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1 BBEJAEHUE

BaxHyio dacTh TeOpeTHYecKOH u TNPO(EecCHOHANTBHOM NPAKTUYECKOH IMOATOTOBKH
00y4aroIIMXCsl COCTABIISIIOT IPAKTUYECKUE 3aHATUS.

CoctaB u coaepkaHME€ NPAKTUYECKUX 3aHITUA HANpaBiI€Hbl Ha pealnu3aluio
denepanbHOr0  rocylapcTBEHHOIO — 00pa30oBaTeIbHOIO  CTAHAApPTa  CPeAHEro  oOIIero
00pa30BaHUs C yUETOM [10Iy4aeMON CIEIHATIbHOCTH.

Benymeld nuaakTUuecKoW IeNbl0 MPAKTUYECKUX 3aHATHH sABIseTcd (OpMHpPOBAHUE
npoeCCUOHATIBHBIX MPAKTUYECKUX YMEHUH (YMEHHH BBINOJHATH OINpeNeNeHHbIC NEHCTBHA,
olepanuu, HeoOXO0AUMBIE B MOCIEAYIOIIEM B TPO(ECCHOHAIBHON AEATENbHOCTH) WIH y4eOHBIX
NPAaKTUYECKHX YMEHUH (yMEHUH pemaTrh 3aJadyd [0 MaTeMaTuKe), HEOOXOAWMBIX B
MoCJIeyIoIeH yueOHOM NeITeIbHOCTH.

B coorBerctBMM ¢ pabouel mporpaMmoil y4eOHOW AMCUMIUIMHBI «MaTemaTuka
IIPElyCMOTPEHO MPOBEACHHUE TPAKTUYECKUX 3aHATUH.

BoinonHenue mnpaktuyeckux paboT  oOecreduBaeT  JOCTHUKEHHE O00ydaroluMUcs
CIIENYIOIINX Pe3yJIbTATOB:

[TP61 BmageHue MeToJaMHU JOKa3aTENIbCTB, alrOPUTMaMU pElICHUs 3a/4ady; YMEHHE
(bopMyIHUpOBaTh OIPEEIICHUS, AKCUOMbI U TEOPEMBI, TPUMEHATh UX, IPOBOJIUTH J10Ka3aTeIbHbIE
paccyXJIeHHs B XOJI€ PELICHUs 3a1a4;

[1P62 ymeHue omepupoBaTh IMOHATHUSMHU: CTENEHb YHUCIA, JorapudM YHUCIA; yMEHUE
BBIMIOJIHATh BBIYMCICHHE 3HAYCHWH W TPeoOpa3oBaHMsI BBIPAKEHHHA CO CTENCHAMU U
Jgorapudpmamu, npeoodpazoBaHusl JPOOHO-pAllMOHATIBHBIX BBIPAXKEHUH;

[IP63  ymeHue omnepupoBaTh IOHATHUSMHU:  pallMOHANbHbIE,  HppalOHAIbHbIE,
[OKa3aTebHbIC, CTENEHHble, Jiorapu@Muyeckue, TPUTOHOMETPUYECKHE YPaBHEHHUA W
HEPaBEHCTBA, UX CUCTEMBI,

[1P64 ymenue onepupoBaTh NOHATHIMU: (QYyHKIMS, HENpepbIBHAs (PYHKIUS, IPOU3BOHAS,
nepBooOpa3Has, OIpeAeNCHHBbIH HHTErpaj; YMEHUE HaXOJIUTh MPOM3BOAHBIE 3JIEMEHTAPHBIX
(GyHKUUH, UCIIONB3Ys CIPAaBOUHBbIE MaTepHaJIbl; UCCIEIOBaTh B MPOCTEHIINX clydyasX (QyHKIUU
HAa MOHOTOHHOCTb, HAaXOJWTb HAWOONbIIME M HAUMEHBIIME 3HAYeHUs (QYHKUUN; CTPOUTH
rpaduKd MHOTOYIEHOB C MCIIOJIb30BAaHHEM alllapaTa MaTeMaTHYeCKOro aHaiM3a; MPUMEHSThb
IIPOU3BOJHYIO IIPU PELICHUH 3a]a4 Ha JIBH)KCHHUE; penlaTh PAKTUKO-OPUEHTUPOBAHHBIE 3a/1a4n
Ha HauOOoJbIIMe U HAaMMEHbIIINE 3HAUEHHsI, HA HaX0XKJIEeHHE ITyTH, CKOPOCTH U YCKOPEHMUS;

[TP65 ymMmeHue onepupoBaThb MOHATUSIMM: palMOHaNbHas (QYHKIMSA, IOKa3aTelbHas
GbyHKLUsA, cTeNeHHas (QyHKUuUs, Jorapupmuyueckas (GpyHKIUsSA, TPUTOHOMETpUYeckre (yHKLUH,
oOpaTHble (QYHKLUUHU; YMEHHE CTPOUTH I'padUKH M3y4E€HHBIX (PYHKLMH, UCIOJIB30BaTh IpaUKu
IpY U3YYEHUH MPOLIECCOB U 3aBUCUMOCTEH, IPU PELICHNH 331a4 U3 IPYTUX YUE€OHBIX IPEIMETOB
W 3aJ1a4 U3 pealibHOM JKU3HU; BBIpaXkaTh (OpMyIaMHU 3aBUCUMOCTH MEX/1y BEJINYUHAMM;

[TP66 ymeHnue pemaTh TEKCTOBBIE 33jaudl Pa3HbIX TUIOB (B TOM YMCJI€ Ha MPOLEHTHI, JOIH
U YacTH, Ha JBI)KEHHE, paboTy, CTOMMOCTh TOBapOB U YCIYr, HaJOrH, 3aJadd U3 00JIacTh
yIpaBJIeHUS! JINYHBIMM M CEeMEMHbIMM (PUHAHCAMM); COCTABIATH BBIPAKEHMS, YpPaBHEHMS,
HEpPaBEHCTBA M HMX CHUCTEMBbI II0 YCIOBHIO 3a/1aud, HCCIEAOBaTh IIOJYYEHHOE pEUICHUE U
OLIEHUBATh MPABJIONO00HOCT PE3YJIbTATOB;

[IP67 ymeHue omnepupoBaTh TOHATUSAMHU: cpeAHee apudMeTHdYeckoe, MeauaHa,
HauOosplllee M HaWMEHbIIEe 3HAYEHUs, pa3Max, AUCIEPCUs, CTaHJApTHOE OTKJIOHEHHE
YHCIIOBOTO Habopa; yMeHHe H3BJIEKaThb, HHTEPIPETUPOBATh MHGOPMAIUIO, MPEACTABICHHYIO B
TabnauIax, Ha JuarpamMmax, TIpadukax, OTPaXKaroIlyl0 CBONCTBA pEaJbHBIX IPOLIECCOB U
ABJICHUM; TPEACTaBIATh HH(OPMALMIO C TOMOUIbI0 TaOMUI] M Juarpamm; HCCIeA0BaTh
CTaTUCTHUYECKUE JJaHHbIE, B TOM YHCJIEe C MPUMEHEHHEM Ipa)udecKuX METOJIOB U JIEKTPOHHBIX
CPEICTB;

[1P68 ymeHue omepupoBaTh MNOHATHUSMH: CIy4alHBIH ONBIT W CIy4dailHOE COOBITHE,
BEPOSITHOCTh CIY4ailHOTO COOBITUS; YMEHHME BBIUUCIATh BEPOSTHOCTH C MCIOJIb30BAaHHEM
rpadu4ecKux METO/IOB; NPUMEHSTH (QOPMYIBI CIOXKEHHS M YMHOXKCHHS BEpOSTHOCTEH,



KOMOMHATOpHBbIE (akThl U (OPMYJIBI MIPH PELICHUU 3a]ad; OLCHUBATH BEPOSTHOCTH PEATbHBIX
COOBITHI; 3HAKOMCTBO CO CIIy4ailHBIMHM BEIMYMHAMM; YMEHHE IPUBOJUTH IPUMEPHI IPOSIBICHUS
3aKoHa OOJIBIINX YUCET B IPUPOIHBIX U OOIIECTBEHHBIX SIBJICHUSX;

[TP69 ymenue omnepupoBaTh MNOHATHSAMM: TOYKA, HpsMas, IUIOCKOCTb, IPOCTPAHCTBO,
JBYTpaHHBIA YIoj, CKpEIMBAalOIIMECSd NpsMble, MapaJJICIIbHOCTh U NEPIEHIUKYISIPHOCTh
IOPSIMBIX U IUIOCKOCTEH, Yrojl MEXKIYy IpPSIMBIMH, YrOJ MEXAY NPSMON M IUIOCKOCTBIO, YIOJ
MEXy IUIOCKOCTSIMHM, PacCTOSHME OT TOYKH JI0 IUIOCKOCTH, PACCTOSIHUE MEXAY IpSIMbIMHU,
paccTosiHue MEXKIy IUIOCKOCTSIMM; YMEHHE HCIIOJIB30BAaTh IIPU PEIICHUU 3a1ad H3y4YCHHbBIE
(axThl ¥ TEOPEMBI TNIAHUMETPUHN; YMEHHE OLICHUBATh pa3Mepbl 00BEKTOB OKPYKAIOLIETO MUPA;

ITP610 ymeHue onepupoBaTh MOHATUAMU: MHOIOI'PAaHHMK, CEUEHHE MHOIOTPAaHHUKA, KYO,
napaieNienue 1, pu3Ma, nupaMmuaa, Gurypa v moBepxXHOCTb BPAIICHHS, IIMIIMH/P, KOHYC, 1Iap,
chepa, ceueHus (UIypbl BpalleHUs, IUIOCKOCTb, Kacaromascs cdepbl, LWIMHApPA, KOHYca,
IUIOINAAb TOBEPXHOCTH MUPAMU/IbI, TPU3MBI, KOHYCA, IMIIMHAPA, TUIOMAAb cepsl, 00beM Kyoa,
IPSIMOYTOJIBHOTO IapaljielieuIea, TMpaMubl, IPU3Mbl, HWIMHAPA, KOHYyca, IIapa; yMEHUe
n300paxkaTb MHOTOTPAHHUKM U NOBEPXHOCTH BpAIICHMS, UX CEUYEHHUS OT PYKH, C IOMOIIbIO
YEpPTE)KHBIX MHCTPYMEHTOB M JJIEKTPOHHBIX CPEACTB; YMEHHME DACIIO3HABAaTh CHUMMETPHUIO B
IIPOCTPAHCTBE; YMEHHUE PACIIO3HABAThH [IPaBUJIbHbIE MHOTOTPAHHUKH;

[1P611 ymeHnue onepupoBaTh NOHATUSAMU: JABM)KEHHE B IPOCTPAHCTBE, 110100HBIE (PUTYpbI
B IIPOCTPAHCTBE; MCIOJIH30BATH OTHOIIEHHE IJIONIAJCH MOBEPXHOCTEH M OOBEMOB IMOMOOHBIX
Gburyp npu pemeHuu 3aay;

[1P612 ymeHue BBIUMCIATH T€OMETPUYECKHE BEIUMYHMHBI (IJMHA, YTOJ, TUIOHIadb, 00bEM,
IUIOIA/b TIOBEPXHOCTH), UCIOJIB3Ys HU3yUeHHbIE (OPMYJIbI U METOMBI;

[IP613 ymeHue onepupoBaThb NOHATHUAMHU: MPSAMOYIOjibHasi CHCTEMAa KOOpPJMHAT,
KOOpAMHATBl TOYKH, BEKTOP, KOOPIUHATBI BEKTOPA, CKAIIPHOE IIPOU3BEIEHUE, YroJl MEXIY
BEKTOPAMH, CyMMa BEKTOPOB, MPOU3BEJIEHUE BEKTOpa Ha YMCJIO; HAXOAUTh C IOMOIIbIO
U3y4eHHBIX (POPMYJI KOOPJMHATHI CEPEAUHBI OTPE3Ka, PACCTOSHUE MEXy IBYMs TOUKaMH;

[1P614 ymenue BBHIOMpaTh MNOAXOASAIIMKA M3YyYEHHBIH METOJA JJsl pEIleHus 3a]ayu,
pacrio3HaBaTb MareMaThyeckue (akTbl W MaTeMaTHYeCKue MOJEIM B TNPUPOJHBIX H
OOLIECTBEHHBIX SIBICHUSIX, B HCKYCCTBE; YMEHHE MPHUBOJUTH MNPUMEPbl MaTEeMaTHYECKUX
OTKPBITUIA POCCUICKON U MUPOBOW MaTeMaTUUECKOU HAYKH,

[Ipyl ymenue omepupoBaTh MOHSATHSAMH: ONpPEIEICHHUE, aKCUOMa, TEOpeMa, CIEJICTBUE,
CBOWCTBO, MPU3HAK, JOKA3aTEIbCTBO, PAaBHOCUIIbHbBIE (DOPMYIUPOBKU; YMEeHUE (HOPMYIHPOBATH
oOpaTHOE€ U MPOTUBOIOJOKHOE YTBEPXKJEHUE, NPUBOAUTH TMPUMEPHl U KOHTPIPUMEDHI,
WCIIOJIb30BaTh METOJ MAaTeMAaTHYECKOM WHIYKLMH; NPOBOAMUTH OKA3aTEIIBHBIE PACCYKICHHS
MU pEIIeHNH 3a/1a4, OLIEHUBATh JJOTHYECKYIO TPaBUIIBHOCTh PACCy KIAEHUI;

[Ipy2 ymeHue omepupoBaTh MHMOHITHSIMHM: MHOXKECTBO, IOAMHOXECTBO, ONEpallMM Hak
MHOKECTBaMH; YMEHHE HCIOJIb30BaTh TEOPETHUKO-MHOXECTBEHHBIN ammapar JUisl ONHCaHus
peasbHBIX MPOLIECCOB U SABICHUNA M MPH pEIIeHUH 33734, B TOM 4YMCIE M3 APYIHX Y4eOHBIX
MIPEIMETOB;

[Ipy3 ymeHue omepupoBaTh MOHATUSAMH: Tpad, CBA3HBIN Tpad, nepeBo, LUK, rpad Ha
IUIOCKOCTH; YMEHHUE 3aJaBaThb U OMMCHIBATh Tpadbl pa3IMYHBIMH CIIOCOOAMU; HCHOJIb30BaTh
rpadsl IpU peLIeHUH 3aa4;

[Ipy4 ymeHue cBOOOIHO OINEPUPOBATH MOHATUSIMU: COYETAHUE, MEPECTAaHOBKA, YHCIIO
COYETaHUll, 4YMCIIO MEepecTaHoBOK; OMHOM HbIOTOHA; yMeHHE NPUMEHATh KOMOHHATOpHBIE
(bakThl U paccyKJIeHuUs JJis peleHus 3a1ady;

IIpyS ymeHue onepupoBaTh MOHATUSAMHU: HATypajJbHOE YUCIO, LIEJI0€ YHUCIO, OCTATOK IO
MOJIyJIIO, pallOHAIbHOE YHCIIO, WPPALMOHAIBHOE YHUCIIO, MHOXECTBA HATYpaJbHBIX, LENbIX,
paloOHaIbHBIX, JEHCTBUTENIBHBIX YHCEN; YMEHHE MCIOJIb30BaTh IPU3HAKK JECIUMOCTH,
HaUMEHbIINKA OOIIMH JenuTenb M HauMeHbllee oOlllee KpaTHoe, anropuT™ EBkiauaa mpu
pELIEHNN 3a]a4; 3HAKOMCTBO C pa3JIM4HbIMH MO3ULIIMOHHBIMU CUCTEMAMHU CUUCIICHUS;

[Ipy6 ymeHue cBOOOAHO ONEPUPOBATH MOHATHSMM: CTENEHb C ILEIbIM IIOKa3aTeleM,
KOpPEHb HaTypaJbHOM CTENEHH, CTENEHb C palUOHAJbHBIM II0Ka3aTeleM, CTENEHb C



JIeCTBUTENFHBIM (BELIECTBEHHBIM) MTOKa3aTeIeM, JIoTapu(M 4ucia, CHHYC, KOCUHYC U TaHT€HC
IPOM3BOJILHOTO YHCIIA;

[Ipy7 ymeHue omnepupoBaTh MOHATUSMHU: TOXKIECTBO, TOXKIECTBEHHOE MpeoOpa3oBaHUE,
ypaBHEHHME, HEPaBEHCTBO, CHCTEMa YpPaBHEHUH W HEPAaBEHCTB, PaBHOCWJIBHOCTb YpPaBHEHMI,
HEpaBEHCTB M CHUCTEM, pAalMOHAJIbHBIC, HPpPAUOHAIbHBIC, IOKa3aTelbHbIC, CTEICHHBIC,
JorapupMuUecKue, TPUrOHOMETPUUECKUE YPAaBHEHUS, HEPAaBEHCTBA U CUCTEMBI; YMEHHE pellaTh
YpaBHEHHSI, HEPABEHCTBA M CHCTEMBI C MOMOIIBIO PA3IMYHBIX MPHEMOB; PEIIaTh ypaBHEHHS,
HEPaBEHCTBA M CUCTEMBI C TapaMEeTPOM; NPUMEHATh YPaBHEHUs, HEPABEHCTBA, UX CUCTEMBI JJIs
pelIeHUs MaTeMaTHYeCKUX 3a/1a4 U 33/1a4 U3 Pa3InYHbIX 001acTeil HayKH U pealbHOH KU3HU;

[Tpy8 ymenue cBoOOAHO omepupoBaTh MOHATUAMHU: Tpaduk QyHKIMU, oOpaTHAs QYHKITUA,
KOMIO3UIUS (YHKUUN, JTUHEHHAas (QYyHKIUS, KBaapaTHyHas (YHKLUS, CTETEeHHass (YHKUUS C
LEJIbIM IIOKa3aTeleM, TPUIrOHOMeTpuuyeckre (yHKIMM, OOpaTHble TPUTOHOMETPUUYECKHE
¢dyHKIMY, TTOKa3aTeNbHas U Jorapupmuueckas GyHKIUU; YMEHHE CTPOUTh Tpaduku (yHKUIUH,
BBITIOJIHSITh npeoOpa3oBaHMs rpa¢guKoB byHKIIHIA;
YMEHHE HUCHOIb30BaTh Ipaduku (QYHKIUH I HW3YU4EeHHUs MPOIECCOB W 3aBHCHMOCTEH mpu
pELIeHUH 3334 U3 APYruX Y4eOHbIX IPEIMETOB U U3 PeabHOM JKU3HU; BbIpAXXaTh (GopMysaMu
3aBHCUMOCTH MEXK]y BEIINYHMHAMHU; yMEHHE CBOOOIHO OTEPHPOBATH
HOHATUSAMM: YETHOCTh (YHKLUH, NEPUOJUYHOCTh (YHKIMH, OTPAaHUYEHHOCTh (DYHKIIMH,
MOHOTOHHOCTh (DYHKIIMH, HKCTpeMyM (YHKIWH, HaWOONbllee W HaMMEHBIIEEe 3HAYCHUS
byHKIUU Ha POMEKYTKE; yMeHue IPOBOJIUTH UCClIeIOBaHHe GbyHKIMH;
YMEHHUE HCIONB30BaTh CBOMCTBA M IpaduKu (GYHKIUN ISl peIIeHHs] YpaBHEHHIA, HEPABEHCTB U
3ajjay C IapaMeTpaMu; Hu300pakaTb Ha KOOPJIMHATHOM IJIOCKOCTH MHOXKECTBA peIICHUM
yYpaBHEHHIA, HEPABEHCTB U HX CHCTEM;

[Ipy9  ymeHue  cBOOOJHO  ONEpUPOBaTH  MOHATHSAMM:  IOCIEI0BATEIbHOCTD,
apudMeTHUecKasi TMPOTPECCHs, TEOMETPHUYECKass TPOrpeccHsi, OECKOHEUHO YyObIBaromias
reoMeTpuyecKasi Iporpeccus; yMeHue 3aaBaTh MOCJIEI0BaTEIbHOCTH, B TOM YHCIIE C TIOMOIIbIO
PEKYPPEHTHBIX OpMYIT;

[Tpy10 ymenue onepupoBaTh MOHATHSIMHU: HENPEPHIBHOCTh (DYHKIIMHU, aCUMIITOTHI rpaduka
¢GyHKIMU, TIepBas U BTOpasl MPOM3BOIHAS (YHKIIUH, TEOMETPUIECKUNA W (DU3HYECKHI CMBICT
NPOM3BOJIHON, TMEepBOOOpa3Hasi, ONpEAETICHHbIM WHTErpajg; YMEHHE HaXOJIUTh ACUMITOTHI
rpadpuka (QYHKIUH; YMEHWE BBIUMCIATH TNPOU3BOIHBIE CYMMBI, NMPOHM3BEICHUS, YaCTHOTO H
KOMIO3UIMK  (QYyHKIMHA, HaXoIuUThb ypaBHEHHE KacaTedbHOW K rpaduky QyHKUUY;
YMEHHE WCIOIb30BaTh MPOU3BOJHYIO ISl HCCIENOBaHHUS (QYHKUIWH, I HAXOXKICHHS
HAWTYYIlero peleHus B IPUKIaJHbIX, B TOM YHCJEe COLUAIbHO-3KOHOMUYECKUX U (PU3MUECKUX
3aadax, Ui ONPENEICHUsT CKOPOCTH M YCKOPEHUS; HaXOOUTh IUIOMIATH W 00BEMBI GUTYp C
MOMOIIBI0 MHTErpayia; MPUBOIUTH MPUMEPbl MaTEeMaTHYECKOTO MOJEIMPOBAHUS C TOMOIIbIO
nuddepeHIalIbHBIX YPaBHEHUI;

[Ipyll ymeHue onepupoBaTh MOHATUSAMH: KOMIUJIEKCHOE YHCIO, CONpPSIKEHHBIE
KOMIUIEKCHBIE YUCIIa, MOAYJIb M apTYMEHT KOMITJIEKCHOTO YucIia, (opMa 3aricl KOMIUIEKCHBIX
yucen (reoMeTpuuecKkasi, TPUTOHOMETpUYEcKas U anreOpanyeckas); yMeTb MPOU3BOAUTH
apu(MeTHUECKUe ACWCTBUS ¢ KOMIUIGKCHBIMH YHCIIAaMH; MPUBOAUTE MPUMEPHI UCTIOIH30BAHUS
KOMIIJIEKCHBIX YHCET;

[Tpyl2 ymenue cBOOOIHO ONEpUPOBATH MOHIATUSIMU: CpeHEee apupMeTHIecKoe, MeIuaHa,
HauOoJplllee W HAaUMEHbLIEe 3HAYCHMs, pa3Mmax, AMCIEPCHUs, CTaHJApTHOE OTKJIOHEHHWE s
OIMCAHMsI YHMCIIOBBIX JIaHHBIX; YMEHHE HCCIIEIOBATh CTATUCTHYECKHE IAaHHBIC, B TOM YHCJE C
OpUMEHEHHEM TIpadUUecKuX METOJOB M 3JEKTPOHHBIX CPEACTB; IpadUUecKd HCCIEI0BaTh
COBMECTHBIE HAOIIOJICHHS C TIOMOIIBIO THAarpaMM PACCEHBAHUS U IMHEHHON Perpeccu;

[Ipyl3 ymeHHe HaxOOUTh BEPOATHOCTU COOBITHH C MCIOIb30BaHUEM TIpapUuecKuX
METO/IOB; TIPUMEHSTH ISl pelIeHus 3a1a4 (HOpMyJIbl CIIOKEHHSI U YMHOXKEHHS BEPOSTHOCTEH,
dopmynny monHON BeposTHOCTH, (Gopmyny bepnymin, komMOuHaTOpHBIE (aKThl U (OPMYIIBI;
OLIEHUBAaTh BEPOATHOCTH pEalbHBIX COOBITUI; yMEHHE ONEepHUpPOBAaTh IMOHATUAMHU: ClydaiiHas
BEJIIMYMHA, paclpesielieHne BEpOsATHOCTEH, MaTreMaThyeckoe OXHIaHHe, JUCIepCHs |



CTaHJApTHOE OTKJIOHEHHME CIy4yalHON BeIMUYMHBI, (DYHKIMH pacmpeneNeHuss W IUIOTHOCTH
PaBHOMEPHOIO, ITOKA3aTelIbHOIO W HOPMAJIBHOIO PpAaCHpPElEICHUN; YMEHHME HCIOJIb30BaTh
CBOMCTBA M3YyYEHHBIX PACIPENCIICHUM I pelIeHUs 3a/1ad; 3HAKOMCTBO C IOHATUSMHU: 3aKOH
OONbIIMX 4YMCEN, MEeTOJbl BbIOOPOUHBIX MCCIEJOBAHUM; YMEHHE MPUBOIUTH IPUMEPHI
NPOSIBJICHUS 3aKOHA OOJIBIINX YMCEI B IPUPOAHBIX M OOLIECTBEHHBIX SBICHUAX;

[Ipyl4 ymeHue cBOOOAHO oOmnepuUpoOBaTb MOHATUSAMHU: TOUYKA, MpsMas, IUIOCKOCTb,
IIPOCTPAHCTBO, OTPE30K, JIy4, IUIOCKMM YroJ, JBYTPaHHBIM YroJl, TPEXTPaHHBIM Yroil,
IIEPECEKAIOIINECS, TMapajulelbHble M CKPEUIMBAIOUIMECS IpsMBbIe, MapalIeIbHOCTh U
NEPIEHIUKYJIIPHOCTh MPSAMBIX M IUIOCKOCTEM, Yroj MeXAy MPSIMBIMH, YIoJ MEXAY NpsMOH U
IUIOCKOCTBIO, YTOJI MEKIY IIJIOCKOCTSIMU; YMEHHE UCIIOJIb30BaTh IIPU PEILIECHUN 3aa4 U3Y4YCHHbIE
(axkThl ¥ TEOPEMBI IFITAHUMETPUH; YMEHHE OLICHUBATH Pa3Mepbl 00BEKTOB B OKPY>KAIOLIEM MHUPE;
YMEHHME OIECPUPOBATH IOHATUAMM: MHOTOIPDAHHHUK, CEYEHHUE MHOIOIDAaHHUKA, INPABUIIbHBIN
MHOTOTpaHHHK, MPU3Ma, TUpaMuaa, GUrypa U MOBEPXHOCTh BpallleHU, IHJIUHAP, KOHYC, 1Iap,
cdepa, pa3BepTKa IIOBEPXHOCTH, CEYEHHUS KOHyca M LWIMHApA, NapaulelbHble OCH WU
OCHOBaHHUIO, CEYEHHE lIapa, IJIOCKOCTb, Kacawlascs cepbl, LWIMHAPA, KOHYCa; YMEHHE
CTPOUTh CEYEHHWE MHOTOI'PAaHHHMKA, H300pa)kaTb MHOTOTPAHHUKH, (UIYpbl M HOBEPXHOCTHU
BpalICHUs, UX CEYEHUs, B TOM YHUCJIE C ITIOMOIUBIO DJIEKTPOHHBIX CPEACTB; YMEHHE IIPUMEHATH
CBOWCTBA Ir€OMETPUUYECKUX (DUTYp, CAMOCTOSATENBHO (POPMYIUPOBATh ONPEACICHUS U3Y4aeMbIX
¢Guryp, BBIIBUTaTh TUIIOTE3HI O CBOMCTBAX M MPU3HAKAX T€OMETPUIECKUX (QUTYp, 00OCHOBHIBATH
WINA ONPOBEPrarb UX; yMEHHE MPOBOAMUTH KJIACCHU(PUKALNIO UTYyp MO pa3iMyHbIM MPU3HAKAM,
BBITNOJIHATH HEOOXOAUMBIE JIOTIOJIHUTEIbHBIE TIOCTPOCHHUS;

[Tpyl5 ymenue cBoOOIHO ONEpUpPOBATH MOHATUAMU: IJIOLIAAL (PUTYpbI, 00BEM (GUTYpPHI,
BEJIMYMHA yIJa, PACCTOSHUE OT TOYKH J0 INIOCKOCTH, PACCTOSHUE MEXKY IIPSIMBIMM, PACCTOSTHUE
MEXYy IUIOCKOCTSIMM, IUIOIAAb c(epbl, IUIOIMaAb MOBEPXHOCTU MUPAMMJIbl, MPU3MBI, KOHYCA,
HWIMHJpa, 00beM KyOa, IPSIMOYTOJIBHOTO Mapajliesenurea, NTupaMuibl, IpyU3Mbl, LIUIUHAPA,
KOHYCa, [l1apa; yMEHHEe HaXOIUTh OTHOIIEHHE 00BEMOB MOJOOHBIX (DUTYD;

[Ipyl6 ymenue cBOOOJHO onepUpoBaTh MOHATUSAMU: ABM)KEHUE, NapauleIbHbIA MEPEeHocC,
CUMMETpPHS Ha IUIOCKOCTH U B NPOCTPAHCTBE, MOBOPOT, Mpeodpa3zoBaHue Moao0usi, mojo0HbIe
burypsl; yMeHHE pAacllO3HaBaTh paBHbIE M MOAOOHBIE (UTYphl, B TOM 4HCIE B MPUPOJIE,
UCKYCCTBE, apXWUTEKType; YMEHHE HCIO0JIb30BaTh T'€OMETPUYECKUE OTHOLIEHUs, HaXOIUThb
FeOMETPUYECKHUE BEIMYMHBI (JUIMHA, yrojl, IJIOIagb, 00bEM) IMpPHU PEIICHUHU 3ajad U3 JIPYrux
y4eOHBIX IPEAMETOB U U3 PEAIbHOM KHU3HH;

[Tpyl7 ymeHue cBoOOJHO ONEpUPOBAThH MOHATHAMU: MPSIMOYTOJIbHAsS CUCTEMa KOOPAMHAT,
BEKTOP, KOOPJAMHATHI TOYKH, KOOPAUHATHI BEKTOPA, CyMMa BEKTOPOB, TPOU3BEACHNUE BEKTOpA Ha
YHCII0, Pa3JIoKEHUE BEKTOopa Mo 0a3ucy, CKaJspHOE MPOU3BEACHNE, BEKTOPHOE MPOU3BEACHUE,
yroJl MeXAy BEKTOpPaMH; YMEHHME HCIIOJIb30BaTh BEKTOPHBIM M KOOPAWHATHBIA METON I
pelIeHHsT TEeOMETPUYECKMX 3aJad W 3a4ad JPYTux Yy4ueOHBIX MpeIMETOB; OIEpUpPOBAThH
NOHATHAMM: MaTpuna 2Xx2 u 3xX3, OmnpenenuTenb MaTpUllbl, T€OMETPUYECKHI CMBICI
ONPEIETUTEIS;

[Tpyl8 ymeHue MoAenupoBaTh peallbHbIE CUTYyallMd Ha SI3bIKE MATEMAaTHKH; COCTaBIATh
BBIDAKECHMSI, YPABHEHUS, HEPABEHCTBA M HUX CHUCTEMBI II0 YCIOBHUIO 33J1a4, HCCIEAO0BAaTh
MIOCTPOEHHbIE MOJIENIM C MCIIOJIb30BaHUEM ammapara anreOpbl, MHTEPIPETUPOBATh MOIYy4YEeHHBIN
pe3ynbTaT; CTPOMTh MAaTEMaTHYECKHE MOJEIM C IOMOIIBI0 TE€OMETPUYECKUX IIOHATHH U
BEJIMYMH, DELIaTh CBSA3aHHBIE C HMMM IPAKTUYECKUE 337aud; COCTABIIATH BEPOSITHOCTHYIO
MOJIEJIb U MHTEPIIPETUPOBATH NOJYYECHHBIN PE3yNbTaT; PEIIAaTh PUKIIAIHBIE 3aJa4l CPEICTBAMHU
MaTeMaTHYeCKOro aHaju3a, B TOM YHCJIE COLUAIBHO-3KOHOMHYECKOTO U (DHU3MUYECKOTrO
Xapaxkrepa;

[Ipyl9 ymenue BbIOMpaTh NOAXOIAIIMNA METOA JUIsl pEIICHUS 3aJayd; MOHUMaHHE
3HAYUMOCTH MAaTE€MaTUKU B W3YYEHHUU NPUPOJHBIX U OOILIECTBEHHBIX MPOLECCOB M SBICHUI;
YMEHHME pacllO3HABaTh IPOSBICHUE 3aKOHOB MATEMaTHUKH B HCKYCCTBE, YMEHHE IPHUBOJIUTH
MIPUMEPbl MATEMaTUYECKUX OTKPBITUH POCCUHUCKON M1 MUPOBOM MaTEMaTUYECKON HAYKH.



MP8 cmocoOHOCTP W TOTOBHOCTh K CaMOCTOSITEIbBHOMY IIOMCKY METOJOB pEUICHUS
MIPaKTUYECKUX 3a/1a4, IPUMEHEHUIO Pa3JIUYHbIX METOIOB ITO3HAHHUS;

MP10 ¢opmupoBaHne HAy4yHOTO THIIA MBILIUICHUS, BIaJeHUE HAYYHOH TEPMHHOJIOTHEH,
KJIFOUEBBIMU MMOHATUSAMH U METOJAMU;

MP12 BbISBISATH NPUYUHHO-CIICJICTBEHHBIC CBSI3U U aKTYaJU3UPOBAThH 3a/1a4uy, BBIIBUTAThH
TUIIOTE3y €€ PELICHUs, HaXOAUThb apryMEHThl JI1 JIOKAa3aTelIbCTBA CBOUX YTBEPIKICHUU,
3a/1aBaTh apaMeTPhbl U KPUTEPUH PELICHUS;

MP13 aHanu3upoBaTh NOJIyYEHHBIE B XOJ€ PELICHUs 3aJa4d pe3ylbTaTbl, KPUTUUECKU
OIICHUBATDH UX JOCTOBEPHOCTb, IPOTHO3UPOBATH U3MEHEHNE B HOBBIX YCIIOBHSIX;

MP16 ocymiecTBIsATh IEICHANPABICHHBIN IMOUCK MTEPEHOCA CPENICTB U CIIOCOOOB ACHCTBUSA
B IIPO(HECCHOHATILHYIO CPEy;

MP17 ymeTh mepeHOCHTh 3HAHUS B IIO3HABATCIBHYIO W MPAKTHYECKYH0 00JIacTh
KU3HEACSITEIIbHOCTH;

MP18 yMeTb HHTETpUpPOBATh 3HAHUS U3 PA3HBIX MPEIMETHBIX 00JIacTeH;

JIP23 roToBHOCTb K TPYAY, OCO3HAHHE IEHHOCTH MacTEePCTBa, TPYAOIIO0HE;

JIP26 rOTOBHOCTHh M CIOCOOHOCTH K 00pa30oBaHUIO U CaMOOOPA30BAHHIO HA MPOTHKEHUU
BCEH )KU3HMU.

ConeprkaHue MPAaKTUYECKUX OPUEHTUPOBAHO HA IOJATOTOBKY OOYYAIOIIMXCS K OCBOSHHUIO
IpoeCCHOHATIBHOIO  MOIYJIi TPOrpaMMbl  MOATOTOBKU — CIIELMAIMCTOB CPEAHEro 3BeHa 110
CIIELIUATIBHOCTY U OBJIAJICHUIO HPODeCcCUOHATbHBIMU KOMNEMEHUUAMU:

IIK 2.1 BpImonHATH pacyeTbl MapaMeTpoOB TEXHOJIOTMYECKUX MPOLEcCOB 00paboTKH
METAJIJIOB  JaBJIEHHEM, paboOThl OOOpYyIOBaHUS, XapaKTEPUCTHUK MCXOJIHBIX 3aroTOBOK U
METaJUIONPOTYKIHH.

A Taxxe GOpMUPOBAHUIO 0OUUX KOMNEMEHYUL.

OK 01 Breibupats cnocoObl pemieHuss 3anad  NpopecCHOHANbHON AeATeNbHOCTH
MPUMEHUTEIBHO K Pa3IMYHbIM KOHTEKCTaM

OK 02 Hcnomp30BaTh COBpPEMEHHBIE CPEICTBA IIOWCKA, aHAIW3a WM HHTEPIpPETALMH
uHpopMaluu ¥ HUH(DOPMALMOHHBIE TEXHOJIOTUM MJI BBINOJIHEHMS 3a/1ad MpodeccruoHaNIbHON
JESATEIIBHOCTH

OK 03 TInanupoBaTh U peain30BBIBATH COOCTBEHHOE MPO(PECCHOHATBHOE U JTUYHOCTHOE
pasBUTHE, NPEANPUHUMATEIBCKYIO JIEATEILHOCTh B MPOQecCHoHaNbHON cdepe, MCroab30BaTh
3HaHMS 110 PUHAHCOBOM IPaMOTHOCTHU B PAa3IMUHBIX )KM3HEHHBIX CUTYALIHSIX

OK 04 DddexTuBHO B3auMOIEHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

OK 05 OcymiecTBasTh YCTHYIO M NHCbMEHHYI0 KOMMYHHKAIMIO Ha TOCYAapCTBEHHOM
a3bike  Poccuiickoit ®expepannu ¢ ydyeToM OCOOEHHOCTEH COIMABbHOTO M KYJIBTYpHOTO
KOHTEKCTa

OK 06 [IlposBiATe rpakJaHCKO-NIATPUOTUYECKYIO IO3ULUI0, JEMOHCTPUPOBAThH
OCO3HAHHOE TOBEJIEHUE HAa OCHOBE TPAIUIIMOHHBIX O0IIEYeIOBEYECKUX 1IEHHOCTEH, B TOM YHCIie
C Y4eTOM TrapMOHHU3ALMM MEKHAUHMOHAJIBHBIX M MEXPEIUTHO3HBIX OTHOIIECHUM, NPUMEHATH
CTaH/apThl aHTUKOPPYIIIMOHHOTO TIOBEIEHUS

OK 07 CopeiicTBoBaTh COXpPAHEHHUIO OKpYXaloOIIEH Cpeabl, pecypcocOepexreHuIo,
NPUMEHSTh 3HaHUS 00 W3MEHEHUWU KIuMaTa, MPUHIUIBI OepekIMBOro IMPOU3BOJACTBA,
3 PEKTUBHO JAEHCTBOBAThH B UPE3BBIYAWHBIX CUTYALIUAX

OK 08 Hcnonps3zoBaTh cpeacTBa (HU3MUECKON KYJIbTYpHI Ui COXPAHEHUSI U YKPEIUICHUS
3I0pOBbsI B Tpolecce Mpo(hecCHOHATBHONW JEATENIbHOCTH U TOJEp’KaHUs HEeoO0XO0IUMOro
ypOBHS (GU3HUECKOI MOATOTOBIEHHOCTH

OK 09 Ilonb3oBarbcsi NpodecCHOHANBHOM JOKYMEHTalMe Ha TOCYAapCTBEHHOM U
MHOCTPAHHOM SI3bIKaX.

BrimonHenne oOyyaromuxcsi MPakTUYECKUX W/WIIK JTAaOOpaTOpHBIX paboT Mo yueOHOi
nucuuiuivHe «MaremaTHkay HalpaBlIeHO Ha:



- 00001IeHre, CUCTeMATHU3AINI0, YIIyOJIeHue, 3aKperieHue, Pa3BUTHE U JIETATU3AINI0
MOJTYYCHHBIX TEOPETHYECKUX 3HAHUH M0 KOHKPETHBIM TeMaM y4eOHOW JUCIUTUINHBL,

- (opMupoBaHWE YMEHHI MPUMEHSITH IMOJYYCHHBIC 3HAHHUS Ha TPAKTHUKE, PEaTU3alUIo
€/IMHCTBA UHTEIUICKTYAJIbHOW U MPAKTHYECKOM JeITEIbHOCTH;

- ¢opmupoBaHHWE U pa3BUTHEC YMEHUWH: HaOMIOAAaTh, CpPaBHUBaTh, COIOCTABIIATH,
AQHAJIM3UPOBaTh, JIENIaTh BBIBOJBI W OOOOIICHHWS, CAMOCTOSTEIIFHO BECTH HCCICAOBAHMS,
MOJIb30BaThCSl PA3IMYHBIMUA TIPUEMaMU H3MEPEHUU, opopMIIATh pe3yiabTaThl B BUIC TAOJIHIL,
cxeMm, rpauKoB;

- pa3BUTHE WHTEJUICKTYAIbHBIX YMEHHHA Yy OYAYIINX CIEHUATNCTOB: aHATUTUYECKUX,
MPOCKTHUPOBOYHBIX, KOHCTPYKTHBHBIX U JIp.;

- BBIpaOOTKY MpHU PEIICHUU MOCTABICHHBIX 337a4 MPOPECCHOHAIBHO 3HAYMMBIX Ka4eCTB,
TaKUX KaK CaMOCTOSTEIBHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKASI HHUIIUATHBA.

[MpakTdeckure 3aHATHS TPOBOJATCS B PaMKax COOTBETCTBYIOIICH TEMBI, IOCIIE OCBOCHHUS
JMIAKTUYCCKAX EIIMHUIL, KOTOpbIE OOCCIICUYMBAIOT HAIMYKME 3HAHWH, HEOOXOMUMBIX [UIS ee
BBITIOJTHEHHSL.



2METOIUYECKHUE YKA3AHUSA

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 1
«Apu(pmeTnyecKkue JeiicTBUS HAJ 1eiiCTBUTEIbHBIMH U KOMILUIEKCHBIMM YHCJIAMM.
IpudankeHHbIe BHIYMCICHU D)

Heanb padorbl: HayuynuThbCs BBINOJHATH ACHCTBUS C JEUCTBUTEIBHBIMU M KOMILJIEKCHBIMU
YHCIIAMU, BBITOJHATH MPUOIMKCHHBIC BBIYHCICHUSI.

IIpakTuyeckas pabora popmupyer:

[1P62. ymeHnue omnepupoBaTh MOHSATHAMM: CTEIEHb YWCHA, JIorapudM 4YHCIa; yMEHUE
BBIMIOJIHATh BBIYMCICHHE 3HAYCHWH U TPeoOpa3oBaHMs BBIPAKEHHHA CO CTENCHAMU U
JorapudpmMamu, mpeodpazoBaHus JPOOHO-PAIIMOHATFHBIX BBIPAKCHUH;

[IPy5. ymenue onepupoBaTh MOHATUSAMU: HATYPaIbHOE YUCIIO, LEJI0€ YUCIIO, OCTATOK I10
MOJZYJIIO, PallMOHAIbHOE YMCIIO, MPPALMOHAIBHOE YHUCIIO, MHOXECTBA HATYpPaJbHBIX, LIEIBIX,
pallMOHAIbHBIX, JEHCTBUTEIIBHBIX YHUCEN; YMEHHE MCIOJIb30BaTh IPU3HAKU JCIMMOCTH,
HalMEHbIIMKA OOIMHA JenuTenb M HauMeHblllee oflee KparHoe, anroput™m EBkiauna npu
PELIeHNH 3a]1a4; 3HAKOMCTBO C Pa3JIMYHbIMU O3UIIMOHHBIMHA CUCTEMAaMU CUUCIICHUS;

[IPyll. ymeHue omnepupoBaTh MOHATUSAMU: KOMIUIEKCHOE YHUCIO, CONPSKEHHbIE
KOMIUIEKCHBIE YMCIIa, MOAYJIb M apTYMEHT KOMILJIEKCHOTO 4Ynciia, popma 3alucu KOMITIEKCHBIX
yucenl (reoMeTpuyeckas, TPUTOHOMETpHYECKas M airedOpaudeckas); yMeTb IPOU3BOAUTH
apupMeTHUecKue ACUCTBUS C KOMIUIEKCHBIMU YUCIIaMH; IPUBOAUTH MPUMEPHI UCIOIb30BaHUS
KOMIUIEKCHBIX YHCEIL;

HPyIS YMCHHUE MOACIMPOBATL PCAJIbHBIC CHUTyallUM HaA A3BIKEC MATECMATUKH; COCTAaBJIATbH
BbIpaXXCHH, YPAaBHCHUA, HCPABCHCTBA U UX CUCTEMBI IO YCJIOBHIO 3ajJiadyr, UCCIICAOBATH INOCTPOCHHLIC
MOJIEJIM C WCIOJB30BAHMEM arllapara aiareOpbl, HHTEPIPETHPOBATh MOJIYYEHHBIH pe3ylbTaTr; CTPOUTH
MAaTeMAaTHYCCKHUEC MOACIN C TOMOMIBIO TCOMETPHUICCKUX MMOHATUH U BCJIINYMH, pCIIATh CBA3aAHHLIC C HUMU
IMMPAKTHUYCCKUE 3aJadr; COCTaBJIATbL BCPOATHOCTHYIO MOICIIL W HWHTCPIPETUPOBATH HOHy‘IeHHBII\/'I
pe3yiabTaTt; peUlaThb IMPUKIAAHBIC 3aJa4d CpPEACTBAMU MATCMATUYCCKOrO aHalin3a, B TOM YHCIIC
COLMATFHO-DKOHOMHYECKOT0 1 (pU3HIECKOr0 XapaKkTepa;

Boinosinenue padorsl cnocodcTByeT GopMUPOBAHUIO:

OK 01 BseiOupats cnocoObl pemieHus 3anad  NpoQecCHOHANBHON AeATeNbHOCTH
NPUMEHHUTEIHHO K Pa3IMIHBIM KOHTEKCTaM;

OK 02 MHcnonbp3oBaTh COBpPEMEHHBIE CpEACTBA IOMCKA, aHATW3a M WHTEpHpeTaluu
uHpopMaluu M UH(YOPMALIMOHHBIE TEXHOJOTMM JUISl BBIIOJHEHUS 337ay MpoQecCHOHaTbHON
NeSITeTbHOCTH;

[IK 2.1 BpImonHATh pacueThl HapaMeTpoOB TEXHOJOTMUECKHUX IPOILECCOB 00pabOTKH
METaJUIOB JaBlieHHEeM, paboTbl OOOpYIOBaHUS, XapaKTEPUCTUK MCXOJHBIX 3aroTOBOK U
METaJIIIONPOTYKIUH.

MarepuajbHoe o0ecrieyenne:
I/IHI[I/IBI/II[yaIIBHI)Ie 3aaaHus, CIIPAaBOYHBIC MaTCpHajibl, KOHCIICKThI J'ICKHI/II\/II.



3aganue

1. Pemwure 3agauu:

a) bpurage noMeHHMKOB ObljIa YCTaHOBJIEHA HOpMa — MpoOKaTa cTaiu mo 2,5 T B JeHb. B
NepBbIi JIeHb OpHUraza BBIOJIHMIIA MPOKATKy 2 T CTalM, a BO BTOPOH JeHb — 3 T.
HaiinuTe mpoieHT BbIIOIHEHUSI HOPMbI B IEPBBIA U BTOPOil JACHb.

6) B nexe paborator 20 pabounx, u3 HUX 8 MPOKATINKOB. Kakol mpoIeHT OT BCero yucia
pabouMx 11exa COCTaBISAIOT IPOKATYUKHU?

B) Paboumii neHp craHOuHMKa yMeHbUIWICA ¢ 8 yacoB 10 7 4yacoB. Ha
IPOLIEHTOB HY)KHO IOBBICUTH IPOU3BOJUTEIBHOCTh TPYAA, 4YTOOBI IPH

pacieHkax 3apaboTHas Tiata Bo3pocia Ha 5%?

2. Bemaucinure:

5 7 23 9.
) (5+5) Ba-25)
B)4-+12-3 -5
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3. JlaHbI KOMITJICKCHBIC YHCIIA!
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Z, =4 —1|,
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BrinosHuTe IeNCTBUS:
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Ilopsinok BbINOJIHEHHS PadOTHI:
BHuMarenpbHO 03HAKOMBTECH C YCIOBUEM 3aaHMUS.

ITons3ysce

CBOMMM IIKOJBbHBIMHU 3HaHHUAMU (B CJIydac 3aTpyAHCHUA

CIIPaBOYHBIMU MaTepUalaMHU), BBIIIOJIHUTE 3aJaHUE

Xon pa0doThI:

3aganue Nel
) Zylozi_d
3 0% a3

7
7
1 2 2.
3 3+4r=0G+H+(3+3)=7+1=75

CKOJIBKO
TE€X XKC

BOCIIOJIb3YHTECH



2 1 2 1 1 1.
5 3i-12=6-D+(¢-2)=2+3=23
5) 7.3_7 . A_74 _T1_ 7,

121'4 ; 12 3 ; 12-311__33-31_39’ 5
6) 2333=3igTim a5

2 1 2 1 6+5 11
) 3i+14i=0+10+(+3) =17+ =173,
3amanue No2

ITpumep. Haiitu (8+1i):(2-3i).

8+i
Pemenue. [lepenuiiem 310 OTHOIIEHHE B BUJE JpOOU: ——

2-3i
VMHOXHB, €€ YHCIUTENh M 3HaMeHaTeab Ha 2 + 31 M BBIIOJHUB BCE Hp606paSOBaHI/I}I,
MOJIy4HUM:
(8+i)(2+3i 134261 .
(243D =1+ 2i
(2-30)(2+310) 13

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOIHEHHOE 3aJaHHe

Kpurtepun onenku:

OreHka "oTJMYHO'" CTaBUTCS, €CIIM padOTa BBIIMOJHEHA B IOJHOM 00BEME ¢ COOITIOICHHEM
HEOOXOIMMOI ITOCIIEA0BATEIILHOCTH ACHCTBHM.

Ornenka ''xopomo' CTaBUTCS, €CJIM BBINOJHEHBI TpeOOBaHUS K OICHKE "OTJIMYHO", HO
JOTMYIIEHBI 2-3 HeloYeTa.

Onenka "y/a0BJIeTBOPUTENbHO' CTaBUTCS, €clid paboTa BBHINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBIMOJIHEHHON YacTU TaKOB, YTO IO3BOJSET TMOJYYUTh MpaBUJIbHBIC PE3yIbTaThl U
BBIBOJBI.

Onenka '""Hey10BJIeTBOPUTEIBHO' CTaBHUTCS, €ClTU paboTa BHITIOJIHEHA HE MTOJIHOCTHIO HITU
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIeaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 1.1 PazBurue NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 2
«PemieHre MPpUKJIAAHBIX 3224 HA MPOLUEHTHD)

Heﬂb paﬁ()TbI: Hay‘{I/ITBC}I peuiaTth TCKCTOBLIC 3aJa4M Ha HAXOXIACHUC IMPOUCHTOB OT
qucia.

IIpakTuyeckas padora popmupyer:

[1P62. ymeHue omnepupoBaTh MOHATHAMM: CTENEHb YHWCIA, JIorapudM 4YHCIa; yMEHUe
BBIMIOJHATh BBIUMCJICHHE 3HAUYeHUH U TpeoOpa3oBaHMsI BBIPAKEHUHW CO CTENEHSMU U
Jorapudpmamu, npeodpazoBaHusl JPOOHO-pAIMOHATILHBIX BBIPAXKEHUH;

[IPG3. ymeHue omnepupoBaTh MOHATUSMHU: palHOHAJbHBIE, HPPALUOHAIBHBIE,
noKa3aTejbHble, CTENEHHbIe, JIorapu(MUYEecKue, TPUTOHOMETPUYECKHE YpaBHEHHUS U
HEPAaBEHCTBA, X CUCTEMBI;

I1P66. ymeHue pemaTb TEKCTOBBIE 33/a4M PAa3HBIX THUIIOB (B TOM YHCIE HA MPOLEHTHI,
JIOJIM U YacTH, Ha JBH)KEHUE, paboTy, CTOUMOCTb TOBAPOB U YCIYT, HAJIOTH, 3aa4i U3 001acTu
yIpaBJIeHUS] JIMYHBIMM M CEeMEMHbIMM (PUHAHCAMH); COCTABIATH BBIPAKEHMS, YpPaBHEHMS,
HEPAaBEHCTBA M MX CHUCTEMBI [0 YCIOBHUIO 3a/ay, MCCIEAOBATH IOJIYYEHHOE pELIEHUE U
OLIEHUBATh MPABJIONOA00HOCT PE3YJIbTATOB;

[TPy5. ymenue onepupoBaTh NOHATUSIMU: HATYPAIbHOE YUCIIO, IIEJI0€ YUCIIO, OCTATOK MO
MOJZYJIIO, PallMOHAIbHOE YMCIIO, MPPAaLMOHAIBHOE YHUCIIO, MHOXECTBA HATYpPajbHBIX, LIEJBIX,



paLII/IOHa.IIBHBIX, I[GflCTBHTQJIBHBIX YHUCCII, YMGHI/IC HUCITIOJIB30BAaThH HpI/I3HaKI/I JACIMMOCTH,
HAaWMEHBIIMKA OOIIMI JeNWTeNlh M HauMEHbIlee oOInee KpaTHoe, airoput™m EBkimnma mpu
pemeHI/m 3aJa4, 3HAKOMCTBO C paSHI/I‘-IHBIMI/I INO3UITMOHHBIMHU CUCTEMAaMH CUUCICHU,

[TIPy7. ymeHnue onepupoBaTh NOHATHSIMHU: TOXKIAECTBO, TOXKIACCTBEHHOE MPEeoOpa3oBaHue,
YpaBHEHHUE, HEPABEHCTBO, CHUCTEMAa YPAaBHEHUW W HEPABEHCTB, PABHOCUJIBHOCTH YpPABHEHHIA,
HEPaBEHCTB M CHUCTEM, pAIMOHAJIBHBIC, HWPpPAIMOHAIBHBIE, ITOKa3aTelIbHbIC, CTCIICHHBIC,
JorapupMHUECKUE, TPUTOHOMETPHUECKUE YPABHEHUS, HEPABEHCTBA U CHCTEMBbI; YMEHHE PeIaTh
YpaBHEHUs, HEPABCHCTBA U CHCTEMBbI C MOMOIINBIO PA3JIMYHBIX MPUEMOB; PEIIaTh YpaBHEHUS,
HepaBeHCTBa U CUCTCMBI C HapaMeTpOM; HpI/IMeHHTB ypaBHeHI/ISI, HepaBeHCTBa, X CUCTCMbI IJIsA
pEIICHUST MaTEMAaTHYCCKUX 3aJ1a4 M 3a71a4 U3 Pa3IMYHbBIX 00JIaCTeH HAYKU U PealbHOM KH3HU;

[IPyll. ymeHue omnepupoBaTh MOHATUSAMU: KOMIUIEKCHOE YHUCIO, CONPSKEHHBIE
KOMILIEKCHBIC YMCJIa, MOJYJb U apTyMEHT KOMIUIEKCHOTO Yuciia, opMa 3alrucu KOMIUIEKCHBIX
gyrcen (TeoMEeTpUYecKas, TPUTOHOMETpHYEecKas H anreOpamueckas); YMEThb MPOU3BOIUTH
apudMeTUYECKHe JIEHCTBUS C KOMIUICKCHBIMU YMCIaMU; TPUBOJUTH MPUMEPHI MCIOIb30BaHUS
KOMIIJICKCHBIX YHCECII,

[1Py18. ymeHnue MoaenupoBaTh peaqbHble CUTYallud Ha SI3bIKE MAaTEMAaTHKU; COCTABISATh
BBIPDOKEHMS, YpaBHEHUS, HEPABEHCTBA M WX CHUCTEMBI II0 YCJIOBHUIO 3aJlayd, HCCIEI0BaTh
MOCTPOCHHBIE MOJIENIM C MCIOJB30BaHUEM ammapara aureOpbl, HHTEPIPETUPOBATH MOTYyYCHHBIN
pe3y.]H)TaT; CTpOI/ITI) MaTeMaTUYCCKHUEC MOACIIN C IIOMOIIBHO FGOMeTpI/I‘IGCKI/IX HOH?ITI/Iﬁ n
BEJIMYMH, pEIIaTh CBS3aHHbIE C HUMH TPAKTUYECKHE 3a7aud; COCTABIATH BEPOSITHOCTHYIO
MOJICIIb U I/IHTepHpeTI/IpOBaTI) HOJIy‘{eHHI)If/'I pe?,y.HI)TaT; pemaTb HpI/IKJIaIIHI)Ie 3aga4dn CpeI[CTBaMI/I
MaTeMaTH4YeCKOro0 aHaju3a, B TOM YHCIE COIMAIbHO-DKOHOMHYECKOTO U  (DU3UYECKOTO
xXapakrepa.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeiOupars crnocoObl pemeHus 3aaad  MpopecCHOHATbHONW JIeSTeNbHOCTH
NPUMEHHUTEIHHO K Pa3IMYHBIM KOHTEKCTaM;

OK 02 Vcnonp3oBaThb COBPEMEHHBIE CpEJCTBA IOMCKa, aHAlIW3a U MHTEPIpETalUH
uHpopMaluu ¥ HUH(DOPMALMOHHBIE TEXHOJIOTUM MJI BBINOJIHEHMS 3a/1ad MpodeccruoHaNIbHON
NeSITebHOCTH;

[IK 2.1 BpImonHATh pacyeTsl NapaMeTpoB TEXHOJIOTMUYECKHUX IPOILECCOB 00paboTKU
METaJUIOB JaBlieHHEeM, paboTbl OOOpYIOBaHUS, XapaKTEPUCTUK MCXOJHBIX 3aroTOBOK U
METAJIIIONPOTYKIUH.

MaTepHaJ’leOC o0ecneyeHnue:
I/IH,I[I/IBI/II[yaJ'IBHBIe 3aaHus, CIIPABOYHLIC MaTCpHaibl, KOHCIICKThI JIEKITUH.

3ananue

1. Hanor na goxonsl cocraBusieT 13% ot 3apaboTHoii miatel. [locie yaep:kanus Hamora Ha
JIOXOBI PabOYMil MOTYYUII 3a BBHIMOJHEHHYIO paboTy 16530 pyoOneit. Cxonbpko pybmei
COCTaBIISIET CTOMMOCTD BBITIOTHEHHON paboThI?

2. B uwHTepHeT-MarasmHe MOXHO 3aKa3aTh JIETalM C JOCTaBKOH, MPH 3TOM CTOMMOCTH
JIOCTAaBKHM COCTaBIsAeT 7% OT cTomMocTH 3akasa. [IpenmpusTtue genaeT 3akas aeraiei Ha
cymmy 60000pyOneit, mpu 3TOM moiydaeT ckuaky 15% Ha onToBwId 3aka3. Kakxosa
OyJeT CTOMMOCTh JIOCTaBKH TOTO 3aKa3a’?

3. Kommccus 3a MexOaHKOBCKHI mepeBoj coctasiseT 1,5% oT cymMMBI TiepeBojia, HO HE
meHee 100 py6neit. KakoBa OyaeT komruccus 3a Mexx0aHkoBckuid mepeBoa cymmsl 50 000
pyOmneit?

4. 25% y4yacTHUKOB KOHKypca MpodMacTepcTBa HpouuiM B mnomypuHan, u3z Hux 10%
okazaymch B ¢uHane. CKOIbKO OBUIO YYaCTHHKOB KOHKypca, eciau (UHATUCTaMU
OKa3aJIUCh 8 YeIOBEK?



IMopsinok BbINOJIHEHHUSI PAa0OTHI:

BHuUMaTenbHO O3HAKOMBTECH C YCIIOBUEM 3aJaHMSL.

[lonb3ysick  MOJY4YEHHBIMH 3HAHUSMHU (B CiIy4yae 3aTpyJHEHHUS BOCIIOJIb3YyHTECh
CIIPaBOYHBIMU MaTEpUAIaMHU), BBIIIOJIHUTE 33aJaHUE.

Xopn padoThr:

OauH TpOLEHT — O3TO OJIHAa coTas Joyid 4ucia. MaTeMaTHYeCKUMU 3HaKaMH OJIMH
IIPOLIEHT 3anuchiBaercs Tak: 1%.

Omnpenenenue OgHOTO MPOIEHTa MOKHO 3anucaTh paBeHCTBOM: 1 % = 0,01 * a 5%=0,05,
23%=0,23, 130%=1,3 u T.71.

Kaxk naiitu 1% ot uucma? Pa3 1% 310 ogHa coTtas 4acth, Hajgo yucio pasgenuth Ha 100.
Henenne Ha 100 moxHO 3ameHuth yMmHOkeHHeM Ha 0,01. Ilostomy, uroObl HaiiTh 1%
OT JaHHOTO 4YHCJIa, HYXHO YMHOXWUTb ero Ha 0,01. A ecnum HyxHO HaiTu 5% OT 4ncia,
TO YMHOaeM jaanHoe yucio Ha 0,05 u 1.1.

3adaua: llpennpustue 3aKymaeT 3aroTOBKM MeETaIONpoKaTa Mo ontoBoil mene 110
pyOreit 3a mTyky u nponaet ¢ HameHkod 30%. Kakoe HamOoibliee YUCIO TaKHUX 3aroTOBOK
MO>KHO KynuTh Ha 1200 pyOmneit?

Pewenue
1) OrnpezenseM HaLlCHKY NPEIIPUATUA:
30% =0,3;

110 - 0,3 =33 py0. HaleHka
2) OnpezensieM pOSHHYHYIO IICHY:
110 + 33 = 143 py0. po3HuuHas 1IeHa

3) OmnpenensieM KOJTMIeCTBO 3ar0TOBOK
1200 : 143 =8 (ocT. 56)
Omeem: 8

(I)opMa NpeaAcCTaBJICHUSA Pe3yabTaTa: BBIIIOJIHCHHOC 3a/JaHNUE

Kpurepun onenkmn:

Onenka "oraumuHo' craBuUTCS, e€ciu paboOTa BBHIMOJHEHA B TIOJHOM O0BEME C
coOroieHreM He0OX0IMMOM MOCIeI0BATETbHOCTH JEHCTBHIA.

Onenka '"'xopomo" cTaBUTCS, €CIM BBINOJIHEHBI TPeOOBaHUS K OLIEHKE "OTIMYHO", HO
JIOMYIIEHBI 2-3 HeloYeTa.

Orenka "'y10BJIETBOPUTEJIBHO'" CTaBUTCS, €CIIM padOTa BBINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBIMOJTHEHHON YacTH TAaKOB, YTO IMO3BOJISIET MOJYYUTh MPABHIBHBIE PE3YyIbTAaThl H
BBIBO/IBI.

Ornenka ''Hey/10BJIETBOPHUTEIBHO' CTaBUTCS, €clM paboTa BBIMTOIHEHA HE MOJHOCTHIO
WK 00bEM BBITIOJTHCHHOHN YacTH padOThI HE MTO3BOJISAET CACATh MPABUIBHBIX BBIBOJIOB.

Tema 1.1 Pa3BurHe NOHATHSA 0 YHCJIE

IIpakTnueckoe 3ansaTne Ne 3
«PemreHne pauMoOHaIbLHBIX YPABHEHUH U CUCTEM YPaBHEHH I

Leab padoThi: popMupoBaHrUEe YMEHUHN peliaTh JUHEHHbIE, KBaJpaTHbIE, OUKBaJpaTHbIE,
IpoOHO-pallOHANIbHBIE YPaBHEHUS.

IpakTuyeckas padora ¢popmupyer:



[1P62. ymeHue ornepupoBaTh MOHATHAMM: CTEIEHb YHWCIA, JIorapudM 4YHCIa; YMEHUE
BBIMOJIHATh BBIYMCICHHE 3HAYEHUH U NpeoOpa3oBaHUs BBIPAKEHUM CO CTENEHSAMH H
norapudmamu, mpeodpazoBaHus APOOHO-PAMOHAIBLHBIX BhIPAKCHHIA,

I1P63. ymenue onepupoBaTb MOHATUAMHU: PALMOHAIbHBIE, HPPALMOHAJIBHBIE,
NoKa3aTeJbHbIe, CTENCHHBIC, JIorapu(MUYECKUe, TPUTOHOMETPUYECKHE YpaBHEHHUS U
HEPABEHCTBA, UX CUCTEMBI;

[1Py7. ymeHnue onepupoBaTh MOHATHIMH: TOXKAECTBO, TOXKICCTBEHHOE MPEOOpa30OBaHuUE,
YPaBHEHHE, HEPABCHCTBO, CUCTEMAa YpPAaBHEHUN W HEPABEHCTB, PABHOCUJIBHOCTH YPaBHEHHUM,
HCPAaBCHCTB HW CUCTCM, pPalUOHAIBHBIC, HWPPALUMOHAJIBHBIC, II0KAa3aTC/IbHBIC, CTCICHHBLIC,
JorapupmMuUecKue, TPUrOHOMETPUUYECKUE YPABHEHNUS, HEPABEHCTBA U CUCTEMBI; YMEHUE pellaTh
YpaBHCHUA, HCPABCHCTBA W CUCTCMbI C IMMOMOMIBIO PA3JIMYHBIX HNPUCMOB; pCUIaThL YpaBHCHMHA,
HEPABEHCTBA M CUCTEMBI C IIaPAMETPOM; IPUMEHATh yPaBHEHUS, HEPABEHCTBA, X CUCTEMBI JUIS
pCHICHUSA MATECMATUYCCKUX 3a1a4 U 3aia4 U3 PA3JIMYHBIX obnacrei HAayKHU U peaHBHOﬁ KH3HU.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 Bri6upats criocoObl penieHus 3a1a4 npodeccuoHanbHON AesITeNbHOCTH MTPUMEHUTEIBHO
K Pa3JIMYHbIM KOHTCKCTaM;
OK 02 Hcnons3oBaTh COBpEMEHHBIE CPEACTBA OUCKA, AaHATTN3a U UHTEPIpeTaluu nHhopMaluu
1 nHOOPMAIMOHHBIE TEXHOJIOTHH JIJIsl BHITIOJIHEHUS 3a7a4 MPOPECCUOHAIBHON IEATEIbHOCTH;

3aganue

1. Pemuts ypaBHEHUS:

a) (x—2)—-5=4—-(5x—-1);

0) 2x+7)Bx—1)—-Gx—Dx+3)=(x+1)?
x—1 4+42x

B) — = ;
2 3

N —sx2+12=0;

n) 10x% + 5x = 0;

e) 2x2+3x—5=0;

X) 3x2+7x—6=0;

3) x2+8x+15=0;

w) x*—2x%—8 =0

16—x2

xX—4

x 4,

JI = —
) 2x-3 X
x%-2x  2x-1 _

M) —— — = 3;
x—1 1-x
2. Pemmre cucTembl ypaBHEHUI:
3x—y =3,
2) {3x — 2y =0;
{Zx + 3y =3,
0) 5x + 6y = 9;
2
x"—y=-2
B)
{ 2x +y = 2;

xy—x+y=7,
r){

xy+x—y=13;



ITopsinok BbINOJIHEHHS PadOTHI:

[Ipu pemiennn ypaBHEHUN UCTIOIB3YIOTCS CISAYIONINE TIPaBUIa MPeoOpa3oBaHUsl  ypaBHCHHH B
PaBHOCHUJIBHBIC!

a) Kakoil- aub0 uJeH ypaBHEHHS MOXHO MEPEHECTH M3 OJHOM ero 4actu B JAPYIYyl0 C
IMPOTHUBOIIOJIOKHBIM 3HAKOM;

6) 00e yacTtu YpaBHCHHS MOXXHO YMHOXHTD WA pa3ACIUTh HA OJHO TO K€ YHUCIIO, OTIMYHOC OT

0.

Xox paboThi:
Kpartkue TeopeTnyeckue CBEIeHUS:
Pemenue ypaBuenuii |-1l crenenu ¢ ogHol nepeMeHHOM

-b . . .
ax+b=0,(x= —,aF 0) — nmHeitHOe ypaBHeHHE | cTeneHu ¢ OJHON epeMeHHON

ax? + bx + ¢ = 0 (a # 0) — ypauenue || crenenu ¢ onHoOl NepeMeHHOIA.

1. Onpenenuth BUJl ypaBHEHUSI U CIIOCOO €ro pPelieHusl.

2. Ecnu ypaBHEeHHE TpOOHO-pAIMOHATBHOE, TO HAUTH OOMIMIA 3HAMEHATEIh BCEX JIPOOECH, KOTOpHIE
BXOJIAT B ypaBHEHHUE.

3. YMHOXUTH 00€ YacTH ypaBHCHHI Ha OOIIUiT 3HAMCHATEITh.

4. PemmTh Mony4eHHOE 1IeJI0€ YpaBHEHHUE.

5. [IpousBecT MPOBEPKY KOPHEH, M MCKIIOYNTH T€ U3 HHUX, KOTOPBIE 00paIlarT B HYIb OOIIHA
3HAMEHATEb.

Pemnm ypaBHEeHUS:

a) (Bx + 1) + (4x — 1) = (5x — 2)?

PackpoeM ckoOKH, TIPUMEHssS (POPMYJIBI COKpaIieHHoro yMHokenus (a + b)?u  (a — b)?

9x% +6x+ 1+ 16x? —8x + 1 =25x%—20x + 4

9x2+6x+1+16x2 —8x+1—25x24+20x—4=0

[TpuBeneM mo100HBIE YICHBI, TOTYYHM

18x —-2=0
2 1
X =—=-
18 9 .
OtBeT: x = 5~ KODEHb ypaBHEHHS.
X 7 8
0)———=——
x-2 x+2_  x%2-4

Paznoxum xz — 4 Ha MHOXUTEIH U MNEPCHCCEM BCC YWICHBI YPABHCHHS B JICBYIO HYACTh. HpI/IBeI[eM

Ipobu K 00I1IeMy 3HaMEeHATeIIIo:
X 7 8

x—2 x+2 (x=-2)(x+2) -
x(x-2)-7(x-2)-8 0
(x=2)(x+2) -
x%2+2x-7x+14-8
(x+2)(x-2) -
x%2-5x+6
(x+2)(x=2)
HpoOb paBHa HYIIO, KOT/JIa €€ YUCITUTETh PaBEH HYJII0, a 3HAMEHATENh HE PABEH HYIIIO, T.€.
x+2)x=2)#0=>x#2,x + =2
x2-5x+6=0
D=25-24=1

5+1
X1=_=3

2
5-1
Xo =—=12
2 2
Ho tak kak x # 2, To X, = 2 — NOCTOPOHHUN KOPEHb, CIEIOBATENIFHO PEIICHUEM ypaBHEHUS
Oymer x; = 3
OrtBer: x = 3

®opma npeacTaBieHUs pe3yJbTaTa: BHIIIOJIHEHHOE 33/1aHHE




Kpurepum ouenku:

Ornenka "oTau4HO'" cTaBUTCS, eclnu padoTa BBHIMOJTHEHA B TOJHOM O0BEME C COOIIOIEHUEM
HeoOXO0IUMOM MMOCIIEN0BATENBHOCTHA JENCTBUN.

Onenka "xopomo' CTaBUTCs, €CIIM BBIMOJIHEHBl TPEOOBaHUS K OIEHKE "OTJIIMYHO", HO JOIYIICHBI
2-3 "Henmoyera.

Orenka "y10BJIeTBOPUTEIBHO'" CTaBUTCS, €CIid pabOTa BEHIMIOJHEHA HE MOJTHOCTBIO, HO 00BEM
BBITIOJTHEHHON YaCcTH TaKOB, YTO MO3BOJISIET MTOJIYUYUTh IPABUIIbHBIE PE3YJIbTAThI U BHIBOJIBL.

Orenka ""Hey10BJIE€TBOPUTEIbHO' CTaBUTCS, €CITU PadOTa BBIIIOJIHEHA HE TTOJHOCTHIO MK 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENATh MPABUIIbHBIX BBIBOJIOB.

Tema 1.1 PazBurTHe NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 4
«PemreHne 3a1a4 HA COCTABJICHHE YPABHEHHUI ¢ NPO(eCcCHOHAIBHBIM COAEPKAHUEM»

Leas padorbl: GopMHpOBaHHE YMEHUH pellaTh TEKCTOBBIE 3aJaud, COCTaBIIAs YPAaBHEHUS U
CUCTEMBI YPaBHEHHUH.

