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BBEAEHUE

1 KOMNOHEHTbI YYEBHUKA

B yuebHblIi KOMNAEKT NO NpegMeTy MaTeMaTUKa 1A 7-T0 Kiacca BXOAAT:
® YyebHUK

e MeTogu4yeckoe nocobue

® Pabouvas TeTpasb

B y4ebHUKe oTpaKeHbl y4ebHble maTepuanbl, NpeaHasHaYeHHble HeNnocpPeaCcTBEHHO

AN YYEHUKa W peanusylolipme COOTBETCTBYIOWME COAEpPrKaTeNbHble CTaHAApTbI, Y
YCTaHOB/NEHHbIE B KYPPUKYIyMeE. ({
Y4yebHUK COCTOMT U3 ABYX YACTEMN U COAEPIKUT Bucero 10 pa3genos. CooTBeTcTBylOLWME MATEMATUKA
pasgenibl UMET TUTY/IbHYIO CTPAHULY, U KaXAbli pa3gen 3akaHuMBaeTca 3a4aHuAmMM,
npeaHasHauyeHHbIMM A4N15 0606Latowero ypoka. Kaxaan Tema B pasgesie HaumHaeTcs ¢ ?j

HOBOW CTPaHULLbI. Bce BONPOCHI M 331aHNA KaXKA0ro ypoKa NPOHYMEPOBAHbI.

Memoduueckoe rnocobue, NpegHa3HaYEHHOE 418 yuUTeNeN, COCTOUT U3 BBeAeHMS (06LLLe YacTn) M KOMMEeHTapua
YPOKOB. Bo BBEAEHUWN OMMUCHIBAKOTCA COAEPMKATENIbHAA CTPYKTYPa U METOA0N0rMYecKan KoHuenuus y4yebHnka. OHu
NpeacTaBAeHbl HUXKE:

¢ OCHOBHble NpUHUMNbI 0byyeHna matemaTuke B VIl Knacce.

o OpraHusauma obydeHns maTeMaTrKe Mo IMHUAM AeATENbHOCTHU.

e OpraHu3aLms ypoKoB pelleHus 3azau.

¢ [040BOE NNaHMpPOBaHMe.

e Tabnunua peanmsaummn cogepaHna pasaenos 1 Tem No cTaHgapTam.

e OpraHusaums 0606LLaloLLINX YPOKOB. Meromyercior

B Hauyane Kaxkgoro pasgena gatotca 0630p cooTBeTcTBYHOWEro y4ebHoro matepmana nocoswe 7 /)

M KapTa coAeprkaHua pasgena no KOMMOHeHTam ydyebHuKa (pasgen, ypok, CTaHaapT,
CTPaHMUA U Ap.) B M3N10MKEHMM KaxK4Oro ypoKa A0/IXKHbI OTPAXKaTbCA HUXKecneayowme
NYHKTbI:

e Pe3ynbTaTbl 06y4eHMA MO CTaHAapTaM.

* HeobxoguMmble Ans ypoKa pecypcbl (HarnaaHble Nocobms 1 31eKTPOHHbIE UCTOYHUKN).

* PekomeHZaumMm No moTueBauuu (nobyxaeHue).

® PekomeHAaLmMm No TeXHOI0rMn 0byyeHus.

* PekomeHZauUmm No NPeoAoIEHNIO TPYAHOCTEN, C KOTOPbIMM 0BbIYHO CTA/IKMBAKOTCA YYEHMKM B NpoLLecce 0byyeHus.

* PekomeHaaumMm No peLleHmnto 3a4a4 U BbINOJIHEHUIO 3a4aHUMA.

® PekomeHpaummn no audbdepeHLMpoBaHHOMY 0ByYeHMIO.

® PekomeHZalumMm No opraHn3aLmmn YpoKoB peLleHmna 3a4au.

* Kputepuun u cpeactsa GopmMaTUBHOIO OLEHUBAHUA.

e OpraHusaums o606LaloLWLMX YPOKOB MO pasaeny

MATEMATUKA

Paboyas mempads. Copep:KUT npumepbl U 3adaun gas bonee rnyboKoro
NMOHUMAHUA YYeHWKamMKn cofepaHus ydyebHuka. Pabouas TeTpaab vMmeeT ocoboe

3HayeHMe [/ YCOBEPLUEHCTBOBAHMA MPUOBPETEHHbIX 3HAaHUMIK U GOPMUPOBAHUSA MATEMATUKA
NPAKTUYECKUX HaBblKkoB. COOTBETCTBEHHO AEATE/IbHOCTU YYeHUKa B pabouei TeTpaau PAGCHAR TETALb
MOryT ObITb oOcywecTsieHbl (GOPMATUBHOE OLEHUBAHME, MOHWUTOPUHI y4ebHoro - 7

npouecca oby4eHnA 1 KOHTPO/b 33 YCNEeBAEMOCTbIO YHaLLMXCA. = /




2 CTPYKTYPA YYEBHMKA U KOHLEENLUKUA OBYYEHUA

Mogenb U3yyeHns Tem oCHoBaHa Ha mogenu: “Usyyain” = “3akpennain” = “MpumeHan”.

WU3yuaii — npuobpeTeHne 3HaHNN N HABbIKOB.

3aKpennai — ycoBepLIeHCTBOBaHNE NPUOBPETEHHbIX HOBbIX 3HAHWI N HABbIKOB C MOMOLLLbIO MPAKTUYECKUX
3a4aHuWI, yNparKHEHU, NPOEKTOB M APYrMmM cnocobamu.

MpumeHAk — NpUMeEHEHME NOAYYEHHbIX 3HAHWIA U HABbIKOB AN PELEHWUA NMOCTENEHHO YC/IOXKHALLMXCA
33434 M MaTeEMaTUYECKOTO MOAENNPOBaHMA.

Kakgana Tema npenofaetca Ha OCHOBE MATUITANHOroO LMKAa obydyeHMs. Tema HauMHaeTca C pelleHus
nccnenoBaTe/IbCKO-AUCKYCCMOHHOW 334auM U 3aKaHUMBAETCA NMPUMEHEHUEM MOJIyYEHHbIX HOBbIX 3HAHUKN AnA
pelleHus 3ajau.

1. UccnepoBaHue —
obcyxaeHune

5. PeweHue 3apay 2. Usyuenne
MpobnemHo
OPUEHTUPOBAHHOE
U OCHOBAHHOE Ha
uccnenoBaHUAX
obyueHune

4. CamocToaTenbHasa 3. O6pazel,

pabota

CooTBeTcTBME MOAEeNN 0byyeHUs U pybpuK B yuebHuMKe:

¢1. NNpo6aeMHO-OpUEeHTUPOBAHHAA
AeartenbHocTb(Problem-Centered Hands-on

- Activity). B yuebHUMKe aaeTcs nog 3aro/I0BKOM
*2. O6bACHeHUe TemMbl. B yuebHMKe gaeTcs nog,
3arosioBkom “U3YHEHUE".

e 3. Caywaii, aHanusunpyi, obbvacHamn n
npumeHsii (pabota c yuntenem). B yuebHuKe
3akpennaun faetca nog, 3aronoskom “OBPA3ELL”.
e 4. Bawa oyepeapb. B yuebHUKe aaeTca nog,
3aronoskom “3AAAHUA”.

3aronoskom “PELLEHUE 3AOAY”.

m e 5. Pewaii 3apaun. B yuebHuMKe gaertca nog,



YyebHble MaTepuranbl CrpynnmMpoBaHbl NO CAeayoLWMm pybpukam:

PayuoHaneHb1e
Yucna

DyHKLUMM pybpUK 0ByYeHUs, NpeacTaBAeHHbIX B yYebHUKe, pasbsaCHAOTCA B pasgene “lMo3Hakomumces c
yyebHuKom”.

MepBas cTpaHuua paspaena. Bo BBOAHOM 4YacTu pa3fenoB AAlOTCA HayasibHble MPeACcTaBleHUA O TemMax,
KOTOpble ByayT N3yyeHbl, U UX TPUMeHEeHUN. Ha 3Tol cTpaHuLe NpeacTaBAeHbl 3HAHUA U HaBbIKW, KOTopble ByayT
npuobpeTeHbl B paMKax pybpukn «B 3Tol rnaBe Bbl HayuuTecb». 3adaya, NpeacTaB/eHHas Mog, 3aro/loBKOM
«MonbiTaiTecb!», NpeaHa3HayeHa A1 06bACHEHUA YYEHNKaM BarKHOCTM HABbIKOB, KOTOPbIE OHU NPUOBPETYT B
pasgene. [laxe eciv He peLaTb AaHHYH0 33434y, MOXHO OPraHM30BaTb AMCKYCCUIO O CTPATErMn peLLeHnn 3a4a4n
N Tpebyembix 3HaHMAX. B KoHLEe pasgena NpuBOAMTCA pelleHuWe 3TOM 3a4auv Mog 3aroNoBKom «PelweHue
NCXOAHOM 3aaumny.

MpepBaputenbHaa nposepka. lpegHasHayeHa AAA NOBTOPEHMA MNOJYYEHHbBIX YYaALLMMMUCA B MNAALIWX
Kaaccax 3HaHMIM M HaBbIKOB, CBA3AHHbIX C MaTepuanamum, KoTopble ByayT M3yyeHbl B pasgene, U MoXKeT bbiTb
MCNo/Ib30BaHa B LEeNsAX AMAarHOCTUYECKOTrO OLEHUBAHMUS.

UccnepoBaHue-obeyaeHue. M3yyeHne KaxAoW Tembl HauMHaeTcs C AeATeNbHOCTWU, KOoTopas Mo3BoAseT
chopmMpoBaTb BayKHble MaTEMATUYECKME MbICW, MOMOraeT YCOBEPLUEHCTBOBATL HAaBbIKM peLleHus 3a4a4. ITa
AeATeNbHOCTb OCYLLLECTBASETCA NyTEM UCMO/Ib30BaHMA YH4EHMKAMM KOHKPETHBIX UK MUKTYPaibHbIX MOSENEN U
nyTeM NOOLLPEHMUA YYEHNKOB 3a 60Nee aKTUBHOE y4acTUe Ha YPOKe. B AeATEeNbHOCTM YYEHUKM MOTYT y4acTBOBATb
W B rpynnax. B cBA3M C 3TUM B METOANYECKOM MOCOOUMN ana yuuTena ByayT AaHbl KPaTKME peKoMeHZauun u
06BbACHEHMA TOrO, KaK OCYLLEeCTBUTb NPOBNEMHO-OPUEHTUPOBAHHYIO AEeATE/IbHOCTb B KAacce, Kakne BOMPOCh! U
MHCTPYKUMKM  (NOACKa3KM) MCMOAb30BaTb A0S TOro, YTOObl YYEHUKM MOIAW  MPaBUABHO MbICAUTL W
KOOPAMHNPOBATb CBOM AENCTBUSA, a TaKKe 0606LLaTb pe3ybTaTbl CBOEN AeATENbHOCTH

M3yueHne. OObBACHEHME HOBbIX 3HAaHMN U UHopmauuu. [Mocne NPO6GAEMHO-OPUEHTUPOBAHHOM
AeATeNbHOCTM BO BPpeMSA PasbACHEHUA onpeaeneHHOoM TeMbl ByayT MUCNO/Ib30BaHbl KOHKPETHbIE U MUKTYpasibHble
MOZENWN, COOTBETCTBYIOWME “KOHKPETHO-NUKTYPAibHO-abcTpakTHOMY” nogxoay. B oaHoli Teme moxeT ObiTb
HECKO/IbKO MaTepunanos Aa ulydeHus. Nocne Kaxgoro yuebHoro matepnana gaercs 3agaHue ¢ 06pasyom.

Uccnepyetca, Kakne nNpevmyLLEecTBEHHO OLWIMOKM A0MNyCcKaloT yyalMeca B xo4e AeATeNbHOCTM, U AatoTca
HeobxoauMble peKoMeHAaLUMU U 0bBACHEHUA O1A UX ycTpaHeHuA. B npouecce atoro B yuyebHuKe 1 paboueit
TETPaAM OAOTCA KOHKPETHble PEeKOMeHAaumMn Nno GpOKYCMPOBAHWMIO BHUMAHUA Ha KAOYeBbIX TeMax, 6asosoi
MHGOPMALMK, NPABUIBHOM MbILIEHUN YYEHWUKOB, YacTbIX OLIMBOKAX UM HeJ0pasyMeHuUsX.

OCHOBbIBAACb Ha “KOHKPETHO-NMUKTYPabHO-abCTPaKTHOM” nogxoae B NpoLecce U3ydeHUA HOBbIX MOHATUM,
YYEHUKN [0MKHbI UMETb BO3MOXKHOCTb MCMO/1b30BaTb HECKO/IbKO MOAENEN, COOTBETCTBYIOLWMX O4HOMY U TOMY
e noHsTuo. C gpyroit ctopoHbl, ctpaTerua scaffolding (“ctpouTensHble neca”) 3akntovaeTca B TOM, YTO6bI
afanTMpoBaTtb y4yebHbI npouecc K MHAMBUAYANbHbIM NOTPEBHOCTAM y4yeHWKoB. [pyrMmu cnosamu, uUenb
COCTOUT B TOM, 4TODObl MOCTENEHHO HAyYMTb YYEHMKOB Jydlle MOHMMATb M B UTOre caenatb Wx bonee
He3aBMCHMbIMM B NPOLLECCE YPOKA.

O6paseu. lMpunaratoTcs NpUMEpPbl M COOTBETCTBYIOLLME 334ayu, KoTopble 0606LWAT mMaTemaTUyeckue
3HAHMA W HaBblKW, COCTABAAIOWME OCHOBY OOBACHEHMA TeMbl WUAWN AeATeNbHOCTU. OXMAAETCA, YTO YYEHWUK
CHayasa NpoaHannsmpyeT Ux (Mn BbicnyLaeT obbACHEHWe yunTens), a 3aTem 06bACHUT. [lanee NnpeasyCcMOTPEHbI
aHaNorMYHble 334aHuUA, YTOObl YYEHUKN MOTIM NPUMEHUTL MOYYEHHbIE 3HAHMA.

BHMMaHMe. BakHble 3HAHMA UAKN HABbIKK, CBA3AHHbIE C TEMOW.

3anomHu. Ocobo BarKHble MaTemMaTUUECKME NPaBUAA.

M3 uctopun marematuku. MIHTepecHble GaKTbl U3 UCTOPUM MaTEMATUKK, CBA3AHHbIE C TEMOW.

3apaHua. M3yuuB 3afdaHue, JaHHoe B Buge obpasua, yYeHMKam [altoT HECKOJIbKO 3aJaHui, KoTopble
npeaycMOTpPEeHbl 410 3aKPenIeHns U NPUobpeTeHNs COOTBETCTBYHOLLMX 3HAHWUI M HAaBbIKOB. ITO TaK¥Ke MOMOKEeT
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yuutento nposectn ¢GopmatuBHOEe oueHMBaHWe. MeToguyeckoe nocobue oOTparkaeT pekoMeHgauuu AanAa
3afaHMUN, NPeaycMOTPeEHHbIX Npu auddepeHUMpoBaHHOM 06ydeHMU. TakK, y4eHMKAM, MOKa3aBWIMM HU3KUMI
pe3ynbTaT BO BPeEMA CamMoCTOATe/IbHOW pPaboTbl, AaeTca MOBTOpHOe ObbACHEHWE, a y4eHWKaM, NMoKasaBLIMM
BbICOKMI pe3y/bTaT, AAtoTCA AONOJHUTENbHbIE YNPAXKHEHWUA U 3a4aHMA.

PeweHue 3aaau. MNpesycmMoTpPeHO peLleHne HECKObKMX 33434 NO Kaxaon Teme. HaBblkM pelueHua 3aaa4
dbopmMmumpytoTcA B BUAE NOSTANHOrO peLleHna NOCTaBAEHHOW 3a4auun.

YyeHMKam HeobxoaMMo npenoctaBuTb MHGOPMaLMIO O HOBbIX 6/10KaX, A06aBAEHHbIX B y4ebHUK 7-ro Knacca,
1 Ux yHKUMAX.

Ucnpasb owmnbky! I3TOT pasgen npefHasHayeH ANA yCcTpaHeHWA Hambonee pacnpocTpaHeHHbIX OWwubOK,
KOTOPble YYEHUKM AO0MYCKAIOT MPU U3YYEHUM HOBOrO MATepMasna, a TaKKe BO3HMKAKOWMX Y HUX OLIMBOYHbIX
npeAacTaBneHnit. B aTx 3agaHnAX AONYLEHHble OLMOKM CHaYana onpeaenatoTcs y4eHMKaMm MHANBUAYANbHO, a
3aTem 06CYKAAOTCA BCEM KNACCOM.

MaTtemaTtnueckuii Kanenpockon. B KoHLe Kaxkaoro pasaena npeacraBneHbl yraybneHHble n
HecTaHAapTHbIE 334a4M. DTU 3a4aHUA, KaK NPaBUIO, PELLAIOTCA NPOCTbIMU METOAAMW, OCHOBAHHbIMW HA
MaTemMaTuyeckom noruke. NMoaobHble 3aaaHnA cnocobCTBYHOT NOBbLILLEHWUIO MHTEPEeCa YYEHUKOB K MaTeMaTukKe,
CO3/al0T OCHOBY A/1A Pa3BUTMA Hosiee LLMPOKOro, UHTEFPATUBHOIO M CUCTEMHOIO MblWwieHUA. OHU TaKKe
YCUNUBAIOT HaBblKM HABOAEHUA M aHAIM3a U NOBYKAAOT NPUMEHATb MaTEMATUYECKME 3HAHMA TBOPYECKM.

3 OPTAHU3ALIUA YPOKOB PELLEHUA 3AAAY

PeweHune 3aga4 ABAAETCA HEOTLEMIEMOM YaCTblO M3yYeHUA MaATeMATUKU. YUYEHUKU LOMKHbI 3aHMMATbCA
peleHnem 3agad, cnocob pelleHnn KOTOpbIX HEACEH U KOTOpble TPebytoT NPUMEHEHMA He TOJIbKO OBbIYHbIX
MaTeMaTUYEeCKUX AeNCTBUI, HO U Bolee TBOPYECKOro Noaxoaa. B ctaHaapTax, noATBepKAEHHbIX HayUOHAb6Hb6IM
cosemom yyumeneti mamemamucku (National Council of Teachers of Mathematics), ykazaHo: “PeweHue 3a0a4yu
A8/17emCcA He MOsIbKO OCHOBHOU Ueslbio Mamemamuyecko2o obyYyeHus, HO MaKe A8AAemcA e20 OCHOBHbIM
cpedcmeom. [ns y4eHUKo8 00s1HHbl c030a8amMbCA yca08us, Ymobbl OHU COCMABAAAU 3a0a4u U pewanu ux, 8
OCHOBHOM C/I0M(Hble 3a0a4u, Komopbie mpebyrom 6oabwux ycuauli npu peweHuu” (NCTM, Principles and
Standards for School Mathematics, p.52.)

AMepuKaHCKUI uccneposatens B obnactm obpasoBaHus AHHa HbtomaH (Anne Newman), KoTopas
NpoaHan3MpoBaa OLWMOKM YHEHUKOB BO BpEMSA pPeLleHUs 33434, pa3genunsia 3Tm oWnOKM Ha 5 3Tanos:

Xapakre PekomeHpauuu yueHukam no
P P MNosacHeHusA ALY
OLKN6KHU YCTpPaHeHUIo oWnb60oK
YteHune MaTemaTnueckme TepMUHbI U CUMBOJIbI HE MoBTOpPHO Npo4TUTE BOMPOC.
NPOYUTAHbI LOMKHBIM 06pasom.
MoHUMaHue 3a/ia4a NONHOCTbIO HE OCO3HaHa. YTo TpebyeTca HalTH B 3aga4e’?
HenpasuabHO BbINOAHEHDI KaK Bbl gymaeTe pewnTb 3aa4y?
MNpeobpasoBaHuA P AY P Aaty
npeobpasoBaHus.
MaTtemaTnyeckne KakK 6bl Bbl BbIMMCAMAN pe3yibTaT?
[JonyckatoTca ownbKM B MaTeMaTUYECKUX
npoueaypbl U
BbIYMCNEHUAX.
daKThI
XoTA pelleHne HaWaeHO, OTBET 3a4a4n MoBTOPHO peLunB, HaNULWKTE CBOW OTBET
KogmposaHue o
YyKa3aH HeBepHo. B HUXXHEWN CTPOKe.

Newman, M. A. (1977). An analysis of sixth-grade pupils’ errors on written mathematical tasks. Victorian
Institute for Educational Research Bulletin, 39, 31-43.
Newman, M. A. (1983). Strategies for diagnosis and remediation. Sydney: Harcourt, Brace Jovanovich.



OCHOBbIBAACb HAa TEOPUMN U3BECTHOFO MaTeMaTHKKa, NoNyaspm3aTopa
HayKu M uccnepoBaTtens B 061acTv obyyeHna matemaTtuke [Kopaska
Mona (George Pdlya, How to Solve It, 2nd ed., Princeton University
Press, 1957), pelueHure 3a4a4mn npoxoamT B 4 sTana: -

1. MoHATb 33434y (NOHUMAHWE).

Tak KaK yyuTena 4acto He BOCMPMHUMAIOT 3TOT 3Tan Bcepbes,
YYEHWKM UCMbITbIBAIOT TPYAHOCTU JaXKe NMpU peLleHMr CaMbliX NPOCTbIX
334a4. AnAa Toro 4tobbl MOCTEMEHHO YCTPAHWUTb 3TO 3aTpyLHEHUe, A
YYEHMKAM MOXKHO 334aTb pa3Hble BOMPOCHI: Pe

¢ [TOHATHO /1M 3Ha4YEeHME BCEX CI0B B YC/IOBUM 334a4K?

* Y710 TpebyeTcA HaillTV M NOKa3aTb?

MoHnmaHue

CoctaBneHue nnaHa

weHume

|

e Kak CBOMMM CI0OBaMM Bbl MOXKeETe nepeckasaTb ycioBue 3ap,aqm? N
e Kak Bbl Nnpeacrasnsaerte cebe ycnosue 3a,u,aqm? I'IpOBepKa
e KaK MOXHO NpeAcTaBuUTb 3a4a4y — CXEMOM UK PUCYHKOM, yTOObI

Nlydlle NoHATb ee?

MOHO TaKKe WCNo/b30BaTb KpaTKyto ¢opmy 3anucu, Tabauuy, cxemy, PUCYHOK W gpyrve ¢opmbl
npeAacTaBaeHUs 3a43a4m, 4TObbI yylLe NOHATL ee ycnosue.

2. CocTaBuTb NAaH peLleHnsa 3aga4ym.

MOXHO MCNoAb30BaTb pPasHble MEeToAbl ANS PELIeHUs OAHOW M TOM e 3agauu. Jlydwuit cnocob ans
dopMMpoBaHUA HaBbIKa BbIbopa NpaBMAbHOIO MeToAa — peLwaTb 6osblwe 3aaa4. C HAKONIEHUEM ONbITA YHEHUKN
cmoryT BblbpaTb 6osee nerkyto ctpaternto gaa pewweHua 3agayun. OCHoBHble cTpaTernu peweHus 3agad (Alfred S.
Posamentier & Stephen Krulik, “Problem Solving Mathematics”, Corwin, 2009) cheaytowue:

e MpeanonoxeHune n nposepka (Guess and Check) — ata cTpaTerna npeaycmaTpuBaeT, YTO NPesNo0XKMB,
MOJHO MPOBEPUTL OTBET U YCOBEPLIEHCTBOBATL PELLEHME.

¢ MpakTnyeckas geatenbHocTb (Act it Out) — npakTUYecKan AeATeNbHOCTb C NPUMEHEHNEM MOCOBUN.

* PucoBaHue (Draw) — HapMcoBaTb PUCYHKM U AMArpammbl.

e CocTaBMUTb CMMUCOK M NocTpoutb Tabnuuy (Make a List and Table).

e Jlornyeckoe mbiwnenue (Think) — normyeckn moicanTb, UCNOAB3YA NPeALIECTBYOLWMNE 3HAHUA.

3. PeweHue 3a8auum.

3TOT 3Tan OTHOCUTE/IbHO MNPOLLE 3Tana COCTAaBAEHWA MAaHA. YYEHUKAM HYXKHO OOBACHUTb, YTO, ecau
BbIOPaAHHbI MeTo4 He MOMOraeT, Hafo ero U3MeHuUTb. He HazZo u3beraTb 3TOrO: Aarke camble Bblarolimecs
MaTeMaTUKM BbIHYXAEHbI BblIM MEHATL METOA, PELUEHMSA, ECIN HE NOJYYaN0Ch PELIUTL 334au4y.

4. NpoBepuTb OTBET.

3Tan NPOBEPKM MOMKET ObiTb O4YeHb MNOMEe3HbIM ANA Yy4eHWUKoB. Mpu obCyXKAeHWM pelleHua 3agauu
BbIABNAIOTCA OLUMOKM M onpeaensaeTcs, Kakoh metog 6onee apdeKkTnBEH ANA peleHma Takoro TMna 3agau.

B uenom o4yeHb BaxKHO pas3inyaTtbh NOHATUA “peleHne 3agaun” 1 “obydyeHune peweHuto 3aga4”. C aToM TOUKK
3peHus pekomeHayeTcs, 4Tobbl BO Bpems y4yebHOro npouecca paccmaTpuBanca yeTbipexdpasHbii
No3HaBaTe/IbHbIM NPOLLECC pelleHma KaxaoM 3a4aum (MoOHMMaHWe - COCTaB/IeHWE NaHa - pelleHune - NpoBepKa)
KaK Nnoaxog K TpexaTanHomy Mo3HaBaTe/IbHOMY NpPoLeccy AeaTeNbHOCTU yyeHuKa. CornacHo K. MewcoHny, /.
BepToHy u K. Crelicu (2010), obyyeHune pelueHnio 3asa4 BbINONHAETCA B TPU 3Tana: NpuBAeYeHne, KMO3roBoi
WTYpM» 1 obeykaeHune (Mason J., Burton L., & Stacey K. “Thinking Mathematically”, 2nd. ed., New York, Pearson,
2010).

1. 3Tan npwBaeYeHUA CO3AaEeT OCHOBY A/1A PeleHMsA 334a4y, NO3TOMY HY)KHO YAenuUTb emMy AO0CTaTOYHO
BpemeHuW. Ha 3Tom aTane BaKHO yA0CTOBEPUTHLCS B TOM, YTO YYEHMK NOHOCTbIO MOHAN YC/0BME 334a4M U YTO OT
Hero TpebyeTcA HalTM B Hel. [na 3TOro yyuteslb PYKOBOACTBYETCA HUMKEC/eAylolWMMM BOMPOCaMM ANA
pasmblWNeHUs:

* Y710 A 3Hat0?

¢ Y10 Xouy caenatb?

* Y10 A Mmory caenatb?

Y106bl Nydlle MOHATbL YCNOBME 33a[a4M, MOMKHO TaKXKe MCMo/b30BaTb KpaTkyto dopmy 3anucu, Tabauuy,
CXeMbl, PUCYHKM U apyrue nsobpakeHuna. O6bI4HO 3TOT 3Tan NPOXOAMUT C aKTUBHbLIM y4acTUEM YYEHUKOB. YTOObI
JydLle NOHATb U NIErKO PEeLnTb 33434y, OHU MOLENNPYIOT OAHY M Ty *Ke 3aZa4y pasHbIMK cnocobamm. 3To moryT
6bITb pONEBas UrPa, CLEHKU, NOCTABEHHbIE MO Pa3HbIM CLEHAPUAM, UM NPAKTUYECKas AeATEbHOCTb.

2. PeweHne 3a8a4mn (KMO3roBOM LITYPM») — CAYXKUT ANA NOCTPOEHMA NAHA U pelleHUs 3adaduun. Yuutenb
cnepmT 3a BbIBOPOM y4eHMKaMuM NpaBuabHOM cTpaTermn. OH cO34aeT YCNA0BUA ANA YHEHUKOB, YTOObI OHWU MOTIU
pewunTb 3a4a4y pasHbiMK cnocobamu, 1 elle 6oblue NOOLWPAET YHEHUKOB C OTANYAOLWMMCA MbllLaeHMeM. Jnn




3TOr0 UM A3eTcA BO3MOMKHOCTb CBOBOAHO MCMOAbL30BaTh PasHble MaHUNYAATMBLI (coeanHAaloWwMeca Kybuku,
CYETHbIE NANIOYKM, KOHCTPYKTOP, MarHWUTbI, AECATUYHbIE KyObl, PaMKK C AeCATbIO KNETKaMU U T.4,)

3. O6cyKaEeHME — CNYKUT A9 NPOBEPKU M 06061 eHNs. Ha aTom aTane:

¢ MpoBepseTca NPaBUAbHOCTb PELLEHUS.

e Ob6cyxpatotca Kawodesble maen (key ideas) m BaskHble 3Tanbl npouecca pelweHus (pednekcuBHoe
MbILW/IEHME).

e 0606WaloTCca 3a4a4a M eé pelleHme.

B meToanyeckom nocobun B 0b6bACHEHUW cnocoba peleHWA OTHOCUTENbHO C/OMHbIX 3afay  AaHbl
pekomeHzauuun ana stana «MobyaeHuns».



4 YYEBHAA NPOTPAMMA NO MATEMATUKE

FocyaapcTBeHHble CTaHAAPTbl M NPOrpammbl (KyppuKyaym) oblieobpa3oBaTeNbHOrO YPOBHA CAyXKaT AnA
$opMMPOBaHMA Y YYEHUKOB MaTEMaTUYECKOTO MbIL/IEHUA U HABbIKOB MaTeMaTUYECKOro OLLeHMBaHUS.
B 7-m Knacce npeameT maTemaTMKa npenogaetca no 4 cCTaHZapTHbIM ANMHMAM, COOTBETCTBEHHO MPOrpamme
AVNCUMNAMHDBL: Yucaa u delicmeus, anzebpa u yHKUUU, 2e0Mempus, CMamucmuKka u eeposmHocms. OcHOBHasn
LeNb BCEX coAeprKaTeNbHbIX IMHUI — GOPMUPOBAHME Y Y4EHMKOB HAaBbIKOB PeLLeHNA 3a4au.

Yucna u geiicrema

PELLIEHME 3AZAY U
MPOBEAEHUE UCCNIEAOBAHUM

Cratuctuka m
BEpPOATHOCTb

Anrebpa un
dyHKUUN

Freometpusna

Mpu opraHM3aLMKn 0by4YeHNsA MO COAEPHKaTeNbHbIM IMHUAM NpeanonaraeTca yraybuTb U pacluMpuUTb 3HaHWA U
HaBbIKM OT NPOCTbIX K C/MIOMHbIM. Hapsady C 3TMM Kax4oe 3HaHWe M KaxKaplit HaBblK, BXOoAAWME B COAEpsKaHue

npegmeTta, He OrpaHn4YMBadacCb TOJIbKO ,CI,aHHOﬁ co,a,ep»(aTeanoﬁ JNIMHWEN, GYLI,YT CBA3bIBATbCA U C OPYyrMMmuU
cogepxaTtesibHbIMUN TMHUAMNA.



5 COAEPXATE/IbHbIE CTAHAAPTbI MO MATEMATUKE 7-r0 KNACCA

CopeprkatenbHaa amHua 1. HUC/NTIA U p,EﬁCTBMFI
CraHgapt 7-1.1. MNoHMMmaeT NOHATUE PALMOHA/IbHOIO YMC/A, BbINONHAET YNOPAAOYEHMUE PALMOHA/bHbBIX
yucen.
7-1.1.1. O6bACHAET pauMOHaIbHOE YNCNO0 KaK OTHOLIEHUE ABYX LiefbIX YNCeN, rae 3HaMeHaTe b He
paBeH Hy/Ito.
7-1.1.2. NpeobpasyeT 6€CKOHEYHYIO NEPUOANYECKYIO AECATUYHYIO AP0b6b B 0ObIKHOBEHHYIO U
HaoboporT.
7-1.1.3. NoKa3bIBaeT Ha YNC/IOBOM OCU TOYKY, COOTBETCTBYIOLLYIO 334aHHOMY PaLMOHA/IbHOMY YUCAY.
7-1.1.4. CpaBHMBAET N yNOPAL0YMBAET PaLMOHA/IbHbIE YMCAa.
7-1.1.5. HaxoguT abCcoNtoTHYIO M OTHOCUTENbHYIO MOMPELIHOCTM Pe3yNbTaToB U3MEPEHMUIA.

CraHgapTt 7-1.2. BoinonHAeT AeicTBUA C palMoHaNAbHbIMU YACIAMU U NPUMEHSAET UX NPU peLleHumn

3agau.

7-1.2.1. BbinonHseT apudmeTnyeckme gencTBus ¢ paLMoHa bHbIMU YNCAAMMU.

7-1.2.2. HaxoguT cTeneHb paunoHaabHOro YMCna ¢ HaTypaabHbIM MOKasaTesem, MPUMeEHAET CBOMCTBA
cTeneHen.

7-1.2.3. BbluncnsieT 3HaYeHNE YMUCIOBbIX BbIParKeHWUN.

7-1.2.4. icnonb3yeT AeNCTBMA C PaLMOHaIbHbIMUM YACAAMM NPU PELLEHMM 3a4aY.

7-1.2.5. Pewaet npocTble 3a4a4uM Ha CAOXKHbIE MPOLLEHTbI.

Copep:katenbHas anHua 2. AITEBPA U PYHKLUUN
CraHgapt 7-2.1. MoHMMaeT NOHATUE MHOTOUIEHa, BbINO/IHAET AEUCTBUA C MHOroYJieHaMMU (CnoXKeHue,
BblUUTAHUE, YMHOXXEHUE), YNPOLLAET UX U HAXOL4UT 3HAUEHUA.
7-2.1.1. O6bACHAET NOHATMA OAHOY/IEHA N MHOTOY/1EHa.
7-2.1.2. Ynpouiaet MHOTo4Y/1€eH.
7-2.1.3. HaxoguT 3HayeHMe MHOro4YneHa Npu 3a4aHHbIX 3HaYEHUAX NepeMeHHbIX.
7-2.1.4. CKnagblBaeT, BbIMMTAET M YMHOXKAET MHOTOY/IEHbI.
7-2.1.5. MNpumeHaeT GopMy/ibl COKPALLEHHOTO YMHOMKEHMUS.
7-2.1.6. Pasnaraet MHOro4YJIeH Ha MHOXXUTENN.

CraHpapt 7-2.2. U3yyaeT U peluaeT JNHEWHbIe YPaBHEHMA U CUCTEMDI JIMHEWHbIX YPaBHEHUMN,

onpegensAeT pauuoHa/ibHble 3HAaYEHUA NEepemMeHHOM, YA0BNAETBOPAIOWME NPOCTbIM HEepaBEHCTBAM

meTtogom nogbopa.

7-2.2.1. U3yyaeT 1 peluaeT AMHENHOe ypaBHEHWE C O4HOW NepeMeHHON.

7-2.2.2. PewaeT NpoCTble YpaBHEHUA C MOAYAEM.

7-2.2.3. PelwaeT cuCTeMy IMHENHbIX YPABHEHWUI C ABYMS NepeMeHHbIMU PasMdYHbIMK cnocobamu.

7-2.2.4. PewaeT 3a434M, NPUMEHAA NIMHENHDbIE YPAaBHEHWA C O4HON NepemMeHHOM U CUCTEMbI C ABYMA
nepemeHHbIMN.

7-2.2.5. Onpepennet paunoHasbHble 3Ha4YEHUA NepeMeHHON, YA0BAETBOPAOLME NPOCTbIM
HepaBeHCTBaM.

CtraHgapt 7-2.3. BblparkaeT /iMHelHble 3aBUCMMOCTU MeXAY BeAuYMHaMu B Buae OQyHKUUU U
obbscHAEeT eé cmbich.

7-2.3.1. leMmOoHCTpupyeT NepBoHavasibHble NpeacTaBAeHMA O MOHATUM GYHKUUN.

7-2.3.2. O6bACHAET NOHATME IMHENHOM QYHKLNM.

7-2.3.3. CtpouT rpaduK AMHEeNHOM GyHKUUN.
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CopeprkatenbHasa amHua 3. TEOMETPUA
CraHpapt 7-3.1. U3yyaeT B3aMMHOE pPacnosioXKeHne NPSAMOI U OKPYXKHOCTU, ABYX OKPYXKHOCTEN,
NPUMEHSET CBOICTBA YI/10B B OKPYXKHOCTU.
7-3.1.1. O6bsACHAET NOHATME KAcaTeNbHOM U CEKYLLLEN OKPYKHOCTMU.
7-3.1.2. M3y4aeT B3aMMHOE PacrofioXKeHME ABYX OKPYHKHOCTEMN.
7-3.1.3. NMpumeHAEeT CBONCTBA YI/10B B OKPYKHOCTH.

CraHpaprt 7-3.2. Bbluucnaer gaAvHy Ayrm v naowagb CeKTopa Kpyra.

7-3.2.1. BbluncnaeT gavHy ayrm oKpyKHOCTU.

7-3.2.2. BbluncnaeT naowanb CEKTOpa Kpyra.

CraHgapTt 7-3.3. O6bACHAET CBOICTBA YeTbIPEXYro/ibHUKOB U TPEYro/ibHUKOB.

7-3.3.1. Paznnyaert BbINyKAble N BOTHYTblE YeTblpeXyroJbHUKN.

7-3.3.2. NpMmeHsAeT CBOMCTBA BHYTPEHHWUX M BHELLHUX YI/10B YETbIPEXYro/IbHUKOB.

7-3.3.3. MpumeHAeT CBOMCTBa Napannenorpamma, pomba, NPAMOYrosibHMKa, KBagpaTa U Tpaneyuu.
7-3.3.4. O6bsicHAET CBOMCTBA CpeAHEN IMHUKN TPEYro/IbHMKa U Tpaneumu.

7-3.3.5. MpumeHAeT CBOMCTBa MeAMaH U BbICOT TPEYrosibHUKA.

CraHpapt 7-3.4. 3anucbiBaeT ypaBHEHUE NPSAMON U CTPOUT ee Ha KOOPAUHATHOM NIOCKOCTW.
7-3.4.1. O6bACHAET NOHATME YINOBOro KoapduumeHTa, NPUMEHAET ero CBOMCTBA.
7-3.4.2. 3anucbiBaeT ypaBHEHME NPAMOIM U CTPOUT ee Ha KOOPAMHATHOMN NAOCKOCTH.

CraHpaprt 7-3.5. Pewaet 3a4aum Ha ABUXKeHuMe.

7-3.5.1. NpnmeHaeT NOHATUE BPALLEHUA Ha KOOPAMHATHOM NJOCKOCTH.

7-3.5.2. O6bACHAET NOHATUE CUMMETPUN OTHOCUTENIBHO TOUKU, CTPOUT GUTYPY, CUMMETPUYHYIO
[aHHOM OTHOCUTENIBHO TOYKM.

Cranpgaprt 7-3.6. Ctpout Ppurypoi.
7-3.6.1. C nOMOLLbIO LIUPKYNA U JIMHENKN CTPOUT CEPELAUNHHDBIN NepPneHaMKYAAP K OTPE3KY,
buccekTpucy yraa.

Crangaprt 7-3.7. BoiuncnseT naowaab NOBEPXHOCTU U 06bEM NPOCTPAHCTBEHHbIX GuUryp.
7-3.7.1. BbluncnaeT naowanb NOBEPXHOCTH LWapa.
7-3.7.2 Bbluncnsaet ob6bem Lwapa.

CopeprkatenbHaa amHuna 5. CTATUCTUKA U BEPOATHOCTb
CraHgaprt 7-5.1. CobupaeT, onucbiBaeT U aHANU3UPYET AaHHbIE.
7-5.1.1. CTpOUT 1 MHTepNPEeTMPYET TabinLy YacToT A4/1A He CrPynnUPOBaHHbIX AaHHbIX.
7-5.1.2. CTpouUT U MHTepnpeTUpyeT TabnLy OTHOCUTENbHbIX YAaCcTOT ANA HE CrPYNNMPOBAHHbIX
OaHHbIX.
7-5.1.3. Ha ocHoBe Tab/mubl 4acTOT BblYMUCAAET cpeHee apudmeTUYEcKoe, meanaHy n moay.

CraHgapTt 7-5.2. HaxoauT TeopeTUUYecKyo U SKCNepMMeHTaNbHYH BEPOATHOCTb CObbITUA.
7-5.2.1. OnucbiBaeT cobbiTME KaK NOAMHOMKECTBO NPOCTPAHCTBA 3/1IEMEHTAPHbIX MCXOA0B.
7-5.2.2. BbluMcnsieT BEpOATHOCTb COObITUSA.

7-5.2.3. O6bACHAET aKCMOMbI TEOPUN BEPOATHOCTEMN.

7-5.2.4. O6bscHAET NPOCTbIE CEACTBMA aKCUOM.

*MpumeyaHue: Tak Kak cogeprkatenbHan avHna 4. USMEPEHUE B 5—11-x knaccax npenofaétcs MHTerpaTuBHO
BMECTe C APYIMMU JIMHUAMMW COAEPKAHUA, OHA HE PACCMATPUBAETCA KaK OTAE/IbHAA INHUA.
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4

Tabnuua peanusaumum cogepxatenbHbIX CTaH4apTos 3a | nonyrogue

Paspenbl u Tembl

CraHAapTbl coaepKaHua

| pasgen

Il paspen

Il pasgen

IV pasgen

V pasgen

1.1

1.2

13

1.4

15

1.6

2.1

2.2

2.3

2.4

3.1

3.2

33

3.4

3.5

4.1

4.2

4.3

4.4

4.5

5.1

5.2

5.3|5.4

5.5

CopepikatenbHas aMHua 1. Yucna un genctena

Cranpapt 7-1.1. MoHMMaeT NoHATHE PaLUOHANBHOIO YNCNA, BbINONHAET
ynopago4eHue pauoHabHbIX Yucesn.

7-1.1.1. O6BACHAET PaLWIOHa/IbHOE YNC/IO KaK OTHOLLIEHME ABYX LIE/bIX YMCen, roe
3HaMeHaTe/Ib He PaBeH HyJto.

7-1.1.2. NpeobpasyeT 6eCKOHEYHYIO NEPUOANYECKYIO AECATUYHYIO AP00b B
06bIKHOBEHHYHO U HA06OPOT.

7-1.1.3. MNoKa3bIBaeT Ha YNC/IOBOWN OCU TOUKY, COOTBETCTBYIOLLYIO 3a4aHHOMY
pauMOHaNbHOMY YMCAy.

7-1.1.4. CpaBHMBaeT 1 yNnopAA04YMBaAET paLMOHabHble YMCAa.

7-1.1.5. HaxoauT abCoONOTHYIO U OTHOCUTE/IbHYIO MOrPELHOCTU Pe3ybTaToB
N3MEpPEHUN.

CtaHpapTt 7-1.2. BbinosiHAET AeiicTBUA C paLMOHaNbHbIMU YACAAMU U
NPUMEHAET UX NPU peLleHUn 3a4au.

7-1.2.1. BoinonHseT apudmeTmyeckne 4encTBUA C PaLMOHANbHBIMU YUCNAMM.

7-1.2.2. HaxoguT cTeneHb paLmOoHaibHOMo YMCIA C HaTypaibHbIM NOKasaTenem,
NPUMEHSAET CBOMCTBA CTENEHEN.

7-1.2.3. BbluncnaeT 3Ha4YeHMe YNCI0BbIX BbIPAXKEHWUN.

7-1.2.4. Vcnonb3yeT AeNCTBUSA C PaLMOHaNbHbIMU YMCIAMWN NMPU PELLEHUMU
3a4au.

7-1.2.5. Pewaet npocTble 3a4a4M Ha CNOXKHble MPOLEHTbI.

Copep:katenbHas anmHua 2. AJIFEEGPA U YHKLUU

CraHpaprt 7-2.1. MoHMMaeT NOHATUE MHOTOY/IeHa, BbINO/IHAET AeUCTBUA C
MHOrousneHamum (CnoXKeHue, BbluuTaHMe, YyMHOXKEHUE), yNpoLLaeT UX U
HaXoAWUT 3HaYEHUA.

7-2.1.1. O6bACHAET NOHATUA OAHOY/IEHA M MHOTOYNEHA.

7-2.1.2. YnpouwaeT MHOro4eH.

7-2.1.3. HaxoAnT 3HaYeHWe MHOTroYAeHa NpPUY 3aAaHHbIX 3HAYEHUAX
nepemMeHHbIX.




€T

7-2.1.4. CKnaabiBaeT, BblMMTAET U YMHOXKAET MHOMO4Y/1eHbI.

7-2.1.5. MpumeHseT Gopmy/bl COKPALLEHHOTO YMHOXKEHMA.

7-2.1.6. Pa3znaraet MHOro4YIeH Ha MHOXUTENN.

CraHpapT 7-2.2. 3yyaeT 1 peLuaeT MHelHble YPaBHEHUA U CUCTEMbI JIMHEHDbIX
ypaBHeHUI, onpeaensaeT paLunoHasibHble 3HaYeHUA NepemMeHHOM,
YA0BAETBOPAIOLME NPOCTbIM HEPAaBEHCTBaM MeTOA0M nog6bopa.

7-2.2.1. U3yyaeT v pelwaeT IMHEeNHOe YypaBHEHWNE C OAHOM NepeMeHHON.

7-2.2.2. PewaeT NnpocTble ypaBHEHUA C MOAYNEM.

7-2.2.3. PewwaeT cuctemy MHENHbIX YPaBHEHWNI C ABYMA NepeMeHHbIMMU
pasMYHbIMKU cnocobamm.

7-2.2.4. PewaeT 3aga4m, NPUMEHSASA JIMHENHbIE YPaBHEHWA C OAHOW NepeMeHHOM 1
CUCTEMbI C ABYMA NepeMEeHHbIMM.

7-2.2.5. OnpegfenseT pauyoHasbHble 3HaUeHWUA NepeMeHHON, YA0BNeTBOpAIOLWLME
MPOCTbIM HEPABEHCTBAM.

CraHpapT 7-2.3. BbipaXkaeT MHeliHble 3aBUCMMOCTU MEXKAY BEIMUMHAMM B BUAE
$YHKUMM U 06BACHAET €€ cmbich.

7-2.3.1. [leMOHCTpUpYyeT NepBoHaYasbHble NPeACTaBAEHNA O NOHATUM GYHKLUW.

7-2.3.2. ObbACHAET NOHATME IMHENHOM QYHKLMN.

7-2.3.3. CTpouT rpadvik iHENHOM GyHKUMM.

Copep:karenbHasa nuHua 3. TEOMETPUA

CraHpapr 7-3.1. M3yuyaeT B3aMmHOe pacnosioXKeHue NpsiMmoii U OKPY>KHOCTH,
A,BYX OKpPY}XHOCTEM, NPUMEHSAET CBOUCTBA YIN0B B OKPYXXHOCTM.

7-3.1.1. O6bACHAET NOHATUE KacaTeNbHOM W CEKYLLIEN OKPYKHOCTY.

7-3.1.2. M3yyaeT B3aMHOE PacrosioxKeHne ABYX OKPYKHOCTEMN.

7-3.1.3. NprMeHsEeT CBOWCTBA YI/10B B OKPY*KHOCTW.

CraHpaprt 7-3.2. BblunucnaeT gMHY AYry U NaoWaab CEKTOpa Kpyra.

7-3.2.1. BblumcnaeT ANNHY AYrY OKPYXHOCTW.

7-3.2.2. BoluncnaeT naowaab ceKkTopa Kpyra.

CraHpapT 7-3.3. O6bACHAET CBOMCTBA YETbIPEXYrO/IbHUKOB U TPEYro/ibHUKOB.

7-3.3.1. Paznnyaet BbiNyK/ble N BOTHYTbIE YeTbIPeXyronbHUKK.

7-3.3.2. MprmeHseT cBONCTBA BHYTPEHHWUX U BHELLHUX Yr/10B
YeTbIpexyroNbHNKOB.

7-3.3.3. MpumeHseT cBOICTBa Napasnenorpamma, pomba, NpAMoyronbHUKa,
KBagpaTa v Tpaneumm.

7-3.3.4. O6bACHAET CBOMCTBA CpegHen IMHUM TPeyroibHUKa M Tpaneuuu.

7-3.3.5. MpumeHseT cBONCTBA MeAnaH U BbICOT TPEYro/IbHUKA.
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CtaHpapt 7-3.4. 3anucbiBaeT ypaBHEeHUE NPAMOMN U CTPOUT ee Ha
KOOPAWHATHOM NNOCKOCTH.

7-3.4.1. O6bACHAET NOHATUE YrN0BOro Ko3bdUUMEHTa, NPUMEHSET ero
CBOWCTBaA.

7-3.4.2. 3anucbIBaET ypaBHeHWe NPAMOM U CTPOUT ee Ha KOOPAMHATHOM
NNOCKOCTH.

CraHpaprt 7-3.5. Pewaet 3aaaum Ha ABUXKeHUe.

7-3.5.1. MpumeHAEeT NOHATUE BPaLLEHUA HA KOOPAMHATHOM MNOCKOCTHU.

7-3.5.2. O6bACHAET NOHATUE CUMMETPUM OTHOCUTENBHO TOYKM, CTPOUT PUrypy,
CUMMETPUYHYIO AAaHHOW OTHOCUTE/IbHO TOUKM.

CraHaaprt 7-3.6. Ctpout ¢urypbl.

7-3.6.1. C NOMOLLbIO LIMUPKYAA U IMHENKN CTPOUT CEPEAMHHDBIN NeprneHanKyAap K
oTpeskKy, buccekTpucy yrna.
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Paspenbl U Tembl

CraHpapTbl coaeprKaHusA

| paspen

Il paspen

11l paspen

IV paspen

V paspen

1.1

1.2

13|14

15

1.6

2.1

22|23

2.4

3.1

3.2

3.3

3.4

3.5

4.1

4.2

4.3

4.4

4.5

5.1

5.2

53|54

5.5

CraHpapT 7-3.7. Boluucnset nnowasb NOBEPXHOCTU U 06bem
NPOCTPaHCTBEHHDbIX GuUryp.

7-3.7.1. BoluncnseT naowaab NOBEPXHOCTU LApa.

7-3.7.2. Bbluncnset obbem wapa.

Copep:karenbHasa nmHua 5. CTATUCTUKA U BEPOATHOCTb

CraHpgapT 7-5.1. CobupaeTt, onucbiBaeT U aHaAM3UPYET AaHHbIE.

7-5.1.1. CTpouT U MHTepnpeTUpyeT TabauMLy YacToT ANA He CrPYNNMPOBaHHbIX
OaHHbIX.

7-5.1.2. CTpPOUT U MHTepNpeTUpyeT TabanLy OTHOCUTE/IbHBIX YAcTOT ANA He
CrPYNNUPOBAHHbIX AAHHbIX.

7-5.1.3. Ha ocHoBe Tab1Lbl 4acTOT BbIMMCAAET cpegHee apudMeTUYECKOE,
MeanaHy U Moay.

CraHaapTt 7-5.2. HaxoauT TeopeTUUYECKYIO U 3KCNEPUMEHTA/IbHYIO
BEPOATHOCTb COBbLITUA.

7-5.2.1. OnucbiBaeT cobbITUE Kak MOAMHOMKECTBO NPOCTPAHCTBA
3/1EMEHTaPHbIX MCXOL0B.

7-5.2.2. BbluncnseT BepOATHOCTb COBbITUA.

7-5.2.3. O6bACHAET aKCMOMbI TEOPUM BEPOATHOCTEN.

7-5.2.4. O6bACHAET NPOCTbie CNeacTBUA aKCUOM.
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Tabaunuya peannsauum cogepratenbHblX CTaHA4apToB 3a Il nonyrogue

Paspgenbi u Tembl

CraHpapTbl coaeprKaHuA

VI pasgen

VIl pasgen

VIl pasgen

IX pasaen

X pasgen

6.1

6.2

6.3

7.1

7.2

7.3

7.4

7.5

8.1

8.2

8.3|8.4|85

8.6

8.7

8.8

9.1

9.2

9.3

10.1

10.2

10.3

CopeprkaTtenbHas amHuUA 1. Yucna u geicreus

Cranpapt 7-1.1. MoHMMaeT NoHATHE PaLUOHANBHOIO YNCNA, BbINONHAET
ynopago4eHue pauoHabHbIX Yucesn.

7-1.1.1. O6BACHAET PaLWIOHa/IbHOE YNC/IO KaK OTHOLLIEHME ABYX LIE/bIX YMCen, roe
3HaMeHaTe/Ib He PaBeH HyJto.

7-1.1.2. NMpeobpasyeT 6ECKOHEUYHYIO NEPUOLAUYECKYIO AECATUYHYIO APObb B
06bIKHOBEHHYIO U HA060POT.

7-1.1.3. MNoKa3bIBaeT Ha YNC/IOBOWN OCU TOUKY, COOTBETCTBYIOLLYIO 3a4aHHOMY
pauMOHaNbHOMY YMCAy.

7-1.1.4. CpaBHMBaeT 1 yNnopAA04YMBaAET paLMOHabHble YMCAa.

7-1.1.5. HaxoauT abCoONOTHYIO U OTHOCUTE/IbHYIO MOrPELHOCTU Pe3ybTaToB
N3MEpPEHUN.

CtaHpapTt 7-1.2. BbinosiHAET AeiicTBUA C paLMOHaNbHbIMU YACAAMU U
NPUMEHAET UX NPU peLleHUn 3a4au.

7-1.2.1. BoinonHaeT apudmeTmyeckme SencTBua ¢ paLmoHaNbHbIMU YUCTAMMU.

7-1.2.2. HaxoZuT cTeneHb paLMoHaIbHOIO YMCA C HAaTypasibHbIM NOKasaTenem,
NPUMEHSIET CBOMCTBA CTEMNEHEN.

7-1.2.3. BbluncnsaeT 3HaYeHUE YNCNOBBIX BbIParKEHWUN.

7-1.2.4. Ncnonb3yeT AeNCTBMA C PaLMOHANIbHBIMU YNCAAMU NPU PeLLeHnmn
3ajauv.

7-1.2.5. PewaeT npocTble 334341 Ha CNOXKHbIE MPOLLEHTDI.

CopeprkarenbHas nnHua 2. A/ITEBPA U ®YHKLUN

CraHaapt 7-2.1. MoHMMaeT NOHATME MHOTOY/IEHA, BbINOHAET AeUCTBUA C
MHOrous1eHamMm (CnoyKeHue, BbluUTaHUE, YMHOMKEHMWE), yNPOLLLAET UX U HAaXOAUT
3HaYeHUA.

7-2.1.1. O6bACHAET NOHATUA OAHOY/IEHA M MHOTOYEHA.

7-2.1.2. Ynpouw,aeT MHOIo4Y1eH.

7-2.1.3. HaxoAnT 3HaYeHWe MHOro4YaeHa Npu 3aAaHHbIX 3HaYEHUAX




LT

nepemeHHbIX.

7-2.1.4. CKnappbiBaeT, BbIYMTAET U YMHOMKAET MHOTOY/EHDI.

7-2.1.5. MpumeHseT Gopmy/bl COKPALLEHHOTO YMHOXKEHMUS.

7-2.1.6. Pa3znaraet MHOro4YIeH Ha MHOXUTENN.

CtaHpapT 7-2.2. U3yyaeT 1 peLuaeT IMHeliHble YPaBHEHUA U CUCTEMDbI
NINHEHbIX ypaBHEeHU, onpeaenseT pauuoHa/bHble 3HaYeHUA NepeMeHHOM,
YAOBAETBOpAOLLME NPOCTbIM HEPABEHCTBaM MeToA0M noabopa.

7-2.2.1. N3yyaeT u peluaeT IMHENHOE ypaBHEHME C O4HON NepemMeHHON.

7-2.2.2. PewwaeT npocTble ypaBHEHUA C MOAYNEM.

7-2.2.3. Pewaet cucTemy AMHEWHbIX YPaBHEHWI C ABYMS NepeMeHHbIMU
pasAnYHbIMK cnocobamm.

7-2.2.4. PewaeT 334341, NPUMEHSASA JIMHENHbIE YPaBHEHWUA C OAHOW NepeMeHHOM 1
CUCTEMBI C ABYMA NEPEMEHHbIMM.

7-2.2.5. OnpenensaeT paupmoHasbHble 3HAYEHUA NEPEMEHHOM, YA0BNETBOPAIOLLME
NpPOCTbIM HEPaBEHCTBAM.

CtaHpapT 7-2.3. BoipaXkaeT IMHeliHble 3aBUCUMOCTU MeXKAyY BeIMYMHaMM B
Buae GyHKLMUU M 06bACHAET €€ CMbICA.

7-2.3.1. lemoHcTpUpyeT nepBoHaYasibHble NPeACcTaBAeHNA O NOHATUM QYHKLUN. v
7-2.3.2. O6bACHAET NOHATUE NIMHENHOW YHKLIUW. v
7-2.3.3. CTpouT rpadmik iHENHOM GYHKUMM. v

CopeprkatenbHaa amHua 3. TEOMETPUA

CraHgapTt 7-3.1. M3yyaeT B3aMMHOE PacnoNoXKeHue NPAMOI U OKPYIKHOCTH,
ABYX OKPYKHOCTEM, NPUMEHAET CBOWCTBA YI/NI0B B OKPYKHOCTH.

7-3.1.1. ObbACHAET NOHATHE KacaTesIbHOM M CEKYLLLEN OKPYKHOCTU.

7-3.1.2. 3y4aeT B3aMMHOE pacnooxeHme ABYX OKPYKHOCTEN.

7-3.1.3. Np1meHAET CBOMCTBA YI/IOB B OKPYXKHOCTY.

CraHaapt 7-3.2. Boiuucnser ganHy Ayru v naowaab ceKTopa Kpyra.

7-3.2.1. Boluncnaet gAnHy Ayrm OKPY»KHOCTU.

7-3.2.2. BbluncnaeT nnowaab cektopa Kpyra.

CraHgapTt 7-3.3. O6bACHAET CBOIMCTBA YETbIPEXYro/ibHUKOB U TPEYro/ibHUKOB.

7-3.3.1. Pa3/iMyaeT BbiNyK/ble U BOTHYTbIE YETbIPeXyrosbHUKN.

7-3.3.2. MpmeHseT CBONCTBA BHYTPEHHWUX U BHELUHUX Yr/10B
YeTbIPeXyro/ibHUKOB.

7-3.3.3. MprmeHseT cBOWCTBA Napaanenorpamma, pomba, NpsAMOyrosibHUKa,
KBagpaTa u Tpaneuuu.

7-3.3.4. O6bACHAET CBOMCTBA CpeHel IMHUM TPeYroabHMKA U Tpanewumu.
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7-3.3.5. MpumeHseT cBOMCTBA MeANaH 1 BbICOT TPEYro/IbHUKA.

CraHpgapT 7-3.4. 3anucbiBaeT ypaBHEHUE NPAMOIA U CTPOUT ee Ha
KOOPAWHATHOM NNOCKOCTH.

7-3.4.1. O6bACHAET NOHATHE YII0BOrO KO3PULMEHTA, NPUMEHAET €ro

CBOWCTBaA.

7-3.4.2. 3anucbiBaeT ypaBHEHME NPSAMON U CTPOUT ee Ha KOOPAUHATHOM
NJ0CKOCTW.

CraHaapt 7-3.5. Pewaer 3agaumn Ha ABUXKEHMe.

7-3.5.1. MprmeHsEeT NOHATME BPaLLEHUA HA KOOPAMHATHOM MIOCKOCTH.

7-3.5.2. O6BbACHAET NOHATUE CUMMETPUUN OTHOCUTE/IBHO TOUKM, CTPOUT dUrypy,
CUMMETPUYHYIO A@HHON OTHOCUTE/IBHO TOYKM.

CraHpapr 7-3.6. CtpouTt ¢purypbil.

7-3.6.1. C NOMOLLbIO LMPKYNA U JIMHENKM CTPOUT CepeMHHbIN NepneHanKynap K
oTpeskKy, buccekTpucy yrna.




Paspenbl U Tembl VI pasagen VIl pasgen VIl pasaen IX paspgen X pasaen

CraHpapTbl cogeprKaHua 6.1/6.2|6.3|7.1|7.2(7.3|7.4|7.5/8.1/8.2|8.3|8.4|8.5(8.6/8.7|8.8/9.1|9.2/9.3(10.1/10.2|10.3

CraHpapt 7-3.7. BbluncaseT naowanb NOBEpPXHOCTU M 06bem
NPOCTPAHCTBEHHbIX puryp.

7-3.7.1. BoluncnsaeT naowaab NOBEPXHOCTH LWApa. v

7-3.7.2. Bbluncnset obbem wapa. v

Copep:katenbHasa nuHua 5. CTATUCTUKA U BEPOATHOCTb

CraHaapT 7-5.1. Cobupaert, onucbiBaeT U aHAAM3UPYET AaHHbIe.

7-5.1.1. CTpouT 1 nHTepnpeTMpyeT TabMLy 4acToT A8 He CrPYNNMPOBaHHbIX v
OaHHbIX.
7-5.1.2. CTpouT 1 nHTepnpeTupyeT Tabanuy OTHOCUTE/IbHbIX YacToOT ANA He v

CrPYNMNMPOBaHHbIX A4AHHBbIX.

61

7-5.1.3. Ha ocHoBe TabMLbl YacTOT BbIMMCAAET cpegHee apudmMeTUYecKoe, v
MeanaHy 1 moay.

CraHpapTt 7-5.2. HaxoauT TeopeTUYECKYIO U IKCNEPUMEHTA/IbHYIO
BEPOATHOCTb CO6bITUA.

7-5.2.1. OnucbiBaeT cobbITME KaK MOAMHOXKECTBO NMPOCTPAHCTBA v
3N1eMeHTapHbIX NCXOL0B.

7-5.2.2. Bbluncnser BeposaTHOCTb COObITUSA. v v

<

7-5.2.3. O6bACHAET aKCMOMbl TEOPUU BEPOATHOCTEMN.

7-5.2.4. O6bACHAET NPOCTble CeACTBUSA aKCUOM. v




f; MnaHnpoBaHue

Hapaay c nosbiweHnem 3¢PEKTUBHOCTM npouecca obyyeHWA KOMMOHEHTbI, BXOAAWME B KOMMNEKT
YUYEBHMKOB, C/yXKaT TaKXe A/1A NOBbIWEHWs Pe3y/bTaToB 0byvyeHUsa Y YYEeHUKOB. MpeanoXeHHbI KOMMIEKT
YYEBHMKOB CAYXKUT AN15 NOJSIHON peannsaumm noAcTaHAapTos no matematmke VI Knacca u momoraer yuntensam
Npv rog0BOM U eXXeAHEBHOM NIaHUPOBAHUN.

MNnaHupoBaHue

¢ MNoapeprkka obyyeHun
¢ [loBblWEeHWe YPOBHA

OLuEeHMBaHMe Mpouecc

0byyeHus

S

E)xxepHeBHOE NnaHUpPOBaHUe

OCHOBHYIO 4acTb Nocobusa ANa yumTenein COCTaBAAIOT PEKOMEHAALMM MO eXeAHEBHOMY MAaHMPOBAHMUIO
YPOKoB. [OCTYNMHO ONWUCbIBAETCA NpenosaBaHMe KaXKAon TeMbl U [AOTCA PEKOMEHAAUMU MO MUCMOb30BAHMIO
pasHbIX MeTOA0B NPeAcTaBAeHUA MATePUanoB obyyeHus. B 3aBUCMMOCTU OT YPOBHA MOATOTOBKM YYEHUKOB U
TEXHMYECKOrO OCHALLLEHUA Kacca YYUTENb MOMKET MOBLICUTb YPOBEHb AOCTUNKEHUSA Lenen obyyeHus, Mcnonb3yn
pasHyto LMbpOoBYIO TEXHUKY (MHTEPAKTUBHAA LOCKA, MPOEKTOP U Ap.).

OpraHu3auua 0606uatowmx ypokos

OCHOBHOW Lenbio 0606L1aloWmMx YPOKOB B pa3genax ABAAeTCA CUCTeMATM3aLMA U 3aKpenjeHne 3HaHW,
MONYYEHHbIX B X04€ NpenofaBaHua Tem. Takue ypoKu NoOMOratoT CBA3bIBATb U yraybaaTb 3HaHMSA, NONYYEeHHbIe B
pasgene, a TaKKe yAydLWKUTb Npeanonaraemble HaBbikKW. MpoBeas 0bLWmMit onpoc No pasgeny, MOXKHO onpeaenvTb
TeMbl, KOTOpPbIE BbI3bIBAIOT TPYAHOCTU Y YYEHUKOB U B KOTOPbIX OTHOCUTE/IBHO C1abo peann3oBaHbl CTaHAAPTbI. B
aTOM c/lyyae bonee LenecoobpasHo NOCTPOUTL YPOK, HanpaB/IeHHbIV Ha YCTPaHeHWe cnabbix CTOPOH YYEHUKOB.

B AoononHeHWe K 3a4ayYaM, NpuMBeAEHHbIM B yY4eOHMKe U paboyei TeTpagy, yuuTeb MOXKET 3a4aTb YYeHUKam
[OMONHUTEIbHbIE BOMPOCHI M 33ZjaHNA Ha OCHOBE NOACTaHAAPTOB, KOTOPbIE NPeANoIaraeTcA Ppeanns3osaThb B pasaene.

Yuutens 06a3aTenbHO J0MKEH KOHTPOAUPOBaTL AMHAMMKY PA3BUTUA yYeHWUKOB. Elle oaHOM Lenbio ypoka
ABNAETCA HabNloAEHNE 32 YPOBHEM YCBOEHUSA YHEHUKAMM TEM Pa3fena Ha OCHOBE 3aJaHUA.

OPrAHU3AUMA PABOTbl HA STEAM MPOEKTAX

Mpoektbl STEAM (Science, Technology, Engineering, Art, Mathematics) HanpaBneHbl Ha obbeanHeHue
MaTeMaTUYECKUX 3HAHUI YYEHUKOB, NPUMEHEHNE MAaTEMATUYECKUX 3HAHUIN U HAaBbIKOB B MOBCEAHEBHOM XKU3HW.
MpoeKTbl NpeAnonaraoT NPoBeLeHNe YYaLWMMUCA CAMOCTOATE/IbHbIX UCCe0BaHUI MO onpesesieHHoN Teme.
YTouHAeTca Bpems paboTbl Hag, NPOEKTOM, yYallMMcA AA0TCA peKomeHaauuu 1 coseTbl. Mpobnema cTaBuTtca
KOHKPETHO. YUUTens U y4YeHUKU onpesensioT NpoJo/KUTeNbHOCTb PaboTbl HaA MPOEKTOM, UCMNO/Mb3yemble
cpeacTsa (nuTepatypa, MCTOYHMKM, BCMOMOraTeibHble CPEACTBA U T.4.), CNocobbl ux noayyeHus, dopmbl paboTbl.
B npouecce paboTbl y4UTEb MOMKET HaNPaBAATb yYaLWMXCA. YUEHUKN e OTBETCTBEHHbI 33 BbINOJIHEHWE PaboTbl.
PesynbTaT nccnenoBaHmMAa MoXKeT 6biTb NpescTaBiAeH B BUAE FOTOBOro NPOAYKTa, NPe3eHTalumm, UANICTPaL MK,
doTorpadum, Bugeomatepuana, anbboma u ap. popmax.

MpoekT npeactaBnfeT co60iM NOATOTOB/IEHHYIO U PEa/IM30BaHHYI0 NO PEKOMEHAALMNN YyUNTEeNA TBOPUECKYHO
CcamocToATeNIbHY0 paboTy yYeHWKOB, HaMPaB/AEHHYIO Ha U3yYeHUe TeMbl, pasaena.

PaboTa Hag, NPOeKTOM OCyLLECTBAAETCA NO CAeAYOWMM 3Tanam:

1. NoaroTtosKa. 2. NnaHuposaHue. 3. leaTenbHocTb. 4. MpeseHTayma.
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VIl knacc. MatemaTuKa (1-a 4acTb)
NnaHuposaHue 3a | nonyrogue (17 x 5 = 85 yacos)

No Paspgen, rnasa u Tembl yacobl
PA3AE/ 1. PaumoHanbHbie Yyucna
MNpepBapuTenbHasa NpoBepKa 1
1.1. PaunoHanbHble Yncna 2
1.2. MpeacTaBneHe paLMOHANbHOIO YMCAA B BUAE AEeCATUYHON Apobu 2
1.3. CpaBHeHMe 1 ynopaaounmBaHme paunoHanbHbIX Ymucen 2
3afauun v npumepsl 1
1.4. CnoxeHue un BblYUTaHMe paLMOHaNbHbIX YMucen 2
1.5. YMHOXeHue n geneHne paumoHaabHbIX Yncen 2
1.6. BbluncneHne 3HaYEHUIT YUCNOBBIX BbIPArKEHUM 3
O6ob6uwatowuii ypok. STEAM "OkeaHonoruma" 2
MCO-1 1
OBLLEE KO/TMYECTBO YACOB MO PA3AENY 18
PA3AEN 2. CteneHb C HaTypa/ibHbIM NMOKa3aTesem U ee CBOMCTBA
MpeaBapuTenbHaa npoBepka 1
2.1. CTreneHb € HaTypanbHbIM NOKasaTenem 2
2.2. YMHOMeHMe n geneHune creneHen 2
2.3. CteneHb npounsBeaeHUa n apobu 2
2.4. BblumncneHue CA0XKHOMO NPoLEHTa 2
0606uwatowmin ypok. STEAM. "My3biKa 1 maTemaTuKa: KamepToH" 2
OBLLEE KOJTMYECTBO YACOB NO PA3AENY 11
PA3AE/ 3. OaHOUYNEHblI U MHOFOY/1€HbI
MpeaBapuTenbHasa NpoBepKa 1
3.1. OaHouneHbl 2
3.2, MHoro4yneHsl 2
3.3. CnoxeHue 1 Bbl4MTaHNE MHOTFOY/IeHOB 2
3agaum u npumepsl 1
3.4. YMHOXeHne ogHouYNeHa Ha MHOroY/1eH 2
3.5. YMHOeHne MHOroyaeHa Ha MHOro4Y1eH 3
0O606uwatowmin ypok. STEAM. "Bo306HOBASIEMbIE UCTOYHUKU SHEPTUN" 2
MCO-2 1
OBLLEE KOMMYECTBO YACOB NO PA3AENY 16
PA3LEN 4. dopmynbl COKPALLEHHOTO YMHOXEHUA
MpeaBapuTenbHasa NpoBepKa 1
4.1. KBagpaT cymmbl M pasHOCTH 2
4.2. MNpounsseseHne cymmbl M Pa3HOCTU ABYX Yncen 2
4.3. Ky6 cymmbl 1 pasHocT. Cymma Kyb0B 1 pasHOCTb KyboB 3
3agaun u npumepsl 2
4.4. PasnoxeHne MHOro4s1€eHOB Ha MHOXXUTENU 2
4.5. PasnoxeHne Ha MHOXUTENN C NTOMOLLBI0 GOPMY/T COKPALLEHHOTO YMHOMKEHMA 2
O6o6Lwatowuii ypok. STEAM. "Aksapuym Aksaom" 2
MCO-3 1
OBLLEE KO/TMYECTBO YACOB MO PA3AENY 17
PA3EN 5. YeTblpexyronbHUKu
MpeaBapuTenbHaa NpoBepkKa 1
5.1. Ha4vanbHble NOHATUA reomeTpun 2
5.2. YeTblpexyroibHUKN 2
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5.3.

Mapannenorpamm

5.4. Buabl napannenorpammos. MNpAMOYrosibHUK, poMm6b, KBagapaT
5.5. CBolicTBa cpegHeN IMHUM U MegmaH TPeyroibHUKa
5.6. Tpaneuma

Ob6o6uwatowmii ypok. STEAM. "ApouHble KOHCTPYKLUKN B apxuTekType"

MCO-4

OBLEE KOJIMYECTBO YACOB MO PA3OENY

MosTopeHwue 3a | nonyrogue

6CO-1

OBLEE KOJIMYECTBO YACOB 3A | NOSIYTOAMNE
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VIl knacc. MaTemaTuKa (2-a yacTb)
NnaHuposaHue 3a Il nonyrogue (17 x 5 = 85 yacos)

Paspenbl u Tembl

| wvachl

PA3LEN 6. dyHKUMA

MpepBapuTenbHas NPoBepKa

6.1.

dyHKUMA

6.2.

paduK dyHKUMM

6.3.

JNInHeliHana yHKUMA 1 ee rpaduk

Ob6o6uwatoumnit ypok. STEAM. "MyTewecTeue B ranaktuky AHgpomeabl"

MCO-1

RINAINN|E

OBLUEE KOJTIMYECTBO YACOB MO PASAENY

=
N

PA3EJ1 7. OKpY}KHOCTb, KpYr M Wap

MpeaBapuTenbHas NpoBepKa

7.1.

OKpY*KHOCTb

7.2.

LleHTpanbHbI yroa. BincaHHbIN yron

7.3.

Yraol mexay xopgamum, CEKYLLMMU N KaCaTe/IbHbIMU

7.4.

OnuvHa gyrun. Nnaowaab cekTopa

7.5.

Wap. Mnowaab noBepxHOCT! M 06bem Wwapa

~

O6o6wwatoumnii ypok. STEAM. "MnaHeTapuii

MCO-2

RININDIPRWIN|E

OBLLEE KOJIMYECTBO YACOB MO PA3SENY

S
O

PA3AEN 8. JiuHeiiHOe ypaBHeHue. Cuctema ypaBHeHuii. HepaBeHcTBa

MpepBapuTebHas NPoOBEpPKa

8.1.

JINHeNHoe ypaBHEHME C OAHON NepeMeHHOM

8.2.

JIHeliHoe ypaBHEeHWe C ABYMA NepemeHHbIMM 1 ero rpaduk

8.3.

Cuctema ypaBHeHUM

3agaym u npumepsl

8.4.

PelwweHune cuctembl AMHENHbIX ypaBHeHMVI MmeTogamum NoACTaHOBKU U CNNOXKEHUA

8.5.

PelweHure 33434 C NOMOLLbIO CUCTEM YPaBHEHMSA

8.6.

YpaBHeHUA ¢ mogynem

8.7.

HepaBseHcTBa

8.8.

|_|pVI6I'IM)+(éHHbIe BbluMCNEeHUA. ABCONOTHAA U OTHOCUTE IbHAA norpeLwHoCTb

Ob6ob6warowmnit ypok. STEAM. "YMmHble caeTodopb!"

MCO-3

RININININIPR WIRINWIN(E

OBLLEE KOJIMYECTBO YACOB MO PA3SAENTY

N
5]

PA3AEN 9. BpalwieHne u cummeTtpusa. 3a4a4um Ha NOCTPOeHUe

MpepBapuTebHas NpoBepKa

9.1.

BpaleHune B KOOPANHATHOW NAOCKOCTH

9.2.

Cn MMETPUA OTHOCUTEJ/IbHO TOYKU

9.3.

3apa4u Ha nocTpoeHne

O6obuwatowuii ypok. STEAM. "KoBpbl AsepbaiigykaHa"

MCO-4

RINWINW(E-

OBLUEE KOJIMYECTBO YACOB MO PASAENY

=
N

PA3AEN 10. CtaTUCTUKA U BEPOATHOCTb

MpenBapuTenbHas NPoOBEpPKa

10.1.

YacToTa cobbiTmA

10.2.

dnemeHTapHoe cobbiTne

10.3.

HecoBmectumble cobbiTuA

O6obuwatowuii ypok. STEAM. "Cuctema sneKTpoHHOM ovyepean”

MCO-5

OBLLUEE KOJIMYECTBO YACOB MO PA3AENY

MoBTOpeHMe 3a y4ebHbIN rog,

B6CO-2

OBLLEE KOJIMYECTBO YACOB 3A 11 TONYTOAME

(o] =
U.II—\-bNI—\NWUJNI—\
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1-u PA3OEN PaunoHanbHble Yyncna

Tema Ne HasBaHue Yacbl | YuebHMK Pa6ouasn
(cTp.) TeTpagb
(ctp.)
MpeaBapuTesibHana NPoOBeEpPKa 1 8
Tema 1.1 PaunoHanbHble Yncna 2 9 3
Tema 1.2 I'Ipe,u,CTaBn?Hme pPauUMOHaNbHOro YMcna B BUae ’ 13 6
AeCATUYHON Apobu
Tema 1.3 CpaBHeHue 1 ynopsaaoymBaHme pauoHanbHbIX ) 17 9
yucen
3a4auun v npumepsl 1 21 12
Tema 1.4 CnoxkeHue 1 BbldUTaHME paLMOHaNbHbIX YMcen 2 22 13
Tema 1.5 YMHOXeHue 1 geneHne paunoHaabHbIX Yncen 2 26 16
Tema 1.6 BbluvcneHme 3HaYeHN I YNCIOBBIX BbIPAXKEHU 3 29 19
O6o6watowmin ypok. STEAM. “OrkeaHonoruns” 2 34 21
MCO-1 1
OBLLEE KOJIMYECTBO YACOB NO PA3AENY 18

KpaTtkuit 0630p pasgena

B pasgene yyeHWKam [alOTCA CBeAEHWMA O PaUMOHANbHbLIX YMCNAX, BbIPA)KEHUU 3HAYEHWUA BENYMHDI
pPaLMOHaNbHbIM YMCAOM, 3aMUCU PALMOHANbHbIX YMCEN B BUAE KOHEUYHbIX AECATUYHBbIX WUAU BECKOHEYHbIX
NepuoamMYecknx OeCATUYHbIX Apobeid, a Takke O npasBuaax npeobpasoBaHUA HGeCKOHEUYHOW nepuoanyeckoin
AeCATUYHOW Apo6u B 06bI4HYIO Ap06b. YUEHUKM HayyaTCa CPaBHMBATL M YNOPAA0UYMBATL PaLMOHasbHbIe YnCAa,
BbINOJ/IHATb Pa3/IMUYHblE apuPMeTUYECKNe AeNCTBUA C HUMM M peLlaTb 3a4aun.

Ha uto crouTt 06paTnuThb BHUMaHUE?

MHorpa y4eHWKM CHMTAIOT, YTO MEXAY ABYMA PaLMOHaNbHbIMU YMCAAMU CYLLECTBYET KOHEYHOE KOIMYECTBO
yucen. LlenecoobpasHo gaBaTth 3a4aHMSA, CBA3AHHbIE C HAXOXAEHMEM YMCEN MEXKAY ABYMA PaLMOHaNbHbIMY,
0COBEHHO MeXKAY ABYMA OTPULLATEbHBIMM PaLLMOHANbHBIMU YNCAAMMU,

Mpv NnpeobpasoBaHUM BECKOHEYHbIX NePNOAMYECKUX AeCATUYHBIX Apobeit B 0bblYHbIE YYEHUKMU UCMbITbIBAIOT
TPYAHOCTU NPU NPaBUIbHOM ONpeaeneHnn Yucna, 3anmcbiBaemoro B 3HameHartese. Ytobbl yCTpaHUTb 3Ty
TPYAHOCTb, MOXHO MPEeANOKUTb yHeHMKaMm Npeobpa3osaTb OTBET B 06bIYHYIO AP06b, BbINOAHUTL AENEHUE U
CHOBa NepeBecT B NepUOAMYECKYIO AP0DOb. ITO NOMOXKET NPOBEPUTL PE3YAbTAT U HAWTM COBCTBEHHYIO OLIMOKY.

Mpy cpaBHEHWUM PALLMOHAbHBIX YNCEN YYEHUKM MHOTAA OLIMBAIOTCA B HAXOXKAEHUMN 6O/bLLIETO Y MEHbLIEro
yncna. Taknx yHEHWKOB MOMKHO HaMpaBuTb Ha M306parKeHNe JaHHbIX YUCEN Ha YUCNOBOM OCU U HAXOXKAEHME
OTBETa NyTeM NepeBoga BCEX YNCEN B AECATUYHbIE APO6U U CPaBHEHMA UX MOAYNEN.

HeKkoTopble y4eHNKN HENPaBU/IbHO ONpeaenstoT NOPAAOK BbINOAHEHNA AeNCTBUIA C paLMOHaNbHbIMMK
YyMCNAaMU, a HEKOTOPbIE AONYCKAOT OWMNBKM U3-3a HEBHMMATENbHOCTU. ITO 0cobeHHO HabtogaeTca npu
BbINOJIHEHWM AEeNCTBUI C OTPULLATENBHBIMM PaLMOHaAbHBIMUK Yncnamu. LienecoobpasHo opraHM3oBath paboty
HaZ, OWMBKaMM C TAaKUMK YYEHUKAMMU.

Pa3BuTMe maTemaTUUyecKoro A3blka

MpaBunbHOE onpeaeneHne MNOHATUIA «OTpUUATeNbHble APO06M», «pPaUMOHANbHbIE YMCAA», «KOHeYyHas
AecATUYHasA Apobby», «beckoHeYHas nepuoanyeckan AecaTMyHas 4pobb» U «NepuoamnyecKkas 4yacTb» No3BosseT
OLEHWTb, HACKONbKO 3TU MOHATUA YCBOEHbI.

MaTtemaTtuuyeckue NOHATUA U TEPMUHDI, YCBOEHHDbIE B pasaene

OtpuuatenbHble A4pobu, pauMOHanbHblE YMCIA, MHOMECTBO pauMoHanbHbIX dncen (Q), abcontoTHoe 3HauveHue
(Moaynb) paupoHaNbHOro YNCNa, KOHEYHARA AECATUYHAA AP0Dbb, GeCKOHEYHaA NepUoaNYECcKan AECATUYHAA APobb M T. 4.

Heob6xoaumble npeaBapuTenbHbie 3HAHUA U YMEHUS:

e HaTypanbHble Yncna, uenblie YNCNa U UX CPpaBHEHME
e Llesible uncna u AencTeuns ¢ HUMK

e [leicTBUA C 06bIMHBIMU M AECATUYHbIMK Apobamun
¢ MopsA0OK BbINO/HEHUA AENACTBUM

MeXXaucumnamHapHaa UHTerpaums

BO MHOrMMX CUTyaLMAX, BCTPEYAIOLWMXCA B NOBCEAHEBHOM KMU3HWU, HAMPUMEP NPU BbIPaXKeHUN TemnepaTtypsl,
[0X0408 W PacxoA0B, YPOBHA BOAbI, Fy6WHbI M BbICOTbI, USMEHEHM I aTMOChEPHOro AaBAEHUA, MacCbl 1 pasmepa
TOBapPOB, UCMO/b3YIOTCA PaLMOHA/bHbIE YUCAA. B TaKMX CyYasx MOMKHO, UCMO/b3YS KaK NOMOXKUTE/bHbIE, TaK U
oTpUUATENbHbIE PALMOHA/bHbIE YNCAA, BLIYUCAATL PA3HULLY 3HAYEHUI BEJIMYMH, CPAaBHMBATbL UX U ONpeaenaTb
HanbonblIME U HAMMEHbLUME 3HaYEHUS.
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TEMA 1.1 PauunoHanbHble ynucna

7-1.1.1. ObbACHAET paLMOHaAbHOE YUCAO KaK OTHOLIEHUE ABYX LeNbIX Ymcen (npu aTom
NOACTAHOAPThHI 3HamMeHaTe/lb He paBeH HyAio).
7-1.1.3. ToKa3bIBAaET Ha YNCIOBOWM OCU TOUKY, COOTBETCTBYHOLLYHO PaLMOHAIbHOMY YMCAy.
® O6bACHAET NOHATUE KOTpULLATENbHAS 4P06bY.
® O6bACHAET NOHATUE KPALLMOHANbHOE YNCAOY.
¢ [oKa3bIBaeT HA YMC/I0BOMN OCK TOUKY, COOTBETCTBYIOLLYIO PALLMOHANbHOMY YKCAY.
¢ Haxogut abcontoTHOe 3Ha4YeHUe (Moay/b) paunMoHanbHOro Ymcna.

ANPUHAONEXKHOCTU Paboune NUCTbl, KAPTOUKM, CTUKEPDI.

LLIE/IN OBYYEHMA

U3yueHue: https://video.edu.az/video/152
https://www.geogebra.org/m/yj3zgxya
https://www.begalileo.com/math-games/grade-7/understanding-rational-numbers

SNNEKTPOHHbIE
PECYPCbI

O6cy:xaeHne UCXOAHOM 3a4aun
Ha nepBoi1 cTpaHuMue pasaena ydeHnKam gaétea nHpopmauma o chepax, B KOTOPbIX UCMNONb3YIOTCA PaLMOHaNbHbIE
ymcna. MoXKHO CNPOCUTb MHEHME YYEHMKOB O YMCIAX, MPEACTaBNeHHbIX Ha pUCYHKe. AHanusupyeTca Tabamua us
3agaHuA «MonbiTaiTecb!», opraHusyeTcs obeyKAaeHVe ANa OTBeTa Ha BOMPOChI. YUEHUKHK
MbITalOTCA OTBETUTb Ha BOMPOCbI, OMNWPAasACb Ha CBOM Mpeablaylime  3HaHWA.
MopuépKMBaeTCca, YTO MOCNe M3yYeHUs HOBbIX 3HAHMI M HaBbIKOB B TeYeHWe paszena

500 ABS deflan 605145 W32.74 -0.54%
ABS 30 43873 W75 -0.62%

100 ABS doflan 21630 'W134 0.61%

3aJaHue byaeTt cHOBa 06CYKAEHO B KOHLLE pasaena. 225 9645 A273  050%
ﬂoGym,quue GB100 8312 A0 012
Yuntenb pucyeT Ha AOCKe Tabiuuy, OTpaxalowwylo usmeHeHue santor. C knaccom % o
obcykaaeTca, YTO O3HAYaAlOT YMCna, NpuBeféHHble B Tabauue. MoXHO 3aliTU Ha caifT, :[Ru ;’;r ”%

MOKa3blBalOWMI exkeJHEeBHOE W3MEHeHMe BanloT, WU 0BCYyAUTb C YYEeHWKaMM, Kak
MEHAITCA YMCAA M YTO OHM O3HaYaloT: https.//tradingeconomics.com/

OTmeyaeTcs, YTO BCce 0ObEKTbl PacnoNoXeHbl Ha OAHOW NpAmMoi, a BubanoTeka U marasmvH, Mysel U LWIKona
Haxo4ATCA Ha OANHAKOBOM PACCTOSHWUM OT OCTaHOBKM.

e Ob6cyXaaeTcs, Kak MOXHO HallTU KOOPAMHATY OAHOMO M3 3TUX 06LEKTOB, €CIN U3BECTHA KOOpAMHATa ApYroro.
YyeHMKam 3a4at0TcA HaBoAALLME BOMPOChHI:

— KakoBa KoopgmHaTta 6ubnmotekn? Kakosa KoopanHaTa marasnHa? KakoBa KoopauHaTa WKosbl? Kakosa
KoOopAMHaTa My3esi? YUeHUKMN NOKa3biBatoT OTBETbI Ha YNC/I0BOI OCU M OBBACHAIOT, KaK OHU UX HALLAW.

1

* OnpejieNAeTcA paccToAHMeE OT OCTaHOBKM A0 6aHKa 1 anTekn. Tak Kak 6aHK pacnonokeH Ha paccToAHUN 2
1

E/IVIHNLLbI OT OCTAHOBKM M aNTeKa — TakKe Ha PACCTOAHMMN 2- e/IHNLLbI, IeN1AETCA BbIBO/L, 4YTO 3TV /183 ob6beKTa

Haxo4ATCA Ha OAMHAKOBOM PACCTOAHUU OT OCTAHOBKM.

[EMEAWGTERA

? e

v B

m MonoXutenbHble M OTpULATENbHbIE YKUCAa

YyeHWKam pJaetcA MHPOpMauMa O MONOKUTENbHbIX M OTPULATENbHbIX APO6AX, NPUBOAATCA MNPUMEPSI.
ObcyKpaeTca pacnonoxkeHue Apobelt Ha uyucnoBoi ocu. MoayYepKUMBAETCA, YTO MPOTUBOMO/IOXKHbBIE YMCNA
pacnofaraloTcd Ha YMCNOBOWM OCKM MO pasHble CTOPOHbI OT Hy/AA WM Ha OAMHAKOBOM PACCTOAHMM OT Hero.
MpuBoAATCA NPUMEPbI Ha YUCIOBOM OCK.

3 3
1 . 2 CAVHULII B F CAMHMLbI

-

0

aw e !

FNES
Sy

2
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|
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B TeXHMYECKM OCHALLLEHHbIX K/1aCCaX MOXHO MCMO/Ib30BaTb MHTEPAKTUBHbIE MUTPbI:
https://apps.mathlearningcenter.org/number-line/
https://www.purposegames.com/game/rational-numbers-on-a-number-line

-

o 3 3 3 3
Ha uncnoBoi ocn oTmevaroTca umcna — Z un Z OTmeyaeTca, YTO NPOTUBOMNONOKHbLIM YACIOM ANA Z ABNAETCA _Z . Ha
OCHOBAHMN TOrO, YTO NPOTUBONONOKHbIE YNC/Na HaXo4ATCA Ha OANHAKOBOM PAaCCTOAHUU OT HYNA, MOKa3blBaeTCA, YTO

3 3
NPOTUBOMNONIOXKHbIM YNC/IOM ONA —Z ABnAeTcAa Z

2.B NyCTble KNETKN BMUCbIBAKOTCA COOTBETCTBYHOLWME 3HAKU «+» U «—»,
3 ..... 3 = 3 - = — 6 6
-(+3)=E32 -32=F32 -~(--15,)=E15 -B2)=2
YyeHnKkam O6bF|CHﬂ9TCF|, YTO eC/in OTpULUaTe/IbHbIX 3HAaKOB HEYETHOE KO/INYECTBO, TO pPe3y/bTaT OTpVILI,aTeJ'IbeIﬁ, aecnn
YeTHOe — NONOMKUTENbHbIN.

3. Haxogatca apobu, cOOTBETCTBYIOLWME NYCTbIM KJETKAM Ha KOOPAMHATHOW NPAMOMN.

I I T - 1 2 |1 4 s

5
5 5 75 5 5 5 5 5 5 5
=1

1
m PauunoHanbHble yucna

YueHuKam gaetca MHPopmaLmsa 0 3aNucK paLmroHanbHbIxX Yucen. NMoayepKUBaeTcs, YTo
3HaK MWUHYC nepej Apobblo MOXHO CTaBUTb Kak nepes, Apobblo Lennkom, Tak unepes |~ b —h
yucauTenem  MAM  3HameHaTesnem.  [IpMBOAATCA  HECKONbKO  MPUMEPOB.

YueHMKaM 06BACHAETCA, YTO AECATUYHbIE APOOM, B 3aMMUCK KOTOPbIX NOC/E 3aMATON CTOUT KOHEYHOE Yncio undp,
TaKKe ABJATCA PaLMOHaJbHbIMU YACAAMU, NMPUBOAATCA NMpumMepbl. Ha OCHOBE OCHOBHOrO CBOWCTBA Apobu
obcykpaeTcs, Kak ntoboe paumoHanbHOe YMCAo (MpU HaTypaibHOM 3HAMEHaTesle) MOMKHO 3anucaTtb B BUAe
HecoKkpaTUmon apobu.

-

YYyeHWKam HaNnoOMWHAETCS, YTO eC/IM YUCIUTEb AeNUTCA Ha 3HaMeHaTe b Halle10, TO pe3ybTaT — HaTypanbHoe
yncno. Ytobbl 06BACHUTL, UTO N0BOE LEenoe YUCIO ABNAETCA PaLMOHasIbHbIM, YYEHUKM NPUBOAAT NPUMEPSI,
MCMOAb3yA 3TO NPaBUAO.

o+ wuo

-2 -4 _ 6 2 (23
Hanpumep, —2=T=7=: R R
6. B nycTble KNETKM 3aN1CbIBAlOTCA COOTBETCTBYIOLME Lienble Yncaa. Hanpumep, —14 _@_ 21
obpaliaeTca BHUMaHWe Ha 3HameHaTenmn 1-i n 2-it Apobeit. MocKoNbKy 3HameHaTenb  ~ 16 ~ 8 ‘_m
YMEeHbLUIM/CA B 2 Pa3a, YNCAUTENb TaKKe YMeHbLLIAeTcA B 2 pa3a. TaK Kak B 3HameHaTene N AN |
3-1 Apobu nuetca uncno, obpaliaeTcs BHUMaHME Ha yucauTenu 2-i u 3-i1 apobelii. ) (-3)

MOCKONBbKY YNCAUTEND YMHOKEH HA —3, 3HAMeHaTeNb TaKXe YMHOXKaeTcA Ha —3.

8. OnpenenAatoTcA KOOPANHATLI TOYEK, OTMEYEHHbIX Ha KOOpAVIHaTHOVI I'IpﬂMOVI.

)A B C D
a

1 1 1 1
-1=-1T _-_20 T1-
13 2 4 2

B TEXHMYECKM OCHALLLEHHbIX KJaccaX MOXHO MCNO/b30BaTb MHTEPAKTUBHbIE UIPbI:
https://wordwall.net/resource/15659400/math/labelled-diagram-rational-numbers-on-a-number-line-5th
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YuyeHnKam 06bACHSAETCA MOHATUE MHOXKECTBA PaLMOHanbHbIX Ymcen. MNogyepKmBaeTcs,
YTO MHOXECTBO pauMOHaNbHbIX Yncen obosHayaetca (J, MHOXECTBO HaTypasibHbIX
yncen — N, a MHOXeCTBO Uenbix yncen — Z.

NcZco.

YYyeHMKam NOKa3blBalOTCA COOTBETCTBYIOLME BbIPAXKEHUA U U30OpaKeHUA, NPUBOAATCA NPUMEPDI.
10. NpuBeas npnmepbl, 060CHOBBLIBAETCA, BEPHbI UN HET YTBEPIKAEHUS.

a) Kaxaoe HaTypanbHOe YNC/I0 — paLMOHanbHoe. BepHoe ymeaepicoeHue.

6) Kaxkgoe uenoe 4yncno — paumoHanbHoe. BepHoe ymeepxcoeHue.

B) Kaxkao0e paumoHanbHoe Yncno — uenoe. /1oxHoe ymeeproeHue.

r) Kaxkgoe uenoe Ynucio — HatypanbHoe. /lIoxHoe ymeeproeHue.

11. B nycTble KNeTKM BNUCbIBAIOTCA COOTBETCTBYIOLME 3HAKK € UK &.

sEIN 55[@N -5[Elo -23[@z oEN 1 [Eo T [Ee 1+ [z -5EN

12. CabvHa YepTUT OKPYKHOCTb paauyca r C LEHTPOM B Hauyane KoopauHar.
OnpepensaoTca KoopAMHATbl TOYEK NepeceyeHun 3TOM OKPYKHOCTU C OCAMM /o0
KoopauHaT. [nA  BbINOJAHEHWA 33a4aHWA  YYEeHWKM MOTyT  BbIMOJHUTbL 7\ r
COOTBETCTBYIOLLYIO AEATENbHOCTb B Kaacce. MoCTPOUB OKPYKHOCTb paauyca r ¢ o
LEHTPOM B Hayane KOOPAMHAT, YYEHUKN YBUOAT, YTO OHa NepeceKaeT AaHHY YMCAOBYIO OCb B TOUYKAX I U —.

HarTypansHsie 4uc

rwar Ownr -rur -ruar

B ApyrMx cnydasx peKoMeHZyeTca OTMETWUTb, YTO TOYKM C AaHHbIMKM KOOpAMHATaMM HaxXxOAATCA Ha Pa3sHOM
PaCcCTOAHUM OT HaYaa KOOPAMHaT.

m Mopaynb pauMoHanbHOro Yncna

OTMmeYaeTca, 4YTO PacCTOAHME OT TOYKM, COOTBETCTBYIOLLEN PaLMOHAbHOMY YMCY Ha KOOPAMHATHOM OCH, A0
Hayasa KoopAMHAT Ha3bIBAeTCA aBCONOTHLIM 3HAUEHUEM UM MOAYAEM STOTO YMCNA. YUeHWKam AaéTcs

VIHd)OpMaLI,MFl 0 cnocobe 3anucu abcoNtoTHOro 3HaYeHUA Uan moayna 4vucna.
[-1,5 = 1.5 1,5 = 1,5

SV WS S R T AN W S T WA W WULPURS S AV MO W 0 W SOV S 0 M Y WP WY S WU U W S W S

-2 ' 0 1 2

TOYKM, COOTBETCTBYIOLLME MPOTUBOMOJONKHBIM YMCAaM, PaCMO/IOKeHbl MO pasHble CTOpPOHbl oT 0 M Ha
OANHAKOBOM PaccToAHMM. Ha OCHOBaHUM 3TOTO OTMEYAETCSA, YTO UX MOAY/M PaBHbl. NpnBoaATcA NpUmMmepsbl.

B TeXHMYECKM OCHALLLEHHbIX K/1aCCaX MOXHO MCNO/1b30BaTb MHTEPAKTMBHbIE UTPbI:
https://phet.colorado.edu/az/simulations/number-line-integers

v

ObcykpatoTca NpuBeAEHHbIE NAEN C YYEHUKAMU. [N KaXKA0M naen NoKasbliBaeTcs HECKOIbKO MPUMEpPOB.
AnddepeHumnpoBaHHoe 0byueHue.

ModdepicKa. YunTenb 3anmncbiBaeT Ha LOCKE HECKOJIbKO PaLMOHaNbHbIX YMCeN. YUeHUKam npeanaraeTca
BbIPA3UTb 3TU YMCNa B BUAE Apobeli C HaTypanbHbIM 3HAMeEHaTeNnem.

YenybneHue. YuuTenb 3anuCbiBaeT Ha [AOCKE HECKO/MbKO pPauMOHaNbHbIX uucesn. YueHWKam npeasaraetca
BbIPa3nTb 3TW Yncna B BUAe Apobeit. YUeHNKN 0OBACHAIOT, KaK OHM 3aMUCbIBaN pPaLMOHasbHble YuCaa B BUAE
Apobeli. [ns  KaxAoro pauMOHaNbHOTO YMCNA NPUBOLUTCA HECKONBbKO TMPUMEpPOB (C  HaTypasbHbIM
3HaMeHaTeNem, C LLeNbiM 3HaMeHaTenem).

MpakTnyeckasa pabora. Knacc aenmntca Ha HecKobKo rpynn. Kaxaoi s ?'8 R e ?12
rpynne BblaaeTca paboumnii IMCT ¢ Nassamu, paspe3aHHbIMM Ha YacTu.

Yuntenam npegnaraetcsa Aatb 3afaHne: COeANHNUTb YacTb C YCNOBUEM »mlb:“ b-s,z

C YacTblo, rAe 3anMcaHo YMCNO, COOTBETCTBYIOLLLEE 3TOMY YCI0BMIO. ‘

BaykHO, UTObbI BCe yMcna bblnn coeMHEHbl C COOTBETCTBYHOLLMMM ;:"m P._“;,I ;l.:i‘:?mié;f?i.,,,b)s_ul
yacTamu nasna. cron

Pabounii IMCT MOMKHO CKaYaTb MO 3TOM CCbI/IKE.
https://drive.google.com/file/d/1kRsGLtsVNILtNHANXtILMqgYdQMzlivt/view?usp=drive_link
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17. B 3agave Tpebyerca HalTV BbICOTY ABEPU, EC/IM ee LWMPUHA paBHa 1 M.

PeweHue 3ada4u I m
e OTMeYaeTca, YTO ecn WUPKUHA ABEPU paBHA 3 ANMHAM NAJKK, TO BbicOTa 3 —
paBHa 7 AnnHam nanku. CooTBETCTBEHHO, ECIN LWMPUHA ABEePU paBHAa 1 M, ans 7 = * (
onpeaeneHna €& BbICOTbl COCTaBAAETCA MPONOPUMA U HaxoamTcs y=L=ot 51 I
o -3 -M
HEeU3BECTHbIN Y/IeH NPOMOPLMMN. 3 3 3
1 L
Omeem. BbicoTa aBepu paBHa 25 M. L“
o 1
18. OTmeyvaeTcs, YTO KaxkAapli war poboTa paBeH = AMHMUbI. YepTtutca
yncnosas ocCb.
a) Mocne KomaHAbl «4BUraTbCA BNepes, Ha 2 wara» poboT oo
2 b 1 B
OKa)KeTCA B TOuKe —. : ; ! ;
7
S
6) NMocne KomaHAb! «5 Waros Hasaza» PoboT oKaxKeTcA B U
5 y‘r LA A £t
TOUuKe —-. 2 b4 :
7 -1 —= 4] 1

19. OTmeuaeTcA, YTO Ha CTBOJIE AepeBa AyN/i0 AATNA COOTBETCTBYET TOUKe
0 Ha BepTMKaNbHOM Y1CNOBOM OcKu, Bopoben - Touke S (1,7), a ryceHuua —

Touke T (-1, g). TpebyeTcs onpenenntb, KTo 6anke K gynay — Bopobei

WK TyceHunua.
PeweHue 3a0a4u

e CTpOMTCA BEPTMKA/IbHAA YACIOBAA OCb, Ha KOTOPOM OTMEeYatoTCs
COOTBETCTBYIOLLME TOUKM.

¢ HaxoamTca pacctoAHMe OT KaXKa0M TOUYKM A0 Touku O. YTobbI
onpeaennTb, Kakas TouKa 6IMXKe K Ayny, HaXoAAT PacCTOAHUE OT Ka)KA0M TOUKM 40 Aynaa.
PacctosiHne mexay Bopobbem u gynnom: |1,7| = 1,7

o 3 3
PaccTtoaHne mexay ryceHuLen n ayniom: |—1 E| =1 -

3
CpaBHMBaOTCA NOJy4eHHble yncna. 1,7 > 1 e
Omeem. T'yceHnua 6aunKe K gynny.
dopmaTuBHOE OL,EHUBAHUE

Kputepum oueHnsaHums MaTtepuanbl oueHMBaHUA
O6bACHAET NOHATUE «PaALMOHANbHOE YUCIO». Paboune nunctbl, yuebHUK,
paboyas TeTpagb
MoKa3bIBaeT Ha YMC/I0BOM OCU TOUKY, COOTBETCTBYIOLLYIO Paboune nncTbl, y4ebHUK,
paLMOoHaNbHOMY YmChy. pabouas TeTpaab
HaxoauTt abcontoTHoe 3HayeHne (Moay/ib) paLmMoHanbHoro yncna. | Paboume nnctobl, y4ebHUK,
pabouan TeTpaab

TEMA 1.2. MNpeacTtaBieHMe paLMoHaibHOro YUC/a B BUge AeCATUYHOM gpobu
7-1.1.2. MpeobpasyeT 6ECKOHEUYHYIO NEPUOANYECKYIO AECATUYHYIO APO6b B
NOACTAHAOAPTDI 06bIKHOBEHHYIO AP06b M HA06OPOT.
7-1.1.3. MoKa3bIBAaET Ha YNC/IOBOWN OCU TOUKY, COOTBETCTBYHOLLYHO PaLMOHAIbHOMY YMCAy.
® O6bACHAET NOHATUA KOHEYHOW AECATUYHOW M HECKOHEYHOWN MepMoanYeCKom
OECATUYHON Apobu.
LLE/IN OBYYEHUA ® 3anuncbiBaeT paLMoOHaNbHOE YNUC/IO B BUAE KOHEYHOM AECATUYHOWN UM BECKOHEYHOM
nepMoanYecKom AecaTMYHON apobu.
* OKpyrnseT 6eckoHeYHble Nepnoanyeckmne AecaTUYHble 4po6bu.

NPUHAONEKHOCTU Paboune A1CTbl, KAPTOYKK, CTUKEPDI

U3syueHwue: https://video.edu.az/video/13992
https://www.geogebra.org/m/sdzwhh5b
https://www.geogebra.org/m/rddvbmdn
https://www.geogebra.org/m/jjrg3bbg
https://www.geogebra.org/m/drapuubg

SNNEKTPOHHbIE
PECYPCbI
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MNobyxaeHue

C yyeHMKaMM MOXKHO 3apaHee BblbpaTb Temy U nposectu onpoc. Hanpumep: «/tobumblii pykT», «/llobumoe
3aHATMEY, «JTlobUMbIN uBeT», «Cnocob fobupaTbea A0 WKoAbI» U T. 4. Mocne BbiIbopa TEMbl y4UTENb OPraHU3yeT
onpoc U NpefcTaBAseT pe3ynbTaTbl yYEHUKAM B BUAE Tabauupl. YTobbl 3anonHUTL Tabauuy, yuutenb 3agaet
pasHble BONpockl, Hanpumep: «Kakoi YacTu yueHUKOB HpaBuTca A610K0?» OTBET CHayana 3anucbiBaeTcs B BUAE
0bObIKHOBEHHOI Apobu, 3aTem 3Ta Apobb npeobpasyercA B AeCATUUHYHO. 'KenaTesbHO CHavasa NpPUBECTU
npUMepsbl, rAe MOJyYatoTCA KOHEYHble AEeCATUYHble Apobu, a 3aTeM MepenTu K npumepy ¢ HeckoHevHow
nepuoanYecKon AecATUYHON Apobblo. B 3TOT MOMEHT yuuTenb NepexoauT K 3Tanmy ypoka «MccremoBaHue-
obcyKaeHMER, 0OBACHASA, YTO Ha 3TOM 3aHATUM YYEHUKM Y3HAOT, KakMe Apobu NpeBpaLLatoTcs B KOHEYHbIE, a
Kakne — B BeCKOHeuHble Nepnoanyeckme AecatudHble 4pobu.

UccneposaHunezobCcyKaeHue

3 o
Nana v Camup 3anuncanu apobb 5 B BUAE AeCATUYHOI apobu.

e OnpepgenstoTca n 06bACHAIOTCA MeToApb!

Niobumblii Yucno Yactb Yactb
peLeHuns, UCNob30BaHHbIE AeTbMW. Jlana
p 60 2 bpyKT YYe€HUKOB (06bIKH. (pecar.
npeobpasosana Apobb -, NpuseaA sHameHaTeNb K ApO6bIo) Apo6bio)
100, a Camup — geneHnem 3 Ha 4 C NOMOLLLbIO A6710K0
AeneHna B CToNBMK, 4TOObI NONYYUTb AECATUYHYIO BaHaH
ApO6b. AnenbcuH

Karkapii meTon, pelleHus MOXKHO 3anucaTb Ha
[0CKe 1 06CyAnTb C YYEHUKAMM.

[IpuBens

Jlenernnem
3Hamenarens k 100

B CTOJIOHK

| 2- 3
i OGCY)K,CI,aeTCFI C KNnaCCoMm, KaK C MOMOLLbKO 3TOro cnocoba MOXKHO 3anucaTb ,Cl,p06b g B BUAE AeECATUYHOU ,Cl,p06VI.

. 2 o
MooyépknBaeTca, YTOo MNpu 3anucu [pobu 3 B BMAe [OECATMYHON

HEBO3MOHO MPUBECTN 3HaMeHaTeb K cTeneHn yncna 10. MoTtomy 4To He 20| 3

CYLLEeCTBYET TaKOro HaTypasibHOro YMCNa, NP YMHOMXKEHUU 3 Ha KOTopoe - 18 10,666... = = 0666 ..
noayuunock 661 10, 100, 1000 u 1.4. ChegoBaTtenbHO, 3anncaThb p,po6b§ B 0

BMAE OECATMYHON C NMomoulbto cnocoba flanbl HEBO3MOXKHO. C MOMOLLbHO __18_

cnocoba Camupa npeanpuHUMaeTcs NOonbITKa 3anucaTb Apobb g B BMAe 20

— 18
pecatmyHon. Oenat 2 Ha 3 v HabnwpgaoT, Yto uMdpbl Nocie 3ansaTon o
HauyMHaOT NOBTOPATHLCA. YUEeHMKaM coobLLaeTcs, YTo Cnocob 3anmncu Takux

Apobeit B BUAE AeCATUYHBIX byAeT paccMoTpeH B yiebHOM maTepuane.

w KoHeuHble pecaTuuHble Apobu

YyeHnKam p[aétca MHPOpMauMA O KOHEYHbIX AeCATUYHbIX Apobax. OTmedyaerca, 4yTo eCcAM 3HameHaTesb
HEeCOKpaTUMoW apobu He MMeeT NPOCTbIX AenuTenei, Kpome 2 1 5, To Takyo Apobb MOXKHO 3anucaTb B BUAE
AecATUYHOW. Mpumepbl 0BBACHAIOTCA yY4eHMKaM. TaKKe yYeHMKam MOKa3bIBAlOT, KaK MO/y4aloTcA KOHeuHble
OECATUYHbIE APO6M U KaK X HaXO4AT C MOMOLLbIO AeNEHMS.

I cnocob. MpeobpazosaHue Il cnocob. Alenenne unucantens - g 5015
3HaMeHarens B CcTeneHb Apobu Ha 3HameHaTeNb =0 :
uucna 10 3 2250 =015 =20

335 215 oo 20 7T 100
207 20-5° 100 ~ 100
0

Ecan B 3HameHaTene HecoKpaTMmol Apobu ecTb MPOCTON MHOMKUTENb, OTAMYHBIN OT 2 U 5, 0bcyskaaeTca ¢
KJ1aCCOM, MOXHO /1M NPUBECTU 3HaMeHaTeNlb K CTENEHW 3TUX Yncen. YUeHUKM, BCNOMMHAA OTBETbl, AaHHble B
3afaHun «UccnegoBaHne—obeyRaeHne», MOryT 06bACHWUTb, YTO 3TO HEBO3MOMKHO.
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1. faHHble gpobu npeobpasytoTca B AeCATUYHbIE ABYMA cnocobamu.

1) JononHeHWem 3HameHaTena Ao crenedun 10 2) JeneHnem 4yncanTens Ha sHameHaTe b
21 _21-4 _ 84 _ 21,0 25
25 254 100 08 T200/084 755 =84:100=0,84
_100
100
0

m BecKkoHeuHble nepuoguyecKkue gecatTmuHble 4pobu

Ecnv 3HameHaTeNb HeCOKPaTMMOM Apoby MMeeT NPOCTble AeNUTENU, OTAUYHbIE OT 2 U 5, To 0TMeYaeTcs, YTo Npu
AeNeHUN YNCUTeNA HA 3HameHaTeslb B YacTHOM 6ecKOHeYyHOo noBTopseTca ogHa uubpa uau rpynna uudp, v
NOBTOPAIOLLANACA YACTb ABAAETCA NEPUOLOM 406U,

YyeHMKam MOKasbiBalOT HECKO/JbKO MNPUMMEPOB 3anucuM MNepuoaMuyeckux AecATUYHbIX apobeit. Takske
pekomeHAyeTcA MNPUBOAMTL MPUMEPbI HaXOXAEHUA NEPUOANYECKMX AECATUYHbIX Apobeit ¢ MNoMOLLbIo
KasbKy/NATOpa. ITOT NOAX04 NOMOraeT y4eHMKaM Nydlle YCBOUTb TeMY.

K cBepgenuio yuntena! Mepuogmueckme gecatuuHble Apobu AenaTcs Ha ABa BMAA: KYMCTO Nepuoamnyeckme» u
«CMeLLaHHble Nnepuroamyeckme». Ytobbl He YCAOKHATL TeMY, B y4eBHUKE 3T NOHATUA He UCNonb3ytoTca. OAgHaKo
Npy HeobXOANUMOCTU YUUTENb MOKET KPAaTKO OBBACHWUTL UX KaK SOMONAHUTENbHYIO MHGOPMaLMIO.

BeckoHeuyHble MEPHOANYECKHE O0bsicHeHHE IIpumep
JecSITHYHBIE IPOOH
YucTas nepmoguyeckas gpobb Mepuog HauMHaeTcs cpasy nocne 0,(3); 1,(5); 12,(6) m T.1.
3anAToun
CmellaHHasa nepnoamnyeckan Mepuoa HauMHaeTCs Yepes HECKOJIbKO 0,1(8); 3,12(7); 5,0(4) u T.1.
Apobb umdp nocne 3anATomn.

YUeHMKM yiKe U3ydann B MAALLLNX Knaccax, Kak Npeobpa3osbiBaTh AP06U B AeCATUYHbIE C MOMOLLbIO AeNEeHNA B
1

cTonbuk. Hanpumep, Apobb 3 MOXHO NOKa3aTb CXeMaTU4YECKN — KaK Npu AeIeHUN eiNHNALLI Ha TPU paBHble

YyacTu noayyaeTcsa nepuoamyeckan AecatTnyHaa apobb

1 mecsitast nenmresa Ha 10 gacrei u
nemutcs Ha 3. Octaéres 1 yacTh, TO
€CTh OCTAaTOK B OJIHY COTYIO.

1 nenoe nemurces Ha 10 gyacter
u genutcs Ha 3. Ocraéres 1 gactb, TO
€CTh OCTaTOK B OJIHY JACCATYIO.

A 1 coras nenmurcs Ha 10
10,03 YacTell U JeauTcs Ha 3.
1JE=10C Ocraércs 1 gacTp, TO ecTh
|| OCTaTOK B OJTHY THICSYHYIO.

| 0,003
1 C=10TbIC

0,3 I I I
Ocr. = 0,1 Ocr. - 0,01 Ocr. = 0,001

CyMMMpPYIOTCA YaCTHble, NONYyYeHHble B pe3ynbTaTe Tpex waros. 0,3 + 0,03 + 0,003 =0,333.

Mpw npoaoaXKeHUM nNpoLecca BUAHO, YTO 3aKOHOMEPHOCTb COXpaHAeTcA. Takmm obpasom, B HaCTHOM nocne
3anaTon nosTopseTca undpa 3. Mo mepe ymeHbLIEHMA OCTaTKa Noay4yaemoe Ymcio npubamxkaercs K 1.

3. TpebyeTcs yKasaTb nepnos 6€CKOHEeYHOM AeCATUYHOMN APOOU K 3anncaTb A4pobb B KpaTKoi dpopme.

a) Nockonbky 7 nosTopAaowanca umdpa, nepnog apobu paseH 7. 0,777... = 0,(7)

6) MockonbKy 2 noBTOpAtOWancs unmdpa, nepmuos Apobu paseH 2. 0,5222... = 0,5(2)

B) MocKonbKy 36 nosTOpAOWanca rpynna uudpa, nepuog apobu paseH 36. —1,363636... = —1,(36)

5. JaHHas Tabanua fononHseTcs.
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BeckoHeuHana nepuo- Kpatkaa Lienas Ludpsr ao

Auuecx?;lpgoe&cbnTuuHaa 3anuce  uacTe  nepuoaa Mepuogpg Yurtaetca

0,444.. 0.(4) 0 HeT 4 Honb uenbix u YeTbipe B Nnepuoge
DT 2,(7) 2 HeT 7 [lBe Luenbix u cemb B Nnepmoae
1,282828... 1,(28) 1 HeT 28 OfHa uenas 1 ABaauatb BOCEMb B Nepuoae
0,3666... 0,3(6) 0 3 6 Hob LebIX TPU AECATBIX U LUECTb B Mep.
512333 5,12(3) 5 12 3 MATb Le/bIX ABEHAALATb COTbIX M TPY B Nep.

6. Tpebyetca npeactaButb Apobb B BUAE OECKOHEYHOW MNepuoanyvecKkoir aecaTudHoir apobu, pasgenvs

YNCNINTENDb Ha 3HAaMeHaTeNb.
23,0] 45
225 10,51111....

B) 50] 18 r)
36 10,2777...

140 50
126 5 45 23
140 -—=-0,2(7) ) — =23:45=0,5(1)
~176 18 -5 45
140 50
12

45

0

MoayepkunsaeTcs, YTo Nt06OE PaLMOHANBHOE YNCA0 MOMKHO 3anncaTb B BUAE KOHEUYHOM Nan 6eCKoHeuHon
NepuoaMYecKoit fecATUYHOM Apobu. TaKkKe OTMeYaeTcs, YTo N6oe Lesoe YUC/IO AN KOHeYHAsA 4eCaTUYHasA
ApO6b MOXKET paccMmaTpmMBaTbCA Kak HecKoHeuHas nepuoguyeckan apobs ¢ nepnogom 0. Mpumepbl
06CyKAat0TCA BMECTE C K/1aCCoM.

K cBegeHuio yuntensa! Mepuopguueckme gecatmuHble 4pobu AenaTca Ha gge rpynnbl: K4MCTble Nepuoguyeckme
AeCATUYHbIE AP0BU» U «CMELIAHHbIE NePUOANYECKUE AeCATUYHbIE AP06MY». YTOBbI HE YCNOKHATL TEMY, 3TU
NOHATUA B y4ebHMKe He Ucnosb3ytoTcs. OfHAKO, eC/M BOSHUKHET HEOBX0ANMOCTb B UX OB BACHEHUU, yUUTEND
MOXeT KPaTKO NPeACTaBMTb X B Ka4ecTBe A0MNOAHUTENbHOW MHGOPMaLMK.

becKoHeuHble nepuoanyeckue
B[ecATUYHbIE Apo6u

O6bAcHeHue

Ob6pasew

YucTas nepmogmyeckas
AecATMYHaA Apobb

Mepwopg HaunHaeTcs cpasy nocne
3anAToun.

0,(3); 1,(5); 12,(6) n T.4.

CmellaHHadA nepuogmnyeckasn
AecATnyHana apobb

MNepnopa HaumMHaeTcA Yyepes
HECKO/bKO UMdp nocse 3anaToun.

0,1(8); 3,12(7); 5,0(4) u T.4.

AndoepeHumnpoBaHHoe obyueHue.
ModdepiKa. YunTenb 3anncbiBaeT Ha JOCKE HECKOJ/IbKO PaLMOHaIbHbIX Yncen.

YyeHMKam npegnaraetca onpesenntb, NPUHASNEXKAT N 3TN YMCAA MHOXKECTBY HaTypasibHbIX, LLebIX Naun
PaUuMOHaNbHbIX YKucen.

Yeny6nerue. YunTtenb NPOCUT YHEHUKOB NMPUBECTU MPUMEPbI YNCEN, COOTBETCTBYIOLLMX 3a4aHHbIM YCOBUAM.
Hanpumep, paumoHanbHble YMCNA, HE ABAAIOWMECA HATYPaNbHbIMU, PaLMOHa/bHbIE YACa, He ABAAOWMecA
LenbiMu1, U T. 4. YYeHUKM NPUBOSAT NPUMEpPbl U 06BACHAIOT CBOW OTBETHI
9. 3anucbiBaloTca TP BecKoHeuHble NepuoanYeckre OecaTUYHble APOo6U, PaCcNoNOKeHHbIe MeXay AaHHbIMU
yncnamu.

a)3,5m4,5-> 3,6;3,9;4,2

8) 0,301 0,40 -~ 0,31;0,35;0,38

TaK KakK yenas 4acme 0OUHAKOBA, a yugpsl rnocsae 3anamol caedyrom
noopAo, K KOHYaM 4uces 0ob6asnaemcs Hosb

r2,(1) =2,111...
2,2(3) =2,233...

K cBegenuio yuntena! B sTom 3agaHnm y ydeHMKOB GOPMMPYETC YMEHNE HaX0AMTb YMCNE, PACMO/IOKEHHbIE
MEKAY MOJIOKUTENbHBIMU PALMOHANbHBIMM YCIaMM. DTOT HaBblK MOMOTaeT YYeHKam Npasu/ibHO pasmellaThb
pauUMOHabHbIE YMCNA Ha YMCIOBOM OCK, ONPeaEensaTb APyrve paumoHaibHbIe YACAA, HAaXOAALWMECA MeXay
ABYMS AaHHbIMM, BU3ya/ibHO MOHMMATb B3aMMOCBA3N MEXKAY YnMcnamu. B cneaytowiein Teme y4eHMKM y3HaAIOT,
YTO MeXKAy NoBbIMM ABYMSA PALMOHANbHBIMM YNCAAMM CYLLLECTBYET HBECKOHEUYHOE KOMYECTBO APYruX Ynucen.
Ba)KHO OTC/NEXKMBaTb Pa3BMTME STOMO HaBblKa B MpoLecce NpenoaaBaHua 4aHHOM TeMbI.

lMepuoduyeckue oecamuyHble Opobu 3anucbl8arOMCca ¢ mpems

- 0,218;0,225; 0,232 yugpamu nocae 3anamodl.
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11. laHHble paLMoHa/ibHble YACAA 3aMNMCbIBAOTCA B BUAE AECATUYHBIX Apobeit.

5 2 6 4 BN ROl ol
—3=—1;=-1(6) —-=-12 5 =103 a3 BD = o
2 =0,8) 5=102)
¢ Ha KoopAauHaTHOM OocK onpeaensaloTca Yncna, COOTBETCTBYOWME ToYKam A 1 B.

B A
-2 —1,2-1 0 1 1,(2) 2
i Onpe,cl,enmoTcn NONOXEeHNA OCTa/IbHbIX TOYEK Ha OCKU, COOTBETCTBYHOLLUX AaHHbIM YNCNaM.
-16) B 0,(8) 41,(3)
-2 -1,2-1 0 1 1,(2) 2

m OKpyrneHue 6eCKOHEUYHbIX NePUOANYECKUX AEeCATUUHDbIX Apobeit

MoayepKMnBaeTcs, UTO A1A OKPYrAeHMs BeCKOHeYHO NeprMoanyecKon gecatmuHon apobu go Tpebyemoro
paspsaga ucnosibayetcsa obliee NPasuao OKPYraeHUs. YUUTENIO PpEKOMEHAYETCA HaMOMHUTb YH4EHMUKaM 3TO
NpPaBuI0, eCIM OHU UCNbITLIBAKOT 3aTpyAHeHMA. Mpumepbl 06CyKAaI0TCA C KNAacCOM, onpeaenseTcs, No Kakomy
NpaBuy BbINOAHAETCA OKPYI/IEHNE, B KAKOM Cyyae K npeablayliemy paspaay npubasnsercs 1.

Ao decamuix Ao comsix
+1: 7 >5 +1i 7>5
1.(7) =177 =18 1M =1777. =178
" 4 LA 4
1800 — 1,780° ——!

15. leneHnem YncanTens Ha 3HaMeHaTe b C MOMOLLLIO KaslbKyaAToOpa onpeaensaeTca nepuog apobu. Takum
obpasom, aaHHas apobb 3anucbiBaeTca B BUAe 6eCKOHeYHOW Nepnoamyeckon 4ecaTuiHol apobu.

K cBegeHuio yuutena! Mpu ncnonb3oBaHWM KanbKyaAaTopa nocaeaHAa umudpa
pe3y/aibTaTa MOXET ObITb OKpYr/iieHa. B 3TOM cnyyae y4eHUKM MOTYT He 3aMeTUTb,
YTO 3TO YMC/IO ABNAETCA NEPUOLMUYECKON AECATUYHOM Ap0bbto. YTOObI M3beXKaTb
3TOM OLIMBKK, PEKOMEHYETCA 3apaHee NoKasaTb UM COOTBETCTBYIOLLME MPUMEPDI.
Hanpumep, Npu BbIYUCAEHMM BbIPaXKEHNA 6 + 9 C MOMOLLBIO KasIbKY/IATOPa YHEHUKM
yBunaAaT pesynbtat 0.6666667 Bmecto ToUHOro 3HaveHma 0.6666666....
PekomeHayeTcs 06cyanTb C KNACCOM NMPUUYNHY TaKoro pesynbTata. Taknum obpasom,
YYEHUKM NOMMYT, YTO NPU PYYHOM AeneHun undpa 6 nosTopaeTca 6ecKoHeuHo, HO
Ha 3KpaHe KaNbKyNnaTopa oTobparkaeTcs orpaHUYEeHHOE KOANYecTBo Lmbp, 1
nocnenHAs U3 HUX aBTOMATUYECKM OKPYT/IAETCA, M3-3a YEro Pe3y/IbTaT KaXKeTCs HETOYHbIM.

i)

G

17. TpebyeTca onpeaenuTb, KaKMM YacTAM AMarpamMmbl COOTBETCTBYIOT AaHHble Yncna. PeKomeHayeTcs
06Cy,ﬂ|V|Tb C Y4eHUKaMM, YTO O3HaYaeT KaXXaaA UuBeTHaA YaCTb ANnarpamMmmsbl.

ﬂpueﬂEHE’Hue. Ha AOCKe 3aMuncbiBaloTCA pa3/iInyHble palunOHa bHbIe YNCNa U J J J

pucyeTca gnarpamma. Ha cton KnaayTca CTUKepbl TPeX LBETOB — 3e/1eHble,
PO30BbIE U }KeNTble. YYUEHUKN N0 o4epean BbIXOAAT K A0CKe, BbIOMpatoT yncho,
3aMMCbIBAlOT €ro Ha CTUKepPe COOTBETCTBYHOLWLENO LLBETA U MPUKPENAAIOT K HYXKHOM YacTu Anarpammol.
Mocne TOro, KaKk BCe YMCa pasMeLLeHbl, pe3yabTaTbl 06CYKAAKOTCA C KNAcCOM.

PeweHue 3a0a4u

e Kaxkpoe umcno npomsHocuTca Beayx. Onpeaenserca, Kakon Yactm
AMarpaMmbl OHO COOTBETCTBYET.

e ObocHOBbIBaETCA, NoYeMy BbibpaHa UMEHHO 3Ta YacTb.

Takum obpasom pasmeLLatoTca Bce yncaa.

TaKKe MOXKHO 33a4aTb Y4EHUKAM BbINONHUTbL 3aZaHKe, NpeacTaBmB
[aHHbIE YNC/1a KaK 3N1eMeHTbl MHOXecTBa. Hanpumep:

-14€Q; -14€ Z;-14 ¢ N

57€Q; 57€Z;, 57€N

K cBepgeHuto yuntensa! YueHMKM MHOr4a UCNbITbIBAKOT 3aTPYAHEHMA NPU ONpeaeneHUN MHOMXKeCTB
PauMOHaNbHbIX, LEeNblX U HaTypanbHbIX Yucen. Hanpumep, Korga Hy»KHO onpeaennTb, KaKoe YMC/I0 ABAAETCA
paLMOHanbHbIM, HO He Lie/ibiM, HEKOTOpbIe YYEHUKU OLIMBOYHO BbIBMPAOT HaTypasibHble Yncaa. hau,
HaobopOT, roBOpPA, YTO LLESIOE YNCIO ABAAETCA TAKKe PaLMOHaNbHbIM, YTBEPXKAAOT, YTO TAKOTO YMCNA He
cywecTsyeT. 3agaHme 17 nomoraeT ycTpaHUTb NoAo6Hble TPYAHOCTU. YUeHUKaM, KOTOpble CTaNIKMBatoTCA C

~1,(3) PaumoHanbHble Yncna
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TaKMMM OWIMBKaMK, PEKOMEHAYEeTCA NONPOCUTL M306Pa3nTb COOTBETCTBYIOLLME YMCA HA AMarpamme, 4Tobbl
OHW MOT/IM HarNA4HO ONPeAeANTb UX NPUHALIEKHOCTb K HYXHbIM MHOXKECTBaMm.
dopmaTuBHOE OLEHMUBAHUE

Kputepum oueHuBaHuA

MaTtepuanbl oL,eHMBaHUA

O6bACHAET MOHATMA KOHEYHON M BeckoHeuyHoM nepuoamyeckoit | Paboune AnCTbl, yH4EBHUK,
OecATUYHON apobu.

paboyan TeTpagb

3anucbiBaeT paLMOoHaAbHOE YUCIO0 B BUAE KOHEYHOW UK
6ecKOHEeYHOoM NepnoanYecKor 4ecaTuYHon apobu. paboyas TeTpagb

Paboune n1cTbl, yuebHUK,

OKpyrnseT 6ecKkoHeyHble Nepuoguyeckme gecaTuyHblie 4pobu. Pabouue NnCTbl, y4eOHUK,

paboyasn TeTpagb

NOACTAHOAPTbI

LE/IN OBYYEHUA

TEMA 1.3. CpasHeHMe u ynopagoumBaHue pauMoHaibHbIX Yyncen

7-1.1.3. MNoka3bIBaeT Ha YNCI0BOW OCY TOUKY, COOTBETCTBYIOLLYIO PaLMOHaNbHOMY YMCAY.
7-1.1.4. CpaBHMBAET M YNOPALOYMBAET PaLMOHANbHbIE YMCAa.

e CpaBHMBaeT paLMOHa/bHble YMNCAA, UCNOb3YA YNCIOBYIO OCb.

e CpaBHMBaeT OTpMLaTeNbHbIE PALMOHA/IbHbIE YACAA, ONMPAACh HAa UX MOAY/IN.

* Pacnonaraet paLoHanbHble YAC/IA B MOPAAKE BO3PACTaHMA UM YBbIBaHMA.

NPUHAONEXHOCTU Paboune ANCTbl, KAPTOYKK, CTUKEPSI

U3yueHue: https://video.edu.az/video/11272
3/IEKTPOHHBIE https://www.geogebra.org/m/vtkdnfzn
PECYPChI https://www.geogebra.org/m/muqgg6awk

https://www.geogebra.org/m/xqedrqgns https://www.geogebra.org/m/tj4S4KF9
MNobyxaeHue
Ha cton Knapgytca 4eTbipe BMAA KApPTOYEK /MLEBOM (D)|
CTOPOHOW BHM3, M YYEHMKAM COODLIAETCA, YTO HA CUHUX

KapTouKax 6yAyT NONOKUTENbHBIE YACAA, A HA KPACHbIX — “g u m m

oTpuLaTenbHble
YYEHMKOB, KaxK4oOMy BbigaetcA no Kybuky. Mo 3agaHuio

YUMTENA KaXKAblM YYEHUK BbIOUPAET OAHY KapTOUKy. EC/IM KapTouKa KpacHas, TO B MyCTbIX KNETKax C/eBa CTaBUTCA
3HAK «—». 3aTeM y4YeHUKM nooyepeaHo 6pocatoT KyGMKIM M 3aNMCbIBAIOT BbiNaBLUME OYKM CEBA HanpaBo. YTobbl
CPaBHWTb NOAYYEHHbIE YUCAA, YUUTENb 3a4aeT HaBOAALLME BONPOChI:

— Kakoe 13 nonyyeHHbIx yucen byaet Haxo4uTbCsA NEBEE Ha YMC0BOM Ocu? Kak 3To MOXKHO onpefenuts? Kak,
UCX0AA 13 NONOXKEHUSA Ha NPAMOM, NOHATb, KaKoe YMcNo 6obLue, @ KaKoe MeHbLue?

UccnenosaxnezobcyaeHue;

B Tabnumue npuBeaeHbl aHHble 0 TemnepaType BO34yXa B pa3HbIX ropodax B O4HO U TO e Bpems. [laHHble
TemnepaTypbl OTMEYalTCA Ha YncaoBon ocu. OnpeaenaeTcs, B KAKOM ropoge TemnepaTypa camas BbiCOKas, a B
KaKOM — CaMafA HU3KaA.

Yuntenb BbI3bIBAaeT K [O0CKe ABYX

| o . | 03'5 | ‘ L lopog Temneparypa (°C)
-3 -2 -1 0 1 2 3 Baxy | =1
rAHAXa 0.5 <— Camas ebicoKaa memmnepamypa
Wywa | -2 <— Camasa HU3Kasa memnepamypa

Temnepatypa B IMHAKe OKa3anacb caMol BbICOKOM, a B LLywie — camoli HU3KoW. B 370 e Bpems B J/IeHKOpaHu
TemnepaTypa cocTasnana —1,2°C. 3Ta TemnepaTypa TaKxKe oTMe4aeTca Ha Ymcnosol ocu. JobaBus SleHKOpaHb,
ropofZa pacnosiaratoTcs B NOpsALKe BO3pacTaHMA TeMNepaTypbl, U COCTaBAseTcA HOBas Tabauua.

’ N —1,2‘ 0,5 \ \ o fopoa | Temneparypa (°C)
T A4 M 4 o T T » I 05
3 2 -1 0 1 2 3 LT :
|_EaKy -1
JleHKOpaHb -1,2
Wywa -2
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Ecnm pacnonoutb ropoaa B NopagKe Bo3pacTaHMA TeMnepaTtypbl BO34yXa, TO JIeHKOPaHb OKasKeTCsa Ha BTOPOM
mecre.

m CpaBHEHMeE PaLMOHaA/IbHbIX YACE/T C MOMOLLLbIO YNC/IOBOM OCH

Mpy cpaBHEHUUN PALMOHANbHbIX YUCE PEKOMEHAYETCA MCMONb30BaTb YMC/IOBYHO OCb M MOKa3biBaTb Npumepsbl. Ha
[OCKe YepTUTCA YMCNOBas OCb, Ha Hell OTMEYaloTCA Pas/MYHble PALMOHa/bHble YMCNA, M Ha OCHOBE WX
Pacro/ioXKeHUs ydeHWKam O06bACHAIOTCA Npasuna cpasHeHus. MogyepKuBaeTcs, 4To N060e NONOKUTENbHOE
paumoHanbHoe Yncao 6osblue 1160ro OTPULATEIbHOTO PALMOHAIbHOMO YUCAa.

8 2
-8 16 2-00
-24 -1.3 5 9
=4 =35 -3 =25 -2 =15=1 =050 05 1 -4 =35 -3-25 -2 -15-1 =05 0 05 1
Ha uncnosoii ocu uncno - 1,3 PacnonoxeHo Ha uucnoeoit ocn yucno - o paCI"IO)'IO)KeHO
cnpaga o1 4Y1ucna -24: cneea oT 4Yucha --%-:
-1,3>-2,4 -8.-2

5

w

o

o 3 3
YepTUTCA YNCNOBaA OCb, Ha HEl OTMEeYatoTCa Yymcia — - 0,7. YT0b6bI ONpesenunTb NoNoKeHne apobu — T
CPaBHUTb, LEenecoobpasHo 3anncaTb 3TO YMCO B BUAE AECATUYHON Apobu.

—0,75|_J -0,7
| - 3
S e e 0T

-3 =25 -2 -1,5 -1 -0,5 0 0,5 1

1. Ha uncnoBoii ocK onpeaenatoTca U CPaBHMBAKOTCA TOUKM, COOTBETCTBYIOLLME AAaHHbIM YUCAaM. 3a4aHNE MOXKHO
BbIMONHWUTbL ABYMA cnocobamu.

1) YyeHMKM 3anucbiBalOT Kaxgoe M3 AaHHbIX 4YMcen B BMAe AeCATUYHOM Apobu. OnpenensAloTca 4yucna,
COOTBETCTBYHOLLME KaXKA0M TOYKE Ha YMC/IOBOM OCY, @ 3aTEM CPAaBHMBAIOTCA.

2) Onpeaensercs, KakoW TOYKE Ha YMC/IOBOM OCK COOTBETCTBYIOT ABa AaHHbIX YMCNA, U 3TU YMCNA CPaBHMBAIOTCA
MO MX PACMOIOMKEHMIO Ha OCH.

| A | B C |
. L |- & Ll L L 1 [ —— L L L | L
— —t — : —
-3 21 -2 ~1 “07] Eo@]° 2
8 8 4
a)-21<_ 6)-0,7<-0,2) 8)-0,(2)>-21 )— >-0,(2 e)- >

BbINoHAA 3a4aHMe, YYEHUKM YHATCA HAXOAUTb NOJIOXKEHUE KaXKA0r0 PaLMOoHaIbHOIO YMCAa Ha YUCI0BOM OCHU B
pa3nnyHbiX GopMax 3anucu, a TaKXKe BU3yasbHO BUAETb, MEXAY KaKMMMU YUCAaMWU OHO PaCMosIOKEHO. ITO
CNoCcob6CTBYET PAa3BUTUIO HAaBbIKOB CPABHEHMUSA PaLMOHANbHbIX YMCEN.

2. B oT/MuMe OT npeaplayuwlero 3afaHuA, 34ecb YUCN0BaA OCb He [aHa. YYEHUKU [0MKHbl HavyepTuTb
COOTBETCTBYIOLLYIO MPAMYIO U OMNpeaenvTb MONOXKEHWe AaHHbIX Yucen. YuuTenb, 3afaBas BOMPOCHI, MOXKeT
HanNpaBAATb YYEHUKOB K CPAaBHEHMIO YMCET, MOKa3blBaA, KAKOE YMC/IO PAaCnONOXKEHO CeBa, @ KaKoe — Crpasa.
JNloxkHble npeAcTaBneHUA, BO3HUKAWOWME Y YYEHUKOB.
MHoraa y4eHUKM, cpaBHUBAA OTpULLATE/IbHbIE PALMOHA/IbHbIE
Yncna ¢ O4MHAKOBOM LeNOM YacTblo, OPUEHTUPYIOTCSA TONIbKO
Ha umdpbl Nocne 3anaToi. ITO NPUBOAUT K HenpaBuabHOMy BepHoe —2,8 < -2,5. T.K., Yucno —2,8
BbIMO/HEHUIO  CpaBHeHWA. LlenecoobpasHo HanpasuTb pacnosnoxeHo nesee yucna —2,5
YYEHMKOB, AOMNYCKaOLWMX Takue OWMUBKM, Ha CpaBHEHWEe |‘2'8 |

paLMOHaNbHbIX YMCEN C MOMOLBI WX WM30OparkeHUa Ha
4YMCNIOBOM NPsAMON. B 3TOM c/iydae OHM CMOTYT YBUAETb, YTO
CpaBHEeHWe TONbKO No uudpam nocse 3anATon ABNAETCA HEBEPHbIM. YUEHUKM, fonycKatowme nogobHble ownbKu,
B Ja/IbHENLIEM MOTYT CTONKHYTbCA C ONPeseNnéHHbIMU TPYAHOCTAMM MPU YNopasounBaHUKM Yucen. MNostomy
Ba)XHO OpraHM3oBaTb PaboTy Haj ownbKamu.

NloxkHoe -2,8>-2,5.T.k,8>5
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4. Onpepenserca, Mexay KakuMU ABYMS MOC/AeA0BaTe/IbHbIMU Le/IbIMU YMCIaMWU PACTIO/IONKEHO Kaxgoe w3
AaHHbIX yncen. CpaBHEHWE MPOBOAUTCA, UCXOAA U3 MONOMEHUA TOYEK, COOTBETCTBYHOLLMX STUM YMCNAM, Ha
KOOPAMHATHOWN NPAMOMN.

St S LYy

. |

1 = |

E 2,2/1 -2 -1 2o 0 1 2
Hanpumep, uncno —2,2 Haxogutca mexxay —3 u—2, a uncno —0,(7) — mexxay —1 n 0. CnegosartenbHo, —2,2
HaxoauTcs nesee. Tak KaK YMCNo, Pacrno/ioXKeHHOe neBee, MeHblle, To —2,2 < —0,(7).

w CpaBHeHUe OTpULLaTeIbHbIX YMCeN N0 UX MOAYNAM

TaKyKe 0TMeYaeTca, YTo OTpMLaTe/IbHbIE YACAA MOXKHO CPAaBHMBATL M MO UX Moayto. NMpumep 3agaHus
0bcyKpaeTcA B Kacce. YYeHMKam 06bACHAETCA, YTO M3 ABYX OTPULATE/IbHbIX PALMOHANAbHbIX Yucen 6onblue To,
Yy KOTOPOTo MOAY/b MeHblUE, U HA06OPOT — MeHbLLE TO, Y KOTOPOro moay/ib 6onblue.

K ceegenuio yuutena! Mpu cpaBHEHUM PALMOHANBLHBIX YMCEN BAXKHO YYMTbIBaTb Hambosiee YacTble OLWMBKU
YYEHMKOB M PErynsipHO KOHTPO/IMPOBATb MPOLLECC BbINOAHEHUS 3a4aHWK, YTOGbl BOBpPEMSA WX MCMpPaBAATb.
CpaBHeHMe 04HOro OTPMLATENIbHOMO U OA4HOrO NOJIOXKUTENbHOIO YMCNa 06bIYHO He Bbi3blBAET TPYAHOCTEN, TaK
KaK y4E€HMKM MOHMMAIOT, YTO MOJIOXKUTENBHOE YMCN0 BCEraa pacnonaraeTcs npasee Ha YMC/I0BOM OCK, @ 3HAYMT,
0HO 60/blwe. OAHAKO NPU CPAaBHEHMU ABYX OTPULATENbHbIX YUCEN YUEHWMKM YacTo owmnbatoTcs. B Takmx cayyanx
pPeKOMEHAYEeTCA HaNOMHUTL MM, KaK OHU CPaBHUBAAW A,Ba OTPMULATENBHbIX LLeblX YACAA NO PACCTOAHUIO OT HYAA
(no mogzynto), a 3aTem PacnpoCTPaHMTb 3TO NPABUIO Ha MHOMKECTBO PaLMOHANbHbIX Yucen.

m)mopﬂp.owsauue paLMOHaNbHBIX YMcen

OTmeuvaeTca, 4To ynopAago4vnmeaHne 4ynmcen BO3MOXKHO KaK 4Yepe3 UX CpaBHeEHUE, TaK U vepes ob03HauyeHne nx Ha
4YncnoBoK ocu. HanomwnHaeTca, 4Tto Ha 4YMC/IOBOM OCK umMcha pacnonaratoTcA B BO3pactaowem nopAaaKe cnesa

HanpaBo, a cNpasa Haneso — B ybbiBatowem. JaHHbl npumep o0bCy»KAAeTcA C KNAaCCoM.
1

_§=_g_2
-34 -1.8 13
-5 -45 -4 -35 -3 -25 -2 -15-1-05 0 05 1 15 2 25 3 35 4 45 5
Ymenswarorca Ysenuumsarorca
B nopaake so3pacranua -3,4; -1,8; -1?; 13 B nopsaake ybriBaHua 1,3; -1?: -1,8; -34

8. OnpepenaeTca, KAKOMY YNCNY COOTBETCTBYET KaxKaan 6yKBa Ha YNC/IOBOM OCM.

| A C E

B D
LI B S S B s s B B e g = f = = >
-3 -2 -1 0 1 2
—24 -13] -06 02 | 1,8

[aHHble uncna pacnonaratotca B nopaake yboisanua. 1,8;0,2; -0,6; -1,3; -2,4.
10. B nycTble KNeTKM onpeaenaTca noaxoasiime umodpbl.

a) -0,8 < -D,Ii| < =0,(6) b) -3,6 < —3,[5'9 < -35 c) =35 <—’4 < -3
11. 3anucbiBatoTcs Lenble Yncaa, HaXo4AWMeca MeXAy AaHHbIMU YNCAaMU. YYEHUKAM, Y KOTOPbIX BO3HUKAKOT
TPYAHOCTUN, MOXHO MPeA/OXUTb BbIMO/IHUTL €r0, OTMETUB AaHHbIE YMC/Ia Ha YUCI0BOM OCM.
13. MHeHMsA no Bonpocy, 3annMcaHHOMY Ha A0CKe, 06Cy»KAalTCs C KNaccoM. ITO CO34aeT BO3MOMKHOCTb pa3BMBaTh
aHaNNUTUYECKOE MbILLSIEHWE U YMEHWE AenaTb BbIBOAbI.

CKONBKO paLMOHaNbHBIX YMCeN MEXAY YMCnamMm ;—H 1? ? I

3anuwy AaHHBIE YKCHA B BUgE 3anuwy AaHHble 4Mcna B BUge oBbIKHO-
AECATUYHBIX ApOGei. BeHHbIx apobed co 3Hamenatenem 1000.

1 1 1_200 1 _ 250

7 =02=020m 5 =025 5 1000 ¥ 4 " 1000
Mexay umcnamu 0,20 1 0,25 ecTe Mexay 3TMMK YuMChamu Haxoaurcs bonee

. YeTbipex “ucen:
R o o o 201 200 203 204 249
Nana ' ' ' ' 1000 1000 1000 1000 “ 1000 Awap

[NnA BbINONHEHNA 334aHNA YYEHMKM CHaYaNa BHMMATEbHO 06Cy»KAaloT MHeHMe Jlanbl, 3aTeM — MHeHue AHapa.
Y1o6bl coenatb obeyxaeHne 6osee aKTUBHBIM M NOTUYHBIM, PEKOMEHAYETCA MCMONAb30BaTb MeTog, AebaTos.
OfHa rpynna Y4eHUMKOB MNOAAEp)KMBaeT MHeHue Jlanbl, Apyraa — coriawaerca € MHeHuem AHapa.
OT o6enx rpynn Tpebyerca 060CHOBATb CBOKO NO3MLMIO, TO €CTb 06BACHMTL, NOYEMY OHM COTNACHbI C BbIBPaHHbIM
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MHEeHVeM. Ha 3Tom 3Tane yuuTenb OO/KEH CO34aTb YC/0BUA A/ TOrO, YTODbl YYEHUKM MPUMEHSAIN HABbIKK
aprymMeHTUPOBAHHOrO MblLU/IEHWUA, NPUBEAEHUA MPUMEPOB U IOTMHYECKOr0 BbIBOAA.

B pesynbTaTe 06CYKAEHUA YHEHMKM ONPEAensaioT, YTo MHeHue Jlaabl HEBEpPHO, a MHeHMe AHapa JOrMYHO M
NpPaBuUAbHO. 3aTeM yUUTENb NEPEXOAMUT K PYBPUKe «3anomHm».

0

MoayepKMBaeTca, UTo MeXay AbbiMu ABYMA %
paUMOHaNbHbIMM YUCAAMU CYLLLECTBYET BEeCKOHeUHoe bt ‘Q s T P AL R
MHOXECTBO APYrnxX paLMoHanbHbIx yncen. UsobpaskeHue 0 0102 03704 05 06 07 08 09 1

Ha YMCNOBOM OCU OBCYKAAETCA C YYEHUKAMU.

B Knaccax ¢ TEXHUYECKMMM BO3MOMXKHOCTAMM MOXHO, YBEIMUMBaA N306paXKeHne YNCNO0BOIA OCH, NoKa3aTb
HECKOJ/IbKO YMCe, PACMONOMKEHHbIX MEXAY ABYMA YNCNAMMU:
https://www.mathsisfun.com/numbers/number-line-zoom.htm|

03 031
o
03

K cBepgeHuto yuutens! MonosMHa cymmbl NOBbIX ABYX YMUCeN ABAAETCA WX CPeAHUMM apuUPMeTUYecKUm U
COOTBETCTBYET TOYKE, PACMO/IOKEHHOW POBHO NoCepeanHe MeXAYy HUMU Ha YMcaoBOW ocu. o aTomy npasuay
MeXay NobbiMK ABYMA YNCNAMM MOXKHO YKa3aTb XOTA 6bl 04HO Ynco.
Ocobo noguépkusaetca, 4To Ntoboe pauMoHaAbHOE YNCAO MOXKHO NPeACTaBUTb B BUAE AECATUYHOM Apobu. ITO
BK/IIOYAET [1BE OCHOBHbIE UAEN:

v' Kawaoe paLmoHanbHOE YACI0 MOXHO Npeobpa3oBaTh B AECATUUHYIO APO6b.

v\ 3Ta pecatmyHaa Apobb 60 KoHeuHas, NMBo BeckoHeuHan nepuoamnyecKas.
[nAa pasBUTUA NOTUYECKOTO MbILLIEHUA YYEHMKOB HA YPOKe LenecoobpasHo 3a4aTb BOMNPOC:
«CywecTtByeT M BeckoHeuvHasn, HO HenepuoaMyecKas LeCATUYHAA AP06b?».
OTBETbl YYEHWKOB BbICAYLWIMBAKOTCA M OpraHusyetca obcyxaeHuve. Ero MOXHO HanpasuTb B cledylollem
HanpaBAeHUMU:
Mexoy AbsiMu 08yMA PAUUOHAAbHLIMU YUCAAMU HA Yucsa080U ocu cyujecmsayem 6eCKOHeYHO MHO20 Opyaux
yucen.
3TOT PaKT NOKa3bIBAET, YTO CYLLECTBYHOT YNCNA, HE OFPAHNYMBAIOLLMECA TOIbKO PALLMOHANbHbBIMW.
Takue uncna BbIpaXKatoTcA B BMAE HECKOHEYHbIX HENepuoaMYecKUX AecATUYHbIX apobei. OTmevaeTcs, YTo C
TAaKMMM YNCNAMM YYEHMKM NoapobHee NO3HAKOMATCA B CTapLUMX Kaaccax.
MpakTuyeckana paboTa. YyeHMKam pasaatotcsa paboumne AUCTbI, Kak B
npumepe. Y4eHUKu BblbMpatoT Ntobble ABa YMCNa, HAXOaAT
NMOMIOBMHY MX CYMMbIl M 3aNUCbIBAIOT YNC/O, PACMONOKEHHOE TOYHO
MeXKAY HUMM, B COOTBETCTBYHOLLYHO AYElKY. 3aTeM, HaxoaA NOJI0OBUHY
CYMMbl HaliAEHHOTO YMCNA U OA4HOIO U3 UCXOAHbIX YnCen,
onpenenarT HOBOE YMC0, PACMONOXKEHHOE MeXKAY HUMK. Mpouecc
NMOBTOPAETCA HECKOJIbKO pa3. TakMum 06pasom MOXKHO 06BbACHUTD,
YTO MeXAY ABYMSA YNCAMM CYLLECTBYET HECKOHEYHO MHOIO YnCen.
14. TpebyeTca onpeaennTb, Kakne U3 AaHHbIX Yncen HaxoasTca mexay —1,2 u —1,3 Ha uncnosoi ocu. YTobbl
BbINO/IHUTb 334aHWE, YYEHMKU MOTYT 3anmMcaTb BCE YWUC/a C ABYMS 3HAKaMK Mocsie 3anaTol U onpesenuTsb,
pacnonoxeHol M oHK mexay —1,20 n —1,30. YyeHnKam, KOTOPbIM TPYAHO BbINOAHUTbL 3TO 3aJaHUE, MOXHO
NpPeasioKnUTb HalTU OTBET, N306Pa3MB YMCA HA YUC/IOBOW OCK.
15. OnpepenArTca YMcaa, COOTBETCTBYOWME AAHHBIM YC/0BUAM:
a) Hambonbuwee uenoe uncno, meHbluee 0,2: 0. 6) HanmeHblwee uenoe uncno, 6onbluee —3,(4): -3

PelueHue 30404,

16. Yucno, 3apgymaHHoe CabuHol, nABnseTcA Apobbio co 3HameHaTenem 24.

1 1 o
YKasblBaeTcA, 4To 3Ta ,L'J,p06b 6onbwe —g M MeHbLle —Z. Tpe6yeTCﬂ HaWUTU 3TO YNCNO e

24
PeweHue 3a0a4u
1 1
3anuncbiBalOTCA 3KBUBANEHTHble Apobu ana — S Y — CO 3HameHaTenem 24.
1 8 1 6
3 24 4 24 ,
Yucno, Haxogsalleeca Mexay HUMKU, — 3To ——.

7 24
Omeem. — —
24
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17. Temnepatypa 3amMep3aH1sA MOPCKOM BOAbI 3aBUCUT OT COAEPHKAHNA COU: Yem BOoNbLUE CONU, TEM HUXKE

TemnepaTypa 3amep3aHus. B Tabavue npmeeaeHbl TeMnepaTtypbl 3amep3aHuns Boabl T

o HuA Boaw ("C)
Pas/INYHbIX MOPEN. 07
a) Yncna, cooTBeTCTBYIOWME TEMNEPATYPaM 3aMep3aHNA BOAbI B MOPAX, MOXHO 5
PacrnooXnTb Ha YNCI0BOM OCK B MOPAAKE BO3pacTaHWA C/ieBa Hanpaso.
| 1
-19 IJ |_0'7 | | ;_,9’5 1
N g
Temnepa
-3 -25 -2 -15 -1 -0,5 0 0,5 1 MOPE | epiann sogs ()
6) Mops ynopagoumnsaoTca No TemnepaType 3amep3aHma. Y4eHUKaM MOXKHO | Anokc| -19
o A -0,7
NPEeA/IOKUTL COCTAaBUTb HOBYIO TabJInLYy, PAaCMOIOXMB HAa3BaHMA MOpPeii B MOPAZAKe -K3°B°- 8’5
acnu - Y,

ybbIBaHMA TemnepaTypbl 3aMep3aHus.
B) MocKonbKy Boga ¢ 6onblueit CoNéHOCTbIO 3amep3aeT Npu bosee HU3KON TemnepaType, onpesenseTca Mmope ¢
caMoW HU3KOW TemnepaTypoi 3amep3aHusa. ITo ANoHCKoe mope.

Pabora B mapax. B Knacce NpoBOAUTCA COPEBHOBaHMWE, KTO CMOMET 3anucaTtb | 1 1 1
60/1blwe Yncen. Ha cTon BbIKNaAbIBAOTCA KAPTOUKM C YMCAAMU INLLEBOM CTOPOHOM 9" 2"3
BHM3. KaXKablli y4EHUK B TEYEHME OAHON MUHYTbI CTAPAETCS 3aNMCaTb Kak MOXKHO 011 0,015 | =212 n -2,(5)
60/blle pPauUMOHAsIbHBIX 4YMCEN, KOTOpble HaxXOAATCA Mexay uucnamm,

YyKa3aHHbIMM Ha KapTouke. Takum 06pa3om MOXKHO OpraHM30BaTb rPynmnoBylo UK NapHyto paboty. MobexaaeT
YYEHUK, 3anucaBwmii bonblue BCEro 4ncen, Nocae Yero ero pesynbTaTbl CPABHMBAOTCA C 3aNUCAMM APYrux
YYEHWKOB.

3Ta [eATeNbHOCTb MOMOraeT AOCTUYb HECKO/IbKUX Lenen. YUEHUKM OCO3HAIOT, UTO MeXAay NbbiMu ABYMS
paLMOHaNbHbIMKW YNCNAMM CyLLecTBYeT BeCKOHEYHO MHOTO Apyrux. PaboTta pa3BnBaeT TBOPYECKOE U IorMYecKoe
MbILW/IEHME, YMEHME apryMeHTUPOBATb, YCTaHAB/IMBaTb CBA3M U COTPYAHMNYATD.

dopmaTuBHOE OL,EHUBAHUE

Kputepum oueHnsaHums MaTtepuanbl oueHMBaHUA
Paboune nnctbl, y4ebHUK,
pabouas TeTpagb
CpaBHMBaEeT OTpULATENIbHbIE paLlMOHaAbHblE YMCAA, ONUPaAch HA | Paboune nnctobl, y4ebHUK,

CpaBHMBAET paLMOHanbHble YMCaa, UCNONb3YA YMCIOBYHO OCb.

UX MOAYAN. paboyasn TeTpagb
PacnonaraeTt pauMoHanbHble YMCcna B NOPAAKE BO3pacTaHUA uan | Paboune nnCTbl, y4ebHUK,
ybbiBaHuA. paboyan TeTpaab

3A0A4YN U NPUMEPDI

YUYeHMKM Ha Mnpeablaywmx YPoKax NO3HAaKOMMUAUCH C MOHATUAMM «OTpULATENbHbIE APOBUY», «paLMOHaNbHOe
4YMCNO», KKOHEeYHanA AecATMYHan Apobb», «beckoHeyHaa nepuoauyeckan AecaTuyHaa Apobb». OHU HayYUAUCh
3anucbiBaTb 06bIKHOBEHHbIE ApPobu B BMAEe OECKOHEYHbIX NEPUOAMYECKMX AECATUYHbIX Apobel, cpaBHMBaTb
paLMOoHanbHble YNCNA U MPUMEHATb MPaBUAa OKpPyraeHusa. Ha 3Tom ypoke ydyeHuKkn byayT pewwaTb pasandyHblie
3aJa4M 1 NPUMepbl, YTOBbI 3aKPENUTb U3YUYEHHbIE TEMbI.

B TEXHMYECKM BO3MOXKHbIX KJ1acCax MOXKHO MCMO/1b30BaTb BUAEOMATEPMA/bI C NPUMEPAMU PELLIEHWS 3a4a4:
https://video.edu.az/video/4237

https://video.edu.az/video/13953

PewweHune 3agaHui

2. Ecv 0A4HO M3 faHHbIX YMcen NpeacTaBieHo B BUAeE 06bIKHOBEHHOM ApobK, a Apyroe — B BUAE NEPUOSUYECKON
AecATUYHON Apobu, ANA MX cpaBHeHMA uenecoobpasHo npueectM oba uncna K ogHomy Buay — ambo K
OEeCATUYHBIM Apo6aM, NMMB0 K 06bIKHOBEHHbIM. CpaBHEHME OTBETOB YYEHUKOB, MCMO/b3YHOLLMX Pa3Hble NoAXoabl,
n TpeboBaHMe 0O6BACHUTL NPABUILHOCTb CBOMX PELLIEHUI CNOCOBCTBYET Pa3sBUTUIO NOTMYECKOTO MbILUIEHUA U
MaTeMaTU4yeCcKomn rmbKocTu.

3. TpebyeTca 3anmcaTb MeXay ABYMS YNCNaMWU, OTMEYEHHbIMM HA YNCIOBOM OCK, ABA KOHEYHbIX AECATUYHBIX U
ABa BECKOHEYHbIX NepUoaUYECcKUX AECATUYHbIX YMCAa, @ 3aTEM PACNOIOXUTb MX B MOPSAKE BO3PACTaHUA M
CpaBHUTb. TaK KaK 3afaHWe ABAAETCA OTKPbITbIM, OTBETbI YYEHWKOB MOTYT OTAMYaTbCA. [103TOMY OHM MoOryT
CPaBHUTb CBOW pPEeLLEHUA U NPOBEPUTb UX NPABWUIbHOCTb. PEKOMEHAYETCA BbINONHATL 3aJaHNe B Napax, To ecTb
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CoTpygHM4Yaa ¢ cocegom no napTe. Takoi noaxon crnocobctByeT B3aMMHOMY O0ByyeHMIO U pa3BMBaET HaBblK
aprymeHTMpPOBaHHOrO OTBETa.

4. Cpeaim AaHHbIX YMCEN HYXKHO onpesenunTb Te, KoTopble HaxoaAatca mexay —0,3 u—0,4 Ha uncnosoit ocu. Kaxkaoe
YMCNO 3aMNUCLIBAETCA B BUAE LECATUYHOM Apobu. Mcnonb3ya npasBuaa CpPaBHEHWA PALMOHAJIbHBIX 4Mcen,
onpeaenaeTca, Kakne u3s HMx Haxoaatca mexagy —0,3 n—0,4.

-0,3=-0,300...

YT106bI YyNpPOCTUTL CpaBHeHMe, K yncnam —0,3 n —0,4 4o6aBNaoTCA HY/IN B KOHLE. —0.4 =—0.400

MposepaeTca, HaXoAUTCA M uncno —0,23 MeXKay STUMM YUCNaMM. ’ T
-0,3<-0,23 -0,23 >-0,4. CnepgosaTtenbHo, yncno —0,23 He Haxoantca mexay ymcnamm —0,3 n —0,4.
AHaNoOrMYHbIM 06PA30M OnpeaenseTcs, Kakne Apyrme ymcna pacnonoxxeHol mexay —0,3 n —0,4.
-0,3)=-0,333...v/ -==-03636... v -0,4(2)=-0422... x “12=-15%

5

—e=T 0,833...x -0,5% -0,5(4) =-0,544... x -0,(6) =—-0,666... X
YYEHMKM MOTYT OTMETUTb AaHHbIe YNCNA Ha YNCIOBOM OCH, YTOObI HarNA4HO ONpPesenuTb OTBET.
5. Ha ocHoBe gaHHbIX KOOpAUHAT TpebyeTca onpenenuTb, KTo banKe K 4
NOBEPXHOCTM BOAbI — BEPTONET WM BoAoNa3. YepTUTca BepTUKanbHasA };ﬁ‘
YMCNOBaA OCb, HA KOTOPOI NPUBAN3UTENBHO OTMEYAIOTCA NMONOKEHUSA 1864 77 yr;?:pe:b
umncen —18% n 18,(4). 0

2

CpaBHUBalOTCA MOAYAUN YMCen. |—18%| < 18,(4) CnegoBatenbHo, BogoM1a3 —18;

HaxoamTcs 6AMKe K NOBEPXHOCTU BOAbI.
Omeem. Bogonas 61uxe K NOBEPXHOCTU BOAbI.

2 o
6. OTMeuaeTca, YTO B MeKapHio A0CTaBnamn 41,5 K MyKU, U3 KOTOPbIX UCMO/1b30BaAM 5 vacm. TpebyeTtca HalTK,

CKONIbKO MYKM OCTa/ioChb.
PeweHue 3a0ayu

2 2
e Onpegensetca, CKOIbKO MyKu 6bl10 ncnonb3oBaHo. 41,5 - 3= 275

e HaxogmTtca, CKOAbKO MYKM OCTanocb. [osiyyeHHble YMcaa 3anucbiBaloTCA B BUAE AECATUUHbIX Apobeit u
OKPYrNATCA 40 ThICAYHDIX.

41,5 - 27% = 132 =13,8(3) ~ 13,833 (kr)
Omeem. 13,833 Kr

7. B Tabnvue npuBeaeHbl aHHbIE O cpeaHen TemnepaType B Pas/IMYHbIX CpeaHan Temnepartypa 8 fekabpe
pervoHax B aekabpe. TpebyeTca pacnosoKMTb Ha3BaHMA rOPOLOB B fopoa | Temneparypa (°C)
nopaake ybbiBaHWA TemnepaTypbl. Baky | -0.6

Yucna, fAaHHble B TabsMLe, OTMEYAIOTCA Ha YNCNOBOM OCK U CPABHMBAOTCS. Llr.lﬂaHn?;:n 1 :?';
OTmeyYaeTcs, YTO YNCNO, PACMOOKEHHOE NeBEE, — MEHbBLLEE, a YUCNO, ry6a _1:2

pacnosioKeHHoe npasee, — 6osbliee. YMcna 3anmcbIBalOTCA CNpasa HaleBo
B nopagke ybbiBaHUA. Kaxkgomy TemMnepaTypHOMY 3HaUYEHMIO MPUNMCLIBAETCA COOTBETCTBYIOLLMI FOPOa.
-0,3; -0,6;-1,2;-1,8.
o 1.8 -1,5 12 -1 _%8,5_0’3 0 0,5 1 IaHaKa; baky; Ny6a; Lamaxbl.

MOMHO TaKe MCNOoNb30BaTb CPaBHEHWE OTPULLATENbHbIX YUNCE MO UX MOAYNAM.

YUYEeHUKM COCTaBAAKT HOBYIO TabMLy, pacnonoXue ropoga no yobiBaHWUIO TemnepaTypsl.

B Knaccax c TeXHUYECKMMM BO3MOMKHOCTSIMU MOXKHO NMOPYUUTb YHEHNUKAM COCTaBUTb TabanLy Ha KOMMblOTEpE.
OtseT: MAHAKa, baky, y6a, LLamaxbl.

Ob6cyaeHne. PaccmaTpmBatoTcs pasHble cnocobbl pelleHmna 3a4a4m, NpesioKeHHble YYeHUKAMMU.

8. B Tabnvue npmBeaeHbl gaHHble 06 ypoBHE BOAbl OTHOCMTE/IbHO NPUYana B TedeHne

Hedenn. YyeHMKam npeanaraetcs, HauMHaa co BTOPHWUKA, OonpeaennTb, Kak MeHsaAcs

YPOBEHb BObI KaXKabll AeHb N0 CPaBHEHWIO C NPeablAYLLM.

[Hu Heaenn Mu | Br Cp. L!r:ﬂr C6 | Bc

Z 9 9 2
YposeHb Bogbl (M) | “25 | 0,15 |59 | "0 | 0 |0.12] ~33

a) YueHMKam npegnaraeTcs OnpenenvTb, KaK MEHsANCA YPOBEHb BOAbl KaXAbl [AeHb MO CPaBHEHUIO C
npeablayLwmm, Ha4uMHas co BTOPHMKA. Kax bl AeHb ypOBEHb BOAbI CPaBHMBAETCA C YPOBHEM NPEeAbIAYLLErO AHA
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2 9
BropHuk: —0,15 < 55 YposeHb 800bl CHU3U/CA. MNatHunua: 0 > 70 YpOBeHb 800bl 108bICUSICH.

9 .
Cpepa: = <-0,15 ypoBeHb 800bI CHU3U/CA. Cy66ota: 0,12>0 ypo8eHb 800bI MM0BbLICUSCA.
2
9 9 L
YeTsepr: — = < - - YpOBeHb 800bI CHUBUACA. BockpeceHbe: - < 0,12 yposeHb 800bI 108bICUSCA.

6) OTMeTUB AaHHbIE YMCa HA YNCOBOW OCK, MOXKHO ONpeaeNuTb, B KaKol AeHb YpoBeHb BOAb! Bbl1 cCamMbiM
BbICOKMM, @ B KAKOW — CaMbIM HU3KMM. YUUTbIBAA, YTO YMCAaA, PACTIONOKEHHbDIE SIEBEE, MEHbLUE, YYEHWKM
ONpeaensaioT, YTo B YETBEPT YPOBEHL BOAb! 6blal CaMbIM HU3KUM, a B Cy660TY — CambiM BbICOKMM.

K cBegeHuio yuntena! npu cpaBHeHUM g4aHHbIX Yncen, 0COBEHHO KOraa UX MHOrO, yHeHMKaM MOXKeT BbiTb
TPYAHO NPUITU K NPaBUAbHOMY BblBOAY. ITO 0CO6EHHO 3aMeTHO, KorAa AaHbl O4HOBPEMEHHO OTPULLATE IbHbIE
yncna, BEecATUYHbIE U 06bIKHOBEHHbIE Apobu. B Takmx cayyasx M3obpaxkeHne uncen Ha YMCNIOBOM OCU ABAAETCA
addeKTUBHBIM cnocobom 0bnerymTb cpaBHeHWe. MCcnonb3ya 3TOT NOAX0A, YYEHUKM CHaYana NpPaBUIbHO
pasMeLLaloT YMCa Ha YMCIOBOM OCK, @ 3aTeM JIErKo PacrnonaratoT Ux B NopaaKe BO3pacTaHUA UK yBbiBaHMS.
Takol meToa He ToNbKO 061eryaeT cpaBHEHME, HO M Pa3BMBAET YMC/NOBOE NPELACTaBAEHNE U JIOTUYECKoe
MbILL/IEHME YYEHMKOB. YUYEHMKAM, UCMbITbIBAIOLLMM TPYAHOCTM, PEKOMEHAYETCA PErYAsAPHO BbINONHATL
aHaNorMyHble 3a4aHus, YTobbl YKPEenuTb HaBbIKMU MO AaHHOW TeMe.

TEMA 1.4. CnoxXeHue u BblMUTaHUE PaLMOHANbHbIX Yncen
NOACTAHOAPTbI 7-1.2.1. BbinonHAET apudMeTUUECKME AENCTBUA C PaLLMOHANbHBIMWU YNCTAMW.

e CKNaapblBaeT paLMoHanbHbIe Yncaa.
LLE/IN OBYYEHUA ® BblunTaeT paunoHanbHble Yynucna.

® Ha 4ncnoBoM 0CM HaXO4UT PACCTOAHUE MeXAY ABYMA PaLMOHANbHbIMU YNUCAAMMU.
NPUHAONEXHOCTU Paboune ANCTbl, KAPTOYKK, CTUKEPSI

M3yueHue: https://video.edu.az/video/13954

S/IEKTPOHHbIE https://wordwall.net/resource/10227745/adding-rational-numbers

PECYPCbI https://www.geogebra.org/m/cusgSC4w https://www.geogebra.org/m/ev8uxmv9
https://www.geogebra.org/m/uxjgcxsn https://www.geogebra.org/m/edfphdy3

MNo6yxaeHue

Ha pocke nNpoBOAWTCA YMCAOBAs OCb, HA KOTOPOW OTMEYAIOTCA YMCNA, KAaK Ha PUCYHKe. YeTBepo y4eHWMKOB
NPUrNALIAOTCA K AOCKE M NOYYatoT CTUKEPbI C HAa3BaHMAMM PasHbIX 06HEKTOB.

— A Wkona ‘ Marasun

-3 =25 -2 -1,5 -1 -0,5 0 0,5 1 !

OcTtaHoBKa | KMock

YyeHnKam npeanaraetca 405 Kax40oro «06bekta» BblbpaTh TOUKY Ha YMCNOBOW OCU U NPUKAEUTb CTMKep. Mocne
TOr0O KaK y4eHMKM onpeaenat KoopAmHaTbl 06beKToB, yumTenb obpallaerca K Knaccy. Ha ocHoBe M3BECTHbIX
KOOPAMHAT MOXHO COCTaBUTb BOMPOCHI, CBA3AHHbIE CO CIOXKEHUEM U BblYUTAHUEM:

— Ecau coenathb Wwar Bnpaso Ha 1,2 eAuHULbBI OT MarasmHa, K Kakol Touyke mMbl npuaem? Yucno, obosHavaloulee
MeCTO Kakoro o6beKTta 60/blle, a Kakoro meHblle? Kakoi 06beKT HaxoAUTCA CNPaBa OT WKo/bl? CKOMbKO eAnHULL,
HYXHO MpPOWTK, YTOBbI AONTM A0 3TOro ob6bekTa? Kakol 06beKT HaxoAWuTCs c/iieBa OT WKoAblI? Kak HaiTm
PacCToOAHUE MEXKAY LUKOOWN U 3STUM 0O bEKTOM?

Mocne KaxKaoro BoNpoca y4eHMKam LeecoobpasHo NpeasioxnTb 3anmcaTb COOTBETCTBYOLME NPUMEpPbI

WccneposaHuezobcymaeHne

B 3apaue Tpebyetca onpeaennTb, Ha CKOMbKO oTel, Camupa packpyTUA NIECKY YAOUYKU U Ha CKOMbKO ray6ike
KPIOYOK OTLLA OMYCTU/CA MO CPABHEHWMIO C Kptoukom Camupa. YYeHWKM 06pallatoT BHUMaHWE K BEePTUKaNbHO
N306pa*KeHHON YNCNI0BOM OCH.
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OT BepXHel U HUKHeW 3 OT HMKHEN YacTU KPHoYKoB

yacTew KproukKa, Kak 2' NPOBOAATCA FOPU3OHTA/IbHbIE
NMOKa3aHO Ha PUCYHKe, : JHWM, N OTMEYAIOTCA TOYKM UX
nposoAATcA 52 nepeceyeHns ¢ Y1CNOBOM OCbIO.
rOpV30HTasIbHblE JINHWU, 5 Mo paccToAHMIO MexXay ABYMA

TOYKaMM Ha YNCNOBOM OCH
onpegenAaeTca, YTo KPHYOK,

OTMEYatoTCA TOYKM UX =
nepece4vyeHunAa c yncnosom

3,2+2=5,2

o5

ocblo. OnpepgennaeTcsa, 4To 6pOLIEHHbIM OTLLOM, ONYCTUACA HA
otey, Camupa pasmoTtan 0,8 M rny6ke, Yem KpHOYOK
NIeCKy KproyKa Ha 5,2 m. Camupa.

m CnoxeHune paunoHaabHbIX unucen

OTmeyaeTcs, 4TO CyMMa PaLMOHa/bHbIX YMCE/ TaKXKe ABMAETCA paLMoHaNbHbIM YMCAOM. MoayYepKnBaeTcs, 4to
cymma to6bIX paLmMoHabHbIX Yncen % " 2 BbIYMC/IAETCA NO NPaBUIaM CI0XKEHNA 0BbIKHOBEHHbIX Apobe.
a.,c_atc a. ¢ _a-ditcbd

b b b b b-d
Mpumepbl 0BCYAAOTCA B Knacce. B Knaccax C TEXHUYECKMMM BO3MOMKHOCTAMM MOXHO WCMNOAb30BaTh
BMAEOMaTEPMUAbl U MHTEPAKTUBHbIE 3a4aHKA.
https://video.edu.az/video/8991
https://video.edu.az/video/9904
https.//www.mathgames.com/skill/7.86-add-and-subtract-rational-numbers
https://www.mathmammoth.com/practice/rational-numbers

3. BoinonHsatoTtca ,D,eﬁCTBVIFl cnoXeHuma. CHayana cMeLllaHHble YMCaa 3anmcbiBAOTCA KakK ,qpo6v1 C HaTypanbHbIM

3HameHaTenem. Ll,enec006pa3Ho BbINONTHNTb OANH U3 NYHKTOB, 06CV,EI,V|B €ro BMmecTte C Y4eHUKamu.
—4 1 -4 -6 —-4-6 -10 -1 1 -1-2 9 -2 9 =249 7 3
a)——‘r(—]_—):—-‘r—: =—==-2 b)—+2—=—+—=—+—=—=—=1—
5 5 5 5 5 5 2 4 2-2 4 4 4 4 4 4

4. 3anucbiBaeTcA NpMMep CAOXKEHUA Ha 4YMCNIOBOM OCK 1 HaxoauTcAa Cymma.

[Nna cnoxeHua AByx oTPULATE/bHBIX PALMOHANbHBIX YMCEN CYMMUPYIOTCA UX MOAYAW, 3 Nepes pesynbTaTom
CTaBMTCA 3HAK MMHYC. MpU CNOKEHUM YMCEN C PasHbIMM 3HAKaMM BbIMUCAAIOTCA MX MOAYAW, BblUMTaETCA
MEHbLUNIA MoayNb M3 BOAbLIEro, a nepes PesyibTaToM CTaBUTCA 3HaK Yncna ¢ 6onbwmm moaynem. Mpumepbl
obcyaatoTca B Kaacce.

6. 3HaueHMe BblpaXKeHUa cHayana cpaBHMBaeTcA 6e3 BbluMCAEHMI. 3aTem NPOoBepAeTCa NPaBUIbHOCTL OTBETA C
NOMOLLbIO BbIYMCIEHWIA.

K cBegeHuto yuutensa! CpaBHMBaTb NPUBAMIUTENLHbIE 3HAYEHUA BbIpaXKeHUA 6e3 BbIMMCNEHUIM — OAUH W3
BaYKHbIX HaBbIKOB 4/11 YYEHWUKOB. BbINO/SIHEHME TaKMX 3aZlaHMI Pa3BMBAET YCTHbIE HaBbIKK cYeTa. B aTom npouecce
YYEHMKM yyaTcs BbICTPO ONpeaensTb, KAKOe YMCI0 MO MOAY0 6OoNbLIE NPY CAOKEHUN UAW BbIYUTAHUM YMCEN C
pasHbIMM 3HaKamu. BuayasnbHoe npeacTaBieHve (Hanpumep, C UCMNONb30BaHMEM YMCNOBOM OCM) nomoraet
YCBOUTb 3TOT HaBblK jierde. 3TM YMEHMA MO3BOMIAIT YYEHUMKAM CPaBHMBaTb BblpaskeHWAa 6e3 BbluMCAEHUNA,
BbIGMPaTb NpPaBU/IbHbLIA OTBET M OTBeYaTb 6e3 MoTepu BpemMeHW. ITO, B CBOKO o4epedb, NomoraeTt 6biCTpo
NPUHUMATb peLUeHUA B OMNPEeAE/eHHbIX CUTyauuax M ray6yKe MNOHMMaTb cofeprkaHue. [nA y4yeHMKOB,
MCNbITbIBAIOLWMX TPYAHOCTM, NOJAE3HO CHayana BbIMOJHATb aHANOTMYHbIE 334aHUA Ha LenblX YMcaax, a 3aTem
PaCLIMPATb UX HAa MHOXECTBO PaLMOHaNbHbIX Yncen.

®
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OTMeyaeTcs, YTO CBOWCTBA C/NIOXEHUA CNpaBevBbl U ANA PaUMOHabHbIX Yncen. HanomuHaloTca cBOMCTBA
nepecTaHOBKM M FPYMNMNMPOBKK, NMPMMEPbI 0B6CYXKAAK0TCA C YYeHUKamMU.

7. C NOMOLLbIO CBOMCTB C/I0XKEHUA BbIYMCAAETCA CYMMA.

K cBegeHuio yuntena! B gaHHOM 3agaHMM yaobHee HaxoANTb OTBET, MCMO/Ib3YA CBOMCTBA CNOMXKEHMA. YTobbI 3TO
NoKasaTb, MOXKHO HalTWU CyMMy ABYMA cnocobamu: cHayana BbINOAHAA AeNCTBUA NO NOPAAKY, 3aTEM NPUMEHAA
CBOWCTBa, W CPaBHUTb pe3y/ibTaTbl. MCNONb30BaHME CBOMCTB C/IOXKEHUA O/1A HAXOXKAEHUA CYMMbl — OAMUH U3
YyAO0B6HbIX CNocob0B, KOTOPbIM yNpowaeT M YCKOpSeT BblYMC/IeHWA. ITOT MeToh HanpaBAseT YYEeHUKOB Ha
CpaBHeHWe pas3nnyHbix cnocobos u Bbibop noaxoadAwero. Takmm obpasom, oH cnocobcTByeT GopmMMpPOBaHUIO
JIOTMYECKOTO MbILLIEHWA U YCKOPEHMIO YCTHBIX BbIYUCIEHUIA.

B Knaccax ¢ TeXHWYECKUMWU BO3MOMKHOCTAMM MOMKHO WCMO/b30BaTb MHTEPaKTMBHbIE 3adaHMsa gna paboTbl B
rpynnax.

https://jeopardylabs.com/play/adding-and-subtracting-rational-numbers12

m BbluMTaHUe paLUOHaNbHbIX Yncen

PasHocTb PaLNOHANbHbIX YNCEN TaKXKe ABNAETCA PaUMOHANIbHbIM YNCNOM. nO,ﬂHepKVIBHETCﬂ, YTO Pa3HOCTb Nobbix
PaUuUOHANbHbBIX YXUCEN BbIMNUCIAETCA NO NPaBMU1aM BblYNTAHUA 06bIKHOBEHHbIX p,pO6EI7I.

:a-d—c-b

e
d b-d

a cC —_a—-c a

b b b b
Mpumepbl 06CyKAAOTCA C KNAaCCOM.
B Knaccax ¢ TeXHUYECKMMUM BO3MOMKHOCTAMM MOMKHO MCNOIb30BaTb WHTEPAKTUBHbIE 3a4aHNA.

https://www.begalileo.com/math-games/grade-7/add-and-subtract-rational-numbers

B e

OTmeyaeTcs, YTO Pa3HOCTb PALMOHA/bHbIX YACE MOXKHO HalTW TaK e, KaK C LesbiMn
yncnamm — fo6aBNAAA K yMEHbLUAEMOMY MPOTMBOMO/IOKHOE BblYMTaEMOE. YUEHUKaM
AEMOHCTPUPYIOTCA NPUMEPbI BbIYUTAHMA KaK 0ObIKHOBEHHbIX Apo6elt, Tak U AecATUYHbIX Apobei.

K cBeaeHuto yuutena! MHorve y4eHMKM, YCNELHO BbINOHAOLWME AEUCTBUA C LLENbIMU YNCAAMMU, NPU
nepexoe K paLuMOoHaNbHbIM YNCAAM CTaZIKMBAOTCA C ONpPeAeNEHHbIMMU IOTMYECKMMU U TEXHUYECKUMMU
TPYLAHOCTAMMW. ITU TPYAHOCTU NPOABAAIOTCA B Pa3HbIX acneKTax. XOTA C0XKEHUE U BbluMTaHUE OTPULATENbHbIX
LEeNbIX YNCEN U3YYEHbI, NPUMEHEHME 3TUX NPAaBUA K PaLMOHaIbHbIM YAC/IAM BbI3bIBAET 3aTPYAHEHMS.

p-g=p+(-q)

Hanpumep, onepauma Tmna «—4 + (—2)» Mo¥eT 6bITb NOHATHA, a —0,8 + (—1,8) uan % + (- %) MHorga
BbINONHAETCA ¢ ownbramu. LlenecoobpasHo onpenenntb, C KAKUM UMEHHO HaBbIKOM CBA3aHa ownbKa npu
CNOXEHWU U BbIYUTAHUMN PALMOHANBHbIX YNCEN, U OpraHM30BaTb PaboTy Hag owmnbKamu.

11. BbluMcnneTca 3HauYeHWe BbIPaXKeHUs Npu 3a4aHHOM 3Ha4YeHUN nepemeHHon. Cnegyet 06paTUTb BHUMaHME,
YTO6bI MPM NOACTAHOBKE OTPULLATENbHOIO 3HAYEHUA NEPEMEHHOM YYEHWNKN HE AO0NYCKanun OWMBOK CO 3HaKaMM.
12. PewatoTcA gaHHble ypaBHEHUs. PeKoMeHAyeTca HANOMHUTD YY4EHWKaM MNpaBuaa peLleHns ypaBHeHU.
Y4YeHMKaM, UCMbITbIBAIOLMM TPYAHOCTU, MOXKHO NPEeANOKNUTb CHaYana peLnTb 6osee NpocTble ypaBHEHWUS B
MHOXECTBE LieNIbIX YMCcen. 3aTemM OHWU CMOTYT CaMOCTOATENIbHO PELLUTb YPaBHEHWUA U3 3a4aHUA.

m PaccroiHMe mexKay O4,ByMA TOUKaMMU Ha OCM KOOPAUHAT

OTmeHaETCH, YTO PaCCToAHUE meXaY OBYMA TOYKaMU Ha KOOpp,MHaTHOD'I OCU PaBHO MOoAYyNHO PA3HOCTU UX
KOOpPAUHaT. YyeHMKam nokasbiBaeTcs O6|.|J|ee NpaBuUaIO Ha YMCNOBOM OCHU.
44— y = o y = —
_As = .H , AB=|p-q| wam AB=|q-p|
P 0 q

Mpumepbl 06CyKAaOTCA B KNacce.

B Knaccax ¢ TeXHUYECKMMM BO3MOMKHOCTAMM MOYKHO UCMONb30BaTh MHTEPAKTUBHbIE 3a4aHUA:
https://phet.colorado.edu/sims/html/number-line-distance/latest/number-line-distance_all. html?locale=az
14. BbluMCAAETCA PacCTOAHME MEXKAY 3aaHHbIMM TOUKaMU U U306PaXKaeTca Ha KOOPAMHATHOW OcK.

a)A(-12)m B (38) 5

4 B
) o _ —e e
AB=138-(-12)| =5 12 38
_ 1 0 1 2 3 4

OnddepeHumpoBaHHoe obyueHue.
lModdepxcKka. YumTenb 3anucbiBaeT Ha [AOCKE HECKO/IbKO pPaLMOHaAbHbIX 4Yucen. YueHWKam npeasaraetca
BbIYMCIUTD WX CYMMY W pPasHOCTb, 3aTeM OHM MPOBEPAIT MPaBWAbHOCTb pPe3ynbTaToB Apyr Apyra.
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YenybneHue. YumTenb 3anucbiBaeT HECKONbKO PaLMOHA/NbHBIX YMCeN Ha [AOCKe. YYeHWKam npeanaraerca
onpeaenTb YMCIa, COOTBETCTBYIOLLME PA3/IMYHBIM YCNOBUAM, U 06OCHOBaTb OTBET. Hanpumep, ABa yucna ¢
CYMMOW MeHbLue 4, TpU Yucna ¢ Ccymmon meHblue —10, yncna, pasHocTb

KOTOPbIX paBHa 2 U T.4,. Q-+ @~ -

MpakTuueckas pabora @@+ | #p S

Knacc aenutca Ha rpynnbl. Fpynnam pasgatotca paboune auctel. Ynewsl | @ ¢

rpynnbl BbINOAHAOT 3a4aHunA. OTMeYaeTcs, YTo NONOKNUTENbHbIE YMCAa & &
N306paXKatoTCA CUHMM LLBETOM, OTpULATENbHbIE — KpacHbIm. K ®&
KaXXZOMY PUCYHKY COCTaB/IAETCSA COOTBETCTBYIOLLMNIA Npumep, b
3anuncbiBaeTCs B NYCTYIO KETKY Crpasa v peluaeTtca. 3a npasu/bHble

oTBeTbI Fpynnbl Noay4atoT 1 6ann, 3a HenpasuabHble — TepsatoT 1 6ann.

OWKMBKM 06CYKAAOTCA, AHANMBMPYIOTCA U UCNPABAAIOTCA. 3a4aHNA MOXKHO BbINOMHATL B Mapax UAn
MHAWBUAYANbHO.

Paboumit IMCT MOXKHO 3arpy3nTb NO CCbINKE:
https://drive.google.com/file/d/15M4DgliCb3aT9hBM30-5Mm9BrZqysAW7/viewPusp=drive_link

15. B Tabauue npuBeAeHbl USMEHEHUA TEMMNEPATYpPbl BOAbI B
o3epe B TeyeHue 5 gHel Hepenw. B Havane HabaoaeHus
Temnepatypa sogbl 6bina —0,3°C. Heobxoanmo onpenenvtb
TemnepaTypy BoAbl B KOHLe HabntoaeHus.

PeweHue 3a0a4u

1-i cnocob.

YunTbIBas, YTO Ha4YanbHas TemnepaTtypa 6oina —0,3°C, 1 4TO B NepBbIi AeHb TeMnepaTypa cHMaunacb Ha —0,5°C,
BbIYMCNAETCA TeMNepaTypa Bo4bl B 3TOT AEHb.

1-i peHb: —0,3 + (-0,5) =—0,8 (°C)

AHanornMyHbIM 0H6Pa3OM PaACCUMTLIBAIOTCA U3MEHEHUSA TEMNEPATYpPbl B NOCaeAytoWmne gHKU, YTobbl onpeaenunTb
HOBYIO TEMMNEPATYPY BOAbI A/1A KaXKA0ro AHA.

