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1 BBEAEHHUE

BaxHyl0o 4YacTh TEOpeTHYECKOM W  TNPO(ECCHOHANBHOW  MPAKTUYECKOH  MOATOTOBKU
00y4aromuxcsi COCTABIISIOT MPAKTUYCCKUE 3aHATHS.

CocraB M cojep)kaHHE NPAKTHMUECKUX 3aHATUN HampaBlieHbl Ha peanusanuio denepanbHOro
rOCyJapCTBEHHOTO 00pa30BaTEIBHOTO CTaHAapPTa CPEIHEr0 MPoPeCcCHOHATBHOTO 00pa30BaHNSI.

Benymelt aupakThyeckod  LENbI0  IPAKTUYECKUX  3aHATHM  siBisieTcss  (hOpMHUpOBaHHE
npo(heCCHOHANBHBIX NPAKTUYECKUX YMEHHH (YMEHHMH BBINOJHATH ONpEACICHHBIE JICWCTBUS,
orepanuy, HEoOXOAMMBIE B MOCIEAYIONIEM B MPO(ECCHOHAIBHOW IESTENbHOCTH) WM Y4eOHBIX
MIPaKTUYECKUX YMEHUN (YMEHMH pemiarh 3a7ayd [0 MaTeMaTHUKe), HeOOXOJUMBIX B IMOCIEAYIOUIeH
y4eOHOM e TeTbHOCTH.

B cootBercTBUM ¢ paboueit mporpammoit yaeOHON TUCHUIIINHBI «MaTeMaTH4ecKue METOJbI B
podeccHoHaABHOM IeATEIbHOCTH MPELYCMOTPEHO IPOBEACHHUE MPAKTUUYECKUX 3aHATUH.

B pe3ynbraTe uX BBINOIHEHUS, 00yJalomUics JOHKEH YMETh:

V1 1 ananu3zupoBaTh GYHKIMU U CTPOUTH UX TpadUKU;

VY1 2 BBINOJHATH IEHCTBUS HaJl KOMIUIEKCHBIMU YHCIIAMH

VY1 3 BBIUKCHATH 3HAUEHUS TEOMETPUYECKUX BEJTUUMH;

VY1 4 npou3BOUTH ONEPALIUU HAJ MAaTPUILIAMHU U OIIPEIETUTESAMU;

Y1 5 pemats 3a1a4M Ha BBIYMCIEHUE BEPOSITHOCTH € UCITOJI30BAHUEM DJIEMEHTOB
KOMOUHATOPHKH;

Yn6  pemarh npUKIaAHBIC 337a49H C UCTIOIB30BaHUEM AIIEMEHTOB AU (HEepeHITHATEHOTO U
MHTErpajbHOT0 UCUHCIICHHIH;

Y17 pemiaTh CUCTEMBI INHEWHBIX YPABHEHUIN Pa3IUYHBIMA METOJAMU;

VY1 8 pemats 3agauu Ha rpadax

Y1 9 cocTaBisTh psig pacupeaesieHus: CIy4yalHbIX BETUYUH

ConepxaHue MPAaKTUUECKUX U J1a0OpaTOPHBIX 3aHATHH OPUEHTHPOBAHO HAa IOATOTOBKY
oOyJaromuxcs K OCBOCHUIO MNPOQPECCHOHATBHOTO MO/ MpOrpaMMbl IOATOTOBKH — CIELUAINCTOB
CPEIHETO 3BEHA 10 CIIENUAIBHOCTH U OBIAJCHUIO HPOPECCUOHATbHOIMU KOMNEMEHUUAMU:

IIK 2.3. Opraam3oBath  paboOTy  TEpcoOHaa MO  TEXHUYECKOMY  OOCIY)KHBaHHUIO
MIPOMBIIIIICHHOTO (TEXHOJIOTHYECKOTO0) 000pyI0OBaHHS.

IIK 3.3. OpranuszoBartb paboty nepcoHaia o PEMOHTY MPOMBIILIJIEHHOTO
(TEXHOJIOTUYECKOTO) 000PYAOBAHUS.

1K 4.3. [IpoBoauTh aHanu3 pe3yJbTaTOB HCIOJb30BAHKUS 3aroTOBOK, 3allaCHBIX YacTeH,

PacxXoHbIX MaTEPHUAJIOB.
A Tak:xe POPMUPOBAHUIO 0OUUX KOMNEM EHYUIL.

OK 01. Beibupats criocoOBI penieHust 3a1a4 MpodeCCHOHATBEHON MeITENBHOCTH MPUMEHUTEIBHO K Pa3INIHBIM
KOHTEKCTaM

HpaKTI/ILIeCKI/IC 3aHATUS IIPOBOIATCA B paMKax COOTB@TCTBYIOH_ICI‘/'I TEMBI, IIOCJIIC OCBOCHMHA
JAUIAKTUYCCKHUX CAWHHIL, KOTOPLIC o0ecrneynBalOT HaJIHYUe 3H8.HPII>1, H606X0,Z[I/IMLIX 1 €€
BBIITOJIHCHU .



2 METOANYECKHUE YKA3AHUSA

Tema 1.1 @®yHKUMA 0AHOI He3aBUCHMMO NepeMeHHOMH U ee XapaKTePUCTUKH

[MpakTuyeckoe 3ansiTue Nel
IocTpoenue rpagukoB peaabHbIX PyHKIMH

Hean: Hayuutbcest cTpouTh rpaku B COOTBETCTBUU € 33JJAaHUEM TEXHOJIOTHYECKOM KapThl

BeinosiHuB padory, Bbl OyieTe yMeThb:
VYl ananu3upoBath GyHKIUU U CTPOUTH UX IPaduKH;

MarepuajibHoe obecniedeHHe: UHIMBUyalbHbIE 3aJJaHHs], KOHCIIEKTHI JIEKIIHH.
3aganue
1. Cuna Toka B IpOBOJAHMKE B 3aBUCUMOCTH OT BPEMEHHM MEHSETCS 10 3aKOHY:
I(t) =t* -8t +17.
[TocTpoiite rpadux u3MEHEHUS CHJIbI TOKAa. B Kakoi MOMEHT BpEeMEHU cHila ToKa Oblia
MHUHHMMaJIBbHOK? B Kakoli MpOMEKYTOK BPEMEHH CHla TOKa Bo3pacTaya?
2. [TpuMeHsist reoMeTpUIecKre MPeoOpa3oBaHus, MOCTPOiTe rpaduKu PYHKIINNI:
a) y=(x-572*+1;
6) y=Ix+1)3°+1];
1
B) y= — T 3;

r = —
) y |x|+2

Iopsinok BbINMOJTHEHHSI PA0OTHI

Jlis  moctpoeHuss Trpa@UKOB BOCHOJB3YMTECh TE€OMETPUYECKUMH MPEeoOpa3oBaHUAMU:
CUMMETPUYHOE OTOOpakeHHe rpauKOB OTHOCUTEIBHO OCEH KOOpAMHAT, MapaulebHBIA MEPEeHOC
rpaduKoB, cxKaTHE U PACTIKEHUE.

Xox pabdoThI:
1. ToctpouTts rpaduk ¢pynxmuu y = (x + 3)% + 4.
2. 3a ocHOBY BO3bMEM Irpaduk y = x2 (puc. 1).
3. 3arem crpoum rpaduk y = (x + 3)? nmyrém napamnensHOro nepeHoca rpaduka Biaeso(puc.2).
4. Crpoum rpaduk y = (x + 3)? + 4 napamnensHsIM nepeHocoM rpaduka Beepx (puc.3).
i |

Puc. 1 Puc. 2 Puc. 3
®opma npeacTaBlieHUs pe3yJbTaTa: BHIMOIHEHHOE 3a/IaHNUE.

Kputepun onenkn:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BBHIMOJHEHA B MOJHOM 00BEME ¢ COOMIOJCHUEM
HEO0OX0MMOI TTOCICAOBATEILHOCTH ICHCTBUM.

Ouenka ''xopomo'" cTaBHUTCS, €CIM BBIMOJHEHBI TpPeOOBaHUS K OLEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeAgoYeTa.



Ounenka "ya0BJeTBOPHUTEIBHO'" CTaBUTCS, eciu paboTa BBINIOJHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJIHEHHOH YaCTH TaKOB, YTO TIO3BOJISET MOTYYUTh MTPABUIBHBIC PE3YJIbTAThI U BEIBOJIBI.
OueHka '""HeyI0BJIETBOPUTEIBHO' CTaBUTCS, e€Ciid paboTa BBIIIOJIHEHA HE MOJTHOCTHIO WIIH

00BEM BBITIOJIHEHHOM YaCTH pa6OTBI HC MO3BOJIACT CACTIAaTh MMPaBUJIbHBIX BBIBOIOB.

Tema 1.1 @®yHKUMA 0AHOI He3aBUCUMON NepeMeHHOH U ee XapaKTePUCTUKH

IIpakTnueckoe 3ansitue Ne2
Pemenue npukJIagHbIX 32/1a4 HA COCTaBJIeHHe rPa¢uKOB NapaMeTpoB
HHCTPYMEHTAJbHOI0 KOHTPOJISl (IMATHOCTUPOBAHUA) 000py10BaHH S

Henb: Hayuutbes coctaBiasaTh Tpadukd [apaMeTpoOB HHCTPYMEHTAIbHOTO  KOHTPOJIS

000pyI0BaHUs

BoinosiHuB padory, Bbl OyieTe yMeThb:
VYl ananusupoBaTh GYHKINUU U CTPOUTH UX TPadUKH;

3aganue. HapactaHue MOIIHOCTH JBUTATENS B 3aBUCUMOCTH OT BPEMEHHU MEHSETCS IO 3aKOHY:
I(t) = 2t? — 4t + 1. Tloctpouts Tpad¥K M ONPEIETMTH MOMEHT BPEMEHH, KOTJa MOLIHOCTH ObLIa

MHUHUMAJIBHOM
1. Tloctpouts rpaduk MOIIHOCTH U MOMEHTA JABUTaTEIS

IHopsAoK BBINOJHEHNS PA0OTHI
Xox padoThI:
1. ITocTpouth rpaduk MOIITHOCTH JIBUTATES

2. TloctpouTts rpadyk MOMEHTA JIBUTATEIIS
I'paduik MOTITHOCTH 1 MOMEHTA TIPEACTABIISIET COOOM COBMEIICHHYIO KapTUHY TpadUuKoB

N=f(n)uM = f(n).

MomtHocts N (kBT), kpyrsimmii momeHT M (HxM) m wacrota BpamieHuss Baja n (00/MHH)

CBSA3aHBI COOTHOIIECHUEM:
M-n

N = 9550
y‘lI/ITBIBaH, YTO B HI/I)KHCI71 IleTBe];)TI/I Auaria3oHa perJII/IPOBaHI/IH I10JIHas1 MOIIMIHOCTDH HpI/IBO,Z[a HEC
I/ICHOJ‘IBSyeTC}I, HpI/IMeHI/IM KOM6I/IHI/IpOBaHHOC perJ'II/IpOBaHI/Ie, Korga 1o pacquHoﬁ JaCTOThbI
BpaH_IeHI/IH ITUHAOCII np o6ecnqu/IBaeTc;1 perJII/IpOBaHI/Ie C IIOCTOSIHHBIM MOMCHTOM, a BBIIIC —

PETYIUPOBAHUC C IMOCTOSTHHOM MOIIHOCTBIO.
PacueTnas gacrora BpalllCHUA IIMUHACIIA IMMOACUUTBIBACTCA 110 (bOpMy.]'Iei

=51 .3 E =103 o6 / amm.
'.IE-i

[TpunuMaem Gnuskaiilnyro 1o 3HaYEHUIO YacTOTy BpauleHus n, =117 06/muH.,

I'J1€ Nmin — HAUMEHbILIAs YaCTOTa BPAILlEHHUs Ha BBIXO/I€ IPUBOJA.

PacueTHast MOIIHOCTh Ha HINUHAETE:

NJ" _N..l.u'IS -:i':r-'

rae n — Ko3(pQUIMEHT IMOJIE3HOTo ACUCTBUS MPUBOJA, ONpeAeseMblil HEMOCPEICTBEHHO IO

KUHEMATHYECKON CXEME.
57 =1, . ., =0.96 098" 0997 =084,
1€ Nipn = 0.96 — KI1JI xnuHOpeMeHHoM nepenaun;
Nsn = 0.98 — KII/I 3y6uaToro MuIMHAPUIECKOTO 3alleTIICHUS;
Nun =0.99 — KI1/] mapsl moAIIMITHUKOB.
Torga pacueTHas MOIITHOCTD:



N, = 15%0.84 =12.6 kBt

PacueTHBIIT MOMEHT:
N, 126

M, =0550 —L =0550 -F =10285 H m.
fip 7

PacueTnble 1aHHbBIC 3aHOCHUM B TAOJIUILY.

Nimin (06/MHH.) | Nimax (06/MHH. )
Kpyramuit moment (Hxm)
M 1 MZ
M; =M, = 1028.5 a DB DO e
e
MomiHocts (kBT)
N 1 N2
"M, m, 102855l _ N,=N_=12
Iy aEEn - ®mo 55

Ha ocHoBaHuM NOJTY4YEHHBIX JaHHBIX CTPOUM I'pa(UK MOIIHOCTEH 1 MOMEHTOB

M N xBm )

dopma npeacTaBieHUs pe3yJbTaTa: BHINOJIHEHHOE 33/1aHHUE.

Kpurepun oueHku:

Ouenka "oTiau4yHoO" CTaBUTCS, €Clid paboTa BHIIOJIHEHA B MOJHOM O00BEME C COOJIOCHUEM
HEOO0X0IMMOH MMOCIEN0BATENLHOCTH ASHCTBUM.

Ouenka ''xopomo' CTaBUTCS, €CIM BBIMOJHEHb TPeOOBaHUS K OICHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 HeAoYeTa.

Ouenka "ya0BJeTBOPHUTEIBbHO'" CTaBUTCS, eciM paboTa BBHINOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISET MOIYYUTh MIPABUIIbHBIC PE3YNIbTAThl U BHIBOJIBI.

Ounenka '"Hey10BJIETBOPUTENIbHO' CTaBUTCS, e€ciid paboTa BBIIIOJIHEHA HE MOJTHOCTHIO WIH
00BEM BBITIOIHEHHOH YacTH pabOThI HE TIO3BOJISIET ClIENaTh MPaBUIIBHBIX BHIBOJIOB.