IIpakTnyeckas padora popmupyer:

[TP66. ymeHue pemaTb TEKCTOBbIE 3aJjauyd pa3HbIX TUIOB (B TOM YHCIIE HA HPOLEHTHI, JOJIU U
YJacTH, Ha ABWXXEHHUE, PabOTy, CTOMMOCTb TOBAapOB M YCIYT, HAJOTH, 3aJaudl U3 OOIACTH yIpPaBICHUS
JIMYHBIMU U CEMENWHBIMU (PMHAHCAMM); COCTABIIATh BBIPAXKEHUS, YPAaBHEHUS, HEPABEHCTBA U X CUCTEMBbI
110 YCIIOBHIO 33Jja4y, UCCIIE0BATh MOIYYEHHOE PELICHNE U OLICHUBATh NIPaBIONOA00HOCTb PE3YIbTATOB;

ITP614. ymenue BbIOMpaTh MOAXOMAIMNA U3yUEHHBIH METOJ JJIsl peIlleHUs 3a/1aud, paclo3HaBaTh
MaTeMaThuyeckue (akThl U MaTeMaTHYECKHE MOJIEIM B NPUPOJHBIX U OOILECTBEHHBIX SIBICHHUSAX, B
UCKYCCTBE, yMEHHE IPUBOAUTH IIPUMEPBI MATEMATHYECKUX OTKPBITUNA POCCUHCKOM M MHUPOBOU
MaTeMaTHYECKOU HAYKH;

[1Py7. ymeHHe omnepupoBaTh MOHATUSAMH: TOXJIECTBO, TOXAECTBEHHOE MpeoOpa3oBaHue,
YpaBHEHNE, HEPABEHCTBO, CUCTEMA YPABHEHUN M HEPABEHCTB, PABHOCWIBHOCTh YPAaBHEHUM, HEPABEHCTB
U CHCTEM, palMOHalbHbIE, WPpPALMOHANbHbIE, IIOKa3aTelbHble, CTENEHHbIe, JorapudMuiecKue,
TPUTOHOMETPUYECKNE YPABHEHUS, HEPABEHCTBA M CHCTEMBI; YMEHUE pElIaTh YPAaBHEHMS, HEPABEHCTBA U
CUCTEMBI C TIOMOIIBIO PA3IUYHBIX IIPUEMOB; PEIIATh YPABHEHUs, HEPABECHCTBA U CUCTEMBI C I1ApaMETPOM;
IIPUMEHATh YPaBHEHMs, HEPABEHCTBA, MUX CHCTEMBI JUIS PEUICHUS MATeMATHMYECKUX 3a1ad W 3a7ad U3
pa3nuYHbIX 001acTell HAYKU U peallbHOM KHU3HH;

IIPyll. ymenue onepupoBaTh NOHATUSAMHU: KOMILIEKCHOE YHMCIJIO, COIPSIKEHHBIE KOMIUIEKCHBIE
qucia, MOJYJIb U apryMEHT KOMIIEKCHOTO YHCIIa, popMa 3alicu KOMITJIEKCHBIX YHcen (TeoMeTpruecKasi,
TPUTOHOMETpHYECKass U airedpanyeckas); yMeTb MPOU3BOAUTH apUPMETHUECKUe JEHCTBUS C
KOMILUIEKCHBIMM YHCIIaMU; IPUBOAUTH IIPUMEPHI UCIIOJIb30BaHUSA KOMIIJIEKCHBIX YHCEIL;

[IPyl8. ymeHue MoOaenupoBaTh pEANBHBIE CUTYallMM HA S3bIKE MaTEMaTHUKH; COCTaBIIATH
BBIPAKCHMS, YPABHEHUS, HEPABEHCTBA U UX CHUCTEMBI 10 YCIOBHUIO 33Jla4, MCCIIEI0BATh IIOCTPOCHHBIC
MOJIETIM C HCIIOJIb30BAaHHWEM armapaTa ajreOpbl, HHTEPIPETUPOBATh MOJYYEHHBIH PE3yNbTaT; CTPOUTH
MaTeMaTHYECKUE MOJEIIN C IIOMOIIBIO TEOMETPUYECKUX ITOHATUN U BEJIUYMH, PEIIATh CBA3aHHBIE C HUMU
MIPAKTHUYECKUE 3aJa4d; COCTABJISATH BEPOATHOCTHYKD MOJEIb W HWHTEPHPETHPOBATH IOJYYECHHBINA
pe3yibTaT; pelarb IPUKIAAHBIE 3aJadyd CPEICTBAMM MATEMAaTHUYECKOTrO aHajlu3a, B TOM 4YHCIIE
COLMAJIBHO-9)KOHOMHUYECKOTO U (PU3UUECKOro XapakTepa.

BbinosiHeHue pa6oThl cnocodcTBYeT (POPMUPOBAHUIO:

OK 01 Beibupats criocoObl perieHus 3agad npopeccuoHaTbHON JesITeIbHOCTH IPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM;

OK 02 Hcnonb30BaTh COBpEMEHHBIE CPE/ICTBA MIOMCKA, aHAIN3a U MHTEPIIPETalui HH)OpMaIK U



nH(OPMAIIMOHHBIE TEXHOJIIOTUH AJIsI BEITIOTHEHHS 3a/1a4 MPOPECCHOHANTBHON IEITeIbHOCTH;
[IK 2.1 BwImomHATH pacyeThl MapamMeTpOB TEXHOJIOTHYECKUX IPOIECCOB OOpPaOOTKH METalIoB
JaBJICHUEM, pabOThI 000PYIOBAHUS, XaPAKTEPUCTUK UCXOTHBIX 3aTOTOBOK U METAILIIONPOTYKITHH.

3ananne
Penmute 3agaun:

1. T'oToByI IpOAYKLHIO METaUIONpoKaTa BecoM 135 T pa3pe3anu Ha JIBE YacTH TakK, YTO OJHA U3
HHX JIerde Apyroil B ABa pasza. Halinure Bec Kak10M 4acTH.

2. Vmeercs &Ba MeETayUIONpOKaTa pa3HbIX COpPTOB. Macca mepBOrO METaJLIONpOKaTa paBHA OSKT.
Jlpyroii, 1iuHa KOTOpPOro Ha 3M OoJibllle UTMHBI MIEPBOTO M Macca KaKJI0Tro METpa KOTOPOTo Ha
2Kr OoJblIe Macchl KaKAOr0 METpa IMEepBOro METaJuIoNpokara, uMeeT Maccy 120 kr. Beruucaure
JUTMHY Ka)KJIOTO METaJUIONPOKaTa.

3. Ha cknane nmerotcs 3arotoBku Metamtonpoaykiuuu 60 kr u 100 kr. Korma peanuzoBamu 50%
3arotoBok 60 kr u 20% 3aroroBok 100 Kr, 4T0 cocTaBujo B 00mIeH ciaoxHocTH 390 3aroTOBOK, TO
3arotoBok 60 kr octanoch B 3 pa3a Oosnbie, yeM 100 xr. CkosibKO M3HAa4YaIbHO OBLIO Ha CKiaze
3arotToBok 60 xr u 100 kr?

4. JIByM mpokartyukam Obl1a mopy4eHna padora. Bropoii nmpuctymmi k paboTe Ha 9ac Mo3Ke MepBoro.

o 9 o
UYepes 3 yaca mocie TOro, Kak MEPBBIM MPHUCTYIMHI K paboTe, UM OCTaJOCh BBIIOJIHUTH 7 Bee

pabotsl. [To okoHYaHUM pabOTHI 0KA3aJI0Ch, YTO KK BBHIOJIHIII TTOJIOBUHY BCEeW pabOTHL. 3a
CKOJIbKO YacOB Ka)KJIblii, paboTast OT/I€JIbHO, MOKET BBIMOJIHUTH BCIO paboTy?

Ilopsiiok BHINOJIHEHHUS PaGOThI:

BHuMaTenpHO 03HAKOMBTECH C YCIOBUEM 3aJaHMs.

[Tonp3ysch MOMY4YEHHBIMH 3HAHUSAMH (B Cllyyae 3aTPyAHEHHs BOCIOJb3YMTECh CHPaBOUYHBIMU
MaTepuagamMH), BBIIOJIHUTE 3aJlaHUE.

Xon paboThi:

[Ton anrebpanueckuM METOAOM pELICHMs 337ad MOHMMAeTcs TaKOH METOJ pelIeHus, Korjaa
HEW3BECTHBIE BEIMYMHBI HAXOJATCS B PE3YNbTaTe PEIICHHsS YPaBHEHHsS WJIM CHCTEMBI YPaBHEHUH,
COCTABJICHHBIX 110 YCJIIOBHIO 3a/1a4U.

[Ipu pemenun 3amay anreOpaudeckuM METOJOM OCHOBHAsl MBICIUTENbHAS JI€ATENbHOCTh
COCPEJI0TauMBaETCsl Ha MEPBOM JTalle PEUIeHMs 3ajlaud: Ha pa30ope yCJOBHS 33aJaud M COCTaBJICHUM
YPAaBHEHUH HUJIM HEPABEHCTB 110 YCJIOBHIO 3a/1a4N.

BTopelM 3Tanom ABISETCS pELICHUE COCTaBICHHOIO YpPaBHEHHMS WM CHUCTEMBl YpaBHEHUH,
HEPABEHCTBA UJIM CUCTEMBI HEPABEHCTB.

TpeTbuM BaXKHBIM 3TAIlOM PELICHUS 3a4a4 ABJISCTCS IIPOBEPKA PEIIEHU 3a1a4U, KOTOpasi IPOBOJUTCS I10
YCIIOBUIO 33J1a4H.

3aoaua:

[TepBbIii mpoKaTYMK 3a 4ac mpokarbiBaeT Ha 10 T yyryHa Oosiblie, YeM BTOPOW, U BBINOJHSET
3akas3, coctosmmi u3 60 T, Ha 3 yaca ObICTpee, YeM BTOPOI MPOKATUMK, BHIMOIHSIONUINHI TaKOH *Ke 3aKas3.
CKOJIBKO MPOKATAET METAJIA B 4aC BTOPOW MPOKATYUK?

Pemennue:
IlycTh X TOHH B 4ac MpOKaThIBAaeT BTOpOo pabounii, Toraa nepselid (x+10) ToHH.
IIpon3BOAUTEIBHOCTD Bpems Pabota
60
1 mpokatuuk (x+10) T B yac 7 60 T
60
2 IpOKaT4YnK X T B Hac —yq 60 T
X

Tak kak nepBblil IPOKATHIBAET Ha 3 yaca MEHbIIIE, YEM BTOPOM, TO COCTaBUM ypaBHEHUE!
60 60
—_ =3

X _x+10



[Monyunm x=-20 u x=10 (-20 — HE MOAXOUT MO CMBICITY 3a/1a4H)
10 TOHH B 4ac aenaeT BTOPOU MPOKATYHK.
Otsert: 10 TOHH.

(I)opMa NMpeacTaBJdCHUs pe3yjabTaTa: BhIIIOJIHCHHOC 3aJaHNC

Kputepun onenku:

Ouenka "oTJM4HO'" cTaBUTCA, €cii paboTa BBINOJIHEHA B IMOJTHOM 00BEME C COOIIIOJICHHEM
HE00XO0TMMO MOCIIeIOBATEIHLHOCTH JICHCTBUN.

OrneHka "'xopomuio' CTaBUTCS, €CIU BBITIOJHEHBI TPeOOBaHUS K OIICHKE "OTJIWYHO", HO JOMYIICHBI
2-3 Heymouera.

Onenka "ya0BJIeTBOPUTEIBHO' CTaBUTCS, €clid paboTa BBINOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YaCTH TaKOB, YTO MO3BOJISICT MOJIYYUTh MPABUIIbHBIC PE3YJILTATHI U BHIBOJIBI.

OrieHKa ""HeY10BJIETBOPUTEIBLHO' CTaBUTCS, €CIM paboTa BHIMOJHEHA HE IMMOJTHOCTHIO UM 00BEM
BBITIOJTHEHHOW YacTH PabOTHI HE IMO3BOJISET CENIATh TPABMIIBHBIX BBEIBOJIOB.

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTHyeckoe 3ansaTHE Ne 5
«PelieHue paliiOHAJIbLHBIX HEPABEHCTBY

Heﬂb paﬁDTbIZ HOBTOpI/ITB U  3aKpClHUTb 3HAHWA W YMCHHUA Y4dalllUXCA TIpU PCUHICHUU
palrOHAJIbHBIX HCPABCHCTB.

IIpakTnuyeckas padora popmupyer:

[TP62. ymeHue onepupoBaTh MOHATUSAMH: CTENEHb YKCIa, JOrapupM YUCIa; YMEHHUE BBIIOIHSTD
BBIUHCJICHHE 3HAaYeHUI 1 peoOpa30BaHus BHIPAKEHUHN CO CTENEHSIMU U JlorapudpMamu, mpeodpa3oBaHus
IpOOHO-PALIMOHATIBHBIX BBIPAKEHHIA;

[1P63. ymeHue omepupoBaTh MOHATUSMU: pPalMOHANIBHBIE, MPPALMOHAIbHBIE, TOKa3aTeNIbHBIE,
CTEINeHHbIE, Jorapu(pMHUUECKUE, TPUTOHOMETPUUYECKHE YPAaBHEHNS U HEPABEHCTBA, UX CUCTEMBI;

[IPy7. ymeHue omnepupoBaTh NOHATUAMU: TOXKAECTBO, TOXKIECTBEHHOE MNpeoOpa3oBaHUE,
ypaBHEHUE, HEPABEHCTBO, CUCTEMA YPAaBHEHUM U HEPABEHCTB, PABHOCUIIBHOCTb YPAaBHEHUH, HEPABEHCTB
U CHCTEM, palMOHalbHbIe, WPpPALMOHANbHbIE, IIOKa3aTelbHble, CTENEHHbIe, JorapuMuiecKue,
TPUTOHOMCTPHYCCKUC YpPaBHCHHUA, HCPABCHCTBA U CUCTCMbI;, YMCHHUEC PCIIATh YPAaBHCHUA, HCPABCHCTBA U
CUCTEMBI C TIOMOIIBIO PA3IUYHBIX IIPUEMOB; PEIIATh YPABHEHU, HEPABECHCTBA U CUCTEMBI C I1ApaMETPOM;
IMPUMCHATh YPaBHCHUA, HEPABCHCTBA, MX CHUCTEMBI JJId PCHICHUA MATCMAaTHYCCKUX 3aJad U 3aJad U3
pa3nuyHbIX 001acTel HAYKHU U peaIbHOM KHU3HH;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeibupaTth crnocoObl pemieHds 3aaad NpoQecCHOHANbHON JeATEIbHOCTH MNPHUMEHUTENIBHO K
Pa3IMYHbIM KOHTEKCTaM;
OK 02 Hcnonb3oBaTh COBpEMEHHBIE CpeACTBa IOWUCKA, aHAIW3a W HHTEpIpeTaluu HHPOpMaAUU U
MH(OPMAaIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHUS 3a/1a4 PO(eCCHOHATBHON 1eATeIbHOCTH;

3ananne

Pemuts HCpPAaBCHCTBA:

1) 3x—(2x—7)<3(1+%x); ) x+=2>3;



x+4 x—1 x—1 x+1

5 x’+x—-6<0; 6) x2+3x+2>0;

7) x%2<0,25; 8) 4-—x?<0;

9) x%2-8x>0; 10) x2? + 24x < 0;

11) %% — 6x + 9 < 0; 12) 25x2 —10x + 1 = 0;

13) x(x —1)(x —4) > 0; 14) (x+2)(x —5)(x+9) <0;

15) x(x — 2)(x = 5)? > 0; 16) x%(x + 1)(x — 6)? > 0;

17) (x +6)(x — 2)3(x + 3)* = 0; 18) x%(x + 7)(x — 5)8(x + 8)3 < 0;
x+3 . (x+4)(x+7) .

19) 22 <0; 20) HNEHT) 5 .

(x=2)(x+4)?
7x—x2

21)

pe
2 _
<0: 9g) (Ex)(x=3) (“;’i)(" D <o

1)2

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI:

HpI/I pPCHICHUN HEPABCHCTB HUCIIOJBb3YIOTCA CICAYIOIINEC IMpaBUJIa Hp606pa3OBaHI/I$I HCPAaBCHCTB B
PaBHOCHUJIBHBIC!

a) KaKoii- 1u0o uieH HCPABCHCTBA MOXXHO IICPCHCCTH U3 OI[HOI71 €ro

JacTu B JOPYI'yro C MIPOTHUBOIIOJOXHBIM 3HAKOM, OCTABUB IIpHU 3TOM 0e3 M3MEHEHHUs 3HaK
HCPABCHCTBA,

6) 00e yactH HEPaBCHCTBA MOXHO YMHOKHUTb WJIHW Pa3fCjiUTb HAa OAHO TO KC IIOJIOKHUTCIIBHOC
4YurC10, OCTaBUB IIPpHU 5TOM 0e3 U3MCHCHHUS 3HaK HCPABCHCTBA,

B) 00e Jactu HEPABCHCTBA MOXHO YMHOKUTDb WJIN PA3ACIINTh HA OAHO U TO K€ OTpHULIATCIbHOC YHUCIIO,
HU3MCHHB IIPpU 3TOM 3HAK HCPABCHCTBA HA HpOTI/IBOHOJIO)KHI)H\/JI

HpI/I PCHICHUHN CUCTEM HEPABCHCTB HYKHO PCHIUTDH KAXKIAOC U3 HUX U BbI6paTB O6H_Ie€ PEHICHUC.

Xoxa padoTbI:

Pemnm HepaBeHCTBa.

7x—1 2x—5 7
1. 5x - X422 5 L
5 10

[lepeneceM Bce wiieHBI B JIEBYIO YacTh U MPHUBEAEM K 00IIEMYy 3HAMEHATel0. OOl 3HaMeHaTelNb
10; Tak Kak 3HaMEHaTelb HE COJEPKUT IEPEMEHHOH, TO B JAJNbHEHIIEM €ro MOKHO HE IHCaTh
(omycTUTh).

50x —5(7x —1)+2(2x—=5)—-7>0

50x —35x+5+4x—-10-7>0

19x - 12> 0

12
x> —
19

12
12
OTtBeT: X € (E; oo)

2.5x — 2 — 3x? > 0 - KBaJpaTHOE HEPABEHCTBO YMHOKUM Ha (—1)
3x2—5x+2<0

Haiinem kopHU ypaBHEHUS:

3x2 —5x+2=0

D=25-24=1

I'paguxom Qynkuuu 3x2 — 5x + 2 = 0 spiserca napa6osa (puc.2), BETBH KOTOPOH HampaBJeHbI
2
BBEPX, @ TOUKH MepecedeHus napabossl u ocu OXsto x; = 1ux, = 3
N300pa3um reoMmeTpuIecKu:



Tak kak MBI perraeM HEPaBEHCTBO 3x2-5x+2<0, TO PEIICHHEM HEPaBEHCTBA OYyIET MPOMEKYTOK
2
(uHTEpBAN) X € (5; 1)
2
OTBeT: x € (5; 1)

(I)opMa NpeacraBJC€Hus pe3yjabTaTa: BbIIIOJIHCHHOC 3a/JlaHHUC.

Kputepun ouenku:

Onenka "OTJMYHO" CTaBUTCS, €ciii paboTa BBINOJHEHA B IOJHOM 00BEME C COOJIOICHHEM
HEOOXOIMMOH IMOCIIEN0BATENHHOCTH AEHCTBUM.

Orenka "Xopouo" CTaBUTCS, €CIIM BBIIIOJHEHBl TPEOOBaHUS K OLIEHKE "OTIWYHO", HO JOMYILEHHI 2-
3 Hegouera.

Ouenka "ya0B/1€TBOPUTENbHO" CTaBUTCA, €CIM pabOTa BBIMOJIHEHA HE MOJHOCTHhIO, HO O00BEM
BBITIOJIHCHHOW YaCTH TaKOB, YTO MO3BOJISICT MOJIYYUTh MPABHIIbHBIC PE3YJILTATH U BHIBOJIBI.

Orenka "Hey/10BJIETBOPUTEIBLHO'" CTaBUTCS, €CIIM pad0OTa BHIIOJHEHA HE MOJHOCTHIO WM 00BbEM

BBITIOJTHEHHOW 9acTH PabOTHI HE IMO3BOJISET CENIATh MIPABIIILHBIX BBIBOJIOB.

Tema 1.2 @®yHKkuun u rpapuku

IIpakTnueckoe 3ansaTne Ne6
«HUccnenoanne pynkuuii. CBOMCTBA JIHHEHHON, KBAAPATHYHOMN, KyCOYHO-JIMHEIHON 1
APOOHO-IMHEHHOH PyHKIUID»

Henp pabdoTbl: HayuuTbCsd ONPENENATH YETHOCTh HEYETHOCTh (DYHKUIHMH, MPOBOAUTH
ucciesioBaHre (YHKIMM HAa MOHOTOHHOCTb, OSKCTPEMYMbI, HYIHM (YHKUUH M [POMEXKYTKH
3HAaKOIIOCTOSIHCTBA.

IIpakTuuyeckas padora popmupyer:

[TP64. ymenue omepupoBaTh MNOHATUSAMH: (QYHKLHMS, HENpepbiBHAsS (QYHKIUS, MPOU3BOJHAs,
nepBooOpasHas, ONMpeaesIeHHBI HHTErpall; YMEHUE HAaXOJUTh MPOW3BOIHBIC DJIEMEHTAPHBIX (YHKIWH,
UCMOJb3Ysl CIPAaBOYHBIE MAaTEPUaAlbl; UCCIEI0BATh B MPOCTEHIINX CiIydasX (PyHKIMM HA MOHOTOHHOCTH,
HaXOJWUTh HAWOONBIINE W HAaWMEHbINNE 3HAueHHWs (QYHKUUH; CTPOUTh TIpadUKd MHOTOUWIEHOB C
MCIOJIb30BAaHUEM aliapara MaTeMaTHYeCKOro aHajan3a; NPUMEHSTh NMPOU3BOAHYIO IPU PELIeHUM 3a/1ad
Ha JIBIKEHHE; PelaTh MPaKTUKO-OPHEHTUPOBAHHBIEC 33/]aui Ha HaWOOJbIINEe W HAaNMEHBIINE 3HAYCHUS,
Ha HaXxO0XJIEHUE MyTH, CKOPOCTH U YCKOPEHUS;

[1P65. ymeHme omepupoBaTh MOHATHSMHU: pallMOHANbHAs (DYHKIHS, MOKa3aTelbHas (QyHKIHS,
creneHHast pyHKIus, Jorapupmudeckas GyHKIHS, TPUTOHOMETpUYeckre QyHKIMH, 0OpaTHbIe QYHKIUH;
YMEHHE CTPOUTHh I'padMKd M3YYCHHBIX (YHKIUH, UCTIONB30BATh TPAQUKH MPHU MU3Y4CHHH TPOIECCOB U
3aBUCUMOCTEH, TpU peIIeHUuH 3aJad M3 JIPYTUX Y4eOHbIX NPEAMETOB W 33/ad U3 PealbHON KU3HU,
BBIpaXaTh (OPMYITaAMHU 3aBUCHIMOCTH MEX/y BETHUNHAMU;

[TPy8. ymeHue CBOOOJHO OIEPUPOBATH MOHATUAMHU: Tpapuk (yHKIUH, oOpaTHas (yHKIMS,
KOMIO3UIUS (YHKIMH, JWHEHHas (QYHKUMS, KBaJpaTuyHas (QYHKIMs, CTeNeHHas (PYHKIUS C LEIbIM
nokaszaTejieM, TpPUTOHOMETpudeckue  (yHKIMH, OOpaTHblE  TPUTOHOMETpUYEcKHe  (YHKIIMH,
noKasareibHass M Jorapupmuyeckas (GYHKIUU; yMEHHE CTPOUTh TIpaduku (GYHKIHUHM, BBITOIHATH
npeoOpa3oBanusi rpaukoB (QYHKIUH; yMEHHE HCIONB30BaTh Tpapuku (YHKIMHA A7 H3y4eHUs
MIPOIIECCOB M 3aBUCUMOCTEH MPHU PEUICHUH 33a7a4 U3 IPYTUX y4eOHBIX MPEIMETOB U U3 PeabHON KHU3HH,
BbIpaXaTh (POpPMyJIaMU 3aBUCUMOCTH MEXAY BETMYMHAMH; YMEHHUE CBOOOIHO ONEPUPOBATH MOHATUSIMHU:
YETHOCTh (DYHKIIMH, MEPUOJAMYHOCTh (PYHKIIMU, OTPAHUYCHHOCTh (YHKIIMH, MOHOTOHHOCTH (PYHKITHH,



SKCTpeMyM (yHKIMHM, HauOoiblllee W HAWMEHbIIEE 3HAUYCHUS (YHKIMM Ha MPOMEXYTKE, yMEHHE
IIPOBOJIUTH UCCIIEOBAHUE (DYHKLIMU; YMEHHE UCIIOIb30BaTh CBOMCTBA U rpadpuky pyHKIMH U1l pereHust
yYpaBHEHUI, HEPABEHCTB U 3ajjad C NapaMeTpaMu; 300paxarb Ha KOOPJAUHATHON INIOCKOCTU MHOXECTBA
peleHni ypaBHEHUI, HEPABEHCTB U UX CUCTEM.

BoinosiHeHue padoThl cmoco0cTBYET (POPMUPOBAHUIO:
OK 01 BeiOuparh cmocoObl pemieHust 3aaad Mpo(hecCHOHATBHONW JAEATENIbHOCTH NPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM;
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHaJIM3a M HMHTEPIPETAluH HH()OpMAIUK |
MH(GOPMAaLMOHHbIE TEXHOJIOTUH JUIs BBIIOJIHEHU 3a/1a4 PO ECCHOHATIBHOM 1A TeIbHOCTH;
OK 03 IlmanupoBaThb M peaJM30BBIBATH COOCTBEHHOE MPO(PECCHOHATBHOE M JUYHOCTHOE pPa3BHTHE,
IPEIIPUHUMATENbCKYIO JEATEIIbHOCTh B HIpOQecCHOHaNbHOM cdepe, HCHONb30BATh 3HAHUS 110
(UHAHCOBOW TPAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIHAX;
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PabOTaTh B KOJUICKTUBE U KOMaH/IC.

3ananue
1) Haiinure 3Hauenus GyHKIUI B TOUKaX
a)  f(x)=2x%-3x+1, x, =0,
Xy = 2;
X3 = _1,
0 fl)=15 x = -1,
Xy = 0,
X3 = 6
2 -
2) Jnst pysknmu f(x) = % HaluTe:
) fE-2);
6)  f(=x°);
1
» ()
3) Haiinure o6macth onpeneneHus GyHKIHIA:
6 . - 7 .
9 Y= age )  ¥=pom
B y=ViZ—3x+2 D y=VZ+ax-12
1
= . 3
H) y x2—-4' e) y = /m
4) Uccnenyiite GpyHKIIMN HA YETHOCTB:!
a) y=x%+2x*+1,; 0) y = 2x7 —4x3 + x;
B) y =5 —3x53; r) y =2%+27%,
= 22X _ )X —3x2%+1
N Y= O Y=
X . — 2,5 _ 943
x) y== 3) y=3x>—2x>+4x + 3.
5) Hccnedyiime gpynkyuu, 3a0anusvle cpagpuuecku, Ha 4emMHOCMb:

a) 0)




-
2

'
T

IMopsinok BbINOJIHEHUS PadOTHI:

1) Haiigure obnacts onpenenenus GyHKINN.

Jis HaxoXIeHHs MPOMEKYTKOB 3HAKOMOCTOSHCTBA HAWAWTE TOYKU IEPECEYEHHUS] C OChIO
abcuucc, pemuB ypaBaenue y=0. HaiinenHbsle KOpHH paccTaBbTe Ha ocu OX B MOPSIKE BO3pACTaHUS U
HaWAUTe 3HAK PYHKIIMH HA KaXJIO0M M3 IOTy4YEeHHBIX HHTEPBAIOB. 3alUIIUTE PE3YIbTaT.

2) Haiinure oGnacts onpenenenns GQyHKIuU. Y OeauTech, YTO OHa CUMMETPUYHA.

1.3amMenute aprymeHT QyHKIOUH X Ha "-x". lloxgcraBpTe OSTOT aprymeHT B
(YHKIIMOHAJIBHOE BBIpAXKEHHE.

2.Y1pocTuTe BhIpakeHuUe.

3.Takum 00pa3oMm, BBl TIOJTYYWIH OJHY M Ty kK€ (DYHKIIMIO, 3alUCAHHYIO JIJIS apTyMEHTOB
"x"u"-x". ITocmoTpuTe Ha ABE ATH 3alIUCH.

Ecmn y(-x) = y(x), TO 3TO yeTHast QyHKLHS.

Ecmu y(-X) =- y(X), TO 3T0 HeueTHast GYHKIIHS.

Ecmu ke mpo (yHKIMIO HENb3s CcKaszaTh, uTo Y(-X)=y(X) win y(-X)=-y(X), TO MO CBOWCTBY
YETHOCTH 3TO QPyHKIHS 00111ero Buaa. To ecTh, OHA HE SABISAETCS HU YETHOM, HU HEUETHOM.

4 .3anumure caelaHHbIe BAMH BBIBOJIBI.

3) Haiinute obnacte ompeneneHus QYHKIUKA W HYTU (QYHKIMH, €CId OHU ecTh. Mccrmemyiite
(YHKITUIO HA MOHOTOHHOCTD Ha TIOJYYCHHBIX HHTEPBAJIAX.

Oynkius F(X) Ha3piBaeTcs Bo3pacTaroleit Ha oTpeske [a,b] , ecnu i mo0BIX IBYX TOYEK X1 U
X2 u3 [a,b] cmpasemnuBo HepaBeHcTBO F(X1)<F(X?2) , KOrma Xi< Xp.

Oyukius F(X) HaspiBaeTcs yObIBaroleit Ha otpeske [a,0] , ecnu miist MrOOBIX IBYX TOYEK X1 U
X2 u3 [a,b] cnpaBemmuBo HepaBencTBo F(X1)>F(X2), Korma xi< Xj .

Xox paboTsrI:

x2-1

Uccnenosats Gpyukmuio f(x) =

X
Pemenue

Oo6mnacts onpenenenust pyukuuu D (f) = (—o;0) U (0; +00).
(—x)?—-1 x*-1_  x*-1

f(=x) = — =—f(x)

—x —x X
f(—x) = —f(x) => bynkuus f(x) ABIIETCS HEYECTHOI.




dopma npeacTaBieHUs pe3yJbTaTa: BHIIIOJIHEHHOE 331aHHE.

Kpurepum ouenku:

Ounenka "OTJMYHO" CTAaBUTCS, €clii paboTa BBIMOJIHEHA B IMOJHOM 00BEME C COOJIIOICHUEM
HeoOXO0IUMOM IMOCIIEN0BATENBHOCTHA JENCTBUN.

Ounenka ''Xopomo" CTaBUTCS, €CIM BBINOJHEHBl  TPeOOBAaHUSA K OLEHKE "OTIM4YHO", HO
JONYIIEHBI 2-3 HeJ0YeTa.

Ounenka "y10BJIETBOPUTEIBHO' CTaBUTCS, €CITM PabOTa BHIMOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHON YacTH TaKOB, YTO MO3BOJISIET MTOJIYUYUTh IPABUIIbHBIE PE3YJIbTAThI U BHIBOJIBL.

OuneHka '""HeyJI0BJIEeTBOPUTEIbHO'" CTAaBUTCS, €ClM paboTa BBIMOJHEHA HE TMOJTHOCTHIO WU
00BEM BBITIOJIHEHHOM YyacTH paboThl HE TO3BOJISET ClIeNaTh MPAaBUILHBIX BHIBO/IOB.

Tema 1.2 ®yHkuuu v rpagpukn

IIpakTHyeckoe 3ansaTHe Ne7
«IlocTpoenne u ureHne rpapuKoB GyHKIHI)

Leap paldoTbl: MOBTOpPEHHE H3YYEHHOI'O MaTepuaia; INPUMEHEHUE TEOPETHUYECKHUX 3HAaHUM K
PELICHUIO TPAKTUYECKHX 3a/1a4.

IIpakTuyeckas pabora popmupyer:

[1P64. ymenue omepupoBaTh MOHATUSAMH: (YHKIHWS, HENpepbIBHAs (QYHKIUS, HPOU3BOIHAS,
nepBooOpasHasi, ONpeesIeHHbI MHTerpajl; yMEHUE HaXOJUTh HMPOU3BOJHBIE 3JIEMEHTApHBIX (YHKLHUH,
UCIOJIb3YSl CIPAaBOYHbIE MAaT€pUAJIbl; UCCIEA0BATh B MPOCTEHIINX cly4yasX (YHKIUM HA MOHOTOHHOCTb,
HaxoAuTh HauOOJbIIME W HAUMEHbLIME 3HaueHWs QYHKUUH; CTPOUTh IpaUKd MHOTOUWIEHOB C
UCIOJIb30BaHUEM allllapaTa MaTeMaTU4YeCKOro aHalu3a; MPUMEHSATh MMPOU3BOJIHYIO IIPU PEUICHUH 3ajad
Ha JIBWKEHME; pellaTh MPAaKTUKO-OPHUEHTUPOBAHHbIE 3a/1aul Ha HauOOJbIINE U HAaUMEHbIINE 3HAaYeHMUS,
Ha HaXO0)KJIEHUE ITyTH, CKOPOCTU U YCKOPEHHS;

[TP65. ymeHue omepupoBaTh MOHATHUSMHU: palMOHaNbHas (YHKIMS, MoKa3aTelabHass (QyHKIUS,
cTeneHHas QpyHKuus, Jorapumuueckas pyHKIMs, TPUTOHOMETpUUecKue PyHKINMU, oOpaTHbIE (YHKIUY;
YMEHHUE CTPOUTh I'padMKH M3YUYEHHBIX (DYHKIMH, MCIOIB30BATh Ipa(UKU MpPU M3YyYEHHUU MPOLIECCOB U
3aBUCHMOCTEH, MpH peIIeHUWH 3aJad U3 JAPYrux yY4eOHbIX NPEeIMETOB U 3aJad U3 PEeabHOM >KU3HU;
BbIpaXaTh (JOPMYJIaMHU 3aBUCUMOCTH MEX]y BETMUYNHAMU;

[1Py8. ymeHue cBOOOAHO ONEpPUPOBATH MHOHATUAMU: Tpaduk QyHKIMH, oOpaTHas QyHKIHS,
KOMMO3ULMS (PYHKIMH, TuHEeHHas (QyHKIUS, KBagpaTHuHas (YHKIUS, CTeleHHas (QYHKIMS C LENbIM
[OKa3zareieM, TPUTOHOMETpHYecKue  (QyHKIMHM, OOpaTHble  TPUTOHOMETPUUYECKHE  (PYHKIIMH,
nokaszaTenbHass W Jorapugmuyeckas (QyHKIUH, YMEHHME CTPOMTh Ipadukud (YHKIHUH, BBITOIHATH
npeoOpa3oBanus rpadukoB (YHKIUN; yMEHUE HCMOIb30BaTh TIpa@uKu QYHKIMA Ui U3Y4EHUS
MPOIIECCOB M 3aBUCUMOCTEH NMpH PELICHNUH 33aa4 U3 APYTUX y4eOHBIX MPEIMETOB U U3 peabHON KHU3HH;
BbIpaXkaTh (pOpMyJaMH 3aBUCUMOCTH MEX]ly BEIMYMHAMH; YMEHHE CBOOOHO ONEpUPOBATH MOHATHUSIMU:
YEeTHOCTh (DYHKIMH, MEPUOAMYHOCTh (DYHKIIMH, OTPAaHUYEHHOCTh (PYHKIIMM, MOHOTOHHOCTb (DYHKIIMH,
KCTpeMyM (yHKIMM, HauOojplliee M HauMeEHbIIee 3HA4YeHHUA (QYHKIMM Ha MPOMEXKYTKE; yMEHHE
MIPOBOJIUTH MCCIIEJOBaHUE (PYHKIIMHU; YMEHHE UCIIOIB30BaTh CBOMCTBA U Tpadpuky yHKIMHA IS pereHus
ypaBHEHUI, HEPABEHCTB U 3ajlay C apaMeTpaMu; U300paxkaTb Ha KOOPJUHATHOM MJIOCKOCTU MHOXKECTBA
pelIeHNli ypaBHEHUI, HEPABEHCTB U UX CHCTEM.

[TPy18. ymeHue MoaenHpoOBaTh pPEANTbHBIE CUTYyallUM Ha $S3bIKE MATEMAaTHUKH; COCTABISATH
BBIPQKCHUS, YPABHEHUS, HEPABEHCTBA U MX CHCTEMBI IO YCIOBMIO 3a/layM, UCCIENOBATh IIOCTPOEHHBIE
MOJIETIM C HCIIOJIb30BAaHHWEM armapaTa ajreOpbl, HHTEPIPETUPOBATh MOJYYEHHBIH PE3yNbTaT; CTPOUTH
MaTEMaTHYECKUE MOJEIN € MIOMOIBIO T€OMETPUUECKUX MOHATUI U BEJIMYMH, PEIIATh CBSI3aHHBIE C HUMU
IIPAKTUYECKUE 3aJa4M; COCTABIATh BEPOSTHOCTHYIO MOJEIb M HHTEPIPETHPOBATh IOJIyYEHHBIN



pe3yiibTar; pCulaTb MNPUKIAAHBIC 3aJa4u CpCACTBAMHU MATCMATUYCCKOI'O aHajlin3d, B TOM YHCIIC
COITUATEHO-9)KOHOMHYECKOTO U (PH3MUECKOTO XapaKTepa.

BrinosiHeHue padoThl cioco0cTBYET (POPMUPOBAHUIO:

OK 01 Beibupats crioco0sl perienus 3ajad npopecCHOHAIbHON AeITeIbHOCTH MPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM;

OK 02 Mcronb30BaTh COBpPEMEHHBIE CPEICTBA MIOMCKA, aHAIN3a U MHTEPIIPETalui HHOpMaIy 1
MH(GOPMAaLMOHHbIE TEXHOJOTUH JUIs BBIIOJIHEHU 3a/1a4 IPOGECCHOHATIBHOM 1eATEIbHOCTH;

OK 03 IlmanupoBaTb M pealM30BBIBATH COOCTBEHHOE MPO(ECCHOHATBPHOE M JIMYHOCTHOE
pasBUTHE, IPEIIPUHUMATENBCKYIO JESITEIbHOCTh B IPOPECCHOHATIBHOMN cdepe, UCI0NIb30BaTh 3HAHUSI 110
(UHAHCOBOW TPAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIHX;

OK 04 D¢ddexTnBHO B3aUMOAEHCTBOBATh U padOTATh B KOJIJIEKTUBE M KOMaHJIE.

[IK 2.1 BBIMosHATH pacyeTsl MapaMeTpoOB TEXHOJOTHUECKUX IPOIECCOB O0pabOTKH METaIoB
JaBJIeHHEM, pabOoThl 000PYOBAaHUS, XapaKTEPUCTUK UCXOTHBIX 3arOTOBOK U METAJJIONPOAYKLIMH.

3amanne
1. TemnepaTypa neuu B 3aBUCUMOCTU OT BPEMEHU MEHSETCSI 110 3aKOHY:
I(t) =t -8t +17.
[Toctpoiite rpaduk H3MEHEHUS TemIeparypbl. B Kakoil MOMEHT BpeMeHHM TemmepaTypa Obuia
MUHUMAaJIbHON? B Kakoil IpoMEXyTOK BpEMEHHU TeMIlepaTypa Bo3pacrana?
2. Ilpumensist reoMeTpUYECKUe PeoOpa3oBaHMsI, TOCTPOUTE TpaPuKH (PyHKIIHIA:
a) y=((x—-5)72%+1;
6) y=Ix+1°%+1];
1
B) y = xTZ + 3;

T =
) y [x]+2

ITopsinok BbINOJHEHHS PadOTHI

Jns  moctpoeHuss rpauKoB  BOCHOJb3YMTECh TIE€OMETPUUYECKMMM  NPeoOpa3oBaHUSIMMU:
CUMMETPUYHOE OTOOpakeHHe Tpa(UKOB OTHOCHUTENIBHO OCEH KOOpAMHAT, MapajlelbHBIA IEepeHoC
rpaduKoB, CXKaTHE U PACTSKEHHE.

Xon paboThi:

[octpouts rpaduk pynxiuu y = (x + 3)% + 4.

3a ocHOBY B03bMEM rpaduk y = x2 (puc. 1).

3arem crpoum rpaduk y = (x + 3)? myTém mapaiensHoro nepenoca rpaduka BiaeBo(puc.2).

Crpoum rpadux y = (x + 3)? + 4 napaiensHsIM epeHocoM rpaduka Beepx (puc.3).

Puc. 1 Puc. 2 Puc. 3
®opma npeacTaBlieHUsl pe3yJbTaTa: BHIIIOTHEHHOE 33/1aHHE.

Kpurepun onenkn:

Ouenka "oTju4yHO'" CTaBUTCS, €cau padoTa BBINOJTHEHA B MOJTHOM 00BEME ¢ COOIOIEHUEM
HE00XO0TUMOM MMOCIIeIOBATEILHOCTH ACHCTBUN.

Ouenka "'xopomuio' CTaBUTCS, €CIU BBITIOJHEHBI TPeOOBAaHHUS K OIICHKE "OTIMYHO", HO JOMYIIEHBI
2-3 HemoueTa.



Ounenka "y10BJIETBOPUTEIBHO' CTaBUTCS, €CIIM padOTa BHIMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJTHEHHON YaCTH TaKOB, YTO MO3BOJISIET MOJYYUTh MPABHIIbHBIE PE3YJIbTAThl U BHIBOJIBI.

OuneHka '""HeyJI0BJIEeTBOPUTEIBHO'" CTAaBUTCS, €cld paboTa BBIMOJHEHA HE TMOJIHOCTHIO WU
00BEM BBINIOJIHEHHOM YacTH paboThl HE TIO3BOJISET ClieaTh MPaBUIbHBIX BHIBO/IOB.

Tema 1.3 KopHu, crenenu u jorapugmbi

IIpakTuyeckoe 3ansiTue Ne§
«PelieHue HPPALMOHAJIBHBIX YPABHEHUI»

Heasb padorpi: O000MNTH, 3aKPENUTh M CUCTEMATH3UPOBATh 3HAHMS YUYAIIUXCS NMPU PEHICHUU
Pa3IMYHBIX BUIOB HPPAIMOHAIBHBIX YPaBHEHHH.

IIpakTnyeckas padbora ¢popmupyer:

[1P62. ymeHne onepupoBaTh MOHATHAMU: CTETIEHb YHCIA, JOrapu(M YMCIIa; YMEHUE BBIOIHATH
BBIUUCIICHUE 3HAUEHUI 1 MpeoOpazoBaHMsl BBIPAKEHHUM CO CTENEHAMH U Jorapudmamu, npeodpazoBaHus
JTpOOHO-pallMOHATIFHBIX BBHIPAKECHUI;

ITP63. ymeHue omepupoBaTh MOHATHSAMM: pPALMOHAIbHbIC, MPpPALMOHAIbHbIE, [10Ka3aTelIbHBIE,
CTENEHHbIE, Jorapu(PpMUUECKUe, TPUTOHOMETPUUYECKNE YPAaBHEHUS U HEPABEHCTBA, UX CUCTEMBI;

[TPy6. ymenue cBOOOJHO ONEpUPOBaTh IMOHATHUAMH: CTEIEHb C LEJIBIM IOKa3aTeleM, KOpEeHb
HaTypaJIbHOM CTENEHM, CTENEeHb C pAlUOHAJIBHBIM IIOKa3aTejeM, CTElNeHb C JeHCTBUTEIbHBIM
(BelecTBEHHBIM) ITOKa3aTeleM, JorapuM 4uciia, CHHYC, KOCUHYC U TAHI'€HC IPOM3BOJIBHOIO YHCIIA;

[IPy7. yMmeHue omnepupoBaTh MOHATUSAMHU: TOXIECTBO, TOXKJIECTBEHHOE IpeoOpa3oBaHuE,
YPaBHEHUE, HEPABEHCTBO, CUCTEMA YPABHEHHM U HEPABEHCTB, PaBHOCUJIBHOCTh YPABHEHUI, HEPABEHCTB
U CHCTEM, palHoOHaJbHBbIE, HPPANUOHAIBHBIC, TIOKa3aTelIbHBIC, CTENEHHBIC, Jorapudmudeckue,
TPUTOHOMETPUUYECKHE YPABHEHUS, HEPABEHCTBA U CUCTEMbI; YMEHUE pellaTh YPaBHEHUsS, HEPABEHCTBA U
CUCTEMBI C TIOMOIIbIO PA3IMYHBIX IPUEMOB; PEIlIaTh YPaBHEHHUS, HEPABEHCTBA U CUCTEMBI C TAPaAMETPOM;
IIPUMEHSTh YpaBHEHMS, HEPABEHCTBA, UX CHCTEMBI U PELICHHMS MAaTEMATHYECKUX 3a7ad M 3a4ad U3
pa3aMyYHbIX 00JacTel HayKH U peaslbHOM JKU3HHU.

Boinosinenue padorsl cnocodcTByeT GopMUPOBAHUIO:
OK 01 BeiOupars cmocoObl pemieHust 3aaad MNpo(ecCHOHAIBHOW JAEATENbHOCTH NPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM;
OK 02 Hcnonp3oBaTh COBpEMEHHBIE CpeJCTBA IOMCKA, aHAJIM3a M HMHTEpIpeTaluu HH(QOpMaruu |
MH(}OPMaLIMOHHBIE TEXHOJIOTUH JJIs1 BBITIOJTHEHMS 3a/1a4 MPOPECCUOHANBHOMN A€ATEeIbHOCTH;
OK 04 D¢ dexTrBHO B3auMOIeCcTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMaH/IE.

3amanmue
Pemnre ypaBHeHus:

1) Vx—1=4;

2) V3x+7+4=0;

3) 7—Vx+2=4;

4) V16x2 +16x + 29 = 5;

3| x+2
5) \I 5x+22 -1

6) V2x—4—+Vx+5=1;

7) V5+Vx+3=3;

8) V2x+1++Vx—3=2Vx.

IHopsinok BBINOJHEHHUS PA0OTHI



1) IIpn BO3BEnEHUM YpaBHEHMS B YETHYIO CTEIEHb IOJy4aeTCsl YpaBHEHME, SIBISIOLICECS
CJIEICTBUEM HMCXOAHOTO. [[03TOMY BO3MOKHO NOSIBJIE€HHE IMMOCTOPOHHUX PEUICHUH YpaBHEHMS, HO HeE
BO3MOXKHa TOTepsi KopHeil. [Ipuunna nmpuoOpeTeHust KOpHEH COCTOMT B TOM, YTO INPH BO3BEICHHH B
YETHYIO CTENEHb YHCEJI, PaBHBIX 10 aOCOITIOTHOW BETMYMHE, HO Pa3HbIX 10 3HAKY, MOJy4aeTcsl OJIUH U
TOT K€ pe3yjbTar.

Tak kaKk MOTYT MOSIBUTHCSI MIOCTOPOHHUE KOPHH, TO HEOOXOIMMO JAeNaTh MPOBEPKY, MOJICTABIISS
HalJICHHbIE 3HAYEHUS HEU3BECTHON TOJBKO B IIEPBOHAYAJIbHOE YpaBHEHHE, a HE B KakKHUe-TO
MIPOMEXKYTOUHBIE.

2) [Tpu pemieHny MppanMoOHATBHBIX YPaBHEHHH IOJIE3HO Iepe]l BO3BEACHUEM 00enx udacTen
YpaBHEHUS B HEKOTOPYIO CTENEHb "yeIMHUTD paguKan’.

Xoxa padoTbI:

Pemmte ypaBaenue V5x — 8 = 4.
YTtoObl M30aBUTHCS OT KOPHS, BO3BEIEM 00€ YacTH ypaBHEHUS B KBAJIpaT:

2
(V5x —8) =42
5x —8 =16
5x =16+ 8

5x =24
24

x=?
x = 4,8.

dopma npeacTaB/IeHUs] pe3yJbTaTa: BbIIOJIHEHHbIE 3aaHUS.

Kputepun ouenku:

Ounenka "oTaM4YHO'" CcTaBUTCA, €ClM padoOTa BHIMOIHEHA B IMOJHOM 00BEME C COOIIOJCHHEM
HEOOXO0MMOM MOCJIEA0BATEIILHOCTH ACHCTBUM.

Ounenka ''Xopomo' CTaBUTCS, €CIU BBIMOJTHEHBI  TpeOOBAaHMS K OLEHKEe "OTIMYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ouenka "ya0BJIeTBOPUTEJIBLHO' CTaBUTCA, €Clid paboTa BBHIIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJITHEHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPABUIILHBIC PE3YIILTATH U BHIBOJIBI.

Ounenka ''Heyl0BJIETBOPHUTEJIBLHO'" CTaBUTCS, eciM paboTa BHIMOJHEHA HE TOJIHOCTHIO WIIH
00BEM BBITIOJTHEHHOM YacTH paOOThI HE TTO3BOJISIET CAENATh MPABHIIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, creneHu u Jorapugmsi

IIpakTnyeckoe 3ansaTne Ne9
«IIpeoOpa3oBaHus BbIpaKeHHH, COIEPIKALUX CTeNeHU U PATUKAIBI

Leap pabdorbi: 0000UIMTH, 3aKPENUTh U CUCTEMATH3UPOBATH 3HAHMS YYAllUXCS NPU pEIICHUU
KOHKDPETHBIX 33JJaHUH 110 TEME

IIpakTuyeckas pabora popmupyer:

[1P62. ymeHue onepupoBaTh NOHIATUAMHU: CTENIEHb YHCIA, JOrapudM YuClia; YMEHHE BBINOIHSTh
BBIUHCIICHHUE 3HAYCHHUI 1 TIPpeoOpa30BaHus BRIPAKEHUH CO CTETICHSIMH U JIorapudMamMu, peodpa3oBaHus
JTPOOHO-palMOHATBHBIX BEIPAKECHUI,

[1Py6. ymenue cBOOOIHO ONEPUPOBATH MOHSTUAMHU: CTENEHb C LEIBIM IOKa3aTeiaeM, KOpeHb

HaTypaJIbHOM CTENeHM, CTENeHb C palUOHAJIBHBIM IIOKa3aTejeM, CTelNeHb C JeHCTBUTEIbHBIM
(BellecTBEHHBIM) ITOKa3aTeNeM, JiorapudM 4ucia, CHHyC, KOCUHYC U TAaHT€HC TPOU3BOJIBHOTO YHCIIA.



[TPy18. ymeHHe MoOAenupoBaTh peajbHbIE CHUTYallud Ha S3bIKE MaTEMAaTUKH; COCTaBIISIThH
BBIPAKCHUS, YPABHEHUS, HEPABEHCTBA U MX CHUCTEMBI 10 YCJIOBHIO 33J1a4M, MCCIEAO0BATh IIOCTPOCHHBIE
MOJICJIM C KCIOJB30BAaHMEM amIapara aiareOpbl, HHTEPIPETUPOBATh MOJIYYECHHBIH Pe3yJbTaT; CTPOUTH
MaTEMaTHYECKUE MOJEIIU C IIOMOILUBIO T€OMETPUYECKUX MOHATUN U BEJIMYMH, PEIIATh CBS3aHHBIE C HUMH
IIPAKTUYECKHE 3aJauyd; COCTaBJISATb BEPOSITHOCTHYIO MOJEAb W HMHTEPIPETUPOBATH IOJYyYEHHBIN
pe3yJsbTaT; pelarb IPUKIAJHBIE 3aJa4d CPEACTBAMM MAaTEeMaTHYECKOrO aHaln3a, B TOM YHUCIIE
COIMANIEHO-9KOHOMHYECKOTO U (PH3UUECKOTO XapaKTepa.

BrinosiHeHue padoThl cioco0cTBYET (POPMUPOBAHUIO:

OK 01 Bribupats crocoObl pemeHus 3a1a4 npoeCCHOHATBHON AEATEIbHOCTH PUMEHHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM;

OK 04 DddexTrBHO B3aUMOJICHCTBOBATh U pabOTaTh B KOJUICKTUBE U KOMAH/IE;

I[IK 2.2 Pa3pabaTeiBaTh TEXHOJOTHUYECKYIO JIOKYMEHTAllUIO JUIA MPOBEACHUS paboT 1o
TEXHUYECKOMY OOCIY)KMBAaHUIO MPOMBIIIICHHOTO (TEXHOJOTHYecKoro) obopyaoBanus. IIK 2.1
BbInmonHATE pacueTbl mapaMeTpoB TEXHOJOIMUYECKMX IPOLECCOB 00paOOTKM METaIOB JIaBJICHUEM,
paboThI 000PYIOBaHHS, XaPAKTEPUCTHK UCXOJHBIX 3aTOTOBOK M METAJUIOTPOIYKIIHH.
3aganue

1. Beruucnure:

a) V24-9; 6) V48:27;
B) V54 -24; r) V75 -45;
1) 160 - 625; ¢) V48-162;
2. llpencraBbTe BBIPAJCHHEC B BHJIC CTENEHU W HAWIUTE €ro 3HAYCHHWE IPH JTaHHOM 3HAYCHUU
MepEMEHHOM:
a®a”® — p~° _1,
a) —;— Tpua = 6; 0) —— HIpUp = =3
b= _1, -3y2., 1 _
B) b2)-3 npu b = > r) (t7) =5 nput= 0,1.

3. V3BeCTHO, YTO JMAMETP CTEPXKHA-TIOABECKM W3 apmarypuod cranm d, =3cm. Onpenenure
2
TpeOyeMyIo IUIOIAAb CEYEHUs CTEPKHA Ay (CM”), €CIHM AUaMETp 3a1aeTcs no popmyiie

4 : Amp
d,, =.—— . 3HaueHue 77 BO3bMHTE PaBHOE 3.
V4
4. Ilepuon nonypacnana Beuiecta paBeH 140 cyrok. Ckonbko BemiecTBa octaHercs uepes 10 jer, eciau
€ro HavyaJibHas Macca paBHa 8r?
5. KOIMYeCTBO TEMIOTHI, BBIIEISIEMOE MPOBOJHUKOM C TOKOM, BbUMCHseTcs 1o gopmyne: Q = I% - Rt.

Haiigure cuny Toka (B Ammepax), ecnmu Q = 720 /Ixx, R=90m, t =5c.

IHopsiiok BhINOJIHEHUS PA0OTHI

BriHecuTe 3Hak MUHYC U3 IpoU3BEACHUA. Bocnonp3yiiTech CBONCTBOM CTENEHU C OTPULIATEIbHBIM
MoKasareieM. YTHoTpeOuTe CBOWCTBO BOCIPOU3BEACHHS BO BTOPYIO cTeneHb. [[1si OKoHYaTenpHOro
YIPOUIEHUsI 3TOr0 MHpHUMeEpa BOCIOJIB3YHTECh MPAaBUIOM YMHOXKEHHUS JApoOeil. B mocnennem 1mare
BOCIIOJIb3YITECH JIEJIEHUEM CTEeNEeHEN ¢ OJIMHAKOBBIM ITOKa3aTeseM.

B sTOM ciydae HamO0 NMPUMEHHT CBOWCTBO CTENEHEW C OTpHUIaTeNbHBIM MoKaszaTenaeM. UToObl
pasrpy3uTh NMONYYEHHYIO ApoOk, HAJ0 MpeodpazoBarh 3Ty ApoOk B neneHue. [IpuBectu Apoos k 001memMy
3HaMEHATeNI0 U MPOU3BECTH CIOXKEHHE JIpoOei ¢ oOuiuM 3HameHareneM. [locieaHuM marom caenatb
COKpalIeHHE.

Omnpenenure MNOPANOK JeHCTBHA. BrplpaxeHue B MepBOH CKOOKe MNpUBEAUTE K o0OLIeMy
3HaMEHATeNI0, B YUCIMUTENE CIeNaiiTe IpyNIUpPOBKY M BBIHECUTE OOIIMH MHOXHUTENb 3a CKOOKY.
BeimonnuTe neneHue, cokparute Ha oOmuil MHOXUTeNb. [locnennee aelicTBue — crioxkeHue ApoOei ¢



OJMHAKOBbIMU 3HAMCHATCIIAMMU. HpI/IBCI[I/ITC HO,Z[OGHBIC cJ1aracMblIcC.

Xox pa6oTsl

1) Yupoctuts Beipaxkenue: ((°)°(x*)")y"  xy%z’
x2y3 X10y10217
Brauane Haji0 MpoBeCTH PACKPBITHE CKOOOK, JUISl 5TOTO BOCIIOIB3YeMCSI CBOWCTBOM CTEIICHEH.
((-3)6) ,.(4-2) .. 6-3
xx 10 5-107— 12 3 -3 -5-10_
_ _ Y 7050, 77 _ 7123y 3yop 0=
X
Bocnonb3yemcsi CBOMCTBOM CTENEHEN ¢ OTPULIATENIbHBIM ITOKA3aTeNIEM.
=) ’ 1
le x3y5210
OtBer: »° 1
le x3y5210
2) YHpocTUTh BeIpaXKeHUE
Vx+1 . 1

xx +x+x x2 —Jx
Pemenue. Beenem o6o3Hauenne a=+/x , Tormax=(x)>=a’>, xJx=dla=d° -

dopmyiia U3 yCIOBUS 3a/1a4M [10CIIE 3aMEHbI OYAET BBIVIAACTh TakK: atl . 1
3 2 T4
a +a +a a —a

3amMeTuM, 4To a4-a=a(a3-13)=a(a- 1 )(a2+a+ 1).
Torma a+1 | 1 a+l  a(a-1)(a’ +a+l)

=(@+D(@-D)=da*-1.

a3+a2+a'a4—a_a(a2+a+l) 1
BepnewMmcs k 3ameHe: a’-1=x-1.
OTtBer: x-1.

(I)opMa npeacTraBjJdceHus pe3yjabTaTra: BhIIIOJTHECHHOC 3a/IaHNE

Kpurepun onenkn:

Ouenka "oTaMYHO" CTaBUTCS, e€ciau paboTa BBINOJIHEHA B TOJHOM 00BEME C COOIIIOJICHHEM
HE0OXOIMMOM TOCTEOBATENBHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aIUCH ¥ BBIYMCIICHUSI.

Ounenka '"Xxopomo' CTaBUTCS, €CITU BBINOJIHEHBl  TpeOOBaHUA K OlEHKe "OTIMYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka "y/a0BJIeTBOPUTEIBHO' CTaBUTCS, €CIM paboOTa BHIMOIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAECT MOJYYUTh NPAaBUIbHBIE pPE3ylbTaThl U BBIBOJBI, B XOJI€
MPOBEICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka ''HeyJ10BJIeTBOPUTEIbHO'" CTaBUTCS, €clii paboTa BBHIMOJHEHA HE TOJHOCTHIO WITH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeIaTh MPABUIHHBIX BHIBO/IOB.

Tema 1.3 KopHu, creneHu u jorapugmsi

IIpakTyeckoe 3ansaTue Nel0
«PewieHne nMoka3areJIbHbIX YpaBHEHHID)

Heas padoTbi: 0000IINTH, 3aKPENUTh W CUCTEMATU3UPOBATh 3HAHMS YYAlIUXCSA IO METO/AaM
pelIeHHs MOKa3aTeNbHbIX YpaBHEHHH. PaccMOTpeTh MpUMeHEeHHEe MoKa3aTeIbHbIX (yHKINN



IIpakTuyeckas padora popmupyer:

[1P62. ymeHnue onepupoBaTh MOHATUSMH: CTENEHb YHCIa, JOrapu(pM YUCIa; YMEHHUE BBIIOIHSITD
BBIUMCIICHUE 3HAUYEHUI 1 NpeoOpa3oBaHMsl BBIPAKEHUM CO CTENEHsAMU U jorapudmamu, nmpeoOpa3oBaHus
JIpOOHO-PAMOHAIBHBIX BBIPAKCHHIA,

ITP63. ymeHue omnepupoBaTh MOHATUSAMH: DPALMOHAIbHbIE, WPPALMOHAIbHBIE, MOKa3aTelIbHbIE,
CTETIeHHbIE, JTOrapu(PMHUECKUE, TPUTOHOMETPUYECKHIE YPAaBHEHUSI U HEPABEHCTBA, UX CHUCTEMBI;

[TPy6. ymeHue cBOOOJHO ONEPUPOBATH MOHATHAMHU: CTENEHb C LENbIM II0Ka3aTelleM, KOPEHb
HAaTypaJIbHOM CTEIIEHH, CTENEeHb C pPAlMOHAIBHBIM II0KA3aTEEM, CTENEHb C JEHCTBUTEIBHBIM
(BelecTBEHHBIM) ITOKa3aTeleM, JorapupM 4uciia, CHHYC, KOCUHYC ¥ TAHI'€HC IIPOU3BOJILHOTO YHCIIA;

[1Py7. ymeHHe omnepupoBaTh MOHATUSMH: TOXKIECTBO, TOXIECTBEHHOE MpeoOpa3oBaHue,
YPaBHEHHE, HEPABEHCTBO, CUCTEMAa YPaBHEHUN M HEPABEHCTB, PABHOCWIBHOCTh YPABHEHHUM, HEPABCHCTB
U CHCTEM, palHOHalbHbIE, HPPAUOHAIbHbBIC, IIOKAa3aTelbHbIe, CTENEHHbIC, JOTapu(pMHUUYECKHE,
TPUTOHOMETPUUYECKHE YPABHEHUS, HEPABEHCTBA U CUCTEMbI; YMEHUE pellaTh YPaBHEHUsS, HEPABEHCTBA U
CUCTEMBI C IOMOIIBIO PA3JIUYHBIX IIPUEMOB; PEIIATh YPABHEHUsI, HEPABEHCTBA U CUCTEMBI C I1APAMETPOM;
IIPUMEHSTh YpaBHEHMS, HEPABEHCTBA, UX CUCTEMBI I PEIICHUS MaTEMAaTHYECKUX 3ajad M 3a7ad U3
pa3IMyYHbIX 00JacTel HAyKU U peallbHOM JKU3HU.

[TPyl8. ymeHHe MoOAEnupoBaTh peajbHbIE CHUTyallud Ha S3bIKE MAaTEMAaTHUKH; COCTABIIATH
BBIPQ)KCHMS], YPABHEHUS, HEPABEHCTBA M UX CHCTEMBI 10 YCIOBHUIO 33/1a4¥, MCCIEAOBATh IIOCTPOCHHBIE
MOJIEJI C HCIOJb30BaHMEM ammapaTa aiareOpbl, MHTEPIPETUPOBATh HOJIYYEHHBIH pe3yabTaT; CTPOUTH
MaTE€MaTHYECKUE MOJEIIN C IOMOIIBIO TEOMETPUUYECKUX ITOHATUNA U BEJIMYMH, PEIIATh CBA3aHHbIE C HUMU
IIPAKTUYECKHE 3aJauyd; COCTaBISATb BEPOSITHOCTHYIO MOJEIb W HHTEPIPETUPOBATH IOJYyYEHHBIN
pe3yibTaT; pelarbs IPUKIAAHBIE 3aJadyd CPEICTBAMM MATEMaTUYECKOTO aHalIu3a, B TOM 4YHCIIE
COLIMAJIbHO-9KOHOMHUYECKOTO U (PU3MUECKOro XapakTepa.

Beinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:

OK 01 Boi6upats crioco0bl pemeHus 3agad npodecCuOHATbHON EeATENbHOCTH PUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM;

OK 02 Vcnionb30oBaTh COBPEMEHHBIE CPEICTBA MIONCKA, aHAJIM3a U MHTEpPIpeTaluy UHpopMaluu u
MH(pOPMAaIMOHHbIE TEXHOJIOTHH [T BBIMOIHEHU 3a/1a4 PO ECCHOHATBLHOM 1eATeIbHOCTH;

OK 04 3¢ddexTuBHO B3aUMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMAaH/IE.

IIK 2.1 BpImosHATH pacyeTsl MapaMeTpoB TEXHOJOTMUECKUX IPOLECCOB OOpPabOTKH METaIoB
JaBJIEHUEM, pabOThl 000PYI0BaHUS, XaPAKTEPUCTUK NUCXOJHBIX 3aTOTOBOK U METAJIJIONPOTYKIUH.

3aganue
1. PemuTs ypaBHEHUS:
1\* _a. X — .
a) (5) =1 6) 0,5% = 0,125;
B) 4x =L, r) 7% = —;
16 343
x) 10* = 3/1000; e) 0,3* = %/0,0081;
x_ 1, 0 _ :
®) 5% = 7= 3) (g) = 25V/5;
n) 2*¥t1 = 4, k) 0,4*75% = 0,16/0,4;
2—x
m 53% 1 =0,2; M) G) = 8V2;
2x+3 4x-7
-1-x _ (1 . 1 — £x=3.
m 3= () o (f) =6
3x+7
p) 2 (l) —7.
m 3% —3%t3 = —78; 1 3548
() =4

¢) 521 _52x-3 — 48 1) (%)Sx_l n G)Sx _

O |



h
2. JlaBieHue BO31yXa U3MEHSCTCS B 3aBUCHMOCTH OT BBICOTHI 110 3ak0oHY p(h) = 24. Ha kakoii BeICOTE

JlaBJIcHUE Bo3ayxa paBHo 12811a?

3. Cuma TpeHHs >KEJIe3HOT0 Tpoca, HAMOTAaHHOTO Ha JKeNe3Hbld OapabaH, JaeT BO3MOXHOCTb
YpPaBHOBECHTb MeHbIIeH cwioii F, Bombiyto cuny F, koTopyro Beraumcistor no gopmyne F =F,-3",

rae N - 4ucio BUTKOB Tpoca Ha Oapabane. TpeOyeTcs ycTaHOBUTH CKOJBKO pa3 TPOC HAMOTaH Ha
6apaban, eciu cuinoii 8 H ynepxuBaercs rpys 24 H.

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI:

OGe 4acTH ypaBHEHHsS NPHBOAMM K OJHOMY OCHOBaHmio: a'® =a®®

» TAC (a>0,a#1)3aTeM
ucrnons3yeM cuenyroee cBoiictBo: ( a'® =a®") o (f(x) = d(x).

Xox pa6oTsl

Pemmre ypaBHeHHe: 91x2-05. [51-0,001

Pemenmne: [IpeoOpa3yem ypaBHeHHE K BUAY: '™ =a®® .
022-05.0105 _013 5,01 ~05+05 _013 5,007 — 013

3aTeM pelaeM ypaBHEHHE: 2 =3=x, =—[3 ,x, = 3.

®opma npeacTaBaeHUus pe3yJabTaTa: BHIIOJHEHHOE 3aJaHHe

Kputepun ouenkmn:

Ouenka "OTJIHYHO" CTaBUTCSH, €CIM padOTa BBHINOJHEHA B IOJHOM 00BEME C COOJIOICHUEM
HEO0OXOIUMOM TIOCIICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIITOJIHEHBI BCE
3aIllMCH U BEIYUCICHHA.

Ouenka 'xopomo'" CTaBUTCA, €CIM BBIMOJHEHBI  TpeOOBaHUA K OIICHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CU paboTa BBHIMOIHEHA HE MOJTHOCTHIO, HO 00BEM
BBIIIOJIHEHHOW YacTH TaKOB, YTO I03BOJISIET MOJYYUTh NPaBUIIbHBIE PE3YyNbTaThl U BBIBOJBI; B XOJ€
MIPOBEEHUS pabOThI ObUIN AOMYILEHBI OIINOKH.

Ounenka '"Heyl0BJEeTBOPUTEIbHO'" CTaBUTCS, €cld paboTa BBIMOIHEHA HE MOJHOCTHIO WU
00BEM BBITIOJIHEHHOM YacTH paOOThI HE TTO3BOJISIET CAENATh MPABUIIBHBIX

Tema 1.3 KopHu, cTeneHu u Jorapugpmsol

IIpakTnyeckas padora Nell
«PemeHue nokazareJbHbIX HEPABEHCTB

Heab: O600mMTH, 3aKpENUTh M CUCTEMATHU3UPOBATh 3HAHUS YYallUXCS [0 METOAAM pEelIeHUs
[IOKA3aTEJIbHBIX HEPABEHCTB.

IpakTuyeckasi padora popmupyer:
[IP62 yMmeHue omepupoBaTh MOHATUSAMU: CTENEHb YHCIA, JIOTapu(pM 4YKCIa; YMEHHE BBITOJHATD
BBIUHCJICHHE 3HAUCHUH U MpeoOpa3oBaHus BBIPAXKEHUN CO CTENEHSIMU U Jorapudmamu,
npeoOpa3oBaHus IPOOHO-PAITHOHAIBHBIX BRIPAXKEHUH;
[TPG3 ymeHue onepupoBaTh MOHITUSIMH: palliOHATBHBIC, HPPAIlMOHAIBHEIE, TIOKa3aTeIbHbIC, CTETICHHBIE,
J'IOFapI/I(i)MI/ILIeCKI/Ie, TPUTOHOMCTPHUYCCKNEC YPAaBHCHUA U HEPABCHCTBA, UX CUCTEMBEI,
[IPy6. ymeHue cBOOOJHO ONEPUPOBATH MOHATUSIMH: CTEHEHb C IEeNbIM [OKa3aTeleM, KOpPEHb
HAaTypaJIbHOM CTENEeHM, CTENeHb C PpalUOHATIBHBIM IIOKa3aTejeM, CTENeHb C JeHCTBUTEIbHBIM
(BelecTBEeHHBIM) MOKa3aTeNeM, JorapudM Juciia, CHHYC, KOCUHYC ¥ TAHT'€HC IPOU3BOJIBHOTO YUCIIA;



[1Py7. ymeHue omnepupoBaTh MOHATHAMH: TOXKIECTBO, TOXXKIECTBEHHOE INpeoOpa3oBaHME, ypaBHEHHE,
HEPABEHCTBO, CUCTEMa YPaBHCHMM M HEPABEHCTB, PaBHOCHIBHOCTb YPAaBHEHMH, HEPABEHCTB M CHUCTEM,
paluuOHaAIbHbIE, HMpPaLMOHAJIBHEIE, II0Ka3aTeJIbHbIE, CTEIICHHBIE, JorapupMHUECKHE,
TPUTOHOMETPUUYECKHE YPABHEHUS, HEPABEHCTBA U CUCTEMbI; YMEHUE pelIaTh YPABHEHUsS, HEPABEHCTBA U
CUCTEMBI C IOMOIIBIO PA3JIMYHBIX IIPUEMOB; PEIIATh YPABHEHHUSI, HEPABEHCTBA U CUCTEMBI C IIapAMETPOM;
IIPUMEHATh YPaBHEHMS, HEPABEHCTBA, UX CHCTEMBI JJI PEIICHHUS MATEMaTU4eCKUX 3aJad W 3a1ad u3
pa3nuyHbIX 001acTel HAYKH U peaIbHOM KU3HH,

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BreiOuparh crmoco0Obl pemeHust 3aga4 IpodecCHOHATBLHON JCSITEIIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM ;
OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpEACTBa IOWCKA, aHAIW3a W HHTEpIpeTanuu HHPOpMAIUU U
nH(OPMAIIMOHHBIC TEXHOJIOTUH JJIsI BEITIOTHEHHMS 32/1a4 MPOPECCHOHATBHOMN JIEITeIbHOCTH;
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATh U PabOTaTh B KOJUICKTUBE U KOMaH/IC.

MarepuanbHoe o0ecniedenue: VHauBUIyalbHbIE 33aHUs, CIIPABOYHBIE MaTEpPHaJIbl, KOHCIIEKTHI
JIEKLIUN.

3ananmue:

1.PemuTe nmpocTeiime mokasareabHble HEPABEHCTBA:
X

) (3) <216 227°>% 32

2

2. Pemmmre nokazarenbHBIE HCpPaBCHCTBA:

1) 5¥*~2x-1 < 75;
2) 3**2 +3¥°1 <28
IMopsinok BbINoOJIHEHUs padOTHI:
1. 3anumwre nmokazaTelbHOE ypaBHEHUE.
2. O0e yacTu HEpaBEHCTBA MPUBEANTE K OJJHOMY OCHOBAHHIO:
af® > get)
3. [Ilpwm pemennn noka3aTenbHBIX HEPABEHCTB HEOOXOAUMO YUECTh CBOMCTBO MOHOTOHHOCTH
dyrkman, T.e. mpr a > 1 a’® > a?® < f(x) > o (x)
mpu 0<a <1 a’™ >a?® < f(x) <o) .

4. Pemmure momy4yuBlieecs anreOpanueckoe HepaBEHCTBO.
3anmuInTe OTBET.

o1

Xon paﬁoTbIZ 3amucarb 3alaHuC B TCTpadb U PCUIUTD.

1. (%)x <216

Pemtenue:

X -3
) <@ 0 >
x> -3 -3

Otser: x € (—3; +0)

2. 5¥*-2x-1 < 25
Pemrenue:

5x2—2x—1 < 52



X2 -2x—-1<?2
x2-2x-3<0

x2—2x—-3=0 + — +
xlz—l’ x2=3 U O o
-1 3

Otser: x € (—1;3)
3.3%+2 4 3*-1 < 28
Peurenne: 3% - 32 + 3% -§< 28

3* =y;
9y +1y < 28;
91y < 28;

y<28:95 y<3.

BepHuemcs k crapoii nepemenHoi: 3% < 3\

x <1 1
dopma npeacTaBiIeHus pe3yJIbTaTa: BHIIIOJHCHHOE 33 [aHNe

v

Kpurepun oneHku:

Ouenka "oTJHM4YHO'" BBICTABISAETCA, €CIIM PadOTa BHITIOJIHEHA B MOJTHOM 00BEME C COOJI0IEHUEM
HEe0OXOIMMOM TOCTEOBATENbHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCe
3aIIMCU U BEIYHCIICHHA.

Ounenka ''Xxopomo" BBICTaBISIETCSA, €CIHU BBIMOIHEHB TpeOOBaHUS K OICHKE "OTIWYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ounenka '"yI0BJIeTBOPUTENbHO'" BBICTABIAETCSA, €ClIM paboTa BBHIMOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISIET TIOJMYUUTh MPABHIIbHBIE PE3YJIBTATHI U BHIBOJBI; B XOJIE
MPOBeICHUS pabOThHI ObLUTH AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPABUIHHBIX BHIBOIOB.

Tema 1.3 KopHu, creneHu u Jorapugmsi

IIpakTnyeckas padora Nel2
«Haxo:kaeHue 3HaYeHU Jorapugma 1no nNpousBoJIbLHOMY ocHOBaHHUIO. [Iepexox oT ogHOrO
OCHOBAaHHUA K APyromy. Beruncienue u cpaBHeHue jorapupmos. JlorapupmupoBanue u
MOTCHIHHUPOBAHUE Bblpa)KeHHﬁ))

Heab: O600UIMTH, 3aKPENUTh U CUCTEMAaTU3UPOBATh 3HAHMS ydalquxcs 1no teme. @opmMupoBaTh
HaBBIKM HAXOXXJCHUS 3HAYCHHMH JIOrapu(pMHUUYECKHX BBIPAKCHHH, MPUMEHSs OINpe/ielieHue U CBOWCTBA
sorapu@moB, jorapuGMUpoBaTh U MOTEHLIUPOBATH BHIPAYKEHUSI.