AHun 1 2 3 4 5
M3meHeHne

o —0,5/-1,2(+0,45/-0,2/+0,25
Temnepatypsi (°C)

2-1h peHb: —0,8 +(-1,2) =-2 (°C) 4-ih peHb: —1,55 + (-0,2) =-1,75 (°C)

3-ih geHb: —2 + 0,45 =—1,55 (°C) 5- AeHb: -

1,75 +0,25 =-1,5 (°C) AHun 1 2 3 4 5

B TabmLy MOXKHO A06aBUTb LONONHUTENBHYIO CTPOKY, rae Ans Mamenenne | ool _15|,04s| —02/+025
KaXKaoro OHA bygeT ykasaHa COOTBETCTBYIOLWAn TemnepaTypa Temneparypel (°C)] : : : :
BOAbl. ITO NO3BOAUT y4eHUKaM HabAAATb, Kak TemnepaTypa Temneparypa (°C)—0,8| -2 |-1,55|-1,75-1,5

MEHAETCA AeHb 32 AHEM, U MPOLLE ONpeaeUTb UTOrOBYIO
TemnepaTypy BOAbl.

2- i cnocob.

CHavana cymmupyroTca BCe UBMEHEHUA TeMMNepaTypbl, YTOObl ONpPeaennTb, HACKObKO TeMnepaTtypa
YMeHbLINAACb AN YBEANYMNACD.

-0,5+(-1,2)+ 0,45+ (-0,2) + 0,25 =-1,2 (°C)

K —0,3°C pobaBnserca UTOroBoe M3MeHeHMe TeMnepaTypbl.

-0,3+(-1,2)=1,5(°C)

Omeem. B KoHLe HabnoaeHMA TemnepaTypa Boabl coctasmna —1,5°C.

ObcyrdeHue. BbicnylUMBAOTCA MHEHMA YYEHUKOB, PELUMBLLMX 33434y Pa3HbIMKU cnocobamm.

16. OTmeyaeTcA, 4TO YTO YaliKa neTena Ha BbicoTe 5,2 M Hag, yPOBHEM

3 ;
Mmop#, a pbiba nnasana Ha rybuHe 35 M. 52—»0 = 15

PeweHue 3a0a4u
L4 KOOp,CI,VIHaTbI qaﬁKM n pbl6b| BbIPaX*KatkoTCA NONIOKUTENbHbIMU N
oTpUUATENbHBIMK YMCNAMU OTHOCUTEIBHO YPOBHA MOPS.

Yaiika: 5= Pbiba: =3~

10 5
e OnpeaensaeTca paccTosiHMe Mmexay TodKamu Q 1 B, COOTBETCTBYIOLLMMM YPOBHAM Yaiiku 1 pbibbl.
52— (-32)|=88m.

Omeem. PaccTosiHWE MeXKAY YaiKol 1 pblbol OTHOCUTENBHO YPOBHA MOPA PaBHO 8,8 meTpa.
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dopmaTuBHOE OL,EHUBAHUE

Kputepum oueHuBaHuUA Marepuanbl OLLeHUBaHUA
Paboune nnctobl, yuebHUK,
paboyas TeTpaab

CKknagblBaeT paLmoHanbHble Yncna.

BbluMTaeT paumoHasbHble Ymucaa. Paboumne nnUCTbl, y4ebHMK,
paboyas TeTpaab

Ha uMcnoBoIt OCKU HaxoAWUT PACcCTOAHME MEXKAY ABYMSA Paboumne NnCTbl, y4eBHUK,

pauMoHaNbHbIMM YNCAAMM. paboyan TeTpagb

TEMA 1.5. YMHOXeHue n geneHune paumoHanbHbIX Yucen
MNOACTAHOAPTbI 7-1.2.1. BbInonHAET AENCTBMA HAL, PaLlMOHaNbHbIMW YNCAAMW.
® YMHOKaeT paLMoHa/bHble Yucna.

LLE/IN OBYYEHUA e [lennt paumoHanbHble Ymcnaa.
¢ [IpMMEHSAET CBOMCTBA YMHOEHMUA 411 PALMOHA/bHbIX YMCen .

NPUHAONEXHOCTU Paboune NCTbl, KAPTOYKK, CTUKEPBI
M3yuyeHue: https://video.edu.az/video/13846

2gg;(:ng HBIE https://www.geogebra.org/m/tztysc46
https://www.mathmammoth.com/practice/rational-numbers
MNo6yxkaeHue

Yuntenb 3anucbiBaeT Ha AOCKe BblpaXKeHWe C NYCTbIMU KAEeTKaMu 1 AEVICTBMGM YMHOXeHUA unun genenuva. B
COOTBETCTBMU C OTBETOM Y4YEHUKaM npeanaraetca Bbl6paTb nogxogawme 4ymcna ana 3anonNHeHUA NYCTbIX KNETOK
n3 vymncen, npeacrtaB/eHHbIX Ha KapTOYKax.

I
= 6

X = -6 X 5 ‘x ==2

1 4,2 3
-0 [ =3 ][ ]--se | HEEE

YyuTenb 3a4aET yYeHMKam HanpasaatoLwme BONpochl:

— Kak onpeaenntb 3HaK YMCesl, KOTOpPble HYXHO BMMUCaTb B MyCTble KAETKM? Kak MeHAeTCs 3HaK 4ucna npu
YMHOMEHUN UK aeneHnn Ha —1? B Kakom cayyae NpomsBedeHne Uam YacTHoe uymcen 6yLeT NoaoKUTENbHbIM, a
B KaKOM — OTpuLaTebHbIM?

O6cyrKaaeTca, Kak onpeaenaeTca YNCNO0 ANA KaXKA0N KNETKN.

UccnenosaHuezobeyaeHue

OTmeuyaeTcs, yTo 6aTMcKad ONyCcKaeTca Ha 7 M KaXKAyo MUHYTY M Yyepe3 15 MUHYT AOCTUrAeT HY}KHOTO YPOBHA AN
nccnenoBaHuA. C uMcnonb3oBaHUEM oTpUUaTeNbHbIX YUcen Tpe6yeTc;| HanTH KOOpPAOWUHATY TOYKU B,
NMOKa3blBaloLLLEN 3TOT YPOBEHb, PaccUMTaTh, 3@ CKOIbKO MUHYT 6aTuckad AOCTUrHET Tpebyemoro ypoBHS, eciu

1
onycKkaTbcs oH 6yaet Ha 7 > M B MUHYTY.

BHMMaHWe y4yeHMKOB 06paLLLatoT Ha M306paXKeHMM Ha YNCIOBOM OCMH.
e [INA HaXOXAEHWA KOOpAMHATbl TOYKM B Ha BEPTMKANbHOW MPAMOM YYEHWMKW BbIMMCAAKOT NpPOU3BEAEHUE
CKOpOCTW Ha Bpems. 7 - 15 = 105 (m). CnegoBaTenbHo, Yyepes 15 MUHYT 6aTnckad AOCTUTHET ry6uHbl 105 M, TO
eCTb KoopAuHaTta Touku B pasHa —105. i

1 4
e Ecnm 6atnckad onyckaetcs Ha 75 M B MWHYTY, TO HaxO4AT, 32 CKO/IbKO

MWHYT OH AOCTUrHET HYXKHOW rNy6uHbl. 105 : 7 % =14 (MuH)

YuutbiBas, 4YTO I'ﬂy6VIHa Bblpa*KaeTca OoTpUuuaTeIbHbIM HUCAOM, _105—p 8
u,enec006pa3Ho HanpaBuTb YYEHWUKOB K HaAXOXAEHUKO OTBETa 4Yepes

AeNeHne oTpMULATENbHOrO YMCa Ha oTpuuaTensHoe. —105 : (—7%) =14 (MuH)

w YMHOXeHWe pauroHanbHbIX unucen

OTmeyaeTcs, YTO NpPOM3BeAEeHME PaALMOHANbHbLIX YMCEN MOMKHO HaxoguTb MO MpaBuay
YMHOXeHUA 06bIKHOBEHHbIX Apobei. Obliee NpaBUIO HAaNOMUHAETCA YYEHWKaMm, NPUMepbI
obcykaatoTca B Knacce.

>f=
Q.]":
[}
=
= a
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YYEHMKM MOTYT NPMBOANTbL AOMONHUTEIbHbIE NPUMEPbI NPOU3BEAEHWNIN PALMOHANbHbIX YNCEN C OAMHAKOBLIMU U
pasHbIMW 3HaKamu. PeKkomeHayeTca cHayana onpeaensatb, 6yaeT AWM pe3ynbTaT MOAOMKMUTENbHbIM UK
oTpUUATENbHbIM, @ 3aTEM BbIYMCAATb

[

Ha Bonpoc: «MoeT M Npon3BefeHne PaLMOHaIbHOTO YACAa Ha Camo cebs BbITb OTPULLATENBHBIM?» YUYEHUKM
NPUBOAAT MPUMEpPbI M 06O0CHOBbIBAIOT MHEHWE.

MepeyncaatoT BOSMOMKHbIE CyYan.

1) O6a uncna nonokutenbHble. MponsseseHUe NONOKUTENbHbIX YUCEN MOJIOKUTENbHOE.

2) O6a uncna oTpuuaTtensHole. MponssegeHne oTPULATENBHBIX YUNCEN MONOKUTENBHOE.

3) MocKoNbKY HONMb TaK}Ke ABAAETCA PaLMOHANbHBIM YACNOM, TO NPOU3BEAEHME Ha CaMO cebs PaBHO HYAIO.
MoAYepKMBaeTCs, YTO NPOM3BEAEHME PALLMOHAIBHOIO YAC/a Ha camo ceba 6O NoNoKUTENbHOE, IMB0 PaBHO
Hynto. CnepoBaTeNbHO, Pe3yAbTaT He MOKET BbiTb OTPULLATENbHBIM.

B KNaccax ¢ TEXHUYECKMMM BO3MOMNKHOCTAMM MOXKHO MCMO/b30BaTb MHTEPAKTUBHbIE 3a4aHUA.
https.//www.begalileo.com/math-games/grade-7/multiply-rational-numbers

2. Ha umMcnoBoii ocu 3anucbiBatoTca npumepbl Ha YMHOXeHWE U BbIYNCNAECTCA pe3ynbTaT.

ol ol il X W Ry

5 2 5 3 3 3 3 3
) T e Y e VY T b) e ; 5

Kt g S 9

4. CHavana onpeaenaetca 3HaK NPOM3BeAEeHNA, 3aTEM BbINONHAETCA onepaLus YMHOXEHUS.

K cBegeHuio yuutensa! YueHuKkam, WCMbITbIBAOWMM TPYAHOCTU C OMpeaeseHMemM 3Haka npousBeseHus,
PeKoOMeHAYEeTCA HAaNOMHWTL NPaBUAa YMHOMKEHMSA Lesbix Yncen. CHauyana MOXKHO NoKasaTb NpMMepbl ANA LeblX
yucen, a 3aTem [ANS PALMOHANbHbLIX: MNPOU3BEAEHME [ABYX MONOXKUTENbHbBIX YMCEN MONOKUTENLHOE,
npouseegeHMe [ABYX OTPULATE/bHBIX YMCEN TaKXKe nonoKutenbHoe. 0606wWan, noadYepKMBaeTca, 4TO
npoussejeHne Yncen ¢ OAMHAKOBbIMM 3HAKaMMU MONOMKUTENbHOE, a MPOU3BEAEHUE ABYX YMCEN C PasHbIMM
3HaKaMu — oTpuuaTenbHoe. OAHaKo peKomMeHayeTca 06pallaTb BHUMAHME Ha C/ly4Yan, Koraa KoM4yecTBo Yymcen
YBE/IMYMBAETCA, U YUUTbIBATb, YETHOE OHO MM HEYETHOE.

0

OTmeyaeTca, UYTO uMcia, NpousBedeHMe KOTOPbIX PaBHO 1, Ha3biBalOTCA B3aUMHO g h g - b
o6paTHbIMK yncnamu. NMprumepbl 0b6CyxaaloTca B Knacce. b a b -a_ 1
5. Onpegensetca, ABAAIOTCA N AaHHbIE YMCNA B3aMMHO 06paTHbIMM.

-2 -5 -2 -5 1 1
a) - 5 1 - - V-, B3aumHoO obpaTHble Yncna. r) =3- 3 -1 - -3u 3 He ABNAIOTCA B3aUMHO

O6paTHbIMM Yncnamu.

®

CBOMCTBA YMHOMEHMA BepHbl W AAA pPaLMOHaNbHbIX 4Yucen. HanmomwuHaloTcA CBOMCTBA MNepecTaHOBKM,
rpYNNMPOBKM 1 pacnpeaeneHns, obey»KaaloTca npumepbl.

6. C NOMOLLHI0 CBOMCTB YMHOMEHUA 3HAYEHUSA BbIPaXKEHUI BbIYUCAAIOTCA YA0OHbIMM cnocobamu. N KaxKaoro
npMmepa, Kak YyKasaHo B obpasue, LenecoobpasHO cnpawmeaTb Yy YYEHUKOB, KaKue CBOWCTBA 6blau
MCNOJIb30BaHbI.

K cBegeHuio yuutena! Kak 1 npu cnoKeHuu, UCNoNb30BaHNE CBOMCTB YMHOMEHUSA ABNAETCA OAHUM U3 YA06HbIX
cnocob0oB BblUMCAEHUA — Ha 3TO obpalLaeTca BHUMaHME yYeHWUKOB. YTobbl NokasaTb y406CTBO NpUMEHEHMUS
CBOWCTB YMHOMEHMA, MOMKHO CHauyana BbIMOJHUTb YMHOXEHWE MO NOPAAKY, a 3aTeM HalTK OTBET, NPUMEHSAS
CBOWCTBA, M CPAaBHUTb pe3y/bTaTbl. TaKOW NOAX0A NOMOraeT y4eHMKaM CPaBHMBaATb pasHble cnocobbl 1 BbIGUPaTb
Hanbonee yaobHbiM N 3ddeKTUBHbIN. B Lenom pekomeHayeTca NobyxaaTb yYeHUMKOB 0DOOCHOBbLIBaTb CBOU
peLleHuns, UCNO/b3yA CBOMCTBA YMHOMKEHMUSA.
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8. Korga MHOMUTENU OTIMYHbLI OT HYAA, NPOBEPAETCA NPaBUAbHOCTb YTBEPKAEHUA. YUEHUKM MOTYT NPUBOAUTb
npumepbl 4ns 060CHOBAaHMA CBOErO MHEHMS.

a) Ecan KonmyectBo OTPMLATE/IbHLIX MHOMMTE/NEel HeyeTHoe, TO Mpou3BedeHMe oTpuuatenbHoe. YTobbl
NPOBEPUTb NPABUALHOCTb 3TOMO YTBEPXKAEHMUSA, BepyT HEYETHOE KOAMYECTBO OTPULLIATENbHBIX YMcen. T Yncna
rpynnupytoT no Asa. Mi3BecTHO, YTO NPoMn3BeAeHUE ABYX OTPULLATENbHBIX YMCeN NoNOKMTeNbHOe. CornacHo sTomy
NpaBuay, HaXo4AT NPOU3BEAEHUE YMCEN, TAe TOIbKO O4HO OTPULATE/IbHOE, @ OCTasIbHble NMONOKUTENbHbIE. TaK
KaK npousBejeHue OTPULATENIbHOIO YMCAA Ha MOJMOMKUTE/NbHOE OTPULATENIbHOE, NPW HEYETHOM KOJ/IMYecTBe
OTPULATENbHbIX MHOXUTE/IEN NONYyYaeTca oTpuLLaTeIbHOE NpousBeaeHue. Imo sepHoe ymeepioeHue.
CXxeMaTU4YecKkn MOXKHO Tak 060CHOBATH NPaBU/IbHOCTb 3TOTO YTBEPHKAEHUS.

‘®x®x@x@x_,_x@:@x@x@x@xm>< =®Hx®x..xO=0

T T T
HeueTnoe () (
® ®

6) EC/IM KOIMUYECTBO OTPULLATE/IbHBIX MHOMKUTENEN YETHOE, TO NPOU3BEAEHUNE NONOKUTENbHOE. ITO TOXKE BepHoe
yTBEepXAeHUe. [Na KaxKa0ro yTBepKAEHUA yYallmecs MoryT NPUBECTU NPUMEPbI. 3TV YMCAa TaKKe TPyNnupyoT
no ABa. M3BecTHO, YTo Npom3BeseHMe ABYX OTPULATE/NbHBIX YUCEN NOOXKUTeNbHOoe. CornacHo 3ToMmy npasway,
Haxo4AT NPOU3BEAEHME MOOKUTENBbHBIX YACES, CIEA0BATENBHO, NPOU3BELEHME MONOKUTENBHOE. IMO MOoie
s8epHoe ymaepxoeHue.

CxemaTM4YecKu MOXHO Tak 060CHOBaTb NPaBUAbHOCTb 3TOMO YTBEPKAEHUS.

OXO*O% .. xQ =ODxO*Ox Ox ... xQx Q= DxDx. . xD=@
b —

T T T
YeTHOE (+) G\ ()
S S S

K ceepeHuio yuntena! [aa KaxAoro yTBep)KAeHMs ydawmecs MOryT npusoamutb npumepsl. OTmeyaercs, 4To
34€eCb peyb MAET O KOMIMYECTBE OTPMUATE/IbHbIX MHOMUTenein. YTo6bl yBENMYUTL KOMYECTBO MHOMKUTENeNn,
MOYHO MCMNO/Ib30BaTb M MONOXKUTENbHBIE MHOXUTENN. B 3TOM C/lyyae 3HaK NONYYEHHOMO YMCNA HE U3MEHAETCA.
MHorpa ydyalwmeca B TaKWMX CAy4asx OOMYCKalOT onpeaeneHHble OWMBKKU. Llenbio aBaseTcs AemMoHCTpaumn
NoA06HbIX NPUMEPOB M OpraHun3aumsa paboTbl Hag, OWMBKaMK.

w,uenewe PaLNOHaNbHbIX Yncen

MpY AeNeHnn paumoHaIbHbIX YUCE/ BaXKHO NOAYEPKHYTh, UTO AE/IMMOE YMHOMAaeTCs Ha 06paTHOE K Ae/IMTeNto,
N UIMEHHO TaKMM 06pa3oM HaxoaMTCA HacTHoe. YacTHoe, NoyYeHHOoEe MPU AeNEHUN PALIMOHANBHBIX YNCEN, TaKKe
ABNAETCA paLMOHaNbHbIM Ynciom. MPMBOAATCA MPUMEPLI U NPOBOAUTCA 06061 EHME.

B Knaccax ¢ TEXHMYECKMMM BO3MOXHOCTAMU MOMKHO MUCMO/1b30BaTb MHTEPAKTUBHbIE 3a4aHNA.
https://www.begalileo.com/math-games/grade-7/divide-rational-numbers-

10. CHauyana onpefenaeTca 3HaK YacCTHOro, 3aTeM HaxoAMTCA YMCI0BOe 3HadYeHue. Mpu BbINOAHEHUN 3a4aHUA
YUUTENIb MOMKET MOAYEPKHYTb, YTO, KaK M NpU MpaBuaax YMHOMKeHUs, peweHne 10-ro 3agaHus BbINoJ/HAETCA
aHaNOrMYHO peLeHnto 4-ro 3agaHua. MNpasuna NoBTOPAIOTCA. 3aAaHNE BbINOJIHAETCS.

11. Ana Toro ytobbl paBeHCTBO BbINO BEPHbLIM, B MYCTYIO KAETKY 3anucbiBaeTca cOOTBETCTBYIOWEee yncao. Mpu
3TOM BaXHO, YTOBbI YHEHUKM OHOBPEMEHHO 3aNOMHWU/IM NPaBnAa yMHO)KEHMﬂ Ha 0, Ha 1 1 Ha —1.

a)-09:-F1=09 b)-(—11§}:1 d-14-[0]=0 d)[0]: (1 50

12. C yueHnKamm cHayana NOBTOPAIOTCA NPaBUAA HAXOXAEHUA HEU3BECTHOTO MHOXWTENSA, AENMMOr0, AeUTens
M T.4. NOCNE YEro MX MOMKHO HaMpaBUTb Ha peLleHWe YPaBHEHWW Ha OCHOBE 3TUX 3HAHWN. YUYeHUKam,
UCMbITbIBAIOLLMM TPYAHOCTU C PELUEHNEM YPABHEHUI, PEKOMEHAYETCA CHaYana NPeaNoKUTb COOTBETCTBYOLLME
YPaBHEHUA C LEbIMM YUCNAMU M MOPYYUTb MOLIAroBoe OO6BACHEHME MX peLlleHUA. 3aTeM YYEHUKU MOryT
CaMOCTOATE/IbHO peLLaTh aHaOTMYHbIE YPAaBHEHUSA, YKPENAAA 3TU HaBbIKW.

DnddepeHumpoBaHHoe obyyeHue.

MoOddepxkKa. Yuntenob 3anucbiBaeT Ha OOCKE HECKO/IbKO PaLMOHAbHbIX Yucen. YYeHWKam [aetcs 3ajaHue
YMHOUTb 1 NOAENUTb 3TU YUCA. 3aTeM YYEHUKU NPOBEPAIOT NPaBUIbHOCTbL PE3Y/IbTATOB APYr APYra.
YenybneHue. Yuntenb 3anucbiBaeT Ha OOCKE HECKONbKO PaLMOHaNbHbIX yMcen. YyeHWKam gaerca 3ajaHue
onpeaennTb Yncaa B COOTBETCTBMM C Pa3HbIMM YCA0BUAMM M 060CHOBaTL OTBET. Hanpumep, ABa UAM TpU YncAa,
npouseegeHMe KOTOpbIX 6onblue —5 M MeHble —4; ABa 4YMCAA, OTHOLIEHME KOTOPbIX MeHble —1; uucna,
npousseaeHMe KOTOpbIX paBHo 1,(6) 1 T.4.

PeleHue 30
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13. MNopuepkusaetca, 4TO Npu noaveme Ha Kaxable 100 m TemnepaTtypa BO3ayxa >./t.
CHW}KaeTca Ha 0,65°C. Heobxoanmo onpeaenntb, Kakas byzeT TemnepaTtypa Bo3ayxa Ha
BbicoTe 2000 m, ecnn TemnepaTtypa Ha ypoBHe mopa coctasnaneT 14°C, n Ha CKONbKO

MEeTPOB ellle A0NXKEH NOAHATLCA camoneT ¢ BbicoTbl 2000 M, UTO6bI TeMnepaTypa Ha 3Toi —
BblcoTe 6blna —18,5°C.

PeweHue 3a0a4u
e Ecnv Temnepatypa Bo3ayxa Ha ypoBHe mops 14°C, HeobxoaMmo HaTK TemnepaTtypy Ha 2000 : 100 = 20
BbicoTe 2000 m. 20-0,65=13

14 + (-13) = 1 (°C)

¢ BbicoTa, Ha KoTopyto nogHmMmeTcAa camonet ¢ 2000 m, obo3HavaeTcA yepes X, U CoOCTaBNAeTCA ypaBHeEHUNE, UCXoaA

M3 TOTO, YTO TemnepaTtypa Ha 3Toi BbicoTe —18,5°C, 3aTem peluaeTcs.
2000 + x
0,65 T +14=-18,5 — x =3000

Omeem. Ha BbicoTe 2000 m TemnepaTypa coctaBuT 1°C. Eciv camoneT nogHumeTcs ele Ha 3000 m, TemnepaTtypa
BOo3ayxa bypet —18,5°C
ObcyrdeHue. ObCyxaalOTCA MHEHUA YYEHWUKOB, KOTOPbIE pellanu 3a4ady pasMyHbiMu cnocobamm

14. B Tabnunue npvseaeHbl AaHHble 06 M3MeHeHUM aTMOoChEPHOro AaBNeHuUs R

3a 3 gHA. Heobxoanmo onpegenuTb cpegHee apudpmeTmyeckoe U3ameHeHus i AasneHun (Mm pr. cr.)
OABNEHUA 33 3TWU TPU AHA M HAUTM, KaKoe W3MeHeHWe [aBNeHUA Ha ; ‘g':
cnepylowMni AeHb cAaenaet cpegHee 33 4 AHA paBHbIM CpefHeMy 3a 3 703
npeapiaywme Tpu gHA.
PeweHue 3adayu

-0,3+(-0,6) +0,3
¢ HaxoauTca cpegHee apudpmeTnyeckoe MU3MeEHEHUA faBneHua 3a 3 gHa. ————————=—0,2 (Mm pT. cT.)

3
* lI3ameHeHWe Q[asBneHuA Ha cne,a,yrou.l,mﬁ AeHb ob03HayvaeTcs yepe3 X, COCTaBaAeTCA COOTBEeTCTByHOLlEE

ypaBHeHMe 1 peLsaeTcs.
(-0,3+(-0,6)+0,3+x):4=-0,2

x=-0,2 (Mm pT.CT.)

Omeem. CpegHee apupmeTmyeckoe U3MeHeHUA AaBneHus 3a 3 gHA —0,2 MM pT. CT., UISMEHEHWE [aB/eHNA Ha
cneayowmii geHb —0,2 Mmm pT. CT.

K cBeaeHuio yuutena! s npoBepKM 3HAHUI YHaLLMXCA O A4aBAEHUM U MUANMMETPAX PTYTHOTO CTON6a MOXKHO
3a4aTb onpeaefieHHble BONPOChI:

— Kak Bbl NOHMMaeTe, 4YTo Takoe AaBneHue? Fae c HUM cTankmeaemca? Mouyemy eanHULA aTmochepHoro
OaBNEeHUA — MUANUMETP PTYTHOTO cToN16a? MoyeMy MMeHHO pTyTb? Moyemy He BoAa WM Apyras KUAKOCTb?
MOXHO NPeaNoXUTb YHEHWKAM 3TM BOMPOCHI U MOPYYUTb UM NPOBECTU UCCeA0BaHME NO AaHHON Teme. Takue
3afaHua obecneymBaloT MeXNpPeaMEeTHYH0 MHTErPaLLMIO U OAHOBPEMEHHO PACLUMPAIOT 3HAHUA YYeHUKoB 06
aTMocdhepHOM AaBEHUN.

BbICNYLWIMBAKOTCA MHEHMA YYEHUKOB, OpraHM3yeTca obcyaeHue, 3aTemM faétcsa 0606LWEHHaA KpaTKas
nHdopmaums:

«MM PTYTHOrO cT0/N16a — 3TO €AUHULA U3MEPEHUS AaBAEHNUA. 1 MM PTYTHOrO CToN6a paBeH AaBNEHUIO,
CO3/,aBaeMoMy CTONOOM PTyTH BbICOTOM 1 MM. PTyTb — O4Y€Hb NJIOTHAA XKUAKOCTb, NO3TOMY A5 USMEPEHUA
aTMocdepHOro AasieHUsA [OCTaTOMHO KOPOTKOro ctonba (npubnusutensHo 760 mm). Kpome Toro, pTyTh He
CMayuMBaeT CTEK/O0, YTO NOBbIWAET TOYHOCTb M3MepeHUIA. Boga nmeeT ropasfo MeHbLIYO NJOTHOCTb, YeM PTYTb.
Ecnm 661 Ucnonb3oBaiack Boaa, noTpeboBanca 6bl cTonb BbICOTON 0KO10 10 METPOB, YTO HEMPAKTUYHO.
HopmanbHoe aTmocdepHoe gasneHue Takke paBHO 760 mm pTyTHOro ctonba».

3HaHWe 3TOro NOHATUSA MOMOMKET YYEHUKaM Nnyylle NOHATb 3a4au4y.

B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMM MOYKHO MCNO/Ib30BaTb BUAEOMATEPMUANDI.
https://youtu.be/ld2Ti1ZGN1g

¢OpMaTMBHOE oueHunBaHue

Kputepum oueHnsaHums MaTtepuanbl oueHMBaHUA

YMHOKaeT paumoHanbHble Ymucna. Paboumne nucbl, yuebHuK,
paboyas TeTpagb

[envt paumoHanbHble yncna. Paboune nnctbl, yuebHUK,
paboyas TeTpaab

MpuMmeHAET CBOMCTBA YMHOXEHUA ANA PALMOHANbHbIX YUCEN. Paboune nncTbl, y4ebHUK,
paboyan TeTpaab
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TEMA 1.6. BbluncneHue 3Ha4€HUi YUCNOBBIX BbIPaXKEHUN

7-1.2.1. BbINo/HAET AENCTBMA HaZ, PaLMOHaNbHbIMW YNCTAMU.

NOACTAHOAPTbI

7-1.2.3. HaxoauT 3Ha4YEeHWe YNC0BOrO BblpaXKeHuUA.

7-1.2.4. MpUMmeHseT AeNCTBUA C PALMOHAIbHbIMM YACAAMU NPU PELLEeHMM 3a4au.
¢ [lpeobpasyeT 6ECKOHEUYHYO NEPUOAMYECKYIO AECATUYHYIO AP0bb B 0ObIKHOBEHHYIO

LLIE/IN OBYYEHUA Apo6b.

® Bbluncnaet 3Ha4YeHMe YNCNO0BbIX Bblpa)KEHMl;'i, cogepXxawnx paymnoHanbHble Y1UCNa

https://contrib.pbslearningmedia.org/WGBH/mgbh/mgbh-int-decring/index.htm|

https://www.ixl.com/math/grade-8/convert-between-repeating-decimals-and-fractions

NPUHAONEKHOCTU Paboune NNCTbl, KAPTOYKK, CTUKEPDI
M3yueHwue: https://video.edu.az/video/5275

SNIEKTPOHHBbIE https://www.geogebra.org/m/uxjgcxsn

PECYPCbI

No6yxxaeHune

Yuntenb 3anuncbiBAeT Ha AOCKE BbIPAXKEHMA C MYCTbIMM KAETKAaMU U AEUCTBUAMM, KaK yKa3aHOo HUKe. K gocke
NPUFNALLIATCA ABA YYEHMKA. VI3 NnepeBepHYTbIX CTUKEPOB BbIOMPAOTCA KAPTOUKK, U COOTBETCTBYIOLLME YMCa
3aMuMCbIBAlOTCA B MYCTble KJAETKWU B COOTBETCTBMM C ycioBUEM. OAWH YYEHWUK HAUMHAET 3aMNONHATb YNCAUTEND
CNneBa, ApYyro — 3HameHaTenb cnpasa. OgMH U3 YYEHUKOB peLlaeT NepBbin Npumep, ApYro — BTOPONA.

EIE

Yuutens 3agaeT HanpasaatoLme BONpPoChI:

E 0'(3), 4,2(1)J =15 |
A0 |22 )| ][ 2]

—Yem oTANYAOTCSA NPUMEPDI, 3aMMCaHHbIE B KaXKAOM cToN6UEe? YUnTbiBas NOPALOK AENCTBUM, KaKoe aeincTeune
HYKHO BbIMOAHATL NepBbIM? CPaBHMBAIOTCA MNOYUYEHHbIE B KOHLE OTBETbI.

UccnenoeaHuezobcykaeHue

B Tabnuue yKkasaHo, 4TO 06beM MOJIOKA B KyBLUMHE
BblpaXkeH B AuUTpax, a B buagoHe monoka B 10 pas
60/blUe, YEM B KyBLUMHE.

e O6cyKpaeTca, Kak Jlana BblMMCAMAQ, HACKONbKO
nuTpoe 6onblue MOIOKa B BUAOHE, eCI B KyBLUMHE
6bin0  0,(5) nuTpa. YuuTenb MOXKeT 3a4aTb
Hanpasasowme

Monoko B | Monoko B | Paznocts

10 - 0,555... = 5,555...
A
_5,555..

0,555

5,000...

7,07 7

—om | =
e e [T

(3,

BOMPOCHbI:

— Yem o1myaetca apobb, NOAYHEHHAA NPU YMHOMKEHUUN NEPUOSMYECKON AeCATUYHOW Apobu Ha 10 uam 100, ot
MCXoLHOW Apobu? Kak 06bACHWUTb, YTO ecNu M3 AecATUKPaTHOro 3HaveHua ymcna 0,(5) Bbl4ecTb camy Apobb,

nony4vyaeTtca uenoe yncno?

e AHaNOrMYyHbIM 06Pa30M BbIYUCAAETCA, HACKOABbKO IMTPOB 6ObLLE MOIOKa B BMA0HE, ecnu B KyswnHe 0,(7) nan

1,(2) nutpa monoka, n Tabnumua AonosHAeTCs.

Yuyntenb oTmevaeT, YTo Takum CNocobomM MOXKHO npeo6paaoBaTb nepnoanyeckyto ,L'J,p06b B O6bIKHOBEHHYPO, n

nepexoaunTt K matepuany ona nsyvyeHuAa.

m MNpeo6bpasoBaHMe 6eCKOHEYHOW NepuoAUYEcKOr [ecATUYHOM Apobu B 06bIKHOBEHHYIO

opobb

Ob6bacHseTcs, Kak npeobpasosaTtb e

6ecKkoHeYHble nepuoguyeckme .. :4444

OeCATUYHbIE APOOU B OOLIKHOBEHHDLIE.  10x—x = 4,(d) - 0,(4) 70000 Prsiis sumoames epscs o v
CocTasnatoTcs COOTBETCTBYIOLME 9r=4 3,000,
ypaBHeHMA, U npouecc npeobpasosaHus *=y

NOKa3biBaeTcA nowaroso. OT,D,EI'IbHO

_4
Taxum obpazom, 0,(4) = g OTBET MOXHO NPOBEPHUTE C NOMOLILIO AENEHUA MAW KaNLKYAATOPA.

06bACHAETCA NPaBMJIO 418 C/IyHaeB, KOrAa Lenas vyacTb Apo6u OTIMYHA OT HY/IA.
B K/1laccax ¢ TeXHUHYECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTbh MHTEPAKTUBHbIE 3a4aHUA:
https://contrib.pbslearningmedia.org/WGBH/mgbh/mgbh-int-decring/index.html
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8

OTmevaeTcs, 4To AnA npeobpasosaHus uncna 0,(21) B x=0,2121... 212121
06bIKHOBEHHYO APOOb HYXKHO YMHOXUTb 06€ 4acTu paBeHCTBa 100x = 21,2121... __Q;}.?—._l.g,l_,-;-".
x=0,2121... Ha 100 m Bbl4eCTb PAaBEHCTBA MOY/IEHHO. 100x — x =E 2

MocKkonbKy nepuog, uncna 0,(21) coctomt 13 asyx umndp, Yncno 99x =21
yMHoOKaeTcA Ha 100. Tak KaK npu aToOM nepuoa nosTopaeTcs,
NpW BblYUTAHUM NOTYYEHHbIX YPAaBHEHWUIN Pa3HOCTb
COOTBETCTBYHOLLMX YMCeN byaeT paBHa LesomMy yucny. NpoaonkuTe pelieHue 1 npeobpasyiite umcno 0,(21) B
06bIKHOBEHHYIO ApObb.

R
99

1. 3anonHas Tabauuy, yyawmeca npeobpasyloT a) X 10x 10x - x O6blzgg%iHHaﬂ
nepuoanYeckne AecATUYHble 4p06U B 06bIKHOBEHHbIE. >

Mocne 3anonHeHwWs Tabauupl OHW MOryT Habniogatb 0,222.. | 2,222... 2 9

CBA3b MeXAy [OaHHON NepuoaMYecKor [ecATUYHOM 0,(7) 7,(7) 7 %
LpOObIO M NONYYEeHHOM 06bIKHOBEHHOM Apobbio. OTBET 11 7
MOXHO TaKXe HaWTh, 3anucaB YypaBHeEHMWe, Kak 1,(2) 12,(2) 11 919

noKasaHo B npumepe.
2. Mepunoguyeckan gecatnyHas gpobb npeobpasyerca B 06bIKHOBEHHYO. YUCAUTENb NONYYEHHOM Apobu
CPaBHMBAETCA C YUC/IOM B NEPUOLE, @ 3HAMEHATe/Ib — C KOANYEeCcTBOM Lubp B nepuoge.

a) x=0,(5)=0,55... 555 ) x=0,(126) = 0,126... 126.126
10x=55... 7(5)’555“' 1000x = 126,126... = 0126,
10x,x:4—,— 5’ 1000x—x=<—‘ 126’
9y =5 ; 999x = 126 14

s 0.5) =3 _126 _ 14 0,(126) =771
*=3 B)=3 G TTREEE! 1t

YynTenb MOXKeT 3a4aTb HanpaBAstoLme BONPOChl: 'Y KakKMX YMCeN Nepmnos COCTOUT 13 oaHOM undpbl? CKOAbKO
[AEBATOK 3aMMcaHo B 3HaMeHaTe e y 3TUX Apobeii? Kak MOXKHO 06BbACHUTL CBA3b MEXKAY YUCIUTENEM U YNCIOM
B neproge? MNoyemy B 3HamMeHaTene 0bbIKHOBEHHOM APO6U 3anNnCbiBAETCA CTONbKO AEBATOK, CKONbKO LUdpP B
nepuoge?

TaKne BONPOCbI MOMOratoT yYeHMKam NOHATbL MPaBM/IO He 3ay4yMBas, NPOBOAUTL CPABHEHMA W YCTaHaBANBATb
CBA3b MeXay NpaBuiom n pesysibtatom. Obpaluaerca BHMMaHWe, ecv Nocsie 3anncy nepmoanHeckon
[ecATUYHON ApPobU B BUAE 0ObIKHOBEHHOM APO6U €€ MOXKHO COKPATUTb UM HEeT.

u

Mpu npeobpasoBaHUmM AECATUUHOW APO6M, Y KOTOPOK Neproa Ha4YMHaeTcsa cpasy nocae 3ansaTol, uenasa 4actb

ocTaeTcs 6e3 UsMeHeHMI, B UncanTene sanucbiBaetca umopa (Mam rpynna umdp) nepmosa, a B 3HameHaTene —

CTO/IbKO AEBATOK, CKOMbKO Undp B nepuoae. Npusoaatca npumepsi.
oA s -

»

4 _a2 T 2412
0,(4) . 0,(3;) =95 3.(4_1.‘:2) = 39,9
3. OnpegenatoTcs YMCNa, COOTBETCTBYHOLLME MNYCTbIM KAETKaM.
_B _ 7 _23 _4s5 _ 3 _[114_38 -mE
a)0(5)=5 b)0(N=5 00@23)=3F5 d)0.@S)=F=17 ©0014)=55=55 N 1.O)=

YYeHUKN MOryT NPOBEPUTL CBOM OTBETbI, COCTABMB 1 PELLMB COOTBETCTBYIOLLEE YPaBHEHME.
Mpasunno npeobpasoBaHMsA BECKOHEUHON NepuoaMYEcKon AeCATUUYHON APOBK, Y KOTOPOI nepuos HaunHaercs

yepes HeCKO/bKO LMbp nocsie 3anaToi U KoTopas 3anuncbiBaeTcs B COKpaLLeHHo dopme, 06bACHAERTCA yyalmMmcs
Ha npumepax.

o 21=2 _19 132=1 _ 131 ' 754-75 _ 679
0,2(1) = = 51(32) = = 5oam 0.75() =L2eotd = 222
a\i\_:__‘,f’go 90 NG (Y 90 \..“‘-_5____'__,_______,‘_9?90 900
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5. O6cykpatoTcsa cnocob pelweHns NpumMmepa Ha LOCKe U

paccyxaeHua AnHyp. 02(1) = E
YunTenb MoKeT 3aaTb HanpasAAoLLMe BONPOChI: x=02111..

— Kakoe uncno obpasyertcs B nepuoge, ecnm ymHoxuTb 0,2(1) 10s = 2,111..
Ha 10? KaKk 06bACHUTb, UTO Npu ymHOKeHumn 0,2(1) Ha 100 B Wl T
rnepuoae ocTaeTcs To e umcno? Noyemy AliHyp cHavana
yMHouna 0,2(1) Ha 100, a 3atem Ha 10 v BblY/a NONYYEHHbIE
paBeHCTBa?

e C nomolbd 3TOr0 MeToAa AaHHble AecATUYHble Apobu
Bblpa)kaloTca B BuAEe OObIKHOBEHHbIX Apoben. Mpu 3TOM
YCTaHaB/IMBAETCA CBA3b MEXKAY YMCNAMU B YMC/IUTENE U 3HAMeHaTele 0BbIKHOBEHHOM Apobu 1 undpamm o u
BHYTPU Nepuosa.

100x =10x = 21,(1) = 2,(1)

32-3
1
9 4 2 18 1
0,3(2)= — 20(4)=2—=2-"2 0,0%1 ) =——=—
A 0 A 90 45 990 55
t 4 R t

6. OnpeaensaTca YMcna, COOTBETCTBYIOLLME MYCTbIM KNETKaM.

_16-[] _1 _B24-8 _136 _126-12 _
a) 0,1(6)= %0 "6 b) 0,8(24)= 990 ~[63 c) 0,12(6)= =50
8. lNposepsaeTca NPaBUAbHOCTb PaBEHCTBA.
9 39-3 36
a) 0,(9)=;= 1 C) 0,3(9)=T=¥=0,4

Y4yeHMKam pasbaCcHAETCA, YTO NpM NpeobpasoBaHMM 0BbIKHOBEHHOW APO6U B AecATMYHYIO Apobb He obpasyeTcs
nepuog, COCTOALLMIA U3 AEeBATOK, M 0BbIYHO TaKMe C/lydan He paccMaTpMBaloTCS.

K cBegeHuto yuntena! MHoraa y4eHUKM cumtatoT, 4to Yncno 0,(9) meHblue 1. 3TO YMC0 MOXKHO PasHbIMU
cnocobamm nNoKasaTtb pasHbim 1. Hanpumep, 0603HaumB ero 3a x 1

3aMMcaB COOTBETCTBYIOEe YPaBHEHHE, MPU PRWeHUM MbI MOIYIMM X = )\ _((9) = 0.99... 9,999,
1. NMo3Ke, NPU U3y4EHUMN TEMbI TEOMETPUYECKAA NPOrPeccus, y4eHNKN 10x=9,9... - 0'999
NMO3HaKOMSATCA C APYrMm cnocobom A0Ka3aTeIbCTBa 3TOr0 PaBEHCTBaA. 10x — x =9 ]« ;;
B BbIUMCAEHUAX C NEPUOANYECKMMMN AECATUUHBIMM APOBAMM 9% =9

noaobHble cnydamn BcTpedatoTca. Tak Kak 6eckoHeuHble =221 0,(9) =1
nepuoamyeckme gecatuyHble 4pobu ¢ nepnosom 9 obblYHO He 9

paccMaTpUBalOTCA, YYEHUKM AONKHbI YMETb Npu HeobxoanmocTu 3anucbiBatb 0,(9) =1; 0,0(9)=0,1u . 4.
9. Nepuoamyeckune gecaTuyHble Apobu NpeobpasyroTcs B 06bIKHOBEHHbIE, U BbINONHAOTCA Tpebyemble
aencTeums.

2)0,2) +1,(7) ==+ 1o = 1==2

B HEKOTOPbIX C/Iy4asaX OTBET MOXKHO MOJYYUTb, BbIMOJIHAA C/IOXKEHWUE UAWN BbIYUTAHWE KB 0.222
,222...
CTON6WKY. Hanpumep, Npu HaxoK4eHWN 3HaueHus Bbipaxerus 0,(2) + 1,(7) MOXKHO ucnonb3osate T 1777
6 ,777...
3TOT cnocob.
1,999...

0,(2) +1,(7) =1,(9)
TakK Kak nosiyumnacb 6eckoHeuyHas nepuoamyeckas gpobb c nepnogom 9, 3anucbisaetca: 1,(9) = 2.

quCHOBbIe BbIPa*KeHUA C PaLMOHaIbHbIMU YUCAAMMU

Moa4epKUBaeTcs, YTo AENCTBUA C PALMOHANbHBIMU YMCAAMM BbINOAHAIOTCA NO 06LemMy npasuay:

€C/IN B BbIPaXKEeHUM eCTb CKOBKK, TO CHaYana BbINOAHAOTCA 4eUCTBUA B CKOBKax. Mprmepsbl pa3bupatoTcs B
Knacce.

B Knaccax ¢ TeXHMYECKMMMU BO3MOXKHOCTAMM MOMKHO MCNO/1b30BaTb MHTEPAKTUBHbIE 3a4aHMA.
https://www.math-play.com/7th-Grade-Numbers-and-Operations-Jeopardy/7th-Grade-Numbers-and-
Operations-Jeopardy.html

12. BbluncnseTca 3HayeHue BbiparkeHus. Mpumep 3agaHna pasbupaetca c Knaccom. OcTanbHble 3a8aHuA
MOXHO pacnpeaenunTb Mexay yY4eH1Kammn 1 BbINONHUTL B napax. Moc/ie BbIMNCAEHUIN YYEHUKM CPaBHMBAIOT
OTBETbI M 06CYKAAIOT UX.

K cBegeHuio yuntena! Mpu peweHnn NpMmMepos, rae B YMcamTene M sHameHartene apobu BcTpeyaroTca apyrme
Apobu 1 apndmeTMUecKme AeACTBUA, YYEHNKM YacTO CTANKMBAIOTCA C TPYAHOCTAMM. [03TOMY NONE3HO
HaNOMHWTb UM HEOBXOAMMbIE 3HAHUA M YMEHUA ANA BbINONHEHMA 3a4aHNA. BaxkHO Habao4aTb, C KaKMMK
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TPYAHOCTAMM CTaNIKMBAOTCA YHEHUKM NPU PELLEHUU, U OPraHM30BaTb paboTy Hag ownbKamu.

Kaxablii y4eHUK MOXKET CHayaNa CaMOCTOATENIbHO BbINOHUTL AEMCTBUA C PALLMOHANbHBIMWU YACAAMM, @ 3aTEM
CPaBHUTb OTBETHI C COCEAOM MO NapTe. MOXHO NONPOCUTL YYEHWKOB MOKa3aTb CBOM peLleHus Ha gocke. Mpu
HeobXx04MMOCTM KOHCTPYKTMBHAA 0bpaTHasA CBSA3b MOMOMKET OTC/IEXKMBATb NPOrpecc y4EeHMKOB.

s

OTmeyaeTca, YTo C/I0BO «PALMOHAbHBIM» MPOUCXOAUT OT NATMHCKOTO ratio, YTO 0O3HAYAET KOTHOLEHUEY.
MofyepKMBaeTCsA, YTO CYMMa, PasHOCTb, NMPOM3BEAEHWE U YacTHoe (ecin Jenutenb He paBeH Hy/o) ABYX
paLMOHabHbIX YMCEN TaKXe ABAAITCA pauMoHaNbHbIMKU uncnamu. MpueogaTca npumepbl. B oTanume ot
HaTypasibHbIX M LEeAblX Y1ces, paumoHanbHble Yncia 061a4atoT BaXKHbIM CBOMCTBOM: MeXAy /obbiMu ABYMA
PaLMOHANbHBIMKU YUCNAMW CylecTByeT GEeCKOHEYHO MHOMO PaLMOHaNbHbIX YMCeN. YUYeHWKam MOMKHO AaTb
3ajaHue: yKa3aTb O4HO YMCO0, HAXOAALWEECA MeXAY ABYMA AaHHbIMU PALMOHAAbHBIMM YMCNamU. PasbacHAeTCA,
YTO yYaLLMecs YacTo He NPEACTaBAAIOT, KaKMe YMCIa ABNAIOTCA He PaLMOHaNbHbIMKU. YUUTENIo cneayeT NOACHUTD,
YTO He pauMOHaNbHble YUCNa — 3TO MPpPaALMOHA/bHbIe YMCNA, M B KAa4yecTBe Npumepa NPMBECTM YMCIO T
LlenecoobpasHo cdopmmpoBaTb Yy YYEHWKOB HauvasbHOe npeactaBieHMe 06 MppaLMOHasbHbIX YMCnax WU
OTMETUTb, YTO 3TOT MaTepuan byaeT ulyyeH noapobHee B CTaPLUMX KNACCaX.

14. PewatoTcs ypaBHeHUA. Mpy peleHnn ypaBHEHMWI C paLMOHaIbHbIMU YACAMU YYEHWUKU UHOTAA
MCNbITbIBAIOT TPYAHOCTU. YTOOBI NOMOYb MM, MOXKHO NPEANOMKUTL BbINONHUTL aHANIOTUYHbIE YPaBHEHUA, rae
KO3dPMUMEHTbI — LieNble YACA, YTO MNO3BOJIUT NEPENTM K CAMOCTOATEIbHOMY pelleHuto 601ee CNOMKHbIX
npMmepos.

DnddepeHumpoBaHHoe obyyeHune

lMo0depKa. YunTenb 3anncbiBaeT Ha AOCKE HECKO/IbKO PaLMOHa/bHbIX YUceN. YYeHUKam npeaaraetca Hamtm
YacTHOE CYMMbI 3TUX YMUCEN U UX PA3HOCTKU, ONPeAennTb, ABAAETCA M NONYYEHHOE YNCNO BecKOoHeYHOM
nepuoaMYeckon AN KOHEYHOMN AeCATUYHOM Ap0obbio. 3aTem yY4EHMKM NPOBEPAIOT NPABUIbHOCTb PeLIeH I apyr
Apyra.

YenybneHue. Y4nTenb 3anmncbiBaeT Ha AOCKE HECKOJIbKO PaLMOHaNbHbIX YMcen. YUeHUKam npeanaraetca
COCTaBMUTb BbIpPaXKeHMA NO PA3/INYHLIM YCI0BUSAM M HaliTW oTBeT. Hanpumep: OTHOWEHME CyMMbl 3TUX YNCEN,
YMHOXEHHOW Ha ABa, K UX Pa3HOCTU; NOJIOBUHA KBAAPATa PAa3HOCTU 3TUX Yncen U T. N. JLloNONHUTENBHO MOXKHO
NPeanoXnUTb ONPEAENNTb, HA KAKOE YMUCI0 HYKHO YMHOXUTb NOJIlyYeHHOoe
3HayeHune, 4Tobbl NONYYNTL LLeSI0e YUCIO, EC/IU OHO BbIPAXKEHO B BUAE
6ECKOHEYHOW NepnoanYEeCcKon AeCATUYHON Apobu.

15. Obcypaetca cnocob pelleHus, NpeanoXKeHHbI AHapom. 5
Yuutento pekomeHAyeTcs 3a4aTb HanpaBAAoLwme BONPOChI: 10x =49
— C Kakoit uenbto AHap ymHoxKan uncno 0,4(5) Ha 10? Kak oH 3anucan ‘= 41
NoJly4eHHOE YMCIO0 B BUAE 0ObIKHOBEHHOM Apobu? Moyemy cHoBa pasgenun . 9
Ha 10? YTo oH Taknum obpazom Hawen? MpaBUAbHOCTb OTBETA MOXKHO NMPOBEPUTL Pa3HbIMK Crocobamu.

1) lpeobpazosas beckoHeYHyO nepuoduyecKyto 0ecamuyHyo 0pobs, y Komopoli nepuod Ha4uHaemcs 4yepes
HecKosbKo yuegp nocae 3anamodi

x = 0,4555......
10x = 4,555.....

10=H
.10-90

45-4 41
0,4(5)=——=—
90 90
2) Cocmasus ypasHeHue
a) x =0,4(5) = 0,455... 45,555...
10x =4,5... 4,555...
100x = 45,5 11
100x - 10x = (41|« 7
90x = 41 0,4(5) =55
41
X=—
90
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16. B KomHaTe «KpuBble 3epKana» pa3B/ieKkaTe/IbHOro LeHTPa YeNoBeK B 3epKase KaxeTcs B 1,(4)

pasa Bbiwe. B 3agaye TpebyeTca onpeaenntb, Kakum ByaeT oTpaxKeHHbIN pocT Camupa, ecnm ero

HACTOALLMIA POCT paBeH 162 cm.

PeweHue 3a0a4u

® Boiuncnaertca poct Camupa B 3epKane.

162-1,(4) =162 - 1%= 162 - 1—93 =234 (cm)

Omeem. Camup BbIrNAANT B 3epKane poctom 234 cm.

18. YKasbIBaeTcs, YTO OTHOLWEHME Beca Tena Ha JlyHe K ero Becy Ha 3emsie pasHo 0,1(6), a

OTHOLLEeHWe Beca Tena Ha Mapce K ero semHomy Becy pasHo 0,3(7).

B 3aaue TpebyeTcA HaWTK BeC KOCMOHABTa Ha JlyHe, eciu ero Bec Ha 3emse 800 H; Bec KocMoHaBTa

Ha 3emne, ecnm Ha Mapce ero sec 510 H.

PeweHue 3a0a4u

® Bbiuncnaetca Bec KOCMOHaBTA Ha JlyHe, ecnau ero sec Ha 3emne 800 H.

800 - 0,1(6) = 800 -16= 133,(3) (H)

* BbluncnaeTcAa BeCc KOCMOHABTA Ha 3emne, ecan ero Bec Ha Mapce 510 H.

510:0,3(7) =510 : 22 =510 : = = 510 - 2> =1350 (H)
90 45 17

Omeem. 133,(3) H; 1350 H

dopmaTuBHOE OL,EHUBAHUE

Kputepum oueHnsaHua Martepuanbl oueHMBaHUA
MpeobpasyeT 6ecKoOHeYHY NepuoamYeckyo AecATUYHY Apobb B Paboune nuCTbl, yuebHuK,
06bIKHOBEHHYO Ap06b. paboyas TeTpasb
BbluncnaeT 3HaUYeHMeE YNCNOBBIX BbIPAaXKeHUH, cogepKaLLmx Pabouwue nucTbl, y4ebHUK,
paLMOHanbHble YNCna. pabouas TeTpagb
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OBOBLAIOLUNA YPOK

MNo6yxaeHue

B yuyebHMKe NOBTOPAOTCA MOHATUA, NPUBEAEHHbIE B 3aK/OYEHUM pasgena. YuuTeNb HanoOMMHAET yyYeHWKam
CN0OBa, U3y4YeHHble B pa3gene. Mpu HasbiBaHUN KaXKAOro MOHATUSA YYEHUKU OODBACHAIOT ero coAepskaHue u
NpUBOAAT NPUMEPbI.

OmpuyameneHbie Opobu, PAYUOHAAbHbLIE YUCAQ, MHOMECMBO PAUUOHAAbHLIX 4Yucen (Q), abcoaromHoe
3HQYeHue PayUOHAAbHO20 YUC/A, KOHEeYHasA decamuy4yHas 0pobb, 6eCKOHeYHasA nepuooudecKas 0ecamu4Has
dpobb

HanomuHatoTca cBegeHus, NpuBEAEHHble Ha NepBOM CTpaHuue pasgena, M 3agaHue «lonpobyiiTte!».
ObcykpaeTcs, Kak Npu peLleHnn 3agaHna UCNoNb30BaIMCh AEMCTBMA C PaLMOHaNbHBIMKU YUCAaMM, U BMECTe C
K/J1aCCOM PaccMaTpUBAETCA pPeLLleHMe UCXOAHOW 3a4auMn.

MpaKTuyeckana pabora.

YyeHWKam pasgalotca paboume AUCTbI C  Pas/MYHbIMKM  NpUMmepamu. 3agaHus -0.,8- e
BbINO/IHAIOTCA, W CPeau AaHHbIX uyMcen BblbupaloTca oTBeTbl. Takum obpasom 10
yyalimeca pellaroT Tpu NpuMmepa, CBA3AHHbLIX C AEUCTBUAMM Hag, pauvoHaNbHbIMU
ynciamu. 3a NpaBWIbHbIA OTBET NoJsyyatoT 1 6ann, 3a ownbry — TepstoT 1 6ann.
OwnbKM 0bCyKAaaloTCA, aHaNM3UPYOTCA W UCMpaBAAlOTCA. 3afaHue MOXKHO 032 -148 036 036
BbINO/IHATb B Mapax UAN MHAMBUAYANbHO. )
B Knaccax C TeXHWYECKMMWM BO3MOMKHOCTAMU MOXKHO BbINOSIHUTL aHaAOrMYHOE %0
WHTEPaKTMBHOE 3aJaHue. 005 899 2 -092
https://www.mathmammoth.com/practice/rational-numbers -

032 04 -015 005

148 0.4 -056

PELLEHUE 3A,D,AHMﬁ

1. B nycTble KNeTKM 3anncbiBalOTCA COOTBETCTBYIOLLME YMCAA.
24 _[2] _10 39 [3l__9 _2 _[8]_4a _=32__2 [
36 3 19 52 4  T1g 520 [10] —48 " [33] 9

2. B cooTBeTCcTBMMA C yCcnoBuem 3anuncblBatoTcAa p,po6v1, PaBHble AaHHbIM YNCNaMm.

a) Opobb co 3HameHaTenem 12.
5 5.4 20 3 3-(=3) _ -9 -7 _-7-(-2) _ 14 _3_312_-36

3 3.4 12 -4 -4-(-3) 12 -6 —6-(-2) 12 12 12

AHaNOrMYHO 3anuncbiBatoTca gpyrue Apobu, pasHble AaHHbIM YMCAAM, CO 3HaMeHaTesIem, YKa3aHHbIM B
ycnosum.

3. [laHHble Apobu NpnBoAATCS K 06LLEeMYy 3HAMEHATENO, PALLMOHa/bHbIE YNC/Ia CPAaBHMBAIOTCA, U B
COOTBETCTBYHOLLLYIO KNETKY 3aMMCbIBAETCA COOTBETCTBYIOLLEE YNCO.

a) TpebyeTca HalTK paumoHanbHoe Yncao mexay ymcnamm —0,3 n —0,2 c 3HameHaTenem 15. Ann
Apobeit HaxoanuTtca obwmin 3HameHaTtenb. HOK(10, 15) = 30. [inAa aaHHbIX Apobeit 3anucbiBatoTca

paBHble Apobu co 3HameHaTenem 30.

1 -3 -9 -2 -6
-0,3 <|1——5 <-0,2 03=—=— 02=—=—
10 30 10 30

YunTbiBas, YTO paLMOHaAbHOE YMCAO0 CO 3HaMeHaTenem 15 mueTca cpeam paLmoHanbHbIX YMCEN Co
-9 -8 -4

-8 _ -6
3HameHaTenem 30, B UncanTene BblbupaeTca YeTHOE YNCA0 Mexay —9 n —6. 7<% ~ -1

y H
Taknum 06pa3om, HaXO4MUTCA YUC/IO, COOTBETCTBYHOLEe MycToi KneTke. ~0.3 <5 <-02

4. Yucantenm oTpuuaTtenbHbix pobei 4enaTca Ha 3HameHaTe b, M YMCAa 3aNMCbIBAOTCA B BUAE AECATUYHbIX
Apobeit. MonyyeHHOE CI0BO YNTAETCA.
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—% -0,3 |-0,3(4) —g—g Ynucnutenm otpuuaTensHbix Apobeit gensTca Ha 3HaMeHaTe b, U Ynucna
'] ' '] ] [ 3anucbiBaloTCA B BUAE AECATUYHbIX Apobei.
32 32
N N R B -2==-0,32) —==-0,3(5)
99 90

-0,(32) =-0,3232...
-0,3 =-0,3000...
-0,3(4) =—0,3444...
-0,3(5) =—0,3555...

Mcnonb3yeTcs NpaBuio CPaBHEHUA PaLMOHaNbHbIX YACEN MO UX
MOAYNSAM.

Yucna 0,(32); -0,3; —0,3(4); —0,3(4) 3anmcbIBalOTCA C HECKONBKUMU
umMdpamm nocne 3anAToun.

CpaBHMBalOTCA COOTBETCTBYOLLME pa3pAaAabl, U YMCAA pacnonaratoTca B NopAaKe BO3pacTaHMA:

MonyueHHoe cNoBo —g—g -03 _%S_ -0,3(4) -0,3(5); 0,3(4); -0,(32); -0,3
ynTaeTca. = | | '] KN

Pl Al [R] [K|

8. HaxoanTtca 3HavyeHme BbipaxeHus.

K cBegeHuto yuntensa! Mpu HaxoKAeHUM 3HAYEHNA BbIPAXKEHWNN, COAEPKALLNX HECKONBKO AEACTBUMA,
pPEKOMEHAYETCA HANOMHUTb YYaLMMCA NOPAJOK BbINONHEHWUS AEUCTBUIN. YUEHUKM YacTO UCMbITbIBAOT
TPYAHOCTU NPU BbIYUCIEHUM, ECIN B YUCAUTENE U 3HAMeHaTeNe Apobu BCTpeyatoTes apyrne ApobHble
BblpaXKeHWA MU pasHble onepauun. B Takmnx cnyyaax cnegyet 3afaBaTb HanpasBAAoLLMe BONPOChI, NOMoras
onpeaennTb, Kakoe AeNcTBUE BbINONHAETCA NepBbIM. B HEKOTOPbIX CyYasx NOPALOK BbINOAHEHUA AeNCTBUIA He

B/IMAET Ha pe3ynbTaT. PeKOMeHAYeTcA NoKasaTh yYalMmca Npumepsl Takmx ciydaes. Hanpumep, 3agaHve 8 B)
1

% . YTo6bl HalTK 3HaueHne Bblpa*KeHnA, MOXHO OTAENbHO BbIYUC/INUTb YNC/IUTENDb U 3HaMeEHATE/1Ib, @ 3aTEM

04-=
5

BbINOMIHUTL AeneHune. MoKas TaKMX NPMMepPOB BaXKeH AJ1A TOro, YTobbl yyallmecs HayuYnamncb ynpoLuaTtbh

BbIpaXeHUA ¢ APO6AMM B UMCUTENEe U 3HaMeHaTene U usberanu owmnbokK.

10. OnpepenaoTcA YNCNA, COOTBETCTBYIOLLME MYCTbIM KNETKaM.

1 7
0,(2) x (—%) “ E5 @ F05) - —; : (—%) = ——i w (Sl .
-1
11 2 H & B ([ _ i
B P e ™ had Rl kd R AR

11. ina fAaHHbIX 3HAYEHWUI NepeMeHHbIX HaXOAUTCA 3HAYEHWNE BblParkeHUs.
1 3
a)Ecma=0,(4)nb=— ~ BBIYMCAACTCA 3HAUEHNE BbIPAXKEHNA — —-a + 0,(6)b.
3 1 1
—=-0,(4)+0,(6): (——)=——
>-0,(4) +0,(6) - () = —
13. Ha KoopauHaTHOM ocu oTmeuatotca umcna, b, c. |b| < |a| < |c|.

0 b c
CornacHo pAaHHOMY YC/l0BUIO, TpebyeTca onpeaenvTb, BeEPHbl WM

HeBepHbl NpesioXKeHnn. YYeHUKNM 060CHOBBIBAIOT CBOM MbICAW MO KaXXA0MY NPeasoKeHNI0, OPUEHTUPYACH Ha
YMCNOBYID OCb W pJaHHoe ycnosue. MM TakKe MOXKHO NpessioKuTb OBBACHUTb NPaBUAbHOCTE WAU
HEenpaBWIbHOCTb NPEANONKEHNI Ha NPUMepaXx.

a)a+c>0. |a|l <|c|va< 0, T0 N0 NpaBuay CIOXKEHMA YACEN C Pa3HbIMM 3HAKAMM 3HAYEHUA BbIPAXKEHMA a +
¢ bonblue Hyna. YmeepicoeHue 8epHo.

Mpumep: ecrma=-3,c=5,70 =3+5=2>0

6) a—b<0. a<b, To NP BbIMUTAHNM M3 MEHbLLIErO YnCNa BOoNbLIEro pe3yabTaT oTpuuateneH. YmsepxdeHue
8epHo.

MNpumep: Ecnrma=-2,b=6,T0-2-6=-8<0

B)a+b>0. a<0, |b| <|al, To no npaBuny cnoxeHuna Yncen ¢ pasHbIMU 3HaKaMU 3HAYEHWA BbIpaKeHUa a + b
oTpuuaTenpHoe. YmeaepioeHue HegepHo.

MNpumep:a=—2,b=1. -2+1=-1<0

14. OnpepenneTcA 3aKOHOMEPHOCTb M 3aNMUCbIBAOTCA CAeAytoLLMe ABa YMCAa.

a) 2,(1), 3,(2), 4,(3), 5,(4) ...
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M3 2-ro uncna sbluntaetca 1-e, ns 3-ro —
2-e,un34-ro — 3-e

OTMeYaeTcs, YTO Pa3HOCTU PaBHbI. M0 3aKOHOMEPHOCTK
3aMMCbIBAlOTCA CeAyoLLIMe ABa YMCna.

2 1 1 4 1 5
3,2)-2,(1) =35 -2-= 1= 1,(1) 5,(4) +1,(1) = 55+ 1= 6= 6,(5)

332 41 CeSa1log8 .
4,3)-3,2)=4--32=1-=1(1) 6,(5)+1,(1) =67 + 15 =72 = 7,(6)
5,(4)-4,(3) =55 - 4= = 17 = 1,(1) L) +L0) L) L) +1(1)

P I A I A
2,(1) 3,(2) 4,3) 5/(4) 6,5 7,6)
6) 0,(2), 1,(4), 2,(6), 3,(8) ...

M3 2-ro yncna BblumTaeTca 1-e, n3 3-ro — 2-
e, n34-ro — 3-e

1(4)-0,2) =1 -~ =1==1,2)

OTmeuaeTcs, YTo Pa3HOCTU paBHbl. [0 3aKOHOMEPHOCTH
3anunCbIBalOTCA Cedylolme ABa Yncna.

8 2 10 1
3,8)+1,2) =35+ 1= =4-"=5-=5(1)

1 2 3
2,(6)-1,(4) =22~ 1= =12 = 1,(2) S+ 12) =55 +15=65=63)
8 6 2 +1,(1) +1,(1) +1,(1) +1,(1) +1,(2)
3,(8)=2,(6)=3—-2—=1-=1,(2) P, VAGHIC VAR Vot V'
9 "o o 02) L(4) 2(6) 3,8 5(1) 6(3)

K cBegeHuio yuutena! B 3agaHum 14 3aKOHOMEPHOCTb MOXHO MOKasaTb Mo-

S I UL U2 2 SN
asHomy. A A A e

: ; 2,(1)3,(2)4,3) 5,(4) 6,(5) 7,: 6)
a) Llenas 1 neprosmyeckan 4acTi y Kax/oro c/ieflylollero Yucna ysemumnsaoTca e T A A

Ha 1. CornacHo aTomy npaBuy, caeayolume gsa umcna byayt: 6,(5), 7,(6).

6) Llenas yacTb paBHa 1, a nepnogmyeckas 4acTb y KaXK4oro cAefytowero Yyncna ysenmymeaetca Ha 2. OgHako
NPV NOMbITKE HAaWTW CeaytoLLee YNCA0 MO STOMY NPaBUAY BOSHUKAET TPYAHOCTb, TaK Kak CyMMa Nepuoamnyeckmx
yacTel ctaHoBMTCA 6osibwe 9. MpuuMHA B TOM, YTO HE YYMUTLIBAETCA C/IOXKEHME NEPUOLAMYECKMX AECATUYHDBIX
ppobein. Hanpumep, 4Tobbl M3b6erKaTb OWMOKM MNPU HAXOKAEHWUWU 3HAYeHus BblpaxkeHus 3,(8) + 1,(2),
uenecoobpasHo cHayasna NepeBecTn Ymcna B 06bIKHOBEHHbIE APO6U M 3aTEM BbINOHATL C/IOKEHME.

15. OTtmeyvaeTcs, YTO BepluMHa alicbepra HaxoguTcAa Ha 35,5 m Bbiwe

YPOBHA MOpPA, a OTHOLIEHUE BbICOTbI Hag BOAON K FnybuHe nog BoAoM Yposerb
35,5 MOpPA

pasHo 1:9.

PeweHue 3a0a4u 0

e OnpepenseTcAa paccToaHWe OT BepLUMHbI alicbepra A0 ero camol
rny6okoi Toukun. 35,59 =319,5 (m)
¢ EC/M NpUHATb YPOBEHb MOPSA 3@ HAYa/I0 OTCYETA, Ha YNC/I0BOM OCK

—319,5

OTMeYaeTcA KOopAMHaTa, COOTBETCTBYIOLLAA CAMOM HUMKHEN TouKe

ancbepra: —319,5

* HaxoauTtcs pacctosaHue OT BEPLUMHbI 3TOro alicbepra ao ero camoit rnybokoi Touku: 35,5 — (—319,5) = 355 (m)
Omeem. PaccTosHWe OT BEPLUMHbI 3TOrO alicbepra A0 ero camoin rnyboKom ToukmM coctasaseT 355 meTpos.
MPMHAB ypOBEHb MOPSA 33 HaYaN0 OTCYETA, YYEHUK ONpesenseT Ha YNCI0BOM OCU KOOPAMHATY,
COOTBETCTBYIOLLLYIO CAMOM HU3KOM TOUKe ancbepra, KOTopas PaBHA OTPULLATE/IbHOMY YMCIY.

16. OTmeuaeTtca, 4TO OCHOBaHME KOPOBKM npeacTaBnseT coboi KeBagpaT co

CTOPOHOW 24% cm. TpebyeTca onpenenntb, NOMECTUTCA /i B 3Ty KOPOBKy TopT > m
UMAnHApUYeckon ¢opmbl ¢ anametpom 24,(3) cm.

MpusneveHue. W3 upeTHOMW Oymarn Bblpe3altoTca TPWU KBaapaTHble GUrypbl
OOMHAKOBOro pasmepa WM TPU Kpyra, OMamMeTpbl KOTOPbIX MeHblle, paBHbl U GOAblle CTOPOHbI KBagpaTa.

Yyutenb obpalsaeTcs K Knaccy:
— Kakol Kpyr, ec/in ero noMecTuUTb BHYTPb KBagpaTa, He byaeT KacaTbcs CTOPOH? Kakon Kpyr KOCHeTCA CTOPOH
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KBagpaTta? A KaKoW He NOMEeCTUTCA B KBaZpaTe NONHOCTbIO? MOXKHO n / \
onpeaennTb 3To, CPaBHUB AMameTpbl? KaK Bbl 3T0 06bAcHUTE?
OTBeTbI 06CYKAAOTCA, LEMOHCTPUPYIOTCA UANKOCTPALMU. B KOHUEe k /

oTMeyaeTca, YTo ecan AnameTtp 6onblie CTOPOHbI KBaapaTa, Kpyr He
rnomeLaeTca BHyTPb KBaapara.

PeweHue 3ada4u

e CpaBHMBAOTCA CTOPOHA KBaApaTHON KOPOBKM M AMameTp OCHOBaHMA umanHapa. O6a uncna nepesoasTca B
necatTnyHyto opmy. B pesynbtaTe cpaBHEHUSA OTMeYaeTcs, YTo AnameTp unamHapa 6onblue.

24% =24,166...

241 <24,(3)
24,(3) = 24,333... 6

Toraa TOpT He NOMeLLAeTCcA B KOPOBKY.

Omeem. TopT LMANHAPUYECKON GOPMbI B 3TY KOPODBKY He momeLlaeTcs.
17. B 3apaye TpebyeTcs onpenenuntb, CKObKO BoAbl BbiNuA Camup, 3anucatb 3TO YNC/IO B
BMAE AECATUYHOW APO6U U OKPYTIUTb A0 ThICAYHBbIX.

PeweHue 3a0a4u

7 1 56 9 47
e HaxogmTca, CKoNbKo BoAbl Bbinua Camump. P

e YycanTenb 4eNUTCA HA 3HAaMEHaTe/lb M Pe3y/bTaT 3anucbiBaeTcA B BUAE AECATUYHON Apobu. OTeeT

OKPYrAAeTca A0 ThICAYHbIX. % =0,652(7) = 0,653 (1)

Omeem. Camup Bbinun 0,653 7 BOABI.

18. OTmeuaeTca, 4To NOC/e TOro KakK YacTb 13 40 r conu B cocyae 6bina ucnosibsoBaHa, octanock 0,(3) yactm conu.
W AnA skcnepumeHTa Tpebyetca 27,5 r conun. Hy»KHO onpeaenntb, 4OCTAaTOYHO /I COMU B COCYAe ANA NpoBefeHuUA
3KCNepUMeHTa, U onpesennTb, CKOMIbKO COM AOCTAaTOUHO, @ CKONbKO — B U3ObITKE.

PeweHue 3adayu

OnpeaensieTca KOIMYECTBO COJM, OCcTaBLuelca B cocyge. 40+ 0,(3) = 13%

1 1
YT06bl ONpeaennTb AOCTAaTOYHO /M COMM ANA 3KCMEPUMEHTA CPaBHMBAOTCA uMCAa 135 n 27,5. 135 < 27,5

CnepoBaTtenbHO, HEAOCTAaTOYHO.

1 1
Bbluncnaercs, CKoNbKo He xBaTaeT. 27,5 — 13; = 145 (r)

1
Omeem. Conn HeaOCTAaTOYHO, He XBaTaeT 14g r conu.

19. B Mo6MbHOM NPUNIOMKEHUM KAYeCTBO YCAYrM A0CTAaBKM OLLEHMBAETCA Mo LWKane oT =5 ao 5.
OTmeyaeTcs, YTO B TeyeHWe OHA Pas3/IMYHbIM Kypbepam KOMMAHMMK MOJIb30BaTe/Iv BbICTaBUAU
cneayoLne OLEeHKU:

24 36 4 0 -124 -1 32 =2

TpebyeTcs HailTM cpegHee apudmeTnyeckoe M 0b6CyAUTb, KaKOW BbIBOA MOXHO CAENaTb O

KayecTtse yCnyrm ooCtaBKku.

PeweHue 3a0ayu

24+36+4+0+(—-1,24) +(-1)+3,2+(-2)
* HaxoauTcs cpeaHee apudmeTuyeckoe. 5 =1,12

e OpraHusyetca obcykaeHve. Ha ocHoBe cpeaHero apuomeTnyeckoro 6annos, NOCTaBAEHHbIX 8 KAMeHTamu,
npoBoauTCA 06MeH MHEHUAMM O KayecTBe YCAYrM AOCTaBKM Kypbepa. MHeHna 0606wwatoTca, U MOXKHO caenatb
BbiBO4. Hanpumep, ycayra cpegHero ypoBHA. BuAHO, 4YTO KayecTBO [A0CTaBKM HWU3KOe, W CyllecTsyeT
Heob6x04MMOCTb BO BHEeAPEHWNM HOBLUECTB, YCOBEPLUEHCTBOBAHMI U U3MEHEHWIA. Y YUEHUKOB MOXHO MOMNPOCUTL
nepeynciuTb Npobaembl U TPYAHOCTM, KOTOPble MOFM/IM CHU3UTb KauyecTBO, M BbICKa3aTb CBOM MHEHUSA O
NPeasioKeHUAxX No Ux pelleHuto. B KoHue MHeHMA obobLatoTea. MpUUYMHON CHUXKEHUA cpeaHero banna moryTt
6bITb 3a4€PKKM, NOBpEXAEHME 3aKasa, HenpaBu/bHaA AOCTaBKa, rpyboe nosegeHue Kypbepa, TPYAHOCTU B
CBA3W C KON-LEHTPOM, CNOKHOCTU NPU ONAaTe HaJIMYHbIMKU U KapToi U T. 4. [na ycTpaHeHua npobaem MOXKHO
NPOBECTM aHain3, ONPOC ANA YAyYLlleHNA KayecTBa 0O6CNYKMBAHMA U B UTOre YCTPaAHUTb HeAoCTaTKM B cyxbe
[OOCTaBKW.

Omeem. 1,12; KauecTBO YCNYrn AOCTAaBKM HU3KOE.
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1. HaxoamTca 3HaYeHue BbipaXkeHus. B nyHKTe «a» gaHo
Hanpas/ieHWe ANS peleHusn, OTBET HaXoAMUTCA NyTem
NPOAOMIXKEHUA peweHus. Npumep B NyHKTe «6»
BbINOJIHAETCA CAaMOCTOATE/IbHO.

B IR

=t
=t

:KpaCHble wapsbl

Xentble wapsl

Bep()}il’ﬂH()Clle moceo, 4no

4 | 3
4 | 5
g 3

8bIHYMBLUL Wap 6yoem ; >
aHcenmozo yeema
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3
R N A B NI R S B T S A I I
1 1 1 1 1 1
23 34 45 56 67 78
6 L4l ? o, 2 . 2 1 1,1 1.1 1,1 1.1 1.1 1 1 1_4
3:5 57 79 9-11 11-13 13-15 3 5 5 7 7 9 9 11 11 13. 13 15 3 15 15
2 T T T 2
; ; : E 11-13 12:18

Mpwn peweHnmn I'IO,L'J,06HbIX 3a4a4 HYXHO 06paTMTb BHMMaHMNE Ha HECKO/IbKO 3aKOHOMepHOCTeVI. Y4yeHUKn moryt
YCTaHOBUTb CBA3b MmeXAay noayvYeHHbIM OTBETOM, KOJIMYECTBOM C/llaraembiX, 4YuUCaamun B 4YucautTene w“

3HamMeHaTene, a Takxke mexxay MHOXUTeNAMN B 3HaMmeHaTeN e U HACN0M, 3anNnCaHHbIM B Yncantene.

2. TpebyeTtca onpeaennTb, B KAKOM MELLKE BEPOATHOCTb C/Iy4aliHO BbIHYTOrO ¥KeNTOoro Wwapuka byaet HanbonbLuei.
[NA KaxkA0oro MeLlKa Haxo4MTCA BEPOATHOCTb TOTO, YTO BbIHYTbIV LUAPWUK OKAXKETCA KENTbIM.

. 4 1 . 9 9
1- mewok: ——=- 3- MeWoK: —— =—
4+4 2 9+8 17

o 5 5 . 7
2- MEeWOoK: —— == 4- MeWwoK: —— =—
3+45 8 7+5 12

7 9
— N — 6onblle, yem

5
MonyyeHHble Yncaa cpaBHUBAKOTCA. TaK Kak MLLEeTCA Hambosbliee 3HaYeHue, 1 apobu FARTIET:

1
5 Hanbonbluas Apobb NLWETCA cpeam 3TUX Tpex. YTobbl onpeaennTb, Kakaa U3 HUX 6O/bLLE, MOMKHO NPUBECTU

Apobu K 0bLLemy 3HameHaTeNto. PekomeHayeTca 06bACHUTb YYEHUKAM U Apyrue cnocobbl CpaBHEHUSA TaKUX
apoben.

Mcnonb3ys npasmao cpasHeHna apobeit ¢
PaBHbIMW YNCAUTENAMM, HAXOLMUTCA OTBET.

o 1
Ecnn u3 gaHHbIX gpobeit BblyecTb 2 TO B NoNyueH-
HOM pa3HOCTK YncauTenu gpobei ByayT paBHbI

1 1
_
12 17

>

|

|

|

|

|

I
© |~

Omeem. BepOATHOCTb BbIHYTb OAMH LIAp XenToro LuseTa u3 2-ro mellka 6os1ee BbICOKas.

3. TpebyeTca HalTK, KaKOI NPOLEHT OT NAOWAAN BCer GUTYpbl COCTABAAET NOLLAAL 3€/IeHOMN YacTu. DTy 3a4a4y

MOJHO PeLInTb HECKONbKMMM cnocobamu.
1-ii cnocob

2 2 2 2 2- i cnocob
TaK Kak naowaab Mmaaoro Keagpara PR - He ncnonb3sya nnowanb o L
paBHa 4 cM?, Haxo4MUTCA ero CTOPOHa. 1 I Manoro KBagpaTa, oTseT J R I

Mnowaab 3e/eHOM YacTU HaXOANTCA C
MCNO/Ib30BaHMEM PA3HOCTU NaoLaaen
COOTBETCTBYIOLMX KBAAPATOB

42 -2 + 82— 62=40 (cm?)

HaxoauTca naowaab scelt dpurypol. 82 = 64

. OnpepensaeTca, CKOJIbKO NPOLLEHTOB OT
HaxoamTca, CKO/IbKO NPOLEHTOB OT nno:éap,w Bcei dpurypbl BCEX KBAAPATOB COCTABAAIOT 3€/1EHbIE

i1 —_ 0/ — 0,
COCTaB/IAET M/IOWAAL 3€/1EHOM YacTh. —— 100% = 62,5% KBAAPATbI. % - 100% = 62,5%

MOYKHO HalTK creaytowmm +
obpasom: urypa genutcs
Ha paBHble MasieHbKKne

T KBagpatbl. T

N NNN
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4. TpebyeTca HalTV danblIMBYIO MOHETY cpean 27 04MHAKOBbLIX METaNIUYECKUX
MOHET, C/1e/1aB BCEro TPM B3BELLIMBAHNA.

MoHeTbl AeNATCA Ha TP paBHbIe rpynMbl, N0 9 MOHET B KasK40M.

danbluMBas MOHETa HaxOAMTCA, €C/M TPUXKAbl NPUMEHUTb OAMH U TOT Ke
anropuTMm.

1-i1 pa3. MoHeTbl 13 O4HOW rPYNMbl KNagyT Ha OAHY Yally BECoB, U3 APYroil — Ha
Apyryto.

BO3MOXHbI ABa cayyas.

1) Ecav oaHa yawa Taxenee, To GanbluMBas MOHETa CPEeAN MOHET 3TOM YaLu.

2) Ecnv yawm B paBHoBecUM, TO GanbluMBas MOHETa Cpeau TPETbeN rpynrbl.

Mpu NPMMEHEHMMN 3TOro aNropuTMma 3 pasa: noc/e Nepsoro B3BELWMBaHUA U3 27 MeTaN/IMYeCcKMX MOHET ocTaeTcs
9, nocne BTOporo — 3, a Npu TPeTbeM B3BEWMBaHUK onpeaenseTca ¢panblumBas MOHeTa cpeamn ocTaBwmxcs 3
METaNINYECKMX MOHET.

B TEXHMYECKM OCHALLLEHHbIX K/1aCCaX MOXHO MUCMO/Ib30BaTb MHTEPAKTUBHbIE 3a4aHNA;
https://demonstrations.wolfram.com/27CoinsBalancePuzzle/
https://www.mathgametime.com/games/coin-weighing

EVOS

OKeaHonozus
OKeaHoNOrMs — 3710 HayKa, n3y4arulaa OKkeaH U npouncxogalime B ero pas/iMyHbIX

yacTtax GusmMyeckune, Xummuyeckmne n 6Monormyeckme npoLecchbl. YyeHnkKam
pacCcKasbiBaeTCa 0 cMcTeMax 3ByKoBoi HaBuraumm SONAR. OTmeyaetcs, us
COKpALLLeHUA KaKnx cioB 06pa3oBaHO 3To €/10BO. MoAYepKMBaETCA, YTO C MOMOLLLbIO
3TUX CUCTEM OMpesensaeTca, 3a Kakoe BpeMa 3BYK AOCTUraeT AHA BOAbl M BO3BpaLLaeTcA

06paTHO. TeXHONOIMK, UCNONb3yEMbIE A/1A U3MepPeHUs rybuHbI B BOAE, B OCHOBHOM OCHOBAHbI Ha
aKYCTMYECKMX BOJIHAX UJIM SNIEKTPOHHbBIX CEHCOPaX. ITW TEXHONOTMN MPUMEHAIOTCA B HAYYHbIX UCCIeA0BaHMUAX,
CY,0X0ACTBE, NOABOAHbIX UCCNEA0BAHMAX U TUAPOIOTMYECKUX USMEPEHUSAX.

1. Ucxoan 3 Toro, YTo CKOPOCTb 3ByKa B BoAe cocTaBaseT 1449 m/c, a Bpems, 3a KOTOpOe 3BYKOBasA BO/IHA
[OCTUraeT fiHa OKeaHa W Bo3BpaLlaeTcs ob6paTHo, paBHO 1,2 ceKyHAbl, BbIMUCNSAETCSA, CKOJIbKO METPOB
cocTtaBnseT rnybuHa. % -1449 - 1,(2) =885,5 (m)

2. B uHTepHeTe cobupaeTca MHbopmauma o cambix rnyboKkux mectax Muposoro okeaHa. OnpegenseTcs, 3a
Kakoe Bpemsi 3ByK ¢ nomolLbio SONAR foCTUraeT AHA OKeaHa M BO3BpaLLaeTcs obpaTHo.

3. UccnepytoTca TEXHONOTUK, UCMOSIb3yeMble A/1A U3MePEHUA TNYOUHbI, U NOLAFOTaBAMBAETCS NPe3eHTaumA.
YyeHUKam pekomeHAyeTca NpeaoCcTaBUTb Noe3HbIE CCbIIKK A5 U3YYEHUA STOM TeMbI.
https://www.teledynemarine.com/

https://www.hydro-international.com/themes/bathymetric-lidar
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2.1 PA3AEN CreneHb C HaTypaﬂbHvblM noKa3artesiem
n ee CBOUCTBA

Tema Ne HasBaHue Yacbl | YuebHu | Pabouas
K (cTp.) | TeTpagp
(cTp.)
MNpeasapuTenbHaa NnposepKa 1 38
Tema 2.1 CreneHb C HAaTypaabHbIM NOKa3aTenem 2 39 24
Tema 2.2 YMHOeHMe N feneHune cteneHemn 2 42 26
Tema 2.3 CTeneHb npounssegeHus n gpobu 2 47 29
Tema 2.4 BblumcieHme CNOXKHOro NPoLeHTa 2 50 31
O6o6Lwatowwmnii ypok. STEAM. “My3bika 1 maTemaTurKa:
” 2 54 33
KamepToH
OBLLLEE KOJIMYECTBO YACOB MO PA3AENY 11

KpaTtkuit 0630p pasgena

B pasaene y4eHUKU Hay4yatca BbIHUCNATb HaTypa/ibHble CTeNeHU PauNOHaIbHbIX Yncen, HaxoauTb
NPOM3BEAEHNE U YACTHOE CTEMNEHEN C OAMHAKOBbIMU OCHOBAHUAMM, CTEMEHb CTEMEHM, @ TAKKe BO3BOAMUTDL B
cTeneHb npovssegeHne n apobb. OHM ByayT HAXOAMUTb 3HAYEHUE BbIPAXKEHUI, COAEPIKALLMX CTeneHb.
O,ﬂ,HOBpeMEHHO YYE€HUKUN OCBOAT HaBbIKK pelleHnA 3a4a4, CBA3aHHbIX C BblYUC/IEHNUEM CNOXKHOIO NpoLUeHTa.

Ha uto crout 06paTUTh BHUMaHue?

HeKoTopble y4eHUKM CYUTAIOT, U4TO Nto6an cTeneHb OTPULLATENIbHOO PALLMOHANBHOMO YMCNa ABAAETCA
oTpuLUaTeNIbHbIM NN NONOXKUTENbHBIM PaLMNOHA/IbHbIM YAC/TOM. PEKOMEH,D,VETCFI NOKa3aTb Y4EHUKaM npnumepsl,
06bACHAIOWME, NOYEMY CTEMEHD C YETHBIM MOKA3aTE/IEM AAET MOOKUTE/IbHOE YMCIIO, @ CTEMEHD C HEYETHBIM
rokasaTtesiem — oTpuuaTesibHoe.

Mpw BbIYUCIEHMM BbIPAXKEHWNI, COAEPMKALLUX CTENEHWU, CAeAYeT YAENUTb BHUMaHUE YYEHMKAM, LOMYCKaOLMM
OWNBKKN B NOpAAKE BbIMONHEHWUA AENCTBUN.

LlenecoobpasHo NoKasaTtb y4eHUKaM NPUMEPbI BbIYMCAEHWUA CTENEHWN PALLMOHAIBHOMO YMCNA Ha KasibKyATope.

CnepyeT onpeaennTb Y4EHUKOB, KOTOPbIE HEMPABUIbHO BbIYUCAAIOT NOKA3aTeIM CTeNEHEN NPU HaXoXKAEeHMMU
npounssengeHNAa Nan 4aCtHoro cTeneHen ¢ OANHAKOBbIMU OCHOBAaHUAMMU, a TaKXKe Npu BO3BEAEHUN CTEMNEHU B
cTeneHb.

Mpw BO3BEAEHUN NPOM3BEAEHUA MU APOOUN B CTEMEHb YYEHUKM MHOTAa 3abblBalOT BO3BECTM B CTEMEHb OAMH
M3 MHOMUTE/IEN, YNCNUTENIb UM 3HAMEHATE/b, U He 0BPaLLAtOT BHUMAHWA Ha BbIYMCNEHUE CTEMEHW KaXKA0oro u3
HuX. C TaKUMM y4eHWKaMM ciesyeT NOBTOPUTbL NPaBKaa M NOKasaTb NPUMEpSI.

MHorpa yueHuKam 6biBaeT TPYAHO ONpeaenuTb, UCNO/b3yeTca M NpY peLleHn 3a4a4m NPoCToin nam
C/IOXKHbIV NPOLLEHT.

MOXHO 33aTb Y4EHWKaM ONpesenTb, Kako meTos asnseTca 6onee yao6HbIM A1 pelleHuna 3a4a4,
CBA3AHHbIX C BbIYUCNEHNEM C/IOMKHBIX MPOLEHTOB.

Pa3BuTe maTemaTUUECKOro A3blKa

MpaBunbHOE onpepeneHve MOHATUI «HaTypasbHas CTeMNeHb», «MNOKasaTesb CTeNeHu», «OCHOBaHWe
CTENeHn», «CTeneHb PaLMOHaNbHOIO YMCNa», «MPOU3BEAEHME CTENEHEN», «4aCTHOE CTENEeHen», «CTeneHb
CTEMEHM», «CTEMEHb NPOMU3BELEHUA», «CTeMeHb APOBU» U KCNOMKHbLIA MPOLEHT» MO3BOJIAET OLEHWUTD,
HaCKO/IbKO XOPOLUO YCBOEHbI 3TW MOHATUA.

MaTtemaTtuuyeckue NOHATUA U TEPMUHDBI, YCBOEHHbIE B pasaene
CTeneHb paLMOHANbHOIO 4Yucia, NPOU3BEAEHME CTENeHeW, OTHOLWEHME CTeNneHeW, CTeneHb CTeneHw,
cTeneHb NPOU3BEAEHUS, CTEMEHDb APOOU M CNOMKHbIN NPOLEHT

Heobxogumble npegsapuUTenbHbie 3HAHNA U YMEHUA:
e CTeneHb HaTypa/NbHOro YnCAa e [locnenoBaTenbHOCTb AENACTBUIMA
e PaumoHasbHble Yncaa U AENCTBUA C HUMM e [lpoueHT. BbluncaeHne NpocToro npoueHTa

MeXaucumnanHapHasa uHTerpauus

CTeneHb 1 ee CBOWMCTBA UCMO/b3YIOTCA A/ YCKOPEHUA MAaTEMATUYECKUX BbIYUCAEHWNIA U MOBbLILLIEHWUA TOYHOCTH
pesynbTaToB. Hanpumep, B KOMMbIOTEPHbIX NPOrpaMmMax Npm pacyertax, CBA3aHHbIX CO CKOPOCTbIO U 06beMom
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NamMATH, @ TaKKe NPU BbIYUCIEHUMU CNOMKHBIX MPOLLEHTOB U ONpeAeieHUN LieHbl, TPUMEHeHWe CTeNeHn 1 ee
CBOICTB MMEET BayKHOEe 3HaYeHMe. YYeHKamM AeMOHCTPUPYIOTCA MPUMEPbI, MOKa3blBatoLLMe Kak C MOMOLLbIO
BbIPaXKEHWUIA CO CTENEHAMM BbIPaXKaTb IHEPruto, paboTy, CKOPOCTb U APYrue BEANYMHBI Ha YpOKax GU3UKK, a
TaKKe KOJIMYECTBO aTOMOB UM MOJIEKY/T B XMMUU U BUONOTUMN. BbluMCAEHME CNIOXKHbIX NPOLLEHTOB TaKXkKe ABAAeTCA
04HOM 13 061acTei NPUMEHEHUA CTEMNEHU. YUEHUKMN CMOTYT MPUMEHATL NOJIyYEHHbIE B 3TOM pa3gesie 3HaHuA
NPy peweHnm 3a4a4 No ykasaHHbIM TEMam.

TEMA 2.1 CreneHb € HaTypa/ibHblM NOKa3aTtenem

7-1.2.1. BoinonHAeT apudmeTnyeckme AeicTBmA € paLmMoHaNbHbIMKU YACIAMK.

7-1.2.2. HaxoguT HaTypa/ibHYIO CTEMEHb PaLMOHANBbHOFO YMCAA, NPUMEHAET CBOMCTBA
cTenexHu.

7-1.2.3. HaxoguT 3HaYeHne YNCNOBOro BblPaXKEeHUA.

NOACTAHOAPTbI

e Haxo4uT HaTypasibHytO CTEMeHb PaLMOHAAbHOIO YNC/a.

LLE/ZIN OBYYEHUA .
* HaxoauT 3HayeHue BbIParKeHMIM, COAEPKaLUMUX CTEMEHb.

NPUHAONEXHOCTU Paboune NCTbI, KapTbl, CTUKEpbI

M3yueHue: https://video.edu.az/video/13973
S/IEKTPOHHbIE https://video.edu.az/video/1295
PECYPCbI https://www.mathplayground.com/ASB_Otter_Rush.html
https://wordwall.net/resource/4398504/math/amados-exponents
O6cyKpeHne cxoaHoM 3apgaumn
Ha nepBoit cTpaHuue pasgena ydeHuMKam npegoctasaserca MHbOpMaums O TOM, B Kakmx obiacTax
MCMOJIb3yeTCA CTENEHb PaLMOHa/bHbIX Yncen. Moa4epKMBaeTcs, YTo NP BbIYMC/IEHUM TOAOBbIX 4OX0A408 MO
BKNaJaM B 6aHKe, U3MEHAIOLENCA eXerogHo CTOMMOCTM 0BOpyA0BaHMA M aBTOMOBWUNENH NpUMeEHAeTCA
cTeneHb (CnoskHble npoueHTbl). OTMevaeTca, yTo B pasgene 6yaer npeacrasieHa 6onee noapobHas
MHOOPMALMA O CNOMKHbIX NPOLLEHTAX.
3apaHune «lonbiTaitTecb» 0BCYXAAETCA C KAacCOM. YUYEHMKM, ONMpaacb Ha paHee YCBOEHHble 3HaHus,
MbITAKOTCA OTBETUTb Ha BOMPOCbI. [TogYepPKUBAETCS, YTO MOC/IE U3YYEHNA HOBbIX 3HAHWI 1 HaBbIKOB B pasgene
3aaHue byaet BHOBb 06CYKAEHO B KOHLLE TEMBI.
MNobyxaeHune
BepéTca KBagpaTHbINA NUCT Bymaru 1 ¢ NOMOLLLbIO -
HOXHUL, AeNnTCA Ha 4 paBHble YacTU. YUeHUKam
npeanaraeTca nosiydyeHHble KBaapaThl TaKKe pa3fenutb Ha 4 paBHble 4acTu. YUueHMKam 3a4al0TCa BOMpPocChI:
— CKONbKO NOJIYYM/IOCh MasIEHbKUX KBaAPaToB? Kak MOXKHO HalTM naowaab UCXOAHOro KBaapaTa Ha
OCHOBe MNJIolLaaein MaseHbKMX KBaApaToB? KaKk 3TO MOMKHO CAenaTb C UCMosib3oBaHnem creneHn? Ecam
CTOPOHA MaJIEHbKOTO KBaZpaTa paBHa 2 cM, 06CyKaatoTcA cnocobbl HAaXOXAEeHUA nowaan 601bloro
KBaapara.

UccneposaHuezobcymaeHue

OTmeyvaeTcs, 4TO M3 OAMHAKOBbIX MO pasMepy MasieHbKUX KybuKos P 4

cocTtaBfieH 60/1bLON Kyb, KaK MOKa3aHO Ha PUCYHKe.

e Ecnu pebpo 60bLworo Kyba paBHO 5 CM, BblUMCAAETCA €ro 06bem. Eﬂ I:g ’I-
Vsonswon = 53 = 125 (cm3) L -

e QObcyrKaaeTcs, Kak AByMAa Cnocobamm MOXKHO HalTU 06bem MasieHbKOro 25

Kyba.

1-0 cnocob. YuntbiBas, 4To 601bLION KyH cOCTaB/eH N3 8 MasieHbKUX KyboB, o6bem H6osbluoro Kyba aenmtca
Ha 8 paBHbIX YacTein. Viyanenswii = 125 : 8 = 15,625 (cm?)

2-U cnocob. HaxoanTtcs cTopoHa ManeHbKoro Kyba 1 Bo3soguTca B Kyb.
5:2=2,5(cm)

' =
- Vian = 2,53 = 15,625 (cm?)
.

-
5sm

..... ) [--rere-red
" L} L]

B e T T
" '

cemmegmm—-

e OTmeyvaeTcs, 4TO MAOWaAAb MOJIHOW MOBEPXHOCTM Kyba paBHa LWECTM MAOWAAAM OAHOW rpaHu, K
BbIYMCNAETCA MIOLWAAb MOMHON NOBEPXHOCTU MANEHbKOIO Ky6a. Snom = 6 * (2,5)>= 37,5 (cm?)
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w CTeneHb ¢ HaTypa/ibHbIM NOKa3aTe/sieM PaLMOoHaIbHOrO Yncaa

ObcyxpatoTca Npumepbl 3afaHWini Ha 3anucb NpousBedeHuA

OAMHAKOBbIX MHOXWTenel B Buae crteneHn. OTmeuaeTcs, 4TO A-G-ioa=d noKasavens Creénexn
NpousBefeHMe N OAMHAKOBbIX  MHOXMTENel,  PaBHbIX  , unosmrened
PauMOHaNbHOMY YMCY &, Ha3blBaeTCA CTeNeHbl uYucaa a C
HaTypa/bHbIM MOKa3aTesIeM N. YYeHUKaM PasbACHAIOTCA NOHATWA NMOKa3aTe b CTENEHN U OCHOBaHME CTeneHu.
MokasbiBaeTcs, YTO CTeneHb OTPULEATENIbHOMO YMCNA C YETHBIM NOKa3aTesleM MONOMKMUTENbHA, @ C HEYETHbIM
rnokasaTesiem — oTpuLaTe/ibHa, NPUBOAATCA NPUMEPbI.

(3 =333 ()-8 (3B
a

Mcnonb3ya ToT d)aKT, YTO npounsseneHne AByX OTPpULATENIbHbIX YNCEN ABNAETCA NONOXKUTE/IbHbIM YNC/IOM, Ha
npumepax O6'bﬂCHﬂETCF|, YTO YETHble CTENEHW NPOTUBOMOJIONKHbBIX YMCEN PaBHbl, @ HEYETHble CTEMEeHU
NPOTUBONONOXKHbIX YNUCEN ABNAKOTCA NPOTUBONONOXKHbIMU YACNaMW.

OCHOBaHWe CTeneHun

"
S|
~

lMokasbiBaeTca, 4YTo 4-a cTeneHb oTpuuaTenbHOro lNMokasbiBaeTca, 4YTo 3-a CTeNeHb oTpuuaTenbHoOro
YUCNa ABNAETCA NONOXKUNTENbHbIM YNCZTOM. YUCNa ABNAETCA OTpUuuaTeIbHbIM HAC/IOM.
Zyva _ 2,2y, (_2y.(_2y_16 A R A L LS

= DD D= == D=7
Gr=1.2.2.2_1 Ep=2.2.2_8

3 3 3 3 3 81 3 3 3 3 27
I'Ipomsonono»mble 4yucsa B YETHOM CTeneHun PaBHbI. npOTMBOI'IOJ'IO)KHbIe 4yncsa B HEYETHOM CTENEHM

NPOTUBOMNO/IOXKHbI.

2 2
= 2 2

3 3 3 =-3)°
K cBepaeHuto yuutensa!
Mcnonb3oBaHue cTeneHen No3soaseT KPaTKo, KOMNAaKTHO M MaTeMaTUYECKM TOYHO 3anncbiBaTb OYeHb
60AblIME UM OYEHDb MaNeHbKMe Yncna. Takaa 3anucb HasbiBaeTcsA HayuyHol Gopmoli 3anucu (scientific
notation).
PekomeHAyeTcA 03HaKOMUTb YYEHMKOB C TEM, YTO 3Ta GOPMa 3aMMUCK LUMPOKO NPUMEHSAETCA B MaTeMaTHKe,
du3mnKe, Xxumnm, actpoHommm. C 3aNMCbio MasibiX YACEN B BUAE CTEMEHEN YYEHUKM NO3HAKOMATCA Npu
U3Y4EHNN NOHATUA CTEMEHM C LeNbiM NokasaTenem. Ha 4aHHOM 3Tane MOXHO NPUBECTM NPUMepbI 3anmncu
6O/IbLLINX YMCEN B BUAE CTEMEHM, HaNnpUMep:
PacctosHune mexay 3emneit n ConHuem: 1.5 x 108 km; O6bem namatn KomnbtoTepa: 2'° = 1024 (6aitT) M T. 4.
JNloxHble NpeacTaBAeHNsA, BOZHUKaIOLWME Y YYEHUKOB
MHoraa yyeHMKm 3a6bIBatoT, YTO €CAM OCHOBaHWeE CTeNeHM OTpULUaTesIbHoe YMCa0 nan o6biIkHoBEHHaA Apobb,
ero HeobXoAMMO 3anmncbiBaTb B CKOBKAX. ITO MOKET MPMBECTM K OWMBKaM B 3HaKax U BbIYMCAEHUAX MPK
HaxXOMAEeHUU cTeneHn ymcna. NMostomy LenecoobpasHo NPUBOAUTL MPUMEPDI, CPABHMBAKOLWME PE3YIbTaTbl,

JloxHoe BepHoe
Ecnu ocHosaHue ompuyamesbHoe Yucsao: -1,2-(-1,2) =—1,22 -1,2-(-1,2) =(-1,2)?
3
Ecnu ocHosaHue 0bbikHO8eHHAA Opobb: 223 223 (i)3
4 4 4 4 4 4 4 4

Koraa oCHOoBaHWe CTeneHn 3annMcaHo B CcKobKax n Koraa 6e3 CKOBOK.

3. CpaBHuMBaloTCA. MIHOrAa MOXHO CPaBHWUTb CTeNeHUM U 6e3 BbluMCaeHMA. Hanpumep, Tak Kak cTeneHb
OTPULATENIBHOTO YMCNa C HEYETHbIM NMOKasaTenem — OTPUUATE/IbHOE YWUC/I0, YYEHMKAM MOXKHO NOKasaTb
NpUMepbl CPAaBHEHNA MONOMKUTE/bHbIX U OTPULLATENbHbIX YUCEN, CTEMEHEN C O4MHAKOBbIMM OCHOBAHUAMM, a
TaKXe cTeneHen c 0ANHAKOBbIMU NoKasaTenAaMn 6e3 BbINOJIHEHUA BbIYUCAEHUN.

lMokazamenes cmeneHu YemHoe Yucso. lNokazamene cmeneHu HeYemHoe Yucso.
Keadpam ompuyamesnsHozo vucna v v Ky6 ompuyameneHoeo yucaa
r1oa0#UMesnsHoe Yuco. (-0,2)? > (-0,2)3 ompuyamesbHoe Yucso.

7. Onpegenaetca, Kakuve W3 AaHHbIX 4YuCen MoryT 6biTb OCHOBAHWSIMU CTEMEHMU. nOA6VIpaETCFI
COOTBETCTBVIOLLI,VIﬁ NOoKa3aTe/lb CTENEHMU.
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a _ O (=2)*=16 (~2)2=-8 25-32
=16 32

n
I
o]
[}

OcHoBaHue cTeneHn: 2 =2

8. BblYMCAAIOTCA CTENEHU, YMCAA PACNONAralOTCA B NOPAAKE BO3PACTAHUA MW YObIBAHMA.

a) B nopagke sospactaHua: —5,4; 5,4; (-5,4)>=29,16; —5,42 =—-29,16.

YT06bI PACNONOKUTL ABa OTPULATENbHBIX U ABA MNONOKUTENBHBIX YUCNA B NOPAAKE BO3paCcTaHUA, CHavyana
ynopag0umnBaloTca oTpuLaTeNbHbIe, 3aTEM NONOMKUTE/IbHbIE YMCAaA.

—-29,16;-5,4; 5,4; 29,16 > —5,4% —-5,4; 5,4; (-5,4)%

Mpwv BbINONHEHWUW 3a4aHMA YYEHUKM AO/MKHbI 06paLLaTb BHUMaHWE Ha BblYMCIEHME CTENEHEN, Ha TO,
3anmncaHo M OCHOBaHMe CTENEHM B CKOBKaXx, a TaK»Ke Ha MOPALO0K PACMo/IOKEHUA OTPMLATE/bHbIX U
MOMIOXUTENbHbIX Yncen. HenatenbHo, YToBbl YYEHUKN BbINOIHANN 3a4aHME CaMOCTOATE/IbHO, a y4uTeNb
Habnoaan v opraHn3oBbiBan paboTy Hag ownbKamu.

K cBegenmio yuntena! YuyeHMKM 3HAKOMbI C NOPSAAKOM BbIYUCAEHNA CTENEHM LLENI0T0 YMCAa Ha
KanbKynaTope. LlenecoobpasHo KpaTKo HaMOMHUTb 3TO NPaBUJIO M PACLLUMPUTL 06BbACHEHME C NPUMeEpPaMm
HaXOMAEHUA CTEMNEHN PaLMOHANbHOIo Yncna. Hanpumep, MOXKHO NoLaroBo NoKasaTb, Kak BBOAMWTb B

2
KanbKynaTop sbipaxerusn 0,53, (—1,2)?, (?)4 MpKY 3TOM HY}KHO YETKO NMOKa3aTb YYeHWKaM, KaKkne KHOMKK
MCMOb3YIOTCA M B KAKOM MOPAAKE BbINOAHAIOTCA AEUCTBUA.

Taknm 06pa3om, yUEHMKM JIyYLLe YCBOAT, KaK HaXO4MTb CTEMNEHb YMC/IA C MOMOLLbLIO KaNbKyAaTopa.

OTmeuvaeTcs, YTO B HEKOTOPbIX KanbKynaTopax Ans BBoAa Apobeit [ b 1 [ ] [ ) ] [ ]
MCNONb3YIOTCA cheuuanbHble Knasuwn «a/b» wan «frac», a ans g Jits v y
0603HaYeHUA NoKasaTensa cteneHn — cumonbl “N, “x”, “v uaun “y"x”. Takoit noaxon NOMOraeT yyeHUKam
He TONIbKO OCBOWUTb Pa3Hble MHTepdeChl KaNbKyNATOPOB, HO U rNY6XKe NOHATbL NOHATUE CTEMNEHM HA NPaAKTUKeE.
B Knaccax ¢ TEXHUYECKMMMU BO3MOMKHOCTAMW MOMKHO MCMO/Ib30BaTb BUAEOMATEPUASbI U KaNbKyaATOP ANA
06DBACHEHMA BbIYMCIEHUI BbIPAXKEHWI HA HAYYHOM KafibKyaAaTope:

https://youtu.be/Gp_pwaZQbGc https://www.youtube.com/watch?v=nyJv-Xt1sDY

https://www.desmos.com/scientific

12. B pe3synbTaTe N1abopaToOpHOro UCCeA0BaHNA YCTAHOB/IEHO, YTO PAAMOaKTMBHOE BELLECTBO pacnajaeTrcs,
M ero macca Kaxkable 2 MMHYTbl YyMeHbLUaeTca BaABoe. B 3agaue TpebyeTca HaTM maccy BelecTsa yepes 2
MWHYTbI M Yepes 5 MUHYT, eC/Iv ero HayaibHasA Macca COCTaBAAET 64 T, a TaKXKe ONpeaenunTb BbipaykeHne ann
BbIYMCNIEHNA OCTaBLUENCA MACChbl.

MpuesneveHue. YunTeno NPUraLWaeT K AOCKe 8 y4eHNKOB. Kaxablii pa3 noc/ie noacyerta noaoBMHa yYeHUKOB
oCTaeTcs y A0CKK, a Apyras NnojoBMHa CaguTca.

(1] (2] (3]
RRRRRRRR RRRR RR t
Yuutenb 3aaeT BONPOChl yHEHUKaM:
— Ha Kakom ware y f0CKM ocTaHeTcs 4 yyeHMKa? Ha Kakom ware — 2? Ha Kakom ware — 1 yueHuK? Kakoe
BbIPa*KeHNe MOXKHO 3anucaTb, YTO6bl HAWTN OTBETbI?
Ob6cyRpaeTca, Kak MOXKHO 6b110 6bl OTBETUTb Ha 3TU BONPOCHI, €CNKM Obl Y AOCKM 6bI10 16 nan 32 yyeHuKa.
PeweHue 3a0a4u
® HaxoauTca macca BeLecTsa, NepBoHaYaibHaA Macca KOTOPOro paBHa 64 r, yepes 2 MUHYTbI. 64 :2: 2 =16
nnn 64 : 2%=16.
* YT106bl HAlTU Maccy OCTaBLLIErocs BELLEeCTBa Yepes 5 MUHYT, COCTAaBAAETCA BblpayKeHUe.

64-5-2 | 64:25 | 64 : 52

¢ CocTaBnseTcs Tabauua, C NOMOLLbIO KOTOPOWN onpenenserca, Yepes CKONbKO MWHYT octaHetca 0,5 1
BeLllecTsa.
OnpegfenseTtca BbiparkeHMe A1A BbIYMCIEHUA MACChl BELLECTBA, OCTABLIErocA Yepes 5 MUHYT.
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MuHyTbI 1 2 3 4 5 6 7
Macca BelectBa 32 16 8 4 2 1 0,5
$

L 2 L 2 ¥ 2 ¥ ¥
64:2=32  64:22=16 64:2°=8  64:2'=4  64:2°=2  64:2°=1 64:27=0,5
Omeem. Yepes 5 MUHYT ocTtanoco 2 1, yepes 7 mmHyt — 0,5 r Bewecrtsa.
ObcyxdeHue. BbiCnyLIMBAKOTCA MHEHMA YYEHUKOB, PELUMBLLMX 33434y Pa3HbIMKU cnocobamu.
dopmaTuMBHOE OLLeHUBaHUE

Kputepum oueHnBaHua Marepuanbl oLeHMBaHUA

Haxo4uT HaTypanbHYIO cTeneHb PaLMoHaabHOro Yncna. Pabouune AnUCTbI, y4EBHMUK,
pabouan TeTpagb

Haxo4uT 3HaYeHMe BblpaKeHW, CoaepKaLMX CTENEHb. Pabouune AnUCTbI, y4EBHMUK,
paboyas TeTpagb

TEMA 2.2 YMHOXXeHUe u geneHue cteneHeim

7-1.2.1. BoinosiHAET apudmMeTUyeckme AencTBMA C paLMOoHabHbIMU YACIAMMU.
7-1.2.2. HaxoguT HaTypa/ibHYIO CTEMEHb PALMOHANbHOFO YMC/IA, NPUMEHAET CBOMCTBA
cTeneHu.
7-1.2.3. HaxoauT 3HaYeHME YNCNOBOTrO BbIPaXKeHMUA.
¢ HaxoauTt npounsseaeHue cTeneHen ¢ 0AMHaKOBbIM OCHOBAHUEM.
LLE/ZIN OBYHYEHUA ® HaxoauT 4yacTHoe, Nony4eHHoe NpU AeNIEHUU CTeNEHeN C OANHAKOBbIM OCHOBaAHUEM.
* HaxoauT 3HauYeHMe BblpaXKeHUM, COAepKaLLMX CTEMEHMU.

NPUHAONEXHOCTU Paboune NNCTbI, KapTbl, CTUKEpbI
W3yueHue: http://video.edu.az/video/9045 https://video.edu.az/video/9382

NOACTAHOAPTbI

225::: g I?IH HBIE https.//www.geogebra.org/m/msvursdp
https://www.geogebra.org/m/gp7wpgbx

Mo6yxaeHue Crenenb NosTOpHOE 3HauyeHue
Ha pocke ctpoutca Tabanua, ceasaHHasn C BbIYUCIEHNEM - YMHOKEHNE | Bblpaxehua
cTeneHen. Yuntenb NpUrnallaeT yYeHUKoB K JocKe. Kaxabli 2 2 2
YYEHMK 3aM0/HAET MO OHOW CTPOKE. 3aTeM yumnTeb 2 2:2 4
obpalaeTca K Knaccy: 23 2:2-2 8
— Ecv KBagpat uncna 2 yMHOXMWTb Ha 2, CTENEHb KaKoro 2!
nopAaka noayuntca? A ecam ky6? Kak, 3Has KBagpat v Ky6 2°
ymcnaa 2, MOXKHoO HaiTtu 25 n 28? 26
Mcnonb3yn 3HadeHua B Tabanue, yYyeHMKaM MOXKHO 27

NpeaoXnTb Bblunmcantb 28, 2°, 21°,
LlenecoobpasHo 06cyanTb € KNACCOM Pas/iMuHble CNOCcobbl PeLIeHNs, NPEAONKEHHbIE YUeHUKaMU.

O

Camup Mcnonb3oBaa KBaapaTbl CO CTOPOHOM, PaBHOM eANHULE, YTODbI CNOXKUTD
NPAMOYToNIbHYI0 MO3anKy.
* BHMMaHWe obpallaeTcs Ha PUCYHOK, M 0BCYXKAAeTCs, KaK 3anmMcaTb CTOPOHbI GUrypsl
B BMUAE cTeneHel ymcna 2, ytobbl HalTK ee NaoWwab.
8:4=2-2-2-2-2=2%-22=32
8 4
e N1nA BblpaxkeHWA naowaan Gurypbl Yepes CTENeHM MOMKHO MCMO/Ib30BaTb PasHble 4
cnocobbl.
MOoXHO nokasaTb, YTo 32 = 2°, 3anucas Yncna 4 1 8 Kak Npom3BeeHne OANHAKOBbIX MHOMXKUTENEN.
32=2-2:2-2:2=2°
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m YMHOKeHue cTeneHen ¢ 04UHAKOBbIMU OCHOBAaHUAMM

OTmeuaeTcs, 4TO ANA YNPOLWEHMA 3anucu Wt
BbIYMCNEHNA BbIPAXKEHWN, COAEPIKALLUX CTENEHU,
MCMONb3YIOT CBOVICTBa CTeneHel. NMPU YMHOXEHUN ¢ - " = (a-a ... -a) - (@ - ad . Q) =Q A - -G — @™
cTeneHel ¢ 0AMHaKOBbIM OCHOBaHMEM OCHOBaHMWe 5 S = e
OCTaeTcA TeM e, a MOoKasaTeNM CKaAblBatoTCA. = " o

BbiBOA, GOPMY /bl 418 YMHOMKEHUA ABYX CTENEHEN C OANHAKOBbIM OCHOBAHMEM OBCYXKAAETCA C KNACCOM.

8

[ns 3anucy npousseaeruna a” - a” - a* B Buae cteneHmn umcna a obpallaeTca BHUMaHWe Ha TO, KaK noaydaerca
paBeHCTBO a” -+ a" = a™™. o 3ToMy e npaBway 3anucbiBaeTca W NPOM3BEAEHWe Tpex CTeneHein ¢
OZAMHAKOBbIM OCHOBAHUEM.

32-34-35=(3;3)',(3-3{-3-3)-‘(3-3-3-3-3)=‘3-3-... -3-3J=32+4+5=3“

! I
2 MHOX 4 MHOX 5 MHOX 2+4+5=11 mHOX

am - at amn

3aTtem 3anucbiBaeTcA 6YKBEHH09 Bblpa*keHune, nokasbiBatollee npoussegeHue a” - a” - as Buae cteneHu
4yucna a.

a’ n+m+k

-a’”-ak=l(a-a-... a)*(@a-a-..-a)-(a~a*.."a)=a-a-..-a=a

T J
R m k n+m+k

[Ns KNaccos € TEXHMYECKMMM BO3MOMKHOCTAMM MOXHO UCMOJIb30BaTb MHTEPAKTUBHbIE UIPbI:
https://www.quia.com/rr/180013.html|

6. TpebyeTcA yCTHO CPaBHUTb AaHHbIE BbIPaXKEHUA.

a)5°un 5453 BbipaxeHune 57 nponsseaeHne ceMm MHOKUTeNeN 5, a 5° nponsseaeHune natu
5°n 57 MHOXUTenel 5. CnepgosaTenbHo, 5°< 57

B) (=3)?* (-3)*u (-3)* BbipaxeHue (—3)° oTpuuaTensHoe, a (—3)* nonoxkutenbHoe.
(-3)°un (=3)* CneposaTenbHo, (—3)°< (=3)*

K ceepeHuto yuntena! MNpy yCTHOM CpaBHEHWUM BaXKHO Y4UTbIBaTb HECKOMbKO ClyyaeB. PekomeHayeTca
HaNOMHMWTb UX YYEHMKAM M NPUBECTM NMPUMEPDI.

1) 3Ha4yeHus OaHHbIX 8bIPAMCEHUL UMeom MPOMUBONON0NCHbIEe 3HAKU.

B cnyyae pasnnyHbIX 3HAKOB MOYKHO CPaBHMBATL 6€3 BbIYMCAEHUI, 3HAA, YTO MONOKUTENBHOE YMCNO0 Boblue
2) 3Ha4eHuUa OaHHbIX 8blpaxceHuli uMerom 00UHAKOBbIe 3HAKU.

ObpallaeTca BHUMAHME Ha CTENEeHU C OA4MHAKOBbIMW OCHOBaHWAMM. Ecnn ocHoBaHMe 6osblie efnHULbI,
YUYEHUKN MOTYT OMpeae/inTb, YTO BblpaskeHne ¢ 601blLNM NoKa3aTeNem cTeneHn umeet 6obluee 3HaYeHme.
PekomeHayeTca NpPMBECTU MPUMMEPbI CyYaeB, KOrga OCHOBaHME MeHblie eauHMUbl, U 334aTb yYeHMKam
CPaBHUTbL TaKMe BblpaxKeHUa. MOMKHO COOBWMTL YYEHMKaM, YTO B JafibHeWWem OHW noayyat bonee
nogpobHyo nHdbopmaumio 06 sTom

8. lna Toro ytobbl PpaBeHCTBO 6bINO BEPHbIM, B MYCTble KAETKM 3aMMCbIBAOTCA COOTBETCTBYIOLWME YNCAA.

2222225 5.9 s 03%-0,3° = 0,3:7 (%)4(%%: (%)ﬁ po4=pq"

m [JeneHue creneHei ¢ 0AMHAKOBbIMU OCHOBAaHUAMM

OTMeuvaeTcs, YTO BbIpasKeHUs, codepialume P

YacTHble  cTemeHei  C  OAMHAKOBbIM

OCHOBaHMEM, TaK¥Xe MOMXHO YMpPOCTUTb. St

Mpy AeneHun cTeneHei C OAMHAKOBbIM M. 11 _ ﬁ _faa: d‘:;‘ (“_'::'--- a) _ ”_":!-‘if;_ = " "
OCHOBaHMEeM OCHOBaHMe OCTaeTcsa TemM Xe, a & —_—

nokasarenu BbIUMTALOTCA. YueHuKam

ob6bACHAETCA obLiee NPaBMAO M NOKa3biBalOTCA Npumepbl. BbiBog dopmy/bl ANA AeneHus cTeneHemn c
0AMHAKOBbIM OCHOBaHMEM 06cyXaaeTca ¢ Knaccom. OTmedaeTcs, 4To 3aecb m > n, a # 0.

n
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* O6BACHAETCA, YTO €C/IM NPUMEHWTb 3TO NPABUAO K OTHOLWEHMIO " : @”, To nonyunTca a” : a" = a°. Takxe
OTMEYaeTCs, YTO NOCKOMbKY @” : @" = 1, npuHMmaeTca, 4To a® = 1. 3TO MOMKHO MOACHUTbL M Ha NpUMmepe
nocneaoBaTeNbHOro Ae/IeHNA CTEMEHM YACAA A HA a.

P a*=a-a- al a -
Kaxcdoll cmpoke oKazamenb cmeneHu 6
—»| a’=a-a a |[€— y
rokasamesns cmeneHu L Kaxcdoli cmpoke deaumca
ymeHowaemca Ha 1. a-=a 2 a Haa.
a®=1

[nA KNaccoB € TEXHUYECKMMM BO3MOXHOCTAMM MOXHO MCMOJIb30BaTb BUAEOMATEPUASIbI:
https://video.edu.az/video/9638

K cBepgeHmio yuntena! ViHoraa y4yeHuKM, cumTas, Yto Ntoboe YMCNo B HYy1eBOM

cTeneHun pasHo 1, owmnbouHo aymatoT, uto 0°= 1. BaskHO 06BACHUTL yYEHUKaM, YTO

0° He onpepaeneHo. Ha npuBeaEHHbIX MPUMeEPax MOXKHO NOKa3aTb, YTO MO OAHOM
3aKkoHomepHocTH 0° 4oKHO 6bITb paBHO 1, a No Apyroi pasHo 0. MoCKoNbKY

BO3HMKaeT npoTnsopeumne, cumtaetcs, uto 0° He onpegeneHo.

3TO MOXHO 060CHOBATL U MHaYe. Mo CBOMCTBAM CTEMNEHE MOXKHO 3anmncaTh:

00 = On—n = ﬁ — 9

om0
TaK Kak MoNyYeHHOe BblpaXeHune ABAeTCA Heonpeaen&HHOCTbIO, NoadYépkuaaetcsa, uto 0° He onpeaeneHo.

13.B NyCTble KIETKN 3aNnUCbIBAOTCA COOTBETCTBYOLWME YNUCNA.

a) 7. 78 = 719 87:8% g e) 117: 117k 112; 1122
w Bo3BegeHue cTeneHu B cTeneHb
MHOF,CI,a OCHOBaHUMe CTeneHn Camo ABNAETCA CTeneHbio (@)y'=aq™"

HEeKOTOopOoro 4mcna. B sTom CNy4vae Bblpa*KeHne MOXXHO
i
3anucatb B BUAE CTeNeHn 3TOro Ymcaa. YyeHnkam e
(”m)n R st =gt m L
O6'bFICHF|ETCFI, 4YTO NpPpwn BO3BeaeHUN CTeNeHU B CTeNEHb _—
n
OCHOBaHMe OCTaeTCA TeM XKe, a NOKa3aTen

nepemHo}KatoTca. [N 3aKpenneHuns Tembl NPUBOAATCA NPUMEPbI.

[

Y1o6bl 060CHOBaTb paBeHCTBO ())<= @ obpalyaeTca BHYUMaHMe Ha TO, KaK MONYYaeTcA paBeHCTBO
(@™)" = a™". Ncnonb3ysa 3TO NPaBMO, CHayaa BblpaxKaeTca NOKa3bIBaeTCA A4/1A YUC0BOTO BblPaXKeHUS.
A 3aTem BbipaxeHue ((a”)")" sanucbiBaeTca B BUAE CTeneHu.

2\3\2 — 2 2 22 _ 223 2-3_722-3:2 m\n\k — (M . M . . o\ — mn . mn ., . mn — mnk
((3))_(3.3..3') _'3 ‘.3‘ =3 ((a))—(a ay... a”) =a"-a e am=a
3 MHOX 2 MHOX n k

[N KNaccos ¢ TEXHUYECKMMM BO3MOMKHOCTAMM MOXHO UCMNO/b30BaTb MHTEPAKTUBHbIE UIPbI:
https://www.geogebra.org/m/gp7wpqgbx

17. Y4eHMKaM HaNOMMUHAETCA, YTo NPU AeNeHUM AeNUTeNb He A0/KEH BbiTb PaBEH HY/IO, U BblpaKeHuA
ynpouwatoTca. LlenecoobpasHo CnpocuTb Yy YY4EeHUKOB, KakuMe CBOWMCTBa CTeneHel WMCNo/sib30BasvcCb Mpu
YNPOLLEHUN.

19. YT106bI 3anmcaTb Uncno 22 B BUAE CTEMEHM C 334aHHbIM OCHOBaHMEM, YHEHMKaM HaMOMMHAIOT CBOMCTBA
cTeneHen.

a) 224= (22)12

e) CHayana umncno 64 3anucbiBaeTcsa B BUAE CTeneHn ymcna 2: 64 = 28,

Yucno 2%* 3anucbiBaeTtca B BUAE CTEMEHM € OCHOoBaHuem 2°: 224 = (26)*

K cBegenuio yuntena! B 7 Knacce o4HOM 13 HOBbIX A/1A YYEHUKOB PyBbpUK fBnseTca «Mcnpasb OWKNBKyY!».
YyuTento pekomeHAyeTca HaNoMHWUTb O HeW, CCbiNasach Ha pa3aen «Mo3HaKoMbTECh C YYEOHNKOMY.

Llenb pybprKM — nokasaTb yueHMKam Hanbonee yactble olwmnbKM no Teme. CHauana 3agaHnaA BbINOAHAKOTCA
MHAMBUAYANbHO, 3aTEM NPOBOAMTCA 06CYKAEHME C Knaccom. CneayeT OTMETUTD, YTO B KaXKA0M Npumepe
aTOM PYBPUKKM gonylLeHa onpeaeneHHas owmnbKa.

Wcnpaeb olunbRy!

OwmnbKn onpeaenAarTca, Y4eHUKn O6'bﬂCHF|I’OT, noyemy OHM BO3HUK/IN, N BHOCAT UCNpaBieHUA.
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32.34=324=38 Mpu HaxoxdeHuu npoussedeHus cmerneHell ¢ 0OUHAKOBbIMU OCHOBAHUAMU
32-34=32*4=3%  nokazamenu cmeneHell He NEPEeMHOXAOMCS, d CKAAdbI8aOMCS

54.53= (5 + 5)4+3= 107 [Ipu HaxoxOeHuu npoussedeHus cmerneHel ¢ OOUHAKOBbIMU OCHOBAHUAMU
54.53=54+3 =57 OCHOBQOHUSA He CKNa0bI8aoMCS, 0 OCMAOMCA NPEHHUMU, MOKA3aMEesU e

78752 (7 7)4+5 = 49° cmerneHeli ckaadvbigaromcs.

78,752 76+5_ 79 lMpu HaxoxcOeHuUU npouseedeHus cmerneHell c 00UHAKOBbIMU OCHOBAHUAMU
OCHOBQHUS HE NepeMHOXAOMCS, d OCMAaromcs MPeMcHUMU, MnoKkazamesu e
(6})2=6*2=6° cmerneHeli cKkaadbigaromcs.

(69)2= 6% 2= 6 lMpu so38edeHuUU cmeneHu 8 cmerneHs MoKa3amesu He CKAaoblearomcs, d

nepemMHoxcaromca

22. PewatoTca ypasHeHUA. OTmevaeTca, YTO HeM3BECTHOE He CBA3aHO C OCHOBaHUEM e) x-917.913-9g32

M noKasaTenem creneHw. Mpu pelleHUM TaKUX YPaBHEHWW C WCMOSb30BaHWEM x-930=g32

CBOWCTB HATypa/ibHbIX CTeMeHer ydyawmeca MUCNbITbIBAOT TPYAHOCTU  NpuU x=932:g30

HaXOXXAEHUM HEeU3BECTHOro. YTobbl YCTPaHWUTb 3TWM TPYAHOCTW, PEKOMEHAYeTCs x=92

[aBaTb NPOCTble 334aHUsA, CBA3aHHbIE C HAXOXAEHNEM HEM3BECTHOrO MHOMKMUTENS, x=81

OEenvMmoro n fenutens.

OvddepeHumnposaHHoe obyueHue.

Moddepcka. Ha ctone packnafblBatoTCA KApTOUYKM C BykBamm ‘ ’ ’ ‘

A, B, Cn D. Yunteno 3agaet BONpoOChI: 16 ‘ 425 5. 94 210

— Bo CKOIbKO pa3 umcno A meHblue yucna B? Yemy pasHo 7

npoussegeHue uncen Aun C?

YenybneHue. Ha cTone packnafblBatoTCA KAPTOUKM € BykBamu A, . . . .

B, C 1 D. Yuutenb 3agaet BONPOChHI:

— Bo CKO/IbKO pa3 umcno A meHblie yncna C? Bo cKonbKo pa3s 243 54 6-3% g
/4

Hambosnblwee yncno 6onble HammeHblero? Bo CKONbKoO pas
npoussegeHue uncen A u B menbe D? YTo 6onbwe: A-Cunu B - D?

YYeHMKM 0TBEYAIOT Ha BONPOCHI, 06BbACHAS peLueHne C UCNOoNb30BaHMEM CBOMCTB CTeneHeM.
PeweHue 3aa04
23. MNMoayepKMBaeTCa, YTO U3 Kaxaoi m3 asyx Tpyb B nycToit 6ak 3a ogHy MUHYTY noctynaeT 2* i Boabl.
YuutbiBas, 4to 0be Tpybbl paboTaloT 0g4HOBPEMEHHO, TPEDYETCA HAWTU, CKOIbKO BOAblI HanMBaeTcA B Bak 3a
OZHY MUHYTY 1 33 CKO/IbKO MUHYT 3anN0AHUTCA NycToii 6ak obbemom 213 7.

PeweHue 3a0a4u

* HaxoguTcs, CKONbKO BOAbl NOCTYNUT B 6aK 3a 1 MUHYTY, ecan 06e Tpybbl paboTaloT 04HOBPEMEHHO.
24424=2:2=2Mn2*+2*=16+16=32 (1)

® BbluMCAAETCA, 33 CKOZIbKO MUHYT HaNONHWUTCA NycToi 6ak o6bemom 213 nnuTpos, ecan obe Tpybbl paboTaloT
O HOBPEMEHHO.

213:25 =28 =256 (MuH).

Omeem. 32 1; 256 MUHYT.

25. YyeHunKam gaeTca uHbopmauma 06 obbeme 3aNOMUHAKOLLMX Hard Disk Drives

YCTPOICTB KOMMblOTEPA. am Windows 11 (C:)
O6paluaeTca BHUMaHWE Ha PUCYHOK, TpebyeTca oTBETUTb Ha B S GB free of 512 GB
BOMPOCbI.

MpusneyeHue. B Knacce gaetca MHGOPMALMA O egUHULAX U3MEPEHUA obbemMa NamaTh. [lemoHCTpupyeTca
cxema npeobpasoBaHUA MeXay eaAnHULAMM.

8 :1024  :1024 1024 :1024
R el R e R el R et <
= Kb Mb rb Tb
bur baur - . . .
Kunobair | | merabaur rurabair TepabaiT
-8 -1024 - 1024 - 1024 - 1024

Yuntenb 3agaeT BONpocol:
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— Kak 3anucaTb uncna 8 n 1024 B Buge cteneHei yncna 2? CKonbko 6aiiT B 8 butax? Kak HaliTK, CKONbKOo 6aliT
B 32 KBE? MOHO N1 3anncaTb OTBET B BUAE CTeNeHM uncna 2? Ha KaKyto CTeneHb YMCNa 2 HYXKHO YMHOXUTb
COOTBETCTBYIOLLLEE YNCNO0, YTOBbI NepeBecTM 06bem NamsATH, 3agaHHbIM B merabaiitax, B 6aiTbl??

PeweHue 3a0a4u

e Onpegensercs, CKONbKo 6aT cocTaBaAaeT obwuii o6bem gucka C:

512 ' nepesoanTca B BaiTbl. 512 - 239 = 29 - 230 = 239 (6airT)

OnpepenseTca, CKonbKo 6alT coctaBnseT cBobogHOe MecTo ancka C:

128 I'b nepesoanTca B baiiTbl. 128 - 230 = 27 - 230 = 237 (6aiT)

Omeem. 23° 6aiit; 2% 6aiit

ObcyrdeHue. BbicnyLlIMBAOTCA MHEHME YYEHUKOB, PELLUMBLUME 33434y PasHbIMKU criocobamu.

K cBeaeHuio yuntens! PekomeHayeTca NOBTOPUTb 3HAHWUA yYeHUKOB 0 aucke C. “OcHoBHaA MHPOPMALMA Ha
KOMMNbloTepax 0bblMHO XpaHUTcA Ha aucke C. ITOT AUCK ABAAETCA OCHOBHOW 4YacTbio, F4e PacnosioXKeHa
onepaunoHHaa cuctema (Hanpumep, Windows) u gpyrie nporpammbl. O6bem NamATU KOMMbOTEpPa — TO
ecTb obwuin 06BveEM U KONMYECTBO OCTaBLUErocs cBOHOAHOrO MecTa — MMeeT 60/blloe 3HaYeHe ANA ero
paboTbl.”

Takoe AOMNO/HUTENbHOE OOBACHEHME MOMOMKET YYalLMMCA He TOJIbKO BCMOMHMUTb CBEAEHWS O MaMATU
KOMMbIOTEPA, HO M NlyyLle NOHATb PeLIEeHNe 334a4M C UCNOIb30BaHUEM cTeNeHel. B Kiaccax ¢ TeXHUYECKMMMU
BO3MOYHOCTAMM PEKOMEHAYETCA MNPOAEMOHCTPUPOBATL Ha MNpoekTope uHbopmaunio o aucke C
KomnbloTepa.

dopmaTUBHOE OL,eHUBaHUE

Kputepumn oueHnsaHma Martepuanbl OLLeHUBaHUA
Haxoaut npounssegeHne cTeneHein ¢ 0A4MHAKOBbIM OCHOBAHUEM. Paboune nncTbl, y4ebHUK,
paboyas TeTpagb
HaxoauTt yacTHoe, Nosly4eHHOoe NP AeNeHUU CTeneHem ¢ Paboune nncTbl, y4yebHUK,
OZ\MHAKOBbIM OCHOBAHMEM. paboyas TeTpagb
HaxoauTt 3HauyeHuMe BbipaXKeHWUN, COAEPKALLUX CTEMNEHM. Paboune nnctbl, y4ebHUK,
pabouyas TeTpaab

TEMA 2.3 CteneHb npou3sBegeHus u gpobu
7-1.2.1. BoinonHAET apudmMmeTnyeckme AencTBUA C paLMOHabHbIMU YACAMMU.
7-1.2.2. HaxoauT HaTypanbHyl CTeneHb paLMOHaZIbHOro YMcaa, NPUMEHAET CBOMCTBA
cTenexu.
7-1.2.3. HaxoauT 3HAYE€HNE YNCNOBOrO BblPAXKEHMUA.
* Bo3BOANT Npon3BefeHUe B CTENEHD.
LLE/ZIU OBYYEHUA * HaxoauTt nponseeneHne cTeneHein ¢ OAMHAKOBbIMU NOKa3aTeNS M.
* Bo3BoauT Apobb B cTENEHD.

NPUHAONEXHOCTU Paboune ANCTbI, KapTbl, CTUKEpbI

M3yyeHue: https://video.edu.az/video/9216
3NNEKTPOHHbIE https://video.edu.az/video/9312
PECYPCbI https://video.edu.az/video/9382 https://video.edu.az/video/9385
http://www.math-play.com/exponents-pirate-game/exponents-pirate-game_html5.htm

NOACTAHOAPTbI

NobyxaeHune

Ha gocke cTpoutca Tabauvua, cBA3aHHan ¢ MpoussepeHue MoBTOpPHOE YMHOXEHue 3HayeHue
BblYMCNIEHNEM CTEMEHM MNPOU3BELEHUA. BblpaXKeHusA
Yuntenb npurnawaeT y4eHMKOB K AOCKe. 2t-3 2-3 6
Kaxgblh yYeHWK 3anonHsAeT no OAHOM 22-32 2:2:3:3=2+3:2-3= 36
CTpoOKe. 3aTem yuuTenb obpauwjaerca K (2-3)2=62

Knaccy: 2%-33 2:2-2-3-3-3= 8

— Kakoe 13 BblparKeHn ABNAETCA NOMHbIM 24.32

KBaZpaToM, a Kakoe — MOAHbIM Kybom? 24.34

KaK 3To onpegenuTb, He BblUMCAAS OTBET?
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UccneposaHuezobcymaeHue

TpebyeTcs NoKasaTb, KaK MOXHO ONpenAe/InTb, BO CKOJIbKO pa3 ob6bem Kyba ¢ annHon pebpa 15 cm 6onblue
0b6bemoB KyboB ¢ ganHamum pebep 5 cm mn 3 cm, ncnonblya cteneHb. Ecim annHa pebpa ogHoro Kyba pasHa
b, a gpyroro 2b, yueHnKam npeanaraeTcs HalTU, BO CKOJIbKO pa3 OT/IMYAOTCA UX 06BbEMBI.

YT106bI ONpesennTb, BO CKOMLKO pa3 obbem Kyba ¢ anmHon pebpa 15 cm 6onbwe obbema Kyba ¢ anivHoM
pebpa 5 cm, yUEHMKM MOTYT UCMO/Ib30BaTbh HECKO/IbKO CNOCO60B.
Borvucnsaa ob6vemeol Kyb60os

Vipacn = 15%=3375 Vewn =53=125 Vien = 33=27
3375:125=27 3375:27 =125
3anuceigsaa ob6vemeol Kyb608 6 sude npoussedeHuli MHoxcumernel .
5 .5 5 N 5‘\ :
BN g 5.5-125 B 1518 3.3.3227 = m
333 - 5-5-5 - =

Kaxablit 06bem Kyba BbiparkaeTca B BUAE Kyba Uncia, M COCTaBAETCA BblpaKeHWe 415 HaX0XAeHUs oTBeTa
AeNeHnem.
3anucsieas ob6vembl Kyboe 6 sude cmeneHu

Vipac = 153 (cm?) Veun = 53 (cm3) Vaen= 3% (cm®)

15%:33=125 15%:53=27

YUYeHUKM 0TMeYatoT, YTo 06bem Kyba c gainHol pebpa 15 cm 6onblie obbema Kyba ¢ aganHon pebpa 3 cm B
125 pas, a o6bema Kyba ¢ ganHon pebpa 5 cm — B 27 pas.

® YT106bl HAlTK, BO CKONIbKO pPa3 oT/nyaeTca obbem Kyba ¢ anuHoi pebpa b oT Kyba ¢ gavnHol pebpa 2b,
BbIUMCNAOT 06bEM KaxKaoro Kyba n aensat 6onblinii 06bem Ha MEHbLUWIA.

(2b)*: b*=8b%: b3 =8.

e [1nA yCTaHOBNEHMUA CBA3U MeXAY OTHOWeEHMEM A/MH pebep KyboB 1 OTHOWEHMEM UX OOBEMOB YYEHUKM
CHayYasNa paccMaTpUBatoT M306paKkeHHble Kybbl, a 3aTeM NpUMep, AaHHbIW ¢ BYKBEHHbIMU 0603HaYeHUAMM.
15:3=5 53=125 15:5=3 33=27

2b:bh=2 23=8.
OHW NPUXOAAT K BbIBOAY, YTO OTHOLEHME 06BbeMOB Ky60B paBHO Kyby OTHOLIEHMA AUH UX pebep.

m Bo3ssepeHMe NponsBeaeHUA B CTENEHb

MoayepKunBaeTcs, YTO CTENEHb NPOU3BEAEHUNA ABYX YMCEN pPaBHA MPOU3BEAEHMIO UX CTEMNEHeN), U NpUBoaUTCA
npumep. YTo6bl BLIYUCAWUTL CTENEeHb MPOU3BEAEHMSA, KaXKAOe W3 MHOMWUTE/Nel BO3BOAMTCA B LaHHYIO
cTeneHb, a Pe3ynbTaTbl MEPEMHOMKAOTCA. YUeHUKam OBBACHAETCA, YTO A1A HAXOMKAEHWA Npou3BedeHun
OAMHAKOBbLIX CTeMeHel CHayana MNepPeMHOMKAKTCA OCHOBAHMA, a 3aTem MOo/JyYeHHOe NpousBeneHune

BO3BOAMUTCA B Ty e CTeNeEHb.
(a-by=fa-b)-(a-b)-..-la-by=(a-a-...-a)y-(b-b-.. - P)y=a"-b

n n n
arr - b" - (a . b)n
B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMM MOKHO MCMOJ/1b30BaTh BUAEOMaTepUabl:
https://video.edu.az/video/9358

g.

[ns obocHoBaHUsA paBeHcTBa (a - b - ¢)"=a"- b" " BHUMaHUe 0bpaLLaeTca Ha TO, KaK NOJly4aeTca paBeHCTBO
(a-b)y"=a"-b" Tem e cnocoBOM 3aMMUCbIBAETCA BbIPAXKEHNE AN HAXOKAEHUA CTENEHU NPOM3BEAEHNA TPeX
yucen.

(ab-c)'=(a-b-c)(a-bc) ... (a-b-c)=(a-a-.. a)(b-b-.. b)) (cc .. c)=a""b""

n n n n

B K/1accax ¢ TEXHUHECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTbh MHTEPAKTUBHbIE UMpPbI:
https://www.geogebra.org/m/hmcncrna

4. B nycTble KNeTKM BNUCLIBAKOTCA COOTBETCTBYOLME YMCAa.

4@ 34 = 124 20[3: 43. 53 (-0,3)7-107 = 7 0,55 - 5 =1
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w Bo3BeaeHue gpobu B cTeneHb

OTmeyaeTcs, 4To NpU BO3BEeAEHMM ApPobBM B CTeneHb MCNOMb3yeTcA onpegeneHue cTeneHn U npasuao
YMHOXeHUs apobeit. Mpumep 0b6bACHAETCA yYeHWKam, NpU BO3BeAeHUM APOo6M B CTENeHb YNCAUTENDb U
3HaMeHaTenb BO3BOSATCA B JOaHHyl0 cTemneHb. JTOT Mpouecc ObCy)KAaeTcA C y4eHUKamu. TakxKe
MOKa3bIBaeTCs, YTO BEPHO M 06paTHOe NpaBuo.

(-4 ¢

n n

@ _faY o,

fm=($).6#0

6. MNokasaTenb CcTeneHu 3anucbiBaeTca B BuAe Apobu. OTmevaeTcs, YTo NPM 3TOM MCMO/b3YHOTCA CBOMCTBA
cTeneHei u gpoben.

5.7 _5%7 3 3¢ 3° - -0°¢ _»°
a) V=3 L NEr==2

7. B nycTble KNeTKM BNUCbIBAKOTCA COOTBETCTBYIOLME YNCAA.

8’ _( ]3 ( 6 )5 ok m° _(mfz]f*
247 =3 8] =& 57 -5
88 83 13 3% 35 65 mt  m?3
w ) TG FERreRr e

9. NMpoBoAATCA BbIYNCAEHUA.
512 . 212 512 . 212 68 . 54— 28 . 38 .54 28 . 38 _54—
K)ro—5—=-=T70 =55 = 5°-2%=100 n) == 5
210.58.25 210.58.5 94 (32)4 3
K cBegeHuio yuutens! Ob6yuyeHue yuyawmxca LesecoobpazHoMy M yAOOHOMY MCMONb30BAHWUIO CBOMCTB
cTeneHen o4eHb BaXKHO A5 YCKOPEHUA BbIYUCAEHWUIA U Pa3BUTUA JIOFMYECKOTO MblwAeHUA. MOXHO NpuBecTu

npvmepbl paLMOHaNbHOIO NPUMEHEHUA CBOMCTB cTeneHel. Hanpumep:
2% - 5% =10%*= 10000 28.5%=2%.2%.5%=160000

Ucnpasb owunbkry!

=28.5%=2%.2%.5%=160000

32-52=(3-5)2*2=15* [lpu HaxoxmdeHuu npoussedeHus KBAOPAMO8 Yucen pe3yabmam 803800UMCA
32.52=(3:5)2=152  He 8 cmeneHb, pasHyio cymme noxkazamenell, a 8 Keadpam.

22 7= (2+7p=9°

23792 (2 7= 142 Mpu HaxoxcdeHuu npousdsedeHus Kyboes Yucesn 603800UMCA HE CYMMA

ocHosaHull, a npouszsedeHue — 8 Kyb.

1
2 2
ca)=-a
f f lpu HaxoxcOeHuu K8adpama rpou3eedeHuUs 8bI4UCAAEMC KBAOPAM KA 0020
G a)?= " a? MHoOMcuUmensa
4
(—2p=—= CmeneHb payuoHAAbHO20 YUCAA € MOKa3amesem 4 8ce20a nosa0XuUmMesnbHda.
3 81
(— Gy _a
3 81

DnddepeHumpoBaHHoe obyyeHue.

- 6)2 =(32.2)2 .6)3 =729.133
ModdeprkKa. YuuTenb pasgaeT yyeHUKam pabouve AnCTbI. (3:67=3"2) (4-6)7 =273

YyeHuKmn 06DBACHAIT  NPaBUALHOCTb paBeHCTB m 2332 8 (-12)% _ 64
000CHOBbLIBAlOT, KaKWe CBOWCTBA CTEMEeHeN npu  3TOM 81 9 27
MCMO/1Ib30BaJICh.

YenybneHue. YuuTeno npurnawiaer K LoOCKe ABYyX

L6.9)2 — (32.94)2 .E.6)3=99.1c3
y4eHMKOB. OHN OBBACHAIOT NPaBUIbHOCTb PAaBEHCTB (3:6-8) (3729 (4-5-6)"=27-15

M yKasblBalOT, KakMe  CBOWCTBA  CTeneHel | 23.32.6 _ 51 (-2)%- 0,25 _ )
MCMONb30BaNUCh, a TaKMKe MNOKa3blBaloT, KaKoM 81 "3 4 -
cnocob pelweHua asnsetca bonee yaobHbIM.

PeuieHue 3aaoyd

12. B 3agaye, ocHOBaHHOM Ha urpe Jlanbl 1 Cammupa, TpebyeTcs OTBETUTb HA BOMPOCHI COrNIacHO Npasuaam
nrpbl.
PeweHue 3ada4u
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e Mo NpaBMAam BbIYUCAAETCA, CKOJIbKO MYroBWL, HAXOAMTCS B KneTke (2; 5).
(2+5)?=10%=100.

e OnpenenatoTca KNETKM, B KOTOPbIX Haxoantca 64 nyrosumubl.

Haiitu Takue uncna a n b, utobbl B Knetke (a; b) 6b110 64 nyrosuubl. Mo npasuiam

urpbl (a-b)?>=64—>a-b=8 8 8
3anuncbIBalOTCS KOOPAMHATLI COOTBETCTBYHOWMX KaeTok: (1; 8), (2; 4), (4; 2) n (8; 1) é g
¢ B kneTke (a; b) Koanuectso nyrosuuy, onpegenseTca no popmyne (a - b)? = a? - b2. 5 5
¢ OnpegenseTcs, BO CKOMIbKO pa3 KOJIMYeCTBO NyrosuL, B KneTke (4; 8) 6onblue, 4 4
uem B KneTke (2; 4). g g
(4-8)? 4-8

W = (2 4) =4’=16 1 1

Omeem. KONNYEeCTBO NYroBuL, B KNeTke (4; 8) 6bonblue, yem B KneTke (2; 4), B 16 pas.
B Knaccax C TeXHUWYECKMMWM BO3MOMKHOCTAMM MOMKHO MOKa3aTb Y4YeHUKaM Ob6bACHEeHMEe pelueHus
aHaNOrMYHOM 3a4a4u:

https://video.edu.az/video/13973

dopmaTmMBHOE OLLeHMBaHUe

Kputepum oueHuBaHus Martepuanbl ou,eHMBaHUA
Bo3BoaUT NnpounsseneHne B CTEMNEHD. Paboune nncTbl, y4ebHUK,
pabouyas TeTpaab
Haxogut nponsseneHue cteneHein ¢ 0ANMHaKOBbIMM Paboune nnctbl, y4ebHUK,
nokasaTenamu. pabouvan TeTpasb
Bo3BoauT apobb B CTENEHD. Paboune nncTbl, y4ebHUK,
pabouan TeTpasb

TEMA 2.4. BblunucneHue CI0XKHOro NpoLeHTa

7-1.2.3. HaxoauT 3HaYeHME YNCNOBOTrO BbIPaXKeHMUA.
7-1.2.5. PewaeT npocTble 3a4a4M, CBA3AHHbIE CO CN0XKHbIMU NPOLEHTAMM.
* HaxoguT LLeHy Noc/ie yBe/IMYEHUSA, BbIYMUCASAA CNOXKHbIA NPOLEHT.
LLE/IN OBYYEHUA ® HaxoauT ueHy nocae CKUAKWU, BbIMUCAAS CAOMKHbIM NMPOLEHT.
e PelaeT 3a4a4m, CBA3aHHbIE C BbIYUCNEHMEM C/IOKHOTO NPOLEHTa.

NPUHAONEXHOCTU Paboune NNCTbI, KapTbl, CTUKEpbI

M3yueHwne: https://video.edu.az/video/1254

9NEKTPOHHbIE https://www.geogebra.org/m/cfxyfwhg

PECYPCbI https://youtu.be/jTW777ENc3c https://youtu.be/INK95khKvSk
http://www.slidermath.com/wjava/Interest.shtml|

NOACTAHOAPTbI

MNobyxaeHune

YuuTtenb npurnallaeT K 4OCKe ABYyX y4eHUKOB. O4HOMY 13 YYEHMKOB NOpyYaeTca yBenmdunTb 4ucno Ha 10%, a
3aTem MNosyYeHHOe yYncao elwé pas yseanunTtb Ha 10%; apyromy — yBenunuuTb 4mcno asa pasa no 10%.
MonyyeHHble pe3ynbTaTbl 06CyKaatoTCA.

KAneHT xo4eT nonoxutb B 6aHK 10 000 maHaT Ha cpok 2 roga. baHK npeanaraer Asa BapuaHTa.

1. Exce200Hbili npupocm cocmasnsem 10% om nep8oHa4asnbHol Ccymmeol ﬁ — a
8Knada.

2. Excez200HbIl npupocm cocmasasem 10% om cymmebl, Haxodawelica Ha
cyeme 8 KOHye npedobldyuw,e2o 200a.

e TpebyeTcsa onpeaennTb, KAKOW BapMaHT NPUHECET KAMEHTY bonblunit Aoxog,
yepes [ABa rofa, M CKONMbKO AeHer ByaeT Ha ero cyeTy B 3TOM C/aydae.
[oxopn, No KaxaoMy BapuaHTy paccymTbiBaeTcA 3a 2 roaa.

Doxopa 1rop 2 ropa Utoro
1. 10000 - 0,1 =1000 10000 - 0,1 =1000 1000 + 1000 = 2000
2. 10000 - 0,1 =1000 11000-0,1=1100 1000 + 1100 = 2100

Ecnv KnueHT BbibepeT BTOPOI BapuaHT, ero [0X04 3a fBa roga byaert 6osbLue.
e [TpK 3TOM Ha cyeTy KAneHTa byaer:
1. 10000 + 2000 = 12000
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2.10000 + 2100 =12100

m BbluMcneHue cnoKHoOro npoueHTa

Ecnv cymma BKNaga, NOMOMKEHHOTo B BaHK, B KOHLLE KaXXAOro roga yBe/MYMBAETCA Ha onpeaeneHHbli
MPOUEHT, HAaYMCNAEeMbI/i Ha CYyMMy B KOHLe Npeablaywero roga, To B 3TOM C/ly4yae UCNONb3yeTca pacyer
CNOXKHbIX NPOLEHTOB. TO ecTb BO BTOPOW rof, NPOLEHTbI HAYUCAAIOTCA Ha HOBYIO CYMMY, 06pa3oBaBLUytocs B
KOHL,e NepBoro rosa, a B TPETUIA rog, — Ha OCHOBE CYMMbl, MOYYEHHOMN B KOHUE BToporo roga. Cnocobbi
pelueHns NpUBeAEHHOro Npumepa o6CysKAaTCA C KNACCoM.

[oia CymMa geHer Ha cyety Mpupocrt CymMMa peHer Ha cyety B
A B Hauane roga (h) (rh) KOHUe roga (M)
1 10% or 2000 = 2000-10._ 500 | 2000 + 200 = 2200
2 2200 10% or 2200 w 220010 _ 559 2200 + 220 = 2420
3 10% ot 2420 == %: 2420 + 242 = 2662
1-viroa. 2000- 1,1 = 2200 (rh)
2-irog, (2000-1,1)-1,1 =2000- 1,17 = 2420 ()
3-iroa. (2000- 1,13 -1,1 = 2000 - 1,17 = 2662 (h)

YyeHWKam OOBACHAETCA, KaK C MOMOLLbIO Ka/bKyNATOpa pellaTb NPUMepbl Ha  Bupaxewe 2000 - 1,1°
V) MOMHO BLIMWCAUTE C NOMO-
BblYMC/NEHNE CNOMHOTO MPOLEHTa C WUCMO/b30BaHMeM cTeneHen. MPUBOAATCA o wayunoro ranskyns-
HECKO/IbKO NPUMEPOB. B Knaccax C TEXHUYECKMMM BO3MOMKHOCTAMM, MOMKHO — TOP3 Haxnman Ha kHonky 8 |SEeeg
o 3TOM NOCNEA0BATENLHOLTH.

MCMONb30BaThb BMAEOMATEPUANbI U OHNAMH-KaNbKYAATOPbI:

https://video.edu.az/video/1254 https://www.geogebra.org/m/txsfesp7 e (0l L) o) 68 80 0S5 BE i B2
w J¥3anomu

OTMmeuaeTcs, 4To B OT/IMUME OT NPOCTOro NPOLIEHTa, C/IOXHbIN NPOLEHT M3MEHAETCA Kaxablit rog. Ans
YUYEHMKOB PEKOMEH/YETCA NMOKa3aTh COOTBETCTBYIOLLME NPUMEPSI.

B Knaccax ¢ TeXHMYECKMMM BO3MOMXKHOCTAMM MOMKHO MCMO/1b30BaTh BUAEOMaTEpUabl:
https://youtu.be/79HS3N1IBt8 https://youtu.be/qX5eHjovaQll

2. B ropoge ¢ HaceneHvem 2 000 000 4enoBeEK KaxKAblil rof, YUNCIO XKuTenen ysennymsaeTtcs Ha 3% no
CpaBHEHMIO C NpeablayLmnm rogom. TpebyeTcs BbIMCINTD, CKOIbKO Ye/I0BEK DyZET B ropoe Yepes Tpu roga.
C nomMoLIbIO CTeneHel BbIYMCAAETCA YMCNEHHOCTb yepe3 3 roga. 2 000 000 - 1,03 = 2 185 454.
BbICNYLIMBAIOTCA MHEHWA YYEHUKOB, PELLMBLUMX Pa3HbIMM cnocobamu.

) e
OTMeYaeTca, YTO MHOTAA BENMUYMHA EXETO4HO YMEHbLIAETCA Ha onpeAe/eHHbIi MPOLEHT OT NpeablayLLero

3Ha4YeHUA, " HOBaA BEIMYNHA TaKXKe BbIMUCNIAETCA NO C/IOXKHOMY NMPOLEHTY. O6CV)K,£I,BETCF| peweHne npumepa
pa3HbIMK cnocobamm.

Fona Lexa aetomobuna YMmeHbLlueHWe Llena asTomMoBuna B
B Hauane roga (rh) () KoHUe roga (M)
1 30 000 10% or 30 000 = 3099010 _ 3000 | 30 000 - 3000 = 27 000
2 27 000 10% or 27 000 = 2199010 _ 5700 | 27 000 - 2700 = 24 300
3 24 300 10% ot 24 300 w 2230010 _ 5430 |24 300- 2430 = 21870

1-A rog. 30000 -0,9 = 27 000 (rh)

2-iroa. (30000-0,9)-0,9 =30000- 0,92 =24 300 ()

3-ii roa. (30 000-0,9%) 0,9 = 30 000 - 0,9%= 21 870 (rh)

DeAarenbHocTb. CUMynaLNS feHeXKHOro obopoTa

OnpepaenATca NPOLUEHTHbIE CTaBKM NO BKNaAam u Kpeautam. Cpeam y4eHUKOB pacnpenenatoTca ponu:
«0eno3nT», KKPeaUTonoay4aTeNb» U « PUHAHCOBDIA KOHTPONEP», UM AAIOTCA UHCTPYKLUN.

K gocke npurnawatoTca 3 yYyeHMKa M Ha3HaAYaloTCA Ha COOTBETCTBYIOLLME PON. 3aTeM yunTenb npeanaraert
APYTMM YYEHMKAM PO/b «KMEHTOB» U NPUrAALIaEeT UX HabatoaaTb M y4acTBOBaTb B npouecce. YUeHnKam
BbIAAOTCA pecypcbl (KapTOUKK, danblumBble EHBIV U T.0.).
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denosut Kpeaut | PUH. KOHTPOSIEP

m m m g g
m™m

Yunteno o6bACHAET NpasBuna:

KNAMeHT noaxoamT K cToNly Aeno3nToB M COOBLLAEeT, YTO BHOCUT B BaHK onpeaeneHHylo cymmy. YUeHUK 3a

CTO/IOM A,€eMn03UTOB NPUHMMAET AEMN03UT U PACCUUTLIBAET A0X0A, NO NpoLeHTaM. [lpyron KAMEeHT NoaxoauT K

CTONY KPEAWUTOB U MPOCUT KpeauT ANA NpeanpuHUMATENbCKUX Lenelt. YUEeHUK 3a CTOJIOM KpeauToB BblaaeT

COOTBETCTBYIOLLYIO CYMMY M paccyMTbiBaeT 06LLy0 CyMMy BO3BpaTa C NpoLeHTamun. PrHaHCOBbIM KOHTponep

nposepseT oba pacyeTa U NOATBEPKAAET NPABUALHOCTb UM AENAET UCIPABAEHUS.

Yuntenb obpaltaerca K Knaccy:

— Ecnv BKAagumk nonoxun 200 maHaT nog 10% roaosbix, Kakon byaeT ero Aoxog, B KOHLe roaa?

KnuneHt 6epet Kpegmt B pasmepe 1000 maHaT nog 15% rogosbix. KakoBa byaeT ero obuwan 3a40/1KeHHOCTb

6aHKy?

MpoBepb pacueT Ha cTone aeno3untos: 500 maHaT, 12%. BepeH nn pacyeT npoueHToB? Novemy?

Ecnv fenosuT u KpeauT paccunTbIBAOTCA HE eXKEro4HO, a Kaxapbli rog ¢ ydyetom 10% oT npesblayiero

roga, Kak MOXXHO HaliTK oTBeTbI?

OTBeTbl Ha BOMPOCHI 06CYKAQIOTCA C KAACCOM.

PelleHue 3aaa4

5. B onpeneneHHom cpene KOMYECTBO MUKPOOPraHU3MOB

yBenMuMBaeTca Kaxablil yac Ha 10% no cpaBHeHwMto €

npeablaywmm. TpebyeTcs BbIMMCAUTL, CKONBbKO byaeT

MMWKPOOPraHM3MOB Yepes TPU Yaca, ec/iv U3HAYaNbHO UX

6b1710 100000. N5 3TOrO YYEHMKM NOOYEPEAHO BbIYMCAAIOT

Konuyectso Yepes 1 yac, 2 yaca 1 3 yaca.

100000 - 1,13 = 133100

Omeem. Yepes Tpun Yaca KOIM4eCTBO MUKPOOpraHmM3mos coctasmut 133100.

ObcyxdeHue. BbICNyLIMBAKOTCA MHEHMA YYEHUKOB, PELUMBLLMX 33434y pa3HbIMKU cCnocobamm.

8. B 3agay4e roBopuTcA, YTO B MarasmHe npogatotca oboun tTunos A u B.

3anucbiBaeTCcA KpaTKoe ycioBue 3a4a4u.

O6ou TMna A: O6owu T1na B:
LeHa 3a 1 pys1oH — KaxKabli MecsL, Ha LleHa 3a 1 pynoH — KaxKabli mecsL, Ha
20% poporke npeablayLiero. 20% popoke npeaplayLiero.
LeHa yepes3 aBa mecAaua — 144 maH. LleHa yepes aBa mecAua — 168 maHaTa
PeweHue 3a0a4u
e OnpepenaeTca, Kakaa U3 UCXOLHbIX LIEH BbILLe.
MycTb HaYanbHaA LeHa O4HOro py/noHa oboes MycTb HayanbHaA LeHa oAHOro pynoHa oboes
TMNa A paBHa x. T1na B paBHa y.
x-1,22=144 y-1,4=168
x=144:1,44 y=168:1,4
x =100 y =120

Omeem. HavyanbHas ueHa oboes Tnna B 6onbLue.
dopmaTMBHOE OLEeHUBaHUNE

Kputepuu oueHnBaHua Martepuanbl oLeHUBaHUA

Haxo4uT ueHy nocne yBennyeHus, BbIMUCAASA CAOMKHbIA NPOLLEHT. Paboumne nnCTbl, y4ebHUK,
paboyan TeTpagb

Haxo4uT ueHy nocne CKUAKM, BbIYUCAAA CNOMKHbIN MPOLLEHT. Pabouune AncTbl, y4ebHUK,

paboyan TeTpagb
PelaeT 3a4,aum, CBA3aHHbIE C BbIYNCIEHUEM C/IOKHOTO NPOUEHTA. | Paboune NnCTbl, y4ebHHUK,
paboyan TeTpagb
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OBOBLAIOLUNA YPOK

MNobyxaeHune

MoHATUA, nNpuWBeAeHHble B 3aKNOYEHUU pasfena ydyebHWKa, MNOBTOPANTCA C YYEHUKaMW. Yuutenb
HaNOMMHAET yYeHWKaM C/0Ba, M3yYeHHble Mo pasgeny. Korga Kaaoe noHATUE NMPOM3HOCKUTCA, YYEHWKM
06BACHAIOT ero coaeprKaHune U NPUBOAAT NPUMEPHI.

PayuoHasbHoe Yucao 8 cmerneHu, 0OCHOBAHUE cMereHu, NoKasamesns cmerneHu, npoussedeHue cmenexed,
yacmHoe cmeneHel, cmerneHb cmerneHu, cmerneHb npou3sedeHus, cmerneHb 0pobu, c/I0M#HbIU NpoyeHm

Ha nepBoli cTpaHuLe pas3gena BCNOMMHAETCA MHOOPMaLMA O 3HAYEHUWN HATYpPaNbHbIX CTeneHel, coepax nx
npuMeHeHUsa M 3afdaHve «[MonbiTaTecb!». ObpallaeTcas BHMMaHWE Ha TO, KaK B PeLIeHUMM 3ajaHus
MCNo/Ib30BaINCh HATypasibHble CTeneHU. PelleHne UCXO4HOM 3aaaun
06CyXAaeTCA C KAaccom.

MpaKTUueckoe 3agaHue
Knacc genutca Ha rpynnbl. Kaxaoi rpynne BblAatoTca HECKO/IbKO
CTPOK 13 paboyero nucTa. YumTesib MOXKET NOAroTOBUTh
[AOMNOJ/IHUTE/IbHbIE aHANOTMYHbIE 3a4aHNA. YUEHNKM OTMEYaIoT B
CBOMX Paboumx INCTaX BblPasKEHUSA, 3HaUEHMA KOTOPbIX PaBHbI B
KaxKaoi cTpoke. Ipynna, BbINOAHMBLIAA 3aaaHue bbicTpee
npasunbHee, obbaAsnaeTca nobeautenem.
Paboumnit NMCT MOXKHO CKayaTb MO CCbl/IKe:
https://drive.google.com/file/d/1BMA4EGiTYPh7foBhOKo 02znaQIB9Swef/view?usp=sharing
PELLIEHWUE 3AAAHUI
5. BbluMCAAIOTCA CTENEHW, YMCNA YTOPALOHMBAIOTCA.
a) B nopsaxke sospacraHua: —0,42=-0,16; 0,4; (—0,4)> = 0,16; —0,4
CHauana oTpuuaTesibHble YACa, 3aTEM NOJIOKUTE/IbHbIE YNOPAA0UYMBAIOTCA B MOPAAKE BO3PacTaHMA.
-0,4;-0,16;0,16; 0,4 — —0,4; —0,4%; (-0,4)% 0,4.
6. Onpenenaerca, KaKUM M3 JaHHbIX YUCE MOXKET BbITb OCHOBaHME cTeneHn. HaxoanTca COOTBETCTBYHOLLMIA
noKasaTe/ib CTENEHMU.

: : 1 1 1 1

5) : Ll : (—)2=: (—;)3=§ (;)S=—

= = Al 2
-4 - 32 (_i)zzl
2 4

oo|=

OcHoBaHue cTeneHu: 17 »-17

MHoraa ydyeHWKM He o6pallaloT BHUMAHWA Ha TO, YTO OCHOBaHWe CTeMeHW 3anucaHo B CKOBKax, U B
pe3y/nbTaTe HEMpaBWIbHO BbIYUCAAIOT cTeneHb. LlenecoobpasHo, YTobbl yYEHWKM BbIMOMHAAWM 33aJaHue
CaMOCTOATENbHO, @ yuYUTeNb Haboaan 3a UX AeMCTBUAMM U OpraHM30BbIBaN paboTy Ha oWwnbKamu.

9. B nycTble KNETKU NOACTaBAAIOTCA COOTBETCTBYIOLME YNCAA. PEKOMEHAYETCA CNPOCUTD Y YHEHWUKOB, KaKMMK

CBOMCTBaMM CTeneHen OHU N0Nb30BaIUCh npu aTOM.
032=03 3Fp=3 (-025-10=F 12°0=125 128122 (L. sy = e

14. Yucno 2% 3anucbiBaeTca B BUAE CTENEHWN AAaHHOMO BblpaXKeHUs.

a) 260 = (23)20

6) Yncno 16 3anucbiBaeTca Kak CTeneHb Yucna 2, 3aTeM HaxoAuTca cTeneHb cteneHn. 163 = (24)3 = 212,
OnpepgenseTcs, Kakol cTeneHbio uncna 22 asnaetca uncno 290, 260 = (212)5 — 260 = (163)°

17. BbluMcnseTca 3HaYeHNe BblPaXKeHWU.

e) (-4)+16: (—15)? - (-5)=-19

1) (-4)*= -64 4)16: (- -P=16:—=9
2)(-12p=2  5)9-(-5)7=225
3) (-5)=25 6)—64 + + 225 =161
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K cBegeHnuto yuutena! MNpu BbINONHEHUM BbIMUC/AEHUI CO CTEMEHSAMM, COLEPKAWMMMU PaALMOHANbHbIE
BbIpaXKeHWA, YYeHNKM UCMbITbIBAIOT TPYAHOCTU B ONpeaeneHnm nopsaaKa aencteunit. LienecoobpasHo BbiaBUTb
TaKMX YYEHMKOB 1 NMOBTOPMTb C HUMM COOTBETCTBYIOLLME NPaBKUIa, OpraHnM3oBas PaboTy Hag, OWMBKamu.

21. Kocmunyeckuii Kopabab BbIBOAUTCS Ha OKOJI03EMHYIO OPOUTY pakeTom, ABUKYLLENCS C
nepBoi KocMuyecKol ckopocTbio (8 - 103 m/c).

e BbluMciAeTcAa, BO CKOJIbKO pa3 cKopocTb ceeta (3 - 10% m/c) 6osbwe nepsoit
KOCMMYECKOI CKOPOCTHU.

3-108
8-103
® BbluMcnaeTcs, 32 CKONbKO MUHYT pPaKeTa, ABMMKYLLAACSA C NepPBON KOCMMYECKOM CKOPOCTbIO, NpeoaosieeT

=37500

MyTb, KOTOPbIN CBET NPOXoAMT 3a 10 ceKyHa,
3-108-10
8-103
Omeem. B 37500 pa3 6onblue; 6250 MUHYT

=375000 (c) = 6250 (MuH)

22. B 3agaye npuBoautca MHGopmauma o npeanoxeHnax 6aHkos A 1 B, cBA3aHHbIX C AeN03UTOB.
TpebyeTcs onpeaennTb, B KaKOM 6aHKe KANEHT, BNOXKMBLUMIA NepBoHaYanbHo 20000 maHaT Ha ABa roaa,
noay4uT 6onbLIN Aoxoa,.

KpaTKoe ycnoBue 3agaum 3anucbiBaeTcs.

BaHk A: Kaxabiit rog npupocT coctasnsiet 12,5% oT nepBoHayasibHOM CyMMbl
BaHK B: Kaxapli rog npupocT coctaBaseT 12% oT CyMmMbl Ha KOHeL, NpeablayLero roaa.

PeweHue 3a0ayu
BbluncnaeTca AoOXo4 KAMeHTa B Kaxkaom baHKe 3a ABa roaa.

BbaHK A: baHkK B:
20000 + 20000 - 0,125 - 2 = 25000 (maH) 20000 - 1,12% = 25088 (maH)

MonyyeHHble pe3ynbTaTbl cpaBHmBatoTca. 25000 < 25088.
Omeem. KnneHT 3a 2 roga nony4uuT 6onbinii goxos B 6aHKe B.
ObcymcoeHue. OBCyKAAOTCA MHEHUA YYEHMKOB, PELUMBLLMX 33434y PasHbIMKU crnocobamu.

S

2. Ha ocHoBe 3aKOHOMepPHOCTU TpebyeTca YCTHO onpeaennTb NOCNeAHIon UMbPY 3HAYEHMA BbIPArKEHWUN.
a) OnpepensaeTca, YTO CTENEHM YMCAA 4 C HEYETHbIM MOKa3aTeleM OKaHYMBaKTCA Ha 4, a C YeTHbIM — Ha 6.
4t=4 43=64 47 = 4

42=16 4*=256

TaK Kak 17 HeueTHOe uncno, nocneaHasa undpa uncna 4" pasHa 4.

6) B BbipaxkeHnun 4™ + 45 HaxoanTca nocneaHAsa uMdpa Kax4oro ciaraemoro 1 3aTem CyMmupyercs

18 yeTHoe uncno. 4= ...6 15 HeueTHoe uncno. 4= ...4 CneposatenbHo, 4% + 4= _.6+..4=..0
MocnegHns undpa sbipaskeHus 4'8 + 4" pasHa 0.

8) MocnegHioo LMdpPy BbipaxKeHUsa 225 MOXKHO HalNTK pa3HbIMK cnocobamu.

1-i cnocob. YTo6bl NCN0Nb30BaTb 3aKOHOMEPHOCTb, CBA3AHHYIO C NocaeaAHUMU Lundpamm cteneHen uncna 4,
3anucbiBaeTca 22° = 412- 2, Tak Kak nocnegHasa undpa 4'2 pasHa 6, To nocnegHaAs uudpa 3TOro BbipaxKeHns
pasHa 6-2 =12, To ecTb 2.

2%=2%.2 =(29)2-2=42.2=.6-2= ..2

2-{i cnoco6. OnpeaenaeTca 3aKOHOMEPHOCTb ANA CTeneHen uncna 2. BoiacHaeTca, uto 71— 25=32

B BblpaXeHUAX, rae nocneaHue LI,I/Id)pr NOBTOPAOTCA, Pa3HULA MeXay 22=4 26-64
noKasaTtensamu cteneHen paBHa 4, MCI'IOI'Ib3yF| 3TO CBOWCTBO CTEHEHeﬁ, HaxoaunTca 23=3 27 =128
nocneaHAA LI,Md)pa. 24 =16 28 =256
22=(2°)=..2°=.2 25= (25 (252 = .23 .22 = .2
i e e
wl W22 .8 .4
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3-0 cnocob. TaK Kak OCHOBaHMWe CTENEHU PaBHO 2, 3aNUCbIBalOTCA nocnegHue umdpbl cteneHel ymcna 2.: 2,
4,8,6,2,4,8, ..

OnpepennaeTca, Yepes CKONbKO Waros (4) nosTopsertca umdpa 2.

MokasaTtenb cTeneHu genutca Ha 4, 6epeTcs ocTaTok. 25 : 4 = 6 (ocTaTok 1).

BbluncnaeTtca nepsas cteneHb uncna 2: 2' = 2.

CneposatenibHo, nocnegHas undpa sbipaxkeHus 25 pasHa 2.

K cBeaeHuto yuutena! OgmH 13 cnocobos bbicTpee onpeaenvTb NnocnegHiow uudpy cTeneHn ynmcna
3aK/1I04AETCA B BbIABNEHUM NOBTOPAIOLLENACA NOCNAEA0BATENBHOCTU NOCAEAHMX UMDP COOTBETCTBYHOLLMUX
cTeneHen. 3TOT METOA OCHOBAH Ha NPUHLMNE NOBTOPEHUA NociefHUX LMdp cTeneHel B onpeaeneHHOM
nopsaaKe; Nocne HaxXoXAeHWA AANHbI UMKNA BbibMpaeTcs undpa, COOTBETCTBYHOLLLAS MONOKEHUIO
nokasaTtena CTeNeHu B 3TOM LiMKNe.

YYeHMKam MOXKHO NOPYYUTb NPOBECTM BbIYUCAEHUA ANA OCHOBAHWUM cTeneHen oT 2 ao 10 n npeacTaButb
pe3yabTaThbl B Tabauue.

OcHoBaHMe cTeneHu

LIMKN noBTOpPEHUA NocAeaHMX

OnviHa ymkna

unedp
2 2,4,8,6,2, .. 4
3 3,9,7,1,3, .. 4
4 4,6,4, .. 2

3. Ecau p > 1, TpebyeTca pacnonioxuTb JaHHble BblpasKeHWA B NOpAAKe BO3pacTaHuMA.
2 £ 2
> p - 5 p
Bepetca uncno, 6onbluee 1, BLIMMCAAIOTCA 3HAYEHUA BbIPAXKEHMI, UNCAa OTMEYAIOTCA Ha YMCNOBOW NPAMONA
W pacrnonaraloTcs B NOpAAKe BO3pacTaHus. p = 2
2 4
3
-4 -3 -2 -1 0 1

B pe3ynbtaTte 0606LLEHNA MOXKHO OTMETUTD:

5]

P2, -p, % p. P

v

Il Ap L
2

Rl S

v HatypanbHasa cteneHb yncna (p?) 6oablue camoro yncaa (p), NO3TOMy UX NPOTUBOMNONOXHbIE 3HaYeHUA (—
p 1 —p?) pacnonaratoTcd CUMMETPUYHO OTHOCUTENBHO HY/A.

v' Ecnu pa3fenutb NONOXKUTENbHOE YMCAO Ha 3, NONYYUTCA MEHbLLEE NOAOMKUTENbHOE YMCAO.

4. Ha pucyHKe M306parkeHbl ABa MPAMOYro/ibHUKA. TpebyeTca cpaBHUTb

naoWwaamn KpacHoM 1 CUHEN YacTen. 8 cm

Karkaas yactb 0603HavaeTcs.

Mnowaab cuHen yactm — S

Mnowaap 3eneHom yactm — .S,

Mnowaab KpacHom Yactm — S3

[NA HaxoX4eHuaA Naowazein CMHen U KpacHOW YacTel 3anMCcbiBatoTCA BbIPasKeHUs.

Mnowaap cuHel yacTn: S1=6-8-95,=48-35,

Mnowaab KpacHoM Yactn: S3=4-12-5,=48-35,

TaK KaK npaBble 4acTy paBeHCTBa paBHbI, TO paBHbl 1 neBble. CneaosaTtenbHo, S1 = Ss.

Omeem. MNnowanun cCMHe 1 KpacHOW YacTei paBHbI.

5. B nnemeHu Kaxablii yenoBek AMbo Bceraa MXKET, 1Mbo Bcerga rosopuT Nnpasay.

MyTelwecTBEHHUK BCTPETUA ABYX XuUTenen nnemeHu. TpebyeTca onpenenuTs,

roOBOPMUT 1M OTBEYAIOLLMIM NPaBAY AN MKET. PaccmaTpuBalroTca ABa Cyyasn:

1) oTBEYalOWMI — NXKel,; 2) OTBEYAtOLWMIA FOBOPUT NpaBay. _4

CHavana obbacHAeTcA BbicKasbiBaHMWe: «[10 KpallHel mepe OAMH U3 Hac JKeu».

9To 03HauvaerT, uYto Mbo oAMH 13 Hac, IMbo 0ba — xKelbl.

1) MpeAnonoXum, YTo roBOPALLUA NKET, Toraa BbiCKasbiBaHWe «[o KpailHeil mepe OAMH U3 HAc JIKeu»

NIOXKHO. JTO O3HauyaeT, YTo oba roBopAT npaBay. Ho 3TO HEBO3MOXKHO, TaK Kak MO MpeanonoXeHUIo

ropopsawmii — kel CnegoBaTtenibHO, 1-11 Cly4a HEBO3MOMKEH.

iy
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2) MpennofoXnm, YTo OTBEYAKOLLMIA TOBOPUT NpaBay, TOr4a BbiCKasbiBaHWe «[1o KpaliHeli Mmepe oAuH 13 Hac
JUKET» WCTUHHO. 3HAuuMT, rOBOPALWMA roBOpPUT npasay. Mo ycnoBuo XoTA 6bl OOUH M3 HUX JIKET,
CNef0BaTeNbHO, OPYION KUTENb — JIXKEeLL,.

Takum 06pasom, BOSMOKEH TONbKO 2-1 Cy4al.

OTBeT: 3TOT Ye/I0BEK FOBOPUT NPaBAy.

SEEAM

" MY3bIKA U MATEMATUKA: KAMEPTOH

OTmeyaercs, YTo A8 HACTPOMKM My3blKa/lbHbIX MHCTPYMEHTOB, B TOM
yucne ¢opTeENMaHo, MCNOAb3YeTcA KamepToH. [ogyepKuBaeTca, 4To ((“U,m
KamMepTOH — 3TO YCTPOMCTBO, M3Aatolee 3ByK onpeaesneHHON BbICOTbI

TOYHO M uucto. [Mpu vygmape no pgBysybyaTomy YCTPOWCTBY, I'I IIIII
HaNOMMHAIOLLEMY AJIMHHYIO BUAKY, CAbILIMTCA 3BYK € YyacToTol 55 - 23 | ascloeroa

repu, YTo COOTBETCTBYET HOTE «/1f» MepBOoi OKTaBbl Ha dopTenmaHo.
1. Echv yacTtoTa 04HOM M TOM }Ke HOTbI B KaXKAoM cieaylollell OKTaBe B ABa pasa Bbille, YeM B NpeablayLuen,
TO BbIYMCAAETCA YAacTOTa HOTbI «N1A» B NATOW OKTaBe.

1-a oKkTaBa 3BYK “nA”: 55-23repy

2-A OKTaBa 3BYK “nAa”: 55-23-2=55-2%(repu)
3-A OKTaBa 3BYK “na”: 55-2%-2=55-25(repy)
4-A OKTaBa 3BYK “nA”: 55-25-2=55-2°(repw)
5-1 oKTaBa 3BYyK “na”: 55:2%-2=55-27 (repu)

2. YacToTa, COOTBETCTBYIOLLAA KAXKAO0M KNaBuLLe Cnpaea, NpMMepHO Ha 5,95% Bblille 4acToTbl KNaBuMLLKM CneBa.
Moa neeoWt Knaeuwei nogpasymeBaerca NOAYTOH. Hanpumep, B 1-i1 OKTaBe HOTa «CU» HaxoauTcs Ha 2
NONYTOHA BbILLE HOTbI «/1A», @ HOTa «40» — Ha 3 MOAYTOHA HMXKe. Ha OCHOBE 3TOro 3anuncbiBaeTcs BbiparkeHue
AN HAXOXKAEHMUA YACTOT HOT KCU» U «40».

1-A oKTaBa 3ByK “cu”: 55-23-1,05952 M 7 niilil

1-7 oKkTaBa 3ByK “g0”: 55 -23:1,05953 ! ! I ! ! ! ! I
A!B_C D FIG A

N

E|

SEEN s"f NS
MOXHO BOCNPOM3BECTM COOTBETCTBYIOLLME 3BYKW HA BUPTYaibHOM dopTennaHo. YYeHUKN MOTyT BbINONHUTb
3afaHue, nepengs No ccbliKe, yKasaHHOM B yYebHUKe. TaKKe MOXKHO BOCMO/1b30BATLCA YNPAXKHEHUAMM MO
urpe Ha dopTenmnaHo, NpPeLCcTaBAEHHbIMU Ha CaliTe:
https.//www.musicca.com/exercises/notes
3. YUEHMKN ncCcneaytoT, Kakne maTemMaTUyeckne 3aKOHOMEPHOCTM MOXKHO MOKasaTb B My3blKe, WU roToBAT
NPe3eHTaLMIo 0 CBA3N MaTEMATUKM U My3blKW. PEKOMeHAYeTCA AaTb YYEHMKAM HECKO/IbKO CCbINIOK, KOTOPbIEe
OHM MOTYT UCMO/Ib30BaTb NPWU NOATOTOBKE NPE3eHTaLLUN.
MOXHO NPMBECTM HEKOTOPbIE CBEAEHWUA O B3aMMOCBA3W MY3blKM M MaTeMATUKK. YTOBbI AOHECTU MaTEMATUKY
[0 obLecTBa, UCMONb30BaNCA YHUBEPCA/IbHbIM A3bIK My3blkM. C Tex BpemMeH, Korga Mudarop npumeHsn
YMCNoBble TEPMUHBI AN1A BblPAXKEHUA UHTEPBANOB MEXKAY HOTAMMU U My3blKaZibHbIX TOHOB, NONYYEHHbIX U3
reoMeTpUYECKUX Y30PpOB, MaTeMATMKM CTaZM CBA3bIBAaTb My3blKy C uncnamu. B 2010 rogy Ha exeroaHoM
KoHpepeHuun SIAM (O6WecTBO MPOMbBIWAEHHON M MPUKAAAHOW MaTeMaTuKu) TUMOYKO WMCMOJIb30Ban
rpadvKy u 3ByK, YTOObI NOKa3aTb CBA3b MAaTEMATMKM C My3biKol LLloneHa, MouapTa 1 LWybepTa.
https://youtu.be/2A4Tt62p Wal
Mepsble 31 gecATUYHbIX UMpP YMcna T 6blan COOTHECEHbI ¢ HoTamu (umdpbl 1-9 cooTBeTcTBOBaIM TOHaMm C—
D), n Ha ocHoBe 3TOro 6blna co3gaHa menoams. B Knaccax ¢ TEXHUYECKMMWM BO3MOMKHOCTAMU MOXKHO
npocaywaTb C yYeHMKaMM My3blKanbHyt Komnosuumio "What Pi Sounds Like":
https.//youtu.be/YOQb mtkEEE
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3-i1 PASAEN OAaHouYNEeHbl U MHOTO4Y/1EHDbI

Tema Ne HasBaHue Yacbl | YuebHun | Pabouasn
K (cTp.) | TeTpaab
(cTp.)
MpepBapuTenbHaa NpoBepKa 1 58
Tema 3.1 OpfHOYEHbI 2 59 36
Tema 3.2 MHoro4neHsbl 2 63 39
Tema 3.3 CnoxeHne n BblMMTaHME MHOTOY1IEHOB 2 66 41
3a4auun u npumepsl 1 69 43
Tema 3.4 YMHOeHune ogHo4YNeHa Ha MHOro4/1eH 2 70 44
Tema 3.5 YMHOKeHMe MHOro4sieHa Ha MHorouyneH 3 73 46
O6o06Lwatowmin ypok. STEAM. “Bo3obHoBAsiemble ) 78 49
WCTOYHMKM 3Heprumn”
MCO-2 1
OBLLIEE KOJIMYECTBO HYACOB MO PA3AENY 16

KpaTtkuit 0630p paspgena

B pasaene ydHeHnkam 6y,qu npenocrasneHa VIHd)OpMaLI,VIH 06 ogHoYNeHe U ero CTaHAapTHOM BUAE, CTENEHN
OAHO4YNeHa, KOBd)dJMLI,MEHTe OAHO4YN1eHa, MHOro4YyneHe U ero CTaHaapTHOM Buae, CtTeneHn MHOro4neHa, CBO60,CI,HOM
yneHe mHorousieHa. OHun 6yp,yT BbINO/THATb Ll,el‘;ICTBVIFI Had OoAHOY/1eHaMU U MHOToY/1IeHaMK U peLwlaTb passiIndHble
3a4aun.

Ha uto cTouT 06paTUTL BHUMaHUE?

Heobxoanmo XopoLLo 3HaTb CBOMCTBA YMHOMEHMA M NPaBUIbHO NPUMEHATb UX B Npumepax. C 3Ton Lenblo
Nnosie3HO BMECTE C YYEHUKaMMU NMOBTOPUTL PacrnpesennTeNbHOe CBOMCTBO YMHOXKEHUS.

HeKkoTopble yYeHUKM NOA O4HOUYNIEHOM NOHUMAIOT BYKBEHHOE BblpPaXKeHME C O4HUM YJIEHOM, @ NOA, MHOTOY/IEHOM
— € 60/1bLUMM KOIMYECTBOM Y/IEHOB. N5 YCTPAHEHMA TaKMX HEMPABUbHbIX NPeACTaBAEHUIN cneayeT NpuBoaUTb
COOTBETCTBYHOLLME MPUMEPDI.

B cTaHOapTHOM BMAE 3aMMUCKU OAHOYNEHA KaXK bl BYKBEHHbI MHOMKUTENb YKAa3bIBAETCA TO/IbKO OAMH pas.

Mpu 3aNnCK O4HOY/IEHOB B CTAaHAAPTHOM BU/E BaXKHO NPABWU/bHO MCNO/b30BaTh CBOWCTBA CTENEHEN C
OANHAKOBbIMU OCHOBaHNAMMU.

Mpu NpuBeseHUM MHOTOU/IEHOB K CTaHA4APTHOMY BMAY HEOH6XOAMMO NPaBUIbHO NPUBOAUTL NOAOOHbIE YNEHDI.

