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Metoanyeckie PeKOMEHJIAIMHM IO BBIMOJIHEHUIO MPAKTHUYECKUX 3aHATHH MO y4eOHOMY IpenMeTy
«OVII1.04 MaTtematuka» co3fganbl Bam B momoris st ycrenHoi paboThl Ha 3aHATHSIX U OJATOTOBKU
K HuM. Hanuuue nojsoXuTenabHON OLEHKH O MPAKTUYECKUM 3aHATUSAM HEOOXOAMMO JUIsl MOJydEeHUs
JOIyCKa K 3K3aMEHY, II03TOMY B Cly4ae OTCYTCTBHs Ha YpOKE IO 000 MpUYMHE WIN IOJIy4EHUs
HEYJIOBJICTBOPUTEILHON OLEHKU 3a IPAKTUYECKOE 3aHATHE, BBl IOKHBI HAWTH BpeMs Ul €€
BBIITOJIHCHUS WIH IIEpECIauH.

O3HaKOMbTECh C OOLIMMH pPEKOMEHIAIMSIMH, YTOOBI Bamia paboTa ObUIa NMPOIYKTHBHA H
Ka4eCTBEHHO OpPraHW30BaHa.

1. BHHMaTelpHO MpoYHUTaiiTe METOIMYECKUE PEKOMEH/IAINK 1O BBIITOJHEHHIO PAKTHYECKOM
paboTHI.

2. BHHMaTebHO TPOYMTANTE MOSCHEHMS, NMPU HEOOXOJUMOCTH IOBTOPUTE JICKI[HOHHBIHN
MaTepuai 1o KOHCIEKTaM U JPYTMM UCTOYHUKAM, OTHOCSIIUNCA K TeME MPAaKTUYECKOM paObOTHI.

3. OTBeThTE Ha KOHTPOJIBHBIE BOIIPOCHI, €CIIM OHU TPEIOKEHBI.

4, HOIIFOTOBI)TC BCEC HeO6XOIII/IMOG JI BBIIIOJHCHUA 3aJaHusd, PAlUOHAJIBHO IIOATOTOBBLTC
pabodee mMecTo.

5. [IpoaymaiiTe X0/ BBIIOTHEHHS PaOOTHL.

6. Ecnmu Bama pabGora cBsizaHa c¢ wucnonb3oBanunem WKT, mpoBeppre Hamuuue u
PaboTOCIIOCOOHOCTh MPOrPAMMHOT0 00ECIIeUeHH ST, HEOOXOAUMOTO JJIsl BBIIIOJHEHUS 33 aHHUsl.

1. Ecnmu 1npu  BHINONHEHWH TPAKTUYECKOH pabOThl MPHUMEHSETCS TPYIIOBOE WU

KOJIJICKTUBHOE BBINIOJHEHUE 3aJlaHMsl, CTapailTech MOAJEPKHUBATh B KOJUIEKTUBE HOPMAJIbHBIN
IICUXOJIOTMYECKUI KIIMMaT, TPaMOTHO PacIpeienTh posid U 00s13aHHOCTU. BMecTe npoBoanTe aHAIN3
OpraHu3alMK U IPOMEXYTOUHBIE Pe3yJIbTaThl IPAKTHUECKON paboThl MUKPOIPYIIIIbI.

8. [Tpu BBINONHEHNHN IPAKTUUECKOIO 3a/laHusl COOJI0JaiiTe MpaBuiia TEXHUKH 0€3011aCHOCTU U
OXpaHbl Tpya.
9. B mponecce BbIMOIHEHMS] NMPAaKTHUYECKOM paboOThl OoOpamiaiitech 3a KOHCYJIbTALUSMU K

MpernoaBaTento, YTOObl BOBPEMsI CKOPPEKTHPOBATh CBOKO JIEATEIBHOCTh, MPOBEPHUTH MPABUIBHOCTH
BBITIOJIHCHUS 3aIaHU .

10. [To okOHYaHUU BHITIOTHEHHS MPAKTUYECKONH paObOThI COCTABbTE MUCHMEHHBIN WM YCTHBIN
OTUYCT B COOTBETCTBUU C TCMU MCETOJUYCCKUMH YKA3aHUAMU I10 O(l)OpMJICHI/IIO OTUCTa, KOTOPHIC BEbI
MOJIYYWJIM OT IPENOIaBaTEeNs UM B METOIMUECKUX YKa3aHUSX.

11. Cnaiite roToBYIO paboTy MperogaBaTeo sl TPOBEPKHU.

12. VYyacTByiiTe B OOCYKICHHH U OIIEHKE MOTYYSHHBIX PE3yIbTaTOB MPAKTUYECKOU PabOTHI .

IIporpammoit mo yuebnomy npeamery «OVIL.04 MaremaTuka» HpeaycMaTpUBACTCS BBIOJIHEHUE
MPaKTUYECKUX 3aHATUHN, HANIPABJICHHBIX HAa (POPMUPOBAHHE CIETYIOIINX JIEMEHTOB:

YMEHMH:

yMeHue 1: ymMeHHME CaMOCTOATENBHO OIpPEAENATh LENN JAESITEIBHOCTH M COCTaBIATH IIJIaHBI
JESATEIBHOCTH; CaMOCTOSITENIBHO OCYILECTBIIATh, KOHTPOJIUPOBAaTh U KOPPEKTUPOBATH JESATEIBHOCTD;
HCIIOJIB30BaTh BCE BO3MOXKHBIE PECYPCHI I JOCTHKEHHUSI ITOCTABICHHBIX LEJIEW U pealnu3alyy IIaHOB
JesITeIbHOCTH; BEIOUPATh YCIEIIHbIE CTPATErHH B PA3IMYHBIX CUTYaLUsX;

yMeHHMe 2: BJIaJIeHUE HaBbIKAMH [103HABATEIbHOMN, Y4eOHO-HCCIEA0BATENbCKON U TPOEKTHOM
NesITeIbHOCTH, HaBBIKAMU pa3peleHus MpoodieM; CIoCOOHOCTh U TOTOBHOCTh K CAMOCTOSITEIbHOMY
ITIOMCKY METOJIOB PEIICHUS IPAKTUYECKUX 3a]1a4, IPUMEHEHHUIO Pa3IM4YHbIX METOJ0B TO3HAHNS;

yMeHHe 3: TOTOBHOCTB M CIOCOOHOCTB K CAMOCTOSITENIbHOW MH(POPMALIMOHHO-TT03HABATEIbHOM
NeSITeNIbHOCTH, BKJIIOUasi yMEHHE OPUEHTHUPOBATHCS B Pa3IMYHBIX HCTOYHHUKAX MH(POpMAIINH,
KPUTHYECKH OIICHWBATh U MHTEPIPETUPOBATH HHPOPMALIUIO, MTOTYYAEMYIO U3 PA3JIMYHBIX HICTOUHUKOB,;
yMeHue 4: BIaJICHUE S3bIKOBBIMU CPEJICTBAMM: YMEHHE SICHO, JOTUYHO M TOYHO M3JIaraTh CBOIO TOUKY
3peHus, UCIIONIb30BaTh aIEKBATHBIE SI3IKOBBIE CPECTBA;

yMeHHMe 5: BiIaJleHUe HaBbIKaMH [T03HAaBATEIbHON peiiekcur Kak 0OCO3HaHUsI COBEPILIaeMbIX ACHCTBUIMA
U MBICIIUTENBHBIX IIPOLECCOB, UX PE3YJIHTATOB U OCHOBAHUM, TPAHUL] CBOEI'O 3HAHUS U HE3HAHUS,
HOBBIX II03HABATEIIBHBIX 337a4 U CPEACTB IS UX JOCTH)KCHHUS,



yMeHHe 6: 11e71eyCTpEMIIEHHOCTD B MIOMCKaX M IPUHATUHN PELIEHUH, COOOpa3UTeNIbHOCTh U UHTYHMIINSA,
Pa3BUTOCTH MPOCTPAHCTBEHHBIX MPEACTaBICHUI; CIOCOOHOCTh BOCIIPUHUMATh KPACOTY U TAPMOHHIO
MUDA;

3HAHM:

3HaHue 1. IpeaCcTaBIeHN O MATEMATUKE KaK YHUBEPCAIBHOM SI3bIKE HAYKH, CPEICTBE MOJECIUPOBAHMS
SIBJICHUH U IPOLIECCOB, UACIX U METOJaX MaTEMATHUKU;

3HaHMe 2: T[IOHMMaHWE€ 3HAYMMOCTH MAaTEMAaTHKM MU HAy4YHO-TEXHMYECKOro IIporpecca,
c(OPMHPOBAHHOCTh OTHOIICHHSI K MaTeMaTHKE KaK K YacTH OOIEYeIOBEYECKOH KyIbTYpHl depe3
3HAKOMCTBO C UCTOPUEN PAa3BUTHUS MAaTEMATUKH, YBOJIIOLIMEH MaTEMaTUYECKUX UIEH;

3HaHHe 3: IPEICTaBICHMM O MaTeMaTUKE KAaK 4YaCcTM MHMPOBOW KYJIbTYpbl M MECTE€ MaTeMAaTHUKH B
COBPEMEHHOM IMBWJIM3ALMM, CIIOCOOAX OMMCAaHUs SBICHUH peaJlbHOr0 MHMpa Ha MaTeMaTUYEeCKOM
SI3BIKE;

3HaHMe 4: MpelCcTaBleHUl 00 OCHOBHBIX IOHATHSAX MaTEMAaTHYECKOIO aHalW3a M MX CBOWCTBAX,
BJIaJICHHE YMEHHUEM XapaKTepPH30BaTh MOBEACHUE (YHKUNH, UCIIOIB30BaHUE TOTYYCHHBIX 3HAHHUNA IS
OIMCAaHUs U aHAJIN3a PEAJIbHBIX 3aBUCUMOCTEH;

3HaAHMe S5: OCHOBHBIC TOHATHS O IUIOCKMX M IPOCTPAHCTBEHHBIX T'€OMETPUYECKHX (Urypax, UX
OCHOBHBIX CBOMCTBax; C(HOPMHUPOBAHHOCTb YMEHHsS pAaCHO3HAaBaTh TIeoMeTpuueckue Qurypbl Ha
yepTexax, MOJENAX U B peaJibHOM MHpPE; IPUMEHEHUE U3yYEHHBIX CBOWCTB T'€OMETPUUYECKUX (PUTYp U
(bopMmyI1 Ui pelieHus TeOMETPHUECKUX 3a1a4 U 3a/1a4 ¢ IPAKTUUYECKUM COZEpIKaHUEM;

3HaHue 6: IIPEACTABICHUM O IIPOLlecCax M SBJICHMSX, HMMEIOLIIUX BEPOSTHOCTHBIM Xapakrep,
CTaTUCTUYECKUX 3aKOHOMEPHOCTSX B PEAJbHOM MHUPE, OCHOBHBIX NOHATHUSAX JJIEMEHTAPHOW TEOPHUU
BEPOATHOCTEHN; YMEHUI HAXOJUTh U OLIEHUBATh BEPOSATHOCTU HACTYIUJICHHUS COOBITUH B IPOCTEUIINX
IIPAKTUYECKUX CUTYalUsAX U OCHOBHBIE XapAKTEPUCTUKH CIIy4alHbIX BEJINYMH;



TEMATUYECKHWH ILIAH

KosmuectBo ®opmupyembie Y, 3
Tema J1a60paTOPHBIX/MPAKTHYECKUX
3aHATHH 14coB Ha
BbinoJiHenue JIII3
Ipaxmuueckoe 3anamue Nel. Jleticmeus Hao 1 V.1-43.1-5
NPUOTIUNHCEHHBIMU YUCTAMU
IIpaxmuueckoe 3ansimue Ne2. Boluucnenus ¢ 1 V.1-4,3.1-5
KOMNJIEKCHIMU YUCIAMU
Ipaxmuueckoe 3anamue 1 V.1-43.1-5
Ne3.Ilpeobpazosarue gvipadicenut
COOepIHCaAUX CIENetb ¢ HAMYPATbHbIM
nokazameinem
IIpaxmuueckoe 3ansimue Ned. 1 V.1-4,3.1-5
IIpeobpaszosanue 8bIpas3ceHull cooeprHcauux
KOpHU
Ipakxmuuecxoe 3auamue No5. Ynpowenue 1 V.1-43.1-5
N02apUPMULECKUX BbIPaANHCEHUI
IIpaxmuueckoe 3ansimue Ne6. Bzaummnoe 1 V.1-4,3.1-5
PACNONIOdNCEHUE NPSIMBIX U NIOCKOCMel
Tpaxmuuecxoe 3auamue Ne7. Hzobpadsicenue 1 V.1-43.1-5
NPOCMPAHCMEEHHBIX PUSYP HA NAOCKOCU
IIpaxmuueckoe 3ansmue Ne8. Jleticmeus Hao 1 V.1-4,3.1-5
BEKMOPAMU 8 NPOCMPAHCIBE
Ipaxmuueckoe 3ansimue Ne9. Pewienue 3adau 1 Vv.1-4,3.1-5
IIpaxmuueckoe 3ansmue Nel(). 1 V.1-4,3.1-5
Kombunamophvie koncmpykyuu
Ipaxmuuecxoe 3anamue Nell. Pewienue 1 V.1-43.1-5
3a0au
IIpaxmuueckoe 3ansmue Nel?2. 1 V.1-4,3.1-5
Ilpeobpazosanue npocmeriviux
MPUSOHOMEMPUYECKUX BbIPAICEHUTL
IIpaxmuueckoe 3ansmue Nel3. Haxoowcoenue 1 V.1-43.1-5
SHAYEHUsL APKCUHYCA, APKKOCUHYCA,
apKmaneenca
IHpaxmuuecxoe 3anamue Nel4. Obracmo 1 V.1-4,3.1-5
onpeoeieHus.
IIpaxmuueckoe 3ansmue NelS5. 1 V.1-43.1-5
Apugpmemuueckue onepayuu Haod yHKyuAMU
Tpaxmuueckoe 3ansmue Nel6. Cxema 1 v.1-4,3.1-5
uccnedosanust yHKyuil
TIpaxmuueckoe 3anamue Nel7. Jleyepannvlii u 1 V.1-4,3.1-5
MHO202PAHHbLE Y2TIbl
Ipaxmuuecxoe sausamue Nel8. Pewenue 1 V.1-4,3.1-5
3a0au
Tlpaxmuueckoe 3anamue Nel9. Pewenue 1 V.1-43.1-5
3a0ay
Tpaxmuuecxoe 3anamue Ne20. [Ipouszeoonvie 1 V.1-4,3.1-5
OCHOBHBIX DNIEMEHMAPHBIX PYHKYU
Ilpaxmuuecroe 3ansmue Ne2l. [Ipumenenue 1 V.1-4,3.1-5
NPOU3B0OHOU K UCCACO08ANHUI0 DYHKYUIL
Tpaxmuueckoe sanamue Ne22. [Tnowaow 1 V.1-43.1-5
KpUBOIUHEUHOU mpaneyuu
Ipaxmuuecxoe sanamue Ne23. Pewenue 1 V.1-4,3.1-5
3a0ay
Ipaxmuueckoe 3anamue Ne24. Bviyucienue 1 V.1-43.1-5

BEPOSIMHOCIU NO KAACCUYECKOMY
onpeoeieHuUo




Tpaxmuueckoe 3ansmue Ne25. Pewenue 1 V.1-4,3.1-5
3a0a4 HA NOBMOPHBLE UCHBIMAHUSL

Ipaxmuueckoe 3anamue Ne26. 1 V.1-43.1-5
Ilpedcmasnenue Oanuvix 8 ude maoauy,
ouazpamm, epaguxos

IIpaxmuueckoe 3anamue Ne27. Pewenue 1 V.1-43.1-5
VPABHEHUI MeMOOOM PA3NIONCEHUS HA
MHOJICUmMeENU

IIpaxmuueckoe 3ansimue Ne28. Ocroshvle 1 V.1-4,3.1-5
npuembvl peuteHust ypagHeHuil. 2paguyeckuil
Memoo

IIpaxmuueckoe 3ansmue Ne29. 1 V.1-4,3.1-5
Ilokaszamenvhvle u 102apupmuyeckue
ypaeHenus

IIpaxmuueckoe 3ansmue Ne30. Memooul 1 V.1-4,3.1-5
PeuleHUst CUCmeM ypaeHeHull




Conep:xxanne NPpaKTUYECKUX 3aAHATHI
Pazgea 1. Anreopa

Tema 1.1. Pa3zBuTHE NOHATHS 0 YUCIIE
IpakTnyeckoe 3ansitue Nel. JleiicTBUsSI HAX NPUOJIMKEHHBIMU YUCIAMU
KOJIN4eCTBO 4acoB 1
Hean:
Hay4uTbcst BHIOJIHATH BRIUMCICHUS ¢ TPUOJIMKEHHBIMU YHCIIAMU C YY€TOM MOTPEITHOCTEH.
3agaun:
3aKpEnuTh U CUCTEMATU3UPOBATH 3HAHUS 10 TAHHOW TEME; HaAyUUTCs] HAXOAUTh NPUOIUKEHHBIC
3HAYCHHUM BEJIMYMH W TOTPEITHOCTEH BHIYUCIICHUH (a0COIFOTHON M OTHOCUTEIIBHOM ), CPAaBHUBATH
YHCJIOBBIC BBIPAKEHUS, IPUMEHSTH MOJYyYEHHbBIE YMEHUS U 3HAHUS HA MPAKTUKE.

Ilepeyenb cpeacTB , MCNOJb3yeMbIX NPHU BbINOJHEHHMH PadoOThl WJIH 000pyI0BaHUE
TETpajb JUIsl IPAKTUUECKUX paldoT, pyuka, METOAMYECKHE PEKOMEHJAIMU 1O BBITOJHEHUIO PaboThl,
KaJbKYJISITOP.

Bomnpocsl 1J11 NOBTOpPEHUs1, 3aKPeNJIeHHs] TEOPETHYECKOT0 MATEPHAJIa K MPAKTHYECKOMY
3QHATHIO :

1. Yro Takoe abCcoNOTHAsI U OTHOCUTENIbHAS MTOTPEIIHOCTH?

2. Kak xnaccupuuupyroT BUIBI OTPEITHOCTEH?

3. Uro 3HauuT 1udpa, BEpHast B CTPOrOM, IIMPOKOM CMBICIIaX?

4. Kak HaxoAuTCs MOTPEIIHOCTh OKPYTJIEHHOTO Yncia?

5. Kak onpenenutb KOTHYECTBO BEPHBIX (P 110 aOCOMOTHOMN MOTPETHOCTH.

3ananmne Nel
Hano wuymcio x=0,00006 w ero mnpubmmkenne x =0,00005. Haiitu abGcomoTHYIO U
OTHOCHUTEINIbHYIO MOTPEITHOCTH TPUOTKEHUSI.

Pemenue:
ex =|0,00006-0,00005| = 0,00001
0.00001 _
00005 0,2 = 20%
OrtBer:

abcomoTHas norpemtHocTs 0,00001 1 oTHOCHTENBHAS TOTPEIIHOCTD NpuOIMxKeHUs paBHa 20%
3aganue Ne2

Haiitu npenenpHbie a0CONMIOTHBIE M OTHOCUTEIBHBIE MOTPEIIHOCTH YKcia X = 984,6, ecnu OHO
UMEET TOJIKO BEpHBIE ITU(PHI B CTPOTOM CMBICIIE.

Pemenne:

[udps! yncna BepHBI B CTPOrOM CMBICIIE, €CJIM a0CONMIOTHAS MOTPEIIHOCTh JAHHOTO YHCIa He
HpeBOCXOI[I/IT IIOJIOBUHBI C€AWHUIIBI paspﬂ)la, B KOTOpOM 3alicCaHa ITOCJIICOHSA BepHafI HI/Iq)pa

qHCiIa.

ex = ? = 0,05 ( T.x. 6 —ocnenHsg BepHas nudpa, CTOUT B pazpsie ITECATHIX)
£, __ 0,005 .

Ox= S 100% = SeiE 100% = 0,0051%

OTtBeT:

a0CoMIOTHAS MOTPEITHOCTh st uncna ex =0,05

OTHOCHTEIIbHAS TTOrpermHocTh yrcia dx =0,0051

3aganue Ne3

Oxpyrisist yucno x=1,1426 10 yerbipex 3Ha4anMX Uudp, ONpeaeauTb aOCOTIOTHYIO U
OTHOCHUTEIIbHYIO TOTPEIIHOCTH MOTYyYeHHBIX NMpuoanxkeHuid. [{udpsl BEpHBI B IUPOKOM CMBICTIE.
Pemenne:

ITo onpenenennto BepHOU MUGPHI B IIMPOKOM CMbICIE abcomoTHas nmorpemHocTs ex=0,0001

OKpyTJIUM YUCII0 X 0 YeThIpeX 3Hadammx Iudp: x1=1,143



[TorpenrHocTh OKPYIJIEHHOT'O YUCIa paBHA CyMME MOTPENIHOCTH UCXOJHOIO YUCia U
MOTPEIIHOCTH OKPYTJICHHUS:

Aop=| 1,143-1,1426| = 0,0004
ex1= 0,0004+0,0001=0,0005

OrtBer:
g, 0,0005
=== = 0,000437 =< 0,040
ol 1,143
3apanus 1 IPAKTHYECKOT0 3aHSITHS:
3amanue Nel.

Haiitu mpenenbpHble aOCONIOTHBIC M OTHOCHTEIBHBIC TOTPEIIHOCTH YHUCEN, €CIIM OHU UMEIOT TOJBKO
BEpHBIC UGB
a) B CTPOTOM CMBbICJIE; 0) B IIMPOKOM CMBICIIC.

No a) 0) Ne a) 0)
BapHaHTa BapHaHTa

1 11,445 2,043 16 112,5 | 0,04453
2 8,345 0,288 17 0,576 2,5008
3 0,374 4,348 18 25,613 0,0748
4 41,72 0,678 19 0,4223 0,57
5 18,357 2,16 20 112,45 3,4

6 14,862 8,73 21 2,4516 0,863
7 0,3648 21,7 22 5,6432 | 0,00858
8 0,5746 236,58 23 12,688 4,636
9 5,634 0,0748 24 15,644 6,125
10 20,43 0,576 25 16,383 5,734
11 12,45 3,4453 26 18,275 | 0,00644
12 2,3445 0,745 27 3,75 6,8343
13 0,5746 42,884 28 26,3 4,8556
14 3,4 0,078 29 43,813 0,645
15 2,4342 | 0,57004 30 3,643 72,385

3ananue Ne2.

Yucno x, Bce HU(PBI KOTOPOTO BEPHBI B CTPOTOM CMBICIE, OKPYIIIUTh A0 TpexX 3Havammx uudp. s
MOJIYYEHHOTO pe3yJibTaTa X 1~X BBIYMCIUTH TPAHUIBI A0COIIOTHOW U OTHOCUTEIILHON MOTPEITHOCTEH.
B 3anucu yncna x1 yka3aTh KOIMYECTBO BEPHBIX HUEGP IO MOTPEUTHOCTH.

Ne BapnanTa X Ne BapuanTa X

1 3549 16 9,2038

2 32,147 17 2,3143

3 0,0002568 18 0,012147
4 7,544 19 0,86129
5 198,745 20 0,1385

6 37,4781 21 23,394

7 0,183814 22 0,003775
8 0,009145 23 718,21

9 11,3721 24 9,73491
10 0,2538 25 11,456
11 10,2118 26 0,1495
12 4,394 27 6,2358




13 0,8437 28 4,4005
14 129,66 29 2,3078
15 48,847 30 3,2175

KonTposbHbIe BOnpochl

Uro Takoe abCONIOTHAsi U OTHOCUTENIbHASI IOIPEIIHOCTH?

Kak kimaccuduimupyrot BUABI TOTPEITHOCTEH?

UYro 3HayMT 1UQpa, BEpHAst B CTPOTOM, IIUPOKOM CMBICTax?

Kak Haxonurcss mOrpenrHocTs OKPYTISHHOTO yrcia?

Kak onpenenuTs KOJIMYECTBO BEPHBIX IIU(P 1O aOCOTIOTHON MOTPEIIHOCTH.

asrONE

CnucoK peKOMeH/yeMoi JIUTePaTypbl:
1. Bammvakos M.M. Maremaruka. YueOnuk. 2019 .
2. Bammakos M.M. Maremaruka. 3agauyduk YueOHoe mocooue. . — M. «Akagemus», 2018 .

IMpakTuyeckoe 3ansaTue Ne2. BoruuncijeHus ¢ KOMILIEKCHBIMU YHCIAMU

KOJINYeCTBO YacoB 1

Hean:

HayYUTHCS HAXOIUTH IETYI0 U MHUMYIO YaCTH, MOYJIb KOMIIEKCHOTO YHCJIa, BBIMOJIHATh
apI/Iq)MCTI/IquKI/Ie orcpanuu ¢ KOMIUICKCHBIMH YU CJIaMHU (CJIO)KCHI/IC M BbIYMTAHUC, YMHOXCHHUC U
NIEJICHNE), a TAKXKE BO3BEACHHE MHUMOI €TUHUIIBI B CTETIEHb, PEIIaTh KBaApPAaTHbIC YPABHEHHUS B
KOMIIJICKCHBIX YHUCJIaX.

3agayga:

3aKpCIIUTh U CUCTEMATU3HUPOBATE HAYUUTHCA HAXOAUTHh LHCIYIO U MHUMYIO 4aCTU, MOAYJIb
KOMIIJIEKCHOI'O YHMCJia, BBIIIOJHATH apI/I(l)MeTI/I'-IGCKI/IC ornepanru ¢ KOMINICKCHBIMU YK CJIaMU (CJ'IO)KGHI/IG
U BBIYUTAHHUE, YMHOXKEHHE U JIeNIEHUE), a TAK)KE BO3BEJACHNE MHUMOW €TUHHIIBI B CTETIEHb, PEIIaTh
KBaApPaTHBIC YPABHCHHA B KOMINJICKCHBIX YHCJIaX, IPUMCHATD IMOJIYYCHHBIC YMCHUA U 3HAHUSA HA
MPaKTHKE.

ITepedyennb cpeAcTB , HMCHOJB3YyeMbIX NPH BBINOJHEHHH PadoThl WJIH 000pyIOBaHHUE
TeTpajab JUIsl MPAKTUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHJAIMU 10 BBITOJHEHHIO paboTHl,
KaJIbKYJISATOP.

BOl'[pOCbI AJIA MOBTOPCHUA, 3AKPCIVICHHA TEOPETUYECKOI0 MarTtepuajga K IIPAKTHYCCKOMY
3aHATHIO:

OCHOBHbBIC TOHATHSA.

1. KoMIJIeKCHBIM YHCIIOM Ha3bIBAETCS YUCIIO BUJA Z = X +1 Y, TJ€ X U y — IeHCTBUTEIbHbIC YHCTa, 1 —
MHUMas €IMHULIA, TO €CTh YUCIIO KBAapaT KOTOPOro paBeH — 1, X — AeiicTBUTENbHAS YacTh, Y —
MHHUMasl 4acTh, ecii X =0, To ymcrmo zZ =i Yy uucto MHEMOE. 3amucy Z = X [+ | anreOpandeckas
dopma 3amucu yuca.

2. JIBa KOMILJIEKCHBIX YHcia Z1 = X1 + 1 Y1 M Z2 = X2 + | Y2 Ha3bIBAIOTCS paBHBI- MU ( Z1 = Z2 ) TOTa

U TOJIBKO TOT/1a, KOT/Ia paBHbI UX JEMCTBUTEIbHBIE YACTH U PAaBHBI MX MHHUMBbIE YacTH: X1 = X2, Y1 =
Y2 . [loHsATHA «OOTBIIE» U «MEHBILE)» I KOMIUIEKCHBIX YMCE He BBOJASATCS.

3. JIBa KOMILICKCHBIX YHCIIa BUIA Z = X +1y U Z = X — Iy Ha3bIBAIOTCS CONPSHKEHHBIMU.

4. Besikoe KOMIUIEKCHOE YHCIIO Z = X + 1Y MOXKHO n300pa3uTh TOYKOH M (X,y) mimockoctu OXy H,
HAo00OpOT, KaXAY0 TOYKY M(X,y) KOOPAMHATHOM MJIOCKOCTH MOXKHO paccMaTpuBaTh Kak oOpa3
KOMIUICKCHOTO uucna Z = X +1y. [[1ockocTh, Ha KOTOPOH H300pa)karoTcsi KOMIUICKCHBIE YHCIIa,
Ha3bIBACTCS KOMILICKCHOW IUIOCKOCTBIO. KOMIUIEKCHOE YHUCIO Z = X + 1y MOXKHO Takxke H300pa3uTh
B BHJE paauyc-Bektopa T=O0M.



5. lnmuna BekTopa I =|OM| = /x*+ ¥* gaswBacrcs MOJYJIEM KOMILUIEKCHOI'O YHCIIA.

6. Yron ¢, 00pa3oBaHHbI BeKTOpoM OM ¢ TOJIOKUTENHHBIM HampaBiieHneM ocu OX Ha3bIBaeTCA

apryMeHTOM KOMILUIEKCHOTO uncia: @ =Arg z. ApryMeHT KOMIUIEKCHOT'O YHCJla BEIMYNHA

MHOro3HauHass Argz=arg z+ 2 nk, raeargz— riaBHoe 3HaYeHUE aprymenta— © < arg z<m (umm
X 7

[0, 2m)). Yrom ¢ TakoB, uro COS 2}1 (0] %

7. CyMMO# KOMITJIEKCHBIX YHCEIT Z1 ¥ Z2 Ha3bIBACTCS KOMILUIEKCHOE YKMCIIO0 Z Bua Z = (X1 + Xo, y1 +
y2);

8. HpOI/ISBe,Z[eHI/IeM KOMIUIEKCHBIX YHCEJI Z1 U Z2 HA3BIBACTCId KOMIIJICKCHOECUYHNCIIO Z = (X1X2 — y1y2, X1y2
+ X2Y1);

9. Pa3HOCTBHIO KOMITJICKCHBIX YHMCEIT Z1 M Z2 HA3bIBAETCS KOMILJIEKCHOE YHC-JIO0 Z TaKOE, 4TO Z2 + Z = Z1,
OTKY/Ia HaXOAuM Z = Z1 — Z2 = (X1 — X2, Y1 — Y2).

10.YacTHBIM KOMIUIEKCHBIX YHCEJ Z1 U Z2 Ha3BIBAETCSI KOMILUIEKCHOE YHCIIO Z TakKo€, 4To 2_"2 LT = 2_"1

Orciona Haxoaum e | P THY: AT AN

iy T XA

3aganune Nel
HcxoaHble JaHHBIE:

1 Jlausl KOMIUIEKCHBIC yncia 21 = 1 — 2i u z2 = 1 + I. Beuucauts Z = 71 + Z2aHATIUTHYECKH H
19 =,
rpaduyecku, HAUTH  MOJYJb M APTYMEHT Z, & TAKXKE Z; — Z55 1 * Za; =

Pemenne:
a) Beramcium cymMMy aHaTMTHYECKH U Tpaduuecku: Z =21 +22 =1-2i+1+i=2—i

0) Haiinem monyns z: 1=

B) Bbrurcinm aprymenT:

cos@="; _ sin(p_zy:>tg(p_=y_=_1:>
r r X 2
1
¢ = —arctg
r) Haitnem Z; — Z,= 1— 2i — (1+ if=im 2 ng=i=g
z[)BHqI/ICJH/Ile-ZZZ(l—2i)(l+i)=1—2i-.Li-—:iz— 2=




e)Haiiném

zy 1-2i (1-2)(1-i) 1-2i—i+2i® 1-3i—-2 —1-3i

= = = = —0,5 —1,5¢
z, 1+ (1+i)(1-1) 1—i- 2
OrtBerT:
z2=2-1i
r=J5
¢ =—arctg0.5
24 .
—=-05-1i
24
3ajaHu K NIpaKkTH4ecKoil padore.
z1=5-—1i 71=5+i 71 =5+2i
1 (1 2 (1 3 !
7o =1+ 3i 7o =1—2j 79 =2—i
4 71 =3—4i 5 71 =3+ 6 71 =4+5i
72 =141 7o =5-2i 7o =1—2i
5 71 =1-5j 3 79 =1-5i 9 71 = 1+ 5iz;
7o =1+ 4i 7o =1+ 3i =2-3j
10 71 =1+ 3i 1121=1+ 3i z3 12 71 = -1+ 3iz>
79 =7 —i = —2+5j = 6-5i
13 71 =1—i 1521 =1-iz 16 71 =1—-4iz;
7o =7+3i =5-—4j =1+ 2i
17 z1 =3+ 4iz; 1821=5—2/Zz 19 71 =—3—2iz»
— 24 — 4 =4+ 3j
)0 71 =—i 2121 =7-2iz2 92 71 =—5+iz,
7o =7+4i =5+3j =1+ 2i
)3 71 =6-5iz) 2421=7—3122 55 z1=7—-2i2;
— 1+ =—1+4i =—2+3i
)6 71 = =1+ 5iz; 2721=—2+3122 )3 71 =—3+5iz;
=2-5j —5—4j =4 +5j
b9 71 =5-7iz2 3021:—3+2122 31 71 =5-2iz>
=1-3j —6+5i =—6—i




32 71 =—3—2iz, 3321 =-1+7iz; 34 71 =—1+ 2iz;

= _1+7i — 45 —4-3i

KoHTpoJsibHBIE BONIPOCHI:

1 Yo Takoe KOMILIEKCHOE YHCIIO?

2 Yto Takoe MHUMas equHUIA?

3 Uro Takoe elCTBUTENIbHAS YacTh Yncia?

4 Yto Takoe MHMMAas 4acTh yucia’?

5 Kak cpaBHUTB JBa KOMIIEKCHBIX yHcia?

6 Kakue uncia Ha3bIBAaOTCS CONPSHKEHHBIMU?

7 Kak mpeicTaBuTh KOMITJICKCHOE YUCIIO rpauaecku?

8 Uro Takoe Moy yrcna?

9 Yto Takoe apryMeHT yucia?

10 CxonbKo MOKET OBITH MOJTyJIEH M apr'YMEHTOB Y KOMILIEKCHOTO Yncia?
11 Kak HaiiTu aprymeHT uucna?

12 Kak HaliT cyMMy KOMITJIEKCHBIX YHCEN?

13 Kak HaiiTi pa3HOCTh KOMIUIEKCHBIX YUCEN?

14 Kak HaiiTH pou3BEeACHUE KOMIUICKCHBIX YnCen?

15 Kak HaiiTh 9acTHOE KOMILICKCHEIX YuCceln?

Cnncok peKkoMeH/1yeMoi JINTepaTyphl:

1. Bammakos M.M. Maremaruka. Yueonuk. 2019 .

2. bammmaxos M.M. Maremaruka. 3agauauk YueOHoe mocooue. . — M. «Axagemus», 2018

Tema 1.2. KopHu, crenenu u Jiorapugmsi

IIpakTuueckoe 3ansiTue Ne3. IlpeoOpa3oBaHue BbIpakeHUil colep:KaANINX CTEeNEHb ¢
HATYPaJbHBIM MOKAa3aTeeM

KOJIN4eCTBO 4YacoB 1

Hean:

HAaYYUTBCA NMPUMCHATH TCOPCTUUCCKUC 3HAHUS TP BBIYUCICHUN 3HA4YECHUH Bblpa)KeHHﬁ,
HCIIOJIb30BaTh COOTBETCTBYIONIME (OPMYIBI MPH PEIICHUH YIIPaKHEHUH, TpeoOpa3zoBaHUU
BBIPQXEHHM. COJIEpKalliX CTENEHH C HaTypaJlbHOM IOKa3aTesleM, IOJr0TOBKAa K KOHTPOJIbHOHN paboTe
3anauva:

(dbopMUpOBaHNE YMEHHUS IPUMEHITh METO/IbI IPe00Opa30BaHuUsl CTENIEHHBIX BBIpAXXKEHUI; 0TpaboTKa
AITOPUTMOB MPeoOpa30BaHMs CTETIEHHBIX BBIPAKEHUM; BBHIPAa0OTKA YMEHUS MPUMEHSAThH OTyYeHHbIE
HAaBBIKU B HeCTaH)IapTHOﬁ CUTyalluH.

ITepedyennb cpeAcTB , HMCHOJB3YyeMbIX NPH BBINOJHEHHH PadoThl WJIH 000pyIOBaHHE
TETpaab JUIsl MPAKTHUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHJAIUU IO BBITOJHEHHUIO paboTHhl,
KaJIbKYJISATOD.

Bonpochl A5l MOBTOpeHHs, 3aKpeIVICHUS] TEOPEeTHYECKOro MaTepHaja K NPAKTHYeCKOMY
3aHATHIO:

1. Omnpenenenue. (- N)-i creneHsto (N — HaTypajdbHOE) YKCIA A, HE PAaBHOTO HYIIO, CUNTA-
eTCsl YHCII0, 0O0paTHOE N-il CTEereHM Yucia a: = 1
B s
a
Hpumepsl. Boiuuciums:
-3
~2 Di-x 4
135 2) =5 3 —=-
) ) &2 ) 72



Pewenue.

-2 1 1. 3 2 4 7 49
N32="S-=55 2% =3-5°=3-25=75 3) 5 = L -4
) 29 ) =2 s e

2. Crnenyromas Gopmyra Mo3BoisieT 3aMEHUTh OOBIKHOBEHHYIO JIPOOBL ¢ OTPHUIATEIIEHBIM
rokazaresieM Ha OOpaTHYIO il P00k C MOJIOKUTEITBHBIM ITIOKA3aTEIIeM
el n

(3 = ()

Ipumepsl. Boruuciums:
-3 =2 —4
4 (%) 5 ()75 6) (0,1)

Pewenue.

2v3_433 3 _ 7.3, 4y2_ (52 _5 _25_,9.
4 5 === Vg =~ =~g=wYe

o A 4
6) (04) = (57 = (3" = 10* = 10000.
3. CBOﬁCTBa CTCIICHU C HATYpPaJIbHBIM ITOKA3aTCJIEM CIIPpaBCIJIMBBI U JJIA CTEIIEHEHN C JIIO6BIM

IIOKa3aTCJICM.
I[JISI JIFOOBIX IlGﬁCTBHTCJIBHBIX M OTJIMYHBIX OT HYJS YHCEHI a M b, a TaK)Ke JIFOOBIX OEIBIXYUCETT
M 1 N CrIipaBEAJIMBLI CJICAYIOIIHE CBOMCTBA CTeNeHei ¢ eJbIMHU NMOKa3aTeJIsIMU.

1. ama"=a™m", 3. (a-b)"=a"b"; 5. (@M"=am",
2. am™a'=am™", 4. (a:b)"=a":b";
IIpumepsl
Yupocturs:
5 10 4.6 .3 343 7
- R T 27227, 7°-4° . 2:3
VS o8 L5 9 L 10 —2(6—3)5—
Pemenue:
73 55,410
EXd 37
I cnocob.
55410 ) 45+10 =§£ _415-13 _32 _g,
36,37 547 413
Il cnocob.
5 .10
~7 _ _5+10-6-7
3?6;’, =3%.3%3%97 =3 =32-9

[Ipu pemennu 7 mpumepa I c¢moco6OoM MBI HCIIONBH30BAIM CBOWCTBA YMHOXEHUS W JICTICHUS
CTENEeHEeH C OIMHAKOBBIMU OcHOBaHMsAMU: a™a"=a™™" u a™:a"=a™™". [Ipu pemenuu |l cmocodom

1n e
a u
n:am+n )

MBI HCIOJB30BaJId IIOHSATHE CTEICHU C OTPHULATCIBHBIM II0OKA3aTEJIEM:
CBOMCTBO IIPON3BEACHUSI cTeneHe ¢ OJIMHAKOBBIMM OCHOBAHUSIMU. am-a



4 .6 .3
g 2:2-2°

2 5, 27
LD SRR LAy
25.27 :
[Tpumep 8) pemraem Tak xe, Kak pemiaiy mpumep 7)BTOPHIM CIIOCOOOM.
9) 73_ 43
72_ 45 ’

7545 _ 7247 _ 7

72_45 72.43.42 16 .
B npumepe 9) npeacrasum 7° kak 727, a crenens 4° kak4%4?, a 3artem cokpatuMm JpoObHa
(72.43).
B 10) npumepe npuMeHuM Gopmyity cterieHu npousseneHus: (ab)"=a™b", a 3atem
coKkpaTuM apo6s Ha (2°:3°).

