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1 BBEJAEHUE

BaxHyl0o d4acThb TeOpeTHYecKOH H NpPOPECCHOHATBHONM MPAKTHUYECKOW TMOJATOTOBKU
00yYaroIuxcs COCTABISIOT IPAKTUYECKUE 3aHATHS.

CocraB M cojepkaHUe NPAKTUUECKUX 3aHATUN HampaieHbl Ha peanuzaunto denepaabHOro
roCyJapCTBEHHOT0 00pa30BaTEIbHOIO CTaHAapTa CPEAHEro NPOPECCHOHATIBHOIO 00pa30BaHMsL.

Benymieidi auIakTHYeCKOW LENbI0 MPAKTUYECKHX 3aHATUN sBiseTcss  (opMupoBaHUE
y4eOHbIX NPaKTHUECKUX YMEHMH (yMEHHMH pemaTh 3ajaud [0 MaTeMaTHKe), HeOOXOIMMBIX B
MocleAyromei yaeOHOM 1esaTeTbHOCTH.

B coorBerctBHM ¢ paboueii mporpamMMoil  y4yeOHOW AMCIMIUIMHBI «MaTemaThukay
IIPEIyCMOTPEHO INPOBEACHHE IPAKTUUYECKUX  3aHATHM. B pamkax IpakTHUUECKOro 3aHsTHs
o0yyJarolecs MOT'YT BBIIIOIHATh OJHY WM HECKOJIBKO MPAKTUYECKUX PaboT.

B pe3ynbrare X BBIIOJHEHMSI, 00Y4arOIUNACs JODKEH:

ymemb:

V1 BBINOJIHATH HEOOXOMMbIE U3MEPEHHUS U CBSI3aHHBIE C HUMU PaCUeThl;

V2 BBIYUCIATH IUIOIAAN U 00BEMBI J€TaJe CTPOUTENIbHBIX KOHCTPYKIMHA, 00bEeMBbI 3€MIISTHBIX
pabor;

V3 npuMeHsATh MaTeMaTH4YECKUE METO/IbI JUIsl pellieH sl TPo(heCCHOHANIBHBIX 3a/1a4;

ConeprxaHue MPaKTHYECKUX pabOT OPUEHTUPOBAHO HA MOJATOTOBKY OOYUYAIOMIMXCS K OCBOSHHIO
npodeCCHOHATBHBIX MOAYJIEH HPOrpaMMbl TOATOTOBKM CHELMAIMCTOB CPEIHEro 3BEHa IIO0
CIELMAIBLHOCTY U OBJIAJICHUIO HPOPECCUOHATbHBIMU KOMNEMEHUUAMU:

IIK 1.2 BeInOaHATE pacyeTsl U KOHCTPYUPOBAHNUE CTPOUTENIBHBIX KOHCTPYKLIUN;

I[IK 2.3 IIpoBoauTh omepaTUBHBIA Yy4e€T OOBEMOB BBIIIOJHAEMBIX pabOT U PpPacxoioB
MaTepUajIbHBIX PECYPCOB;

A Takxke pOpMHUPOBAHMIO 00ULUX KOMNEMEHUUIL:

OK 01 Bsi6upats criocoObl pereHus 3a1a4 NpopecCHOHAIbHON AeATEIbHOCTH IPUMEHUTEIIBHO
K pa3jIM4HbIM KOHTEKCTAM;

OK 02 Hcnonb3oBaTb COBPEMEHHBIE CpPEICTBA IIOMCKA, AaHAIM3a M UHTEPIPETALNN
nHpopMalluid W HMHPOPMAIIMOHHBIE TEXHOJOTMM JUIsl BBIIOJIHEHUS 3a7ad NpodecCHOoHaTbHOM
NESATEIBHOCTH.

BoinonHenue obyyaromuxcs NpakTHUYECKUX padoT 1o y4eOHo# nucuuruimae «MareMaTuka»
HaIIPaBJICHO HA:

- 00o00meHne, cUCTeMaTU3aIMI0, YIIyOJIeHHWe, 3aKpervieHHE, DPa3BUTHE M JIETAIU3AINIO
MOJTyYEHHBIX TEOPETUYECKUX 3HAHUI 110 KOHKPETHBIM TeMaM y4eOHOM JUCIUIUINHBL,

- (¢opMUpOBaHME YMEHUN MPUMEHSTh IOJyYEHHBbIE 3HAHUS Ha IMPaKTUKE, pealln3aluio
€IMHCTBA NHTEJUIEKTYAJIbHOM U MIPAaKTUYECKON JESITEIbHOCTH;

- (QopmupoBaHHME U pa3BUTHE yMEHMH: HaOMIOnaTh, CpPaBHMBATh, COIOCTABIISTH,
aHaJIM3UPOBATh, JIeNIaTh BHIBOABI U 0000IIEHMS;

- BBIPAaOOTKY IpH PEIIEHUWU TMOCTaBICHHBIX 3aJad4 Mpo(ecCHOHATBbHO 3HAUYMMBIX KayecTB,
TaKMX KaK CaMOCTOSITEIbHOCT, OTBETCTBEHHOCTh, TOUHOCTb, TBOPYECKAsi MHUIMATHUBA.

[IpakTyeckue 3aHATHS MPOBOISATCS TOCIE COOTBETCTBYIOLIEH TEMBI, KOTOpas oOecreyrBaeTr
HaJIM4ue 3HaHUH, HEOOXOIUMBIX JUIS €€ BHITOITHEHMSI.



2METOAUYECKHUE YKA3AHUS

Tema 1.1 KoopauHaTbl H BEeKTOPBI
IIpakTuyeckoe 3ansaTue Nel
IIpuMeHeHNe BEKTOPOB /ISl pelIeHUsI FTeOMeTPUYEeCKNX M MPAKTHYECKHUX 3a/1a4

Heab: ¢dopMupoBaHHe yMEHUH peliaTh TEOMETPUYECKUE 3aladd C KOOpIWHATAMH U
BEKTOPaMH.

Beinosinus patdory, Bel Oyaere:

YMETh:

VY1 1. BBITOJHATE HEOOXOUMBIC U3MEPEHUS U CBSI3aHHBIC C HUMH PaCYeThI,

MarepuajibHoe o0ecrnieyeHme:

NupuBunyanbHble 3a1aHUSA, KOHCIIEKTBI JICKIUH.

3aganue:

1. K 00BeKTy NpWIOKEHBI YeThIpe pazINYHble KOMIUIAHAPHBIC CHIIBI E), Fz), F;, E),
OJIMHAKOBOI BeIMUYMHBI F. 3Has, 4TO yIJbl MEXAY Fl) u Fj, Fj U E), F?, u ?4 paBHbI 72°, HATH
BEJIMYMHY U HAIIPABIICHUE PABHOACUCTBYIOIIECH CUIIBI.

2. Teno, Ha KOTOpOE IEHCTBYET IMOCTOSTHHAS CHJIA F, NepeMeIIaeTCs 10 NPSIMOM U3 TOUKU A B
Touky B. Beruncnute paboTy 3T0i CUIIBI, €CIu:

a) F=(2;3;-1), A(0; 2; -5), B(1; -3; 6);

6) F=(-3; 0; 2), A(1; 2; -1), B(0; 3; 4).

3. JlokaxxuTe, 4TO B OJHOPOJHOM CHIJIOBOM ITOJie paboTa Mo MepeMenieHHI000beKTa BAOIb
3aMKHYTOW JIOMAHOMW JINHUU PaBHA HYJIIO.

4, Pemure 3amayu:

M- KOJINYECTBO OYKB B UMEHU

N- KOIWYecTBO OYKB B (paMHIIUU

p- Mecs1 poxKACHUS

R

a) Hanbl aBe Touku: A(m; —n; 0) u B(p; —n; 2).Paznoxure BekTop AB IO BEKTOpaM Oa3uca
Y HalJIUTE €ro JUIUHY.

- - > - = N =

0) Jlausr Bekroppl a=pPi— j+MK ©u b =ni+ pkHaiimzure koopauHATHI BEKTOpa
- - -
c=ma-nb.

- - - -
B) Berunciure ckanspHoe TpousBeneHne BekTopos(a—2Db)-a, ecnmm a= {— m; n; p} u

5
b={0;—p;n}.
- -

r) Ilpy KakoM 3HAYEHHH «X» BEKTOPHI A = {m;—n; X} n b= {— 2m; 2n; p} OoymyT
KOJUIMHEAPHBIMU?

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1. BHUMaTEIbHO O3HAKOMBTECH C YCIOBHEM 3a/IaHMUSI.

2. [Tonp3ysich KOHCHEKTaMU JIEKIUH, MOJ0epuTe HYKHYI0 (OPMYIYy WIH COOTBETCTBYIOIIEE
YCIIOBUE ISl PEIICHHMS 3a/1a91

Xoa padoThi:

3anmaga Ne 1. lanel Touku A(—3;1;—1) u B (2; —4; 1).

—>

Pa3noxxurte BekTop AB 10 BeKTOpam 0asuca U HalIUTE ero JTHHY.
Pemenue.

1) Xlg = {2 —(-3);4-11 —(—1)} = {5;—5;2} - KOOPJMHATHI BEKTOPA.

—
2) Paznoxum AB 10 BeKTOpam Oazuca:



AB =5i—5j+2K.
3) [imany |AB| Haiinem no popmyse:

a=yx*+y*+2°;
I
AB|=/5% + (-5)> + 22 =64 =/9-6 =36 .
3amaua Ne 2.
JlaHbl BEKTOPBI a=i- 3_j>+ K ¥ b=2i+k .Haiinure koopauHaTsl BEKTOpa c=a-2b.
Pemenne
a=1{-31}.

b={-201}; 2b={40:2}.
c=a-2b={-31— {- 402)= L - (-4):-3- 01— 2} = {5-3-1}.
3amaya Ne 3

Beruncaure ckansgpaoe npoussencuue (2a+b)-a, ecim a= {ZL‘O;B} ub= {2;—1;1}.
Pemienue

5
1) Haiiném xoopauHatel 2 a -

24 =1{2,0,6}

2). Haiiném koopaunatsl 2a+ b':

2a+h= {2,0.6}+ {2,-11} = {4,-17}.

3). Haiiném ckanspHoe mpou3BeeHuE:

(2a+Db)-a=4-1+0-(-1)+3-7=25.
OTBerT: 25
3agaua Ne 4.

N -
4. Tlpu KakOM 3HAYEHHH «X» BEKTOPbl A = {4;—6; X} u Db ={—

N |-
Mlw

;3} OyayT

KOJIJTMHEApHbIMU?
VYcioBre KOIITMHEAPHOCTH BEKTOPOB:

- g Xy Yi Z,
a ¥ b KOUMHEapHsbl, €ClIM — = — = —,
X, Y, Z,
[Tonyunm:
4 -6 _
1 3
4

X
_—— 3.

2
—8:5; X=-24.
3

OtBet: X=-24.

3amaga NeS.

OOBeKT, Ha KOTOPBIN JEHCTBYETIIOCTOSIHHAS CUJIA F =(4; -3; 5), mepememnaercsi IO MPSIMOU U3
toukn A(-5; 2; -1) B Touxy B(1; 3; 2). Beraucnuts paboTy 3TOM CHIIBI.

Pemenue



AB=(1-(=5)i+(B-2)j+ (2~ (-1))k =61+]+3k.
W=F-AB=4-6—3-1+5-3 = 36.

C[)opMa NMpeacTraBjJdCHusd pe3yjabTaTa: BbIIIOJIHCHHOC 3aJaHKC.

Kputepuu onenkmu:

OrneHka "OTIMYHO" CTAaBUTCA, €CJIM padOTa BBIMOJIHEHA B MOJHOM 00BEME C COOJIOICHUEM
HE0OXO0IMMOM TOCIIE0BATEIHFHOCTH JICHCTBUI; B OTBETE MPABMIILHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Onenka "xopomio" CTaBHTCS, €CIM BBIIOJHEHbI TpeOOBaHMA K OLEHKE "OTIMYHO", HO
JIONYIIEHBI 2-3 HeJoYeTa.

Onenka "yOBIETBOPUTEIHHO" CTABUTCS, €CITH PadOTa BBIOJIHEHA HE MOJIHOCTHIO, HO 00BEM
BBITIOJTHEHHON YacTH TAaKOB, YTO MO3BOJISET MOJIYYUTh MPABUIIbHBIC PE3YNIbTAThl U BHIBOJBL; B X0OJI€
MpOBeICHUS pabOTHI OBUIN JTOMYIIEHBI OITHOKH.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €Cld padoTa BHINOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOH YacT pabOThI HE TIO3BOJISCT ClIEIaTh MPABUIIHHBIX BEIBOJIOB.

Tema 1.2 IIpsimasi Ha VIOCKOCTH U B IPOCTPAHCTBE

IIpakTHyeckoe 3anaTHE No2
Pemenue 3a1a4y Ha pacnoJio:keHue NPSIMbIX HA MJIOCKOCTH M B IPOCTPAHCTBE

Hean: hopMupoBaHre yMEHUN peniaTh 3aja4i Ha B3aUMHOE PACIIOJI0KEHHUE MPSMBIX.

Boinosinus padorty, Bel Oynere:

YMETh!
VY1 1 BBINONHATH HEOOXOIUMBIE U3MEPEHUS U CBSI3aHHBIE C HUMH PacyeThl;

MarepuanbHoe o0ecnieyeHue:

WNHuBuayanbHble 3a0aHNs], KOHCIIEKTHI JIEKLINH.

3aganue:

M- KOJIMYECTBO OYKB B UMEHU

N- KOJINYeCTBO OYKB B (pamMUIINU

p- MecsIL pOKICHUS

1. Haiitu Touky nepecedeHus npsmMpix: mx —py +n=0 nx—-y—p = 0.

2. HaiinuTe ocTpBIi yros1 MeXy NPSMbIMH:

mx+ny—p=0unx—py—nm=0.

3. CocraBbTe ypaBHEHHE NPSMOM, MapajuIeIbHON TpsMoil pPX+ Y —m =0 u npoxonsmien
yepe3 Touky A(—n; 1).

4. U3 touknA(m; —1) Ha mpsimyto nX + py +1=0 onymieH neprneHaukymsip. CocTaBpTe €ro
ypaBHEHUE.

ITopsinok BbINOJHEHHS PadOThI:

1. BHuMaTenpHO O03HAKOMBTECH C YCIOBHEM 3aJaHUS.

2. [Tonp3ysich KOHCIIEKTaMHM JIEKIUH, T010epuTe HY)KHYIO (OPMYITY WIIM COOTBETCTBYIOILIEE
yCIIOBUE TSl pEeLIeHUs 3a/1a4u

Xon paborsr:

3amauga Ne 1

Haiitu TouKy nepeceueHus npsiMbIX :

2x+3y—-12=0wu x—-y-1=0.

Pemmm cucremy:



{2x+3y—12:Q{?a+y)+3y—12za

X—y—-1=0; X=1+Yy;
2+2y+3y-12=0, |[5y=10, |y=2,
x=1+Yy; x=1+y,; |x=3.

OtBer: Touka M (3; 2).

3amaua Ne 2
OrnpeenuTh yroia Mexay IpsiMbIMH, 3aJJaHHBIMU YPaBHEHUSIMU:
2x—3y+6=0wu x+5y—-2=0.

Pemenne
Haiinem yriioBble K03 (UIIMEHTHI 3TUX NPAMBIX:
2X -3y +6=0; X+5y—-2=0
-3y =-2X -6, Sy=—X+2,
y—gx+6 y——1x+2
3 5 5
2 1
k,=—. K,=—-.
1 3 2 5
. , —k;
[ToncraBum  Haiinennele 3HadeHus k, u  k, B dopmyny:igp=——"—.
1+Kk -k,
1213
tgp=—>7 5 =g =1
1+(-2)-= =
5 3 15
tgp =—1; p =135°.

[Tonmy4yeHHbIN yron Mexay mpsAMbIMU - Tynoi. CMexHbI ¢ HUM, OyAeT OCTpbId, TO €cTb

¢, =180° —135° = 45"

3anmaga Ne 3
1. CocraBpTe ypaBHEHHE NPSMOM, NMapayIelbHON NpsiMod 5X + 3y —7 =0 u npoxopsimen

uepe3 Touky A(-2;6).

Pemenne
CocraBum yYpaBHEHHUE Iy4Ka IPSIMBIX, IPOXOJAIINX qyepes TOYKY
A(-2;6).

y—6=k(x+2)
HaxonuMm yrinoBoit ko3¢ GuIMeHT JaHHONW IpsSIMOif:
3y=-5x+7,

5 7 5
y=——X+—;k =——.

3 3 3

S y y y
Tak kak npsiMbie TapajuieabHbl, TO K, = — 3" yTJI0BOM KO3(pPULIMEHT NCKOMO MPSMOH.
. 5

[ToxcTaBuM HaiiieHHOE 3Ha4YeHHe K, = — 3 B YpPaBHEHUE IIy4YKa IPSIMbIX:
y—-6=Kk(x+2);
rocJie mpeodpa3oBaHMs MOTYIHM:
5x+3y—-8=0.
3anaga Ne 4



N3 touku A(-3;5) Ha mpsmyo X—2y+3=0 omymieH neprneHaukynsp. Hamucats ero

ypaBHEHUE.
Pewenne
CocraBum ypaBHEHUE mydKa MPSIMBIX, TIPOXOJISATIIIX gepes TOUKY
A(=3;5).
y —5=k(x+3).
Haiinem yriosoii koaddunuent k, npamoir X —2y +3=0;
—2y=—X-3;
y:1x+§'
2 2
1
k, = >
1
VuuThIBas yCIOBUE TIEPHEHIUKYIAPHOCTH NPAMBIX: K; = T HalJieM ypaBHEHHUE UCKOMOU
2
MpAMOit
k, =-2.
y—5=-2(x+3);
y+2x+1=0.

