTHI
JICKITUH.
3amanue

Ha 3akumax 1menu ACHCTBYET OJMHOYHBIM WMITYJIbC HaNpsoKeHHsS. TpedyeTcs ¢ MOMOIIBIO
uHTerpana Jlroamenss oONpeAeciauTh MEPEXOJHBIM TOK B OJIHOM W3 BETBEW 3aJlaHHOW IICTH,
BO3HUKAOIIUI IIPU ACUCTBUU UMITYJIbCA HAIIPSKEHUS U PACCUUTAHHOTO MTEPEXOHOIO TOKA.
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Borunciaure HEOIIPEAC/ICHHbIC HHTETPaJIbl
1 I(2x? — vx)dx;
2 J.- cﬂssi—i dx,
cos™x

3. _r g~ ldx;
4, | cas;—r dx;
5

6

Jx .

"r VT3

[ x - cosxdx.
Kparkne teopernueckme cBeaenmsi: Oynkuus F(X) HaspiBaeTcs nepeoobdpasnoil (ynxyuei ais
3amanHoi (Qynkumu Yy =f(X) Ha oTpeske a>X>b, ecnum B KakKIAOH TOUYKE HSTOr0 OTpe3Ka ce
npoussojHas pasna f(X), T.e. Fr(x) = f(x)-
Kaxnas HenpepbiBHas (yHKUIUS HMeeT OECKOHEYHOE MHOKECTBO I€pBOOOpa3HbIX (PYHKLMIA,
OTIIMYAIOMINXCS APYT OT JAPYTa Ha MOCTOSHHYIO BEIMYHHY.
OOmee  BBIpaKCHHE F(x)+Cmis  Bcex  mepBoOOpasHbIX  (YHKIMH ~ OT  JIQaHHOM
GyHKIIMI f(x) Ha3bIBACTCS HEONPEIEICHHBIM WHTErpajomM OT  JTOH GyHKIMH
1 0003HayaeTcs:
jf(@dw
rne  f(X) HaseiBaeTcs — mogpiHTerpanbHOW — dynkimen, f(X)dX —  moapIHTErpaybHBIM
BEIPa)KCHHUEM.
[lpu BBIYMCICHHN HEONPEACICHHBIX WHTETPAJOB HEOOXOIMMO WCIOJIh30BaTh KaK CTaHIAPTHYIO
Ta0MHILy, TaK ¥ Pa3IMYHbIC TPUEMBI YITPOIICHHS TTOIbIHTETPATHHBIX BHIPAKEHHUH, TTO3BOJISIFOIIINX CBECTH
3a/1a4y K TaONMYHBIM HHTETpajiaM MPUBECTH K TaKOMY BHIY, KOTOPBIH TO3BOJIAT BOCIIOJIBE30BATHCS
CTPaBOYHBIMHU TAOJIUIAMH.
Ilopsinok BbINOJIHEHHS PA0OTHI:
BHumaTenbHO U3y4uTe NOABIHTETPATIbHYIO (YHKIIUIO U .M CIIOJIB3YS]
KOHCIIEKTBHI JICKIUH, ONpeaennTe coco0 HHTErPUPOBaHHUS.
Xox padoThI:

1. Beruncaurs I (5 — 4x) dx-

B 1aHHOM CiTydae — IPHBOIMM K TaGIMUHOMY BUTY
(J. Xdx = X C) :

n+1
.[(5«& —4x)dx = 5_[ x¥2dx — 4j xdx =

0,5+1 2
X X c0us e
05+1 2 3

2. Beruuciauts J-sin3x+1dx.
H]
sSin” X
31€ech UIsl IPUBEEHHS K TAOIUYHOMY BUILY
1

sin? x

Usinxdx:—cosx+c;j dx:—ctgx+CJ

npeo6pa3yeM MOABIHTETPAJIBHOC BBIPAXKCHUC K CYMME IBYX CJIaraCMBbIX:

sin® x+1 .
Ifdx:j sinX +——
sin® x sin“ x

Bo MHoOrux ciny4asx st npuBeaeHHs K TaOJIMYHOMY BHJIY MOXHO HCIIOJIb30BATh 3aMEHY TIEPEMEHHON
(MoACTaHOBKY).
3. Beruncnuth uHTETpan I 42%1qy -

jdx:—cosx—ctgx+C-
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X
3mech Ui TpPUMEHEHUs TaOIU4HOW (hopMyITbI I axdx=a—+C HEoOX0oaMMO TpeoOpa3oBaTh
Ina

HoKa3aTesb cTereHu 2X — 1. Beeaem nmoacranoBky: U = 2X — 1, otkyga du = 2dX 1 gy — 1du~ Torna:

u=2x-1 "
j42x-1dx = \du=2dx [ = j4“ .0,5du = o,5j4“du _05 4 -
In4
dx = 0,5du
2x-1
_054 +C-
In4

4. BbluMcauTh UHTErpajl J' sin 5xdx-

_ U= >5x 1¢ . 1 1 5. Beruucnuth I/IHTerpaﬂJ' xdx
J.S|n5xdx= du = 5dx :gIS|nudu:—gcosu:—§c055x+C x2_8
dx=}du
5
d U=X2—8 Edu
‘[);x = )du = 2xdx =I2— Lpdu_ flnu_ In(x2—8)+C'
X -8 u 27 u
xdx ==du

— TaOJIMYHBIH. )

(UuaTerpan J‘CLU —Inu+C
u

6. BoruncauTs uHTErpan J' _oxdx
N

d u=5-x" 1,d 1

xdx _ _ l¢du 1o

J.m— du = —2xdx = ZJ.\E_ 3Iu du =
xdx=—§du

——u’?=+5-x%+C.

7. BpluuciauTh MHTETpal I dx
(8—3x)?
q u=38-3x q
"'7)(2: du=-3dx ( =-= —u:—fjl 2du =
(8 —3x) 1 37u
dx=—=du
3

N +C
3u  3(8-—3x)

8. Buruncauts HHTCIrpaJl J‘ In? x dx

TaK KaK (j vy 1 10
X

In 2 X u=lnx u® Indx
I 1 :juzdu:—_—+c
du = =dx 3 3
X
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9. Beruncnuth UHTETpa _[ dx
8x% +3
[TpuBenem uHTErpan K TabnuaHOM hopmyre

1 u
jiz > =—arctg—+C-
u“+a® a a

J- dx 1¢ dx _}I dx
8x*+3 87,2 3 8

)

L X L Cc-163arctgl63x+C’

= arct

i
8 8

10 Brrauciauts HHTCrpal J. X COS XdX -

WHTerpansl Takoro Tuila BBIYMCISAIOTCA C IMOMOIIBIO (OPMYJIBI MHTETPUPOBAHUS [0 YacTAM

judv:uv—jvdu-

u=x —> du = dx . .
Ixcosxdx= . = Xsin x—_[sm Xdx =
dv = cos xdx — v=sinXx

= Xsinx+cosx+C.

11. BbluncnuTh HHTErpa I X2 In xdx -

u=hx — du:ldx 3 3
Ilenxdx: ;( :X—Inx—jx—-—dx:
2 X 3 3 x
dv=xdx —» v=—
3
3 3
_X Inx_L+C_
3 9

dopma npeacTaBlieHUs pe3yJbTaTa: BbINOJIHEHHAs paboTa
Kpurepun oueHku:

3a NpaBWIBHBIA OTBET HA BOIPOCHI WJIM BEPHOE PEIICHUE 3a/ladd BBICTABIISACTCS IOJOKUTEIbHAS
oreHka — 1 oasur.

3a He MpaBWIBHBIM OTBET Ha BOIIPOCHI MJIM HEBEPHOE PEIICHUE 3a7aUl BBICTABIISICTCS OTPHIIATCIIbHAS
onenka — 0 6ayUIoB.

KauecTtBeHHast olleHKa UHANBUAYATbHBIX
Hpouent 00pa3oBaTeNbHBIX JOCTHKEHUN
PE3yNbTaTUBHOCTH Sann ;
(TIpaBUIBHBIX OTBETOB) (oTMeTKa) BepOaIbHBIN aHAIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOpOIIO
60 =79 3 YIOBJIETBOPUTEIBHO
meHee 60 2 HE yJIOBJIETBOPUTEIBHO
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Tema 3.3 UHTerpaJ u ero npujioKeHust
IIpakTnueckoe 3ansaTue Ne 15
Bobruuciienue onpeeiéHHbIX HHTETPajioB

Heabr pabGorsi: IloBTOpUTH OIpenencHHE OINPEeneNEHHOIO MHTErpaiga, €ro CBOWCTBA , METOJbI
HaXO0XAECHUS OIPEICIEHHOTO UHTErpaJa.

Boinosanus padorty, Bel 0yaere:

YMETb:

YO 01.03 onpenensaTh 3Talbl pelieHus 3a/1a4y;

Y4 pemare mNpUKIaIHBIE 3aJa4yd C KCIOJb30BAHUEM D3JIEMEHTOB JU(P(EepeHIHATBHOTO U
MHTETrpajbHOI0 UCUUCIICHUH;

MarepuajibHoe obecniedenue: VHIUBYTyaIbHbBIE 3aJaHHsI, KOHCIIEKTHI JICKITAH.
3aganue:

DKCIIEPUMEHTATHHO YCTAaHOBJIGHO, YTO TPOJAYKTHBHOCTH TpyAa pPaOOTHHKA TMPUOIMIKEHHO
BeIpakaeTcst hopmyioit: f{t)= -0,0033t% -0,089t+ 20,96, rie t- paGouee BpeMst B 4acax. BEIUMCIHTD
00beM BBIMyCKa MPOAYKIIMU 3a KBApTal, cUuTasi pabo4uil JeHb 8-4aCOBBIM, a KOJMYECTBO pabOUHX
JHEW B KBapTaje- 62.

4
1. 1 I(x3 —3x)dx -
2

1

2. j(2x+ex)dx
0
7
3. fl
SN 2X+1

Iopsinok BbIMOJTHEHHSI PadOThI:

1.  Haiitu nmepBooOpa3HyO MOABIHTErPATEHOMN (QYHKITUH.

2.  Bocnousb3oBathes popmynoit Hetorona- Jleitoauna.

3. B ciyyae HemocpeaCTBEHHOTO MHTEIPUPOBAHUS HAWTH MpHUpaIleHHe ePBOOOPa3HOI.

4. B cinyyae BBeAeHHSA HOBOW MEpEMEHHOW BEIMYMHBI HAWTH 3HAYEHHUS BEPXHETO U HUIKHETO
IIpeJielIOB UHTETPUPOBAHUS U TIOCTIE 3TOTO HAMNTU MHTETpall.

Xox padoThI:

4
1. BeruucnuTh UHTErpal ,[ (% + 30X
2

3
[TepBooGpasHas: .[(XZ +3x)dx = % + g X7,

OTMeTHM, 4TO MPOU3BOJIbHYIO KOHCTAaHTY C MOKHO 3/IeCh HE 3allMChIBaTh, TaK KaK OHA B CIEIYIONICH
ONEepaLi YHUUTOKAETCA.
ITo dopmyne Horotona—JleitOnuna:

3 2|4 3 3
X3 (£, 3] 2,32 =@z36,67-
3 2 ), 3 2 3 2 3

Beruncnenue 3HA4YECHUSA UHTETpajIa OOBIYHO IIPUHATO 3aIlUCBIBATh LIETIOYKOH,
0e3 BbIAETIeHUs IepBO0Opa3Hoii u popmynsl Hetorona—JleiOHua.
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1
2. Berancnute MHTETpa J.(x +e*)dx.
0

1 X2
J'(x +eX)dx = (2 + exj
0

=05+e-1=05+e~-0,5+2,718=2,218.