(2-3)7
10) &5
(237 _ 27.37  8+1.3%2 26,36 21.32 . 5, _
= = = =21.32=2-.9=18.
P30 Pugp 25.35 25.35
i
Onpenenenue. Crenenpio uncna a>0 ¢ parroHaIbHBIM TOKa3aTeIeM = 7, TJIe M - IEJI0e YUCI0, a N

M
nim — _ ni—m
- HarypanbHoe ( N>1), HasbiBaeTcs uncno /@A™, T.e.an = Va™,a =0
1 ] T
i5
22

sl — il B = . —
ITpumep 11 Ta = ?'.-"?; 26 = 28 = E'-”" 2: a == Va7
2

3agaHus K IPaKTHYECKOM



Wt

{[‘ 125 ]
1 L8
BapuasT 1. BeramcanTe: a) 2 1: 6) 27°:  B)

r) 6255
1 1
1 = 2 N\
. B 9-0.027 3 *{fJ : 483 (iJ
Bapuant 2. Beruncaure: a) 17 ;. §) 27°: B) 125 r) o) .
ER)
N 1 124 .34
2y s (A m
BapuraHT 3.BermmcaaTe: a) -3 : 6)1253; g - : ry 44

—0.75 -
. (?] —12-0,0081792°
Bapmant 4. Beraueanre: a) (17 §) 36 2. p) L6825 :

5

BapuasTt 6.Beranciaure: a) 0°: &) 100

1
-2
BapuasT 7.BerimcaHTe: a) (6'3 T : G6) 9

padore:

KOHTpOJIbeIe BOIIPOCHI

1. Jlaiite onpezneneHne CTENEHH C HATYPaJbHBIM, OTPHIIATEIBHBIM U JPOOHBIM ITOKa3aTEISIMU.

2. [lepeuncnure cBOMCTBa CTENEHEN C pallMOHAIILHBIM ITOKa3aTeIeM.

Cnucok peKoMeH/1yeMoi JIUTePaTypbl:
1. bammmakos M.U. Marematuka. YueOunuk. 2019 .
2. bammmaxos M.M. MartemaTuka. 3agadauk YuyebHoe nocodue. . — M. «Axkagemus», 2018

IIpakTyeckoe 3anaTue Ned. IIpeoOpazoBaHue BbIPAaKeHUH COEPKAIMX KOPHHU

KOJIN4eCTBO 4YacoB 1

Hean:

HAaYYHUTBCA NPUMCHATH TCOPECTUUCCKUC 3HAHUSA TP BBIYHUCIICHUN 3HAYCHUIN Bblpa)KeHHﬁ,
UCIOJIb30BaTh COOTBETCTBYIONIME (OPMYJIBI MPH PEIICHUH YIIPaKHEHHUH, TpeoOpa3oBaHUN
BBIPAXEHHUI CO/IEepIKAIUX CTENIEHU C HaTypalbHOM ITOKa3aTesIeM, OJAr0TOBKA K KOHTPOJIbHOU padoTte
3agaua:

dbopMHupOBaHHE YMEHHUS MPUMEHSITHh METOIbI MPE0Opa30BaHMs CTENIEHHBIX BRIPAKEHH; OTpabOTKa
QITOPUTMOB NPE0OPA30BaHMS CTETIEHHBIX BBIPAXKEHUN; BBIPA0OTKA YMEHUS MPUMEHSATH MOJTy4YeHHBIE
HAaBBIKU B HeCTaH)IapTHOﬁ CUTyalluH.

Ilepeyens cpeacTB , HMCHOJb3yeMbIX NPH BbINOJHEHUH PadoThl WM 000pyIOBaHUE

TeTpajb JUIsl IPaKTHUECKUX paldoT, pyuka, METOAMYECKHE PEKOMEHAAIMU MO BBITOJHEHUIO paboThl,
KAJIBKYJIATOD.

BOHpOCbI AJIA MOBTOPCHUA, 3AKPCIVICHHA TEOPETUYECKOI0 MarTtepuajga K IIPAKTHYCCKOMY
3aHATHIO:
KOpHeM N-ii CTEIEHN U3 YHCa a Ha3bIBAETCSI TaKOE YHCIO b, N-H1 CTCTIICHL KOTOPOI'0 paBHA a, TO



eCTb: Va=b

b" =a
Hanpuwmep, ¥a=—2 ¥a=2
KopeHb 4eTHOM CTeNeHH U3 OTPUIIATSIIBHOTO YHCIa He cymiecTByeT. Hampumep,
Ceoiicmea apugpmemuueckozo KOpHs Y=16 - se umeem camcaa
Ilpumep 1

J21=9 (9 =81); M7 =3 (3=27); 5 =5 (5 =625); Ho=0 (0°=0)
Ilpumsp 2

273 (-3 = 1) WA= () =)

1) (%)n:a
2) Ya" ="a"*
3) #a -4 =%ab
) %ZHE

i \b
5) (¥a) =4la”
6) 4/a =

3aganue 1719 NPAKTHYECKOH padoThI
Bapuant Nel

1. Haiity 3Ha4eHHe BBIpaKeHni: Y —27
2. Pemmre ypasnenue: x*=-16

—_— o -"|
3. Bolumcaure: a) Y1000- 27 - 8; ﬁ] 4|16 r) /0,4 - 55; r) =

g
5
4. Kaxoe umcio Gonbme: V128 min w.,f4

Bapuant Ne2

1. HaiiTi 3HaueHne BBIpa)KeHI/I
2. Pemmte ypapHenue: x3=125

L4

V625

=
3. Bounciure: ) 3/64- 125 - 729 ; ﬁ] 122 8) ;ﬂ@ 128, 1) V2

4. Kakoe uncino 6onbmre: 326 mwin 1@
Bapuant Ne3

1. HaitTu 3HaYeHne BBIpaXKeHHiA: \ —128
2. Pemmte ypaBHenwue: x*=64

ar BEfm B g = |I 1 &3 iz
3. Borancaure: a) /0,0081- 0,0016- 625:6) V2- Va5) _[16°- (3) -0125: )5

4. Kakoe uucio 6ombie: 3 26 win 5

KOHTpOJ’[LHbIe BOIIPOCHI X 3a1aHUA

1. Ha npumepe BeIpakeHHs §/a IOKaKHUTE, KaK MOYKHO BHECTH MHOKHMTENb MO 3HAK KOPHSL.



2. Ha npumepe BbipaskeHus v 8a MOKaKuTe, KaK MOKHO BBIHECTH MHOXHTEIb 32 3HaK KOPHSI.

1 1
3. Ha npumepe BRIpaKEHUH — M ——— MOKaKHTE, KaK MOKHO 0CBOOO/IUTHCS OT

wa WATY

UPPaLMOHAIBLHOCTH B 3HAMEHATeNe Apoou.
Cnucox pekoMeHAyeMoil JIMTepaTypbl:

IIpakTuyeckoe 3ansaTue NeS.Ynpoienue JorapupmMuuecKux BbIPpaKeHHUH.
KOJINYeCTBO 4acoB 1

Henn:

0Tpa0OTaTh HAaBBIKM YNPOLIEHHE JIOTapU(MUYECKUX BBIPAKEHUH, BBIYUCICHUS JIOrapu(pMOB,
npeoOpa3oBaHUsl  MPOCTEUIIMX  JIOTAPU(PMHUUYECKUX  BBIPAKCHHH,  PEIICHHS  MPOCTEHINNX
JOrapu(pMHUECKUX YPaBHEHUH.

3amaua:

dbopMupoOBaHUE YMEHUS IPUMEHITh METO/IbI IIpeoOpa3zoBaHus JOrapuMUIECKUX BbIPAKEHUH;
0TpabOTKa AJITOPUTMOB YIIPOLIEHUE JIOTAPU(PMUUECKUX BBIPAXKEHUM; BbIPAOOTKA YMEHUS IPUMEHSATh
MOJIyYeHHbIE HABBIKM B HECTAHAAPTHOW CUTYyAlLUH.

Ilepeyenb cpeacTB, HMCHOJIB3yeMbIX INPH BbINOJHEHUM PadoThl WM 000pyI0BaHHeE
TETpajb JUIsl IPAKTUUECKUX padoT, pyuyka, METOJUYECKHE PEKOMEHJAIMU IO BBINOJIHEHUIO paboThI,
KAJIbKYJIATOD.

Bonpochl 1J1s1 NMOBTOpeHHs, 3aKpeNJieHUsl TeOPeTHYeCKOr0 MaTepuaja K NPAKTHYECKOMY
3aHATHIO:

1. TeopeTudueckmii MaTepual.

Jlorapugm 1moa0XuTeIbHOTO yucna b o ocHoBaHHIO & (0603HauaeTcst 10gab) — 9TO
NoKa3aTellb CTEHIEHH, B KOTOPYIO HAJ0 BO3BECTH @, 4YToObl monyduth b (umcna b, a -
MOJIOKMTeJbHBbIE, aF 1).

Ecma“=b, 1o log.b= ¢

p log, b b
o OCHOBHOE JTIOTapru(PhMHUUECKOE TOKIECTBO
CpoiicTBa jJorapu(pmoB crpaBeIuBbI A TorapudmMoB 1mo moboMy ocHoBanuio(a >0 ; a# 1):
1.l10ga1=0
2.l0gaa=1
3. logaak=k

4. loga(x-y)=logax+logay
5. loga(x/y)=logax— logay
6. Iogabk=k-logab

OcHoBanue jiorapudmMa U YNcJI0 Mo 3HAKOM JIorapugma MOKHO MOMEHSTh MecTaMu 1o Gopmyrie:

logab=1/logna

Oomas dbopmyvJiia nepexoaa K jgorapudmy no 1Jpyromy oCHOBaHHUIO.
logab=logcb/logca

Jlorapudm no ocHoBanmio a".
loga"b=(1/n)-logab

Jlorapu¢m umncna b mo ocHoBanuio @" paBeH mnpousBeaeHHUO apodu 1/n Ha norapudpm uwmcna b mo



http://www.mathematics-repetition.com/11-klass-algebra/11-4-9-logarifm-1-ya-formula-perehoda-k-novomu-osnovaniyu.html
http://www.mathematics-repetition.com/11-klass-algebra/11-4-10-logarifm-obshtaya-formula-perehoda-k-novomu-osnovaniyu.html
http://www.mathematics-repetition.com/11-klass-algebra/11-4-9-3-logarifm-po-osnovaniyu-v-stepeni-n.html
http://www.mathematics-repetition.com/11-klass-algebra/11-4-9-3-logarifm-po-osnovaniyu-v-stepeni-n.html

OCHOBaHHIO 8. YpaBHEHHE, coJepKallee MepEeMEHHYIO IO 3HAKOM Jiorapudma WId B OCHOBAHUU
Jorapugma, Ha3bIBACTCS 102APUPMUYECKUM.

PaccmoTpum mpocTeiimiee jgorapudmudeckoe ypaBaenue: 10gax=b.

Jlorapudmudeckas GpyHKIMS Bo3pacTaeT (Miu yObiBaeT) Ha mpoMexyTke (0; +o0) m mpuHHMaeT Ha
9TOM IPOMEKYTKE BCE ICHCTBUTEIIbHBIC 3HAYCHUSI.

Teopema o kopHe: nycth ¢yukuus f Bozpacraer (yObiBaeT) Ha mpomexytke |, uucio a — ar060¢ u3
3HaveHMii, npuHUMaeMbix f Ha 3ToM mpomexytke. Torma ypaBuenue f(X)=a mmeeT eaMHCTBEHHBIN
KOpPEHb B MPOMEXKYTKE .

[To BhIIECKAa3aHHON TeopeMe CIeayeT, YTo s JIIo0oro b jaHHOE ypaBHEHHE UMEET, M IPHTOM
TOJILKO OJTHO, PEIIICHHE.

U3 onpenenenns gorapudMa qicia cieayeT, uTo TAKHUM 9HCIOM sBjisercs a.

Ipumep.

Pemmure ypaBuenue: 10g2(x*+4x+3)=3. Pemenue:

JAHHOMY YpPaBHEHHIO Y/OBJICTBOPSIOT T€ 3HAYCHHS X, JUISI KOTOPBIX BBIOJIHEHO PaBEHCTBO:
x*+4x+3=23,

I[TomydaeM oObIYHOE KBAPATHOE ypaBHeHHeE x>+4x+3=8 mmn x*+4x-5=0, KOpHU KOTOPOTO
BBIYHUCIISIEM C TTOMOIIBIO JUCKPUMHUHAHTA: X1=1; x2=-5.
Ilpumep.
Pemure ypaBuenwue: 0gs(2x+3)=logs(x+1).
Pewmenue:
JAHHOE ypaBHEHUE ONPEACICHO JUIA TEeX 3HAYCHUH X, NMPH KOTOPBIX BBINIOJIHEHBI HEPABEHCTBA:
2x+3>0 u x+1>0 (370 cnexyeT u3 onpeaencHus Jorapudpma).
Jis 9TUX X TaHHOE YpaBHEHHE PAaBHOCHJIBHO YpaBHEHUIO: 2x+3=x+1, M3 KOTOPOro Haxomaum x=-2.
Brimonasas mpoBepky, yOexgaeMcs, 9To x=-2 HE YAOBJIETBOpsET HepaBeHCTBY x+1>0.
CrnenoBartesbHO, JAHHOEC YPaBHEHHE KOPHEH HE MMEeT.

Ilpumep.
Penmre ypasuenue: 1092%sx-10g5x>-3=0. Pemenue:
JTAHHOE ypaBHEHHE, BOCIOJB30BABIINCH CBOWCTBOM CTEMEHH JOrapupma, MOKHO

nepernucats B Buze: (logsx)?-2l0gsx-3=0.

CrenaeM 3aMeHy nepeMeHHol: t=l0gsx, Tor/1a Hame ypaBHeHHe nepenumiercs B Buze: t2- 2t-3=0,
KOPHH KOTOPOTO BBIYHCIIUM Yepe3 TUCKpUMHHAHT: t1=3, t2=-1.

Bepuemcs k ucxoanoii nepemenHoit: 10gsx=3 mm logsx=-1.

Hcnonb3yst ompeneneHue sorapudmMa TONy4aeM KOPHM HCXOIHOTO  ypaBHEHUS:
x1=5%=125, x,=5"1=1/5=0,2.

3anaHus K NPaKTU4ecKoii padore:
Pemnre ypaBHeHue:

1 BapuaHT 2 BapuaHT 3 BapuaHT
1) loga(5x+6)=0; 1) Ig X—5:2; 1) logsx+logx3=2,5;2) 4
2) lg(x—9)+ X —2 lg2x—2=Igx?.
+2lg 2x-1=2. 2) lg(2x)+1g(x+3) =
=lg(12x—4).
4 BapuaHT 2 5 BapuaHT g la;apmazl-rr1 .
1) log  7x+— =2 1) log 1 (5-log3 x)=-2; 2; ffIZO( x-1)=4; )
5\ N 25 ) ) g2(3x+1)=
2) 4lg? x+1g x*2=0. 2)log1lx— ¥ -16)=-1. flog (x2 =5).
2




N

7 BapuaHT 8 BapuaHT 9 BapuaHT

1) log3(x-12)=2; 1) logx16-logx2=1/2; 1) log3(x+8)=-2;

2) loga(4-x)+ 5) Llg(x? +2x) = 2) lg(x—3)+

+log2(1-2x)=2log> 3. 2 lg(x—2)=1-Ig5.
=lg \/x+ 2.

Konmponsusie eonpocwi:
1. Uro Ha3bIBaeTCA JIOTapu(PMUIECKUM ypaBHEHHEM ?
2. Ilepeuncnurte crocoObl pelieHns YpaBHEHUN, COAEPKAIIUX TEPEMEHHYIO MOJ1 3HAKOM
jorapudma UM B OCHOBaHHUH Jiorapudma.
3. Dopmynbl COKpALIEHHOTO YMHOXKEHUSI.
4. OcHOBHOE JOTapu(PMUUECKOE TOKIECTBO.
5. CgoiicTBa morapudmos.
6. Bwuasl norapugpmon
Cnncok pekoMeH1yeMoil JINTepaTyphbl:
1. bammakoB M.M. Maremaruka. YueOuuk. 2019 .
2. bammaxos M.M. MartemaTuka. 3agadHuk YuebHoe nocodue. . — M. «Akanemus», 2018

Pa3znen 2. 'eomerpus

Tema 2.1. [IpsiMble U JIOCKOCTH B IPOCTPAHCTBE
IIpakTuyeckoe 3ansaTue Ne6. BzaumHoe pacnoJio:keHue NpsiMbIX M IJIOCKOCTEN
KOJINYeCTBO 4acoB 1
Henn:
O000IHTE U CUCTEeMAaTU3UPOBATH 3HAHUS 110 TeMe «B3anMHOE pacrioiosKeHNe MPSIMBIX U
TUIOCKOCTEH»; 3aKpeNuTh YMEHHUS UCIIOIB30BaTh MOJYyYEHHbIC 3HAHUS JJIs PEeLICHUS 3a1a4
3anaua:
dbopMUpOBaHNE YMEHHUS UCIIOJIb30BATh MOyUEHHBIE 3HAHUS JJIsI pEIICHUS 3a/1a4; 0TpaboTKa
AJITOPUTMOB YMCHHA HMCIIOJIB30BATh IOJTYUCHHBIC 3HAHUA JJIA pCIICHUA 3a/1a4, BI)Ipa6OTKa YMCHUA
MPUMEHSTh MOJIyYeHHbIC HABBIKY B HECTAH/IAPTHOMN CUTYaI[HH.

Ilepedyennb cpeacTB , HMCHOJIB3yeMbIX NPH BbINOJHEHHUH PadoThl WM 000pyl0BaHUE
TeTpajpb JUIsl IPAKTUUECKUX paldoT, pyuka, METOAMYECKHE PEKOMEHAALMU MO BBIIOJHEHUIO paboThl,
KAJIBKYJIATOP.

Bonpocel 111 NMOBTOpeHHs, 3aKPEIUICHHUS TEOPETHYECKOro MarepHaia K NPaKTHYeCKOMY
3aHATHIO:

Teopernueckne cBefeHHs K NPAKTHYECKOH padoTe:

Teopema

HBG MPAMBIC HA3BIBAIOTCA CKPCIIUBAOIIUMUCS, €CJIN OJJHA U3 HUX JIC)KUT B IIJIOCKOCTH, a Apyrasa
NIEPECEKAET ATY INIOCKOCTh B TOUKE HE MpUHAAIEKaIen 1 mpsMon.

Onpenenexue.

2 npsiMBbIE B IPOCTPAHCTBE HA3BIBAIOTCS MMAPATUIEIBHBIMU, €CJIM OHU JIEXKAT B OJJHOM INIOCKOCTH U HE
IIEPECEKAIOTCS.

OnpenenexHue.
JIBe MIIOCKOCTH HA3bIBAIOTCA MapaAJUICNbHBIME, €CIIH OHU HE TIEPECEKA0TCs

Onpenenexue.
HpHMaﬂ U IINIOCKOCTH HAa3bIBAKOTCA Hapa.]'IJ'IeJ'H)HBIMI/I, €CJIM OHU HC UMCIOT 06HH/IX TOYCK.

Teopema
Ecnu npsimast, He npuHAayIeKamiast iIo0CKOCTH, MapajulebHa KaKoH-HUOY b MPSIMON B 3TOM
IUIOCKOCTH, TO OHA MapajuleIbHA U CaMOM IIIIOCKOCTH.



Teopema
Ecnu nBe mepecekaromiuecs mpsiMble OJTHOM TUIOCKOCTA COOTBETCTBEHHO MapaJlICIbHBI IBYM

MEPECEeKAIOIIUMCS MPSMBIM JIPYTOi TNIOCKOCTH, TO ATH IUIOCKOCTH MapalieIbHbI

Ipumeps! pemenus 3a1a4

Ne 1 Jlano: a u b - ckpeuMBaronuecs npsmbie; Y - IIOCKOCTh, a € v, b € y. Touka M € a, Touka N € D.
Yepes a u N npoBezieHa TI0CKoCTh o Yepes b 1 M npoBeneHa miockocts B (puc. 1).

Haiitu: a) nexxut nu npsimast b B Iu1ockocty o.? 0) IepeceKaroTcs JIM IIOCKOCTH o U 37

Puc. 1

Pemenue:
a) Eciii Ob1 b € 0, TOr1a B IJIOCKOCTH 0. OBLIO OBI IBE BO3MOYKHOCTH:
1) b || a - HO 3TO MPOTUBOPEUUT YCIOBHUIO;
2) b N a - HO 3TO MPOTHBOPEUHT ycaoBUIO; b N o B Touke N, N € a.
BreBoxa: b € a.
Meag,Nea
=

0) MeP,Nef npsimass MN - oO1mast Jyist TNIOCKOCTen o U 3.

BeiBoa: o N B o npsimoit MN.

(OtBet: b € a, MN - nipsimasi, o kotopoit a N ).

Ne2. Tano: ABCD - napamnenorpamm; ABEK - tpaneuus: EK - ocnoBanue; EK € (ABCD) (puc. 2).
a) BersicauTe B3aumHoe pacrionoxenue npsambeix CD u EK.

0) Haittu: P(ABEK), eciu AB = 22,5 cm; EK = 27,5 cwm.

X E

D puc2 c

Pemenue:

1. CD || AB - kak mportuBosiexaiue ctopoHsl napamienorpamma AB || EK - mo omnpenenenuto
tpamnenuu. 3Hauut, CD || EK.

2. Tak Kak B Tpameuuro MOXHO Bnucath okpyxkHocTb, To AB + KE = BE + AK. Torna P(ABEK) =
(22,5+27,5)-2=50 -2 =100 (cm). (OtBert: a) CD || EK; 6) P(ABEK) =100 cm.)

3aganue 119 NPAKTHYECKOT0 3aHATHS:

1) Tpeyronbauku ABC u AJIC nexar B pa3HbIX IUIOCKOCTSIX U UMeIOT o6011yto ctopony AC. Touka

P — cepenuna croponsr AJl, Touka K — cepenuna J1C.

a) KakoBo B3aumHoe pacnonoxenue npsameix PK u AB?

6) Uemy paBen yron mexay npsimbivu PK u AB, ecun yron ABC pasen 40°, a yron BCA = 80°. Oter
o0oO01HTE.

2) [Ipsimble a 1 B JIeXKAT B MapaJuIeNbHBIX IUIOCKOCTSIX. MOTyT 11 3TH npsMble ObITH

a) mapajiesIbHbIMU 0) ckpermBaomumuca? Caenatb pUCyHOK ISl KaXKJI0TO BO3MOKHOTO CITydasi.

3) Touka B ne nexur B minockoctu A AJIC. Touku M, N u P — cepenunsl orpeskoB BA, BC, B/]
COOTBETCTBEHHO. a) Jloka3atsk, uto miaockoctu (MNP) u (A/IC) napamienshsr; 6) Haliaute ninomanb
tpeyronbHuka MNP, ecin SAAJIC =48 cm2 .

4) OcnoBanue tpanenuu ABCJI nexxur B miockoctH o. Yepes Touku B u C npoBeneHsl napaienbHble
IpsIMBIE, IEPECEKAIOLINE TNIOCKOCTH 0 B Toukax E u F cooTBeTCTBEHHO.

a) KakoBo B3aumHoe pacnonoxxenrne EF u AB?

0) Uemy paBen yroa mexay npsameimu EF u AB, eciii yrom ABC = 150°. OtBeT o0ocHYyiiTE.

5) IIpsimble a U B JIe)KaT B MEPECEKAIOMUXCS TUIOCKOCTAX o ¥ 3. MOTYT JIn 3TH HpsSIMbIE ObITH



a) mapayuieIbHbIMU 0) ckpemmBaromuMucs? Caenatb pucyHOK JIJIsl K&KIOTO CiTydast.

6) B rerparape JABC Touku M, N u P — cepenunsl pédep A, /IB, IC cooTBEeTCTBEHHO.
a) Jlokazats, uro miockoct (MNP) u (ABC) napasnnenbHsl.

0) Haittu miomans A ABC, eciiu SAMNP = 14 cm2 .

Konmponsusie éonpocwi:

1. Kaxue nBe npsimple B IPOCTPAHCTBE HA3bIBAIOTCS AapAJUIEIbHBIMU?
2. Kaxue /1Be m10CKOCTH Ha3bIBAIOTCS MapaJlIeIbHBIMU?
3. Cdopmynupyiite TeOpeMy 0 MapajuIeIbHOCTH MPSIMOM U TIIOCKOCTH.

CnucoK peKoMeHyeMoil JTuTepaTypbl:
1. bammakos M. .M. Marematuka. Yuebuuk. 2019 .
2. bammakoB M.M. Maremaruka. 3agagnuk YaeOHoe mocoodue. . — M. «Axkamemus», 2018

IIpakTnyeckoe 3ansitue Ne7. Crepeomerpus

KOJINYeCTBO 4acoB 1

Hean:

HAaYYUTBCA NPUMCHATH TCOPCTUUCCKUC 3HAHUSA IPHU PCIICHUEC 3a/1a4.

3amaua:

dbopMHUpOBaHNE YMEHUS IPUMEHATh aKCHOMBI CTEPEOMETPUH; OTPAOOTKA AITOPUTMOB PEIICHHE 3aa4
[0 CTEPEOMETPUHU; BbIPaOOTKA YMEHHS MPUMEHSThH MOJyYCHHbIC HABBIKM B HECTAHAAPTHOUW CUTYALIUU.

Ilepeyennb cpeacTB , HMCHOJIb3YyeMbIX NPH BBINOJHEHHH PadoThl WM 000pyI0BaHUE
TeTpajpb ISl IPAKTHUYECKUX paboT, pyuka, METOAMYECKHE PEKOMEHAAIMU MO BBITOIHEHUIO PabOThI,
KaJIbKYJISTOP.

Bonpochl A5l NOBTOpeHHs, 3aKPEIVICHUS] TEOPETHYECKOr0 MaTepHajia K NPAKTHYeCKOMY
3aHATHIO:

AKCHOMBI CTEPEOMETPUH

Al. Yepes n1100bI€ TpU TOUKH, HE JIeXKAIllMe HA OJHOU MPSIMON, IPOXOAUT MIIOCKOCTh, U IPUTOM TOJIBKO

OJ1Ha.

Aca
Bew (trouku A, B, C n1exar B INIOCKOCTH &)
Cea

A2. Ecnu 1Be TOUKH TIPSIMOM JIEkKAT B TIJIOCKOCTH, TO BCE TOYKH MPSIMOU JIEkKAT B 3TOW IMIIOCKOCTH

o B ABC a
/ [Ipsimast AB neuT B INIOCKOCTH .

3ameuanue. Eciii nmpsiMast ¥ MI0CKOCTh UMEIOT TOJIBKO OAHY OOIIYIO TOUKY, TO TOBOPAT, YTO OHU

HIePECEKAIOTCH.

\ arne=M
[IpsiMast a ¥ TUIOCKOCTB CLIEPECEKAOTCS B TOUKE M.

A3. Ecnu 1Be IIIOCKOCTH UMEIOT OOIIYI0 TOUKY, TO OHU UMEIOT O0IIYI0 PSIMYIO, Ha KOTOPOH JiexaT

BCE 00IIME TOUKHU PTHX IIIIOCKOCTCH.



cu b= a

oM BriepecexaroTcs o IpsSMOi a.

33[[31—[1/16 AJIA MPAKTUHYIECKOI'O 3aHATHUS:

1 BapuaHT

1. Cropona AB napaimenorpamma ABCD npuHauie)xuT miaockocTH o, a cropoHa CD eii He
npuHauiexkuT. KakoBo B3aumHoe pacnonoxenue npsamoit CD u mnockoctu a? OObsICHUTE.

2. Touku M,N,F.K He nexat B ogHoi mockoctd. Moryt iu npsmsie MN u FK nepecekarbcs?

3. Touka D He nexur B miockoctu Tpeyroibauka ABC, Touku M,N,K — cepeauns! orpeskoB AD,
AC, AB cootBerctBeHHO. [lokazats, uro mnockoctu (MNK) u (BCD) nmapannenbHbl.

4. [Tnockoctu o u B mapaensHsl. OTpe3ok AB nexut B mockoctu o, CD — B mutockoctH f3.

Otpesku BC u AD nepecekarotcs B Touke O, KOTOpasi JISKUT MKy JaHHBIMU TUIOCKOCTsIMH. Haiitu
AOQO, ecitmt AB=3 cm, CD=12 cm, AD=20 cwm.

2 BapuaHT

1. ITn0cKOCTh MPOXOAUT Yepe3 OHY U3 ABYX NapajlleNbHbIX NpsAMbIX. Kak pacnonararorcs
JTlaHHasl TIOCKOCTh U Apyras npsmasa? [losicHure.

2. [Tpsmbie FM u RP- ckpenuBaromuecs. Moryt nu npsimbie FR 1 MP Ob1Th napannensHbMu?
3. Touka F He nexut B nminockoctu Tpeyronbauka ABC, Touku M,N,K nmpunaexar orpeskam
AF, BF, CF tak, uto 2ZFMN = 2FAB, £ZFNK = 2FBC . Jloka3ats, yro miockocta (ABC) u (MNK)
NapaJlyIebHBI.

4. [Tnockoctu o u B napanensHsl. Jlyun OM u OF nepecekaroT MI0CKOCTb o B Toukax A u B
COOTBETCTBEHHO, MIIOCKOCTh B — B Toukax C u D coorBercTBeHHO. Touka O JNEKUT HAZl JaHHBIMHU
miockoctamu. Hatitu OB, eciu AB =4cm, CD =10 cm, BD =6

KonTpoJibHbIe BOIPOCHI:

1. CdhopmynupoBaTh TEOpEMyY O MapayIeIbHOCTH NPSMON U IIIOCKOCTH
2. CdhopmynupoBaTh TeOpeMy O MapauieIbHOCTH TIOCKOCTEN
3. [lepeuncnure cBOMCTBA MapajieIbHOIO IPOCSKTUPOBAHUS

Cnucok peKoMeH/1yeMoi JIUTepaTypbl:
1. bammakos M. . Maremaruka. Yueonuk. 2019 .
2. Baimmvakos M.U. Maremaruka. 3agaudauk YueOHoe mocobue. . — M. «Akagemus», 2018

Tema 2.2. KoopauHaTbI M BEKTOPBI

IpakTnyeckoe 3ansitue Ne§8. JlelicTBUSI HAl BEKTOPAMHU B MIPOCTPAHCTBE



KOJINYeCTBO 4acoB 1

Henan:

HayuuTbcst BRIOTHATH ONEpaluy HaJ BEKTOPAMHU B KOOPAMHATHOU (popMe Ha TUIOCKOCTH U B
npoctpancTBe. OTpaboTaTh HaBBIK BBIUMCICHUS JUTMHBI U CKAJIIPHOTO IIPOU3BEICHUS BEKTOPOB
3amaua:

dbopMHpOBaHKHE YMEHUS MPUMEHSATH OIepaIliy HaJ BEKTOPaMH B KOOPJMHATHOM (hOpMe HA INTIOCKOCTH
Y B IIPOCTPAHCTBE U MOJTYYCHHBIC HABBIKM B HECTAHJAPTHOU CUTYaIUH.

Ilepeuenb cpencTB, MCHOJb3yeMbIX NPH BbINOJHEHUH PadoThl MM 000pPyIOBaAHME:
TETPajb JUIsl IPAKTHUECKUX PabOT, pydka, METOAMYECKHE PEKOMEHIAIMH 10 BBIOJHEHUIO PaOOTHI,
KQJIBKYJIATOP.

Bonpocsl /151 NMOBTOpeHHs, 3aKpeNJieHUsl TeOPeTHYECKOr0 MAaTepuaja K NPAKTHYECKOMY
3aHATHIO:
Bexkmopa na nnockocmu: Ilyctb nanbl 18e Touku A(x1,y1) v B(x2,y2). Torma KoopauHaThl

‘E| ='\/(X2 Xy )2 +(y2- Yy )2 .

BEKTOpA AB =(X; = X17Y2 - yl)’ IUIAHA

Heticmeust nao eexkmopamu: I1ycTb nansl 1Ba BeKTopa 9 =(X15¥1) y b=(x25y2)
1) a+b =(x; £X,:y; £y, )- 2) 4 -a =(A-x;; Ay, )J,A =const . 3) @ B =x; xz +yi vz
I a -b
cos(l_l (a;b)) =Q
Kocunyc yrina Mmexy BEKTOpamu: [ 1] :
Crpasemumso: 1) “IP == ux xoopaunars: nponopmmonansher; 2) @ -7 = |« 7

Bexmopa 6 npocmpancmee: I1yctsb 1aHbl ABe TOUKU A(X1,V1;21) ¥ B(x2,12;22).
Torma KoopauHATEI BEKTOPA AB =(X5 = X3Y2- Y1522 7 21 )
|/‘TB" :\/(Xz - X )2 (Y- Vi )2 +(Zz - 21)2

JUTHHA
Jeiicmeus nad eexmopamu: ITycts naHsl xBa Bektopa 9 =(X15Y1521) 3y b =(X27y2525)
1) a=+b =(x; £x,,¥; £V252, izz); 2) A-a =(A x;;A -y, ;A -z, ), A =const -

3) |a B =x, x, +y, v, +z, zs

IIpumeps! pelienus 3agay

1. Jlanst Bextopa @ 2:3:02,b( - 1:2:2),6(3:1;0 ) Hajitu: a) koopaunats 2d - 3b+5¢: ) |2 ;
) cosl (E;E)); d) e
Pewienye: a)2a = 3d +5¢ =2 (2:3;0)= 3 (- 1,22 )+ 5 {3:1,0) =(22:5,6 ).
b) |B‘ =J(-1)> +27+2? =9 =3.

cosl (B;c)) = (CD3+2:1+20 _ o1 V10 05
c) \/(-11!)2+22+22 3Z+12+07 3410 30

d) |E -B| =2 (-1)+3-2+0 -2 =4

3amaHue I/ NPAKTHYECKOT0 3aHSITHA:

1. JTanbl BEKTOpa a( 2;3;- 4),b( - 5;2;1),6(3;- 5:1) | Hajiru: a) KoopauHaTH @ - 4b+2¢: ) |<];
) cosl (E;E)); d) e

2. Haiitu nepumeTtp u yriiel Tpeyronsuuka ABC, ecnu A(1,-1;3), B(3;-1;1), C(-1;1;3).

3. Ompenenuts BUA YeThipex yrousauka ABCD, ecnu: a) A(1;3), B(4;7), C(2;8), D(-1;4);

b) A(1;3), B(2;1), C(-1;3), D(-2;5); c¢) A(2;3), D(7;5), C(10;2), D(0;-2).

4. B TouKe MPUITOKEHBI CHIIBI Fi(3:4),F>(1;- 2), F5(- 1:3) Hajinure PaBHOJICUCTBYIOILYIO CUITY
U YIJIbI, KOTOPbIE OHA 00Pa3yeT C COCTaBIISIIOIIMMH.

KonTposbHbIe BOpochl
1. CKoJbKO BEKTOPOB 33JaHHOMN JJIMHHBL: a) COHATIPABIEHHBIX C TJAHHBIM; 0) MPOTHUBOIOJIOKHBIX



JAHHOMY; B) 3a/1al0LUX JIBE YIIOPSIOYEHHBIX TOUKH?

2. MoxeT iu cymMMa BEeKTOPOB OBITh: a) paBHOM pa3HOCTH; 0) OOJIBIIIE CYMMBI UX JIJTUH?

3. HayHer 1 ABUraThCsI MOKOSAIIAsICS TOYKA, €CIM B HEKOTOPOH IUIOCKOCTH HA HEe CTallu IeHCTBOBATh
TPU PAaBHOBEJIMKHUE CUJIBI, PACIIOJIOKEHHBIE 110 PABHBIMH YTJIaMH JIpYT Apyry?

4. Kakue 3Ha4eHMs] MOXKET IPUHUMATh MOAYJIb PaBHOJEHCTBYIOIIEH ABYX CHII, MOyJiM KOTOphIX 3 H 1
7H?
-2 -

5. CripaBeIMBO JIU yTBEpXKAEHUe: @ =b = a =b?

6. Kaxoii yron ¢ oceto Ox Bektop: a) ¢ =(- 1;1) ) b =(coscx;sinc )9

7. Ilox kakuMm yriiom K ocu Ox aBHranoch teio u3 touku (1:1) B Ttouky (4;4)?
CnucoK peKoMeH1yeMoil JTUuTepaTypbl:

IpakTnyeckoe 3ansitue Ne9. Pemenue 3agau
KOJIMYeCTBO 4acoB 1
Iesb: 3aKpennuTh YMEHUS BBIIOIHATh ASHCTBHS HaJl BEKTOpaMHU
3agava: npUMEHATh OCHOBHBIE (DOPMYJIBI U MpaBUiIa paboThl C BEKTOpaMHU

Ilepedennb cpeacTB , HCMOJIb3YyeMbIX NPU BBINOJIHEHNH Pad0ThI WK 000py/A0OBaHMeE :
TETpajb JUIsl IPAKTUUECKUX PaldoT, pyuyka, METOAMYECKHE PEKOMEHJALMU 10 BBIIOJHEHUIO padoThI,
KAJIBKYJIATOD.

Bonpocsl /151 NOBTOpPeHNS, 3aKPeIIeHUs] TEOPETHYECKOT0 MAaTEePHAJIA K IPAKTHYECKOMY
3AHATHIO;
OcHoBHBIC IIOHATHS.

1 BexTopom Ha3bIBaeTCs OTPE30K, Y KOTOPOTO yKa3aHO, KAaKOM M3 KOHLIOB SIBJSIETCS] HA4aJIoM, a Kakou
— KOHIIOM (HampaBJIeHHBINA OTPE30K), 0003HauaeTcs a, AE, roe A - Hayano Bekropa, B- koHer.

2 BCKTOpI)I HAa3bIBAIOTCA KOJJIMHCAPHBIMH, C€CJIM OHM PACIIOJIOKCHBI Ha OI[HOfI W TIapalICIIBHBIX
MMPSAMBIX.

0
3 BCKTOpH Ha3bIBAKOTCA OPTOTrOHAJIBHBIMU, €CJIN YTOJI MCKAY HUMHU 90 .

4 BekTopsl MOXXHO CKJaJAblBaTh ( MO MpaBWIaM TPEYroJbHUKA M Mapajjienorpamma), MOXKHO
YMHOXAaTh Ha YHUCJIO: a= {ai,az ,8.3} b= {bl,b2 ,b3}

d+b=1{a +b,a,+b,,a,+b,}; ki=1{ka,ka, ka,}

5 Heobxomumoe 1 10CTaTOYHOE YCIOBUE KOJUIMHEAPHOCTH BEKTOPOB: aH b ==—===2

D
(@ 2N Y)
N)
QD
%

=)

N
O

W

= = ————
6 Momysb BekTopa @ = {ay, ay, az} pased |al =+/ai + af +ai.