OtBet: y+2Xx+1=0.

dopma npeacTaBieHHs pe3yJabTaTa: BEIIOJIHEHHOE 3aJaHUE.

Kpurtepun ounenku:

OrneHka "OTJIMYHO" CTAaBUTCS, €CJIM padoOTa BBIMOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
HE0OXO0IMMOM TIOCIIEIOBATEIPHOCTH JICHCTBUI; B OTBETE MPABIIIBHO M aKKYPATHO BBITTOJIHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Onenka "xopomo" cTaBUTCS, €CIIM BBINOJIHEHbI TpeOOBaHMUS K OLEHKE "OTJIWYHO", HO
JOTYILEHBI 2-3 HEOYETA.

OreHka "yJIOBIETBOPUTENILHO" CTAaBUTCS, €CJIM PabOTa BBHIMOJHEHA HE TTOJIHOCTHIO, HO 00BEM
BBITIOTHEHHOW YacTH TAaKOB, YTO TMO3BOJISET MOJYYUTh MPABUIIbHBIE PE3yAbTaThl H BHIBOJIBI; B X0/
MpoBeACHUS PAOOTHI OBUTH TOMYIIEHBI OITHOKHU.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €Cld paboTa BHINOJHEHA HE TMOJHOCTHIO WIIH
00BEM BBITIOJTHEHHOM YacTH pabOThI HE MO3BOJISAET CAENATh MPABUIIBHBIX BHIBOJIOB.

Tema 2.1 Ilnomwaan miockux (puryp u noBepxHocTei Tesa

IIpakTnueckoe 3ansaTue Ne3
Pacuyer niiomaaei cTpouTeIbLHBIX KOHCTPYKIMT

Iean padoThl: GopMHpPOBAHNE YMEHUN BBIYMCIATH IUIOLIAN KBAPTUP, OKOH, PA3IUNYHBIX
IJIAHUPOBOYHEBIX U 00BEMHBIX KOS(b(l)I/IHI/IeHTOB, HCIIOJIB30BAaHUE PAaHEC MMOJTYUCHHBIX 3HAHUHU I10
reOMETPUH, YCTAHOBUTH U MOKa3aTh HATJIAIHO CBSA3b MAaTEMATUKU CO CHEIHATbHBIMU
OUCLUUTUIMHAMH, HallpuMep, «ApXUTEKTypa 3/1aHui»; BRIpaOoTaTh y 00y4aromuxcsi CTpeMIeHIE
K II1y0OKOMY YCBOEHUIO MOTYYEHHBIX 3HAHUN, 00ydeHHe palluOHAIbHBIM IIPUEMaM TpyJa U
YMEHHE CaMOCTOSITEIBHO paboTaTh.

Beinosnus patdory, Bel Oyaere:

YMETh:

VY1 1 BEINONHATE HEOOXOIUMBIE U3MEPEHHSI U CBSI3aHHBIE C HUMH PacyeThl;

Ya 2 BbUMCHATH IUIOMIAJM W OOBEMBI JleTaled CTPOUTENbHBIX KOHCTPYKLUH, OO0BEMBI
3eMJISIHBIX PadoT.



MarepunanbHoe obecrnieyeHue:
1. Tabmuma: «BeryucieHwe IUIOMIANEH pa3IUYHBIX TEeOMETpHUYECKHX Guryp Ha
MJIOCKOCTH.

2. KapTO‘IKI/I'SaI[aHI/IH JJIA BBIIIOJIHCHUS HHAWBHUAYAJIbHBIX pa60T o 30 BapHUaHTaM.

3aganue:

M- KOJINYECTBO OYKB B UMEHU

N- KOJTUYECTBO OYKB B (haMUTUHU

p- mecsn poXIaACHU

1. B nomenienuu, pasmep KOTOPOro M METPOB HAa N METPOB, TPEOYeTCS BBINOIHUTH PEMOHT:
CTEHBI OKJIEUTHh 000SMH, MOTOJOK MOKPACUTh, HA MOJ MOCTEIUTh JIMHOJEYM. BbicoTa morosika B
noMemniennu 3merpa. B nmomemienun umeercs oaHa ABeph mMpuHON 0,8 METpOB M BBICOTOU 2
METpa, U JIBa OKHa pa3mepoM 1 Ha 1,5 MeTpoB Kax0€.

Pasmep oxnoro pynona o6oes 0,5 Ha 10 metpoB. Llena oxnoro pynona oboes (p-20) pyoOieii.

Bec oanoii yrmakoBku kiest 1t 06oeB 500r. Pacxon kies mis 06oeB 200r/m?. LleHa yrmakoBKu
kies 150 pyOuei.

Bec onno# 0anku kpacku juis motosika 3kr. Pacxon kpacku 150r/m2 Llena oxHoi OGaHKH
kpacku (M-50) pyGueid.

[MIupuna monoTHa JuHONEyMa 2M. LleHa OMHOrO MOTOHHOTO MeTpa JuHOoieymMa (M-N-p)
pyOeii.

PaccuunraiiTe cCTOMMOCTD MOKYIIKH OT/IEJIOYHBIX MaTEPUAJIOB JIJIsl TPOBEICHHS PEMOHTA.

2. CKOIBbKO 4acoB MOTpeOyeTcss OJHOMY MaJsipy Ul OKpPAacKd MaHENId BBICOTOH 2 M B
IIOMEUICHUU KUCTBIO M BAJIMKOM, €CIM HOpMa BPEMEHH I OKPACKH 100m? kucTbIO — 6,4 daca,
BaJIMKOM — 3,4.

3. CKONBKO TOHAAOOHUTHCS KPACKH, YTOOBI TMOKPAcUTh OaK IMIMHIPUYECKOW (HOPMBI C
JMaMeTpoOM OCHOBaHMS 1,5 M U BBICOTOM 3 M, €clii Ha OJIMH KBaJpaTHbIM MeTp pacxoayercs 200 r.
Kpacku

Ilopsinok BbINOJHEHHsI padOThHI:
1. IloBTOpeHue GopMyn BEIUUCICHUS TUIOLIaAeH

2 "
a
a A=a A=a-b
b
o] a+b
A= > h
h «
a A=a.b-sina
A=a .+ he=b*h, a
L h
= ah,
A=
c b »
- 1 e A= absina
a A= --a-b oo
2 a+b+c

A=

v
Xoxa pa0oThI:
3anava. Jlan mian kBaptupsl. 3mMepum pazMepbl KOMHAT U TTOJICOOHBIX MOMEIIEHUH U
nepeHeceM ux B TeTpaas ¢ macmrabom 1 cm =1 m.
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Kyxus 1 2 | 3
i : i
,’ i /
B. ," \

1. 3anumiem pa3Mepbl KOMHAT ¥ TOJACOOHBIX MTOMEIICHUH B TETPAJIb:
-1 komHaraa =3,2M;b =2,6M;

-2 komHartaa = 3,6 M;b = 2,4 M;

- 3 komuaraa = 5,0 M;b = 3,2 M;

- kyxHsa = 3,2M;b = 2,8 m;

-BagHasa = 1,1 M;b = 1,5 m;

- tyanera = 0,7 M;b = 1,5 m;

- knagosasga = 0,5 M;b = 2,4 M;

- mpuxoxasia = 1,8 ;b = 3,9 m;

- kopunopa = 0,9 M;b = 2,4 m;

2. BeruucauM ImIomagyd  OTAEIBHO KaXXOOM KOMHAThl M MHOACOOHO-HAOII0IaeMOro

IIOMCIIICHU .

A, =32-2,6 =832M%;
A, =3,6-2,4 = 8,64 M
A; =5,0-32 = 16,0 M%;
A, =32-28=896 M
A, =11-15 = 16,5 M%;
A, =0,71,5 = 1,05 M%;
A,=05-24=12Mm2;
App = 1,8+3,9 = 7,02 M%;
Agop = 0,9 + 2,4 = 2,16 M%;

3. BeruncnuM mosie3Hyro ImiIomniaab, MIoaa b MOACOOHBIX TOMEIICHUH 1 00Ny TLIOIIab

KBapTHUPBI:
Avon = 8,32 + 8,64 + 16,0 = 32,96 M.
Anonnon = 8,96+ 1,65+ 1,05+ 1,2+ 7,02 + 2,16 = 22,04 M°.
Ao = 32,96 + 22,04 = 55 M°.
4. Bpruucnum k03(hGUIMEHT TIaHUPOBOYHBI:
K=32,96/8,96 = 0,599 = 0.,6.
5. Jlng KyxHH U KOMHAT BBIOMPAIOT OKHA C momaapio 1,5-1,5 =225 M2,
6. Berumcnum K03 OUIHEHT OCTEKICHHOCTH:
Kocr.xyxmn = 2,25/8,96 = 0,25.
Koer. 1xomn = 2.25/8,32 = 0,27.
Koer. 2xomn = 2.25/8,64 = 0,26.
Koer. 3xomn = 2.25/16,00 = 0,14.

(I)opMa npeacTaBJICHUsA pe3yabTaTa: BRIIIOJIHCHHOC 3aJlaHUE.

Kpurepun onenkmn:

Orenka "OTIMYHO" CTAaBUTCA, €CIIM padOTa BBHIMOJIHEHA B MOJHOM O0BEME C COOIIIOICHUEM
He00XO0IMMOM TIOCTIEI0BATENIHHOCTH JIEHCTBUI; B OTBETE MPABUIBHO U aKKYPAaTHO BBITIONHEHBI BCE

3allMCHU 1 BBIYMCIICHUA.
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Onenka "xopomo" CTaBUTCS, €CIIM BBIMOJTHEHBI TPeOOBaHHWS K OIEHKE "OTIWYHO", HO
JONYIIEHBI 2-3 HeoYeTa.

Onenka "yIOBIETBOPUTENHHO" CTABUTCS, €CITM paboTa BHITIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOM YaCTH TaKOB, YTO TO3BOJISIET MOJYYUTh NMPABHIbHBIC PE3YyIbTaThl U BBIBOJBI; B XOJIC
MpOBEICHUS pabOTHI OBUIN JOMYIIEHBI OITHOKH.

OrneHka "HEYNOBIETBOPUTEIHHO" CTaBUTCSA, €CIM padoTa BBIIIOJIHEHA HE IOJTHOCTBHIO HWJIU
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIEIaTh MPABUIHHBIX BHIBOIOB.

Tema 2.2 O0LEMBI Te

IIpakTuyeckoe 3ansaTue Ne4
Boiuncienne 00bEMOB J1eTasieil CTPOUTENbHBIX KOHCTPYKIMI, onpe/iesieHHe 00bEMa
3eMJISIHBIX padoT

Ilesan padoThl: GopMHPOBAHNE YMEHUN BBIYUCIATH OOBEMBI JIeTalell CTPOUTENbHBIX
KOHCTPYKHHfI, HCIIOJIb30BAHUEC PAHCC MTOJTYUCHHDBIX 3HAHUH 110 TeoOMCTPUU, YCTAHOBUTDH U
[I0Ka3aTh HATJSAJHO CBSI3b MAaTEMAaTHKHU CO CIELMAIbHBIMU AUCUMILUIMHAMU, HAIpUMeED,
CAPXUTEKTYpa 3aHHI»; BHIPA00TaTh y 00yUJaIOMUXCS CTPEMIICHUE K TITyOOKOMY YCBOE HUIO
MOJIYYEHHBIX 3HaHUH, 00yUYeHHE pallMOHATIbHBIM IIPUEMaM TPyZa U YMEHHE CAMOCTOSTEIbHO
paboTaTs.

Brinosinus padorty, Bl Oynere:

YMETb:

VY1 1 BBINONHATE HEOOXOIUMBIE U3MEPEHHMSI U CBSI3aHHBIE C HUMH PacyeThl;

Ya 2 BBYMCHATH IUIOMIATM W OOBEMBI JETaleld CTPOUTENBHBIX KOHCTPYKIHU, OOBEMBI
3eMJISIHBIX PadoT.

MarepunanbHoe obecniedeHue:
3. Tabnuna: «BeraucineHue 00bEMOB Pa3TUIHBIX TEOMETPHIECCKUX TEID».
4. Kaprouku-3aJaHus JJIs BHITOJTHEHUS] MHAWBUIYaJIbHBIX padoT.

3aganue:

1. XKenezobeTonnas manenb umeeT pazmepsl 600x120x22cm. 1o Bcelt ee qmrHE pa3MeIIeHBI
1IeCTh LUIUHAPUYECKUX OTBEPCTUHM, auaMeTp KoTopbix 14 cm. Hailitm Maccy manenu, eciu
IJIOTHOCTh Matepuana 2,5 m/cm3. (M=pv)

2. K snextpomenanke Juis IPUTOTOBICHHSI TUIICOOMTMIIOUHOM MAaCTHKM MPUJIAraroTCs YeThIpe
HWIMHIPUYECKUX Oauka. 3a KaKIbpld LIMKJI paOOThl 3alOJHAIOTCS BCe deTbipe Oauka. Kaxapii us
6aukoB umeer nuamerp 350 MM u BeicoTy 430 MM. IIpomomKHUTENBHOCTD IMKIIA TPUTOTOBICHUS
MacTHKH, BKJIIOYas 3achbIIKy M BBITPY3Ky, cocTaBisier npumepHo 10 muH. Kakoe kommdectBo
MacCTUKH MOKHO ITPUTOTOBUTH B TEYEHHUE OJJHOTO Yaca HEMpPepbIBHOM paboThI?

3. Ha cTpouTenbHBIX TUIOMANKAX IMECOK XpaHAT B mrTabensx. [locime mpueMKH BIaKHBINA
MECOK YJIOXUIM B IITA0ETh KOHMUYECKOW (DOpMBI, pazMepbl KOTOPOTO OKA3aJlUCh CIEAYIOIIUMU:
JUIMHA OKPYKHOCTH OCHOBaHUS 32 M, AnuHa no oTkocy 7 M. Ompenenutre o0beM MPUHUMAEMOI0
IIECKa, YUYUTBIBAs CKUJIKY Ha BJIAXXHOCTb Bo3ayxa 15 %.

4. TlpousBoaUTCS HAHECEHHWE pacTBOpa MJs YJIAYYIIEHHONM IUTYKaTypKd C TOMOUIbIO
pactBopoHacoca . Ilo Hopme pacieHku 3a 1 KB. M OIITyKaTypeHHOW IOBEPXHOCTH TOJIMHON
mrykarypHoro Hamera 20 MM mTykarypy nojaraercs omiata 10,8 py6. HecoGmronenue HOpMBI
TOJILIEHBI IITYKaTYpHOIO HaMeTa BJIEUET MEpPepacxo]] Chlpbsd M AeHer. [Ipuuem, npu yBeianueHue
TOJIIICHB HAMETA Ha KaKJble 3 MM K HOpME paciieHKu nobasinsercs S5 K. [logcunTaiite Ha CKOJIBKO
YBEIUYMBAETCSI CTOUMOCTh pabOThI IITYKaTypa B KOMHaTe ¢ oOpabaTsiBaeMoil moBepxHOCThI0 120
KB. M , €CJIU TOJIIMHY IITYKaTYpHOIO HaMeTa YBEIUUUTh Ha 6 MM.
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5. Onpenenure 00beM IPYHTA, JISKAIIETO B )KEIE3HOJOPOXKHON Hacknu AnuHoH 800 M ,ecnu
CEYCHHE HACBIMKM HMeeT (GopMy Tpamenuu ¢ ocHoBaHueM 10 M m 6 M. OTMeTKa 1o perke y
OCHOBAHUS HACBIIIU U 110 €€ BepXy paBHa 2531 u 1531.

IMopsiiok BbINOJTHEHHS PA0OTHI:

1. TloBTopenue ¢popMyn A BBIUUCICHUS 00beMa
T€OMETPUIECKHUX TEIl.

2. Paznaya uHAMBUAYATbHBIX KAPTOYCK.

3. CocraBieHue anropuT™Ma pemieHus, O0bSICHEHUE MPEeroaaBaTes.

4. CamocrosTenbpHas padora.

5. Onenka paboThI CTYICHTOB.

6. [lonBeneHNE UTOTOB.

Xox padoThI:

PaccunTaTh pacxoa n3BECTKOBO-LIEMEHTHOTO PACTBOPA MPHU YIYUYIIEHHOW IITYKAaTypKe KON
komHathl. Pa3mepnsr koropoit 3000x4000x2500 ecnu TtommmHa pactBopa 15mMm. Paccuutath
repepacxoj pacTBopa MpU YBEIHMYECHUH TOJIMIMHBI IITyKaTypku Ha 3mM. Okno 2000x1500, nBepn
2000x900.

Pemenue

Haiiném nmomaib HOBEpXHOCTH CTEH

S=3-4-2,5-2-1,5-2-0,9=30-3-1,8=25,2 m*.

Haiiném 06b6éM pacTBOpa

V=25,2-0,015=0,378 m°.

VYBenIn4uM TOJIIMHY IITYKaTYpKH Ha 3 MM U Hailiém 00bEM pacTBopa

V=25,2-0,018=0,4536 m>.

