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1 HOACHUTEJIBHASA 3AIIMCKA

CoctaB u coaepKaHME NPAKTUYECKUX 3aHATUN HallpaBleHbl Ha peanusanuio dDenepanbHOro
roCyJapCTBEHHOTO 00pa30BaTEIbHOI0 CTAaHAAPTA CPEAHEr0 NPOPECCHOHATBHOIO 00pa30BaHMsL.

Benymieid auaakTHUECKOW NENbI0 MPAKTUYECKUX 3aHATHH SBIsETCS (OPMHUpPOBAHUE  YUEOHBIX
IPAaKTUYECKUX YMEHMH (YMEHHMH pelaTh 3ajadyd 10 MaTeMaTHKe) HEOOXOAMMBIX B IOCIEAYHOIIeH
y4eOHOI 1eITeTbHOCTH.

B cootBercTBUM ¢ paboueil nmporpaMMoil yueOHOM AMCHUIUIMHBI «MareMaThka» MpesyCMOTPEHO
NPOBEJICHUE NPAKTUYECKUX  3aHATHH. B pamkax mNpakTUYecKOro 3aHATHA OOydYalomMecss MOTYT
BBINOJIHATH OJIHY WJIM HECKOJIBKO ITPAKTUYECKUX PadoT.

B pe3ynbrare X BBINOIHEHUSI, 00Y4aIOIUNACS JOKEH:
ymembs:
V1. BBINOJIHATH HEOOXOAUMBbIE U3MEPEHUS U CBSI3aHHBIE C HUMU PaCUeThl;
Y?2. BBIYHCTATH TUIOMIATH ¥ 00BbEMBI JIeTaIel CTPOUTEILHBIX KOHCTPYKIUN, 00BEMBbI 3eMJISTHBIX padoT;
VY3. npuMeHsITh MaTeMaTU4YEeCKHE METOIbI ISl pelieHus MpodeccuoHAbHBIX 3a/1ay;
Y01.2 aHanu3upoBath 3a1a9y |/WIA TPOOJIEMY H BBIICIATH €€ COCTaBHBIC YaCTH;
VY01.3 onpenensath 3Tanbl peluieHus 3a/1auu;
VY01.9 peanuzoBaTh COCTaBICHHBIH TJIaH;
Y02.4 cTpyKTypUpOBaTh MOJIy4aeMyro HHGOPMAIHUIO;
VY02.7 ohopMIsSITh pe3ybTaThl OUCKA.

ConmepkaHne TPaKTHYECKMX pPabOT OPHEHTHPOBAHO HAa TOATOTOBKY OOYYaroIUXCS K OCBOCHHUIO
npoeccHoHaNbHBIX MOAYJEH MPOrpaMMbl MOATOTOBKU CIICIIMAICTOB CPEIHETO 3BE€HA MO CHEUATbHOCTU U
OBJIAZICHUIO NPOGheccuonanbHbIMu KOMREMEHUUAMU:
- [IM O1. YyacTue B IpOEKTUPOBAHUY 3/IaHUN U COOPYKEHHUIA,
- [IM 02. BeirorHeHHE TEXHOJIOTHYECKHUX TPOIIECCOB HA 00BEKTE KATUTATLHOTO CTPOUTEITHCTBA.
A Tak:ke POPMHUPOBAHMIO 0OULUX KOMNEMEHYUIL.
OK 01 Bri6upath ciocoObl penienus 3a1a4 npoecCuOHAIBHON 1eATeIbHOCTH TPUMEHUTEIBHO

K pa3JIMYHbIM KOHTCKCTaM.

OK 02 Ocy1iecTBIATh NOUCK, aHATN3 U HHTEpIpeTaluio HHPOopMaluu, He0OXOAUMOM JIs
BBITOJIHEHUS 3a]1a4 TPOPECCHOHATBLHOMN 1EATEIbHOCTH.

BoinonHenne oOydaromuxcsi NMpakTUYecKuX padoT mo ydeOHoW aucuumianHe «MareMmaTuka
HaIpPaBIIEHO HA:

- 000011IeHre, cucTeMaTr3aIuio, yriayoieHne, 3aKperieHne, pa3BUTHE U JCTATU3AIUIO TOTyYEeHHBIX
TEOPETUYECKUX 3HAHUN IO KOHKPETHBIM TeMaM Y4eOHOM TUCIUTUTHHEI;

- (hopMUpOBaHHE YMEHHI MPHUMEHSTH MOJyYCHHbIC 3HAHUS Ha TPAKTHKE, PEeaTH3alui0 €IMHCTBA
MHTEJJIEKTYaTbHOW U MPaKTUYECKON JAeSITeTbHOCTH;

- (opmMHpoBaHNEe W pa3BUTHE yMEHHI: HAOIIONaTh, CPAaBHHBATH, COIOCTABISTH, AHATM3HPOBATH,
JieNaTh BHIBOJBI M OOOOIICHNUS;

- BEIPaOOTKY MPH PEIICHUH ITOCTABIICHHBIX 33J1ad MPO(EeCCHOHATHHO 3HAUNMBIX KAQ4eCTB, TAKUX KaK
CaMOCTOSITENTLHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAsT MHUIIMATHBA.

[IpakTyeckue 3aHATHS MPOBOJSATCS MOCIE COOTBETCTBYIOLIEH TEMbI, KOTOpasi oOecrieunBaeT HaJIMuue
3HaHUH, HEOOXOUMBIX JIJISI €€ BBITIOIHEHUSL.



2MEPEYEHb TIPAKTUYECKHX 3AHATHA

Pa3nesibl/TeMbl Tembl npakTuyeckux/iadoparopusix | KosmuyectBo | TpedoBanus
3aHATHH 4acoB ®oI'ocC C1io
(ymertn)
Paznes 1. JjieMeHThI AaHAJINTHYECKON TeOMeTPHH 4
1.1 Koopaunarel | Ilpakmuueckasn  paboma Ne 1. |2 Vi, V01.2,
U BEKTOPbI [IpuMeHeHrne BEKTOPOB MJIA PELICHUS v¥01.3,¥01.9
FEOMETPUUYECKUX U MPAKTUYECKUX 3a]1a4
1.2 Ipsimas wHa | Ilpakmuueckan paooma Ne 2 Peumienue | 2 Vi, V01.2,
IVIOCKOCTHM M B | 33a4 HA pACIOJIOKEHHUE IPAMBIX Ha v¥01.3,¥01.9
NMPOCTPAHCTBE IUIOCKOCTH U B IIPOCTPAHCTBE
Pa3znen 2. [IpakTudeckasi reoMeTpust 4
2.1 Inomanu | Ilpakmuueckan paboma 3. Pacuer |2 V1,V2
MJIOCKUX (UTYP W | IUIOIIAJEH CTPOUTENbHBIX KOHCTPYKIHIA
MOBEPXHOCTEH
TeJl
2.2 Oobémbl Ten | IIpakmuueckasn paboma 4. Beraucienue | 2 V1,V2
00BEMOB neranemn CTPOUTENIbHBIX
KOHCTPYKLUHM, omnpeneneHne o0bema
3eMJISIHBIX paboT
Paznen 3. Jluneiinas aareopa 8
3.1 Marpuusl u | Ilpakmuueckaa paboma 5. ]leiictBus | 2 vy3
onpeaeauTen HaJI MaTPUIIAMH
Ilpakmuueckasn paboma 6. Beraucienue | 2 Y3
ONpeenuTeNedl BTOPOTO U TPETHETO
MopsiIKa
3.2 Cucremsl | IlIpakmuueckas paooma 7. Pemenue | 2 V3
JINHEHHBIX CHUCTEM JIMHEMHBIX YPaBHEHUM METOJIO0M
YPaBHEHUI Kpamepa
Ilpakmuueckas paooma 8. Pemienwue | 2 V3
CHUCTEM JIMHEHMHBIX DPABHEHUH METOJIOM
I'aycca
Pasznen 4. JiieMeHTBI MATEMATHYECKOT0 AHAJIHU3A 14




4.1
IMocaexoBaTesLH
OCTH M Tpe/ieJibl

Ilpakmuueckan paboma 9. Beruucnenue
IPENENOB  IOCIEI0BAaTENbHOCTEH U
(GyHKIMH ¢ TPUMEHEHHEM DPa3IUYHBIX
MeToqoB. MccnenoBanue ¢GyHKIUH Ha
HENPEPbIBHOCTb, OINpPEJEIIEHUE TOUYEK
paspbiBa

V3

4.2 TlpousBoaunas | IIpakmuueckasn paboma 10. v3, V01.2,
U eé mpuiaokeHusi | Beiuncienne mnpousBoAHON (GYHKITUH. YV01.3,¥01.9
[Ipumenenue MPOU3BOAHOMN K
NPUOIMKEHHBIM BBIYHCIICHUSM
Ilpakmuueckasn paboma 11. Vi, v3,
CocraBiieHue ypaBHEHUsI KacaTelbHOU U Y01.2, V01.3,
HopMaiii. OrmnpeneneHue 3KCTPEMYMOB Y01.9
¢byHkuyu. Beruncienue HanOoONbIIEro U
HAUMEHBIIETO0 3HAYCHUH (QYHKIMHU Ha
3aJJaHHOM OTpe3Ke
Ilpakmuueckasn paooma 12. Vi, V3,
[Ipumenenue IIPOU3BOJAHOMN K V01.2, ¥01.3,
UCCIIEIOBAaHUIO  (YHKIMHM W JUIA ¥01.9
HAXO0X/ECHNS HaWIydlllero pelIeHus B
IPUKIIAIHBIX 3a7a4ax
4.3 Wurerpan wu | IIpakmuueckasn paboma 13. V3, V01.2,
ero npuJjoxenus | Beruncnenue HeonpeaeNEHHBIX ¥01.3,¥01.9
MHTETpajioB METOJIOM 3aMEHbI
NIEPEMEHHBIX " c MIOMOUIBIO
WHTETPUPOBAHUS IO YACTIM
Ilpakmuueckasn paboma 14. V3, V01.2,
Beruncnenue ONpeIeaEHHBIX ¥01.3,¥01.9
WHTETPAJIOB PA3IUYHBIMUA METOJAMHU
Ilpakmuueckasn paboma 15. Vi1, V2, V3,
ITocTpoeHre KpUBOJIMHENHON TpaIeLyu. V01.2, Y01.3,
IIpuMeHeHne OnpeneeHHOro0 NHTErpaa ¥01.9
K BBIYUCICHUIO IUIOMAACH TITOCKUX
¢Guryp v BbIYUCICHUIO 00BEMOB
Paznen 5. OcHoBbI  TeopuMHM  BepOATHOCTEH W
MaTeMATHYeCKON CTATUCTUKH
5.1 BepositHocTh. | IIpakmuueckan paboma 16. V3, V01.2,
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OcHoOBHBIE Briuucinenue BepOSITHOCTEH  CIIOMXKHBIX v02.4,v02.7
TeopeMbl TeopuH | COObITUH.  TeopeMbl  CIOXKEHUS H

BepPOsAATHOCTEM YMHOXEHHSI BepoATHocTer. Dopmyna

MOJTHOM  BEpPOSITHOCTH u  (opmyna

bepnynnu
5.2 OcHoBbl | IlIpakmuueckasn paboma 17.| 2 Y3, V01.2,
maTtemMaTudeckoii | CocTtaBiieHue CTaTHUCTUYECKOIO v02.4,Y02.7
CTATHUCTUKHU pacnpeziefieHus: BBIOOPKH, MOCTPOEHUE

IMOJIMTOHA U TUCTOT'PpaMMBbI

UTOroO 34

Ipu 3a0unHol Gopme oOyueHus npakrtuueckue 3amstust Ne 2, 3, 5, 6, 8, 9, 10, 12, 13, 14, 15, 16, 17
NpOpadaThIBAIOTCS 00 YYAIOIIMMHUCS CAMOCTOSITEITBHO.



3SMETOAUNYECKHUE YKA3AHUSA

Tema 1.1 KoopauHaThl M BEKTOPbBI

IIpakTuyeckoe 3ansaTue Ne 1
Ilpumenenue 6ekmopog 014 peuwteHun 2eoMempuiecKux U RPAKMUYecKux 3a0ay

Heab: popmupoBaHre yMeHUH periath reOMETPHYSCKUE 33]]a4H ¢ KOOPAMHATAMHU U BEKTOPAMHU.

Beinosinus patdory, Bel Oyaere:

ymembp:

- BBIIIOJIHATH I[CﬁCTBI/ISI C BGKTOpaMI/I;

- IPUMEHATH METOJ KOOPIUHAT IPU PEIICHUH I€OMETPUUECKUX 3a1ad.

MarepuajibHoe o0ecnieyeHue:
I/IH[[I/IBI/IIIyaJII)HBIC 3aJaHus1, KOHCIICKTHI HGKHHﬁ.

3aganue:

Pemmnre 3amaun:

M- KOJUYECTBO OYKB B UMEHU
N- KOIWYecTBO OYKB B (paMHIIUU
p- Mmecsn poXIaACHU

—

1. Tawbr aBe touku: A(m;—n;0) u B(p; —n; 2).Paznoxure BekTop AB 10 BEeKTOpaMm 0Oazmuca u
HAWJIUTE €ro JJIMHY.
- > 2 2 S - N . - - -
2. Jlausl BexTOopbl @ =P i— j+ MK u b = n i+ p k Haiiiure KoopauHaTel BekTopa ¢ =ma—nb .
- - -

N
3. BolunciauTe CKanApHOE INpOM3BENEHHME BekTopoB(a—2D)-a, ecom  a= {— m;n; p} u

N
b ={0;—p;n}.
- -

4. Tlpu KaKOM 3HAUYEHUM «X» BEKTOPHI A = {m;—n; X} ub= {— 2m; 2n; p} OyIyT KOJIITUHEAPHBIMH?

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. BHuMaTenbHO O03HAKOMBTECH C YCIOBHEM 3aJaHUS.

2. Tlonwp3ysick KOHCHEKTaMH JIEKIMM, MOAOEepUTE HYXKHYIO (QOPMYITy WIH COOTBETCTBYIOIIEE
YCIIOBHE JUIsl pELIEHUs 3a/1a4n

Xoa paGoTsI:

3amaua Ne 1. Jlanst Touku A(—3;1; —1) u B (2; —4; 1).

—

Paznoxure BekTop AB 10 BEKTOpam Oa3uca ¥ HalAWTE ero IJTUHY.
Pemenue.

1) ﬁ = {2 -(-3);-4-11 —(—1)} = {5;—5;2} - KOOpAUHATHI BEKTOPA.
2) Paznoxum AB 1o BEKTOpaM Oa3uca:

AB =5i-5j+2K.

3) Anuny |AB| natizem no dopmyse:



=yx*+y*+12%;

N
a

AB|=./5% +(-5)2 + 22 =64 =/9-6 =36

3amaua Ne 2.
- - - —

- — - - - -
Jansl Bektopsl @ = 1—3 j+ K u b = 2i+ k .Haiigure koopaunarel BekTopa ¢ = a— 2 b .Penienue

a={-31.
b={-201); 2b={ 402},
c=a-2b={-31} - 402}=f- (4)-3-01-2}={5-3-1}.

3amaua Ne 3

e - -
Brrunciure ckansproe npoussenenne (2a+b)-a, ecnim a = {1;0;3} ub= {2;—1;1}.
Pemenue

1) Haiiném koopauHatel 2 Z :
-
2a=1{2,0,6}
2). Haiiném koopauHatsl 2 Z+ B:

2a+b={2,0,6}+ {2-12) = {417},

3). Haiiném ckanspHoe mpou3BecHue:

(2a+b)-a=4-1+0-(<1)+3-7=25.
OTBerT: 25
3amaua Ne 4.

N |-
Nlow

RN -
4. TIpy KakOoM 3HAYEHUH «X» BEKTOPHI & = {4;—6; X} ub= {— ;3} OyIyT KOJUTMHEAPHBIMU?

YcaoBue KOJUIMHCApHOCTU BEKTOPOB:

-7 X _ N _ 4
a M b KOJUIMHEApHBI, €CIIA — = —— = — .
X2 Y2 I

[Tony4um:
4 _-6_Xx
133

2 4
—8:5; X=-24.

3

OtBer: x=-24.

(I)opMa npeacTaBJCHUsA pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kpurtepun onenkmn:
Ouenka "OTJMYHO'" CTaBUTCS, €ciii paboTa BHITIOJIHEHA B TOJHOM O0BEME C COOJIOJEHHUEM
HEO0OXOIUMOM TIOCTIEOBATENIBHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
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3aMUCH U BBIYUCIICHUSI.

Ouenka "'xopomo' CTaBUTCS, €CIIU BBHIITOJHEHBI TPeOOBaHUS K OIEHKE "OTINYHO", HO JOMYIICHBI
2-3 Hezouera.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJISECT MOJYYUTh IPaBUJIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOThI OBUIH JOMYIIEHBI OITHOKHU.

OueHka ""Hey10BJI€TBOPUTEIBHO'" CTaBUTCS, €CIIM padOTa BBHIIOJIHEHA HE MOJHOCTHIO UITN 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BBHIBOJIOB.

Tema 1.2 [IpaMasi Ha VIOCKOCTH U B MPOCTPAHCTBE

IIpakTyeckoe 3ansaTue Ne2
Pewenue 3a0au na pacnonoicenue npamvlx Ha NAOCKOCMU U 6 NPOCMPAHCMEe

Heab: popmupoBanue yMeHU# pemiarh 3a/1a4l Ha B3aUMHOE PACIIOIOKEHUE MPSIMbIX.

Brinosinus padorty, Bl Oynere:

ymemb:

- OIIPEIENIATh BUJ B3aUMHOI'O PACIIOJIOKEHHUS IPSIMBIX HA IIJIOCKOCTH U B IPOCTPAHCTBE;
- COCTaBJIATh YPaBHEHUE MPSIMOM.

MarepuanbHoe obecnieyeHnme:
WnnuBuayanbHble 3a0aHus], KOHCIIEKTHI JISKIUH.

3ananue:

M- KOJUYECTBO OYKB B UMEHU

N- KOIW4YecTBO OYKB B (paMHIINU

P- Mecs1 poxKACHUS

1. Haiitu Touky nepeceueHus npsMpix: mx —py +n=0 n x—y—p =0.

2. HaiimuTe OCTPBIN YroJ MeXy PSIMBIMH:

mx+ny—p=0unx—py—nm=0.

3. CocraBbTe ypaBHEHHE TPSMOM, MapaICIBbHON MpsMON PX+ Y —M =0 u mpoxoasmiei yepes
Touky A(—n; 1).

4. U3 touku A(m; —1) Ha mpsamytro NX+ py+1=0 omymen nepnenaukynsp. CocTaBbTe €ro
YpaBHEHUE.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. BHuMaTenpHO O03HAKOMBTECH C YCIOBHEM 3aJaHUS.

2. Ilonp3ysiCh KOHCIEKTAMHU JIEKIUU, MOAOEepUTEe HYXKHYIO (OPMYyIy WU COOTBETCTBYIOIIEE

yCIIOBUE JJISl pELICHUS 3a1a4U

Xoa padoThI:

3anmaga Ne 1

Haiitu Touky nepeceyeHus NpsMbIX :

2Xx+3y—-12=0wu x—-y-1=0.

Pemmm cucremy:

2X+3y—-12 =0, 21+ y)+3y-12=0,
X—y—-1=0; Xx=1+Yy;

10



X=1+Yy; x=1+Yy;
Otser: Touka M (3; 2).