7 Ecnu 3amadsl Ha9aIo A(X1 ' Y19 Zl) 1 KOHEIT B(X2 Y, ,22) sextopa AB, To ero xoopauHaTh 1
JUTMHA HaXOMSTCS CIEAYIOIINM 00pa3oM:

E:{Xz =X, Y, =Y, 4, _21} ) ‘E‘:\/(Xz _X1)2 +(Yz _Y1)2 +(Zz _21)2 '

8 CkansipHbIM IPOM3BEJCHUEM BEKTOPOB HAa3bIBAETCS YHCIO, PAaBHOE IMPOM3BEJACHMIO JUIMH 3TUX
BEKTOPOB Ha KOCHHYC YIJIa MKy HUMHU

[l
Il

a- |&|-|E|-cosq:

[sadl}

[=H

= a,b, + a,b, + azb;



Hy

&b agb,tagbotacbs
9 cosg @R ;

FiL

[ 2, 2, 2 [,2,,2,.2
x!rz,_+r1:+r15-x!b,_+b:+b5

10 Heo6xoaumoe 1 10CTaTOUYHOE YCIOBHE OPTOTOHAILHOCTH BEKTOPOB: A - b=0.

= @b _ a.b,+agbytag b,
11 IIpoekuus BekTopa Ha HampasieHue: Ipza = B (me:
,_‘!'b;+b;+ Bt

3amanue

1 HaiiTi nuHeliHyt0 KOMOMHAITNIO BEKTOPOB AB -3BC +4CD
2 Haiitu 1vHBI BEKTOPOB AB; BC; CD

3 HaiiTu KOCHHYCBHI YIJIOB MEX]ly BEKTOpaMu ABu BC; BCuCD
4 Haiitu Haittu (AB + CD)- AD

5 Haittu Ilp 45 (@ + E)

6 Brisicants, Kommaeapus! it Bekropel AB u CD

7 BBI)ICHI/ITB, OpPTOTrOHAJIbHBI JIX BEKTOPbI AB u CD

I/ICXOZ[HLIe JAHHBbIC:
Hamsi rouxn A(6,3,3), B(-1,0,—-2), C(3,1,1), D(0,4,5).
3ananme 1

Pemenue:
AB=1{-1-6,0-3—-2-3}={-7,-3-5};
BC = {3+1,1-0;1+2}={4;1,3};
CD=1{0-3,4-1,5-1}=1{-3;3; 4};

AB-3BC +4CD={-7-3-4+4-(-3),-3-3-1+4-3,-5-3-3+4-4}=
{-316; 2}

3aganue 2

AB|=(-7F +(-3F +(-5
BC|= (@) + 1) +(3)" =

CD|=(-3) + @) +(4) =

3aganue 3

=83

~
Il

5|

Q

Pemrenne:



cosABBC - —(4-31-53_ 46 .
’ J83+/26 V2158
4.(-3)+1-3+3-4 3

cosBC:CD = -
J26./34 /884

3amanue 4

Pemrenne:

Namsi touxn A(6,3,3), B(-1,0,—2), C(3,1,1), D(0,4,5).
AB={-7,-3-5};, CD={3;3 4
AD={0-6;4-3,5-3}=1{-6;1; 2};

AB+CD={-7+(-3),-3+3,-5+4}={-10,0,-1}
(AB+CD)- AD =-10-(~6)+0-1+(~1)-2 =58
3ananue 5

Pemenmne:

AB ={-7,-3,-5},
BD={0-(-1),4-0,5-(-2)}={,4,7}, AC={3-6,1-3,1-3}={-3,-2,- 2},

BD+AC ={1+(-3),4+(-2),7+(-2)}={-2,2,5}.

—  —\ —-7-(-2)+(-3)-2+(-5)-5 -17
Ip,5(BD + AC )= I

AB ={-7,-3,-5},CD ={-3,3,4}

-7 -3 -5

3 i 3 i 4 : BGKTOpBI HC ABJIAIOTCA KOJ'IJ'II/IHeapHI)IMI/I.
3aganue 7
Pemenne:

AB =1{-7,-3,-5},CD={-3,3,4}
-7 (— 3) + (— 3) -3+ (— 5)- 4 =-8#0, cnenorarensHo, BEKTOPHI HE SABIAIOTCS
OpPTOrOHAJIbHBIMH.

3anaHus K NpaKTHYecKoi padore.

1 A(2;3;,-1);B(0;1;2);C (4 -1;-1); D (2;-3; 1)



2 A(3-1,1);B(1;3;2);C(L;-1;-1); D (4, 0; 3)
3A(41,2;B(1,0,1);C(-1,2,-1); D(3;1,0)

4 A3-2,1);B(2-1;1);C(4,0;2); D (1;1;-1)
5 A(-2;2;1);B(3;0;4); C(7;1,0); D (3;0;5)

6 A(1-1,-1);B(2;5,7); C(-3;1;-1); D (2; 2; 3)
7 A(-3,14);B(1,-2,-3);C(2,2;3); D (5,3, 1)
8 A(2;-51); B (4;3;5); C(-1;0;1); D (2; 1; 0)

9 A(-2;2;1);B(3;-1,0);C(4,4,0); D(1;-1; 1)
10 A(4,2;5);B(0;1,3);C(-1,-1;1); D (2, -2, 1)
11 A(3;0;1); B(7;4;3); C(3;-5,1); D (-2; 2, 2)
12 A(5;1;,0);B(-1;-1;-1); C (2,4, 7); D (1, 0; 1)
13 A(10;1;1);B(-2,-1;1); C (4,3, 2); D (1;0; -1)
14 A(2;-7,4);B(2,-1;3);C(1,0;-1); D (2, 1, 3)
15 A(6;3;3); B(-1,0;-2); C(3; 1, 1); D (0; 4, 5)
16 A(3;2;0);B(2;-1;7); C(4,0;5); D (1;-2;-1)
17 A(4;-1;2);B(1;0;3); C (-2, 1;5); D (3; 8, -1)
18 A(1,1;,-3);B(-7,5;2); C(2,1,0); D (3;-3; 1)
19 A (5;0;1); B(2;-1;-1); C(-6;-1;1); D (3; 1; 3)
20 A (3;5;1);B(7;-4;3); C(2;1;1); D (0; -1; 3)
21 A(1;-2;1);B(-1;8;-3);C(3;2;1); D (5; 3; 1)
22 A(-3;-1,1);B(2;-3;0); C (1, 4,5); D (2; 3; 4)
23 A(3;-1,2);B(4,0;4); C(-1,9;-1); D (3; -2; -2)
24 A(3;-2,1);B(4;2;1); C(-1;-1;1); D (3; 0; 1)
25 A(-2,0;1);B(4,-1,3);C(-3;2,1); D (4 1, 1)
26 A(2;-2;1);B(2;5;7);C(1;3;5); D (7,0;3)
27 A(2;3;3);B(-2;4;1);C(3;52); D(3;8;-1)
28 A(1;1,-3);B(-3;2,-1); C(4,1,2); D (7;-3;0)
29 A(7;6;1); B(2;-1;-1); C(1;0;1); D (-2; 1; -1)
30 A(-7,2,-1);B(2,5,1);C(2,1,1); D (0 1; 3)

KoHnTpoJibHbBIE BOIPOCHI:

1 UYem xapakTepusyeTcst BEKTOp?

2 Kakwue orepaninu MOKHO IMTPOW3BOANTE HAJl BEKTOPAMH?

3 Kakue BEKTOpBI Ha3bIBAIOTCS PABHBIMU?

4 YTo MOKHO CKa3aTh 00 yrie MexXJy BEKTOpaMH, €CJIU CKAIIPHOE NPOU3BEIECHHUE

OTpULIATENILHO?



5 UTo MOXKHO CKa3aTh 00 YIiie MEXy BEKTOPAMH, €CITU CKAISIPHOE MPOU3BEACHHE
IOJIOKUTEILHO?

6 UT0o MOXKHO cKa3aTh 00 yriie MeXy BEKTOpaMH, €CITU X CKaJISIPHOE TPOU3BEICHUE PABHO
HYyJH0?

7 Kaxkue BeKTOpBI Ha3bIBAIOTCS KOJUTMHEAPHBIMU? Kakue BEeKTOPHI Ha3bIBAIOTCS
OpPTOTOHAJIbHBIMU?

8 CkansipHoe MPOU3BEACHNE BEKTOPOB

9 Koopaunatsl BekTopa

10 JnuHa BekTopa

CnucoK peKOMeH/1yeMoii JIUTePaTypbl:
1. bammmakos M. . Maremaruka. Yueouuk. 2019 .
2. bammmaxos M.M. MaremaTuka. 3agaunuk YueOHoe nocooue. . — M. «Akagemus», 2018

Pa3nea 3. KomOunaTopuka
Tema 3.1. Di1eMeHTHI KOMOMHATOPUKH

IIpakTuyeckoe 3ausiTue Nel(). KomOuHATOpHBIE KOHCTPYKIUH

KOJINYeCTBO 4acoB 1

Heab: oTpaboTaTh HABBIKK MPUMEHEHHS OMPEICICHHUM 3JIeMEHTOB KOMOMHATOPUKH, €€ OCHOBHBIX
CBOMCTB U (hOpMYJI IIPH PELICHUN YIIPAKHESHUH U 3a/1a4

3agaya: NpUMEHUTh YMEHUS IO PELICHUIO MPAKTUYECKUX 3a]a4 C UCIIOIb30BAHUEM MOHITHI U PABUIT
KOMOMHATOPUKHU.

IlepeyeHb cpeACTB , HCMOJIb3yeMbIX IIPH BBINOJIHEHUU PA0OTHI MM 000PyI0BaHHE :

TeTpajb JUIsl IPAKTHUECKUX paboT, pyuka, METOAMYECKHE PEKOMEHAAIMU 1O BBIOIHEHUIO PaboThI,
KAJIbKYJISATOP.

Bonpocs! 1J1s1 NOBTOPEeHMs, 3aKpelVIeHUs TeOPEeTHYECKOr0 MaTepraJia K NPAKTHYeCKOMY
3aHATHIO

BBenieM HeKOTOpbIE BaKHbIE 0003HAYECHUS:

MHO’KecTBa OyZieM 0003HauaTh 3arjlaBHbIMU OyKBaMU;

MHOY€ECTBa COCTOAT U3 3JIEMEHTOB, KOTOpbIe Oy/ieM 0003HavaTh MajabIMu OykBamHu. Tak, 3anuce al 1A
0003HayaeT, 4To MEMEHT a IPUHAAISKUT MHOXKECTBY A. Takue MHOXKecTBa OyeM H300paxkaTh
MepeUnCcIeHUEeM dJIEMEHTOB, 3aKiI0vasi uX B purypHsie ckoOku. Hanpumep, {a, b, x, y}.

3) KonnuecTBo 371eMEHTOB B MHOKECTBE HA3bIBAETCSl MOLTHOCTHIO U 3aITUCHIBACTCA KakK |A.

ITycts nmeroTes 1Ba MHOXKecTBa A 1 B.

HanoMHMM HEKOTOpBIE ONEpalliy HaJl MHOKECTBAMHU:

A xB = {(a,b)| a €A, b € B} — npsiMoe npou3BeeHHE MHOXECTB.

AUB = {x| x eA v x e B} — obbeaHEHHE MHOXECTB.

ANnB={x|x eA A x e B} — nepeceyeHne MHOXECTB.

A\B={x|x €A A x ¢ B} — pa3HOCTb MHOXECTB.

@ — IyCTOE MHOXECTBO.

_(_j — YHHUBEpPCAIBHOC MHOXECTBO.

A=U\ A= {x|x ¢A}— nonosHeHHe MHOXECTBA.
[Tpr KOMOMHATOPHBIX pacdeTax YacTo MPUMEHSFOTCS JIBa OCHOBHBIX KOMOMHATOPHBIX MPUHITUIIA
(mpaBmIa).
OcHOBHbIE KOMOMHATOPHbIE MPUHIHUNbI
Ilpasuno cymmot
Ecnu A u B — HecBsi3aHHBIE COOBITHS, U CYIIECTBYET Nl BO3MOKHBIX HCXOJOB COOBITHS A, 1 N2
BO3MOJKHBIX UCXO/0B COOBITHS B, TO BO3MOYKHOE YHCIIO UCXOJ0B COOBITHS «A miu By paBHO cymme
nl+ n2.
Ilpasuno npouseedenusn



Ecnu nana nocnenoBatreabHOCTh k coObITHI € Nl BO3MOXHBIMH HCXOAaMHU IIEpBOro, n2 [ BTOporo, u
T.J., BIUIOTH A0 hk BO3MOKHBIX UCXOOB MOCIEAHETO, TO 00IIee YHUCIIO UCXOA0B MOCIIEI0BATEILHOCTH
k coObITuii paBHO npousBeaeHuto nl* n2*...* nk.

[Tpu KOMOMHATOPHBIX pacyeTax YacTO MPUMEHSIOTCS JIBa OCHOBHBIX KOMOMHATOPHBIX MPUHIIUIIA
(npaBuia).

3aodaua.

CKOJIBKO TpeX3HAUYHbIX YMCEJl HaunHaKTCA ¢ 3 niu 47

Pewenue

Jnist perenust TpeThei 3a1auu HeOOXOJMMO HCIIONIb30BaTh, Kak MPAaBUIIO, CYMMBI, TaK U
npousBeneHus. Tpex3HauHble YUCia, 0 KOTOPBIX UAET peub B 33aJlaue, ECTECTBEHHBIM 00pa3oM
pa30MBalOTCs Ha JIBAa HENEPECEKAIOIIMUXCS Kilacca.

K opHOMY 13 HUX OTHOCSTCA YKCla, HAYMHAatoecs ¢ 3, a ko Bropomy [ ¢ 4. [lng noacuera yucen B
NIEPBOM KJIACCE 3aMETHM, YTO CYILECTBYET OJMH BO3MOXHBIN HCXO/ JUT IepBOi nudpsl (OHA JOTHKHA
ObITh paBHa 3), 10 ucxonoB 115t BTopoi U 10 UCcx010B JyIsl mocaeaHel TUQPHI.

ITo npaBuily Ipou3BEIEHUS NIOJIYyYaeM, YTO BCEIO YHMCEI B IEPBOM KJIACCE HACUMTHIBAETCS POBHO
1*10*10 = 100. AHaIOTMYHO MO>KHO TIOJICUMTATh KOJUYECTBO YHCET BO BTOPOM Kiacce. OHO Toxe
paBuo 100. Hakonerr, mo npaBuity cyMMbl Tiostydaem, uto cymiectByeT 100 + 100 = 200 Tpex3HauHbIX
YHCel, HAYMHAIOMIUXCS ¢ 3 min 4.

3anaHus K NpaKkTHYecKoi padore.

1. CxonpkuMHU crioco6amMu MOKHO Pa3MECTUTD 5 UEJIOBEK 3a CTOJIOM, Ha KOTOPOM IOCTaBJIEHO 5
puoopoB?

2. Hekro 320611 mocienaue 4 mudpsl TeneOHHOro HOMepa, IOMHUT TOJIBKO, YTO BCE MU(PHI pa3HBIC U
cpenu HUX ecTh 9. Kakoe MakcuMallbHOE YMCI0 HOMEPOB eMy IpHIeTCsl HabpaTh, €CIH OH MOIBITaeTCs
JTIO3BOHUTHCS 10 aDOHEHTa?

3. B uBeTouHOM Mara3zuHe IpoAaroTcs UBETH 6 cOpTOB. CKOIBKO MOKHO COCTaBUTH PA3TUYHBIX
OYKEeTOB U3 7 IIBETOB B KAKJIOM?

4. Nmeetcs 25 poccuiickux u 15 3apy6esxHbix Mapok. CKOJIBKMMHE CIIOCOOaMHU MOXHO BBIOpaTh 3
poccuiickue u 2 3apy0OekHble MapKu?

5. CKOJIBKO pa3iMyHBIX CJIOB MOXHO COCTaBHUTb U3 OYKB CJIOBa KOJIOKOI?

6. CKOJIbKO pa3IMYHbIX aBTOMOOMIIBHBIX HOMEPOB MOKHO cOCTaBUTh U3 28 OykB u 10 nudp, ecnu
KaX/1blif HoMep cocTouT u3 3 OykB U 3 udp?

7. U3 rpynmsl, cocTosiel u3 7 roHouei u 4 neByliek HaJo BbIOpaTh 6 4elloBeK Tak, Tak, 4TOObI cpeau
HUX ObUTO He MeHee 2 aeByIeK. CKOIbKUMHU CIIOCO0aMH 3TO MOXET ObITh clIeNIaHO?

8. Y Uana 7 kHUT 110 MaTeMaTHke, a y JAMutpust — 9 kaur. CKoJabKUMU cioco0aMu OHU MOTYT
OOMEHSTh 3 KHUTM OJIHOTO Ha TPU KHUTH JIpyroro?

9. CkomnbKo cioBapel HaJl0 U31aTh, YTOOBI MOKHO ObLIO HETIOCPEICTBEHHO BHITIOJIHATE IEPEBOBI C
J1r000T0 U3 5 SA3BIKOB: PYCCKOT0, aHITIMHCKOTO, (PAaHI[y3CKOTr0, HEMEIIKOTO U UTaJIbsIHCKOI0, Ha JH000ii
JIpYroM U3 3TUX 5 S3BIKOB?

10. CkoIbKUMH CITIOCOOaMU MOTYT BBINACTh TPU UrPajbHbIE KOCTH? BO CKOJIBKUX Cilydasix XOTs Obl
OJIHa KOCTh OTKpOETCS Ha 6 oukax? Bo CKOJIBKUX CIydastX pOBHO OJlHa KOCTh OTKpoeTcs Ha 6 oukax?
Bo ckonbkux ciaydasx olHa KOCTb OTKpOETCs Ha 6 oukax, a oJjHa — Ha 3 oukax?

KoHTpoJibHbIE BONIPOCHI

1. Yto Takoe komOuHaTopuKa?

2. ChopmynupyiTe MPaBUIIO YMHOKEHHUSI.

3. ChopmymnupyiiTe MpaBUIO CIOKESHHUS.

4. Yto Ha3wIBaeTCs 1 — akTOpuaIom?

5. Uto Ha3bIBaeTCs pa3MEIEHUsIMU U3 71 SJIEMEHTOB 110 m?

6. 3anummTe GopMyITy ISl TOJCYETA YKCTIa pa3MEIeHUH U3 71 DJIEMEHTOB 10 M 0€3 MOBTOPEHMI (C
MIOBTOPEHUSIMHU).

7. Uto Ha3bIBAaeTCS NEPECTAHOBKAMH U3 71 3JIEMEHTOB?

CnucoK peKoMeH/IyeMoii JIUTePaTypbl:
1. BammMakos M.M. Maremaruka. YueOnuk. 2019 .
2. bammaxos M.M. MaremaTuka. 3agadauk Y4yebHoe nocooue. . — M. «Axkagemus», 2018



IIpakTnyeckoe 3ansitue Nell. Pemenue 3agau

KOJINYeCTBO 4acoB 1

Heab: chpopmupoBaTh NpeACTaBICHUE O MECTE KOMOMHATOPUKHA B MaTEeMAaTHUKE U MPAKTUYECKON
ACATCIIBHOCTH ,—TIOATOTOBHUTHCA K PCIICHUIO 3a1a4 110 TCOpUH BepOSITHOCTef/'I

3agaya: npUMEHUTHh YMEHUS 0 PEIICHUIO MPAKTUUYECKUX 3aJ1a4 C UCIOJIb30BaHUEM MOHSATUHN U MTPaBUII
KOMOWHATOPUKHU.

IlepedyeHb cpeacTB , HCMOJIb3yEeMbIX PHU BbINOJHEHUH PA00THI NI 000PYI0BAHHUE :

TETpajb JUIsl IPAaKTHUECKUX PaldoT, pyuka, METOAMYECKHE PEKOMEHAAIMU 1O BBITOJHEHUIO PabOThI,
KaJIbKYJISTOP.

BonpochbI /151 NOBTOpPEHNS, 3aKPeIJIeHUs] TEOPETHYECKOT0 MATepHaJia K MPAKTHYECKOMY
3aHATHIO
OcHOBHbBIE MPABUJIA KOMOMHATOPUKM:

1. Ecnmu HekoTophlli 00BbEKT A MOXXHO BBIOpaTh M cmocobamu, a o0beKT B apyrumu n
crioco0aMu, MpuyeM BbIOOpPHI 00BEKTOB A U B HecoBmecTHMBI, TO BbIOOp «A uiau B» MoxHO
BBIMIOJHUTH M + N crioco0amu.

Ilpumep 3. Y4eHUK JOJKEH BBINOJIHUTD IPAKTUUECKYIO paboTy 1o Maremaruke. EMy npeanoxxuiau Ha
BbIOOp 17 TeM mo anrebpe u 13 tem no reomerpun. CKOJIBKUMHU CIIOCOOAMU OH MOXKET BbIOpaTh OJIHY
TEeMy JUIsl IPAaKTUYECKOU paboThl?

Pemenue: o npasuiny cymmsl noiaydaeM 17+13=30 BapuaHTOB.

2. Ecnu  HEKoTOpblil 00BEKT A MOXHO BBIOpaTh M crioco0aMu, U IMOCIE KaKJOro TaKOTro
BbIOOpa JIpyroit 00bekT B MokHO BhIOpaTh (HE3aBUCUMO OT BbIOOpa 00BeKTa A) N crmoco0amMu, TO
napbl 00beKTOB A 1 B MokHO BBIOpaTh M * N cioco0amu.

Ilpumep 4. llepenneTuuk AOMKEH TMeperuiecTd 12 pa3nuyHbBIX KHUT B KpPACHBIM, 3€JICHBIM U
KOpHUuHeBbIe nepemieTsl. CKOJIbKUMHU CIOCO0aMH OH MOXKET 3TO CIeNaTh?
Pemenne: nmeercs 12 xkHur u 3 1BeTa, 3HAYUT MO MPABHIIYy MPOU3BEIEHUS BO3MOXKHO 12*3=36
BapHaHTOB IEpEIIeTa.
Tak kak kKoMOWHATOpPHKA — pa3zelia MaTeMaTHUKH, U3YYaloIllero, B YaCTHOCTH, BOMPOC O KOJHUYECTBE
KOMOHMHAIMA M3 N 3JIEMEHTOB MO /M, KOTOPblE MOXKHO COCTaBIISAITh TEM MJIM HUHBIM criocoOom. Mbl
paccMOTPHUM TPH TaKHX CIOco0a.
1. Coueranus
KoMmOuHammu u3 N 371€MEHTOB MO 7, OTIIMYAIOLIUECS TOIBKO COCTaBOM, HA3BIBAOTCS COYEMAaHUIMU.
Yucno couetanuit U3 N 3JIEMEHTOB IO 711 PABHO

cr=—"T

m!(n—m)!

rren!=1-2-k-n.
IIpumep 1: Haiitu 4!
Pemenne: 4!=1*2*3%*4=24; OtBer: 4!=24

IIpumep 2. B rpynne 30 yenosex. HeoOxoaumo BeIOpaTh Tpex neneratoB Ha KoHpepeHno. CKOIbKO
CYIIECTBYET CIIOCOOOB 3TO c/enaTh?

Pemenue: xaxaplii cmocod — 3TO HOBas TpOiKa CTyJAeHTOB, oToOpaHHas u3 30 uyenoBek. OUeBHUIIHO,
3TH TPOMKH OTIMYAIOTCS TOJBKO IO COCTaBY, TO €CTh SIBJISAIOTCSA cOodeTaHUAMHU U3 30 31€MEHTOB 1o 3.
Wx xonudecTBo HaxoauM 1o popmyse (1):

3 301 28-29-30

30 = = =28-29-5=4060 cioco0oB.
31271 2-3

2. Pazmemenus

KOM6I/IH8.I_II/II/I M3 N 3JICMCHTOB IO 1, OTJIMYAIOIIHMECSI COCTAaBOM HIIM IIOPSAJAKOM 3JIEMCHTOB,
HAa3bIBAKOTCA pasmeuleHusaMu. Yucao pa3MeHIeHHﬁ M3 N 3JICMCHTOB MO 71 PaBHO

L

:(n—m)!



Ilpumep 6. B rpymnme 30 demoBek HEOOXOAMMO BBIOpATh CTapOCTy, €r0 3aMEeCTHTENsI U mpodopra.
CKOJIBKO CYIIECTBYET CIIOCOO0B 3TO CIETaTh?
Pemienue: kaxaplii crmocod — 3TO HOBas TpOHKa CTyJAeHTOB, oToOpaHHas u3 30 yenoBek. OUeBHIIHO,
9TH TPOUKU OTIMYAIOTCS KaK MO COCTaBY, TaK U IO MOPSJIKY, TO €CTh SBISIOTCS pa3MmerieHusMu u3 30
aneMeHToB 10 3. VX konmudecTBo HaxoauM 1o popmye (2):

3 30!
Agy = —=28-29-30 = 24360 cnoco0os.

27!

Ilpumep 7. Pactiucanue oJIHOTO JHSI COCTOUT U3 5 ypokoB. OnpeAenuTh YUCI0 BApUAHTOB PaCUCaHU
npu BeiOope 11 aucuumuimg.
Pemenne: Kkaxaplii BapuaHT pacnucaHUs MpeAcTaBisgeT Habop 5 aucuuiuinH u3 11, oTnuyaronmxcs
OT JPYTUX BapHUaHTOB, KAK COCTABOM JUCIHIUIMH, TaK U MOPAIKOM HMX CIIEOBAHUA, TO €CTh SBIISAETCS
pasmenienueM u3 11 snemenToB no 5. Yuciio BapuaHTOB paclUCaHus, TO €CTh YUCIO Pa3MEIICHUN U3
11 mo 5 naxoxum o dpopmyse (2):

|
A, = % ~7.8.9.10-11= 55440 BapuaHToB,

3. IlepectanoBKH

KomOuHamu u3 N 351eMeHToB 1O N, OTJIMYAOLINECs TOPAIKOM, Ha3bIBAIOTCS nepecmanogkamu. Yncno
EPECTAaHOBOK M3 N 3JICMCHTOB PABHO

P,=nl (3

Ilpumep 8. Tlopsinok BBICTYIUIGHHMSI CEMHM YYaCTHHUKOB KOHKypca ompenensercs >kpebueM. CKOIbKO
Pa3IUYHbIX BAPUAHTOB KEPEObEBKU IIPU 3TOM BO3MOXKHO?

Pemenmne: Kaxaplii BapuaHT XKepeObEBKU OTIMYACTCS TOJBKO MOPSIAKOM YYaCTHHKOB KOHKypca, TO
€CTh SIBJISICTCS MIEPECTAaHOBKOM U3 7 31eMeHTOB. VX urcio Haxoaum o hopmyiie (3):

P, =71=1.2-3-4-5-6-7 = 5040 BapuanTos.
3agaHusi 1/ IPAKTHYECKOTO 3aHITH:
BwmecTo hurypsl Hy>KHO TIOJICTaBHTH YHCIIO M3 CBOETO BAPHAHTA CM. TaOJIHILy HIDKe!
3apanue 1. B maxmaraom typaupe yuactyet Bl uenoBek. CKONBKO MapTHil JOKHO OBITH CHITPAHO

B TYPHHUPE, €CIIN MEXy JIFOOBIMU JIBYMS] YHaCTHUKAMH JI0JKHA ObITh ChITpaHa OJ{HA MapTHs?

3aganue 2. Pacriucanue oJJHOTO JTHSI COCTOUT U3 A ypokoB. OnpeaenuTs YUCI0 BApHAaHTOB
pacrucanus npu BeiOope ‘ JUCLUIUIMH.

3ananme 3. CKOIbKUMH clIOCOOAMHU MOTYT BCTaTh B OU€pe/lb B OMIIETHYIO Kaccy .eJIOBeK?

3ananue 4. Borunciure Cf«- :Aig-

r

Cnucok:

Ne ®.U crynenra ‘ A ‘ .

10

11

12

13

N[OOI~ WIN|E-
GN|O(O1 || (O
OO |N|00|©

12




8 12 6 11 11

9 13 7 10 12
10 14 5 9 13
11 15 6 8 10
12 16 7 9 9
13 17 5 10 8
14 18 6 11 7
15 5 7 12 6
16 6 5 13 5
17 7 6 14 4
18 8 7 11 12
19 9 5 10 10
20 10 6 9 7
21 11 7 8 8
22 12 5 8 9
23 13 6 9 10
24 14 7 10 11

KoHnTpoJibHbIe BOonpockl

3. Uro Takoe BeIOOpKa 00bema m? [IpuBenute npuMepsl.

4. Yro Takoe coeMHEHUs U3 n 31eMeHTOB 1o m? [Ipumepsl.
5. lonstue dakropuana. Yemy pasno 5!, 0!, 10!?

6. IIpaBuiio npousBeeHNsI B KOMOMHATOPHUKE.

7. IlpaBuiio cymMMbl B KOMOMHATOPHKE.

8. UTo Takoe pa3MelIeHHs U3 N AJIeMEHTOB 1o m? [Ipumepsl

Cnucok peKoMeH/1yeMoi JIUTePaTypbl:
1. bammmakos M.U. Marematuka. YueOuuk. 2019 .
2. bammaxos M.M. MartemaTuka. 3agadHuk YuyebHoe nocodue. . — M. «Axagemus», 2018

Pa3nes 4. OCHOBBI TPUTOHOMETPHH
Tema 4.1. OcHOBBI TPMTOHOMETPHUH

IIpakTuyeckoe 3ansaTue Nel2. [IpeodpasoBanue npocTelIUX TPUTOHOMETPHYECKHUX
BbIPAKEHU I

KOJIN4eCTBO 4YacoB 1

Ilesb: 3aKkpenuTh yMEHHUS U HaBBIKU NPEOOpPa30BaHUs TPUTOHOMETPUUECKUX BBIPAKEHHM, HCIIOIb3YsI
(bopMyJIbl TPUTOHOMETPHH.

3agaya: Hay4uThCS NMPEOOPa30OBAHUIO TPUTOHOMETPUUECKUX BBIPAKEHHH, UCTIONB3YS (OPMYIIbI
TPUTOHOMETPHH, IPUMEHSATD MOJIyU€HHbIE YMEHHSI U 3HAHUS Ha TIPAKTHKE.

Ilepeyennb cpecTB , HCMOJIb3YyeMbIX NPHU BbINOJIHEHHH Pad0ThHI WJIH 000py/A0OBaHME :
TeTpajb JUIsl IPaKTHUECKUX paldoT, pyuka, METOAMYECKHE PEKOMEHAAIMU 1O BBIOJHEHUIO PaboThl,
KAJIBKYJIATOD.

Bonpocs! 1Jisi IOBTOPEHMSI, 3aKPeNJIeHUsI TEOPETHYECKOr0 MaTepHaia K NPaAKTHYECKOMY
3aHSATHIO
OcHnosnbvle gpopmynvl mpuzonomempuu

U3 OHpC,Z[CJ'ICHI/Iﬁ CHHYCa, KOCHMHYCA, TAHI'CHCA U KOTAHI'CHCA CIICAYIOT OCHOBHblIE
mpucoHomempudecKkue mooicoecmea.



, ) sina CoS« .
sin“o-+cos?o=1; tga=———: Clga =———; tgo-ctgo=1;
COSx SIN o

tg’a+1=—=—; ctg’a +1=

cos’ a sin 2

e

OCHOBOI1 151 OCTAIBHBIX (GOPMYII SBIISIOTCS POPMYIIbl CLOHCEHUS:
cos(a-B)=cosacosP+sinasing;
cos(a+p)=cosacosp-sinasing;

sin(o-B)=sinacosf-cosasinf;

sin(o+p)=sinacosp+cosasinf;

tga +t tgat
o) = g )=

W3 hopmyn croxkenus, monaras B=— , TIe N € Z, monyyaem ¢gopmynvl npugedeHus

2

npeoOpa3oBaHus BEIPAKEHHH BHUIA:

7m 7m 7mn 7m
in| — + - -+ 4+
sm[ 5 —a),cos( 5 —a),tg( 5 —aj,ctg[ 5 —a),nez.

Jns 3anoMuHaHus 3TUX GOpMYIT yI00HO MOJIb30BaThCSI MHEMOHUYECKUM MPABUIIOM:

1. [Tepen npuBeneHHOM PYHKIIMEH CTAaBUTCSA TOT 3HAK, KOTOPBIM UMEET UCXOIHASI (PYHKIUS B
COOTBETCTBYIOLIEH KOOPAUHATHON YETBEPTHU:

2. OyHKIUSA MEHSETCS Ha «KO(QYHKIIUIO», €CIIi N HeYeTHO; (YHKIUS HE MEHSETCS, €CITU N YeTHO.
(KodyakumsiMu crHyca, KOCHHYCA, TAHTEHCA M KOTAaHT€HCa HA3bIBAIOTCS COOTBETCTBEHHO KOCHUHYC,
CUHYC, KOTaHT€HC, TAHT'€HC).

Dopmynvl 080UHO20 Yena MPUSOHOMEMPUUECKUX QYHKYULL.

cos2a =cos’ a —sin’ a,
sin 2 = 2sin ¢ CoS

tg2a = 2t902[ :
1-tg°x
2
ctg2a = ctga -1
2ctga

Dopmynvl npeobpazosanus CyMmvl MpU2OHOMEMpPU4ecKUx QyHKyull 6 npouzgedeHue.



. . . a+ o—
Sin @ +sin S =2sin ﬂcos ﬂ,

2 2
sina—sin,B:ZSina_ﬂcosa+ﬂ,

2 2
003a+cosﬂ:2005a;ﬁcosa;’8,
COSa—COSﬁ:—ZSina;ﬂSina;'B.

Ilpumep 1.
[TpeobpasyiiTe B anreOpandeckyro cymmy SinSxsin3x.

Pemenue:

1o opmye Sin asin = %(cos(a — )—cos(a + ) umeem

sin 5xsin 3x = %(cos(Sx —3x)—cos(5x +3x)) = % (cos2x —cos8x) = % €0S 2x — % CoS 8.

Ilpumep 2.

Boruncimre: sind0%+sin20°.

a+ﬁcosa;ﬁ

Pemenne: o popmyne SN & +sin B = 2sin MeeM

40° +20° coS 40° —20°

sin 40° +sin 20° = 2sin =2sin 30° cos10° =2-0,5-0,98 ~ 0,98.

Ilpumep 3.

JIoKaKUTe TOXKIECTRO:

, 1 1

1+ ctgea + = .
A lregat c2a “coslasin’a
Pewenue:

, 1 1 , 1
1+ ctg“a + = N : 1+ ctgra=
g8t 0s?a " cos’asin’a (Henorvvem gopuyty 9'8=5inZ )
1 1 1

R + = R
sin“a cos’a cos?asin?a

cos’a+sin’a 1
sin®acos?’a cos?asin’a

(ucnonvzyem gpopmyny: sina+ cos?a=1)



1 1
sinacos’a cos?asin?a

1 1
sinacos’asin?acos’a

Jlesas yacmo pasencmea = Ilpasoti wacmu Omeem: moaicoecmeo 6epHO
3anaHus AJs51 NPAKTUYECKOr0 3aHSTHSA:

1.YpocTuTh BelpaxkxeHHE:

a) cos? @ (1- tg%a.) ; 6) 0,5 sin2a tgo -1 ; B) COE3% cosaL 1")—3-m B0¥sind .

. )
COSE—SIRE cos 20—cos=80

1) sin (= +a ) tg (© — 0); e) sin63° cos27%+ sin27° cos63° ; m)ﬁ - ctg? a- cos? B

2.JIoKaXuTe TOKICCTBO:

Ein 2o —2 sina 2 cos 2,

a) ;T)1- 192 a=

=2sina ; 0) % =tga ; B) (ctga-tga): COS2a =

cosa—1 sin o cos” o

- . 7 12 3
3. Beraucamte Sin(o+B), cos2o ecomu sina=0,8, 0< a< = u C€OS = o Z<B<2nm

KonTposibHbIE BOPOCHI:

3anuuuTe OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO.

3anuimute GopMyJibl CHHYCA, KOCUHYCA CyMMBI.

3anummuTe GOopMyIIbl CHHYCA, KOCUHYCa Pa3HOCTH.

3anummure GOpMyIIbl TAHT€HCA CYMMBI, Pa3HOCTH.

3anuuute GopMyJIbl JBOMHOIO apryMeHTa CUHyca, KOCUHYCa, TAaHI'eHCA.
3anummre GOpMyIJIbl CYMMbI CHHYCOB, KOCHHYCOB.

3anuuuTe GopMyIIbl pa3HOCTU CUHYCOB, KOCUHYCOB.

3anummre GopMyIIbl IPOU3BEICHHS CUHYCOB, KOCUHYCOB.

3anuuuTe GopMyiy MPOU3BEAECHUS CHHYCA HA KOCHHYC.

©CoNoa~wWNE

Cnucok peKoMeH/1yeMoi JIUTepPaTypbl:
1. bammmakos M.U. Marematuka. YueOuuk. 2019 .
2. bammmaxos M.M. MartemaTuka. 3agadauk YuyebHoe nocodue. . — M. «Axkagemus», 2018

IIpakTyeckoe 3anaTue Nel3. Haxosknenue 3HaYeHHS apKCHHYCA, ADKKOCHHYCA, AaPKTAHIeHCA
KOJIM4eCTBO 4YacoB 1

Lesb: 3aKpenuTh Ha IpUMEPaX HABBIKH BBIUMCIIEHUS OOPATHBIX TPUTOHOMETPUUECKUX (PYHKITUI
33[{3'13: 3aKPCIHUTD MMOJIYUCHHBIC 3HAHUA U HABBIKH, HAYYUTHCA ITPUMCHCHHUIO IMTOJTYUYCHHBIX HABBIKOB
Ha MPAKTHUKE

ITepedennb cpeacTB , HCMO/Ib3YyeMbIX NPH BINMOJTHEHHH Pad0ThHI WM 000pyAOBaHME :
TeTpaab JUIs MPAKTHUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHIAIMU IO BBITOJHEHHIO paboTHl,
KaJIbKYJISATOD.

Bomnpocsl 1J151 NOBTOPEHUs, 3aKPENVICHUS] TEOPETHYECKOI0 MATEPHAJIa K PAKTHYECKOMY
3aHATHIO
OOpaTHbIe TPUTOHOMETPUYECKHE (DYHKIIUM:



II
2N
(1
a arcsinf )
-1 1
0 X
_ifa

2

] , CHHYC KOTOpPOT'O paBeH

[ =
[ =

Onpenenenue: ApKCMHYCOM YMCIIa 2 HA3bIBACTCSA yroJl U3 OTPE3Ka [
yuciy a. O6o3nauaerca arcSina.

CBoJicTBO apKCHHYCA OT OTPULATEIBHOIO yrJja 14resti (—a) = —aresin(a)
Jlisa onpenenenus 3HaYeHUH apK(QyHKIMHA, B TOM YHCIIE apKCUHYCA, MOKHO I10JIb30BaThCs TaOiIuLen
«3HaueHHsI TPUTOHOMETPHYECKIX (DYHKIUI» WK TaOnmuuel «ApKQyHKITUN.

.1 . T
Mpumep: arcsin —=— arcsin(-1)=——
2 6 2

Tabmuna «ApkhyHKIAN

5 5 T T T T T T T T 27 3 Y4
SE[-Z|-Z|-Z|.Z 0 | Z| 2\ Z | Z |\ Z) X,
S 3 2 3 4 6 6 4 3 2 3 4 6

S V3| V2| 1 1 V2 | B

= = = = 0 = — | = 1

% 2 2 2 2 2 2

S R R T P I R R

3 2 2 2 2 2 2

3 - -J3 ] -1 | - i 0 i 1 J3 -

=3 V3 V3

3 1 1

- 3 1 — 0 -— | -1 |-4/3 -
2 43 7 g 73

Onpenenenue: ApKOCHHYCOM YHCIIa @ HA3BIBAETCS YTOJ U3 OTpe3Ka 0; ’T], KOCHHYC KOTOPOTO PaBEH
gqucity a. O6o3nagaercs alfCCOSa .

CBoiiCTBO apKKOCHHYCA OT OTPUIATEILHOTrO yrJja :47ed s(—a) — arccos|

J2) 3r
[pumep: arccof —— |[=— arcco
2 4
Omnpenenenue: ApKTaHTCHCOM YHCJIa a Ha3bIBACTCS YroJl U3 MHTEpBaja _E E) TaHT€HC KOTOPOTO



paseH uncity a. O6o3nauaercst arctga .

CBOiiCTBO apKTAHIeHCa OT OTPHIATEIBLHOTO yria (17Cty (—a) = —arctgla)
1 T T
[pumep: arctg| — ﬁ =— g arctgl= Z

Omnpenenenne: ApKKOTAHICHCOM YKCIIa 8 Ha3bIBACTCS yroJl U3 HHTEpBala (0: %), koranrenc KOTOPOTO
paBen unciy a. OGo3nauaercs ~ alcctga

CBOiiCTBO apKKOTAHIeHCA OT OTPHIIATEIBLHOTO yraa 07ty (—a) =7 — arectgla)
S 1 =
[Tpumep: arcctg (— \/§ )= — arctg - =
6 J3 3

JlomoTHUTEIBHBIE CBOMCTBA OOPATHBIX TPUTOHOMETPUIECCKUX (DYHKIIUIA:
Sinlarcsin(a)) = @, ecom la| < 1.