Haiiném nepepacxon pactBopa

0,4536-0,378=0,0756 m°.

dopma npeacTaBiaeHus pe3yJabTaTa: BEIIOJIHEHHOE 3aJaHUE.

Kpurtepun onenku:

Ornenka "oTau4HO" CTAaBUTCS, €clid paboTa BBHIMOIHEHAa B MOJHOM 00BEME ¢ COOMI0aEeHIEM
HEO0OXOMMOM MOCIeI0BATEILHOCTH ICUCTBHI; B OTBETE MPABUIILHO M aKKYPAaTHO BBITIOJHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Onenka "xopomo" cTaBUTCS, €CIIM BBINOJIHEHbI TpeOOBaHMUS K OLEHKE "OTJIWYHO", HO
JOTYILEHBI 2-3 HEOYETA.

OreHka "yJIOBIETBOPUTENIBHO" CTAaBUTCS, €CJIM PabOTa BBHIMOJHEHA HE TIOJIHOCTHIO, HO 00BEM
BBITIOTHEHHON YacTH TAaKOB, YTO MO3BOJIAET MOIYYUTh MPABUIBHBIE PE3YIbTAThl U BHIBOJBI, B XOJI€
MpoBeACHUS PaOOTHI OBUTH TOMYIIEHBI OITHOKH.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €ClM paboTa BHINOJHEHA HE TMOJHOCTHIO WIIH
00BEM BBITIOTHEHHOM YacTH pabOThI HE TTO3BOJISAET CAENATh MPABHIIBHBIX BHIBOJIOB.

Tema3.1 MaTpunsl 1 onpeeIuTe

IIpakTnyeckoe 3ansTue Ne5
HeiicTBUs HAx MAaTPULIAMU

eab padoTbi: HaydnThCs BBIMOIHATH JEHCTBUS HAJl MATPHUIIAMU.
Beinosnus patdory, Bel Oyaere:

YMETB:
VY1 3 npuMeHsATh MaTeMaTUYeCKHe METOABI Ul pelieHus NpodeCCHOHATIBHBIX 33/1a4;
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MaTtepuanabHoe o0ecniedeHue: MHIMBUIYaJIbHBIC 3a1aHUs, y4eOHUKU, KOHCIICKTHI JIGKLIUH.

3aganue:
. e _ (-2 3y . n_(5 -1
1. Haiitu maTpuily € = 4° + 3AB, e A = ( | —'L)' E= (1 3 )
-2 1 . 2
2. BbIACHUTS, ABISETCA MaTpuna A~L = ( 5 __:) 0o0paTHOM K MaTpHlIe 4 = (5 g)
4 4
-3 2 =3 1 0 -5
3. Hambl Matpume: A =| 1 5 —-2|u B=|3 —4 1 |. Haiigzute: A+B; 2A; AB;
2 4 -1 0 -2 2
BA.
Ilopsinok BbINOJHEHHS padOThI:
1. 3anuuuTe 3aJaHue.
2. Omnpenenure, Kakue NCHCTBUS, M MO KAKUM IpPaBUJIaM HEOOXOJMMO BBIIOJIHUTD.
[IpounTaiiTe KOHCIEKT.
3. Beimonnute peiicrBus. 1lpoBeppTe NpaBUIbHOCTH BBIYNCICHUN.

Xoa paGoTsI:
Martpuiieli Ha3bIBaeTCs MPSAMOYTOJIbHas TaliuIla yicel. MaTpuia 3aucbiBaeTcs B BUJIE:
( By Opz.. g )

A=|Gy Gm. Gz |

ﬂi"l'.l ﬂi"l'.: ﬂi"l'.i"!

JelicTBus HaK MaTpUIIAMU:

1.Cnoxenue.

Omneparusi CJI10KE€HUSI BBOJAUTCS TOJBKO ISl MATPUILl OMHAKOBBIX pa3MmepoB. [Ipu ciioxenun
MaTpull UX COOTBETCTBYIOIIUE 3JIEMEHTHI CKJIA/IbIBAIOTCSI.

ay +byy ap +bpp ay +by
A+B=C=|ay +by G +by = gy + by
Oy + by Bz F B G + D

2. YMHOKEHHE Ha YHCIIO.
HpI/I YMHOXCHUHU MATPHUILIBI HA YUCIIO Ka)K,I[BII\/’I €€ 3JICMCHT YMHOKACTCA Ha 3TO YHUCJIO.
kay, kap kag
kA = (kﬂfl. kagy = kag, )
kam, kaps kamn
3.YMHOXXEHUE MaTPHIL.
Onepauml YMHOKCHUA MAaTpUL] BBOOAUTCS TOJIBKO IJIA Cliydasd, KOrja 4Yuciio CTOJ'I6I_[OB HepBOI\/’I
MATPHUIIbI PABHO YHUCIIY CTPOK BTOPOM.
YT0oObl HAUTH DJIEMEHT MATPHIIBI, CTOSIIHN B I-TOM cTpoke B K-TOM CTOJOIE, HYKHO

BBIYHCIIUTh CYMMY TIPOM3BEICHUI JIEMEHTOB I-TOM CTPOKH MEPBOW MATPHUIIBI HA COOTBETCTBYIOIINE
3NeMeHTHI K-TOro cTob1a BTOpoii.

1.Haiitu maTpuny C = A* + 3AE, eciu
_=2 3n L _ i3 -1
A_{-L _1)'3_(1 3)
a) Haiinem A, YMHOJKasi MaTpHIly caMy Ha ce0st
2 _ (-2 3\ (-2 3\_(7 -9
A= { 1 —1) (1 —1) a (_3 4:]
0) Haiinem matpuity 34, yMHOKHB BCE DJIEMEHThI MaTpHIlbl 4 Ha 3.
_af—2 3y _f-6 9
3’4_3(1 —1)_(3 —3)

B) Haitnem npoussenenue 3AB

3AB=(_36 _93){? _3L)=(_ngl _3132)

r) Haiinem marpuny C, ckiiagpiBasi COOTBETCTBYIOIIME 3JIEMEHTHI
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c=(, D+ =G0 )
2.Haiinem nponsBeenne A - A= m A~ - A4

=G A(F 3G ==

wta=(i L6 D=6 D-s

B cootBeTcTBHH C OIPCACIICHUCM JAHHBIC MATPHUIIbI SABJIAIOTCA BBaI/IMOO6paTHBIMI/I.

-3 2 -3 1 0 -5
3. Jdanpr matpuns: A = 1 5 -2|uB=|3 -4 1 |

2 4 -1 0o -2 2
Haiinure: 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

-3 2 =3 1 -2
C=A-B=<1 5 —2)'(3 1) ( -16 —4)
2 4 -1 0 2 -14 -8

cp=—-3-1+2-3+(=3)-0=3;
c12=-304+2-(-4)+(-3) - (-2) =-2;
c;3=-3(-5+2-14+(-3)-2=11,
31 =1-14+5-34+(-2)-0=16;
€32=1-04+5(—=4)+ (-2) - (-2) = —16;
c3=1-(=5)+5-14+(-2)-2=—4;
c33=2"14+4-34+(-1)-0=14;
32=204+4-(—4)+ (1) (-2) =—-14;
c33=2(-5)+4-1+(-1)-2=-8.

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

dopma npeaocTraBiieHuss pe3yJbTaTa: BHINIOJHEHHOE 33/IaHue.

Kputepun onenkn:

OreHka "OTIMYHO" CTAaBUTCA, €CIIM padOTa BBIMOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
He00X0IMMOM TOCTIE0BATENHHOCTH JIEHCTBUI; B OTBETE MPABHIBHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aIIMCH U BBIYUCIICHHUS.

Onenka "xopomro" CTaBUTCS, €CIIM BBIMOJIHEHBI TpeOOBaHHUS K OIEHKe "OTIWYHO", HO
JOTMYIIEHBI 2-3 HeloYeTa.

Ornenka "yOBIETBOPUTENHHO" CTABUTCS, €CH PabOTa BBIMOIHEHA HE TIOJHOCTHI0, HO 00BEM
BBITIOJTHCHHOW YaCTH TAaKOB, YTO TO3BOJISIET MOJYYUTh NMPABHIbHBIEC PE3yIbTaThl U BBIBOJBI; B XOJI€
MPOBeICHUs pabOTH! ObUIN JIOMYIIEHBI OITHOKH.

OrneHka "HEYIOBIETBOPUTENHHO" CTaBUTCS, €CIM padOTa BBIMIOJIHEHA HE TMOJHOCTHIO HIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIEaTh MPABUIHHBIX BHIBOIOB.

Tema3.1 MaTpunsl 1 onpeeuTe

IIpakTnueckoe 3ansaTne Ne6
BorunciieHue onpeaenTesieil BTOPOro M TpeTbero nmopsaKa

He.ﬂb paﬁoTbl: HAYUYUTBHCA BBIYUCIIATE OMPEACTIUTEIIN BTOPOIr0 U TPETHETO HOPAAKOB.
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Beinosnus patdory, Bel Oyaere:

YMETB!

VI[ 3 MNPUMCHATH MATEMATHYCCKUC MCTOAbI JIs pCIICHUSA HpO(beCCI/IOHaJIBHBIX 3ajJa4.
MatrepuanbHoe o0ecniedeHue: MHIUBUIYaIbHbIC 3a1aHUs, YYEOHUKU, KOHCIEKTHI JIEKLIUH.
3aganmue:

Bbruucnuth onpenenuTeny:

3 3 -5 10 -2 1 3 5> 78

-3 = T _ iy -1 7 0 1

1 |2 2| Z)i _L.L ; 15 s 214 0 5 3 2
) i 1 -1 7 4

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1 3anumure onpenenuTenb, ONPEACIUTE KAKOro OH MOpsIKa.

2 Hcnonb3ysi COOTBETCTBYIOLIEE OMPEICICHNE, BEIUNCIUTE 3HAUYCHUE OMPEICTUTEIIS.

Xoa pa6oTsI:

OmnpenenureneM KBaApaTHON MaTPHUIIbI BTOPOTO MOPsiiKa (OMpeAeTIuTeIeM BTOPOTo MOPSAKA)
Ha3bIBAETCS YUCIIO, PABHOE PA3HOCTH MPOU3BEACHU 37IEMEHTOB IJIaBHOM TUAroHaIu U 3JIEMEHTOB
MOOOYHON MaroHaiy.
ap by
ay by
Onpenenurenem KBaApaTHON MaTPUILIbl TPETHEr0 NOPsAAKa (ONPENEIUTENIEM TPETHETO

r[opsmKa) Ha3bIBAETCA YHUCIIO, paBHOE
ayp gz 4y

=ﬁl'b:—ﬂ:'bl

Q31 O3 O3] =@y a

f3y o 33

a3z + apa3363; + a3 G303 — G387 83y — G367 833 — O3 838))

32
OmnpenenureneM KBaJpaTHOW MaTpULIbI N-TO MOPSAJKA HA3BIBAETCS YUCIIO, PABHOE CyMMeE
IPOU3BEICHUN 2IEMEHTOB 000N CTPOKU MJIM CTOJIONA HA UX alreOpandecKue JOMOIHEHUS.
a1 Qaqp Q13 Q4
_|az1 Qpp Az3 Q4 _
A= Az; Qz; Q33 Qzg| a11A11 + Q12412 + A13413 + A1441
Qg1 Qg2 Q43 Qgq
— i+j
Ay = (DM
MHHOPOM HEKOTOPOrO 3JIEMEHTaq;; ONPEAEIUTEN N-ro NOpsAAKa Ha3bIBAETCS ONPEIEIIUTEND
tj
(n-1)-ro mopsiaKa, MOy9eHHbIH M3 HCXOAHOTO OTPEICTUTENS TyTEM BEIUCPKUBAHUS CTPOKHU U
CTOJIOLA, HA NIEPECEUCHUN KOTOPBIX HAXOAUTCS BEIOPAHHBII JJIEMEHT.

Brerunciaute OIIPECACIIUTCIIN:
2 — .
1) |‘ ;|=2-ﬁ—3-'[,—4]=12+12=24

3
5 -2 1

2) |3 1 —-4/=5-1-(-3)+(-2)-(-4)-6+3-0-1—
6 0 -3

-6-1-1-3:(-2)-(-3)-0-(-4)-5=-15+48-6-18=

=48-39 =0
4 0 5
3) |-6 2 -7|l=4-2-2+0-(-7)-1+(-6)-(-3)-5-

1 -3 2
—5-2:1—-(-6)-0-2-0(=3)-(—7)=16404+90-10-0—-84 =12
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3 5 7 8
-1 7 0 1 701
4) 0 5 3 2 :3A11+(_1)A21+0A31+1A41:3' 5 3 2 +1-
1 -1 7 4 -7
5 7 8 5 7 8 5 7 8
5 3 2(+0-|7 0 1|—-1-|7 0 1|=122
-1 7 4 -1 7 4 5 3 2

(I)opMa NMpeacTaBJdCHUA pe3yjabTaTa: BEIIIOJTHCHHOC 3aJaHuC.

Kpurepun oneHku:

Ornenka "oTau4HO" CTAaBUTCS, €ciii paboTa BBHIMOIHEHA B IMOJHOM O0BEME ¢ COOIIOIEHUEM
HEOOXOMMOM IMOCIIeI0BATeILHOCTH JICUCTBUI; B OTBETE MPABUJILHO U aKKYpPaTHO BBIMTOJHEHBI BCE
3aIIMCH U BBIYHMCIICHUS.

Onenka "Xopomio" CTaBUTCS, €CJIM BBIIIOJIHEHBI TpeOOBaHUSA K OIEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Onenka "yOBIETBOPUTENHHO" CTABUTCS, €CM PaboTa BHIIOTHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YaCTH TAaKOB, YTO TIO3BOJISET MOJIYYUTh MPABUIBHBIC PE3YJIBTATHl U BBIBOIBI; B XOJI€
MpOBeIeHUS! pabOThI ObUIN JOMYIIEHBI OIIHOKH.

Onenka "HEyHOBIETBOPUTEIHHO" CTAaBUTCA, €CIM padoTa BBINOJIHEHA HE IMOJTHOCTHIO WIIH
00BEM BBITIOTHEHHOM YacTH PabOThI HE MO3BOJISET CACNIATh MPABUIBHBIX BHIBOJIOB.

Tema 3.2 Cucrembl THHEHHBIX YPABHCHUH

IIpakTHyeckoe 3ansaTHe Ne7
Pemienue cucreM JiuHeliHbIX ypaBHeHuid metoaom Kpamepa

Llesanb padoThI: HAYYINUTHCS PEIIATh CUCTEMbI TMHEWHBIX YPaBHEHUH, UCTIONB3Ys (POPMYITBI
Kpamepa.
Boinosinus padoty, Bel Oyaere:
YMETB!
VY1 3 npuMeHATh MaTeMaTHYECKUe METOIbl JJIs pelieHusl Ipo(eCcCUOHAIbHBIX 3a1a4.
MarepunanbHoe obecniedeHue:
NuauBuayanbHble 3a0aHus , yY€OHUKHU, KOHCIIEKTHI JIEKIIUH.

3ananmue:
PemmmTe cuctemel IMHENHBIX YPAaBHEHUN:
S5y =11 3Xx+3y-5z=-2
X - =
1) { y 2) {x+y+2z=3

2x+3y =20
2X—y+72=27

Iopsaok BbINOJIHEHUS PA0OTHI:

1. 3anummuTe cUcTEMY YpaBHEHHM.

2.3anuiinTe U BEIYUCIATE ONPEIETUTENDb CUCTEMBI.

3.Beruucnure onpeaenuTeN Kaxk10M HEM3BECTHOM.

4.HaiiguTe 3HAaY€HUS HEU3BECTHBIX, UCTIONB3Ys popmymsl Kpamepa.

Xon paborsr:
. . ap ¥y +appx; = by
[Tycth nana cucrema AByX JUHEHHBIX YpaBHEHHH C ABYMs HEU3BECTHBIMU: o + @ = b
2% tapnx; =0
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CoctaBum orpenenuTens u3 KodPGUIIUEHTOB MTPU HEU3BECTHBIX. DTOT OMPEICITUTETh
Gy Gy
Ha3bIBACTCA ONPEACTIUTEIIEM CUCTEMBI: A= |ﬂ"L o |

CocTtaBuM onpeaenuTeny Kax a0 Heu3BeCTHOU. OnpenenuTelb 4; moJIy4aeTcs 13

OTIpEeACTUTEINS 4 ITyTeM 3aMEHBI TIEPBOT0 CTONOMA KO (DUIIMEHTOB CTOIOIOM U3 CBOOOTHBIX
by ap
by an

&

Onpenenurens 4; mosydyaeTcs U3 onpeAenuTelis A myTeM 3aMeHbl BTOPOTo cToI01a

KO3 PHUIHUEHTOB CTOIOIOM U3 CBOOOJHBIX YICHOB.