{2+2y+3y—12:0, {5y=10, {y:Z,

3amgauga Ne 2

Ol'IpeI[CJ'II/ITB YroJjl MEXAy IMpAMbIMU, 3aJaHHBIMHA YPAaBHCHUSAMMU
2Xx—3y+6=0wu x+5y—-2=0.

Pemenue
Haiinem yrnoBbie KO3 GUIIMEHTHI STHX MPSMBIX:
2Xx—-3y+6=0; X+5y—-2=0
-3y =-2X—-06, Sy=—-X+2,
y—zx+6 y——1x+g

3 5 5

2 1
k1 = g k2 = —g.

kz — kl
IloncraBuM ~ HaWJEHHBIE  3HAYEHUS ki, wu k, B Gopmyiy: gp=—~——.
1+Kk -k,
12z B
G- =gy =L
1+(-2)-— =
5 3 15

tgp=-1 ¢=135°
[Tonmy4eHHBI Yronm MeXAy HpsSMbIMH - Tynod. CMeXHBI ¢ HHM, OyIeT OCTpBId, TO €cTb

@, =180° —135° =45°.

3agaga Ne 3

1. CoctaBpTe ypaBHEHHE MPSIMOH, MapayuIeabHON npsaMoit 5X + 3y —7 =0 u npoxonsmien yepe3
Touky A(-2;6).

Pemenue
CocraBum YpaBHEHUE ITy4Ka MPSIMBIX, MIPOXOJIALINX yepes TOUKY
A(-2;6).
y—6=Kk(x+2)
HaxonuMm yrinoBoit ko3¢ GUIMeHT JaHHONW IpsSIMOif:
3y =-bx+7,
5 7 5
y=——X+—; kj=——.
3 3 3
5 . . .
Tak kak npsiMble MapaIeabHbl, TO K, = — 3" yrJ10BOH K03(pPULIMEHT HCKOMO MPSIMOH.
. 5
[ToxcTaBuM HaiiieHHOE 3Ha4YeHHe K, = —— B ypaBHEHHUE My4Ka MPSIMBIX:
y—-6=k(x+2);
rocJie mpeodpa3oBaHMs MOIYIHM:
5x+3y—-8=0.

11



3anaga Ne 4
U3 Touku A(-3;5) Ha mpsimyto X — 2y + 3 =0 onymieH neprneHukyisp. Hanucare ero ypaBHeHHe.

Pemenue
CocraBum ypaBHEHUE IIy4Ka IIPSIMBIX, MPOXOIAIINX yepes TOUYKY
A(=3;5).
y —5=k(x+3).
Haiinem yriosoii koadduuuent k, npsamont X —2y +3=0;
-2y =—X-3;
y=ber 2,
2 2
=2,
1
VuuTeIBas YCIOBUE IEPICHIMKYISAPHOCTH NpSAMBIX: K, = —k— , HalJleM ypaBHEHHE MCKOMOMU
2
IpsAMON
k, =-2.
y—5=-2(x+3);
y+2x+1=0.

OtBet: Yy +2Xx+1=0.

®opma npeacTaBaeHus pe3yJabTaTa: BHIIOJHEHHOE 33aJaHHE.

Kputepun onenkmn:

Ouenka "OTJAMYHO'" CTaBUTCSA, €CiM padOTa BBINIOJIHEHA B IOJHOM O0BEME C COOJIIOJIEHHUEM
HEOOXOMMO TIOCIIEAOBATEIFHOCTH JCWCTBUI; B OTBETE MPABHJIBHO M AaKKypaTHO BBIMOJHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Ounenka "xopomo' cTaBUTCS, €CJIU BBIIOJIHEHBl TPEOOBaHUS K OLIEHKE "OTINYHO", HO JOIYIIEHbI
2-3 HenmoueTa.

Ouenka "ya0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITNIOJTHEHHON YaCTH TaKOB, YTO IO3BOJISIET IOJyYUTh NPAaBUIIBHBIE PE3YJIbTaThl U BBIBOJBI;, B XOZE
MPOBEACHUS PA0OTHI OBUIH JOMYIIEHBI OIITHOKH.

Ounenka ""Hey10BJIETBOPUTEJIBLHO'" CTAaBUTCS, €CIIM paboTa BBHIIOJIHEHA HE MOJHOCTBIO WM 00BEM
BBITIOJTHEHHON YacTH pabOTHI HE MO3BOJISET CAENATh MPABUIIBHBIX BBHIBOJIOB.

Tema 2.1 Ilnomaam mJIocKux (puryp u NnoBepxXHOCTE TeJ

IIpakTuyeckoe 3ansaTue Ne3
Pacuem nnowadeit cmpoumenbHvlX KOHCMPYKYUIL

Iesan padoThl: GopMHpPOBAHUE YMEHUN BBIYMCIIATDH IUIOLIAN KBAPTUP, OKOH, PA3IMYHBIX
MJIAHUPOBOYHBIX U 00BEMHBIX KOI(P(OUIIMEHTOB, NCIIOJIb30BaHNE PAaHEE NMOJYUYEHHBIX 3HAaHUH 110
reOMETPHUH, YCTAHOBUTH U MOKA3aTh HATJISAIHO CBSI3b MATEMATHKHU CO CIELHUAIBHBIMY JUCIUIUIMHAMU,
Harpumep, «ApXUTEKTypa 31aHHUI»; BbIpaboTaTh y 00yUaronnxcsi CTpeMJIeHHE K TIIyOOKOMY

YCBOCHHIO MOJIYYEHHBIX 3HAHUH, 00ydueHHe palnoOHAIbHBIM IpHeMaM Tpy1a U yMEHue
CaMOCTOSITETIbHO paboTaTh.
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Beinosinus patdory, Bel Oyaere:
YMETh:

- BBITIOJHSATH HEOOXOAMMBIE HM3MEPEHUS U CBSI3aHHBIC C HUM PACUeThl; BEIYUCIISITH IUIOMIAIN IeTaIeH
CTPOUTENbHBIX KOHCTPYKIIUI;

- OPUMCHATH MAaTCMAaTUUCCKHUEC MCTOAbI JIA pCIICHUSA HpO(beCCI/IOHaHBHBIX 3aaad.

MarepunanbHoe obecrnieyeHue:

1. Tabnuua: «Bpruncienue miomanei pa3anyHbIX FreOMETPUYECKUX PUTYP Ha IITOCKOCTUY.
2. KapTouku-3amgaHusi AJis BBIIIOJIHEHUS UHIMBUAYAIBHBIX paboT mo 30 BapuaHTaMm.

3aganmue:
Bpraucnuth miomnanab KBapTUPHI.

ITopsinok BbINOJIHEHHUSI PAa0OTHI:
1. TToBTOpenue GopMyI BHIYUCICHUS TLIOIIAIEH

a =]
a
a A=a A=a-b
b
b a+b
A= h
h
a A=a.-b-sina
A=a -« he=b+h, a
L h
= ah,
am
c b 1
- 1 h A= absina
a A= - -a-b , "
< a+bec
a p=

A=

[}
»
|

&

AJITOPUTM pelleHusl 3a1a4u:
1. TlepeuepTuTh IIaH KBapTUPHI B T€TPalb, U3MEPSS IMHEUKON IITMHBI CTEH.
[Inan kBapTupsl BeiuepuuBarh B Macirade 1:100 (B 1 cm — 1 m).
2. 3anucaTh pa3Mepsl NOMEIIEeHUH U KOMHAT, cobmoas MmacmTad 1:100.

3. BreruucnuTs mionans Kax10i KOMHATEI M ITOACOOHEIX TOMEIIEHNH oTaenpH0: A = a’b.
4. BBIYUCIUTH MOJE3HYIO ILIOMIAIb:
A, o=A1 + Ay +A3 +...
[Lnomans moACOOHBIX MOMEIIICHHUIHA:
An.n :AK + Ag +Am +AK,‘I+Anp +A Kop

O6myro mromans: Aggy =Anor + Ann

5. BpruucnuTh NIaHUPOBOYHBIA KOIPHUIIUEHT:

K:An(m/ A06m: Anm/ (An0ﬂ+Ann)

6. Bbl6paTB pasMEpbl OKHA WJIXM OKOH B KOMHATC M B KYXHC, ONPCACINTL IJIOIIaAb Ka)XJ0Tro
OKHa.

1,5-1,2 = 1,8 1?

1,5-1,5 = 2,25 m?
1,5-1,8 = 2,70 m?
1,5-2,1 = 3,15 m?
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3aoaua 1. [lan nnan keapmupwi. Mzmepum pazmepvl KOMHAM U NOOCOOHBIX NOMewjeHuUll U neperecem
ux 6 mempaos ¢ macuimaoom 1 cm = 1 m.

| | ‘ |

| |
Kyxus 1 | 2 3

| : \

W

B . f/ "\..

T/ ~ [T

1. 3anuwem pazmepvr kKomHam u nOOCOOHBLIX NOMEUWeHUL 8 MEMPAOb:
-1 komuara a =3,2m; b = 2,6 u;
-2 xomHara a = 3,6 M;b = 2,4 m;
-3 komHaraa = 5,0 b = 3,2
-kyxHs a = 3,2 m;b = 2,8 u;
-BanHas a = 1,1m;b = 1,5 m;
- tyanera = 0,7 ;b = 1,5 m;
-xnagoBag a = 0,50, b = 2,4 m;
- npuxoxas a = 1,8 m; b = 3,9 u;
- xopunop a = 0,9 m; b = 2,4 m;
2. Buviuucaum niowaou omoenbHo KaXcOOol KOMHAMbL U NOOCOOHO-HAONI00AeM020 NOMeEULeHUS.
A =3,2-2,6 =832n%
A, = 3,6 2,4 = 8,64 %
A; =5,0-3,2 = 16,0 v%
A, =3,2-2,8=8,96n%
A,=1,1-1,5=16,5n%
»=0,71,5 = 1,05 u?;
.=05-24=12m2%;
wp = 1,8-3,9=7,02 M?;
wop = 0,9 -2,4=2,16 M?;
3. Buiuucnum nonesnyio niowjas, niouwjadb HOOCOOHBIX NoMeweHull U 00Uy NIoujadb Keapmupbwl:
Ao = 8,32 + 8,64 + 16,0 = 32,96 M°.
Anopnon = 8,96 +1,65+1,05+1,2+7,02+2,16=22,04 M.
Ao = 32,96 + 22,04 = 55 M°.
4. Borunciaum Ko3pPUIMEHT MIaHUPOBOYHBIM:
K =32,96/8,96 = 0,599 = 0,6.
5. Jlms KyXHU ¥ KOMHAT BBEIOMPAIOT OKHa ¢ Tuiomaneto 1,5-1,5 = 2,25 M2,
6. Bprancium k03 GUIMEHT 0CTEKICHHOCTH:
Kocrxyxm = 2,25/8,96 = 0,25.
Koer. 1xomn = 2.25/8,32 = 0,27.
Koer. 2x0mn = 2.25/8,64 = 0,26.
Koer. 3xomm = 2.25/16,00 = 0,14.

A
A
A
A

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
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Kpurtepun onenkmn:

—  «OrmmyHO» -  yMeHHs C(GOPMHPOBAHBI, BCE 3aJaHMs BBHIMOJHEHBI TPAaBWIBHO, 0€3
apudmeTnyeckux ommOOK, pernieHrne opopMIICHO aKKypaTHO, C HEOOXOJUMBIMU 000CHOBAHHUSIMHU.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHEHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuoOkaMu. bezommbouno BemosHeHo 80-89 %
BCEX 3aJaHUMH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJIBIITMHCTBO  3aJaHU BBIMIOJIHEHO, HEKOTOPHIC W3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3aqaHu.

- «HeynoBiIeTBOPUTEIEHO» - TEOPETHUECKOE COIEPIKaHNUE Kypca HE OCBOCHO, HEOOXOAMMBIC
yMEHUS He C(POPMHUPOBAHBI, BHITIOJHEHHBIE yUeOHBIC 3aJaHusI COACPIKAT rpyObIie omuoOKku. be3ommbouHo
BeINOIHECHO MeHee 70% Bcex 3aJaHui.

Tema 2.2 O0LEMBI Te

IpakTnyeckoe 3ansitue Ne4
Buviuucnenue 06vémos oemaneii cmpoumenpbHvlX KOHCMPYKYUil, onpeoeienue 00véma
3eMIAHBIX padom

Heab padoTbl: GopMHUpOBaHHE YMEHHUI BHIYUCIATH 00BEMBI IETaNIe CTPOUTENbHBIX KOHCTPYKIIHIA,
HCIIO0JIb30BAHUE paHEe MOJYYEHHBIX 3HAHUH 110 T€OMETPHUH, YCTAHOBUTH U MOKA3aTh HATJISIAHO CBS3b
MaTeMaTUKH CO CTEIUaIbHBIMU JUCHUIIIMHAMY, HAIPUMED, KAPXUTEKTypa 3AaHU»; BBIpadOTaTh y
00yJaromuxcs CTPEMIICHHE K TTyOOKOMY YCBOCHHIO TTOJTYYEHHBIX 3HAHWH, 00ydeHUEe palliOHATbLHBIM
IpueMam Tpyda U YMEHUE CaMOCTOSTEIbHO pabOTaTh.

Boinoinus padorty, Bl Oynere:

YMETh!
- BBINOJIHATH HEOOXOMMbIE M3MEPEHUS M CBS3aHHBIC C HUM PACUEThI; BEIYUCIIATH 00BEMBI JIeTamei

CTPOUTENIbHBIX KOHCTPYKIUH, 3eMJISIHBIX PadoT;
- MPUMEHSTh MAaTEMaTUUYECKHE METO/IbI JIUIsl pelIeHMs MPOPECCUOHAIBHBIX 3a]1a4.

MarepuajnbHoe o0ecnieyeHue:
3. Tabnuna: «Beruucnenrne o0bEMOB pa3IMYHBIX TEOMETPUUECKHUX TEID.
4. KapTO‘-IKI/I-SaI[aHI/Iﬂ JJI1 BBITIOJTHCHU A I/IHJII/IBI/II[yaJ'II)HBIX pa60T.

3ananne:
Haiitu 06bem 3n1anus (kyb6atypy). OObeM nomemeHuii 1 00beM 31aHHus.
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Lo=Ls

Jna xupnuuabix cted t = 380 mm, 510 MM, 640 MM, 770 mm; a=120 mM.
Hnsa nmanenpnoro 3aanus t = 270 mm, 320 mm, 300 mm, 350 mm, 400 mm; a =90 u 70 mmM.
Jnst 3panus u3 KpymnHeix 0710koB 1 = 500 MM, 600 Mmm; a=150 u 200 Mm.

IMopsiiok BBINOJTHEHHS PA0OTHI:
[ToBTOpeHue hopmy s BBIYUCICHHS 00beMa
IrCOMCTPUYCCKUX TCII.
Pa3nada uHIUBUyabHBIX KapTOYCK.
CocTaBlieHHE AJITOPUTMA PEIIeHUs], 00bsICHEHUE MPEnoaaBaTesl.
CamocTrosTenbHas padora.
Ouenka pabOThI CTY/ICHTOB.
[ToxBeaeHMEe UTOTOB.

=

L

Xox pabdoThI:

IlepeuepTuTh miaH 34aHUs C KAPTOUKYU C IOMETKaMU U pa3MepaMu.
2. Pa3Mepsbl naHbl 0ceBble, a MOITOMY HEOOXOIUMO HAWTH:
L, =L, + 2¢t;
L, =1L,
B, =B, +2(t — a);
B, = B, — 2a;
B, =B, + 2(t —a) = By, + 2t.

3 Beraucnuts rromaab MOBEPXHOCTH CTCH, YUUTBIBASL, 9TO A ey = Bigp * H.

4, ITepumertp 3panust P = (L, + B, ) -2

5. Beruucowrs: V4, =L, B,-H; V,p, =L, B,-H; V., =P-t-H,;

Vemen = (Be+BH+Lo+Ln)'t'H

6. Borurcnuts 001yro miomans 30a0us Aogy, = Avom * Moms Aoy = (Bg * L) * Moy

CryneHTtam pa3zaroTcs KapTOUYKU HHAUBUAYaIbHbIE (16 BApHaHTOB) M OHU BBIMOJIHSIOT 3aJjaHKe
CaMOCTOSITENTLHO (€CIM BO3HUKAIOT BOIIPOCHI, KOHCYJIBTHPYIOTCS y ipenoaBares). [locne BeIIOIHEHNS
3a/IaHMsl CTYJCHTHI CIIAI0T U 3alIMINAI0T CBOIO padoTy. [Ipunararorcs 30 BapuaHTOB 3a/1aHHA.
Pazbepem pewrenue 00no20 3a0anus.
[lycTh 31aHME UMEET CTEHBI U3 KUpInYa:

B, = 6000 mm; H = 8,4m; L, = 25000 mm = L n,,, = 3;a = 120 um; t = 640 mm.
Pemenue:
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[ToncunTaem HapyXHYIO IJIMHY 3JaHUS:
L,=L,+ 2t =25000+ 2-640 = 26280 mm = 26,28 m.
Halinem BHYTpEHHIOIO U HAPYKHYIO IIUPUHY 3JaHUS:
B, = B, —2a = 6000 —2-120 = 5760 mm = 5,76 u;
B, =By + 2t = 5760 + 2 - 640 = 7040 mm = 7,04 m.
Haiinem nepumerp HapyKHBIX CTEH:
P=(L,+ B,)-2=2(26,28+7,04) =33,32-2 66,64 m.
Bbruncnum miioma s NOBEpXHOCTH CTEH:
Acmenn = Bugp + H = 66,64 - 8,4 = 559,78 M
Bbruucnum o6beM 31aHus:
Vooanus = Ly - B, - H = 26,28 - 7,04 - 8,4 = 1554,09 »3
[Toncuntaem 00beM BHYTPEHHETO TIOMEIICHUS:
Vioss = Lg * B,- H=25-5,76 - 8,4 = 1209,6 »°.
Haiinem o0beM cTeH 31aHuA:
Vemen = Lepue * t - H = 64,08 - 0,64 - 8,4 = 344,49 m3;
Vipen =Bs+B,+L,+ L, = 64,08 m.
Bbruuciium o61yro miomnia/ib HToMeIeHui 31aHuil:
Aoy =B, L, n,, =576-253 =432 m*

No B, L, H M a
1 12000 25600 11,20 3 90 270
2 9000 20800 14,00 5 100 300
3 7200 23200 16,80 6 90 320
4 15000 38400 33,60 12 100 350
5 13500 28800 14,00 5 90 400
6 6000 18000 14,00 5 120 500
Il 9000 22000 16,80 6 120 600
8 12000 24000 25,20 9 120 500
9 15000 30000 19,60 7 120 600
10 18000 32000 25,20 9 120 500
11 12000 26000 14,00 5 120 600
12 14000 28000 14,00 5 120 510
13 9000 26000 16,80 6 120 640
14 12000 30000 19,60 7 120 770
15 18200 32000 22,40 8 120 510
16 10000 24500 25,20 9 120 640
17 18400 33000 28,80 10 120 770
18 11500 24000 33,60 12 120 510
19 8600 28000 44,80 16 120 640
20 18100 36000 16,80 6 120 770
21 6600 25000 25,20 9 120 510
22 10800 23000 33,60 12 120 640
23 16200 31000 39,20 14 120 770
24 11400 29000 28,80 10 120 510
25 15600 33000 25,20 9 120 640
26 10600 27000 19,60 7 120 770
27 14100 29000 16,80 6 120 510
28 14800 30000 33,60 12 120 640
29 9200 26000 39,20 14 120 770
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30 [7200 [25500 | 44,80 | 16 | 120 | 510

®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurepun oneHku:

—  «OtnmuyHO» -  yMeHHUs CHOPMHUPOBAHBI, BCE 3aJaHUS BBIIOJHEHBI MPABWIBHO, 0€3
apudmeTnyeckux ommoOOK, perieHrne opopMIIEHO aKKypaTHO, C HEOOXOAMMBIMU 0OOCHOBAHHUSIMH.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHUPOBAaHBI HEAOCTATOYHO, BCE 3aJaHUs

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuoOkaMu. bezommbouno BeimosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE yMCHHS B OCHOBHOM C(OPMHPOBAaHHI,
OOJBIITMHCTBO  3aJlaHUN BBINIOJIHEHO, HEKOTOPhIC W3 BBHIMOJHEHHBIX 3aJaHUN COJEp)KaT OIITHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiIeTBOPUTEIEHO» - TEOPETHUECKOE COIEPIKaHNE Kypca HE OCBOCHO, HEOOXOIMMbIC
yMEHHUS He c(POPMHUPOBAHBI, BHITIOJHEHHBIC yUeOHbBIC 3aJaHuUs COJIepKaT rpyoObie omuoku. bezommbouno
BhINOIHEHO MeHee 70% Bcex 3aJaHui.