Coslarceos(a)) = a, ecom la| = 1.

tglarctgla)) = a_ ecpn a € R:

ctglarcctgla)) = 0 ecmu i € R;

o] =
| I

T

R i
arcsin(sinr) = T ecrn 9
arccos(cosx) = T ecmm ¥ € [0: r:];

T

M
P
|
]
o] =
S

arctg(ty) = T ecnm

arcetg(ctgr) = T ecnm ¥ € (0;7)

33}18HI/H{ AJIS MPAKTHYECKOI0 3aHATUA:
VZ

1.Beruucnure:a) arcsin%: &) arccos (— = ); B)arctg (-/3); r) arcctg 1; x) arccos ("‘— );
e) arccos (-2);
2.CpaBHHTE YHCIIA: a)arcsin% u arcsin (— ﬂ ); 6) arccos (“—) uarctg 1;

B)arcsin(—3) u arccos (= );

3. Beruucnute 3HaueHUE BhIpaKEHHs: a) 2 arcsin (ﬂ'ﬂ—?) + 3arcsin(— %) ;
0) arccos (— %) - arcsin (— E );B) 2 arctg 1 + 3 arctg (- “;E); r) ctg (arcsin (i ));

r) arccos (tg%“) - 2arcsin 1; x) 1: (arcsin = +arccos (=) - =); ¢) cos(arcsin i +arcsin( é ).

KonTpoJsbHbIe BOPOCHI

1.YTo Ha3bIBalOT apKCMHYCOM YHCIa a7 apKKOCHMHYCOM 4Yuciia a? apKTaHreHcoM uucia  a?
ApPKKOTAHT€HCOM 4YHciia a?

2.Kak omnpeniensieTcsi 3HaYCHNUE KXI0N apKPyHKITHH?

Cnucok peKoMeH/1yeMoi JIUTepaTypbl:

1. bammakos M.U. Maremartuka. YueOuuk. 2019 .

2. bammaxos M.M. MaTtemaTuka. 3agaunuk YueOHoe nocodue. . — M. «Akanemus», 2018



Paznen S.®yHkuuu, ux cBoiicTBAa U rpadpuku
Tema 5.1. @yHk1uH, UX CBOICTBA M rPpaQUKH

IIpakTnyeckoe 3ansaTue Nel4. ObJacTh onpeaesneHus

KOJIMYeCTBO 4acoB 1

Ienab: 3akpennuTh yMEHUS U HAaBBIKU peLIeHMs 3a/1a4 110 TeMe: «O01acTh ONpeaeIeHUs».

3agaya: 3aKpenuTh NOJyYEHHbIC 3HAHUS U HABBIKHU, HAYUYUTHCS IPUMEHEHHUIO MOJYYEHHBIX HAaBBIKOB
Ha MPAKTHUKE

IlepedyeHb cpeacTB, MCNOJIb3yeMbIX PH BbINOJHEHUH Pad0Thl WK 000PyI0BaHUE :

TeTpajb JUIsl IPAKTUUECKUX PaldoT, pyuka, METOAMYECKHE PEKOMEHAAIMU MO BBITOJHEHUIO PabOThl,
KaJIbKYJISATOP.

Bomnpocsl 1J11 NOBTOpPEHUs1, 3aKPeNJIeHHs] TEOPETHYECKOT0 MATEPHAJIa K MPAKTHYECKOMY
3aHATHIO
OcHoOBH
\ DOyHKUUA \ ObJ1acTh onpenesieHusi yHKUMH \ ble
MOHATH
s

1.
O0mnacTp
10
orpene
CHUS
yHKIH
uy =
f(x)
(BBIpaKe
aus  f(X)

)

Ha3bIBa

0T
MHO)KECTBO BCEX 3HAUEHHWH X , IS KOTOPbIX (YHKIUS (BbIpakeHHe) MMeeT cMbicit. O07acTh
onpenencuus Gyukiuu y = f(X) obo3nagaercs kak D(y) nmu D(f(X)).
2. Ha Hanmmume orpaHUYeHUi 001aCTH OTPEICIICHUS YKA3bIBACT:

a) IpUCYTCTBUE KOpHel ueTHoi crenenu Buaa 3/ f(x) rie n - uetHoe, HampumMep, Vx + 1 Hanmuuue
CTENICHHOW @Z’HKHI/H/I ¢ IpOOHBIM MOKa3aTesieM, 3HaMEeHATe b KOTOPOTO €CTh YETHOE YHCIIO, HAPUMED,
(2% +x —6)%
6) npucyrctBue Gynkimu jgorapudma suna loga(f(x)), nanpumep, umm In(x>+1) wn logx(x>—3);

2x |
%=1’
r) mprcyTcTBUe GyHKIMif TarTeHca Buaa tg(f(x)) u koranrenca suma ctg(f(x)) mampumep, x* +tg(2x)
i ctg(3x3 -1);
1) npucytcTBue GyHKIuil apkcunyca Buza arcsin (f(X)) u apkkocunyca BH-
na arccos(f(x)), Hanpumep, arcsin(x? +2) un arccos(X?);
JK)TIPUCYTCTBHE MOKA3aTeNbHO cTenenHbIx Gynkuuit Buaa (f(x))9%), nanpumep, X
3)IPUCYTCTBHUE JIFOOBIX KOMOMHAITNN BCEX BBINICTIEPEUNCIICHHBIX CITYyJYaeB.

B) NpUCYTCTBUE Apoleit Bmla;';—i, HaIrpuMep,x

cos(x+1) .

Tabuauna obJsacreil onpeneeHuss GyHKUMH



[TocrosiHHas

y=C R

Kopenb

y = "x [0 ; +00) , €ClM N — YETHOE;
(-00; +00) , ecii N — HEYETHOE.

CrenenHas

y=x2 (-00; +0) ,ecu a >0, a € Z;
[0;+w),eciua>0,a € R, a & Z;
(-o0; 0) U (0; +o0) ,ecmua <0, a € Z,;
(0; +o0), ecmma € R, a # Z;
(-00; 0) U (0, +0), eciu a = 0.

[TokazarenbHas

y =a* R

Jlorapudmuueckas

y = lognX (0; +o0)

Tpuronomerpuyeckue

y = sinxy R

Y = COSXy R

y = tgxy XER,x#m2+7nk, kK€ Z

y = ctgx XER, x#nk, ke”Z

OOpaTHble TPUTOHOMETPUUYECKUE

y = arcsinxy [-1; 1]

y = arccosxy [-1; 1]

y = arctgxy R

y = arcctgx R

ITpumep 1.

Haiitu _:)6J13CTL orpeseneHust GyHKIUH

x+2
)=y
Pemenue:

B YHCJIMTENIE HUYETO OCOOEHHOTO HET, a BOT 3HAMEHATelIb JIOJDKeH ObITh HEHYJIeBBIM. J{aBaiiTe mpupaBHsIEM €ro
K HYJIIO U TIOTIBITAEMCSl HAlTH «IIJIOXHE)» TOUYKH:
x*-3=0
x*=3

TosydyeHHOE ypaBHEHHE UMEET [Ba KOpHS: ¥ = —4/3, ¥ = /3. /lanHbIe 3HAaueHNs He BXOIAT B 06,1aCTh
onpeneennus gpynkuun. JeficTBUTENBHO, TIOACTABETE X = —4/3, ¥ = 4/3 B QYHKIHMIO U BB YBHJIUTE, 4TO
3HaMeHAaTeNb 00paIaeTcs B HOJb.
IIpumep 2.

Haiitu o6nacts onpeneneHus: GyHKIUN
Zx+3

0=

Pemenne: monpiTaeMcs HAWTH TOYKH, B KOTOPBIX 3HAMEHATENb O0pamaercs B HOJb. [ 3TOr0 pemmm
KBaJApaTHOC YpPaBHCHUC:

X?+2x+5=0

D=4-20=-16= 0

I[I/ICKPI/IMI/IHaHT MOJIyUWJICd OTpUIATCIIbHBIM, a 3HAYUT, HeﬁCTBHTeHLHLIX KOpHeﬁ HET, 1 Halla (bYHKL[I/IH
oInpeziesieHa Ha BCEH YMCIIOBOM OCH.

Ortget: obnacts onpenenenus: D(f)=R

3aZ[aHI/Iﬂ AJIA MPAKTUYECKOI'o 3aHATHA:

1. Haiimute o6nacTh onpeneneHus GyHKIuE y=x>-3x’+7.

2. Oynkuus 3amana popmynoin  f(X) = 4x? +8.  Haitaure f(-2).

3. Haiigute o6nacte onpeneneHus GpyHKIMH, 3aTaHHON (HOpMYIIOi:



a) y=29-2x; 6) y:%; 8) y=x2-4; 2) y=v/x. a) y=3x+37; 6) y=— ?D; 6) y=5-x%; o) y=Ix|.

4. Yxaxure 00J1acTh 3HAYCHHUS (DYHKIIMH:

a) y=3x+32; 6) y=— EI—D; 8) y=25; 2) y=|x|. a) y=35-2X; 6) yzlx—a; 6) y=-22; 2) y=v/x.
5. Haiinute obnacthb onpe):[eﬂeHHﬁ GyHKIMY, 331aHHON POPMYIION:

_x+ _ _x+1 _ x- 1
Y=g 0y VZx+a AVY=iy OV s

KoHTposabHbIE BONPOCHI

1.Yto Ha3piBaeTCa 00IACTBIO onpeesieH s QyHKINU?

2.Yto Ha3pIBaeTCs 00IACTHIO 3HAUCHUH (DyHKINN?

3.HazoBuTe 00s1acTi onpeeeHus 1 3HaYSHNH BCEeX 3JIEeMEHTAPHBIX (YHKITHH.

4. Kakue BbIpaxeHUs IOJDKHBI BXOIAUTH B (OpMYyIy 3amucu (DYHKIUH, 9TOOBI 0OJACTHIO €€ OTpeIeNIeH s He
SIBJISLTOCH MHOYKECTBO BCEX YUCET

Cnmcok peKkoMeH/1yeMo JINTepaTyphl:

1. bamMmakoB M.M. Maremaruka. YueOunuk. 2019 .

2. bammmaxos M.U. Maremaruka. 3agauauk YueOHoe nmocooue. . — M. «Axanemus», 2018

IIpakTnyeckoe 3anaTue NelS. Apupmerndeckue onepanuu HaJ GyHKUMAMHA

KOJIMYeCcTBO 4acoB 1

Heab: u3yunts aprudmMeTHyecKue NeiicTBUS (CIIOKCHUE, BRIYUTAHHE, YMHOXKEHHE, JICIICHHE)
IPOU3BOIUMBIE C (DYHKIHMSIMH, HAYYUTHCS CTPOUTH rpaduku GyHKUUH, SIBIAIOLIMECS CYMMON
(pa3HOCTBIO) APYTUX QYHKIUHA.

3agaya: 3aKkpenuTh MNOTYUEHHbIE 3HAHUS U HABBIKU, HAYYUTHCSI IPUMEHEHHIO TOJyYEHHbIX HaBBIKOB
Ha MPAKTHUKE

Ilepedennb cpeacTB , HCMOJIb3YyeMbIX NPU BbINOJIHEHNH Pad0ThI WJIN 000py/A0OBaHMeE :

TETpaab JUIsl TPAKTUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHIAIMU I10 BBITOJHEHHIO PabOTHI,
KaJIbKYJISATOP.

Bonpocs! 1151 NOBTOPEHNS, 3aKPEIVICHUs] TEOPETHYECKOI0 MAaTEPHAJIA K MPAKTHYECKOMY
3aHATHIO
KPATKHUE CBEJAEHUSA U3 TEOPUMN:

DyHKIIMH MOXKHO:

° CKJIaJbIBATh,
° BBIUMTATE;

° YMHOATh;

° JIEITUTD.

JaBaiite Bo3bMeM aBe pynkmun f(X) =X° u g(x)=x.
Cymma >Tux (yHKIHi 6yaeT BeIrsaaeTs Tak :  f(X) + g(x) = X% + X .
Cymma nByx dynknuii fu g onpenensiercs kak f+ g .\
Omnpenenenue oneparuit ¢ GyHKIUIMHU:
(F+ g)(x) = f(x) + g(x) Crnoxenne

(F-g)(x) =1(x) - g(x Brrunranue
(frg)(x) =f(x) * 9(x) YMHOXKEHNE
(fg)(x) = f(x) /g(x) Jenenue

Hns opyakuuu f+g,f—g, f + g, obnactu onpenensiroTcs Kak nepeceveHue oonacreit f u g.

s f /g, obnmactk ecTh nepeceuenue odnacredt f u g kpome Touek, rae g(X) =
Mpumep 1. FX) =1+ +vVx—2 u gx) =x-1.

Torma ux cymma ornpenensieTcs Kax : f+9)=fx)+gXx)=L++yx—2)+(x-1)==x+
VvE—2 .

Teneps maBaiiTe cpaBHUM 00JACTH TIEPBOHAYATBHBIX PYHKIUH f 1 g C X CyMMOIi:



DOyHKIUsd ObJaacTb
fX)=1+vx—2 [2; +)

gx)=x-1 (<00 +0)
(f+ge) =x+ | [2: 0)N(-0 +o0) = [2; x)

Ipumep 2. Paccvmorpum ase Gpyukumn f(X) = 3vx= v g(x) =vx.
Torzaa ux npomsseneHue onpenensercs kak : (f+g)(x) = f(x)+g(x) = (3v=x) * (V=) = 3x.

OOparuTe BHUMaHHUE, 4TO 00JacTh onpenenenus u 3Hauenus pyukuun (f+g)(x) = =f(x)+g(x) = 3x
€CTh YMCIIOBOH ITPOMEKYTOK (-00; +00).
Tenepb cpaBHUM 00JIACTH MEPBOHAYATIBHBIX QyHKIMKA f U (, M UX TpOHU3BEICHHE:

DyHKUIUSA O0/1acTh
f(x) = 3v/x [0; +o0)
g(x) =V [0; +0)
(f +g)(X) =3x, x>0 | [0; +00) N [0; +00) = [0; +00)

MHoria mpousBeieHNe BYX OMHAKOBEIX (DYHKIMIA 3anmuchiBaeTcs kak:  1(X)«f(x) = f3(x) .
Hanpumep, sin(x)sin(x) = (sin(x))? = sin’ .

Teneps pacemotpum nenenue Gyuxiwmii: (f/g)(x) = f(x) /g(x). Becnomunaem, uto mns f/g, obnacts
OIpe/IeTICHUsT eCTh mepeceueHue obacteit onpeaenenus Gpyukuuii fu g , kpome Touek, riae g(x) = 0.

Mpumep 3. Ilycts f(x)=x+100500 u g(x)=x *v 2+ %, torna Oyner g(x) = 0 npu x= -2 u x= 0.

DyHKuHs 06.J1acTh
f(x) = x+100500 (co0 +0)
g) =x*v2+x [-2; +)
(flg)(x) = (x+100500)/(x*V 2 + x) (-2; 0) N (0; +o0)

Jomyctum, uTo ecTh e dynkmmu f(X) =x3 u gx) =x + 4.
Ecau mbl 3amennm g(X) Ha X B popmysie ast f, MBI HOTyYUM HOBYIO (DYHKIIHIO, OTIPE/ICIICHHYTO
(F)(¥) =f(g(x)) = (9()) * = (x + 4) ®

IHousiTue o cnoxHOM PyHKIMHU

[Tycte nauwl aBe pyukiwu Z = fy) u y = g(X). CiioxHoi pyHkuuei (viu komnoszuyuetl
¢ynxumii f u Q) HaspBaeTcs pyHkuus Z = h(X), 3Ha4eHHsI KOTOPOW BBIYHUCIISIIOTCS 10 nipaBuity h(X) =
f(g(x)) (. e. cnavana Beruncisercs g(X), P TOM MOTYYaETCS HEKOTOPOE YHCIIO Y, & 3aTEM BBIYHCIISICTCSI
3Ha4YEHHE B TOUKE )).

Ipumep 4. Jlonyctum, 4to ecth aBe Gyrkmun f(X) = X3 u g(x) =x + 4.
Ecnu mbl 3amenum g(X) Ha X B popmyste anst f, MBI mosyduM HOBYIO (DYHKIIUIO, ONIPEICICHHYIO
(F 9)(x) =f(g(x)) = (9(x)) ° = (x + 4) ®
JInst 3anmucu KOMITO3UIUH (QYHKIUH yIIoTpeOIsIeTcs 3HAaY0K  « © » .
Hanpumep, 3atick h = f °g o3nauaer, yto QpyHKIMs h momydeHa kak KOMITO3HUIIHS
¢yukuuii f u g (cHauana npumensiercs ¢, asarem f), 1.e. (f ‘2) (x) = flg(x)).
Onepanys 00pa3zoBaHus CIOKHON QYHKIMH (MIM KOMIIO3ULUs (QyHKIMI) HEe 00aaer
nepemMecTuTeNbHbIM cBoicTBoM: f "g#f °Q.
Y100l MOKHO OBLITO BEIYHCIHTE CIIOKHYI0 pyHKImio h = f(g(X)), Hamo, uto6s! uncio g(X), T. €.



3HaueHne QYHKIUH (, IOMaaano B ooaacTh onpeneneHus GpyHkiuun f .

Hpumep 5. Ectb m8e Gynkmmn f(X) =x> + 3 u g(x) = vx.

Torna kommosuuus >tux Gpyukuuii ects (f °g)(X) = f(g(x)) = (g(X))> + 3= (Vx> +3=x+3.
Teneps cpaBauM oOacTi GyHKIHIH f 1 §, ¥ KX CIOKHYIO QYHKIIHIO (KOMITO3HIIHIO):

DOyHKUMs ObaacTh
f(x) =x>+3 (-00, +o0)
90 = V= [0; +0)

(f'g)x) =x+3| Bcexe[0; +o) maxue, umo g(X)
qedcum 6 (-oo; +00) omcioda odracmo
ecmp (-0, +o0)

Mpumep 6. Paccmorpum dyrxmuio h(X) = (X + 1)? , MBI MOKeM MPeACTaBUTH QYHKIHIO h Kak
cnoxnyio m3 1Byx : f(X) =X+ 1 u g(x) = X%, m.e. h(x) = g(f(x)).

3aganus 119 NPAKTHYECKOro 3aHATHS:

[TocTpouts rpaduk GyHKIUN

1)

v = |x| +x2;2j(x— 3-1);3jv=i;4j e=1|x| — 25y =x"—|x|—6; 6)y=x+2|+
- X - gin x 3 - -

17y =14 —x?%.

KonTposbHbIe BONPOCHI
1. Kakue apudmernueckue onepamuu Bol 3HaeTe? IlepeuncauTs.
2. MoHO JI1 paccMaTpUBaTh KaK KOMIIO3ULUIO HECKOIBKUX (DYHKIUH

ynkumio z = V1 —x*?

CnuCcoOK peKOMeH/yeMoii JIUTePaTypPbl:
1. BammMakos M.M. Maremaruka. Yueonuk. 2019 .
2. bammmaxos M.M. MaremaTuka. 3agadauk YuyeOHoe mocooue. . — M. «Axamgemus», 2018

IIpakTuyeckoe 3anaTue Nel6. Cxema uccienoBaHusi QyHKIUH

KOJIMY€eCTBO 4acoB 1

He.]'ll): 3aKpCIUTh Ha MPUMCEPAX HCIOJIB30BAHHUE JOCTATOYHLIX IPHU3HAKOB BO3PACTAHUA U Y6I>IBaHI/I$I
(GyHKIMH, HEOOXOAWMOrO YCJIOBUS SKCTpeMyMma JJisi HaxOXJIEHUS COOTBETCTBYIOIIHMX CBOMCTB
q)YHKHI/II/I, MMPUMCHCHUC MMOJTHON CXEMBI HCCJICA0OBaHUA OJI1 HaXO0XIACHUA CBOMCTB (1)YHKIII/II/I u
nocTpoeHus e€ rpaduka.

33[{3‘13: 3aKPCIHUTD MMOJIYUCHHBIC 3HAHUA U HABBIKH, HAYYUTHCA ITPUMCHCHHUIO IMMOJTYUYCHHBIX HABBIKOB
Ha MPaKTHKe

Ilepeyennb cpeacTB , HCMO/b3YyeMbIX NPHU BbINOJIHEHHH PAad0THI WJIN 000py/A0OBaHME :

TETpaAb IJIA MPAKTUYCCKUX pa60T, pPydka, METOAWMYCCKHUE PEKOMCHIAIIMU I1O BBIITOJIHCHUIO pa6OTBI,
KaJIBKYJIATOP.

Bonpocs! /15l NOBTOpEeHNSsI, 3aKPeIIeHNs TEOPETHYECKOT0 MaTepHalia K MPAKTHIYECKOMY
3AHATUIO

OnHUM U3 BaXKHEHIIUX MpUIoxkeHni 1uddepeHIInpOBAaHHOTO HCYMCIICHHS SBIISICTCS UCCIICIOBAaHHE
(GYHKIIUA € TIETTBI0 TIOCTPOCHUS €€ Tpaduka.

Onpenencuue. Oynkius y=f(X) Ha3zpIBaeTCs Bo3pacrarolieii B MHTepBase (a;h), eciu npu x2>X1,
f(x2)>f(X1), u yosiBaromeii, eciu f(X2)<f(X1).

JlocTaToYHbIe MPU3HAKH BO3PACTAHUA U YObIBAaHUSA PYHKIHM:



- ecnu pyrkuus f(X) B kaxaol Touke MHTEpBaa |a;b[ mMeeT nonoXuTenbHYI0 MPOU3BOHYIO, TO
caMa (yHKIHMS B 3TOM HHTEPBAJIC BO3PACTACT;

- eciu pynkuus f(X) B kaxaol Touke nHTepBaa |a;b[ mMeer orpunarenbHy0 IPOU3BOAHYIO, TO
caMa (yHKIHS B 3TOM MHTEpBase YObIBAET.

Onpenencuue. Oyukiust f(X) umeeT s3xkcTpeMyM (MaKCUMyM WJIM MUHHUMYM) B TOUKe X=Xo, ecin f(X)
SIBJISIETCSI HAaNOOJBIIMM WJIM HAUMEHBIIINM 3Ha4eHHEM (QYHKIMH B HEKOTOPOH JIByXCTOPOHHEH
OKPECTHOCTH 3TOM TOUKH.

Heo0xoxumoe yciioBue 3kcTpeMyMa (PyHKIIUU.

Ecnu pynkius y=f(X) umeeT skcTpeMyM B TOUKE X=X0, TO €€ MPOU3BOIHAS B 3TOI TOUKE paBHA HYIIIO,
1100 HE CYIIECTBYET.

3HaueHHs apryMEHTa, IPU KOTOPbIX QyHKIHs f(X) coxpaHseT HempepbIBHOCTD, a ee nmpou3BoaHas f'(X)
oOpaiaercst B HyJIb WM HE CYIIECTBYET, Ha3bIBAIOTCS CTAIIMOHAPHBIMU TOYKAMH.

IlepBblii 10CTATOYHBINH NIPU3HAK IKCTPEMYMA (DYHKLMH.

Ecmu pynkuus y=f(X) muddepennupyemMa B OKpECTHOCTH CTAIIMOHAPHOM TOUKH X0 U €€ IIPOH3BOIHAS
ClieBa OT ATOM TOYKH MOJIOKUTEIbHAS, a CIIpaBa OTPULIATENIbHAS, TO B TOUKE X0 OTPHUIIATENIbHAS, &
CrpaBa — NOJOXKUTEIbHAS, TO B TOUKE X0 QYHKIUS JOCTUIaeT MUHIMYMa; €CJIH IPOU3BOIHAS CJIeBa U
CIpaBa OT CTAI[MOHAPHOI TOYKH X0 UMEET OJIMHAKOBBIN 3HAK, TO B 3TOM TOUYKe (PYyHKIIMS IKCTpeMyMma
HE UMEET.

ANTOPUTM HaXOKAECHUS IPOMEKYTKOB BO3pacTaHUs M YOBIBaHHs, TOUEK IKCTpeMyMa (QyHKIHH.

1 Haiinem oGmacTh onpenencHus.

2 Beraucnum nepByro npou3BOIHYIO.

3. Haiinem KpuTHYECKHE TOYKH.

4 BrIsicHIM 3HaK MPOU3BOJHOI HA MIPOMEKYTKE.

S. CrnenaeM BBIBOJI.

Hpumep 1: f(x)=x3—3x + 2

1. OO6utacTh orpeienieHus — JTF0ObIE Ynca, T.K. GYHKIUS TPEJCTaBlIeHa B BUAC MHOTOWICHA.
2. )= -3x +2)’=3x*>-3.
3. YToObI HAWTH KPUTHUYECKHE TOUYKHA HEOOX0IMMO peruTh ypaBHenue f'(X)=0
3x?2-3=0
x2=1
X1=1luX=-1
4. OTMETHM 3TH TOYKU Ha KOOPJWHATHOW MPSIMOH.
/) N . B ) b X

0 7~ 1 >

xe (-0;-1), '(-2)=3(-2)> - 3 = 9 > 0 = ¢pyHKIHM BO3paCTaeT.
xe(-1;1),f(0) = 3 - 02— 3 =-3 > 0 = pynKIHMa yObIBaET.
xe(1;+),f'(2) =3 -22-3=9>0 = dynKuus BO3pacTaeT Ha 3TOM MPOMEKYTKE.
B Touke x=-1 mpon3BoHAs MOMEHSUIA 3HAK C IUTIOCA HA MHHYC — 3HAYUT 9TO TOYKa MAKCHMYMa;
B Touke x=1/ nmpou3BoHas MOMEHsIAa 3HAK C MUHYCa Ha IUIIOC — 3HAYUT 3TO TOUKAa MUHUMYMa.
Oteer: ¢pyHKIMs Bo3pacTtaeT npu X € (-0 ;-1] U [1;+ 00 ); yosBaeT mpu x € [-1;1].
x=-1-max; Xx=1-min
Hpumep 2.Viccnenosars GyHKIHIO y=(x+1)-(x—2)?> ¥ MOCTPOHTE ee TpaduK.
Pewenue:
1) ManHas QyHKIMS SABISETCS MHOTOWIEHOM (MOXKHO PaCKpPbITh CKOOKH, OJIYYMM MHOTOWIEH TPeThen
CTETIEHH ), TOITOMY OHa OTIpeJieNieHa, HeNmpepbIiBHA U Ju(depeHnrpyema rnpu oosix x. [loaromy
obyacTte onpeneneHus GyHKIIMH — BCSI YACTIOBAs TIpsiMast.
2) Beruncnum ToukH nepeceueHus rpaduka GyHKIUN C OCSIMH KOOPAUHAT: rpaduk GyHKIUU
y=(x+1)-(x~2)? nepecexaer ock Ox rpu y=0, T. €.
(x+1)(x=2)>=0; x+1=0umu (x—2)°=0; x=-1 wu x=2.

I'padux pynxmmm y=(x+1)-(x—2)? nepecexaer ock Oy npu x=0, T. €.

y=(0+1)-(0-2)?>=1-4=4. T.o. mbI toyunnu Tpu Touku: (—1; 0), (2; 0), (0; 4).



3) Haiinem npomMexyTKH MOHOTOHHOCTH (DYHKITUH U €€ SKCTPEMYMBI ¢ TIOMOIIBIO TIEPBOi
MPOM3BOMHOM.  y'=((x+1)-(x—2)?) '=3x-(x-2).

W3 ypaBuenus y'=0 HaiigeM KpUTHUYECKUE TOUKH: Ix-(Xx—2)=0; x1=0, x2=2.
PesynbTarsl penieHus 3aHeceM B TaOIIMILY:

X (—0, 0) 0 0;2) 2 (2; +)
vy’ + 0 — 0 +
/ 4 \ 0 /
y
BO3pacTaer max yOBIBaeT min BO3pacTaeT

OyukIMsa Bo3pacTaeT Ha uHTepBanax (—oo, 0) u (2, +o), yobiBaet Ha untepsaie (0; 2), umMeeT
MaKCUMyM TpH X=0 ¥ MUHUMYM TIPH X=2. Ymax=y(0)=4, ymin=y(2)=0.
4) 1o momy4eHHBIM TOYKaM CTPOUM Tpaduk:

v

33)131—[1/[5[ AJIA MPAKTHYECKOI'0 3aHATHUS:
l.I/ICCJ'IeI[OBaTB (bYHKI_[I/IIO Ha BO3paCTaHueC U Y6BIBaHI/I€, TOYKH 3KCTPpEMYyMa

a) f(x)=2x®-5x*

6) f(X)=x*+4x®+4x*+1

B) f(X)=(x-2)"

2.UccnenoBaTh QYHKIIMIO IO MTOJIHOM CXeMe U ITOCTPOUTH ee Tpaduk
a) f(X)=x2—4x + 3

0) f(x) =12x - x°

KoHTpoabHbIEe BONPOCHI

1. Yto Takoe - KpuTHUYEeCKas TOUKa (PyHKIMU?

2. Yto Ha3bIBAIOT SKCTPEMYMOM (YHKIUH?

3. Ilpu3nak MakcuMyma (MUHUMYMa) (yHKLIUH.

4. Ilpu3Hak Bo3pacTaHus/yObIBaHUS PYHKIIMH.

Cnucok pekoMeH/yeMoi JUTepaTyphbl:

1. bammmakos M.M. Marematuka. Yueonuk. 2019 .

2. Baimmvakos M.U. Maremaruka. 3agaudauk YueOHoe mocobue. . — M. «Akagemus», 2018

Pa3nesa 6. MHororpanHuku. Tesla ¥ NOBEPXHOCTH BPALLCHHUS
Tema 6.1. MHOrorpaHHuKH

IIpakTuyeckoe 3ansaTue Nel7. IIpaBujibHbIe MHOTOTPAHHUKHU

KOJIMY€eCTBO 4acoB 1

Henab: 3akpenuTh Ha MpUMeEpax Kakue ObIBAIOT MpPaBUIbHbIE MHOTOTPAHHUKHU

3agaya: 3aKpenuTh NOJYyYEHHBIE 3HAHUS U HAaBBIKU, HAYYUTHCS IPUMEHEHUIO NTOTYYEHHBIX HaBBIKOB
Ha MpPaKTHKe

ITepedennb cpeacTB , HCMO/Ib3YyeMbIX NPH BBINMOJTHEHNH PadoThI WM 000pyAOBaHME :

TETpaab JUIsl TPAKTUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHIAIMU IO BBITOJHEHHIO PaboTHl,
KaJIbKYJIATOP.



Bonpocs! 1J1s1 NOBTOpPeHNs, 3aKPeNVICHUs] TEOPEeTHYECKOr0 MaTePHAJIa K MPAKTHYECKOMY
3aHATHIO

HpaBI/IJ'II)HI)II‘/'I MHOT'OI'paHHUK — BLIHYKHLIﬁ MHOT'OTpaHHHUK, BCE I'paH KOTOPOT'O PABHLIC IPABUJILHBIC
MHOTI'OYTOJIbHUKHU U B Ka)K,Z[Oﬁ €ro BEPUINMHE CXOAUTCA OJHO U TO K€ YUCIIO pe6ep.

ITpaBWIIBHBIN TETpa3p — MHOTOTPAHHUK, COCTABJICHHBIN U3 YETHIPEX PABHOCTOPOHHUX
TPEYrOJIbHUKOB.

ITpaBMIIBHBIN OKTa3Ap — MHOTOI'PaHHUK, COCTABICHHBIN U3 BOCbMHU PAaBHOCTOPOHHUX TPEYrOJbHUKOB
[IpaBUIIBHBIN UKOCAdAP — MHOTOIPAHHMK, COCTABJICHHBIN U3 1BaIIATH PAaBHOCTOPOHHUX
TPEYrOJIbHUKOB.

Ky6 (rexcasap) — MHOrOrpaHHMK, COCTaBJIEHHBIHN U3 ILIECTH KBAJpaToOB.

[TpaBrIIBHBIN TOAEKa3Ip — MHOTOTPAHHUK, COCTABJICHHBIM U3 JBEHAALIATH IIPABUIBHBIX
[SATUYTOJBHUKOB. BBINYKIIBIII MHOIOTPAaHHUK Ha3bIBA€TCS IPABUIILHBIM, €CJIM BCE €r0 TPaHU - PaBHbIE
IPaBUJIbHBIE MHOTOYTOJIBHUKHU U B KaX/10H €ro BEpLUIMHE CXOAUTCS OJHO U TO K€ YHUCII0 pedep.
OTMmeTHM, YTO OCKOJIbKY BCE IPAHHU - PaBHbIE IPABUIIbHBIE MHOTOYTI'OJIbHUKH, TO BCE pedpa
IIPABWJIBHOTO MHOTOIPAHHUKA PaBHBI.

Bawm yxe n3BecTHBI IpUMepbl HEKOTOPBIX MPAaBUIbHBIX MHOTOrpaHHUKOB. Hanpumep, ky6. Bee ero
I'paHy - paBHbIE KBAJPaThl U K KAKJOW BEpLUIMHE CXOAUTCS TpH pedpa.

Take HaM y>Ke 3HaKOM IIPaBWJIBHBIN T€TpasIp.

3aMeTbTe, UTO MPaBUIbHBIN TETPAdAp U MpaBUIIbHASI TPEYTOJbHAS IUPAMUJIA — ITO Pa3IMUHbIE
MHOT'OTpaHHUKH !

Hanomuum, yTo nupamua Ha3pIBae€TCs NPABUIBHOM, €CJIM B OCHOBAaHHUHM JICKUT IIPABUIIbHBIN
MHOI'OYTOJIbHUK, @ OCHOBAaHHE BBICOTHI COBMAJAET C LIGHTPOM MHOTOYroJIbHUKA. TakuM o0pa3oM, B
NPaBUIBHOIN TPEYTOJIbHOW MUpamMuie OOKOBBIE pedpa paBHBI APYT IPYTY, HO MOTYT OBITh HE PABHEI
peOpaM OCHOBaHUS MPAMH/JIbL, @ B IPABUIILHOM TETpaszpe Bce pedpa paBHBI.

[IpaBHIIBHBIX MHOTOTPAaHHUKOB CylIeCTBYeET Beero S. [lepeuncnum ux.

[TpaBrIIBHBIN T€Tpa3p — MHOTOTPAHHUK, COCTABJICHHBINA U3 YETBHIPEX PABHOCTOPOHHUX
TpeyroiabHUKOB. Kaxksias ero BepimHa siBisieTcs BEpIIMHON TpeX TPEYrojabHUKOB, 3HAUUT CyMMa
IUIOCKHX YIJIOB IPU KaKI0W BepiunHe pasHa 180.

Pucynok 1 - [IpaBunbHbIN TETpasrap

[TpaBUIIBHBII OKTa’Ap — MHOTOI'PAHHUK, COCTABICHHBIN U3 BOCbMH PAaBHOCTOPOHHUX TPEYTOJIbHUKOB.
Kaxxnas BepimHa okTas/pa sBIsSeTCs BEPIINHON YEThIPEX TPEYroJbHUKOB, 3HAYUT, CyMMa MIOCKUX
YIJIOB NP KaX101 BepinHe paBHa 240.

Pucynok 2 - [IpaBriIbHBIN OKTa3ap

Ky6 (rexcasnp) — MHOTOTrpaHHUK, COCTABJICHHBIHN U3 IIECTH KBaapaToB. Kaxkas BepimnHa Ky6a
ABJISIETCS] BEPIIMHON TPEX KBAJAPAaTOB, 3HAYNUT, CyMMa IUIOCKUX YIJIOB ITPH

Ka)KJ0i BepiunHe pasHa 270.




Pucynoxk 3 - Ky6

[TpaBUIIbHBII UKOCA3AP — MHOTOIPAHHUK, COCTABJICHHBIN U3 ABA/ILIaTH PABHOCTOPOHHUX
TpeyroibHUKOB. Kaxkast BepiimHa nkocaspa sBIISETCS BEPIIMHON MATH TPEYTOJbHUKOB, 3HAYUT,
CyMMa IUIOCKUX YTJI0B MpHU Kaxaou pasHa 300.

Pucynok 4 — [IpaBuibHbIN MKOCA3IP

[TpaBuIIbHBII 101€KadIp — MHOTOTPAHHUK, COCTABJICHHBIN U3 TBEHAAATH IPABUIIbHBIX
NATUYTOJIBHUKOB. Kaxaas BepinHa 101eKasapa sSBIISETCS BEPIIMHON TPEX MPpaBUIIbHBIX
NATUYTOJILHUKOB, 3HAYUT, CyMMa IIJIOCKUX YIJIOB IIPH KaK10M paBHa 324.

Pucynok 5 — [IpaBunbHbIi oaeka’ip

HazBanue kax10ro npaBUIbHOIO MHOTOIPAHHUKA TPOUCXOAUT OT TPEYECKOTO HAMMEHOBAHMUS «OPAY -
TpaHb; «TeTpay - 4; «rekcay - 6; «okTay - 8; «ukocay - 20; «gomeka» -12.

JokaxxeM, 4TO IPaBUIILHBIX MHOTOTPAHHUKOB CYIIECTBYET POBHO 5, TO €CTh YTO HE CYIIECTBYET
MPaBUIIbHOTO MHOTOIPAHHUKA, TPAHSIMU KOTOPOTO SIBJISIFOTCS MPABUIIbHBIE N-YTOJIBHUKH IPU N>6.
JleficTBUTENBHO, YTOM IIPABMIBHOTO N-yroJbHKEKA Hpu n>6 He Menbine 120°. C apyroit cTOpoHsI, mpu
Ka)KI0W BepIlMHE MHOTOTPAaHHUKA JIOJKHO OBITh HE MEHEE TpeX IUIOCKUX YrioB. [ToaToMy ecnu Obl
CYIIIECTBOBAJI MPABUIIbHBIN MHOTOTPAHHUK, Y KOTOPOTO IPAHH - MIPABUIIbHBIE N-YTOJIBHUKH MPU N>6, TO
CyMMa TIIOCKHX YTJIOB MPH KaXKI0H BEPIINHE TAKOTO MHOTOTPaHHMKA ObITa 661 He Menbre 360°. Ho
ATO HE BO3MOKHO, TaK KaK CyMMa BCEX TUIOCKHMX YTJIOB TIPH KaXJI0W BEPITUHE BHIMYKIIOTO
MHOTOrpaHHuKa MeHbe 360°,

[To »Toit mpuymHe KaXkaas BEpIIMHA MPABIIIBHOTO MHOTOTPAHHUKA MOXKET OBITh BEPITUHOM JIMOO TpeX,
100 YeThIpeX, TU0O0 MATH PAaBHOCTOPOHHUX TPEYTOIBHHUKOB, THOO TpeX KBaJAPaTOB, JHO0 Tpex
MPaBUJIBHBIX MATUYTOJIBHUKOB.

3aganust VIS NPAKTHYECKOI0 3aHATHA:

Nel BoiOepuTe HeBepHbIe YTBePKISHUS

1) npaBUIIBHBIN TOJIEKa3Ap COCTOUT U3 8 MPABMIIBHBIX TPEYTOJIbHUKOB

2) TeTpasap umeet 4 TpaHu

3) rexcasip COCTOUT M3 IIECTH MapalIeIOrPaMMOB

4) nMpaBWIIbHBINA OKTa3/Ip COCTOUT U3 MPABMIIBHBIX TSTHYTOJIbHUKOB

Ne 2 YcranoBHTe COOTBETCTBHE MEKAY NPABUWJIBHBIMH MHOTOTPAHHUKAMU U UX Pa3BepTKAMH.
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KoHnTpoabHbIe BOpoCHI

1.Haiinure B IHTepHETE MaTepuaiisl 0 TeopeMe Jlekapra—D0Oitnepa i BBITYKIOr0 MHOTOTPAHHUKA, a TAKXKE O
pa3BEpPTKaX MHOTOTPAHHUKOB M CBOIMCTBAX BBITYKJIBIX MHOTOTPAHHUKOB.