Hy*KHO YETKO OBBACHUTb YYEHMKAM PA3HULLY MEXKAY TOXKAECTBOM M ypaBHeHMeM. LlenecoobpasHo noguyepKHyTb,
YTO TOXKAECTBO BEPHO NPU BCEX 3HAYEHMAX NEPEMEHHON, a ypaBHEHNE — TONbKO NPU onpeaenéHHbIX 3HaYEHUSAX.

YYeHWKM AONKHbI YMETb OT/INYATH BbIPAXKEHUA, HE ABNAIOLLMECHA TOXKAECTBAMMU.

Pa3BuTME MmaTemMaTUUECKOro A3blKa
MpaBuNbHOE NOHNUMAHUE MOHATUIN KOAHOYNEHY, KCTAHAAPTHbIN BU OAHOUYNEHAY, KKOIPPULMEHT», «ByKBEHHanA
YacTb», «MNOAO0BHbIE OAHOY/EHbI», «MHOFOUYIEHY, «4Y/IE€Hbl MHOIOY/EeHa», «CTaHAaPTHbIA BUA, MHOTOYNEHAY,
«ABYUYNEHY, KTPEXUNEH Y, KTOXKAECTBO» NO3BO/IAET OLLEHUTb YPOBEHb YCBOEHUS TEMBI.

MaTtemaTtnuyeckune NOHATUA U TEPMUHDI, YCBOEHHbIE B pasgene

OO0HouneH, cmaHOapmHsbili 8ud 00HOYseHa, Ko3agpguyueHm, byKeeHHas 4Yacme, M000OHbIe OOHOYsEHbI,
MHOR204/1eH, 47eHbl MHO204seHd, CMAaHOAapMHbIl 8UO MHO204neHa, 08y4neH, MpExyneH, moudecmso,
moxcdecmeeHHoe npeobpazosaHue 8bipaxceHuli

Heob6xoaumble npeaBapuTenbHble 3HAaHWA U YMEHUA:
o CnoKeHue, BblYMTaHWNE, YMHOMKEHME M NX CBOCTBA e [locneaosatenbHOCTb A4EACTBUI
e CBOJCTBa CTENEHU e BbiparKeHus c nepeMeHHOoM

MeXaucumnanHapHasa uHTerpauus

OZHOYNEHbl U MHOTOYNEHbI LUMPOKO MCMONL3YITCA NPU MOAEIMPOBAHUM Pa3ANYHbIX 3a4ay. OAHOYNEHDI
YMPOLAIOT BblUMCNEHMA B DU3MNKE, XMMUMN M SKOHOMUKE Ha OCHOBE CBA3EN MeXAYy HEKOTOPbIMM BENNYMHAMM.
MHOrOUNEHbI 3Ke WrPaloT BaXHYKD PO/b B OMUCaHWM BONEE CIOMHbIX MPOLLECCOB — TaKuUX ABJEHWNA, KaK
M3MEHEHMEe PacCTOAHUA, CKOPOCTU WU UeHbl. Hanpumep, Ha ypokax OM3MKM O4HOY/IEHbl MUCMO/b3YHOTCA MPK
pacuyeTe paccTosHUA No Gopmyne s = Vi UK 3Heprumn no dopmyne E = mgh, a B XMMUM — NpU pacyeTe KOAUYEeCTBa
aTomoB no ¢opmyne N =n - Ns. MHOrouieHbl BCTPEYAIOTCA B C/I0XKHbIX IKOHOMUYECKUX pacyeTax, Hanpumep, npu
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BbIYMCAEHUM UIMEHEHNSA LieHbl N0 dopmyne P(x) = 2x%+ 5x + 10 1 B Apyrux ciydasax. YUeHUKK, BcTpedas popmynbl
B APYrMX NpeameTax, pacno3HatoT O4HOYEHbl M MHOTOY/IEHBI M IydLLE NOHUMAIOT UX NpUMeHeHune. Pa3snBaeTtca
YMeHMe aHaNN3nPoBaTb CUTYaLIMM C NOMOLLbIO MaTEMATUYECKUX MOJeNe.

TEMA 3.1 OgHouneHbl
NOACTAHAOAPTbI 7-2.1.1. O6bACHAET NOHATUA OAHOUYNIEH U MHOFOYNEH.

* OH6BACHAET NOHATUE OAHOY/IEHA.
LLE/IN OBYYEHUA e OnpegensieT KO3GOULMEHT U CTENEHb OA4HOY/IEHA.
® 3anucbiBaeT O4HOYJIEHbI B CTaHAAPTHOM BUAE.

NPUHAONEXHOCTU Paboune A1CTbl, KAPTOYKK, CTUKEPSI

M3yuyeHue: https://video.edu.az/video/8746 https://youtu.be/7EpIN4Ch98Q
https://www.geogebra.org/m/jecf5huk
https://youtu.be/iHnzLETGz2I
Ob6cyaeHne NCXOAHOM 3apaun. Ha nepsoit cTpaHuLe pasaesa yYeHUKam 4aeTca MHPOPMaLMa O MHOTOYIeHaXx,
BbIPaXKEHUN BEIMUYNH Yepes NepemMeHHbIe, MOCTPOEHUN MaTEMaTUYECKUX MOAE/EN, @ TAaKKe OTMEUAETCS, B KaKnX
061aCTAX MCMNO/Ib3YHOTCA MHOTO4Y/1EHDI. B 3aaaHmm «MonbiTalTech» 06CyKAaeTCA C YYEHNKAMM, KaKOe BblpaXkeHune
HYHO 3anucaTb, YTOBbI HANTN PacCTOAHME MeX Ay aBTOMO6UAAMM A 1 B Npu ABMNKEHMM B OAHOM HanpasneHUn
M B NPOTMBOMOJIONKHbIX HanpasneHuax. MoauyepKMBaeTCca, YTo Nocae U3yYeHUs 3HAHWI U HaBbIKOB B TeuyeHue
pa3fena 3To 3agaHune byAeT cHOBa 06CYKAEHO B KOHLE.
No6yxxaeHue
YuuTesib 3anncbIiBaeT Ha JOCKE aHaIOTMYHOE BbipaXKeHMeE 1 NpeaJjiaraeT y4eHUKam
3anucatb NoKasaTte b CTeMNeHU d PaBHbIM KOJIMYECTBY M1aCHbIX B UX UMEHM, NoKasaTeNb
cTteneHn b — KO/IMYECTBY COIIacHbIX, a Nepes d yKasaTb YMC/10, KOTOPOE KasK bl yHeHMK
cuMTaeT Ana ceba «CHaCTIMBbIMY». YUEHMKM 3aNMCbIBAtOT COOTBETCTBYHIOLLME BbIPAMKEHMA B
TeTpagax. YUuTe b NpurnallaeT HECKObKMX YHEHNKOB K JOCKE 3anuncaTb BbipaXeHne, KOTOPOe OHM Hanucaaum B
TeTpaau, n obpallaeTca Ko BCemMy KNaccy C BONpocamu:
— Y Koro B uMeHu 6onblue rnacHbIx? Y Koro 6o/blue cornacHbix? B ubMx MMeHax KoiM4yecTBo ByKB 0aMHaKoBoe?
KaK 3TO MOKHO OonpeaenunTb No cTeneHam a v b B BbipaskeHnn? ECTb M 0AMHaKOBbIE «CYACT/INBbIE YMCNa»?
Ha ocHOBe 3anMcaHHbIX BbiPaskeHWIA YYEHUKN OTBEYAIOT Ha BOMPOCHI, OpraHM3yeTca obcy»KaeHue.,

WccnenosaduezobeyiaeHue
OTMe"IaeTCFI, YTO pa3mepbl HECKO/IbKUX Ky60M,L'J,OB Ha PUCYHKe AaHbl B CAHTUMETpPaXx.
L4 ﬂ,/'l‘r'l KaxXgoro KY6OVI,CI,a 3aMnUCbIBAETCA BbipaXKeHne ANA HaXoXaeHnA obbema.

SIEKTPOHHbIE
PECYPCbI

Vs=2a-3a-a=
Vi=2-2-a=4a 2V2=2-a-a=2a2 =2-3-a-a-a=6a°
2 a 4 a
3a

¢ YT06bI ONpeaenuTb, BO CKO/bKO pas yBenndnsaetca o6bem Kaxaoro Kkybomaa, BMeCTo a NoACTaBAAETCA YUCAO,
3aTem 3HayYeHue NnepemeHHoW g ysenuumsaetca sasoe. Hanpumep, MOXKHO NOACTaBUTbL BMECTO g CHayana 3,
3aTem 6, M HalTK OTBETbI.

a

V1=4a V2=2a2 V3=6Cl3
a=3- V1=4-3=12 a=3- V,=2-32=18 a=3- V3=6-33=162
a=6- Vi=4-6=24 a=6- V,=2-62=72 a=6- V3=6-63=1296

C NOMOLLbIO HABOAALLMX BOMPOCOB YHEHUKOB MOXHO HanpaBuTb K TOMy, 4TO6bl NOACTaBUTL 20 BMECTO a U
HaWTU COOTBETCTBYIOLLMI pe3ynbTar.

Vi=4a V)= 2a° V3= 6a°

Vi=4-2a=8a V,=2+2a-2a=8a V3=2-2a-3+2a *2a= 244>

Takum obpasom, obbem nepsoro Kybonga ysennumsaerca B 2 pasa, BTOporo — B 4 pasa, TpeTbero — B 8 pas.
YynTtenb MoXKeT NPeaoXKuTb y4eHUKAM, C MOMOLLbIO HaBOAALMX BOMPOCOB, O6BACHWUTL, NOYeMy AA PasHbiX
KyboMZ0B NoyyaloTca pasHble pesyabTaTbl.

WOAHOHHEH M ero CTaHAApPTHbIA BUA,

nO,ﬂ,‘-IepKVIBaETCﬂ, YTO Bblpa*XeHune, cocrtoAallee U3 npousseneHUA 4mcen, nepemeHHbIX Uan UX HaTypabHbIX
CTEHEHGVI, Ha3biBaeTCA OAHOYNEHOM. anBO,ﬂ,ﬂTCﬂ npumepbobl Bblpa)-KEHVlﬁ, ABNAKOWNUXCA U He ABAAlOLWMNXCA
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ogHouneHamu. OTmeuYaercs, YTo B 3aMMCM OAHOY/IEHOB OObIMHO HE MUWYT 3HAK YMHOMEHMSA MeXay
MHOXUTENAMU. YUeHMKam OOBACHAIOT MNpPMMepbl YMNPOLWEHUA OOHOYNEHOB C WCMO/b30BaHWEM CBOWCTB
YMHOXEHMUA.

[JaeTca nHbopmaLma o CTaHAAPTHOM BMAE O4HOUNEH], KOIbdULMEHTe
ogHOuYNEHA U CTeNeHU ogHouneHa. OTmeyvaeTcs, YTo Ntoboe HeHyneBoe
YMCNO CYMTAeTCa ogHouNeHOM cTeneru 0, a uncno 0 TakKe saBnseTcs ~20a°¢,
OOHOUYNIEHOM, HO €ro cTeneHb He onpegenseTcs.

3. Haxoaatca KoadpPpUUMEHT U cTeneHb JaHHbIX O4HOY/IEHOB.
K cBepeHmio yuutensa! B atoit Teme yyeHMKM nony4yatoT GyHAAMEHTA/IbHbIE 3HAHMA: YTO TaKOE OAHOY/EH, €ro
KO3QPUUMEHT U cTeneHb. ITU 3HAHUA BaXKHbI ANA U3yYeHMs nocneayowmx Tem. MHorga y4eHWKn 3abbiBatoT, UTo
€CNN nepes O4HOYNEHOM HET uYncna, KoadpdpuuMeHT paBeH 1, a ecnv y NepeMeHHON He yKasaH MoKasaTtesb
cTeneHu, To OH paseH 1. Hanpumep, Haxoas cTeneHb O4HOYNEHA X2, HEKOTOPbIE YUYEHMKM HE YUUTbIBAIOT, YTO
CTeneHb y paBHa 1, M CYMTAIOT CTENEHb OA4HOYNEHA PaBHOMN 2. PeKoMeHAyeTcA NPUBOAUTL COOTBETCTBYOLWMNE
npumepsbl.
JloXXHble npeacTaB/iieHUA, BO3HMKAKOWME Y YUYEHUKOB. MHOrAa y4YeHWKU AymaloT, YTO OZHOYNEH MOXKeT
coaepxaTb TO/IbKO OA4HY NepemMeHHyo. TakKUM yd4eHMKaM peKomMeHAyeTcA NoKa3aTb 04HOUY/EHbI C HECKO/IbKMMM
nepemeHHbIMMU.
Cnepyet 06paTUTb BHUMAHWE YY4EHWKOB Ha TO, YTO ANA onpeaeneHns KoapPuumeHTa n cTeneHn ogHoOUYNEHA ero
HY»KHO CHa4yana 3anucaTb B CTaHAAPTHOM BMAEe. HeKOTOpbIE NbITAOTCA ONPEAENUTb CTEMNEHb U KOIPPULMNEHT He3
NnpuBeAEHUSA K CTaHAAPTHOMY BUAY M A0NYCKatOT OWMBKK. OAHa U3 pacnpocTpaHEHHbIX OLMBOK — NepeMHOKaTb
MoKasaTenn cTeneHen BMeCTO UX CNI0XKeHUA. BbiBaeT, UTo ecnm KoapPUUMEHT 3anNncaH B BUAE CTENEHU, YUEHUKM
OWMBOYHO NPMHMMAIOT 3TOT NOKA3aTe b 3a CTEMNEeHb BCEro ogHoYNEeHa. Yalle BCEro Takme oWwWmMBKN BO3HUKALOT,
KOrga yYeHUKM He NPpUBOAAT OAHOYEH K CTaHAAPTHOMY BUAY. B TakMx caydyanx uenecoobpasHo npoBectu paboty
HaZ, OWMBKAMM C YYEHMKAMM, AOMYCKAOLWMMM TaKMe OWNBKMN.

NosHoe BepHoe
3a’a - 2b KoadpduumenT: 3 OAHOUNEH NPUBOAMUTCA K CTaHAAPTHOMY Buay. 3a’a - 2b = 6a3b  KoaddpuumeHt: 6

CreneHb ogHouneHa: 3 + 4 =7

Koadduument: =20 bykeeHHas yacte: a’c’

4a’b> CreneHb:2:5=10 CreneHu ByKBEHHbIX MHOXWUTENEN OJHOUYNEHA CKAaablBaloTcA. CTeneHb: 2+5=7

3243b CreneHb: 2+3+1=6 CreneHn ByKBEHHbIX MHOXUTENEN OHOUYNEHA CKAaabIBaloTcA. CTeneHb: 3+1=4

4. OgHOYNEHbl 3aMMCbIBAIOTCA B CTAaHAAPTHOM BMAe. [oAYepKMBAOTCA MOMEHTbI, Ha KOTopble caeayeT 0b6paTnTb
BHMMaHMe. EC/IM BblparKeHNE MOMKHO YNPOCTUTb, 3HAUMT OHO eLLe He 3aMMcaHo B CTaHAapTHOM Buae. MNpusoaatca
npvmepbl.

Wymuomeuue OAHOUYIeHOB

YueHnKam obbsicHAETCA Ha npumepe, 4TO npounsseaeHne oAHOYNEHOB TaKXXe ABAAETCA OAHOYNEHOM, U ONA
HaxoXaeHunAa npounsseneHna Byx oAHOY/1EHOB MCMNOJIb3yeTCcA nepemectutesibHoOe U co4vyeTaTtesibHoe CBOWCTBA
YMHOXeHUA.

—4xy - 20y = (=4 2) - (x - x) - (v 1Y) = —8xF
L ] L I ]
_8 XX
B KNaccax ¢ TEXHUYECKMMM BO3MOMKHOCTAMM MOMKHO UCMONb30BaTh BUAEOMATEPUASIbI.
https.//www.geogebra.org/m/jecf5huk

9. B nycTble KNEeTKM ONpeaenatoTcsA COOTBETCTBYIOLLME YNCAA.

a) —2ab* = -2b - ab> b) 8x%y = _42 Eaky F2c%ed = —ec? - 2¢362

10. 3anucbiBatoTCA OAHOUNEHBI, NPOU3BEAEHNE KOTOPbIX PAaBHO AAaHHOMY OAHOYNEHY. 3aaHNe pekomeHayeTcA
BbIMONHATL B Mapax. [locne TOro Kak y4eHWKW 3anuwyT noaxofAlme OAHOY/IEHbl, MOXHO MPeasoXUTb UM
NpoBepPUTb NPABUAbHOCTb, HANAA NPOM3BeAeHMEe OAHOUIEHOB CBOEro cocea no napre.

a) ABa oAHoYNEHa 6) Tpu oAHOoYNEHA
6a? 0,4x%3 6a> 0,4x33
6ava 0,4x3n 3 a,anb6 0,4x%; xun y*
3aun2a 0,2x3n 23 3a;2vna 0,1x2; 2xy n 23?2
4 1 1,5q* 4x%n 0,1x)° 4;awn1,5a 4x?%; 0,1xm y?

78



11. B nycTble KNeTKN onpeaenatoTca nogxoaalime ycoBuio Ynmcaa.
a) B nycTble KNeTKM 3anucbiBaloTCA TakMe umncnia, 4Ytobbl B CTaHAAPTHOM BUAE OAHOYNEHA KO3PPUUMEHT bbin
paBeH 12, a cteneHb 6.

-1,242). (313

o=

2a=- 6b —hzéy?x [~y - 8 m -1

OTMmeyaeTca, YTO OAHOY/IEHbI C OAMHAKOBOW BYKBEHHOM YacTbio Ha3bIBalOTCA NOAOOHbIMW; TaKMe OAHOYNEHbI
nmbo paBHbl Apyr apyry, AMb6o OTAMYAOTCA TONbKO Ko3apPpuuMeHTOM, NpuBoAATCA npumepbl. B Knaccax c
TEXHUYECKMMU BO3MOXKHOCTAMU MOXHO MUCMO/Ib30BaTb BUAEOMAaTEPUANbI.
https://www.geogebra.org/m/wxpSntwh

12. OpgHouneHbl MPUBOAATCA K CTaHOAPTHOMY BMAY, ONpPeAensalTca NnoAobHble oaHou/leHbl. MogobHble
04HOYNEHbI MOXKHO BbIAENUTb, NPOBOAA NOL HUMW O4UHAKOBOE KONNYECTBO NINHWIA.

8) acab abbc 2aba-(-0,5)c 2abch N aba -aba® -b-(-3)b’a> 3bab?

a’bc  ab’c -a’bc 2ab’c b -a3b 3a%b? 3ab®

K cBeaeHuio yunutena! HasblK y4eHUKOB onpeaenatb NoAobHble OAHOUYIEHbI MOMOMKET UM B AasbHewem npu
HaXOXAEHUN CYMMbl MM PA3HOCTM OAHOY/EHOB, a TaKXe MPU YNPOLLEHWUM BblparkeHUA. MHoraa ydyeHuKu
CYMTAIOT, 4TO X%y 1 X)? NoA06HbIE O4HOUNEHDI. PeKOMeHAyeTcA 06CyaNTb C yHEeHMKaMM, NOYEMY 3TU OGHOUEHDI
He ABNAITCA NOA06HbBIMU, BbIABUTbL YYEHWKOB, AONYCKAOWMX NOA06HYI0 OLMBKY, U NPUBECTUN JOMNONHUTEbHbIE
npumepsl.

W CTreneHb ogHouNEHa

MoauyepKMBaeTcsa, YTO NpU BO3BEAEHUM OAHOYNEHA B CTeneHb MCMNO/b3YHTCA CBOWCTBA cTeneHei. Mpumep
obcyaaeTca ¢ yueHMKamu. Mpu He0BXO0AMMOCTM MOMKHO NPUBECTU AOMNONHUTE/NbHbIE MPUMEPBI.
15. TpebyeTcA 3anucaThb BbiparkeHWe B BUAE KBaapaTa O4HOY/EHA.
6) b= (ghel  8)0,49¢%°= (076" 1) 124" = 2ad® = (Zad%) = (1ra*d)
16. TpebyeTca 3anucaTb BbiparkeHWe B BUAE Kyba ogHOoYNEHA.
B)-64m’n’= (-4m*n)’ 1) 32a’d? =20 = (Zad"P = (17ad")? £) 0,1256%¢ 1% = (0,510 5)?
K cBegeHuio yuutens!
YmeHune onpeaenntb, KBagpaTtom namn Ky60M KaKoOro ogHo4neHa ABNnAeTCA gaHHOEe BblpaXKeHune, B ,L'J,al'leeVILUEM
NOMOXXeT YYeHUKaM pacCKnagbiBaTb MHOroYneHbl Ha MHOXUTENU, NPUMEHATb d)OpMyﬂbI COKpaleHHoro
YMHOXeHNA U UCNOoNb30BaTb 3TU 3HAHMA B pPaA3HbIX CUTyauuAax. PeKomer,yeTcn BblABNATb YYEHUKOB,
MCNbITbiBalOWNUX TPYAHOCTU C TAKUMM 3a4aHNAMU, U BbINONHATb C HUMU OONONHUTENIbHbIE 3a4aHUA.
17. s Toro 4tobbl paBeHCTBO 6bI10 BEPHbIM, B MYCTbIe KIETKW ONpeaensoTca COOTBETCTBYOWME YnCa.

1

(-2b%)3] = —8b6 IZ %]mﬁni-‘l = ('Ijmsn2 ]2 0,008|c6 = (0,2¢2)3 2x)?)2 = [d]xsyld

18. Onpegensertca 0AHOYNEH, KOTOPbIA A0/KeH 6biTb 3anMcaH B NyCTOW KaeTke. MNpu BbINONHEHMM 3a4aHUA
YYEHWKM JOMKHbI YUMUTbIBATb NPABUAA YMHOMKEHMUA MHOMOUNEHOB.

a) b? - [p] = b° )24 2a? = 4a® e) -3b? Dab’= -27ab* g[8 (15;-)2 = 27

B Knaccax ¢ TeXHUMYECKMMM BO3MOXKHOCTAMMU MOYKHO MCNO/Ib30BaTb BUAEOMaTepManbl.
https://video.edu.az/video/8759

OnddepeHumpoBaHHOe 06yueHue
Ha cTon BbIKNaAblBatOTCA KapToyKw ¢ Gyksamu A, B, Cu D. . ' ' .
Yuntenb 3aaeT BONPOChl y4EHUKAM. N
Moddepsra. KakoBa CTeneHb ofHOuNEHa, 3anucaHHoro | 8a’h* (1%013)3 4aba®
Ha KapToyke A? Y KaKoro OfHOY/leHa CTeneHb 7
HanbobLaA? Y KaKoro ogHouNeHa camMblii 60/1bLLON KOIDPULMEHT?

YenybneHue. Mpu Nnpov3BeseHUN OLHOUYIEHOB Ha KaKMX KapTOYKax NoJsly4aeTca O4HOYNEH, 3aNUCAHHbIN Ha
KapTouke C? Kakoi ofgHOYNEH 3anncaH B CTaHA4APTHON dopme? Y KaKoro ogHoueHa Npov3BeseHNe ero
cTeneHun n KoadduumneHTa paBHo 8? Y KaKOro ofHouUeHa cTeneHb 6o/blue: y KBaapaTa OAHOUYIEHA C KAPTOUKK
A nnn y nponsseneHus o4HOUYEHOB C KapToyek B n D?

YUYeHUKM 0TBEYALOT Ha BOMNPOCHI, UCMO/1b3YA CBOMCTBA CTEMEHEN.

o]

0,2aab?®
7 .
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21. HaxogAaTca oTBETbl HA BOMPOCHI.

a) TpebyeTtca HallTK 3HauYeHMe 1, NPU KOTOPOM CTeneHb oAHouNneHa 243 - a®*! paBHa 8. YUeHMKM 3anucbiBaloT
[AaHHbIN OAHOYNEH B CTaHAAPTHOM Buae. 2a - a?'t = 2g*"™*?

TaK KaK cTeneHb 3TOro 0AHOYIeHa paBHa 8, COCTaB/IAETCA M pellaeTca ypaBHeHe.

2n+2=8

2n=6

n=3

CnegfoBaTtenibHO, Npu 1 = 3 CTEMNEHb AAHHOIO og4HOYNEeHA byaeT paBHa 8 a

22. OKpYXHOCTb paZMyca r pacrnosioxKeHa BHYTPW KBaZpaTa Co CTOPOHON a. TpebyeTca [ e
3anucaTb BblpaXKeHUe A1A HAXOXAEeHMA N/IOWaLM 3aKpalWeHHOM 4YacTu WM ANUHbI 3 X
OKPYYKHOCTM, @ TaKXKe 06BbACHUTDL, ABAAETCA 1N 3TO BblPaKeHNEe OAHOYNEHOM. r a
PeweHue 3adaqu \
3anucbIBaOTCA BbIPaXKeHUA A1 HAXOXKAEHWUA NIOWAAM 3aKPaLLEHHOW YacTU U ANUHbI \ y
OKPY}KHOCTM. )

SsaxpameHHoﬁ =a*—mr?

LOpr)KHOCTM =2xr

TaK Kak npounsseaeHune 4yncen, nepemeHHbIX U X HaTypaibHbIX cTeneHen o6pa3yeT OoAHOYN1eH, OTMeYaeTcAa, 4YTo
nAoLWaab 3akpaLleHHoN GUrypbl He ABNAETCA OAHOYNEHOM, a A/IMHA OKPYXKHOCTW ABIAETCA OJHOUY/IEHOM.

23. Ha ocHoBe PUCYHKa 3aMUCbIBAOTCA BblPa*XeHUA ON1A HaXO0XAeHUA obbema u nonHomn NnOBEPXHOCTU Ky6a, a
TaKXe obbema napannenennnena.

e [MoNyYyeHHble 0AHOYNEHbI NPUBOAATCA K CTaHAAPTHOMY BUAY.

O6bem Kyba: O6bem napannenenuneaa:
V =(1,5x)3 = 3,375x3 35y V=2x-x-3,5x=7x>
Mnowaab NOAH. NOBEPXH. Kyba: " Nnowaab NONH. NOBEPXH. Napanienenunesa:
S=6-(1,5x)2=6"2,25x2 = 13,5x> S=2(2x+x +2x*3,5x +x - 3,5x) = 25x2
15x e
e OnpegenanTca Ko3OOUUMEHT U CTeNEHb ITUX OLHOUYNEHOB.
3,375x3 koadduumeHT: 3,375 cTeneHb: 3 7x3 KoaddpuumeHnT: 7 cTeneHb: 3
13,5x? KoadpduumeHT: 13,5 cTeneHb: 2 25x2 KoadpduumeHT: 25 cTeneHb: 2
e OnpegenseTcs, Kakne oAHOYNEHbI ABAAIOTCA NOAOOHbLIMM.
3,375x> u 7x3 13,5x% n 25x?
dopmaTUBHOE OLeHUBaHKe
KpuTtepum oueHnBaHusA Martepuanbl OLEeHMBaHUA
Ob6bACHAET NOHATME O4HOYNEHA. Paboumne NnCTbl, y4ebHUK,
paboyan TeTpagb
Onpeaensaet KO3dPULMEHT U CTENEHb OAHOYNEHA. Pabouue AnUCTbl, y4eBHUK,
paboyan TeTpagb
3anucbiBaeT O4HOYNEHbI B CTAHAAPTHOM BUAE. Pabouue NnCTbl, y4ebHUK,
paboyan TeTpagb
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TEMA 3.2. MHorouneHbl
NOACTAHAAPTbHI 7-2.1.1. O6bACHAET NOHATUA OAHOYNEHA U MHOTOYNIEHA.

e O6BACHAET MOHATUE MHOTOY/IEHA.
LLE/IM OBYYEHUA ® 3anucbiBaeT MHOrOYNEHbl B CTAaHAAPTHOM BUAeE.
e Onpepenaet cTeneHb MHOrOYNEHa.

NPUHAONEXHOCTU Pabouune nnCTbl, KAPTOYKK, CTUKEPDI
W3yueHue: https://video.edu.az/video/8578 https.//video.edu.az/video/8779

225;(:2;-)'“'-'“'5 https://video.edu.az/video/11488 https://video.edu.az/video/11318
https://www.geogebra.org/m/jz67gqab
MNobyxaeHue
Yuntenb pucyeT Ha OOCKE HECKO/IbKO KBAApaToB U NPAMOYrO/IbHUKOB U
npeafiaraeT yyeHWKaMm 3anucaTb PSAAOM WX MIOWAAM. 3aTem yuutens | a2 B b?
pucyet cneayiowme ¢urypbl M npeasiaraeT BblpasuTb MX MJOLWAAM,

MCNob3ya NAoWaaM NpeablayLmx Guryp.

- 1 8= m =]
- - EOEAS ~——

Y4YeHMKaM MOMKHO AaTb BbiparkeHus Buaa a>+ b, 2b%+ 3, a®> + a + 1 v T. N. ¥ NPEA/I0KUTb ONUCATDL UX C MOMOLLLIO
OaHHbIX dUryp.

WccnegosaHuezobcyaeHue

LlenecoobpasHo 3apaHee nNoaroToBUTb GUrypbl, Bblpe3aHHble W3 LBETHOWM
6ymaru, KaKk ykasaHo B NPUHAANEKHOCTAX. YYEHUKN COCTABAAIOT U3 3TUX duryp  ~ X 1‘
pas/inyHble NPAMOYrONbHUKM. MoNyYeHHble NPSMOYrONbHUKM BbIPAXKalOT KaK

CymMy nnowagein meHbwux ¢uryp. MobexpaeTr TOT MUrpoK, KOTOpPbIA 3a
OTBeLEHHOE BpPeMsA COCTaBMT Hambosibliee KOAMYECTBO MPAMOYTO/IbHUKOB U
NPaBWIbHO 3aNMULLET BblPaXKEHWA, COOTBETCTBYIOLLME UX NIOLLAAM.

TaKKe MOMKHO HanmucaTb Ha OOCKEe pPas/iNyHble BblPaXKEHUA W MPEasOXRUTb
YYEHMKAM COCTaBUTb COOTBETCTBYHOLLMIA NPAMOYTrO/IbHUK, UCNOb3YA GUrypbl.

m MHorouneH

OTmeuvaeTca, 4TO CyMmmMmy O4HOYNEHOB HA3blBAOT MHOIMo4Ya1€HOM, a O4HOYNEHbI, BXO4AWME B €ro CoCTas, — €ero
yneHamu. MpuBoaATCA NPUMEpPbI MHOIOYEHOB, NEPEYNCAAIOTCA UX YNEHbl. YYEeHMKam O6'bF|CHF|ETCF|, YTO TaKoe
CBO6O,L'J,HbIl7I YneH, ABYXYNeH M TpéxuyneH. YKasbiBaeTcA, YTO OAHOYMEH TaKMKe CYMTAeTCA MHOTMO4Y/IeEHOM,
nmernwmnm ognH YneH.

[

3
YTo6bl 06BACHNTL, NOYEMy BbipaXkeHue x2 + — * He AB/IAETCA MHOTOU/IEHOM, HAMOMMHAIOT ero onpejeseHue.

OBPA3EL,

X+3x+2

o 3
OTmeyvaeTca, YTO CYMMOM OAHOYNEHOB Ha3bIBAlOT MHOMOY/1eH. TaK Kak BbliparkeHue ; He ABNIAETCA OAHOYNIEHOM,

3
Tox? + ; + 5 TaKXe He ABNAeTcA MHOro4Y/IeHOM.

K cBepgenuio yuntena! MHorouneH — ofiHO M3 OCHOBHbIX NOHATUI anrebpbl. Ero ycBoeHue UrpaeT BaxKHYo ponb
B JaNbHENlleM PasBUTUM HABLIKOB CNOMKEHWA, BbIYMTAHUA, YMHOMKEHUS M Pa3fIOKeHWs MHOrOYeHOB Ha
MHOXUTENWU. 1A yKpenaeHus noHATUA U GOPMMPOBAHWA HArAALHOIO MPEeACTaBAEHMA MCMONb3YIOTCA
anrebpanyeckne KapTbl. C UX MOMOLLbIO 06bIMHO M306paXKaloTCA KBaApaTHbIe TPEXUIEHbI C 04HON NepeMeHHOM:
MasieHbKMe KBaapaTbl, NPAMOYrOAbHUKK 1 60bluME KBagpaTbl NPeACTaBAAOT COOTBETCTBEHHO CBOBOAHDbIN UNieH,
nepemMeHHylo 1 eé KBagpart. PasHble LBeTa MoryT 0603HauaTb NOAOKUTENbHbIE U OTPULATENLHbIE YMCaa. ITO
NOMOraeT y4YyeHUMKam B JajbHellem Nerko npuBoauTb NoAo6Hble YieHbl M BbINOAHATb AEWCTBMA C
MHOToY/IeHaMMU.
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2. 3anucbiBaloTCA M306paskEHHblE MHOTOYNeHbl. [P 3TOM  YYEHWKM MOTYyT MEPeYUCINTb WX  YJIEHbI.
B Kn1accax ¢ TEeXHUYECKMMM BO3MOMNKHOCTAMM MOXHO BbINOSIHUTbL aHa/I0MMYHbIE 3a4aHuA.
https://polypad.amplify.com/p#algebra-tiles

m CTaHpapTHbIW BUA, MHOrou1eHa

MNoagyépKMBaeTca, 4YTO CyMma MOAO0OHbIX Y/IEHOB 3aMeHseTcd OAHMM OAHOYNEHOM — 3TO HasblBaeTcA
npusegeHMem noAobHbIX uYneHoB. lMpumep obcyKpaeTca BMecTe C ydyeHMKamu. O6bACHAeTcs, 4To Takoe
CTAaHZAPTHbIN BUA MHOTOY1IEHA.

4. OnpenenAlTCA MHOrOYNEHbl, 3anMCaHHble B CTAaHOAPTHOM BuAe. MOMHO CNpPOCUTb Yy YYEHWMKOB, KakK
onpeaennTb, YTO MHOFOY/IEH 3aMMUCaH He B CTaHAAPTHOM BUAE.

5. MHorouyneHbl NPUBOAATCA K CTaHAApPTHOMY BUAY NYTEM NpuBeAeHMA NoAobHbIX uyneHoB. MHoraa yyeHUKu
3a6bIBalOT NPUBECTU OAHOYJEHbI K CTaHAAPTHOMY BMAy. MM pekomeHayeTcAa cHavasna obpaTuTb BHMMaHUE Ha
OZHOY/IEHbI, 3aNM1CaTb UX B CTAHA4APTHOM BUAE, @ 3aTEM ONPELENsATb U NPUBOAMUTbL NOA0OHbIE YNeHbI.

JloxcHble npedcmassieHus, B03HUKaAlOWUe y y4YeHUKOB8. HeKoTopble YYEHWKM [OMYCKalT OWWOKM npwu
onpeaeneHnmn, ABAAETCS /1N BblpaKeHME MHOFOY/IEHOM, a TaKKe Npu NPUBELEHNN MHOTOY/IEHA K CTAaHAAPTHOMY
suay. Hanpumep:

NoxHoe Beproe
Y MHorouneHa 06s3aTenbHO A0NKHO OpaHouneH, ABy4neH, TPEx4aeH — BCE 3TO BMUAbI
6bITb MHOTO YN1EHOB. MHOrO4/1eHOB

CBOGO,CI,Hin;i UIEH HE MOKET 6bITh MHOTOUIEHOM. CBO60,CI,HbIVI YneH ABnAeTcA MHOro4a1eHom Hy1iesou

CTeneHw.
MHorouneH MoXeT 6bITb 3aMMCcaH TO/IbKO B x% + 2x? - 3,5x2 + x> MHOTOU/IEH, HO HE 3anucaH B
CTaHOAPTHOM BUJeE. CTaHAAPTHOM BUE.

LlenecoobpasHo o0bcy:KaaTb C yd4eHMKamMu OWWOKKM, NoAOGHble NpuUBEAEHHLIM B NpUMeEpax, M p[aBaTb
pekomMeHZauMmM No UX YCTPAHEHMIO.

m CTeneHb MHOroYseHa

Mof4épKMBaeTCs, YTO B MHOTrOYNEHE, 3aNUCAHHOM B CTaHAAPTHOM BWAE, CTEMEHbID MHOroY/eHa HasbiBaloT
HanbonblUYyIO CTENEHb €r0 YJ1EHOB, NPUBOAATCA NPUMEPBI.

4+1=5014 :
Crenaiansaction 0 UneHbl MHOrOuneHa: 2x%y, 5x)7, —x
=3 I

2y + 517 — x CreneHb MHOro4EHa: 5
OTmeyaeTcsi, 4TOo 4TObObl HAWTK CTEMEeHb MHOrFOY/IEHA, 3aMMCAHHOTO He B CTaHAApPTHOM BMAE, CHayana

HeO6X0,CI,MMO npnBecTn ero K CTaH4apTHOMY B1AYy.
Wcnpaeb ounbKy!

JlaHHbI MHO2041€eH 3anucsieaemca e
cmaHoapmHom sude, U 8UOHO, Ymo Hauboabwas
X2+ 22+ 2x% = X3 + 2%+ 2

CmereHb e20 Y1eHo8 He ABAAeMCA cmeneHbHo
CreneHb mHorouneHa: 4 nepsozo YneHa. CmerneHb MHO204/1eHA PasHa 4.

x%x + 2x2+ 2x* CTeneHb MHorouneHa: 2+1=3

—x3 + 3x*— xx® + x— 2xx3 CreneHb mHorounena: 4
QHHbIU MHO204s1eH PUBOAUMCSA K CMaHOapPMHOM
-3+ 3x4—xx3+x—2xx3=—x3+3/—/x{+x— S P p 4
8U0Y, 00HOY1eHbl cmeneHu 4 asnamcsa no0obHbIMU

yneHamu u npugodamcaA. CmerneHs MHO2041eHa
pasHa 3.

CreneHb MHoOro4ysneHa: 3

9. MHOrou/ieHbl 3aNUCbIBalOTCA B CTaHAAPTHOM BUAe. Mpu NOACTaHOBKE 3HAYeHUI NepeMeHHOM BbluMcafeTcs
3HayeHue BblpaxkeHWA. HeKoTopble yyYeHUKM LOMycKaloT OWWBKM Npu BO3BEAEHWUU OTPULLIATE/IbHbIX YMCen B
cTeneHb. BakHO opraHmn3oBaTtb paboTy Hag TaKMMK OLMBKamM.

B KNaccax ¢ TeXHUYECKMMM BO3MOMKHOCTSMU MOXKHO UCMOb30BaTh BUAEOMATEPUANDI.
https://video.edu.az/video/8578

DndodepeHumnpoBaHHoe 0byueHue
Modoepka. HecKoNbKO y4EeHMKOB BbI3bIBAlOTCA K AOCKE. YUUTeNb NpeasiaraeT 3anncatb ABY4/eHbl, TPEXYNEHDI,
MHOrouYNEeHbI cTeneHu 2, 3, 4. YYEHUKM NepedncnsatoT UX YieHbl M OOBACHAIOT, Kak onpeaenmaun cTeneHb.
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YenybneHue. HECKONbKO YYEHMKOB BbI3bIBAOTCA K AOCKe. YuuTenb MULWET Ha AOCKe MHorouyseH ¢ 4 mam 5
YneHamMu. YUEHUKM O0NXKHbI, U3MEHAA KOIPPULMEHTbI NN CTENEHWN YIEHOB, NONYYUTb ABYYSIEHbI, TPEXUYNEHDI,
MHOrouneHbl cTenexu 2, 3, 4. OHW NePeYUCNAIOT YNEHbI U OBBACHAIOT, KaK onpeaennm cTeneHb.

MpaKkTnyeckoe 3agaHue. Knacc genutca Ha rpynnel. Ha cton
NINUEBON CTOPOHOM BHU3  BbIKNAABIBAIOTCA KAPTOYKU C
MHorouyneHamu. Kaxgow rpynne BblgatoTcs paboume AUCTbl C
n3obpaxkeHnem Tabamubl. Mo mepe BbIbGOpa KapTOUYEK YYEHMKHN orcren  |coamems | Crmasprmtana | S
3anMCbIBalOT MHOTFOY/IEH M3 KapTOYKK B Tabamuy paboyero ancra
W 3aMOJIHALOT ero.

Ida+20-a* | dab+ 26 —ab +5 | O PR YR

Shbt + 28° - Ak’

¥+ 26 + 3077 - 30| [2-3a% + 20 -a' 4 1]

Snemc | Coobon
o
erenem | wnew

Pabounii NMCT MOXKHO CKauyaTb MO CCbIKE:
https://drive.google.com/file/d/1M7p6goAt84n7BjrzRIBkHIIYgvkNgX-z/viewPusp=drive_link

lweHue 3a[
10. Nocne npvBeAeHWA MHOFOY/IEHOB K CTaHZAPTHOM dopme oTMedaeTcs, yTo y Jlanbl NONYYMACA MHOFOYIEH

cteneHu 4, a y AHapa — cteneHu 5. Heobxoanmo onpeaenutb, Kakue Yncia AoMKHbI 6biTb BNUCAHbI B CTEPTbIE
mMecTa. Mcnonb3ys ycnoBue, y4eHMKIN 3anmcbiBalOT MHOFOUY/IEHbI U MO CTENEHWN ONPeAENsatoT HyXKHble yucna.

0 ]

4x)* - 4.1(()-'2].-1(3'}-' +4 ®o'ai-ada-a*- 20‘.— 4a®+5

Ecnn ogHouneHsl cTeneHn 5 byayT npuseseHsl, Ecnn ogHouneHbl cteneHn 6 6yayT npmseaeHsl,

Nana nony4mT mHoro4neH creneHu 4. Nostomy B AHap nony4nT mHorousieH crenenun 5. Noatomy B
MyCTyI0 KNeTKy HeobxoanMOo 3anncaTb 4nCo 2. MycTyto KNeTky Heobxo4MMO 3anmcatb 4ncno 4.
Axy* - Ax()2) 2 — X3y + 4 = W_ W‘_X3y+ 4= 4a*a® - a*a—-a*-2a>—4ab+ 4 =

=-xy+4 =4/"/—a4—}4‘—§d{+4=—2a5—a4+4

YyeHMKam, UCMbITbIBAIOLWUM TPYAHOCTU NPU HaXOXKAEeHUN OTBETa HAaNPAMYIO, MOXHO NPea/IoXKUTb UCMONb30BaTh
meToz nepebopa. 3anucbiBas B MYCTYO KNETKY YMCNA, HAaUYMHaA C 1, OHM CMOTYT OnpeaennTb NPasubHbIA OTBET.
Omeem. 3,5, 4

12. OtmeuaeTcs, 4To U3 BaHKK, coaepskallent 3 TMTPa BOAbl, KaXKAbIM CTaKaHOM
3a4epnHyau Boay no 2 pasa.

PeweHue 3ada4u

e Onpeaensercs, CKO/bKO BOAbl OCTaNOCh. Tak Kak 06bEM CTakaHOB AaH B AM,
COCTaB/AETCA COOTBETCTBYIOLLMIA MHOTOU/IEH.
3-(2a®3+2-0,84a%)=3-2a°-1,6a2

e OnpeaenaeTca cTeneHb MHOTo4Y/IeHa: HanbobluanA cTeneHb — 3, 3HaYMT, CTeNeHb MHOroY/1IeHa paBHa 3.
e Mpu a = 0,5 oM BbluKCAAETCA OCTaBLLIMICA 06bém. 3 -2 0,52 - 1,6 - 0,52 = 2,35 (1)

Omeem. 3 — 2a°— 1,6a%; B 6aHKke ocTtanoch 2,35 1 BoAblI.

dopmaTMBHOE OLLeHMBaHUe

KpuTtepum oueHuBaHus MaTtepuanbl OLEeHMBaHUA
O6bACHAET NOHATME MHOroY/eHa. Paboune nncTbl, y4ebHUK,
pabouan TeTpaab
3anuncbiBaeT MHOrMO4Y/1eHbl B CTaHAAPTHOM BUAE. Paboume AnCTbl, y4ebHUK,
pabouan TeTpaap
Onpeaenser cteneHb MHOroYneHa. Paboune nncTbl, y4ebHUK,
pabouan TeTpaapb
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TEMA 3.3. CnoxeHue u BbluMTaHUE MHOFO4/1eHOB

7-2.1.2. YnpouiaeT MHOrOY/IEH.

n AHOAPTbI
OACTAHA, 7-2.1.4. CKnagblBaeT, BblMMTAET, YMHOXAET MHOIOY/IEHbI.

e CKNaablBAaeT MHOIOYNEHbI.

LLIE/IN OBYYEHUA
® BbluMTaeT MHOrouNeHbI.

APUHAONEXKHOCTU Pabouune nnCTbl, anrebpanyeckne KapTbl, CTUKEPbI
M3yueHwue: https://video.edu.az/video/4138 https://video.edu.az/video/7786

https://video.edu.az/video/7849 https://video.edu.az/video/9079
https://video.edu.az/video/7830 https://video.edu.az/video/9635

SIEKTPOHHbIE
PECYPCbI

MNoby:xkpeHue
Yuutenb nsobparkaeT MHOroueH Ha JOCKe. YYeHUKam 3a[1atoTcs BOMPOCHI, CBA3AHHbIE C B

onpeaeneHnem Toro, KaKol MHoOrouneH nonyyunTca, ecam AO6aBVITb YKa3aHHble YNeHbl. a
K Kaxaomy MHOrouneHy pucyeTca COOTBETCTByloLLee M306pameHMe 1 3anuncbiBaeTca

dl= 1 [l =-"7 Emmel ]

Bblpa*keHune.

UccnepnosaHuezobeyaeHue

YYyeHWKamM MOXKHO 3apaHee AaTb 3afaHue MOArOTOBUTb KapTOYKM, Bbipe3aHHble M3 uBeTHOM bymaru. YTobbl
onpenenuTb MHOTOYNEHbI, U306paXKEHHble AHAPOM W AMHYpP, PacCMATPMBAIOTCA anrebpamyeckne KapTOYKM.

) ]
HEIles 2

3anuncblBatOTCA MHOMOYEHBI, KOTOPblE OHW M306pasun.

® 3TN KapTO4KM COBMPatOTCA BMECTe, U KOraa yYeHUKU OOBbEAMHAIOT OAMHAKOBbIE KapTOYKM, MO Haauuuio 3
KapTouek x2, 5 KapTouek x, 4 KapToueK C Yncom 1 3anMCbiBAETCA MHOFOYNEH.

e O6CyKpaeTcAa BONPOC: KaKMe KapTOYKM J0NKHA A06aBUTb AIHYP, YTOObI NOYYMUTb MHOTOYEH, U300PaXKEHHbIM
AHapoM. YYeHMKM onpeaenstoT OTBET C MOMOLLbIO anrebpanyecknx KapToyek.

Yuntenb MOXKeT HanpaBAATb YYEHUKOB C MOMOLLbIO YTOYHAIOLMX BOMPOCOB:

— M3 KaKWx 4NeHoB COCTOAT AaHHble MHOrouseHbl? Kakux YneHoB, MMeLWwmMxca B MHOrodsieHe AHapa, HeT B

HEH BEBEE poon e
3x? 5x 4

MHorousieHe AHYP? Kak MOXHO 3anucaTb MHOMOY/IEH, COAepXKaLlmii 3TU YneHbl?

x+x

m CnoKeHne MHOTOY/IEHOB

Ka)Kﬂ,bIﬁ MHOrOYEH 3aK/104aeTCa B CKOBKN U OTMEeYaeTCA, YTO Haxo4UTCA CyMMa. YyeHnKam COO6LLI,aETCFI
3HayeHne CKOBOK. YYEHUKM 3HaKOMbl CO CKOBOUYHbIMU Bblpa*XeHnammn ¢ maiagLmnx Knaccos. Ecnhun ectb FIOLI,06HbIe
Y/eHbl, OHM onpeaenaTca U NpusoaaTca. NMpumep obcyKaaeTca BMeECTE C K1accom.
a*-2a-3)+ (-a®+a+1)=2a*-2a-3-a*+a+1=
=2f-a)+(-2a+a)+(-3+1)=a*-a-2

................................................ —
B T
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Cnocob HaxoK4eHUA CYMMbl ABYX MHOTOY/IEHOB B CTaHAaPTHOM BUAE MYTEM 3anucu mx

CTONB6MKOM 0BbACHAETCA Ha Npumepe.

B Knaccax ¢ TeXHUYECKMMUM BO3MOMKHOCTAMM MOXHO MCMNO/Ib30BaTb MAaHUNYNATUBDI.

https://en.oryxlearning.com/manipulatives/algebra-tiles
K cBeaeHmio yuutensa! Bo Bpems CN0XKEHNUA MHOTOUYNEHOB NMOAYEPKMBAETCA BaXKHOCTb BHUMaHUA K NOA06HbIM
yneHam. YYeHUKam AeMOHCTPUPYIOTCA MPUMEPbI TUMUYHbIX OWKB0K. PekomeHayeTcs paboTa Hag owmnbKamm ¢
TEMM yYEHMKAMM, KOTOPbIE AOMYCKAOT aHa0rMYHbIe OLMGKM.

2a°-2a - 3
-+ a+1
a-a-2

OwunbKn

O6bAcHeHue

Mpumep 1 pekomeHpauma

CnoxeHue He
nogo06HbIX YNeHOoB

He nogo6Hble uneHbl He
CK/1aZbIBAOTCA U OCTAOTCA B
BblpayKeHUn 6e3 U3MeHeHU M.

HesepHo: 3x* + 4x = 7x3
PekomeHOayusA: OCTaéTca B TaKOM BUAe,
TaK KaK Nogo6HbIX Y4N1eHOB HeT.

Mpu cnoxeHun
noAo6HbIX YNeHoB
CKNaAblBAOTCA He
TONbKO KO3pPUUMEHTHI,
HO M CTeneHn

HeKoTopble y4eHUKN OLMBOYHO
CKNaAblBaOT U KO3PPULMEHTHI, U
cTeneHu.

HeeepHo: 2x* + 3x* = 5x*
PerkomeHOayuA: 06bACHUTb OWIMBOYHOCTb
TaKOro BblYMCAEHUA.

HesepHoe
onpeaeneHue
noAo6HbIX YNeHoB

EcAn MHOroYNEH He B CTaHAAPTHOM
BMAe, Npu onpeaeneHnn noaobHbIX
Y/IeHOB AOMYCKAKOTCA OLMBKM.

HesepHo: 6x* + 4xx? = 10xx?
PexomeHdayusA: cHayana NpUBECTU K
CTaHAapTHOMY BUAy, a 3aTemM onpeaennTb
noAo6HbIe YneHbl. 6x2 + 4x3

HeBHMMaATENbHOCTb K
3HaKam

YacTo 3abbIBaeTCa OTPULATENbHbIN
3HaK, M pe3ynbTaT noayyaeTca
HeBepPHbIM

HegepHo: -5x + 3x = 2x

PekomeHOauyus: Nnocne cCNoXKeHus
K03pPULMEHTOB 0653aTeIbHO NPOBEPUTH
OTBET.

3. Tpe6yeTc;| 3anuncaTtb ﬂ,aHHbIVI MHOro4s1eH B Buge CyMMbl 4BYX MHOTO4Y1€HOB pPa3/1MyYHbiMU cnocobamm.

[na Kaxaoro NyHKTa NpMBOSATCA TPM COOTBETCTBYIOLWMX NPUMeEpa.

—» (3y2=)°) +(2xy-5)

d)3)?-3°+2xy-5

(20 =) +(2)° + 2xy - 5)
(3y* =y +xy) + (xy - 5)

e) 5ab —a*+3a

(5ab—a?) +(a+2a)
(2ab - a?) + (3a)
(ab - a?) + (4ab + 3a)

YyeHUKam MOXKHO NOKa3sblBaTb NPMMEPbI HE TOIbKO C MONOXKUTEIbHbIMMU KOE)de)VIU,MeHTaMM, HOUC
oTpuuaTeIbHbIMU KOI—)C')C')VILJ,MGHTBMVI, a TaKXe npumepbl HaXoXaeHnA MHOro4a1eHoB, yg0BAeTBOPALWNX
YCNOBUIO NOCNEe U3SMEHEHMA NOPAAKA CnaraemMblix.

d) 312 —13+2xy -5

(3y*=y*=xy) +(3xy-5)

(xy = y*+)?) + (3y* +xy - 5)
(3y2=4) +(2xy-y>-1)

e)5ab—a’*+3a

—» (5ab-2a% + (a® + 3a)
(ab — a*—a) + (4ab + ba)
(5ab + 3a) + (4ab — a?)

3afaHne MoXeT 6bITb OPraHM30BaHO Kak COpPeBHOBaHME B Napax. YunTtesib Aa€T napam onpeaenéHHoe Bpems, 3a
KOTOpOe HEeOoBXOAMMO COCTaBUTb Kak MOMKHO 60/blue TaKMX MHOrouneHoB. [loc/sie OKOHYaHWA BpemMeHu napbl
o6MeHMBaloTCA ANCTaMuM U NposepatoT paboTty apyr Apyra. No6exkaaeT napa, Hanucaslwan 60/blue NPaBUIbHbIX
W Pa3HbIX BbIPasKEHMUMN. DTOT METOZ, Pa3BM1BAET MblLIEHWNE, BHUMAHME U CKOPOCTb.

B K/iaccax C TEXHUYECKMMM BO3MOMKHOCTAMM MOMKHO BbIMOJIHUTb MHTEPAaKTMBHOE 3a[aHue MO CAOMKEHMUIO
MHOrO4/1IEHOB.

https://www.geogebra.org/m/zqcg8vpj

m BbluMTaHUE MHOTOUY/1IEHOB

Kaabli MHOrOYNEH 3aK/104AETCA B CKOBKM M OTMEYaeTCA, YTO HaXoaMTCSA Pa3HOCTb. YUeHWKaM 06bacHAeTCA
3HayeHue CKoboK. NMpuBoaATCA NPUMEPDI, MOKA3bIBalOLLME, KaK 3HAK Nepes CKOBKamMu MeHAET 3HaKK
BbIPasKEHWUI BHYTPU CKOBOK MPuY NUX PacKpbITUN.
(2a°-3a-3)-(-a*+2a+1)=2a°-3a-3+a*-2a-1=
= (2a° + ¢®) + (3a - 2a) + (TS -1) = 3a2—5a—-4
Y106bl HAWTW PaA3HOCTb ABYX MHOrOYNEHOB B CTAaHAAPTHOM BMAE, OObIMHO KaXKAbli Y/ieH BblYMTAaEMOro

MHOrOYeHa 3aNnCbIBAETCA C NPOTUBOMOOMKHbLIM 3HAKOM, 3aTEM MHOFOY/IEHbI 2d%—3a - 3 24 —3a -3
CKNaablBaloTCA. T @+ 2a+1 Y P =2a=1
OTmeyaeTcs, 4To 3TOT cnocob yaobeH AnA BblUMTaHNA. 3a?-5a - 4 3a?-5a — 4
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6. 1A NpaBM/IbHOCTM PaBEHCTBA NOACTABAAETCA COOTBETCTBYHOLLMIA YUNEH B MYCTYIO KAETKY.

a) x +[£+ xX2=2=x*+3x-2 c) Bab + Z‘— (ab + a) = 2ab + 3a
b)x® +4x? +1 =x° + 3x% + 1 + d) (5m?n + mn) — (m?n + 3m) = 4m’n + 3m

7. TpebyeTca 3anucaTb AaHHbIA MHOTOYJIEH B BUAE PA3HOCTM ABYX MHOTOYJIEHOB PasAMYHbIMKM cnocobamu.
MocKo/bKY B 3-M 3a4@aHWM y:Ke YCTPaHEHbI OWMBKM U 3aKpenieHbl 3HaHUA, YY4EHUKU CNIOCOBHBI BbIMOHUTL 3TO
3aflaH1e CamMoCTOATE/IbHO. 34eCb BaXKHO 06paTUTb BHUMaHMWE Ha TO, YTO 3HAK KMUHYC» nepes ckobkamu Banset
Ha 3HaKW Y1eHOB BHYTPU CKOBOK.

9. BbipaxkeHua ynpouwatotrca. Onpeaenserca cteneHb Noay4eHHOro MHorodaeHa. lNpu aTom MOXKHO HanpasBuTb
BHMMaHNE YY4EHUKOB Ha TO, KaK U3MEHAETCA CTeNeHb NPU CNOXEHUN UIN BbIMUTAHUN MHOTOYN1E€HOB, CPaBHMBAA
CTeneHb pe3ynbTaTta CO CTeNeHAMMN UCXOAHbIX MHOTOY/1€HOB.

a) M=N=3a?—a-2-(2a® - 2a) = 3e? 222 +2a=d+a-2 CmenieHb MHO204/1€Ha: 2

MpY HaXOXAEHUN CYMMbI UM PA3HOCTM HEKOTOPbIX MHOTOY/1IEHOB CTerneHb yMeHbluaeTcs. MpuyunHoli atoro
ABNIAETCA TO, YTO Y/ieHbl HaMbO/bLLIEN CTeNeHN OKasblBatoTCA NOA06HbIMM 1 COKpaluatoTcs. LlenecoobpasHo
aKLLeHTMDOBAaTh BHMMaHMWe Ha NoaobHbIX civyaax. Hanoumen:
B)M—(N+P)=3a>~-a-2-(2a’-2a+a*-1)=3a’—a-2-2a"+2a-a’+1=a—1 CmeneHb MHoz04neHa: 1

10. CKobknu PaCCTaBNAOTCA Tak, 4yTObbI NoJIyY4NNOCb BEPHOE pPaBEHCTBO. [1pU C/NOXKEHUM U BblYUTAHWUU
MHOro4yn1eHOoB NpaBuU/ibHOE onpeaeneHmne HoBbIX CKOBOK NoBbILLAET BHUMaAHUE K,Cl,ei;ICTBMFlM, d)opMMpyeT HaBbIKN
KOHTPOA NocneanoBaTe/IbHOCTU onepau,mﬁ N U3aMeHeHnA 3HaKOoB.

B 33aZaH1M B NIeBOI YaCTM paBeHCTBA HEe 3aMUCbIBAETCA TOT e MHOFOY/IEH, YTO M Ha npaBoi. Ho cpaBHeHMe
BbIpasKeHMWit NoMoraeT nsbexaTb BbIYMCAUTENbHbIX OLIMBOK.
xX>=5x+4—(x*-5x)-3=1 xX*-5x+4—(x*-5x-3)=7 xX>—(5x+4)—(x*-5x-3)=-1

12. BoipaxeHue ynpowaetca. Onpenensercs, Kakoe BblpaskeHWe He 3aBUCUT OT NepemeHHbIX. ITO 03HaYaeT, YTo
pe3yNbTaT BblpaKeHNA ABAAETCA YMCNOM U OCTAETCA HEM3MEHHbIM NPU N06bIX 3HaYEHUAX NepemeHHbIX. Mpu
YNPOLLLEHUN yAeNaeTcd BHUMaHWE PacKpbITUIO CKOBOK.

a) (2a° +b?=3) + (P> +2 - a’) - (a*+ 2b° - 4) =

S22+ D=3+ +2 - —a?—2b2+4=3 He 3as8ucum om nepemeHHoU
6)(a-2b+c)—(a-b-3)+(a—c+b)—-(b—c+6)=
=a-2b+c—-a+b+3+a-c+b-b+c-6=a-b+c 3asucum om nepemeHHoUl

B)(m—-n+p-1)—(m-p+n+1)—-(p-m-n-1)—(m-n+p+1) =

=m-n+p-l-m+p-n—-l-p+m+n+l-m+n-p-1=-2 He 3asucum om nepemeHHol

OnddepeHumnpoBaHHoe 0byueHue

ModdepicKa. K focKe BbI3bIBAOTCA TPU YUEHMKA. YUUTENb NPOCUT ABYX YHEHMKOB 3anncaTb MHorouneH. pyrve
YYEHUKM HAXOOAT CYMMY MW PA3HOCTb 3TUX MHOTOY/1IeHOB. Pe3ynbTaT obcykaaetcs. Yyawmeca meHATcA
pPoONAMU U 3afiaHMe NOBTOPAETCA.

YenybneHue. K pocke BbI3bIBAOTCA TPU yYeHMKa. [IByM yueHWKam npeanaraeTca 3annucatb MHoOrouaeH. Tpetui
YUYEHUK onpeaensaeT, KaKoi MHOFOUYEH HYXKHO 4006aBUTb K O4HOMY, YTOObI NOAYYUTb APYrOn, U 0OBACHAET XOL4

Ko N = =
13. 3anucoiBaeTca BbipaXkeHne ona HaxoxaeHnAa nepmmeTpos d)Mryp Oﬂpe,CI,EIIHETCﬂ, nepumMeTpbl Kaknx dwlryp
PaBHbI.

1. 1
;x+1 -3—.\1-2 g-_r+2
¥+ 2 x+1
Odx + 1 Ot +1 15.\-+'I ;_—.\'+1
x+3 1. 1
14.\+3 T3
= 04x+1+-x+1+04x +1+1=x+3= ! 1 1 1,1
X+2+x+1+x+3= ,4x > ,4x X+3= S+ 24+x+2+x+1+1x+—x+1=
=3x+6 11 3 3 2 372
=27t =3x+6

Omeem. NepuMeTpbl TPEYTONbHUKA U NATUYTONbHUKA PaBHbI.
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14. Teno, norpy>kEHHOE B KMAKOCTb, BbITECHAET }KNAKOCTb B 06 bEME, PAaBHOM €ro 06BbEMY.
Ha ocHoBe TabauLbl NNOTHOCTEW 3aNUCbIBAOTCA BbipaXKEHMA M OTBEYAETCA Ha BOMPOCHI:

¢ B nepsbiii cocya NOMeCTUAM TeNo A maccom m rpammoB M Tesio B maccon  g= =4 iz =
n rpammoB. O6bEM BbITECHEHHOM BOAbl paBeH: 20m + 10n 1 4 ‘ 2 l C
¢ Bo BTOpOI cocyn nomecTunn Teno C maccoit m rpammos u Teno D — \‘)3 ez, D
maccok n rpammoB. O6bEM BbITECHEHHOM BOAbI paBeH: 8m + 2n . Homocn G/
* 3anuncbiBaeTCA BblpaxKeHWe, NoKasblBatowee obLwmnin 06vém 7| 50
BbITECHEHHOW BOAbI U3 ABYX cocynos: 20m + 10n + 8m + 2n = 28m + 12n B 10
* 3anuncbiBaeTCcA BblpaxeHuWe, NoKasblBaloLee, HACKO/bKO 06bEM BOAbI, 5) g
BbITECHEHHOW U3 BTOpPOro cocyaa, 6onblie 06bEMa BOAbI, BbITECHEHHOW U3
nepsoro cocyaa: 20m + 10n — (8m + 2n) = 12m + 8n
dopmaTMBHOE OLeHMBaHUe
Kputepum oueHnBaHusa Marepuanbl oLeHMBaHUA
CKiagblBaeT MHOTOYEHbI. Paboune nncTbl, y4ebHUK,
pabouan TeTpasb
BblyMTaeT MHOro4YNEHbI. Paboune nncTbl, y4ebHUK,
paboyas TeTpagb

3A0AYYN U NPUMEPHI

YUeHMKM Ha NpeablayLmnX YPOKax NO3HaKOMMUINUCH C MOHATUAMMU KOAHOUYNEHY, KMHOTOUYNEHY, «CTAaHAAPTHbIN BUA,
OHOY/IEHA W/IM MHOrOYNEHA», «CTEMeHb OAHOYNIEHa MM MHOroYNEeHa», «CBOBOAHLIA YNEHY», «ABYYNEHY,
«MHOrouYeH». Ha 3ToM ypoKe oHM ByayT pewwaTb pas/inyHble 3343a4M U NPUMEPbI A5 3aKPenaeHUa NoayYeHHbIX
HaBbIKOB.

B Knaccax C TEXHMYECKMMM BO3MOMKHOCTAMM MOXHO AE€MOHCTPUPOBATh BUAEO C OBBbACHEHUAMM HEKOTOPbIX
3a4aHu1I, CBA3AHHbIX C MHOTOY/1IEHaMM, U NPOBOANTb MHTEPAKTUBHbIE UIPbI.
https://www.educaplay.com/learning-resources/14860236-algebra_1_math_game.html|
https://www.quia.com/cb/42458.html|

MpaKkTnyeckoe 3apgaHue. Knacc genutca

Ha rpynnbl. Kagon rpynne pasfaloTCa e soroms oy — (SR
paboune nuctbl. B pabouyem nucte "‘"“"‘"“_ﬂ'_‘__““"“‘m“”"" ' @__
MokasaH cnocob 3anosHeHWs MycTbIX 203 D b
K/IETOK. Cymma MHOTOYNEHOB, <| I < [so-sa] [ 22| >
PacnoNoOXeHHbIX B BEPXHEN W HUNKHEN [s0-xes [20-3]

pamKe, OO0/1KHa 6bITb 3anncaHa B npaBoﬁ

paMKe, a UX pa3HOCTb — B /IeBOI pamKe. Fpynna, Kotopas GbiCTpee 1 npasuibHee 3anoIHUT NycTble
KJETKM M0 3TOMY npasuy, obbasnaeTca nobeautenem.

Pabouunit INCT MOXKHO 3arpy3uTb MO 3TOM CCbIIKE:
https://drive.qgoogle.com/file/d/1frLrr14q6U3KlanNApFklcqzIBh5t-nE/view?usp=drive link

PeweHune 3agaHum

1. Tabanua 3anonHaetca. NMpu 3anonHeHnn Tabanubl yueHUKam Heobxoanmo obpaTnTb BHMUMaHWE Ha npasuna
HaXOXAEHMA NPON3BEAEHMNA OLHOUYNEHOB, C/IOKEHNA OAHOUYNEHOB, a TaKXKe onpeeneHnsa YNeHoB
MHOrOY/IEHOB.

a)l X 5 x? 4y°z b): + i 2n 2m*=3n | m?+ 2n+ 2 I
=2x | -10x | =25 |-8 xyzz -2m? ‘—2m2 +2n|  3n —m*+2n+2 |
| 0,6x2y 3x2y 0,6x%y 2,4x2y3 :—mz— Zn‘ -m? m?="5n . 2 |

Mpu BbINONHEHUN 334aHUA BAXKHO ONPEAENUTb, KaKyto KIETKY 3an0/HATb NepBoi. ITOT HaBbIK NOMoraet
6bICTPO ONpeaennTb BbipaXKeHMUs, COOTBETCTBYIOLLME BCEM KNETKam Tabaunupbl. 3To popmMupyeT y yYeHUKOB
YMEHWE MbICIUTb B IOTMYECKOI NOC/e40BaTENbHOCTH, PaboTaTh NIAaHOMEPHO M BbINOHATL 3a4aHUA CUCTEMHO.
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2. [1ns NpaBUAbHOCTU PABEHCTBA B MYCTble KETKM NOACTaBAATCA COOTBETCTBYIOWME Yncna. Y1obbl BbINOAHUTL
3ajaHue, CHa4yana NPoOBOAMUTCA BOSMOMXKHOE YNPOLLEHME C MPUMEHEHNEM CBOWCTB CTEMNEHM, 3aTEM
CpaBHMBaOTCA KO3PDMLMEHTbI M BYKBEHHbIE YacTU BbIPaXKEHU, 3aNnCaHHbIX No 06e CTOPOHbI PaBEHCTBA.

a) (a2)?- (2b2)2] = 4a%b*
BbluncnaeTca cteneHb ctenenu. (a?)3 = a®

TaK Kak no obe CTOPOHbI paBEHCTBa MMEETCA BblpaKeHUe a®, ocTanbHble BbipaxeHus a® - (2b%)*=a®- 4b*
TaK¥Ke A0/MKHbI O6bITb PaBHbI. Mcxoaa U3 3TOro onpeaenseTcs YNCN0, KOTOPOE HYXKHO L ]
BMMUCATb B NYCTYIO KNETKY.

5. [laHHble BbIPaXXeHMA 3aMNUCbIBAIOTCA B BUAE CTEMEHM.
a) B Buae KBagpaTta ogHoYNEHA

a - 4a3b*? = 4a*b'? = (2a°Db°)?

(3:x°)" =8LxtyP= (9 mm (3% = ((3x)°)%)* = (9x%)°)?

L ]
(4x)% - (2x?)2 = 16x% - 4x* = 64x° = (8x%)? wmnm (4x)? - (2x%)? = (4x - 2x?)* = (8x7)?
— ]

7. OnpenenatoTca BepHble YTBEPXAeHUA, OTBETbl 060CHOBbLIBAIOTCA C MOMOLLIO MPUMEPOB.
a) Ecnv nepemMHOXWUTbL ABa OAHOYNEHA CTeneHen 3 U 2, NONYYMUTCA OAHOYNEH CTENEHU 6. YmeepxcdeHue
HegepHo.
MoKasbiBaeTcA Ha NpUMepax, YTo CTeneHb NPOU3BEAEHNA ABYX OJHOUNEHOB PaBHa CyMMe UX CTeneHei.
Hanpumep, x3-x% =x°
6) Mpu cnoxeHUN ABYYNEHOB cTeneHel 3 1 2 NoAYyYaeTca MHOToYNeH cTeneHmn 3. YmeepideHue 6epHo.
MoKasblBaeTCA Ha MPUMEPAX, YTO CTeMNEHb CYMMbIl ABYX MHOTOY/1eHOB paBHa 6obluelt 13 cTeneHe aTux
MHOrO4Y/1IEHOB.
Hanpumep, x¥*+x + x2=2x = x> + x> —x
9. Ha ocHOBaHUM AaHHbIX pa3mepos Kybouaa, UMAMHAPa U NPAMOI TPEYrobHOM NPMU3MbI, NPeACTaBAEHHbIX Ha

PUCYHKE, 3anncCblBatOTCA Bblipa*KeHUA O/19 HaXOXAEHUA 06bEMa U naowaan Kaxaomn eurypbl (7t = 3).
4m

- . 2., ~ 2
a) V=2a-1,5b - b = 3ab? a) V=n-(4m)* - 3n = 144m*n
2 6) Suom=2(2a- 1,5b +2ab + 1,5bb) = 3n 0)Srone=2-m-(4m)+2-7-4m-3n =
1 sp =10ab + 2b? =96m? + 72mn
. ;
L % 1
a) V=5-3x-4x-6y=36x2y
oy ©) Snom=2 2+ 3 Ay +3x - 6y +4x - 6y +5x - 6y = 1202 + 721y
Sx
TEMA 3.4. YMHOXeHWe ogHOuU/1IeHa Ha MHOToueH
NOACTAHAAPTbI 7-2.1.3. HaxoguMT 3Ha4YeHWe MHOro4Y/ieHa Npu 3a4aHHbIX 3HAYEHUAX NepeMEHHbIX.

7-2.1.4. CKnaablBaeT, BbIYMTAET, YMHOMAET MHOFOYAEHbI.
® YMHOKaeT 04HOYNEH Ha MHOTOYJ/IEH.

LLE/IN OBYYEHUA ° HaxoauT 3HaYeHMe NoNYy4eHHOro MHOroY1eHa NP 3a4aHHbIX 3HAYEHUAX
nepemeHHbIX.

NPUHAONEKHOCTU Paboune nncTbl, anrebpanyeckme KapTbl, CTUKEpDI

M3yueHue: https://video.edu.az/video/7848 https://video.edu.az/video/13507

S/IEKTPOHHBIE https://video.edu.az/video/13570 https://video.edu.az/video/13570
PECYPCbI 3apaHue: https://www.geogebra.org/m/re5yfdud
https://www.geogebra.org/m/unpdkhgh
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MNobyxaeHue

Yuutens npeanaraet yy4eHUKam M3roToBUTb MOZE/IM B COOTBETCTBUM C U306paKeHUAMM, HAPUCOBAHHbIMU HA
[lOCKe, UCNOoNb3yA Bbipe3aHHble U3 LBETHOW Bymaru NnpsMOYrosibHUKM, U 3anMcaTb MHOTOYEH A8 HAXOXAEeHUA
NAOLLaAM 3aKpaLleHHbIX YacTell. YunTtenb 3a1aéT yueHMKam HanpassioLlue BONPoCh:

— Kak MOKHO HalTu nuowaab NPAMOYronbHUKA, UCMONb3YyA M/OLWAAM ero Yactei? B Kakom u3ob6parkeHuu
Mcnoab3yeTcs CyMMa NJoWaden, a B KaKom — pasHocTb? KakoBa WWPUHA M AJ/IMHa 3aKpalleHHon ourypbl? Kak
HaWTW NAOWaAb, UCNONb3YA WNPUHY U OJIUHY?

a 2 b 8 « b o bta
5 b 5 a
] [ ] §° p 1

I e L] ]

YYEeHUKN ONA KaxkOoro u3obparkeHWA OTBEYaloT Ha BOMPOCbI M OBBACHAIOT, KaK OHWM 3anmcannm MHOFOYNEH,
BblparkaloLWwmii naowaab.

[Ba Knacca, B KaXK,0M U3 KOTOPbIX NO kK y4eHUKOB, noexann B HaumoHanbHbIM
My3ei KoBpa. YKasblBaeTcA, 4TO LeHa BxogHOro 6uneta Ans B3POCAbIX
COCTaBASET M MaHarT, a A4/1a WKONbHUKOB — Ha 4 maHaTa Aeluese.

e TaK KaK noexanu ABa Kjacca no k y4eHUKOB, YKa3blBAETCA, YTO KOJIMYECTBO
LWKOJIbHMKOB, OTMNPABUBLUMXCA B My3ei, paBHO 2K, U 3anncbiBaeTCA BblpaxKeHue,
NOKa3blBatoLee KOMYECTBO Y4EHMKOB, NOEXaBLUNX B My3eW: 2k

¢ 3anucbiBaeTCcA BblpaykeHWe, MOKasblBaloLee CTOMMOCTb OfHOro buneta gna
LWKONIbHUKOB: m —4

3anucbiBaeTcA BbipaykeHWe, NoKasblBaloLLee, CKOIbKO AeHer 6bl/10 onaayeHo 3a NpuobpeTéHHble ann
LWKO/IbHUKOB BUNETDI:

k-(m—=4)+k-(m—4)vank(m—4) + k(m - 4)

YUYeHUKam MOXKHO AaTb 3aZlaHMe YNpoCTUTb 3TO BblPaXKEHUE C NMOMOLLbIO yuuTens. Yuntenb yaensier BHUMaHue
YYEHUKAM, UCMbITbIBAOLLMM 3aTPYAHEHMA B YNPOLLEHUN BblPAXKEHUA.

m YMHOXeHue 0g4HOUY/IeHa Ha MHOTOuY/1eH

Ob6bACHAETCA C NOMOLLbIO M306PAXKEHUA U NPUMEPA, YTO NPOU3BELEHNE OAHOYNEHA HA MHOFOY/IEH HAaX0AUTCA
Ha OCHOBe pacnpefe/iMTeNIbHOrO CBOWCTBA YMHOMeHMs. YTobbl YMHOXWUTb OAHOYNEH Ha MHOMOYNEH,
HEo6X0AMMO YMHOMKMUTb 3TOT OAHOUYIEH HA KaXKAblii YNeH MHOToYIeHa U CNOXKUTb NOyYeHHble NPOU3BEeAEHUS.
dopmyna obcyKpaeTca ¢ yYHeHUKaMK.

Zu(‘ +‘.’}) =2a-a+ 2a-b=2a%+ 2ab
a b

2a mp 222 200 | wmp | 24°+ 2ab

YYEeHUKM OTMEYatoT, YTO Ha OCHOBE MPOMU3BEAEHUA WNPUHbLI U OJIMHbI NPAMOYrO/IbHUKAE TaKKe MOMKHO 3anucaTtb
a(2a-b).

C Apyrow CTOPOHbI, OTMEYaEeTCA, YTO NPomM3BeaeHVe g U 2a NOKasblBaeT nouaab 60/1bWOoro NPAMOYrobHNKa, a
npousseaeHne a U b — naowanab MaseHbKOro MNPAMOYro/ibHUKa, OTAENEHHOro OT 60/bloro; Y4Tobbl HalTH
NAoLLaAb CUHEN YacTu, U3 Naowaamn 601bLIOro NPAMOYro/IbHUKA BblYMTaETCA NA0LLaAb MaseHbKOrO.

»ab 2a 2a 2a
b b b b
a(2a—b) 2a’—ab

MoayépkneaeTcs, YTo 0be 3anNncK BbipaKatoT NAOLWAAb CUHEro NPAMOYrobHMKA, MO3TOMY OHU PaBHbI.
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1. [Ona HaxoXAeHus n/oWaAM 3aKkpaleHHOro MPSAMOYro/ibHUKa B MYCTYHO  K/IETKY  BMUCbIBAOTCA
COOTBETCTBYHOLME OAHOUNEHDI.
2

a) x(3x +[5) =B+[sx]  6) [2alfase+{2) =+ [4a] 8) 3b(5bH4) tsr-t2f]

3x 8. 4,5a 2 5b

2a 3b

4

K cBegeHuio yuutena! [pu HaxoXKAEHUM NPOM3BEAEHWA OLHOY/EHA M  MHOFOYNEeHa WCNOJb3yeTcs
pacnpeaenmTeNibHoe CBOWCTBO YMHOMEHMA. [1A YYEHWKOB, WCMbITbIBAIOWMX TPYAHOCTU C MNPUMEHEHMEM
pacnpesennTenbHoro CBOMCTBA, NOe3HO HAaMOMHUTL 3TO CBOMCTBO, MPUBECTM CHaYa a NPMMepPbl Ha AeCTBUA C
yncnamu.

3. HaxoauTcsa npousseaeHne ogHoUIeHa U MHOroYneHa. NoyyeHHbIi MHOrOY1eH 3aNnCbiBaeTCA B CTaHAAPTHOM
BMAe, v Tabanua 3anonHaeTcs.

x ab + a*h? — @ | a*b — 2ab+ ab? 3b* + 4b° -5 a*b - 2ab - ab? + 4b*
—7 ~7ab - 7a*b* + 7a* ~7ab + 7a*b* - 7d? -21b*-28b* + 35 -7a’b + 14ab + 14ab’® — 28b"

2ab 14a°h*-2a°b* -2a°h | 2a°b* - 4a’P? + 2a%D° 6ab® + 8ab* — 10ab 2a°h* - 4a’b’- 2a?b® + 8ab®

4. [laHHble BbIpaXKeHNa yNpoLLatoTcs.

a)ala+b)—bla—b)=a’>+ab—ba+b*=a’*+ b?

r) m(m? — mn + n?) — n(m? — mn + n?) = m® — m*n + mn?® — nm? + m*n — n® = m3 = 2m%n + 2mn? - n3

MHOraa y4eHUKM UCMbITbIBAIOT TPYAHOCTU NpU BbiGope NOAOBHbIX YNEHOB CPean OAHOUYNEHOB, COAEPMKaLLUX
OZMHaKOBble NepeMeHHble B pa3HbIX CTeneHAX. Hanpumep, oHM oWMBOYHO cYMTaOT, YTo mn? M nm? AsnatoTCcA
noAo6HbIMM YneHamm. BaxkHO opraHn3oBaTh PaboTy Hag, OLMBKaMM C TAaKUMK YUEHUKaMU.

Jlo>kHble npepacTaBNeHMA, BOSHUKAIOWME Y YYEHUKOB. MHOrOa NpyM YMHOMEHWM OAHOYAEeHa Ha MHOrou/eH
YY4eHMKM He obpallaloT BHUMaHMA Ha 3HaK OfHouneHa. EcanM ogHouneH umeeT oTpULATE/bHbIN 3HAK, a Mpu
PaCKPbITUM CKOBOK 3HaK BbIpaX<EHUA BHYTPU CKOBOK He M3MEHAETCA, TO YHeHMK NoyyaeT owmnboYHbIl pesynbTar.
Ewé oAHOM OWMBKOM yUeHMKOB ABAAETCA HENpPaBUIbHOE NPUMEHEHME CBOWCTB cTeneHn. Tak, MpU HaxoXAeHWUK
NpoV3BeAEeHUA MHOTOUIEHa, COJEPKALLErO HECKONbKO NEePEeMEHHbIX, Ha OAHOUNEH YHEHUKMN AOMNYCKaoT OLINBKM B
onpeaeneHnm creneHei.

JloxHoe BepHoe
Ecnu neped ckobKoll MHOMUMeEb ¢ 0Mpuy. 3HAKOM: —a*(2b-5) = =2a’h—5a*  -a*(2b-5)= -2ab + 5a*
MpumeHeHue ceolicme cmeneHel: 6ab(2ab + b%) = 12ab +12ab*  6ab(2ab—b3) = 12a*b*- 12ab*

Mpu pelweHUM 3aJaHUI Ba)KHO Y4YMTbIBATb OLIMOKM YYEHWKOB, ONpeAendTb, YTO 3TU OLWMOKU CBA3aHbI C
pacKpbITMeM CKOBOK, CBOMCTBaMM CTENEHEN C OAMHAKOBbIMU OCHOBAaHUAMM, pacrnpesennTe/ibHbiM CBOMCTBOM
YMHOMEHMSA, U OPraHn30BaTb PaboTy Hag HUMK.

6. BbINONHAGTCA aNrOPUTM U HAaXOAWUTCA KOHEYHOE YMCNO0. YUEHUKM 3aNUChIBAIOT BbipaxkeHue Y B CTaHA4APTHOM
BUAE W aHanuM3upyloT 6nok-cxemy. Cneays NO COOTBETCTBYIOWEN BeTBUM 6/10Ka yCNOBWUA, OHU BbIYUCAAIOT
3HayeHue BbipakeHus Y Npu 3aaHHOM 3HaYEHUW NEPEMEHHON U ONPEeLEeNnstoT NoayYeHHoe YUCO.

a) Y=2a2(b +3) - b(2a? — 3) ==6a2 + 3b [lony4eHHoe sbipaxceHue d8y4seH. Hauene

Banvuwm seipaxenve 1 n 0uae MHOROWNSHS CTAHAIPTHOM BAD

BbluncnaeTca 3HaueHre Ynpua=-1;b=2.

Y= 6 . (_1)2 * 3 . 2 B 12 Borincnn aii‘e ¥ :{p:{EEEEEt Buuijnn aHauenmne ¥
b) Y= (2ab)*—alab® + 2) - 4 =3a’h* - 2a— 4 [losyyeHHoe 8blpaxeHue mpva= b2 v ka2,
BblumcnaeTcs 3HaueHe Y npua=—4; b=-2. He Osyusne. SR T
Y=3a2h?—2a-4=3-(-4)2- (-2 -2 - (-4)-4=196 =
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K cBegeHuto yuurens!

B 6-M 3a4aHWUM YYEHMKM OO/XKHbI CNeAuTb 3a NocaeA0BaTeIbHOCTLIO onepaumii 1 610Kkammn ycnosuin B 610K-
cxeme 1 06pallaTb BHUMaHMWE, 419 KaKOro 3HaYeHUa nepemeHHom
HaXxo4MTCA 3HayeHWe BblpaxkeHua. [lpu pasBeTBAEHMU XOp,
anropuTMa 3aBUMCUT OT WCTMHHOCTM WM JIOXKHOCTM YCIOBUA.
YYeHUKN 3HaKOMblI C MOJOOHbIMM BNOK-CXeMaMM Ha YypOoKax
MHOOPMATUKM C MNAALIMX KAaccoB. Takue 3afaHMs pa3BuUBalOT
aNroOpPUTMUYECKOE MbILLIEHUE, NOTUYECKOE NMPUHATUE PELIEHWUI U
YMeHUe cneauTb 3a NOCNe0BaTE/IbHOCTLIO OnepaLuii.

7. B nycTble KNETKM ONpeaenaoTcA COOTBETCTBYIOLME BblparkeHUA. YUeHMKM 06pallatoT BHUMaHWe Ha npasuia
PaCKPbITUA CKOBOK NPM YMHOMEHUM 04HOYNEHA HA MHOTOYNEH M Haxo4AaAT NoAX0AALLEE YMCAO A1 3aN0AHEHUA
NycTOM KNEeTKN.

a)Blla—1) =ab-b c) 6xy + x2y = x{ y|6+ [x)) e) 4’ — 2a® + 2a = 2a2ad-[a] + [1])
b) 5x?+ x = [ X|(5x + 1) d) —2x%y — 2xy zﬁ(.\'”}.‘ + ) fﬂ—3a a’+a+ 3)=-3a*-3a’°-9a

Hauano n KoHeu, nporpammbl
Bnok BbluMcneHn

Bnoku Bxoga v Bbixoaa

bnok ycnosua

i

9. NMoaburpaerca Takow YneH, YTobbl NoNyYEeHHOE BblPaXKEHWE CTaN0 NPaBUIbHBIM PAaBEHCTBOM. [1pU BbINOAHEHMM
3a4aHuA YY4EeHWKM 06paLLaloT BHUMaHME Ha BbIPaKeHUA B IEBOV M NPaBOW YacTAX PaBEHCTBa.

=2a*- (1 =2]) =ha?+ 24° a’(=a® +|al+ 2) = =a® + a® +)ows
TaKue 3aaHuA YKPENAAOT Y yYeHUKOB YyMeHMe cobaoaTh NOPAAOK AeCTBUIA, NPUMEHATbL pacnpeaeMTebHoe

CBOMCTBO YMHOEHMUSA, @ TaKXKe Pa3BUBAIOT JIOFMYECKYIO NOCNeA0BATENbHOCTb U CTPYKTYPUPOBAHHOE MblLU/IEHME.
10. HaxogATca oTBETbI HAa BONPOCHI.

a) YTo6bl HaliTW 3HaYeHMe NepeMeHHOM, MPU KOTOPOM 3HaYeHe 2(x+3)-3x=5
BbIpaxeHus 2(x + 3) Ha 5 eAnHUL, 6ONbLUIE 3HAYEHUA BbIPAXKEHUSA 2x+6-3x=5
3X, COCTaBAAETCA COOTBETCTBYIOLLEE YPABHEHME U PELLAETCA. -x=-1

x=1

OuddepeHumnposaHHoe 0byueHue

Moddepicra. Ha pocke pucyeTca  COOTBETCTBYIOWEE (3, o0 .. leyunet

n306parkeHne M MPUrNaWalTca ABa YdeHWKa. Yuutenb | |(‘ ‘)_ ‘ |
npeanaraet y4eHMKaM BNUCaTb B COOTBETCTBYIOLLYIO NYCTYIO
KNEeTKY OAHOYNEH W [ABYY/NeH. 3aTeM YYeHWKW HaxomaT | |(‘ ‘):‘ |

npousBeAeHMe 3anuCaHHbIX OOHOY/MEHA M MHOroY/eHa U
3anuCbIBaOT €ro B CTaHAAPTHOM BUAE B MYCTYIO KNETKY CNpaBa OT 3HAaKa paBeHCTBa. Pe3ynbTaT obcykaaercs.

YenybneHue. Ha pocke pucyeTca COOTBeETCTBylOLLEe
y A pucy ytot OO0HoYneH MHoz2o4neH

n3obpakeHne U NPUMNALIAIOTCA ABa YYeHMKa. YuuTenb | ‘ F ’ | |
npegnaraeT yYyeHMKam BMMCAaTb B  MYCTYIO  KAETKy ( )=
OJHOYNEH M MHOrOY/IeH, YA0BAETBOPAIOWME YCAOBUIO: | ‘ (‘ ‘) - | |

Hanpumep, OAHOYNEH CTeneHn 3, TPEXYNEH CTeneHn 2,
oAHOYNEH, CyMMA Ko3dduUMEHTa U CTeneHN KOTOPOro paBHa 5, 1 T.n. 3aTem y4YeHUKN HAXOAAT NPou3BeaeHUe

11. 3anucbIBalOTCA MHOFOY/IEHbI, BbipakatoLme NaoLaab 3aKpaLlleHHbIX YacTel gaHHbIX Guryp.

. 3a _ 2h

a+2 B B L.-f

3a Eja . 1_\ 2b ul |’
1 b
[ 2a + 12 — 2h-2 4b + 2 .
(3a)*-ala +2) = %a(2a+12)= %-2-(2b—2)-2b—b(2b—2)= (4b+2)-2b-b(4b+2-2b) =
- 2

=8a%-2a =a’+6a =2p2-2p =6b°+2b

O6CV)K,£I,3IOTCFI MHEeHWNA Y4eHUKOB, 3aNnCaBLLINX COOTBETCTBYOWME MHOIoO4Y1€HbI Pa3INYHbIMU cnocobamu.
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13. YKa3bIBaeTca, YTO OAMH MPUHTEP NeYaTaeT m CTPaHWL, B MMHYTY, @ BTOPOI — Ha 4 cTpaHuLbl 6osblue.
3anuncbiBas MHOMOYEHbI, 4AKOTCA OTBETbI Ha BOMNPOCHI.

* YKa3bIBaeTCA, CKO/IbKO CTPaHUL, BTOPOM NpuHTep neyaTtaer 3a 3
MWHYTbI. 3(m +4)=3m + 12

* 3anMCbIBAETCA U YNPOLLAETCA BbipaXKeHMe, MOKasblBaloLLee
obuiee YMCNOo CTPaHUL, HaneyaTaHHbIX ABYMA NPUHTEPaMM 3a 5 M CTPAHUL B m +4 CTpaHNup! B

MUHYT. MUHYTY MUHYTY
S5(m+m+4)=52m+4)=10m + 20

YKa3bIBAETCA, CKONIbKO BCErO CTPaHML, HaneyaTaloT 4Ba NPUHTEPa 3a kK MUHYT.

k(m+m+4)=2km+ 4k

14. Pazmepbl bacceiiHa NpAMOYronbHOM pOpMbl yKasaHbl B MeTpax Ha nnaHe. MpeaycmoTpeHa 061ML0BKa
NAUTKOM No Kpato 6acceitHa. 3anuncbiBaeTca MHOroYeH AnA
BbluMceHna oblelt naowWwaam NAMTKK, Kotopas byaert
YJI0XeHa B 3TOM 4acTu, Ha OCHOBe NaaHa.

PeweHue 3ada4u

HaxoanTtca obuwas naowaab 6accemHa Ha naaHe.

(16a +a +a)(a + 20 + a) = 18a(2a + 20) = 364 + 360a
HaxoauTca naowaab y4acTka, npeaHa3sHauYeHHOro 418 BOAbl. ,
16a - 20 =320a 2a+20
3anucbiBaeTcA MHOMOUEH, BbIpaXKatoLMii Pa3HOCTb 3TUX NAOW3AAeN, U NPUBOANTCA K CTaHAAPTHOMY BUAY.
36a? + 360a — 320a = 36a* + 40a

* MNpu a=0,5 Bbluncnaerca naowaap. 36a +40a =36+ 0,52+ 40+ 0,5 = 29 (m?)

Omeem. 36a? + 40a; 29 m?

O6cyxcdeHue. ObcyxaatoTca pasHble cnocobbl pelleHna 3agaun. Hanpumep, Tak Kak Kpaa 6acceitHa umetot
bopmy NPAMOYrONbHUKA, YHYEHUK MOTYT 3anmncaTh MHOMOUNEH, BbIpaKaloWwmil NNoLaaL NAUTKK, HaliaA
NAOLWAAb KaXKa0i HYacT OTAENbHO, @ 3aTEM UX CYMMY.

dopmaTtUBHOE OLeHUBaHWe

Kputepum oueHnsaHums MaTtepuanbi oueHMBaHUA
YMHOKaeT 04HOYNEH HA MHOTOY/IEH. Paboune nnctbl, y4ebHUK,
pabouan TeTpasb
HaxoauT 3HayeHne NoNy4yeHHOro MHOro4Y/1eHa NpY 3aA4aHHbIX Paboune nncTbl, y4ebHUK,
3HAYEeHUAX NepPeMEHHbIX. pabouasn TeTpaapb
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TEMA 3.5. YMHOXXeHMe MHOrousieHa Ha MHOrouY/1IeH
7-2.1.3. HaxoguT 3HayeHWe MHOro4YJieHa MpU 3a[aHHbIX 3HAYEHUAX MepeMeHHbIX.
7-2.1.4. CKnagblBaeT, BblMMTAET U YMHOXKAET MHOIOYNEHbI.
© YMHOaeT MHOro4/1eH Ha MHOTO4Y/1EH.
° HaxoauT 3HaYeHne NoNy4YeHHOro MHOro4ieHa Npu 3a4aHHbIX 3HAYEHUAX
nepemeHHbIX.
e OnpeaenseT, ABNAETCA I AaHHOE BblpaXKeHMe TOXAECTBOM.

NOACTAHAAPTbI

LE/IN OBYYEHUA

NPUHAONEKHOCTU Paboune nncTbl, anrebpanyeckme KapTbl, CTUKEpDI
M3yueHue: https.//video.edu.az/video/9871 https://video.edu.az/video/9093

3/IEKTPOHHbLIE https://video.edu.az/video/9652 https://video.edu.az/video/9487
PECYPCbI https://www.geogebra.org/m/n8dx3pyb https://www.geogebra.org/m/ubu2pg6bk
MNobyxaeHue

YynTenb pUcyeT Ha AOCKe GUrypy, Kak Ha PUCYHKe, M OTMeYaeT e€ pasmepsbl. 3aTeM Kaxaasa durypa pucyerca
OTAENbHO, U YYeHMKam NOpPyYaeTCcsa BNMCaTb COOTBETCTBYOWME PasMepbl B NYCTbie KNETKM.

x 6 O O O O
X x O 0 ]
. 4 . 4 i
: 13 31 7]

C 0 ) ]

Yuntenb 3af3€T y4eHWKaM HanpasasatoLwme BONpocChI:

- KaK MOKHO 3anucaTb naowaab NPAMOYrosibHUKA B BUAE NPOU3BEAEHNA O/IMH ero cTOpPoH? Kak MOXKHO HalTu
naowanb NPAMOYroNbHUKA, UCMONb3YsA NAOWAAb ero 4yacten? Kakas M3 4yacTeil NpAMOYrosibHUKA ABNSAETCA
KBagpaTom? CKONbKO M3 3TUX YacTer umetoT Gpopmy NPAMOYroabHMKa? Y KaKoro NpAMOYro/ibHMKA OfHa w3
CTOPOH paBHa X? 10wWaab KaKoro NPsAMOYrosibHUKa He 3aBUCKT OT X?

HaxogAaTca oTBeTbl Ha BOMPOCHbI M OBGBACHAETCA, KaK 3anucbiBaeTcd MHOrouYneH, npeacTtaBasiowmi obuyto
naowaap eurypsol.

WccneposaHuezobcymaeHne

Ha pucyHKe faHbl pa3smepbl KBAapTUPbI, MMEoLWEen NPAMOYronbHyto dopmy. OBCYKAAETCA C KNACCOM, KaKMMU
CNocobamm MOXKHO HalTU MHOTOY/IEH, BblpayKatowwmii 0bLLyto naowanb 3Tol KBapTUpbl. MOXHO OTMETUTb, YTO
[aHa KBapTupa, cocToAllas n3 4 Npsamoyro/ibHbIX KOMHaT. HaxoauTcs naowasb Kaxaoi 4acTu. 3aTem yH4eHUKU
OTMEYaloT, YTO A/IA HaXOXKAEHWSA NolWagu BCel KBapTMPbl B GOpMe MNPAMOYrosibHUKA HYXKHO C/IOXUTb

a 7 a 7
a I!. ﬂ. | a z!' 7 1.
‘._ S| ‘a, sl a— . a’+3a+7a+21=a*+10a +21
) e 323a| 21

NOAYYEeHHblE OAHOYNEHDI.

C NOMOLUBIO YYMTENA YYEHMKM TaKKe MOryT onpeaenvTb Naowadb NpAMOYrosbHMKa No Npou3BeAeHUIo ero
WWPUHBbI U ANWHBL. TakMm 06pa3om, KaK Mpu BbIMOAHEHUWU OMepauMy YMHOMKEHUA MCMOob3yeTcd MOAENb
NAoWaam, 34eChb TaKKe OCYLLEeCTBAAETCA Nepexos, K NPoM3BeAeHNI0 MHOTOY1eHA Ha MHOTOYIEH.

Wymuomeuue MHOTOUJ/IEHA Ha MHOTOY/1EH

Y106bl HAalTM Npou3BeaeHME ABYX MHOIOUYEHOB, KaKabli YeH NepBoro MHOroYleHa YMHOMAaETCA Ha Kakabli
UneH BTOPOro MHOTOY/EHA, U NONYYEHHbIE NPOU3BEAEHMA CKNaabiBatoTcA. MpuBeaéHHbIN Nprmep obCyKaaeTcs ¢

X|t'

{a + 58)- E +:.} =ac +ad + bc + b 4 |
— T = ) _ ! i
E ac ad a | ac | ad |

— wmp | ac +ad + be + bd Bl Lo
b j | | be hd b | be | b |
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yuyeHrnKamn. OTMEUaETCA TaK¥Ke, UTO 4151 HAXOXAEHMS NPOM3BEAEHNA ABYX MHOIOY/IEHOB UCMO/b3yoT Tabunuy. Mo
NpUMepy y4eHMKam obbACHAETCA NOPAAOK UCNONb30BaHNA TabauLbl.

BEE <[]z

.‘u I3¢r*?2a !Za Zazisa

[1]3a] 2| [-5|-54-15
(@a+1):-(B3a+2)=3a>+5a+2 (2a=5)-(a+3)=2a*>+a-15

8

Mpyn HaxoXAeHUN NPom3BeaeHNA MHOMOYNEHOB 06paLLaeTca BHUMaHMeE Ha
npumep, 4Tobbl ONPEAENUTb, USMEHUTCA X Pe3yabTaT NPU NepecTaHoBKe —
MHOXXUTeNen. YYeHMKN HaxogaT NpomsBeaeHne AByxyneHoB 2a—5una+ 3, b -7_15-5.

MEHAA MeCcTamn MHOXKuTenu. CpaBHMBAIOT MOJIyYEHHble pPe3y/bTaTbl U :

OTMeYaloT, yTo pesynbTat He namensietca. (@ +3)-(2a-5)=2a> +a-15

B Knaccax C TEXHUYECKMMM BO3MOMHOCTAMM MOXHO WMCMOJIb30BaTb CUMY/IALMIO, CBA3AHHYIO C YMHOMEHMEM
MHOTIO4/1€HOB.

https://phet.colorado.edu/sims/html/area-model-algebra/latest/area-model-algebra_all.htm/

K cBepeHuio yuutena! HekoTopble YYEHMKM C TPYLOM YCBaMBalOT MPaBUAO YMHOMEHMS MHOro4seHa Ha
MHOrouneH. TakMM y4YeHMKaM MOXKHO HanoOMHWTb MOAEeNb NAOWAAM MNPU HAXOKAEHWM NPOU3BEAEHMSA
[ABYX3HAYHOrO YMC/1a Ha ABY3HAYHOE, MOKa3aTb NPUMEpPbI M CPAaBHUTL C NPOU3BEAEHMEM ABYXUYIEHA Ha ABYXY/EH.
Hanpumep:

x|10[3 x|al3
20[200]60 2a 2a?|6a
4 |40{12 4 |4a |12
200+ 40+ 60+ 12 =312 22 +4a + 6a + 12 =2a% + 10a + 12

2. nA HaxoXAeHWA Naowaam NPAMOYroibHMKA 3aMMCbIBAlOTCA BblPAXKEHWUA, COOTBETCTBYIOLME NPOU3BEAEHMIO
MHOFO4Y/IEHOB, M YNPOLLAIOTCA.

Ax 3 Ty 3 5_(.‘ 2b

a) .\-*—‘ 6) ; : | 6) 2 j
1 [ 5 | b |

(x+1)(4x+3)=4x>+7x+3 3+ 7y+3)=71*+24y+9 (2a + b)( 5a + 2b) = 10a®+ 9ab + 2b*

4. Ha OCHOBaHWM NPaBM/iIa YMHOXEHMA MHOTOYeHa Ha MHOTOY/IEH BbiparkeHUsa ynpowaioTca. MonyyeHHble
pe3ynbTaTbl 06CYKAAIOTCA CPEAN YHUEHMKOB M ONpeaenseTcs, ABNAIOTCA M OHW NPaBUIbHBIMK.
r) (-b?=1)(b* +2) ==b*-2b*-b* -2 =-b*-3p?-2
n) (3¢ —d)(—d - 3c?) =-3c*d - 9¢* + d*+ 3c¢*d = d*- 9c*
Mpw 3aNMcK BbipakeHNs, COOTBETCTBYIOLLETO NPOVU3BEAEHNI0O MHOTOUYNEHOB, AOMYCKAOTCA Te e OWUBKM, 4To 1
NPV YMHOXEHUM OAHOYEHa Ha MHOrOY1EH. BasKHO BbIABNATL OLMBKM YYUEHUKOB 1 OPraHU30BbIBaTh paboTy Hag
HUMW.
=

e
T —

OTmeuyaeTcs, 4YTO ApPeBHME MaTeMaTuMKM O/1A [A0Kas3aTesbCTBa HEKOTOPbIX
PaBEHCTB MPU MOJIOMKMUTE/IbHBIX 3HAYEHUAX MNepPemMeHHbIX WCMNoNb30BaAu
reomeTpuyeckne durypbl. Hanpumep, rpeyeckuii matematnk EBkAng B cBoéEm
Tpyae «Havyana» nokasan BepHOCTb paBeHcTBa (a + b)(c + d) = ac + ad + bc + bd
NyTéM pasbueHus MPAMOYTOJIbHMKA HA YeTbipe MNPAMOYToJbHUKA. MOXKHO
npeaocTaBuUTb  yyeHWKam 6Honee noapobHyro  uHbopmaumto 06  3ToMm.
C NOMOLLLbIO TaKMX NPUMEPOB yYaLLMecs He NPOCTO OCBAMBAOT GOPMY/Ibl, CBA3AHHbIE
c anrebpoii, HO 1 MO/Y4aloT 3HAHUA O TOM, KaK OHU BbIBOAATCA. Hanpumep, MOXXHO g ab ac
B3ATb HECKO/MIbKO Teopem W3 2-ii KHurM EBKAMAA M, MOKasas uX udepes

a[ac | ad |
b be [‘ bd
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NPAMOYTrO/IbHUKM, OBBACHUTb, YTO CyMMa MAOWAAEN ABYX MPAMOYIO/IbHUMKOB paBHa nsowaan 60ablworo
NPSAMOYro/ibHMKa, CBA3aB 3TO CO CBOMCTBOM pacnpeaenerus. a(b + ¢) = ab + ac.
5. [lns Toro, uTobbl PaBeHCTBO 6bIN0 BEPHbIM, B MYCTble KJETKM 3aMMCbiBalOTCA COOTBETCTBYIOLLME BbIPaXKEHUA.

a) (a + b)(c-d)) = ac —ad + [bd — bd BY (b + 2)(b—[1) = b2+ [b]-2
6) (@ - 1)(o]-3) =ab-3a-[b] + 3 r}(d-[20d-5) = d? - 7d + 19

7. BblparkeHna ynpoLLaoTca U Npy 4aHHOM 3HaYeHUU NepemMeHHOM BbIYMCAAETCA 3HAYEHME BblPAKEHUA.
B) —3p(2y— 1)1 + 4) + 67 =3y(2y—1)(y +4) + 6)°=-6)> - 21)? + 12y + 6y° = -21y* + 12y
npuy = 0; -0,5 y=0 =-21-0+12-0=0; y=-0,5=-21-0,52+12-0,5 =0,75

YUYeHUKaM HANOMMUHAETCA, YTO NPU YNPOLLEHUUN BbIPAXKEHUA NYTEM YMHOMXKEHUA MHOTOYEHA HA MHOTOYEH UMK
OZLHOY/IEHA Ha MHOTOY/IEH YNC/IO YNEHOB U, COOTBETCTBEHHO, YMCI0 ApPUPMETUYECKUX AEUCTBUIA YMEHbLUAETCA
6narogapsa NpuBEaeHMto NofobHbIX YNeHoB. B 3TOM ciyyae Npu NOACTAHOBKE 3HAYEHWUA NEPeMeHHON HaiTu
oTBeT yaobHee.

8. BblpaxkeHne 3anucbiBaeTca B CTaHAAPTHOM BMAE MHOrouyneHa. B cooTBeTcTBMM € ycnoBMEeM BbluMCAAETCA
3HaYEeHUE BbIPAKEHUA. YUYEHUKU MOACTABAAIOT 3HAYEHME B MONYYEHHbI MHOFOYIeH M HaxomAaT oTeeT. Tak
YYEHWKM 06paLLatoT BHUMAHME HA TO, YTO MCMO/Ib3YETCS HE 3HAYEHWE NePEeMEHHOM, @ 3HAYEHME BbIPaXKEHMUS.

6) (2a+3)(b+2)—alb+4) (2a+3)(b+2)—alb+4)=ab+3b+4=-2+4=2
npu ab + 3b = -2 -2

11. CTeneHb 3anm1cbiBaeTCA B BUAE NPOU3BEAEHNA U BbINONHAETCA ONepaLma YMHOKEHNS.
a)(a—b)*=(a—-b)(a-b)=a*-ab—ab + b*=a*-2ab + b?

6) (x+2)>3=(x+2)(x+2)(x+2)=(x*+4x +4)(x +2) =3+ 2x? + 4x?+ 8x + 4x + 8 =X+ 6x2 + 12x + 8

K cBepgeHmio yuntens! BbinonHEHNE YMHOMKEHMA MYyTEM 3aMuCKU CTeMeHW B BUAE NPOM3BEAEHUA — OAUH U3
Ba)KHEWLLMX HaBbIKOB NPU N3ydeHnn GOPMYN COKPaLLEHHOTO YMHOXeHNA. PekomeHayeTca opraHnsosaTb paboTy
Hag owKnbKaMM M NOBTOPHblE OBBACHEHWA YYEHMKaM, UCMbITbIBAIOWMM TPYAHOCTM. Takum o6pa3om, OHu
BbINO/IHAIOT NOArOTOBUTE/bHBIN 3TaN K CeayloLlemy pasaeny.

YyeHunKam coobluaerca, Yto BbipaxkeHus 4(a + b) v 4a + 4b NPUHMMAIOT OAMHAKOBbIE 3HAYEHMA NPU N06bIX
3HAYEHMAX NMEePEMEHHbIX @ U b, N YTO CYLLECTBYIOT BbIPAXKEHWA, KOTOPblE HE BCEraa NMpPUMHUMAOT OA4MHAKOBbIE
3HaveHmsa. OTMEYaeTcs, YTO BbIPaXKEHUA, NMPUHMMAIOWME OAMHAKOBbIE 3HAYeHMA MPU N06bIX 3HAYEHUAX
nepemeHHbIX, Ha3blBAlOTCA 3KBUBAJEHTHbIMWU BbIPAXEHUAMM WAN BbIPAKEHUAMM, PABHBIMM TOMKAECTBEHHO.
MpusoaaTca npumepbl. MOXHO OTMETUTD, YTO CBOMCTBA C/IOXKEHUA U YMHOMKEHMSA TaKKe OTHOCATCA K TOXKAEeCTBam
K cBegeHuio yuntena! YyeHunkam, sBnepBble 3HAKOMALMMCA C NOHATUEM TOXKAECTBA, C/IOXKHO MOHATb PasHULY
MeXK Ay NOHATUAMM KTOXKAECTBO» U «ypaBHeHMe». LlenecoobpasHo NoKasaTb 3Ty pasHULY Ha NpUMepax.

YpaBHeHue Toxpectso
PaBeHCTBO ABNAETCA BEPHbIM NMPY HEKOTOPOM PaBeHCTBO ABAAETCA BEPHbIM NPU N1060M 3HaYeHUN
3HaYeHUM (MK 3HAYEHMAX) NEPEMEHHOM. nepemeHHOMN.

20@+1)=8 2(a+1)=2a+2

PaBeHCcTBO ABNAETCA BEPHbIM TONLKO NpU a = 3. PaBeHCTBO ABNAETCA BEPHbIM NpU N0O6OM 3HaYEHUM a.

EC/M cyllecTByeT Takoe 3HauYeHue rnepemMeHHON, NPy KOTOPOM AaHHble BbIPaXKEHUA He paBHbl, HE0BX0AMMO
OTMETUTb, YTO 3T BbIPaXKEHMA HE TOXAECTBEHHO PaBHbI, U NPUBECTN NPUMEPSI.

B Knaccax ¢ TEXHMYECKMMM BO3MOXHOCTAMM MOMKHO MUCMO/1b30BaTh BUAEOMaTepUabl.
https://video.edu.az/video/8647

JNoxHble npeacTaBneHns, BOZHMKalOLWMeE Yy YYeHUKOB. Hanpumep, BbipaxeHue (x + )2 =x +) BEpHO TONbKO Npu
MoBbIX PaBHbIX 3HAYEHMAX X U ), HO HEBEPHO MPU Pa3/IMUYHbBIX 3HAYEHMUAX. 3HAYUT, AAHHOE BblpaXKeHue He
ABNAETCA TOXAECTBOM.

13. OnpefenaloTca BblpaXKeHNs, TOXKAECTBEHHO PaBHble JaHHOMY BbIPasKeHUIO.

a)2a-8 b) —ab - 6a

2(a-4) 2a-4)=2a-8 a(b - 6) alb—-6)=ab-6a
2(a-8) 2a—-8)=2a-16 —alb+6) —a(b+6)=—ab-6a/
2(-4 + a) 20-4+a)=-8+2a=2a-8 a(-6 - b) a(-6—b)=—6a—ab/
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OTmeyaeTca, 4YTO 3aMeHa BbIPA)KEHUA APYrMM, TOXKAECTBEHHO pPaBHbIM €My BbIpaXKEHMEeM, HasblBaeTca
TOXAECTBEHHbIM Npeobpa3oBaHMeM 3TUX BblpaxKeHU UM NpocTo npeobpasosaHmem. Mpumepsbl U3 yuebHuKa
06CYKOQITCA C yYEHUKaMU. YueHUKaM 06bAcHAIOTCA cnocobbl onpeaeneHua, ABNAETCA M aHHOE PaBEHCTBO
TOXAECTBOM, NPeobpasys BblpaXKeHUs IeBOI 1 NPaBOM YacTei.

1) Ecau npeobpazosaHue 8bipaxeHUs ¢ 00HOU cmopoHbl 0aém eblpaxceHue ¢ Opyaoli CMopoH.l.

2) Ecnu npeobpa3zosaHus 8bipaxceHuli c obeux cmopoH npusoodam K 00HOMY U MOMY He 8bIPAHEHUIO.
MoKasbiBaloTcA NpuMepbl K 060MM Cy4aam U Cnocobbl TOXAECTBEHHbIX Npeobpa3oBaHUi 0bbACHAETCA Ha
npumepax.

K cBegeHuio yuutensa! B 7-m Knacce yyeHMKM OyayT [AOKasblBaTb TOXAECTBA C OTHOCUTE/IbHO MPOCTbIMM
BbIPAXKEHUAMM, @ B CTApLLIMX — BCTPEYATHCA C HUMM B Pa3/IMYHbIX TeMax. PopMMUpPOBaHME STOTO HaBbIKa MOMOXKET
B paboTe co CNoXKHbIMM NpeobpasoBaHUAMMU.

14. OnpepenseTcs, ABNAOTCA N AaHHbIE BbIPAXKEHUA TOXKAECTBEHHO PaBHbIMU. YUEHUKM 0OBACHAIOT, KaK HaLIu
oTBeT.

a)3(@+2)mn3a+6 — T[o pacnpegennteNbHOMY CBOMCTBY YMHOMEHUA BbIPaXKeHUA TOXAECTBEHHO PaBHbI:
3(@a+2)=3a+6

4) 5(xy —xy) 15 — Tlo cBOMCTBY YMHOXEHUA Ha HO/b BbIPAXKEHUA He ABAAIOTCA TOXKAECTBEHHO PAaBHbIMMU.
MockonbRy 5(xy —xy) = 0, To 5(xy — xy) 1 5 He TOXKAECTBEHHO PaBHbI.

e)2(a+10)n20+2a — Mo pacnpenenutenbHOMy U NepemMecTUTeIbHOMY CBOMCTBAM BbIPaXKeHUs TOXKAECTBEHHO
paBHbl. 2(a + 10) = 2a + 20 =20 + 2a

15. ToxkaecTBa 40OKa3bIBAOTCA.

a) 2a(2a - 0,5b) + ab = 4a? Mpu npeobpazosaHuU 8bipaxceHuUsa 8 00HOU Yacmu paseHcmead
4a*—ab + ab = 4a? nosy4yaemcs svipaxceHue, Haxoosaweecs 8 Opyaoli yacmu paseHcmasa
4a? = 447

B) (l(d _ b) + (l(b _ C) + c(a _ b) =q2-bhc lMpu npeo6pa3oeaHuu 8blpaxMceHun e o0Hol Yyacmu paseHcmea

P—ab+ab—ac+ac—bc=a®—be M07y4aemcs svipaxeHue 8 Opyzol e2o Yacmu.

a’—bc=a’-bc

17. TpebyeTca f0Ka3aTb, YTO AaHHOE BbIPAXKEHUE TOXAECTBEHHO PaBHO HY/I0. YUEHMKM yNpOoLLaoT BbipaXeHue
(a+b-2c)b—a)+(a+c—2b)a-c)-(b+c—2a)b- c), uIcnonb3zys NPaBUIO YMHOXKEHNS MHOFOY/IEHA Ha
MHOFOY/EH.

Kaxaoe npoussefeHmne 3anmcbiBaeTca OTAe/bHO M ynpoLaeTcs.
(a+b-2c)b-a)=ab-a?>+b*>—ab - 2bc +2ac =-a>+ b>+ 2ac - 2bc
(a+c-2b)la-c)=a?—ac+ac-c?>-2ab+2bc= a?>-c*- 2ab +2bc
(b+c—2a)b—c)=b*-bc+bc-c*—2ab+2ac=b*-c*-2ab+2ac

3anucbiBaeTca NONyYEHHOE BbipakeHue.

(a+b-2c)b—a)+(a+c—-2b)la-c)—(b+c—-2a)(b-c)=

= (-a®+ b? + 2ac - 2bc) + (a® - 2 - 2ab + 2bc) — (b?>- ¢* - 2ab + 2ac) =

= —a?>+b?>+2ac - 2bc + a* - c* - 2ab +2bc—b*+ c* +2ab-2ac=0

TaK KaK pesynbTaT paBeH Hy/o, TO eCTb YMC/Y, OTMEUAETCA, UTO 3HAUEHME BbIPAXKEHUA HE 3aBUCUT OT NEePEMEHHBIX d,
b vam c. Taknm 06pa3om A0Ka3bIBAETCA HE3aBMCUMOCTb 3HAUEHUA BbIPAXKEHMA OT MepPeMeHHOIA.

18. OTmeyvaeTca, YTo rPy30BOM OTCEK MaLUMHbI UMeeT popmy Kybonaa. TpebyeTca BbIpasuTb
ero 06bEM MHOTOYNEHOM U HAaUTK 06BEM NYCTOM YacTU NpU a = 2 M.
MpueneyeHue. Yuntenb pucyeT Ha AoCKe Kyb 1 Kyboua, 3aTem 3a4aET BONPOChHI:

20 cm
[ @ 8cm ‘ --------
10 cm

50 cm

— Kak HaiiTn 06bém Kybonaa? Kak HaTu 06bém Kyba? Ecaum B Kybonae pasmelléH Kyb co CTOPOHOM 8 Cm, Kakas
YyacTb 06bEMA OCTaéTcA NycToii? Kak 3To onpeaenutb? Kak NnpoBepuTb NPaBuUAbHOCTb OTBETA?

B Knaccax ¢ TeXHUYECKMMM BO3MOXKHOCTAMM MOYKHO BbINOJHWUTb aHAIOTMYHYIO AeATe/IbHOCTb:
https://www.splashlearn.com/s/math-games/use-the-3d-shapes-to-estimate-the-volume
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PeweHue 3a0a4u
e [py3oBoi oTcek nsobpaxaerca B dopme Kybomaa, OTMEUaloTCA COOTBETCTBYIOLLME Pa3mepbl, 3anucbiBaeTca
BbIpasKeHue AN BbluncneHUa o6bEma 1 ynpoLLaeTcs A0 CTaHAAPTHOrO BUAA MHOMOY/IeHa.

a+1l

(@a+1)@a+1)(a+5)=a+7a*+11la+5

[EEEE PR

. /N,

a x

a+5 o

e O6bEM MYCTOMN YaCTM BblpaxkaeTca MHorouneHom. a+ 7a’+ 11la +5—a®>=7a*+ 11a + 5.

¢ Mpu a = 2 M BbluMCNAETCA 06BEM nycToM vactn. 7+ 2%+ 11-2 +5 =55 (m3)

Omeem. a®+ 7a*+ 11a + 5,7a%* + 11a + 5; 55 m3.

19. Ha pucyHKe yKasaHbl pasmepbl ABepU B CaHTUMeTpax. [1a HaxoKaeHMA NnaoLaam v +50
OZIHOM CTOPOHbI ABEPU U CTEKNAHHOMN YacTW 3anucbiBaloTCcA MHorouneHsl. Tpebyetca '
onpeaennTb WMPUHY U OJMHY ABEPMW, eCAn AaHa Niolaib AepPeBAHHON YacTu OA4HOM

o (=]
CTOPOHbI. o =
PeweHue 3a0a4u % i

e [1nA HAXOXAEHMA NJOLWAAM OAHOW CTOPOHbI ABEPU U CTEKAAHHOW YacTW 3anmncbiBatOTCA

MHOTOY/EHbI.

Mnowaab ofHOMN CTOPOHbI Agepu: (x + 50)(x + 160) = x? + 210x + 8000

Mnowaab cTeknaHHOM yactu asepu: x(x + 100) = x? + 100x.

*  3anucbiBaeTCA MHOFOY/EH, BblpakaloWwmii Naowanb AepeBAHHOM 4acTW, NyTEM BbIYMTAHWMA NOWAAM
CTEKNAHHOM YacTy 13 NNOLLAAN O HOMN CTOPOHbI ABepu. x? + 210x + 8000 — (x% + 100x) = 110x + 8000
Mony4yeHHOe BbipaXKeHme NpupaBHMBaEeTCcA K 3HadeHuto 12400 n pelsaeTca ypaBHeHMe.

110x + 8000 = 12400

110x = 4400

x =40

HaxoauTtca wupurHa v gnvHa asepu.

LWnpuHa asepu: x + 50 =40 + 50 = 90 (cm)

OnunHa asepu: x + 100 = 40 + 100 = 140 (cm)

Omeem. WnpuHa asepn 90 cm, a gamHa 140 cm.

ObcyxndeHue. YYEHUKM MOFYT NPOBepUTb, paBHa /M NAOWaAAb AepeBAHHOM yacTu 12400 cm?, noactasus
HallAeHHble YNCNa U BbINOJIHUB BbIYUCAEHUSA.

dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHuBaHuUA Marepuanbl OLLeHMBaHUSA
YMHOXaeT MHOro4/s1eH Ha MHOTO4YJIEH. Paboune nnctobl, yuebHUK,
paboyas TeTpagb
Haxo4uT 3HauyeHne NoyYeHHOro MHOro4ieHa Npu 3a4aHHbIX Paboumne NnUCTbI, y4eBHUK,
3HaYeHMAX NePeMeHHbIX. paboyan TeTpagb
Onpeaensert, ABNAETCA IV AAaHHOE BblParKeHMe TOXKAECTBOM. Paboumne NnUCTbl, y4ebHMK,
paboyan TeTpagb
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OBOBLAIOLLUNA YPOK

MobyxaeHue. MoHATUA, NPUBEAEHHDbIE B 3aKN04EHMI pasaena B ydebHWKe, NOBTOPAIOTCA C yyeHnKamu. CloBa,
M3yYeHHble No pasgeny, HaNOMUHAKTCA yumuTeNnem yyeHuKam. Mpu NPon3HeceHMUM Kaxa0ro NOHATUA YHEHUKN
06BbACHAIOT €ro coiepaHne 1 NPMBOAAT NPUMEPbI.

OO0HouneH, cmaHdapmHelli 8ud 00HOYAEHA, Ko3gduyueHm, byKeeHHas 4acme, MOO00b6Hble O0OHOY/EHSI,
MHO204/1eH, YrfeHbl MHO204/eHd, CMaHOapmHbil 8Ud MHO2047eHa, 08y4reH, MpPexyaeH, Mmoxodecmso,
moxdecmeeHHoe peobpasoeaHue 8blIPaHeHUs

B nHdopmaumu, npuseaEHHOM Ha NepBON CTpaHULLE pasaena, NoAYEPKMBAETCA UCNONb30BAHME MHOMOY/IEHOB
npu peleHnn 3aday, CBA3AHHbIX C peanbHbIMU CUTYaUMAMMU. 34ecCb OTMeYaeTcA PO/ib MHOTOY/IEHOB Mpu
BbIPAXKEHUN BEANYMH MEPEMEHHBIMWU MPU PELUEHMM 33434, OTHOCALLMXCA K COLManbHOW, 3KOHOMMUYECKOW,
WHXXEHEPHOW M Apyrum chepam, Npyu NpUMeHeHUn PobOTOTEXHUKU U OonpeseneHun TPaeKTOpUU ABUMKEHMUA
6ecnnnoTHbIX aBTomobunen. HanomuHaeTca 3agaHue «MonbiTaliteck!». Mpu BbINOAHEHUN 3aaaHMA obpallaeTca
BHMMAHME Ha TO, KaK MCNO/b3yeTCA CTENEHb C HaTypa/ibHbIM NOKa3aTeNemM B ABYX CNyYasax — Npu ABUXKEHUU B
OAHOM HanpaBAEHWUW U B NPOTUBOMOJIOXKHbIX HaNpaBaeHUsX. PeleHne ncxoaHOM 3aaa4m obeyKaaeTcs BMecTe ¢
Knaccom.

B Knaccax ¢ TEXHUYECKMMU BO3MOMKHOCTAMM MOMKHO BbINOJHUTL MHTEPAKTUBHbIE 33aHKA.
https://www.geogebra.org/m/QEbGNJcE

PELUEHWE 3A0AHUIA

1. inA Toro 4to6bl 06BACHUTD, YbE MHEHME BEPHO — ANHYP AN AHApa, MHOTOYNEH YIPOLLAETCA U
3anMCbIBaeTCA B CTaHAAPTHOM BuAe. Koraa mHOrouieH 3anucbiBatoT B CTaHAAPTHOM BUAE, CTaHOBUTCA
M3BECTHO, YTO B JJaHHOM MHOIOY/IEHE YEH C Hanbobleit cTeneHblo — 3To a°. To ecTb cTeneHb MHOrouYaeHa
paBHa 6. ChegoBaTeNbHO, MHEHUE ANHYpP BEPHO.

Crenexb MHOrouneHa
paeHa 4.

Crenexs MHOro4NeHa
paeHa 6.

W) Aitkyp AHap m

Llenecoobpa3zHo 06cyauTb C yY4eHUKaMM, MOYeMy MHeHMe AHapa OWMWBOYHO. YUeHMKM MOTYT CKasaTb, 4To AHap
CYMTaN CTeneHb MHOTOY/IeHa PaBHOI 4, OCHOBLIBAACH Ha CTEMeHAX 3a4aHHOTO BblPaKeHUs, He YNpoLas ero.
34ecb MOXHO MOAYEPKHYTb BaKHOCTb OMPeJeNieHna CTeNeHU MOC/e 3anucu BbIPAaKEHUA KaK MHOrouysieHa B
CTaHZapTHOM BUAE.

2. Cpeau JaHHbIX MHOFOYJEHOB MHOFOYMEHbl, He HaxoAAllMeca B CTaHZAPTHOM BWAe, NPUBOAATCA K
CTaHZapPTHOMY BUAY.

3-x+xP=-x +x2+3 -1+x*+2=x*+1
A+l +x+x0=3x+x2 + X = x> +x% + 3x 2 —xx?+ 3 +1=27 -+ +1=2x%+1

[na KaXkaoro MHOroyieHa yKasblBaeTca ero CTeneHsb.

202+1  1+2=3 o+ +x+x’ X +x’+3x; 1+2=3
==X 3 =1 +xt+2 X2+ 1; 2
3-xP+ . P +x?+3;1+3=4 2= 2x2+1; 2

B KaXX40M MyHKTe onpeaenatoTca COOTBETCTBYOWME MHOTOUY/IEHbI.

a) CteneHb paBHa 2. 20 — x4 2+ 1 -1+x2+2

6) CreneHb pasHa 3 2+ 2 +x+x3 2x)2 + 1 —xi-x

B) CBo60AHbIN uneH 1 232 + 1 2x2 —xx? + x3 + 1 “1+x24+2
r) aH B cTaHgapTHOM dopme 202 + 1 P —x

K cBepgeHuto yuutena! NHorga yyeHMKM MbITalOTCA ONpeaenuTb CTeneHb AaHHOMO MHOFo4Y/IeHa VAW ero
cBO6OOAHbIV YNEeH, HE MPUBOAA €ro K CTaHAAPTHOMY BMAY. ITO NPUBOAUT K ownbKam. Hanpumep, Bo 2-M 3a4aHnu
B MHOrouneHax Buga —1 + x* + 2 unm 2x% — xx? + x> + 1 4acTo BCTPEUYAKOTCA TaKMe C/lydan. YHEHUKMN CYUMTAIOT, UTO B
MHorouneHe -1 + x% + 2 cBo6OAHbIM YIEHOM ABAAETCA MOCAEAHNI YNeH, TO ecTb 2, a CTeneHb MHoroueHa 2x% —
xx? + x3 + 1 370 HambonblLan cTeneHb, TO €CTb 3, He NPUBOAA BbIPAXKEHWE K CTaHAApPTHOMY Buay. YUeHuKam,
OOMNYCKaoWMM TaKkMe OLIMBKKW, pekomeHAyeTcA ewWwé pas HanoMHMTb npaswna. [loadyepkusaeTtca, 4TO
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npvBeAeHMe MHOro4Y/1eHa K CTaHAAPTHOMY BMAY O3HAYaeT ynopAaa04MBaHne NoA06HbIX Y1EHOB M 3annCb Y1eHOB
06bI4YHO B NopsaKe ybbiBaHUA UX cTeneHel. OTmevaeTcs, YTo 3To obieryaeT onpeaeneHune cTeneHm u ceoboaHoro
Yy/ieHa 1 NpeoTBpaLLAET OLNOKMU.

5. OnpepensaeTcs, BEPHO WAM HET BbiCKa3blBaHWE, U OTBET 0OOCHOBbIBAETCA NPMBEAEHUEM NPUMEPOB.

a) CTeneHb Npoun3BeeHNA ABYX MHOrOYNEHOB cTeneHn 2 1 3 pasHa 5. BepHoe. x*- x3=x°

6) CTeneHb CyMmMbl MHOTOYNEHOB cTeneHu 3 1 4 pasHa 7. /loxHoe. x> + x*

B) CTeneHb CyMMbl [iBYX MHOIOYNEHOB CTeNeHn 3 TakxkKe A0/XKHa bbiTb paBHa 3. BepHoe. x3+ x3= 2x3

r) CTeneHb CyMMbI 1IByX MHOTO4Y/IEHOB CTENEHN 5 MoKeT BbITb paBHa 3. /loxHoe. x° + x° = 2x°

6. BbipaxeHuWA ynpoLatoTca, BbIYUCNAETCA 3HAYEHME BblpaXKeHUA NPy 3a4aHHOM 3HaYeHUM NepemMeHHOMN.

a) 2% + x(5y — 2)?) = 2xy? + 5xpy — 2x? = 5xy

BbluMcnaeTcA 3HaYeHWE BblpaXKeHUs Npu 3agaHHbIX 3HaYeHuax x n y. 5 - (=2) - (-1) = 10.

7. 3anuncbiBaeTCA MHOTOYNEH A/1A BbIUMCAEHMSA NAOLLAAM 3aKPaLLEHHOM YacTy.

6a -5 )
v = e
a) 5a(6a—5)+2a-2a= N (2p+a)2p+2) - S (2 +8)(2y+2) =
=34a%-25a E & 2
sz 2a i S 22+6y+4
2a :
6) 2b+6 Nom Sx+2-(3x+x)=x+2

(x+8)—(x+6)=2
3x(x+8)+8x+2(x+2)=
=3x2+24+8x+2x+4=
=3x2+10x + 28

%-(2b+6)(3b+6)—4-3b= -
=3b+3a+18 &

3b+6

O6cyKaaloTca cnocobbl pelweHns y4eHMKOB, KOTopble NPeacTaBAAoT MHOMOYeHbl pasHbiMK cnocobamu ans

BblYMCNEHNA Naowaan duryp.

9. CKOBKM paccTaBAAoTcA TaK, YTobbl MOAYYMIOCh BEPHOE PAaBEHCTBO.
a)2a’--2+2a)=2-a B) 2ac® + b - ac’—(ac? + 2b)= -b
6) 2 -5 +y+ )y} )2 +y=-5 r) 2x)° —fv — x)?} 3x)° + 5x = 4x

10. Ecnm b2 — 3b = a, naHHbIe BbIPaXEHMA 3aNUCbIBAIOTCA B BUAE MHOMOUYNEHa, 3aBUCALLLETO OT .
b?—3b+1)(b*-3b+3) - (4b*—12b) = (> —3b+ 1)(b*—3b+3)—4(b*-3b)=(a+ 1)(a+3)-4a=
(=(a+1)(a-2(3)—4a=a2)+(3 ! (T )(T ) (7“) a3

12. [lokasbiBaeTcA, YTO NP N06bIX HAaTypasibHbIX 3HAYEHMAX @ U b 3HAYEHUe BblpaKeHUA AennTca Ha 8.

a) 3(10a + 4b) + 2(10b + a) =30a + 12b + 20b + 2a = 32a + 32b =32(a + b)

TaK Kak 04MH U3 MHOXUTENen AeNnTCA Ha 8, Moay4eHHOoe BblpaxKeHue AennTca Ha 8.

13. MeHbLluee 13 ABYX NOCAEeA0BaATENbHbIX HATYPasIbHbIX YMces 0603HaYaeTcA Yepes X, a Apyroe — vepes x + 1,

M B COOTBETCTBMM C YC/IOBUEM 3aNUCbIBAETCA YPaBHEHME.

x(x+1)-x>=16 - x=16

x+1=16+1=17

Omeem. 16 n 17

15. YKasblBaeTcs, YTO WMPKMHA 3KpaHa NAaHLWeTa paBHa a cM, a AauHa 1,5a cm. TpebyeTca onpenennTs, Kakoe

BbIPaYKeHWe COOTBETCTBYET BbIYMCAEHMIO NAOLLAAMN CEPOM PAMKM.

PeweHue 3a0ayu
a) Ha pucyHKe yKa3blBaloTCSA COOTBETCTBYHOLWME Pa3mMepbl. 1
3anucbiBaeTca BblpakeHue, nokasbiBawollee naowagb  60abWOro e
npsmoyronbHuKa: (1,5a + 2)(a + 2) 042
da
3anucbiBaeTcA Bblpa)KeHUe AN MAoWaAM ManeHbKOro MpPAMOYrO/ibHUKA:
1,5aa=1,54% |/
1,5a

|

BbluMTas naowanb ManeHbKOro MnpsAMoyro/ibHUKa M3 naowagu 6onbLioro, 15242

3anNMUCbIBaeTCA BbipaXKeHMe NAoLWaamn Cepoi PaMKMU:
(1,5a + 2)(a +2) - 1,547
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6) Ha ocHOBaHWM TOro, YTO NAOLLAAb CEPOI PamKM paBHa 74 CM?, 3aNMUCbIBAETCA U PELIAETCA ypaBHEHME.

(1,5a +2)(a+2)-1,5a*>=74

1,5¢> +5a +4—1,54*=74

S5a+4=74

a=14

BbluMcastoTca pasmepbl 3KpaHa naaHweTa. a = 14 cm; 1,5a = 1,5 - 14 = 21 (cm);

Omeem. a) (1,5a + 2)(a + 2) — 1,5a%; 14 cm n 21 cm.

17. HaxogATtca oTBETbI HAa BONpPOCHI.

a) TpebyeTca HailTK, NPUM KaKOM 3Ha4yeHUM a Ko3DOUUMEHT x> ByaeT paBeH Hy/I0 B CTaHAAPTHOW 3anucu

2 — x)(ax — 2) [daHHOe Bblpa)eHMe YNpOLWLAeTca MO MPaBUay YMHOMKEHUA

NpousBeAeHUs MHOro4YNeHoB (x
MHOrO4/1IeHa Ha MHOTO4Y/1IEH M MPUBOAMUTCA K CTaHAAPTHOMY BUAY.

(*=x)ax=2)=ax®* - 22 —ax* + 2x=ax*+ (-2 —a)x* + 2x

Kos¢pdumuent x?
-2-a=0
Mo ycnosuio KoabdULMEHT Npu X2 AOMKEH BbITb PaBeH HyH0. a=—2

3anuncblBaeTCA U peLlaeTca COOTBETCTBYIOLLEE YPAaBHEHME.

CnepoBaTenbHO, Npy a = —2 KoadduumeHT npu x2 6yaet paseH 0.

19. AkBapuymbl UMetoT Gopmy NPAMOYrosIbHOrO napannenenunena, 6oOKoBble rPaHU U3roTOBAEHbI U3 CTEKNa.
YKa3blBaeTca, YTOo pEébGpa MaseHbKoro akeapMyma Ha 10 cM MeHblle COOTBETCTBYHOLWMX pEbep 6GosblIOro
akBapuyma. TpebyeTcAa 3anucaTb MHOTOY/EHbI, Bblpakatowme ob6bEM M nnowaab GOKOBbIX NMOBEPXHOCTEMN
aKBapMyMOB, U HANTK ANHBI X pebep B COOTBETCTBUM C YCNOBMEM.

PeweHue 3a0a4u

* 3anucblBaloTcA pasmepbl MaseHbKoro aksapuyma. O6bEM M nowanb MOBEPXHOCTU BblparkatoTca
MHOroYeHaMM.

x+ 20 v
V =x(x + 10)(x + 20) = x> + 30x? + 200x V =x(x + 10)(x — 10) = x> — 100x
S =2(x(x + 10) + (x + 10)(x + 20)) = S =2(x(x +10) + x(x — 10)) =
= 4x2 + 80x + 400 = 4y2

¢ Ha OCHOBaHMM TOrO, YTO Ha U3rOTOBJIEHME MAJIEHbKOIO akBapuyMa UCnosib3yetca Ha 6800 cM? MeHbLLe CTeKNa,
yem Ha 60/bLLOI, COCTABAETCA M PELLAETCA COOTBETCTBYIOLLEE ypaBHEHME.

4x? = 4x* + 80x + 400 — 6800

—80x = - 6400

x =80

HaxoaAartca asnHbl pébep akBapuymos.

OnnHbl pébep 60nbLIOro akBapUyma:

x=80cm; x+20=80+10=90(cm); x+20=280+20=100 (cm)

OnunHbl pébep maneHbKOro akBapmyma:

x=80cm; x—10=80-10 =70 (cm); x + 10 = 80 + 10 = 90 (cm)

Omeem. x> + 30x%+ 200x; x> — 100x; 4x* + 80x + 400; 4x%; 80 cm, 90 cm 1 100 cm; 70 cm, 80 cm 1 90 cm.

1. 3anucb abc 0603HauYaeT TPEX3HAUYHOE YMCAO, 3anncaHHoe uudpamu a, b v ¢: abc = 100a + 10b + c.

Ecam umdpbl a, b v ¢ He paBHbI 9, BbipaKeHUs NepenmcbiBatoTCA B BUAE MHOMOYIeHa CTaHAAPTHOIO BUAA, YTOObI
onpeaenntb, Kakne U3 HUX AEeNATcA Ha 9.

ab-ba =(10a +b)—(10b+a) =10a + b—10b—a =9a —9b = 9(a — b)

abc —bac = (100a + 10b + ¢) — (1005 + 10a + ¢) = 100a + 10b + ¢ — 1006 — 10a — ¢ = 90a — 9b = 9(10a — b)

abc —b0c = (100a + 106 + ¢) — (1006 + ¢) = 100a + 105 + ¢ — 1005 — ¢ = 100a — 90b = 9(10b — )

TaK Kak 04MH U3 MHOXUTeNel paBeH 9, 3HaYeHMe 3TUX BblPaXKeHUI AenunTca Ha 9.
2. OTmeuaetcs, 4To Npu crnbaHMmn LBETHOM Bymarn nomnoaam NoayyaroTca 4Ba KBagparta.
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b Bblpe3aB TPeyrosbHUK Ha PUCYHKE HOMKHULLAMM, 417 BblYUCIEHUS i — ]
naowaam octaslienca Gurypol CHa4yana 3anmMcbiBaeTCs MHOTOYEH, | a
R BblIPaXKaloLMii A IMHbI COOTBETCTBYIOLLMX OTPE3KOB, 3 3aTeM ?
h. MHOTOY/IEH, BblparKaloLLM NaoLaab. pd‘!:)“
b a-b 2a2—§-2b-(a—b)=za2—ab+b2

~b

4. CoobuiaeTcs, YTO OANH U3 KaHAMAATOB Ha POJIb CTAPOCTbI K/Aacca No/yyma Ha 3 ronoca 6onblue, Yem 4pyroi.
TpebyeTcs 060CHOBATb, YTO KOIMYECTBO r0/I0COB NOCYMTAHO HEBEPHO. TaK KaK KONMYECTBO MasIbuyMKOB U
[AEeBOYEK B K/acce 04MHAKOBO, 0bLLee YUCIO YYEHNKOB — YETHOeE. [TOCKO/IbKY MMeeTca ABa KaHauaaTta, Cymma
roN0CcoB TaKKe byaeT YETHOW. PasHOCTb ABYX YacTel YETHOrO YMcna Bceraa YéTHan. O4HAKo yTBEPKAAETCS, YT
OAMH KaHAMAAT Noslyumi Ha 3 rosioca 6osblue. 3 — HEYETHOE YMCAO, @ PA3HOCTb HE MOXKET BblTb HEUYETHOM.

SEEAM

BO30OBHOB/IAEMbIE UCTOYHUKU SHEPTUU
MCTOYHMKM 3Hepruu, nosiydaemble 3a CYET NOCTOAHHO MPOMCXOAALLMX NPUPOAHBLIX
npoueccos, Ha3blBalOT Bo306HoBNAEMbIMK. [oguépkuBaeTca, UTO  AnNA WX
SKOHOMMYECKOro pacyéTa WMHOr4a WCNO/b3YIOT MHOMOY/IeHbl. YyeHMKam pJaétca
MHPOpMaLMA O BO30OHOBNAEMbBIX WM a/JbTEPHATMBHbLIX UCTOYHWKAX 3Hepruu. Takxke

OTMEYaEeTCA, YTO MPU BOCCTAHOBJEHUM OCBOBOMKAEHHbLIX TEPPUTOPUIA NpeanoyTeHue
OTHAETCA MMEHHO TaKMM WUCTOMHMKAM — 3TO CMOCOGCTBYET 3KONOTMYECKOM 3alimuTe W ycToMumBomy
3HeprocHabKeHuto.

1. OTmeYaeTca, YTO KOIMYECTBO 3/1IEKTPUYECKOM SHEePruK, BbipabaTbiBaeMOMN COTHEYHbIMWU NaHenaAMM 3a 1 AeHb,
MOXHO BbIYMUCAUTb C MOMOLLBIO TaKOro BblpaxkeHus. G = 0,85npt

YyeHuKam npegoctasasetrcd MHOOPMAUMA O TOM, YTO 0DO3HAYalOT MepemeHHble B 3TOM BbIPAXKEHUU.
Ecnu Ha Kpbllle AoMa Ha BblAe/IEHHOW NPSMOYTo/IbHOM NAOLWAAMN YCTaHOBAEHbI CO/THEYHbIE NAHEeNU: NO WNpUHe
a WTYK, a NO A/ MHe — a + 6 WTyK, MOLWHOCTb OAHOW naHenwn coctasnsetr 100 BaTT, a makcumasbHan
NpPoOAOMKNTENIbHOCTb COJIHEYHOTO OCBELLEHUS B TEYEHME CYTOK — 5 4acoB, To 06CyXAaeTca, CKONbKO BaTT
3N1IEeKTPUYECKON IHEPTUN [AIOT 3TU MAHENUN B TEYEHME CYTOK M KaK A/1a 3TOro 3anucbiBaeTca MHorodneH. G =
0,85npt = 0,85a(a + 6) - 100 - 5 = 42542 + 2520a

2. Y4yeHuKam npegoctasnseTca MHGOPMaLMA O BO3OOHOBAAEMbIX MCTOYHUKAX SHEPTUUN, NPUBOAATCA NPUMEPHI,
TpebyeTcs, UTObbl yYEHUKM 06BACHWUIN, NPOBENN UCCNeA0BaHNE U CAENaNN BbIBOA,

DHeprma conHua DHeprua seTpa SHeprua soabl [eoTepmanbHasa sHeprua

ConHeyHble naHenu BeTposble TypbuHbI dHeprua npOTquon BoAbl  Tennosas sHeprus B rnybuHax
npeobpasyoT CONHEYHbIN BpaLLatoTca nog NPUBOAUT B ABUKEHME 3eMHOM Kopbl UCNONb3yeTca Ana
CBET B 3/IEKTPUYECKYIO BO3ZeicTBMEM BeTpa U Typ6UHbI, BbIpabaTbiBas NoNly4YeHUA 31eKTpryecTsa 1
,
3Hepruto NPOU3BOAAT INEKTPUYECKYIO Tenna
P 4 P ¥ 3/1eKTpUYecTBo

SHeDru

3. Uccnepyertcs, Kakune paboTbl BbinosHAOTCA B AsepbaiigkaHe B 061acTv BO3O6HOBAAEMbIX MCTOYHMKOB HEp-
rMu1, M NOAroTaBaMBaeTCcA npeseHTaumsa. LlenecoobpasHo npeaocTaBuTb yYeHMKaM CCbIIKM, CBA3AHHbIE C 3TUM.
https://minenergy.gov.az/az/alternativ-ve-berpa-olunan-enerji/azerbaycanda-berpa-olunan-enerji-
menbelerinden-istifade

https://enerjiportali.az/category/b%C9%99rpa-olunan-enerji/

PekomeHayeTca NoKasaTb NOArOTOB/IEHHbIE MPE3eHTaLMM B Kaacce.
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4-ia PASOEN dopmynbl COKPALLLEHHOTO YMHOXEHUA

Tema Ne HasBaHue Yacbl | YuebHu | Pabouas
K (cTp.) | TeTpaab
(cTp.)
MpepBapuTenbHaa NpoBepKa 1 82
Tema 4.1 KBaapaTt Ccymmbl U pa3HOCTH 2 83 52
Tema 4.2 MpounsseaeHne cymmbl 1 Pa3sHOCTU ABYX Yncen 2 87 55
Tema 4.3 Cymma Kyb0oB 1 pa3HOCTb KyboB 3 90 57
3apauun v npumepbl 2 94 60
Tema 4.4 Pa3noxkeHne MHOroyseHa Ha MHOXUTenu 2 96 62
Tema 4.5 Pa3noxeHne Ha MHOXWTENN C MOMOLLBIO dopmyn ) 99 65
COKpPALLLEHHOro YMHOEeHMA
O606Lwatowmin ypok. STEAM. “Aksapuym Aksalom” 2 102 67
MCO-3 1
OBLLIEE KOJIMYECTBO HYACOB MO PA3AENY 17

KpaTtkuit 0630p pasgena

B pasgene yuyeHMKam Aaétca MHGopmauma o Gopmynax COKPaALLEHHOTO YMHOXKeHUA. C MOMOLLbIO 3TUX dopmMyn
YYEHUKM OCBaUBAIOT YMEHMSA YNPOLLATb MaTEMaTUYECKME BblPaXKeHUA, BbIHOCUTb OBLLMI MHOXKUTENb 32 CKOBKM,
MCMOb30BaTb METOZ, NPYMNMUPOBKU U B pe3y/ibTaTe packnagblBaTb MHOTOUIEHbI HA MHOXMTeNN. Mpu paboTe Hag,
3aga4aMum M NPUMepPamM Pa3BMBalOTCA HaBbIKK OMPeAeNeHUa Caydaes NpUMeHeHna Gopmy KBagpaTta CyMmbl U
pa3HOCTK, Pa3HOCTU KBAAPATOB, Kyba CyMMbl M Pa3HOCTK, @ TaKXKe CYMMbl M Pa3HOCTU Ky60sB.

Ha uto ctouTt 06paTUTb BHUMaHUE?

[na npumeHeHMAa GOPMYN COKPALLEHHOTO YMHOMXKEHUA BaXKHO YMEHME NPaBUIbHO MCMNO/Ib30BaTb CBOMCTBA
cteneHem. C yyeHMKamu, cnabo yCBOMBLUMMM 3TU HABbIKK, LLeNecoobpasHO NOBTOPUTb CBOMCTBA.

HekoTopble y4EHMKUN UCMbITbIBAIOT TPYAHOCTM NPU onpeseseHnn Toro, Kakaa G¢opmyna COKpPaLwEHHOro
YMHOMEHMUA NPUMEHSAETCA B JAHHOM BbIPaXKeHMU. B TaKMX cnyyasx nosesHo obcyamTb € yHEHUKAMU, KaK
BbIBOAATCA 3TN GOPMYbl.

[na yueHMKOB, UCMbITbIBAOLWWMX 3aTPYAHEHUA NPU ONpeaeneHnn TOro, KBaZpaToM KaKoro ABy4yieHa
ABNAETCA TPEXU/IEH, PEKOMEHAYEeTCA NOKa3biBaTb GOPMyY/y NO3TAMHO.

OAHMM 13 ya06HbIX CNOCO60B BbIMMCNEHUA KBAZPATOB U Ky6OB HONbLUMX YMCeN, AECATUYHBIX APODOel, a TaKke
Nnpou3BeaeHuA 4BYX YUCEN ABNAETCA UCMOb30BAHME COOTBETCTBYHOLLMX GOPMY/ COKPALLEHHOTO YMHOMKEHUA.
MpuBeaeHWe peanbHbIX MPUMEPOB TAKUX 33434 MOMOTraeT yYeHMKaM MPUMEHATb TEOPETUYECKME 3HAHUA.

LlenecoobpasHo pasbACHATb yYeHUKaM BbIBOAbI, Caeayowme ns Gopmyn COKPaLLEHHOTO YMHOXEHMUA. ITH
dopmynbl yNpOLLAOT U YCKOPAOT BbIYUCIEHNSA.

Ecnv nocne ynpoLueHnsa BblparkeHWA OCTAETCA TONbKO NOCTOAHHOE YNCN0, MOAYEPKMBAETCS, YTO 3HAYEHME STOTO
BbIpa*KeHWs Npu I06OM 3HAUEHUMN NEPEMEHHOW PABHO 3TOW NOCTOSHHOM, TO €CTb HEe 3aBUCUT OT NepeMeHHOMN.

HeKoTopble yYEHWKM AOMYCKAOT OLWMOKM NPU HAXOXKAEHMUMN OBLLErO MHOXKUTENA U ONpPeseseHUN
MCMONb3yEMOro MeTOZa NPU PA3NOMKEHNUN MHOTOUIEHOB Ha MHOXKUTENN. C TaKUMM YYeHUKaMU LenecoobpasHo
opraHusoBaTb paboTy Hag ownbKramu.

Pa3BuTMe maTemaTUUyecKoro A3blka
MpaBunbHoe onpeaeneHne MOHATMI «HOPMY/Ibl COKPALLEHHOMO YMHOMKEHMA», «KBaApPaT CyMMbl», «KBagpaT
PasHOCTU», «KBaAPaT ABYYNEHA», KNPOU3BEAEHME CYMMbI M PAa3HOCTU», «PAa3HOCTb KBaApPATOB», «KY6 Cymmbl»,
«Ky6 pasHOCTM», «CYMMa KyboOB», «Pa3HOCTb KY6OB» M «Pa3/iOKeHME MHOrOYNEHa Ha MHOMUTEAN» CAYMKUT
OCHOBAHMEM [N1R OLEHKM CTEMNEHWN UX YCBOEHUSA.

MaTtemaTtuuyeckue NOHATUA U TEPMUHDI, YCBOEHHDbIE B pasaene

dopmynbl COKPAWEHHOTO YMHOMEHUA, Keaopam 08y4sneHd, MosHbll Keadpam, HemnosHbili Keadpam,
pa3a0#eHUe MHO204eHA HO MHOXUMESU.

Heobxoaumbie npegBapuTesibHble 3HAHUA U YMEHUA:
e (CBOWCTBa CTEMEHU e [lopagokK gencreni
e OpgHOY/IEHbl, MHOTOY/EHbI e BbipaxkeHns c nepemeHHoM
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MexgucumnamHapHasa uHTerpauuna

dDopMyAbl COKPALEHHOTO YMHOMKEHUA U Pa3NoKeHWe MHOTOUYIEHA Ha MHOXUTENN UCMONb3YIOTCA ANSA YNPOLWEHUA
BbIYMCNEHWUIA W OBNEryeHMa MOLEeNMPoBaHUA. B OM3MKe C MX MOMOLLbIO OMUCLIBAOTCA BbICOTA, CKOPOCTb M
KMHETMYECKasn SHEPrvaA Tesl, B XMMUN — CKOPOCTb PEeaKLMii, B IKOHOMUKE — U3MEHEHMSA LEH U AOXOA0B.

TEMA 4.1. KsagpaTt cymmbl U pa3sHOCTU
NOACTAHAOAPThHI 7-2.1.5. MpumeHAeT Gopmy/bl COKPALLEHHOTO YMHOMKEHMUA.

* [puMmeHsaeT popmMyny KBagparta CyMMbl.

LLE/ZIN OBYYEHUA
o [lpumeHseT Gopmyny KBagpaTa PasHOCTM.

APUHAONEXHOCTU Paboune NnCTbl, KapTbl, CTUKEPDI

U3yueHue: https.//us.sofatutor.com/math/videos/multiplying-special-case-polynomials

S/IEKTPOHHbLIE https://video.edu.az/video/89 https://www.geogebra.org/m/seJXMEBX
PECYPCbI 3apaHue: https.//www.geogebra.org/m/ap6vvfdk

https://www.geogebra.orqg/m/d6TX9vAy
Ob6cyaeHne UCXoaHOM 3aaaumn. Ha nepBoit cTpaHmMue pas3aena ydeHnKam o6bACHARTCA CNo/b30BaHMe GopMyn
COKPALEHHOrO YMHOMEHUA NPU YNPOLLEHUW BbIPaXKEHWI, PEeLeHnn ypaBHEHMI N [0Ka3aTe/IbCTBE TOMAECTB.
MoaYEpPKMBAETCA TaKKe NMPUMEHEHME 3TUX GOPMY MPU BbIYMCIEHUM MIOWAAM M 06bEMA reOMETPUYECKUX
¢duryp. B 3agaHum «MNonbitaitteck!» nposoantca obCyaeHWe 1M UCMOb3YeTca npeaplaylime
3HaHMA A/1A OTBeTa Ha BOMPOCbI Ha OCHOBE pa3MepoB pe3epByapoB B ¢dopme Kyba.
OTMeuvaeTca, YTO Noc/e OCBOEHWUA 3HAHUI M HaBbIKOB B TeUeHMe pasfena, 3afaHue B KOoHLe .

pa3saena 6yaer BHOBb 06CyKAeHO.
MobykaeHue. MNponsseseHne ABYX OAMHAKOBbLIX MHOTOYNEHOB M306parkaeTca Ha [OCKe C .
MCNO/Ib30BaHNEM AAHHbIX anrebpanyecknx KapToyek.

x (e [ [ x [

(a+2)a+2)=d?+4a+4 (a=—2)a—2)=a*—4a+4
(a+2)2:a2+4a+4 (a—2)2=a2—4a+4

YyuTenb, HanpaBAAsA BHUMaHNE YYEHNKOB Ha anrebpanyeckmne KapToukm, obpallaeTcs K Kaaccy: Npu ynpoLweHun

BblpaxkeHui (a + 2)(a + 2) n (a — 2)(a — 2) Kakne YneHbl Pa3NNYaOT NOJYYEHHbIE MHOTOUY/IEHbI, 3aMMUCaHHbIE B
CTaHAapTHOM BMAe? Kak 3TO MOXKHO 06bACHUTL? Kak MOXKHO NOKa3aTb 3Ty PasHULLY C ONopoit Ha anrebpaunyeckue
KapTO4YKM? KaKoBa B3aMMOCBA3b MeXKAy Y/eHamu AByY/ieHa M TpexyneHa, NosyYeHHOro cnpasa OT PaBEHCTBA,
npu BO3BeAEHUWN ABYY/IEHA B KBAAPaT?
[Nna faHHbIX NPOM3BEAEHUI PUCYIOTCA M306pakeHUs nNo o6pasLy, BbIParKeHUA YNPOLLAIOTCA M 3anuCbiBalOTCA B
CTaHAaPTHOM BUAE:

(a=1)(a-1) (@a+1)(a+1) (1+2a)1+2a) (1-a)(1-a)
B Knaccax ¢ TeXHMYECKMMM BO3MOXKHOCTAMM MOXKHO MCNO/1b30BaTb MHTEPAKTUBHbIE 3a4aHMA.
https://www.geogebra.org/m/EQRR72ru https://www.geogebra.org/m/dktua2yh

UccnenosanunezobeymaeHue

BHMMaHME y4eHWKOB HanpasnAeTca Ha

nsobpaxkernve.  ObcypaloTca  MeToabl 20+5 20 Ib

HaxXoXXAeHus 5 naowagm oburypsbl, 20 + b , 20 20-20§4V20b 400 H/ZOb
COOTBETCTBYIOLLEN MN/IOWAAM KBafpaTa Cco : '

ctopoHoit 20 + b, ¢ ucnonb3osaHnem duryp | SRS == AL
Ha n3o06paxeHuu. 200 20b

* 3anuncbiBaeTCcA COOTBETCTBYIOLLEE BbIpaXKeHMe /1A HaXOXAEHNA 3TOV NAoWaau.
(20 + b)? = 400 + 205 +20b + b>= 400 + 40b + b?
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e COBMECTHO C y4eHMKaMu 06Cy}KAaeTCs, Kak MOXHO HaWTh 3HadeHue

BbipaxkeHua (30 + 5)2 sTum meTogom. OTMEUaeTca, UTO ecn KBaapaT co 20 :5

CTOPOHOM 35 eauHWL, pa3fennTb, Kak Ha PUCYHKe, Ha 4acTM co 3 i 900 150
ctopoHamu 30 1 5 eauHuu, To duUrypa aennTcs Ha ABa KBagpatam asa |
npAMOYronbHMKa. O6Wwan NaowWwaaL GUrypbl BbIMUCISETCA COKEHUEM . 150 ”:'25

naowaaen Kaxaon maneHbKon purypsbl.
(30 +5)2=900 + 150 + 150 +25 = 1225.

W KBapgpat cymmbl 1 pasHoCTU

OTmeyaeTtcs, YTo MNPU HAXOXAEHMU MPOU3BEAEHMS MHOMOYNEHOB WMHOrAa HeT HeobXOAMMOCTM BbINOAHATbL
YMHOXeHWe no 4neHam. CyuiectytoT ocobble dopmynbl — GOpMy/bl COKPALEHHOTO YMHOMKEHMUSA, KOTopble

Mo3BOAAIOT HaxoAuTb MpousBeAeHMe Hanpamyto. Ha eath
a |
OCHOBE MpaBuaa YMHOMEHUSA MHOTOYJIEHOB YYEeHWKaM C i T ™ i
NOMOLLbIO M306paXKeHMA noKasbiBaeTca, Kak noaydaerca <[4 | @ |ab
= P ! y + : =) i ) |2+ 2ab+52
KBagpaT CyMMbl AByX uucen. PasbueHue KBagpata Ha s b . ibl
! ab |

yacTU no3BONAeT BU3yaslbHO MOKasaTb, KaK BO3HMKaeT -V
dopmyna (a + b)2.

({1+b)2=((;~+b)'La+;))=az+@+Q+bz=02+20‘b+bz

AHaNorMyYHbIM 06p7a30M obbacHaeTca dopmyna KBaapaTa pasHoOCTU Asyx uncen (a — b)? n npusoaaTca Npumepsbl.
(@a=b2=@->»)- (c? —:h) =a’—ab-ab + b* = a*-2ab + b*
2y

[

[aHHble ToXAecTBa MOXKHO L0Ka3aTb HECKOIbKMMU cnocobamu. OMH U3 3TUX CNOcoboB — NpUMeHUTb popmyny
KBagparta CyMMmbl K 06eMm CTOpoHam paBeHCTBA. 3anucbiBasd ob6e CTOPOHbI PaBeHCTBa B BMAE CTaHAAPTHOrO
MHOFO4/1IEHA, NONYHAIOT SKBUBANEHTHbIE BbIPAXKEHUA.

(a-b)*=(b-a) (a+b)=(-a-b)?
a?-2ab+b*=b*>-2ab +a* a’+2ab + b*= (-a)? + 2(-a)(-b) + (-b)?
a’-2ab+b*=a’?-2ab +b? a’+2ab+b’>=a’+2ab +b?

ToKAeCcTBa MOXHO [0Ka3aTb M TEM, YTO OfHA CTOPOHA YNpPOLLAETCA M NOKa3blBaeTcA eé PaBeHCTBO APYroii
cTopoHe. MOXHO Take 060CHOBaTh, YTO AaHHble PABEHCTBA ABMAIOTCA TOMAECTBAaMM, UCXOAA U3 pPaBEeHCTBa
KBapaToB NPOTUBOMNOOMKHbIX YMCeN. YUUTEIb MOXKET 33aTb YUYEHUKAM BONPOChI O B3aMMOCBA3MN BblpaXKeHui b
—awvwa-b; —a-b v a+ b, aTakKe 0 KBagpaTe NPOTUBONONOXKHbIX uncen. Ha ocHoBe 06CYXAeHNA MOXHO
060CHOBaTb, YTO AaHHbIE PAaBEHCTBA ABAAIOTCA TOX/AECTBAMM M3-33 PaBEHCTBA KBaApaTOB MPOTUBOMOOMKHbBIX
uuncen.
b-a=-(a-b) =» (a-b)?*=(b-a) -a-b=-(a+b) = (a+b)=(-a-b)

Korga nepBbiM 4neHOM B CKOBKax ABAAETCA OAHOYNEH C OTPULATENbHLIM 3HAKOM, YYEHWKM WCbITbIBAOT
TPYAHOCTM NpU MPUMEHeHUM GOPMY/N COKPALLEHHOrO YMHOMEHMA. B TaKMx CAyyasx MCMNONb3OBaHMe 3THX
TOMAECTB ABAALTCA YA06HbIM. Hanpumep, Ana ynpoLeHns BbipaxeHus (-2 — b)? aoctaTouHo ynpoctuTs (2 + b)?,
UCXOAA U3 JaHHbIX TOXAeCTB. (-2 - b)2 = (2 +b)>=4 +4b + b?

2. lMpu 3anmcK KBagpaTa CyMMbl M KBagpaTa PasHOCTU B BUAE MHOTOUY/IEHa YYEHUKN MHOTAA NOBTOPAIOT TUNUYHbIE
OWNBKM, [JOMycKaemble NpW BO3BELEHWM OOHOYNEHOB B CTemneHb. [lpu  BbINOAHEHUWU YNpPaXKHEHWUN
LenecoobpasHo 06BACHATb XapaKTep 3TUX OLIMOOK U BHOCUTb KOPPEKTMPOBKU B COOTBETCTBUM C Ha3HauYeHUEM
dopmynbl.

n) (-0,5y-1)2=(-0,5y)>+ 2 (-0,5y) - (-1) + (-1)2 = 0,252 +y + 1

3. 1nA Toro 4yto6bl, PAaBEHCTBO 6bINIO BEPHLIM U COOTBETCTBYIOLLME BbIPAXKEHWUA BblIM 3anncaHbl B NYCTble KNETKM,
obpallaeTcs BHUMaHUe Ha GpopMyAbl KBagpaTa CyMMbl M KBagpaTa pasHocTU. Onpeaenserca, Kakue YieHbl Ha
NpaBoi CTOPOHE PaBEeHCTBA CBA3aHbI C KAKMMM Y1eHaMU Ha S1eBOM CTOPOHE, Ha OCHOBE CBA3M C APYTMMM YeHamMK
onpeaenaloTcA BbIPAXKEHUA AN 3aMNOJHEHMA MPOMYCKOB, M YYEHWUKM 3aMUCLIBAIOT 3TW BbIPaXKeHUA B BUAE
TpexuneHa. Mpu 3Tom Ucnonb3yeTtca Gopmyna KBagpaTa CyMMbl UM KBagpaTa PasHOCTU ABYX YMCen..
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(a + 3b) =a’ +6ab+ 9’  Haxogutcs yasoeHHOe npowsseaeHue uneHos a u 3b. 2 - a - 3b = 6ab

(r —5))? = x2 J10uk 25)2 3anucbiBaeTca, KBagpPaTOM Kakoro BbipaxeHus asnsetca 25)2. 25)% = (5y)?
HaxoauTtca yaBoeHHoe npoussegeHune 4yneHosx n5y. 2+ x -5y = 10xy
(5d)?=25d>
OnpepenseTcs, NPy YMHOXeHUN 5d Ha KaKkoe BblparkeHUe yaBOEHHOe
npoussegeHue byget pasHo 10d. 2 -5d -1 = 10d
12=1

(1] -5dy =[1] - 10d +@543

5. ObbACHAETCA, YTO KBaApaTbl JaHHbIX YMCEN HaXxOAATCA C MCMO/b30BaHWEM GOPMY/bl KBadpaTa CyMMbl MK
KBagpaTta pasHocTM. COBMECTHO C yYeHMKaMu obcykpaeTca, Kakas u3 ¢opmyn sisasetca bonee yaobHon ans
Ka)X[0ro umcna. AHanoOrMuHbIM 06Pa3OM YUEHUKM BbIYMCAAIOT KBaapaT NpeaioXeHHbIX BbipakeHui. OTseT
NpOBEPAETCA C NOMOLLBIO KaNbKyaaTopa.

312=(30+1)2=302+2-30-1+1=961 Mo ¢popmyne Ksadpama cymmbi

1992 =(200-1)2=2002-2-200-1+1 =39601 Mo ¢hopmyne keadpama pasHocmu

3TOT cnocob No3BoNIAET BbIUUCAATL KBaAPaT HE TOIbKO BOJIbLLMX YMCEN, HO U AeCATUUYHBIX Apobeit, pasaenan ux
Ha 6onee yaobHble YacTW. 3TO MOBbIWAET CKOPOCTb BLIYMCAEHWUI U GOPMUPYET Y YHEHUKOB HaBblK MMBKOro
ynpoLeHns anrebpanyeckux BolpaxKeHUN.

6. Ha ocHOBe dpopmy/ibl KBaapaTa CyMMbl 1 Pa3HOCTU A1BYX YMCEN 3aNMCbIBAIOTCA COOTBETCTBYIOLME MHOMOUNEHbI.
a) (a—2b)? = a>— 4ab + 4b?

6)(at+ta-2)*=(2a-2)*=4a>-8ab+4

B)n’+(n+1)2=2n+2n+1

r)(2n+2n+2)2=(4n+2)*=16n>+16n+4

7. OnpegensaeTca, 3aBUCUT JIM 3HAUYEHNE HOBOrO BblpaXKeHMA OT NepeMeHHOMN Nocne YNpoLLEHUsA BblPaX)eHMiA.

a) (2a—5)?—4a? = 4a* - 20a + 25 — 4a* = -20a + 25 3asucum om nepemeHHo(.

B) (a+3)°—3(a+1)*+2a?=a?+6a+9-3a’-6a-3+2a°>=6 He 3as8ucum om nepemeHHoU.

K ceepenuio yuntena! [1na 06bACHEHUA CMbICNA BbIPAXKEHWUIA, HE 3aBUCALLMX OT NEPEMEHHO, LenecoobpasHo
MCNONb30BaTh NPOCTble NpUMepbl. Hanpumep, BbipaskeHue 2(a + 1) — 2a nocne ynpolieHusa aaeT 1, To ecTb He
3aBUCUT OT NEpPemMeHHOM, a BbipaxkeHue 2(a + 1) — a aaeT a + 1, To ecTb 3aBUCUT OT NnepemeHHOW. Ecan nocne
YMNPOLLEHNA OCTAETCA TONbKO MOCTOAHHOE YMCO, 3HAUMT, 3HAYEHME BbIPAKEHUA MNpuU NO6OM 3HAYEHUM
nepeMeHHOoM paBHO 3TOMY UMC/Y. ITO 03HAYAET, YTO 3HAYEHME BbIPAXKEHWA HE 3aBUCUT OT NepemeHHoM. MpocTble
MPYMepbl MOMOTaloT YYEHMKaM ACHO YBUAETb PasHULY MEeXAy MOCTOAHHbIM BbIPAXKEHNEM W BbIParKEHUEM,
3aBUCALLIMM OT NEPEMEHHOM, 1 NMOHATb IOTMYECKME CBA3N.

8. BbipaskeHue ynpoLLaeTcsa 1 BbIYUCNARTCA €ro 3HaYeHMe Npu 3a4aHHOM 3HaUYEHUN NePeMEHHOIA.

6) (b—1)2+2(b—1)= (B>~ 2b+ 1)+ (2b-2) =b?—1

b=3-32-1=8;b=0,1-0,12-1=-0,99

K cBegeHmio yuntena! YnpouieHue BblipaXkeHMA 1 3aMmncb ero B BUAe CTaH4apTHOTO MHOTO4Y/1IeHa CO3AaET YC/I0BUA
ana 6onee yaobHOro BbIMUCNEHWA €ro 3HAYEHUsA. PeKoMeHAyeTca NpoAEeMOHCTPUPOBATb YYEHUKaM pasHuLY,
CpaBHMB BbluMCIEHUA 6e3 ynpouleHus u c ynpouleHnem. Hanpumep, ana nyHkta 6) 8-ro 3agaHus MOXHO
06CYyanTb C YYEHWKaMM PasHULY MEXAy BblYMCAEHUAMM, BbINOJHAEMbIMM MPU MNOACTaHOBKE BMECTO
nepemeHHo 3HadeHns 0,1 6e3 ynpoLLeHna BbipaXeHWs, U BbIACHUTb, Kakol cnocob asnsetcsa 6onee yao6HbIM.
(h—1)2+2(h-1) — (0,1 =1)2+2(0,1 —1)=0,81 1,8 =— 0,99

10. HaxogATca oTBETbI HAa BONPOCHI.

a) O4HOuUNEH, BblYMTAaEMbIM U3 BbiparkeHusa (a + 6) OpaHouyneH, BblUMTAEMbIA U3  BblparkeHusA
b)?, 0603HauaeTca 6yKBOM X 1 3anucbiBaeTca (3x — 2y)?, obo3Hauaetca 6yKBOM X U 3anucbiBaeTcA
COOTBETCTBYIOLLEE BblpaXKEHME. COOTBETCTBYIOLLEE BbIpaXKEHME.

(a+b)>—x=(a-b)? (3x—=2y)* +x=(3x +29)?

a’+2ab +b?>—x=a*-2ab + b? 9x? - 12xy + 4%+ x = 9x? + 12xy + &7

2ab—x =-2ab —12xy +x =12xy

x =4ab x =24xy

Mpw BbIYUTAHUN BblpaxKeHUA 4ab 13 BblparKeHUs Ecim K Bbipakenuto  (3x — 2y)*? npubasutb
(a + b)? nonyyaetca sbipaxeHue (a - b)2. BbipaskeHue 24xy ,nosy4aerca Bbipaxerne (3x + 2y)2.
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12. MeHbluee U3 ABYX NocnegoBaTeNbHbIX Lesbix Yncen obosHavaeTca yepes x, bonbwee — yepes x + 1. Mo
YCNOBUIO MX CyMMa KBaJpaToB 6oJbLUe, Yem YABOEHHOe MpoM3BefEeHNe STUX YMcen Ha OAMH. 3anucbiBaeTca
COOTBETCTBYIOLLEE BblpaXKeHue.

X+ (x+1)2=2x(x+1)+1

[loKa3blBaeTcs, YTO PaBEHCTBO ABNAETCA TOXAECTBOM.

X+xX>+2x+1=2x>+2x+1

22+ 2x+1=2x>+2x+1

0

OTmeHaeTCﬂ, YTO HEKOTOpPble Tpex4yneHbl 3anncaHbl B BUAE KBagpaTa ABYY/1EHA,
obCy’KAaeTca C yueHMKaMu, Kak 414 3TOro Ncnosb3osaHa GopmMyna KBaapaTa
CYMMbI (MK pasHoCTH).
P+ 12x+36=x"+26x+6"=(x+ 6)? 25m? = 20mn + 4n* = (Sm)* =2 - Sm - 2n + (2n)* = (5Sm — 2n)?
a’ 2:a-b b (a+ b)p a’ 2-a-b b (a = b)?
K cBepeHuto yumtena! YTobbl onpenenntb, KBagpaTOM KaKoOro [ByufeHa ABAAETCA [AaHHbI TPEXuneH,

a’ + 2ab + b? = (a + b)?

uenecoobpasHo NO3TanNHO AOBECTM A0 BHUMAHUA YYEHUKOB HEKOTOPbIE MOMEHTbI.

v' B dopmyne KBagpaTa CyMMbl MM Pa3HOCTU MEHAKOTCA MECTaMu NpaBsas 1 1eBas YacTy PaBEHCTBa.

v' TNpoBoaunTca cpaBHeHUe TpéxuaeHa ¢ GopMyNon.

v Tlocsie TOro KaK B JIEBOI YaCTW HAaXOAATCA BbIPAsKeHUA, COOTBETCTBYIOWME a U b, B NpaBoit yacTv paBeHCTBa
TaK¥Ke 3aMEHSAIOTCA 3TU BblPAMKEHUA.

[ns ynpoweHuns npouecca MOXHO 06paTUTb BHUMaHMWE Ha To, YTO cpeaHuii uneH (2ab uan —2ab) paseH

YABOEHHOMY NPOM3BEAEHMIO ABYX APYIMX YNeHOB. [oKa3biBan pas/iMyHble NPUMEpPbI TPEXYNEHOB,

onpeaeneHne Toro, B KAKOM Caydae TPEXUNeHbl MOTyT BbITb 3aMMcaHbl B BUAE KBagpaTta CyMMbl AWM Pa3HOCTH,

pa3BMBaET y YUEHMKOB KaK HaBblKM HabaogeHUs, Tak U ymeHUs 0606wath.

OTmeuaeTcs, UTo TOXKAeCTBO 25m? — 20mn + 4n? = (2n — 5m)? pokasaHo ¢ ncnonbsosaHmem Gopmynbl KBagpaTa
pasHocTu. 25m?—20mn + 4n? = 4n? — 20mn + 25m?

14. B nycTyto KNeTKy 3anncbiBaeTCs TaKOM O4HOUNEH, YTODbI TPEXYNEH MOXKHO bbl10 3anMcaTh B BUAE KBagpaTa
ABy4neHa. Ha ocHOBe aHHbIX Y1eHOB onpeaenaeTca, KBaApaTOM KAaKoro ABy4YsieHa ABNAETCA TPEXYEH, U B
MYCTYO KNETKY 3aNMCbIBAE€TCA COOTBETCTBYOLWMIA OAHOUNEH.

a) a®— |6abl+ 9b%= (a — 3b)? 6) b2+ 14b + 9k (h+ E)z r 1 - 12y + 36y2 - (Z_ 6y)2

OnddepeHumpoBaHHoe 0byueHne

ModoepxKa. YunTenb 3anucbiBaeT Ha AOCKe ABYY/IEH M MOPy4YaeT YYEeHMKAM HaWTW ero KsagpaT. YUeHUKH
3aMMCbIBAlOT MOJYYEHHbIN TPEXUYNEH B CTAHLAPTHOM BUAE W OOBACHAIOT, KaK OHW ero nonyumaun. Hanpumep:
HalauTe KBaZpaT ABy4YaeHa 2x — 1; HalAMTe KBaApaT PasHOCTU OAHOYIEHOB 3x U 2y.

YenybneHue. YunuTenb NULLET HA AOCKe ABYY/IEH M 33aeT yYeHUKam, f06aBMB O4HOUEH, 3anucaTb ero B BuAe
KBajpaTa Kakoro-nMbo AByyseHa. YYUeHUKM 3annCbiBalOT COOTBETCTBYIOLLEE BblPaXKeHMe U OOBACHAIOT, KaK OHU
onpegennnn pobasnsemblil ogHoUNeH. Hanpumep: K BbipaskeHnam 9x% + 1; 8y + 4 u T.n. gobasbTe TaKoi
OOHOYJEH, YTOBbI NOJTyYEHHbIV TPEXY/IEH BblN KBaApaTOM ABYyYseHa. B Kakom cnyyae BO3MOXKHO 3anucath Aga
TAaKUX ABYYNEHA?

YYyeHUKH, ncnonb3ya CBOWCTBA CTEI'IEHel\;I, obbAcHAIOT peweHne 1 0TBeYaloT Ha BONPOCHI.

LUeHIe 3040,

19. Ha pucyHKe yKa3aHbl pa3mepbl PaMKM B CaHTUMETpaAX.
PeweHue 3a0a4yu X |x+4
* Y7100bl HaliTW Nnowanb PamKu, U3 BblparkeHua naolaam 60/blIoro KBagpaTta
BblYMTAETCA BblparkeHWe NIoWaaM MaJioro KBagpaTa.

3anucbiBaeTcA BblparkeHWe, NoKasbliBatowee naowaab 60nbloro Kagpara: - x
(x+4)2=x2+8x +16 ved
3anucbiBaeTca BbipaXkeHMe, NoKasbiBaloLwee NAoLaab Maaoro KBagpara: x2

3anucbiBaeTcs BblipaXKeHWe Ana NAowaam pamem: x2 + 8x + 16 —x> = 8x + 16
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e Ha ocHOBaHWM TOro, YTO MJOWAAb PaMKM paBHa 144 cm?, 3anMcblBaeTCA COOTBETCTBYIOLEE YpaBHEHME M
pellaeTcs.

8x+16=144 - x =16 cm.

Omeem. 8x + 16; x =16 cm

ObcyrdeHue. TpexuneH, NOAYYEHHbIN B pe3ysibTaTe COXKEHMA NAOLLAAN PAMKMU U NJOWAAM MANoro KBaapara,
BblpakaeT obLLyI0 NAOWAAb PAMKM BMECTe C €& BHYTPEHHeN YyacTblo. x2 + (8x + 16) = (x + 4)?

MoacTtaBnasa KopeHsb (x = 16 cm) B ypaBHeHMe, NpoBepsAeTca NPaBuAbHOCTL oTBeTa. 8 - 16 + 16 = 144 (cm?)

20. YyeHMKam AaéTca MHGOPMALMA O MOHATUM KMHETUYECKOWN SHEPTUM U €€ eanHULE. YKA3bIBAETCS, YTO Y ABYX
pPaavoynpaBaAemMbiX UIPYLIEYHbIX MaLLMH, KaXKAan U3 KOTOPbIX MMeeT Maccy 2 Kr, CKOPOCTb 04HOM Ha 0,2 m/c
60/blUE, YEM Y APYTON, @ KUHETUYECKan aHeprna — Ha 0,12 axkoyna 6onblue. TpebyeTca HAWTU CKOPOCTb KaxKaom
MaLLWHbI COrTAaCHO YCNOBUIO.

Mepen peweHnem 3a,a4M MOXKHO MCNO/Ib30BATb NOXOXKYIO MPOCTYIO 33434y KaK 3ajaHue Ha BOBJ/IeYEHMe,
aHanoruyHyto 19-i 3agauve.

PeweHue 3a0a4u

CKopoCTb NepBoi MallMHbl 0603HaYaeTCA Kak X, CKOPOCTb BTOpol x + 0,2.

3anucbiBaroTCA Bblpa*XeHnA, NoKa3blBaloLMe KNHeETUYECKUE SIHEPTUN MaLLUNH, U YNPOLWATCA.
2 (x+0,2)?2
20D (x40,22=x242-x-0,2+(0,2)2= x2+0,4x + 0,04

2
2

KnHeTnyeckasa sHeprma nepBoﬁ MaLlUHbI:

o 2
KnHeTuyeckana aHeprmsa BTOPOM MalUUHbI:

* Ha ocHOBaHMM TOTO, YTO KMHETUYECKAA aHeprua nepsoit Ha 0,12 axkoyna 6onblue, 3aNnCbIBAETCA YpPaBHEHME.
x*+0,4x+0,04=x*+0,12 - x=0,2

Haxoantcsa ckopocTb BTOPOM mawwuHbl. x +0,2=0,2+0,2=0,4

Omeem. 0,2 m/c n 0,4 m/c.

O6cymdeHue. NMposepsaeTcs, yto npu ckopoctax 0,2 m/c n 0,4 m/c pasHULLA KUHETUYECKUX SHEPIUIA cocTaBnAeT
0,12 .

K cBepgeHuto yuutensa! HekoTopble YyY4EHWKN UCMbITbIBALOT TPYAHOCTU B 3aMUCK BbIPAXKEHUN U ypaBHEHUM MO
ycnosuio 3agaum. OCHOBHAA MPUYMHA 3aKNIOYAETCA B TOM, YTO YYEHMKM YACTO 3ayyMBatoT GOpMy/bl, HO He
NMOHMMAIOT, YTO OHW BblpaKatoT. YunTento cnegyet 3apaHee C NPOCTbIMU OO BbACHEHUAMM PAa3bACHUTb GopmMybl
KBagpata CYMMbl M Pa3HOCTU, NMPUBECTM MPOCTble MPUMEpPbI UX MPUMEHEHUA: MPU BbIYUCAEHUM MIOWAAN
KBapaTa, B 334a4aX HAa KNHETUYECKYIO SHEPTUIO, PACCTOAHUE, BbICOTY U T.4,

YT106bl Pa3BUTb Y YYEHMKOB HABbIKM pPeLIEHWUA 3a4a4 NOCPeACTBOM COCTaBNEHMA TaKMX YPaBHEHWI, HEOBX0AMMO
dopmmMpoBaTb YyMEHME 3anNunCbiBaTb JAHHYIO C/IOBaMU CUTYALMIO HA MATEMATUYECKOM A3blKe. [Jns 3Toro yuntenb
[O/MKEH B XO4e YypOoKa 3ajaBaTb BOMPOCbl, CTUMYAUpPYLOLLME NOCNeAOBaTe/IbHOE /IOTMYECKOE MbILAEHNE,
MCMNOAb30BaTb HAaMNpaBAAoLWMe NPUMEPDI U 334aHUA OT NPOCTLIX K bosiee cnokHbIM. Takne 3a4aHNs pa3BUBatoT y
YYEHWKOB YMEHUA aHaNn3npoBaTb YCNOBUE, ONpeaenaTb CBA3N MeXAy AaHHbIMM, COCTAaBAATb YPaBHEHUE UK
BbIPa*KeHWe, AenaTb BbIBOA, UCMOb3YA GOPMY/Ibl COKPALLEHHOTO YMHOMXKEHMA.

¢OpMaTMBHO€ oueHuBaHue

Kputepum oueHnsaHusa MaTtepuanbl oueHMBaHUA
MpumeHaeT popmyny KBagpata CyMmbl. Pabouune nnctbl, yuebHuK, PT
MpumeHaeT popmyny KBagpaTta pasHOCTH. Pabouune nuctbl, yuebHUK, PT
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TEMA 4.2. NpoussegeHne cymmbl U pa3HOCTU ABYX uucen

7-2.1.3. HaxoauT 3HaYeHMe MHOro4ieHa Npy 3aAaHHbIX 3HAYEHUAX NepPeMEHHbIX.

MOACTAHAAPTI 7-2.1.5. NpumeHaeT popMY/ibl COKPALLEHHOTO YMHOMKEHUA.

e Haxoaut npounssengeHne Cymmbl 1 Pa3sHOCTU ABYX HUCEN.

LLIE/IN OBYYEHMA
® 3anuncbIBaeT ABYYIEH B BUAE NPOM3BEAEHNA CYMMbl U Pa3HOCTU.

NPUHAONEXHOCTU Paboune A1CTbl, KapTbl, CTUKEpPDI

MayueHue: https://www.coolmath.com/algebra/04-factoring/06-difference-squares-cubes-03
https://video.edu.az/video/9313 https://video.edu.az/video/8602

2?53: ESHHHE https://www.geogebra.org/m/zs6d9sdy
3agaHue: https://www.geogebra.org/m/kxbsr9yp https://www.geogebra.org/m/q4uxgkrt
https.//www.geogebra.org/m/BKz97f7v https://www.geogebra.org/m/xzjk5cug
MNobyxaeHue

YunTtenb pucyet Ha AOCKe M306pakeHWe, KaK MOKa3aHO Ha PUCYHKE. YUEHMKaM TaK¥Ke MOMHO NpeasioxuTb
COCTaBUTb GUIYPbI, KaK Ha PUCYHKE, N3 eAUHWNYHBIX KBALPATOB.

1
2 [ |
unu 3
, L 3-1=2 o
3°=3 32_q2-g 32-12=3-2+1-2=(3+1)-2=8
Cvmma PasHocmeb
YyeHuKam 3a4al0TCA BOMPOCbI:

— CKONbKO eAMHUYHbIX KBAApaTOB B KaxKaon ¢purype? Kak MOXKHO HallTU KOJIMYECTBO OCTABLUMXCA €4MHUYHbIX
KBagpaToB BO 2-i durype, onvpasacb Ha KOAMYECTBO e€AMHUYHbIX KBagpaToB B 1-i ¢urype u Konuyectso
OTLENEHHbIX €AUHUYHbIX KBAaAPATOB? KaK 3TO MOXKHO HaliTW, pa3genive AaHHY GUrypy Ha 2 NpsAMOyrosbHUKa’?
KaKas cBA3b CYLLECTBYET MEXKAY CTOPOHAMM NOMYUYEHHbIX MPAMOYTO/IbHUKOB U CTOPOHOW 1-1 GUrypbl M CTOPOHOM
OoTAENEHHOM PUrypbI?

Mpw oToeneHWW KBagpaTa pasmepom 2x2 OT KBajpaTta pasmepomM 3x3 KOAMYECTBO OCTaBLUMXCA KBaLpaToB
HaxogMTCA aHaNOMMYHbIM Crocobom. MpU HaxoKAEHMM KOMMYECTBA 3TUX eAMHMUYHBIX KBagpaToB B BUAe
npou3BeAeHNAa BHUMaHWE YYEHUKOB HanpaBAAeTCA Ha TO, YTO NPOM3BeAEeHME PAaBHO NPOU3BELEHUIO CYMMbI U
Pa3HOCTW CTOPOH COOTBETCTBYHOLLMX KBAAPaTOB.

WccnegosaHuezobcymaeHne

OTtmevaeTcs, 4To AMHYp Bbipe3asa U3 04HOrO yr/ia KBagpaTta Co CTOPOHOM a CM KBagpat

co CTOpOHOVI b CM. AHafIOFVNHbIﬁ npouecc MOXHO BbIMOMHUTbL B K/lacCe BMeCTe C a
yYeHUKaMM.
e [1nA BbIYNCNEHUA NAOWAAM OCTaBlUENCA ¢GUrypbl 3anucbiBaeTCA BblparkeHue, b
nokKasblBatoLLee NaoLaab NONYHEeHHOro NPAMOYroAbHUKa. S = a’— b?

¢ AliHYp pasaenuna ocTasluyoca GUrypy Ha YacTu U COeAMHUAA UX, KaK MOKa3aHo Ha pUCYHKe. [1n1a HaxoXaeHus
naowaan NoAy4eHHOro NnpAMOYroJibHMKa 3anncbiBaeTCA BbiparkeHue.

b

a a
a-b a-b ""‘; a-b V= 212
a
. => => - (a+b)a=b)=a"~b
"V o a ﬁ a__b
b a-b o a+b

¢ O60CHOBbIBAETCA TOMKAECTBEHHOE PAaBEHCTBO BbIPasKEHMIM, NOKa3bIBAOLLMX NAOLWAAN MCXOAHOMN U NONYYEHHON
duryp.

B Knaccax C TEXHMYECKMMM BO3MOXKHOCTAMM MOMKHO NPOAEMOHCTPMPOBaTb BUAEOMaTepuabl.
https://youtu.be/WeMOUbGKerw
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m MpoussegeHne cyMmbl U PasHOCTU ABYX YMcen

OTmeyaeTcs, 4To, MCNOb3yA NPABMIO YMHOMXKEHMSA MHOMOY1IEHOB, MPON3BEeAEHME CYMMbI M Pa3HOCTU ABYX Yncen
MOXHO HalTK cneayowmm o6pasom, M NPUBOAATCA MPUMEPDI.

(c.r"+ b)a—-b)=a?—ab +ab—-b = a? - b

« «

8

O6cy>+<,u,aeTc;| npaBunaO0 3aNUCU JaHHOIO Bblpa*XeHA B BUAEe MHOro4sieHa Ha OCHOBe NpaBu/ia HaXxoXaeHuA
npounsseaeHnAa Cymmbl U Pa3HOCTU. OTMeanTCﬂ, YTO BblpaXXeHna —a — b na -+ b OTNNYaOTCA 3HAKAaMM CNaraembolx,
n, 3aNncblBad —a — b= —(a + b), C ncnonb3osaHnem nponsseaneHmnA CyMmmbl U Pa3HOCTU AaHHOE Bbipa*KeHne
3annCbliBaeTCA B BUAE MHOIo4Y/1€Ha.