A= ay Iy

Gy b

ITycTh maHa cucreMa TpPeX JMHEHHBIX YPABHEHUH C TPEMs HEM3BECTHBIMU:
ayx; + apx; +apzxy = by
ay Xy + apx; +apzx; = by
a3 x) + apx; +azzxg = by

YJICHOB. Ay =

COCTaBI/IM OIpCACIINTCIIb U3 KOS(I)(bI/IHI/IeHTOB IIp1 HCU3BCCTHLIX. 9TOT OIpCaACIIUTCIIb
Gyp Gz Oz

Ha3bIBACTCS ONPEACIIUTEIIEM CUCTEMBL: A= |0z 02z O3

fgp Ggz O3z
CocraBuM OIpeAeIUTENN K101 Hen3BecTHOU. Onpeaenurens 4, mojydaeTcs U3

OnpeeuTeNIAnyTeM 3aMeHbI TIEPBOIO CTOIOIA KO3()(HUIUEHTOB CTOIOLOM U3 CBOOOIHBIX
YJICHOB.
by ap ag
Ay=|by e agp|.
by a3 a3
OnpenenuTesb 4; MOTy4aeTcs U3 ONPEAETUTENS A IIyTeM 3aMEHBI BTOPOIO CTOJIONA

KOA(QPHUIHEHTOB CTOIOIOM M3 CBOOOTHBIX WICHOB.
ayy by ags
A= lag by ag
azgy by agx
Ompenenurens A; OTydaeTCs U3 ONPEAEIUTENS A MyTeM 3aMeHbI TPETHETO CTOJIONA

K03((HULIHEHTOB CTOJIOIOM U3 CBOOOIHBIX YJICHOB.
ayy  ayp by
=01 an b
a3 ap by
YrtoObl BEIYMCIIUTE 3HAUEHHSI HEU3BECTHBIX, BOCIIONB3yeMcst popmyinamu Kpamepa:

_ A _ Az, _ A3
xl—f,xz—f,x3—z.

PaccmoTrpum npumep:
Pemnts cucremy ypaBHEHUN:
X + 2.1'2 —3.1'3 = U:

2.1'1 — X1 +‘1'.1'3 = 5:
3.1'1 +.1': — .1'3 = 5

(1 2 —3) 1 2 -3

A=|2 -1 4 |pa=|2 -1 4|=10=0

i 1 -1 i 1 -1

Brruncium onpenenuTeny KaxI0M nepeMeHHoM:
0 2 -3

Ay=15 -1 4 =0-15+40-1534+10-0=20
2 1 -1
1 0 -3

A.=12 5 4| =-5-30+0+45-0-20=-10
i 3 -1
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1 2 0

A3=2 -1 5|=-5+0+30-0-20-5=0
3015 ) )
A 10 A 10 A 10

Ortser: (2;-1;0).
dopma npeacTaBJIeHHs Pe3yJbTaTa: BHITOJHEHHAS PadoTa.

Kpurepun oneHku:

Onenka "oTau4HO" CTAaBUTCS, €ciid paboTa BBHIMOTHEHA B MOJHOM O0BEME C COOIIOIEHUEM
He00X0IMMOM MOCIe0BATEIbHOCTH ICHCTBUI; B OTBETE MPABWJIBHO U aKKypaTHO BBIMOJIHEHBI BCE
3aIiCH U BBIYUCIICHUS.

Onenka "Xopomio" CTaBUTCS, €CJIM BBIIIOJIHEHBI TpeOOBaHUSA K OIEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

OreHka "yJIOBJIETBOPUTEIIBHO" CTABUTCS, €CJIM PabOTa BBHIMOJHEHA HE TOJIHOCTHI0, HO 00BEM
BBITIOJTHEHHOW YacTH TAaKOB, YTO TO3BOJISACT IMOTYYHTh NPABHILHBIC PE3YIbTAThl U BBIBOJIBI, B XOJIC
MpOBeIeHUS! pabOThI ObUIH JOMYIIEHBI OIIUOKH.

OneHka "HEyIOBIETBOPUTEIBHO" CTAaBUTCA, €CIM padoTa BBINOJIHEHA HE IMOJTHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TTO3BOJISAET ClIeaTh MPABUIBHBIX BHIBO/IOB.

Tema 3.2 Cucrembl THHEHHBIX YPABHCHU I

IIpakTHyeckoe 3ansaTHe Ne§
Pemenue cucrem JIMHEHBIX ypaBHeHUH MeToaoM ["aycca

Heab padoThl: HAYYUTHCS pelIaTh CUCTEMbI IMHEUHBIX YPaBHEHUN METOIOM
MOCIIEI0BATEIHLHOTO UCKITIOUEHHS IIepeMEHHBIX (MeTonoM [aycca).

Boinoinus padorty, Bel Oynere:

YMETB:

VY1 3 npuMeHATh MaTeMaTHYECKUEe METO/Ibl JJIs pelIeHusl Ipo(eCcCUOHAIbHBIX 3aa4.

MatepuanabHoe o0ecniedeHue: VHIUBUyaTbHbIE 3a/1aHUS, YU€OHUKH, KOHCIIEKTHI JIEKIUH.

3aganue:

PemmmTe cucremsbl IMHENHBIX YPAaBHEHUN:

3x — 2y +2z =10 Xp +Xp = 3% +2%, =6,
1x+5y—27=-15 2] XetXs+3% =16
X1 — 2Xy — X, = —6,
2x —2y—2z=3
2x, — 3x, + 2x3 =6

ITopsinok BbINOJHEHHS PadOTHI:

1. 3anuiuuTe CUCTEMY JIMHEHHBIX YpaBHEHUH.

2. CocraBbTe paCUIMPEHHYIO MaTpPHUILY.

3. BrimonHutre  sneMeHTapHble — MpeoOpa3oBaHMUS ~ CTPOK  MaTpPULbl,  UCKIOYas
IIOCJIEZI0BATEIBHO NIEPEMEHHBIE. B pe3ynbrare 10KHA OTYyYUThCS CTyIIEHYaTas MaTpULa.

4. Ilo cTryneH4aTol MaTpPUIE COCTABHTE CUCTEMY.

5. IlocnenoBaTenbHO HAWINTE 3HAYEHUS BCEX HEM3BECTHBIX.

6. 3anuIIuTe OTBET.

Xoa padoThi:

Meton 'aycca siBisieTcsi OTHUM U3 HauboJiee YHUBEPCAIbHBIX METO/IOB PEILIEHUSI CUCTEM
JUHENHBIX ypaBHEHUH. OH COCTOUT B MTOCIEA0BATEILHOM UCKIIOUEHNH HEN3BECTHBIX.

[Ipouecc pemenus no metoay ["aycca coctout u3 AByx 3TanoB. Ha nepBom arane (mpsmoit
XOJ) cucTeMa NMPUBOJUTCA K CTyneHuaToMy Buay. Ha BTopom stane (oOpaTHBIN X01) UIeT
MOCJIEZI0BATENBHOE ONpPEAeIEHUE HEU3BECTHBIX U3 3TOM CTYMEHYaTOW CUCTEMBI.
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Ha npaxTuke ynooHnee paboTaTh HE ¢ CUCTEMOW ypaBHEHUH, a C paCIIMPEHHON MaTpHUIIeH,
BBINOJIHSAS BCE 3JIEMEHTapHbIe IPeo0pa30BaHus HaJl €€ CTPOKaMHU.

DneMeHTapHbIMU PEOOPa30BAHUSIMUA MATPHUIIBI SBJISIOTCS:

- IEPECTAHOBKA CTPOK MECTaMH;

-YMHOK€HHE HEKOTOPOH CTPOKHU Ha JIF000€, HE PABHOE HYIIIO YUCIIO;

-puOaBIeHUE K JIEMEHTaM OJHOM CTPOKU COOTBETCTBYIOLIMX 3JIEMEHTOB JIPYToil CTPOKH,
YMHOKEHHBIX Ha OJTHO U TO K€ YUCIIO

PaccmoTpum npumep:

1) PemuTh cHCTEMY YpaBHEHUI:
x4 2x; —3x; =0

2x) —x; +4xy = 5

3.1'1 +I: —_ .1'3 = 5

CocTaBuM pacHIMpEeHHYIO MaTPUILy U3 KO3 (UIMEHTOB PU HEU3BECTHBIX U CBOOOTHBIX

YJICHOB!
0
)
3

1 2 -3
(418) = (2 -1 4
BLIHOJ'IHI/IM BJIeMeHTapHLIC Hp606pa30BaHI/I$I Hazqg CTpOKaMI/I ManI/ILILIZ

31 -1
1 2 =3[0 1 2 =30 1 2 =3|0
(2 -1 4 5) n (EI -3 10 ) n ([I 1 -2 —1)*\*
3 1 -—1I5 0 -3 815 0 -3 815

1 2 -=3]0
~ ([I 1 -2 —'J.)
oo =210

[TonydyeHHOM MaTpuile COOTBETCTBYET CUCTEMA YPABHEHUM:

FJ.'J_ +EI: —_ 3.1'3 = U
I:— 2.7.'3 = —'J.;
| —2.1'3:[]

Hauunas CHHU3Y BBCPX, HAXOAUM 3HAYCHUSA HCU3BCCTHLBIX!

(xy + 227 — 323 =0 (xy+2x —3x; =0 o +2-(-1)=10
x—2x3=-1 ] [ x =-1 ; { »p=-1

L .1'3: I;ZU x3=EI

'x1=2

I::—J.

Lx3 =10

Ortgert: (2;-1;0).
x1+x2 _3X3 +2.X4, = 6,

2) X, +x3 +3x4 = 16,

X1 — 2Xy; — X4 = —6,
2x1 — 3x, + 2x3 =6
1 1 -326 1 1 -326 1 1 -3 26
0 1 1 3 16 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—-6
1 1 -326 1 1 -326 1 1 -3 26
0 1 1 3 16 0 1 1 3 16 0 1 1 3 16
0 02 2 12 0 0 1 16 0 01 16
0 0 13 11 74 0 0 13 11 74 0 0 0-2-4
X1+ xy, —3x3+2x, =6,
X, + x3 + 3x4 = 16,
X3+x4 = 6,
—2x, = —4
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Haunnas CHHU3Y BBCPX, HAXOAUM 3HAYCHHUA HCU3BCCTHBIX!

x, =8
X, =6,
X3 =4
X4 =2

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

dopMma npeacTaBieHus pe3yJbTaTa: BHIIOTHCHHAS paboTa.

Kpurepun oneHku:

Onenka "oTau4HO" CTAaBUTCS, €clid paboTa BBHIMOTHEHA B IMOJHOM O0BEME ¢ COOIIOIEHUEM
HEOOXOMMOM MMOCIIET0BATEILHOCTH JICUCTBUI; B OTBETE MPAaBUILHO U aKKYPAaTHO BBIMOJHEHBI BCE
3aIIMCH U BBIYHMCIICHUS.

Onenka "Xopomio" CTaBUTCS, €CJIM BBIIIOJIHEHBI TpPeOOBaHUSA K OIEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeJloYeTa.

OreHka "yJIOBJICTBOPUTEIILHO" CTABUTCS, €CJIM PabOTa BBIMOJIHEHA HE MOJHOCTBIO, HO 00BhEM
BBITIOJTHEHHOW YacTH TAaKOB, YTO TO3BOJISET MOJYYUTh MPABUIBHBIC PE3YJIbTATHI U BBIBOBL; B XOJI€
MIpOBeJIeHUS pabOThI ObUIH JOMYIIEHBI OIIUOKH.

Onenka "HEyHOBIETBOPUTEIHHO" CTAaBUTCA, €CIM padoTa BBINOJIHEHA HE IMOJTHOCTHIO WIIH
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MO3BOJISAET CACNIATh MPABHIIbHBIX BBIBOJIOB.

Tema 4.1 Ilocsie10BaTEIBLHOCTH U Mpeebl

IIpakTHyeckoe 3ansaTHEe N9
Boiuucienne npeaesioB mocjaeroBaTebHOCTel U GYHKUMA ¢ MPUMEHEHHEM Pa3IMYHbIX
MeT010B. HccienoBanue pyHKIMU HA HENMPEPHIBHOCTD, ONpe/ieieHHe TOYEK pa3pbiBa

Heab: Hayuutbes BbIYMCIATH Hpeaensl (yHKUU.HaydnThCs HaxXoJUTh TOYKM pas3pbiBa
(GyHKIMH, ONPEaensiTh UX POJl, HAXOAUTh ACUMITTOTHI TPAPUKOB (DYHKITHIA.

Boinoainus padorty, Bel Oynere:

YMETh:

YI[ 3 MPUMEHATE MATEMATHYCCKUEC MCTOAbl JIS PCIICHUSA HpO(l)eCCI/IOHaJ'II)HBIX 3ajaayd.
MarepuanbHoe o0ecnedeHne: MHIUBUTyaJIbHbIC 33/IaHUsI, KOHCTIEKThI JIEKIIH.

3ananmue 1:
Boeruucnuts npenenst pyHKIui:
lim,_,(2x3 — 10x% — 4x + 5)
lim 3x2-11x+6
X3 2x2-5x—3
11x3-5x2-6x+10

lim
X700 ext—8x2+42
. sin;—c
4, lim,_,, —
. 3%
5. lim,_,, (1 — —)
X
3aganue 2:
UccnenoBath pyHKIMM HAa HEMpepbIBHOCTH. HaliTu Touku pa3pbiBa U onpenenuTs ux poa. Haittu
ACUMIITOTHI (DYHKIIMH.
2 43,
D y=22

x2-g’

2) y= 2 —.ur—:m.

x2-25

IHopsiaoK BbINIOJIHEHHS PA0OTHI:
Haiinure npenen ¢pyHKIMH, UCIIONB3Ys TEOPEMBI O TIpeesax.
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no

Ecmu noJryduiaCb HCOIMMPEACICHHOCTD, OMPCACIINTE €€ BUI U CHOCO6 PACKPBITHA.
[Ipeobpa3syiiTe GyHKIHIO U PACKPOUTE HEOTIPEACICHHOCTb.
4. Bbluucnure npeaen.

w

Xon paboThl:

1) Touxkamu paspviéa ¢ynkyuu Ha3bIBAIOTCS TOYKH, B KOTOPBIX HApyIIAeTCS  YCIOBHUE
HENPEPHIBHOCTH (DYHKITUH.

2)  Bce Touku pa3pbiBa QYHKIMH Pa3IeIsSOTCA Ha TOUYKH pa3pbiBa EPBOTO U BTOPOTO POJIa.

3) Touka pa3pbiBa X, Ha3bIBACTCS MOUKOU paspwiea nepeo2o pooa pyukuuu y = f(x), eciu B 3TOM
TOYKE CYIIECTBYIOT KOHEUHBIE MpeIeibl (YHKIUH CIeBa U CIpaBa, T €

4) limy_,y o f(x) = Ay u limy_, 4o f(x) = A,. Ilpu 5Tom: ecu 4; = A,,T0 TOUKA X Ha3bIBACTCA
TOYKOM yCTPaHUMOIO pa3peiBa; eciaud, # A, TO TOYKAa X, HAa3bIBACTCSI TOYKOM KOHEYHOIO
paspbIBa.

5) Touka pa3pbiBa X, Ha3bIBACTCS MOUKOU paspvléa émopoz2o poda GpyHkuuu y = f(x), eciu 1mo
KpaiiHell Mepe OJIMH U3 OJJHOCTOPOHHUX IPE/IETIOB HE CYIIECTBYET HIIM PaBeH OECKOHEUHOCTH.

6) Acumnmomou zpapuxa pynxyuuy = f(x)Ha3pIBaeTCs NMpsMasi, 00JIaAOIIAs TEM CBOHCTBOM, YTO
paccTostHue OT ToukM(x: £(x)) 10 5TOH NPAMOM CTPEMUTCS K HYJIIO IIPYU HEOTPAHMIEHHOM YIaICHUH
TOYKH rpaduka OT Havajga KOOpIUHAT.

7) Tlpsimas x = a Ha3BIBACTCS 6epMUKAIbHOU acumnmomot rpaduka QyHKIUU v = f(x), €CIA XOTS Obl
OJIHO M3 MPEAEIbHbIX 3HAYCHUM lim,_,_g f(x) unum lim,_ .., f(x) paBHO —t2 WM +c2 .

8) 3ameuanue.llpsimas x = a He MOKET OBIThH BEPTUKAIBHON ACUMITOTO, eciu
(GyHKIUS HETIPEephIBHA B TOYKE x = a. [l09TOMY BEPTHKAJIBHBIC ACHMIITOTHI CIEAyeT HCKaTh B
TOYKaX pa3pbiBa QyHKIUH.

9) Ilpsimas y = b Ha3BIBACTCS 20PUSOHMANLHOU acumnmomot rpaduka GYHKIMHA ¥ = f(x), €CIH XOTA
OBl OJTHO W3 MPEACITbHBIX 3HAYCHHUM lim, .o, f(x) uimu lim,_.__. f(x) paBHO b.

10) 3ameuanue. ['padyk QyHKIMH MOXKET MMETh TOJBKO MPABYI0 FOPH30HTAIBHYIO ACHMITOTY HIIH
TOJIBKO JIEBYIO.