2.IloBTopuTe 1 yriyOuTe CBOM 3HAHHA O IPU3MaX M MUPAMUAAX, TETPasApax, UX OCOOEHHOCTSX U pa3BEPTKAX.
Haiinute B HTepHEeTEe hopMyIbl U1 BEIYUCICHHUS IUIOLIA el TOBEPXHOCTEH U 00BEMOB 3TUX Tell, (HOPMYJIbI
JUTSL BBIYHCIICHUS] 00bEMOB IPYTHX MHOT'OTPaHHUKOB. Hanumm i BBl OpMyITBI A1 TII0MIazeld U 00 bEMOB,
OTJIIMYHBIE OT UMEIOIUXCS B yueOHuKe?

3. Haiinure B IHTepHETE MaTepuall K MPOEKTY O MPAaBUIIbHBIX MHOTOrpaHHUKax. OOpaTuTe BHUMaHUE Ha
PHUCYHKH 110 3TO# Teme (cM.: «Bukunenus — [IpaBuiibHBI MHOTOTPaHHUK») U (POPMYIIBI JJIsl BBIYHCIICHUS
IJIOIAJICH TOBEpXHOCTEN U 00BEMOB TIPABMIIBHBIX MHOTOTPAHHIKOB.
4. TlocMoTpHTE PUCYHKH, IOCBSIIEHHBIE HEBBITYKJIBIM MHOTOTPaHHUKAM W MPaBUILHBIM HEBBITYKIIBIM
MHOTOorpaHHukam. Bel Haiinére npekpacHbie nx n3o0pakenus. CaenaiTe MOIEIN HEBBITYKIIBIX M MPABUIBHBIX
HEBBIMYKJIBIX MHOTOIPAHHUKOB M3 OymMaru (HarmpuMep, 3BE€3/14aThiX MHOIOTPAHHUKOB) 110 Pa3BEPTKAM, KOTOPbIC
pa3meriensl B MuTepHeTe. [locmoTpuTte Matepuaisl 1o teMe « MHOTOIrpaHHUKHU B apXUTEKTYpPE», a TAKKE
3arisgHATe Ha calT: http://www.mnogogranniki.ru/.

CnucoKk peKoMeH/1yeMoii JIUTePaTypbl:
1. bammmakos M.U. Maremaruka. YueOunuk. 2019 .
2. bammmaxos M.M. MaTtemaTtuka. 3agauduk Y4yeOHoe nmocooue. . — M. «Akagemus», 2018

IIpakTuyeckoe 3anaTue Nel8. Pemenue 3agau
KOJIMYeCTBO 4acoB 1



Heab: HaydyuThCs M300paKaTh MUPAMHUJIBI, HAXOAUTh WX AJIEMEHTHI U IJIOMIAAb IMOJTHON
IIOBEPXHOCTH

3anaua: 3aKpenuTh MOJyUYEHHBIE 3HAHUS U HABBIKU, HAYYUTHCSA IPUMEHEHUIO TIOJIYY€HHbBIX HABBIKOB
Ha [PAaKTUKE

IlepeueHb cpeacTB , HCMOJIb3yeMbIX IPH BbINOJIHEHUN PA0OTHI HJIM 000PY/10BAHME :

TETPajb JUIsl IPAKTHYECKUX PabOT, pydka, METOAMYECKHE PEKOMEHIAIMH 10 BBIOJHEHUIO PaOOTHI,
KQJIBKYJIATOP.

Bonpocs! /151 NOBTOPEHNSI, 3aKPeIVIeHUs] TEOPETHYECKOr0 MaTepraJia K NPaKTHYeCKOMY
3aHATHIO

Tupamuooii Ha3bIBaeTCS MHOTOTPAHHKK, Y KOTOPOTO OJIHA TPaHb,
Ha3bIBa€MasaA OCHOBAaHHEM, €CThb KaKOﬁ-HHGy,Z[B MHOTI'OYTI'OJIbHHUK, a
BCE OCTaJIbHbIC [PaHH, Ha3bIBaeMbIe OOKOBBIMH, - TPEYTOJIbHUKH,
UMEIOIIIE OOIIYI0 BEPIINHY.

O61mas BepiirHa OOKOBBIX TPEYTOJIbHUKOB HA3bIBACTCS 8EPULUHOL
MMPaMU/IbI, & IEPICHANKYJIISP, OMYIIEHHBIN U3 BEPIINHBI HA
OCHOBAaHHE, - €€ 6blCOMOl .

[TnockocTh, NpoBe€HHAs Yepe3 BEPIINHY TUPaMU/Ibl U KaKyro-HUOY b 1MaroHajib OCHOBAHUS,
Ha3bIBACTCS OUACOHANLHOU NJIOCKOCMbBIO.

[Tupamuibl OBIBAtOT TPEYTOJIBHBIE, YETHIPEXYTOJIBHBIE U T.JI., CMOTPSI I10 TOMY, JIEKUT JIM B OCHOBAHUU
TPEYTrOJbHUK, YETHIPEXYTOJIbHUK U T.J. TpeyroiabHas nupaMujia Ha3bIBAE€TCs mempasopom; y TaKOn
IIMPAMHU/JIBI BCE YETHIPE I'PAHU - TPEYTOJIbHUKH.

[Tupamuia Ha3bIBaeTCS NPABUTLHOU, ECITU, BO-TIEPBBIX, €€ OCHOBAHUE €CTh MTPaBUIIbHBII
MHOTI'OYTI'OJIbHUK U, BO-BTOPBIX, BBICOTA IIPOXOAUT YE€PE3 LEHTP ITOTO MHOTOYrOJIbHUKA. B IpaBUIIbHOM
nupamujie Bce O0KoBbIe pEOpa paBHBI Mex Ay co0oil. [IoaToMy Bce G0KOBbBIE TpaHy MPaBUIBHON
UpPaMU/Ibl - paBHbIE paBHOOEAPEHHbBIE TPEYTOJIbHUKU. BhicoTa 60KOBOM IpaHy MpaBUIIbHOM
MUPAMHU/JIbI Ha3bIBACTCS anogpemoul.

YacTe nupamMuabl, 3aKIH0YEHHAS MEXAY OCHOBAaHUEM U CEKYIIEH MIOCKOCTHIO, MApauIeIbHON
OCHOBAHMIO, Ha3bIBACTCS yceuéHnol nupamuooi. IlapanienbHble MHOTOYTOJIbHUKH Ha3bIBAIOTCS
OCHOBAHUAMU, 3 PACCTOSTHUE MEKIY HUMU — 6bICOMOU.

VYceu€HHas nupamMuia Ha3bIBaeTCs NPABUIbHOU, €CIIA OHA COCTABIIAET YaCTh IPABUIIBHON NMUPaMUIbI.
bokoBasi 10BepXHOCTh MUPAMU/bI.

1. Teopema: bokoBasi TOBEPXHOCTh MPU3MBI PaBHA IIPOU3BEICHUIO ITEPIIEHIUKYISIPHOIO CEYEHUS
Ha 60KOBOE pedpo.

CnenctBue: bokoBas MOBEpXHOCTbH MPSMON MPU3MBI paBHA MPOU3BECHHUIO IEPUMETPAa OCHOBAHHUS Ha
BBICOTY.

2. Teopema: bokoBasi MOBEPXHOCTh NMPABUIILHOM MUPAMU/IBI PABHA IPOU3BEAEHUIO IIEpUMETPa
OCHOBAHHS Ha MOJIOBHHY arto(eMbl.

3. Teopema: bokoBast IOBEPXHOCTb IIPABUIBHON YCEUEHHON MUPAMUJIBI PaBHA IIPOU3BEACHUIO
MOJIyCYMMBI IEPUMETPOB 00OMX OCHOBaHUI Ha arogemy.

Ipumepsl

1. [Tnomane 60K0BOI MOBEPXHOCTH MPABMIIBHON TPEYTOJbHON MTPU3MBI PaBHA TUTOIIATN
OCHOBaHHUsA. Beruncnure amuHy 60K0BOro pedpa, eciiv CTOpOHa OCHOBAHUS 7¢M

Pemenue.

[Tnomaab MpaBUIBLHOIO TPEYTOJIbHUKA B OCHOBAHUU MPU3MbI HAXOAUTCS 10 popmyIie:

ITo ycnoButo 3agaum a = 7 cM

Tak kax mIomaab rpaHu IPU3MbI B JTaHHOM ciydae Oyzaer paBHa 7h, rie h - BeicoTa 60koBOTO pedpa,
KOJIMYECTBO IPaHel - TpH, TO

49\3/4=3*7h

49V3 /4 =21h

OTKyJa



h=7V3/12
OTBeT: 11rHA GOKOBOTO pebpa MPaBHIILHOM TPEeyroibHO IpH3Mb! paBHa 73 / 12

2. Haitaure nomanb npaBUiibHOW TPEYrOJbHOW MPHU3Mbl, CTOPOHA OCHOBAHUSI KOTOPOil 6 cM, a
BbIcOTa - 10 cMm.

Pemenue.

[Tnomane MpaBWIIBHOTO TPEYTOJbHUKA B OCHOBAHUU MTPU3MBI HAXOJUTCS 110 POpMyIIE:

ITo ycnoButo 3agaun a = 6 cM OTKyna S = V3 /4 *36=9V3

[TockonbKy y IPaBHIILHOM TPEYroJIbHOM MPU3MBI OCHOBAHMIA J1BA, TO TUIOIIAh OCHOBAHUH Oyner
paBHa

O3 *2= 18V3

[Tnomans kax0# u3 rpanei Oyner paBHa 6 * 10 = 60, a mockoabKy Tpaneit Tpu, To 60 * 3 =180
TakuM 06pa30M, TUIOMA/s TIOTHOM TOBEPXHOCTH MPH3MBI Oy/eT pasHa 180 + 18V3 =~ 211, 18 cM KB.
Otger: 180+ 18V3=211,18

3. B npaBuIIbHO 4eTHIPEXYTOIBHOM MPU3Me IUIONIAAb OCHOBAHMS 144 cM?, a BbICOTA 14 cMm.
Haiitu nuaroHasns Npu3Msbl U IJIOIAAb ITOJIHOM IIOBEPXHOCTH.
Pemenue.
ITpaBWIIBHBIN YETBIPEXYTOIBHUK - 3TO KBaApaT.
COOTBETCTBEHHO, CTOPOHA OCHOBaHMs GyzeT pasHa \144 = 12 cm.
OTKyna 1uaroHanab OCHOBAHUS NPaBUIILHON NPSIMOYTOJIBHOM MpHU3MbI OyeT paBHa
V(122 +122) =288 = 1242
Jluaronanbs npaBUIBHON NPU3MBbI 00pa3yeT ¢ AUArOHAJIbIO OCHOBAHMS U BBICOTOM MPHU3MBbI
PSMOYTOJIBHBIN TpeyroisHUK. COOTBETCTBEHHO, 10 Teopeme [Tudaropa nuaronans 3aganHon
IPaBUIBHOMN YEThIPEXYTOJIbHOM PU3MBI OyJIeT paBHa:
V(1292 2 +14%)=22 cm
Otsert: 22 cMm
4.bokoBas rpaHb PaBUJILHON TPEYroJbHON NMUpaMUAbl IPEACTABISAET OO0 NMpaBUIbHBIN
TPEYrobHHK, IIOMAb KOTOporo 16\3cm?. BIUHCTHTD MePUMETP OCHOBAHHS THPAMHUIBL.
Pemenue.
[TpaBUIBHBIN TPEYTOJBHUK - 3TO PABHOCTOPOHHUH TpeyroibHUK. COOTBETCTBEHHO, OOKOBAs IPaHb
NUPAMHU/JIBI IPEICTABISET COOON PABHOCTOPOHHUN TPEYTOJIbHHUK.
[Tnomanp paBHOCTOPOHHETO TPEYTOJBHUKA PaBHA!
§o3 33 e 34377
4 4
COOTBETCTBEHHO:
16V3=2a?V3/4
16=2a%/4
a’ =64
a=8cMm
OcHoBaHMEM MPAaBUIBHON TPEYTOJIbHOM MUPaMUIbI SBISETCS MPABUIBHBIN (PABHOCTOPOHHMIA)
TpeyroiabHuK. Takum 00pa3oM, mepuMeTp OCHOBAHUS MUPAMU/IbI paBEH
8*3=24cm
Otsert: 24 cm.

3apanus s NMPAKTHYECKOIo 3aHATHA:

Bapwanr 1
1. B npaBuibHOM TpeyrosibHOM MupaMuie CTOpOHA OCHOBaHMA paBHA 8 cM, anodema paBHa 13
cM. Haliqure ruiomaas NOJIHON HOBEPXHOCTH.
2. B npaBHIIbHOI YeTHIPEXYTONBHOM TIPH3Me IIONIAAb OCHOBAHMS 144 cM?, a BEICOTa 14 M.
Halitn nuaroHans Npu3Mbl ¥ IUIOMIAAb TTOJHON OBEPXHOCTH.
Bapuanr 2
1. CTOpOoHBI OCHOBaHUS TIPABUIILHOM YETHIPEXYTOIHBHOM MUPAMHUJIBI paBHBI 72, OOKOBBIE pEOpa

paBHbI 39. Haiitu nioiaap MoiaHoN NOBEPXHOCTH 3TOM NMUpaMUAbI.



2. CropoHna ocHOBaHMs paBUIbHON 4eTbIpéxyroabHoi npu3Mbl ABCJIA1B1C1/11 paBHa 4, a
O6okoBoe pedpo — 5. HaliauTe miomaas ce4eHus, KOTOpoe MpoXoauT uepes peopo AA1 u Bepmuny C.

Bapuanr 3
1. B npaBunbHOM 4eThIpEXYTOIBHOM MUpaMKie CTOPOHA OCHOBaHUS paBHA 8cM , aniohema paBHa
12 cMm. HaliguTe muiomnaab NOJHON MOBEPXHOCTH.
2. [Tnomans 60k0BOM MOBEPXHOCTH MPABUILHON TPEYTOJIBHON MPU3MbI PaBHA IO
OCHOBaHHUsA. Beruncnure amuHy 60K0BOTro pedpa, eciii CTOpOHa OCHOBAaHUS 7CM

Bapuant 4
1. Haiinure miomniaas 60KOBOI MOBEPXHOCTH MPSIMOM MPU3MBI, B OCHOBAaHUH KOTOPOH JICHKHT
pom6O ¢ quaroHansiMu, paBHbIMU 16 1 30, 1 60KOBBIM peOpoM, paBHBIM 40.
2. CropoHna ocHOBaHMs paBUIbHON 4eTbIpéxyroabHoi npusMbl ABCJIA1B1C1 /11 paBHa 3, a
O6okoBoe pedpo — 4. HaliguTe miomaas CEYeHHs, KOTOPOE MPOXOIUT Yepe3 CTOPOHY OocHOBaHMS AJl u
BepiinHy Ci.
KoHTposabHbIE BONPOCHI
1. Kakas nupamua Ha3pIBaeTCs MPaBUIBHOM?
2. Kaxk Ha3pIBaeTcs mupamMuaa, Bce rpaHd KOTOPOH paBHOCTOPOHHUE TPEYTOJIbHUKA?
3. UYTo 1eKUT B OCHOBAaHUH N-YrOJbHOM NMUpamMHIbI?
4. Kak na3zpiBaeTcs BbicoTa OOKOBOI rpaHy MPaBUIbHON MHpPaMUIbI?

CnucoK peKOMeH/yeMoii JIUTePaTypbl:
1. bammmakos M.U. Maremaruka. YueOuuk. 2019 .
2. bammaxos M.M. MartemaTuka. 3agadHuk YuebHoe nocodue. . — M. «Axkanemus», 2018

Tema 6.2. Tes1a 1 NOBepXHOCTH BpallleHUSA

IIpakTnyeckoe 3ansiTue Nel9. Pemenue 3agau
KOJINYeCTBO 4acoB 1
Heab: paccMOTpeTh 3a7a4u Ha BBIUKCICHHE O0BEMA TeN BpPAIICHHs , TOKA3aTh MPAKTUUECKYIO
HaIpaBJIECHHOCTh MATEMATUKU
3anava: 3aKpenuTh MOJYyUYEHHBIE 3HAHUS U HABBIKH, HAYYUTHCA IPUMEHEHUIO TIOJIyY€HHBIX HABBIKOB
Ha MIPaKTUKE
IlepeyeHb cpeacTB , HCMOJIb3yeMbIX IPH BHINMOJTHEHUN PA0OTHI WJIN 000PY/I0BAHME :
TeTpajpb ISl IPAKTHUECKUX PaboT, pyuka, METOAMYECKHE PEKOMEHAAIMU 1O BBITOIHEHUIO PabOThI,
KAJIbKYJISATOP.
Bonpocsl 1J11 NOBTOPEeHUs1, 3aKPeNJIeHNs] TEOPETHYECKOI0 MATEPHAJIA K MPAKTHYECKOMY
3aHATHIO

O0béM nuIuHApa

ayr
|
:
,"'"'I-'"'--\

' | \

N—

O0beM HUJIMH/PA PABEH MTPOU3BEICHHUIO MJIOMIAN €T0 OCHOBAHHUS HA BBICOTY.
®opmyisl 00beMa IIIHHIPA:

V=aR?h

V = Socn.: h

rae V - o0beM UIHHIpA,

Socu. - TUIOMIA/Ib OCHOBAHUS IIWIHHIPA,

R - paguyc nununmapa,

h - BeIcOTa ITUIHH/pA.

O0bém KoHYyCa




O6beM KoHYCa PaBCH TPETH OTHPOU3BEICHUIO IUIONIA 1 €r0 OCHOBAHUS Ha BBICOTY.
dopmyiiel 00beMa KOHYCA:

1
V= E T th
1
V= ESOCH. h
rae V - o0beM KoHyca,
Socu. - TUIOMIA/Ib OCHOBAHUS KOHYCA,

R - panuyc ocHoBaHUs KOHYCa,
h - BeIcOTa KOHYCA.

O0bém mapa

O0beMm mapa paBeH YETHIPEM TPETUM OT €T0 pajuyca B Ky0e MOMHOXEHOTO Ha YHUCIIO IH.
dopmyna oobeMa mapa:

V= %Tt R3
rae V - oobeM 1mapa,
R - paguyc mapa.

3azlamm AJISl MPAKTUHYIECKOT0 3aHATHS
Bapuant Nel
1. O6pazyromias IpsIMOTo KOHyca paBHa 4 CM U HAKJIOHEHA K TIJIOCKOCTH OCHOBAHUS O] YTJIOM

30°. Haitniure 00BEM KOHYCa
2. Hunuuap onucan okoso mapa. O6wEm mapa pasen 24. Halimure 00bEM HUIUHIpA.

Bapuant Ne2
1. Haiinute 06bEM KOHYCa, MOTY4EHHOTO BPALIEeHHEM paBHOOEAPEHHOTO MPSMOYTOJIBHOTO

TPCYroJIbHUKA C FHHOTCHy30ﬁ 3\/5 CM BOKpPYT CBOCT'O KaTCTaA.

2. Konyc Bnucan B nuimusap. O6bsem koHyca paBeH 5. Haliaure o0beM uumHapa.

Bapuant Ne3
1. JlnaroHasb 0ceBOro ceueHus unuHapa 13 cm, Beicota 5 cMm. Haiiaure 00bEéM umuHapa.
2. [IpssMOyTONIBHBIN MTapasuIeIenuIIe]] OMCaH OKOJIO IWJIMH]PA, paJlyC OCHOBAHHS KOTOPOTO

paBeH 4 cm. O6beM mapasutenenurena paseH 16. Haligure BeicOTy e pa.
Bapuant Ne4



1. OcHoBaHMEM UPAMUJIBI ABISETCS MPSIMOYTOIBHUK cO cTopoHamu 2 u 4. E€ 00bEM paseH 8.
Haitgure BbICOTY 3TOM MUpaMUIBI.

2. OO6pasyromias u paanychl OOJBIIETO W MEHBIIETO OCHOBAHUS YCEUEHHOTO KOHYCA PaBHBI
cootBeTcTBeHHO 13 cM, 11 cm, 6 cM. Brruncinure 00b€M 3TOTO KOHYCA.

KonTpoabHbIle BONpockl

1. ®opmyna o6béMa HUIUHIPA

2. ®opmyna 06bEMa KOHYyCa

3. ®dopmyna o0bEMa mIapa

CnucoK peKoMeHyeMoil JTuTepaTypbl:

1. bammmakos M.M. Marematuka. Yueouuk. 2019 .

2. bammaxos M.M. MaTtemaTtuka. 3agaunuk YuyeOHoe nocodue. . — M. «Akagemus», 2018

Pazpen 7. Hayajga MmaTeMaTH4eCcKOro aHAJIN3a
Tema 7.1. IlpousBoanas GpyHKIHH

IIpakTuyeckoe 3ansaTue Ne2(. [Ipou3BoaHbIe OCHOBHBIX 3J1eMEHTAPHBIX QyHKIHUIH
KOJINYeCTBO 4acoB 1

Heas: [IpoBepuTh Ha MPaKTUKE 3HAHUE TOHATHS TPOU3BOIHON (DYHKIIMH, YMEHHE HAXOIUTh
IIPOM3BOJIHBIE 3JIEMEHTAPHBIX (DYHKLNH, 10JIb3YSICh TAOJULIEH TPOM3BOIHBIX U IPABUIAMU
Qg epeHpoBanHus. 3aKpENUTh HABBIK HAX0XKICHUS MPOU3BOAHON 1 auddepeHnnanos.
3agaya: 3aKpenuTh NOJyYEHHbIC 3HaHUS U HABBIKY, HAYYNTHCS IPUMEHEHHUIO ITOJIyY€HHBIX HaBBIKOB
Ha MPaKTHUKE

Hepeqeﬂb CpeacCTB , HCIIOJIB3YEMBIX IIPH BBINMOJTHEHUM paﬁoTbI HJIH oﬁopyuonalme .
TETpaAb MJIA MPAKTUYCCKUX pa60T, PpydykKa, MCETOAUYCCKHEC PCKOMCHAAIWM I10 BBIITOJHCHHIO pa6OTI>I,
KaJIbKYJIATOP.

Bonpocel /151 NOBTOPEeHMSs, 3aKPeIIEHUsI TEOPETHYECKOT0 MAaTepHajia K MPaKTHYECKOMY
3aHATHIO
[Mpoussoanoii pyukimu f(X) (f'(X0)) B Touke X0 Ha3bIBAETCS YHMCIIO, K KOTOPOMY
flx_+ax) —fix
af(x) _ flxg +4x) (°)npmﬁx
CTPEMHUTCSI PA3HOCTHOE OTHOLICHHE &% Ax , CTPEMSIILIEMCSI K HYITIO.

IIpousBoaHbIe djIeMEHTAPHBIX (PYHKIH.

f(x) fix)
c - const 0
x ¥ k1
g g¥
at a%lna
1
Inx -
X
log % 1
a %lna
sin % Cos X
CosS X - siny
1
tgx
os® &

IIpaBuaa nuddepeHupoBaHus.

Ecnu y pynkuunii f(x) u g(x) cymecTByroT NporU3BOAHbBIE, TO

Bf(x) :t'g[x))' = fix) £ dlx)
2)(ef(x)) =c.f(x), rae ¢-const

(). o)) = FlxIGR) +Fx)d()



3apanus 11 NPAKTHYeCKOT0 3aHATHS:

Bapuant Nel
1. Haiinute npou3BoHy 0 (YHKIIHA:
1) f(x) = ctg x +2x3 — 2%, 2) f(x) = x? sinx,
COS X
4 f(x) = (32 — 2tgx), 5)f(x)= > -3x+ > - 10,
X X
6) f(x)= 5'”—" 7) f(x)=3sin2x — 2c0s3x

JlononHuTenpHOE 3aaHKE.

2. Touka qBUKETCS 0 3aKOHY S = 3t3 — 12t +5. Haiinure CKOPOCTb JIBMOKEeHMs ipu t = 2c.
3. Onpenenute yrioBoi KO3PPUITUEHT KacaTeIbHOU, IPOBEICHHON K KPUBOU

y = 3C0SX+SINX 6 mouke xo = n.

Bapuant Ne2
1. Hatigure HpOI/ISBO,I[Hy'IO GbyHKIU:
1) f(x) —E- X+ — +84x, 2) f(x) = (x2 — 2sinx)3,3) f(x) = I5
x*
4) f(x) = x 2 tgx, 5) f(x) = 5c0s x +x° —€* .
6) f(x)=x3+cos X. 7) f(x)=3 ¥ +x2

JlononauTtenpHOE 3aJaHHeE.
2.Touka gBrskercs mo 3akoHy S =2t2 + t -5. Haiiaure ckopocTs ABMkeHns IpH t = 3c.

3.0mpenenute yriaoBoi K03h(HUIMEHT KacaTelbHOU, MPOBEACHHOMN K KpUBO# y = €* + InX B Touke xo =
1.

Bapuant Ne3
1. Haligute mpou3BoHYO ()YHKIIHIA:
1) f(x) _In_x 2) f(x) = (x — 5c0sx)3,3) f(x) = — - 2x° + 1 2,
Jx
4) f(x) = x " ctgx, 5) f(x) = sin x - 2x" — 6*.
6) f(x)=2x — sin x. 7) f(x)= 4e > - 7x3

JlomomHuTenbHOE 3a/1aHUE.
2. Touka aBuxkeTcs 1o 3akony S = 5t — 8t +3. Haitaure ckopocTs aBMkenus npu t = Ic
3. Onpenenure yrioBoi KodhGHUIMEHT KacaTeTbHOU, MPOBEACHHON K KPUBOH
¥ = 3tgX- COSX B TOUKE X0 = A.
Bapuant Ne4
1. Haiigute nmpou3BoIHYO ()YHKIIHIA:

X

1) f(x) = cos x +6x* — 4%, 2) f(x) =x3ctgx, 3)f(x) = ;
sin x

4) 1(x) = (X — 5Inx)?, 5) f(x) = X% 3y + ; 1



6) f(x)=2" + 1 7) f(x)=sin(x+%) - % X"

JlononHuTENBRHOE 3a1aHKE.
2. Touka ABMKETCS 10 3aKOHY S = 2t8 — 2t +5. Haiinure CKOPOCTh JIBMKEeHMs ipu t = 3c.
3. Onpenenure yrioBoi KOAPPUIMEHT KacaTeIbHOU, TPOBEACHHON K KPUBOM
y = 3log 2 x-5 B Touke xo = 3.

Bapuant NeS
1. Haligure mpou3BoIHYO ()YHKITHIA:

1) f(x) =X—65 X+ % SUX, 2)f(X) = (5x—4cosx)®,  3)f(x) =i—: ,
4) f(x) = x 2 tgx, 5) f(x) = 5sin x +x° — 8e* .
6) f(x)=cos X — x 7) f(x)= -e* + 3x

JomnonuurensHOe 3aJaHHeE.
2. Touka nBmXKeTcs 110 3aKoHy S = t2 — 4t . Haifaurte ckopocTs nBHKeHMS TIpH t = 2c.
3. Onpenenute yrioBoi KO3PPUIUEHT KacaTeIbHOU, TPOBEICHHON K KPUBOM
y = 3(x® +5) B Touke xo = 2.

Bapuant Ne6
1. Haliagute mpou3BOaHYIO (PYHKIIMIA:
1) f(x) = 20X 2)f(x) = (2 — )5, 3) f(x) =— - 5x* + 6 3
X X Jx
4) f(x) = x5 Inx, 5) f(x) = V/x - x2— 2%
6 f(x)=x>—sin 7) f(x)=x* + cos(x+3x?)

JlononHuTenpHOE 3aaHKE.

2. Touka qBUKETCS 0 3aKOHY S = t3 + 12t -5. Haiiaure CKOPOCTh JBYOKeHMS nipu t = 2c.
3. Onpenenure yrioBoit KodhGHUIIMEHT KacaTeIbHOM, MPOBEACHHOM K KPUBOM

¥y = 3/X B Touke xo = 3.

KOHTpOJ’ILHLIe BOIIPOCHI

1. UYto Ha3pIBaETCS NPUPALLEHUEM HE3aBUCHMOM NIEPEMEHHON U NPUPAIICHUEM
byHKIIUIN?

2. Jaiite onpenenenue HenpepbiBHON GyHKIMU. Kakumu cBoiicTBaMu Ha oTpe3Ke
OHa o0najaer?

3. Uro xapakTepu3yer CKOPOCTb U3MEHEHHS] (YHKIIMA OTHOCUTEIIBHO

MU3MeHeHus aprymenra? Jlaiite onpeaeneHue Npou3BOAHOM.

4. Kakas pynkuus HazbiBaeTcs 1uddepeHuupyemoii B Touke U Ha otpeske? Chopmynupyiite
3aBUCHUMOCTB MEX]Ty HEIIPEPHIBHOCTHIO U MU (HepeHIINPYEMOCTHIO (D YHKITUH.

5. W3 kakux omepaiuii CKiIaIbIBaeTCs 00111ee MPaBUI0 HaX 0K JACHHS TIPOU3BOTHON JaHHOU
¢byHkun? Kak BBIUMCINTD YaCTHOE 3HaYEHHE MTPOU3BOTHON?

6. MOHO JI1 BEIYUCIUTH MPOU3BOIHYIO JTFO00H (YHKIINH, MOJIB3YSICh ONPEIEICHUEM
MIPOU3BOHON?

Brimumute B Tabimiy oCHOBHBIE TipaBuiia U hopmyinsl gudepeHnnpoBanus QyHKITUH
Cnucok peKoMeH/1yeMoi JIUTepaTypbl:

1. bammakos M.U. Maremartuka. Yue6uuk. 2019 .

2. Baimmvakos M.U. Maremaruka. 3agauduk YueOHoe mocobue. . — M. «Akagemus», 2018

IIpakTuyeckoe 3ansaTue Ne2l. IlpumeHenne Npou3BOAHOM K HCCJIeI0BAHUI0 QyHKIMHT
KOJIMY€eCTBO 4acoB 1

Iean: 3aKkpenuTh Ha IPUMEPAX HUCIIOIB30BAHNE JOCTATOYHBIX IPU3HAKOB BO3PACTAHUS U
yObIBaHUs (YHKIINH, HEOOXOJMMOTO YCIOBHSI SKCTPEMYyMa JJIsl HAXOXKAECHUS COOTBETCTBYIOLINX
CBOWCTB (DyHKILIMH, IPUMEHEHHE MTOJHON CXEMBbI UCCIIEIOBaHUS U1 HAXOKAECHUS CBOMCTB (DYHKIUH
U octpoeHus e€ rpaduka.



3agaya: 3aKpenuTh NOTyYCHHBIC 3HAHUS U HABBIKH, HAYUUTHCS TPUMEHEHHUIO MMOJTYICHHBIX HABBIKOB
Ha MpPaKTHKe

IlepedyeHb cpeacTB , HCNOJIb3yeMbIX NPU BHINOJHEHUN Pad0THI MJIM 000PYI0BaAHHUE :
TeTpagp IS TPAKTUYECKHX paboT, pydka, METOAMYECKHe PEKOMEHJAINH TI0 BBIMOJHEHUIO DPaOOTHI,
KaJIbKYJIATOP.

BOHpOCBI AJISA MOBTOPEHUSA, 3AKPCIVICHUA TCOPETHYCCKOT0 MaTEPHAIA K NPAKTHYIECCKOMY 3aHATHIO
OnHUM U3 BOKHEHUIIHMX MPUIOKEHHN TU(DHEPESHIMPOBAHHOIO HCYHCIICHUS SIBIISICTCS. HCCIICIOBAHUE
(YHKIMHY C LENBIO IIOCTPOCHNUS ee Tpaduka.

Onpenencuue. Oynkiust y=Ff(X) Ha3pIBaeTcs Bo3pacTaroieii B untepsaie (a;b), eciou mpu x2>x1,
f(x2)>f(x1), u yosiBaromeii, eciu f(x2)<f(x1).

JocTarouHble MPU3HAKH BO3PACTAHUSA U YObIBAaHUS QYHKIIUM:

- eciu pyHkuus f(X) B kaxa0¥ Touke nHTepBaia |a;b[ uMeeT NoI0KUTEIbHYIO TPOU3BOIHYIO, TO
caMa (yHKIHS B 3TOM HHTEPBAJIC BO3PACTACT;

- eciu pynkuus f(X) B kaxa0i Touke uHTepBaia |a;b[ uMeeT oTpuLaTEIbHYIO TPOU3BOAHYIO, TO
caMa (QyHKIHS B 3TOM UHTEpBase YObIBAET.

Omnpenenenne. Oynkius f(X) uMeet IKCTpeMyM (MaKCUMyM WIIM MHHUMYM) B TOUKe X=xo, ecau f(X)
SIBJISIETCSI HAaMOOJBIIMM WJIM HAUMEHBIIIUM 3Ha4eHHEeM (QYHKIMH B HEKOTOPOH JIByXCTOPOHHEH
OKPECTHOCTH 3TOM TOUKH.

Heo0xoaumoe yciioBue 3xkcTpeMmyma (pyHKIIUM.

Ecnu ¢pynkius y=Ff(X) umeeT SKCTpeMyM B TOUKE X=X0, TO €€ IIPOMU3BOJIHASI B 3TOM TOYKE paBHA HYIO,
100 HE CYIIECTBYET.

3HaueHHs apryMEHTa, IPU KOTOPbIX QyHKIMs f(X) coXxpaHseT HeNmpepbIBHOCTD, a ee npou3BoaHas f’(X)
oOpalaercst B HyJIb WM HE CYIIECTBYET, Ha3bIBAIOTCS CTAIIMOHAPHBIMU TOYKAMH.

IlepBblii 10CTATOYHBINH NPU3HAK IKCTPEMYMA (DYHKLUH.

Ecnu pynkuus y=f(X) muddepennupyemMa B OKpECTHOCTH CTALIMOHAPHOM TOUKH X0 U €€ IPOU3BOIHAS
ClieBa OT ATOM TOYKH MOJIOKUTEIbHAS, a CIIpaBa OTPUIATEIbHAS, TO B TOUKE X0 OTPHIIATESIIbHAS, a
CTpaBa — MOJOXKUTENbHAS, TO B TOYKE X0 QYHKIIHS JOCTUTAeT MUHUMYMa; €CJIM TIPOU3BOIHAS ClIeBa U
CrpaBa OT CTAI[MOHAPHOM TOYKH X0 UMEET OJIMHAKOBBIN 3HAK, TO B ATOM TOUYKe (PYHKIIHS 3KCTpeMyMma
HE UMEeT.

AJITOPUTM HaXOKIACHUSI TPOMEKYTKOB BO3pacTaHUs M YOBIBaHHSI, TOUEK IKCTpeMyMa (QyHKIIHH.

6. Haiinem obnacts onpeneneHus.

7. Brruuciaum nepByro NpoU3BOAHYIO.

8. Haiinem kxputrieckue TOUKHU.

9. BrpisicHuM 3HAaK TPOM3BOIHON HA MPOMEXKYTKE.
10. CnenaeM BBIBOJ.

Hpumep I f(x)=x3 - 3x + 2

S. OO6nacth onpesenenus — J00bIe Yncia, T.K. YHKIUS MPeJCTaBIeHa B BUE MHOTOWICHA.
6. fx)=(x-3x+2)’ =3x*-3.
7. YroObl HANTH KPUTHYECKHE TOYKH HEOOXO0 MO peruTh ypaBuenue f(x)=0
3x2-3=0
x2=1
X1t=lux2=-1
8. OTMETHM 3TH TOYKH Ha KOOPJAMHATHOMN IPSIMOM.
r& P

0 7 o~ , 7
xe (-00;-1), f'(-2)=3(-2)?> — 3 = 9 > 0 = ¢yHKIHU BO3pacTaer.
xe(-1;1),f(0) = 3 - 0° =3 = -3> 0 = ¢pyHKIMs yOBIBAET.
xe(l;+),f'(2) =3 -22-3=9>0 = QyHKIHA BO3PACTAET HA STOM IIPOMEXYTKE.
B Touke x=-1 mpon3BOHAs MIOMEHsIA 3HAK C TUTIOCA HA MUHYC — 3HAYHT 3TO TOYKA MAKCUMYyMa,;



B Touke x=1 npou3Bo/iHAs TOMEHsJIA 3HAK C MUHYCA Ha IUTI0C — 3HAYUT ITO TOYKa MUHUMYMA.
Otser: ¢yHKIMs Bo3pactaet npu X € (-0 ;-1] U [1;+ 00); yosiBaeT mpu x € [-1;1].
x=-1-max; x=1-min
Hpumep 2.Viccnenosars GyHKImo y=(x+1)-(x—2)?> ¥ IOCTPOUTH ee rpaduK.
Pewenue:
1) ManHast QyHKIHS ABASETCS MHOTOWIEHOM (MOYKHO PAaCKpPbITh CKOOKH, IOJTYYUM MHOTOUIEH TPETher
CTETICHH ), IOATOMY OHa OIIpeJIeNieHa, HeNpepbIiBHA U Ju(depeHmupyema npu Joosix x. [loatomy
o0acth onpeneneHust GyHKIMH — BCS YHCIIOBast IpsMasi.
2) Berunciaum Touku niepeceueHus rpaduka GyHKIMU ¢ OCSIMU KOOpauHaT: rpaduk GyHKImu
y=(x+1)-(x-2)? nepecexaer ocb Ox pu y=0, T. €.
(x+1)-(x-2)>=0; x+1=0unu (x—2)*=0; x=-1 unu x=2.

I'paduk Gpynxmun y=(x+1)-(x—2)? nepecekaer och Oy npu x=0, T. €.

y=(0+1):(0-2)?>=1-4=4. T.o. mb1 omyunmu Tpu Touku: (-1; 0), (2; 0), (0; 4).
3) Haiizem nmpoMexyTKi MOHOTOHHOCTH (DYHKITUH U €€ SKCTPEMYMBI C TOMOIIBIO TTEPBO
IPOM3BOMHOM: V' '=((x+1)-(x=2)?) '=3x-(x=2).
U3 ypaBHenus y =0 HalijeM KpuUTUYECKUE TOUKU: 3x-(x—2)=0;  x1=0, x2=2.
PesynbraTh! pemieHus 3aHeceM B TaOIUIY:

¥ (~o0, 0) 0 ©; 2) 2 (2; +o)
vy’ + 0 — 0 +
/ 4 \ 0 /
y
so3pacmaem max Yyovleaem min so3pacmaem

OyHKIMs Bo3pacTaeT Ha uHTepBanax (—oo, 0) u (2, +oo), yosiaer Ha unrepsaie (0; 2), umeer
MaKCUMyM TIpH X=0) ¥ MEHUMYM TIPH X=2. Ymax=(0)=4, ymin=y(2)=0.
4) I1o noiay4eHHBIM TOYKAM CTPOUM Tpauk:

= ¥V

3apanus s HNPAKTHYCCKOI0 3AHATHSA:
I.I/ICCJ'IC,Z[OBaTB (byHKI_[I/IIO Ha BO3paCTaHuC U y6BIBaHI/IC, TOYKH 3KCTPEMYyMa

a) f(x)=2x°-5x"

6) T(X)=x*+4x®+4x*+1

8) f(x)=(x-2)*

2.HWccnenoBaTh (GyHKIUIO 110 MTOJTHOM CXeME U TIOCTPOUTH €€ rpaduk
a) f(X)=x*—4x + 3

0) f(x) =12x—x°

KouTpoabHbie Bonpochl

1. Jaiite onpenenenue MakcuMyMa (MUHUMYMa) QYHKIIMM B TOYKE. YTO MOKHO CKa3aTh O 3HAKE
HpUpameHus QyHKIMK B JOCTATOYHO MaJIOM OKPECTHOCTH TOUYKH MakCUMyMa (MUHUMYyMa)?



2. KakoBbl HEOOXOIUMBIE YCIIOBHSI CYILIECTBOBAaHUS 3KcTpemyMa (pyHkin? KakoB nx
reOMETPUYECKUN CMBbICIT?

3. KakoBo mpaBuiio HaX0KICHHSI HAUOOIBIIIETO U HAUMEHBIIIETO 3HAUCHUHN (PYHKIIMH Ha OTpe3Ke?
4. JlaiiTe onpeielICHHE BBITYKJIOCTH (BOTHYTOCTH ) KPUBOW Ha MPOMEXKYTKE.