(~a—b)(a-b)=-(a+b)a-b)=—(a-b)=b -

at—h?
3aaaHus

3. B npuBeA&HHOM npumepe 0BbACHAETCA, KaKUM CNOCOBOM HaliaeHo  FEEURS (50 + 1) (50-1) = 502~ 12 =
npousBefeHWe, MNPaBUAbHOCTL OTBETA MPOBEPAETCA NPABUIOM  [Erklss I Ll

YMHOMeHMWA ABY3HAYHOrO YNCNA Ha ABYy3HaYyHoe. [paBUNbHOCTb OTBETA

MOXHO TaK)Ke NpoBepuTb Ha Kanbkynatope. 51 - 49 = 2499

Mcnonb3ys aToT cnocob, HallguTe NnponsBeaeHme YNCeN.

rN1,1-09=(1+0,1)-(1-0,1)=12-0,12=0,99

HeKoTopble 6onbluMe YMCAa U AeCATUYHbIE APO6U YA0OHO NepeMHOKaTb, eC/IN NPeSCTaBUTL UX B BUAE CYMMbI
WAW PA3HOCTU ABYX NOAXOAALLMX YUCEN U BbIMUCIUTD Ha OCHOBE GOPMY/bl PAa3HOCTM KBAAPATOB. 3TO MNOBbILWAET
CKOPOCTb BbIYMCAEHUI Y YYEHUKOB U GOPMUPYET YMEHME YNPOLLLATh MaTEMATUYECKME BblPaXKeHUs.

5. [1nA Toro 4tobbl paBeHCTBO ObIJI0 BEPHBIM U B MYCTble KNETKM OblAN BNUCAHbl COOTBETCTBYIOLLME BblPAXKEHUS,
obpaluaeTcA BHMMaHWe Ha ¢opmyay pasHOCTM KBagpaToB. Ha OCHOBe CBA3WM MeXAy AaHHbIMU 4YneHamu
onpeaenatoTca BblparkeHWUA, KOTOPbIE HY»KHO BNMUCATb B MYCTble KNETKM.

A= g2 1 1 1| 4
a) (a+4)(a-4) =a- 16 o) (La2+ 31)(1a? -3) :ha -9
A ]

6. Ha ocHoBe dopmynbl Npor3BeseHna CyMMbl U Pa3HOCTU ABYX YMCEN HAXOAATCA OTBETbI Ha BOMPOCHI.

a) Ha ocHoBe popMmybl pa3HOCTM KBagPaToB BblpaxkeHue 4x? — y? 3anNuUCbIBaeTCA B BUAE NPOM3BEAEHUA CYMMbI 1
pPa3HOCTM ABYX BblpaXKeHUN.

4x% —y?=(2x +y)(2x — y). CnesoBaTeNbHO, NPU YMHOMKEHMM BbIPAXKEHMA 2X + y Ha BbIpaXeHue 2x — ) noydaerca
BblpaxeHue 4x? — 2.

9. C ucnonb3oBaHMeM ¢GOpmMybl Pa3sHOCTU KBaLpaTOB NPOBOAMTCA CPAaBHEHWE W Pe3ynbTaT NPoBepAeTca Ha
Ka/ibKynaTope.

a) 288 - 286 1 2872

Yncna 288 n 286 3anmcbiBatoTCA B BUAE CYMMbl U PA3HOCTU ABYX uncen. 288 =287 +1; 286 =287-1

MpumeHseTca bopmyna NpomnsseaeHUA CYMMbl U Pa3HOCTM ABYX uncen. 288 - 286 = 2872 -1
287%—1 1 2877 cpasHuBatoTca. 2872 —1 < 2872

K ceeaeHuio yuntena! MHorga 6biBaeT ygobHee cpaBHMBATb AaHHbIE BblPaXKEeHUA, HE BbIMOHAA BbIYMCAEHMSA U
He CpaBHMBAasA MNOJIyYEHHble 4YMCNOBble pe3ynbTaTtbl. POPMY/bl  COKPALEHHOTO YMHOXEHMUA LUIMPOKO
MCNONb3YIOTCA B TaKMX MNpoueccax CpaBHeHWA. MOMKHO COOBLWMTL yYeHMKamM, 4TO 3TOT crnocob asnserca
npumepom obnacteit npumeHeHus GoOpmMyabl NPOM3BEAEHMA CYMMbl M PasHOCTM ABYX uucen. BmecTo
HenocpeacTBEHHOTO BbIYUCIEHUA BbIPaXKeHUM, aHAIM3UPYA UX, MOXKHO BbICTpee M ToUHee HalTW pe3ynbTar.
3TOT cnocob BbIYUCNEHUI UCNONB3YETCA HEe TONbKO AN CPAaBHEHWA, HO M A/1A YNPOLWEHUA onepauuii ¢
6O/IbLIMMM YNCIIaMM, TIONIYHEHMA TOYHOTO, @ He NPUBAN3UTENIbHOTO Pe3y/ibTaTta, COKPaLLEeHUsA BblYMCIEHUIA U
YMEHbLIEHNA BEPOATHOCTU OLWMOKU. YYEHUKAM MOXHO MOKasaTb HECKO/bKO MNPMMEPOB, OTHOCALLUMXCA K
nepeyncaeHHbIM 061acTAM NPUMEHEHMS.
Hanpumep, 48 - 52 = (50 - 2)(50 + 2) = 502 - 22= 2500 — 4 = 2496.
TaKkue cnocobbl NoNe3Hbl ANA PA3BUTUA IOTMYECKOTO MbILLIEHUA U YMEHUA BUAETb MaTeMaTUYECKUE CBA3MK.
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0

Moa4YépKnBaeTcs, YTO NPU NepecTaHOBKE MecTaMm 1eBOM U NPaBoM YacTel @ - = (a+b)a-Db)
paBeHCTBa B Gopmysie NponsBeeHNs CyMMbl M Pa3HOCTU ABYX BblpaxKeHU

nosyyaetca ¢opmyna pasHOCTM KBagpaTOB, U NPUBOAATCA NPUMEPBI.

K cBegeHuto yuntensa! dopmyna pasHOCTM KBaZpaTOB ABNAAETCA OLHOM M3 PyHAAMEHTaNbHbIX Gopmyn
anrebpanyeckmx npeobpasoBaHnin. OHa LIMPOKO MCNOL3YETCA B MPOLECCe Pa3oKEHUA MHOToYIeHa Ha
MHOUTENN C NpUMeHeHneM GOPMYN COKPALLEHHOTO YMHOXeHMA. Npu NpuMeHeHUn aTol popmynbl cneayet
CHayana 06paTUTb BHUMAHME Ha 3aNMCb AAHHOTO BbIPaKeHUs B BUAE PA3HOCTU KBAAPATOB ABYX BblpaXKeHUM U
Ha NpaBW/IbHOE NMPUMEHEHNE CBOMCTBA CTENEHW.

MHOrAa yH4EHUKU, BUASA, 4TO BbipaxkeHue a2 — b? 3anucbiBaeTca B BUAE NPOM3BEAEHNsA ABYX BblPaXKeHWIA,
CUMTAIOT, UTO U BbipaXkeHue a2 + b? TakyKe MOXHO 3anucaThb B BUAE NpousBeaeHus, nonaras, uto a® + b2 = (a + b)2.
Takum y4yeHMKam cegyeT NoAYepKHYTb, KaKk nosyyaeTca ¢opmyna pasHOCTM KBagpaToB, UTO U3 YETbIPEX
O4HOYNEHOB, NOJYYAIOLLMXCA MPU MPOU3BELEHMUM CYMMbI M PA3HOCTU ABYX BbIPaXKEHWU, ABa ABNAOTCA
noAo6HbIMM M COKPALLAOTCA, U OTMETMUTb, YTO aHAZIOMMYHbINA NPOLLECC ANA BbipaxeHus a® + b> HEBO3MOXKeH,
npuBoAA NpUMepbI.

Jlo}KHble npeAcTaBneHUA, BO3HUKalOWMe Yy

JloxKHoe BepHoe
yyeHukos. [pu  npumeHeHun  dGopmybl
Pa3sHOCTU  KBaJPaTOB  HEKOTOPbIE  YYEHUKM a>-9=(a-3) @*-9=(a+3)(a-3)
CYMTAlOT, 4TO PA3HOCTL  KBAAPATOB PABHA (5. 5)(5—p) = h?— 25 (b +5)(5—b) = 25 — b?

KBagpaTy pasHOCTM. TaKMM yuyeHMKam MOXHO

NpeanoKuUTb NOKa3aTb, ABAAETCA M AaHHOE PaBEHCTBO TOXAECTBOM. K 06enm 4acTAm paBeHCTBa NPUMeHAITCA
cooTBeTcTByoLME GOPMYJIbl COKPALLEHHOTO YMHOMKEHMA.

a’?-b%=(a-b)?

a?=b%=(a+b)a-b)

(a—b)*=a?-2ab + b?

MoCcKoNbKy NIeBas M NpaBas YaCTU paBeHCTBA HEe PaBHbl, NOAYEPKMBAETCA, YTO 3TO PaBEHCTBO He ABAAeTcA
TOMX/A,EeCTBOM.

HekoTopble yyeHUKM A0NYCKaloT OWMBKM NpU OnpeaeneHnn 3HaKoB B CPAaBHUTE/IbHO CIOMHbIX BblpaXKeHMAX.
TaknM yyeHnKamM peKomeHayeTca 06bACHATL OLUIMBKM, MOKa3biBasa NpUMepb!.

OnddepeHumnpoBaHHoe 0byueHue

Ha cTone nuueBoi CTOpPOHOM BHW3 pacKiaabiBaloTcA
KapTOYKM C OfHOYNEHAMU. YUEHUKM BblbUpalOT ABe
KapTOUKM.

ModdepxcKa. YuuTenb npepsaraet yd4eHMKam 3anucaTb NPOU3BEAEHME CYMMbl M PA3sHOCTU COOTBETCTBYHOLLMX
OAHOYNEHOB B BUAE MHOTOY/IEHA. YUEHUKM 0O BACHAIOT MPOLLECC PeLLEHUA.

YenybneHue. YunTenb npeasiaraeT y4eHMKAm 3anucaTb Ha [AOCKE Pa3HOCTb OAHOYJSIEHA C NepBoOi BbiGpPaHHOMN
KapTOYKM U OZHOY/IEHa CO BTOPOWM KapTOYKM, a 3aTeM OBBACHUTb, MOXKHO /M 3anucaTb 3TOT ABYY/EH B BUAE
Nnpou3BeAeHNa CYMMbl M PaA3HOCTU OAHOYNEHOB. ECAM 3TO BO3MOXKHO, 3anMUCbiBaeTCA COOTBETCTBYOLLEe
Bblpa*KeHne, eCM HEBO3MOXHO — Nnpegnaraetca YMHOXUTb JaHHOE Bblpa*KeHMe Ha TaKOoe BblpaXeHue, 4yTOObI
NoONYYUNCA ABYYNEH. YUEHUKM 0OBACHAIOT NPOLECC peLleHus.

<
J

PewwuTe 3agaum, ncnonbsya Gopmyny pasHOCTU KBagpaTOB.

15. MnaHunpyeTca yBEANYUTb CTOPOHbI KBAAPATHOM aBTOCTOAHKK Ha 2 M. Mpwu 3Tom TpebyeTca HalTh TeKyLLyto
NAoLLaAb CTOAHKK, ECAN ee NAOoLLaAb YBEANYMTCA Ha 76 M2,

PeweHue 3ada4u

442 b? 9p* 7 ]6a2b27 ab?
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e CTOpOHbI CTOAHKM 0603HavalTCs Yepes X.
CHavana 3anucbiBatoTCA BblpaXKeHUA,
NMoKasblBatoLLMe NAoWaab CTOAHKNU B HacTosLee
BPEMA M MOCNE YBE/IMYEHUA CTOPOH HA 2 M,
3aTeMm BblpaXKeHue, NOKA3bIBAKoLLLEE UX PA3HOCTb.
(x+2P2 = x*=x>+4x+4-x*=4x+4

e Ecam niowaab CTOAHKM yBeNYUTCA Ha 76 m?,
LN HaXOXAOEHWUs TeKylleld NAowaan CTOAHKM
3aMMCcbIBAETCA COOTBETCTBYIOLEE YypaBHEHME U Tekywas naowaab Mnowaap cToaHkK nocne
pewaetcs. CTOAHKM: X2 yBenudenus: (x + 2)?
Ax+4=76->x=18

HaxoauTca TekyLan naowaab CToaHku. 182= 324 (m?)

Omeem. 4x + 4; 324 m?

ObcyrdeHue. ObCyRAaOTCA MHEHUA YYEHWUKOB, PELUMBLLMX 33434y Pa3HbIMK cnocobamu.
dopmaTrMBHOE OLLeHMBaHUe

Kputepum oueHnsaHus Marepuanbl oLeHMBaHUA
HaxoauT npounssegeHne Cymmbl U Pa3HOCTU ABYX Yncen. Paboune nnctol, y4uebHuUK, PT
3anucbiBaeT ABYYEH B BUAE NPOM3BELEHMA CYMMbl U PA3HOCTU. Pabouwne nnctol, y4uebHuUK, PT

=
+
N

TEMA 4.3. Ky6 cymmbl u pasHocTu. Cymma Ky60B 1 pasHOCTb Ky60B

7-2.1.3. HaxoauT 3HaYeHMe MHOro4IeHa Npy 3aAaHHbIX 3HAYEHUAX NepeMeHHbIX.
NOACTAHOAPThHI

7-2.1.5. NpumeHaeT GopMy/ibl COKPALLEHHOTO YMHOMKEHMUA.
® 3anucbiBaeT Kyb cymmbl (pasHOCTH) ABYX YMCEN B BUAE MHOTOY/IEHa.

LLEE/IN OBYYEHUA
¢ [pumeHsaeT popmyny cymmbl (pasHOCTM) KybOB ABYX Yncen.

ANPUHAONEXKHOCTU Pabouune NUCTbl, KapTbl, CTUKEPDI

9NEKTPOHHbIE
PECYPCbI
MNobyxaeHue
YynTenb CTaBUT Ha CTON KybuK Pybuka pasmepom 3x3x3 © 33gaeT yyYeHMKam BOMPOChHI:
— CKO/IbKO MasieHbKMX KybuKoB pasmepom 1x1x1 HaxoguTca BHYTPW 3TOro Kyb6a? Ha CKoAbKO
Ky60B 1 Ky6OoM40B MOXKHO pa3aennTb GUrypy, ecim oTAeAUTb OAMH TaKoM ManeHbKUi Ky6? Kak,
NCNonb3ys 06bEMBI 3TUX GUTYP, MOXKHO HAUTU 06BEM Kyba? CKOIbKO eANHUYHBIX KYOOB HYXKHO
[,06aBUTb K Kyby paamepom 3x3x3, yTobbl NONYYUTb Kyb pasmepom 4x4x47?

C NOMOLLbIO HArNAHOTO U306paXKeHNA yYeHNKaM AeMOHCTPUPYETCS, YTO K Kyby ¢ pebpom a, 106aBMB HECKO/IbKO
Kybonaos, nonyyaeTtcs HOBbI Kyb ¢ pebpom (a + b). Ha npumepe fobaBneHnn HECKObKMUX KyboMaoB K Kyby
pebpom 10 cm 1 noslyuyeHusa HOBOro Kyba ¢ pebpom 15 cM MOXKHO OTBETUTb Ha NOCTaB/IEHHbIE BOMPOCHI.

M3yueHue: https://www.coolmath.com/algebra/04-factoring/06-difference-squares-cubes-03

[ bb [ > b
a } 4 a b
— '’ a
V=a V=3-a-a-b =3a V=3-a-b-b =3ab? V=5 V=a?+3a2h+3ab?+ b3

e OTMeYaeTcs, YTo, paccMmaTpmBas U30bparkeHus, K Kyby ¢ pebpom a gobasneHbl 3 Kybouaa c pébpamn a, a n b,
3 kybouaa c pébpamu a, b u b n 1 ky6 c pébpamu b.

o N5 HaxoxaeHnA 06bEma HOBOro Kybomaa 3anmcbiBaeTCA COOTBETCTBYIOWMIA MHOTouNeH. a®+ 3a%b + 3ab? + b3
[nA NoAroTOBKM YYEHUKOB K 3Tany 0by4eHMss MOXKHO OTMETMTb, YTO NMOCKO/IbKY pebpo nosydeHHoro Kyba pasHo
a + b, ana HaxoxaeHna ero o6bEma 3anucbiBaeTca BbipaxeHue (a + b)3 1 uTo 3TO BbipaxkeHue paBHO

a®+ 3a®b + 3ab®+ b3, Takoit noaxop, pa3BMBaET y yHEHMUKOB Kak MaTeMaTUUECKYIO N0MUYECKYIo

nocsie40BaTeNbHOCTb, TaK U YMEHWE MOAE/IMPOBaTh 33434y U R i
CBA3bIBATb €€ C reoMeTpuYeckummn purypamm. i o
B Knaccax ¢ TeXHUYECKMMM BO3MOKHOCTAMMN MOXKHO C MOMOLLbIO .y i
CUMYNALMU OTAENATb GUTYPbI APYT OT ApYyra U, AEMOHCTPMpPYA - .

KaX4yr no otaAeNbHOCTU, BbINONHATb A€ATE/IbHOCTb.
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https://www.geogebra.org/m/ybzqtwgn

W Ky6 cymmbl 1 pasHOCTM ABYX Yucen

Mcnonb3ys npaBuna YMHOMEHMA MHOTOYNEHOB, C yY4eHUKaMM 0BCyKOaeTcs, KaK BbIBOAATCA dpopmynbl Kyba
CYMMbI 1 PAa3HOCTM ABYX YMCE, MPUBOAATCA NPUMEPDI.

(a + by = a® + 3a°h + 3ab®> + b* (a - b)? = @ - 3a’b + 3ab? - b*

[

BbipaxeHue (a — b)? ynpoLyaeTca ¢ Ncnosb3oBaHMEM NPaBuia YMHOXEHNA MHOTOUYIEHOB.
(a=b)?=(a—Db)*(a—b)=(a*~-2ab + b*)(a—-b) = &> — ab®~ 2a°b + 2ab* + ab®> - b* = &> - 3a°b + 3ab’ — b*

C NMOMOLLLbIO 3TOFO MPaBM/a JOKa3blBAETCA TOX/AECTBEHHOE PaBEHCTBO BbipaxkeHwii (a — b)° u a® — 3a?b + 3ab? — b°.
B Knaccax ¢ TEXHUYECKMMM BO3MOMXHOCTAMM MOMHO C MOMOLLLLIO CUMYAALMKN ana (a — b)® otaenatb Gpurypbl apyr
OT Apyra 1, AeMOHCTPUPYA KaXKAY0 MO OTAENbHOCTU, BbINONHATL AeATEbHOCTb.
https://www.geogebra.org/m/kbvatvhh

1. Ky cymmbl MM pasHOCTM 3aMMCbIBAETCA B BUAE MHOTOYNEHA.
(3a+1)P=(3a)’+3-(3a)*-1+3-3a-1*+13=27a> + 27a’*+9a + 1
T Y - Y Y =

a b a3 3a%b 3a’b b3
K cBeaeHuto yuntena! TpyaHOCTM, BO3HMKAIOLLME Y HEKOTOPbIX YYEHWKOB NP NpuMeHeHnn dopmyn Kyba cymmbl
WAW PasHOCTM, B OCHOBHOM CBfi3aHbl C MepenyTbiBaHMEM MNOPALKA Y/EHOB, HENpPaBUAbHbIM onpeaeneHnem
K03 PUUMEHTOB, HEBO3MOMXKHOCTbIO OTCEANTb CMEHY 3HaKOB. [11a yCTpaHeHMA 3TUX TPYAHOCTeN LenecoobpasHo
06BACHUTL YUEeHMKaM, KaK Ha ocHose $hopmy bl GopMUPYIOTCA KOIDDULMEHT, CTENEHD M 3HAK KaXKA0ro YneHa.
Oco3HaHMe yYeHMKaMM HEKOTOPbIX 3aKOHOMEPHOCTEN, MMEILLMXCA B 3anncu Gopmynbl, obaerdaeTt ycsoeHume
TEMbI.
B npouecce paboTbl MOXKHO NPUMEHATL Ce4yloWwme MeToAMYecKMe NoAXoAb.
— lMokazame ceA3b ¢ mpeyaoabHUKoM [lackans

1 1x
Mpwu Bblpa)keHUM CcTeneHn ABy4YseHa B BUAE MHOTOY/EHa,
ecnm K03DOULMEHTbI Nosy4eHHoro MHOrouNeHa 11 Ix +1y
PacnonoXuTb, Kak Ha PUCYHKe, B KaxAo0lM CTPOKe nepBoe u 1 2 1 — 1+ 2%+ 1?

nocnegHee 4nMcno pasHbl 1. OcTanbHble YNCNA PABHbI Cymme 13 3 1
ABYX 4MCeN, PACnoO/IOXKEHHbIX Hag HUMKM B Npeablayluen

cTpoke. TpeyronbHWK, 06Pa30BaHHbLIM 3TOM 3aKOHOMEPHOCTbIO, Ha3blBaeTcA TpeyroibHUMKOM [lackans.
LlenecoobpasHo 0bpaTnTb BHUMaHME YYeHUKOB Ha KO3pPULIMEHTbI 1 AaTb cBeAeHMA 0 KoabduumenTax 1; 3; 3; 1.
Mpu HaxondeHuu Kyba dsyuneHa (a + b)? unu (a— b)? 06vaCHAEMCA, YMO CMeneHb Kawd020 YneHa 00AMHA Bbimb
pasHa 3

3Ta 3aKOHOMEPHOCTb AABT YYEeHUKAM BO3MOMKHOCTb CaMOMPOBEpPKU. ECan npu HaxoxKaeHun Kyba ABydneHa,
KaXAblA Y1eH KOTOpOoro fBAAETCA OAHOY/IEHOM NEepBOW CTENeHW, CTerneHb YJeHOB OT/M4YaeTca oT 3, cpasy
CTAHOBUTCA ACHO, YTO AOMNYyLLEHA OWNOKa.

— CpasHumesnbHbIl AHAAU3 3HOKOB NPU HaXoxOeHUU Kyba cymmel U pasHocmu

MpoBoauTca napannenbHblit aHanuns sbipaskeHnit (a + b)® n (a — b)3, obbAcHAETCA, YTO OTPULATENbHbLIN 3HAK
OTHOCWTCA TO/IbKO K b 1 4TO Npu HaxoxKaeHUN Kyba 3HaKM B pe3y/bTaTe NocaefoBaTe/IbHO YepeayoTcsa.

Takum obpasom, LenecoobpasHo NoAYePKHYTb TPU NPOCTbIX MPaBuaa A5 Kyba CyMmMbl U PasHOCTU.

v' KO/IMYECTBO YJIeHOB A0/KHO 6bITh PaBHO 4.

v' KoahPUUMEHTbI AOMKHBI BbITh 1; 3; 3; 1.

v' nNpm packpbITUK BbipaxkeHuii (a + b)* u (a — b)? cTeneHb Kaxaoro uneHa AoMKHa bbiTb pasHa 3.

3TN MeToAMYECKMe LuarM Co34atoT ycnosus aAns GOPMUPOBAHUA Y YUYEHMKOB JOTMYECKUMX OCHOB TEMBbI,
OCO3HAHHOro NPUMeHeHUA GOPMYS BMECTO MX MEXAHWYECKOro 3ayyMBaHWA W, B UTOre, ANA pas3sutua bonee
YCTOMYMBbIX 3HAHWI W HABbIKOB.

2. B nycTble KNeTKU BNUCbIBAIOTCA TaKME O4HOYUIEHDBI, YTOObI PaBEHCTBO 6bl/10 BEPHbIM. 3aTeM OTBET NPOBEPAETCA.
YnpouiaeTcs BblparKeHWEe B JIEBOW YacTW PABEHCTBA M ONMpPenenstoTcAs OfHOY/EHbl, COOTBETCTBYIOLLME MYCTbIM
KNeTKam.

— 13 +3xH+30%+ 1B

5 - |
(2a—1)*=(2a)*-3-(2a)*-1+3-2a-12-13=8a*—12a*+ 6a —|1]
|
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O6paluaerca BHUMaHME Ha CBA3b MEXKAY BbIPAXKEHUAMM B NPABOM M SIEBOI YacTAX paBeHCTBa. [oCKo/IbKy uncio 64
ABNAETCA KyBOM umncna 4, CHa4yana B 1eBOM YacTW PaBEHCTBA, a 3aTeM B MPaBoOW YacTu OnNpeaenfeTcs O4HOUNEH,

COOTBETCTBYIOLLMIA MYCTON KNETKe.

| 5
(x+a)P=x®+3-x2-4+3-x-42+43 =x3+12x°k 48x + 64
[

W Cymma Ky60B aByx uncen

YueHrKam JaéTcAa MHbopmauma o Gopmyne cymmbl KyboB, MOHATUAX MONHOMO M HEMOJIHOrO KBagpaTa, NMPUBOAATCS
npumepbl.

(a+ b)(; ab+b?) =a®-a’b +ab®+ a’b—ab® + b* = a* + b?

N N I | - = =

""" ‘@ +b3=(a+b)a-ab + b?)

7. Ona onpepeneHus TOro, ABASETCA M AAHHOE BbIpaXKeHWe MOJIHbIM UM HeMnosHbIM KBaApaTOM PasHOCTH,
obpaluaeTca BHUMaHME Ha KO3hOULMEHT BTOPOTO Y/eHa.

a) BbipaxkeHue x2 — x + 1 ABNAETCA HEMOMHbIM KBaApPaTOM BbipaxeHua (x — 1).

6) BblpaxeHune a’ —4a + 4 ABNAETCA NONHbIM KBaApaTOM BblpaxeHusa (a — 2).

AHanorMyHble OWNBKM BCTPEYAOTCA M NpU NPpUMeHeHMM GopMy bl pasHOCTM Ky6oB. MOoCKONbKY eBas 1 npasas
YacTW pPaBeHCTBA He PaBHbl, NOAYEPKMBAETCA, YTO 3TO PABEHCTBO HE ABNAETCA TOXKAECTBOM. HeKoTopble yYeHUKH
[AOMNYCKaloT OLWKWBKM NpW onpeseneHnM 3HAKOB B CPABHUTENbHO C/AOMKHBIX BblpaXKeHUAX. TakMM ydeHMKam
pekomeHayeTca 06bACHATb OWMBKM Ha NpUMmepax.

10. NMpoBoAATCA BbIYUCAEHUA C UCNONb30BaHWEM GOPMYbI CYyMMbI Ky60B.
f)2,53+1,5*=(2,5+1,5)(2,52-2,5-1,5+1,5%) =4-4,75=19

Ecnm 6bl uncna 2,5 1 1,5 Bo3BoAMAKNCH B Ky6 MO OTAEABHOCTM, 3TO 3aHA0 Bbl 60/1ble BpeMeHM 1 yBEYUAO Bbl
BEPOATHOCTb OLIMBKK. MprmeHeHe GopMybl NO3BOJIAET BbINOAHUTL BbluMcieHe 6osiee KOPOTKMM CrocoboMm.
ITOT MeTog4, AAET BO3MOXKHOCTb 3PpPEKTUBHO HAaX0AMUTb OTBET ANA BONbLINX YUCEN NN AECATUYHbIX Apobeit, He
BbIYMCAAA KyObl MO OTAE/bHOCTM.

11. Ha ocHoBe dpopmynbl CymMbl Ky60B 060CHOBLIBAETCA NPABUIbHOCTb YTBEPKAEHWNA.

a) [ina sbipaxkeHns 6% + 73 npumeHsaetca popmyna cymmbl Ky6oB. 63+ 73= (6 + 7)(62-6 -7 + 72) = 13 - 43,
MOCKONbKY OAIMH U3 MHOXWTeNel paBeH 13, 3HaueHue BbipaxeHus 63 + 73 peantca Ha 13.

W PasHoCTb Ky60B ABYX uncen

Mcnonb3ys npasuno, npumeHaemoe B popmyae cymmbl KyboB, pasHOCTb Ky6OB 3anncbiBaeTca B BUAE

npounsseaneHUAa OByx ,ﬁ:f:’:“::i*—\ MHOTIo4/,1eHoB,
NPUBOAATCA NPUMEPbL. (g - b)(a?+ ab bZ) = &+ &b+ ab>~ a?b - ab? - b = a* - b?

R e I —
% @ - b= (a - b)(a®+ ab + b?)

3anucbias a® — b*= a® + (%), obeykaaeTcs, Kak u3 popmysibl cymmbl Ky6oB nosydaetca popmyna pasHoCTK
KyboB.

= b*=a’+(-b°) = @’ + (=)’ = (a + (-b))(@’*— a(-b) + (~b)’) = (a — b)(a® + ab + b?)

JNloXKHble npeAacTaBNeHUs, BO3HUKaOWME Y YYEHUKOB. [IpMBOAATCA HECKOJbKO NPUMMEpoB OLWMBOK,
O0MNYCKaeMbIX Y4EHMKaMM NPU NpumeHeHUn GopMy/ibl CyMMbl Ky6O0B.

JloxHoe BepHoe

Cymma Kyb0o8 pasHa npoussedeHuro 08y4sneHa u a®+27=(a+3)(@*-3a+9)
nonHozo keadpama pazHocmu. @+ 27 = (a + 3)(a* — 6a +9)

Cymma Kyb60o8 pasHa Kyby cymmsi.
B+27=a*+3%*=(a+3)} a®+8=(a+2)(a®>-2a+4)

Cymma Kyboe pasHa npoussedeHuro 08y4seHa u
HernosHo20 Keadpama cymmel @+ 1 =(a+1)(a’+a + 1) A+l=(a+1)(a®-a+1)

Mofo6Hble OWMBKM BCTPEUAoTCA M NPU NpMMeHeHUn GopMy/ibl pasHOCTU KyboB. C ydeHMKamu, 40MYCKaoLWMMM
TaKkue owmnbKu, LenecoobpasHo opraHM3oBaTb PaboTy MO UX YCTPAHEHMIO.
16. NpoBoAATCA BbIYUCAEHUA C UCNOAb30BaHMEM GOPMY/bl Pa3HOCTM Ky6oB.
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r)1,13-0,13=(1,1-0,1)(1,12+1,1-0,1+0,1%)=1-1,33=1,33

Ecnm 6bl uncna 1,1 1 0,1 Bo3BOAUAMCH B Kyb NO OTAE/NBHOCTU, 3TO TaKKe 3aHAN0 bbl Bpems. Kak 1 B cyvae cymmbl
KyboB, AaHHbI cnocob no3sonfeT 3GHEKTUBHO HAXOAUTL PE3YNbTaT PAa3sHOCTM Ky6oB AN 6ONbLUMX YMCeN UK
[ecATUYHbIX Apobelt 6e3 oTAeNbHOro BblMMCAEHNA Ky6OB.

Wcnpasb owubry!
(2-3y)*=8-36y +18)2-27)° Boipaxcerue (2 — 3y)? ynpowaemcs, noayveHHoll MHO204eH
(2= 3y)* = 8= 36y + 5412 — 27y 3anuceleaemcs 8 cmaHdapmHom eude.
(1-yP=1-))(1+y+)?) B nesoli yacmu paseHcmea 3anucaH Ky6 pasHocmu, 0OHaKo & npagoli

4acmu 3anucaHo 8bipaxceHue 8 sude rnpoussedeHus pazHocmu Kybos.
K sbipaxceHuro (1 — y)? npumeHaemca cpopmyna Kyba pasHocmu.

(1-yP=1-3p+3y°—)°

23. /13 Tpéx Kopobok Kybuyeckon Gpopmbl pebpo ofHOM paBHO k cm. OTmeyvaeTcs,
pebpo 3Toi KOpPobKKM Ha 5 cm bonblue pebpa ogHOMN U3 APYrUX KOPOBOK M Ha 5 cm
MeHblLe pebpa TpeTbeu.

PeweHue 3a0a4u

* 3anNuUCbIBAOTCA BbIPAXKEHUS AN HAXOXKAEHNUA 06bEMA KaxKaoro Kyba.

=
kiljj k-5 li/ k+5

gl
V=i V=(k-5)3 V=(k+5)?

e Cymmy 06bEMOB 60/1bLLIOTO M MasieHbKOro Ky60oB MOXKHO 3anncaTb B BUAE MHOTOY/IEHA ABYMSA cnocobamu.

1-ii cnocob. NpumeHseTca Gopmyna cymmbl Ky6oB.

(k+5)3+ (k=5)3=((k+5)+ (k=5))((k+5)?=(k+5)(k=5) + (k—5)%) = 2k(k* + 75) = 2k> + 150k

2-U cnocob. NpumeHsaeTcs popmya Kyba Cymmbl U PasHOCTU.

(k+5)%+ (k—5)3 = (k®+ 15k* + 75k + 125) + (k*- 15k*+ 75k — 125) = 2k* + 150k

Omesem. I3, (k +5)3, (k - 5)3; 2k® + 150k.

dopmaTuBHOE OLeHUBaHUe

Kputepum oueHuBaHuUA Marepuanbl OLLeHUBaHUA
3anucbiBaeT Ky6 cymmbl (pasHOCTH) ABYX Yncen B BUAeE Paboune nunctobl, yuebHuK, PT
MHOrouseHa.

MpumeHaeT opmyny cymmbl (pa3HoCTM) KyboB ABYX uncen. Paboune nuctbl, yuebHuk, PT

3A0AYYN U NPUMEPHI

YYeHUKN Ha npegblaylimMx yYpoKax MO3HAaKOMMUAUCL C MOHATUAMM «KBaApaT CYMMbI», «KBagpaT pPasHOCTU»,
«pa3sHOCTb KBaApaTOB», «KY6 CYMMbI», «Kyb PasHOCTU», «Hemo/HbIA KBagpaT», «cymma Kybos» M «pasHOCTb
Ky6oB». Ha 3TOM ypoKe 4na 3aKpenneHns npuobpeTEHHbIX HaBbIKOB YYeHWKK ByayT pelaTb pasanyHble 3a4a4m
W NpUmepbl.

B K/faccax ¢ TeXHWYECKMMW BO3MOMKHOCTAMM MOXKHO NPOLEMOHCTPMPOBATb BUAEOMOACHEHUA K HEKOTOPbIM
33[aHUAM, CBA3aHHbIM C MHOTOY/IEHAMM.

https://youtu.be/CQbkxpx8HLw e
MpakTnyeckoe 3agaHue. Knacc aeamntcs Ha rpynnbl. Kaxkgon rpynne Lasr ]
pasgatoTca paboumne nucTbl. B paboyem ancte nokasaHo nNpaBuso '
3aMNo0/IHEHMA NYCTbIX KNETOK. MpounsseseHme BbIPaXKEHUM, 3aMMUCaHHbIX B
KaX4oW nape coceaHMX KNETOK, 3aMMCbiBaeTCA B KAeTKe nog Humu. Mo
3TOMY NPaBWJY B NYCTble KNETKN BMUCLIBAIOTCA COOTBETCTBYIOLLME RS e
BbIPaXKeHMA. T

Pabounit IMCT MOXKHO CKayaTb MO CneayroLeint CCblKe:
https://drive.google.com/file/d/1GTNJ7KTCW4k2Bzh6Dae48LuViZmIZnNP/view?usp=drive_link
PeweHune 3agaHum

2. [laHHble BbIpa*KeHMsA 3anm1CbiBalOTCA B BUAE KBaapaTta uan Kyba asydsieHa.

B) BblpaxkeHue a® — 8a + 16 3anucbiBaeTca B BUAE KBagpaTta ABy4seHa.
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a>-8a+16=(a—-4)?

e) BbiparkeHue iaz —2ab + 4b* 3anucbiBaeTca B BUAE KBaJpaTa AByYneHa.

2a%=2ab+4b?= a2 Za-b+(2b) = (Za - 2b)?

%) BblpaxkeHue 8a® — 12a%b + 6ab? — b® 3anucbisaetca B Buae Kyba AsyuneHa.

8a®—12a?b +6ab’>-b3=(2a)®*-3-(2a)*-b+3-2a-b>-b>=(2a - b)?

3. B COOTBETCTBUM C AAaHHbIMM BbICKA3bIBAHUAMM 3aMMCbIBAIOTCA BbIPAXKEHWUA, KOTOPbIE YNPOLLAOTCA U
NPVBOAATCA K CTaHAAPTHOMY BUAY MHOTOYNEHA.

c) npom3sseaeHmne keagpaTta cymmbl 10 n c Ha c: (10 + ¢)? - ¢ = 100c + 20c% + ¢3

5. C ucnonbsoBaHvem $GoOpmy/bl PasHOCTM KBaApaToOB NPOBOAWUTCA CPaBHEHWEe M pe3yabTaT MpoBepsAeTca Ha
KasibKysaTope.

6) 213521 2145 - 2125

Ona npepcrasneHna uncen 2145 n 2125 B8 Buage Cymmbl M PasHOCTU ABYX YMCEN COCTaABAAETCA cMCTemMa
YPaBHEHUI WU HAXOAATCS COOTBETCTBYOLLME YMCAa.
x+y=2145 2x=4270 2135+y=2145

+{x—y=2125 x=2135 y=10
Yucna 2145 n 2125 3anucbiBatoTcA B BUAE CYMMbl M Pa3sHOCTU HalAeHHbIX uncen. 2145 = 2135 + 10; 2125 =
2135- 10
MpumeHaeTca Gopmyna NponsBeaeHUss CYMMbl U pa3HOCTM ABYX uncen. 2125 - 2145 =(2135 +10)( 2135-10) =
=2135%-100
21352 1 21352 — 100 cpasHuBatoTea. 21352 > 21352100

6. C cnonb3soBaHvem GopMya COKPALLEHHOTO YMHOXKEHUA U CBOCTB CTeMNeHel BbIYMCNAIOTCA 3HAaYEHUSA
BbIPaXKEeHU.
€) 3HayeHue BbIpPaXKEeHWA BbIYUCIAETCS C UCMOIb30BaHNeM GpOpMy /bl PasHOCTM KyBOB 1 CBOWCTBA CTENEHM
cTeneHu.
(20 — 16)(20% + 20 - 16 + 162) + 8% = 203 — 163+ 84= 20° — (24)3 + (23)*= 20° — 212+ 212= 8000
8. Mpu o0bbACHEHUN NpUMeEpPa BHUMAHUE YYEHUKOB
HanpaBAfeTcA Ha  CBA3M  MeXay [JaHHbIMK
BbipaxkeHuamn. Ocobo NoguEpKMBaAETCA, 4YTo ANA
HaXO0MAEeHMA 3HaYeHuMn BbipaxeHus (a + b)? npumenseTca popmynia KeagpaTta cymmbl. Obpaliaerca BHUMaHWe
YYEHUKOB Ha MCMO/Ib30BAHME MEPEMECTUTE/IbHOTO CBOMCTBA C/IOXEHUA B NMPOLECCE BbIYUCAEHUI U MOSTAMHO
AEeMOHCTPUPYETCA NOJyYeHUe pesybTaTa.
6) Ecnn a + b = -5; ab = 6, To ans HaxoxaeHus a’ + b? ucnonbayeTca Gopmyna KBagpata CyMMbl.

(a+b)?=a’>+b*+2ab - (-5)2=a?+Db*+2-6 > a®>+b*=25-12=13

B

ab=6; @ + b* =13 olarsa, (@ + by = ?

(@a+bP=a*+2ab+bP=a*+b*+2ab=>13+2:-6=25

K cBepgenmio yuntena! MHorga 3agaHus, npegnaraemble yYeHMKaM, HanpaBaeHbl Ha BblUMCAEHME 3HAYEHUn
TpebyemMoro BbipaxKeHNa 6e3 HaXOXKAEHNA KOHKPETHbIX YNCN0BbIX 3HaYEHUI NepemeHHbIX. OCHOBHASA Lie/ib TaKUX
33faHU — pasBUTME Y YYEHUKOB YMEHWMA OCO3HAHHO MNPUMEHATb GOpPMyAbl M BbINOAHATL LEWCTBUA C
MHorousieHamu. MpumeHeHne GOPMYN COKPALLEHHOTO YMHOMKEHMSA UrPAeT Ba)KHYIO PONb B 33JaHWAX TaKOro
™Mna. LlenecoobpasHo 06bACHUTL yY4EHUKAM HEKOTOPbIe CAEeACTBMSA, BbiTeKatowme ns Gopmyn COKpPaLLEHHOTO
YMHOXEHMUA.

Pe3zynemam u3 ¢hpopmysbl Keadpama 08y4sneHa Pe3ynemam u3 gpopmynel Kyba 08yyneHa
a’+b%=(a+b)?-2ab al+b3=(a+b)*-3abla +b)
a’+b%=(a—b)?+2ab a’-b3=(a-0b)®+3abla-b)

PekomeHayeTcAa 06cyKAaTb € yYeHMKaMM, KaK BbIBOAATCA 3TU dopmynbl. MOXKHO MPUBECTU MPUMEpbl KX

npumeHeHus. Hanpumep, ecam a + b = -5 n ab = 6, TO 3Ha4YeHue BblpaxkeHusa a® + b?> MOXHO HalTh

HenocpeacTBEHHO Ha OCHOBE CNEACTBUA U3 GOPMYbl KBagpaTa CYMMbI.

a’?+b*=(a+b)?-2ab =(-5)>-2-6 =13.

CucteMaTnyeckoe WCMNoNb3oBaHWe GOPMY/N COKPALLEHHOTO YMHOMEHWA MOMOraeT y4YeHMKam BbINOJHATb
BbluMcneHnsa 6onee yao6HO, YCKOPATb NPOLLECC YPOLLLEHMA 33 CHET YMEHbLUEHMS YMCIa Onepaumin U pa3smBaTb
MaTeMaTUYECKOe MbILLIEHME.

14. MNpwu 3anncK MHOro4YseHa B CTaHAAPTHOM BUAE, ecan KO3PULMEHT KaKoro-1mbo YaeHa paBeH Hyo, 3TOT
UNeH He YYacTBYET B 3aMMNCK BblPasKeHUs.
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a) OnpegenseTcs, NPy KAaKOM 3HaYeHUN a B 6) Onpegensercs, NP KAKOM 3HaYeHUN a

CTaHAaPTHOM 3anNMCcM MHOTOY/IEHA OTCYTCTBYET KO3GPUUMEHTLI NPU X 1 X2 B CTaHAaPTHOM 3anucu
nepemeHHas X NepBoii CTeNeHn, To ecTb MHOroY/IeHa PaBHbI.
KO3bPULMEHT NPU X paBeH HyAI0. (x—a)P-x+1)=x3-(1+ax*+(1+a)x-a
(x—a)(x*-x+1)=x-(1+a)*+(1+a)x-a -(1+a)=1+a PagHbi
= -l-a=1+
1+a=0 PaseH Hynto a a
a= -1 —a—-a=1+1
a=-1

17. Msay 6polueH BBepx co cKopocTbio 20 m/c. NMoaYyEpKMBaETCs, YTO BbICOTA MAYa Haj,
3eMNEN Yyepes ¢ CeKYHA, BbIYUCNAETCA MO BblpaskeHuto 20f — 5¢2.

® EC/i B MOMEHT £ =1 may HaXo4uTCA Ha BbICOTE @ METPOB, 3 B MOMEHT t=n+1— HaBblCOTe .

b MeTpOoB, BbIPAXKEHWNE 418 HaXOXAEHWA PaccToAHMA b — a ynpoLlaeTca U 3anucbiBaeTcs B ?

BMnAe MHOoro4ysaeHa. b 1] .

a =20n - 5n? b=20(n+1)-5(n+1) a 4
b—a=20(n+1)=5(n+1)? - (20n - 512) = 15 — 10n L1 §)20 w/c

e [1na onpefeneHus, NpyM KakoM 3HaYeHWW n PasHOCTb BbICOT b — a paBHa 10 m, cocTaBaseTcA M pellaeTcs
COOTBETCTBYIOLLEE YPAaBHEHME.

15-10n=10—-n=0,5(c)

Omeem. 15 —-10n; 0,5 c.

TEMA 4.4. Pa3noxXeHne MHOrousieHa Ha MHOXUTeNu
7-2.1.3. HaxoauT 3HaYeHMe MHOro4ieHa Npu 3a4aHHOM 3HAa4YEHUN NepeMEeHHbIX.

JCHCELAS 7-2.1.6. Pa3naraet MHOro4Y1eH Ha MHOXXUTENN.

® BbIHOCUT OBLLMIA MHOXKWNTE/Ib 32 CKOBKM.

LLIE/IN OBYYEHUA
® PasnaraeT MHOro41eH Ha MHOXWUTE/IM METOA,0M FPYMNMUPOBKU.

ANPUHAONEXKHOCTU Pabouune NUCTbl, KapTbl, CTUKEPDI

M3yueHue: https.//www.coolmath.com/algebra/04-factoring/01-what-is-a-factor-01
https://video.edu.az/video/9316  https://video.edu.az/video/9587

22§;(:23HHHE https://video.edu.az/video/9819 https://video.edu.az/video/9951
3apaHue: https.//www.geogebra.org/m/ts92cng3 https://www.geogebra.org/m/psqVzppA
https://www.geogebra.org/m/q4ht7teg https://www.geogebra.org/m/qq569wjc
MNo6yxxaeHune

Yuyntenb KNagET Ha CTON HECKOIbKO NPOHYMEPOBAHHbIX KapTodeK. MNpuraallaeTt K 0CKe HECKONbKUX YY4EHUKOB,
YYEHUKU BbI6Mpa}OT KapTOYKM U 3aNUCLIBALOT BblpaXKeHMA, YKa3aHHble Ha HUX, HA AOCKe. YyuTenn, OGpaLIJ,a‘r'le K
Kn1accy, roBOpUT, YTO B NyCTbie AYenKM Ha KapToYKax AnAa AaHHbIX BblpaHEHMVI 6y/:1,eT 3anncaH O6LIJ,VII7I MHOXUTENb:

Sa\.}ob a\.;b Za\’.IZa2 a+ {.2; +2 a+ 2\921;+ 2a
[ ] [ ] [ ] [ ]

Kak onpegenntb 06NN MHOXKUTENb KOIPPULMEHTOB Ha 1-1 KapTouKe? Ha KakoW KapTouKe 06LWMiA MHOKUTENb
[ABYX BbIpaXKEHUI paBeH a? Y KaKkux ABYX BblpaxKeHUN obwunin MHOXKUTeNb paBeH (a + 1)? Kak aTo onpenenvts?
Mo aHanorMyHbIM BOMPOCAM MPOBOAUTCA OBCYKAEHWE, U YYEeHWKU OODBACHAIOT, KaK BblbUpaeTca obLmit
MHOUTENb.

WccneposaiuezobcymaeHue
Ha pucyHKe noa nNpAMOYrofibHMKamMM, Y KOTOPbIX OZHA CTOPOHA pPaBHA, YKas3aHbl WX nJaowaau.

e YTOObl HAWTM Tpebyemylo CTOPOHY KarKAOro NpAMOYro/bHWKA, MHOTOY/EHbl, Bbipakalowme naowaam,
3anucbIBaloTCA B BUAE NPOU3BEAEHMA ABYX MHOTOYIEHOB. [118 3TOr0 MCMOAb3YEeTCA MOLeb NAOLWAAM.

8 X X 8
~) 8 x ~F X2 | x N 8 |x
+ ; +
“ie 2 % |2 T 1 |2
S=8x+16 S=x*+2x S=x>+2x+8x+16

e OTMeyaeTca, YTo B 1-M 1 2-M CAyYaax OAUH U3 MHOXKUTENEen — oAHOYNEeH, a B 3-M c/lydyae o6a — ABYYNEHbl.
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m BblHeceHue o6Lwero MHOXUTENA 32 CKOBKK

OTmeuvaeTca, YTO NpeacTaBAeHMe MHOroYAeHa B BUAE MPOM3BEAEHMA HECKONbKMX MHOrOYNeHOB Ha3blBaeTcA
Pa3N0OXKEHNUEM MHOroYneHa Ha MHOXUTenu. MNpmMBoJATCA NPMMEpPbI PA3NOKEHMA MHOrMOYAEHA Ha MHOMUTENU
NyTEM BbIHECEHMA 06U.l,er0 MHOXKUTENA 32 CKOOKM.

12xy-8x=4:3x -y-4:-2.x=4:x:3-y-4-x-2 =4x(3y-2)
<4

YyeHUKam O6DBACHAETCA MPaBWUAO BblHECEHWA OBLILEro MHOXWUTENA 33 CKOBKM B MHOroYNeHe C LefibiMu
KoadoduumeHtamu. Mpumep obcy:aaeTcs BMECTe C KAacCoM.

92 +exYP =3 -2 323 -x+ 322922y =3xH52(3x + 2y)
v

B Knaccax ¢ TEXHMYECKMMM BO3MOXHOCTAMM MOMKHO UCMO/b30BaTh BUAEOMaTEPUab.
https://video.edu.az/video/9416  https.//video.edu.az/video/12578  https://video.edu.az/video/9556

K cBegeHuio yuntensa! YUeHUKM 3HAKOMbI C NPaBU/IOM BbIHECEHMA OBLLEr0 MHOMKMUTEIA 338 CKOBKM C NpeablayLmX
Knaccos. O606LLeHMEe 3TUX 3HAHMIT U NPUMEHEHME UX K Pa3/I0KEHNIO MHOTOY/IEHOB Ha MHOXUTENN YCUNNBAET
aNfOPUTMUYECKOE MbIWNEHME W CO343ET OCHOBY AJ/1A YCBOEHUA nocieaylowmx Tem. [pu pasnoskeHuu
MHOTOY/IEHOB Ha MHOMMWTENM, COB/I0Aan  YKasaHHYH MOC/NedoBaTe/IbHOCTb, MOMHO 6onee ACHO U
noc/ief0BaTe/IbHO AOHECTM A0 YYEHUKOB NPOLLECC HAXOMKAEHNA 0BLLEro MHOMKUTENA.

06wl MHoXcUMenb 06wuli MHoXcumens = BbiHeceHue obuwezo = OrnipedesieHue MHO204s1€eHa,
Koagduyuermos nepemeHHoix MHOM#UMens 3a CKOBKU 3aMUCLIBAEMO20 8 CKOBKAX

v\ 06wuii MHOXUMENL KO3hULUeHMOs

BepyTca moaynn Bcex KoapdpuuMeHToB MHorouneHa. Haxoamutca ux Hambonblumii obwmin genutens (HOA).
HaltaeHHoe uncno asnsetca KoapMLMEeHTOM O4HOUNEHA, BbIHOCMMOTO 33 CKOBKM.

v’ 06wuli MHOXCUMEb nepemMeHHbIX

OnpeaenaloTcA NOBTOPANOWMECA NEPEeMEHHble KaXKAoro uYjieHa. [na Kaxgon nepemeHHON BblbupaeTcs
HaMMeHbLUaA cTeneHb. T NepemeHHble COCTaBAAOT OYKBEHHYIO YacTb OHOYNEHA — OOLLErO MHOXUTENSA.

v' BeiHeceHue 06we20 MHOXUMers 30 CKOBKU

OAHOuUNEH, NONYYEHHDbIN 3aNUCbio 0BLLMX MHOKUTENEN KOIDDULMEHTOB U NEPEMEHHDBIX, BBIHOCUTCA 33 CKOBKU.
3T0 1 ecTb 06U MHOMXKUTENb YIEHOB AAaHHOIO MHOroYNEeHa.

v' OnpedeneHue MHO204/eHa, 3aMUCLIBAEMO20 8 CKOBKAX

Kaxablii YneH genmTca Ha obLWwmnin MHOXKUTEND, U NMONYYEHHOE BbIPAYKEHWE 3annCbiBAeTC B CKOOKax.
TakoW cUCTEMHDBIM MOAXOA MO3BONAET YYEHMKAM FNYOOKO YCBOUTb aNrOPUTM PAsfIONKEHUA HA MHOMWUTENM,
NPUMEHATb €ro B PasNN4YHbIX Npumepax M 3PpdeKTUBHO MCMONb30BaTb MPWU YMNpoLleHUMU bonee CAOXKHbIX
BbIpaXKeHUN. ITa Tema TpebyeT He CTONbKO BbIYMCNEHMI, CKOIbKO HaBblKa «pacno3HaBaHMA 3aKOHOMEPHOCTEN»
(pattern recognition). LlenecoobpasHo 3a4aTb yY4eHMKaM MOC/AE Pa3/IOKEHUA HA MHOMUTENN MEepPemMHOMKaTb
NoJlyYeHHble CKOBKM M NPOBEPATb, MOYHAETCA /I UCXOAHOE BblpaKeHue.

2. B nycTylo KneTky noabupaeTca Takol ogHOUYNEH, YTOObI NOYYMAOCh TOXKAECTBO. [poBepAeTca NPaBUAbHOCTb
oTBeTa.

a)x2+6x=x-x +6-x=k|x+6)

6)—c*+2c=c-(-¢c) =2- (-¢) =|=d(c-2)

B)3a?+9a +3=3-a°+3-3a +3-1=[3](a*+3a +1)

B Knaccax ¢ TeEXHUYECKMMM BO3MOXKHOCTAMW MOKHO MCNO/b30BaTb BUAEOMATEPMASIbl U UHTEPAKTUBHbIE UTPbI.
https://video.edu.az/video/13941 https://video.edu.az/video/8514 https.//learningapps.org/display ?v=pi7nsv9zj25

OnddepeHumpoBaHHoe 0b6yueHne

Moddepycka. Ha cTON BbIKNAABIBAOTCA  KAPTOUKM. X R ‘ ) s ‘
YUeHWKaM npegnaraetca BblbpaTh No6ble ABe KapTOUKM 4x 2xy 7 2y 8y
M HaWTM Hambonbwuii OBWMIN  MHOXWUTENb  ANA ‘ ‘
BbIPAXKEHWUIN HA HWUX IMBO 3anncaTb CYMMY BblPaKeHW
W Pa3NoKUTb €€ HA MHOXKUTENN.

YenybneHue. Ha CcTON BbIKAAAbIBAOTCA  KAPTOUKM.
YyeHUKam npepnaraeTca onpefennTb, Ha Kakux AByX
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KapTouKax 06LimMit MHOKUTENb paBeH 3x, X2, x>)? Nnbo BbIGpaTh TPM KAPTOUKM, 3aNMCaTb CYMMY COOTBETCTBYIOLLMX
BbIPAXEHUIN 1 Pa3NIOKNUTb €€ Ha MHOXKUTENN.

®

YueHrKam NpUBOAATCA MPUMEPbI PA3/IOKEHWNA MHOMOUJIEHOB HAa MHOXWTEIM B C/Ty4asAX, KOrAa 38 CKOBKM BbIHOCKTCA
MHorousieH. MoAYEPKMBAETCA, YTO MHOTAA OAMH U3 MHOMKUTE/IEN OTINYAETCA OT APYroro TONbKO 3HaKOM. MpuBeaéHHbIE
npumepbl 06CV)K,£I,aK)TCﬂ.

5. Onpep,enﬂeTc;l 06u.|,141'/'| MHOXXWUTE/Ib, BbIHOCUTCA 3a CKO6KM, BblpaXKeHne 3anncbiBaeTcAa B BuA4e npon3segeHuma
ABYX MHOro4neHos.

6)alx—y)—(x-y)=alx-y)-1-(x-y)= YneHsl epynnupytomcs, onpedensemcs, Ymo obujuli MHOMUMene
=(x-y)a-1) — X = y. 06wuli MHOMCUMenb 8bIHOCUMCA 30 CKOOKU

m Pa3no}KeHMe MHOro4/1IEHOB Ha MHOXUTE/IN METOL40M rPynnUPOBKU

YyeHukam JaéTca MHbOpMauMa O MeTode rPYnnMPOBKM Kak OAHOM M3 CMOCOBOB Pa3/iOEHWUS MHOTOY/IEHOB Ha
MHOXKUTENN. OBBACHAETCA, YTO YeHbl MHOTOYIeHa CaedyeT CrpynnuMpoBaTh Tak, YToBbl NMOC/ie BbiHECEHWA 0BLLEro
MHOMMTE/IA U3 KaXKOOM rpynmbl B NMOy4EHHOM BblPaXKEHUM BHOBb MOABU/CA OBLLUMI MHOMXUTE b, 3aTem 3TOT 0BLLMIA
MHOMMTE/Ib BbIHOCUTCA 38 CKOBKM, M MHOTOY/IEH 3aMMCbIBAETCA B BUAE MPOM3BEAEHUA ABYX MHOMOY/IEHOB, TO eCTb
pasnaraetcs Ha MHOXKMTENN. Ha ypoKe npumep peLuaeTcs AByMA PasHbIMKM Cnocobamm rpynnuMpoBKu. PesynbTaTbl 06omx

NOAXOL0B OBCYKAAIOTCA BMECTE C KIACCOM.
ab—-3a + 2b2-6b = (ab-3a) + (2% -6b) = a(b-3) + 2b(b-3) = (b-3)(a + 2b)

L
win
ab-3a + 2b*-6b = ab + 2I? - 3a- 6b = bla + 2b) - 3(a + 2b) = (a + 2b)(b - 3)

>
B K/1accax ¢ TEXHUHYECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTb BUAEOMATEPUASbI.
https://video.edu.az/video/8610
K cBepeHuio yuntens! B npeabiayliem pasgene yyeHUKM Hayudmanch ynpoLuaTh BeipaskeHusa suaa (a + b)(c + d) n
3anucbiBaTb UX B CTaHAapTHOM Buae. Ana 6osbluei HarnagHOCTU LesecoobpasHo HaNMoOMHUTbL 3TU 3HaHUA U
06BACHUTL METO/, Pa3/IoKEHMA Ha MHOMKUTENIN KaK 06paTHyI0 onepaumio. Takoi noaxos NoMoraeT ydalumMmes
YyCTaHaB/IMBaTb CBA3N MEXKAY MMEIOLMMUCA 3HAHUAMM M IOTUYHO, JIETKO YCBaMBaTb a/ITOPUTM Pa3/oKeHUsA Ha
MHOXUTENN.

c d
Pucyetcs mogenb NpAMOYrofibHMKa, NAoLWaAb KOTOPOro BbipaykaeTca al ac i ad
MHOro4YneHom ac + bc + ad + bd. 3Ta mogenb AenuTca Ha YeTbipe =) Lo
MEHbLUMX NPSMOYFO/bHUKA, U OTMEYAETCA, UTO NIOLLAAb KAXKAOro U3 b| bc | bd
HUX COOTBETCTBYET OAHOMY M3 UJEHOB [aHHOFO MHorouseHa. Onpegenaiorcs U ez
3aMuUCbIBAlOTCA CTOPOHbI KaXKAOro MPsSMOYro/ibHUKA, COOTBETCTBYHOLLME WX I'IJ'IOLLI,a,EI,ﬂf-\-I\. u _EIJ]
Takum obpasom, naowaab 60bWOro NPAMOYro/ibHUKA NPEACTABAAETCA B BUAE YeTbIpEX b |be|bd|

yacTteit, a YneHbl ac, bc, ad, bd HarNAAHO AEMOHCTPUPYIOTCA.
MonyyeHHble pe3ybTaTbl MOXKHO TaKKe NPeACTaBUTb C MOMOLLbIO Tab/MLbl, UCNOb3YeMON ANs Npou3BeseHnn
ABYX MHOIO4/1EHOB.

3aTemM uyneHbl rPYNNUPYIOTCA MO ABa, HaXoAUTCA OOWMI MHOMWUTENb, U C NOMOLLBIO MOLENM MOKasbiBaeTcA
npuseaeHue BblpaxkeHusa K suay (a + b)(c + d).

S = ac+ bc + ad + bd = (ac + bc) + (ad + bd) = YneHsbl 2pynnupytomcsa nonapHo.
cla+b) +da+b)= [ns kaxcdoli epynnel onpedensemcs obwuli MHoxcumerns (a +b).
(a+b)(c+d) MHoxcumens (a + b) ebiHocumcs 3a cKobKu.

[nsa 6onee HarnAAHOro 06bACHEHMA METOAA PA3/IOKEHUA MHOTOU/IEHA HA MHOXUTENN NYTEM rPYNNUPOBKU
yYeHMKam MOKHO 3a4aTb HaBOAALLME BONPOCHI:

— Mouemy 6b1M CrpyNNUpPOBaHbI YfieHbl ac ¢ be v ad ¢ bd? Kakue ewg yneHbl MOXKHO Obls10 CrpynnuMpoBaTth?
Moyemy HeNb3s Pa3N0KUTb MHOFOUYIEH HA MHOXKUTENU, CrpynnupoBas ac ¢ bd v bccad?

7. 3anuwuTe JaHHOE BblparKeHUE B BUAE NPOU3BEAEHUA ABYX MHOroYeHoB. ObpallaeTcs BHUMaHWE Ha TO, Kakue
MHOTO4/IEHbI BbIOBUPAIOTCA A/1A rPYNNUPOBKU U NPABUIbHOCTb 3TOTO BbIGOPA.

¥ N | \
20px + 15xy — 12py — 25x% = 20px — 25x* + 15xy — 12py = 5x(4p — 5x) D 3y(5x — 4p) = 5x(4p — 5x)O3y(4p — 5x) =
(4p —5x)( 5x—3y)

118



PekomeHayeTcA NpeanosKuTb yYeHNKam NpPoBEepUTb MPaBUIbHOCTb Pa3/IOKEHMA MHOTOY/IEHa Ha MHOMUTENN,
NepemMHOMMB MHOMOYNEHbI MO NPaBUAY YMHOMXKEHUA MHOMOUY/IEHOB.

JloXKHble npeacTaBAeHMA, BO3HUKAIOWIME Y YYEHMKOB. HeKoTopble YYeHWKWM AOMyCKaloT OLWKWBKM npu
Pa3NoKEeHUM MHOroYIEHa Ha MHOXKKUTEeNW. Hanpumep:

J1oXKHOe BepHoe
BbIHOCUTCA 33 CKOBKM TONBKO OAMH U3 M3MeHAIOT 3HaK OZHOTO M3 MHOXMUTENEN, OTINYAIOLLMXCA TONbKO
MHOMUTENEN, OTIMYAIOLLMXCA INLLIb 3HAKOM. 3HAKOM, @ 3aTeM BbIHOCAT OBLLMIT MHOKMUTEb 32 CKOBKM.
2 —xy—-2y+4=x(2-y)-2(y-2) = L-xy=2y+4=x(2-y)O2(y-2) = x(2-y)®2(2 -y) =
=(2-y)(x-2) =(2-y)(x+2)
CumnTaloT, 4TO MHOTOUNEH 2X — XY =2y +4 Mpw 3anucy 2x — 2y + 4 — Xy HeNb3A Pa3NoMKUTb MHOMOY/IEH Ha
MORHOIPAS/IOKUIBILIAIMEIO KTV, MHOMWUTEN, FPYNNMUPYA YEHbI MONAaPHO NO MOPAIKY.

3anucbiBas YneHbl B 1lobom nopagke.
MpY U3MEHeHMM NopAAKa YN1eHOB MEHAIOT M 3HakKu.  [1p1 NepecTaHoBKe Y1eHOB 3HaKM AO/IKHbI COXPAHATLCA.
x—xy—2y+4=2x—-4-2y+xy 2x—xy—-2y+4=2x+4-2y—-xy

LlenecoobpasHo obcyanTb 3TV OWMBKM C yyalMMMCA, OO0MNYCKaoWMMM nofobHble HEeTOYHOCTW, U [aTb
pekomeHZaLmMm No UX YCTPaHEHWUIO.
9. Bropoii uneH TpéxuneHa 3anmcbiBaeTcA B BULE CYMMbI ABYX NOAXOAALMX YneHoB. MHOro4ieH pasnaraerca Ha
MHOXUTEIN METOAOM rPyNnuUpPOBKM.
6)m*—6m+5=m*-m—-5m+5=m(m—1)-5(m—1) = (m—1)(m—5) nam
m*—6m+5=m*-5m—-m+5=m(m—5)—(m—>5)=(m-5)(m-1)
B Knaccax € TEXHUYECKMMM BO3MOXKHOCTAMM MOXKHO WCMO/Ib30BaTb BMAEOMATEPUANbl U UHTEPAKTUBHbIE
pecypcbl.
https://video.edu.az/video/9853 https://www.geogebra.org/m/psgVzppA
K cBepeHuio yuutensa! MHoraa yyeHnKam TpyAHO NOHATb, MOYEMY MPU PA3NOKEHUU TPEXUYNEHA HA MHOXKUTENN
BTOPOI uneH pasbusaeTca Ha gga. OHM He OCO3HAIOT, YTO PA3/IOKEHME BbIpaXKeHusa x2 + 5x + 6 Ha MHOXKUTENU
03Ha4YaeT HaxoMKAeHMe CTOPOH MNPAMOYronbHMKa (x + 2) u (x + 3) no 3agaHHOW naowagu. Ona aydwero
NMOHMMaHMA MOXKHO MCMOAb30BaTb asrebpanyeckme KapTOYKM M, Haxoga MNoAXo4AlWMe 4Yucia METOLO0M,
OMWCaHHbIM B 334aHMM 9, NOKa3biBaTb NpUMepbl. Takoe pasbueHne NpMBOAUT K NpeobpasoBaHUIo TpéxUieHa B
MHOTFOYNEH M3 YETbIPEX YEHOB, @ 3aTEM — K PA3/I0KEHMNIO HA MHOXUTENN METOLOM rPynnupoBKKU. BTopoit uneH
TpéxuneHa pasbmBaeTca Ha ABa TaK, YTOHObI NPM NOMNAPHOW rPYNMNMUPOBKE YNEHOB B KaXKA0M rpynne MoKHO 6bIn10
BbIHECTM OOLLMI MHOXKUTEND 33 CKOBKM. B 8-M Knacce npu M3yvyeHnn cnocoboB peLleHns KBagpaTHbIX ypaBHEHWI
yyawmeca ewé 60/blle Pa3BMBAIOT HaBblK PA3NOMKEHUA TPEXUNEHOB Ha MHOXMUTENN. B 3Ton Teme BaKHO
06paTUTb BHMMAHME Ha TO, YTO yYalumeca NoaO6MPatoT pasfioxKeHme TpéxuaeHa meTogom nogbopa. Hanpumep, 8
Bblpa)KEHUN m? — 6m + 5 MOXHO NOKa3aTb, YTO Npu 3ameHe —6m = —2m — 4m unn —6m = —3m — 3m pas3NoKeHne
HEBO3MOHO, U TONbKO MPU 3ameHe —6m = —m — 5m MHOroyneH yaaétca pasnoxKmntb Ha MHOXUTENN.

MPAMOYTrOJ/IbHbIN YYACTOK, LUMPMHA KOTOPOTro paBHa X — 5, a Naowwapb BblpaXkaeTcs MHorouneHom x2 — 7x + 10.
TpebyeTca HallTK ANMHY Oorpadbl caga.

o MHOrouneH, Bbipa)KatoLuil NAoWaab Y4acTKa Nog, cafl, PacknablBaeTca Ha MHOXUTENN.
X>=7x+10=x*-2x-5x+10=x(x—-2)-5(x—2) = (x = 2)(x=5)

TaK KaK LUMPWMHa NPAMOYIOIbHMKA paBHa X — 5, 0TMevaeTcs, 4To ero AAnHa paBHa x — 2.

[N BbIYUCAEHUA AIMHBI OTPabl 3aMUCbiBAETCA MHOTOU/IEH .
2((x—2)+(x-5))=4x-14

* Mnowaapb ABopa KBaapaTHoi Gopmbl pasHa 121 m2. CnepgosatenbHo, x = 11, x—2 L
T.K., 112=121. v—5| ¥=7x + 10
Haxogutcsa nepumeTp yyacTKa, BblAeNeHHoro nog cag. 4 - 11— 14 =30 (m)

Omseem. 4x — 14; 30 m.
ObcyxcdeHue. PaccmaTpmBan PUCYHOK, MOXXHO CpPaBHUTb CTOPOHbI KBajpaTa, YTobbl HAUTU UCKOMYHO CTOPOHY
y4yacTka nog cag. MocKonbKy 3TOT y4aCTOK MMEEeT NPAMOYroabHyto GopmMy M ero WunpuHa pasHa x — 5, MOXHO

OTMETUTb, YTO €ro [/IMHA TaKKe paBHa PasHOCTM X U HEKOTOPoro uucna. 3anucas (x —[1)(x—5) =x?=7x + 10
HaXo4AT, YTO COOTBETCTBYIOLLLEE YMCNO PABHO 2, NOC/IE YEro pelleHne NpogoiKaeTcs.
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dopmaTMBHOE OLL,eHMBaHUe

Kputepum oueHnsaHua MaTtepuansbl oLleHMBaHUA
BbIHOCUT 06N MHOXKUTEND 32 CKODKM. Paboune nnctol, y4uebHuUK, PT
Pasnaraet MHOro4YsIeH Ha MHOXXUTENN MEeTOAOM rPYyNNUPOBKU. Pabouune nnctobl, yuebHuK, PT

TEMA 4.5. Pa3znoxeHne Ha MHOXXUTE/N C MOMOLLbI0O GOPMYN COKPALLEHHOTO YMHOMXKEHUA
7-2.1.3. HaxoauT 3HaYeHNe MHOro4YieHa NpPu 3a4aHHbIX 3HAYEHMAX NEPEMEHHDbIX.
NOACTAHAAPTbI 7-2.1.5. NMpumeHAeT GOPMY/ibl COKPALLEHHOIO YMHOMKEHMUA.
7-2.1.6. PaznaraeT MHOroOYNeH Ha MHOXUTENN.

* PasnaraeT MHOro4AeH Ha MHOXKMTEN C NOMOLLLbIO GOPMY/ COKPALLEHHOTO YMHOXEHMA.
LLIE/IN OBYYEHMA
* Pa3jlaraeT MHOrOY/IEH Ha MHOXUTE/IU Pa3/INYHbIMK criocobamu.

NPUHAONEXKHOCTU Paboune AnCTbl, KapTbl, CTUKEpPDI

SNIEKTPOHHBbIE MayueHue: https://www.coolmath.com/algebra/04-factoring/06-difference-squares-cubes-05
PECYPCbI https://video.edu.az/video/9861 https://video.edu.az/video/11555
MNo6yxaeHue

Ha pocke pucyetca mogenb nMpamugbl. YYeHMKam coobLLaeTcsi, YTO B KaXKAOW AYENKe BEPXHEro ypoBHA
3aMUCbIBAETCS MPOM3BEAEHME BbIPAXKEHWUN, HAXOAALUMXCA B AYEMKaX HUMKHEro YPOBHSA, M 3343at0TCA BOMPOCHI:
B nepBoit nNupamuae 408 HAXOKAEHWS BbIPAXKEHUS, COOTBETCTBYHOLLEIO KaKOW MyCTOM sueiike, cneayet
MCMONb30BaTb NPOU3BEAEHME AAHHbIX BbIPAXKEHNI? [0 KaKo AYeiKM HEOBXO4MMO HAUTU OBLLMIA MHOXKUTEND
MHOrouneHoB? Kakoi uneH B NycToW AYelike MOXKHO HalTK, NpeacTaBuB MHOMOUIEH B BUAE NPOU3BEAEHUA ABYX
MHOro4YneHoB? Kak 3To MOXHO onpeaeninTb, BbiIHECA 0OLWMIA MHOMXKNUTEb 3@ CKOBKN?

| a+1 E a+1 | | [ a+1 | |
ﬂ'ﬂﬂ Apyrnx Mo,qeﬂem nMpamuma TakKe 3a4aTCA aHa/1I0N'MYHbIe BONPOCHI, U ONpeaenArTcA Bblpa*KeHuA,

COOTBETCTBYIOLME NYCTbIM AYeiKam. OBCyKAaeTCA, B KAKMUX CAyYanX MCMOb3YoTCa GOPMY bl COKPALLEHHOrO
YMHOEHMUSA.

OTmeuaeTca, YTO B KOHHOM LLEHTPEe CTOPOHbl OTKPLITOM apeHbl KBaapaTHOM ¢opmbl yBeandeHbl Ha 20 M.
TpebyeTca 3anucaTh BbipaskeHue ANA NAOLAAMN OTKPLITOM apeHbl, 3 MHOTOY/EH, BbIParKatoLWMit ANNHY 3aKPbITON
apeHbl, HalTU ¢ Ucnonb3oBaHMeM GOPMYbl Pa3HOCTM KBaLpaTOB.

¢ /icxoas 13 TOro, YTO CTOPOHA OTKPbITOW apeHbl  ® 3aMnMCbIBAETCA MHOMOUY/IEH, BbIPaXKatoLLnit

pasHa x + 20, 3aNMCbIBAETCA BblparkeHue Ann yBe/sIMUYeHne NaoLwaam, M NpUMeHaeTcs
BblUMCIEHUA €€ naoLWaam. $OpMyNa PasHOCTU KBAAPATOB.
Z (x+20)2=x?+40x + 400 (x+20)2=x*=(x+20-x)(x +20 +x) =
o X ~
‘: =20(2x + 20) = 40(x + 10)
= MoCKoNbKy NoLanb 3aKpbITOM apeHbl
g paBHa 40(x + 10), a eé wupurHa pasHa 40,
. M

OTMEYAETCH, YTO BbIPAXKeHUE,
noKasbigalLlee eé ganHy, pasHo x + 10.

x+20

Yuutento uenecoobpasHo C NOMOLLbIO HAaBOAALLMX BOMPOCOB HAaNOMHUTb YYeHUKamM GOPMY/bl COKPALLEHHOIO
YMHOXeHuA.

m Pa3noxkeHne MHOrou1€HOB Ha MHOXXUTENIN C NOMOLLbIO GOPMY/I COKPALLEHHOTO

YMHOXeHuA
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OTMeuaeTcs, 4YTO MpPU  Pa3/IOKEHUM MHOFOYNEHOB Ha MHOXMUTENIM WMHOFAA WCMOAb3yIoTcA  (OopmMybl
COKPaLLEHHOTO YMHOMEHUA, U NPUBOAATCA NPUMEPbI.
at+2ab+ b =@+ b)? a+b=(a+b)a’—ab+ P a® + 3a’b + 3ab® + b®
a?—2ab+ b =(a-b)? a*-b=(a->b)a’+ ab + b?) @ — 3a’b + 3ab? - b
@ -8 =(a-b)(a+b)

K cBeaeHuto yuntena! JaHHas Tema TpebyeT ymeHMA «pacno3HaBaHWA 3aKOHOMepHOCTen» (pattern recognition).
B npouecce pasNokKeHUs Ha MHOMKUTENN YYEHUKN LO/KHbI ONPenenaTb CBA3M MeXAY Y1eHaMM BbipaxKeHnsa U
BO3MOKHOCTM COOTBETCTBYIOLLEN TPYNNUPOBKY ANA BbIbOPa 06Wwero mHoxutens. O6bAcHEHUE yYeHMKam CBA3M
Mexay Gopmynamm COKPaLLEHHOTO YMHOMEHUSA U Pa3N0KEHNEM MHOTOUYIEHOB HAa MHOMKUTENN CNOCOBCTBYET KaK
OCO3HaHMI0 MexaHM3Ma MpUMeHeHUa 3TUX Gopmyn, Tak M GOPMUPOBaAHMIO HaBbika bonee 3PpPeKTUBHOrO
YMNPOLWEHUA BbIPaXKEHUI. YUEHUKMU, NOHMMaIOWMe 3Ty CBA3b, BbICTpEe Pacno3HAlOT BbIPAXKEHUA C MOXOXKeWn
CTPYKTYPOM M fierye packaaablBaloT UX Ha MHOXUTENN.

(a + )
(a-b)

KBagpar AByuneHa PasHoCTb KBagpaToB Ky6 aByuneHa Cymma (pasHocTb) Ky6oB
lNpounsseneHne MpounssegeHune MpounsseneHne lMpousseneHne
o= A== e Y ' SN
(atb)’=a?+2ab+b* g2—b?=(a+b)a—b) (azxb)=d®+3a% +3ab*+ b3 a3ib3=(aib)(a2;ab+b2)
\Jme? Seony/ ¥--’ Saor/
PasnorkeHne Ha MHOXK. Pa3/ioyeHMe Ha MHOM. Pas/ioXeHue Ha MHOMKUTeNn Pa3noKeHne Ha MHOXKUTENN

2. BbipakeHue 3anucblBaeTca B BUAEe NPOVN3BEAEHNA MHOTOUYEHOB.
4x3 — 4x = 4x(x? - 1) = Onpedenaemca obuuli mHoxcumens. HOO(4x3, 4x) = 4x. 4x 8bIHOCUMCSA 30 CKOBKU.

=4x(x+1)(x-1) K svipasicenuto x? — 1 npumensemcs popmyna pasHocmu K6aopamos

B Knaccax c TEXHMYECKMMM BO3MOXHOCTAMM MOMKHO MUCMO/1b30BaTh BUAEOMaTEpUabl.
https://video.edu.az/video/11555
https://video.edu.az/video/8422

®

MHoraa ¢ nepBoro B3rnaga TPYAHO ONPeLenuTb, Kak cielyeT rpynnuposatb MHOroYNEH. B Takux ciydyasx, ecam
MHOrO4Y/IEH MOXHO 3anucaTb B BUAE MPOM3BEAEHUA ABYX UK BoNee MHOro4Y/1IeHOB, NOAYEPKMBAETCA, YTO €ro
MOKHO Pa3/IoKUTb HA MHOXKUTENW MNYTEM PYNMNUPOBKMN YNEHOB U MPUMEHEHWA GOPMYN COKPALLEHHOTO YMHOMKeE-
HWSA, U NPUBOAATCA NpUMepbl. MpaBuIbHAA FPYNNMPOBKa NO3BOASAET BbIOPaTh COOTBETCTBYIOLLYIO GOPMYY COKpa-
WEHHOTO YMHOXeHWA U BbicTpee 1 apdEKTUBHEE Pa3/IoKUTb BbIPAKEHUE HA MHOXKUTENN.

K cBepeHuto yuntena! MHorga y4eHMKM UCMbITBIBAIOT TPYAHOCTU B ONpeaeNeHnn Toro, C Yero HauyaTb pasnoxe-
HVWE MHOTOYIEHA Ha MHOMMUTENN U KaKOW MeToZ BbibpaTb. [na npefoTBpalleHus sTUX TpyaHOCTeN Lenecoob-
pa3HO 06BACHWUTDL, KaK, UCNO/Ib3YyA YKa3aHHY NOC/NeA0BaTENbHOCTb, ONpeaennTb Hanbonee yao6HbI cnocob.

OnpedeneHue obuwezo MpumeHeHue popmyn =

. Memod epynnuposKu
MHOMXYUMmernsa COKpAWEeHHO020 yMHOX(eHUA

v’ OnpedeneHue obuje20 MHOXUmMens

B KayecTse NepBoro wara cieayeT NpoBepUTb, UMEETCA JIN Y BCEX Y1I@HOB MHOTOY/1eHA OBLLMIA MHOKUTEND
(HOA). Ecnv TakoM MHOXUTENb €CTb, €0 BbIHECEHME 33 CKOOKM BaXKHO 411 YNPOLLEHUA NOC/eAYHOWMX LIaro..
v MpumeHeHue hopmyn COKPAUIEHHO20 YMHOMEHUS

Ec/iv BbipakeHue ABNAETCA ABYUYIEHOM, ONPeae/fAeTcA, MOXHO /1M Pa3/IOKMUTb €ro C MOMOLLbIO GopMy /bl
Pa3HOCTU KBaApaToB UAM GopMy/bl CyMMbI (pasHOCTH) Ky6OB; ecnu BblparkeHWe ABNAETCA TPEXUEHOM,
NPOBEPAETCA BO3MOMXKHOCTb PA3/IoKeHUA C NOMOLLbI0 GOpMY/ibl KBagpaTa ABydneHa.

v' Memod epynnuposKu

Ecnv npumeHeHne GOpMyN COKPALLEHHOTO YMHOMKEHUA HEBO3MOXKHO, UCMO/b3YETCA MeToA rPYNnNUPOBKY.
YneHbl AONKHBI ObITb Pa3zesieHbl Ha ABe rPyNMbl Tak, YTOObI B KaXKA0M rpynme MOoXKHO 6b1710 BbIHECTM 06LLMIA
MHOMUTENb.

Mocne 3aBeplUeHMA MPOLECCa Pas3/IoKEHUA Ha MHOMUTENU MPABMIbHOCTL OTBETA NPOBEPAETCA C MOMOLLBIO
npaBuaa YMHOXKEHMA MHOFOYNEHOB AN GOPMY/ COKPALLEHHOTO YMHOMXKEHMSA.

6. C ucnonb3osaHmem GopmMysibl Kyba CyMmMbl NN PA3HOCTU BbiparkeHWe 3anucbiBaeTcA B BUAe Kyba agydneHa.
BbluncnseTca 3HaYeHMe BblpaXKeHUA NPU 3aaHHbIX 3HAYEHUAX NePEMEHHbIX.

X} —6xly+12x° -8 = (x — 2y)® x=5y=2->(5-2-2)3=1
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7. [loKa3blBaeTCA TOXKAECTBO.
a)x+y+x’—xp? = (x+y)(¥* —xy+1)
MHorouneH, HaxoAALLMNCA B IEBOM YaCTM PABEHCTBA, PACKIAAbIBAETCA HA MHOXMUTENN.

x+y+x—x=x+y+x(xt-y)? = YneHbl MHO204YEHA 2pYnNUpPyomMcsa o 08a 8 nopsAoKe ux 3anucu.
x+y+x(x+y)x—-y)= K sbipaxceHuro x? — y? npumerHaemca ¢popmyna pasHocmu
(x+ (1 +x(x=y)) = K8adpamos. TaK KaK X + y A814emcs 06uum MHOXUMesnem, OH

(x+y)(1 +x2=xy) = = (x + y)(x* — xy + 1) 8bIHOCUMCA 30 CKOBKU.

DnddepeHumpoBaHHoe 0b6yueHne

lModdepxka. YyeHWKam npeanaraetcs BblbpaTb 0Oy KapTOuKy W \
onpeaennTb, Pas/ioKeHO NN 3aNMUCaHHOE BbiPaXKeHWe Ha MHoxuTenu; | 4x2—4 | x+x
€C/IN Pa3NoKEHO — PaA3NOKUTb ero, 06bACHUTb, KAKUM METOLO0M OHU / ’
NOAb30BaIUCh U MPUMEHANNUCH N GOPMY/Ibl COKPALLEHHOTO YMHOMKEHUA. e 16 B+8 | P 16
YenybneHue. YdeHUKam npeanaraetca onpeaenvTb, Ha KaKuX ABYyX J ,

KapTO4Kax 3an1CcaHo BbipaXKeHne, Npu PasNoKeHMM KOTOPOro OAHUM U3 MHOXKUTeNen aeasetca 1 —x, 1 + X nuau
X + 2, KaKMe MHOToUIEeHbl UMEIOT 2, 3 UK 4 MHOXKUTENSA, @ TaK}Ke KaKue 3TO MHOroueHbl. Kpome Toro, ydeHnKam
MOXHO AaTb 3afaHue onpenenvTb, CYMMbl KaKMX MHOFOY/IEHOB PACKNaAblBAOTCA Ha MHOMKUTENU. YUEHUKM
06'bﬂCHFHOT KaKMM METOAOM OHW NONb30BaNUCh U MPUMEHANUCH N GOPMY/bl COKPALLEHHOTO YMHOMKEHUA.

8. OTMeuaeTcs, YTo Ha pUCYHKe M306parkéH bacceliH B dopme Kyboumaa, naowanb OCHOBAHMA KOTOPOro paBHa
(25a% — 1) kBagpaTHbIX METPOB, a 06BbEM paseH (25a% — a) Kybuyecknx MeTpos.

¢ MHoOrousieHbl, Bblparkatowme o6bEM bacceliHa M NAOLWAAb €ro OCHOBAHMUSA, PAacKiaAblBatOTCA HA MHOXUTENN.
06bém bacceliHa: 2543 — a = a(25a%* — 1) = a(5a + 1)(5a — 1)

Mnowaab ocHoBaHMA bacceliHa: 25a2— 1 = (5a + 1)(5a — 1)

* Ha ocHoBe nnowaam ocHOBaHWA M 06bEMa HaxomATcAa padmepbl HacceiHa. Ans
BbIYMCNIEHNA NIOLWAAN BOKOBOM NOBEPXHOCTM 3aMUCHIBAETCA MHOTOYJIEH.
Seox = 2a(5a + 1) + 2a(5a — 1) = 204’

e ECnu BbICOTA paBHA a = 2 M, HAXOAUTCA LWMPUHA U A/MHA bacceliHa.

LWLnpuHa bacceitHa: 5¢—1=5-2-1=9 (m)
OnunHa bacceiHa: 5a+1=5-2+1=11(m)

Omeem. a(5a + 1)(5a — 1) u (5a + 1)(5a — 1); 20a?; wmnpunHa bacceltHa: 9 m, a AaunHa 11 m.
dopmaTuBHOE OL,eHUBaHUe
Kputepum oueHuBaHus Martepuanbl oLeHMBaHuUA
PasnaraeT MHoOrouneH Ha MHOXUTENAM c nomouwpbio dopmyn | Paboune nAnctbl, yuebHuk, PT
COKPALEHHOro YMHOMEHMUA.
Pa3znaraeT MHOro4Y1eH Ha MHOXUTENU Pa3iNdYHbIMK cnocobamu. Paboune nunctobl, yuebHuk, PT
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OBOBLAIOLUNA YPOK

Mob6ykaeHue. MoHATUA, NPeACTaBAEHHble B pe3tome pasgena yyebHuKa, NOBTOPAOTCA C yyeHUKamu. Cnoea,
M3yyeHHble No pasaesly, HANOMMUHAIOTCA YYEHUKAM yuuTenem. Mo mepe 03ByYMBaHUA KaXKAOro NOHATUA YYEHUKM
06BACHAIOT €ro cogepKaHue 1 NPUBOAAT NPUMEPSI.

®Dopmysbl COKPAWEHHO20 YMHOMCEHUS, K8aopam CyMMbl, K8AOpam pasHOCmMu, pa3HOCMb Keadpamos, Kyb
cymMMmbl, Kyb6 pasHocmu, HernosnHelli Keadpam, cymma Kybos, pasHocme Kybos, obwuli MHOXUMens,
passnoxceHue Ha MHOXCUMenu.

Ha nepBoii CTpaHuWue pasgena C yYyeHMKamu BCnomuHaetca uHdopmauus o cdepax npumeHeHua dopmyn
COKPALEHHOro yMHOMeHuA. OTmedaeTcsi, 4To (GOPMY/bl COKPALLEHHOTO YMHOMEHWUA MCMO/b3YIOTCA Npu
HaXxOXAEHUM naowaam M obbéma reomeTpuyeckux ¢uryp, B (GUHAHCOBO-IKOHOMMYECKMX pacyétax MU
MOZEe/IMPOBaHNM PasINYHbIX 3aZa4. Bonpocol, NnpuBeaéHHble B 3agaHuK «MonbiTakiTech!», 6bin 06cyRaeHbI B

Ha4vane pasgena. [laHHble OTBETbl BCMOMMWHAOTCA U CPABHUBAKOTCA C pELlEHMEM MCXOLI,HOI‘;1 I'IpO6I'IEMbI.

o o o o
MpakTuyeckoe 3agaHue. YyeHMKamM pasgaroTca pa60lw|e NNCTbI, OANH R R iaembiirean) e BRe ) d N e )

YYEHUK npurnawaetca K O0CKe U emy npegsaraetca 3anncatb Ha ® o ° A o

[OOCKe BbIparKeHWe U3 CBOEro /INCTA. YUEHWK, Y KOTOPOrO Ha JIUCTE arsabrsn aab 't =50
3aMMCaHO TOXKAECTBEHHO PaBHOE BbIPAXKEHWE, MOAXOAMT K LOCKE U ° ® ®
3anuCbIBaeT CBOE BbipaXKeHue, Kaacc NpoBepsaeT oTBeT. ITOT npouecc SR T T R
NpoAoNKaeTcs 40 Tex Nop, Noka He ByayT HaWAEeHbI BCe TOXKAECTBA. o o o o

. fasay-o 430"+ 4) - 1 vare 1) lar1)
Pabounit IMCT MOXKHO CKayaTb MO CCblIKE:

https://drive.google.com/file/d/1BZa6ba_T6993IzxIzESdoUkzFLaErC- g;neeg' npedocmaensemcs ¢ nOMowbio
-Kooa

8/view?usp=sharing
Mpy NpurnaweHMn y4eHWKOB K AOCKE YyYMTE/b MOMKET NoAYepPKHYTb MpumeHeHne $Gopmys COKpalLEéHHOro
YMHOXEHUA, 0BLLEro MHOMKUTENA U MeToZa rpynnuMpoBKM NPWU YNPOLLEHUWU BbiparkeHW. Takum obpasom
YYEHUKMU, UCMONb3YS Pas/NYHble MEeToApbl, YMPOLLAIOT BbIPAXKEHUA; B KOHLE LesecoobpasHo npoBectu
obcyxaeHune cnocoboB pelleHus.

PELLEHUE 3AAAHUN

3. CpaBHeHMe BbINONHAETCA C MCMO/b30BaHMEM GOPMY/bl PAa3sHOCTM KBagpaToB, OTBET MNpPOBepsAeTcsa Ha
KasbKyaTOpE.

6) 1024% 1 1020 - 1028

Cymma aByx umcen pasHa 1028. MeHbluee 13 ymcen obo3HayaeTcs Kak x, a bonbliee Kak 1028 — x. MocKonbKy
Pa3HOCTb Ymcen pasHa 1020, 3anncbIBaeTCa M peLlaeTca ypaBHEHMe.

1028 —x—x=1020 —» x=4 Haxopgutca 6onbwee yncno. 1028 -4 =1024

Yucna 1020 n 1028 3anucbiBatoTcA B BUAE CYMMbl M Pa3sHOCTU HalgeHHbIX uncen. 1020 = 1024 — 4; 1028 =

1024 + 4,
MpumeHnaeTca popmysa NPoM3BeAEHMUA CYMMbI U Pa3HOCTM AByX uncen. 1020 - 1028 = (1024 —4) - (1024 + 4) =

10242-16

10242 n 10242 - 100 cpasHusatotca. 10242 > 1024% — 16

MpoBepKa o0TBETA Ha Ka/IbKy/ATOpE.

102421 1020 - 1028

1048576 > 1048560

OTmeyaeTca BHMMaHME YYEHMKOB Ha TO, YTO MPOBEAEHME TAKOro CpaBHEHWA C Mcnosb3oBaHWeEM dopmyn
COKPALWEHHOro YMHOMEHUA ABNAETCS LWMPOKO NPUMEHAEMbIM METOLOM.
6.EcrmA=3x+1,B=3x—-1uC=x-1, To 4aHHOE BblpaKeHNe 3aNn1CbIBAETCS B BUAE BblParKeHUs, 3aBUCALLETO

oT X.

2 - 2 -
6) C°—AB=(x—-1)-(3x+1)(3x—1)=  Buecmo A, B u C 3anucvi6aiomcs 6vipasiceniis, 3a6Ucsujie om x.
=x2—2x+1-(9%-1)= Ipumensiomes hopmyvl K6adpama pazHoCcmu U nPOU3EeOeHUs.
=x2=2x+1-9x%+1= cymmor u pasnocmu. C yuémom 3HaKa «MuHyc» neped ckobKoli:
= —8x2—2x+2 —(9x? — 1) = —9x? + 1. [lo0obHvle cracaemvie npusoOsmcs, u

8blpadiCeHUe 3anucovleaencs 6 suoe BbIPAIICEHUA, 3a6UCAULECO0 OM X.
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MHOraa yY4eHUKn, ynpoLan BblParKeHMs C HECKOIbKMMW Onepaumammn, 3ameHsAs O4HO BbiParkeHue Apyrum nam
NpUMeHan GOPMY/ibl COKPALLEHHOTO YMHOMKEHMSA, He 06PaLLaloT BHUMAHUA Ha 3HaK «KMUHYC» Nepes CKObKoW; no
Mepe yBeNMYEHMs KOAMYecTBa onepaumii AONycKaloT onpeaenéHHble ownbKM npu npuseseHUU nogobHbIX
cnaraembix. na npegoTBpaleHusa Takux ownboK LenecoobpasHo NpeacTaBUTb y4EHUMKAM NPOCTbie MPUMepbI,
MOKa3blBaloLLMe BMAHNE 3HaKa KMUHYC» Ha pesynbTar.

7. Mo AaHHbIM YCN0BMA HAaXO4MUTCA 3HAYEHME BbIPAXKEHUA,

a) Ecamoab = 1,5 n a®> + b?> = 4, To ana r) Ecom a — 2b =1 n ab = 0,5, To ana
HaXOMXAEHMA 3HAYeHUA BbipaxkeHusa (a - b)? HaXOX/AEHMA 3HAYeHUsA BblpaxkeHua a’ + 4b?
ncnonb3yetca Gopmyna KBagpaTa pasHOCTU. ncrnonbsyetca Gopmyna KBaapata PasHOCTM.
(a=b)?=a*+b*>-2ab (a—2b)*=a*+4b*- 4ab
?
? H
a?+b*-2ab=4-2-15=1 - (a-b)?*=1 12=a?+4b?-4-0,5 > a?+4b*=1+2=3

12. Ucnonb3yetca Gpopmyna COKPALLEHHOrO YMHOMEHUA U HaxOAMTCA 3HAYEHME BblpPaKeHWA Npu 3a4aHHOM

3HaYeHMM NepemeHHON.

a) 2m?—4mn +2n*>  2m?—4mn + 2n*= 2(m? = 2mn + n?) = O6WUU MHOMUMesb 8bIHOCUMCA 30 CKOBKU.
m=25 n=05 = 2m-n)= lMpumeHsaemcs ¢hopmyna Keadpama pasHoOCMu.

2-(25-0,5)%=8 3Ha4yeHue 8bIpaXeHus 8bI4UCAAEeMCA.

B Knaccax C  TeXHUYECKMMM BO3MOHOCTAMM MOMHO MCnonb30BaThb BUAEOMaTepuansbl.
https://video.edu.az/video/8838

13. BbINOAHAETCA aNrOPUTM M B KOHLE ONPeaeseTcs Noly4eHHoe Yncio. B 3aBMCMMOCTY OT 334aHHOI0 3HaYeH A
b BbipaskeHMe ynpouiaeTca, NosyYeHHbI MHOFO4Y/IEH 3anNuCbIBaeTCcA B CTaHAaPTHOM BUAE M pacCMaTpuBaeTcs
6/710K-cxema. [1Burascb No COOTBETCTBYIOLLEN BETBU YC/IOBHOrO 6/10Ka, NMpY 3a4aHHOM 3HaYe€HUM NepemeHHoN
BbIYMC/IAIOT 3HaYEHME BbIPAXKEHUA M ONpPeaeNAloT YUCIO0 Ha BbIXOAe.

b==2-(2a+3)*-(2a-3)*=0 [lonydeHHoe abipaxeHue b=-Z-1 G 210 Hasaso

Baegure uncno b

He A8asemcs 08y41eHOM. i

TakK Kak No/yyeHHOe BbipaXKeHWe ABNAETCA HYNEBbIM PP eI
MHOr041€HOM, OHO BCEerga paBHoO HyA Npu Abom da. Her 1
b=-1-(-a+3)*—(2a—3)*=-3a>+6a [lony4yeHHoe ot e mpsmmn e -1 A7 e e ipsmensn 1
8bIpaxceHuUe 08yYseH. e

Mpu @ = I BbIMMCNAETCA 3HAYEHWE BbIPAKEHWA, !

-3a’+6a =-3-12+6-1=3

16. 6) Tpu nocnepoBaTeibHbIX HEYETHbIX YMCna 0603HAYAOTCA COOTBETCTBEHHO X, X + 2 U X + 4. Mo ycnosuio
OTMeYaeTcA, YTo NPomn3BeeHNe HaMboNbLLErO U HAMMEHbLIEro U3 3TUX YUCeN Ha 4 eaUHULLI MeHbLUe KBaapaTa
cpegHero ymcna. 3anucbiBaeTca COOTBETCTBYIOLLEE BbIpaXKeHMe.

(x+4)x=(x+2)*-4

[ 0Ka3bIBaeTCs, YTO PAaBEHCTBO AB/AETCA TOXKAECTBOM.

X+ax=x’+4x+4-4

X2 +4x=x>+4x

17. KonunyectBo KOPOBOK C KpacHbIMW KapaHaalwamMu, NpuBe3&HHbIX B MarasuH, paBHO KOJIMYECTBY KapaHaallei
B KaXXAOWM M3 3TUX KOPOOOK. KOpoboK c 3eN1EHbIMKM KapaHaalwamu npuBeseHo Ha 1 6onblue, yem KOpoboK ¢
KpacHbIMW KapaHaawamu. B Kaxkpoi KopobKe c 3eNéHbIMM KapaHgawamu Ha 1 KapaHpaw meHblue, Yem B
KOPODBKe € KpacHbIMM KapaHaawamu. TpebyeTca onpeaennTb, KaKMX KapaHaawen — KPacHbIX UAN 3eNEHbIX —
npuseseHo 60/blIe U Ha CKOJIbKO.

PeweHue 3adayu

Ha ocHoBe AaHHbIX 3aNUCbIBAaETCA KPATKOE YC/I0BUE 3aauu:

KonnyecTBo KapaHaallen B 04HON KOPOBKe C KPacHbIMM KapaHaalamu: x

KosnnyecTBo KapaHaallen B 04HON KOPOOKe € 3eNEHbIMM KapaHaalwamm: x — 1

KonnyecTBo KOPOBOK € KpacHbIMM KapaHZawamn: x  Koamnyectso KOpobok ¢ 3eN1EHbIMKM KapaHaawamu: x + 1
3anucbiBalOTCA BbIPAXKEHUA O/1A HAXOXKAEHUA OOLEero KO/AMYeCcTBa KpacHbIX WM 3eNéHblX KapaHaaluewn.
O6Liee KOAMYECTBO KPacHbIX KapaHaalwen: x2  Obuiee KONMYECTBO 3enéHbIX KapaHaaweii: (x + 1)(x—1) =x*—1
CnepoBaTesibHO, B MarasvH npuee3eHo 6osblle KpacHbIX KapaHngawein. Haxoawutcs, Ha CKolbko 6osblue
NPUBE3eHO KPACHbIX KapaHaaLlen.

xX2=(x*-1)=1.

Omeem. B marasuH np1Be3eHO KpacHbIX KapaHaawel Ha 1 6onblie, YemM 3eNEHbIX.
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18. TpebyercAa 3anMcaTb MHOFOY/EH, BblipaKalowmii 06bEM TopTa, MPUrOTOBAEHHOTO
KOHAMTEPOM 13 BUCKBUTOB B hopme Kybouaa 1 uMamMHAapa, Haintn ero ob6bém npu a = 15 cm
1 onpeaenuTtb o6l Maccy LWOKo1aaa, UCNONb30BaHHOIO /1 NOBEPXHOCTU TOPTa, eC/u
Ha KaKapli KBaapaTHbI caHTUMETP ncnonbayetca 0,2 T WoKonaaa.

PeweHue 3agaun

e [1na 3anucu BbipaxkeHuss ob6bEMa TopTa CHayana BblYMCAAKTCA 0ObEMbI BMCKBUMTOB B dopme Kybouaa u
UMINHAPA, 3aTEM UX CyMMa 3anncbiBAeTCA B BUAE MHOTOY1eHa.

a—4
Q\] 2a+ 1
Viyooun = a(2a + 1)(2a — 1) = 4a®- Vinsmnge = ait(a — 4)? = 3a® - 24a* +

V= Viyoonn + Vipnmap = 4a°—a + 3a® - 244 + 48a = 7a° — 244> +

* [pu a = 15 cm BbluMcnseTca 06bEM TopTa

7a%—24a? + 47a =7 - 15— 24 -152 + 47 - 15 = 18930 (cm®)

® 3anucbIBaeTCA MHOFOY/IEH, BbIPaXKatoLLMi 06LLyt0 NaoWaab NOBEPXHOCTU TopTa. [lns 3TOro paccmaTpusaeTca
PUCYHOK. MpY HaNoXEeHUN LUANHAPA U Kybouaa ONA HAXOXKAEHWA NAOLLAAM NOBEPXHOCTU NONYyYeHHOM durypsl
M3 CymMMbl naowagen nosepxHocTe obemx Guryp BblYMTAeTCA YABOEHHAA N/OWAAb OCHOBAHMA LMAMHAPA
(Kpyra). Tak»Ke, MOCKO/IbKY NOBEPXHOCTb GUrypbl MOKPbITa LOKOAAZOM, BbIYMTAETCA NAOWaAb OCHOBAHMWA
Kybomaa. C y4TOM 3TOro BbIYMCAAETCA NIOLWAAb NOBEPXHOCTH, HA KOTOPYIO ByaeT HaHeCcéH WoKonaga,

SL\MHMHAp = 27Ta(a - 4) + 27[(61 _ 4)2

4 Sosona=2(a(2a+1) +a(2a—-1)+(2a +1)(2a - 1)) = 16a?- 2

S'= Summmap + Skybong — 27(a — 4)? = 16a*— 2 + 2ma(a - 4) + 21(a — 4)? — 2m(a — 4)* = 16a*— 2+ 6a(a - 4) =
=22a’>-24a-2

Mpn a = 15 cm, ecan Ha KaAabll KBaapaTHbI CaHTUMETP NOBEepPXHOCTY TopTa ucnonbsyetca 0,2 r Wwokonaaa,
BbluMCNAETCA 0bLLEe KOMMYECTBO MCMO/b30BAaHHOTO LOKONAAa.

0,2(22 - 152+ 24 - 15 -2) = 917,6 ()

Omeem. 7a® — 24a? + 47a; 18930 cm3; 917,6 T.

1. 3HayYeHMUA BbIPAXKEHWNI BbIYUCAAIOTCA C NPUMEHEHMEM GOPMY COKPALLEHHOTO YMHOMEHUS.

199-201 _ (200-1) - (200+1) _ 200%-1
a) 20242-2023-2025 20242 — (2024 —1)- (2024 +1) 20242 —20242+1

=3999

2. Ha 0CHOBaHUM TOTrO, UTO 3HaYeHWe BbipaxeHua a — 3a + 8 paBHO 10, BbIUMCAAOTCA 3HAYEHUA AAHHbIX
BbIPaXKEeHU.
a’-3a+8=10 a*-3a=2
a*—6a®+9a%=a*(a*-6a +9)=a*(a-3)*=(ala—3))*=(a®>-3a)*=22=4
4. BHyTpu 601bLUOro KBaZpaTa co CTOPOHOM X CM HayepyeHbl MasieHbKMe KBagpaTbl.

24— Ha ocHOBaHWMM AaHHbIX HAXOAATCA CTOPOHbI 60/IbLIOrO U MasIEHbKOrO KBAAPATOB.

x—-10 ¢ x — 14CropoHa 6onbluoro cuHero keagpata: x — 10
) CTOpOHa ManeHbKOro CMHero Keagpara: x — 14

[na HaxoXAeHWA CTOPOHbI CpefHEro KBaapaTa M3 CTOPOHbl 6oabLIOro KBaapaTta
BbIYMTAETCA CYMMa CTOPOH B0NbLLIOIO M MafIeHbKOTo CUHUX KBagpaToB. X — (x — 10 + x —
14)=24-x
3anuncbiBaeTCA MHOTOY/IEH, BbipaXkaloLWnii paccTosHme y. x — (24 — x) = 2x — 24
CropoHa 6onbluoro KeagpaTta pasHa 18 cm. HaxoauTces pacctosHue y. 2x —24 =2 - 18 —
24 =12(cm)
Omeem. 2x —24; 12 cm.

14 sm
1 b

10 sm
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SEEAM

AKBAPUYM AKBAA4OM

CoobuaeTcs, 4To akBapuym «AKBalom» ABAAETCA KPYMNHbIM aKBapUYMHbIM
KOMM/IEKCOM, PacnofioXKeHHbIM B ropoge bepnuH (FepmaHus), obbac-
HAETCA, MO KaKoW NpMYMHE 3TOT aKBapuym Bbln BKAIOYEH B «KHUTY peKop-
poB MMHHecca», a TakXe NpuUBOAUTCA MHPOPMALMA O ero pPaspyLUueHUu.
OTmeyvaeTcs, 4To B pesybTaTe paboT No BOCCTaHOB/EHWUIO akBapuym B 2025
rogy 6bil1  3aMeHEH  yCTOMYMBOW, COBPEMEHHOM U  3KOJIOTMYECKU
aJanTMPOBaHHOM KoHUenuuen «*Kusoe aepeso» («Living Tree»). B Knaccax c
TEXHUYECKMMM BO3MOMKHOCTAMM MOMKHO BMeECTe C YYEeHUKaMu MOCMOTPEeTb BuaeomaTtepuansl o6 akBapuyme
«AquaDom» n o TekyLlem Buge 3Toro mecra.

do: https://youtu.be/ZVxbV9zEtjs

nocne: https://youtu.be/UOXBdn7o0la4

Cobupaetca uHpopmauma ob akBapnyme «Aksaom» U NpuUMHax ero paspyweHua. LlenecoobpasHo otmeTuTb

HECKO/IbKO BaXHbIX BblBOAOB, CBA3AHHbIX C akBapMymom «AKBalom», U MOAYEPKHYTb MOMEHTbI, Ha KOTOpble
cnepyet obpalaTb BHUMAHME NPU NOAFOTOBKE NMPOEKTOB:

v' HeobXxoAMMmo yaenaTb 0coboe BHUMaHME YCTOMYMBOCTM M 6E30MacCHOCTUN KPYIHbIX U CIOKHbIX KOHCTPYKLMIA;
v' NpW NPOEKTUPOBAHUM U MJIAHUPOBAHMUM AO/IXKHbI YHUUTbIBATLCA YpE3BblYaiHbIE CUTYaLMK;

v' BOMKHO BbITb 06ecneveHo KauecTBo MaTepmranos U UX NPaBUIbLHOE XpaHeHKe.,

TaKKe MOXHO OTMETUTb, UYTO, CAENAB BbIBOALI M3 TAaKOro COBbITUA, BOSMOXHO cOo3gaHue Hosiee yCTOMUMBDLIX,
3KONOMMYHbIX M 6e30nacHbIX asbTePHATMB, TAKMX KaK «Hnsoe gepeso».

1. lnA BbIYMCNEHUS MACCbl BOAbI, COAEPrKaLLelca B akBapuyme «AquaDom» BbicoTOM 25 M, C
pagMycom BHYTPEHHEro UMAMHAPA 7 U PaAMyCOM BHELHEero uuavHapa R, 3anucbiBaeTca
BblpaskeHue (NnoTHocTb Boabl 1000 kr/m3, =~ 3,14). 25m
V =nR?h - mr*h = wh(R?- r?) ~ 3,14 - 25(R*-r?) = 78,5(R*- 1?)

m=p-¥V=1000 - 75,36 (R?- r?) = 78500(R*- r?)

2. BbluMcnseTca, CKObKO TOHH BOAbl BMeLLaeT akBapuym «AquaDom» BbICOTOM 25 M, C ANaMETPOM BHYTPEHHEro

UMANHAPA 8 M U AMaMeTPOM BHELLHero umMamHapa 14 m.
78500(R?- r?) = 78500 - (72 - 4%) = 2590500 (Kr) 2590500 kr =2590,5T
3. B uHTepHeTe cobupaeTca MHGopmauma 0 5 KpynHenLmMX akBapUymax MMpa U UX BHELLHEM BUAE.

i
1. Kocmunyeckuit Kopabnb 2. Mopckoi mup Aby- 3. OKeaHcKoe KOponescTBo 4. AkBapuym S.E.A 5. L'Oceanografic
Chimelong [abu

BmectumocTb: 75 350 969 7 BmecTumocTs: 58 000 000 2 Bmectumocts: 48 750 000 2 BmectumocTb: 45 200 000 .z Bmectumoctb: 41 600 000
YueHMKam peKoMeHAYeTCA NPeAoCTaBUTb CCbINKU-UCTOYHUKI 415 NOAYYEHUS AO0NOAHUTENBHON MHPOPMaLUK.
https://www.jagranjosh.com/general-knowledge/largest-aquariums-in-the-world-1820000348-1

4. YyeHuKkn onpegenaoT Gopmy, pasmepbl U BMECTMMOCTb eAaemoro aksapuyma. B 3asucumoctv ot
npeanonaraembix obuTaTeneit akBapuMyma M KOAMYECTBA BOAbl OHM, UCCAeayd, KaKoe CTEKAO WAWU ApYroi
MaTepuan M Kakoh TOAWMHbI cieayeT UCMoNb30BaTb, FOTOBAT Mpe3eHTauulo. PEKOMeHAYeTca AeMOHCTPaLms
NOAroTOB/IEHHbIX NPe3eHTaumit B Kiacce.
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5-u PA3AEN YeTbipexyronibHUKH

HasBaHue Yacbl | YyebHUK Pa6ouas
Tema Ne (cTp.) TeTpaab
(cTp.)
MpepBapuTenbHaa NpoBepKa 1 106
Tema 5.1 HayanbHble NOHATUA reoMeTpumn 4 107 70
Tema 5.2 YeTbIpexyronbHUKn 110 72
Tema 5.3 Mapannenorpamm 3 114 74
Tema 5.4 Buabl napannenorpammoB. MNpamMoyronbHuUK, pomo, 118 77
KBagpaT 3
Tema 5.5 CBoWcTBa cpeaHel IMHUU U MegMaH TPEeYro/ibHUKa 3 122 80
Tema 5.6 Tpaneuua 2 126 83
0O606Lwwatowmin ypok. STEAM. “ApoyHble 130 36
KOHCTPYKUUK B apxuTekType” 2
MCO 5 1
OBLUEE KO/TMYECTBO YACOB NO PA3AENY 19

KpaTtkuit 0630p paspgena

HauunHan ¢ 7-ro knacca obuiero cpefHero ob6pa3oBaHusA, 3aKNaAbIBAtOTCA OCHOBbLI YrYBAEHHOTO M3y4YeHus
reomeTpum. HecMoTps Ha To, YTO B MAAALWMX KAaccax 3aTparMBaanucb reomeTpuyeckne GuUrypbl U HEKOTopble KX
CBOWCTBA, 3HAKOMCTBO C OCHOBHbIMW aKCMOMaMM M TEOPEeMaMMn reOMEeTPMM HauMHAeTCa MMEHHO B 7-m Knacce.
Mo3TOoMy BKAKOYEHME TeMbl HayaNbHbIX FTEOMETPUYECKUX MOHATUIA B 3TOT pasgen cYutaetca Heobxoammbim. B
[aHHOM pasgene M3y4atoTca BbiNyK/ble U BOTHYTble (HEBbINYK/Ible) YETbIPEXYTONbHUKKN, Napannenorpamm 1 ero
BMAbI, CBOMCTBA CpegHel NMHUM U MeauaH TPeYroNbHUKa, HEKOTOPble 0COBEHHOCTU TpaneLumu, a NoyyeHHble
3HAHUA NPUMEHSAIOTCA K PELLUEHMIO Pa3/IMYHbIX TUMOB 334aHWUI 1 3a4a4.

Ha uto cTouT 06paTMTb BHUMaHME?

[o cBegeHMA yYeHUKOB A0BOAATCA MOHATUA TOUKM, NPAMON M NAOCKOCTM, AAIOTCA MepBUYHble 3HaHWA 06
aKcuMome u Teopeme. Y yUeHUKOB GOPMUPYIOTCA TaKME HaBbIKM, KaK YMeHWe 06BbACHATb 3TU MOHATUA U OTNYaTb
WX Apyr apyra.

Mpyu 06BACHEHUMN BUAOB YETHIPEXYTONbHUKOB, HEKOTOPbLIX MX CBOMCTB, CXOACTB M Pas3/inunii LuesecoobpasHo
MCNo/b30BaTb NPMMepbI.

Mpn nN306paskeHUMN TeOMETPUYECKUX GUIYP U UX INEMEHTOB Y YUEHUKOB MOTYT BO3HMKHYTb OnpeaesieHHble
TpyaHoctu. Mpu msobparkeHun oéuryp (ocobeHHO napannenorpammoB WM TPEYroNbHUKOB) LenecoobpasHo
puCOBaTb MX B PA3/IMYHbIX MOAOKEHMAX. TaKOWM NOAXOA, PAa30BbET Y YUEHNKOB HABbIK Pacno3HaBaHMA GUrypbl He
TO/IbKO MO ee BU3yaNbHOMY BUAY, HO U Ha OCHOBE ONpeaeeHnin U CBOMCTB.

YynuTenb, yuuTbiBaa OCODEHHOCTM TPYAHOCTEW, C KOTOPbIMM YYEHUKU CTONKHYTCA MpU  U3YyYeHUM
YeTbIPEXYTo/IbHUKOB, A0BNBAETCA NX YCTPaHEHWUA.

Pa3BuTME MaTemMaTUUYECKOro A3bIKa

B fgaHHOM pasgene OODBACHAIOTCA MOHATUA «BbIMYKAbIA YETbIPEXYFO/IbHUKY», «HEBbIMYK/bIMA (BOrHYTbIN)
YeTbIPEXYTO/IbHUKY, «Mapannenorpamm», <PoMb», «NPAMOYTONbHUKY, KKBAAPAT», KANArOHab», KBHYTPEHHWUIA
Yron», «BHEWHWA Yron», «CpeaHAs AWHWMAY», «meamaHa». [nAa npaBuabHOW GOPMYAUPOBKM Teopem W
onpeaeneHnin, pasanYeHmns YCA0BMA U 3aKNI0YEHUA B MaTEMaTUHYECKMX YTBEPHKAEHMAX, NOCTPOEHUA NOTMYECcKon
LLeNoYKM NP A0Ka3aTeNbCTBE TEOPEM HEODX0AMMO TOYHOE YCBOEHME MOHATUIM U UX CBOMCTB.

MartemaTuyecKkue NOHATUA U TEPMUHDI, YCBOEHHbIE B pa3gene

OCHOBHble MOHATMA rEOMETPUKW, MaTemaTUYecKoe YTBEPXKAEHME, aKCcMoma, Teopema, BbINyK/bli
YeTbIPEXYTroNbHUK, BUAbI HEBbIMNYKAOrO (BOrHYTOro) YeTblPEXYrosibHUKA M HEKOTOPble UX CBOMCTBA, AMaroHasb,
CPeaHAn NMHMUA TPEYroNbHUKA U TpaneLumu.

Heob6xogumble npeasapuTenbHble 3HAHNA U YMEHUA:

¢ TouyKka, NpAmasn, oTPe3oK ¢ BepLwmnHbI, CTOPOHbI M YIAbl NAOCKUX GUryp
e CMEXHble 1 BepTUKabHbIe YIibl e NepumeTp, naowasb
e BucceKkTpUuca, meanaHa, BbicoTa ¢ [lnaroHanb NPAMOYrosbHUKa
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MexgucumnanHapHasa uHTerpauua

durypbl B Gopme YeTblipexyroabHMKa UrPatoT BarKHYIO POJIb B OKPY)KaloLWel cpeae, NPUKAaAHbIX HayKax u
TEXHONOTUAX. B Pas/MUHbIX AUCLMNAMHAX YETbIPEXYTONbHUKM M UX CBOWCTBA MPUMEHAIOTCA AAA pelleHus
pa3HoobpasHbIX 3a4ay. B reorpadum KapTbl M NaaHbl YacTo U306pakaloTca B Gopme NPAMOYro/ibHUKA, U Npu
pacyeTax MCMONb3YHTCA ero cBOMCTBa. Lindposble M306parkeHns COCTOAT M3 MHOMKECTBA MEKWUX MUKCenewn
KBagpaTHOM ¢opmbl. TpaeKkTopuA ABUMKEHMA M M306parkeHuMe CUN 3a[al0TCA B MNPAMOYrO/IbHOM cucteme
KOOPAMHAT, C/IOXKEHUE CMA NPOM3BOAUTCA MO NPaBMy Napannenorpamma v T.4. B apxutektype u ctpouTtenbcrse
YeTbIPEXYTrONIbHUKM U UX CBOMCTBA TaKKe WMPOKO NPUMEHAIOTCA

TEMA 5.1-5.2 HayanbHble NOHATUA reomeTpun. YeTbipexyroibHUKU

NOACTAH/IAPTbI 7-3.3.1. Paznnyaet BbIMyK/ble U HEBbIMYK/bIE YETbIPEXYTONbHUKU.
7-3.3.2. [IpUMeHAET CBOMCTBA BHYTPEHHMX U BHELLHMX YI/10B YETbIPEXYrONbHUKOB.

¢ O6bACHAET NepBOHAYa/bHble MOHATUA FEOMETPUM.

® O6BACHAET pasnnume Mexay NoHATUEM aKCUMOMbI U TEOPEMOW.

* Ha npMmepe cBOMCTBA BHELIHErO Yr/1a TPEYFrONbHUKA OOBACHAET NPAMYIO U

LLE/IU OBYMEHUA 0bpaTHyo Teopembl.

¢ Pazninyaert BbiNyK/ble U BOTHYTble (HEBbIMYK/bIE) YETBIPEXYTONbHUKY.

¢ [IpUMEHAET CBONCTBA BHYTPEHHUX U BHELLHMX YI/10B YETbIPEXYrO/IbHUKA NPU

peLleHnn 3aaa4u.

NPUHAANEXHOCTU Paboune nucTbl, KapTbl, paboyasn TeTpaab

5.1. UsyueHue: https://youtu.be/SZwNzhKQPGU ,
https://www.desmos.com/geometry

3apaHue: https://www.geogebra.org/geometry,
https://www.geogebra.org/m/jtmzus8d
https://www.geogebra.org/m/a3asarsq

SJIEKTPOHHbIE 5.2. U3yyeHue:

PECYPCbI https.//demonstrations.wolfram.com/ATestForTheConvexityOfAQuadrilateral
https://www.mathspad.co.uk/interactives/interiorExteriorAnglesTool/exteriorTool2.php
https://phet.colorado.edu/sims/html/quadrilateral/latest/quadrilateral_all.htm/?locale=
az
3apaHue: https://www.geogebra.org/m/hdwawtne

https://www.geogebra.org/m/ncykVxTJ
«MNepBoHayanbHble MOHATUA FEOMETPUU» HOCUT BBOAHLIN XapaKTep A1 OBWEro Kypca reoMeTpum cpeaHen
WKOobl. B gaHHOM Teme Aaétca nHdbopmaums 06 MCTOPUN BOZHUKHOBEHWA TEOMETPUN U €€ OCHOBHbIX MOHATUAX.
B AanbHeiwem, 4Ns NpenoaasaHnsa reoMeTpUYeckmnx Tem Ha 6osee CMCTEMHOM M 060CHOBaHHOM YPOBHE, BasKHO
npeaocTaBnTb MHGOPMALMIO O MaTEMaTUHECKUX YTBEPNKAEHUAX. B NMpoao/KeHnn TeMbl AatoTcA cBedeHns ob
aKkcumome, Teopeme 1 06paTHON Teopeme, a TaKKe NMpUMepbl K HUM. MNoayepKMBaeTcA BaXKHOCTb A0Ka3aTe1bCTBa
YTBEPXAEHNA B reoMeTpuMM M MaTemaTUKe B LeNom, M (GOPMUPYIOTCA MEepPBUYHbIE HaBblKM BedeHus
[lOKa3aTe/IbCTBa.
MockonbKy Tema «[lepBOHaYa/bHble MOHATUA FEOMETPMM» TECHO CBA3aHa CO BCEMM MOC/AeayloWnMm
reoOMeTpUYEeCKUMM TeMamW, BaXKHO YAeAuTb el ocoboe BHMMaHue. [loaTomy nociefoBaTeNnbHoe W
B3aMMOCBA3aHHOE NpenogaBaHue asyx Tem (5.1 1 5.2) asnsetcsa 6onee yenecoobpasHbiMm. XOTA TeMbl B ydebHMKe
[AaHbl OTAENbHO, B TO40BOM MNJIaHUPOBaHMKM U B Tabanue peannsaumm CTaHaapToOB 3TU TEMbI PacCMaTpuBatoTCA
KaK e4uHas Tema, 1 Ha HUX BMeCTe 0TBOAMTCA 4 akageMUYeCcKmUX Yaca.
O6cyKaeHne CXOAHOM 3aaaun
Ha nepBoit cTpaHuue pasgena obcykgaetca maTepuan O 3HadeHuu
YEeTbIPEXYTrONbHUKOB B CTPOMTENbCTBE, APXMTEKTYpe, rpafoCcTPOUTENIbCTBE M
reogesun, B o06pasuax [OeKOpPaTMBHONO MCKYCCTBa, a TaKe 3ajada, VAN | |
NpeasioXKeHHas Kak nepsoHadasbHaa npobnema. O6cyxAaeTca HaxoxaeHue % , %:

BTOPOW AnaroHann pomboBUAHOro y30pa Ha KOBPe, eC/iv U3BECTHbI ero nJouwaab
W OJIMHA OOHOW M3 OMaroHanel, a TakKe Yrabl Mexay CTopoHamu. Ha nepsom
YPOKe OTBETbl MOTYT ObITb HEMOJ/IHbIMW, MOCKO/IbKY HEKOTOPbIE CBEAEHUA O pombe
eLLé He U3BECTHbI YYEeHUKaM.
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TEMA 5.1. HayanbHble NOHATUA reomeTpumn

MNobyxaeHue

C yyeHMKaMM pacCMaTpPUBaIOTCA Pas/iMuHble reoMeTpuyeckmne Gurypbl cpeam npeameTtos B
Knacce, obcyxaatotca GopmMbl CTeH, NoNa, ABEPEN U OKOH, KHUT, AOCKU, GUrYp Ha CTeHe.
OTpesKku 1 BepLWMHbI, 06pasytolme 31 GUrypbl, OTMEYAIOTCA YYEHUKAMM.

3afaHunA, NpeAcTaBieHHble B WMCCeA0BaTENbCKOW YacTW, BbIMOJHAIOTCA ydeHuKamu. Llenbio asnsetca
3HAaKOMCTBO YYEHMKOB C aKCMOMamMi O MPAMOI. Ha nncte nam Ha OOCKE OTMeuvaeTcsa TO4YKa, BbICKa3blBaeTca
MHEHME O KO/IMYECTBE MPAMbIX, NPOXOAALLMX Yepes 3Ty TOUKY. 3aTem MPOoBOAUTCA MpAMan Yepes ABe TOUKY,
BMeECTe C y4eHNKaMm 06CyKaaeTca eé eANHCTBEHHOCTb. M3 TOUKM, He nexalleil Ha NPSAIMOi, MPOBOAATCA NPSAMbIE,
nepeceKalolme Uan He nepecekaroume AaHHY NPAMYIO, U BbICYLWIMBAIOTCA MHEHMSA O UX KOJIMYECTBe.

B K/1accax ¢ TEXHUUYECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTh MHTEPAKTUBHbIE 3a4aHuA:
https://www.geogebra.org/m/a3asarsq https://www.geogebra.org/m/nhebw3qp
https://www.geogebra.org/m/gtwxtmmn

m FeomeTpuueckme GpUrypbl U OCHOBHbIE NOHATUA
Mpocipancroemse Macckme

Suryps Quryps

[aétca Hpopmauma O BO3HUKHOBEHWM HayKM FEOMETPUM M O FeOMETPUYECKMX % g
durypax. OTPe3oK, OKPY>KHOCTb, TPEYTO/IbHMK, YETbIPEXYTObHUK, Kyboua, npusma u - @
Ap.  reomeTpuuyeckue  GpuUrypbl  40BOAATCA A0  BHUMaHMA  YYEHMKOB. :
MpocTpaHCTBEHHbIE U NAOCKMUE GUrypbl MOTYT BbITb HArNAAHO NPOAEMOHCTPUPOBAHbI
yyeHuKam. MNoKasbiBaeTca ¢ NOMOLLBIO MPOCTbIX MoAenei (HUTb, AuctT bymaru, cnen, r
Mesna M T.A4.), YTO TOYKa, MPAMas M MNOCKOCTb ABAAIOTCA MepBOHaYasbHbIMM
HeonpeaenseMbiMM  MOHATUAMM  TEOMETPUM, TNpPU  ITOM  OTMevYaeTca  Uux Fhocoe

GECKOHEYHOCTb M OTCYTCTBME TOAWMHBLI. C NOMOLLLIO 3TMX MOHATMI [0BOAUTCA

onpeaeneHne oTpesKa.

K cBegeHunio yuntena! Yuutenb MoxKeT TakKe 06CyauTb C yUeHMKaMM ONpeaeneHns iyya, yrna, OKpY»HoOCT u
ApYrmx npocTbix duryp 8 popme Bonpoc—oTeeT. [Mpu popMmynnpoBKe 3TUX onpeaeneHnin obpallaetca BHUMaHue
Ha UCNO/Ib30BaHWE NEePBOHAYa/IbHbIX MOHATUI. YUUTE/b AOMKEH CTPEMUTHLCA K TOMY, YTOBbI YYEHUKN NOHAIN, UTO
KakJ0My HOBOMY NMOHATUIO B FEOMETPUM A3ETCA onpeae/ieHme C NOMOLLbIO PaHEe N3BECTHbIX MOHATUNA.

B Knaccax ¢ TEXHMYECKMMM BO3MOXHOCTAMM MOMKHO MCMO/1b30BaTh MHTEPAKTUBHbIE 3a4aHNA:
https://www.geogebra.org/m/pd7B9Y97,
https://media.pearsoncmg.com/intl/pec/school/mathtv2/global/pcmg/math_tools/geometry2d/index.html

1. a) O6bACHAETCA MO PUCYHKY, UTO KaXKaan TOYKa, fiexkallan Ha npamoii, obpasyeT Asa 4 B C D
Jlyya C HayaNoM B 3TOW TOUYKe. YUEHMKM, YKa3biBan Ha3BaHWUA NydYen, onpeaenstor ux

Konuyectso. Touku A, B, C u D o6pasytoT 8 nyyeit.

6) WM3BecTHO, YTO [ABe TOYKM Ha MNPAMOW BMeCTe C BHYTPEHHEeW 4YacTbio 06pasyloT oTpesok. OTpeskw,
obpasoBaHHble nonapHo Toukamu A, B, Cu D: AB, AC, AD, BC, BD u CD.

2. B 3TOM 3a4aHMNMN BCMOMUHAIOTCA M3BECTHbIE YYEHUKaM onpeaeneHuns yrna, BUCCeKTPUCHI Yraa, CMEXHbIX Yri0B,
paauyca U meamaHbl TpeyronbHuKa. ObpallaeTca BHUMaHWe U 06CyXKaaeTcsa, Kakne nepsBoHadyasibHble MOHATUA
MCMNONb30BaHbl B 3TUX onpegeneHunax. s HarnaAHOCTM NONe3HO MCMo/b30BaTh cxemy. Mocne dbopmyanpoBKu
onpeaeneHus y4eHNKN CoeaAnHAIT IMHUAMM NOHATUA, UCNONb30BAHHbIE B HEM.

g Tonxa

]

Npauan

a) Yron 6) buccektpuca yrna B) CMeXHble yribl r) Paguyc 4) MeaunaHa TpeyronbHuKa

L]
Touyka MnockocTb

MNpamas
CENIET Avcroma
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LlenecoobpasHo AaTb AONOAHUTENBbHYO MHbOPMaLMIO 06 NCTOPUM BO3HMKHOBEHUS reomeTpun. ObcyRpaeTca
TPYyA ApeBHerpedyeckoro y4éHoro EBkamaa «Hauana» (The Elements), xuswero B lll Beke A0 Hawel 3pbl, 1
npeanoXKeHHble UM 5 noctynaTtos. MHGoOpMaL Mo 0 NocTynaTax MOXKHO y3HaTb U3 MHTEPHET CTPaHUL;:
https://youtu.be/K6ER4AMHB2wWIM , https://youtu.be/gLMIFRLWILU

Yuntenb faét ceeaeHMA 06 akcMome. AKCMOMbI, NpUBeAEHHbIE B y4eOHMKe, 0BOAATCA A0 BHUMAHUA YYEHUKOB.
MOXHO TaKKe 06bACHUTL M Apyrve akcMomMbl EBKAMAA. Y Y4EHUKOB MOMKET BO3HUKHYTb BOMPOC, NOYEMY aKCMoMa
He A0Ka3blBaeTcA? AKCMOMbI CYUTAOTCA OCHOBHbBIMU YTBEPKAEHUAMM, HA UX OCHOBE GOPMYNUPYIOTCA NEMMBI,
TEOPEMbI U ApYyrue YTBEPKAEHMUA, CO34at0TCA Bonee CoXKHble TEOPUMU.

X

B 3agavax eAMHULbI ONWHBI Yalle BCEro yKasblBAKOTCA, OAHAKO B FEOMETPUYECKMX 3aJavyax MHOrAa eauHuua
O/IVHbI He MPUBOAUTCA, U A/IMHA 3aMWCbIBAaeTCA TobKo Yymucaom. Hanpumep, AB = 12, BC = 20 u 1.4. Cnepgyet
[0BECTU [0 BHUMaHMA YYEHUKOB, YTO eCn eanHMLA AJMHbI He yKa3aHa, To npeanosiaraeTcs, YTo Bce A/NHbI
BbIpaXKeHbl B OAHOM M TOWN e eamHuLe, M NPU BbIYMCAEHUAX eAuHULA He yuuTbiBaeTca. B Takux 3agadax
OCHOBHOE BHMMaHWe yaenaerca cnocoby peleHus.

3. Ha npamoit gaHbl Touku A, B C, nssectHo, uto AB =5, AC =7 n BC = 12. B 3agaHum cnpallmBaeTcs, Kakas 13
[JaHHbIX TOYEK PACMNONOXKEHa MeXAy ABYMA APYrMMW. PaccmaTpuBalOTCA pPas/iyHble Caydau. YUYEHUKM,
pacnosiaras AaHHble TOYKM Ha NPAMOW B Pa3HbIX NOMOKEHUAX, PeLlatoT 3ajaHue.

A 5B 12 C BsA 7 C A 7C 12 B
AC=7 BC=12 AB# 5

Mo KaJomy cayyalo BbICNYLIMBAKOTCA MHEHMA y4yeHUKOB. COrfacHO MOJNMOMKEHUIO Ha BTOPOM PUCYHKe
onpeaenaeTcs, YTo TO4YKa A pacnonoxkeHa mexay Todkamu B C.

4. Toukm A, B n C pacnonaratotcd Ha OAHOM MPAMOW B Pas/iMUHbIX MONOXKEHWUAX. Ha OCHOBaHWM AaHHbIX
onpeaenaeTcs, YTO 3TU TOUKM He ieKaT Ha OAHOM NPAMON. TaK Kak HU B OAHOM U3 TPEX cayyYaeB AAMHA OTpesKa
AC He paBHa cymMe [iBYX [IpYyrMx OTPe3KOB.

A 18 B 30 C B18 A 22 C A22C 30 B
AB + BC # 22 AB+AC#30 AC+BC=18

5. 0 yCNnoBUio HY B O4HOM C/ly4ae CyMmMa ABYX OTPE3KOB He paBHA TPeTbeMy OTpe3Ky. Eciv 6bl 3TV TOUKM nexkanum
Ha oA4HOW NPAMOM, CyMMa ABYX U3 HUX 6bina 6bl paBHa TpeTbemy. Touku A, B n C He nexat Ha ogHol npamoin.

K cBegeHuio yuutens! YueHUKM MHOTAA NyTalOT aKCMOMY C TeOPemMon uan onpegeneHnem. Mosatomy cHavana
HeobxoaMMOo 06 BACHUTL NOHATME KMATEMATUYECKOE YTBEPKAEHMEY. LlenecoobpasHo 06 bACHUTD, KaK B KaXKA0M
YTBEPKAEHUN BbIAENATb YC/IOBUE U 3aK/TIOYEHME.

7. 370 3a4aHNe MOXKET BbINOJIHATLCA B rpynnax. Kaxaas rpynna Ha OCHOBE YC/1I0BUA B J@aHHOM NMYHKTE OnucbisaeT
B3aMMHOE PacrooXKeHMe YeTbIPEX NPAMbIX.

a) A 6) B B) 5 r) N
C
C F

Y 4eTbIpéx NPAMbIX eCTb 3 Y YeTbIpEX NPAMbIX eCTb 4 Y 4eTbIpéX NpAMbIX eCTb 5 Y YeTbIpéx NpAMbIX ecTb 6
TOYKM NepeceyeHusn: ABe U3 TOUKM NepecedeHna: npamble TO4EK Nepeceyenna: nge us ToYeK nepeceyeHmna: Kaxaasn
NPAMbIX NapaniesbHbl, a TPU  NOMAPHO NapanaenbHbl, U NPAMbIX NapainenoHel, a ABE 13 NPAMbIX NepeceKkaeT

nepeceKaloTca B OAHON Kasgan npsAman nepecexkaet Lpyrue nepecekaloTcs. OCTaNbHbIE TPU.
TO4Ke. Age gpyrue.

JloXKHble npeacTaBNeHUA, BO3HUKAIOWME Y YYEHMKOB. YUEHMKM WMHOr4a AOMYCKaloT OWMBKKM, onpeaenss,
nepeceKaloTcs M NPAMbIe, ONUPAaACb Ha UX n3obparkeHne. OHU JONKHbI YYUTLIBATb, YTO NPAMblE BECKOHEYHDI,
W [aKe eciv Ha PUCYHKE He BUAHO MX NepeceyeHmns, HyXKHO NPeACcTaBUTb UX NPOAOIKEHUSA (€C/IU 3TO BO3SMOKHO)
M NOHMMaTb, YTO OHU NepeceKatoTcs.
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OnpepaennTe B3aMMHOE Pacro/oKeHUe AaHHbIX IPAMbIX. N\
k
n
a —
0 S *
JloxkHo Mpsamble a n b, gaHHble Ha PUCYHKe, NepeceKaloTcs, Tak KaK Y HUX eCTb TOUKa nepeceyeHms: Touka O.
Mpamble M 1 n, a TakxKe k M p He NepeceKaloTca, Tak KaK y 3TUX NPAMbIX HET TOYKM NepecedeHus.

BepHO Kaxaan napa npambix a u b, m u n, k v p, AaHHbIX Ha PUCYHKe, NepecekaeTcsa. XOTA Ha PUCYHKe He
BUAHO TOUYKM NepecedeHns Npsambix m 1 n, k U p, UX NpoAoKeHUs NepeceKatoTcs.

Yyutenb 06BACHAET MOHATME «Teopema» W PacKpbiBaeT eé cywHocTb. Jaétca uHpopmauma ob ycnosum m
3aKkaloueHun Teopembl. C  yyeHMKamum obcyKpaeTca Bonpoc  «loyemy Teopema [oKasblBaeTca?».
MoayepKMBaETCA, YTO MaTeMaTUYECKUE YTBEPMKAEHNA ONUPAIOTCA HE Ha MPEeAno/IONKEHUA, a Ha JIOTMYECKMe K
TOYHbIE [0Ka3aTe/bCcTBa.

Mpw AOKa3aTenbCTBe NpUBEAEHHOrO B yYebHMKe NpMmMepa TEOPEeMbl O «CBOMCTBE BHELUHEro Yraa TPeyrosbHUKa»
obCyRAaeTCA Kaxaoe paccy:KaeHne, 06bACHAIOTCA YacTW YCNOBUA U 3aKN0HeHMA. KOMMEHTUPYIOTCA MOHATMA
«CneacTeme» n «obpaTHas Teopema», NojlyyaemMble U3 TeopeMbl. Pasninume mexkay akcMOMOMN 1 TEOPEMOIN MOXKET
6bITb O6BACHEHO YHEHMKAMM MPU NoAAEPKKe yumnTens. Npu goKasaTenbCcTBe TeOPEeMbl MOJIE3HO UCMO/b30BaTh
MHTEPaKTUBHYIO AeATENbHOCTb:
https://www.mathspad.co.uk/interactives/interiorExteriorAnglesTool/exteriorTool2.php

9. B aTom 3agaHum dopmynunpytotca obpaTHble yTBEpXKAEeHUA K AaHHbIM. O6CyXAaeTca UCTUHHOCTb CaMoro
yTBEepXAeHUA U ero obpaTHoro.

a) Yenoeue: allb we O6patHoe Ycnosue: ¢ cexywaam £1 =
CceKyuas. yTBepaeHue /2

3aknioyeHue: al|b.

YTBep:xaeHue
3aknioverue: L1 =22,

B oblwem Buae obpaTHoe yTBEpP)KAEHME MOMKHO 3anmncaTtb Tak: ec/iv Npu nepecevyeHmmn AsyX NPAMbIX TPeTbei
06pa3oBaBLIMECA HAKPECT NexKallme Yribl KOHFPY3HTHbI, TO 3TW NPAMblE NapasiebHbl.

6) Yenosue: (a+b +...+¢):3=n. ObpatHoe 0 o 7b c:3=k
— TBEpH OEHUE - : ; : e
YreepmaeHue 3akatodeHue:ab...c:3=m MR 3akntoverue: (a+b +...+¢):3=¢
1 WU m HaTypanbHble YuCna. kw g HaTypanbHble YUCna.

B ob6wem Buae obpaTHOe yTBEPKAEHME MOXKHO 3aMMCcaTb TaK: eCU YUCI0 AeNnTCA Ha 3, TO U cymma umdp aToro
ymcna genutca Ha 3.

OuddepeHumnposaHHoe 0byueHue

Moddepika. YueHUKam npegnaraiotcs yreepwaenus: “Ecama=b, o a2 =b?”, “ecoima=Db, 1o a®>=b*.
3anuiuTe obpaTHbIE YTBEPKAEHUA U 0BOCHYITE, BEPHbI OHM UM HET.

YanybneHue. «Y paBHOBeApEHHOro TPeyro/ibHMKa yrbl NPU OCHOBaHMM paBHbI», «CyMMa CMeXHbIX Y108 paBHa
180°». [loKaxuTe 3T1 TeopeMbl M 0BOCHYIITE, BEPHbI M MX 06paTHbIE YTBEPXKAEHMA.
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Jlo)kHble NpeacTaBieHUs, BO3HUKAIOWME Y YUEHUKOB. YUEHUKM MHOrAA 3ayyMBaloT Teopemy, HO 3abblBatorT,
noyemy OHa BepHa M KaK OHa [0Ka3blBaeTCA, HEe MOHMMAIOT Ba’KHOCTU AOKasaTe/bCcTBa. MHOraa oHuW nytatoT
YCI0BME M 3aK/0YEHUE B TEOPEME UAN KAaKOM-TMBO YTBEPXKAEHMU, @ MHOTAA CUMTAIOT, YTO €CAN Teopema Uan
yTBEPKAEHME BepHbl, TO BEpHO M obpaTHoe yTBep:KaeHue. OAHaKo uUenecoobpasHo 06OCHOBLIBATL Ha
npumepax, YTo 0bpaTHoe yTBEepPKAEHME He BCEraa BEPHO.

3anuwmnte obpaTHoe yTBEPKAEHNE M 0OBACHUTE, BEPHO OHO MM HeT: «Ecan Yyncno genntca Ha 6, To OHO
LeNnTcA 1 Ha 3».

JloxkHo ObpaTHoe yTBep:KAeHUe: «ECM YMCNo AeNnTca Ha 3, TO OHO AeNUTCA U Ha 6». ITO yTBEpKAEeHMe
BEPHO, TaK KaK ABAAETCA 06paTHbIM K NpeablayWemMy yTBEPHKAEHMIO.

BepHo O6paTtHoe yTBepskaeHue: «ECan unmcno genutca Ha 3, TO OHO AeAUTCA U Ha 6». ITo yTBepXAaeHue
HEBEPHO, TaK KaK 414 AeNMMOCTU YMCa Ha 6 OHO J0/KHO AeNNTbCA TaKKe Ha 2. OgHAKOo He Bce Yncna,
Aenauwpeca Ha 3, genatca Ha 2. Hanpumep, umcna 15, 21, 33 n 1.4. fenatca Ha 3, HO He AenATca Ha 6.

TEMA 5.2. YeTbIp€XYrosibHUKH

MNobyxaeHue

O6cyxaaloTca npeameTbl BOKpYr, umetowme ¢GopmMy 4YeTblpEXYronbHMKa, 3a4aloTca Bomnpocbl o dopme M
CBOWCTBAX 3TUX NpeamMeToB: «Kakyto popmMy MMeET 3TOT NpeameT?», «[TOKaXK1Te ero CTOPOHbI, BEPLIMHbI, YFbI»,
«HasoBuTe cxoacTBa U pasanumsa Gopm duryp» u T.4. MHEHUA yueHMKOB 06CyaatoTcs.

Yuutenb npegnaraer y4yeHMKaM HauepTUTb TPaneLuto Ha NAOTHOM Bymare. Yribl [
3TOW Tpaneuuu BbIPe3aloTCA TaK, KaK MOKas3aHO Ha pucyHKe. Mpu BbipesaHum
YI/I0B YUMTbIBAETCA PAaBEHCTBO /[I/IMH COOTBETCTBYIOLMX CTOPOH. BbipesaHHble | g
YIbl Pa3MeLLaloTca Tak, 4Tobbl X BEpPLIMHbI COBMajanW, Kak MokasaHo Ha |
puCyHKe. BbICNYLLUMBAIOTCA MHEHMUS YYEHMKOB O CYMME MOJTYYEHHBIX YII0B

B Knaccax ¢ TeXHUYECKMMM BO3MOMKHOCTAMM MOXKHO MUCMO/b30BaTh MHTEPAKTUBHYIO AEATENbHOCTD!

https://www.geogebra.org/m/wsw69srk https://www.geogebra.org/m/SwA5Q8jx

m YeTbIpEXYroNbHUK

LlenecoobpasHo, 4Tobbl yuntens, n3obpaxkas Ha AOCKe . L

maTtepuasn, NpuMBeLEHHbIM B y4yebHUKe, CONPOBOXKAAN e (pomusononoxneie/ Coceduue cmoporsi
Cocedrue sepuiumst sepuiby | cmoporst |

ero obbAcHeHnem e T

a f
——d

YueHuKn paccmaTtpuBaloT pas/inyHble cnyyau to—
coeamMHeHunn YeTbIPEX AaHHbIX TOYEK nocnesoBaTesibHbIMU oTpeskamu. ObcyxaaeTcs, | T b
YyeMm MoJlyYeHHble YeTbIPEXYrONbHUKM OTIMYAIOTCA APYr OT Apyra. A\
Yuynutenb Aa€T MHOOPMALMIO O BbIMYKAbIX W BOTHYTbIX YETbIPEXYTONbHUKAX U WX
OT/INYUTENbHBIX 0COBEHHOCTAX.

ey

K cBepgeHuio yuutens! Mpu npeaocTaBneHUM MHOOPMALMKM O YETbIPEXYrONbHMKAX LenecoobpasHo Hapsay C

BbINMYKABbIMU  YeTbIPEXYrONbHUKaMU  NOAPOGHO AaBaTb CBEAEHWA WM O  BOTHYTbIX ¢ ~a
YeTbIPEXYroNbHUKax. MonesHo NpegocTaBuTb MHGOPMAULMIO O CTOPOHAX, BEpLUMHAX, Yraax, ]
AMAroHanax v T.4. HEBbINYKAOrO (BOTHYTOro) YeTblpPEXYroNbHWUKA UK NPOBECTM 06CyKaeHWe No <o
3TOMy MOBOAY C Y4YyeHMKamMU. B KauecTBe MNpuUMepa MOXKHO CKasaTb, UYTO BOTHYTbIA :{s

YeTbIPEXYTONbHUK NOXOXK Ha ByMepaHr UAN Ha HAKOHEYHUK CTPEesbl, KOMbA.

B Knaccax ¢ TeXHUYECKMMM BO3MOXKHOCTAMM NOME3HO UCMONb30BaTh MHTEPAKTUBHYIO AEATENbHOCTb:
https://phet.colorado.edu/sims/html/quadrilateral/latest/quadrilateral_all.html?locale=az
https://www.geogebra.org/m/epyr943a, https://www.geogebra.org/m/ujzzdcst

1. Mpu peLleHnn 3Toro 3aJaHna MOXKHO UCMO/Nb30BaTb UHTEPAKTUBHYIO AeATeNbHOCTb:
https://www.geogebra.org/m/ncykVxTJ
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2. YYeHMKM NoKasblBatoT Tpebyemble 31eMeHTbl YeTbIPEXYrONbHMKA. 3a4aBasA AOMNOHUTE/IbHbIE BOMNPOCHI, MOXHO
CMPOCUTb Y YYEHWNKOB U APYr1e 31eMEHTbI YeTbIPEXYrobHMKA.

W Cymma yrnos 4eTbIpEXyrosibHUKA

Mpu npegoctaBneHUn UHGOPMALMM  yyeHWKam 06  yrae,

06pa30BaHHOM MeXKAy COCeAHUMMU CTOPOHAMM YETbIPEXYrObHUKA,

06pallaeTcA BHUMaHMe Ha TO, YTO STOT YION HA3bIBAETCA  Kauniii gHyTpeHHMI  OZMH BHYTPEHHMIA
BHYTPEHHWMM YII0M, M 0BbI4HO, FOBOPA 06 yrie YeTbIPEXYTONbHUKA,  yron meHblue 180°. yron 6onblue 180°.
NoApa3symeBaloT ero BHYTPeHHUI yron. COBMECTHO C y4eHMKamu

NCCNeaytoTca BHYTPEHHME YI/bl BbIMYKAbIX M BOTHYTbIX YETbIPEXYroNbHUMKOB, 06paLLaeTca BHUMaHWE Ha TO, YTO
OHM MOryT 6bITb 60/bLIe MAK MeHbLie 180°. Teopema O CyMmme YI/10B YeTbIPEXYrONbHUKA AOKa3blBAETCA BMeCTe
C YYEeHUKamu.

K cBegeHuio yuutena! O6bacHeHME AOKA3aTeNbCTBA TEOPEM U YTBEPIKAEHWNIA B FEOMETPUUYECKUX TEMAX, @ TaKKe
MX COBMECTHOE 0bCyXAeHWe ¢ ydeHKamu umeeT ocoboe 3HaveHue. B npouecce foKa3aTenbCTea LeecoobpasHo
0bCcyKAaTb C YyYyeHWKamu YCTaHOBAEHME MNPUUYUHHO-CNEACTBEHHbIX CBfA3el, obecneyeHne NOrMYECKOM
nocnen0BaTeIbHOCTU PACCy}KAeHUI 1 060CHOBaHME CeAyIOLEro YTBEPKAEHUA Ha Kaxkaom sTane. O6bacHeHne
[0Ka3aTeNbCTBa KaXKa0M Teopembl NomoraeT GopMUPOBaHMIO Y YYEHNKOB HaBbIKOB CAMOCTOATENIbHOTO PeLLeHnn
33434 Ha A0Ka3aTeNbCTBO.

Teopema O CcymMme VYIJI0B YeTbIPEXYrONIbHWKA  [OOKasblBaeTcA  ANA  BOTHYTbIX
YeTbIpEXYroNbHUKOB. LlenecoobpasHo, YTobbl 3TO AO0KA3aTENBCTBO YYEHUKU BbIMOJHUAN
camocToATeNibHO. [ns 3Toro nposoAuTcs AnaroHanb (amnaroHanb BD), pacnonoxkeHHas
BHYTPU YETbIPEXYroNibHMKA, M HA OCHOBAHWW CYMMbl BHYTPEHHWX YI/0B MOJAYYEHHbIX
TpeyronbHukos ABD wn BDC pgokasbiBaeTcd, 4YTO CymMma Yr/IoB  BbIMYK/0OrO
YeTbIPEXyrosibHUKa paBHa 360°_

(L1+ L2+ £3)+ (L4 + L5+ £6)=180° + 180° = 360°
L1+ (L2 + 45)+ L4+ (43 + £6)=360° — LA+ LB+ £C+ £D =360°.

4. B 3TOM 3343aHWN, KaK U B NpUBESEHHOM NPUMEpPE, COCTaBNAETCA YPaBHEHME U, PELLUB
ero, onpeaenaeTca Hem3BecTHbIM yron. B) 82° + 103° + X+ 15° + X=360° — X = 80°

5. B) Mo AaHHbIM, NPUBEAEHHBIM HA PUCYHKe, HaxoaAatca Tpebyemble yrabl. Mcnonb3lys
TEeopemy 0 CyMMe Yr/10B YeTbIPEXYroNIbHUKA, 3anNucbiBaeTcs ypaBHeHue. B TpeyronbHmke ADT < ’
Z/DAT = 180° — (75° + 65°) = 40°. Mockonbky AT 6uccektpuca, To ZBAD = 80°. B ¥
Toraa 3 ypasHeHus 80° + 65° + X+ 15° + X = 360° nosyyaem X = 100°.
CneposatenbHo, BIBAD = 80°, ZC =100°, ZB=115°".

0

BHeLlHNe yrAbl BbIMYKAOrO YeTbIPEXYrO/ibHMKA MOKAa3bIBAKOTCA YYEHMKAM Ha PUCYHKE,
0b6bACHAOTCA KX cBoicTBa. O6pallaeTcs BHMUMaHME Ha TO, YTO NOA BHEWHMM YI/IOM
noApasymeBaeTcs OAMH 13 TaKMX YI/I0B NPU KaxKaoM BepLlunHe.

[

M3BecTHO, 4YTO MypaBel, ABWUraacb BAO/b CTOPOHbI YeTbIPeXyroNbHUKa, B KaXAoM yray
NMOBOPAYMBAETCA Ha BE/IMUMHY BHELLHErO YrAa U NPOAOXKaeT CBOM NyTb. Bce noBopoThl B
YeTbIpPEX yrnax BHOBb BO3BPALLAOT MypaBbA K MepBOHA4Ya/ibHOMY HanpaB/eHUIO, TO ecTb
MypaBen CoOBepLUAET NOJHbIM 060pOT. MOCKONLKY NOHBIN 060pOoT paBeH 360°, TO U cymma
BHELUHMX yrnos paBHa 360°. 34ecb N0NE€3HO UCNONL30BaTbh MHTEPAKTUBHYIO AEATENbHOCTb:
https://www.geogebra.org/m/buvebwpf
https://www.mathspad.co.uk/interactives/interiorExteriorAnglesTool/exteriorTool2.php

7. YunTtenb MOXKeT 3a4aTb y4EeHNKaM B KayecTBe rpynnoBoi paboTbl uaun paboTbl B Napax HaxoxAeHue rpagycHbIX
Mep BHELUHWX U BHYTPEHHUX YI/10B YeTbipexyroNbHUKa N0 UMEHLMMCA AaHHbIM.
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74° + X+ 38° + 106° + X = 360°
2X=142° — x=71°
BHewwHwue yrabi:

X+ 2X—10° + X + X + 10° = 360°
5x=360° — x=72°
BHewwHwue yrabi:
74°,71°,106°,109°. 72°,82°,72°,134°,
BHyTpeHHue yrabi: BHyTpeHHwMe yrnbi:
106°,109°, 74°, 71°. 108°, 98°, 46°, 108°

8. [laHo, 4TO rpaZlycHble Mepbl BHYTPEHHWUX Yr/10B BbIMYKAOr0 YeTbIPEXYrosibHUKA HaXoAATCA B OTHOWEHUN 3 : 4 :
5:6.Yuntenb HanpasaseT BHUMaHWE YY4EHUKOB HA 3HAHMA 06 OTHOLIEHUN. YUEHUKU, UCXOAA U3 NPaBMUAA AeNeHUs
Lenoro B 3a4aHHOM OTHOLUEHWW, BblPasKaloT rpadycHble Mepbl BHYTpeHHMX yrnoe Kak 3K, 4k, 5k n 6k u
COCTaBAAIOT YypaBHEHMe.

3k + 4k + 5k + 6k = 360° — k = 20°. BHyTpeHHMe yrnbl 3TOro YeTbIPEXYro/ibHMKa pasHbl 60°, 80°, 100°, 120°, a
BHELUHME yI/bl COOTBETCTBEHHO paBHbl 120°, 100°, 80°, 60°.

9. YT0b6bI l0KA3aTb, YTO B HEBbLIMYK/IOM YeTbIpEXyronbHuke £5 = £1 + £2 + £3 0 yuntbiBaeTcs, i

4YTO CyMMa rpagycHblx mep £4 n £5, npnseaéHHbIX Ha pUCyHKe, pasHa 360°. 5()4
L1+ 42+ /3 + Z£4 =360°. 3aeck yuntbiBaeTca, uto £4 = 360° — /5. 3
L1+ 42+ £3+360°—-£5=360°—> A5=L1+/2+ /3.

Jlo}KHble npepacTaBNeHUs, BO3HUKAIOLWME Y YYEHUKOB. YYEHUKN B BOTHYTOM YETbIPEXYro/ibHUKE OWMOBOYHO
NPUHUMAIOT YroN Z4 He KaK BHYTPEHHWI yro, a yron £ 5 — Kak BHYTPeHHMUI. HeKoTopble YYEeHWKU TaKKe

18

MpoBeguTe AMaroHanun AaHHOTO YeTbIPEXYroNbHUKA. Ha OCHOBE TOro, NpuHaanexar au
NOJlyYeHHble TPEYroIbHUKM 3TOMY YETbIPEXYrOIbHUKY, ONpeaenmnTe, ABAAETCA /M OH
BbIMYK/IbIM UN BOTHYTbIM.

YeTtbipéxyronbHuk ABCD: coeauHsatoTca BeplumHbl B D,
JIOXHO nnosoguTes Anaronans BD. MonyyerHbie TpeyronbHukn ABD u A B C
BDC npuHagnekat 4eTblpéxyronbHuKy. CreaosatenbHo, D

yeTbipéxyronbHuk ABCD saBnseTtca BbiNyKAbIM.
C

BepHo CoeamHsAOTCA BepLUMHbI YeTbipéxyronbHuKka B u D, nposoanTtcs guaroHans BD. A B
MonyuyeHHble TpeyroabHUkn ABD 1 BDC npuHaaneskat YeTblpEXYronbHMKY. D
OpHako 3aTem coeanHATCA BeplwnHbl A n C 1 NPOBOAMTCA ANaroHanb.

MonyuyeHHble TpeyronbHUkn ADC n ABC He NpuHagNexKaT YeTbIPEXYrONbHUKY.

CUYMUTAIOT, YTO NPU NPOBEAEHUN AMAroHaNeiN B BOTHYTOM YETbIPEXYTroNIbHUKE, KaK U B BbINYK/JA0M, NOAyYaeTcsa 48a
TpeyronbHuWKa. 1A ycTpaHeHUs TakKMX HEBEPHbIX NPeACcTaBieHul LenecoobpasHo OTAe/IbHO NOKa3aTh Kaxabli
BHYTPEHHWIA Yron, a TaKXKe BW3yaNbHO M306pasuTb, YTO AMaroHailb, PACMONOXMKEHHAs BHE BOrHYTOro
YeTbIPEXYro/ibHMKa, 06pasyeT TPeyro/ibHWK, He NPUHAAIEKALLNIA STOMY YETbIPEXYTONbHUKY.

10. Yuutenb MOKeT A4aTb yYEHMKAM CAMOCTOATEIbHOE 3a4aHNe — HANTU rpagyCHYIO0 Mepy HEM3BECTHOrO yraa no
OaHHbIM, NpUBeAEHHbIM Ha pPUCYHKe. 34ecb 06pallaetcd BHMMaHME Ha MCMO/Ib30BaHUE YTBEPMKAEHUSA,
[0Ka3aHHOrO B NpeablayLiem 3a4aHnu.

OV JETI | 3304270 4+ x=110° O S acot0 | 347+26°+X=2x-10°
10| x=110°= 60° — x= 50° e | X=70°, 2x—10° = 130°
X

11. B sTom 3agaHumn Tpebyemble BeAWMUYMHbI HaAXOAATCA MO3TanNHO. YuuTenb AO/KEH
HanpaBWUTb BHMMaHME YYEHUKOB Ha TO, YTO OTBET Ha KaxApll CneayoLmii BoNpoc ABaseTcA
NpoAoKEHNEM OTBETA Ha NpeAblAyLLuniA BONpPOC.

® /13BeCTHO, YTO CYyMMa BHYTPEHHMX YI10B BbIMYKA0ro YeTblpéxyronbHuka ABCD paBHa 360°.
Torpa mokHo 3anumcaTb 84° +102° + ZA+ £D =360° . Otctoga nonydyaem LA+ /D = 174°.
e Mockonbky AM 1 DM — 6uccektpuchl, yron MAD paBeH nonosuHe yrna A, a yron MDA — nonosuHe yrna D.
Torpa ZMAD + ZMDA= (£A+ £D) : 2 =87°.

* YUnUTbIBAETCA, YTO CyMMa BHYTPEHHMX YI/10B TPEYro/ibHMKa pasHa 180°: LM = 180° — (£ZMAD + ZMDA) = 93°.

OunddepeHumpoBaHHoe 0byueHne
lNoddepKa. YH4eHUKaM NpPeanaratoTcAa KapTOYKU C M30OparKEHHbIMM YeTbIPEXYrosibHMKaMKU, UM Mopy4vaeTca
onpeaennTb, ABNAKOTCA I OHW BbINYKAbIMWU UK BOTHYTbIMKU. OTBETbI 060CHOBbLIBAIOTCS.
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YenybneHue. YyeHVMKaM NOPYYAETCA HAYEPTUTL TAKOW YETbIPEXYrONbHUK, YTOBbLI €ro AMaroHaAun nepecekanucb
nNn He nepecekanncb. OBBACHAETCA, B KAKOM Cydae AMaroHaAn He nepeceKkaloTcs. Mccneaytotca Bonpoch:
«Pasgensert an gMaroHanb BOrHYTbIN YETbIPEXYTONbHUK Ha ABa TPeyroabHUKa? Movemy?»

e iy : _J —106°
.. Y 4
13. KakK BMAHO U3 PUCYHKa, YINLbl NepeceKkaroTca B d)opme BbIMYKNOro 4YeTbipexyroibHUKa. J g\\ \)“PKM
74" : 112°
YyeHuKn pewarT 3agady, ncnonblya Teopemy O CyMMe  BHYTPEHHUX  Yrnos % 128("_ o
‘-IETblpéXerfIbHVlKa. %i
e Ha nepecevyeHnun ynuy ((qMHapflbl» n ((Hapflbl» O6pa3yf0TCF| YeTblpe yrna, I'IpMLIéM “.\\aa?""“ §

BEPTUKANbHbIE YI/bl PaBHbl. 3TN YrAbl ABAAIOTCA BHYTPEHHUMU U BHELUHUMWU YrAamM
YeTbIPEXYroibHWKa, 06pa3oBaHHOro Npu nepeceveHnn. NMpu HaxoXK4EeHUN BHYTPEHHETO
yrna n3 360° BbIYMTAETCA CYMMa OCTa/ibHbIX BHYTPEeHHMX yrnos: 360° — (74°+ 68° + 90°) = 128°. [jpyro yron,
NOJIyYeHHbIM Ha NepecedyeHum yauL, «YMHapabi» U «Hapabi», paBeH 52°

e ABTOMOGM/Ib KPacHOTO LBETa A0/IKEH NOBEPHYTb HanpaBo Ha yanuy «KoHaanaw» nog yrnom 180° — 74° = 106°.

* ABTOMOOUAb }KENTOrO LBETA MOBOPAYMBAET HANEBO Ha yauLy «Ynyeknn» nog yrnom 180° — 68° = 112°.

3pecb obpallaeTcs BHUMaHWE Ha TO, YTO NMOBOPOT OCYLLECTBAAETCA HA BE/IMYMHY BHELLHErO yraa.

14. [laHo, 4TO NEepMMETP UIPOBOMN NIOLWAAKM B GOpMe YeTbIPEXYronbHMKa paBeH 24 m. CHayasna no nepumertpy
COCTaBNAETCA YypaBHEHUE U HaxoaAnTca X:

X—4+X+3+X+1+X=24 > X=6.

e [11MHbI CTOPOH NAOLWAAKN PaBHbI: 2 M, 9 M, 7 M 1 6 M.

® /lcnonb3yeTca CyMma BHYTPEHHUX YI10B YETbIPEXYTONbHUKA:

L3+ /4 + L1+ £2 =360°. EcnmyyecTb, uto L3+ £4=L1+/2n/L1=./2,70
2(£L1+ £2)=360°—> 4 -£1=360°—> £1=90°.

CnepoBatenbHo, 1= /2 =90°.

* Y106bI HAalTK NNOLWAAb NOLWALKN, COeaMHATCA BepLMHbI A U C M HAaXoAATCA NAOLLAAM NOSYYEHHbIX
NpPAMOYronbHbIX TpeyronbHUkos ABC 1 ADC, KoTopble 3aTem cknagpiBatoTcsa: S=(2-9:2) +(6-7:2)=30.
Otset: 30 m2.

¢OpMaTMBHOE oueHuBaHue

KpuTtepum oueHusaHusa Matepuanbl oLeHMBaHUA
O6bACHAET, YTO TOYKA, NPAMAN IMHUA U NNOCKOCTb ABAAIOTCA YyebHUuK

nepBoHa4YaAbHbIMW NOHATUAMM.

Pa3bAcHAET 0T/IMYME aKCMOMBbI OT TEOPEMDbI, NPUBOAA NPUMEPDI. YyebHuK, PT

MpuBOAUT NpUMeEpPbI NPAMbIX M 06PATHbLIX TEOPEM. Y4yebHUK

PasnunyaeTt BbiNyK/ble U BOTHYTble YeTbIPEXYTrO/IbHUKMN, Ha3bIBaA UX YuyebHuk, PT

CBOMCTBA.

PelwaeT 3aga4y Ha NPUMEHEHME CBOMCTB YETbIPEXYro/ibHUKA. YuebHuk, PT, paboume nucTsbl

TEMA 5.3. Napannenorpamm

NOACTAHAAP 7-3.3.3. lNpumeHAeT CBOMCTBA Napannenorpamma, pomba, npaMoyro/ibHUKA, KBagpaTta 1
Tbl Tpaneuuu.

¢ NlpYMeHseT CBOWCTBA CTOPOH U YI/I0B NapanieniorpaMmma.

LENN o o

* [[pMMeHseT CBOMCTBA AMaroHanein napanienorpamma.
OBYUYEHUA

e O6bACHAET NPU3HAKKM Napanienorpamma.
NPUHAONEX
HOCTM Paboune nnctbl, KapTbl, paboyasa TeTpasb

U3yyeHune: https://www.geogebra.org/m/dKeHAUE3, https://youtu.be/TEr)-Yr67BI
https://phet.colorado.edu/sims/html/quadrilateral/latest/quadrilateral_all.html?locale=az
3/IEKTPOHHbI 3apanue: https://nrich.maths.org/problems/parallelogram-it
E PECYPCbI https://nrich.maths.org/content/id/15164/Parallelogram%20It%20printable%20sheet.pdf
https://media.pearsoncmg.com/intl/pec/school/mathtv2/global/pcmg/math_tools/geome
try2d/index.html|
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MNobyxaeHue

Yuutenb npeacraBnseT ydeHMKam Ha pocke TpeyronbHUMK ABD. YyeHukam
nopyyaeTtca M3 BepwUH B u D 3TOro TpeyrosibHWKa MNPOBECTU OTPE3KM, A

napannenbHble COOTBETCTBEHHO cTopoHam AD u AB. Yuutenb obpallaertcs K A D AL{
Knaccy ¢ Bonpocamu: «KakoBo B3aMMHOE PacnosioxKeHne CTOPOH NOy4eHHOM

durypbi?», «PaBHbI M AIMHBI CTOPOH 3TOM Purypbl? Moyemy?», «KaK HasbiBaeTca NosyyeHHas durypa?» u T.4.

Ha paguycax Konéc, n3obpaxkEHHbIX Ha PUCYHKe, MOKa3aHbl paBHble MO AJIMHE OTPE3KM
OM wn QN. CrepeHb MN, paBHblit pacctoaHuio OQ, NPUBOAMUT KONECO B ABWUMKEHUE.
YUYeHUKM uccneayoT B3aumMHOe pacnosioxeHue otpeskoB MN m OQ U, ucxops U3
KOHIPY3HTHOCTM M NapanienbHoctTy otpeskoB OM 1 QN, 060CcHOBbIBAOT NapanienbHOCTb
oTtpe3kos MN 1 0Q.

m Mapannenorpamm u ero cBoicTBa

Mocne nobyxaeHns 1 nccnenoBaHusa yunTenb Aaét MHGopMaLMIo 0 napasanenorpamme, obpallaet BHUMaHMe Ha
ero onpegeneHve, PacrnosioXKeHne CTOPOH M TO, YTO OH AB/AETCA BbIMYKAbIM YETbIPEXYTONbHUKOM. Pucys
napanienorpamm, yumtenb AO/KEH M306parkaTb €ro B Pas/IMUHbIX MOJIOXKEHUAX, UYTOBbI YYEHWUKM MOTIN
pacnosHaBsaTb napa/ijiesiorpaMmm B lo6om Buae.

Obpallaetca BHMMaHME Ha TeOpemMy O CBOMCTBAX MPOTUBOMOJIOMHbIX CTOPOH U MPOTUBOMOIOMHbIX YI/10B
napannenorpamma. Teopema [0Ka3blBaeTcA BMECTE C YYEHWKamMM Ha OCHOBE MNPM3HaKa KOHMPY3HTHOCTM
TPEYroNbHUKOB U CBOMCTBA BHYTPEHHUX HAKPECT JIexaluux YrioB. B Knaccax ¢ TeXHUYECKMMM BO3MOMKHOCTAMM
MOXHO MCMO/Ib30BaTb MHTEPAKTUBHYIO AEeATe/IbHOCTb:

https://video.edu.az/video/5442 https://video.edu.az/video/4757

o

YyeHUKM 060CHOBbIBAIOT, YTO CYMMa NpUAEKaLLMX K O4HOM CTOPOHE yr/10B Napansienorpamma pasHa 180°. 3aecb
ncnonb3yetca ©GakT, 4TO NpWU MNepeceyeHUM ABYX MapaseNibHbiX MNPAMbIX TPETbe CYMMA BHYTPEHHMX
OAHOCTOPOHHMX Yra0B paBHa 180°.

3. B) Mo gaHHbIM, NPUBEAEHHBIM HA PUCYHKE, YYEHUKM HAaXOAAT CTOPOHbI NAapaanenorpamma u

ero nepumetp. Micnonb3ys CBOMCTBO KOHIPYIHTHOCTU NPOTUBONO/IOKHbIX CTOPOH

napannenorpamma, no AaHHbIM COCTaBAAETCA YpaBHEHMe.

X+2=2X =X =2 n2y-7=y—y=7.CropoHbl Napannenorpamma pasHbl 7 n 4, a nepymeTp

paBeH yABOEHHON CyMMe COCeaHUX CTOPOH: P = 2(4+7) = 22.

4. B 3TOM 334aHuM NO AaHHbIM onpeaenAarTca yrabl napannenorpamma ABCD. Yuutensb f@“
A D

B

——>--C

[O/DKEH HanpaBWUTb BHMMaHWE YYEHMKOB Ha CBOICTBa Yr/10B napajsienorpamma M, npu

HeobX0AMMOCTH, HaNOMHUTb MX eLle pas.

a) Ucnonb3ayeTcs GaKT, 4To Cymma [ABYX COCEeAHMX YI/I0B Napannenorpamma pasHa 180°. Ha ocHoBaHMM ycnosua
ZA: £ZD =5 : 7, npuHumaertca, uto LA = 5k, £ZD = 7k. U3 ypaBHeHusa 5K + 7K = 180° HaxoaaT nepemeHHyto k 1

yrabl: k=15, ZA=75°, /D =105°.
ﬁ
! I
-
D

C

B
BHYTPeHHMX yrnoB yeTbipéxyronbHuka AFCH un yrnos AFC, AHC onpeaensetcs, 4To F
ZA=2BCD =126° u £B= 4D =54°, y
6. TpebyeTtca obocHOBaTb, UYTO TpeyronbHUK ABT, 06pa3oBaHHbIN BUCCEKTpUCOM yraa 5
napannenorpamma, ABAAETCA paBHOBeApPeHHbIM. YuuTento LenecoobpasHo yaenutb

BHMMaHMWeE UCCNEeA0BaHMIO 3TOTO 33aHNA, TaK KaK YYEHUKN UHOTAA HEBEPHO MOHUMALOT
TOT @aKT, 4To OMUCCeKTpuca yrna B f[aHHOM ciydae ob6pasyeT paBHOOeApeHHbIN 44
TPeyronbHWK. 34ecb Ha OCHOBE CBOWMCTBA BHYTPEHHUX HaKPECT NeXalimX Yr10B U KOHIPYSHTHOCTM YroB,

npunexawmx K ctopoHe AT B TpeyronbHUKe, 060CHOBLIBAETCSA, YTO TpeyroNbHWK ABT paBHOGeApEHHbIN.
7. B aToMm 33aHum TpebyeTca npMMeHeHWe YTBEPKAEHUSA, 06OCHOBaHHOIO B

B C
npeaplaywem 3agaHun. YUntenb MOXKET NOPYYMUTb YHEHUKAM CAaMOCTOATEIbHO HalTH
Tp66y6MbIe BE/IMYMNHbI NO AaHHbIM PUCYHKaM. 3
A E o D

B nyHKTe B) no gaHHbIM Ha pucyHke AB = DC = 3. Tak kak AABE paBHobeapeHHbIn, AE =
AB=3.Torpa BC=AD =5.

5. B NyHKTe B) 3TOro 3agaHua NpPoOBOAMUTCA MCCNeAO0BaHWE MO PUCYHKY. Ha ocHoBe cymmbl
D
c
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K ceepgeHuto yuutensa! MHorga ydeHuku, nposofs BUCCEKTpWUCY yraa napannenorpamMmma, CYMTalOT, YTO B
obpasosaswemca pasHobeapeHHOM TPeyrosibHUKe 0AHOM U3 BOKOBbIX CTOPOH sABaseTcA BE. Jaa ycTpaHeHus
TaKoro oWMnBOYHOro NpPeacTaB/eHNA YUYEHUKU LO/KHbI YMETb MPaBuUAbHO OMNpPeaenaTb BHYTPEHHWE HaKpecT
Neallme yrabl Mexay ABYMA NapannenbHbiMy NPAMbIMU U CEKYLLLEN, a TAaKKe NPUIEKaLlMe K OCHOBAHWIO YIbl
1 6OKOBbIE CTOPOHbI B paBHObBeAPEHHOM TPeyro/ibHUKE.

OudodepeHumnpoBaHHoe obyuyeHue

ModoepxKka. Y4eHWKaM pPasfaloTCs KapTOUYKM C M306paxkeHMem napannenorpammos. lMpu 3agaHHbIX ABYX
CMEXHbIX CTOPOHaX M OAHOM M3 YrnoB TPebyeTcs HalTM OCTafbHble CTOPOHbI, NEPUMETP Uan yrabl. OTBETbI
060CHOBbIBAtOTCA.

YenybneHue. Y4eHUKam pa3fatoTcA KapToOUYKM C M30OpakeHMeM napaniesiorpamMmmMoB, Y KOTOPbIX 3a4aH KaKoM-
160 BHELWHWI yron. 3afaeTcA onpeaennTb BHYTPEHHME YIabl Napannenorpamma. OteeTbl 060CHOBbIBAOTCA.

Yuntenb obpaliaeT BHUMaHWe yYeHNKOB Ha TeOpeMy O CBOMCTBaX AMaroHanein napannenorpamma (teopema 4).
[okasaTenbCcTBO TeopemMbl npusedeHo B 3agaHuy 10. [loka3aTenbCTBO 3aBepliaeTcA yYeHMKamMu Ha OCHOBe
NpU3HaKa KOHFPYSHTHOCTM TPEYroNbHMKOB M CBOMCTBA BHYTPEHHMUX HAKPecCT fexallmx yrnos. B Knaccax ¢
TEXHUYECKMMU BO3MOXKHOCTAMU MOXKHO MUCMO/Ib30BaTb MHTEPAKTUBHYIO AeATe/IbHOCTb:
https://youtu.be/TEr)-Yr67BI

9. 370 3asaHue BbiNonHAeTcA B napannenorpamme ABCD ¢ npumeHeHMem cBOWCTBa B C
[MaroHanen no gaHHbIM.

a) U3 ycnosuma AC = 12 cm, BD = 8 cm yuntbiBaetca, uTo AK=CK =6 cmn BK =DK =4

cm. Tak Kak CD = AB =5 cm, 70 Paagk = 15 cm. 4 D

6) N3BecTHO, uTo NepumeTp napannenorpamma ABCD paBeH 28 cm, a nepumeTp TpeyronbHuKa ACD paseH 25 cm.
B atom cnyuyae AD + CD =28 :2 =14 (cm). Toraa AC=25-14 =11 (cm).

10. He3aBeplwEHHOe [AOKa3aTe/IbCTBO TeOpemMbl O CBOWCTBAxX AMaroHanei napajsiefnorpamma 3aBepLuaercs
y4eHuKamu. Mo CBOMCTBY KOHIPY3IHTHOCTU NMPOTMBOMOJIOXKHbIX CTOPOH Mapannenorpamma otmedaercs, yto BC
=AD, a no npu3HaKy CYC goKa3blBaeTca KOHrpysHTHoCTb TpeyronbHnkos AAKD u ACKB, cnegosatensHo AK =C
K, KD =KB.

g

Mpun3Hakun napannenorpamma

AOBOAATCA A0 CBEAEHNA YHEHNKOB U Eon Toraa aTor
nse

obcyxkpatotca. Ewé pas obbacHAOTCA APOTHBOMONOXKHBIE ) [ HeTeIPEXYrObHUK- Ecau avaroHanm
MOHATUA «MPU3HAK» W «CBOWCTBOY, CTOPOHb! rapannienorpanm YeTbIPeXyrobHHKa
060CHOBbIBAETCS, MOYEMY KaxAoe HETBIPEXYroNbHYKa 1 EPECEAIOTCA N ACNATCA

pPaBHbI U nonosaam B TOYKe
YTBEPXKAEHWE ABNAETCA NPU3HAKOM napannenbHs, ECAM NPOTMBONOAOHKHbI eDeCeUCHA.
napannenorpamma. CTOPOHbI

YeTbIPEXYrosbH1Ka
nonapHo pasHbl,

[lns npaBunAbHOro pacnosHasaHms
napannenorpamma MoXKHO NOPYyYUTb
YyUYeHMKaM onpeaeninTb CXOACTBA U Pa3NIMUMA MEXAY YETbIPEXYroNbHUKOM M NapaniesorpaMmom.

JloXKHble npeacTaBneHUsn, BO3HUKAIOWME Y YUEHUKOB. MHOr4a yYeHWKM OLIMBOYHO CUMTAIOT, YTO AMaroHanmn
napannenorpaMmma KOHTPYSHTHbI MM YTO AMAroHanb AeAuT yrabl nononam. MoapobHoe obcykaeHWe cBOMCTB
AMaroHanein n ux npasuabHoe M3obparkeHMe NpeaoTBpaLLAeT NnoAsAeHMe Takux ownboK. CheayeT obpaTuTb
BHMMAaHMWeE Ha C/ly4au, Korfa AMaroHanm KOHrPyaHTHbI MM KOr4a AuaroHanb asaseTcs 6UccekTpucoi.
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Mo AaHHbIM HaNAWUTE BO3MOXKHYIO AJIMHY AMAaroHaAun Napannenorpamma u B
rpasycHble Mepbl ero yriaos. /scN‘ 01

D
JIOXHO MocKonbKy AnaroHanun napannenorpamma ABCD genatca nononam B Touke nepecevenus, AC = 10 cm.

TaK Kak gnaroHanu KOHrpysHTHbl, BD = AC = 10 cm.
Tak Kak guaroHanu asaawTca buccektpucamu, ZADB = ZBDC = 70°.
Torpa LADC=140° a £BAD =180°—140°=40°.

BepHo MocKonbKy gnaroHanun napannenorpamma ABCD aenatca nononam B TOYKe
nepeceyenmnsa, AC = 10 cm. NOCKONbKY AMaroHann He KOHIPYsHTHbI, AJMHA
amaroHanu BD He onpeaensetca. Tak Kak BD ceKkywasa, a ABwu CD
napannenbHble OTPe3KM, TO Ha OCHOBAHWM PABEHCTBA BHYTPEHHUX HaKpecT
Nexkalumx yrioB Mexay napannenbHbimu n cekywen ZABD = ZBDC = 70°.

12. 3apaHuMe OTHOCUTCA K LOKa3aTeNbCTBY O4HOMO U3 NPU3HAKOB Napannenorpamma. B yetoipéxyronsHuke ABCD
BC=AD, BC =AD un BD guaroHans. OTBe4asn Ha BONPOCbI, yHEHUKM AOKa3bIBAIOT, YTO YETbIPEXYrONbHUK ABAAETCA
napanienorpammom.

¢ Mockonbky BC || AD 1 BD cekyLuas, no cBOWCTBY BHYTPEHHUX HAKPECT NexKalLmx yrnos Bl =F4.
¢ [lo NpU3HaKy KOHrpyaHTHOCTU TpeyronbHunkos CYC: ACBD = AADB.

e 3 ACBD = AADB cnesyeT KOHIPY3HTHOCTb COOTBETCTBYIOLLMX Yrn0B B2 =[3. 4 D

e CornacHo CBOMCTBY BHYTPEHHWX AMaroHa bHbIX Yr10B, yTeepxaaercs, uto AB || CD.

Taknum 06pa3om, Ha OCHOBAHMM BblLLEYKA3aHHOTO MO ONpeAesIeHUI0 A0Ka3bIBAETCA, YTO YETbIPEXYFONbHUK
ABCD sasnseTca napannenorpammom.

K cBepeHuto yuntena! iHoraa y4eHWKM AyMatoT, YTo 414 A,0Ka3aTeNbCTBA TOMO, YTO AAHHbIN YETbIPEXYroNbHUK
ABNAETCA MapaniesiorpaMmomM, BCe NMPU3HAKM AOKHbI BbINONHATLCA OAHOBPEMEHHO. ITO Co34aeT TPYAHOCTU B
NpPaBUAbHOM MOCTPOEHUWN JIOTMKWM «A0CTaTOYHOrO YCA0BMA» B MpOLLECCe A0Ka3aTenbCTsa. [pyrum BarKHbIM
MOMEHTOM ABNAETCA MOHATUE KMUHUMANBbHOMO YCNOBUA»: YYEHUKU TEPAIOT BPEMSA, MbITaaCb OAHOBPEMEHHO
NpPOBEPUTb BCE CBOMCTBA GUrYypbl (CTOPOHBI, YIAbl U T. A4.) A1A A0KA3aTeNbCTBa. MM pekoMeHAyeTca 06bACHUTD,
YTO BbINONHEHUA TONBKO OAHOTMO W3 MPWU3HAKOB (HampuMmep, TONbKO MOMAapHOM KOHIPYIHTHOCTU
NPOTUBOMOJIOMKHbBIX CTOPOH WAM TOFO, YTO OAHA Mapa CTOPOH OLHOBPEMEHHO MapanfiefibHa U KOHFPYSHTHA)
[OCTaTOYHO A/1A TOro, 4yTobbl durypa sABAsAnacb Napannenorpammom. Hanpumep, nomnapHas KOHTPYSHTHOCTb
NPOTUBOMOJIOMKHbBIX CTOPOH WM MapanieNbHOCTb M KOHIPYIHTHOCTb OZAHOM Mapbl CTOPOH — 3TO YC/0BUS,
[0CTaToYHble /1A TOro, YTo6bl NOKa3aTb, UTo Gpurypa ABAAeTCA Napanienorpammom.

B C

OuddepeHumnposaHHoe obyueHue

lNoddepxcka. Y4eHUKaM npeasiaraetca M306pakEHHbIN Ha KAapTOYKe napananenorpamm. Ecam nssectHa nonosmHa
OJIMHbI ANaroHaAn, NopPy4aeTca HalTK ANUHY AMaroHaan. YYeHUKM NpoBepsatoT OTBETLI APYr Apyra.

YenybneHue. YueHUKam NpeanaraloTcs KapTOUKM C M306paXKeHNAMM HECKONbKMX NapaiesiorpaMmoB, B KOTOPbIX
[AaHbl YIAbl MEXAY AMaroHanbio U cTopoHamu. MopyyaeTcs HaUTU yrabl Napannenorpamma.

K cBegeHuio yuutensa! Mpu M3yyeHMM NPU3HAKOB Napannenorpamma YYeHWKM 4acTo MyTaloT CBA3b MeXAay
napannenbHOCTbIO U KOHFPYIHTHOCTbIO CTOPOH. OAHO M3 OWKNBOYHbIX NPEeACTaBNEHUI 3aKNHOYAETCA B TOM, YTO
YYEHUKU CYMTAIOT OOCTAaTOYHbIM ANA Napannenorpamma, ecam ofHa napa CTOpPOH napannenbHa, a gpyraa —
KOHIPYaHTHa. B KauecTBe KOHTpnpumepa MOXKHO NPUBECTU paBHObeApeHHyH Tpaneumio. LlenecoobpasHo Ha
PUCYHKE OOBACHWUTL YyYeHWKam, 4YTO AAA  Toro 4YTobbl  YEeTbIPEXYrOAbHUK  6bin
napanienorpammom, NPOTUBOMONONKHbIE CTOPOHbI A0/KHbI ObITb MONAPHO W NapansiesibHbl,
W KOHTPY3SHTHbI.

14. B paHHOM TpeyronbHuke ABD meamnaHa AM npoaonKeHa Ha CBOK AAWHY, NOJlyvYeHHas
Touka C coeamHaeTca c BepwmHamu B u D. B atom cnydae gns 060CHOBAHWA TOro, 4To

NoNyYeHHbIA YeTblIpEXyroNbHUK ABCD ABnsetca napanienorpammonm, 53 Rssasensrpanie
AO0CTAaTOYHO NoKasaTb, YTo AM = CM un BM = DM. OTMEYaeTCA, KaKOM | 1o s gt
NPW3HaK napasnienorpamma npu STOM BbINOJHAETCA.

MpaKTtuuyeckoe 3agaHue. Knacc fenutca Ha rpynnbl, U KaxAoh rpynne
pasgatoTca  paboune amctbl. B paboumx AmMcTax  paHbl  3agaHus,
BbINO/IHAEMbIE Ha OCHOBE CBOWCTB Mapanienorpamma. Ana gpyrux rpynn
NnoAroTaB/AMBaOTCA aHANOMMYHble paboume AnCTbl. B paboune Anctbl MOXKHO
no6aBuTb Cnyyald, Korga 6uccekTpuca yrna napannenorpamma pasHa
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AvaroHanm.
Pabounit IMCT MOXKHO CKayaTb MO CCbIKE:
https://drive.google.com/file/d/1p2LOkjTOAud6tXXWTqOLw7JwxepmpgrF/view?usp=sharing

15. Mo ycnosuio 334ayM MacTep BbIKNAAbIBAET CBETNO-ToNybble NAUTKM B dopme
napanienorpamma, a Tak:Ke CMHUE 1 ronybble NAUTKU KBaAPaTHON popMbl, KaK MOKA3aHo
Ha pUCyHKe. M3BECTHO, YTO nepumeTp 6o/bloro KBaapata paseH 40 cm, 3HAYUT ero
CTOpoHa paBHa 10 cm. MepumeTp manoro KBagpaTta paseH 24 cm, cnefoBaTeslbHO ero
CTOPOHa paBHa 6 cm.

e CTOpPOHbI KBaApaTOB COOTBETCTBEHHO PaBHbl CTOPOHAM Mapaniesiorpamma.
CnepoBaTenbHO, NEPUMETP Napannenorpamma

P=2(10+6) =32 (cm).

* o pUCYHKY yribl Napannenorpamma paBHbi160°— 90° = 70° n

180°—70° = 110°.

16. Mo pucyHKy obpalaeTca BHUMAHUE, YTO BOKOBOM BUg, TPy BHYTpU
¢doHTaHa B Popme penbduHa umeeT GopmMy NPAMOYrObHUKA U
napannenorpamma. Cymma yrna npu BepluvHe A napasnnenorpamma u
yrna npuv BeplwKnHe NpPAMOYroibHMKA paBHa 180°. Torga yrabl
napannenorpamma 148° —90° = 58° n 180°— 58° = 122°.

¢OpMaTMBHOE oueHuBaHue

Kputepum oueHnsaHums Martepuanbl oueHMBaHUA
O60CHOBbIBAET, YTO MPOTUBOMNO/IONKHbLIE CTOPOHbI U Paboune nnctobl, yuebHuk, PT
NPOTUBOMO/OMKHbIE YI bl NAPaNNeNorpaMma KOHIPYIHTHbI, U
NPUMEHAET 3TO NPU PELLEHNN 33434M.

O60CHOBbBIBAET, YTO AMAroHanM Napanienorpamma B ToUKe Paboune nncTbl, yuebHUK, PT
nepeceyeHns AenATcA Nonoaam, U NPUMeEHAET 3TO NPU PeLLEHUN

3a4a4n.