11) TlpsiMast y = kx + b Ha3bIBACTCS HAKIOHHOU acumnmomou rpapuka byHKIUY |
ecnu lim,_o| flx) —kx — b =0

12) Ecmu ans GyHKIMH ¥ = f(x) CYIIECTBYIOT MpPEAEIbI lim_l._,nfl% =k ulim,_»(f(x) — kx) = b, TO

(GyHKIMS UMEET HAKJIIOHHYIO ACUMIOTOTY ¥ = kx + b IIpHU x — =,

Haiitu npenen dyakuu:
1) lim,,,(2x3 — 10x? — 4x + 5)

Hcnonb3yemM TEOPEMBI O MPeIeNax:
lim(2x3 — 10x% — 4x + 5)

xX—2

=2(1imx)3—1o(1imx)2—4}Ci£gx+5=2-8—10-4—4-2+5=—27

X2 X2
3x2-11x+6
2) lim,_3———
) X3 2x2-5x-3
OyHKIMS TPEACTaBISAET COOOH OTHOIICHHE ABYX MHOTOUYWICHOB, OOpAIAIONINXCS B HYIb B
touke X = 3. [loaTomy cHauana npeodpaszyeM JaHHYIO (PYHKIIHIO.
JIroOo¥ KBaIpaTHBIN TPEXUICH MOKHO PA3JIOKUTh HA MHOYKHUTENU C TIOMOIIBIO POPMYITBI
ax®+ bx + ¢ = a(x — x,){(x — x.), DI ¥| U XKOPHU KBaJPaTHOTO TPEXWICHA.
KopHsMu KBafpaTHOTO TpexXwieHa 3x” — 11x + & SABISIOTCS YHCIA - U 3; 3HAYMT
3

2
3x2—11x+ 6 =3(x — 3)(x—§)
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1
A KOpHM KBaJIpaTHOTO TpexuieHa 2X? — 5X — 3 paBHBI - M 3, ClIeI0BaTeIbLHO

2x2 —5x =3 =2(x - 3)(x +7)
Bo3sBpaimasice k npezaeiny, uMeeMm:
2 2
3x2 —11x+6  3Gx—=3)x—37)  3(x—3)

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

o 3x—2_3}}£gx—2_3-3—2_7_1
‘x‘f%zx+1_21irr31x+1_2-3+1_7_
X—

11x3-5x2—-6x+410
6x*—8x2+2

3) lim,._,,

Tak KaKk MHOTOUYJICHEI B YUCIMTEIIC 1 3HAMEHATEIe CTPEMSTCA K 00, TO IMOJIy4acM
HCOIIPCACICHHOCTb B A [

]. I[JISI €C PACKPLITUSA PA3JACIUM KAXKI0C CJIaracMocC YuCINTCIIA U

]

3HaMCHAaTCIIAd Ha .1'4. Torna MMOJIyYrM:

) . 11x* 5x* 6x 10 11 35 6 10
M-S -ex 410 TF CF o FTA T T T 0
lim 3 - = lim T 7 = lim = =-==10
R Bx® —8x~ + 2 R 6x Bar + 2 X 6 __E'r L &
xR = X
. X
SlTl;
4) lim —2
x>0 X
UToOBI BEIUMCIIHTD Mpeied PYHKIINH, HY>KHO BOCIIOJIB30BaThCs (POPMYIOi IEpBOro
. sinx
3aMeyvaTesIbHOTO mpeaena: lim, —~ = 1.
1
YMHOXUM YUCIIUTEIIL U 3HAMEHATEID ,Z[pO6I/I Ha E
. X 1 . x . X
sinz Ssin> 1 sinz 1 1
lim =lim*5T—=-lim—F==--1=2
x=0 X x-0 1, 2x-0 Z 2 2
2 2

5) lim,.., (1 - i)sx

X
[IpeobpazyeM ¢(yHKIHIO Tak, YTOOBI MOXHO OBLJIO MPUMEHHTH BTOPOW 3amMeuaTeNIbHBIN

X
npenen :  limy_,, (1 + %) = e. BBeneM HOBYIO IEPEMEHHYIO: X = —3Y; X — 00; y — 0.
lim (1——) = lim (1——) = lim (1+—) =e 15 =—
xX—00 X Y—00 —Sy Y- y els

WccnenoBath pyHKIMIO Ha HENIPEPbIBHOCTh. HaliTh acuMNTOTHI QyHKITUH.
I:

yY=nz
O6uacth onpeneneuus GyHkuun D(f) = (—oo; 1)U (1 +02)
Touka x = 1 sBJIIETCS TOYKOH pa3pbiBa 2 poja, T.K.

B x° 1 . x 1
limy ;g — = H = —wlimy905 = H =+

L. T |
sX—i u aX—i u

[Ipsimas x = 1 — BepTUKaJIbHAST ACUMIITOTA (byHKuI/H/I. YpaBHEHHME HAKIOHHOM AaCHUMIITOTBI
uMeeT Bujg v = kx + b,

k=1 f&) li * li all li ! L
~ x _mex{E_r—E]x_rﬂ]:Ex:—E.r_rl—T:?_;_E
T ox
. x* 1 Coxt—x(x—1) | xt-x"4x x | 1
belml )T im T oy T o _}ﬂm_}‘ﬂhg_i
T ox

KoneuHblit BUJ npsiMoid cleayromuii
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®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurtepun onenku:

OrneHka "OTJIMYHO" CTAaBUTCA, €CJIM padOTa BBIMOJIHEHA B MOJHOM 00BEME C COOIOIEHUEM
HE0OXO0IMMO TIOCIIE0BATEIHFHOCTH JICHCTBUI; B OTBETE MPABIIILHO U aKKYPAaTHO BBITIOJHEHBI BCE
3alMCH U BBEIYMCIICHUA.

Onenka "xopomio" CTaBHTCS, €CJIM BBIIOJHEHbI TpeOOBaHMA K OLEHKE "OTIMYHO", HO
JIONYIIIEHBI 2-3 HeJ04YeTa.

Onenka "yOBIETBOPUTEIHHO" CTABUTCS, €CITH PadOTa BBIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOM YaCTH TaKOB, YTO TO3BOJISIET MOJYYUTh NMPABHIbHBIC PE3YyIbTaThl U BBIBOJBI; B XOJIC
MpOBeICHUS pabOTHI OBUIN JTOMYIIEHBI OITHOKH.

OrneHka "HEyNOBIETBOPUTEIBHO" CTaBUTCSA, €CIM padoTa BBINOJHEHA HE IMOJTHOCTHIO HIIH
00BEM BBITTOJIHEHHOH YacT pabOThI HE TIO3BOJISCT CIEIaTh MPABUIIHHBIX BEIBOJIOB.

Tema 4.2 IlpousBoaHasi U eé NPUI0KEHUS

IIpakTnyeckoe 3ansaTue Nel0
Boruucienne npousBoaAHbIX GpyHknmii. [IpumMeHeHne Npon3BoAHON K NPHOIHIKEHHBIM
BbIYHCJICHUAM

Henab: HayuuTbcs HaXOOUThb NPOU3BOJAHBIE (DPYHKUMN, BBIIOJHATH IPUOIUKEHHbBIE
BBIYMCIICHHS C IOMOUIBIO IPOU3BOIHOM.

Boinosinus padorty, Bel Oynere:

YMETh:

VY1 3 npuMeHsATh MaTeMaTHYeCKHE METOABI UIS PEeIIeHUs TPOo(pECCHOHATBHBIX 33/1a4;

MarepuanbHoe olecniedyeHue: WHIAUBUAYAIbHbIE 3aJaHUsl, KOHCHEKTHl JIEKUMH, Tabauna
IIPOU3BOIHBIX.

3aganue:

Haiitu npousBoiHble GyHKUINI

1)

1.

2. Flx) = 3sin(2x — )

3. flx) = arcsindx + arceos”x

4, flx) = logs (7x* —5x¥ + 1)

[1+cosx

5. flx) =in \‘Ilm

2) Haiitu npubnnkeHHble 3HaUEeHUS:

a. In1,01;

b. V15,8;

C. arctg1,05.

Ilopsinok BbINOJHEHHS PadOThI:

1. Onpenenure Bua ¢yHkuud. Ecnu ¢GyHKuus sgBIsSETCS CIOXHOM, TO BBEIHUTE
MIPOMEXKYTOYHBIN apryMEHT.

2. Omnpenenure, KakuMU TpaBuiaamMu auddepeHInpoBaHUs HYKHO BOCIIOJIb30BATHCS.
[IpumenuTe COOTBETCTBYIOIIEE TPABUIIO.

3. Hcnonb3ys Tabnuily Nporu3BOAHBIX, HAWUTE MPOU3BOIAHBIE (DYHKITHIA.

4, Packpotiite ckoOku 1 MpuBEIUTE MOT00HBIE, €CITH 3TO YIPOCTUT 3aMMUCh (PYHKITUH.

Xox pa0doThI:
Haiiti mpon3BoaHbIe PYHKIIHIA:
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1. glx) =(1-4x%)0
OyHKIMSA SBIAETCS CI0KHOM cTeneHHOoi. BBeaem npOMen(yTquLIﬁ apryMeHT u=1-—4x"
. Jlnst i depeHImpoBaHHs HyKHO BOCIIONB30BATHCH HOPMYIOH (1) = md=! .
y = 10(1 —4x%) - (1 — 46%) = 10 (1 — 4x?)%(=8x) = —80x(1 — 4+%)’

2. flx) = sinfx »cos 2x

DyHKIMS TPEeCTaBIseT co00il IMPOM3BENCHHE [BYX CIOKHBIX  TPUTOHOMETPUYECKHX
ynxuit. IlosToMy CHavana BOCIOIb3yeMcs paBuiIoM auddepenuuposanus (U-V) = UV + UV

1 J- ] ]
flx) = {sin;x rcos 2x) = (sin ;x] cos2x + sin ;x{cus?x]

o ) L
BBeneM mpoMeKyTOUHBIM apryMeHT: Ijs MepBOMl (QYHKIMH u = -

x, JUISL BTOPOU (YHKIIUU
u = 2x,

[Ipn maddepeHIpPOBaHUT UCIIOJIb3YEM clieyrolue bopMyIIbI:
{sinu]l = cosu-u,(cosu) = —sinuu.
. J_ ' F ' F ,
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cus?x]

1 1 1 3 i 1 1 1
= ros ;x- ;_r s cos2x + sin ;x- {_—s:’n?x} ' {_2.7:} = ;cus ;x reosly — 2sin ;.r- zindx.

23T45r7
3.y=
@OyHKIUSA MpencTaBisieT co0oi YacTHOE JABYX CIOXKHBIX —(yHkmmid. [loaTomy cHauanma
U v-ur

e

loga (3+10x)

BOCIIOJIb3YyeMCs ITpaBuiIoM AuddepeHnnpoBaHus (13) =
(2% ) Tog, (3 + 10x) — 27457 . (log, (3 + 10x))

{(log, (3 + l[].r]]
BBeneM mnpoMeXyTOUHBIH aprymeHt: Ais nepBod (QyHKUMH u = 3x +5x%, JJI1 BTOpOH

GyHKIUT u = 3 + 10x,

[Ipn ¢ depeHInpOBaHUN HCIIOJIB3YEM CJIeIyroImue bopMyIbL:
I

y =

(a") = a"Ina - ', (log, u)' = U

uing

: :
$512 fo o ] R PE LR P .3]. I T TR e SR T
Vo I |"]:g£|~_1+1...'l.':|—2'“ - (dog, (3+10x0)’ _ - In | 3x+5x ]"gil"""l'l"""} . |_<-1:|1-|!||3”+1"'.“ _
¥y = o AT - ] -
(le=,(3+10x1) (le=, (3+10x1)
14
LA+ M lind

Oyt . n n i n 25y
IAES 12134 10x) Jog, (34 10x) 2305

|:|=‘:,=;,|3+1:.'l.'||;I

4, flx) = nrcs:'n%x+ arccosdx

OyHKIUSA TPEACTaBIseT co00il CyMMy NBYX CIOXKHBIX  OOpaTHBIX TPUTOHOMETPHUECKUX
¢ynkuuit. [ToaTomy cHavyana BOCHoab3yeMcs MpaBuiioM nuddepeHpoBanus (U + VY =U 4V.

Flx) = (nrcs:'ng.r) + (arccosSx)’

o o 3 o
BBeneM mpOMEXYTOYHBIN apryMeHT: sk MepBOoM QYHKUMM u =%, Ui BTOPOH (YHKIMH

u = aox
[Ipn nn(i)(l)epeHquOBaHnn HCIIOJIb3YEM CJIeIyroIue bopMyIbL:
(arcsinu)’ = — : (arccosu) = — -
vi-u? Wil-us
f{x} = (nrcs:'n%.r) + {arccos3x)'=——F—— ) _{Sx} = PR :"_ =
=] Jl e '“ g ,‘Jll_;.-l'l_;' ¥1l-iaX
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5. flx) = arccosV1 — e
OYHKIUSA SBISETCA CIIOXHOM OOpaTHOW TPHUTOHOMETPpHUUYECKOW. BBemeM MpoMexyTOUHBIH
apryMeHT u=+v1-e=. [na guddepeHunpoBaHUs HYXKHO BOCHOJIB30BaThCA (HOpMyIoi

i

{:nrccusu}' = -
Vi-us

. ' 1 —
76 = (arccos\1=&7) = - s (V1= 7).

[TpomMexXyTOUHBIN apTyYMEHT SIBJISICTCS TAKXKE CIIOKHOW (yHKIIMEH. BBeaem u 1711 Hero HOBBIN
MIPOMEXYTOUHBIM apryMeHT u =1 —e™*.
st nudepeHumpoBaHust HY>KHO BOCIIOJIB30BaThCs (hOpMyIion

(V) =17

Wi

flx) = {nrccus V1 — " fl SR — {'-.-"1 — g:"'}l SR S — (1-6) =

J 1125 J1-lteir 24/I-a&
1 1

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs paboTa.

Kpurepun oneHku:

Omnenka "oTau4HO" CTAaBUTCS, €Clii paboTa BBHIMOIHEHA B IMOJHOM O0BEME ¢ COOIIOCHUEM
He0o0XO0IMMOM TOCIIEI0BATENBHOCTH JICHCTBUI; B OTBETE MPABUIBHO U aKKYPaTHO BBITIOJHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Onenka "xopomwio" cTaBUTCS, €CIIM BBINOJIHEHbI TpeOOBaHMS K OLEHKE "OTIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Orenka "yJOBIETBOPUTEIIBHO" CTAaBUTCS, €CJIM PabOTa BBHIMOJIHEHA HE TOJIHOCTHIO, HO 00BEM
BBITIOJTHEHHON YacTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPABUIIBLHBIC PE3YNIbTAThl U BHIBOABL; B X0OJI€
MIPOBEICHUS pa0OTHI OBUIH JOIMYIIEHBI OIIHOKH.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €ClM PaboTa BHINOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHON YacTH PaOOThI HE TIO3BOJISET CIIENIATh MPABUIIbHBIX BHIBOJIOB.

Tema 4.2 IIpousBoaHasi U €€ NPUITOKEHUS

IIpakTyeckoe 3ansaTue Nell
CocTaB/ieHHe ypaBHEHHUsI KacaTeJbHOH 1 HOpMan. OnpeneseHne IKCTPEMyMOB
(pyHKkuuu. Berauciienne Han00Ib1IEr0 U HAMMEHBbIIEr0 3HAYeHUI (PYHKIMH HA 32JaHHOM
oTpe3Ke

Heab paGorbi: Hayuntbest cocTaBiIsITh ypaBHEHHE KacaTeJIbHOM K JJaHHOW KPHUBOW B TOYKE
KacaHMs; HaXOJIUTh YIJIOBOW KO3((UIMEHT KacaTelbHOW, MPOBEACHHBIH K KpuBoil.Hayuutbes
IMPUMEHATH TPOU3BOJHYIO IJIA UCCIICAOBAHUA q)YHKIII/II/I

Beinosnus patdory, Bel Oyaere:

YMETb:

VY1 1 BEINONHATE HEOOXOUMBIE U3MEPEHHSI U CBSI3aHHBIE C HUMH PacyeThl;

Y,ZI 3 IMPUMEHATE MATEMATHYCCKUEC MCTObI JISA PCIICHUSA HpO(i)eCCI/IOHaJ'H)HBIX 3aaa4,

MarepuaiabHoe oGecriedeHne:
WunuBuyanbHble 3aIaHKs, CIIPABOYHBIC MaTEPHAIbl, KOHCIICKTHI JICKIIHUH.

3aganue:

1. Haiingure yrnoBoii ko3(dUIUEHT KacaTelbHOM, MpoBeeHHoM K napabone y = —x2 + xB
TOUKEXy = —2

2. Haiifute yronm HakJIOHEHa K OCH KacaTeNbHOM, MPOBEJEHHON K KpUBOH y = x3B Touke
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x0=_2

) o . Vs
3. CocraBbTe ypaBHEHHE KacaTeIbHOW K KpUBOM Y = Sin 3X B TOUYKE (g; 0).

4. HUccnenyiite GyHKIUIO Ha MOHOTOHHOCTb:
flx) =x>—x3—2x
5. Haiiute skctpemymbl Gynkuuu: f(x) = x* — 4x3
6. Uccnenyiite (GyHKIMIO Ha MOHOTOHHOCTh M 3KcTpemyMsl: f(x) = 3x° — 25x3 +
60x
1. Haiinute mpoMexyTKH BBITYKIOCTH (DYHKIIHH:

f(x) = x*—10x3 + 36x% + 100

ITopsiiok BbINOJIHEHUS PA0OTHI:

1. 3nauenue npous3BoaHON QyHKIMU Y = f(X) mpu X = X, PaBHO YrIOBOMY KO3 dHUIHEHTY
KacaTeJbHOMU, MPOBEIECHHON K KpuBoil y = f(x) B €& Touke ¢ abcuuccoit x, , T.e. k'=y'(xy) =
f'(xp) = tan
rZIe %-yroj MeX]y KacaTeJIbHOH K KpuBOH B Touke My(Xg; Vo) W IOJOXKUATEILHBIM HAIIPABICHHEM
ocu 0, .