5. KakoBo npaBmiIo OTHICKaHUSI HHTEPBAJIOB BHITYKJIOCTH U BOTHYTOCTH KPUBOI1?

6. Touka nepern6a kpuBoi. Kak ee Haiitu?

7. KakoB anroputm nocrpoenus rpaduka GpyHkuun?

CnucoK peKoMeH1yeMoil JTUuTepaTypbl:
1. bammakos M. . Maremaruka. Yueouuk. 2019 .
2. bammaxos M.M. MartemaTuka. 3agadauk YuebHoe nocodue. . — M. «Akanemus», 2018

Tema 7.2. IlepBooOpa3Hasi U HHTErpaJl

IIpakTnyeckoe 3ansitue Ne22. [lnomaab KpUBOJIMHEHHOM Tpanemun
KOJINYeCTBO 4acoB 1
Henab: 3akpenuTh HABBIK BHIYUCICHUS TUIOIIAIU KPUBOJIUHEHHOM Tparenuu.
33[{3‘13: 3aKpPCIUTDh ITOJTYUCHHBIC 3HAHHA U HABBIKHW, HAYYUTHCA IIPUMCHCHUIO ITOJTYUYCHHBIX HABBIKOB
Ha MPaKTHUKE
IlepeueHb cpeacTB , HCMOJIb3yeMbIX IPU BbINOJIHEHUU PA0OTHI HJIM 000PY/10BaHME :
TETpaab IS TPAKTUYCCKMX padoOT, pydka, METOAMYECKHE PEKOMCHIAIMM II0 BBIIOJIHEHUIO pPalboTHI,
KaJIBKYJLATOP.

BOl'[pOCl)I AJIA MOBTOPECHUS, 3AKPCIVICHUS TEOPETUIECCKOIo MaTepuajia K MPaAKTHIECKOMY
3AHATHIO

Onpenenenue. KpuponuneiiHoi tpaneuuen (puc. 1) Ha3piBaloT purypy, KoTopas orpaHuyYeHa:

A
Y y=y(X) o CBEpXY - rpaMKOM HEMPEPHIBHOM ()YHKITUH

y=y(x)

o cau3y — ocbro OX (y=0)

. cieBa — IpsIMOM X=a

R o crpaBa — npsiMoit X=h
a b X
Puc.1

YTBepaxnenue. ['eomeTpuyeckuil CMbICI ONPENSIEHHOTO UHTETPajia B TOM, UTO €T0 3HaU€HUE PaBHO
IUIONIAIA COOTBETCTBYIOIIEH KPUBOJIMHENHON TPANELIUN:

b
S = j y(x)dx 1)

PaccmoTpum paznuyHble METObI BEIUMCICHUS IIOMAAEH MIIOCKUX QUryp.

Ipumep 1. BerauciuTs mI0mas mIocKoi GUrypsl, OTpaHIYEHHON TMHUAMH: Y = X° —2X + 2, X=-1,
X=2 1 ocpto OX.

Pemenue: nannas gpurypa (puc. 2) npeacraBiser co00i KpUBOJIMHEHHYIO TPaIeuio, TO3TOMY €€
IUIOMIA/Ib BhIUUcHseTcs o ¢popmyine (1).



A
y=X-2x+2 ) L2

S:j(x2—2x+2)dx:x— —xz‘ +2x°, =
| 3 1 h
3 3

(2L - 2-2)-
3 3

R —3-3+6=6.
-1 2 X

OT1BeT: 6 KB.€]I.
Puc. 2

[Tycte y=f(X) — HenpepbiBHAs QyHKIM TpH X € [a, b], rpaduk koTopoii pacnonoxeH Huke ocu OX
(puc. 3). 3HaueHUE ONMPEACIEHHOrO HHTErpaia OyIeT OTPUIIATEIBHBIM, IOATOMY JUIS pacyéra IUIONIa H
OepéM 3HaueHUE MHTETPaIa 110 MOAYJIIO.

A

Y

g =

@)

T f (x)dx

y=f(x)
Puc. 3

[Tpumep 2. BrauciuTh mionias miockol GUrypsl, OrpaHHuUeHHON TpaguKoM QyHKIIUU
y = x* —5X+6u ocbio OX.

Pemenne: nannas ¢urypa (puc. 4) pacnosnoxena Hike ocu OX, mosToMmy npuMeHum popmyny (2).

3 3

3 3 2
Y : s = [ =5x+E) = |~ x|
4 y=X"-5x+6 ° , ,
3 3 2 2
{5-SHE2 2 need
2 3 X ZQ_EH;:‘WH_E‘:E
3 2 6 6| 6
Puc. 4 OtBerT: 1/6 xB.ex.

[pumep 3. BEIYUCIUTS MIOMAb IIOCKOM (DUTYpBI, OrpaHMueHHOMN Tpadukamu GyHKIUH Y = X +1u
y=—X+3.

Pemenne: nannas ¢purypa (puc. 5S)npeacrapiseT coO0N pa3HOCTh KPUBOJIMHEHHBIX Tpaneruit
AGcIycchl TOYEK epecedeHrs] HaX0IuM T0 4epTexy: X1=-2 u X2=1.

1 1
S = I(— X+ 3)dx — _[(Xz + 1)dX . Mo>XHO 3amucarh MoJ1 OJIMH UHTETPal:
-2 -2



1 1

y=x*+1

-2

1 1

3

X X
’ 2 -2 -2
=-X+3 3 9\
i y — l__ﬂ ZG_(_EJ_3=
! > 3 3 2
2 1 X OrtBer: 4,5 kB.€ex.
Puc.5

S = J'(—x+3—(x2 +1)x = I(Z—x—xz)dx:

r_(2f
2 2

224 -2
)L
2

[Tpumep 4. BI4UCIUTS MIOMAI IIOCKOH (UTYPHI, OrpaHnyueHHO Tpadukamu GyHKImi Y = X* +1u

y=—-X+ 3 , 1 KOOPpJAUHATHBIMH OCAMMH.

Pemenue: nannas ¢urypa (puc. 6) npeacrasiser co00i cyMMy KpUBOIMHEWHBIX Tparneuuid S=S1+S;,

e S, = _l[(x2 +1)dx u S, = i(— X + 3)dx . TTomyuanm popmyaty:

0

1 3

1 3 3 R ;
S:j(x2+1)dx+j(—x+3)dx:— +X[, — = +3X, =
y=X2 +1 0 1 3 0 2 1
13 03 32 13
= =—-—[+{1-0)-| —-—=1]+(3:3-3:1)=
3 3j+( ) (2 2j+( )
2 yzxs ~1i14v6-32
0 . 3 3
0| 1 3 X Otser: 3% KB.e/l.
Puc. 6

33}13HI/IH AJISl MPAKTUHYIECCKOT0 3aHATHS

Ne1 Bbiqucnaums naoujadb:

p Y b Y

L L

2
y=x i y=4x-x2

v




Ne2Bbiyucnumb nnowads:

AY
A Y
b4
y=-x+5
|
! i .
y=x+3 -2 0| 1
0
Ne3 Boiqucnumb nnouiads :
Y
Z 4
y=x-4 y=x-x
2% 0 2 § %
4
y=-x+3x
-4
Ned BBRINHCIHTE ILTOINATE:
A Y AY
_ 2
¥=4x-X-3 ¥ =sin X
3n
2

KonTposbHbIe BONIPOCHI

1. [IpuBenuTe onpeneneHne KPUBOJIMHENHON TpaNeLUN.
2. B uém reomeTpudeckuii CMbICI ONPEAEIIEHHOTO UHTErpasa?
3. Bri6epute ¢popmyiy miomaan 3alITPUXOBaHHOW (UTYPBI:

-2 1

2
A. I(3—2x—x Jox + I(l— X )dx
-3 -2
1 1

b. I(B—Zx—xz)dx— I(l—x)dx

-2 -2
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1
N
—
v
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4. CocraBbTe (hopmyJry A1 BBIYMCICHHUS MJIOIAIH N300pakEHHOI PUrypsbl

y=x*

v

Pa3znen 8. U3mMepeHusi B reoMeTpuu
Tema 8.1. U3mepenusi B reomeTpuu

IIpakTuyeckoe 3ansiTue Ne23. Pemienne 3agau

KOJIN4eCTBO 4YacoB 1

Heab: paccMOTpeTh 3alayll Ha BBIUMCICHHE OOBEMOB M IJIOMIAACH T'€OMETPUUYECKUX T, MOKa3aTh
HpaKTI/I‘-IGCKYIO HaHpaBJ'IeHHOCTI) MaTeMaTUuKN

3agava 3aKpenuTh NOJyYECHHbIE 3HAHUS U HABBIKU, HAYUYUTHCSI IPUMEHEHHIO MTOJYYEHHBIX HABBIKOB
Ha IIpaKTUKe

IlepeyeHb cpeacTB , HCNOJb3yeMbIX PU BHINOJHEHUU PA0OTHI MM 000PY/IOBAHME :
TeTpajpb ISl IPAKTHUECKUX PaboT, pyuyka, METOAMYECKHE PEKOMEHAAIMU 1O BBITOIHEHUIO PabOThI,
KaJbKYJISITOP.

BOIIpOCLI AJISA MOBTOPEHUSA, 3AKPECIVICHUA TEOPETUYECCKOI0 MaTepHuaja K IPAKTUYICCKOMY 3aHATH
1. IIpu3ma -3T0 TEN0, OrPaHMYEHHOE MHOTOIPAHHON ITOBEPXHOCTHIO, ABE T'PAaHU
KOTOPOM CyTh N-yrOJILHUKHU, & OCTAJIbHBIE N-ITapajlIeIOrpaMMBbI.
2. [Ipr3ma, OCHOBaHHEM KOTOPOM CIIYXKWT MapajiesiorpaMM, Ha3bIBaeTCs
napajuieIeune oM
3. [TupamMuia — 3TO MHOTOTPaHHUK, Y KOTOPOTO OJIHA I'paHb (OCHOBAaHUE MUPAMUIIBI) —
3TO MPOU3BOJIbHBIA MHOTOYTOJIBHUK, a OCTaJIbHbIE TpaHH (OOKOBbIE IPaHN)
TPEYTOJIILHUKY C OOIIEH BEPIIMHON S, Ha3bIBAEMOM BEPIINHON ITMPAMHU/TBI

napaiesenumnena

4. O0BeM NpsSMOTO TapalIeIeITHITe 1A V=SoenlH

S. O6beM NpsIMOYTOJILHOTO Mapalieienurnena V=abc

6. [Tupamuia — 3T0 MHOTOTPaHHUK, Y KOTOPOTO OJIHA TpaHb (OCHOBaHHME MUPAMUJIbI)

— 3TO MPOU3BOJILHBIN MHOTOYT'OJILHHK, @ OCTaJIbHbIC TpaHu (OOKOBBIE TpaHM),
TPEYroJbHUKH C 00IIEel BEepIINHON S, Ha3bIBAEMOM BEPIIMHON MUpaMuIa



, 1
O06BEM tupamusl V' = ISOCHH
, . 1 —_—
O0béM yceueHHOM mupamubl ¥V = JH (5;+4/5:5, + 5,
7. Teno, moryueHHOE P BPAIICHUH MPSMOYTOJIbHUKA BOKPYT OCH, COJCPIKAIICH ero
CTOPOHY, Ha3bIBACTCS IIWINHAPOM.
O06BeM mumuaapa V=S,.,H= mriH

[Tnomane nuauHApa Seox=2nRH, Spom=21R(R+H)
8. durypa, mosydeHHas P BPAIICHUH IPSMOYTOJIBHOTO TPEYTOIbHUKA BOKPYT OCH
COJIepIKalIleil ero KaTeT, Ha3bIBACTCSI KOHYCOM.
; 1 1
OGbém konyca V =5, H = -mr H

[Tnomanp koHyca Seox=ntR1, Spom=nR(R+1)
9. YacTh KOHYCa, 3aKJIIOUCHHAS MEKIY €r0 OCHOBAHMEM U CEYCHHEM, IUIOCKOCTH  KOTOPOTO
MNEPNCHAUKYJIApHA BBICOTC KOHYCA, HA3BIBACTCA YCCYCHHBIM KOHYCOM.

[Tnomans yceu€HHOro KOHyca Seor=mt(R+1)l
10. Teno, KOTOPOE COCTOUT U3 BCEX TOYEK MPOCTPAHCTBA, HAXOISIINXCS HA PACCTOSIHUU HE
OOJIBILIEM JIAHHOTO, OT JIAHHOW TOYKH HA3BIBAETCS LIIAPOM.

O6béM mapa V = %WE

[Tnomane mapa S=47r2

3aganus VIS NPAKTUYECKOIr0 3aHATHS:
1.  Tpu natyHHBIX KyOa ¢ pedpamu 3cM, 4cM U ScM meperuiaBieHsl B oauH Ky0. Haiitu pedpo
3TOTO Ky0a.
2.  TpeOyercsi yCTaHOBUTH pe3epByap Al BOAbI eMKocThio 10M3 Ha miomianke pasmepom 2,5
Ha 1,75m ciyxaiei 115 Hero AHoM. Halitu BbIcOTy pe3epByapa.
3. JlepeBsHHas miuuTa B (QOpME NPABWIBHOTO BOCBMHUYTOJBHHKA CO CTOPOHOH 3,2cM U
tomuuHoi 0,7 cM umeer maccy 17,3r. Haiftu muioTHoCTh fepeBa.
4. B npsmoil TpeyroiabHOW Npu3Me CTOPOHBI OCHOBaHHWM paBHbI4cM, S5cM u 7cM. BokoBoe
pedpo paBHO OoMbIIEH BEICOTE OCHOBaHMs. HaliTu 00beM nmupamuib.
5. Ilnomanp ocHOBaHUS MPSMOM TPEYroJbHOW paBHa 4cM2, a IUIOMIAAW OOKOBBIX TI'paHei
9cm2, 10cm2, 17cm2. Haiit 06beM NPU3MBIL.
6. OcHoBaHME NHpPaMHUIBl MPSIMOYTOJIBHUK €O CTOpoHamMu 9M u 12M, Bce OOKOBBIE pebpa
paBHbI 12,5M. Haiitu 06beM nupamMusl.
7. Kunkocte HanmuTass B KOHMYECKHH cocyn Beicotod 0,18M u amamerpom
ocHoBa- Huf 0,24 M nepenuBaeTcs B UMIMHAPUYECKUNM COCY[, AUAMETP OCHOBaHUS KO- TOPOIO
0,1Mm. Kak BbICOKO OyZeT CTOSITh YPOBEHB KUJIKOCTH B cocye?
8.  VYceueHHBII KOHYyC, Y KOTOPOTO paJuychl OCHOBaHMHA 4cM M 22cM, M paBHOBENU- KU
LWIMHJIP UMEIOT OJIHY U TY ke BbICOTy. HaliTu paanyc ocHOBaHMS 3TOTO HUJIMHIpA.
10. TpeGyercs mepemnaBuTh B OJMH LIap JABa YYT'YHHBIX IIapa ¢ auamerpamu 25¢M U 35cMm.
Haiitn nuameTp HOBOrO mIapa.
11. 25m menHo#l mpoBojoku umeroT maccy 100,7r. Haiiaure auameTp mpoOBOJIOKH, ecinu
IUIOTHOCTEL Meau 8,924r1/cMm3
12. ap, paguyc kotoporo 41 am, mepecedeH IUIOCKOCThIO Ha PAaCCTOSTHUM 9 IM OT LEHTpa.
Haiinure miomans ceueHusI.
KoHnTpoJibHbIE BOIPOCHI.
Yrto Takoe nmapoBON CErMEHT?
ITo xakoit popmyse BEIYHCISAETCS TUIONIAAb OOKOBOW OBEPXHOCTH C(epHl.
Kaxkue ¢purypsl Ha3pIBalOTCS pAaBHOBETUKUMU?

Yro sBisieTcs 0CEBBIM CEYEHUEM LIMIIMHIpa?

Urto Ha3wiBaeTcs cepoid, mapom?

[Tpu BpamieHnn Kakoi (pUrypsl Mojay4yaeTcs yCeueHHbIH KOHYC?

ook wdE

Cnucok peKoMeHyeMoil JTuTepaTypbl:
1. bammakoB M.M. Maremaruka. YueOuuk. 2019 .



2. bammmaxos M.M. MaremaTuka. 3amauHuk Y4yeOHoe nmocodue. . — M. «Akagemus», 2018

Pa3nen 9. CtaTtucTuka u TeOpusi BepoOsiTHOCTe
Tema 9.1. DiieMeHTHI TEOPUU BEPOSITHOCTEH M MATEMATUYECKON CTATHCTUKH

IpakTnyeckoe 3ansitue Ne24. BolunciieHue BEPOSITHOCTH M0 KJIACCHYECKOMY OMNpeaeIeHHI0
KOJINYeCTBO 4acoB 1

Hesnb: HAYYUTHCS BBIYUCISATH BEPOSATHOCTD OCYIIECTBIICHHUS CIIy4aiiHOTO COOBITUA IO opMyIie
KJIACCUYECKOI'0 OINPEEIEHUsI BEPOATHOCTH

3agaya: 3aKpENUTh MOJTYYCHHbIC 3HAHUS U HABBIKH, HAYYUTHCS IPUMEHEHHUIO TOJTy4YEeHHBIX HABBIKOB Ha
MpaKTUKeE

IlepedyeHb cpeacTB , HCMOJb3yeMbIX PH BbINOJHEHUH PA00THI HJIN 000PYI0BAHHUE :

TeTpagb IS TPAKTUYECKHX paboT, pydka, METOAMYECKHe PEKOMEHIAINH TIO BBIMOTHEHHIO paboTHl,
KaJIbKYJIATOP.

BOl'[pOCLI AJIA MOBTOPECHUS, 3AKPCIVICHUS TEOPETUIECCKOIo MaTepuajia K NPaAaKTHIECKOMY
3AHATHIO

Kaaccuueckoe onpeaejJIcHue BEPOATHOCTH.

Ecau ucxop! onbiTa PABHOB03MOIHCHBL, TO BEPOATHOCTBIO COOBITHS A Ha3bIBACTCS OTHOIIECHHUE YHCIIa
HCxXoao0s, 6Jza20npuﬂmcm6y}0u;ux JaHHOMY CO6I)ITI/IIO, K 9HUCJIy BCEX BO3MOKHBIX UCXO/0B OIIbITA, T.C.

P(4) =§

/1€ M— YKICIIO UCXOJIOB OIBITA, OJIATOMPHUATCTBYIOIIUX COOBITHIO, N— YHUCIIO BCEX BO3MOMXHBIX HCXOJIOB.
CBoiicTBa BepOsAATHOCTEI

1. BeposatHOCTh 11000Tr0 COOBITUSI — €CTh YUCIIO, 3aKII0YCHHOE MEKY HYJIEeM U eIMHULICH,

T.e. 0 = P(A) = 1. BeposATHOCTb HEBO3MOKHOIO COOBITUs paBHa 0, a BEPOSITHOCTH JOCTOBEPHOIO
coObITHS paBHa 1.

2. Ecnu coobitus A u B necosmecmnet, o P(A+B) P(A)+P(B)

3. BepostHocTh M1000r0 cOOBITHSI A B CyMME C BEPOSITHOCTBIO MPOTHUBO- MOJOKHOTO

coowiTust A paBHa exunnie: P(A)+P(B)=1.

Ecnu BepoATHOCTh MHTEPECYIOIIETO HAC COOBITHS A MO0 KaKUM-THOO0 MPUYUHAM BBIYUCIUTE TPYAHO, TO
MOJKHO TIOTIBITAThCS BEIYUCITUTH BEPOSTHOCTH TIPOTHBOIIOJIOXKHOTO COOBITHS, & 3aTEM C IIOMOIILIO
CBOICTBA 3 BBIYUCIUTH HCKOMYIO BEPOSITHOCTh COOBITUS A.

IIpumep Nel

Bbpotiens! n8e urpanbHbie KocTu. HailTh BEpOSITHOCTH CIEAYIONUX COOBITHI:

A — Ha 00eHnX KOCTAX BBINAI0 OJUHAKOBOE YHUCIO OYKOB;

B — cymma yncna oukoB He MeHbIe 11;

C — 9ucIio 0YKOB Ha MEPBOM KOCTH OOJIBINIE, YeM Ha BTOPOIA;

D — cymma 04uKkoB ueTHas;

E — cymma uncna oukoB O0JIbIIE TPEX.

Pemenne. Yncno 04koB, OIaronpusTCTBYIOMIUX KaXKIOMY U3 Ha3BaHHBIX COOBITH, JIETKO MOJICYUTATH,
€CJTM BCE BO3MOXKHBIE UCXO/bI OTIBITA TIEPEUYUCINUTD B BUAC Ta0m. 2.1.1. B kaxk10# KieTKe TaOIuIIbI
nepBasi nudpa yka3zplBaeT YUCIO OYKOB Ha MEPBOM KOCTH, BTOpPasi — Ha BTOPOH KOCTH.

Tabauna 2.1.1

11 [ 12 [ 13 [ 14 ] 15 [ 16
21 [ 22 [ 23 | 24 | 25 | 26
31 [ 32 [ 33 [ 34 35|36
41 | 42 | 43 | 44 | 45 | 46
51 | 52 | 53 | 54 | 55 | 56

61 | 62 | 63 | 64 | 65 | 66 |




Eciu KocTH CHMMETPUYHBI U OJTHOPOHBI, TO BCE MEPSUUCICHHBIE HCXO/IbI OIBITA PABHOBO3MOKHHBI.
& 1
Torma P(A):E == (6marompusTcTBYIOT Micxonbl: 11, 22, 33, 44, 55,

66), P(B):i = l(6J1ar0HpI/I;ITCTBy}0T Tpu ucxoja: 56, 65, 66) HermocpencTBeHHBIN MOACYET YUCTA

6HaFOHpI/I$ITCTBy}OHII/IX I/ICXOZ[OB aacT
18 _ 33 _ 11
PO=2=2P0)=2=1pE)=2=1

1"’ T

Omeem P(/-\)_— P(C)_ P(D:' —JP(E]=ﬁ

Ipumep 2.

Ha 3aBoa npusesnu naptuto u3 1000 nogmmnaukoB. CiydailHO B 3Ty napTuio mnomnajio 30
MOJUINITHUKOB, HE yIOBIETBOPSIIOMINX cTaHnapTy. Onpenenuts BeposTHOCTh P(A) Toro, uTo B3sThIN
HayJa4y HOJIIMITHUK OKa)KETCsl CTaHJapTHBIM.

Pemenue: Yucno cranaapTHeix noqmunaukoB paBHo 1000—30=970. bynem cuuTaTh, 4TO KaxKIbIi
HOIIAITHUK UMEET OMHAKOBYIO BEPOSTHOCTH OBITh BEIOpaHHBIM. Tor/a moyHas rpymmna coObITHi
coctouT u3 N=1000 paBHOBEPOATHBIX UCXOJIOB, U3 KOTOPHIX COOBITHIO A OnaronpusTcTBytor M=970
ucxonoB. [loaromy P(A)=M/N=970/1000=0.97

Ipumep 3.

B ypue 10 mapos: 3 Genbix u 7 uepHbIX. M3 ypHBI BRIHUMAIOT cpa3y JBa mapa. KakoBa BeposSTHOCTb
TOT0, yTO 00a 11apa OKaxKyTcs OenbIMu?

Pemenne: Yucnao N Bcex paBHOBEPOSTHBIX MCXO0/10B UCIBITAHUS PAaBHO YHUCITY CIOCOOOB, KOTOPBIMU
MO>HO U3 10 mapoB BBIHYTH /IBa, T. €. YACIy coueTaHui u3 10 3;1eMeHTOB 110 2:

|
N=C? = —10' =
vo2110-2)!
Yucio 6J'Ial“Ol'IpI/ISITCTBy'IOIHI/IX HCXOOO0B:
= 2 = —3! =
> 21(3-2)!
CJ'IG)IOBaTeJ'II)HO, HCKOMas BEPOATHOCTD!:
3 _ 1
P(A)=—=—
N 45 15

IIpumep 4.

B ypue 2 3eneHnbIX, 7 KpacHbIX, 5 kopuuHeBbIX U 10 Oenbix mapoB. KakoBa BepoSATHOCTD MMOSBICHUS
LIBETHOTO 1mapa’?

Pemenne: Haxoum cOOTBETCTBEHHO BEPOSTHOCTHU MOSIBICHUS 3€JIEHOT0, KPAaCHOTO U KOPUUHEBOTO
I1apOB:

P(zen.)=2/24; P(xp.)=7/24; P(kop.)=5/24. Tak xak paccMaTpuBaeMbie COOBITHS, OUEBH]IHO,
HECOBMECTHBI, TO, IPUMEHSISI aKCUOMY CJIO’KEHUS, HallIeM BEPOSITHOCTh MOSBJIECHUS IIBETHOTO HIapa:

B, B, tP, By = 2 L 5 El

24 24 U 24 12

3agaHus 119 NPAKTHYECKOr0 3aHATHS:

1 Bapunanr.

1. B ssmmke umeercs 15 meraneit, cpeau koTtopbix 10 okpameHHbx. COOPIIMK Hayaady U3BJIEKaeT 3
netanu. HaliTu BEpOSTHOCTB TOTO, UTO U3BJICUEHHBIE AETAIN OKAXKYTCS OKpPAIIEHHBIMH.

2. B uexe pab6orator 10 myxuuH u 5 xeHmuH. [lo TabenbHBIM HOMEpaM HayJ a4y 0OTOOpaHbI 7
yesoBeK. HaliTu BEpOSITHOCTH TOTO, UTO Cpey OTOOPAHHBIX JIMIl OKaXKYTCS 3 )KEHIIMHBI.

3. B ypne 10 6enbix u 5 yepHbix mapoB. CKOIBKUMHE CIIOCOOaMHU MOKHO HayTraJ BEIHYTH 3 11apa,
4TOOBI 2 11apa OKa3aJuCh OEJIBIMHU, a OJIUH YE€PHBIM?

4. Otaen TeXHUYECKOTO KOHTPOJI 0OHapyX il 15 OpakoBaHHBIX JaMIl B MapTUH U3 CIydailHO
otroOpannbix 200 namn. HaiiTu OTHOCUTENBHYIO YaCTOTY MOSBICHUS OpPAaKOBAHHBIX JIAMII.

5. Ilpu ucnplTaHUM APTUU PHOOPOB OTHOCUTEIbHAS YaCTOTA FOJIHBIX MPHOOPOB OKa3aaach PaBHOM
0,8. HaiiTH YKCIO TOIHBIX PHOOPOB, €ciiu Bcero ObU10 mpoBepeHo 250 mpubopos.



2 BapuaHT.

1. B ypue nmeetcs 20 mapoB, cpeau KOTOPBIX 12 kpacHoro mBeTa. M3 ypHBI Haypady W3BJICKAIOT S5 IIapoB.
Haiitu BeposiTHOCTB TOT0, YTO U3BJICUCHHBIE APl HE KPaCHBIE.

2. B maptun u3 15 neraneit mmeercs 3 crannaptHeix. Haymauy orobpansr 4 netanu. HaiiTi BeposITHOCTH TOTO,
YTO Cpea OTOOpaHHBIX AeTalleld POBHO 2 CTaHIAPTHBIX.

3. B rpynne 20 ronomeii u 10 geBymek. CKOIbKUME CIOCO0aMH MOKHO M30paTh TPEX IOHOLICH U IBYX
JEBYIICK JJISl Y4aCTHsI B CJIETE CTYACHTOB?

4. TTo uenu npousseneHo 40 BBICTPENOB, MPUYEM 3apEeTUCTPUPOBaHO 37 monagannid. HailTh oTHOCHTEIBHYIO
YaCTOTY IPOMaxoB.

5. Ilpu “CIIBITAaHWY TAPTUH TEJIEBU30POB OTHOCUTEbHASL YaCTOTa OpaKOBaHHBIX TEIIEBU30POB OKa3ajach PaBHOU
0,15. HaifTH YUCITO KAYECTBEHHBIX TEICBU30POB, €CITH OBLIO IpoBepeHo 400 TeIeBU30POB.

3 BapuaHT.

1. B smuke 100 neraneii, u3 Hux 18 OpakoBanubix. Haynauy usBneuens4 netanu. HaliTi BEposSTHOCTB TOTO,
YTO CPeI M3BJICUEHHBIX JeTajeil HeT OpaKOBaHHBIX.

2. Ha cxirame mmeeTcst 25 KHHECKOIIOB, IprdeM 15 13 HUX H3roTOBICHR MUHCKHM 3aBoaoM. Haiitu
BEPOSITHOCTB TOTO, YTO CPEIH B3SITHIX HAayJlauy KHHECKOIIOB OKaXKyTcsl 4 KuHeckoma MHHCKOTO 3aBOJIa.

3. B ypue 10 Genbix u 5 uepHbIX mapoB. CKOIEKHMHA CIOCO0aMU MOXKHO HayTaJl BRIHYTH 3 mapa, 4T00bI OANH
ap okaszaycs OeIbIMU, a JBa YEPHBIM?

4. Ilo uenu npousseneHo 30 BEICTPENIOB, MIPUYEM 3apETUCTPUPOBAHO 28 monagaHuii. HaliTh 0THOCHTEIBHYIO
YacTOTY IMOMNAIaHUI B UETb.

5. Ilpu mpoBepKe KadecTBa IEKTPUIECKUX JIAMITIOYEK 0Ka3aJoCh, YTO OTHOCUTEIbHAS 4aCTOTa OpaKOBaHHBIX
namrnodek paBHa 0,2. HaiiTh 4mcI0 Ka4eCTBEHHBIX AJICKTPUUECKUX JIAMITIOYEK, €CIIH BCEro ObLIo nmposepeHo 600
JIaMIIOYeK.

KouTpoabHble Bonpochl

Kakoe coOpITHE HAa3BIBalOT JOCTOBEPHBIM?

Kakoe coOpiTHE HA3BIBaIOT HEBO3MOKHBIM?

JaiiTe onpeneneHre MPOTUBOIIOIOKHBIX COOBITHH.

ChopmynupyiiTe KI1acCHIecKoe ONpeIelIeHHe BEPOSTHOCTH.

YeMy paBHA BEPOSATHOCTh JIOCTOBEPHOT'O COOBITHS?

YeMy paBHA BEPOSATHOCTh HEBO3MOYKHOI'O COOBITHS?

Kakum HepaBeHCTBaM yIOBIIETBOPSET BEPOSTHOCTH JIFOOOTO COOBITHS?

UTto HA3BIBACTCS OTHOCUTEIHHOM YACTOTON COOBITHS?

CONo T~ wWN

CnuCcoOK peKOMeH/yeMoii JIUTEPaTypPhbl:
1. BammMakos M.M. Maremaruka. Yueonuk. 2019 .
2. bammmaxos M.U. MaremaTtuka. 3agadauk YuyeOHoe nmocooue. . — M. «Axamgemus», 2018

IMpakTuyeckoe 3anaTue Ne25. PemieHue 3a1a4 HA NOBTOPHbIE HCTIBLITAHUSA

KOJIMY€eCTBO 4acoB 1

Ienb: 3aKPENUTh YMEHHS BBIUUCIISATD BEPOSTHOCTH COOBITHH, peliasi MpUKIaaHbIe 3a/1auu

3agaya: 3aKpenuTh NOTyYEHHbIC 3HAHUS U HABBIKH, HAYYUTHCS MPUMEHEHHUIO MOy4YEHHBIX HABBIKOB
Ha IIpaKTUKe

IlepeyeHb cpeACTB , HCIOJIb3yeMbIX IIPH BBINIOJHEHUH PadOThI HJIM 000PY10BAHME :
TeTpajb JUIsl IPaKTHUECKUX paldoT, pyuka, METOAMYECKHE PEKOMEHAAIMU MO BBIOJHEHUIO paboThl,
KAJIIbKYJIATOD.

Bonpocs! /151 NOBTOpPeHNs, 3aKPeNJIeHUs] TEOPEeTHYECKOr0 MaTepHAaJIa K NPAKTHYEeCKOMY
3aHATHIO

Teopus BeposiTHOCTEN UMEET JIEJI0 C TAKUMH SKCIIEPUMEHTAMH, KOTOPbIE MOKHO MOBTOPSITH (IO
KpaifHell Mepe TeOpeTHYECKH ) HeOrpaHUUEHHOE Ynciio pa3. [IycTh HEKOTOPBIH SKCIEPUMEHT
MOBTOPSIETCS N pa3, MpUYEM Pe3yIbTaThl KaXk/J10r0 NOBTOPEHUS HE 3aBUCST OT UCXOJI0B MPEIAbIIYIINX
NOBTOpeHMH. Takne cepun NOBTOPEHUM HA3bIBAIOT HE3aBUCHMBIMH MCTIBITAHUSMU. YaCcTHBIM CIydaem
TaKUX UCHBITAaHUM SIBISIOTCS He3agucumple ucnvimanus bepuynnu, KoTopble XapaKTepU3yl0TCs
JBYMsl YCIIOBUSIMHU:

1) pe3ynpTaToOM Ka)kJJ0r0 UCTIBITAHUS SABJISIETCS OJUH U3 ABYX BO3MOXKHBIX HCXO0B, Ha3bIBAEMbIX
COOTBETCTBEHHO «YCIEXOM» WUJIH «HEYyIAadei».



2) BEpOATHOCTb «yCIIEXa», B KaXJOM MOCIEAYIOLIEM UCIIBITAHUU HE 3aBUCUT OT PE3YyJIbTaTOB
MPEBIAYIINX UCTIBITAHUN U OCTAETCA MOCTOSHHOM.
Cxemy ucnpiTaHui bepHyIIM Ha3bIBAIOT TaK)Ke OMHOMHUATBHOM CXEMOM, a COOTBETCTBYIOIIHE
BEPOATHOCTH — OMHOMHAJIbHBIMH, YTO CBSA3aHO C HCIIOJIb30BAaHUEM OMHOMHUATIBHBIX
ko3 dunuenrosl,” .
Teopema bepuyain
Ecnu nmpousBoauTcs cepusi 13 HE3aBUCUMBIX HCTBITaHUI bepHyIn, B KaXKI0M U3 KOTOPBIX «YCIIEX»
HOSIBJISIETCS C BEPOSATHOCTHIO , TO BEPOSITHOCTD TOT'O, UTO «YCIIEX» B UCIBITAHUSAX MOSBUTCS
POBHO pa3, BbIpaxkaeTcsi POpPMYJIION:
Po(k) = C - p*- q"7F
rae § = 1 — p — BEpOSITHOCTD «HEyAaYn».
C¥ —4ucno coueTaHuii 1eMEHTOB 10  (CM. OCHOBHBIE (POPMYIIbI KOMOMHATOPHKH)
Ota popmyia Ha3bIBaeTCs ghopmynoii bepuynnu.
®opmyna bepHyiiu no3BosiseT 130aBUTHCS OT OOIBIIOTO YKCIIa BHIYUCICHUN — CII0KEHUS U
YMHO>KEHUS BEPOSATHOCTEH - IPU JOCTATOYHO OOIBIIOM KOJMYECTBE HCIIBITAHUI.
Ecnu yncno ucnbeITanuii N BEIUKO, TO MOJIB3YIOTCS:
. JOKaJIbHOU Gopmyioit Myaspa - Jlamnaca
. UHTErpasbHON Gopmynoit Myaspa - Jlaniaca
. dopmyioii Ilyaccona
IMPUMEPBI PEIIIEHUSA 3AJAY
IMPUMEP 1
BcexokecTh ceMsiH HeKoToporo pacteHus cocrasiseT 70%. Kakosa BeposiTHOCT TOTO, 4TO U3 10
MOCESTHHBIX CeMsIH B3OMIYT: 8, MO KpaiiHeil mepe §; He meHee 87
PEHIEHUE
Bocnonesyemcs popmynoit bepaymmm:
P (k) =Cy-p*-(1—p)"7"
B namewm ciayyae n=10; p=0,7.
[Tycth coObrTrie A — u3 10 ceMsiH B30HIyT 8:
! :

P(A)=P,,(8)=C{,-07%-03% = 20 0.7%-0.3% = 219, 0.7% - 0.3* = 0.2335

al- 21 2
[Tycth coObrTHE B — B30MimeT o kpaitneit mepe 8 (310 3Hauut 8§, 9 win 10)
P(B) = P,p(8) + P,,(9) + P{g = 02335+ €}, -0.7°- 0.3+ {5 - 0.71% - 0.3% =
[TycTth coObITHE — B30MIET HE MeHee 8 (3T0 3Ha4yuT 8,9 wim 10)
pP(c)= P(B) = 0.3828
Otset: P(A)=0.2335; P(B)=0.3828; P(C)=0.3828
MMPUMEP 2
B pe3ynbrate o6cienoBanus ObUIM BBIJICIEHBI CEMbU, UMEIOIIHE 0 YeThIpe pebeHka. Cunras
BEPOSATHOCTH IOSBJICHUS MAJIbUMKA U JIEBOUKH B CEMbE PaBHBIMU, ONIPEAETUTH BEPOSATHOCTU
NOSIBJICHUS B HEH:
a) OJJHOT'O MaJIbUMKa;
0) ABYX MaJIbYMKOB.
PEHIEHUE

BCpO}ITHOCTB IOsIBJICHU S MaJIbUYMKA UJIM JCBOYKH paBHAP = 7 . BepOSITHOCTL IOABJICHHA MaJIbYMWKa B

"
r

[

CeMbe, IMEIOIIEH YeThIpeX JIeTel, HaxoauTcs 1o ¢popmyiie beprysum:
— kK k n—k
B n (k) — Cn P q

B namewm ciyyae:
1\ o1y 1\ o1y
— 1.0 A — - — - — =
P(1) =G (2) (2) * (2) (2) 0.25

0) BeposAsTHOCTD MOSIBIIEHUS B CEMbE IBYX MaJIbUUKOB:
4

P =G (%)2 ' (%)2 B 2!4-!2! ' (%)4 - ¥' (%) = 0375



https://100task.ru/sample/116.aspx
https://100task.ru/sample/114.aspx
https://100task.ru/sample/66.aspx
https://100task.ru/sample/67.aspx
https://100task.ru/sample/65.aspx

Ortser: a) p=0,25; 6)p=0,375.

ITPUMEP 3

JIBa paBHOCHJIBHBIX POTUBHUKA UIPAIOT B MIaXMaThl. UTO BeposTHEE a) BBIUTPATh OJHY HApTHUIO U3
JIBYX WIH JIB€ IApTUU U3 YeTbIpeX? O) BBIUIPATh HE MEHEE JABYX NapTU U3 YETHIPEX WM HE MEHEE
TpeX napTuid u3 natu? Huupy BO BHUMAaHNUE HE IPUHUMAIOTCSL.

PEINIEHUE

1
I/IIpaIOT PAaBHOCHIIBHBIC IIIAXMATHUCTHI, IOOTOMY BCPOSATHOCTh BBIMIPhIIIA P=7, CICAOBATCIbHO

1
BEPOATHOCTD IIPOUTPHIIIA TOXKEC paBHA . Taxk xak Bo Bcex MMapTuAX BEPOATHOCTDb BbIMI'PhIIIA ITIOCTOAHHA

u 0e3pa3nnyHo, B KAKOH MOCJIE0BaTEILHOCTH OyIyT BRIMTPAaHbl HAPTHH, TO IPUMEHHMa (hopMyia
bepnynnu:

P (k) = Cy-p*-q" 7"

a) BeposiTHOCTB BhIMIpaTh 1 mapTuio U3 AByX:

P,(1) =C}-05'-05'=2-0.5-0.5 =05

BeposTHOCTB BRIMTpATh 2 MAPTHH U3 YETHIPEX:
]

3-4
P,(2) = CZ-052.0.52 = $0.57 0.5 = ——-0.5% - 0.5* = 0.375

2121
BeposiTHee BbIUrpaTh OJJHY NApTUIO U3 2-X.

0) BeposiTHOCTB BRIMIpaTh HE MEHEE 2-X NapTui u3 4:
P=P(2) +P,(3)+P(4) =C;-05%-05%+C;-05%-05+Cf-05*-05° =

3-4
27-0.544— 4-0.5*+1-0.5* =0.6875

BeposiTHOCTB BBIMTpaTh HE MEHee 3-X mapTuii u3 5:
P=P.(3)+P;(4) + Ps(5) = C2-05%-0.5%2+C%-05*- 05+ C2-0.5°-05° =
4.5

7-0.55+5-0.55+1-0.55:0.5

BeposTHee BbIMrpaTh HE MEHee 2-X MapTU U3 4.
OrtBert: a) BeposiTHee BbIUTpaTh OJHY NapTUIo U3 2-X; 0) BeposiTHee BoIMTpaTh HE MEHEE 2-X MapTUil
us3 4.