Tema 1.2 IIpenea ¢pynknun. HenpepbsiBHOCTL pyHKIMHT

IIpakTnyeckoe 3ansaTue Ne3
Haxosxknenue npenenoB ¢pyHKuui

Hean: HayuuThest BBIYUCIATH Mpeaesnsl QyHKIUN
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BeinosiHuB padory, Bbl OyieTe ymMeThb:
Yn6 pelaTh NPUKIAHBIE 33/1a41 C HCIIOJIb30BAaHUEM 3JIEMEHTOB TU(PepeHIINATHHOTO H
MHTETPATBHOTO UCYUCIICHUN;

MarepuajibHOe 00ecniedeHHe: HHIUBUIYATbHbBIC 33 JaHMsI, KOHCIICKTHI JICKIIUH.
3ananmue:
[To BBIMIOTHEHUIO 33JaHUS TEXHOJIOTUYECKON KapThl TPEOYEeTCsl BEIUMCIUTD MPEACITBI (DYHKITHIA:

1. lim,_,(2x3 — 10x? — 4x + 5)
2 lim 3x%-11x+6
’ X293 ox2 5x-3
3 lim 11x3-5x2—-6x+10
' X2 ext-8x2+2
sinE

: 2
4. lim,_, —

5. lim,_ (1~ E)Sx

X
HOpﬂlIOK BbIIIOJTHCHUA paﬁon:

1. Haiigute npeaen GpyHKINU, UCHOJIB3YSI TEOPEMBI O Mpeeiax.
2. Ecnm nomydmiack HEONPEEIIEHHOCTh, OTIPEICIUTE €€ BUJ] M CIIOCO0 PACKPBITHSL.
3. TIpeoOpa3yiiTe QYHKIHIO H PACKPOITE HEONPEIEIICHHOCTb.
4. Beruucnute npened.
Xox pa0doThI:
Haiitu npenen Gpyukmmm:
1) limy,,(2x3 — 10x? —4x +5)

Hcnonb3yeM TeopeMbl 0 Ipejienax:
lim(2x3 — 10x% — 4x + 5)

x—-2

=2(limx)3—10(limx)2—4limx+5=2-8—10-4—4-2+5=—27

x—2 x—2 x—2

. 3x%2-11x+6
2) lim —_—
) X3 px2_5x-3

(DYHKI_[I/IH IpeaACTaBIACT co00lf OTHOIIIEHHE JABYX MHOI'OYJICHOB, o6pamafom1/1xc;1 B HYJIIb B

TOYKE X = 3. [ToaTomy cHauaja npeoOpazyem JAHHYIO GyHKIHIO.
JIro60¥ KBaIpaTHBIN TPEXUWIEH MOKHO PA3JIOKUTh HA MHOXKHUTEIHU C IIOMOIIBIO (POPMYIIBI
ax®+br +c=alx —x)(x—x.), rae xy u 13 KOPHU KBaJIPaTHOTO TpexuieHa.

e | ks

KopHsAMu KBafpaTHOTO TpexuiaeHa 3x~ — 1lx + 6 ABJSAIOTCA YMCIA T U 3; 3HAYUT

3x2—11x+ 6 =3(x — 3)(x —§)
A KOpHM KBaJ[paTHOTO TpexusieHa 2x? — 5x — 3 paBHLI% u 3, clleI0BaTeIbHO
2x2 —5x =3 =2(x—3)(x +7)
Bo3sBpamiasce k npeaeny, uMeeM:
32 —11x+ 6 3x—=3)x—3) ’ 3(x—2)

lim = lim =lim————
X—3 2X2—5X—3 X—>32(X_3)(X+%) x—>32(x+%)

3x—2 3lmx-2 3.3_3 7

xl—l>rsl'2x+1:211n§x+1_2-3+1:7
X—

11x3-5x2-6x+10
6x%—8x2+2

3) lim,,,



Tak kak MHOIOYICHBI B UYHCIUTEIC M 3HAMCHATele CTPEMATCA K 00, TO IIOJIy4acM
HCONPCACIICHHOCTL BHA [:] I[HSI €C PACKpPBITUA PA3ACTIHUM KaAXKAOC CJlIaraCMoC 4YHUCIIUTCIA U

3HAMEHATEJIS Ha x*. Torma TIOJTYYHM:
. . 11x* 52 6x 10 11 3 & 10
11x% — 542 — 6x + 10 F A At Y 2 3tTF o
lim - S = lim r 7 = lim = =—-=10
x=3 Gx* —8x" + 2 x—s00 Ga” _ Bx* 4 2 =E _B*_r = 6
xf xf xf _rl- xT
. X
sin E
4) lim
x->0 X
UroObl BBIYUCIUTH Tpeaend (YHKIHWH, HYKHO BOCIOJB30BAThCsA (POPMYJTOH TEPBOTO
sinx
1

3aMevaTeNbHOro mpenena: lim,. -~ =
1
VYMHOXHAM YHCIIUTETb U 3HAMEHATEIh I[pO6I/I Ha E

. X 1 . x . X
SlTLE ESLnE 1 sm; 1
lim—2 = lim2—2=-lim—2=--1==
x-0 X xX=0 g 2x-0 = 2 2
2 2

5) lim, e, (1 - E)Sx

X
[IpeoGpazyem pyHKIUIO Tak, YTOOBI MOKHO OBLIIO MPUMEHUTH BTOPOM 3aMeyaTeNbHbIN npeaen :

X
lim,,_, (1 + i) = e. BBezneM HOBYIO ITEPEMEHHYIO: X = —3y; X — 00;y — 00,
) 3\ 5% . 3 \>(=3y) . 1\ ~15y 15
lim,,_, (1 - ;) =lim,_, (1 - _—33}) =lim,,_, o (1 + 3—/) =e =T

dopma npeacTaBieHUs pe3yJbTaTa: BbIIOIHEHHAs padoTa.

Kpurepun oueHku:

Ouenka "oTauyHo'" cTaBUTCS, eclii pabOTa BHITIOJHEHA B MOJHOM 00BEME C COOJIOICHUEM
HE00X0INMOI IMOCIIEN0BATEIHFHOCTH IEICTBUH.

Ouenka ''xopomo'" CTaBUTCS, €CIU BBIMOJHEHB TPeOOBaHHWS K OICHKE "OTIIMYHO", HO
JIOTYILIEHBI 2-3 HeJloYeTa.

Ouenka '"yI0BJIETBOPHUTEJIbHO'" CTaBUTCS, €ClIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISET MOTYYUTh MIPABUIIbHBIC PE3YJIbTAThl U BHIBOJIBI.

Ouenka '""HeyJ0BJIETBOPUTEJIBHO' CTaBUTCS, €CiM pabOTa BBHINOJHEHA HE MOJHOCTHIO WU
00BEM BBIMOJIHEHHOM YacTH pabOThI HE IO3BOJISET ClIENaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 1.2 Illpeaen ¢pynkuun. HempepoiBHOCTH pyHKIIMT

IIpakTuyeckoe 3ansaTue Ned
Pemlenue npuK/IaHbIX 32124 HA NPOU3BOAUTEILHOCTh TPY/1a TEXHUYECKOT 0
00cry;kuBaHHe 000PY10BaAHUS

Hean: HayuuThest BBIYUCTATH Npeaesnsl GQyHKIUN

Beinosinue padory, Bl OyieTe yMeThb:

Yn6 pelaTh NPUKIAJHbIE 33/1a41 C UCIIOJIb30BAaHUEM 3JIEMEHTOB TU(PepeHIINATBHOTO U
MHTETrPaJIbHOTO UCUNCIICHU;

MarepuasnbHoe o0ecniedeHne: NHIMBUIyaJIbHbIC 3a/1aHUsI, KOHCIIEKTHI JIEKIIUH.
3amanmue:
3amanmue:



Haiitn mpou3BoAUTEIHHOCT TPY/Ia O 33JaHHOW ()YHKIIMH KOJUYECTBA BHITIOJHEHHBIX PaboT B
MOMEHT BpeMeHU L.
1. u(t) =x®—-5x2—-8x+23at="5u
4x%-2x+7
2. u(t) =————3at= 24

3. u(t) = (1—§)x3at= 3y

IMopsiiok BbINOJIHEHUS PadOTHI:

Haiigure npenen gyHKUMHN, UCHIOIB3YSI TEOPEMBI O Mpeeax.

Ecnu nosy4dmiachk HEONPEAeIeHHOCTD, ONPEETUTE €€ BUJI U CIIOCOO PAaCKpPBITHUSI.
[IpeobpasyiiTe PyHKIMIO U PACKPOITE HEONPEICTCHHOCTb.

Boruncnute npeaen GyHKIMU MPOU3BOAUTEIBHOCTH TPY/Ia.

Xoa paGoThI:

el N =

1. [lycth pyHkuusg u = u(t) BeIpaxkaeT KOJIMYECTBO BBIMOJIHEHHBIX padOT u 3a Bpems t u
HE0OX0IMMO HalTH MPOU3BOAUTEIBHOCTh TPY/la B MOMEHT to.

3a IepuoJ BpeMEHU OT tp 10 tp + L“&t KOJIMYECTBO BEIIIOJHEHHBIX pa60T HU3MEHHUTCA OT

3HaYeHus up + AU = u(to + ﬁt).

Au
Tornaa cpennsis IPOU3BOAUTENBHOCTD TPY/A 3a 3TOT MEPHO BPEMEHHU Zp = v

OquI/IHHO, qTO HpOI/I?)BOJII/ITeHI)HOCTB pr)la B MOMCHT to MOXHO OHpeJIeJ'H/ITB KakK Hpe)IeJ'IBHoe
3HAYEHME CpeIHell POM3BOANTEIHOCTH 3a IEPHOJ BPEMEHH OT to 10 to + At mpu At — 0, T.e.

=i — i —
Z2=UMasg Zep = MMpsng -

dopma npeacTaBieHUs pe3yJbTaTa: BbIIOJIHEHHAs padoTa.

Kpurepun oueHku:

Ouenka "oTau4Ho'" cTaBUTCS, ecii pabOTa BHITIOJHEHA B MOJHOM 00BEME C COOJIOICHUEM
HEe00X0IUMOM IMOCIIEN0BATEIFHOCTH IEHCTBUNA.

Ouenka ''Xxopomo' CTaBUTCS, €CIM BBINMOJHEHb TPeOOBaHHUS K OICHKE "OTJIMYHO", HO
JIOTMYILIEHBI 2-3 HeJloYeTa.

Ouenka '"yI0BJIETBOPHUTEJIBHO'" CTaBUTCS, €ClIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BbEM BBITTOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISET MOJIYUYUTh NMPABUIIBHBIC PE3YJIbTATHI U BHIBO/IBI.

Ouenka '""HeyI0BJIETBOPUTEJIBHO' CTAaBUTCS, €ClIM padOTa BBINOJHEHA HE IMOJHOCTHIO HIIH
00BbEM BBITTOJTHEHHOM YacTH PabOThI HE MO3BOJISET CACNATh MPABHIIBHBIX BHIBOJIOB.

Tema 1.3. InddepennuanbHoe 1 HHTErPAJIbHOE UCYMCIECHUS

IIpakTHyeckoe 3ansaTue Ne5
Brruucienne npou3BOAHBIX (PYHKIUH

Heuab: HayunThCst BBIYUCIATH TPOU3BOIHBIE QYHKIIUI

Beimosinue paéory, Bl OyieTe yMeThb:

Yn6 pelaTh NPUKIAJHbIE 33/1a41 C UCIIOJIb30BAaHUEM 3JIEMEHTOB TU(PepeHIINATBHOTO U
HMHTErpaJIbHOI0 UCYUCIICHU;

MaTepna.m,Hoe odecmeyeHue: I/IHI[I/IBI/I,Z[yaJ'ILHLIe 3aaHus, CIPAaBOYHBIC MaTCPUAJIDI,
KOHCIIEKTHI JICKIIHI.



3ananue.

3aganme 1: Haiitu npowusBoanble (pyHKIMI HCHOJB3YysS NpaBUiIa BBIYMCICHUS M TaOIHUILY
MIPOU3BOIHBIX CJIOXKHBIX (DYHKIIUH.

3aganue 2: Beraucnauth Npou3BOIHYIO (PYHKIINU B TOUKE.

3amganneNel 3amanneNo2
1y = (mx* +4)° 2)y = m*cos(px"“ —m). y'(1)=?
3)y = (™" +kx) 4y =kigme?); yi(1)=2
5)y — 12 P"—mx 6)y =ctg(px* —mx). y9)—9
7y = In(x* + px™) 8)y =M; y'(-2)=?
9)y =log ; (mx +k) 10)y = (e”**)*/xP +mx .

Y ()2 |
11)y = p*sin(kx+m) 12)y = % ()=

I'me p —uucno OykB B IMEHH; M — YHCIO OyKB B GaMWIMM;, K — YUCIIO OyKB OTUYECTBA.

Ilopsinok BbINOJIHEHHS PA0OTHI:
1. BHUMaTenbHO O3HAKOMBTECH C YCIOBUEM 3aJlaHMA.
2. Ilonp3ysach KOHCIIEKTOM JIEKIIMH M CIIPABOYHBIMM MaTepHaaMH, BBIIIOJHUTE 3aJaHUE.

Xox padoThI:

Samanme Ne 1

Haiitn mpowsBoaHbIe (QYHKIMI HCHOJB3YsS IMpaBWIa BBIYUCICHUS W TaOIUIly MPOU3BOIHBIX
CJIOKHBIX (PyHKITHI

«[TpaBuna BeIYHCIICHUS ¥ TAOJIUITY IPOU3BOTHBIX CIIOKHBIX (DYHKIIANY

") =nu"’ (sinu)' =cosuu’

(e") =e"u’ (cosu) =—sinu-u’

a')Y=a"lnau’ 1 u’

@) (tgu)’= cos? x u'= cos?u

(nuy="u=" (clgu) = —— 5 ==Y

u u sin“u In“u

1 u’ 1 u’

log ,u) = u' = JuY=——u'=—_

(log, v) ulha ulha u) NN

. y = (B%% —4x)°;

y = ((3x%* — 4x)°) =503x% —4x)* - (3x* — 4x) =
= 503x?% — 4x)* - (6x — 4) = (30x — 20)(3x? — 4x)*.
o ¥y =sin(3x—x*)

y'(sin (3x — xz))’ = cos (3x — x%) - Bx — x?) = (3 — 2x) - cos (3x — x?).
3 Y=6 In 5x
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=101 2x)" =10(In 2x)" =10+ - (2X)’ = 1(; 2_10
X
3amaune Ne 2
Beruucnurs TIPOU3BO/IHYIO (GyHKINU B TOUKE.

1. y = (\/x2 6); y'(3) =?

— 2x X
v =W ) \/x +6 O ) 22 +6 Va2 +6

3 3

y<3)=ﬁ=ﬁ=ﬁ

®opmMma npeacTaBaeHUs Pe3yJbTaTa: BBIIIOJHEHHOE 3aJaHUE.

Kputepuu onenku:

Ouenka "OTJIMYHO" CTaBUTCS, €Clid pabOTa BBINOJIHEHA B IMOJHOM O00BEME C COONIOACHHEM
HEOOXOMMOM TOCIIeIOBATEILHOCTH JIEUCTBHUI; B OTBETE MPABHIBHO M AaKKypaTHO BBITIOJTHEHBI BCE
3aIUCH U BBIUUCIICHUS.

Ouenka ''xopomio'" CTaBUTCsS, €CJIHM BBIMIOJHEHB TpeOOBaHUS K OIEHKE "OTJIIMYHO", HO
JOTYIIEHBI 2-3 HeJoYeTa.

Ouenka "y10BJIeTBOPUTEIBHO' CTaBUTCS, €ClTM pab0Ta BHITIOJIHEHA HE TIOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacCTH TaKOB, YTO TO3BOJISIET MOJYYUTh MPABWIBHBIC PE3YJAbTAaThl M BBIBOJIBI; B XOJI€
MIpOBeJIeHUS] pabOThI ObUIN AOMYIIEHBI OIIUOKH.

Ouenka ''HeyJ10BJIeTBOPUTEIBLHO'" CTaBUTCSA, €Cid pabOTa BBHITIOJIHEHA HE TOJHOCTHIO WITH
00BEM BBITTOTHEHHOM YacTH PabOThI HE TIO3BOJISIET C/IENNATh MPABUIIHHBIX BBIBOJIOB.

Tema 1.3. InddepennuanbHoe 1 HHTErPaJbHOE UCYMCIECHUS

IIpakTnyeckoe 3ansitue Ne6
IIpyMeHeHMe MPOU3BOAHON K PelIECHUI0 MPAKTHYECKUX 32124

Henab: HayunThcs mpUMEHSTH IPOU3BOIHBIC K PEIICHUI0 (PU3NUECKHX 3a7a4

BbinosinuB padoty, Bbl Oyjaere yMeTh:

Y6 peuaTh NPUKIaJIHbIEC 3a/1a41 C UCIOJIb30BaHUEM 3JIeMEHTOB Ju(depeHnaIbHOro U
HMHTErpajibHOr0 UCUUCIICHHUI;

MaTepnanbﬂoe oOecreueHue: I/IH,Z[I/IBI/II[yaJ'IBHBIe 3aaaHus, CIpaBOYHBIC MaTCpUalbl,
KOHCITEKTHI JICKITHI.

3amanmue:

1. YtoObl yMEHBIIUTH TPEHHUE KUIKOCTH O CTEHbl M JHO KaHala, HY)KHO CMayUBaeMYIO €0
IJIOHIA/Ib CAENIaTh KaK MOXKHO MaJioi. TpeOyeTcss HallTH pa3Mephbl OTKPBITOTO MPSIMOYTOJIBLHOTO KaHala
¢ IUTOIIAARI0 ceueHus 4,5 M 2, MIPH KOTOPBIX CMavyKMBaeMasi IIomaab OyJeT HauMEeHbIIEH.

2. meetrcss mpoBOJIOKa JJIMHOH @ MeTpoB. Tpebyercs orpaauth STOW MPOBOJIOKOM
MPSIMOYTOJIbHBIA YYACTOK 11€Xa, OJJHA CTOPOHA KOTOPOTO MPUMBIKAET K CTEHE, TaK, YTOOBI IIIOIIAIh
OTOPO’KEHHOTO y4acTKa Obliia HanOoIbIIeH.

Jnist OTBICKaHMSI HAUMEHBIIIEr0 M HauOoJIbIIero 3HaueHus GpyHkuuy, auddepeHunpyeMoil BHyTpH
OTpe3Ka M HENpepbhIBHON Ha €ro KOHIaX, CleAyeT HAlTH Bce KPUTHUECKHE TOUKU (PYHKINU, JIeKalue
BHYTPHU OTPE3Ka, BHIYUCIUTH 3HAUEHHs (PYHKIIMM B 9THX TOYKAaX U Ha KOHLIAX OTpPe3Ka, a 3aTeM M3 BCEX

MOJIYYCHHbBIX TAKUM o6pa30M qUuCei BBI6paTB HaMMEHbIIIEe ¥ HanOOJIbIIIEE.

IHopsinok BbINOTHEHHS PadOTHI:
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1. Haxogum KpuUTHUYECKHE TOUKU (QYHKITUH.