1=[i+ﬁﬂ—{0+&)=

0

3. Beruuciuth uHTETpa .7[ dx
1

V3x+4
. u=3x+4 , ,
[ e -(30] (). -
YA3x+4 1 3 Ju), \3 »
dx:édu

2 2 8
=23 7+4-Z B3 (-D)+4=2-
3 3J (-1) 3

()

-1

Jlnst cokpartiennsi mpeoOpa3oBaHUA MPU 3aMEHE MEPEeMEHHON yINOOHO BHOBb BBIYHCIATH BEPXHUU U
HIDKHUWA TIpeAeNbl. JTO TO3BOJIIET M30€KaTh OOpaTHOM 3aMEeHbl HAa HWCXOIHYIO TIEPEMEHHYIO B
MOJTy4eHHOU TIEPBOOOPA3HON U yIPOIAeT BEIYUCIICHU. Tak, /I JAHHOTO NMPUMepa MOKHO 3aIucaTh:

a=3-(-D+4=1

Ty u=3x+4 ( . )
K
JA3x+4 1 p=3-7T+4=25
dx ngu (Bep xamii p enen)

_2,w

B 25 25
ledu 1% du 2 2 8
(5 =SWB-N)=2(5-1)=="

MBI OJTyYHIIH TOT K€ Pe3ysIbTar, 0€3 00paTHOTO Mepexoia K paauKany +/3X +4 .

3
4. BeluMCAUTh UHTErpall j X~/1+ Xdx -

0
u=+1+x
3 2 2
=1 =J1+0=1
IX\/l'l’XdX: welexe =I(u2—1)u-2udu=
0 x=u?-1 B=~1+3=2] 1
dx = 2udu
2 5 3\ |2 5 3 5 3
=2I(u4—u2)du=2(u—uj =2(2—2j_2(1_1]=711'
1 5 3)), 5 3 5 3) 15

5. Beruucnuth uHTErpan ﬂfxsin xalx -

0
IIpu MHTErpHpPOBaHUM IO YACTSM PEKOMEHIYETCsl CHavasla TOJHOCTBIO OINPENENUTh epBOOOPa3HYI0, a
3aTreM NpUMeHuTh Gpopmyny Hetorona—Jleltbuuna.

2 u=Xx = du=dx
Ixsm xdx = .
5 dv=sinxdx =  V=-C0SX
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/2
= (—XC0s X +5in X)

/2

=(—-XCos X + J.cos xdx)

0 0

:(_ECOSE+SinE) —(0+sin0) =1
2 2 2

®opma npeacTaBaeHUs Pe3yJbTaTa: BHIIOJIHEHHAs padoTa.
Kpurtepuu onenku:

3a HpaBHJIBHbeI OTBCT Ha BOHpOCI)I NIJIn BepHOC peHIeHI/IC 3a4a4YU BBICTABJISACTCA ITOJOXKUTCIIBHAA
olleHka — 1 Oai.

3a HC HpaBHJIbHI:IfI OTBCT HaA BOHpOCI)I NnJin HCBepHOC peHIeHI/IC 3a4a4YU BBICTABJIACTCA OTpI/IIIaTeJH)HaFI
onenka — 0 0ayIoB.

KagecTBeHHast o1leHKa HHIMBH/TyaTbHBIX
Hpouenr 00pa30BaTeNIbHBIX JOCTHKEHUN
pe3yIbTaTUBHOCTH - :
(IpaBUIIBHBIX OTBETOB) (oTveTKa) BepOaIbHBINA aHAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIIO
60 +79 3 YJIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 3.3 UHTerpaJ u ero npuiosKeHust
IIpakTnyeckoe 3ansitue Ne 16
HNuTerpupoBanue pa3jimyHbIMH METOJaAMH

Hean padorsi: PaccMoTpeTh pa3nnyHbie CIOCOOBI MHTETPUPOBAHUS (DYHKITHIA.

Bbinosinus patdory, Bel Oynere:

YMETb:

YO 01.02 ananu3upoBaTh 3a7a4y WIH MPOOJIEMY U BBIJCIATH €€ COCTABHBIC YaCTH,

YO 01.03 onpenensars 3Tanbl pelICHUs 3a/1a4u;

YO 02.03mmaaupoBath MpoIecc MOUCKa; CTPYKTYPHUPOBATh IMOJIy4aeMyIo HH(POpMAIIHIO

Y4 pemare mOpUKIaAHBIE 33Ja4ydl C KCIOJb30BAaHUEM DJIEMEHTOB U depeHIHaTbHOr0 U
HMHTErpajbHOr0 UCUUCIICHHUI;

MarepuajibHOe o0ecnieyeHue:
WNupuBuayaibHbIe 3a0aHus, Ta0IHUIIa HHTETPAJIOB, KOHCIICKTHI JICKIUH, y4eOHUKH.

3amanmue:
Hatinute naTerpans

1)f 3% xdx

4 Jxdx

2, e

=

T

3)_]":? sin®x - cosxdx
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4) [(x? + 5x+ 7)lnx - dx
B) [(x? + 4x + 3)e™dx

ITopsiiok BbINOJIHEHUS Pa0OTHI:

1. 3anmcate 3amaHWe W ONPEACIHTh, KAaKUM W3 METOJOB HWHTETPUPOBAHUS HEOOXOAUMO
BOCIIOJIb30BAThCA.

2.  Ecam mHTErpas MOKHO HAWTH METOJOM HETOCPEICTBEHHOTO WHTETPUPOBAHHUS, TO, HCIIOJIB3YS
CBOWCTBA HHTETPAJIOB, IPUBECTH UHTETPAJ K TAOMMIHBIM (hopmynam. [IponHTErpHpOBaTS.

3. Ecam uaTErpan Mo>kHO HalWTH METOJIOM TOJICTAHOBKH, TO BBECTH HOBYIO IEPEMEHHYIO, HAUTH €€
maddepennnan. [locne BBeneHHs HOBOW NMEPEMEHHON 3aJaHHBIA MHTErPal MPHUBOAMUTCS K HOBOMY
WHTETPay, KOTOPBIN SIBISAETCS TaOMMYHBIM. ECiM MHTErpan omnpeneneHHbId, TO BBIYACIUTH HOBBIC
npeAesbl MHTerpupoBanus. HaiTu nosydeHHbI uMHTErpan. B cirydae HeonpeneneHHOro MHTerpaia
BEPHYTHCS K CTapOi EPEMEHHOI.

4. Ecnm uWHTErpan HeJb3s HAWTH  BBIIIEYKA3aHHBIMH CIIOCO0AMH, TO TNPHUMEHUTH (GOPMYITy
MHTETPUPOBAHMS TI0 dHacTAM | UdV = UV — [VdU.  DToT MeToJ 3aKIodaercs B TOM, 4YTO
MOABIHTETPAJIbHOE BBIPAXKEHHE NMPEACTABIAETCS KaKMM-IH00 00pa3oM B BUJE MPOU3BENEHUS IBYX
comHoxuteneit Un dV. 3arem, mocie Haxoxaenus dUu V,ucnosnb3oBaTh GOpMyTy HHTETPHPOBAHUS
10 YacTsIM.

. - Unrerpansl Buma [ P(x)e“dx, [ P(x)sinkxdx. [ P(x)coskxdx, rme P(X)- MHOrouren, K-
qrcia0. Y 100HO MOJI0XKHUTE U = P(x), a Bce OCTallbHbIE MHOKHUTEIN TPUHATH 3a dV.

° HuTterpainsl Buaa _r P(.r] aresinxdx, _r P(x] arecosyax, _r P(.r] Inxdx, _r P(.r] arctgxdx

[ P(x)arcctgxdx. Yno6mo nonoxurs P(x)dx = dV, a ocTansHbIe MHOKHTEIN TPUHATE 32 U.

e  Unurerpans! Buna [ e sinbxdx, [ e cosbxdx, rie au bumcma. 3a U MOXHO TIPHHATH (QyHKIUIO

U=

Xox padorei: Haiitu unTerpabi:

152 dx
1)..r I:l_xE:I-d-
DTOT UHTErpaJl MOKHO HAWTH C TOMOIIBIO METO/IA MOJICTAHOBKH. BBE1eM HOBYIO MEPEMEHHYIO.
1—x*=
— = | 3x%dx=dt
BT
(1—x%) ) dt
xodx = ——
3 J‘ 15dt
-] —3¢*
= 5fr“‘dt = St_3 +C= > +C
B T3 313
S R—.
T 3(1—x3)3
0,4 GSdx
2) -ru- 4+25x2

OTOT HHTErpaj MOXHO HalTH ¢ IOMOIIIBIO METOJIa MOACTaHOBKHU. BBegeM HOBYIO ICPEMCHHYIO.

-x =t
5
—dx = dt
j-u,a S _sfu,4 dx _ _ 5 ;0.4 dx  _ 2 =
o EE Y T s aE —2
0 44257 470 1477 0 4[5 dx =-dt
4 g™ 5
xg =0ty =0
lx, =04 t; =1



B 21 dr 1 1 17 _ =
=3 E_I"D peci Ea’rctgth, = E[rx’rctgl — arctg0) = PR
— sinxdx
g5
3) “rﬂ' costx
DTOT UHTErpaj MOKHO HAWTHU C TIOMOIILIO METO/Ia TI0ICTAaHOBKHU. BBe/1leM HOBYIO ITEPEMEHHYIO.
cosx =t
x deosx = dt
3 —sinxdx = dt 0.5 —3
inxdx —dt ="
JSLME = Sinxdx - —dt = f —3 = —— |§"5
5 cosx Xy =0 ty=cos0=1| £ —2
T . T 1
Xp =—tp =cos—=—
"5 378 3 2
1 1 1
=—|9% = —==2-05=15
2t- 2-0,25 2

4) [(x? — 4x)Inx - dx
DTOT MHTErpal MOKHO HAWTH ¢ TIOMOMIBLK METOJa MHTErPMPOBAHMS IO YacTSM, OH OTHOCHTCS KO
BTOpPOMY BHIY, To3ToMy U = Inx, dV = (x? — 4x)dx.
1 x* .
du =;dx, V=|(x%—4x)dx= e 2x?

Hcnonb3ys popMylly UHTETpUPOBAHUS 110 YaCTAM, MOJTydaeM

x* . x* vl
(2% — 4x)Inx - dx = lnx | — — 2x° —j — —2x° |—dx =
4 4 x

x* x3 x* x*
Inx | — — 2x* —J. — —2x|ldx=lnx|——2x% | —— + x*
4 4 4 16

+C
5) _r(xz — 2x) cos4x dx

OTOT MHTErpag MOXXHO HAWTU C TMOMOLIbI0 METOAAa MHTETPUPOBAHUS MO YaCTSAM, OH OTHOCUTCS K
nepsoMy Buay, nosromy U = x= — 2x, dV = cosdxdx.,

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

1
— Efsindlx(x —1)dx =

YroObl HAUTH OCTABIIUIACSA HHTETPall, CHOBA IPUMEHsAEM (DOPMYITy HHTETPUPOBAHUS 110 YACTSIM.
U=x—1, dV = sindxdx,

1
dll = dx, V= J. sindxdy = —Ecos4x
1. 1 1
=3 (x* — 2x)sindx — > ((x—1) (— Ecﬂ.'sd}x)
1
— J — —rcosdxdx =
4

1 1 1 1
—(x*— 2x)sindx ——((x — 1)| ——cosdx | + — | cosdxdx =
4( ) 2(( )( 4 ) 4J.
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1 1 1
=3 (x* — 2x)sindx + P ((x —1)(cos4x) — éj. cosdxdx =

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

®opMma npegocTaBjieHUs pe3yJbTaTa: BHIIOJIHEHHAs paboTa
Kpurtepuu onenkn:

3a HpaBHJIBHbeI OTBCT Ha BOHpOCI)I NIJIn BepHOC peHIeHI/IC 3a4a4YU BBICTABJISACTCA ITOJOXKUTCIIBHAA
oleHka — 1 Oami.

3a HC HpaBHJIbHI:IfI OTBCT HaA BOHpOCI)I niin HeBepHOC peHIeHI/IC 3a4a4YU BBICTABIIACTCA OTpI/IHaTeJ'IBHaFI
orenka — 0 0asIoB.

KagecTBeHHast olleHKa WHIMBHTyaTbHBIX
Hpouent 00pa30BaTeNIbHBIX JOCTHKEHUN
pe3yIbTaTUBHOCTH o :
(IpaBUIIBHBIX OTBETOB) (oTmeTKa) BepOaIbHBINA aHaAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 3.3 UHTerpas u ero npuJiosKeHust
IIpakTuyeckoe 3ansaTue Ne 17
IIpumeHeHne omnpeneJEHHBIX HHTETPAJIOB K PelICHHI0 NPUKJIAJHBIX 32124

eab padorbi: [IOBTOPUTH r€OMETPUUECKUN CMBICT OMPEACIEHHOTO UHTETpaa.