IIpakTuyeckas padora popmupyer:

[1P62. ymeHue onepupoBaTh MOHATUSMHU: CTENEHb YMCIA, JIOTapu(M YMCIa; yMEHHE BBINOJIHATH
BBIUHCJICHHE 3HAYeHHUI 1 TIpeoOpa3oBaHusl BHIPAKEHUHN CO CTENEHSIMH U JiorapudMamu, mpeodpa3oBaHus
JIpOOHO-PallMOHATLHBIX BBIPAKCHHUIA,



[1Py6. ymeHue cBOOOJHO OMNEpPUPOBATh MOHATHSIMU: CTENEHb C IIEJBIM IIOKa3aTelieM, KOPEHb
HaTypaJIbHOM CTENEHH, CTEIEHb C PAlUOHAIBHBIM II0Ka3aTeleM, CTENeHb C JCHCTBUTEIbHBIM
(BelecTBeHHBIM) MTOKa3aTeNeM, Jorapugm Jucia, CHHYC, KOCHHYC M TAaHTE€HC MPOU3BOJIBHOTO YHCIIA;

[IPyl8. ymeHHMe MOIENMpPOBaTH pEAIbHBIC CUTyallMd Ha SA3bIKE MAaTEMAaTUKH; COCTaBIATh
BBIPQKCHUS, YPABHEHUS, HEPABEHCTBA U MX CHUCTEMBI 10 YCJIOBHIO 33J1a4M, MCCIEA0BATh OCTPOEHHBIE
MOJIEJI C HCHOJb30BAaHUEM ammapara aiareOpbl, MHTEPIPETUPOBATh IOIYYEHHBIH pe3ysbTaT; CTPOUTH
MaTEMaTHYECKUE MOJEIHU C MIOMOIBI0 T€OMETPUUECKUX MOHATUI U BEJIUYMH, PEIIATh CBSI3aHHbIE C HUMU
IIPAKTUYECKUE 3aJa4d; COCTaBJIATh BEPOSITHOCTHYIO MOJEIb W HHTEPIPETUPOBATH IOJYyYEHHBIN
pe3yibTaT; pelarbh IPUKIAAHBIE 3aJadd CPEACTBAMM MAaTeMaTH4ECKOIO aHaliu3a, B TOM YHCIE
COLMAJIbHO-9KOHOMHUYECKOT0 U (PU3HUECKOr0 XapaKTepa;

BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:
OK 01 Beibupats criocoObl pemeHus 3aaad npopecCuoHaIbHON AEATEIbHOCTH TPUMEHUTEIHHO K
Pa3INYHBIM KOHTEKCTaM ;
OK 04 D¢ dexTnBHO B3auUMOEHCTBOBATh U pabOTaTh B KOJUICKTHBE U KOMaH/IE.
I1K 2.1 BpImomHATH pacdeTsl MapaMeTpoB TEXHOJIOTHYECKUX MHPOLECCOB 00pabOTKHM METaIIoB
JaBlIeHHEM, paOOTBl 000PYJOBaHUS, XapaKTEPUCTHK UCXOTHBIX 3aTOTOBOK M METAJLIONPOAYKIINH.
MarepuajbHoe obecnedeHne:
WupuBuyanbHbIE 3aJaHNs, CIIPAaBOYHBIE MAaTEPUAIIbl, KOHCIICKTHI JICKITHI.

3ananue:
1. Berauciure: a) logg,s 0,64 + logg s 10;

0) 2log, 6 +10g, 0,2 + %log4 25 — %log4 81.

2. Haiiaure 3HaueHue BhIpaskeHns: 271710836 — 410840125
3. TponorapudmupyiiTe BBIpaXEHHE IO MPOU3BOIBHOMY OCHOBAHUIO:
a?id

b3c5’

ITopsinok BbINOJHEHHS PadOTHI:
1) Hcnomnb3yiiTe COOTBETCTBYIOIIME CBOIMCTBA JIOrApU(PMOB U OIpeIeIeHUE Jorapupma.
2) Wcnone3yiiTe OCHOBHOE JIOTapH()MHUYECKOE TOKISCTBO M CBOMCTBA JIOrapr(pMOB.

Xoa pa0doThI:

1) a) Beraucmure: logg ,5 0,64 + logg s 10

Pemenue: log, ;5 0,64 +logys 10 = =
log, a

Hcnons3yem Gopmyity mepexona K HOBOMy ocHOBaHUIO 109, & = ——— , mosyuum

log, b
_ log, ;0,64
" log,, 0,25
Aajiee UCIIOJIb3yEeM CBOMCTBa JIOI‘apI/I(I)Ma CTCIICHU U norapmbMa IPpOU3BCACHUSA
=log, 5 /0,64 +log, ; 10 = log,, 5 (0,8-10) = log, ; 8 = —3. Otrer: -3.

0) 2log, 6 +10g, 0,2 + %log4 25 — %log4 81

+log,510 = %IogO’5 0,64 +log,510 =



Pemenne: 2log, 6 +1log, 0,2 + %log4 25 — %log4 81 = log, 6% + log, 0,2 + log, V25 —
log, VBT = log, 36 + log, 0,2 + log, 5 — log, 9 = log, 2= = log, 4 = 1
2) Haiiure 3HaueHye BhIpaxenus: 271710836 — 410840125
Pemenne: 271710836 _ 410840125 —
Hcnonb3yeM CBOMCTBA CTENEHEH U OCHOBHOE JIOTAPU(PMUIECKOE TOKICCTBO

_ 1000 33 27 1 7
3y1-logz 6 _ 4log,0,125"1 _ 93-3logz6 _ 4108455 _ Q""" _gq___qQq—_7_
(3%)*7°8s 4084 =3 o8 47 = 3logz 216 8= 216 8 8= 78'
OTtBerT: —71.
8
3) [Iponorapudmupyiite BeIpa)KEHHE IO TPOU3BOJIHHOMY OCHOBAHHIO:
a2¥d
b3c5’

HDOJIOF&DI/Id)MI/IDOBaTI) BBIPAXKCHUC — 5TO 3HAYUT BBIIIOJIHHUTD CJICIIYIOHII/Iﬁ AJIITOPUTM:

1. B34k gaHHOE BRIpaXXKEHHE B CKOOKH U Mepe HUMHU MTOCTaBUTh 3HAK JIoraprQma 1o 3aJJaHHOMY
OCHOBAHUIO

2. Hcnonb3ys cBoicTBa JiorapuMoB, HEOOXOAUMO YOpaTh BHYTpH JiorapupmMa Takue AelCTBUS, KaK
BO3BECHHUE B CTENIEHb, BO3BEICHUE B KOPEHb, YMHOKCHHUE U JICTICHUE

[Iponorapudmupyem o ocuoBanuto 10:

a?Nd 2 1 3 5 1 .
lg = lga® + lgVd — Igh® — lgc® = 2lga + - lgd — 3lgb — 5lgc;

b3c>®

®opma npeacTaBiaeHus pe3yJbTaTa: BBIIOJHEHHOE 3aJaHHE.

Kpurtepun onenku:

Ouenka "oTJM4YHO'" BBICTABIAETCS, €CITU pabOTa BBHIINOJIHEHA B MOJTHOM 00BbEME C COOIIOIEHUEM
HEOOXOMMOM TOCIEeI0BATEILHOCTH JIEUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aIlMCH U BEIYUCIICHUS.

Ouenka ''Xopouio'" BBICTABISETCSA, €CIU BBITIOJHEHBI TPEOOBaHUS K OIEHKE "OTJIMYHO", HO
JOIYILEHBI 2-3 HENOYETA.

Ouenka '"ya0BJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIBHBIE PE3YNIbTAThl U BHIBOJIBI; B XOJI€
MPOBEJICHUS pabOThI ObUIN AOMYILEHBI OIIUOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WMITU
00BEM BBITIOTHEHHOM YacTH paOOTHI HE TTO3BOJISAET CAENATh MPABHIbHBIX BHIBOJIOB.

Tema 1.3 KopHu, crenenu u Jiorapupmbl
IIpakTuyeckas padora Nel3
«IlocTpoenne rpadgpukos Jorapupmuueckux GpyHkumiin»
Heab: O600IMTh U CUCTEMATU3UPOBATh 3HAHUS y4alllUXcs, (OPMUPOBATH HABBIKH MOCTPOCHUS
rpadgukoB JorapuMuUecKuX (PYHKIIUHA C MOMOINBIO MPeoOpa30oBaHW M MCCIEIOBAHUS HUX CBOMCTB.

PaccmoTpeTs npuMeHeHue JorapugpmMoB.

IIpakTuyeckasi padora ¢gopmupyer:



[1P65. ymeHue omepupoBaTh MOHATHUSMHU: palMOHAIbHAS (QYHKLHMS, TOKa3aTelbHas (QyHKLUS,
creneHHas QyHKIus, JorapudpmMudeckas QyHKIHS, TPUTOHOMETpUUYECKHe QYyHKIIUU, 0OpaTHBIE (DYHKITNH;
YMEHHUE CTPOUTH I'paMKu M3YYCHHBIX (YHKIUI, MCHOIB30BaTh IpadUKU NpU M3YyYEHUHU IMPOLIECCOB U
3aBUCHUMOCTEH, MpH pEIIeHWU 3aJad U3 JPYrux Y4eOHbIX HPEIMETOB U 3aJad U3 peabHOM KU3HU;
BBIpaXaTh (OPMYIIaMHU 3aBUCIMOCTH MEX]y BETMUYNHAMU;

IIPy8. yMeHume cBOOOJHO ONEpHPOBaTH MOHATUSAMU: Trpaduk QyHKIUMU, oOpaTHas GYHKIHS,
KOMMO3ULUS (PYHKIUMHA, TuHEeHHas (QyHKIUSA, KBagpaTUdHas (DYyHKIUS, CTETEHHas (QYHKIUS C LEIbIM
MoKaszareiaeM, TPUTOHOMETpHuYeckue  (QyHKUMHM, OOpaTHble  TPUTOHOMETpPHUUYECKHE  (PYHKIIHH,
nokaszaTtenbHass W Jorapugmuyeckas (QyHKIUH, YMEHHE CTPOMTh Tpadukd (YHKIHUNA, BBITOIHSATH
npeoOpazoBanus TpadhuKoB (QYHKIIUNA, YMEHHE HCIONb30BaTh Tpapuku QYHKIUH I8 H3ydeHHs
IIPOLIECCOB U 3aBUCUMOCTEN NPU PELICHUU 3aJa4 U3 APYTHX y4EOHBIX IIPEIMETOB U U3 PEAIbHON KHU3HH;
BbIpaXkaTh (pOpMyJIaMH 3aBUCUMOCTU MEX]ly BeIMYMHAMH; YMEHHE CBOOOHO ONEpUPOBATH MOHATUSIMHU:
YEeTHOCTh (DYHKIMH, MEPHOAMYHOCTh (DYHKIIMH, OTPAHUYCHHOCTH (PYHKIIMH, MOHOTOHHOCTh (DYHKIIHH,
SKCTpeMyM (yHKIMM, HauOoJblliee M HauMEHbIIee 3HA4YeHUA (QYHKIUM Ha MPOMEXKYTKE;, yMEHHE
MIPOBOJIUTH MCCIIEOBaHNE (PYHKIIMU; YMEHHE UCIIOIB30BATh CBOMCTBA U Tpadpuky PyHKIMHA TS perieHHs
ypaBHEHUH, HEPABEHCTB U 33/1a4 ¢ MapaMeTpaMu; N300pakaTh Ha KOOPAWHATHON IIIOCKOCTH MHOXKECTBA
pELIECHHUI YpaBHEHWIA, HEPABEHCTB U UX CUCTEM;

[1Py18. ymeHuwe MoIenHpoBaTh pealibHble CHUTYyalldd Ha S3bIKE MAaTeMaTUKH;, COCTaBISTh
BBIPO)KEHUS, YPAaBHECHHUS, HEPABEHCTBA M MX CHCTEMBI O YCIOBHUIO 33/1a4M, UCCIIEAOBATh MOCTPOCHHBIE
MOJIETIM C HCIIOJIb30BAaHMEM arrapaTa anreOpbl, HHTEPIPETUPOBATh MOMYYCHHBIH PE3yNIbTaT; CTPOUTH
MaTeMaTHYECKHUE MOJIENU C MTOMOIIBI0 TEOMETPUIECKUX TIOHSATHI M BETUYNH, PEIIaTh CBSA3aHHBIC C HUMH
MPAKTUYECKHE 3aJaud; COCTaBJISATh BEPOSITHOCTHYIO MOJIeJb W HHTEPIPETUPOBATH MOTYyYEHHBIN
pe3yibTaT; pemaTh MPUKIAAHBIE 3aadd CPEACTBAMH MAaTEeMAaTHYEeCKOro aHalinW3a, B TOM 4YHCIE
COLIMAJIbHO-9)KOHOMUYECKOTO U (PU3MUECKOr0o XapaKkTepa;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Boi6upate crioco0bl penieHus 3agad npoecCUOHAIbHON NeSTENIbHOCTH MPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM ;

OK 02 Vcnionb3oBaTh COBPEMEHHBIE CPE/ICTBA MIONCKA, aHAJIM3a U UHTEPIpeTaluy UHpopMaluu u
MH(OPMAaIMOHHbIE TEXHOJIOTHH JUIS BBIMOJIHEHUS 3a/1a4 PO eCCHOHATIBHOMN J1eTebHOCTH;

OK 03 IlnanupoBaTh U pean30BbIBaTh COOCTBEHHOE MPO(ECCHOHATIBHOE U JTUYHOCTHOE Pa3BUTHE,
NPEANPUHUMATENbCKYIO JIEATEIbHOCTh B NIpOQecCHOHaNbHOM cdepe, HCHONB30BATh 3HAHMUS 10
(MHaHCOBON I'PaMOTHOCTH B Pa3IMYHbIX KU3HEHHBIX CUTYaLUsIX

OK 04 D¢ dexTrBHO B3auMOIecTBOBAaTh U pabOTaTh B KOJIJIEKTUBE U KOMaH/IE.

[IK 2.1 BpIMonHATH pacdyeTbl NapaMeTpoB TEXHOJOTHYECKUX MPOIECCOB 0O0pabOTKH METaIOB
JaBlieHHEM, paboThl 000PYIOBAaHUS, XapaKTEPUCTHUK UCXOTHBIX 3arOTOBOK U METAJJIONPOAYKIIMH.

MarepuajbHoe obecnedeHne:
I/IH}]I/IBI/IHyaJ'H)HBIe 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI .]'IeKHPIfI.

3aganue:
B oxHoll cucteme KoopauHAT MOCTPOUTH rpaUK dIEMEHTAPHON U JTaHHON (YHKIIHIL:

1. y=log,(x —2);
2. y=2-—logix,
2
3. y=logs(x—-2)+1

IMopsinok BbINoJIHEHUs PadOTHI:
1. Omnpexnenure, ¢ MOMOIIBIO KAKUX T€OMETPHUYECKUX MPEOOPa30BaHUNA MOKHO TIOCTPOHUTH Irpaduk
3aJJaHHOHN (PYHKINH:



(S

I'papux dysxnum y = f(x) + B momydaercss mapajielbHBIM IEPEHOCOM Trpaduka
¢ynkuun y = f(x) B MONOXKUTEIBHOM HampasieHUH BIoJb ocu Oy Ha paccrosiHue B,
ecau B > 0 u B oTpuiiaTenbHOM HarpaBieHuu B1oJb ocu Oy, ecnu B < 0;

I'papux dynxmuu y = f(x + b) nomydaercs mnapaielbHbBIM IIEPEHOCOM TIpaduka
¢byHknuu y = f(x) B NMOJOXKHUTEIHLHOM HaNpaBICHUU BIOJb ocu OX Ha paccrosiHue b,
ecm b < 0 1 B OTpHIIaTEILHOM HarpaBiieHUuH B0 ocu Ox, eciim b > 0.

I'papux ¢ynkumm y = —f(x) momydaeTcss CUMMETPHYHBIM OTOOpaKeHHEM Tpaduka
y=f(X) otHOCHTEILHO OCH OX.

I'padux dyakmm y = Af (x), nomydaercs pactsbkeHueM rpaduka y = f(x) BIoiab ocu
Oy ot ocu Ox B A pa3 ipu A > 1 unu cxxatueM Bosb ocu Oy k ocu Ox B 1/ ADa3 mpu
A<

I'paduk pynkuuu y = f(ax), monydaercs cxaruem rpaduka y = f(x) Baoib ocu Ox K
ocu Oy B a pa3 nipu a > 1 wim pacTsokeHueM BAoJib ocu Ox k ocu Oy B 1/ a pa3 npu
a<l.

2. TlocTpoiiTe HCXOMHBIN rpaduK.

3. IlpousBenute HyXHbBIC TPEOOPA3OBAHUS U TIOCTPOUTE HEOOXOIUMBII rpaduK.

4. Jlns oborpeBa MPOKATHOTO IieXa, TemiiepaTypa B kotopom pasHa T, = 20°C, uepes paauatop
OTOILICHHMSI, TIPOIYCKAIOT Topssuyio Boay Temieparypoir T, = 100°C. Pacxon npoxosiiei depe3 Tpyoy
Boasi M = 0,2 xr/c. [Ipoxoas o Tpyde paccrosiHue X (M), BoJa oxJaxkaaeTcs 10 temmeparypbl T°C, mpu

cm Tz — T

x =a—log, ——
oL
Y T— Tn
rae ¢ = 4200 1x/kxr*C — TeILT0eMKOCTh BOIBI
f * -
y=42 Br/m ~ "C— kosddumuent TemroobMmena
a = 1.4 — nocToAHHAA.
Jlo xako# TemriepaTypsl (B rpaaycax llenbcus) oxmaaurcst Bosa, €ciu ajuHa TpyOsl 28 m?

Xoa paGoTsI:
1. y=log,(x —2).

[Toctpoum cHavana rpaduk pyakuun y = log, x.

2

v

2. y=logzx —2
[Toctpoum cHavana rpaduk pyakmmn y = logs x.

I'padux pynknmm y = logsx — 2 moTydnM MapajuieTbHBIM MIEPEHOCOM BII0Ib ock (Jy BHU3 Ha 2.

I'paduk pynkuuun y = log,(x — 2) nonyuum napauielbHbIM HEPEHOCOM BI0Jb ocu Ox BIPaBO Ha



co-N

'

3. Jlorapudmudeckue GpyHKIHUU pacpOCTPAHEHBI YPE3BBIYAITHO MIMPOKO KaK B MaTEMaTHKE, TaK U
B €CTECTBEHHBIX Haykax. [IpuBeaém HECKOJIBKO MPUMEPOB HCIOJIB30BaHUS JIOrapuMoB B
pa3HOO0pa3HBIX HAYKaX.

B cratuctmke W TeOpHHM BEPOATHOCTECH Jorapu(™ BXOAUT B PSJI MPAKTHYCCKH BAKHBIX
BEPOATHOCTHBIX pactpeneieHuil. Hampumep, mnorapudmuueckoe pacrnpefesieHue HUCHOIb3YeTCs B
reHeTuke u ¢usnke. JlorHOopManbHOE pachpelesieHue dYacTo BCTpEYaeTcs B CHUTYyalMsAX, Korjaa
uccienyeMas BeTUYMHA €CTh MPOM3BEICHUE HECKOJIbKUX HE3aBUCHUMBIX IOJOXKHUTEIbHBIX CIy4YailHBIX
MEePEMEHHBIX.

3akoH bendopaa («3akoH mepBoil IUGPHI») OMKMCHIBACT BEPOATHOCTDH IOSBICHUS OMPEACIEHHOM
MepBo# 3Havanieil upsl MPU U3MEPEHUH PEATbHBIX BETUYHH.

JInsi  OLIGHKHM HEW3BECTHOTO IlapaMeTpa IMUPOKO TNPUMEHSIOTCS METOJ MaKCHMAaJIbHOTO
MPaBIOTIOIO0MS U CBsI3aHHAS C HUM JiorapuMuyecKkas (yHKIUs TpaBaono00usl.

OnyKTyaluu Mpu clydallHOM ONy>KJaHUHM OMHCHIBAaeT 3akoH XuHuMHA-Komamoroposa. Jlorapupm
WCTIONB3YETCS B OMNPENETCHUSX TaKUX BEJIMYMH, KaK TI0Ka3aTellb KOHCTAHTHI AaBTOMPOTOJIM3A
(caMOMOHM3AINH MOJIEKYJIBI) M BOJIOPOIHBIN MOKa3aTeNb (KUCIOTHOCTH PacTBOPa).

JlorapudmMuueckas cnupalib MEPeceKaeT CBOM PAJUYC-BEKTOPHI TOJ IMOCTOSHHBIM yrioMm. Ha
OCHOBAHHMM 3TOT0 €€ Ha3bIBalOT PABHOYTOJBHOM. JTO CBOMCTBO HAXOJMUT CBOE NMPUMEHEHHE B TEXHUKE.
Jleno B TOM, YTO B TEXHHUKE YacTO MPUMEHSIOTCS Bparfaroniuecs Hoxu. Cuila ¢ KOTOpOW OHU JIaBST HA
pa3pe3aeMblii MaTepuai, 3aBUCHUT OT YIila pe3aHus, T.€. yria MeXIy Je3BHeM HOXKa U HalpaBlICHUEM
CKOpOCTH BpamieHus. J[Jig MOCTOSHHOTO JIaBJIeHUs HYKHO, YTOOBI YTOJI pe3aHus COXpaHsI MOCTOSHHOE
3HaueHWe, a 3T0 OyAeT B TOM cCllydae, €CIM JIe3BHsl HOXKEH O4YepyeHbl MO Oyre JOorapupMUYecKOu
cnupanu. BennunHa yria pezanus 3aBUCUT OT 00pabaThIBa€MOro MarepHuania.

B rupporexnuke mo norapuMudeckoil Cupanud U3rudarT TpyOy, MPOBOAIIYI0 MOTOK BOJIBI K
jmomnacTsaM TypOuHBI. braromapsi Takoit dopme TpyOBl MOTEPH DHEPTUU HA HM3MEHEHHE HAIPaBJICHUS
Te4eHHs] B TpyOe OKa3bIBAIOTCS MHUHUMAIBHBIMH M HAMOp BOJBI HCIONB3YETCSI C MaKCUMAaTbHON
MIPOU3BOUTEIHHOCTHIO.

(I)opMa NMpeaAcTaBJCHUSA PE3YyJabTaTa: BEIIIOJTHCHHOC 3aJaHNC

Kpurepum ouenku:

Ouenka "oTJHYHO'" BBICTABIAETCS, €CITU pabOTa BBHIIOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
HEOOXOMMOM TOCIEeI0BaTeILHOCTH JIEUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHUS.

Ouenka ''Xopouio'" BBICTABISETCSA, €CIU BBITTOJTHEHBI TPEOOBAHUS K OIEHKE "OTIMYHO", HO
JOMYUIEHBI 2-3 HeJlo4eTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABWIIBHEBIE PE3YNIbTATHI M BHIBOJBI; B X0OJI€



MpOBEICHUS pabOTHI OBUIN JIOMYIIEHBI OITHOKH.
Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PaboTa BBHIMIOJHEHA HE MOJHOCTHIO HIIH
00BEM BBITTOJIHEHHON YacTH PadOTHI HE TIO3BOJIAET CAENIATh MPABUIIbHBIX BHIBOJIOB.

Tema 1.3 KopHu, crenenu u jorapugmsi
IIpakTnyeckas padora Nel4
«Peurenne Jorapu(pMu4ecKuX ypaBHEeHH D)

Heasb: OO600mUTH, 3aKPeNUTh M CHCTEMATU3UPOBATH 3HAHUS YUYAIIMXCS MO METOJaM pEIICHHS
norapu@mMuueckux ypaBHeHU. DOpMUPOBATH HABBIKK PELICHUS YPABHEHUIH.

IIpakTnyeckas padora ¢popmupyer:

[1P62. ymeHue omepupoBaTh MOHSATHSAMH: CTEIEHb YHCIA, JIOTapu(M YHCIa; yYMEHHUE BBINOIHATH
BBIUUCIICHUE 3HAUEHUI 1 MpeoOpazoBaHMsl BBIPAKEHHUM CO CTENEHAMH U Jorapudmamu, npeodpazoBaHus
JTpOOHO-pallMOHATIFHBIX BBHIPAKECHUI;

I1P63. ymeHue onepupoBaTh IOHATHUSMHU: palMOHAJIbHbIE, HPpPALMOHAIbHBIE, I10Ka3aTeNIbHBIE,
CTENEHHbIE, JorapupMUuecKue, TPUrOHOMETPUYECKUE YPaBHEHHS U HEPABEHCTBA, UX CUCTEMBI;

[IPy6. ymeHue CcBOOOJHO ONEPUPOBATH IOHATUSAMH: CTENEHb C LEJIbIM I[0Ka3aTeleM, KOpEHb
HaTypaJIbHOM CTENEHM, CTENEeHb C pAlUOHAJIBHBIM IIOKa3aTejeM, CTElNeHb C JeHCTBUTEIbHBIM
(BelecTBEHHBIM) ITOKa3aTeleM, JorapuM 4uciia, CHHYC, KOCHHYC U TaHT'€HC IPOU3BOJIBHOIO YHCIIA;
[IPy7. ymeHue omnepupoBaTh IMOHATHSAMH: TOXKIECTBO, TOKJIECTBEHHOE IpeoOpa3oBaHHE, YpaBHEHHE,
HEPABEHCTBO, CUCTEMA YPaBHEHUM M HEPABEHCTB, PaBHOCWIBHOCTb YPAaBHEHUM, HEPABEHCTB U CUCTEM,
paloHaIbHbIE, UppalrOHAJIbHBIE, [I0Ka3aTelbHbIE, CTEITICHHBIE, JorapupMHIECKHe,
TPUTOHOMETPUUYECKHE YPABHEHUS, HEPABEHCTBA U CUCTEMbI; YMEHUE pellaTh YPaBHEHUsS, HEPABEHCTBA U
CUCTEMBI C TIOMOIIbIO PA3IMYHBIX IPUEMOB; PEIlIaTh YPaBHEHHUS, HEPABEHCTBA U CUCTEMBI C TAPaAMETPOM;
IIPUMEHSTh YpaBHEHUS, HEPABEHCTBA, UX CHCTEMBI I PELICHHs MaTeMaTH4eCKUX 3aJad U 3a1ad u3
pa3aMyYHbIX 00JacTel HayKH U pealibHOM JKHU3HH;

Boinosinenue padorsl cnocodcTByeT GOpMHUPOBAHMIO:

OK 01 BeiOupars cmocoObl pemieHust 3aaad MNpo(ecCHOHAIBHOW JAEATENbHOCTH NPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM ;

OK 02 Hcnonb3oBaTh COBPEMEHHBIE CpeJCTBA IOWCKA, aHajdM3a M HMHTEpIpeTalud HH(pOpMaruu H
MH(}OPMaLIMOHHBIE TEXHOJIOTUH JJIs1 BBITIOJTHEHMS 3a/1a4 MPOPECCUOHANBHOMN A€ATEeIbHOCTH;

OK 04 D¢ dexTrBHO B3auMOIeCcTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMaH/IE.

MarepuajbHoe obecnedyenne:
I/IHHI/IBI/IJIyaJ'H)HBIe 3alaHuA, CIIPAaBOYHBIC MaTC€pUajibl, KOHCIICKTbI HeKHHﬁ.

3apanme: Pemure norapupmMudeckrue ypaBHEHUS:

1) log,(2x — 6) = 3;

2) log,(2x% —3x — 4) = 2;

3) log,(2x? — 7x + 6) — log,(x — 2) = log, x;
4) logs x + logs(x — 4) = 14;

5 lgvx—7+Igv3x—-8=1.

ITopsinok BbINOJHEHHs padOTHI:



[lepen wavasoM pemieHUs ypaBHEHUS HYKHO HaWTH 00JacTh JOMYCTUMBIX 3HaueHud. Mcmomb3ys
cBoiicTBa JIorapu(MoB 00€ YacTH ypaBHEHHUS IPUBOAUM K OJHOMY ocHoBanuio log, f(x) = log, g(x).
[TorenmupyeMm obe yactu ypaBHeHus, moimydaem f(X) = g(x). Pemraem monydennoe ypaBuenue. T.K.
MOTEHIMPOBAHUE YPaBHEHHS MOXET MPUBECTH K MOSBICHUIO IOCTOPOHHHX  KOpPHEH, TO JeiaeM
[POBEPKY. 3alnChIBAEM OTBET.

Xoa padoTel: 3anucaTh 3aJJaHUE B TETPAIb U PELIUTD.

1) log,(2x—6) =3

Pemenne: log,(2x — 6) =3 O/13:2x —6 >0
2x — 6 = 3%
2x — 6 =81;
2x = 87;
x = 43,5

[IpoBepum, npuHANEKUT JIU HalWAeHHBIN KopeHb O/13:

2:435-6=81>0

Ortser: 43,5
2) log,(2x?> —3x—4) =2 O/13:2x* —3x—4>0
x?>=2x*-3x—4 x>0x#1

x2—2x*+3x+4=0

—x?4+3x+4=0

x?2—3x—4=0

x,=-1x,=4

[IpoBepum, npuHaanexar a1 HaliaeHHble Kopau OJ13:

x=-1 2(-1)2-3(-1)-4>0
2+3-4=1>0

X, =4 2:-4°-3:4—4>0
32—-12-4=16>0

OtBet: X1 = —1; x, = 4

x>0
x—4>0
Hcnonbk3yem cBoiicTBa U onpeaeneHue Jorapudma:
logs x(x — 4) = 1;
x% —4x = 5%;
x?>—4x—-5=0;
x, =-1;x, =5.
[IpoBepum, npuHaiexaT v HalaeHHbIe KopHu OJ13:

3) logsx +logs(x—4)=1 OI3: {



—1 < 0, 3HauuT X; = —1- IOCTOPOHHUI KOPEHb.
5>0;, 5—-1=4>0.

OrtBer: 5
x > 0;
4) log,(2x*> —7x + 6) —log,(x —2) =log,x OH3: {2x2 —7x+6 >0
x—2>0

log;(2x% — 7x + 6) = log,(x — 2) + log; x;
log,(2x? — 7x + 6) = log,(x — 2)x;

2x2 —7x + 6 = x? — 2x;

2x2 —T7x+6—x*+2x=0;

x> —=5x+6=0;

X1 =2; x, =3.

[IpoBepum, npuHaanexar 1 HalaeHHble kopau O/13:

2>0;

X1 =2;32-22-7-24+6=0
2—2=0
3>0;

X, =3142:32-7-3+6>0;
3—2>0

OtBerT: 3.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOTHEHHOE 3aJaHNE

Kputepun onenkmn:

Ouenka "OTJMYHO" BBICTABIAETCS, €CIM padOTa BBIMOJHEHA B TMOJHOM 00BEME C COOMIOIEHUEM
HE0OXOIUMOM TOCTIEOBATENbHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "xopouio" BBICTAaBISETCS, €CJIM BBHITOTHEHBI TPEOOBaHUS K OIIEHKE "OTIUYHO", HO JOMYIICHBI
2-3 HemoueTa.

Ouenka '"yaoBJIeTBOPUTEJIbHO' BBICTABISETCSA, €CIM paboTa BBHIMOJTHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIAET MOJYYUTh NPAaBUIBHBIE pPE3ylbTaThl U BBIBOJBI, B XOJI€
MPOBeICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka '"Hey10BJIeTBOPUTEIbHO' BBICTABIISIECTCS, €CJIM padOTa BBHIMOJIHEHA HE MOJHOCTHIO U O0BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISET CAENATh MPABUIIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, creneHu u jorapugmsi
IIpakTnyeckas padora NelS
Pemienue jorapupMuyecKux HepaBeHCTB

Heanb: OO600mUTH, 3aKPeNUTh W CHUCTEMATU3UPOBATh 3HAHUS YYAIIMXCS IO METOJaM peIleHUs
norapu@muueckux HepaBeHCTB. DOpMHUPOBATH HABBIKM PEIICHUS HEPABEHCTB.

IIpakTuyeckasi pabora popmupyer:

[1PG2. ymeHue omnepupoBaTh MOHATUSMHU: CTENEHb YHCA, JorapudM UHcIa; YMEHHUE BBIIOJHATH
BBIUUCIICHUE 3HAUCHUI 1 MpeoOpazoBaHMs BBIPAKEHHUI CO CTETIEHAMH U JIoTapudMaMu, mpeoOpa3oBaHus
JIpOoOHO-PaLlMOHAIBHBIX BhIPAXKEHHUI;



[IPG3. ymeHuwe omepupoBaTh MOHATHSIMH: paIllMOHANbHBIC, UppAIMOHATbHBIE, ITOKA3aTeIbHBIC,
CTENEHHbIE, JorapupmMuuecKkrue, TPUrOHOMETPUYECKUE YPAaBHEHHS U HEPABEHCTBA, UX CUCTEMBI;

[IPy6. ymenue cBOOOJHO ONEPUPOBATH TMOHATUAMHU: CTEHEHb C IENBIM II0OKa3aTesieM, KOPEHb
HaTypaJbHOM CTENEHH, CTENEHb C pPAlMOHAIBHBIM II0KA3aTEJIEM, CTENEeHb C JEHCTBUTEIbHBIM
(BelecTBEeHHBIM) MTOKa3aTeNeM, JorapudM Juciia, CHHYC, KOCHHYC ¥ TAHT€HC MPOU3BOJIBHOTO YUCIIA;
[1Py7. ymeHue omnepupoBaTh MOHSATHSAMH: TOXIECTBO, TOXJIECTBEHHOE MpeoOpa3oBaHUE, ypaBHEHUE,
HEPAaBEHCTBO, CUCTEMA YpPaBHEHHUI M HEPABEHCTB, PaBHOCWIBHOCTh YPAaBHEHUMN, HEPABEHCTB U CHUCTEM,
pauuoHalbHbIE, HppaLMOHAJIBHEIE, MIOKa3aTeJbHbIE, CTEIICHHBIE, norapudmuyeckue,
TPUTOHOMETPUUECKHUE YPAaBHEHUS, HEPABEHCTBA U CUCTEMbI; YMEHHUE pellaTh YpaBHEHUs, HEPABEHCTBA U
CUCTEMBI C TOMOILBIO PA3JIUYHBIX IPUEMOB; PEIIATh YPABHEHUSI, HEPABEHCTBA U CUCTEMBI C IIAPAMETPOM;
IIPUMEHSTh YpaBHEHMs, HEPABEHCTBA, UX CHCTEMbI JJIs PEIICHHsS MAaTeMaTH4YEeCKUX 3aJad U 3a1ad u3
pa3IMyYHbIX 00JacTel HAyKH U pealibHOM JKU3HH;

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01 Beibupare cmocoObl pemieHust 3aaad MpohecCHOHAIBHOW JAEATEIbHOCTH NPUMEHHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM ;

OK 02 Hcnonp3oBaTh COBPEMEHHBIE CPEICTBA TOWCKA, aHAJIM3a M HMHTEPIPETAlul HH()OpMAIUH H
MH(pOPMAaLMOHHbIE TEXHOJIOTUH JUIs BBIMOJIHEHU 3a/1a4 IPOpECCHOHATIBLHOM 1A TeIbHOCTH;

OK 04 DddexTrHBHO B3aUMOCHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.

MaTrepuaibHoe o0ecnieyeHue:

WupuBuyanbHbIE 3aJaHNs, CIIPAaBOYHBIE MaTEPUAIIbl, KOHCIICKTHI JICKIUH.

3ananue: Pemnre gorapudMuUecKre HEPaBEHCTBA:
1. log,(5x+3) < 3;
2. logys(3x +4) = logg s(x* + 6);
3. log,(x* —9x+4) >4

Ilopsinok BbIMOJIHeHHs1 padoThI: PaboTaem mo anropuTMy: HCHOJB3Ys OmpeerneHue jorapupma oode
YJaCTH HEPaBEHCTBA MPUBOIMM K OJTHOMY OCHOBAHHIO, T. €. MoJydaeM HepaBeHCTBO Buaa 10g 4 f(X) < log

ag(x).

[Tpu pemennu norapupMUYECKUX HEPABEHCTB HY)KHO YYUTHIBATh CBOMCTBO MOHOTOHHOCTH
JorapupMuUUecKoi GyHKIIUH, T.€.

npu a > 1 log, f(x) >log, g(x) & f(x) > g(x)
npu 0 < a <1 log, f(x) >log, g(x) & f(x) < gx).
[Ipu 3TOM HYXHO 0053aT€IBHO YUUTHIBATh U 00JIACTH TOMYCTUMBIX 3HAYEHUH.

Pemenne HOFapI/I(i)MI/ILIeCKOFO HEPAaBCHCTBA CBOJUTCA K PEIICHHUIO CUCTEM HEPABCHCTB!

f(x)>gX)
npu a > 1 log, f(x) >log,g(x) &3 f(x)>0
g(x)>0

fx) <g(x)
npu 0 < a <1 log, f(x) >log,g(x) &< f(x)>0
gx)>0



Xox padoTsel: 3anucaTh 3aJjaHUE B TETPA/Ib U PELIUTD.

1) log,(5x +3) < 3.

5x+3>0;

CocraBuM CUCTCMY: {Sx +3< 23

5x+3>0;:>{5x>—3;:>{x>—0,6;

5 +3<5 5x <5 x<1 Ortser: (—0,6; 1]

PemmM coCTaBIEHHYIO CHCTEMY: {
2) loggs(3x +4) =loggs(x* +6)

CoCTaBUM CHCTEMY HEPaBEHCTB, YUHUTHIBAsA, UTO 002 JorapuGMupyemMble BBIPAKEHHS TOKHBI OBITH
ITOJIOKHUTCIIBHBIMHU 1 OCHOBAHUC MCHBIIIC 1
3x+4>0
{ x>+6>0
3x +4 < x? +6.

Pemum COCTAaBJICHHYIO CUCTEMY:

3x+4>0 3x > —4 x>—§
3x +4 < x? +6. —x?43x+4-6<0.

x> =3x4+2>0
KBasipaTHOE HEpaBEHCTBO PEIIMM METOI0M HHTEPBAJIOB:
x> =3x+2>0

x2=3x+2=0>x,=1;x,=2

B = T,
1 2

Haiiném pemienne cucreMst:
o S L
1
-5 1 2

Ortser: (—1%; 1] U [2; 4+ )

3) logi(x? + 7x + 10) = —2

CocTaBuM cucTEMY HEPaBEHCTB, YUUTHIBAs, UTO JIOTapUPMUPYEMOE BbIpaKE€HUE JTOJKHO OBITh
MTOJIOKUTEIBHBIM U OCHOBAaHWE MEHbIIE 1.

X2 +7x+10>0

1n\"2;
x2+7x+10S(—)
2

{x2+7x+10>0.
x>+ 7x+10< 4

Pemaem kBagpaTHbIE HEPABEHCTBA:



X2 +7x4+10>0
x>+ 7x+10=0

X1 ==5; x, = =2 + - +

x> +7x+10< 4
xX>+7x+6=0
x1=—6;x2=—1 + - +

Haiiném perenne cucreMst:

/PPN SN
-1

-6 -5 -2
Orter: [—6;—5) U (—2;—1]

(I)opMa NpeacTaBJICHUA pe3yjabTaTra: BhIIIOJIHCHHOC 3a/laHNE

Kpurtepun onenku:

Ouenka "OTJHYHO'" BBICTABIIACTCS, €CIM paboTa BBHINOJHEHA B MOJHOM O0BEME C COONIOJCHUEM
HEOOXOIMMOM TIOCTICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypPaTHO BBIITOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Onenka "xopomo'" BBICTAaBIISETCS, €CJIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTIMYHO", HO JIOMYLICHBI
2-3 HenoueTa.

Ouenka "ynoBJIeTBOPUTEIBLHO' BBICTABISECTCA, €CJIM PabOTa BBINNOJTHEHA HE TOJHOCTBHIO, HO O0BEM
BBIITOJIHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NPABUIIbHBIE PE3YyNbTaThbl U BBIBOJBI; B XOJ€
MpOBEACHUS PAaOOTHI OBUIA JOMYIIEHBI OITHOKY.

Ouenka ""Hey/I0BJIETBOPUTEIBHO' BBICTABISIETCS, €CIIM pa0OTa BHIMOJIHEHA HE MOJHOCTHIO WIH 00BEM
BBITIOJITHEHHOW YacTH paOOThI HE TTO3BOJISIET CAENATh MPABUIIBHBIX BHIBOJIOB.

Tema 2.1 OcHOBHbIE IOHATHS TPUTOHOMETPHH.
IIpeodpa3oBanne TPUrOHOMETPHYCCKHUX BbIPAKCHUH

IIpakTnyeckas padora Nel6

«PaguaHHBIA MeTOJ U3MEPEHN YIJIOB BPALlleHUA M CBA3b C rpagycHoi mepoii. Haxoxxaenune
3HAYECHUI TPUTOHOMETPUYECKUX pyHKIMID»

Heab: dopmupoBaTh HaBBIKM NEpexojia OT paJuaHHOW Mephl YIJIOB K TpajyCHOW M 00paTHO,
HAXOXKJICHUS 3HAUYEHUH TPUTOHOMETPUUYECKUX (QYHKIUH.

IIpakTuyeckasi padora popmupyer:

[IPy6. ymeHue cBOOOJHO ONEpUpPOBATh MOHSATHSMH: CTENEHb C LEJIbIM IOKa3aTelleM, KOpPEHb
HaTypaJIbHOM CTENEHM, CTENEHb C PpALUOHAIBHBIM II0Ka3aTeleM, CTENEHb C JIEHCTBUTEIBHBIM
(BelecTBEHHBIM) MTOKa3aTeNeM, Jorapudm 4rciia, CHHYC, KOCUHYC U TaHT'€HC ITPOU3BOJIBHOTO YUCIIA;

IIPyl18. yMeHne MoAaenupoBaTh peEalbHbIE CHUTyallMd Ha S3bIKE MaTEMaTHKH; COCTaBIATH
BBIPQ)KCHMSI, YPABHEHUS, HEPABEHCTBA M MX CHCTEMBI 10 YCJIOBHUIO 33J1a4H, UCCIEA0BATh MOCTPOCHHBIE
MOJICJI C KCIOJBb30BAaHUEM amrapara aiareOpbl, MHTEPIPETUPOBATh MOJIYYEHHBIH pe3yJbTaT; CTPOUTH
MaTEMaTHYECKHE MOJEIIHU € IIOMOIIBIO T€OMETPUYECKUX IMOHATUN U BEJIUYMH, PEIIATh CBA3aHHBIE C HUMU
IIPAKTUYECKUE 3aJa4d; COCTaBJIATh BEPOATHOCTHYIO MOJEIb W HHTEPIPETUPOBATh IOJYYEHHBIN



pe3yiibTar; pCulaTb MNPUKIAAHBIC 3aJa4u CpCACTBAMHU MATCMATUYCCKOI'O aHajlin3d, B TOM YHCIIC
COITUATEHO-YKOHOMHYECKOTO U (PH3MUECKOTO XapaKTepa;

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01 Beibupats criocoObl pemieHus 3aaa4d IpopecCuoHaIbHON AeSITeIbHOCTH MIPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM ;
OK 04 D¢ dexTnBHO B3auMOEHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE;
[IK 2.1 BwIMonHATH pacyeThl MapaMeTPOB TEXHOJIOTHYECKUX IPOIECCOB 0OpaOOTKH METalIOB
JaBlieHHEM, paOOThl 000PYOBAaHUS, XapPAKTEPUCTUK UCXOTHBIX 3arOTOBOK U METAJUIONPOTYKIIUH.

MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHLIe 3alaHuA, CIIPAaBOYHbBIC MaTCpUaJibl, KOHCIICKTBI JIGKI_[I/II\/JI.

3aganue:
1. BeIpasute B panmuaHax BEJIMYMHY yTJla, 33JJaHHOTO B Ipajycax
a) 150° 06)450° B)40°
2. BeIpa3uTe B rpajycax BeITUYHHY YTJIa, 33JJaHHOTO B PaJliaHax

T 41
a) — 0) 4w B) —
) To ) ) S
3. Ucnonb3ys onpeneneHus TPUrOHOMETPUUECKUX (DYHKIUHN, HAWIUTE 3HAKU 3TUX (PYHKUUN AJs
YIJIOB:

2
a) —210° 6) ?”
4. 3ybuartoe koiyeco mMmeer 72 3ybma. Ha ckoibko TpaaycoB MOBEPHETCS KOJIECO TPU ITOBOPOTE
ero: a) MpoTUB YacoBOM cTpenku Ha 21 3yberr; 0) mo yacoBoii ctpenke Ha 144 3y6ma?

ITopsinok BbINOJHEHHS PadOTHI:
1. PapuanHas u rpagycHas Mepsl cBsi3aHbl 3aBUcUMOCTbiO 180° = m paguaH. [lostomy 1° =

T
3HAYUT X ° = Tao & Pa/iMaH.

Vs
180°’

. . 180°
2. YrtoOBI BEIpa3UTh YTOJI B TPALyCHOW MEpe BOCIIONIB3YHTECh COOTHOIIEHHEM 1paj, = .

3. Hauepture emuHWYHYIO OKPY)KHOCTb, OTJIOXXHTE 3aJaHHBIA  yroji, TIOMHS, YTO
MIOJIO)KUTEIBHBIM ~ CUMTAETCA  YIOJI, OTKJIAQAbIBAEMBIM IPOTHB YacOBOM CTpENKH, a
OTPHLIATENIBHBIM — I10 YaCOBOM CTpEJIKE.

Xoa paGoTsI:
1. BeipasuTe B pajnaHax BeIMUYHMHY yIJIa, 33JJaHHOTO B Ipajlycax
a) 120° 6)225° B)10°

a) 120° = ——-120° =25 6)225° = ——-225° =-% B)10° = ——-10° = —,
180 3 180 4 180 18
2. BLIpaSI/ITC B I'paagycCax BCIIMYUHY yIJid, 3aJaHHOTO B paJuaHax
I gy em
a) 5 9 6
a)3_”:&0°.3_”:1080 6)2_”:@.2_”:400 B)S_”:ioos_”:1500
5 T 5 9 T 9 6 T 6

3. Ucnonp3ys ompeneneHus: TPUTOHOMETPHYECKIX (DYHKIMH, HaWIUTe 3HAKK ATHX (DYHKIHHA IS
yTJIOB:

a) —120°  6) =
[TocTpouM €AMHUYHYIO OKPYXHOCTh W OTJIOXKUM JaHHbIE yribl. Yron—120° oTknaabpiBaeM MO
yacoBoi cTpenke. Touka, coorBeTcTBYtomas yriay —120° nexur B || uerBeptu, 3HaUuUT,



cos(—120°) < 0, sin(—120°) < 0,
tg (—=120°) > 0, ctg(—120°) > 0.

(I)opMa NMpeacTaBJdCHUA pe3yjabTaTa: BhIIIOJIHECHHOC 3a1aHUC

Kpurtepun onenku:

Ouenka "oTJHYHO'" BBICTABIACTCS, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOJI0IEHUEM
HEO0OXOIUMOM TIOCTIEOBATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIIIOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Ouenka ''Xopoio'" BBICTABISACTCSA, €CIU BBINIOJHEHBI TPEOOBaHUS K OIECHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTEIBHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITTOJIHEHHOHN YaCTH TaKOB, YTO MO3BOJISIET IMOJIYYUTh MTPABWIIBHBIE PE3YJIbTATHI M BHIBOJIBI; B X0OJI€
MpOBeACHUS PAaOOTHI OBUTH TOTYIIEHBI OTHOKH.

OueHka '""Hey10BJIETBOPUTEILHO'" BBICTABIISETCS, €CIIM PA0OTA BBHIMOJTHCHA HE TMOJIHOCTHIO HITH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIeaTh MPaBUIbHBIX BHIBO/IOB.

Tema 2.1 OcHOBHBIE IOHATHSA TPUTOHOMETPHH.
IIpeoOpa3zoBaHue TPUTOHOMETPUYECKUX BbIPAa:KeHH

IIpakTuyeckoe 3ansitue Ne 17

«IIpeoOpa3oBaHusi TPUTOHOMETPHYECKUX BbIpa:keHU . PopMyJIbI CJ10:KeHN s, YIBOCHUS.
®opmy.bl npuBenenns. IIpeodpazoBanne cyMMbl TPUTOHOMETPHYCCKUX (PYHKIMI B IPOU3BECHHE,
npeodpa3oBaHue NPOU3BeAeHUS TPUTOHOMeTPpUYecKUX QYHKUMIT B CyMMY»

Henabr padorbl: HayunTbes mnpeoOpa3oBbIBaTH TPUTOHOMETPUYECKUE BBIPAKEHHUS, HCIOJIB3YS
TPUTOHOMETPHUECKUE (POPMYIIBI.

IIpakTnyeckas padora ¢popmupyer:

[Ipy6 ymeHue cBOOOAHO ONEPUPOBATH IOHATHSAMH: CTENEHb C LEJIbIM II0Ka3aTejaeM, KOpEHb
HaTypaJIbHOM CTENEHH, CTENEHb C PpALUOHAIBHBIM II0Ka3aTeleM, CTENEeHb C JEHCTBUTEIbHBIM
(BeliecTBEHHBIM) MTOKa3aTeNeM, Jorapudm 4rciia, CHHYC, KOCUHYC U TaHT'€HC ITPOU3BOJIBHOTO YUCIIA;

BeinosiHenue padorsl criocodcTByeT GOPMHUPOBAHMIO:
OK 01 Beibuparh crnocoObl pemieHust 3aaad MNpo(hecCHOHAIBHOW JAEATENbHOCTH NPUMEHUTENBHO K
pa3IMYHbIM KOHTEKCTaM
OK 04 D¢ddexTuBHO B3auMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

MarepunanbHoe obecniedeHue:
I/IH)]I/IBI/IHyaJ'H)HI)Ie 3alaHuA, CIIPaBOYHBIC MaTCpUalibl, KOHCIICKTEI J'IeKI_II/If/'I.

3aganue:

1 BBILII/ICJ'II/ITC €0512°-c0548°—5sin12°-sin48°
: €0554°-5in36°+c0536°5in54°
3T
sin(m+a tg\—ta cos 2t .
, (37; ) _ G )+tg(7t—a);6) ——————sint
sin(;-a)  ctg(n-a) cost —sint

2. YpocTuTe BhIpaKEHUE a)



3 24, 3 3
3. JlaHo cos x=—=; cos,8=—£, 7T<0C<7n; 7T<,[>’<7”.

Haiigure sin (x —p).
o in78°-sin42°
4. HalizuTe 3HAUYEHUE BHIPAKEHHS:
c0s78°—cos42°
cosa—cos3a+cos5a—cos7a

5. YrpocTuTte BeIpaKeHUE— _ , , .
sina+sin3a+sin 5a+sin 7a

6. JIOKa)KUTE TOKAECTBO: L2et e _ 4 o4q
cos2a+coséba
IMopsiToK BBINOJTHEHHS PAOOTHI
1) 3anuiuTe 3aJaHue U OmpeneNnuTe, KakuMu (opMyllaMd TPUTOHOMETPUU
HY>KHO BOCITOJIb30BaThCA.
2) [Tpumenute 3t HOpPMYIIBI.
3) YopocTtuTe  TONy4YWBINEECS ~ BBIpAKCHHE.  BBIUMCIUTE, €CIU  3TO

HeO6XOI[I/IMO, 3HAYCHHC BbIPAKCHUA.

Xoj penieHus:

€0571°:c0526°+sin71°sin26°
1.Berauciaure — -
sin20°co0s25°+c0s20°-sin25°

Pemenue:
cos71° - cos26° + sin71° - sin26°
sin20° - cos25° + cos20° - sin25°
Jliig petieHus: HaM HEOOXOAMMO UCTOIB30BaTh (POPMYIIBI CIIOKEHUS:
cos(a + B) = cosa - cosp + sina - sinf
sin(a + B) = sina - cosp + cosa - sinf
cos71° - cos26° + sin71° - sin26°  cos (71° — 26°)  cos45°
sin20° - c0s25° + c0s20° - sin25°  sin (20° + 25°)  sin45°

2 YHpOCTI/ITe BBIPAKCHIE: sin(180°+a)-tg(x—180°)-cos(360°—a)
’ ’ ctg(g—a)-ctg(n+a)-cos(37n—a) '

= tg45° =

IIpu pemeHnn 3TOro 3aJaHus HYXHO NMPUMEHHUTH (GOpPMYIbl MpuBeneHHs. s 3TOro BCHOMHUM
MHeMoHHMuecKoe npaBwiio: 1) HazBanue QpyHkuMy He MEHSETCS, €ClIU K apryMEeHTy o ImpuOaBiseTcst —mn
i 7.

Ha3Banue ¢yHKINMU MEHSETCs, €Clid K apryMeHTy o InpubaBiseTcs —gn WIH gn, n-
HEYETHOE YHUCIIO.
2) CraBuTCS 3HAK UCXOJHOM (YHKIIMM, CUUTAS , UTO O- OCTPBIN yToJl.

Pemenue:
sin(180° + a) - tg(x —180°) - cos(360° —a)  —sina-tga-cosa  cosa cosa cosa - sina .
g 3n " tga - ctga- (—sina) T tga | 0SA T T osq 0N
ctgz —a)- ctg(m+a)- cos( —a) 9 9 9 Sina
3. JlaHo sin o<:18—7; cosp =§; g<o<< m 0<p <g.
Hatigure sin (x +8).
Pemenue: Hdns  pemeHus HaM HYXXHO UCIIOJIb30BaTh bopmyy CJIO’KEHUS

sin(a + B) = sina - cospf + cosa - sinf

Ho HamM HEHU3BECTHEI 3HayeHHA cos X U sing.

HaﬁHeM CHavaJla 3THU 3HAUCHUS, UCITOJIb3YySd OCHOBHOC TPUT'OHOMETPHUUCCKOC TOXKIACCTBO!:
cos? « +sin? x=1

BripasuM 13 HEro KCKOMYIO QYHKIHIO cos «= +v1 — sin? «

sinf = +./1 — cos?p

64 289 64 15
Tak kak kocunyc Bo || ueTBepTH oTpHIATENEH, TO cos o= — |1 — o= = — /— - ==
289 289 289 17



o . 16 25 16 9 3
Tak xak CHUHYC B | YETBEPTHU IMOJIOXKUTEIIBHBIU, TO sinf = \/1 2 = \/E 2 255

[ToncTaBuM HaliieHHbIE 3HaYEHUS B POPMYITY ¥ BBIUUCIUM 3HAYCHHE
sin (< +8).
8 4 15\ 3 32 45 13
sin(x +8) = — 3 ( ) =

175 \"17) 5 85 85 85

sin68°—sin22°

4. Haiinute 3HAaYCHHUE BBIPAKCHUS, —————————
c0568°—c0s22°

Jlnsi pemieHus HaM HYKHO BOCIIOJIB30BaThCs (hopMyiamMu MpeoOpa3oBaHUs CyMMBbI UM pPa3HOCTH
TPUTOHOMETPHUECKUX (PYHKLUN B IPOU3BEIECHHE:

a+p a—p
cosa + cosP = 2cos " cos
2 2
a+p a—p
cosa — cosf = —2sin - sin
2 2
a+ a—
sina + sinf = 2sin F " coS k
2 2
. . a+p a-p
sina — sinfl = 2cos > - sin 5
Pemenue:
. ) 68° + 22° . 68°—22° .
sin68° — sin22° 2cos 2 Sin 2 _ 2c0s45° - sin23° B c0s45° = —tg4se
c0s68° — c0s22° 2 68°+22° . 68°—22°" _2sin45°-sin23°  sind5° €9
—2sin > sin >
=-1
. sina+sin3a+sins5a
5. I[OKa)KI/ITe TOXIOECCTBO: cosatcos3atcossa tg3a

Jlia pelieHUss HaM HYKHO BOCIIOJIb30BaThCs (opMysiaMu NHpeoOpa3oBaHUS CYMMBbI U Pa3HOCTH
TPUTOHOMETPHUECKUX (DYHKIUH B IPOU3BEICHHE.

Pemenne:
sina+sin3a+sins5a

=tg3a
cosa+cos3a+cos5a
Breimuimem otaenbHO JICBYIO 4aCTb TOXKACCTBA U npeo6pa3yeM €C, UCITOJIb3Ys (I)OpMy.]'IBIZ
sina+sin3a+sins5a __ (sina+sin5a)+sin3a _ ZSinazsa'COSa_zsu+Sin3a __sin3a-cos (—2a)+sin3a _

“J'ZS“.COS“_ZS“+COS3“ cos3a-cos(—2a)+cos3a

Bocnonb3yeMcst 4eTHOCTBIO KOCHHYCA cos(—a) = cosa
sin3a - cos 2a + sin3a  sin3a - (cos2a+1) sin3a

cosa+cos3a+cos5a (cosa+cos5a)+cos3a 2cos

= = = =tg3
cos3a - cos2a + cos3a  cos3a - (cos2a +1) cos3a g2

tg3a = tg3a
ToxkaecTBO JOKa3aHO.

(I)opMa NpeaACTaBJICHUSA PE3yabTaTa: BEIIIOJIHCHHOC 3a/laHNE

Kpurtepun onenkmn:

Ouenka "oTJMYHO" CTaBUTCSA, €cld paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOIIOJEHHUEM
HE0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIHHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aMKCH U BBIYUCIICHUS.

Ouenka "Xopouo' CcTaBUTCs, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOIMYIIEHbI



2-3 Hezouera.

Ouenka "ya0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBIMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJISECT MOJYYUTh NpPaBUJIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OITHOKH.

OueHka "Hey10BJI€TBOPUTEIBHO'" CTaBUTCS, €CIIM pabOTa BBHIIOJIHEHA HE IMOTHOCTHIO WM 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BHIBOJIOB.

Tema 2.1 OcHOBHbIEC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBanne TPUTOHOMETPUYECKHUX BbIPaKEeHU

IIpakTuyeckoe 3ansitue Ne 18

«IIpeoOpa3oBaHusi TPUTOHOMETPHUYECKUX BbIpaskeHuii. [Ipeodpa3oBanue cymMmmbl
TPUTOHOMeTpUYecKUX (PpyHKuMii B npousBenenue. [lpeoopazoBanune npoussenenust
TPUTOHOMETPUUYECKHUX (PYHKIUI ¢ CyMMY»

Heabp padorbl: HayuuTbes mnpeoOpa3oBbIBAaTH TPUTOHOMETPUYECKUE BBIPAKEHHUS, HCIOIB3YS
TPUTOHOMETPUYECKHE (DOPMYIIBI.

IIpakTuueckas padora popmMupyer:

[Ipy6 ymeHue CBOOOIHO ONEPHPOBATH MOHATHUSAMH: CTEMCHb C IICJBIM IOKa3aTejeM, KOpPEHb
HaTypaHLHOﬁ CTCIICHU, CTCICHb C palUdOHAJIbHBIM II0KAa3aTCJICM, CTCICHL C I[eﬁCTBHTCJ’IBHBIM
(BeIIeCTBEHHBIM) ITOKA3aTeNIeM, JIOrapru(M YUCIia, CHHYC, KOCHHYC ¥ TAHT€HC MPOU3BOJIBHOTO YHCIIA;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeibupaTth crnocoObl pemieHus 3ajad NpoPecCHOHAIbHON JeATEIbHOCTH MNPHUMEHUTENIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U pPa0OTaTh B KOJUICKTUBE U KOMaH/Ie

MaTepna.ﬂbﬂoe o0ecneyeHue:
I/IH,Z[I/IBI/II[yaJ'IBHBIC 3alaHuA, CIIPAaBOYHbBIC MAaTCpUaJibl, KOHCIICKTLI JICKITUH.

3aganue:

o sin78°—sin42°
1. HaI/I]:[I/ITe 3HAYCHHC BI)Ipa)KeHI/IﬂI EEEE——
c0s78°—cos42°

cos a—cos 3a+cos5a—cos7a

2. YIpOoCTUTE BbIpA)KEHUE— , , —.
sin a+sin 3a+sin5a+sin7a

in2a+sin6
3. JIoKaXuTe TOXKAECTBO: ———— = = tg4a

cos2a+cosba

IMopsanok BbINOTHEHUS PAGOTHI

1) 3anummTe 3amaHWe W ONpEACIHTe, KaKMMH (GOpMyJaMH TPUTOHOMETPHU  HYXKHO
BOCIIOJIb30BaThCA.

2) Ipumenute 3T HOPMYIIBL.

3) YopoctuTe mONyYMBIIEECS BBIpaKEHHE. BBIYMCINTE, €CIM 3TO HEOOXOJMMO, 3HAYCHHE
BBIPKCHUS.

Xox pa0doThI:
1. Haiinute 3HaYeHNE BHIPAKEHUS:

sin68°—sin22°

c0s68°—c0s22°

Jlnsi pemieHus HaM HYKHO BOCIIOJIB30BaThCs (hopMysiamMu MpeoOpa3oBaHUs CyMMbI M pPa3HOCTH
TPUTOHOMETPUUYECKUX (DYHKIUN B IPOU3BEICHUE:



a+p a—f

+ =2 :
cosa + cosf cos > cos >
_a+p o a-p
cosa — cosf = —2sin - sin >
a+ a—
sina + sinfd = 2sin p - cos p
2 2
, , at+pf a-p
sina — sinf = 2cos sin >
Pemenue:
68° + 22° | 68°—22°
sin68° — sin22° 2cos 2 sin 2 2c0545° - sin23° c0545° 45 1
= ) ) ) 5 = B B = - = —ct °=—
c0568° — cos22° —2sin 68° +22° . 68° —22 —25in45° - sin23° sin45° g

2 sin 2

sin3a+sina
2. YrpocTuTe BBIpAXKEHUE ————————
cos3a—cosa

Jlnsi pemieHUs HaM HYKHO BOCIIOJIB30BaThCs (hopMyiamMu TpeoOpa3oBaHUS CyMMBI M pPa3HOCTH
TPUTOHOMETPHUYECKUX (PYHKLIUN B IPOU3BEICHHE:

a+pf a—pf
cosa + cosf = 2cos * coS
2 2
_a+p a—-p
cosa — cosff = —2sin - sin
2 2
a+ a—
sina + sinfd = 2sin 'B-COS p
2 2
) ) a+p a—p
sina — sinf = 2cos > - sin >
Pemenmue:
. 3a+a 3a—«a
. . 2sin co .
sin3a +sina 2 2 _ 2sin2acosa  COSa cg
c0s 3a — Cos . 3a+a . 3a—-a -2sin2asina sina

—2sin sin
2 2

sina+sin3a+sin5a

3. JlokaxuTe TOXKJIeCTBO: = tg3a

cosa+cos3a+cos5a

Jlnst pemieHUs HaM HYKHO BOCIIOJIB30BaThCs (hopMysiamMu MpeoOpa3oBaHUsl CyMMbl U pPa3HOCTH
TPUTOHOMETPUYECKHUX (YHKIIHI B IPOU3BEIACHHE.

Perienue:

sina+sin3a+sin5a
_— = tg 3a

cosa+cos3a+cos5a

BrimuiieM oTiepHO JEBYIO YaCTh TOXKIECTBA U Mpeodpa3yeM ee, UCTIOIb3Ysl OPMYIIbI:

. a+5a a=5a .
sina+sin3a+sin5a (sina+sin5a)+sin3a 2sin——cos——+sin3a sin3a-cos (—2a)+sin3a

a+5a a—5a

cosa+cos3atcosSa  (cosa+cosSa)+cos3a  2cos 5 cos tcos3a  cos3a-cos(—2a)+cos3a

2
Bocnonb3zyemcst 4eTHOCTBIO KOCUHYCa cos(—a) = cosa
sin3a - cos 2a + sin3a  sin3a - (cos2a +1) sin3a

= = = =tg3
cos3a - cos2a + cos3a  cos3a - (cos2a +1) cos3a goc

tg3a = tg3a
ToxxaecTBO JOKa3aHO.



dopma npeacTraBJieHUs pe3yJbTAaTAa: BHIIIOJIHEHHOE 3a/1aHNE

Kpurepun oneHku:

Ounenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM O0BEME C COOIOJICHUEM
HEe0OXOIMMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka '"xopomo' CTaBUTCs, €CIM BBIOJTHEHBI TPEOOBaHUS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 Heyouera.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJISET MOJYYUTh IPaBUJIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OITHOKHY.

Ouenka ""Hey10BJIE€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISIET CAENATh MPABUIIbHBIX BBHIBOJIOB.

Tema 2.1 OcHOBHBIE IOHATHSA TPUTOHOMETPHH.
IIpeoOpa3zoBaHue TPUTOHOMETPUYECKUX BbIPAa:KeHH

IIpakTnyeckoe 3ansitue Ne 19

IlocTpoenue rpadukoB TPUTOHOMETPUUYECKUX (PYHKIIUI € MCIIOJIb30BAHHEM IeOMETPUYECKHX
npeodopa3oBaHuii

Heab padorbl: HayuuThcs cTpouTh rpaduku TPUTOHOMETPUUECKHUX (QYHKIUI

IIpakTHyeckas padora ¢popmupyer:

[1P6G5 ymeHme omepupoBaTh TMOHSATHSIMH: palioHaNbHAs (YHKIHS, TOKa3aTenbHas (QyHKIHS,
creneHHast pyHKIus, Jorapupmudeckas GyHKIMS, TPUTOHOMETpUYecKre QPyHKIMH, 0OpaTHbIe (QYHKIUH;
YMEHHE CTPOUTH Ipad)MKy M3YYCHHBIX (YHKIUH, UCTONB30BaTh IpadUKH NPU M3YyYCHUH TPOLECCOB U
3aBUCUMOCTEH, MpU pelleHUuM 3agad M3 JPYTUX y4eOHbIX NpPeAMETOB M 3ajad M3 peajbHOM >KU3HHU;
BBIpaXaTh (OPMYIIaAMHU 3aBUCHIMOCTH MEX/y BETMUNHAMU;

IIpy8 ymeHue cBOOOJHO oOmepUpoOBaTh MOHATUSAMM: Tpaduk QyHKIMHM, oOpaTHas ¢QyHKLHS,
KOMIIO3UIMS (PYHKUIMH, JMHEHHas (QYyHKUMS, KBaapaTuyHas (QYHKUMs, CTeNeHHas (YHKIUS C LENIbIM
nokaszaTejieM, TPUIOHOMETpudYeckue  (yHKIMM, OOpaTHble  TPUTOHOMETpUYecKHe  (YHKIMH,
MoKazarenbHass M Jorapupmuueckas (QyHKIUH; yMEHHE CTPOUTh TIpaduKu (QYHKIHUHM, BBITOIHATH
npeoOpa3oBaHus rpauKoB GbyHKIM;
YMEHHE HWCIOJb30BaTh Tpaduku (YHKIHMN JUISI U3y4EHHsI TPOIECCOB M 3aBHCUMOCTEH TMpH pEHICHUH
3ajjad U3 JPYruX Y4eOHBIX IMPEIMETOB M M3 PEalbHOM JKU3HU;BBIpaKaTh (OPMYJIaMHU 3aBUCUMOCTH
MEXy BEIIMYHHAMHU; yYMEHHE CBOOOIHO OTEPHPOBATH MOHATHIMH: YETHOCTb
(GyHKIMH, TEPUOTUYHOCTh (DYHKIIMH, OTPAHUYEHHOCTh (DYHKIIMH, MOHOTOHHOCTh (DYHKIIMH, SKCTPEMYM
¢byHknuu, HawOoJbIlee W HaWMEHbIee 3HA4YeHUS (YHKIMM Ha TPOMEXKYTKE, yYMEHHE MPOBOIUTH
ucclieioBaHue PyHKIUHY; yMeHue
WCTIOJNB30BaTh CBOWMCTBa W rpaduku (QYHKIUH a1 pelmieHus YpaBHEHWH, HEPaBEHCTB M 3a/1ad C
napameTpamu; u300pakaTh Ha KOOPAMHATHOM MJIOCKOCTH MHOXKECTBA PELICHUN ypaBHEHUH, HEPABEHCTB
U MX CHCTEM;

BbinosiHeHue pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01 Beibuparh crnocoObl pemieHust 3aaad MNpo(hecCHOHAIBHOW JAeATENIbHOCTH NPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM
OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTATh B KOJUIEKTHBE U KOMaH/IE

MarepunanbHoe obecrnieyeHue:



I/IH,Z[I/IBI/I,Z[yaHLHLIe 3alaHuA, CIIPAaBOYHBIC MaTCpUaJibl, KOHCIICKTLI HGKHHﬁ.

3ananmue:
[TocTpouts rpaduk GyHkIUU y = 3sin (x — g). 3anucaTh CBOMCTBA 3TOM (PYHKITHH.

IMopsanok BbINOTHEHHSI PA0OTHI:

[Tpu mocTpoeHnn rpaduika Hy>KHO BOCIIOJIB30BaThCS MPEOOPa3OBaHUSIMU TPAPHUKOB.

1.y = f(X) + b — rpapux ¢ynkuuu nonydaercs u3 rpadpuka ¢yHkuum Y = f(X) myrem
napajuIelIbHOTO TIepeHoca 3Toro rpaduka Ha BenuuuHy Baojib ot OY. Ilpu stom, ecnu b>0, To rpadux
¢bynkuu f(X) + b paconaraercs Boie rpadpuka Gpynkuuu f(x), ecau b<0, To HuKe 3TOTO rpaduKa.

2.y = f (X + b) — rpaduk PyHkuu moxydaercs u3 rpaduka GyHkuuu y = f(X) ¢ MOMOIIBIO
napauIeIbHOTO MepeHoca 3Toro rpaduka Ha BennuuHy b Baonb ocu OX, npu tom, eciau b>0, To ciBur
BJICBO, a eciii b<<0, TO CABHUT BIPABO.

3. y =-f(X) — rpaduk cummerpuuen rpaduky y = f(x) orHocuTensHo ocu OX

4.y = a f(x) — rpadux ¢yskuuu nomydaercs u3 rpaduka ¢yHkuuu y = f(X) ¢ moMomibro
pacTsbKeHHs WK cxxatus rpaduka mo ocu OY nponopuuoHaibHO KOAGGHUIUEHTY @, IPUYEM,

eciy @ > 1, To Bce opanHaThI rpaduka af(x) yBeIMYMBarOTCS B @ pa3, eciu a < 1, TO yMEHBIIAKTCS
B a pas.

5.y = fla x) — rpaduk ¢yHkuu mnonydaercs u3 rpaduka ¢yHkmuu y = f(X) ¢ momormibro
pacTsDKEHHS WK CKaTsl BIOJb ocd OX MponopiuoHaibHO KOAPPUIUMESHTY a, IpryeM, ecid, a > 1, To
rpaduK cxumaercs B a pas, eciim 0 < a <1, to pactaruBaercs B 1/a pas.

6.y= | f (x) - JUISL TIOCTPOEHHS ATOTO rpaduka HY)KHO MOCTPOUTh Tpaduk pyHkmmm y = f(x) u

0To0pa3uth oTHOCUTENBHO ocu OX Te yacTu rpaduka, KOTOPbIE PACIOI0KEHBI HUXKE ITOU OCH.
[Tocne moctpoeHus rpaduka IPOBEIUTE UCCIIEAOBaHNE (DYHKITUH IO 00IIeH cxeme.

Xoa padoTsl

- i3 s =
HoctpouTts rpaduk GyHKIMH y = 2cos (x + 7). 3amUCaTh CBOICTBA 3TOI QYHKIHH.
Chauana noctpouM rpauk GyHKIHUU y = cosx

— T = i
[lepenecem rpaguk GyHKINHU y = cosx Ha ; BIeBo. Homydnm rpaduK QYHKIUHH y = cos (x +3).
PactsaeM rpaduk nonyuduBiieics GpyHkuuu B 2 pasza B1oib ocu Oy.

T
) =2C0S| X+—
! (3]

Uccnenyem ynkiuto mo oOmiei cxeme:

1. D(y)=R;

2. E(y)=[-2:2]

3. y=0,nmpu Xx=7/6 +zn, n € Z,

4. OyHKUuMsA 00ILIero BUA.

5. OyHKIUA HEMOHOTOHHA,
npu X € (2n/3 + 2mn; 5n/3 + 2mn) — byHKIUSA BO3pacTaeT;
npu x € (-n/3 + 27n;2 /3 + 2an) — GyHKIMs yObIBAET;

6. (-n/3 + 2nn; 2) — max;

(2n/3 + 27n; -2) — min;
7. T=2x.



dopma npeacTaBJeHus pe3y/IbTaTa: BEIIIOJIHEHHOE 3a/1aHNE

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Clid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIUMOM TOCIIEAOBATEIFHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Ounenka "'xopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUA K OLEHKE "OTJIIMYHO", HO JOIYILEHbI
2-3 Henmoyera.

Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €Clid pabOTa BBITIOJHEHA HE MOJTHOCTHIO, HO 00BEM
BBIMIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUJIbHBIE PE3yJIbTaThl U BBIBOJBL, B XOJI€
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEJIbHO' CTaBUTCS, €CJIM padOTa BBIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON YacTH PaOOTHI HE MO3BOJISET CAENATh MPABIIILHBIX BBIBOJIOB.