2. IlpoBepsieM, KaKue U3 HAIEHHBIX KPUTUYECKUX TOUEK JIEKAT BHYTPH 3aJJaHHOTO OTPE3Ka.

3. Haxomum 3HayeHus (yHKIMU HA KOHIIAX OTPE3Ka M B TEX KPUTUYECKUX TOUYKAX, KOTOPHIE
HOMAAI0T B 3TOT OTPE3OK.

4. W3 Bcex MONMy4YEeHHBIX 3HAYCHUN (DYHKIIMU BIOMpacM HauMeHblIee U HauOoJIbIIIee.

Xoa paGoThI:

1. TpeOyercsi M3rOTOBHTH JETalb B BUAE MNPSAMOYTOJBHOTO Mapajuiesienurena, B HIDKHEM
OCHOBAaHUHU KOTOPOT'O JIEKUT KBaApaT (BEpXHAsS 4acTb OTKPHITA), a 00beM paeH 108 em®, IIpn xakux
pa3Mepax JeTaiu Ha €e U3rOTOBJIEHME MO IeT HauMEeHbllIee KOJIMYECTBO MaTepuaia?

Pemenue: 1. IlycTh cTOpoHa OCHOBaHUS paBHA X CM, a BbIcoTa — h cM.

2. O6beM napamerenunena V=x*x*h=x* h wm no ycrosuo x> h=108.

Bbipasim 13 9Toit hopMyIIbl BEICOTY mapasmiernenumena: h=108/x 2. (1)

3. C napyroif cTOpoHbI, YTOOBI y3HATh KaKO€ KOJIMYECTBO MaTepuasa MOMAeT Ha MU3rOTOBJICHUE
JeTaayd He00X0AMMO HaMTH IUIOIIAb S MOJHOM MOBEPXHOCTH Napajuienenunena 0e3 yuera BEpXHEro
ocHoBaHus. [11011aap TOBEPXHOCTH Mapaienenumneaa HaxouTces no GopMmyie

Smoma=2(X*x+x*h+x*h)=2(x* +2xh). [Tnomame ocHOBaHWs paBHA SOCH =X’ , ¢¢ HAJ0 BHIYECTH
13 TIoJTydeHHO# popmymbl S=Snoma*Soca=2(x’ +2xh) - X* = x? +4xh,

4. TlogctaBum BMecTo h Beipaxenue (1). [lomyunm dpopmyny miaomaam kak GyHKIHIO OT X:

S(x) =x° +4*x*108/x% =x* +432/X.

5. Haitnem npomsBomayro S'(x)=( x° +432/x)'=2x-432/%% .

6. UToOBI HANTH SKCTPEMYM, HEOOXOAMMO MPUPABHATH MPOU3BOIHYIO K HYIIO:

S'(x)=0=2x-432/x* =0;

Jlajiee HaXOIuM 2X° =432;

x> =216;

x=6.

7. Tlonyunnu x=6 — TOUKy MUHHUMYMa, CJeIoBaTelbHo, S(6)=108 cM” HanMeHbILee 3HAUCHIE.

9. CnenoBarensHO, CTOPOHA OCHOBAHUS X paBHa 6 CM, a BBICOTA h=108/x> =108/36=3 cwm.

OtBert: cTropoHbl 6aka 3 u 6 cM.

®opma npeacTaBaeHUs! pe3yabTaTa: BHIIOJHEHHAs padoTa.

Kpurepun oueHku:

Ouenka "oTJIHYHO" CTAaBUTCS, €CIM pabdOTa BBINOJIHEHA B IMOJHOM OO0BEME C COONIOACHHEM
HEOOXOMMOM TIOCIIeI0BATEIPHOCTH JIEHCTBHI; B OTBETE NMPABHJIBHO M AKKypaTHO BBITIOJTHEHBI BCE
3aIllMCU U BEIYHCIICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CJIM BBINOJHEHBI TpeOOBaHUS K OIEHKE "OTJIIMYHO", HO
JIOTMYILIEHBI 2-3 HeJloYeTa.

Ouenka "y10B/IeTBOPUTEIbHO'" CTaBUTCA, €CITU PadOTa BBIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YaCTH TAaKOB, YTO IMO3BOJSET MOJyYUTh MPABUIBHBIE PE3YlbTaThl U BHIBOJBI, B XOJE
MpOBeJIeHUS! pabOThI ObUIN AOMYIIEHBI OIIUOKH.

Ounenka ''Hey/10BJIETBOPUTEJIBHO'" CTaBUTCS, eciad paboTa BBIMIOJIHEHA HE MOJHOCTBIO WIIH
00BbEM BBITTOJTHEHHOM YacTH PabOThI HE MO3BOJISET CACNATh MPABHIIBHBIX BHIBOIOB.

Tema 1.3. InpdepeHnuaibHOe 1 HHTETPATbHOE HCYUCICHUS

IIpakTyeckoe 3anaTue Ne7
Pemenne NpukJIaJAHbIX 3a/1a4 HA pacyeT TpedyeMoil MOIIHOCTH ABUIaTeJ sl IPUBOJA

Henb: HayunTecs NpUMEHSTh MPOU3BOIHBIE K PELICHUIO 3a/1a4 HAa pacyeT MOLIHOCTH ABUTaTEIs
BeinosiHuB padory, Bl OyieTe yMeThb:
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Yn6 pemaTh NPUKIAJHBIE 3a/1a41 C UCIIOJIB30BAaHUEM HIEMEHTOB U GepeHIINATHLHOTO U
HHTCTrpaJIbHOI'O I/IC‘IHCJICHI/IfI;

Marepuanbnoe obOecneyeHue: UWHauBuayalbHble 3aJaHMs], CIPABOYHBIE MAaTEpUAIbI,
KOHCIIEKTBI JIEKIIUI.

3aganue:

3ananme 1. HaiiTu yrinoByro CKOpOCTh BpalleHHs! KOJIEHBaja JABUTATelNs 3a Bpems t=3 c., eciu
OH MOBOPAYMBAETCs Ha yron @ = 3 — 1t + 2t?

3apanme 2. HaiiTu yrimoBoe yckopeHue BpalleHusl KOJeHBaja JABUrarens 3a Bpems t=4 c., eciau
OH MOBOpauMBaeTcs Ha yron @ = 1 — 5t + 3t2

Ilopsinok BbINOJHEHHS PadOTHI:

Xoa paGoThI:

PaccMoTpuM NMOHATHS yeno60ti ckopocmu U y21068020 yCKOpeHusi TIPY BpallleHUH TBEPOTO Tella B
TEOPUHU U Ha IPUMEPAX pELICHUs 3a/1ad.

VYrioBas CkopocTb

Venoeou cxkopocmuio Ha3bIBAIOT CKOPOCTH BPALLEHUS Tela, ONPEAEISIOUIYIOCsS MpupalieHueM
yTrja OBOPOTA TeJla 32 HEKOTOPBIN MPOMEKYTOK (€IMHUILY) BPEMEHHU.

JlaHHbBIN MapamMeTp MoKa3bIBaeT, Ha Kakoil yros (Hampumep, B paJuaHax) MOBOPAYMBAETCS TEIJO
3a eIUHUILY BpeMEeHH (Hampumep, 3a 1 CeKyHay).

O6o3HaueHue yriIoBOW CKOPOCTH: ® (OMera).

Emmanner msmepenwst: [paw/c], [¢™].

PaccmoTpuM HEKOTOpOE TBEpIO€ TEJI0, Bpalllarolieecss OTHOCUTEIbHO HEMOIBUKHON OCH.

C »TuM TenoM CBsKEM BoOOpaxkaeMyro IiockocTh I1, koTopast coBepiaeT BpallieHHe BMECTE C
3aJJaHHBIM TEJIOM.

/7

BpaH_[aTeJ'IBHOG JABYOKCHUC OIPCACIIACTCA ABYI'PaHHBIM YIJIOM (¢ MCEXAY JABYMSA IINIOCKOCTSIAMM,
IpoXOoJdIMMH 4Y€PE3 OCh BpAICHHA. HU3meneHnne sToro yriia ¢ TECYCHHUEM BpPEMCECHHM €CThb 3aKOH
BpallaTCJIbHOI'O ABMIKCHUS:

@ =@(t), pao.

[TonoXUTETBPHBIM CUYUTAETCA YroJl, OTKJIAJbIBAEMbI MPOTHB XOJAa YacOBOW CTpEJKH, €CIU
CMOTpETh HaBCTpEUy BRIOPAaHHOMY HaIpaBJIeHUIO ocH BpaieHus Oz. Yron uamepsieTcs B paguaHax.

BeicTpoTa n3MeHenus yria ¢ (nepemerienust miockoctd I1 u3 monoxenus I1; B monoxenue I1;)
— 3TO U €CTh yII0Basi CKOPOCTh:

d :
w=22 =@, paolc; c
dt
HpI/IHHB BCKTOP k KakK e,[[PIHPI‘IHLIﬁ OPT MOJIOKUTCIIbHOT'O HAITPABJICHUA OCH, IMOJIYUUM:
_ . od
o=kp==k @
dt
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BekTop yrioBoil CKOPOCTH — CKOJB3SMIUNA BEKTOP: OH MOXKET OBITh IMPHIJIOKEH K JI000H TOouke
OCH BpallleHUs M BCErJa HAIMPABIICH BIOJIb OCH, IPU IMOJOKUTEIBHOM 3HAYEHUU YIIIOBOM CKOPOCTH
HarpaBJieHUs: @ U K COBIIAJIAIOT, TIPH OTPULIATEIBHOM — IPOTUBOIIOJIOMKHBI.

VYrioBoe yckopeHue

Yanoeoe yckopenue XxapakTepHu3yeT BEIMYMHY M3MEHEHUS YIJIOBOM CKOPOCTH IIPH BpAalllEHUU
TBEPAOIO TeNa.

el

do do¢ .. > 2
s= =——— =@, pad/c ;¢ ;

ar ar P
_ do
z= )

dt

[TapameTp moka3pIBaeT, Ha KAKYK) BEIWYMHY U3MEHSETCS YIJIOBas CKOPOCTh Tejla B E€IUHUILY
BPEMEHHU.
O6o03HaueHue: € (AMCUITOH)
Enunutier uamepeHus yriioBoro yCKOpEHUs: [pan/cz], [c'z]
BekTop yriioBoro yckoOpeHusl Tak K€ HalpasJieH [0 OCU BpaileHus. [Ipn yCKOpEeHHOM BpalieHun
MX HaIpaBJICHUS COBNAAAIOT, MPU 3aMEJICHHOM — MPOTUBOIIOJIOKHBI.
JpyrumMu cioBaMu, TP TOJIOKUTEITHFHOM YCKOPEHUH YTJIOBasi CKOPOCTh HapacTaeT (BpaleHue
YCKOPSIETCS), @ IPH OTPHUIATEIIbHOM — YMEHBINAeTCs (BpalieHue 3aMeisIeTCs ).
3agaua
Bpamaromericss MexaHu3Mm, 3aI€pKUBAEMbIi TOPMO30M, 3a BpeMs t MOBOpaymBaeTCs HA yroji
@ =p+qt+71t? roe p, q, r — NOJOKUTENIbHBIE MOCTOSHHBIE BeIMYMHBI. ONpeiennuTe yriaoByO
CKOpPOCTbh M YCKOpPEHHE BpauieHus. Uepes CKOJIbKO BpeMEHN MEXaHU3M OCTAHOBUTCA?
) " Pewenue. ) )
VInoBas ckopocTs @ =@ (t)=g—2r1
VInoBoe yoKopeHHe a = =g —2rt) = -27
Flomeco ocTaHoBHICE, Korda w=¢ 1) =0.

Tlomyaes vpagsesne: g — 2rt=0,t= A {c).

2F

q
OTEET: KONEeCo OCTAHOBHTCA mpH t = ——(C).
'

dopmMa npeacTaBJieHusi pe3yJabTaTa: BITOJHEHHAS padoTa.

Kpurepun oueHku:

Ouenka "oTJIMYHO" CTAaBUTCS, €ClIM pabOTa BBINOJIHEHA B IMOJHOM O0BEME C COONIOACHHEM
HEO0OXO0IMMOM MOCIEe0BATEILHOCTH JEHCTBUIl; B OTBETE MPABUJIBHO M aKKypaTHO BBIMOJIHEHBI BCE
3allMCH U BEIYHCIECHUA.

Ouenka ''xopomio'" CTaBHTCS, €CJIIM BBINOJHEHBI TpeOOBaHUA K OICHKE "OTIIMYHO", HO
JOMYUIEHBI 2-3 HeAoYeTa.

Ouenka "y10B/1eTBOPUTEIBbHO'" CTaBUTCA, €clU pabOTa BBIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IMO3BOJSET MOJyYUTh MPABUIBHBIE PE3YIbTAThl M BHIBOJBI; B XOJE
MpOBeJIeHUS! pabOThI ObUIN AOMYIIEHBI OIIUOKH.

Ounenka ''Hey/I0BJIETBOPUTENBHO'" CTaBUTCS, €clM paboTa BBIMIOJIHEHA HE TMOJHOCTBIO WIIH
00BEM BBITIOIHEHHOH YacTH pabOThI HE TIO3BOJISIET ClIENaTh MPABUIBHBIX BHIBOJIOB.

Tema 1.3. InpdepeHnualbHOe 1 HHTETPAIbHOE HCYUCICHUS

IIpakTnyeckoe 3ansiTue Ne8
Bblunciienne He onpe/ieJIeHHbIX HHTETPajioB
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Lesan: HayauThCst BBIYUCIATH HEONIPEACICHHBIEC HHTETPAIIBI

BoinosiHuB padory, Bbl OyieTe yMeThb:

Yn6 pelaTh NPUKIAHBIE 33/1a41 C HCIIOJIb30BAaHUEM 3JIEMEHTOB TU(PepeHIINATHHOTO U
MHTETPATIBHOTO UCUHCIICHUIA;

Marepuanbnoe obOecneyenue: UVHauBHuayalbHBIC 3aJaHus], CIPABOYHBIE MaTepHUAJIbI,
KOHCITIEKTHI JIEKIIMIA.

3ananue:
HaiinuTe HeonpeaeieHHbIE HHTETPAJIBI:
1) J(8x* — 6x% + 2x — 3)dx

2) Jra.r"+:.ri—3.r+r dx
3) _,rccus{:'fﬂ_r —5)dx
4) / 3% rdx

5) _I hdx

15+16x°

2 g
I-axr

6) [—

[1-2xd |i
Ixt—4x’-3x-1
7) f ———dx
LF]

Ilopsinok BbINOJIHEHHS PA0OTHI:

1. 3anmcarp 3aJaHue W ONPEACITUTh, KAKUM W3 METOJIOB MHTCTPHPOBAHHS HEOOXOIMMO
BOCIIOJIb30BAThCA.

2. Ecnu uHTerpajd MOKHO HalTH METOJOM HEMOCPEICTBEHHOTO WHTETPUPOBAHUS, TO,
UCIOJIb3YSl  CBOMCTBAa MHTErpajioB, NpPUBEAUTE MHTErpad K TaOAMYHBIM  Qopmynam.
[Ipounrerpupyiire.

3. Ecnum wuHTErpam MOXXHO HaWTH METOJOM IMOJCTAHOBKH, TO BBEAUTE HOBYIO
nepeMeHHyto, Haiautre ee auddepennman. Ilocne BBeneHUST HOBOW TEPEMEHHOW 3aJlaHHBIN
UHTErpaj TMPHUBOJUTCS K HOBOMY HHTErpaily, KOTOpbIM sBisercs TabiauunbiM. Hailigure
MOJIyY€HHBIN MHTErpa. B ciydae HeonpeneaeHHOro NHTerpajga BEpHUTECH K CTapOl MEPEMEHHOM.

4.  Ecnu uHTerpajn Helb3sl HaliTU BBIIIEYKa3aHHBIMU CIIOCO0aMU, TO IPUMEHUTE HopMyIy
WHTETPUPOBAHUS IO YACTIM Judv=uv - [vdU. Dror Mmeron 3aKI0¥acTCs B TOM, 4YTO
MOABIHTETPAJIbHOE BhIPAXKEHUE MPEJICTABISIETCS KAaKUM-TTHO00 00pa3oM B BUJIE TPOU3BEACHUS IBYX
comuokuteneit Um dV. 3arem, mocime nHaxoxaenus dUu V, UCIIOB3yiTE  (hopmymy
WHTETPUPOBAHUS IO YACTSIM.

-Unrerpansr Buga | P(x)edx, [P(x)sinkxdx, [P(x)coskxdx, rme P(X)- muorowren, k-
YHCIIO.

Vno6no nonoxkute U = P(x),a Bce OCTaIbHbIC MHOXKHTEIH IPUHSATH 3a dV.

-MHTerpans! BUIa [ P(x)aresinxdx. [ P(x)arccosxdx, [ P(x)inxdx. [P(x)arctgxdx

_]"P{:x}nrcctg.rdx_

VY 100HO 110J10%UTh Plx)dx = dV, a ocTaIbHBIE MHOXKUTEIH npuHATH 32 U.