Bbinosinus padory, Bel Oynere:
YMETb:
Y4 pemare mpUKIaAHBIE 3aJa4ydl C KCIOJb30BAHUEM DJEMEHTOB U epeHIHaTbHOTO U
HMHTErpajbHOr0 UCUUCIICHHUI;
YO 01.02 ananu3upoBaTh 3a7a9y WIH MPOOJIEMY U BBIJCIIATH €€ COCTABHBIC YaCTH,
YO 01.05 onieHrBaTh MPAKTUYESCKYIO 3HAYUMOCTD PE3YJIbTAaTOB ITOUCKA;- H300paKaTh
KPUBOJIMHEWHBIEC Tpaellid B KOOPAWHATHOM IJIOCKOCTH;
MartepuajnbHoe o0ecnieuenue: HIMBUTyalIbHbIC 3a/IaHKs], KOHCIIEKTHI JICKIIUH.
3aganue:
Boruncnute KOMMYECTBO 3JIEKTPUYECTBA, MPOTEKILIEro MO MPOBOAY 3a MPOMEKYTOK BpEMEHU
[3:4], ecnu cuia Toka 3aaaercst GopMysoit I(t)=3t>-2t

Beruncnure miuomany Guryp, orpaHu4eHHbIX JTMHASMU:

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

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

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

4.  3apaua. [Ipeanonoxum, uro B Touky O MOMeIeH eqMHUYHBIN dNeKTpudeckuit 3apsia. Ox
co3/1aeT anneKTpuueckoe nose. Haiitu paboTy anekTpuyeckoro moJs rno nepeMeneHno eTMHIYHOTO
3apsAza U3 TOYKHU X B TOUKY X.

Pemienue: Mbl 3HaeM, 4TO Ha IPYroy €IMHUYHBIN 3apsijl, IOMELIEHHBIN B TOUKY X, ICHCTBYET CUIIA,
00paTHO MPONOPLHUOHATIbHAS KBAIPATy PACCTOSHUS, T.€. F(x)=k/x. [Tpumensiem popmyny amns
paloThI, MOTYyIUM:
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X2 X2
A= I k dx/x? = k I dx/x?, st pymkimm F(X)=K'/x? mepBoobpasnyro U(X) MOKHO HAHTH 1O
x1 x1

tabmune: U(X)=-k/x. Tlomyaum: A=U(X) |2 =-k/x|Z =k/xq-K/x2

®Gynknus U(X)= -K/X Ha3pIBaeTCS MOTEHIMAIOM AJIICKTPHYECKOTO TOJIS.
5. 3agaya. HaiiTu KOJIMYECTBO 3JIEKTPUYECTBA, IPOXO/ISIIIEE Yepe3 MOMEPEedyHOe CEYCHUE MTPOBOIHUKA
3a 10 ¢, eciiu cuiia Toka u3MeHsiercs o 3akony I(t)= (4t+ 1)

10 10
Pemenne.Q= j (4t+1) dt= (2t* +1) | =210 K.
0

6. HaifTi KOJIMYecTBO IEKTPUUSCTBA, MPOXOIAIISe Yepe3 MOMePeUIHOe CEUCHHE MPOBOTHIKA 3a 20
C., €CIIM CHJIa TOKa U3MeHseTcs 1o 3akony I(t)= 2t+ 1

IMopsiaok BbINOJIHEHHS PA0OTHI:

1.  wu300pa3uTh KPUBOJIMHEHHYIO TPANICIIUIO KOOPAMHATHOM IJIOCKOCTH;

2.  BBIYHCIUTH IUIOMIAh IMOJYICHHOW KPUBOJUHEHHON TpamneIum.

KpaTkue Teopernyeckue cBeleHHs : B KOHCIIEKTE JIEKLIUH.

Xoa paGoThI:

Brruucnure momanu Guryp, orpaHUdeHHBIX TUHUSMH:

1.  y=sinx, x=n, x=0, y=0.

Pemenne. N300pa3um B KOOPAMHATHOM TJIOCKOCTH KPUBOJIMHEHHYIO TpameIuro.

A
y

y =sinx

0 X

Otcrona:

S =

V2
Isin xdx
0

T T
Jsinxdx=—cosx =
0 0

=—(cosz —cos0)=2.
CnegoBaTenpsHO, S = ‘2‘ =2 KB. €.

2 y=x*4; x=0; x=5; y-=0.

Permenue N306pa3umM B KOOpIAUHATHON TJIOCKOCTH KPUBOJIMHEWHYIO Tpameluro.
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4

2
Ocku3 IIOKa3bIBaET, 4TO JVHUS y=X — 4 nepecekaer 0Ch Ox. [Tpu

BBIUMCIEHUU IUIOIIAAU  pa30o0beM UHTErpaJl Ha JBa  CllAaraéMblX, JUIsi TOrO0  4YTOOBI
HE  JIONYCTUTh  ajaredpandyeckoro  CJIOKEHUs ~ BEIMYMH  pa3iMuyHbIX  3HakoB.  Haiinem
CHauaja TO4Ky nepeceyeHus: GyHKIHUU ¢ 0Chbio OX:

X2 —4=0. X=2 X;=-2.

3HaueHue  Xp=-2.  [] [orOpachlBaeM, Tak Kak OHO HE BXOAUT B  HHTepBal
0<x<5).
Taxum oOpasom,
2 5
§ = [ 0 2+ [ (C — )| = .= -0 42 = I wem.en.
0 2 3] |3] 3

3 Haiftu mrommaas QUIyphl, 3aKTIOUeHHON MEXTy THHIAME Y =5X — X 1 y = X2

Touku nepeceyeHus JMHUA OIIPEETSATCS u3 ypaBHEHHUS x% =5x — X2,
T.e. X, =0; X, =25.

JIist pemieHust 3agad Co CIOXKHBIM OYEpPTAaHHEM OOJIACTH YJIO0OHO MCIOJB30BaTh IpaduuecKoe
pasioKeHHe Ha CyMMY IpocTeriux Gpuryp. Tak, B HaIeM ciydae:
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CrnenoBarenbHO, YTOOBI TOJYYHUTh UCKOMYIO IUIOMIA[L S, MOCTATOYHO OMPEICTHTH IUIOIMATs S1 JUIS
dyHKIHME y = 5X — x?1 BBIYECTh U3 Hee IUIoMmMath Sy Uit PYHKIUHH y = x2, T.e.

25 25
S=8,-S,= j(5x — x%)dx| - j x°dx| =...=[10,42| -[5,21 = 5,21 *B-
0 0

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs padoTa.
Kpurepuu onenku:

3a HpaBHJIBHbeI OTBCT Ha BOHpOCI)I NIJIn BepHOC peHIeHI/IC 3a4a4YU BBICTABIISACTCA ITOJOXKUTCIIBHAA
oleHKa — 1 Oami.

3a HC HpaBI/IJII)HI)II\/JI OTBCT Ha BOHpOCBI NnJIn HeBepHOC pemeHI/Ie 3a4a4YU BBICTABJIISICTCSA OTpI/IIIaTeJH)Haﬂ
onenka — 0 0ayIoB.

KagecTBeHHast olieHKa WHMBHTyaTbHBIX
Hpouenr 00pa30BaTeNIbHBIX JOCTHKEHUN
pe3yIbTaTUBHOCTH - :
(MIpaBUIIBHBIX OTBETOB) (oTverKa) BepOaIbHBIN aHaAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 3.4 [ludpdepenuuanbubie ypaBHEeHU S
IIpakTuyeckoe 3ansaTue Ne 18
Pemenne qudpepeHuuaJIbHbIX YPABHEHHH NEPBOro MOPSAKA ¢ pa3aessiiomUuMHCs
nepeMeHHbIMHU

Hean padorsi: Hayuntses pemars auddepeHiuanpabie ypaBHeHUs | opsaka ¢ pa3nesonuMu
nepeMeHHbIMU. HayunThcs HaX0AUTH 001IME U YaCTHBIE PELICHHUS .

Bbinosinus patdory, Bel Oynere:

YMETh:

YO 02.03maanpoBath MpoIecc MOUcKa; CTpyKTYpHUpPOBATh MOTydaeMyro HH(PpOpMaInio;

YO 01.03 onpenensars 3Tansl pelieHUs 3a1a4u;

Y4 pemare mOpUKIaAHBIE 3aJa4ydl C KCIOJb30BAHUEM DJIEMEHTOB U epeHIHaTbHOT0 U
MHTErpajibHOr0 UCUUCIICHHUI;

MarepuajibHOe o0ecnieyeHue:
WupuBuyaibHbIC 3aaHKsI, TAOIHIIbI, CIIPABOYHUKH, YYCOHUKH, KOHCIIEKTHI JICKIIUH.

Ecnu ¢yuxuus f(X) B Touke X umeer mpousBoaHyt0 , To mpousBeaeHue f(X) . X HasbiBaeTcs
muddepennmnanom pyukuuu f B Touke X u o6o3nauaercs df(X).

JMuddepeHnnaibable YypaBHEHUsI- 5TO YPaBHEHUS, CBSI3BIBAIONINE HEM3BECTHYIO (DYHKIIMIO U
ee MMPOU3BOIHBIE.

JJleKTpUYeCcKasi Helb.

PaccMOTpHM  SIIEKTPUYECKYIO 1eMb, COCTOSIIYIO M3 TIOCIEAOBATENFHO  COEIMHEHHBIX
CONPOTHBIICHUS] M KOHJIEHcaTopa. byaem cuWtaTh, 4TO B IIEMH C/AENAHO KOPOTKOE 3aMBIKAHUE M
KOHJICHCATOP, MUMEBIIINN HAaYaIbHBIN 3apsijl, HAUMHACT pa3psoKaThest. HanpsbkeHne Ha KOHIEHCaTope B
MOMEHT BpeMeHu t 06o3naunm uepe3 U(t). 3apsn q(t) cesa3an ¢ Hanpsokennem U dopmysoii q= CU,
rae C- eMKOCTh KOHJIeHcaTopa. Yepes conpoTUBIICHNE MOWIET TOK, KOTOPBIN CBSA3aH C HaNpPsHKEHUEM
U ¢opmynoit U= - RI, rne R-penuunna comportuBienuss ( 3akoH OMa), a 3HaK «- » CBA3aH C
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HamnpaBieHueM Toka. [losBneHne TOka CBS3aHO C M3MEHEHHWEM 3apsja ( ,u , 3HAYUT, BEJIUYHHA
SIBIIICTCSI CKOPOCTBIO U3MEHEHHUs 3apsiaa Bo Bpemenu: |= dg/dt. [Toacrasiss B 3Ty hopmyny BMECTO
Beipaskenne —U/R, a Bmecto  Beipakenune CU, momyunm ypaBHenue Juisi HanpspkeHus: CdU/dt= -
U/R, dU/dt=-1U/RC

Pemienne mu¢gepeHuHaIbLHOr0 YpaBHeHHs- 3TO (YHKUHMSA, MPHU TOACTAHOBKE KOTOPOU
ypaBHEHHE TPEBPAIIACTCS B TOXKIECTBO.

PaccMOTpUM  9JIEKTPHUECKYIO II€TIb, COCTOSIIYI0O M3 IOCIIEAOBATEIBHO COEIMHEHHBIX
KoHJeHcartopa (¢ emkocTbto C) M Karymiku ( ¢ MHAYKTHUBHOCTBbIO L). Bynem cumrarh, uto Ha
KOHJ/ICHCAaTOPE €CTh HAaYaJIbHOE HAIPSDKEHHE, B LIENH CICaHO KOPOTKOE 3aMBbIKaHHE M TOMIEN TOK
yepe3 karymky. O6o3naunm uepe3 U= U(t) HampspkeHHe Ha KOHJIECHCATOPE B MOMEHT BpeMeHH t.
Hanpsbkenne Ha KaTymike NMPOMOPLUUOHAIBHO CKOPOCTHM M3MEHeHHs Toka |, mpoxomsmiero uepes
kaTyuky, T.e. U= -Ldl/dt. Beipaxas oObrurbIM 00pa3zom, Tok | uepes 3apsn |= dg/dt u 3amensis 3apsin
q uepe3 CU, monmyunm: U=-Ldl/dt=-LC d U/dt=- U/LC

3agaya. M3ommpoBaHHOMY TIPOBOJHHKY cooOmeH 3apsng Q emunun. Bcemencreue
HECOBEPIIECHCTBA M30JISIMY MPOBOJIHUK TIOCTETIEHHO TepsieT cBOi 3apsia. CKOpoCTh MOTEpH 3apsaa B
JTaHHBI MOMEHT TPOIOPIIMOHATIEHA HAIMYHOMY 3apsiiy MpoBojHHKA. Kakoil 3apsj ocraHercss Ha
MIPOBOJTHUKE 110 HCT€YeHUH { MUH?