Tema 2.1 OcHOBHBIE OHATHS TPUTOHOMETPHUH.
IIpeoOpa3oBanne TPUTOHOMETPUYECKHUX BbIPAKEeHU

IIpakTuyeckoe 3anaTue Ne 20
Onucanue Npon3BOICTBEHHBIX MPOLECCOB ¢ MOMOIIbIO rpadukoB PpyHKIM
Lean padoTbi: HayunThes ucnonb30BaTh rpaduku GyHKIUN B PEIICHUH TPUKIIAIHBIX 3a71a4

IIpakTHyeckas pabora ¢popmupyer:

[1P65 ymeHue omepupoBaTh MOHATHAMHU: palMOHATbHAs (YHKIWSA, IOKa3aTelabHas (QYyHKIUS,
cTeneHHas QpyHkuus, sorapudmuueckas QyHKIMs, TPUrOHOMETpHUeckue GpyHKunuu, oOpaTHble HYHKIUY;
YMEHHE CTPOUTh IpadMKy M3yYEHHBIX (YHKIWH, WCIOIH30BATh TPa(QUKH MPU M3YyYCHHUH TPOLECCOB U
3aBUCUMOCTEH, MpU pelIeHUuM 3aJad M3 JIpYrux y4eOHbIX NPEAMETOB W 33/ad U3 pealbHON KU3HU,
BBIpaXaTh (OPMYIIAMHU 3aBUCHMOCTH MEX/y BETMUYNHAMU;

IIpy8 ymeHue cBOOOJHO oONEpHpPOBAaTh MOHATUAMM: Tpaduk QyHKIUHM, oOpaTHas (QyHKLHS,
KOMIIO3UIMS (PYHKUIMH, JWHEHHas (QYyHKUMS, KBaapaThuyHas (QYHKUMs, CTeEeHHas (YHKIUS C LEJbIM
nokaszaTejieM, TpPUTOHOMETpudyeckue  (yHKIMH, OOpaTHble  TPUTOHOMETpUYecKHe  (YHKIIMH,
MoKasareibHass M Jorapupmuyeckas (yHKIUH; yMEHHUE CTPOUTh Tpapukud (QyHKUUN, BBINOIHATH
npeoOpa3oBaHus rpapuKoB GbyHKIM;
YMEHHE HWCIOJb30BaTh Tpaduku (YHKIHMN JUISI U3YYEHHs] TPOIECCOB M 3aBHCHMOCTEH TMpH pPEHICHUH
3ajja4 U3 JpPYrux y4eOHBIX MPEIMETOB U M3 peajbHOM XKU3HH; BbIpakaTh (opMylaamMHu 3aBUCUMOCTH
MEXy BEIIMYHMHAMHU; yMeHHue CBOOOJIHO ONEePHPOBATH MOHSATHIMHU: YETHOCTD
(GYHKLINH, TEPUOIUYHOCTh (DYHKIIMM, OTPAHUYEHHOCTh (DYHKIIMHM, MOHOTOHHOCTh (DYHKIIUH, 3KCTPEMYM
¢byHknuu, HawOoIbIlee W HaWMEHbIee 3HA4YeHUS (YHKIMM Ha TPOMEXKYTKE, yYMEHHE MPOBOIUTH
ucclieioBaHue QPyHKIUHY; YMEHHU €
WCTIOJB30BaTh CBOWMCTBa W rpadukm (GYHKOWN Ui pelIeHus ypaBHEHWH, HEpaBEHCTB M 3adad C
napameTpamu; u300pakaTh Ha KOOPAMHATHOMN MJIOCKOCTH MHOXKECTBA PELICHUN ypaBHEHUH, HEPAaBEHCTB
U MX CHCTEM;

[1Py18. ymeHue MoOnAENMpPOBATH peajibHbIE CHUTYAllMM Ha S3bIKE€ MaTeMaTHKH;, COCTaBIISATh
BBIPO)KEHUS, YPAaBHECHHUs, HEPABEHCTBA M WX CHCTEMBI 10 YCJOBHUIO 33/Ia4H, MCCIIEOBATH MMOCTPOSCHHBIE
MOJIEJI C HCIOJb30BAaHUEM ammapaTa aiareOpbl, MHTEPIPETUPOBATh MOJIYUYEHHBIH pe3yJbTaT; CTPOUTH
MaTeMaTHYECKHUE MOJIENTN C TTOMOIIBI0 TEOMETPUIECKUX TIOHSATHI W BEJTMUWH, PEIaTh CBSI3aHHBIC C HUMH
NPAaKTUYECKHE 3a/1a4M; COCTABIATh BEPOSTHOCTHYIO MOJENb M HWHTEPIPETHPOBATH IOJYYEHHBIH
pe3yabTaT; pemaTh MPUKIAJAHBIE 3aaddl CPEICTBAMH MaTeMAaTHYEeCKOTO aHaln3a, B TOM 4YHCIE
COLIMAJIEHO-9)KOHOMHUYECKOTO U (PM3MUECKOTO XapaKTepa;

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:



OK 01 Bri6upats crocoObl pemeHus 3a1a4 npohecCHOHATBHON AEATEIbHOCTH IPUMEHHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U PaOOTATh B KOJUICKTHBE U KOMAaH/IE

[IK 2.1 BwIMonHATH pacyueThl MapaMeTpOB TEXHOJIOTHYECKUX IPOIECCOB 0OpaOOTKH METalIOB
JaBlieHHEM, pabOThl 000PYOBaHUS, XapaKTEPUCTHUK UCXOTHBIX 3arOTOBOK U METAJLIONPOAYKIIUH.

MarepunanbHoe obecrnieyeHue:
WunuButyanbHble 3a1aHNs, CIIPABOYHBIC MaTePHAIbl, KOHCIICKTHI JICKIIHH.

3aganue:

1. Ha pucynke n3zobpaxen rpaduk 3aBUCUMOCTHA KOOPIMHATHI OT BPEMECHH
KOJICOJTIOIETOCs Tela.

Aion

1 ‘\. W
. -~\- 1
i(’-’;\ ——1 K»

A

z

L8

TN
ITo rpaduky onpenenure: 1) ammiuTyny konebanwuii; 2) nepuos KonebaHuii; 3) yactory
Kose0aHuii; 4) 3anuIKTe ypaBHEHUE KOOPAUHATHI.

2. Ectb MruoBenHas ¢ororpadus BOJIHBI B pE3UHOBOM IIHYPE.

Onpenenure: 1) UIMHY BOJHBL; 2) aMIUIMTYAY KoJieOaHUI YacTHUEK IIHYpa.

0 1 A3 /4 5 6\

3. Ilo npeacraBieHHOMY IpadUKy ONpeaenuTe aMIUIUTYy U epro] KojaeOaHHii
HUTSHOTO MasATHHKA.

x, cm 4

(i W .
NV A

4. I1o ypaBHEHHIO TaPMOHUYECKUX KOJIEOAHUMN ONPeNeTUTh AMILTUTYY, YTIOBYIO
CKOpOCTb, IEPHOA U YacToTy. HauepTuTth rpaduk JaHHOTO TapMOHUYECKOT0 KOJIeOaHHs.
1) x =15 sin 3nt

2) x = 8 sin m/3t

3)x =10 sin zt




Ilopsiiok BbINOJTHEHHS PA0OTHI:

1) O3HaKOMHUTBHCS C YCIOBHEM 3aJ1a4H, MPOaHATN3UPOBATH TpaduK.

2) Ilo rpaduky, HUCIONB3Ys] CBOHCTBA TPUTOHOMETPUYECKUX (PYHKIHUH, ONPENeIUTh HEOOX0IUMbIE
BEJIMYMHBI, 3aIHCATh OTBET.

Xox padoThl
[Tpu perennu 3a1a4 HEOOXOMMO HCIIOB30BATh CBOMCTBA TPUTOHOMETPUIECKON (pyHKITHH
y =sinx.
®ynknus y = sin X
['padukoM GyHKIUY SBISETCS CUHYCOHIA.
[TosiHy10 HETOBTOPSAIOIIYIOCS YaCTh CUHYCOUAbl HA3bIBAIOT BOJHOM CHHYCOUBI.
[TooBUHY BOJIHBI CHHYCOU/IBI HAa3bIBAIOT MOJYBOJIHOM CUHYCOUIBI (MU apKOH).

A
- P o T=2n
y=sinx < >
l=f=-
X
v f ! 5 t f “—p
-2n 3 -1 _I T m 3n n
2 2 B [E—_—— 2 2 2

CeoiicTBa pyHKIUH Y= SiN X:
1) O6nacts onpeneneHus PyHKINH —MHOXKECTBO JI€HCTBUTEIBHBIX YUCEI.
2) O6uacthb 3HaueHU GyHKIMHA —0Tpe30K [—1; 1]
3) Oro HeueTHast PYHKIMS.
4) Oto HenpepbIBHAS QYHKIHSL.
5) Koopaunats! Touek nepeceuenus rpaduka:-c oceto adenuce: (nn; 0),-c ocbto opaunHat: (0; 0).
6) Ha otpeske [-n/2; n/2] pyHkums Bozpacraer, Ha oTpe3ke [1/2; 3m/2] —yObIBaeT.
7) Ha npomesxyTkax [27n; ©t + 2nn] QpyHKIMS IPUHUMAET NOJIOKUTEIbHBIE 3HaueHHsl. Ha mpoMexyTkax
[-m + 27n; 27n] QyHKIMS TPUHAMACT OTPHUIIATEIBHBIC 3HAUYCHHUSI.
8) IlpomexxyTku Bo3zpactanus pyHkuuu: [-m/2 + 2nn; n/2 + 2nn].IlpomexxyTku yosiBanust pyHKUIMU: [11/2
+ 2mn; 3n/2 + 2nn].
9) Toukn MunumyMma pyHKUUU: -/2 + 2nn. Toukn MakcuMyma QyHKIUM: /2 + 271tn
10) ®yHkuus orpaHudeHa cBepxy U cHu3y. Hanmensinee 3HaueHue GpyHkuuu —1, Hanbosbliee 3HaYeHUE
1.
11) Oro nepuoanueckas pynkuus ¢ nepuogom 2n (T = 2)
®opma npeacTaBiIeHus pe3yJbTaTa: BHIIIOJHEHHOE 3aJaHNe

Kpurepum ouenku:

Ouenka "oTau4HO'" CTaBUTCS, ecnu paboTa BBINOJHEHA B TOTHOM O0BEME C COOJIIOJICHUEM
HEe0oOXOIMMOM TOCIe0BaTEIbHOCTH JEHCTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ouenka "'xopomo' cTaBUTCS, €CIM BHIIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTIIMYHO", HO JOIMYIIEHbI
2-3 Hezouera.

Ouenka "ya0BJI€TBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBIMIOJIHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NpPaBUIbHBIE pPE3YylbTaThl U BBIBOJBI; B XOJI€
MIPOBEJICHUS pabOThI ObUIN AOMYILEHBI OIIHUOKH.

Ouenka "Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIM pabOTa BBHIOJIHEHA HE MOJTHOCTHIO WU 00BEM
BBITIOJTHEHHON YacTy pabOThHI HE MO3BOJISIET CENaTh MPABUIIbHBIX BBIBOJIOB.



Tema 2.2 Tpuronomerpnuyeckne ypaBHeHHsI 1 HEPABEHCTBA
IIpakTyeckoe 3ansaTue Ne 21
«Ilpocreiiine TPUrOHOMETPHYECKHE YPABHEHHUSI M HEPABEHCTBA
Heanb padorel: HayunThes pemath npocTeiimne TpPUroHOMETPUUECKHE YPaBHEHUS.

IpakTuyeckasi padora ¢popmupyer:

[IPG3 ymeHue omnepupoBaTh MOHATUSMU: palMOHAIbHBIC, HPPALMOHANbHbIE, IOKa3aTelbHBIC,
CTETeHHbIE, Torapu(MUUecKrue, TPUTOHOMETPUICCKUE YPABHEHHSI U HEPABCHCTBA, UX CHCTEMBI,

[1Py7 ymenue onepupoBaTh MOHATUSMU: TOKIECTBO, TOKIECTBEHHOE MPeoOpa3oBaHue, ypaBHEHHE,
HEPABEHCTBO, CUCTEMA YPAaBHEHUI M HEPABEHCTB, PABHOCWJIBHOCTb YPABHEHHM, HEPABEHCTB U CUCTEM,
panuoHalbHbIE, HppaLMOHAJIBHEIE, MIOKa3aTeJbHbIE, CTEIIECHHBIE, norapudmuyeckue,
TPUTOHOMETPUYECKUE YPABHEHMS, HEPABEHCTBA U CUCTEMbI; YMEHHUE PEIIATh YPABHEHUS, HEPABEHCTBA U
CUCTEMBbI C TOMOILBIO PA3JIUYHBIX IPUEMOB; PEIIATh YPABHEHUSI, HEPABEHCTBA U CUCTEMBI C IIAPAMETPOM;
MPUMEHATh YPaBHEHHMS, HEPABEHCTBA, UX CHCTEMBI Il PELICHUS MAaTEMaTHYECKHX 3aJad U 33134 M3
pa3IMYHbBIX 00JacTel HayKH U peallbHOM JKU3HH,

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:

OK 01 Bsibupats crioco0sl penieHus 3aaad npoeCCHOHATFHON AEATEIbHOCTH MPUMEHHUTEIBHO K
Pa3INYHBIM KOHTEKCTaM

OK 02 Mcnonb30BaTh COBPEMEHHBIE CPEICTBA MIOKCKA, aHAJIW3a U MHTEpIpETaluu UHPOpMaIUK 1
UH(OPMAIIMOHHBIE TEXHOJIOTHH JIJIs BBIIIOJIHEHUS 3a/1a4 MPO(ECCHOHANBHON e TeIbHOCTH

MaTtepuajbHoe o0ecneyeHue:
I/IH)II/IBI/II[yaHI)HI)IC 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3aganue:
PeI_HI/ITe TpI/IFOHOMeTpI/ILIeCKI/IC ypaBHeHI/IH:
1) cos3x =0
2) sin (Zx — g) =-1
T
3) 3tg (4x + E) -3

4) ctg(2x+%) =—§

5) sindx - cos3x + cos4x - sin3x = %

Ilopsinok BbINOJHEHHS padOThI:

1. 3anucate ypaBHEHHE U ONpPENEINTh, K KAaKOMYy BHUAY OHO OTHOCUTCS MU Kakod Qopmyson
HE00XO0AMMO BOCIIOJIb30BAThCS.

2. Pemmnth ypaBHEHHE.

3. 3amucarb OTBET.

Xon paborhr:

Pemmte TpuronoMeTpuueckre ypaBHEHU:
1) sin2x =0

910 YPaBHCHUC OTHOCUTCA K YaCTHBIM CIIy4adaM, IIO3TOMY KOPHHU HAXOAATCS 110 (I)OpMlee

XXXXXXXXXXXX
2x = mn,nez,



OtBeT:x = gn, neZ
2) cos (Sx + g) =-1
DTO ypaBHCHHE OTHOCHTCS K YaCTHBIM CjydasM, IMO3TOMY KOPHH HaxOIATCSA IO (opMmyJie

x=m+2mn, n€Z

XXXXXXXXXXXX
5x+§=n+2nn, nezZ

5x = 7T—§+2T[Tl, nezZ
5x = 2?" + 2mn, neZ

2 2
X=—+4—n, neZ
15 5

0 _2m 4 2m 7
TBET: X = 1c z n, ne
3) 2cos3x=-1
Pa3znenum o6e yactu ypaBHeHus Ha 2. [lonyunM ypaBHEHuUe: cos3x = — %

1
9T0 YPaBHCHUC HC ABJIICTCA YACTHBIM CJIy4acM, a = —E,lal <1. HOBTOMy OHO HMCCT PCIICHUC,
KOTOpO€ HaxoauTcs no popmyne: x = tarccosa + 2nn, neZ
1
3x = Farccos (— E) + 2mn, neZ

3x = *(m — arccos %) + 2mn, neZ
3x = +(w — g) + 2nn, nezZ

3x = i%ﬂ+ 2nn, neZ

9 o (6x-2) -5

ypaBHeHI/IC HMECT PCHICHUC, KOTOPOC HAXOAUTCA 110 q)opMyne: x = arctga + nn, neZ
s V3
6x — 7 =arctg | — 3 + mn, nezZ

DyHKIUSA y = arctgx HEYETHAs, IOITOMY arctg(—x) = —arctgx.

6x —§= —arctg§+nn, nezZ
6x—§= —%+7m, nezZ
6x = —E+E+7m, nezZ

6 4

6x=l+nn, nezZ
7'[12 s
x=—+-n, neZ
72 6
0 " +nn nezZ
TBET: X = —+ —n,
72 6

5)cos6x - c0S3x + sinbx - sin3x = g

Bugum, uTo J€BYIO 4aCTh MOKHO CBEPHYTH 110 (hOPMyIIaM CIOMKEHHS:
cos(a + B) = cosa - cosp F sina - sinf
V3
cos(6x — 3x) = -

V3
cos3x = 7

TenepL YpaBHEHHUEC SIBIIACTCS HpOCTeI‘/'IHH/IM M €ro KOpHM HaxXOAATCs IO (i)OpMyne: x = +arccosa +
2mn, nez.

3x = +arccos g + 2mn, neZ

3x = i%+ 2nn, nez



0 —+n+2n Z
TBET.X—_18 3 n, ne.

CDopMa NMpeacTaBjJaCHusd pedyjabTaTa: BbIIIOJIHCHHOC 3a1aHUC

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Cid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIMMOM TIOCTIEOBATEIILHOCTH JCHCTBHI; B OTBETE MPABWIBHO M AKKYPaTHO BBIIIOJIHCHBI BCE
3alMCH U BBEIYUCICHHA.

Onenka "'Xxopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUS K OLEHKE "OTJIIMYHO", HO JOIYILEHbI
2-3 Henmoyera.

Ouenka "yI0BJIETBOPUTEIBHO' CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO ITO3BOJISCT IMOJIYYHTh IMpPaBUJIBHBIC PE3yJIbTaThl M BBIBOJBI; B XOJIE
MPOBEJICHUS padOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE IMO3BOJISET CENIATh IPABIIILHBIX BBHIBOJIOB.

Tema 2.2 Tpuronomerpuyeckue ypaBHeHHsI 1 HEPABEHCTBA
IIpakTuyeckoe 3ansiTue Ne 22
«Tpuronomerpuyeckue ypaBHeHH s
Heab padotbl: HayuuThcs pemarh OAHOPOIHBIE TPUTOHOMETPUUYECKUE YPaBHEHUS.

IIpakTnyeckas padora ¢popmupyer:

[IP63 ymeHue omnepupoBaTh MOHATUSMU: palMOHAIbHBIE, HMPPALMOHAIbHbBIE, IOKa3aTelIbHBIE,
CTENeHHbIE, JTorapu(pMHUUECKUE, TPUTOHOMETPUUYECKHE YPAaBHEHNS U HEPABEHCTBA, UX CUCTEMBI;

[1Py7 ymenue onepupoBaTh NOHATUSAMU: TOKIECTBO, TOXKIECTBEHHOE MPe0Opa3oBaHuE, ypaBHEHUE,
HEPaBEHCTBO, CUCTEMa YPAaBHEHWU M HEPABEHCTB, PABHOCWJIBHOCTb YPAaBHEHUM, HEPABEHCTB U CHUCTEM,
panMoOHaIbHbIE, MppaLMOHAIIBHEIE, IIOKa3aTeJIbHbIE, CTEIICHHBIE, norapudmuyeckue,
TPUTOHOMETPUYECKUE YPABHEHMS, HEPABEHCTBA U CUCTEMBI; YMEHHE pellaTh YPaBHEHHUs, HEPAaBEHCTBA U
CUCTEMBI C IOMOIIBIO PA3JIMYHBIX IPUEMOB; PEIIATh YPABHEHHUSI, HEPABEHCTBA U CUCTEMBI C IAPAMETPOM;
IIPUMEHATh yYpaBHEHMs, HEPABEHCTBA, UX CHUCTEMBI [l PELICHUSA MATEMAaTUYECKUX 3aJad U 3a7ad U3
pa3aMyYHbIX 00JacTel HayKH U pealibHOM JKHU3HH;

BbinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

OK 01 BeiGupats cioco0sl pemieHus 3aaad npophecCUOHAIBHOM AeITeIbHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTCKCTaM

OK 02 Hcnonb30BaTh COBpEMEHHbIE CPECTBA TIOMCKA, aHAJIM3a U UHTEPNPETaluu UH(POPMAIUU U
I/IH(bOpMaIII/IOHHBIe TEXHOJOI'NHU JJIA BBIIIOJTHCHUS 3a/1a4 HpO(l)eCCHOHaHBHOfI ACATCIIbHOCTH

MarepuanbHoe o0ecnieyeHme:
NuauBuayanbHble 3aaHNs], CIPABOYHBIE MAaTEPUAIbl, KOHCIIEKTBI JIEKIIUH.

3amanme:

Pemnre TpuronomeTpuueckie ypaBHEHHUS:
1) sin®x — 5sinx - cosx + 4cos’x = 0

2) 7sin’x — 4sin2x + cos?x = 0

3) 6sin?x — 3sinx - cosx — cos?x = 1

4) 5cos?x + 3sinx - cosx + 2sin’x = 2



Iopsinok BbINOJIHEHHSI PAa0OTHI:

1.YcranoBure, SABJISIETCS JIU YPaBHEHUE OJTHOPOIHBIM.

O0HOpPOOHBIMU MPU2OHOMEMPUUECKUMU YPABGHEHUAMU HA3LIBAIOMCS YPABHEHUs 8U0A.

asinx + bcosx =0
asin?x + bcos?x + csinx - cosx = 0

2. Ecnu ypaBHEHUE SBISETCS OJHOPOIHBIM YPABHECHHEM MIEPBOTO MOPSIKA, TO Pa3feiuTe 00e 4acTu
YpaBHCHHUS Ha cosx # 0 wiau sinx # 0

3. Ecnu ypaBHeHUE SBISETCS] OJHOPOIHBIM YPAaBHECHHEM BTOPOTO TOPSIKA, TO Pa3AeIuTe 00 4acTh
ypaBHEHHS Ha cos’x # 0 waum sinx # 0.

4. BBenuTe HOBYIO IEPEMEHHYIO U PEIIUTE YPaBHEHUE OTHOCUTEIBHO 3TON EPEMEHHOM.

5. BepHuTECh K CTapOil MEPEMEHHON U PEIIUTE MOJYYUBIIHAECS MPOCTEUIIINE TPUTOHOMETPUUECKHUE
ypaBHEHUS.

6. 3anummuTe OTBET.

Xox pabdoThI:
Pemmre TpuronoMerpuueckre ypaBHEHU:
1) 2sin?x — 5sinx - cosx + 3cos?x = 0
Pemenue:
VYpaBHeHUE SBISETCS OJHOPOIHBIM TPUTOHOMETPUUYECKUM YPAaBHEHHEM BTOPOTO Mopsiaka. YToObl
€ro PeIIuTh, pa3aeiauM o0e YacTH Ha cos’x # 0.
2sin®x  Ssinx - cosx

2, 2 3=0

) cos*x cos°x

3HaeM, 4TO — = tgx. 2tg2x —5tgx +3 =0
cosx

BBeneMm HoByto nepemenHyto. IlycTs tgx = t, Toraa Haie ypaBHEHUE IPUMET BU: 2t% — 5t +3 =0

Yuntsisaem OJ13: x # ~ + n, neZ.

2t>=5t+3=0

D=25-4-2:3=1,VD=1

h=""=1

b 541 -

+
t, = = 1,5
BepHemcs k cTapoii mepeMeHHOM:

tgx=1 wim tgx =15

1) tgx =1 x = arctgl + nn, neZ X = %+ nn,nez
2) tgx = 1,5 x = arctgl,5 + mn, neZ
T
OTBeT: x = z + mn,x = arctgl,5 + nn, nezZ

2) 4sin’x — 3sin2x + 2cos?x =0
Cuavana npeobpasyeM apryMeHT , UCIOJb3ys (OPMYJIbl JBOMHOIO apryMEHTa: sin2x = 2sinx - cosx.
4sin’x — 6sinx - cosx + 2cos?x = 0
YpaBHeHI/Ie ABJIICTCA OAHOPOAHBIM TPUTOHOMETPHUYCCKUM YPABHCHUCM BTOPOI'O IMOPAJAKA. qTO6LI
€ro pelnTh, Pa3eanM 00e YacTH Ha sin’x # 0.
4sin®x  6sinx - cosx  2cos’x

- + =0
smzx smzx SlTlZX

3HaeM, 4TO — = ctgx 4 — 6ctgx + 2ctg®x = 0
Sinx
Beenem HoBy10 nepemennyto. IlycTh ctgx = t, TOra Hallle ypaBHEHUE IPUMET BU: 2t% — 6t + 4 = 0
VYuauteiBaem O/13: x # nn, neZ.
2t —6t+4=0

D=36—-4-2-4=4,+D=2
£, =21
1_642_
+
tz—T—Z



BepHemcs k ctapoii IEpeMEHHOM:
ctgx =1 wnnm ctgx =2

l)ctgx =1 x = arcctgl + nn, neZ X = %+ n,nez
2)ctgx = 2 x = arctg2 + nn, neZ
T
OTBeT: x = z + mn, x = arctg2 + nn, nez

3) 2sin?x + 5sinx * cosx + cos?x = 4

Pemenue:

ypaBHeHI/Ie IIOKa HE ABJIKICTCA OJHOPOAHBIM, T.K. B HpaBOﬁ 4aCTHu €ro BMCECTO HYJIA CTOHUT 4.
[lepereceM 4 B MPaByro 9acTh U MPUMEHUM OCHOBHOE TPUTOHOMETPHIECKOE TOKIECTBO:

2sin?x + 5sinx - cosx + cos?x — 4(cos?x + sin?x) = 0
2sin®x + 5sinx - cosx + cos’x — 4cos’x — 4sin*x = 0

—2sin?x + 5sinx - cosx — 3cos?’x = 0

YpaBHeHHE Teneph SABISETCS OJHOPOJHBIM TPUTOHOMETPUYECKUM yYpaBHEHHUEM BTOPOTO MOPSIKA.
YroO0BbI €ro pernTh, pa3aeauM 00e 4acTH Ha cos®x # 0.

—2sin?x Ssinx-cosx

COSZX COSZX - 3 = 0

—2tg%x +5tgx —3 =0

2tg®x — 5tgx +3 =0

BeneMm HoByto nepemennyto. IlycTs tgx = t, Torga Haie ypaBHeHHE IPUMET BUI: 2t% — 5t +3 =0

Yunrsisaem OJ13: x # - + 7n, neZ.

2t —=5t+3=0

D=25-4-2-3=1, VD=1
h=""=1
1_541_
+
tZ—T—l,S

BepHeMmcs k cTapoli IepeMEHHOM:
tgx=1 wmm tgx =15

1) tgx =1 x = arctgl + nn, neZ X = %+ nn,nez
2) tgx = 1,5 x = arctgl,5 + nn, neZ
T
OTBeT: X = 7 + mn,x = arctgl,5 + nn, nezZ

4)5cos?x + /3sinx - cosx + 6sin’x = 5
YpaBHeHI/Ie IOKa HEC ABJIICTCA OJHOPOAHLIM, T.K. B HpaBOﬁ YaCTH €ro0 BMCCTO HYJIA CTOUT 5.
[TepeneceM 5 B mpaByro 9acTh U MPUMEHUM OCHOBHOE TPHUTOHOMETPHUYECKOE TOXKISCTBO:

5cos2x + \/3sinx - cosx + 6sin?x — 5cos?x — 5sin?x = 0
\/§sinx - cosx + sin®x = 0
BoiHeceM 001Hit MHOKHTENb 3a CKOOKH: sinx(v3cosx + sinx) = 0

sinx =0 win V3cosx + sinx =0
1) sinx =0, x=rmn,neZ
2) \/3cosx + sinx = 0

VYpaBHEeHHE SBISETCS OJHOPOAHBIM TPUTOHOMETPUYECKUM YPAaBHEHHEM IIEPBOTO Mopsaka. YToOb!
€ro pemuTh, pa3aeiauM o0e YacTH Ha cosx # 0.



V3cosx  sinx
T =0
cosx  cosx

\/§+tgx=0

tgx = —V3
x = arctg(—\/g) + nn,neZ
X = —arctg\@ + nn,neZ
X =— g + mn, nezZ
T

OTBeT: x =mn, X = _§ + mn, nez

CDopMa NMpeacTaBJdCHUd pedyjabTaTa: BbIIIOJIHCHHOC 3a1aHUC

Kpurtepun onenku:

Ouenka "OTJIMYHO'" CTaBUTCSA, €ClM paboTa BBHIMOJHEHA B IOJHOM O0BEME C COOJIOICHUEM
HEO0OXOIMMOM TIOCTICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIIOJIHEHBI BCE
3aIllMCH U BBEIYUCICHHA.

Ounenka "'Xxopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIYILEHbI
2-3 Henmoyera.

OuneHka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIM PabOTa BBITIOJHEHA HE IMOJHOCTBHIO, HO 00BEM
BBITIOJTHEHHOW YacTHU TaKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUIbHBIE PE3yNbTaThl U BBIBOJBI, B XOJI€
MIPOBEJICHUS pa0OTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka "Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €CJIM pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE IMO3BOJISET CENIATh MIPABIIILHBIX BBIBOJIOB.

Tema 3.1. IlpousBoanas pyHKIHMH U ee IPHUMEHEHHUE
IIpakTnyeckoe 3ansitue Ne 23

«HucaoBas nmocjaea0BaTCJbHOCTD, CIOCOObI ce 3aJ1aHud, BBIYHMC/ICHHUC YJICHOB
nmocjaea10BaTe/JIbHOCTH. Hpe)le.ﬂ nocJjenosareabHocT. Haxo:xaenue InpeaejioB (l)yHKIIPI]/I»

ean padoTbi:
1. HayuuThcsl BEIUMCTATH NpeAenbl PyHKIINU.

v (0
2.Hayuutbcs n30aBasiThCS OT HEONPEAEICHHOCTEN (E) MM (3)
{oe]
3.Hayuutbcs pemars 3a1a4u, CBA3aHHBIE C YUCIOBOM MOCIIEI0BATENILHOCTBIO.

IIpakTuyeckas padora popmupyer:

[IPy9 ymeHme cBOOOJHO OINEPUPOBATH TMOHATHUSAMHU: TMOCIEAOBATEIBHOCTh, apudmeTnyeckas
mporpeccusi, reoMeTpudeckas Inporpeccus, OECKOHEYHO YObIBarollasi reoMeTpHYecKas MpOorpeccus;
YMEHHE 33]1aBaTh MOCIEA0BATEIHHOCTH, B TOM YHCJIE C TOMOIIBIO PEKYPPEHTHBIX (hOPMYIL.

Brinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHMIO:
OK 01 BriGupatp croco0sl pemeHus 3a1a4d npohecCHOHaIbHOW eSTeIbHOCTH MPUMEHUTENBHO K
pa3IMYHbIM KOHTEKCTaM

MarepuanbHoe ob0ecnieuenue: VHauBuIyabHbIEe 3aaHUs1, CIIPABOYHBIE MATEPHaIIbl, KOHCIIEKTHI
JIEKITUH.

3ananue.
1) PemnTh 3aja4¥ HA YUCIOBYIO TIOCIIEIOBATEIEHOCTD.



2) Beraucnuth npeaens! QyHKIui

3amanue 1 3anmanue 2
1. HaliTu BOCEMOM WJIEH MOCJIEIOBATEIBHOCTH;
1, 2, 3, n, . x2—2x-3
E g’ Py n_+17 6.llmx—>3 x24+x—12
2. Haiitu HOMep uucna 3 B IOCJIEI0BATEIbHOCTH:
2n+1 . xr-1
W =3 7 limy .y x2+1
3. Berunciurs:
. 2
lim (3x% — 8x + 5) 8.lim, ., X" +5x—4
x—>—2 X 2_2x
4 lim Vi
. xX—2
1—/2x 9 lim V2x+1
Al
X—00 l_m
—16
5.lim x —16 . Vx+1-2
-4 T, 10.lim,_,5 —

IHopsaok BbINOJIHEHUS PA0OTHI:

BHuMarenbHO 03HAKOMBTECH C YCJIOBUEM 3a/1aHUS.

[Tonb3ysich CBOMMU MIKOJBHBIMU 3HAHUSIMU (B CTy4ae 3aTPYAHEHUS BOCIIOJIb3YHTECh CIIPAaBOYHBIMU
MaTepuagaMH), BBIIOJIHUTE 3aJaHUE

Xoa pa6oTsI:
3amanne Nel

2n—1

«/n3—+3’) paBeH?

1. JIeBATHIN WICH MOCIEN0BATEIBHOCTH ¢, = (

9-1 17 17 17
Cg = = = ’=> Cg =
93 +3) 732 2183 21/183

2. Howmep uucna 6, SBIAIONIETOCS WICHOM IOC/IEA0BATEILHOCTH a, = n* — 5n paBeH?
6 =n?—"5n
n“—5n-6=
n, =6

n, = —1 —TIOCTOPOHHHI KOPEHb T.K. HOMEP HE MOXKET OBITh OTPHUIATEIILHBIM YUCIIOM.

OtseT: N=6.

3aganue Ne2

o 0
Haiigure npenens! npeBapuTeNbHO U30aBUBIIKUCH OT HEONPEAECIEHHOCTH (5)

2_ —
1. lim_ oot = (9) = im 8220 0 i 1B lim2 = 2
XZ —9x 0 x-9  x(x-9) x-9 X x—9 x—3
2. lim,, =22 = (3) = lim &0 i (x4 5) = lim(1 + 5) = 1im(6) = 6
x—1 0 x—1 (X—l) x—1 x—1 x-1

+x, =—-4 =-5
¥ +4x—-5=0 {xl *2 => {xl

Xi+x,==5 """ |x=1
3. i vatx—va—x _ (9) — i (\/a+x—\/a x)(\/a+x+\/m) — lim (Wa+x) —(m)z i a+x—a+x _
F Mo = () T x‘l‘& x(@wﬂ) = 220 +(Varera) = (arxiva)

= 11m

2x
lim———— —
x-0 x(\/a+x+v a—x) x—>0 Vv a+x+\/a X x—>0 \/a+ +Va x—>0 2\/_ x-0 \/_ \/_
Brrauciautb npeaciibl UMCIOIMUE HCOMIPEACICHHOCTD (_)
oo
1
x2
2
%2

x3 sz 3x 4
1+0+0+0

B +2x% +3x+4 +_3+_ 3
= = l1mm
x—o0 4+0+0+0 xX—00

)= i
) oo 4x”  3x% 2x 1 x—00 44—+
3 x x

—

4. lim,_,,

N
IS

434322 420+1



x 3.1
5 lim 20437 4x (2) ~ lim Frata lim e lim X0 _ (g) o
' xX—00 x2+4 x—oo X 7 xX—00 l+i3 x—o0o 0+0 0/°
* X x

(0 B 3HaMeHaTesle MPUHUMAaEM 32 OECKOHEYHO MaIylo BETUUYHHY.)
®opMma npeacTaBJieHUs pe3yJbTATAa: BHIIIOJIHEHHOE 33/IaHHUE.

Kpurepun oneHku:

Ounenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJHOM O0BEME C COOJNIOICHUEM
HE0OXOIMMOM MOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alUCH U BBIYUCIICHUS.

Ouenka '"xopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAaHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 HemoueTa.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBIMOJHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET MMOJYYUTh NPABUIbHBIE PE3YylbTaThl U BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUIH AOMYIEHBI OIIHUOKH.

OueHka "Hey10BJEeTBOPUTEIBbHO'" CTaBUTCS, €CIIH pabOTa BBHIMIOJIHEHA HE MOJHOCTHIO WM 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIBHBIX BBHIBOJIOB.

Tema 3.1. IIpouszBognast pyHKIIUHN U ee MPUMEHEHHE
IIpakTuyeckoe 3ansaTue Ne 24

«Haxoxkaenue npou3BoaHbIX 0 onpeaeaennio. [Ipasuiaa u popmy.isl 1uddepeHuupoBanms,
TadJIMLA NPOU3BOAHBIX 3JIeMEHTAPHBIX (PDYHKIUI

Heabr pabdorbi: OtpabotaTh omnpeneneHue MNpous3BoaHON ¢yHkIuM. [IpumensaTs Qopmynsl u
npasuia quddepennponanus. HayunTbes HaX0AUTh MPOU3BOJHYIO B 33/1aHHOM TOUKE.

IIpakTnyeckas padora ¢popmupyer:

[1P64 ymeHue omnepupoBaTh MNOHATUSIMM: (YHKIMS, HeNpepblBHas (YHKIUSA, IPOU3BOJHAs,
nepBooOpasHasi, ONpeeseHHbI MHTErpajl; yMEHUE HaXOJUTh MPOU3BOJHBIE 3JIEMEHTApHBIX (YHKIHH,
HCIOJIb3YS CIPAaBOYHbIE MAaT€pUAJIbI; UCCIEA0BATh B MPOCTEHIINX ciy4yasX (YHKIMM HA MOHOTOHHOCTb,
Haxo/AuTh HauOOJNbIIME W HAUMEHbUIME 3HaueHHs (QYHKUUH; CTPOUTh IpadUKH MHOTOYJIEHOB C
HCIOJIb30BaHUEM allllapaTa MaTeMaTUYeCKOro aHalu3a; MPUMEHSATh MMPOU3BOJIHYIO IIPU PELICHUH 3ajay
Ha JIBWKEHME; pellaTh MPaKTUKO-OPHUEHTUPOBAHHbIE 33/jaul Ha HauOOJbIINEe U HAaUMEHbIINE 3HAYEeHUs,
Ha HaXO0KJIEHUE IMYTH, CKOPOCTU U YCKOPEHHUS.

IIpyl0 ymeHue omnepupoBaThb MOHATHUSMHU: HENPEPHIBHOCTh (DYHKIUH, ACHUMITOTHI TIpaduka
byHKIMM, TepBas WU BTopas MNPOU3BOAHAS (YHKIUH, TIEOMETPUUECKUH U (PU3UYECKH CMBICIT
MIPOU3BOJIHOM, TMepBOOOpa3Has, ONpENEeNeHHBIH HHTErpayl; yMEHHE HaXOAMTh AaCHUMOTOTHI Tpaduka
(GYHKIIMHM; YMEHHE BBIYMCIISATH MPOU3BOIHBIE CYMMBI, IPOU3BECHHS], YACTHOTO ¥ KOMIIO3ULIUU (DYHKIIMUH,
HaXOJIUTh yYpaBHEHHUE KacaTeJIbHON K rpaduxy GyHKIMH;
YMEHHE HCIIOJIb30BaTh IPOU3BOJIHYIO MJISl HUCCIIENOBaHMUS (PYHKUIMH, JUISI HAXOKICHHUS HAWITy4IIero
pelieHusi B NPUKIAAHBIX, B TOM YHCIIE COLMAIBHO-PKOHOMHUYECKMX M (U3NYECKUX 3ajayax, s
OTIpe/IeNICHUs] CKOPOCTH U YCKOPEHUS; HAXOAWUTh IJIOMAAX U 00beMbl (PUTyp C MOMOIIbIO MHTErpaja;
MPUBOAUTH PUMEPBI MATEMAaTHUYECKOT0 MOJIETIMPOBAHUS C MMOMOIIBIO U dEepeHIINaTbHBIX YPaBHEHHUH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BriGupatp croco0sl pemeHus 3a1a4d npohecCHOHaIbHOW eSTeIbHOCTH MPUMEHUTENBHO K
pa3IMYHbIM KOHTEKCTaM

OK 03 IlnaaupoBath U peaan30BbIBaTh COOCTBEHHOE MPO(ECCHOHATEHOE U TUYHOCTHOE Pa3BUTHE,
NPEINPUHUMATENbCKYIO JICATEIIBHOCTh B NPOQEecCHOHANbHON cdepe, HCHONB30BATh 3HAHHUS 10
(brHAaHCOBON I'PaMOTHOCTH B Pa3IMYHbIX KU3HEHHBIX CUTYaIUSIX



MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHLIe 3alaHuA, CIIPAaBOYHbBIC MaTCpUaJibl, KOHCIICKTbLI JIGKL[I/Ifl.

3ananue:

1. Haiinute y = (0),ecmmy = x> — x

2. Haiigure y = (3),eciny = —2

3. Haiitu npowmsBomHble (PYHKUMH  HCIIONB3ys IIPaBWIa  BHIYMCICHUS U TaOIMIy
MIPOU3BOJIHBIX dJIEMEHTAPHBIX (HYHKITUH.

4. BBIYMCIUTE IIPOU3BOJAHYIO (DYHKIIMHU B TOUKE.

3amanue 1 3aganue 2

1) y=7x*—4x3+ | 6) f(t) = 0,5t + 0,6t> + 0,8t +

5x% — 2; 8 f(1)=?

2) y = 5Vx— 2)(_3& + 7) f(x) = ctgx — tgx; f’ G) —?
3_‘*_; 8) () =2-5*+3-¢5 f'(0)-?
3) y = 3ctgx + 9) f(X)_z -

5lnx — 3%; cosx- (1 + sinx); f' (E) —?

4 y=0+xD@x- [10) =52 F)-2

1); o

5) vy=gm

IHopsiiok BbINOJIHEHUS PA0OTHI:

Brruncnenue npou3BoaHON GYHKIMH y = f(x) TPOU3BOJUTCS 10 O0IIEMY MPABUITY
¢ depeHIInPOBaHMUS:

1) TpunaBas apryMeHTy X IpHUpallieHre Ax U MOICTABIIsISE B BRIpaXKeHHe (D YHKIIUMU BMECTO
aprymMeHTa X HapalleHHOe 3HaYeHHE X + Ax, HAXOJUM HapallleHHOE 3HaueHne QYHKIUH: y + Ay = f(x + Ax)

2) BbrunTas U3 HapalieHHOTro 3HaueHNe (PYHKINHU €€ epBOHaYaIbHOE 3HAUEHHE HaXOJM
npupaiienie QyHKIuu:

Ay = f(x + Ax) — f(x)

3) Jemum mpupaiienue GyHKIUH Ay Ha IPUpAIIEHHe apryMeHTa Ax; T.€. COCTaBJIsIeM OTHOIICHHE
by _ foed)—fe)
Ax Ax

4) HaxoauM mpeest 3TOro OTHOIIECHHS TIPH Ax — 0, T. e.
Ay f(x + Ax) — f(x)
lim — = lim ———

Ax—>0 AX  Ax—0 Ax

OTOT HpeAes U eCTh IPOU3BOIHAS OT PYHKIUH y = f(x)

Xon paborhr:
1. Haiiti: y (x), ecmu y = 2x* — 3x
Haxoaum npon3BoaHy0 110 00111eMY TTPaBHUITY:
1) y+ Ay = 2(x + Ax)? — 3(x + Ax) = 2x? + 4xAx + 2(Ax)? — 3x — 3Ax
2) y + Ay — y = 2%% + 4xAx + 2(Ax)? — 3% — 3Ax — 2%% + 3x = 4xAx + 2(Ax)? — 3Ax

) by _ 4xAx+2(8x)%—3Ax _ Ax(h20x-3) 4x + 2A% — 3

Ax Ax Ax
4) lim,,,o(4x + 2Ax — 3) = 4x — 3
Haitném 3HaueHue npou3BOAHOMN IpH x = 3.
y(3)=4-3-3=0

2. Haiitn y (4),ecmny = vx
1) y+ Ay = yVx + Ax

2) Ay = Vx + Ax —Vx

3) by _ Vxtax—vx

Ax Ax



= Mo T e M e A0 e

X Ay . Vx+Ax—/x (\/X+Ax—\/;)(\/x+Ax+\/;) X *+Ax—x Ax
4) limy,o— = lim,,, =
Ax—0 Ax Ax—0 Ax
1

. 1
limas0 s = vi
Haitnem 3HaueHue Npou3BOAHOMN B TOUKE X = 4, y'(4) =

1
2v/4
3. Haittu IIPOU3BOIHBIC q)yHKuI/IifI HCIIONIb3Yysl  IIpaBHMJIa  BBIYMCICHHUA U Ta6JII/ILIy

IPOM3BOAHBIX IEMEHTAPHBIX (DYHKIUIA
TaGnuia mpou3BOJHBIX OCHOBHBIX 2JIEMEHTAPHBIX (DYHKIIMH.

(Xn)r — an—l (eX)! —e* (ax)' =a‘lna (cosx)" =—sinx
(sinx)" =cos x 1 1 ' 1
r= - tox)' =
(In Xy~ (tgx)' = — | 9= ey
¢’ =0,c — const; x =1; (cv) =c-U
Uzxv) =u=+Vv
, 1 . I= !, !
(&)Zm (u v') u'v+uv
(uj _uv+uy
—| =—
1 v Vv
(log, x)' = ——
xIna

1 y=6x*-8x"+2x*-4
y'=(6x" —8x° +2%* —4) = 24x% — 24x* + 4x;
o Y =(Ox-4)*(x+2)
u=5x-4; u'=5
y' =(Bx-4)(x+2)' =v=x+2; v'=1|=
(u*v) =u'v+uv’
=5(Xx+2)+1(5x-4) =5x+10+5x -4 =10x +6
X+1

3. X

r lu=x+1 u' =5 oy 2 oy 2y
’:[X_—"—lj =v=2x; Vv =2 :1' X— (X+1)= XX =

2x ) (2x)? 4x*
u u'v—uv’
[Vj YE
T 2]

4. BerurcnuTh NpOU3BOAHYIO (YHKIIMU B TOUKE.
y=3x>-8x*+9x* -4

Y (-1)=3- (-1)°-8-(-1)*+9(-1)?—4=-3-8+9—4 = —6.
1. y =5sin Xcos X

—2__ 1

y' (g) = 5((sinx) - cosx + sinx(cosx)") = 5(cos’x — sin’x) = 5(cos2x) = 5(cos2 g) = = 5cosmt =5

(-1)=-5

dopma npeacTraBJieHus pe3yJbTAaTAa: BHIIIOJIHEHHOE 3a/1aHNE



Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €cid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOIEHUEM
HEO0OXOIMMOM TOCIIEAOBATEIPHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIOJIHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Onenka "'Xxopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUS K OLEHKE "OTIIMYHO", HO JOIYILEHbI
2-3 "Henmoyera.

Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €CliM pabOTa BBITIOJHEHA HE MOJTHOCTHIO, HO 00BEM
BBIMIOJTHEHHONW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUIbHBIE PE3yJIbTaThl U BBIBOJBI, B XOJI€
MIPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEJbHO' CTaBUTCS, €CJIM padOTa BBIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON YacTH PabOTHI HE MO3BOJISET CAENATh MPABUILHBIX BBHIBOJIOB.

Tema 3.1. IIpousBogHasi QyHKIIMU U ee IPUMEHEHUE
IIpakTuyeckoe 3ansiTue Ne 25
«BbIyuc/ieHue NPOU3BOAHBIX CJIO0KHBIX (QYHKIHID»
Heab padoTbl: HayuyuThcst BEIYUCISTH MPOU3BOIHBIE CIOKHBIX (YHKIUI

IIpakTHyeckas padora ¢popmupyer:

[1P64 ymeHume omnepupoBaTh MOHATUAMHU: (DYHKIHUSA, HENpepbiBHAas (YHKIWS, MPOU3BOIHASI,
nepBooOpasHasi, ONpeesIeHHbI MHTerpajl; yMEHUE HaXOJUTh HMPOU3BOJHBIE 3JIEMEHTApHBIX (YHKLHUH,
WCTIOJB3Ysl CIPABOYHBIC MAaTEPHUANIbl; HCCIEI0BATh B MPOCTEHIINX CiTydasx (pyHKIMH HA MOHOTOHHOCTH,
HaxoAuTh HauOOJbIIME W HAUMEHbLIME 3HaueHWs QYHKUUH; CTPOUTh IpaUKd MHOTOUWIEHOB C
WCTIOJIF30BAaHUEM arliapara MaTeMaTHYECKOTO aHajM3a; IPUMEHSTh MPOU3BOAHYIO NIPY PEIICHUH 3a/1a4
Ha JIBWKEHME; pellaTh MPAaKTUKO-OPHEHTUPOBAHHbIE 3a/1aul Ha HauOOJbIINE U HAaUMEHbIINE 3HAYCHUs,
Ha HaXO0XJICHUE ITyTH, CKOPOCTH U YCKOPEHHUSI.

[IPy8 ymeHue cBOOOAHO oOmnepupoBaTh MOHATUAMHU: Tpaduk QyHKIUH, oOpaTHas GyHKLUS,
KOMIIO3UIMS (PYHKUIMH, JWHEHHas (QYyHKUMS, KBaapaThuyHas (QYHKUMs, CTeEeHHas (YHKIUS C LEJbIM
nokaszaTejieM, TpPUTOHOMETpudeckue  (yHKIMH, OOpaTHblE  TPUTOHOMETpUYecKHe  (DYHKIIMH,
MoKasarenbHass M Jorapupmuyeckas (QyHKIUM; yMEHHE CTPOUTh TIpaduKu (QYHKIUM, BBITOIHATH
npeoOpa3oBaHus rpapuKoB GbyHKIM;
YMEHHE HWCIOJb30BaTh Tpaduku (GYHKIHMNA JUIsI U3y4EHHs] MPOIECCOB W 3aBHCUMOCTEH TMpH pPEHICHUH
3ajja4 U3 JpYrux y4eOHBIX MPEIMETOB U M3 pealbHON XHU3HH; BhIpakaThb (hopMyaamMHu 3aBUCUMOCTH
MEXy BEIIMYHMHAMHU; yMeHHue CBOOOJIHO OTEePHPOBATH MOHSATUSMHU: YETHOCTD
(GyHKINH, TEPUOJUYHOCTh (DYHKIMM, OTPAHUYEHHOCTh (DYHKIIMHM, MOHOTOHHOCTh (DYHKIIMH, SKCTPEMYM
¢byHknuu, HawOoIbIlee W HaWMEHbIee 3HA4YeHUS (YHKIMM Ha TPOMEXKYTKE, yYMEHHE MPOBOIUTH
ucclieioBaHue QPyHKIUHY; yMeHue
WCTIOJNB30BaTh CBOWCTBa W Trpaduku (QYHKIUH a1 pelmieHus YpaBHEHWH, HEPaBEHCTB M 3a/1ad C
napameTpamu; u300pakaTh Ha KOOPAMHATHOMN MJIOCKOCTH MHOXKECTBA PELICHUN ypaBHEHUH, HEPAaBEHCTB
U MX CHCTEM;

[IPy10 ymenue omepupoBaTh MOHATHSIMU: HENPEPHIBHOCTh (YHKIMH, ACHUMITOTHI TIpaduka
GbyHKIMW, TIepBas W BTOpas NPOW3BOMHAS (YHKIMHA, TEOMETPUYCCKHA W (PU3UIECKUH CMBICT
MIPOU3BOJIHOM, TeEepBOOOpa3Has, ONpPENEeNeHHBIH HHTErpayl; yMEHHE HaXOAMTh AaCHUMOTOTHI Tpaduka
(GYHKINW; YMEHUE BBIYUCISATH IPOU3BOIHBIC CYMMBI, TPOU3BEICHHUS, YACTHOTO U KOMIO3HUIIUHU (HYHKIINH,
HaXO/UTh ypaBHEHHE KacaTeJIbHON K rpaduxy (GyHKIMH;
YMEHHE HWCIIOJIb30BaTh MPOU3BOAHYIO JUIS HWCCIIECAOBaHUS (DYHKIWH, UIT HAXOXKICHHUS HAIITYYIIero
pelieHuss B NPUKIAAHBIX, B TOM YHCIIE COLMAIBbHO-PKOHOMUYECKMX M (U3NYECKUX 3ajayax, s
OIIpEJICJIEHUs] CKOPOCTH U YCKOPEHUS; HAXOOUTh IUIOIIAAN U 00BbEMbI (PUIYyp ¢ IMOMOIIBIO MHTErpana;
MPUBOAUTH PUMEPBI MATEMAaTHUYECKOT0 MOJICIIMPOBAHUS C MMOMOIIBIO T PepeHIINaTbHBIX YPaBHEHUH.



BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:

OK 01 BeiGupats crioco0sl penieHus 3agad npoecCuOHATbHON AEATEIbHOCTH MTPUMEHHUTEIBHO K

Pa3IMYHBIM KOHTCKCTaM

OK 03 IlnanupoBath U peaqnu30BBIBaTH COOCTBEHHOE MPO(PECCHOHATBHOE U TMYHOCTHOE Pa3BUTHE,
HPEANPUHUMATENIECKYIO0 JICATEIbHOCTh B NMpOogecCHOHATBHON  cdepe,

(MHAHCOBOW TPAMOTHOCTH B PA3JUYHBIX KU3HEHHBIX CUTYaIHX;

OK 04 3¢ddexTrBHO B3anMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMaH/IC.

MaTepnaﬂbnoe obecmeueHue: I/IHI[I/IBI/II[yaJ'IBHBIe 3alaHuA, CIIPABOYHBIC MaTCpHajlbl, KOHCIICKTEI

JIEKIIUN.

3ananmue.

3apanue 1: Haiith mnpousBomHple (QYHKIUKA WMCHOJB3YysS IpaBUa BBIYUCICHUS MW TaOIHILy

MIPOM3BOIHBIX CIIOKHBIX ()YHKITUH.
3aganue 2: BerancnuTh Ipou3BOAHYIO (QYHKIHUU B TOUKE.

SamanmeNel

SamanmneNe2

1)y = (mx* +4)°

2)y = m*cos(px* — m). y(1)=2

3)y =" +kx)

4)y = ktg(mx®). y(-1)=?

5)y =12 P ™

6) y =ctg ( pXk — mX) : yr(z):r)

7y = In(x* + px™)

8)y =/mp* +kx - y(-2)=?

9)y =log, (mx+k)

10)y = (™) *VxP + mx.

Y(3)=?

1)y = p*sin(kx+m)

_In(px") o
12)y_k*cosmx; y'(-3)=?

I'ne p —uucno OyKB B UMEHH; M — 4UCiIO OyKB B (paMUIIHH;

ITopsinok BbINOJHEHHS PadOTHI:
1. BHuMaTenbHO O3HAKOMBTECH C YCIOBUEM 3aJJaHUS.

2. HOJ'IB3y}ICI> KOHCIIEKTOM JIEKLINH 1 CIIpaBOYHBIMU MATCPUATIAMH, BBITIOJITHUTE 3a/IaHUC.

Xon paborsr:
3amanme Ne 1

Haiitu npousBojgHble (QYHKIUI HCHONB3ys NpaBUia BBIUUCIEHUS M TaOIMIy MPOU3BOIHBIX

CIIOKHBIX (PYHKUIMN

«ITpaBuia BbIYMCIIEHUS M TAOIUILY TPOU3BOJHBIX CIOKHBIX (DYHKIIHI»

(u") =nu"u’ (sinu)" =cosuu’
(e") =e"u’ (cosu) =—sinu-u’
uyr _ qu ' 1 u'
(@) =a"lnau (tgu) = ——u' =%
COS” X cos“u

1 ! u’

(Inuy =Zu'=" (clgu)' = ————u'= -5
u u sin“u In“u
, 1, U 1 u’

(log, u) = u'= (u) = U=

ulna ulna

HUCIIOJB30BAaTb 3HAHHUA IIO

K — 9HCJIO 6YKB OTUYCCTBA.



L y = (B%x® —4x)°;

y = ((3x* — 4x)%) = 5(3x* — 4x)* - (3x* — 4x) =
=5(Bx?% — 4x)* - (6x — 4) = (30x — 20)(3x2 — 4x)*.
oy =sin(8x—x?)

y (sin (3x — xz))’ = cos (3x — x%) - (3x — x?) = (3 — 2x) - cos (3x — x?).

3. Y =6In5x
y' = (10In 2x)' =10(In 2x)’ =10- - (2x) = 222 _ 10,
2X 2X X
3amanme Ne 2
Brrauciauths npou3BOAHYIO0 PYHKIIUN B TOUKE.
1 y=0x+6); y(3)=?
' 1 2x X

(24 6) =

V¥ +6 Vi +6

Y= =6) =———
2Vx2;-6 ,

' 3
3 = —_— = —,
y ( ) V3%+6 V9+6 V15
(I)OpMa NnpeacTaBJICHUs pe3yjabTaTa: BhIIIOJTHCHHOC 3aJlaHKE.

Kpurepun oneHku:

Ounenka "oTau4HO" cTaBUTCS, ecnu paboTa BBINOJIHEHA B MOJTHOM OO0BEME C COOJIOJICHUEM
HEO0OXOIMMOM TOCIEA0BATEIBHOCTH JEICTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aUCH ¥ BBIYUCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIHM BHIIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Heyouera.

Ouenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €clid pabOTa BBIMOJIHEHA HE MOJTHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIAET MOJYYUTh NPABUIBHBIE pPE3ylbTaThl U BBIBOJBI, B XOJI€
IpOBeIeHUs pabOTH! ObUTH TOMYIEHb! OLIHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CITM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTy pabOTHI HE MO3BOJISET CIENATh MPABIIbHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanas pyHKIHMH U ee IPUMEHEHHUE
IIpakTnyeckoe 3ansitue Ne 26
«['eomeTpHyecKue NPUI0KEHHUS IPOU3BOIHOI)

Henpr padorbi: HayuuThcsi COCTaBISATH ypaBHEHHME KacaTEIbHOM K JIaHHOM KpHUBOM B TOYKE
KacaHUs; HaXOJUTh YTJI0BOH KO3 (UILIMEHT KacaTeIbHOM, MTPOBEJECHHBIH K KPUBOI.

IpakTuyeckasi padora popmupyer:

[Ipy8 ymeHue cBOOOJHO omepupoBaTh MNOHATUSAMHU: rpaduk GyHKIUM, oOpaTHas (QyHKIuS,
KOMMO3uLUs (PyHKIMHA, TuHeHas (QyHKIus, KBajgpaTHuHass (QyHKIMS, cTerneHHas (YHKIHUS C LEIbIM
MoKa3zareiaeM, TPUTOHOMETpHUYeckue  (QyHKIMHM, oOpaTHble  TPUTOHOMETpPUUYECKHE  (PYHKIIMH,
nokaszaTteiabHass W Jorapugmuyeckas (QyHKIUH, YMEHHE CTPOUTh TIpadukd (YHKIHUHA, BBITOIHATH
npeoOpa3oBaHus rpadukoB GbyHKIM;
YMEHHUE HCIOJb30BaTh Tpaduku (GYyHKIMH JUISI U3y4EHHsI MPOIECCOB M 3aBHCUMOCTEH MpH pEHICHUHU
3ajjad M3 Jpyrux y4eOHBIX MPEIMETOB U M3 PealbHON *HU3HH; BbIpakaTh (HopMylIamMH 3aBUCUMOCTH
MEXly BEIMYMHAMY; yMEHHE CBOOOIHO ONEPHPOBATH MOHATHIMU: YETHOCTD



(GyHKINH, TEPUOJUYHOCTh (DYHKIIMH, OTPAHUYEHHOCTh (DYHKIIMH, MOHOTOHHOCTh (DYHKIIMH, SKCTPEMYM
¢byHKIMKM, HawOoJbpllee W HaWMEHbIIEe 3HA4YCHUS (QYHKIMHM HAa IPOMEXYTKE; YMEHHE IPOBOIUTH
uccienoBanue QyHKIUY; YMCHHE
UCIIONIB30BAaTh CBOMCTBa W Tpauku (yHKUME A pelIeHHs YpaBHEHHUH, HEpaBEHCTB W 33ja4 C
napameTpamu; n300pakaTh Ha KOOPAMHATHON IJIOCKOCTH MHOYKE€CTBA PEIICHUH ypaBHEHHIA, HEPABEHCTB
U UX CHCTEM;

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01 BeiGupats cioco0sl penieHus 3agad npoecCUOHATbHON AEATENbHOCTH MTPUMEHHUTEIBHO K
pa3IUYHBIM KOHTEKCTaM

OK 04 DddexTrnBHO B3aUMOICHCTBOBATh U pab0OTaTh B KOJJICKTHBE U KOMaH/IE.

MarepunanbHoe obecrnieyeHue:
WunuButyanbHble 3a1aHNs, CIIPABOYHBIC MaTePHAIbl, KOHCIICKTHI JICKIIHH.

3aganme:

1. Haiigure yrioBod kod(duumeHT KacaTenbHOW, NMPOBEACHHONH K mapaboine y = —x?+xB
TOUKE X, = —2

2. HaiimuTe yron HaKJIOHEHA K OCH KacaTeIbHOM, IPOBEIEHHON K KpUBOH y = x> B TOUKE x, = —2

3. CocraBbTe ypaBHEHHE KacaTeIbHOM K KPUBOU y = sin3x B TOUKE (g ; 0).

Ilopsinok BbINOJIHEHHS PA0OTHI:

1. 3naueHne TPOW3BOTHOW (YHKIHMH y = f(x) TPU x =X, PaBHO YIIIOBOMY Kod(duimeHTy
KacaTelIbHOM, MTPOBEACHHOM K KpUBOU y = f(x) B €€ TOYKE C aOCIUCCOH x, , T.€. k'=y'(x,) = f'(x,) = tg «
LJI€ -yroJl MKy KacaTeIbHOW K KPUBOM B TOYKE M (xo; y,) M MOJOKUTEILHBIM HAIIPABICHUEM OCH 0, .

2. YpaBHEHHE KacaTeIbHOU K KPUBOH y = f(x) B TOUKE UMEET BUAY — ¥, = f (x0) (x — xo)-

3. HampaBrienue KpuBOi B KaXJI0M TOUKE ONpeeNseTcs HalpaBlIeHUE KacaTelbHOW K Hell B ATOM
TOYKE, MO3TOMY JUIsl HAXOXKJICHHs YIJla HAaKJIOHHOW KPHUBOW B JAaHHOW TOYKE HANO BBIYHCIUTH YIOJ
MEXIy KacaTeJbHOU, IPOBEACHHON B 3TOM TOUYKE, U OCBIO.

Xoxa padoThl:
1. Haiitn yrosm HakinoHa Kk ocu O, KacaTeJIbHOW NMPOBEJECHHOM K KpPUBOW y =sinx B TOYKE
m
Xg = 5
-HallIeM MPOU3BOIHYIO (PYHKITHIO ¥ = sinx y' = cosx

o o ' 1
-HaiiIeM 3HaYeHue TIPOU3BOIHON B TOUKE x, = g y (g) = cosg =

-TAHTEHC YTJIa HAKJIOHA KacaTeIbHOM B IAHHOM TOYKE PABEH k = tg « , OTKY/a X= arc tg% ~ 26,6°
2. [Tox kakumu yrnamu napabona y = x? + x TepeceKaeT ock 0, ?
-Haitnem Touku nepecedeHust mapadboisl ¢ OChIO O, PEIINB CUCTEMY
=x?+x (-1,0)
{y y=0 <= { (0;0)
-[Tapabona nepecekaer ocb 0, B Toukax A(1;0);0(0;0) . Haiiném yrioBele K03(QPUIUEHTHI
KacaTelbHBIX K Mapadosie B 3TUX TOYKaX
y=0@*+x)=2x+1Lk(-1)=2(-1)+1=-1,k(0)=2-0+1=1
- BBIYHCIWJIM YTJIBI «; u «, , 0Opa3yeMble KacaTeIbHBIMH B TOYKaX IMepecedeHus mapadossl ¢
OCBIO 0, tg ;= —1,0¢,=135%tg o<,= 1,0¢,= 45°
3. CocraBbTe ypaBHEHUE KacaTEIbHOU K KPUBOM y = 3x% — x B TOYKE x, = —1
-HaAEM POU3BOJHYIO KPUBOU B TOUYKE X,
y=0Bx? -x)=6x—-1;y'(-1)=6(-1)—-1=-7
-HalJIeM KOOPJIMHATY TOYKH KaCAaHUS:
y(-D =3-D-(-D=4M(-14)
-IIOCTaBUM B ()OPMYITy YpaBHEHHS KacaTelbHOM:
y—4=-7(x+1)



y—4=-7x—-7
7x +y + 3 = 0 — ypasuenue xacamenvHou

(I)opMa NMpeaAcCTaBJICHUA pe3yjabTaTa: BhIIIOJTHEHHOC 3a1aHUC

Kpurepun oneHku:

Ounenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJHOM O0BEME C COOJNIOICHUEM
HE0OXOIMMOM TOCIEI0BATEIbHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka '"Xxopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 HemoueTa.

Ouenka "yIa0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJISECT MMOJYYUTh NPAaBUJIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOTYIIEHBI OITHOKHY.

OueHka "Hey10BJIeTBOPUTEIbHO'" CTAaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBHITIOJTHEHHON YacTH pabOThI HE MO3BOJISET CENaTh MPABUIIBHBIX BBHIBOJIOB.

Tema 3.1. IIpouzBognasi pyHKIUM U ee MPUMEHEHHE

IIpakTuyeckoe 3ansaTue Ne 27
«PemeHre MPpUKJIAAHBIX 32124 ¢ IOMOUIbIO IPOU3BOJTHON»

Heas padorhi: Hayunthcs npuMEHSTh  NPOU3BOAHYI0 (YHKIHMH TPU PEIICHUH TPHKIATHBIX
3az1ad.

IIpakTnuyeckas padora popmupyer:

[1P64 ymeHue omnepupoBaTh MNOHATUSAMM: (GYHKLUS, HeNpepbiBHAs (QYHKIUSA, NPOU3BOJHAS,
nepBooOpasHas, ONpeesIeHHbI MHTErpai; yMEHUE HaXOAWUTh MPOU3BOJHBIE AJIEMEHTApHBIX (DPYHKIIHMH,
UCTOJb3Ysl CIPaBOYHBIE MAaTEpUabl; UCCIEOBATh B MPOCTEHIINX CiIydasx (pyHKIMM HA MOHOTOHHOCTH,
HaXOJUTh HAuOONbIIME W HAMMEHbIIME 3HAueHUs (YHKUUN; CTpOUTH TpapuKd MHOTOWIEHOB C
UCIIOJIb30BaHUEM allllapaTa MaTeMaTU4YeCKOro aHaln3a; MPUMEHATh NIPOU3BOJHYIO IIPU PEUICHUM 3ajad
Ha JBW)KEHUE; pelllaTh MPAKTUKO-OPUEHTUPOBAHHbIE 337aul Ha HAauOOJbIINE U HAaUMEHbILINE 3HAYCHMUS,
Ha HaXO0>KJIEHUE IyTH, CKOPOCTU U YCKOPEHHS;

[1PG14 ymeHue BbIOMpaTh MOAXOASIIUN M3YyYEHHBIM METOJ AJIs PELICHUs 3aJadud, pacrno3HaBaTh
MaTeMaTHueckue (akThl M MaTeMaTHUECKHE MOJENU B TNPUPOAHBIX M OOIIECTBEHHBIX SBICHUAX, B
HUCKYCCTBE; yMEHHE IIPUBOAUTH IIPUMEPBI MATEMATHYECKUX OTKPBITUHA POCCUHUCKOM M MHUPOBOHU
MaTEMaTHUYECKON HAYKU;

[Ipy8 ymeHue cBOOOJHO omepupoBaTh MNOHATUSAMHU: rpaduk GyHKIUM, oOpaTHas (QyHKIUS,
KOMMO3ULUS (PyHKIMM, TuHEeHHas (QyHKIUSA, KBagpaTUdHas (QyHKIUS, CTENeHHas (QYHKIUS C LEIbIM
MoKazareiaeM, TPUTOHOMETpHYeckue  (QYyHKIMHM, oOpaTHble  TPUTOHOMETpPUYECKHE  (YHKIIMH,
nokaszaTtenbHas W Jorapugmuyeckas (QyHKIUH, YMEHHME CTPOMTh TIpadukd (YHKIHUHA, BBITOIHATH
npeoOpa3oBaHus rpadukoB GbyHKIM;
YMEHHUE HUCHOJIb30BaTh Ipaduku (YHKUUH [UIs M3ydeHHs MPOLIECCOB M 3aBUCUMOCTEH NpU pelieHUH
3a/a4 U3 JPYrux y4eOHBIX NMPEAMETOB M U3 PEaJbHOM KHU3HU; BbIpakaTh (OpMyJaMu 3aBUCUMOCTHU
MEX/y BeIMYMHAMU; yMeHHE CBOOOJHO ONEPUPOBATh MOHATHSIMHU: YETHOCTh
(GyHKINHU, TEPUOJUYHOCTh (DYHKIMH, OTPAHUYEHHOCTh (DYHKIIMH, MOHOTOHHOCTh (DYHKIIMH, SKCTPEMYM
¢byHKIMM, HauOoNblllee M HaUMMEHbIllee 3HAuYeHUs (QYHKIMM Ha MPOMEXKYTKE; YMEHHE NPOBOJIUTH
ucclieioBaHue PyHKIUHY; YMEHHU €
UCIOJIb30BaTh CBOWCTBa M Tpaduku GYHKOUN JUis peleHus ypaBHEHUH, HEpaBeHCTB W 3343y C
napameTpamu; u300pakaTh Ha KOOPJMHATHON IJIOCKOCTH MHOXECTBA pEIIeHUI ypaBHEHUH, HEPABEHCTB
U UX CUCTEM;

IIpyl0 ymeHue omnepupoBaTh MOHATUSAMHU: HENPEPHIBHOCTh (YHKIMHM, ACHUMIITOTHI Tpaduka
GbyHKIMH, TepBas M BTOpas NPOM3BOAHAS (YHKIMH, TIEOMETPUYECKUH M (QU3UYECKUH CMBICI
MIPOU3BOJIHOM, TMEepBOOOpa3Hasi, OINpENeNeHHBI HHTErpal; yMEHHE HAXOAMTh AaCHUMOTOTHI Tpaduka



(GyHKINU; yMEHUE BBIYUCIATH IPOU3BOJHBIC CYMMBI, IPOM3BEACHNUS, YACTHOTO U KOMITO3UIINH (PYHKIIUH,
HaxOJIUTh ypaBHEHUE KacaTeJIbHOU K rpaduky byHKINH;
YMEHHE HCIIOJIb30BaTh IMPOU3BOAHYIO [UIS HWCCICAOBAHUS (DYHKIHUH, Ui HAXOXKACHUS HAMIYYIIETO
pelieHusl B HPUKIAAHBIX, B TOM YHUCIIE COLUAIBHO-DKOHOMHUYECKMX M (U3NYECKHUX 3ajayax, s
OTIpEeJICNIEHUs] CKOPOCTH U YCKOPEHUS; HaXOMUTh IUIOMAAM U 00BeMbl (UTyp C MOMOUIBIO MHTErpasa;
IIPUBOAUTH IPUMEPBI MATEMAaTHUYECKOr0 MOJIEIMPOBAHUS C TOMOIIBIO JU(PepeHIINaIbHbIX YPaBHEHUH;

[IPy18 yMmeHue MoOnIENMpOBAaTH peallbHbIE CHUTYallMd Ha S3bIKE MAaTEMAaTUKU; COCTABISTh
BBIPQ)XEHUS, YPAaBHEHUS, HEPABEHCTBA M UX CHUCTEMBI IO YCJIOBHUIO 3a]laud, UCCIIEA0BATh ITOCTPOEHHbIE
MOJICJI C KCIOJB30BAaHUEM amIapara aiareOpbl, HHTEPIPETUPOBATh MOJIYYECHHBIH Pe3yJbTaT; CTPOUTH
MaTeMaTHYeCKUe MOJIENU € TOMOILBIO T€OMETPUYECKUX TOHATHH M BEJIMUUH, PEIaTh CBA3aHHBIE C HUMU
NPAaKTUYECKHE 3a/la4M; COCTaBIATh BEPOSTHOCTHYIO MOJICNb M HHTEPIPETHPOBATH IOJYYEHHBIN
pe3yabTar; pelaTh NPUKIAAHBIE 3a7ayd CPEACTBAMHM MAaTEeMAaTHYECKOIO aHajliu3a, B TOM 4YHCIe
COIIMANIEHO-9KOHOMHYECKOTO U (PH3HUECKOTO XapaKTepa;

IIpyl9 ymeHue BbIOMpaTh HOAXOMALIMH METOX JUIsl PEUICHUs 3a/JadyM; NOHMMaHHE 3HAYUMOCTHU
MaTeMaTHUK{ B U3YYEHHH MPUPOIHBIX M OOIIECTBEHHBIX MPOIECCOB U SBICHHUW; YMEHHE PacIiO3HABATh
IPOSIBJICHUE 3aKOHOB MAaTEeMAaTUKU B MCKYCCTBE, YMEHHME IPHUBOAMTH IPUMEPbl MaTeMaTHYECKUX
OTKPBITUHA POCCUMCKON M MUPOBOM MaTEMaTUYECKON HAYKHU.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BriGupatp criocoOsl pemieHus 3a1a4 npoecCUOHaIbHOW e TEIbHOCTH PUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IInarupoBath U peaqn30BBIBaTH COOCTBEHHOE MPOPECCHOHATBHOE U JTMYHOCTHOE Pa3BUTHE,
IPEANPUHUMATENbCKYIO JIEATEIbHOCTh B IpodeccuoHanbHOM cdepe, HUCHONb30BaTh 3HAaHUS 110
(bMHAHCOBOW TPAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYAIHAX

OK 04 D¢ddexTuBHO B3auMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

OK 06 IIposiBasATh TIpakJaHCKO-NIATPUOTUYECKYIO IO3ULIHI0, JEMOHCTPUPOBATh OCO3HAHHOE
[IOBEJICHME HAa OCHOBE TPAJAMULMOHHBIX OOIEYEOBEUECKMX LIEHHOCTeH, B TOM 4YHUCIE C Y4YETOM
rapMOHHU3AIMM  MEKHAIIMOHAIBHBIX M MEXPEIUTHO3HBIX  OTHOIICHWH, TPUMEHSATh CTaHIAPTHI
AHTUKOPPYIIIMOHHOTO MOBECHUS

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOUIEH cpeabl, pecypcocOepeKeHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMaTta, MPUHLUIBI OepexIMBOro MPOU3BOJCTBA, YPPEKTUBHO NeHCTBOBATH B
Ype3BBIYANHBIX CUTYAIHSIX

OK 08 Hcnonb30BaThk cpeAcTBa (PU3NYECKON KyIbTYPHI AJIi COXPaHEHHs U YKPEIUJICHUs 310pOBbsI B
npouecce MpodeccHoHaTbHON JEeSATeNbHOCTH M MOJAJEP’KaHUS HEOOXOIMMOro YpOBHS (PU3MUECKOU
MOJITOTOBJICHHOCTH

OK 09 Ilonb3oBaThcsi MpohecCHOHATBHON TOKYMEHTAlMe Ha rOCyAapCTBEHHOM M MHOCTPAHHOM
A3BIKAX.