Tema3.1 MaTpuubl 1 onpeaeanTe I n

IIpakTuyeckoe 3ansaTue Neb
Heiicmeusn nao mampuyamu

Heab padorbl: HayuyuThcs BBINOMHITH IEHCTBUS HAJl MATPULIAMHU.

Boinosinus padorty, Bl Oynere:

ymemb:

- BBIIIOJIHATH OII€palli HAA MaTpUlaMu;

- HaXOJIUTh OOPATHYIO MaTPHILY.

MartepuanbHoe obecniedeHue: MHIUBUIYATbHbBIC 3aaHMs], YUCOHUKHU, KOHCTICKTHI JICKIIHA.

3aganue:

1. Haiitu maTpuny € = 4* + 3AB, TIe A = (__2 3 ]: E= {5 _1:].

1 -1 1 3
-2 1
2. BBbIACHUTS, ABISETCS MaTpula A~L = ( 5 __;) 00paTHOI K MaTpUIle A = {g g]
-3 2 -3 1 0 -5
3. Jameimarpump: A = 1 5 —-2]|u B=(3 —4 1 | Haiigure: A+B;2A; AB; BA.
2 4 -1 0o -2 2

Kparkue Teopernyeckue cBeleHUs:
ManI/II_ICI\/'I Ha3bIBACTCA NIPAMOYT'OJIbHAA Ta6J'II/II_[a YHUCCII. ManI/II_[a 3aIIMChIBACTCA B BUJIC:
@y Oyp..  Oyp

A=| 8y G 0Om |
Omi  Qmz..  Omp
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JelicTBus HaL MaTpUIlAMU:

1.Cnoxenue.
Onepauml CJIOXKCHHUSA BBOOAUTCA TOJBKO IJIs ManI/ILI OJNHAKOBBIX pa3Mep0B. HpI/I CJIOJKCHHUHU
MaTpPHII UX COOTBETCTBYIOIIUE SJICMEHTHI CKJIaILIBAIOTCS.

ay +by G b ay by,
A+ EBE=C=|ay +bsy Gon + B2z 8oy + by
ni’li.]. + bi"i.]. ﬂi"li.: +'[Jﬂ1: ﬂi"li.i"! + |I'-:Ii"li.i"!

2.YMHOXEHHE Ha YHUCIIO.

[Ipr yMHOXKE€HMHM MaTPULIBI HA YUCIIO KAXK]IBIM €€ 3JIEMEHT YMHOKAETCS Ha 3TO YUCIIO.
kayy, koo kay,

kd = (kﬂ:]_ kftan = kg, )
'r{ﬂi“i.l |l-\-ﬂi‘ﬂ.: 'r{ﬂi“i.i’!

3.YMHOXXeHUE MaTpHIl.

Onepaniys yMHOXKEHHSI MATPHUI] BBOJUTCS TOJBKO IS CITy4asi, KOTJja YUCIIO CTOJIOIIOB MEpBOH
MaTpPHUIIBI PAaBHO YHCIY CTPOK BTOPOH.

YroObl HAUTH DJIEMEHT MATPHIIbI, CTOSIIHIA B I-TOW CTPOKE B K-TOM CTOJIOIIE, HY’)KHO BBIYHUCIIUTH
CYMMY IIPOHM3BEACHUI 3JICMEHTOB I-TOW CTPOKH IEPBON MATPHIIBI HA COOTBETCTBYIOIIHME JIEMEHTHI K-
TOTO CTOJIOIA BTOPOH.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTLI:

1. 3amwummre 3amanue.

2. Omnpenenute, Kakue AEHCTBHS, U 0 KAaKUM IpaBUIaM HEOOXOAMMO BBINOJHUTH. [Ipounraiite
KOHCIIEKT.
3. Bromonnure neiictust. [IpoBepbTe npaBMIIbHOCTH BBIYMCICHUH.

Xoa pa0doThI:

1.Haiitu matpuny € = A* + 3AB, eciu
_—2 3y 5_/3 -1
A—El C)ie=(0 )
a) Haiimem A°, yMHOXXasi MaTpUIly camy Ha ce0s
=(7 )7 -0 3
N VA T PR O B
0) Haiinem matpuily 34, yMHOXKUB BCE IIEMEHTHI MaTpHUIbl 4 Ha 3.
. f=2 3y _(—6 0
34 _3(1 —1) _{ 3 —3)
B) Haiinem npoussencuue 3AB
_f—6 9 /3 —-1y_f-21 33
348 ‘( 3 —3) {1 3 ) Bl ( 12 —12)
r) Haiinem matpunyy C, ckianpiBasi COOTBETCTBYIOIINE 3JIEMEHTHI

=y )+(E -0
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2. Haiinem npomBe;[eHHe AAatuAtoa

=G (F 3=G 9==

wa=(Z YC -0 Y-

B cootBercTBHM C OIMPCACIICHUEM JAHHBIC MAaTPUIIBI ABJIAIOTCA BSaI/IMOO6paTHBIMI/I.

-3 2 -3 1 0 =5
3. dampr Matpuup: A =| 1 5 —-2|uB=(3 -4 1 |

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

-3 2 -3 1 0 =5 2 2 -8
A+B=<1 5 —2>+<3 —4 > (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

011=—3-1+2-3+(—3)-0—3
012=_3'O+2'(—4‘)+(_3)'(—2)=—
013=_3'(_5)+2'1+(_3)'2=11,
¢y =1-1+5-34(=2)-0= 16,
€2=1-0+5- (-4 +(-2)-(-2) =-16
C23:1‘(_5)+5‘1+(_2)’2:_4,
a1 =2-1+4-3+(=1)-0=14;
c32=2:0+4-(-4)+ (-1 -(-2)=-14
a3 =2 (=5)+4-14(=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 npeaocTaBeHNs pe3yIbTaTa: BBIIOIHEHHAs paboTa.

Kputepun onenkmn:

- «OTau4HO» -  yMeHMsl c(OpMHMpOBaHBI, BCE 3a/JaHHs BBIIOJHEHBI MPAaBUILHO, O€3
apu(pMeTHYeCKUX OIHMOO0K, peuieHne ohopMIEHO aKKypaTHO, ¢ HEOOXOJUMBIMH 00OCHOBAHHSIMH.
- «Xopomio» - HEKOTOpble YMEHHs C(GOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITTOJIHEHBI, HEKOTOPBIC BUBI 33JaHUN BBIOJHEHBI ¢ omuOkaMu. bezommbouno BeimomHeHo 80-89 %
BCEX 3aJlaHUM.

- «Y IOBJIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpMHpPOBAHBI,
OOJIBIIMHCTBO  3aJaHUI BBIIIOJIHEHO, HEKOTOpbIE M3 BBINOJIHEHHBIX 3aJaHUil cojaepkKaT OIINOKH.
be3omm6ouno BeimonHeHo 70-79 % Bcex 3agaHuil.

- «HeynoBneTBOpUTENBHO» - TEOPETUUYECKOE COIEpKAHUE Kypca HE OCBOEHO, HEOOXOAUMBbIE
yMeHHs He CPOPMHUPOBAHBI, BHIIIOJIHEHHBIE YUeOHbIE 3a/laHus CoJlepKaT rpyObie omnoku. be3zommbouno
BBINIOJHEHO MeHee 70% Bcex 3a1aHuil.

IIpakTu4yeckoe 3ansiTue Ne6
Buiuucnenue onpedenumeneii 6mopozo u mpemupezo nopaoka
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Ienp padoThI: HAYYNUTHCS BBIYUCIIATH ONPEICIIUTENN BTOPOrO U TPETHETO MOPSIIKOB.
Beinosinus patdory, Bel Oyaere:

ymemb:

- BBIYUCIIATH OIIPECACIIUTCIIA BTOPOIr'O IIOpsAKa,

- BBIYMCIIATD ONPEACIUTENIN TPETHErO MOPAIKA;

-BBIYUCJIATDH OMPCACIIMTCIIA YCTBCPTOI'O IIOpAAKA.

MatrepuanbHoe o0ecniedeHue: MHIUBUIYaIbHbIC 3a1aHUs, YYEOHUKU, KOHCIEKTHI JIEKLUH.
3ananmue:

BeruncnuTs onpenenurenu:

3 3 -5 10 -2 1 3 5 78

-3 = T _ iy -1 7 0 1
1) | 5 2| 2) é Ll ; 3)[-15 3 —; 4) 0 c 3 2
T o 1 -1 7 4

KpaTkue TeopeTuyecKue CBeIeHus:

OmpezenuTesneM KBaApaTHON MaTPHIBI BTOPOTO HOPsaKa (OIpeaeauTeaeM BTOPOro MOPsIKa)
HA3bIBAETCS YKMCIIO, PABHOE PA3HOCTHU IIPOM3BENECHHI SJIEMEHTOB INIABHOM AMArOHAIM U DJIEMEHTOB
n00OYHOMN AUAroHaIN.

ay by

=@y by —@y-h
a IJ: 1 2 2 1

OmnpenenureneM KBaApaTHON MaTPHUIIBI TPETHEro NOPsAKa (OMpeIeTUTeNeM TPETHEro MOPSAKA)

Ha3bIBACTCA YHUCIIO0, PaBHOC
] gz 43
ﬂ:l @ (el

"
bk

a3

= ayy appagg + aypaggayy + g G330y — 43y dyp — Gy dyg — O3

"
L

31 @ @

[y

12 03
OmnpenenureneM KBaApaTHON MaTPHIIbI N-T'O MOPSIKA HA3BIBAETCS YUCIIO, PABHOE CyMME MPOU3BEICHUI
3JIEMEHTOB JIF000# CTPOKH MJIM CTOJIOLA HA X alIreOpandyeckue JOTOTHEHUS.
Ay Ay 13 Qg
a a
A= Z;i Ziz az; a;i = 11411 + A12415 + a13413 + A14414
o (g1 Qg2 Q43 Q44
Ay = (D" My .
MuHOPOM HEKOTOPOIO IEMEHTa @;; ONPEAEUTENsA N-ro Mopska HasklBaeTcs onpeaenuTens  (N-1)-ro
MOpsi/iKa, MOJYYEHHBIH U3 UCXOIHOTO ONPEIEIUTEINS TyTeM BBIYEPKUBAHUS CTPOKU U CTONOLIA, HA
[epeceyeHNH KOTOPHIX HaXOJUTCS BBIOPAHHBIN 3JI€MEHT.
Ilopsitok BbINOJIHEHHS PAdOTHI:
1 3anummre onpeaenuTesnh, ONPEASTUTE KAKOTo OH MOpsIKa.
2 Vcronb3ysi COOTBETCTBYIOLIEE ONPEIENIEHUE, BEIUNCINTE 3HAUCHUE OTIPEIeTUTEIS.
Xon pa0doThI:
BreruncnuTs onpenenuTeny:

2 - )
1) |§ ;|=2-ﬁ—3-'[,—4]=12+12=24

5 -2 1
)3 1 —4=5-1-(-3)+(-2)-(-9)-6+3-0-1-
6 0 -3

-6-1-1-3-(-2)-(-3)-0-(-4)-5=-15+48-6-18=
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=43 -39 =0

4 0 3
3 |-6 2 -7l=4-2-2+0-(-7)-1+(-6)-(-3)-5—
1 -3 2
-5:2:1-(-6)-0:2-(-3)-(-7) =16 +0+90 - 10 — 0 — 84 = 12
Sy e 7 0 1 5 7 8
4) 0 5 3 2 = 3A11 + (_1)A21 + 0A31 + 1A41 =3- 5 3 2|+ 1- 5 3 2|+
1 -1 7 a4 -1 7 4 -1 7 4
5 7 8 5 7 8
0-17 0 1|—-1-(7 0 1|=122
-1 7 4 5 3 2
®opma npeacTraBJieHUs pe3yJbTaTa: BhIIIOIHEHHAs padoTa.
Kpurepun oneHku:
- «OtnuaHO» -  yMeHHsS c(OpMHpOBaAHBI, BCE 3aJaHUS BBHITIOJHCHBI MPAaBHILHO, 0O€3
apudmeTnyecKkux ommoOK, pernreHne opopMIICHO aKKypaTHO, C HEOOXOJUMBIMUA 000CHOBAHHUSIMH.
— «Xopomio» - HEKOTOpble YyMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITIOJIHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omrOkaMu. be3zommbouno BeimosHeHo 80-89 %
BCEX 3aJJaHUM.

- «Y IOBIIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpPMHPOBAHHI,
OOJILIITMHCTBO ~ 3aJlaHU BBIMIOJIHEHO, HEKOTOPBhIC M3 BBHIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBneTBOPUTENBHO» - TEOPETUUYECKOE COACPKAHKE Kypca HE OCBOCHO, HEOOXOANMbIE
yMEHHUS HEe c(pOpMHUPOBAHBI, BHITIOJHEHHBIE yUeOHbBIE 3aJaHus coJiepKaT ITpyosie ommOku. be3ommnboyHo
BhINOIHEHO MeHee 70% Bcex 3aJaHui.

Tema 3.2 Cucrembl JTUHEHBIX YPABHEHU

IIpakTuyeckoe 3ansiTue Ne7
Pewenue cucmem nuneitnvix ypasnenuii memooom Kpamepa

Leab padoThl: HAYYUTHCS pelIaTh CUCTEMBI JMHEHHBIX YpaBHEHUHN, UCTIONB3Ys Gpopmymnsl Kpamepa.
Boinosinus patdory, Bel Oyaere:
ymemby:
- pemaTh CUCTEMBI JIBYX JIMHEWHBIX YPAaBHEHUM C IBYMsI HEU3BECTHBIMU MeTo10M Kpamepa;
- peuaTh CUCTEMBI TPEX JIMHEMHBIX YPAaBHEHUM C TPEMsI HEU3BECTHBIMHU MeTo/1oM Kpamepa;
MarepuanbHoe o0ecrieyeHnne:
NunuBuayanbHble 3a0aHus] , Y4eOHUKHU, KOHCTIEKTHI JIEKIIUH.
3aganue:
PemmTe cuctemsbl IMHENHBIX YPAaBHEHUN:

3X+3y-5z=-2
3x-5y =11
2) IXx+y+2z=3
2x+3y =20
2X—-y+72=27

KpaTkue TeopeTnyeckue cBeieHUS:
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o . ayx +apx =b
[Tycth 1aHa cucTeMa JBYX JMHEWHBIX YPABHEHHH C JIByMSI HEM3BECTHBIMHU: ot 4 Gt = b
nxy tapx =h

CocTaBuMm omnpenenuTens U3 Ko3QGUIMEHTOB IPU HEU3BECTHBIX. DTOT ONPEIEIUTENb Ha3bIBAECTCS

L P gz
OIIPEJICJINTENIEM CUCTEMBL: A= | a
21 22
CocraBuM OIPEAEIUTENN KaXKI0i Hen3BeCcTHOH. Onpenenurens 4; Moayd4aeTcs U3 ONpeAeIuTens A
by ay
IyTeM 3aMEHBI IIEPBOT0 CTONIOA KOAPPHUIIMEHTOB CTOIOIOM U3 CBOOOTHBIX WICHOB. A= b g

Omnpenenuresp Ay MOTyYaeTCs U3 OMPEAETUTENS A yTeM 3aMEHBI BTOPOT'O ¢TOJI0a KO3 PHUIIHEHTOB

CTOIOLIOM M3 CBOOOIHBIX YJIEHOB.
A= ay; by
iz bs

@y x) + @paxy + a3
[TycTh nana cucrema Tpex JIMHEHHBIX YPABHCHHM C TPEMSI HEU3BECTHBIMU: {ay;x; + a3px; + ay3x3
@31 Xy + @gax; + a33x3

Il
oo o
P

63

CocTaBuM OIpeaACINTECIIb U3 KO3(1)(1)I/IHI/ICHTOB IIprU HCU3BCCTHBIX. 9TOoT OIIpEACIUTEIIb HA3bIBACTCA
fQyy  Hyz g

OIIPEACTIUTEIIEM CUCTEMBL: A= |2y  f2z  fag

gy gz fag
CocTaBuM OIpeIeIUTENN KaxI0H Hen3BecTHOU. OnpeeiuTenb 4; MOIydaeTcsl U3 OnpeAeTuTels A
ITyTEeM 3aMEHBI IIEPBOTO CTOJI0IA KOAP(DHUITUESHTOB CTOJIOIIOM U3 CBOOOIHBIX YICHOB.

by app @y
Ay=[by @y an
by a3 a3

Omnpexpenurens 4; MOIMydaeTCs U3 OMPEACTUTENSI A MMyTeM 3aMEeHBI BTOPOTO CTOJIONA KO3 PHUIINEHTOB

CTOJIOIIOM U3 CBOOOIHBIX YJIEHOB.
ayy by oags
A= lay by &

31 by

o o

n
&

Onpenenurens 4; OTyYaeTCs U3 ONMPEACTUTENSI A IMyTeM 3aMEeHBI TPEThEro CToa01Ia Ko HUIMEHTOB
CTOIOLIOM M3 CBOOOIHBIX YJIEHOB.

YroObl BEIUMCIINTE 3HAUEHHSI HEU3BECTHBIX, BOCIIONb3yeMcs popmyinamu Kpamepa:
Ay, 4, A3

X1=X,X2 =X,X3 =X.

ITopsinok BbINOJHEHHS PadOTHI:

1. 3anumuTe cucTeMy ypaBHEHHH.

2.3anuImnTe ¥ BBIYUCIINATE ONPENETUTENb CUCTEMBI.

3.BoruncnuTe onpeneauTenu Kaxa0i HEeM3BECTHOM.