Pemenne: Ilycts k MoMeHTY t 3apsin npoBogHuKa paBeH Q. CKOpPOCTh MOTEpH 3apsa B 3TOT
MoMeHT paBHa- dQ/dt. Tak kak 3Ta CKOPOCTH MPOMOPIHOHABbHA 3apsaay Q, TO MOJYYHM CIIEAYIOIIee
g depeHnnanbHOe ypaBHEHHUE:

- (dQ/dt)= kQ, k- ko3dhdurmeHT mponopiuoHaAIEHOCTH. MIHTErpupys 3TO ypaBHEHHE, MOJTy4HUM
oO11iee perieHue:

Q=C e*t Hcnonp3yem HavanmpHOe ycnoBue: mipu t=0, Q=Q; Torma Q= C I*? u C=Qo.
Cl1e/[0BaTENbHO, 3aKOH TIPOTEKAIOIIEro Mpolecca 3amuchiBaeTcs Tak: Q= Qg e™

3agaum VI CaMONIPOBEPKH.

5.1 DnekTpryeckas enb COCTOUT U3 MOCIEN0BATEIBHO BKIFOUEHHOIO UICTOYHUKA IOCTOSIHHOTO
TOKa, JAollero HampsbkeHue V, comportuBiieHuss R, camounnmyknuu L W BbIKIIOYATens, KOTOPBIN
BKJtouaercs npu t=0. HaliquTe 3aBUCMMOCTD CHJIBI TOKA OT BPEMEHH.

5.2 Dnexrpuyeckas LEMb COCTOMT M3 IOCIEIOBAaTEIbHO BKJIIOUEHHOI'O HCTOYHHMKA T OKa,
HaMpsDKCHHE KOTOPOro MeHseTcss 1o 3akony E=V sinwt, comportuBienuss R u camoumnaykiuu L.
Haiigure cuny Toka B 1Ieny MPH YCTaHOBUBIIEMCS PEXKUME.

3aganue:
1. Haiitu o6miee pemenue auddepeHImaibHOTO YpaBHEHHS
dy 3dx
a — =
) '\:I '\'-'I'

6) (v—1)dx+ (1—x)dy =0
2. Haiiti yactHoe pemienue auddepeHnaibHOT0 ypaBHEHHS

dy = (3x* — 2x)dx , ecu y=4 npu x=

Ilopsinok BbINOJTHEHHS PadOTHI:

1) [IpuBecTu naHHOE ypaBHEHME K YPaBHEHHUIO C Pa3JeIIAIOIIMMU [IEPEMEHHBIMH, T. €.
IIPOU3BECTH Pa3JCIIEHNE IEPEMEHHBIX, [ 3TOTO:
a) IIpousBoaHbIe (hyHKLIUU 3aMEHUTD e€ TudepeHInaIaMu;

6) CrpynnupoBaTh WiIEHBI C OAUHAKOBBIMU UG depeHIIMaIaM1 U 3aIIMCaTh UX B Pa3HBIX YacTAX
paBeHCTBA, BhIHECS TU(PepeHIInabl 32 CKOOKY;

B) llogenuts WM yMHOXKUTH 00€ YaCTH PAaBEHCTBA Ha TaKHe BHIPAXKEHUs, UTOOBI Bce (DYHKIIUU
CTOSUIM NpH ,,cBouX”’ audepennuanax, T. e. npusecty k Buay: ¢(y)dy = @(x)dx
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2) [IpounTerpupoBaTh 006€ 4aCTH paBEeHCTBA M HAUTH OOIIIee pEIIeHuE.

3) J1J1s BBIZICTIEHUS] YaCTHOTO PEIICHUS U3 00IIEro 3a7aeTcs TOUKa (¥p: ¥y ), 4epe3 KOTOPYIO
J0JDKHA TIPOXOUTh MHTErpalibHast KpuBasi. Haxomum 3HaueHue noctosiHHo#C ,a 3atem C
MOJICTABJISIEM B O0IIlee PEIICHNE U 3aIIUChIBAEM YaCTHOE PELICHUE.

Xopn paborhr:
1) Haiitu o6miee pemenue nuddepeHnanIbHOTO YpaBHCHHMS:

(6xdx + 3xy?dx) — (6ydy + 2x%ydy) =0

Crpynnupyem wienst ¢ dX u dy
3x(2+yH)dx —2v(3 +xV)dy =10
-PaznenuMm nepeMeHHbIe

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

xdx vdy
3 =2 =
3 +x° 2+ y-
-Permaem 1o OTAETBHOCTH KaXKIBIM HWHTErpajl METOI0M TOICTAHOBKHU

3 - a
Eln[3+x‘] =In(24+y°)+Inc

3
In(3+x)2=In(2+y?*) ¢
-ITorennupyem 310 ypaBHEHHUE
VE+x2)PE=(24+y% ¢
-3anmceiBaeM 00IIIee pelieHue:

(34 x")V3 +x?
= =rc
24 y°©
2) Haiitu yactHbie pemenue auddepeHmaibHbIX YpaBHEHUH

20y —3)dx —dy =0 npu x=0, y=4
-Pazgenum nepemeHHbIe
dy = 2(y — 3)dx

dy
—— = 2dx
v—3

.,

-IIpounterpupyem obe 4acTu ypaBHEHUs

dy
|25= 2
y—3
In(vy—3)=2x+Inc
-Ilo onpenenennto norapudma 2x = lne™
In(y —3) = In(e* - ¢)
-3anumiem ol1iee perieHmne
yv=e¥.c+3
-IToncraBum B 3T0 ypaBHEeHUE HavaiabHbIe yeiaoBus X=0 , y=4
4=¢" c+3=>c=1
-3amnuiieM YacTHOE pelieHue
y=e¥*+3
dopma npeacTaBieHus pe3yJbTaTa: BHINOIHEHHAs paboTa

Kpurepun onenkmn:

3a TpaBUIBHBIN OTBET Ha BOMPOCHI WJIM BEPHOE PEIICHHE 3aJaYd BBICTABISIETCS MOJOXKUTEIbHAS
oneHka — 1 oasu.
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33 HC HpaBHJ’IBHBIfI OTBCT HaA BOHpOCLI NI HeBepHOC pemeHI/Ie 3a4a4YU BBICTABJIACTCA OTpI/IHaTCHLHaH
onenka — 0 6aIoB.

KauecTBeHHast OIICHKA MHAUBUIYaTbHBIX
Hpouent 00pa30BaTEIbHBIX JOCTHIKEHUH
pe3yabTaTUBHOCTH o :
(IpaBUIIBHBIX OTBETOB) (oTverKa) BepOaIbHBINA aHAJIOT
90 + 100 5 OTJIMYHO
80 + 89 4 XOPOIIO
60 +79 3 YIOBJICTBOPUTEIIHHO
meHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 3.4 [InddepenuuaibHbie ypaBHEHUS
[IpakTnueckoe 3ansitue Ne 19
Pemienue quHelHbIX AU epeHINATbHBIX YPABHEHU IEPBOIro MOpsiaAKa

eab padoThi:

Hayuuthcs onpenensate By auddepeHInaIbHbIX YpaBHEHUM, HAX0UTh 001ee U YaCTHOE pEelIeHHEe
nuHEeNHBIX TuddepeHranbHbIX ypaBHeHuH | mopsiika.

Bbinosinus patdory, Bel Oynere:

YMETb:

YO 01.03 onpenensts 3Tansl pelieHnst 3a1a4uy;

Y4 pemare mNpUKIaIHBIE 3aJa4d C KCIOJb30BAHUEM DJIEMEHTOB U epeHIHaTbHOTO U
MHTErpajbHOT0 UCUUCIICHHUI;

MarepuajbHoe o0ecnieyeHue:

WNupuBuyanbHble 3aJaHus, TaONHILb], CIPAaBOYHUKH, YYEOHUKH, KOHCIIEKTHI JIEKIIHH.

3ananmue:
1. Haiitu yactHoe pemenue quddepeHmaibHOTO ypaBHEHUS
a) J_.'E + _);2_1}.' =xy: _1}." npu }'{1:] =1

) ysma—yeoss—1 mpuxl ye1

IMopsinok BbINOJIHEHHSI PA0OTHI:
1. Jluneitnoe nuddepenmanbHoe ypaBHeHHE | mopsiKa peniaeTcst myTeM MoJICTaHOBKH

SR S Y
HuddepenunanbHoe ypaBHEHHE CBOJUTCS K PEHICHUIO ABYX AU(QepeHIuanbHbIX YpaBHEHHH, C

pa3aeiAroIuMA IIEPEMEHHBIMHY, CHa4Yajla OTHOCUTCIIBHO U , HOTOM"S, rae uzd HEeM3BECTHBIC (I)YHKI_II/II/I
OT X.

Xox pabdoThI:
1) Haiiti yactHOe penienue nuHeiiHOTO MU depeHnnansHoro ypaBHeHus | mopsaka
xy +y =3, ecnu Y=0, npu X=1

-HpI/IBCI[CM YPaBHCHUC K BUAY IO OIIPCACIICHUIO

.y 3
}:r -|- =
X X
-Caenaem 3ameny
dy df du
1r=uﬁ; _}:-u__+-ﬁ'_
- dx dx dx
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-CrpymmpyeM YJICHBI C’ﬂ, IIoJIydYum
ﬂ(dj+i)=ﬂ, R a——
x dx

dx x
-Pazgenum nepemeHHbIe
du dx

u x
-IIpounrerpupyem

J‘ du J‘ dx

u x
Inlu| = —In|x|
-IIponorenuupyem
u=-—

x
'HOHCTaBI/IM U B OCTaBIICCCs YpaBHCHUEC

1dd 3
xdx x

di = 3dx

-IIponnTerpupyem

?=3x+4+¢

-IToncraBum v = utd

y= i (3x + ¢)- oOwee perenne
-IToacTaBuM HaYaJIbHBIC YCTIOBUS
0=34+c=>c=-3

3
¥ = —(x — 1)- yacTHOe peleHne
X

dopma npeacTaBieHUs pe3y/bTaTa: BbIIOJIHEHHAs padoTa.
Kpurepun oueHku:

3a TpaBWIBHBIA OTBET HA BOINPOCHI WJIM BEPHOE PEIICHUE 3a/addl BBICTABIISACTCS IOJOKUTEIbHAS
oreHka — 1 oasur.

3a He MpaBWIIBHBIN OTBET Ha BOMPOCHI MM HEBEPHOE PEIICHHUE 3a7a4d BBICTABIISICTCS OTPHUIATEIbHAS
onenka — 0 6ayUIoB.

KauecTBeHHas olleHKa WHIUBHUIYaJIbHBIX
lIponenT 00pa3oBaTEIIbHBIX TOCTUKEHUI
pe3yIbTaTUBHOCTH S -
(IpaBUIIBHBIX OTBETOB) (oT™eTKa) BepOAIbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
60 +79 3 YI0BJIETBOPUTEIBHO
Mmenee 60 2 HE yJIOBJIETBOPUTEIHHO

Tema 3.4 InpdepeHuuaibHbIie ypABHEHUS
IIpakTnyeckoe 3ansaTue Ne 20
Pemenue oqHOpoIHBIX AU GepeHIHaNbHBIX YPABHEHHH NIEPBOro MOpsaKa
Ilesab padoThl: HAYYUTHCS peliaTh OJHOPOAHBIE TU(depeHIaIbHbIe YPABHEHUSI HEPBOTO MOpsAKa.
Beimosinus pabdory, Bel Oyaere:
YMETh:
YO 01.03 onpenensaTs 3Tamsl pelieHns 3a1a4y;
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Y4 pemath TNpUKIANHBIE 3aJa4d C HKCIOJB30BAHUEM DJIEMEHTOB UM (EepeHINATBLHOTO H
MHTETPAIIBHOTO UCUUCIIEHU;

MarepuanbHoe obecniedenne: VHIuBHIyabHbBIC 33/1aHUS, KOHCTIEKTHI JICKIIH.