[IK 2.1 BpIMOnHATH pacdyeTbl NapaMeTpoB TEXHOJOTMYECKUX IPOLECCOB 00pabOTKH METasIoB
JaBlieHHEM, paboThl 000PYJOBAHUS, XapAKTEPUCTUK UCXOHBIX 3aTOTOBOK U METAJUIONPOIYKIIHH.

MatepuanabHoe obecnieuenue: VHIUBUAyanbHBIC 33aJaHHs, TAOIUIA TMPOU3BOTHBIX, KOHCIEKTHI
JIEKIIU.

3aganme:

1. YtoObl yMEHBIINTH TPEHHUE >KUAKOCTH O CTEHbl U JHO KaHalla, HY)KHO CMayHMBaeMyl0 €lo
IUIOIIAb C/IENaTh KaKk MOKHO Majiol. TpebyeTcs HallTH pa3Mepbl OTKPHITOTO MPSIMOYTOJIBHOTO KaHaja C
IUIOIIAIBI0 ceueHus 4,5 M 2, MIPU KOTOPBIX CMavyuBaeMasi IO OyIeT HAMMEHBIIICH.

2. Imeercs TpoOBOJIOKA JUIMHOW @ MeTpoB. Tpebyercst OrpaauTh 3TOH NPOBOJIOKOH
MPSIMOYTOJIBHBIN Y4acTOK II€Xa, OJHAa CTOPOHAa KOTOPOrO MPUMBIKAET K CTEHe, TaK, YTOOBI IUIONIAJb
OTOPOXEHHOT0 yJacTKa Obljla HauOOIbIIEH.

JInst OThICKaHUSI HAUMEHBIIEro U HauOoiblIero 3HaueHus (GyHKUuH, AuddepeHIpyemMoil BHYTpH
OTpe3Ka M HENpPEpbIBHON Ha €ro KOHLAX, CIEAYEeT HAalTH BCe KPUTUUECKHE TOUKU (DYHKLUH, JIEKAILUE
BHYTPU OTpPE3Ka, BBIYUCIUTH 3HAYCHUS (PYHKIMHM B STUX TOUKAaX W Ha KOHIIAX OTpe3Ka, a 3aTeM U3 BCEX



MOJTYYEHHBIX TAKUM 00pa3oM uuces BEIOpaTh HaMEHbIIee U HauboJIbIIee.

IHopsiok BbINOJIHEHUS PA0OTHI:

1. Haxoaum KpUTHYECKUE TOUKU (PYHKIIHH.

2. IlpoBepsieM, Kakue U3 HalICHHBIX KPUTHUECKUX TOUYEK JIEXKAT BHYTPH 3a/laHHOTO OTPE3KA.

3. Haxomum 3HayeHuss QyHKIMM Ha KOHIAX OTpe3Ka M B TeX KPUTHUUYECKHX TOUYKAX, KOTOPHIE
[I0NAa/Ial0T B 3TOT OTPE3OK.

4. W3 Bcex moJydyeHHBIX 3HAaUeHUN (QYHKIIMU BIOMpaeM HauMeHbIIIee U Haubobllee.

Xox padoThI:

1. TpeOyercss HM3rOTOBUTH JETajdb B BHJE MPSAMOYrOJIHHOTO TMapajulefienuIea, B HIDKHEM
OCHOBAHHMH KOTOPOTO JIGKHT KBAIpaT (BEpXHss 4acTh OTKpHITA), a oObeM paseH 108 cm®. Ilpu kakux
pasmepax JeTaly Ha €€ U3rOTOBJICHHE MOWIET HaMEHBIIIee KOJTNIeCTBO MaTepraa?

Pemrenue: 1. [TycTh cTOpOHA OCHOBaHUS paBHA X CM, a BbIcOoTa — h cM.

2. O6beM mapamienenunena V=x*x*h=x> h mm no ycrosuio x> h=108.

Bripazum u3 310t popmynsl BeicoTy mapamienenumena: h=108/x 2, 1)

3. C nopyroif cTOpoHBI, YTOOBI y3HATh KAaKO€ KOJMYECTBO MaTepHaia IMOHAET Ha M3TOTOBJICHHE
JeTand HeoOXOJAMMO HaWTH IUIONIAh S IOJIHOW MOBEPXHOCTH Tapajielienuieaa 0e3 ydera BEpPXHETo
ocHoBaHus. [Imomane MOBEPXHOCTH MapajuIesenuIe1a HaxoauTes mo Gopmyie

Smonu=2(X*x+x*h+x*h)=2(x? +2xh). Il1ommans 0CHOBaHNUS paBHA SOCH =X° , e HAJO BHYECTH H3
nosydeHnoi popmyisl S=Smona*Soca=2(x* +2xh) - x* = x? +4xh.

4. [oacraBum BMecTo h Beipaxkenue (1). [lomyunm ¢popmyny miomaan kak GyHKIUIO OT X:

S(x) =x* +4*x*108/x? =x* +432/X.

5. Haiizem npomsomnyo S'(x)=( x* +432/x)'=2x-432/% .

6. UToOBI HAMTH SKCTPEMYM, HEOOXOAMMO MPUPABHATH IPOU3BOIHYIO K HYIIIO:

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

Jajee HaXOIUM 2x° =432;

x° =216;

x=0.

7. lMonyuunm x=6 — TOUKYy MUHUMYMa, CJieloBaTeNbHo, S(6)=108 cM’ HaMMeHbIIIee 3HAUCHIC.

9. CnenoBarenbHO, CTOPOHA OCHOBAHUSA X paBHa 6 CM, a BbICOTa h=108/x% =108/36=3 cwm.

Otget: cTropoHsbl 0aka 3 u 6 cM.

®opma npeacTaBieHUs pe3yJbTaTa: BHIOTHEHHAs paboTa.

Kputepun onenkn:

Ouenka "oTJaMYHO'" CTaBUTCA, €Clid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HE0OXOIUMOM TOCTEIOBATENBHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCe
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "Xopomo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAaHUS K OLIEHKE "OTIMYHO", HO JOIMYIIEHbI
2-3 HenoueTa.

Ouenka "yI10BJIETBOPUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJISACT MOJYYUTh NPABUIBHBIE PE3YylbTaThl U BBIBOJBI, B XOJIE
MIPOBEICHUS] pa0OTHI ObLTH JOMYIIEHBI OIIMOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CIIM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTH PabOTHI HE MO3BOJISET CAENATh MPABUIIBHBIX BBHIBOJIOB.

Tema 3.1. IlpousBognast pyHKIHMH U ee IPUMEHEHHUE

IIpakTuyeckoe 3ansiTue Ne 28-29



«HaxoxaeHne onTUMaIbHOTO PE3YNIbTaTa ¢ MOMOIIbIO TPOU3BOAHON B MPAKTHUECKUX 3a7a4ax)

Heab padoTbl: HayuyuThcs IPUMEHATh MPOW3BOAHYIO (YHKIIUU MPU PEIICHUH 3a/1a4.

IIpakTuyeckas padora popmupyer:

[1P64 ymeHue omepupoBaTh NOHATUAMH: (QYHKIUS, HENpepbIBHAS (QYHKIUSA, MPOU3BOTHAS,
nepBooOpasHas, ONpeiesieHHbI WHTErpai; yMEHUE HaXOAUTh MPOU3BOJHBIC AJIIEMEHTAPHBIX (YHKIIMA,
UCIIOJIB3YS CIPABOYHBIE MATEPUAIIBI; UCCIEA0BATh B MPOCTEHIINX clydasX (YHKIIMA HA MOHOTOHHOCTb,
HAaXOJUTh HAWOOJIbIIME WU HAUMEHbIIWE 3HAuYeHUsA (QYHKIHM, CTPOUTh TIpadUKH MHOTOUJICHOB C
WCIIO0JIb30BaHUEM ammapara MaTeMaTUYeCKOro aHan3a; MPUMEHSITh MPOU3BOAHYIO MPHU PEHICHUH 3a/1a4
Ha JBW)KCHUE; pelllaTh MPAKTUKO-OPUEHTUPOBAHHBIE 337aul HAa HAUOOJbIINE U HAMMEHbIINE 3HAYCHHUS,
Ha HAaXOXJIEHUE MYTH, CKOPOCTH U YCKOPEHUS,

[IP614 ymeHnue BBIOMpaTh MOAXOMSIIMA M3yYEHHBIH METOM JUIS PEIICHUs 3aJadd, Pacro3HaBaTh
MaTeMaTHueckue (akThl U MaTEMaTHYECKHE MOJICTH B TPUPOJHBIX W OOINECTBEHHBIX SIBICHUSAX, B
HUCKYCCTBE; yMEHHUE IPUBOAUTH IIPUMEPbl MATEMATHYECKUX OTKPBITUHA POCCUHUCKOM U MHUPOBOMU
MaTeMaTHYECKOU HAYKH;

[Ipy8 ymeHue cBOOOJHO omepupoBaTh MNOHATUSMU: rpaduk GyHKIUM, oOpaTHas (yHKIUS,
KOMITO3UINST (PYHKIMMA, JTMHEHHAs (QYHKIHS, KBaapaTudHas (QYHKIHs, CTCIICHHAs (YHKIUS C IEIBIM
MoKaszareiaeM, TPUTOHOMETpHYecKHe  (QYHKIHMH, OOpaTHbIE  TPUTOHOMETpUYECKHe  (YHKIUH,
MoKasareibHas ¥ Jiorapupmudeckas (YHKIUH; yMEHHUE CTPOUTh Tpaduku (YHKIMH, BBITOIHATH
npeoOpa3oBaHUs rpadukoB GbyHKIM;
YMEHHE HWCIOJB30BaTh Tpapuku (YHKIUH ISl U3YYCHHS MPOIECCOB W 3aBUCUMOCTEH TPU PEHICHUH
3a/a4 U3 APYrux y4eOHBIX MPEAMETOB M W3 PEaJbHOM KHU3HU; BBIpaKaTh (OopMylaMu 3aBUCUMOCTHU
MEXy BETUYMHAMU; yMeHHuEe CBOOOHO ONEPUPOBATH MOHATUSMU: YETHOCTD
GyHKIIUHM, TEPUOANYHOCTD (PYHKIIMH, OTPaHUYCHHOCTh (DYHKIIMU, MOHOTOHHOCTh (DYHKIIUHU, DKCTPEMYM
GbyHKMM, HauOONbIIee W HAWMCHbBIIEE 3HAUYCHUs (PYHKIMH Ha TPOMEXKYTKE;, yYMEHHE IPOBOIUTH
uccienoBanue QyHKIUY; yMEHUE
WCIIOb30BaTh CBOMCTBa W rpaduku (PYHKIUN 175 pellieHus ypaBHEHHWH, HEPABEHCTB W 3ajady ¢
napaMmeTpamu; U300pakaTh Ha KOOPAMHATHOM MIOCKOCTH MHOXECTBA PEIICHU YpaBHEHMI, HEPABEHCTB
U UX CUCTEM;

[Ipyl0 ymeHue omepupoBaTh MOHITUSIMH: HEMPEPHIBHOCTh (YHKIMU, ACUMIITOTHI Tpaduka
dbyHKIMM, TIepBas W BTOpas MPOU3BOAHAS (DYHKIIMH, TEOMETPUUYECKUH U (PU3MUYECKHH CMBICIT
MIPOM3BOJIHOM, TEpBOOOpa3Has, ONpeAeNeHHBIH WHTErpall; YMEHHE HaxXOJuUTh ACUMIITOTHI Tpaduka
(yHKIMH; YMEHUE BBIYHCIISATH TPOU3BOAHBIC CYMMBI, TPOU3BEICHUS], YaCTHOTO M KOMITO3UIIUU (PYHKIIUH,
HaxOoJIUTh ypaBHEHUE KacaTeJbHOU K rpaduky byHKIUY;
YMEHHUE HCIIOIb30BaTh MPOU3BOJHYIO JUIsI HCCIEeNOBaHUS (YHKUIUNA, JUISI HAXOXKICHUS HaWUIYYIIero
pelieHrs B MPHUKJIAJHBIX, B TOM YHCJIE COLHUATbHO-d)KOHOMHUYECKUX U (PU3MYECKHX 3ajayax, it
oTpeielIeHUs CKOPOCTH M YCKOPEHHUS;, HaXOAUTh TUIOMAAN M O00BeMbI (UTYp C TOMOIIBIO MHTErpaia;
MPUBOJIUTH MPUMEPHI MATEMATUYECKOTO MOJEIMPOBAHUS C TOMOIIBIO AU PepeHITnaNbHBIX YpaBHEHHI;

[IPyl8 yMeHHMe MoOJenupoBaTh peaJbHbIE CHUTYallUM Ha S3bIKE MAaTEMaTHUKH;, COCTaBIATH
BBIPKECHUS, YPABHEHUS, HEPABEHCTBA U UX CHUCTEMBI 10 YCIOBHUIO 3a/l1ayd, UCCIEA0BATh MOCTPOCHHbBIE
MOJICJIM C HWCIIOJIB30BAHMEM armapaTta anreOpbl, HHTePIPETUPOBATh TOJYyUYECHHBIH pe3ybTaT; CTPOUTH
MaTeMaTUYeCKUE MOJIENIU C TOMOIBIO TEOMETPUUYECKUX MOHATUN U BETUYHH, PEIIaTh CBA3aHHbIE C HUMHU
MPAaKTUYECKUE 3aJaud; COCTABJISATH BEPOATHOCTHYIO MOJEIb W HHTEPIPETUPOBATH TOJYUCHHBIN
pe3yibTaT; pelaTh NPUKIAAHBIE 3aJauyd CpeICTBAaMH MaTeMaTHYeCKOro aHaiu3a, B TOM YHCIE
COLIMAJIbHO-?KOHOMUYECKOT0 U (PU3MUECKOr0 XapaKTepa;

[Ipyl9 ymeHue BBIOMpATh MOAXOSAIIMA METON IJIS PEIICHUs 3aJaud; MOHMMAaHHE 3HAYMMOCTH
MaTeMaTUKU B M3YYCHHH MPUPOJHBIX U OOIIECTBEHHBIX IMPOIIECCOB U SBIICHUM, YMEHHE PACIO3HABATh
MPOSIBJICHUE 3aKOHOB MAaTeMaTUKU B HCKYCCTBE, YMEHHME MPUBOAUTH IPUMEPhl MaTEMaTUYECKHUX
OTKPBITHHA POCCUMCKON M1 MUPOBOM MaTEMaTUYECKON HAYKHU.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BsiGupats criocoObl pemeHus 3a1a4 npo(ecCHOHaTbHON AeTENhHOCTH MPUMEHHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM



OK 03 IInanupoBath U peaqu30BbIBaTh COOCTBEHHOE MPO(PECCHOHATBHOE U JIMYHOCTHOE Pa3BUTHE,
IPEINPUHUMATENbCKYI0 JEATENIBHOCTh B IPOQECCHOHANbHON cdepe, HCHONb30BATh 3HAHUS 10
(bMHAHCOBON TPAMOTHOCTH B PA3IUYHBIX KU3HEHHBIX CUTYAIUAX

OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PabOTaTh B KOJUICKTUBE U KOMaH/Ie

OK 06 IIposBiasATh TIpakJaHCKO-NIATPUOTUYECKYIO IIO3ULIHI0, JEMOHCTPUPOBATh OCO3HAHHOE
[IOBEJICHUE HA OCHOBE TPAJULMOHHBIX OOIEYETOBEYECKUX IIEHHOCTEH, B TOM 4YHCIE C YYETOM
FapMOHM3alMM  MEXHAIIMOHAJIbHBIX W  MEXPEJIUTMO3HBIX OTHOLIEHWH, IPUMEHATh CTaHAApTHI
AHTUKOPPYIILIMOHHOTO OBECHUS

OK 07 CopneiicTBOBaTh COXPAHEHUIO OKPYXKAIOMIEH Cpeabl, pecypcocOepereHHI0, MPUMEHSThH
3HaHUS 00 M3MEHEHUM KIMMAaTa, NPUHLUIBI OEpeXJIMBOro MPOU3BOACTBA, 3()(PEKTUBHO AEHCTBOBATH B
Ype3BbIUANHBIX CUTYAIHIX

OK 08 HMcnonbs3oBath cpeacTBa GU3MUECKONU KYJIbTYPHI JJIs1 COXPAHECHUS M YKPETUICHUS 3/I0POBbsI B
nporecce MpohecCHOHATBHONW JEATETbHOCTH M TOJJAEpKaHUs HEOOXOJUMOTO YpPOBHS (U3NUECKOM
[IOJIrOTOBJICHHOCTH

OK 09 ITonp3oBatbest MpoheCCHOHATBHON JOKYMEHTAIEeH Ha TOCYJapCTBEHHOM M HHOCTPaHHOM
A3BIKAX.

[IK 2.1 BBIOMHATH pacdeTsl MapaMeTpOB TEXHOJOTHUYECKUX IPOIECCOB 00PaOOTKH METaIOB
JaBlieHHEM, paboThl 000PYIOBAaHUS, XapaKTEPUCTUK UCXOTHBIX 3arOTOBOK U METAJJIONPOAYKIIMH.

MarepuanbHoe obGecniedeHue: VHIuBUyadbHbIe 33JaHUS, TaONHIA MPOU3BOIHBIX, KOHCIEKTHI
JIEKLIMN.

3ananne:

1. HNmeercs kBagpaTHBIN JIUCT 5KECTH, CTOpOHA KoToporo a=60 cM. Bripe3as mo Bcem ero yriam
paBHBIE KBaJpaThl U 3arubas OCTaBLIYIOCS YacTb, HYKHO H3TFOTOBUTH NPOM3BOJACTBEHHBIN UMK O€3
KpbIIKU. KakoBbl JODKHBI OBITH pa3Mepbl BBIPE3a€MbIX KBaJApaToB, YTOOBI MPOU3BOJCTBEHHBIN SLIMK
nuMen HanbonpIIni 00beM?

2. ITpoekTupyercst KaHall CUCTEMBI CIIMBA C MPSIMOYTOJIbHBIM ceueHreM 4,5 . KakoBbl T0KHBI ObITh
pa3Mepbl ceueHusl, 4TOObI 1J1s1 OOIMIIOBKHM CTEHOK M JIHA MOLUIO HAMMEHbIIee KOJIMYeCTBO MaTepuana?

JInst OThICKaHUSI HAaUMEHBIIEro U HauOOJbLIero 3HaueHus (YHKUUH, AupdepeHnupyeMoil BHyTpU
OTpe3Ka U HENPEPHIBHON Ha €ro KOHIAX, CJIEAYyeT HaWTU BCE KPUTHUECKUE TOUKU (DYHKIMH, JIEKaIHUe
BHYTPU OTpPE€3Ka, BBIYUCIUTH 3HAYCHUS (YHKIMM B ITUX TOUKAaX M Ha KOHIAX OTpe3Ka, a 3aTeM U3 BCeX
MOJTyYEHHBIX TaKUM 00pa3oM 4Kcen BbIOpaTh HaMEHbIIee U HanboblIee.

Ilopsinok BbINOJHEHHS padOTHI:

1. Haxoaum kpuTHUECKUE TOYKU (QYHKIUU.

2. IlpoBepsieM, Kakue U3 HalICHHBIX KPUTHUYECKUX TOYEK JIEKAT BHYTPH 3a/IaHHOTO OTPE3Ka.

3. Haxonum 3HaueHWs (QyHKIMM Ha KOHIIAX OTpe3Ka W B TE€X KPUTHYECKUX TOYKaX, KOTOpbIE
MIONAJAI0T B ATOT OTPE3OK.

4. W3 Bcex MOJMy4YEeHHBIX 3HaUeHUH (QyHKIIMM BbIOMpaeM HauMeHbIlee U HauOoJIbIIee.

Xon paborhr:

3amaua 1. IlpouHocTh Oamku TPSMOYTOJBHOTO CEYCHHS MPOMOPIHMOHATIBHA MPOU3BEIACHHUIO €€
IIMPUHBI HAa KBaJpaT BbICOTHL. Kakoe cedeHue A0DKHA MMETh Oanka, W3 HMWIMHAPHUYECKOW 3aroTOBKH
paauyca R, uToObI €€ mpoyHOCTh Obl1a HanbombIIeH? (pUCYHOK 1)
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Pucynok 1 — ceuenue 6ajiku U3 HIUIMHAPUYECKON 3arOTOBKH

Pemenne. CocraBneHue maremarudeckoi mojenud. ONTUMU3MpyeMash BEIUYMHA - MPOYHOCTH
OaJIKu, TOCKOJBKY B 3a7ade TpeOyeTcs BBIACHUTH, KOTJa MPOYHOCTh OaJku Oyaer HauOOJIbIISH.
O003HaYUM ONTHMH3UPYEMYIO BEIMYUHY OYKBOH y. IIpOYHOCTH 3aBUCHUT OT IIMPUHBI U BBICOTHI
MPSIMOYTOJIbHHUKA, CIYXallero oceBbM cedeHueMm Oanku. lllupuny Oankum o0o3HauuM OYKBOU X.
[TockonbKy OCeBOE CeUYCHHE MPEACTaBIIIeT OO0 MPSIMOYTOJIbHUK, BIIMCAHHBIN B OKPYKHOCTh pajauyca
R, 0o 0<x<2R

BbicoTa h mpsSMOYroNbHHMKA CBS3aHA C €r0 MIMPHHON cooTHomreHmem * 1 =4R* (o teopeme
[udaropa), 3Hauur, 1* = 4R =%,

[IpouyHocTh 6alik¥l y MPONOPIUOHATFHA MPOU3BEICHIIO xh* 1 ey =kxh® (rme ko duruent k —
HEKOTOPOE IOJIOXKUTEILHOE YHCIIO).

3paunt ¥ = Ex(4RR* —x*),rpex € [U; 2K].

PaGora ¢ cocTaBieHHON MOJENbIO.
Jlis gyskuun ¥ = Ex(4RR* — x*),raex € [0; 2R} HA/I0 HANTH Yiaus.
Nmeewm:
Hueem: y = 4%R3xy — kx?
V' =4kR* - 3kx*?
[TpupaBHUBaEM ITPOU3BOTHYIO HYITIO, TOTYIHM
4kR?-3kx?=0

2R

X, == X2
1.5 2

n

ol B

2

X= Xl -

il

3alaHHOMY OTpE3KY IIPUHAJUIEKUT JINIIb TOYKA
Boruncnum 3HaueHne (yHKIMU B TOUKE Ha KOHIIAax oTpe3ka B Toukax 0 u 2R.
Nmeem

f0)=0 fQR)=0 f(5) >0 3HAUNT Yyyeg =F (:—g).

B 3amaue chopammBaeTcsi, Kakoe CEUECHHME JOJDKHA HMMETh Oalka HauOOJbIIeH MPOYHOCTH.

BrisicHunm, 4To mIMpHHA MPSMOYTOJIBHUKA, SBISIONIAS OCEBBIM CEUEHHUEM Hambosee MpPOYHON Oankw,
iR
V3
paBHa
Haiinem BbICOTY:

h® =4R*—4*

a . 4R®  BR®
e=4R*——=—.
3 3
2RVE R =
;l = 1 — - 1\.“2

OtBer: CeueHueM OaJKu JIOJMKCH CIIY)KUTh MPSAMOYTOJBHUK, Y KOTOPOTO OTHOIICHUE BBICOTHI K
IIUPUHE PaBHO ' V2
3ameuanue: KpanupuimpoBaHHbie MacTepa MPUXOIAT K TAKOMY )K€ Pe3yJIbTary, ONUpPasch Ha CBOM



ONBIT, HO OHM NPUHUMAIOT YyKa3aHHOE OTHOIIEHHEe paBHbBIM 1,4 (mpubmmkEHHOE 3HAYEHUE
HMPPAIMOHATILHOTO YMCIIa KaK pa3 paBHO 1,4).
®opma npeacrabiieHus pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €clid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIMMOM TIOCTIEOBATEIIBHOCTH JEHCTBUI; B OTBETE MPABUIBHO W aKKYypaTHO BBHITIOJHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Onenka "'Xxopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUA K OLEHKE "OTJIIMYHO", HO JOIYILEHbI
2-3 Henmoyera.

Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO IO3BOJISET IMOJYYUTh IMPABWIbHBIE PE3YNbTaThl U BBIBOJBI; B XOJE
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEJbHO' CTaBUTCS, €CIIM padOTa BBHIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHOW YacTH PabOTHI HE IMO3BOJISET CENIATh TPABMIIBHBIX BBEIBOJIOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHme
IIpakTuyeckoe 3anaTue Ne 30

«HHTerpan u nepsoodpasnasi. Haxosxxaenue HeonpeaeJieHHbIX HHTETPAJIOB NPH MOMOIIHU
CBOIICTB HHTETPAJIOB)

He.]'lb: HAay4YHUTBHCA HAXOAUTh HGOHpCIIGJIéHHI)IC HUHTCETpajibl HCIOCPECACTBECHHBIM HMHTCIPHUPOBAHUCM
IIpH IIOMOIIHU CBOMCTB HHTCIPHUPOBAHUA.

IIpakTnyeckas padora ¢popmupyer:

[1P64 ymeHue omepupoBaTh MNOHATUSIMH: (DYHKIMS, HeENpepblBHAas (YHKIUSA, NPOU3BOAHAS,
nepBooOpasHasi, ONpeeseHHbIH MHTerpajl; yMEHUE HaXOJUTh MPOU3BOJHBIE 3JIEMEHTApHBIX (YHKIHUH,
UCIOJIb3YS CIPAaBOYHbIE MaT€pUAJIbI; UCCIEA0BATh B MIPOCTEHIINX CllydasX (YHKIMM Ha MOHOTOHHOCTb,
HaXoAuUTh HauOOJbIIME W HAUMEHbLIME 3HaueHHs QYHKUUH; CTPOUTh IpaUKd MHOTOUYIEHOB C
MCIOJIb30BaHUEM allllapaTa MaTeMaTU4YeCKOro aHalu3a; MPUMEHATh MMPOU3BOJIHYIO IIPU PEHICHUH 3ajay
Ha JIBWKEHME; pellaTh MPaKTUKO-OPUEHTUPOBAHHbIE 3a/laul Ha HauOOJbIINEe U HAaUMEHbIINE 3HAYEeHUs,
Ha HaXO0>KJIEHUE ITyTH, CKOPOCTU U YCKOPEHHS;

IIpyl0 ymeHue omnepupoBaThb MOHATUSAMHU: HENPEPHIBHOCTh (DYHKIMHM, ACUMIITOTHI TIpaduka
¢GbyHKIMK, TepBas W BTOpas MNPOU3BOAHAS (YHKIUH, TIEOMETPUUECKUH M (PU3UYECKH CMBICIT
IIPOM3BO/IHOM, TMepBOOOpa3Has, ONpENeNeHHBbIH HMHTErpajl; yMEHHE HaXOAMTh AaCHUMOTOTHI TIpaduka
(GYHKIIMHM; YMEHHUE BBIYMCIIATH MPOU3BOIHBIE CYMMBI, IPOU3BEACHHUS], YACTHOTO U KOMIIO3UIIUU (DYHKIIUH,
HaXOJIUTh yYpaBHEHUE KacaTeJIbHON K rpaduxy (byHKIMH;
YMEHHE HCIIOJIb30BaTh IMPOU3BOJHYIO MJISl HUCCIENOBaHMUS (QYHKIMH, Ui HaXOXIACHWUS HaWIyYIlIero
pelieHusi B NPUKIAAHBIX, B TOM YHCIIE COLMAIBHO-PKOHOMHUYECKMX M (U3NYECKUX 3ajayax, s
OTpesieNIEeHUs] CKOPOCTH U YCKOPEHUS; HAaXOIUTh IUIOMAI M 00bEeMbl (GUTYp C MOMOUIbIO HMHTErpala;
MPUBOANUTH MPUMEPBI MATEMAaTHUECKOTO0 MOJICIIMPOBAHUS C MTOMOIIBIO JU(QepeHInaTbHbIX YpaBHEHUH.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

OK 01 BriGupats crioco0sl pemuieHus 3agad npopecCuOHaTbHON AEATEIbHOCTH MPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 03 IInanupoBath U peaqu30BbIBaTh COOCTBEHHOE MPOPECCHOHATBHOE U JIMYHOCTHOE Pa3BUTHE,
MpeNNPUHUMATEIbCKYIO AESITeNbHOCTh B NpodeccHOHANbHOW cdepe, HCIoNb30BaTh 3HAHUS IO
(uHAHCOBOW TPAMOTHOCTH B PA3JIMYHBIX )KU3HEHHBIX CUTYAIUSIX

MarepunanbHoe obecrnieyeHue:



I/IH,Z[I/IBI/I,Z[yaHLHLIe 3alaHuA, CIIPAaBOYHBIC MaTCpUaJibl, KOHCIICKTLI HGKHHﬁ.

3ananmue:
B cooTBeTCTBUM C TEXHOJIOTHYECKON KapTON MPOEKTA HANTHU CICAYIOIIME UHTETPAJIbI:
33342
1. f(4x X +5)dx
. [3(2x% = 1)%dx
. Jx3(1 + 5x2)dx
3, 8
. f(x_“' + x—s)dx
- J(5Vx® = 7Vx®)dx

g1 b wWN

Kparkue TeopeTuueckue cBeeHHA:
Ceoticmea HeonpeodenenHo20 uHmezpana

1) j mf (X)dx = m j f (x)dx, m-const
2) [(F 00 = g)dx= £ (x)dx = [ g(x)dx

Ta6ﬂub;a OCHOBHbLX UHMecpailos
1) I dx=x+C;

n+l

X

Z)Ix”dx: +C,n=-1;
n+1

3) Jd—; =In|x/+C;

4) jexdx:eX+C;

5) Iaxdx=a—+C;
Ina

6) Isin xdx =—-cosx+C;

7) Icosxdx =sinx+C;

dx ]
8) -[coszx =tgx+C;

9) I _dx =—Ctgx +C;
sin? x

dx . _
10) IWZarCS"] X+C,
dx
11 =arctgx +C..
)I1+ x° J

Ilopsinok BbINOJHEHHS padOThHI:

COBOKYIMHOCTH BCEX MEPBOOOPA3HBIX TS PYHKIIUK HA3BIBAETCSI HEOTPEIEIICHHBIM HHTETPAJIOM.

OCHOBHBIE CBOMCTBAa HEOTIPEAECIEHHOTO UHTETpaja

1) J(f@) +g())dx = [ f(x)dx + [ g(x)dx

2) [kf()dx =k [ f(x)dx

HGHOCpeHCTBeHHOe HHTCIPHUPOBAHUC OCHOBAHO Ha IMPAMOM HCIIOJIB30BaHUU Ta6.]'II/IIII)I HHTErpaioB.
MoryT npencTaBUThCS CIEAYIOLUE CIyYau:

1) JlaHHBIH WHTETpall HAXOMUTHCS HEMOCPEJACTBEHHO 110 COOTBETCTBYIOIIEMY TaOIHMYHOMY
UHTErpaiy.

2) JlaHHBIN HHTErpaj MOCJIe MPUMEHEHHS CBOWCTB 1M 2 MPUBOIUTCS K OJHOMY HIIH HECKOJIBKHUM
TaGJII/I‘-IHBIM HHTCIrpajiaM,

3) Jlanuplii ~ WHTErpay  IOCIE  DJIEMEHTAPHBIX  TOXIECTBCHHBIX  NpeoOpa3oBaHHUM, Haj



MOJIBIHTETpaIbHON (YHKLMEH W TpUMEHss CBOWCTBAa 1M 2 NMPUBOAUTCA K OJHOMY WJIM HECKOJIBKHM
TaOJMYHBIM UHTErpaJIaM.

Xox padoThI:
B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOM IIPOEKTA HAUTH CIICAYIOIINE UHTETPaAIbl:
1. [6x%dx —ucmonb3yem CBOMCTBO 2 U hopmyiy 2.

[x"dx = ’;n—: + ¢ Iomyunm:

f6x2dx=6fx2dx=6§+c=6xs—3+c=2x3+c

2. [4(x*—x+3)dx  Hcnonw3ys coiictBa 1 u 2 u, popmynsl 1 u 2 momyynm: 4 [ x2dx —
4fxdx+12fdx=4x?3—4)26—2+12x+c=§x3—2x2+12x+c

- moctosiHHasg uHTerpupoBanuss C paBHa anreOpandeckoil CymMMe TpeX HOCTOSHHBIX
UHTETPUPOBAHHUS .

3 2
3. f2(3x—1)2dx=2f(3x—1)2dx=2f(9x2—6x—1)dx=2-9x?—2-6%+2x+c=6x3—6x2+2x+c

x3+3x2%+4x .
4. [— —adx —pa3aenuM MOUYICHHO Ha X, MOJTYYHM:
3 3x2
2
(x +3x+4)dx=?+7+4x+c

1
L3t

1
5 j—; —ucnonbpzyem Gopmyny 2 [ x zdx = G tc=
2

+c=2Vx+c

X
NIH| NI

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOIHEHHOE 3aJaHNe

Kputepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €clid paboTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJICHUEM
HEOOXOMMOW TIOCIIEOBATEIFHOCTH JCHCTBUI; B OTBETE MPABWJILHO M aKKypaTHO BBINOJIHEHBI BCE
3aIUCH U BBIYUCIICHUS.

Ounenka "'xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTIIMYHO", HO JOIMYILIEHbI
2-3 HenoueTa.

Ouenka "yI10BJIETBOPUTENbHO'" CTaBUTCS, €ClId pabOTa BBINOIHEHA HE TMOJHOCTHIO, HO 00BEM
BBINIOJTHEHHON 4YaCcTU TaKOB, YTO ITO3BOJISIET IOJyYUTh NPABUIBHBIE PE3YJAbTaThl M BBIBOJBL, B XOJIE
MpOBEACHUS PAa0OTHI OBUIH JOMYIIEHBI OITHOKH.

Ounenka ""Hey10BJIETBOPUTEJIBLHO'" CTaBUTCS, €CIIM paboTa BBHIIOJIHEHA HE MOJHOCTBHIO WIH 00BEM
BBITIOJTHEHHON 4acTU pabOTHI HE MO3BOJISET CAENATh MPABUIBHBIX BBIBOJIOB.

Tema 3.2 UnTerpaJ u ero npuMeHeHue
IIpakTnyeckoe 3ansaTue Ne 31
«HHTEerpupoBaHue METOAOM 3aMeHbI NEPEMEHHOI
Hean padoTbi: HayuyuThecst BRIYUCISATH HHTETPAIBI CTOCOOOM TTO/ICTAHOBKH.

IIpakTuyeckas padora popmupyer:

[1P64 ymeHue omnepupoBaTh MOHATUAMHU: (DYHKIMS, HeNpepbiBHAs (YHKIUSA, MPOU3BOIHAS,
nepBOOOpa3Has, ONMpeaeIeHHBIH HHTErpall; YMEHUE HAaXOJUTh MPOW3BOIHBIC JIEMEHTAPHBIX (YHKIIHH,
UCMOJb3Ysl CIPAaBOYHBIE MAaTEpUalIbl; HCCIEI0BATh B MPOCTEHIINX Cilydasx (PyHKIMM HA MOHOTOHHOCTH,
HaXOJWUTh HaAWOONBIINE W HAWUMCEHBINNE 3HAYeHWs (QYHKIWH; CTPOUTh TpadUKd MHOTOUWICHOB C
UCIOJIb30BAHUEM allapara MaTeMaTHUYeCKOro aHajan3a; NIPUMEHSTh MPOU3BOAHYIO IPU PELICHUM 3a/1ad
Ha JIBIKCHHE; PeniaTh MPaKTUKO-OPHEHTUPOBAHHBIC 33/1aui Ha HAWOOJBIINEe W HAaNMEHBIINE 3HAYCHUS,
Ha HaXxO0X/IEHUE MyTH, CKOPOCTH U YCKOPEHUS;

[Ipyl0 ymeHne omepupoBaTh TMOHSTHSAMH: HENPEPHIBHOCTh (YHKINH, acHMNOTOTHI Tpaduka
¢byHKkuMu, TIepBas M BTOpas NPOM3BOAHAS (YHKIMH, TEOMETPUUYECKUH M (PU3UYECKUH CMBICT



MIPOU3BO/IHOM, TEpBOOOpa3Hasi, OINpENeNeHHBI HMHTErpajl; yMEHHEe HaxOJUThb AaCHMIITOTHI Tpaduka
(bYHKIMH; YMEHHE BBIYUCIATH TPOM3BOIHBIE CYyMMBI, IIPON3BEACHUS, YACTHOTO M KOMITO3UIINU (YHKITUH,
HaXOJUTh ypaBHEHUE KacaTeJIbHON K rpaduxy GbyHKIMY;
YMEHHE HCIIOIb30BaTh IPOU3BOJAHYIO IUISI MCCIEAOBAHUS (QYHKIMH, [UI HAaXOXKICHUS HAWITyYIIeTo
pelieHusT B NPUKIAAHBIX, B TOM YHCIIE COLMAIBHO-DKOHOMHUYECKMX M (U3WYECKUX 3ajadax, s
OIIPEAETICHUSI CKOPOCTH U YCKOPEHHS; HaXOAUTH IUIOMAIU U 00bEeMBbl (UIYp C IMOMOIIBIO MHTETpala;
MPUBOANTH PUMEPHI MATEMAaTHIECKOTO MOJICTTUPOBAHUS C TOMOIIBIO TU(PepeHINATbHBIX YPAaBHEHUH.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01 BeiGupats cioco0sl penieHus 3agad npoecCUOHATbHON AEATENbHOCTH MTPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 03 IlnaaupoBath U peaqn30BBIBaTH COOCTBEHHOE MPO(PECCHOHATBHOE U JIMYHOCTHOE PAa3BUTHE,
HPEANPUHUMATENBCKYIO JIeSTEIbHOCTE B IMPOQECCHOHATbHON cdepe, HCIOIb30BaTh 3HAHUS 10
(MHAHCOBON TPAMOTHOCTH B PA3ITUYHBIX KU3HEHHBIX CUTYaIUAX

MaTepnaﬂbnoe odecmeyeHue:
I/IHI[I/IBI/II[yaJ'IBHBIC 3a/laHusl, CIIPaBOYHBIC MaTCpUaJibl, KOHCIICKTbI JICKIMH.

3aganue:
B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOX IIPOEKTa HAMTH HWHTETPAJIbL:
1. [(124—5)7dx
dax
2. J 6x+5
Il xvx2 7 dx
f Cosx

smx

[ tgxdx

dx
f 1+16x2

o0 Aw

IMopsiaok BbINOJTHEHHE PAOOTHI:

B ocHoBe WHTErpupoBaHHS METOJOM 3aMEHbl MEPEMEHHOHN (UM CIOCOOOM MOCTAaHOBKH) JIEKHUT
CBOWCTBO WHBAPUAHTHOCTH (OPMYJI HMHTETPUPOBAHUS, KOTOPOE 3aKIOYACTCS B CICIYIOIIEM: €CITU
[f)dx=F(x)+c,10 [ f(w)du =F(w) +c,rae u(x) npousBoaHas nuddepenuupyemas GyHKIHUS OT X.

3aMeHa MepeMeHHON B HEOIPEISIICHHOM WHTETPaJie MPOW3BOIUTCS C IIOMOIIBIO IMTOJCTAHOBOK JBYX
BHUJIOM:

1. x=¢() , rae t-HOBas mepeMeHHas, a ¢(t) HenpepblBHO IuddepeHpyemast QYHKIHSL
Jf)dx = [ f(o(®))e'(t)dt

2. t=pu(x) ,rae t-noBas nepemenHasi, Toraa: [ f(u())u' (x)dx = [ f(t)dt

Xoxa padoThl:
1 f zdx

8+x3
-T.K. d(8 + x3) = 3x%dx , TO

x2dx fd(8 + 3x%)
8+x 3) 8+

-nonarasi 8 + x3 =t , IOJTY4IUM: %f% = iln(t) +c= gln|8 +x3|+¢

f cosxdx __ f d(sinx)

s M03TOMY, HCIIOJIb3Yysl MOJACTAHOBKY t=sinx , HPUXOJUM K TaOIMYHOMY

4+sin?x
WHTETpay: f:ttz arctg +c= —arctg ( ) +c
f eXdx f d(ex)
V9-t2 Vo-t2

o dt 1
-BOCIOJIb30BABIIMCH MTOACTAHOBKOU t = e*, IIPUBOJUM K T3.6J'II/I‘-IHOMy HHTCrpairy f\/ﬁ = arcsmg +
-t

. e~
Cc = aTCSln? +c
Ipumeuanue: dx = id(ax +b)

1
xdx = Ed(xz)



e*dx = d(e*)
d_x =d(l
— = d(n(x)

cosxdx = d(sinx)
(I)opMa NMpEeaACTaBJCHUA pe3yjabTaTa: BhIIIOJTHECHHOC 3a1aHUC

Kpurepun oneHku:

Ounenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBINOJHEHA B TOJHOM O0BEME C COOJIIOJICHUEM
HE0OXOIMMOM TOCIEI0BATEILHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBINIOJIHEHBI BCE
3aMUCH U BBIYUCIICHUSI.

Ouenka '"Xopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 HemoueTa.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET MOJYYUTh NPABUIbHBIE PE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUTH AOMYIIEHBI OIIHUOKH.

Ouenka ""Hey/10BJIETBOPUTENbHO'" CTaBUTCS, €CIIM padOTa BHIMIOJHEHA HE TTOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTH pabOThI HE MO3BOJISET CAENaTh MPABUIIBHBIX BBHIBOJIOB.

Tema 3.2 UnTerpaJ u ero npuMeHeHue
IIpakTnyeckoe 3ansitue Ne 32

«Teopema HoroToHa-JleiioHuna. BoruuciaeHue onpeaeaeHHbIX HHTErpajloB Pa3JIMuYHbIMU
MeTOoiaMm»

Iesab padoThl: HAYYUTHCS BBIYUCIIATD ONpeieeHHbIH nHTerpan no gopmysne Hetorona-JleiiGuuma.

IIpakTnyeckas padora ¢popmupyer:

[1P64 ymeHue omnepupoBaTh MOHATUAMHU: (DYHKIUS, HeNpepbiBHAs (YHKLHUSA, MPOU3BOIHASI,
nepBooOpasHas, ONpeesIeHHbIM MHTErpai; yMEHUE HaXOAWThb MPOU3BOJHBIE JIEMEHTAPHBIX (YHKIUH,
UCMOJb3Ysl CIPAaBOYHBIE MAaTEpUaAlIbl; UCCIEI0BATh B MPOCTEHININX CiIydasX (pyHKIMM HA MOHOTOHHOCTH,
HaXOJUTh HaAuOONbIIME W HAUMEHbIIME 3HAYeHUs (QYHKUUH; CTPOUTH TpapuKU MHOTOWIEHOB C
HCIIOJIb30BaHUEM allllapaTa MaTeMaTU4YeCKOr0 aHAIN3a; MPUMEHATh NPOU3BOJHYIO IIPU PELICHUM 3a]ad
Ha JBW)KEHUE; pelllaTh MPAKTUKO-OPUEHTUPOBAHHbIE 33Jaul Ha HAauOOJblINE U HAaUMEHbIINE 3HAaYeHMUS,
Ha HaXO0>XJIEHUE MyTH, CKOPOCTU U YCKOPEHHS;

[Ipyl0 ymeHue omepupoBaTh MOHATUSIMM: HEMPEPHIBHOCTh (YHKIUHU, ACHMIITOTHI Tpaduka
¢byHkuMM, TepBas M BTOpas NpPOM3BOAHAS (YHKIMH, TEOMETPUYECKUH U (PU3UUECKUH CMBICH
MIPOM3BOJIHOM, MEepBOOOpa3Has, OINpeAeNeHHBbIH HWHTErpall; yMEHHE HaxXOJuUTh ACHUMIITOTHI TIpaduka
(GyHKIMHU; yMEHUE BBIYUCIATH POU3BOIHBIE CYMMBI, IPOM3BEACHNUS, YACTHOTO U KOMITO3UIINH (PYHKIIHUA,
HaxOJINTh ypaBHEHUE KacaTeJIbHON K rpaduky byHKIUY;
YMEHHUE HCIIONb30BaTh MPOU3BOAHYIO Ul HUCCIEAOBAaHMS (DYHKIMHA, I HAXOXKACHUS HAWIYYIIEro
pelieHrs B MPHUKJIAJHBIX, B TOM YHCJIE COLMAIbHO-’KOHOMMYECKHX U (PU3MYECKHX 3ajayax, it
OIIpeJIeJIEHUs] CKOPOCTH U YCKOPEHUS; HaXOMUTh IUIOMIAIN U 00BbEeMbl (PUIyp ¢ MOMOIIBIO MHTErpana;
MPUBOJIUTH MPUMEPHI MATEMATUYECKOT0 MOJEIMPOBAHUS C TOMOIIBIO AU PepeHInaNnbHbIX YPaBHEHUH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BriGupatp croco0sl pemeHus 3a1a4d npohecCHOHaIbHOW e TeIbHOCTH MPUMEHUTENBHO K
pa3IMYHbIM KOHTEKCTaM

OK 03 IInanupoBaTh U pean30BbIBaTh COOCTBEHHOE MpodeccnoHalbHOE U TUYHOCTHOE Pa3BUTHE,
NPEINPUHIMATENbCKYIO JICATENIbHOCTh B TpoQeccHoHanbHOM cdepe, HUCMONB30BaTh 3HAHUS 110
(MHAHCOBON T'PAaMOTHOCTH B PA3JIMYHBIX )KU3HEHHBIX CUTYalUAX

MarepunanbHoe obecrnieyeHue:



I/IH,Z[I/IBI/I,Z[yaJIBHI:Ie 3alaHuA, CIIPAaBOYHBIC MaTCpUaJibl, KOHCIICKTLI HGKHHﬁ.

3ananmue:

B cooTBeTCTBUM C TEXHOJIOTHYECKON KapTOH MPOEKTAa HANTH UHTETPaIbl.
2, 2

1. J 2x%dx

4
j(8+2x—x2).:fx

2. -2

3. f;/z cosxdx

4. j(cosx—Bsin X Jdx
2
2 l— X2

5. J.X—zdx

N

Meto10M 3aMEHBI TIEPEMEHHOI:

& xdx
1.j .

X°—6

22x5

w'—.h

3. J‘i/x + 2dx
0

1
4, J'(x3 +1)*x? dx
-1

ITopsinok BbINOJHEHHS PadOTHI:
1) Ucnonp3ys Tabauily MHTErpasioB HATH UHTErpal

2) Ucnonb3ys popmyny HeroTona — JleiiOnuma
A

Jr@ax=

a

= F(3) - Fla)

HaWTH ONPEIEICHHBIN UHTETPa

Xoa padoThI:

Brrunciuts onpenaeneHHblil HHTerpal
2

_[ 2xtdx

1

PCI_HCHI/IC'

4 (2]

jzxﬂdx 2] PR (f)| —(23 Py = —(8 1) = 271842
] 3 3 3

(1) BLIHOCI/IM KOHCTAHTY 3a 3HaK UHTEerpaa.

n+l
Ix” dx = +C
(2) Unrerpupyem mno Tabiuie ¢ MOMOIIBIO CaMOW MOMYJSpHONH (QOpMyIIbl n+1

1

3
[TosiBUBIITYIOCSI KOHCTAHTY 3 1[eIeco00pa3HO OTAEIUTh OT & ¥ BBIHECTH 3a CKOOKy. JlemaTth 31O He
00s13aTeNbHO, HO JKEJIATEIBHO — 3a4€M JIMIITHHE BEIYUCICHUS?



3
[#@dx= POl = F) - Fla)

(3) HUcnone3zyem ¢dopmyny Hprorona-Jleitbnuma = . Cnauana

3 o o o
MO/ACTABJISIEM B & BEpXHMM mpejes, 3aTeM — HWKHUU npenen. [IpoBoaum paipHeIne BbIUMCICHUS U
M0JIy4aeM OKOHYATEIbHbBINA OTBET.
Brruucnuts onpeneneHHblid HHTErpal

4
[(3+2x—2*)dx
-2

Pemenue:
4 4

_[(8 +2ix— xz)dxijgi-dx+ E_j;xa"x— _I-xzdxiijg(x:'tg + 2. %(xjj'tg - % (J:E:'tg ij

-2 -2 -2
=8(4 - (20 + &4 - =" —%(43 — (=21 =8. 6+(16—4) —%(64+8) =

=48+12-24 =36

(1) Ucnonb3yem cBOWCTBA IMHEHHOCTHU OIPEEIEHHOTO HHTErpaa.

(2) UnaTterpupyem no tabiuie, Ipyu 3TOM BCE KOHCTAHTHI BBIHOCHM — OHU HE OyJIyT y4acTBOBATh B
IIOJICTAHOBKE BEPXHETO U HUXKHETO Ipesena.

(3) Hns xaxgoro w3 TpEX crnaraeMbelx npumensemM ¢opmyiny Hbrotona-Jleitbnuna:

FX)|=F&)- Fla)

CoBer: mepex Tem, kak wucnoab3oBatb ¢opmyay HbloTona-JleiiOHMIa, 1MO0JIE3HO NPOBECTH
NPOBEPKY: a caMa-To MepBo00Pa3Has HalieHA IPABUJIBHO?

Tak, NPUMEHHUTEIBHO K paccMaTpUBaeMOMY IMpUMEpY: Ieped TeM, Kak B TEpBOOOPa3HYIO
3
x
Br+x -
(b yHKITHIO 3 HOJCTaBJIATH BEpXHUN M HIKHUM TMpeAenbl, >KEIaTelbHO Ha YEPHOBHKE

MPOBEPUTH, a TMPABUIBLHO JIM BOOOIIE HaWIeH HeompeaeneHHb uHTerpan? Jduddepermupyem:
f

[8x+x2 —g] =8(x)'+(x2)'—%(x3)'=8-1+2x—%-3x2 =84+ 2x—x°

[Tonydyena ucxomHas MOABIHTErpaibHAs (PYHKLMS, 3HAYUT, HEONPEJECJICHHbIN MHTErpaj HaiJieH
BepHO. Teneps MOxkHO U hopmyny HeroToHa-JIeltOHMIIa TPUMEHUTB.
Metoa 3aMeHbI ITepeMEeHHOH

Beruncinte nHTErpasL.

BBeneM HOBYIO EpEMEHHYIO t = x* — 6

Huddepenunan 6yaer paBeH dt = 2xdx

Beraucimm rparuiel nHTErpUpoBanus 11=25-6=19, t2=36-6=30

BEITIONHIM TOJICTAHOBKY = [ 224% — 1 (304
y 275 x2—6 2719 ¢t

o 1 1 1 30
Brruncinm, nogyquBIIAICS HHTETpa > ln|30|-; ln|19|=5 lnl—9

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOIHEHHOE 3aJaHNe/

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €Ciid paboTa BBHIMIOJHEHA B TOJTHOM OOBEME C COOJIOIEHHEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHHA.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Henmouera.

Ouenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO ITO3BOJISCT MOJYYUTh NPABUIBHBIC PE3YNbTaThl W BBIBOJBI; B XOJI€



MPOBEJICHUS paOOTHI ObUTH AOMYIIEHBI OIIUOKH.
Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CIIM padOTa BBHITIOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON 9acTH PabOTHI HE MO3BOJISET CAENATh MIPABIIILHBIX BHIBOJIOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHue
IIpakTuyeckoe 3ansaTue Ne 33,34
«Bbrunciienue niaomaaei ¢puryp u o0bemMoB Te»

Hean padorsi: HayunThcs BEIYUCIATH TUIOMAAN GUTYP U 0OBEMBI TEJI, UCHIOIB3YS ONpeaeIICHHbIE
UHTErpalibl

IIpakTuyeckas padora popmupyer:

[1P64 ymeHme omnepupoBaTh MOHATUAMHU: (QYHKIUS, HENpepbiBHas (YHKIHSA, MPOU3BOJIHAS,
nepBooOpasHasi, ONpeesIeHHbIH MHTErpajl; yMEHHUE HAaXOJUTh HMPOU3BOJHBIE 3JIEMEHTApHBIX (YHKLHUH,
UCIOJIb3YSl CIPAaBOYHbIE MAaT€pUAJIbl; UCCIEA0BATh B MPOCTEHIINX ciy4yasX (pYHKIUM HA MOHOTOHHOCTb,
HaxoAuTh HauOOJbIIME M HAUMEHbUIME 3HAueHUs (QYHKUUH; CTPOUTh IpaUKd MHOI'OYJIEHOB C
MCIOJIb30BaHUEM allllapaTa MaTeMaTU4YEeCKOro aHalu3a; MPUMEHATh MIPOU3BOJIHYIO IIPU PELICHUH 3ajay
Ha JIBWKEHME; pellaTh MIPAKTUKO-OPUEHTUPOBAHHbIEC 33/jaul Ha HauOOJblIMEe U HAaUMEHbLINE 3HAYEHUs,
Ha HaXO0KJIEHUE IyTH, CKOPOCTU U YCKOPEHHS;

[1P614 ymeHue BbIOMpaTh MOAXOSAIIMN M3YYEHHBIH METOJ AJIs PELICHHUs 3a/1adyM, pPaclo3HaBaTh
MaTeMaThuyeckue (akThl U MAaTEMaTHYECKHE MOJIEIM B NPUPOJHBIX U OOILECTBEHHBIX SIBICHHUSX, B
UCKYCCTBE; yMEHHE IIPUBOJUTh NPHUMEPHl MAaTEMaTHYECKUX OTKPBITUM POCCUMCKOM M MHPOBOU
MaTeMaTHYECKOU HAYKH;

IIpyl0 ymeHue onepupoBaThb IOHSTUSAMHU: HENPEPHIBHOCTh (DYHKIUHM, ACHUMIITOTHI TIpaduka
¢GbyHKIMM, TiepBas W BTOpas MNPOU3BOAHAS (YHKIUH, TIEOMETPUUECKUH M (PU3UYECKH CMBICIT
IIPOU3BO/IHOM, TMepBOOOpa3Has, ONpENeNeHHBbIH HHTErpajl; yMEHHE HaXOAMTh AaCHUMOTOTHI TIpaduka
(GYHKIIMHM; YMEHNE BBIYMCIIATH POU3BOIHBIE CYMMBI, IPOU3BECHHUS, YACTHOTO U KOMIO3ULIUN (DYHKIIUH,
HaXOJUTh YpaBHEHHE KacaTeJIbHON K rpaduxy GbyHKIMH;
YMEHHE HCIIOJIb30BaTh IPOU3BOJIHYIO MJSi HUCCIENOBaHMS (PYHKIMHM, [UIsI HAXOKICHUS HaWIy4IIEero
pelieHusi B NPUKIAAHBIX, B TOM YHCIIE COLUAIBHO-KOHOMUYECKMX M (U3WYECKHUX 3ajayax, s
OTIpe/ieNIEeHUs] CKOPOCTH U YCKOPEHUS; HAaXOAWTh IJIOMAAM U 00bEeMBbl (PUIyp C MOMOIIbIO MHTErpaja;
IPUBOANUTH PUMEPBI MATEMAaTHUECKOTO MOJICIMPOBAHUS C TOMOIIBIO TU(GepeHIINaIbHbIX YPaBHEHUH;

[IPyl8 yMeHue wMojenupoBaTh pealbHbIE CHUTyallUM Ha $3bIKE MAaTEeMaTHKH; COCTaBJISATh
BBIPQKCHUS, YPABHEHUS, HEPABEHCTBA U MX CHUCTEMBI 10 YCJIOBHIO 33Jla4M, MCCIEA0BATH IOCTPOEHHBIE
MOJIETIM C WCIIOJIb30BAaHUEM armapaTa ajreOpbl, HHTEPIPETUPOBATH IMOJyYEHHBIH pe3yibTaT; CTPOUTH
MaTEMaTHYECKUE MOJEIN € MIOMOIBIO T€OMETPUYECKUX IOHATUI U BEIUYMH, PEIIATh CBS3aHHBIE C HUMU
MPaKTUYECKHE 3aJaud; COCTaBJISATh BEPOSITHOCTHYIO MOJ€Ab W HMHTEPIPETUPOBATH MOJYyYEHHBIN
pe3ysbTaT; pelarbh NPUKIAJHBIE 3aJaud CPEACTBAMM MAaTE€MaTU4YeCKOro aHaliu3a, B TOM 4HCIE
COLIMAJIbHO-?KOHOMUYECKOT0 U (PU3HUECKOro XapaKkTepa;

IIpyl9 ymeHue BbIOMpaTh MOAXOMALIMA METON JUISl PEUIeHMs 3a/Ja4M; MOHMMAaHHE 3HAYUMOCTH
MaTEeMaTHKU B W3YYEHHM MPHUPOJHBIX M OOILIECTBEHHBIX MPOILIECCOB U SIBJICHHM; YMEHHE PAcliO3HaBaTh
IIPOSIBJICHUE 3aKOHOB MATEMaTUKU B HCKYCCTBE, yYMEHHME IPUBOAMTH IPUMEPHl MAaTEMaTUYECKHX
OTKPBITHHA POCCUMCKON M1 MUPOBOM MaTEMaTUYECKON HAYKH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BriOupatp crocoObl pemieHus 3aaa4d npodhecCHOHATbHON 1eATENbHOCTH MPUMEHHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM

OK 03 IInanupoBaTh U pean30BbIBaTh COOCTBEHHOE MpodeccnoHalbHOE U TUYHOCTHOE Pa3BUTHE,
NPEINPUHUMATENbCKYIO JIEATENIbHOCTh B NpOQecCHOHaNbHON cdepe, HCHONB30BATh 3HAHHUS 10
(MHAHCOBON T'PaMOTHOCTH B PA3JIMYHBIX )KU3HEHHBIX CUTYalUAX



OK 06 IIposBiasATh TIpakJaHCKO-NIATPUOTUYECKYIO IO3ULHI0, JAEMOHCTPUPOBATh OCO3HAHHOE
MIOBEJICHUE HA OCHOBE TPAJUILMOHHBIX OOIEYETOBEYECKUX IIEHHOCTEH, B TOM 4YHCIE C YYETOM
FapMOHM3alMM  MEXHAIIMOHAJIbHBIX W  MEKPEJIUIMO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHAAPThHI
AHTUKOPPYILIMOHHOTO OBEICHMS

OK 07 CopneiicTBOBaTh COXPAHEHUIO OKPYXKAIOMIEH Cpeabl, pecypcocOepereHHI0, MPUMEHSThH
3HaHUS 00 M3MEHEHUM KJIMMAaTa, NPUHLUIBI OEpeXIMBOro MPOU3BOACTBA, 3()h(PEKTUBHO AEHCTBOBATH B
Ype3BbIYANHBIX CUTYAIHSIX

OK 08 HMcnonbs3oBath cpeacTBa GU3HUESCKON KYJIBTYPHI I COXPAHCHHS U YKPEIUICHUS 3JI0POBBS B
nporecce MpohecCHOHATBPHONW JEATETbHOCTH M TOJJAEpKaHUs HEOOXOJUMOTO YpPOBHS (U3NUECKOM
[IOJIrOTOBJICHHOCTH

OK 09 ITonp3oBatbest mpohecCHOHATBHON JOKYMEHTAIlMeH Ha TOCyJapCTBEHHOM M MHOCTPAaHHOM

A3BIKAX.
[IK 2.1 BBIMONHATH pacyeThl MapaMeTpoB TEXHOJOTHYECKUX IPOLECCOB 00pabOTKH METaJJIOB

JaBJICHHUCM, pa6OTBI O60py,[[0BaHI/I$I, XapaKTEPUCTHUK UCXOJHBIX 3arOTOBOK U METAJIJIOIIPOAYKIIUH.

MaTtepuajbHoe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHI)HBIe 3alaHuA, CIIPAaBOYHbBIC MaTCpUajibl, KOHCIICKTbI JIGKIII/II;'I.

3ananmue:
1. dopma 3aroToBKM HMMeeT BHJI (UTYpbI, OTPAHUYCHHOW JTMHHUAMHU. HaWTh Tuomaab JaHHOM

3arOTOBKHU
a) y=—x"+4,y=0
b) y=x* y=x°
c) y=e, y=e", y=4
2.Beruncnutes 00beM geranu
y=x%, y=1 eoxpyeocuQOY

ITopsinok BbINOJHEHHS PadOTHI:

1) moctpouth rpapuku QyHKIHI

2)  HalTH 00JaCTh, OTPAHHYCHHYIO ITUMH TpadrKaMu

3)  COCTaBHT OIpEeCIICHHBIA HHTErPaL, IIsl HAX0XICHHS IO HalICHHOM 001acTH

Xoa paGoTsI:
ITpumep 1: Haiitu miomans obaactu D (3aroTroBka erasim), orpaHUuYE€HHON KPUBBIMU Y = X2+ X +

11,y =2 x - 9, npu yciosum,
x<=1

y=x2 +x-11,
Dofy=2x-9
x 21

[Ipn pemieHun Takux 3anad cieayeT 00s3aTelbHO M300pa3uTh HUCCIEAYEMbI reoMeTpHUYeCcKUid
00beKT. s onpeneneHns HUKHETo Mpe/esia MHTErPUPOBaHMs HaJJ0 HAUTH TOUKY NepeceueHus! KPUBBIX;
ypaBHEHUE X° + X +11 =2 X - 9 umeer nBa KopHA: X = -1 u X = 2. [Noaxoasmmii KopeHs - X = -1. O61acTh
OrpaHUYEHa CBEpXY Mapabosoi, CHU3Y - MPSAMOii, cripaBa - mpsMol X = 1, KpaifHss jeBas Touka - X = -1,
MO3TOMY
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Ecnm o6nacts umeeT 6osee CIOKHYIO CTPYKTYPY, €€ cienyeT pa30uTh Ha MPOCTHIC YaCTH .
[Tpumep 2
Beruuciute 00beM nmeTanu, KOTOpas HWIASHTUYHA Tely, IOJYYEHHOMY BpallleHHEeM (QUTYpHI,

= Ty o -
OTPaHUYCHHOMN JIMHUAMU y=2x-x Y= 0 BOKPYT OCH Ox

Pemenue: Kak u B 3a71aue Ha HaXO0X/ICHUE IUIOMIA/IU, PellIeHHEe HAYMHAETCH € YepTe:Ka MJI0CKOM
duryper. To ecTh, Ha MIOCKOCTH <Y HEOGXOZMMO MOCTPOHMTH (HUTYPY, OTPAHHUCHHYIO THHHSME

y=2x—x°
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Hckomas 1uiockast HUrypa 3aliTpuxoBaHa CMHHUM LBCTOM, MMCHHO OHAa W BpallacTCsa BOKPYI' OCU

o) 4 . B pe3yiibTaTe BpallCHUA IMOJIYYACTCA TaKasd HEMHOI'O HﬁHeBHI{HaH Jerarmasa Tapejika, KoTopas

CUMMCTPUYHA OTHOCUTCIIbHO OCHU o4 .
O0beM Tej1a Bpam€HUusi MOKHO BbIMUC/IUTD 11O (bopMy.He:

&
v =n| 7 (x)dx
2
Breruncnum 00BemM Tena BpallleHuUs, UCTIONB3YS TaHHYIO bopmyny:

B 2 2
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OTtBert:

(I)opMa NpeaACTaBJICHUSA Pe3yabTaTa: BEIIIOJIHCHHOC 3a/laHNE

Kpurtepun onenkmn:
Ouenka "oTJMYHO'" CTaBUTCA, €CiM padoTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIO/IEHHEM

HEO0OXOIMMOM TIOCTEIOBATENIHLHOCTH JEHCTBUI; B OTBETE€ MPABUIBLHO W aKKypaTHO BBIMOJIHEHBI BCE
3aIMCH ¥ BBIYMCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIMYIIEHbI
2-3 HemoueTa.

Ouenka "yI0BJIEeTBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBIIIOJIHECHHOW YacTU TaKOB, YTO IO3BOJIAET MOJYYUTh NpPaBUIIbHBIE pPE3YylbTaThl U BBIBOJBI; B XOJI€
MPOBEJICHUS pabOThI ObUIN AOMYILEHBI OIIUOKH.

OneHka ""Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €CIIH padO0Ta BBHIMOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTu pabOTHI HE MO3BOJISIET C/IeNIaTh IPABUIbHBIX BBHIBOJIOB.



Tema 3.2 UHTerpaJ u ero npuMeHeHue
IIpakTuyeckoe 3ansaTue Ne 35, 36
«Du3nyecKue NPUIOKEHUSI HHTETPaJIOB)»
Lean padoThl: HaydnuThecsi IPUMEHSATh HHTEIPAIIBI K PEIICHUIO (PU3MUYSCKUX 3a71a4

IpakTuyeckasi padora ¢popmupyer:

I1P64 ymeHue omnepupoBaTh MOHATUAMHU: (YHKLUSA, HenpepbiBHas (YHKIMS, MPOU3BOJHAS,
nepBooOpasHas, ONpeaesieHHbI HHTErpall; yMEHUE HAaXOJUTh MPOU3BOIHBIC 3JIEMEHTAPHBIX (YHKIIUH,
UCIOJb3Yysl CIPAaBOYHBIC MAaTEPUalbl; UCCIEI0BATh B MPOCTEHIINX CiIydasX (PyHKIMM Ha MOHOTOHHOCTD,
HaXOAWTh HauOOJbIIMNE W HAUMEHbIIME 3HA4YeHUs (QYHKIHUNA; CTPOUTH TIpauKu MHOTOYJICHOB C
UCIIOJIb30BaHUEM allllapaTa MaTeMaTU4EeCKOro aHAIW3a; MPUMEHATh NIPOU3BOJHYIO IIPH PEUICHUM 3a1ad
Ha JBM)KECHUE; pelllaTh MIPAKTUKO-OPUEHTUPOBAHHBIE 337aul HAa HAauOOJbLINE U HAaUMEHbIINE 3HAYECHMUS,
Ha HaXO0>KJIEHUE IyTH, CKOPOCTU U YCKOPEHHS;

[1P614 ymeHue BBHIOMpaTh MOIXOMSIINN W3YYEHHBIH METOJX JJIsl PEIICHUs 3a/laud, Pacro3HaBaTh
MaTeMaTHueckue (akThl M MaTeMaTHYECKHUE MOJENIM B IPUPOAHBIX U OOLIECTBEHHBIX SBJICHUAX, B
HUCKYCCTBE;, yMEHHE IPUBOAUTH IIPUMEPBI MATEMATHUYECKUX OTKPBITUNA POCCUHUCKOM M MHUPOBOU
MaTEMaTHUYECKON HAYKU;

[Ipyl0 ymenue omnepupoBaTh MOHATUSAMHU: HENPEPHIBHOCTh (DYHKIMHM, ACHMIITOTHI Tpaduka
¢byHKkuMu, nepBas M BTOpas NpOM3BOAHAS (YHKIMH, TEOMETPUYECKUH U (PU3UYECKUH CMBICI
MPOU3BOJIHOM, TEpBOOOpa3Hasi, OINpPENEeNCHHBI HMHTErpajl; yMEHHE HaXOAWTh ACUMOTOTHI Tpaduka
(GYyHKLMHU; yMEHUE BBIYUCIATH IPOU3BOJHBIE CYMMBI, IPOM3BEACHNUS, YACTHOI'O U KOMIIO3ULIMH (PYHKIIHA,
HaxOJIUTh ypaBHEHUE KacaTeJbHOU K rpaduky GbyHKIHH;
YMEHHUE HCIIOJb30BaTh IPOU3BOAHYIO Ul HCCIEAOBaHUS (DYHKIMH, IS HAXOXKACHUS HAWIYYIIEero
pelieHrs B MPHUKJIAJHBIX, B TOM YHCJIE COLMAIbHO-)KOHOMMYECKHX M (PU3MYECKHX 3ajayax, Ui
OIpeJIeJIEHUs] CKOPOCTH U YCKOPEHUS; HaXOMUTh IUIOMAAN U 00bEeMbl (PUIyp ¢ MOMOIIBIO MHTErpana;
MIPUBOJIUTH PUMEPBI MATEMATHUECKOTO MOJESIUPOBAHUS C TOMOILIBI0 JUPPEpEeHIINaTbHBIX YPABHEHHUI;

[IPyl8 yMeHne MoJenupoBaTh peaJbHbIE CHUTyallUM Ha $3bIKE MAaTEMaTHKH; COCTaBIATh
BBIPQ)KCHMSI, YPABHEHUS, HEPABEHCTBA M MX CHCTEMBI 10 YCIOBHUIO 3aJ1a4¥, MCCIEA0BATh IIOCTPOCHHBIE
MOJIEJI C HCIOJb30BaHMEM armapaTa anreOpbl, MHTEPIPETUPOBATh MOJYUYECHHBIH pe3ynbTar; CTPOUTh
MaTE€MaTHYECKUE MOJEIIN C TOMOIIBIO TEOMETPUYECKUX ITOHATHNA U BEJIMYMH, PEIIATh CBA3aHHbIE C HUMU
MIPAaKTHUYECKUE 3aJa4d; COCTABIIATh BEPOATHOCTHYIO MOJEIb W HMHTEPIPETUPOBATH IIOJYUYECHHBIN
pe3yibTaT; pelarbh IPUKIAAHBIE 3aJadd CPEACTBAMM MAaTeMaTH4EeCKOTO aHaliu3a, B TOM 4YHCIE
COL[MAJIbHO-9KOHOMHUYECKOTO U (PM3HUECKOTO XapaKTepa;

[Ipyl9 ymenue BbpIOMpaTh MOAXOIALIMM METOJ ISl pEIIeHUs 3aJauyd; MOHMMAaHHE 3HAYMMOCTH
MaTeMaTHKU B U3yYEHHM NPUPOAHBIX M OOILECTBEHHBIX NPOLECCOB M SIBICHUH; YMEHHME pacro3HaBaTh
MPOSIBJIEHUE 3aKOHOB MAaTeMaTMKH B MCKYCCTBE, YMEHHE IPUBOAUTH IPUMEPHl MaTEMaTHYECKHUX
OTKPBITUHA POCCUMCKON U MUPOBOM MaTEMaTUYECKON HAYKU.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

OK 01 BeiGupats cnioco0sl pemieHus 3aaad npodecCHoHaIbHOW AesITeIbHOCTH MPUMEHUTENBHO K
Pa3INYHBIM KOHTEKCTaM

OK 03 IInanupoBath U peaqu30BbIBaTH COOCTBEHHOE MPO(PECCHOHATBHOE U JTMYHOCTHOE Pa3BUTHE,
MpeNNPUHUMATENIbCKYIO AESITeNbHOCTh B NpodeccHOHaNbHOW cdepe, HCIoNb30BaTh 3HAHUS IO
(uHAHCOBON TPAMOTHOCTH B PA3JIMYHBIX )KU3HEHHBIX CUTYAIHIX

OK 06 IIposBisATE Tpa)kIaHCKO-NMATPUOTUYECKYIO IO3MIMI0, JAEMOHCTPUPOBATH OCO3HAHHOE
MOBEJCHHE Ha OCHOBE TPAJAUIMOHHBIX OOIEYETOBEYECKUX IIEHHOCTEH, B TOM YHCIE C YYETOM
FapMOHH3AlMM  MEXKHAIMOHAIBHBIX M  MEXKPEJIWTHO3HBIX  OTHOIIEHWM, IPUMEHATh CTAHIAPTHI
AHTUKOPPYILIHOHHOTO NIOBEACHUS



OK 07 CopneiicTBOBaTh COXPAHEHUIO OKPYXKAIOIMIEH Cpeabl, pecypcocOepe eHHI0, MPUMEHSThH
3HaHUS 00 M3MEHEHHMH KIIMMAaTa, MPUHIUIE OEPEKIMBOTO MPOU3BOACTBA, Y(PPEKTUBHO JIEHCTBOBATH B
Ype3BbIUANHBIX CUTYAIHSIX

OK 08 HMcnonbs3oBath cpeacTBa GU3HUECKON KYJIbTYPHI 11 COXPAHCHUS M YKPETUICHHSI 3I0POBbS B
nporecce MpodhecCHOHATBFHONW JEATETbHOCTH M TOJJAEpKaHUs HEOOXOJUMOTO YpPOBHS (U3NUECKOM
MOJITOTOBJICHHOCTH

OK 09 ITonp3oBarbest pohecCHOHATTBHON JOKYMEHTAIMeH Ha TOCyJapCTBEHHOM M MHOCTPAaHHOM
S3BIKAX.