- UnTterpais! Buaa [ e sinbxdx, [ ¢ cosbxdx, rie au buucna. 32 UMOXKHO NPUHATH QYHKIHIO
U=e™

Xon padorel: Haiitu nHTErpans:

6x*—5%x%2+3x+4

1) j'—————;;—————dx

UToOBl HAWTH 3TOT WHTErpal, HY)KHO CHauyala MPUBECTH TMOJBIHTEIPATbHOE BBIPAKEHUE K
TabnuyHOMY BUAY. J[J151 5TOTO pUMEHsIeM OUYICHHOE JIeTICHHE:
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J‘ﬁx*-Sx +3.r+=1-

ﬁ.r4 3x 4

= -+ — |dx
-rﬂ L xi
j Gx —5 +— +=1-x‘:)d

(
o[ s

dx . 6’ gx~1 4
+3 | —+ 4| xldx= ?—5x+31n|x|+—l+lﬂ'=2.r3—5.r+3[r1|.r|——+lf.'
x - x

15x2dx
2) f (1—X3)4

DTOT UHTErpaj MOKHO HAWTH C TIOMOIILI0 METO/Ia TI0JICTAaHOBKH. BBe/1eM HOBYIO IEpEMEHHYIO.

1-x=¢
" i - i T
J‘ 152dx |40 ) =dtl g5 SJ‘ - 5 .
— =3I = —3x°dx = dt = _— = - £ t=—-3—+ =__|_ —3+
(1- %) dt -3t -3 3t? 3(1 — x%)
.r‘n’.r:—?

3) _,r{:_r3—=1-x}{nr-dx
39T1O0T HUHTCrpajl MOXKHO HaTH ¢ IIOMOIIIBKO METOAa HWHTCTPUPOBAHUA 110 YaCTAM, OH

OTHOCHUTCSI KO BTOPOMY BHJTY, TOITOMY U = Inx, dV = (x% — 4x)dx.
1 x?

av=-dx, V=[G -40ax=T 20

x 4

Hcnonb3ys hopmylly HHTErpUPOBAHUS 110 YACTSAM, OJTydaeM

) «* . «* 1l
X —dxlliny -dx = Inx| —— 2x° | — — —2x° |—dx =
(x® —4x)inx - dx =1 2 2 d
4 4 x
Fad 3 x4 x?
— 2% = — 2 = — Iyt - —
In_r(‘l‘ _x) J‘(‘} __r)n’.r {M(‘} _x) L|5+x +C

4) [ (x? — 2x)cosdxdx

DOTOT HWHTErpall MOXHO HAaMTH C NOMOUIbI0 METOJa HHTETPUPOBAHHS MO YacTAM, OH
OTHOCHUTCSI K IEPBOMY BUJY, HO3TOMY U = x* —2x, dV = cosdxdx.

1
U= (2x — 2)dx, V= J‘ costxdx = ;s:‘nﬂl-x

. - a 1 1 i
f{_r‘ — 2x)cos4x dx = (2 — 2x) ;s:‘n%x — f 2 sindx(2x — 2)dx =
. 1 1 i 1., 1 i
(xf — Ex} ; sindx —; sindx(2x — E}n’x = ‘—1. (x* — Ex}s:’n‘l-.r -3 sindx(x — 'J.]n’x =

UToOB! HAWTH OCTABIIMKCS WHTErpall, CHOBA IPUMEHsieM (POpMYIly HHTETPUPOBAHUS IO
HacTAaM.
U=x—1, dV = sindxdx .

1

dll = dx, V= J‘ sindxdx = — Ecustl-.r

1 1 1 1

= —{x' — 2x) sindx — —{{x - 1) (— Ecus%.r) - J‘ ~3 cosdxdx =
1 1

—'I:_r — ?‘x}s.nﬂl-.r ——{'[_r — L} —;cus‘l-.r -I—‘—} cosdxdx =

- 1
= E{x' — 2x)sindx + E{{x — 1{cos4x) — g J‘ cosdxdx =

1. . 1 ) 1
‘—1'{_.1:‘ — Ex}s:'nﬂl-x + g {'[_.r — 'L}{_c‘us*l-x} — Es:'ml-x +C
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®opMma npeacTaBIeHUs pe3yabTaTa: BHIIOJHEHHAS paboTa.

Kpurtepuu onenku:

Ounenka "OTJIMYHO'" CTaBUTCS, €ClIM padoTa BHINIOJHEHA B TMOJHOM OOBEME C COOIIOICHHEM
HEOOXOAMMOM TMOCIeNOBATEILHOCTH JCHCTBUI; B OTBETE NMPABHJIBHO M aKKypaTHO BBINOJIHEHBI BCE
3aIUCH U BBIYUCIICHHS.

Ounenka ''xopomo' CTaBUTCS, €CJIM BBIIOJHEHbl TPeOOBaHUS K OLIEHKE "OTIMYHO", HO
JOMYIIEHBI 2-3 HeAgoYeTa.

Ouenka "y10BJIeTBOPUTEIBHO'" CTaBHUTCS, €ClTU PabOTa BHITIOJHEHA HE MOJIHOCTHIO, HO 00BEM
BBINIOJIHEHHOW YaCTH TaKOB, YTO IO3BOJISIET MOJIyYUTh MPABUIIBHBIE PE3YIbTAThl U BBIBOJBI; B XOJE
poBeACHUS pabOTHl OBUIN JIOTTYIEHBI OLTHOKH.

OuneHka ''Hey/0BJIETBOPHUTEIBLHO'" CTaBUTCS, €cIM paboTa BBIMIOJIHEHA HE TMOJHOCTBHIO WITH
00BEM BBITIOIHEHHON YacTH pabOThI HE TIO3BOJISCT CAENATh MPABMIIBHBIX BHIBOJIOB.

Tema 1.3. IndpepennuaibHoe 1 HHTErPaabHOE UCUNCIEHUSA

IIpakTnueckoe 3ansitue Ne9
Bobruuciienue onpeesieHHbIX HHTETPajioB

Heab: HayunThcst BEIYUCIATH ONPEICTICHHBIE HHTErPabl

Brinosinue padory, Bbl Oyaere yMeTh:

Y6 pelaTh NpUKIaJHbIe 3a/1a4l C UCIOJIb30BaHUEM 3JIEMEHTOB T depeHInaIbHOrO U
MHTETrpajbHOT0 UCUUCIICHHUI;

Marepuanbnoe obGecneuyenue: VHauBHayanbHBIE 3aJaHHs, CIPABOYHBIE MAaTEpUAIBI,
KOHCITEKTHI JICKITHI.
3aganmue:
Brruucnure onpeneneHHbIe HHTETPAIIB:
C (4 + 30 + 20 + 1)dx

-

N
i
f-\-

|
+
1|+
L
=%
1]

5. [# ™™ cosxdx

T dx
6. .urZ 2%

y SR

IMopsiiok BbITIOJIHEHHSI PA0OTHI:

1. 3anmcaTh 3amaHUe U ONPEACIIUTHh, KAKUM M3 METOJOB WHTEIPUPOBAHHUS HEOOXOIUMO
BOCIIOJIB30BaThLCS.

2. Ecnum wmHTETpanm MOXHO HAWTH METOJOM HEIMOCPEICTBEHHOTO WHTETPUPOBAHMUS, TO,
UCIIOJIb3YSl CBOMCTBAa HMHTETPAaJioB, MPUBECTH HHTErpan K TaOaM4HBIM  opMyIaMm.
[IpounrerpupoBarh. BeuncianTh 3Hau€HUE OIpPENENICHHOTO MHTerpana mo dopmyne HproToHa-
JleiOnua.

3. Eciu uHTErpas MOXHO HATH METOJAOM MOJCTAHOBKH, TO BBECTH HOBYIO NEPEMEHHYIO,
Haiitu ee nudpdepennnan. [locne BBeneHNS HOBOM MEPEMEHHOU 3a/laHHBIM MHTETpall MPUBOAUTCS K
HOBOMY HMHTErpaiy, KOTOPBIN SABIseTCs TaOnuyHbIM. Ecii MHTErpan ompeeneHHbli, To He0O0X0 MO
BBIYUCIIUTH HOBBIE MPEAEIIbl HHTErpupoBaHus. HailTu mosrydeHHbIN HHTErpal.
Xoa padoThi:

1) 7 (4x% = 3x% + 2x + 5)dx
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_]"_Jl'[}l-.xj — 3 +2x +5)dx = 4f:1x3dx— 3 f:lx:dx+ 2 _]-_Jl.m’.:c-l— 5_]"_11 dx = x* —x* + 2% 4 5x|%;

2) 3t 38137 5.3 (14+1+1-5)=81-27+0+15+2=250
Jl-i-'-l Rax
U 442542
DTOT MHTErpaJl MOKHO HAHTH C IOMOIIIBIO METO 1A NIOICTAHOBKHU. BBe/ieM HOBYIO IIepeMeHHYIO.
. ;x _, B,
J-:-} Sdx _if:4 dx __EJ-u-i dx _ Ed'r:th —
I s L Y N dx = - dt
Xy = 0 f;_,l =10
LXg = 0.4 tE =1
1 1L _ 1w _®
- = -~arctgt|y = -larctgl — arctgl) = = Pl

DTOT UHTErpaj MOKHO HAWTH C TIOMOIILI0 METO/Ia TI0JICTAaHOBKH. BBe/1IeM HOBYIO IEpEMEHHYIO.

cosx =t h
T deosx = dt .
i —sinxdx = dt o .
sinxdx ey —dt 1. 1 1
—_— = sinvdx = —dt = — =——|I== “|I==———=2—U|5=1|5
3 3 & .
. cos'x x5 =0ty =cos0 = 1 J t 2 2t 2-025 2
T T 1
== s = _—= -
ks 3 I8 cos 5]

dopma npeacTrapiieHus pe3yJbTaTa: BbIIOJIHEHHAs padoTa.
Kpurepun oueHku:

Ouenka "OTJIMYHO" CTaBUTCS, €Cid padOTa BBINOJHEHA B IMOJHOM 00BEME C COOIIOCHUEM

HCO6XO,HPIMOI>'I OCJICa0BATCIIBHOCTHU ,HeI;’ICTBPII)’I; B OTBCTC IMPABUJIBHO W AKKYpPAaTHO BBIINIOJIHCHBI BCEC
3allMCU U BBIYMCIICHUA.

Ouenka ''xopomio'" CTaBHUTCS, €CIM BBITIOJHEHB TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JOTYILIEHBI 2-3 HeJoYeTa.

Ouenka "yI0BJIeTBOPUTEIBHO' CTaBUTCS, €CIIM padOTa BHITIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJyYUTh MPABUIBHBIE PE3yIbTaThl U BHIBOJBI; B XOJ€
MpoBeACHUS PabOTHI OBLTH JOMYIIICHBI OITHOKH.

Ouenka '"HeyJd0BJIeTBOPUTEIBLHO'" CTaBUTCS, eciid pabOTa BBINOJHEHA HE TMOJHOCTHIO WIIH
00BEM BBINOJIHEHHOM YacTH pabOThI HE IO3BOJISET ClIENaTh MPABUIIbHBIX BHIBOJIOB.

Tema 1.3. IuddepennnanbHoe 1 HHTErPaJIbHOE UCYMCIECHUS

IIpakTuyeckoe 3ansaTue Nel(
IIpumeHeHue onpee/ieHHOT0 HHTEIPaJia B NPAKTHYECKHUX 3a/1a4ax

Heuab: HayuuThCst BBIYUCIATH ONPEIEIEHHBIE HHTErPAJIbI
Brinosinus padory, Bbl Oyaere yMeThb:

Y,Z[6 peuaTth MPUKIAAHBIC 3aJa4l C UCIIOJIb30BAHUCM JJICMCHTOB I[I/I(p(bepeHL[I/IaJ'IBHOFO 151
HHTETpaJIbHOI'O I/IC‘-II/ICJ'IeHI/II\/’I;

MarepunaabHoe obecnedenne:
WunuBuyansHble 3a1aHKs, CIIPABOYHBIC MAaTEPHAIIbI, KOHCIIEKTHI JICKITHH.

3amanmue:
1. ®dopma 3aroToBKM MMEET BUJ (UIypbl, OrpaHUYCHHON TUHMAMU. HaliTh miomans naHHOM
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3ar0TOBKH
a) y=-x"+4,y=0
b) y=x* y=x°
c) y=e*, y=e", y=4
2.Boranciauth 00beM JeTaH
y =X, y=1, goxpyzocuQY

IMopsiiok BbINOJIHEHUS PAdOTHI:

1) nocrpouts rpaduku GyHKIHIA

2)  HaiiTu 00J1aCcTh, OTPAHUYCHHYIO ITUMU IrpaduKaMu

3)  coCTaBUT ONpECICHHBIA HHTETPA, TS HAXOXKICHHS TUIONIA 1 HAMICHHOW 00J1acTH

Xoa paGoThI:
[Tpumep 1: Haiitu momane obnactu D (3aroroBka gerajim), OrpaHUYEHHON KPUBBIMU Y = X% +

X+ 11,y =2X-9, npu ycioBuwu,
x<=1
_ 2
yr=x"+x-11,
D iy=2x-9
x <1

[Ipu pemiernyn Takux 3amad ciaeayeT 00s3aTeIbHO M300pa3UTh MUCCIENYEMbIM T€OMETPUUECKUN
00BekT. JIJis ompepencHUs HWKHETO NpeJelia MHTETPUPOBAHHUS HAMO0 HAHTH TOUYKY TepeCceUCHUS
KPUBBIX; YPAaBHCHHE X2+ X + 11 =2 X - 9 umeer aBa KopHs: X = -1 u X = 2. [logxoasamuii KOpeHsb - X =
-1. Ob6nacTe orpaHnueHa cBepxy napabosioi, CHU3Y - IPSMOM, CIIpaBa - IpsIMOi X = 1, KpaitHss eBas
TOYKa - X = -1, mosTomy

l : I )\
= = O = et TR 1] T SR P
= [[i2e-9)-fx" +x-10)dhe = |2-x° +x)le = | -—+ =
| 4 b
-1 -1
Eciu o6nacts uMeeT 6oliee CI0KHYIO CTPYKTYPY, €€ CIeAyeT pa3OuTh Ha IPOCTHIE YACTH .
[Tpumep 2

Brrunciants 00beM ACTAJIM, KOTOpasd HUACHTUYHA TCIIY, IMOJYYCHHOMY BpaAIICHUCM (1)I/Il"prI,
2

StD

L

. =2x— =1
OI'pPaHUYCHHOU JIMHHUAMHA Y 2x—x ) Y BOKpPYT' OCH OX
Pemienne: Kak u B 3a4a4€ Ha HaXO0XIACHHUC IUIOMIaau, PEIICHUEC HAYHHACTCH C YEPTEKa

10cKoi ¢urypsl. To ecTb, Ha MIOCKOCTH AOY yeobxommmo MOCTPOUTH (PUTYPY, OTPAHUUYECHHYIO

_ 2
JMHASIMHA ¥ 2X— X
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el il S

X

(R \ A
-L..r: { Foso oo

Hckomas miockas (1)I/Ipra 3allITPUXOBaHAa CUHUM LIBETOM, UMCHHO OHA U Bpalla€TCAa BOKPYI' OCHU

CX¥ B pe3yabpTaTe BpallleHMsl MOIy4aeTcsl Takasi HEMHOTO sIMIIEBMJIHAS JIETAIOLIas Tapeska, KoTopas

CUMMCTPUYHA OTHOCUTCIIBHO OCH Q& .
O0beM Te1a Bpai¢HUA MO’KHO BBITMCJIUTD 110 (])opMy.He:

]

v =n| *(x)dx

Beruncnum o0BeM Tena BpalIeHus,
-] 2 2

= ;rrjfﬂ (x)dx = ;?r_[ (2x— x) dx = ;?T_[ (4x* — 4% + xMdx =
a 1] i}

= | — -+ = | = -164+22-0
3 5 3 5

45 2\ [32 3z ] 16
i=7 s

V= m—i"’r 2 w335 28°

OTtBer:
®opmMa npeacTaBjieHus pe3yJbTaTa: BIIIOJTHEHHOE 3a/1aHUE

Kpurepun oueHku:

HCIIONb3Ys

TAHHYIO bopmyny:

Ouenka "oTJIMYHO" CTaBUTCS, €Clid pabdOTa BBITOJHEHA B IMOJHOM O0BEME C COONIOACHHEM
HEOOXOIUMOM TMOCIIeIOBATSIILHOCTH JICHCTBUI; B OTBETE NMPABHJIBHO W aKKyPAaTHO BBITIOJHEHBI BCE

3allMCU U BBIYMCIICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CIM BBINIOJHEHB TpeOOBaHUS K OIEHKE "OTJIIMYHO", HO

JIOTYILIEHBI 2-3 HeJloYeTa.