3amanue:

Pemmmre nuddepennpanbabie ypaBHEHUS:

1. xylidy = (e + y¥dx

2. (' — 22" )dy + 2wrydx = 0.

Ilopsinok BbINOJIHEHHS PadOTHI:

1) Onpenenure BUa audpepeHnaibHOr0 ypaBHEHUS.

2) Ecmu ypaBHeHue sBisieTcst 0THOPOTHBIM AU (hepeHInaNTbHBIM YPaBHEHHEM MIEPBOTO MOPSIKA,

TO NYTEM BBCIACHUA HOBOH HepeMeHHOI/I HYXXHO HpI/IBCCTI/I 3aIaHHOC YPAaBHCHUC K YPAaBHCHUIO C
ficy az
pasaCIAIIUMUCA IICPEMCHHBIMU. 3amMeHuM ¥=g'x - = .‘r— + Z, rIe Z-HoBas HEU3BECTHAsA (byHKIII/Iﬂ

' dx
OT X.
[Tonyumnock ypaBHEHHE ¢ Pa3aeISIIONTUMU TEPEMEHHBIMU OTHOCUTEIHHO Z.
3) Pemuts momyunBieecs: ypaBHenue oTHocuTesnbHO Z. [locne aToro Hano Z 3aMeHUTH Ha E 54

BBIPA3HUThH ).

Xon pa0doThI:
Haiitu yacTHOe pemnienue oHOPOIHOTO AuddepeHITnanbHOTO ypaBHeHue | mopsiaka

a4

b
¥ o= Ig—:"r, ecin Yy=0 npu x=1

ay gy oty
-3ameHuMm Y'Ha ;- = —

dc’ dr | Ix
s az

-IIpousBeneM MoJICTAaHOBKY ¥ = zx; Lot

d z
rE g = pUE o 20D

[r 2x dx ¥

oz 24 =
r—= — =

[l 2

g 2 —%2
_‘];'— =

[l 2

i dr
-Pasnenum nepemenusie [—dz = —
H i

-IIpo e € aKEHUE: 2Id—
POMHTETPUPYEM BBIpAKECHUE: el

-Pemaem nannoe ypaBHenne —21n|2 —z| =Inlx[ +1Ine

In ——— = Inixc)

(£ -2z

r2-z*
-Bripasum z: (2 -z} = =

pe

1
2—z=—7
W T

1
r=2i——
W xXC

¥ 2xdxe —x
-3aMeHNM z = 7 1 BBIPasuM Yy = — ——— o0liee pelieHue

-[ToxcraBuM HayabHBIE YCJ'IOBI/ISI y—O , x=1

-
n="2 121.-"_—1—0 2e=1,4ec= ,|:'——

=
-HO,[[CTaBI/IM CB o0riee pemeHne y = 2(x — .[x) 4aCTHOE pelleHue.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
Kputepun onenkn:

3a mpaBUIBHBIM OTBET Ha BOMPOCHI HIIM BEPHOE pEUICHHE 3aJaud BBICTABISIETCSA MOJOKUTEIbHAS
olenka — 1 6am.

3a He MpaBWIbHBIN OTBET Ha BOMPOCH! UM HEBEPHOE PEIICHUE 3a/1a4H BBICTABIISIETCS OTPUIIATEIbHAS
oneHka — 0 0asIoB.
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KauecTBeHHast OIICHKA MHAUBUIYaTbHBIX
Hpouent 00pa30BaTENIbHBIX TOCTUIKEHUH
Pe3yabTaTUBHOCTH o :
(IpaBUIIBHBIX OTBETOB) (oTveTKa) BepOaIbHBINA aHAJIOT
90 + 100 9) OTJIMYHO
80 + 89 4 XOPOUIO
60 +79 3 YJIOBJICTBOPUTEIIHHO
meHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Tema 3.4 [InddepennuaibHble ypaBHEHUS
[MpakTuyeckoe 3ansaTue Ne 21
Pemienue qudppepeHnaJIbHbIX YPABHEHHI BTOPOI0 NMOPAIKA

Heap paGorei: Hayuuthcs pemars nuddepennuanbubie ypaBHeHus |l mopsiaka u auHeHbIe

onHopoaHbIe nuddepenanbubie ypaBHeHus |l mopsiaka ¢ mocTosHHBIMUA KO3 GUIIUEHTaMHU.
Boinosnus padorty, Bel Oyaere:

YMETb:

YO 01.03 onpenensaTe 3TaIbl pelieHus 3a/1a4H;

Y4 pemare mNpUKIaIHBIE 3aJa4d C HCIOJb30BAaHUEM DJIEMEHTOB U epeHIHaTbHOT0 U

MHTErpajbHOI0 UCUUCIICHHUI;

MarepuanbHoe o0ecrieyeHme:
I/IH}II/IBI/IJIyaJ'H)HI)Ie 3aJaHHuA , Ta6J'H/IIH)I, CIIPaBOYHUKH, y‘—Ie6HI/IKI/I, KOHCIICKThI .]'IGKIII/If/i.
3ananue:
1.  Pemmts nuddepennmanpasie ypaBaenus |l mopsiaka:
dz_r
b) = 5
c) ¥y ==x.A(L0):B(1:1)
2.  Haiitu yactHOe pemerne ogHopoaHoro nuddepennnansaoro ypasaenus |l mopsaka.
d’y _dy dy
— —2— =3y =0npux=0;y=0;, —=10
dax’ dx ? i ) dx

IMopsinok BbINOJIHEHHSI PA0OTHI:

1)  Jduddepenumanpupic ypaBuenus |l mopsaka perarorcs IByKpaTHBIM HHTETPUPOBAHHEM, IyTEM
BBEJICHHUSI HOBOM MEPEMEHHOM p = %

[IpuBOIMM K ypaBHEHUIO C Pa3ACSIONIMMU IEPEMEHHBIMU U PEIIaeéM OTHOCUTENBHO .

[ToacraBnsiem P U pemiaeM ypaBHEHHE pa3zelieHUEM MePEMEHHBIX OTHOCUTEIBHO Y.

Ecnu nanel HayanbHbIE YCIOBUS, TO MOJICTaBIIsEM B 00I1Iee PELICHUE, COCTABIIIEM CUCTEMY JIMHEWHBIX

ypaBHeHU# u pemtaeM otHocuTensHo C; ul,. [Toncrasnsas C; ul, B oOmiee pemieHne, HaX0AUM YaCTHbBIE

peleHHUs.
2)  Opnopoanoe nmuddepernuansHoe ypasHenue |l mopsixa.
ITyrem 3ameHBI y = &

yl = ke

y =k'e™

CocTaBJisieM XapaKTepUCTHUECKOe ypaBHeHHe k* + pk +q = 0 M3 KOTOPOro HaxoauM k; mk; .

Oouiee pemenne npu D>0 Gyzer:

y = Elekix + ¢, gl

ITpu D=0 Oynet:y = &% (c, + c.%)

[Tpu D<0 Oyner: y = €™ (¢, cosbx + ¢, sinbx)

[Ipu 3aaHHBIX HayaJdbHBIX YCIOBHSIX COCTaBISieM CHCTEMY JHHEHHBIX YpaBHEHUU U pemiaem eé
OTHOCUTENBHO C; =C,,

Xon paborsr:
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1. Pemmmte muddepenmansnoe ypaBHeHHE TOPSAKA
2
d-y
= 1-—-2x
dx .
-3aMeHuM p = ~5» TOIIy4HM:
dy.
2 ay
dy 4G dp _ i
;= —, i =1-2x
dx dx dx
-Pa3znenum nepeMeHHbIe

dp = (1 —2x)dx
-IIponHTerpupyem

dp = j[l — 2x)dx

p=x-— x4+ Cy
-3aMeHNM PHA—

ax
dy

—=x—x2+.:'1
dx

-Paznenum nepeMeHHbIe
dy =(x —x%+ ¢, )dx
-IIpounTerpupyem u nmoyiyuum oOliee perieHme

dy= | (x -+ cyjdx

xI xE
y=g-gtarte

1. Pemuth ogHopoiHoe nuddepenunansHoe ypaBHenue Il mopsiaka
a) v —dy +6=0

-CocTaBUM XapaKTepUCTHYECKOE YpaBHEHUE

k? — 5k + 6 = 0, pemaeM KBaJpaTHOE ypaBHEHHUE, oayunM Ky = 2,k, = 3
-O6mee pemeHue Oymaer:

y=ce® 4 c,e?

b) ¥ +4 +4y=0

-CocTaBUM XapaKTePUCTHUCCKOE YPABHCHHE
K+ 4k+4=0, (k+2)'=0 k=-2
-3anuimem o6iee pemenue ass D=0

y =e ¥ (e + ;%)

C) ¥y —6y +13y=10

-CocTaBuM XapaKTCPpUCTUUCCKOC YPAaBHCHHUE
k*—6k+12=0;D=36—-4-13=—16

- -
& &

-3anumiem oduiee pereHue
y = e* (¢, cos2x + ¢, sin 2x)
®dopMa npegocTaBeHHs Pe3yJIbTaTa: BBIIIOJHEHHAs paldoTa.

Kputepun onenkn:

3a TpaBUIBHBIN OTBET HA BOMPOCHI WJIM BEPHOE PEIICHHE 3a/1a4i BBICTABIAETCS MOJIOKHUTEIbHAS
omenka — 1 6am.

3a He MpaBWIbHBIN OTBET Ha BOMPOCH! UM HEBEPHOE PEIICHUE 3a/1a4M BHICTABIISETCS OTpULIATEIbHAS
onenka — 0 6ayIoB.

| [Iponent | KauecTBeHHas o1leHKa WHIMBUIYATIBHBIX |
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Pe3yabTaTUBHOCTH 00pa30BaTENbHBIX TOCTUKECHUHN
(IpaBUIIBHBIX OTBETOB) oan .
BepOaIbHBINA aHAJIOT
(oT™METKA)
90 + 100 9) OTJIMYHO
80 + 89 4 XOpOIIIO
60 + 79 3 YJIOBJICTBOPUTEIILHO
meHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Pa3nen 4 DiieMeHTHI TEOPHH BEPOSATHOCTEH 1 MATeMATHYECKOH CTATHCTHKH
IIpakTnueckoe 3ansiTue Ne 22
PemreHue 3a1a4 Ha OCHOBHbIE MOHSATHS KOMOUHATOPUKH

Heapr padorbl: OCMBICIUTH OCHOBHBIE MOHATHS KOMOMHATOPHKH, HAy4YUTbCS OTIMYATh OJHY
BBIOOPKY OT JpYroi, MPUMEHATh GOPMYIIbI Ui UX HAXOXKIACHHUS.

Boinosnus padorty, Bel Oyaere:

YMETb:

V3 pemaTh 3a/1a4u Ha BBIYMCIEHUE BEPOSITHOCTH C UCTIOIH30BAHUEM 3JIEMEHTOB KOMOUHATOPHUKY;
MarepuajbHoe obecnieyeHue:

I/IH)II/IBI/IJIyaJ'H)HI)Ie 3aJaHuA, KOHCIICKTHI JIGKHI/II)’I.

3ajganue:
1. B copeBHOBaHHUAX ydacTBYeT KOMaHJa MNIEKTPUKOB U310 denoBek, Tpoe U3 HUX 3aimyT 1-e, 2-e u
3-e MecTo. CKOJIBKO CYIIECTBYET pa3IMYHBIX BAPHAHTOB ?
2. U3 Opurafpl 371€KTPUKOB, KOTOpasi COCTOUT U3 12 yenoBek, HE0OXOAUMO BBIOpATh 3 yesloBeKa Ha
ycrpaHeHue aBapuu. CKOJBKO CYIIECTBYET pa3IMUHbIX CIOCOOOB TaKOTo BBIOODA.
3. Ha monke mkada BbICTaBIEHBI 8 )KYPHAJIOB Pa3IMUHbBIX HaMpaBieHUH ydeTa. CKOJIBKO CIocoO0B
MMEETCs 711 PACCTaHOBKH 3THUX JKYPHAJIOB B Pa3HOM NOpsAKE?