[IK 2.1 BBImosHATH pacdeThl MapaMeTpoOB TEXHOJOTHUECKUX IPOIECCOB OOpPabOTKH METaIoB
JaBJIEHUEM, paboThl 000PYI0BaHUS, XaPAKTEPUCTUK UCXOIHBIX 3aTOTOBOK U METAILIIONPOTYKIHH.

MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHLIe 3alaHuA, CIIPAaBOYHbBIC MaTCpUaJibl, KOHCIICKTBI JIGKL[I/Ifl.

3aganue:

1) Beruucnure Maccy ydactka ctepxkHs X1= 0 10 Xp=3 (M), eciu ero JuHeiHas IIIOTHOCTh 331aeTCs
dopmyioit p(x) = x% + 1(xr/n).

2) CkopocThb [BIKEHUSI Ha KOHBeiepHoil seHTe v=v(t). Haiimem nyte S, mnpoiaeHHbII
COZEP>KMMBIM KOHBEHEPHOM JIGHTHI 32 IIPOMEXYTOK BPEMEHH OT t1=2 110 tp=7 MUH.

3) Teno OpoimieHO BEPTUKAIBHO BBEPX CO CKOPOCTHIO, KOTOpash M3MEHSETCS IO 3aKOHY
v =29.4 —9.8t m/c. HaliTit HanOOJIBIIYIO BBICOTY MOABEMA.

IMopsiiok BBINOJTHEHHS PA0OTHI:

o to
1) 3ammcarh GOpMyITy, HCIIONIB3Ys OTPECIICHHBIN HHTErpai S = | ., v(©dt
2) BbrauciinTe onpeneneHHbI HHTErpa

Xoa pa0doThI:

1. CxopocTh OBUXEHHUS Ha KOHBEHEpHOH JeHte ¥ = (9t* — 8t) M/c. Hailtu nyTh, mpoieHHBIN
COJIEP’KUMBIM KOHBEUEPHOU JIEHTHI 32 4-10 CEKYH/Y.

Pemenne:  cormacHo  yciosuto, 1) = 9t* - 8t, tp =3, =4 (CnenosarensHo,
4 ,
s = [, (9t? — 8t)dt = [3t3 — 4t%]] = 83 (m).

2. Beraucnure Maccy ydactka ctepxkas X1= 0 10 Xo=1 (M), eciu ero JTuHEHHas MIIOTHOCTh 3a/1aeTCs
dopmyoit p(x) = x* + 1(kr/m°).

Pemenue:

Cornacho opmyne, numeem:

m = /,:(.u)(h'

I

- 3 (1 13 (3 |
m = / (.r." + 1)1’11' - (T + .I')‘“ ) +1— <_§ +3) =3

0

Otser: 1,33 kr

3. Teno OpoIICHO ¢ MOBEPXHOCTH 3€MJIM BEPTUKAIBHO BBEPX CO CKOpocThio V = (39,2—9,8t) m/c.
Haiiti HanOounbI1yto BEICOTY MObEMA TEA.

Pemenue: Teno mOCTUTHET HAaMOOJBIIIEH BHICOTHI TTOIbEMA B TAKOH MOMEHT BpeMeHHU t, korga v = 0,
T.e. 39,2—9,8t = 0, otkyna t= 4 c. [To popmyne (1) Haxogum h=78.4

(I)opMa NpeaAcCTaBJICHUA Pe3yabTaTa: BEIIIOJIHCHHOC 3a/IaHNE

Kpurepun onenkmn:



Ounenka "oTau4uHo'" craBUTCS, ecnu paboTa BBIOJIHEHA B TOJTHOM O0BEME C COOIOJIEHUEM
HEe0oOXOIUMOM TOCIEeN0BAaTEIbHOCTH JEICTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka '"xopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 HemoueTa.

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM pabOTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJISET MOJYYUTh NPAaBUJIbHBIE pPE3yibTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OITHOKH.

Ouenka "Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENATh MPABUIIbHBIX BBIBOJIOB.

Tema 4.1. KoopauHaTbl M BEKTOPbBI
IIpakTuyeckoe 3ansitue Ne 37

«BekTopbl. JleiicTBus ¢ BeKTOpaMu. /lekapToBa cucTeMa KOOPAUHAT B IPOCTPAHCTBE.
Paccrosinne MeKay TOUYKAMM»

Heab padorbl: HayuyuThcs NpUMEHATh TEOPETUUECKNE 3HAHUS IIPU PEILICHUU 3a/au.

IIpakTnueckas padora popmupyer:
[1P613. ymeHue omepupoBaTh MOHSATHAMHU: MPSAMOYTOJbHAS CHCTEMa KOOPIWHAT, KOOPAMHATHI TOYKH,

BEKTOp, KOOPJIMHATHI BEKTOpa, CKAJSIPHOE MPOU3BEIEHHUE, YroJl MEXIy BEKTOpaMH, CyMMa BEKTODOB,
IIPOM3BEJCHNE BEKTOpA Ha YHUCIIO; HAXOAUTh C MOMOIIBI0O U3YYEHHBIX (OPMYJI KOOPIUHATHI CEPEAMHBI
OTpE3Ka, PacCTOSIHUE MEXKIY IBYMs TOUKAMU;

[T1Py17. ymeHue cBOOOAHO ONEPUPOBATH IMOHATUSAMHU: NPSIMOYTOJbHAs CHUCTEMa KOOPJMHAT, BEKTOP,
KOOpJAWHAThl TOYKH, KOOpPAMHATBHI BEKTOPAa, CyMMa BEKTOpPOB, INPOM3BEICHHE BEKTOpAa Ha YMHCIIO,
pas3yioKeHUEe BEKTOpa MO 0a3ucy, CKaIsIPHOE IMPOU3BEICHUE, BEKTOPHOE IPOM3BEAECHUE, Yrold MEXIy
BCKTOpaMH; YMCHUEC HCIIO0JIb30BAThH BCKTOpHBIﬁ n KOOpI[HHaTHBIﬁ MCTOH I pCHICHUSA TCOMCTPHYCCKHUX
3aa4 M 3a/a4 JApPYrux y4eOHbIX IPEIMETOB; ONEpPUPOBaTh MOHATHSAMM: MaTpuua 2 x 2 u 3 x 3,
OIpPCACIINTECIIb MAaTPHUIIbI, FCOMeTpI/ILIeCKI/Iﬁ CMBEICIT OITPECACIIUTEIIA,

[IPyl8. yMeHne MoAenupoBaTh pEeallbHbIE CUTYyallud Ha SI3bIKE MATEMAaTUKH; COCTABJIATH BBIPAKECHUS,
YPaBHEHUs, HEPABEHCTBA M MX CHCTEMBI II0 YCIOBHUIO 33Jaud, HUCCIEN0BaTh MOCTPOCHHBIE MOJAEIHU C
UCTOJb30BAaHUEM  amnmapara anreOpbl, HWHTEPNPETHPOBATH  IOJYYEHHBIH  pe3yibTaT; CTPOUTH
MaTEMaTHYECKUE MOJEINU € MIOMOIIBIO T€OMETPUYECKUX IOHATUI U BEJIUYMH, PEIIATh CBS3aHHBIE C HUMU
MPAKTUYCCKUEC 3aaadu; COCTaBJIATb BCPOATHOCTHYHO MOJCIbL W HHTCPIPETUPOBATH HOqueHHBIﬁ
pe3ynbTaT; pemiarb NPUKIAJHBIE 3aJaud CpPeACTBAMH MaTeMaTHYeCKOro aHalii3a, B TOM YHUCIE
COL[MAJIBHO-9)KOHOMHMUYECKOTO U (PU3HUECKOr0 XapaKTepa;

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:
OK 01 BeibupaTh cmocoObl pemieHds 3aaad NpoPecCHOHANBHON IeATEeIbHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTCKCTaM

[IK 2.1 BBIMONHITH pacdyeThl MapaMeTpPOB TEXHOJOTHYECKUX IPOIECCOB 0OpabOTKH METalloB
JaBJIeHUuEM, pabOThI 000PYIOBAHMS, XaPAKTEPUCTHUK UCXOAHBIX 3ar0OTOBOK M METAJLTIOTIPOTYKITHH.

MarepuanbHoe o0ecrieyeHme:
WNHauBuayanbHble 3a1aHNSL, CIPABOYHBIE MaTEPUAIIbl, KOHCIIEKTBI JIEKIIUH.

3amanmue:
Pemure 3amaun:



M- KOJIMYECTBO OYKB B UMEHU

N- KOJIUYECTBO OYKB B (haMUTUHU

p- Mmecsn poXIaACHUS

B cooTBeTcTBHM C TEXHOJIOTMYECKOM KapTOH MpOeKTa HEOOXOAMMO BBIIOJHUTH CIEIYIOIINe
3aJaHHs

—

1. anbl aBe Touku: A(m;—n;0) U B(p;—n; 2).Paznoxure BekTop AB 10 BekTopam Oa3uca u
HAWJIUTE €rO JJIMHY.

- > - - N N N - — -

2. Jlanbi Bektopbl a=Pi— J+ MK u b =n i+ pk Haiiaure koopauHatel BeKTOpa ¢ =ma—nb

{

- - -
3. Beluncnure  ckanspHoe mpousBeneHue  Bektopos (a—2b)-a, eciam a:{— m; n; p} u

b={0;-p;n.

4. TIpu KaKOM 3HAYEHMH «Xx» BEKTOPBI a = {m;—n; X} ub= {— 2m:; 2n; p} OyayT KOJUTHHEAPHBIMU?

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:
1. BunMaTeabHO 03HAKOMBTECH C YCJIOBUECM 3adaHUs.

2. Ilomb3ysick KOHCIEKTaMH JICKIIUH, MOAOEpHTEe HYXHYH (OpPMYITy WJIA COOTBETCTBYIOIIEE
yCIIOBUE JIJISl pEUICHHUs 33/1a4H.

Xox pabdoThI:

B cooTBeTcTBUM ¢ TEXHOIOTMUECKON KApTOM MPOEKTa HEOOXOIMMO PEIIUTh CISAYIONMINE 3a1a9n
3agava Ne 1. Jlanbl Touku A(—3;1; —1) U B (2; —4; 1).

—_

Paznoxxure BekTop AB 10 BEKTOpaMm Oa3uca M HalaAUTE ero JITHHY.
Pemenwue.

1) ﬁ = {2 —-(-3);-4-11 —(—1)} = {5;—5;2} - KOOpJMHATBI BEKTODA.
2) Paznoxum AB 110 BeKTOpam Oa3zuca:

AB=5i-5+2k.

3) Anumy |AB| Haiinem 1o dopmye:

a=yx*+y*+12%;
|
AB|=,/52 +(-5)2 + 22 =/54 =~/9.6 =3./6 .
3amaua Ne 2.
Janel Bektopel a=1—-3 j+ K u b =2i+k .Haiiure KxooparHATHI BEKTOpa ¢ = a—2b Pemennue
a={-31}.

b={201); 2b={402}.

c=a-2b={-31}- {- 402}= fL— (-4)-3- 0L~ 2}= {531
3agaua Ne 3

> o5 o

Boruncnure ckansproe npoussenenue (2a+b)-a, ecnmm a = {1;0;3} ub= {2;—1;1}.
Pemenue



1) Haiiném koopauHaTsl 2 Z :

24 ={206)

2). Haiiném koopauHatsl 2 a+b:
2a+b={206}+ {211} = {417},

3). Haiiném ckanspHoe npou3BeeHue:
> o> o

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

3
; 2 ;3¢ OyIyT KOITMHEAPHBIMH?

N |-

- —
4. Ilpy KaKOM 3HAYEHUHM «x» BEKTOPBI a = {4;—6; X} ub=<-

Ycnosue KOJUIMHCAPHOCTH BEKTOPOB:

-2 Xy Y, Zy
a W b KOJUIMHEApHBI, €CIM —— = —— = — .
X, Y, I,

[Tonyunm:
4 -6 X
1 3 3
2 4
_g=X: x=-24.
3
OtBeT: X=-24

(I)opMa NnpeacTaBJICHUA Pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kputepun onenkn:

Ouenka "oTJaMYHO'" CTaBUTCA, €Clid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HEe0OXOIMMOM TOCTEIOBATENbHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCe
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "xopouo' cTaBUTCS, €CIHM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 HemoueTa.

Ounenka '"y10B/1eTBOPUTEIbHO' CTAaBUTCS, €ClIM paboTa BHINOJIHEHA HE MOJHOCThIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh MPABUIBHBIE PE3YNbTaThl W BBIBOJIBI; B XOJIE
MPOBEICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CIIM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISET CAENATh MPABUIIBHBIX BHIBOJIOB.

Tema 4.1. KoopanHaTbl 1 BEeKTOPbI
IIpakTuyeckoe 3ansaTue Ne 38

«BekrTopsbl. /leiicTBUs ¢ BeKTOpaMu. /[ekapToBa cucTeMa KOOPAUHAT B IPOCTPAHCTBE.
Paccrosinne Mexay TOUKaAMMU»

He.ﬂbZ Hay‘-II/ITBCH BBIITIOJIHATH HGfICTBI/IfI C BEKTOpaMH, HaXOOUTh paCCTOAHUE MCKY TOYKAMH.

IIpakTuyeckas padora popmupyer:
[1P613. ymeHue omepupoBaTh MOHATHUSMU: MPSAMOYTOJbHAs CHUCTEMa KOOPIWHAT, KOOPJAMHATHI TOYKH,

BEKTOP, KOOPAMHATHI BEKTOpa, CKAJSPHOE MPOU3BEACHUE, YTOJ MEXKIY BEKTOpaMH, CyMMa BEKTOPOB,



MIPOM3BE/ICHNE BEKTOpa HA YMCIIO; HAXOIUTh C MOMOIIBI0O U3YUYEHHBIX (OpPMYN KOOPAWHATHI CEPEeTUHBI
OTpe3Ka, PacCTOSTHUE MEKIY ABYMsI TOUKaMHU;

[TIPy17. ymenue cBOOOAHO ONEPHPOBATH IMOHATUSAMHU: NPSIMOYTOJbHAs CHUCTEMa KOOPIHMHAT, BEKTOP,
KOOpJAMHAThl TOYKH, KOOpPAMHATHI BEKTOPAa, CyMMa BEKTOpPOB, INPOMU3BEIACHHE BEKTOpAa Ha YMHCIIO,
pa3iokeHue BEKTopa Mo 0a3ucy, CKaIIpHOE IPOU3BEICHHE, BEKTOPHOE IMPOM3BEICHHUE, Yrojl MEXIY
BEKTOpPAMH; YMEHHUE UCIOJIb30BaTh BEKTOPHBIN M KOOPAUHATHBIA METOM JUIsl PEHICHUS] T€OMETPUYECKHIX
3aa4 M 3a/1a4 JAPYruxX y4eOHbIX IPEIMETOB; ONEPUPOBATH MOHATHSAMH: MaTpuua 2 x 2 u 3 x 3,
OTIpEeACTUTENIb MATPUILIbI, FEOMETPUUECKUN CMBICIT OTIPEACITUTENS;

[1Py18. ymeHue MoAenupoBaTh pealibHble CUTYallMd Ha S3bIKE MAaTEMaTUKU; COCTABIIATH BBIPAKEHUS,
YpaBHEHHUsI, HEPABEHCTBA M UX CHCTEMBI 110 YCIIOBUIO 3aJaud, MCCJIEN0BATh IOCTPOCHHBIE MOJEIU C
UCTOJB30BAHUEM  ammapara anreOpbl, HHTEPIPETHPOBATH IOJYYEHHBIH  pe3yabTaT; CTPOUTH
MaTEMaTHYECKUE MOJEIHU C MIOMOIBI0 T€OMETPUUECKUX MOHATUI U BEJIUYMH, PEIIATh CBSI3aHHbIE C HUMU
MIPaKTUYECKUE 3aJaud; COCTaBJISATb BEPOSITHOCTHYIO MOJI€Ib W HMHTEPIPETUPOBATH IOJYyYEHHBIN
pe3ynbTaT; pelniarh MPUKIAIHBIE 3aJa4d CPEJCTBAMH MaTEeMaTHYeCKOro aHajiu3a, B TOM YHCIE
COLIMAJIbHO-9)KOHOMUYECKOTO U (PU3HUECKOr0o XapakTepa;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 Beibuparp cmocoObl pemieHust 3aaad Mpo(hecCHOHAIBHOW JAEATEIbHOCTH NPUMEHHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM

[IK 2.1 BBIMONHATH pacdeTsl MapaMeTpoOB TEXHOJOTHYECKUX IPOIECCOB 00pabOTKH METaJlIOB
JaBlieHHEM, paboThl 000PYIOBaHUS, XapaKTEPUCTUK UCXOTHBIX 3arOTOBOK U METAJJIONPOAYKLIMH.

MaTtepuajbHoe o0ecneyeHue:
I/IH)II/IBI/II[yaHI)HI)IC 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3ananne:

Pemnre 3anayu:

M- KOJINYECTBO OYKB B UMEHU
N- KOJIM4YecTBO OYKB B (paMUIIHH
p- Mecs1 poxKACHUS

1. Jlausl fmBe Toukm: A(m;—n;0) M B(p; —n; 2).Pasnokure BeKTOp AB II0 BEeKTOpaM 6a3uca u
HaJIUTE €ro JJInHY.

- - - — — —

- — — —
2. Jlanbl BekTopel a=pPi— j+mKk u b =ni+ pk Haiinute koopauHaTHI BEKTOPa ¢ =ma—nb

— > o -
3. Boiunciure  ckamspHoe mpom3BereHne BekTopos(a—2b)-a, ecim a={— m; n; p} "

b ={0;—p;n}.

- -
4. TIpu KaKOM 3HAYCHUH «x» BEKTOPHI a = {m;—n; X} ub= {— 2m; 2n; p} OyAyT KOJUTMHEAPHBIMU?

5. Teno, Ha KOTOpOE JeicTByeT moctosiHHas cuiaa F = (2n; —3p; 5), mepememmaercst o OTpPe3Ky
npsiMoit u3 Touku A (-n; 2; -m) B Touky B (1;m;2). Beraucnure paboTy 3TOM CHITBI.

Iopsaok BbINOJIHEHUS PA0OTHI:

1. BHUMaTEIbHO 03HAKOMBTECH C YCIIOBUEM 3a/1aHUA.

2. Tlonmb3ysick KOHCHEKTaMH JIEKIUH, MOAOEpHTe HYXHYIO (OpPMYITy HIH COOTBETCTBYIOIIEE
YCJIOBHUE JIJIsl pEUICHUS 3a]1auHu.



Xon paboThr:
3amauga Ne 1. Jlanbl Touku A(—3;1;—1) u B (2; —4; 1).

Pasnoxxure BeKTOp AB 1O BEKTOpam 0a3uca M HAMIUTE €ro JTHHY.
Permrenue.

1) AB = {2 — (-3);—4 —11—(~1)} = {5;-5;2} - KOOpMHATHI BEKTOPa.
2) Pa3noxuM AB TI0 BEKTOpaM basuca:

AB =5i-5j+2k.

3) dnuny |AB| Haiiem o gopmyre:

2 2 2 2
al=+X"+y +2°;

AB|=,/52 + (-5)® + 2% =/54 =/9-6 =36 .

Sagaua Ne 2.
Jlanbl BeKTOpH @ = i—3 j+ K 1 b = 2i+ k .HaiiauTe KOOpAMHATEI BEKTOPa ¢ — a— 2 b .Pemennue
a={-31}.

b={-201}; 2b={402).

c=a-2b={-31- {402} =l (4)-3-01-2)={5-3-1).
3amaya Ne 3

Brruuciure ckansipHoe mpoussezcHue (2 Z+ t_;) . g , €CIIH z: = {1;0;3} u Bz {2;—],‘1}.
Pemienue

1) Haitném koopauHaTh 2a:

24 =1{2:0:6)

2). Haitném koopauHatsl 2 a+b:

2a+b= {2,0,6} + {2,-1:1} = {4,-1,7}.

3). Haiiném ckanspHoe mpou3BeeHuE:
(2a+b)-a=4-1+0-(~1)+3.7=25.

OrtBer: 25
3amaua Ne 4.

Alw

- - 1
Ipu KakOM 3HAYEHHHU «x» BEKTOPHI & = {4;—6; X} ub= {— E; ;3} OyIyT KOJUTMHEAPHBIMU?

YcaoBue KOJUIMHCApHOCTU BEKTOPOB:

- - X, _ VA _ Z
a M b KOJUIMHEapHBI, €CIIH — = — = ——,
X2 y2 ZZ
[Tonyunm:
4 _-6_x
1303
2 4
X
—8=—; x=-24.
3

OTBeT: x=-24.



3amaua Ne 5

S
Teno, Ha KOTOpOE ACHCTBYET MmocTosiHHast cuina F = (4; —3; 5), mepeMeraercst o OTpe3Ky IpsAMOi
n3 Touku A (-5; 2; -1) B Touxy B (1;3;2). Beruuciaure paboTy 3TOM CHIIBIL.

Pemenue:

Vmeem AB=(1-(-5))i+(3-2)j+(2-(-1))k=61+] +3k
Teneps Boctionb3yemcst popmyioit W= F*AB=4*6-3*1+5*3=36
dopMa npeacTaBJeHHs pe3yJibTaTa: BhIIOJHECHHOE 33 aHHE.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €clid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIUMOM TIOCITIEOBATEIBHOCTH JEHCTBUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alMCH U BBEIYMCICHHA.

Ounenka "'Xxopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUA K OLEHKE "OTJIIMYHO", HO JOIMYILEHbI
2-3 Henmoyera.

Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €ClId pabOTa BBINIOJHEHA HE MOJTHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTHU TaKOB, YTO IO3BOJISIET MOJNYYUTh NPAaBUIbHBIE PE3yAbTaThl U BBIBOJBI, B XOJIE€
MIPOBEICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTH PabOTHI HE MO3BOJISET CENIATh MPABMIILHBIX BBIBOJIOB.

Tema 4.1. KoopanHaTbl 1 BeKTOPbI
IIpakTnyeckoe 3ansitue Ne 39

«I_[eKapTOBa CUCTEMA KOOPAUHAT HA IJIOCKOCTH. YPaBHeHI/IH l'[pﬂMOﬁ, OKPY/KHOCTH. Pemenue
3a4a4 Ha PacnmoJa0keHue NMPAMbBIX HA JOCKOCTH»

Hean padorbl: Hayuntbes pemars 3aauyd Ha HaXOXKJCHHE YpaBHEHHUH NPSMBIX U OKPYKHOCTEH,
Ha PacIoJIOKEHNE IPSIMBIX HA MIIOCKOCTH.

IIpakTnueckas padora popmupyer:
I1PG13. ymeHnue omnepupoBaTh MOHATHSAMH: HPSIMOYToJibHAs CHCTEMa KOOPJIWHAT, KOOPAMHATHI TOYKH,

BEKTOp, KOOPAMHATBHI BEKTOPA, CKAIAPHOE INPOM3BENCHHE, YroJl MEXAY BEKTOpamMH, CyMMa BEKTOPOB,
MIPOM3BE/ICHNE BEKTOpa HA YMCIIO; HAXOJUTh C MOMOIIBI0O U3YUYEHHBIX (OpPMYJ KOOPAHWHATHI CEPEeIUHBI
OTpe3Ka, PACCTOSHUE MEXKIY IBYMs TOYKAMU;

[T1Py17. ymeHue cBOOOAHO ONEpPUPOBATH IMOHATUSAMHU: HPSIMOYTOJIbHAs CUCTEMa KOOPAHMHAT, BEKTOD,
KOOPAMHATBI TOYKH, KOOPAMHATBI BEKTOpPA, CyMMa BEKTOPOB, IIPOM3BEICHHME BEKTOpa HA 4YUCIO,
pas3liokeHUue BEKTOopa Mo 0a3ucy, CKalsipHOE MPOU3BEICHUE, BEKTOPHOE MPOM3BEAECHHUE, Yrod MEXIy
BEKTOPaMH; YMEHHE HMCIOJb30BaTh BEKTOPHBIN M KOOPJAMHATHBIA METOJ JUIS PEIICHUS N€OMETPUYECKUX
3aa4 M 3a/a4 JApPYrux y4eOHBIX NPEIMETOB; ONEPUPOBaTh MOHATHSAMH: MaTpuua 2 x 2 u 3 x 3,
ONPEIEIUTENb MATPULIBI, TEOMETPUYECKUI CMBICIT OIIPEIETUTENS;

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeiOuparh crnocoObl perieHust 3aaad Npo(ecCHOHAIBHOM JesTeIbHOCTH HPUMEHHUTENIbHO K
pa3IMYHbIM KOHTEKCTaM

MarepuanbHoe o0ecrieyeHmne:
I/IH,Z[I/IBI/I,Z[yaJILHLIe 3alaHuA, CIIPAaBOYHBIC MAaTCpUaJibl, KOHCIICKTLI HGKHHﬁ.



3amanmue:

M- KOJINYECTBO OYKB B UMEHHU

N- KOJIMYeCTBO OYKB B (pamMusInu

p- Mecs pOKIEHUS

1. Haiitu TOuKy nepeceyeHus nNpsMbIX: mx —py+n=0 U x—y—p =0.

2. Haitnure ocTphlid yro MeX1y IpsIMbIMH:

mx+ny—-p=0uUnx—py—nm=0.

3. CocraBbTe ypaBHeHHE NpsAMOi, mapamiensHoit npamoit PX+Y—M=0 u npoxonsmeii yepes
TOUYKY A(—n; 1).

4. N3 Ttouku A(m;—1) Ha mpsamyo NX+ py+1=0 onymen nepmemmuxynsp. CocTaBbTe ero
ypaBHEHUE.

IHopsiok BbINOJIHEHUS PA0OTHI:

1. BHUMaTenbHO 03HAKOMBTECH C YCIIOBHEM 3a/IaHUS.

2. Ilomb3ysick KOHCIEKTaMH JICKIIUH, MOAOEpHTEe HYXHYH (OPMYITy WJIA COOTBETCTBYIOIIEE
yCIIOBUE JIJIS peLIeHHUs] 3a/1a41

Xox pabdoThI:

3amaua Ne 1

Haiiti Touky nepeceueHus: IpsMbIX:
2Xx+3y—-12=0un x-y-1=0.
Pemmm cucremy:

{2x+3y—12:0, {2(1+ y)+3y-12=0,

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

OtBeT: TOuKa M (3; 2).

3amaya Ne 2
OrnpenenuTs yroia Mexay IpsIMbIMH, 3aJJaHHBIMH YPaBHEHUSIMU:

2x—-3y+6=0u x+5y—-2=0.

Pemenue
Haiinem yrinossie KO3 GUIIUEHTHI ITUX IPSIMbIX:
2Xx—-3y+6=0; X+9y-2=0
-3y =-2X-6, Sy =-X+2,
y—gx+6 y——lxjLE
3 5 5’
2 1
kl = § . k2 = - g .
. k, —k;
[MoxcraBum  HalinenHele  3Hauenns K, wuw K, B Qopmyny: Qo=———"—.
1+Kk, -k,
N
gp=—=735 =521
1+(-2)- - =—
5 3 15
tgp=-1 ¢=135".

[Tonmy4eHHBI Yron MeXAy HNpsSMbIMH - Tynod. CMeXHbBIH ¢ HUM, OyOeT OCTpBIid, TO ecTb



@, =180° —135° =45°.

3amaua Ne 3

1. CocTaBbTe ypaBHeHHE HpsAMOii, mapamiensHoit npsamoit SX+3Y —7 =0 u mpoxonsmeii uepes
touky A(-2;6).

Pemenue

CocraBum ypaBHEHHE myJKa MPSIMBIX, MPOXOISAIIIX gyepe3 TOUYKY
A(-2;6).
y—6=k(x+2)
Haxoaum yrnoBoit ko3¢ (HUIMeHT JaHHONW IPSIMOiA:
3y =-bx+7,
y=—§x+z' k =—§.
37 3 ' 3

5 . . .
Tak kak npsiMble napajienabHsl, To K, = — 3" YII0BOM KOO(PGUIIUEHT UCKOMOM MPSAMOIA.

. 5
IToncraBuM HaliieHHOE 3HAUYCHUE k2 = — § B YPAaBHCHHC ITyUKa IPAMBIX:

y—6=K(x+2):
ITIOCJIC Hp606p2130BaHI/I$I MMOJIy4YnuM:

5x+3y-8=0

3amaga Ne 4
U3 touxn A(-3;5) Ha npamyto X —2Y +3=0 onymen nepnenauxymnsap. Hamucars ero ypaBHenue.
Pemenne

CocTaBUM YpaBHCHUC Imy4kKa MpsAMBIX, IMpOXOoasAIInuX qcpes3 TOYKY
A(—3;5).

y-5=Kk(x+3).

Haiinem yriosoit koapduiment K, npsamoit X —2y +3=0;
—2y=-X-3

3.

1

VuuThBas yCIOBUE TEPHEHAMKYISAPHOCTH HpAMBIX: K, =———, HaiiieM ypaBHEHHe HCKOMOl
K,
psAMON

k, =-2.
y—-5=-2(x+3);
y+2x+1=0.
Otset: Y +2x+1=0.

®opma npeacraBiaeHust pe3yJbTaTa: BHIIOJHEHHOE 33 JaHHE.

Kpurepum ouenku:
Ounenka "oTau4HO'" cTaBUTCS, ecnu pabOTa BBIOJIHEHA B MOJTHOM O0BEME C COOIIOJIEHUEM

HGO6XO,I[I/IMOI71 IO0CIae10BaTCIbHOCTHU HCfICTBHﬁ; B OTBCTC MPaBUIIBHO W AKKYPAaTHO BBIIIOJIHCHBI BCC
3allMCHU 1 BBIYMCJIICHU .



Ouenka '"xopomo' cTaBUTCs, €CIU BBINOJIHEHBI TPEOOBAHMS K OLEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 "Henmouera.

Ouenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBIMIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUIbHBIE PE3yJIbTaThl U BBIBOJBI, B XOJI€
pOBeIeHUS paObOTHI OBUTH TOMYIIEHBI OLITHOKH.

Ouenka ""Hey/10BJIETBOPUTEJbHO' CTaBUTCS, €CIIM padOTa BBHIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON YacTH PaOOTHI HE MO3BOJISIET C/ENIaTh MPABIIILHBIX BBHIBOJIOB.

Tema 4.2. IIpsimble ¥ JIOCKOCTH B POCTPAHCTBE
IIpakTnyeckoe 3ansaTue Ne 40
«PerieHue 3a1a4 HAa NAPAJLISIbHOCTH NPAMOM U IIOCKOCTH»

Hean padorsi: HayunThes pemaTh 3a/1adyu Ha MapaJlIeIbHOCTh MPSIMOM U TUIOCKOCTH, UCIIOJIBb3YS
IIPU3HAK NAPAJUICIBHOCTH IPSIMOM U IIJIOCKOCTH.

IIpakTHyeckasi padora ¢popmupyer:
[1PG1. BnajgeHue MeTOIaMHU J0Ka3aTeNbCTB, AITOPUTMAMM PEIICHUs 3aJa4;, yMeHue (opMyIupoBaTh

ONpENEICHUS, aKCHOMBI M TEOPEMBI, IIPUMEHATHh UX, IPOBOJUTH JOKA3aTEIbHBIE PACCYKICHUS B XOJE
peuieHus 3a1ay;

[1P6Y9. ymeHnue onepupoBaTh MOHATUSAMHU: TOUYKA, MPsMasi, TNIOCKOCTh, TPOCTPAHCTBO, ABYTPAHHBIN yrod,
CKpPELIUBAOIIKECS MPsMBIE, MAPAJUICIBHOCTh U INMEPHEHIUKYISIPHOCTh NPSIMBIX M INIOCKOCTEH, YIOJ
MEXYy IPSAMBIMH, YTOJl MEXAY IPSIMOM U INIOCKOCTBIO, YTOJl MEXAY IUIOCKOCTSIMH, PACCTOSTHUE OT TOUKH
710 IJIOCKOCTH, PACCTOSHUE MEXKY NPSAMBIMH, PACCTOSHUE MEXKIY IJIOCKOCTSMU; YMEHHE HCIIOJIb30BaTh
IpU pelleHUH 3a/7ad HM3y4deHHble (DaKTbl M TEeOpeMbl IIAHUMETPUHU; yYMEHHE OLEHMBATh pa3Mepsl
00BEKTOB OKPYXKAIOIIEro MHUpA;

I1P612. ymeHME BBIYMCIATH T€OMETPUYECKHE BEJIMYMHBI ([UIMHA, Yroj, IUIouaab, 00BbEeM, IJIONIAIb
MTOBEPXHOCTH), UCIIOJIb3Ys U3YYEHHbIE POPMYJIIbI U METOIBL;

[IPyl. ymeHnue omnepupoBaThb HOHSTHUSMHU: OIpPEIEICHHE, aKChOMa, TEOpeMa, CJEICTBHUE, CBOICTBO,
MIPU3HAK, JI0KA3aTelIbCTBO, PABHOCHIIbHBIE (DOPMYIUPOBKU; yMeHUE (OpMyIupoBaTh oOOpaTHOE H
IIPOTUBOIMNOJIOKHOE YTBEPkKACHUE, NPUBOJUTH IPUMEPHI M KOHTPIPUMEPHI, HCIIOJIB30BaTh METO]
MaTEMaTHYECKON MHAYKLUHU; IIPOBOJNUTD JA0KA3aTEIbHbIE PACCYKICHUS NIPHU PELICHNN 3a]ad, OLICHUBATh
JIOTUYECKYIO NTPaBUIIBHOCTD PACCyKIACHU;

[1Py14. ymenue cBOOOAHO ONEPUPOBATH MOHATHSAMHU: TOYKA, MpsMas, IUIOCKOCTh, MPOCTPAHCTBO,
OTPE30K, JIy4, IJIOCKUH YroJl, IBYIPAaHHBIA YToJI, TPEXTPAHHBIN YIroJl, epeceKaroluecs, napaieIbHbIe U
CKpPELIUBAOIINECS MPsMBIE, MAPAUIEIBHOCTh W MEPHNEHIUKYISIPHOCTh NPSIMBIX M IUIOCKOCTEH, YTOJd
MEXAYy MpSIMBIMH, YTOJ MEXKIy NpSIMOM U TIJIOCKOCTBIO, YIrOd MEXIy IUIOCKOCTSIMH; yMEHHE
WCIOJIb30BaTh MpPH pEIICHUU 3a/lad U3y4yeHHbIe (DaKThl U TEOpPEeMbl IUIAHUMETPHH; YMEHHUE OLIEHHWBATh
pa3Mepbl 0OBEKTOB B OKPY’KAIOLIEM MHUpPE; YMEHHE ONEepPUPOBATH MOHSATHUSIMHU: MHOTOTPAaHHUK, CEUCHHE
MHOT'OI'paHHHKA, NMPaBUIbHBI MHOTOIpaHHHK, MIPU3Ma, MUpaMuaa, (GUrypa U MOBEPXHOCTh BpAIECHUS,
LWINHAP, KOHYC, 1map, cdepa, pa3BepTka MOBEPXHOCTH, CEUEHHsI KOHYCa U LIMIMHPA, MapajuIeIbHbIE OCH
WIM OCHOBaHMIO, CEYEHHUE Ilapa, INIOCKOCTh, Kacawomasics chepsl, IUIUHIPA, KOHYCa; YMEHHE CTPOUThH
CeyeHHe MHOTOTPaHHUKa, M300pakaTb MHOTOIPaHHUKH, (PUTYpHI M TTOBEPXHOCTH BPAILCHUS, X CEUEHUS,
B TOM UHCJIE C MOMOIIBIO 3JIEKTPOHHBIX CPEACTB; YMEHHE MPUMEHATh CBOWCTBAa T€OMETPUUECKUX QUTYD,
CaMOCTOSITENIbHO (POPMYJIUPOBATh ONpEAENeHUs U3y4aeMbIX (UTyp, BBIABUTaTh TMIIOTE3bI O CBOMCTBAX U
IPU3HAKAX TEOMETPUYECKUX (Uryp, OOOCHOBBIBATH MJIM ONPOBEPraTh HX; YMEHUE MPOBOIUTH



KIaccupUKauio (GUTYp IO pa3IUYHBIM TPU3HAKAM, BBIIONHATH HEOOXOIUMBIC OMOJIHUTEIHHBIC
MOCTPOCHHUS;

[TPy15. ymenue cBOOOJHO OMEPUPOBATH MOHATUAMU: TUIOMAAb (PUTYPBI, 00beM (UTYpBI, BETUYHMHA yIIIa,
paccTosiHue OT TOYKH JI0 MJIOCKOCTH, PACCTOSHUE MEXKAY HMPSIMBIMH, PACCTOSIHUE MEXIY IIOCKOCTSMH,
wiomaas chepsl, IUIOMAAL MOBEPXHOCTH NHPAMHJIBL, TPU3MBI, KOHyca, IMJIMHApa, 00BbeM Kyoa,
IPSIMOYTOJBHOTO TMapaieenunesia, MUpaMu/Ibl, IPU3MbI, HWIMHIPA, KOHYyCa, I1apa; YMEHHE HaXOIAUTh
OTHOIIIEHHE 00bEMOB MOA0OHBIX (BHUTYD;

Boinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Beibuparh cmocoObl pemieHust 3aaad Mpo(hecCHOHAIBHONW JAEATEIbHOCTH NPUMEHUTENIBHO K
Pa3InYHBIM KOHTEKCTaM

OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHUKAIIMIO HAa TOCYJapCTBEHHOM si3bike Poccuiickoi
denepanuu ¢ yueToM 0COOEHHOCTEH COLUATBHOTO U KYJIbTYPHOTO KOHTEKCTa

MarepuanbHoe o0ecniedeHue: VHauBUIyalbHbIE 33aHUs, CIIPABOYHBIE MaTEpHaJIbl, KOHCIIEKTHI
JIEKLIUN.

3aganue:

M- KOJIMYECTBO OYKB B UMCHHU
N- KOJIMYECTBO OYKB B (haMUITHH
P- MECSIII POXKICHUS

3amagaNel

Touka K He nexut B minockoctu kBajgpara ABCD. Touku M u P - cepeaunst otpeskoB KB u KC.
1). Kak pacnonoxens! npsimbie AD u MP?

2). Beruncnure qnuny orpeska MP, ecniu cTopoHa kBajJipaTra paBHa n CM.

3anaya Ne2

Ocnoanne AD tpaneruu ABCD naxomautcst Ha tuiockoctr P, a ocHoBanue BC otcTouT oT Hee Ha

-~ v DA +
p cMm. Haiigute pacCToAHNEC OT TOYKHU NEPECCUCHUSA JUArOHAJICH OO IJIOCKOCTU P, €Clin 5 = M_

m

3amaua Ne3
[Tnockocts P mepecekaer croponst AB u AC tpeyronpHuka B Toukax B; u C; cOOTBETCTBEHHO.
B1C; napannensna BC u paBHa p cMm, a AC,: C,C = m:n. Haittu BC.

Ilopsinok BbINOJHEHHS padOThI:

1. BHuMaTenpHO MPOYMUTANTE YCIOBHE 3aauH.

2. 3anummTe, YTO B 33/1a4€ JaHO, CAEIaNTe PUCYHOK.

3. IIpoananu3upyiite ycioBUE 3a/1auH, pacCyXk/as OT TOT0, UTO HY)KHO HalTu. BcoMHuTe, kakue
TeopeMbl U (HOPMYJITBI TIOHATOOSATCS TIPH PEIICHUH 3a1a4H.

4. Pemnte 3aauy. 3anyIINTE OTBET.

[Ipn pemenuun 3amgay Ha 3Ty TEMY HCIIOJIb3YeTCSl OINpeAeNieHue NapajulebHbIX MNpsIMOM U
MIJIOCKOCTH, MPU3HAK MapaJlyIeIbHOCTH MPSIMOU U MIIOCKOCTH, a TAK)KE BalllM 3HAHUS U3 INIAHUMETPUH.

Xon paborhr:
3anmaga Nel
Touku A, B, Cu D He nexar B oanoii minockoctu. K u M — cepeaunst otpezkoB BD u CD.
1) Umerot au obmmue Touku npsiMasi KM u miockocTb, B KOTOpOit jexar Touku A, B u C?
2) Bemmcnure nmepumerp — TpeyroidbHuka AKM,  ecnu
pacCTOSIHUE MEXKY KOKIOW Mapoi TaHHBIX TOYEK PABHO § CM.
Jano: «, A€ x, Bex,CE«,
/ BK=KD, CM=MD,




AB=AC=BC=AD=BD=CD=8 cm
1) mepecekarorcst it KM - «
2) Haiitu P,y

Pewenue:

1) Touka K sBisiercst cepenunoii orpe3ska BD, Touka M- cepennna otpe3ka CD. 3HauuT oTpe3ok
KM - cpennss nunus tpeyronbauka BCD.

[To cBONMCTBY CpenHEN JTMHHUM TPEYrojabHHUKAa KM||BC, KM = %BC. CnenoBatenbHo, oTpe3ok KM
napajuieJieH MpsMOH, Jexameld B IockocTH. [lo mpu3Haky mapajuiesbHOCTH NMPSAMOW M IUIOCKOCTH,
oTpe30Kk KM U mI0CKOCTh apajuiesibHbl, T.€. HE MEPECEKAIOTCA.

2)Pxy = AK + AM + KM

KM =-BC KM =4cm.

Pacemorpum tpeyromsauku ACD u ABD: AC=AD=AB=CD=BD, t.e. ACD u ABD- paBHbIc
PaBHOCTOPOHHHUE TPEYroJbHUKHU, a oTpe3ku AM u AK- meamaHbl M BBICOTBI 3THUX TPEYrOJIbHHUKOB.
Haiinem 3Tm otpe3ku:

AK = AM = VACZ — MC?

MC = 4 cMm.

AK = AM = V82 — 42 = V64 — 16 = /48 = 4V/3 cM
Puyy =4+4V3 +4/3 =4+8/3cm

3amgauga Ne 2

OcnoBanne AD tpanenuu ABCD naxoautcs Ha ruiockoctr P, a ocHoBanue BC otcTouT oT Hee Ha

-~ ) DA 7
5 cm. Haiioure pacCToAHrEC OT TOYKH MNEPCCCUCHUA JUArOHAJICH OO IJIOCKOCTHU P, €ClIn B = 3

Jano:

ABCD — tpamenus,
/ I — 24 _ I BB;=5cwm, BB1-P
CB 3

Haiitu: paccrosiuie ot M 1o mimockoctu P

Pemenue

1) U3 touku M nposenem k miiockoctu P nepnennukynsip OM. CnenoBarenbHo, OM- paccTosiHue
or M 1o miockocru P.

2) Paccmotpum AADM u ACBM

£BMC = £DMC KakK BEPTHKaJIbHbIE

£CBM = £ADM Kak HakpecTiexalue npu napamienbubix npsmsix BC u AD u cexymieit BD.

DA DM  AM
3HauuT, AADM 1 ACBM NOJOOHBI U — = — = —,
cD BM M
bA _7_,DbA_DM _AM 7
B ¢co BM  cM 3

3
M’ pM=-LBDBM=-BD
BM 3 10 10

3) Paccmotpum ABB,D u AMOD
4D — o6wmii, £BB,D = £MOD = 90° = ABB,D ~ AMOD

BBy _ BD
MO~ MD
BB, BD 10

MO ~ 07BD 7
MO =-LBD
10



MO =L-5=35cm
10
Ortser: 3,5 cm.

CDopMa NMpeacraBjJaCeHusd pedyJjbTaTa: BbIIIOJIHCHHOC 3aJaHKC.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €ciid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIUMOM TIOCTIEOBATEIIBHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alMCH U BBEIYMCICHHA.

Onenka "'xopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTIIMYHO", HO JOIYILEHbI
2-3 "Henmoyera.

Ouenka "yI0BJIETBOPUTEIBHO' CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOM YacTH TaKOB, YTO ITO3BOJIACT IMOJYYUTh IPABUIbHBIC PE3YylbTaThl U BBIBOJBI; B XOJIE
MIPOBEJICHUS pa0OTHI OBUTH JOIMYIIEHBI OIIHOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UK 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE IMO3BOJISET CENIATh MIPABIIILHBIX BBHIBOJIOB.

Tema 4.2. [IpaMble U NJIOCKOCTH B MPOCTPAHCTBE
IIpakTuyeckoe 3ansitue Ne 41

«Peuienne 3a1a4 HA NEePNEHANKYJISAPHOCTb NPSAMON M IJIOCKOCTH. Pelenue 3a1a4 Ha
NpUMeHeHHe TeopeM 0 TPEX NMepneHAuKYJIsIpax.»

Henp padorpi: HayunTbest MCIIONB30BaTh NPU3HAK MEPHEHAMKYISAPHOCTH NPSAMOM U IUIOCKOCTH,
TEOpPEMY O TpeX NEPHEHANKYIIAPAX P PELICHUH 3a]1a4.

IIpakTnuyeckas padora popmupyer:
[1PG1. BnajgeHue MeToJIaMH JI0KA3aTeNbCTB, aJTOPUTMAMM pEIICHUs 3ajad; yMeHue (opMyIupoBaTh

OTpeelIeHUsI, aKCUOMBI M T€OPEMBI, IPUMEHATh WX, MPOBOJUTH J0KAa3aTEIbHBIE PACCYKIICHUS B XOJE
pelieHus 3aaay;

ITPGY. ymeHue onepupoBaTh MOHATUSAMU: TOUYKA, MpsAMas, TNIOCKOCTh, TPOCTPAHCTBO, ABYTPAHHBIN YTOI,
CKpELIMBAIOIINECS MPsIMbIE, MAPAIETbHOCTh U MEPHEHIUKYISIPHOCTh HPSIMBIX M IUIOCKOCTEH, Yroi
MEXIy NPSIMBIMU, YTOJ MEXKIY NPSIMOU U TUIOCKOCTBIO, YTOJI MEXK]Y TUIOCKOCTSIMHU, PACCTOSHHE OT TOUKHU
JI0 TUIOCKOCTH, PACCTOSIHUE MEXKY NPSIMBIMH, PACCTOSTHUE MEXAY IJIOCKOCTSIMU; YMEHHUE HCIIOIb30BaTh
MpU pelIeHUU 3a7a4 HM3y4YCeHHbIE (PAKThl U TEOpPEMbl IUJIAHUMETPUHU; YMEHHE OIICHHBATh pa3Mepbl
00BEKTOB OKPYKAIOIIEr0 MUPA;

[IP612. ymeHHEe BBIYUCIATH TEOMETPUYECKHE BEJIMYMHBI (JUTMHA, YrOJ, IUIOMAh, OOBEM, IUIONIAIb
MOBEPXHOCTH ), UCTIONIB3Ys U3YYCHHBIE POPMYIIBI U METOIBI;

[IPyl. ymenue omepupoBaTh MNOHATHSAMU: OIpEAENeHHWe, aKCuoma, TeopeMa, CIEACTBUE, CBOWCTBO,
MpPHU3HAK, JI0Ka3aTelIbCTBO, PAaBHOCHIBbHBIE (DOPMYITHPOBKU; yMeHHE GOPMYIUpPOBaTh OOpaTHOe H
MIPOTUBOIOJIOKHOE YTBEP)KJICHUE, MPUBOAUTH NPUMEPHl U KOHTPHPUMEPHI, MCIOIB30BaTh METO]
MaTeMaTUYeCKOW MHIYKLUUU; POBOAUTH JI0KA3aTEIbHBIE PACCYKIEHUS MPHU PEIICHUH 3a/ad, OLIECHUBATh
JIOTUYECKYIO MPAaBWIIBHOCTh PACCYKICHUN;

[1Pyl4. ymenue cBOOOAHO OMEPUPOBATH MOHATHSAMH: TOYKA, MpsMas, IJIOCKOCTh, IMPOCTPAHCTBO,
OTPE30K, JIy4, TUIIOCKUM yroJj, ABYTPAHHBIN yToj, TPEXTPAHHBIN yroJ, NepeceKaromuecs, napauieibHble U
CKPEIIMBAIOIINECS TPSAMbIC, MapaUICIbHOCTh U MNEPHEHIUKYIAPHOCTh MPSIMBIX W IJIOCKOCTEH, yroi
MEXIY NpPSIMBIMH, YTrOd MEXAY NpsIMOM U IUIOCKOCTBIO, Yroll MEXAY IUIOCKOCTSIMHU; YMEHUE
UCIOJIb30BaTh MPH PEIICHUU 3a/ad u3y4deHHbIe (DAKThl U TEOpPEMbl TUIAHUMETPHUH;, YMEHHUE OIIEHHUBATh



pa3Mepbl 0OBEKTOB B OKPY)KAIOIIEM MHpE; YMEHHE ONEpPHUPOBATh MOHATHSIMU: MHOTOTPAHHUK, CEYCHHUE
MHOTOTpaHHHKA, PAaBWIbHBI MHOTOIpAaHHHK, MpU3Ma, MUpaMuia, GUrypa M MOBEPXHOCTb BPAILCHHS,
WINHAP, KOHYC, map, cdepa, pa3BepTKa MOBEPXHOCTH, CEUSHHsI KOHYCA ¥ LIWIMHPA, TapajuIeIbHbIE OCH
WIA OCHOBAHMIO, CEYCHHUE IIapa, INIOCKOCTh, Kacawomasics chepsl, UIUHIPa, KOHYCa; YMEHHE CTPOUTH
CeueHHe MHOTOTPaHHUKA, H300pakaTh MHOTOTPAaHHUKH, (PUTYpPBl U TOBEPXHOCTH BPAILCHUS, UX CEUCHUS,
B TOM YHCJIE C TIOMOIIBIO IEKTPOHHBIX CPE/ICTB; YMEHHE MPUMEHSTH CBOWCTBA T€OMETPHUYECKUX (DUTYD,
CaMOCTOSATENIFHO (hOPMYIIHNPOBATh ONpPENEIICHUS N3ydaeMbIX (DUTYp, BBIBUTATh THIIOTE3bI O CBOMCTBAX M
IpU3HaKax TeOMETPUYeCKHuX (uryp, OOOCHOBBIBATH WIJIM ONPOBEPraTh HX; YMEHHE MPOBOIUTH
KJIaccupUKauio (GUTYp IO pPa3MYHBIM TPU3HAKAM, BBIIONHATH HEOOXOIUMBIC OMOJIHUTEIbHBIC
MOCTPOCHHUS;

[TPy15. ymenue cBOOOJHO OMEPUPOBATH MOHATUAMU: TUIOIAAb (PUTYpHI, 00beM (UTYpBI, BETHYMHA YA,
paccTosiHuEe OT TOYKH JI0 TIOCKOCTH, PACCTOSHUE MEXKIY MPSIMBIMH, PACCTOSIHME MEXIY IIJIOCKOCTSIMH,
wiomaas chepsl, IUIOMAAb MOBEPXHOCTH NHPAMHJBL, TPU3MBI, KOHyca, IMJIMHApa, 00BbeM Kyoa,
IPSIMOYTOJBHOTO TMapaiesienuIena, MUpaMHuIbl, IPU3MBbI, [IMINHIPA, KOHYyCa, Iapa; YMEHHE HAaXOIUTh
OTHOIIIEHHE 00BEMOB MOAOOHBIX PUTYD;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Beibuparh cmocoObl pemieHust 3aaad Mpo(hecCHOHAIBHOW JAEATEIbHOCTH NPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 05 OcymiecTBisiTh yCTHYIO M TUCBMEHHYI0O KOMMYHHKAIIMIO HA TOCY/IapCTBEHHOM si3bike Poccuiickoi
denepanuu ¢ yueToM 0COOEHHOCTEH COLMATBHOTO U KYyJIbTYPHOTO KOHTEKCTa

MarepuajbHoe obecnedeHne:
I/IH)II/IBI/II[yaHI)HI)IC 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3ananne:

M- KOJIM4YECTBO OYKB B UMEHU
N- KOJINYeCTBO OYKB B (paMUIINU
p- MecsIL pOKICHUS

3anmagaNel

Han pom0 ABCD. U3 Touku nepeceueHus ero nquarosaneil nposeneH orpe3ok OF, Tak, uto AF =
CF, BF = DF. Jlokaxute, yro OF nepneHauKyIspeH MmiIocKocTu poMba, orpe3ok AC neprneHauKyispeH
mwiockoctu BDF.

3anaya Ne2

Han paBHoOeapenHbIi TpeyroiabHUK ABC. AC= BC= n cM, AB= m+ 5 cM. V13 Bepuunsl yrina C
IIPOBEJIEH K IUIOCKOCTH neprneHauKkyisip CD, paBHbiii p cM. Haiinure paccrosiaie oT Touku D 10 cTOpoHBI
AB.

3agaua Ne3

Touku A u B nexxatr B minockoctu o, M — Takas Touyka B MPOCTPAHCTBE, HJsl KOTOpPOMl AM =
m,BM = n¥u OPTOTOHAJbHAs NPOEKIHUs Ha IUIOCKOCTb oo oTpe3ka BM B T1pu pasa Oomblie
OPTOTOHAJFHOM TMPOEKIMU Ha ATy IUIOCKOCTh oTpe3ka AM . Haiimute paccrosuue ot Touku M mo
IIJIOCKOCTH d .

3amaga Ne 4

Bricota npsimoyroneHoro tpeyrosnbHuka ABC, omymieHHas Ha runoteHy3y, paBHa P cm. U3
BepmuHbl C IpsiMOTO ~ yrila  BOCCTaBIeH K  Iuiockoctd  TpeyronbHuka ABC mepnenmukymsip CM,
npudeM CM = m +n cM. Haligute paccrosinue ot Touku M o runorenyssl AB.

Iopsinok BbINOJIHEHUSI PadOTHI:

1. BHUMaTeapHO MPOYUTANTE YCIOBHUE 3a1aUH.



2. 3anuiuuTe, 4TO B 33/1a4e JAaHO, CACJIaiTe PUCYHOK.

3. Ilpoananu3upyiiTe yCcIOBUE 3a/1aud, pacCyxaas OT TOTO, YTO HYXKHO HaWTuU. BcnomHure, kakue
TEOpeMbI U (POPMYIIBI TIOHATO0SATCS TIPU PEIICHUH 3a/1a4H.

4. Pemnre 3a7a4y. 3anuIinTe OTBET.

[Ipu peuienun 3amay Ha 3Ty TEMY HUCIOJB3YETCS ONpEeieHUE NEPHEHAUKYISAPHBIX MPSAMON M
IJIOCKOCTH, IPU3HAK MEPHEHAUKYIISIPHOCTH IPSIMON U TUIOCKOCTH, TEOPEMBI O TpeX MEepHeHAUKYISIpax, a
TaKKe Balll 3HAHUSA U3 IUITAHUMETPUU

Xopn padoThl:
3amauva 1
W3 touku mepeceueHus auaroHained napasmuienorpamma ABCD mposenen orpe3ok OM Tak, 4to
MA = MC, MB = MD. Jlokaxure, yTo oTpe30k OM nepneHuKyIsipeH MI0CKOCTH MapasiesorpaMMma.
Jano:
M ABCD - napaJsuiesorpaMm

ACNBD =0
MA = MC,MB = MD
D C

JlokazaTb: OM-(ABCD)

A E

Jloka3arenbCcTBO

1) Paccmotrpum tpeyronpHukn AOM u COM. OM - oOuias ctopoHa, MA = MC 110 yCJIOBUIO, AO =
OC MO CBOWCTBY JAMaroHajed napajiejaorpamma. 3Ha4MT, TPEyrojdbHUKH PaBHbI 10 TPEM CTOPOHAM, T.€.
AAOM = 4COM. CaenmoBarenbHo, ZAOM = 2COM.

T. K. 9TH yIJIbl CMEXKHBIC M PAaBHBIE, TO OHH paBHsI 1o 90°, T.e. OM 1 AC.

2) Paccmotpum Tpeyronbaukd BOM u DOM. OM - o6miast ctopoHa, MB = MD 1O YCJIOBHIO,
BO = 0D 10 CBOWCTBY JuaroHajei mapauienorpamma. 3HauuT, TPEYTOJIbHUKU PaBHBI IO TPEM CTOPOHAM,
T.e. 4ABOM = 4DOM. CnegoBarenbHO, ZBOM = £DOM.

T. K. 9TH yIJIBI CMEXXHBIE U PABHBIE, TO OHU PABHBI 110 90°, r.e. OM 1BD.
3) (())l\l\//[[ JJ'_/;([:)} = OM L (ABCD )no npusHaKy neprneHguKyJSpHOCTH NPAMOM M MJIOCKOCTH.

3agaua 2

Croponsl TpeyroabHuka 10 cM, 17 cm u 21 cM. 3 BepiinHbl O0JIBIIETO yIila 3TOTO TPEYTrOJIbHHUKA
IIPOBEJIEH MEPNEHAMKYISAP K €ro IUNIOCKOCTH, paBHbIM 15 cm. Haligure paccrosiHME OT €ro KOHIOB 10
00JIbILIEH CTOPOHBI.

Jano:

é B AABC,AB =10 cm,BC = 17cm, AC = 21cm

N e : BD--(ABC),BD = 15cm
s Haiitu paccrosaue or B u D no AC

Pemenue
1) I[OHOJ'IHI/ITCJIBHOC MOCTPOCHHUC: IIPOBCACM BM L AC.
3nauut, BM- paccrosaue ot B no AC.
DM — HakJiOHHad
BM — npoekuus HakaoHHOM ¢ = DM L AC = DM — paccrosHue ot D o AC.
BM L AC.

2) JIns Toro, yToObl HaiiTH BbicoTy BM Ttpeyronpauka ABC, BbIUMCIMM CHayaja €ro IJIouiajb,
a+b+c

ucnonb3ys popmyny epona S, =+p-(p—a)-(p—b)-(p—c), p= .

10+17+21
== = 24 cm

Sape = /24 (24 —10) - (24 — 17) - (24 — 21) = /24 - 14 - 7 - 3 = 84cm?




3) 3anumem GopMyy I BEIYUCICHUS IUIOMIAAA S, = %ah

[Tpumenum 3Ty GopMyiTy K HalIeMy TPEYTOIbHHUKY: S, apc = %AC - BM.
2 . _ 25aBC

BLIpazgza 13 9T0i popmynst BM:  BM = ==~

BM =—=8cmM
21

4) PaccmotpuM TpeyrosibHUK BDM- npssMoOyTosibHBIN, T.K. BD L (ABC).

ITo Teopeme [MTudaropa naiinem DM:

DM?* = BD* + BM?

DM? = 15 + 8% = 289

DM =289 =17 cm

OTBeT: paccTOSIHUS OT KOHIIOB MeprneHAnKysipa 10 ctopoHbl AC paBHbI 8 cM 1 17 cM.

(I)opMa NMpEeaAcCTaBJICHUA pe3yjabTaTa: BEIIIOJTHCHHOC 3aJaHuC.

Kpurepun oneHku:

Ounenka "oTau4HO" cTaBUTCS, ecnu paboTa BBINOJIHEHA B IMOJTHOM O0BEME C COOJIOJICHUEM
HEO0OXOIUMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka "Xopouo' cTaBUTCS, €CIHM BHITIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Henmouera.

Ounenka "y10BJIeTBOPUTEIBHO' CTAaBUTCS, €clii PabOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJISIET MOJIYYUTh NPABUIBHBIE PE3YIbTaThl U BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka "Hey10BJIEeTBOPUTEIBbHO' CTaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISCT CACNIATh MPABHIIbHBIX BHIBOJIOB.

IMpakTuyeckoe 3ansaTue Ne 42
«PemieHue 3a1a4 Ha NapaJIeJIbHOCTb IIOCKOCTE»

Heap padorbi: HayunTbes MCnosb30BaTh MPU3HAK MMapajUIeIbHOCTH IUIOCKOCTEM W CBOMCTBa
MapaJuIeIbHBIX TUIOCKOCTEN IIPH PEIICHNN 3a]au.

IIpakTnyeckas padora ¢popmupyer:
I1P61. BrajgeHue MeToJamMM JOKa3aTelbCTB, AJTOPUTMAMM pPELICHMs 3ajad; yMeHue (OopMyIHpOBaTh

OTpeieNieHus, aKCHOMBI U TEOPEMBI, IPUMEHATh UX, MPOBOAUTH JOKa3aTelbHbIE PACCYXACHUS B XOJe
pellieHus 3a1ay;

ITPGY. ymeHue onepupoBaTh MOHATUSAMU: TOYKA, MPsSMasi, IIIOCKOCTh, MPOCTPAHCTBO, ABYTPAHHBIN yroI,
CKPEIMBAOIINECS TPsAMbIe, MapalieIbHOCTh M TEPICHIUKYISIPHOCTh MPSAMBIX M IIJIOCKOCTEH, yroi
MCXKAY NPpAMBIMHU, YTOJI MCKIAY HpﬂMOfI H IJIOCKOCTBIO, YTOJI MCKAY IJIOCKOCTAMHU, PACCTOAHHUEC OT TOYKHU
A0 INIOCKOCTH, PACCTOAHUEC MCKAY MNPAMBIMU, PACCTOAHUC MEXKAY IMIOCKOCTAMU, YMCHHE HUCIIOJIB30BATH
IpU pPELICHUH 3aJa4 H3y4yeHHble (AKThl U TEOpeMbl IJIAHUMETPUHU; YMEHHE OILIEHHBATh pPa3Mephl
00BEKTOB OKPYKAIOIIEr0 MUPA;

[TPG12. ymeHHE BBIYUCIATH T€OMETPUYECKHE BEIWYHMHBI (IJIMHA, YroJ, IUIOMAdbh, O0BEM, IUIOMIAb
MOBEPXHOCTH ), UCTIONIB3Ys U3YYEHHBIE POPMYIIBI U METOIBI;

[IPyl. ymeHwme omnepupoBaTh NOHATUSIMHU: OIpPEICICHHE, aKCHOMa, Teopema, CIEACTBHE, CBOWCTBO,
MpHU3HAK, JIOKa3aTelIbCTBO, PAaBHOCHIBbHBIE (DOPMYITHPOBKU; yMeHHE (GOPMYIUpOBaTh OOpaTHOe H
MPOTHBOIOJIOXKHOE YTBEPXKICHHE, TPUBOIUTH MPHMEPHl M KOHTPIPUMEPHI, HCIIOIB30BaTh METOJ



MaTeMaTUYeCKOW MHIYKLWH; MPOBOJNUTH JTOKA3aTEIIbHBIE PACCYKJECHUS MPU PEIICHUH 3a7a4, OLlCHUBAThH
JIOTUYECKYIO MTPaBUIIBHOCTD PACCyKICHUI;

[1Py14. ymenue cBOOOAHO OINEPUPOBATH MOHATHAMHU: TOYKA, MpPsMast, IUIOCKOCTh, IMPOCTPAHCTBO,
OTPE30K, JIyY, IUIOCKUI yroJj, ABYTPAHHBIN yroj, TPEXTPAHHbBIN YroJl, NEPECEKAIOINECs, MapaJICIbHbIEC U
CKPEILMBAIOIINECS TPsMbIE, MapaUIEIbHOCTh M NEPHEHAUKYISIPHOCTh MPSAMBIX M IUIOCKOCTEH, Yroi
MEXIYy NpPSIMBIMHM, YTOJd MEXAYy HIPsIMOM M IUIOCKOCTBIO, YroJl MEXAY IUIOCKOCTAMH; YMEHUE
UCIIOJIb30BaTh MpPH PEIICHUU 3a/lad U3ydeHHbIe (DaKThl M TEOpPEMbl IUIAHUMETPHH;, YMEHHUE OIICHUBATh
pa3Mepbl 0OBEKTOB B OKPY’KAIOLIEM MHUpPE; YMEHHE ONEePUPOBATH MOHSATUSIMHU: MHOTOTPAaHHUK, CEYCHHE
MHOTOTpaHHHKA, NMPaBUIbHBIA MHOTOTPAaHHUK, NpU3Ma, MupaMuia, Gurypa u moBEpXHOCTh BpAIICHHUS,
WINHAP, KOHYC, map, cdepa, pa3BepTKa MOBEPXHOCTH, CEUCHHSI KOHYCA M LIMJIUH/IPA, apaljielIbHbIe OCH
WIA OCHOBAHMIO, CEYCHHUE IIapa, INIOCKOCTh, Kacawomasics chepsl, IUIUHIPA, KOHYCa; YMEHHE CTPOUTH
CeYeHHe MHOTOTPaHHUKA, M300pakaTh MHOTOTPAaHHHUKH, (PUTYpHI 1 IOBEPXHOCTH BPAIICHUS, NX CCUCHHUS,
B TOM YHCJIE C IOMOIIBIO 3JIEKTPOHHBIX CPEACTB; YMEHUE NPUMEHSTh CBOMCTBA T€OMETPUUECKUX QUTYD,
CaMOCTOSITENIEHO (hOPMYJIUPOBATH ONPEAEICHUS 3y4aeMbIX (UTYp, BBIIBUTATh TUIIOTE3bI O CBOWCTBAX U
MpHU3HAKaX TEOMETPHUYECKUX (Uryp, OOOCHOBBIBATH WM ONPOBEPraTh MX; YyMEHHUE IPOBOJIUTH
Kinaccupukanuo ¢GUryp MO pa3IUYHbIM MpPHU3HAKaM, BBIIOJIHATH HEOOXOIUMBIE JIOTIOJHUTEIbHBIC
MIOCTPOEHHUS;

[1Pyl15. ymeHune cBOOOJHO ONEpUpPOBATh MOHATUAMU: IJIOLAAb PUTYpPbI, 00bEM (UTYpbI, BEIMYMHA YIJIa,
paccTosiHue OT TOYKU [0 IJIOCKOCTH, PACCTOSIHUE MEXKIY IPSIMBbIMHU, PACCTOSHUE MEXY IUIOCKOCTSIMH,
wiomaas chepsl, IUIOMAAb MOBEPXHOCTH NHPAMHIBL, TPU3MBI, KOHyca, IMJIUHApa, 00beM Kyoa,
IPSIMOYTOJIBHOTO Tapaiiesienunesaa, NupaMuabl, Npu3Mbl, IWIKHAPA, KOHYyca, [1apa; YMEHUE HaXOAUTh
OTHOIIIEHHE 00BEMOB MOAOOHBIX PUTYD;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeibupaTth crnocoObl pemieHHs 3anad NpoPecCHOHATbHON AESITEIbHOCTH HPUMEHUTENbHO K
pa3IMYHBIM KOHTEKCTaM

OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHHKAIIUIO HA TOCYIapCTBEHHOM si3bIke Poccuiickoit
deneparyy ¢ y4eTOM 0COOEHHOCTEH COIMATIBHOTO M KYJIBTYPHOI'O KOHTEKCTa

MarepuajbHoe obecriedeHune:
I/IH)II/IBI/II[yaHI)HI)IG 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3ananne:

M- KOJIMYECTBO OYKB B UMEHU
N- KOJINYeCTBO OYKB B (pamMHIINU
p- MecsILl pOKICHUS

3anmaga Ne 1

Mexnay nByMsl mapajuiebHBIMHM IUIOCKOCTSMM 3aKJIFOYEH OTPE30K, JUIMHOM m +n cM. Haligure
IIPOEKLUU ITOT0 OTPE3Ka Ha KAXKAYIO INIOCKOCTh, ECIIM PACCTOSTHUE MEXY INIOCKOCTSMU PaBHO p CM.

3anada Ne 2

[Inockoctn M u P mapamnensasl. M3 Touek A u B mimockoctu M mpoBeneHsl K MmiaockocTu P
HaKJIOHHBIE AC= m+n ¢cM U BD = m+n—3 cMm. [lpoekiusa HakioHHO AC Ha OJHY M3 IJIOCKOCTEU
paBHa m cM. Yemy paBHa NpOEKIMs HAKJIOHHOM BD?

3amaga Ne3

Mexay nByMs mapajuieabHbIMU TutockocTsiMu P u Q mposenenst otpesku AC 1 BD (Touku A u
B nexar B muiockoctu P), AC=m+n+p 1M, BD = m+n 1M , pazaocts npoekuniit AC u BD Ha ongHy u3
IJIOCKOCTEN paBHa m IM . HaliquTe MIMHBI 3TUX MIPOCKUUN U PACCTOSHUE MEKIY IUIOCKOCTSAMH.



Iopsinok BbINOJIHEHHSI PAa0OTHI:

1. BHUMaTeabHO IPOYUTANTE YCIOBUE 3a/1a4H.

2. 3anummTe, 4YTO B 33/1a4€ JJaHO, CAEIaNTe PUCYHOK.

3. [Ipoananu3upyite ycioBHE 3a/1aud, paccyXxias OT TOTO, YTO HYXKHO HaillTu. Bcnomuute, kakue
TeopeMbl U (POPMYIIbI TOHAZO0SATCS MPU PELLICHUH 33/1a4H.

4. Pemmte 3aga4y. 3anuiiuTe OTBET.

[Ipyn pemeHuM 3aga4 Ha 3Ty TEMY MHCIIOJIB3YETCS OMNpENEICHNUE MapalljIeNIbHbIX IUIOCKOCTEH,
MIPU3HAK MApaJUIEIbHOCTH MIJIOCKOCTEH, TEOPEMBI O MapalIeNbHbIX TNIOCKOCTSX, a TAK)KE Ballld 3HAHUS U3
TUTAHUMETPHUH

Xox padoThI:
3amaua Ne 1
Mexny aByMsl mHapaUlelIbHBIMU IIJIOCKOCTSIMH 3aKJIlO4eH OTpe3ok, iuHod 10 m. Halinure
MIPOEKIIMK ITOTO OTPE3Ka Ha KAXAYIO MIIOCKOCTh, €CJIM PACCTOSTHUE MEXKAY IJIOCKOCTSMH PABHO 8 M.
Hano:

a//B,AB = 10 cm
/ A / ACLB,AC = 8 cMm
N Haiitu npoexun AC

AN

Pemenue

1) Tak Kak MJIOCKOCTH MapajielbHbl, TO PACCTOSIHUE MEXIYy HUMH - 3T0 mnepneHaukyiasp AC.
IToctpoum npoeknuto orpeska AB Ha mutockocTs B. 910 oTpe3ok BC.

2) Paccmorpum tpeyronbHUKk ABC- npsMoyronbHBbIil.

ITo Teopeme IMucaropa AB*> = AC* + BC?

AC* = AB? — BC?

AC* = 10% — 8% = 100 — 64 = 36

AC=6 cm.

Tax Kak MI0CKOCTH MapaiielbHbl, TO IPOEKLHUN OTPE3Ka Ha 3TH IJIOCKOCTH OyIyT paBHBI.

3amaua Ne 2

IInockoctu M u P mapamiensHel. 3 Touek A m B muockoctn M mpoBeneHs! K I1ockocTu P
HaksionHble AC= 37cm u BD=125 cm. Tlpoeknus naknonHoit AC Ha oHY U3 IUTOCKOCTEH paBHa 12 cwM.
Yemy paBHa mpoeK1Ms HaKJIOHHON BD?

Jano: M | P,AEM,BEM
ol AC =37 cm,BD =125 cm
A B AE 1 P,BK 1 P,CE =12 cm
Haiitu: KD

AR
LA TAY




Pemenue

1) Paccmorpum Tpeyronbauk ACE- npsMOyroiIbHBIA.
ITo Teopeme ITudaropa AC* = AE* + CE?

AE? = AC* — CE*  AE® =372 — 12% = 1369 — 144 = 1225
AE=35 cm.

2) Paccmotpum TpeyronbHuK BKD- ipsMoyroyibHBIN.
ITo Teopeme ITudaropa BD? = KD? + BK>

KD? = BD? — BK> AE=BK, Kak pacCTOSHHUS MEX/1y MapauIeIbHBIMU IIOCKOCTAMH.
KD? = 125% — 35% = 15625 — 1225 = 14400

KD= 120 cm.

Ortsert: npoekuus BD pasna 120 cm.

3anaga Ne3

Mexay nByms napajuieabHbIMU IIOCKOCTAMU P 1 Q mpoBenensl otpe3kn AC u BD (Touku A u
B nexar B mnockoctu P), AC=13 cm, BD=15 cm, cymma npoekuuit AC u BD Ha oaHy u3 miockocten
paBHa 14 cm . Haiiaute AJIMHBI 9TUX MPOEKIMA U PACCTOSIHIE MEXKAY TUIOCKOCTSIMHU.