[ 0OKa3bIBaeT, YTO AaHHbIN YeTbIPEXYrO/IbHUK ABNAETCA Paboune nunctbl, yuebHuk, PT

napannenorpammom Ha OCHOBaHUKM NPU3HAKOB Napajanenorpamma.
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TEMA 5.4. Bugbl napannenorpammos. MpamoyronbHuUK, pom6, KBagpar

NOACTAHAAP 7-3.3.3. [pumeHseT CBOMCTBA Mapannesiorpamma, pomba, NpsMOyronbHWKa, KBaapata U

Tbl Tpaneuuw.

LENN ¢ [1o NnpM3HaKam pasanyaeT BUAbl Napannenorpamma.

OBYYEHUA ® O6BbACHAET CXOAHbIE U OTINYUTENbHbIE MPU3HAKK BUAOB Napannesorpamma.

NPUHALNEX

HOCTM Pabouune nuncTbl, KapTbl, paboyas TeTpaab
M3yueHue: https://www.geogebra.org/m/hdwawtne
https://phet.colorado.edu/sims/html/quadrilateral/latest/quadrilateral _all.html?locale=az

S/IEKTPOHHDbI , -

E PECYPChI 3apanue: https://nrich.maths.org/problems/parallelogram-it
https.//media.pearsoncmg.com/intl/pec/school/mathtv2/qlobal/pcmg/math tools/qeome
try2d/index.html

MNobyxaeHue

Yuutens, M306pa)1<a;| CTOPOHbI Napannenorpamma B pas/IMYHbIX NONOXKEHUNAX, KaK Ha PUCYHKe, npeacTtaBaseTt
Y4eHUKam ero suapbl.

— —

Mo BHeWwHeMy BMAY KaxAoW GOPMbl BbIC/NYLIMBAIOTCA MHEHMSA YYEHUKOB, NMPOBOAMUTCA OBCYKAEeHME CTOPOH M
yrnoB Guryp. U3 oKkpysKalowwmx npeameToB npueBoaaTca Npumepsbl 3Tx Gopm.

B Kf1accax C TEXHUYECKMMM BO3MOMKHOCTAMM MOMKHO MCMNO/b30BaTb MHTEPAKTUBHYIO AEATENbHOCTb.
https://phet.colorado.edu/sims/html/quadrilateral/latest/quadrilateral_all. html?locale=az

YyeHnKam NnoKasblBaeTcs M306paKeHne yCTPOMCTBa, Ha3bIBAEMOr0o « HOXKHUYHbLIN NOABEMHUKY,
MCNONIb3yEMOro MNPU PEMOHTHbIX paboTax. [pu CKAaablBaHUM W packnagbiBaHWM 3TOMO
YCTPOWCTBA MNepemellaeTca PacrnooXeHHas Ha Hém paboyasa nnatoopma. Mo mepe
CKNafblBaHMA UM pacKknagblBaHWa  yCTPOMCTBA C  yyeHWKamu obcyxkagaetca  dpopma
YeTbIPEXYTrONbHUKOB, 06Pa30BaHHbIX CTEPKHAMM, BbICAYLIMBAOTCA MHEHMA 06 MX CTOPOHAaxX U
yrnax.

W MpamoyronbHuK

Buabl mapannenorpamma AOBOAATCA A0 CBEAEHMA yyeHMKoB. CHayana BbICAYLUMBAIOTCA YIKE M3BECTHble
YYaLLMMCA M HOBble CBEAEHUA O NPAMOYTObHUKE. Ha pucyHKe 06CYy»KA4aloTCAa ero CTOPOHbI, Y/bl, AUaroHanun n
noay4yaemble U3 gnaroHaneit KOHrpPysHTHbIE TPEYrOAbHUKM.

Teopema O KOHIPY3HTHOCTM AMaroHanen MnpsaMOYro/ibHMKa AOBOAMTCA OO CBeAEHUSA YYEHMKOB, COBMECTHO
obcykaaeTca U foKasbiBaeTcA.

# o

30ecb Ha OCHOBaHMM CBOMCTBA [AWaroHaneil MNpPAMOYrosibHUKA U
KOHIPY3HTHOCTU TPEYro/IbHUKOB y4eHMKaMK 0OOCHOBbIBAETCA, UTO 0
BO=A0=0C= 0D, /BCO = /CBO, ZABO = /BAO. 4 D

2. 37O 3ajaHue BbLIMNONHAETCA C NPUMEHEHMeM CBOMCTBA [AMaroHasneil NpAMOyrosibHWKa. o  AaHHbIM,
npuBeAEHHbIM Ha PUCYHKE, HAXOAMTCA rpagycHas mepa TpebyemblX yrios.

8) B npaAmoyronbHuke ABCD BbicoTa BE 06pasyeT npAMOyronbHbIii TpeyronbHuk ABE. € 58 =2
ZBAK = 90° — 40° = 50°. NMockonbky AABK = ACDK, 1o ZBAK =/DCK = 50°.  40° L o2
TpeyronbHuk DCK paBHOb6eapeHHbIN, cnegoBaTensHo, ZCDK = 50°. 4 b

Torpa £2 =180° —100° = 80°, £1 =90° — 50° = 40°.

K cBegeHuio yuutensa! 2-e 3afaHMe MOXKHO PELUNTb TaKXKe Ha OCHOBE Pa3/IMYHbIX TPEYrosibHUKOB BHYTPU
NPAMOYronbHMKa. Hanpumep, B npAaMmoyronbHom TpeyroabHuke ABC, ncnonbsya £BAK, Haxoantca £ACB, 3atem
onpegenaetca £LACD. J/Inbo 13 paBHobegpeHHOro TpeyrosbHMKa ABK morkHo HaiTn £AKB, a 3atem £CKD u 1.4,
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Mcnonb3oBaHMe YyYeHUKaMWM PasnyHbIX CnocobOB pelleHUA OLEHMBAETCA KaK MONOMWUTENbHbI daKTop.
AnbTepHaTMBHbIE CNOCOObI pelleHnn 0bCyKAatoTCA C KNACCOM.

B Knaccax c TeXHUYECKMMMU BO3MOKHOCTAMM MOMKHO MCNO/Ib30BATb MHTEPAKTUBHYHO AE€ATENbHOCTD:
https://www.geogebra.org/m/s7ykkzxm .

3. Mpu pelweHnn 3TOro 3a4aHUA yYEHWKaMW ODODBACHAETCA, YTO AMArOHANM KOHTPYIHTHbI, a & c
TpeyronbHUKkM BOC u COD ansaoTca paBHobeapeHHbIMU. Npu HEOBXOAMMOCTU YyUnTE/lb MOXKET
HanpaBuTb pelleHne 3afaHuA, OKasbiBaa onpegenéHHyo nomowpb. o ganHe AuaroHanu
NPSMOYTo/IbHMKA M3 TpeyrosbHMKa BOC moxKHO Haitn BC, a u3 TpeyronbHuka COD — CD. BC = 6
cm, CD =8 cm. Toraa P =28 cm.

4. YyeHnkamy 06OCHOBbIBaeTCA, YTO Napasnenorpamm C KOHFPYSHTHbIMW AMaroHanamu p -
ABNAETCA NPAMOYTrONbHUKOM. YUMUTENb MOMKET NOAYEPKHYTb, YTO 3TO ABAAETCA MPU3HAKOM
NPAMOYronbHMUKa. 10 onpeaeneHuns COOTBETCTBYOLMX PACCYKAEHWNN, 3aMONHAIOLLMX NYCTble
MecTa B ctonbue Tabauubl 06OCHOBaHMA, MPOBOAUTCA OOCYXKAEHME M [0Ka3aTeNbCTBO
3aBepLuaeTcA. BbicKa3zaHHYH 34,eCb MbIC/Ib MOXKHO TaKKe NpeaCcTaBUTb Kak NPU3HaK NPAMOYrO/IbHMKA.

A D

Mpeanoxexune O6ocHoBaHue
1. AC=BD 1. AuazoHanu 0aHHO20 NAPAANEN02PAMMA KOH2PYSIHMHbI
2.AB=CD, BC=A4D 2. [pomueononoxHsle CMopoHbl NAPAsAEN02PAMMA KOH2PYIHMHbI
3. ABAD = ACDA 3. CornacHo npu3Haky KOHrpyaHTHOCTM TpeyronsHukos CCC
4. /BAD = ZCDA 4, CmopoHebl, nexcau,ue npomue KOH2py3HMHbIX Y2708, MOME KOH2PYIHMHbI
5. ZBAD = ZCDA = 90° 5. ZBAD = ZCDA w £BAD + ZCDA = 180°
6. ZABC = ZBCD = 90° 6. ZABC = /BCD u ZABC + /BCD = 180°

7. ABCD npamoyronbHuk. 7. 1o onpeaeneHunio npamMoyroibHuka

K cBegenmio yuutensa! Koraa f0Ka3aTeIbCTBO TEOPEMbI 3aNUCbIBAETCA B BUAE A4BYXCTONOLOBOM TabaunLbl, yuntens
MOXeT 3a4aBaTb YYeHMKam HaBoAALLME BONPOCHI A5 3aM0JAHEHUA NYCTbIX MecT B cTonbLe 060cHOBaHUIA. YunTenb
[OMKEH AaTb YYeHMKam BO3MOXHOCTb 06CyAnTb 3TU YTBEPXKAEHUA 1 CHOPMYINPOBATL MX CAMOCTOATENbHO. TaKoM
NoAXo4, CAYKUT Pa3BUTMIO Y YYEHUKOB HaBbIKOB 06OCHOBAHUA W BeAeHUA AUCKYCCUMM, a TaKKe GopMMPOBaHMIO
60/1ee N1aBHOM MaTEMATUYECKOMN peuln.

06 ogHOM 13 BMAOB Napaniesnorpamma — pombe — yyeHnKkam gaétcs nHbopmaums, YepTmuTcs B
PUCYHOK W  [oBOAMTCA 40 BHMMaHMA  onpegeneHue. O6cyxpaloTca  CBOKMCTBA A
napannenorpamma, oTHocslMecs K pomby. 3aTemM AOBOAATCA A0 BHMMaHWA COBCTBEHHbIE
cBoOicTBa pomba. Teopema O TOM, YTO AMaroHaAn pomba B3aMMHO MeprneHAMKYNSAPHbI U

ABNAOTCA BUCCEKTPUCAMM YI/IOB NMPM NPOTUBOMOIOMKHbIX BEPLLUMHAX, LOKA3bIBAETCA COBMECTHO 8 @ ;
C YYEHMKaMMN.

B Knaccax C TeXHWYECKMMWM BO3MOMKHOCTAMM MOMKHO WCMO/b30BaTb WHTEPAKTUBHYIO v
[eATeNbHOCTb: D
https://www.geogebra.org/m/X8Mz96a8 https://www.geogebra.org/m/B8wHEpBH

=

Ha ocHOBaHMM A0OKa3aTeIbCTBa TEOPEMbl aHAZIOMMYHbIMK PACCYKAEHUAMM LOKa3biBaeTcs, yTo B pombe ABCD
ZBAC = Z DAC. YyeHUKM BbICKa3blBaOT MbIC/IN O KOHTPY3IHTHOCTU paBHobeapeHHbIX TpeyroibHukos ABC u
ADC, 060CHOBbIBalOT KOHFPYSHTHOCTb TPEBYEMbIX YI/10B.

5. 1N nOMOLM B peLLEHMM 3TOTO 3aaHWA MPUBOANUTCA MPUMEP. YUEHUKMN UCCNEAYIOT HAaXOXAEeHME YI0B pomba,
[JaHHOro B nNpumepe, ob6CyKAalOT CBOWCTBO AMaroHasen n cnocobbl NpUMeHeHUs 9 5 C
KOHIPYSHTHOCTM YI/OB. v S LA1=7
B) Tak Kak BHelHKUI yron npu BeplimHe A pomba ABCD paseH 80°, To £BAD = 100°. £2=7
Torpa, 0OCHOBbIBAsACb Ha TOM, YTO AMaroHanb pomba asnasetca buccektpucon, L1 = BO“ £3=1
50"“ A D

Torpa £2 =50°wn £3 =40°.

K cBegeHuto yuutens! Mpu BbINONHEHUMN 334aHUA LenecoobpasHo 06OCHOBbLIBATL HaXOXKAeHUe Tpebyembix
YFN0B TaK }Ke, KaK B pumepe. B 3Tom cayyae y4eHUKM NOHMMAIOT, Kak HaxoaATCA rpaycHble Mepbl 3TUX yraos. B
Ka1accax ¢ TEXHUYECKMMU BO3MOMKHOCTAMMU MOMKHO UCMONb30BATh MHTEPAKTUBHYIO AEATENIbHOCTb.
https.//www.geogebra.org/m/B8wWHEpBH https.//www.geogebra.org/m/p3d2kpnf
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7. a) Mo KOHIPY3HTHOCTM CTOPOH AaHHOTro pomba ABCD HaxoauTcsa nepumerp. A
AB=36:3=12cm, P=48 cm. O

6) Ecnv oanH u3 yrnos pomba ABCD paseH 60°, To cocegHuit yron paseH 120°. Tak Kak guaroHanb p m B
pomba sBnsetcs buccektpucolt, To LABD = £ZADB = 60°. MocKosbKky nepumeTp paBeH 48 cm, v
CTOpOHa paBHa 12 cm. Torga B paBHOCTOPOHHEM TpeyroabHuKke ABD BD = 12 cm.

8. MpuMmeHsA cBOICTBA AMaroHanei u yrnos pomba, HaxogAaTcA Tpebyemble CTOPOHbI U b) &
yrabl. Tak Kak CTOPOHbI pOM6a KOHIpYaHTHbI, 3y=8 -y — y =2. RS=6. Y300
Tak KaK AuaroHanb pomba ssnsetcs buccektpucom, X + 30° = 2X — X = 30°. Yrabl paBHbl 60°
n 120°.

JloXXHble npeacTaBieHUs, BO3SHUKAKOLWME Y YYEHUKOB. M3-3a KOHIPYIHTHOCTM CTOPOH pomba yYeHMKM MHoraa
NPUMHUMALOT ero 3a KeaapaT. [1a ycTpaHeHWa 3TOro HEBEPHOro NpPeAcTaBAeHUA YYeHUK A0MKeH obA3aTeslbHO
YYMTbIBaTb, YTO AJIMHbI €70 AMAroHaNel U yribl PasinyHbI.

Mo AaHHbIM onpeaennte sna d)MI'ypr. ZA+ /B =180° B 3cm

NoxkHo YeTbipéxyronbHuK ABCD aBnaeTcA KBagpaToOM, TaK Kak AJIMHbI ero CTOPOH )
paBHbI, CyMMa coceaHuX yrioB pasHa 180°, a guaroHanu nepneHanKyNApHbI. A

BepHo YeTblpéxyronbHuK ABCD aBnsaetca poMbom, TaK KaK A/IMHbI €ro CTOPOH PaBHbl. XOTA cymma

coceHuX yrnoB pasHa 180°, ero yrabl ABAAOTCA OCTPLIMU U TyMbIMWU. HECMOTPA Ha TO, YTO
AVaroHanun nepneHaMKyAAPHbI, X ANUHbI Pa3AUYHbI.

D | T
/ AC 1 BD
= ABCD
[aHHble yTBEpXAeHMA obcy)KaalTca BMecTe C \AAOB_ACOB

__~7ACOD= 4AOD ~ pomb.
YyYEeHWKaMM, U UX BHMUMaHWe obpallaeTca Ha To,

6) Bg’_7/p4ABD~ACBD

YTO 3TM YTBEP)KAEHWA ABAAIOTCA NpPU3HaKaMu / =

pomba. O60CHOBbIBaETCSA, YTO Napaniesorpamm ¢ D ZBAC=ZDAC

NepneHaAMKYNAPHbIMM  AMAroHaAAMM  WAM  C

AMaroHanaAMM, LenAWwmMmKn yrabl nonosiam, SABAAeTCA PomMb6om. 34ecCb YYEeHWUK [OJXKeH

ONMPaTLCA Ha KOHIPYIHTHOCTb TPEYTO/IbHUKOB. B

10. Mo ycnoeuio HasbiBaloOTCA BEPLNHBI GUrypbl, 06pa30BaHHON YETbIPbMA KOHIPY3HTHLIMM
PaBHOCTOPOHHUMM TPEYroNbHUKaMK. YTobbl onpeaenuTb KoAMYecTBo 06pa3oBaBLUMXCS D E
pomboB, paccmaTpuBaloTca nonydeHHble YeTblpéxyronbHunkn: ABEK, ADEK, ADEC, BDKE,

DKCB, DECK. AT

e M3 3TUX YeTbIPEXYrONIbHUKOB BCEMW CTOPOHAMM PaBHbIMU WM C NapaaneNbHbIMU
npoTtnsononoxHbiMu ctopoHamu snsatotca ADEK, BDKE, DECK. YyeHUKM fonkHbl 060CHOBaTb, NOYEMY OHU
ABNAOTCA pombamu.

e Tynble yrabl 3TUX pomb0oB paBHbl 120°.

B, C

KBagpaT Kak BMA NPAMOYro/ibHMKA A0BOAMUTCA A0 BHUMAaHMA yyeHuWKos. O6cykaatoTca ero
CBOICTBa, yYEHUKAMM ONpPeaenatoTca CBOMCTBA Napainesiorpamma, NpPAmMoyrofibH1Kka u pom6a,
OTHOCSAILLMECA TaKXKe U K KBagpary. A D
K cBeaeHuto yuntena! Mpu noBTOpHOM 06CYyKAEHUN BUAOB Napasnienorpamma C ydeHUKamu
uenecoobpasHo MccneaoBaTb UX NPU3HAKM U CBOWCTBA B CPaBHUTENbHON dopme. CXoa4HbIe U OTAUYUTENbHbIE
NPU3HAKKN 3TUX GUTYP MOXKHO 0POPMUTL TaKKe B BUAE TabaunLbl.

duaypeoli CmopoHsbI Yanel AuazoHanu
TMapannenozpamm | [IpomueononoxiHele MpoTneononoxHble | VX 4AnHbI He paBHbI, B TOYKe
CMOPOH®LI MONApHO YINbl KOHTPYSHTHbI. | NepecevyeHua fenAaTca Nononam.
napannensHel U
KOH2PpYy3HMHbI.
Pomb6 Bce cTopoHbI [MpoTMBONONOXKHbIE | B3anMHO nepneHanKynApHbI,
KOHIPY3HTHbI. YFNbl KOHTPY3HTHbI. | ABAAIOTCA BUCCEKTPUCAMM YINIOB U UX
ONVHbI He paBHbl. B Touke
nepeceyeHua AenATcA NoNoaam.
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lIpamoyzo0nbHUK pomusononoxHsie Bce yrabl npamble. KOHrpyaHTHbI. B TO4Ke nepeceveHun

CMOpPOHbI NONAPHO AenaTca nononam.
napasnnesnsHel U
KOH2pysHMHbI.

Keadpam Bce CTOPOHbI Bce yrabl npambie. | B3aMmHO nepneHaMKynapHbI,
KOHFPY3HTHbI. ABNAIOTCA BUCCEKTPUCAMM YIOB,

KOHIPY3aHTHbI. B TO4Ke nepeceveHuA
AenaTca nonosiam.

B Knaccax ¢ TeXHUYECKMMM BO3MOXKHOCTAMM MOMKHO MCNO/Ib30BaTb MHTEPAKTUBHYIO AeATeNbHOCTb.
https://media.pearsoncmg.com/intl/pec/school/mathtv2/global/pcmg/math_tools/geometry2d/index.html
https://www.geogebra.org/m/k5cr9bsq https://www.geogebra.org/m/mJZCZAsK

JloXKHble nNpeAcTaBNeHMA, BO3HUKAMOLWME Y YYEHUKOB. YUEHMKM YacTO OTHOCAT CBOWMCTBA, NpuMHaafeKalime
KBagpaTy M pomby, K nobbim napannenorpammam. HekoTopble yYEHMKM CUYMTAlOT, YTO AMaroHanu Bcex
napannenorpaMmoB KOHIPY3HTHbI M NEPNEHAUKYNAPHbI, @ TAaK}Ke YTO ANAroHaNN AeNAT BEPLUMHbI YI/10B NONoAaM
(ABnAoTCA BuccekTprcamm). YTobbl 06BACHUTD, YTO B OBLLEM CyYae ANa NapaniesorpaMmma 3TU yTBepKAeHUs
HEeBEpPHbI, yuuTeno LesecoobpasHo CAenaTb YepTelr Ha AOCKE M MNPOAEMOHCTPMPOBATb 3TO C MOMOLLbBIO
Pa3/IMYHbIX HArALHbIX MOCOBUI UM NMyTEM U3MepPEeHUsA. YUUTeNb MOXKET HapUCOBaTb HA LOCKE MPOM3BO/IbHbIN
napannenorpamm, AMaroHanm KOTOPOro He PaBHbl UAW He NepneHAMKYAAPHbI, U C NOMOLLbIO M3MEPUTEbHbIX
WNHCTPYMEHTOB (IMHEKM M TpaHCNopTUPa) HarAs4HO MOKasaTb, YTO AaHHble
CBOWCTBA OTHOCATCA TO/IbKO K YaCTHbIM GUrypam.

12. Uccneaytotca mHoxectBa A, B, C u D, nsobpaxkéHHble Ha Auarpamme. f B/ s o\
). ) ]

Wccnepyetca oTHoweHne mHoxecTBa C — MHOXecTsa pombos — C apyriumn {"”Q’V””‘W\@ ,,/,,( pom6 4

MHOeCTBaMWU. YUYEHUK [JO/MKEeH onpenennTb, YTO €C/IM MHOXKecTBo A e —--}“ﬁ——--'_,__,

coaepUT MHoxkectea B, C n D, TO 3TO MHOXeCTBO Mapan/siesiorpaMmmos.

MNepeceyeHne mHoxecTB B 1 C ectb MHOXecTBO D. Toraa MHOXeCTBO B — 3TO MHOXeCTBO NPAMOYro/bHUKOB.
Ecnn mHoxecTBO D ABnsaeTca nepeceyeHnem MHOXKeCTB B u C, TO MHOXeCTBO D — 3TO MHOXeCTBO KBaApaToB.
13. B sTOM 33gaHMKM YYEHMKM, NOCNefO0BaTENbHO COEAMHAA KOHLblI OTPE3KOB, ONpenenAloT, KakMm BUOOM
napannenorpamma fBAseTcs nonyvyeHHas o¢urypa. OHM 060OCHOBbLIBAIOT CBOM MbIC/IM, MUCMOAb3yA CBOMCTBO
AuaroHanem.

a) % 6) B) r
pomb @ ﬁ

npAmMoy201bHUK Keadpam  napannesnoepamm

15. Mo ycnoBuio 3a4a4m Nonockl B Gopme NPAMOYroNbHUKA KOHFPYSHTHbI.
MpueneveHue. W3 uUBeTHOM Oymarn BblIPE3aAOTCA KOHTPY3IHTHbIE MNPAMOYFONbHUKU U
pa3meLLaloTCs TaK, Kak NOKa3aHo Ha PUCYHKE, MOC/Ee Yero UX KOHLbl CKNeUBAOTCA.

D D ]

Yyntenb nopydaeT YyYyeHWKam USMEPUTb JIMHEMKOW AJAWHbI  CTOPOH  MNOJYYEHHOro
YeTbIPEXYro/ibHMKaA. MOCKOAbKY YH4EHMKM BbIPE3atoT pasHble NPAMOYrOJbHUKM, OHW NOAYYaT pasHble PesynbTaThl.
MonyyeHHble uYncna obCyKAAOTCA. YUEHWKM OnNpeaenstoT, uyTo nosydyeHHaa ¢urypa ABASETCA KBaLpaTOM.
AHaNoOrnyHoO, BbINOJIHAA U3MEPEHMA, OHU OTMEYAIOT, YTO U BHYTPEHHUI MaNeHbKWUIA YEeTbIPEXYTONbHUK TaKKe
ABNAETCA KBaSPaATOM.

Yuntenb obpallaetca K y4eHMKamM C BOMPOCOM: KaK 060CHOBATb, YTO 60/bLION M Manblii YeTblIPEXYTONbHUKM
ABNAIOTCA KBagpaTamu 6e3 nsmepeHms anHenkon? OTeeTbl y4eHUKOoB 06CyKaatoTcsa. 3aTem 3a4aua pellaeTcs B
obuiem Buae.

PeweHue 3ada4u

a) Ha yYeTbIpéxyrosibHMKe BbINOAHAETCA COOTBETCTBYIOLWLAA Pa3sMeTKa, KaK MOKasaHO Ha pucyHKe. Monocsl
npeAactasnAloT coboil MPAMOYroIbHUKKM CO CTOpoHamu @ M b. MOCKONIbKY OHWM KOHIPY3HTHbI, BCE CTOPOHbI
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yetbipéxyronbHuka ABCD pasHbl (2 + b), a yribl — npamble. CiegoBaTesibHO, NOYYEHHbIA YETbIPEXYrONbHUK
ABCD, 10 ecTb 60/1bLLOI YETbIPEXYrO/IbHUK, ABNAETCA KBaApaTOM. AHANOMMYHO MOMKHO CKasaTb, UTO Y Masioro
(BHYTpeHHero) 4eTbIpEXYroNbHUKA BCE CTOPOHbI paBHbI (@ — b), @ yrnbl — npsamble.
CnefoBaTenbHO, 3TOT YETbIPEXYrO/IbHUK TaKKe ABAAETCA KBaAPaTOM.

6) OpHa cTopoHa 60/1bLWOro KBagpaTta paBHa CyMme AJ/IMHbI U LWWPUHBI NoAOCkl. Tak
KaK nmepumeTp nosoc paseH 12 cm, cymma MX ANUHbI U WUMPUHBI PaBHa NOIOBUHE
nepumeTpa, To ectb 6 cMm. NMepumeTp 60bLWIOrO KBaapaTa paBeH 4 - 6 = 24 (cm).
MpakTnyeckoe 3agaHue: s Nyyluero yCBOEHUA 3HaHWI O CBOMCTBAX KaXKaoro Buaa
napannenorpaMmma, X CXo4CTBaxX U PasiMumsax LenecoobpasHo opraHnM3oBaTb paboTy
B rpynnax. Fpynnam pasgatotcs pabouve AucCTbl, NpeacTaBleHHble B NpuUmepe, U
Kaxpaa rpynna obbAcHAeT cBoM OTBeTbl € ob6ocHoBaHuWem. [na apyrux rpynn
noAarotaBanBatoTca paboune AUCTbl No 06pasuy. Pabounii AMCT MOXKHO CKayYaTb NO AaHHOW CCbIIKe:
https://drive.google.com/file/d/1ZalXXduPT1NDbfAn316xM22eiok5gsel/view?usp=sharing

(DOpMaTMBHOE oueHuBaHue

Kputepum oueHnBaHua Martepuanbl OLLeHMBaHUA

OB6bACHAET CBOMCTBA M XapaKTePMUCTMKM NPAMOYTO/IbHUKA. Pabouue nucTbl, y4ebHuK, PT
O6bACHAET CBOMCTBA M XapaKTEPUCTUKM pomba. Paboune nnctobl, yuebHuK, PT
O6bACHAET CBOMCTBA M NPU3HAKM KBagpaTa. Paboune nnctobl, yuebHuk, PT
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TEMA 5.5. CBoiicTBa cpeaHeN IMHUU U MeaUuaH TPeyrosibHUKa

MNOACTAHAOAP 7-3.3.4. O6bACHAET CBOMCTBA CPeAHEN IMHMUM TPEYFrO/IbHUKA U TPaneLmu.

Tbl 7-3.3.5. NpumeHAEeT CBOMCTBA MeANaH M BbICOT TPEYro/bHUKA.
* PacrnosHaéT cpeaHioro IMHUI0 TPEYroibHMUKa U NMPUMEHSAET €€ CBOMCTBA NPU peLleHnm
LENU 3agau. )
OEVUYEHMS e O6bACHAET 06PATHYIO TEOPEMY O CpeAHEN IMHUN TPEYTro/bHMKA.
e O6BbACHAET CBOWCTBA MeAuaH TPeyrobHWKa U MPUMEHAET UX NMPU PeLleHnr 3a4ad.
¢ [pUMeHsAEeT CBOICTBA CpeaHeln IMHUM U MeaMaH TPeYrobHMKA.
:zvé!r-I:p,I'IE)K Paboumne nuncTbl, KapTbl, paboyas TeTpasb
M3yueHue: https://www.geogebra.org/m/xj5scyzx
3NNEKTPOHHDI https.//www.geogebra.org/m/wdq9uy8q
E PECYPCbI 3apaHue: https://www.geogebra.org/m/hwknx2dr
https://www.geogebra.org/m/k4Qb9ne W
No6yxxaeHue B
YyuTenb 4epTUT Ha [LOCKEe NPOWU3BO/LHBIN TPeyronbHUK. OH npurnawaer K
[OOCKe OBYX YYEHMKOB M MopydYaeT 0A4HOMY M3 HUX OTMETMTb CepeamHbl 4BYyX M N

CTOPOH 3TOro TPEYro/ibHMKa 1 COeANHUTL UX OTPE3KOM. 3aTeM APYroi yYeHMK
nsmepseT AnHenkol gnnHbl otpeskos MN 1 AC. CBA3b meKay NonyYeHHbIMK
yncaamm obCyKOaETCA CO BCEM KNACCOM, BbICNYLLMBAOTCA MHEHWNA YYEHMKOB.
YynTenb cnegmt 3a Tem, YTobbl M3MepeHMe NPOBOAMAOCL MAaKCUMaAbHO TOYHO.

WUccneposaHuezobcymaeHue

Mo pesynbTaTam MCCAeA0BaHMA YETblpe OAMHAKOBbIX PABHOCTOPOHHMX TPEYro/bHMKA pacrnoaraloTca Tak, Yto
nosyyeHHas OuUrypa TaKkxe ABAAETCA TPeyrosbHUKOM. Mccneayerca BuA, 3TOrO TPeyrosibHMKa.
YueHMK 060CHOBbIBAET, YTO €ro CTOPOHbI KOHFPY3HTHbI. 3aTem o6cyXaatoTca cnocobbl geneHns
MPOW3BONILHOIO TPEYTONbHUKA TPEMS OTPE3KaMM Ha KOHFPY3HTHbIE TPEYrosibHUKU. BO3MOMKHbI
Pa3sInNYHbIE MHEHMSA. YunTe b, HanpasasAsa, NOMOraeT NPUIATK K NPaBuIbHOMY BbIBOAY.

B K/n1accax ¢ TeXHUYECKMMM BO3MOMKHOCTAMM MOXKHO MCMO/b30BaTb MHTEPAKTUBHYIO AEATENbHOCTD:
https://www.geogebra.org/m/rfzgrdps https://www.geogebra.org/m/SwCnCRv8

m CpepHAAa AMHUA TPeyronbHUKa

B xo4e MccnenoBaHMs yYEHMKM HayuMIMCh M306paXKaTb OTPE3KK, NOyYEHHbIE COeAMHEHNEM B
cepefmH CTOPOH TPeyrosibHUKa. YunTeib 06bACHAET onpeaeneHme cpeaHein IMHUN U Teopemy ”\ ,
0 eé cBoiicTee. Teopema 06CyKAaeTCA U 40KA3bIBAETCA COBMECTHO C YYeHUKamMMU. V

A (o
K cBepgeHuio yuwrenn! Bo BpemA foKasaTenbCcTBa MoXKeT ObITb HEMOHATHO YYEeHUKaM, novyemy

ctpoutca napannenorpamm AMLC. Mostomy yuutens AO/KeH 06paTUTb BHUMAaHME Ha HeoBXOAMMOCTb
npoBeAeHUA BCNOMOraTebHbIX AMHUI AN NOCTPOEHUSA BCMOMOraTesIbHbIX GUryp Npu 40Ka3aTebCTBe TeOpem
WM PeLleHnn reoMeTpUYEecKmnx 3aaad.

B K/1accax ¢ TEXHUHYECKMMU BO3MOMKHOCTAMM MOXHO MCMOJb30BaTbh MHTEPAKTUBHYIO A€ATE/NbHOCTb.
https://www.geogebra.org/m/m55mTjXE https://www.geogebra.org/m/NFCwzehu
https://www.geogebra.org/m/ENUr6tBq

&

MHOraa y y4eHUKOB MOXKET BO3HUKHYTb NpeAcTaBleHNe, YTO Y TPEYTo/IbHUKA CyLLecTByeT TONbKO OA4HA CpeaHAn
NMHUA. NMo3ToMy B pybpurKe «nogymali» nccienyeTcs BONpoc 0 TOM, CKOJIbKO CPeAHUX IMHWUIA UMEET TPEYrO/IbHUK.
YYeHuKH, NocnenoBateNbHO COeaMHAA CepeauHbl BCeX TPEX CTOPOH, BbICKa3blBalOT MHEHWE O KoauyecTse
MOMYYEHHbIX CPeaHUX AUHWUIA. MccnepyeTcs, KakoW CTOPOHe MapajnesnbHa Kaskaasa CpeaHsas AWHMA, U 3TO
06Cy)KaaeTca Co BCEM K/IAaCCOM.

JloXKHble npeacTaBieHUA, BO3HUKAIOLWMNE Y YYEHUKOB. YUEHUKM MOTYT OWMBaTbCA He TONbKO B KOAMYeCTBe
CPeOHWUX J/IMHUI, HO W NpU WX MOCTpoeHWW. WMHorga, NpoBoAA OTPE3OK OT BepLMHbl K cepeauHe
NPOTMBOMO/NOMKHOW CTOPOHbI, OHX NYTAOT MeamaHy CO CPpegHel NIMHUEN; MHOTAa, CoeamHAA NPOU3BOJ/IbHbIE
TOYKM CTOPOH, CHMTAIOT, YTO MOCTPOWU/IM CPEAHIO JIMHWUIO. HEKOTOpblE YYEHUKU TaKKe NPeacTas/sioT, yTo
CPeaHAs NIMHUA paBHa MOJIOBUHE TEX CTOPOH, HA KOTOPbIX OHa MOCTPOEHa, a He MPOTMBOMO/IOKHOW CTOPOHE.
OaHo n3 Hambosiee YacTbiX OWIMBOK ABAAETCA TO, YTO YUYEHWMKM CUMTAIOT TPEYro/NbHUKKM, MOYyYeHHble npwu
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NpoBeAEeHUN CpegHUX NMHWUIA, paBHOBeapeHHbIMU. [N YyCTPaHEHUA TaKMX OLUMBOYHbIX NPEACTaBAEHUI MOXKHO
NPeaNoXnUTb yHEHMKAM NOCTPOUTL CPedHMEe NHMUM B Pa3/INYHbIX TPEYTONbHUKAX. YUEHUKM CMOTYT ACHO YBUAETD,
YTO MOAYYEHHbIE TPEYTO/IbHUKMN HE ABNAIOTCA PaBHOBEAPEHHbIMU..

2. B 3apaHuun, npeacTaBNEHHOM PUCYHKaMM, UCMOJIb3YA CBOMCTBO CpeaHew IMHMM Tpeyro/ibH1Ka, CBOMCTBO Yri0B
MeXA4y OBYMA NapanfiesibHbiIMW M CEKYLLEN, a TaKKe CYMMy BHYTPEHHWX YI/0B TPeyrosbHWKa, HaxoaaTcs
HeM3BeCTHble CTOPOHbI UM YT Abl.

K csepenuio yuutena! MMepes peweHnem 3Toro 3afaHusa LenecoobpasHo HaMOMHUTL E

YYEHMKaM CYMMYy BHYTPEHHWX YrN0B TPEYroNbHUKA WU CBOWCTBO YIZI0B MeXAy ABYMA
napanienbHbIMU U CEKYLLEN.

6) Tak Kak PQ cpegHsaa nnHua, X+ 6 = 2X — X = 6, cnegosatensHo PQ =6, DE =12.

Mo cymme BHYTPEHHUX YIN10B TpeyroNbHUKa B TpeyronbHuke DEF D = 180° - 110° =70°, a
No CBOMCTBY YI/1I0B MeXAy ABYMA napannenbHbimu n cekywen ZPQF = ZD =70°.

B) Tak Kak KL cpegHsasa nnHua, 3X — 8 = 2Xx — X =8, cnegosatensHo, KL = 8, BC = 16.

Mo cymme BHYTPEHHUX YIA0B TpeyrosbHuKa £C = 180° — (48°+ 62°) = 70°, no cBOWCTBY
0AHOCTOPOHHMUX BHYTpeHHMX yrnos ZCLK = 180° — ZC=110°.

3. [aHbl cTopoHbl TpeyronbHUMKka MNK, o6pasoBaHHOro cepegyHamn CTOPOH
TpeyronbHuka ABC.

a) YUeHuK, NpumMeHssa Teopemy, HaxoamuT cTopoHbl TpeyronbHuka ABC: 8, 10, 12.

6) Tak Kak cepeamHa aenut ctopoHbl nononam: AM =MB =6, BN=NC =4, AK=KC=5.
B8) Mo npusHaKy KOHrpyaHTHOCTM TpeyronbHuKoB CCC: AAMK = AMBN = AKNC = ANKM.
B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMW MOKHO UCNO/Ib30BaTb MHTEPAKTUBHYIO AeATeNbHOCTb:
https://www.geogebra.org/m/SwCnCRv8

4. [laHa opHa W3 CpefHUX NUHWUIA paBHObBegpeHHOro TPeyrosbHWKa M ero nepumeTp. 34ecb HeobxoaMmo
NpoBEPUTb ABE rMMNOTE3bl:

1) CpeodHsa nuHuUA napannenbHa 00HOU u3 6oKo8bIXx CMopPoH 2) CpedHAA AUHUA NapansaenbHa 0OCHOBAHUIO.

| eunome3sa: CpeOHsAA AUHUA napassaesnbHa 00HOU U3 6OKO8bIX CMOPOH.

TaK KaK gnuHa cpegHen 1MHun 4 cm, ANvHa napanienbHon e 6OKOBOM CTOPOHbI A0KHa 6bITb 8 cM. MOCKObKY
TpeyronbHUK paBHobegpeHHbIN, Apyras 6OKOBaA CTOPOHA TaKXe paBHa 8 cm. Ecam nepumeTp TpeyroabHUKa 32
CM, TO A/IMHa TpeTbel CTOPOHbl paBHa 32 - 8 — 8 = 16 cm. OA4HAKO NO HepaBEHCTBY

TPeyrosbHMUKa TPeyrosbHUK €O cTopoHamn 8 cm, 8 cm M 16 CcmM HEBO3MOXKEH. B
CnegfoBaTesibHO, 3Ta rMNOTE3a HEBEPHA.

Il zunomesa: CpedHsAA AUHUA NapannensHa 0OCHOBAHUK. ECav ganHa cpesHen AMHUKN 4 cm, 12M N 12

TO AJ/IMHA NapanfienbHoro el ocHoBaHus AC paBHa 8 cm. A c
Tak Kak nepumeTp 32 cm, To AB=BC = (32— 8) : 2= 12 (cm). )

B 3TOM cnydae cTopoHbl TpeyronbHuKka ABC paBHbl 12¢cm, 12 cm 1 8 cm.

Omseem. 12cm, 12 cm 1 8 cm.

K cBegeHuio yuutena! Mpu peweHUMM 3TOro 3aJaHMA YYEHUKM MOTYyT HaWTKU OTBET MO MepBOi rMnotese U
OLWMBOYHO CYMTATD, YTO CPEAHAA IMHUA NapannenbHa 6oKoBol cTopoHe. [1na onpeaeneHusa NpasMabHOIO OTBETA
06s3aTe/IbHO HEOHX0AMMO NPOBEPUTL BbINOJHEHNE HEPABEHCTBA TPEYTrONbHMUKA.

ObpaTtHaa Teopema O cCpeaHel JAUMHUWM TPeyrosbHUKa TaKKe obcyKaaetca w B
060CHOBbIBAETCA COBMECTHO C y4YeHUKamU. MNperKae BCero yYeHUKM O0J/KHbI YMETb

NpPaBuAbHO OMNpPeaennTb YCNOBME W 3aKAlouYeHWe o06paTHOro YTBEPNKAEHMUA. | M wll
ObcyKpaeTcs M 0OBACHAETCA, YTO MPAMAn, NPOXOAALLAA 4yepe3 CepeanHy oaHOWM

o A C
CTOPOHbI TPEYro/ibHUKA M NapajnfenbHas BTOPOM CTOPOHE, MPOXOAMT TaKKe yepes I
cepeguHy TpeTbeli ctopoHbl: AM B MB, MN | | AC— CN & NB.
B
5. YYEHMKM NpM CamMOCTOATENIbHOM peLlleHMM 3TOro 3a4aHus MOTyT MCMbITbiBaTb .6CM
onpeaenéHHble TPYAHOCTU, NO3TOMY MPU HEOBXOAMMOCTU y4uTENb AO/IKEH AaBaTb K A N

HanpaBaeHue. OcobeHHOo Ll,enecoo6pa3Ho noA4vYepKHYTb nNpumeHeHune 06paTHOﬁ “
AL )

Teopembl O cpeﬂ,Heﬁ JTMHUU TPEeYroJsibHUKa. 8cm M 8Bom ¢
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a) Mo ycnosuto B TpeyronbHuke ABC Touka M — cepeamHa ctopoHbl AC. YYeHUKM No AaHHbIM Ha PUCYHKE, TO eCcTb
no ycnosuto BEBKN B BENMC @ BA, onpeaenstot, uto MN Il AB 1 KN Il AC. C gpyroit ctopoHbl, no obpaTHou
Teopeme Toyka N aABnseTca cepeanHoi ctopoHbl BC. Takum obpasom, obcykaaeTca n 060CHOBbIBAETCS, YTO
yeTblpéxyronbHUK AKNM aBnaetca napannenorpammom.

6) Tak kak AKNM napannenorpamm, No KOHIPY3IHTHOCTU MPOTUBOMONOMKHbIX CTOPOH HaxoaaTca ux gnuHbl: KN =
AM =8 cm, AK=MN =7 cm.

B) KN =AM = MC, AK = KB = MN, ZBKN & ZNMC, noatomy no npusHaKy KOHIpySHTHOCTM TpeyroabHMKoB YCY:
ABKN 2 ANMC.

r) N3sectHo, uto MN = AK = KB KN = AM = CM. To ectb, MN = % AB 1 KN = ; AC, cnepgosatenbHo, oTpeskun MN

n AK ABNAOTCA CPeAHUMUN NUHUAMM TPEeYyronbHUKa.
,ﬂ‘) PAABC =14+16+12 =42 (CM)

m MegmaHbl TpeyronbHUKa

Mpexae Yem coobLUTL CBOMCTBO TOYKM NepeceyeHns MeamaH TPeyroabHUKa, yumuTeb AaET yYeHUKam 3ajaHve
COEAMHUTL KaXKAylo BEPLMHY MPOM3BONbHOIO TPEYrosIbHUKA C CEePeavHONM MPOTUBOMOOMKHON CTOPOHDI.
YuyeHuKM Hab1ogatoT, YTo TOYHO NpPOoBeAEHHbIE B TETPAAM MeAMaHbl MepeceKkaloTcs BHYTPM TPeyrofibHuKa B
OLHOM TOYKe. 3aTeM Pas3bACHAETCA TEOPEeMa O CBOWCTBE MeAMaH TPeYroibHUKa U Noapo6HO 06bACHAETCA, UTO
KaXk4an MefvaHa Le/INTCA B TOYKE NepeceyeHms B OTHOLWEHMM 2 : 1, HauMHas oT BepLunHbI. [loKa3aTenbCTBO 3TOro
CBOICTBA BbINOJHAETCA B 7-M 334aHUN.

B KNaccax ¢ TeXHUYECKMMMU BO3MOMKHOCTAMM MOKHO UCMONb30BaTb MHTEPAKTUBHYIO AeATeNbHOCTb:
https.//www.geogebra.org/m/pwTTqNfh

K cBepgeHuio yuutena! LlenecoobpasHo o0O6BACHUTL Y4YEHWMKaAM, MoOYemy TOYKa
nepeceyeHnsa mefmMaH Ha3blBaeTCA LEHTPOM TAMXKECTU U NoYemy OHa ABNAETCA LLeHTPOM
TAMECTU. B cBA3W C 3TMUM MOXHO BCMOMHUTb Temy 7.1 u3 6-ro Knacca u MNOBTOPUTb
npakTuyeckyto paboTy: NPoAeMOHCTPUPOBATb PaBHOBECKE, NOABECUB Bblipe3aHHbIN U3
KapTOHa TPeyro/ibHWK 3a HUTb, NPOBEAEHHYI0 Yepes3 TOUKY nepecevyeHns meguaH. B 12 -m
3342HUN YY4EHUKU BbINOHAT 3TO NPU peLleHnmn 3a4a4n.

B Knaccax ¢ TEXHUYECKMMU BO3MOMKHOCTAMM MOMKHO MCMO/Ib30BaTb MHTEPAKTUBHYIO AEeATENbHOCTb:
https://youtu.be/dFsp31EDYnl

8

o 2 1
YUYeHWKM Ha OCHOBE CBOMCTBA MeAMaH TpPeyrosibH1MKa 060cHOBbIBaOT, UTo AG = 3 AN un GN = 3 AN. TaK KaK Touka

. o 2
G aenut megmnaHy AN B oTHOwWeHMM 2 : 1, MeanaHa cuMTaeTca pasaenéHHOM Ha TPY PaBHble YacTu, U3 KOTOpbIX -

npmxoamntca Ha AG, a § — Ha GN.

JNoxHble NnpeacTaBneHUs, BOSHUKAOLWMeE Y YHEHUKOB. YUEHWUKM MHOTAA NyTaloT MeauaHy TPeyroibHUKa ¢
6MCCEKTPUCON M BbICOTOW IMBO CUMTALOT, YTO OHM COBMaAatoT. [na ycTpaHeHUA 3TOro ownboYHOro
npeacrasB/ieHus LenecoobpasHo HaYepTUTb TPEYrobHUK, B KOTOPOM 3TU TPU 3/1IEMEHTA HE COBMAJatoT, 1
n306pa3unTb UX OTAENBHO.

MpoBeauTe 13 BePLUNHBI A TPEYTONbHUKA MELMAHY, BbICOTY U A
bucceKkTpucy.

B C
Y106bI NPOBECTM MeAMaHy U3 BEPLINHBI A TPEYrO/IbHUKA K MPOTMBOMO/IOXKHOW CTOPOHE, OTMEYaeTcs
cepeanHa NPOTMUBOMO/IOKHOW CTOPOHbI U COEAUHAETCA C TOUYKOM A. MoNyYeHHbI OTPe30oK
0HOBPEMEHHO ABAsAETCA N BUCCEKTPUCON, U BbICOTOM.

J10XKHO

5 A
DOErU 13 epLumHbl A TpeYronbHMKa NPOBOAUTCA OTPE3OK K CepeanHe

NMPOTUBOMOJIOMKHOM CTOPOHbI. ITO MeAuMaHa. Yron npu BepnHe A

AenuTca nononam, nposoamutcsa buccektpuca. M3 sepinHbl AK - B« F;T —r
NPOTMBOMOJIOXKHOM CTOPOHE MPOBOAMUTCA NEPNEHANKYNAP. ' M
MonyyeHHbIN OTpe30oK ABAeTcA BbicoTon. AH < AT < AM.

7. BbINoNHAA 3a4aHne, YYEHUKN f0Ka3biBatoT Teopemy 8. YUUTENb AOMKEH YCUANBATb BHUMAHUE K 06CYKAEHUIO
KayKAoro 3Tana BbINOJIHEHMA 334aHNA U A0BMBATLCA aKTUBHOTO Y4aCTUA YYEHWUKOB.
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8. 13 uHdopmaLmun, faHHOM Nog, pybpuKomn «nogymaii», yYeHUKM 3HAOT, YTO €C/IN laHa O4HA YacTb MegMaHbl 40
TOYKM NepeceyeHms, MOXKHO onpeaennTb eé NoNHYI0 OANHY.

a) Ecam AG=12 cm, To AN =18 cm, GN =%AN =6cm, 6) Ecaim CM =21 cm, o CG =§CM =14 cm.

10. OcHOBHas Le/b 334aHNA — U3ydYeHue Teopembl BapMHbOHa, KoTopas ABAAETCA OAHUM B 0 ‘
M3 NPU3HAKOB Mapa/iesorpaMma M BarKHbIM CBOMCTBOM BbIMYKNOTO YETbIPEXYroNbHUKA: 1=
Yembipéxy2obHUK, BepWUHbl KOomopozo cosenadarom ¢ cepedUHaMu CMOPOH . R
MPOU3B0/IbHO20  BbIMYKA020 YembIpéxy20sbHUKA, A8Aemca  Napanaenoepammom. 4 ,)
CMOpoHbI  N0aAYy4eHHO20 Napanaeno2pamma napasnnesvHel OUA20HAAAM  8blMYKA020

uemoipéxy2o/1bHUKA. [lOKa3aTeIbCTBO HEKOTOPbIX BaXKHbIX TEOPEM reOMETPMM OCHOBAHO Ha 3TOM Teopeme.
3apaHue BbINOMHAETCA Ha OCHOBaHMM TOTO, YTO CTOPOHbI YETbIPEXYronbHWKa PQRT agnatoTca cpegHUMU AMHUAMM
TpeyronbHukos ABC, ADC, ABD n BCD. Mpu BbINOAHEHUUN NYHKTOB 3a4aHNA YYEHUKU ONUPaIOTCA Ha CBOMCTBA
cpegHel NMHUM TPeyroibHMKa, CBOMCTBA Napanieiorpamma M akCMoMy Napasie/ibHOCTU NPAMbIX.

r) Ecnm AC=12 cm u BD = 8 cm, To PQ = 6 cm, PT = 4 cm. CnepoBaTtensbHo, nepumeTp napannenorpaMma paBeH
20 cm.

B Knaccax ¢ TeXHMYECKMMM BO3MOXKHOCTAMM MOMKHO MUCMO/1b30BaTh MHTEPAKTUBHYIO AeATE/IbHOCTD:
https://www.geogebra.org/m/wmyxfnkf https://www.geogebra.org/m/uNW647XY

OnddepeHumpoBaHHoe 0byueHne

lNoddepicka. Y4eHNKam NpeanaraeTca Ha4yepTUTb NPOM3BO/IbHbINA BbIMYK/bIA YETbIPEXYTONbHUK U OA4HY U3 ero
AuaroHanen. B nosyyeHHbIX TPeyrosibHUKAX MNPOBOAATCA CpefHUEe AUHUMK, NapannenbHble AUMaroHanu, u
TpebyeTca HaMTU cpeaHWe NMHUM NPU 33J4aHHOW ANUMHE AMArOHANM UM, HAaobopoT, HAWTU AuaroHanb no
334aHHbIM CPEAHUM NNHUAM.

YenybneHue. Yuntenb cnpalinBaeT y4eHUKOB: « B Kakom ciyyae nosiyyeHHbI B 3agade 10 napannenorpamm PQRT
MOXeT OblTb KBaApaTOM?» YUYEHUKM [O/MKHbI ONpefenvTb CAyvyai, Korga AMaroHanu KOHTPYSHTHbl U
nepneHAMKYAApPHbL. YunTenb npepsiaraeT yyeHUMKam MpoBepuTb, BEPHO AW 3TO CBOMCTBO [ANA BOMHYTbIX
YeTbIPEXYroNbHUKOB.

]
e -

11. YTo6bl 06OCHOBATb, YTO 3epKanNo, 3aKpennéHHoe Ha focke B ¢dopme pomba, Mmeer
NPAMOYrosibHyt0 ¢opmy, [LOCTAaTOYHO MOKA3aTb, UYTO CTOPOHbI 3epKasa napajnfenbHbl
AnaroHanam pomba. Tak Kak AuaroHanu pomba nepneHAMKYNAPHbl, 3epKano, CTOPOHbI
KOTOPOro napaniesibHbl AMaroHansam, byaet umeTb NPAMOYro/ibHY0 Gopmy. TaK Kak CTOPOHbI
BMNUCAHHOTO B POM6 MNPAMOYro/ibHWKa napannesbHbl AMaroHanam pomba, 3TW CTOPOHbI PaBHbI MOJIOBUHE
AunaroHaneni. Ha ocHose Toro, 4Yto AuMaroHanu pasHbl 64 cm u 48 cm, CTOPOHbI NPAMOYFO/NIbHUKA COCTaBAAOT
COOTBETCTBEHHO 32 cm 1 24 cMm. TorAa BbIYMCAAETCA NAOLWAAb NPAMOYrONbHUKA: S = 768 cm?.

13. [1nA TOYHOro MOHMMaHWA 3a4a4M YYEHUKU TULaTENbHO aHaM3upyIoT i
YyC/IOBME, YEpPTAT PUCYHOK MO MAaHy W AenaloT Heobxogumble AL
obo3HayeHus. = M

A . c
AD =CD =200 m, BM =400 —-280=120 m.

0y
arrie ® SArANATAD

200 m i 200 m ;_fﬂ\i

M3BeCTHO, YTO NO NIaHy My3ei PacnoJIoKeH B TOUKE NepeceyeHns meamaH
TpeyronbHuka ABC. Torga MD = BM : 2 = 60 m.

dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnBaHuA Marepuanbl OLLeHMBaHUA
ObbACHAET TeopemMy 0 CpeaHelN IMHUKN TPeYroNbHUKA, AOKa3biBaeT eé u | Paboune AncTbl, yuebHUK, PT
NPUMeHseT Npu peleHnn 3a4au.

O6bsACHAET 06paTHyO Teopemy O CpeaHEeN IMHUM TPeyrosibHUKa U Pabouwne nnctobl, yuebHuK, PT
NPUMEHSAET e€ Npu pelieHnn 3a4au.
O6bACHAET OTHOLLEHWE AEeNEHNA B TOYKE NepeceyeHns meaman Pabouwne nuctol, yuebHuK, PT

TPEYrosibHWUKa M NPUMEHAET €ro B 3aZ,a4ax.
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TEMA 5.6. Tpaneuus

7-3.3.3. [IpuMeHAET CBOMCTBa Napannesorpamma, pomba, NpAMOYro/ibHUKA, KBagpaTta U

NOACTAHOAP
Tpaneuuu.
Tbl o o
7-3.3.4. ObbACHAET CBOMCTBA CPEAHEN IMHUM TPEYroNbHUKA U TpaneLuu.
e Onpeaensner Buapl Tpaneumm.
LiEV e O6BACHAET CBOMCTBO CpeAHEN IMHUN TpaneLum
OBYYEHMSA e EP2 panetiy.
e [pUMeHAET CBOMCTBA TPanewuuu.
NPUHAONEX
HOCTM Paboune nnctbl, KapTbl, paboyan TeTpaab
M3yueHue: https.//www.geogebra.org/m/j676Bp6d
3NEKTPOHHBI https://m.ed/a.pearsoncmq.com//nt//pec/school/mathtv2/q/oba//pcmq/math tools/qgeo
E PECYPCb metry2d/index.html
3agaHue: https://www.geogebra.org/m/j9kupevU
https://www.geogebra.org/m/AFerPTKK
No6yxxaeHue

YYyeHWKam NpeacTaBAAOTCA M300paXKeHUA Kpbill  HECKOMbKMUX
pomos. ObcyKaaetcs dopma Kpblwuv Npu Buae cnepeaun u cboky.
BbICnyLIJVIBaIOTCﬂ MHEHNA YYEHMKOB O B3aMMHOM pPaACNOIOKEHUNN
CTOPOH YeTbIPEXYrobHMKa, BUAMMOro cboky. K Knaccy obpaliatorca
C BOMPOCOM «YeM OT/IMYAIOTCA 3TU GUrypbl Apyr OT gpyra?» u
Bonpoc obcykaaeTcs.

UccnenosaHuezobeymaeHue ﬁ—é—f

Mpaktuyeckoe 3apaHue. B uccnefoBaHUM  BbIMOJIHAETCA MPAKTUYECKOe 3adaHue. f/ ' /
YyeHMKam 3apaHee nopyvyaeTtca NPUHECTM LBETHYIO Bymary 1 HOXKHULbI. YUnTeNb MOXKET .{’/ 7
HEMHOrO M3MeHUTb 3agaHue. Hanpumep, Kak pasgenvTb HapUCOBaHHbIM Ha bymare A~ Fast D

4

napannenorpaMm Ha [OBa KOHIFPYSHTHbIX YEeTbIPEXYrONbHUKA, He  ABAAIOWMXCA
napannenorpamMmmamm? YUeHUKN CaMoCTOATENbHO NPUXOAAT K PELLEHUI0, M306pakEHHOMY B yYebHMKe.

Yuutens paét  uHopmauMio O Tpaneuum Kak OAHOM U3 BUAOB

YeTbIPEXYTrONbHMUKA. XOTA Yy YYEHUMKOB WMMEIOTCA CBeAeHWs O Tpaneuun us

MNAALWMX KAAacCcoB, B 3TOM K/acCE OHM Y)Ke 3HAKOMATCA CO CTPOrmm

onpeaeneHnem ¢urypbl. OcHOBaHWA, 6OKOBble CTOPOHbI, YI/bl, BbICOTA, / \ \
[MaroHanu, bl TpaneLumn UccneayoTca u obeyaatoTca BMECTe C yYeHUKaMu. 4
YYeHUKM 3HAKOMATCA C BUAAMU Tpaneuun U NpuMBOAAT NPUMeEpbl NpesMeTos,

nmetowmx Gopmy Tpaneumu.

=

34ecb yYEHMKM, ONMPAACh Ha CBOWCTBO YI/IOB MeXAy ABYMS NapanieslbHbIMU NPAMbIMU U CEKYLLEN, 0BBACHAIOT,
YTO CYMMa Yr/7I0B Tpaneuuu, npuaexawmx K 60KoBoit cTopoHe, paBHa 180°. MoKHO 06CyaWNTb CyMmy YrioB
Tpaneumu, a TakKe 0COBEHHOCTM Yr10B B paBHOOeApPEHHOM M NPAMOYrO/IbHON Tpaneyumsx.

K cBepgeHuio yuutena! VYueHMKM WHOraa ownboOYHO nNyTaloT Tpaneuuo, OcObeHHOo B g
paBHobGedpeHHy0 Tpaneuuio, C napannenorpammom. Hanpumep, MOCKOAbKY OCHOBaHUA
Tpaneuuu napannenbHbl, OHW MONAraloT, 4YTO MX AAMHbI TakXKe pasHbl. C nNomouibio
N306parKeHUn 40 BHUMAHMA YYEHWUKOB LOBOAMTCA, YTO TO/NLKO OAHA Mapa CTOPOH Tpaneuuu
napannenbHa, a ABe Apyrve CTOPOHbI He NapannebHbl, a TaKKe YTO B NPAMOYTro/IbHOM Tpanewumm ToNbKO ABa
yrna ABAATCA NPAMbIMMU.

2. B paBHobegpeHHol Tpaneuun ABCD un3 BepwuHbl B npoBoautca oTpe3ok BK, napannenbHblii 60KOBOWM
ctopoHe CD. OtBevyas Ha MOCTaBAeHHble BOMPOCHI, y4yaliMecs OBOCHOBbLIBAIOT, YTO YI/bl, MpUAEXKaWMe K
OCHOBAHMIO PaBHOGEAPEHHOMN TPaneLmm, KOHIPYIHTHbI.

I
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e [ockonbKy BC n KD ocHOoBaHWA Tpaneuumn, oHW napannenbHbl. Tak Kak BK n CD napannenbHbl NO yCNOBUIO,
NPOTMBOMONOKHbIE CTOPOHbI 4YeTbipexyrofbHnuka BCDK nonapHo napannenvHol. CnepgosatenbHo, BCDK
napanienorpamm.

® Tak Kak BC || DK, To LAKB v £D cooTBeTCTBEHHbIE Yr/bl. 10 CBOMCTBY cOOTBETCTBEHHbIX yrios LAKB = £D.

* MockonbKy TpeyronbHuk ABK pasHobegpenHbiii, ZA = £AKB

Tak Kak 2AKB = 2D, to £A = «D.

e Cymma BHYTPEHHUX OAHOCTOPOHHUX YII0B NPU NapainebHbIX NPAMbIX pasHa 180°.

2A+ £B=180°; 2D + 2C=180° nockonbky £A=¢«D .10 2B = £C

3. 1nA BbINONHEHMA 3a4aHNA UCNOb3YETCA CBOWCTBO YrN0B, NPUIEXKALLUX K OCHOBAHMIO Tpanewuu.

B) B gaHHOW paBHOGeapeHHOM Tpaneuumn AT 6uccektpuca, LATD = 90°. TpebyeTtca HaliT yrabl B n D. YueHuk
OOJIKEH 3HaTb, YTO ecu Tpaneums paBHobeapeHHas, To ZA= /D.

Mockonbky ZD = 2/TAD, To 13 npsamoyroabHoro TpeyroabHuka ATD cneayet ZD + ZTAD C e
=3ZTAD = 90°. Otctoaa, ZTAD = 30°, noatomy £D =60°n £B=120°. @
A D
(.

/B =110°. «D = 180°- ZBCD = 180°- ZB = 70°.

B npsamoyronbHom TpeyronbHmuke CHD: ZHDC =90° — #D = 20°.

K cBepeHuio yuutens! MNpu BbINOSIHEHUM 3a4aHWIA MO FEOMETPUM BCE BbIBOAb! 06583aTesIbHO
[O/KHbI 6bITb 060CHOBaHbI. B 3TOM ciyyae yyeHWK 6bicTpee ycBamBaeT WM3y4eHHoe U
MOHMMaET CYLLHOCTb M 3HaYeHMe npoLiecca AoKa3aTebCTea.

) B C
r) B aTom 3aaHWM YYEHUK Ha OCHOBE CYMMbl BHYTPEHHUX YINOB TPEYroNbHUKA Haxo4auT
ZB.
B o
()
o H

o

4. B 33faHMM [0Ka3blBaeTcA CBOWCTBO paBHOGeApeHHOW Tpaneuuu. XoTa OHO [aHO B B
dbopme 334aHuMA, yuuTeNb [OMKEH NOAYEPKHYTb, YTO 3TO WMMEHHO CBOMCTBO. ﬁ
[loka3aTenbCcTBO 3TOrO CBOWCTBA OCHOBAHO Ha KOHFPYSHTHOCTU TPEYrONbHUKOB,
06pasoBaHHbIX AnaroHanaMu. KOHrpysHTHOCTb  TpeyronbHMkos BAD wu  CDA
ycTaHaBAMBaeTca no npusHaky CYC. Mepes BbINONHEHMEM 3343aHUA LLeNecoobpasHO NOBTOPUTL C YYEHMKAMMU
NPU3HAKN KOHTPY3HTHOCTM TPEYro/IbHUKOB.
B Knaccax c TeXHUYECKMMU BO3MOMKHOCTAMM MOMKHO UCNOAb30BATb MHTEPAKTUBHYHO AEATENbHOCTD:
https://www.geogebra.org/m/AFerPTKK
5. YYeHUMKM BbINOMHAIOT 33a4aHNE, ONMPaACb Ha KOHIPYIHTHOCTb AMAroHanen pasHobeapeHHOM ¢
Tpaneuuu.
QR =6 cm, Pppgr = PQ + QR+ PR =15 cm u Pppor = PQ + QT + PT = 20 cm, PR= QT
cnefoBaTeNbHO P T
PQ+QR+PR=PQ+QR+QT=15—>PQ+QT=15-6=9.
PQ+QT+PT=20 >PT=20-9=11cm.

W CpeAHAs AMHUA Tpaneuum

Yuntenb 4epTUT Ha JOCKE NPOU3BOJIbHYIO TPAMELMIO U MOPYYAET YHEHNKAM COEANHUTL OTPE3KOM 7
cepeanHbl €€ 60K0BbIX CTOPOH. O6CyKAaeTca B3aMMHOE Pacno/oXKeHue Noy4YeHHOro oTpesKa u v, N
OCHOBAHMI. Teopema O CBOWCTBE CPeaHEN IMHUMN TpaneLuum AOBOANUTCA A0 CBEAEHUA YUEHUKOB. 4 D
[loKa3aTeNbCTBO TEOpembl BbIMOJHAETC COBMECTHO C YYeHUKaMU Mpu obcyKaeHun 6-ro
3agaHus.

B Kn1accax ¢ TEXHUYECKMMM BO3MOMKHOCTAMM MOXKHO MUCMOJ/Ib30BaTh MHTEPAKTUBHYHO
OeATeNbHOCTb:

https://www.geogebra.org/m/bztqfhpr https://www.geogebra.org/m/xnHcpJnM

0o

S
=

9. [laHbl OTHOLWEHME AJIMH OCHOBAHWI Tpaneuuu, a TakKe A/IMHa cpedHei AnHuK. MoAcTaBAAA OCHOBAHMA B

3k + 5k

dopmyny cpegHeit amHum 8 euae 3K un 5k, HaxogaT ocHoBaHuA Tpaneumn. 12 = — k = 3. OcHoBaHun

Tpaneuumn pasHbl 9 cm n 15 cm.
10. B 3TOM 33aHUK, OTBEYAA HA BOMPOCHI, YYEHUKM ONPEAENAtoT, Kak HAaMTK YacTb CpeaHelr MHUM TpaneLuuy,
3aK/IIOYEHHYIO MEXAY ANaroHanAMM.

e MN = 10;4 = 7 (cm).

e OTpe3oK LN asnsetca cpegHen nMHuen TpeyronbHmKa BCD, nostomy LN = 2 cm.
e Otpesok KN aBnsetcs cpeaHeit AMHuen TpeyronbHuka ACD, nostomy KN =5 cm.

e KL=KN - LN=3cm.

B4sm€
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AD — BC
K cBeaeHuto yuntena! B stom 3agaHnm anunHy otpeska KL MOXKHO TakKe BbluMCanTb no popmyne KL = ——

3Ta ¢dopmyna mMoxeT b6biTb 0BOCHOBaHa YyYeHMKaMM B Xo4e McCneAoBaHMA. B Knaccax € TeXHUMYECKMmuU
BO3MOXHOCTAMM MOXHO MCMNO/1b30BaTb MHTEPAKTUBHYIO AEATE/NbHOCTb:
https://www.geogebra.org/m/dpgfdhgm

JloxXHble NpeacTaBneHUA, BO3HUKAIOLWME Y YUEHUKOB. [py n3obpaxkeHnn cpeaHen AIMHUK Tpaneuum y4eHnKn
AONYCKaloT pa3inyHble olMbKM. Hanboiee 4acTo BCTpeUalolmMecs U3 HUX NpuBeaeHbl B Tabauue.

CpeaHasa MMHun CpeaHssa MMHus B 3aBMCUMOCTM OT NONIOXKEHUA U306paKeHNn

Tpaneuun coeguHaeTt Tpaneuuu coeguHseT Tpaneuun y4eHUKM MOryT nepenyTtaTb eé 60KoBble

cepefiMHbl OCHOBaHWI. | cepeAnHbl BOKOBBIX CTOPOHbI U OCHOBAHUSA. OBpalLaeTcs BHUMaHUE Ha To,
CTOPOH. 4YTO HOKOBbIE CTOPOHbBI TPANEL MU HE NapannesbHbl.

CpeaHas nMHuA Tpa- CpeaHas nuHuA Tpane- HarnagHo noKasblBaeTcs, YTo CpesHAN NUHUA

neuun NPOXoamT Yepes | LMK He BCeraa NpoXoauT | Tpaneuuu nepeceKkaeT AMaroHanu, HO He NPoOXoamT

TOYKY nepeceyeHun yepes TOYKy nepece- yepes TOUKY UX nepecedeHms.

AunaroHanen. yeHua guaroHanen.

CpeaHasa MMHun Mnowaam yacten, Ha MN306pasnB cpeaHIo IMHUIO Tpanewmm, MOXHO

Tpaneuun AenuT eé Ha | KOoTopble CpesHAA IMHUA | NOKasaTb, YTO OHA AeNUT Tpaneuuto Ha aBe

[BEe YacTu C paBHbIMM AenvT Tpaneumtio, pasnnyHble NO NAOWAAM YacTy.

naowagamu. HWKOTAa He PaBHbI.

OwubKu, ykaszaHHbele 8 mabauye, A61910mca owUbKamu, Komopble HeKomopeble yyeHUKU 0ornyckarom 05 ecex
mpaneyull. YacmHele cay4au He paccmampusaromcs.

11. B 3a4aHumM No gaHHbIM, NPUBEAEHHBIM Ha PUCYHKe, TpebyeTca onpeaenunts AANHY CpeaHen IMHUM Tpaneumu.
34ecb OCHOBHAA Leab — UCNO/b30BaHWE BCNOMOraTeNbHbIX MNHUIA.

a) Mo paHHbIM 0bCY}KAAeTCA, KaK NPOBECTM BCMOMOraTebHY0 NMHUIO. Pasmbilunnan

Hag, Tem, AN 4yero AaHbl 60°, yyaliMecs MOryT BbICKa3aTb MAEH O BO3MOXKHOCTM a) & T ¢
MCNO/Ib30BaHUA PABHOCTOPOHHEro TPEYrofibHUKA. YuuTesb Npu HEobXOAUMMOCTU 6 cwm 6 cm
OO/IKeH AaTb onpeaenéHHoe HanpasneHue. B tpaneunn ABCD w3 BepwwuHbl B 4 D
NPOBOAUTCA INHUA, NapannenbHasa ctopoHe CD. O60CHOBLIBAETCS, YTO NOJyYEHHbIV

TpeyronbHuk ABE asnaeTca pasHocTopoHHuMm. Toraa AE = 6 cm 1 AD = 13 cm. 6) B 3em ¢

HaxoauTcs cpegHas AMHUA Tpanewumm. TN g
13+7 5
S = 10 (cm). 40 45° 7 D

6) Mo gaHHbIM Ha pucyHKe u3BecTHo, YTo ABCD npsamoyronbHas Tpaneums. U3
BeplWwuHbl C npoBogmTca BbicoTa CH. Tak Kak nonydyeHHbll TpeyronbHuk CHD sasnsetca paBHobeapeHHbIM
npamoyronbHbiM, To CH = HD =4 cm. Torga AD = 7 cm, a ANUHA cpegHen IMHUKM paBHa 5 cm.

of

b 4 350 m
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13. MNapk nmeet dopmy paBHOBeApPEHHOW Tpamneuuun, a OOPOXKKM B cepeamHe napka
ABNAIOTCA CPEAHUMU AMHUAMMW Tpaneuwit. Ha ocHose HaxoxaeHua cpefHel AuHUM
Tpaneuuun noayyaem &
X = (350 +450): 2 = 400 (m) n y = 350 - 2 — 400 = 300 (m).

MpakTuyeckoe 3agaHue. Mpynnam pasgatotca paboume Anctol. 3agaHus, NnpuBeaéHHble B

paboumnx NnCTax, BbINOMHAOTCA C NPUMEHEHMEM CBOMCTB Tpaneuuu. Ha ocHOBe AaHHOro |- i
npumepa Aaa ApyrvMx rpynn Takxe MNoAroTasaAMBaloTca paboume nUCTbl. PeKomeHayetcs,
ytobbl B Kaxkaom pabouem nucte 6blAM 3af4aHMA, OTHOCALWMECA K Pa3MYHbIM CBOMCTBAM
Tpaneuuu.

Pabounit IMCT MOXKHO CKa4aTb Mo AaHHOM CCbi/Ke:
https://drive.google.com/file/d/1pUFSgW_rqhyJwCLOaRnsJ023PqDR0zDV/view?usp=sharing

450 m

.-

dopmaTUBHOE OL,eHUBaHUE
Kputepumn oueHnBaHuA Marepuanbl oLeHMBaHUA

Pasnunyaet pasHob6egpeHHble U NPAMOYTrO/ibHbIE TPaNeunn 1 UCNonb3yeT Paboumne nncTbl, ydebHUK, PT
WX CBOWCTBA NpM peLleHnn 3a4au.
KomMmeHTUpyeT Teopemy 0 cpeaHeit IMHUKN Tpanewmm, L0Ka3bIiBaeT eé u Pabouune nncTbl, y4ebHUK, PT
NPUMeHAET Npu peLleHnn 3a4au.
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OBOBLAIOLNA YPOK

nOGy)K,quMe. [TOHATMA, OTMEeYeHHble B 3aK/IIOYEHUM B KOHLUE pa3fena, NOBTOPAIOTCA BMECTe C YYeHUKaMMu,
nposoaunTCA 0606U.I,EHME. CnoBa 1 HOBble MOHATUA, U3YYEHHDbIE B pa3aene, ewé pa3 BCNMOMMUHAOTCA, UX 3HAYeHUe
obbAcHAeTCA YYEHMKaMKU, KOMMEHTUPYIOTCA UX CBA3M C APYTMMU NOHATUAMM. [TOHATUA, U3yUEHHbIE B pa3aene:

o o o o s o [V |
| Bbinyknbili yembipéxy20/1bHUK, HesblnyKnbili (602HymMbili) YembIpéxy20bHUK, 8HYMPEHHUU y207, 6HEWHUl |
| yeon, OuazoHase, Napannenoepamm, nPAMoy20/bHUK, POMB, Keadpam, cPeOHsA UHUA MPey2osbHUKa, |
I MeduaHa, mpaneyus, cpedHAA AUHUS mpaneyuu. I

1

Mpv noaseAeHUM UTOroB pasgena [aétcs obob6LWEHHas MHPOopMaLMA O LUMPOKOM MPUMEHEHUN
YeTbIPEXYTrONIbHUKOB M UX CBOWCTB B Pas/MuYHbIX obnacTax. Ycnosue 3agauv, npenctaBieHHOW B
KauyecTBe NepBOHA4Ya/bHOW 3adauynM nog 3arosioBkom «[lonbiTaliTecb!», uccneayetca BmecTe C
yYeHMKaMM. 3anmncbiBaeTCA KpaTKoe yCA0BMe 3aa4M, MPOBOAUTCA aHaNM3, OOCYKAAIOTCA AaHHbIE U
TO, YTO TpebyeTcA HaWTU. 3agaHuMe BbINOAHAETCA C UCNO/Ib30BAaHMEM CBOMCTB poMba, CyMMbl Yr/i0oB
TpeyrosibHUKa U ¢popmybl Naowaan. HecmoTpsa Ha TO YTO peLleHMe UCXOLHOM 3a434M NPUBELAEHO B
yyebHUKe, LenecoobpasHo 06cyanTb ero ¢ y4yeHMKamMu.

PELLEHUE 3A0AHWNIA

1. YueHuKK, BbINOHAA 33AaHNe, A0/MKHbI BHUMATE/IbHO PACCMOTPETb AaHHbIE HA PUCYHKE U -
onpenennTb CBA3b MeXAy CTOPOHAaMM BOTHYTOrO YeTbIPEXyrosbHMKa. Mo ycnosuto ctopoHsl AD

n CD paBHbl. Torga ns ypaBHeHua X + 4 = 2X + 1 nonyyaem X = 3. CnegosatenbHO, CTOPOHDI
yeTblpéxyronbHnka AD =CD =7, AB=3, BC=4. Torga P=21.

o

2. YeTblpéxyronbHmk ABCD ¢ nepumeTpom 25 cm AnaroHanbto pasgenéH Ha ABa Tpeyro/bHMKa C
c nepumeTpamm 20 cm 1 21 cm. O4eBUAHO, YTO NEPUMETP KaxKA0ro TPeYroNbHNKA paBeH cymme B

OBYX COOTBETCTBYIOLWMX COCEOHUX CTOPOH YeTbIpEXyrosbHUKa W AamaroHann. O6cyxaas,
YYEHUKM YCTAHABMBAIOT, YTO AJIMHA AMAroHa M BXOAWUT B NepUMeTP 060UX TPeyrosbHWKOB.
CnepoBatenbHO, €CiM M3 CYMMbl MEPUMETPOB TPEYrONbHWKOB BblYECTb NepumeTp
YeTbIPEXYroNibHWKa, OCTaHETCA yABOEHHas ANnHa anaroHann. Toraa BD = (20 + 21 — 25) : 2 = 8 cm. 3Ty 3agauy
TaKXKe MOHO PeLUnTb, CIOXKMB AJIMHbI OTPE3KOB M 3anncas GopMy/ibl AN COOTBETCTBYHOLLMX MEPUMETPOB.

3. 3aaaHne OTHOCUTCA K BHYTPEHHUM M BHELUHUM Yr1aMm YeTbIPEXYTOIbHUKA. YUEHUKM 3HAOT, YTO BHYTPEHHUI 1
BHELUHWI YrAbl NPU OLHOW BEPLUMHE — CMEXKHbIE. [10 laHHbIM PUCYHKa HAXOAATCA HEU3BECTHbIE |, p

A "D

yIAbl. PSS
6) CoctaBnseTcs ypaBHEHWE C MUCMONb30BaHMEM TEOPEeMbl O CYMME BHYTPEHHMX M BHELIHMX e il
YII0B YeTbIpEXyroNbHMKa. X + 20° + (180° — 80°) + X + (180° — 110°) = 360° — X = 85°. /1 = 95°, '
£2=75°

B) 34eCb AaH BOTHYTbIN YETbIPEXYrONbHUK. Ha OCHOBaHWWM CyMMbl BHYTPEHHErO U BHELUHEro e -
yrnos npu BeplumHe A: X+ 5x = 180° — X =30°. Torga, £1 =30° + 28° + 24° = 82°. = ;8

4. buccekTpucbl AM 1 DM yeTbipéxyronbHuka ABCD nepecekatoTcs B Touke M nog yrnom 86°.
3apaHue BbINOMHAETCA NO3TanHO, Ha KaXKAOM 3Tane YYEeHUKM O06Cy)KAAT M HaxoaaT .
HeobXo4MMbIE BEIMUYMHDI. A
¢ CHavana onpegensaetca ZMAD = 180° — (86° + 46°) = 48°, « BAD =96°, ZADC = 92°, \ e |
Z B=360°-(96° + 92°+ 100°) = 72°. p- e,

e Mockonbky £ B+ £ C=172°n £ AMD = 86°, oTMe4aeTcs, YTo BbINONHAETCA PaBEHCTBO
Z AMD = (£B+ «£C) : 2.

® B pe3synbTaTe BbIMNOJHEHWUSA 3343aHNA YYEHUKU NPUXOAAT K BbIBOAY: Y20/ MexOy buccekmpucamu 08yX CMEHHbIX
Y2108 Yembipexy20sbHUKA PABeH Mos108UHE CYMMbl 08yx Opy2ux y2a08. UICTUHHOCTb 3TOrO YTBEPKAEHUA MOXKHO
06DBACHUTb TEM, YTO CYMMa BHYTPEHHUX YI/I0B TPEYrO/IbHUKA, NOJlyYEHHAsA U3 nepeceyeHns buccekTpuc, paBHa
NONIOBMHE CYMMbl BHYTPEHHUX YI/IOB YeTblPexyro/ibH1Ka. MOCKONbKY Cymma ABYX Yr/I0B TPeyrosbHWKa paBHa
No/I0BMHE CYMMbI ABYX YI/10B YETbIPEXYroibHUKA, Yro/ B BePLUMHE TPEYro/IbHUKA TaK¥Ke paBeH MoJIOBUHE CYMMblI
OBYX OCTaBLUMXCA YI/IOB YETbIPEXYrosibHUKA. ITO YTBEPXKAEHME TaKKE MOXKHO MPOBEPUTb Ha Pa3/IUUYHbIX
npumepax.

6. YueHUKM obpalllatoT BHUMAHWE, YTO Karkaana guaroHasnb npsamoyronbHuka ABCD genut ero
Ha [Ba Tpeyro/ibHWKA. B xoge ob6cyKAeHMA yCTaHaB/AMBAETCA, 4YTO CpPeaHue JIMHUK

TpeyronsHukos ABD u BCD napannenbHbl guaroHanu BD, a cpegHve nnHum TpeyronbHukos M ) I
ABC n ACD napannenbHbl guaroHanm AC u pasHbl eé nonosvHe. MN=ML =NK=LK=5cm. 4 2 D
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BcnomuHatoTca cBoicTBa pomba, obocHoBbiBaeTca, 4To uyeTblpexyronbHMK MNKL sansetca pombom, u
BbluMcnserca ero nepumetp. P =20 cm.

K cBepeHuto yuutena! MHoraa B Takux ciydanx yyeHWkn owmbodHo cumtator MNKL KBagpaTom m3-3a paBeHcTBa
€ro CTOPOH U He 06paLLaloT BHUMAHUS HA rPajyCHYI0 Mepy YraoB. YUnTenb A0MKeH 06paTUTb BHUMAHWE YYEHUKOB
Ha yrabl. O6OCHOBbLIBAETCS, YTO YETbIPEXYTONbHUK ABAAETCA POMOOM, MOTOMY YTO Yr/bl OTAMYatoTcsA oT 90°.

8. MNepey, BbINONHEHNEM 3343HMA LENeco0bpasHO NOBTOPUTL C YYEHUKAMM CBEAEHMA O KBagpaTe, B —C
yrnax, BblcoTe U BuCCEKTpUce PaBHOCTOPOHHErO TPEYrosibHUKA. YUYEHUKU OnpenensatoT, 4To u3 E
paBHocTopoHHero TpeyronbHuMKa AND cnegyer, uto £ NAD = 60°, a TakKe 13 KBagpaTa £ BAN =90°
—60°=30°. C apyroi cTopoHsbl, TpeyronbHWK ABN aBnseTca paBHobeapeHHbIM, notomy yTo AB=AD 4
= AN. Torga n3 AABN cneayeT, uto £ BNA = (180° — £ BAN) : 2 = 75°. £ DNE = 180° — (60° + 75°) = 45°, Z NDE

= 30°. Mockonbky BA || CD, o £ NEC = £ ABN = (180° - 30°) : 2 = 75°.

K cBegeHumio yuntensa! PeweHuve 8-ro 3a4aH1A MOXKET 0Ka3aTbCA 418 YHEHUKOB HE TaKMM Y3K NPOCTbIM. MonesHo,
yTO6bl YYEeHMKM 0BOCHOBA/MM, HA OCHOBAHWM KAKOro TPEYrosibHUKAa WM KaKoro NpaBuia HaxO4ATCA YrAbl.
OcobeHHO cegyeT 06bACHWUTb, Nodemy TpeyroabHUK ABN saBasetcs pasHobegpeHHbIM. Mpy HeobxoanmocTu
yunTeNb LO/IKEH HAaNPaBUTb YYEHUKOB B HYXHOE PYCAo.

9. GaKT 0 TOM, YTO B NPAMOYIO/IbHOM TPEYTOJIbHUKE MeAMaHa, NpoBeAEHHAN U3 BEPLUMHbI MTPSMOro
yrna, paBHa NONOBUHE TMNOTEHY3bl, YAaCTO MCMOL3YETCA NPU PELUEHUN 3334 Ha TPEYrONbHUKM.
Y1066l 06OCHOBATHL 3TOT (GAKT, YUEHUKM MO AAHHOMY YKa3aHUIO MPOBOAAT meauaHy AM u
NPOAO/IKAIOT €€ Ha TaKyio e AJ/IMHY B MPOTUBOMO/IOKHYI0 CTOPOHY. TOUkM B 1 D coeanHAtOTCA €
Toukoi C. 3agaHue BbINONHAETCA NO3TarnHo, C OTBETaMM Ha BONPOCHI.

* To, uto YeTblpéxyronbHWk ABCD saBnseTcs napannenorpaMmom, 060CHOBbBIBAETCA CBOWCTBOM M3 3adaHua 13
Ha cTpaHuue 117 yyebHWKa: ecau OuaeoHanU 4YemelpEéxy20/bHUKA Mepecekaromcs U MmovKol nepeceveHus
0enamcA rnornosaam, mo smom 4emolpéxy20/6HUK — napasnenoepamm.

e Ecnu ABCD napannenorpamm, TO ero npOTMBOMOJIOMXHbIE YI/bl PaBHbl. Ha OCHOBaHWWM 3TOrO CBOWCTBA
napannenorpamm ¢ OAHUM NPSMbIM YI0M ABAAETCA NPAMOYTObHUKOM

e [lnaroHanu NpaMoyrosbH1UKa pasHbl. Mockosibky AM = %AC nAC=BD, To AM = % BD.

10. Mo ycnosuto ABC paBHobeapeHHbIn TpeyronbHuk, a MBNK napannenorpamm, npuyém 1
AB=BC=12cm, L A= £ C=40°. YYEHNKN aHAIM3NPYIOT PUCYHOK 1 AaHHblE YCI0BMA. A
e Tak kak ABC paBHobegpeHHbIN TpeyronbHuk u £L A= £ C =40°, o £ B=100°. MNo .~ § o
CBOWCTBAaM  MNPOTMBOMOJIONKHbBIX WM CMEXKHbIX YrI0B  Mapajnnenorpamma  yribl

napannenorpamma MBNK pasHbl 100° 1 80°.

e [ockonbky ZBMK = 80°, To ZAMK = 100°, cnegosatenbHo ZA = ZK = 40°. TpeyronbHuk AMK
paBHobeapeHHbINM, 3HaunT AM = MK.

¢ MepumeTp napannenorpamma MBNK moKHO HaiTv Tak.
P=MK+MB+BN+NK=AM+MB+BN+NC=12cm+ 12 cm =24 cm.

12. Ha pucyHKe npoBeageHbl gnaroHanu Tpaneummn ABCD v eé cpepHasa amHua MN. CpegHAa nnHua
Tpaneuun MN = 16 cm. OTpe3ok MF — cpegHaa nnHua TpeyronbHmMka ABD, nostomy MF = 10 cm.
YYyeHUKKN yxKe 3HatT, Yyto ME — cpegHAaa AnMHKUA TpeyronbHuka ABC, a FN — cpegHAAa NnHUA
TpeyronbHuKa BCD. Torara ME=FN=6cm, EF=EN-FN=10-6 =4 cm. Tw P

K cseaeHuto y‘-WITEIIﬂ! Yactb cpe,a,Hei/'l JIMHUM Tpaneumn, 3aKAIYEHHAA MeXAay ANaroHanAMM, paBHa NOJIOBUHE
AD-BC _ 20-12

pasHOCTU ocHoBaHMit: EF = =4 cm. NonesHo 06paTUTb BHUMAHUE YHEHUKOB Ha 3Ty hopmyy.

13. JaHHbIe Ha PUCYHKE aHaNU3UPYIOTCA U UCCNeAYHTCA YY4EHUKaMMU.

¢ B napannenorpamme ABCD 6uccektpuca DT obpasyeT paBHObeapeHHbIN TpeyroibHUK
DTC. YyeHuKM 060OCHOBbIBAOT paBHObBeAPEHHOCTb 3TOTO TPeyro/ibHMKa Ha OCHOBAHMMU _
CBOWCTBA YI/I0B MeXK Ay NapasiesibHbiMU NpsambiMU 1 ceryteir. TC=CD =5 cm. e
Mockonbry TF || AB || CD, To TF =5 cm. CnegosatenbHo, YeTbipéxyronbHnk FTCD pomb.
YYeHUKM 06BACHAIOT CBOMCTBa pomba.

e ObcypaeTcs, 4To AMaroHanb pomba AeNnT ero Ha ABa PaBHbIX TPeyroabHUKa. Ecam naowaab TpeyronbHUKa
CTD paBHa 8 cm?, To nniowaab pomba FTCD sagoe 6osblie — 16 cm?,

* [TOCKONbKY CTOPOHbI M YrAabl Napannenorpammos ABTF u FTCD pasHbl, To ABTF = FTCD.

e Tak KaKk nnowagab TpeyronbHuka CTD paBHa 8 cm?, 060CHOBbIBaeTcA, 4To nsowaab Tpaneuun ABTD B 3 pasa
6osblwe — 24 cm?. YunTeNb MOXET AaTb YYEHMKaM HEKOTOPble YKa3aHuA AAA MOJyYeHMs 3TOro pesynbTaTa.
Takum obpasom, niolaab Tpaneuumn coctasnsaeT 24 cm?,
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e AHa/IOrMYHO YCTaHaB/IMBAETCA, YTO NJIOWAAb napannenorpamma ABCD paBHa 32 cm?.

K cBegeHuio yuntena! B sTom 3a4aHUMN YyHEHUKU AOMKHbBI HAXOAMUTb NAOLLAAN TPAMNELUN U Napannenorpamma He
no dopmyse, a Kak CymMy MJOWAAEN PaBHbIX TPEYrosibHUKOB. YUUTeNb MOXKET OTMETUTb, YTO Gopmynbl
naowanen atTux uryp 6yayT nsyyaTbcaA B CTapLUMX Kaaccax.

14. PaccmaTtpmBas NaaH yauL, Ha PUCYHKe, YYEHUKU ONpesensatoT, YTo OH umeeT dpopmy Vg Xetioanss
Tpaneuumn, a yamua «4Ymyeknm» pacnonoxeHa Ha eé cpegHen nnHUW. Mo mappyty ; ¥ %
150 m ¥

npobera y4acTHUKM KOMaHZAbl 40/XKHbI ABUraTbCA MO CTOPOHaM Tpaneuuwn. B xone
0bCyaeHMA BbIACHAETCA, 4TO AAWMHbI OCHOBaHMM Tpaneuun («XehBanbi» M § | _
«4MHaPAbI») HEWU3BECTHbI. [I1A HAaXOMAEHMA ANMHbI MapLIPyTa A0CTaTOYHO 3HaTh UX Yiiio dunopis
cymmy. YuyeHuKu no popmyne cpesiHen IMHUN HAXOZAT 3Ty CYMMY.

2 - 150 m = 300 m. CnepoBaTenbHO, BblYUCAAETCA AAMHA MapLlpyTa. 300 + 110 + 90 = 500 (m).
HaxoanTca KOAMYeCTBO KPYros, KOTOPOE Y/ieHbl KOMaHAbl COBEPLUMIM NO 3TOMY MApLUPYTY.
2km=2000m 2000 :500 =4.

Omeem. YneHbl KOMaHAbI A0NXHbI NPONTM NO 3TOMY MapLpyTy 4 pasa.

%

1. 3anucb Ntoboro HeYETHOro uncna B Buge (2N + 1), a 4étHoro — B BMAE 2N A0BOAUTCA A0 CBEAEHUA YYEHUKOB U
obbacHAeTcA. O6cyKAaeTcA, KaK 3anMCcbiBalOTCA NOCAeA0BaTe/IbHble HEYETHbIe M noc/iefoBaTe/ibHble YETHblE
yncna. Ha ocHoBe BbipaxkeHuii (2N + 1) M 2N y4eHMKaM NoKasbIBaOTCA NPUMEpPbI NOYyYeHMA NOCNeL0BaTENbHbIX
HEYETHbIX U YETHBIX YMCEN NPU PA3NYHbIX LLebIX 3HAYEeHUAX N.

a) Cymmy nobbix ABYX NOCNeA0BaTENbHbIX HEYETHbIX YNCEN MOXKHO 3anucaTb B Buae (2n+ 1) + (2n + 3). Toraa
(2n+1) +(2n+3) =4n+4 =4(n+ 1). Tak Kak N — uenoe 4yncno, BbipaxkeHue 4(n + 1) genuntca Ha 4.

6) Cymmy ntobbix TPEX NocNeA0BaTe/IbHbIX YETHBIX YNCENT MOXKHO 3anucaTh B BuAe 2N+ (2n+2) + (2n + 4). Torga
2n+(2n+2) +(2n+4)=6N+6 = 6(N+ 1). TaK Kak N — Ue/oe YMCNOo, BbiparkeHue 6(N + 1) aenntca Ha 6.

2. TpebyeTcs onpenenutb, KaKoe BblpaXKeHWe ABAAETCA a) MNOMHbIM KBaApaTom, 6) noaHbiIM Kybom
onpeaeneHHOro HaTypasbHOro Yncna.

[nsa 3TOro ero nokasaTtesnb CTENEHU LOKEH BbITb YETHBIM YMCIOM.

a) sblpaxeHus (2°)13 = 265 y (7113 = 713 Le mozym 6bimb nonHLIMU Keadpamamu Kakoz20-1ubo vucaa
soipaxeHne (50)° = 530 = (51%)2 ggaaemca nonHeim keadpamom yucaa 5%°.

6) YTObbl AaHHOE BbipaKeHue B6bl10 NOMHbIM KyBOM HEKOTOPOro HaTypPa/ibHOro YMCAA, ero NoKasaTeslb CTeneHn
OO/KEH AeNnTbCA Ha 3.

(25)6=230=(219)3 gg19emca nonHeim Ky6om yucaa 21°

n (9%)8=972= (92)3 genaemca noaHeim kybom yucaa 924

sbipaxkermne (57)8= 556 He moxcem 6bimb npedcmaesneHo Kak nosHbIil Kyb KaKo20-AU60 HAMYPAALHO20 YUCAA.

1

3. Ha nepBom 3Tane n/iowaab BbIpe3aHHOro B LEHTPe TPEYro/ibHUKa cocTasnAer A A

.. SN

nAoWaamn OCTaBLIErocA TPeyronbHWKa. Ha BTOpOM 3Tane B KaX4OM W3 TPEX \"/ - {
YFN0BbIX TPEYro/lbHUKOB CHOBAa BbIPE3AETCA CPeAHUI TPeyronbHWK. Tak Kak e

Yauya Yuvexnu

1
M/IOIWa/lb KaX/OrO YIN0BOTO TPEYFO/IbHMKA PaBHa - M/IOWLA/N UCXOAHOTO TPEYrobHIMKa, TO MAOWAAL KaKaA0ro

1 1 1
BHOBb BbIPE3aHHOTO CPE/AHErO TPEYro/IbHUKa paBHa .« - = —.
1 3
TaKux TPeYronbHMKOB 3, 3HAYMT, HAa BTOPOM 3Tane Bbipe3aHHas NAowWwaab paBHa P 3= o

1 7 o
O6Lwan BbipesaHHas naowaab COCTaBAAET - + —— = — YaCTb OT NePBOHaYa/bHOM NaowWaAAY.

16
4. 370 3aHMMaTE/IbHOE 3aaHME YHEHUKN MOTYT pPeLunTb, 06CyKaan ero B rpynnax. PeweHne MoxHo npeacTasuTb

cnenyowmm aaropuTMOM:
|. OgHOBpPEMEHHO NEepPeBOPAYMBALOTCA NECOYHbIE Yacbl HA 7 U 11 MUHYT.

Il. Korga 3aKaH4YMBalOTCA 7-MWHYTHblE 4acbl, UX CpPa3y NepeBOpayMBalOT CHOBa. B 3ToT
MOMEHT B 11-MUHYTHbIX Yacax ocTaéTca 4 MUHYTbI Necka.

Ill. Korga 3akaHuuBatoTCcA ocTaswneca 4 MUHYTbl B 11-MUHYTHbIX YacaX, 7-MUHYTHble 4acbl CHOBA HEMeANIEHHO
nepesopaynBatoT. Tenepb 7-MUHYTHbIE Yacbl CTOAT Ha CTOPOHE 4 MUHYT.

IV. Korga 3akaHuMBatoTCA 3TN 4 MUHYTbI, BCEro nsmepeHo 15 MUHYT.

5. Tak Kak npu peleHun 3TOro 3ah4aHuA MCMNOJb3yeTCA HepaBeHCTBO TPeyronbHWKA, B 5cm
LenecoobpasHo HANOMHWTL YY4EHMKAM 3TO NpPaBuio. PaccmaTpuBaloTca ABa cayyas:

1) BD =8 cm; 2) AC=8 cm.

1) Echn BD = 8 m, To anda TpeyrosnbHUKa ABD HepaBeHCTBO TPeyro/ibHUKa BbINOHAETCA, a
[ON5 TpeyrosibHUKa BCD — HeT. 3HauuT, BD He MOKeT ObiTb PaBHO 8 CMm.

4 cm

4 7m
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2) Ecam AC = 8 cm, To M gna TpeyronbHuka ACD, U pna TpeyronbHWka ABC HepaBEeHCTBO TPeyrosbHWKa
BbIMONHAETCA.
CnepoBaTtenbHO, AMAroHanbio a4nnHoi 8 cm sensetca AC.

&& @ A’E’W\ APOYHbIE KOHCTPYKLUMN B APXUTEKTYPE

YynTenb nopyyaeT yyeHMKam cobpatb MHPOpPMaLMIO 06 apOYHbIX KOHCTPYKUMAX: T4E OHM
BNepBble MNOABUAMCb, B KaKMX COOPYNKEHUAX npumeHanucb. CobpaHHas yyeHMKamu
nHdopmauma obcykaaetcs. LlenecoobpasHo NpoAeMOHCTPMPOBaTb Ha PUCYHKax, Kak B
apKax UCMonb3yoTca 610KM NpU3MaTUYecKoi popmbl.

1. Mo [aHHbIM Ha PUCYHKE YYEHWKWM 3amnmucbiBalOT BblpaXKeHWe O/1A Bbl4MCAEHUS MONHOM
NAoWaaM BEpXHEW W HUXKHEN MOBEepPXHOCTU apKW. BepxHsAs MNOBEPXHOCTb COCTOWUT U3
NPAMOYrO/IbHUKOB CO CTOPOHaMM b U1 ¢, HUKHAS — CcO cTOpoHamuK au C.

Seepx = 9bC M Sy = 9ac.

Mpna=75cm, b=95cm, c=2 m =200 cm nonyyaem Sepx = 17,1 M2, Sy = 13,5 M2,

2. Mo 60KOBOMY M306PaXKEHMIO aPKMU HAXOAATCA YI/bl TPANEL M.

Ha ocHoBe TOro, 4To apKa umeet GopMy NONYOKPYKHOCTU, BbIYUCAAIOTCA YI/bl TPanewuum B
KOHCTPYyKUMK apku: 180°: 9 = 20° 180° -20° = 160°

CnepoBaTtesibHO, yribl Tpaneumi pasHbl 20° 1 160°.

3. YueHuKM cobupaloT B MHTepHETE MHGOPMALMIO O BUAAX apPOK, UX HacTaX, 061acTaX NPUMEHEHMS U UCTOPUM
BO3HMKHOBEHMS, FOTOBAT Npe3eHTaumio. B Knaccax ¢ TeXHUYECKMMM BO3SMOMKHOCTAMM MOXHO MCMNO/b30BaTb
WHTEPAKTUBHYIO AEeATENbHOCTb:

https://www.geogebra.orqg/m/q3f7ekpr https://www.geogebra.org/m/vZNteh9V

4. Y4YeHUKM pa3pabaTbiBalOT NPOEKT apKM B ONpeaeséHHOM CTU/e, ONpeaenstoT eé pasmepbl U KOMYeCcTBO
HeobxoauMbIx 6/10K0B.

[na Toro 4ytobbl YYEHMKM MOFAM MPOEKTUPOBATb KOHCTPYKLMW apoK, PaccUMTbiBaTb pasmepbl U KOIUYECTBO
6/10KOB, CyLLECTBYET HECKONbKO 3P EKTUBHbIX 3/EKTPOHHbIX PECYPCOB, OCHOBAHHbLIX Ha MaTeMaTUYEeCKUX
WHMKEHEPHbIX MNPUHUMNAX. ITM MHCTPYMEHTbI MOMOTYT YYeHMKamM MepeBecT TeopeTMYecKMe 3HaHUA B
NPaKkTUYeckoe MoAennpoBaHMe. YUeHMKaM MOXKHO MOPEKOMEHAO0BaTb HalTU rotoBble WabAoHbI Ha caiTe
https://www.geogebra.org/ no 3anpocy "Arch construction" naun "Masonry arch".

BepxHAA NOBEPXHOCTb
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6-i1 PASEN dyHKUMA

HasBaHue Yacbl | YyebHUK Pa6ouas
Tema Ne (cTp.) TeTpagb
(ctp.)
MpepBapuTenbHaa NpoBepKa 1 6
Tema 6.1 DyHKUMA 2 7 3
Tema 6.2 padumK dyHKUMM 2 11 6
Tema 6.3 JInHeMHana dyHKUMA 1 ee rpadmK 4 14 9
O6o06Lwatowmin ypok. STEAM. “lyTelsectsne B
” 2 20 12
rasnakTMKy AHapomezpl
MCO 1 1
OBLUEE KOJIUMECTBO YACOB NO PA3AENY 12

KpaTtkuit 0630p paspgena

B pasgene BHayane NpoBepAOTCA YMEHUA YHEHUKOB OTMEYaTb TOUKY B MPAMOYTO/fIbHOW CUCTEME KOOPAMHAT,
onpenenatb KOOPAWHATbl 3a@aHHOW TOUYKM, YMTaTb rpaduK; BCMOMMHAIOTCA CBOWCTBA MPAMOK M 0bBpaTHOM
NpPOoNopLUNOHaIbHON 3aBUCUMOCTH, C UCMO/Ib30BaHMEM UX rPadMKOB peLLatoTcsA 3a4a4uM. 3aTem BBOSATCA MOHATUA
«PYHKUMOHaNbHAA 3aBUCUMOCTbY, «PYHKUMA». OBBACHAOTCA cNOcobbl 3a4aHNA GYHKLMM, CTPOUTCA €€ rpaduk 1
uccnepyetca ero uyteHue, GOPMUPYIOTCA YMEHWMA MOAy4YaTb PasAuMyHyto MHOOPMauMio No  rpaduky.
PaccmatpuBatotca nnHeHaa ¢yHKUuMA, eé rpaduk, yrioBon KoadduUMEHT k M ero HaxoxKaeHuwe, a TaKxKe
nosoXKeHue rpadrKa B 3aBMCMMOCTM OT 3HaKa Yr10Boro KoadpdpuumneHTta

Ha uto crouT 06paTUTb BHUMaHUE?

MoHATME «YHKUMA» MHOrAa TPYAHO BOCMPUHUMAETCA YYEHUKAMU. TaK, BblpaXKeHUe COOTBETCTBUA MEXAY
BXOZHbIMW M BbIXOAHbIMM 3/1EMEHTaMKM C NOMOLbIO 0coboro npasuaa — PyHKLUM — MOXKET ObITb He cpasy
NMOHATHO Y4YeHWKaM. Yuntenb AoMKeH 06paTuTb BHUMaHWE Ha OCHOBHYO LieNib TeMbl « PyHKUMA»: GYyHKLUMA — 3TO
CPEeACTBO O/1A OMNUCAHWUA M MOHMMAHUSA COOTBETCTBUA MEXKAY NepeMeHHbIMU. ITO COOTBETCTBME MONKET BbITb
BbIPAKEHO B PA3/MYHbIX GOPMAx: C NMOMOLLbIO MATeMaTUYEeCKMX CMMBOJIOB, rpadukos, Tabauy, ycTHoro
OMWUCAHUA, CUTYATUBHbIX NPUMEPOB U T. .

Heobxoanmo YETKO 06BACHUTD, YTO U3MEHEHME 3HAYEHMA OLHOM BEIMUYNHDBI BbI3bIBAET U3SMEHEHWE 3HAYEHUA
Apyrov BennumHbl. Mpu 06bACHEHUN TaKMX BEANYUH LenecoobpasHo NpuBoauTb 60/bLe NPUMEpPOB.

B Teme «JInHeHaA GYHKUMAY YYEHUKM Yallle BCEro UCNbITbIBAOT TPYAHOCTU NPU YCTAHOBAEHUM CBA3U MEXAY
cnocobamu 3agaHunA GYyHKLMU, a TaKKe Npu NonyYyeHnn nHpopmaumm ob yrnosom Koadpduumente k n ceobogHom
yneHe b no nonoxeHuto npamotii. NosTomy nonesHo, YTobbl yunuTenb yaenan 6onblie BHUMaHMA 3aaHUAM TaKOro
TUMNA U UX PeLLEeHUIO.

Pa3BuTME MaTemMaTUUYECKOro A3bIKa

B paHHOM pa3sgene BBOOATCA WM M3Y4alOTCA MOHATMA «AMarpaMma COOTBETCTBUAY, «(dYHKLMOHANbHAA
33aBUCMMOCTBY», «DYHKLMAY, «3aBUCUMAA NMepeMEHHan», «He3aBUCUMAA NMepemMeHHan», «aprymeHT», «obnactb
onpeaeneHnn», KMHOMECTBO 3HAYEHUIN», «KIMHENHAA OYHKLMA», «yrN0BON KO3ddULMEHT». YCBOEHNE TeMbl BO
MHOIOM 3aBUCUT OT NMPaBU/IbHOIFO MOHUMAHUA HOBbIX MOHATUN.

MaTtemaTtuyeckue NOHATMA U TEPMUHDI, YCBOEHHDbIE B pasaene

Juaepamma coomeemcmeus, (HYHKUUOHAABHAA 30B8UCUMOCMb, (DYHKUUSA, 30BUCUMAA  NepeMeHHas,
He3aeucumMasa nepemeHHas, apaymeHm, obaacme onpedesneHus, MHOXecmso 3Ha4yeHull, 2paguKk GyHKYUU,
nuHeliHasa pyHKYuS, y2noeol KosgguuyueHm.

Heob6xoaumble npeaBapuTenbHble 3HAaHWA U YMEHUA:

¢ MaTemaTuyeckne 3aKOHOMEPHOCTH e [paduueckoe NpeacTaBaeHVEe 3aBUCUMOCTH
* CB06OAHbIE M 3aBUCUMbIE BEIMUUNHDI * KoopauHaTbl TOYKM

¢ MpAman 1 obpaTHasA NPONOPLUOHAIbHAA * OnpegesieHVe TOUYKM MO €€ KoopAUHaTam
3aBUCUMMOCTb

MeXaucunnaMHapHasa nHTerpauus
MoHATHE «DYHKLMA» LWMPOKO UCMONb3YETCA B PA3/IMUHbIX 061acTaX. OYeHb YacTo B NOBCEAHEBHOM XU3HW OHO
ynoTpebaserca M Kak CMHOHMM C/OB «POJib», «HasHadeHue». DyHKUMA MNpeskae BCero Mcnosb3yercs ana
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ONMWUCaHUA 3aBUCMMOCTU SABJIEHWIA APYr OT APYyra, MHbIMKA CA0BaMM, MPUYMHHO-CNEACTBEHHbIX CBA3EN.
OnpegeneHve 3aKOHOMEPHOCTEM B MPUpoOAe MO3BOASET AenaTb onpeAenéHHble NporHosbl. locTpoeHue
MaTemaTUMYeCcKMX mogeneil npoueccos nomoraet GopmManbHO BbIPasUTb 3aBUCMMOCTU. paduK dyHKUMMK
NO3BO/IAET BU3Ya/ibHO aHAaAM3MPOBATb 3TU 3aBUCUMOCTM. 3HAHMA U YMEHUA, NOJYYEHHbIE YYEHUKAMK NO TEME
OYHKUMM, NPUMEHAIOTCA UMW NPU PEeLUeHMM PasAMYHbIX 3ag4a4y No GUsKMKe, XMMUKM, reorpadum u Apyrum
npeameTam.

TEMA 6.1. dyHKUMUA
7-2.3.1. [JeMOHCTpUpyeT Haanyme nepBOHAYaA/IbHOrO MpeaCTaBNeHNA O MNOHATUM
byHKUMK.
e [peacTaBasfeT NOHATUE «DYHKLMAY KAK COOTBETCTBME MEXKAY ABYMSA BENMYMHAMM.
LE/IN OBYYEHUA e Pa3nunyaet cnocobbl 3aaaHna GyHKLUN.
® PellaeT 3agauu, oTHocALMECA K GYHKLMOHANbHOM 3aBUCUMOCTH.

NOACTAHOAPTbI

NMPUHALNEXHO

™ Pabouune nncTbl, KapToUKK, paboyasn TeTpagb
MsyueHue: https://phet.colorado.edu/az/simulations/function-builder

SNEKTPOHHDIE 3apgaHue: https://www.abcmouse.com/learn/game/function-machine-fun

PECYPCbI https://media.pearsoncmg.com/intl/pec/school/mathtv2/global/pcmg/math_tools/io

machine/index.html|

O6cyKpeHue UCXoaHOM 3aaaumn

MaTtepuan, npeacTaBNEHHbI Ha NepBOM CTpaHWUe pas3fena, a TakkKe 3ajaya, A L[l
npuseaéHHan noa 3aronoskom «MNonbiTantecb!», obcykaatotca. Mccnenyetcs ychosme AV AV WA
3a/a4M M 06CY)KAAlTCA 3aBUMCUMMOCTM MeXKay BenAnYMHamMu, M306ParKEHHbIMKU Ha I
rpaduKe, BbICAYIIMBAIOTCA MHEHMA Y4eHMKOB. MMocne u3ydeHus Tem pasgena w1
GOpPMMPOBAHUA HABLIKOB YTEHUA rPAadUKOB B KOHLUE pasfena peleHue 3TOW 3afaun o+ & 5 5 o
CHoBa obcyxaaeTcs, OOBACHAIOTCA MOMEHTbI, KOTOpble He 6blan 1 ) 3
NOHATHbI HA MEPBOM YPOKe.

No6yxaeHue A /6\ A
Ona nobyKaeHna y4yeHMKaM MOXKHO MNPeasioKUTb HECKONbKO 2 5 4 8 5 7
33/aHWI1, CBA3AHHbLIX C MATEMATUYECKMMWU 3aKOHOMEPHOCTAMM, 3HAKOMbIMU UM U3
MJIaZILLINX K/1AcCOoB.

JInbo MOXKHO NpeanoXuTb Takyt 3agady: «Ecam us 1 Beapa monoka nonyyatoT 300 r
Macna, TO CKO/IbKO Mmacsa noayumtca m3 2, 3, 6 Béaep MoJIoKa?» B aTom cnyyae
YCTaHaB/IMBAETCA CBA3b MeXAy KONMYECTBOM BEJEep MOJIOKa W KOJIMYeCTBOM
NOJIY4eHHOTO U3 HEFro Macna. BbicnywmBatoTca 1 06CyKAat0TCA OTBETLI YHEHWKOB. YYEHMKAM MOXKHO NPeaNOXNUTb
NPUBECTM eLLE HECKObKO NOA06HbIX NpumepoB. O3ByYeHHble NPUMepbl 0bcyKaatoTcs.

WccneposaHuezobcymaeHne

CuTyaums, NpeACcTaBAeHHas B WCCNEAOBaHWM, OBCYKAAeTCA COBMECTHO €

y4eHUKaMu. BbICYLIMBAIOTCA MHEHUA YYEHWUKOB O A/IMHE MyTU, KOTOPbIV npowén | O] i o )
AHap [0 MarasuHa v Noc/ie Bbixoda M3 MarasuHa. Mccnepyertca casb mexay 20 110
[JaHHbIMM, NpeacTaBAeHHbIMM B AuarpaMMme COOTBETCTBMA, M NoadupatoTcs l'?.'" 33 :’_};2
NoAXoAALLME YMCNA BMECTO 3HaKa «?». j - : izg

YYeHMKM Ha OCHOBe Auarpammbl COOTBETCTBMA ONpeaenAloT BXoAHble U
BbIXOAHbIE  3/IEMEHTbl  BbIYUCAWUTE/IBHOM  MaliMHbI UM 3anuCbiBaloT
COOTBETCTBYHOLLYIO 3aBUCMMOCTb: Y = 0,5X + 100. O6paluaeTcA BHMMaHWE Ha TO,
noyemy COOTBETCTBYIOLIME 3/1I@MEHTbl B BbIYMC/IMTE/NbHON MalUMHE SABAAOTCA
BXOAHbIMU U BbIXOAHbIMMU.

B Knaccax C TeEXHUYECKMMM BO3MOXHOCTAMM MOE3HO MCMO/1b30BaTb BUAEOMaTEpPUabl:
https://media.pearsoncmg.com/intl/pec/school/mathtv2/global/pcmg/
math_tools/iomachine/index.html|

y= 0,5x+100
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w ®yHKUMA

B npumepe oTmeyvaeTcs, YTO 3aBMCMMOCTb AJMHbI NyTH (S), NPOMAEHHOro aBTOMObUAEM, A e i

OBUNKYLLMMCA CO CKOPOCTbio 70 KM/Y, OT 3aTpayeHHOro Ha 3TOT NyTb BpemeHu (t) 3apaérca  Bpews Paccromume

(t.4) (5. kM)
dopmynoii sS=70t. : 70
B [Auarpamme COOTBETCTBMA, MNPUBEAEHHOW B U3yYEeHWM, MOKa3aHa AJWHA NyTH, oS o

2,5——=175
npongeHHoro 3a 1 4ac, 2 yaca u 2,5 4aca. MNoAaYEPKMBAETCA, YTO KAXKAOMY 3HaAYEHMIO H §

HE3aBMCMMOM MEepeMeHHOM COOTBETCTBYET TOJIbKO OAHO 3HAYeHWEe 3aBUCMMOW

nepemeHHom.

B Knaccax ¢ TeXHMYECKMMM BO3MOXKHOCTAMM A/18 06 bACHEHUA TEMbl MOXHO UCMO/1b30BaTb BUAEOMAaTEPUabI:
https://www.geogebra.org/m/trcyjugm, https://www.geogebra.org/m/jydj7gub

K cBegeHuto yuutena! Mpu 06bBACHEHUUM NOHATUIN «DYHKLMOHANBHOM 3aBUCMMOCTU» WUAU  «PYHKLMAY
HeobxoaMMo 06pPaTUTbL BHUMaHWE YYEHMKOB Ha TO, YTO He3aBMCUMaA Uan cBoboaHaa nepemeHHasa HasbiBaeTcA
aprymeHTOM, a 3aBUCMMan nepemeHHas — OyHKUMel 3Toro aprymeHTa. MNpu sTom 0cobo cnesyetr oTMETUTb
BAXHOCTb MPaBU/IbHOTO MCMO/Ib30BAHUA MOHATUMI. MOXKHO Ha Npumepax MOoKasaTb, KaKasa MnepemeHHas

HasblBaeTCA apryMeHTOM, a Kakaa — 3aBucAwen oT Heé ¢yHKumeln. [aa storo uenecoobpasHo aaTtb
MHOOPMALMIO U O APYTMX 3HAYEHUAX MOHATUI aprymeHT 1 GpyHKumMsA. MpruBoauTCA 5 ”
obo3HaueHMe aprymeHTa uYepes X, OYHKUMM — 4Yepe3 Y, a TaK¥Ke 3anucb B9
3aBUCUMOCTU Y OT X B BUAe Y(X). B 7-M Knacce HeT HEOBXOAMMOCTU MOAPOBHO — Obmacs  a—au  Muoxecro

onp >

paccmaTpmBaTtb 06/1acTb OonpeseneHns M MHOMKECTBO 3HAYEHUN YHKUUU. ITU
noHATMA byayt 6onee rnyboKo M3yyaTbCsA B CTAPLUMX K/accax Moc/ie 3HAKOMCTBA C Pas/IMYHbIMU YMCIOBLIMM
MHOecTBamu. B Teme faétcs KpaTKkas MHPOpMaLma, CBA3aHHAA C STUMM MOHATUAMM.

AHanusupya npumep M3 y4yebHMKa, NOAYEPKMBAETCA, YTO A/1A HEKOTOPbIX GYHKLMI NO cmbicay ux obnactb
onpeaeneHns U MHOXECTBO 3HAYEHUI He ABAAIOTCA NPOU3BOJIbHBIMU, @ MPUHUMAIOT ONpeseNéHHbIe 3HAYEeHUS.
[nA HaxoXAeHMA NaoLWaam KBaApaTa Co CTOPOHOM & MOXHO MCMONb30BaTb TabumLy € Lenbio onncaHuna obaactu
onpefeneHna 1 MHOXeCTBa 3HaueHuii yHKUMM S = a?. MNpu 3Tom obA3aTenbHo cneayeT 06paTUTb BHUMaHKUE
YYEHMKOB Ha TO, YTO & U SNPUHUMAIOT TONIbKO NONOMXKUTEbHbIE 3HaYeHMsA. O4HAKO TaKKe He0bX0AMMO L0BECTU
[0 BHMMaHUA YY4EHUKOB, YTO 061aCTb ONpeseeHNA U MHOXECTBO 3HaYeHU GYHKLUN He Bceraa 6biBatoT TO/IbKO
NONIOXKUTENbHBIMU. PaccMaTpuBan pasiMyHbie MPUMEpPbI, MOXHO U3Y4YUTb PasHble Caydau.

1. Nepep, BbINONHEHWEM 33aHUA LenecoobpasHO HAaNMOMHUTb, KaKasa 3aBUCUMOCTb AB/IAETCH
bYHKLMOHANBbHOM, @ Kakaa — HeT. [1ns 3TOro MOXHO NPoaHann3MpoBaTb NpUMep 3agaHus.
Mpumep, NpuBeAEHHbIN B NYHKTE a), 0bCy»KAaeTca ¢ ydyeHUKamu. OBBbACHAIOTCA CUMBOJbI,
npeacTaBieHHble B Auarpamme cOOTBETCTBUA: anemeHTbl X U Y, CBA3b MeXAy HUMMU,
Hanpas/seHWe CTPesIKM U  TO, KaKOW 3/NIEeMEHT KaKOMy 3/1IEMEHTY COOTBETCTBYET;

NnoAYEpKMBaETCA, YTO OAHOMY 3/1eMeHTY X COOTBETCTBYET TO/IbKO U TO/IbKO OAUH 3N1eMeHT Y. X ¥
Kak BUAHO M3 gMarpamMmsbl B MyHKTe 6), KaXKaoMy 3/1eMeHTy X COOTBETCTBYET TOIbKO OAWNH g““'“-----.zl b
anemeHT Y. Obpalwjaetca BHMMaHME Ha TO, YTO ABYM 371emMeHTaM X, Takum Kak 0 u 2, f B
COOTBETCTBYET OAMH 3/1emMeHT Y. ITOT c/lydait Ao/KeH BbiTb CreumnasbHO NPpoaHaan3MpoBaH il
yuntenem. To eCTb, HECMOTPA Ha TO YTO ABYM Pas/IMYHbIM 3HAYEHWAM aprymeHTa

COOTBETCTBYET OA4HO 3HadeHMe GYHKUMM, COrNacHO onpeaesieHunio, AaHHOe COOoTBeTCTBUE X Y

ABnAeTcA GYHKUMOHANbHOW 3aBUCUMOCTbIO.

B nyHKTe r) oTmeyatoTca anemeHTbl X 1 Y. InemeHtam X, pasHbiMm 1 1 4, cooTBeTCTBYET OANH
anemeHT Y (2). OgHako anemeHTy X, paBHOMY 7, COOTBETCTBYIOT ABa anemeHTa Y (5 u 8).
MocKoNbKY ABYM 3iemeHTam MHoxKecTBa X (1 1 4) cooTBETCTBYET OAMH 31EMEHT MHOMKECTBA
Y (2), paHHOE cooTBeTCTBME He ABAAeTcA GYHKLMOHANbHOM 3aBUCUMOCTbIO.

K cBepeHuio yuutens! B npeacraBieHHbIX AMarpammax HECKOJIbKMM 3/1eMeHTaM MHoXKecTBa X MOXKeT
COOTBETCTBOBATb TO/bKO OAMH 3/1EMEHT MHOXecTBa Y 1, Ha0bOopOoT, OAHOMY 3/IeMeHTY MHOMecTBa X MoryT
COOTBETCTBOBATb HECKO/IbKO 3/1eMeHTOB MHOMKecTBa Y. OueHb BaXKHO pasnuyaTb 3TW ABa C/iy4vas. YYeHMKam
cnepyeT 06BACHWUTDL, YTO NEPBbINA CAyYalt (0O4HOMY UAN HECKONbKMM 31eMeHTam X COOTBETCTBYET TONbKO OAMH
anemeHT Y) aBnsetca GyHKUMOHANbHOW 3aBUCMMOCTbIO, @ BTOPOI cayyait (ogHOMY anemeHTy X cooTBeTCTByeT
HECKONIbKO 31eMeHTOB Y) He aBnaeTcA GYHKLMOHANbHOMN 3aBUCUMOCTbIO.

B Knaccax ¢ TEXHMYECKMMM BO3MOXKHOCTSAMM MOKHO MUCMO/b30BaTh laHHbIE CCbUTKU:
https://www.geogebra.org/m/bhqzbpvc, https://www.geogebra.org/m/fyk2nsve
https://www.geogebra.org/m/kgrwy6ax, https://www.geogebra.org/m/fyk2nsve
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OnddepeHumnposaHHoe 0byueHue

Modoepxka. Yuntenb n3obparkaeT Ha [OCKE HECKONbKO Auarpamm. YYeHWKam npegnaraerca onpenenutb
BXOZHbIE U BbIXOAHbIE 3/1EMEHTbI. YUEHUKN NPOBEPAIOT pe3y/bTaTbl ApYr Apyra.

YanybneHue. Yuuteno MoXKeT NPeasioKUTb YYEHUKAM HECKO/IbKO Bonee CN0MXHbIX AMarpamm COOTBETCTBUS U
NopyYnTb ONPEeSeNUTb, ABAAETCA 1M COOTBETCTBUE GYHKLMOHANBbHOW 3aBUCUMOCTbIO. MpK BbINOAHEHUW 3a4aHNA
YYEHMKM NPOBEPAIOT NPABU/IBHOCTb OTBETOB APYr Apyra.

3. Ha ocHoBe ycn0BuMA 3a4a4mM NS ABYX C/yyaes n306parkeHbl guarpammol.

a) 34ecb BXOAHLIMU 3N1€MEHTAMM ABAAIOTCA 3HAYEHMA MACChl, @ BbIXOAHbIMM Macca  Cymwma
3/leMeHTaMn — CYMMa, OnJlaynBaemasn 3a Kaxkayto maccy. To ecTb B KavecTse (m, kr) (¢, maH)
He3aBUCMMOWN BENNYMHBI BepyTcA 3HAYEHUA M, a B Ka4ecTBe 3aBUCUMOM 115—' g

BE/INYMHbI — 3HaYeHuA C. 2
OnpeaenaeTca 3aKOHOMEPHOCTb MeXay m u c: ¢ =2 m. 35 Z

3HayeHne BeNYMHbI € 3aBUCUT OT m. CnepoBaTenibHO, B MYCTble KAETKU

AMarpaMmbl 3anucbiBatoTcA uncna 4 m 7.

6) B 3TOM NyHKTE BXOLHbIMW 3N1EMEHTAMM ABAAIOTCA 3HAYEHUA ONAYEHHON CYMMbI, A Cymma  Macca

(¢, maw) (M, xr)

BbIXOAHbIMM 3/IeMEHTaMM — 3HAYEeHNEe Maccbl. TO eCcTb B KayecTse He3aBMUCMMOM
1——05

BEMYMHbI 6epéTca ¢ (onnayeHHan Cymma), a B KaUecTBe 3aB1CUMON BESIMYMHBI — M 4 .2

(macca KynneHHOro Ha 3Ty cymmy A6/10Ka). 3aKOHOMEPHOCTb MeXAy C U M MMeeT Bug, m 5
= 0,5c. 3HaueHne m 3aBUCUT OT C. B nycTble KNeTKK 3anucbiBatoTcs umcaa 2,5 u 3. 6

JloXKHble npeAacTaBNeHUA, BO3HUKAKOWME Y YYEHUKOB. MHOrga yYeHWKWM UCMbITbIBAOT TPYAHOCTU MpwU
onpeneneHun 3aBUCUMOCTU MEXKAY BENMYMHAMM U AO0MNYCKAOT OWKNOKM. OAHON M3 OCHOBHbIX MPUYUH 3TOTO
CBA3aHA C HEMPaBW/IbHbIM OnpeaeseHNEM TOrO, KaKas Be/IMYMHA ABAAETCA 3aBUCMMOM, @ KaKaa — HE3aBUCUMOIA.
MoOKHO NPUBECTM ABa NPUMEPA C OAHUMU N TEMMU KE BEINYMHAMMU.
B npnBeAEHHbIX NPUMEpPax onpeaennTe 3aBUCUMbIE U HE3AaBUCUMbIE BENUYUHBI.
1) Echm newexog npoxoaunt 20 Km 3a 4 4aca, TO 3a CKO/IbKO YacoB OH NPoMAET 30 KM C TOM e CKOpOCTbio?
2) NMewexopa, 3a 4 yaca npoxoant 20 Km. Ecam oH ByaeT ABUraTbCs C TOM KEe CKOPOCTbHO, TO CKOJIbKO KUJIOMETPOB
OH NponaeéT 3a 5 yacos?
JloxkHO B 060Mx cnyyasnx paccToAHWE 3aBUCUT OT BPEMEHMW.
BepHol) 34ECb PACCTOAHME ABJIAETCA HE3ABUCMMOW NEPEMEHHOM, a Bpema — ¢QyHKUuMeN. Tak Kak B 3TOM
cny4Yae Bpema onpesenserca no 3a4aHHOMY PAacCTOAHUIO.
2) B aTOM cnyyae Bpema ABNAETCA HE3aBUCMMOM NepemeHHOM, a PaccToAHWE 3aBUCUMOI NepemMeHHOMN.
TakK KaK No yc/I0BUIO paccToAHWE onpeaenaeTca no 3aTpayeHHOMY BpeMEHM.

m Cnocobbl 3agaHua GyHKLUU

MNMocne nepBoHaYanbHbIX 3HaHUMA O QYHKUMM OYEHb BaXKHO OOBACHUTbL YYEHUKaAM, Kakum obpasom 3apaérca
OYHKUMA UK KakMMK cnocobamu NpeacTaBAAOTCA 3aBUCMMOCTU MEXAY BENMYMHAMN. PasymeeTca, Y4EHUKH YiKe
paHee CTa/fIKMBaNCb C PA3INYHLIMKM CNocobammn NpeacTaBAeHMUA 3aBUCUMOCTEN MEXAY ABYMA BeAUYMHAMK. B
[aHHOWN Teme 0bbAcHAeTCA 3afaHme GpYHKLMM C MOMOLLLIO popmybl, TabauLbl U rpaduka.

K cBepaeHuio yuutensa! MNonesHo ob6CcyauTb C YyYEHMKAMM, B KaKMX CAy4asx KaKoW cnocob 3agaHus GyHKUuM
ABnaetca 6onee yaobHbIM. TaK, NpeacTaBNeHWE WM3MEHEHWA TemnepaTypbl C MNomouwpbto Gopmyabl Wan
onpeaeneHne 3aKOHOMEPHOCTU MeXAy BeNMYMHAMM B AAHHbIX, NPeACTaBAEHHbIX B BMAe Tabnuubl, MOXKeT
BbI3bIBaTb TPYAHOCTW. 0 3TOM NpuYMHeE cnefyeT NoAYEPKHYTb 3HAYeHMe cCNocoboB 3aaaHnA GYHKLMK,

[

Ona onpepeneHva Haubonblie M HauMMeHblUel TemnepaTypbl BO34yxa B TeyeHWe AHS No rpaduky,
npuBefEHHOMY B y4YebHMKe, YyYEHMKAM CHa4yana NpesocTaBAseTca BO3MOMKHOCTb CBOBOAHO BbICKA3aTb CBOM
MbIC/IU. 3aTemM NPOBOAMUTCA 0BCYKAEHME CO BCEM KNAcCOM. [1pn 3TOM OCHOBHOM LLesbto siBAfeTcs GOpMUPOBaHUE
YMEHUIM UMTaTb CBA3b MeXAy ABYMA BeAMYMHaAMM MO rpadumKy. NMOCKONbKY YYEHUKM 3HAKOMbI C NOAO0OHBIMM
334aHUAMM U3 MNALLLIMX KNACCOB, AaHHbIM BONPOC He BbI3blBAeT TpyaHOCTel. Ha ocHoBe rpaduka onpeaensetcsa,
B KaKue Yyacbl AHA Habaaanncb 3TM TemnepaTypbl:

T(0) =-2°C n T(16) = 3°C.
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OnddepeHumpoBaHHoe 0byueHne

lModoepicka. B [BYXMECTHbIA MOTOLUMKA, MOMUMO BOAWUTENA, MOXeT cecTb 1 x12 1519

naccaxup, B MATUMECTHbIA J/IerKoBOM aBToMOBWAb — 4 naccaxupa, a B

yl1]a]s

AEBATUMECTHbIN aBToMObunb — 8 naccaxupos. OnpeaenseTcs 3aBUCMMOCTb
MeXA4y KOIMYeCTBOM MeCT M YNC/IOM NACCAXKMPOB B TPAHCMNOPTHbIX CPeACTBAX C OA4HMM BOAUTENeM, NPUBOAATCA
npMMepbl TPAHCNOPTHBIX CPEACTB, BMeLLAoLWMX 6onbluee KONMYeCTBO NaccaXknpoB (Hanpumep, MHOFOMeCTHble
aBTobYyCbl, Noe3aa 1 T. 4.). Pe3ynbTaT npeanaraetca NnpeAcTaBuTb B Buae Tabaunupl u popmynsbi.

YenybneHue. Y4eHUKAM MONKHO NpPeasoxuTb onpenenéHHble rpadukM M MNopyyunTb COCTaBUTL Tabauuy,
COOTBETCTBYIOLLYIO 3aBUCUMOCTM MEKAY BeAVYMHAMM, @ €CNM BO3MOXKHO, TO 3anucatb ¢Gopmyny 3ToM
33aBUCMMOCTH.

Y4yeHWKam MOXKHO NpeanoXKuTb 03HAaKOMUTLCA C MHPOopMaLmein pybpukn «M3 nctopmm matematTuku». Takxke
BO3MOXHO AaTb AOMNONHUTE/IbHbIE MHTEPECHbIE CBeAEHNA O PYHKLMN.

e 1

7. YYEHUKM YMEIT HaxoamuTb AJIMHY OKPYXHOCTU M maolladb Kpyra. B JaHHOM 3aaHnM ANUHA OKPYMKHOCTU U
naolaab Kpyra paccMaTpmBaloTca Kak GyHKLMM, 3aBUCALLIME OT ero AMameTpa; YHEeHUKN MOHMMAIOT, YTO MeXay
O/IMHOW  OKPYXXHOCTM WM AMAaMeTPOM, a TaKXKe MeAay nAowWaabpio Kpyra M AMameTpom  cyliectsyeT
dYHKUMOHANbHAA 3aBUCUMOCTb.

PeweHue 3ada4u:

a) Onpegensertca 3aBUCUMOCTb AJIMHbI OKPYXHOCTM OT Anametpa no ¢opmyne C = nd.
C=nd=3-3=9(cm),C=nd=3-4=12(cm), C=nd=3:5,1=15,5 (cm).

o md?
6) 3aBMCMMOCTb NAOLLLAAM Kpyra OT ero AnameTpa onpegenaertca popmyson S = e
nd? 31,22

2 .22 2 . 2
=1,08 (Mm?), S=22 =~ 23 _ 675 (cm?), S=L ~ 222 _ 1323 (am2).
4 4 4 4 4 4

OunddepeHumpoBaHHoe 0byuyeHue

ModdepcKa. Yunteno MoOXKeT NPeaoXUTb y4eHUKaM 3anucatb Gopmy/ibl 3aBUCUMOCTU A/IMHBI OKPYXHOCTU U
nAowWaaun Kpyra ot paguyca. Ina 3afaHHbIX 3HaYEHUI paguyca BbINONHAOTCA COOTBETCTBYOLME BbIUMCAEHUA.
YenybneHue. Y4eHUKAM MOXKHO NPeAN0KUTb PACCMaTPMBaTb PAANYC OKPYXKHOCTU KaK GYHKLMIO, 3aBUCALLYIO OT
€é O/INHbI, Y NOPYUNTb 3anncaTb GOPMY/bl HAXOKAEHMA PaAnNyca UK SUaMETPa OKPYKHOCTU no eé anvHe. Ans
33[4aHHbIX 3HAYEHUI AIMHbBI OKPYXKHOCTU BbINOIHAIOTCA COOTBETCTBYOLLME BbIYMCAEHUSA.

8. PeweHue 3adayu:

a) LleHa ogHOM TeTpaan BblpaxKaeTca B MaHaTax.

50 ran. = 0,5 manarTa.

M3BeCTHO, 4YTO KynaeHo x TeTpagen. Ecnn obwaa cymma pasHa 3,5 maHaTta, TO Npu NOKYMKe X TeTpajei cymma,
3annayeHHas 3a TeTpagM, LOKHA BbITb BblYTEHA U3 06LLEH = 1 2 3 4 5 6 7
cymmbl. To ecTb dpopmyna d)yHKLI,VIOHaan“OVI 3a3mcmmocn:| yo) | 3 [25 2| 15 11050
MeXAy KO/IMYEeCTBOM KyMNeHHbIX TeTpaael 1 3annayeHHon

3a HUX CyMMoOW 3anucbiBaeTca B Buae Y(X) = 3,5 —-0,5X.

6) 1nA COOTBETCTBYIOLLMX 3HAYEHUN X U Yy COCTaBAsETCA Tabanua.
K cBeaeHuio yuutena! Yuntenb obpallaeT BHUMaHME YYEHUMKOB Ha BO3MOMKHbIE 3HaYeHuA X U Y. OH MoxKeT
HanpaBAATb YYEHUKOB, 3a4aBan cneaytowme Bonpochl: «CKONbKO MaKCMMYM TETPaZEen MOXKHO KynuTb Ha 3,5
MaHaTa? Kakoe yc/iioBue J0/IKHbI YA0BNETBOPATb 3HAYEHUSA X U y?» «oYemMy HEBO3MOXKHO KynuTb 6onee 7
TeTpagen?» «M3 Kaknx ymcen coctoaT obnactb onpegeneHma GyHKLMMU U MHOMKECTBO €€ 3HaUYeHUN?»

9. Nepeps pelweHnem 3a4aum LenecoobpasHo fate MHGOPMALMIO O HOPMANBLHOM aTMOCHEPHOM AABAEHUN.
B) PYHKLMOHaNbHAA 3aBUCMMOCTb MeXAY rNybuHON 1 fasneHnem Bbipaxkaetca dopmynoli P=1+0,1h.

11. B 3apmauve onpenensetcs CBA3b MeXAY BbICOTOW, Ha KOTOPYK MOAHANCA aNbMNUHUCT, U BPEMEHEM,
3aTpayYeHHbIM Ha NOABEM. YUEHMKU, 0BCYyKAaA, HAa OCHOBE AaHHOrO rpaduKa onpeaenstoT, 3a CKOIbKO MUHYT Ha
KaKyl BbICOTY NOAHANCA anbNUHUCT. MNpu 3TOM cneayeT OTMETUTb, YTO PAacCMaTPUBAETCA CPeaHAA CKOPOCTb.
YYeHMKM 0TBEYAIOT Ha BONPOChI MO rpaduKy.

a) ANbMMHUCT NOAHANCA HAa MaKCMMasbHYO BbicoTy 3000 m.

6) Ha HanbobLLYIO BbICOTY OH MOAHSA/ICA CO cpeaHen ckopocTbio V = 3000 : 150 = 20 m/MuH.

B) Ha Bo3BpalLeHne anbnuHUCT 3aTpatua 100 MUHYT.
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12. O6bABNEHUA TYPOB, NpeasiaraeMbixX 419 MOPCKOM NPOry/IKK, N3y4atoTCA y4eHUKamu. M3BecTHO, YTO B NepBOM
NPOryJ04HOM Type 3a KaXKAbli Yac onnaunsaeTca 4 maHaTa M npenBapuTenbHas onaaTta oTcyTcTByeT. [1a1a BToporo
Typa NpeaycMoTpeHa npeasaputeibHaa onaaTta B pasmepe 6 maHatoB 1 1 maHaT ’M  MODCKATD |
3a Kaxgble nonvaca. I NPONYNKA
a) ns nepBoro Typa cymma, onsiainBaemMas 3a X YacoB MPOry/IKKU, paccunTbiBaeTcA '

no dopmyne y = 4X, a Ans BTOporo Typa — no popmyne y = 6 + 2X. B popmyne y =

6 + 2X Heo6x04MMO 0cOB0 OTMETUTL CMbIC/ KO3dduUUMeEHTa 2. o
6) Mpu x = 2 4aca n X = 4 Yaca PaccYNTbLIBAETCA CYMMa, ONNauymnBaemasn 3a Kaxablii
TYPp.

ITyp:Y(2)=4-2=8maH.ny(4)=4-4 =16 maH.
ITyp:¥(2)=6+2-2=10maH. ny(4)=6+2 -4 =14 maH.

KaK BMAHO, 411 ABYX4aCOBOM Nporynku 6onee BbirogeH | Typ, a Ana yeTbipéxyacoson nporyaku — Il Typ.

8) YTob6bI ONpeaennTb, 3a CKONbKO YacoB NPOry/KW Typbl NpeasaratoT OAMHAKOBYHO CYMMY, MOXHO NPUPaBHATL
onjsiaunBaemble CyMmbl: 4X = 6 + 2X. [loNy4eHHOe ypaBHEHWE peLlaeTcs, U onpeaenseTtca X = 3 yaca.

K cBeaeHuto yuutens! YUeHMKM MOryT MCMbITbIBAaTb TPYAHOCTM MpPU ONPEAENEHUMM 33aBUCMMOCTU MeXAay
ynnaynsaemoli CymMoK U BpeMeHeMm Nporysakun, ocobeHHo ans gopmynbl BToporo Typa. B dopmyne y = 4x umucno
4 03Ha4YaeT cymmy, onnadmBaemyto 3a 1 yac nporynku B nepBom Type. [lnA BTOPOro Typa OTMeYaeTcs, 4To 3a
nonyvaca, To ectb 3a 0,5 yaca, onnaumsaetca 1 maHart, ciefoBaTeNibHO, 33 1 Yac HeobXxoAMMO 3annaTTb 2 maHarTa.
KoadduumeHT 2 B popmyne Yy = 6 + 2X BblpaxaeT cymmy, onaaymsaemyto 3a 1 yac.

Mpw peleHnn JaHHOIo 3afaHnA LenecoobpasHo COCTaBUTb TabauLy, OTPaKatoLLy0 CYMMY, ONaunMBaemMyto 3a
KaxkAabll vac:

ltyp ~ y=4x ' 4 | 8 | 12 16 = 20 | 24 | 28
Ntyp  y=6+2x 8 | 10 | 12 14 16 18 20

KaK BugHo 13 Tabaunubl, npn X = 3 Yaca 3a 06a Typa onsaumBaeTcs oamnHakosaa cymma. Mpu X > 3 yacos bonee
BbIFOLHOM CTaHOBMTCA NPOry/Ka no Il Typy, 4To HarnAgHO BUAHO M3 Tabauubl.

B KoHUe Tembl LenecoobpasHo npoBecT 0606LLeHNE, a TaKkKe elWé pa3 obcyauTb M3yYeHHbI maTepuan
COBMECTHO C YYeHMKaMW.

dopmaTuBHOE OLeHUBaHUe

Kputepum oueHnsaHums MaTtepuanbl oueHMBaHUA
MpeactaBaseT NOHATUE «PYHKLMA» KaK COOTBETCTBME MEXAY ABYMA Pabouwne nuctol, yuebHuK, PT
Be/IMYNHAMMU.

OnpegaenseT, Kaknm cnocobom 3agaHa AaHHaa GyHKUMSA, U npeacTasnseT | Paboune aunctbl, y4ebHuK, PT
dYHKLMIO, 334aHHYI0 OAHUM Cnocobom, ApyrMm cnocobom.
B 3a/a4ax Ha 3aBUCMMOCTb MeXKAY ABYMA BeMYMHAMK onpeaenseT Paboune nncTbl, yuebHuK, PT
HEe3aBUCMMYIO U 3aBUCUMYIO BE/IMUYMHDI, 3aMMUCbIBAET 3aBUCUMOCTb
MeXAY HUMM pasivyHbIMK cnocobamm

TEMA 6.2. I'padumK pyHKuUMN
7-2.3.1. [leMOHCTpUpYET HaIMYne NepBOHAYaIbHOrO NPEeACTaBAEHUA O
NOHATUN «PYHKLUNMY.
* O6DBACHAET N3MeHeHUe GYHKLMKN MO aprymeHTy Y GYHKLMK, 334aHHON
rpaduKom.
* YyuTaeT MHPOpMaALMIO, MPeacTaBAeHHYO Ha rpaduKe.
¢ PelwaeT pa3nnyHble 3a4a4n, cBA3aHHbIE C YTeHUeM rpaduKa.

NOACTAHOAPTbI

LLIE/IN OBYYEHUA

NPUHAONEXHOCTU Paboune NNCTbl, KAPTOYKK, paboyan TeTpaab

U3yueHue: https://video.edu.az/video/1046
3NIEKTPOHHBbIE https://www.qgeogebra.org/m/qsk3qghxd
PECYPCbI 3apaHue: https://www.qgeogebra.org/m/WXjrvFAv

https://www.geogebra.org/m/evpekdp7
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MNobyxaeHue ey »—q*-—q'-'-"—'r\-ﬂ—'r-—'fif——\.'—5’
C uenbto BBEAEHMA B TEMY YUNUTENIb MOMKET NPEeACTaBUTb Pas/inyHble ; ol |
rpadukn. Hanpumep, anekTpoKapanorpamma ABNAETCA rpaduueckum . | [ w| [ le | Lo |
nsobpaxeHnem cepauebueHns u cepaevyHoOro puTMa 4YesioBeka.

MonyyeHHbIn 34ecb rpaduK [aéT nogpobHyo uHbOpmauuio o

KO/IMYECTBE U PUTME CEPAEUHDbIX COKPALLEHWNA. it

Nnun e Ha BUprKax M3MEHEeHWE LEeH LLeHHbIX bymar v akuuin 6onee b

HarnAgHoO NpPeAcTaBAAETCA C NMOMOLLbIO rpaduKoB. 3a4aBas BOMPOCHI, '

YyUuTENIb MOXKET BMECTE C YYEHUKaMM 0OCYKAaTb USMEHEHNE IMHUIA.

UccnenoeaHuezobcykaeHue

B nccnepoBaHuu npusoautca nHGopmaums o npubope ceicmorpade. B Knaccax ¢ 4OCTYNOM K MHTEpPHETY
MOKHO 00paTUTLCSA K caiiTamM A/1A nonyvyeHma nHdopmaumm o6 stom npubope.
YYeHMKM 3HaKoMATCA ¢ MHGopMaLmen 06 McnoNb3oBaHUKM Npubopa,
Ha3blBaemoro cericmorpadom, gaa pernctTpaummn noA3emMHbIX TONYKOB BO
BpEMSA 3eMIETPACEHMI, N 0OCYKAAeTCA NPUHLMN ero paboTbl. Ha 3aaaHHble
BOMNPOCHI, 06paLLEHHbIE K yYEHMKAM, AALOTCA OTBETbI.

* BbicnylwmMBatoTCA OTBETbI YYEHWKOB Ha BOMPOC: «KaK MOXKHO 06BACHUTD CBA3b
MEKY YaCTOTON WU PEAKOCTbIO TONYKOB M NAOTHOCTBIO IMHNI?» COBMECTHO 0BCYKAaeTCs U pa3bsaCHAETCA,
YTO MPM YaCTbIX TOMUYKAX YACTb, YAEPKMBAIOLLAA Bymary, TaKk»Ke 4acTo BUBPUPYET, B pe3y/ibTaTe Yero pacctosHue
MeXA4y BEPTUKANbHbIMU TMHUAMM YyMeHbLIaeTcA. MNpn CUAbHbIX TONYKax bymara BUbpUpyeT cunibHee,
BCNIEACTBME YETO YBEIMYMBAETCA U BbICOTA IMHUIA.

e Ecnv nepo cecmorpada YepTUT TONIbKO NPAMYIO IMHUIO, 3TO 03HAYaeT OTCYTCTBUE KosiebaHui, TO ecTb
3eMNeTpACEHNE He NPOM3OLLO (MM 3eMNeTpPACEHME NPEKPATUIOCH).

w Fpadumk GpyHKUMMU

lpaduk HarnagHo u30bpakaeT, Kak OyHKUMA UM3meHAeTcA B ’ BuicoTa aepesa
3aBUCUMMOCTM OT aprymeHTa. YuuTeNb Ha OCHOBE NpPUBEAEHHbIX i
NpMMepoB OTMeyYaeT, 4To abcuucca Kaxaon Touku rpaduka
MOKa3sblBaeT 3HaYeHMe apryMmeHTa, a opAMHaTa — COOTBETCTBYIOLLee
3HaueHne oyHKUMK. O6palLaeTcs BHMMaHME Ha BO3MOMKHOCTb
HaxoXAeHua no rpaduKy cOOTBETCTBYHOLLLErO 3Ha4YeHUA GYHKLMM Ans
KaXAoro 3HaYeHna aprymeHTa Uan, Ha0b6opPOT, 3HAYEHUA aprymeHTa
ONA KaxAoro 3HaveHna GyHKuun. Mo rpadurKy KOOpPANHATLI TOYKK BO

S R

=

80 100 . ner

MHOTUX cy4dyanax HaxoaATcA I'IpVI6J'IVI)'KéHHO. X

MpuBeAEHHbIN B y4ebHUKE rpaduK 3aBUCUMOCTHM BbICOTbI v | 10 | 15 | 20 | 22 | 23 24 | 245

25

JepeBa OT ero BoO3pacTa ucciaeayetca BmecTe C
yyeHuKamu. Mo rpadumky onpeaenaeTca BbicOTa Aepesa Mo BO3PACTy AW BO3PACT NO 3aZaHHOM BbicoTe. MOXKHO
NPeanoKnUTb YYEHUKAM TabIMLLY M MOPYYUTb 3aNOSHUTL €€ Ha OCHOBE rpadumKa. 3aecb obpalaeTca BHUMaHMeE Ha
NPUBANKEHHOE HAXOXKAEHNE HEKOTOPbIX KOoOpAMHAT. Hanpumep, B Bo3pacTe 50 feT BbicOTa AepeBa CocTaBaseT
NPUGAN3NTENBHO 22 M.

B aaHHOMN pybpuKe, OTHOCALLENCA K TeMe, NPUBEAEHHbI BOMNPOC OTHOCUTCA K NMPSMOW NPOMOPLMOHANbHOM
3aBUCUMOCTU. Ha 3TOT BOMPOC YYEHUKU MOTYT OTBETUTb HECKONbKMMM cnocobamm. Camblit NpocToi cnocob —
NOACTaBUTb 3HAYEHWNA aprymeHTa B YHKLMIO Y = 3X U HAWUTU 3HaYeHUA GYHKUUW. YHEHUKU MOTYT OTBETUTb Ha 3TOT
Bonpoc u bonee npoctbim cnocobom. na 3Toro HeobxoAMMO NPOBEPUTL OTHOLLEHWE OpAMHATbLI K abcuucce B
Kaxaou nape yncen. Ecnm sTo oTHOLWEHME PaBHO 3, 3HAUUT JaHHAA Napa YMcen NPUHAANEKNUT rPaduKry GyHKLMM
y = 3X.

1. B nepBOoMm 3agaHuM No gaHHOMY rpaduKy OTBEYaloT Ha BOMnpockl. OCHOBHasA Lesb 34eCb — onpeaeneHune u
3anucb y4eHMKamm abeumcebl M OpAMHATBI TOYEK, PACMO/IOXKEHHbIX Ha rpaduKe.
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a) x=-4,Toy=-1; 6) 34eCb HEKOTOPbIM 3HaYEHUAM Y IEEEE
X=-3,Toy=0; COOTBETCTBYIOT 4Ba 3HAYEHUA X. ITU C/lyvam 4 0:3)
X=0,Toy=3; Y4MTbIBAOTCA. 2y (.1;.2()3. 5
x=1,T0y=2 y=-1,T0 X=-4; AN EEINEN
X=2,To0y=1,5; y=0,T0 X=-3unx=4; ; ..(Cl}‘ll)%[} .
x=3,Toy=1. y=2,70 X=-2ux=1; 1 = 1(2?-‘1.{.5} |

y=4,70 X=-1.

B) Mog HaMbBOMbLWMM WM HaMMEHbLUMM 3HaYeHUAMM OYHKLMM TMOHWMMAIOTCA COOTBETCTBEHHO Hawbosnbliee U
HavMeHblUee 3HayeHus Y, NPUHUMaeMble Ha M306parKEHHOM MpomexkyTKe. Mo rpaduky Hambosbluee 3HaYeHue Y
paBHO 4, a HaumeHbLUee —3. M0 N306PpaXKeHNIO MOXKHO 06PaTUTL BHUMAHME HA TO, YTO MHOMKECTBO 3HAaYEHNIN QYHKLMM
COCTOUT M3 Yncen ot -3 A0 4. 3HaveHune Y = =3 QyHKUMA NpUHUMAET Npu X = -5, a 3HaveHre Y =4 npn X=-1.

3. 1nA NpoBepPKM NPUHAANEKHOCTU AAHHbIX TOYeK rpaduKy GyHKUMKM B bopmyny noacTasaseTca abcumcca ToUkm
W NpoBepAeTcA, COBNAZAET M NOJlyYEeHHOE YUCAO0 C AAaHHOM OPANHATOM.

a) Mpu X = =1 nony4yaem y = X — 4 = =5, TOCKO/IbKY KOOPAMHATbl AAHHOM TOYKM paBHbl (—1; —3), 3Ta TouKa He
NPUHAANEXKUT rpaduKy.

Mpu X =2 nonyyaem Yy = X — 4 = —2. [IOCKOJIbKY KOOPAMHATbLI AAHHOW TOYKM PaBHbI (2; —2), 3Ta TOYKA NPUHALNEKUT
rpaduky.

Mpu X =0 nonyyaem Y = X — 4 = —4. TI0CKONbKY KOOPAMHATbl TOUYKM paBHbl (0; —4), 3Ta TOUKa NPUHAANENKUT rpaduKy.
B ocTasibHbIX MYHKTaX AaHHblE TOYKM NPOBEPAIOTCA aHANOMMYHbIM 06pa3oM.

m YreHue rpadpuKkos

ObcyKaaetca, KakMm 06pasom Mo MONOMKEHUIO JIMHUIA HA AaHHOM rpadumke

5. KM
MOXHO NO/Y4NUTb MHGOPMALMIO O ABUKEHNM rPY30BOro aBToMo6uUAA. Tpaduk v
nccnenyeTcs BMECTe C YYEeHMKamMM, M MO MOJIOKEHUIO KaKAoN AWHWUM B /N
pesynbTate 06CYKAEHWUS ONPEeLENsieTcA HanpasieHue ABUXKEHUs rpy3oBoro | /i HN
aBTOMODOMAA, ero CKOPOCTb, MPOMAEHHOE PAaCcCTOAHME, yaaNeHue OT cKnaga uam - 160 ')’j \V
NPUBAMKEHMNE K CKNaAy U T. 4. 80| / \'\\
K cBegeHuto yuntensa! YYeHUKM MHOTAA NMOHMMAIOT CUTYaLMIO BO3BPALLEHUA . f 1 - ‘;.2 L

rpy30BOro aBToMob6uAA Kak M306parkeHne NpamMoin MHUK, BO3BpaLlatoLeinca
K Hayany KoopauHaTt. CnegyeT 06paTuUTb BHUMAHUWE Ha TO, YTO yAaeHMe rpy30BOro aBToMobuas oT ckiaga npu
OBUNKEHUM W NpubAMMKeHMEe K CKnagy npu BO3BPALLEHMM MPOUCXOAAT B PasHble MOMEHTbl BPEMEHMU.
LlenecoobpasHo nogpobHO 06CcyanTb STOT MOMEHT C Y4EHUKAMMU.

B Knaccax, MMerLmX TEXHUYECKME BO3MOMKHOCTM, MOXKHO MCMNO/b30BaTb CNEAYIOLLYIO CCbINKY:
https://www.geogebra.org/m/gsk3qhxd

8

YUYeHUKM, NPOJOKAA UccnefoBaHWe MO AaHHOMY rpaduKy, yuuTbiBad, YTO CKOPOCTb FPy30BOrO0 aBTOMOGUAA
OCTA&TCA NOCTOAHHOM, ONpPeAenatoT CKopocTb Ha ydacTkax |, I, Ill, IV n V.

¢ Ha y4acTke | ero cpegHas ckopocTb pasHa 240 : 4 = 60 Km/u.

* Ha yyacTke |l ero cpeaHaa ckopocTb pasHa 0 : 1 = 0 Km/u.

* Ha yyactke |l 33 1 yac rpy3osoit aBTomobuab npoxoauT 80 KM, TO eCTb ero CKOpocTb cocTasnneT 80 Km/u.

¢ Ha yyacTke IV ero cpeaHas ckopocTtb pasHa 0 : 2 = 0 Km/u.

* Mpu BO3BPALLEHMM, TO €CTb Ha y4acTKe V, ero cpeaHsasa ckopocTb pasHa 320 : 4 = 80 Km/u.

PaccTosaHune 240 Km OT CKNaaa COOTBETCTBYET YPOBHIO IMHUM |, UTO cooTBeTCTBYET 3HavyeHnamt=4unt=9. Ecim
M3BECTHO, YTO rPy30BOI aBTOMOBGWIb Havan asuxKeHne B 22:00, TO MOMEHTbI BPEMEHU, KOTAA OH HAX0AMTCA Ha
paccTtoaHum 240 Km OT cknaaa, npuxogAatca Ha 02:00-03:00 n 07:00.
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5. Ha gaHHOM rpadmKe n3obparkeHa 3aBUCMMOCTb TEMMEPATYPbl BO34YXa B TEYEHME CYTOK OT BPEMEHW. YYEHUKHM
OTBEYAIOT Ha BONPOCHI HA OCHOBE rpaduKa.

B) B TeuyeHMe CcyTOK camasa HWU3Kas TemnepaTypa
coctasuna -3 °C B 3:00, a camas BbICOKaa Temnepatypa 4
°C B 14:00.

r) B npomexxyTke mexagy 6 M 8 yacamu TemnepaTypa
nosbicunacb ¢ -1,5 °C go 1 °C, To ecTb U3MeHUNACb Ha 2,5
°C. B npomexyTtke mexay 8 n 10 yacamum Temnepatypa
nosbicunacb ¢ 1 °C go 1,5 °C, To ectb M3meHunaco Ha 0,5
°C. B nepBom cnyyae mM3meHeHue TemnepaTtypbl 6bi10
60/blle. ITO MOXKHO onpeaennTb U no rpadumky. MyTém
0OCY)KAEHUA C YYEHWKaMW MPOBOAWUTCA NOSICHEHME HA
rpaduke.

A) B Hayane gHA Temnepatypa Bo3ayxa 6bii1a 0 °C (8 0:00), a B KoHLe aHs (B 24:00) -2 °C. Temnepatypa B TeYeHne
CYTOK NoHm3mnnacb Ha 2 °C.

Camas
BBICOKast

4°C
14:00

| 24 t|sagt

Camas Huskas: -3°C
3:00

7. Ha rpaduke n3obpaykeHa 3aBUCMMOCTb TOPMO3HOIO NyTH aBTOMObUAA OT
CKOPOCTM Ha MOKPOM M cyxom acdanbTe. Jaa nyywero NOHMMaHUA yCNoBUA 30
3afa4M  uenecoobpasHo CHavyana [aTb Y4YEHUMKaM  onpenenéHHyto
MHPOPMALMIO O TOPMO3HOM NYTH.

Topmo3Holi fyms — 3mo paccmosHUe, Komopoe MPAHCIOPMHoe cpedcmao
npoxodum ¢ momeHma cpabamelsaHUs MopMo3HoU cucmemel 00 MoaHOU 30/ |
0CMAHOBKLU. o o H

a) Mpu cpaBHEHMM OPAMHAT TOYEK, COOTBETCTBYIOLWMX OLMHAKOBLIM 0 i 30 | | | 60 0 100 [_km/u
abcumnccam Ha AnHmMax N v M, BMAHO, 4TO TOpMmO3HOW nyTb N 6onblue.

CneposatenbHo, N — MOKpbI acdanbT, a M — cyxoli achanbT.

6) TopMO3HOI NyTb aBTOMOBWAA, ABUMKYLLLErocA CO CKOPOCTbio 60 KM/4, Ha MoKpom acdanbTe (N) coctanaeT 50
M, a Ha cyxom acdanbte (M) — 30 m.

8) Ecnm Topmo3sHo NyTb Ha cyxoi aopore (M) paseH 50 m, To aBTOMO6M/b ABUranca co CKopocTbio 80 Km/u. Mpwu
3TOW CKOPOCTM TOPMO3HOM NYTb aBTOMO6MAA Ha MoKpoit gopore (N) coctaBuT 80 M.

r) TopmMO3HOI NyTb aBTOMOBWAA, ABUMKYLLErOCA CO CKOpocTbio 70 KM/4Y no cyxoi gopore (M), coctasaset 40 m.
CnefoBaTenlbHO, OH OCTAHOBUTCA, HE A0EXaB A0 NPENATCTBUSA, HAXOAALLErOCA Ha PacCToOAHUN 45 m.

B KoHLLe ypoKa npoBoamTca 0606LeHMe, M3yYeHHbIN MmaTepuan obCyKaaeTca BMECTe C yYeHUKaMu.

¢OpMaTMBHO€ oueHuBaHue

Kputepum oueHnsaHums MaTtepuanbl oueHUBaHUA
Ob6bAcHAET U3meHeHne GYHKLMM NO apryMeHTy y GyHKLMMY, Paboune nnctbl, yuebHuUK, PT
3a4aHHOM rpadmKom.

Yutaet nHdopmaumio, npeacTaBaeHHyo Ha rpaduke Pabouune nuctbl, yuebHUK, PT
PelwaeT pa3anyHble 3aa4m, CBA3AHHbIE C YTEHWEM rpaduKa. Paboune nucTbl, yuebHuk, PT

TEMA 6.3. J/InHeiiHasa GpyHKLUUA n ee rpaduk
7-2.3.2. O6BbACHAET NOHATUE KJIMHENHOMN PYHKLUNY.

n TAHOAPTbI
OAc A 7-2.3.3. CTpouT rpaduK IMHENHOMN PYHKLUN.
* B nvHelrHOM GyHKUMKM 06 BACHAET M3MEHEHME 3HAYeHUA GYHKLUKU B 3aBUCMMOCTHU
LI/ OBYYEHMS OT 3HaYeHMA aprymeHTa U U3MEHEHME apryMeHTa B 3aBUCMMOCTU OT 3HaYeHUA

dYHKUMK.
e CTpouT rpaduK NMHENHON GYHKLMM UAK NO rpadUKy CUMTbIBAET MHPOPMALMIO.

NPUHAONEXHOCTU Pabouune NMCTbl, KAPTOUKK, paboyan TeTpaab

M3yueHue: https://phet.colorado.edu/az/simulations/graphing-lines
3/IEKTPOHHbBIE https://video.edu.az/video/9262 https://www.geogebra.org/m/djbCPanD
PECYPCbI 3apaHue: https://www.geogebra.org/m/pvvcyzts

https://www.mathspad.co.uk/interactives/linearGraphsTool/linearGraphsTool.php
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MNobyxaeHue

YuyeHunkam npeactasnaetca rpaduk, otobpaxatowwnii 3apaboTok mactepa 3a nepsble
6 mecaues roga. Yuutenb 06pallaeTca K HUM C Bonpocamu: «CKonbKO MaHaTos 2/00
cocTaBun 3apaboTok macTepa B AHBape?», «B kakom mecAle 3apaboTok mactepa
coctasun 700 maHaToB?», «CKONbKO MaHaTOB COCTaBAAOT Haubonbwmnii & \ [/
HaMMmeHbLUMiA 3apaboTKM MacTepa 1 B Kakne mecaLbl OHM 6bian?» n T. A. Ha ocHose §(

3apaboTok mactepa

500
rpaduKa yYeHUKM MOTyT COCTaBUTb M Apyrve BOMPOCbl U OTBETUTb HA HWX. 3A4echb
obcyKpaeTcA, Kak no nwobomy 3HaAYeHUIO OAHOW MepeMeHHOM  HaWTu Uq&q,@"&&@@@(‘v&@i\@ &
COOTBETCTBYHOLLEE 3HAYEHME APYrol NepeMeHHOW. Mecsn

B uccnegoBaHMM Ha OCHOBE AaHHOro rpaduka uMsydaetcs
3aBMCUMMOCTb PACCTOAHMA, KOTOPOE IIbXaH MPOXOAMUT NELUKOM U

Ha CKyTepe, OT BpEMEHMU. gg
e M3 rpadumka BMAHO, 4TO Yepe3 1 yac nocne Havasna e3gbl Ha 20
CKyTepe d/ibXaH HaX0AMTCA HA PAcCTOAHUM 15 Km OT AoMma, Yepes 11%

.
2 yaca — Ha paccToAHUM 25 Km. ;

e [locKO/MIbKY B MOMEHT Hayana e3apl Ha CKyTepe D/ibXaH 07 2 34 57 uac e
Haxo0AMNCA Ha PacCcTOAHMM 5 KM OT A0oMa, a Yepe3 1 yac — Ha

paccToAHUM 15 KM, CKOPOCTb ABUMKEHUA Ha CKyTepe HaxoamTca caeayowmm obpasom: ¥ = (15—-5) : 1 =10 km/uvac.
e dopmynia 3aBMCMMOCTM PACCTOAHMA DbXaHa OT AOMa OT BpPeMeHM, 3aTpayeHHOro Ha npeogoneHne 3Toro
paccToaHus, 3anucbiBaetcs B Buae S= 10t + 5. 3ta dopmyna obcyRaaeTca BMecTe ¢ ydeHUKamu. PasbacHAoTcA
TaKuWe BOMpPOChI, KaK: «4T0 BbiparkaeT 10t?», «[oyemy K Hemy npubasaseTca 5?» U T. n.

w JNuHeliHaa pyHKUMA U eé rpadumK

M3 npuBeaEHHOM B UccNeA0BaHWMM 334a4M BUAHO, YTO rpaduK 3aBUCMMOCTH P
MeXay AIMHOW NPONAEHHOrO NYTU U BpEMEHEM, 3aTPaYeHHbIM Ha 3TOT NyTb, x|y |y
ABNAGTCA NPAMOW AMHMEN. TO eCTb 3TV BENINUMHbI IMHENHO 3aBUCAT APYroT | 2 | 1 |(-2; 1)
apyra. YunTenb 06bACHAET NUHEWHYIO 3aBUCMMOCTb, PacKpbiBaeT MOHATME | -1 | 3 |(-1;3)
«JIMHeNHaa GYHKUMAY, obpalLaeT BHUMAHWE Ha eé onpeaeneHune. 0|5 (05)
Mpumep, NpMBeAEHHbIM B y4ebHUKe, uUccneayeTca BMeECTe C YYEHMKamM, 717

Haxo4ATCA 3HAYEHUA Y MPU PA3ANYHbBIX 3HAYEHUAX X, MOJYYEHHbIE TOYKM
OTMEYalTCA B NPAMOYrO/IbHOM CUCTEME KOOPAMHAT M COEANHSAIOTCA NPAMO INHUEN.
Mpu 06bACHEHMM TEMbI NOME3HO UCNONb30BaTh BUAEOMaTepuansl: https://video.edu.az/video/10364,
https://media.pearsoncmg.com/intl/pec/school/mathtv2/global/pcmg/math_tools/coordinategrapher/index.ht
ml?mode=2

& J30nomHul
Obpaliaetcs BHMMAHWE Ha AaHHoe yTBepXxaeHue. Ocobo noaY€pKUBAETCSs, YTO rPaduK NIMHENHOW GYHKUUK
npeacTaBnseT coboi NpAMY IMHUIO. [TOCKONbKY Yepes ABe TOYKM NPOXO4MUT OA4HA M TONbKO 04Ha NpAmas, npu

nocTpoeHnu rpaduka IMHeNHOM PYHKLMM [OCTAaTOYHO 3HATb KOOPAMHATbI ABYX ToYeK. LlenecoobpasHo npusecTtn
HECKO/IbKO MPUMEPOB.

1. B 3agaHuum ana onpeeneHuns Toro, ABAAETCA M GyHKLUMA, 3a4aHHanA GopMynon, TMHENHOM GYHKLMEN, KaxKpoe
paBeHCTBO NpuBoamTCA K Buay Y = kx + b.

Jlo}XHble npeAcTaBNeHUA, BO3HMKalOWME Y YYEHUKOB. YUEeHMKM MHOTAA A0MNYCKAlOT OWMBKM Npu onpeaeneHunm
k 1 b. Yuntenb sonkeH o6paTuTb BHMUMaHUE YYEHUKOB Ha NpuBeaeHune dopmybl K Buay Y = kx + b.
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Onpegenute k v b B AaHHbIX GYHKUMAX. @) Y = ? 0)y=— 4+39x
I'Io>+<Hoa)y=6xz—_8 3/ecb k=6,b=-8. 6)y=—% 3pecb k=—4,b=09.
BepHO JTaunble Gpynxuuu npusoasTes k uy Y = kx + b.

a)y=6xz_8 =§x—§= 3x — 4 3pecb k=3,b=—4.
6)y=—4+9x =242y = —114+3x 3;[erk=3,b=—1l.
3 3 3 3 3

3. YUeHWKM No 3agaHHOM GopMyne HaXoaAT KOOPAMHATbI ABYX TOUYEK M, OTMEYan UX B NPAMOYTO/IbHOW cucTeEME
KOOpAMHaT, cTPoAT rpaduK. MNpu peleHnmn 3a4aHnA NoNe3HO MCNO/Ib30BaTb CEAYHOLLYIO CCbIIKY:
https://www.mathspad.co.uk/interactives/linearGraphs2/linearGraphs2.php

K cBegenuto yuutensa! Mpu noctpoeHmm rpadmka GyHKLUUN YHEHUKMN A0KHbI BbIBUPaTb TakMe 3HaYeHuUsA X, YToObI
n3obpaxkeHue rpadmKka B TeTpagm 66110 ya06HbIM. Takne 3Ha4YeHUA 06bI4HO BepyTca B6AM3U Havania KOOPANHAT,
M  HaHeceHWe MONY4YeHHbIX uYucen B
NPAMOYTroNIbHOW cUCTEME KOOpAMHAT He

. 1 1 1
OOJIKHO BbI3bIBaTb 3aTpyAHeHun.  X=2 = y=7 ‘0+1=1 y=;X+ 1

1
Hanpumep, B nyHKTe e)3¢opmyney=5x+ X=4 — y=% 4+1=3 y | (xy)
1 uenecoobpasHo 3ajaBaTb YETHble 01/ (01
3HayeHMA X, TaK Kak B 3TOM Cayyae aada 'y 4 3] @3

MOMYYMTCA LENOe YUCAO0 U Touky byaer
fnlerye OTMETUTb B MPAMOYTOIbHOM CUCTEME KOOPAMHAT.

Korga KoopauHaTbl ABAAOTCA APOBHLIMU MAM BOABLLWIMMM YMCNAaMU, UX HaHeceHue TpebyeT onpeaenéHHOM
TOYHOCTU M ABNAETCA MEHee YA06HbIM.

W Yrnosoii KoappuumeHT K rpaduka nnHeriHon pyHKuUM

Ob6palaetca BHMUMAHME YYEHWKOB HA MONOXKUTENbHOE HamnpasneHue ocun Ox B
NPAMOYro/sibHOW cucTemMe KoopauHat. lNokasbiBaeTcA yros, KoTopbli obpasyet
Ntobas NpsAmas ¢ NON0KUTENbHBIM HanpasaeHnem ocu OX U KOTOPbIW PACNO/IOKEH
B BEPXHEW MONYNJI0CKOCTM, NpuBOAATCA nMpumepbl. ObyyeHWe NpPoOBOAMTCA Ha
OCHOBe TrpaduKOB Pas3INYHbIX NUHEWHbIX GYHKLMI. O6CyXKpaeTcs, nog Kakum
Yyrnom 371 rpadmKM nepecekatoT ocb abcumcce. Takum obpasom onpesensercs, 4to W o )
BMA, yrna, o6pasyemoro rpadukom nnHenHom dyHKumm Y = kx + b ¢ ocbto abeumce, ni?&ﬁf:j:ﬁ:f:::'pgE:Z‘ﬁ:ecm
3aBMCUT OT 3HaKa KoadpouumeHTa k. ocn Ox

K cBegeHuto yuntena! OgHMM N3 OCHOBHbIX CBOMCTB IMHENHOM QYHKLMN ABNAETCA NOCTOAHCTBO
OTHOLLEHNA U3MEHEHWNI 3HAUYEHUI QYHKLMM W apryMeHTa, COOTBETCTBYOLWMX N06bIM ABYM
3HAYEHUAM apryMeHTa. OTa NOCTOAHHAA ABASETCA YrN0BbIM KO3pPMUMEHTOM rpadmKa IMHENHON
GYHKUMM.

370 gna noboi GyHKUMM BUAA Y = kx + b MOXHO onmncaTtb Yepes COOTBETCTBYIOLLLEE U3MEHEHME
3HaYeHul cneayowmm obpasom:

/ A
kx+}:)-r ----------------- X y y ;
0 b X7 Y2
e | 4 ¥ ot
b ! (2w
A T T T X | kx+b (Xl;y/l)z_____,
e e e e SSnEgan
X X2—=Xi1
0 X’ 5 X’

Takum obpasom, nposoauTca ob6obLLeHMe: yr1oBon KO3addULMeHT rpadpurka AMHENHON GYHKLUN MOXKHO HalUTH
no NobbiM ABYM TOUKaM (Xi; Y1) U (Xp; ¥2), NpUHaaNexalmm eé rpadumky, no popmyne k = %

2741
B Knaccax, MMeoLWmUX TEXHUYECKME BO3MOMXKHOCTMH, Lies1ecoobpasHO UCMO/1b30BaTb YKA3aHHbIE CCbIIKM:
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https://www.geogebra.org/m/vAvrp2wR, https.//www.geogebra.org/m/vwbuapwu,
https://www.geogebra.org/m/zrhg7bzm , https://www.geogebra.org/m/twutgg4r

4. Mprmep JaHHOTO 3a4aHUA 0bCyKAAeTea ¢ yyeHMKamu. Ha rpadurke onpenenstoTca KoopayHaTbl AobbIX 4BYX

TOYEK, U Ha ocHoBe popmMybl K = zz_il HAxXoAWUTCA Yr0BOM KO3GOULUMEHT.
27411
6) Ha paHHOM npamon . v
i, B) Ha rpaduke onpegensorca (-1; 4) \“
oTmeuatoTcs Touku (2; 3) u - (-1; 4) s
; KoopAnHaTbl AByX Touek: (-1; :
(-3; -2) wn HaxogutcAa o /1153) PA ABY r P
N W n (1; -2), u HaxoguTCA yrnosoun i
yrnosou koadpuumeHT. R R rT e Y K= 73 240|\1 23 4x
Ya-y; 3-(-2) 5 1o 1 4 ¥ KoapduumeHT: K=-3. =1
k: = — 2 ===1. A EY . =2 (1;-2)
Xz—x1 2-(-3) 5 (-3:-2) 3 i

YYEeHUKM MOTYT OTMETUTb U APYrve TOUKW, NPUHAAIEKALLME STOW NPAMOM. Pe3ynbTaTbl yY4EHUKOB A8 PA3/IUYHbIX
TOYEK MOKHO CPaBHUTb. 10 3HaKy k MOXKHO onpeaenvuTb BUZ Yra.

0

O6CyK4alTCA  KOOPAMHATbI  TOYKWM  MepecevyeHun ¥
4 -
v - _ y=2
rpaduKka nuHenHomn dpyHkumm y = KX+ b c ocblo opguHar. 3l
B pasnunyHbIX Caydanx onpegenseTtca u nog4épKmeaercs ; i
CBA3b MeXay umcnom b M opaguHaTOn  TOUKM P
nepeceyeHua npamon c ocoto Oy. B vES

Moa4épKmBaeTca, YTo rpaduK MHenHoN dyHKummn y = kx+ b

nepecekaet ocb Oy B Touke (0; b), 1 Ha ocHoBe ¢dopmysbl 06BACHAETCA, Kak OMpeaensercs 370 YMCo.
Uccneaytotea cnyydan 8 bopmyne AnHenHow GpyHKumm y = kx + b:

kz0unb=0;k=0unb=0; k=0wub=0. Ina kaxaoro cay4as cTtpoATca rpadpuKu.

Otmevaetcs, uto npu k=0 1 b = 0 nonyyeHHas npamas y = 0 ABnseTca ocbio abeumcc.

7. B 3TOM 334aHMM TpebyeTca 3anucatb Gopmyny NpAMon, NpoxoasaLleit Yepes Hayano KoopauHaT n Touky A (-2; 10).
YYeHuK 3HaeT, 4To NPAMas, NPOXOAALLAA Yepe3 Hayalo KoOpAMHAT, ABAAETCA NPAMOIN NPONOPLMOHANbHOCTLIO

Bnaa y = kx. CnepoBatenbHo, B dopmyne y= kx + b 3nauenue b = 0. Yrnosoi KoadpuumneHT k HaxoauTca no
y _ 10 _
_2 -

dopmyne k= % . JeincteuTenbHo, eciv yuectb, 4to X, =0un Yy, =0, Tok = % = % . Takum o6pasom, k = 1
-

CnepoBaTenibHO, NpAmas, npoxoasiuas yepes Toukun O (0; 0) u A (-2; 10), 3apaétca dopmynoit y = -5x.

-5.

10. e) B dbopmyne y = XTH npu X=0 nonyyaemy =2, anpny=0 — X=-4. ChegosaTte/nbHo,
npsamas nepecekaeT ocb opAnHaT B TouKe (0; 2), a ocb abcumcc — B TouKe (—4; 0). OTM TOUKM

OTMeYaloTCA B I'IpﬂMOYFOI'IbHOVI cncrteme KoopauHat, U 4yepes HUX npoBogUTCA npAmain.
x+4

2
K ceepeHuio yuntena! Hacto ana avHeinHon GyHKUMK, 3a4aHHON GOPMYION, MpoLLe HakTH  ~_4 1 X
KOOpAMHaTbI TOYEK eé NnepeceyeHuns ¢ ocAMM abcumce U OpAMHAT U OTMETUTb 3TN TOYKK. B
3TOM C/lyYae LenecoobpasHo OTMETUTb, YTO A/1A NOCTpoeHUA rpadmKa GyHKUUKM yaobHee
HaTW 3TU TOYKM M NPOBECTM Yepe3 HUX NpaAMyto. O4HAKO eC/iM KOOPAMHATLI TOYEK NepeceyeHmns NPSMON C OCAMM
abcumcc Man opamMHaT ABAAOTCA APOOHBIMU MAM BOABWMMU YUCAAMU, TOYHO OTMETUTb MX BblBaeT CAOXKHO. B
TaKoM c/yyae uenecoobpasHo MCNoib30BaTb APYrue TOUKM C Lie/IbIMU KOOPAUHATaMMU.
12. B 3agaHum TpebyeTcs onpeaenmte Gopmyay AIMHENHON GyHKLUN.

a) Onpepensetca TouKa nepeceveHums rpaduka c ocbto Oy: (0; 3).

MonyyeHHas nNpsAmasn ABAAETCA rpaduKom GyHKUUN Y =

V.
e OpavHaTa TOUYKM nepeceyeHns ¢ ocbto Oy aBaseTcsa 3HauyeHunem b: b = 3. Bropasn :
TO4YKa Ha npsamon — (-3; 2). Mo KoopamHatam TodeK (0; 3) u (-3; 2) HaxoguTCca
o - 2-3 1
Y080 KoadpduumenT: k=224 = 222 = = 1
Xp2—X1 -3-0 3 -
-3 o 1 «x

e dopmyna GyHKLMN nmeeT BUA Y = % X+ 3.

o 1
* YT106b! HaliTV TOUKY NepeceyeHunsn 3Toro rpaduka c ocbto OX, B dopmyne Yy = IX+ 3
HY»XHO HanucaTb Y = 0 1 HaliTK X: X = —9. CnegoBaTenibHO, rpadumK aToi dyHKLUMK nepecekaeT ocb OX B Touke (-9; 0).
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B Knaccax C TeXHWMYECKMMU BO3MOMKHOCTAMWU AN OBBbACHEHUA TEMbl MOMKHO MCMO/Ib30BaTb
BMAEOMaTeEpPUanbl.:

https://www.geogebra.org/m/au985ys3, https://www.geogebra.org/m/qwx684ge

13. a) B npaAmoyronbHou cucteme KoopAauHaT oTMeyatoTca Touku (0; -3) u (3; 0), 1 Yepes HUx
npoBoguTca npamasn. Taknum obpasom cTpouTcs rpadmK NPAMON, NPOXoAALLEN Yepes AaHHble
TOYKM.

Y2—y1 _0-(=3) _ 1
Xp—X7 3-0 ’
B dopmyne y = kx + b yuutbisatotea K= 1 1 napa umcen (3; 0), B pesysibTate nonyyaerca 'y = X—3.

YT06bI 3anucatb Gopmyny 3Toi Nnpamoin, HaxoamTces K =

Ucnpasb oWnBRY!

Mo oTmeueHHbIM Ha rpaduke Toukam (0; 2) u (5; 0) HaauTe yrnoBow
K03bPuumeHT k. -
k=4=3=04
Wcnonb3ys Touky nepeceueHms rpapuka ¢ ocbio abcuumce, onpeaensercs
3HayeHue b. B agaHHOM cnyyae b = 5. 3anucbiBaerca dopmyna GpyHKUMN.
y=04x+5

CHayana BbICNYLWIMBAKOTCA MHEHWA HECKO/IbKMX YYEHWKOB, 3aTeM MHeHWA obobuiatoTcs M onpegenserca
NpaBu/bHbIN OTBET.

n‘;| T 23 3 50 %

2-0
=500 04
Haxodumca omHoweHue pazHocmu 3Ha4YeHull yHKUUU K pa3Hocmu 3Ha4yeHull

Yo=Y 2-0
k==2-2==—=-0,4 gpzymenma.

X2—X1 0-5

lpadmKk nepecekaet ocb abcumce B Touke Y = 2, noatomy b = 2. dopmyna dyHKUMM MmeeT BUA: Y = — 0,4X + 2
[na npoBepKu NPaBMUAbHOCTM OTBETA MOXHO HAaWTU 3HaYeHue Y npu X =0 1 3HayeHue Xnpn y = 0.

15. OTmeuaeTca, 4TO OT MPAMOYFOJIbHUKA OTpPe3asiM TPEeyrosbHUK, Kak MOKa3aHO Ha _
pUCYHKe. P
PeweHue 3a0a4u -

BbicoTa Tpeyro/sbHWKa, BbIPE3aHHOTO W3 NPAMOYFO/IbHUKA, He MpeBblWaeT BbICOTY 8
npsAMoyrosibHuKa u 6osble Hyna, To ectb 0 < h< 3,

a) Ytobbl HaMTK NAOWAAb 3aKPALLUEHHOM YacTM, HE0HX0AMMO U3 NAOWAAM NPAMOYrOo/IbHUKA BbIYECTb NAoWaab
TpeyronbHUka. S= 24— 4h,

6) Npu h=0,8; 1; 1,5; 3 nonyyaem: S0,8) =24 —4-0,8=20,8, J1) =20, §1,5) =18, §3) = 12.

B8) MockonbKy aprymeHT dyHKumn Sh) = 12 — 4h yaosnetsopaet ycnosuio 0 < h < 3, oH MOXKeT npUHMMaThL
3HayeHnA 2 n 2,8.

r) Npu h =3 nonyyaem: §3) = 12.

18. MnobanbHoe noTenseHne ABNAETCA OAHOW U3 CamMbix CePbE3HbIX Npobnem coBpemeHHOCTU. Mepes pelieHnem
33fa4M Nose3HO npoBecTM obCyxaeHMe 3TOM TeMbl C y4yeHMKamu. B Knaccax, mmetowmx TexHWYecKkue
BO3MOXHOCTHU, NO/IE3HO AaTb yY4eHWKaM 3aaHne cobpaTb MHPOPMALMIO O CHUKEHUM YPOBHSA BOAbI, CBA3AHHOM
C noTenneHnem.

PeweHue 3ada4u

* Mo ycnosuio 3agaum onpegenserca Gopmyna 3aBMCMMOCTU YPOBHA BoAbl OT Bpemenn: h=42 —0,1t.

e [py AaHHbIX 3HaYeHUAX t BbIYMCNAETCA YPOBEHb BOAbI:

Mput=1roa, toh=42-0,1=419(m) nput=2roma,Toh=41,8(m) npnt=5net, o h=41,5(m)

e YTobbl HaWTW, Yepe3 CKONbKO NeT ypoBeHb BOAbl B 03epe cocTaBMT 40 M, 3anucbiBaeTca W peluaerca
COOTBETCTBYIOLLEE YPaBHEHME.

40=42-0,1t - t=20

dopmaTtUBHOE OLEHNBaAHUE

Kputepum oueHuBaHuA Martepuanbl OLLeHUBaHUA
O6bacHAeT dopmyny MHENHOW GYHKUUMU. Paboune nunctobl, yuebHuk, PT
CTpouT rpadvK AMHeNHOM GyHKUUKN Nan no rpadurry Paboune nnctobl, yuebHuk, PT
CYUTbIBAET MHOPMALMIO.
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OBOBLAIOLUA YPOK

nOGY)KAEHVIe. B 3aknt04eHun, npeacTaBNeHHOM B KOHLUe pasaena y‘—le6HMKa, OTMeYeHHble MOHATUA NOBTOPAKOTCA
BMmecTe C ydYeHuKamu, nposoaunTCA 0606UJ,EHME. M3yyeHHble B pasgene C/aoBa elle pa3s BCMOMWMHAOTCA, UX
3HauYeHne obbACHAETCA YYEHUKaMMU. OCHOBHble NOHATHUSA, YKa3aHHbl€ B 3aK/Il0O4EHNN:

1 o o

, Auaepamma coomeemcmaus, 8xo0HOU 31emeHm, 8bIXOOHOU 3n1emMeHm, hyHKYUA, apaymeHm, 3a8Ucumas
| nepeMeHHas, He3aeuCUMas repemeHHas, obaacme onpedeneHus, MHOMEeCmso 3HaveHul, AuHelHas
I (pyHKYuS, y2n08ol KoagguyueHm.

L

Pewenue 3ajaHua noa 3aronoskom «[flonbiTaTechb!» — HauanbHOW 3ajauv — Ed il
obcyxaaeTca ¢ yueHMKaMu. Yaenaetca BHUMaHMe NPaBuabHOMY YTeHMIo rpaduka. Xota A 1] [
pelweHne HayanbHOW 33aJaunm npuBeseHO B Y4YebHWKe, uTeHWe WHOOPMaLMK,

NpPeACTaBAeHHOM Ha rpaduKe, MOXKET BbITb 3aTPYAHEHO A1 YYEHUKOB. Yuntens gomkeH /[
06BACHUTL YUEHMKaM, KaK B A@HHOM NPAMOYTONbHOM CUCTEME KOOPAMHAT onpeaennTs {1 1.
OBUKeHe 60amMay 3a KaAbli Kpyr, ero CKOpoCTb M MPOMAEHHOE PacCTosHWe, U T R
nocTapaTbcs, YTObbl HE OCTAaNOCh HEACHbBIX MOMEHTOB.

PELLEHME 3A0AHUNA

8. LlenecoobpasHo BbINOAHWTL 3TO 334aHue B rpynnax. Kaxaol rpynne npeanaraetca 060CHOBaTb NpuBeaEHHOE
B OZLHOM W3 BapMaHTOB YTBEPKAEHWE, NMOKa3biBasa NpUmepbl.

a) Mpm kK > 0, b > 0, BbICAYWMBAIOTCA MHEHUA YYEHUKOB O TOM, B KaKMX 4eTBEPTAX

a) y
pacnonaraetcs rpaduk dpyHkumm Y = kX + b, CHauana yTouHsaetcs, uTo BbipaykaeT 3HaueHme b u
rie OHO NPUHUMAET NOIOKUTENBHOE 3HAaYeHUe. M3BeCcTHO, YTo Npamas — rpaduk GyHKLMKM Y
= kx + b — nepecekaet ocb Oy B Touke (0; b). Mpu b > 0 rpaduk nepecekaet ocb Oy Bbiwe

Hadyana KoopauHat. C apyroit ctopoHbl, npu K > 0 npamas obpasyeT ocTpblil yroa c

NoNoXKMTENbHbIM HanpasneHnem ocn OX. CneposatenbHo, npu K> 0, b > 0 rpaduk dyHKumMK

y = kx + b cxemaTuyecKm BbIrNAoUT TaK, Kak NOKa3aHO Ha PUCYHKe. TO ecTb B 3TOM c/iydae rpaduk NpoxoamT yepes
I, 1 n 1l yetBepTH, a yepes IV YyeTBEPTb HE NPOXOAUT. YTBEPKAEHUE BEPHO. EFO MOXKHO 060CHOBATL NPUMEpPaMK:
y=2Xx+4, y=0,5x+1wnT.4.

6) Mpu k>0, b < 0 pacnonoxkenue rpadpurka dyHkuun y = kKX + b no yetseptam uccneayetca

6)
Apyroi rpynnoii. 3aeck obpalyaetca BHUMaHMe Ha To, uto npu K> 0 npamas o6pasyeT ocTpbIit y
Yro/l C NOAOXKMTE/IbHbIM HanpasneHnem ocut OX. Mpu b < 0 rpaduk dyHKkumm y = kx + b
nepecekaet ocb Oy Huke Hauana KoopguHat. CneposatensHo, npu kK > 0, b < 0 rpaduk o)

byHKUMK Y = KX + b cxematnyeckmn BbIrIAAMT TaKk, Kak NOKas3aHo Ha puUcyHKe. To ecTb B 3TOM
cnyyae rpaduk npoxogut yepes |, Il n IV yetBeptn, a yepes Il yeTBepTb He MPOXOAMUT.
CnepoBaTenbHO, BbICKa3aHHOE yTBEPKAEHNE HeBepHO. EFro MoXHO 060CHOBaTb, NPMBOAA NPUMEPDI.
A NYHKTbI B) U T) TaKXKe NOPyYaloTcs APYrum rpynnam.