Ouenka "y10BJIeTBOPUTEIBHO' CTaBUTCS, €ClIM pab0Ta BBHITIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IMO3BOJISIET MOJyYUTh MPABUIBHBIE PE3yIbTaThl U BHIBOJBI; B XOJ€

MpOBeACHUS PaOOTHI OBLIH JOMYIIICHBI OITHOKH.

Ouenka '"Heyl10BJIeTBOPUTEIBLHO'" CTaBUTCSA, €clid paboTa BBHINIOJHEHA HE IOJHOCTHIO WIIH
00BEM BBIMOJIHEHHOM YacTH paboThI HE MO3BOJIAET CIEaTh MPABUILHBIX BHIBOIOB.

Tema 2.1. MHokecTBa U OTHOLIeHHS. OCHOBHBIE IOHATHUS TeOpPUH rpagos

IIpakTuyeckoe 3anaTue Nell
CocrasJienue rpagos

Hean: HayuuThbest cocTaBasTh rpadsl
Beimosinue paéory, Bl OyieTe yMeThb:
VY18 pemats 3a1aun Ha rpadax

MarepuanbHoe obOecneyeHue: VIHauBHayanbHbIE 3aJaHMUS,

KOHCIEKTHI JEKIHIA.
3amanmue:

20
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1. 3amana matpuna cmesxxaoctd. [Toctpouts rpad

1 2 3 4 5 6
1 0 1 0 1 1 1
2 1 0 1 0 0 0
3 0 1 0 0 0 0
4 1 0 0 0 1 0
5 1 0 0 1 0 1
6 1 0 0 0 1 0

2. 3agana Marpuia HHIUICHTHOCTH. [TocTpouTh rpad

(12) (13) (23) (35) (45) (56)
1 1 1 0 0 0 0
2 1 0 1 0 0 0
3 0 1 1 1 0 0
4 0 0 0 0 1 0
5 0 0 0 1 1 1
6 0 0 0 0 0 1

3. [locTpouTh MUHUMAaIBHOE OCTOBHOE JIEPEBO B rpadax

Ilopsinok BbINOJIHEHHS PA0OTHI:

1. TloctpouTs rpad mo MaTpuIle CMEKHOCTH

2. IToctpouTts Tpad Mo MaTpuIle MHITMACHTHOCTH
3. ITocTpouTh MUHUMAIBLHOE OCTOBHOE JEPEBO

Xox padoThI:

1.MaTpuua cMeXHOCTH

KBanparnass maTpuia, CTPOKHM KOTOPOM COOTBETCTBYIOT BepuIMHaM rpada u CTOJIOLBI
COOTBETCTBYIOT BepIIHHaM Tpada.
Martpuiia cMeXHOCTH 7Sl JaHHOTO rpada:

1 2 3

PP OOoOOo|IOo|~

llell ollellelielié)
el llelielielle)

OO WIN(F
[ellelle]ie]ie] o)
[ellellel] el
O|0|0|O|—|O

2. Marpwuiia HHIIUICHTHOCTH
[IpsiMoyronbpHasi MaTpuIila, CTPOKH KOTOPOW COOTBETCTBYIOT BepiiMHaMm rpada, CToJOubl -
pebdpam.
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Martpuiia "HIUACHTHOCTH I JaHHOTO Tpada:

(23) (46) (56)

P~

45)

0 0

0
0
0
1
0
1

OO WIN|F-
OO O|F|kF
R RO oo
(@)l il el el o)

[TocTpoeHme OCTOBHOTO JiepeBa.

OnuH U3 MOJIX0JI0B — CTPOUTH MUHHUMAJIBHBIN OCTOB TMOCTETIEHHO, J00aBIIsAs B HEro pédpa 1mo
OJTHOMY.

e VI3Ha4aIbHO OCTOB — OJTHA IPOM3BOJIbHAS BEPIIIHHA.

e [loka MHHUMaJNBHBIA OCTOB HE HaWJICH, BBIOMpAaeTCs peOdpO0 MHUHUMAIBHOTO Beca (HE
oOpa3yroliee MUKiIa ¢ y)Ke OTOOPaHHBIMH ), UCXOISIIEee U3 KaKOW-HUOYIb BEPIIUHBI TEKYIIETO0 OCTOBA
B BEPIIHMHY, KOTOPYIO MBI emié He no0aBwmin. JJob6asiasieM 3To peOpo B OCTOB U HAUWHAEM 3aHOBO, TIOKA
OCTOB He Oy/ieT HalIeH.

dopma npeacTaBieHUs pe3yJbTaTa: BHIINOJIHEHHOE 33/1aHNE

Kpurepun oueHku:

Ouenka "oTJIHYHO" CTAaBUTCS, €Clid pabdOTa BBINOJIHEHA B IMOJHOM O0BEME C COONIOACHHEM
HEOOXOMMOM TIOCIIeIOBATEIPHOCTH JCUCTBUI; B OTBETEC MPABHJIBHO M aKKyPAaTHO BBITMIOJHEHBI BCE
3aIllMCU U BEIYHCIICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CIM BBINOJHEHB TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JIOTMYILIEHBI 2-3 HeJloYeTa.

Ouenka "y10B/IeTBOPUTEIBbHO' CTaBUTCA, €clU pabOTa BBHIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IMO3BOJSET MOJyYUTh MPABUIBHBIE PE3YIbTAThl M BHIBOJBI; B XOJE
MpOBeJIeHUS! pabOThI ObUIM AOMYIIEHBI OIIUOKH.

Ounenka ''Hey/I0BJIETBOPUTEIBHO'" CTaBUTCS, €ciad paboTa BBIMIOJIHEHA HE MOJHOCTBIO WIIH
00BbEM BBITTOJTHEHHOM YacTH PabOThI HE MO3BOJISET CACNIATh MPABUIBHBIX BBIBOJIOB.

Tema 2.1. MHoxkecTBa U OTHOLIeHHS. OCHOBHBIE IOHATHUS TeOpUH rpagos
IIpakTnyeckoe 3ansaTHe Nel2
Pemienue npukJIagHBIX 32/1a4 HA pacdyeT TPYAOEMKOCTH PEMOHTHBIX Pa00T M YHCIECHHOCTH

HCIOJTHUTEIeH PEMOHTOB

esb: HayduTCst COCTABNATH rpad pabOT U pacCUMTHIBATh BPEMEHHbBIE TIOKA3aTeNN
BeinosiHuB padory, Bl OyieTe yMeThb:
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VY18 pemats 3a1a4un Ha rpadax

MarepuajibHoe

KOHCITIEKTBEI JIEKIIMIA.

3aganue: NOCTPOUTH CETEBOU I'paUK U pacCUUTaTh apaMeTpbl

odecmeyeHue: I/IHI[I/IBI/II[yaHLHBIe 3aaHus, CIHpPAaBOYHBIC  MATCpUAJIbI,

Ne O6o03HaueHue HaumenoBanue oneparnuu Bpewms
oTepaIfu paboThl orepaiuu, 4
1 1-2 [ToaroroBka MOTaNIKKM K pEMOHTaM, OTKIOYECHUE 3
KabeJiell IIeKTPONUTAHUS
2 2-3 JleMOHTaX MOTaJIKu 7
3 3-4 PeMoOHT cTaHWHBI, 3aBapKa TPEIINH, YCTPAaHEHUE 12
OBPEXACHUI
4 3-5 JemonTtax O6apabana 6
5 4-11 0
6 5-6 [TpoBepka ruApONHIUHAPA MEXaHU3MA 3
pasxarusi 6apabaHa, 3aMeHa MPOKIATO0K
7 S-7 BckpeiTHE penykTopa MeXaHu3Ma BpallleHHs 9
OapabaHa, 3aMeHa U3HOIICHHBIX TIOIIIUITHUKOB,
CMEHa CMa3Ku
8 5-8 BoccraHoBiieHue pambl MpUBOIa 11
9 6-9 PemonT 6apabana 7
10 7-10 BriBepka 3a30poB B MydTax, 00TsKKa O0JITOB 7
11 8-10 0
12 9-10 0
13 10-11 MomnTax 6apabana 12
14 11-12 MoHTax MOTaJIKu 10
15 12-13 [ToaxmroueHue AMEKTPOOOOPYIOBAHHUS, ITYCK 6
MaIIMHBI ¥ 00KaTKa Ha XOJIOCTOM XOAY

IMopsinok BbINOJIHEHHSI PA0OTHI:

1. [TocTpouts ceTeBoii rpaduk

2. BbIUKCIIUTD NPOJOJKUTEIBHOCTD MyTEH

3. Paccunrarh mapamerpsl ceTeBoro rpadukxa

Xox pabdoThI:
CereBoil rpadguk naeT BO3MOXHOCTb, COXPAaHUB CYIIECTBYIOIIYI0 Ha MPAKTHKE B3aUMOCBS3b
COCTaBHBIX YacTel MCCIeyeMOro mpoliecca, 0ToOpa3uTh €ro BO BPEMEHU C HEOOXOAUMOM CTENEHbIO
JeTaIu3aliH.
B cereBoM maHUpOBaHWM paccCMaTPHBAIOTCS JiBa BHUJA OOBEKTOB, KOTOPBIC SIBJISFOTCS
OCHOBHBIMHM 3JIEMEHTAMHU CETEBBIX IPah)UKOB — COOBITHS U PAOOTHI.
Pacuer ceTeBoit MOENIN CBOJIUTCS K OTIPEEIICHUIO CIEIYIONIUX MapaMeTPOB CETEBOrO rpaduka:
- OMpeielIeHne MPOJOIKUTETFHOCTA KPUTHUECKOTO MMYTH B padoT, JIeXkKaIIUX Ha HEM;
- YCTaHOBJICHHE HauboJee paHHUX U3 BO3MOKHBIX U HauboJjee MO3IHUX U3 JOMYyCTUMBIX CPOKOB
Hayala ¥ OKOHYaHUs paboT;
- OIpeJIelIeHHe BCEX BUIOB PE3EPBOB BpEMEHH paboT, HE JIeKaIINX Ha KPUTUYECKOM MTyTH.

PH__
T; _max{rh_i}
rae: Th-i —

a
Tz'P—f:

—paHHUI CPOK Hayana paboThl,

MMPOAOJIKUTCIIBHOCTD MPEAIICCTBYIOIIHUX pa60T;

L]
A —paHHUIi CPOK OKOHYAHHs paboTHl,
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roe:

. i
o =Ty — T+ max|

—i — MPOJAOJHKUTENILHOCTh JaHHOU paboThI;

. o
"'FH}- —TIO3JHHI CPOK Hayasia paboThl,

rac: T?i' — OPOAOJDKUTCIIBHOCTE KPUTUYCCKOTO ITYTH,

T

—k —IIPOJIOJDKUTENILHOCTD TOCIEAYIOMHUX padoT;

o __ _mM .
T2 i=Ts i+ Timi _rio3ammit CPOK OKOHYAHHST pabOTHI;

R|L|=t,—7IL)

—pe3epB BPEMEHMU ITYTH,

rae: TVLJ - npopomkurensrocts myTH;

_ H o
Fimi =Tk~ Tiej — Timj —cBOGOTHBIA pe3epB BpeMEHH,

rac

.t =max|c2]

— paHHEee HAvaJIo MOCIEAYIONUX PadoT.

CereBoil rpauK KamuTaIbHOTO PEMOHTA MOTAJIKU
Tabnunal. [lepeyeHb peMOHTHBIX onepanuit

Ne O6o3HaueHue Bpewms
HanmenoBanue onepanun
omeparun paboThI omeparuu, 4
1 1.2 [ToaroToBKa MOTAJIKK K PEMOHTAM, OTKITFOUCHHE 4
KaOenel AMeKTPOTUTaHH
2 2-3 JleMOHTaX MOTaJIKU 10
3 3.4 PeMOHT cTaHWHBI, 3aBapKa TPEIINH, YCTPaHESHUE 16
MTOBPEKICHUI
4 3-5 JemonTax 6apabana 8
5 4-11 --- 0
6 5.6 [TpoBepka rupolUINHApPa MEXaHU3Ma 4
pazxkaTus 6apabaHa, 3aMeHa MPOKIAI0K
BckpbiTHe peaykropa MexaHu3Ma BpalieHUs
7 5-7 OapabaHa, 3aMeHa U3HOIICHHBIX TOIIIUITHUKOB, 8
CMEHa CMa3Ku
8 5-8 BoccranoBiieHre pambl mpuBoia 10
9 6-9 Pemont 6apabana 8
10 7-10 BriBepka 3a30poB B MydTax, 00TsKKa O0ITOB 6
11 8-10 --- 0
12 9-10 --- 0
13 10-11 MoHnrax 6apabana 10
14 11-12 MoHTax MOTaJIK1 12
[MoaxmroueHue 3MeKTpooOOPYIOBAHHUS, TYCK
15 12-13 8
MAaIINHBI ¥ 00KaTKa Ha XOJIOCTOM XOIY
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Tabnuia 2. Pacuer npoaoKUTENbHOCTH IyTeH ceTeBOro rpaduka
Ne

Howmepa coObITuii, yepe3 KOTOpbI€ MPOXOJUT MYTh

[Tpoa0KUTENBHOCTD TYTH, Y
1 1-2-3-4-11-12-13 TILy)
2 1-2-3-5-6-9-10-11-12-13 Tl Ls)
3 1-2-3-5-7-10-11-12-13 Tl Lg)
4 1-2-3-5-8-10-11-12-13 Tl L,
W3 tabnuiel 2 BUAHO, YTO bp= T|Ly =664 .

PaccuntbiBaeM nmapamerpsl ceTeBoro rpaduka no ¢popmynam, NpuBeICHHBIM BbIIIE, U
pe3yNbTaThl 3aHOCUM B TabIuIy 3.

Tab6numa 3. Pesynprarsl pacuera cereBoro rpaduka
p;égim T i T Ul e Rij Rij
1-2 4 0 4 0 4 0 0
2-3 10 4 14 4 14 0 0
3-4 16 14 30 30 46 16 0
3-5 8 14 22 14 22 0 0
4-11 0 30 30 46 46 16 16
5-6 4 22 26 24 28 2 0
5-7 8 22 30 22 30 0 0
5-8 10 22 32 26 36 4 0
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6-9 8 26 34 28 36 2 0
7-10 6 30 36 30 36 0 0
8-10 0 32 32 36 36 4 4
9-10 0 34 34 36 36 2 2

10-11 10 36 46 36 46 0 0
11-12 12 46 58 46 58 0 0
12-13 8 58 66 58 66 0 0

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHOE 3aJaHHE

Kputepuu onenku:

Ouenka "oTIMYHO" CTaBUTCS, €Clid pabOTa BBINOJIHEHA B IMOJHOM 00BEME C COONIOACHHEM
HEOOXOMMOM TIOCIeIOBATEIHPHOCTH JIEHCTBHI; B OTBETE MPABWIBHO M aKKYPaTHO BBITIOJHEHBI BCE
3aIUCH ¥ BBIUUCIICHUS.

Ouenka ''xopomio'" CTaBUTCsS, €CIM BBITIOJHEHB TpeOOBaHUS K OIEHKE "OTJIIMYHO", HO
JIOTMYILIEHBI 2-3 HeoYeTa.

Ouenka "y10BJIeTBOPUTEIBHO'" CTaBUTCS, €CIIM padOTa BHITIOJHEHA HE MOJTHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacCTH TaKOB, YTO IMO3BOJISET MOJYYUTh MPABUIIBHBIE PE3YNIbTAThl U BBIBOJBI; B XOJE
MIpOBeJIeHUS! pabOThI ObUIN AOMYIIEHBI OIIHOKH.

Ouenka '"HeyJ10BJIEeTBOPUTEIBLHO'" CTaBUTCS, €cid paboOTa BBHITIOJIHEHA HE TOJHOCTHIO WIIH
00BEM BBITOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIENATh MPaBUIIbHBIX BHIBOJIOB.

Tema 3.1 BeposiTHocTh. TeopeMa ciioxxeHnsi BepoOsITHOCTEi

IIpakTnyeckoe 3ansaTue Nel3
Pemienne mpakTH4ecKMX 3a/1a4 Ha onpeae/eHre OLEHKHA BEPOSITHOCTH 0€30TKA3HOM
padoThI 000pyI0BAHUS

Henab: HayuuTcs cocTaBATh Tpad padoT U PacCUUTHIBATH BPEMEHHBIE TOKA3aTeIu

BbinosinuB padoty, Bbl Oyjaere yMeTh:

VY5 pemath 3a7a4n Ha BBIYUCIICHHE BEPOSTHOCTHU C HCIIOIb30BAHUEM JIIEMEHTOB
KOMOWHATOPHUKY;

MarepuajbHoe obecneyenue: VHauBuayanbHble 3a/laHusl, CIPaBOYHBIE MaTEpUAIIb,
KOHCHEKTHI JIEKIUH.
3aganme:

3ananue 1. Ha ucneitanue nocrasieHo 2000 moamunHUKOB KadeHus. 3a nepsbie 3000
yacoB oTkazasno 80 u3nenuit. 3a uHTepBasn BpemeHu 3000 — 4000 ygacoB oTkazano eme 50
MOAIUIHUKOB. TpedyeTcst ompeenuTh CTaTUCTUYECKYIO OIICHKY BEpPOSTHOCTH O€30TKa3HOM
paboTsI 3a Bpems 4000 gacos.