3anaHus AJ151 MPAKTUYECKOIr0 3aHATHSA:

3AJAYA 1

BcexoxkecTs ceMsiH JaHHOTO copTa UMeeT BepoATHOCTD ().7. OLIeHUTh BEPOATHOCTh TOTO, YTO U3 9
CEMsIH B30MIET HE MEHee 4 CEMsIH.

3ATAYA 2

Haiit BEpOSTHOCTB TOTO, UTO B N HE3aBUCHUMBIX HCTIBITAHUIX COOBITHE A TIOSIBUTCS pOBHO k pa3, 3Has,
YTO B KaX/JI0M UCTIBITAHUHN BEPOSTHOCTD MOSIBICHUS COOBITHSI paBHA P.

3AIAYA 3

a) HaiiTu BeposTHOCTH TOTO, YTO COOBITHE A TIOSIBUTCS HE MEHEE TPEX pa3 B YETHIPEX HE3aBUCHUMBIX
WCIIBITAaHUSX, €CITH BEPOSITHOCTH MOSBJICHHS COOBITHS A B 0THOM HctibITaHuu paBHa 0,4. 0) coObiTne B
MOSIBUTCS B CITy4yae, €CIIM COOBITHE A HACTYNHT HEe MEHee YeThIpeX pa3. HailTu BeposaTHOCTD
HACTyTUICHHsI COOBITHS B, ecii OyeT Mpon3BeIeHO MATh He3aBUCUMBIX HCTIBITAHUN, B KOXKJIOM U3
KOTOPBIX BEPOSTHOCTD MOsIBICHUS coObITHS A paBHa 0,8.

3AIAYA 4

B pannu yyactByeT 10 0THOTUIIHBIX MallIMH. BeposTHOCTH BbIXOAA U3 CTPOs 3a MEPUOJ COPEBHOBAHUM
Kaxxmoii u3 aux 1/20.

Haiitu BeposTHOCTH TOTO, YTO K (PUHUIITY IPUIIYT HE MEHEE § MAIlIKH.

KonTpoJsbHbIe Bonpockl
1.Y10 Takoe «IIOBTOPHBIE HE3aBUCUMBIE UCTIBITAHUS»?
2. Hanumre ¢popmyny beprymnu.



3. Uto Takoe OMHOMUHAIILHOE pacupeseeHme?
4. B xakux cliygasix MOXHO HCIIOJIb30BaTh NMpuOImkenus popmynsl beprymm?

CnucoK peKoMeHyeMoil JTuTepaTypbl:
1. bammakos M. . Maremaruka. Yueouuk. 2019 .
2. bammaxos M.M. MartemaTuka. 3agaddauk YuyeOHoe nmocooue. . — M. «Akanemus», 2018

IpakTnyeckoe 3ansitue Ne26. [IpeacraBiieHue 1aHHBIX B BUAe TAa0JIuUIl, JUarpamMm, rpagpuxkon
KOJINYeCTBO 4acoB 1

Heab: M3yunTh TEXHOJIOTUIO TOCTPOEHUS I'paMKOB U AUArpaMM Ha OCHOBE TaOJMYHBIX  JAHHBIX.
Hayunrtes ctpouts pa3nuyuHblie THITBI 1uarpamMm U rpagukoB.OcBoUTh MprueMbl popMaTHPOBaHUS U
penaKTUPOBaHUS TPapUKOB U TUATPAMM.

33}13‘13: 3aKpPCIUTDh ITOJTYUCHHBIC 3HAHHA U HABBIKHW, HAYYUTHCA MPUMCHCHUIO MTOJYUYCHHBIX HABBIKOB
HA MPaKTHUKE

IlepeyeHb cpeacTB , HCMOJIb3yeMbIX TP BbINOJIHEHUU PadOThI WU 000Py/0BaHNE :

TETpaab JUIS NPAKTUYECKHX paboOT, pydka, METOAMYECKHE PEKOMEHIAIMHM I10 BBIMOJHCHHUIO Pa0OTHI,
KaJIBKYJLATOP.

Bonpocs! 1151 NIOBTOPEHNS, 3aKPEIVICHUsS] TEOPETHYECKOI0 MAaTEPHAJIA K IPAKTHYECKOMY
3aHATHIO
Teopus BeposTHOCTEN 3aHUMAETCS U3yUYEHUEM MATEMAaTUYECKUX MOJEIIEHN CllydalHbIX sBIeHUN. VMes
MOJXOIAIIYI0 MaTEMAaTHUECKYIO MOJIETb KAKOTr0-1100 CIIy4yailHOro SIBJIEHUS, Mbl MOYKEM PacCUUTHIBATh
BEPOSTHOCTH TEX WJIM MHBIX COOBITUH U IO 3TUM BEPOSITHOCTSAM, MBI MOXKEM, IOJIb3YSCh
CTaTUCTUYECKON YCTOMYMBOCTBIO YACTOT, MPECKA3bIBaTh YACTOTHI 3TUX COOBITUH. Eciun
BEPOSTHOCTHAsA MOJIEJIb BbIOpaHa MpaBUIIbHO, TO TaKHE NpecKa3aHusl OyAyT BBIIOIHATHCS CO
CIIy4aiiHBIMHU OLIMOKaMH, KOTOpPbIE TAK)KE€ MOYKHO PAaCCUMTHIBATh B paMKax BbIOPaHHOMN MOJEIIH.
MaremaTu4eckasi CTaTHCTHMKA — HAayKa O MarTeMaTMYECKMX METOJaxX aHaJiu3a CTaTHUCTUYECKUX
JAHHBIX, TOJIYYEHHBIX IPU TPOBEIECHWU MAacCOBBIX HaOmoneHWH. MaremaTHdeckas CTaTUCTHKA
BBIJICJIAETCSI U3 TEOPUU BEPOSATHOCTEM B CaMOCTOATENbHYIO 00JacTh, XOTS OCHOBHBIE METOIbI M
NpUEMBI PACcCYKJIEHUHN B HEH OCTAIOTCSI TEMM k€ caMbIMU. [IpuunHOI 3TOTO ABNIsSETCS CrIEU (PUUHOCTD
3aJa4 MaTeMaTUYeCKON CTaTHCTUKH, SBISIOIINXCS, B U3BECTHOM Mepe, 0OpaTHBIMU K 3a/ladaM TEOpUHU
BEPOSITHOCTEH.
3ajaua  MaTeMaTHYeCKOM CTAaTUCTMKM COCTOMT B CO3JaHMUM MeETOJOB cOopa U 00paboTKH
CTaTMUCTUYECKUX JAHHBIX JJIS MOJYYEHHs] HAyYHBIX U MPAKTUYHBIX BbIBOJOB. OTMETUM JBa OCHOBHBIX
METO/la aHaJlM3a CTATUCTHUYECKUX JAaHHBIX: 1) OlleHKa HEM3BECTHOM BEPOSTHOCTH COOBITHS; OIIEHKa
HEU3BECTHOM (YHKIMM paclpeieneHus; OLEHKAa [apaMeTpoB pacHpelesieHus, BHUJ KOTOPOTo
HEM3BECTEH. 2) NpOBEpKa CTATUCTHUUECKUX TUMOTE3 O BMJE HEU3BECTHOI'O pACHpeAeTeHUs WIH O
BEJIMYMHE NIaPAMETPOB PaCIpeeNIeHUs, BUJI KOTOPOI'O U3BECTEH.
OcHoBHas 3ajaya MaTEMaTHUYECKON CTATUCTHKU 3aKIOYAaeTCs B IOJYYEHHHM BBIBOJOB O MAaCCOBBIX
ABJIGHUSAX 1O JaHHBIM HAONIOACHMH HAJl HUMHU U SKCIEPUMEHTOB. DTHU CTATUCTHYECKHE BBIBObI
IPECTaBISAIOT cO00M yTBepkKIeHHsT 00 OOIIMX XapaKTepUCTHUKAX ATHX SBJIECHUH (BEPOSTHOCTSX,
3aKOHAaxX pacIpelielieHHs] U UX MapaMeTpax, MaTeMaTUYeCKUX OXHJIaHUAX, nucnepcusx u 1.1.). Lean
MaTeMaTH4YeCKOi CTATHCTHUKHU — OLICHUTh XapaKTEPUCTUKHU T'€HEPAILHON COBOKYITHOCTH IO KAKUM-TO
BbIOOPOYHBIM JaHHBIM. CBOMCTBA reHEepaTbHOM COBOKYIHOCTH, OOBIYHO, HEM3BECTHBI M BCE BBHIBOJBI O
reHepaIbHONH COBOKYITHOCTH JIENAI0TCS UCKIIIOUUTEIHHO 0 BEIOOPKE.
JTanbl CTATHCTHYECKOT0 MCCICAOBAHUSA:

-cOop nHpopMmau
-0000111eHNEe U CUCTeMAaTU3alHs
-COCTaBJIEHHUE TAOIHUI]

CraTucruyeckasi uHGopmManus MoKeT ObITH NPeACTABJIEHA B Pa3JIuYHbIX (hopMax:
- IPOCTOU CTaTUCTUYECKUU P
-BapHAIIMOHHBIN (YIIOPSAI0UEHHBIN) Pl
-TabIuIa yacToT
-TabJIMIa OTHOCUTEIbHBIX YaCTOT



-UHTEPBAJIbHBIN P
-rpaduueckas Gpopma
HarusaHoe npeacraB/jieHue uHGopManuu.
-crosi0yaras guarpamma
-KpyroBas quarpamma
-IIOJIUTOH
-TUCTOrPaMMa.
IIpenmymiecTBO NpeacTaBICHUs CTATUCTUYECKUX JAHHBIX B BU/Ie Ta0JML, AHATPaMM U
rpa¢ukos.
1.I'pacduku npousBoaAT 6ojee CUIbLHOE BIIeYATIICHUE, YeM U PHI.
2.1103BOJISIET JTyUIlle OCMBICIUTD PE3YJIBTAThl CTATUCTUUECKOTO HAOII0ICHUS.
3.IloMoraroT npaBUIbHO UCTOJIKOBATh PE3YNIbTAThl CTATUCTUYECKOIO aHAIU3A.
4. 3HaYNTEIHHO 00JIEryaroT MOHMMAaHUE CTATHCTUYECKOTO MaTepHuaia.
5.[lenaroT ero HarJIAAHBIM U AOCTYIIHBIM.
3amaua.
Y 50 paGouux ropoJCKOro MpeaAnpusTHs MOMPOCHIIN OLEHUTH BpeMs, KOTOPOE OHH B CPETHEM TPATAT
Ha Tpoe3a oT Joma 110 padoThl. [loayuuiaucek clieayroniye J1aHHble B MUHYTax (C TOYHOCTHIO 110 10

20 100 20 30 40 50 30 80 90 40
30 50 20 50 30 30 50 60 60 50
30 40 60 50 100 60 90 10 20 50
90 80 20 40 50 10 50 40 30 40
60 120 30 40 60 20 60 10 50 60

Pemenue:

Bbi6opka — 370 TO, yTO BBIOpaANIU

OO0mmii psaa JaHHBIX_- 3TO PAJ BCEX 3HAUCHHN H3MEPEHMS, 3aKIIOUEHHBIX B IPOMEKYTKE OT

HAMMEHBIIIETO BO3MOXKHOT'O IO HAHOOIBIIEr0 BO3MOKHOTO 3HAYCHUH.

Psn panneix: 10,20,30,40,50,60,70,80,90,100,110,120.

Psin naHHBIX M3MEpPeHHUs - 3TO P/l U3 BCEX €0 BapUaHT.

BapuanTa u3MepeHus - 3TO OJIUH U3 PE3YyIbTATOB TOTO, YTO BHIOpAIIH.

20 100 20 30 40 50 30 80 90 40

30 50 20 50 30 30 50 60 60 50

30 40 60 50 100 60 90 10 20 50

90 80 20 40 50 10 50 40 30 40

60 120 30 40 60 20 60 10 50 60
Psin nannbix m3mepenust 10,20,30,40,50,60,80,90,100,120.

I'pynnupoBka 1aHHBIX H3MEpPeHUs
KpaTHOoCThI0O BapHaHTBHI HM3MepeHHMsl Ha3bIBaeTCs 4WCIO K, KOTOpoe NOKa3bIBaeT, CKOJBKO pa3
BCTPETUJIACh BapUaHTa CPEJIN BCEX JaHHBIX.

2 100 2 3 4 5 3 8 9 4
3 5 2 5 3 3 5 6 6 5
3 4 6 5 106 9 1 2 5
9 8 2 4 5 1 5 4 3 4
6 12 3 4 6 2 6 1 5 6

3anumem oomwmit psin nanusix: 1,2,3,4,5,6,7,8,9,10,11,12.
CrpynnupoBaHHbBIN Psifl TaHHBIX.
1,1,2,...,2,3,...,3,4,...4,5,...,5,6,...,6,8,8,8,9,9,10,10,12

2)TabauuHoe npeacTaBjieHue HHGpopManuu.
Tabmu1 pactipeneneHus JTaHHBIX



BapMaHTa

2 3 5 6 10 | 12

cymma

KpPaTHOCTb

6 8 10 | 8

50

(011385 H3MEPEHUSA - CyMMa BCEX KpaTHOCTCﬁ HJIW KOJIMYECTBO BCEX JAHHBIX U3MCPCHUA.

YacToTra BapMaHThI H3MepPeHHSs.

YacToToi BapUAHTBI_HA3BIBACTCS OTHOIIEHUE €€ KPAaTHOCTU K 00BEMY H3MEPEHUSI.

Tabnuua pacupeaeneHus 4acToT U3MEPEHUs

BapuaHTa 1 2 3 4 5 6 8 9 10 12 | cymma
KpaTHOCTb 3 6 8 7 10 8 3 2 2 1 50
Hacrora 0,06 | 0,12 | 0,16 | 0,14 | 0,2 | 0,16 | 0,06 | 0,04 | 0,04 | 0,02| 1
BapuaHThbI
yactoTa, % 6 12 16 14 2 16 6 4 4 2 100
3) 'paduueckoe npeacraBjieHue HHPOPMALUU.
Bapvarma (o |, | 5 1 3 | 4 | 5| 6 | 8 | 9| 10| 12
ocu OX)
KpaTHOCTb (no
ocn OY) 3 6 8 7 10 8 3 2 2 1
Kpamuocme 1,:,‘_‘."(
sapuanme: g
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71 :
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44 ro o
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21 1o b i
L S i I
P S S S S S S S
O 1 2 3 45 87 8 9101112 DBapumima
[Tonuron (MHOTOYTOJIBHHK) pacIpeIe/ICHHs] JAaHHBIX
[MoMroH 4acToT B MPOIEHTAX
BapuakTa (Mo | 4 | 5 | 3 | 4 |5 |6 | 8|9 |10]12
ocu OX)
yactoTa, %( no
6 12 | 16 | 14 2 16 6 4 4 2
ocu QY)
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PaccMoTpuM MOJIUToH pacnpeeneHns 4acToT
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SAPUAHIEL |5

3 e
9

e =

P e
P '

X

e
W12345678010m12 >Pusma

Pazmaxom HU3MEPECHUA_HA3bIBACTCA PA3HOCTb MCKAY MaKCHMaJIbHOM 1 MUHUMAaJIbHOM BapruaHTaMU.

Pazmax 12xaec.-1aec.=11nec (110 mun)

MO)IOﬁ H3MEPECHUA_HA3bIBACTCA BapUaHTa, KOTOpasa B USMCPCHHUU BCTPCTHUIIACH YalllC.

Mopa 50 muH.

Me)maﬂoﬁ H3MEPCHUS_HA3bIBACTCA BapuaHTa, KOTOpasd CTOUT B PAAY AAHHBIX, PACIOJOXCHHBIX I10
BO3paCTaHHUIO, B CCPCAMHC, CCJIIM KOJIMYCCTBO BapHAHT HeuéTHOo. B clIydae YETHOCTH KOJHUYECTBA

BapHaHT Me/laHa paBHa CpeIHEMY apU(PMETUUECKOMY JBYX CPEIHUX BapUAHT PsAJa JaHHBIX.

Menuana (5+6):2=5,5
4) YucaoBble XapaKTePUCTUKH JAHHBIX U3MeEPEeHUs.

Cpennum 3HaYeHHEM JaHHBIX_Ha3bIBACTCS UX CpPeIHEe apu(PMETHUECKOE.
Tabnuna pacnpeeeHus JaHHBIX

BapuaHTa 1 2 3 4 5 6 8 9 10 12 cymma
KpaTHOCTb 3 6 8 7 10 8 3 2 2 1 50
I[J'ISI HaAXO0XIACHUA CpeI[Hel"O 3HA4YCHUA HY)KHOI
1)mpocyMMHpOBATh BCe TaHHBIC H3MEPEHHSI,
2)[OJIy4€HHYIO0 CYMMY pa3/IeUTh Ha KOJIMYECTBO JaHHBIX.
(1-:3+2:6+3-8+4:7+5:10+6:8+8-2+9:3+10-2+12:1):50=4,8
48 MuH
Tabnuia pactpeaencHus 9acTOT U3MEPEHUS
BapuaHTa 1 2 3 4 5 6 8 9 10 12 cymma
Hacrora 0,06 | 0,12 | 0,16 | 0,14 | 0,2 | 0,16 | 0,06 | 0,04 | 0,04 | 0,02 | 1

BapMaHTbl

JI1s1 HaXOXKIEHUS CPEIHEr0 3HAYCHUS MOYKHO:
1 )kax1yr0 BapuaHTy YMHOXHUTh Ha €€ 4acToTy;
2)CHOXKUTH BCE MOIYYECHHBIE IPOU3BEICHMUS.

1-0,06+2-0,1243-0,16+4-0,14+5-0,2+6-0,16+8-0,04+9-0,06+10-0,04+12-0,02=4,8

33}13HI/IH AJIS MPAKTHYECKOro 3aHATUSA:

3aganue 1.

B Tabnuue npencrasieH 00beM SKCIOPTa €CTECTBEHHOTO Ta3a u3 Poccuu B HEKOTOpPhIE CTPaHbl MUpa B
2001 r.

Crpansl Okcnopt raza u3 Poccun | Ctpansl DKcnoprt rasza u3

B 2001 1., Mmapa. ky0. M Poccuu B 2001 1.,
MIIpA. KyO. M




JlutBa 2,68 [IBeitnapus 0,34
JlatBus 1,46 Typuus 11,12
DcToHus 0,82 OuHIIHIUA 4,64
ABcTpus 491 Opannms 11,15
Bonrapus 3.32 Yexus 7,46
Benrpus 8,10 CioBakus 7,52
Hranus 20,20 IOrocinaBus 1,57
I'epmanms 32,60 Hunepmanbr 0,13
ITomnbmra 7,51 ['peniust 1,52
Pymbinus 2,88

[To maHHBIM TAOIUIIBI YKAXKHUTE:

a) HauboJee KpyMHBIX oTpeduTenei poccuiickoro rasza (6oxee 10 mapa. ky0. m);

0) rocynapcrsa, kotopbie B 2001 r. monyuunu meHee 1 mipa. Ky0. M.;

B) 001mmii 00beM raza, skcrnoptupoBanHoro B 2001 r. B ykazaHHbIE CTpPaHBbI.

3apanmue 2.

Yuactauku UHTEpHET - PopyMa ykazaiu ropoja, TJie OHU MpoxuBaroT. [loayumncs ciaenyromnmii
CITHCOK:

MockBa, Cmonenck, Mocksa, Mocksa, C.-IlerepOypr, Yensounck, Hazpans, MockBa, Hopuibck,
VYda, Mocksa, Bonrorpan, C.-IletepOypr, Horunck, Mocka, Mocksa, Yensounck, Mocksa, C.-
[TetepOypr, C.-IletepOypr, Mocksa, Yensounck, Imurpos, Mocksa, xesck, Mypmanck, Bonrorpan,
Mockga, Spocnasis.

CocraBbTe TaONHIly MOJCUETa U TaOIHILy pacipeielIeHHs] y9aCTHUKOB (hopyma 1o TopoJam.
3apanmue 3.

B Tabnuiie coOpaHbl TaHHBIE O NaTbHOCTH NEPeIETOB HEKOTOPBIX JIETAIOIINX KHUBOTHBIX.

’KuBoTHOoE Paccrostnue, km [TocTpotite cTOIOUKOBYIO

JarpamMMy IO 3TUM JTaHHBIM.
Kommbpu 800
Jlery4ast MbIIIb 1100
[Tepenernas capan4a 2200
Bypokpsinas pkaHka 3300
AMepuKaHCKas pyKaHKa 5500
3amanue 4.

Ta6auna 2. Kak 9acTo nmikoJbHUKH 7-9 KJIACCOB MOKYIAIOT MOKOJIAN?

PerynspHOCTh MOKYIIKH MockBa Kazanp ExarepunOypr Kpacnosipck

Pexe pa3za B Henento 15% 8% 35% 28%




Pa3 B Henenro 32% 28% 21% 19%

JlBa pa3a B Henem0 22% 32% 23% 33%

[To-npyromy 31% 32% 21% 20%

Hocmpoiime kpyzoewvie ouazpammut no oannvim Taonuywv 2 ona Kazanu u Examepunoypza.

KouTtpoJsbHbie Bonpochl

1. [TopsaoK MOCTPOCHUS AUATPAMMBEI.

2. Kak u3MeHuTh mapaMeTpbl yXKe IOCTPOECHHON AuarpamMmbl?
3. Kakue neicTBusi MOYKHO BBITIOJHUTD C IMAarpaMMoOit?

CnucoK peKOMeH/1yeMoii JIUTePaTypPbl:
1. bammmakos M. . Maremaruka. Yueouuk. 2019 .
2. bammmaxos M.U. MaremaTuka. 3agadauk Y4ueOHoe nmocooue. . — M. «Axagemus», 2018

Pa3nes 10. YpaBHeHus U HepaBeHCTBA
Tema 10.1. YpaBHeHNsI 1 HEPABEHCTBA

IIpakTuyeckoe 3ansiTue Ne27. PemieHne ypaBHeHUiIl MeTOI0OM PA3JI0KEHUS HA MHOKUTEIH
KOJINYeCTBO 4acoB 1
Henp: 3akperyieHWEe 3HAaHUW M YMEHMHM pAacKIa[blBaThb MHOIOWIEH MHOMKUTENIH, HCIOJNb3Yys BCE
M3BECTHBIE YUALUMUCS CIOCOObI IPU PELICHUH YpaBHEHUH ( B TOM YHCJIE YPAaBHEHUH C MOJyJIEM)
3agaya: 3aKpenuTh NOJYyYCHHBIC 3HAHUS U HAaBBIKHM, HAYYUTHCS IIPUMEHEHUIO NIOJyYEHHBIX HABBIKOB
Ha MPaKTHUKE
ITepedennb cpeacTB , HCMOIB3YyeMbIX NPH BBINMOJTHEHHH Pa0d0THI WM 000pPyAOBaHME :
TeTpadb I MPAKTHYCCKUX pa60T, PYyUKa, MCTOAUYCCKUC PCEKOMCHAAIMU II0 BBIIIOJIHCHHUIO paGOTBI,
KaJIBKYJISATOP.
Bonpocs! /151 NOBTOpPeHNs, 3aKPeNJIeHUs] TeOPeTHYeCKOro MaTepuaJia K NPaKTHYeCKOMY
3aHATHIO
Pa3noxuth MHOTOUIEH HA MHOXKUTEIHM 3HAUYUT IIPEJCTaBUTh €0 B BHJI€ IPOU3BEIEHUs O0JIee MPOCThIX
MHOT'OYJICHOB.
CyuiecTByeT HeCKOJIbKO CIIOCO00B PA3JI0OKEeHMS
1.BeiHecenne o011ero MHOKHUTENS 32 CKOOKH
2.Cnoco6 rpynnupoBKU
3.C nmomo1pto (HopMys COKpALIEHHOTO YMHOXKEHUS
IIpakTH4yeckoe NnpUMeHeHHe
CHauvana y0enuMcsi B TOM, YTO pa3jioK€HHWE HAa MHOXKUTENIM — Belb MoJie3Has. Bam mpemnarator
pElINTh ypaBHEHUE:
2x%+x — 6=0.
Jlns TakuX ypaBHEHUN MMeeTCs CIelallbHOe MPaBUJIO PEIICHHUs, HO BBl €r0 MOKa ellle He 3HaeTre. Kak
661TH? Bocnosnb3yemcst pa3inoKeHneM MHOTOWIeHa Ha MHOYKUTEIH:
2x2+ x — 6=(2x — 3)(x +2)
Torpaa 3a1aHHOE ypaBHEHHE MOKHO IepenucaTb B BUJIE:

2x-3) (x+2)=0
ITpoun3BeneHne paBHO HYJIIO, €CJIU OJUH U3 MHOKUTENIEH PaBEH HYJII0. 3HAYUT,

mmbo 2x — 3 =0,

6o x +2 =0.

W13 nepBoro ypaBHeHHs X=1,5, a U3 BTOPOTO ypaBHEHHS X = -2 .
YpaBHEHME pELIEHO, OHO UMEET J1Ba KOpHs: —2 u 1,5
PaccmoTpuM apyryro cuTyaruio:
IlycTh HY’)KHO HAaWTU 3HAYEHUE YUCIIOBOI'O BBIPAXKCHUS



532-47?

612-392
Camoe > peKTHBHOE pelIeHre — IBaX bl BOCIIONB30BATHCS (POPMYIION pa3HOCTH KBaIPaTOB:
532-47% = (53-47)(53+47) = 62100 =6 =3
612-392 (61-39)(61+39) 22-100 22 11
PaznoxeHne Ha MHOXHTEIHM TO3BOJHMIO HaM COKpPATHTH ApoOb. [lo3gHEe MBI OIIEHUM 3TO U MPH
BBITIOJTHEHUH JICHCTBUI ¢ anreOpandecKuMu JAPOOsSMHU.
Takum 00pa3oM, pa3iiokKeHHE MHOTOWICHA Ha MHOXXKUTEIM HCIOJB3YETCs IUIsl PEIICHHUS ypaBHEHUH,
JUTSE TIpeoOpa3oBaHusl YUCIIOBBIX M aireOpanveckux BbIpakeHUU. [IpuMeHsieTcss OHO W B JPYTHX
CUTYyaIlMsX, KaK, CKaXeM, B CIICAYIONIEM TOBOJIBHO TPYTHOM, HO KPaCHBOM IpHUMEpe, TIe KIHY K
YCIIEXY ONSTh-TAKU B Pa3IOKEHUN HA MHOXKHUTEIH.
Ilpumep
JlokasaTh, 4TO [JIs J1F000r0 HATYpaIbHOTO YKucia N BeIpaskeHue N3+3n2+2n
neaurcs 0e3 ocraTka Ha 6.
[TonpoOyiiTe ero pemuTs.
[TocMoTpuTe, KaK JISTKO 3TO MOXHO CIIEJIATh:
P =n3+3n%+2n.
Ecau n=1, To P = 1+3+2=6. 3nauur, P nenurcs Ha 6 Oe3 ocraTka.
Ecmu n=2, To P = 2°+3.2242-2 = 8+12+4 = 24. CienoBareipHoO, 1 P neautcst Ha 6 6e3 ocTaTka.
Ecmu n=3, To P = 3%+3.32+2-3 = 27+27+6 = 60. [TooTomy u P nenutcs Ha 6 6e3 ocTaTKa.
Ho BbI ke mOHMMAaeTe, YTo nepedpaTh Tak BCe HATypallbHbIC 4YKcia HaM He ynactes. Kak Obith? Ha
MIOMOIIb IPUXOAAT AITeOpandecKre METOIbI.
NmeeM: n3+3n%+2n = n(n+1)(n+2).
B camom zene n(n+1) = n?+ n, a (n?+n)(n+2) = n3+2n%+n?+2n = n3+3n%+2n.
Urak, P = n(n+1)(n+2), T.e. p(N) ecTh MpOU3BEACHHE TPEX HAYLIMX MOAPSI HATYpPAIbHBIX YHCEI N,
n+1l, n+2. Ho u3 Tpex Takux 4Yuces OJHO O0s3aTEIbHO NETUTCSA Ha 3, 3HAUUT U UX IPOU3BEICHUE
nenutcst Ha 3. Kpome Toro, 1o KpaifHel Mepe OJIHO U3 ATHX YUCell — YETHOE, T.€. nenutcs Ha 2. Utak, P
JIENUTCS M Ha 2, ¥ Ha 3, T.e. IeJIUTCs Ha 6.
Bce MpeKpacHo, CKaKMTe BB, HO KaK J0Tafarthes, uto N+3n%+2n = n(n+1)(n+2)?
OTBeT OUeBH/ICH: HAIO YUUTHCS PA3I0KEHUIO MHOTOYJICHOB HA MHOHUTEJIH.
AJITOPUTMBI:
BbiHeceHune 00111ero MHOKHTEJIS 32 CKOOKHU
ANTOPUTM OTHICKAHHUS OOIIETO MHOXKHUTEISI HECKOJIBKUX OJHOUJICHOB
1.Haiitn HanGonpmmii oOmuii AeauTesb KO3QPHUIMEHTOB BCEX OJHOYWIEHOB, BXOAAIIUX B MHOT'OUJIEH,
- OH U OyAeTr OOIUM YHCIOBBIM MHOXHUTENEM (pa3yMeeTcsi, 3TO OTHOCHTCS TOJIBKO K CIIy4aro
LEJIOYUCIEHHBIX KO3(PPHUIIEHTOB).
2.HaiiTu mepeMeHHbIE, KOTOPbIE BXOASAT B KKIBIA YJI€H MHOTOYJIEHA M BBIOpATH AJIS KaXJAOW M3 HHUX
HauMEHBIINH (M3 UMEIOIIMXCS) TOKa3aTeNb CTENEHH.
3.IlpousBenenue kodpduiMeHTa U MepeMeHHON, Hall/ICHHOTO Ha MEPBOM M BTOPOM IIArax, SBJSETCS
00IIIMM MHOXHUTEJIEM, KOTOPBIN 11eJ1eCO00pa3HO BEIHECTH 32 CKOOKH.
Ipumep
Pa3nmoxxnuTh Ha MHOXHUTEITH:
-X*y3-2x3y2+5x°.
Bocmonbzyemcst chopMyTupOBaHHBIM aJTOPUTMOM.
1.HanGonbmmuit obmuit nenurens ko3hduimentos —1, -2 u 5 paseH 1.
2.IlepemeHHass X BXOJUT BO BCE WICHHI MHOTOWICHA C TOKa3aTeNIIMA COOTBETCTBEHHO 4, 3, 2;
CIIEJI0BATENBHO, MOXKHO BBIHECTH 32 CKOOKH X2,
3.IlepemeHHast Y BXOJUT HE BO BCE WICHHI MHOTOWICHA; 3HAYUT, €€ HEJb3s1 BBIHECTH 332 CKOOKH.
BLIBOJ: 3a CKOOKM MOXHO BbIHecTH X2. IIpaBia, B JJaHHOM cllydae IeiecoOOpa3sHee BBIHECTH -X-.
[Tomyunm:
-x4y3-2x3y24+5x2=-x2(x?y3+2xy?-5).
Cnoco0 rpynnupoBku
Jlist ysCHeHHsI CYTH croco0a TPYNIUPOBKH PACCMOTPUM CIEAYIOMUNA TpUMEp: pas3loKUTh Ha
MHOXHUTEIN MHOTOUJIEH XY-6+3Y-2y




ITepBhlii coco6 rPyNNupoOBKH:
Xy-6+3y-2y=(xy-6)+(3x-2y).
I'pynnupoBka HeynadHa.
Bropoii ciocod rpynnupoBkmu:
Xy-6+3y-2y=(xy+3X)+(-6-2y)=X(y+3)-2(y+3)=(y+3)(x-2).
Tpernii ciocod rpynmupoBKH:
Xy-6+3y-2y=(xy-2y)+(-6+3x)=y(x-2)+3(X-2)=(x-2) (y+3).
Otsert: Xy-6+3y-2y=(X-2)(y+3).
Kak BuauTe, He Bcerja ¢ NepBOro pa3a rpyliupOBKa OKa3bIBACTCS yIauHOM.
Ecnu rpynnupoBka oka3anach Hey1ayHOU, OTKQXKUTECh OT Hee, HIUTEe HMHOH croco0.
[To Mepe nmpuoOpeTeHus ONbITa, BBl OyJeTe OBICTPO HAXOIUTh YAAUYHYIO TPYIIITUPOBKY.
Pa3nojxeHrne MHOrouUI€Ha Ha MHOXKUTENN C TIOMOIIBIO OPMYIT COKPAILIECHHOTO YMHOKECHHUS

BcenomuuTe 5TH QOpMYyITBL:

a’-b% = (a-b)(a+h);
ad- b3 = (a-b)(a*+ab+b?);
ad+ b3 = (a+b)(a’-ab+b?);
a’+2ab+b? = (a+h)?;
a%-2ab+b? = (a-b)2.

[lepByro u3 3TUX (GOpPMYST MOKHO MPUMEHSTH K BBIPAKEHHUIO, MPEICTABISAIOMIEMY CO00i pa3HOCTh
KBagpaToB (0e3pa3iMyHO 4Yero: 4YHcesd, OJHOWICHOB, MHOTOWICHOB), BTOPYID H TpPEThIO — K
BBIPQXCHHIO, MPEACTABIAIONIEMY COO0H pa3HOCTh (WM CyMMY) KyOOB; IMOCienHuEe JBE (HOpMyIbl
NPUMEHSIOTCS K TPEXWICHY, NPECTaBIISIOIIEMYy COOON IMOJIHBIA KBAJpar, T.€. COJACPXKAIIEMY CYMMY
KBaJPaTOB JIBYX BBHIPAKCHHI U YIBOSHHOE MPOU3BEICHHUE TEX )K€ BHIPAKECHUI.

IIpumep

Pasnoorcumsv na mnoscumenu

1) x®-4a*. Bocnonb3yemcs nepBoit GpopMymnoii (pa3sHOCTh KBaAPaToB):

x8-4a* = (x3)2-(2a%)? = (x-2a%)(x3+2a%).

2) a%+270®. Bocnonb3yemcs TpeTheit popMymnoit (cyMmma Ky6oB):

ab+27b3 = (a?)3+(3b)® = (a®+3b)((a2)*-a2-3b+(3b)?) = (a®+3b)(a*-3a%b+9b%).

3) a*-4ab+4b%. B osToM mpuMepe OaH TpexuleH, s €ro pasloKeHHs HA MHOXKHTEIH OyneMm
MIOJIb30BATHCS TATOW (POPMYIION, €Cii, KOHEYHO, YOIUMCS B TOM, YTO TPEXWICH SBIISETCS TOJTHBIM
KBaJIpaToM:

a2-4ab+4b? = a?+(2b)?-2-a-2b = (a-2b)>.

Me1 yOeanInch, 4TO TPEXUICH COJCPIKUT CyMMY KBaJpaToB OJHOYICHOB & 2D, a Takke yJBOCHHOE
MPOM3BEACHUE STUX OJTHOWICHOB. 3HAYHT, 3TO MOJIHBINA KBAJpaT, IPUYEM KBaJpaT pa3HOCTH.
Pa3ziioxeHne MHOTO4/1€HA HA MHOKMTEJIH ¢ TOMOIIbI0 KOMOMHALMH Pa3JIMYHbIX IPHEMOB

B Maremartnke He Tak 4acTo OBIBAET, YTOOBI IPU PEUICHUN TPUMEPA MTPUMEHSUICS TOJIBKO OHH IIPHEM,
yaie BCTPEYaroTCs KOMOMHHMPOBAaHHBIE MPHUMEpHI, IJl€ CHayaja HUCIOJb3YyeTcs OJUH IpUEeM, 3aTeM
Jpyroii u T.A. UTOOBI yCIIeNTHO pemaTh TaKue MPUMEphl, MaJIO 3HATh CaMU MPHEMBI, HaJl0 €Ile YMETh
BbIpa0OTaTh IJIaH UX MOCJIEJOBATEILHOTO MPUMEHEeHHs. VIHBIMU CIIOBaMH, 3/1€Ch HYKHBI HE TOJBKO
3HaHUS, HO U ONBIT. BOT Takne KOMOWHUPOBAHHBIE TPUMEPHI MBI H PACCMOTPHM.

3agaHus A NIPAKTHYECKOr0 3aHATHS:

Bomnpoc 1

PaznioxuTe HA MHOKUTEIHN:  SaB+B2.

BapuanTsl 0TBETOB

1) 5a?; 2)B(5a+1); 3)B(5a+8?); 4)B(5a+B).

Bonpoc 2

Pa3niosknuTe Ha MHOXKHTENH:  3¢cXx>-9c’X.

BapuaHnTsl 0TBETOB

1) cx(3x-9¢); 2) 3cx(1-3¢c); 3) 3cx(x-3¢);  4) 3x(cx-9c?).
Bomnpoc 3

Pa3noxuTe Ha MHOKHTEIH: 4p3-58°,

Bapuantsl oTBETOB



1) 8%(48-58%); 2) 8%(4-58%);  3) B(48°-58%); 4) B3(4+58%).
Bomnpoc 4

Paznoxxure Ha MHOXKHTEIHU: 2y(y-x)+(y-x)
BapuaHnTbl 0TBETOB

D) (y-x)Q2y+1); 2)2y(y-x); 3) (y-x)Q2y+y-x); 4) 3y(y-x).
Bompoc 5

Paznoxkure Ha MHOKHUTEIIN: 2act+2c+aB+B.
BapuaHTtbl 0TBETOB

1) (a+1)(2c+B); 2) a(2c+B); 3)2c(atl); 4) (2c-B)(atl).
Bomnpoc 6

Pa3noxure Ha MHOKUTEIIH: B(B-2)?+B%(2-B).

BapuanTel oTBETOB

1) (8-2)(8-4); 2) B(2-B)(2-2B); 3) 2B(2-B); 4)2B(2+B).
KoHTpobHbIE BONPOCHI

1.Yto 3HAYUT, Pa3JI0KUTh MHOTOUJICH HA MHOXKUTEIH?
2. B xakom ciyyae npou3BeeHIue MHOXHUTeNEH paBHO 07
3. Kakue npuémsl pa3nokeHus Ha MHOKUTENN BaM U3BECTHBI? (BoineceHue obuje2o MHOJCumens 3a
CKOOKU, 2PYNNUPOBKA CIA2AEMbIX C NOCIe0YIOujeM 8biHeCeHUeM 00Ue20 MHONCUMENS, C NOMOUbIO
GdopMyn COKpaAUeHHO020 YMHONCEHUSL).
4. Yemy paBHBI KBaIpaT CyMMBI, Pa3HOCTH JABYX CJIaraeMbIx?

Cnmcok peKkoMeH1yeMOoH JINTepaTyphl:
1. bammmakos M.U. Maremaruka. YueOunuk. 2019 .
2. bammaxos M.M. MartemaTuka. 3agauauk YuyeOHoe nocooue. . — M. «Akagemus», 2018

IIpakTnyeckoe 3anaTue Ne28. OcHOBHbIE IPHEMbI pPellleHUs1 YPABHEHHMI M CHCTEM YPaBHEHUH

: rpauyecKkuii MeTox

KOJIN4eCTBO 4YacoB 1

Hesab: popMupoBaHuEe yMEHHE pelIaTh TpapUUECKUM METOIOM, CIIOJIb3YS €T0 MaTEMaTHYECKYIO
Mojienb. @opMupoBaHue rpaduyecKoi KyabTyphl B X0/I€ BBIIIOJIHEHUS TOCTPOECHUH.