9. B 04HOM U1 TOW Ke NPAMOYro/sibHOM CUCTEME KOOpAMHAT Y
cTpoATca rpaduKkm AaHHbIX GyHKUMIA. CHavana ana Kaxkagon | y=2x+4 y=4-X \\E
npamoi cocrtasnsetca Tabauua. MpaAmas y = =2 — 370
npsmas, nepecekaiowasa ocb Oy B Touke (0;-2) w X y X y /
napannenbHaa ocu abcumcc. Ytobbl HaMTM naowagb 0 4 0 4 -3 12
NOJIYYEHHOTO TPEYroNibHUKA, MOMHO HAWTU MOJIOBUHY 2 0 4 0 N2

naowaaun NpPsMoyrosibH1UKa AAMHOM 9 eaMHUL, U LWMPUHOM
6 eanHuL:

S = 27 kB. ea. Ob6Wylo NAOWAAb MOMHO TaK¥Ke OonpeaennTb, Hanas U CNOMMB NIOLAAM MPAMOYrO/bHbIX
TPeyrosbHNMKOB, 06Pa30BaHHbIX NepecevyeHnem NpPsmbix.

14. B) MypaBeli paBukKeTcA BAOAb CcTebNA  BBEPX PABHOMEPHbIM

NPAMONIMHENHbIM ABUXKeHnem. MpaduK, onucbiBaloWni ero ABUKEHWE, — f‘ " 100
310 npAman Y = kx + b. K — ckopoctb mypasbs, b — paccrostne oTsemm ao o1& 2
€ro NosIoXKeHuA Ha cTebne B Ha4ya/ibHbIA MOMEHT BpemeHW. MOCKOoIbKY 33 6 A 40
MUHYT MypaBei nogHnmaetcsa Ha 60 cm, To K= 10 cm/muH. CnegosaTesibHO, f =
y = 10X + 40. USSRt T e

K cBeaeHuto yuntena! YueHUKM MHOraa HenpaBuIbHO MOHUMAIOT CMbICA
KoapdurumeHTos k n b. Xota Hauyano npamoi B Touke (0; 40) Ha pMCYHKE O3HAYAET, YTO MypaBei yKe NoAHANCA
Ha 40 cm, HEKOTOpble YYEHUKN OLIMBOYHO CYMTAIOT, YTO €ro HayasjbHan BbICOTA OT 3eMAWN paBHa Hyw. Ecam
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rpaduKk 6yaeT BHUMATE/NIbHO MCCAeA0BaH yYeHUKamm, 3TU OwmnbBKM ByayT ycTpaHeHbl. Kpome Toro, 3HayeHune
Ko3adduumeHTa k Kak CKOpocTU MypaBbA NoAPOBHO 0bCyKAaeTca C yYeHUKaMM.,

1. Ecam @2 - 2025b = b? — 2025amn a# b, a+ b, To Ana HaxoxaeHUA 3HaYeHNA BbipaXeHua a + b BbinonHAOTCA
HeKoTopble NpeobpasoBaHuA: BblaenseTcs 06N MHOXKUTE/b, BbIHOCUTCA 32 CKOBKM M 06e YacTu paBeHcTBa
LENATCA HA 3TOT MHOXMWTESb.

a’— b? =2025b-2025a — (a—b)(a+b)=2025(b—a) — (a— b)(a+ b)=-2025(a- b)

O6e yactu genstea Ha (a—b). a+b = —2025.

2. lna pokasaTenbcTBa TOro, YTO A1A N06Oro HaTypanbHOro YMcaa n cymma N3 + 17N genutca Ha 6, Hag, 3TUM
BblpaXKeHMeM BbINONHAOTCA Npeobpasosarma: NP +17n=n*-n+18n=n(n’-1) +18n=(n—-1)n(n+ 1) + 18n.
MocnegHee BblparkeHWe ABAAETCA MNPOM3BEeAEHMEM TPEX MNOCNeAOBaTe/bHbIX HATypaNbHbIX 4YMcen, U 3TO
npousseaeHMe Bcerga AennTcs Ha 6. MpUUnHy 4enMmocTy npoussegerms (N— 1)n(n + 1) Ha 6 MoOXKHO 0bCyauTb
¢ yueHnKamu. MocKobKy BTopoe cnaraemoe 18n Takxe aenutca Ha 6, cymma N® + 17N Haueno aenutca Ha 6.

3. Ha p1CcyHKe AaH TecToBbIi BONPOC I0rMYeCKoi Nocnes0BaTeIbHOCTY.

34ecb NPaBuIo U3MeHeHUs GUryp BbITIAAUT CAeayoWwnm 06pa3om: eme ¢ 4e A®

a) B Kaxpoli auenke popma GpuUrypbl ocTaeTcs HEU3MEHHOM, a LBeTa + # |* ® m .‘
MEHSAIOT CBOE NOJIoXKeHMe Ha 1 AYeliKy NPOTUB YaCOBOW CTPEIKM. A® A® AO® | Am|A®
BapuaHTOM, COOTBETCTBYIOLLMM AYeiiKe CO 3HaKOM «?», ABNAETCA BapUaHT -A L -B' -c. .D' -E'
C.

6) B KaxkooW auelike LBeT GUrypbl ocTaeTcd HEM3MEHHOMN, a ee popma YepeayeTca No onpeaeneHHomy
NPaBWUay: TPEYTroNbHUK —> YeTbIPeXyrosbHUK = MHOTOYTO/IbHUK U T. 4. Ha

OCHOBE NOC/eA0BaTE/IbHOCTM LBeTa U GOPMbl BAPUAHTOM, = .‘:
COOTBETCTBYHOLLMM AYEMKE CO 3HAKOM «?», ABaAeTcs BapuaHT D.

| ~|
i

?

g
4

w
- P
A B

[ I

m.‘

4. 3TO Knaccu4yeckas 3ajavya Ha HaxoXKAeHMe MeLlKa ¢ GanblMBbIMU MOHETAMM
33 04HO B3BeLWMBaHMe. YTobbl pelwmnTb 3aJa4y, MeLKN HymepyloTca Kak 1, 2, 3, 4,
5. U3 1-ro mewka 6epetca 1 MoHeTa, U3 2-r0 MeLUKa - 2 MOHEeTbI, U3 3-ro MeLLKa -
3 MOHETbI, U3 4-ro MewkKa - 4 MoHeTbl, U3 5-ro mewwka - 5 MoHer.

Ecnn 6bl Bce MOHeTbI 6b11K HacToAWMMM, 06Las macca coctaBuna bbl
(1+2+3+4+5)-10=15-10=150r.

3TV MOHeTbI B3BELLMBAIOTCA HA Becax BMmecTe. Kaxkaan ¢panblumBas MOHeETa, B3ATan U3 GpanblMBOro MeLlKa, byaert
Nerye HacrosALen moHeTbl Ha 10 -9 =1 (r).

3HauUT, pasHULA MEXKAY MACCOM, NONy4eHHON Ha Becax, 1 150 r ykaxkeT Ha Homep GanblLUMBOro MelLKa.
Hanpumep:

Ecan nonyyeHo 149 r = pasHuua 1 rpamm > danblumBbiM ABNAETCA 1-U MELLOK.

Ecnam nonyyeHo 148 r = pasHuua 2 rpamma = GanblumBbiM ABAAETCA 2-1 MELLOK.

Ecam nonyyeHo 147 r - danblumBbIM ABNAETCA 3-1 MELLIOK.

Ecnam nonyyeHo 146 r - dpanblumBbiM ABNAETCA 4-1 MELLIOK.

Ecnam nonyyeHo 145 r - danblumBbIM ABNAETCA 5-1 MELLOK.

5. B aTom 3apaHuMm pa3sepHyTbiii yron ABC pasgeneH Ha Tpu pasnumuHbix yrna. Ecam £1=70°+ X, L1 - £2 =
50° + 2X, To A4NnA AoKasaTenbcTa Toro, 4to LMBN = 90°, 40CTaTOYHO NOKa3aTb, YTO

Z1 + £2=90°. N
L1 —/£2=50°+2X —> /£2=/1-(50°+2x)= 70°+X—-50°—-2x=20°-X
Takum obpasom, L1 + £2=70° + X+ 20°—x=90°.

CneposatenbHo, ZMBN = 180° — (L1 + £2)=90°.
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STEAM. :

MyTewecreue B ranakTMKy AHgpomeabl
daHTacTUYecKMit Kopabib NpegHasHa4yeH ANA MEMKraNaKTUYECKMX MyTelecTBUI M HAaNpaBAAETCA K ranakTuke
AHApoMeza, Pacno/fioXKeHHOoM Ha pacctosiHum 2 500 000 ceeToBbIX /1eT OT 3eman. Ha pucyHKe gaH rpaduk

3aBMCMMOCTM PACCTOAHUA Kopabia OT 3eMAn OT BpEMEHM. =
(CBETOBOW rO4)

1. Ha ocHoBe rpaduKa, NOCKO/IbKy NpAaMasa NpoxoauT A
. 3 000 000
yepes Hauano KoopamHart, eé popmyna umeet sug y = kx, kb aaa
a KoadpduumeHT K onpeaenaerca no rpaduky. 2500 000
s _ 500000 1 :
= -=———=—— (cBeT. rog /c). 2250 000
£ 500000000 1000 2 000 000
CnepoBaTtenbHo, y = mx nnny=0,001x. 1 750 000
1 et |
2. CornacHo ¢popmyne, CKOpOCTb KOCMUYECKOro Kopabnsa : 322223 | / [
paBHa V= 0,001 cBeT. rog, /c. Bpems, 3aTpaunBaemoe Ha 1 000 000
LOCTUXKEHUWE ranakTnukn AHapomeaa, BblYUCAAETCA Mo 750 000 ///
s 2500 000 500 00077
dopmynet= - .t= 0oL - 2500000000 (c) 350000 H
2 500 000 000 c = 79,3 net 0 | 500 fooo 1500 2000 2500 ¢ (MIAMOHOB CexyH

3. Ncnonb3ya MHTEepHerT, MOXHO  onpenennutb

MaKCMMa/IbHY0 KOCMUYECKYIO CKOPOCTb, MPOCMOTPEB MOUCKOBbIE calTbl. MaKCMMaibHasa CKOPOCTb COCTaBAAET
190 km/c (692 000 Km/u). DTy cKopocTb Kocmudeckuit annapat NASA Parker Solar Probe pa3ssun npu c6aneHmm
¢ ConHuem.

4. Y4eHVUKM MOTYT €O34aTb MoAe/b Kopabna Ana mexranaktuyeckux nyrtewectsuid. dopma Kopabns, ero
BHYTPEHHAA 3KOCUCTEMA A4 AIUTENIbHOTO NoJeTa ONMUCHIBAKOTCA YYEHUKAMM, 3aMUCbIBAOTCA NPesNo/IoKeHUA 0
BMAaX TON/NBA, U TOTOBUTCA Npe3eHTaLus.

[na nonyyeHnsa AONONHUTENbHOW MHPOPMALMM O ranakTMKke AHApOMea YYEeHMKAM MOXKHO PEeKOMEeHAO0BaTb
MCNO/Ib30BaTb CEAYIOLLYIO CCbI/IKY:

https://astronomy.az/andromeda-qalaktikas-m-31
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7-n PA3AEN OKpY}KHOCTb, KPYr U Wap

HasBaHue Yacbl | YuyebHu | Pabouasn
Tema Ne K (cTp.) | TeTpamp
(ctp.)

MNpepBapuTenbHaa NnpoBepKa 1 24
Tema 7.1 OKpYKHOCTb 2 25 15
Tema 7.2 LleHTpanbHbIM yron. BnucaHHbIM yron 3 29 18
Tema 7.3 Yrabl mexay xopAamu, CEKYLLMMU U KacaTeNbHbIMU 4 33 21
Tema 7.4 OnnnHa gyru. MNnowaab cektopa 4 38 24
Tema 7.5 Wap. NMaowaab NnoBepxHOCTU N 06bem Wapa 2 42 27

O6o06Lwatowmin ypok. STEAM. “NMnaHeTapuin” 2 46 29

MCO-2 1

OBLLEE KOJIMYECTBO YACOB MO PA3AENY 19

KpaTtkuit 0630p pasgena

B pasgene y4eHMKMN 3HaKOMATCA C MOHATUAMM «KacaTesIbHan» N «CEeKYLLAA» K OKPYXKHOCTU. OHKM nccheayoT
B3aMMHOE Pacro/iosKeHMe ABYX OKPYKHOCTEN, CBOMCTBA YI/I0B B OKPYXKHOCTY, Y4aTCA BbIMUCAATL AJIUHY AYTW
OKPYHOCTH, N/I0OLLaAb CEKTOPA KpYra, Naolaab NoBepxXHOCTM 1 06bEMm wapa. MpumeHas 3TM CBOMCTBa U
$OpMY/ibl, YHEHUKM PELIaoT 334341 U 3aKPENAIOT MOJYYEHHbIE 3HAHUA Y YMEHMS.

Ha uto crout 06paTnUTb BHUMaHUE?

[ns n3ydeHna cBOMCTB Ayr U YI/1I0B B OKPYKHOCTU Ba*KHO CHa4asla HAaNOMHUTb yYeHMKaM OCHOBHbIE MOHATUSA
reoMeTpuu, a TaKXKe CBOMCTBA Yr/i0oB, 06pa3soBaHHbIX CEKyLLEeN C ABYMA NapanienbHbiMU NPAMbIMU. Takon
noaxof obaer4aer nepexos K Teme U NoOMoraeT CBA3aTb HOBbIE 3HAHWSA C YXKe U3YYEeHHbIMM.

MHorga y4eHMKM UCMbITbIBAOT TPYAHOCTM NPU ONpeseneHnn Ayrn, Ha KOTOPYHO ONMUPaeTca BNUCAHHLIN yroa.
[na obyyeHnA npasuMabHOMY BbI6OpY Ayru LenecoobpasHo cBA3bIBaTb CTOPOHbI Yria C HAYaAbHOM U KOHEYHOWM
TOYKaMM Ayr1 U HAarNA4HO NOKa3bIBaTb 3TO HA NpUMepax.

MNpaBunbHOe onpeaeneHne Toro, obpa3oBaH AW AaHHbIA Yron ABYMA NepPecekatowuMnca Xxopaamu,
KacaTes/IbHOM W CeKylelh WAuM ABYMA CEKYLMMMK, No3BoaseT nsbexkaTb TUMUYHbIX OWMOOK B MocC/iesytoLmx
BblyncneHunax. 0bocHoBaHMeE UCNOb3YEeMOro CBOMCTBa CNOCOBCTBYET NyyLlemMy MOHUMAHUIO TEMbI.

YYEHMKM 3HAKOMbI C e4MHULAMN U3MEPEHUA Pa3/IMYHbIX BEAUYMH U UX NpeobpasoBaHuAMM (Hanpumep,
KWJ0rpamm 411 Maccbl, METP ANS ANUHbI U T.4.). LlenecoobpasHo noguepKHyTb, YTO Ayra XapaKTepusyeTcsa AByma
BE/IMYMHAMM: TPAZYCHON MEPON U AANHON. YUeHUKam cneayeT AaTb CBEAEHWUA O rpagyCcHOW mepe Ayrn u eé
O/InHe.

Mpn BbIpaXKeHUU A[yrn, rPagycHyto mMepy KOTOpoW TpebyeTca HaliTW, 4yepe3 nepemMeHHyr Heobxogmmo
NoAYEePKHYTb, YTO Y NepeMeHHOM yKa3blBaeTCcA 3HaK rpagyca.

YunTbiBaA OTHOCUTENIbHYIO CIOXKHOCTb GOPMMUPOBAHUA NPOCTPAHCTBEHHbIX NPeACTaBAEHUN, NP 06BACHEHUN
MOHATUSA LIApa peKomeHayeTca 06palLaTbCsa K NpMMepam M3 NOBCEAHEBHOM KMU3HU (MAY, anenbCcuH, rnobyc u
T.4.) M HAarNAAHbIM MOAENAM.

Pa3BuTUE MaTeMaTUUYECKOro A3blKa
MpaBunbHOE onpeaesieHNe NMOHATUI KCEKYLLAan OKPYXKHOCTUY, «KacaTesibHan K OKPYXKHOCTUY, KTOYKa KacaHusa»,
KOHLEHTPMUYECKME OKPYXKHOCTUY, «Ayra», «MaxopHas Ayra», «MUHOPHaA Ayra», «rpagycHas mepa 4yrm»,
«OJIMHA Ayrn», «B3aMMHOE PACMOOMKEHME ABYX OKPYKHOCTEM», «LEeHTPaNbHbIA Yron», «BMNUCAHHbLIA Yron»,
«XOpAa», «KYyron Mexay OBYMA CEKYLIMMU», KYTON MEXAY CEKYyLLeH 1 KacaTeNbHOM», «yro MeXay XopAamu»,
«CEKTOP Kpyra», «MoLiafb CEeKTOpa», «pafnyc wapa», «6oNbLION KPYr Wapa» CAYXUT OCHOBOW ANA OLEHKM
CTENEeHMU YCBOEHUSA 3TUX MOHATUIA.

MaTtemaTuuyecKkme NOHATUA U TEPMUHDI, YCBOEHHbIE B pasgene
Cekyw,as, KacamesibHas, KOHUEHMpUYeCcKue OKPpyHHOCMu, Oyad, MAaMOopHAas 0yed, MUHOPHAs Oyead, xopda,
cekmop

Heobxoaumbie npegBaputesibHble 3HAHUA U YMEHUA:

o OCHOBHblE NOHATUA reomeTpun ® [PU3HAKM KOHIPYIHTHOCTM TPEYrosibHUKOB

o OKpYXHOCTb U Kpyr e Yrnbl, 06pa3oBaHHble NPU NepecevyHnn napaniesbHbix
® NpAMbIX cekyLlen
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MexgucumnamHapHasa uHTerpauuna

[lyra oKpy»XHOCTM UCNONb3YETCA AN OTObparkeHWa MapLLPYTOB HA KapTax, pacyeTa NyTu Npu KPYroBOM ABUNKEHWUMU U
NPOEKTUPOBAHUA PA3/INYHbIX UHXKEHEPHbIX COOPYNKEHWUA. KOHLEHTPUYECKME OKPYMKHOCTM MOMOraloT OMMUCbIBaTb
OBUMKEHME MIaHET B aCTPOHOMUM, @ B TEXHOJIOTUAX — PAcMpoCTpaHeHWe pagapHbIX M aKyCTUHYECKMX BOJH. Takue
MOHATUA, KaK 4yra, paguyc U xopaa, WMPOKO NPUMEHSIOTCA B GU3UKE U UHMKEHEPWUU MPU PEeLeHUU PasaNYHbIX
NPaKTUYeCKnX 3agad.

TEMA 7.1. OKpy»KHOCTb

7-3.1.1. O6bACHAET NOHATUA KacaTeIbHOM U CEKYLLLEN K OKPYKHOCTU.

NOACTAHAAPTHI 7-3.1.2. UccnepyeT B3aMMHOE PACcMoONOXKEHNE ABYX OKPYKHOCTEN.

* Ob6DBACHAET NOHATUE CEKYLLLEN OKPYKHOCTHU.
® Ob6BACHAET NOHATUE KACATENIbHOM K OKPYKHOCTU.
LLE/IN OBYYEHUA e OnpeaensieT B3aMMHOE MOJIOXKEHUE NPAMOM N OKPYHKHOCTHU.
¢ [pMeHAET CBOMCTBO KacaTe/lbHbIX, MPOBEAEHHbIX U3 O4HOM TOUKM K OKPYXKHOCTH,
npu peleHnn 3agau.

NPUHALONEXHOCTU Paboune NNCTbl, KAPTOYKK,CTUKEPDI

W3yueHue: https.//video.edu.az/video/1192 https://video.edu.az/video/1197
https://video.edu.az/video/1263 https://video.edu.az/video/1308
https://www.geogebra.org/m/hw3TGaA3  https://www.geogebra.org/m/H6CVRgbH
O6cyKpaeHne ucxoaHoM 3aaaumn. Ha nepBoit cTpaHuue pasgena yyeHMKam gaétca MHpopmauma o TOM, B KaKMX
obnacTax BcTpeyatoTca Gurypbl B Gopme Kpyra v Wapa, NoAYEPKUBAETCA, UTO OHMU UCMONL3YIOTCA NPU U3YYEHUN
nnaHeT u MHorux HebecHbIx Ten. MpueoaaTca NpUMepbl 06nacTe NPUMEHEHMA NIOLLAAN NOBEPXHOCTU N 06bEMA
wapa. B 3aganun «MonbitaiiTech!» nposoanTca obCywAeHUe HaxoXKaeHua TpebyembiX BENMYMH Ha OCHOBE
[aHHbIX Pa3MepoB, 3aaHHbIX Ha KPYrOBOM MaHe)e, 1 UCNoJib3yeTca paHee nosiyyeHHble 3HaHuA. OTmeuaercs,
YTO MOC/Ie YCBOEHMA 3HAHMI M YMEHMI, M3YYeHHbIX B pa3fesie, B KOHUEe pa3jena 3agaHue 6yaeT cHoBa
obcyxkaaTbes.

MNo6yxkaeHue

YUeHUKM B TeTpagu 4YepTAT OKPYXKHOCTb paguycom 2 cm. YYeHWKam npepnaraeTca NpoBecTM NpAmble Ha
pacctoaHun 4 cm, 3 cM M 5 CM OT LLeHTPa 3TOM OKPYXKHOCTU. 3aTemM yuuTenb obpallaetca K Kaaccy:
— KaKas npAmasn MMeeT C OKPY}KHOCTbIO OfHY TOUKY nepeceyeHmna? Kakas npamas nepecekaeT OKPY»HOCTb B ABYX
TouKax? Kakaa npaAmas He nepeceKkaeT OKPYKHOCTb?

MO3KHO OpraHn30BaTh 0BCYXAEHME C YYEHUKaMM O TOM, CYLLLECTBYET /M NPAMAsA, MMEIOLLAA C OKPY>KHOCTbIO TpU
TOYKM NepeceyeHus.

Uccnenoeannezo6CymaeHue

AHap HauyepTUN Ha AO0CKe OKPYXKHOCTb U TpU npAmble. MOCKONbKY YYEHUKM elé He
3HAaKOMbI C NMOHATUNAMMU ceKyLu,eﬁ n KacaTeanof/'I, npn OTBETAX Ha BOMPOCblI Ha 3TO
06paL|J,aeTCF| BHMMaHue. B TeTpagn BbINONHAETCA COOTBeTCTByPOLIJ,MVI qepTé)'K.

e [171MHa OTpe3Ka, COeAMHAIOLLErO TOYKY, HaxOAALLYIOCA BHYTPU OKPYXKHOCTM, C eé
LLeHTPOM, MeHblle pagmyca. YacTb NPAMOIA, MMEIOLLEN C OKPY>KHOCTbIO [Be TOYKM
nepeceyeHMs, HaxoAMTCA BHYTPM OKPYXKHOCTM, cnedoBaTenbHo, npamas b
PacnonoxeHa 6anKe K LeHTPY OKPYMKHOCTK.

* YYeHUKM HepTAT B TETPa M OKPYKHOCTb. Ha OKPY>KHOCTM OTMeYaeTca TOUKa, U AN NpoBeAeHns

NPAMON, NPOXOAALLEN Yepe3 3Ty TOUYKY M HaXOAAWEeNCA Ha PacCTOAHMKM, paBHOM paamycy, OoT

LEeHTPA OKPYXHOCTH, yuyuntenb C NOMOLWbKO HaBOAAWMX BOMPOCOB HAaNOMWUHAET YyYE€HUKaM

HeKoTopble CBOMCTBA. Takum 06pa3om MOAYEPKMBAETCA, YTO MOJ, PACCTOSHUEM OT TOUKMU A0

I'IpﬂMOl‘;I NMOHMMaeTCA HaumMeHbllee pacCcTtoAHue, U 4YTO 3TO pPaACCTOAHME pPaBHO A/IMHE
nepneHamMKynapa. MoCcKoNbKy M3 AAHHON TOUYKM K MPAMOIN MOMKHO MPOBECTU TONbKO OAMH
nepneHauKynap, AenaeTca BbiBOA, YTO U NPAMAasA, HaXOAALLAACA Ha PacCTOAHMM, PAaBHOM paauycy, OT LeHTpa
OKPYXKHOCTM, ABNAETCA eAMHCTBEHHOM. OTMeuas OAHY TOYKY Ha OKPYXHOCTU, W3 KaXAoW TaKoW TOYKM
npoBoAnUTCA O4Ha TakKaA nNpAamasn.

SNEKTPOHHbIE
PECYPCbI
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W B3aMmHoOe pacnono>KeHne Nnpamoil u oKpy»KHoctu. KacatenbHas

YyeHnKam SaETCAa MHPOPMaLMA O TPEX PA3UYHbIX NONOMNKEHUAX MPAMOA K,
) o a
OTHOCMUTE/IbHO OKPY}KHOCTW, O NMOHATUAX CEKYLLEN, KacaTeNbHOM U TOUKM 7 Touwa kacaryp

Kacamensrian N | »

KacaHuA. [N KaAOro Cayyas CPaBHMBAETCA PACCTOAHWE MPAMOIi OT

LLeHTPa OKPYKHOCTM C PaanyCcom. Lermp Cenyujer
MpU3HaK KacaTeNbHOM K OKPYMKHOCTM JOBOAMTCA A0 BHUMAHWA  okpyxHOCHT
YYEHMKOB.

OTMeYaeTcs, YTo 0BbIYHO HA YEPTEKAX LIEHTP OKPYKHOCTM 0603HaYaeTcs

TOYKOM o,u NOCKO/IbKY 3TO NPUHATO, B YCN10BUWN 3a4a4MN OH HE YKa3blBaAETCA, €C/IN B 3TOM HET HEO6X0,£I,MMOCTVI.

2. Onpegensetca, BepHbl UM HEBEPHbI yTBEPKAEHUA. MHeHMA 060CHOBbIBAIOTCA C MOMOLLBIO YepTeXKe.

a) M3 ToukK, HaxoAALLeNCA BHE OKPYYKHOCTM, MOXKHO MPOBECTU K OKPYKHOCTU TOJIbKO
OAHY KacaTenbHyto. YmeepxoeHue HegepHo.
113 TOUKM, B3ATOM BHE OKPY}KHOCTM, MOYKHO NPOBECTM K OKPYXKHOCTM ABe KacaTenbHble. 4
DT NpsAMble KacalOTCA OKPYKHOCTM B [ABYX pPas/iMuHbIX Todykax. Ob6e npambie
nepneHAUKyAAPpHbI Paguycy, NpoBeaEHHOMY B TOUKY KacaHus.

6) M3 TOuKM, nexalein Ha OKPYXKHOCTM, MOXKHO MPOBECTU K OKPYKHOCTU ABe KacaTesbHble.

YmeepxoeHue HegepHo.
Tak Kak KacaTenbHan, NPOBeAEHHAA K OKPYXKHOCTU M3 TOUKM, Nexalleh Ha OKPYKHOCTH,
neprneHAVKYNSpHa paauycy, NPoBeAEHHOMY B 3TOW TOYKE, K OKPYXKHOCTU MOMKHO MpPOBECTU

TO/MIbKO OZHY KacaTenbHylo.

B) M3 TOuYKM, Haxomawemnca BHYTPU OKPYKHOCTM, HEBO3MONKHO MPOBECTU KacaTeNbHylo K
OKPYKHOCTWU. YmeepideHue sepHo.

He cywiectsyeT TakoW NpAMON, MPOXoAALLEN Yepes TOUKY, B3ATYIO BHYTPU OKPYXKHOCTU, PAcCTOSHME OT KOTOPOW
00 LeHTpa 6b110 6bl paBHO paguycy. Tak Kak 4acTb NPAMOM, NPOXOAALLEN Yepes 3Ty TOUKY, HaXOAUTCA BHYTPU
OKPYKHOCTU, OHA NepeceKaeT OKPYKHOCTb B ABYX TOUKaX, CnefoBaTe/IbHO, MPOBECTU KacaTe/IbHYHO U3 3TOM TOUKM
HEBO3MOMHO.

4. TpebyetcAa 060CHOBATb NPU3HAK KacaTe/IbHOM K OKPYXKHOCTK, OTBeYas Ha Bonpocbkl. OTMevaeTca, YTo npAmas
NpPoXoAuT yepes TouKy T OKPYXKHOCTU M NepneHauKynsapHa paguycy OT.

CTpOMTCA COOTBETCTBYHIOLLMIA YEPTENXK, M HA NPAMON OTMevaeTca ntobasa Touka D, oTimyHan
oTT.

¢ TakK KaK npsaman nepneHgurynapHa paguycy OT, To OD > OT.

® NIOCKONIbKY MpsAMas NPOXOAUT Yepe3 OKPYMKHOCTb TONbKO B TouKe T, OCTasbHaA 4acTb
NPAMOM Haxo4UTCA BHE OKPYMKHOCTU. [103TOMY paccToAHWE OT LEHTPa OKPYKHOCTU A0
NtoboM TOUKK, NexKalen Ha Nnpamoi, bonblue paguyca.

e CornacHo CBOMCTBY NeprneHAMKYNApa, NPOBEAEHHOTO U3 TOUKM, He NieXaLlen Ha NPAMON, U3 ToUKKn O K npamoin
MOHO NPOBECTU TO/IbKO OAMH NepneHankynap. CnengoBaTenbHo, y NPAMOM He MOMKET BbiTb 06LLein TOUKK ¢
OKPYYKHOCTbIO, KpOMe TOUKM T.

¢ TaK Kak npsamas nepneHAauKyaapHa paguycy OT, oHa ABAAETCA KacaTe/bHOM.

6. MpAmas o KacaeTca OKPYXKHOCTM B Touke T. Micnonb3ya To, YTO KacaTe/lbHan neprneHAMKyNspHa paguycy, no
AaHHbIM Ha PUCYHKE HAaxo4MTCA rpagycHas mepa Tpebyemoro yrna.

a) TaK KaK npaman a aBnaetca KacaTenbHoi, ZOTD =90°. cnonb3ysa cymmy
BHYTPEHHWX YINIOB TPeyronbHuKa, Haxoautca £LODT.

20DT =180°—(90° + 56°) = 34°

6) Tak Kak npamas a aBnaeTtcs KacatenbHol, ZOTA = 90°. Mcnonb3ya cBOMCTBO
BHELUHEro yrna TpeyroabHuKa, Haxogutea LOAT.

2LOAT =125°-90° = 35°

MOXHO TaK¥Ke 06CcyaAnTb C yYeHMKaMM Cnocob HaxoXAeHUA OTBETa, ONpPeaenvB yron,
CMEXHbIN ¢ yrnom 125°, 1 ncnonb3ya cymmy BHYTPEHHWX YI/I0B TPEYro/ibHUKA.

K cBegeHuio yuutens! Mepes nepexofom K CBOWCTBY KacaTeslbHbIX, NMPOBEAEHHbIX K OKPYXHOCTU U3 O4HOWM
TOYKM, YYEHMKAM MpeasiaraeTca HayepTUTb B TeTpaau 0Byl OKPYKHOCTb. YUEHUKM OTMEYaloT TOYKY BHE
OKPYYKHOCTW, NPOBOAAT K OKPYKHOCTM KacaTe/ibHble M CPaBHMBAOT UX AJMHbI. LlenecoobpasHo BbINONHATL
3agaHue B NnapHoi pabore.

D I
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B Knaccax ¢ TeXHUYECKMMM BO3MOXKHOCTAMMU MOMKHO MPOAEMOHCTPUPOBATb MHTEPAKTUBHYIO AeATENbHOCTb:
https://www.geogebra.org/classic/y84xurvt

3aTem CBOMCTBO KacaTesbHbIX, NPOBEeAEHHbIX K OKPYXHOCTM U3 04HOM TOUYKK, 4OBOAMUTCA A0 BHUMAHWUA YYEHNKOB.
[loKa3aTeNbCcTBO TeOpeMbl 0BCYKAAETCA C KNACCOM.

7. M3 o4HOM TOYKM K OKPYKHOCTM NpoBeAeHbl ABe KacaTenbHble. Haxogatcs Tpebyemble BeAUUYUHbI W
06bACHAETCA CNOCOb X HaxoKAeHUA.

6) Tak kKak AN n AM kacatenbHble, LZOMA = LONA = 90°. MMOCKO/IbKY LEHTP
OKPYKHOCTW pacnonoxeH Ha buccekTpuce yrna npu touke A, LOAN = LOAN = 20°.
Mcnonb3ysa cymmy BHYTPEHHUX YI0B TPeyroibHuKa, Haxoautca ZAOM.

£AOM = 180° — (90° + 20°) = 70°.

WBsaMMHoe pacnono}eHue ABYX OKPYKHOCTeM

YyeHUKaM NPUBOAATCA MPUMEPbI C/ly4aes, KOTAa RGN WIONAO £
1+ 1 =00 -9 ]
[IBE OKPYXKHOCTW HE UMeloT OBLLIMX ToueK, UMetoT e -8 >00 1+ 84<00

OAHY OOLLYyI0 TOYKY MAM MepeceKkarTca B ABYX ’
Touykax. Ha ocHoBe B3aMMHOro Pacro/IoXeHUn »

OKpYKHOCTEN paguycoB R u r obcyxaatorca
OTHOLWIEHUA MEeXAY PacCTOAHUEM MeXay MX

RITOHEBIJEEH NTIOMMYGAD NHE BHIMONOMIEY o e Tl EHINONOMIEY JTIOHRYOHO GHAD
LEeHTPaMUN U pagnycamu. -OHMYGAD NMNAJOENGTHOUHON -0 \HAD TSSMN N ROTWGA NOTYHE  OnguBo \HAO T9SMN N HOTYGA SHe
NMRTI - = __R!:U AIHOT g ++%=00 NAROT

K cBegeHuto yuutensa! YueHMKam MONKHO TaKKe
MoKasaTb NpUMepbl CAyYaeB, KOrga npu HannMumMm . % e
obLlLell TOYKM [BYX OKPY)KHOCTEW npoBenEHHas '

npAmasa ABAAETCA  KacaTe/lbHOW K  obeum
OKPY)KHOCTAM. MOXHO NPOAEMOHCTPUPOBATL  pPasauMyHble U306pakeHWs, CBA3aHHble C  B3aWMHbIM
PacrnonoXeHWeM OKPYKHOCTEW, M OpraHM30BaTb 0bCyXAeHWe KacaTeslbHbIX.

O & Cp 00

MoKas TakMx NpmepoB NOMOraeT yYeHUKam NPaBu/IbHO OonpesenaTb B3aMMHOE PAcMo/ioKeHNe OKPYKHOCTEN U
pa3nnyaTb pasnMYHbIe CayYau.

B Knaccax c TeXHMYECKMMM BO3MOXKHOCTAMM MOXKHO NPOAEMOHCTPUPOBATb UHTEPAKTUBHYIO AEATENbHOCTb!
https://www.geogebra.org/classic/f243eqbj

9. Hangute pacctosiHMe mexXay LeHTpamm ABYX OKPYKHOCTEN paamycammn 5 cm 1 3 cm.

a) TaK KaK OKPYKHOCTM KacatoTca 6) TaK KaK OKPY»KHOCTW KacatoTcA BHYTPEHHUM
BHELWHUM 06pa3om, PacCTOSHUE MEXKAY 06pa3oMm, paccToaHNE MeXAY UX LeHTPaMU PaBHO
WX LEHTPaMM paBHO CyMMe PajuycoB. Pa3HOCTU PagMycoB HONbLLOWN U MaNol OKPYXKHOCTEN.

“ 5+3=8(cm) 5-3=2(cm)

11. CornacHo ycnoButo, AaHHble OTMeYaloTCA Ha 4YepTerke. TaK KaK OKPYXKHOCTU
KaCakoTCA BHEWHNM o6pa30M, nUX paanycbl NnONapHO CKNa4dbliBalOTCA U Haxo4UTCA

PaccTosiHWE MeXKay LeHTpamMm.
MN=15+12=27(cm)  NK=9+12=21(cm)  MK=9+15=24 (cm) A
HaxoauTcs nepumetp TpeyronbHuka MNK: Pynk = 27 + 21 + 24 = 72 (cm) g '

HaxoxaeHue 1 cnoxeHue MNOMapHbIX CYMM PagvycoB MOKa3biBAeT, YTO B 3TOM

CNyy4ae nepumeTp TPEeyrosibHUKa MOMKHO HalTW, CMOXMB Paguycbl U YMHOMKMB

pe3ynbTaT Ha 2.

Pynk=2-(9+12+15)=72 (cm)

13. OTmeyaeTca, YTO OKPYXKHOCTb KacaeTcA BCeX CTOPOH AAaHHOrO MHOTrOYroOJibHUKA.

6) Ha ocHOBaHWK TOTO, YTO OTPE3KM OT OAHOM TOUKM 40 TOYEK KacaHUA ABYX KacaTeslbHbIX K OKPYXKHOCTU PaBHbl,
BbIYMCNAKOTCA CTOPOHbI U NEPUMETP YETbIPEXYrO/IbHUKA.

AB=3+5=8(cm) BC=5+2=7(cm)
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CD=2+4=6(cm) AD=3+4=7 (cm)

Haxoantcs nepumeTp YeTblPEXyrobHUKa: Pgcp=8+7 +6+7 =28 (cm)

K cBegeHuio yuntensa! PaBeHCTBO OTpe3KOB OT O4HOM TOYKM A0 TOYEK KacaHuA
ABYX KacaTeNlbHbIX K OKPYKHOCTU BYyAEeT LUMPOKO UCMO1b30BaThCA B Aa/IbHENLLEM
Npyv pelweHnun 3afay, CBA3AHHbIX C OKPYKHOCTbIO, OMUCAaHHOM OKOJ/O
MHOFOyrosibHMKa. Mcnosib3ya 3TU CBOMCTBA, YYEHUKM ByayT usyyatb Gopmybl
CBA3SW  MeXAYy PaAuyCOM OKPYXHOCTM U  CTOPOHaMM U NAOWAAbIO
MHOTOYro/ibHMKa U MPUMEHATb UX NPU PeLLeHnM 334a4. ITM CBOMCTBA BaXKHbl A1
6onee rnyboKOro yYCBOEHUA YYEHWKAaMM B3aMMOCBA3SU  OKPYKHOCTU M
MHOrOYrosibH1Ka.

15. [1se BenocmnegHble LOPOXKKM, OTXOAALLME OT NepeKpEcTKa,
HanpaBneHbl MO  KacaTeNbHbIM K  Kpyrnomy  6acceliHy.
Otmeyaetca, uto Camup M Jlana OAHOBPEMEHHO Ha4YMHaloT
OBUXKEHME OT MepeKpEécTKa Mo pasHbIM A0poXKKam. Tpebyetca
HAWTU CKOPOCTb ABWMXKeHMA JTanbl.

PeweHue 3ada4u

e Haxoautca pacctoaHue, kotopoe Camup npoxoaut 3a 20 MUHYT

Jlama

CO CKOpOCTbiO 12 KMm/u. 12 - % =4 (Km).

¢ TaK KaK ABe BesiocuneaHble JOPOXKKN, OTXOAALME OT NepeKpPECTKa, HanpasaeHb! MO KacaTeNbHbIM K Kpyriomy
6acceliHy, Camup v Jlana NnpoxoaaT NyTM 0AMHAKOBOW AMNHbI.
HaxoauTtcsa Bpems, 3aTpayeHHoe Jlanoi Ha aT1oT nyTb. 20 + 10 = 30 (MuH)

Y106bI HANTK CKopocTb Jlanbl, AnnHa HpOVILI,EHHOFO nyT ennTca Ha Bpems, 3aTpavyeHHOe Ha 3TOT NyThb.
3

0
4: i 8 (Km/uac).

Omeem. 4 kKm; 8 Km/yac.
dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnsaHums Martepuanbl oueHUBaHUA
PasnnyaeT ceKyLLytO U KacaTeNbHYIO B OKPYXHOCTH. YuebHuk, PT

Onpepenaet B3aMMHOE MOOKEHNE NPAMON U OKPYKHOCTMU. YyebHuK, PT

MpuMeHAEeT CBOMCTBO KacaTe/IbHbIX, MPOBEAEHHbIX U3 OAHOMN TOYKM K YyebHuk, PT
OKPYXXHOCTU, NPU peLleHnn 3a4au.

TEMA 7.2. LleHTpanbHbIi yron. BnucaHHbli yron
NOACTAHOAPTDI 7-3.1.3. NpMMeHAET CBOMCTBA YI/10B B OKPYKHOCTHU.

® Pa3nnyaeT NOHATUA LLEHTPANbHOIO Yr/1a U BIMCAaHHOIO Yr/1a B OKPYXKHOCTU.
LLEIN OBYYEHUA e [1ennT AyrM OKPYKHOCTM Ha MA*KOPHbIE U MUHOPHbIE AYIU.
¢ [IpMeHAET CBOMCTBO BNMCAHHOTO yraa.

NPUHAONEXHOCTU Paboune NNCTbl, KAPTOYKK,CTUKEPDI
U3yueHue: https://www.qgeogebra.org/classic/evyhdzdh

3/IEKTPOHHbIE https://video.edu.az/video/1263

PECYPCbI https://www.geogebra.org/m/féwQbHfn#material/liDd2TKw
https://www.geogebra.org/m/qvBwwJx5 https://www.geogebra.org/m/t5Cc9z4y

MNo6yxaeHue

YUYeHUKM B TETPaAM YepTAT OKPYKHOCTb pagnycom 2 cM. LleHTp oKkpy»KHOCTM 0603HavaeTcs B

6yksoit O. Ha 3Toi OKpy*KHOCTU OoTMeuvatoTcs Toukn A, B n C, KakK NOKa3aHO Ha PUCYHKe. \

Yuntenb npegnaraet Kaxkgomy yuyeHuKy coeanHntb Toukn 4, C n O ¢ Toukamu 4 1 B. 3aTem ¢

yyeHukn umamepsaT yraol AOB n ACB wn 3anucbiBaloT UX rpagycHble mMepbl B TeTpab. 1 ‘

Mony4yeHHble pe3ynbTaTbl 06CY}KAAOTCA B KAacce.

WccnenosaHuezobcyaeHue

LndepbnaTt Yacos ¢ AeneHnamuM pasgenéH Ha 12 paBHbIX 4YacTeld. BolumcnaeTca yron mexay Kaxkaow Takou
yacTbto. 360°: 12 = 30°

* YT06bl HAWTK Yyron mexay cTpenkamu Yacos B 9:00, oTMeYaeTcs, YTO B 3TOT MOMEHT YacoBas CTPesika CTOUT Ha
9, a MMHYTHaA — Ha 12, nocne yero BblumcaseTtca yroa. 3 - 30°=90°
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Y4EHWKM TaKKe MOTYT HaliTW COOTBETCTBYHOLUMIA YrON, OTMETHB, YTO YacTb Lndepbnata mexdy cTpenkamu B 9:00
1 1
COCTaBAIAET - 4acTb undepbnata. 360°- 1= 9Q°

¢ Yron B 4:00 BbluMcNAETCA aHaNOrMYHbIM 0bpasom. 4 - 30°= 120°unam 360° -§= 120°

Otmeuyaertca, yto yron B 8:00 Takke paBeH 120°.

Yunteno moXkeT 3ajaTb Yy4YeHMKaM HaBOAALLME BOMPOCbI O TOM, KaK OMpeaenatTcA 4acTu
undepbnaTa oA COOTBETCTBYIOLLENO BPEMEHM, A TaKXKe NPEAN0KUTb BbIMUCAUTD YINbl U AR APYTUX
Le/blX YacoB.

mﬂyra OKPY}KHOCTU U LLeHTPaIbHbIN yron

YueHukam coobLiaetcs, uTo Nobble ABe TOUKM, B3ATbIE HA OKPYXKHOCTH,
JeNAT OKPYKHOCTb Ha [iBe 4acTu, M [Aaétca uHdopmaumsa o ayre

OKPYKHOCTM U LLeHTPabHOM yrie. CBA3b MeXA4y AYroi v LeHTpaabHbIM :/-__..-\ XB
(0]

yranom obbAcHAETCA Ha npumepax. Y4eHUKM 3HAKOMATCA C NOHATUAMM (

«MaXKOPHOW 4yrM» U «KMMHOPHOM AyrM», U3y4aloT NpaBuaa UX 3anucu. N\ A AB = ZAOB
Ob6bAacHsaeTca, noyemy bosblwas ayra MHorga ob6o3HauyaeTca Tpems
6yKkBamum.

K cBegeHuto yuutensa! HoBble NOHATUA, C KOTOPbIMU 3HAKOMATCA YYEHUKM, UX OOBACHEHME U Pa3InYMe UMEIOT
60/1bllOE 3HAYEHME ANA YCBOEHMA MOCNeAyIoWMX 3HaHMI. PeKomeHAayeTca MnokasaTb YYeHMKaM HECKObKO
NPUMEPOB, CBA3AHHbLIX C PA3IMYMEM MENKAY LEHTPasbHbIM YrAOM, Ayrol, 60/AbWOW W Manoi ayrammu.
MoauépKneaeTcs, YTo NPU 0603HAYEHUN Ayrv Tpems BykBamu cpeaHAs ByKBa yKa3blBaeT HanpaBieHue ayru.
YYeHMKam MOXHO COOBLNTL O Pa3inyHbIX cnocobax 3anucm o603HayveHMs gyrn. B HEKOTOPbIX MCTOYHUKAX 3HAK
Ayrv nuwetcs nepef bykBamu, B HEKOTOPbIX — Hag HUMK. Hanpumep, AB, AB. Noauépkunsaerca, 4to
TPaAMLMOHHO 3HAK Ayrv nuweTca nepes byksamu.

2. Ha pucyHKe oTmeuyaeTcs, 4To AB ABAAeTCA AMaMEeTPOM OKPYKHOCTU. HaxoasaTca rpagycHble mepbl Tpebyembix
Ayr Unun yrna.
6) MocKoNbKy LeHTpabHbIN Yro, cooTBeTCTBYOWMI ayre BD, paseH 40°, To _ BD = 40°. . B

Tak Kak yrnol AOD v BOD sasnsawTca cmexHbimu, £ZAO0D = 180°—£BOD =180°—-40° = 140°. C ’
Tak Kak AB gnametp, a yron COB paseH 90°, o £COB =180° - 240C = 180° — 90° = 90°. 2
£COD =90° + 40° = 130°. CnegoBsatensHo, . COD = 130°.

A
4. B okpy»XHOCTK npoBeeHbl paguycel OM, ON n OK. OTmeyvaeTcs, 4To N
LMON : £NOK : zZKOM =3 :4:5.
0O603HavaeTtcs: ZMON = 3x; £NOK = 4x; £KOM = 5x. cxoaa U3 TOro, YTo CyMma 3TUX K
yrnos paBHa 360°, coCTaBNAETCA M peLlaeTcs ypaBHEHMe. M

3x +4x + 5x = 360°— x = 30°.
£LMON=3-30°=90°% «NOK=4-30°=120°% <«£KOM =5 -30°=150°.
Haxoaatca rpagycHblie mepbl ayr MN, NK v KM. . MN =90° _NK =120° KM = 150°

m BnucaHHbIN yron
dyaa, Ha Komopyto

OTmeuaeTcs, 4TO yro/, BepLmMHa KOTOPOTO /IEKMUT HA OKPYXKHOCTU, @ CTOPOHbI  enucarHsiii p Onupaemca ZBAC
nepeceKkaloT OKPYKHOCTb, Ha3blBaeTCA BMMCAHHbIM yraom. [o cBeseHuA yeon 7

YYEeHWKOB A0BOAUTCA TEOPEeMa O BNMCAaHHOM yrne (Teopema 2). C yyeHUKamu A

obcyKaatoTcA NpUMepbl, CBA3aHHbIE C MOJIOXKEHMEM LEHTPA OKPYKHOCTU
OTHOCMTE/IbHO BMMUCAHHOrO yraa.

B Knaccax ¢ TEXHMYECKMMM BO3MOXKHOCTAMU MOXKHO NPOAEMOHCTPMPOBATb MHTEPAKTUBHYIO [EeATENbHOCTb:
https://www.desmos.com/geometry/ilc8jx93hv

8. 3anosiHAA MpPOMYyCKM COOTBETCTBYIOLMMU PACCYXKAEHUAMM, 3aBepLUaeTCA [0Kas3aTe/lbCTBO TeOpeMbl O
BNMcaHHOM yrne (Teopema 2) AN cnyyas, Korga CTOpoHa yraa NpoxoamT Yepes LeHTp.

Mpeanoxenue O6ocHoBsaHue
1.04=08B 1. OA v OB pafaunycbl OKPYKHOCTU.
2. ZA=£B 2. AOB - pasHOBeApeHHbIW TPEYTONBHUK.
3.ZBOC = £A + /B 3. MNo ceoicTBy BHELWLHEro yraa TpeyronbHuKa
4.£BOC=2-2ZA 4. Nockonbky ZA = /B
5. 24 = 3 2BOC = 3 _BC 5. Mockonbky ZBOC = 224
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YYEHUKU MOryT HauyepTUTb COOTBETCTBYIOLLYIO Tabauuy B TETPaAM M BNMUCaTb HYXHble PaCCYy}KAEHWUA B MyCTble
mecTa. PekomeHayetca o6cyanTb C yHEHUKaMU PacCyAeHns, NpuBeaEHHbIE B CTON6LE 060CHOBaHWIA.

B K/1accax ¢ TEXHUHYECKMMM BO3MOMKHOCTAMM MOXHO NPOAEMOHCTPUPOBATb MHTEPAKTUBHYIO AeATEbHOCTb:
https://www.geogebra.org/classic/at6s9fas

K cBegeHuto yuutena! [ns nokasatenbCcTBa TEOPEMbI O BIMCAHHOM yrie (Teopema 2) paccmaTpuBatoTca 3 ciyyas.
1-i cnyyali. Cnyyain, Korga CTopoHa yrna npoxoguT Yepes LeHTp.

2-U cayyali. Cnyyaid, Korga LeHTP OKPYKHOCTU HaxoauTcA BHYTPU yraa.

3-U cayyali. Cnyyald, KOrga LeHTP OKPYKHOCTU HaxoauMTcA BHe yrna.

[na cnyyas, Korga CTOPOHa yria NpoXoamT Yepes LEeHTp, 3Ta Teopema 6bia f0Ka3aHa B 3a4aHnn 8.
PekomeHayeTcs nponHPOpPMMPOBaTb YHEHMKOB O ABYX APYrUX caydasax. OTMeyaeTtcs, YTo 06a cayyas BbITeKatoT
n3 1-ro cnyyas. na AoKa3aTeNbCcTBa 3TUX C/1y4aeB LenecoobpasHo AaTh YYEHMKAM yKasaHue.

2-i ciyyadi. Cnyyait, KOraa LEHTP OKPYXHOCTU 3-U cayyadi. Cny4an, KOraa LEHTP OKPYXKHOCTH
HaXo4MTCA BHYTPU yraa HaXo4MTCA BHE yria

YkasaHue: lNposoautca anameTp AD. MocKonbKy YkasaHue: [posogutcs auametp AD. [ockosbky
CTOPOHbI yroB . ZABD w £DAC npoxogat uyepes CTOPOHbI yrnoB. £ABD n £DAC npoxopaT uepes

LEHTP, 3TWU BMMWCaAHHbIE YrAbl Ha OCHOBaHMKM 1-ro LeHTp, 3TW BMWCaHHble YI/bl Ha OCHOBaHWM 1-ro
CNy4yasa paBHbl MNOJIOBUHE [AYrW, Ha KOTOPYH OHWU Cny4asa paBHbl MOJIOBUHE AYyrM, Ha KOTOPYIO OHM
onupatoTcA. Teopema [AOKa3biBAeTCA Ha OCHoBe onupatotcA. Teopema [O0Ka3blBAaeTCA Ha OCHOBE
paseHcTBa £LBAC = £ABD + £DAC. paseHcTBa £BAC = £ABD — £DAC.

[loKa3aTeNbCTBO TeOPEMbI /15 C/IYYAEB, KOTAA LEEHTP OKPYKHOCTU HAaXOAUTCA BHYTPU UM BHE YI/1a, MOXKHO TaKKe
[aTb YYEHMKaM B KayecTBe 3agaHus gns guddepeHumMpoBaHHOro obyyeHus.

YuyeHUKM 060CHOBBIBAKOT cieacTBuA U3 Teopembl 2.

1. BnucaHHble yanbl, onuparowueca Ha 00Hy u my xe 0yay, KOH2pyIHMHbI. D B
£4=2UBCw £D= > BC =A=LD A@
OTMmeyvaeTcs, YTO KaxKablii U3 BNUCAHHbIX YI/10B, ONMPAOLLMXCA Ha OL4HY M Ty e Ayry, paBeH )
NONIOBMHE rPaflyCHOM Mepbl 3TOW Ayr1, NO3TOMY OHW KOHFPYSHTHbI. C
2. BrucaHHbIl y20s1, onuparowyulica Ha nosayoKpPyHHOCMb, ABAAEMCA NPAMbIM.

ZBOC=180° u 24 = %4300 = /4= 90°

B
Al
MonyoKpy*KHOCTb — 3TO Ayra c rpagycHon mepoit 180°. CnepoBaTeibHO, BMMCAHHbIN yro, \
ONUPAIOLLMIACA Ha 3Ty AYry, paBeH eé NnoioBuHe.
10. Ha pucyHke oTmeuvaeTca, 4To AT ABNAETCA KacaTeNbHOW K OKPYy)KHOCTW, a AB B
!
1

AnameTtpom. Mccneayetca, Kakmmu cnocobamu Jlana v dnbXaH HalIW TPagycCHY0 Mepy
yrna CAT.

CHauana Haiiy rpaaycHyto Mepy Ayr: BrnivcanHbid yron, onglparqu.l,mﬁcn Ha Avamerp,
= o_ 5 — £ npaMmoi: ¢ = 90°
BC =180°- 130° = 50
1 Nockoneky BC L AC v AB 1 AT, ZABC w LCAT
Torpa £BAC = —_BC = 25°.
A . £ : Yrbl € COOTBETCTBEHHO MEePMneHAUKYAAPHbIMA
Mockoneky A8 L AT, CTOPOHaMU, L4BC = £CAT

= o o _ rre ~_ 1 « _ rEe AT — RE®
ZLCAT = 90° — 25° = 65°. ZABC = E\/.—‘i( = 65°, noatomy £CAT = 65°. I1bXaH

Kaxgblh cnocob pelweHus obcyxkpaeTca B Knacce. [NogvyépkuBaeTcs, YTO rpagycHas Mepa yraa mexay
KacaTeNnbHOM W ceKyLlen, NpoBeaEHHbIMU U3 TOYKM HA OKPYXKHOCTM, paBHA MOJIOBMHE FPaslyCHOM Mepbl Ayriu,
CTATMBAEMOM YACTbHO CEKYLLEN, NeKallet BHYTPU OKPYKHOCTU, TO eCTb COOTBETCTBYHOLLEN XOPAON.

D €
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OTmeyvaeTcs, YTo ecn U3 Ntob0oM TOUKN A Ha OKPYKHOCTM NpoBecTn KacaTenbHyto AT v cerywyto AC, 1o yron CAT
paBeH Nos0BUHe rpagycHon mepbl gyrn AC, n NnpuBOAATCA NPUMEPBI.

B Knaccax € TEXHUYECKMMM BO3MOMKHOCTAMM MOMKHO MPOLEMOHCTPUPOBATb
MHTepaKTUBHbIe 3agaHua: https://www.geogebra.org/m/ngbmcjaz

11. Mo faHHbIM Ha PUCYHKE HAXOAMTCA rPagyCcHas Mepa Tpebyembix Ayr uaum yraa.
6) Mo ueHTpanbHOMY yray onpeaensieTca rpagycHasa mepa ayru MAN.

£ZMON =160° = —MAN = 160°
MN marxopHas gyra. —MN =360°-160° =200°

Yeon MAN — snucaHHsIl yeon, onuparowulica Ha oyzy MN.
LMAN =_MN :2=200°: 2 =100°

B Knaccax ¢ TeXHMYECKMMM BO3MOXKHOCTAMM MOMKHO NPOAEMOHCTPMPOBATb MHTEPAKTUBHbIE 3a4aHUA:
https.//www.geogebra.org/m/qsrh4rh7

K cBeaeHuIo yuntena! YUeHMKM 4acTo UCNbITbIBAKOT TPYAHOCTM NPU NPUMEHEHUWN CBOMCTB AYr, LEHTPaAbHbIX U
BMMCAHHbIX YIN0B OKPYXKHOCTU. LlenecoobpasHo TpeboBaTb OT HUX 06OCHOBaAHMA TOrO, KAKOE MMEHHO CBOMCTBO
ncnosbayeTca. TakoW Noaxon NOMOraeT yYyeHMKam MpaBUAbHO onpesenaTb 06/1acTb NPUMEHEHUA CBOWCTB M
rny6:Ke NOHMMaTb COAEPIKAHNE KarKa0ro U3 HUX.
NoxKHble npeacTaBneHus, BO3HUKawOLWMe Y
YUYEHUKOB. [py NpUMEHeHNN CBOMCTB OKPYMKHOCTU
K  PpeWweHuo  3a4ady  Y4YEeHUKM  A4OMNycKaloT
onpeaenéHHble OLWNBKMN. Hanbonee
pacnpocTpaHEHHOWM ns3 HUX Asnserca
HenpaBW/IbHOE YCTaHOB/IEHWE  CBA3U  MeXay
BMMUCAHHbIM YI/IOM, LLeHTPa/NbHbIM YI10M U AYroi.
LlenecoobpasHo opraHuM3oBaTb paboTy Hapg
ownbKamm, MOKasblBas YYEHWKAM HECKO/IbKO
npMmepos.

NoxxHoe

Wcnpasb ownbry!

wAC =360°— (wAC +_BC) = 360°— (130°+ 30°) = 200°

Ommeyaemcs, Ymo 6rMuUCaHHbIl Y2011 HE paseH 1305 B
epaodycHoli mepe Oyau, HaG KOMOPYH OH ONuUpPaemcs. o mmp
<73 30
padycHas mepa Oyau BC 3anucsieaemcs rnpasussHo, U A A
sblyucaAaemcs 2padycHasa mepa dyau AC. C ‘

AC =360°= (AC +_BC) = 360°— (130°+ 60°) = 170° 200°

KomaHaHasa urpa. Knacc genutca Ha rpynnbl. Kaxkgoi rpynne pasgatotca paboumne
nucTbl. B paboyem nuncTe, HauMHan C OKPYXKHOCTU HA BXOAE, ANA KA 40N OKPYIKHOCTU
TpebyeTca HaWTW rpafycHyo Mepy yrna uam ayru, oTMeYeHHoM 3Hakom Bonpoca. Mo
Hanpas/IeHMIO YMCANA, NOKA3bIBAKOLLErO OTBET, BbINO/IHAKOTCA 33iaHuUA, NPOABUIranch K
«Bbixogy». Tpynna, KoTtopas npaBuAbHO W ObicTpee HaWZET NyTb K BbIXOAY,
ob6bsaBnseTca nobegutenem. PesynbTaTbl 06cyRaatoTCA.

Paboumnit NMCT MOXKHO CKayaTb MO 3TOM CCbIIKE:
https.//drive.google.com/file/d/1ejfS46wU3137vALg4vbN1jQYfFgsArOv/view?usp=sharing I

14. Yvcno yyeHWKoB 7-ro Knacca, 3aHMMaIOLWMXCA TEHHUCOM, LWaxmaTamu, raHabonom n ¢ytboaom, oTHocUTcA
Kak 1:2:3:4. Kaxablit y4eHNK 3aHMMAEeTCA TO/IbKO O4HMM BUAOM cropTa.

a) YMCcno y4YeHUKOB, 3aHMMAIOLLMXCA TEHHUCOM, LWaxmatamu, raHgbosom u o¢ytTbosom,
0603HayaeTca COOTBETCTBEHHO X, 2x, 3x, 4x. Ucxoas M3 TOro, YTO CYMMaA 3TUX YI/I0B paBHA
NMOSIHOMY YTy, COCTaBNAETCA U PeLlaeTca ypaBHeHue.
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X+ 2x+3x+4x=360° Haanarpamme Haxo4ATCA COOTBETCTBYHOLIME LLEHTPabHbIE YIbl

10x = 360° TeHHUc: 36° FaHgb6on: 3 - 36° = 108°
x =36° LWaxmatbl: 2 - 36° = 72° dyT60n: 4 - 36° = 144°
6) Ucxopan ns Toro, 4To raHa6010M Obujee 4ucso y4eHUKo8:
3aHMMaloTCs 6 YenoBeK, COCTaBNAETCA 108°— 6
Nponopums ANA HaXoXAeHUA obLero ymcna 360°—x
x =20 (4enosek)
B) BblumMcaseTca KOMYECTBO YUYEHMKOB, Yucno 3aHMmatlowmxcs raHgbonom: Ymcno saHumatrowmxca pyrb6onom:
3aHUMatoLWmxca GyTbonomM 1 TEHHUCOM, 108°—6 108°— 6
M HAXo4MTCA PA3HOCTb. 36°—x 144°—x
8 —2 =6 (yenosek) x =2 (4enoBeka) x = 8 (yenosek)

Omeem. a) 36° 72° 108° 1 144°; 6) 20 YyenoBekK; B) 6 Ye/NOBEK.
ObcyrdeHue. BbICNYLLIMBAOTCA MHEHUA YYEHUKOB, PELUUBLIMUX 33434y Pa3NyYHbIMKU cnocobamu.
dopmaTuBHOE OUEeHUBaHKe

Kputepum oueHnBaHus Martepuanbl oLLeHUBaHUA

PasnnyaeT NOHATUA LLEeHTPaNbHOrO Yr/ia U BMMCAHHOTO YI/1a B OKPYXKHOCTH. Paboune anctbl, y4ebHUK, PT
[enunt oyrv okpyKHOCTM Ha MaKOpHble U MUHOPHbIE Ay, Paboune anctbl, y4ebHUK, PT
MpuMeHAeT CBOMCTBO BMMCAHHOIO yraa. Paboune nnctobl, yuebHuk, PT

TEMA 7.3. Yribl mexay XopAamu, CEKYLLMMU U KacaTe/IbHbIMU
NOACTAHOAPTDI 7-3.1.3. NpMMeHAET CBOMCTBA YI/I0B B OKPYKHOCTHU.

¢ [pMeHAET CBOMCTBO Yr/1a MeXay ABYMA NepeceKalowmMmMnca Xxopaamm.

e [IpMMeHAET CBOMCTBO Yrna Mexay ABYMA CEKyLMMW, NPOBEAEHHBIMU U3 TOUYKU BHE
LLEJIU OBYHEHUA OKPYXXHOCTH.

¢ [pMMeHAeT CBOMCTBO Yr/ia MeXay KacaTe/bHblMW, NPOBEAEHHBIMW U3 TOYKM BHE

OKPYXHOCTW.

NPUHAONEXHOCTU Paboune NNCTbl, KAPTOYKK,CTUKEPDI

U3yueHue: https.//www.geogebra.org/m/PgW8CVNX
3NNEKTPOHHDIE https://www.geogebra.org/m/qpP8xrw2  https://www.geogebra.org/m/NzYS8AIEV
PECYPCbI https://www.geogebra.org/m/GRw7cjVf https://www.geogebra.org/m/PgW8CVNX
3apaHue: https://www.geogebra.org/m/PgW8CVNX

MNo6yxaeHue
YyeHWKam npegnaraeTcs B TETPAAN HAaYEPTUTb ABE OKPYKHOCTU PaAMyCcoOM 2 CM, OTMETUTb OAHY TOYKY BHYTPU
OOHOW OKPYKHOCTM M OAHY TOUKY BHE APYroi OKPYMKHOCTU. YuuTenb, M306pasuB AaHHble PUCYHKM Ha AOCKe,
MOXET €034aTb YCNOBMA ANS TOro, YTOBbl YYEHUKM HauyepTUIn MX B

TeTpagaAx Takum e obpasom. [Janee obcy:KAaeTcs, B KaKWUX Cayvanx C

MepeceKaloTCs XOpAbl, @ B KaKMX — CEKyLME, M KaK NOJIOMKEHNE TOUYKM
nepeceyeHns BAMUAET HA BEAUUYMHY YIa MEXKAY XOPAaMMU UAN CEKYLLMMMU, D K

B

3apaBafA yYeHMKaM BOMPOCbl O TOM, [[e pPachno/io’KeHa To4YKa 4
nepeceyeHmns CeKyLen M KacateslbHOM nMbo xopabl U KacaTe/lbHON —

BHYTPM OKPY)KHOCTM, BHE €€ MWAM Ha OKPYKHOCTU, — MOMKHO 3aKpenuTb
NpeAcTaBNEeHUs YYEHUKOB O NOJIOXKEHUM TOUKM NepeceyeHus.

WccnegosaHuezobcyaeHue
Ecnun B3rnsaHyTb Ha Kpyrabid 6acceiH cboOKy, TO M3 TOYKM HabnwaeHus byaer N
BMAHa Ayra MN, orpaHu4YeHHan KacaTeNbHbIMW, NPOBEAEHHBIMUN K OKPYIKHOCTMU.
¢ TaK KaK KacaTe/ibHble NeprneHanKyAapHbl Paguycam, v ¢ UCNOb30BAaHUEM CYMMbI
YrNOB YeTbIPEXYro/ibHMKA OTMEYAaeTcsi, 4YTO CymMMa rpagycHbIX Mep YI/O0B,
0603HaYeHHbIX Ha PUCYHKe undpamu, pasHa 180°.
21+ £2 +90° +90°=360°

21+ 2£2=180°

>l
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e Mpun £1 = 40° cHavyana HAXOAUTCA £2, @ 3aTEM COOTBETCTBYIOLLME EMY IPaayCHble
mepbl MUHOPHOW ayrn MN 1 maxopHoi ayrn MKN.
£2 =180°-40° = 140° wMN = 140° wMKN = 220°

myron MeXAy ABYMA NnepeceKalowmmmuca Xxopgamm

YyeHuKam paétca MHPOpMaUMA O MOHATUM  «XOPAbl», MPUBOAATCA g
A

NPUMepPbl B3aMMHOTO MONIOXKEHWNA CEKYLLMUX OKPYHKHOCTU. _
- \ N ~ \ B
T— ___ N 4
~

[o cBegeHVA y4eHMKOB O0BOAWTCA TEOpema O rpafyCHOW Mepe yraa Mexay Xopaamwu
(Teopema 3).

z1= i(m°+ n°)

K cBegeHunto yuntena! HekoTopble yYeHMKM WCMbITbIBAIOT TPYAHOCTU C 3 p N
npu onpeaeneHnn ayr, Nexalmx MexKay CTOPOHaMM yria, a TakkKe B

CNy4anx, KOrga MCKOMBbIA YroNl HeNb3A HalUTWM NPAMbIM NPUMEHEHMEM M

dopmynbl. U3-3a pasnnumna 4JIMH Ayr OHU CYMTAIOT, YTO U YI/bl JOIKHBI 4

MMETb pasHble rpagycHble mepbl. TaKUM yYyeHWKam pekomeHZayeTcs

NoAYEPKHYTb, YTO TOYKMU NEepeceyeHmns CTOPOH Yr1a C OKPYKHOCTbIO ABAAIOTCA KOHLLAMM AyT.

MoKasblBan pas/iMuyHble NPMMepbI M 334aBan HaBOAALLME BOMPOCHI, MOMKHO YCTPaHWUTb BO3HMKAOLLME TPYLAHOCTH.
Hanpumep: rpagycHas mepa yria 1 uam 2 pasHa nosioBUHE CYMMbI Kakunx ayr? Kak, ucxoaa us rpagycHbix mep
ayr PM v NQ, HaiiTu rpagycHyto mepy yrna 2?

B Knaccax ¢ TeXHMYECKMMMU BO3MOXKHOCTAMM MOMKHO NPOAEMOHCTPMPOBATb MHTEPAKTUBHYIO AEeATE/NbHOCTb:
https://www.geogebra.org/m/fqh8stqb

2. Mo AaHHbIM Ha PUCYHKE Haxo4mMTcA rpagycHas mepa Tpebyemoi gyru.

B) W3 gByX Ayr, COOTBETCTBYIOLMX ABYM MNEPECEeKaloWMMCA XOpAam, 0aHa U3BeCTHa, TpebyeTcs HalTK Apyryio.
CHayana Haxo4mTCA rpajycHan mepa COOTBETCTBYIOLLErO Yr/1a, PACMONOXKEHHOTO B TOUYKE NepeceyeHus 3TUX Xopa,
3aTem — rpagycHas Mepa UCKOMOM Ayru.

AD+\BC

2AKD + 110° = 180° - - 70°

£LAKD =180°-110° = 70° 80°+ _BC
2

=70° wBC =60°

r) Ha ocHoBe AaHHbIX cocTaBAseTCA AD+\UBC .
COOTBETCTBYIOLLEE YPaBHEHME U 2 =80
pelaeTcA. X +x-10°

= x=75°
2

wBC=75°

OTMeuYaeTcs, YTo AyrM OKPYKHOCTM, PACMO/IOKEHHbIE MeXAY NapansiebHbiIMU
CERYLWMMU (NN XOpAaMK), ABNAIOTCA KOHTPYIHTHbIMM. A S

_AC= _BD ( ) u)
B AaHHOW OKpY»KHOCTK, NpoBeasn xopay AD, cBOMCTBO 060CHOBbLIBAETCSA C UCMONb30BaHNEM ('UD
paBeHCTBA BEPTUKAJIbHbIX YI/10B, BMMCAHHbIX YI/I0B U PaBEHCTBA COOTBETCTBYHOLLMX AYT.
MoaYépKMBasn, YTO XOpLa ABAAETCA YACTbO CEKYLLEN, 0BBACHAETCA, UTO AYIU MEXAY
napanienbHbIMU CEKYLLMMMU TaKKe KOHFPYIHTHbI.

3. Xopabl AB v CD napannenbHbl. HanguTe rpagycHblie mepbl Tpebyembix ayr.
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6) M3 gByx Ayr mexay nepecekalolmMmmuca Xopaamu ogHa M3BecTHa, TpebyeTca HalTu gpyryto. CHavana
Haxo4uUTCA rpagycHas mepa COOTBETCTBYIOLLErO Yr/ia B TOYKE NepecevyeHuns Xoph, 3aTemM — rpagycHas mepa
WCKOMOW Ayru.

Tak Kak xopgbl AB n CD napannenbHbl, «w AC = BD. c 70° D
lpagycHble mepbl gyr AC 1 BD o603HavatoTca yepes X, COCTaBAAeTCA U 40° 40°
peLlaeTca COOTBETCTBYIOLLEE YPABHEHME, A B

210° +70° + x +x = 360°
x=40° = _AC=40°

wyron MeXKAy ABYMA CEKYLUMMU, NPOBEAEHHBIMU U3 TOUKU BHE OKPYXKHOCTU

MpadycHY0 Mepy Yria mexay ABYMA CEKYLWWMMU, NPOBeAEHHbIMU U3 TOUYKU BHE
OKPYKHOCTM, MOXHO HaWTM NO rpafyCHbIM Mepam Ayr, KOTOpble 3TU CeKyliue
OTCEKAlOT OT OKPYKHOCTU. [10 cCBeAeHMA YYEHMKOB A0BOAUTCA TEOPEMA O CBOMCTBE
yrna Mmexay [OBYMS CEeKyLMMW, MPOBEAEHHbIMM M3 TOUYKM BHE OKPYXKHOCTU
(Teopema 4).

210°

21= %(m" -n°)

K cBegenuio yuntena! OcHOBHasA TPYAHOCTb NPU HAXOKAEHUN yrna e
Me)Kﬂ,y ,ﬂ,ByMﬂ CeKywmnmmn n3 ToO4Kn BHe Opr)KHOCTVI 3aK/1l04aeTCcAa B me R
K<Tn| n

onpeaeneHnn Toro, cneayet M UCMOAb30BaTh MONOBUHY CYyMMbl me
WAW NONOBWMHY pasHOCTWM Ayr. [puuMHON ABAAETCA CMelleHue >

Pa3NYHbIX TUMOB YIA0B. B3AB O4HM 1 Te e Ayrn ANA TOUEK BHYTPM 1 1

N BHE OKPYMKHOCTM W CPaBHWB rPaflyCHble Mepbl YrI0B, MOMKHO 4[(:;(,7[0_”0) 4K=;(mo +n°)

06paTUTb BHUMAHME YYEHUKOB Ha onpeaenéHHble NOACKa3Ku.

Ecnuv ToYKa nepeceyeHns Haxo4uTCA BHYTPU OKPYKHOCTU, XOPAbl NEPECEKAOTCS, U A1 OAHON M TOM e napbl Ayr
noJsiyyaeTca 601bLWNI Yron NO CPAaBHEHUIO CO CIlyYaeM nepeceyeHms BHEe OKPYKHOCTU. TO NOKa3bIBaET, YTo Npwu
nepeceyeHnn BHYTPM UCMONb3YETCA NOJOBMHA CyMMbI Ayr, @ NPU NepecevyeHn BHe — MOJSIOBUHA UX PA3HOCTW.
Takum o06pasom, NoAYEPKMBAETCA BaXKHOCTb OMNPeLeNeHUs MOJIOKEHUA TOUKU NepecevyeHns OTHOCUTEsIbHO
OKPYYKHOCTM A1 BblbOpa HY»KHOM dopmynbl.

B Knaccax c TeXHUYECKMMM BO3MOXKHOCTAMM MOXKHO NPOAEMOHCTPUPOBATb MHTEPAKTUBHYIO AEATENbHOCTb:
https://www.geogebra.org/m/PgW8CVNX

4. YepTUTCs OKPYKHOCTb M BHE ee oTMeyYaeTcs TouKa K. M3 3Toi TOYKM K
OKPYYKHOCTWM MpoBOAATCA cekywme u xopaa AD. Tpebyetca obocHoBaTb
cnpaBeaMBoCTb GOpMYy/bl ANA YINa MeXAy CeRyWMmmK. Haxoaatca oTeeTbl
Ha AaHHble BONPOChI.

¢ Yron BAD aBnaeTcs BHELWHMM YrNOM TpeyrosibHuKa KAD. /K = 1 (UBD-_ AC)
* 1o CBOWMCTBY BHELUHErO yria TpeyronbHuKka £BAD = £K + LZADK 2

* Yron ADK paBeH NONOBUHE rpafyCcHON Mepbl Ayry, Ha KOTOPYHO OH ONupaeTca, To ecTb ayrn AC.

* Yron BAD paBeH NofoBWHe rpalyCHOM Mepbl AyrW, Ha KOTOPYO OH ONMpaeTcsa, To ecTb Ayru BD.

* Yron K BbipaxaeTtca yepes rpagycHole mepbl ayr BD n AC.

LK = 2BAD - 24DK = 222 _ =45 _ 1 (UBD-_4Q)

2 2 2
PekomeHayeTca O6CV,D,VITb C Y4HEHMKAMM, Ha KaKnx CBOMCTBAX OCHOBAHO nonyyeHume Kaxgoro n3 oTBeTos.

0

MoAYEPKMBAETCA, YTO YrON MEXAY CeKyWel W KacaTeNbHOW, MNPOBEAEHHbIMM K OKPYMKHOCTM M3 TOYKM,
PaCcno/IOXKEeHHOM BHE OKPYKHOCTW, @ TaKXKe YroNl Mexay ABYMA KacaTe/ibHbIMW HaXxo4ATCA MO aHajaorMyHomy
npasuny (Teopema 4). MpoBoanTca obey:KaeHWe ¢ NpuBeseHeM NPMMepoB 414 06omx cayyaes.

K cBepeHuio yuutena! LlenecoobpasHo 06bACHUTb yUEHUKAM, YTO B OTIMYME OT NepeceyeHmnn NPAmMbIX BHYTPU
OKPYKHOCTM, BHE OKPYKHOCTM BO3MOMKHbI TPU PasNNYHbIX C/y4Yas: ABe CeKyliune, CEeKyLan U KacaTeNbHasA, ABe
KacaTesibHble. [OKa3biBas NpUMepbl ANA KaXKAO0ro C/lydas, MOXKHO NOAYEPKHYTb, YTO Teopema 4 npumeHsAeTca
OAMHAKOBO BO BCEX CUTyaLMsAX. ITO MOKa3bIBAET, YTO BbI6OP GOPMYNbl 3aBUCUT HE OT TOTO, ABAAIOTCA N MPAMbIe
CEKYLLMMM WM KacaTeNbHbIMM, @ TO/IbKO OT NOJIOMKEHMA TOUKM NepeceyeHms OTHOCMTEIbHO OKPYXKHOCTU. TaKkom
noaxog nomoraer nsbexaTb NyTaHULbl U TUMUYHbBIX OLUMBOK NPM BbIUMCAEHMSAX.
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B Knaccax C TEXHWYECKMMM BO3MOMHOCTAMM MOXHO HarfagHO MPOAEMOHCTPUPOBaTb C  MOMOLLbBIO

MHTEPaKTUBHOW aKTUBHOCTMU, KaK U3MEHEHMNE NONOXKEHNSA TOUKM NEPECEHEHNA NPAMbIX BAUAET Ha BEIMUUHY Yria

MeXay HUMMU:

https://www.geogebra.org/geometry/g9jmnccv https://www.geogebra.org/m/yguscmu?2
0

Ucnpaeb oln6RY!

a) LAKC = % (50° + 140°) = 95°

Ommeyaemcs, umo yeon, navdennviii no epadychvim mepam oye BC u AD,
agasiemces ne yenom AKC, a 00num us CMediCHbIX C HUM Y2108, HOCIE 4e20
swviyucasemes epaoycuas mepa yena AKC.

2AKD = % (50° +140°) =95° = ~£AKC=180°-95°=85°

6) LK = i (80° — 70°) = 5°

Tloouéprusaemcs, umo yeon K pasen ne nonosune pasnocmu oye BD u AB,
a nonosune pasnocmu oye BD u AC. Cnauana viuucisemcs epadycnas
mepa oyeu AC, samem epadycnas mepa yena K.

AC = 180°— (80° +70°) = 30° = /K = = (80°—30°) = 25°
2

9. Ha p1cyHKe faHbl KOHLEHTPUYECKME OKPYXKHOCTU. TpebyeTca HauTH
rpagycHble mepbl yrna K v gyrmu MN.

¢ Ha 0CHOBaHWM CBOMCTBA yrna MeXAy ABYMA CEKYLLMMU, NPOBEAEHHBIMU U3
TOYKM BHE OKPYKHOCTH, BblUUCAAETCA FpagycHaa mepa yrna K.

1
2K = 5(95o —25°) =35° .

¢ [pagycHas mepa ayrn MN ob6o3HavaeTcs yepes X. [11A HaX0XKAEHUSA UCKOMOW 35°= 2 (80°-x)

Oyrv COCTaBNAETCA U pellaeTca COOTBETCTBYIOLLEE YPaBHEHMe. x=10° =» _MN=10°

K cBepeHuto yuutena! B KOHLEHTPUYECKUX OKPYMKHOCTAX rPagyCHas Mepa yrna Mexay CeKywumu paBHa
NONOBUHE PAa3HOCTU AYT, NeXalnX BHYTPM 3TOro yrna. TaKk Kak yroa He M3MeHAEeTCA, Pa3HOCTb AT TaKsKe OCTaérca
NOCTOAHHOM. Micxo4A U3 3TOr0, MOXKHO HaTKM rpadycHyto mepy ayrv MN, He Bbluncass yron K. B KayecTse 3agaHua
Ha yraybneHne yuyeHWKam C BbICOKMMM pesynbTaTamMmy O6yYyeHMA MOMKHO MOPYy4YMTb [OKasaTb, YTO B
KOHLLEHTPUYECKMUX OKPYKHOCTAX PA3HOCTU COOTBETCTBYIOLLMX AYT MEXKAY CEKYLLMMMU PaBHbI.
DnddepeHumpoBaHHoe 0b6yueHne

YyuTenb pUCyeT Ha AOCKE HECKOJIbKO OKPYXKHOCTEN U AE/UT UX HA 6 paBHbIX YacTeW.

lNoddepxka. YyeHMKam pasgatotcs pabounve Aunctbl ¢
HECKONbKMMM  MPMMepamMmM  PasanyHbIX  C/yvyaes
nepeceyeHus MPAMbIX Ha OKPYKHOCTWU. Kargomy

YYEHWKY nNpepnaraetca  BbIMUCAUTD  YION  MeXay
NPAMbIMU Ha PUCYHKe M 060CHOBATb, KaKMe CBOMCTBA MCMO/Ib30BAUCL MPU €r0 HAXOKAEHUM.

YenybneHue. K gocke NpuUrnalarTca HECKOIbKO yYeHMKOB. OHM OTMEYatoT Ha OKpY*KHOCTU ayru B 60° 1 120°,
WUCNONb3yA TOYKM AeNieHWA, U NPUBOAAT MPUMEPbI CAy4yaeB, KOr4a 3TU AYyrM 3aKAHOYEHbl MEeXOY XOpAamu.
YyeHMKam npegiaraetca onpeaenntb, B KAKOM C/lydae no noayvyeHHbIM 306 parKeHNAM MOXKHO BbIYUCAWUTL YFON
MexXay NpsAmMbIMU U 060CHOBATb, KaKMe CBOMCTBA UCMO/Ib30BAUCL NPU HAXOXAEHMM 3TOTO YrAa.

KarKablii yd4eHWK NpoBepAET peLlleHne O4HOro U3 OAHOKIACCHUKOB. TaKan AeATeNbHOCTb NO3BONSAET CPAaBHUBATD
CNy4aun nepeceyeHms M NOATBEPKAATL NPABUABHOCTE MPUMEHSEMbIX CBOMCTB.

12. BHMMaHMe Yy4YyeHWKOB OOpallaeTcA Ha [AaHHbIA pUCYHOK. OTmevaeTcs, 4To Ha '
OKPYKHOCTU KPYIAOW CTEKAAHHON MaHenAM OTMeuYeHbl 9 TOYeK M HaHecéH y3op, KakK

MOKa3aHO Ha pucyHKe. TpebyeTca HaWTU rpaaycHyi Mepy Yyraa, ob6o3HayeHHoro
nepemeHHOMN.
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lpusnieyeHue. YunTenb pUCyeT Ha AOCKE OKPYKHOCTb, OTMEYAET TOUYKU AeNeHUs, AeNsline OKPYKHOCTb Ha 8
paBHbIX YacTel, COeANHAET MX, KaK Ha PUCYHKe, N 0bpaLLaeTca K Knaccy:

— KaK HalTu ANnHY Ayrv meskay ToYKamu aeneHuns? Mo Kaknum ayram MoXKHoO HaiTn yron BKD? 4 B
OTBEYan Ha BOMPOCHI, Y4EHMKM HAaX04AT rpagycHyto mepy yrna BKD.

PeweHue 3a0a4u

OnpeaensneTca, Mexay KaKUMU XOpAaMu PACNONOXKEH Yron X. YTobbl HalTW rpasycHble mepbl D
Oyr MeXay 3TUMKU XOpAaMM, BbIYMCAAETCA rpafycHaa mepa Ayrv MexXay COCeAHUMM TOYKaMMU  goe
Lenenus.

HaxoauTca, CKOIbKO rpagycoB cocTaBaAeT KaxKaan gyra. 360° : 9 = 40°

BbluMcnatoTCcA rpagyCcHble Mepbl Ayr, NEXKALLMX MEXK LY COOTBETCTBYOLLMMM XOPAAMM.
5-40°=200° 2-40°=80°

lpagycHas mepa yrna X paBHa NOJI0BUHE CYMMbl HaNAEHHbIX AyT.

X = % (200° + 80°) = 140°.

Omeem. 140°.

ObcycdeHue. BbICNyLLIMBAOTCA MHEHMA YYaLLMXCA, PELUMBLLMX 334a4y pa3HbiMK cnocobamm.
14. OTmeyaeTcs, YTO TOYKA KacaHua Koneca ¢ 3emMnéil obo3HauyeHa BykBol T, pblyarn Tenexkku obpasytoT ¢
NMOBEPXHOCTbIO 3eMAK yron 15° n coeamHeHbl ¢ ocblo Koseca. TpebyeTca HaliTu rpagycHble mepbl ayr AT v BT
MeXay 3eMNEN U pblyaramm TENEXKM.

PeweHue 3adayu

CTpouTCcs COOTBETCTBYHOLWMIA PUCYHOK, U NpAMas,
npoxoaALasn Yepes TouKy A, npoanesBaeTca A0 TO4KM B.
AT = x, nockonoky AB puametp, BT = 180° —x.

Ucxopa U3 Toro, UTo rpaZycHas Mepa yrna mexay
o o " 1
CEeKyLLEeN 1 KacaTeNbHOM, NpoBeAEHHbIMU U3 TOUKU K BHe 15°= - (180°—x —x)
o 2
OKPYKHOCTHW, paBHa 15°, coctaBnseTcs u pelaeTca =750 = AT =75° BT = 105°
COOTBETCTBYIOLLEE YPaBHEHME.
Omeem. 75° n 105°.

ObcyxcdeHue. BbiCnyLwNBaOTCA MHEHMA YYaLLLMXCA, PELUMBLUMX 33434y pPasHbiMK cnocobamu.

dopmaTUBHOE OL,eHUBaHNE

Kputepum oueHnBaHuA Marepuanbl OLLeHMBaHUA
MpUMMeHAeT CBOMCTBO yraa Mexay ABYMA Nepecekalowmmmnca Xopaamm. Pabouune nncTbl, y4ebHuK, PT
MpMMeHAeT CBOMCTBO yraa MeXay OBYMA CEeKyWMMM, NpoBeaéHHbIMU U3 | Paboune nunctbl, yuebHuK, PT
TOYKM BHE OKPYHKHOCTH.
MpUMeHAEeT CBOMCTBO yrna MexKay KacaTe/IbHbIMU, TPOBEAEHHBIMU U3 TOYKK | Paboune nunctbl, yuebHuK, PT
BHE OKPYXHOCTH.

TEMA 7.4. AnvHa ayru. NMaowaab ceKktopa
7-3.2.1. BblumcnaeT gNnHy Ayrv OKPY>KHOCTH.

MOACTAHAAPTI 7-3.2.2. Boluncnaet naowagb CEKTOPA Kpyra.

® Bbluncnaer oanHy Ayrm oKpyKHOCTU.

LLEIU OBYYEHUA ® O6DBACHAET MOHATUA KCEKTOP KPyray, «pafnyc CEKTOPA», Kyrosa cekTopa.
e Bbluncnset naowaab cekTopa Kpyra.

NPUHALONEXHOCTU Paboune NNCTbl, KAPTOYKK,CTUKEPDI

U3yueHue: https://www.geogebra.org/m/dmag5pycw
https.//www.geogebra.org/m/pJUFaTWU

NEKTPOHHbIE https://classroom.amplify.com/activity/5e3a44e0cc1bf1754ed31299
PECYPCbI
3apaHue: https://www.geogebra.org/m/vdhmaugb
https://www.geogebra.org/m/k68zcpaz
MNobyxaeHue

Ha gocKe 4epTUTCA OKPYMKHOCTb M AenAnTcA nomnonam. Yuutenb obpaljaetca K Kaaccy:
— Ha cKo/IbKo paBHbIX YacTel AMameTp AeNUT OKPYKHOCTb? CKONbKO rpaaycoB cocTaBnaer
yron AOC? Kak HaiTu rpagycHyto mepy ayrn AC? Kak onpegenuntb rpafycHyto mepy ayru,
OXBaTblBalOLWWEN BCIO OKPYXKHOCTb? ECM M3BECTEH PAaAMYyC OKPYKHOCTW, KaK HalUTU ONUHY
aymim AC?
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OTBeyas Ha BOMPOCHI, YYEHMKAM MOMKHO OOBACHUTb, YTO ANAMETP LENUT OKPYKHOCTb Ha ABE MOJIYOKPYKHOCTH,
OJ/IVHA KaXkK4o0M oyrv paBHa NoNoOBMHE AJIMHbBI OKPYMKHOCTM, ABa yria no 180° BmecTe 06pasytoT NosHbIN yron, a
NOAHbIM yron paseH 360°.

WccneposaHuezobcymaeHne

OTMmeyvaeTcs, YTO AaHa OKPYKHOCTb C LEHTPOM B Ha4Yane KoopauHaT. B aToi okpyKHOCTM
nposeseHbl AyrM, COOTBETCTBYHOWME LEeHTpasbHbiM yraam 90°, 180° wn  270°.
Kakyto yacTb nonHoro yrna (360°) coctaBnsieT rpagycHas mepa Kaxkaon ayrm? Ucxogs mns
3TOro, Kak HalTK AAVHY KaxKaol oyrn?

* MoayépKMBaeTca, YTO rpagycHan Mepa Kaxgon Ayrvu coCTaBAsEeT onpeaenéHHYo 4acTb
nosHoro yrna (360°), ¥ Ha 3TOM OCHOBaHWUW AANHA YT BbIYMCAAETCA KaK COOTBETCTBYIOLWAA YacTb A/UHbI
OKPYKHOCTW MO NPaBWIy HaXOXKAEHMA YacTu Yncna.

o ° 90 1
LleHTpanbHbIM yron 90° coctaBnseT Je0 = 7 NonHoro yrna.

o o 1
CnepoBaTesibHO, A/IMHA AYTU, Ha KOTOPYIO ONMpPaeTcA LeHTpanbHbIi yron 90°, pasHa "

YacTu O/IMHbI OKPYXHOCTK.
¢ AHa/IOMMYHO MOXKHO OTMETMUTb, YTO rpadycHas Mepa Kaxgou Ayr1 cocTaBaseT
onpeaenéHHyo 4acTb MOJIHOMO YrAia, U Ha 3TOM OCHOBaHMM NJIOLLAAb COOTBETCTBYIOLLEN HYacTU Kpyra TaKKe
BbIYMCNAETCA KaK COOTBETCTBYHOLLAA YacTb NAOWaaM Kpyra. To ecTb NOLWaAb YacTu Kpyra, BblgeneHHon

1
eHTpaNbHbIM yriom 90°, paBHa — YacTu naowagm Kpyra.
4

Mo TakoMy Ke NpaBuAy € y4eHUKammn obcyaaeTca cnocob HaxoXKAeHUA AWH AyT U NaoWwaaen Yyacten Kpyra,
COOTBETCTBYIOLLMX LLeHTpasibHbIM yrnam 180° u 270°.

Wﬂ,nuna BYTN OKPYXKHOCTU

YyeHnKam pasbACHAETCA NPABUAO0 HAXOXKAEHUA AAnHbI Ayrvu. ObCyKaaeTca, Kak BbIBOAATCA
bopmynbl, MCNoAb3yemble OAA  HAXOXKAEHMA  AAWHbI  AYrM, COOTBETCTBYHOLLEN
LEeHTPaNbHOMY Yry BEANYUHOMN m°.

/= W-er wam [ = %-m-

[

YUEHMKM yrKe 3HAaKOMbI CO CNOCOBOM AeNeHNsA OKPYIKHOCTU Ha paBHbIe YacTW. C NOMOLLbIO HAaBOAALLMX BONPOCOB
pekomeHayeTtcAa 0606WUTL MX NPEACTaBeHUA O ABYX CNOcob6ax HaXoKAeHNUA A/MHbI Ayri. MyTEM BblMCAEHUI
MOYHO MOKa3aTb, YTO OTBETbI, NO/yYeHHble 060MMM cnocobamu, coBnagatoT.

1-{ cnocob. OnpeaenseTcs, Kakylo YacTb OKPYXKHOCTM COCTaBAAET LLeHTPanbHbINA yron 60°, n .
B

60

1 o
30" o B 3TOl OKPYKHOCTWM ANWHA Oyrw,

o 1
COOTBETCTBYIOLLEN LLEeHTPaNbHOMY yray 60°, BblMMCAAETCA KaK — 4aCTb A/INHbI OKPYXXHOCTY.
1
2mr = 2w - r = 2w+ 12 = 24m; l=z-241r=41r
2-li cnocob. Mo popmyne Ans HaXoKAEeHMA AJIMHBI AYTY C 3a4aHHOM rpagyCHON Mepon BblYMCNAETCA ANMHA AYIN,

HaxoAMTCA AJIMHA OKPYXKHOCTU paauyca 12 cm.

COOTBETCTBYIOLLEN LeHTpanbHOMY yray 60°. [ = % ‘2w 12 =4m

HaxoxageHne oTBeTa pasHbiMM cnocobamm Mo3BOASET BblbpaTb Hambosee yAOBHbIA MeToa peleHus u
NpoBepPUTb NPaBUAbHOCTb NOYYEHHOrO pe3yabTaTa.

B Knaccax ¢ TeXHMYECKMMM BO3MOXKHOCTAMM MOMKHO BbINOJHUTL MHTEPAKTUBHbIE 3a4aHUA:
https://www.geogebra.org/m/WudvGBz3 https://www.geogebra.org/m/QGYcNPyY

K cBegeHuio yuntensa! Boibop cnocoba HaxoXAeHUA AJMHbI AYTYM 3aBUCUT OT rpafyCHOM Mepbl LEHTPaIbHOro
yrna. Eciv ACHO, KaKylo 4acTb OKPYXKHOCTM COCTaBAAET AaHHbIM yros, yaobHee HaxoAuTb ONMHY Ayru, B3sB
COOTBETCTBYIOLLYIO YacTb ANMHbI OKPYKHOCTM. B OCTanbHbIX C/ydanx cieayet npumeHaTs Gopmyay, Tak Kak oHa
NO3BO/IAET HANPAMYIO UCMO/b30BaTb PAAMNYC U BENUUMNHY YrAa.

LAMHY AyrM MOXHO TaKKe Haxo4mTb, MCMo/b3ys eé npsAMYylo MNPOoMnopUMOHaNbHOCTb rPadycHOW mepe.
3aKOHOMEpPHOCTb pPeKoMeHayeTcss ObbACHATL Ha npumepax. Hampumep, Ha OKpy:KHOCTUM paguyca 10 cm
AEMOHCTPUPYETCA CBA3b MEXKAY rpadyCcHOM Mepoit aAyr v UX AANHOM.

Mpu ymeHsweHuu epadycHoli mepol dyau 8 2, 4 u m. 0. pasa
eé 071uHa MaKxe ymeHbWaemcsa coomeemcmeeHHo 8 2, 4 u
m. 0. pa3za. 3mo rnokassleaem, Ymo OaUHa Oyau NMPAMo

20m — 360° 10w — 180° 5w — 90° pponopyuoHansHa eé 2padycHoli mepe.
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Mcnonb3ys 3Ty 3aBUCMMOCTb, Y4EHNKaM 06bACHAETCA BbINOSHEHNE COOTBETCTBYIOLLMX BbIYUCAEHMI C MOMOLLbIO
nponopuuun.
Mpu BbINONHEHUW 334aHUI U3 yuebHMKA peKomeHayeTca 06CyKaaTb, Kakoi cnocob asnsetca 6osee ya06HbIM.

4. B npuBeaEHHOM npumepe 0b6CyKAaeTca NPeaNoXKeHHbIN cnocob peleHns. YUeHUKM, UCNOoNb3yA NPONopLuio,
HaxoaAT Tpebyemble BEMYMHBI.

B) 1360° — 30cm 360 _30 A) l18° —3cml 8.3
- 6 _ 360 X
l x —6m l 700 3607 — x x = 60 cm

5. OKpyXHoOCTb paguyca 9 cm pasgeneHa toukamm A, B m C Ha ayrn. FpagycHble mepbl ayr AB, BC n AC
COOTBETCTBEHHO OTHOCATCA Kak 2 : 3 : 4.

Ax HaxoaAaTca rpafycHble mepbl U AANHbI AyT
80
2x 2x + 3x + 4x = 360° VAB=2'4O°=800 lAB—% 29 =4n
C 9x = 360° 120
B x=a0 _BC=3-40°= 120° Ic=—rt 29 =67
3
* CAC = 4+ 40°= 160° IAC=;L£-27I-9=87T

Ob6cyKOatoTca MHEHMA YYaLWMXCA, PELUMBLLMX 33JaHNE Pa3/IMYHbIMM cnocobamu.

WCemop Kpyra u ero niowaab

Yyawmmea AaéTca MHPOpMaLLMA O MOHATUAX KCEKTOPa Kpyra», «pafuyca CeKTopay,
«Oyrn cektopa» M «yrna cektopa». O6cyaaertcs, Kak BbiBoauTca dopmyna ana
HaXOXAEHMUA NAOLWAAMN CEKTOPA Kpyra, COOTBETCTBYIOLLETO LLEeHTPabHOMY yray m®.

_cexrop
AOB

Secexmop = % 8
8. 6) TpebyeTca HailTK rpagycHY0 MeEPY LLEHTPaIbHOrO Yra CeKTopa ¢ AnameTpom 12 u nnowaasbio 6m. CHavana
HaXo4MTCA PaAnycC Kpyra, 3aTem AaHHble NOACTaBAATCA B GOPMYAY M pellaeTcs nojydeHHoe ypaBHeHue.,
d=12 - r=12 1'u’-62=6u‘—>m=60°

360

K cBepgeHuio yuntena! PekomeHayeTca 03HaKOMUTb YYEHUKOB CO CNOCOBaMM HaxOMKAEHUA NAOWAAM CEeKTopa
Kpyra. ECAn AICHO, KaKytlo 4acCTb Kpyra COCTaB/AeT yroa Cektopa, yaobHee HaxoAuTb MJIOWAAb CEKTopa, B3AB
COOTBETCTBYIOLLYIO YacTb NiOWAAM Kpyra. B apyrmx cnydasax noavyépkuBaercs HeobXxoAMMOCTb MPUMEHEHUN
dopmynbl. OaHUM 13 cnocob0B HaxoXKAeHWA NAOoLLaAMN CEKTopa ABAAETCA UCMNO/Ib30BaHUE 3aBUCUMOCTU MEXKaY
NAoLWaAblO0 CEKTOPA M NAOLWAAbIO Kpyra. PekomeHAayeTca Ha NpMmepax NoKasaTb, YTO N/oWaab CEeKTopa NpPAMo
nponopuyoHanbHa NAoWaam Kpyra. Hanpumep, Ha cekTope Kpyra paguyca 10 cM AeMOHCTPUPYETCA CBA3b MeXay
rpagycHoM Mepoit yrna cekTopa 1 ero naowazabto.

Mpu ymeHbweHuUU yena cekmopa 8 2, 4 um. 0. pasa rnaowads

CeKmopa makice ymeHosWaemca coomeemcmeeHHo 8 2, 4 u

m. 0. pa3a. 3mo nokaselgaem, Ymo rnao0wadb cekmopa
100 —» 360° 50w — 180° 25w — 90° nApAMO NPONopyUOHAAbHA BEAUYUHE €20 yana.
LlenecoobpasHo, ob6pawana BHMMAHME YYEHUKOB Ha
dopmyny, nogYyepKHyTb, YTO MJIOWAAb CEKTOpa MPAMO
NPOMNOPLUMOHA/IbHA KBaApaTy ero paauyca, u o6bACHUTb
3TO Ha npumepax. Mpu yBenmyeHun paguyca cektopa B 2

r=10cm r=20cm
pa3a ero naowaap ysennuneaetcs B 4 pasa. OTmeyvaercs, %0 %0
—-m-10%= 251 — 1 -20%=1007
YTO 3TO CNPaBeA/IMBO U AnA AvameTpa. Ha ocHoBaHWKM 3¢, 360
dopMynbl MOXKHO TaKKe yKasaTb, YTO MAOLLAAb CeKTopa 10 c™m — 257 20cm — 1007
NPAMO MNPOMOPUMOHANbHA KBagpaTy paguyca wau
AuameTpa.

Mcnonb3ys 3T 3aBUCMMOCTM, YYEeHWKam OOBACHAETCA BbIMOJIHEHWE COOTBETCTBYIOLLMX BbIYUCIAEHUIN MYyTEM
COCTaBNEHMA NPOMNOPLUNA.

Mpu BbINOAHEHUN 334aHUIN U3 YyUeOHMKa peKoMeHayeTca 06cyKAaTh, Kakoi cnocob pelleHus asnsetca bonee
YO06HbIM.
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9. ObcykaaeTcs cnocob pelweHuns, NPUBEAEHHbIN B NOKAa3aHHOM npumepe. YYeHUKU, UCMOob3ys 3TOT Cnocoob,
HaxoaAT Tpebyemble BENUUYMHDI.
6)r=3; [=2m;, S=?
m
l=—21-3 =2r - m=120°
360
120 i

S=—:m-32=31
360

Wenpasb olwnbKy!

36 6m
a)l=—-2m-15 =31

360
TaK Kak y20s1 36° aensemcs 8nucaHHbIM, CHa4as1a Heobxooumo Halimu coomeemcemeaytowuti emy A9
ueHmpasbHeIl yeos.
m = 2 36°=72°. Boiqucasemcs 0auHa dyau, coomeemcmeyrouieli ueHmMpasnbHOMy yany.

1=22.21-15 =67
360

72
6)S=—- m-20?=80m
360

MockonbKy duamemp paseH 20, cHayana Haxooumcs paduyc. r =20 :2 =10. 3amem
Haxodumca 0auHa dyau, coomeemcmeayrouiell UeHmpansHOMy yany.

72
[=—-m-102=201

360
14. Mo paHHbIM, NPUBEAEHHBIM HA PUCYHKE, HAXOAWUTCA NIOWaAb 3aKpaleHHOoM
Yyactu. OTBeT BbiparkaeTca yepes 1.

201

6) Haxogutca obwan naowaab NPAMOYrosibHUKa 1 3aLlUTPUXOBAHHbIX YacTew, % 3
3aTem M3 NAoWaam NPAMOYro/ibHUKA BbIYMTAETCA NAOLLAAb 3aLUTPUXOBAHHbIX
yacreu. 3 6
90 )
%-n-.’) -2=4,5m 9:-2-4,5m=18-4,51

PeweHue sagoM

15. OTmeuaeTca, YTO CafOBHUK BbIAENWUA BO ABOPE Y4acCTOK B
dopme ceKkTopa Kpyra pagauycom 6 m u yraom 150° ana nocagxum
usetos (1 ~ 3).

e BbluMcnaeTcA niowaab y4acTka, OTBeAEHHOrO Noj LBeThbl.

150

— 62~ 45 (m?)

360

* BbluMcnAeTCA NepUMETP YHaCTKa, OTBEAEHHOIO Noj, UseThbl.
150

—— . 27-6=15 15+6-2=27(m)

360

OnpepenseTcs, CKONbKO KYCTOB PO3 MOMKHO MNOCaAUTb NO NEPUMETPY, €C/IU PACCTOAHNE MEXAY HUMU COCTaBNSAET
50 cm. BaykHO 06paTUTb BHUMaHMWE YHEHMKOB Ha TO, YTO BCE BEIMYMHbI A0/XHbI BbITb BbIpaXKeHbl B OAMHAKOBbIX
eaAVHMLAX U3MEPEHUA.

50cm=0,5m; 27:0,5=>54 (kycra)

Omeem. 45 M2, 54 KycTa

ObcyxcOeHue. BbicnywnBalOTCA MHEHWA YYaLLMXCA, PELUMBLUMX 33434y pPasHbIMK cnocobamu.

dopmaTmMBHOE OLLeHMBaHUe

Kputepum oueHnsaHusa Marepuanbl oueHMBaHUA
Bbluncnaet ANUHY AyrY OKPYXKHOCTU. Paboune nnctbl, y4ebHUK, PT
Ob6bACHAET NOHATUA KCEKTOP Kpyra», «pagmyc CeKTopa», «yron Paboune nnctbl, yuebHUK, PT
CceKTopanr.

Bbluncnaet naowanb CeKTopa Kpyra. Paboune nucTbl, yuebHUK, PT
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TEMA 7.5. Wap. Nnowaab noBepXHOCTU M 06bem wwapa
7-3.7.1. BbluncnaeT naolaab NOBEPXHOCTM LWapa.

MOACTAHAAPTI 7-3.7.2. Bblumcnset 06bEM LWwapa.

e Bblyncnsaer naowaab NOBEPXHOCTU LWapa.

LLE/IU OBYMEHUA .
® BolumcnseT o6bEM Wwapa.

NPUHAONEXKHOCTU Paboune NNCTbl, KAPTOYKK,CTUKEPDI

U3syueHwue: https://www.geogebra.org/m/nsgex9aj

2?§5:23HHHE https://www.geogebra.org/m/ZHaaZ7E4
3agaHue: https://www.geogebra.org/m/jvge9phq
MNobyxaeHue

dopmMmMpoBaHME MNPOCTPAHCTBEHHbIX MPeACTaBNeHUd BO
MHOTOM 3aBMCWUT OT HarnagHoro npeacrasieHusa ouryp. ~

: o]
LlenecoobpasHo pasaaTtb yYeHMKam CTUKEpPbI C Tpumepammu ’ & @ b W/

npeamMeTOB, BCTPEYAOLWMNXCA B NOBCEAHEBHOM KU3HM (MAY,
rnobyc, anenbcuH, apbys, nysblpbkM BOAbI M T.4.),
NPOAEMOHCTPUPOBATL MX Ha YPOKe B HarnafHoW ¢opme, a B KAaccax C TEXHUYECKUMM BO3MOMKHOCTAMM
MCNo/ib30BaTb CUMYIALUM.

[N noby:KAeHNA yYEHMKOB MOMKHO 334aTb MM HanpasAstoLLmMe BONPOCHI:

— Kakue npeameTbl B ¢popme Luapa Bbl MOMKETE Ha3BaTb B MOBCEAHEBHOWM KM3HWU? B Kakux Buaax cnopTa
MCNOAb3YIOTCA MAYM B popme LWapa? Ecam anenbcuH 1 apbys WwaposmaHon popmbl paspesaTb NONoAam, y Kakoro
M3 NOJIyYEeHHbIX Kpyros paanyc byaet 6onbwe? Kak 6bl Bbl 3TO 06bACHUAN?

WccneposaiuezobcymaeHue

C yyeHuMKamu nposoauTca obcyaeHne Toro, Kak CabuHa B,
pa3mecTn/ia KOXypy anesibCHa BHYTPU YeTbIPEX KPYroB. N w)
e OTMeyaeTcs, YTO KOXypa anesbCMHa MOJIHOCTbIO 3aMOAHAET

YyeTblpe KOHFPYSHTHbIX Kpyra, C1ef0BaTeNbHO, NA0WaAb NOBEPXHOCTU anesibCMHA paBHa CyMMapHOM niowaam
YeTbIpEéX KPyros.

e EC/M pafiMyc Kpyros pasBeH 5 cM, HaxoauTcea obLan Naowazb YeTbIpéx Kpyros paguyca 5 cm. 4 -1 - 52 = 100
9Ty AeATeNIbHOCTb MOXKHO HarAAHO BbINOJIHUTL B KNacce BMeCTe C yYeHUKaMu.

B Knaccax C TeXHUYECKMMM BO3MOMKHOCTAMM aHa/IOMMYHYI0 AEATE/IbHOCTb MOMKHO MNPOAEMOHCTPUPOBaTb
yyYeHuKam: https://youtu.be/YCAt5]pSos4 https://www.geogebra.org/m/cbzg7ghq

w Maowaab NOBePXHOCTH Wapa

OTmeyaercs, 4YTO BCe TOYKM MOBEPXHOCTM LApPa HaXO4ATCA Ha  Paguyc
04MHAKOBOM PACCTOAHMM OT €ro LeHTpa. YU4eHMKam 4atoTcA cBeaeHun

Lentp press.
0 paguyce, anameTpe 1 60AbLIOM Kpyre wapa. Noa4épKueaerca, Yto S==>
naowaab NOBEPXHOCTU Wapa B 4 pasa 6oblue Naowaam ero 601bLoro j T Bonbwoli
Kpyra, npuBoAATCA NPUMEPbI. kpye

S =4n?

wapa

Take NoAYEpKMNBaETCA, YTO N/IOLLAAb MOBEPXHOCTM LWapa C AMamMeTPoM d MOXKHO HalnT no [
dopmyne Suap = md 2. Y4eHUKU moryT o60CHOBATL 3TO, NOACTaBMB d = 2r B Gopmyny mam v

3anucas r =§ B popmyny Suap = 4772,
2
Swap =md?=1 - (2r)? = 7 - (2r)*= dmr? namn SLuap=47TV2=47T'(%)2 = 4r - dj= md?

K cBegeHmio yuntena! YueHuKu B npeablaylWwmx Kaaccax yKe 3HaKOMbl C MOHATMEM M/OWaan NoBepxXHOCTU
TPEXMEpPHbIX GUryp — Kyba, NpAMOYro/ibHOro napannenenvnesa, npsAMoi NprUsmMbl ¢ TPeyrosbHbIM OCHOBaHMEM.,
TaK KaK MOBEPXHOCTb 3TWUX GUryp COCTOMT M3 MHOTOYrO/IbHUKOB, O/1A HAXOMKAEeHWA NaolWaan A0CTaTOYHO
NpeacTaBUTb UX rpaHu. MOCKONbKY NOBEPXHOCTL LWapa He COCTOMUT U3 NIOCKUX GUTYyp, NOHATL ero naowags 6es
HarNAAHOrO NpeacTaBiAeHns ciokHee. ObpalleHMe K MPaKTUYECKMM npumepam obseryaet ycBOeHWe 3TOro
noHATUA. Hanpumep, pekomMeHAyeTcA NOAYEPKHYTb, YTO MPU BLIYMCIEHWM KO/MYECTBA MaTtepuana Ans
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M3roTOBJIEHWA MAYA WM KPACKM O OKpalwmsaHuA 6aka B popme wWwapa onpenenserca MMeHHO nowagb
MOBEepPXHOCTY LWapa.

2. Mnowaapb 6onblIOro Kpyra Wwapa AaHa. YYeHUKN HaxoaaT naolaab NOBEePXHOCTM LWapa, UCXo4a U3 TOTo, YTO
OH B 4 pasa 6onblie naowaamn 6onbLoro Kpyra.
a) Ecam nnowaab 601bLIOro Kpyra pasHa 61t cm?2, TO N0LWaAb NOBEPXHOCTM Wapa paBHa 67 - 4 = 241 (cm?)

@ lpunsuvckui

sMepuduad

OTmevaeTcs, 4YTO HalWa nnaHeTa Has3blBaeTCs 3eMHbIM LAPOM, TaK KakK umeeT
npubnusutenbHo dopmy wWwapa. YueHnkam fatotca ceefeHns o CeBepHom U HOXKHOM,
BoctoyHOM M 3anagHom noaywapuax. Nog4épKnBaeTcs, YTo IKBaTOp ABNAETCA HONbLIMM
Kpyrom 3emnau, a IpUHBUUCKUIN MepUAMaH — MONYOKPYKHOCTbIO.

4. MNnowaab NOBEPXHOCTHM LWapa paamyca r paBHa naolaam 60KoBo NOBEPXHOCTU LMAMHAPA Paguyca r v BbICOTbI
2r. 9TO BMNepBble YCTAHOBMA APEBHErPeYecKUin y4yéHbl Apxmmepq,. YYEHUKM, Haxoga MAOLWaLUN MOBEPXHOCTU
UMAMHAPA M LWapa HA PUCYHKe, NPOBEPAIOT CNPaBeaMBOCTb 3TOTO YTBEPKAEHMA.

.
Sxeamop@ . L7

OTmeuaeTca, 4TO niowaap 3anucbiBaeTca popmyna ANA BbIUMCAEHUA
MOBEPXHOCTM Llapa paBHa NAOLLAAN MOBEPXHOCTM LMAMHAPA.
4y, 2r 2mrh =2m v 2r = 4mr?

m 06bém wapa

OTmeyaeTca, yto 06bLEM wWapa MpAMO NponopuMoHaneH Kyby ero paguyca, dopmyna i
BblUMC/IEeHNA 06 bEMA AOBOANTCA A0 CBEAEHUA YHYEHMKOB. 3

TaK KaK Wwap coCcTouT U3 ABYX MOAYyLIAPWUA, OTMEeYaeTcs, S=4mr?: 2 = 2mr?
yTo 06BEM NONyLIApPUA paBeH NoJIoBUHE 06bEMa LWapa, U —> e =
3anuMCbIBaeTCA COOTBETCTBYOWAA Gopmyna. ' v

Veimpi2=Igp 2=t

3 3 2 3

K cBegeHuio yuutena! Cnocob BbiBoga dopMyibl 06bEMa LWapa YHEHUKM U3y4aT B CTapLUMX Kaaccax. B aTou
TEME YYEHWUKWN A0XKHbI OBN1afeTb HaBblKaMM BbluMcieHUs obbema Wwapa no popmyne 1 NOHMMAHUEM TOTO, YTO
ero o6bem NpAMO NPOMNOPUNOHAIEH Kyby paanyca. 9T0 MOXKHO 06BbACHUTbL C MOMOLLbIO MPAKTUYECKOMN
0eATeNbHOCTM, KaK B BUAEO, OMyCKan Wap B UMANHAPUYECKUIA cocya: https://youtu.be/h4j8I3p22e8

- "‘ T
OTmeyaeTcs, YTO ApeBHErpeYecknin yueHbli Apxumenq B 225 rogy Ao H.3. NOKasan, uyto o
naolanb NoBepxHocTn chepbl paBHa 4 naowaaam eé 60nblIoro Kpyra. TakKe yyeHUKam \ /|
coobuiaeTca, YTo ApxMmes, A0Ka3as, YTO Kak NAowWwaab NOBEPXHOCTU, TaK M 0bbem Wwapa Enel®

COCTaBAAOT ABE TPETW OT NOLLAAM NOSHOW NOBEPXHOCTU M 06beEMA LMAMHAPA, B KOTOPbIM 3TOT LWap BAWUCAH.
6. Tpebyetca HallTM AnameTp 1 06bEM LIapa, NIoLaab NOBEPXHOCTU KOTOPOro paBHa 641 cm2,

Mo dopmyne nnowaam NOBEPXHOCTU LWapa HaxoanTCcA paguyc. 4r?= 64T — r=4cm

) 4 4 256
Bbluncnaetca o6béM wapa. Enr3= e 43= =T (cm3)

9. OTMeyaeTcs, YTo FUHAHBIN cocya, B opme nonywapa MMeeT BHELWHUI guameTp 20 CM M TONLLMHY 2 CM.
TpebyeTcs HaTM 06BEM M MacCy IMWHbI, 3aTPaYEeHHOM Ha U3roToBAEHUME cocyaa. M306pasus BUA cocyaa
CBEPXY, MOYKHO NOKa3aTb, YTO NOJYYAOTCA KOHUEHTPUYECKME OKPYKHOCTU. TaKUM CNOCOBOM YY4EHUKM MOTYT
nerye onpeaenMTb COOTBETCTBYIOLLME PASMUYCh.

PeweHue 3a0a4u
* BblUMCAAIOTCA BHELUHWUIA U BHYTPEHHMIN paauycbl NoayLwapa.
Fonewnmin = 20 : 2 =10 (CM) FeryTpeHnmii = 10-2=8 (CM)
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[ns HaxoxaeHnAa 06bEMa rnHbl U3 06bEMA BHELLHEro nosywapa
BblYMTAETCA OO6BEM BHYTPEHHETO.

VBHeLUHmZ_ VBHyTpeHHMH = ET[ '103 _gn ) 83 =~ 1022 (CMS)

¢ EcAm NNOTHOCTb FUHBI paBHa 2,74 r/cm3, BblumMcnaeTca macca
cocyfa. OTBET OKpYrnseTca A0 LenbIX.

m=p -V =2,74-1022 =~ 2800 (r)

Omeem. 1022 cm3, 2800 .

ObcyrdeHue. BbicnylUMBAOTCA MHEHMA YYaLLMXCA, PELUMBLLMX 3334y pasHbIMK cnocobamu.
MpaKkTuyeckoe 3agaHue

Haxoantca 06bém LmMnmMHApa paguyca r v BbiCOTbl 2r. N

e Cocyz B dopme nosnyLwapa C TEM Ke Paguycom, YTo U UMANHAP, HAanoNHAEeTCA \\-Q'_x
NecKkoM U NepecbIinaeTcs B LUAUHAP. H =
e [py NOBTOPeHMM 3TOro JeiicTeua 3 pasa HabnogaeTca, 4Tto UMAMHAP ¢ 3
3aMN0/IHAETCA NOJIHOCTbIO, HA OCHOBAHWW Yero AeNaeTcs BbiBO4, YTO 06bEM Wapa t‘j E -]
B 3 pa3sa 6osible 06bEMaA UMANHAPA. o
B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMMW MOMKHO MCMNO/Ib30BaTb aHANIOTMYHbIE CUMYAALNMK:
http://dmentrard.free.fr/GEOGEBRA/Maths/Surfvolsphe2MD.html|

K cBepenmio yuutena! [1na npeofoneHna TpygHOCTEN, CBA3aHHbIX C MPOCTPAHCTBEHHbIMU GUTypamu, yY4eHUKaM
MOXHO NPeasioXUTb Ha 3Tane COCTaB/IEHUA MNaHA PEeLIeHUs COOTHOCUTb OB6BbEMHbIE GUrypbl C NAOCKUMU.
MpaBuAbHOE YCTaHOBNEHME 3TOW CBA3M MOMOraeT yYeHUKaM BU3yasibHO NOHATbL TEMY, CNIAHUPOBATb PELIEHUNE U
pa3BMBaTb MPOCTPAHCTBEHHOE MblWeHMe. Hanpumep, MOXKHO MOAYEPKHYTb, YTO BWA MNOAYLLIAPUA CBEPXY
npeacTasnneT coboi Kpyr, YTO 3TOT KPyr ABAAETCA 6ONbLUMM KPYrom LWapa M 4YTo ero pagmyc paBeH paguycy wapa.
Ucnonb3ys 3TOT NPUEM, yUMTElb MOXKET HaMNPaBUTb YYEHUKOB K MPUMEHEHMIO YXKe U3BECTHbIX UM MOHATUI O
Kpyre u Tem camblM 06/1€er4nTb YCBOEHWE HOBOW TEMBI.

dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnsaHums Martepuanbl oueHMBaHUA
Bbluncnaet naowanb NOBEPXHOCTU Wapa. YyebHuk, PT
Bbluncnset o6bém wwapa. YuebHuk, PT

OBOBLAIOLLUNA YPOK

MNo6yxxaeHue

MoHATUA, NpuBeaE&HHble B KpaTKom ob63ope pasgena yyebHMKA, MOBTOPAOTCA C yyeHUKamu. TepmMUHbl,
M3yyeHHble B pasgene, HanoOMMHAlOTCA yunTenem. Mo mepe Has3blBaHUA KaXKA4oro NOHATUA ydyalimecs o6bACHAT
ero cogiepXxaHue n NpueoAAT NPUMEPbI.

CeKyw,as OKPYyXHOCMU, KacamesbHAA OKPYHHOCMU, KOHUEeHmMpU4YecKue OKPYHCHOCMU, MOs/YyOKPYHHOCMEb,
yeHmMpaneHsili yeosn, dy2a, MaxcopHas Oyad, MUHOPHAA Oyaa, 8MUCAHHbIU Y204, Xopda, cekmop Kpyaa, wap,
paduyc wap, 6oabwoll Kpye wapa, noaywap.

NHdopmaumsa o purypax B bopme Kpyra v Wapa, NpeacTaBAeHHas Ha NePBOM CTpaHWLLEe pa3aena, BCIOMUHAeTCA
BMecTe C yyeHMKkamu. OTmeyaeTca, YTo NiaHeTbl M MHOrMe HebecHble Tena MmeloT Gopmy Wapa, a TakxKe

YKa3blBaeTcsi, Kakne reomerpuyeckme Gpurypbl U mx CBOMCTBA MCMNONBL3YIOTCA MPU UX U3YYEHUU U MOAYYEHUU
cBeaeHuit 06 ux pasmepax. B 3agaHum «llonbiTaiiTechb!» BONPOCHI, CBA3AHHbIE C KPYroBbIM MaHexem, 6bian
obcykaeHbl B Havane pasgena. [aHHble OTBETbl BCMOMUHAKTCA U CPAaBHMUBAKOTCA C peLleHneM UCXOAHOM 3a4auu.

PELLEHMUE 3A0AHUN

4. PaccTofHWe mexay LEeHTpPaMU ABYX KacCaloWMXCA OKPYXKHOCTEM paBHO 12 cM, UX pagmycbl HAaxoAaATcA B
oTHoweHun 1 : 3. Paanycbl OKpy»KHOCTEN 0603HaYatoTCcA Kak 3x 1 x. B COOTBETCTBUM C YCNOBMEM COCTABAAOTCA
YPaBHEHMUA N peLlatoTCca.
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a) TaK KaK OKPYXHOCTM KacatoTcs BHEWHUM  6) TaK KaK OKPY»KHOCTW KacaroTcs BHYTPEHHUM 0bpasom,

06pa3om, pacCcToAHNE MEXKAY LeHTpaMu paccToaHUE MeXAy LLeHTPaMKn PaBHO Pa3HOCTU PaanycoB
paBHO Cymme paanycos. 6onblIe U MEHbLLEN OKPYIKHOCTEN.
3x+x=12 3x—-x=12
0 4x=12 an\ 2x=12
) x=3(cm) \_ x =6 (cm)
3:3=9(cm) 3:6=18(cm)

7. BbluncnseTca rpagycHas mepa yrna uam gyru, obosHauyeHHoW nepemeHHOoN. Mpu HaXOXAEHUU HECKO/IbKUX
HEM3BECTHbIX BaXHO, YTOBbl YYEHNKU MPaBUIbHO YCTAHOBWU/IM CBA3U MEXAY AAaHHbIMMU.

B) Ha ocHOBaHWWM pUCYHKa AaH Yron mexay ABYMS NepecekaloWwmMMmncs Xopaammn 1 ogHa U3 Ayr OKPYMKHOCTH,
3aK/IOUYEHHBIX MEXAY STUMM XOpAaMMu.

Ha ocHoBaHMWM CcBOMICTBA Yyria mexay Ha ocHoBaHMWM CcBOMCTBA Yyria Mmexay
nepeceKkaloWmMmMUCa  XOpAaMn  HaxoauTcs CEKYLWMMMK, NPOBEAEHHBLIMU U3 TOYKM BHE
rpagycHas mepa 4pyroi ayru. OKPYKHOCTH, Bblumncnsetca yron K.

50°+
Tyzsoo

y = 110°

e
110"—-50
2K = — =

X =30° k

12. TpebyeTca onpenenvTb, Ha KaKyl BbICOTY NOAHMMETCA YPOBEHb BOAbl, €CAU B
UMAVHAPUYECKMIA cocy, ANaMeTPOM U BbICOTOM 12 cMm, HaNO/MIOBMHY 3amMO/IHEHHbIM BOAON, | o
OMYCTUTb Kee3Hbll LWap pagnuycom 3 cm.

MpueneyeHue. CTEKNAHHbIV COCYA, C HEKOTOPbIM KOJIMYECTBOM BOZbI CTaBUTCA Ha CTOA. YUUTEb roTOBUT Kybbl nau
chepuryeckune Tena pasHbix paamepos, 4TObbl onycTUTb MX B cocyd, U obpalaetca K Knaccy. Mpu norpyxeHum
KaKoro Tena 06bEm Boabl yBennumntca 6onblie? Kak ato onpeaennts? Ecav o6bEm BoAbl yBENUUUTCA B 2 pasa, BO
CKONbKO pa3s yBenn4ymTca eé Boicota? OTBeYasn Ha BONpochl, GUrypbl OnycKatoTca B Bo4y,

e _
pesynbTaTbl 06CyxgatoTca. B A
Pewenue 3a0a4u 12 cm
HanonoBsnHy 3anoHeHHbI BOAO COCYA, 03HauaeT, YTo ypOBEHb BO/bl COCTaBNAET bem vy

6 cm. Haxogutca paguyc cocyaa v BbluMCAAeTCs 06bEM BOAbI B HEM.

r=12:2=6(cm)
Veopa = TF?*h=1 - 6%+ 6 = 2161
. 4 4
Bbluncnaetcs 06bEM ONYLEHHOTO B cocya, Wwapa. Vywp =-mrd=-m - 33= 361 (cm3)
3 3 -
Tak Kak 06bém BOAbl yBe/NMYMBAETCA Ha 06BbEM lapa, 06bEM Lapa AennuTcs Ha =] 1em
naoWwaab OCHOBAHUA LUAMHAPA U HAXOANUTCA, HA CKO/IbKO CAaHTUMETPOB yBenYniachb ° 6
cm
BbICOTa BOAPbI.

36m : 36 =1 (cm)
Omeem. 1 cm.
ObcyxcdeHue. BbICNyLIMBAOTCA MHEHMA YYaLLMXCA, PELUMBLUMX 3a4a4y pa3HbiMM crocobamu.

1. AHap, ucnonbsysa umopbl 5, 7, 8, 3anncan ogHo3HauHble, ABY3HAUYHbIE, TPEX3HAYHbIE M YETbIPEX3HAYHbIE

yncna B nopsaake Bospacranua. 5,7, 8, 55,57, 58, 75,77, 78, ...
® YT06bI HATK YMCNO, cToAWee Ha 40-m mecTe, HeobXxoaMMO onpesenuTb 3aKOHOMEPHOCTb.

—>
12cm

Konnuectso ogHO3HauYHbIX Yncen: 3
Kon-Bo gBy3HauHbix uncen: 3%=9 5 7,8,55,57, 58,75, 77,78, 85, 87, 88, 555, 557, ...

Kon-Bo TpexaHauHbIx uncen: 33= 27 3 9 £7

Mo aToMy NpaBuy HaxoAUTCs obLLee KOIMYECTBO OAHO3HAYHbIX, ABY3HAYHbIX M TPEX3HAYHbIX Ynucen. 3 +
9+27=39.

CneposaTtenibHO, cnedyloliee Ynucno, To ectb 40-e, byaeT HaMEHbLLMM YETbIPEX3HAUHbBIM YNC/IOM,
COOTBETCTBVIOLLMM VCNOBUIO. 3TO Ymcno 5555.

Mpogonkaa 3aKOHOMEPHOCTb, HAXOAMUTCA KOJIMYECTBO YETbIPEX3HAYHbIX YMCe.

KonnuecTBo yeTbipéxsHauHbIX uncen: 34 =81
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HaxoanTtcs obuiee KOMYECTBO OA4HO3HAYHDIX, ABY3HAYHbIX, TPEX3HAYHbIX M YETbIPEX3HAYHbIX Yncen. 39 + 81 =
120. ChepoBatenbHo, 100-e UNCNO — YeTbIPEX3HAYHOE.

Omeem: 5555, yeTblpéx3aHa4yHOEe Yncno.

2. OKpY*KHOCTb KacaeTca CTOPOH NPAMOYroabHoOro TpeyroabHuka ABC B Toukax M, N, K.

AB=6cm, BC=8cm, AC =10 cm.

a) KacaTenbHble, NPpoOBeAEHHbIE U3 OAHON TOUYKU K OKPYMKHOCTY, xX+y=6
paBHbl. MB=BN=x, AM=AK =y, CN=CK =z x+z=8
CocTaB/ifAeTca cMcTeMa ypaBHEHMI U HaXoAATCA A/IMHbI OTPE3KOB. y+z=10

x=2; y=4; z=6.

6) LleHTp oKkpyKHOCTM 0603HavaeTca 6yksoi O. CTopoHa AB fennTcsa TOYKOM KacaHuA
Ha oTpe3kun 4 cm n 2 cm, ctopoHa BC — Ha 2 cm n 6 cm, ctopoHa AC — Ha 6 cm n 4 cm.
B) TaK Kak Toukn M n N TouKu KacaHus, yrabl BMO v BNO npsamble, cnefoBaTesbHO,
MBNO — KBagpart. 3TO 03HaYaeT, YTO PAANYC OKPYKHOCTM PaBeH 2 CM.

3. M3BeCTHO, YTO Noesa NPoxoanT MMMO cTon6a 3a 27 ceKyHA, a TOHHe b AJIMHOM
660 M — 3a 60 cekyHA. TpebyeTca HaNTM CKOPOCTb Noe3aa.

PeweHue 3adayu

MpoxoxaeHne noesaa MMMo cTo16a 3a 27 ceKyHg, 03HaYyaeT, YTo 3a 3TO Bpems OH
NPOXoAMUT NyTb, PaBHbIV cBoel ganHe. O603HAUMB CKOPOCTbL NOe3Aa Yepes X, :
noJiy4yaem, 4To ero AanHa pasHa 27x. Npu NPoOXoXKAEHUN TOHHENA NOEe34 NPOXOAUT NYTb, PaBHbIN CyMMeE AJINHbI
noesa v ovHbl TOHHENA, To ecTb 660 + 27x. TaK Kak 3TOT NyTb Noe3z npoxoauT 3a 60 ceKyHA, cocTaBaAeTcA
ypaBHeHMe v peluaeTca.

660 + 27x = 60x

x =20 m/c

Omeem. CkopocTb noesga 20 m/c.

"M/IAHETAPUN"

OTmeyaercs, 4TO nNAaHeTapuit — 3TO  ChleuManbHOe NPOCTPAHCTBO,
Mo3BO/IAIOLLEE C MOMOLLBIO COBPEMEHHbIX TEXHOMOMMM HabagaTb mMoaenb
BceneHHOM, cocToALLel U3 3B€34, NNaHET U KoMeT. KynonoobpasHblii NOTONOK B
dopme nonywapa co3gaéT ycnosua gna HabaopeHus HebecHbIX Ten co Bcex

CTOPOH U popmunpyeT 3dDEKT HaXOXKAEHUA NOA OTKPbITbIM HEHOM.
1. Kynon nnaHeTapma nmeet popmy nonywapa gmametpom 12 m.

2
Mnowaas nosepxHoctu: S = 2112 = 721 (m2) O6bem: V' = gnr3 = 1441 (m3)
2. Ha KpyroBom 3KkpaHe B CEKTOPE C pPagMycom 6 M 1 LeHTpabHbIM yriom 90° nsobpakeHa rpynna 3B€3a.

90 90
Mnowaab cektopa: S = 200 T 62 =91 =~ 28,27 (M?) [nuHa ayru: [ = Te0 2m-6=3m=942(m)

3. YYeHMKM M3roTaBamMBaloT Mogenb Kynosa. Ecam pagnyc mogenn paseH 30 cM, OHW BbIYMUCAAIOT MJOLLALb
NoBepPXHOCTU N 06BEM.

Mnowaab nosepxHoctu: S = 212 = 18007 (cm?) O6vem: V' = 371}”3 = 180007 (cm3)

4. CnepyeT 06paTUTb BHMMaHME Y4YalMXCA HA TO, YTO TaKMe MPOCTPAHCTBA MCMO/b3YIOTCA He TOMbKO AN
HabatogeHWUA NAaHeT, HO M ANA AEMOHCTPauun GUAbMOB, My3blKa/bHbIX MPOrPaMm M BU3YyasbHbIX LUOY.
KynosbHble nun chepuyeckne skpaHbl OXBaTbIBAOT M306parKeHWE CO BCEX CTOPOH, CO34aBan y 3putens sddeKkT
NPUCYTCTBUA B peasibHOM cpeae. ITo AenaeT Takue NPOCTPaHCTBa 0CO6EeHHO YAOOHbIMM AN COBPEMEHHOIO KMHO,
KOHL,EPTOB 1 LMPPOBOro NCKYCCTBA.

YyeHUKam MOXKHO pacckasatb o MSG Sphere B Jlac-Berace — ogHOM 13 MeCT € CambiM
60/1bWNM B MUpPE CHEPUUECKMM IKPAHOM.

B Knaccax € TEXHWYECKMMWM BO3MOMKHOCTAMW pPEKOMEHAYeTCcA MCNoNb30BaTb
BMAEOMATEPUANbI.

https://youtu.be/U0s144AKnaU

YYeHMKam MOXKHO NpeanoXxutb, cobpas nHGopmaLmnio 0 NoAoOHbIX NPOCTPAHCTBAX,
TBOPYECKM MOAOWTWM K 33gaye M NOArOTOBUTb Mpe3eHTauuu coBCTBEHHbIX Mogenen nnaHeTapues, HOBbIX
BO3MOXHOCTEM W [AOMNOJHUTENbHbIX 3(PEKTOB, YCUAMBAOWMX BrevyaTneHue 3puTenein. PekomeHpyeTtcs
OpraHn3oBaTb He6O/IbLUYIO BbICTaBKY MOArOTOB/IEHHbIX Mogeneit. Takaa AeaTeNlbHOCTb CTUMYNMPYET yUaLumMxcs,
pa3BMBAET HABbIKM UCCNELOBAHUSA, apryMeHTaLMM naen 1 KOMaHAHOM paboTbl.
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8-i PA3ZIEN JIuHelHoe ypaBHeHMe. CucTema ypaBHEeHMUIA.

HepaBeHcTBa
HasBaHue Yacbl | YyebHUK Pa6ouas
Tema Ne (cTp.) TeTpaab
(cTp.)
MpepBapuTenbHaa NpoBepKa 1 50
Tema 8.1 JInHeliHOe ypaBHEHWE C OAHOWN NepemMeHHOo’ 2 51 33
Tema 8.2 JInHeNHoe ypaBHEHWE C ABYMS MepPeMeHHbIMU U ero
54 35
rpaduk 3
Tema 8.3 Cuctema ypaBHEHW 2 58 38
3agayun 1 npumepbl 1 61 40
Tema 8.4 PeleHne cuctembl IMHENHbIX YPaBHEHUI MeTo4aMMU 62 42
NOACTaHOBKM U CNOXKEHUSA 3
Tema 8.5 PelweHune 3a4a4 C NOMOLLBIO CUCTEM YPaBHEHUA 4 65 46
Tema 8.6 YpaBHeHuA ¢ moaynem 2 69 48
Tema 8.7 HepaseHcTBa 2 71 50
Tema 8.8 MpubansuTenbHble BbluMcneHns. ABCONOTHaA U 74 52
OTHOCUTE/IbHAA NOrPeLHOCTb 2
Ob6ob6uatowmnit ypok. STEAM. “YMmHble ceeTodopbl” 2 78 54
MCO-3 1
OBLLLEE KOJIMYECTBO YACOB MO PA3AENY 25

KpaTtkuit 0630p pasgena

B aTom pasgene yyeHWKU OBNALEIOT 3HAHMAMMU U YMEHUAMM, OTHOCALMMUCA K IMHEMHOMY YPABHEHMIO C
O4HOW NepemeHHON 1 ero peLleHnto, IMHEMHOMY YPaBHEHMIO C ABYMA NepeMeHHbIMU, ero rpaduKy U peweHuto,
ypaBHeHWO NpAMoi. OHW U3y4aT pelleHne CUCTEM JIMHENHbIX YPaBHEHUI C ABYMA NEePEeMEHHbIMU Pa3INYHbIMMU
cnocobamu, byayT NPUMEHSATb PeLIeHMEe CUCTEMbI YPAaBHEHWI K 3aZ.a4aM U3 peasbHbIX CUTyaLmii. O3HAaKOMATCA C
TEMaMM pelleHns NPOCTbIX YPaBHEHUI C MOAyNeMm, NPOCTbIX HEPaBEeHCTB, HaxoXKAaeHua abco/oTHON W
OTHOCMTE/IbHOM NOrPeLwHOCTN pe3yibTaTa Npu U3MePEHUAX 1 NPUBANIKEHHbBIX BbIYMCNEHMUSAX.

Ha uto cTouT 06paTMTb BHUMaHME?

Mpu pelseHnn ypaBHEHUI YYeHUKM NPeXAe BCEro AO/MKHbI 06paTUTb BHUMaHWeE Ha onpeaesieHne cnocobos
HaXOXAOEeHUs HeusBecTHoro. LlenecoobpasHo BMecTe C y4YeHMKaMu MNOBTOPUTb MNpaBuaa HaXOXKAEHUA
HEM3BECTHOrO C/1IaraeMoro, YMeHbLIAaeMOoro, BbIMMTAEMOro, MHOXKUTENA, AeNUTens n agenumoro. Mpu peweHun
YPaBHEHUA YYEHUKWU WHOTAA 3aTPYAHAITCA OMNpeaenuTb, C KaKoro AeicTBMA HadvaTb M KaKoe MNpasBuio
NpMMeHnTb. Kpome Toro, nocsie peleHns ypaBHeHMs He Bceraa npoBepsAercs, ABAAETCA M HanAeHHoe YMCio
KOpHEeM ypaBHeHus. [poBepKa NpaBuAbLHOCTU KOPHA GOPMUPYET Y YHEHMKOB YMEHME CaMOCTOATE/IbHO HaX04UTb
M UCMPABAATb OWMOKM B BbINOJAHEHHOM PELLEHUM.

CucTeMa NUHENHbIX YPaBHEHWUI C ABYMA NEPEMEHHbIMM M CNOCobbl eé pelleHWUA M3yyaloTca Brepsble, U
npuobpeTaemble 3HAHUA OMNUPAIOTCA HA paHee NOJIyYeHHble YYEeHUMKaMM 3HaHWA O pPeleHWW YpaBHEHWI.
OCHOBHaA LeNb pelleHns 33434 C NOMOLLbIO CUCTEMbI YPaBHEHUI — GOpMUMPOBaHUE WM Pa3BUTUE Y YYEHUKOB
YMEHUSA COCTaBNATb YPaBHEHUE MO YC/IOBUIO 3aa4u.

Pa3BuTHMe maTemMaTUUeCcKOoro A3blKa

B aTom pasgene BBOAATCA U M3Yy4alOTCA MOHATUA: «IMHENHOE YpaBHEHME C 04HON NepemeHHON», «IMHeNHoe
ypaBHeHue C ABYMA MepeMeHHbIMM», «rpaduK AMHENHOro YypaBHEHUA C ABYMA MepemMeHHbIMUY», «ypaBHEHMe
NPAMOI», KCUCTEMA YPaBHEHUIN», KMETO, MOACTAHOBKNY, K METOZ, C/IOKEHUAY, KOTHOCMTE/IbHAA MOrPeLLIHOCTbY,
«abCco0THaA NOrpeLHOCTbY. [NA XOpOoLLEero yCBOEHUA TeMbl LienecoobpasHo YETKO Pa3bACHUTL HOBble MOHATUA
M UX CBOWCTBA.

MartemaTtuueckme NOHATUA U TEPMUHbI, YCBOEHHbIE B pa3gene

JNnHeliHoe ypaBHEHWE C OAHOW NepeMeHHOM, NIMHEWHOe YypaBHEHWE C ABYMA MNepeMeHHbIMU, rpaduk
JINHEHOTO YPaBHEHUA C ABYMA NEPEMEHHbIMM, YPaBHEHWE NPAMOM, CUCTEMA YPaBHEHUI, METOA, NOACTaHOBKM,
MeTOoJ, C/OMKEHUA, HepaBeHCTBO, NPUBAMKEHHbIE BbIYUCAEHWUA, OTHOCWUTE/IbHAA MorpelHocTb, abcontoTHasa
NorpeLHocTb.
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Heob6xogumbie npegsapuUTenbHbie 3HAHNA U YMEHUA:

® BbiparkeHua c nepemeHHom ¢ JInHenHaa GyHKLMA, eé rpadumk e OTHOLEHKe

® YpaBHeHWe, KOpeHb YpaBHEHUA e [1poCcToe HepaBEeHCTBO e [TlpoueHT

* Mogaynb uncna e [leiictBuA Hag 06bIKHOBEHHBIMM U AecaTuuHbiMu ® OKpyrieHune
apobsamu

MexaucumnanHapHasa nHTerpauus

Kak # B maTemaTuke, Npu U3y4eHWUU APYrUX NPeaMETOB LUMPOKO MCMNOJb3YOTCA YpPaBHEHUA, CUCTEMbI
YPaBHEHMIA 1 HepaBeHCTBa. B pu3nKe — 3a4aum Ha CKOPOCTb, NYTb U BPEMS; B XMMUM — 334341 Ha KOJIMYECTBO
BELLeCTBa, PacTBOPbl M CMecu; B reorpadmm — 3agavn Ha maclTab; B SKOHOMMKE — 3a4auyu Ha 40XO4bl U
pacxogpl, 6oaXeT; B 6MONOrMM — 3a4aun, CBA3AHHbIE C AeNEeHUMEM KAETKM U AP., PELLaloTCA C MNOMOLLbIO
YypaBHEHUI, CUCTEM YPaBHEHWI MU HEPABEHCTB.

TEMA 8.1. JluHeiiHOe ypaBHEHUE C OAHOWU NepemeHHON
7-2.1.3. HaxoauT 3Ha4YeHWe MHOro4Y/ieHa Npu 3a4aHHOM 3HAYEHUM NEePEMEHHDbIX.
7-2.2.1. UccneayeT v peluaeT IMHENMHOE YpaBHEHUWE C 04HOM NepeMeHHON.
e HaxoauT 3HaYEHWE MHOTOYNEHaA.
LLEIU OBYYEHUA * NccnenyeT nMHelHOe ypaBHEHME C O4HOW NepPeEMEHHOM, onpeaenseT Haauumne
WAN OTCYTCTBUE KOPHEM.

ANPUHAONEXHOCTU Paboume NUCTbl, KAPTOYKM, CTUKEPBI

NOACTAHAOAPTbI

M3yueHwne: https://www.geogebra.org/m/fiekgnuh
3agaHue: https://www.geogebra.org/m/k6arM5Ga
https://www.geogebra.org/m/epyvgfcm  https://www.geogebra.org/m/ny5ffz3h

SNEKTPOHHDIE
PECYPCbI

O6cyKaeHne ucxoaHom 3apaum

B paHHOM pasgene cHavyana gaértca uHdopmauums o6 MCNONb30BAHWU YPaBHEHWUIA WU
HEpPaBEHCTB A/ peleHUA Pas/NnYHbIX 3a4ay B MOBCEAHEBHOM KW3HM, IKOHOMMUKE,
WHXXeHepuu, meauumHe n apyrux chepax. O6CyKAaeTcA NPUMEHEHWE YpPaBHEHUN U
HepaBeHCTB NP peLleHnn 3a4a4 Ha NPOU3BOAUTENbHOCTb TPYAA, B CTPOUTENLCTBE — ANA
onpeaeneHnsa Tpebyemoi Harpyskun 1 cCeMCMOCTOMKOCTU MHKEHEPHbIX COOPYKEHUI U Ap.
B KauyecTBe nepBOHayYaNbHOM Npobaembl aHaNM3UPyeTCA YCNOBME 33434YM U PacCMaTPUBAETCA, KaK COCTaBUTb
ypaBHEeHWe ANA onpefeneHna coaep:aHna ButammHa C B anefibCMHOBOM U 16104HOM coKe. Ha nepBom ypoke
YYEHMKM MOTYT HE NONHOCTbIO PELInTb 3a4a4y Nog, 3aroNoBKom «MonbiTaiTecb!». YyeHMKam coobuiaeTca, YTo K
peLleHmIo 3a4a4M BEPHYTCA B KOHLe pa3aena.

MNo6yxxaeHue

YYeHMKam MOXKHO 334aTb Pa3/INyHbIe BOMPOCHI O PaHee BCTPEYABLUMXCA YPaBHEHMAX U cnocobax
nx pewweHna. O6cyKaaeTcA, Kak COCTaBUTb YPaBHEHME MO YCN0BUIO 3a4a4n. Hanpumep, yuuTenb
npeanaraeT yyeHMKam 3agauy: «Y AHapa KHUr Ha 5 6osblue, yem y Jlanbl. U3BECTHO, YTO BMecCTe y
HUX 27 KHUTF. CKONbKO KHWUI Yy Kaxaoro pebéHka?» [lonyyeHHble OTBETbl aHANM3MPYHOTCA U
COCTaBNAETCA ypaBHeHMe. 34eCb YYEHUKM TaKKe MOryT NPUBOAUTL Pas/iniHbIe NpUMepsbl.

UccneposaHunezobecykaeHue
Mo paHHbIM Tabimubl 1 cocTaBnAeTcAa ypasHeHWe [AnA gk 6550 CyB6ora | Bockpecense Bpeva | Cy66aTa | Bockpecense
o Wun W
HaxXoXAeHUA BpemeHM, 3aTtpadeHHoro CabuHon n AHapom Cabiuria v -1 Cawwp x+1 x+2
Awnap x+1 X Aldnyp x+ 4 X

Ha YTeHue B TeYeHue 2 AHeNn.
e [1nA HaXOXAEHWA BPEMEHMU, 3aTPAYEHHOTO KaxabiM peOEHKOM Ha YTeHWe 3a [Ba AHA, 3aMNuCbIBaeTcA
BblpakeHue.

CabuHa: x+2x—1= 3x —1, AHap:x+1+x=2x +1, Cammpx +1+x +2=2x+3, AllHypx+4 +x= 2x+4.

* YyutbiBaetca, 4to CabuHa 1 AHap 3a ABa AHA NOTPATUAM Ha YTEHWe OAMHAKOBOE BPEeMSA; M3 COCTaBEHHOTIO
ypaBHeHuA onpegenaerca aTo Bpema. 3x — 1=2x+1 —>x=2.

CneposatenbHo, CabuHa (3 2 —1=5) n AHap (22 + 1 = 5) noTpaTuUan Ha YTeHue 5 Yacos.

e Ecnn Camup n AliHYp 33 ABa AHA NOTPaTMAKM Bbl OANMHAKOBOE BPEMS, TO OHO AO0/KHO 6b110 Bbl HbITb KOPHEM
ypaBHeHuA 2x + 3 = 2x + 4. 310 ypaBHeHue ynpowaetca. 0-x = 1.

MpW YMHOXKEHUN Ha HONb Npou3BeaeHne He MOXKeT BbiTb paBHO 1. CnefoBaTeNbHO, YMCAA, YAOBAETBOPAOLWErO
3TOMY YPaBHEHMUIO, He CyLLecTByeT. 3HaUnT, Camup v AMHYp NOTPATUAN Ha YTEHME Pa3HOe BpeMs.
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m JInHelHOE ypaBHEHUE C OOHOI NnepemMeHHOMN

Yuuteno [aéT UHPOpMaLMIO O JIMHEWHOM YpPaBHEHWWM C OLHON NepemeHHoW (C OAHMM HEWU3BECTHbIM).
Ob6cyKpaeTcs, YTO ypaBHEHME Ha3blBaeTCcA JIMHEMHbIM C OAHOW MEepemMeHHOM WAM C OAHUM HEM3BECTHbIM,
MOCKONbKY B 3anuCK y4yacTByeT ofHa nepemeHHas (0aHO HeusBecTHoe). ObpaliaeTca BHUMAHWE Ha TO, 4YTO
YPaBHEHWE ABAAETCA NIMHEWHbIM; YYeHUKamM OObACHAETCA cTeneHb MepeMeHHOM (HeM3BecTHOro) M 3anucb
JIMHEMHOTO ypaBHEHMA C OAHOW MepemMeHHON B Buae ax = b. PaccmaTpuBatoTcs npusen€HHble B pasgene
YPaBHEHMA N 06BACHAETCA, NOYEMY OHU ABAAKOTCA IMHENHBIMM C O4HOW NepeMeHHON. Ecnum BbipaxeHns B neBoM
M MpPaBOW YacTAX ypaBHEHMA ABAAIOTCA MHOrOY/JI€HAMW NEepBON CTEMeHMW, TO, UCMO/Nb3ysA CBOMCTBA PaBEHCTB,
YPaBHEHWE 3aNnCbIBAETCS B BUAE IKBMBANIEHTHOIO eMy ypaBHeHuA ax = b. Ocobo noauYEépKMBaETCA, KOrAa U Kak
MEHSIOTCA 3HaKM.

B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTIMW MOYKHO MCNO/Ib30BaTb MHTEPAKTUBHYIO AeATeNIbHOCTb:
https://www.geogebra.org/m/azusfmbx

YueHMKM 06Cy3KaaloT, nodemy ypaBHeHue 4x? = 25 He aBaaeTca AnHelHbIM. OBbACHAETCA CTeneHb YpaBHEHUA U
CMbIC/1 BbIPaXKEHUA «MHENHbIM». OBpalLaeTca BHUMAHWE HA TO, YTO, MOCKO/IbKY CTeneHb NepemeHHOlM B 3TOM
YpaBHEHWUW paBHa ABYM, OHO He ABAAETCA INHENHbIM.

1. Bonpoc, npueeaéHHbIN B pybpuke «logymait», MOXKHO paccmaTpuBaTb KaK NpuMMeHeHue 3agaHua. Ans
KaykAOro BapuaHTa y4eHMK onpeaenseTr, ABAAETCA N ypaBHEHWE IMHEHbIM, No ero cteneHn. OgHaKo BapuaHT
r) uenecoobpasHo obcyauTb 60s1ee noapobHo.

r) YpaBHeHue O - x = 0 cynTaeTcsa IMHENHbIM C O4HOW NepeMeHHON, TaK KaK CTeneHb X paBHa 1, U 3TO ypaBHeHUe
nmeeT 6eCKOHEYHO MHOTO KOpHeW. B cneaytolLem pasaene peleHne Takoro ypaBHeHMA NoAP06HO o6bacHAETCA.
2. MpoBsepsietca, ABAAETCA /M 3a4aHHOE 3HAYeHWe NEepPemMeHHOW KOPHEM ypaBHEHMS. YUYeHWKM MOACTaBAAIT
[AaHHble YMCNa B ypaBHEHME M NPOBEPAIOT MCTUHHOCTb MNOJIYyYEHHOro PaBeHCTBa, TO eCTb ONPeAEeNstoT, PaBHbl N
NOMyYeHHbIe YMCNA B NEBOI M NPABOW YacTAX paBeHCTBa.

JloXKHble npeacTaBneHUA, BOSHUKaOLWMe Yy
YUYEHUKOB.

MpoBepKa Toro, ABAAETCA M AAaHHOE YNCIO
KOPHEM ypaBHEHWA, MHOrAa HenpaBUIbHO

6) Onpeaenute, asnaetca v ymcno y = 0,3 KopHem ypaBHeHuUA
1 1

;y+0,5y—z=0.

NoxHo 5 0,3 + 05 -y — 7 =0-0,1+0,5/ 0,25 =0.

MOHMMaeTca ydeHMKamu. Ecam B 3anmcu YUYeHUK 34eCb IM60 HAXOAUT Y, IMBO HE MOXKET PeLLUTD.
YPaBHEHUA OfHa M Ta e nepemeHHas 37O NPUBOAMT K NMOJTYYEHUIO OWNBOYHOTO pesysbTaTa npu
BCTpeyaeTca /Ba UM Gonee pas, yHeHUKM NpOBEpKe, ABIAETCA I LAHHOE YNC/IO KOPHEM

WHOTAA MOACTAaBASIOT 3HAYEHME TO/bKO B YPaBHEHMA. .

OAHO  MeCTo, WrHOPUPYA  OCTanbHble. o =~ YPABHERMM Y + 0,5y — 7 = 0 mecto kaxpgoro y
Yautenio cnepyet o6patuTb BHUMaHWE Ha noacTasnseTcs 013% .03 + 0,5 - 03 — i =0-0=0.

Heobx04MMOCTb NOACTAHOBKM 3HaYeHUA BO
BCE MeCTa 3anucu  NepemeHHOn U
PasbACHUTb 3TO Ha nNpuMmepax, YTobbl
YCTPAHUTb AaHHYHO OWKGKY.

Takke nocae npueeaeHUA NOAO0OHbIX Y4EHOB B YypaBHEHMM
MOXHO YUYMTbIBATb 3HaYEHME NepeMeHHOM.

4. B faHHbIX YPaBHEHMAX B MYCTYIO KAETKY CAeAyeT 3anuncaTb Takoe YNUCI0, YTOBbI Mo/TyYeHHble YPaBHEHUA bl
9KBMBa/IEHTHbIMU. LlenecoobpasHo 06paTTb BHUMaHKWE YHEHMKOB Ha TO, NOYEMY YpaBHEHWe, NoyYeHHOoe nocne
BbINO/IHEHMS COOTBETCTBYOLWMX NPeobpa3oBaHnii 4aHHOIO YpaBHEHWS, ABAACTCA €My 3KBUBA/IEHTHbIM.

6) Obe yacTn ypaBHeEHMUA % - % = 2 yMHO}atoTca Ha 4.
C-24=2- 4 2-y=8.

e) Obe yacTu ypaBHeHUA % + % = 1 ymHoatoTca Ha 12.
C+2)-12=1-12¢3b+2b=12-5b=12.

5. C yyeHuKamu obcykaaeTtca, Kakoe npeobpasoBaHue cnesyeT BbINOJHUTL B KaXKA0M YpaBHEHMU, NOCAe Yero
ypaBHEeHMWA peLuatoTca.

1
e)5x—2 =5x+4 3anucbiBaeTcA ypaBHeHMe.
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1
Sx — 2X= 4+2 HeunsBecTHble YeHbl MePeHOCATCA B IEBYIO YacTb YpaBHEHWSA, Yncna —
B MPaByo YacTb.

1
4 SX= 6 MpusoaaTca NnofobHble YneHbl.
1
X = 1; HaxoauTca KopeHb ypaBHeHUA.
1 1,1 2 2
5- 15 -2 =2 15 +4 - 45 = 45. MpoBepaeTca NpaBMAbHOCTb OTBETA.
y+3 2
) - = 1= 3anucbiBaeTcA ypaBHeHue.
+3 -5
yT == MpaBas YacTb ypaBHEHWA NEPEBOAMTCA B HEMPABU/IbHYIO APO0Ob.
y+3=-10 O6e yacTn ypaBHEHMA YMHOKAOTCA Ha 6.
y=-13 HaxoauTca KopeHb ypaBHEHMUA.
-13+3 _ -10 -5 2 o
T - =3 = —15 . MonyyeHHoE 4MCNO NOACTABAAETCA BMECTO NEPEeMEeHHOM B ypaBHEHME W

nposepAeTca NPaBuUIbHOCTb OTBETA.

w PeweHue nnHeiiHOro ypasHeHUA C 04HOI nepemeHHOMN

YynTenb 06CyKAAET C YHEHUKAMM, YTO 3HAYUT PELIMTb YpaBHEHMe. PelunTb ypaBHEHWE — 3HAUUT HAUTU BCE ero
KOPHMU, NpeBpaLlatoLme ero B BEPHOE PaBeHCTBO, UM YCTaHOBUTb, YTO KOPHeK HeT. OBbACHAETCSA, KaK HaXo4ATCA
KOPHU JIMHEWHOTO ypaBHEHUA ax = b NpU PasNNYHbIX 3HAYEHUsAX a U b, obpalLaeTcs BHUMAHUE Ha Cayyau
CYLL,EeCTBOBAHMA e4MHCTBEHHOMO KOPHSA, BECKOHEYHOr0 YnCaa KOPHEN MK OTCYTCTBUA KOPHEN.

B Knaccax ¢ TeXHMYECKMMM BO3MOXKHOCTAMM MOKHO MCMO/1b30BaTh MHTEPAKTUBHYIO AeATE/IbHOCTb:
https://www.geogebra.org/m/sfecqmqd https://www.geogebra.org/m/nwdeffef

7. B nycTble KNeTKU cneayeT 3anucaTb TaKoe YMCOo, YTOBbl ypaBHEHME HE MMENO KopHA. OTCyTCTBME KOPHSA
ypaBHEHMA 03HAYaEeT, YTO KOIGOULMEHT NPU X PaBEH HY/IO, @ CBOBOAHbIV Y/IeH OT/IMYEH OT HyAA.
a)[2k+5=2x +6, 0-x=1 b)3]x +3=3(x +5), 0-x=12 d)[4]x—1)=4x-2, 0-x=2.

8. YUeHMK A0KeH 3anuncathb B NycTble KAETKU TaKMe Yncaa, YTobbl B MOSYYEHHOM YPaBHEHUU KOIDDULMEHT Npu
X 1 cBOHOAHbBIN YneH OblIM PaBHbI HY/HO.

[Blx+2=3x+2 —(x+2)=—4x+ 3(x—[2]) =[3]x —6.

9. MonyyeHne HyNA B OTBETE Y HEKOTOPbIX YYEHMKOB CO34AET NPEACTAaBAEHUE, YTO YPaBHEHNE HE UMEET KOPHS.
YT106bI N36€KaTb NOAO6HbLIX OLMBOK, YUUTENIO LLe1IecO0BPa3HO NOAYEPKHYTL MbIC/Ib O TOM, YTO HO/b KaK YMCI0
MOKeT BbITb KOPHEM Nt0BOro YpaBHEHUS, U PeLINTb NPUMEPDI, OTHOCALLMECA K TAaKUM YPaBHEHUAM.

10. Mpeae Yem pewatb AaHHble YPaBHEHWUA, HEOBXOAMMO UX YNPOCTUTb M 0cBOBOAMTb OT Apobeit. Jaa 3Toro
obe yacTu ypaBHEHUA YMHOXAIOTCA Ha HauMeHbluMi obwmii 3HameHaTenb (HOK) apobei. MpuumHa 3TOro
npeobpasoBaHuA 0bCyKaaeTca ¢ yYyeHUKamu. MprBeaEHHbLIN B 3a4aHUM NPUMeEP OBCYKAAETCA C yYeHUKaMMu,

nocne 4yero ypaBsHeHMA pelaroTCA.

e) 3% - ; = 2y — 3 . Obe yacTu paBeHcTBa yMHOKatoTcA Ha HOK(4; 2) =4.3y -2 =8y —12 >y = 2.
) aTH + % = % + % . O6e yacTu paBeHcTBa yMHOKatoTca Ha HOK(2; 3;4;6) =12.4a+4+9=6+2a — a =-3,5.

x—2 x +1

3 + - = z + 1. O6e yact paBeHcTBa yMHOKatoTcA Ha HOK(2; 3;4)=12.4x—8 +6x+6=3x+12 > x = 2.

11. MNepen pelweHWeM ypaBHEHUI LLeNecoobpasHO HAaMOMHUTb, KaK 3HAK MUHYC nepefs CKOBKoM BAMAET Ha
BbIpaXKeHMe BHYTPWU CKOBOK. ECnM B 3anucy ypaBHEHUS MMEIOTCA BJOXKEHHble CKOBKM, obCy:KAaeTcs, Kakue
npeobpa3oBaHMA BbIMOJHAOTCSA B NEPBYIO ovepesp.

B)y—3(y —2(y +1)) =1.YpaBHeHME MOXKHO peLnTb pa3anyHbiMu cnocobamm. Kaxabln cnocob nccneayetca
BMECTe C YY4EeHMKaMM, BbICIYLIMBAKOTCA MHEHUS YYEHUKOB O TOM, KaKoe M3 HUX ya0bHee UAKn NoHATHee.

3)

y =3y +6(y +1))=1Yucno 3 ymHO*KaeTca Ha vy —3(y —2y —2)=1Y4ucno 2 ymHoKaeTcA Ha
BblpaKeHune B CKOBKax. v +1).
y +3y +6=1 Yucno 3 ymHo»KaeTca Ha
-2y +6y +6=1 Yucno 6 ymHoxKaeTcs Ha (y + 1). NoNy4YeHHOE BblpaXKeHue.
y=-1,25 HaxoauTca KopeHb ypaBHEeHuUA. y=-—1,25 Haxoautca KopeHb ypaBHEHUA.

B K/1accax ¢ TeXHUYECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTb MHTEPAKTUBHYIO AEATENbHOCTD:
https://www.geogebra.org/m/bud6éyvtd https://www.geogebra.org/m/faquv9aQ
OuddepeHumnposaHHoe obyueHue
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YyeHUKam npegnaratoTca 3a4aHnsA Ha IMHENHbIe YpaBHEHMA C O4HOM NepemeHHo. [ocne BbINONHEHMA 3a4aHN
YYEHUKM NPOBEPAIOT NPABUIbHOCTb OTBETOB APYr Apyra.

loddepxcka. Y4YeHWKam pa3faloTcA KaApTOYKWM, HA KOTOPbIX 3arnucaHbl JIMHEWHbIE YPABHEHWA C O4HOM
nepemeHHOMN.

e Kakune u3 uncen -3, 0 u 6,4 agnatotca KopHem ypasHeHus 0,5x +2,5=x—0,7?

® [Ip1 KAKOM 3Ha4YeHUM a ypaBHeHMe ax = 12 nmeeT pelleHme? A Npu KaKOM 3HaYEHUM PELLEHUA HE UMeeT?
YenybneHue.

1 2 o
eEcan yncno x = 2; ABNAETCA KOpHem ypasHeHuAa 10 i 6x = a, HanguTe a.

® 3anuwunTe NMHENHOEe ypaBHEHWE, pelleHneM KoToporo aAsaseTtca x = 2. CocTaBbTe 3aZayy, COOTBETCTBYHOLLYHO
3TOMY YPaBHEHMUIO.

PeweHue 3agay

12. B 3agave TpebyeTcs HAMTK, C KAKOW CKOPOCTblO aBTOMOOW/Ib exan M3 XaHKeHauW B

FAHAKY. AHanM3MpyeTca ycaosue 3agaun, obpallaercs BHUMaHWe Ha To, YTO paccTosHue

OoT XaHKeHAM A0 TAHOXKM He MeHAEeTCA, OAHAKO Mpu ABUMKEHWW Tyaa M 0bpaTHO M

CKOPOCTb, M BPEMA PA3JINYHbI.

PeweHue 3ada4u

BbiCNyLUIMBAOTCA MHEHMA YYEHMKOB O TOM, KaK HaMTWM PacCTOAHWE, M NO YCNOBUIO

COCTaBNAETCA YpaBHEHMe.

Mpv ABUKEHUN U3 XaHKeHaM B MAHAKY: {1 = 2 Yaca, vi=Xx Km/4ac.

Mpwv Bo3BpaLeHUn U3 MAHAXM B XaHKeHaM: 1 = 1,6 yaca, v;=x +20 (Kkm/vac)

MocKoNbKy paccToaHMe He MeHAETCA, 3aMMCbIBAETCA N PeLLAeTcA COOTBETCTBYIOLLLEE YPaBHEHME:!

2x =1,6(x + 20) — x = 80 (km/uac).

Omeem. 80 Km/yac.

13. OTmeuaeTcs, YTO MOCEBHAA N/OWAAb pa3fesieHa Ha ABe YacTu: MPAMOYFO/IbHOM U

KBaZpaTHOM Gopmbl. HanoMmnHaeTcA NpaBmIO HAaXOXKAEHUA NEPUMETPOB NPAMOYTo/IbHUKA

W KBagparta.

® 3anucbiBalOTCA U MPUPABHMBAKOTCA BbIPAXKEHUA ANA NepuMeTpoB GUryp, CTOPOHbI

KOTOPbIX 334aHbl NepemeHHOoN. MonyyeHHoe ypaBHEHWE peLuaeTcs.

20—-2+2x-1)=4x — x=3.

* [lepmeTpbl NPAMOYrO/IbHWKA W KBagpaTa NPUPaBHUBAIOTCA U pellaeTca Noay4YeHHOe ypaBHeHMe.

2a-1+a+2)=4a— 4a+2=4a— Ox=2.

3To ypaBHEHWEe He uMeeT KopHen. CnefoBaTelbHO, NEPUMETPbl NOCEBHbIX MOWAAel He MOryT ObiTb PaBHbI

COrnacHo yc/i0BUIO.

B Knaccax c TeXHUYECKMMU BO3MOMKHOCTAMM MOMKHO MCNO/b30BATb MHTEPAKTUBHYHO AEATE/NbHOCTb:

https://www.geogebra.org/m/zvqq6dek https://www.geogebra.org/m/a5x3jqfz

Mpaktuueckoe 3agaHue. [pynnam pa3gatotca paboume AnUCTbl. 34ech pellatoTca AaHHble
JIMHENHble YPaBHEHUSA C O4HOMN NepeMeHHON U HaxoauTcs Tpebyemblit Koa. Pabounin anct
MOYHO 3arpysuTb No AaHHOW CCbIKe:
https://drive.google.com/file/d/1tkCfaHW5WIP7vEZ2KMnmAnWo3-
ZdwTW2/view?usp=drive_link

dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnBaHuA Martepuanbl OLLeHUBaHUA
Haxo4uT 3HaYeHWe MHOro4YIeHa NPU PasIUYHbIX 3HAYEHMAX Pabouue nnCTbl, y4ebHuK, PT
nepemeHHOoMN.

PelwaeT MHEHOe ypaBHEHWE C OAHON NepemMeHHOI. Paboune nnctobl, yuebHuk, PT
PewaeT 3agauy, COCTaBNAA INHENHOe ypaBHEHME C O4HOM Pabouue nucTbl, y4ebHuK, PT
nepemeHHOMN.
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TEMA 8.2. JIuHeiiHOe ypaBHEHUE C ABYMA NepeMeHHbIMU U ero rpadpuk

7-2.2.3. PellaeT cuctemy JIMHENHbIX YPaBHEHWUI C ABYMSA NepeMeHHbIMM

b
MOACTAHAAPTHI Pa3NNYHbIMU cnocobamm.

* O6BACHAET NIMHENHOE YPaBHEHME C ABYMA NEPEMEHHbIMM.
LLEIN OBYYEHUA ® AHaNIN3NPYET KOPHU IMHEMHOTO YPaBHEHUS C ABYMS NepeMeHHbIMM.
¢ PelwaeT 3a4a4y C NOMOLLbIO IMHEWHOIO YPaBHEHMA C ABYMA NEPEMEHHbIMM.

NPUHAONEXHOCTU Paboume NUCTbl, KAPTOUKU,CTUKEPDI

MsyueHwne: https://www.geogebra.org/m/UagYGTcc#material/Prnw45el
3NNEKTPOHHDIE 3apaHue: https://www.geogebra.org/m/Xs59nbxJ
PECYPCbI https://www.geogebra.org/m/hbhmghve
https://www.geogebra.org/m/pvvcyzts

MNobyxaeHue

Bo MHOIMX peanbHbIX 334a4ax HabaloAaeTca 3aBUCUMOCTb ABYX BE/IMUYMH APYT OT gpyra. Hanpumep, 3aBUCMMOCTb
MeXKA4y KOMMYECTBOM KYMJEHHbIX TOBAapoB M 06LLeN ONNaYeHHOM CYMMOW, 3aBUCMMOCTb MEXKAY CYMMOW,
pa3HOCTbtO, NPOM3BEAEHMEM WM YACTHBIM ABYX MEPEMEHHbIX U MPUHMMAEMbIMU UMK 3HAYEHUAMU U T. 4.
YunTenb 3anucbiBaeT Ha AocKe paseHcTBa x +y = 10, xy = 17, x —y = 5 1 cnpawnsaeT, Kakne HaTypajbHble
3HaYeHMA MOTyT NPUHUMATb NePeMeHHbIe X U Y. BbicaylunBaloTcA MHEHUA YHEHWKOB.

Macca 2610k 0603HayaeTca x Kr, Macca 6aHaHOB y Kr.

* Mo gaHHOMY YCNI0BMIO 3anucbiBaeTcA ypaBHeHWe 2x + 3y = 12. ObcyxpgatoTca
BO3MOMHbI€ 3HAYEHUNA X U .

* ObcyrKaaeTcs, Kak onpegenntb maccy 6aHaHOB MO A@aHHOMY YPaBHEHUIO, ECU KYNAEHO
1,5 kr unm 3 kr a610K. MoacTaBnAA B ypaBHeHMEe BMeCTO X 3HayeHuna 1,5 u 3, Haxoaar y:
2:1,5+3y =12—>y=3(kr),2-3+3y =12—>y =2 (kr).

w JIuHeliHoe ypaBHEHUE C ABYMA NepeMeHHbIMU

Yuntenb Aaét nHGoOpMaLmMio O NMHENHOM YpPaBHEHUU C ABYMA NEpPeMeHHbIMU (MU ABYMA HEU3BECTHbIMM),
[0BOAWT A0 BHUMAHMUA YYEHNKOB ero onpegeneHue n popmyny. Npueoaatca Npumepbl IMHENHbIX YPaBHEHWIA C
ABYMSA NepeMeHHbIMK, a TaKKe Ha NpMmepax 06 bACHAIOTCA HENMHEHbIE YPaBHEHUSA C ABYMA NepeMeHHbIMM.

B oT/AnuMe OT NMHEMHOro ypaBHEHMA C OAHON MNEepPeMeHHOW, pelleHWe AMHEMHOro ypaBHEHMA C ABYMA
nepemMeHHbIMW 3aMuCbiBaeTcA B BUAE Napbl (x; V), TakkKe yunTenb obpallaeT BHUMAHUE Ha 3KBUBA/IEHTHbIE
ypaBHeHus. BbipaxkeHue nepemMeHHON y uepes X B JIMHEAHOM YPaBHEHUM C ABYMA NEPEMEHHbIMU
AEMOHCTPUPYETCA Ha NpMMepax, NPUBELEHHbIX B yYeBHUKE UM AOMNOAHUTENbHBIX MPUMEPAX.

B npvBeaE&HHOM B pasfesie U3yYeHWs YpaBHEHUM C ABYMsA NepeMeHHbIMU NepemeHHas x Bbipaxkaercs yepes ).
Mony4yeHHoe BbiparkeHMe 0b6CyKAaeTca. YUEHNKN 06 BACHAIOT, YEM OHO OTIMYAETCA OT BblPaXKeHUA, NOAYYEHHOro
MpW BbIPAKEHUN NEPEeMEHHOM J Yepes X.

K cBeaeHuto yuutena! MoXKHO 06paTUTb BHUMaHME YYEHUKOB Ha TO, YTO yA06Hee BbipaykaTb Ty NepeMeHHY!Io,
KoapdurumeHT KoTopoi paseH 1. YuuTenb NpMBOAMUT COOTBETCTBYIOLLME MPUMEPDI, BbIMONHAETCA BbipakeHue
nepemeHHbIX M pe3ynbTaTbl 0BCYXKAATCA C ydeHuKamu. Hanpumep, B AMHEMHOM ypasBHeHwWu x + 3y = 8

o 8—x
06bACHAETCA, KaKkasA U3 3anucelt ygobHee x =8 -3y uam y = =

1. Uccnepyetcs, ABASAIOTCA M AaHHbIE YPABHEHUA JIMHENHBIMU YPABHEHUSAMM C BYMA NEPEMEHHbIMU. YUEHUKM,
OCHOBbIBasACb Ha ¢opme 3anucu NMHENHOro ypaBHEHUs C ABYMA nepemeHHbimu (ax + by = ¢) , onpegensioTt
COOTBETCTBME AaHHbIX YPaBHEHWI ycaoBMIO. PaccmaTpuBaloTCcA caydyaum AeNeHMA Ha MepemMeHHy Uau
NPUCYTCTBUA NPOU3BEAEHUA NEPEeMEHHbIX, 0ObACHAETCA, YTO HECMOTPA Ha Ha/NMuMe ABYX NepemeHHbIX, Takne
YpaBHEHUA He ABAAIOTCA IMHENHbBIMM.

4
e) B paBeHcTBe 2 =t b yyacTBylOT ABEe NepeMeHHble, O4HAKO NepemeHHas a HaxoauTcA B 3HameHaTene. B

JNINHEHOM YPaBHEHUU C ABYMA NepemeHHbIMW geneHne Ha nepemMeHHyro oTcyTcTeyeT. CneposaTesibHo,
NOAYEPKMBAETCA, YTO AaHHOE YpaBHEHMe He ABAAeTCA JIMHEMHbIM.
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2. laHHan napa y1cen NOACTaBAAETCA B IMHEMHOE ypaBHEHWE C ABYMA NEPeMeHHbIMU U MPOBEPAETCA PAaBEHCTBO
3HayeHMin obenx 4yacTel ypasHeHMs. ECM No/yyeHHble YMcaa paBHbl, CYMTAETCH, YTO AaHHaA Mapa 4ucen

ABNAETCA pelleHMem ypaBHEeHUA, B NPOTUBHOM C/ly4ae 060CHOBbIBAETCS, YTO peLleHneM He ABAAETCS.

m n -3 2
B) Mpu m =—3 nn =2 B ypaBHEHUU 3 5t 2 =0 nonyyaem 5 — 3t 2=-2+2=0, chnepoBaTenbHO, AaHHAA
napa ymcen ABNAETCA pelleHMemM 3TOro ypaBHEeHUs.

4. B AaHHbIX ypaBHEHUAX NEPEMEHHAsA Y BbIparkaeTca yepes x.
1
r) YpaBHeHue 2x + 3= —6 peluaeTca Asyms cnocobamu.

2x + %y =—6 3anucbiBaeTcA ypaBHeHMe. gy =—2x—-6 OpHouneH 2x nepeHoCHTCA BNPaso.
6x +y=-18 0O6e YyacT yMmHoKatoTca Ha 3. :—iy . % =(—2x —6): % Ob6e yacTu genarca Ha %
y=—6x—18 T[lepemeHHasa y BbipaxkaeTca yepes X. y=—6x—18 MepemeHHas y BbIPaXaeTCa Yepes X.

5. YYeHUKH, Bbipaxkasa OAHY NepemMeHHylo yepes Apyrylo B AaHHbIX YPaBHEHWAX, 3anucbiBatoT nwobble Tpu
pelieHms.

1,2x+2y=0,6 >a)x=0,5- 1§y n 6)y=0,3-0,6x. Mpumepsbl pelenunii ypasHenus: (0; 0,3), (0,5; 0), (—4,5; 3).

JlokHble npeAcTaBnAeHUsA, BO3HUKaOLWMe y
yYyeHUKoB. MHorga npu onpegeneHum
KaKoro-nmbo peleHns AaHHOro ypaBHeHUs

3anuwwuTe noboe pelieHne ypasHeHna —2x + 3y = 6.

J10’kHO B ypaBHeHMM 3anucbiBaeTcd x=1mny =2,

YYEHUKM ownboyHo noAcTaBNAT 0 dPERAS A PG (15:2)
onpegenéHHble uucna Bmecto  obewx |BEPHO BypaBHeHWW 3anucbiaetca x = 1 v HaxoguTcA y.
nepemeHHbIX U BbINOJHAIOT BblYNCNEHUA. -2-1+3-y=6—>y= 2% (1; 22)
370 opHa u3 Hanbonee PacNPOCTPaHEHHBIX B ypaBHeHMM 3anucbiBaeTca y = (-2) n HaxoauTca Xx.
OWMBOK YYEHMKOB MPU  HAXOMKAEHMUM —2x+3:(-2)=6—>x=—6 (-6;,-2)

peweHnn NUHENHbIX YPaBHEHUN C ABYMA

nepemeHHbIMU. OHW [OMXKHbI 3HATb, UYTO MPU HAXOMKAEHUU pPELUEHWUA JIMHEWHOro YpaBHEHUA C ABYMA
nepeMeHHbIMWU BMECTO OAHOM W3 MNepeMeHHbIX noacTaBaseTca nAwboe uMCNO, NOCAe Yero HaxoauTea
COOTBETCTBYHOLLEE 3TOMY YUCAY 3HAYEHMEe BTOPOW MEPEMEHHOW, U TaKMX Map YWUCen CcywecTByeT HecKoHeyHo
MHOTO.

n
7. Mo AaHHBIM BbIPaXKEHUAM 3aMUCbIBAOTCA YPaBHEHUA C ABYMA NepeMeHHbIMU: a) 2a + b =6 6) m -5=

B) k — ¢ = 6. 3anucb Nt060IN MbICNK, NPEAIONKEHUS MW BbICKa3blBaHWA, COOPMYNNPOBAHHBIX HA MaTeEMaTUYECKOM
A3bIKe, C MOMOLLbIO MaTEMATUYECKMX CUMBOJIOB B BUJE YPaBHEHWA, PAaBEHCTBA, TOXKAECTBA UM HEPABEHCTBA —
3TO OZHO M3 YMEHWI, KOTOpoe HeoBX0AMMO CHOPMMPOBATDL Y YYEHWUKOB.

w fpaduk NMHeHOro ypaBHEHUA C  ABymA

nepemeHHbIMU Y
B npeablayliem y4ebHOM maTepurane yYeHUKN y3HaAW, KaK onpeaenaTb
napy uucen, ABAAIOLLYIOCA pPeLeHNeM IMHEWNHOrO YPaBHEHUA C ABYMA
nepemeHHbIMU. 34ecb obpalaeTca BHUMaHWE Ha TO, YTO rpaduKom >0 @0
JIMHEHOTO ypaBHEHUA C ABYMA NepemMeHHbIMK ax + by = ¢ aBnseTca

Npsmas JIMHUA, NPU 3TOM MNOAYEPKMUBAETCA, UTO XOTA Obl OAWMH U3
K03bbOULMEHTOB a AN b OTAIMYEH OT HyAA.

B KauecTBe Npumepa BMeCTe € y4eHUKaMu uccneayetca rpadmKk AIMHENHOTO YPaBHEHMUSA C ABYMA NMEPEMEHHbIMM,
npuBeAEHHbIN B yuebHMKe. NepemeHHan y BblparKaeTca Yepes x U ypaBHEHWe 3anucbiBaeTcs B Buae y = kx + b,
nocne 4yero, 3a4aBasn ABa 3HaYEHUA X, HAXOAAT 3HA4YEeHUA y. TOUKM C NONYYEHHbIMU KOOPAMHATaMM OTMeYatoTCA
B NPSAMOYFONbHOMN CUCTEME KOOPAMHAT U coeanHaATcAa. O60CHOBbLIBaETCA, UTO rpaduK ABAAETCA NPAMON IMHUEN.
YYyeHuKn u3 pasgena GyHKUMIA 3HaKOMbI ¢ GOPMYION IMHENHON GYHKUMK ¥ = kx + b. Y4eHUKamu MoryT BbiTb
06DBACHEHbI YI/I0BON KOIPPULMEHT NPSAMON, a TaKIKe TOUYKMN e€ nepeceyeHuns ¢ ocamm abcumce u opauHar.
3aTem uccaenyroTca cayvau, Korga npsmas napannenbHa ocu Ox

y=05x+3 y=05x

unn ocn Oy. B nNpAMOYronbHOW cucTeme KOOpAMHAT CTPOoATCA x|y x | ¥
npsmble C OANHAKOBLIMU YFNOBbIMU Ko3bdULMEeHTaMK U BMecTe C 0 | 3 ( 0
yYeHWKaMM uccneyeTca Ux B3aMMHOE pacnosoxKeHue, obpallaerca - | 4 ' !

BHUMaHWME Ha NapannesibHOCTb TaKUX NMNPAMbIX.
B Knaccax ¢ TeXHUYECKMMM BO3MOMKHOCTAMMN MOXKHO MCNO/1b30BaTb
MHTEPAKTUBHYIO AeATENbHOCTb:
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https://www.geogebra.org/m/jjuxbbsv https://www.geogebra.org/m/ct8hEHhD
https://www.geogebra.org/m/k4pKgSpW https://www.geogebra.org/m/zTMwMjw8

K cBegeHuto yuutensa! MNpu o6bACHEHUN AaHHOMN TeMbl yunTeNb 0b6paLLaeT BHUMaHWE yYeHUKOB Ha 06e dopmbl
3anuncK NIMHEHOro ypaBHeHUA. Bblbop GpopmMbl 3aBUCUT OT AaHHbIX YCAOBUIA. BO3moXKeH nepexos OoT o4HOWM
bopmbl 3aNncK IMHENHOTO ypaBHEHUA K apyrol. | popma: ax + by =c, Il popma: y = kx + b,

Hanpumep, AaHHOe B U3yYeHUN ypaBHeHME ¥ = —2x + 4 MOXHO 3anucaTb B Buae 2x +y = 4.

[

B AvHeiHOM ypaBHeHUW C ABYMA MepemMeHHbIMW ax + by = ¢ uncna a, b, ¢ obcyxaaoTca C yd4eHUKamu.
PaccmaTtpumBatoTca cnyvaum, Korga Kaxaoe 3 HUX PaBHO HYJTHO UK OTAIMYHO OT HynA. MiccnenyeTtca, B KAaKOM cydvae
rpaduk ypaBHeHusA napanneneH ocu Ox, a B Kakom coBnagaet ¢ ocbto Ox. YcTaHaBamBaeTca, ytoecam b 20, c 20
n a = 0, To NoNy4YeHHan npsamas napannensHa ocu Ox. Ecnma =0, b # 0, ¢ = 0, To nonyyaeTcs ypaBHeHue y = 0.
lpaduK aTOro ypaBHeHMA coBnagaet c ocbio Ox. [1na Kaxkaoro cayydan NpuBoAAaTCA NPUMEpPbLI U CTPOATCA rpadUKu.
B Knaccax ¢ TEXHUYECKMMM BO3MOMKHOCTAMM MOMKHO MCNO/b30BaTb MHTEPAKTUBHYIO AEATENBHOCTD:
https://www.geogebra.org/m/hbhmghve https://www.geogebra.org/m/qwx684ge

K cBegeHuio yuutens! JinHetHoe ypaBHeHMe ¢ ABYMA NepeMeHHbIMU ax + by = ¢ npu a = 0 3anucbiBaeTcA B BUAE
c c o c
y=,,aero rpaduk napanneneH ocn Ox v nepecekaet ocb Oy B TouKe (0; 5 ). U3 3anucu ypaBHeHU y = S My=

0 BWMAHO, YTO 3HAYeHWe y ABNAETCA MOCTOAHHBIM YUC/IOM W He WU3MEHAETCA MpU HOObIX 3HAYEHUAX X.
PekomeHayeTcA noOKas3aTb YYEHWKAM HECKOJIbKO MNPUMEpPoB, AEMOHCTPUPYHOLMX, 4YTO MpU NOACTaHOBKe
Pa3/IMYHbIX 3HAYEHWIM X 3HAYEHMEe Yy OCTAaéTCA HEeM3MEHHbIM, a TaK¥Ke MOCTPoUTb rpaduk M obcyanTb, Kak
nosnyyaeTca npAmas, napannenbHaa ocu OX, M Kak onpeaenseTca TOUKa eé nepeceyeHus ¢ ocbio Oy.

9. Mo ypaBHEHUIO NPsIMOI cTpouTca eé rpaduk.

e)§+2=4—>y=6 Y
OTtmeuyaeTcs, uTo rpaduK ABAAETCA NPAMOWN, NapannenbHol ocn Ox, U NPOXOAUT Yepes

I n 1l yeTBepTH. C y4EHMKaMM MOKHO 06CYANTb, B KaKOM TOUKe rpaduK nepecekaeT ocb (0; 6)
Oy. Tpaduk PyHKLMM y = 6 nepecekaeT ocb Oy B Touke (0; 6) M napanneneH ocu Ox.

10. [aHHble ypaBHEHMA 3anucbiBalOTCA B BuAe y = kx + b, HaxoauTcA yrnoBow
KoadoduumeHt k. Mopctasnaa B dopmyny x = 0, onpepenserca TouKa
nepeceyeHus NpPaAmoit ¢ ocbto Oy, Nocsie Yero cTpouTca rpaduk. [ns nocTpoeHus
rpadvKa fOCTaTOYHO 3HATb KOOPAMHATbI 4BYX TOYEK.

6) B ypaBHeHun —x + 4y —3 =0 npu x =0 Haxoautca y = 0,75. CnepoBaTtenbHo, L Y
JaHHasa npaAmas nepecekaeT ocb Oy B TouKe (0; 0,75). CtpouTtca rpaduk npamoi -3 O| 1
W nposepsaeTcA NPaBUAbHOCTb OTBETA.

B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMM MOMKHO MCNO/Ib30BaTb MHTEPAKTUBHYIO AeATEIbHOCTb:
https://www.geogebra.org/m/m5ak9stj  https://www.geogebra.org/m/S8QhwdX6

11. B KaXXA0OM MYHKTe AaHbl TPU IMHENHbIX YPaBHEHUSA. YPaBHEHUA NPUBOAATCA K BUAY ¥ = kx + b 1 HaxoaaTca
yrnosble KoadpduumeHtbl k. Ha ocHoBe paBeHCTBA Yr/0BbIX KO3hPMLUMEHTOB onpenensetcs, rpadukn Kakux
YPaBHEHWI NapanienbHbl.

< of =
57

(0;0.75)

\}
on

-3

19, 7

6)y=—-15x+5-> k=-15 rN2y-x=0 - y=05x - k=0,5

y=15x - k=1,5 y—2x=2 - y=2x+2 - k=2
y=5-1_x > k=-15 y=05x=4- y=05x+4 — k=05
fnay=—15x+5va y=5 —1%)6 yrnosble Ona2y—x=0 va y—0,5x =4 yrnosble
K03$dULMEHTBI PaBHbI, NO3TOMY AaHHbIE NPAMble K03 PULMEHTbI PaBHbI, NO3TOMY JaHHbIE NPAMble
napasnfienbHbl. napanienbHbl.