4 N

JlaHo: Q Il P,Ae P,BeP
AC =13 cm,BD = 15 cm
AE 1 Q,BK L Q,CE + DK = 14 cm
Haittu: CE, AE, DK

L kL5

Pemenne
1) Paccmorpum TpeyronbHuK ACE- IpsMOYToJIbHBIMH.
ITo Teopeme ITudaropa AC* = AE* + CE?
AE? = AC* — CE?
[TycTh CE = x, Torna DK=14-x.
AE* = 169 — x*
2) Paccmotpum tpeyronbHuk BDK- npsMoyroiabHBIH.
ITo Teopeme IMucaropa BD? = BK* + DK
BK* = BD* — DK*
BK? = 225 — (14 — x)* = 225 — 196 + 28x — x* = 29 + 28x — x*
AE=BK, kak paccTosiHUs MEXy NapajieIbHbIMU TIOCKOCTSIMH
3Ha4NuT,
169 — x? = 29 + 28x — x*?
28x = 140
X=5
CE=5 cm, DK=14-5=9 cm
AE =169 — 25 = V144 = 12 cm

Ortser: PacCCTOAHUEC MCIKAY IIIIOCKOCTIAMU 12 CM, IPOCKI NN HAKIIOHHBIX 5cmu9cm.
(I)opMa npeacTaBJICHUsA pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €Cid paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHHEM
HEO0OXOIUMOM TIOCTIEIOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMuCcH, BEIYMCIICHUS, PUCYHKHU U TpapuKy.

Ouenka "Xopouo' CTaBUTCs, €CIHM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTIMYHO", HO JOIMYIIEHbI



2-3 Hezouera.

Ouenka "yaoBJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJISIET MOJIYYUTh MpaBUJIbHBIE pPE3yJbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OITHOKH.

Ouenka "Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BHIBOJIOB.

Tema 4.2. [IpsiMble U JIOCKOCTH B IPOCTPAHCTBE
IIpakTuyeckoe 3ansiTue Ne 43
«Pemenue 3a1a4 Ha IBYTpaHHbIE YIJIbD)

Hear padorbi: HayuuThes peiiath 3a7ayd Ha NMPUMEHEHUE TMOHATHH yria MEXIy HpsSMOd U
IJIOCKOCTBIO, ABYTPAHHOTO YIJIa, YIJIa MEXY IIIOCKOCTSMH.

IIpakTnueckas padora popmupyer:
[1PG1. BrajeHWe METOJIAMU JOKA3aTelbCTB, AITOPUTMAMH PEIICHUS 3aJa4, yMEHUe (OopMyIupOBaTh

OTpeeNieHusl, aKCHOMBI U TEOPEMbI, IPUMEHATh UX, MPOBOAUTH JOKa3aTelbHbIE PACCYXICHUS B XOJE
pellieHus 3a1ay;

[TPGY. ymeHue onepupoBaTh MOHATUSAMU: TOUYKA, MPsAMasi, IIIOCKOCTh, TPOCTPAHCTBO, IBYTPAHHBIN YTo,
CKPEILMBAIOIINECS TPSAMBIE, MapalieIbHOCTh U MEPHEHIUKYISIPHOCTh MPSAMBIX M IUIOCKOCTEH, Yroi
MEXy MPSIMBIMU, YTOJ MEXKIY MPSIMOU M TUIOCKOCTBIO, YTOJI MEXK]Y TUIOCKOCTSIMHU, PACCTOSIHUE OT TOYKHU
710 MJIOCKOCTH, PACCTOSIHUE MEX]y NMPSAMBIMH, PACCTOSHUE MEXY IUIOCKOCTSIMM; YMEHHUE HCIIO0Ib30BaTh
IpU PEUICHUM 3a7a4 HW3ydeHHbIC (PAKTBI M TEOPEMbl IUIAHUMETPUHU; YMCHHE OICHUBATH pa3Mephl
00BEKTOB OKPYKAIOIIEr0 MUPA;

[IP612. ymeHue BBIYUCIATH T€OMETPUYECKHE BEJIMYMHBI (JJIMHA, YTOJ, IUJIONMIAah, O0BEM, IIJIOMIAIh
MOBEPXHOCTH ), UCTIONB3Yys U3YYEHHBIE (JOPMYIIBI U METO/IBI;

[IPyl. ymenue omepupoBaTh MOHATHSAMU: OIpENENEHHuEe, aKCMoMa, TeopeMa, CIEACTBUE, CBOWCTBO,
MPHU3HAK, JI0Ka3aTeJIbCTBO, PAaBHOCHIbHBIE (DOPMYITHPOBKU; yMeHHe GOPMyIUpoBaTh OOpaTHOe W
MIPOTUBOIOJIOKHOE YTBEP)KJIEHUE, NPUBOAUTH MPUMEPHl W KOHTPHPUMEPHI, MCIOIb30BaTh METOJ
MaTeMaTUYeCKOW WHIYKIIUU, MPOBOAUTH JI0KA3aTEIbHBIC PACCYKIEHUS MPHU PEIICHUH 3a/a4, OIICHUBAThH
JIOTUYECKYIO MPaBUIILHOCTD PACCYKICHUII;

[1Pyl14. ymeHue cBOOOAHO ONEpPUPOBATH MOHATHSMH: TOYKA, MpsAMas, IJIOCKOCTh, MPOCTPAHCTBO,
OTPE30K, JIyY, IJIOCKUI yroJj, ABYTPAHHBIN YTOJ, TPEXTPAHHBIN yroJ, NEPECEKaIOIIMECs, apayiebHbIE U
CKpEUIMBAIOIINECS MpPsIMbIE, MAPAIETbHOCTh M MEPHEHIUKYISIPHOCTh NPSIMBIX M IUIOCKOCTEH, Yroi
MEXIY HpPSIMBIMH, YTOJd MEXAYy NpsIMOM U IUIOCKOCTBIO, YroJl MEXAY IUIOCKOCTSAMH; YMEHHUE
WCIOJIb30BaTh MPH PEIICHUH 3a/lad u3ydeHHbIe (DaKThl U TEOpPEeMbl TUIAHUMETPUH; YMEHHUE OILIEHHUBATh
pa3Mepsl 0OBEKTOB B OKPYIXKAIOIIEM MHUPE; YMEHHE OMEePUPOBATH MOHSATHUSIMHU: MHOTOTPAHHUK, CEYCHHE
MHOTOTPaHHUKA, TPABUJIHHBI MHOTOTPaHHUK, MPU3Ma, TUpamMuaa, Gurypa u moBepXHOCTb BpalleHHUs,
UWIMHIP, KOHYC, ap, cdepa, pa3BepTKa NOBEPXHOCTH, CEUYEHUS KOHYCa U IIMINHpA, apauieIbHble OCH
WIM OCHOBAHMIO, CEUEHHUE IIapa, TIOCKOCTb, Kacaromascs cepsl, HUINHAPA, KOHYCa; YMEHHE CTPOUTH
CEYCHHE MHOTOTPAaHHHKA, N300pakaTh MHOTOTPAHHUKH, (PUTYPHI M TTIOBEPXHOCTH BPAIIICHHS, IX CECUCHUS,
B TOM YHCJIE€ C MMOMOIIBIO SJIEKTPOHHBIX CPEACTB; YMEHHE IPUMEHSATh CBOWCTBAa T€OMETPUUIECKUX UTYD,
CaMOCTOSITENTEHO (hOPMYJIUPOBATH ONPEACTECHUS U3Y9aeMbIX (UTYp, BBIIBUTATh TUIIOTE3bI O CBOWCTBAX U
MpU3HAKAaX TEOMETPUYECKHX (Uryp, OOOCHOBHIBATH WIU OINPOBEPraTh HUX; YMEHHE MPOBOIUTH
KIaccupuKanuo GUTyp MO pa3TUYHBIM MPH3HAKaM, BBHIMOTHATH HEOOXOIUMBIC TOTIOTHUTEIHHBIC
MOCTPOCHUS;



[TPy15. ymeHnue cB0OOAHO OMEepUPOBATh MOHATUAMHU: TUIOMIAAbL (GUTYPBI, 00BeM (PUTYpBI, BETUUNHA YTJIa,
paccTosiHuEe OT TOYKH JIO0 IJIOCKOCTH, PACCTOSIHUE MEX[Y MPSIMBIMH, PACCTOSHHE MEXKIY IIOCKOCTSIMH,
wiomaas chepsl, IUIOMAAL MOBEPXHOCTH NHPAMHJIBL, TPU3MBI, KOHyca, IHJIMHApa, 0o0BbeM Kyoa,
PSMOYTOJIBHOTO TapauleNienuIesa, MupaMuabl, IPU3MBbL, IIJIHHAPA, KOHYCa, Iapa; YMEHHUE HaXOIUTh
OTHOIICHHE 00BEMOB MOI00HBIX UTYP;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Beibuparh cmocoObl pemieHust 3aaad MNpo(hecCHOHAIBHONW JAEATEIBHOCTH NPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM

OK 05 OcyiiecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHHKAILIUIO HA TOCYIapCTBEHHOM si3bike Poccuiickoit
denepanuu ¢ yueToM 0COOEHHOCTEH COLUAIBHOIO U KYJIbTYpPHOTO KOHTEKCTa

MaTtepuajbHoe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHI)HBIe 3alaHuA, CIIPAaBOYHbBIC MaTCpUajibl, KOHCIICKTbI JIGKIII/II;'I.

3aganue:

M- KOJINYECTBO OYKB B UMEHH

N- KOJIMYECTBO OYKB B (pamMuInu

p- MecsI pOKISHUS

1) 3 Toukn A BHE IUIOCKOCTU MPOBEJIEHBI K MJIOCKOCTH MEPHEHANKYISP AB = n CM M HaKJIOHHBIE
AC u AM, ob6pa3zyromiye ¢ mIOCKOCThIO YIIIbI 30°. Hailinure yron mexay HakJIOHHbIMU NpsiMoi. HalinuTe
CM.

2) KaTeTsl mpsIMOYTOJIBHOTO TPEYrOoJbHUKA PAaBHBI n CM U n 4+ m cM. Onpeaenure paccTOsSHUE OT
BEPUIUHBI MPSMOTO yriia A0 MIOCKOCTH, KOTOpask MPOXOJUT Yepe3 TMIOTEHY3Y U COCTABISET yroJ 30% ¢
MIJIOCKOCTBIO TPEYTOJIbHUKA.

3) Touku A u B nexar Ha pebpe mpsiMoro aByrpaHHoro yria. AAj; u BBi- nepnenaukynsapsl K
pedpy, MpOBEACHHBIE B Pa3HBIX T'PaHAX, MpHUeM AB = m cM, AA; =n+m cM, BB, =n—1 cMm. Haiinure
A1B;.

Ilopsinok BbINOJHEHHS Pa0OTHI

1. BHMMaTeapHO MPOYUTANTE YCIOBHUE 3a1aUH.

2. 3anuiunTe, 4TO B 3a/1a4e JaHO, CAeNaiTe PUCYHOK.

3. IIpoananu3upyiite yciloBUE 3aauH, pacCyXkaas OT TOTO, YTO HY)KHO HalTu. BcnomHuTe, Kakue
TeopeMbl U (HOPMYJIBI TTOHAIOOSATCS TP PEUICHUH 3a1a4H.

4. Pemnte 3amauy. 3anyIINTE OTBET.

[Ipu pemiennu 3a1a4 Ha ATY TEMY HUCHOJIb3YIOTCS ONPEAETICHHS YIla MEX ]y MPSMOM U MIOCKOCTBIO,
JBYTPAHHOI'O YIJIa, JMHEWHOTO yIJla ABYTPAHHOIO YIUIA, @ TAK)KE BAlllM 3HAHUS U3 IUIAHUMETPHH.

Xon paborsr:

3anayva |

Han tpeyronsauk ABC co croponamu AB=9 cm, BC= 6 cm u AC= 5 cM. Uepes MEHBIIIYIO CTOPOHY
MPOXOJIUT TUIOCKOCTh, COCTAaBIISIIOIIAS C TJIOCKOCTBKO TPEYTOJbHHKA YIroOJI 45°. Haiigure paccTosiHue
MEK1y TIOCKOCTBIO U BEPIIMHOMN B.

B
o Jano: AABC,AB =9 cm
BC =6cM,AC =5cm
AC € a,a = 45°
A D

C Haiitu: Paccrostaue ot B 1o a




Pemenue

1) JonomHUTEIRHOE MTOCTPOCHHE: TIPOBENIEM BD L @ = BD — paccTosiHue OT B /10 JIOCKOCTH .
BM 1 AC = DM 1 AC no TeopeMe 0 Tpex NeprneHAUKyJIspax.

3HaYuT, £BMD — JMHENHBIH yros AByrpaHHOro yria, 2BMD = 45°,

2) B tpeyronsnuke ABC Haiinem BeicoTy BM.

CHayasia BRIYMCIIAM ILIOMAAb TPEYroabHuKa 1o popmyse ['epona:

S,=\p--a)-(p-b)-(p-0)

_ 9+6+5

=10cMm

Sapc =V10-1-4-5 = 10/2cm?

Sapc = 3AC- BM = BM = 2345¢

AC
BM = # = 4/2cm

3) Paccmorpum tpeyroapHuk BMD- npsiMoyrosibHbIN 110 TOCTPOEHHUIO.
22 — sinsBMD

BM

BD = BMsin£BMD

BD = 4vZ - 5ind5® = 422 = 4 cm

OtBer: paccrosiHue ot B 10 mmockoctu 4 cM.

3amaua 2
Konust otpeska MK nexar Ha rpaHsx npsMoro JasyrpadHHoro yrima. MM; u  KKj-
NepIEeHIUKYIIApHl K pedpy, npuueM MK=13 cm, MM1=12 cm, M1K1=3 cm. Haiinure KKj.

/“ Jano: < aaf = 90°

/ MK =13 cM, MM, =12 cM, M K; =3 M
| 3 ~v‘-_ '-‘. MMl 1 a, KK1 1 a

/. ‘ // Hanu: KK,

Pemenue

1) Toctpoum MUHENHHBIH yroa AByrpaHHoro yria. /lyis 3Toro yepe3 Touky M1 mpoBeieM OTpe3OK

M;E, napannensnsiii u paBubiii KKj.
KK, L a, cmeoBarenbHo, M E 1 a.

< MM, E — /iMHe#HBIA yroJ IByrpaHHoro yria, 3Ha4uT < MM, E = 90°.

2) PaccmoTtpum AMEK

ME- HaknoHHas K mockoctw f, EM; — ee mpoekius Ha 3Ty MI0CcKocTh, EM; L EK ( T.k. EM1KjK —
MPSIMOYTOJIBHUK TI0 ocTpoenuio). CrnenoarensHo, ME L EK ( o Teopeme 0 TpexX MepHeHAuKYIsIpax) u
AMEK — npsMOyTro/ibHBIH.

ITo Teopeme ITudaropa MK? = ME? + EK?

ME? = MK? — EK* EK=M;K;=3 cm

ME? = 13% — 3% = 169 — 9 = 160

ME = V160 = 410 cm

3) Paccmotpum AMM, K — npsiMoyro/ibHBIH, T. K. < MM, E = 90°.

ITo teopeme IMucaropa ME* = MM, % + M, E?

M,E? = ME? — MM, 2

M,E? = 160 — 144 = 16

M;E=4 cm.

3naunt, KKi;=4 cm.

OtBet: KK1=4 cwm.



®opma npeacTrabIeHUs pe3yJbTaTa: BBIIIOJIHEHHOE 33/1aHHUE.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Clid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIMMOM TIOCTIEOBATEIIBHOCTH JEHCTBUI; B OTBETE€ NPABHIBLHO W aKKypaTHO BBIMOJIHEHBI BCE
3aMuCcH, BEIYUCICHUS, PUCYHKU U TPapUKU.

Ounenka "'xopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUA K OLEHKE "OTJIIMYHO", HO JOIYILEHbI
2-3 Henmoyera.

Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €Clid pabOTa BBIMIOJHEHA HE IMOJHOCTBIO, HO O0BEM
BBIMIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUJIbHBIE PE3yJIbTaThl U BBIBOJBL, B XOJI€
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEJIbHO' CTaBUTCS, €CJIM padOTa BBIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON YacTH PaOOTHI HE MO3BOJISIET C/IENIATh MPABMIILHBIX BBIBOJIOB.

Tema 4.3 MHOrorpaHHMKH M KpyIJible Teja
IIpakTnueckoe 3anaTue Ne 44
«Pemenune 3a1a4 Ha NpU3MY»
Leanb padorbl: HayunThcs pemars 3a1a4u ¢ IpU3MOit

IIpakTnueckas padora popmupyer:
[1P610. ymeHuwe omepupoBaTh TOHSATHSIMH: MHOTOTPAaHHHMK, CEYEHHE MHOTOIpaHHHKA, KYO,

napajuiefienunes, npusMa, nupamuaa, Gurypa u noBepXHOCTh BpallleHus, LIUIUHAP, KOHYC, map, cdepa,
cedueHuss (GUTYpHl BpallleHUs, IJIOCKOCTh, Kacawmasicsa cdepbl, LIUINHApa, KOHYyca, IUIOMaIh
MOBEPXHOCTH MUPAMUJIBI, TPU3MBI, KOHYCa, [IUIUHAPA, MIOMaas chepbl, 00beM Kyda, MPSIMOYToJIbHOTO
napajuieNienuneaa, MupamMuabl, IpU3Mbl, HWIHHIPA, KOHYCA, I1apa; yMEeHHe N300pakaTb MHOTOTPaHHUKU
Y MOBEPXHOCTH BPAILEHUS, UX CEYEHUS OT PYKH, C IOMOIIBIO YEPTEKHBIX HHCTPYMEHTOB U 3JIEKTPOHHBIX
CPEICTB; yYMEHHE paclo3HaBaTh CUMMETPHUIO B IPOCTPAHCTBE, yYMEHHE paclo3HaBaTh MPaBUIIbHBIC
MHOTOTPaHHUKH,

[IP612. ymeHue BBIYUCIATH TEOMETPUYECKHE BEIMYMHBI (JJIMHA, YTOJ, TUJIOMIAah, O0BEM, IIJIOMIAIh
MMOBEPXHOCTHU ), UCTIOJIb3YsI H3YUCHHBIE (DOPMYJIIBI B METO/IBI;

[1PG14. ymenue BbIOMpaTh MOAXOISAIIMM W3YYEHHBIM METON JUIsl pelleHUs 3a7aud, pacrlo3HaBaTh
MaTemMaTnuueckue (akThl U MaTeMaTHYEeCKHE MOJIETH B TPUPOJTHBIX U OOIIECTBEHHBIX SIBICHHUAX, B
HUCKYCCTBE; yMEHHE MPUBOAUTH IPUMEPbl MATEMAaTHUYECKUX OTKPBITUHA POCCUHCKOW U MHUPOBOMU
MaTeMaTUYeCKOU HAyKH;

[1Pyl4. ymenue cBOOOAHO OMEPUPOBATH MOHATHSAMHU: TOYKa, MpsiMasi, IJIOCKOCTb, MPOCTPAHCTBO,
OTPE30K, JIy4, TUIIOCKUM yroj, ABYTPAHHBIN yToj, TPEXTPAHHBIN yroJl, NepeceKaromuecs, napauiebHble U
CKpEILMBAOIIMECS TPsAMbIE, MapalIeIbHOCTh M MEPHEHIAUKYISIPHOCTh TMPSAMBIX M IUIOCKOCTEH, Yroi
MEXIy TPSIMBIMH, YOI MEXAYy NpPSIMOM U TUIOCKOCTBIO, YroJI MEXAYy TUIOCKOCTSAMH; YMEHUE
UCIONIb30BaTh MPH PEIICHUU 3a/lad M3ydeHHbIe (DAKThl U TEOpPEeMbl TUIAHUMETPHUH; YMEHHUE OIIEHHWBATh
pa3Mepsl 0OBEKTOB B OKPYXKAIOIIEM MHUpPE; YMEHHE OMEePUPOBATH MOHSATHUSIMHU: MHOTOTPAaHHUK, CEYCHHE
MHOTOTpaHHUKA, MPABUIBHBIA MHOTOTPAHHUK, MPH3Ma, MUpamMuaa, GUrypa U MOBEPXHOCTH BpAICHHS,
WIMHIP, KOHYC, Iap, cdepa, pa3BepTKa MOBEPXHOCTH, CEUYEHHUS KOHYCa U IIIMHAPA, apaiedbHble OCH
WM OCHOBAHMIO, CEUEHHUE IIapa, TIOCKOCTb, Kacaromascs cepsl, HIUINHAPA, KOHYCa; YMEHHE CTPOUTH
ceueHrne MHOTOTpaHHUKa, 1300pakaTb MHOTOIPaHHUKHU, (DUTYPHI U TIOBEPXHOCTH BpPAICHUS], UX CEUECHUS,
B TOM YHCJIE C MOMOIIBIO 3JIEKTPOHHBIX CPEACTB; YMEHHE NIPUMEHATh CBOWCTBAa T€OMETPUUECKUX GUTYD,
CaMOCTOSITENIbHO (hOPMYJIUPOBATH ONPEAEICHUS U3y4aeMbIX (GUTYp, BBIIBUTATh TUIIOTE3bl O CBOWCTBAX U



IPU3HAKAX TEOMETPUYECKUX (Uryp, OOOCHOBBIBATH MJIM ONPOBEPraTh HX; YMEHUE MPOBOIUTH
Kkinaccuukanuioo (Uryp MO pPasIUYHBIM IPH3HAKAM, BBIMOJHATE HEOOXOAWMBIEC JOMOJHUTEIHHBIE
MOCTPOCHHUS;

[TPy15. ymenue cBOOOJHO OMEPUPOBATH MOHATUAMU: TUIOMAAb (PUTYPBI, 00beM (UTYpHI, BEIHMYHUHA yIIIa,
paccTosiHuEe OT TOYKH JI0 MJIOCKOCTH, PACCTOSHUE MEXKAY MPSIMBIMH, PACCTOSIHUE MEXIY IIOCKOCTSIMH,
wiomaab cpepsl, IUIOMA[Ab IMOBEPXHOCTH NHMpaMMJIbl, MPU3MbI, KOHYyca, IMJIMHApa, 0o0BbEM KyoOa,
IPSIMOYTOJIBHOTO MapajuleNenuea, NupaMuibl, NPU3Mbl, LUINHAPA, KOHycCa, 11apa; YMEHUE HaXOAUTh
OTHOIIIEHHE 00bEMOB MOA0OHBIX (HUTYD;

[T1Py16. ymeHnue cBOOOJHO ONEPUPOBATH NOHATUSAMMU: JIBUKEHUE, TapajluIeIbHbIN EPEHOC, CHMMETPUS Ha
IUIOCKOCTH W B MPOCTPAHCTBE, MOBOPOT, IpeoOpa3oBaHUe NOA00Ms, MOAOOHBIE (UTYpHL, yMEHHE
pacro3HaBaTh paBHbIC M MOJJO0OHBIE (GUTYPHI, B TOM YHUCIIE B IPUPOJIE, HCKYCCTBE, apXUTEKTYpE; YMEHUE
UCTOJIBb30BAaTh TEOMETPUYECKHE OTHOILIEHHS, HAXOJUTh TE€OMETPUYECKHE BEJIWYHMHBI (IJIMHA, Yrod,
TUIOIIAb, 00BEM) TIPU PEIICHUH 3a/1a4 U3 APYTHX YYEOHBIX MPEIMETOB U U3 PEaTbHOU )KU3HU;

[1Py18. ymeHue MoJenupoBaTh peajibHble CUTYallMM Ha A3bIKE MaTEMaTHUKHU; COCTAaBIIATh BbIPAKEHUS,
ypaBHEHMs, HEPABEHCTBA M UX CHCTEMBbI 110 YCIOBHIO 33JayM, MCCIEIOBATH IOCTPOEHHBIE MOJEIU C
UCMOJb30BAaHUEM  amnmapara anreOpbl, HHTEPIPETHPOBATH  IOJIyYEHHBIH  pe3yibTaT; CTPOUTH
MaTeMaTHYeCKUEe MOJIENIN € TOMOIIBI0 T€OMETPUYECKUX OHATUI M BEJIMUMH, PEeLIaTh CBA3aHHbIE C HUMHU
NPAaKTUYECKHE 3a/a4M; COCTABISATh BEPOSTHOCTHYIO MOJIENb M HHTEPIPETHPOBATH IOTYyYCHHBIH
pe3yibTaT; pemaTh MPUKIAJAHBIE 3aadydl CPEJACTBAMH MAaTeMAaTHYEeCKOro aHalni3a, B TOM 4YHCIE
COIMAIIEHO-9KOHOMHYECKOTO U (PH3MUECKOTO XapaKTepa;

[1Py19. ymenue BBHIOMpaATh MOAXOMAIIMNA METOA JUIA pEIICHHs 3aJa4yd; [OHMMaHUE 3HAYUMOCTH
MaTeMaTUKU B U3YYEHHM IPUPOAHBIX M OOILECTBEHHBIX NPOLIECCOB M SIBICHUH; YMEHUE paclo3HaBaTh
IPOSIBJIEHUE 3aKOHOB MAaTEeMAaTUKU B MCKYCCTBE, YMEHHE MPHUBOJUTH INPUMEPhl MaTEeMAaTHYECKUX
OTKPBITUHA POCCUMCKON U MUPOBOM MaTeMaTUYECKOU HAYKH;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeibupaTth crnocoObl pemieHus 3ajaad NpoPecCUOHAIbHON JeATEIbHOCTH NPUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 02 Hcnonb3oBaTh COBpEMEHHbIE Cpe/CTBA IOWCKA, aHAIM3a M HMHTEpIpeTalud HHPOpMaluu U

I/IH(l)OpMaHI/IOHHI)IC TCXHOJOTHH JJIs BBIIIOJIHECHU S 3a/1a4 HpO(l)CCCHOHaJIBHOfI JACATCIBHOCTH

OK 06 IIposBAsATH rpa)1aHCKO-NATPUOTUYECKYIO MO3UIMIO, IEMOHCTPUPOBATh OCO3HAHHOE MOBE/IEHUE
Ha OCHOBE TPAJHMIMOHHBIX OOIIEYETOBEYECKUX IEHHOCTEH, B TOM YHCJIE C YY4ETOM TapMOHH3ALUU
MEXHAIIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHJApThl AHTHKOPPYMNLMOHHOTO
TTOBEICHHS

OK 07 CopneiicTBOBaTh COXpaHEHUIO OKPYKAIOIIEH Cpefibl, pecypcocOepeKeHn o, IPUMEHSATh 3HaHUs 00
W3MEHCHHH KJIMMaTra, TMPUHIUANB OCpPEKIMBOTO TPOHM3BOJCTBA, APQPEKTUBHO JICHCTBOBATH B
Ype3BbIUANHBIX CUTYAIHSIX

OK 08 Ucmonb3oBarh cpeactBa (pU3MUECKON KYyJIbTYphl AJISi COXPAaHEHUS M YKPEIUIEHHs 3/I0pOBbs B
nporecce MpopecCHOHATBPHOW JEATETbHOCTH M TOJEpKaHUs HEOOXOJUMOro YpOBHA (U3UYECKOM
MOJITOTOBJICHHOCTH

OK 09 TIlonb3oBaThCcst MpoQecCHOHANbHON JOKyMEHTAllMed Ha TroCyJapCTBEHHOM M HMHOCTPAHHOM
SI3BIKAX.

MarepuanbHoe o0ecnieyeHmne:
WuauBuayanbHble 3aaHNsL, CIPABOYHBIE MaTEpUAIbl, KOHCIIEKTHI JIEKIIUH.

3amanmue:



1.0cHoBanue mpsAMON MPU3MBI - TPEYroJbHHUK, CTOPOHBI KOTOPOro paBHBI 4 M, O0KOBOEe pedpo
npu3Mbl paBHO 8§ M. HaliuTe ruioniaab MoaHOW MOBEPXHOCTH TPU3MBI.

2.0cHOBaHHUE MPSIMOH MPU3MBI — MTAPAJLIEIIONPAMM CO CTOPOHAMHU 4 ¢M U 6 CM U YTJIOM MKy HUMH 60°,
Bricora nmpu3mbr 12 cm. HaliTy OJHYIO TOBEPXHOCTH U OOBEM.

MHOrorpaHHMKOM Ha3bIBA€TCS TEJIO, OrPAaHUYEHHOE IUIOCKMMU MHOroyrojipHukamu. OOmue
CTOPOHBI CMEKHBIX MHOTOYI'OJIbHUKOB Ha3bIBalOT pedpaMu MHOTOIpaHHUKA. MHOIOyrojJbHUKH, KOTOpBIE
OrPaHUYMBAIOT MHOTOTPAHHUK, HA3bIBAIOTCS €ro rpaHsiMM. ['paHM MHOrOrpaHHHMKa, CXOJSLIMECS B
OJHOW TOYKEe, OO0pa3yr0T MHOTOTPAHHBIM Yroj; BEPIIMHBI TAaKUX MHOTOTPAaHHBIX YIJIOB HAa3bIBAIOTCS
BepIIMHAMM MHororpaHHuka. IIpsmele, coenuHstomuye aBe Kakue-HUOYIb BEPILMHBI, HE JIeXKalIUe Ha
OJIHOM IpaHH, HA3bIBAIOTCS AMArOHAJISIMH MHOTOIPAHHHUKA.

IIpu3ma — MHOTOTrpaHHUK, JBE TIPaHU KOTOPOIO SBJSIKOTCS PaBHBIMH MHOI'OYTOJbHUKAMH,
JICKAIMMU B MAapaJUICIIbHBIX IINIOCKOCTAX, a4 OCTAJIIbHBIC I'paHU — IMapauiCjiorpaMMamMu, HUMCIOIIUMHA
o01111e CTOPOHBI C STUMU MHOT'OYT'OJIbHUKaMH.

HpﬂMaﬂ IIpru3Ma Ha3bIBaCTCA HpaBHHLHOﬁ, €CJIn €€ OCHOBAHHA — IPABUJIbHBIC MHOI'OYI'OJIbHUKH.

IInomanb0 MOJIHONM NMOBEPXHOCTH IPU3MbI Ha3blBaeTCsl CyMMa IUIOIIAJEH Bcex ee rpaHel, a
IUIOINA/IbI0 00KOBOI MOBEPXHOCTH IIPU3MbI — CyMMa ILJIOLIAIeH e OOKOBBIX I'paHeH.

S,.,,=2S,,+S

non ook

Inomans 60KOBOI MOBEPXHOCTH MPSMOI MPU3MBI pPaBHA MPOU3BEACHHUIO MEPUMETPA OCHOBAHUS
Ha BBICOTY IIPU3MBI.

S,,.,=P-h

00K
O0béM npsiMoii MPU3MBI PaBEH MTPOU3BEICHHIO IO I OCHOBAHUS Ha BBICOTY.
V = SOCII : h
IMopsiiok BbINOJTHEHHSI PA6OTHI:
1) BBbINOTHHUTE YePTEK
2) 3ammcath KpaTKo yCIOBUE 33a49n
3) OdopmuTs pelieHre 3aaadu

Xoa paGoTsI:

3agauya 1: OcHoBaHue npsiMOl Mpu3Mbl - poMO ¢ BbicoToi 2 M. [Inomans OOKOBOM MOBEPXHOCTH
IpU3MBbI paBHa 96 M7, a TUTONIA T TTOJTHOM MIOBEPXHOCTH paBHa 128 o’ Haiizire BBICOTY ITPU3MBI.

Pemenue

O0603HaYMM CTOPOHY OCHOBaHHS @, a O0KOBOe pedpo bPasHuMIly MeXTy IIIONa b0 MMOTHOM TOBEPXHOCTH
MPU3MBI 1 TUIOIIA/IbE0 OOKOBOM MTOBEPXHOCTH MPU3MBI — 3TO YIBOCHHASI

Iiomaab OCHOBAaHUS ITPU3MBI.
'

Seu™2a = 20=128-96=32 = g=16

Sen=4ah=96 2 h=Z-15 (xu)
Orser: 1,5 nm. *



3agaya 2: OcHoBaHME NPSAMOM IIPU3MBI - IPSIMOYTOJIbHBIM TPEYTOJIbHUK, KATETHl KOTOPOTO PaBHbI
Smu 12 M, 6oxoBoe pedpo npusmMbl paHo 10 M. Haligure mutoriaas moaHONH MOBEPXHOCTH MPU3MBI.

Pemnenne

JRSERAN S S

2

AC =I5 +12° =13
Srmu = ZSWE- + SAA. aa Sa&.ﬁc + S.mc‘.c
S =2%0,5*5%12+5*%10+12*10+13*10=60+300=360 M
OrBer: 360 M2

(I)opMa NMpeacTaBJICHUsA pe3yjabTaTa: BhIIIOJIHCHHOC 3a/JaHNE

Kpurepun oneHku:

Ounenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBINOJIHEHA B MOJTHOM OO0BEME C COOJIOJICHUEM
HE0OXOIMMOM TOCIEA0BATENIBHOCTH JEHCTBUI; B OTBETE€ NPAaBUIBHO W aKKypaTHO BBIMOJIHEHBI BCE
3aUCH ¥ BBIYUCIICHUSI.

Ouenka "xopouo' cTaBUTCS, €CIHM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 HemoueTa.

Ouenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €CliM PadOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIAET IMOJYYUTh MPaBUIIbHBIE pPE3yJIbTaThl U BBIBOJBI; B XOJI€
MpOBeICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CITM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOJTHEHHON YacTH pabOTHI HE MO3BOJISIET C/IENaTh PABUIBHBIX BBIBOJIOB.

Tema 4.3 MHOrOrpaHHMKH M KpPyIJble Teja
IIpakTnyeckoe 3ansitue Ne 45
«Pemenue 3a1a4 Ha NMPaAMUIY»
Hennb padorbl: HayunThes pemars 3a1auu ¢ IUpamMuI0i

IpakTuyeckasi padora popmupyer:
I[IP610. yMeHue omepupoBaTh TOHATUSAMU: MHOTOTPAHHHUK, CEUEHHWE MHOTOIPaHHUKA, KYO,

napajiesienune1, pusMa, nupamuza, Gurypa u noBepXHOCTh BpalleHUs, LIWIMHIP, KOHYC, 1ap, cdepa,
ceyeHHss (UTYphl BpalleHMs, IJIOCKOCTh, Kacaromascs cdepbl, LUIMHIAPA, KOHYCa, IUIOIAIb
MOBEPXHOCTU MUPAMUJIBL, IPU3MBI, KOHYCa, IMJIMHAPA, IIIOMaas cPepbl, 00beM Kyda, IpsIMOYTOJIbHOTO
napajuiefienuneaa, NupamMuabl, IpU3Mbl, HWINHIPA, KOHYCA, 1apa; yMeHHe N300pakaTb MHOIOTPaHHUKH
Y TOBEPXHOCTHU BpAILIEHUs, UX CEYEHHS OT PYKH, C TOMOULIbIO YEPTEKHBIX HHCTPYMEHTOB M 3JIEKTPOHHBIX
CPEACTB; YMEHHE DACIO3HaBaTb CHUMMETPHIO B IPOCTPAHCTBE; YMEHHUE DACIO3HABATH IPABUIIbHBIC
MHOTI'OI'PaHHMKH;



[IP612. ymeHHE BBIYUCIATH TEOMETPUYECKHE BEIMYMHBI (JJIMHA, YTOJ, IUIOMAah, 00BhEM, IIJIOMIAIh
MOBEPXHOCTH), UCTIOJIB3Ys U3yUEHHBIE (POPMYIIBI U METO/BI;

[1P614. ymenue BbIOMpaTh NOAXOIAIMIMNA H3YYEHHBIH METOJ Ui PELIeHHs 3a/Ja4H, paclo3HaBaTh
MaTeMaTHueckue (akThl M MaTeMaTHUYECKHE MOJENIM B TPUPOAHBIX W OOLIECTBEHHBIX SIBICHHUSX, B
HUCKYCCTBE;, yMEHHE IIPUBOAUTH IIPUMEPBl MATEMATHUYECKUX OTKPBITUNA POCCUHCKOM M MHUPOBOU
MaTEeMaTHYECKON HAYKU;

I1Py14. ymenue cBOOOAHO OIEPUPOBATH MOHATUAMU: TOYKA, MpsMas, IUIOCKOCTb, MPOCTPAHCTBO,
OTPE30K, JIy4, IJIOCKUI YIroJl, IBYIPAHHBIA YIOJI, TPEXTPAHHBIN YroJl, IepECeKaroIuecs, apajuleIbHbIe U
CKPEILMBAIOIINECS TPSAMBIEC, MAPALIEIbHOCT, M IEPHEHIUKYIIPHOCTh INPSAMBIX M IUIOCKOCTEH, Yroj
MEXIY MpSIMBIMU, YTOJ MEXKIy NPAMONM U IJIOCKOCTBIO, YIOJ MEXIY IUIOCKOCTSMHU; YMEHHE
WCTOJIB30BaTh TMPU PEHICHUH 33/1a4 U3Y4YeHHBIC (DAKThl U TEOPEMBI IUIAHUMETPUH; YMEHHE OLIEHUBAThH
pa3Mepsl 0OBEKTOB B OKPYXKAIOIIEM MHUPE; YMEHHE ONEpUPOBATh MOHATHSIMU: MHOTOTPAHHUK, CEYECHUE
MHOTOTpaHHHKA, NPAaBWIBHBI MHOTOTPAaHHHK, MPU3Ma, MApaMuaa, GUrypa ¥ MOBEPXHOCTh BPALICHHUS,
LWINHAP, KOHYC, 1map, cdepa, pa3BepTKa MOBEPXHOCTH, CEUEHHsI KOHYCa U LIMIMHJPA, MapajuleIbHbIE OCH
WIA OCHOBaHMIO, CEYEHHUE Ilapa, INIOCKOCTh, Kacarowasics chepsl, IUINHIPA, KOHYCa; YMEHUE CTPOUTh
CeYeHHe MHOTOIrPaHHUKA, U300paxaTh MHOTOIPAHHUKH, (GUTYypbl U IOBEPXHOCTHU BPALICHUS, UX CEUEHUS,
B TOM YHCJI€ C OMOILBIO 3JEKTPOHHBIX CPEJCTB; YMEHUE IPUMEHATh CBOWCTBA T€OMETPHUECKUX (QUTYP,
CaMOCTOSITENTFHO (POPMYIIMPOBATH ONPEIEICHUS U3Y4aeMbIX (DUTYpP, BBIIBUTATh TUIIOTE3bI O CBOMCTBAX M
[IpU3HAKaX TIeOMETPUYECKUX (uryp, OOOCHOBBIBaTh MJIM OIPOBEpPraTb MUX; YMEHHE IPOBOAMTH
Kkinaccuukanuioo (Uryp MO pasIUYHBIM TPH3HAKAM, BBIMOIHATH HEOOXOAWMBIC JOMOJHUTEIHHBIE
IIOCTPOEHUS;

[TPy15. ymeHnue cBOOOJHO ONEpUPOBATh MOHATUAMU: IUIOMIAAb (PUTYpbI, 00beM (PUTYpBI, BEIMYMHA YIa,
paccTosHUE OT TOYKU JI0 TUIOCKOCTH, PACCTOSHUE MEXKIY IPSIMBIMHU, PACCTOSTHUE MEXY IUIOCKOCTIMH,
wiomaab chepsl, IUIOMAAb MOBEPXHOCTH NHpPaMHJIbl, MPU3MbI, KOHyca, IMJIMHApa, 0o0BbeM Kyoa,
IIPSIMOYTOJIBHOTO NapalieNIenuIeaa, MUpaMuIbl, PU3Mbl, IWIKHAPA, KOHyca, 11apa; YMEHUE HaXOAWUTh
OTHOIIEHHE 00BEMOB MOA0OHBIX QUTYP;

[1Py16. ymeHue cBOOOAHO ONEpUPOBATH MOHATUSAMU: ABM)KEHUE, ApaJUIEIbHBIN IEpEeHOC, CAMMETPUS Ha
IUIOCKOCTH U B MPOCTPAHCTBE, MOBOPOT, MpeoOpa3zoBaHUE MM0A00Ms, MOJO0OHbIE (UTYpBI; yYMEHHE
pacrno3HaBaTh paBHbIE U MM0100HBIE PUTYpBI, B TOM YHCJIE B MPUPOJAE, UCKYCCTBE, apXUTEKTypE; YMEHUE
HCIOJIb30BaTh T'€OMETPUYECKHUE OTHOIICHUS, HAXOIUTh TE€OMETPUYECKHE BEIWYMHBI (JJIMHA, YTrOJI,
IUI0IIab, 00BEM) IPH PEIIEHUH 3a]1a4 U3 APYIUX YUeOHBIX MPEIMETOB U U3 peallbHON )KU3HU;

[IPy18. yMeHne MoAenupoBaTh peallbHbIE CUTYallud HA S3bIKE MAaTEMATHKH; COCTABIATH BBIPAXKECHUS,
YPaBHEHUs, HEPABEHCTBA U MX CHCTEMBI IO YCIOBHIO 33Ja4yd, HUCCIENOBAaThb IOCTPOCHHBIE MOJEIHU C
UCMOJb30BAaHUEM  amnmapara anreOpbl, HHTEPNPETHPOBATH  IOJYYEHHBIH  pe3yibTaT; CTPOUTH
MaTeMaTHYeCKHUe MOJENU C MIOMOIIbI0 T€OMETPUYECKIX TOHATUN U BEJIMYMH, pElIaTh CBSI3aHHbIE C HUMU
MPaKTUYECKHE 3aJaud; COCTaBJISATh BEPOSITHOCTHYIO MOJIeIb W HMHTEPIPETUPOBATH MOJYyYEHHBIN
pe3yibTaT; pelmaTrh NPUKIAAHBIE 3aJadd CPEICTBAMM MATEMaTHYECKOTO aHalin3a, B TOM 4YHCIIE
COLIMAJIbHO-?KOHOMUYECKOT0 U (PU3MUECKOT0 XapaKkTepa;

[1Py19. ymenue BbIOMpaTh NOAXOMAMIMNA METOA JUI pEIleHHs 3aJa4yd; MOHMMaHUE 3HAYUMOCTH
MaTeMaTHKU B U3YYEHHM HPUPOAHBIX M OOIIECTBEHHBIX NPOLIECCOB M SIBICHUH; YMEHUE paclo3HaBaTh
IIPOSIBJIEHUE 3aKOHOB MATEMaTUKW B HCKYCCTBE, YMEHHE IPUBOAMTH NPUMEPHl MaTEMaTHYECKHX
OTKPBITUHA POCCUMCKON U MUPOBOM MaT€MaTUYECKOU HAYKH;

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Beibuparh cmocoObl pemieHust 3aaad MNpo(hecCHOHATBHOW JAEATENbHOCTH NPUMEHUTENBHO K



Pa3NUYHBIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA MOMCKA, aHANM3a M HMHTEPIpEeTalud HHPOpPMAIUH |

I/IH(bOpMaI_[I/IOHHBIe TCXHOJOI'NU JJIA BBIIIOJTHCHUA 3a4a4 HpO(beCCHOHaHBHOﬁ JCATCIIbHOCTH

OK 06 IlposiBiaTh TpaaaHCKO-TATPUOTUUYECKYIO MO3ULIKIO, JEMOHCTPUPOBATh OCO3HAHHOE IMOBEJICHUE
HAa OCHOBE TPATUIMOHHBIX OOIIEYETOBEYECKUX IEHHOCTEH, B TOM YHCIE C y4YeTOM TapMOHHU3AINU
MEKHAIIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIECHUH, MPUMEHSATh CTaHIAPThl AHTHKOPPYILUOHHOTO
MOBE/ICHUS

OK 07 CopneiicTBOBaTh COXpaHEHUIO OKPY)KAIOILIECH Cpelbl, pecypcocOepeKeHn 0, MPUMEHSATh 3HaHUS 00
W3MEHEHUU KIMMaTa, TMPUHIUIB OEepexIIuBOro Mpou3BOACTBA, 3(G(EKTHUBHO JeCTBOBATH B
Ype3BbIUANHBIX CUTYAIHSIX

OK 08 Hcmonb3oBarh cpenctBa (pU3WYECKON KyJbTYPhI JJII COXPAaHEHUS W YKPEIUICHUS 3I0POBbS B
nporecce MpohecCHOHATBHONW JEATETbHOCTH M TOJJAEPKaHUs HEOOXOJUMOTO YpPOBHS (U3NUECKOM
MOITOTOBJICHHOCTH

OK 09 TIlonb3oBaThcsi TpOQecCHOHATBHON MTOKYMEHTAIlMe Ha TOCYIapCTBEHHOM W HHOCTPAHHOM
S3BIKAX.

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

3aganue:

1.Haiinute 00beM NpaBUILHON YETHIPEXYTOJIBHOM MUpPaMU/Ibl, BICOTA KOTOPOH 4 CM, a MaroHaib
OCHOBaHUS 8 CM.

2. HaifTu DOMHYI0 MOBEPXHOCTh MpPSIMOM MNHUpaMHIbl, B OCHOBAHHUU, KOTOPOH JIEKUT
pPaBHOOEIPEHHBI TPEYTOJILHUK C OCHOBAaHMEM 5 c¢M M OOKOBBIMH cTOpoHamMu 6 cMm. BokoBeie pebdpa
nupamMusl 12 cm.

IImpammza — 5T0O MHOTOTPaHHUK, COCTaBJICHHBIN U3 N—YrOJbHUKA U N TPEYTOJIbHUKOB.

MHOroyrojabHUK - OCHOBaHUE MTUPAMU/JIbI, TPEYTOJIbHUKHU - 0OKOBbIE IPaHu C OOIIEH BEPIIMHOM,
Ha3bIBAEMOW BepIIMHOM mupaMuabl. [lepneHauKynsp, ONyIIEHHBI W3 BEPIIMHBI NHpaMHUAbI Ha €€
OCHOBaHUE, Ha3bIBAETCS BHICOTOM MUPAMMU/IBI.

[Tnomaab MoMHOM MOBEPXHOCTH MUPAMHUABL:  Spom = Sgox + Socn

\Y :1806H~H

O0bem nupamMubl:

Ilpagunvuaa nupamuoa

[InpamMna Ha3pIBaeTCsd NPABWJIBHOM, €CIIM €€ OCHOBAHHWE — IPABWIBHBIA MHOTOYTOJIBHHUK, a
OTPE30K, COEAUHSIONINN BEPIIMHY MMPaMUBbI C IEHTPOM OCHOBAHUS, SIBISIETCS €€ BBICOTOM.

Bce OokoBble pebpa mnpaBWIbHOW NUPAaMUIbl paBHBl, a OOKOBbIE TI'PAaHU SBISAIOTCS PaBHBIMU
PaBHOOEIPEHHBIMU TPEYTOJIbHUKAMHU.

Bricota ©0KOBOIl I'paHHM NpPaBUJIBHOM MUPAMU[bI, MPOBEACHHAs W3 €€ BEpIIMHBI, Ha3bIBAETCS
anogemoiu.

IInomans 00kOBOW MOBEPXHOCTH NPABWJILHOW NMHPaMUAbI paBHA IOJIOBUHE MPOU3BEACHUS
nepuMeTpa OCHOBAaHUS Ha anogemy.

S ZEP 0

6ok 2 ocH

IL1omaas MOJIHOM MOBEPXHOCTH NPABUWJIBHOM NMUPAMU/bI:
1

Som =S, +—=P-I
2

noJn OCH

Ilopsinok BbINOJHEHHSI PadOThHI:
1)BbINOIHUTE YepTexX
2)3amnucarb KpaTKo YCIOBHE 3aa4H



3) Odopmurts penieHue.

Xon padoThl:

3agaya 1: CropoHa OCHOBaHMS HpaBP(I)JIBHOﬁ YeTBIPEXyroJIbHOM mHpaMuabpl paBHa 4 cMm, a anodema
00pa3syer ¢ II0CKOCTBI0 OCHOBaHMs yroi B 60°. HaiiauTe miora/is MoiHoi MOBEPXHOCTH MUPAMUIBI

Pemenue:

5

)
EH =—BC=2
2
LESH =90°-60°=30°=> SE = 2EH = 4
1
\ N =4:4.24B+ AB' =2.4.4+4" =48 (cm?)

Oreet: 48 oM’

3agaua 2: OcHOBaHME TIMPaMUIBEI —pOMO, HaroHa kotoporo paBHbI 30 cMm 1 40 cM. BicoTbI GOKOBBIX
IpaHeid, POBE/ICHHbIE 13 BEPLIMHBI HPAMIIB], 00pasyioT ¢ BBLICOTON MHpaMup! yriib, pasibie 300, Haiimire o6bem

[UpPaMU/IBL.
Pemenne:
AC=40 = AH=HC =20

BD=30= BH=HD=~ 15
AB =20 15 =25

HE=%BC=|2.5

(I)opMa NpeaACTaBJICHUSA PE3yabTaTa: BEIIIOJIHCHHOC 3a/IaHUE

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €CiM padoTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOIEHHEM
HE0OXOIUMOM TIOCNEAOBATENHPHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBINIOJHEHBI BCE
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Hepouera.

Ouenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €clii pabOTa BHIMIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJISCT MOJYYUTh NPABUIBHBIE PE3YyIbTaThl U BBIBOJBI, B XOJI€
MpOBeIeHUS pabOTHI OBUTN IOMYIEHb! OLITHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOJTHEHHON 9acTH PaOOTHI HE MO3BOJISET CAENATh MPABIILHBIX BBHIBOJIOB.

Tema 4.3 MHOrorpaHHMUKHU M KPYIJible TeJia



IIpakTuyeckoe 3ansitue Ne 46, 47
«Perenue 3a1a4 Ha BbIYHCIeHHE 00bEMOB M TOBEPXHOCTEl MHOTOrPAHHUKOBY

Heap paborbi: HayuuThcs pemath 3agadyd  Ha BBIYHCICHHE OOBEMOB M TMOBEPXHOCTEH
MHOT'OTPaHHUKOB.

IIpakTuyeckas padora popmupyer:
I[IP610. yMmeHue omnepupoBaTh TMOHATUSMU: MHOTOTPAHHHUK, CEYEHHE MHOTOrpaHHUKA, KYO,

napajiesienunel, pu3Ma, nupaMuza, Gurypa u moBEepXHOCTh BpaLIeHUs, LWIMHIP, KOHYC, 1ap, cdepa,
cedyeHHss (UTYphl BpALICHUSA, IJIOCKOCTh, Kacalomascs cdepbl, NUIMHIPA, KOHYCa, IUIOIAIb
MOBEPXHOCTU MHPAMHUJIBI, TIPU3MBI, KOHYCa, IIMIMHAPA, TUIOMaab chepbl, 00beM KyOa, IpSIMOYTOIbHOTO
napajiesienunes1a, MMpaMuIbl, TPU3MBI, IIMIUHIPA, KOHYCA, Iapa; YMEHHE U300pakaTh MHOTOTPAaHHUKH
U [IOBEPXHOCTHU BPAILEHUS, UX CEYEHUS OT PYKH, C IIOMOIIBIO YEPTEKHBIX HHCTPYMEHTOB U JIEKTPOHHBIX
CPEICTB; yYMEHME paclO3HaBaTh CUMMETPUIO B IIPOCTPAHCTBE; YMEHHUE PACIIO3HABaTh IPaBUJIbHbBIE
MHOT'OTPaHHUKU;

I1P612. ymeHMe BBIUUCIATH T€OMETPUYECKHUE BEIMYMHBI (AJIMHA, YroJl, IUIOMIA[b, O0bEM, IUIOIAIb
MIOBEPXHOCTH), UCIIOJIb3Yys U3YUEHHbBIE (POPMYJIIbI U METOIBL;

[1P614. ymenue BbIOMpaTh MOAXOIAMIMN HW3YYEHHBIH METOJ Uil PEIICHHsS 33aJa4yH, paclo3HABaTh
MaTeMaThuyeckue (akThl U MaTEMaTHYECKHE MOJIEIM B NPUPOJHBIX U OOILECTBEHHBIX SIBICHUSAX, B
HUCKYCCTBE;, yMEHHE IPUBOAUTH IIPUMEPBI MATEMATHYECKUX OTKPBITHA POCCUUCKOW M MHUPOBOMU
MaTEeMaTUYECKON HAYKU;

[1Py14. ymenue cBOOOAHO OIEPUPOBATH MOHATUAMU: TOYKA, IpsMas, IUIOCKOCTb, IMPOCTPAHCTBO,
OTPE30K, JIy4, IJIOCKUH YroJl, IBYITPAHHBIA YToJI, TPEXTPAHHBIN YIroJl, IepECEKaroIUeCs, apajlleIbHbIE U
CKPEILMBAIOIINECS TPSAMBIE, MApalIEIbHOCTh M NEPINEHIUKYISIPHOCTh MNPSMBIX M IUIOCKOCTEH, Yroi
MEXIY MpSIMBIMU, YTOJ MEXKIAYy MNPAMOH UM IIIOCKOCTBIO, YTOJ MEXIy IUIOCKOCTSIMM; YMEHHE
UCIOJIb30BaTh MPH pEIICHUU 3a/lad U3y4yeHHbIe (DaKThl U TEOpPEMbl IUIAHMMETPHUH; YMEHHUE OLIEHHBATh
pa3Mepbl 0OBEKTOB B OKPYIKAIOILEM MHUPE; YMEHHE ONEepPUPOBATH MOHATHUSAMHU: MHOTOIPAaHHHUK, CEYEHHE
MHOTOTpaHHMKA, MPaBUIbHBIA MHOIOIPAaHHUK, NpU3Ma, MUpaMuia, GUrypa u MoBEPXHOCTh BpAIICHHUS,
LUWIMH]P, KOHYC, ap, cdepa, pa3BepTKa NOBEPXHOCTH, CEYEHHS KOHYCa U IIWJINHAPA, apaiedbHble OCH
WIA OCHOBaHMIO, CEYEHHUE I1apa, INIOCKOCTh, Kacawomasics chepsl, UINHIPA, KOHYCa; YMEHUE CTPOUTh
CeueHHe MHOTOIPaHHUKA, U300pa)aTh MHOTOIPAaHHUKH, (PUTYpHI M TOBEPXHOCTH BpAIICHUs, UX CEUEHMUS,
B TOM YHCJI€ C IOMOIIBIO 3JEKTPOHHBIX CPEJCTB; YMEHUE MPUMEHATh CBOMCTBA T€OMETPUUECKUX (UTYP,
CaMOCTOSITENILHO (POPMYJIMPOBATh ONPENEICHUS N3y4aeMbIX (UTYp, BBIIBUTaTh TUIOTE3bl O CBOMCTBAX U
MpU3HAKaX TEOMETPUYECKUX (Uryp, OOOCHOBBIBaTh WM ONPOBEPraTh MX; YyMEHHE NPOBOJIUTH
KJaccupuKaluuoo ¢GUryp MO pa3IUdyHbIM MpPHU3HAKaM, BBINOJIHATH HEOOXOJUMbIE OMOJIHHUTEIbHbBIE
ITOCTPOEHHS;

[1Py15. ymenue cBoOOIHO OnepUpoOBaTh NOHATUAMU: IJIOMAAb PUTYPbI, 00beM (UTYpHI, BEIMYUHA YTIIa,
paccTostHUuEe OT TOYKHU [0 IJIOCKOCTH, PACCTOSIHUE MEXKIY IPSAMBIMHU, PACCTOSTHUE MEXKIY IUIOCKOCTAMU,
wiomaab cpepsl, IUIOMAAb IMOBEPXHOCTH NHPaMMJbI, NPU3MBI, KOHYycCa, IMIMHApa, 00BeM Kyoa,
IIPSIMOYTOJIBHOTO NapajlieNIenuIeaa, NUpaMuIbl, IPU3Mbl, IWIKHAPA, KOHyca, [1apa; yMEHUE HaXOAWUTh
OTHOIIIEHHE 00BEMOB MOI00HBIX QUTYP;

[1Py16. ymeHue cBOOOIHO OMEepUpPOBATH MOHATUSAMU: ABM)KEHUE, TApaJUIeIbHBIN IEpeHOC, CAMMETPUS Ha
IUIOCKOCTH U B TMPOCTPAHCTBE, MOBOPOT, MpeoOpazoBaHUE MOA0OMS, MONOOHBIE (UTYpBI; yMeEHUeE
pacrio3HaBaTh paBHbIE M [10JJ0OOHBIE (UTYpBI, B TOM YHUCIIE B IPUPOJE, UCKYCCTBE, ApXUTEKTYPE; YMEHUE
UCIOJb30BaTh TE€OMETPUUYECKHE OTHOILEHHS, HAaXOAUTh TIE€OMETPUYECKHE BEJIWYMHBI (IJIMHA, Yrod,
IUI0INAb, 00BEM) IPU PEIIEHUH 3a/1a4 U3 APYrHX Y4eOHBIX MPEIMETOB U U3 peallbHON )KU3HU;



[TPy18. yMeHue MoIenupoBaTh peajibHbIC CUTyalldd Ha S3bIKE MAaT€MaTHUKHU; COCTABISATH BBIPAKEHUS,
yYpaBHEHHUS, HEPABEHCTBA M HUX CHCTEMbI IO YCJIOBHIO 3aJa4M, UCCIIEIOBATH MOCTPOEHHBIE MOJEIH C
UCIOJIb30BAHMEM  ammapara anreOppl, HHTEPIPETUPOBATH MOJYYEHHBIM  pe3yiabTaT; CTPOUTH
MaTeMaTUYeCKUEe MOJICNIA C TOMOIIBIO TEOMETPUUYECKUX MOHATUN M BETUYHH, PEIIaTh CBA3aHHbIE C HUMHU
MPaKTUYECKUE 3a7aud; COCTABJISATH BEPOATHOCTHYIO MOJEIb W HMHTEPIPETUPOBATH MOJYUYCHHBIN
pe3yibTaT; pelarh NPUKIAAHBIE 3aJadyd CPEICTBAMM MAaTeMaTHYECKOTO aHajliu3a, B TOM 4YHCIE
COLIMAJIbHO-9KOHOMUYECKOTO U (PU3HUECKOro XapakTepa;

[IPy19. ymenwe BbIOMpATh NOAXOAAIIMNA METOM I pEIICHUS 3aJaud; NOHMMaHUE 3HAYMMOCTHU
MaTEMaTHKU B U3YYEHHM MPHUPOJHBIX U OOILIECTBEHHBIX MPOIECCOB M SBIICHUIN; YMEHUE PACIO3HABATh
MPOSIBJICHUE 3aKOHOB MaTeMaTUKU B MCKYCCTBE, YMEHHME NPUBOAUTH IPUMEPhl MaTEMaTUYECKHUX
OTKPBITHUHA POCCUMCKON U MUPOBOM MaT€MaTUYECKOU HAYKH;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeiOupars crnocoObl pemieHust 3afad Npo(ecCHOHANbHOM IesITeNbHOCTH HPUMEHHMTENbHO K
Pa3IMYHBIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CPEICTBA TOWCKA, aHAJIM3a M HMHTEPIPETAul HH()OpMAIUH |

PIH(bOpMaI_II/IOHHLIC TCXHOJOI'NU JJIA BBIIIOJIHCHUA 3a4a4 HpO(i)eCCHOHaHLHOﬁ ACATCIIBHOCTH

OK 06 TlposiBnaTh Tpa)xaaHCKO-TATPUOTUUYECKYIO TO3UIIMIO, JEMOHCTPUPOBATh OCO3HAHHOE IOBEJICHUE
Ha OCHOBE TPAJAMLMOHHBIX OOIIEUEIOBEUYECKUX IIEHHOCTEH, B TOM YHCJIE C Y4YETOM TapMOHHU3ALUU
MCKHAIIUOHAJIBHBIX W MCKPCIUTMO3HBIX OTHOIHGHI/II\/JI, MNPUMCHATL CTAaHAAPTBI AHTHKOPPYIIHMOHHOI'O
MIOBEJICHUS
OK 07 CopnelicTBOBaTh COXpAaHEHHUIO OKPYXKAIOLIEH cpeibl, pecypcocOepeKeHNIo, IPUMEHSTh 3HaHUs 00
M3MEHEHMH KJIMMara, MPUHLUIB OEpeXIMBOrO IMPOU3BOACTBA, 3(PPEKTHUBHO JIEHCTBOBAaTH B
‘-IpC?;BI)I‘-IaI\/'IHI)IX CUTyalusx
OK 08 Hcmonp3oBaTh cpeAcTBa (PU3MUECKOW KYJIBTYpPbI Ui COXPAHEHUS U YKPEIUJIEHHs 3710pOBbsS B
npouecce MpodeccnoHabHON JEesATeNbHOCTH M MOJAJEP’KaHUS HEOOXOIMMOro YpOBHS (pU3MUEeCKOU
MIOATOTOBJIEHHOCTH
OK 09 Ilonb3oBarbcsi npo(hecCHOHATBHOW JOKyMEHTAllMeW Ha TOCYJapCTBEHHOM M WHOCTPaHHOM
A3BIKAX.

[IK 2.1 BpIMOnHATH pacyeTbl NapaMeTpoB TEXHOJOTMYECKUX MPOIECCOB 0OpadOTKH METAJIOB
JaBlieHHEM, paboThl 000PYOBaHUS, XapaKTEPUCTHUK UCXOTHBIX 3arOTOBOK U METAJJIONPOAYKIIMH.

MarepuajbHoe obecnedeHne:
I/IH)II/IBI/II[yaHI)HI)IG 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3aganue:

1. Omnpenenure Bua u Haiaute nepumerp cedenus kyb6a ABCIA;1B1Cili miockocTsio,
npoxopsmien uepes peopo A1lly u cepenuny pedbpa BB1, ecniu qimHa peGpa kyda paBHa § cm.

2. Omnpenenute BHUA U HaiWgure nepumerp ceueHuss kyba ABCJ/IA1Bi1Ci/li miockoctslo,
npoxopsmient uepe3  Touku A, Jl u cepequny pedpa CCi, ecnu aimmHa pedpa kyda paBHa 4 cM.

3. Haiigute ruiomaabr MoBepXHOCTH paboyeil AeTanu, n300paXeHHOM Ha pUCYHKe (Bce ABYIpaHHbIE
YTJIBI TIPSIMBIE).
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5. TpebyeTcst ycTaHOBHUTH pe3epByap ISl BOJbI eMKOCThIO 15 M3 Ha muomaake pasmepom 4,5 M X
3,75 m, ciykaiei uist Hero JHoM. Haliure BBICOTY pe3epByapa.

IMopsioKk BBHINOJIHEHUS PA0OTHI:
1) BbIIOTHHUTE YEPTEK
2) 3amucarh KpaTKO YCJIOBHE 3a/1a41
3) Odopmurs perieHue 3aaaun
Xox pabdoThI:
3anaua 1: [lan xy06 ABC/[A1B1Cy/[1. Jlokaxure, uto ceueHue Kyda rockoctbio A1C1K, rae Touka
K - cepenuna /[C - Tpanerusi.
B, c,

A D
Pemenue: MK]||A;C;, motomy uro (A3/]1C1) mapamnensHa (AHC), a MK wu A;Ci - JOWHUH
nepeceyeHus: 3Tux miockocreid. MK||A1Cy, AlMJJr C1K, MK#A,C,, 3naunt MA1C1K - Tpamenusi.
3apava 2:

Han xy6 ABC/[A1B1Ci/11. Jokaxure, 9To ceueHune Kyba miockocTbio A181K - mapannenorpamm.

4, B,

p& % A
Pemenne: (AA1B1)||(A11C), o A1B1||/IC u A1B1=/C. (AA/1)||(BB1C1), T0 A/||B1C, 3Hauut
A1B1C/ - mapannenorpamm.
3agaua 3:



Haiigure momaap moBepxHOCTH pabodeit AeTanu, n300paKEHHOM Ha pUCYHKE (BCE IBYTpaHHBIC
YTJIBI TIPSIMBIE).

Pemenue: [Tnomanp MoBEpXHOCTH 33JaHHON JCTAIHU -3TO IUIOIIAh MHOTOIpDAaHHUKA, paBHA
Pa3HOCTH ILJIOIIA/U MIOBEPXHOCTH MPSIMOYTOJIBHOTO Mapajuiesienumnena ¢ peopamu 2, 4, 5 u 1Byx
IIoIIaiel KBaIpaToB CO CTOPOHOM 1:

2x4x54+2%2x54+2x2x4—-2x1x1="74
OtrBerT: 74.

3agaua 4:
Haiigure o6beM paboueit netanu, n300pakeHHON Ha pUCYHKE (BCe ABYTPAHHBIE YIJIbI MPSMBIE).
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Pemenne: O0beM TaHHOM eTaii paBeH 00beMy MHOTOI'PaHHUKA U PaBEH Pa3HOCTH 00bEMOB

napajuienenunenon ¢ peopamu 3,4,4u 1,1, 1
V=V1-V2=3%x4x4—-1x1x1=47

Ortsert: 47

3agaya S:

Tpebyercst ycTaHOBUTH pe3epByap Uit BoJbl eMKocThio 10 M3 Ha mutomazke pasmepom 2,5 m x 1,75
M, cayXaiei uisg Hero fHoM. Haiiute BBICOTY pesepByapa.

Pewmenne: IInomans nuaS = 2,5 % 1,75 = 4,375kB.M. Tak kak V = S * h, TO

V_ 10
h =—-—=——==229 M.
S 4,375

®opma npeacraBiaeHus pe3yJabTaTa: BHIIOJHEHHOE 33 JaHHE.

Kpurepum ouenku:

Ouenka "oTau4HO" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM 00BEME C COOIOJIEHUEM
HEOOXOMMOM TOCIIEeI0BaTeILHOCTH JIEUCTBHI; B OTBETE MPABWJIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ouenka "'xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOMYIIEHBI
2-3 HemoueTa.

Ouenka "yI0BJI€TBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBINMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NPaBUJIbHBIE pPE3YylbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PAaOOTHI OBUTH JOTYIIEHBI OITHOKH.



OueHka ""Hey10BJI€TBOPUTEIbHO'" CTaBUTCS, €CIIH padOTa BBHIMIOJIHEHA HE MOJHOCTHIO UITH 00BEM
BBITIOJTHEHHON YacTy pabOThHI HE MO3BOJISET CAENaTh MPABUIIbHBIX BBIBOJIOB.

Tema 4.3 MHOrorpaHHMUKHU M KPYIJible TeJia
IIpakTuyeckoe 3ansaTue Ne 48
«Pemenne 3a1a4 Ha UWJIMHAP, KOHYC map u cgepy»
Heanb padoTni: HayunThes pemiars 3aj1auv ¢ HHJIMHAPOM

IIpakTnyeckas padora ¢popmupyer:
I[IP610. yMmeHue omnepupoBaTh TMOHATUSMU: MHOTOTPAHHHUK, CEYEHHE MHOTOrpaHHUKA, KYO,

napaiesienunei, pu3Ma, nupaMuza, Gurypa u MoBepXHOCTh BPALICHUs, IWIHHIP, KOHYC, 1ap, cdepa,
ceuyeHHss (UTYpHl BpALICHHSA, IUIOCKOCTh, Kacalomascs cQepbl, NUIHNHAPA, KOHYCa, IUIOIAIb
MOBEPXHOCTU MHPAMHUJIBI, TIPU3MBI, KOHYCa, IIMJIMHAPA, TUIOMmaab chepbl, 00beM KyOa, IpSIMOYTOIBHOTO
napaiesienune1a, MAPaMHIbl, TPU3MBI, IIITUHIPA, KOHYCA, apa; YMEHHE H300pakaTh MHOTOTPAaHHUKH
U [IOBEPXHOCTHU BPAILEHHUS, UX CEUEHUS OT PYKH, C IOMOIIBIO YEPTEKHBIX HHCTPYMEHTOB U DJIEKTPOHHBIX
CPEICTB; YMEHME paclO3HaBaTh CUMMETPUIO B IIPOCTPAHCTBE; YMEHHUE PACIO3HABaTh IPaBUJIbHbBIE
MHOTOTpaHHUKU;

I1P612. ymeHMe BBIUMCIATH T€OMETPUYECKHE BEIMUYUHBI (AJIMHA, YroJl, IUIOIIAb, O0bEM, IUIOIIAAb
MOBEPXHOCTH ), UCTIOJIB3Ys U3ydEHHBIE (POPMYIIBI U METO/BI;

[1P614. ymenue BbIOMpaTh MOAXOIAMIMN HW3YYEHHBIH METOJ Uil PEIICHHsS 33aJa4yH, pacIo3HABaTh
MaTeMaThuyeckue (akThl U MAaTEMaTHYECKHE MOJIEIM B NPUPOJHBIX U OOILECTBEHHBIX SIBICHHUSX, B
HUCKYCCTBE;, yMEHHE IPUBOAUTH IPUMEPBI MAaTEMaTU4YECKUX OTKPBITUA POCCUHCKOM W MHUPOBOHU
MaTeMaTHYECKOU HAYKH;

[1Py14. ymeHue cBOOOAHO ONEPUPOBATH MOHATHAMHU: TOYKA, MpsMas, IUIOCKOCTb, IMPOCTPAHCTRBO,
OTpPE30K, JIy4, IJIOCKUM YroJl, IBYIPAHHBIA YToJI, TPEXTPAHHBIN YIroJl, IEpECEKaoLUECs, apajlleIbHbIE U
CKPEIIMBAIOIINECS TPSMBIE, MApaUIEIbHOCTh M NEPHEHIUKYISIPHOCTh MNPSAMBIX M IUIOCKOCTEH, Yroi
MEXIY NPAMBIMH, YTOJd MEXAY IPSIMOM M IUIOCKOCTBIO, YrOJI MEXAY IUIOCKOCTAMM; YyMEHUE
UCIOJIb30BaTh MPH pEIICHUU 3a/lad U3ydyeHHbIe (DAaKThl U TEOpPEMbl IUIAHUMETPUM; YMEHHUE OLIEHHBATh
pa3Mepsl 0OBEKTOB B OKPY’KAIOLEM MHUpPE; YMEHHE ONEpPUPOBATH MOHSATUSMHU: MHOTOIPAHHUK, CEUCHHE
MHOTOTpaHHMKA, NMPaBUIbHBIA MHOTOIPAaHHUK, NpU3Ma, NMUpaMua, GUrypa u MoBEpXHOCTh BpAIICHUS,
LHWIMH]IP, KOHYC, 1Iap, cdepa, pa3BepTKa OBEPXHOCTH, CEYEHHS KOHYCa U [WJINHAPA, apauieIbHble OCH
WIM OCHOBaHMIO, CEYEHHUE Ilapa, IIOCKOCTh, Kacawomasics chepsl, IUIUHIPA, KOHYCa; YMEHHE CTPOUTh
CeyeHHe MHOTOIPaHHUKA, U300pakaTh MHOTOIPAaHHUKH, (UTYpHI ¥ TTOBEPXHOCTH BpAICHUs, X CEUCHMUS,
B TOM YHCJI€ C TOMOIIBIO 3JEKTPOHHBIX CPEJCTB; YMEHUE MPUMEHITh CBOMCTBA T€OMETPUUECKUX (UTYP,
CaMOCTOSITENTLHO (POPMYJIMPOBAThH ONPENIEICHUS N3Y4aeMbIX (DUTYp, BBIIBUTATh TUIOTE3bI O CBOMCTBAX U
MpU3HAKaX TIEOMETPUYECKUX (Uryp, OOOCHOBBIBaTH WM ONPOBEPraTh MX; yMEHHE NPOBOJIUTH
KJaccupuKaluroo ¢GUryp MO pa3IUdyHbIM MpHU3HAKaM, BBINOJIHATH HEOOXOJUMBIE JIOMOJHUTENbHbIE
ITOCTPOEHHS;

[1Py15. ymenue cBoOOJHO OnepUpoOBaTh MOHATUSAMU: IJIOMAAb PUTYPbI, 00beM (UTYpBI, BEIUYUHA YTIIa,
paccTostHUEe OT TOYKHU [0 IFIOCKOCTH, PACCTOSIHUE MEXKIY IPSAMBIMHU, PACCTOSTHUE MEXIY IUIOCKOCTSAMU,
wiomaab cpepsl, IUIOMAAb IMOBEPXHOCTH NHpPaMMJbI, NPU3MBI, KOHyca, IMJIMHApa, 0o0BbeM Kyoa,
IIPSIMOYTOJIBHOTO NapajuleNienuIeaa, NUpaMuIbl, IpU3Mbl, IWIKHAPA, KOHyca, [1apa; yMEHUE HaXOAWUTh
OTHOIICHHE 00BEMOB MOI00HBIX PUTYP;



[TPy16. ymeHnue cB0OOOIHO ONIEPUPOBATH MOHATUSAMU: JIBI)KCHHE, MTApaUICIbHBINA MIEPEHOC, CAMMETPHS Ha
IUIOCKOCTH W B MPOCTPAHCTBE, MOBOPOT, IpeoOpa3oBaHUE NOA00MS, MOAOOHBIE (UTYpHI, yMEHHE
pacrio3HaBaTh paBHbIC U MOJI00HBIE (PUTYPHI, B TOM YHUCIIE B IPUPOE, HCKYCCTBE, apXUTEKTYpE; YMEHUE
UCTOJIb30BaTh TEOMETPUYECKHE OTHOIICHHS, HAXOJUTh TE€OMETPUYECKHE BEIWYHMHBI (AJUHA, YTOI,
IUIOIIAb, 00BEM) IPU PEIICHUH 3a]1a4 U3 APYTHX YUeOHBIX MPEIMETOB U U3 PEalbHOU KU3HU;

[1Py18. yMmeHue MoAenupoBaTh pealibHble CUTYallMd Ha S3bIKE MAaTEMaTHUKU; COCTABIIATH BBIPAKEHUS,
ypaBHEHHUSI, HEPABEHCTBA U MX CHCTEMbI 10 YCIIOBHUIO 3aJ[aud, UCCJIENO0BaTh MOCTPOCHHBIE MOJEIH C
UCIOJIb30BaHWEM  ammapaTa anreOpbl, MHTEPIPETUPOBATH MOJYYEHHBIM  pe3yabTaT; CTPOUTH
MaTEeMaTHYeCKHUe MOJEINU C MOMOIIbI0 T€OMETPUUECKHUX MOHSATUI U BEJMYMH, PEllaTh CBSI3aHHbIE C HUMU
NPAaKTUYECKHE 3a/1a4M; COCTABIATh BEPOSTHOCTHYIO MOJENb M HHTEPIPETHPOBATH IMOTYyYSHHBIN
pe3ysibTaT; pelarbh NPUKIAJHBIE 3aJaud CpPEACTBAMM MaTeMaTHYECKOI'0 aHalli3a, B TOM UHUCIE
COIIMANIEHO-9KOHOMHYECKOTO U (PH3HMUECKOTO XapaKTepa;

[1Py19. ymenue BBHIOMpaATh MOAXOMAIIMNA METOA JUIA pEIICHHs 3aJa4yd; [OHMMaHUE 3HAUYUMOCTH
MaTEMAaTHKU B U3YYCHHH MPHUPOAHBIX M OOIIECTBEHHBIX MPOIIECCOB M SBICHUHN; YMEHHE PaclO3HABaTh
MPOSIBIICHUE 3aKOHOB MAaTEMaTUKU B HCKYCCTBE, yMEHHE MPUBOAUTH MPUMEPbl MaTeMaTHYECKHX
OTKPBITUNA POCCUIICKOM U MUPOBOM MaTeMaTUYECKOU HAYKH;

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeiOupars crnocoObl pemnieHus 3aaay Npo(ecCHOHAIbHOM AEATENbHOCTH IPUMEHHMTENBHO K
Pa3IUYHBIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA TOWCKA, aHAJIM3a M HMHTEPIPETAlul HH()OpMAIMH |

I/IH(l)OpMaHI/IOHHI)IC TCXHOJOT'MH JJIs BBIIIOJHCHUSA 3aJa4 HpO(i)eCCI/IOHaJII)HOI;'I JACATCIBHOCTH

OK 06 IIposBAATH rpa)kAaHCKO-NATPUOTUYECKYIO MO3UIMIO, IEMOHCTPUPOBATh OCO3HAHHOE MOBE/ICHUE
Ha OCHOBE TPAJHMIMOHHBIX OOIIEUENIOBEUYECKUX IICHHOCTEH, B TOM YHCJIE€ C y4YETOM TapMOHHU3AIUH
MEXHAI[MOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHJIApThl AHTHUKOPPYILHMOHHOTO
TTOBEICHUS

OK 07 CopnelicTBOBaTh COXpPAaHEHUIO OKPYXKAIOLIEH Cpefibl, pecypcocOepeKeHn o, IPUMEHATh 3HaHUsA 00
W3MEHEHWH KJIMMara, TMPHHOUIB OEpeXIMBOTO TPOM3BOACTBA, J(PPEKTHBHO JIEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 Hcmnonb3oBarh cpeactBa (pU3M4ecKod KyJabTyphbl AJII COXPAHEHUS M YKPEIUIEHUs 370pOBbS B
nporecce MpophecCUOHATBHOW JEeATETbHOCTH M MOJJEpKaHUs HEOOXOJUMOIo YpPOBHS (U3NYECKOM
MOJITOTOBJICHHOCTH

OK 09 TIlonb3oBaThCcst MpoQecCHOHaNbHON MOKyMEHTAllMed Ha TroCyJapCTBEHHOM M HMHOCTPAaHHOM
SI3BIKAX.