3agaya: 3aKpenuTh NOJYyYEHHBIEC 3HaHUS U HAaBBIKHM, HAYYUTHCS IIPUMEHEHUIO MIOJyYEHHBIX HABBIKOB
Ha IIPaKTHUKE

ITepedennb cpeacTB , HCMOIb3YyeMbIX NPH BBINMOJTHEHHH Pad0THI WM 000pPyAOBaHME :

TeTpajab JUIsl MPAKTUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHJAIMU IO BBITOJHEHHUIO paboTHl,
KAJIIbKYJIATOD.

Bomnpocsl 111 NOBTOPEHUs, 3aKPEIVICHUS TEOPETHYECKOI0 MATEpPHAaJIa K IPAKTHYECKOMY

3aHATHIO

Jlns perieHust CUCTEM JTMHEHHBIX YpaBHEHUH cyliecTBYeT rpadpuueckuil Metos. O1HaKo 4TOObI

pPeLuTh rpau4eckuM METO/I0M CUCTEMY JIMHEHHBIX YpaBHEHUH, IPUXOIUTCS MPUKIIAAbIBATh FOPA3I0

OoJIbIlIe YCUIINI, YEM MPHU PELICHUH METOJI0M alre0pandecKkoro CI0KEeHUsI WU J1aKe METOI0M

NOJCTaHOBKHU. TeM He MeHee rpaduyeckre cooOpakeHUsI MOTYT CHIIBHO IOMOYb B ONIPE/ICIeHUN

KOJIMYECTBA PEIIEHNN CHCTEMBI YPABHEHHUH WIN JJa)Ke OJJHOTO YPABHEHHMS.

PemuTh cucteMy ypaBHEHUH MM ypaBHEHUE 03HAYAeT HAUTH BCe pelIeHus (UM KOPHU) U yOeIUuThCH,

YTO JIpYrux pemeHuil HetT. Ciryyaercsi, 4To Kakoe-TO OJHO pelleHUe (YHUCII0 WU Mapa YUCe, €ClIU 3TO

CUCTEMA C ABYMsI HEU3BECTHBIMH ) OUEBH/IHO YIaJIbIBAcTCs U JIETKO NpoBepsiercs. Kyaa cinoxuee

MIOHATH U J0Ka3aTh, YTO HAWJIEHHOE PEIIEHNE EJUHCTBEHHO. 1 BOT B 3TOM MOXKET MOMOYb

rpadu4ecKuil METOI.

Ipumep 1. Pemire ypaBnenue 2 — x* = 4/x.

Pemenne. 3ametum, uto X=1 npu ypaBHEHHUE oOpaliaeTcs B BEpHOE PaBeHCTBO. JleHCTBUTEIBHO:
2—12=41

[octpoum rpaduku Gpyskuumii v = 2 — x uy =+/x  (cMm. pucyHok 1).
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Kax MbI BUANM, rpadKH MEpeceKaroTCs TONbKO B OJHON TOUKE, 3HAUHUT, CHCTEMA YpaBHEHUIT
{}-‘ =2—x°
y=Ax

HMEET POBHO OJTHO pemieHue. Ho mpu perieHuu 3Tol CUCTEMBI METOIOM IOJICTAHOBKH MBI IIPUIILTH ObI K
HCXOJHOMY YPaBHEHHIO. A 3HAUYMT, y 3TOTO YPAaBHEHHUS €CTb TOJIBKO OJJMH KOPEHb. 11 3TOT KOpEeHb MBI yxkKe
yraganu. Mtak, ypaBHeHHE HMEET eIMHCTBEHHOE perenue X=1 .
3aMeTHM, UTO MOCKOJIBKY KOPEHB 3TOT “‘yJauHbIi (3TO BCE-TaKW HEOOJIBIIIOE U MPUTOM II€JI0€ YHCIIO0), TO MBI
MOTJIM €0 U He YraablBaTh C CaMOro Havalla, a pa3risaeTh Ha rpaduke U MpoBepUTh MoAcTaHOBKOH. [IpoBepka
KOPHEH ITyTéM IOJICTAHOBKHU B HCXOJHOE YpaBHEHHUE (CHCTEMY YPaBHEHUM) ABIACTCS 003amenbHbIM STalloM
rpa)u4ecKoro perieHusl.
IIpumep 2. Pemum cucremy
{xg =y+4lx|—4

y+3=[lx]-3]
Pemenue. Ha repBblil B3ris] CUCTEMA KaKETCSL OUEHb CJIOKHOW. FIMEHHO B TakuXx ciiydasx He
CJIeZlyeT CIeIIHO OpocaThes peaTh e€ anredpanyeckum crnocodoM, cHavana HyKHO MOMBITaTbCs
MPOaHAIU3UPOBATh YpaBHEHUS B CHCTEME, IOyMaTh, KaK MOXKHO UX IIPeo0pa3oBaTh U MPUBECTHU K
6oJiee MPOCTOMY M MOHATHOMY BHJly. 3aMETHM, YTO B 000MX ypaBHEHUSX NIEPEMEHHasi BCTpedaeTcs
JUIIb €UHOX b, TPUYEM B niepBoii ctenieHu. [lonpodyem e€ BbIpa3uTh, HAYHEM C IIEPBOTO
YpaBHEHUS:
=y+4lx|l-deoy=y—4x|l+t4= x| -4x|+ 4=y = (x| - 2)?
Teneps BTOpo€ ypaBHEHHE:
v+3=|lxl-3|=y=|lxl-3-3
WTtak, Hamia cucremMa Tenepb BBIVIIUT CIEIYIOUMM 00pa3oM

y = (lx] — 2)7

y=|lxl-3|-3

[Toctponm rpaduku odenx GyHKIUN B OAHOM cucTeMe KOOpAUHAT (CM. PUCYHOK 2).



Puc. 2

Kak MbI BuguM, rpaguku 3TUX GyHKUUN HE UMEIOT OOLIMX TOYEK. 3HAUUT, U UCXO/IHAs CUCTEMa He
HMMEET PEIICHUM.
3aganus 119 NPAKTHYECKOI0 3aHATHS:
Pemnre rpaduuecku ypasuenne .||x|— 2| =4 —x
Pemnre rpaguyecku cucremMy ypaBHeHUit

{xz—xy+x—j,-‘ =0

xP—y+1=0

KoHTpoJbHbIE BONIPOCHI

1. Yto Takoe cucrema JIMHEUHbIX YpaBHEHUN?

3. Uro siBisieTcs ee perieHuem?

4. Kakoil MeTo]] pelieHus! CUCTeM JIMHEWHBIX YpaBHEHHUH ceroins y3Haau?

5. PacckaxuTe aaropuT™M pelieHusi CUCTEMbI JINHEHHBIX YpaBHEHHH € MTOMOIIbIO IpauyecKoro
METOJA.

CnucoK peKoMeH/1yeMoii JJUTepaTypbl:
1. BammMakos M.M. Maremaruka. Yueonuk. 2019 .
2. bammmaxos M.U. MaremaTtuka. 3amaudauk YueOHoe mocooue. . — M. «Akagemus», 2018

IIpakTuyeckoe 3anaTue Ne29. I[lokazare/ibHbIe U JIOTapu(pMUUeCKUe YPABHEHUSA

KOJIMY€eCTBO 4acoB 1

Hesnb: TOBTOPUTH U 000OIIUTH pellIeHNEe TTOKA3aTeNIbHBIX, JIOTApU(PMUUECKUX YpaBHEHUN

3aJ1a4a: 3aKPENUTh NOJIYYCHHbIC 3HAHUS U HABBIKU, HAYYUTHCS IPUMEHEHUIO MOTYYEHHBIX HAaBBIKOB
Ha MIPaKTHUKE

IlepeyeHb cpeaCTB , HCMOJIb3yeMbIX IPH BbINOJIHEHUN PA0OTHI MM 000PYI0BaHHE :

TETpajb ISl IPAKTHUECKUX paboT, pydka, METOJUYECKHE PEKOMEHIAIMH 10 BBITOIHEHUIO PaOOTHI,
KaJIbKYJISTOP.

Bonpocs! /151 NOBTOpPeHNs, 3aKPeNJIeHUs] TEOPeTHYECKOr0 MaTepHAaJIa K NPAKTHYEeCKOMY
3aHATHIO
1. IToka3aTe/ibHbIEe YPABHEHHS.

VpaBHeHHs, COJEpKalle HEW3BECTHBIE B TIOKA3aTeje CTENEHHW, Ha3hbIBAIOTCS MOKA3aTeJbHBIMHU
ypaBHeHusiMu. [IpocTeiiimm U3 HUX SIBIsETCs ypaBHeHne a* =D, raea>0,a# 1.

1) ITpu b < 0 u b = 0 310 ypaBHEHHUE, COMTACHO CBOWCTBY | MoOKa3aTeabHON (PYHKI[MH, HE UMEET
pemierus. 2) IIpu b > 0 ucmonb3ys MOHOTOHHOCTH (DYHKIIMK U TEOPEMY O KOPHE, YPaBHEHUE UMEET



2) CIMHCTBEHHBIH KOpeHb. J[Jist TOro, uTo0BI €ro HalTH, Haxo b mpencraBuTh B Buae b =a°,  a* =

b® <& X = ¢ unmm X = logab.
[Toka3zarenbHbIC YpaBHEHHS MyTeM aireOpandeckux NpeoOpa3oBaHUil MNPUBOAAT K CTaHIAPTHBIM
ypaBHEHHMsI, KOTOPbIC PEIIAIOTCS, UCTIONB3Ys CICAYIONINE METO/IbI:
1)  MeTox mpuBeneHHs K ogHOMY ocHoBaHmIo a' ¥ =a’™ < f(x) = g(x).;
2)  METOJ| BBEJICHUS HOBBIX IEPEMCHHBIX;
3)  Meroj pa3IoKeHHS Ha MHOXKUTEIIH;
2. MeToa npuBeaeHUsI K OTHOMY OCHOBAHHUIO.

Crioco06 OCHOBaH Ha CIEIYIOIIEM CBOKMCTBE CTCIEHEH: €CIM paBHBI JBE CTCICHH W PaBHBI HMX
OCHOBaHWsI, TO PaBHbI U MX MMOKA3aTeIH, T.C. YPABHEHHE HAJIO TOMBITATHCS CBECTH K BUIY
a'™ =a% < f(x) = g(x).
Ilpumepsl. Pemnts ypaBHEHUE:!

1. 3*=181;
I[IpencTaBuM INpaByl0 4YacTh ypaBHeHHs B Buie 81 = 3% u 3amumem ypaBHeHME, PaBHOCHIBHOE
UcXogHoMy 3% = 3* x=4. Orser: 4.

bl

3-5x
3 . .
Hpe,I[CTaBI/IM [MpaByO 4aCThb YpaBHCHUA B BUIC [7 " ICPEUJIEM K YPABHCHUIO JISI  ITOKA3aTCIICHU

creneneii 3Xx+1 =3 -5x%; 8x =4; x=10,5. OtBet: 0,5.

3 5x2—3x+2 -1
IpescTaBuM MpaBylo YacTh NAHHOTO ypaBHeHus B Buae 1 =5 u mepeiinem k ypasHenuio mis
ToKasaTeneii cremeneii X%-3X+2 = 0, OTKy/ia JerKo MOMy4HUTh pemeHns X = 1 u X=2.

Otser: 1 u 2.
3. MeToa BBeeHHsI HOBBIX NTepeMEeHHbIX.

Merton onucan B 1. 2.1. BBeneHue HOBOM mepeMeHHOM (T0/ICTAHOBKA) OOBIYHO TPOU3BOJAUTCS TOCTIE
npeoOpazoBaHuii (YIPOIICHHs ) YWICHOB ypaBHeHHs. PaccMOTpuM mpuMepsl.

IIpumepsl. Pemntes ypaBHEeHueE:
1. 3.5"-2.5"=02.

X 2 X
[lepenuiiem ypaBHEHHE MHAYE: @ 2. % =0,2
. 3., 2 1 9 _ 1
O06o3naunm 5 =t > 0, Torma g-t —g-t = g T.e. 3t°—2t—1=0, orcroma t1=1, t, = —g-He

yoBIeTBOpseT ycaosmio t > 0. Utak, 5% = 1 = 5% <=> x = 0. Otser: 0.

4. MeToj pa3jio:KeHUs1 HA MHOKUTEJIH.

1. Pemmre ypasnenue: 5**1-5%1=24,

Penrenue. [lepenumiem ypaBHenue B Buge 5-5° — % 5% =24

Tereps B JICBOI YaCTH ypaBHEHHUS BBIHECEM 33 CKOOKH OOIINN MHOXKHTENb 5%,



[Moxyanm 5x.(5_5)=5x.ﬁzz4 , OTKyJ1a
5 5

5" =5« x=1.

OtBet: 1.

Pemenue JiorapupmuuecKkux ypaBHeHHUi.

JlorapupmuueckuM Ha3bIBaeTCs ypaBHeHue Buaa log af(x) = log ag(x), rue a-moioxuT. 4uciio,
OTIIMYHOE OT 1, U ypaBHEHHs, CBOJSIINECS K 3TOMY BUILY.

[TepBbIii MeTOA penieHus JorapuMUUECKUX YpaBHEHHI, OCHOBAHHBIN Ha OMPEACICHUN JIoTapudma.
. lo x=k
OO1uii BUJ Takoro ypaBHEHUs 8. S (2]

. DTO ypaBHEHHE MOXKET OBITh 3aMEHEHO PAaBHOCHIILHBIM

€My ypaBHEHUEM flx)
IIpumep. Pemnre ypaBHeHue.
a) logs X =4 , monp3yemcst onpeeacHueM jorapudma
x=3%*=81
x=81
Ortger: 81
PaccmoTpum BTOpOI METOJI MOTEHIUPOBAHUS . DTOT METOJ PUMEHSIETCS ISl YpaBHEHH BHIa
log , f(x) =log,, g[x)
U CBOJUTCS K perreHuto ypaBaenust f(X)=g(X), X I0/DKEH yI0BIETBOPSTH PEIICHHIO CUCTEMbI
f(x) = o;
g(x) = 0;
a=1,a=>=0
0) logs (7x — 9) = logsx
Tx-9=x
6x=9
x=1,5
[Tpumenenue GopMyI1 MOTEHIMPOBAHMSI pacIIupsieT 00J1acTh onpeaeneHus ypasHeHus. [loatomy
Heo0Xxo/1uMa npoBepka KopHel. [IpoBepum HaliieHHbIe KOPHU 110 YCI0BUAM 7X-9>0
x>0
3apanus 1 NIPAKTUYECKOIr0 3aHATHS:
Bapnanr 1
Pemmure ypaBHenue: 2* = 128;
Pemmre ypasrenue: 5* ! — 5*~1=24;
Pemite HEpaBEeHCTBO: 57> 1
Beruuciure: log, 16 —log, 64
Borunciure: 3% 1% —log, log, 81
Omnpenenure x, ecnu log,x = —3
Pemmmre HepaBeHcTso: 10g3(X -5) > 1;
Pemmre ypaBHeHue: 22X —5-2X+4=0

N RA~WLNE

Bapuanr 2
Pemmre ypaBHenue: 3* = 81,
Pemnte ypaBHenue: 7% " 24+ 2.7%"1=345;
Pemmre HepaBeHcTBO: 22X ~9< 1;
Brrunciure: log; 27 —log, 81;
Boruuciute: 5'°%:%% —log, log, 16;
Omnpenenure x, ecnm logzx = —1
Pemmmre mepaBenctso: log® (5 —-2x) < 1;
Pemmre ypasuenue: 22— 6 -2+ 8 = 0;

LN O~ wWDE



Bapuanr 3
Pemure ypaBaenue: 5* = 125;
Pemmure ypaBHeHne: 5¥+ 3- 5%~ 2= 140;
Pemmre HepaBeHncTBO: 0,23 4> 1:
Boruncnure:log, 16 + log; 64 ;
Borauciure: 395 —log, log, 512;
Omnpenenure x, ecnu log, x = —2:
Pemmre nepasenctso: log?(x-1)> 3;
PemmTe ypaBHeHne: 72 -8 - 7%+ 7 =0;

N A~LNE

Bapuant 4
Pemure ypaBaenue: 2* =256;
Pemmre ypasuenue: 3*— 2 -3~ 2=63;
Pemmre HepaBenctBo: 0,7% ~°< 1;
Beruucnure: log; 81 —log, 27,
Boruncaute: 5951 —log, log, 16;
Ompenenure x, ecnu log: x = —3:
Pemre HepaBenctso: log, (x — 2) = 2;
Pemure ypaBHenue: 3 X_10-3*+9=0:

Nk~ wWdE

KoHnTpoJibHbIe BOonpockl

1. ITonsiTve MOKa3aTeIbHbIE YPAaBHEHUS

2. MeTo/bl pelieHus: NoKa3aTeNIbHbIX YPaBHEHUN

3. AnroputM penieHus MoKa3aTelbHbIX YPaBHEHUI METOAO0M IIPUBENEHNUS K OJTHOMY OCHOBAHUIO.

4 ANropuTM pelieHUs MT0Ka3aTelbHbIX YPAaBHEHUIH METO/IOM BBE/ICHUS HOBBIX IIEPEMEHHBIX.

5. AnropuTM penieHus oKa3aTelbHbIX YPaBHEHUI METOI0M BBEJCHUS PA3JIOKEHUS HA MHOXKHUTEIIH.
6. MeTozpb! petieHus JIorapupMUIeCKUX ypaBHEHUN

Cnucok peKoMeH/1yeMoi JIUTepPaTypbl:
1. bammmakos M.U. Marematuka. YueOunuk. 2019 .
2. bammmaxos M.M. MartemaTuka. 3agadauk YuyebHoe nocodue. . — M. «Axkagemus», 2018

IIpakTyeckoe 3anaTue Ne3(0. MeToabl pemieHusi CHCTEM YPABHECHHU I

KOJINYeCTBO YacoB 1

Heab: hopmupoBaHre yMEHHU periaTh CUCTEMbI THHEHHBIX YpaBHEHUH pa3HBIMU CIIOCOOAMH:
CIoco0OM TOJICTAHOBKH, CIIOCOOOM anreOpandecKoro CI0KeHUs, rpaduueCKUM CIIOCOO0M

3agaya: 3aKpenuTh NOTyYSHHBIC 3HAHUS U HABBIKH, HAYUYUTHCS TPUMEHEHHUIO MOTYYCHHBIX HABBIKOB
Ha IIpaKTUKe

IlepeueHsb cpeacTB , MCMOJIb3YEeMbIX PH BHINOJIHEHUH PA0OTHI MJIU 000pPY10BaAHME :

TeTpaab JUIs MPAKTHUYECKUX paboT, pyyka, METOAMYECKHE PEKOMEHIAIMU IO BBITOJHEHHIO paboTHl,
KaJbKyISATOP.

Bonpocsl 1J11 NOBTOPEHUs1, 3aKPeNJeHsI TEOPETHYECKOT0 MATEPHAJIA K MPAKTHYECKOMY
3aHATHIO

MeTtoa noACTAaHOBKH

AJNTOPUTM HUCIIOJIB30BAHUS METOJA MOJCTAHOBKU TMPHU PEIIEHUU CUCTEMBI JIBYX YPaBHEHUU C JABYMS
MEPEMEHHBIMH X, V.

1. Bripazuth y qepes X n3 OZTHOTO YPaBHEHHUS CHCTEMBI.
2. TloacTaBUTh TMOJYyYEHHOE BBIPAXKEHHWE BMECTO Yy B JPYro€ ypaBHEHUE CHUCTEMBI.
3. PemuTh noay4eHHOE YpaBHEHUE OTHOCHUTENBHO X.



4. IloxcTaBUTh OOYEPENHO KAXK/IbIM M3 HAlICHHBIX Ha TPEThEM IlIare KOPHEH ypaBHEHUs BMECTO X B
BBIPAKCHHE y yepes X, MIOJIyYE€HHOE Ha IEPBOM niare.
5. 3anucaTh OTBET B BUJE Map 3HAYCHUH (X; y), KOTOpbIe ObUTH Hai/IeHbl COOTBETCTBEHHO HAa TPEThEM
Y 4E€TBEPTOM I1are.

IlepeMEHHBIE X U Y, pa3yMEETCsl, PAaBHOIIPABHBI, [I03TOMY C TAKUM K€ YCIIEXOM MBI MOKEM Ha I1EPBOM
11are aJropuT™Ma BBIPA3UTh HE y Uepe3 X, a X yepe3 y U3 OJHOro ypaBHeHHs. OOBIYHO BBIOMPAIOT TO
ypaBHEHHE, KOTOPOE IMPEACTaBIsAeTCA 00Jee MPOCTHIM, U BBIPAKAIOT TY MEPEMEHHYIO U3 HEro, JUIS
KOTOPOH 3Ta Nnpoueaypa npeacTapisercs 6osee NpocToi.

IIpumep 1. Pemuts cuctemy ypaBHEHUM

x+ 3y = b,
xy = 2.

Pemenue.

1) Belpazum x dYepesy U3 IEpPBOrO0  ypaBHEHUsS CUCTeMBl: X = 5 - 3y.
2)[ToxcTaBUM TOTYYEHHOE BBIpRXKEHHE BMECTO X BO BTOpO€ ypaBHeHHE cuctemsl: (5 - 3y) y — 2.
3)Pemm nony4eHHOE ypaBHEHUE!

Sy-3y*=2;
3y*-5y +2=0;
2
v,=1, y,= 3

4) lloacTaBuM IMOOYEPETHO KaXJAO€ W3 HAWJEGHHBIX 3HaueHUd y B dopmyny x = 5 - 3y.

2 2
y= 3 x=5—3-§=3.
Ecin TO

2
(3 3)
5) Mapsr (2; 1) u pEILIeHNs 3aJaHHONW CUCTEMBI ypPaBHEHUM.
2
(3; 3)
Ortger: (2; 1);

Metoa anredOpan4eckoro CJI0KeHust
CYTB MCTOa HAIIOMHUM Ha CJICAYIOLICM ITPpUMEpE.
IIpumep 2. Pemuts cuctemy ypaBHEHUN

2x+xy+2=0,
4y + 3xy + 30 = 0.

Pemenmne.
YMHOXHUM BCE€ YIEHBI TEPBOIO YPaBHEHHUS CHCTEMbl Ha 3, a BTOpOE YypaBHEHHE OCTaBUM 0e3

6x+3xy+6=0,
4y + 3xy+30 = 0.
W3MEHEHUS:
BbrareM BTOpoe ypaBHEHHE CHCTEMBI U3 €€ TICPBOTO ypaBHEHUS:
(6x + 3xy + 6) — (4y + Bxy + 30)=0-0;
6x—-4y-24=0;
3x-2y-12=0.
B pesynpTare anreOpandeckoro CIOKEHUS IBYX YPaBHEHHH WMCXOJHOW CHCTEMBI MOJIYYUIIOCH
ypaBHEHHE, 0oJyiee TPOCTOE, YeM TEpPBOE W BTOPOE YpaBHEHUS 3aJaHHOM CHUCTEMBI. DTUM Oojee
MMPOCTBIM YPABHCHUCM MbI UMCCM IIPABO 3aMCHUTH J'IIO60€ YpaBHCHHUC SaﬂaHHOﬁ CUCTCMBbI, HAIIPUMCP
BTOpOE. Toraa 3ajanHas CUCTeMa YpaBHEHUN 3aMEHUTCST 00Jiee TPOCTON CHCTEMON:
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2x+xy+2=0,
8x~-2y-12=0.

:‘)Ty CUCTEMY MOXHO PEIINTDH METOAO0OM IHOACTaHOBKH. U3 BTOPOTO YpaBHCHUA

3x-12
y= -
HAXOIUM 4 [TocTaBUB 3TO BRIPAKEHUE BMECTO y B IIEPBOC YPABHEHUE CUCTEMBI, TIOTYIHM
2x¢x-3x;12+2=0;
2x+3x’ ;le+2:0;
dx + 8x*~12x+4=0;
32 -8x+4=0;
2
xl = 2’ x2 LS '5 -
.- 12
2

OcTasioch MOJCTaBUTh HAlICHHbIC 3HAYCHHS X B (hOpMYITy
Ecnu x =2, T

32 12

3

32-12 : _2 SRl AR, O
=-3.GCJHI—3.T0!/ 2-

y:

2
(2;-3)u(3;-5)
Taxkum 06p330M, MbI HalllUIKM IBA PCHICHUA CUCTCMBI:

2
(2; -3); (33 -9)
OrtBerT:

MCTO}I BBC€/JICHHUS HOBBIX IEPEMECHHBIX
CyTb 2TOr0 M€TO/Ia NPH PEIIEHUU CUCTEM YPaBHEHHH Ta )K€ camasl, HO ¢ TEXHUYECKOW TOYKH 3pEHUs
UMEIOTCS. HEKOTOPbIE OCOOEHHOCTH, KOTOPBIE MBI U 00CY/AIUM B CIEIYIOLINX MIPUMEpax.
IIpumep 3. Pemuts cuctemy ypaBHEHUN
=+ L=25
¥y

x*-y* =3.

t=%,
y

Pemenne. BeeieM HOBYIO NEPEMEHHYIO - Torma mepBoe ypaBHEHHWE CHUCTEMBI MOXXHO Oyner
1
t + 7 - 2,5.

nepenucath B 60jee MPoCcTOM BHUJIE: Pemnm 3T0 ypaBHEHHE OTHOCUTEIBHO
MIEPEMEHHOI t

12 5e
ta‘+-————=
t 2 0
2t + 2 - 5¢
2t
2t~ 5t 4+ 2=0;
1

azo;
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2t#0,

O06a >Tu 3HaYCHUS YIOBIETBOPSIOT YCIOBHUIO , & TIOTOMY SIBIISIFOTCS KOPHSIMU PaIlOHATBHOTO
X
= f pe . 2,
. v’ y
ypaBHEeHHs ¢ TmiepeMeHHou t. Ho 3HAYNAT, OO OTKyJa HaxXoAWM, 4To X = 2y,
%1
I G
100

Takum 06pa3oM, ¢ HOMOIIBIO METO/Ia BBEJIEH S HOBOM MepeMEeHHON HaM yIal0Ch KaK Obl «PacCIONTh
TepBOE YpaBHEHHE CHCTEMBI, JOCTATOUHO CIIOKHOE 110 BUY, Ha 1Ba 6oJiee IIPOCTHIX YPaBHEHHS:
Xx=2y;y—2Xx.

Uro xe ganbiie? A Janplle Kaxka0e U3 ABYX IOJIyY4eHHBIX IPOCTBIX YPABHEHMI HYKHO MOOYEPETHO
PAcCMOTPETh B CHUCTEME C YpaBHEHHEM X2 - y>= 3, 0 KOTOPOM MbI NOKAa He BCIOMHHAIM. MHBIME

CJI0OBaMu, 3ajiadya CBOAUTCA K PEIICHNUIO ABYX CUCTEM YPaBHEHHI

x= Zy, Y= 2x,
w B i =
xa =) yz = 3v X y‘ 2 3'
Ha,I[O HaWTH PCUICHUA HepBOﬁ CHCTCMBI, BTOpOﬁ CUCTCMbI M BCC TIOJYUCHHBIC IIapbL 3HaYEHHUI
BKJIFOUUTH B OTBET. PelmM nepByro cucTeMy YpaBHCHHA:

x =2y,
xz_y2=3.

Bocnosnb3yemcst METOJJOM HOJCTaHOBKHM, TeM 0oJjiee YTO 371eCh Ul HEro BCE I'OTOBO: IOACTaBUM
BbIpaXKEHHE 2y BMECTO X BO BTOpPO€ ypaBHEHUE cucteMsbl. [lomyunm

2y -y =38
4y - y* =3;
3y*=3;
¥ =1;
yl=l, yz=-1.

Tak kak X = 2y, TO HAXOJIUM COOTBETCTBEHHO X1 = 2, X2 = 2. TeM caMbIM IMOJIy4eHBI /1Ba PEIICHUS
3agaHHoOM cuctemsl: (2; 1) u (-2; -1). Pemm BTOpyto cucteMy ypaBHEHUIL:

y = 2x,
xt -y =3.

CHoOBa BOCIMOJB3yeMCSI METOJIOM TIOJICTAHOBKHU: TOJICTABUM BBIpAXKEHHE 2X BMECTO Y BO BTOpOE
ypaBHEHHE CUCTEMEBI. [lomyanm
x*—(2x) = 3;
x?-4x* = 3;
-3x*=3;
xt=-1.

OT0 ypaBHEHHE HE UMEET KOpHEH, 3HAUUT, U CCTeMa ypaBHEHUI He uMeeT pemeHuil. Takum ob6pazom,
B OTBET HAJ0 BKJIIOYUTH TOJBKO PELICHUS IIEPBOU CUCTEMBL.
Otget: (2; 1); (-2;-1).

I'padpuyecknii MeTo pelieHUs CUCTEM YPABHEHUI

Meton pemieHUs CUCTEM YpaBHEHMsI TpaUuecKHM CIocoOOM MpecTaBiseT co0oil mocTpoeHue
rpaduka as KaKI0ro U3 KOHKPETHBIX YPaBHEHHI, KOTOPbIE BXOIAT B JAHHYIO CHCTEMY U HaXOJSATCS B
OJIHOW KOOPJMHATHOM INIOCKOCTH, a TaKXe IJe TpeOyeTcsl HalTH mepeceyeHns TOYeK ITUX IpauKoB.
Jlnd penieHus: JaHHON CUCTEMBI YPaBHEHUH SIBJIAIOTCS KOOPAUHATBI ATOM TOUKH (X; V).
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Crnenyer BCIIOMHUTB, YTO JJSl TpadUUecKOil CHCTEMbl YpaBHEHUI CBOWCTBEHHO MMETh JIMOO OJHO
€IMHCTBEHHOE BEpPHOE peIIeHue, MO0 OECKOHEYHOE MHOXKECTBO PEIICHHH, MO0 XK€ HE HMETh
peleHuii BoooIe.

A Tenepb Ha KaXXJIOM M3 3THX PEIICHUH OCTaHOBUMCS monpoOHee. U Tak, cuctemMa ypaBHEHUH MOKET
UMETb €IUHCTBEHHOE pEIlICHHE B CIIydae, €Cli MpsMble, KOTOpBIE SBISIOTCS TpapuKaMHu ypaBHEHUN
CHCTEMBI, IepecekaroTcsi. Eciu ke 3TH TpsMble MapajuleibHBI, TO TaKas CHCTEMa YpaBHEHHM
abCOJIIOTHO HE UMEET peleHui. B cirydae e coBnaneHus npsAMbIX TpauKoB ypaBHEHHN CUCTEMBI, TO
TOT/Ia TaKasi CHCTEMa MO3BOJISICT HANTH MHOYKECTBO PEIICHUIA.

Hy a Tenepp naBaiiTe ¢ BaMH pacCMOTPUM QITOPUTM PEIIEHUS CUCTEMBI JIBYX YpPaBHEHHMH C 2-Ms
HEU3BECTHBIMH I'PaUIECKUM METOJIOM:

. Bo-nepBbIX, BHayajie MBI c BaMH CTPOUM rpadux I-ro ypaBHEHUS,
* Bropeim 3Tamom Oyzaer mocTpoeHHe rpaduka, KOTOPBIH OTHOCHUTCS KO BTOPOMY YpPaBHEHHIO;
. B-tpetbux, HaM HE00X0IMMO HalTU TOUYKH HepECEeYEHMSI rpaduKoB.

* 11 B utore Mbl Nojay4aeM KOOpPAMHATHI KaKIOW TOUKU NEPECEUYEHUs, KOTOpble U OyAyT pelieHHeM
CHUCTEMBI YPaBHECHHM.

JaBaiiTe 3TOT MeTOJ paccMOTpuM Oosee moapoOHO Ha mpumepe. Ham naHa cuctema ypaBHEHHH,
KOTOPYIO HEOOXOIUMO PEIINTH:

o .
[ xr< + Y= 9
L y—xr——3

Pemenune ypaBHenuii

1. BHayaiie Mbl ¢ BaMu OyieM CTPOUTH I'paUK JaHHOTO yYpaBHEHHUs: X2+y2=9.

Ho cnenyer 3ameTuTh, 4yTO JaHHBIM IpaUKOM YpaBHEHUI OyaeT OKpYXKHOCTb, MMEIOIAasi LIEHTP B
Hayajle KOOpJIUHAT, a €€ paguyc OyJIeT paBeH TPEM.

2. CaenyroluM HallMM I1aroM OyzeT MocTpoeHue rpaduka Takoro ypaBHeHMs, Kak: y = X — 3.

B aTom ciyuae, MbI 1OJIKHBI TIOCTPOUTH MpsAMYI0 U HalTH Touku (0;—3) u (3;0).

rty=4

Ipumep 5.Pewumsv cucmemy ypaeHeHuil: log, x +logy y =log, 3 Pemenne.O/13: X >0,y > 0.13

IIEPBOTO YpaBHEHMUSI MO’KHO clienaTh
y=4-x

— —_ = 2 _ = = =
HOJICTAHOBKY: log, x+log,(d-xi=log, 3= xd-x)=3=x"-4x+3=0, x,=1, x,=3. Haxosm
M COOTBETCTBYIOIIME 3HaueHus y: y1 =4 — 1 = 3,12 =4 — 3 = 1. Bce HaliieHHbIe pelieHHUs] BXOJAT B

OJ3. Otser: (1; 3), (3; 1).

3agaHus AJ151 MPAKTHYECKOI0 3aHATHSA:
IIpumep 1. Pemnth cuctemMy ypaBHEHUH

3+ 20—y =0,
x' —3xy=16.
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IIpumep 2. Pemuts cuctemy ypaBHEHUM
x+y-8=0,
2+ -82=0.

IIpumep 3. PeminTh cienyonyto cucTeMy YpaBHEHUH METOJIOM CIIOKEHUS:

6x—7y =40
{ Sy—2x=-8
IIpumep 4. PeminTh ciaenyonyto CUCTEMY YPaBHEHUIH METOIOM IOJCTAHOBKHU:

2x+3y+5z=10

3x+7y+4z=3

Xx+2y+2z=3
IIpumep 5. Pemure cienyomyo CUCTEMY YPaBHEHUN METOJOM MTOICTAaHOBKHU:

x—3y=12

2x+4y =90
IIpumep 6. Pemints rpaduyeckn cucreMy ypaBHEHHHA
{ x? +y? =125

y=—x"+2x+5
KonTposbHbie BONPOChI
1. PacckaxuTe anropuTM pelieHus: CUCTEMbI JIMHEWHBIX YPaBHEHUH C TOMOIIBI0 METO]T IIOJICTAHOBKH.
2. PacckakuTe alropuT™ pPeLIeHHUs CUCTEMbI TMHEHHBIX YPaBHEHHH ¢ METO aJlre0pandeckoro
CJIOKEHUS.
3. PacckaxuTe anropuT™M peleHusl CUCTEMBI JINHEHHBIX YpaBHEHUH € TOMOIIBI0 MeTo 1 BBEICHUS
HOBBIX [IEPEMEHHBIX.
4. Paccka)kuTe alrOpUTM PELICHUs CUCTEMBI JIMHEHHBIX YPAaBHEHUH C OMOLIbIO rpaduyeckoro
METOJA.

Cnucok peKoMeH/1yeMoi JIUTePaTypbl:
1. bammmakos M.U. Marematuka. YueOuuk. 2019 .
2. bammaxos M.M. MaremaTuka. 3agadHuk YuyebHoe nocodue. . — M. «Axagemus», 2018



KpuTtepun oneHuBanusi BbINOJIHEHHBIX 32 IaHU I

[IpeaqmeroM OLIGHKH cIyXaT yMeHUss H 3HaHus, npeaycmoTpeHHsle PI'OC mo yuebGHOM
JUCLIUAIIIVHE

Kpurepun onenku:

OuneHka 5 cTaBUTCS, €CIIM yUaIUIICS CAMOCTOATENIBHO BBINOIHAET paboTy B IOJHOM 00beMe,
o0ecreunBaroIIMX OJy4YEHUE PABUIIbHBIX PE3YJIbTATOB U BBIBOJIOB.

Ouenka 4 ctaBUTCS, €CIIH BBIINOJIHEHBI TPEOOBaHUS K OLIEHKE 5, HO ObUIM JIOMYIIEHBI ABE-TPU
OLLIMOKH.

Ouenka 3 cTaBUTCS, €CIIM B OTBETE UMEIOTCS IIPOOEIbl, HE MPENATCTBYIOLINE AabHEHIIEMY YCBOCHHUIO
Mmatepuaia. PaboTa BBIIIOJIHEHA HE [TOJIHOCTBIO.

Onenka 2 cTaBUTCS, €CIIU CTYACHT HE OBJIAJIE]l OCHOBHBIMU 3HAHUSIMU B COOTBETCTBUU C
TpeOOBaHUAMU IIPOrPaMMBbI U IOMYCTUI MHOTO OIMOOK. PabGoTa BBINOIHEHA HE MOJHOCTBIO U 00beM
BBIMIOJTHEHHON 4acTu pabOThI HE MO3BOJISIET CAENIaTh IPABUIIBHBIX BBIBOJIOB.

Ouenka 1 cTaBuTcs, €M yyaluMcsi COBCEM HE BBIIOJIHUI PadoTy.

NudpopmanuonHoe odecneyeHre BbINOJIHECHUS MPAKTHYCCKUX 3aHATHI

Cnncok pekoMeH1yeMoii JINTepaTyphbl:
OcHOBHBIE HCTOYHHKH

Jlutst mpernoiaBarenei
bammvakos M.U. MaremaTtuka. Yue6nuk. 2019 .
Bammakos M.M. Maremaruka. 3agauynuk YdeOHoe mocodue. . — M. «Akagemusa», 2018 .
Kommoropos A.H. u ap. Anre6pa u navana ananu3za. 10 (11) k1. — M., 2018.
Komsrun FO.M. u np. Matemaruka (Kuawura 1). — M., 2018.
Komsrun FO.M. u np. Matemaruka (Kuawura 2). — M., 2018.
Jlykankun I'.JI., Jlykankun A.I'. Maremaruka. Y. 1: yueOHOe mocodue A yupexJeHui
HA4aJIbHOTO NMpodeccuoHanbHOro odpasoanus. — M., 2019.
7. IToropenos A. B. I'eometpus. 10 (11) k1. — M., 2018.
8. CmupnoBa U.M. I'eometpus. 10 (11) k. — M., 2019.
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1. bammakoB M.U1. MaremaTtuka. YueOHuk — M. «Akagemusi», 2019
2. Bbammaxos M.U. MaremaTtnka. 3agaunuk YueOHoe mocodue. — M. «Akamemusi», 2018

JlonoTHUTeIbHbIC HCTOYHUKH

Jns npenogaBareneit
1. Anekcanapos A.Jl., Bepuep A.JL., Peoxuxk B.M. T'eomerpust (6a30Bblil 1 NpOoQHUIBHBINA YPOBHH).
10—11 . 2017.
2. Aranacsn JI.C., byryzoB B.®., Kagomues C.b. u ap. I'eomerpus (6a30Bblii ¥ npoduIbHBIHI
ypoBHH). 10-11. — M., 2018.
3. Komsarun FO.M., TkaueBa M.B, ®eneposa H.E. u ap. mox pex. Kumwxuenko A.b. Anrebpa u Hauana
MaTeMaTHYecKoro aHaiu3a (06a30Bblil ¥ poduiIbHbIH ypoBHHM). 10 k1. — M., 2018.
4. Huxonbsckuit C.M., [Torano M.K., PemeraukoB H.H. u ap. Anre6pa n Hayama MaTeMaTHYECKOTO
aHanu3a (6a30BbIi U podmIbHEINA ypoBHH). 11 k1. — M., 2019.
5. Huxkonsckuit C.M., IToranoB M.K., PemeraukoB H.H. u ap. Anre6pa n Havyama MaTeMaTHYECKOTO
ananu3a (6a30BbIil ¥ podmIbHEIA ypoBHNK). 10 Ki1. — M., 2017.
6. [apeirun U.®. 'eomeTpus (0a3oBsiii ypoenb) 10—11 k. — 2018.
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I'yce B.A., I'puropseB C.I'., UBonruna C.B. Marematuka. YueOHuk - M., «Akamemus», 2018
ITexneukuii M.J[. MaremaTuka. YueOuuk - M., «Akagemus», 2018
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