4.Haiinure 3HaueHMsI HEU3BECTHBIX, UCTIONB3Ys (popmyiiel Kpamepa.
Xoxa padorhI:

Paccmotpum npumep:

Pemmnts cucremy ypaBHEHUN:
x + 2.1': —3.1'3 = Ui

2.1?1 — X1 +‘1'J.'3 = 5:

3.1'1 +I: —.1'3 = 5

1 2 -3 1 2 -3
A= (2 -1 4 ); AA=12 -1 4 |=10=0
i 1 -1 i 1 -1

Brruncium onpenenuTeny KaxI0M nepeMeHHOM:
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0 2 -3

a=[5 -1 4|=0-15+40-15+10-0=20
5 1 -1
1 0 -3

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

A;=]2 -1 5|=-54+0+30-0-20-5=0
3 15 " "

==l = =2 g
A 10 A 10 A 10

Ortser: (2;-1;0).
dopma npeacTaBiaeHns pe3yJabTaTa: BHIIIOJHEHHAs padoTa.
Kpurepun oneHku:

—  «OtnmuyHO» -  yMeHHUss CHOPMHUPOBAHBI, BCE 3aJaHUS BBIIOJHEHBI MPABWIBHO, 0€3
apumeTnyeckux ommOOK, pernieHrne opopMIICHO aKKypaTHO, C HEOOXOUMBIMU 000CHOBAHHUSIMHU.
—  «Xopomo» - HEKOTOpble yMEHHS CQOPMHPOBAaHBI HEIOCTATOYHO, BCE 3aaHUs

BBITIOJTHEHBI, HEKOTOPBIC BHJIBI 33JaHHI BBIMOJHEHBI ¢ ommbOkamu. be3zommbouno BeimonHeHo 80-89 %
BceX 3aJlaHUH.

- «Y IOBIETBOPUTEIIBHO» - HEOOXOJIHWMbIE YMEHUS B OCHOBHOM C(hOpMHpPOBAHBI,
OOJBIIMHCTBO ~ 3aJlaHUI BBIIIOJIHEHO, HEKOTOPBHIC W3 BBHIMIOJHEHHBIX 3aJlaHUi COJEpIKAT OIIHOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeynoBiIeTBOPUTENBEHO» - TEOPETUUECKOE COICPIKAHUE Kypca HE OCBOCHO, HEOOXOAMMbIE
yYMEHUs HE CPOPMHUPOBAHBI, BHIIIOJHEHHBIE YUeOHbBIE 3a/laHus CO/IepKaT IrpyOble omnoku. be3zommbouno
BEIMOTHEHO MeHee 70% Bcex 3aIaHu.

IpakTnyeckoe 3ansitue Ne§
Pewenue cucmem nuneitnoix ypasnenuii memooom I'aycca

Heab padoThl: HAYYUTHCS pelIaTh CUCTEMbI TMHEUHBIX YPaBHEHUNH METOJIOM M1OCJIEI0BATEIBLHOTO
UCKJIFOUEHUS NepeMeHHbIX (MeTonoM ["aycca).

Boinoinus padorty, Bul Oynere:

ymemo:

- pemaTh CUCTEMBI TPEX JINHEWHBIX YPaBHEHUU C TPEMsI HEM3BECTHBIMH METOIOM [ aycca;

- pelaTh CUCTEMBI YEThIPEX JIMHEWHBIX YPAaBHEHMH C YETBIPbMs HEM3BECTHBIMU MeToA0M ["aycca;
MarepuanbHoe obecnieuenme: HauBuyanbHble 3aaHNs], Y4€OHUKH, KOHCIIEKTHI JEKIHI.
3aganue:

Pemnte cucTeMbl IMHENMHBIX YPaBHEHHI:

3x—2y+z=10
14{x+5y—-2z=-15 2.
2x—2y—z=3

X1+ xy — 3x3 + 2x4 = 6,

X, +x3 +3x, = 16,
X, — 2Xx, — X4 = —6,
2x1 — 3x, + 2x3 =6
Kparkue Teoperudyeckue cBeleHUs:
Merton I"aycca siBisieTcst ofHUM U3 HanOoJiee YHUBEPCATbHBIX METOIOB PEILICHHS CUCTEM JIMHEHHBIX
ypaBHeHUI. OH COCTOUT B MOCIIEA0BATEIHLHOM UCKIIOYEHUH HEN3BECTHBIX.
ITpornecc pemenus no meroay 'aycca cocrout u3 AByx 3TanoB. Ha nepom stamne (nmpsimoit Xo1) cuctema
MIPUBOJIUTCS K CTyneH4aromMy Buay. Ha BTopom stane (0OpaTHBIN X0/1) UIET MOCIE0BATEILHOE
OIIpEIECIIEHUE HEU3BECTHBIX U3 3TOM CTYIIEHYAaTOW CUCTEMBI.
Ha mpaktuxe ynobHee pabotath HE ¢ CHCTEMON ypaBHEHHH, a ¢ paCIIMPEHHON MaTPHUIIEH, BBITIONHSS BCE
3JIEMEHTapHbIE IPe0Opa30BaHUs HaJl €€ CTPOKAMHU.
DneMeHTapHBIMU MTPE0OPa30BaAHUSIMHU MATPUILIbI SBISIOTCS:
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- IEpeCTaHOBKa CTPOK MECTaMU;
-YMHOK€HHE HEKOTOPOU CTPOKHU Ha Jito00€e, He paBHOE HYIIO YHCIIO;
-pUOaBJICHNE K AJIEMEHTaM OJTHOW CTPOKH COOTBETCTBYIOIIMX AJIEMEHTOB JIPYTOW CTPOKH, YMHOKCHHBIX
Ha OJIHO U TO K€ YUCIIO
Iopsiaok BbINOJIHEHUS PA0OTHI:
1. 3anuImnTe CUCTEMY JJUHEWMHBIX YpaBHEHUH.
2. CocTaBbTe pacIIMPEHHYIO MATPUILY.
3. BoimonHuTe 31eMeHTapHble MpeoOpa3oBaHUsl CTPOK MATPHUIBL, MCKIIOYAs MOCIEAO0BATEIbHO
nepeMeHHble. B pe3ynbrare 1o/KHA TOIYYUTHCS CTyIIEeHUaTas MaTpula.
4. Ilo cryneH4aToil MaTpuue COCTaBbTE CUCTEMY.
5. IlocnenoBaTenbHO HAWIUTE 3HAYCHHS BCEX HEU3BECTHBIX.
6. 3anmuuIuTe OTBET.
Xopn padorhi:
PaccmoTrpum npumep:
1) Pemmth cucTeMy ypaBHEHHIA:
xy + 2x9 —3x3 = 0;
2%y — %7 + 4x; = 5
3x, +xy—x3 =5
CocTaBuM pacHIMPEHHYIO MATPHUILY U3 KO (OUIIMESHTOB IMPU HEM3BECTHBIX M CBOOOTHBIX YJICHOB:
1 2 =30
(AlB) = (2 -1 4 5)
3 1 -1i5
BrinmonHum sneMeHTapHble IpeoOpa3oBaHus HaJl CTPOKAMHU MAaTPUIIBL:

1 2 -3|0 1 2 -=3|0 1 2 =30
(2 -1 4 5) n (EI -3 10 5) n (EI 1 -2 —'Lj*v
3 —113 0 -3 815 0 -3 8153

1 2 -=3|0
’\* (EI 1 -2 —'J.)
0

oo =2
[TonydyeHHON MaTpuile COOTBETCTBYET CUCTEMA YPABHECHUM:

(=,

(2 + 2x; — 3x; =0
X —2x3 = -1,
L —2x;=10
Hauunas CHHU3Y BBCPX, HAXOJAUM 3HAUYCHUS HCU3BCCTHLBIX!
oy + 22 —3x3 =0 x4+ 2x —3x3=0 [ +2:-(-1)=0

.1':—2.1'3 =-1 , Xa =-1 ; X3 =-1 ,
L .1'3:[] I;ZU x;:[l
'x1=2
I::—l.
L x3 =10

Ortgert: (2;-1;0).

X1+ x, — 3x3 + 2x4 = 6,
X, + x3 +3x4 = 16,

X, — 2Xxy — X, = —6,

2x1 — 3x, + 2x5 =6

2)
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1 1 -326 1 1 -326 1 1 -326
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 -326
0 1 1 3 16 0 1 1 3 16 0 1 1 3 16
0 02 2 12 0 0 1 1 6 0 01 1 6
0 0 13 11 74 0 0 13 11 74 00 0-2-4
X1 +x, —3x3+ 2x4 = 6,
X, + x3 +3x, = 16,
X3 +x4 = 6,
—2x, = —4
Hauunas cHu3y BBepX, HaX0JIUM 3HAYEHUS] HEU3BECTHBIX:
x, =8
X, =6,
X3 =4
Xy =2
Otser : (8;6;4;2).
dopma npeacTaBiaeHns pe3yJabTaTa: BHIIOJHEHHAs padoTa.
Kpurepun oneHku:
- «OtnuaHO» -  yMeHHs c(OpMHpPOBAHBI, BCE 3aJlaHUs BBHIMOJIHCHBI TMPaBUIBHO, 0e3
apudmeTnyecKkux ommoOoK, pernreHne opopMIICHO aKKypaTHO, C HEOOXOJUMBIMUA 000CHOBAHHUSIMH.
— «Xopomio» - HEKOTOpble YyMeHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS

BBITIOJIHEHBI, HEKOTOPBIC BUIBI 33aJJaHUN BBIMONHEHBI ¢ omuOkaMu. bezommbouno BeimomHeno 80-89 %
BceX 3aJlaHUH.

— «Y 1OBJIETBOPUTEIBHO» - HEOOXOJUMBIE YMEHHUS B OCHOBHOM C(OpPMHPOBAHEI,
OOJNIBIIMHCTBO ~ 33/IaHUI BBIMOJIHEHO, HEKOTOPHIE W3 BBINMOJHEHHBIX 33JaHUN COJAEP)KAT OIIUOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

— «HeynoBneTBOpUTEIbHO» - TEOPETUUYECKOE COACPKAHUE Kypca HE OCBOEHO, HEOOXOAUMbIE
yYMEHMs HE CPOPMUPOBAHBI, BHIIIOJHEHHBIE YUeOHbIE 3a/laHus COZIepKaT IrpyOble omnoku. be3zommbouno
BEIMOTHEHO MeHee 70% Bcex 3amaHui.

Tema 4.1 Ilocsien0BaTEJILHOCTH U NPeAebl

IIpakTnyeckoe 3ansaTue Ne9
Buiuucnenue npedenog nocnedosamenvnocmeii u QYyHKyuil ¢ RPUMEHEHUEM PA3TUYHBIX
memo0oos. Hccneooseanue pynkyuu na nenpepoviéHocms, onpeoesienue mo4ex paspoléa

Hean: Hayuntbes BeIUMCHATH Mpeesnbl GyHKuui. HayduTecss HaX0auTh TOUKH pa3pbiBa (PyHKIHA,
OTIpEeAEIATh UX PO/, HAXOUTh ACUMITOTHI IpaUKOB PYHKIUH.

Boinoainus padorty, Bel Oynere:

ymemb:

-BBIYUCIIATD MIpeieibl QYHKIUHN, UCIIONb3Yys TEOPEMBI O Mpeenax;

- pacKpbIBaTh HEONPEAEIEHHOCTH;

- HaXOJIUTh Mpeieibl PYHKIMM, UCTIONB3Ys (OPMYJIIbI 3aMedaTelbHbIX MPEEIIOB;
- Hccre1oBaTh GYHKIIMU Ha HEMPEPBIBHOCTE;

- HaXOJUTh TOYKU pa3pbIBa, OIPEAETIAT UX POL;

- HAXOJUTh ACUMIITOTBHI.
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MarepuajibHoe o0ecnieyeHue: NHIMBUIYATbHBIC 3aJaHUsI, KOHCIIEKTHI JICKIIHA.

3aganme 1:
BerancnuTh npeaensl GyHKITHIA:

lim,_,,(2x3 — 10x? — 4x + 5)
3x2-11x+6

2. lim _—
X3 Hx2_5x-3
3 lim 11x3-5x2—6x+10
' X0 px4t—8x2+2

. sin’z—c
4. lim,_,, —

. 3 5x
5. lim,_,, (1 — ;)

3ananue 2:

HccnenoBath pyHKIMH HA HEMTPEPHIBHOCTh. HalTH TOUKM pa3pbiBa U ONpeaenuTh ux poa. Haiitu
aCUMIITOTHI (DYHKIIMH.

1) y=22
2) -T — :I;;ﬁ;ﬂl}l

1)

2)
3)

4)

5)

Kparkue TeopeTnueckue cBeeHHA:

Toukamu paspviéa @QynKyuu HA3BIBAIOTCS TOYKH, B KOTOPBIX HApYIIAETCS YCIIOBHE
HETPEPBIBHOCTH (DYHKITUH.

Bce Touku pa3peiBa QyHKIMH pa3AesiOTCS HAa TOYKH pa3phbiBa MEPBOTO M BTOPOTO POJa.

Touka paspeiBa X Ha3bIBACTCS MOUKOU paspuléa nepgozo pooa GyHkuun y = f(x), ecim B 3TOU
TOYKE CYIIECTBYIOT KOHEUHBIC MPeaeibl (PYHKIIUU CIIeBa U CIIPaBa, T €

limyy, o f(x) =A; wu  limy,, 40f(x) =A,. Ilpu stom: ecnu A; = A,,T0 TouKa Xg
HA3bIBACTCS TOYKOW YCTPAaHMMOTO pa3phiBa; eciu A, # A,, TO TOYKA X, HAa3bIBACTCS TOYKOU
KOHEYHOTO Pa3phiBa.

Touka pa3pbiBa X, Ha3bIBACTCA MOUKOU paspvléa 6mopo2o pooa Gpynkuuu y = f(x), ecnu mo
KpaifiHeil Mepe OJIUH 13 OJJHOCTOPOHHUX MPEIETOB HE CYIIECTBYET HIIM PaBeH OECKOHEUHOCTH.

6) Acumnmomou zpaguka ynxkyuu y = f(x)Ha3pIBacTCI NpsAMas, 00NANAOIIAsl TEM CBOHCTBOM,

4TO paccTosHue OT Todku (x: f(x)) 0 TOM MPAMON CTPEMHUTCS K HYJIIO NMPH HEOTPAHUYEHHOM
yJIaJIeHUU TOYKU rpadyka OT Hayajia KOOpHHAT.

7) TlpsiMast x = a Ha3bIBACTCS 8EPMUKATLHOU acumnmomotl Tpaduka QYHKIUH y = f(x), €CIH XOTS
OBl OJTHO W3 MPEJEIbHBIX 3HAUCHUM limy,_, g f(x) wim  lim,_ .. f(x) paBHO —co UM +0o .
8) 3ameuanue. llpsmas x = a He MOXeET OBITDH BEPTUKAIbHOM aCHMIITOTOI, eciu

9)

(GbyHKIMS HEMpephIBHA B TOYke x = a. [[09TOMY BepTHKaJIbHbIE ACHUMITOTHI CIEAYeT HCKaTh B
TOYKax pa3pbiBa QyHKIUH.

[Ipsimast y = b Ha3bIBACTCS 2OpU3OHMANbHOU acumnmomou Tpapuka QyHKIUU ¥ = f(x), €CIU XOTA
OBl OJTHO W3 MPEJEIbHBIX 3HAUYCHUHN lim,_ f(x) umu lim,___. f(x) paBHO b.

10) 3ameuanue. ['paduk GYHKIUU MOKET UMETh TOJIBKO MPABYK TOPU30HTAIBHYIO ACUMIITOTY HIIH

11)

TOJIBKO JIEBYIO.
[Ipsmast y = kx + b Ha3BIBACTCS HAKNIOHHOU acumnmomotu rpapuka byHKIIAN |
ecnu lim, | f(x) — kx — b = 0

12) Ecnum mis GyHKIMH vy = f(x) CYHIECTBYIOT MPEICIIbI lim_l.q::“'i =ku lim_,(f(x) —kx)=b, TO
x

(GyHKIHS UMEET HAKJIIOHHYIO ACUMIOTOTY ¥ = kx + b IIpHU x — 2,
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Ilopsinok BbINOJIHEHHs Pa0OThI:

el A

Haiinure mpeaen GyHKIMM, HCTIOIB3YS TEOPEMBI O Mpeeax.

Ecnu nmonyunnack HeOnpeaeneHHOCTb, ONIPENICINUTE €€ BUJI U CIIOCO0 PacKpPbITHS.
[IpeobpasyiiTe HYHKIHMIO U PACKPOUTE HEOIIPEACICHHOCTb.

Brrunciure npeaen.

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

Hcrnons3yeM TeopeMsbl 0 Ipeeiax:

lin%(Zx3 —10x% — 4x + 5)
xX—

3 2
=2(1imx) —10(limx) —4limx+5=2-8-10-4—4-24+5=—27
xX—2 X—2 x—2

3x2-11x+6
2) lim -
) X3 Hx2_5x-3

OyHKIMSA TpencTaBiIsieT co00i OTHOIIEHHE BYX MHOTOWICHOB, OOPAIIAIOIINXCS B HYJIb B TOUKE

x = 3. [loaTomy cHauana nmpeodpasyeM JaHHYIO (QYHKIIHIO.
JIr060¥1 KBaIPaTHBIA TPEXWICH MOXKHO PA3JIOKUTh HA MHOKUTEINN C MTOMOIIBIO (DOPMYJIBI

ax® + bx + ¢ = a(x — x,)(x — x,), DA€ ¥ U x;KOPHU KBAJPATHOIO TPEXWICHA.

KopHsiMu KBaZpaTHOTO TpexwieHa 3x® — 11x + 6 SABJSIFOTCA YUCIA - U 3; 3HAYHT
3

3x2 — 11x + 6 = 3(x — 3)(x —2)

1
A KOpHM KBaJIpaTHOTO TpexulaeHa 2xX2 — 5X — 3 paBHbI - U 3, ClIeI0BATENLHO

2x2 —5x =3 =2(x —3)(x +7)
Bo3Bpamasce k npezaeiry, uMeem:

2 2
lim 3x2-11x+6 __ m 3(x-3)(x—3) im 3(x—3) lim., , 3X=2 — 3limxx=2 _ 33-2 7 _
3 ax-sx-3 T KT e y) X o 2(x+s) 0 Fo2xkl | 2limgogxtl 23410 7
. 11x3-5x%—6x+10
3) lim,_,,,

6x*—8x2+2

Tak Kak MHOTOUYJICHEI B YUCIIMTEIIC U 3HAMEHATEIIC CTPEMSTCA K 00, TO IMOJITydacM

HEOMIPCACIICHHOCTD BU A [—] I[JIH €C pPaCKpbITUA Pa3aCIUM KAKAO0C CJIaracMoeC YUCIIUTECIIS U

3HaMeHatens Ha x*. Toraa momyumm:

. ) 112 52 6x 10 11 5 6 10
11x? — 52 — 6x + 10 = T F T ETE S T EZTETE o
lim 3 S = lim I 7 = lim > =—-=10
30 Gx" —Bx- 4+ 2 30 6x _ Bar + 2 r00 6 __ET - G
B P
. X
. sinz
4) llmx_)o T
UToOB! BEIUMCINUTD Tpesied PYHKIMH, HY’KHO BOCIIOJIb30BAThCS (POPMYJIION EPBOTO
3aMeyaTesbHOro mpeaena: lim, % =1.

1
VYMHOXHUM YHCIUTEIb H 3HaMEHATEIIh HpO6I/I Ha E
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sinZ LsinZ 1 sinZ 1 1

. PREERT 2SS 1., 7 .
hmx—>0 - hmx—>0 1 = _hnlx—>0 X = 1=-
¥ P PR 2

. 3\ 5%
5) lim,._.,, (1-2)
[IpeoOpasyeM (pyHKIMIO Tak, 4TOOBI MOXKHO OBUIO MPUMEHUTHh BTOPOW 3aMedaTeNbHbIA Hpeaen :

X
lim, ., (1 + %) = e. BBeieM HOBYIO IIEPEMEHHYIO: X = —3Y; X — 00; y — o0,
(1= = i (122 (102 e L

HccnenoBaTth QyHKIMIO Ha HEMIPEPhIBHOCTh. HailTh acuMNTOTHI GyHKIIMH.

x

Y=us
O6uactp onpenencHus GyHKun D(f) = (—oo: 1)U (1; +0)
Touka x = 1 gBysieTcs TOYKOU pa3pbiBa 2 poja, T.K.