3aganue 2.

Onpenenutb KOIPPUIIMEHT TEXHUYECKOTO MCIOJIB30BaHUs, €CIH M3BECTHO, YTO CHUCTEMa
AKCIUTyaTUpYeTCs B TeueHue 1 rofa, roaoBoi GoHA BpeMEHH CUCTEMBI cocTaBiseT 5260 4yacos.
Bpemst mpoBeneHusi €XErogHOro TEXOCMOTpa COCTaBiseT 15 CyToK, CymMMapHOE BpeMms,
3aTpadyeHHOE Ha PEMOHTHBIE PaboThI, cocTaBisieT 50 yacos.

IHopsinok BbINOTHEHHS PadOTHI:
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1. OnpenenuTs OTKa3bl HA MOMEHT BPEMEHU
2. OnpeaenuTh OLEHKY BEPOSITHOCTU

Xon padoThl:

3anavya 1. Ha ucnsitanus nocraBunu 200 uznenuit. 3a 100 yacoB pa®oTsl oTKazano 25
u3nenuit. 3a nocneayromue 10 yacoB oTkaszano eme 7 uzgenuid. OnpenenauTb CTaTUCTUYECKYIO
OILICHKY BEpPOSITHOCTH 0€30TKa3HOW pabOThI M BEPOSITHOCTH OTKa3a Ha MOMEHTHI BpeMeHH tl =
100 u u t2 = 110 4, oLEHKY IJIOTHOCTU paclpeesieHusi 0TKa30B U UHTEHCUBHOCTH OTKa30B B

npoMexyTke BpemeHd Mexty t1 =100 g ut2 =110 u.
Pemenne. Crarncruieckyio OLEHKY BEPOSTHOCTH Oe30TKa3HOIM

paGoTel Ha MoMenT Bpemenn 1, = 100 v onpeaensiem no popmyiie:
~ n(100 25
R(100)=1— ( )_l—¥-_().875:
\ N 200
OnpejgensieM KOJHMYECTBO OTKA3aBlIMX M3Aeauil na MoMeHT
ppemenu £ = 110«
n(110)=n(100)+ An = 25 + 7 = 32uz0.
H BEPOATHOCTL Be30TKa3HOol padoTsbl HA MOMEHT Bpemenn £, =~ 110«
5 n(l10 32
R(110)=1 ( b 1 =0,84.

200
CrarucTuyeckas OoueHKa BEepoATHOCTH OTKA3a Ha COOTBETCTBY-
IOLIHEe MOMEHTBLI BpeMenu onpeaensieres no gopmyne (1.2)
- n(100 25
Q(100) ( ) 0,125,
N 200
n(110) 32

Q(110)= = =0,6.
1) N 200

[TAOTHOCTL PACHPEACICHUA OTKAZ0B BO BPEMEHHN ONPEICIACM 110
hopmyne (1.3)
An(110 7
( ) e == (0,0035 1 /u,
NAt 20010
OueHKY MHTCHCHBHOCTH OTKA30B MOXKHO ONpPEAC/HTE 110 (hop-
MyJIe

17(110)=

An(110) B 7
(N —n(110)At (200 —32)10
Orper: R(100)=0,875: R(110)=0,84: Q(100)=0,125:
Q(110)=0,16; (110)=0,0035 7/u: A(110)=0,00417 //u. Jlanusie
noKazarTeJi apjisiiorcs:

2110)= =0.00417 1/u.

- MIOKa3aTensiMu 0€30TKa3HOCTH;

- €IMHUYHBIMU, TaK KaK XapaKTepU3yIoT TOJBKO OJTHO CBOMCTB — O€30TKAa3HOCTb;

- DKCIEPUMEHTAIbHBIMU, TaK KaK OMPEIENSIOTCA MO pe3ysbTaTaM MCHBITaHUMN; - TPYNIOBBIMH,
TaK KaK XapaKTepU3yloT HAJEKHOCTh MapTUH U3AETHil

3amaya 2. OmnpenenuTh KOA(PGUIMEHT TEXHUYECKOIO HCIOJB30BaHUS, €CIU HU3BECTHO, YTO
CHUCTEMa JKCIUTyaTUpyeTcs B TedeHue | rona, rojoBod (OHI BPEMEHH CHUCTEMBI cOCTaBisieT 8760
yacoB. BpeMms mnpoBeneHHs €XErogHOTO TexocMoTpa cocTaBisieT 20 CyTOK, CyMMapHOE BpeMs,
3aTpavyeHHOE Ha PEMOHTHBIE paboThl, cocTaBiseT 20 yacos.

Pewenne. KoahpuumeHT TEXHMIECKOTO HCIIONIb30BAHUS OTIPEALIIAETCS [0 hopMmye:

T,
K,, = 0 _ 8760 - 0.943.
\ TO +Try+Tp +1Tp 8760+20-24+20
OtBer: Kosdduument texnuueckoro wucrnosib3oBanus paBeH Kr.u = 0,943 , mokasarens

ABJISICTCA: - IIOKA3aTCJIEeM T'OTOBHOCTH; - KOMIUICKCHBIM, TaK KaK XapaKTCpU3YyET 6630TK33HOCTL,
PEMOHTONIPUTIOJHOCTE U TOTOBHOCTD, - JKCIUTYATAOUOHHBIM, TdK KaK OIIPEACIIACTCA IO PE3yJibTaTaM
OKCILTyaTalluy; - CAMHUYHBIM, TAK KaK XapaKTCPpU3yCT HAACKHOCTb OAHOT'O U3ICIIUA.

d)opMa NpeacCTaBJCHUSA pe3yjabTaTra: BRIIIOJTHCHHOC 3a/laHNE

Kpurtepun onenkn:
Ouenka "0OTJIMYHO'" CTaBUTCS, €clid padoTa BHIMIOJHEHA B TMOJHOM O00BEME C COOMOCHHEM
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HEOOXOAMMOM TMOCIeNOBATEILHOCTH JCHCTBUI; B OTBETE NMPABHJIBHO M aKKypaTHO BBINOJIHEHBI BCE
3alMCH U BBIYUCIICHHUS.

Onenka ''xopomo' CTaBUTCS, €CJIM BBIIOJHEHbl TpeOOBaHUS K OLIEHKE "OTIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "y10B/IeTBOPUTEIBHO'" CTaBUTCA, €ClTU paboTa BHIMIOJHEHA HE MOJIHOCTHIO, HO 00BEM
BBINIOJIHEHHOW YaCTU TaKOB, YTO IO3BOJISIET MOJIyYUTh MPABUIbHBIE PE3yJAbTaThl U BBIBOJBI; B XOJE
MIPOBEJICHUS PA0OTHI OBUIN JAOMYIICHBI OIIHOKH.

OuneHka ''Hey/0BJIETBOPHUTEIBHO'" CTaBUTCS, €Il paboTa BBIMIOJIHEHA HE TMOJHOCTBHIO WIIH
00BEM BBITIOIHEHHON YacTH pabOThI HE TIO3BOJISET CAENATh MPABMIIBHBIX BHIBOJIOB.

Tema 3.2 Cayuaiinas BeIu4nHa, ee pyHKIMSA pacnpeaejeHus

[MpakTHyeckoe 3ansaTue Nel4
Pemienue npukjIagHbIX 32/1a4 HA IPUMeHEHUE 3aKOHA pacnpeaejJeHust CIyqdailHbIX
BeJIMYMH

Ileab: HAYYUTCS COCTABIATH PACHpPEACIICHUE CIY4aliHOM BEIWYMHBI U IIPOM3BOJUTH PACUET €€
XapaKTEPUCTUK

Brinosinue padory, Bbl Oyaere yMeTh:

Y19 cocTaBiATh psa pacpeesIeHNs] CIIyYaliHbIX BETUYNH

MarepuanbHoe obOecneyeHue: VIHIuBHAyalbHBIE 3aJaHMs, CIPABOYHBIE MAaTepUAIbL,
KOHCHEKTBI JICKITUH.
3ananue:
3amanme 1. Ha cknane umeercs 400 moAmmmHUKOB, TpuaéM y 25 Bpemsi 6e30Tka3zHoi padoTsr 200
yacoB, y 20 - 500 yacoB, y 15 mo 1000 yacoB, octaibHble BBHIIUIM U3 CTposi. COCTaBUTH 3aKOH
pacrmipeseneHus 0€30TKa3HOM pabOTHl OMHOTO TOMIIUIHUKA W HAWTH cpefHee BpeMs Oe30TKa3HOU
paboThl HAa OJIMH MOIIMITHUK.
3aganue 2. CnyvaiiHas BeIMYMHA X UMEET CIEIYIOIMM 3akoH pacnpeneneHus. Haiinure
M (x) u D(X)
X, -2 -1

P, 0,3 0,1 0,5 0,1

IMopsinok BbINOJIHEHHSI PA0OTHI:
1. CocTaBuTh 3aKOH pacnpeiesICHUs CIIy4alHOW BETMYMHBI
2. PaccuntaTh XapaKTEPUCTUKHU CIy4ailHON BEJIMYMHbI

Xox padoTbI:

3amaua 1. Heobxonumo npuoOpectu s pemonTta obopynoBanuss 100 moamunHuKOB, TpUYeM
Kaxapld u3 10 mogmunuukoB ctout 50 py6., 5 noamunaukos —100 py6. 2 mommumnHuka —300pyo6.
Haiit cpeHior0 CTOMMOCTD OJTHOTO IO IIUITHUKA.
Pemenue: BBeAéM ciaydaiiHyto BeIHYUHY X - CTOUMOCTb HOIIUITHUAKA.
Torna sTa ciyyaiiHasi BeIMYMHA IPUHUMAET CIAEAYIOIINE 3HAUCHUS
x=0 x,=50 x;=100 x, =300

a BEpPOATHOCTH TOI'O, YTO

10 5 2
X=50)=-L 205 p(X =100)=—=005; p(X =300)=—2=0,02
l ) 100 &l ) 00 ol ) 00

X 3HAYUT

p(X=0)=1-0,1-0,05-0,02=0.83.
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3HAYMT CllydaiiHasi BeJIMYMHA X UMEET 3aKOH pacpe/IeICHUs:
X, 0 50 100 300

1

D; 0,83 0,1 0,05 0,02

Torpa cpenHsst CTOUMOCTB OJAHOTO NoAmuIHNKa ecTh M (X), moatomy

M(X)=0-0,83+50-0,1+100-0,05+300-0,02 = 16(py6).

3anava 2. CnyyaiiHas JUCKpETHAs BEJIUMYMHA paclpesieieHa 110 3aKOHY

X -1 0 1 2
p 0,2 0,1 0,3 0,4
Haitu: D(X).

Pemenne: cHauama Haxo UM

M(X)=-1-02+0-0,1+1-03+2-04=0,9
M(X?)=1-02+0-0,1+1-03+4-04=21

Nmeem
D(X)=M(x?)-M*(X)=2,1-081=129

, 4 3aTeM

(I)opMa NpeacTaBJCHUs peE3yjabTaTa: BhIIIOJTHCHHOC 3aJaHNUC

Kpurtepun ouenku:

Ouenka "oTIMYHO" CTaBUTCS, €Cid pabdOTa BBINOJIHEHA B TMOJHOM O0BEME C COONIOACHUEM
HEO0OXO0IMMOM MOCIEe0BATEILHOCTU JEHCTBUIl; B OTBETE MPAaBUWJIBHO M aKKypaTHO BBITIOJIHEHBI BCE
3aMKCH U BBIYUCIICHHUS.

Ouenka ''xopomio'" CTaBUTCS, €CIM BBITIOJHEHB TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JOTYILIEHBI 2-3 HeJoYeTa.

Ouenka "ya0BJIeTBOPUTEIBHO'" CTaBUTCS, €CIIM padOTa BHITIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO MO3BOJIAET MOJIYYUTh MPABWIBHBIE PE3yJAbTaThl U BBIBOJBI; B XOJE
MpoBeACHUS PabOTHI OBLTH JOMYIICHBI OITHOKH.

Ouenka '"Hey10BJIeTBOPUTEIBHO'" CTaBUTCS, €clii paboTa BBHINIOJHEHA HE IOJHOCTHIO WIIH
00BEM BBIMOJIHEHHOM YacTH pabOThI HE IO3BOJISET ClIENaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 3.2 Ciayuaiinasi BeJIMUUHA, ee PyHKIMS pacnpenaeseHust

IIpakTuyeckoe 3ansaTue NelS
Peunrenne npuKJ/IaIHbIX 32/1a4 € PeaJibHbIMH JUCKPETHBIMH CJIY4YaiiHBIMM BeJINYMHAMM HA
H3HOC TEXHOJIOTHYeCKOro 000py10BaHusl

Iesb: HayduTCs pemaTh 3a1a4d Ha U3HOC TEXHOJIOTHYECKOTO 000py10BaHUS
Brinosinus padoty, Bbl Oyaere yMeTh:
Y19 cocTaBisATh psll paclpeneacHusl ClydailHbIX BEINYUH

MarepunanbHoe obOecneyeHue: UHIuBHayalbHbIE 3aJaHMs], CIPABOYHBIE MaTepUabl,
KOHCITEKTHI JICKITHI.

3aganme:

3ananue 1. B TedeHre HEKOTOPOro Mepro/ia BpeMEHHU MPOU3BOAUIIOCH HAOMIOeHHE 3a paboToi
0JIHOTO 00BEKTa. 32 BeCh MEPHUOI 3aperucTpupoBano N = 15 otkaszoB. [lo Hauana HaGmOIeHUN 0OBEKT
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npopaboTtan 258 4, K KOHIy HaOmrogeHus HapaboTka cocraBuia 1233 4. OmnpemenuTh CPEIHIOIO
HapaOOTKy Ha OTKa3 lep.

3ananue 2.

3a HaOmOgaeMblii TIEpUOJ dKCIUTyaTaluu 00OpyHOBaHUsS ObUIO 3aUKCHPOBAHO & OTKA30B.
Bpewms BoccranoBnenust cocraBuiio: t = 12 mun, tp= 23 mun, t3= 15 mun, 4= 9 mun, ts= 17 Mun, ts=
28 muH, t7= 25 muH, tg= 31 MuH.

Tpebyercs onpenenuTh CpeHee BpeMsi BOCCTAaHOBJICHHUS alllapaTyphl.

[opsinok BeIOTHEHUS paOOTHI:
1. OnpenenuTs pacnpeaeieHmne
2. Haiitu pemenue

Xoxa paboThl:

3agaya . [TycTh BpeMst pabOThI 2JIEMEHTa JI0 0TKa3a MOTYUHEHO SKCIIOHSHIINAILHOMY 3aKOHY A =
2,5 -107° a . Tpebyercs OmpeaennuTh BEPOSTHOCTb Ge30TKa3HOi paboTs! P(t), wactory oTkazos f(t) n
CPEIHIOI HapabOTKy Ha oTka3 t.,, eciu t = 500, 1000, 2000 u.

HaHno: Pemenue:

2=2,510"q" P(t) = e M

t1 =500 9 P(t1) = e~250,00001:500 — () gg

t, = 1000 4 P(t2) = ~250,00001:1000 — () 97

t3 =2000 4 P(t3) = e~250,000012000 — () g5

Haiitu: f(_t5) - AP(t) —-5..—1

P(t) f(t1)=25-10">-0,98 = 2,45-10>y

() f(t2)=25-10"5-0,97 = 2,425-107°4"*

t, f(t3) = 2,51- 1075-0,95 = 2,375+ 10 5y~1

- — —4.10-%

th_A_2,5-10‘5_4 107y

dopma npeacTaBieHUs pe3yJbTaTa: BHIINOJIHEHHOE 33/1aHNE

Kpurepun oueHku:

Ouenka "OTJIMYHO" CTAaBUTCS, €CIM pabdOTa BBITOJIHEHA B IMOJHOM O0BEME C COONIOACHHEM
HEOOXOMMOM TOCIIeI0BATEIPHOCTH JICHCTBHI; B OTBETE NMPABHJIBHO U AKKypaTHO BBITIOJTHEHBI BCE
3aIllMCU U BEIYHCIICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CIM BBINOJHEHB TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JOMYIIEHBI 2-3 HeAoYeTa.

Ouenka "y10B/1eTBOPUTEIBbHO'" CTaBUTCA, €clTU PabOTa BBIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IMO3BOJSET MOJyYUTh MPABUIBHBIE PE3YIbTaThl M BHIBOJBI; B XOJE
MpOBeJIeHUs! pabOThI ObUIN AOMYIIEHBI OIIUOKH.