2. YpaBHeHHE KacaTelbHON K KpuBOH Y = f(x) B Touke wumeeT BUaY — Yo = f (xo)(x —
Xo)-

3. Hampaprienue KpuBOW B KaXKIAOH TOYKE OINPEIEIISETCS HAIpaBICHUE KacaTelbHOH K HEHl B
3TOM TOYKE, HOITOMY JUIsl HAXOXKJECHUS YIila HAKJIOHHON KPUBOM B ITaHHOM TOYKE HAJ0 BBIYUCIUTH
YIOJI MEXY KacaTelIbHOM, IPOBEICHHON B 3TOM TOYKE, U OCBIO.

Xoa padoThI:

Anzopumm Haxodxncoenus IKCMPeMyMo8 (YyHKUuu u UHmMEpPeanoe ee MOHOMOHHOCMU C
HOMOUbIO NEPBOIL NPOU3BOOHOUL

1. Haiitu obnacts onpeneneHusi yHKIUU U HHTEPBaJbl, HA KOTOPHIX (QYHKIMS HEMPEPhIBHA.

2. Haiiti npousBoanyto ¢pynkuuu f '(X).

3. Haiitu xputnueckue Touku ¢yHkimuy =f(X), T.e. TOYKH, MpUHAIISKANIHE OOIACTH
omnpezenaeHus: PyHKIHMHU, B KOTOPBIX Mpou3BoAHas f '(X) oOpariaercs B HyJb M HE CYIIECTBYET.

4. WccnenoBath xapaktep u3MeHenusi ¢yHkuum f(X) u 3Hak mpousBomnoii f '(X) B
MIPOMEXYTKAaX, HAa KOTOpbIE HAl/JIEHHbIE KPUTHUYECKHE TOUYKH JENAT O0JacTh OINpeaeseHus
bynkiwm Yy = f (X).

5. OTHOCHUTENBHO KAXKIOM KPUTUYECKOW TOYKH OMNPENENUTh, SBISICTCS JIM OHA TOYKOU
MaKCHMyMa, MUHUMYyMa WU HE SBJIAETCS TOUKON KCTpEMyMa.

[TomHM: KpUTHYECKasi TOYKA Xp €CTh TOYKAa MMUHHMYyMa, €CIM OHa OTJAEJSET MPOMEXYTOK, B
kotopoM f '(X)<0, ot mpomexyTka, B kotopoMm f'(X)>0, 1 Touka MakcHMyMa - B IPOTHBHOM ClTydae.
Ecnm ke B coceTHUX MPOMEXYTKaX, pa3elIeHHbIX KPUTHIECKON TOUKOM Xg, 3HAK IPOU3BOJAHON HE
MEHsIeTCsl, TO B TOUKE Xo PYHKIHMSI SKCTpEMyMa He UMeEeT.

6. BoruncnuTh 3HaueHHs QYHKIUU B TOYKAX 3KCTPEMyMa.

7. 3anmcaTh pe3yabTaT MCCIEIOBaHUSA (QYHKIMU: TPOMEXKYTKM MOHOTOHHOCTH U
9KCTPEMYMBI.

Anzopumm HaxoxrcoenHusn vINYKI0CHeEll YHKYUU U moyeK nepezuoa:

1. Haxoaum BTOpyr0 IPOU3BOAHYIO.

2. HaxoauM TOYKH, B KOTOPBIX f (x) = 0 WM HE CYLIECTBYET.

3. Uccnenyem 3Hak BTOpPOM MPOW3BOJHOM ClieBa W CIpaBa OT HAWJECHHBIX TOYEK M
JieniaeM BbIBOJ] 00 MHTEpBalax BBITYKIOCTH M O HAIMYUH TOUYEK Tepernoa.

4. Haxoaum 3HaueHre GyHKIIUU B TOUKaX reperuoa.

1. Haiitn yron nakinoHa k ocu 0, KacaTelbHOM NPOBENEHHON K KPpUBOM y = Sinx B

Vi
TOUKE Xo =

-HaiiJieM IPOM3BOIHYIO (DYHKIMIOY = Sinx y' = cos x
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-HalJIeM 3HaYE€HHUE MPOU3BOJHOM B TOUKE X = g y' (g) = cosg = %

-TaHI€HC yIJa HaKJIOHa KacaTelbHOM B JAaHHOM TOUKEe paBeH k =tg « , OTKyJa &X=
arc tg% ~ 26,6°

2. ITox kakumu yriaamu napabona y = x2 + x nepecekaeT ock O, ?

-Haiinem Touku nepecedenus mapadbobl ¢ 0cbi00,, PEIIUB CUCTEMY

{yzx2 +x (-1,0)
y=0 (0; 0)

-ITapabona mepecekaer ocb 0, B Toukax A(1;0);0(0;0) . Haiiném yriaoBsie

K02 (DUIIMEHTHI KacaTeIbHBIX K Mapadoie B ATUX TOUKAX
y=@?+x)=2x+1Lk(-1)=2(-D)+1=-1,k(0)=2-0+1=1

- BBIYUCIIWIIM yIIIBI X4 u K, , 0Opa3yemble KacaTeIbHBIMU B TOYKAX MEPECEUCHUs MapadoIbl
coceto O0,: tg ;= —1,x;=135%tg x,=1,0¢,= 45°

3. CocTaBbTe ypaBHEHHE KacaTelIbHOH K KpuBoil y = 3x% — x B Touke X, = —1

-HaAEM NPOU3BOJIHYIO KPUBOM B TOUKEX

y'=@Bx?—x)'=6x—1;y(-1)=6(-1)—1=-7
-HaiiJIeM KOOpAMHATY TOYKU KacaHUs:
y1) =3-D)-(-1)=4M(-1,4)
-IO0CTaBUM B (JOPMYIy YpaBHEHHS KacaTelbHOM:
y—4==-7(x+1)
y—4=-7x—-7
7x +y + 3 = 0 — ypasuenuexacamenvroti
dopma npeacTaBJIeHNs Pe3yJbTaTa: BRITOJIHCHHOC 3a/IaHNC

<=>{

Kpurtepun ounenku:

OrneHka "OTJIMYHO" CTAaBUTCS, €CJIM padOTa BBHINOJHEHA B IIOJHOM 00BEME C COOJIIOICHUEM
HE0OXO0TMMOM TIOCIICIOBATEIFHOCTH JICHCTBUI; B OTBETE MPABMILHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Onenka "xopomro" cTaBUTCS, €CIIM BBINOJIHEHbI TpeOOBaHMUS K OLEHKE "OTIWYHO", HO
JOTYILEHBI 2-3 HEOYETA.

OreHka "y/IOBJIETBOPUTEIILHO" CTAaBUTCS, €CJIM PabOTa BBHIMOJHEHA HE TIOJIHOCTHIO, HO 00BEM
BBITIOTHEHHON YacTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPABUIIBHBIC PE3YNIbTAaThl U BBIBOJABL; B X0OJI€
MpoBeACHUS PaOOTHI OBUTH TOMYIIEHBI OITHOKH.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €CIM PadoTa BHIMOJHEHA HE TMOIHOCTHIO WIIU
00BEM BBITIOTHEHHOM 4acTH pabOThI HE MO3BOJISAET CAENATh MPABUIIBHBIX BHIBOJIOB.

Tema 4.2 IlpousBoaHasi U eé NPUI0KEHUS

IpakTuyeckoe 3anaTue Nel2
IIpuMeHeHne NPOU3BOAHOM K UCCJIEI0BAHUIO QYHKIMN U I HAXO0KACHUA HANTYyYLIero
pelieHNsl B MPUKJIAIHBIX 3a1a4aX

Heab padorbl: HayunThcs NpUMEHATh NPOU3BOAHYIO QYHKIIMU TPU PEUICHUH 3a1ad.

Beinosnus patdory, Bel Oyaere:

YMETh!

VY1 1 BEINONHATH HEOOXOIUMBIE U3MEPEHHSI U CBSI3aHHBIE C HUMH PacyeThl;

VY1 3 npuMeHsTh MaTeMaTHIECKHE METOIBI JUTS PEeIICHUs TPOdECCHOHATBHBIX 3a/1ad,

MarepuanbHoe obGecneyenue: VHauBuIyadbHbIEe 33JaHus, TaONMLIA MPOU3BOJIHBIX,
KOHCIIEKTHI JICKIIHH.

3aganue:

1. Haiizute HauMmeHbllee W HauOonbliee 3HaueHus Qymkuun f(x) = x* —8x2 —9 ma
orpeske: a)[—1; 1]; 6) [0; 3].
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2. meercss mpoBOJIOKAa JUIMHOM a  MeTpoB. TpeOyercss OrpaauTh STOW IMPOBOJIOKOH
IPSIMOYTOJIBHBIM Yy4acTOK 3€MJIM, O/IHA CTOPOHA KOTOPOI'O IPUMBIKAET K CTEHE 3aBOJICKOTO 3/1aHus,
TakK, YTOOBI TJIONIA/Ib OTOPOKEHHOTO YJacTKa ObLIa HauOOJbINIEH.

3. Ha nByx crpoiimiomankax BO3BOIATCS JABAa OAHOATAXHBIX CKJIaja OOLIeH IJIOLIa]bI0
600m?. CTOMMOCTH MOCTPOMKH CKJIaJa MPsSMO MPOIMOPIHUOHANBHA KBagpaTy ero riomaai. Kpome
TOT0, U3BECTHO, YTO CTPOUTENHCTBO 1M? Ha BTOpO# Iomaake odoxoautcs Ha 40% nopoxke, ueM Ha
nepBoil. Kakoil momkHa OBITH TUIOMIAAb KaXI0TO CKIIa/a, YTOOBI CTOMMOCTh CTPOUTENBCTBA Oblia
MHUHHUMaJIbHOW?

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. Haxoaum KpuUTHUECKUE TOUKU (PYHKIUH.

2. IIpoBepsiem, Kakue U3 HAWJJCHHBIX KPUTUYECKUX TOUCK JISKAT BHYTPHU 331aHHOTO OTpE3Ka.

3. Haxonum 3HayeHus (yHKIHMM HA KOHIIAX OTPE3Ka M B TEX KPUTHYECKUX TOUYKAX, KOTOpHIE
MOTIA/IAI0T B ATOT OTPE3OK.

4. W3 BceX MOY4YEHHBIX 3HaUCHUH (DYHKIIMM BEIOMpPaeM HauMEHbIlee U HanOoJIbIIIee.

Xox pabdoThI:

JInst OTBICKAHMS HAaUMEHBIIEro M HauOOJNbIIEro 3HavyeHus QyHKiuH, auddepeHmpyemoit
BHYTPH OTpe3Ka M HEIPEPHIBHOW Ha €ro KOHIAX, CJIeAyeT HAlTH BCE KPUTUYECKHE TOUKU (DYHKIIHH,
JIe)Kale BHYTPH OTPE3Ka, BBIYMCIUTH 3HAUCHHs (DYHKIMU B 3THUX TOYKAaX M HA KOHIAX OTpPE3Ka, a
3aTeM U3 BCEX MOJIyYSHHBIX TaKUM 00pa30M 4ucesl BRIOpaTh HaNMEHbIIee U HauOoJIbIIee.

1. Haiimute HaumeHbliee | HauOosblinee 3HadeHus: pyukiuu f(x) = —2x3 —3x%2+4 Ha
npomexkyTke :a)[—2;—0,5];60) [1;3].
Pemienue.

Haxoanum KpuTHYECKUE TOUKU (PYHKITUH.
f/(x) = (=2x% = 3x? + 4)l=—x? — 6x = —6x(x + 1);

f/(x) = 0;—6x(x + 1)=0; x = 0 ux = —1. HONYYNIN ABE KPUTHYECKUE TOUKH: X = 0 ux =
-1.

a ) Bnpomescymre[—2; —0,5] nexut ojHa U3 KPUTHIECKUX TOUYCK:X= -1.

Tak xaxk f(—2) =8,f(—1) =3.f(—0,5) = 3,5, 70 HauMeHbIllee 3HaUeHHE  (OYHKIUSA
f(x) = —2x3 — 3x? + 4 nocturaer B Touke x = —1 u paBHO 3, a HauboNbIIee - B TOYKE X = —2
u paBHO 8.. Kpartko 3TO MOKHO 3ammcarh TaK:

Min(_s,_0s) (X) = £(=1) = 3.max(_s,_o5 f(X)=f(~2) = 8.

0) Otpesky [1;3] He MpUHAIIEKHUT HU OJHA M3 KPUTHYECKUX TOYEK, MOITOMY HalaéM
3HaueHMs: (QyHKIMU Ha KoHmax otpeska: f(1) =-2-13-3-12+4=—-1.[1;3];f(3) = -2~
33-3:32+4=-77. . Kparko 5TO MOXHO 3amucaTh Tak: minp .31 f(x) =f(3) =
—7;.max[y3 f(x)=f(1) = —1.

2. Yucno 86 mpeacTaBICHO B BHIC CYMMBI JIBYX CJIaraeéMbIX Tak, 4TO HX MPOHM3BEICHUE
MakcuMalibHO. HalinTe 3TH cilaraeMeble.

Pemenne. IlycTh 3ajaHHOE YHCIO TPEACTABICHO B BHIAE  CYMMBI  JIBYX CJIaraeéMbIX
xuy,r.e.86=x + y.BbIpazum BTOpOe craraemoe 4epes x:

y=86-x.3anuieM TNpousBeieHre STuX uncel B Buae GpyHkouu ot x:.f(x) = x - (86 — x)
Haiiném 3HauyeHuwe X, mpu KOTOPOM (PYHKIIHS

f(x) = x - (86 — x)nocturaer maxcumyma..Haiiném npoussomuyof/(x) u TmpupaBHieM ed
nymo.f/(x) =(x- (86 —x))/ = (86x — x?)/=86 — 2x = 2(43 — x),

2(43 —x) =0,x = 43.

Onpenenum BTOpoe cinaraemoe:y = 86 —x = 86 — 43 = 43.

Otser: x = 43;y =43.

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOJIHEHHAs paboTa.
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Kpurtepun onenkmn:

OreHka "OTIMYHO" CTAaBUTCA, €CJIM padOTa BBIMOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
HE0OXO0IMMOI TIOCIIEIOBATEIFHOCTHU JICHCTBUI; B OTBETE MPABUIBHO M aKKYPATHO BBIIIOJIHEHBI BCE
3alMCH U BEIYUCIICHUA.

Omnenka "xopomio" CTaBHTCS, €CIM BBIOJHEHbI TpeOOBaHMA K OLEHKE "OTIMYHO", HO
JIONYIIEHBI 2-3 HeJ0YeTa.

Onenka "yOBIETBOPUTEIHHO" CTABUTCS, €CITH Pab0Ta BBIMOJHEHA HE TIOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh NMPABWIbHBIC PE3YIbTAaThl U BBIBOJIBI; B XOJIC
MIPOBeICHUS paObOTHI OBUIN JTOMYIIEHBI OITHOKH.

OrneHka "HEYNOBIETBOPUTEIBHO" CTAaBUTCSA, €CIM padoTa BBINOJTHEHA HE IMOTHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacT pabOThI HE TIO3BOJISET ClIENATh MPABUIBHBIX BHIBOJIOB.

Tema 4.3 UHTerpa u ero npujiosKeHust

[pakTnyeckoe 3ansiTue Nel3
Boiuuciienne HeomnpeaeJéHHbIX MHTErPajioB METOI0M 3aMeHbI NepPeMEHHBIX U ¢
NMOMOIIbLI0 MHTErPUPOBAHHUS 110 YACTAM

Heabp padorbl: Hayuntbcs uHTErpupoBaTh (QYHKUHH, HUCHONB3YS PA3NMUYHBIE METOJbI
WHTETPUPOBAHMUSL.

Brinosinus padorty, Bl Oynere:

YMETh:

VY1 3 npuMeHATh MaTeMaTHYECKHUE METOIBI JIJIs PEIICHHS POo(EeCCHOHATBHBIX 3a/1a4;

MarepuanbHoe o0ecnieyeHnne:

NunuBuayanbHble 3aaHus, TAOIUIA HHTETPAJIOB, KOHCIIEKTHI JIEKIUN, YIeOHUKH.

3aganue:

HajiauTe HeonpeaeJgeHHbIe HHTEIPAJIbI:

1) [(8x* — 62 + 2x — 3)dx

It 2x-3x47

2) _,r — = dx

3) [cos(10x —5) dx

4) | 3y

J4X
5) ‘r:5+1sxi

7) J-:.r "_. x dx

IHopsaok BbINOJIHEHUS PA0OTHI:

1. 3amwmcarh 3aaHUE U ONPEICIUTh, KAKUM U3 METOJIOB HHTEIPUPOBAHUS HEOOXOAUMO
BOCIIOJIb30BATHCH.

2. Ecnm mHTerpajs MOKHO HAWTH METOJOM HEMOCPEJCTBEHHOTO HHTETPHUPOBAHHUS, TO,
UCTIONB3YSl CBOMCTBA MHTETPajoB, MPUBEAWTE UWHTETpal K TaOMUYHBIM  (hopmyrnam.
[Ipounterpupyiire.

3. Ecnam wuHTErpanm MOXHO HAWTHM METOJOM TOICTAHOBKH, TO BBEAUTE HOBYIO
nepeMeHHyto, Haigute ee muddepenmnuan. I[locie BBeneHHsST HOBOW MEpEeMEHHON 3aTaHHBIN
WHTETpal TPUBOAUTCA K HOBOMY HWHTErpany, KOTOPBIA sBiseTcs TabnuyHbiM. Haiinurte
MOJYYCHHBIM HHTErpajl. B ciydyae HEONpeneNeHHOro HHTErpajia BEPHUTECh K CTapou
[IEPEMEHHOM.