12. PeweHune, npuBeféHHOE B Npumepe, ObOCYKAAETCA C yYEeHWKamM, onpenensercs
yrnosoi KoadpduuUMeHT NpAMOI, NapannenbHoM AaHHOW NPAMON. 3Ta NpPAMaa NPoxXoauT
yepes TOYKY, 3a4aHHYI0 B YC/I0BUK, CNeL0BaTENbHO, NOACTABAAA 3HAYEHUA abcumuccehl U
OpAMHATbI 3TOM TOYKM B ypaBHEHWE NPAMON ¥ = kx + b, MOXXHO HalTu b.

B) Tpebyemas npsamas y = kx + b napannenbHa npamoin 2x +y = 0, To ecTb NPAMON y = —2x.
CnepoBaTtenbHo, k = =2. TakKe npamasa y = —2x + b npoxoaut yepes Touky C(-0,5; 4).
3HauuT, e@ KoopAMHaTbl YA0BNETBOPAIOT PaBeHCTBY y = —2x + b. 4=-2-(-0,5)+b — b =3.
3anucbiBaeTca ypaBHEHUE UCKOMOW NPAMON: y = —2x + 3.
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Y4yeHUKM, cTpoA rpaduku, ewé pas yberkaatTca, YTo NpAmMble C OAMHAKOBbIMU YrN0BbIMU KoabduLumeHTamm
ABNAKOTCA NapaniesibHbIMU.
B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMMU MOXKHO UCMNO/1Ib30BaTb MHTEPAKTUBHYIO AEATEIbHOCTD:

https://www.qgeogebra.org/m/x3frstxn https://www.geogebra.org/m/fc7afjdn

13. [na Toro utobbl ) W 6) y B) v o y
o " — 5
onpeaennTtb,  Kaxkow h J11i ol | /‘,g AN
rpaduKk oTHocUTCA K N 3iA2 &*4’5 A N
o 2 \\«z,\ i <7 Ly | A} /b(, ! .*\\.0.\‘ r
Kakomy  JIMHelHOMY A0 /1 ri / a1 N3
9 i N :

YPaBHEHMIO C ABYyMA -3-3-19 i 2\__\3 ¥ 3--jo T IEX j’/‘{’gfé 2 4 6x ri2-9-6-39 3\5 x
nepemeHHbIMH, r2 X 2 4 8]

MOHO WCMOAb30BaTb

pasnnyHble MeTodbl. YYEHUKM OnpenenatoT COOTBETCTBykLWee rpaduKy ypaBHEHME HA OCHOBE BEPHOro
paBeHCTBA, MOJYYEHHOro MyTEM NOACTAHOBKM KOOPAMHAT Ntobol npuHagnexawen rpaduKy TOYKU BMECTO
nepemeHHbIX B AaHHblE YPaBHEHUA.

a) JaHHaa npaman npoxoaut yepes Touky (0; 4). MoACTaBMB KOOPAWMHATLI 3TOW TOYKM B AaHHble YPaBHEHMS,
onpeaenaeTcs, OTHOCUTCA M FPaduK K ypaBHEHUIO 2x + ) = 4:

x—2y=-5—0-2-4=-8#—-5 He npuHadnexum.

59-4x=16 —-55-4 —4-0=20+#16 He npuHadaexcum.

E + 0,2y=0 —>% + 0,2- 4 =0,8#0 He npuHadnexcum.

2x+y=4—2-0+4 =4/ lpuHadnexum.

CnepoBaTtenbHO, AaHHAA NPAMan ABNAETCA rpadUKOM ypaBHEHUA 2x + ) = 4.

Taknm ke cnocobom yCTaHaBAMBAETCA, K KAKOMY IMHEMHOMY YPaBHEHMIO OTHOCATCA OCTa/IbHble rpaduKu.

K cBegeHuio yuutena! 13-e 3afaHne MOXKHO pewnTb 1 Apyrum cnocobom. 3anuncas AaHHble YpaBHEHUA B BUAE Y
= kx + b, onpegensetca KoapPpuumeHT k. Mo KoopaMHaTaM ABYX TOUEK Kaxaoro rpadMka HaxoAuTca yrioBom
KO3OOUUMEHT NPAMON WM YCTAHAB/NMBAETCA, KAaKOMY JIMHEMHOMY YPaBHEHUIO C ABYMA MNepemMeHHbIMU
COOTBETCTBYET KaXKAblM rpaduk.

15. Ecnv rpadmkm nepeceKkatotea Ha ocu Ox, 3HAUUT OPAMHATA TOUKM NEPECceYeHnn paBHa HyLo.

a) BypaBHeHuAx ax—y=4unx+4y=-2 yynutbiBaetca, ytoy=0:ax—-0=4 n x+4-0=-2

Pewaetca BTopoe ypasHenne. X +4 - 0=-2 > x=-2

3HayeHWe X NOACTaB/AAETCA B MEPBOE yPaBHEHNE U HAaXOAUTCS 3HavyeHne a. ax—0=4—a - (-2)=4—>a=-2.
Takum 06pa3om, KOOPAMHATLI TOUKM NepeceyeHus rpaduKoB ypaBHeHWUA —2x —y =4 n x + 4y = -2: (-2; 0).

DnddepeHumpoBaHHoe 0b6yueHne

lModdepxcka. Y4eHUKam npegnaraloTca caeayolme 3aaHus:

e [ocTpoiTe rpaduK ypaBHeHna x —y = 3.

e 1na ypaBHeHuA 3x + y = 6 3anuwuTe Ntobble ABa peLleHus.

® B 060MX ypaBHEHUAX BbipasnTe OL4HY NEPEMEHHYIO Yepes Apyryto.

Pe3ynbTaThl NpoBepAOTCA APYTUMWN YHEHUKAMMU.

YenybneHue. OCHOBHaA LUeNb 33aJaHUM — aHa/M3 CBOMCTB rpaduka M MOHMMaAHME MOHATUA YFNOBOrO
KoaddMuMeHTa. YUeHUKaM Ha paboumnx McTax npeanaratoTca 3a4aHua:

e HallgnTe KoopamMHaTbl TOUeK nepeceyeHuns rpaduka ypaBHeHua y = —2x + 3 c ocAmM abcunce v opauHar.

* Y KaKoro u3 gaHHbIX ypaBHEHWI yron, 06pa3oBaHHbIN rpadmMKom ¢ ocblo abecumce, bonblue?

® 3a/la4a: ec/iM HavyabHaA OMAATa 3a TaKCM COCTaBAAET 3 MaHaTa, @ CTOMMOCTb KaXA0ro Kuaometpa 2 MaHaTta,
3anuLWKnTe ypaBHEHME, BbipakatoLlee 06LLy0 OMnaaTy, U NOCTPOITE ero rpaduk.

17. Ycnosue 3agaum obcyaaetcs ¢ y4eHnKamu. Mo ycioBuio ApoH A, nepeBo3s KaxKkabli pas
X Kr rpy3a, coBepluaet 10 nonétos, a ApOH B, nepeBo3a KaxKabl pas y Kr rpy3a, CoBepluaeT
16 nonétos. O6Lan Macca NepeBe3EHHOrO rpysa onpeaenseTcs sbipaxeHnem 10x + 15y.

¢ TaK Kak A0oCTaBAeHHas NOMOLLb cocTasaseT 160 Kr, 3anucbiBaeTcA IMHENHOE YpaBHEHME C
ABYMA nepemeHHbimu: 10x + 16y = 160.

X
-
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e OTmMeYaeTca, YTo APOH A 33 OAUH NONET NepeBo3nUT 8 Kr rpy3a. YTobbl BbIYMCAUTD,, CKOSIBKO KMIOFPaMMOB rpy3a
[O/MKEH NepeBo3UTb APOH B 33 KaxKabli NONET, 3anUCbiBAaeTCA U peLlaeTca
COOTBETCTBYIOLLEE YPABHEHME.
10-8+16y=160 > y== =5,
e OTMeuaeTcs, YTO KOOpPAMHaTbl TOYKM (8; 5) Ha rpaduke coOOTBETCTBYIOT

8
16

Tpebyemomy oTBeTy.
AHanus 3agaum uenecoobpasHo NpeacTaBUTb B BUAE TabauLbl.

O6wui
Konunyectso lpy3 3a oanH .. .
[poH .. .. nepeBe3éHHbIN
nonértos noneér (Kr)
rpys (Kr)
A 10 X 10x
B 16 y 16y
A+B 26 xX+y 160

nepeBoO3nUTb 33 OAMH NONET 5 Kr rpysa.

Urpa «Kto nobegun?». Ha nony Knacca CTPOUTCA NPAMOYrOAbHas cucTema
KOOpAMHaT. YUeHUKM OeNATCA Ha ABe rpynnbl. YYEHUKU OA4HOW rPynnbl Ha3biBaOT
Apyroi rpynne KoopauHatbl AByx Toyek: (3; 2) u (-1; 4). [1Ba y4eHuKa 3Ton rpynnbl
M306parKaloT AaHHble TOYKM B KOOPAWMHATHOM CMCTeMe Ha Mojay M C NMOMOLLbIO
HaTAHYTON BEPEBKWM MOKa3bIBAlOT NPAMYIO IMHUIO. Ha cnepyrowem 3tane BTopas
rpynna npeanaraet KOOPAWHATLI ABYX TOYEK NepBOW rpynmne, U Urpa NpoAoaKaeTca

12 16x

Omeem. [lpoH B ponxeH

Takum obpasom. Mobexaaer rpynna, KOTopas BbINOJHUT 33faHWe NPaBUIbHO U

6bicTpee.

¢OpMaTMBHOE oueHuBaHue

Kputepum oueHusaHua

Martepuanbl oueHMBaHUA

O6bACHAET IMHENHOE YPaBHEHWNE C ABYMA NepPeMEHHbIMM.

Paboune nuctbl, yuebHuk, PT

OnpefensaeT peweHne NMMHENHOro ypaBHEHNA C ABYMA
nepemeHHbIMU.

Paboune nunctbl, yuebHuk, PT

PewaeT 3agayy c nomoLsto NIMHEHoro YpaBHEHUA C ABYMA
nepemeHHbIMmn.

Paboune nnctobl, yuebHuk, PT
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TEMA 8.3. Cuctema ypaBHeHUI

7-2.2.3. Peliaet cuctemy JIMHENHbIX YPAaBHEHWUI C ABYMSA NepeMeHHbIMM
pasavYHbIMK cnocobamm.
7-2.2.4. Peliaet 334341 C NpUMEHEHNEM JIMHEMHbIX YPAaBHEHUI C O4HOM
nepemeHHOM U CUCTEM IMHENHBIX YPAaBHEHWI C ABYMA NePeMEHHbIMU.
® O6BACHAET CMbIC/ PELIEHUA CUCTEMbI IMHEMHDBIX YPAaBHEHWU C ABYMA
nepemeHHbIMU.
¢ Pelwaet cucteMy IMHEMHbIX YPaBHEHWUI € ABYMA NEPEMEHHbIMU rpadrUyeckum
cnocobom.
¢ [pUMeHAET cUCTEMY IMHENHDBIX YPABHEHMI C ABYMSA NepeMeHHbIMU K peasibHbIM
cUTYaumam.
NPUHAONEXHOCTU Paboume NUCTbl, KAPTOYKK, CTUKEPBI

W3yueHwne: https://video.edu.az/video/5504 https://video.edu.az/video/11556
9NNEKTPOHHbIE 3apaHue: https://www.geogebra.org/m/yjpjntf9
PECYPCbI https://www.geogebra.org/m/grj55upc

https://www.geogebra.org/m/nwctDjF9

NOACTAHAAPTDI

LLE/IN OBYYEHUA

MNobyxaeHue

Yuntenb HauMHaeT BBeAEHME B TeMy, NPEACTaBAAA NPUMEPbI, CBA3aHHbIE C PeasibHbIMM CUTYaLMAMU. YUeHMKam
3a43l0TCA BOMPOChI O TOM, KaK HalTW ABa YMCcna, eCv U3BECTHbI MX CYMMa M Pa3HOCTb, UKW, Hanpumep, ecimn 1
TeTpagapb M 1 pyyka BMecTe CTOAT 6 MaHaToB, a 2 TeTpagm 1 1 pydka — 8 MaHaTOB, KaK OnpeaenTb LeHy TeTpaau
W PYYKM 1 T.N. B pesynbtate 06CYyXAEHUA YHEHUKM NOHMMAIOT, YTO B MOAO06HbLIX CNy4YasnX COCTaBNEHUA OLHOrO
YpPaBHEHUA HEeA0CTaTOUHO.

WccnegosaHuezobcyaeHue

Ha pucyHKe n3obpakeHbl Yactu nposoda AnvHon 10 m. ObpawaeTtca

BHMMAHWE Ha TO, YTO OAHA YacTb Ha 2 M A/IMHHee apyron. NoaobHble xm ym
3334/ 3HAKOMbl YYEHMKaM M3 Mpeaplaywmx Kaaccos. OHM moryt y — J
NPUHATL OAHY 4YacTb 3@ HEWU3BECTHYIO, BbIPa3uTb Yepe3 Heé ANUHY 10m x-y=2 1

APYroi YacT 1 COCTaBUTb OAHO ypaBHEHME NO cymme yacTtei. OaHaKo

yuymTenb npepsiaraet 0603HaUMTb KaXKAyl YacTb HEWM3BECTHOM M HanpasAAeT YYEHUKOB K COCTaB/IEHMIO ABYX
ypaBHEHWI B COOTBETCTBUM C YCIOBUEM 334a4M.

BbICNYLIMBAIOTCA MHEHWUSA YYEHUKOB M 3aNUCbIBAIOTCA COOTBETCTBYHOLLME ypaBHeHUA: x +y=10unx —y=2.

wulcmma JIMHEWHbIX YPaBHEHUI C 4BYyMA NepemMeHHbIMU

YyeHWKam npepocTaBaseTcs MHPopMaumMa O MOHATUM  «cucTemMa
JNIMHENHbIX ypaBHeHWN» u ¢dopme eé 3anucu. Ob6bAcHAeTCs, YTo ’”8;“_3 ] :\_0'1« Touka (3; 1) — at¢
pelleHne CcUCTEMbI JIMHEMHBIX YPaBHEHWW C ABYMSA MepemMeHHbIMU 3 - / Touka nepeceue
3a4aéTtcAa B BUAe napbl ymcen (x; y) U 4To oHa o3HayaeT. Kak 1 B ciayyae ! HUA NPAMBIX.
YPaBHEHUI C OAHOW nepemeHHoﬁ, pelweHne CUCTEMbl YpPaBHEHUN R R ERERY,

3aK/NI0YAETCA B  HAXOMAEHWW e& peleHua WAM  YCTaHOBNEHUM | A ] _

OTCYTCTBMA peweHuA. Ha npumepax yuutenb OODBACHAET, Kak
NpoBepATb, ABNAETCA NN AaHHAA Mapa YMCen peleHuem CUCTEMbl YpPaBHEHUN. YUEHUKN Y¥Ke YMeT CTPOUTb
rpadvKk NMHENHOro ypaBHEHMUA C ABYMA NepeMeHHbIMKU. [locTpoeHem rpadmKoB ypaBHEHUA JaHHOM CUCTEMDI
Harnf4HO MNOKa3blBAETCA Ha/vuMe WU OTCYTCTBME pelleHua cucTembl. ObpaliaeTcs BHMMaHWE Ha TO, YTO
KOOpPAMHaTbl TOYKM NepeceyeHmns NPAMbIX ABAAIOTCA PELeHNEeM CUCTEMbI YPaBHEHUI. B Knaccax ¢ TeXHUYeCKnmu
BO3MOHOCTAMMU MOXHO MCNOb30BaTb UHTEPAKTUBHYIO AEeATENbHOCTD!

https://www.geogebra.org/m/cay7jjca

2. Cpegn [aHHbIX Nap yuicen onpegenAaeTca napa, ABAAIOLWAACA peleHnem CUCTeMbl ypaBHeHMVI. YueHuKkn
noACTaBNAKOT BCe TPU Napbl YMCEN BMECTO NepeMeHHbIX CUCTEMDbI ypaBHeHMVI M 0enaroT BbiBOA Ha OCHOBaHUM
NONly4eHHbIX PaBEHCTB.

6) (-9; 8) — ;C +}; =1 JEN :? + % = _51 _% =-1 Mapa vucen (-9; 8) He sensemca pewieHuem 0aHHoU cucmemeol
’ " + 3= 1 7 + 3T 12 12 #1 ypasHeHul, maxk KaK 00HO U3 pageHcme cUCmeMbl He8epHo.
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x+y =1 9+(-8) =1 1 = 1 Mapa yucen (9;—8) He Aensemca peweHuem daHHOU cucmembi
(9;—8)—>{§+X <:>{ {

_ 9 —8 -5 -5 1 ypasHeHuUl, MAK KaK 00HO U3 paseHcmes cucmembl HE8epPHO.
4 3 4 3 12 12
x+y =1 849 =1 1 1 Mapa yucen (—8; 9) aensemca peweHuem daHHOU cucmemol
(-8;9) = {x y ={-8 9 { - ypasHeHuUl, MaK KaK eblnoaHaomcsa oba paseHcmea.
atz=1 7 avs=1 1=1

X+ 2y =5 dAsnaetca nn napa umucen (—1; 3) peweHmem

JNloxKHble npepcTaBneHusA, BO3HUKaOLWMe Y {
x—y = —1 paHHOI cuCTeMbl ypaBHEHMIA?

YUYEHUKOB. MHOr4a Yy4yeHUKM nposepstoT
BbINO/IHEHME TO/JIbKO OAHOrO YypaBHeHuA
CUCTEMbI 1, He NpoBepsas Apyroe, Anbo gaxe | J/loxkHo MockonbKy Napa uncen (—1; 3) ABnseTca pelweHnem

€C/IN OHO He BbIMOIHAETCA, CHUTAIOT AAHHYIO ypaBHeHUA x+2y=5, oHa ABNAETCA pelleHNnemM CUCTEMbI

napy uucen peweHuem cuctembl. Cneagyet VDaBHEHUN.

06paTUTb BHMMAHME YYEHWUKOB Ha TO, YTO BepHo MMapauuncen (-1; 3) aBnaeTca pelweHUeM ypaBHEHUSA X +

napa unicen  [OMKHA  YAOBNETBOPATH 2y =5, 0AHaKo He ABNAETCA pelweHnem ypaBHEeHUA X — Y

KaXK4,OMY YPaBHEHMIO CUCTEMBbL. = -1, cnepgoBaTenbHO, He AB/AETCA peLeHUeM CUCTEMBI
VDaBHEHUN.

3. B 3TOM 33aZaHMM YYEHUKM 3aNUCLIBAIOT B
NycTble KNETKW TaKoe YMcao, YTobbl AaHHAA Mapa YMces ABAANACh PelleHneM CUCTeMbl YpaBHeHWI. [na aToro
3HaAYEeHMA NepeMeHHbIX X U Y NOACTABNSIOTCA B ypaBHEHME U onpeaenseTcsa Tpebyemoe 4yuco.

(y+2x = £
B) Mapa uuncen (6; 0) noacTaBnseTcsa B CUCTEMY YPaBHEHMUI {y —f —3x"

0+2:6 =
0=[18] -3 -6

Takum obpasom, B NepByto NYCTYIO KNETKy 3anucbiBaeTca uncao 12, Bo BTopyto — uymcno 18.

4. YYEHVKM MO YpaBHEHUAM, 3aMMCaHHbIM Ha rpaduKax, COCTaBAAOT CUCTEMY ypaBHeHUIA. TOYKa nepeceyeHus
NPAMbIX ONpeaenseTcs no NPsSMOYro/ibHOM cucTeme KoopAnHaT. MolyyeHHYIO Napy YMcen NoACTaBAAIT BMECTO
nepemeHHbIX CUCTEMbI YPaBHEHUI U NPOBEPAIOT NPaBUIbHOCTL OTBETA

MO BbINONIHEHUIO PABEHCTB. o) ”‘5“

0) {xX_+22yy=—_04 Touka nepeceyeHun 3TUX NpAmMbIX 310 (-2; 1). MNpwu 'r"ej.ho : \11\’,;&

NOACTAHOBKE B CUCTEMY YpPaBHEHUI X = =2 U y = 1 NOAyYatoTCA BepHbIe !

paE;eHCTesa:{_2_|_2'1=0 { 0=0 - >
—2-2-1=-4"1-4=-4 -S-yé-"*%-i’-ﬁi 23 4x

B Knaccax C TeXHWYECKMMW BO3MOMKHOCTAMM 6bin0 Bbl NO/E3HO Lo

MCnob30BaThb WHTEPAKTUBHYIO OeATeNbHOCTb:

https://www.geogebra.org/m/qgrj55upc

6. He cTpos rpadmKmM faHHbIX YpPaBHEHWUI, OnpeaenseTcs, B KaKOW TOYKe OHU

nepeceKkaoTca Ha ocu abcumcc nam ocu opanHar. S
a) Ecnm npsmble nepecekatoTcs Ha ocu abeumce, BO BCeX TPEX YPaBHEHUAX G V3K £
npuHumaetca y = 0 n HaxoauTca KoopAuHaTa X. *Xn)

7 A
y=3x—6 y=x-2 y=x+3 T 73 0 E|
3x—-6=0 x—2=0 x+3=0 y:x_z/
x=2 x=2 x=-3 ’

Takum obpasom, npamble y = 3x — 6 U y = x — 2 nepecekatoTca Ha ocu Ox B TOUKe v

(2;0).

6) Ecan npsmble nepecekatoTcd Ha OCU OpPAMHAT, BO BCEX TPEX ypaBHEHMUSAX

npuHUMaeTca x = 0 M HaxoauTCA y. X /
y=-2x+1 y=3x-2 y=05x+1 il
y=—2-0+1 y=3-0-2 y=05-0+1
y=1 y=-2 y=1

Takum obpasom, npamble y = —2x + 1 n y = 0,5x + 1 nepecekatorca Ha ocu Oy B
Touke (0; 1).

204



D e

Hannuve eguHCTBEHHOrO PeleHUs CUCTEMbI IMHEWHBIX YPaBHEHUI C ABYMA MepemeHHbIMWU, BeCKOHeYHoro

Yynucna peLleHui UAM OTCYTCTBME pPELUEHWA MOXKHO OnpeaenvTb MO B3aMMHOMY PacrofioKeHuto rpadpuKkos

YPaBHEHWIN CUCTEMDI:

v' ecnu yrnosble Ko3ddULIMEHTbI NPAMbIX Pa3ANUYHbI, OHWU NEPECceKaloTcs, TO ecTb CUCTemMa YpaBHEHU umeeT
€4MHCTBEHHOE peLLeHue;

v' ecnu yrnosble KoaddULIMEHTBI MPAMbIX U TOUKM NepecedeHns ¢ ocbio Oy COBMaAatoT, NPAMbIE COBNAAaloT,
TO eCTb CUCTEMA YPaABHEHUI UMeeT

BECKOHEUHOE YNCIIO PeLLeHMIt; OpHo peweHne  BecKOHEYHO MHOro Het peweruit
v’ ecin  yrnosble  KoapdULUEHTbI y peleHnit y

NPAMbIX OAMHAKOBbI, @ TOYKK

nepeceyeHma ¢ ocblo  Ox 0 > x [T/ %

pasinyHbI, NPSAMbIE NapannenbHbl,

TO €CTb CUCTEMA YPABHEHUI HE UMEET peLLIeHus.
Bce Tpu cnyyas 0BOCHOBbLIBAlOTCA MpMMepamu. B Knaccax € TEXHWMYECKMMMU BO3MOMKHOCTAMM MOMKHO
MCMNONb30BaTb BUAEO MATepPUanbl:
https://video.edu.az/video/5660 https://video.edu.az/video/5769
https://www.geogebra.org/m/zbtzpvs2
8. BbiCKasblBaHMA, NpuBeAEHHble B 3agaHuKM, obCyaalTca M 0D6OCHOBbLIBAIOTCA YyyeHMKamu. B xope
nccnefoBaHuA LenecoobpasHo NPUBOAMUTL NPUMEPbI, COOTBETCTBYIOLWME AAHHBIM YTBEPKAEHUAM.
a) YTBEpPKAEHNE O TOM, YTO CUCTEMA YPaBHEHWI, COOTBETCTBYIOLWAA MPAMbIM, Nepecekatowmm ocb abcumce B
OLHOM M TOW e TOYKe, HEe MMeEeT pelleHus, HEBEPHO, TaK KaK eCcn npsmble NepecekatoTcs B OAHOM TOYKe,
cucTemMa UMeeT eANHCTBEHHOE pelleHue. YTBEpKAeHME HEBEPHO.
6) VYtBepaeHue «lpsamble C OAMHAKOBbIMM  YFNOBbIMW  KO3bOUUMEHTAMW MapajfienibHbl, 3HaAYMT,
COOTBETCTBYIOLLAA CUCTEMA YPABHEHUI UMEEeT eANHCTBEHHOE PelueHWe» ABNAETCA HEBEPHbIM, TaKaa cucTema
YPaBHEHWW He UMeeT peLleHuid. YTBepKaeHne HeBepHoO.
B) MpaAmMble, Umetowmne 0ANHAKOBBIN YrN10BON KO3GOULMEHT M NepeceKatolme oOCb OPAMHAT B OAHOW U TOW Ke
TOYKe, COBMaAaloT, cnefoBaTeslbHO, AaHHAA cUCTeMa YpaBHEHUI MMeeT 6GECKOHEeYHOe YMC/IO peLleHui.
YTBEepXaeHue BepHo.
DnddepeHumpoBaHHoe 0b6yueHne
ModdepcKa. YueHNKaM npeanaraeTcs Npoctas CUCTEMa YPaBHEHWUI U 3a4aHNeE HalTK eé pelueHne NOCTPoeHEM
rpadukKa.

. . =x+1
Hanpumep, HanauTe peleHne cMcTeMbl ypaBHEHUN { y NoCTPOUB rpaduKm.

y=—-x+3
Yenybnerue. OcHoBHaA Uenb 3agaHnii — GopMMpoOBaHME Y YHEHUKOB HaBbIKOB ONpefeneHns Yncaa peleHni
cucTeMmbl, MapaiebHbIX U COBMaAatoLWmMxX NPAMbIX. Hanpumep, yueHnKam npegnaratorca 3afaHuns:

1)C o v_{y=2x—5 {2x+y=6
paBHUTE KOJIMYECTBO PeLlEeHNI CUCTEM YPaBHEHWIA: y=2x+3 Mg + 0,5y = 3

Kakas 13 3TUX cUCTeM He UMeEeT PeLleHus, a Kakaa MMeeT BeCKOHeYHOoe YMCIO0 peLLeHni?
2) UccnenyiiTe Bonpocsl: «Moyemy cuctema, rpaduKkmn ypaBHEHMU I KOTOPOW NapannesibHbl, He UMeeT peLleHun?»,
«Moyemy cuctema, rpadmKn ypaBHEHNI KOTOPOWN COBNAAALOT, UMeeT BECKOHEYHOE YMCNO0 pelleHnin?». MHeHuA

9. YUEeHUKM aHaNU3NPYIOT YC0BUE 3a4a4M.

PeweHue 3a0a4u

YYeHUKM 0BCYKAAlT KO/MMYECTBO TYPWUCTOB, pPasMelEHHbIX B TPEXMECTHbIX MU
YeTbIPEXMECTHbIX MasiaTKax, KOAMYEeCTBO ManaTok U obuiee ymcno Typuctos. K Knaccy
ob6paLatoTcs ¢ Bonpocamu:

— Ecamn Konnyectso TPEXMECTHbIX ManaTok 0603HauUTb Yepes X, a YeTbIPEXMECTHbIX — 4Yepes ), Kak 3anucatb
YpaBHeEHWeE, COOTBETCTBYHOLLEE OOLLEMY YNC/TY NANATOK?

— Kakasn cBA3b CYLLECTBYET MEXAY YUC/IOM TYPUCTOB, Pa3MELLEHHbIX B TPEXMECTHbIX U YETbIPEXMECTHbIX NafaTKax,
M 0BLLMM YMCNIOM TYPUCTOB BO BCEX NasaTKax?

Ecnm KonmyecTBo TPEXMECTHbIX NAaNaToOK PaBHO X, @ YETbIPEXMECTHbIX — y, TOrAa 3anucbiBaeTca ypaBHEHMeE ¢
ABYMA NepeMeHHbIMKN A1A 06LWero Ymcaa nanaTok:

x+y=5.
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Ecam yuntbiBaTb, YTO YNCNO TYPUCTOB B TPEXMECTHBIX NanaTkax paBHO 3x, B YeTbipéxmecTHbix — 4y, a obwee
YMCNO TYPUCTOB cocTasnneT 17 yenosek, TO 3aNUCbIBaeTCA BTOPOe ypaBHeHue: 3x + 4y = 17.
x+y =5

® 3anNMCbiBaeTCA COOTBETCTBYIOLLAA CUCTEMA aBHEeHU:
yiot yp {Sx +4y =17

.c . {y =—x+5
TpoATCA rpadMKM ypaBHEHUI y = —075x + 4,25

M onpeaenalTca KOopPAMHATbI
TOYKK NepeceyeHus: (3; 2).

Omeem. KonnyectBo TPEXMECTHbIX NaaaToOK paBHO 3.

10. CornacHo ycnosuio 3afa4nm, KOMMNaHWA MO MPOKATy BenocMneaos npeanaraer
BapuaHTbl onaatbl A n B.

PeweHue 3agaumn

Yuutenb 3afaéT yyeHMKam BOMPOCbI O CymMme OniaTtbl Mo

Kagomy Tapuoy: Tapug A: z

— KakoBa cToMmocTb apeHabl 3a 1 yac no Tapudy A? 30 MuHyT —2 MaHata =

Kakoe ycii0B1e onnaTbl ycTaHOB/IEHO MO Tapudy B? Tapud B: %

BbIC/YWMBAIOTCA OTBETbI YYEHMKOB. MccnedyeTcA AaHHbIA  Hauanewas yena — 2 f—“‘;

rpaduk. MaHata, 3a Kaxpble il
* 3a 2 yaca e3sbl Ha Benocunese no Tapuoy A onnaumsaetca 30 MuHYT — %

8 MmaHaToB, no Tapudy B 6 maHaToB. 1 manar

e OnpegpenseTca, Kakon rpaduK cOOTBETCTBYET Kakomy Tapudy:
rpaduk cuHero uBeTa onucbiBaeT Tapud A, rpaduk kpacHoro ugeta — Tapud B.

. = 4x
 3anucbiBaeTCA COOTBETCTBYIOLLAA CUCTEMA YPaBHEHUIA: {;’/ — x4 2

¢ [padmKM nepecekatoTcs B TouKe (1; 4). To ecTb no o6omm Tapudam 3a 1 yac e3gbl Ha Besocuneae onaavymBaeTca
4 maHaTa.

* /13 rpadmKkoB BUAHO, 4TO ANA e3abl 6onee 1 yaca Tapud B BbirogHee, Tak Kak B 3TOM C/ly4ae CyMMbl OnaaThbl
MEeHbLLE MO CPaBHEHMUIO C APYrMMm Tapudom.

dopmaTuBHOE OLeHUBaHUe

Kputepum oueHnsaHums Martepuanbl oueHMBaHUA
O6bACHAET NOHATME CUCTEMbI YPABHEHWIA. Paboune nnctobl, yuebHuk, PT
Pewaet cucTtemy AnMHENHbIX YpaBHEHWI C ABYMA nepeMeHHbIMKU | Paboume nuctbl, yiebHuk, PT
rpadpuyeckmm cnocobom.
CocTaBniAeT cUCTEMY IMHEWNHDBIX YPAaBHEHUI C ABYMSA NnepemeHHbIMU B | Paboume nunctol, yuebHuK, PT
COOTBETCTBUM C YC/IOBMEM 333a4M U peLLAET e€ NOCTPOEHNEM
rpadukKa.
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3A0AYUN N NPUMEPDI

YueHMKM B npeaplaywimx Temax pasgena Mo3HaKOMUIUCb C MOHATUAMU «/MHENHOe ypaBHeHWe C OAHOW
NnepemeHHon», «IMHENHOoe ypaBHeHMe C ABYMA NMEPEMEHHbBIMM», KCUCTEMA YPABHEHUI», «PELUEHME CUCTEMDbI
ypaBHeHW rpadpuyeckum crocobom», BbIMOAHWAM PasAWyHble 3adaHua, oTHocAwmMecs K Hum. C uesbto
3aKpenaeHns 3HaHMiM U yMeHU, NpMobpeTéHHbIX No AaHHOM TeEMe, CieaytoLme 3a4a49v U NPUMEPbI UCCAeayoTCA
M PELLIAOTCA COBMECTHO C YHEHUKaMMU.

B K/1accax ¢ TEXHUHYECKMMM BO3MOMKHOCTAMM LieN1ecoobpasHo UCMOIb30BaTh MHTEPAKTUBHYIO AeATE/IbHOCTb.
https://www.geogebra.org/m/PQCUvc3M

PeweHune 3agaHui
1. laHHble ypaBHEHMA YYEHUKM CAaMOCTONATE/IbHO PeLLatoT, 06BbACHAA CNocobbl peLleHus.

a) 1%x = -3 + 3,5x r)—%a +§ =-2
3,5x —1%x = 3 HeusBecTHble NepeHOCATCA B OAHY 2a+5=16 06e 4acTv ymHOXatoTcA Ha (— 8).
CTOPOHY PaBeHCTBa. 2a=11 Ob6e vactn penartca Ha 2.
2x=3 NpuBoaATCA NoAo6HbIe cnaraemble. 4 = 3,3 HaxoauTca otser.
1 5
x=15 HaxopguTtcs oTser. -3 55+ 5= —2 OtBeT npoBepseTcs.
1% -1,5=-3+3,5-1,5 OtseT nposepAeTcA. —2==2
2,25=2,25

3. [aHHan napa yncen noacTasBaseTCcs B ypaBHEHME U HAXOAMUTCA 3HAYEHMe a.

x a 4 a-(=5 1

B) napa uucen (4; =5) noacrasnserca B ypasHeHue - — ?y =ax + y: 7 % =a- -4 +(-5)—>a-= 25.

4. TpebyeTca HaWTK pelleHne AaHHOTo IMHENHOro YPaBHEHMUA C 6 7x—3y=-4 r) x+5y+2=8
OBYMA MepemMeHHbIMK, cocToAlee M3 OAMHAKOBbIX 4yucen. B 7x—3x=-4 nnu y+5y+2=8
S5TOM CJly4ae yyuTbIBaeTCA, YTO B ypaBHeHUW x = y. To ecTb x=—1lny=-1 y=1lunx=1
BMECTO X 3anMCbIBAETCA Y UM BMECTO y 3aNMCbIBAETCA X. Omeem. (-1; -1). Omeem. (1; 1).

8. B ypaBHeHuAX, 3aaHHbIX B BUAE ¥ = kx + b, BbICNYLUMBAIOTCA MHEHUA YYEHUKOB O YNC/E peLleHnid cucTembl
YPaBHEHW Ha OCHOBAHMM 3HAYE€HWUI YrNOBbIX KO3ddULMEeHTOB U CBOBOAHBIX Y1EeHOB. YpaBHEHMUA, He 3aaHHble
B BUAeE y = kx + b, npuBOAATCA K STOMY BUAY.
3x+ 4y=1 y =—-0,75x + 0,251
){x+2y=1 { y =—-05x +1
pa3nnyHbl. CnefgoBaTenbHO, 3TU NPAMbIe MEePeceKaloTCa, U AaHHAA CUCTEMA YPaBHEHUN MMeeT egUHCTBEHHOe
peweHwue. MpaBnabHOCTb OTBETA MOXHO 060CHOBATb NOCTPOEHNEM rpaduKa.
K cBepgenuio yuntena! YpaBHeHus, 3agaHHble B BUAE ax + by = ¢, MOXKHO ieNaTh BbIBOA, O YUC/Ie peLleHnit u bes
npuBeAeHUs K BUAY y = kx + b. [lna 3TOro HaxoAWTCA OTHOLIEHME COOTBETCTBYHOLWMX KO3PdULMEHTOB 060MX
ypaBHEHUI cucTemsl.
v' EcAv OTHOWeHME KO3OPUUMEHTOB MNPU X OTAMYAETCA OT OTHOLEHMA KO3GOULMEHTOB NpU y, Npamble
nepeceKkaloTcs, CMCTEMa YpaBHEHUIN UMeeT eANHCTBEHHOE pelleHure.
v' Ec/v oTHOWeEHME KO3POULMEHTOB NPU X PaBHO OTHOLWIEHMIO KOIGOULIMEHTOB NPK y, NPAMbIE NapanesbHbl,
COOTBETCTBYIOLLLAS CUCTEMA YPABHEHUI PELLEHNI HE UMEET.
v' EcAv oTHOLWEHME KO3GOULMEHTOB NPU X, KOSOGULMEHTOB NP ¥ U CBOBOAHbIX Y/IEHOB OAMHAKOBO, NPAMbIE
COBMaAaAloT, COOTBETCTBYHOLLAA CUCTEMA YPABHEHWUI UMeeT HECKOHEYHO MHOTO PeLLIEHU.
3x+ 4y=1
{ x+2y =1
K03pPUUMEHTOB NpU Yy PaBHO §= 2, MOCKONBKY 3 # 2, NpAMble MepeceKatoTcs, Cef0oBaTeNbHO, CUCTEMA

Kak BMAHO W3 ypaBHEHWN, yrnosble KO3IhOULMEHTbI NPAMbIX

3
B paHHOM ypaBHEHWM OTHOWEHUE KO3GOUUMEHTOB NpW X PaBHO I=3, OTHOLWEeHne

ypaBHEHUI MMeeT eANHCTBEHHOE peLleHue.
B K/1laccax ¢ TEXHUYECKMMM BO3MOMKHOCTAMM LLeN1ecoobpasHo UCMOoIb30BaTh MHTEPAKTUBHYIO AeATE/IbHOCTb.
https://www.geogebra.org/m/zbtzpvs2

9. AHanM3upyeTca ycnoBMe 3a4adun. BosaylwHbIM Wap, NOAHABLUMIACA HA ONpeaenEHHYIO BbICOTY, ps
OTTYAa OMyCKaeTCcA BHU3 CO CKOPOCTbO 50 M/MUH. .
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e Ec/v BO3AYWHDbIA Wap 3a 2 MUHYTbl onycTuaca Ha 100 m 1 oKasancs Ha Bbicote 400 M OT 3eMAM, 3HAYUT,
nepBOHa4YaNbHO OH MNOAHANCA HA BbicoTy 500 m.

¢ 33aBUCMMOCTb BbICOTbI (/) BO3AYWHOroO Wapa OT BpemeHu (f) ¢ MOmeHTa Hauyana
CMyCKa BblparkaeTca ypaBHeHMem A = 500 - 50¢. CTpouTca rpaduK 3Toro ypaBHeHUs.
Mpu nocTpoeHun rpadmka Ha ocu abcuMcC eaMHUYHBIN OTPE3OK MOMKHO MPUHATb
pasHbIM 1, a Ha ocn opamHat 100 eguHmL,

* [Mpu ¢ = 4 MUHYTbI Wap 6yaeT HaXoAUTLCA Ha BbICOTe

h=500-50-4=300 (m).

* [1OCKONIbKY B MOMEHT NpM3emMaeHMsa BO34yLWHOro wapa /z = 0, pelaercs ypaBHeHUe
500 - 50¢ = 0: £ = 10 MUHYT.

TEMA 8.4. PewueHne cuctembl AMHENHbIX YPaBHEHUA MeTO4aMM NOACTAHOBKU U C/IOXKEHUA
7-2.2.3. Pelsaet cuctembl IMHENHbIX YPAaBHEHUM C ABYMA NEPEMEHHbIMU
pasvyYHbIMK cnocobamm.

7-2.2.4. PewaeT 3aga4u1 C NPUMEHEHUEM JIMHENHbIX YPaBHEHUI C OAHOM
nepemeHHOM U CUCTEM IMHENHBIX YPAaBHEHWI C ABYMA NepeMeHHbIMU.

* Pelwaet cucteMy IMHEMHbIX YPaBHEHWUI C ABYMA NEPEMEHHbIMU METOAOM
NOACTAHOBKM.

* PellaeT cuctemy IMHENHbIX YPaBHEHWUI C ABYMA NepeMeHHbIMW METOLO0M
CNOXKEHWA.

* [IpUMEHAET CUCTEMbI IMHENHbIX YPABHEHWUI C IBYMA NEPEMEHHBIMMU K
peanbHbIM CUTYaLMAM.

NPUHAONEXKHOCTU  Pabouue nUCTbI, KAPTOUKM, CTUKEPDI

M3yueHwne: https://video.edu.az/video/5529  https://video.edu.az/video/9505
3/IEKTPOHHbIE 3apaHue: https://www.qgeogebra.org/m/rveckrec
PECYPCbI https://www.geogebra.org/m/budéyvtd
https://www.geogebra.org/m/TDY3TNg5

NOACTAHAOAPTbI

LE/IN OBYYEHUA

No6yxaeHune

Yuutenb, onupanack Ha 3HaHWA, U3y4eHHble B Npeplayliel Teme, obpalyaeTca K
y4eHMKam C BOMPOCOM Ha OCHOBe peasibHOW cuTyaumm wam rotosoin cuctemol [ |
ypaBHeHuii. Hanpumep: «Cymma Kakux AByX umcen pasHa 10, a pasHOCTb paBHa - J
47?» Y4eHMKN, NOCTPOMB COOTBETCTBYIOLLYIO MOAEN 3334y, NPOBOAAT 10
obcyxaeHne. OnpeaenatoTcaA HaTypasibHble YNCAA, YA0BNETBOPAIOLLME YCNOBUIO.

UccnenosaHunezo6cyaeHue;

CuTyauus, npeacTaBfieHHas B  UCCAef0BaHUM, [AOBOAMTCA A0
BHMMaHMA YYEHUKOB. [nAa AByX c/lyyYaes, NpeasoXeHHbIX B YCN0BUM,
COCTaBAAOTCA ypaBHeHus. LleHa oAHOro akeapuyma npuvHUMaeTcs
paBHOM x MaHaTaMm, LieHa OAHOW HEeOHOBOW PbIBKM — y MaHaTam.
YYnTbIBAETCA, YTO 33 OAMH aKBApMyM M 4 HEOHOBble PbIBKM BmecTe
3aniayeHo 48 MaHaToB, a 3a OAMH aKBapUyM U 6 HEOHOBBIX PbIBOK —
60 maHaToB, COCTaBAAOTCA ypaBHeHUA. X + 4y = 48 u x + 6y = 60. Mpn HE0HXOANMOCTU yUUTENb MOXKET 334aTb
onpeaenéHHoe Hanpas/ieHne. YYeHUKM, ONMMPascb Ha MOAENb, NPEACTABNEHHYIO HAa PUCYHKE, MOTYT ONpesenuTb,
YTO LLeHa 1 HeEOHOBOM PbIBKM paBHa (60 — 48) : 2 = 6 MaHaTOB, a 3aTEM HAWTU LLeHY aKBapuyma (24 maHaTa).

m PelwweHue cucrembl ypaBHEHUIT MeTOAOM NOACTaHOBKU

Yuutenb ob6paliaet BHMMaHME YYEHWKOB C MPABMIOM PELEHMSA CUCTEMbI JIMHEMHbIX YPAaBHEHWIA C ABYyMSA
nepemeHHbIMU METOA0M NOACTaHOBKU. M03TanHO 06BACHAIOTCA LWarM Bblipa)KeHUA O4HOM NepemMeHHoN Yepes
OPYryto, NMOACTAHOBKM 3TOTO BbIPAXEHUA B APYroe ypaBHEHME W HAXOMAEHMSA HEU3BECTHbIX MyTEM pelleHus
MO/lYYEHHOrO NIMHEWHOTO YPABHEHUA C OAHOW MepemeHHOi. Ha npumepe BmecTe C ydeHnKamu obcykpatoTcs
[AaHHbIN cnocob peleHns 1 Warv NPoBepPKM PeLleHus.

Mpn 06BACHEHUM TEMbI MO/IE3HO UCMNO/b30BaTb MHTEPAKTUBHYIO AEATE/NbHOCTb:
https://www.geogebra.org/m/TDY3TNg5

&
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B npumepe, npusegéHHOM B pasgene M3yyeHne, nepemMeHHan y BblpaXKeHa vyepes X. YYEeHUKN peLlaroT JaHHY0
CUCTEMY YPaBHEHUM, BbIPa3MB NEPEMEHHYIO X Yepes y.

2x+y=4 x=2-05y x=2-05y x=2-05y x=2—-05-2 (x=1
{By—x =5‘:’{3y—x =5 ‘:’{3y—(2—0,5y) =5 ‘:’{3y—2+0,5y=5 { y=2 {y=2
ObcyKpaetcs, B KaKOM YpPaBHEHMM BbINOJIHEHWE NOACTAHOBKU sBNsfeTca 6onee ypobHbim. Obpalaercs
BHMMaHWe Ha TO, YTO LenecoobpasHee BbIpaXKaTb MepPemMeHHY, KO3bdUUMEHT KOTOPOM paBeH eauHuLE.
Moa4épKnBaeTca, YTO HE3aBMCMMO OT TOrO, Kakad MnepemMeHHas BblpaXaeTca 4epes3 Apyrylo, pesyabTaT
nosyyaeTca OANHAKOBbLIM.
1. Cuctema ypaBHEHWWA pellaeTca MeToAOM MOACTAaHOBKM. Onpenensercs, KaKylo nepemeHHyl yaobHee
BbIpPa3unTb Yepes apyryto. OTBETbl 3aNMUCbIBAIOTCA B BUAE Mapbl YMCeN U NPOBEPAIOTCA.

a—b=-1 a—(-3a)=-1 a=-0,25

D {5ars 0= " 5o ‘:’{b=0,75

n .{(—0,25) -0,75=-1 {_1 =—1
poBepKa NPaBUIbHOCTK OTBETA: 3(_0’25) + 0,75 =0 = 0 =0

Omeem. (-0,25; 0,75).

2. Ecav B ypaBHEHUAX AaHHOM CUCTEMbl UMetoTcs Apobu 1AM BbiparkeHna B ckobkax, cHadana uenecoobpasHo
YNpOCTUTb ypaBHeHWA. TaKke cneayeTr o6paTuUTb BHMMAHME YYEHUKOB Ha HeobXoAMMOCTb  3anucu
NoACTaBNSEMOro BblpaXeHua B CKobKax Npu NoACTaHOBKE BMECTO NepemeHHOM.

1. O6e YacTv nepsoro ypasHeHus 2. B nepsom ypasHeHuun emecto' 3. MonyyeHHoe nuHeltHoe
YMHOXaeTca Ha 2 1 ynpouiaeTtca. Bo | nepemeHHo# x 3anucbiBaeTca ypaBHeHWe ¢ ogHOM
BTOPOM ypaBHEHNU NepemeHHasn X COOTBETCTBYIOLLEE BblpaXKeHMe. | NepeMeHHON peLlaeTca.
BblparkaeTca Yepes y. 2y+6) +2y=10 2v+6+2y=10

{ x=2y+6 4. MNony4yeHHoe yncno

d) §+y=5@{x +2y =10
X—-2y=6 x=2y+6 3anMCbIBAETCA B YPaBHEHME X =

2y + 6 1 HaxoAWTCA X.
x=2-1+6=8.

CneposaTtenbHO, Napa (8; 1) ABAAETCA peleHnem CUCTEMbI YpaBHEHUI. PelieHne CUCTEMbl MOXKHO NPOBEPUTL
8
NoACTaHOBKOIA. { o H1=5 {5 =5
g-2-1=6 ©=6
K cBepeHuio yuutena! MMNpu
peLweHnN CUCTEMBI YPaBHEHWI
MeToA0M NoACTaHOBKM
YYEHUKM MHOr4a owWwnboYHO
CYMTAIOT, YTO MOACTAHOBKA |y4ecTb BO |l ypaBHEHMM, TO NOAYUUTCA % —2y =2 W x—
BCerga BbINO/HAETCA B NePBOM
ypaBHeHun. ObyuyeHune 6yaer
6onee 3pdeKTUBHbIM, ecau
yYyeHuK ByZeT NOMHWTb, KaKas
MOACTAHOBKA B  YypaBHeHWe
ABnseTcA 6onee yaobHOW M NpakTMYHOW. Ha npumepax pekomeHayeTcs ob6CcyanTb C YYEHMKaMM, KaKOW MeTos,
peleHuns agnseTca Hanbonee ya06HbIM.
3. Nocne ynpoweHns ypaBHEHNA CUCTEMbI BbINOHAETCA COOTBETCTBYHOLLAA NOACTaHOBKA.

Omeem. (8; 1).

{Sx + 7y = 3 B paHHOI cucTeme ypaBHEHWI KaKylo nepemeHHylo yaobHee
X — 2y = 2 Bblpa3uTb Yepes Apyryo?

=7 3—3x
| ypaBHeHMe BbiparkaeTcs KaKk X =Ty WM y = ——. ECIM 3TV BbIpaXKeHuA
=2.

3-3x

Il ypaBHeHMe BbipaxkaeTca Kak x =1+ 2y uiau y = 0,5x—1. Ecav 3Tn BbipaxkeHua
yyecTb B | ypaBHeHuu, To nonyumtea 3(1 +2y) -2y =2 uaun x — 2(0,5x —1) = 2.
Kak BWAHO, BblpaXKeHWA, NOJIyYeHHble Npu noAacTtaHoBke BO |l ypaBHeHuw,
npoLue Mo CPaBHEHUIO C BbIPAXKEHUAMU, NONYYEHHBIMU B | ypaBHEHUN.

1. B 060u1x ypaBHEHMUAX 2. B nepsom ypaBHeHMM BMeCTO! 4, MosyyeHHoe Yncno
PaCKPbIBAOTCA CKOBKM M BbINONHAGTCS nepemeHHOM b 3anucbiBaeTcs | 3anucbiBaeTcA B ypaBHeHUe b =
ynpouieHune. Bo BTOpom ypaBHeHUM COOTBETCTBYIOLLEE BblpaXKeHWe. i 1 — 6g U HAaXOAUTCH b:

nepemeHHas b BbiparkaeTcs yepes a. {10a —(1-6a)=-17 b=1+6=7
){ 54a+7)—-2b=1 b=1-6a
“l- 2(a+2b) =4a—3b 3. Nony4yeHHoe NnHeNHoe | MonyyeHHble uncna
{zoa —2b=-34 o ypaBHeHWe ¢ 04HOMN | NOACTABAAIOTCA B oba
6a+b=1 nepemeHHOI peluaeTca. | YPaBHEHMA 1 nposepaeTcA
10a —b = —17 10a—1+6a=-17 | PaBM/ILHOCTb OTBETA.
8 a=-= 1

17 59
Omsem. (—— ;—).
16’ 8
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4. Y106bl HANTM KOOPAMHATbI TOYKM nepecedeHns 6e3 NocTpoeHns rpadunKos ypaBHEHMIN, AaHHbIE YpaBHEHUA
3anucbIBaloTCA B BUAE CUCTEMbI, M NOJYYEHHAN CUCTEMA YPaBHEHWI peluaeTcs.

1. B nepBom ypaBHEeHUMU 2. Bo BTOpOM ypaBHe- 3. NonyyeHHoe 4. MNonyyeHHoe
nepemMeHHas y Bblpa<aercs HWUM BMECTO NEPEMEH- | MHelHoe umcno
yepes X. HOW Yy 3anucblBaeTcA ypaBHeHWe ¢ 3anucblBaeTcA B
) {Zx -y=1 {y =2x—1 cooTBeTCTBYlOLLEE OAHOI ypaBHeHue
x+3y=4 "(x+3y=4 BbIpaKeHMe. nepemeHHoi y=2x-1m
{ y=2x—1 peLaeTcs. HaXOAUTCA Y.
x+3-2x—1)=4 y+6x -3=4 y=2-1-1=1.
x=1

MonyyeHHble YMcna NOACTABAAIOTCA B 06a ypaBHEHMUSA OJ1A NPOBEPKU NPABUIbHOCTM OTBETA.

Ortser. (1; 1).

K cBepeHuio yuntena! MoKHO pewwmnTb cUCTeMyY ypaBHEHUI ob6omMmu cnocobamm u 0bcyamTb METOAb! PELIEHUS.
X0oTA HaxoXKAeHWe pelleHUs CUCTeMbl YPaBHEHWUIA METO40M NOACTaHOBKM yaobHee No cpaBHEHMIO C rpaduyec-
KMMm cnocobom, rpaduyecknini cnocob TakKe MMeeT CBOW MpeMmyliecTsa. Pewas cuctemy ypaBHEHMI rpa-
dUyeckMm cnocobom, yueHUKM GakTUYECKN NOHMMAIOT FeOMETPUYECKYIO MHTEPMNPETALMIO CUCTEMbI YPAaBHEHMA.

w PelueHMe cucTeMbl ypaBHEHUIT METOAOM C/I0XKEHUA

[o cBeAeHUA yYeHUKOB 40BOAUTCA NPaBUJIO PELLUEHUA CUCTEMbI IMHENHbIX YPAaBHEHUI C ABYMS NepemMeHHbIMMU
METOLO0M CNOXeHuA. [1nAa 3TOro paccmatpuBatoTca Ko3dPUUMEHTbl NepemeHHbIX B YPaBHEHUAX CUCTEMBI.
O6palaeTtca BHUMaHME Ha OAMHAKOBbIE NepeMeHHble, KOaPPULUMEHTbI KOTOPbIX ABAAIOTCA MPOTUBOMONOMKHbBIMU
yncnamu. HanommMHaeTCs, YTO CyMMa NPOTUBOMNOIONKHbIX YMCEN paBHa HYt0. C yYEHUKU UCCNeayeTCs COMKeHMe
YPaBHEHWUI NOYNEHHO U NONYyYeHUEe NMHENHOrO YpaBHEHUA C OAHON NepemeHHoNn. Ecim B cucteme ypaBHeHUIN
K03bOUUMEHTBI OAMHAKOBbLIX NEPEMEHHbIX HE AIBAAKTCA NPOTUBOMNOONKHBIMU YNCAAMK, YYEHUKU Ha NpUmepe
obyyatloTca YMHOXKEHUI0 0beunx yactei ypaBHeHUA (MM ypaBHEHWI) Ha YUCNO, OT/IMYHOE OT HYNA, U NPUBEAEHUIO
K03 PUUMEHTOB OA4HOM U3 NMEPEMEHHbBIX K MPOTUBOMOIOKHbBIM YNC/IaM.

B Knaccax c TeXHUYECKMMM BO3MOKHOCTAMM MOMKHO MUCMO/b30BaTb BUAEO MaTepuransl:
https://video.edu.az/video/5753

https://video.edu.az/video/1309 https://video.edu.az/video/6001 https://video.edu.az/video/9712

B npuBeA&HHOM B WM3y4eHUU MPUMEPE CUCTEMbI YPAaBHEHUIN YYEHWUKWU PELUMAU CUCTEMY, MOAYUUB NIMHENHOE
ypaBHeHVe C OAHOM MepeMeHHON OTHOCUTENbHO X. 34ecb e CTaBuTCA TpeboBaHWe MONYYUTb SIMHElHOoe
ypaBHeHMWe C OAHOI NepemMeHHOW OTHOCUTENbHO Y. CnefoBaTeIbHO, YYEHUKM [O/KHbI NPUBECTU KOIPULMEHTbI
nepemeHHOM X K MPOTUBOMNONOKHBIM YMCIaM. B aTom ciyyae obe 4acTi NepBOro ypaBHEHUs YMHOXKAOTCA Ha (=2).
YyeHuKM, npuseasa KOIGOULMEHTbI X K MPOTUBOMNO/IOKHBIM YACAM U CNOMKMB YPAaBHEHWUA NMOYSEHHO, MOAYYatOT
JIMHENHOe ypaBHEHMe C 04HON NepeMeHHON OTHOCUTENbHO ).

1. [na Toro 4to6bl KO3PPULMEHTBI X 2. YpaBHEHMA CKMALbIBAOTCA 3. B ogHOM 13 ypaBHEHUI
6b11M MPOTUBOMONOMKHBIMU YNCAMM, noyneHHo. Mony4yeHHoe NUHeNHoe | cucTemsl, 3anncas y =0,
o0b6e YacTn NepBoro ypaBHeHun YPaBHEHWE C O4HOW NepeMeHHOM Haxo4MTCA 3HAYEHME X.
YMHOKaeTcs Ha (-2). peliaeTcs. x+3-0=1
{x—3y=1 {—2x+6y:—2 (2x+6y)+ (2x+y)=-2+2 x=1
c) _ _, +
2x+y=2 2x+y=2 7y=0
y=0
Omeem. (1;0).

6. Mpun pelueHMN AAHHOW CUCTEMBI YpaBHEHWU HEOBXOAMMO YMHOMMWTb 0be 4acTu KaxAoro ypaBHeHWA Ha

HeKoTopoe YMUCNO0. YUEHUKM JOMKHbI NMOMHUTL O NpUBeAeHNN KO3GPULIMEHTOB OLHOWM M TOM e NepemMeHHON K
MPOTUBOMONOKHbIM YMCAAM.

2x—3y =4

) {3x -2y =11

YMHOUTb Ha 3, a BTOpoe Ha (-2), KoapdULUMeHTbI NPU X CTaHYT NPOTUBONONOKHBIMU YNCAAMM.

Kak BMAHO, KoapdpuumeHTbl Npu x paBHbl 2 1 3. Ux HOK paseH 6. Ecan nepsoe ypaBHeHue
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1. MepBoe ypaBHeEHME YMHOKaeTcsi Ha | 2. YpaBHEHUs CKaadblBatoTCA 3. B 04HOM 13 ypaBHEHUI
3, BTOpOe ypaBHEHWEe YMHOXKaeTcs Ha noyneHHo. MonyyeHHoe ypaBHEHWE | CUCTEMbI, 3aM1caB y = — 2,

(-2). C 04HOM NepeMeHHON pellaeTca. HAXoAWUTCA 3HAYEHME X.
{Zx—?»y =4 @{ 6x =9y =12 | | (6x—9y) +(-6x+4y)=12+(22) | 2x-3-(-2)=4
3x —2y =11 —bx+4y=-22 1 _5,=_10 x=5

==-2

[TosrydyeHHBbIE YK CIa TOACTABJISIOTCA B 0632 ypaBHEHHUs M TIPOBEPSIETCA MPaBUJIBHOCTh OTBETA.

{2' 5—-3-2=4 :>{ 4=4

3-5-2-2=11 11 =11

Omeem. (5; 2).

K cBegeHuio yuutens! B cucteme ypaBHEHUIA MOXKHO NpMBECTU KOIOOUUMEHTbI NpU OAHOW U TOW XKe
nepemeHHoOM K MNPOTMBOMONOMHbLIM YMCNAM U CNOMWUTb MOJIYyYEHHbIE YPaBHEHWA MNoyneHHo. Mpu 3Tom
KO3QPUUMEHTbI ITOM NEepemMeHHOM NPUBOAATCA K HauMMeHbleMy obuwemy KpaTHOMY AaHHbIX 4ucen, u
YUYUTLIBAETCA, YTO OHW AO0/KHbI MMETb MPOTUBOMOJIOXKHbIE 3HAKW. Hanpumep, B NyHKTe e) 6-ro 3agaHusA
K03bUUMEHTBI MTPU NEPEMEHHOM a paBHbl —3 1 5. B 3Tom cnyyae KoaddULMEHTbI NpY NepemMeHHoM a NpuBoasTca
K HOK(3; 5) = 15: B nepBom ypaBHeHUM KO3pPUUMeHT npu a ctaHoBuTcA —15, a Bo BTopom paBeH 15. Mpu pelueHmmn
CUCTEMbI YPAaBHEHWN METOAOM MOYNEHHOTO C/IOMKEHUA O/1A HaXOXOEHWSA BTOPON MepeMeHHOM A0CTaTOYHO
NOACTaBMTb 3HAYeHMe NepBON MepemMeHHOM B OA4HO U3 ypaBHEeHUWU cucTembl. OgHako ana 6onee nérkoro
NoJlyYyeHUs OTBETA PEKOMEHAYETCA NOAYEPKHYTb, KAKOe MMEHHO ypaBHeHWe uenecoobpasHee BbIbpaTh.

1. NepBoe ypaBHEHME YMHOXaeTcA Ha 5, | 2. YpaBHeHUA CKAabIBaloTCa 3. B 04HOM W3 ypaBHEHW
BTOPOE YMHOXAeTcA Ha 3. nouneHHo. NonyyeHHoe cucTemsl, 3anucas b =0,
) {7b —3a=-42 {3517 —15a = —2}_ ypaBHeHMWe C OAHOV NepeMeHHON | HaxoauTca 3HayYeHMe a.
5a+2b=7 15a + 6b = 21 peluaeTca. Sa+2-0=17
(35b —15a) +(15a + 6b) = —21421 1 a = 1,4
b=0

MonyyeHHble Yncna NoACTaBAAOTCA B 06a ypaBHEHUA U NPOBEPAETCA NPaBUAbHOCTb OTBETA.
7-0—3-1,4=-42 —4,2 = —4,2

{5-1,4—2-0=7 { 7=7

Omeem. (1,4; 0).

9. YpaBHEHUA AaHHOW CUCTEMbI MPeaBapuTeNbHO 0CBOBOMNKAAIOTCA OT 3HaMeHaTeNsa 1 ynpouiatortca. [11a storo obe

YacTW YPaBHEHMA YMHOMAIOTCA HA TAaKOe YMCNO, YTOObl KO3DULIMEHTbI CTanu LenbiMm Yucnamm. OnpeaenseTca

YMHOKeHMe obeunx yactei ypasHeHMin cuctembl Ha HOK uncen, HaxoAAaLLmMXca B 3HaMeHaTeNaxX JaHHbIX Apobeir.

1. O6e yacTi ypaBHEHUs YMHOKatoTcA | 2. YpaBHEHUA CKNaAblBakOTCA 3. B 0g4HOM 13 ypaBHEHW
Ha 12. noyneHHo. NonyyeHHoe CUCTEMbI, 3aMnNCaB X = 6,
LYo _ aBHEHWe C 04HON NepeMEeHHON, HaxoAMTCs 3HAYeHMe ).
a)!3 1 §4x_3y_12 o : ° 4-6i3 - 36 g
XY _ 27 l4x+3v =136 PeLaeTcA. Y
(4x =3y) +(4x + 3y) =12+ 36 y=4
x=6

[Mony4yeHHble Yncna NOACTABNAIOTCA B oba YPaBHEHUA N NPOBEPAETCA NPaBU/IbHOCTb OTBETA.

3 11 {1:
§+f_3 3=
3 4

Omeem. (6; 4).
e) B o4HOM 13 ypaBHEHWIA CUCTeMbI 3HAMeHaTeNIM paBHbl 5 1 4, a B apyrom — 2 1 3. CnefoBaTesibHO, 0be yactu
nepBoro ypaBHeHMA ymHoxatoTtcsa Ha HOK(5; 4) = 20, a obe yacTu BToporo ypaBHeHua — Ha HOK(2; 3) = 6.

1. O6e yacTv NepBoro ypaBHeHNa yMmHoOXatoTca Ha 20, 2. YpaBHEHMA CKNaAblBaOTCA NOUY/IEHHO.

06e YacTv BTOPOro ypaBHEHUA YMHOKaIOTCA Ha 6. B MonyyeHHoe ypaBHeHWe peLuaeTcs.

Noly4eHHbIX YpaBHEHUAX ANS NpUBeAeHUA (8x + 10y) +(15x — 10y) =200 + 30

K03 DULMEHTOB NPU Y K NPOTUBOMNONONKHbBIM YMCAAM 23x =230

nepBoe ypaBHeHWE YMHOXaeTcs Ha 2, BTopoe x=10

ypaBHEeHWEe YMHOXaeTca Ha 5. o _
¥y 3. B 04AHOM U3 ypaBHEHUI CUCTEMbI, 3aMMCaB X =
st3=° PN {495 + 5y =100 {Sx +10y =200 . | 10, HaxoauTcs 3HaueHMe v.

E_%= 3x —2y=6 15x — 10y = 30 3-10-2y=6 = y=12

2

MonyyeHHble Yncna NOACTABAAOTCA B oba YpaBHEHUA N NPOBepPAETCA NPaBUIbHOCTb OTBETA.
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?+:—5:{5_5
w_12_, 7lu=1
2 3

Omeem. (10; 12).
10. Mcnonb3ya ypaBHeHWe NPAMOM, NPOXOAALLEN Yepes 3afaHHble TOYKM, COCTaBAAETCA U PEeLIaeTca cucTema
YPaBHEHUN.

k=—2
d){—2k+b=2 . 3

. 1 4
Kk+b=1 ot = C/le,0BaTe/IbHO, YPAaBHEHMWE NPAMOI UMEET BUL Y = SX+ 5
3

12. B 3TOM 33f@aHMM CHayana NoO [aHHbIM YPAaBHEHMAM COCTaBAsfETCA cucTemMa M pewaetca. lMoacrtasnsas
HalleHHble 3HAYEHUA NepeMeHHbIX B ypaBHeHUe ax + y = 17, onpeaensertcsa 3HayeHue a.

2x—y=4 —4x + 2y =-8 x =3
gx—2y=5 { {

ax+y=17 ->3a+2=17 - a=5.

3x—2y=5 y =2

13. Ycnosue 3ap3a4m ob6CyKAaeTcA € yYeHUKaMKU. B COOTBETCTBUM C YCIOBUEM COCTaBAAETCA U pPeLIAeTCa cucTtema
YPaBHEHUN.

PeweHue 3a0a4u

Yuutenb 3a4aET y4eHNMKam BOMPOCbl O CKOPOCTU BeNoCMNeaAMCcTa Npu CNycKe n nogbéme:

1) KakoBa CKOpOoCTb BesiocMneamncta Nnpu cnycke? A npu nogbéme? T
MNMoyemy CKOpoCTW pasnuyatotca? xty=60
2) Kakoe oblee paccTosaHWe npoexan Benocuneguct? CKonbKo
BPEMEHMW OH 3aTPaTWA Ha 3TOT NyTb?

BbicnywmsatoTcA  oTBeTbl  ydyeHMKoB. [lOBTOpAIOTCA 3HaHMWA
YYEHWUKOB O NMYTH, BPEMEHU U CKOPOCTY.

MOXHO NOCTPOUTb MOAENb, COOTBETCTBYIOWYIO pPeLleHuUIo

3afaun. B aTom cnyyae yyeHUKU BU3yasbHO BUAAT PELLUEHWNE U NyYlle NOHUMAIOT YCNOoBMeE.

Bpemsa auxeHuA BesocMneancta npu cnycke obo3HayaeTca yepes X MUHYT, NPU NOABbEME — Yepes y MUHYT.
Torpa nepsoe ypaBHeHWe cuctembl UMeeT BUA x + ) = 60.

[nvHa nyTtn, npoligeHHoro npu cnycke, pasHa 200x, npu nogbéme 300y. Torga BTOpoe ypaBHEHUE CUCTEMBI:

200x + 300y = 16000. MoxkHo 3anucaTb Kak 2x + 3y = 160.
2x + 3y =160
x+y =60
PelweHwue cuctembl ypaBHeHU byaet (20; 40). Benocunegmct 3aTpatia Ha cnyck 20 MUHYT, Ha NogbEém 40 MUHYT.
Omeem: 20 MUHYT, 40 MUHYT.
JAugppepeHyuposaHHoe obyyeHue
Moddeprka. YueHWKam npeanaraeTca HECKO/IbKO CUCTEM ypaBHeHWN. Mepes peweHnem obcykaaeTca, Kakon
cnocob pelweHua Hanbonee yaobeH. BoichylunsaroTca MHEHNUA YYEHUKOB.

3anucbiBaeTcA COOTBETCTBYHOLWAA CUCTEMA ypaBHEHMVIZ {

){x+y=20 b){2x+y=7 ){Sx—4y=—3
a x—y =4 3x—y =3 ¢ 5 +3y =11

., (4x —2y =6
YanybneHue. Y4eHVKam npeanaraetca CUCTEMa yPaBHEHWIA: { 2x—y =3

Yuntenb obpallaeTca K ydeHMKam ¢ Bonpocamu: « CKONbKO pelleHnin MMeeT AaHHaa cuctema?», «Kakune
pe3ynbTaTbl NOAYYATCA NPU PeLleHUN CUCTEMbI BCEMW TPEMA Cnocobammn?y», «Kakana cBA3b CYLLECTBYET MexXay
ypaBHeHuAMNU?». OTBETbI 06CyKAatoTCA.

B Knaccax ¢ TeXHUMYECKMMM BO3MOXHOCTAMU ANA NPOBeAeHNA NPaKkTUYecKoli paboTbl AW 3a4aHUIN UTPOBOTO
XapaKTepa MOMHO MCMONb30BaTb 3TU CCbINKU: https://www.geogebra.org/m/xfwkxsfa
https://mathbitsnotebook.com/JuniorMath/Equations/EQSystemsPractice.html

dopmaTUBHOE OLeHMBaHKe

Kputepum oueHnBaHus Marepuanbl oLeHMBaHUA
PelwaeT cuctemy ypaBHEHUI METOA0M NOACTAHOBKM. Paboune nnctobl, yuebHuk, PT
PelwaeT cuctemy ypaBHEHUI METOAOM C/IOMKEHUA. Paboune nnctobl, yuebHuk, PT

CocTaBnaeT CUCTEMY JIMHENHbIX ypaBHEHMWI C ABYMSA NepemeHHbIMW B | Paboune anctbl, ydebHuk, PT
COOTBETCTBUM C YC/I0BMEM 33341 U pellaeT eé pasInyHbIMn
cnocobamm.
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TEMA 8.5. PelueHune 3agaum ¢ NOMOLLbIO CUCTEMbI YPABHEHUI
7-2.2.3. PeluaeT cuctemy IMHENHbIX YPaBHEHWUI C ABYMS NepeMeHHbIMU
pa3nnYHbIMK cnocobamm.
7-2.2.4. Peliaet 3afa4um C NPUMEHEHNEM INHENHBIX YPaBHEHUN C OLHOM
nepemeHHOM U CUCTEM IMHENHBIX YPaBHEHWI C ABYMA NepeMEHHbIMU.
e COCTaBAAET CUCTEMY SIMHENHbIX YPAaBHEHWUI C ABYMA NEPEMEHHbIMU B
COOTBETCTBUM C YC/IOBUEM 33a4N.
® Pelwaet cucteMy AMHENHbIX YPaBHEHWUI C ABYMA NePEMEHHbIMU PA3NIUYHbIMU
cnocobamu B COOTBETCTBUM C YC/IOBUEM 334aUM.
¢ [poBepseT NPaBUIbHOCTb PeLleHUA CUCTEMbI IMHENHbIX YPAaBHEHUN,
COCTaB/IEHHOW MO YC/I0BUIO 3a4a4M.

NMPUHAONEXHOCTU Paboune N1CTbl, KAPTOYKK, CTUKEPBI

NOACTAHAAPTDI

LLE/IN OBYYEHUA

S/IEKTPOHHbDIE U3yueHue: https://video.edu.az/video/5719
PECYPCbI 3apaHue: https://video.edu.az/video/10320 https://video.edu.az/video/5108
MNo6yxaeHue

Yuntenb npeactaBafeT yYeHWKaM 3a4a4M, COOTBETCTBYOWME Pa3IMUYHbIM PeasnbHbIM CUTyauuam. «Konnyectso
KYP U KpPOJIMKOB BO ABope paBHO 12. Obuwiee 4mcno mx Hor paBHO 32. CKONbKO Kyp M KPOJIMKOB BO ABOpPE?»
AHanusunpyeTcs ycnoBMe 334auu, C YYEeHUKaMM NPoBOAATCA 0bCyXAeHWA 3TanoB pelleHus. BbicnylimBatoTea
MHEHMUSA y4eHNKOB 06 onpeneneHnn 4aHHbIX U Tpebyemoro, COCTaBIeHUN NaaHa peLLeHns.

WccneposaHuezobcymaeHne

CuTyauma, npencrtaBneHHas B WUCCAeLOBaHWMW, A0BOAMTCA [0 BHUMAHUA

YYEHUKN. AHaNn3npyeTca ycaosue: j
Bunet ans B3pocnbix — 7 MaHaT, bunet gns getei — 5 maHar.
Konunuyectso nacca*knpos — 6 YenoBeK.

OnnaveHHaa cymma — 34 maHaTa.

* YYEHWKM OTMEYALOT, YTO M3 6 Maccakmpos moryT 6biTb 1 pebEéHOK 1 5 B3pocabix, 2 pebéHKa n 4 B3pocnblx, 3
pebéHKa n 3 B3pocablx, 4 pebéHKa u 2 B3pocabix, 5 aetelt n 1 B3pOC/bIA, U ONPeAensitoT, B KaKOM ciyyae
onnayeHHaa cymma coctasnsetr 34 maHaTta. OTmeuaeTcs, YTO YC/NOBME 33Ja4M BbIMNOJHAETCA TONbKO AnA 2
B3pocAabix 1 4 aeteit. OgHaKo obpallaeTca BHUMaHME Ha TO, YTO TaKoM Cnocob pelleHus He ABNAeTCs YA00HbIM.
e ObpawaeTrca BHMMaHME Ha BO3MOMKHOCTb COCTAB/IEHUS CUCTEMbI YPaBHEHWIH B COOTBETCTBMM C YC/IOBUEM
3afaumn. CocTaBaneTca U peLlaeTcs NoAXoAALLAA CUCTEMA YPAaBHEHUI, B KOTOPOM YMCIO0 B3POC/bIX 0603HaYaeTcA
KaK X, @ YNC/O oeTel — KaK y.

xX+y=6 )
{7x+5y = 34_>(2’ 4).

w PelueHue 3a4aum € COCTaBNEHUEM CUCTEMbI YPaBHEHUIA

Yyutenb BMecTe C y4YeHMKamMu MPOBOAMT aHaNM3 33JayYnM B COOTBETCTBUWM C YC/NOBMEM.
O6bAcHeHWe No 3Tanam «MoHATb 33434y, COCTaBUTb MaH, PELNUTbL U NPOBEPUTLY 06CY»KaaeTcA
COBMECTHO C y4eHUKamu. MiccneaytoTca Bonpochl «4To HYXKHO HalTU?», «YTo n3secTHo?», «Kak

MOXHO pelinTb 3a4ady?», pellaeTcA COCTaB/eHHas MO YCAOBMIO CUCTEMA YPaBHEHUN W
npoBepsaeTca NPaBUAbHOCTb pelleHua. MoapobHoe obcyXaeHWe Kaxaoro atana ¢ ydeHUKamum

Ba)KHO A/1A Pa3BUTUA HaBbIKOB CAMOCTOATE/IbHOIO pelleHus 3a4ad.

B Knaccax ¢ TeXHUYECKMMM BO3MOXKHOCTAMM MOXKHO MCNO/Ib30BaTb BUAEO MaTepuabi:
https://video.edu.az/video/5108  https.//video.edu.az/video/5754 https://video.edu.az/video/5711

a

B 3apauve, nNpvBesEHHON B WU3yYeHWU, CUCTEMA YPaBHEHMI BbINOAHEHA METOAOM MOYJEHHOrO BbIYMTAHUA.
YYeHWKM BCTPeYanCh C pelieHnemM CUCTEMbI YpaBHEHUIM JaHHbIM cnocobom B 3agaHumn Ne7 npeaplayLieit Tembl.
C npumeHeHWeM MeToAa MOY/IEHHOrO BbIUTAHUA pellaeTcs NPUMep CUCTeMbl ypaBHEHWN. BbicaywmBatoTca
MHEHMWA YYEeHUKOB O cnocobax pelleHuns, BbINOAHAEMbIX NOYNEHHbIM BblYMTAaHMEM YpPaBHEHUI NPU paBeHCcTBe
K03DOULMEHTOB OZHOM U TOM Ke NepeMeHHON AN YMHOXKeHUeM obeunx yacteit ogHOro M3 ypaBHeHul Ha (-1) ¢
nocneayloWwmnm NOYNEHHbIM CN0XeHUeM ypaBHeHuid. Kpome Toro, obpalyaetca BHMMaHWE Ha BO3MOXHOCTb
NPUMEHeHUA MeToAa NOACTaHOBKMU.
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2. YYeHMKW, aHaNn3npya ycnosue 3afaun, onpeaensatot AaHHble n Tpebyemoe.
PeweHue 3ada4u
Yucno, 3agymaHHoe Jlanoi, o6o3HavaeTca Yepes X, a YMCno, 3agymaHHoe Cammnpom, — vepes y. Mo ycnosuio
CyMMa 3TUX Yncen paBHa 12. YYeHMKN onpeaensitoT, YTO OAHO U3 YpaBHEHUI UMeeT BMA X + Yy = 12. Mo gpyromy
YCNOBUIO YTPOEHHOE YMCO, 3agyMaHHoe Jlanol, Ha 1 6onblue yaBOEHHOro 4Yncna, 3agymaHHoro Camupom.
CnepoBaTtenbHO, BTOpOe ypaBHeHUe umeet Bmg, 3x — 2y = 1.
Cuctema ypaBHeHUI 3anucbiBaeTcA U pellaeTtca Atobbim cnocobom. Bbibop cnocoba npefocTaBafaeTcA YYEHUKY.
Y4YeHUK MOXKeT 06BACHUTb, KaKol cnocob oH BbIbpan 1 noyemy NPUMEHUA UMEHHO €ro.

x +y=12 2x + 2y =24 5x =25 x =5
{3x—2y - 1‘:’{ 3x—2y =1 {x+y - 12‘:’{3; =757
Mony4yeHHbIN OTBET NOACTABASAETCA B CUCTEMY YPAaBHEHUI U NPOBEPAETCA NPaBUIbHOCTb. {3 ?5+ ; ~=713RlR
Omeem. Yvcno, 3agymaHHoe Jlanoit, paBHo 5, a uncno, 3agymaHHoe Camupom, paBHo 7.
ObcymdeHue. CucTeMa YpaBHEHMUM, COCTaB/EHHAA MO YC/NOBUIO 334ayM, MOXKET ObiTb pelleHa M Apyrumu

cnocobamm. BbiCnywmnBaoTcA MHEHUA YYEHUKOB MO 3TOMY NOBOAY.

6. AHaNN3MpyeTCa ycnoBue 3a4a4un. BCNoOMMHAOTCA 3HAHMA YYEHUKOB O ABUXKEHWUN NOAKMU MO PEKE U CKOPOCTH.
PeweHue 3ada4u

CKOpPOCTb MOTOPHOM /I0AKM B cToAYei Bogde ob603HayaeTcs yepes X, a CKOPOCTb TeYEHUA PeKU — yepes y.
M3BeCTHO, UYTO NPU ABUNKEHWUM JIOAKM MO TeYEHUIO €€ CKOPOCTb B CTOAYEl BOAE YBe/MUMBAETCA Ha CKOPOCTb
TeYeHMA, TO eCTb CKOPOCTb JIOAKM NO TeYeHuto paBHa (X + y). Mpu ABUMKEHUU NPOTUB TEYEHNA CKOPOCTb NOAKM
YMEHbLLIAETCA Ha CKOPOCTb TeYEHUA, TO eCTb CKOPOCTb 10AKM NPOTUB TeYEHUA paBHa (X — Y).

X-y
-

M3BecTHO, 4YTO MOTOpPHaA

lofKa NpoxoAuT paccTtoaHue HanpasneHue CKopocTb Bpems (4ac) MNyTb (KMm)
80 KM no TeyeHuto 3a 4 vaca, (km/y4ac)

TOrfa eé CKOpPOCTb MO TEYEHUIO MpoTue Teuenns X -y 5 80
pasHa x +y = 80 : 4 = 20 Mo TeueHmio x+y 4 80

(km/uac). C apyroit cTopoHbI,
NOZIKa NPOXOAMT TO e paccTosHue obpaTHO 3a 5 Yacos, cneposatensHo, x —y = 80 : 5 = 16 (km/vac).
x +y=20 {2x=36 {x=18 )
{x—y =16 xX—y =16 y =2 — (18;2)

o o {18 +2=20
MonyyeHHbIN OTBET NOACTABASAETCA B CUCTEMY YPAaBHEHUI U NPOBEPAETCA NPaBUIbHOCTb. 18-2 =16
Omeem. CKOpOCTb MOTOPHOW NI0AKM B cTosUel Boge 18 KMm/4ac, a CKOpOCTb TeYeHUa pekn 2 Km/yac.

K cBegeHuto yuutens! Yacto yyeHUKM MNPUHUMAIOT peLUEeHME CUCTEMbI JIMHEMHbIX YPaBHEHUM C ABYMA
nepemeHHbIMW, COCTaBNIEHHOM NO YC0BUIO 334341, 33 OTBET 33/1a4u, He NpoBepss ero. OHW yNycKatoT U3 BUAy,
UTO OTBETOM SIBAIAIETCA TO/IbKO PELLeHUe, YA0BAETBOPAIOLLEE YCI0BMIO 334a4u. Mo3ToMy LenecoobpasHo, YTobbl
YYEHMKWN NPOBEPAN COOTBETCTBME MOJYYEHHOTO PELLEHUA YCNOBUIO 3a4a4M.

8. AHanusunpyeTca ycnosume 3agaun.

PeweHue 3adayu

Y4yeHMKam 3a4at0TcA BONPOCHI O CBOMCTBE BHYTPEHHMX OAHOCTOPOHHUX YI/10B NPU ABYX
napanfienbHbIX NPAMbIX U CEKyLlei, BbICAYLIMBAKOTCA OTBETbl, HAaNOMMHAETCA, YTO
CYMMa BHYTPEHHUX OAHOCTOPOHHWUX YraAoB paBHa 180°. BonblWMi M3 BHYTPEHHMUX
OAHOCTOPOHHMX Yr/10B 0603HaYaeTca Yepes a, MeHbWKN — Yepes b. Mo ycnosuto no cymme a + b 1 pasHoctm a -
b coctaBnatoTcA ABa ypaBHEHWUs.

Cymma BHYTPEHHUX O4HOCTOPOHHMX yraoB paBHa 180°, a ux pa3HOCTb NO ycnoButo pasHa 40°. Torga pewaerca

a+b=180°_ ;4. 709)

a—b =40°
o o {110° + 70° = 180°
Mony4eHHbI OTBET NOACTABAAETCA B CUCTEMY YPAaBHEHWUI U NPOBEPAETCA NPABU/IbHOCTb. 110° — 70° = 40°

NoNyYeHHas CUCTEMA IMHENHBIX YPaBHEHUI C ABYMSA NepeMeHHbIMMU: {
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Omeem. MeHbLUWNIA U3 BHYTPEHHUX O4HOCTOPOHHMX YIN0B MEXAY ABYMS NapasinefibHbIMM NPSAMbIMUM U CEKYLLEN
paBeH 70°.

K cBegeHuto yuutena! Mpu cocTaBneHUM CUCTEMbI YPAaBHEHUI MO YC0BUIO 3343a4M YYUTENb LOIKEH B TEUEHUU
HECKOJ/IbKUX MMHYT NOCPEeACTBOM BOMPOCOB M OTBETOB L06WUTLCA MOSHOMO aHANN3a 334a4m. YUUTEb HE JOMKEH
[aBaTb YUYEHMKY YpaBHEHWA CUCTEMbI B FOTOBOM BUAE, 0603HaUEHME NepeMeHHbIX M COCTaBAEHWE YpaBHEHUI
[AO/IKHbI BbINOAHATLCA YY4EHUMKOM. PekomeHayeTca He MCNoNb30BaTb BCEr4a OA4HW W Te XKe NnepemeHHble npu
COCTaB/NEHMM YPaBHEHUI. YUEHUK LOMKEH NOHMMATb, YTO CYLLLHOCTb PeLleHNA 3a4a4M He 3aBUCUT OT TOTO, KaKUMK
6yKBamu 0603HauYeHbl NnepemeHHble. TakXke LenecoobpasHo, YTobbl yHEHNKN OB BACHANM, UTO BbIPaXKaeT KaxKaoe
ypaBHeHWe CUCTEMbI, ¥ NPUBOAUAN PasMUYHble O6BACHEHUA U MOAXOAbI K OAHOM U TOM e 3ajave.

11. B 3agauye npeaycCMOTPEHO MCMONb30BaHWE NpPaBuaa HaxoXAeHWA npoLeHTa
yncna. Mo 3Toi NPUYUHE BO Bpemsa 0BCYKAEHUA C yYeHUKaMM NOBTOPAETCA NPaBuao
HaXOMAEeHUA NPOLEeHTa.

PeweHue 3ada4u

Macca A610K, cOb6paHHbIX C MepBoro caaa,

o603HauaeTcA yepes m, macca rpyw — yepes n. B Can Macca

Macca
Macca rpyw (Kr) yposKas

3TOM C/ly4ae Mo yC/I0BUIO Macca Ab10K, CObpaHHbIX A6N0K (Kr) (r)
CO BTOPOro caga, pasHa 1,1m, a macca rpyw — I 650
m n
1,2n. KaK noJsiy4YeHbl 3TU BbipaykeHus, obeyKaaeTcs
Il 1,1m 1,2n 740

C YYEHUKamMU.
Mo ycnosuto o06WMIA ypoxkKaW, cOBpaHHbIA C

nepBoro caga, coctasnset 650 Kr, a co BToporo caga — 740 Kr. CheoBaTenibHO, CUCTEMA JIMHEMHBIX YPaBHEHUI
m + n = 650
1,1m + 1,2n = 740°

C AByMA NepeMeHHbIMU UMeeT BMH{

{ m + n = 650 { n = 650—m {m=40° — (400; 250)

1,1m + 1,2n =740 11m + 12n = 7400 n =250
MonyYeHHbIV OTBET NOACTABAAETCA B CUCTEMY YPABHEHMUI U NpoBepAETCA NPaBUIbHOCTD.
{ 400 + 250 = 650

1,1-400+1,2 - 250 = 740

Omeem. C nepsoro caga cobpanu 400 Kr 560K 1 250 Kr rpywl, co BToporo caga — 440 Kr a6n0k 1 300 Kr rpyLu.

13. BcnomMWHaloTCA 3HAHUA YYEHUKOB O CKOPOCTU JIOAKM NPOTMB TEYEHUA U MO TeyeHuto pekun. ObcyxaaroTca
NOHATUA COBCTBEHHOM CKOPOCTM I0AKM UKW CKOPOCTU B CTOAYEN BOZE.

PeweHue 3a0a4u

CKOpOCTb /I0AKKN B cTOAYEN Boge 0603HayYaeTcA Yepes x, CKOPOCTb TeYeHUA pekn — yepes y. Toraa CKopocTb
NPOTMB TeYeHUA paBHa (x — ), a CKOPOCTb NO TeYEeHUIo paBHa (x + y). Mo nepBbIM AaHHbIM N0AKA ABUMKETCA 2
yaca npotmB TeyeHua M 1 yac no

MNyTb NnpoTuBe MNyTb no Obwuit NyTb
TeyeHuto. B 3sTom cnyyvae nyThb,
. . 33 2 TeYEHUs (KM) | TeuyeHuto (Km) (km)
NPOMAEHHbIV N0A4KOM 3a 2 Yaca NpoTuB
POUA A P | cnyyan 2(x —y) x+y 20
TeyeHwus, paBeH 2(x — y) Km, a nyTb, —
Il cnyyan X =y x+y 14

NPONAEHHbIN 3a 1 4Yac No TeyeHuto,

paseH (x + y) Km. Mo BTOPbIM AaHHbIM

NyTb NPOTWB TEYEHUA PaBeH (x — ) KM, a NyTb No TeyeHunto — (x + y) Km. Ecam B nepBom ciyvae noaka npoxoaut

20 Km, a BO BTOpOM — 14 Km, TO B COOTBETCTBMM C YC/IOBUEM COCTABAAETCA U PELUAeTCa CUCTEMA JIMHEMHbIX

YpPaBHEHWI C ABYMSA NepemMeHHbIMU.

{2(x—y)+(x+y)=20 {3x—y:20®{y=1
x+y)+(x-y) =14 2x = 14 =7

MonyyeHHbIN OTBET NOACTABASAETCA B CUCTEMY YPAaBHEHUI U NPOBEPAETCA NPaBUIbHOCTb.

2(7-1D)+(7+1)=20R
{ (7+1)+(7-1)=14R
Omeem. CKOpPOCTb 10AKM MO TeYeHMIo paBHa 8 Km/Jac.

—(7;1)

K cBegenuto yuutena! Mpu aHanuze ycnoBuA 3a4a4v YYEHUKU WCMbITbIBAIOT TPYAHOCTM MpU onpeaeneHuun
M3BECTHOr0 M HEW3BECTHOro. MHoraa ofHy U Ty Ke Be/IMUMHY BbIPaXKaloT ABYMA PasHbIMU NepemMeHHbIMM,
MyTaloT, K KaKoW NepemeHHON OTHOCATCA AaHHble Yncaa. HeKoTopble YYEHUKU NPU HAIMUYUU [BYX HEU3BECTHbIX
COCTaBAAT TO/bKO OAHO YpaBHEHWE, HE YYUTbIBaA BTOPOE ypaBHeHMe uau ycnosue. OAHUM U3 OLIMBOYHbBIX
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npeacTasieHnit Npu COCTaBAEHUWM CUCTEMbI YPABHEHMI MO YC/OBMIO 33434 ABASETCA TO, YTO YYEHWUKU He
NPMBOAAT eAMHMLbI U3MEPEHUA K OAMHaKoBOMY Buay. Mpu aHanuse 3agaun uenecoobpasHo TpebosaTb OT
YUYEHUKOB NpeACTaBAeHUA AaHHbIX U Tpebyemoro Ha pUCyHKe, B Tabauue nam cxeme.

14. AHanu3npyeTcAa ycnoBue 3agayn.
PeweHue 3ada4u

BcnomumHaeTca 3anmMcb ABY3HAYHOrO YMCNA B BUAE CYMMbl PaspsagHbIX cnaraembix. Ecam agysHauHoe 4mcio
3anu1caHo Kak ab , To obpaluaeTcs BHUMaHWe Ha 3anuch ab = 10a+b. 3aech a o603HauaeT UMbpy AeCATKOB, a b
— undpy eanuuu,. Mo ycnosuio a + b = 9 ABNAETCA OAHUM U3 ypaBHEHUIN cucTembl. C APYrol CTOPOHbI, eCau
no/syyeHHoe NPU NepecTaHoBKe UMbP ABY3HAYHOe Yucno ba Ha 45 eauHUL, MeHblue yucna ab, To BTopoe
ypaBHeHWe cucTeMbl UMeeT Bug ab —ba = 45. C yuEToM pasnosKeHuA ABY3HAUYHbIX YUCEN BTOPOE ypaBHEHUe
3anucbiBaeTcs Kak 9a — 9b = 45.

a+b=9

9a —9p = 45 732

CocTaBnAeTca M pelaeTcs CUCTEMA YPaBHEHUIA, COOTBETCTBYIOLLLAA YCI0BMIO 3a4a4u. {

Omeem. [NepBOHAYaNbHOE YNCNO PABHO 72.

15. Ycnosue gaHHOM 3a4a4m aHaAM3NPYETCA COBMECTHO C YYEHUKaMMU.

lpuenevyeHue

MNonesHo nmocTpouTb MoOAesnb, COOTBETCTBYHOLLYHO YCAOBMO. [JanHa 1 ] || | [ || |

MeHbLUMX YacTell 0bo3HavaeTcs yepes X, A/IMHa BoAbLUMX YacTeld — -’--l 5 | ]

yepesy.

PeweHue 3ada4u

Mo ycnoButo 3anMmMCbIBAETCA M PeELIAeTCA CUCTEMA JIMHEWMHbIX YPAaBHEHUI C ABYMA NepeMeHHbIMWU. B ycnosum

334344 ANMHA OOCKM AaHa paBHOM 1 meTpy. YueHuKu, 3anmncas 1 m = 100 cm, MOTYT COCTaBUTb CUCTEMY YPaBHEHWIA
2x +4y =100

B BuAe {4x +3y =100

Omeem. NnHa ogHoW 6onbLon YacTu paBHa 20 cm.

B Knaccax c TeXHMYECKMMM BO3MOXKHOCTAMM MOKHO MUCMO/b30BaTb BUAEO MaTepumansl:

https://video.edu.az/video/5691 https.//video.edu.az/video/16254

20. YcnoBue gaHHOM 3adaum obeykaaetca ¢ ydeHuKamu. O6bacHseTca cHaTue 1 6anna 3a 4 HenpaBW/bHbIX

OTBETa M aHa/IM3UPYETCA, KaK B 3TOM C/ly4ae COCTaBAAETCA ypaBHeHMe. Y1Ccno NpaBu/bHbIX 0TBETOB 0603HavaeTcs

yepes x, YACN0 HeNnpaBuIbHbIX OTBETOB — Yepes ).

3a Kaxabl NpaBuUbHbIN 0TBET— + 1 6ann  3a 4 HenpaBW/IbHbIX 0TBeTa — — 1 6ann, To ecTb 3a 1 HenpaBUAbHbIN

otBeT — — 0,25 6ann.

. Yucno Yucno
Yucno HabpaHHbI
NUma NPaBWJIbHbIX | HENpPaBWbHbI | ypaBHeHMe Il ypaBHeHue
BOMpPOCOB 6ann
OTBETOB X OTBETOB
AHap 20 17,5 X y x+y=20 | x-0,25y=175
Camup 21 16 X y x+y=21 x — 0,25y = 16

e Ecnu AHap otBeTun Bcero Ha 20 BONpocoB, NepsBoe ypaBHeHWe cuctembl byaet x + y = 20. U3BecTHO, 4To AHap

6pan 17,5 6 0,25y = 17,5. T 6 {x+y:20
Habpan , anna, cnegosatesibHO, MOXHO 3anNNCaTb X , y = ,2. 1aKUMm 00pa3om, x — 0'25}] — 17‘5 -

(18; 2).

e Ecnm Camup oTBeTUA Ha 21 Bonpoc, nepBoe ypaBHeHWe cuctembl byaeTx + y=21. U3BecTHO, 4to Camunp Habpan
x+y=21

16 6annos, cnepgoBaTeNlbHO, MOXKHO 3anucaTb x — 0,25y = 16. Takum obpasom, {x _ 2)]253/ _ 163 (17; 4).

MOXHO CcOCTaBUTb TabNLLY B COOTBETCTBMM C YCIOBUEM 334a4M.

Omeem. AHap npaBW/bHO OTBETUA Ha 18 BompocoB W gan 6o/blle NPaBUAbHbIX OTBETOB MO CPABHEHUIO C
Camunpom.

21. Kybounabl A n B cocTaBneHbl U3 OAMHAKOBbIX NO Pa3Mepy CUHUX U XKENTbIX MaleHbKUX KybUKoB. Ha pucyHke
n306pakéH Bua Kybonaos ceepxy. Macca ogHOro cuHero Kybunka obo3HayaeTcsa yepes x, Macca 04HOro XEnToro
KybuKa — uyepes y. Ha ocHOBe AaHHbIX, NPeACTaBAEHHbIX Ha PUCYHKE, COCTaBAAETCA M PeLlaeTca cucTema
NIMHEeNHbIX YpaBHEHUI C A[BYMA NepemMeHHbIMW tobbiM  cnocobom. MOXKHO MpeacTaBUTb  MOAEND,
COOTBETCTBYIOLLYIO YCNOBUIO.
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[TT1] ' I 2
| 12 R [ 9 x| 12x + 4y = 2200
e - - o {9 ey — 5950 =>1150; 100).
o) 4B HHH) 16 xT oy =

4 2200 5 2950

Omeem. acca ogHOro cuHero Kybuka pasHa 150 rpamm.
dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnBaHus Marepuanbl oL,eHMBaHUA
CocTaBAAeT CUCTEMY IMHEWMHDBIX YPAaBHEHUI C ABYMSA NepemeHHbIMU B | Paboume nunctol, yuebHUK, PT
COOTBETCTBUU C YC/IOBMEM 3a4a4N.
PelaeT cucteMy AMHENHbIX YpaBHEHWUI C ABYMA NepeMeHHbIMM Paboune nnctbl, y4ebHUK, PT
pa3nnyHbIMK cnocobamm B COOTBETCTBMM C YCIOBUEM 3aJa4M.
MpoBepseT NPaBUIbHOCTb PELLIEHUA CUCTEMbI IMHENHbIX YpaBHEHWUN, | Pabouune nuctbl, yiebHuk, PT
COCTaB/EHHOW MO YC0BMIO 33a4N.

TEMA 8.6. YpaBHeHUA ¢ moaynem

NMNOACTAHAOAPTDI 7-2.2.2. PewaeT NpocTble ypaBHEHMA C MOAYNEM.

e PelaeT NpocTble ypaBHEHUA C MOAYNEM.

LE/IN OBYYEHMA
* Pewaet 3agauun, COCTaBAAA ypaBHEHNE C MOLY/IEM.

NPUHAONEXKHOCTU Paboune nnCTbl, KAPTOUKK,CTUKEPDI
M3yueHwue: https.//video.edu.az/video/12136

223;:::"-' HBIE https://www.youtube.com/watch ?v=fce-XL3qGXE
3apaHue: https://www.geogebra.org/m/kpnDNRTK
No6yxxaeHue

UccneaytoTca KOOpAMHaTbl TOYEK, HAXOOALLMXCA HA KOOPAMHATHON OCU Ha OAMHAKOBOM PacCTOAHUKM OT Havana
KoopanHaT. lMoBTOPAETCA MOHATUE W OnpeAeneHue MOALYNA 4YMcAa. BbicnylinMBatoTCA MHeHWMA ydyeHuKoB. K
yyeHMKam obpaluatoTcsa ¢ Bonpocom: «Kakaa cBA3b CyLLecTBYET MeXay KOOpAMHAaTaMM TOYEK, PacnoNOXKEHHbIX
Ha O4MHAKOBOM PACCTOAHUM OT KAKON-TMB0 TOUYKM Ha KOOPAMHATHOM OCU?» YepTUTcAa KoopanHaTHas ocb. OTBeT
Ha BOMNpOC AaéTcA C AeMOHCTpaUMel COOTBETCTBYIOLMX TOYEK.

WccneposaHuezobcymaeHne

BHMMaHMe y4eHNKOoB 0bpallaeTcs Ha NPeACTaBAEHHYIO0 B UCCIeA0BaHUN CUTYaALMIO.

a4 BB s ¢
-9-8-7-6-5-4-3-2-10 1 2 3 456 78 910111213
 4km  4km
* EC/M NPUHATb, YTO MONOXeHWe aBTobyca COOTBETCTBYET Hauyaly KOOPAMHAT, TO COBMECTHO C y4eHWKamu
onpeaenseTcs, Kakoe PaBeHCTBO BEPHO ANA KOOPAMHAT OCTaHOBOK A v B: |a| = 4.
e PaccmaTpuBaeTca Cyuaii, KOrAa OCTaHOBKa B HaxoAWTCA Ha OAMHAKOBOM PaccTOAHWM OT OCTaHOBOK A u C,
MCCNefyeTCA, KaKoe PaBEHCTBO BEPHO A/17 KOOPAMHAT OCTaHoBOK A 1 C: |a - 4| = 8.

m YpaBHeHUA ¢ mogy/iem

[aéTcs onpeaeneHve ypaBHEHMS C MOAY/eM, NPUBOAATCA NPUMEPbI. YUeHMKam npegocTasanerca nHbopmaumn
0 cnocobax pelleHus ypaBHeHu c mogynem. C MCMNo/ib3oBaHMEM W306pParKeHMs Ha 4YUCIOBOM OCU U
onpeAeneHna MOAYNA PACcCMaTPMBAIOTCA pasAnyHble Npumepbl, OBCYKAAKTCA CNocobbl WX peLleHus.
BbICNYLUMBAOTCA MHEHUA YYEHUKOB O TOM, KaKoW cnocob pelueHnn apnsetca Hambonee ya06HbIM.

0

Bce Tpu ciyyas, npeacTaBAeHHble Mo 3aro0BKOM «3anomHm», obeyxaatoTca. Kasaplin cnydain ob6bacHaeTca Ha
npumepax.
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YpaBHeHue c>0 c=0 c<0
lax+b|=c Monyuatotca ABa | Nonyyaetcs OfHO | YpaBHeHWE He umeeT
JNINHEWHbIX ypaBHEHUA. JNIMHEHOE ypaBHEHWE. | KOPHEN.
ax+b=cwnax+b=— ax+b=0
MNpumep [2x+5|=7 |-x+4|=0 [0,5x-1] =-3
2x+5=7n2x+5=-7 —x+4=0
x=1lunx=-6 x=4

2. CuTyaumm, Npeacras/ieHHble Ha PUCYHKe, 06CYKAAK0TCA C yHeHMKaMM. B KaxA0M NyHKTe No A4aHHOW YMCNoBOW
OCU OnpeaenseTca COOTBETCTBYIOLLEE YMCIO ANA NyCToM KneTku. ObpalwaeTcs BHMMaHME YYEHWMKOB Ha
PacnofioKeHWe 4Yucen, HaxoAAWMXCA Ha OAMHAKOBOM PACCTOAHWM OT Hayana KoopauHaT. CBA3b mexay
NOHATUAMMU MOAYNA U PACCTOAHWA HArNAAHO OBBACHAETCA Ha YUCIOBOM OCH.

2 eAuHULbI 4 eanHMUbI 4 eauHULDI 3 eAUHULDI 3 eAUHULbI
o MG deen oy s tewey g g wen
e e — 4> :e:*.t‘lél-;
-3 -2-1% 255 -5 -4 -3-2 < ; 2 3 -3-2-10 ’T\ZA 405
bl = b+ 1] = 4] -l =13
T
TOUKM, PaCrONOKEHHbIE HA TOYKM, PpacnoNoXKeHHble Ha O4KM, paCﬂO;OMEHHbIe Hf
pacctoaHuun 4 eamHn, ot -1 paccTosHuu 3 eguHUL, OT

paccrtoaHun 2 eanHuy, ot 0.

3. Mpw peweHnn 3aAaHnA YYEHUKN OO/IKHbI YUNTBIBATL C/IyYaun, KOrga MoAy/b YNCAA PAaBEH MONOKUTEIbHOMY
4YUCAY, HYNIIO UM OTPULLATENIBHOMY YNC/TY, @ TaKKe COOTBETCTBYIOLLME peLIeHM .

h) |§ — 1| =9.3aecb moaynb paBeH NONAOKUTENLHOMY YMCAY, CIeA0BaTeIbHO, YPaBHEHWE 3aNM1CbIBAETCA B BUAE
[OBYX IMHENHbIX YpaBHEHWUI 1 peluaeTca: E —1=9—>x=20u E —1=-9—>x=-16.

4. TIOCKO/IbKY B MNpPaBOW 4acCTW ypaBHeEHMUA
CTOUT  OTpUUATENbHOE  YUCNO, YYEHUKM
W3Ha4YaNbHO MOTyT MNOCYMTATb CyXKAEHWe
Nanbl npasunbHbiM. OpHako obpaluaeTcs
BHMMaHME Ha TO, 4YTO B JIEBOW YacTu
YypaBHEHWMA 3anMcaHa pa3HOCTb MOAYNA BbIpaXKeHMA 1 uncaa 2. Yucno -2 nepeHocmTcA B NPaByto YacTb YpaBHEHWA,
M MOZyNb CTAHOBMTCA paBHbIM 1. ITO ypaBHeHMEe MMeeT ABa KopHsA: |[x —1| =1—-x=2ux=0.

Jlo}KHble npeacTaBneHus, BO3HUKAIOWME Y YUYEHUKOB. VIHOrAa YYEHUKN NPU PELLEHUM YPABHEHUM C MOAYEM
AONYCKAoT Pas/iMyHble OWNOKKN. YUeHUKaM PeKOMEHAYETCA NOPYYaTb NPOBEPKY NPABUIbHOCTM PELLUEHNA NYTEM
NOACTAaHOBKM MOJIYYEHHOrO OTBETA B ypaBHEHWe. 3Tan MNPOBEPKM NPU peLueHUn ypaBHEHWIN Mo3BonseT
CcBOEBPEMEHHO OOHaPYKMBaTb U YCTPAHATb OLUINMOKM.

lMockoneky npasas yacme
YpaeHeHus — ompuyamens-
HOe 4ucao, Mo 3mo ypasHe-
Hue He umeem kopHed.

JIo3HO [x—3]=-9 |x+3]=2 |x+1,2] =04
x—3=-9 x+3=2 x+1,2=0
x=—6 x=-1 x=-1,2
BepHo x-3]=-9 [x+3]=2 |x+1,2] =04
Hem pewenus. x+3=2unx+3=-2 x+12=04unx+12=-04
x==1nx=-5 x=-08ux=-16

6. YcTaHaBNMBAETCA CBA3b MeXKAY AAaHHbIMU YPABHEHUAMM U YCNOBUAMMU. N306pasmnB peLIeHNs 3TUX YpaBHEHWUN
Ha YMCNOBOM OCH, YYEHMKM MOTYT NONYYUTL pe3ynbTaT B 6onee HarnagHo popme. Bo BTOpom 3aaHNM YUEHUKM
Y)Ke aHaNU3MPOBANM CBA3b MeXAY CBODOAHLIM YMC/IOM BHYTPU MOAYA M YUCAOM B NPABOM YacTU ypaBHEHMUS.
Karkpoe ypaBHeHWE aHaNU3UpyeTca No TOMy Xe NpasBuay, Nocae Yero onpesensatoTca OTBEThI.

a) KopHKM HaxopATcA Ha paccTOAHMM 5 eauHUL, OT Hayana KoopauHar. |x| =5.
6) KopHM HaxoaATcA Ha PacCTOAHUM 5 eANHUL, OT Yncna -2. |x + 2| =5.

B) KOpHU HAaxo4ATCA Ha PacCTOAHUN 5 eanHUL, OT Yncna 2. |x - 2| =5.

8. AHanunsunpyeTtca ycnosue 3agaum.

PeweHue 3ada4u

e KaTep 3a t yacos npoxoauT pacctoaHue 20f KMm. B aTom cnyyae yepes t yacos
paccToAHUE MeXay MasKoMm U KaTepom byaeT pasHo |20z - 70| Km.

e CKaszaHo, 4YTO Yepes t YacoB KaTep HaXoAMUTCA HA PACCTOAHUM 5 KM OT MasKa.
B 3TOM cnyyae KaTep MOXKET HAXOAUTLCA CO CTOPOHbI MOPTa UM B MPOTUBOMNON0XKHOM CTOPOHe. Toraa paccTofHune
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MOXeT 6bITb paBHO (70 — 5) KM naum (70 + 5) Km. CnefoBaTeNbHO, KaTep OCTaHOBMACA HA PAcCTOAHUU 65 Km —
6aunxkaiwem K nopTy, Uam 75 Km — Hanbonee yaanéHHom.

¢ [laHHOE NOJIoXKEeHMe KaTepa BblpaxkaeTtca ypasHeHnem |20t — 70| = 5.

ObcyrdeHue. BbicnylLIMBAOTCA MHEHMA YYEHUKOB, PELUMBLLMX 33434y Pa3MYHbIMKU criocobamu.

AugppepeHyuposaHHoe obyyeHue

Moddepxcka. YyeHWKam NpeanaraloTcs 3a4aHusA, BbINOJAHEHWE KOTOPbIX NOMOraeT MOHATb CMbICA MOAYAA U
NPUYMHY BO3HMKHOBEHWA AOBYX c/ayyaeB. Lenbto aABnsetcs ¢GopMMpoBaHME Yy  YYEHUKOB HaBbIKOB
CaMOCTOATENIbHOTO pelleHusa NPOCTbIX YpaBHEHUN Buaa |ax + b| = c.

PewwuTe ypaBHeHua: 1) |x| =5, 2) |x—-7|=9, 3)|2x+1|=-6, 4)|x+1|=0.

YenybneHue. BaxkHo GOpPMMPOBaTL Y YYEHUKOB Pas/iyHble NOAXOAbl K PELEHNIO YPaBHEHMI C MOAYNEM, B TOM
yncie HaBblKM MUCCNeAO0BaHWUA B 3aBMCMMOCTM OT 3HaveHMsa napameTtpa. C 3TON Uefblo MOXKHO MPeanoMuTb
cneaytolme 3aaHuUs:

MpW KaKMX 3HaYEHUAX M ypaBHeHUE |x — 3| = m uMmeeT: a) ogHO pelleHune, 6) ABa pPeELIEHMA, B) HE UMEET peLLeHmA?
dopmaTuBHOE OL,eHUBaHUe

Kputepuu oueHnsaHmsa Marepuanbl oLLleHMBaHUA
MpUMEHAET NOHATUA MOAYNA U PACCTOAHUA NPU PeLLIEHUN YPABHEHUIA, Paboune nncTbl, yuebHuK, PT
PewaeT npocTble ypaBHEHWNA C moayEM. Paboune nnctobl, yuebHuK, PT

CoctaBnsaeT ypaBHeHUE C MOAyieM B COOTBETCTBUM C YCIOBMEM 33a4a4M Pabouwne nnctol, y‘-lesHMK, PT
M pelwaeT 3agady.

TEMA 8.7. HepaBeHcTBa

7-2.2.5. OnpenenseT pauMoHaibHble 3HAYEHUA NEePEeMEHHOM, yA0BETBOPAtOLME

NOACTAHAOAPThHI
NPOCTOMY HEPaBEHCTBY.

¢ PellaeT NnpocTbie HeEPaBEHCTBA.
LLE/IU OBYYEHUA * /306parkaeT pelleHne HepaBeHCTBa Ha YNCI0BOM NPAMON.
e CocTaBNAeT U peLlaeT HePaBEHCTBO B COOTBETCTBMM C YC/IOBUEM 3a[,a4M.

NPUHAONEXHOCTU Paboume NUCTbI, KAPTOYKU,CTUKEPDI
U3yueHwne: https://www.geogebra.org/m/SdubJSbh#material/Huq24Spq

zgggngHblE 3apaHue: https://www.geogebra.org/m/ns2xr6na
https://www.geogebra.org/m/SdubJSbh#material/qWKKhnvU
MNo6yxxaeHune

Yuntenb obpallaeTca K yHeHMKam C BONpPocamu:

«Y AHapa [0NKHO 6bITb He meHee 10 MaHaTOB, YTOObI OH CMOT KYMNWUTb BbIOPAHHYO KHUTY.»

«ABUTYpPUEHT MOXeT HabpaTb makcumym 700 6ann10B Ha BbINMYCKHOM M BCTYNUTE/IbHOM 3K3aMeHax. »

KaK MOXHO 3anucaTb 3TV NPea/IoKeHUA C MOMOLLbIO MaTEMATUYECKUX CUMBO/IOB?

Mcnonb3ys Kaxpoe M3 HanMCaHHbIX HEPaBEHCTB, AAOTCA OTBETbl HA BOMPOCHI, COOTBETCTBYHOLME KaXKAOW
cUTyaLmu.

«CMOKeT 1 AHap KynuTb KHUTY, ecnn y Hero byaeT 10 maHaToB, 12 maHaToB, 8 MaHaTOB?»

«MoKeT n abuTypueHT Habpatb 450, 700, 725 6annos?»

UccneposaHuezobcymaeHue

Macca puca Ha Becax 0603HauaeTcA 4epes X, 3anuCblBaeTCcA COOTBETCTBYOLLEe
HepaseHcTBO: X + 0,5>1,5. el |
* Ecnv c obenx Yaw Becos ybpaTb N0 OAHOMY rpy3y, 3TO 03HauaeT, 4To 13 obenx yacTen i~
HepaBeHcTBa BbluuTaetca 0,5. B 3Tom cnyyae nosyyaem HepaBeHCTBO x > 1. YUeHUKM xfTS—;;fS
[AO/KHbI YMeTb 0OBACHWTbL, YTO NpPU CHATMKM C 0benx Yaw BeCcOB rpy30B OAMHAKOBOW n

MacCbl MOMIOMKEHNE BECOB He M3MeHsaeTcA. 34ecb NOoAYEPKMBAETCA, YTO macca puca
6onblue 1 Kr.

* Ha ocHOBaHMM NONY4EHHOro HepaBeHCTBA X > 1 yYEHMKM ONpeaenatoT, YTo macca puca
He MmoxKeT bbITb 0,5 Kr, 0,75 Kr, HO MmoKeT bbiTb 1,2 Kr, 2 Kr, 2,5 Kr. OTBeTbl 06bACHAIOTCA.

—
Ioitivis
| {
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m PeweHue HepaBeHCcTB

Y4yeHWKam HanoMWHAIOTCA NPOCTble HEPABEHCTBA X > a, x < a4, X 2 a, x < a. ObpallaeTca BHUMaHUE Ha TO, YTO
noA pelleHnem HepaBeHCTBA MOHMMAETCA MHOMECTBO BCEX YMCe, YA0BAETBOPAOWMNX AaHHOMY HEepaBeHCTBY.
Mpumepbl, npueeaéHHble B Yy4yebHuKe, x<3 H1icno 3,1 He OTHOCATCA K peuieHwio.
n306pa)kaloTcA Ha YMCNOBOM npamon n ' Tt i P B

obcykpatotca. HarnsgHo noKasbiBaeTcs,

KaK n3obparkaeTca NPMHAANEKHOCTb UM HEMPUHALIEKHOCTb YAC/IA @ MHOMKECTBY PeLleHuiA.

B K/M1accax ¢ TeXHUYECKMMM BO3MOMKHOCTAMM MOXKHO MCMO/b30BaTb MHTEPAKTUBHYIO AEATENbHOCTD!
https://www.geogebra.org/m/bYGED3dY https://www.geogebra.org/m/SdubJSbh#material/zsvhxxjh

@.

PeweHna HepaseHcTBa X = -0,9 wnccnegyrotcAa yYyeHUKamu U —0,9

n306pakaloTcA Ha YMCNOBOM MpAMOMN. OTMeYatoTcA HECKONbKO -1 0 1
NPUMEPOB, BXOAALLMX B MHOMECTBO pelleHui. Ob6cyxKpaetca,

NPUHAZNEXNUT M Yyncno —0,9 MHOXKECTBY peLleHuA.

v

2. B 3TOM 33paHuUM y4eHUKN a) x<-—4,5 b) x>=—-15 9 x>-15 d) y<—15
3anuncbIBatoT CUMBOMAMM  ~<EHHHEHHHS I HHeH > —H —— e
HEepaBEeHCTBa, pelweHun -6 -5 -4 -2 -1 0 -2 -1 0 -3 -2 -1

KOTOpPbIX n306pakeHbl Ha YMcnoBOM Npsimoi. Kaxaas 3annce o6bsacHAETCA y4EHUKAMMU.
5. PeweHne HepaBeHCTBa M306parkaeTcA Ha YMC/AOBOW MPAMON, U Cpeam 3TUX PEeLUeHUA HaXxoaMuTCAa 4YuCno,
YA0BNETBOPAIOLLEE YCNOBUIO.

B) x < 5,2 <! ' ——> r)x<0,4 <= ] o>

-7 -6 -5 -1 0 oo
Cpeau uenbix Yucen, MeHbLnx 5,2, Cpepau uenbix yncen, meHblimnx 0, 4, HanbonbLINM
HanboNbLIMM LieabiM YNCNOoM ABAAETCA —6. uenbim yncnom asnsaetca 0.

6. OnpegenaeTca MHOXECTBO DELUEHMVI AaHHbIX HEPABEHCTB U Cpean HMX HaxXxoaUTCA HauMeHbLLee uenoe 4Yncno.

B) x>3,7 f Ot} —> rNxz-1,6 f i —
3 37 4 5 2 -6 | -1 0
Cpeau uenbix umcen, 6onblumx 3,7, HAUMEHbLIUM Cpeam uenbix uncen, 6oabwmx —1,6, HAUMEHbLLMM
Lenbim Yyncaom asnaetca 4. uenbim ynciaom asnaertca —1.
NoxKHble npepcraBAeHus,

BO3HMKaOLWMe y YYEHUKOB. (a) HailauTe HaumeHbLUee Lenoe peleHune, yaoBneTsopsaioLLee
HaxoxpeHue Haubosblwero WM HepaseHCTBY X = -1,

HaumeHblIero  uenoro  uyucna, 6) Haigute Hanbonbluee Lenoe pelweHune, yaosneTsopsiolLee
YAOBNETBOPAIOLLErO HEpPaBeHCTBY, [HepaBeHCTBY X< 9.

MHOrd@ MOHMMAeTCA  YYeHUKamMu a)xz-1 b | >
HeBepHO. TaK, YYEHWKU OWWUBOYHO JloxkHo Omeem. -2 -1 0 1
NPUHWUMAIOT 3a OTBET LIeSI0e YMCNO, b)x<9 < | >
6osbllee WU MeHbllee uYucna, Omeem. 10 7 8 9
CTOALLEro B NPaBoOW YacTW NPOCTOro BepHo a)x2-1  Omeem.-1 b)x< 9 Omeem.8

HepaBeHCTBA, OPUEHTUPYACH TOIbKO
Ha BbIpaXXeHWA «Haubosbllee» WAM «HauMeHbliee». A yCTpaHeHMA TaKuMx OWMBOK nonesHo usobparkatb
pelleHne Ha YUCNOBOW NPAMOMN.

m PaBHOCU/IbHbIE HEPABEHCTBA

YYeHWKM 3HaKOMbl C TMOHATUEM PABHOCWUABLHOCTM M3 Tembl ypaBHEHWH. WX 3HaHWMA O PaBHOCWUNLHOCTU
aKTyaNu3npyoTcs. PaccmaTpuBatoTca Npumepbl NpUbaBAEHUS N BbIYUTAHUSA OLHOTO M TOTO e Yncna K 0beum
YacTAM HepaBEHCTBA, OTMEYAETCsA, YTO MPU 3TOM MOJYYalTCA PAaBHOCU/IbHble HepaBeHCTBA. Ob6cyxkpaeTca
npumep, NPMBEAEHHDIN B y4ebHUKe.

x+226 x+226 = X+ 2=276-2 — xz4
x+2-226-2

x24
¥ { ¥ Yrcno 4 NpUHAANERWT PEWEHAK x+2z26 wam xzd
4 0 1 2 3 4 5 & 1 8 9
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MyTém Kn300paXKeHUs Ha YMUCNOBOW MPAMON HA npumepax o0bbACHAeTCA, YTo uucno 4 M BCce 4ucha,
PACcnosIOXKeHHbIe NpaBee YMcna 4, ABAAKTCA PELUEHNAMN HEPABEHCTB X +2 26 nan x 2 4.,

=

Ha oOCHOBaHMM CBOMCTBA PaBHOCW/IBHOCTM, NPUBEAEHHOrO B pasfdene W3ydyeHUe, YYEHUKM 3anucbiBaloT
HepaBEeHCTBO, PaBHOCU/bHOE HepaBeHCTBY X — 2 < —1. [InA npusefeHNA .} ; ¢
[AHHOTO HEpaBEHCTBA K MPOCTOMY BMAY K 06enm yactam npubasnsetcs 2 -1 0 1
nosyyYaeTcs paBHOCU/IbHOE eMy HepaBeHCTBO X < 1. MHOKeCTBO pelleHui

AAHHOro HepaBeHCTBa HAarnA4HO M306pa)K38TCﬂ Ha Yncnosomn I'IpﬂMOVI.

3
>

K cBepeHuto yuntena! YYeHVMKM MHOrAa MOTYT He MOHUMATb, NOYEMYy [JaHHOE HEePaBEHCTBO MPUBOAMUTCA K
PaBHOCU/IBHOMY HEPABEHCTBY. YUnTe b flO/IKEH OBBACHUTL YYeHWKaMm, YTo Npeobpa3oBaHMe HEPABEHCTBa BUAA
Xx—2 £-1 n3anucb ero B 60/1ee NPOCTOM BUAE NO3BONAIOT yA06HEE ONpeaenTb MHOXECTBO PeLIeH.

8. B 3TOM 33faHUKM faHHble HepaBeHCTBA 3aMEHAIOTCA PABHOCU/IbHbIMW HepaBEeHCTBaMM U COOTHOCATCA C
n306parKeHNAMM Ha YNCIOBOM NPAMOIA.

c) x—2>-54 d) x—2<-54
<—|-|-|-|-H+|-|-|-|+H-|-H—H-|—|+++» —|-|-|+H-|+H+I-I-H-H-I-I+H-I-I-> —HI-I-I-O-|+H+I-I-H+I-I-HH-> <—0-|+H+-|-|-|-H+|-m+|-|-|+»
-4 -3 -2
xg—3,4 x=-3,4 x>—3,4 x<—3,4

12. 3a 5 MMHYT 0 NPUBLITMA Noe3aa Ha CTaHLMIO MO PacNUCcaHUo 06bABAAETCA, YTO
OH 33Jep’KUTCA, OAHAKO HEW3BECTHO, Ha CKOMIbKO MWMHYT. MO ycnoBUio 33afayun 310
Bpems (x) B Ntobom cayyae f0MKHO HbiTb 6oNbLIE 5 MUHYT.

e COOTBETCTBYIOLLEE YCIOBUIO HEPABEHCTBO UMEET Bug, x > 5.

e O60CHOBbIBAETCSA, YTO BEPHbIM AB/AETCA BTOPOE ¥ OV Pe PR
n306parkKeHne Ha YNCI0BOKN NPAMON. 3 4 5 6 78

13. AHanusupyeTca ycnosme 3a4aun.

PeweHue 3a0a4u

Macca rpysa, nomeLaemoro B YemoaaH, obosHavaeTcs yepes x. Toraa macca 3ano/IHEHHOro YeMoaHa paBHa x + 1,5.
YuuTbiBaeTcs ycnoBue aBnabuneta o Tom, YTo macca 6ararka He 40/XKHa npesbiwaTb 23 Kr. Mo ycnosuo macca
3aMNO/IHEHHOTO YeMOAAHa HE MOKET NPeBbIWaTh 23 Kr.

CnepoBaTtesibHO, HEObX0AMMO pPewwnTb HepaBeHcTBo x + 1,5 < 23.

a)x+15<23 5x<215.

6) Mo MHOXeCTBY peLLeHnin 4aHHOTo HePaBEHCTBA ONpeaenseTcs, YTo Macca rpysa B YemMoaHe MOoXKeT 6biTb 19,5
Kr, 22 Kr, @ 25 Kr He BXO4MUT B MHOYECTBO PeLUeHUN.

c) Hambonbliee yncno, BXxoasLlee B MHOXECTBO pPeLleHnit AaHHOro HepaBeHcTBa, paBHo 21,5. ChegoBaTtenbHO,
Mmacca rpysa, nomelLaemoro B YemoaH, MOXeT bbITb He 6bonee 21,5 Kr.

14. Ha ocHoBaHuMM pJaHHbIX TpebyeTca onpenenvTb COOTBETCTBYIOLLEE HEPaBEHCTBO WM HAWTW, KaKoM
MaKCMMabHOM Morna 6bITb NepBOHaYaAbHaA TeMnepaTypa NULU.

lMpusneyeHue

Obcykpaetcs TemnepaTtypa MOPO3UALHON Kamepbl XONOAMAbHUKA WM MPUYMHBI, MO KOTOPbIM MNPOAYKTbI,
XpaHAwWwmecs B Her, He nopTaTcA. ObpallaeTcs BHUMAHWE YH4EHUKOB Ha 3amea/ieHNe akKTUBHOCTU GpepMeEHTOB U
PasIMYHBIX XMMUYECKUX PeaKkUMii B NPOAYKTax NPU HU3KOW TeMMepaType, a TaKKe Ha MONHOe npeKkpalieHue
MMKPOBMONOrMyecKkmx NpoLeccos.

PeweHue 3adayu

M3BeCTHO, YTO ANA A/IMTENBHOTO XPaHEHWUA NULLM B MOPO3UIbHOM KaMepe TemnepaTypa He A0XKHA NPeBbILWaTh
-18°C, a npu oxnaxkaeHnn nuwm Ha 10°C oHa AocTUraeT noaxo4AaLwen TemnepaTypbl XpaHEeHUS.

¢ icxoaHan TemnepaTypa nuwm obosHavaeTca yepes T, M onpenenseTcs COOTBETCTBYOLLEE HEPABEHCTBO.

F=10==18 |[T=10=s=18| [T =10=18] [F=10=18

CooTBeTcTBYlOLLEE YCN0BUIO HEpaBeHCTBO umeeT Bua, T — 10 < -18. PagHOCUAbHOE eMy HepaBeHCTBO: T < -8.
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e TaK KaK camas BbICOKas TemnepaTypa, BXOAALLAA B MHOMeCTBO pelleHui, coctasaset —8°C, ucxonHas
TemnepaTypa NuLLM MoXKeT bbiTb Makcumym 8°C.
Omesem. -8°C.

15. O6cyrKaaeTcs ycnosue 3a4a4m.
lpusneyeHue

YueHnKam 3agatoTca Bonpocbl: «CKONbKO TeTpaden no ueHe 1,2 maHaTa MOXHO KynuTb Ha mmetowmeca 20
MaHaToB? Kakoe Haubosbluee KONMYECTBO TETpafel MOMHO KynuTb?» YUEeHWKM OTBEYaloT Ha BONPOCbI U
06CYK QK0T NONYYEHHbIE PE3ybTaTbl.

PeweHue 3a0a4u

e LleHa 3 TeTpagen coctaBnseT 3,6 MaHaTa. LleHa KHUrM obo3HauaeTca yepes X. YUMTbIBAETCA, YTO OonnavyeHHas
CYMMa He A0JIKHa npesblwaTb 12 maHaToB. TpebyeTcs onpeaenntb MakCMMasibHO BO3MOXHbIE pacxodpl Ha 3
TeTpagu U O4HY KHUTY. YYEHWMKM 3anmCbiBAlOT HEPABEHCTBO, COOTBETCTBYHOLLEE YC/IOBUIO, U peLleHne HepPaBeHCTBA
HarnA4HO NPeACTaBAAETCA Ha YNCNOBOM NPAMOIA.

3,6 +x<12.

*36+x<12&x<84.

¢ Hanbonbluee YMCNO, BXOAALLEE B MHOXECTBO pelleHuli AaHHOro HepaBeHCTBa, paBHo 8,4. CnepoBaTenbHo,
LeHa KHUMM MOXKeT BbITb He 6osiee 8,4 maHaTa. B COOTBETCTBMM C MHOXKECTBOM peLleHUi OnpeaenseTca, YTo LeHa
KHUIM MOXKeT bbITb 5 maHaTos, 7,40 maHaTa, oHaKo 4ucio 8,90 He BXoAnUT l

1
T
B MHOKECTBO peLLeHNA. 7 8 84 9

] >
>

dopmaTuBHOE OLeHUBaHUe
Kputepuu oueHnsaHuma Martepuanbl oueHuBaHUA
OnpegenseT HepPaBEHCTBO, PaBHOCU/IbHOE JaHHOMY HepaBeHCTBY. Paboune nnctbl, y4ebHUK, PT
HaxoAnT MHOMKEeCTBO peLLeHnii NPOoCToro HepPaBeHCTBa. Paboune nunctbl, yyebHuk, PT
PewaeT 3aga4y C NOMOLLbIO HEPABEHCTBA. Paboune nnctobl, yuebHuk, PT

TEMA 8.8. Npnb6ausutenbHble BbluMcaeHUs. AGCONIOTHAA U OTHOCUTE/IbHAA NOMPELIHOCTb
7-1.1.5. Haxoaut abCcontoTHYIO M OTHOCUTE/IbHYHO NOMPELLHOCTb pPe3y/ibTaTta
NOACTAHAOAPTDI n3mepeHus.
7-1.2.3. HaxoguT 3HaYeHne YMCNOBOro BblpaXKeHUA.
¢ HaxoauT abCcooTHYIO NMOrPEeLIHOCTb pe3y/ibTaTa U3MEPEHUS.
LLEIN OBYYEHUA ® Haxo4nT OTHOCUTE/IbHYIO MOrPELLHOCTb pe3ynbTaTa USMEePEHMUA.
® HaxoAuT 3Ha4YeHMe YNCNOBOTO BblIPAXKEHUA.
NPUHAONEXHOCTU Paboume NUCTbl, KaPTOUKU, CTUKEPbI

U3yueHwne: https://www.nagwa.com/en/videos/138104137874/

SJIEKTPOHHBbIE .
PECYPCbl https://www.geogebra.org/m/srtxeqjz
3apanue: https://www.geogebra.org/m/bsq57h5b
MNobyxaeHue

YuuTenb o6palLaercsa K yueHMKam ¢ Bornpocamu: «KakoBo pacctosiiue oT 3emnu go ConHua?», «Kakosa niowaab
nosepxHocTH JlyHbI?», «CKONbKO YacoB B CyTKax?» U T.4. BbICAylIMBAIOTCA MHEHWUA YYEHUKOB O TOM, Kakune 13

3TUX YMCen ABAAIOTCA TOYHbIMM, @ KakMe — MPUBAMMKEHHBIMU. Y YUYEHMKOB CMpalIMBalOTCA NPUMEPDI,
COOTBETCTBYHOLLME TOYHBIM U NPUBAVKEHHBIM 3HAYEHUAM.

Hccnegmuue—oﬁcwme

YYyeHUKn 0b6CyKAalT pesynbTaTbl WM3MEPeHWi, npoBeAéHHbIX Jlanoh U AHapom. p
CpaBHMBAIOTCA OLIMOKK, JONYLLEHHbIE AETbMU NPU U3MEPEHUN KapaHaalla U JOCKM. l-;,‘]" ,

e HaxopuTca pasHOCTb pe3ynbTaTta KaxKaoro pebEéHKa ¢ TOYHbIM U3MEPEHNEM. o 1l

Nana: 11-10=1 (cm). AwnHap: 101 -100 =1 (cm).

e OTmeuaeTcs, YTO XOTA B 0B6OMX C/Ayyasx Npu U3MepeHuM nonydeHo Ha 1 cm 6onble,
pe3ynbTaT, NoAy4YeHHbIN JTanoi, nmeeT 60/bLYH0 NOFPELIHOCTb MO OTHOoWeHMo K 10 cm. ObpaliaeTcs BHUMaHUe
Ha TO, YTO pe3ynbTaT AHapa aBaseTca 6onee y40BAETBOPUTENbHBIM, U BbICAYLIMBAIOTCA MHEHMWS YYEHUKOB.
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m A6CONIOTHaA NOrpeLwHoCcTb

O6palaeTtca BHUMaHME YYeHUKOB Ha MHOTMe 061aCTH, FAe BblUMCIEHMUA BbINOAHAIOTCA C
MOMOLLbIO  M3MEpPeHUN. BbICAYWIMBAOTCA MHEHWMA Y4Y4eHMKOB 06 oOwunbKax —
NOrpeLHOCTAX, BO3HUKAIOLWMX NPU U3MEPEHUN WUAM OLEHUBAHUM POCTa YesIOBEK],
Macchbl, TemnepaTypbl Bo3ayxa v T.4. Hanpumep, y4eHUKM NpnbanM3nTeNbHO OLEHMBAIOT
maccy Kakoro-nmbo npegmeTta B K/aacce, Ha3BaHHble 3HAYEHWA CPaBHMBAKOTCA C €ro
TOYHOW MacCcoi, onpeaenseTcs 3HaYeHNe C HAMMEHbLUEN NOTrPEeLHOCTbIO.
O6cyKaaoTca OTBEThI AeTel Ha BONPOC, NPUBEAEHHbIN B yuebHMKe. O6bACHAETCSA, YTO NPU Hannuum B necy 780
AepesbeB AHap A0ONyCcTUA OWKBKY, Ha3BaB Ha 80 gepesbeB H6onblle, a AiHYp — Ha 20 aepesbeB 6osblue, U
onpeaenseTcs, YbA OUEHKa BAMKe K TOYHOMY oTBeTy. TakMum 06pasom, yYEeHUKU, Haxods MOAYyNb Pa3HOCTU
MeXKAY TOYHbIM U NPUBNUKEHHBIM 3HAYEHUAMM, ONPELENAIOT, YEW OTBET BMMKE K TOHHOMY 3HAYEHMUIO.

Yunteno faét onpegeneHme abcontoTHOM MOFPEWHOCTM U OTMEYAET, YTO €CAN TOYHOE 3HAYeHWe BeSUYMHBI
0603HaunTb Yepes X, a NPUbANXKEHHOE — Yepes a, To abcontoTHaA NOrPELIHOCTb HAXOAUTCA MO BbIPAXKEHUIO
[x—al.

PaccmaTpuBaeTca pelleHwe npumepa, nNpuBenséHHOro B pasgene M3ydeHue, oBBACHAETCA HaxoXgeHue
abCcoNOTHOM NOrPeLIHOCTH, NONYYEHHOM NPU OKPYFNEHUN YMCAa.

3. Yucautenn gaHHbix 4pobeit AenaTcsa Ha 3HaMEHaTeIn C MOMOLLLIO Ka/IbKYATOPa, MOJyYeHHbIe AeCATUYHbIE
APOo6K OKPYrNAIOTCA 40 3a4aHHbIX pa3pagos. Onpeaenserca abCoNtOTHAA NOrPELLHOCTb OKPYrAeHUs.

3°-3833..,
6

a) MonyyeHHasa nepnoamyeckas gecaTnyHan Apobb oKpyrasercsa 4o aecatbix: 3,833... = 3,8.

A6CoNtoTHaA NOrpeLlHoCTb: |3§—3,8| = |3§—3%| = |% | = 0,0(3) = 0,03.
6) NonyyeHHas 6eckoHeuHaa Nepuoamyeckas gecaTnyHan Apobb okpyrasetca Ao cotbix: 3,833... = 3,83.

ABCoNtOTHAA NOrPeLlHOCTb: |3E—3,83| = |3E —3£|= |L |= 0, 00333... = 0,003.
6 6 100 '300

1% =~ 1,29411764706 a) nony4yeHHan gecATMYHasa Apobb oKpyraseTca Ao gecatbix: 1,294 = 1,3,

ABCOMOTHAs MOFPeLwHOCT: |1~ —1,3| = [1= — 1->| = |— |~ 0,006.
17 17 10 170
6) nonyyeHHan aecATMYHaA Apobb oKpyraseTca Ao coTbix: 1,294 = 1,29.
AB6COOTHAA NOrpeLwwHoCTb: |1i— 1,29| = |1i— 1£| = IL | =0,004.
17 17 100 1700

B Knaccax ¢ TEXHUYECKMMM BO3MOXKHOCTAMW MOXKHO UCNO/Ib30BaTb OH/ANH-KaNbKYAATOPbI:
https.//www.calculator.net https://www.online-calculator.com https://www.desmos.com/scientific?lang=tr

v

MHorga TOYyHOe 3HayeHMe Be/IMYMHbI HeWsBecTHO. B 3atom cnyyae obpawaetca BHMMAHWE YYEHWMKOB Ha
HEBO3MOHOCTb onpeaeneHns abcontoTHON norpewHocTn. Ecan n3BecTHO, MeXAay KakMMM YMCNamMmM HaxoauTca
TOYHOE 3HaYeHWe, NOAYEPKNBAETCA BO3MOMKHOCTb HAXOXKAEHMA 3TOFO 3HAYEHUA C ONPeAeNEHHON TOYHOCTbIO.
Obcyaaetca npumep, NPUBEAEHHbIN B y4ebHUKE, BbICNYLIMBAIOTCA MHEHWA yYeHWUKoB O paBeHcTBe T=14,510,5 (°C).
NoxHble npepacTaBneHUsA, BO3HUKaOWMe Yy

YYEHMKOB. WHOTZa  y4yeHUMKM  owuboyHo |[/IMHA NyTv OT foMa A0 WKoAbl cocTanseT 100 waros.
NPUHUMAIOT abCOMIIOTHYIO MOrpelHocTb  3a | AHAp ckasan, 4To 3To paccToAHWe paBHO 113 waram, a
oTpULATENbHOE YMCN0. OHU AOMKHbI NOMHUTL, | J1ana — 135 waram. Haliante abcontoTHYO NOrPELHOCTb.
yto abcontoTHasa  norpewHocTs  3afaérca |JIoXKHO Anap: 100 — 113 =-13, Nlana: 100 — 135 = — 35,
Mogynem W MNOHWMMAaTb, 4YTO MOAY/b 34ecb
MOKAa3blBAaeT He pPaccTofHWE, a BEAUNYUHY
norpewHoctn. C ApyroM CTOPOHbI, WHOrAa
YYEHMKM MYTaAIOT TOYHOE U NPUBANKEHHOE 3HAUYEHWUS BeANUYMHBI. OHWU JOMKHbI MOMHWUTb, YTO TOYHOE 3HAYEHME
ABNAETCA TEOPETUYECKUM UM PEaNbHbIM UCTUHHBIM 3HAaYEHWEM, @ NPUBAUKEHHOE — pPe3yNbTaTOM U3MEpPEHUA
WAW OKPYrAeHUA. Bo MHOMMX Cy4asnx YYEeHUKM cYMUTatOT, YTo abCcontoTHAA NOrpeLHOCTb BO3HMKAET TOMIbKO Npu
OKpyrneHnn. OgHaKo npu  BbIMNOJSIHEHMM 3343HWUNA, CBA3AHHbLIX C W3MEPEHUAMM U NPUBANNKEHHBIMM
BbIYMCIEHUAMMU, OHW YBEKAAIOTCA, YTO aBCONOTHAA NOrPELIHOCTb BO3HMKAET HE TO/IbKO MPU OKPYrIEeHUN.

WOTHOCMTeanaR norpewwHocTb

BepHoAHap: |100 —113| = 13, Nlana: |100 —135| = 35.
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Ha ocHoBe npuBegéHHOro B 06y4yeHUM MpumMepa YYEHWKM 3ameyaloT, 4YTo abcontoTHble MOrpeLuHoCTH,
noly4eHHble ANA Mmaccbl caxapHoro necka (1200 * 0,1), B3BelLMBAaEMOro Ha Tex e Becax, U maccbl 30s10Ta (10 +
0,1), oagnHaKoBbl. Torga Kak B 3TOM C/ly4ae CPaBHUTb NMOrPELHOCTU U3MEPEHU B 3Tom ciydae? Mpu obeyxaeHnn
npumepa onpeaenserca, YTO Macca CaxapHOro necka onpegeneHa 6onee TOYHO MO CPABHEHUIO C 30/10TOM.
Yuuteno coobuaer, 4Yto 6osee TOUHAA OUEHKA M3MEpPEHUA ONpenenseTcs HaXOKAEHMEM OTHOLIEHUA
abCcoNOTHON MOrpelwHoOCcT K MOAY0 NPUOAUKEHHOrO 3HAYeHWs, U BBOAUT MNOHATME OTHOCUTENbHOM

MOrpeLwwHocTy.
Ecan TouyHOe 3HayeHWe BeNUYMHbI 0603HaAUMTL 4Yepe3 x, a NpubAMKEHHOe — Yepe3 g, TO OTHOCUTE/bHaA
x—a
NOrpeLwHoOCTb HaX0ANUTCS MO Bblpa)KeHMIO%.
xX—a
OTHOCUTENbHAA NOrPELLHOCTb BbipaXaeTca B NPOLLEHTaXx: lx-al, 100%.

la|
B npuBeAEHHOM NpuMmepe onpeaenseTcs, B KAKOM C/yyae NorpellHocTb M3mepeHus 6o/blue — Npu paccToAHMAX
oT baky go Wywu nnn ot 3emnn Ao JlyHbl, 1 06CyKAaeTCA HaXOXKAEHUE OTHOCUTENbHbIX NOTPELLHOCTEN.

K cBepeHuio y‘-IMTEI'IiI! B HEKOTOpPbIX MCTOYHUKAX OTHOCUTE/IbHAA NOrpeLHOCTb ONpeaenaAeTca Kak OTHOLWEeHMe
o x—-a

abcontoTHOM norpewHOCT K TOHHOMY 3Ha4YeHUIO BENTUYUHDI: % -100%. OgHako NMOCKOJIbKY TOYHOE 3Ha4YeHHne
Be/NMYNHbI N3BECTHO He BCeraa, u,enecoo6pa3Ho HaxXxo4AuTb OTHOCUTE/IbHYIO NMOrpelwHOCTb KaK OTHOLWeHue
abcontoTHOM norpewHoOCTN K I'IpM6}'IM)KéHHOMy 3HaYeHMto. ITO CBA3AHO C TeM, YTO MOrpeLHOCTU B OCHOBHOM
OTHOCATCA K U3MmepeHnAM, a TO4YHOE 3Ha4YeHne M3MepeHVIl7l He BCerga BO3MOXHO onpenenuntb.

9. B 3TOM 334aHMN NO JAHHbIM ONPeAEenAeTca, B KaKOM C/ly4ae OTHOCUTEe/IbHAA NOrpeLwwHoOCTb MeHbLe. 1na sToro
B KaXX40M C/1iy4ae HaxoaunTca abcontoTHanA NorpewHoOCTb U BblIMNCNAETCA OTHOCUTEIbHAA NOrPeELHOCTb.

Abc. norpew OTHOCUTENIbHAA NOrPeLHOCTb Abc. FIOFpELIJHOﬁbW OTHOCUTENIbHAA NOrPeLLHOCTb

2)a=120£02  1-100%~0,17 % b=2300¢ 15 —--100% ~ 0,65 %

Takum obpasom, nockonbky 0,17% < 0,65%, Npu U3MEPEHUM YNCIA @ OTHOCUTE/IbHAA NMOrPELLHOCTb MEHbLLE.

NcTopuyeckas nHpopmaLma o 3HAMEHUTOM CpefHeasnaTCKom yYéHom mac aa-avHe
anb-Kawu gosoautcA 40 CBeAEHUA YyYeHMKOB, cOobLLaeTca o ero 3ac/yrax B 3anucu
yncna 1. OH 6bl1 OAHMM M3 M3BECTHbIX MATEMATMKOB M acTPOHOMOB OCMaHCKOro
rocygapctsa 14-ro Beka. Hanbonee 3HaunTenbHbIM TPyAoM TMAC aa-AnHa [JXKEMWUAR  Fusc-aa-auH anb-Kawwm
anb-Kawmn sAsnsetca KHura «Kaod  apudMeTMKM», B KOTOPOM nNpeacTaBaeHbl (1380-1429)
MaTemaTUyeckme 3HaHUA CpegHEeBEeKOBOro MCAAaMCKOrO MMpa BO BCEX HanpaBieHUAX. YUYEHUKAM MOXKHO
nopy4mTb cobpatb MHPopmaumio o M'vac aa-anHe Jxkemwnge anb-Kawm U3 MHTEPHET-UCTOYHMKOB.

ity

11. YYEHUKM OKPYrAAIOT AMHBI CTOPOH Moa NPAMOYroabHOM GOPMBbI 40 LieNbiX U B 060MX
Cy4anx Haxo4AT niowaab nona.

59=6(m), 43=4(m).5=59-43=2537(m?), S;=6-4=24(m?).

e AbcontoTHada norpewHoctb: |24 — 25,37 = 1,37 (m).

1,37
OTHOCUTENbHaA NOrpeLlHOCTb: e -100% = 5,7%.

* MocKo/bKY AAMHA KoBpa (6 m) 6osblie aAnvHbl nona (5,9 m), Takol KoBep He MoKpoeT

nos.

13. Mo ycnoBu1Io 3a434M NeHTa Kaxkablii pas AeUTCA Ha KOHTPY3HTHbIe (paBHble) YacTu.

lMpusneyeHue

M3 nucTa TeTpaaum Bbipes3aeTcsa NeHTa ANMHOM 25 cm. MonydeHHan neHTa cknagblBaetca 3 pasa (Kaskabli pas
nononam), 1 nony4vaetcsa 8 paBHbIx YacTel. MamepsaeTca g/nMHa nocaeLHen Noay4eHHOM YacTu.

3aTem NyTém BblUMCNEHUI onpeaensietcs, yTo 25 : 8 = 3,125 cm. Haxogutca abcontoTHas U OTHOCUTE/IbHanA
NOrpeLHOCTb Pe3yNbTaToB, MOMYYEHHbIX YYEHUKAMU NPU N3MEPEHNN.

- - 25 sm - . i
. f I
| / ==y ]
4 —1 )
T | ! -+ — 25 sm - —p
. =2 P i i i i i i i
= L 1 1 1 1 1 1 1
'l L A 1 '} '} 1
1 2 3 4 5 6 7. 8
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YunTenb 06paLaeTcs K yYeHMKam C BONPOCOM: «Y KaXKA0oro /v yYeHUKa Nosyymnach ogmMHaKosas
norpewwHocTb? Ecan HeT, To B YEM npuUmMHa?» OTBETbI yHeHMKOB 06CyKAatoTCa. 3aTem HaxoaATcAa abcoNtoTHas u
OTHOCMTE/IbHAA NOrPELIHOCTU ANA Cy4Yan, yKa3aHHOTro B 3ajaye.

PeweHue 3a0ayu

[OnviHa neHTbl coctasnseT 39 cm. AitHyp cknagbiBaeT A

NeHTy YeTblpe pasa, U nonydaetcs 16 yacreil. [ ) ' i ]
HaxoguTca TouHan ANMHA KaXKaoM vyacTu: ffetraryy

39:16 =2,4375 cm. 2.ci qatiama

Pe3ynbtat n3amepeHua AliHyp coctasnset 2,4 cm. e

AbcontoTHas norpewHoctb: |2,4375 - 2,4| =0,0375 cm. =

0,0375
OTHOCUTENbHaA MOrPELLHOCTb: T=0,015625 s

0,015625 - 100% = 1,56%.

dopmaTuBHOE OLeHUBaHUe

Kputepum oueHnsaHums Martepuanbl oueHMBaHUA

Haxoant abcontoTHY NOrpeLHoCTb pe3ysibTaTa U3MEPEHUA. Paboune nuctobl, yuebHuK, PT
HaxoauT OTHOCUTEIbHYIO NOrPeLHOCTb pe3y/ibTaTa U3MepeHuna. Paboune nnctol, yuebHuK, PT
MpumeHAeT NPUBAUKEHHbIE BbIYUCAEHWUS NPU PELLUEHMM 3a4aY. Paboune nunctobl, yuebHuk, PT

OBOBLAIOLWNUA YPOK

nOGY)KAEHVIe. YNomaHyTble B 3aKA04EHNM NOHATUA NOBTOPAIOTCA C yYHEeHUKaMM, MPOBOANTCA 0606u.|,eHme. Cnosa
M HOBblE NOHATUA, U3y4YEeHHbIE B pa3aene, CHoBa BCMOMUHAIOTCA, U YHEHUKU 06BACHAIT UX 3HaYeHue. OCHOBHbIe
NOHATUA, YNOMAHYTbIE B 3aK/IIO4YEHUN:

JluHeliHoe ypasHeHuUe ¢ 00HOoU nepemeHHoU, auHeliHoe ypasHeHue ¢ 08YMA MNepeMeHHbIMU, 2PaguK
/UHeliH020 ypasHeHUs ¢ 08YyMA NepemMeHHbIMU, cucmema auHeliHbIX ypasHeHuli ¢ 08yMA nepemMeHHbIMU,
mMemod nodCMaHOBKU, MemoO C/OM(EHUS, YpaBHEHUe C MoOysneM, HepaseHcmeo, npubauIéHHoe
8blyucneHue, abcontomMHaa No2pewHoCcms, OMHOCUMENbHAA M02PEUWHOCMb.

Ha nepBoit cTpaHuue pasgena ycnosue 3a4aduv, NpueseaEHHON nog 3aronoskom «lMonbiTateck!», nccnegyerca
COBMECTHO C YYEHUKaMM, aHaM3UPYETCA, 0OCYKAAOTCA AaHHbIE U BEANYMHDBI, KOTOpble TpebyeTcs HailTu. Ha
OCHOBE JaHHbIX 33Ja4M COCTaBAAETCA U PELUAeTCA COOTBETCTBYIOLLAA CMCTEMA YPaBHEHMUI ANA HAXOXKAEHWsA
KO/IMYecTBa anenbcMHOBOro uAuM AB6/0YHOrO COKa B CMecu. Ha nepBom ypoke 06CysKaaloTca TPyAHOCTH,
BO3HMKalOLWME Nepes yYeHMKU NPpu peLleHnn 3Toi 3agaum. B koHue pasaena o6palyaetcs BHUMaHWeE Ha TO, Kakue
HOBble 3HaHMSA BblM U3yYeHbl U UCNOAb30BaHbI NPY PeLleHnn 3a4a4K.

PELUEHUE 3A,D,AHMI71

1. [laHHble ypaBHEHUA peLaloTcs yYeHUKamu. Nepes peweHnem ypaBHeHUs LenecoobpasHo, YTobbl yyeHUK
06BbACHUA, KaKkue NpaBuaa oH byaeT NPUMEHATb NPU PeLleHMU JaHHOTO YpaBHeHuA. CnesyeT yaensaTb BHUMaHue
npoBepKe OTBETOB.

d)x—-3]=9 g)mT_l+1=m h)6-[5-3]=1
1Z|=9 m—1+3=3m I5-2|=5
3% _g, 3% _ 9 m =1. 15-x o 157x_ ¢
4 4 3 3
x=12unx=-12. Omeem. 1. x=0unx= 30.
Omeem. 12 n —12. Omeem. 0 un 30.

4. BcnoMMHaEeTCA, B KaKOM C/lydae ypaBHeHWe nmeet 6ECKOHEYHO MHOTO PeLLEHMI UAN HEe UMEET KOpHEe.
a) Ytobbl ypaBHeHMe (a — 2)x = b — 3 nmeno 6eCKOHEYHOE YNC/I0 PELLEHUIA, AONKHO BbINOAHATLCA ¢ —2 =01
b—-3=0.0T1ciopa nonydyaema=2unb=3.
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6. PesynbTaTbl, nonyyeHHble CabuHolM M AHapom Mo rpadukam, aHaAM3MPYOTCA MO
TOYHOMY 3HauyeHuto. o rpaduKy TpPyAHO TOYHO OMpenesnTb KOOPAUHATBHI TOYKM
nepeceyeHus. B 3TOM c/iyyae AN HaxoXKAEHMs abcumccbl TOYKM  nepecevyeHus
MCNONb3YIOTCA YPAaBHEHUA NPAMbIX.

Mpasble YacT ypaBHeHUN y = 3x — 2 n y = —1,5x + 5,02 npuMpaBHUBAIOTCA, U NOSNYYEHHOE
ypaBHeHue pewaetca: 3x—2=-1,5x+ 5,02 - x = 1,56.

Mo pe3ynbTaTamM Ka)KAOro yYeHWKa HaxoAuTcA abcontoTHAnA MOrpeLHoCcTb U NPOBOAUTCA
CpaBHeHue.

e ABColOTHaA norpewHocTb pesynbTata CabuHbl: |1,5-1,56| = 0,06.

e ABCo/IOTHaA NorpewHocTb pesynbTata AHapa: |1,6 — 1,56| = 0,04.

Omeem. AbcontoTHasA NorpewHocTb pesynbTtata CabuHbl 6onbLue.

--Aruuu-hmp‘\-"
ah

Ay
-4-3-2-10[ 1 2 I
19 3\{_1:
=2,

10. Y106bl HanucaTb ypaBHEHMA TpebyembiX NPAMbIX, YYUEHUKM NPUMEHSIOT CBOU
3HaHWA 06 ypaBHEeHWUM Npamoit (y = kx + b), yrnosom koadduumeHnTte SkS n opauHare
TOYKM NepeceyeHUs NPAMOM C OCblo OpAMHAT. B npaAmoyronbHol cucteme
KOOPAMHAT CTPOATCA rpaduKM 3TUX NPAMbIX U ONPeaenatoTca KOOPAUHATLI TOUYKK
nepeceyenusn: (2; 1).

Ipsmas c yenossim kosgpguiuenmom -2 u opduramoi moyku nepecedeus ¢ oceio Oy, pagHoli 5 —  y=—2x+5

IMpamas ¢ yenoseim koaghpuyuermon 0,5 u npoxodawyas 4epes HA4Yano koOpAUHam — y=0,5x

Ha cnepytowem sTane an1a NpoBepKM NPaBUALHOCTM OTBETA PELIAEeTCA CUCTEMA YPABHEHUA.
=—-2x+5

{y =(2;1).
y = 0,5x

11. B >5TOmM 33aJaHMM YYEHUKM BCMOMMHAKOT M3YyYeHHble CcBeAeHuA O Aayrax,
PacnoNOXKeHHbIX MEXKAY KacaTeNbHOM U CEKYLLLEN OKPYXKHOCTU, UX FPaAYCHbIX MEPAX U :
nonHom yrne. Mo ycnoBUO COCTaBASAETCA CUCTEMA JIMHEWHbIX YPAaBHEHWI C ABYMA >
nepemeHHbIMK. FpasycHana mepa mMmeHblel Ayrn obo3HavaeTcsa Yepes x, bonbluen — :

yepes y. Mo ycnosuio 20% oT x pasHbl 30% OT y, cnefoBaTeNibHO, NepBoe ypaBHeHWe 100°
cucremst: 0,2y = 0,3x.

C Apyrov CTOPOHbI, CyMMa rpafycHbIx mep Tpéx ayr obpasyeT NonHbIi yron: x +y + 100° = 360°.
{xofj; _ g’zgo = (x; y) = (104°; 156°).

Omeem. IpagycHas mepa 6onblion Ayru paBHa 156°.

17. PaccmaTtpumBatoTca macca KynJieHHbIX NOKynaTenem GppyKTOB M OnaayeHHas 3a HUX
cyMmma. PeleHune 3a4a4m BbINONHAETCA NO3TaNHo.

PeweHue 3adayu

M3BEeCTHbI CyMMbI, OMJlaveHHble 3a ABIOKM M rpaHaTbl Pa3NIMYHON Macchl: TpebyeTca HakTH
nepBoHavasbHyto LeHy 1 Kr Abnok. LieHa 1 Kr aA610K 0603HavyaeTca yepes x, LeHa 1 Kr rpaHaToB — vepes y. Torga
CYMMa, OnJlayeHHas 3a 2 Kr A6710K 1 1 Kr rpaHaToB, BblpayKaeTcs Kak (2x + ).

Ecnm LueHa Abnok ymeHbluaetcs Ha 20%, oHa coctasuT 0,8x MaHaTa, @ eC/M LieHa rpaHaToB ymeHbluaeTca Ha 30%,
OHa cocTasuT 0,7y maHaTa. Toraa cymma onnatbl 3a 2 Kr 16710K 1 1 Kr rpaHaToB BblpaXKaeTtca Kak (2 - 0,8x + 0,7 y).
Mo ycnoBuMio COCTaBAAETCA U PELIAETCA CUCTEMA YPaBHEHUN.

{116512,3;}] =86,1 PN {1}éx N 72;: gl 5 16x+7(-2x+8) =61 > x=25,y=3.

Omeem. MNepBoHavanbHanA LeHa 1 Kr A610K cocTasnseT 2,5 maHara.

ObcyrdeHue. MNpaBUNbHOCTb OTBETA NPOBEPAETCA NYTEM €ro NOACTAHOBKM B ypaBHEHUA, 0bpasytoLme cuctemy.
18. AHanun3mpyeTca ycnosue 3agayn.

PeweHue 3adayu

KonnyecTBo ABYXKOMHATHbIX KBApTUP 0603HaYaeTca Yepes x, TPEXKOMHATHbIX —
yepes y. Obuiee KOMMYECTBO KBApTUP BbipaxkaeTcsa Kak (x + y). Tak Kak obuiee
YUCNO KOMHAT B ABYXKOMHATHbIX WU TPEXKOMHATHbIX KBAapTMpPaxX OAMHAKOBO,
3anucbiBaeTca 2x = 3.

Mo ycnoBuio cOCTaBAAEGTCA U PELLAETCA CUCTEMA YPABHEHUI:
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x+y=100 2,5y =100
{ x =15y { x =15y
LlenecoobpasHo BbINOAHWUTbL NPOBEPKY OTBETA.

Omeem. 60 aBYXKOMHATHbIX KBapTMp, 40 TPEXKOMHATHbIX.

ObcyncdeHue. Ob6CyXKAalOTCA CNOCOOLI pEeleHns TeX YYEHMKOB, KOTOpble pewunan 3agayvy pasanuyHbiMK
MeToAaMMU.

%

1. Mo AaHHbIM YpPaBHEHNAM Haxo4MUTCA 3HAaYEHUE BbIPaXKeHUA X +y+z.

= x =60,y =40.

x+y=3
a) [y + z = —6 YpaBHEHWA CKNafblBalOTCA NOYNEHHO: 2x + 2y +2z=7 & x +y +z=3,5.
x+z=10

3x—y+ 4z=0
0) { x+y—2z=—4 YpaBHeHWA CKNaAbIBAIOTCA MOYNEHHO: 6x + 6y +6z=7 S x+y+z = 1%.
2x + 6y + 4z =11

B) O6e YyacTu 2-ro ypaBHEHUA YMHOMKAOTCA Ha 2.
x+y=-1 2x+ 2y = -2
{Zz +y=5 <:>[ 2z+y =05 [lonyyeHHble ypaBHEHMA CKNaAbIBAOTCA MOYNEHHO:
x+z=9 x+z=9
3x+3y+3z=12x+y+z=4.

E F G
2. Ha puCyHKE nNpsAMOYrONbHMKM, HANOMKEHHble Apyr Ha Agpyra, pacrnonaratoTca F\i\lv | 'i'_iji
nocnenoBaTeNlbHO, HAUYMHAsA C CAMOTO HUMKHETO M 3aKaHUMBasA CaMbiM BEPXHUM. C HaXo4ouUTCA B BE:;‘,V/ <
camom Hu3y, E — Ha C, Ho nog octanbHbiMmK durypamu, B — Ha E u apyrux durypax, Ho nog <-‘L7;i£ }Z
durypoin G. 3Tum metosom onpesenserca nocnegosatenoHoctb ouryp: C, E, B, G, A, D, F, H. -
334,34y TaK¥Ke MOMKHO PeLnTb HarAAL4HO, Bblpe3aB NPAMOYTO/IbHUKU B BUAE OTAENbHbIX BYMaXKHbIX MOOCOK U
HaNOMXKMB UX APYT Ha ApYyra, YToObl YBUAETb, KAKOWM U3 HUX OCTAETCA Nog, APYrUm.
3. MalmHa gBUKeTCcA B NPSMOYro/ibHOM cucTeMe KoopauHaT n3 Touku (1; 3) B Toury (17; 43) BAoab npsimoit

>, N
P
b

y = kx + b. Haxoawntca yrnosoi KoadpduumeHT. k = % = g

M3 ypaBHeHus npamoi y = kx+b npu x=1,y = 3,k =§ HaxoguTca b.
_E +l = 5x+1

YERXT; SVETS

YT106bl 3HaUYEHWE 3TOM APOOYU BbINO HATYPasIbHBIM YNCAOM, BbIPAXKEHUE B YUNCAUTESE AOMKHO AeNUTbCA Ha 2.
(5% + 1) — YETHOE YNCNO > 5X — HEUYETHOE YUC/IO —> X JOKHO BbITb HEYETHBIM.

Torpax=1{1,3,5,7,9,11, 13, 15,17}, y={3, 8, 13, 18, 23, 28, 33, 38, 43}.

CnefoBaTenibHO, MPU ABUMKEHMM BLONAb 3TOM MPAMON MalUMHA NPOXOOUT Yepe3 TOYKM C HaTypasbHbIMMU
kKoopauHatamu: (1; 3), (3; 8), (5; 13), (7; 18), (9; 23), (11; 28), (13; 33), (15; 38), (17; 43).

Omeem. 9 Touek.

B
4. YYeHUKM MO JAaHHbIM PUCYHKa OMpeaensaioT yron mexay buccektpucamwu 11
yrnos B un C tpeyronbHuka ABC. Mo ycnosuio £B + £C =180° - 40° = 140°. )
o
TaK KaK BMCCEKTPUCHI AeNAT Yr/ibl MONoAam, B TpeyrosbHuKke BOC A 0 C
ZOBC+ ZOCB =70°. Torga ZBOC = 110°.
5. YyeHuMKn moryT onpenenutb niowanb cektopa Kpyra. Mepep pewweHnem 60°
33,344 aHAIM3MPYIOTCA SAHHbIE Ha PUCYHKE M OTBEYAIOT Ha BOMPOCHI. 90°
¢ LleHTpanbHbI yron cekTopa, Ha KOTOPbIW YKa3blBAEeT CTpesika, paseH 40°. 40
40°
Torpa S =—- 7 152 =257 (cm?)
300 80° _ 2 20° 40°
e CeKTOp KpacHOoro uBeTa COCTaBAAT —— = _4aCTu Kpyra.
* HaxoauTcsa rpagycHas mepa 601bworo 3e/1IEHOr0 CEKTOopa Kpyra: 500
360° — (20° + 40° + 60° + 80° + 40°) = 120°.
. . 40°+120° 4
BepoATHOCTb TOTO, YTO NPV OAHOM BpALLEHUMN CTPesIKa NOMaLET Ha 3eN1EHbIA CeKTOP, paBHa 300 o

227



SEEAM. ... ..com

PocT uncna aBTomobunelt BbI3biBaeT B KPYMHbIX ropogax nNpobku,
UTO CTaHOBMUTCA Npobaemoit 1 TpebyeT NomcKa nyTein eé pelueHus.
Ona  npepoTeBpaweHMa  NPoBOK  MUCNOAL3YIOTCA  «YMHble
cseTodopbl». B Takux csetodopax MPOAO/IKUTENbHOCTb FOpPeHUs
KPacHOTo W 3eNEHOr0 CUTHa/soB PeryavMpyeTcs B 3aBUCUMOCTU OT
3arpy)KEHHOCTU  OOpPOr. YYeHWKM MOryT MuccnegoBaTb Takue

cBeTodOpbl, YTOObI yyLLe NOHATb NPUHLMM UX PaboTbl.

1. B 4acbl MWK 3enéHblii curHan «ymHoro ceetodopa» roput Ha 30 ceKkyHA, Ao/blue KpacHoro. M3BecTHO, 4To
1 yac = 60 muHyT = 3600 cekyHa,. MKEnTbii curHan 3a 1 yac roput Bcero 2 MuHyTbl = 120 cekyHA. B yacbl nuK
M3BECTHO, YTO 3e/1EHbIVM M KPaCHbIW CUTHanbl 3aropatoTca no 24 pasa. MpogoaKUTeNbHOCTb O4HOTO BKAKOYEHMA
KpacHOro curHana o6o3Haunm yepes x. Torga no ycnoBuio NpogoIKUTENbHOCTb 3€1EHOMO CUrHana pasHa (x + 30)
CEKYHA,

Taknm 06pa3om, 3a 1 4ac: KpacHbIi CUrHaA ropuT 24x ceKyHAa, 3enéHbli 24(x + 30) ceKkyHA, a *ENTbili 120 ceKkyHA,
Mo ycnoButo COCTaBASAETCA U PELLAETCA YPaBHEHMeE.

24x + 24(x + 30) +120 = 3600 — x = 57,5 (c).

BblumMcnsaeTca, CKOMBbKO CEKYHA COCTaBNAAET MPOAO/IKUTENbHOCTb OAHOMO BK/OYEHUA 3€NEHOr0 CUrHana.
57,5 +30=87,5.

2. 2026 rog, B AsepbangkaHe obbaBneH «[040M rpagoCTPOMTENLCTBA U apXUTEKTYPbI». B KpynHbIX ropogax
OZHOM M3 rNaBHbIX Npobiem ABAAETCA BO3SHUKHOBEHWE NPOBOK 13-3a pOCTa TPaHCNopTa. YYeHMKam nopy4vaetca
NMOArOTOBUTb MPE3EeHTALMI0O O COBPEMEHHDBIX TEXHO/IOMMAX, UCMOMb3yeMbIX O1A NpefoTBpalleHMa npoboK B
KPYMHbIX ropoaax.

3. YyeHuKam npegnaraetca uUsyuuTb ucToputo cosgaHua UCYT (MHTennekTyanbHOM cuUCTEMbl ynpaBieHUA
TpaHcnopTom) B ropoze baky, uccnenosatb NPUYMHbI BOSHUKHOBEHUS NPOBOK U NOArOTOBUTL NPEASIONKEHMA NO
MX YCTPAHEHUIO. YUEHUKM MOryT cobpaTb MHPOPMALMIO O CTPOUTENLCTBE HOBbIX AOPOT, BblaeNeHNUN aBTOBYCHbIX
nos10c, CO3A4aHNM BENOCUNEOHDbIX JOPOXKEK.

B Knaccax c TeXHUYECKMMM BO3MOXKHOCTAMM MOKHO UCMOIb30BaTb BUAEO MaTepuransl.
https://www.youtube.com/watch?v=0K_kN2T18d4&t=17s
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9-i1 PA3QEN BpalueHue u cmmmeTtpus.
3aaaym Ha NocTpoeHue

HassaHue Yacbl | YuebHu | Pabouas
Tema Ne K (cTp.) | TeTpaab
(cTp.)
MpepBapuTenbHaa NpoBepKa 1 82
Tema 9.1 BpalueHune B KOOPAMHATHOM NNOCKOCTU 3 83 57
Tema 9.2 CuMmeTpuMA OTHOCUTENIbHO TOYKM 2 87 60
Tema 9.3 3a4a4m Ha NoCcTpoeHne 3 90 62
O606Lwatowmin ypok. STEAM. “KoBpbl AsepbaigykaHa" 2 94 64
MCO-4 1
OBLLEE KOJIMYECTBO YACOB MO PA3AENY 12

KpaTtkuit 0630p pasgena

B pasgene yyeHWKM 3HAKOMATCA C MpaBUIaMu MOCTPOEHUA GUryp, NONYYEHHbIX B pe3ysabTaTe NOBOPOTA
duUrypbl BOKpYr 3a4aHHOM TOUKM, @ TaKKe GUryp, CUMMETPUYHbIX AaHHOW GUrype OTHOCUTE/IbHO 334aHHOM TOYKY;
C onpegeneHneM KOOPAMHAT TOYKM, MOYYEHHOW NPU NOBOPOTE BOKPYr Havasa KoopAauHaT Ha 90°, 180°, 270°.
YUYEHUKM y4yaTcsa C MOMOLLbIO LIMPKYNA U NUHEWKN 6e3 aeneHnin cTpouTb BUCCEKTPUCY Yria U cepeamHHbIN
nepneHAMKYAApP K OTpesKy, onpesenate GUrypbl ¢ LEHTPaNbHOW CUMMETPUEN, HAXOAUTb KOOPAMHATbI TOYEK,
CUMMETPUYHbIX OTHOCMTE/IbHO Hayasa KOOPAMHAT, BbINOHATL MOCTPOEHME, PeLaTb 334341 HA NOCTPOEHME.

Ha uyto ctout 06paTUTL BHUMAHMNE?
YYyeHMKN ¢ 3-ro Knacca 3HAKOMbl C MOHATUAMW CUMMETPUM U NepemelleHus, B 4-m Knacce No Teme
«FeomeTpuYecKMe OpHAMEHTbI» OHM Hayyuancb CO34aBaTb OPHAMEHTbI, COCTAaBAAA Pa3/NYHblE Y30pbl C
MCNo/b30BaHWMEM MepeMelleHms, 3epKasbHOro OTPAXKEHMA M NOBOPOTA. YMeHUA, NPUOBPETEHHbIE Ha YPOBHE
HayanbHOro 06pasoBaHMA, HauUMHAA ¢ 5-ro Knacca, eweé 6onee yrnybnsiorca. BaskHO HAMOMHUTb 3HAHMA O BUAAX
OBWXKEHWA, NONlyYeHHble B NPeAblAyLWwnx Knaccax. Tako noaxos obaeryaeT yueHMKam nepexos K Teme U nomoraet
CBA3aTb HOBbIE 3HAHWA C PaHEe U3YYEHHbIMWU NOHATUAMM.
MHoraa y4eHWKM UCMbITbIBAKOT TPYAHOCTU B Pa3/inieHnn NOBOPOTA MO HanpaBAeHUIO ABUXKEHWA YaCOBOW CTPE/IKM
M NOBOPOTa MPOTUB HaMPaBAEHUA ABUMKEHUA YACOBOWN CTPeNKU. TaKUM y4YeHWKam peKoMeHAayeTcs ObBbACHUTbL
pasnuune mexay STMMM ABYMSA NOHATUAMM, NOKA3aTb NPUMEPBI HA aHAIOTOBbIX Yacax.
[na noctpoeHus ¢urypbl, NoNyYeHHOM B pesysibTaTe MOBOPOTA, BaXKHO, YTObbl BCe €€ BepLUMHbI NMOBEPHY/IUCH
BOKPYF LEHTPa NMOBOPOTA Ha OAMH WM TOT YKe Yroa U B OAHOM M TOM Ke HanpasieHuWn. Ha 3To npasuio cnegyet
obpalatb BHUMaAHWE W NPU NOCTPOEHUN GUrypPbl HA KOOPAMHATHOM MAOCKOCTM, MOJYYEHHOM NPU MOBOPOTE Ha
3aZ@aHHbIM Yroa OTHOCUTENBHO HaYyaNa KOOPAMHAT, @ TaK¥Ke NPW NOCTPOEHUN GUTYP, CUMMETPUYHBIX OTHOCUTENBHO
Hayana KoopAMHarT.
MHOraa y4YeHWKM WCMbITbIBAKOT TPYAHOCTU MNpu onpegeneHnn ouryp, CUMMMETPUYHBIX OTHOCWUTENIbHO Havana
KOOPAMHaT, a TaKKe GUryp ¢ LeHTpanbHOW cummMmeTpueit. Takum yyeHMKam LenecoobpasHo HanoMHUTb, YTO o4Ha
n3 GUryp, CMMMETPUYHBIX OTHOCUTE/NIbHO TOYKM, NOJIYYaeTca M3 Apyroi noBopoTom Ha 180° BOKpyr LeHTpa
CUMMETPUN.
Mpu nepexoae K 3aga4am Ha NOCTPOEHME LLesecoobpasHO OBBACHUTL YHEHMKAM PA3HULLYY MeXAY NOCTPOEHUEM U
yepyeHnem ourypbl. XoTa Aaa BbluepumBaHuA GUTyp M UCNONb3YETCA JIMHENKA C AeNeHWAMM, B 3ajadax Ha
NMOCTPOEHNE PaBHble OTPE3KM U PACCTOAHUA HEOOXOAMMO OnpeaensTb He NYTEM U3MEPEHUsA, @ C NOMOLLLIO
MeTO/,0B reOMeTPUYECKMUX MOCTPOEHUM.

Pa3BuTME MAaTEMATUUYECKOTrO A3blKa
MpaBunbHOE onpenefieHne MOHATUI KNOBOPOT», «Yros NOBOPOTa», KLUEHTP MOBOPOTa», «MNOJIHbIA NOBOPOT»,
«MNOBOPOT MO HaNPaBAEHMNIO ABUKEHMSA YaCOBOW CTPENKNY, KNMOBOPOT NPOTMB HaMNpaBAEHUA ABUKEHNS YacOBOM
CTPE/IKM», «KNOBOPOT BOKPYF Hayasa KooOpAMHAT», KCUMMETPUA BPALLEHUA», KLEHTP CUMMETPUM», «burypa c
LUEHTPaNbHOW CUMMETPUEN», «MOCTPOEHME», «/MHEWKa 6e3 AeneHui» U «CepeamHHbIN NepneHAMKYNap»
NO3BO/IAET OLLEHUTb CTEMEHb YCBOEHWS 3TUX NOHATUMN.

MartemaTtuyecKkue NOHATUA U TEPMUHDI, YCBOEHHbIE B pa3gene

Mosopom, yz0n nosopoma, ueHmMp Mo08OPOMAd, MOAHbIU N080POM, CUMMeEMPUA BPAWEHUA, UYeHmp
cuMmmempuu, guaypa c LeHTPaNbHOM CUMMETPUENR, MTocmpoeHue, cepeduHHbIl neprneHouKynap.

Heobxopaumblie npegsaputenbHble 3HAHUA U YMEHUA:
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¢ [lpAmoyronbHas cucTema KoopauHaTt e [locTpoeHWe TpeyrosibHMKa MO ABYM CTOPOHam M
* CumMmeTpus, NnepemelleHne, NoBopoT MY HUMMU, NO CTOPOHE U NPUAEXKALLMUM K Helt yrnam

MexaucumnanHapHasa nHTerpauus
MoHATUA NOBOPOTA U CUMMETPUN UCMONL3YIOTCA B MaTeMaTUKE MPU NOCTPOEHUM FEOMETPUYECKUX dUryp, B dusmke
— nNpM MOAENMPOBAHUU CUN WU ABUMXKEHUA. B MHPOpPMaTMKe MNOBOPOT M CUMMETPUA COCTABAAIOT OCHOBY
KOMMNbIOTEPHOW rPaduKM, aHMMaLUKN U AU3aiHa UTP. B MCKYCCTBE M apXUTEKTYPE 3TU NOHATUA UTPAIOT BarKHYHO POJb
NP1 CO34aHNN OPHAMEHTOB, Y30POB M KOHCTPYKTUBHbIX GOpMm.

TEMA 9.1. BpaweHue B KOOPANMHATHO NAOCKOCTU
NOACTAHAAPTDI 7-3.5.1. NpuMeHAeT NOHATUE NOBOPOTA Ha KOOPAMHATHOWM NAOCKOCTH.

e Haxoaut owurypy, monyvyeHHyto B pe3yabTaTe MOBOPOTa MJIOCKON GUrypbl BOKpYr
LLE/IN OBYYEHUA 334aHHOM TOYKM HA ONPEAENEHHbIN YrO.
e YepTtut durypy, nonyyeHHyto B pesyabtate NoBopoTa.

NPUHAONEXHOCTU Paboune AnCTbl, KAPTOUKU, CTUKEPDI

U3yueHwue: https://www.geogebra.org/m/dxrrxhmz
https://www.geogebra.org/m/vvc8vue3 https://www.geogebra.org/m/stxgycpr
https://www.geogebra.org/m/gfsyjhts https://www.geogebra.org/m/k8xgaxek
O6cyKaeHne CXOAHOM 3aaaun

PaccmaTpuBaetca nnaH napka. O3By4MBalOTCA KOOPAMHATbl 3aAaHHbIX OBOBEKTOB. YUYEHUKM 3HAKOMbI C
npaBMAaMmn HaxoXaeHNa KoopanHaT Guryp, NoayYeHHbIX B pesyibTaTe nepemelleHuUa no ropusoHTanbHOM MK
BEPTUKANbHOM NPAMOM, a TaKKe CUMMMETPUYHbBIX OTHOCUTENbHO KOOPAMHATHbIX oceld. MNpaBuaa noBTopAoTCA,
OTMEYaeTcs, YTO TOUKM, B KOTOPbIX PACcMON0MKeHb! TUP U aTTPaKLMOH, CUMMETPUYHbI OTHOCUTENbHO ocK abeuucce,
a KayesIv YCTaHOBJIEHbI Ha 2 e AMHULIbI IeBEE U Ha 2 eAMHMLbI BbiLE TUPA. YUEHUKM MbITaloTCA OTBETUTb Ha ApYyrue
BOMPOCbI. [JaHHble OTBETbI 0B6CY»KAAOTCA C KNACCOM .

MNobyxaeHue

YUYEHMKM YMEIOT Hax04uTb, KaKyto YacTb A/IMHbI OKPYXKHOCTU COCTaBAAET AANHA AYrK. YuuTenb AeMOHCTpUpyeT
aHaNorosble Yachl U 3a4aET yYeHUKam HaBoAsALLME BONPOChI:

— Y10 03HauaeT 1 NonHbI 060POT YAaCOBOM CTPENKM? 33 CKOIbKO MUMHYT MUHYTHasA CTpe/ika coBepliaeT 1 noHbIN
060pOT? M3 CKONbKKX rPagyCcoB COCTOUT NOAHbIM 060pOT? Kak onpeaennts HOBOE MOAOMKeHUe Npu NoBopoTe?
OTBeYas Ha BONPOCHI, yY4EHUKM OTMEYAIOT, YTO MUHYTHAsA CTpesika 3a 60 MMHYT noBopaymeaeTca Ha 360°, To ecTb
3a 1 MUHYTY NoBOpa4MBaeTcs Ha 6° 1 TaKMM 06Pa30M NMPUHNUMAET HOBOE MOJIOXKEHME.

WccnenosaHuezobcym aeHue

Ha ocHoBe TOro, 4To MMHYTHaA CTpenKa 3a 1 MMHyTy MoBopaymMBaeTca Ha 6°, OTBEYAIOT HA BOMPOCHI:

e ECAM MMHYTHaA cTpenka noBepHETcA Ha 60°, MOXHO pa3nnyHbIMM cnocobamu onpenennTb, KOTOPbIN Yac
MOKa3blBaET Yacbl.

SNNEKTPOHHDbIE
PECYPCbI

nonHoro oboporTa.

P 10 (muH)

CnepoBatenbHO, ecin yacbl nokasbiBatloT 09:00 M MWHYTHasa CcTpenka
noBepHETcA Ha 60°, yacbl nokaxyT 09:10.

e OTMmeyaeTcs, 4To 4YTobbl Yachl, NoKasbiBatoLme 09:00, nokasanm 09:20, 4ONKHO
npointn 20 MUHYT. Ecnv 38 1 MUHYTY MUHYTHanA CTpesika NOBOpaYMBaeTcs Ha 6°,
TO BbIMMCNAETCA, HAa CKONIbKO rpaZlycoB OHa NoBepHETCA 32 20 MUHYT:
20-6°=120°

CnepoBatenbHO, €CM MUHYTHAA CTPe/IKa NoBepHETCA Ha 120°, yackl noKaxyT 09:20.

B Knaccax ¢ TEXHUYECKMMU BO3MOMKHOCTAMM MOMKHO BbINOJIHUTb MHTEPAKTUBHOE 3a4aHue.
https://www.geogebra.org/m/quexu62V

60
OTmeuvaeTcs, 4Yto 60° cocTasnaet Te0°

RO+~

Haxogutca % 4YacTb oT 60 MUHYT. 60 -
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m Mosopor

OTmeyaeTcs, YTo Npu NoBopoTe
NAOCKOM GpUrypbl BOKPYr HEKOTOPOW

YyeHnKam coobLaeTcsa o0 NOHATUAX Neg--o..
NOBOPOTa MO HanNpPaBAEHUIO ABUKEHMUA

Toukun O Ha 3a/laHHbIN yron 4acoBoit CTpenkM U NpoTus HanpasneHus | 90°
NONOMKEHUE PUTYPbl UBMEHAETCA, HO  of =, [BUKEHWNA 4YaCOBOMN CTPEJIKK, O TOM, KaK ’
eé pa3mepbl He M3MEHAIOTCA, TO ecTb > eHmp OHM 0603HAYAIOTCA, @ TAKXKe O TOM, YTO

N,

nosyyaerca ¢pUrypa, KOHrpPysHTHas LLEHTP NOBOPOTa HE U3MeHseTcs, U
OaHHOM. npoBoanuTca obeyKaeHre Ha Nnpumepax.

K cBepgenuo yuutens! Mog nosopotom Atob6oit Gurypbl BOKPYr LLEHTPa MOBOPOTA Ha OnpeaenéHHblA yron
NOHUMAeTCA NMOBOPOT BCEX €€ ToYeK Ha OAUH W TOT e yron. [loaTomy AnA NOHMMAHUA NMOHATMA NOBOPOTA
YUYEHMKAM BaXHO CHayana MNOHATb NOBOPOT TOYKU. OAQHAKO MOCKO/bKY MOBOPOT GUryp ans yyeHukos 6onee
HarnsgeH, uenecoobpasHO CHayana MoKasbiBaTb NpuMmepbl Ha ourypax. Takke credyeT NOAYEPKHYTb, 4YTO
bUrypbl, NoAyYeHHbIE B pe3yabTaTe NOBOPOTA, ABNAOTCA KOHIPYSHTHLIMM,

B Knaccax ¢ TeXHMYECKMMMU BO3MOXKHOCTAMM MOMKHO BbINOJHUTL MHTEPAKTUBHOE 3a4aHMe.
https://www.geogebra.org/m/ugjhcmer

OZHMM M3 OCHOBHbIX MOMEHTOB MpPU W3YyYEeHUU Tembl
ABNAETCA YCBOEHME HOBbIX MaTeMaTUyeCKux NOHATUN.
Pa3Butne martemaTMyecKoro A3blka MO3BOJISET YY4E€HUKaM
npasuabHO GOPMYNIMPOBATbL 3TU MOHATUA M KOPPEKTHO
NPUMEHATb UX B NPAKTUYECKMUX 3a4aHMAX. OCOBEHHO BaXKHO
yCBOEHME NOHATMI NOBOPOTA, LEHTPa NOBOPOTa, HanpasieHNa NOBOPOTA (MO HanpPaB/AeHMIO ABUNKEHWUA YaCOBOM
CTPENKM UM NPOTUB HEro) U yraa NoBopoTa.

YYyeHWKam MOXKHO MOKasblBaTb Pas3/IMyHble MAMIOCTPALMK, 3 TaKKe AaBaTb MHGOPMaLMIO 06 ONTUYECKMX
nnno3smax. ONTUYECKUE UMIO3UM — 3TO BU3yasibHble AB/EHMSA, BO3HMKAIOLWME B pe3ysibTaTe HeCOOTBETCTBUA
Mexay n3obparkeHnem, BOCNPUHMMAEMbIM I1a30M, U ero 06paboTKol Mo3rom. B Takmx n3obparkeHnax o6beKTbl
MOTYT Ka3aTbCA ABMXKYLWLMMUCA, YyBENNUYNBAOLWNMMUCA, YMEHDBLUALWMMNCA NN BPaALLAKOWMMNCA, XOTA Ha CaMOM
aene nsobparkeHne ctaTMyHo. ONTUYECKME MANIO3MM BO3HMKAIOT Mo, BAMAHMEM OCOBeHHOCTel 3puUTenbHOM
CUCTeMbI, CBETA U TEHM, LBETOBOrO KOHTPACTa U reoOMeTPUYECKOM CTPYKTYPbl M WMPOKO MCNOb3YIOTCA KaK B
Hay4HbIX, TaK M B y4ebHbix uenax. OnucaHue oéuUrypbl, NOAYYEHHOW B pe3ysbTaTe NOBOPOTA, BaXKHO ANA
NPaBUILHOTO eé NOCTPOEHUA YYEHUKaMMU.

2. Obcyxpaetca MHeHue AliHyp. OTmeuasn, u4To
No/HbIM 060pOT paBeH 360°, yHEHUKM MOTYT NOKa3aThb,
Kak nonyyaetca 90°: 360° — 270° = 90°.

Mostomy B o060Mx cnayyasx npu  nNoBopoTe
OTHOCUTE/IbBHO MWCXOAHOFO MOJIOXKEHUA MosyyaeTca
O/ZIMHaKOBbIM pe3ynbTaT. TO ecTb, XOTA HaMpaBAeHWe NOBOPOTA M BEIMUYUHA YI/1a PA3/INYHbI, eCAN CYMMA YI/10B
cocTtaBnset 360°, B UTOre NosoxKeHna GUryp, NosyYyeHHble B pe3yibTaTe MOBOPOTA, COBNAAAOT.

OTBeyatloT Ha BOMpPOCHI.

a) Mpu nosopoTe Ha 180° No HanpaBAEHWIO ABWMKEHUSA YacOBOM CTPENKM U Mpu noBopoTe Ha 180° npotus
HanpaBAEHWUA ABUXKEHNA YAaCOBOM CTPENKM MNOYYaOTCA OA4MHAKOBbIE NOMOXKEHUA GUrypol, NOCKoNbKy 180° + 180°
=360°.

6) Mpu nosopoTe Ha 120° No HanpaB/iEHMIO [ABUMEHWUS 4acOBOM CTpPeNKM M npu nosopoTe Ha 120° npoTus
HanpaBAeHUA ABUXKEHMA YaCOBOM CTPESIKW NONoKeHNUs GUrypbl He coBNaAatoT, NOCKoAbKy 120° + 120° = 240° #
360°.

B) Onpeaensetca, NpuM KakoM NOBOPOTE MO HAMPABAEHWUIO ABUMKEHMA YACOBOM CTPEKM MONYYUTCA TO Ke
NMosI0XKeHMe, YTo 1 Npu nosopoTe Ha 200° NPOTMB HaNpPaBAEHUS ABUMKEHMA YacoBOM cTpesikn. 360° — 200° = 160°.

m Mocrpoexue dburypbl, NOAYYEHHOM B pe3ynbTaTe NOBOPOTa

YyeHMKam  0BbACHAETCA, Kak  No  3aAaHHOM
nocnenoBaTelbHOCTU CTPOUTCA dUrypa, NoayYeHHas B [l .
pesynbTaTe noBoOpoTa. B npouecce 06bACHEHMS, ,
bUKCMpyA Wwaru, No mepe NoCTPOeHUA GUrypbl YUEHUKM [

Monoxexue ¢urypsl Npu NoBopoTE
no 4acoeow cTpenke Ha 270° u npwu
NOBOPOTE NMPOTME YaCOBOM CTPEKM
Ha 90° ByaeT OAMHaKOBLIM.
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60s1ee YETKO BUAAT MOCNEAO0BATENBHOCTb BbIMOJIHEHWA ONepauuy NoBopoTa. ITo obneryaetT NMOHUMaHUeE TOro,
KaK noJsiyyaetca HoBan ¢urypa.