Kparkue TeopeTuueckue cBeeHH:

B ocHoBe pernieHus 3a1a4 Ha KOMOMHATOPUKY JIEXKaT JiBa MpaBuia:

L.Ilpasuno cnoscenun. Ecnu HEKOTOPHIH 3lIeMEHT A MOXHO BbIOpaTh M criocobamu, a Apyrou
aneMeHT B —ncnocobaMu, HCKITIOYAOIUMH JPYT APYTa, TO BIOOP KAaKOrO-HUOYAb OJHOTO M3 3THUX
aneMeHTOB( 0o A, 1100 B ) MOXKHO OCYIIECTBHTH M+ N CHOCOOAMH.

2.IIpaeuno ymuoxcenun. Ecmu HEKOTOPBIA 2JIEMEHT A MOXKHO BhIOpaTh M criocobamMu U €CIiv 1Mocie
KaXXJIOT0 Takoro BbIOOpa s1eMeHT B mokHO BbIOpaTh Ncmoco0amu, TO BBIOOP Mapbl AJIEMEHTOB
(A, B) B ykazaHHOM MOPSAKE MOKHO OCYIIECTBUTH M- N crocobamu.

3aoaual. ITpu bopMHupoBaHUH IKUTIAKA KOCMUYECKOTO KOopabis umeercs: 10 mpeTeHIeHTOB Ha MOCT
KoMaHupa,20) MpPeTeHJACHTOB Ha TMOCT OOpPTHUH)KEHEpa,25 MPETeHJIEHTOB Ha IMOCT KOCMOHAaBTa-
uccinenonatensa. CKOTBKUMHU CIIOCOOAMH MOKHO BBIOpAaTh OJHY M3 KaHAUAATYp Ha MOCT KOMaHAMPA,
i OOpTUHIKEHEpa, UM KOCMOHABTA-UCCIIe0BaTeNs?

Pewenue. 1o npaBuy cymmsl cymiectByeT 10+20+25=55cnoco60B BbIOOpa OAHOM U3 KaHIUAATYP.

3a0aua2.B CcTONOBOM NIpENIAaraloT JBa DPA3JIMYHBIX IEPBBIX : Q U Qa,;TPH Pa3IMYHBIX BTOPBIX
omopa: b,b,,b, u nBa pazmmunbx necepra:C; m C,. CKONBKO pasIM4YHBIX 00EIOB U3 TpeX OO

MOJKET BBIOpaTh MOKYMNAaTemb?

Pewenue. TlepBoe 611010 MOXKHO BbIOpaTh ABYMS CIoco0amMM, BTOpOe OJIH010 MOXKHO BBIOpaTh Tpems
cioco0amu, TpeTbe OJII0J0 MOXHO IByMs crnocobamu. Ilo mpaBuily yMHOXKEHHS — CYLIECTBYET
2x3x2=12 croco6oB BeIOpaTh 00e] U3 Tpex OMIoI.

3. Iloomnosrcecmea n- muodrcecme(coeournenus).
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Jnst HaxoXAeHUs K — mogmuosxects HEKOTOpOro N —MHOXXECTBAa HYXHO BBIOpaTh K 3N ero

3JIEMEHTOB (TI03TOMY YacTO IOBOPST O 8blOopke K amemenToB u3 N —anemenToB). [Ipo BeiOpanHbie K
u3 N pa3IMYHBIX DJIEMEHTOB IIPUHITO TOBOPUTH, YTO OHH 00OPA3YIOT COCMHEHHE U3 N 3JIEMEHTOB I10
k .Coeounenue-coouparenbHblii TEPMUH KOMOMHATOPHKH. B 3aBUCMMOCTH OT TOTO, MMEET JIK
3HAYEHHE MOPSIJIOK AIEMEHTOB B COCAMHEHUH HJIM HET, a TAK)KE OT TOTO, BXOAAT B COCTMHEHHE Bce N
9JIEMEHTOB WJIM TOJBKO YacTh WX, PA3IMYalOT TPHU BHJA COCAUHCHUN: NEPEeCMAHO6KU, Pa3MeuleHus,
couemanus.

Ilepecmanosku.

[TepecraHoBKaMu W3 N —3JIEMEHTOB HA3bIBAIOTCS TAKUE COCTUHEHHS W3 N —3JIEMEHTOB, KOTOPBIC
OTJIIMYAIOTCS APYT OT APYra TOJIBKO MOPSIKOM PACIIOJIOKEHHS JICMEHTOB.

O6o3nayenne: P, =n!

Pazmewenus.
Pazmenienusamu u3 N —31€MEHTOB HA3bIBAKOTCS TAKUE COCTUHECHUS, KaXKI0€ U3 KOTOPBIX COIEPKUT M
AJIEMEHTOB, BBHIOPAHHBIX W3 YHUCIA JAHHBIX N —3JEMEHTOB, OTIMYAIOIIMXCA JIMOO COCTAaBOM, JIMOO
MOPSIKOM MX PACHOJIOKEHUS, JIMOO U TEM , U APYTHUM.

n!
(n—=m)!
3ameuanue. PaccMoTpeHHBIE paHee MePEeCTaHOBKU — YaCTHBIM CITydail pa3MenieHui u3 N —3J1eMEeHTOB
10 N —3JIEMEHTOB.

O6Go3unauenne A" =

n!
P, =A, 3 n!
55440.
Couemanuas.

CoueranusaMH U3 N- 3JIEMEHTOB MO MHA3BIBAIOTCS TaKHE COCINHCHUA, KOTOPBIC OTINYAIOTCA APYyI' OT

Jpyra XOTsl ObI OJHUM DJIEMEHTOM.

.

O6o3nauenune:C); = ———
mi{n—m)!

Iopsinok BbINOJIHEHHSI PA0OTHI:

1. Omnpenenute BUI BEIOOPKH 0€3 TTOBTOPEHUS.
2. Bribepere cooTBETCTBYIOIIYIO (GOPMYITY JUTS BBIYMCIICHUS BO3MOYKHBIX KOMOMHAIIWH.
3. [IpousBenuTe BRIYUCICHHS, UCIIOJIB3YsI MOHSATHE (aKTOpHaa.

Xox padoThI:

1.  KojaoBblii 3aMOK OTKPBIBAETCS MOCIICIOBATEILHBIM HA0OPOM YeThIPEX pa3HbIX nudp. Tpedyercs
OTIPENICTUTh YHCIIO BO3MOXKHBIX KOJOB, KOTOPBIE MOYKHO MOI00paTh IS 3TOTO 3aMKa.

Pemenue.

1.Bo3moxkubix mudp Becero aecsrn(1,2,3,4,5,6,7,8,9,0).Kaxnas HaOpanHas KOMOMHAIMS KoOJa
OTIIMYaeTCs OT JApYrod komOuHanuu xoTs Obl omHoW mudppoii(1,4,5,7 #2,4,5,7),m160 nopsaKoM
Habopa oguHakoBeIX 1UGP(1,4,5,7#4,5,7,1),m09TOMY A5 TOJICUETA YKMCTIa BO3ZMOXKHBIX KOMOMHAITHIA
KOJIOB HCTIOJIb3yeM (OpMYITy YUCIIa pa3MeIeHHH.

n!

2.Mopmyia pasMeleHui uMeeT B A, = — B namewm cnyqae n = 4 ,m = 10.

10! _100 10987654321 1 g 5.7 — 5040
(10-4)! & 654321
2.  CKoIBKO CylIecTBYeT CIOCOOOB BHIOOPA TPEX YETOBEK U3 JeCATH?
Pemenue.
1. B nanHOM ciydae mpu BeIOOpe JUIs Hac BaXEH TOJIBKO COCTaB IO TPHU YEJOBEKa, MOPSJIOK
BbIOOpA POJIM HE UTPAET, IOATOMY B OTJIMYME OT IEPBOTO MPHUMEpPA YUCIO CIOCOO0B MOACYUTAEM IO

dbopmyre coueTaHuil.

3. IpousBoauM pacuér A, =

n!

2. ®opmyna coyeranuit umeer Bua:Cy = B Hamem cinygae n=10, m=3.

mlin—m)!’
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10! 10! _71-8-5-10
so-n 3w szam L2
3.CKONBKO Pa3IMYHBIX YETHIPEX3HAYHBIX YMCET MOXKHO COCTaBUTh u3 nu¢pl,2,3.4 9 uudpsr
HE MOBTOPSIOTCA)?
Pewenue.
1.Ilo ycnoBHIO [aHO MHOXKECTBO W3 UETHIPEX AIIEMEHTOB, KOTOpblE Tpedyercs
PacIoyIOKUTh B ONPEACTIEHHOM TOpsiKe. 3HAYUT, TpeOyeTcss HANTH KOJMYECTBO MEPECTAaHOBOK HX
YEeTBIPEX DIIEMEHTOB.
2.Dopmyna nepecTaHOBOK U3 T —yieMeHTOB umeeT BuA:F, = n! B nHamewm ciyuae n =4.
3.IIpomsBeném pacuér: Py =4!=4-3 -2 - 1=24.
3agauu ¢ npodeccHOHAIBLHONH HANPABJIEHHOCTHIO.
3anaua 1. TenedoHHast TMHUSA, COSANHSIONIAA JBa MyHKTa A U B, pacniosoKeHHbIX OUH OT
JPYroro Ha pacCTOSHUM 2 KM, 000pBaJIach B HEM3BECTHOM MecTe. KakoBa BEpOSITHOCTH TOTO, YTO
00pbIB HaxoauTcs He Janblie 450 M. oT myHKkTa A?
Pemenune: P(A)=m/n=450/2000= 0,225
3anaua 2. Ha 8 kaproukax HameuaTaHa ojHa U3 cienyronmux Oyks e, T, T, ¢, e, p, 1, a.
BerHrMast moce1oBaTenbHO U3 SANIMKA HAYTraJl ¥ BHIKJIAIBIBAs UX B OJIHY JIMHUIO, MOYKHO TTOJTyYHTh
cioBo Tenerpad. KakoBa BeposiTHOCT 3TOTO COOBITHS.
Pemenue: m=1, n=P paBHO 4HCIly MEepecTaHOBOK 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 dieKTpoiaamiibl 5 mt. mo 75 Bt u 6 mt. mo 100 Bt . U3
KOPOOKH BEIHIMAIOT OJJHOBPEMEHHO JBE AIEKTPoJIaMITbl. KakoBa BEpOSITHOCTB TOTO, YTO 00€
mamnouku 100 BT.
Pemenne. 31ech 4nCIIO0 paBHOBO3MOKHBIX HE3aBHCUMBIX HCXO/I0B COCTABIISIET

n= Cfl:l 11/219!=(9!10-11)/2-9!=55

CoGbitnio A GnaronpustctBytor CZ=6!/2141=(415-6)/2-41=15 ucxomoB. Cie10BaTeNnsHoO,
P(A)=15/55=3/11.

3anaua 4. Habupas Homep tenedona, aboOHEHT 3a0bL1 IBE TIOCTIETHUE ITUGPHI U , TOMHS JIUIIb,

YTO ATH UU(PHI pa3InydHbl, Habpaa ux Haygady. KakoBa BeposSTHOCTh TOTO, YTO HOMEp HaOpaH
MPaBUJIBHO?

Pemenue: JIe nocnennue nudphl MOKHO Habpath A’ cIoco6aMu, a 6IaronpHusATCTBOBAT

3 . TIpoussomum pacuér:Cly =

coObITHIO A ( 1IM(pBI HAOpaHBI MPABUIIBHO) OYAET TOJIBKO OJIMH c1toco0. [Toatomy
P(A)=1/ A% =1/101/8!=1/90

3anaua 5. Cpenu 100 snexrposiamin 5 6pakoBaHHBIX. KakoBa BEpOSATHOCTB TOTO, YTO
BBIOpaHHBIC HAyauy 3 AJIEKTPOJIAMITbI OKaXyTCsl He OpaKoOBaHHBIMU?

Pemenne: U3 100 snexrponamn 3 nammsl MoxkHO BeOpats Cy  crocobamu. Tpu He

OPaKOBaHHBIX SJIEKTPOJIAMII U3 OOIIETO Ynca 95 pabounX 3IEKTPOIAMIT MOKHO BBIOpaTh. Co.

CHOCO6aMI/I, CJICA0BATCIbHO HCKOMasA BEPOATHOCTL paBHA
P=C2/C2,=(95-94:93)/(100-99-98)=0.86

3amaua 6. B 1iexy paboTaroT 6 My>X4lH U 4 ®eHIMHBI. B cMeHy oToOpanu moapsia 7 4eIoBek
u3 10. KakoBa BeposSITHOCTh TOTO, CKOJILKO YKEHIIUH U MY)KUYUH MONAIyT B CMEHY?