. x° 1 . x* 1
limy .y g7 — = [_] = -0  limp405 5= [‘] = +w

| |
LX—i LX—i u

[Ipsimast x = 1 — BepTUKaJIbHAsA acUMNTOTa (YHKIHUH. YPAaBHCHHE HAKJIOHHOW aCHUMIITOTBI HMEET
BUI v=kx +b.

_ fx) ) x° ) x° ) 1 1
k::lLET: }me (2x —2)x :}LT: 2xt — 2_r: }I'—-Tc7 _;: E
. . . %
. x© 1 Lo —x(x—1) L X —xT+x . x . 1 1
b :}ﬂ(zx—z_iszxﬂ 2o —1) AR Tpo1)  ARimo1) 2, 272
x
KoHeuHbli1 BUJ OpsIMO CIEAYIOIINMA
¥y = é.r + é .
dopma npeacTaBieHus pe3yJabTaTa: BHIIOJHEHHAs padoTa.
Kpurtepun onenku:
- «OTau4HO» -  yMeHHs c(opMHpOBaHBI, BCE 3a/JaHUs BBHIMOJIHEHBI MPaBUIBHO, 0€3
apudmeTnyeckux ommoOOK, perieHrne opopMIIEHO aKKypaTHO, C HEOOXOUMBIMU 00OCHOBAHHUSMU.
- «Xopomio» - HEKOTOphle yMEHHUS CPOPMUPOBAHBI HEJOCTAaTOYHO, BCE 3aJaHUs

BBITIOJIHEHBI, HEKOTOPBIC BUBI 33aJaHUN BBHIMONHEHBI ¢ omuOkaMu. besommobo4yno BeimonHeHo §0-89 %
BCEX 3aJlaHUM.

—  «YOBJIETBOPUTENHFHO» - HEOOXOJUMBIE YMEHUS B OCHOBHOM C(OpPMHPOBAHEI,
OOJIBIIMHCTBO ~ 3a/IaHUIl BBIMOJIHEHO, HEKOTOPbIE W3 BBIMOJHEHHBIX 33JaHUN COJAEp)KaT OIIMOKH.
bezommbouno BeinoaHeHo 70-79 % Bcex 3a1aHuil.

—  «HeynoBneTBOpHUTEIBHO» - TEOPETUUECKOE COJIEPKAHNE Kypca HE OCBOEHO, HEOOXOAUMBIE
yMeHHs He c(hOpMUPOBaHBI, BHIIIOJHEHHbIE YU€OHbIE 3a/1aHUS COAEpKaT Ipyoble omMOku. be3zommnbouno
BbINIOJTHEHO MeHee 70% Bcex 3a/laHuil.

Tema 4.2 IIpousBoaHasi U e€ NPUJI0KEHUS
IIpakTHyeckoe 3ansaTue NelQ

Botuucnenue npoussoonvix ¢pynxyuit. Ilpumenenue npouze00noil K RPUOIUIHCEHHBIM
8bIYUCTICHUAM
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Hean: Hayuntbcss HaXOAUTh MPOU3BOAHBIC (DYHKIIMH, BBHINOJIHATH MPUOIMKEHHBIC BBIYUCICHHS C
MMOMOUIBIO TPOU3BOIHOM.

Beinosnus patdory, Bel Oyaere:

ymemb:

- IPUMEHSATH NpaBuia TudPepeHINPOBAHNS;

- HaXOAUTh MPOU3BOIHBIE CIOXKHBIX (QYHKIIUMH;

- BBITMOJIHATH NPUOIMKEHHBIC BHIYUCICHUS.

MarepuaibHoe o0ecreyeHHe: HHIMBUAYaJIbHbIE 3a/JaHus, KOHCIIEKThl JIeKUuui, Tabnuua
IIPOU3BOIHBIX.

3aganue:

1) HaiitTu npousBoaHbIC QYHKIHI

y = (5x% — 2x)®
fx) = 3sin(2x —'43]
flx) = arcsindx + arccos*x
Flx) = log (7x* — 3x% + 1)

f{x] = In |L+|:|:-sx

W l-cosx

o k~rw e

2) HaiiTi npuOIMKeHHbBIC 3HAUCHUS:

a. In1,01;
bh. %/15,8;
c. arctgl,05.

IHopsaok BbINOJIHEHUS PA0OTHI:
1. Onpenenure Bua ¢yHkuuu. Ecin QyHKIUS SIBISETCS CIOXKHOHW, TO BBEIUTE MPOMEKYTOUHBIN
apryMeHT.
2. Omnpenenute, KakMMU TpaBwiaMu auddepeHnnpoBaHmsi HY)KHO BOCHOJIb30BaTbes. llpumennre
COOTBETCTBYIOIILIEE ITPABUIIO.
Hcnonp3ys Tabnuily Mporu3BOAHBIX, HAWIUTE TPOU3BOIAHBIE (DYHKITHIA.
4. PackpoiiTe CKOOKH U MPUBEAUTE TOI0OHBIE, €CIH 3TO YIPOCTHUT 3aMKUCh (PYHKIINU.

w

Xoa pa0doThI:
Haiitu npou3BoaHbie QPyHKITHI:

1. glaxd = (1 —4x510
OyHKIMS SIBISETCA CIOXKHOW CTENEeHHOW. BBeneM NpoMEXyTOUHBIM apryMeHT — u =1 —4x°. Jlua
b bepeHINPOBAHHIS HYKHO BOCITOIB30BATHCS GOPMYITON (1) = nu~L - o/
y = 10(1 —4x%) (1 — 4x%) = 10 (1 — 4x?)%(=8x) = —80x(1 — 4+%)’

. L
2. flx) =sin-x-cos2x
OyHKIMS IPEACTaBIsAET COO0N MPOU3BEIEHUE IBYX CIOKHBIX TPUTOHOMETpUYecKuX QyHKuui. [Toaromy

CHayJaja BOCIOJIb3yeMCS TIpaBuiIoM au(depeHuupoBanus (U - V) = UV 4+ UV

1 J- ] ]
flx) = {sin;_r rcos 2x) = (sin ;I] cos2x + sin ;x{cuslr]

o v L o
BBenem mpoMexxyTOUHBIN apryMeHT: JUIsl TepBOM PYHKIUM u = = x, JJI BTOPOH (YHKIUH u = 2x.

[pu 1 depeHIMpOBaHIN UCTIONB3YeM cleayrolue GopMyIbl: (sinu) = cosu - u, (cosu) = — sinuu,
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V- 1 1 ' .
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cus?x]

1 1 1 i ., 1 1 1
=ros—x|—x| rcosdx + sin—x- {_—s:’n?x} ' {_2_1'} = —ros—xcosdy — 25in —x - sindx.

2 2 2 2 2 2
A3r4szl
3. y= Ioga (3+10x)
OyHKIMS MPEACTABISET COOONH YacTHOE MABYX CIOXKHBIX (yHKIUA. [lo3TOMY CHayaia BOCTIOIB3yeMCs
U v-o

e
{23.1'1'5.1" ‘]I' . lng: {3 + J.[I.r} _ 23_1‘+5_1" . {IDE:{E + Lﬂx:l‘]r
(log, (3 + 10x))°

BBenem npoMexKyTOUHBIA apryMeHT: Ui NepBOW (DYHKIMH u = 3x +5x°, AN BTOPOM (YHKUIUHU
u =3+ 10x,

[Tpu nuddepeHpoBaHNH HCIIONB3YEM clenyromue GopMyIbl: (a) = a“lna - u', (log, u)' = S

.
npaBuioM auddepeHnnpoBaHH (1_:] =

y =

e 2 . £ S =T R A T ney ndludhed 1 T
1 [aireax |'-]=_giL3+1:.1':'—2"”"'T (log, (34+10x3)' < TN | 3x+ 5t :| Iog, (34 10e)-2H+ mlﬂlull B
b |:|=§i|3+1:.'l.'||3 |:|=§i|3+1:.'l.'||3

14
(3% 1) in2

: £l
A R TETRT) 1 lng, (34100} 21+

|]=§i|3+1:.'l.'||3

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

@OyHKIUSA MPEICTaBIsAeT COOOH CyMMYy JIBYX CIOKHBIX  OOpaTHBIX TPUTOHOMETPUYECKHX (DYHKIUIL.
[TosToMy CHadasa BOCIIOJIB3YyeEMCs paBuiIoM nudpepeHtupoBanus (U +V) = U +V.

Flx) = (nrcs:'ng.r) + (arccosSx)’

o o 3 o
BBC,I[GM IMPOMEKYTOUYHBIN apI'yMCEHT: JIA IICPBOU (I)YHKI_[I/II/I u = Ex, JIA BTOpOU q)YHKI_II/II/I u = 3x,

w

:(arccosu) = — ;

[Tpu nuddepeHpPOBaHNY HCIIONB3YEM CIIEYIOIINE (1)OpMyJ'H>IZ (arcsinu)’ = Ny oo

f'[.r} = (nrcstn .r) + (arccosax)'= .—( ) '[5.::} .3_— .:_

5. f(x) = arccosV1 — &=

OyHKIMS SBISETCS CIOKHOM 00paTHOW TpUTOHOMETpUYEecKoil. BBemeM mpoMexyTOUHBIH _BPTYMEHT
—

u =1 —e>. Jlna nudpepeHpoBanHs HYKHO BOCIIONB30BaThes popMynoit  {arccosu)’ = — —.

ml—u
f(x) = (arecosv'1 - 9”] == ﬁ (Vi-&=
f a
[TpoMexyTOUHBII apryMeHT SIBIsIeTCS Tak)Ke CII0KHOHN GyHKIMe. BBeneM u s Hero HOBBIN
MIPOMEXKYTOUHBIN apryMEHT u =1 — g™*.
Jlist L[I/I(p(pepeHquOBaHHﬁ HY>KHO BOCITIOJIb30BaThCs (hOpMyInoit
(V) ==
- = 1 — 1 1 . e
—_— - & —_— - X —_— E & —_—
x) = \arccosVl — g = - (V1-=g = ——=-11-s =
Fe =( v ) Yy (v ) — —( )

_l L ' 1}_
g% 11— g“

ViceZ
®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.
Kpurepum ouenku:
- «OTnuyHO» -  yMeHHs Cc(hOpPMHpPOBAaHbI, BCE 3aJlaHHs BBINOJIHEHBI MPABUIBHO, 0€3
apu(pMeTHYeCKUX OIHMOO0K, penieHne ohopMIEHO aKKypaTHO, C HEOOXOJUMBIMH 0O0CHOBAHHSIMH.
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- «Xopomio» - HEKOTOpble YMEHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS
BBITIOJTHEHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuOkaMu. bezommbouno BemosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE YMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBIITMHCTBO  3aJaHU BBIMIOJIHEHO, HEKOTOPBHIC W3 BBIMOJHEHHBIX 3aJaHUN COJEp)KaT OIIHOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiaeTBOPUTEIEHO» - TEOPETUUECKOE COAEPIKaHUE Kypca HE OCBOCHO, HEOOXOAMMBIE
yMEHUS He C(POPMHUPOBAHBI, BHITIOJHEHHBIE yUeOHBIC 3aJaHusI COACPIKAT rpyObIe omuoOKu. be3ommbouHo
BeINOIHEHO MeHee 70% Bcex 3aJaHui.

IIpakTuyeckoe 3ansaTue Nell
Cocmaenenue ypagnenusa kacameabHou u Hopmaau. Onpedenenue IKcmpemymos QynKyuu.
Botuucnenue naubonvuieco u Haumenvuie2o 3HaA4eHUll GYHKYUU Ha 3a0AHHOM Ompe3Ke

Heap padorbi: HayuyuTbCcsi COCTaBIATH ypaBHEHHE KAacaTebHOM K JIaHHOM KPHUBOM B TOYKE
KacaHMs, HaxOAWTh YIIIOBOH Ko3(duImeHT KacaTeabHOM, INPOBEIACHHBIM K KpuBOW. Hayuurtbes
MPUMEHSITH IPOU3BOIHYIO JJISl UCCIIEOBAHUS (DYHKIIUU.

Boinosinus padorty, Bel Oynere:

YMETb:
- CocTraBnsTh ypaBHEHHE KacaTeIbHON M HaXOAUTh €€ yriIoBor K03 duumeHT;

- HCHOJIB30BATh ITPOU3BOAHYHO UL U3YUYCHUA CBOMCTB Q)YHKHI/Iﬁ H IIOCTPOCHUS l"pa(l)I/IKOB;
- MNPHUMCHATH MPOHU3BOJHYIO IJId IIPOBCACHUA HpI/I6HI/DKCHHI)IX BbI‘lHCJIGHI/Iﬁ, pelmiaTth 3aaa4yu
MNPUKIAIHOI'O XapaKTCpa Ha HAXOXKIACHUC HauOOIBIIEr0 U HAUMEHBIIETO 3HAYECHH.

MaTtepuajbHOe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHLHBIC 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI JIGKIII/II;'I.

3aganue:

1. Haiiaute yrinoBoii kod>((HUIMEHT KacaTelbHOH, IPOBENEHHOM K mapabone Yy = —x%+ x B
TOYKE Xg = —2

2. Haitute yroa HakJIOHEHA K OCH  KacaTelbHOH, NpOBENEHHON K KpuBoH y = x3 B Touke

Xg = —2
3. CocraBbTe ypaBHEHHE KacaTelbHOU K KpUBOM y = sin 3Xx B TOUKe (%; 0).
4. VccnenyiiTe pyHKINIO HA MOHOTOHHOCTB:!
flx) =x5—x3-2x
5. Haiinure skctpemymsl Gpynxiuu: f(x) = x* — 4x3
6. Mccnemyiite GyHKIMIO HA MOHOTOHHOCTH U dKcTpeMyMsl: f(x) = 3x° — 25x3 + 60x
7. HaiiguTe NpoMEXyTKH BBITYKJIOCTH (QYHKIIUH:
f(x) = x*—10x3 + 36x% + 100

Kpartkne Teopernyeckue cBeeHH:

Anzopumm HaxoxncoeHus IKCMPEMymos PYHKUUU u UHMEPLAI08 ee MOHOMOHHOCHU C
HOMOWbIO NEPBOIL NPOU3BOOHOUL

1. Haiitu oGnacTh onpezaeneHus GyHKIUN U UHTEPBaJIbl, HA KOTOPHIX (YHKILUS HEIIPEPBIBHA.

2. Haiiti npousBoanyro ¢pynkuuu f '(X).
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3. Haiitu xpurtnueckue Ttouku QyHkumuy =f(X), T.e. TOYKHM, NpHHAAIESKAIIUEC O0OIACTH
ornpezaencHus: PyHKINH, B KOTOPBIX pou3BoaHas f '(X) oOparaercs B HyJb HIIH HE CYLIECTBYET.

4. Uccnenoath xapaktep u3meHenus ¢pynkuuu f (X) u 3Hak npousBojanou f '(X) B mpomexyTkax, Ha
KOTOPbIC HalJICHHBIC KPUTHYCCKHUE TOUYKH JICNIAT 00J1acTh onpeaeicaus pyukiwn Y = f (X).

5. OTHOCHUTEIBLHO Ka)I(,I[OfI KpHTquCKOﬁ TOYKH OIIPEACIIUTD, ABJIACTCA JIM OHA TOYKOH MaKCuMyma,
MHUHUMYMa UJIN HE SABJIACTCA TOYKOH OKCTpEMyMa.

[TomHHM: KpuUTHYECKasl TOYKa Xg €CThb TOYKA MHHUMYMA, €CIIM OHA OTHEISET IPOMEKYTOK, B
kotopoM f '(X)<0, ot mpomeskyTka, B kotopom f'(X)>0, u Touka MakcuMyMa - B IPOTUBHOM ciy4ae. Eciu
K€ B COCEIHUX IMPOMEKYTKAX, PA3JCIICHHBIX KPUTUUYECKON TOUKOM Xo, 3HAK MPOU3BOJHON HE MEHSETCH,
TO B TOYKE Xo (DYHKIUS IKCTpEMyMa HE UMEeT.

6. Boruncnuts 3HaueHus QyHKIUU B TOYKAX 3KCTPEMyMa.
7. 3anucath pe3yabTaT ucciae0BaHus GYHKIIMHI: IPOMEKYTKH MOHOTOHHOCTH U IKCTPEMYMBI.
Anzopumm HaxoxrncoeHusn bINYKI0CMeEN GYHKYUU U MoYeK nepezuda:

1. Haxomum BTOPYIO MPOHU3BOIHYIO.

Haxoaum TOYKH, B KOTOPBIX f (x) = 0 WIIM HE CyILECTBYET.

3. MHccrnenyem 3HaK BTOpOM NMPOHM3BOJHOMN CJIEBA U CIIpaBa OT HAWCHHBIX TOYCK M JIEJIaeM BBIBOJ 00
WHTEpBaJIaX BBITYKJIOCTH M O HATMYMH TOYCK Iepernoa.

4. Haxoaum 3HaueHue PYHKIMH B TOUYKaX Meperuoa.

N

IMopsinok BbINOJIHEHNUS PA0OTHI:

1. 3nayenue mpou3BOAHON GyHKIMH Y = f(X) mpu X = X, paBHO YIJI0BOMY KO3(dHUIIHEHTY
KacareJIbHOU, MpPOBENEHHON K KpuBod y = f(x) B & Touke ¢ abcumccoit x, , T.e. k'=y'(xy) =
f'(xp) = tan
TJIe ®-YTOJI MEX/y KacaTeJIbHOU K KpUBOU B Touke M (X(; Vo) U MOJOXKHUTEIHHBIM HarpaBieHueM ocu 0,

2. YpaBHeHMe KacaTenbHOl K KpuBoit y = f(x) B Touke MMeeT BUAY — Yo = f (xo) (X — Xp).

3. HampaBnenue KpuBOil B KaXJI0i TOUKE ONpeeNnsieTcs HalpaBlIeHUE KacaTelbHOM K Hell B 3TOH
TOYKE, MOITOMY JUIsl HAXOXKJICHHs YIJla HAaKJIOHHOW KPHUBOW B JAaHHOW TOYKE HAJO BBIYUCIUTH YIOJ
MEXy KacaTeJbHOU, IPOBEACHHON B 3TON TOYKE, U OCBIO.