4. Ecnam uHTErpays HENb3sd HAWNTH  BBINICYKAa3aHHBIMH CIIOCOOaMH, TO TIPUMEHUTE
(dbopMyIlly UHTETPUPOBAHUS MO YacTIM [vav=uv - [vdUu. Dror mMeTox 3akmouaercs B TOM,

YTO MOJABIHTErpaJIbHOE BBIpAXKEHHE MpEACTaBIeTCs KakuM-1u0o o0pa3oM B BUIE

30



npousBeaeHus 1Byx comHoxutened Uu dV. 3arem, nocie Haxoxnenus dUu V, ucnons3yite
(bopMyi1y HHTEIpUPOBAHMS 10 YACTAM.

-Uurterpansl Buaa [ P(x)e~dx, [P(x)sinkxdx., [P(x)coskxdx, rne P(x)- muorounen, k-
YHCJIIO.

Y no6uo nosoxkuth U = P(x),a BCe OCTAIbHBIC MHOYXHUTEIH MPUHATH 3a dV.
-I/IHTerpaJILI BUIA _]"P{:x}nrcs:'nxdx. _]"P{:x}nrccusxd.r. _]"P{:x}{nxdx. J-P{:x}nrctgxdx

[ P(x)arcetgxdx.

YV 100HO NON0XUTh Flxldx = dV, a OCTAIbHBIE MHOXKUATEIN NPUHATH 34 U.

- Murerpans! Buna | e sinbxdx, [ € cosbrdx, re au buncna. 3a UMOKHO NPUHATH (QyHKITUIO
U= g%,

Xox padorwi: Haiitu unTerpaisl:
6x*—5x%+3x+4
1) f X—2 dx
UToObl HAWTHU ATOT UHTETpall, HY’)KHO CHavaja MPUBECTH MOBIHTErPATbHOE BBIpAXKEHHUE K
TabyMuHOMY BUAY. J[71s1 9TOTO IpUMEHsIeM TTOYICHHOE JICTICHHE:
J‘ﬁx*-Sx t3x+d

ﬁ.r4 x4
5 -+ — |dx
-rﬂ L xi

j Gl —5 +— +=Lx-9)n‘

(
o[ s

ax . Gl gyl .
+3 | —+4 | xdx= 3 —5_r+3[r1|.r|+—1+C=2x‘—5x+3[ﬂ|x|——

x
15x%dx
f(l—X3)4'
3TOT I/IHTeraJ'I MOKHO HaUTH C IIOMOIIBbKO MCETOAA ITOACTAHOBKHMH. BBeI[eM HOByIO
EPEMEHHYIO.

2)

1—xf=¢
J"LSx?dx ”’“‘x}—‘” 15dt _ J‘4d 5r3 o5 . 5 .
. .F7 —3xn’x—n’t FrdE = — +C=—35+C= — +
(1—-x%) -3 3t 31 — x%)

wlde = —

3) f{_.r —=1-x}{nr-rz’.r

OTOT HUHTCrpaJl MOKHO HalTH C MHOMOIIBID METoAa HHTCIpHUPOBAHUA II0 4YaCTAM, OH

OTHOCHUTCS KO BTOPOMY BUAY, MOATOMY U = Inx, dV = (x® — 4x)dx.
4

1 . "
dl = —dx, V=J"ix3—=1-_r:|dx=——2x'
x 4

Hcnonb3ys hopMyily HHTETpUPOBAHUS 110 YACTAM, OJTy4aeM

- % . P 11
(x? — =1-x}{nx rdxy=lnx| —— 2x° | — — —2x" |—dx =
4 4 x
x* x? xt x*
——2xT) = — 2 = — 2yt o= z
{M(‘l- _x) J‘(=1- _.r)n’x {M(‘l- _x) _Lﬁ-l—.r +C

4) [(x? = 2x)cos4xdx
DTOT MHTErpaj MOXHO HAWTH C TOMOIIBIO METOJAa WHTEIPUPOBAHUS MO YaCTSAIM, OH
OTHOCHUTCA K IEPBOMY BUIY, TOATOMY U = x* —2x, dV = cosdxdx.

1
U= 2x — 2)dx, V= J‘ cosdxdx = 3 sindx
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Y . 1 1 )
f{_r‘ — 2x)cos4x dx = (2 — 2x) :}an‘}x — f 2 sindx(2x — 2)dx =

. 1 1 i 1., 1 i
(xf — Ex} ‘—1_ sindx — ;J‘ sindx(2x — E}n’x = ‘—1- (x* — Ex}s:’nﬂl-.r — ;J‘ sindx(x — 'J.]n’x =

YroObl HAWTH OCTABIIMIACS HHTErPaJl, CHOBA MPUMEHsEM (POPMYITy HHTETPUPOBAHUS IO
4acTsM.

U=x—1, dV = sindxdx.
1
adll = dx, V= J‘ sindxdx = — Ecus‘}x

1 1 1 1
= (%% — 2%} 5i =1} == S =

4{: 2x) sindx z{fx 1) ( 4cus=1-.r) J‘ ‘1_cus=1-.m’x

: 1 . 1 1
—(x - Ex}s:'nﬂl-x - = {'[__r — 1} ——rcosdx | +— | cosdxdxy =

2 4 4
1 1

= —(x* - 2x) sindx + E{{x — 1) {cosdx) — 3 J‘ cosdxdx =

i 1 . i 1
—(x* - Ex}s:’nﬂl-.r + g {{_r — 'J.]{_cus*i-x} — 3—75:'114: +C

(I)opMa NnmpeaoCTaBJCHUA pe3yJjibTaTa: BbIIIOJIHCHHAA pa60Ta

Kpurtepun ounenku:

OrneHka "OTIMYHO" CTAaBUTCS, €CJIM padOTa BBIMOJIHEHA B MOJHOM 00BEME C COOIOIEHUEM
HE0OXO0TMMOM TIOCIICIOBATEIIFHOCTH JICHCTBUI; B OTBETE MPABMILHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Onenka "xopomwio" cTaBUTCS, €CJIM BBINOJIHEHbI TpeOOBaHHUS K OLEHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Orenka "yIOBIETBOPUTEIIBHO" CTABUTCS, €CJIM PabOTa BBHIMOJIHEHA HE TTOJIHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TAaKOB, YTO MO3BOJISET MOJYYUTh MPABUIBHBIE PE3YIbTAThl U BBIBOJBI; B XOJ€
MIPOBEICHUS pa0OTHI OBUIH JOIYIIEHBI ONTHOKH.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €ClM paboTa BHIMOJHEHA HE TMOJHOCTHIO WIIH
00BEM BBITIOTHEHHOM YacTH pabOThI HE MO3BOJISAET CAENATh MPABUIIbHBIX BHIBOJIOB.

Tema 4.3 UnTerpaJ u ero npujIoKeHust
IIpakTyeckoe 3ansaTue Nel4
Boiuncienue onpeaeéHHbIX HHTETPAJIOB Pa3INYHbIMH MeTOAAMM

Heabr pabdorbi: HayunTbcss HaxoIUTh ONpEAENEHHBbIE WHTErpaibl, HCHOIb3Ysl pazIudHbIE
METO/bI UHTETPUPOBAHHUS.

Boinosinus padoty, Bel Oyaere:
YMETh:
YI[ 3 MPUMEHATE MATEMATHYCCKUEC MCTOAbI JIS PCIICHUSA HpO(l)eCCI/IOHaJ'II)HI)IX 3azady,
MarepunanbHoe obecniedeHue:
NunuBuayanpHbIC 3a1aHMs, TAOIUIIA HHTETPATIOB, KOHCIIEKTHI JICKITUH, YYeOHUKH.
3aganue:
Breraucnure OIMPECACIICHHBIC HHTCI'PAJIbI:
17,04 + 32 + 2x 4 1)dx

17 — 1
1 INQEE ﬁ:] dx

w4

3 dx
2. =
2
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5. J-:.-r ﬂ, T

] Lk

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. 3anucaTh 3aJjaHUE U ONPEJICIUTh, KAKUM U3 METOJ0B MHTETPUPOBAHUS HEOOXOIUMO
BOCITIOJIb30BaThCS.

2. Ecan unTerpan MoxHO HaWTHU METOAOM HEMOCPEICTBEHHOTO MHTETPUPOBAHMS, TO,
WCIIONB3ysl  CBOWMCTBA  HMHTETPAJIOB, MPUBECTH HMHTErpad K TaOJUYHBIM  (popMyiam.

[TpounTerpupoBarh. BEIMUCIUTh 3HAYCHHE OMPENEICHHOrO HHTerpana mo ¢opmyne HproTona-
JletiOHu1IA.
3. Ecau uHTErpans MoKHO HAaWTHU METOJOM IMOACTAaHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO,
Haiitu ee nuddepenuan. [locme BBeeHN HOBOW MMEPEMEHHOMN 3aJaHHBIM MHTETPal IPUBOJIUTCS K
HOBOMY HWHTETpaly, KOTOPBIA sBisieTcs Tabmu4yabpiM. Ecim wWHTErpan omnpeaeneHHbId, TO
HE00XO0IMMO BBIYMCIUTH HOBBIE MPEEIbl UHTErpupoBanus. HailTu nmonydeHHbli HHTErpa.
Xon padoThr:

1) f_31(4 x® —3x?% + 2x + 5)dx

fjli:4x3 — 32’ +2x + 5)dx = 4f:1x3dx—3f:lx:d.r+2f_11_rd.r+ 5_]"_11 de=x* — 2% 4+ 2° + 5x|%, =
3 -3 +3 +5.3-(1+1+1-5)=81-27+9+15+2=80

J-L'-]- 5'%)
T oapose

TOoT HHTCIpal MOKHO HaWTH C MOMOIIIbI0 MeETOJa IIOJACTAaHOBKHU. BBenem HOBYHO
MEPEMCHHY1O.

:x:t |
5
-dx = dt
J-:-l Sdx _if:4 dx __if:-l dx _ 2 * i _
U ogpa502 40 1+'T'.1'3 440 1+|:':-J'_-.L-}i ﬂ’-l':éﬂ’t
Xy — 0 f;_,l =1
LXg = 0.4 tE = 11
=z - =£nrctgt|f5=£{nrctgl — arctg0) =2.I=F
4 = 2 s I 4 e
3)

OTOT HUHTCrpaJl MOKHO HalTH C TOMOIIBID METOJa MOACTAaHOBKH. Bpemem HOBYHO
MEPEMECHHYTO.

r cosx =t 7
T deosx = dt .
sinxdx —stnedx = dt dr 2.1 .. 1 1
—_— = sinvdx = —dt = — =——|I== “|I==———=2—U|5=1|5
. cos'x x5 =0ty =cos0 = 1 J t 2 2t 2-025 2
e r 1
_.rg—a tg—msa—z_

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOJHEHHAs paboTa

Kpurepum ouenku:

Ornenka "oTau4HO" CTAaBUTCS, €ciid paboTa BHIMOJIHEHA B MOJHOM 00BEME ¢ COOI0EHUEM
HEOOXOMMOM MOCIeT0BATEILHOCTH ICUCTBHUI; B OTBETE MPABUIILHO U aKKypPaTHO BBIMTOJHEHBI BCE
3alUCH U BBIUUCIICHUSI.

Onenka "Xopomio" CTaBUTCS, €CIIM BBIIIOJIHEHBI TpPeOOBaHUSA K OIEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.

OreHka "yOBIETBOPUTEIBHO" CTABUTCS, €CIIM PabOTa BBHIMOJHEHA HE TTOJIHOCTHIO, HO 00BEM
BBITTOJIHEHHOW YaCTH TAKOB, YTO MO3BOJISIET MOJIYYUTh NMPABWIbHBIE PE3YJIbTAaThl U BBIBOJBI; B XO/€
MpoBeACHUS PaOOTHI OBUTH TOTYIIEHBI ONTHOKH.
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Onenka "HEyIOBIETBOPUTEIBHO" CTaBUTCS, €CliM paboTa BHIMOJHEHA HE TMOJHOCTHIO WU
00BEM BBITTOJIHEHHOH YacTH pabOThl HE TIO3BOJISET ClIeaTh MPaBUIbHBIX BHIBO/IOB.

Tema 4.3 UHTerpaj u ero npujIoKeHust

IIpakTnyeckoe 3ansaTue NelS
IHocTpoenne kpuBoJMHeliHON Tpaneuuu. [IpuMeHeHue onpeneéHHOT0 MHTErpPaJia K
BbIYHCJICHUIO IUTOIIAeH IIOCKUX (PUTYP H BBIYHMCICHHIO 00bEMOB

Heas pa6orbl: HayuuThecs BBYHCIATH IUOmM@AAd (UIYp M OOBEMBI TeN, HCHOIb3Ys
OIIpECICHHBIC NHTETPAJIbI

Beinosinus patdory, Bel Oyaere:

YMETh:

VY1 1 BEINONHATH HEOOXOIUMBIE H3MEPEHHSI U CBSI3aHHBIC C HUMH PacueThl;

VYa 2 BBUMCHATH IUIOMIAJM M O0OBEMBI JAeTaleld CTPOUTENbHBIX KOHCTPYKLIMH, OOBEMBI
3eMJISIHBIX padoT;

VY1 3 npuMeHsATh MaTeMaTUYeCKHe METOAbI Ul PELIeHUs IPOo(pecCHOHaIbHbIX 3a/ay,

MatepuajbHoe o0ecniedeHue:

WHuBuayanbHble 3aaHNsL, CIPABOYHBIE MaTEpUabl, KOHCIIEKTHI JIEKLUI.

3aganme:
1. Beruucnuts miomaab pUrypel, orpaHUuE€HHON JTMHUSIMU

a) y=—x"+4,y=0
b) y=x* y=x°

c) y=e*, y=e*, y=4

2.BbauciuTh 06beM Tella, MOMy4eHHOTO BpalleHHeM (GUIyphbl, OrpPaHMYEHHON IMHUAMU
y=x, y=1, ¢urypa Bpamaercs Bokpyr ocu Oy.

TlopsA0K BLINOJIHEHHUSI PaGoOThI:

1) MOCTPOUTH rpauku GyHKIHUH
2) HaiiTH 001aCTh, OTPAHUYCHHYIO STUMH I'paduKaMu
3) COCTaBUT OTIpEJICNICHHBIH MHTETPaJl, 11l HaXOXKIACHUS IUIOINAAN HallAeHHOH o0iacTu

Xoa paGoTsI:
[Tpumep 1: Haiitu momans obnactu D, orpaHu4eHHON KPUBBIMU Y = X2+ X + 11,y=2x-9,
MIPH YCIIOBUH,
x<=1
_ 2

y=x" +x-11,
D iy=2x-9

x =1

IIpu pemeHun TakuX 3agad  cjleayeT o00s3aTenbHO  U300pa3sUTh  HCCIEqyeMbId
reoMeTpuyeckuil 00beKT. JlJis onpeaeneHuss HUKHETo Mpejiesia HHTETPUPOBaHUs HaJl0 HAUTH TOUKY

NIEPECEUEHUS] KPUBBIX; YpPaBHEHHE x>+ x + 11 = 2 X - 9 umeer 1Ba KOpHS: X = -1 u X = 2.
[Mogxonsmuit kKopeHs - X = -1. O6nacTh orpaHnyeHa CBepXy mapadoJioi, CHU3Y - IPSIMOM, CTIpaBa -
¥ npsMoit X = 1, kpaliHss neBast Touka - X = -1, mosTomy
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! 321 10

1 X
S(D) = Jl[(zx 0)-(x? +x - 11)};!;::_11(2-;%;)1:: R 2—_+_] [ p+d4] |5

Ecnu o6nactb umeer 6osiee CIIOKHYIO CTPYKTYpY, €€ cileyeT pa30uTh Ha IPOCTHIE YaCTH .
[Tpumep 2
Bbruuciute 00beM Tena, MONYYEHHOrO BpALICHHEM (QUIypbl, OIpaHMYCHHON JMHUAMU

2 _
y=2x-x , y=0 BOKpYT ocu 4,

Pemenue: Kak 1 B 3a7a4e Ha HaXOXXJICHHE IUIONIA/M, pellleHHe HAYMHAETCS € YepTerka
nJ10ckoii purypsl. To ecTh, Ha IIOCKOCTH < HE0GXO0MMO OCTPOUTh QUIYpY, OrPAHUYCHHYIO

_ L
JMHUSMHA * 2x— X

v

1

A i 2

I/ICKOMaH IJI0CKasa (I)I/Irypa 38.IJ_ITpI/IXOBaHa CHHUM IBCTOM, UMCHHO OHA U BpalIACTCA BOKPYT
OoCH QX . B PE3YIBbTATC BpAallICHUA MOJIYYACTCA TaKasd HCMHOTI'O SIATICBUIHAS JICTAOIIAs Tapeiika,

KOTOpasi CHMMETPUYHA OTHOCHTENBHO ocH 4
O0bem Tes1a BpaleHHs1 MOKHO BBIYHCJINTD 110 (hopmy.ie:

3
v =] £ (x)dx

Boruncioum o0beM Tena BpalllCHNUS, UCIIOJIB3YS JIAHHYIO bopmyimy:
2

& 2
V= ;?T]-fz(x}a’x = ;:-rjqzx— Y dx= ;?r_[ (4x% — 42 + xNdx =
a 1]

1}

3 5
= i—x4+x_‘§:ﬂ'. 32 15432 _p|olem
3 ) 3 3 15
=

I8 5% w33500°

OTtBerT:

dopma npeacTaBiaeHus pe3yJbTAaTa: BHIIIOJIHEHHOE 33/1aHNE

Kpurepum ouenku:

Ornenka "oTauuHO" CTAaBUTCS, €clid paboTa BBHIMOJHEHA B MOJTHOM 00BEME C COOIOIEHUEM
HEO0OXOMMOM MOCIIeI0BATeILHOCTH ICUCTBHUI; B OTBETE MPABUJILHO U aKKypPaTHO BBIMOJHEHBI BCE
3aIlMCU U BEIYUCIICHUS.