3agauya 7. Ha xaxx10if U3 BOCbMU KapTOUYEK HareyaTaHbl OYKBHI C, b, B, 3, 4, B, V,4. KapTouku
TIepEeBEPHYTHI U MiepeMelianbl. KakoBa BeposSTHOCTh, UTO, B35B 5 U3 HUX, MOKHO TIOMYYHTh CIIOBO «
CBS3b»?

3agaua 8. B naptuu u3 20 u3genuii yetsipe OpakoBaHHBIX. HailTu BEpOSITHOCTH TOTO, YTO
CpeIy TATH B3ATHIX HayraJ U3JeNuil OKaxeTcsl IBa OpakoBaHHBIX.(coObIiTHE B).

3agauya 9. HabOupast Homep Tenedona, aboHEHT 3a0bL1 MocneHIo U py U HaOpas ee HayTal.
HaiiTu BepossTHOCTH TOTO, YTO HOMEp HaOpaH MpaBWIBHO. PemunTh 3a1auy Uit Cy4daeB, €Cliu
nocnenHss udpa Homepa a) yetHast; 6) He Oonee 6.
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®opma npeacTaBIeHUs pe3yJbTaTa: BHIIOJHEHHAS paboTa.
Kpurepun onenkn:

33 HpaBHJ’IBHbIﬁ OTBCT Ha BOHpOCBI Nniin BepHOG pemeHI/Ie 3aJa4Yr BBICTABJIISACTCA ITOJIOXHUTCIIBHAA
oleHka — 1 Oami.

3a HC HpaBHJIbHI:IfI OTBCT HaA BOHpOCI)I niin HeBepHOC peHIeHI/IC 3a4a4YU BBICTABJIACTCA OTpI/IIIaTCJH)HaFI
orenka — 0 0asIoB.

KagecTBeHHast o1leHKa WHMBHTyTbHBIX
Hpouenr 00pa30BaTENIbHBIX JOCTHKEHUN
pe3yabTaTUBHOCTH - :
(IpaBUIIBHBIX OTBETOB) (oTverKa) BepOaIbHBINA aHAJIOT
90 + 100 B OTJIMYHO
80 + 89 4 XOPOIIO
60 +79 3 YJIOBJICTBOPUTEIIHHO
MeHee 60 2 HE YJIOBJICTBOPHUTEIHLHO

Pa3nen 4 JiieMeHTHI TEOPUH BEPOATHOCTEH M MAaTEMAaTHYE€CKON CTATHCTHKH
IIpakTHyeckoe 3ansaTue Ne 23
Peenne 3a1a4 Ha BbIuKMc/IeHHe BEPOSITHOCTH € HUCIO0JIb30BAHUEM 3J1€eMEHTOB KOMOMHATOPUKH

Heab padorbl: HayuuThcs HAX0AUTh BEPOSITHOCTh COOBITUH, UCTIONB3YS (POPMYIIBI KOMOMHATOPUKH.
Bbinosinus padory, Bel Oynere:

YMETb:

VY3 pemiath 3aauy Ha BBIYMCIIEHUE BEPOSITHOCTH C UCIIOJIB30BAaHUEM 3JIEMEHTOB KOMOMHATOPHKHY;
MartepuajnbHoe o0ecnieueHue: HIUBUTyalIbHBIC 3a/JaHNS], KOHCIEKTHI JIEKIIUH.

3ananmue:

1. l'oToBsick K MOKIAMy, CTYyIEHT BBIMKMCAT U3 KHUTU LUTaTy, HO, 3a0bIB HOMEp CTpaHUIIbl, Ha
KOTOpPOM OHAa HaxoJWjach, Hamucal Homep Haynady. KakoBa BEpOSITHOCTh TOrO, YTO CTYAEHT
3anucall Hy>KHbIi HOMEp, €CJIM OH IIOMHHT, YTO HOMEP BBIPAKAETCS JBY3HAYHBIM YHCIIOM?

2. B simuke 15 meranelt, cpeau kotopeix 10 okpamensl. COOpIUK Haymady BeIOpai 3 meraiu.
KakoBa BeposSITHOCTH TOT0.YTO BEIOpaHHbBIE AETATU OKa3aJIMCh OKPAIICHHBIMU?
3. Nmeercs 8 kapTouek. OgHa CTOpOHA KKIOW U3 HUX YMCTasA, a Ha JPYrol HamMCaHbl OYKBBI

KNP0, AH,3,I1. Kaprouku kiagyT Ha CTOJ YUCTOW CTOPOHOWM BBEpX, NMEPEMENIUBAIOT, a 3aTEM
MOCJICIOBATEIbHO  OMHY 3a JIPyrod ImepeBopaunBaroT. KakoBa  BepOSATHOCTH  TOTO.IIPH
MOCJIeIOBATEILHOM MOsiBIeHUH OyKB OyneT coctapieH cioo [TPA3JTHUK?

Kparkue TeopeTnueckue cBeleHHS:

BeposiTHOCTBIO CcOOBITHS A Ha3bIBaCTCSl OTHOILIICHUE YHCIIAa M ciaydaeB, OJarompHsITCTBYIOLMIUX €ro
MOSIBJICHUIO, K OOIIEMYy YHCIIy BCEX HECOBMECTHBIX PABHOBO3MOXKHBIX M OOpa3yHOIIUX TOJHYIO
rpynmny coObiTuii. Takoe omnpeneneHre BEpPOSATHOCTH  HA3bIBAIOT KJIACCHYECKUM. BeposTHOCTH

M
coObITHs 0603HavaeTcs P(A) u Berumcisiercs no gopmyine: P(4) = —

BepositHOCTE TIOSIBIIEHUS COOBITHS 3aKimoueHa B mpeaenaax or 0 go 1: 0= P(A) =1

ITopsinok BbINOJIHEHUs PadOTHI:

1.  Ompenenute codbiTHE A, BEPOATHOCTH KOTOPOTO HY’)KHO BBIYMCIIUTb.

2.  IIpocuuraiite obmiee unciao(N) BO3MOKHBIX UCXOI0B.

3. IlpocumtaiiTe 4mciao Ucxo10B(M), 6IArONPUATCTBYIOIIUX HACTYINICHHIO COOBITHS A.
4.

) . [0
Hcnonb3yiiTe GopMyly ISl BHMUCIECHUS BEPOSTHOCTH ONPEAENEHHOro coobitus. P(A4) = -

54



Xon padorsi: 1.Habupas nHomep TenedoHa, abOHEHT 3a0bL1 mocineaaue 3 mudpsl 1 HAOpal ux
Hay/iauy, IOMHS . 4TO OHU pa3iiMuHbl. HalauTe BeposITHOCTh TOTO, YTO HAOpaHbI HY)KHBIC LI (PHI.
Pemenue.

1.  CoObiTHe A-«HOMEp HAOpaH BEPHON.

2. Ywucno n-o0iiee YuciIo UCXOI0B UCTIBITAHMS IOJTYYUM, BOCIIOJIB30BaBIIUCH (POPMYIaMU
komOuHaTopuku. Beero umeercst 10 mudp, 1.€.. yncio snemMeHToB paBHO 10; B Kaxaoe COeAUHEHUE

BXOJHT 10 3 mu(pbl; MOPAI0K HUP(IIEMEHTOB) CYIIECTBEHEH PU HA0OpEe HOMEpa, 3HAYUT, HYKHO
10! _718510

HaWTH Yncno pasmernennii u3 10 snemenTos 1o 3 o popmynedd, = a7 =720. Urak,
n=720
3. Ywumcmo m=1, T.K. TOJIBKO OJMH HA0OP U3 TPEX LUQD SABISETCS HY>KHBIM.
1
4. P(A)=Z=

n 720
2.113 ypHbl, B KOTOpoii HaxoAdTcs 12 GenbIX U 8 4EPHBIX I1apOB, BHIHUMAIOT HayAauyy JBa I1apa.
KakoBa BEeposSITHOCTh TOTO, 4TO 00a 1Iapa OKaXyTcsl YEPHBIMU?
Pemrenne.
1.  CoObiTue A-«o0a mapa OKaxyTcs YEPHBIMM.
2. Ywucno n-o01iee 9MCIo UCXOI0B UCIIBITAHHUS TOTYIHM, BOCIOJB30BABIINCEH POPMYIaMH

koMOuHaTopuku. OOIIee YKCiIO BO3MOXHBIX CIydaeB N paBHO 4MCIy coueTaHuil uz 20
200 _ 20 201918l 144

2i(20-2) 218! 1-218! '

3. Ywmcno ciaydaeB M, OJIaronpusATCTBYIOIIMX COOBITHIO A, paBHO YHCITY COYCTaHHHA U3 8
B _ 8 876 o9

ze-2)! ze 1-2-16!

DJIEMEHTOB ( 12+8) 10 aBa: N= c%[}. =

35IeMEeHTOB ( 8 4epHbIX mIapoB ) 1o aBa: N= Cz =
™m ]

4 P(A)=T=_—w0,147

2.Ha mnsatu kapToukax pa3pe3Hoi a30yku Hamucanbl OykBbl A,3,K,0,M. Kaprouku mnepemenmBarorcs
U HayraJl packiaasiBatoTcs B pajl. KakoBa BeposiTHOCTH Toro. Uto nomyuntes cioso 3AMOK ?
Pewrenue.

1.  CoObitue A-«rmomyuutcst ciioBo 3AMOKY.

2.  UYucno n-o0miee YUCIO HMCXOJIOB HCMBITAHUA TOJYYHM, BOCIOJIB30BABIIUCH (HOPMyJIaMHu
koMOuHaTopuku. OOmiee 4YMCIO0 BO3MOXHBIX CIIy4aeB N paBHO YHCIY NEPECTaHOBOK M3 5
anemMeHTOB(OykB): N=P; = 5!=5-4- 3 - 2 - 1=120.

3. UYucno cmyuaeB M, OGJarompUATCTBYIOIIMX COOBITHIO A, paBHO 1, T.K. TpeOyeTcs COCTaBUTH

CJIOBO C 6YKBaMI/I, pacCcTaBJICHHBIMUA B OHpe,Z[eJ'IéHHOM IOPAIKE. A >t 6}’KBI>I Ppa3In4HbI.
™m 1

4. F[}l] = ; = 120

3anayu ¢ npogecCHOHATBLHO HANIPABJIEHHOCTHIO.

3agauya 1. Ha ckiag noctynunu snekrpoytioru, 80 % c nepsoro 3aBoja u 20 % co BTOporo.
Cpenu nmpoaykiuu nepBoro 3aBojaa 90 % BbIIEp>KUBAIOT FapaHTUITHBINA CPOK, CO BTOPOTO 3aBojAa- 95
%. KakoBa BepOSITHOCTB, YTO B3SThII HAyraJl CoO CKJIaJa YTIOT BBIACPKUBACT rapaHTUHHBIN CPOK?
KakoBa BeposSITHOCTB, UTO YTIOT C IEPBOTO 3aBoja?

Pemenmue:

P (A1) =0,8- BeposATHOCTB, YTO YTIOT MOCTYIIHJI Ha CKJIaJl C IEPBOTO 3aBOJIA.

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

YcnoBabie BeposaTHOCTH P a1(B) =0,9 u Paz(B) =0,95- 4To0 yTIOT BBIIEPKUT rapaHTUHHBIH CPOK
C TIEpBOTO 3aBOJA U CO BTOPOTO.

1) [losHast BEpOATHOCTD, YTO OH MPOCITYKUT OMPEeIEHHOE BpeMsl, HE3aBUCUMO C KaKOTO OH
3aBoja paBHa P(B)=P(A1)-Pai1(B)+P(A2)-Pa2(B)=0,8:0,9+0,2:0,95=0,91  2)BeposTHOCTb, 4TO
YTIOT C TIEPBOTO 3aBOJIa paBHA

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

3agaya 2. ABTOMAT mITaMiyeT Aetaiu. BeposTHOCTH TOTO, YTO 3a OJIHY CMEHY He OyAeT
M3TOTOBJICHO HU OJTHOM HeCTaHAapTHOM Aetanu, paBHa 0,9. KakoBa BeposSTHOCTB TOTO, 4TO OyayT
CTaHJIAPTHBIMU BCE J€TaJIH, U3TOTOBISIEMbIC 32 TPU CMEHBI?