Xoa padoThl:
1. Haiitu yron HakioHa k ocu O, KacaTelIbHOM MPOBEIEHHOW K KPUBOM Yy = SinX B TOYKE
Xo ==
073
-HaiiJieM IPOM3BOIHYIO (DYHKIMIO Y = Sinx y' = cosx

N |-

o o s (T T
-HanJIEM 3HAUYCHHUE ITPOU3BOOHOU B TOYKE Xy = ; y (;) = CO0Ss ; =

. . 1
-TaHTEHC yTjla HaKJIOHAa KacaTeIbHOW B JAHHOW TOYKE paBeH k =tg « , OTKyma &= arc tgo =~
26,6°

2. IMox kakumu yriaamu napabona y = x2 + x mepecekaeT ock O, ?
-Haitnem Touku nmepecedeHus nmapadboisl ¢ ocbio O,, PEIIUB CHCTEMY
— 42 —1:0
{y XX g {( ;0)
y=0 (0;0)

-ITapabona nepecekaer ock O, B Toukax A(1;0);0(0;0) . Haiiném yrinossie K03(hGHUIHCHTHI
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KacaTeNbHBIX K Mapadose B 3TUX TOYKaX
y=@?+x)=2x+1Lk(-1)=2(-1)+1=-1,k(0)=2-0+1=1

- BBIYUCIWIH YIJbl X4 u X, , oOpa3yeMble KacaTeJIbHbIMU B TOYKax IMepecedeHus: napadoiibl ¢
ocbto O, tg ;= —1,0¢;= 135% tg o,= 1, x,= 45°

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

-HaWIEM MPOU3BOJHYIO KPUBOM B TOUKE X,

y=0@Bx?—x)'=6x—1;y(-1)=6(-1)—1=-7
-HaiiJIeM KOOpANHATY TOYKU KacaHUs:
y1D =3-D - (D) =4M(-1;4)
-I0CTaBUM B (OPMYIly YpaBHEHHS KacaTelbHOM:
y—4=-7(x+1)
y—4=-7x—-7
7x +y + 3 = 0 — ypasuenue xacamenvHou
dopma npeacTaBiaeHns pe3yJabTaTa: BHIIIOJHEHHOE 33/1aHHE

Kpurtepun onenku:

Ouenka "OTJAMYHO'" CTaBUTCSA, €CiM padOTa BHINIOJIHEHA B IOJHOM OO0BEME C COOJIIOJEHHUEM
HEOOXOIUMOM TIOCIICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIIOJIHEHBI BCE
3aIllMCH U BEIYUCICHHA.

Onenka "xopomo' cTaBUTCS, €CJIU BBIIOJIHEHBl TPEOOBaHUS K OLIEHKE "OTINYHO", HO JOIYIIEHbI
2-3 Henmoyera.

OuneHka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTHU TaKOB, YTO IO3BOJISIET MOJNYYUTh NPAaBUIbHBIE PE3yAbTaThl U BBIBOJBI, B XOJI€
MPOBEICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIH pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE IMO3BOJISET CIENIATh TPABHIILHBIX BBIBOJIOB.

IpakTHyeckoe 3ansaTue Nel2
Ilpumenenue npouseo0HoIl K uCC1€008AHUIO PYHKUUIL U 01 HAXOHCOEHUS HAUTYYUULE2O
peuieHus 8 NPUKIAOHbBIX 3a0a4ax

Heanb padorbl: HayunThcs NpUMEHATh NPOU3BOAHYIO QYHKIUU TPU PELICHUH 3a1ad.

Beimosnus patdory, Bel Oyaere:

YMETb:

— HaXOAWUTh HauOoJbIlIee U HAaUMEHbIIIee 3HaUeHUs (PYHKIIMH Ha 33JaHHOM OTPE3KE;

— pelaTh 3aJja4ud Ha HaXOXKJI€HHE HauOOJIbIIEero 1 HAMMEHbIIET0 3HaUYeHHUs (QYHKIIHH.

MatepuaiabHoe obecrnieyenue: HIuBuayanpHble 3a1aHus, TaONMIA MPOM3BOIHBIX, KOHCIEKTHI
JIEKIUH.

3aganue:

1. HaitnuTte HaumeHbllee U Haubonbinee 3HaueHus QyHkimu f(x) = x* — 8x? — 9 na orpeske
:a)[-1;1]; 6) [0; 3].

2. meeTcs TpoBOJIOKA JITMHOW @ MeTpoB. TpebOyercs oOrpaautb 3TOM MPOBOJIOKON
IIPSIMOYTOJIBHBIN Y4acTOK 3€MJIM, OJJHA CTOPOHA KOTOPOI'O MPUMBIKAET K CTEHE 3aBOJCKOTO 3/1aHus, TakK,
YTOOBI TUIOMIA/Ih OTOPOKEHHOTO YJacTKa Obljla HarOOJBIICH.

Kparkue Teopernyeckue cBeieHUA:

JInis OThICKaHHMsI HAaMMEHBIIET0 ¥ HauOOJbIIero 3HaueHus QyHKIMH, TudepeHIpyeMoil BHYTpH
OTpe3Ka M HENpPEephIBHOI Ha €ro KOHIAX, CIEAYeT HAalTH BCe KPUTHUUECKHE TOUKU (DYHKLUH, JIeKaIlUe
BHYTPH OTpe€3Ka, BHIYMCINUTH 3Ha4eHUs1 (QYHKIMM B 3TUX TOUKAaX M Ha KOHI[AX OTpe3Ka, a 3aTeM U3 BceX
MOJTYYEHHBIX TAKUM 00pa3oM uuces BEIOpaTh HaMEHbIlee U HauboJIbIIee.
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Ilopsinok BbINOJHEHHS padOThI:

1. Haxoaum KpuTHUYECKUE TOUKU (PYHKLHUH.

2. IlpoBepsieM, kakue U3 HalICHHBIX KPUTHUYECKUX TOUYEK JIEXKAT BHYTPH 3a/1aHHOTO OTPE3KA.

3. Haxonum 3HaueHWs (QyHKIMM Ha KOHLIAX OTPe3Ka M B TE€X KPUTUYECKUX TOUYKAX, KOTOPbIE
IOMAJAI0T B ATOT OTPE3OK.

4. W3 Bcex NOJIY4YEeHHBIX 3HaUeHUH (QyHKIIMM BbIOMpPaeM HauMeHbllee U HauOoJIbIIee.

Xon padoThl:

1. Haiinute HawMeHblllee ¥ HauOoibliee 3HadeHus (yHkium f(x) = —2x3—3x?+4 mna
npomexyTke :a)[—2;—0,5];60) [1;3].
Pemenue.

HaxoauM KpUTHYECKHE TOUKH (QYHKIIHH.

fl(x) = (—2x3 = 3x% + 4)l=—x? — 6x = —6x(x + 1);

f/(x) = 0; —6x(x + 1)=0; x = 0 u x = —1. moTyunIHM 1BE KpUTHUECKHE TOUKM: X = 0 ux = —1.

a ) B npomescymre [—2; —0,5] AeKUT O1HA M3 KPUTHUECKAX TOUCK:X= -1,

Tax kak f(—2) =8,f(—1) =3.f(—0,5) = 3,5, 70 Haumenbiee 3HaucHne ¢yHkuusa f(x) =
—2x3 — 3x% + 4 nocruraer B Touke X = —1 M paBHO 3, a HanboNbLIEE - B TOYKE X = —2 U PaBHO §..
KpaTko 3T0 MOKHO 3ammcarth Tak: Minp_,,_os) f(x) = f(—1) = 3. max[_,,_o5) f(x)=f(=2) = 8.

0) Otpesky [1;3] He NpUHAMIEKHUT HU OJHA U3 KPUTHYECKUX TOYEK, IIOITOMY HAWIEM 3HAYCHUS
gynkuuu Ha koHnmax otpeska: f(1) =—-2-13-3.124+4=-1.[1;3];f(3) =-2-33-3-32+4 =
—77. . KpaTko 3T0 MOKHO 3amucaTh Tak: ming 4,31 f(x) = f(3) = —=7;.max[y,3) f (x)=f (1) = —1.

2. Yucno 86 mpencraBieHO B BHJE CYMMBI JBYX CllaraéMbIX TaK, 4TO HX IPOU3BEICHHUE
MakcuMalibHO. Haliiure 3TH ciaraembie.

Pemenue. IlycTs 3a/aHHOE YHCIIO MPEACTaBIEHO B BHJIE CYMMBI  JBYX CllaraeéMbIX
X uy,r.e.86=x + y.BbIpasuM BTOpOE cjaraeMoe uepes Xx:

y=86-x.3anuiieM mpoW3BEACHHE OJTUX YHucen B Buae QyHkiuu or Xx:.f(x) = x - (86 —x)
Haiiném 3HayeHuwe X, mpu KOTOPOM (PYHKIIHS

f (x) =x-(86—x) nocruraer makcumyMma..Haiiném mpomsomnyiof/(x) W npupaBHsieM eé
nymo. f/(x) =(x- (86 —x))/ = (86x — x2)/=86 — 2x = 2(43 — x),

2(43 —x) = 0,x = 43.

Ompenenum BTOpoe ciaraemoe: y = 86 — x = 86 — 43 = 43.

Otser: x = 43;y = 43.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kputepun onenkn:

Ouenka "oTJM4YHO'" CTaBUTCS, €ciid paboOTa BHINIOJIHEHA B TMOJHOM OOBEME C COOJIOJEHHUEM
HE0O0XOMMOW TOC/Ie0BAaTEIbHOCTH JCUCTBUI; B OTBETE€ MPAaBHJIBHO M aKKypaTHO BBIMOJHEHBI BCe
3aMHCU U BBIYUCIICHUS.

Ouenka "xopomo' CTaBUTCS, €CIIU BBINOJIHEHbl TPeOOBAHUS K OLEHKE "OTIMYHO", HO JOMYIIEHbI
2-3 Heyouera.

Ounenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €clid pabOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBINIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET IMOJIYYUTh NPABWIbHBIE PE3YNbTAaThl U BBIBOJBI; B XOJE
MIPOBEJEHUS pabOThI ObUIN AOMYILEHBI OIINOKH.

Ouenka ""Hey10BJIeTBOPUTEIBbHO' CTaBUTCS, €CJIH padOTa BBHIOJIHEHA HE MOJHOCTHIO UITH 00BEM
BBITIOJTHEHHON YacTH pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BBIBOJIOB.

Tema 4.3 UHTerpaj u ero npujIoKeHust
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IIpakTnueckoe 3ansaTne Nel3
Boiuucnenue neonpedenénnpix uHmezpanoe memooom 3ameHvl RePemMeHHbIX U C HOMOULIO
UHMEZPUPOGAHUA NO YACAM

Heas padorbi: HayuuThcst uHTErpupoBaTh (DYHKIHHM, MCIOJNB3YS pa3jIMYHbIE METOJbI
UHTETPUPOBAHUS.

Bbinosinus padory, Bel Oynere:
ymembs:

- HAXOJUTh HEONPEIeJICHHBIC UHTETPAJIbI METOI0M HEMOCPEACTBEHHOTO HHTEIPUPOBAHUS, METOAOM
MMOJCTaHOBKM;

- HaXOJIUTh HEOIpeIeJICHHbIE HHTETPAIbl METOJIOM UHTETPUPOBAHHUSI 110 YACTSIM.
MarepuajibHoe o0ecnieueHue:
NunuBuayanbHble 3aAaHusl, TAOIUIA HHTETPAIOB, KOHCIIEKTHI JICKIHH, y4eOHUKH.

3aganue:
HajinnTe HeonpeaeJeHHbIEe HHTETPAJIbI:
1) Jiax* — 62" 4 2x — 3)dx
2 | h.r“;_h” i
3) _.r-:DS{:'lﬂ.r - 5} dx
4) f 3;'1'3.:::1’.:

5) J- Sdx

254+18x°

8) J"{:.r: +5x + ?} sinxdx
9) [ e cos3xdx;
10) [(a® + 4x + 3)* dx.

Ilopsinok BbIMOJHEHHS Pa0OTHI:

1. 3amucarts 3aaHUC HW  ONpECACINTb, KaKuM H3 MCETOJ0B HHTCIPUPOBAHUA HGO6XOJII/IMO
BOCIIOJIb30BATHCH.
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2. Ecnm wHTErpaym MOXXHO HAWTH METOJIOM HEMOCPEACTBEHHOTO WHTETPUPOBAHUSA, TO, HCIOIB3YS
CBOMCTBA MHTETPAJIOB, IPUBEAUTE MHTETPpal K TaOIUuHbIM hopmyrnam. [IpourTerpupyiire.

3. Ecnm uHTErpan Mo>KHO HalTH METOJOM IOJICTAHOBKH, TO BBEJIUTE HOBYIO NIEPEMEHHYIO, HAWIUTE ee
muddepennnan. [locne BBeneHUs HOBOM MEPEeMEHHOM 3aJaHHBIA MHTETpall IPUBOJUTCS K HOBOMY
UHTETpady, KOTOPbIM sBisercs TabmuunbiM. Haiiagure — momydeHHBIH uHTerpain. B cmywae
HEONPENEIEHHOIO0 NHTErpajla BEPHUTECH K CTAPOil NEPEMEHHOM.

4. Ecnm wuHTErpall HeNIb3s HaWTH BBIIIICYKA3aHHBIMH  CIIOCO0aMU, TO TPUMEHUTE (OPMYITy
MHTEIPUPOBAHMS 110 uacTaM | UdV = UV — [VdU.  DTOT MeToj 3aKIIouaercsi B TOM, 4TO

MOJIBIHTETPATFHOE BBIPAKEHUE TMPEICTABIISCTCS KAaKUM-IMOO 00pa3oM B BHUJE MPOU3BEACHUS IBYX
comuoxuteneir U  wu dV. 3arem, mocine naxoxaenus dU u V,  ucnomne3yite Gopmyay
WHTETPUPOBAHUS 110 YACTSIM.

-Uurerpanst Buna | P(x)edx, [ P(x)sinkxdx, [ P(x)eoskxdx, rae P(X)- MHOrouneH, k- uncio.

Y no6uo nostoxxkuth U = P(x),a BCe OCTAIbHBIC MHOYXHUTEIH MIPUHATH 3a dV.
-I/IHTerpaJILI BUIa _]"P{:x}nrcs:'nxdx. _]"P{:x}nrccusxdx. J-P{:x}{nxdx. _]"P{:x}nrctg.rd.r

[ P(x)arcctgxdx.

V10610 100kuTh Plx)dx = dV, a OCcTarbHBIC MHOKHTENHU MPUHSTH 3a U.
- MuTerpansl BUa [ e sinbxdx, [ e cosbxdx, rie @ u b uncna. 3a U MoxHO npuHATh QyHKIHIO U = %,

Xoxa padorbl: HaiiTu uHTErpasis:

dx

6x*—5x%+3x+4
) [
I‘ITO6I>I HaﬁTH 9TOT HMHTCIrpal, Hy)KHO CHadalla IIPUBCCTU IOABIHTCIPAJIBHOC BBIPAKCHUEC K
Ta6JII/IIIH0My BI/II[y I[Hﬂ OTOI'O IPUMCHACM IMOYJICHHOC JACJICHHUC!:

7 ax

Gx* S5x* 3x 4
= n T r|+ r|+ n dx

x© x© - x

. 3 .
= Gx —5+—+4x"° |dx
x
:ﬁjx:dx—de_r
-1

dx . G’ 4x . 4
+3 | —+ 4| xcdx= 3 —5.r+3[r1|_r|+—1-|—C=2x’—5x+3[r1|_r|——+lf.'
x - x

J‘ﬁf‘—5x3 +3x+ 4

xX

f 15x2dx

2) (1-x3)4

DTOT UHTErpaj MOKHO HAWTH C TTIOMOIIIO METO/Ia TI0JICTAHOBKHU. BBe1eM HOBYIO MTepEMEHHYIO.
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1-x=¢

" 1 _ LAY —
J‘lE.r‘n‘x_d{-L "J‘-}_dt_jlﬁn’t_ SJ‘t“}n’t— Sr3+r:_5 hee— 3 .

7
x*dx = ——

3) f{:.r3 — 4x)Inx -dx

DTOT MHTErpajl MOXHO HAWTH C MOMOIIBI0O METOAAa MHTETPUPOBAHUS IO YaCTSIM, OH OTHOCHUTCS KO
BTOPOMY BUJlY, TOATOMY U = Inx, dV = (x® — 4x)dx.

x-t

1 "
dl = —dx, V= J‘{x! —dxldy = — — 2x°
x 4

Hcnonb3ys popMyay HHTETPUPOBAHUS 110 YACTSAM, TOTy4aeM

i xt . x* 41
'[__r3 — 4-:]{nr rdxy = | —— 2x° | — — —2x" |—dx =
4 4 x
wt 3 e e
——2xT) = —_2 = S Pt z
Enr(‘} __r) J‘(‘} __r)n’.r {mc(‘} _.r] _Lﬁ-l—.r +C

4) [(x% — 2x)cos4xdx

OTOT MHTErpajg MOYKHO HAWTH C MOMOILIBI0O METOJAa MHTEIPUPOBAHUA IO YacCTAM, OH OTHOCHUTCS K
[IEPBOMY BUAY, IOATOMY U = x* —2x, dV = cosdxdx.

1
dll = (2x — 2)dx, V= J‘ cosdxdx = E sindx

. . 1 1 )
j{x‘ — 2x)cosdxdx = (x* — Ex} ;sinﬂl-.r — J‘ ‘—1. sindx(2x — E}d.r =
. 1 1 ) 1., 1 )
(x* — 2_1:} ; sindx —; sindx(2x — 2}:1’.:: = ‘—1' (x? - 2.r}s:'n‘1-_r -3 sindx(x — 'L}d.r =

YroObl HAWTH OCTABIIMICSA MHTErpall, CHOBA MPUMEHsIEM (POPMYILy MHTEIPUPOBAHUS MO YACTIM.

UD=x—-1, dV = sindxdx.

1
dall = dx, V= J‘ sindxdx = — ;cus%x
1. . 1 1 1
= - = -2 i —— — —— — _— =
4'{.1: 2x) sindx 2{{.7: 1) ( 45054-.1’] J‘ +c05‘1-.m’.r
1., 1 . 1 1
c—}'[_.r‘ — 2.7:]5:'11‘1-_7: — E {'[_.r — 1} —; cosdx -I—; cosdxdxr =

1. ., 1 1
= E{x' — 2x) sindx + g{{x — 1{cos4x) — 3 J‘ cosdxdx =
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1., 1 . ) 1
:}{_.r“ — 2x)sindx + p ((x — 1)(cosdx) — Es:'ni-x +C

®opma npegocTaBjeHus pe3y/ibTaTa: BhIOIHEHHAs paboTa

Kpurepun onenkmn:

- «OTanuHoO» -  yMmMeHHsl c(OpMHpOBaHBI, BCE€ 3a/laHUs BBINOJIHEHBI NPaBUIbHO, 0€3
apumernyeckux ommOOK, peleHrne opopMIIEHO aKKypaTHO, ¢ HEOOXOUMBIMU 00OCHOBAHHUSMHU.
— «Xopomo» - HEKOTOpble yMEHHUS CQPOPMHPOBAHBI HEJOCTATOYHO, BCE 3aJaHUA

BEITIOJTHEHBI, HEKOTOPBIC BHJIBI 33JaHHI BBIMOJHEHBI ¢ ommOkamu. be3zommbouno BeimonHeHo 80-89 %
BCEX 3aaHUN.

- «Y TOBIIETBOPUTEIHHO» - HEOOXOJUMBIC YMEHUS B OCHOBHOM C(hOpPMHPOBAHBI,
OOJBIIMHCTBO  33JaHUI BBIIIOJIHEHO, HEKOTOPHIC W3 BBIMOJHEHHBIX 3aJlaHUN COJEepkKAT OIIMOKH.
Beszommbouno BeimonaeHo 70-79 % Bcex 3amaHuil.

- «HeymoBIeTBOPUTEIIBHOY - TEOPETUIECKOE COACPKAHKIE Kypca HE OCBOCHO, HEOOXOIUMBIE
YMEHHS HE CPOPMHUPOBAHBI, BHIIIOJHEHHBIC YUeOHBIC 3a/IaHUs COJIEP)KAT IpyObIe OmMOKU. be3ommbouno
BbITOIHEHO MeHee 70% Bcex 3amaHuid.