Ounenka ''Hey/I0BJIETBOPHUTEJIBHO'" CTaBUTCSA, €ciM paboTa BBIMOJIHEHA HE MOJHOCTHIO WIIU
00BbEM BBITTOJTHEHHOM YacTH PabOThI HE MO3BOJISET CACNATh MPABHIIBHBIX BHIBOJIOB.

Tema 4.1. MaTpuubl 1 onpeaeJuTe/ M
IIpakTyeckoe 3ansaTue Nel6, 17
IIpyMeneHne MaTpHL M ONIPee/IUTe/Ie B PELIEHUH 32124 NPodecCHOHATBHOM

JACATECIbHOCTH

He.]'IbZ HAayYUTCd IMPUMCHATb MATpULbl W ONPCACIUTCIM B 3aJadax HpO(I)CCCHOHaHBHOﬁ
ACATCIBHOCTH
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BeinosiHuB padory, Bbl OyieTe ymMeThb:

VY 14 npou3BOIUTH ONIEPALIMY HAJ MAaTPULIAMHU U OTIPEAEIUTENIMY;

MarepuaibHoe obOecnedenue: VHauBuayalbHble 3alaHus, CIPaBOYHbIE MAaTEpUalbl,
KOHCIIEKTBI JICKIIH.

3amanmue:
1. Haiitu maTpumy € = 4° + 3AE, TIe A = -2 3 ] B :{T _31]
2. BbIACHUTS, ABISETCA MATpULa A™F = ( ) 06paTH01/1 K Marpune A = (; g)
-3 0 -5
3. Jlanbel maTpunel: A = 1 5 -2 —4 1 | Haiigure: A+B; 2A; AB; BA.
2 4 -1 -2 2

IMopsiiok BbINOJIHEHUS PadOTHI:
1. OnpenenuTs pacnpeaesieHne
2. Haiitu pemenue

Xoa paGoThI:
Martpureit Ha3bIBaeTCs IPAMOYTOJibHas TadnuIa yrcea. Marpuiia 3anucbiBaeTcsl B BUAE:

@y Gz Gyn
A=| 0y Bz O |
ﬂi"i.]. ni"i: ﬂi"'i.i"!

JleiicTBHS HaL MaTpULAMU:
1.Cnoxenue.
Onepanusi CIoXeHUsI BBOOUTCA TOJBKO JJIsI MaTpHI[ OAMHAKOBBIX pasmepoB. Ilpu crmoxenun
MATPHI] UX COOTBETCTBYIOIIHE JIEMEHTHI CKJIA/IBIBAKOTCA.
ay +by @ b Ay + by
.'5;+E=ﬁ'=(ﬂgj_+b:1 G + Bag o n:i’!+b:i’!)
Omy + by Gz + B O+ Bn

2.YMHOXEHHE Ha YHCIIO.

[Ipu yMHOKEHUU MATPHULIBI HA YHCIIO KaXKIbIH €€ 2JIEMEHT YMHOKAETCSl Ha 3TO YUCIIO.

kay, ko kagy

kA = ('rmu K@y =+ Koy )

kﬂﬂ;l kﬂﬂ;: kﬂﬂ;i’!

3.YMHOX€EHHE MaTpHll.

Omneparusi yMHOXKEHHS MaTPHIl BBOJUTCS TOJIBKO JIJIS CITydasi, KOT/Ia YUCJIO CTOJIONOB MEepBOi
MAaTPHUIIbI PABHO YHCILY CTPOK BTOPOH.

YroObl HANTH JIEMEHT MATPHUIIBI, CTOSIIUI B I-TOM CTpOKE B K-TOM CTOJIOIE, HY)KHO BBIYHCIIMTD
CyMMY IPOHU3BEICHUI 3JIEMEHTOB I-TOM CTPOKH IIEPBOM MAaTPHIIGI HA COOTBETCTBYIOIINE 3JICMEHTHI K-
TOTO CTOJIOIA BTOPOH.

1.Haiitu matpuny € = A* + 3AE, eciiu

_ (-2 3y ,_(5 -1
H_(l _1)' E_(]_ 3)
a) Haiiem A®, yMHOXas MaTpHILy caMmy Ha ceOst
qg_(—E 3).(—2 3)_(? —'.31)
. 1 -1 1 -1 -3 4
0) Haiinem matpuily 34, yMHOXHB BCE AJIEMEHThI MaTpHIIbl 4 Ha 3.
_af—-2 3y_(-6 9
34 _3(1 —1) _( 3 —3)
B) Haiinem mpoussencaue 3AB
_f—6 9 /3 —-1y_ 21 33
34B ‘( 3 —3) {1 3 ) B ( 12 —12)
r) Haiinem marpuny C, ckiajpiBasi COOTBETCTBYIOLIME JIEMEHTHI

=y )+(2 -0
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2.Haiiyiem nponsBeseHne A - A=+ m A" - A:

= (T Y0 9==

ca=(T G D=6 )-e

B cooTBeTcTBHU C ONpCACIICHUEM JAaHHBIC MAaTPULbI ABJIAOTCA B3aI/IMOO6paTHI)IMI/I.

-3 2 -3 1 0 =5
3. danpr matpune: A= 1 5 -2|uB=|3 -4 1 |

2 4 -1 0o -2 2
Haiigure: A+B; 2A; AB; BA.

-3 2 =3 1 0 -5 -2 2 -8
A+B={1 5 =2]|+(3 -4 1 |=(4 1 -1
2 4 -1 0 -2 2 2 2 1

-3 2 =3 1 0 =5 3 -2 11
C=A-B=(1 5 =213 -4 1 |=(16 —-16 -4
2 4 -1 0 -2 2 14 -14 -8

¢y =-3"142-3+(-3):-0=3;

€12 =—304+2-(—4)+ (-3) " (-2) =-2;
Ci3=-3-(-5+2-1+(-3)-2=11;
C;;=114+5-34+(-2):0=16;

Cpp =1-04+5-(—4)+ (-2)-(-2) = —16;
Cp3=1-(-5)+51+(-2)-2=—-4;
C3;=2'14+4-3+(-1)-0=14;
C3,=2'0+4-(—4)+(—1)-(-2) = —14;
C33=2'(-5)+4-1+(-1)-2=-8.

1 0 =5 -3 2 =3 —-13 —-18 2
B-A={3 -4 1])-|1 5 =-2|=|-11 -10 =2
0 -2 2 2 4 -1 2 -2 2

dopma npeacTaBieHUs pe3yJbTaTa: BHINOJIHEHHOE 33/1aHNE

Kpurepun oueHku:

Ouenka "oTJIHYHO" CTAaBUTCS, €CIM pabOTa BBIOJIHEHA B IOJHOM O0BEME C COONIOACHUEM
HEOOXOUMOM TOCIIeI0BATEIPHOCTH JICHCTBHI; B OTBETE NMPABWJIBHO U AKKypaTHO BBITIOJTHEHBI BCE
3aIlMCU U BEIYHCIICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CIM BBINOJHEHBI TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JOTYILIEHBI 2-3 HeJJ0YeTa.

Ouenka "y10B/1eTBOPUTEIbHO' CTaBUTCA, €clU pabOTa BBIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IMO3BOJISIET MOJyYUTh MPABUIBHBIE PE3yIbTaThl M BHIBOJBI; B XOJE
MpOBeJIeHUS! pabOThHI ObUIM AOMYIIEHBI OIIUOKH.

Ounenka ''Hey/I0BJIETBOPHUTEJIBHO'" CTaBUTCSA, €ciM paboTa BBIMOJIHEHA HE MOJHOCTHIO WIIU
00BbEM BBITTOJTHEHHOM 4acTH PabOThI HE MO3BOJISET CACNATh MPABHIIBHBIX BHIBOIOB.

Tema 4.2. Cucrembl JINHEHHBIX yPaBHEHHUI
IIpakTnyeckoe 3ansaTue Nel8, 19
IIpyMeHeHne cUCTEM JTMHEHHBIX YPABHEHUH B PELICHUH 32124 NPodeccCHOHAIbHOM
AeATeJIbHOCTH

He.]'IbZ HAaYIUTCS NPUMCHSATHL CUCTEMBI B 3a/la4ax HpO(l)eCCHOHaHLHOﬁ ACATCIBHOCTHU
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BeinosiHuB padory, Bbl OyieTe ymMeThb:
Y17 pemiaTh CUCTEMBI JIMHEWHBIX YPABHEHUN Pa3IMYHBIMU METOJAMU;

MarepuanbHoe obOecneyeHue: UWHauBuayalbHbIE 3aJaHMs], CIPABOYHBIE MAaTEpUAIbI,
KOHCITIEKTEI JIEKIIMIA.

3ananmue:
PemuTh cucreMbl TUHEHHBIX ypaBHEeHUH 110 popmyiram Kpamepa u meromom ["aycca:
x5y =11 3Xx+3y—-5z2=-2
X — =
1) y 2) Ix+y+2z=3
2x+3y =20
2X—y+7z2=27

Ilopsinok BbINOJIHEHHS PadOTHI:
1. 3anumuTe cucteMy ypaBHEHUH.
2.3anuImTe U BEIYUCIUTE OTIPEICTUTENH CUCTEMBI.
3.BbluncnuTe onpeneauTeny Kaxa0i HEM3BECTHOM.
4 HaiiauTe 3HaYeHUsI HEM3BECTHBIX, UCTIONB3Yys Gpopmynbl Kpamepa.
Xoa paGoThI:
. . ayy ¥y +appx; = by
[TycTh nana cucrema AByX JIMHEHHBIX YPAaBHEHUM C IByMSI HEU3BECTHBIMU: iy £ = B
2141 2242 — 42

CocraBuM ornpeaeauTens u3 KodpGUIUEHTOB ITPH HEU3BECTHBIX. DTOT OMPEEIUTEND
Gy Oz
Ha3bIBAETCS ONPEACTUTENIEM CUCTEMbI: A= |ﬂ-L o |

CocTaBuUM ONpenenuTeny Kax a0 Heu3BeCTHOW. OnpenenuTens 4; moJydaeTcs u3

onpenenuTes 4 myTeM 3aMeHBI TIePBOro CTOJIONA KO (UITMEHTOB CTOIOIOM U3 CBOOOIHBIX WICHOB.
h @yn
":"1 — 1 12

by ap
OmnpenenuTens A; MOIY4ACTCs U3 ONMpeAeuTens 4 myTeM 3aMeHsI BTOPOTO CTOJI0Na

K03 PHUIMEeHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
A= ay by
Gy b

[TycTh nana cucrteMa Tpex JMHEWHBIX YPABHEHHI C TPEMSI HEU3BECTHBIMU:
ap % + apx; +a3xy = by
Gy1%; T A% + a3y = by
a3 %) + azyxy +azzxg = by
CocraBuMm ormnpeaeauTens u3 KodPGUIUEHTOB ITPU HEU3BECTHBIX. DTOT OMPEEIUTETh
Gyy Gya Oy

HAa3bIBACTCA OMMPEACTIUTEIIEM CUCTEMBI: A= |8z B2z G2z

fgp Ggz O3z
CocTaBUM ONpEEeNUTENN KaX 0 HEU3BECTHOU. OnpenenuTens 4; MoJIydaeTcs u3

OHpeHeJII/ITCJI}IAHYTeM 3aMEHBI IIEPBOTO cToJIOAa KOBQ)Q)HHI/IeHTOB CTOJIOLIOM M3 CBOOOIHBIX YJIEHOB.
1 Gy @43
Ay=1by ap @

by a3y @

[
)

OHpeI[eJ'II/ITCJ'IB Aq MOJIy4aceTCs U3 OIIPCACITUTCIIA A IIyTEM 3aMCHBI BTOPOTO CTOJ'I6I_[a

K03 PHUIIMEHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
ﬂ“_ '[Jl a

—_
Er

OHpeI[eJ'II/ITCJ'IB fAg MOJIy4aceTCA U3 OIIPCACITUTCIIA A IMYTEM 3aMCHBI TPETHET'O CTOJ'I6I_[3.

K03 (UIIMEHTOB CTOIOIOM U3 CBOOOTHBIX UJICHOB.
app a4 Iy

=|ay ap by
a3 ap by

YToOBI BHIUUCIIUTH 3HAYCHHS HCU3BCCTHBIX, BOCTIOJIb3YCMCs (I)OpMyJ'IaMI/I KpaMepa:
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PaccmoTtpum npumep:
Pemnts cucremy ypaBHEHMIA:
X + 2.7.': —3.1'3 = Ui

2.1'1 — X3 +‘1'.1'3 = 5:

3.1'1 +J.'g —_ .1'3 = 5

(1 2 —3) 1 2 -3

A=[2 -1 4 [[AA=2 -1 4|=10=%0

i 1 -1 3 1 -1

Beruncnum onpenenuTeny Kaxx 101 NepeMeHHOM:
o2 -3

=13 -1 4|=0-15+40-15+10-0=20
> 1 -1
1 0 -3

=12 53 4|=-5-30+0+45-0-20=-10
3 5 -1
1 2 0

Ad3=1f2 -1 3|=-5+0+30-0-20-5=10
3 1 5
A7 10 A 10 4 10

Ortgert: (2;-1;0).

Meton T'aycca siBiasieTcss oqHMM M3 HauOoJiee YHUBEPCAIBHBIX METOJIOB PEUICHUS CHUCTEM
JUHENHBIX ypaBHeHUH. OH COCTOUT B MOCIIEA0BATEIHHOM UCKIIOYEHUHU HEU3BECTHBIX.

[Tpomecc pemenus mo metoay ['aycca cocTouT u3 AByx »TanoB. Ha mepBom 3tame (mpsMoi X0.1)
cUcTeMa TIPUBOAMTCSA K CTymeH4YaroMy Buay. Ha Btopom »dtane (oOpaTHBIA XO0Ha) HICT
MOCJIEIOBATEIBLHOE ONpeeIEHUE HEU3BECTHBIX U3 3TOM CTYEHYaTOW CHCTEMBI.

Ha mpaktuke ymoOHee paboTaTh HE C CHCTEMOW YpaBHEHHH, a C pacCUIMPEHHOW MAaTpHIICH,
BBITIOJIHSAS BCE DIIEMEHTAapHbIE MPeoOpa30BaHUs HaJl €€ CTPOKaMHU.

DneMeHTapHBIMU MTPE0OpPa30BaHUSIMU MATPULIbI SIBIISIOTCS:

- IepecTaHOBKa CTPOK MECTaMu;

-YMHOKE€HHE HEKOTOPOU CTPOKHU Ha JIt000€e, He pPaBHOE HYJIIO YHCIIO;

-npubaBieHUe K 3JEMEHTaM OJHOW CTPOKM COOTBETCTBYIOIIMX 3JIEMEHTOB JPYroil CTpPOKH,
YMHO>KEHHBIX Ha OJHO U TO K€ YUCIIO

PaccmoTpum npumep:

1) Pemwuth cuCcTEMY YpaBHEHUIA:
x4+ 2x; —3x; =0y

2xy — x; 44y = 5;

3.7.'1 +J.': —_ .1'3 = 5

COCTaBI/IM paClIupCHHYO MaTpuLy U3 KOB(b(l)I/II_II/IeHTOB IIpH HCU3BCCTHBIX U CBO60,Z[HLIX YJICHOB:
1 2 =30

{4]B) = (2 -1 4 5)
3 1 -—1ls

Brmomaanm QJICMCHTAPHLIC npeo6pa303aHHﬂ HaJl CTPOKaMH MaTpHIIbI:

1 2 =3[0 1 2 -=3|0 1 2 =3|0
(2 -1 4 5) N(EI -3 10 5) w([] 1 -2 —1)'\*
3 1 115 0 -5 815 0 -3 81l3

1 2 3]0
~ ([I 1 -2 —'J.)
oo =210

HOHy‘lCHHOﬁ MaTpune COOTBETCTBYCT CUCTEMA ypaBHeHHﬁZ
xl+2x:—3x3 :U
X3 — 2.1'3 =—-1:

—2.1'3 =10
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HaLH/IHaﬂ CHI/I3y BBer, HaxXO0JIUM 3HAYCHHUA HCU3BCCTHBIX:
I1+2I:—3I3:U I1+2I:—3I3:U Il+2'{—1:]:|:|
X — 2.1'3 =-1 ; X, = -1 ’ ]

.1'3=|:|

x =2
x:=—1_
.1'3:[]

Ortgert: (2;-1;0).
X1+XZ _SX3 +2.X4 = 6,
X5 + X3 + BX4 = 16,

.1'3=|:|

2) X, —2Xy — X4 = —6,
2x, — 3x5 + 2x5 =6
1 1 -326 1 1 -326 1 1 -3 26
601 1316} [0 1 1316 ) ( 0 1 1 316
1-20-1-6 0 3 -3 3 12 01 -11 4
2 -3 2 06 0 -5 8-—-4-6 0—-5 8—-4—-06
1 1 -326 1 1 -326 1 1 -3 26
601 1316 | (0 1 1316 | ( 0 1 1 316
0 02 2 12 0 0 1 1 6 0 0 1 16
0 0 13 11 74 0 0 13 11 74 0 0 0—-2-4
X1 +x, — 3x3 + 2x4 = 6,
X, +x3 + 3x, = 16,
X3+x, = 6,
—2x, = —4
Haunnasga CHHM3Y BBCPX, HAXOAWM 3HAYCHUS HCU3BCCTHBIX!
x; =28
X, =6
X3 =4’
Xy =2

Otser : (8;6;4;2).