Pemenune: P(A)= 0,9 Ilo Teopeme 0 BEpOSITHOCTH HE3aBUCHMBIX COOBITHIA,
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P(B)=P(A)-P(A)-P(A)=0,9-0,9-0,9= 0,729

3agauya 3. Paguocrannus 1, 2,3 HE3aBHCUMO OJTHA OT JIPYTrOi MOCHUIAIOT 110 OTHOM Tiepeayde
paguoctaniuu 4. BeposTHOCTH nprema nepegaun paguoctaniueit 4 ot cranuuu 1, 2, 3
cooTBeTcTBeHHO paBHBl P1=0,4, P,=0,5, P3=0,7. HaiiTu BeposSITHOCTh TOTO, YTO CTaHIHEH 4 OyneT
MIPUHATA: a) TOJIBKO OJJHA Nepeaya; 0) XoTs Obl 0/1HA Tepeaya.

Pemenne: a) BeposTHOCTB TOTO, 4UTO CTaHIMEH U OyIeT IPHUHSTA TOJILKO OJIHA TIepeaJa;
P(A)=P(A1A; A3)+P(A1A; A3) +P(ALA; 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 mepenaun paguocraniueii 4 or crannuu 1, 2, 3- B3aMMHO HE3aBUCHMBIE COOBITHS.
ITo Teopeme 0 BEpOATHOCTH OCYILIECTBIICHUS XOTS OBl OJTHOTO HE3aBUCHMOTO COOBITHS, BEPOSITHOCTD
TOTO, YTO CTaHIMeH 4 OyneT mpuHsTa XOTs OBl OJTHA Mepeaya:

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

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJIHEHHAs paboTa.
Kpurtepuu ouenku:
3a mpaBWIbHBI OTBET Ha BOIMPOCHI WJIM BEPHOE pPEIIEHHE 3a/ladl BBICTABISETCS IMOJIOKUTEIbHAS

oreHka — 1 Gasr.

33 HEC HpaBPIJ'II:HBIfI OTBET Ha BOHpOCBI HNIN HeBepHoe pemeHI/Ie 3aJa4 BBICTABJIACTCA OTpI/II_[aTeJ'H)HaH
orenka — 0 6ayUIoB.

KauecTBeHHast OlleHKa HHANBUAYATbHBIX
Hpouent 00pa30BaTeNIbHBIX JOCTHKEHUN
Pe3yNbTaTUBHOCTH S ;
(TTpaBUIIBHBIX OTBETOB) (oTMeTKa) BepOATbHBIN aHAJIOT
90 + 100 5 OTJINYHO
80 + 89 4 XOPOIIIO
60 + 79 3 YIOBJIETBOPUTEITHHO
Menee 60 2 HE YJOBJIETBOPUTEIHHO

Pa3znen 4 DiieMeHThI TEOPUHU BEPOATHOCTEH U MATEMATHYECKON CTATUCTUKH
IIpakTnyeckoe 3ansitue Ne 24
YucioBble XapaKTEePUCTUKH BbIOOPKH

Ilesan padoTbl: PaccMOTpeTh OTIENbHbBIE IPUMEPBI, XapaKTepHbIE 1711 BBIOOPOYHOTO METOA.
Boinosinus padory, Bel Oyaere:

YMETh:
Yo 01.02 ananu3upoBath 3aa4y UIU IpoOIeMy U BbIICTATh €€ COCTABHBIEC YaCTH;

Yo 02.05 onieHHBaTh MPAKTUYECKYIO 3HAYUMOCTH PE3YABTATOB IMOUCKA;
MarepuajibHoe obecniedenue: HIuBUyanbHbIE 3aJaHNSI, KOHCIIEKTHI JIEKIIUH.
3aganue:

1. HOCTpOI/ITB MOJIMTOHBI YaCTOT U OTHOCUTECJIBHBIX YaCTOT IO paClIpCACICHUIO BBI60pI(I/II
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2

BEEEAERERERES

2. ITocTpoiiTe THCTOrPaMMBI YaCTOT M OTHOCUTEIBHBIX YaCTOT 10 PACHPECIICHHIO BEIOOPKH:

No Hurepsan, Cymma gacToT
HHTEPBAJIA Xi _ Xi 1 BapuaHT I;I]Ii{TepBana,

L 3-5 P1

2 Sl 2p;

3 =9 3ps

4 9-11 p?

S 11-13 2p;

6 13-15 3p;

! 15-17 DL+p2

3. [ly1s reHepanbHOM COBOKYITHOCTH, 3aJJaHHON PACIPEICIICHUEM

Haiigure reHepanbHyt0 CpeIHIO, FeHEpaIbHYIO JUCIEPCUI0, TeHEPAIbHOE CTaHJapTHOE
OTKJIOHEHHE, MOJly, METUaHy U pa3Max.
4. VI3 reHepanbHOM COBOKYITHOCTH CJIeJIaHa BbIOOPKa, 3a/laHHasi paclpeieIeHUEeM:

x| 2 | 4| 6 | 8 | 10| 12 | 14
2

ni\ P2 \sz\ P | P | P3 ] 2p3 ]pz+p3

Haiit BBIOOpOYHYIO CpEHIO0 BEIOOPOYHBIE TUCTIEPCUIO U CTaHIapTHOE OTKIOHeHHEe. OOpaTuTe
BHUMaHHeE: P1= uuciy OykB B Barem umenu; po= unciy OykB B Bameit pamummu; ps = uuciy
OykB B uMeHH Bamiero otra.

IMopsinok BbINOJIHEHHSI PAa0OTHI:

1 TIpounTaB ycioBHe NpeAIOKEHHOM 3a/1a4M , IO KOHCIIEKTY JICKIIUU HallIuTe COOTBETCTBYIOLINE
hopmyIIbI.

2.IlpuMeHuTE JEKIMOHHBIN TEOPETHUECKU MaTeprall ISl PEIICHUS] Ka)XJ0# 3a1a4uH.

3 B cnyyae HEOOXOAUMOCTH TPEACTABUTH TEOMETPUUYECKYIO HHTEPIIPETALIUIO YUCIOBBIX
XapaKTEePUCTHUK. BBIOOPKH.

Xoa pa6orsl: 1. 3agano pacnpeeneHue 4acToT BEIOOPKH:

x| 2|6 |12]15
nn| 3[10] 7|5

CocTaBuUTh pacnpeaciCeHnuc OTHOCUTCIIBHBIX YaCTOT.
OHpe,Z[eJ'II/IM CcHayaja 00beM BLI60pKI/IZ
n=34+104+7+5 =25,

. n;
Haiinem oTHOCHTENBHBIE YAaCTOTHI IO OpMyae W, = —-:
n

W1=235=0,12; A :%:O,4O;w3=l=0,28;w4 =2£5:0,20.

CnegoBaTeibHO,
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w; | 0,12 | 0,40 | 0,28 | 0,20
KonTposbs: 0,12+0,40+0,28+0,20=1.
2. Ilo pe3ynbTaTtam npumepa | HOCTPOUTH MOJUTOHBI YACTOT U OTHOCUTENBHBIX YaCTOT.
Pemenne. OtoOpa3uB HA MJIOCKOCTH TOYKH C KOOPJIMHATAMHU (Xi ,ni) U COCIUHUB UX OTPE3KaMU,

IMOJIYYHM IIOJIMTOH YaCTOT:

N

AHaJIOTHYHO MOCTPOUM TOJIUTOH 10 TOYKaM (X;,W;) :

Wi
0,40 P
0,28
0,20
0,12 N4
2 6 12 15 Xi

3.IloctpoiiTe rucTorpaMMy Io CiaeAyloleMy CTaTUCTHUECKOMY pacipeaeIeHUIO:

NurtepBan CymMmma 4acToT
No unTepBana JUTUHOM 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

Pemenwue. [Ipex e Bcero, onpenenum 06beM BEIOOPKHU:
n=4+4+64164364+ 2441044 =100,

IIo u3BeCTHBEIM CyMMaM YaCTOT BApUAHT paCcCUUTACM IINIOTHOCTb YaCTOTHI 10 UHTCPBAJIAM:

Ne | InotHOCTH acToTH | | Ne | InoTHOCTH YacTOTHI
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HHTEpBaIa n HHTEepBaIa n
h h
1 0,2 5 4,8
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2
N300pa3uM MOJIy4EHHBIN PE3yIIbTaT:
n;
F |
7 1
6 +
5 =+
4 =+
3 =+
2 4
1 =+
:— l' —

4. HaiiguTe CTaTHCTUYECKHUE OIIEHKH TeHEePaTbHON COBOKYITHOCTH, 3aJJAHHOM CIICTYIOIIINM
BapHallMOHHBIM PSAJIOM:

BapmantaX; | 2 | 4 | 5 | 6
qacroraN; | 8 | 9 [ 10| 3

Pemenne. Onpenenum 00beM COBOKYITHOCTH:
N-=8+9+10+3=30.
Haitnem renepaibHyIO CpeIHIONO:
~8:2+9-4+10-5+3:6
30
JList BBIYMCIICHIS TEHEPAIbHON UCTICPCHH HCIIONb3YeM QopMyly p —xz _(x, |- Onpenenum

X 4+

CPEIHIOI0 KBaJApPaTOB:
F_S-Zz +9-4%+10-5% +3-6°

=178"
r 30

Takum obpasom, p. =178-4% =18.
['enepanbHOE CTaHIAPTHOE OTKIOHEHUE: &, = /D =18 =134.

OOBIYHO MOYYEHHBIX PE3YJIbTATOB JOCTATOYHO VIS MPAKTUYECKUX 3aAa4. OTHAKO MOKHO MOTY4YHUTh
JIOTIOTHUTEIbHBIC XapaKTEPUCTUKHU Ui 00Jiee TOHKON OLIEHKH MeHepalbHONW COBOKYITHOCTH.
IIpuBeaem ux:

Mopga Mo : HauOoJIbIlIas YacToTa

Mo =10-
Menuana Me: BapI/IauI/IOHHbIﬁ psiA ACTIUTCS MIONOJaM B TOUKES

Me =45.
Pa3zmax Bapuanuu R: B npumepe
Xpax =61 Xpin =29
IIO3TOMY
R=6-2=4.

5. U3 renepanbHOIl COBOKYTHOCTH M3BJIEUE€HA BHIOOPKA
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HaiinuTe craTucTuueckne XapakTepUCTHKH BHIOOPKH.
Pemenne. Onpenenum 00beM BEIOOPKU:
n=92+94+103+105+106 =500 .
Bribopounas cpennsis:
X 92-1+94-2+103-3+105-4+106-5

= = 82 .
B 500 L
OmnpenennuM CPEIHIOK KBAJIPaTOB:
i 12 92 Q2 42 g2
X7 921749427 +103.3 +105.47 +106.5° ) )0

500
Bribopounas nucnepcust:
D, = X2 —(X, ) =11,45-1822 =814.
Br160pouHO€E cTaHAapTHOE OTKIIOHEHHE:

o =+/814 = 285.

®opma npeacTaBaeHus pe3yJabTaTa: BBIIIOJIHEHHAs padoTa.

Kputepuu onenku:

33 HpaBHJ’IBHBIfI OTBCT Ha BOHpOCBI NN BepHoe pemeHHe 3aJa4 BBICTABJIIACTCA ITOJIOXKUTCIIbHAS
onenka — 1 6aym.

33 HC HpaBPIJ'II:HBIfI OTBECT HaA BOHpOCBI NN HeBepHoe pemeHHe 3a1a4U BBICTABJIACTCS OTpI/IIIaTeJ'II)HaH
onenka — 0 0ayIoB.

KauecTBeHHas OIleHKAa WHIUBUYATbHBIX
Hpouent 00pa30BaTeNbHBIX JOCTHKEHUN
Pe3yNbTaTUBHOCTH S
(TIpaBUIIBHBIX OTBETOB) BepOATBHBIN aHAJIOT
(oTMeTKa)
90 + 100 5) OTJINYHO
80 + 89 4 XOPOIIO
60 + 79 3 YIOBJIETBOPUTEITHHO
Menee 60 2 HE YIOBJIETBOPUTEIBHO
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