IIpakTHyeckoe 3ansaTue Nel4
Buviuucnenue onpedenénnvix unmezpanos paiuiHolMu Memooamu

Heap padorni: HayunTbest HAaXOAUTh ONPENEIECHHbBIE UHTETPAJIBL, UCIIOJIb3YSl Pa3IMUHbIE METOMbI
MHTETPUPOBAHUS.

Brinosinus padorty, Bl Oynere:

ymemas:

- BBIYUCJIATH ONPEICICHHBIC HHTETPAJIBl PA3IMYHBIMUA METOIAMH;
MarepuajnbHoe o0ecnieyeHue:

I/IHI[I/IBI/IHyaIII)HI)IG 3aJaHusd, Ta6J'II/IIIa I/IHTCFpaJ'IOB, KOHCIICKTHI J'ICKIIPIﬁ, y‘~I€6HI/IKI/I
3aganue:

Brrancnure OIPCACIICHHBIC HHTCI'PaJIbI:
1. J"_J:{:ﬂl-xi + 32 4 2x + 1)dx

f(vEed)
1 J (Ve )

|.|-'

w
|
e
3
=
|47
[

= :..'I:.'l.'+3|
4. [#e™ cosxdx

5. Jr =

g SR

Ilopsinok BbINOJHEHHSI padOThHI:
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1. 3ammcarp 3alaHuC " OmnNpeAciMTb, KaKUM U3 MCTOAOB HHTCIPUPOBAHUA HCOGXOI[I/IMO

BOCIIOJIb30BAaThCSl.

2. Ecnm wuHTErpam MOXXHO HAMTH METOIOM HEMOCPEACTBEHHOI'O HHTEIPUPOBAHUSA, TO, HCIIONb3YS
CBOWCTBAa MHTErpalioB, IPUBECTH MHTErpajl K TaOiu4HbIM Qopmynaam. IlpouHTerpupoBars.
BrerurcnuTh 3Ha4eHHE OTMpeeIEHHOr0 HHTerpaia mo ¢popmyine Herotona-Jleitbnua.

3. Ecnu uHTErpan MOKHO HalTH METOJIOM II0JICTAaHOBKH, TO BBECTH HOBYIO IIEPEMEHHYIO, HAlTH €€

muddepennnan. [locne BBeneHUs HOBOM NEPEMEHHOW 3a/laHHBIM WHTErpayl MPUBOJUTCS K HOBOMY
UHTErpaiy, KOTOpbId siBisieTcs TabauuHbM. Eciiu uHTErpasn onpeeneHHblid, TO He0OX0IUMO BBIUUCIHUTD
HOBBIE IIpeJIeNbl MHTerpupoBaHus. HaliTu momydeHHbI HHTErpall.

Xox padoThI:
1) f_gl(4 x3 —3x2% + 2x + 5)dx

_]-_'11{:‘1-.7:3 —3x +2x +5)dx = ‘l-f_llfdx—3fjlx2dx+2f:lxd.r+ Sfjl dx=x"—x*+x* + 5.r|3_1 =
2) -3 +3+5-3-(1+1+1-5)=81-27+9+15+2=80

J-i-' 4 hdx

Y 4+25x°

9TO0T HHTCTpaJI MOXHO HaWTH C IMOMOIIIBbI0 METOJa MOJACTaHOBKHU. BBegem HOBYIO IICPEMCHHYIO.

- 5 -
-x = t
5
-dx = dt
J-:-l- Sdx _EJI-:-I dx __ij:4 dx _ 2 _
o nme - LEa ok eyt an=la
! ] =
g =0 tg =0
LXg = 0.4 tE = 11
_Fzplde 1 11 1 — _Lf E_E
=1 5'r':' e :nrctgﬂn = :(nrctgl arctgl) = S 1Tz
: sinxdx
3) "r: costx
OTOT UHTETPa MOKHO HAlTH C TTOMOIIBI0 METO/Ia MOJICTAHOBKH. BBeieM HOBYIO IEpEMEHHYIO.
r cosx =t 7
T deosx = dt i
i —sinxdx = dt . 7
sinxdx SHrax —dr .1 . 1 1
—_— = sinvdx = —dt = — =——|I== "|I== ——=2—-05=15
& & s
. cos'x sy =0ty =cos0 =1 J t =2 2t 2:025 2
T T 1
g =— fg=cos—=-—
R 3 B 3 2

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa

Kpurepun onenkmn:
- «OTan4Ho» -  yMeHHs c(OpMHpOBaHBI, BCE€ 3a/laHUs BBINOJIHEHBI TNpPaBUIbHO, 0€3

apupMeTHIECKUX OMMOO0K, peneHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
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- «Xopomio» - HEKOTOpble YyMeHHS C(HOpPMHUPOBAHBI HEJOCTATOYHO, BCE 3aJaHU
BBITIOJTHEHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuOkaMu. bezommbouno BemosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBJIETBOPHUTEIIBHO» - HEOOXOIWMBIE YMCHHS B OCHOBHOM C(OPMHPOBAHHI,
OOJBIITMHCTBO  3aJaHU BBIMIOJHEHO, HEKOTOPBhIE W3 BBHIMOJHEHHBIX 3aJaHUN CcoJaepkKaT OUIUOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeynoBiaeTBOPUTEIEHO» - TEOPETUUECKOE COAEPIKaHNE Kypca HE OCBOCHO, HEOOXOIMMbIC
yMEHUS He C(POPMHUPOBAHBI, BHITIOJHEHHBIE yUeOHBIC 3aJaHusI COACPIKAT rpyObIe omuoOKu. be3ommbouHo
BBIOIHEHO MeHee 70% Bcex 3aaHuii.

IIpakTuyeckoe 3ansitue Nels
Ilocmpoenue kpusonuneitnoii mpaneyuu. Illpumenenue onpedenénnozo unmezpana K
8LIYUUCICHUI0 NII0OUWLAOCT NIIOCKUX PUZYD U 8bIYUCTIEHUI0 00BEMO8

Heuan padorsi: HayunThcst BEIUUCIATH IUIOMAAN GUTYpP U 0OBEMBI TeJl, UCIOJb3Ysl ONpE/IEICHHbIE
HHTCIpaJibl
Brinosinus padorty, Bl Oynere:

YMETb:
- HAaXOJUTb UHTErpaj

— BBIYUCIISATH B HpOCTefIHIHX cIydadx Ioiomaau 00BEMBI C HCIOJIL30BAaHUCM OIpCaACIICHHOI'O
HHTCIrpaja.

MaTepnaﬂbﬂoe odecmeyeHue:

I/IHI[I/IBI/II[yaJ'IBHBIC 3a/laHus, CIIPABOYHBIC MaTCpUaJibl, KOHCIICKTBI HeKHHﬁ.

3aganue:
1. Beruucnuts miaomaab pUrypel, orpaHUu4E€HHON JTMHUSIMU

a) y=—x*+4,y=0

b) y=x% y=x°

c) y=e*, y=e™, y=4
2.Berauciauth 00beM Tela

y=x%, y=1 eoxpyeocuQY

IMopsinok BbINOJIHEHUs PA0OTHI:

1) MOCTPOUTD IpaUKH PYHKIIMHA
2) HaiiTu 001acTh, OTPaHUYEHHYIO STUMH I'paduKaMu
3) COCTaBUT OMPEJCICHHBIN UHTETPA, JUTsl HAXO0XKJACHUS TUIOIIAAN HalICHHON 00J1acTh

Xoa pa0doThI:
[Tpumep 1: Haiitu mnomane obnactu D, orpaHndeHHO KpUBBIMU Y = X2+ x + 11, y=2X-9, npu

yCIIOBHH,
x<=1
_
y=x"+x-11,
D fy=2x-9

x 21

[Ipu pemenuu Takux 3a7ad cileayeT 00s3aTelbHO H300pa3uTh UCCIEAYeMbIH I'eOMETPUYECKUi
00BeKT. i1 onpeesienrs HUKHEro Mpeiesa HTHTETPUPOBaHUs Ha/l0 HAaUTH TOUYKY NepecedeHUs] KPUBBIX;
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ypaBHenue X° + X + 11 = 2 X - 9 umeer aBa KOpHs: X = -1 1 X = 2. [Toaxomsmuii KopeHs - X = -1. OGmacTs
orpaHWYeHa CBEpPXY Mapaboion, CHU3Y - IPSIMOM, cripaBa - MpsMOr X = 1, KpalHss jeBast To4yka - X = -1,
II03TOMY

4 3

Ecmn

1 I 7 2y
=_I[(2x‘9)‘(x2 +x_11:l}ﬁ: I(E'x2+x)dx 2;—%+T _+_] [ 2+ .|._ =ﬁ.

o0yacTh UMeeT 0oJiee CIOKHYIO CTPYKTYPY, €€ cielyeT pa3OuTh Ha MPOCTHIC YaCTH .

[Tpumep 2
. =2x—x"
BeramciuTh 00beM Tela, TIONydeHHOTO BpalleHHeM (Urypsl, OrpaHHUEHHOH THHAAMH < ,

y=0 BOKpyr ocu L4

Pemenne: Kak 1 B 3aj1aue Ha HaXOXKJCHUE IUIOIIAH, pellleHHe HAYNHAETCS ¢ YepTexka II0CKOi
durypsr. To ectb, Ha miockocTH 4CY HEOGXOAMMO MOCTPOUTH (GUTYPY, OIPAHMYCHHYIO THHHSMH
y=2x—x°

1 { :\ ; 4
Y i i
I/ICKOMafl IIJI0OCKas q)nrypa 3alITpuxoBaHa CUHUM LBCTOM, UMCHHO OHa W Bpalla€TCd BOKPYI' OCHU

o) 4 . B pe3yiIbTaTe BpallCHUA IMOJYYACTCA TaKasd HEMHOI'O SUIEBUIHAS JIeTaroIIast Tapeiika, KOTOpas

CUMMCETpHUYHA OTHOCUTCIIBHO OCH o4 .
O0beM Tef1a Bpam€eHUusi MOKHO BBIYUC/IUTD 11O (bopMy.ne:

3
v =] £ (x)dx

Brraucium 00beM Temna BpaIeHus, UCIIOJIB3YS JTAaHHYIO bopmyny:
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3 2 2
V= fr]ff*(x)dx = ;-r](zx— ) dx = ;:rj (4%* — 4x% + x"dx =
a a 1}

3 5
3 3 3 5 15

V= “5_5” 2’ =335

OTtBer:

dopma npeacTaBiieHus pe3yJbTaTa: BBHIIIOJIHCHHOE 33/IaHHUE

Kpurtepun onenku:

Ouenka "OTJMYHO'" CTaBUTCSA, €ciiM paboTa BHINIOJIHEHA B IMOJHOM OOBEME C COOJIOJIEHHUEM
HEO0OXOIMMOW TIOCTIEOBATEIILHOCTH JICHCTBUI; B OTBETEC MPABUIBLHO W aKKypaTHO BBIMOJTHECHBI BCE
3alMCH U BBEIYMCIICHHA.

Ouenka "xopomo' CTaBUTCS, €CITU BHIIOJIHEHBl TPEOOBAHUS K OI[EHKE "OTIMYHO", HO JOMYIICHBI
2-3 "Henmoyera.

Ouenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO ITO3BOJIACT IMOJYYUTh IPABUIbHBIC PE3yibTaThl U BBIBOJBI, B XOJIE
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIIIOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHON 9acTH PabOTHI HE MO3BOJISIET CCNIATh MPABMIIBHBIX BBIBOJIOB.

Tema 5.1 BeposiTHOCTh. OCHOBHBIE TeOpeMbl TEOPHH BePOSTHOCTEH

IIpakTnueckoe 3ansaTue Nel6
Buiuucnenue sepoamnocmeii cnoxcuvix coovimuii. Teopembl Cl0HcenUs U YMHONCEHUA
eepoamnocmeii. Dopmyna nonnou eepoamnocmu u popmyna bepuynnu

Iesan padoTbl: HaydnThCcst HAXOIUTH BEPOSTHOCTb COOBITUM, UCHIOB3YS (POPMYIIbl KOMOMHATOPUKH.
Beinmosinus padorty, Bel Oynere:
ymembp:

-BBIYUCIISITh YUCIIO UCXOJI0B, OJIAarONPUATCTBYIOIIUX HACTYIUIEHUIO PAaCCMAaTPUBAEMOT0 COOBITHS,
UCHONb3ys (OPMYNIbI KOMOMHATOPHKH;

- BBIYHCIISATH BEPOSATHOCTh COOBITHS IO KIACCUYECKOMY OIpPENETICHUI0 BEPOSTHOCTH.
MarepuanbHoe obecniedenme: HauBuyanbHble 3aJaHUs], KOHCIIEKTHI JIEKIIUH.
3ananmue:

1. T'oToBsICh K JIOKJIaAy, CTYyIEHT BBIMHUCAT U3 KHUTHU LUTATy, HO, 3a0bIB HOMEp CTpPaHUIIbI, HA
KOTOpOI OHa HaxoJujach, Hamucajl HoOMep Haynady. KakoBa BEpOATHOCTb TOrO, YTO CTYJAEHT 3aIucall
HY>KHBIA HOMEp, €CIIM OH IIOMHHT, YTO HOMEP BBIPAXKAETCS ABY3HAYHBIM YUCIOM?

2. B smuke 15 geraneit, cpeau kotopbix 10 okpamensl. COOpIIMK Hayaady BeIOpasl 3 JaeTaid.
KaxoBa BepOSITHOCTB TOTO, UTO BBIOPAHHBIE IETAIH OKA3aJUCh OKPAIICHHBIMU?

3. Nmeerca 8 xaprouek. OHa CTOPOHA KaXKIOW M3 HUX YUCTas, a Ha JPYroil HamucaHbl OYKBBI
JOWPJ, AH,3,I1. KapTouku KiaaayT Ha CTOJ YMCTOM CTOPOHOM BBEpX, MEPEMEIIMBAIOT, a 3aT€M
MOCJIEZI0BATENBHO OAHY 3a IpYroi rnepeBopauynBatoT. KakoBa BEpOSITHOCTH TOTO, IPU MOCIE0BATETEHOM
nosiBieHNH OykB Oyzet cocranieH cioso [IPA3/THUK?
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4., HGHB COCTOHUT U3 HE3aBUCHUMBIX 6J'IOKOB, COCAMHCHHLBIX B CUCTEMY C OAHHUM BXOJ0OM U OJHUM

BBIXOJIOM.
11 ¥ —{ 9}

- e —————
(2} {4)

puc. 1

BBIXOI[ H3 CTPOs 3a BpEMA T PA3JIMYHBIX 3JICMCHTOB LICIIU — HC3aBUCUMBIC COGBITI/IH, UMCIOIUEC

CIEAYIOLIME BEPOSITHOCTH: 0=0,1,4,=0,2;9,=0,3,4,=04. OTka3 1r000ro0 U3 PITEMEHTOB

MIPUBOJIUT K IPEPHIBAHUIO CUTHAJIA B TOM BETBU LIETIH, IJI€ HAXOAUTCS TaHHBIN 35ieMeHT. Haltn
HAaJIe)KHOCTh CUCTEMBI/

KpaTKue TCOPETHYECCKUEC CBCACHUSA

Beposamnocmeuio coovimus A Ha3bIBacTCs OTHOIICHHE 4YHCIa M CIyYaes, OJarOMPHITCTBYIOMINX €ro
MOSIBJICHHIO, K OOIIEMY YHCIY BCEX HECOBMECTHBIX PaBHOBO3MOXHBIX H 00pa3yOMIUX MOJHYIO TPYIIIY
COOBITUH.

Takoe onpeseneHne BEPOSITHOCTH HAa3bIBAIOT KJIACCUUECKUM. BEpOATHOCTH COOBITHS 0003HAYAETCS
m
P(A) u Bbruucnsercs no popmyine: P4) = —

BeposTHOCTh TMOsABICHMS COOBITHS 3aKII0YCHA B Ipeeinax
ot 0mol: 0=P(4) =1

[Ipu pemiennn 3a7a4 Ha BEIYMCICHUE BEPOSTHOCTH MPUMEHSIOTCS (POPMYIIBI IS MOACUYETa YUCIIa
KOMOMHAIMH U3 TaHHBIX 3JIEMEHTOB:

- YHCJIO MEePecTaHOBOK BhIUUCIAETCS 1Mo popmyne: B, = n!

- YUCJIO pa3MemeHI/1171 U3 N 3JIEMEHTOB 11O M 2JIEMEHTOB B KaXXJI0OM BEIUHCIISIETCS 110 (1)0pMlee: A;ln =
n!

(n—m)!

- YHCJIO COUYETaHUM U3 N 3JI€EMEHTOB 110 M 3J1€MEHTOB B KaXXJ10M BBIYUCIISICTCS I10 (I)OpMyJIe: C,Zln =
n!

(n-m)!-m!

HaznexxHocTb KaXJI0ro 3JIEMEHTa CUCTEMBI AJIEKTPOCHAOKEHUSI MOYKHO XapaKTepU30BaTh
BEPOSITHOCTHIO PAOOYET0 COCTOSIHHS P U BEPOSITHOCTHIO OTKa3a (. Eciii He yuuThIBaTh MJIaHOBHIE
IIPOCTOM (PEMOHTBHI), TO MOXKHO CUUTATh, YTO AJIEMEHTHI B JTF0001 MOMEHT BpEMEHH HAaXOASTCS B OJJHOM
13 3TUX COCTOSHMM. Toraa cymma BEpOATHOCTEN ITUX COCTOSIHUM paBHa 1: p + q = 1.

JIJIst TpyTIIBI U3 ABYX 3JIEMEHTOB BO3MOXHBI CJICTYIOIIAE COYCTAHUS:
1. o6asnemeHTa B pabodeM COCTOSHUWY;
2. TIEpBBIH 3JIEMEHT B BEIHYKICHHOM IIPOCTOE, BTOPOU B pab0vYeM COCTOSHUM;
3. TepBbIi 3JIeMEeHT B pabodeM COCTOSHUU, BTOPOH B BBIHYKJIEHHOM IPOCTOE;
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4. o0a snmeMeHTa B BRIHYKJIEHHOM MIPOCTOE.
BeposiTHOCTH ATUX COCTOSTHUM MOKHO HAlTH, BOCIIOJIB30BABIINCH TEOPEMON YMHOKEHUS BEPOSITHOCTEH.
Tax npy mocJjieA0BATEJILHOM COCIMHEHUH ABYX 3JIEMEHTOB C HaJIS)KHOCTBIO KaXKI0I0 P1 U P2
HAJIe)KHOCTh BCEH CXEMBI OIpeesieTcs Kak P = py - p,
Hpyrumu cioBaMu cxema padomaem, eciu padomarom ooa snemenma. Ilpu omxkasze 00nozo (1106020)
U3 HUX cxema pabomams He Oyoem (MOK uepe3 yenv He noiioem).
BeposiTHOCTB OTKa3a [Jis1 1OC/IeA0BATEILHOIO COeINHEHUS
P =1 — q1q, (U1 IBYX 3JIEMEHTOB).
P=1-q.q; " ..q, (11N -—JIEeMEHTOB).