B Knlaccax ¢ TEXHUYECKMMM BO3MOXKHOCTSIMW MOYKHO NMPOAEMOHCTPUPOBATL BUAEOMaTEPUan.
https://youtu.be/6G609L17mbM

K csepeHunio yuntensa! MoXHO CNPOCUTb y YYEHMKOB, rAe OHM BCTpeyvann ourypbl, .
NnoJlyYeHHble B pe3ynbTaTe NMOBOPOTa, NPessIoKUTb NPUBECTM NpUMepbl. B Knaccax ¢ ),'.i" ok
TEXHUYECKNMM BO3MOKHOCTAMM MOXKHO, UCMONB3YA CUMYNALMM, CO3AaBATb PAsNNIHbIE b
OpPHaMeHTbl Ha OcHoBe GUryp, NONYYEHHbIX B pe3y/bTaTe NOBOPOTA.
https://www.geogebra.org/m/sbfrxndk
LlenecoobpasHo coobLMTb YYEHNKAM, YTO
y30pbl,  OCHOBaHHble  Ha  ¢urypax,
MOJIyYEeHHbIX B pe3y/abTaTe MNOBOPOT],
BCTPEYAIOTCA BO MHOMMX WUCTOPUYECKUX
NMaMATHUKAX. B 4acTHOCTM, B BOCTOYHOM U
WUCNaMCKON  apXUTEKType  OPHAMEHTbI 2 s : [;050-058: 1=pxo. -
cTpoATca I'IyTéM noBTOpPEHUA Mae3oneli MOMUHE’-XCImyH ﬂeopeq WEeKUHCKUX XaHos

=

reomeTpuyecknx  Guryp,  NoBEpPHYTbIX

BOKPYr LeHTpa Ha onpefenéHHbli yron. B Asepbalif)aHe TakMe OpPHaAMEHTbl C CMMMeETpuen BpaleHuA

OTYETNIMBO HAbBNOAAIOTCA B YKPALLEHMAX TaKMX aPXUTEKTYPHbIX NaMATHUKOB, Kak [sopel, LLnpsaHwaxos, AsopeL,

LWEKMHCKMX XaHoB, MaB3oaelt MoOMMUHe-XaTyH.

YYyeHMKamM MOXKHO TaK¥e CcoobwnuTb O COBPEMEHHbIX

aPXMTEKTYPHbIX 06BbEeKTax, B KOTOPbIX MCMO/b3yeTcA NOBOPOT.

Hanpumep, pom Sharifi-ha House B TerepaHe — KOMHaTbl Ha

dacage moryt nosopaymBaTbca Ha 90°, YTo NPMAAET 34aHUIO

N3MEHSAIOLLMIACA 3CTETUYECKUI 06K,

https://www.youtube.com/shorts/M7NfUorlng8

MpaKkTtuyeckoe 3apaHume. Ha ancte YepTUTCA NPOM3BOJIbHbLIN

TpeyronbHUK ABC 1 BHe TpeyroibHMKa oTmeuaetcs Touka O. bepétca KanbKa (npo3payHas bGymara) Takoro

pa3smepa, 4Tobbl NOKPbITb GUrypy n Touky O, 1 NOMELLAETCA NOBEPX OCHOBHOIMO /IUCTA. YYEHUKM MO YKa3aHHOM

nocnefoBaTe/IbHOCTU YepTAT GUTypbl, MOAYYEHHbIE B pe3y/ibTaTe NOBOPOTa.

1) HanoxuB KanbKy Ha AaHHyto durypy, HauepTute durypy u otmetbTe Touky O TaK, UTobbl OHa coBnagana.

2) 3aKpenuB IUCT U KaNbKy B Touke O, NOBEPHUTE KasibKy BOKPYr TOUKM O Ha 3a4aHHbIV yron (Hanpumep, 60°).

3) Hosyto ¢urypy, nonyyeHHyto B pe3ybTaTe NOBOpPOTa, 0603HaubTe Kak 41B:Ch.

YUYEHUKN [,EMOHCTPUPYIOT NONYYEHHbIE Pe3y/bTaTbl, MPOBOAUTCA OOCYKAEHNE C KNACCOM.

B Knaccax ¢ TeEXHUYECKMMM BO3MOXKHOCTAMMW MOXKHO NPOAEMOHCTPUPOBATb YYEHUKAM BUAEOMaATEPUAnN.

https://www.youtube.com/shorts/o0eUccf9saA

3. Ha pucyHKe n3obparkeHa ¢urypa cuHero ugeta U ogHa M3 BepluH Gurypbl, NoJy4eHHOW B pesynbTaTe

noBopoTa 3TON GUrypbl BOKPYr ToukM M. ®Purypbl yepTaTca B TeTpasau, U Gurypbl, NosyyeHHble B pe3yibTaTe

NoBOPOTa, LONOHAIOTCA B TETPaaM.

B Knaccax € TEXHUWYECKMMM BO3MOXKHOCTAMM MOXKHO TMPOAEMOHCTPMPOBATL YYEHMKAM  aHaANOTMYHYIO

AeATeNbHOCTb.

https://www.desmos.com/calculator/kohoey3j60

4. O Npu noBopoTe BOKpYr To4kM O 0Tpe3ok AB nepeluén B oTpe3ok 41B;. OTBeYaloT Ha

BOMPOCHI M1 060CHOBBIBAOT, YTO AB = A1B;.

e [Ipy NoBOPOTE KaxKAan ToOUKa GUrypbl ABUNKETCA NO Ayre OKPYKHOCTM BOKPYT LEHTPA
nosopoTa. lMpu 3TOM paccToAHWe OT 3TOM TOYKM A0 LEeHTpa NoBOPOTa OCTaéTcA
HensmeHHbIM. CnefoBaTe/IbHO, NOCKOJIbKY OTPe30K AB noBepHYT BOKPYTr TOUKN O U
paccToaHue He nameHsetca, 10 O4 = OA1v OB = OB,

e Tak Kak oTpe3ok AB nosepHyT BoKpyr Toukn O, To £ZAOA; = LBOB;.

® LAOA1=2AOB + £BOA1 w £BOB1 = £A4:0B1 + £BOA;.

MockonbKy yron BOA,; asnAetca yactbto yrnos AOA; u BOB,, To nonyyaetca, uto £AOB = £A410B;.

e TpeyronbHukn AOB n A1OB1 KOHrpyaHTHbI No npu3sHaky CYC. AAOB = AA10B;

e NMockonbky AAOB = AA10B1, T0 AB = A1B1
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Wcnpaeb olwubkry! 2

®urypa, NOCTPOEHHAA NO AAHHOMY anroOpUTMY, MOXKET U He OblTb GUrypon, NosyyeHHOW B 7 Bf.
pe3y/abTate NOBOPOTA. [ANA NOAYYEHUA TOYHOTO pe3ybTaTa He06X04MMO NCNPaBUTL OLLMOKY BO G p i
BTOPOM LLAre U OTMETUTb, YTO 6epETcA He NPOM3BO/IbHAA TOYKA, @ TOYKa, YAOBAETBOPAOLLAA A:j:-"h,
ycnosuio MA = MA,. Bl | 4

®urypa, nonyyeHHas npu nosopoTe TpeyronbHuka ABC BoKpyr Touku M Ha 90° no

HanpaB/NEeHWIO ABUKEHWUS YAaCOBOM CTPE/IKU, CTPOUTCA cneaytowmm obpasom:

1) NposoguTcsa nyd MA n ctpoutcs yron 90° no HanpasAeHUIO ABUMKEHUS YaCOBOW CTPENKM C OLHOM CTOPOHOM
MA.

2) Ha BTOpoW CTOpOHe yrna oTknagbiBaetcd oTpe3ok MA, = MA v B B.
OTMeYaeTca ToYKa 4. B i

3) Temun e waramm oTmedaroTcs Touku By u Ci. Touku 4., By n G <

COeaMHAOTCA.

MoaYépKMBaeTca BaXHOCTb MNPaBMIbHOIO BbIOOpA HamnpasaeHUA npu
nosopoTe. Ha puUCyHKe HECOOTBETCTBME HEKOTOPbLIX M3MEPEHUW TaKKe
MoKasblBaeT, YTo ¢urypa noctpoeHa He B COOTBETCTBUM C ycioBuem. Ha
OaHHOM n3obpaxeHnn LAMA, + £CMC,, MA + MA,.

Takum 06pasom, OWMOKM onpenenatTca U YepTUTCA TPEYrosibHUK, MOJIYYEHHbI B pesysbTaTe NoBOpPOTa
TpeyronbHuKa ABC.

K cBegeHnuto yuntena! MNpenoTBpaTTb TUNUYHbIE OLIMBKM MOXKHO, 06paTUB BHUMaAHME YYEHUKOB Ha [Ba BaXKHbIX
MOMEHTA, CBA3aHHbIX C MOBOPOTOM.

v B pesynbTaTe NOBOPOTa PaCCTOAHME OT BCEX TOYEK /10 LEHTPa NOBOPOTA HE M3MEHARTCA.

v\ ®urypa, noayyeHHas B pesynbTaTe NOBOPOTa, KOHIPY3HTHa AaHHOM durype.

Takum 06pa3om, y4eHUKM MOHUMALOT, YTO MOBOPOT He U3MeHAET Gopmy U pasmepbl GUrypbl, @ UISMEHAET TO/IbKO
€€ MOoJIoXKEeHWEe Ha NAOCKOCTU. ITO NMOMOraeT AenaTb NpaBu/ibHble BbIBOAbI B 3343a4ax Ha MOCTPOEHWE W
[,0Ka3aTeNbCTBO, CBA3aHHbIX C MOBOPOTOM.

W MoBOPOT Ha KOOPAMHATHOM NAOCKOCTH

Ha pucyHKax 3o06pakéH NoBOpPOT TpeyroibHUKa ¢ BepwinHamu A(1; 1), B(1; 4), C(3; 1) BoKpyr Hayana KoopauHat
NPOTMB HanpaB/IEHUA ABUMKEHMA YacoBOM cTpesikn Ha 90°, 180°, 270°. C Knaccom obcyKAaeTca, KaK Mo PUCYHKY
onpeaenATCA KOOPAMHATbI BEPLINH TPeYro/ibHMKa, NONYYEHHOTO NPU KaxKA0M NOBOpPOTE.

e Ob6bACHAETCA, KaK W3MEHAIOTCA KOOPAMHaTbl TOYKM NPy MNOBOPOTE BOKPYr Hadana (&3
KOOpAMHAT NPOTMB HampaB/ieHUA ABWMKEHWA 4acoBOM cTpenku Ha 90°, 180° u 270°. '
LlenecoobpasHo conpoBOXAaTh TakMe 06bACHEHMA NPUMepaMu.

ML)

Bid) = (-4:3)  (Gid)ms (-3 -4)  (3;4) = (4 -3) G NI E

®

MOBOPOT TOYKM BOKPYF Hayana KOOPAMHAT MO HANpPaB/EHWUIO ABUMKEHWS YAaCOBOW CTPE/IKM MOXKHO 3aMeHUTb
NOBOPOTOM B MPOTMBOMO/IOKHOM HANPaBAEHUWN AN HAXOXKAEHUA KOOPANHAT COOTBETCTBYIOLLLEN TOUKM.

K cBegeHuto yuutena! MNpu obbAcHeHUM 3TON WMHPOPMaLMM peKOMeHAYeTCcAs NPUBOAUTL MNPUMEPbI U
OpraHn3oBbIBaTb 06CYyXKAEHME C KNnaccom. Bo 2-m 3agaHMM Tembl NpUBeLEHbI NPUMEPLI, NOKa3biBaloLLMe CBA3b
MeXX4y NOBOPOTOM MPOTWUB HAMNPABAEHUA ABUMKEHUSA YAaCOBOM CTPENKM U MO HanpaBAEHUIO ABUMKEHUA YaCOBOM
CTpeNnkn. MOMXKHO HaMOMHWTb, YTO eCM TOYKa MNOBOPAYMBAETCA BOKPYr Havana KoopauHaT Ha 90° no
HaMNpPaBAEHWUIO ABUKEHUA YACOBOM CTPEJIKM, TO 3TO MOXKHO 3aMeHUTb NOBOPOTOM Ha 360° — 90° = 270° npoTus
HanNpaBAEHUA OBUKEHUA YAaCOBOW CTPenKU. B aTom cnyvae nosnyyveHHble ¢urypbl coBnagatot. Takoi nopxon,
YNPOLLAET HAXOXKAEHME KOOPANHAT U NO3BOIAET UCMO/Ib30BaTb NPABMIO0 HAXOXKAEHMA KOOPANHAT NPM NOBOPOTE
NPOTUB HAMPAB/AEHWUA ABUKEHUA YACOBOWM CTPENKM A/1A NOBOPOTA NO HANPABAEHWUIO ABUKEHWNA YAaCOBOW CTPE/IKM.
6. Ha pucyHke nM3o6pakeHa ¢urypa CMHero LBeTa M oAHa U3 BeplwmrH GUrypbl, NoJyYeHHON B pesynbTate eé
NMoBOPOTa BOKPYr Hayasna KoopAWMHAT. 3anucbiBalOTCA KOOPAMHATbl BEPLWMH AaHHOM Gurypbl M Gurypsl,
NnoJly4eHHOM B pe3ynbTaTe NoBopoTa, Urypa AonoaHAeTCs.

233



a) MoBOpPOT NPOTMB YacoBOW 1% 6) NMoBoOpOT NO YacoBoW

cTpenku Ha 90° “En=tD B  C cTpenke Ha 180°
A1) > 4 -11) A A(21) > A1 (2-1)
1. s
B(1;2) 2 Bi(-2;1) 1 e -i B (-2;3) = Bi(2;-3) 0, '—1
C(3;2) = Ci(-2;3) : C(-3;1) > Ci(3;-1) _ C,

D (3;1) = Di(-1;3)

OTmeuvaeTcs, 4TOo HeKoTopble GuUrypbl MpUM MOBOPOTE BOKPYr ONpesenéHHOM TOYKM [0 nosHoro obopoTta
HEeCKO/IbKO pa3 CoBNAAalOT camu ¢ coboi, Takme durypbl HasbiBatoTca durypamu, obnagaowmumm cummeTpuen
BpaLLeHuns. B yuebHMKe yKa3zaHo, YTO PaBHOCTOPOHHWUI TPEYro/ibHUK NPY MOBOPOTE BOKPYT LLEHTPA TAXKECTM Ha
120°, 240°, 360° coBnaaaeT cam ¢ coboi. PekomeHayeTca NpMBOAMUTb AONOJHUTE/IbHbIE NMPUMEPDI.

KBagpat npy noBOpOTe BOKPYr TOUKM NepeceyeHus guaroHanen Ha 90°, 180°, 270° coBnagaeT cam ¢ coboM.
Mapannenorpamm, NpsMoOYrosibHMK, PoM6 NpW MOBOPOTE BOKPYr TOYKW NepecevyeHus AuaroHanen Ha 180°
COBMaAaloT camm ¢ COb60oM.

YYeHMKM MOTyT NnokKasaTb, NoYemy 3Tu ¢urypbl 061a4aroT cMMMETpUeER BpalleHus, nsobparkan ux.

B Knaccax c TeXHUYECKMMM BO3MOMKHOCTAMM MOKHO BbINONHATD aHANOTMYHbIE MHTEPAKTUBHbIE 334aHKA.
https://www.geogebra.org/m/z9tM2QKu https://www.geogebra.org/m/gWxUsE46

DnddepeHumpoBaHHoe obyyeHue

Moddepxka. Ha nucte YyepTutca npoctas ¢urypa (Hanpumep,

NOAYKPYr, Ayra UAW Hebonbluas KpuBas MHUA). YUeHUKam

npeanaraerca, nosopauvsas 3Ty GUrypy, Kak MoKasaHoO Ha

PUCYHKE, HayepTUTb MNoJyYeHHble U306parkeHns. Takum

CNocoboM OHW NPOBEPAIOT, Kakoe M30bparkeHue NosyveHo.

[na nsobpakeHni, Nony4eHHbIX NOBOPOTOM, 06 bACHAETCA Hanpas/JeHNe NOBOPOTa U NPUMEPHO HA KaKOM yron
BbINOJSIHEH MOBOPOT; ANA M306pa)eHWi, He ABAAIOWMXCA pPe3y/sbTaTOM MOBOPOTa, OOBACHAETCA, Kakoe
npeobpasoBaHune BbINOJHEHO.

YenybneHue. YyeHuKkam npegnaraetca HEeCKONbKO

nsobparkeHnn. CHauyana TpebyeTca onpeaenuts urypsl,

Nno/sly4eHHble B pes3ysibTaTe MOBOPOTa OAHOW ¢GUrypbl, 3aTem

NpoBepuUTb OTBET, BbIMNOJHWUB YepyeHue. [na n3obpaxeHui,

NOMyYeHHbIX NOBOPOTOM, 06BACHAETCA HanpaB/sieHNe NOBOPOTA U NPUMEPHO Ha KaKoM yro BbINOJIHEH NOBOPOT;
ANA N306parkeHni, He ABNAIOLLMXCA Pe3yNbTaToOM NOBOPOTa, 06BbACHAETCA, Kakoe npeobpasoBaHme BbINOJHEHO.

A A \900
i i i
o] 1 " ol 1, "
yKa3aHHOe NnosioxeHue. =) i ig, eAMHNLBI
e [ina 3toro lONbCIOM [ONXKHA NOBEPHYTb ¢Urypy BOKpPYr Hayana e )2 BHU3
KoopAMHaT Ha 90° MO HAMNpaBiEHWUIO ABWKEHWA YAaCOBOM CTPESIKM, |: r |: ﬂ
3aTeM BbINOJIHUTL NepeMeLLEHNE Ha 3 eANHULLBI BHU3. | 1
© 3annCcbIBAOTCA KOOPAMHATLI BEPLUMH GUrypbl, NOYYEHHON B pe3yabTaTe NOBOPOTA.
(0; 0) = (0; 0) (1;2) = (2;-1) (3;1) = (1;,-3)
(0;2) = (2; 0) (1;,1)—(1,-1) (3;0) > (0; -3)
Kputepum oueHnBaHus Martepuanbl oLeHMBaHuUA

YepTut durypy, nosyvyeHHyto B pesynbTaTe NOBOPOTA NAOCKON ¢urypbl BOKpyr | Paboume nanctbl, yuebHUK, PT
3a[,@HHOW TOYKM Ha onpeaenéHHbIN yro.
YepTut Ppurypy, nonyyeHHyto B pesyabrate NnoBopoTa. Paboune nncTbl, y4ebHUK, PT
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TEMA 9.2. CummeTpmAa OTHOCUTENIbHO TOYKMN
7-3.5.2. O6bACHAET NOHATME CUMMETPUN OTHOCUTENIBHO TOYKM, YEPTUT Urypy,
NOACTAHAOAPTDI =
CUMMETPUYHYIO AAHHON OTHOCUTE/IbHO TOYKM.

® Ob6BACHAET NOHATUE CUMMETPUM OTHOCUTE/IBHO TOUKM.
LLE/IN OBYYEHUA ® YepTut Ppurypy, CUMMETPUYHYIO JaHHON OTHOCUTE/IbHO TOYKM.
e OnpegensieT GUrypbl ¢ LEHTPANbHON CUMMETPUEN.

NPUHAONEXHOCTU Paboune A1CTbl, KAPTOYKK, CTUKEPSI
M3yueHue: https://youtu.be/QWX39HIKKVE

S/IEKTPOHHbIE Wrpa: https://www.qgeogebra.org/m/teeqnrnr
PECYPCbI https://www.geogebra.org/m/INKeQvXn
MNobyxaeHue

YyeHnKam 4eMOHCTPUPYIOTCA paboume AUCTbI C M306parKeHUAMMN Pa3nYHbIX GUryp. YueHUKam npeanaraerca
onpeaenuTb, ABAAIOTCA AN uUrypbl Ha paboyem AUCTE CUMMETPUYHBIMM OTHOCUTENbHO 3a4aHHOM NPAMOMN.
BbICNYLUMBAOTCA MHEHWA YYEHMKOB M OpraHusyeTtca obcykaeHune. 3aTem oTBET NPoBepAeTca NyTém crnbaHus no
COOTBETCTBYHOLLEN IMHUN.

Ha knetyaToii 6ymare w3 KaaoW ourypbl, NOKa3aHHOM Ha PUCYHKe,

BbIMONHAIOTCA 4BE KOMUM, O4HA M3 KOTOpPbIX Bbipe3aeTcA. OCTpblii KOHeL,

LUMPKYNA YCTaHAB/AMBAETCA B OTMEUYEHHYIO TOUKY Ha APYroi Konuu, 1 Kaxkaas E .
Bblpe3aHHas ¢éurypa nNOBOPAYMBAETCA BOKPYr 3TOM TOYKM Ha 180°.

MonyyeHHble pe3ynbTaTbl obcyKaatoTes.

1 1 3 purypol coBnagatot | A 2 ¢urypa He coBnagaer c

camu c coboli B pesynbtaTte
nosopoTa Ha 180° BoKpyr
OTMEYEHHOMN TOUKM.

camol coboit B pesynbTaTe
nosopoTa Ha 180° BoKpyr =
OTMEYEHHOM TOYKM.

[Nna BbINONHEHUA 3aaHUA MOXHO WMCMO/Mb30BaTb MPO3PAYHYIO KaNbKy. YUEHWKWU, UCMOb3yA KasbKy, MOTYT,
nepepucoBbiBas GUrypbl, NosyyeHHble B pe3y/nbTaTe MoBOPOTa, YBUAETb, Kakve $uUrypbl COBMNaaloT camu C
cobo.

m CMMeTPUA OTHOCUTENIbHO TOUKU

YyeHuKam fAaétca MHPopmauma O TOUKAX, CUMMETPUYHbLIX OTHOCWUTENbHO TOYKWU, U O u,eHTpe CUMMETPUN.
MNpusoaatca npumepbl. OTMeYaeTcA, B KaKOm c/yyae ase PP
burypbl ABNAIOTCA CUMMETPUYHBIMW OTHOCUTE/IbHO TOUKM, . :
noa4YépKmMBaeTca, YTo GUrypbl, CUMMETPUYHbIE OTHOCUTE/IBHO P A= S ox_ 4 L2
TOYKM, KOHFPY3HTHbI, U YTO OAHA U3 TakKUx GuUryp nonyyaerca . e ey

W3 Apyroii noBopoTom Ha 180° BOKpyr ueHTpa cummertpuy; 0= OB ABCD = AihC1Dy
opraHusyeTca obcyKaeHue ¢ NOKa3oM NPUMepoB.

YyeHnKam 06bACHAETCA CBA3b MEXAY KOOpAMHATaMM TOYEK, CUMMETPUYHBIX OTHOCUTE/IbHO Havyana KoopauHat
Ha KOOPAWHATHOM NAOCKOCTU, NPUBOAATCA MPUMEPBI.

{2 e o

y SV @3

L8 ’

M(-3;1) = Mi(3-1)  N(23) = N (-2 -3) LAbclld B
B Knaccax ¢ TEXHUYECKMMU BO3MOMKHOCTAMM MOMKHO BbINOJAHUTb MHTEPAKTUBHOE 3aJaHue. -4 |-2 f’/ i
https://www.geogebra.org/m/JINKeQvXn oM G=)

ﬁ, N, (+27-3)
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OTMeyvaeTcs, YTO KOOPAMHATbI TOYKU, CUMMETPUYHON OTHOCUTE/IbHO HaYyasa KOOPAWMHAT TOYKE, PACMO/IOKEHHOW
8 1-11 YeTBepTH, PaBHbI MPOTUBOMO/IOKHbLIM 3HAUYEHUAM KOOPAMHAT 3TON TOUKM. [OCKObKY KOOPAMHATLI TOYKM B
1-/ YeTBEPTU ABNAIOTCA NONOMKMTENbHBIMU YNCNAMU, MX NPOTUBOMNONONKHbBIE 3HAYEHUA — OTPULATE NbHbIE YMCAa.
OTmeuyaeTca, 4To ToUKa, 06e KoopAMHATLI KOTOPOW OTPMLLATENLHBI, PACMONOXKEHA B 3-11 YeTBEPTH.

K cBeaeHuto yuntena! YueHUKM 3HAKOMbI C MOHATUAMU CUMMETPUW, NEpemelLeHna M NOoBOPOTa C YPOBHA
HayanbHOro obpasoBaHMA. B 8-m knacce oHU 6osnee rNybOKO M3y4yaloT CYLLHOCTb CUMMETPUM OTHOCUTE/IbHO
TOYKM, OCO3HAIOT, YTO HOBas QUrypa noayyaeTca NyTEM M3MEHEHWA MOJIOMKEHWUA KarK4oM TOUYKM GuUrypbl no
onpeaenéHHomMy npasuay. B 3Tom mpouecce OCHOBHbIM MOMEHTOM ABAAETCA TO, YTO ¢urypa, NoayyeHHas B
pesysbTaTe CMMMETPMM, KOHFPY3HTHA WMCXOAHOW ¢urype. MMeHHO 3TO CBOWCTBO Ob6ecneymBaeT yyeHuKam
npaBuabHOE NOCTPOEHNE CUMMETPUYHOM GUrypbl, €€ pacno3HaBaHue u 060CHOBaHME MO OTHOLIEHUIO K AaHHOM

durype.

3. Ha pucyHKe gnsa onpeaeneHus Toro, ABAATCA AN GUrypbl CUMMETPUYHBIMU OTHOCUTEIbHO Hayana KoopanHar,
CPaBHMBAKOTCA KOOPAMHATbI BEPLUWH.

a) A (-1,2) = (1;-2) 6) . . . (1;3)>(-1;3) (2,1)->(-2;1)
\ A 1y | N,

| (1)~ (-2-1) L /PN T 53)=(-13) (41) - (-41)
- BEE; AR (2;3) > (-2;-3) ——1= :}}/"’"‘2 yict Mapannenorpammbl HE CUMMETPUYHDI
v Zl TpeyronbHUKK ﬁ:é OTHOCWUTENIbHO  Hayana KOOPAMHaT.
Lot N CUMMETPUYHDI - CpaBHeHue MOKHO nposecTy,
OTHOCUTE/IbHO Hayana HayepTMB  GUTypy, CUMMETPUYHYIO

KOOpAMHAT. OTHOCUTENIbHO Ha4ana KoopAMHaAT.

Moa4YépKnBaeTca, YTO AN NOCTPOEHUs GUTypbl, CUMMETPUYHOM AAHHOMY MHOIOYro/IbHUKY
OTHOCUTE/IbHO Havyasia KOOPAWMHAT, CHayaNa OTMEYAIOTCA TOYKU, CUMMETPUYHbIE BEPLUMHAM
AaHHON GUrypbl OTHOCUTENbHO Hayana KOOPAMHAT, 3aTeM 3TU TOYKM MOCAeL0BaTeNIbHO
CoeaMHATCA. YYeHUKaM 06bACHAETCA MPMMeEpP NOCTPOEHMA COOTBETCTBYIOLEN GUrypbl.

4. Yeptutca ¢urypa, CMMMETPUYHAA AAHHOW OTHOCUTENbHO Hayasna KoopAMHaT. 3anucbiBatOTCA KOOPAMHATHI
OTMEYEHHbIX TOYEK U CUMMETPUYHbIX UM TOYEK.

a) WL LY - (1) B) (1;1) > (-1;-1)
1 (1;2) - (-1;-2) bq (-2;1) > (2;-1)
= EEN > (2,1) = (=2;-1) ST ool o (23~ (2;-3)
T Tea-ea = Sudk
(2;3) = (=2;-3)
Ncnpasb ownbry!
Toukn A (-2; 1) u M (2; -1) CMMMETPUYHbI OTHOCWUTENIbHO Hayasna KOOPAMHAT. 7

CneposatenbHo, o¢urypel ABC wn MNK asnsiotca ¢GuUrypamn, CUMMETPUYHbBIMU
OTHOCUTENIbHO HaYana KoopauHaT. O4HAKO TOro, YTO TO/IbKO OA4HA BEPLUMHA CUMMETPUYHA |
OTHOCUTENIBHO Hayasa KOOPAWMHAT, HeAoCTaTOYHO AAA Toro, 4Ttobbl ¢durypa 6Hbina -2 x
CUMMETPUYHOM OTHOCUTE/IbHO Hayana KoopAMHaT; cooTBeTcTBYOWMe BepwmuHbl Cu N, B
M K TaKkKe [A0MKHbl OblTb CMMMETPUYHBI OTHOCMTE/IbHO Hayana KoopauHar.
CneposatenbHo, purypbl ABC n MNK He ABNAOTCA CUMMETPUYHBIMU OTHOCMTE/IbHO Havyasa KoopAuHarT.

W LleHTpanbHO-cMMmmeTpuYHana purypa

OTMeuYaeTcs, YTo ec/im ANA BCeX ToYeK GpUrypbl CUMMETPUYHbBIE OTHOCUMTEIbHO HEKOTOPO
TOUYKM TOUKM TaK¥e npuHagnexar 3toh ¢urype, To Takasa ¢urypa HasbiBaercs o
CMMMETPUYHON OTHOCUTENIbHO TOYKM. MoadépKuBaeTtca, 4To GuUrypbl, CUMMETPUYHbIE -
OTHOCMTE/IbHO TOYKM, TaK}Ke Ha3bIBAIOTCA LLEHTPa/IbHO-CUMMETPUYHBIMU, MPUBOAATCA NPUMEPDI.
B Knaccax C  TEXHWYECKMMM  BO3MOXHOCTAMM  MOMKHO  MPOAEMOHCTPMPOBaTb  BuAeoMaTepuan.
https://www.geogebra.org/m/n9TcdSqt

K cBegeHuio yuutena! Mpu npusegeHnn npumepos GUryp ¢ LEHTPaNbHOMN / - ,/ ~ — -

cMMMeTpuen  uenecoobpasHo MNOAYEPKMBATL LEHTP  CUMMETPUM.
Hanpumep, OTMeYaeTcs, YTO OKPYXKHOCTb CMMMETPUYHA OTHOCUTENbHO
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CBOEro UEHTPa, a Mapainenorpamm — OTHOCUTE/IbHO TOYKM MNepecedyeHus AuaroHanei. [locKonbKy
NPAMOYro/ibHUK, POM6 M KBaApaT ABAAITCA YAaCTHbIMM CAy4asMW Mapannenorpamma, OHM TakKe o6aagatoT

LEHTPaIbHOM CMMMETPUE OTHOCUTENIBbHO TOYKM NepecedyeHuns auaroHanei.

Ona 6onee TouHOro GOPMMPOBAHMA MOHATMA Y YYEHUKOB cnedyeT obpaTUTb BHMMaHME U Ha OUrypbl, He
MUMeloLLMe LeHTPa CUMMETPUU. B KauecTBe NpocTeiiero Npumepa MOXKHO NPUBECTU TPEYrONbHUK, NOCKOAbKY
OTHOCMUTE/IbHO HW OAHOW €ro TOYKM BCE TOYKMU GUTYpbl HEe PacrnonaratoTca nonapHo B3aMMHO MPOTUBOMOOMKHO.
TaKoe cpaBHeHWe NomoraeT 6o1ee ACHO NOHATb CYLWHOCTb MOHATUA LEHTPANbHON CUMMETPUMN.

[

Ona oboCHOBaHMA TOro, YTO OTPE3OK ABAAETCA GUIypol C LEHTPaNbHOW
CUMMETPUEN, NPOBOAMUTCA OTPE30K AB 1 Ha HEM BepéTca NponssosibHas Touka C.
HeobxognMmo AoKasaTtb, YTo Touka D, pacnonokeHHasa Ha NPOTUBOMOJ/IONKHOM

A c 'D B

CTOPOHE OTHOCUTE/IbHO CepeanHbl OTPe3Ka Ha TAaKOM e PacCTOAHMM OT Heé, TaKkKe NpuHaanexXut otpesky AB.
Mo onpepeneHunto cepenmnHbl OTPe3Ka 410 Ntobon Toukm C Ha oTpesKe cywecTByeT BTopas Touka D, Haxoaawanca
Ha TaKOM e pPacCTOAHUMU OT cepeanHbl. MoCKoNbKy TOUKK C 1 D nexat Ha O4HOM M TOM e OTpe3Ke, 3T TOUYKM
CUMMETPUYHbI. CnesoBaTeNibHO, 415 060 TOUKK, B3ATOM Ha OTPE3KE, CUMMETPUYHASA el TOUKA TaKKe NEXKUT Ha
3ToM oTpe3ske. OTmevaeTcs, YTO cepeanHa OTpe3Ka ABAAETCA LLeHTPOM CMMMETPUU AAHHOro OTpe3Ka, a cam

OTPe30K — PUIypoit C LEHTPAIbHON CUMMETPUEN.

5. TpebyeTca onpenenvTb, Kaknme U3 306parkEHHbIX Ha PUCYHKe dUryp nmetrot
LUEeHTp cummeTpuu. WHOrga y4YeHUKM UCMbITBIBAKOT — TPYAHOCTU  NpwU
onpeaeneHun Guryp c LeHTpanbHoW cummetpuent. CHavana onpegenatoTca
burypebl, nmetowme LeHTp cummeTpumn. NyTém noBopoTa aTUX Guryp BOKpyr
TOYKM Ha 180° noKasbIiBaeTCs, YTO OHM COBMAZAOT caMu C coboi. Takum
cnocobom yaobHee onpenenato GUrypbl, MMetowmne LeHTP

@0

LeHTp cummeTpumn

| Ty
CUMMeTpUKU. B KayecTBe LEHTpa CUMMETPUM O0ObIYHO _
BbIOMpPAETCA TOUYKA, HAXOAALWAACA Ha PaBHOM PacCTOAHUN OT = - |
rpaHuy, eurypsl. Ecin B durype Hangértca xorta 6bl oaHa

TOYKa, CMMMETPUYHaA KOTOpOVI TOYKa He NPUHaAONEXUT

[aHHOW durype, To aTa ¢urypa He ABasieTca GUTypol ¢ LeHTpasibHON cummeTpuei. Mo aTomy NpaBuIy MOXKHO
MOKasaTb, YTO MOAENb JINCTA U LBETKA He 061aJaeT LEeHTPaNbHOW cCUMMeTpHeit. MyTém NOBOPOTa BOKPYT TOUKM

Ha 180° MOXHO Takxe onpenenntb GpUrypbl, He ABAAIOWMECH LLEHTPasbHO-
CUMMETPUYHbIMU. Kak BMAHO, B pe3ysbTaTe nosBopoTa Gpurypbl He COBNAAAOT.

CnepoBaTefibHO, 3TU GUTYPbl HE UMEIOT LLEEHTPA CUMMETPUMN.

JloXKHble npeAcTaBNeHUA, BOSHUKAIOLWME Y YYEHMKOB. EKOTOPbIE YHEHMKM NyTatoT
CUMMETPUIO OTHOCUTE/IbHO TOYKM C OCEBOM CUMMETPUEN. TaKUM yY4EHUKAM MOXKHO
NpeaiioXnUTb COeAUHUTL COOTBETCTBYIOLLME BeplwuHbl ¢uryp. Takum obpasom

I'IO)KHO’ \ * / \

BepHo

YYEeHUKN YBUAAT, 4YTO TOYKM nNnepecevyeHMA He COBMaAatoT. STO MOKasblBaeT, 4To cbmrypbl He ABAKTCA

CUMMETPUYHbIMU OTHOCUTENIbHO TOYKMU.

B 6-m Knacce y4eHUKM NO3HAKOMUAUCH C MOHATUEM CUMMETPUM OTHOCUTENBHO NPAMON. OHM U3YYUAKN NPaBUIO
HaXOAEHMA KoOpAWMHAT ¢Urypbl, CUMMETPUYHOM [aHHOW OTHOCWUTENbHO OcCu abcuucc uan opamvHaT B
KoopAuHaTHOM cucteme. CpaBHWUTENbHOE MpPeACTaBNeHNE CUMMMETPUM OTHOCUTENIbHO MPAMON U CUMMETPUM
OTHOCUTE/IbHO TOYKM, A TaKMKe NPaBWU/l MOCTPOEHMSA COOTBETCTBYHOLLMX CUMMMETPUYHBLIX GUryp crnocobeTeyert

npasunibHOMY YCBOEHUIO 3TUX NOHATUN.

Bua cummetpumn | MocTpoeHre CUMMETPUYHOMN GUTypbI OCHOBHble CBOICTBA

OceBasn Y1066l NOCTPOUTL GUNYPY, CUMMETPUYHYIO AAaHHOMY Mpu crubaHnm BAONb OCK

cummetpuma MHOTOYro/IbHUKY OTHOCUTE/IbHO OCM abCLMCC UM OCU | CUMMETPUK 3TK ABe GUrypbl
OpAMHAT, OTMEYAKTCA TOUKM, CUMMETPUYHBIE Ero CoBMaaaoT.
BEPLUMHAM, 1 NOCAe0BaTE/IbHO COEAMHAIOTCA.

Cummetpusn Y106bI NOCTPOUTL GUrYPY, CUMMETPUYHYIO AaHHOMY OaHa n3 duryp, CUMMETPUYHbIX

OTHOCUTE/IbHO MHOTOYro/IbHUKY OTHOCUTENbHO Hayana KoopAamHar, OTHOCMTE/IbHO TOYKM,

TOYKM CHavyana 0TMeYaloTCA TOYKU, CUMMETPUYHbIE nonyyaeTcsa us apyrom
BEPLUMHAM LaHHOW GUrypbl, 3aTeM OHU noBopoTom Ha 180° BoKpyr
nocnef0BaTe/IbHO COeAUHAITCA. LEHTPa CUMMETPUN.
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6. Ha pucyHke mnsobpaxkeHa ¢urypa c ueHTpanbHOW cummeTpuenn. Touka O ABNAETCA LEHTPOM CUMMETPUM
durypbl. YTobbl NOKAsaTb BepPLMUHbI GUrYpPbl, CUMMETPUYHbIE OTHOCUTENbHO 3TOM TOYKK, Yepe3 Touky O
NPoBOAATCA NPAMbIE JIMHUU, U PACCTOAHME KaXKA0M BepLUMHbI OT ToUKU O He uameHseTcA. Mpu sTom Touka O
ABNAETCA TOYKOW NepeceyeHmnn NpsambIX, COEANHAIOLMX COOTBETCTBYOWME CUMMETPUYHbIE BEPLUMUHDI.

b) B\ AuD <) D _E AWE

3 BwE BwF

CuF D CnG

— Br==r" % DwH
-!’ H

7. Ha pucyHke Touka O ABAAeTCA TOUKOW NepecevyeHnn amaroHasnel napannenorpamma.
OTmevaeTcs, 4TO nNpsAmas, MNPOXoAAWaA 4Yepe3 3Ty TOYKY, MNepecekaeT CTOPOHbI
napannenorpamma B Todkax E M F. OTBevyas Ha BOMpPoOCbl, 0BOCHOBbLIBAEeTCA, 4TO
napannenorpamm CUMMeTPUYEH OTHOCUTENBHO TOUYKM O.

® £1 1 £2 — HaKpecT Niexallme BHyTPEHHME YIbl NPY NapaniesbHblX NPAMbIX, TO3TOMYy £1 = £2.

423 n L4 — BepTUKanbHbIe yribl, NO3TOMY £3 = Z4.

MocKkonbKy gnMaroHanu napannenorpamma AenAatca Toukon nepeceveHuns nononam, A0 = OC.

e Mo npusHaky YCY AAOF = ACOE

¢ Mockonbky AAOF = ACOE, To EO = OF. CnepoBaTenbHo, Touka O aBnaeTca cepeaguHol otpeska EF.

e [lpn nosopoTe napannenorpamma BOKpyr Touknm O Ha 180° BepluMHbI, HaxoAAwMecAa Ha OAMHAKOBOM
PaCcCTOAHUKN OT 3TOM TOYKK, COBMAZAOT Apyr ¢ Apyrom. Tak Kak AO = OC n BO = OD, TouKa A nepexoamT B TOUKY
C, a Touka B — B Touky D. Mpun BpalLeHUN COXPAHAIOTCA ANUHbI CTOPOH WU BE/IMYUHBI YFN0B, NapaniesbHble
CTOPOHbI OCTalOTCA NapannenbHbiMU. NoaToMy nocsie NoBopoTa Ha 180° Bce CTOPOHLI U Yr/bl Napanienorpamma
COBMAZatoT C NepBOHAYabHbIM NMOJIOXKEHUEM, TO €CTb C CAMMUM MAPaNNENOTPAMMOM.

B Knaccax C TEXHWMYECKMMM BO3MOMKHOCTAMM MOXKHO MPOLEMOHCTPMPOBATL AHANOMMYHYIO MHTEPAKTUBHYHO

AeATenbHoCTb. https://www.geogebra.org/m/r6e5vSD3
K ceepeHuto yuntena! CoobwmB y4eHMKaM ABa BaXKHbIX MOMEHTA, CBA3AHHbIX C CUMMETPUEN OTHOCUTE/IbHO
TOYKM, MOYKHO NPeAOTBPATUTL TUMNYHbIE OLIMBKM.

v' PaccTosiHA OT BePLUMH MHOTOYrO/IbHUKa U COOTBETCTBYHOLLMX MM BEPLIMH MHOTOYrO/IbHUKA, CAMMETPUYHOTO
OTHOCUTE/IbHO AAHHOM TOYKM, A0 LEHTPA CUMMETPUU He U3MEHAIOTCA, OAHAKO GUrypbl pacnonaraioTcs B
NPOTMBOMO/IOMKHbIX HAaNpPaBAEHUAX.

v' CUMMETpUUHbIe GUrypbl ABAAIOTCA KOHTPY3HTHLIMM.

MoAYEpKMBaHME ITUX CBOMCTB NOKa3blBAET, YTO M3MEHSAETCA TO/IbKO MOJOXMEeHMe GUrypbl Ha MAOCKOCTU. ITO

NOMOraeT ie1laTb NPaBu/bHbIE BbIBOAbI MPU PELEHNN 33434 HA CUMMETPUIO.

MOXHO NpPeasoXUTb YYeHUKaM MPOBECTW CPaBHUTENIbHbLIA aHa/iM3 CBeAeHWM O LEeHTpe CMMMETPUM U OCU

CUMMETPUM HeKOoTOpbIX uryp. Takol nogxos NOMOraeT yyeHMKam 6Honee ACHO MOHATb Pas/iMune MexKay

YKa3aHHbIMW MOHATUAMM W TMPABUIBHO OMNPeAeNuTb, KakMm BUAOM CcuUmMMeTpun obnagaer durypa.

OZHOBPEMEHHO NYTEM CPaBHEHMUA YYEHUKM Jierdye NOHMMAIOT, YTO OAHa U Ta Ke dUrypa MoOXKeT UMeTb U OCb

CUMMETPUU, U LEHTP CUMMETPUN.

MpakTtuueckoe 3apaHue. Knacc pgenutcAa Ha rpynnbl. Kaxpgoi rpynne T — -

pa3gaértca paboumit amuct. Tabnuua, yKasaHHas B paboyem ucte,

3anonHaeTca no obpasuy. —

Pabouuit NMCT MOXKHO CKayaTb MO CCblIKe: e

https://drive.google.com/file/d/1ROWdIMimOTA_-jMfajVXH- i

dYpzYOc5NJ/view?usp=drive_link ot

Peuienvie 3a.¢
9. B 3agave TpebyeTtcsa o6ocHOBaTb, Ubé

MHEeHUe ABNAETCA NPaBUAbHbIM.
PeweHue 3a0a4yu

UentpansHo- Durypa ¢ cummeTpueit
CUMMETPHYHAA Qurypa BPALLEHHA,
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* [Mlo MHeHuto Cammpa, AaHHaA ourypa

ABNAETCA LeHTPaIbHO-CUMMETPUYHOWN. \
MoKHO BbIOpaTb TaKyto TOYKY Ha durype, S

YTO CUMMETPUYHAA eN OTHOCUTENBHO LLEHTPa ~
CUMMETPUM TOUKa He ByaeT NpuHagnexaTb /\_\‘
odurype, cnegosatenbHo, ata durypa He

ABNAETCA LeHTPa/IbHO-CUMMETPUYHOWN.

ITO TaKXKe MOXHO
NoKasaTb, NOBEPHYB PpUrypy
Ha 180°, yTo OHa He
ABNAETCA LLeHTPANbHO-
CUMMETPUYHOW.

¢ [To mHeHUto AllHyp, durypa obnagaet cummeTpueit BpaweHus. Mpu nosopoTe purypbl BOKPYr YKazaHHOMN TOUKM
Ha 120°, 240° n 360° oHa coBnagaeT cama ¢ coboir. CnegoBaTtesibHO, MHEHME ANHYpP BepPHO.

Omeem. MHeHue ANHYp BEPHO.

ObcyxcdeHue. MOXKHO NPOBEPUTb, YTO NP NoBopoTe ¢urypbl Ha 180° oHa He coBnagaeT 120° 240°
cama c coboir, a Nnpu BpaLLEHUN BOKPYr TOoUKM Ha 120°, 240° 1 360° coBnagaeTt cama C
coboii.

dopmaTUBHOE OL,eHUBaHUNE

Kputepum oueHuBaHuA Martepuanbl oLeHMBaHUA
YepTuT GpUrypy, CUMMETPUYHYIO AaHHON OTHOCUTENIbHO TOUKM. Pabouue AncTbl, y4ebHuK, PT
Onpegensaet Gurypbl € LEHTPaNbHON CUMMETPUEN. Pabouue AncTbl, y4ebHUK, PT

TEMA 9.3. 3apaum Ha nocTpoeHue
7-3.6.1. C noMOLLbO LIUPKYAS U IMHENKWN CTPOUT CEpPEAMHHbIN NepneHamKynap K

MOACTAHAAPTLI OTpesKy v bucceKTpucy yraa.

e C NOMOLLbIO LIUPKYNA U IMHEWKN CTPOUT CePeAMHHBIN NEPNEHANKYNAP K OTPE3KY.

LE/IN OBYYEHUA o
o C NOMOLLBIO UMPKYAA U IMHENKM CTPOUT BUCCEKTPUCY yrAa.

NPUHAONEXHOCTU Paboune NNCTbl, KAPTOYKK, CTUKEPSI
M3yueHue: https://www.mathspad.co.uk/i2/construct.php

zgg:;ngHblE https://www.mathsisfun.com/geometry/constructions.html
https://www.geogebra.org/m/wWFFfQfQF  https://www.geogebra.org/m/sbzbnyzd
MNo6yxkaeHue

Yuntenb rotoBuT MO ABa 3IK3eMNAApa KaKAoro pabouyero AncTa € HAMUCAHHOM MHCTPyKUMeR, BblbupaeT 4
YYEHUKOB U1, pPasfasB UM JINCTbI, MOPYYAET BbIMOJHUTb PUCYHOK COFIACHO MHCTPYKLMU. BbINONHEHHbIE PUCYHKM
OEMOHCTPUPYIOTCA YYEHUKAM.

L]
Hayepmume okpysx#Hocmb paduycom 2 cm. Hayepmume  oKkpyxHocme paduycom 2 CM.
YcmaHo8us uasy UUpPKYnAsA nociedosamesnbHo 8 YcmaHosus u2ny YupKyna e 00HOU mouKe Ha
08YX PA3AUYHbIX MOYKAX HA MO OKPyHHOCMU, OKDYWHOCMU, memM e paduycom Havepmume

KaxAbIli pas ¢ mem e paduycom Havepmume HOBYIO OKPYMHOCMb. 3amem, YCmMaHOBU8 u2sy
HOBbIE OKPYMHCHOCMU. UUPKynA 8 MOYKe nepece4eHus OKpyxHocmel, CHoea

Hayepmume OKPYyH(HOCMb Mmem Me paduycom.

O6pasuybl pUcyHKOB é O6pasubl pUcyHKOB

Yuuteno 3apaéT  yyeHMKam BoOMpocbl: Kakme pPUCYHKM, NOAYYEHHblE MO  MHCTPYKLMM, MOryT ObiTb
HEKOHIPYSHTHbIMW? Kak Bbl 3TO 06bACHUTE? [lOoYeMy PUCYHKW, BbINOJIHEHHbIE MO WHCTPYKUMKM B, Bcerga
KOHTIPY3HTHbI?

BbICAyLWIMBAOTCA MHEHUA YYEHMKOB U OpraHusyeTca obcyxaeHue. B KoHLe yuyuTenb OTMEYAET, UYTO PUCYHKM,
MOJlyYeHHble NO MHCTPYKUMM A, MOryT OT/AMYaTbCA APYyr OT apyra. [puunMHa 3TOoro B TOM, 4YTO Laru
chopMynnpoBaHbl HEAOCTATOYHO TOYHO. [0 MHCTPYKUMKM B nosyyeHHble PUCYHKU OTAMYAOTCA ApYr OT Apyra
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TONbKO BpaweHuem. CrenosaTeNbHO, OHWM  BCEr4a KOHTPYSHTHbl. TakK Kak wWary 3agaHbl TOYHO W
nocneAo0BaTe/IbHOCTb  BblpaXkeHa npaBuibHO. YTO6bl [JaHHAA WMHCTPYKUMA NpuUBOAMAAa K MOCTPOEHMUIO
KOHTPYSHTHON  QuUrypbl, BaX}HO To4yHoe GOpPMyAMpOBaHME LWaroB W  MPaBWIbHOE  BbINOJIHEHUE
nocnen0BaTe/IbHOCTH.

B Knaccax ¢ TEXHMYECKMMM BO3MOMKHOCTAMM MOKHO BbIMO/IHUTb MHTEPAKTUBHYIO A€ATE/IbHOCTb.
https://www.euclidea.xyz

Ha nucre bymarun yeptutcsa oTpe3oK AB. Jinuct crnbaetca Tak, 4tobbl TO4KM 4 1 B
coBnanu. 3aTem JIUCT pacKkpbIBaeTcA.

* TaK Kak npu crmbaHmm nucTa Toukn A n B coBnagatoT, oTMeyaeTcs, 4To
OTHOCUTENIbHO IMHUMK crba TOUYKKN A 1 B cummeTpuyHbl. CnegoBaTtenbHO, IMHUA
crnba penut otpesok AB nononam.

¢ YepTutca TpeyronbHuk ABC, v 4Tobbl NoKasaTb, 4To Ansa Atoboii Toukn C Ha obpasosaBLuenica MMHUK crnba
paccToaHua A0 Touek A U B paBHbl, yYEHMKAM 334at0TCA HaBOAALLME BOMPOCHI: C
— KaK MOXHO 06bsCHUTb, UTo B TpeyronbHuke ABC otpe3ok CD (meanaHa) NexXuT Ha IMHUN
crnba? Ha Kakom cBoMcTBe OCHOBaHO TO, UTo ecn CD ABAAeTCcA MeMaHOM, TO OH TaKxkKe
ABNSAETCA MU BUCCEKTPUCOM, U BbICOTOM? A B
Ha Bonpocbl gatoTca oTBETbI, M 06bACHAETCSA, YTO IMHMA crnba NeprneHauKynsapHa oTpesky AB. D

m 3apaum Ha nocTpoeHue

OTmeuaeTca, YTo B 33a4ayax Ha MOCTPOEHME FreoMeTpuyeckue Gurypbl CTPoATca 6e3 M3MepeHuin, UCnosb3ys
TONbKO UMPKY/Ib U NNHENKY 6e3 aeneHunit. JinHeliKa 6e3 geneHuin npeaHasHadyeHa 41A NpoBeaeHUs NpamMbixX
JIMHWUIA, 1 0BpaLLLaeTcs BHUMaHME YYEHUKOB Ha TO, YTO €€ MOYKHO 3aMEHUTb II0ObIM NPeaMETOM C POBHbBIM Kpaem;
UMPKYNb WCMNONbL3YETCA AN MOCTPOEHUA OKPYKHOCTEM M OTPE3KOB 33a4aHHOM ANUHbL. [leMOHCTpupyeTca
aNropUTM NOCTPOEHMA OTPE3KA, KOHFPYIHTHOIO AaHHOMY OTPe3Ky AB. YUeHMKaM MOXKHO NPeaioxuTb HauepTUTb
B TeTpagM NPOM3BOJIbHbIA OTPE30K WM MOCTPOUTb K HEMY KOHIPYSHTHbI OTPE30K MO AaHHOMY anropuTmy.

MPUMEP. MocTpoiTe 0TREI0K, KOMIPY3IHTHLIA 3agauHomy oTpelxy AR e .

Il Pazsegure HOX- ﬂ Hapucy#Te npamyio i MpoBeguTe AyTy OKPYHHOCTH € UBHTDOM B

KM UMPKYR HA AW~ | OTMETBTE Ha Heid nobyio « Touxe C v paguycom, pasHsiM A 8. Touxa nepe-

Hy oTpeaka A Touky O CEYEHMA AYTA C NPAMOR (Touxa [Y) ommevaetca.
CD=AB

h\ A

1 1
J \ . 4 \
1 L] [§ i (7]

PeweHne 3a4aun Ha MNOCTPOEHME He OrpaHMUYMBAETCA TONbKO YyKasaHMem cnocoba MOCTPOEHMA, HO TaKKe
BK/ItO4aeT 06OCHOBAHHOE A0Ka3aTeNbCTBO TOrO, YTO NOJIyYeHHaA B pe3ynbTaTe NOCTPOEHUA ¢urypa Asaserca
Tpebyemoli. B aTom npouecce o06bACHAETCA, NOYEMY KarKAblW wWar BblOpaH NpaBuIbHO, MU Ha OCHOBE CBOWCTB
[OKasblBaeTcs, YTo NoJlyyeHHas Gpurypa yaoBNeTBOPSAET 3aaHHbIM YC/IOBUAM.

K cBepgeHuto yuutensa! LlenecoobpasHo UYETKO OODBACHUTbL YYEHMKAM pasinyMe MeXay 4YepyeHuem u
noctpoeHnem ouryp. HanomuHaertcs, 4to B 6 Kaacce Npu NOCTPOEHMU TPEYroNbHUKA N0 ABYM CTOPOHaM U yray
MY HUMMU, a TaKKe N0 O4HON CTOPOHE U NPUNEXKALLMM K HEell yriam, AJMHbI CTOPOH M3MEPAAUCH IMHENKOM C
AeNeHUAMM, a Yyrabl — TPaHCNOPTMPOM. B 3agadyax Ha MOCTPOeHWe 3a OcHoBY 6epyTca He KOHKPEeTHble
N3MepeHUs, a CBOMCTBA GUrypbl, NO3TOMY UCMOb3YETCA TOIbKO IMHEKa 6e3 AeNeHNi U LMPKYb.

1. MpoBoauTcs npAmMas /WHMA, W  Ha Hel
nocneaoBaTeNbHO OTKNaAbIBatoTCA OTpesKu, N / . /
KOHTPY3HTHbIE CTOpPOHaMm TPeyronbHUKa, A e o
M306parKEHHOro Ha PUCYHKe.
¢ TakMm cnocobom CTpoUTCA OTPE3OK, AJIMHA KOTOPOro /
paBHa NepuMmeTpy TpeyroabHuKa.
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e OTmeyaetca npousBosibHaa e Crtpoutca oTpe3oK MN, paBHbl oTpe3ky AC; C LEHTpOM B Touke M
TouyKa. C UEHTPaMM B OTMEYEHHOW  MPOBOAUTCA OKPYHKHOCTb PaLNYyCOM, paBHbIM AB, a C LEHTPOM B To4Ke N —
TOYKE  CTPOATCA  OKPY)KHOCTM  OKPYXKHOCTb paauycom, pasBHbim BC. OgHa M3 ToyeKk nepeceyeHus
TpebyembIx pasnycoB. OKpY!KHOCTel 0bo3HayaeTcs L. ITa TOUKa coeguHsAeTca ¢ Todkamu M u N.
Takmm  obpasom, cTpouTcA  TpeyronbHuk ML OHIPY3HTHbIN
TpeyronbHuKy ABC. I

N -

JInHelika 1 UMPKYAb HA NPOTAXKEHUM TbiCAYENETUR BbINN OAHUMM U3 CaMbIX BaXKHbIX MHCTPYMEHTOB reomMeTpuu.
B [pesHem ErvnTe UMPKy/Jb MCNO/Ib30Ba/CA NaBHbIM 0O6PA3OM B MPAKTUYECKUX UENAX — A8 U3MepeHus
paccToaHnit M 0b603HauyeHUs 3emenbHbiX yyacTkoB. EBkamg (325-265 rr. 4o H. 3.) B cBOém Tpyge Hauyana
onpeAesnn OCHOBHble MpPaBwW/ia MOCTPOEHWUA C WCMOAb30BAaHWEM LMPKYAA W JIMHENKU 6e3 aeneHui.
[onosHUTENIbHO MOXHO OTMETUTb, YTO B MocC/eAytoLne nepuoapl AnoanoHui Neprckuii u Apxumes, passmBsanu
€BK/IMA0BY FEOMETPUIO B HaMpas/ieHWW NOCTPOeHUA bonee CNoXKHbIX GUryp U MccnesoBaHUA UX CBOMCTB C
MOMOLLLbIO 3TUX UHCTPYMEHTOB.

JNloxKHble npeacTaBneHWA, BO3HMKAIOWME Y YYEHUKOB. B 33aayax Ha NOCTpoeHWe SiMHeWKa U TpaHCmopTup
MCNONb3YIOTCA HEe ANA U3MepPeHNa, a TONbKO A1A NPOBeAEeHUA NPAMbIX IMHWIA. Mpu nocTpoeHnn durypel cneayet
obpallaTb BHUMAHWE He Ha M3MepeHue, a Ha cobatoaeHne 3aaHHOro Yraa, PacCcTOAHMA U CBOMCTB GUrypbl.
Heobxo4MMO NoAYepKHYTb YYeHWKaM, YTO NPaBU/IbHOCTb Pe3y/ibTaTa 3aBUCUT HE OT MHCTPYMEHTa, a OT YMeHUA
NPaBWUIbHO CTPOUTb U KOPPEKTHO MUCMO/1b30BaTh CBOMCTBA GUTYpPbI.

UERFIEIIS nocrpoenme Guccextpucuiyrna  Mopmcones o o, Bl s B

NPOW3BOALHOND PAAMYCA, KOTOPaR Nepe- | Bhil PAAWYCOM, LEHTDEI KOTOPBI | /(4D = ~BAD

YyeHUKam oﬁ'bﬂcHﬂeTcﬂ cnoc06 NnoCTpoeHus CEKIET CTOPOHBI YINA, OTMEUIOTCA TOUKW | HAXOAATCA B Toukax B u C, n oTme-
o nepeceqendn (B u C) MAETCA TOMKS NepecedeHua gyr (D)

6WCC8KTpV|Cb| yrna ¢ NnOMoOLWbo TMHEUKN U UNPKYNA. |

YYeHMKaM MOKHO NPeaJIoKUTb HAUEPTUTb B TETPaam W X

g A :

NPOnN3BOJIbHbIN YTroN N NOCTPOUTbL €ro 6V|CCEKTlecy no '

aaropuTmy.

B Knaccax ¢ TeXHUYECKMMM BO3ZMOKHOCTAMU MOXKHO npoAeMOHCTPUPOBATb yHYEHUKaM no,ﬂ,o6Hyro AeATeNbHOCTb.

https://www.geogebra.org/m/AErPynA8

-

Touku B 1 C coegMHAKTCA € TOYKOWN D, pacCMaTpMBatOTCA NOJIyYEHHbIe TPEeYrobHUKM ABD n
ACD. Tak kak AC u AB — pagmycbl, To AC = AB. AHaNOrMYHO MOXKHO NoKa3aTb, 4to CD = BD.
[na TpeyronbHnkos ABD n ACD ctopoHa AD asnsetca obueit. Mo npusHaky CCC AABD =
AACD. MoCKONbKY B KOHFPY3HTHbIX TPEYro/ibHMKax COOTBETCTBYHOLLME YI/bl PaBHbI,

£CAD = £BAD. CnepoBatenbHo, AD sBnseTca BUCCEKTPUCOIA.

NMioban TouKa, nexallas Ha BUCCceKTpUce, HaXOAUTCA Ha OAMHAKOBOM PACCTOSHUU OT
CTOPOH yraa. Ana o6bACHEHUs CBOMCTBA M3 TOYKM, B3ATON Ha BUCCEKTpuUCe, onycKatoTcA
nepneHAMKyNApbl K CTOPOHAM yraa. B monyyeHHbIX NPAMOYTronbHbIX TPEYroAbHUKax OANH
M3 OCTPbIX YrN0B paBeH 6narogapa buccektpuce. MOCKOAbKY NPAMOYFObHbIE TPEYFONbHUKM C PaBHbIM OCTPbIM
YINIOM KOHTPY3HTHbI, MOJly4aem, YTO A/IMHbI NEepPneHaUKYNApPOB, OMYLLEHHbIX K CTOPOHaM Yraa, PaBHbI.
CnepoBaTtesibHO, TOYKA PACMo/IOXKEeHa HAa OAMHAKOBOM PACCTOAHUM OT CTOPOH Yraa.

3T0 CBOMCTBO NO3BONAET NPABUJIbHO BbIMOHATL NOCTPOEHUA 6e3 HE0BXOAMMOCTU U3MEPEHMUA PACCTOAHUN.

B Knaccax ¢ TEXHUYECKMMU BO3MOMKHOCTAMM MOMKHO NPOLEMOHCTPUPOBATb y4EHUKAM NOAOOHYIO AeATENBHOCTD..
https://www.geogebra.org/m/xcU5cQY5

. 15 = .H
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Wcnpaeb ownbry!

Onpeaensetca owmnbKa B aNrOPUTMe NOCTPOEHUA BUCCEKTPUCHI U PUCYHOK MepepucoBbIBAETCA A1A CPaBHEHUA.
Ha BTOpOM 3Tane ayra 4o0/XKHa NPOBOAMTLCA OAHUM M TEM ¥Ke Paauycom M3 obenx Touek nepecedeHus, a He
TO/IbKO M3 O4HOW TOYKM. B NPOTUBHOM C/ly4yae NPoBeAEHHbIN Y4 MOXKET He B6bITb BUCCEKTPUCOMN.

YT106bI NOCTPOUTL BUCCEKTPUCY, OCTPUE LMPKYAA CTaBUTCA B BEPLUMHY yraa M NPOBOAMTCA Ayra NPOU3BONbHOMO
paguyca, 0OTMEYaloTCA TOUKM e€ nepeceyeHns co CTOPOHaMM yria. 3aTeM oCTpue UMPKYASA yCTaHaB/AMBaeTCs B
KakAYyo U3 3TUX TOYEK M TEM XKe pPaguycoM BHYTPU yria NPOBOAATCA ABe Ayru. Jlyd, NpoBeAEHHbIV U3 BEPLUUHBI
yr/aa yepes TOUKy nepeceyeHus NoydyeHHbIX ayr, ABAseTca 6UccekTpucoi yraa.

w MocTpoeHue cepegMHHOrO NepneHANKYNApPa K OTPEe3Ky

YueHunkam  f[aéTcAa  MHGOPMALMA O MOHATUM  CEPEAMHHOTO Ml romosnc ars < Bl hocsosmec oo ¢ oo | Bl iponcprr rpmssnsope
nepneHAuMKynspa K oTpesky. O6bsAcHAeTcs cnocob nocTpoeHus : = om : : :
cepeaMHHOro neprneHAnKyNapa K 4aHHOMY OTPe3Ky. YYeHUKaM MOXKHO
NPeanoXnUTb HaAyYepTUTb B TETpaau NPOU3BO/bHBIA OTPE30K U
NOCTPOUTb €ro CepeAnHHbIV NepneHANKYAAP N0 aNropuUTMy.

e CepefMHHbIN NepneHaNKYNAp AeUT OTPE30K Ha ABe paBHble YacTu
W nepneHAnRynapeH emy. Ecam nobyio Touky, Hanpumep Touky C, B3ATYHO Ha 3TON NPAMOM, COeAUHUTb C KOHLLAMM
OoTpe3Ka, To B Nosy4yeHHom TpeyronbHuke ABC oTpe3ok CM ansetca OAHOBPEMEHHO BbICOTOM U MeaMaHoMn,
nosTomMy nof4épKmBaeTcs, YTo TpeyronbHUK CD sBnsetca paBHobegpeHHbIM. CneposatensHo, AC = CB. Takum
obpasom oTmevaeTca, 4To N1t06anA TOUKa, Nexallan Ha cepeANHHOM NeprneHAnKyNape, HaxoAUTCA Ha OAMHAKOBOM
PacCTOAHUN OT KOHL,OB OTpe3Ka.

B Knaccax ¢ TEXHUYECKMMM BO3MOKHOCTAMM MOKHO NPOAEMOHCTPMPOBATb Y4eHNKaM NoA06HY0 AeATeNbHOCTb.
https://www.geogebra.org/m/wFFfQfQF

OuddepeHumnposaHHoe 0byueHue

Moddepxka. Ha pocke 4epTATCA HECKO/NbKO OTPE3KOB. YYeHMKam npepsaraetcA pasfenTb 3TU OTpesKu
nonosam. YYeHUKU 06BACHAIOT, KaK OHW 3TO BbINOAHWIN NOCTPOEHUEM.

YenybneHue. Ha fOCKe YepTATCA HECKO/IbKO OTPE3KOB. YUEHMKaM MOXKHO MPEeA/IONUTb Pas/ivyHble 33aayn Ha
NocTpoeHue.

B TeTpaau npeanaraeTca HaYepPTUTL OTPE3OK, 3aTEM ero cepefiMHHbIN nepneHanKynap n obocHoBaTb, 4To Ntoban
TOYKa Ha cepeMHHOM NepneHAUKyAape HaXoAMUTCA Ha OAMHAKOBOM PACCTOAHMM OT KOHLLOB OTpe3Ka.

TaKKe yYeHUKaM MOXKHO NPeanoXKnUTb Pa3nyHble 3a4a4M Ha NOCTPOEHME:

— Paspgenute otpe3oK AB Ha yeTbipe paBHble YacTu.

— M3 oTmeyeHHOM ToukM P Ha npamoit MN BOCCTaHOBUTE K Hell nepneHauKynsap.

—MNocTpoviTe TPeyronbHWK MO 3aaHHbIM CTOPOHaM 3, b, c.

Y4eHUKM BbINONHAOT 33aHNe, 06bACHAA NOC/NeA0BaTENbHOCTb NOCTPOEHUA.

Pellenue 30104’

8. Ha wocce HeobxoanMMo NocTpouTb aBTOBYCHYO OCTAHOBKY Tak, YTobbl OHa
Haxogunacb Ha 0AMHAKOBOM PaCCTOAHUM OT LUKO/bI U AETCKOro caaa.
PeweHue 3ada4u

OTME'-IaETCﬂ, 4YTO ANA TOro yTObHbl OCTAHOBKA Haxoaunacb Ha OAMHAaKOBOM
PaccTOAHUKM OT LWKOJAbl M AETCKOro cafa, OHa AO/KHa pacrnonaraTbcAa Ha
cepeguHHOM MepneHaMKYAApPe K OTPE3Ky, COEAUHAIOLWEMY 3TU OOBEKTLI.
BbINOMHAETCA COOTBETCTBYIOLWMA PUCYHOK, CTPOUTCA OTPE3OK W  €ero
CepeanHHbIA NepneHanKynap.

Omeem. Ecnv aBTOBYCHYIO OCTAHOBKY Ha LIOCCE MOCTPOUTb HA CEepesUMHHOM NepreHOMKYNApe K OTPesKy,
coegunHAaWwemMy COOTBETCTBYHOWME TOYKU WKOANbI M AETCKOro cada, TO OCTaHOBKa 6yp,eT HaXoauTbCA Ha
OAMHAKOBOM PacCTOAHUM OT 060MX 06 BEKTOB.

®dopmaTUBHOE OLEeHUBaHKe

KpuTtepum oueHMBaHuUs Martepuanbl OLeHMBaHUA

C nNoMmMOLWbI  UMPKYNSs U AWHENKUM  CTPOUT  cepeauHHbIi | Paboumne aunctol, y4ebHUK, PT
nepneHanKyaAp K OTPe3Ky.
C NOMOLLbIO UMPKYAA U IMHENKIN CTPOUT BUCCEKTPUCY Yrna. Paboune nunctol, yiebHuK, PT
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OBOBLAIOLUNA YPOK

MNobyxaeHue

MoHATUA, NpMBeAEHHbIE B 3aK/IOYEHUM pasaena yyebHMKA, MOBTOPAIOTCA C y4eHUKaMU. M3yyeHHble No pasgeny
TEPMMHbI HANOMMUHAKOTCA YHEHUKAM yunTenem. MNpu NPON3HECEHUMN KaXKA0ro NOHATUA YYEHUKN OBBACHAIOT ero
cofeprKaHue 1 NpP1BOAAT NPUMEPBI.

BpaweHue, y201 spaweHus, yeHmp 8paujeHus, nosaHsili obopom, cuMmempus spaweHus, yeHmp cummempuu,
¢huzypa c yeHmpanavHol cummempueli, nocmpoeHue, cepedUHHbIL neprneHOUKyA[p.

BcnomuHaeTca MHOOPMALMA O MPUMEHEHUM CUMMETPUM, MpUBEAEHHAA Ha NepBOM CTpaHuue pasgena.
MoAYEpPKMBAETCA, YTO CUMMETPUA MMEET KaK 3CTETMYECKOE, TaK N GYHKUMOHaNbHOe 3HaueHre. OTMedaeTcs, YTo
LWIMPOKOE NMPUMEHEHUE CUMMETPUN B NPUPOAE, UCKYCCTBE U TEXHUKE CBA3AHO C €€ NPOYHOCTLIO, YCTOMYMBOCTLIO
M ToyHoCTblo. OBCyXAaBLIMICA B Hadyane pasgena nnaH napka w3 3agaHua «[MonbiTaditecb!» M cnocob
HaXOMAEHMA KOOpAMHAT 06BHEKTOB MO 334aHHbIM YCNOBUAM BCMOMMHAOTCA. MOBTOPAIOTCA AaHHbIE OTBETHI U
Cnocobbl pelleHuns, CPaBHUBAETCA PeLLUEHME UCXOAHOW 3a4auM.

PELLEHME 3A0AHUMN
3. lNoKasaHa TOYKa, B KOTOPYH nepexoauT N& C:
TOYKa B npw BpaweHuun TpeyronbHuka ABC ¢

BOKpYr BeplwuHbl 4 Ha 90° no yacoBol \ \
- 90° -

ctpenke. CTpouTca TOYKa, B  KOTOPYHO \
% :

nepexoaut Touka C, U B TeTpagu 4epTuTCs
burypa, nonyyeHHasn BpalleHUEM.

6. Toyka nepeceyeHuns guaroHanen napannenorpamma ABCD HaxoguTca B Havane KoopamHar.

e 3anucbiBaloTCA KoopamHaTel BepwnH A u B. A (-2; -3)n B (-1; 2) v =1C

¢ MoCKONbKY AMaroHanu napanienorpamMmma nepecekaloTca B Havale KoopAamHar, ""[.2 7

ero sepwuHbl C i D cuMmeTpuryHbl BepliMHam A u B cOOTBETCTBEHHO OTHOCUTENbHO | “\ nt 0
Havyana KoopanHat. OnpegenstoTca KoopanHaTbl BepwnH C u D. -4 | - / S0 f2 4x
A(-2;-3) = C(2;3) B(-1;2)-> D(1;-2) ’/,f'—z )

e OTMeYaloTCA U AOCTPANBAOTCA BEPLUMHBI Napanienorpamma. A¥ |

7. OnpepensaeTca, ABNAETCA N YTBEPXKAEHME BEPHbIM UM HEBEPHbIM. YYEHUKH

06BbACHAIOT CBOE MHEHMe, NPUBOAA NMPUMEPDI.

a) TouyKa nepeceyeHUs AuaroHasnei paBHObGEAPEHHON Tpaneuuu ABAAETCA eé LeHTPOM | '

CUMMETPUN. J/I0HHO. '

PaBHobeapeHHasa Tpanewums He ABAAeTcA GUTypoi, CUMMETPUYHON OTHOCUTE/IbHO TOYKM, TO

€CTb OHa He ABaAeTcA GUrypon ¢ LeHTpasbHOU cummeTpuein. Purypbl, CMMMETPUYHbIE

OTHOCUTE/IbHO TOYKM, MPU BpaLleHMM Ha 180° BOKPYr LieHTpa CMMMETPUM COBMAAAI0T CaMu C e
1

/

N s
RS s

coboW, TO ecTb UMEIOT LLEHTP CUMMETPUMN. RN

6) KBagpaT uMeeT YeTbipe 0CU CUMMETPUU. BepHo. N
[unaroHanu KBagpaTa U NpAmble, NPOXoAALMe Yepe3 cepeamHbl ero CTOPOH, ABNAKOTCA ero i

OCAMU CUMMETPUM.

B) Pomb aBnseTca GuUrypomn ¢ LeHTPanbHON CUMMETPUEN. BepHo.
[unaroHann pomba genatca TO4KON nepecedeHunsa nonosam. TouKa nepeceyeHuns guaroHanen |
ABNAETCA LLEHTPOM CUMMETPUKN pomba, TO ecTb Npu BpaweHMM Ha 180° pomb coBnagaer cam —<- - - - :& ------
c coboi. !

r) MpAMOYroNibHUK UMEET OAHY OCb CUMMETPUN. JTOHCHO.

MpAmble, npoxogswme yepes cepeAuHbl CTOPOH MNPAMOYFO/IbHUKA, ABAAIOTCA €ro OCAMMU
cummeTpumn. CnepoBaTeNibHO, MPAMOYIOIbHUK UMEET ABE OCU CUMMETPUMN.
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13. B napke oTAbixa M pa3BAeYeHUM NAAHMPYOTCA PaboTbl MO PeKOHCTpyKuuu. Mo ycnosuio Tpebyetca
onpesennTb, Kak C NOMOLLbIO LMPKYNA U INHENKK 6e3 aeneHuii onpeaenunts

MEeCTO 411 YCTAaHOBKMW CKAMEWKN U MecTo, OTBEAEHHOE A/1A NUKHUKA. P iy
MpusneyeHue. YYUTeNb PUCYET HA AOCKE TPEYro/ibHUK, YYEHUKM C MOMOLLbIO ;
LUMPKYNA NPOBOAAT cepeamHHble NepneHanKynapbl K ctopoHam AC n BC wm
0603HaualoT TOYKY WX MepeceyeHus 6ykBoh M. 3aTtem yuuTesnb 3a4aéT
YyYEHMKaAM HaBoAAWME BOMPOCHI, 4YTOObI MOKasaTb, YTO CepeAuHHble
nepneHAMKYAApPbl CTOPOH 3TOrO TPEYrosibHUKA MepecekalTcd B OAHOWM QQLT;H Kaqe{“j_h
TOuKe:

— Ha Kakom cBoWcTBe OCHOBaHO paBeHcTBO AM = MB?

— Kak 06bACHUTb, 4TO BbICOTa, NPOBEAEHHAA M3 TOYKM M K cTopoHe AB, 0f4HOBPEMEHHO ABAAETCA U MeanaHoMn?
— Ha Kakom cBOMCTBE OCHOBAHO PABEHCTBO PACCTOAHMUI OT TOUKU M A0 BEPLUMH TPEYrONbHUKA?

AtTpaumon

Ha Bonpocs! aatoTca oTBeTbl. Yuntenb, 0606Liasn, oTMeYaeT, YTo Tak Kak AM = MB, TpeyronbHuUK ABC ansetcs
paBHOGeApeHHbIM. BbicoTa, NpoBeAEHHaAA K OCHOBaHMUIO PaBHOOEAPEHHOro TPeyrosibHWKa, OAHOBPEMEHHO
ABnaeTcA U meguaHoi. CnegoBaTeNbHO, 3Ta BbICOTA IEXKUT Ha cepeMHHOM nepneHanKyaape K ctopoHe AM. Ha
OCHOBaHMM 3TOr0 TOYKa M ABNAETCA TOUKOW MepeceyeHua cepeamHHbIX NeprneHAMKYNAApoB. TaK Kak Touka
nepeceyeHusa cepeguHHbIX NepneHAMKyNAapoB paBHOYyAaieHa OT KOHLOB oTpesKa, To AM = MB = MC.

PeweHue 3ada4u

«CTPOWTCA CepeAnHHbIN NepneHanKkynap ® TaKKe CTPOATCA cepeanHHble NepneHAMKY/Spbl K OTPesKam,

K OTPEe3Ky, COeANHAIOLLEMY TOYKM, CcoeaANHALWNM TOYKKU, COOTBETCTBYOLWME aTTPAKUNOHY U d)OHTaHy,
COOTBeTCTBYOLWME d)OHTaHy n a TaKXe aTTPaKUMOHY U Kayvenam. Haxo,u,wrca TOYKa nepecevyeHuUA
aTTPaKLUMOHY. cepeguHHbIX nepneHanKynapos.

* ArtpauuoH

fr_TI_ . N

.
DoHTaH
Kauenu *

<
MoHTaH

Omeem. MoCTPonB cepeamHHbIN NePNeHANKYAAP K OTPE3KY, COeAMHAIOLWEMY TOYKM, COOTBETCTBYIOLME GOHTaHY
M aTTPaKUMOHY, M Halgs TOYKY MepeceyeHus; COeAMHMB MNOMAPHO TOYKM, COOTBETCTBylOWME (OHTaHY,
aTTPAKUMOHY M Kayensim, NoCTPOUB CepeaMHHble NepneHANKYNAPbl K CTOPOHAM MOYYEHHOTo TPeyroabHWKa U
Halaa TOUKY UX NepeceyeHus.

14. Ha meponpuatMM NpPesycMOTPEHO WCMNO/Mb30BaHWE CBETALWMXCA APOHOB A/ AEMOHCTpauuu B Hebe

pasnyHbIX ¢uryp. Ha pucyHKe noKasaHbl MONOMKEHUS TPEX APOHOB B KOOPAMHATHOM ATTL

cucteme. OTMeuaeTcd, UTO OCTasbHble APOHbl PachoNaralTcA B KOOpAMHATaX, ! 8 "‘{'g;

COOTBETCTBYIOLLMX MOBOPOTY KaXKAOro W3006parkEHHOro APOHA OTHOCUTENbHO Havana 4

KoopAuHaT Ha 90°, 180°, 270° npOTMB YaCOBOW CTPENKU. .-t

OnpepenanTca KOOPAUHATLI APOHOB HA PUCYHKE M KOOPAMHATbLI, COOTBETCTBYOLME UX P

NOBOPOTY OTHOCUTE/IbHO Ha4Yana KoopauHat Ha 90°, 180°, 270° npoTUB YaCOBOM CTPESKN. 3 I |
MoBopoT Ha 90° MosopoT Ha 180° MoBopoT Ha 270° ¢

(6;8) = (-8;6) (6;8) — (-6;-8) (6;8) = (8;-6)

(8;6) > (-6;8) (8;6) = (-8;-6) (8;6) = (6;-8) Omaem. 12 ApoHos.

(10; 0) = (0; 10) (10; 0) = (-10; 0) (10; 0) = (0;-10)
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S

1. K neBoit yacTu paBeHcTBa NpumMeHsaeTcs dopmyna Kyba cymmbl ABydneHa. [NonyyeHHoe BbipaxKkeHne
YNpOLLAeTCcs, C MOMOLLbIO NPeobpa3oBaHuii NOKA3bIBAETCA, YTO OHO TOMKAECTBEHHO PABHO BbIPAKEHMIO B

npaBoM YacTu.

(a+b+c)P=((a+b)+c)P=(a+b)3+3(a+b)’c+3(a+b)c?+c3=
= a*+ 3a’b + 3ab® + b*+3ac® + 3bc* + 6abc + 3ac® + 3bc* + ¢ =

(a +b)? 3(a + b)c 3(a + b)

=ad+ b3+ 3 +3a?b + 3ab? + 3a%c + 6abc + 3b%c + 3ac + 3bc*=a*+ B>+ 2+ 3(a + b)(b + c)(c + a)

3. iBa AncKa B popme Kpyra ¢ 0gMHaKOBbIMU
paguycamu  conpwuKacatoTtca.  Tpebyetca
HaWTW, CKONbKO pa3 OAMH U3  AWUCKOB
cosepwnT 060POT BOKPYr CBOEW OCU, eC/u,
KaTACb MO [APYromy AMCKY, BEpHETCA B
ncxogHoe nonoxeHne. O603HauYMM paanyc
Kayk4O0ro 13 Katalmxca Anckos yepes r. Korga

Bon},maﬁ
,‘OKPY)KHOCT

0= 0

MeHnbl1asi OKpYKHOCTb

OOMH M3 HUX COBEPLUAET OAMH NOJHbIN 060POT BOKPYT APYroro, ero LieHTP ONMCcbIBaeT OKPYKHOCTb BOKPYT LLEHTPa
60/blWOro Aucka. TaK KaK paguyc 3TOM OKPYKHOCTM paBeH 2r, eé AAuHa paBHa 4mr. MOCKOAbKY A/MHa

OKPYKHOCTW O4HOI0 AUCKA paBHa 2Tir, YToObl HAUTU Yncio 060pOTOB, ANHY 6oNbLION
OKPYYKHOCTU AeNAT Ha ANIMHY MEHbLUEW OKPYXKHOCTU. 4TTr : 27Tr = 2.

5. Ha TopTe B popme NnpaMoyrosbHOro napannenenmnesna CBepxy Haxoamrca
Kpyrnbii Wwokonaa. TpebyeTtcs pa3pesaTb TOPT MO OAHOW NPAMOM Tak, YTO6bI U TOPT, U
WoKonag, 6b1au1 pasgeneHbl nonoiam. Bug npamoyronbHoro napananesnenvnesa

CBEPXY — MPAMOYTO/IbHUK.

Bt

TouKa nepeceyeHus Y pa3fennTb Kpyr nomnosiam, npﬂma;r‘“’“"“‘“““”‘)”i{

N o A

AnaroHanei ‘ e B NPOXoanTbL WeHTp  Kpyraz {;
) ~

NPAMOYrofibHMKa » % CnepoBaTtenbHo, 4tobbl pasgenvTb nononan:)g <]

N 1 Ss @

AB/IACTCA €10 UEHTPOM i 7 ~ ?1 Kak NPAMOYTONbHMK, Tak W KPYr, WX HYKHO: *é\

paspesaTb MO MPAMON JIMHUM, MPOXOAALLE Mk rrerremcrraind

CMMMETPUU. 'r:'.f:-‘rfr‘rﬁmv:mﬁ\ L3

yepes UX LeHTPbl CUMMETPUN.

Omeem. Y106bl pa3genntb TOPT M LWOKO/IaA, NOMN0/aM, HYXKHO paspesaTb TOPT MO NPSAMOM, COeaUHAILLEN LEeHTP

CUMMETPUM NPSMOYTOJIbHUKA (€10 BUA CBEPXY) U LLEHTP CUMMETPUM Kpyra.
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s'ﬁ E @‘ kll'ﬁ "KOBPbI A3EPEAV/MAHA"

YyeHuKam coobuaetca MHbopmaLma 06 MCKYCCTBE KOBPOTKAYeCTBa, OTMEYAETCS, YTO 3TO
OPEBHUIA U LUMPOKO PacnpOCTPaHEHHbIM BWUA, MUCKyccTBa. [MOAYEPKMBAETCA, 4TO
KOBPOTKauyecTBO B A3epbaliakaHe BOSHUKIO NPUMEPHO 5 TbicAY neT Hasaa,. OTmevaeTcs,
41O B a3epbanArKaHCKOM KOBPOTKayecTBe npeobnasatoT OpHaMeHTbl FeoOMeTPUYECKoM
bOopMbI, UMeIoLLME CUMBOJIMYECKOE 3HAYEHWE.

1. WUccnepyetca, MMeOTCA /M Ha M300pa)kEHHOM KoBpe ¢uUrypbl ¢ LEHTpasbHOM
cMmmeTpuen, GUrypbl C CUMMETPUEN BPALLEHUA.

2. Ha KoBpax, MCnoib3yembix LOMa, UAMN Ha M306pPaKeHUsAX KOBPOB, HAWAEHHbLIX B
WHTEPHETe, NPUBOAATCA MPUMEPbl CUMMETPUN OTHOCUTENbHO TOYKKM, GUrypbl C
LEHTpaNIbHON cMmmeTpuen, GUrypbl C CUMMETPUEN BPaLLEHUS.

3. C ucnonb3oBaHMEM CUMMETPUU OTHOCUTENIBHO TOYKM U CUMMETPUWM BpaLLEeHUA
MOArOTaB/NNBAETCA 3CKM3 KOBPa C Pas/IMYHbIMK y30pamu. YyeHMKam, obragarowmm
HaBbIKaMW PUCOBaHMA, MOXHO MOPYYUTb U306pasvTb YBUAEHHbIE UMW KOBpbI, a B

Knaccax C TeXHUYECKUMU BO3MOXKHOCTAMU — NOAFOTOBUTb OPHAMEHTbl U KOBpPOBble Y30pPbl C NMOMOLbIO

Pa3/INYHbBIX KOMMbIOTEPHBIX MPOrPamMmMm.

4. YyeHunKam coobuiaercs, 4To asepbailgsKaHCKOe KOBPOTKAYecTBO SBAAETCS TPAAUUMOHHBIM HapPOAHbLIM
MCKYCCTBOM C OYeHb ApPeBHEN uUcTopueir U BKAto4eHO B CNUCOK HEMATEpPUANbHOro KynbTYPHOro Hacneaus
KOHECKO. B nHTepHeTe uccneaytoTca obpasubl azepbalirKaHCKOro KOBPOBOMO MCKYCCTBA, NOAroTaB/MBaeTCA

npeseHTauuAa 06 nx BUOaX N KOBPOBbIX Y30pax.
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10-i1 PA3OEN CraTUCcTUKa U BePOATHOCTb

HasBaHue Yacbl | YuebHu | Pabouasn
Tema Ne K (cTp.) | TeTpamp
(ctp.)

MpeaBaputenbHaa NpoBepKa 1 98
Tema 10.1 YacTtoTa cobbiTuA 2 99 66
Tema 10.2 dnemeHTapHoe cobbiThe 3 103 69
Tema 10.3 HecoBmecTnmble cobbITUA 3 106 71

0606u.|,a|j:')u.|,w| ypok. STEAM. “CucTema 3N1eKTPOHHOM ) 110 73

oyepegm

MCO-5 1

OBLLEE KOJIMYECTBO YACOB MO PA3AENY 12

KpaTtkuit 0630p pasgena

B pasgene y4YeHMKM HayyaTcs COCTaBAATb Tab/aWLy 4acToT A1 HeCrpynnuMpoBaHHbIX AAaHHbLIX, OMMCLIBaTb
MHOYECTBO 3/1IEMEHTAPHbIX COObITUI, KOTOpPble MOFYT MPOW3ONTM B XOAE WCMbITAHWUS, A TaKKe pasnuyaTtb
NPOTUBOMOJIOXKHbIE U HECOBMECTUMble CObbITUA. Kpome TOro, Ha ocHoBe Tabaunupbl YacToT OHW ByayT pa3BuBaTb
HaBbIKKN BblYUCAEHUA CpeHero apubmeTnyeckoro, MegmaHbl U MOAbl, NO3HAKOMATCA C MPAaBUAAMM BbIYUCEHNA
BEPOATHOCTU HECOBMECTUMOTO COBLITUA U, TPUMEHAA NOJIYYEHHbIE 3HAHWA, ByayT peLwaTb pasMyHble 33434M.
Ha uto cTtouT 06paTUTh BHUMaAHME?

YyeHunKkun yXe 3HaKOMbl C npasuiamum onpegeneHuAa cpegHero apMd)METVI‘-IeCKOFO, megunaHbl U MOo4bl ONA
HeCcrpynnupoBaHHbIX AaHHbIX. Mpu O6bACHEHWM MNOHATMA «COBbITME» Ba)KHO YETKO Pas3/iMyaTb HEBO3MOMKHbIE,
cNyyaliHble U A0CTOBEpPHble cobbiTUA. MpaBUAbHOE pas/iMyeHUe BO3MOMKHbIX M 61aronpuUATHbIX UCXOLOB ABAAETCA
OAHMM W3 OCHOBHbIX YC/I0BUIA BbIYUC/IEHUS BEPOATHOCTM HACTynaeHua cobbitna. Mpu peweHun 3agaHui
NepBOHAYa/NbHOW MPOBEPKU BaKHO BbIABUTb, KakWe TPYAHOCTM CBA3aHbl C HEOOXOAUMbIMU MpesBapUTe/IbHbIMU
3HaHWAMM U YMEHUAMM, U OPraHM30BaTb PaboTy Hag, olwmnbKamu.

Ocoboe BHMMaHUe cneayeT yAeAUTb Pas/IMYEHUIO YacToTbl COBLITUA U BEPOATHOCTU ero HactynneHusa. Cneayet
OTMETUTb, YTO 4YacToTa COObLITUA MOKa3blBaeT NPUBAUNKEHHOE 3HAYEeHWe BEpPOATHOCTW, BbIYUC/IEHHOE Ha OCHOBE
cobpaHHbIX AaHHbIX. Ha 3TOM OCHOBE MOKHO AenaTb NPOrHo3bl Ana byAyLWnx pesynbTaTos.

Mpn HaxoXAeHUM MeamaHbl Habopa AaHHbIX HEOBXoAMMO yaAenATb 0cob6oe BHUMAHME WX PACMONONKEHUIO B
BO3pacTatoLem unum ybbiBatowem NopaaKe, a TakKe TOMy, ABAAETCA /I KONIMYECTBO AaHHbIX YETHBIM UM HEYETHBIM.

Onpepenss, ABNAIOTCA AW AaHHble COOLITUS HECOBMECTUMbIMM, C/efyeT OOBACHATb YYEHUKAM Ha NpPOCTbIX
npunmepax ns I'IOBCE,EI,HEBHOVI XWU3HU, noYemy 3T cobbITNA ABNAIOTCA HECOBMECTUMbIMM.

HOCKOﬂbe MHOTrAa Y4EHUKU UCNbITbIBAKOT TPYAHOCTU NpuU onpeaeneHnn npoTnBoONO/I0XKHbIX C06bITVIl7I, 3TO NOHATUE
cnenyet 0cobo NOAYEPKHYTH.

MpaBuabHOE onpeaeneHne HECOBMECTUMbIX U MPOTUBOMNOONKHbIX COBbITUIA UTPAET BaXKHYIO POJib NPU BbIYUCNEHUN
BEPOATHOCTU.

BaXHO 03HaKOMWTb YYEHMKOB C Pa3/IMYHbIMKU CNOCODBAMM BbIYMCAEHUA BEPOATHOCTU C/y4alHOro cobbiTuA. ITO
no3BosneT BblbpaTb Hanbonee yaobHbIN U 3PPEKTUBHBIN CNOCOb pelleHMa KOHKPETHOW 3a4auu.

Pa3BuTHE maTtemaTUyeckoro

MpaBunbHOe onpeaeneHWe MNOHATUI «cpeaHee apudMeTUYecKoe», «MoAa», «meguaHa», «cobbiTve»,
«HEBO3MOXHOE cObbITME», «A0CTOBEPHOE COBbLITUE», «PAaBHOBO3MOMXHbIE COBLITMAY», «CaydyaiHoe cobbiTue»,
«3/1eMeHTapHoe CobbITe», «BEPOATHOCTb COBLITUA», «4acToTa COBbLITMA», «Tabanua 4acToT», KBO3MOMHble
ncxogbly, «bnaronpuATHble UCXOAbl», «HECOBMECTUMbIe COBObITUA» U «MNPOTUBOMO/NOXKHbIE COBbLITUAY OAET
OCHOBaHUe OLLEeHWTb, HACKOIbKO 3T NOHATUA YCBOEHbI.

MaTtemaTtuyeckne NOHATUA U TEPMUHDI, YCBOEHHbIE B pasgene

YacToTa cobbiTua, Tabaunua 4acToT, BO3MOXKHbIE UCX0Abl, 6N1aronpusaTHbIe UCXOAbI, HECOBMECTUMbIe COBbITUA
M NPOTUBONO/IONKHbIE COBbITUA.

Heobxoaumbie npegBaputesibHble 3HAHUA U YMEHUA:

e CpeaHee apudmeTMyecKoe, megmaHa u moaa e CnyvyaliHoe cobbiTne

e [lpeacTaBieHne JaHHbIX e BepoATHOCTb CObBbITUA

MeXaucumnanHapHasa uHTerpauus
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MeToabl CTaTUCTUKM M TEOPUM BEPOATHOCTEN LUMPOKO NMPUMEHSAIOTCA AN CUCTEMHOIO aHajn3a AaHHbIX U
NPUHATMA 0BOCHOBAHHbLIX peleHuid. Ha ypokax ¢usmku obpaboTKa pesynbTaToB M3MEPEHWUI, HaxoKAeHue
CPeaHMX 3HaYeHWNI M OLLeHKa MOrpeLLIHOCTEN SKCNePUMEHTA BbIMOHAIOTCA Ha OCHOBE CTaTUCTUYECKUX METOAOB.
B 6uonorMmM nepegada HacNeACTBEHHbIX NPW3HAKOB, AMHAMMKA UYMCNEHHOCTM MOMNYAALMIA U BEPOATHOCTM
N3MEHEHMIN OBBACHAIOTCA C MCMONb30BAHMEM MOHATUA BEPOATHOCTU. B reorpadum anutensHole HabawoaeHUn
KAMMaTUMYECKMX MOKasaTesei, UX CPpaBHEHWe M MPOrHO3MpPOBaHME ByAyWMX M3MEHEHWI OCHOBLIBAIOTCA Ha
aHanuse CTaTUCTUYECKMX AaHHbIX.

TEMA 10.1. YacroTa cobbitTua
7-5.1.1. CTpouT N UHTepPNPETUPYET TabauLLy YacTOT A/1A HECTPYNNUPOBAHHbIX AAHHbIX.
7-5.1.2. CTpouT UM UWHTepnpetTvpyeT TabauLy OTHOCUTENbHbIX 4YacToT  AnA
NOACTAHAAPTDI HecrpynnMpoBaHHbIX AAHHbIX.
7-5.1.3. Ha ocHoBe TabauLbl YacTOT BblYUCAAET cpeaHee apudmeTUYecKoe, MeamnaHy,
moay.

o CTPOUT U MHTEpNpPeTMpyeT TabaunLy YacToT ANA HECTPYNNMPOBAHHbIX AaHHbIX.

LLE/IN OBYYEHUA
* Ha ocHoBe TabuLLbl YACTOT BbIYMCAAET CpeaHee apubmeTUUECKOe, MeauaHy, Moay.

NPUHAONEXHOCTU Paboune ANCTbl, KAPTOYKK, CTUKEPDI

3/IEKTPOHHBIE M3yueHue https://video.edu.az/video/13566 https://www.geogebra.org/m/altnnd24
PECYPCbI 3apaHue: https://www.mathopolis.com/questions/q.html?t=skill&skillno=963
O6cyaeHne UCXOAHOM 3apaun. Ha nepsoit cTpaHuLe pasaena NnpueeaeHbl Npumepbl obnacTei npumMeHeHns
CTaTUCTUKN M TEOPUM BEPOATHOCTEN. DTN TEOpPUM MMelT ocoboe 3HaYeHMe TaKXkKe A/1A OLEHKU PUCKOB Npw
MPUHATUM pPeleHnin B pas3inuHbiXx chepax. [peacraBneHHaa WHPOPMaUMA [OOBOAMTCA A0 YYEHMKOB.
LlenecoobpasHo MoKasaTb yY4eHMKam MPUMEPbI, COOTBETCTBYIOLIME OMMUCAHWUAM, CBA3AHHbIM C HaXoMAeHuem
BepoATHOCTU. Hanpumep:

Bbi6op 04HOTO < TMpu noaBpackisaHny \§ Mpu 6pocaHnM M306paKEHHOM Ha
WwapuKa 13 - MOHETbI MOKET BbINacTb ‘/_\; PUCYHKe UTPanbHOM KOCTU MOXeT
MeLLKa C 0fHa 13 ABYX CTOPOH. 3TO -, - BbIMACTb OAHA M3 WeCTM rpaHen. B
WwapuKamu, | paccmaTtpuBaetcs Kak 7V 3TOM cnyyae onpegenAeTcs
nepemeLLas ux u camas NpocTana mogesb BEPOATHOCTb BbINaAeHUA Ntoboro
He rnaga. BEPOATHOCTU. 4YMCNA OYKOB.

3apaHue «MNonbiTaiTecb!» 0bCyKAaETCA C KNACCOM. YUEHWKN, UCMONb3YS CBOU NpeablayLime 3HaHWA, NbITaloTCs
OTBETUTb Ha BOMpPOCHI. [OAYEPKMBAETCSA, YUTO NOC/E U3YYEHUA HOBbIX 3HAHUIN U YMEHWUI B TeUYeHWe pa3gena B
KOHUe pasgena 3agaHue byaeT obcyKaeHo NOBTOPHO.

MNo6yxaeHue

Yuntenb NUWET Ha AOCKE Ha3BaHMA BPeMEH rofa. Kaxabli yYeHWK NMOAXOAWUT K AOCKE U CTaBUT OAHY 4YepTy
HanpPoTWB Ha3BaHWA BPeMEeHU roa, B KOTOPOM OH poaunca. B kakom BpemeHu roga 6onblue BCero y4eHUKOB ¢
OHEM pOXKAEHMA, @ B KAKOM — MeHblue Bcero? Kak HallTn BepOATHOCTb TOT0, YTO C/ly4aMHO Bbl6PaHHbIN YYEeHUK
poAMNCA NETOM?

BbICNYLWIMBAKOTCA MHEHUSA YYEHUKOB, OpraHM3yeTca obcyKaeHue.

UccneposaHnezobecymaeHue

Cpeaun yyeHUKOB Knacca 6bli1 NpoBeAEH Onpoc O TOM, Kaknm cnocobom
OHU f06MpatoTcA A0 WKObI. Kaxablid yYeHUK NOCTaBUA OAHY YepTy B
COOTBETCTBYIOLLEN Auelike Tabaunubl.

i 06pau.|,aﬂ BHMMaHMNE Ha Ta6nv1u,y, Ha OCHOBaAHUM KONMYeCTBa 4epT
oTmeYyaeTcA, 4YTo 6onblue BCero TEX, KTO NpUXoauT B LUKOY NELLKOM.

® YUeHUKU 3HAKOMbl C NpPaBUAIOM HaXoXAeHUNA BepOATHOCTU KaK

OoTHOWeEeHnem 4yncna 6113FOI'IpVIﬂTHbIX MCX0408B K YNC/TY BO3SMOXHbIX UCXOA0B. TaK KaK YMC0 BO3MOXKHbIX UCXOA0B
HE U3MEHAETCA, OTMeYaeTCA, YTo npu Hanbosblem yncne 6ﬂaFOI'IpVIF|THbIX MCcXon0B BEPOATHOCTb TaKXKe 6y,EI,ET
6onbLue. OI'Ipe,EI,eIIFIETCH YUCNI0 BO3SMOXKHbIX 1 6ﬂaFOI'IpVIF|THbIX MCXo408 U BblYNCNAETCA BEPOATHOCTD.

Kon-so

Yucno bnaronpuATHbIx ucxonos: 11 Uncno GraronpusTHeix ucxogos 11
Yncno BO3MOXKHbIX Mcxoaos: 6 +4 +4 +11 =25 I1CI10 BO3MOXKHBIX HCXO/108 25
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Liger Yucno Yacrora
Tabauya yacror KpacHsiii 5 25_0 =025

OTmeyaeTca, YTO, aHAAU3UPYA CTAaTUCTMYECKUEe AaHHble, BO3MOXHO cAenaTb Coni 8 %=0.4
pasfinyHble BbIBOAbI. 1A 3TOro cHavana coctaBnsercs Tabamua 4acToT, 3aTem = 4
NPOBOAMUTCA CTAaTUCTUYECKUA aHanu3, O 4YéM CcoOobLLaeTCcA Y4YeHWKam, W SHoRdTOR I 20 =02
npuBeAEHHbIN Npumep 0b6CyKAAETCS C KNAcCoM. 3eneHbii 3 ?% =0,15
BcnomuHaetcs  uHPopmauma o yactote cobbitma.  OTmevaeTcd, 4To WUroro 20 1

OTHOLUEHMEM YMCNA HACTYMAEHUIA MHTEPECYIOWEro Hac CobbITUA K O6LLeMy YMCIY WUCMbITAaHMIA Ha3blBaeTcs
yacToTa cobbiTna. MoAYEPKMBAETCA, YTO YACTOTA MOXKET BbIPaXKaTbCA TaKXKe B MPOLEHTaX; Ha OCHoBe Tabauubl B
npuMmepe YacToTa Bbi6opa KPacHOro LBeTa BbipaXaeTcs B NPOLLEHTaXx.

MOKHO NOPYYUTb YYE€HMKaM BblPasnTb B MPOLLEHTAX YacToTbl Bbibopa APYyrux LBETOB.

=

Ha ocHoBe Ta6J1MLI,bI HaﬁAeHHble YaCTOTbl CKNa4biBalOTCA U MNOKa3blBaeTCA, 4YTO MUX CyMMa pPaBHa 1.
0,25+0,4+0,2+0,15=1.

3. B 300marasvHe [JaHHble O KoJMyecTse =
O o o i Bua Kopma Yucno | Yacrorta
KNWMEHTOB, KYMMBLUMX KOPM [A/1A MUBOTHbIX B , =
. gl _ Kowka 25 =
TeYeHMe OJHOW Henenu, npeacTaBieHbl Ha i - 18
aunarpamme. CocTtaBaseTca Tabnuvua yacTor. 20 » Cobaka 20 é
e
25+20+30+15=90 ¥ o .
"3 5 & 3 MNTuua 30 1
25 5 20 2 30_1 15 1 g & £ ¢ 3
90 18’ 90 9 90 3’ 90 6 i Pbiba 15 é
[JatoTca oTBETbI HA NOCTaB/IEHHbIE BOMPOCHI.
o UToro 90 1
¢ B TeyeHMe ogHOWN Hemenn 6bino npogaHo 90 Kopmos Ans

XKUNBOTHbIX.

. 1
¢ YacToTa NokynaTenen, KynueLWNX KOPM 1A NTUL, paBHa 3

1 2
e HaxoguTtca cymma 4acToT noKynaTenei, KynueLLmMx Kopm Ans pbi6 n cobak. '3 18

7
9 18

5
® Ha ocHOBe JaHHbIX YAaCcTOT OXKMAAETCA, YTo 13 126 KAMeHToB NpumepHo 126 - s = 35 KyNAT KOPM A7 KOLWeK, a

1 i
126 P 21 — Kopm ans pbib. CheayeT OTMETUTb, YTO 3TM PACcUYETbI OCHOBAHbI Ha MPUHATUM OTHOCUTE/IbHbIX YacToOT

B KauecTBe 3KCNepMMEHTaIbHOW BEPOATHOCTU M HOCAT NPOrHO3MPYIOLLMIA XapaKTep.

B K/M1accax ¢ TEXHUUYECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTh MHTEPAKTUBHbIE 3a4aHuA:
https://www.mathopolis.com/questions/q.html?t=skill&skillno=1119
https://www.ixl.com/math/grade-7/make-predictions-using-experimental-probability

K cBegeHuio yuutena! B 6 Kiacce y4eHWKM U3ydanm nocTpoeHme Tabamupl 4acToT AA CrpyNnMPOBaHHbIX AaHHbIX.
B 7 Knacce y4eHMKM yuaTca CTPOUTb TabanLy HacToT A4/1A HECTPYMMMPOBAHHbIX AAHHbIX. YUEHUKM A0/XHbI CHavana
CrPyNnMpoBaTh AaHHbIE MO COOTBETCTBYHOLMM KaTeropusam, 3aTeM BbIMMCANTbL YaCTOTY AN KaXKA0W KaTeropuu.
PekomeHayeTca, 4TOBbI yUMTE b MOAYEPKHY/T HECKO/IbKO MOMEHTOB.

v
v

Yacmoma nokasvigaem mo, 4mo rnpou3ouiso 8 npouwianom. Yacmoma riomozaem npozHo3uposame bydyuiee.
Ecau o0uHakosble yc/08UA COXPAHAOMCA, 4aCcmomy MOMCHO UCM0/b3080Mb KAK 8epOoAMHOCMb 04
bydyuweeo.

3mo He mouyHbili omeem, a Haubosee pazymHoe, ybedumesibHoe O#UOaHUeE.

Yacmoma no cymu Aea9emcs «3KCepuMeHmasnbHol 8eposmHOCMblo», Mo ecmb [oKasblieaem
npubauxéHHoe 3HayeHue 8epoMHOCMU, 8bI4UCAEHHOe HO OCHO8e CObPAaHHbIX OaHHbIX. Ha amoli ocHose
MOXMCHO 0es1amb MpPo2Ho3bl 0 byOyuwux pe3ynemamax.
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w HaxoxxaeHue mopgbl, cpeaHero apudmeTuyeckoro m Bec 6opua
Yucno  Yacrorta

MeamaHbl No Tabauue yacTot (kr)

OTMEYaETCA, YTO HaXOAMUTb MOZY CTAaTUCTUMECKMX JAHHbIX Ha OCHOBE TabAMULLbI 60 4 % =0.2
yacToT yao6Hee. Ha npusea&HHOM NpUmMepe yueHUKam o6bACHAETCA cnocob 70 3 23_0 =015
HaXOXAEHUA MObI U CpeaHero apudmeTuyeckoro. Mog4épKMBaeTcs, YTo %0 , 2?0 -
CyMMa NPOou3BeAEHM 3HaYEHNIT BEIMYMH Ha COOTBETCTBYHOLLME YaCTOTbl PaBHa .

X cpesHeMy apudMeTUUECKOMY; NPUBOANTCA NpUMep. C yueHMKamm %0 6 20=03
o6cyKAaeTca cnocob HAXOKAEHUA MeavaHbl B PALY AAHHbIX. Wroro 20 1

Meawana [ (80 +80):2 =80 (kr) |
r 1 r I 1
60, 60, 60, 60, 70, 70, 70, 80, 80, 80, 80, 80, 80, 80, 90, 90, 90, 90, 90, 90
YemHoe 4ucno

K cBepenuto yuutensa! CpegHee apudmetmyeckoe, meanaHa M moza B pAAY AAaHHbBIX MOMOTatoT NOAYyYUTb PasHyto
MHPOPMaLMIO O AAHHbIX. PeKoMeHAyeTCA AaTb yYeHUKaM UHGOPMALMIO O 3HAYEHUM KaXKAOro nokasatena u
NPUBECTM NPUMEPDBI TOFO, KaKoM U3 HUX Bosiee ya06eH AN KOHKPETHOM cUTyaLuu.
CpedHee apugpmemuyeckoe — 6onee yaobHO, eciv AaHHbIe HEe CAULWKOM M3MEHYMBbLI U OTCYTCTBYHOT PE3KO
6onblne MAM Manble 3HavyeHusA. Hanpumep, cpegHee apudmeTnyeckoe 6annoB No maTtemaTMKe B Knacce
NMoKasblBaeT 0bLWuii ypoBEHb AOCTUNKEHUI KNacca.
MeduaHa — 6onee ypobHa, ecnn cpegy OAHHbIX €CTb OYEeHb MajieHbKME MM O4YeHb 60o/ibliMe 3HAYeHwus.
Hanpumep, B CMCKe A0X040B KOMMaHUM MOXKHO HAUTU MegMaHy U, onpeaesins KONMYecTBO 40XOLO0B Bbille U
HUXKEe MeanaHbl, NONYYNTb MHGOPMALMIO O LLOXOAaX.
MoOda — CnyXuT gns HaxoXKAeHUs Hambonee 4acToO BCTPEYAlOLLErocs 3Ha4yeHusa cpeau AaHHbIX. ITo bonee
YOOOHO NPW HanUYMM OYeHb MaNEHbKMX MAM o4veHb 6OoNblIMX 3HaAYyeHM. Hanpumep, MOXKHO NOAYYUTb
MHPOPMaLUIO O CaMOM NPOLaBaeMOM TOBape B MarasuHe B TeYeHne gHA.
YUYeHUKam MOKHO MOKa3aTb NPUMeEpPbl NPUMEHEHMA CTAaTUCTUYECKOTO aHa/in3a B pPeasibHOM XM3HU. Hanpumep,
yyacTHMUa Kpbimckoli BoliHbl dnopeHc HaliTUHrenn, cnosib3ya CTaTUCTUYECKUE UCC/IeA0BaHMA U MPaBU/IbHOE,
HarnagHoe npeacTaB/ieHMe pes3ynbTaTtoB, cmorna ybeauTb BbiCllee KOMaHAOBaHWe BenukobputaHuu B
HEOBXOAMMOCTN KOPEHHbIX U3SMEHEHW B YCTPOMUCTBE BOEHHOMO FOCAUTANSA, I4E NeYnnck 6O/bHblE U PaHEHbIe.
B pe3ynbTate meHee yem 3a WeCTb MeCALLEB YPOBEHb CMEPTHOCTU B 3TUX rOCNUTaNAX cHusmnaca ¢ 42 % no 2,2 %.
Tem cambiM OHa cnacna MHOMKECTBO YE/0BEYECKMX XKMU3HEN. ITO NOKa3bIBAET, YTO CTaTUCTUUYECKME Pe3yNbTaTbl
WrPaloT BaXKHYIO PO/b B NPUHATUU PELLEHUI M pelleHnn npobaem.
6. Ha ocHoBe TabMubl 3anuncbiBaeTcs psaa AaHHbIX M HAXOAUTCA MeanaHa. Kiopai S 07| 120/

MeganaHa 10 (maH) | Yucno 2 4 3
1 V4 N

L

5 maH, 5 maH, 10 maH, 10 maH, 10 maH, 10 maH, 20 maH, 20 maH, 20 maH
HeuemHoe 4ucno

K cBegeHuio yuntena! HaxoxaeHne meguaHbl NyTEM 3anucK pagda AaHHbIX Kyniopsi 5 10 207
6onee yaobHO, KOraa KONMYECTBO AaHHbIX HEBeMKO. Mo mepe yBennyeHus Hagrs 2 4 3
KO/MIMYecTBa [JaHHbIX YNOPAAOYMBAHME CTAHOBUTCA 3aTPYAHWUTENbHbIM. v

Moatomy uenecoobpasHo p[atb YyyeHWKam uHopmaumio o cnocobe 2+4-6 i
HaXOXAEeHUA MeLMaHbl Ha OCHOBe TabnLpl. 6+3=9

Ha ocHoBe Tabauubl BbluMCAAeTCA obLiee KOMYECTBO AaHHbIX. MOCKONbKY

KONNYECTBO HEYETHOE, ONpeseNnsaeTcsa, KaKoe MMEHHO 3HAYeHWe 3aNMcaHo NocepeanHe psaaa AaHHbIX. B pagy us
9 naHHbIX B cepeauHe byaeT 3anmcaHo 5-e 3HauyeHue. Ha ocHoBe TabauLbl 0OTMeYaeTcs, YTo 5-e 3HaYeHne paBHO
10 maHaTtam.

&

OAHO 13 MccnefoBaHMi NO BbIMMCAEHMIO YaCcTOTbl, NPOBEAEHHbBIX HEKOTOPbIMM MaTeMaTUKaMMU, KUBLUMMU B
pasHble BpemeHa, A0BOAMTCA A0 YH4EHUKOB. BHMMaHMe y4eHMKOB HanpaBaseTca Ha Tabauuy. OTmeyaeTcs, 4To B
Tabamue NpuBeaeHbl Pe3ynbTaTbl UCMbITAHUI, NPOBEAEHHbIX HEKOTOPbIMM YYEHBIMMU, CBA3AHHbIX C COBbITUEM
BbINafeHWA YNCNOBOW CTOPOHbI NOABPOLLIEHHON MOHETbI. [peacTaBAeHHble faHHble 06CyKaatoTcA C
yYeHUKamu.
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D) ey

[oBoanTca 0 BHUMaHWUA YYEHUKOB, YTO B PE3Yy/ibTaTe MHOrOKPaTHOro NOBTOPEHUA OAHOMO U TOTO e UCMbITaHNA
Ha OCHOBE 4YacTOTbl COBLITUA MOXHO NPUBAN3UTENBHO ONPEAENUTb ero BEPOATHOCTb. OTMEYaeTCs, YTo No mepe
YBE/IMUYEHUSA YMNCIa UCMbITAaHWUIA YacTOTa COOTBETCTBYIOLLErO COBbITUA NMPMBIN3UTENBHO PaBHA BEPOATHOCTU €ro
HacTynaeHus.

B K/M1accax ¢ TEXHUUYECKMMM BO3MOMKHOCTAMM MOXHO MCMO/b30BaTh MHTEPAKTUBHbIE 3a4aHuA:
https://www.nctm.org/adjustablespinner/

MpakTnueckoe 3agaHune. K gocke no ouepeam npurnawatotca 10 yueHMKoB. Kaxabii yueHMK oamH pa3 6pocaeT
NrPanbHYI0 KOCTb M 3aMuCbiBaeT NoJIyYeHHbIA pesy/abTaT Ha Aocke. MosyyeHHble pesyabTaTbl 0606WatoTea u
cocTasnAercs COOTBETCTBYHOLLASA cronbuaras
anarpamma. [na  Kaxgoro ciyvasa Habnwogaetcs
pesy/bTaT, AAl0TCA OTBETbI Ha BOMNPOCHI.

» KakoBa 6blna YactoTa BbinageHna 1 ouka?

Exparimantal  Theorasical

SN PR
; Q[.j_ :
¢ KakoBa 6bl/1a YacToTa BbiNaZeHUA 2 O4KOB? B "
e Eciv uncno ucnbiTaHuii 6yaet 100, ckonbko pas
MOHO OXMAATb BbiNnafeHne 4 O4KOB?
C y4eHMKaMn MOXHO MPOAHaNU3MPOBATb pe3yabTaTtbl, m)
noay4yeHHble MPU MPOBEAEHUU TOrO e MUCMbITaHUA
60/1bLLEE YNCNIO PA3 C MOMOLLbIO CUMYAALMM..
https://www.mathmammoth.com/practice/dice-roller
Ha pucyHKe npuBeaeHbl pe3ynbTaTthl, NOJyYeHHbIe Npu Ymcae ncnbitaHuii 1000 1 10000. TakMm cnocobom MoXKHO
NnoKasaTb, YTO NO Mepe YBE/IMYEHMA YNCNA UCMBITAHUIN YacToTa CObLITUA NPUBAUNKAETCA K BEPOSATHOCTM 3TOrO
cobbITHA.
B cMMynAaUMKM BO3MOXKHOCTb M3MEHATb YUCI0 UCMbITAaHUI U Yncna co3naéT yCIoBUA ANA TOFo, YTOObI YYEHUKM
MOFNN  HenocpeacTBEHHO HabnoaaTb, KaK W3MEHAIOTCA pe3y/nbTaTbl. ITO CNocobCTBYeT BM3yanbHOMY,
NPaKTUYECKOMY M JIOTUYECKOMY MOHMMAHMUIO MOHSATUA BEPOATHOCTU, U B pe3y/bTaTe 6onee rnybokomy u
NPOYHOMY YCBOEHUIO TEMBbI.
7. CnuHHep pa3aenéH Ha 4 cektopa. MNpu 20 BpalweHnAax y4eHMKam npegocTaBaseTca
UHbOpMaLmAa O pesynbTaTe.
a) onpepenseTca, YTo cTpenka 12 pas 0CTaHOBM/IACb HA CEKTOPE C HEYETHLIM YUCIOM, U
BbIYMCNIAETCA YAaCTOTa COOLITUA OCTAHOBKM HA CEKTOPE C HEYETHBIM YNC/IOM.
31213121432214143112—>§=O,6
6) Ha ocHoBe pe3ynbTaTa UchbITaHUA NPUBAM3UTENbHAA BEPOATHOCTb TOrO, YTO MPWU CleayloleM BpalLeHUU

CTpesKa OCTAaHOBMUTCA Ha CEKTOpe C YMC/IOM 3, paBHA 4aCTOTe OCTAaHOBKM Ha uucne 3 no pesynbtatam 20
NCNbITaHUN.

31213121432214143112—>i=0,2

OnddepeHumpoBaHHoe obyuyeHune

Kaskablil yYeHMK Knacca 3anmcbiBaeT Ha KapTOYKe, M3 CKONbKMX BYKB COCTOUT ero ums, u
6pocaeT eé B MELIOK. YUEHMKM HECKO/IbKO Pas BbITaCKMBAIOT M3 MELLKa MO O4HOMN KapTouKe M
3aMnmnCbIBalOT YMCNO, YKa3aHHOE Ha KapTouyke, Ha gocke. MNocnesosatenbHo nposoautes 10
UCMNbITaHUN.

ModdepiKa. YH4eHNKam NOpy4aeTca COCTaBMTb Tab/MLY YacTOT MOJYYEHHbIX PEe3yNbTaTos,
HalTV cpeaHee apupMeETUUECKOE., MOAY U MeanaHy AaHHbIX YMCe.

YenybneHue. Ha ocHoBe pe3ynbTaToB 10 McnbiTaHMI1 yYeHMKam NopydaeTca caenatb NporHos ana npouecca us 20
MCMbITaHWUIA, HAWTKU YACTOTY YYEHUKOB, B UMEHU KOTOPbIX 5, 6 1 T.4. ByKB, 06BbACHWUTL, YTO BbIPaXKaloT cpeaHee
apudmeTnyeckoe, MeamnaHa U MoAa AaHHbIX.

B Knaccax C TEXHUYECKMMW BO3MOMKHOCTAMM MPaBUIbHOCTb MOJIYYEHHbIX PE3y/bTaTOB MOMKHO MPOBEPUTD,
MCMOJIb3yA Ka/IbKYIATOP MO CCbIIKE.
https.//claydesk.ai/calculators/education/mean-median-mode-calculator.html|

PeweHue 3aaay

10. OTmeyatoTcA pesynbTaThl ONpoca cpeam noceTmuTenein bakMHCKOro 3oonapka o Il0B6UMbIX }KUBOTHbIX.
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PeweHue 3a0a4u

Ha3gaHwe xuBotHoro  Cuer  Yacrota
¢ [lononHsaeTcs Tabamua, 3anmcaB YacToThbl. 12

Nes: 12 yenosek CnoH: 13 yenosek Meageab: 9 yenosek ObesbsaHa: 11 Jles NI g
Yyenosek CnoH TP 475
BblumMCAAETCA, CKONbKO MOCETUTE e YHacTBOBaNO B ONpPOCe. Measezap NI 5
12+13+9+11=45 Obe3bsHa MM =
12 13 9 1 11 :
Nes: — CnoH: — MepaBeab: —=— Ob6e3baAHa: —
45 45 45 5 45

e OnpegenseTcs, YTo ¥KMBOTHOE C HAMMEHbLLEN YacToToM, 3TO meaBeb.
Omeem. MepgBeab — XMBOTHOE C HaMMEHbLLEN YacTOTOMN.

11. B marasuHe 3/71eKTPOHUKM B TeueHMe mecaua 6bin1o npogaHo Bcero 640 PasmepmonuTopa UYactora
MOHMWTOPOB TPEX BUAOB. 14-groiimos 0,15
PeweHue 3a0ayu 15-a10/imMoB 03

* BblumcnneTca, CKOIbKO MOHUTOPOB KaXKA0ro BuAa 66110 NpoaaHo 3a mecau,
14 ponmos: 640 - 0,15 =96

15 aroimos: 640 - 0,3 =192

17 provimos: 640 - 0,55 = 352

¢ MpunbaM3nNTEIbHAA BEPOATHOCTL TOTO, YTO B C/IEAYHOLLEM MECALLE NPOAAHHbIN MOHUTOP ByaeT 17-410MMOBbIM,
paBHa YacToTe nNpoAaxku 17-4101MMOBOro MOHUTOPA cpeam NPOAaHHbIX MOHUTOPOB 3a MecAl, ChefoBaTenbHO,
3Ta BEPOATHOCTb NpU6An3NTENbHO paBHa 0,55.

¢ Ecnu B cnepytowem mecaue byaet npopaHo scero 800 MOHUTOPOB, MOXKHO TaK OLLEHWUTb, CKONbKO U3 HUX
6yayT 14-at0iMmoBbIMM.

800-0,15=120

Omeem. 96, 192, 352; 0,55; 120.

MpoekTHas paboTa. Kaxaplili y4eHUK cobupaeT AaHHble 0 BO3pacTe, pocTe, Macce U APYrvMxX NoKasaTensx Y1eHoB
cBoelt cembW. Ha ocHoBe cobpaHHbIX AaHHbIX cocTaBaseTca Tabauua yactot. Mo coctaBieHHOM Tabnuvue ana
AaHHbIX BbIYMCNAIOTCA cpeaHee apudmeTmyeckoe, Moga U meamaHa. MonyyeHHble pe3ynbTaTbl 06bACHAIOTCS,
CBA3bIBasA UX C NOBCEAHEBHOW ¥KMU3HbIO.

®dopmaTUBHOE OLeHUBaHWe

KpuTtepum oueHMBaHus Matepuanbl OL,eHUBAHUA
CTpOUT M MHTepnpeTUpyeT Tabanuy 4acToT AAA HeCrpynnupoBaHHbIX | Paboune anctol, yuebHUK, PT
OaHHbIX.
Ha ocHoBe Tab/auubl 4acToT BbluMCAAET cpefHee apudmeTuyeckoe, | Paboume nuctol, yuebHuk, PT
MeaMaHy, Mogy.

17-a0MmoB 0,55
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TEMA 10.2. dnemeHTapHoe cobbiTne

7-5.2.1. OnucbiBaeT cob6bITME KaK MNOAMHOMECTBO MPOCTPAHCTBA 3/1EMEHTAPHbIX
NOACTAHAOAPTDI COBbITUN.

7-5.2.2. BbluMcnseT BeposTHOCTb COObITUS.

e OnucbiBaeT c/yyaliHoe cobblTMEe KaK MOAMHOMECTBO MHOXECTBa 3/1eMEHTapPHbIX

CObbITUN.
LLE/IN OBYYEHUA * OnucbIBaeT cobbITMA C NOMOLLbIO Anarpammbl dinepa—BeHHa.

® BbluMcAAET BEPOATHOCTb COOLITUA B UCMbITAHUM C PaBHOBO3MOXHbIMW 31EMEHTAPHbIMMU

ncxogamu.

NPUHAONEXHOCTU Paboune N1CTbl, KAPTOYKK, CTUKEPDI
U3yueHue: https://video.edu.az/video/11347  https://video.edu.az/video/11486

22;?::;3”'-'“'5 https://www.geogebra.org/m/dg9fngjc
3apaHue: https://www.mathopolis.com/questions/q.html?t=skill&skillno=531
No6yxaeHue

Ha cTon ctaBuTcA KOpOBKa C HECKONbKMMM KPaCHbIMW, CUHUMW U 3eNEHbIMU pydKamu. O4MH M3 yYEHUKOB
3anucbiBaeT Ha AOCKe KONMYECTBO PyyeK B KOPOOKe, 3aTeM NepemellnBaeT UX U KNadET obpaTHO B KOPOOKY.
Yyutenb obpaltaeTcs K Knaccy:

— Kakoe cobbiTve aBasetca 40CTOBEPHbIM, KaKoe CObbITUE ABNAETCA HEBO3MOMHbIM: U3BAEYEHUE U3 KOPOBKM
KapaHgalla, u3BjevyeHue M3 KOPOBKM pyuykn? Kakoro useTa pydka MMEET MEHbLUYI BepoATHOCTb 6biTb
N3BNEYEHHOM, a KaKoro LBeTa — 60/bluyio? Kak onpeaennTb paBHOBO3MOMXHbIe cOBbITUA?

Uccrneposanuezobeyiaenue Hemie ucna_ Mpocmete ucna
LLlapbl, npoHymepoBaHHble oT 1 Ao 14, no oyepenm BbITAaCKMBAOTCA U3 -6 - \
Mellka. OTMeYaeTcd, YTO Y4YEeHWK, BbITAMBLUMIA Wap C YETHLIM / *3 <5
HOMepOM, Mosly4aeT 60/1bLLOM NoAaPOK, @ peBEHOK, BbITALLMBLIMI Wap (*4 -8 \ 7

C NPOCTbIM HOMEPOM, — MaIEHbKUI NOAAPOK. .10 *12\ | 11 )

* lA3BneyéHHble 4YETHble W nNpocTble YMcAa 3anucbiBatoTca B | *9 \\“ 14 v ‘13 /
COOTBETCTBYIOLLME YACTM anarpammbl Iinepa—BeHHa. 1=

e [oAYEPKMBALTCA, UTO TOJIBKO YNC0 2 COOTBETCTBYET NepeceyeHnto AnarpaMmol.

e Ecnm ByayT nssneyeHbl Wapbl ¢ YUcaammn 1 n 9, oHM OTMEYatOTCA BHE KPYroB. 3Ha4MT, MOTryT MPOU30MTH 2 TaKne
cobbITHA.

m dnemeHTapHOe cobbiTue

YyeHuKam paétca nHdpopmauma ob snemeHTapHOM cobbiTMM M npuBoaAaTcA npumepbl. Coobuiaertcs, 4yTo
MHOMECTBO BCEX 3/IeMEHTapHbIX COObITU, MO/MYYEHHbIX B ,

. U/ — mHoxecTBO BCex
pe3yabTaTe UcnbiTaHuA, 0603HavaeTca 6ykBor U. Ecnv cobbiTMe A —  snementapHsix cobuimuii
3TO «BbINAAEHME YETHOIO YMCNA OYKOBY NpU BpOCaHMUM UrpanbHOM N
KOCTW, TO MOKas3blBaeTCs, 4YTO 3TO CObObITME COCTOUT M3 TPEX
3NEeMEHTapPHbIX COBLITUI: «BblNageHNe ABYX OYKOB», «BblNageHWe
YeTbIPEX OYKOBY», «BbINAAEHME LLIECTU OYKOBY,

DOCOEE O 4-een

InemMeHTapHsele cobeiTvA BeinageHwe YeTHsIX Yucen
NogyépkneaeTca, 4To cobbiTne 4 sBnaetcs NOAMHOXeCTBOM MHOXeCTBa BCEX 3/IEMEHTAPHbIX cobbITNiA, N ero
M306pa)KEHVIe Ha gunarpamme 3|7|nepa—BeHHa o6cy>K,qaeTc;| C Knaccom..

#

[na NoKasa BO3MOXKHbIX MCXOA,08B Npu NoabpacbiBaHNM MOHETbI bepéTca ogHa MOHETa.
Hanpumep, Ha moHeTe (20 rannKoB) MOXKHO NMOKa3aTb, YTO Npu eé noabpacbiBaHWM BbiNageT _
nmbo cTopoHa c uncnom (R), nmbo cTtopoHa ¢ nsobparkeHnem repba (X). CregosatenbHo, Npu —
noabpacbiBaHNUM MOHETbI BO3MOXKHbI ABa UCX0Aa. 3anWCbiBAETCS MHOMKECTBO 3/1eMeHTapHbIX cobbituii. U = {R, X}
MpoBoAA B KNacce UCMbITaHWUA C Pa3/IMYHbIMU MOHETaMM, MOXKHO NPOLEMOHCTPUPOBATL YYEHUKAM
aneMeHTapHble cobbITus.

Cobuitue A
7
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2. Mpu BpPaLLEHUM CTPENKU CMUHHEPA 3aNMUCbIBAETCA MHOMECTBO BO3MOXHbIX 31€MeHTapHbIX &V%
cobbITUM. V V
U={1,2,3,4,5,6,7,8,9, 10} Qb

BO3MOXKHble CayYaitHble COBbITUA 3aMMUCbIBAOTCA KaK MOAMHOMECTBO MHOMECTBA 3/1€MEHTAPHbIX COBbITUI K
n3obpaxatoTca Ha Anarpamme diinepa—BeHHa.

B) Bbinaswee yncno 6onblue 7.
C=1{8,9, 10}

a) BbinaBwee  uucno
YéTHOoe.
A={2,4,6,8, 10}

¥ IR 3anom:

@ @'Q&i{éﬁé@&%j
YyeHuKam [aéTca MHPOPMAUMA O PaBHOBO3MOMHbIX COObITUAX, NPUBOAATCA Npumepbl. Hanpumep, npu
6p0C3HMVI KOCTU YNCNO 3N1eMEHTAPHbIX cobbITui paBHO 6, U Kaxkgoe U3 HUX PaBHOBO3MOXHO. CnefoBaTenbHO,

1
BEPOATHOCTb KaXXA0ro asieMeHTapHoro cobbiTuA pPaBHa g-.

OTmeyaeTca, YTo NPU HaCcTYNJAEHUN OAHOIO U3 3N1EMEHTAPHbIX COBbLITUIA HM O4HO APYroe 3emeHTapHoe cobbIThe
He NPOMCXOAMT. A TaK:Ke Kaxkaoe cobbiTMe, ABAAIOLEeca Pe3ynbTaTOM WCMbITaHWA, npeacTasnseT cobol
NOAMHOXECTBO MHOECTBA BCEX 3/1IEMEHTAPHbIX cobbITMI. CnegoBaTeNbHO, ecnn cobpaTb Bce 31eMeHTapHble
cobbITUA, MO/YYalOTCA BCE BO3MOMHble MCXOoAbl. COrMacHO K/AacCMYECKOMY OnpeaesieHui0 BEpPOSATHOCTY,
BEPOATHOCTb COObLITUSA pPaBHA OTHOLWEHWMIO YMcia 61aronpUATHLIX MCXOAOB K UMCAY BO3MOMKHbIX MCXOAOB.
MOCKO/IbKY BCe 3/1emeHTapHble cobbiTua BmecTe 06pasyloT BCe BO3MOMKHbIE MCXOAbl, B 3TOM Caydae 4Mc/io
61aronpuUATHLIX MCXOAOB PaBHO YMCAY BO3MOMKHbIX MCXOA4OB. B pesynbTaTe cymma BepoATHOCTEN Bcex
3/1eMeHTapHbIX cobbITMIA paBHa 1.

3. Bce anemeHTapHble cobbITUA, ABNAIOWMECA PE3YIbTaTOM C/Iy4aliHOrO UCMbITaHUSA, PAaBHOBO3MOXKHbI. M0
BEPOATHOCTU OAHOTO 3/1eMeHTapHOro cobbITUA onpeaenseTcs UX KoJMYecTBo.

1 . .
a) Tak Kak BEPOATHOCTb paBHa T3+ YNC/I0 3/1IEMEHTaPHbIX COBbITUIA, KOTOPbIE MOTYT NPOU30NTU B pe3ybTaTe

C/IY4aMHOro UCMbITaHWUS, paBHoO 15.

4. B melwKe Haxoantcsa 1 6enbiii, 1 Y€pHbIN, 1 3enéHbli, 1 cMHMIA 1 1 KENTbIN WapuK. Camup cnyyaiiHo
BbITACKMBAET OAMH LIAPUK.

a) 3anucbiBalOTCA BO3MOXKHbIe 31eMEHTapHble cobbITUA.

3TOT WapwWK 6enoro LBeTa, 3TOT LWAPUK YEPHOIO LBETA, STOT LWAPWK 3€N1EHOrO LLBETA, 3TOT LWAPWK CUHErO LBET],

3TOT WAPUK XKENTOro LBeTa.

o 1
6) BepoATHOCTb KayK40ro M3 3TUX COBbITUIA MOXKHO BbIYMCAUTL TaK. ————— = 0,2

1+1+1+1+1
m BepoATHOCTb cOb6bITUA

Ob6bACHAETCA NPaBMIO HAXOXAEHWUA BEPOATHOCTU cobbiTMA B

» BraronpuatHble uexoaw — 2, 3, 5, 7
UCMbITaHUU, NCXOAbl KOTOPOrO ABAAIOTCA PaBHOBO3MOXKHbIMM _ S
3/1eMeHTapHbIMK  COBbITUAMM, Ha NpuUBEAEHHOM nNpuUmepe W=y =

» JnemenTapHsle ncxoasi - 1, 2,3, 4,5,6,7, 8,9, 10

06cyKaaeTcs, Kak BbIMMCAAETCA BEPOATHOCTb.
YyeHnKam coobLLaeTcs, YTo BEPOATHOCTb HEBO3MOMKHOro cobbiTha paBHa 0, a BEPOATHOCTb AOCTOBEPHOrO
cobbiTMA paBHa 1.

Korga umcno 6naronpuaTHbIX McxofoB paBHO O, TO ecTb BEPOATHOCTb HACTYMNJ/IEHUA HEBO3MOMHOIO cobbITuA
paBHa Hyato. Korga umMcno 6naronpuATHbIX UCXOA0B PAaBHO YMCY BO3MOXKHbLIX MCXOAO0B, TO €CTb BEPOATHOCTb
HacCTynaeHusa 4OCTOBEPHOro cobbITUA paBHa 1, 3TO M3BECTHO yYyeHMKaM. MOCKONbKY YMCAO CAyYaHbIX COBbITUM
MOeT 6bITb He 6o/blue YMcna BO3MOMKHbBIX MCXOL0B, @ BEPOATHOCTb COGLITUA He
ABNAETCA OTPULLATENbHBIM YMCIOM, OBDBACHAETCA, YTO AN BEPOATHOCTM BbINOAHAETCA
HepaBeHcTBO 0 < P(A4) £ 1.

6. B 61t04e HaxoauTca 4 cnvMBOBbIX, 5 abpPUKOCOBBIX M 3 BULLIHEBBIX NMpOra.
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HaxoauTtca uncno BO3MOXKHbIX ucxonos: 4 +5 +3 =12
OTmeuvaeTcs Yncno 61aronpPUATHLIX UCXOA0B: 5

o o 5
BepoaTHOCTb CO6bITVIﬂ, YTO C/IYy4anHO B3ATbIM NUPOT OKaXXeTcA a6pMKOCOBbIM, PaBHa 1z

K cBepgeHuio yuutena! YuyeHUKM MHPOpMMPOBaHbI O MpaBuiax BbIYUCAEHUA YACTOTbl HA OCHOBE pe3y/bTaTa
UCMbITAaHMA U BbIYUCAEHUA BEPOATHOCTM HacTynawowero cobbitma. Yactota cobbiTA npu 3apaHee M3BECTHbIX
BO3MOMHOCTAX HACTyMneHUsA COBbITUS HAaXoAWUTCA Ha OCHOBE MaTeMaTUMYECKMX BbIYMC/IEHWIA B pesysbraTte
onpeAenéHHOro WCMbITaHMA. B HEKOTOPbIX MCTOYHWMKAX 3TO Ha3blBAaeTCA TEOPETUYECKOW BEPOATHOCTHIO.
BepoATHOCTb CObObLITUA Ke OCHOBbIBAaeTCA Ha (aKTMUECKMX pe3ynbTaTax, MoJIyYeHHbIX B pe3ysbTaTe
MHOFOKPATHOro NOBTOPEHMA O4HOMO M TOTO e UCMbITaHUA. ITO Ha3bIBAETCA IKCNEPUMEHTA/IbHOM BEPOSATHOCTbIO.
Mpy Manom umucie UCNbITAaHWUIA 3KCMEePUMEHTANbHAA BEPOATHOCTb MOMKET 3HAYMUTENbHO OTAMYATBCA OT
TeopeTuyeckom BepoaTHOCTU. O4HAKO NO Mepe yBeMYEHMA YNCNA UCNbITAHNI SKCNEePUMEHTANIbHAA BEPOATHOCTb
NPUBAU3UTENBHO paBHa TeEOPETUYECKOM BePOATHOCTU. MOMHO BCMOMHUTb MpPAKTUYECKoe 3afaHue,
npuBeaEHHOE B Npeablayluen Teme.

OuddepeHumnpoBaHHoe obyueHue

Modoepxka. YyeHUKam pasfaétca oauMH M3 paboumx NUCTOB C U306parkeHnem A B
duUrypbl, COCToALLEM M3 KOHIPYIHTHbIX TPEYro/ibHUKOB. YYEHUKW, onpeaenss
KO/IMYECTBO LBETOB HA KaXgom paboyem nuCTe, OTBEYAIOT Ha MOCTaBAEHHble
Bonpocbl. KakoBa BEPOATHOCTb TOrO, YTO BbIOPAHHbIN TPEYroAbHUK ByaeT CUMHero
uBeTa? BepoATHOCTb COBbITMA, YTO BbIOPAHHbLIA TPEYro/iibHUK ByAeT Kakoro ugeTa
6onbwe? EcTb I paBHOBEPOATHbIE CObLITUA? Kak 3To onpeaenntb?

YenybneHue. YyeHuKam pasgatotca paboune nucTbl ¢ n3obpaxkeHnem GuUrypbl, COCTOALLEN M3 KOHFPYIHTHbIX
TPEYroNbHUKOB. YUYEHWKM, onpenenas KOMMYECTBO LBETOB HA Kaxgom paboyem /nMcTe, oTBeYaloT Ha
nocTaBaAeHHble BONPOCbl. BepoATHOCTb COBbITUSA, YTO BbIBPaAHHbIM TPEYroNbHUK ByaeT Kakoro useTa 6osblwe 0,5?
Kakan a1o ¢purypa? B KakoW dpurype BeposTHOCTb BbIBOpPa O4HOMO U3 LBETOB B ABA pa3a bonblue BepPOATHOCTU

BbibOpa 3e/1EHOr0 TPeyrosibHUKa? Kakoi aTo uBeT?
R oy 2

vy -
7.CTpenka cnuHHepa, pasaenéHHOro Ha KOHIPY3HTHble TpeyrosibHUKKM, BpawaeTca U
OCTaHaB/AMBaAETCA Ha O4HOM U3 LBETHbIX TPEYrONIbHUKOB.

* 3anucbiBaeTCcA MHOXECTBO BO3MOMKHbIX 3/1EMEHTAPHbIX COBbITUIA.

U = {3enéHblIi1, KpaCHbIW, }KENTbIN, }KENTbIN, KPACHbIN, CUHWN}

* N1OCKO/IbKY KOZIMYECTBO KENTbIX M KPACHbIX TPEYro/IbHUKOB OAMHAKOBO, CODObITUSA OCTAHOBKM CTPENKM HA 3TUX
LBeTax ABNAOTCA PaBHOBO3MOXKHbIMM.

8. B KHM)KHOM WKady pasmelleHbl 20 KHUT XyA0XKEeCTBEHHOW MTepaTypbl, 30 KHUT Mo maTtemaTuKe u 50 KHUT no
€CTeCTBEHHbIM HayKam. AVHYp Cly4ailHO B3saa OAHY KHUTY U3 WKada.

a) MoCcKONbKY BEPOATHOCTb BbI6OPA KHUIMU, KOTOPbIX B0AbLLE MO KOANYECTBY, Bbille, BEPOATHOCTb BbIBOPA KHUIM
Mo ecTecTBEHHbIM HayKam 6onblue.

30

——F =03
20+30+50

6) BbluncnseTca BEPOATHOCTb COBbITUA, YTO KHUTA, B3ATasA ANHYP, OTHOCUTCA K MaTeEMaTUKeE.

dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnsaHums Martepuanbl oueHMBaHUA

OnucbiBaeT  cnyyalHoe  cobbiTMe  Kak  MOAMHOXECTBO  MHOXecTBa | Pabouue anctbl, yuebHuK, PT
3/1eMeHTapHbIX COBbITUIA.

OnucbiBaeT cobbITUA C NOMOLLbIO Anarpammbl diinepa—BeHHa. Paboune nunctobl, yuebHuk, PT

Bblumcnaer BepoATHOCTb cobbiTMA B UCMbITAHUU C PaBHOBO3MOXXHbIMU PaGOHVIEI'IVICTbI,y‘-IE6HMK, PT
3/1eMeHTapHbIMN UCXO4aMWN.
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TEMA 10.3. HecoBmecTtumble cobbiTusA
7-5.2.3. KOMMEHTUPYET aKCMOMbI TEOPUM BEPOSATHOCTEN.
7-5.2.4. KOMMeHTUpYyeT NpoCTble CNeACTBUA aKCMOM.
e O6BACHAET HECOBMECTUMbIE CODObITUA U BbIYUCAAET UX BEPOATHOCTD.
LLE/IN OBYYEHUA e Onpegenset cobbITUA, NPOTUBOMOJIOXKHbIE JAHHOMY COBbITUIO.
® Bbluncnset BepoATHOCTb COBbITUA, MCMONb3YA MPOTUBOMONOMKHOE eMy CObbITHE.

NPUHAONEKHOCTU Paboune ANCTbl, KAPTOYKK, CTUKEPDI

NOACTAHAAPTDI

S/IEKTPOHHbIE M3yueHue: https://video.edu.az/video/11343 https://www.geogebra.org/m/zpsvtrtp
PECYPCbI https://www.geogebra.org/m/w2xphbmu
MNobyxaeHue

B Teme «3nemeHTapHble cObbITUA» yYeHUKam Bbli 3a4aH BOMPOC O LBETe PYYKWU, U3BNEYEHHOW U3 KOPOBKM C
HECKONIbKUMM KPaCHbIMKW, CUHUMWU M 3eNEHbIMM pydyKamu. YuuTenb, NPEACTaBUB Ty KE CUTyauUMiOo, MOMKET
MCNo/b30BaTb 414 NOBYXKAEHUA YYEHNKOB AOMOAHUTE/IbHbIE BOMPOChI:

— BO3MOKHO M1, YTOBbI U3BNEYEHHAA M3 KOPOBKM pydKa Bblna 04HOBPEMEHHO KPacHOro M cuHero useta? Kak
onpeaennTb YUC/O BO3SMOMKHbBIX MCXOA4O0B AN COBbITUA, UTO pydKa ByAeT KpacHOro UaM cuHero LgeTta? Kak ato
HalTK, UCNoNb3ys obLLee KONNYECTBO PYYEK U KOIMYECTBO 3ENEHDLIX PyYeK?

UccnenosaHuezo6cykaeHue

OTtmevaetcs, yto M3 30 YYeHMKOB Kjacca 4acTb, Yy4acTBylOLLas B
dectuane, cmamt Ha KpacHolx (Q), Apyraa yactb — Ha 3enéHbix (Y)
MecTax, U Ha Auarpamme diinepa—BeHHa paHa WMHPopmauus o6 wmx
Ko/smnyecTBe.

e OTMeyYaeTca, YTo YyMcano bnaronpuATHLIX UCXOA40B ANA cobbiTUA, Npu
KOTOPOM C/ly4alHO BblBPaHHbIM YYEHWUK CUAUT HA KPAaCHOM MecCTe, PaBHO
15. Yucno Y4€HUKOB, He NPUHABLLNX

* Y106bI C1y4aiHO BbIOPaHHDbIA yYeHUK Bbli yHaCTHMKOM dpecTuBans, oH yuacTve 8 bectusane.
OO/IKeH cnaeTb B0 Ha KpacHbIX, B0 Ha 3eN1EHbIX MecTax. Y1Cno Takux

YYEHMKOB MOXKHO HalTK ABYMA cnocobamu.

v BblumnTan 13 obLLEero Yncna yYeHMKOB K1acca YMCI0 YYEHUKOB, He yuacTBylolmx B pectmsane: 30 — 5 = 25.

v' CKNnafapblBas YNC/I0 YYEHMKOB Ha KPAaCHbIX M 3eN1EHbIX mecTax: 15 + 10 = 25.

CnepoBaTtenibHO, MMeeTcsA 25 BO3MOXHbIX MCX04,0B. PeKOMeHAayeTca 3a/1aBaTh Y4EHMKAM BOMPOChI M HANPaBAATb
WX K UCMONb30BaHMIO 060Mx cnocoboB peLleHus.

e OTmeyvaeTcs, 4YTO ANs COObITUA «CAY4alHO BbIOPAHHBIN YYEHUK CUAWUT Ha KPaCHOM MecTe» 4YWUCNo
61aronpuATHBIX UCXOA0B paBHO 15.

m HecosmecTtumble cobbiTnA

YyeHuKam faétca MHPopmaLmsa 0 HECOBMECTUMBbIX COBbITUAX M MPUBOAATCA MPUMEPBI. / /‘_ \3
CoobuwaeTcs, 4to cobbiTe A U B 03Ha4aeT HacTynieHne XxoTs 6bl 04HOro U3 cobbITUI
A van B. OTmeyaeTca, 4TO BEPOATHOCTb CYMMbl HECOBMECTMMbIX COBbITUIA paBHa \ / /
CYMMe UX BEPOATHOCTEN, M MpUMep 06CYKAaETCA C KIacCOM. AE=0

P (AUB) = P(4) + P(B) Hecoamecmumbie cobbimus
3aaaHug

1. /3 KOpO6KM C WapmUKamu, NPOHYMepoBaHHbIMM 0T 1 g0 15, cnydanHO M3B/IeKaeTca oAuH wapuk. CobbiTne A —
HOMep LapuKa paBeH 8, B—Homep WapwuKa paBeH 5, C— HOMep LWapuKa ABAAETCA HEYETHbIM Ynciom, D —Homep
LIapMKa ABNAETCA YETHbIM YNCIOM. PeKoMeHAayeTcAa 06CyANTb C YYEHMKAMMU, KaK onpesenatoTca HECOBMECTUMbIE
cobbITHA. MoCKoNbKY 0aHOBPEMeHHOe HacTynieHue cobbituii A u B, An C, C u D HEBO3MOXKHO, OTMEYaeTca, YTo
TaKue cobbITUA ABNAOTCA HECOBMECTUMbIMMU.

K cBegeHuto yuutena! YueHUKN UCNbITbIBAOT TPYAHOCTM NPU BbiIbOpe HECOBMECTUMbIX COBbITUIA, onpeaenss,
noyemy Apyrve cobbiTua He ABNAIOTCA HECOBMECTUMbIMW. B 3TOM cnydae LenecoobpasHo 06bACHUTL YYEHMKAM,
YTO HEKOTOopble ApyrMe cobblTUA MOTYyT NPOUCXOAUTL Of4HOBPEMEHHO. Hanpumep, B 3agaHuun 1 cobbitua A —
HOMep LWapuKa paBeH 8 n D — Homep LWapuKa ABAAETCA YETHBIM YMCIOM NPOUCXOAAT OAHOBPEMEHHO, MO3TOMY
OHM He ABNAKTCA HECOBMECTUMbIMMU.

m MpoTUBONONOXKHbIE COBLITUA
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O6paTHble cobbITUA Pa3bACHAKTCA YYEHUKAM. YUEHUKaM 06bACHAETCA, Kak 0603HavatoTca obpaTHble COObITUA
M NPaBWUIO BbIYUCAEHUA UX BEPOATHOCTU, U NPUBOAATCA NPUMEPBI.
P(A) = 1- P(A)
3. Kybuk bpocatoT oaunH pas. CobbiThe A — BbINano 6 04KOB, B — BbINas0 YMC/IO MeHblLLE 6,
C — BbInano YyeTHoe uyncno, T — BbiNano HeYeTHoe Yncno, M — BbiNaso COCTaBHOE YMCIO,
S — BbINano npocToe uncno. OnpenenaoTca NPOTUBONONOKHbIe cobbiTnAa: An B, Cu T.
OTmeyaeTcs, YTo B pesynbTaTe UCMbITAHUA MPOUCXOAUT TOJIbKO OAHO M3 MPOTUBOMOIONKHbIX CODbITUI, MO3TOMY
OCTaNbHble COObITUA He ABNAIOTCA NPOTUBOMOOKHbBIMM.
K cBepgeHuto yuutens! Mpu 06bACHEHUM TEMbI TPOTUBOMONOKHbIX COBLITUI 0coboe 3HaYeHMe nmeeT NPoBepKa
YMEHUA YYEHUKOB NPaBUAbHO onpeaenaTb cobbiTne, NPOTUBOMNONOKHOE AaHHOMY. [InA 3TOro yuntenb cHavyana
AOJ/IKEH paboTaTb C NMPOCTbIMM CUTYaUMSAMM, 3aTEM MOMKET NMOMNPOCUTb YY4EHWKOB C/IOBECHO BbIPa3WUTb C/yvait
«HeHacTynneHua» cobbiTna. MpeacrtaBneHne PasAnYHbIX NPUMEPOB NMOMOraeT 3aKPEenaeHMIO 3TOro NOHATUA Y
YYEHUKOB.
YyeHMKam o0b6bACHAETCA, YTO eCIM HEMOCPEACTBEHHO BbIYUCAUTL BEPOATHOCTb COBLITUA TPYAHO, MOXKHO HAMTU
BEPOATHOCTb NPOTUBOMNOIONKHOIO COOLITUA U BbluecTb eé 13 1. Hanpumep, B 3agaHuu 3 npu 6pocaHnm urpanbHom
KOCTU MOXKHO NPOAEMOHCTPUPOBATL YYEHNKAM ABa CNOCOba HAaXoXAEHWNA BEPOATHOCTM COOLITUA «HE BbINALET 6
OYKOBY», TO ecTb BbiNageT 1, 2, 3, 4 uan 5 ouKkos.
1-i cnocob6. Nopg, cobbITeM «He BbINageT 6 OYKOBY 2-(i cnocob. MocKobKy BEPOATHOCTb BblNageHua 6
NOHKMMAETCA BbiNaAeHne ogHoro usuncen 1,2, 3, 4unn 5. | oykos pasHa l, BEPOATHOCTb MPOTUBOMONONKHOTO
Yucno 61aronpuATHLIX UCXOL0B PABHO 5, UnCno 6

cobbITUA, TO ecTb HEBbINaAEHUA 6 OUKOB, paBHa
BO3MOXHbIX MCXOA0B PaBHO 6, MO3TOMY BEPOATHOCTb

1-2 =3

paBHa z . 6 6

Mcnonb3oBaHWe NPOTUBOMONOKHbIX CODbITUI ABNAETCA OAHUM U3 3GPEKTUBHBIX CNOCOBOB HAaXOXKAEHUA
BEPOATHOCTU 06bEANHEHMA UAN NEPeceYeHNa HECOBMECTUMbIX, @ TaKXKe B Ja/ibHeMLeM He3aBUCUMBbIX
cobbITMiN. DopMMUpPOBaHUME ITOTO YMEHMA 061er4aeT BblYMCIEHNE BEPOATHOCTH.

Ucnpaeb owunbky!

KapTouku c umcnamm ot 1 0o 15 6bIaKM pPasnosKeHbl Ha CToNE NLLEBON CTOPOHOM BHU3. BeposaTHOCTb cobbiTus (A),
YTO YMC0 Ha CAYYAMHO BbIBPAHHOM KapTouKe ABAAETCA NPOCTbIM, pasHa 0,4. YTobbl HAaNTN BEPOATHOCTb COBLITUA
(A), uTo uMcno Ha cnyyaiiHO BbIBPaHHOM KapTouKe ABAAETCA COCTaBHbIM, HEOCTAaTOYHO MCMONb30BaTh TONBKO
BEPOATHOCTb COBLITUA, YTO YNCNO ABAAETCA MPOCTbIM. ECIM YMCNO He ABNAETCA NPOCTbIM, OHO MOXKET BbITb PaBHO
1. CnepoBaTeNlbHO, BEPOATHOCTb HAXOAMTCA TaK.

P(A)=1-P(4)=1-0,4=0,6; 0,6—%=1%.

YyeHnKam, AONYCKaloWMM Takue owmnbKK, cnepyeT 06bACHUTb, YTO ANA HATypPasibHOMO YMCAa CyLLECTBYIOT TpU
BO3MOMHbIX C/y4YasA: YUCAO MOXKET ObiTb MNPOCTbIM, COCTaBHbIM WAM paBHbim 1. CnenoBaTesibHO,
MPOTMBOMO/OMKHbIM COBBITUIO «YUCNIO ABNAETCA COCTaBHbIM» ABAETCA HE TOJIbKO KYUC/IO ABMAETCA MPOCTbIMY, @
«UYUCNO HE ABNAETCA COCTaBHbIM», TO €CTb NPOCTOE UK pasHoe 1.

JNoxKHble npeacTaBNeHUA, BO3HUKalOLME Y YYEHUKOB. MIHOrAa yYeHWKM Npu onpeaeneHmm NpoTUBOMNONI0KHOIO
cobbITUA He MOryT MpaBuUAbHO OMNPeAeNUTb MOHATUE «HEeHacTynJeHWe cobbiTUA» U B pesynbTaTe nyTaloT
NPOTMBOMNONOMKHOE COBbITME C APYrMM cobbITMeM. Camblil NPOCTON NPUMEP 3TOF0 — NPUHATUE COBBLITUA «YMUCNO
He AB/IAETCA COCTAaBHbIM» KaK «YMCNO ABAAETCA MpocTbim». B pybpuke «McnpaBb owmnbKy» B 3a4aHMKM bbina
06bACHEHA AONYLEHHAA B CBA3M C 3TUM OLWMBKA. Mpn BbIYMCNEHMM BEPOATHOCTM BAXKHO 3apaHee yunTbiBaTb 3TOT
MOMEHT. MOKHO NOPYyYUTb YYEHMKAM MPU HAXOKAEHUN BEPOATHOCTM MPOTUBOMOOKHOIO COBbITUA CIOBECHO
dopmynmpoBaTb COOTBETCTBYHOLLEE CODbITUE M MPOTUBOMNONOKHOE eMY COObITHE.

HalianTe BepoATHOCTb COBLITUA, YTO CIYYaMHO BbIBPAaHHOE YMCAO U3 Ynucen oT —2 A0 2 He ABNSAeTCA
NO/IOXKUTEIbHbBIM.
JloskHo ECNM uncno He ABNAETCA NONOKUTENbHBIM, 3HAYUT, OHO 2_ 0,4
oTpuuaTenbHoe. TaK Kak cpean ymcen ot —2 o 2
oTpuuaTenbHbIMKU ABNAIOTCA —2 U —1, BepOATHOCTb pasHa 0,4.
BepHo EC/M YMCIO He ABNAETCA MONOMKUTENbHBIM, 3HAUYUT, OHO IMBO 3_ 0,6
oTpuuaTtenbHoe, NMb6o paBHO Hynw. CnefoBaTeNbHO, 3TO YMCna — 2
2,-11n 0. B aTtom cnyyae BepoAaTHOCTb paBHa 0,6.
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Moao6Hble OLINMBKM NPUBOAAT K HENPABU/bHLIM Pe3ybTaTam MpPuU BbIYMCNEHUN BEPOATHOCTU. [osTOMy
Heob6x04MMOo 0c060 NOAYEPKHYTb YHEHMKAM BaXKHOCTb MOJIHOMO NEPEYUCIEHNA BCEX BO3MOXKHbIX C/ly4aes npwu
onpeaeeHnn NPOTUBOMNOIONKHOIO COBbLITHA.

6. Mpn BpocaHUM UrPaNbHOM KOCTU TpebyeTcA HallTM BEPOATHOCTb COBLITUA, MPOTUBOMONOKHOMO
npousolueawemy cobbITUiO.

a) Bbinano 6 o4koB. [POTUBONONOMKHbBIM STOMY cobbITUIO ABAAETCA cobbITUE HeBbINaAeHUA 6 O4KOB. TaK KakK

1 1.5
BEPOATHOCTb BbINaAeHNA 6 OYKOB paBHa </ BEPOATHOCTb MPOTMBOMO/IOKHOTO cobbITna HaxoauTcA Tak. 1 -c=c

B) BbinaBswee 4yncno He ABAAETCA HU NPOCTbIM, HA COCTaBHbIM. [TPOTUBOMNONOMXKHBIM 3TOMY cobbITHIO ABNAETCA

cobbiThe BbiNageHua 1 oyka. Tak Kak BEpOATHOCTb cobbITHSA, YTO BbINABLLEE YNC/IO ABAAETCA NPOCTbIM NN

1

5 5
COCTaBHbIM, paBHa g, BE€POATHOCTb NPOTUBOMNOJIOXKHOTO cobbiTuA HaxoamTcA Tak: 1 — g = g

ITy BEPOATHOCTb MOXHO HaWTK U Tak. [poTMBONONOXKHOE CObbITUE — BbiNageHue 1 ouka. CnegosaTesnbHO,
v 1
NMEEeTCA OAMH BO3MOXKHbIM MCX04,. ITO 03HAYaET, YTO BEPOATHOCTb HACTYN/IeHNA cobbITUA paBHa p

e
PelleHue 3 004

7. Korga aBTomobunb npubamnkaeTtca K nepeKkpecTKy, MOryT NpoU30MnTH
3fleMeHTapHble cobbiTnA A, B, C 1 D. Ha 0oCHOBaHWM AaHHbIX TpebyeTcs HakTu
BEPOATHOCTb HACTyneHUa cobbiTna D.

B 3apaye yKkasaHbl cnegylowime AaHHble.

A: “MosepHyYTb HanpaBo” C: “ExaTb npsmo”
B: “MosepHyTb Haneso” D: “PasBepHyTbca”.
P(4)=04 P(B)=0,3 P(C)=0,18

PeweHue 3a0a4u

Ecam npoucxoguT oAMH M3 4 AaHHbIX CAyYaeB, HU OAMH W3 OCTafbHbIX TPEX MPOU3ONTM HE MOMKET.
CnepoBaTenibHO, 3TW COBBLITUA ABAAIOTCA HECOBMECTUMbIMWU. BeposTHOCTb HacTynieHua cobbitua D pasHa
BEPOATHOCTM TOrO, YTO HU OAHO U3 cobbITUIM A, B unn C He Npon3oinaéT. Ha ocHOBaHWM NpaBuaa HaXoXAEeHUA
BEPOSATHOCTU NMPOTUBOMOJIOKHbIX COObITUI BbIYMCNSAETCA BEPOATHOCTb HACTynaeHna cobbitua D.

P(D)=1-(P(4)+ P(B)+P(C))=1-(0,4+0,3+0,18) =0,12

Omeem. 0,12

8. B TeHHUCHOM Knybe 15 B3pochbix YsieHoB, 12 monoabix U 8 MoAPOCTKOB. KapTOUKM C MMEHEM KaxKaoro
YYaCTHMKA MOMELLEHbl B AWMK perncrtpauuu. Hangute BepoATHOCTb COObLITUA, YTO CAYYalHO M3BNEYEHHAA
KapToyKa NPUHAANEXUT onpeaenéHHOMY YHaCTHUKY.

PeweHue 3a0a4yu
15 3
a) BepoaTHOCTb CO6bITUA, YTO KapTOYKa NPUHAANEKMUT B3POCAOMY YYACTHUKY: FrreTYrial
8 8
6) BepoATHOCTb COBbLITUA, YTO KaPTOUKa MPUHAANEKUT NOAPOCTKY: Toree
12 12

B) BEpPOATHOCTb COBLITUA, YTO KAPTOUKA NPUHALNEKRNUT MONOAOMY YYACTHUKY: Toriae T i

r) BepoaTHOCTb cOBbITUA, YTO KAPTOUKa HE NPUHAANEKRUT HU MOIOAOMY, HM B3POC/IOMY, MOXKHO HaliTK ABYMSA
cnocobamu.
1-0G cnocob. Ecnn KapToyka He MPUHAZNENXUT HU MONOAOMY, HM B3POC/IOMY, 3HAYMT, OHA NPUHALNEKUT
8

NoAPOCTKY. BEpoATHOCTb COBbLITUA, UTO KaPTOUKa NPMHAANENKUT NOAPOCTKY, PaBHa =
2-U crnoco6. CobbITUA, YTO KapTOUKA NPUHAANIEKUT MOJIOAOMY U B3POC/IOMY, ABISIOTCA HECOBMECTUMbIMU. YTOObI
HalTU BEPOATHOCTb COBbLITUA, MPOTUBOMOOMKHOIO COBLITUIO «KAPTOYKA NPUHALNENRUT MONOAOMY WU
B3POCNOMY», CKNaAbIBAOTCA BEPOATHOCTM 3TUX COBLITUIA U BbluMTatoTCA U3 1.

3 12, 8
1-(+=2)=—

735 35
Omeem. —

35

0 O0O0®0 DO
9. B vrpe B gapTc Ha AOCKe nogBelueHbl 6 KpacHbIX, 4 CUMHUX, 5 KENTbIX U 5 3enéHbIX Wapos. B '
pe3ynbTate 6poCcKa oanH U3 Wapos o0bAsaTenibHO byaeT couT. HalamTte BepoATHOCTb CObbITUA,
YTO Npu cnyvyaitHoM 6pocke ByaeT cOUT KPacHbIM, *KENTbIN UKW 3eNEHBIN Wap. 3a4a4y MOXKHO
peLWmnTb HECKO/IbKMMM crnocobamu.

lMpusneyeHue

Ha cton crtaBuTCcAa KopobKa, B KOTOPOM HaxoAATcsA 7 KpacHbIX, 2 3eNéHbIX 1 1 D D D D D
XENTbIN CTUKep. YUeHUKam, COOBLMB LBET U KOAMYECTBO KAXKAOro CTUKEPa,

3aal0TCA BOMPOCHI. D D
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— Kakoe cobbiTe ABAsSeTCA NPOTMBOMOJIOKHBIM COObITUIO, YTO M3B/MEYEHHAA M3 KOPOOKM KapTouyka umeet
KPacHbI UK 3eNEHbIN UBeT? Kak MOXHO BbIYUCANTb BEPOATHOCTU STUX COBLITUI?

Mocne HECKONbKMX HaBOAALWMX BOMPOCOB OTBETbI YYEHMKOB 0606LLAOTCA M OTMEYAEeTCA, YTO BEPOATHOCTb
N3BJIEYEHUA N3 KOPOOKM KPACHOTO UK 3e1EHOM0 CTUKEPA MOXKHO HAaMTK Tpema cnocobamu:.

v Ha 0CHOBE OMHOWEHUSA YUcAa 6Aa20MPUSMHbIX UCX0O08 K YUC/Y B03MOMCHBIX UCX0008

v Halidsa cymmy sepoamHocmeli Hecoemecmumbix cobbimuli

v’ ucnone3ya npomueononoxHoe cobbimue

OTBEeT HaxoamUTCA KaxablM cnocobom, 1 ¢ Knaccom obeykaaeTca, Kakol cnocob asasetcs 6onee yaob6HbIM.
PeweHue 3ada4u

1-ii cnocob. Mpw cnyyvaliHoM 6pocKe Yncio 61aronpPUATHBIX MCXOA0B A/1A COBbITMA «NonagaHne B KPacHbIN,
ENTbIN UK 3eNEHbIN wap» (16) AennTca Ha YMC0 BO3MOXKHbIX cxoaos (20). % =0,8

2-0 cnocob. Mpu cnyyaliHom 6POCKe OTAENbHO HaXxoAUTCA BEPOATHOCTb KaKA4oro 13 cobbiTUiA: nonagaHue B
KPaCHbIN, }KENTbIN UKW 3eNEHbIN Wap.

< 6 o 5 o 5
KpacHbin: ———=10,3 3eneHbin: ————=0,25 Kentbit: ——=0,25
6+4+5+5 6+4+5+5 6+4+5+5

TaK KaK 3Tu cobbITMA ABAAIOTCA HECOBMECTUMbIMM, BEPOATHOCTb HACTYNEHUA OL4HOMO U3 HUX PaBHA Cymme
HalaeHHbIX BeposaTHocTen. 0,3 + 0,25 + 0,25 =0,8.

3-Ui cnocob. NpPOTUBOMNONOMKHBIM COBbITUIO «MOMNaZaHMe B KPACHbIN, KENTbIA UM 3eNEHbIN Wap» ABASETCA
cobbiTMe «nonagaHue B CUHWUI Wwap». Haxoautca BepoATHOCTb NONagaHMA B CUHWUIA Wap U BbluMTaeTca u3 1.
1-0,2 =0,8

Omeem. BepoaTHOCTb cObbITUA, YTO NPU Cy4aliHOM BpocKe byaeT nonagaHue B KPACHbIN, YKENTbIN UK 3eNEHbIN
wap, pasHa 0,8.

ObcyrdeHue. YYeHWKaM, pPeMBLUMM 3a4a4y OAHUM M3 AAHHbIX CNOCOb60B, MOXHO NPEANONWUTb NMPOBEPUTH
OTBET, UCMONb3YA ApyrMe cnocobbl.

dopmaTuBHOE OL,eHUBaHUe

Kputepum oueHnsaHums Martepuanbl oueHMBaHUA

O6bsACHAET HECOBMECTUMbIE COObITUA U BbIYUCASET UX BEPOATHOCTD. Paboune nnctol, yuebHuk, PT
OnpegaenseT cobbITUA, NPOTUBOMNOJIOKHbIE JAaHHOMY COBbITHUIO. Paboune nunctol, yuebHuk, PT
BbluncnseT BepoATHOCTb COBbITUA, UCNO/Ib3YA MPOTUBOMNONOKHOE emy cobbITMe. | Paboune nuctbl, y4ebHuk, PT
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OBOBLAIOLLUNA YPOK

MNobyxaeHue

B y4ebHMKe B 3aKNIOMEHMM pa3fesia MOBTOPAKOTCA MOHATUA BMECTE C yYeHWKamu. M3yyeHHble no pasgeny
TEPMUHbI HANOMUHAIOTCA YY4EeHUKaM yunTenem. Mo mepe NPom3HECEeHNA KaXa40ro NOHATUA yH4EeHUKN 06BbACHAIOT
ero cofiepyaHue, NpUBOAAT NPUMEpbI.

CpedHee apugpmemuyeckoe, Modd, meduaHa, cobbimue, He803MOXHoe cobbimue, docmosepHoe cobbimue,
pPABHOBO3MONMHbIE CcObbIMuUSA, cnyyaliHoe cobbimue, 3nemeHmapHoe cobbimue, 8epPOAMHOCMb COobbIMUS,
yacmoma cobbimus, mabauuya 4acmom, 803MOMCHbIE UCX00bI, 6/1a20MPUAMHbIE UCX0O0bl, HECOBMECMUMbIE
cobbIMUA U MPOMUBONO0MHbIe COBbIMUA.

Ha nepBsoi cTpaHuue pasgena BCNOMMHaeTcAd MHbopmauma o chepax NMPMMEHEHUA METOAOB CTaTUCTUKM U
Teopun BepoaTHocTel. C NOMOLLBIO pe3tome NPoBoAUTCA 06WMin 0630p M3ydeHHbIX npasua. B 3agaHun
«MonbiTaiTecb!» obpalaetca BHUMaHME Ha To, 4To npu 20 BpaLLEHUAX CTPENKM CIMHHEPa, Pa3aesEHHOro Ha
paBHble CeKTopa, pesy/abTaTbl 3aHeceHbl B Tabauuy. BcnomuHaloTcAa AaHHble OTBETbl, CNocobbl peleHus u
obcykaaeTca peleHne NCXOAHOM 3a4auu.

PELLEHME 3A0AHUN

1. Mo gaHHbIM cocTaBaseTca Tabmua YacToT. Bua My3bikv | Yucno | Yacrora
6) Cpeam y4yeHMKOB Knacca 6bin1 NpoBeAEH ONpoC O TOM, KaKyt My3biKy PoK 5 0,25
OHM N06AT 6onble Beero: pok (R), non (P), myram (M), knaccuyeckyto (K). Non 6 0,3
Pesynbtatbl onpoca: R, R, R, M, P, R, M, P, K, K, M, P, R, P, P, P, M, K, K, K. Myram A 0,2
[na KaXKaoro BUAA My3blKM BbIYUCAAOTCA YacTOTbI. Knaccnka 5 0,25
Pok: > =0,25 TMon: L =0,3 Myram: 2 =0,2 Knaccuka: 2 0,25 UTtoro 20 1

20 20 20 20

2. Ha ocHoBe AaHHbIX CHa4ana 3anonHsaeTca Tabnauua, 3atem HaxoaaTca  get dytbonkm Yucno Yacrow

MegmaHa, Moga U cpefHee apuometndeckoe. [aa 3anonHeHuUa Tabauubl 3eneHsblii 6 0,24
MOYHO MCNONb30BaTb ABa cnocoba. Fony6oit 9 0,36
6) LiBeT ¢pyT6ONOK, KOTOPbIE YYEHMKUN HaZenn Ha Gpaewmob. Kpacbiit 3 0,12
1-G cnocob. Ob6uwee KonuyecTBo ¢yT60/0K 0603HAYaeTca 4Yepes X, Eersis 7 028

COCTaBNAEeTCA ypaBHeHUe U, pelns ero, HaxoguTca 3To0 YMCNo, nocne 4yero

Tabnuua 3anosiHAeTcA.

6
o =0,24 - x=25 Konunuectso 6enbix pyt60a0K: 25— (6+9+3)=7

Wroro 25 1

9 3
YacrtoTa Bbl6opa rosnyboro ugeTa: I 0,36 YacTtoTa Bbl6Opa KpacHoro ugeTa: P 0,12

2-0 cnocob. YactoTta Bbibopa ronyboit pytbonkm obo3HauaeTca yepes x, YactoTta Bbibopa KpacHon ¢yT6onKN —

yepes y, COCTaBNAKTCA COOTBETCTBYHOLWMNE YPAaBHEHNA N HAXOOATCA 3TN YaCTOTbl.

6 9 6 3
—=—--x=0,36 —=—-y=0,12
0,24 x 0,24 vy
Konnyectso 6enbix pyT60/10K 0603HaUYaETCA Yepes Z, COCTABAAETCA YpPaBHEHUE U HAXOAWUTCA 3TO YMCO.
6 Z
—=—>z=7
0,24 0,28
O6uwee KonnyectBo ¢pyT60/0K. 6+9+3+7=25
B KOHUEe nposepAeTcs, YTO CyMMa YacToT paBHa 1.
PeweHne 3agaunM pasHbiMM cnocobamu AaET y4yeHMKaM BO3MOXHOCTb NPOBEPUTH
NpaBUAbHOCTb OTBETA.
5. HaxoauTca BepoATHOCTb COBbITUS, MPOUCXOAALLETO NPU BPALLEHMM CTPENKMN CNIUHHEPA. & ﬂ
a) O603HauMB CobObITME «CTPE/IKAa OCTAHOBUTCA Ha YETHOM yucae» yepes A, BEPOATHOCTb a “
&

BblYUCNAETCA KaK OTHOWeHne Yncna 6ﬂar0|‘IpMF|THbIX MCXo408B K YNCZYy BO3MOXKHbIX MCXOA0B.

P(A) = % 0,375

6) Bbluncnaetca BEPOATHOCTb C06bITMF|, NPOTUBOMNO/I0OXKHOTO cobbITUIO «CTpe/iKa OCTaHOBUTCA Ha YETHOM YUncney.
PA)=1-P(4)=1- Z:%: 0,625

B) O603HauMB CobbITUE «CTPE/IKA OCTAHOBUTCA Ha 1 Maun 2» yepes B, BEPOATHOCTb MOMKHO BbIYUCAUTb TaK:

2+3 5 _ 3 3 5
P(B)=—===0,625 wm P(B)== P(B)=1-====0,625
8 8 8 8 8

260




7. Pe3ynbTaTbl ONpOCa Cpeam YYeHNKOB O II0BUMOM LiBETE NpeacTaB/ieHbl Ha Auarpamme
dinepa—BeHHa. OTmeuaeTca, 4To A — cobbITME «C/IyYaliHO BbIBPaHHBIN YHEHUK N06UT

(?')\|

— _— (4)

7 y . y (© (0)
KpacHbIii ugeT», B — cobbiThe «cny4yaiHo BbI6paHHbIN YyY4EHUK N0OUT ronyboin LBeT». IL y

HaxoauTca uncno 61aronpuATHbIX UCXOA0B:
6+3+7+4=20
OtBeuvatoTca BONpOoChI.

20
e BepoatHocTb cobbitna A: P(A) =1-0,45=0,55

* BepoATHOCTb COBbITUA B, TO ecTb coBbITUA «Cy4aliHO BbIBPaHHbIN YYEHUK He NtoBUT rony6oit LBETY, BbluMCAseTCs

— 6+4

aHanoruyHo. P(B) = 0 - 0,5

_ 3+7

® BeposaTHoCTb cobbitna B: P(B)= 1-P(B)=1-0,5=0,5 nan P(B) = 20 - 0,5

e [1na cobbiTnA «CAy4alHO BbIOPaHHbIN yYEHUK He NHOUT HU KPacHbIN, HU ronyboi LBeT» onpeaenseTcs Yncio
4

BO3MOHbIX UCXOA0B N BEPOATHOCTb: >0 =0,25

B Knaccax ¢ TeXHMYECKMMMU BO3MOXKHOCTAMM MOYKHO MCMNO/1b30BaTb MHTEPAKTUBHbIE 334aHNA:
https://www.geogebra.org/m/m7pc9urh

K cBepeHuIo yuntens! MHOr4a y4eHUKM UCMbITBIBAOT TPYAHOCTU NPU ONpeseneHmn NPoTUBONOOMKHbIX COBbITUNA.
Hanpumep, B 3agaHnM 7 BEPOATHOCTb CObbITUA A, TO €CTb TOrO, UTO CAYYalNHO BbIBPAHHLIN YYEHUK He Nbut
KpacHbI LBET, MOXHO HAaWTU U HAa OCHOBE YMC/A BO3MOXKHbIX MCXOA0B. MHOTAA YYEHUKN CYMTAIOT, YTO €CAKN He
BbI6GpPaH KpacHblil LBET, TO 06s3aTeNIbHO BbibpaH rony6oit uset. C TaKMMK yYeHWKamK LesecoobpasHo obeyanTb,
KaK onpeaensercs YMCN0 BO3MOXKHbIX Ucxo4oB. Cieayer OTMETUTb, YTO MOA TEMU, KTO He BbIBMPaeT KpacHbIN LBeT,
NOHMMALOTCA He TO/IbKO Bblbupatowme ronyboit uset (7 4enoBeK), HO U Te, KTO He Bbl6UpPaeT HM oauH uBeT (4

Yyenoseka). B aTom cnyyae BepoOATHOCTb BblUMCAAETCA TaK:
_ 7+ 4 11
P(A)= ——=—=0,55
()= 55 =5:=0,
10. M3roToBNEHHbIE Ha 3aBOAE LUECTEPEHKM YNaKOBbIBAOTCA B KOPObKM. U3 50 wecTepeHok,
NomeLEHHbIX B 04HY KOPODKY, 2 OKa3blBatoTcA 6pakoBaHHbIMWU. COTPYAHWUK OTAENa KOHTPOAA
KayecTBa C/ly4allHO U3BNEKAET OAHY LWEeCTEPEHKY AN NPOBEPKM.

PeweHue 3a0a4u

® BbluMcnneTcs BEPOATHOCTb COBbITUSA « LiecTepeHKa byaeT 6pakoBaHHON Y. 52—0 =0,04
* HaxoauTca Yncio cnyyaes, KOrga BblbpaHHan WecTepeHKa byaeT KauecTBEHHOM, U BblUMCAAETCA BEPOATHOCTb.
48
50-2=48; — =0,96.
50
Omeem. 0,04; 0,96
ObcyxcdeHue. ToOCKOMbKY COBbITUA «lecTepeHKa OpaKoBaHHAA» M « LIECTEePeHKa KayecTBEHHas» ABAAIOTCA
NPOTMBOMOJIOXKHBIMW, MPABUABHOCTL OTBETA MNPOBEPAETCA Ha OCHOBAHWW TOro, 4YTO CyMMa
BEPOATHOCTEN NPOTUBOMNONONKHbIX COBLITUIA paBHa 1. 0,04 + 0,96 = 1.
11. 13 27 maneHbKMX KYBUKOB 0ANMHAKOBOro pasmepa CoCcTaBUAKM 6onbluoi Kyb pasmepom 3 x 3 x
3. Bce rpaHu nonyvyeHHoro Kyba oKkpacuau B pasHble LiBeTa, Kak NOKa3aHO Ha puUcyHKe. TpebyeTca
HaWTU BEPOSATHOCTb COObITUA A1 MaNeHbKOro KybuKa, cny4yanHo BblbpaHHOro 13 6oablioro Kyba.
lpusneyeHue
YuunTenb CTaBUT Ha CTON KYOUMK PyburKa n obpaltaeTtca K y4eHUKaM:
— CKONIbKO MaKCMMYM rpaHeit MOXKeT BbiTb OKpPaLeHO Y MasfieHbKOro Kybuka? Kaknumum cnocobamm 3To MOXKHO
onpenenntb? ECTb M KyBUK ¢ 1 UK 4 oKpaLLleHHbIMM rpaHAMK? KaK 3To 06bACHUTL? Kak onpeaennTtb KoNn4ecTeo
KYOMKOB C ABYMS OKpALEHHbIMW TPaHAMW, UCNO/b3ya obliee 4Mcao KyOMKOB M u4MCiO KyBMKOB C Tpems
OKpaLLEeHHbIMM rPaHAMMU?
YT106bl HANPABUTb YYEHWUKOB K OTBETY, YTO OAMH KYOUK B LLeHTpPEe He OKpaLLeH, MOXHO MOKa3aTb M306parkeHus,
COOTBETCTBYIOLLME PacKpacKe rpaHem, 1 CNPoCUTb, MOYEMY CYMMa OKpaLLEHHbIX KYBUKOB He paBHa 27.
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Yucno maneHbKnx
Kyb61KOB C Tpemsa
OKpalLEeHHbIMW FrpaHAMMU:

YnMcno maneHbKux KyouKkos
C ABYMSA OKpaLLeHHbIMMU
rpaHamm: 12

Yuncno maneHbkmx
KybMKOB C 0HOM
OKpaLUEeHHOW rpaHbto: 6

PeweHue 3ada4u
¢ Y10Obl HallTM BEPOATHOCTb CODOLITUA «y ManeHbKOro KybuKa ofHa rpaHb OKpalleHa», Yucno 6naronpuaTHbIX
6 2
ncxonoB (6) AennTca Ha YNCA0 BO3MOXKHbIX MCxoa08B (27): i
12 4
¢ BepoATHOCTb COBLITUA Ky MasIeHbKOTO KyOMKa ABe rpaHu OKpaLeHbI»: -3

8
* BepoATHOCTb COBBLITUA «y MaseHbKOTO KyBMKa TPU rpaHn OKpaLleHbI»: P

e HaxoauTcs BEpPOATHOCTb COBbITUA «y MaNeHbKOro KybuKa HM OfHA rpaHb He OKpaleHa». TaK KaK TOJ/IbKO
LLeHTPaNbHbIA KYBUK He OKpaLeH, Yncao 61aronpuaTHbIX MCxo40B paBHo 1. CnepoBaTtesibHO, BEPOATHOCTbL TOTO,

. 1
UTO HM O4Ha M3 rpaHeit ManeHbKoro Kyba He ByaeT OKpalleHa, cocTaBaser pr

24 8 1
Omeem. =, —; —; —

9 9" 27 27 5 4 8 1
ObcyxdeHue. MNpoBepsAeTcs, YTO CYMMa BEPOATHOCTEN paBHa 1. 5 + 3 + P + P 1.

1. YTo6bl HaNTK 3HaueHne Bblpa*XeHWA, K 3HaMmeHaTenAM CHa4dasia NnpuMeHAeTCA cbopmyna Pa3HOCTN KBagpaToB.
4 6 8 4 6 8 4 6 8

52-22 © 102-32 172-42 ~ (5-2)(5+2) = (10—3)(10+3) (17-4)(17+4) 3-7 = 7-13 13-21
TaK KaK pa3HOCTb MHOXMUTENEN B 3HAMeHaTeNAX 3anncaHa B YuCauTeNe, Kaxayo Apobb MOXKHO NpeacTaBUTb B
o 4 1 1 6 101 8 1 1
BMAE pa3sHoCcTu apobeli cuncamtenem 1. —=-—=- ——=-—— —_— ===
3-7 3 7 7-13 7 13 13-21 13 21
Y4ynTbiBaA 3TO B JAHHOM BbIPa*KEHUU, BbIYUCNAETCA ero 3Ha4YeHue.

4 6 8 1 1 1 1 1 1 6 2
—_ 4t —+ === +/— + —_— e —_—— = — =
3-7 7-13 13-21 3 7 7 13 3 21 3 21 21 7

2. Mnowaab NPAMOYroabHOMN NANTKKM A paBHa 18 am?, nepumetp 32 am. TpebyeTca HalTK cymmy naowasei
KBaApaTHbIX NANTOK B n C, npuaeratowmx K CTOpPoOHamM NAUTKK A.

Ecnn cTOpoHbI NAUTKK A paBHbl a U b, To eé nnowagb ab = 18, a nepumetp 2(a + b) = 32. Cymma nnowaaen
nAnToK B n C HaxoamuTca Kak a2 + b%. Mo dopmyne KBagpata CyMMbl HAXOAUTCA 3HAUEHUE BbipaxkeHua a? + b2,

2(a+b)=32
C ‘g a’y iab a+b=16
e b (a+b)2=256 Obe yacmu ebipaxceHusa 803600AMCcA
- a’ +2ab + b*> =256 8 Keadpam.
B b a’+2-18+bh2=256 Yuyumsieaemcs, ymo ab = 18.
a’+b*=220

Omeem. Cymma nnoutaseit nantok B n C pasHa 220 am?.
3. TpebyeTcA MU3MEHUTb NOIOXKEHME OAHOM UNdPbI TaK, YTOObI NOAYYEHHOE PaBEHCTBO CTA0 BEPHbIM.

/N 2N
a)10-11=9 M) 10-1'=9  b)12+3=10 mp 12+3°=10 )12+1=20 ™ 12041=2

4. “CornacHo npasmiam U3BECTHOMN UIpbl «XaHoMcKan baliHA», TpebyeTca NepeHecTy KoblLia, PaCnoNOXKeHHble
Ha OAHOM CTEpP}KHe, Ha APYroii CTEePXKeHb 38 MUHUMaNbHOE YMCNO X0A40B. [Py 3TOM 33 O4MH Pa3 MOXHO
NepPeHOCUTb TONbKO OAHO KOAbLO U HE/b3A KNacTb 6ONbLIEE KONbLO Ha MeHbluee. PekomeHayeTcs
OpraHn130BaTh Urpy Cpeam YHEeHMKOB B Kaacce.

* TPU KO/bLL@a MOXHO NEPEHeCTM Ha BTOPOI CTEPXKEHb MUHUMYM 3a 7 X008, 3TO MOXHO HalTU 1 No
BblpaXkeHuio 23— 1.
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or "_/@E%L"J:@“ Ca
é«- i/\G) ]

* 1na 4 Koneu, MMHUMaNbHOE YNCNO X008 paBHo 24— 1 =15,
B Knaccax c TeXHUYECKMMM BO3MOXKHOCTAMM MOMKHO MCMNO/b30BATb MHTEPAKTUBHbIE 3aJaHUA:
https://www.mathplayground.com/logic_tower_of_hanoi.html

SQE @A}m\ "CUCTEMA 3/IEKTPOHHOU OYEPEAN"

YyeHuKam C006LIJ,aeTCFI, YTO TeopuAa oqepep,ei/'l npumeHAeTcAa B cd)epax 06C/ly)+(VIBaHMFI C npoueccom oxnagaHua

ana 3bGEeKTUBHOM OpraHM3aumMm cUCTEMbl U MMHMMMU3ALMU BPEMEHU OXUAAHUA. ObbAcHAeTca cnocob
BbluMCNEHNA KOIDDULIMEHTA 3arpy3Ku.
1. B TeyeHuMe ogHOro Yaca 3a obcaykmsaHnem obpatmamce 15 yenosekK. Ecnm onepatop ob6cnyKmBaetT ogHOro

YyeNIoBEKA 32 3 MUHYTbI, BbIYUCAAETCA KOIPPULMEHT 3arpy3Ku CUCTEMBI. % = g =0,75.
2. CpegHee BpeMa OXMAaHMA NO AHAM HeAe/IM yKa3aHo B Tabanue. Ha ocHoBaHWMM 3TUX AaHHbIX HaXoAATCS MoJa
n megmaHa.

AHu Heaenw MH. Br. Cp. Yr, n. C6: B.

Moga: 15 mnH

CpegHee spema oxuaanma 23 muH,_ 15 muH. 20 muH. 26 MuH. 25 MuH. 15 MuH. 15 MuH.

[aHHble pacnonaratoTca B BO3pacTaloLem NopaaKe, Tak KaK KOJIMYeCTBO AaHHbIX HEYETHOe, MegmMaHa paBHa
4Ynucny, HaxogAawemyca nocepeguHe.

MepgmuaHa | 15 muH
L

l T 1\
15 mMuH, 15 muH, 15 muH, 20 MUH, 23 MUH, 25 MUH, 26 MUH

YT06bI HANTM BEPOATHOCTH COBLITUSA, UTO B C/Ty4aliHO BbIBPaHHbIV AeHb CpeHee BPpema OXKUAAHUA He NpeBbIlaeT
4
20 MUHYT, YMCN0 H1AroNPUATHBLIX UCXOL0B (4) AEeNUTCA Ha YMCIO BO3MOXKHBIX MCXxoa08B (7). >

3. B HTepHeTe NPoOBOANTCA NCCAeA0BaHME SNEKTPOHHbIX ouyepeaeit, cpeaHero BpemeHn oXxmnaarHma s «ASAN
xidmat», n NnpeanaraloTca NPeANOKEHMA NO ero COKPaLLEHMIO.

YueHMKaM MOXHO NPeAoCTaBUTb CCbIIKM Ha CTaTUCTUYECKME JaHHbIe MO oYepeam:
https://asan.gov.az/online-queue/chart

MoAroToBAEHHbIE NPe3eHTaLMK AEMOHCTPUPYIOTCA U OpraHusyeTca obeyKaeHue.
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