Onenka "xopomio" CTaBUTCS, €CIIM BBIMOJTHEHBI TPeOOBaHHUS K OIEHKE "OTIWYHO", HO
JIONYIIEHBI 2-3 He04YeTa.

Ornenka "yOBIETBOPUTENHHO" CTABUTCS, €CITU paboTa BHITIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHCHHOW YaCTH TaKOB, YTO TO3BOJISIET MOJYYUTh NMPABWIBHBIC PE3yIbTAaThl U BBIBOJBI; B XOJI€
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MIPOBEICHUS pabOTH! ObUIN JTOMYIIEHBI OITHOKH.
OrneHka "HEYNOBIETBOPUTEIHHO" CTAaBUTCSA, €CIM padoTa BBITOJTHEHA HE IMOJTHOCTHIO WIIH
00BEM BBITTOJIHEHHON YacTH padOThI HE TIO3BOJISET CIIENIATh MPABUIIbHBIX BHIBOJIOB.

Tema 5.1 OcHOBBI TEOPUH BEPOSITHOCTEN U MATEMATHYECKOH CTATUCTUKH

IIpakTyeckoe 3ansaTue Nel6
BorunciieHue BeposiITHOCTEN CJI0KHBIX cOObITHIA. TeopemMbl ci10:keHUST 1 YMHOKEHU S
BeposTHOCTelH. PopMyia HOTHOM BEPOATHOCTH U (popmy.ia bepuyiim

Leas padoTbl: HaydnThcsi HAXOIUTH BEPOSTHOCTh COOBITUH, UCTIOB3Ys (POPMYJIBI
KOMOWHATOPHKHU.

Beinosinus patdory, Bel Oyaere:

YMETb:

VY1 3 npuMeHATh, MaTeMaTHYECKUE METOJIBI ISl PelieHUs PO eCCHOHATBHBIX 3a/1a4,

MarepuanbHoe obecniedenue: VHauBU1yallbHbIE 3a/1aHUS], KOHCIIEKTHI JICKIUH.

3ananue:

1. ToroBsick k JOKJIaQy, CTYACHT BBIUCAI U3 KHUTU IIUTATY, HO, 3a0bIB HOMEp CTPaHUIIbI,
Ha KOTOpPOM OHa HAaXOJWJIach, HaMmucajl HOMEp Haynady. KakoBa BEpOSITHOCTH TOrO, YTO CTYJIEHT
3amnucal Hy>KHbIi HOMEp, €CJId OH IIOMHUT, UTO HOMEP BBIPAKAETCA IBY3HAUHBIM YUCIOM?

2. B smmke 15 neranelt, cpenu xotopeix 10 oxpamensl. COoOpuuk Haymady BBIOpan 3
netanu. KakoBa BEpOsSTHOCTb TOT0, YTO BEIOpaHHBIE A€TATN OKa3alUCh OKPAIICHHBIMU?

3. HMmeercsa 8 xaprouek. OfHa CTOpOHA KaXJIO0M M3 HUX YHUCTas, a Ha JIPyroll HamMcaHbl
oykssl :K,J1,P,J1, A,H,3,I1. KapTouku ki1agyT Ha CTOJ YUCTOM CTOPOHOM BBEPX, MEPEMEIINBAIOT, a
3aTeM TIOCIIEIOBATEIbHO OJHY 3a Jpyroil mepeBopayumBaioT. KakoBa BepOSTHOCTH TOTO, MpU
MOCIIeI0BaTeILHOM MOsIBIeHUH OyKB Oyzaet coctapineH cioBo [IPA3JIHUK?

4. Llernb coCcTOUT M3 HE3aBUCUMBIX OJIOKOB, COEIMHEHHBIX B CUCTEMY C OJTHUM BXOJOM
Y OJIHUM BBIXOJOM. _
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puc. 1
Boixoz u3 ctpost 3a BpeMs T pa3inyHbIX 3JIEMEHTOB LIENU — HE3aBUCUMBIE COOBITHSI,

=01, g,=02;g,=0,3,q,=04,
HMMEIOIIHE CIETYIOIINE BEPOITHOCTHU: Q=YL @=N2 =N G=5% Orgas mo6oro u3
3JIEMEHTOB MPUBOJIUT K MPEPHIBAHUIO CUTHAJIA B TOW BETBH II€TH, T HAXOAUTCS JAaHHBIA SJIEMEHT.
Haiitn Hase:)xHOCTh cucTeMbl/

Ilopsinok BbINOJHEHHSI padOThHI:

Omnpenenure coobiTHE A, BEPOSITHOCTh KOTOPOT'O HY>KHO BBIUYUCIIUTH.

[Tpocuuraiite oOuiee yncio (N) BO3MOXKHBIX HCXOJIOB.

[Tpocuuraiite unciao ucxoAoB (M), 6IATONPUITCTBYIOUIUX HACTYIJICHUIO COOBITUS A.
Ucnone3yiite (Gopmyny A BBIYUCIEHUS BEPOATHOCTH  OINPEAEIEHHOIO COOBITHS.

P owheE

PlA) ==

n
Xon paborsr:
Bepoamnocmelo  codwimuaA  HazplBaeTCs ~ OTHOUIEHHWE  YHCIa M CciIydaes,
OJIaronpUATCTBYIOIIUX €r0 MOSIBICHHIO, K 00IEMY YHCITy BCEX HECOBMECTHBIX PAaBHOBO3MOKHBIX U
00pa3yoIuX MOJIHYIO IPYIIY COOBITHA.
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Takoe ompenencHre BEPOSTHOCTH HA3BIBAIOT KIACCHYECKHM. BeposSTHOCTh COOBITHUS
o6o3Haudaercst P(A) u Beraucisiercs mo gopmyse: P(A) = “:

BeposiTHOCTE mOsiBIIeHUsT COOBITHS 3aKiroueHa B nipeenax oT 0 qo 1: 0 = P{4) =1

[Tpu pereHuu 3a1a4 Ha BBIYMCICHHUE BEPOSTHOCTU MPUMEHSIOTCS (POPMYJIbI IS MOJCYeTa
yyciaa KOMOMHAIIMKA U3 JaHHBIX 3JIEMEHTOB:

- YUCJIO TIEPECTAaHOBOK BBIYMCIIsAETCS 110 opmyite: P, = n!

- YUCJIO pa3MeI_HeHI/II71 H3 N DJIEMEHTOB 110 M 2JIEMEHTOB B KaXXI0OM BEIUHCIISICTCA 110 (bopMyne:
n!

A:ln = (n—m)!

- YHUCJIO COYETaHUH U3 N 3JEMEHTOB IO M 3JEMEHTOB B KaX/IOM BBIUUCIISIETCS 1O (Gopmylie:
n!

Crrln = (n-m)!'m!

HanexHOCTh Ka)JI0ro 3J€MEHTa CUCTEMBI 3JIEKTPOCHA0KEHUSI MOXKHO XapaKTEpPH30BaATh
BEPOSTHOCTHIO PabOYEro COCTOSIHUS P U BEPOSTHOCTBIO OTKaza (. Ecnu He yuuThIBaTh IJIaHOBbIE
MPOCTON (PEMOHTHI), TO MOXKHO CUMTATh, YTO HJIEMEHTHI B JIFOOOW MOMEHT BPEMEHHU HaXOISATCS B
OJIHOM M3 3TUX cOCTOAHUHU. Torna cyMMa BepoATHOCTEM 3TUX cOCTOSIHUM paBHa 1:p + q = 1.

JInst rpynnsl U3 IBYX 3JIEMEHTOB BO3MOJKHBI CIIEYIOINE COYECTAHMUS:

1. o0a areMeHTa B paboyeM COCTOSIHUU;

2. MIEPBBIN AJIEMEHT B BBIHYK/IEHHOM IIPOCTOE, BTOPOH B pab0OYEM COCTOSTHUMY;

3. MIEPBBIN AJIIEMEHT B paboueM COCTOSIHHH, BTOPOIl B BBIHYKJIEHHOM IIPOCTOE;

4, 00a 371eMeHTa B BBIHYKJIECHHOM ITPOCTOE.

BeposiITHOCTH 3THUX COCTOSIHMI MOHO HAWTH, BOCIHOJIB30BaBIIMCH TEOPEMOW YMHOXKEHUS
BEPOSITHOCTEM.

Tak npu nmocsenoBaTe/IbHOM COeIMHEHHHU JIBYX 3JIEMEHTOB C HAJICKHOCTHIO KAXKIOTO P1 U
P2 HaIEKHOCTDH BCEH CXEMBI ompeensierca Kak P = pq * P,

JlpyruMu cioBaMu cxema pabomaem, eciu padomairom ooa rnemenma. Ilpu omkasze
00HO020 (1100020) U3 HUX cxema padbomams He Oyoem (MOK uepe3 yenv He noiioem).

BeposiTHOCTB OTKa3a [JIsl OC/I1e0BATEILHOI0 COeUHEHUS

P =1 — q1q, (105 AByX 2J€MEHTOB).

P=1-q.q,"..q, (1118 n —51eMEHTOB).

[Ipy mapaanenbHOM COeJMHEHMH JABYX 3JJIEMEHTOB C HAJAECKHOCTBIO KaXIO0ro piH
P2HANIEKHOCTh BCEH CXEMBI onpenensercs Kak P = py.p, + D1 - g + p2qq

[Tonp3ysichk hopMysoi A1 BEPOATHOCTH MOSBICHUS XOTSI OBl OJJHOIO COOBITHS, Ha/IEKHOCTb
CXEMBbI MapajieIbHOTO COETMHEHMS 3alUChIBaIOT B BUAe P = 1 — q,q,.

JpyruMu cioBaMu, cxema pabdomaem, eciu padomarwm 00a INeMEeHmMa, HO MaKice OHA
pabomaem, eciu evliioem u3 cmposn u KaKou-iudo0 00uH u3 I1emMeHmaos.

1.Habupast Homep Tenedona, aboHeHT 3a0bul mocieaHue 3 U@psl U Habpan uX Hayaauy,
IIOMHSI, YTO OHM pa3ianyuHbl. HaliiuTe BEposITHOCT TOTO, UTO HAOpaHbI HYKHbIE ITU(PBHI.

Pewrenue:

CobriTHE A- «HOMEp HaOpaH BEPHOY.

Yucno n-o0miee 4YMCIO HMCXOJOB HCHBITAHUA MOJYYHM, BOCIIOJIb30BABIIMCH (HOpMyTaMu
koMOuHatopuku. Beero umeercs 10 mudp, 1.e. yrcio snmeMeHToB paBHO 10; B KaKJ0€ cOeAMHEHNE
BXOJHUT MO 3 1Udphl; TOPsI0oK LUdp (7IEMEHTOB) CYLIECTBEHEH NpU Habope HOMepa, 3HAYMT,
HY>KHO HalTH YUCIIO pa3MenieHuid u3 10 ameMenToB 1o 3 o ¢opmye:

10! 10! _ 7!-8:9:10
A}y = ———=—="——=720. Urak, n=720
(10-3) 7! 7!
Yucno m=1, T.K. TOJILKO OJJUH HA0O0p U3 TPEX UG ABISETCS HYKHBIM. 3HAUUT,
P ="=—

n TI0
2.U3 ypHbI, B KOTOpOii HaxoaaTcs 12 6enbix 1 8 4EPHBIX MIApOB, BHIHUMAIOT HayAa4yy JABa
mapa. KakoBa BeposSTHOCTh TOT0, YTO 00a I1apa OKaKyTcs YEPHBIMU?
Pemenue:
CobriTHe A- «00a mapa OKaKyTCs YEPHBIMUY.

37



Yucno n-o0miee YMCIO HMCXOJOB HCHBITAHUA MOJYYHM, BOCIIOJIb30BABIIMCH (HOpMyIaMu
koMOuHaTopuku. OO6IIIee YHUCI0 BO3MOXKHBIX CIIy4aeB N paBHO YHCITy coueTaHuid u3 20 3JIeMEHTOB

, 200 _ 200 _20-191B!
(12+8) mo nBa: N=C;; = =—= =190.
U7 -z e 12

Uucno ciyyaeB M, ONaronpusTCTBYIOIIUX COOBITHIO A, paBHO YHCIY COYETaHUU U3 8
. 8 B _ BT
2J1eMEHTOB (8 YepHBIX IMIAPOB ) MO ABa: N= C; = =—= =

ME—2y & 1218

m B

P(4) = —=—~ 0147

3.Ha nsitu kapToukax paspesHoii a30yku Hamucanbl OykBel A,3,K,0, M. KapTouku
MepPEeMELIMBAIOTCS U HayraJl packiaasiBatoTcs B psll. KakoBa BeposTHOCTH TOro. YTo moiaydyurcs
cinoBo 3AMOK?

Pemenne: Cobbitue A - «moydutcs ciioBo 3SAMOK.

Uwucno N-o0Imiee YWCIIO MCXOAOB HCIBITAHUS IMOJYYUM, BOCIOJIB30BABIINCH (OpMyTaMu
koMOuHatopuku. OOmiee YUCIO BO3MOXKHBIX CIy4aeB N paBHO YHUCIY NEPECTaHOBOK M3 5
aeMeHToB (OykB): N=P; = 5!1=5:4.3 - 2-1=120.

Yucno ciydaeB M, 01aronpuaTCTBYIOIIUX COOBITHIO A, paBHO 1, T.K. TpeOyeTcsi COCTaBUTh
CJIOBO ¢ OyKBaMU, PACCTABJICHHBIMH B OIIPEICIEHHOM TOPSIKE. A 3TH OYKBBI Pa3IUYHEI.

PA)=T=—

n 170
4.L[eHB COCTOUT U3 HE3AaBUCUMBIX 6HOKOB, COCINHCHHBIX B CI/ICTeMy C OOIHUM BXOJIOM U
OJHHUM BBIXOAOM.
.'1:\
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puc. 1
Beixon u3 crpos 3a BpeMs T pa3nuyHbIX 3J1€MEHTOB 1eNH — HEe3aBHUCHUMBIE COOBITHS,

HMMEIOIINE CIEAYIONINE BEPOATHOCTHU: ©=0,1,6,=0,2,4,=0,3,4,=04. Ortka3 moboro u3
AJIEMEHTOB MPUBOAMT K MPEPHIBAHUIO CUTHAJA B TOM BETBH LIETIH, T/Ie HAXOAUTCS JAHHBIN 2JIEMEHT.
Haiitn Haie>KHOCTL CUCTEMEL.

Pewenue:

CoObITHE A — ccTeMa Ha/IeKHa.

CobbiTue Aj— i-it 610K paboTaeT 6€30TKa3HO.

DOnemeHTHl | ¥ 2 coOeTMHEHBI apaJIeIIbHO, U AJIEMEHTHI 3 U 4 COSAMHCHBI MapaJlIeIbHO, a
MeXIy cO00M OHHM COEIMHEHBI MOCIEI0BATENFHO, TOTAa UCTIONb3Ys (HOPMYIIbI, TOTYIHUM
PlAl=[1-g,0,) [1—g;q,]=(1-0,1-0,2)-{1-0,3 - 0,4]=(1-0,02)- (1-0,12|=0,98- 0,88=0,8624

dopma npeacTaBieHusi pe3yJabTaTa: BHIIOJHEHHAs padoTa.

Kpurtepun onenkmn:

OreHka "OTIMYHO" CTAaBUTCA, €CIIM padOTa BBHIMOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
He0OXO0IMMOM TIOCTIEIOBATENHHOCTH JIEHCTBUI; B OTBETE MPABUIBHO U aKKYPaTHO BBITIOTHEHBI BCE
3aIMCH ¥ BBIUYMCIICHUSI.

Onenka "xopomio" CTaBHTCS, €CIIM BBIMOJTHEHBI TPeOOBaHHS K OIEHKE "OTIWYHO", HO
JONYIIEHBI 2-3 HEeJ04YeTa.

OreHka "yIOBIETBOPUTEIBHO" CTABUTCS, €CJIM PabOTa BBHIMOJHEHA HE TTOJIHOCTHIO, HO 00BEM
BBITIOTHEHHON YacTH TAaKOB, YTO TMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YNIbTAaThl U BBIBOBL; B X0OJI€
MpoBeACHUS PAOOTHI OBUTH TOTYIIEHBI ONTHOKH.

Onenka "HeyIOBIETBOPUTENBHO" CTaBUTCS, €CiM paboTa BBIMOJHEHA HE TMOIHOCTHIO WU
00BEM BBITTOTHEHHOM YacTH pabOThI HE MTO3BOJISAET CAENATh MPABHIBHBIX BHIBOJIOB.
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