[Ipu napaJuieIbHOM COeIUHEHUM ABYX 3JI€MEHTOB C HAJIEKHOCTHIO KXKIOTO p1 U p2 HAZEKHOCTD
BCEU CXeMblI orpeensercs Kak P = p1.p, +p1 - 42 + P2q4
[Tonb3ysck hopMyInoit At BEpOATHOCTH MOSBICHUS XOTS ObI OTHOTO COOBITHUS, HA/IEKHOCTh CXEMBbI
napajuieJIbHOTO COeIMHEHUS 3allUChIBAIOT B Buae P =1 — q4q,.

[pyrumu cinoBamu cxema pabomaem, eciu pabomaiom 0oa 3nemenma, HO maxdce OHa pabomaem,
eciu evlitdem u3 cmpos U KaxKou 1udo 0OuH u3 3J1eMeHmos.

HOpﬂ)IOK BbIITOJTHCHU A paﬁoTbI:

1. Ompenenute codbiTre A, BEpOATHOCTh KOTOPOTO HYKHO BBIYMCIUTD.
2. IlpocuwnraiiTe obmuiee yncio (N) BO3MOMKHBIX HCXO/IOB.
3. IlpocunTaiite 4muciIo UCX0A0B (M), OIArOMPHUATCTBYIOIINX HACTYIUICHUIO COOBITHS A.

v . m
4. Vcnionp3yiite GopMyily [Jisl BBIMMCIIEHHS BEPOSTHOCTH ONPENENEHHOTO coObITus. Pld) = —.

Xoa padoTbI:

1.Habupast Homep tenedona, aboHeHT 3a0bU1 ocaennue 3 nudpsl 1 HAOpaI UX HayJAady, IOMHS . YTO
OHU pasznuuHbl. HaliuTe BEpOsSTHOCTH TOTO, YTO HAOpaHBI HY)KHBIEC ITU(PHI.

Pemenue:

CoOriTHEe A- «HOMEp HaOpaH BEPHO».
Yucno n-obmee 4YMCIO MCXOJOB  MCIBITAHUS  TOJYYUM, BOCIIOJIb30BABIIMCE  (OpPMYJIaMU
koMOuHatopuku. Becero umeercss 10 mudp, T.e. uncio sneMeHToB paBHO 10; B Kakaoe COEAMHEHHE
BXOJUT 10 3 nudpsl; MopsaoK nudp (37eMEHTOB) CyLIECTBEHEH IpU HAbope HoMepa, 3HAYUT, HY)KHO
HaWTH YUCIIO pazMenieHui u3 10 ameMeHToB 1o 3 o ¢gopmyie:
Ay =—>= =70 ="22"0 =720, Wrax, n=720
(10-3) 7! 7!
Yucno m=1, T.K. TOJILKO OJJUH HA0O0p U3 TPEX UG ABISETCA HYKHBIM. 3HAUUT,
P(4) ===~

720

2.U3 ypHBI, B KOTOpOi HaxonsaTcs 12 6enbIx U 8 4EPHBIX 1IapOB, BBIHUMAIOT Hay1auy JiBa mapa. Kakosa
BEPOSITHOCTh TOTO, YTO 00a IIapa OKaXyTcsl YEPHBIMU?

Pemenne:

CoObiTne A- «oba mapa OKaxyTcsi YEpHBIMU.

Yucno n-obmiee YUCIO HCXOJOB HCHBITAHUSA  IOIYYHM, BOCTIOJIb30BaBUINCE  (hopMyliaMu
KoMOMHATOpUKH. OOIee YMCIO BO3MOXKHBIX CIy4aeB N PABHO YMCIy COUeTaHWH u3 20 2IEMEHTOB
(12+8) mo mBa: N=Cj; = = EPEo190.

!!:Z:—!H_!!-l?! 1-2-18!

45



Yucino cayyaes m, 6HaFOHpI/I$ITCTBy10H_[I/IX COOBITHIO A, paBHO YHUCIYy COUYETAaHUU U3 § HIEMEHTOB (

B _BTE
8 YepHBIX I_HapOB) 10 JIBa: N= CE— s PR =28
-1 —r.l. Fan i ¥ H

Pl4) = . —m 0,147

3.Ha naru kapToukax pa3pe3Hoit a30yku Hanucanbl OykBel A,3,K,0, M. KapToukun nepeMemmBaroTcs U
HayraJ packjajabpiBatoTcs B psif. KakoBa BepoATHOCTH TOro. Uto nomxyuurcs cioBo 3AMOK?

Pemenue: CoObiTue A - «monyuutcs ciioBo 3SAMOK.

Yucno n-obmiee YUCIO HCXOJOB HCHBITAHUSA  IOJIYYHM, BOCIIOJIb30BAaBUIMCE  (hOpMYyIaMu
koMOmHatopuku. OOIIee dYHUCIO  BO3MOXKHBIX CIIy4aeB N paBHO YHUCITY MEPECTaHOBOK U3 5
anmeMenToB (0ykB): N=P; = 5!=5-4.3 .2.1=120.

Yucno ciaydaeB M, OiaronpusATCTBYIOIIUX COOBITHIO A, paBHO 1, T.K. TpeOyeTcsi COCTaBUTh CJIOBO C
OykBamy, paCCTaBHeHHBIMI/I B OIIpeIeIEHHOM HopsiiKe. A 3TH OyKBBI pPa3IMUHBL.

P4y ="=2

n 2o

4, HCHL COCTOMUT M3 HC3aBHCHMBIX 6.]'IOKOB, COCAUHCHHBIX B CUCTEMY C OJHUM BXOJA0OM U OJHUM
BBIXOJ0M.

..
!‘_A."l
>

.'1:\
A’ ' 2

-

(&

e
.
(=)

puc. 1

BI)IXOZI N3 CTPOs 3a BpEMs T PA3JIMYHBIX 3JIEMCHTOB LCIIN — HEC3aBUCHUMBIC CO6I>ITI/I$I, HMCIOIIHNEC

=01 g,=02 g, =03 g,=04,
CJIEIYIOIIHE BEPOSITHOCTH: Q=YL @82 872 B= 5% Orkas mo6oro u3 sneMeHToB MPUBOIUT K
MPEPHIBAHUIO CUTHAJIA B TOM BETBH LIENH, T/I€ HAXOJUTCS JaHHBIN d51eMeHT. HaliTh Haie’KHOCTh CUCTEMBI.

Pewenue:

CoObITHE A — ccTeMa Ha/IeKHa.

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

OneMeHTs! 1 ¥ 2 coeHEHbl NapalljIebHO, ¥ 3JIEMEHTHI 3 ¥ 4 COeIMHEHBI MapajuleIbHO, a MEXIY COOOH

OHHU COEIMHEHBI MTOCIIE0BATEIBHO, TOT/IA UCIOJIB3YS (POPMYJIBI, TOITYYUM
PlA|=|1-q,4,]) [1—g;q,/=11-0,1-0,2]- (1-0,3-0,4|=(1-0,02)-(1-0,12|=0,98- 0,88=0,8624

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs paboTa.

Kpurtepun onenkmn:
— «OTnuaHO» -  yMeHHsl c(OpMHpOBaHBI, BCE 3a/laHUs BBIMOJIHEHBI MPaBUIBHO, 0€3
apupMeTHYECKUX OMMOO0K, peneHrne 0hOpPMIIEHO aKKypaTHO, C HEOOXOIUMBIMU 00OCHOBAHHUSIMH.
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- «Xopomio» - HEKOTOpble YMEHHS C(HOPMUPOBAHBI HEAOCTATOYHO, BCE 3aJaHUS
BBITIOJTHCHBI, HEKOTOPBIC BUBI 3aJaHUI BBITIOJIHEHBI ¢ omuOKkaMu. bezommbouno BemosHeHo 80-89 %
BCEX 3aJJaHUH.

- «Y IOBJICTBOPUTEIBHO» - HEOOXOJIUMBbIC YMEHHUS B OCHOBHOM C(HOPMHpPOBAHBI,
OOJIBIIIMHCTBO  33JJaHUi BBIIIOJIHEHO, HEKOTOPBIC M3 BBINOJHCHHBIX 3aJaHUil COAEpkKaT OIINOKH.
Be3omnbouno BeinonHeHo 70-79 % Bcex 3agaHu.

- «HeymoBIeTBOPUTEIIBHO» - TEOPETHIECKOE COACPKAHKUE Kypca HE OCBOCHO, HEOOXOTMMBIC
YMEHHS He CPOPMHUPOBAHBI, BHIIIOJHEHHBIC YUeOHBIC 3a/IaHUs COJIEP)KAT IpyObIe OmMOKU. be3ommbouno
BeINOIHEHO MeHee 70% Bcex 3aJaHui.

Tema 5.2 OcHOBBLI MAaTEMATHYECKOM CTATHCTUKU

IIpakTuyeckoe 3ansiTue Nel7
Cocmasnenue cmamucmuuecko2o pacnpeoenenus évloopKu, NOCMpPoeHue noauoHa u
2ucmozpammel

Hean padorsr: DopMupoBaHUE YMEHHUS COCTABIATH CTATUCTUYECKOE PACIIPECIICHAE BHIOOPKH.

Beinosinus padorty, Bel Oynere ymers:
- COCTaBJIATh CTATUCTUUYECKOE PACHPECIICHIE BEIOOPKH;
- BBIMOJIHATH OCTPOEHUE MTOJIUTOHA U THCTOTPAMMBI.

MarepuanbHoe obecniedenne: HauBuyanbHbIe 3aJaHHs, KOHCIIEKTHI JICKIIUH.

3aganme:
1. ITocTpOUTh OJUTOHBI YACTOT M OTHOCUTEIBHBIX YACTOT TI0 PACTIPEACIICHUIO BEIOOPKH:

xi |2 |4 |7 |8 |9 |12
n; ||012 |2p2 |p2 |IDz2 |p3 |3p3

1. TloctpoiiTe ruCTOrpaMMBbl YaCTOT U OTHOCUTENIBHBIX YaCTOT MO PACIPEACTIEHUIO BHIOOPKH:

Ne Wurepsa, Cymma 9acToT
unrepsana | X; — X, 1 ﬁ?PHaHT UHTEpBaa,
1 3-5 01
2 Sl 2p;
3 7-9 3ps
4 9-11 p?
5 11-13 2p;
6 13-15 3p!
7 15-17 D1+D2

3. Iy TeHepaIbHOM COBOKYITHOCTH, 33JaHHON PaCIpe/ICIICHHEM

xi |5 |10 |15 |20 |25 |30 |35
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Ni ’pl ’3I01 ’pz ‘sz ‘ 5 ‘Zps ‘2p§
HaiiuTe reHepaqbHYIO CPEIHION, TeHEpATbHYIO JHCIIEPCUIO, FeHepaJbHOE CTAHJAPTHOE OTKIOHEHHE,
MOJIy, MEIMaHy U pa3Max.
4.3 renepainbHOM COBOKYITHOCTH CIEaHa BRIOOPKA, 3aJaHHas PACIIPEIeICHUEM:

x | 2] 4] 6 | 8 |10 | 12 | 14
ni’P2’2|02||01’p12 ‘Ps ‘Zps ‘I02+I03

Haiitu BBIOOpPOYHYIO CpEIHIOI BBIOOPOYHBIE TUCIIEPCHIO W CTaHAApTHOE OTKIoHeHue. OOparute
BHUMaHHE: P; = 4Huciay OykB B Bamem umenu;p,= uuciy OykB B Bamiei ¢amunum;psz= uucity OykB B
uMeHHu Barrero otma.

ITopsinok BbINOJIHEHHUSI PA0OTHI:

IIIpounTaB ycioBHE NPEUIOKEHHOM 3a/1a4yy,lI0 KOHCIIEKTY JIEKLIUU HalJUTE COOTBETCTBYIOLIUE
hopMyIIBI.

2]IpuMeHuTE JIEKIIMOHHBIA TEOPETUUECKUN MaTepuan JJis PELIeHUs KaKJ0M 3a1au.

3 B ciayyae HeoOXOAMMOCTH  HPEICTaBUTh T€OMETPUYECKYIO HHTEPIPETALMI0 YUCIOBBIX
XapaKTePUCTHK BBIOOPKH.

Xon pa6oTsi:
1. 3agano pacripenieneHne 4acToT BHIOOPKH:

|6 |12 |15
|10 | 7 | 5

Xi|2
I’li|3

CocraBuTh pacrpeesIeHne OTHOCUTENBHBIX YacTOT.
Omnpenenum cHavana 00beM BEIOOPKH:

N=3+10+7+5=25.

n.
Haiiiem oTHOCHTEIBHBIE YACTOTHI 110 hopMmysie W, = —:
n

W, :3:0,12; W, :£:0,40;W3 2120,28;W4 :£:0,20.
25 25 25 25
CnenoBartenbHO,

xi | 2 | 6 |12 | 15

w; | 0,12 | 0,40 | 0,28 | 0,20

KonTpons: 012+ 0,40+ 0,28+0,20 =1.

2.. ITo pe3ynpTatam npumepa 1 HOCTPOUTH MOJUTOHBI YACTOT U OTHOCHUTENIBHBIX YacTOT.
Pemenue. OTo6pa3uB Ha IIOCKOCTH TOukH ¢ KoopiamHaTamu (X;,N;) M coemWHMB WX OTpe3KaMmu,

IMOJIYYHM IIOJIUTOH YaCTOT:

n; |

10 7




AHAJIOTMYHO OCTPOUM MOJUTOH 1O Toukam (X;,W,)

Wik

0,40 7
0,28 /
0,20

0,12

—

2 6 12 15 Xi

3.HOCTpOI>iT€ TUCTOIrpaMMy 110 CICAYIOHIEMY CTATUCTUYCCKOMY PACIIPCACIICHUIO:

WuTepBain Cymma  yacroT
Ne unrepBana ﬁigHOH ﬁiapHaHT
1 5-10 4
2 1015 6
3 15-20 16
4 20—-25 36
5 25-30 24
6 30—-35 10
7 35-40 4

Pemenue. [Ipexne Bcero, onpenenum 06beM BEIOOPKH:

N=4+6+16+36+24+10+4=100.
[To n3BEeCTHBIM CyMMaM 4acTOT BapUaHT PACCYUTAEM IUIOTHOCTh YAaCTOTHI [10 MHTEPBAJIAM:

IlnotHOCTHE 9JaCTOTEI IlnotHOCTE YaCTOTEI
No N Ne N
i i
VHTEpBaia — HWHTEpBaia —
h h
1 0,2 5 48
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2

N300pa3um noiny4eHHbI pe3ynbTar:
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4. Haligute CTaTUCTUYECKHME OLEHKM TEHEpPaJbHOM COBOKYIMHOCTH, 3aJaHHOM  CIIEIYIOLIUM
BAPUALIMOHHBIM PSIIOM:

BapuaHTa X; | 2
gacrota N; | 8 |

|4 |5 |6
9 [10 | 3
Pemrenue. Onpenenum 00beM COBOKYITHOCTH:

N, =8+9+10+3=30.
Haiinem renepaibHyto CpeHIO:
~8-2+9-4+10-5+3-6
30

— \2
v — 2 —
Jlis BbIUMCIEHMS. TeHEpaNbHOM aucnepenu  ucnonsdyeM  ¢opmyny Dy = X7 (Xr) .

X, 4.

OHpe,Z[eJ'II/IM CPCIAHIOKO KBAApPAaTOB:

—5 8:22+9-4?+10-5% +3-62
Xr = 30

=17.8.

Taxum o6pazom, D =17,8— 42 =18.

[eHepanbHOE CTaHAAPTHOE OTKJIOHEHHUE: O =+ Dy =4/18 =1,34.

OOBIYHO MOJTYYEHHBIX PE3YIbTATOB JOCTATOUHO JUISI MPAKTUUECKHX 3afad. OJTHAKO MOXHO MOTYyYUTh
JOTIOJTHUTEIBHBIE XapPaKTEPUCTUKH JJisi 0oJiee TOHKOW OIEHKM TeHEPaJIbHOM COBOKYITHOCTH.
IIpuBenem ux:

Mojga MO : mHanOo:blas 4acToTa

Mo =10.
Menwnana Me : BapHanimOHHBIN PSIJT ASITUTCS TOMOJIaM B TOUKE
Me=45.

Pasmax Bapuaiuu R: B mpumepe X, =0;X;, =2, mosromy

R=6-2=4.
5. U3 renepanbHON COBOKYITHOCTH M3BJIEYEHA BHIOOPKA

Haiigute ctaTucTueckue XapakTepUCTUKH BBIOOPKHU.
Pemenue. Onpenenum 00beM BHIOOPKH:

n=92+94+103+105+106 = 500.
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Bribopounas cpennsis:
92.1+94-2+103-3+105-4+106-5
500
Onpenenum CpeHIO KBaIpaToOB:
%2 92-1° +94.2° +103-3° +105-4° +106-5°
° 500
Bri6opounas aucnepcus:
D, = X2 — (X, J =1145-182° =814.

BBI6OpOLIHOG CTaHJAPTHOEC OTKJIIOHCHHUCE!

o, =814 = 285.

6. . OmpenenuTe MOITHOCTH Kakoro u3 MHOkecTB A = {1, 3,5, 7,9} umu B = {2, 4, 6, 8} OGomnb1e.
Pemenue. IloHSATHE MOIIHOCTHM KOHEYHBIX MHOXKECTB TIIO3BOJISICT CPAaBHHUBATh HX [0 KOJHWYECTBY
anemeHToB. Tak, ecmu A = {1, 3,5,7,9},aB={2,4,6,8}, Tom (A)=5,am (B) =4 u motomy m (A) >
m (B).

7. Ilycte A ectb oTpe3ok [1, 3], B - orpe3ok [2, 4]; Torna o0beauHeHueM ALz Oyner orpesok [1, 4],

Xg =182.

=1145.

nepeceyeHueM - otpe3ok [2, 3], pasHocteio A\B - monmyuntepsain [1, 2), B\A - nmonyuntepsan (3,
4].
8. Ilycth A ecTh MHOXECTBO MPSIMOYTOJLHHKOB, B - MHOXeCTBO Bcex poMOOB Ha IuIockocTH. Torma

Al B
€CTh MHOXKECTBO BCEX KBaapaToB, A\B - MHOXECTBO MPSIMOYTOJbHUKOB C HEPABHBIMU CTOPOHAMH,

B\A - MHO)keCTBO BCeX POMOOB C HEPaBHBIMH YTJIAMHU.

®opma npeacTaBaeHus pe3yJbTaTa: BbIIOJIHEHHAs padoTa.

Kputepuu onenkmu:

Ouenka "OTJIHYHO" CTaBUTCS, €CIM pa0OTa BHINIOJIHEHA B TOJHOM 00BEME C COONIOACHUEM
HEe0oOXOIMMOM TOCTIEOBATENbHOCTH JEHCTBHI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJHEHBI BCe
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka '"xopomo'" CcTaBUTCS, €CIM BBHINIOJHEHBI  TpeOOBaHUS K OIEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ounenka "y10BJIeTBOPUTEIBLHO' CTaBUTCS, €CITM PadOTa BBHIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHONW YacTH TaKOB, YTO IO3BOJISICT TMOJYYWUTh NPABHIBHBIC PE3yJIbTaThl U BBIBOJBI, B XOJE
MpOBeIeHUs pabOTH! ObUTH TOMYIEHb! OLITHOKH.

Ouenka 'Heyl1OBJIETBOPUTEJbHO'" CTaBUTCS, €CIM padOTa BBHITIOJHEHA HE TOJHOCTHIO WIIH
00BEM BBITIOIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPAaBUIHHBIX BHIBOIOB.
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