(I)opMa NpeacTaBJICHUSA pe3yjabTaTa: BEIIIOJTHCHHOC 3aJaHUC

Kpurepun oueHku:

Ouenka "OTJIMYHO" CTAaBUTCS, €CJIM padOTa BBINOJHEHA B IMOJHOM O0BEME C COOIIOCHUEM
HEOOXOMMOM TIOCIIeI0BATEIPHOCTH JICHCTBHI; B OTBETE NMPABHJIBHO U AKKypaTHO BBITIOJTHEHBI BCE
3aIlMCU U BEIYHCIICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CJIM BBINOJHEHB TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JOMYUIEHBI 2-3 HeAoYeTa.

Ouenka "y10B/1eTBOPUTEIBbHO'" CTaBUTCA, €clU pabOTa BBIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHEHHOW YacTH TaKOB, YTO IMO3BOJSET MOJyYUTh MPABUIBHBIE PE3yIbTaThl M BHIBOJBI; B XOJE
MpOBeJIeHUS! pabOThI ObUIN AOMYIIEHBI OIIUOKH.

Ounenka ''Hey/0BJIETBOPHUTEJIBHO'" CTaBUTCS, €clM paboTa BBHIOJIHEHA HE MMOJHOCTHIO WU
00BEM BBITIOIHEHHOH YacTH pabOThI HE TIO3BOJISIET ClIENaTh MPABUIBHBIX BHIBOJIOB.

Tema 5.1. KommjiexkcHble yucjiia

IIpakTyeckoe 3ansaTue Ne2(
JelicTBHS ¢ KOMILJIEKCHBIMH YHCJIAMH B ajredpandeckoi ¢popme

He.]'IbZ Hay‘{I/ITLCH BBINIOJIHATD JCMCTBUS C IEMCTBUTEILHBIMA M KOMILIEKCHBIMH YHCIIAMH
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BeinosiHuB padory, Bbl OyieTe ymMeThb:

V):[2 BBITIOJIHATH IICﬁCTBPISI Haad KOMIIJICKCHBIMHA YHCJIaMU |

MarepuajibHoe obecnedyeHue:

NunuBuayanbHbie

KOHCITIEKTBI JIEKIIMIA.

3ananmue:
1. Pemwmre 3amaun:

3a/1aHus,

CIIPABOYHBIE

MaTepuabl,

a) bpurazne snexTpuKoB Oblja YCTaHOBJIEHA HOPMa — IPOTATMBAHUE JIEKTPOIIPOBOAA 110 2,5 KM
B J€Hb. B mepBrlil aeHb Opuraga mpotrsHyiaa 2 KM IPOBOJa, a BO BTOPOH JE€Hb — 3KM.

Haiiure mpoueHT BBINOIHEHUS HOPMBI B IIEPBBIM U BTOPOU JIEHb.

06) B mexe pabortator 20 pabGoumx, u3 HUX 8 MexaHMKOB. Kakoif MpOLEHT OT Bcero uucia

pabouux 11eXa COCTaBIISIOT MEXaHUKH ?

B) Paboumii neHp cTtaHOYHMKAa yMeHbIIWICS ¢ 8 4YacoB 0 7 4acoB. Ha CKOJIBKO MpPOLIEHTOB
HY)KHO TOBBICUTH MPOU3BOAUTEIBHOCTh TpPyJa, YTOOBI IPU TEX XK€ pacleHKax 3apaboTHas

raTa Bo3pocia Ha 5%7?
2. Beruucnure:

5 23 _ 12233 4% 42
a) (8 + 12) (3 2 ) 0) TM,
37
2 1 1, 12,8:0,64+3,05:0,05
B)4§+1§'3_55’ r) 83:13—1 '
6_ 196, 1). 2 _ 4.
0155-122-(01+2); o) (182 -23-1%):2%
1 1
015-0153; 3) (1107 -1,22):12
%) —2+025 ' ( ) 2

3. JlaHbl KOMIUIEKCHBIC YHCIIA!

z, = 3 + 2j,
Z, =4 —1|,
Z3 =5+ 2i,
Z, = 6 — 31

BrinonauTe nelicTBUS:

Z1 Z2
r) 2’ ) 2z

Z Z
e) = x) =

Z4 Z1

3) 1241, 1221, 123l, |Z4].

Ilopsinok BbINOJIHEHHS PadOTHI:

1. BHUMarTensHO O03HAKOMBTECH C YCIOBHEM 3aJIaHHS.
2. Ilonb3ysck

Xoa pa0doThi:

3amanne Nel

e Tt

2 +i=T=i=n

3  31+4:=0G+D+(3+1)=7+1=75
9 ati=Gene(-D-zeioal

CBOMMH IIKOJIbHBIMHM 3HAHHAMH (B cJIyqac 3aTpyAHCHUA
CIIpaBOYHBIMHU MaTepI/IaJ'IaMI/I), BBITIOJTHUTC 3aaHHUC

BOCHOJ'IB3y1>iT€CL



5) 7. 3_7 ., 4_ 74 __71__7.
12°4 12 3 123 33 9
6) 21:3E=E:1=E=2_§;
5°73° 5 "11 511 1 s
2 1 2 1 6+5 11
) 32+14i=G+10)+ (G+35) =17+ =172,
3aganue No2
IMpumep. Haiitu (8+1):(2-3i1).
8+i

Pemenue. HepelmmeM 3TO OTHOILLICHUEC B BU/IC I[pOﬁH: 2-3i
—al

VYMHOKUB, €€ YHCIIUTEIb U 3HAMEHATEeNb Ha 2 + 3i ¥ BBINOJHKUB BCe MPE0Opa30BaHMUs, MOTYUUM:
8+i0)(2+3i 13+26i )

( ?( ) = =142

(2-30)(2+310) 13

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOJHEHHOE 3aJaHNE

Kputepuu onenkmu:

Ouenka "oTaIMYHO" CTaBUTCS, €Cid pabOTa BBINOJHEHA B TMOJHOM O0BEME C COONIOACHUEM
HEOOXOMMOM TIOCIIeIOBATEIHPHOCTH JIEUCTBHI; B OTBETE MPABWJIBHO M AKKypaTHO BBITIOJTHEHBI BCE
3aIMCH U BBIYUCIICHHUS.

Ouenka ''xopomio'" CTaBUTCsS, €CIH BBITIOJHEHB TpeOOBaHUS K OIEHKE "OTJIIMYHO", HO
JIOTMYILIEHBI 2-3 HeoveTa.

Ouenka "ya0BJIeTBOPUTEIBHO'" CTaBUTCS, €CIIM pabOTa BHITIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YaCTH TAaKOB, YTO ITO3BOJISET IMOJyYUTh NMPABHUIBHBIC PE3yIbTaThl M BBIBOJIBI, B XOJIE
MpOBeACHUS PaOOTHI OBUIH JOTYIICHBI OITHOKH.

Ouenka ''HeyJ10BJIeTBOPUTEIBLHO'" CTaBUTCS, €clii paboTa BBHITIOJIHEHA HE TOJHOCTHIO WIIH
00BEM BBIMOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIENaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 5.1. KomniiekcHbIe ynucjia

IIpakTnyeckoe 3ansiTue Ne21
IlepeBox yuces u3 aaredopandeckoii GopmMbl B TPUTOHOMETPHYECKYIO

Leab: HayuuTHCS IEPEBOIUTH YMCIIA U3 anredpandeckoil popMbl B TPUTOHOMETPUUYECKYIO
Bbinosinus padory, Bbl 0yiere yMeTh:
VY A2 BBINOTHATH NEHCTBUS HaJl KOMIUIEKCHBIMU YHCTIAMU ;

MarepuajiibHoe obGecneuenune: VHIUBUAyalbHbIe 3aJaHWs, CIPABOYHBIC MaTEpHAIBI,
KOHCIIEKTBI JIEKIUH.

3amanmue:
1. Jlanbl KoMIUIeKCcHbIE uncia: z1=(-3;-5), 2,=(-7,2;7,2), 23=(2;6).
3amucarh 3TH YKC/Ia B TPUTOHOMETPUYECKOH GopMme.
2.Brrunciure:

1) z; - z3;

2) 2,

Z3
3) z3;
) \zy;
3. BoInostHUTE ASHCTBUS M 3alIMIIMTE PE3yNIbTaT B alreOpandeckoit popme:

) 5T, . . 5T\ 2 24(cos75%+isin 75°)
a) (3 (cos 4 tisin 4 ) 6) 3(cos 300 +isin 30°)
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Kpartkue Teoperuyeckue CBeleHUA:

Tpuronomerpuyeckoit (GopMoil KOMIIJICKCHBIX YHCEII HAa3bIBACTCS 3aIIUCh UX B BUJIC:

z =1"(cosp + ising).

[Ipu BBIMOTHEHWHM ACWCTBUN HAJ KOMIUICKCHBIMH YHUCIAMH B TPUTOHOMETPUYECKOH (opme
UCTIOJIB3YIOTCS CleAyIomue (OpMYIbL:

Zq 'Zzz =11 - 12(cos(@; + @,) + isin(@; + ¢3))
1

r
2= (cos(py — @,) + isin(p; — ;)
Z, T

2
z™" =r"*(cosng + isin ng)

J1J1s 3BJICUEHUS KOPHS N-U CTENICHH U3 KOMITJICKCHOTO YKCJIa B TPUTOHOMETPHUYECKOHN opme
z=r-(cos @+ising) ucronb3yercs Gopmyia :

+2mk . . +2mk o
Wy = N (cos(pT + isin? " ), TOe o - apudmMernueckuit kopenb, k=0, 1, 2, ..., n-1.
ANTOpUTM TIepexoa oT aaredpandeckoil GopMbI K TPUTOHOMETPUUECKOM:
[TycTh KOMITIIEKCHOE YUCIIO 3a/1aHO B ayreOpandeckoii opme z = a + bi.

1) Moxayns I =|z| ogHO3HauYHO ompeaenseTcs o popmyine 1 = Va? + b2,

a . b
2) AprymeHTt ¢ onpeaensiercs U3 GopMyll CoSp =—, Sing=—.
r r

3HaueHus ApryMeHTa KOMILJICKCHOT'O YK CJIa MOKHO HaXOAWUTH M TaK:
e OrmpenenuTh , B KaKOW YETBEPTH HAXOJIUTCS TOYKa (MCHOJB30BaTh T'€OMETPUUYECKYIO
WHTEPIPETAIHNIO YKcha) Z = a + bi

b
e PemuB ypaBHeHUEe tgp = —» TIOJIyJaeM, 4To
b .
argz = @ = arctg— s BHYTPEHHHX TOYeK | u 4 yeTBeprei,
a
b
argz = ¢ = arctg—+m s BHYTPEHHUX TOYCK 2 yeTBepTH,

argz = @ = arctg% — T Uil BHYTPEHHUX TOYEK 3 4eTBEPTH.
Ecnmu Touka z JeXHAT Ha NEUCTBUTENBHOW WM MHHUMOM OCH, TO arg Z MOXKHO HaWTH
HEMOCPEIACTBEHHO.
3) Haiins monmynb ¥ apryMeHT KOMIUIEKCHOTO YHCJIa, €ro MOXHO 3amucarb B
TPUTOHOMETPHYECKOH NN TOKa3aTenbHoi Gopme z = r(cos@ + i sing) nm z = re'®,
IMopsinok BbINOJIHEHHSI PA0OTHI:

1. 3anuiuTe 3aJaHHbIE YHCJIa B TPUTOHOMETPUYECKON (opMe, HCIOJIb3Ysl alrOpUTM
nepexojia K TPHroHOMETpUYEeCcKoil popme.

2. BrinosnnuTe 3amaHHble 1€HiCTBU.

Xox padoThI:

Jlaubl KoMIuTekcHbIe uncia: z1=(7;1), z,=(-1,5;1,5), zs=(4;-3).
1. 3anucatp yucna zi, Z; M Z3 B TPUTOHOMETPHYECKOU hopMe.
Pemenue:

|z,| = V49 +1 =+/50 = 5v2,

Yucno HaXOIUTCsl B IIEPBOI YSTBEPTH, 3HAYUT
Q= arctg% = arctg0,1429.
z, =7+ i = 5v2(cos 8°8' + isin8°8").
2) z,=-15+1,5i
|2, = /(=1,5)2 + 1,52 = /2,25 + 2,25 = ,/4,5=2,1

o b T
Uucno HaxoAuTCs BO BTOPOM YETBEPTH, 3HAUUT ¢ = arctyg 2 +rm=arctg(-1)+m=-— 2 +

T=—;
4

z, =—=154+1,5i = 2,1(c033—n + isin 3—”).
4 4

38



3) Z3 = 4 — 31
|zl =vV9+ 16 =v25=5.
Uucno HaxoAUTCA B YETBEPTOU YETBEPTH, 3HAUUT
Q= on‘ctg_r3 = arctg(—0,75) = —36°°52".
z3 = 4 — 3i = 5(cos(—36°52" + isin(—36°52").
2. Beruncnure:
1) 5 - z3;
Z1
2) =
3) z3;
4) Vza;
Pemenue:
7, - 73 = 2,1-5(cos(135° — 36°52") + isin (135° — 36°52")) = 10,5(cos 98°8' +
isin 98°8");
a3 (cos(8°8' (=36°52")) + isin(8°8' + 36°52") ) = VZ(cos 45° + isin45°);
3
z5 = (5\/2) (cos 5 -8°8' + isin5 - 8°8") = 125002 (cos40°40’ + isin40°40");
Bocnonwszyemcst popmynoi:

— 2 . 2
wk—Q/?(cos(p+ 7 +isin 2° ﬂk)
n
B namem an/IMepe n=2.
135°+360°k . 135°+360°%
Vz, = wy = ( +—+ Lsm+);
3v2 135°4360°0 | . . 135°+360°0 ..
Wy = T\/_(coer— + isin +—) =+/2,1(cos67°30" + isin 67°30");
3V2 35°+360%1 | . . 135°+360°1 ..
Wy = ’T\/—(coslz—l + lsm+) = +/2,1(cos 247°30" + isin 247°30").
3. BBIHOJ'IHI/ITC JIEHCTBUS | 3aITUIINTE PE3YNIbTAT B aNredpandeckoit opme:

2- (cos— + isin ))6 = 26 (cos 6+ lSln5—4 6) = 64 (cos%ﬂ + isin %T) =
64 (-2 - £) = —32\/_ 32vZi;
= ? (cos(75° — 15°) + isin(75° — 15°) = 8(cos60° + isin60°) =

24(cos75% +isin 75°)
1, .v3\ _ ..
8(E+l7) —4+4\/§l,

3(cos 15%+isin 159)

dopmMa npeacTaBjieHusi pe3yJabTaTa: BHITIOJHECHHOE 3a/IaHHE

Kpurepum oueHku:

Ouenka "OTJIHYHO" CTAaBUTCS, €CIM pabdOTa BBITOJIHEHA B IOJHOM OOBEME C COONIOACHHEM
HEO0OXOIMMOM MOCIEeI0BATEILHOCTH JEHCTBUIl; B OTBETE MPaBUJIBHO M aKKypaTHO BBIMOJIHEHBI BCE
3aIllMCH U BEIYHCICHUA.

Ouenka ''xopomio'" CTaBUTCS, €CJIM BBINOJHEHB TpeOOBaHUS K OICHKE "OTJIIMYHO", HO
JOMYUIEHBI 2-3 HeAoYeTa.

Ouenka "y10B/1eTBOPUTEIBbHO'" CTaBUTCA, €CTTU padOTa BBHIMIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacCTH TaKOB, YTO IO3BOJISIET MOJIYYUTh MPABHIIbHBIE PE3YJIbTAaThl M BBIBOJIBI; B XOJI€
MpOBeJIeHUs! pabOThHI ObUIK AOMYIIEHBI OIIHOKH.

Ounenka ''Hey/I0BJIETBOPUTEJIbHO' CTaBUTCS, €ciaM paboTa BBIMIOJIHEHA HE MOJHOCTBIO WIIH
00BEM BBITIOIHEHHOH YacTH pabOThI HE TIO3BOJISIET ClIENaTh MPABUIBHBIX BHIBOJIOB.
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