MarepuanbHoe o0ecnieyeHme:
NHauBuayanbHble 3aaHNs], CIPABOYHBIE MAaTEpUAbl, KOHCIIEKTBI JIEKIIH.

3aganme:
1.06vem mumuaApa 120 CM2, ero BeicoTa 3,6 CM.
Haiitu paguyc nunusapa.
2. Bricora konyca 12cwm, pagmyc ocHoBanus 10cM. KoHyc mepecedeH IIOCKOCTBIO Tak, 4TO B
CEUEHUU NOJyYnIcs TpeYroiabHuK. Haliaure paccTosHUE OT 3TOT0 CEUEHUS 10 OCH.
3.PaccrosiHrie OoT meHTpa miapa 10 CeKyIeH TIOCKOCTH PaBHO 8 M, a PaJiyC CEYeHHS IUIOCKOCTHIO
paBeH 6 M. Haiinute paguyc mapa.

Huanuap — Teno, moJydyeHHOE MPH BpaLICHUH MPSMOYTOJbHHKA BOKPYT OCH, COZAepXalleld ero



CTOPOHY.

Kpyru Ha3pIBalOTCSI OCHOBAHMSAMM UMJMHAPA, a OTPE3KH, COECAMHSIONIME COOTBETCTBYIOIINE
TOYKHA OKPYKHOCTEH ATHUX KPYroB — O0pPasylIUMMHM UWJIMHApPA. Y UWIMHApPAa OCHOBAaHUS PaBHBI U
napajuieNbHbl U 00pa3yrolIKe TakKe PaBHbI U MapaljielIbHbl MEXKIY COOOM.

Ocbl0 NWIMHAPA Ha3bIBaeTCs MpsAMas, MPOXOJAlas 4epe3 LEHTPbl OCHOBAHWM, MapajuielbHas
00pa3yromum.

bokoBasi moBepXHOCTh LMJMHAPA — OTO IOBEPXHOCTh, IOJYYECHHAs OT BpPAIICHUS CTOPOHBI
MPSAAMOYTOJIBHUKA, TAPAJLIEIbHON OCH LUIUHAIPA.

BbicoTOl UMWIMHApPAa HA3bIBAECTCS PACCTOSHUE MEXKIY OCHOBAaHUSAMM UWIMHApa. Pagumycom
LUAJIMHIPA HA3bIBAETCS PAIUYC €r0 OCHOBAHUSI.

Huauuap Ha3pBaeTCs NPSAMBIM, €CIH €ro o0pa3yrolue MNePHeHAUKYISPHBI IIOCKOCTSIM
OCHOBaHMM.

S. =2aRh;

6ok

[Tnomans 60KOBOI MOBEPXHOCTH:
[Inomaae MOTHONW NOBEPXHOCTH:
Srom = Soor +2S,,, = 2R+ 27R;

NOJH

S =2R(h+R)

NOJIH

O6beM mummHapa: vV = R*h.

Ceuenue yununopa — purypa noiaydeHHas B IepeceyeHUH LIHINH/IPaA III0CKOCTHIO.

Ceudenue, MpoxosIIee Yepe3 OCh IIINHAPA, HA3BIBACTCS 0Ce8biM CedeHueM 1 TIPEICTABIAET COO0H
IIPSIMOYTOJIBHUK.

Ecnu cexyimas miaockocTh NEPIEHANKYISPHA K OCU LIINHAPA, TO CEYEHUE SBISETCSI KPYTOM.

Konyc

PaccmoTpuM OkpykHOCTH ¢ 1IeHTpoM B Touke O u npsmyro OP, neprneHukyispHyo K IIJI0CKOCTH
9TOW OKpYXHOCTH. KaxIyro TOYKy OKpYKHOCTH cOoeIMHUM C Todykol P otpeskom. IloBepxHOCTS,
oOpa3oBaHHasi 3TUMHU OTPE3KaMU, Ha3bIBAETCS KOHUYECKOM, a CaMH OTPE3KU — 00pa3yoIUMHU KOHYCA.

Teno, orpaHMueHHOE KOHUYECKOH MOBEPXHOCTHIO U KPYIOM, Ha3bIBaeTCs KOHYCOM (puc. 2.2).

Konnyeckas noBepXxHOCTh — 00KOBasi MOBEPXHOCTh KOHYCAa, KPYT — OCHOBaHHe KOHYyca, Touka P —
BepIIMHA KOHYcCa, 00pa3yroline KOHMYECKOW MOBEPXHOCTH — ofpa3ylomme KoHyca. Bece oOpasyromue
KOHyca paBHbI Japyr Apyry. Ilpsmas OP, mpoxopsimias uepe3 LIEHTP OCHOBAaHHS M BEPIIMHY KOHYcCa,
Ha3bIBAETCSI 0CbI0 KOHyca. OcCh KOHyca NEpIEHIUKYJIsApHa K IUIOCKOCTH OcHoBaHusA. Otpezoxk OP
HAa3bIBAETCS BBICOTOM KOHYCA.

Ecnn cekymasl ImiIocKOCTh MPOXOJIUT 4YEPE3 OChb KOHYCA, TO IOJYYEHHOE CEUEHHE Ha3bIBACTCS
0CEBbIM CeYEeHHEM.

IIpoBeném cexylyro IMIOCKOCTh NEPIEHIUKYIIPHO K OCH KOHyca. JTa INIOCKOCTh NEPECEKAETCS C
KOHYCOM M0 KpPYT'y M pa30uBaeT KOHyc Ha JBe yacTH. OJHa W3 yacTel mpeAcTaBisieT coOOl KOHYC, a
Apyrasi Ha3bIBaeTCs yce4éHHbIM KOHYcoM. (V300pa3ute yceu€HHBIN KOHYC camocTosTenbHO. [locTpoiite
00pa3yromyto, BBICOTY.)

Cdepoii Ha3bIBaeTCS MOBEPXHOCTD, COCTOAIIAS M3 BCEX TOUEK IIPOCTPAHCTBA, PACIOJOKEHHBIX Ha
JAHHOM pAcCTOSIHUM OT JIaHHOM TO4YKHW. JlaHHasg TodYKa Ha3bIBAETCS WEHTPOM cdepbl, a JaHHOE
paccrosHue — paamycoM cgepbl. OTpe30K, COSAMHSIONMMI JBE TOUYKH cepbl U MPOXOIAIIUN depes
LEHTp, Ha3bIBaeTCsl AuaMeTpoM. Teno, orpaHnueHHOe c(hepoil, Ha3bIBACTCS LIAPOM.

[Ilap MOXHO NOJYyYUTh NPU BpaIlEHUU IOJIYKpyra BOKpPYr Auamerpa. I'paHuneil mapa ciayXuT
chepa.

[Tnockocth, uMeromas co cgepoil TOIBKO OJHY OOIIYI0 TOUKY, HAa3bIBaeTCs KacaTebHOM
IVIOCKOCTBIO K cdepe. Paamyc cdepsl, mpoBen€HHbII B TOUKy KacaHusi chepbl W TUIOCKOCTH,
NIEPIEHIUKYIIAPEH K KacaTeIbHON TUIOCKOCTH.

Ceuenne miapa, Mpoxojsliee 4epe3 IEHTP, Ha3blBaeTCs OOJbIIMM KPYroMm, HE MpPOXOsllee —
MaJbIM Kpyrom LleHTp GoJbIIOro Kpyra COBMagaeT ¢ LEHTPOM Iapa, a IEHTP MaJoro Kpyra sBIseTcs
OCHOBaHHUEM IMEPIEHANKYJIIAPA, OMYIICHHOIO U3 LIEHTPA 11apa Ha INIOCKOCTh 3TOTO Kpyra.

Ceuenusi, paBHOOTCTOSIIMUE OT LIEHTPA, PABHBI.

Pajiuyc OKpy:XKHOCTH, TIOJTy4EHHOH MpH mepecedeHuu cdepsl paguyca R miockocThio, yaaneHHoi



D2 2
OT 1eHTpa chepsl Ha d , PaBeH R*—d"

IHopsiok BbINOJIHEHUS PA0OTHI:
1)BBIMOTHUTE YepTekK
2)3amnucarb KpaTKo YCJIOBHE 3aa4u

Xopn padoThr:

3agaya 1.0ceBoe cedeHue HWIMHApPA — KBajpaT, Iuomaab kKortoporo Q. Haiinure miomanb
OCHOBaHUS UJIMH/PA.

Pemenne:

CTOpOHa KBajgpaTa paBHa,/(Q. Ona paBHa AUAMETPY OCHOBAHUA. HOSTOMy miomaigb OCHOBaHUA

E(EJ M
paBHa

2 4

OTBeT: Soci .. = ?

3amaua 2. Beicota mwimnzapa 6cMm, paaumyc ocHoBaHus ScMm. Halinurte miomans cedeHus,
MIPOBEJICHHOTO MApaJUICIIbHO OCH IIMJIMHJIPA Ha PACCTOSTHUH 4CM OT Hee.

Pemenne:

Scea= KMxKC,

OE=4cMm, KC=6cm.

Tpeyroasauk OKM — paBHoGeapenHnslit (OK = OM =R =5 cm),
tpeyroabHuK OEK — mpsMoyronbHbIii.

U3 tpeyronsauka OEK, no reopeme [ugaropa:

K= VOK® —OE* =\/25-16 =/9 =3

KM =2EK =2x3 =6,

Sces= 6X6 = 36 cM”,

OtBeT: S¢ey = 36 cM>.

3agaua 4: [Tnomane 60KOBOI MOBEPXHOCTH KOHYca paBHa 60 e, a paanyc OCHOBaHUS PaBEH 6 M.
Haiinure paccrosiHue OT 1IeHTpa OCHOBaHMS 10 00Opa3yrolel KoHyca.

Pemenue:

Seux =l =601 => pl =60

r=6=1=38_10.
B
SO =JAS* — 40 = J10° —6* =8

1 I
Syo ==+ A0 -O5 =—-6-8=24
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. Sy0 = ~OH - AS = SOH =24 = OH = 22
C nipyroii CTOpoHBI, 2 5

3agaua 5: [lnomanu cedyeHus mapa miaockocTeiopaBHa 1611 M° , a IUIOLA/b napajieIbHOTO eMy
2 .
CEUCHMSI, MPOXOAIIETO Yepe3 IEeHTp mapa, paBHa 2511 M” . Hailtu paccrosinue Mexay IJIOCKOCTSIMU

CEUEeHUH.

=16 =>r" =16, r=4u,
W =25t=> R =25, R=5nm.
h=yR - =25-16 =3 (M)

OtBer: 3 M
dopma npeacTaBiaeHust pe3yJabTaTa: BHITIOJHECHHOE 3a/IaHHE.

Kpurtepun onenku:
Ouenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM 00BEME C COOMIOJIEHUEM

HEe0OXOIMMOM TOCIIeI0BaTEIbHOCTH JEHCTBUI; B OTBETE MPaBUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIUCHU U BBIYUCIICHUS.

Ounenka "'xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIMYILIEHbI
2-3 HezoueTa.

Ouenka "yI0BJIE€TBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJTHEHHON 4YacTU TaKOB, YTO IO3BOJISIET IOJYYUTh NPAaBUIIBHBIE PE3YJIbTaThl U BBIBOJBI; B XOZE
MPOBEIEHUS pabOThI ObUTH AOMYILEHBI OIIHUOKH.

OueHka "Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €CJIH padOTa BBHIIIOIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHCHHOW YacCTH paOOThI HE TTO3BOJISIECT CAENIATh MPABHIBHBIX BHIBOJIOB.
Tema 4.3 MHOrorpaHHMKH U KpyrJjble Teja
IMpakTuyeckoe 3ansaTue Ne 49, 50

Pemienne 3a1a4 Ha BbluKc/IeHHe 00bEMOB U MOBEPXHOCTEH KPYIJIBIX TeJs

Leas padoThi: HayunThes pemaTs 3a/1aui BEIYUCIEHHE 00BEMOB U MOBEPXHOCTEH KPYTIIBIX TET

IIpakTuyeckas padora popmupyer:



[IP610. ymeHue omepupoBaTh MOHATHSMU: MHOTOTPAaHHUK, CEUEHHWE MHOTOTpAaHHHKA, KYO,
napaiesienunei, pu3Ma, nupaMuza, Gurypa u noBEepXHOCTh BpalleHUs, LWIMHIP, KOHYC, 1ap, cdepa,
cedyeHHss (UTYphl BpAILEHHSA, IJIOCKOCTh, Kacaromascs cQepbl, LUIMHAPA, KOHYCa, IUIOIAIb
MOBEPXHOCTU MHPAMHJIBI, TIPU3MBI, KOHYCa, IIHJIMHAPA, TUIOMAab chepbl, 00beM Kyda, MpsIMOYroJIbHOTO
napajJiesienune1a, MMpaMuIbl, TPU3MBI, IIMIUHIPA, KOHYCA, apa; YMEHHE U300pakaTh MHOTOTPAaHHUKH
Y NIOBEPXHOCTHU BPAILECHUS, UX CEYECHMSI OT PYKH, C TOMOLIBIO YEPTEKHBIX HMHCTPYMEHTOB M 3JIEKTPOHHBIX
CPEICTB; YMEHHME pacClO3HAaBaTh CHUMMETPHUIO B IIPOCTPAHCTBE, YMEHHE pPaCIO3HABATh IPAaBUIIBHBIC
MHOTOTPaHHUKU;

I1P612. ymeHue BBIUUCIATH F€OMETPUYECKHUE BEIMYMHBI (AJIMHA, YroJl, IUIOIIA[b, O0BEM, IUIOILAAb
MOBEPXHOCTH), UCTIOJIB3Ys U3yUEHHBIE (POPMYIIBI U METO/BI;

[1P614. ymenue BbIOMpaTh MOAXOIAIMIMN H3YYEHHBIH METOJ Uil PELICHHs 3a/1a4dd, pPaclO3HaBaTh
MaTeMaTHueckue (akThl M MaTeMaTHUYECKHE MOJENIM B TPUPOAHBIX MW OOLIECTBEHHBIX SIBICHHUSX, B
HUCKYCCTBE; yMEHHE IIPUBOAUTH IIPUMEPBI MATEMATHYECKUX OTKPBITUNA POCCUHUCKOM M MHUPOBOHU
MaTEMaTHYECKON HAYKU;

[1Py14. ymenue cBOOOAHO OIEpUPOBATH MOHATUAMU: TOYKA, MpsMas, IUIOCKOCTh, MPOCTPAHCTBO,
OTPE30K, JIy4, IJIOCKUM YroJl, IBYTPAHHBIM YIOJI, TPEXTPAHHBIN YIroJl, IepECEKaroInecs, apajuleIbHbIe U
CKPEILMBAIOIINECS TPSAMBIEC, MAPAUIENbHOCT, M IEPHEHIUKYIAPHOCTh INPSAMBIX M IUIOCKOCTEH, Yroj
MEXAYy MpSIMBIMU, YTOJ MEXKIy NpSAMONM U IJIOCKOCTbIO, YroJd MEXAY IUIOCKOCTSIMU; YMEHHE
WCTOJIB30BaTh TPU PEHICHWH 33/1a4 M3Y4YEeHHBIC (DAKTBI U TEOPEMBI TUIAHUMETPUH; YMEHHE OLIEHUBAThH
pa3Mepbl 0OBEKTOB B OKPY’KAIOLIEM MHUPE; YMEHHE ONEPUPOBATH MOHATUSAMHU: MHOTOIPAHHUK, CEUCHHE
MHOTOTpaHHHKA, TPAaBWIBHBI MHOTOTPAaHHHK, PU3Ma, MHpamMuIa, (GUrypa ¥ MOBEPXHOCTh BPAIICHUS,
LWINHAP, KOHYC, 1ap, cdepa, pa3BepTKa MOBEPXHOCTH, CEUEHHsI KOHYCA ¥ LIMIMHJPA, MapajuleIbHbIe OCH
WIM OCHOBaHMIO, CEYEHHUE Ilapa, INIOCKOCTh, Kacawomasics chepsl, IUINHIPA, KOHYCa; YMEHHE CTPOUTh
CeueHHe MHOTOTPaHHUKA, N300paXkaTb MHOTOTPAHHUKH, (QUTYpBl U IOBEPXHOCTHU BPALIEHUS, UX CEUEHUS,
B TOM YHCJI€ C TOMOIIBIO 3JEKTPOHHBIX CPEJCTB; YMEHUE MPUMEHSITh CBOUCTBA T€OMETPHUUECKUX QUTYP,
CaMOCTOSITENILHO (POPMYJIMPOBATh ONPENEICHUS N3y4aeMbIX (UTYp, BBIIBUTaTh TUIOTE3bl O CBOMCTBAX U
MpU3HAKaXx TIeOMETPUYECKUX (Uryp, OOOCHOBBIBATH WJIM ONpPOBEPrath MX; YMEHHUE NPOBOJUTH
KJIacCupUKalnio (GUIyp MO pa3IU4HbIM [pPHU3HAKaM, BBINOJIHATH HEOOXOJUMBIE JIOTIOJIHUTEIbHBIE
ITOCTPOEHHS;

[1Py15. ymeHue cBoOOIHO onepupoBaTh MOHATUSAMU: IJIOLIA1b PUTYpBI, 00bEM (QUIyphI, BEIMYNHA YIJIa,
paccTosiHuE OT TOYKU [0 TUIOCKOCTH, PACCTOSHUE MEXKIY NPSIMBIMHU, PACCTOSTHUE MEXAY IUIOCKOCTSIMM,
wiomaab cpepsl, IUIOMAAb MOBEPXHOCTH NHpaMHJIbl, MPU3MBI, KOHyca, IMJIMHApa, o0BbeM Kyoa,
IIPSIMOYTOJIBHOTO NapaUleNIenuIeaa, NUpaMuIbl, IPU3Mbl, [WINHAPA, KOHYyCa, 11apa; YMEHUE HaXOIUTh
OTHOIIIEHHE 00BEMOB MOI00HBIX PUTYP;

[1Py16. ymeHue cBOOOIHO ONEepUPOBATH MOHATUSAMU: ABM)KEHUE, TApaJUIEIbHBIN IepeHOC, CAMMETPUS Ha
IUIOCKOCTH U B MPOCTPAHCTBE, MOBOPOT, MpeoOpa3zoBaHue MM0A00Ms, MOJO0OHbIE (UTYpBI; yMEHHE
pacrno3HaBaTh paBHbIE U MOJ00HBIE PUTYpHI, B TOM YHCJIE B MIPUPOJIE, UCKYCCTBE, APXUTEKTYPE; YMEHHE
UCIOJIb30BaTh T'€OMETPUYECKHE OTHOIICHUS, HAXOIUTh TE€OMETPUYECKHE BEIWYHMHBI (JJIMHA, YTrOJl,
IUI0IIAab, 00BEM) IPH PEIIEHUH 3a]1a4 U3 APYrUX YUeOHBIX MPEIMETOB U U3 pealbHON )KU3HU;

[IPy18. ymMeHne MoaenupoBaTh pealibHbIE CUTYallMd Ha A3BIKE MAaTEMAaTHUKH; COCTAaBJISATH BBIPAXKECHMS,
YPaBHEHUs, HEPABEHCTBA U MX CHCTEMBI IO YCIOBHIO 33/auyd, UCCIIEI0BATh ITOCTPOCHHBIE MOJEIHU C
UCMOJb30BAaHUEM  amlmapara anreOpbl, HHTEPIPETHPOBATH  IOJYYEHHBIH  pe3yibTaT; CTPOUTH
MaTeMaTHYeCKHUe MOJEINU C MOMOIIBI0 T€OMETPUYECKUX MOHATUN U BEJIMYMH, PEIIaTh CBSI3aHHBIE C HUMU
IIPAKTUYECKUE 3aJa4d; COCTaBIATh BEPOSATHOCTHYIO MOJEIb W HHTEPIPETHPOBATH IOJYyYEHHBIN
pe3ysIbTaT; pemarb IPUKIAJHBIE 3aJa4d CPEACTBAMM MAaTE€MaTHYECKOrO aHaln3a, B TOM YHUCIE
COL[MAJIBHO-9KOHOMHMUYECKOTO U (PU3UUECKOro XapaKkTepa;



[IPy19. ymenume BbIOMpATh MOIXOMAIIANA METOJ I PEIICHWS 3aJadd; TOHMMAaHHE 3HAYUMOCTH
MaTEMATHKU B M3YYCHHH MPHPOIHBIX M OOIIECTBEHHBIX IMPOIIECCOB U SIBJICHHI;, YMCHHE PACIIO3HABATH
MPOSIBJICHUE 3aKOHOB MaTeMaTMKU B MCKYCCTBE, YMEHHME MPHUBOAUTH IPUMEPhl MAaTEeMAaTHUYECKUX
OTKPBITHUHA POCCUMCKON U MUPOBOM MaT€MaTUYECKOU HAYKH;

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Beibuparh cmocoObl pemieHust 3aaad Mpo(hecCHOHAIBHONW JAEATEIBHOCTH NPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 02 Hcnomb3oBaTh COBpPEMEHHBIE CpEICTBA IOMCKA, aHAJIM3a W HMHTEPIpETanud HHGOPMALUH U

I/IH(bOpMaI_[I/IOHHBIe TCXHOJOI'NHU JJIA BBIIIOJTHCHUA 3a4a4 HpO(beCCHOHaHBHOﬁ JCATCIIBHOCTH

OK 06 TlposiBiaTh TpaaaHCKO-TATPUOTUYECKYIO MO3ULIKIO, JEMOHCTPUPOBATh OCO3HAHHOE IMOBEJICHUE
Ha OCHOBE TPAJAMLMOHHBIX OOILIEUEIOBEYECKUX LEHHOCTEH, B TOM 4YHCIE C YYETOM TapMOHM3ALUU
MCKHAIIUOHAJIBHBIX W MCKPCIUTNO3HBIX OTHOIHGHI/Iﬁ, MNPUMCHATE CTAaHAAPTBI AHTHKOPPYIIHMOHHOI'O
MIOBEJCHUS
OK 07 CopneiicTBOBaTh COXpPAaHEHUIO OKPY)KAIOIIEH Cpefbl, pecypcocOepeKeHNI0, MPUMEHSTh 3HAHUS 00
W3MEHEHMH KJIMMara, MPUHLUOB OEepeXIMBOIO NPOM3BOJACTBA, A(P(GEKTUBHO AECHCTBOBATH B
‘-IpG3BI:I‘I21]71HBIX CUTyalusx
OK 08 Hcmonp3oBaTh CpeAcTBa (PU3MUECKOM KyJIbTYPbI U COXPAHEHUS U YKPENJEeHHs 370pPOBbs B
nporecce MpoecCHOHATBHONW NEATETbHOCTH M TOIJAEPKaHUs HEOOXOJUMOTO YpPOBHS (U3NUECKOM
HOJIrOTOBJIEHHOCTH
OK 09 Ilonb3oBarbcsi Npo(heCCHOHATBHOW JOKYMEHTAllMEW Ha TOCYJapCTBEHHOM M WHOCTPaHHOM
A3BIKAX.

[IK 2.1 BBIosHATH pacdeTsl MapaMeTpOB TEXHOJOTHUYECKUX IPOIECCOB O0PaOOTKH METaIOB
JaBlieHHEeM, paboThl 000PYJOBAHUS, XaPAKTEPUCTUK UCXOIHBIX 3arOTOBOK U METAJIONPOIyKIIHH.

MarepuajbHoe obecnedeHne:
I/IH)II/IBI/II[yaHI)HI)IC 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3ananne:

1. HeoGxoauMo mo 4yepTexKy HM3roTOBHTH KOHYC. /[ pacdera HeoOXOAMMOTo MarepHuaia Ha
W3rOTOBJICHUE HAa/WTE IOJIHYK0 IMOBEPXHOCTh KOHYCA, €CIM 00pas3yrolias HAaKJIOHEHAa K IUIOCKOCTH
OCHOBAHMA MO YIIIOM 30%u paBHa 12 cM. A paguyc OCHOBaHHUSA 8 CM.

2. Heo0xoauMo mo 4YepTe:Ky H3roToBHTH Iap, o0béM koroporo 12511 M. Jnsa pacyera
HE00X0AMMOTro MaTepHaia HailJieTe IIomaab chepsl.

uauuap

N S =27Rh;
ITiomas 6GOKOBOM MOBEPXHOCTH: 09«

[lmomaae mMoaIHOM NOBEPXHOCTH:
S, om = Ss.+2S,,, =27RN+27R;

nosm 6ok

S =2R(h+R)

NnoJH

O6bem upnHapa: vV = R*h.

Ceuenue yununopa — purypa noiaydeHHas: B IepeCeUSHUH IIHIMH/IPA MII0CKOCTHIO.

Ceuenue, MpoxodIlee Yepe3 0Ch UJINHAPA, HA3bIBACTCS 0Ce8blM ceyeHueM U MPECTaBIsieT co0oi
PSIMOYTOJIbHHUK.

Ecnu cexymas miaockocTs NEpNEeHIUKYIIpHa K OCH WINHIPA, TO CEYEHUE SBIISETCS KPYTOM.

IL1omanas 00KOBOI NMOBEPXHOCTH KOHYCAa PaBHA MPOU3BEICHUIO MTOJIOBUHBI JUIMHBI OKPYKHOCTH
OCHOBaHUS Ha 00pa3yIoIIyIO.

S;o =l

Ilomanab MOJHOW NOBEPXHOCTH KOHYCAa paBHAa CyMMe IUIOMAAXM OOKOBOW TOBEPXHOCTH H

6ok



IJiomaan OCHOBAaHUA.

SnDJlH = 7Zr(| + r)

ILi1omaas GOKOBO MOBEPXHOCTH YCEYEHHOI0 KOHYCA paBHA MPOU3BEICHUIO MOJIYCYMMBbI JIJTMH
OCHOBaHUU Ha 00pa3yIoIIylo.

O0BEM KOHYCA paBEH OJTHOM TPETH MPOU3BECHHUS TUIOIIAIM OCHOBaHUS HA BBICOTY.

V=4S, -h=1Ymh

o Scrj)e o 47ZR2
H.TIOIIIH)IL MOBEPXHOCTH C(l)epbl paBHA YUCTBCPCHHOM ILJIOIIAAN GOHBHIOFO Kpyra: P .
4
Vmapa =5 7ZR3
3

Oo0bem mapa:

I[opsiok BbINOJIHEHUS PA0OTHI:
1)BBIOTHUTE YepTex
2)3amnucarb KpaTKo YCJIOBHE 3aa4u

Xoa paGoTsI:
3agaua 1: HeoOxoamMo mo 4epTe:ky HM3roTOBUTb KOHYC, IUIONIAJb OOKOBOIl MOBEPXHOCTH

2 .
KoToporo paBHa 60 1M°, a paguyc OCHOBaHHUS paBeH 6 M. J[JIs1 M3rOTOBIICHUS KOHYCa HEOOXOIMMO HAWTH
pacCTOSIHUE OT IIEHTPa OCHOBAHUS JI0 00pa3yoIieii KoHyca.

Pemenne:
S
| Seux =rf =600 => pl =60
i r=6:>f=£q=10.
i B 4
1 .
; SO =VAS? — 40" = 10" —6* =8
? 1 I
5 =— A -O5 =—-6-8=24

Syo = -OH - AS = SOH =24=5 OH =22
C 1pyroii CTOpOHBI, 2 5
3agaua 2: HeoO0xoaumMo mo 4epTe:Xy M3roTOBHTH KOHYC. PaccTosHuMe OT IIeHTpa OCHOBAaHHUS
KOHYyCa JI0 CepeIMHBI 00pa3yroImiel paBHO 4 cM, a yroj HakJIioHa 00pa3yrolell KOHyca K TUIOCKOCTH
ocHoBaHwusl paeH 60°. [l M3rOTOBIICHIS KOHYCA HaliIuTe ILIOMIAb OCEBOr0 CCUCHHS KOHYCA.
5

=16v3 (o)

.3.3.[,3.
2

Oreer; 1643 o,

3agaua 3: [Inomans chepst paBra 100 M°. PaccrosiHue oT meHTpa cdepsl 0 CeKyIieil IIOCKOCTH



paBHO 4 M. Haitnure panuyc ceuenus.

Pemenmne:

Su =47k =100r = R' =25 = R =5

AD =VBD' - AB* = 5§ _ 3,9y
Orveer: 3 »,

(I)opMa NMpeacTaBJdCHUA pe3yjabTaTa: BEIIIOJTHCHHOC 3aJaHuC.

Kpurepun oneHku:

Ounenka "oTau4HO" CTaBUTCS, ecnu paboTa BBINOJIHEHA B IMOJTHOM OO0BEME C COOIOJICHUEM
HE0OXOIMMOM TOCIEA0BATEIBHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBHIMOJHEHBI BCE
3aIIMCU U BEIYHCIICHUA.

Ouenka "Xopouo' cTaBUTCS, €CIHM BHIIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIMYHO", HO JOMYIIEHbI
2-3 Henmouera.

Ounenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €clii pabOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJISIET MOJIYYUTh MpPaBUJIbHBIC pPE3yJibTaThl U BBIBOJBI; B XOJI€
MPOBeJICHUS pabOThI ObUIH AOMYIIEHBI OIIUOKH.

OueHka "Hey10BJIEeTBOPUTEIBbHO' CTaBUTCS, €CIIM padOTa BBHIMIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISCT CACNIATh MPABHIIbHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH M KpyIJble Teja
IIpakTnyeckoe 3ansaTue Ne 51

«HAcnoan3oBanue KOMﬁl/IHaIII/Iﬁ MHOTIOI'PAaHHMKOB M T€JI BpalllCHUS B IPAKTHKO-
OPUEHTHPOBOYHBIX 3ala4Yax»

He.]'lb pa60T1>1: Hay‘lI/ITBCSI pemaTb 3a/la4r Ha KOM6I/IH8.I_II/IIO reOMCTPHUICCKUX TCII

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
I[IP610. yMeHue omepupoBaTh TOHATUSMU: MHOTOTPAHHHK, CEYEHHE MHOTOTpaHHUKA, KYO,

napajuieNienunes, npu3Ma, mupamuaa, GuUrypa u nmoBEpXHOCTh BpallleHus, IUIUHAP, KOHYC, map, cdepa,
ceyeHHs (UTYpPHl BpaIllEHUs, IJIOCKOCTh, Kacaromascs cdepbl, MOWIMHIpPA, KOHYCa, IUIOMIAIh
MOBEPXHOCTH MUPAMHUJIBI, TPU3MBI, KOHYCA, [WJIMHAPA, MIOMAas chepbl, 00beM Kyda, MPsMOYTroJIbHOIO
Hapaﬂnenennnezla, HI/IpaMI/I}IBI, HpI/ISMI)I, HI/IJ'II/IH)Ipa, KOHyca, mapa; YMeHI/Ie 1/1306pa>1<aTL MHOFOFpaHHI/IKI/I
158 HOBerHOCTI/I BpaHIeHI/ISI, X CCUCHHUA OT pyKI/I, C ITIOMOIIIBKO ‘—IepTe)KHI)IX I/IHCTPYMeHTOB 158 SHGKTpOHHBIX
CPElICTB; YMEHUE paclo3HaBaThb CHMMETPHIO B TPOCTPAHCTBE; YMEHUE pACIIO3HABATh IPaBUIIbHbBIE
MHOT'OTPaHHUKY;

[TPG12. ymeHHE BBIYUCIATH T€OMETPUYECKHE BEIWYHMHBI (IJIMHA, YrOJ, IUIOMAdbh, O0BEM, IUIOMIAb
MOBEPXHOCTH ), UCTIONIb3Ys U3YYECHHBIE POPMYIIBI U METOIBI;

[1P614. ymenue BwIOMpaTh NOAXOAAIIMNA W3YYCHHBIM METOJA JUIsl PEIICHHS 3a7a4d, pacrlo3HaBaTh
MareMaThuyeckue (akThl U MaTeMaTHYECKHE MOJEIHW B TPHUPOAHBIX M OOIIECTBEHHBIX SIBICHHUSIX, B



HWCKYCCTBE; YMEHHME IMPUBOJWTH MPUMEPHI MATEMATHYECKUX OTKPBITUH POCCUUCKOM W MHPOBOU
MaTeMaTHYECKOU HAYKH;

[1Py14. ymenue cBOOOAHO OINEPUPOBATH MOHATHAMHU: TOYKA, MpPsMast, IUIOCKOCTh, IMPOCTPAHCTBO,
OTPE30K, JIyY, IVIOCKUM yroJj, ABYTPAHHBIN yroj, TPEXTPAHHBIN yroJl, IEPECEKAIOIINECS, MTapaUIEbHbIE U
CKpELIUBAIOIIKECS MPsMBIE, NMAPAUICIBHOCTh U INEPIEHIUKYISIPHOCTh IPSIMBIX U IUIOCKOCTEH, YIoJl
MEXIY HpSIMBIMU, YTOJ MEKIAYy MNPAMOHM M IIOCKOCTBIO, YIOJI MEXKIYy IUIOCKOCTSMM; YMEHHE
UCIOJIb30BaTh IPU PELICHUH 3a/1a4d U3y4YeHHbIe (PAaKThl U TEOPEMBl IUIAHUMETPUH; YMEHHE OLIEHUBATh
pa3Mepbl 0OBbEKTOB B OKPYXKAIOLIEM MHUPE; YMEHHE ONEpUPOBaTh MOHATHSIMU: MHOIOIPDAaHHMK, CEUCHHE
MHOTI'OI'paHHMKA, IIPAaBUIbHBI MHOIOIpaHHMK, PU3Ma, NMUpaMuia, Gurypa U NOBEPXHOCTb BpallECHU,
WINHAP, KOHYC, map, chepa, pa3BepTKa MOBEPXHOCTH, CEUCHHs KOHYCA ¥ LIWIMHPA, TapajUIeIbHbIE OCH
WIA OCHOBAHMIO, CEYECHHUE IIapa, INIOCKOCTh, Kacawomasics cqepsl, MWINHAPA, KOHYCa; YMEHUE CTPOUTH
CeYeHHe MHOTOTPaHHUKA, M300pakaTh MHOTOTPAaHHHUKH, (PUTYpHI 1 IOBEPXHOCTH BPAIICHUS, NX CCUCHHUS,
B TOM YHCJI€ C TIOMOIIBIO 3JIEKTPOHHBIX CPEJCTB; YMEHUE MPUMEHSITh CBOWCTBA T€OMETPHUECKUX (QUTYD,
CaMOCTOSITENIbHO (POPMYJIMPOBATh ONpPENEICHUs N3ydaeMbIX (UTYp, BBIIBUTATh TUIOTE3bl O CBOMCTBAX U
IPU3HAKAX TEeOMETpUYEcKUuX (uUryp, OOOCHOBBIBATH MJIM ONPOBEpPraTh HX; yMEHUE MPOBOIUTH
KiIaccuukanuoo (Uryp Mo pa3IuyHbIM IPU3HAKAM, BBINOJHATE HEOOXOAWMBIE JOMOJHUTEIbHbIE
IIOCTPOCHHS;

[TPy15. ymenue cBOOOJHO ONIEpUPOBATH MOHATHAMU: TUIOIMAAb PUTYPHI, 00beM (DUTYpPBI, BETUYMHA YTIIa,
pacCTosiHUE OT TOYKHU JI0 IUIOCKOCTH, PACCTOSIHUE MEXKY IPSMBIMH, PACCTOSIHUE MEXKIY IUIOCKOCTSAMH,
wiomaas chepsl, IUIOMAAb MOBEPXHOCTH NHPAMHJBL, TPU3MBI, KOHyca, IMJIMHApa, 00BbeM Kyoa,
MIPSAMOYTOJIBHOTO Napajlienenuneaa, TMpaMuabl, IPpU3Mbl, HUIMHAPA, KOHyCa, 11apa; YMEHUE HAXOIUTh
OTHOIIIEHHE 00BEMOB MOAOOHBIX PUTYD;

[TPy16. ymeHnue cBOOOHO ONEpUPOBATH NOHATUSAMMU: JIBUKEHUE, MTapaJuIeIbHbIN EepeHOC, CHMMETPHS Ha
IUIOCKOCTH W B MPOCTPAHCTBE, IMOBOPOT, IpeoOpa3oBaHUe MNOA00uUs, MOJ0O0HBIE (UTYPBI; yMeHUeE
pacrio3HaBaTh paBHbIE U M10JI00OHBIE (PUTYPHI, B TOM YHUCIIE B IPUPOJE, HCKYCCTBE, apXUTEKTYpE; YMEHUE
UCMOJb30BaTh TEOMETPUYECKHE OTHOILIEHHs, HaXOJUTh TIE€OMETPUYECKHE BEJIWYMHBI (IJIMHA, Yrod,
iouaab, 00beM) MpH PELICHUH 33]a4 U3 IPYTUX YYEOHBIX MPEIMETOB U U3 PEATbHOM KU3HU;

[1Py18. ymeHue MoAenupoBaTh pealibHble CUTYallud Ha SI3bIKE MATEMaTUKU; COCTABJIATH BBIPAKECHUS,
YPAaBHEHUsI, HEPABEHCTBA M HMX CHCTEMBI IO YCIIOBHIO 3aJa4M, UCCIIENOBATH ITOCTPOCHHBIE MOJEIH C
UCIIOJIb30BaHUEM  ammapata anreOpbl, HMHTEPHOPETUPOBATh  IOJYYEHHBI  pe3ylbTaT; CTPOMTH
MaTEMaTHYECKUE MOJEIN € MIOMOIBIO T€OMETPUYECKUX IOHATUI U BEJUYMH, PEIIATh CBS3aHHBIE C HUMU
IIPAKTUYECKHE 3aJaud; COCTaBIATh BEPOSTHOCTHYIO MOJEIb W HHTEPIPETUPOBATH IOJYyYEHHBIN
pe3ysIbTaT; pelarb NPUKIAJHBIE 3aJaud CPEACTBAMH MAaTE€MaTUYeCKOrO0 aHaliu3a, B TOM 4HCIE
COLIMAJIEHO-9)KOHOMHUYECKOTO U (PM3HUECKOTO XapaKTepa;

[1Py19. ymeHue BbIOMpaTh MOAXOIALIMM METOJ M pelIeHus 3aJayd; MOHMMAaHWE 3HAuYMMOCTH
MaTEeMaTHK{ B W3YYEHHM MPHUPOJHBIX M OOIIECTBEHHBIX MPOILIECCOB U SIBJICHHM; YMEHHE PAcliO3HABaTh
MPOSIBJIEHUE 3aKOHOB MAaTeMaTUKH B MCKYCCTBE, YMEHHE IPUBOAUTH IPUMEPHl MaTEMaTUYECKHX
OTKPBITHHA POCCUICKON U MUPOBOW MaTeMaTHYECKOW HAYKH;

Boinosinenue padorsl cnocodcTByeT GOPpMHUPOBAHMIO:

OK 01 BeibupaTth crnocoObl pemieHus 3agad NpopecCHOHAIBHON NeATeNbHOCTH NPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 02 Hcnonb3oBaTh COBPEMEHHBIE CpEICTBA IOMCKA, aHajdM3a M HMHTEPIpeTaluu HH(pOpMaruu H

MH(OPMAIMOHHbIE TEXHOJIOTHH IS BBIIOJIHEHUS 3a/1a4 TPO(pEeCCUOHATIBHOM 1S TeIbHOCTH
OK 06 IIposBisaTh rpakJaHCKO-IATPUOTHYECKYIO MO3UIINIO, TEMOHCTPUPOBATH OCO3HAHHOE TMOBEICHUE



Ha OCHOBE TPATUIIMOHHBIX OOIICUETOBEYECKUX I[EHHOCTEH, B TOM YHCIE C Y4eTOM TapMOHHU3AIHU
MEXHAIIMOHANBHBIX U MEXPEIUTHO3HbIX OTHOIICHUH, MPUMEHATh CTaHAApPThl AHTHUKOPPYMIIMOHHOIO
MOBEJICHUS
OK 07 CopuelicTBOBaTh COXPAaHEHHIO OKPYKAIOIIEH CPelbl, PECYpCOCOEPEIKEHHIO, IPUMEHSITh 3HAHUS 00
W3MEHCHUM KIMMaTa, TMPUHIUINB OEpexIJIMBOTO IMPOU3BOJCTBA, JPPEKTUBHO JCHCTBOBATH B
Ype3BbIYAIHBIX CUTYAIHIX
OK 08 Hcmons3oBaTh CpeAcTBa (PU3MUECKOM KyJIbTYPBHI Ui COXPAHEHUS U YKPEIJICHHUS 370POBbS B
npouecce MpodeccuoHabHON JEeSTeNbHOCTH U TMOJAJIEPKaHUsS HEOOXOAUMOIO YpPOBHS (U3UUYECKOM
IIO/AITOTOBJIEHHOCTH
OK 09 Ilonp3oBarbcsi MPOQECCHOHAIBHONW JOKYMEHTAIIMEH Ha TOCYAapCTBEHHOM W HWHOCTPAaHHOM
SI3bIKAX.

[IK 2.1 BwIMonHATH pacyueThl MapaMeTPOB TEXHOJIOTHYECKUX IPOIECCOB 00paOOTKH METalIOB
JaBlieHHEM, pabOThl 000PYOBAHUS, XapPAKTEPUCTUK UCXOTHBIX 3aTOTOBOK U METAJLIONPOIYKIIUH.

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

3aganme:

1. I[JI?I H3TOTOBJICHUSA ACTAJIU IO YCPTCKY, B KOTOPOM B HWJIMHAP HAKJIIOHHO BIIMCAH KBaApaT Tak,
YTO BCE €r0 BEPIIMHBI JIEKAT HA OKPYKHOCTSIX OCHOBAaHUSA HEOOXOJUMO HAWTH CTOPOHY KBajpaTa, eciu
BBICOTA IIMJIMH]IPA paBHA 2CM, a PaINyC OCHOBAHUS PaBEH 7CM.

IMopsiiok BbINOJIHEHUS PA0OTHI:
1)BBIOTHUTE YepTex
2)3amnucarb KpaTKo YCJIOBHE 3aa4u

Xoa paGoTsI:

3anava. Iy M3rOoTOBJIEHUS JETAJIM IO YEPTEXKY, B KOTOPOM B LWJIMHAD BIMCaHAa INpaBUIIbHAS
IIECTUYTOJIbHAS TPU3Ma HEOOXOJMMO HalTH OTHOILLIEHUSI 00beMa NMPU3MbI K 00beMY IIMIINHPA.
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Vnpu3M ﬁ

OTtBeT: yur = 2n

(I)opMa NMpEeacCTaBJdCHUA pe3yjabTaTa: BEIIIOJTHCHHOC 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJTHOM O0BEME C COOIOJICHUEM
HE0OXOIMMOM TOCIEN0BATEIbHOCTH JIEHCTBUIl; B OTBETE MPAaBUILHO M AKKypaTHO BBIIIOJHEHBI BCE
3aIUCH U BBIYUCIICHUS.

Ouenka '"Xxopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAaHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 HemoueTa.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO IO3BOJISICT MOJNYYUTh NPABHIBHBIC PE3yJIbTaThl U BBIBOJIBI, B XOJE
MIPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka "Hey10BJIeTBOPUTEIbHO' CTAaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJTHEHHON 4acTy pabOTHI HE MO3BOJISIET C/IeNIaTh MPABIIIbHBIX BBIBOJIOB.

Pazgen S Teopusi BeposiTHOCTEH U MaTeMATHYeCKAA CTATUCTHKA
Tema 5.1. DiieMeHTbI KOMOMHATOPUKH
IIpakTnyeckoe 3ansiTue Ne 52
«Pemenne koMOMHATOPHBIX 3a7a4d. Pa3Menienus, coueTaHus U MepecTaHOBKI»

Heapr paGorepi: HayunTbes oTiaMuYaTh coYeTaHUs OT pa3MELIEHUM, NPUMEHATbh (OpMyJbl A
BBIUMCIICHUS BCEX BBIOOPOK O€3 MOBTOPEHUH.

BoinosiHenune padoTsl crnoco0cTBYeT (POPMUPOBAHUIO:

[1PG8 ymeHue omepupoBaTh MOHITUSIMM: CIy4YailHBIA ONBIT U CIy4alHOE COOBITHE, BEPOSITHOCTh
CIly4yailHOro CcOOBITHS; YMEHHE BBIYHMCIATH BEPOSTHOCTH C MCIIOJIb30BaHHEM TIpaMuecKuX METOJIOB;
MPUMEHSTH (POPMYJIbI CIOKEHUS U YMHOXKEHUS BEPOATHOCTEH, KOMOMHATOPHBIE (GaKThl U (POPMYJIBI IIpU
pellieHUM 3a/1a4; OLIEHUBAaTh BEPOSTHOCTU pEaJbHBIX COOBITHH; 3HAKOMCTBO €O ClIydailHBIMHU
BEJIMYMHAMHU; yYMEHHUE NPUBOJUTH IMPUMEPHI IMPOSBIECHUS 3aKOHA OOJBIIMX YHUCE] B HPUPOJIHBIX H
OOIIIECTBEHHBIX SBJICHUSX;

[IPy4 ymenue cBOOOJHO ONEpPUPOBAThH MOHATHUSMU: COUETAHUE, MEPECTAHOBKA, YHCIO COYECTAHHM,
YHCII0 ePeCcTaHOBOK; OMHOM HbIOTOHA; yMEHHE MPUMEHATh KOMOMHATOPHBIE (PaKThl U PACCYKIECHUS JUIs
penieHus 3aay.

BoinosiHeHne padoTbl cioco0CcTBYET (OPMUPOBAHMIO:

OK 01 BeiOupats ciocoObl pemeHus 3aaa4 npopecCuoOHaNbHON JeATEIbHOCTH MPUMEHUTENBHO K
pa3IMYHbIM KOHTEKCTaM
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTaTh B KOJUICKTUBE U KOMaH/Ie
IIK 2.1 BpImosHATH pacyeTsl MapaMeTpoB TEXHOJOTHYECKUX IPOLECCOB 00pabOTKM METaJlJIoB
JaBJIEHUEM, paboThl 000PYI0BaHUS, XapAKTEPUCTUK UCXOJHBIX 3aTOTOBOK U METAJIIIONPOTYKIHH.

MarepunanbHoe obecrnieyeHue:
WNunuBuyanbHble 3a1aHNS, CIIPABOYHBIC MaTEPHAIIbl, KOHCIICKTHI JICKIIHH.



3amanmue:

1. CraHok ocHameH 10 magukatopamu, CKOJIBKO BapUaHTOB OJJHOBPEMEHHOTO 3aropaHusi Tpex
WHKATOPOB.

2. W3 Opuragsr pabounx 12 denoBek, HEOOXOIUMO BHIOPATh 3 YeIOBEKA ISl pabOTHl Ha CTAHKE.
CKOJIBKO CYIIECTBYET Pa3IMUHBIX CIOCOOOB TaKoro BbIOOpA.

3. B nexe umeercsa 8 ctaHkoB i pa3audHoi 00paboTku aetaneid. CKOJIBKO CIIOCOOOB UMEETCS
JUIS pacCTaHOBKU pabO4MX Ha CTAaHKU B pa3HOM Iopsike?

IMopsiiok BbINOJTHEHUSI PA0OTHI

1. Onpenenute Buj BEIOOPKH O€3 ITOBTOPEHHUS.

2. BeiOepere COOTBETCTBYIOIIYIO (OPMYIY JIJIsl BBIYUCICHUS BOZMOKHBIX KOMOMHAIIHIHA.

3. TlpomsBenauTe BHIYHCICHUS, HCIIONB3Ys MOHATHE (pakTOpHaa.

Xopn padoThl:

1. MHnukaTophl HA MYJIBTE 3aroparoTCs MOCIEI0BAaTEeILHBIM HA0OpOM YETHIPEX Pa3HBIX JaMIIOUEK,
MPOHYMEPOBaHHBIMU I pamMu. TpeOyercs OmpeAeTuTh YHUCIO BO3MOXHBIX BapHAHTOB 3arOpaHHsI
JIAMIIOYEK.

Pemenue.

Bosmoxubix mudp (Hymepanus nammnouek) Bcero necsith(1,2,3,4,5,6,7,8,9,0).Kaxnas naGpannas
KOMOMHAIMS OTJIMYAeTCsl OT APYro KoMmOWHAruu XoTs Obl omHou nmdpoii(1,4,5,7 #2,4,5,7),1m60
nopsakoM Habopa oaunakoBbix 1udp(1,4,5,7#4,5,7,1),n03ToMy 111 moAcu€Tra YHclIa BO3MOXKHBIX
KOMOHMHAIIMIA UCITOJIb3yeM (POPMYITY YrCiIa pa3MeIICHHH.

n!

dopmyna pasMELICHUN UMeeT BUL AN = E—- B namem cinyyae n = 4,m = 10.
! _10!_10-9-8:7-6:5-4-3-2:1
(1324)!_ 6! = 6'5-4-3-2'1 =10-9-8-7 = 5040
2.CKOJIbKO CYIIECTBYET CIIOCOO0OB BEIOOpA TPEX paboUMX U3 ACCATH IJI IPOBEIACHHS padboT?
Pemenue.

B nmanHOM citydae mpu BEIOOpE IS HAC BaXKEH TOJIBKO COCTaB IO TP YEJIOBEKA, MOPSIOK BHIOOpPA
pOJIM HE UTpaeT, MOTOMY B OTIMYME OT IEPBOro MpHMEpa YUCIO CIOcOOOB MojcuuTaeM no Gopmyie
COYETaHUM.

®dopmyia coueTaHuil UMeeT BUIOCT = #lm)] B namewm cmygae n=10, m=3.

10! _10!_7!"8-9-10 _120
31(10-3)! 317! 32170 :

3.CKOJIBKO PA3IMYHBIX YETHIPEX3HAUHBIX YHMCET MOKHO cocTaBUTh U3 mudpl,2,3.4 9 uudpsl He
MOBTOPSIIOTCSA)?

Pemenue.

[To ycnoBHIO 1aHO MHOKECTBO M3 YETHIPEX D3JEMEHTOB, KOTOpbIE TpeOyeTcs pacloyiOKUTh B
ornpeeNEHHOM MOpsAJIKe. 3HAUUT, TpeOyeTcs HallTH KOJIMYECTBO NEPECTAHOBOK UX YETHIPEX SJIEMEHTOB.

dopmyIia IepecTaHOBOK U3 IT —3JIEMEHTOB UMeeT BUA:P, = n! B HamieMm ciyuae n =4,

[TpousBeném pacuér: P, =4!=4-3-2-1=24.

[IpousBoguM pacuér A, =

[IpousBoaum pacuér: C3, =

(I)opMa NMpeaAcTaBJACHUSA PE3yJabTaTa: BEIIIOJTHCHHOC 3aJaHNUC

Kpurepum ounenku:

Ouenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM 00BEME C COOIOJIEHUEM
HEOOXOMMOM TOCIeI0BATEILHOCTH JIEUCTBHI; B OTBETE MPABWJIBHO W aKKypaTHO BBITIOJTHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ouenka "'Xopomo' cTaBUTCS, €CIM BHIIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 HeyoueTa.

Ouenka "yI0BJI€TBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBINMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBIMIOJIHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NpaBUIIbHBIE pPE3yibTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PAaOOTHI OBUTH JOTYIIEHBI OITHOKH.

OuneHka ""Hey10BJIE€TBOPUTEIbHO' CTaBUTCS, €CIIH padOTa BBHIOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh MPABUIIbHBIX BBIBOJIOB.



Tema 5.2 Dy1eMeHTbI TEOPUHU BEPOSTHOCTEH M MATEMATHYECKON CTATUCTUKHU
IIpakTuyeckoe 3ansaTue Ne 53

«Kiaccuueckoe onpeaesieHne BEPOSITHOCTH, CBOIICTBA BEPOAATHOCTE, TeopeMa 0 cymMMe
BeposiTHOCTel. BeposiTHOCTH B 3a1a4ax TeXHOJIOTH4eCKOro npoduis

Heas padoThl: HAyYUTHCS HAXOAUTh BEPOATHOCTH COOBITUH, WCHOIB3YS KIACCHYECKOE
OIpeJIeJIEHUE BEPOSATHOCTH

IIpakTuyeckas padora popmupyer:

[1P67 ymeHue omepupoBaTh MOHATUSAMH: CpeAHee apudMeTHuecKoe, MeAuaHa, HauOoJbllee U
HalMEHblIee 3HAYCHMs, pa3Max, AMCIepcus, CTaHJapTHOE OTKJIOHEHHWE 4YMCIOBOrO Habopa; yMmeHue
M3BIIEKATh, HHTEPIIPETUPOBATh MH(POPMAIIUIO, IPEACTABICHHYIO B TaOMUIIaX, HA AUarpamMmax, rpadukax,
OTPaXKaIOIyI0 CBOMCTBA peajbHBIX MPOLECCOB U SBJICHHM; MPEACTaBIATh MH(YOPMALMIO C MOMOIIBIO
TaOJUI] ¥ JMarpaMM; UCCIIE0BAaTh CTATUCTHYECKUE JaHHbIC, B TOM YHUCIIE C MPUMEHEHHEM TpaduyecKux
METOJIOB U 3JIEKTPOHHBIX CPEZCTB

[1P68 ymeHme orepupoBaTh MOHATHAMU: CIyYaiHBIN OMBIT U CIy4ailHOE COOBITHE, BEPOSTHOCTH
Clly4yailHOro COOBITUS; YMEHHE BBIYMCIATH BEPOSTHOCTh C HCIOJIb30BAHUEM TIpaUUECKHX METOOB;
IPUMEHATH (HOPMYJIBI CIOKEHHUS M YMHOKEHHS BEPOSTHOCTEH, KOMOMHATOPHBIE (DAaKTHI ¥ (HOPMYJIIBI IPU
pellieHUM 3a/1a4; OLIEHUBAaTh BEPOSTHOCTU pEaJbHbIX COOBITHH; 3HAKOMCTBO CO CllydailHBIMHU
BEJIMYMHAMHU; yYMEHHE MPUBOJUTH IHPUMEPHI IMPOSABICHUS 3aKOHA OOJIBIIMX YHMCEI B NPUPOAHBIX U
OOIIECTBEHHBIX SBJICHUSX;

[IPyl2 ymeHue omepupoBaTh IMOHATUSAMHU: NPSIMOYrOJIbHAsg CHUCTEMa KOOpAMHAT, KOOPAUHATHI
TOYKHM, BEKTOp, KOOPAMHATBl BEKTOpa, CKAIIPHOE IPOU3BEACHUE, YroJl MEXIYy BEKTOpaMH, CyMMa
BEKTOPOB, MPOU3BECHNE BEKTOpAa HA YUCIIO; HAXOJAUTH C MOMOUIbI0 M3YyYEHHBIX (POPMYIT KOOpPIMHATHI
CEpeNHBI OTPE3KA, PACCTOSHUE MEKIY ABYMsI TOUKAMU;

[IPyl13 yMeHune HaxoAWTh BEPOATHOCTH COOBITHII C HCHOJB30BaHHWEM TI'papUUYeCKUX METOJIOB;
OPUMEHATH Ul PelIeHus 3a7ad (popMyJibl CIOKEHUS M YMHOXKEHHUsSI BeposATHOCTEH, (hopMyiy MOITHOM
BeposITHOCTH, Gopmyny bepHymnn, koMOuHaTtopHble (GakThl U (OPMYIBI; OIEHHWBATH BEPOSITHOCTHU
peanbHBIX COOBITMH; yMEHHE ONepupoBaTh MOHATUAMHU: CilydaiiHas BeJIM4YWHA, paclpeseieHue
BEPOATHOCTEM, MaTeMaTH4YEeCKOE OXKHMJAHUE, JUCIEepPCHsT M CTaHJAapTHOE OTKJIOHEHHE ClydyaiHOU
BEIMYMHBI, (DYHKIMM paclpelesieHus] U IUIOTHOCTH PAaBHOMEPHOIO, MOKa3aTeJbHOTO U HOPMAaJIbHOIO
pacnpesieNieHuii; YMEHHE HCI0JIb30BaTh CBOMCTBA HM3YyUEHHBIX PACHpPENCNICHUN [JIs pelleHus 3ajad;
3HaKOMCTBO C TOHSTHSMHU: 3aKOH OOJIBIIMX YHCEN, METOJbl BBHIOOPOYHBIX HCCIEIOBaHUN; yMEHHUE
MIPUBOJIUTH PUMEPHI POSBICHUSI 3aKOHA OOJIBIINX YKMCEI B IPUPOIHBIX M OOIIECTBEHHBIX SIBJICHUSIX;

[IPyl8 yMeHne MoJenupoBaTh peaJbHbIE CHUTyallUM Ha S3bIKE MAaTEMaTHKH; COCTaBIATh
BBIPQXEHUS, YPAaBHEHUS, HEPABEHCTBA U MX CHUCTEMBI MO YCJIOBHIO 3aJlauM, MCCIEA0BAaTh MOCTPOEHHBIE
MOJIEJI C HCIOJB30BaHUEM ammapaTa aiareOpbl, MHTEPIPETUPOBATH IMOJYUYCHHBIH pe3ysbTaT; CTPOUTH
MaTeMaTHYeCKHe MOJENHU C MOMOIIbI0 T€OMETPUYECKUX MOHATUI U BEJTUYMH, PEIIaTh CBSI3aHHbIE C HUMU
IIPAKTUYECKHE 3aJaud; COCTaBJIATh BEPOSTHOCTHYIO MOJEIb W HHTEPIPETUPOBATH IOJYyYEHHBIN
pe3ynbTaT; peniarb MNPUKIAJHBIE 3aJaud CpeICTBAaMH MAaTeMaTH4YecKoro aHaiau3a, B TOM YHCIE
COL[MAJIEHO-9KOHOMHUECKOTO U (PU3MUECKOr0 XapaKkTepa.

Boinosinenue padoTsl cnocodcTByeT GOPMIUPOBAHMIO:

OK 01 Boi6upats crioco0sl penieHus 3agad npoheCcCUOHaIbHON NESTENIbHOCTH MPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM

OK 03 InanupoBaTh U peav30BbIBaTh COOCTBEHHOE MpodeccHnoHabHOE U TUYHOCTHOE Pa3BUTHE,
NPEINPUHUMATENbCKYIO JIEATENIbHOCTh B NpOQecCHOHaNbHON cdepe, HCHONB30BATh 3HAHHUS 10
(MHAHCOBON T'PaMOTHOCTH B PA3JIMYHBIX )KU3HEHHBIX CUTYalUAX

OK 04 D¢ddexTuBHO B3auMOICHCTBOBATh U pabOTATh B KOJIJICKTUBE M KOMaHIE



OK 07 CopneiicTBOBaTh COXPAHEHUIO OKPYXKAIOIMIEH Cpeabl, pecypcocOepe eHHI0, MPUMEHSThH
3HaHUS 00 M3MEHEHHMH KIIMMAaTa, MPUHIUIE OEPEKIMBOTO MPOU3BOACTBA, Y(PPEKTUBHO JIEHCTBOBATH B
Ype3BBIYAIHBIX CHTYAITHSIX

OK 09 ITons3zoBarbcsi MPOPECCHOHATBHOM JOKYMEHTAIMEH Ha TOCYAapCTBEHHOM W MHOCTPaHHOM
SI3bIKAX.

[IK 2.1 BwIMoOnHATH pacyueThl MapaMeTpOB TEXHOJIOTHYECKUX IPOIECCOB 00paOOTKH METalIOB
JaBlieHHEM, paOOThl 000PYOBaHUS, XapaKTEPUCTHUK UCXOTHBIX 3arOTOBOK U METAJIONPOAYKIIMH.

3ananme:

1. JIns mpoBEepKH KauyecTBO M3TOTOBJICHHBIX JeTayied ux mpoHymepoBaiau oT 1 mo 10. Haymauy
BbIOpaHa jetanb. KakoBa BEpOSTHOCTB TOTO, YTO 3TO OHA UMEET IPOCTOI HOMEp?

2. Jlnsg mpoBEepKHM KauecTBa M3rOTOBIEHHBIX jAeraneil mpuroroBwin 300 mr. Yemy paBHa
BEPOSTHOCTH TOTO, YTO HAyTaJ| B3ATas JETab JAJIs IPOBEPKU OYIET UMETh HOMEp, KPATHBIHN 57?

3. TlonOpackiBaloTcs ABa UTPANbHBIX KyOWKa, MOACYUTHIBAETCA CyMMa OUYKOB Ha BEPXHUX TPaHsIX.
Yro BeposiTHEE- MTOJIYy4YUTh B CyMMe 7Hing?

IMopsi1oK BBINOJTHEHHS PAOOTHI

1. Ompenenute coObiTHe A, BEPOSTHOCTH KOTOPOTO HYXXHO BBIYMCIHUTD.

2. Ipocuwnraiite obmiee yncio(N) BO3MOKHBIX UCXO/IOB.

3. Ipocuwnraiite yrcino ucxoa0B(M), OIAroNPUATCTBYIOIIUX HACTYIUICHUIO COOBITHS A.

4. Ucnonp3yiiTe GopMyITy ISl BBIYUCICHUS BEPOSITHOCTH ONPEISIIEHHOTO COOBITHS. P(A) = %

Xoxa padoThI:

1. Ha cknane 10 oaMHaKOBBIX MO pa3Mepy W BeCy JAeTaneld, U3 KOTOPHIX 6 OLMHKOBAaHHBIX U 4
00bIuHBIX. BeiOMpaercs oxgna aerans. KakoBa BEpOSTHOCTH TOTO, YTO M3BICUEHHAS JETallb OKaXKETCS
OLIMHKOBAHHOM?

Pemenue.

1. CoOriTue A-«13Bneuénnast neTalb OKa3ajlach OLIMHKOBAHHON.

2. gucno N=10

3. gucio m=6

4, p(A)=ﬂ=i=06

2. Bce neranu, oroOpaHHBIE AJIsl MPOBEPKHU KauecTBa, MpoHyMepoBaHbl oT 1 10 30 1 moMenieHsl B

amuk. VM3Bnekaercs ogHa geranb. KakoBa BEpOSTHOCTh TOTO, YTO YHCIO Ha B3ATOW JETANIN OKAXKETCS
KpaTHbIM 57
Pemenne.
1. CoGriTne A-«Ha B34TOM feTanu 4uciao KpaTHoe S5».
2. gucno N=30
3. gmucimo m=6(umcna 5,10,15,20,25,30)
4. P(A) === %: 0,2.
3. U3 OykB cnoBa ougpgepenyuan Hayraj BeiOMpaeTcsa onHa OykBa. KakoBa BeposSTHOCTH TOTO,
4yTO 3Ta OyKkBa Oyner: a) riacHoi, 6) cormacHoil, B) OykB CoObitue A-«Ha B3sTON KapTouke 4ucio .
KpaTHOE 5».
Pemenne.
CobbiTue A-«Hayraz BeiOpanHas OykBa OyAeT TIacHOM».
yucao N=12(-umcio OyKB B CIIOBE)
qrciI0 M=5(0yKBHI :u,e,e,u,a )
P(4) == ==~ 0417
qrcii0 M=7(0yKkBbI :0,¢, P, p,H,y,1 )
Co6witne B-«Hayran BeiOpanHas OykBa OyneT COTJIaCHON».
YHCII0 n—12( 4rciio OYKB B CIIOBE)
P(B) =2=Z ~ 0,583
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9. CoObitue C-«Hayran BeiOpanHast OykBa OyneT OyKBO# u.

10. yucao N=12(-uncio OyKB B CIIOBE)
11. yrcao M=0(Takoii OyKBbI HET B JaHHOM CIIOBE)
12. P(A)=%=10—2=0.

(I)opMa NMpEeaACTaBJICHUA pe3yjabTaTa: BhIIIOJIHEHHOC 3a1aHUC

Kpurepun oneHku:

Ouenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJTHOM O0BEME C COOIOJICHUEM
HEOOXOMMOM IOCIIeI0BATeILHOCTH JICUCTBUI; B OTBETE MPABHWIBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aIIMCH U BBIYHMCIICHUS.

Ouenka '"xopomo' CTaBUTCs, €CIM BBIOJTHEHBI TPEOOBaHUSI K OIEHKE "OTIUYHO", HO JAOIMYIICHBI
2-3 HenmouerTa.

Ounenka "yI10BJIeTBOPHUTEIBHO' CTAaBUTCS, €clii padOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO ITO3BOJISICT TMOJYYUTh NPABHIBHBIC PE3yJIbTaThl U BBIBOJIBI, B XOJE
MpOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka ""Hey10BJIeTBOPUTEIBHO'" CTaBUTCS, €CIIM padOTa BBHIMIOJIIHEHA HE MOJIHOCTHIO UM 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISCT CACIATh MPABHIIBHBIX BHIBOJIOB.

Tema 5.2 DiieMeHTBHI TeOpUHU BEPOATHOCTEH M MATEMaTH4YeCKOH CTATHCTHKH
Tema 6.1. OcHOBBI TEOPHU MHOKECTB

IIpakTnueckoe 3ansaTue Ne 54

«IIpeacraBiieHne JaHHBIX. 321a4YH MATEMATHYECKON CTATHCTHKH TEXHOJOTHYECKOI0
npoguias»
Heab padoThl: HayuyuThCS HAXOAUTh BEPOATHOCTH COOBITUH, HCHOIB3YS KJIACCHYECKOe
OIIpEAEIICHUE BEPOSTHOCTU

IIpakTnueckas padora ¢popmupyer:

[IP67 ymeHue omepupoBaTh MOHATHUAMH: CpelHee apudmeTHueckoe, MeauaHa, HauOoibllee U
HauMEHbIIIEe 3HAYEHHUs, pa3Max, AMCIEPCHs, CTaHIApTHOE OTKJIOHEHHE YHCIOBOro Habopa; yMeHue
U3BJIEKaTh, HHTEPIIPETUPOBATh MH(POPMALIMIO, IPEACTABICHHYIO B TaOMUIIAX, HA AUarpamMmax, rpadukax,
OTPaXKAIOILYI0 CBOMCTBA pealbHBIX IMPOLIECCOB U SIBICHUM; MPEICTaBISATh MH(GOPMALMIO C MOMOUIBIO
Ta0JIMIl ¥ AUarpaMMm; UCCIIE0BaTh CTATUCTUYECKUE JaHHbIE, B TOM YHCJIE C IPUMEHEHHEM IpaduyecKux
METOJIOB 1 JIEKTPOHHBIX CPECTB

[1PG8 ymeHue omepupoBaTh MOHITUSIMM: CIAy4YailHBIH OMBIT U CIy4ailHOE COOBITHE, BEPOSTHOCTH
CIly4ailHOro COOBITHS; YMEHHE BBIYHMCIATH BEPOSATHOCTH C HCHOJIb30BAHUEM TIpaUUEcCKHX METOOB;
MPUMEHSTH (POPMYJIbI CIOKEHUS U YMHOXKEHUS BEPOATHOCTEH, KOMOMHATOPHBIE (GaKThl U POPMYIIBI pU
pelieHUH 3a/1a4; OLIEHUBATh BEPOSITHOCTU peaJbHBIX COOBITHI; 3HAKOMCTBO CO CIy4YalHBIMU
BEJIMYMHAMHU; yYMEHHE NPUBOJUTH IMPHUMEPHI MPOSABIEHUS 3aKOHA OOJIIIMX YHCENT B NPUPOAHBIX U
OOIIIECTBEHHBIX SBJICHUSX;

[IPyl2 ymenue omneprupoBaTh MOHATHAMM: HPSIMOYIOJbHAs CHCTEMa KOOPAHMHAT, KOOPIAMHATHI
TOYKH, BEKTOp, KOOPAMHATHI BEKTOpa, CKAJIIPHOE IPOU3BENEHHUE, YIOJ MEXAY BEKTOpaMH, cymma
BEKTOPOB, MPOU3BEJCHNE BEKTOpa HA YMCIIO; HAXOAWUTH C MOMOUIbI0 M3YyYEHHBIX (POPMYI KOOPAUHATHI
CEpeNHBI OTPE3KA, PACCTOSHUE MEKIY ABYMsI TOUKAMU;

[IPyl3 yMeHHMe HaxXOAWTh BEPOATHOCTH COOBITUH C HCIOJIB30BAaHUEM TIpaUUECKUX METOJIOB;
OPUMEHATH U PeUleHus 3a7a4d (pOopMyIibl CIOXKEHUS M YMHOXKEHHUS BeposATHOCTEH, (hopMyiy MOITHOMN
BEpOSATHOCTH, Gopmyny bepHymnn, komOuHaTopHble (DakThl M (HOPMYJIBI; OIICHHUBATH BEPOATHOCTH



peanbHBIX COOBITUH; yMEHHE ONEepUpOBaTh MOHATHAMHU: CIIydaiiHas BeJIMYMHA, paclpeieieHue
BEPOATHOCTEM, MATEMaTU4YECKOE OXKHMJIAHWE, NIHUCIEPCHs M CTAHJAPTHOE OTKIOHEHHWE CIyd4alHOU
BEIMYMHBI, (DYHKIMHM pacrpenesieHus] U IUIOTHOCTH PaBHOMEPHOTO, MOKA3aTeNbHOIO0 M HOPMAJIBHOTO
pacnpeelIieHui; YMEHHUE HCII0JIb30BATh CBOMCTBA WM3YyYEHHBIX PACHpPEICIICHUN I PEIICHUs 3a1ad;
3HAaKOMCTBO C TOHSTHSAMHU: 3aKOH OOJIBIIMX YHCENl, METOJIbl BBHIOOPOYHBIX HCCIEIOBAaHMI; yMEHUE
IIPUBOANUTH IIPUMEPHI IPOSIBICHUS 3aKOHA OOJIBIIMX YUCEIl B IPUPOAHBIX U OOLIECTBEHHBIX SBICHUSAX;

[IPyl8 yMeHue wMojenupoBaTh pealbHbIE CHUTyallUM Ha $3bIKE MaTEMaTHKH; COCTaBJISATh
BBIPAKCHUS, YPABHEHUS, HEPABEHCTBA U MX CHCTEMBI 110 YCIOBHIO 33Jla4M, MUCCIEAOBATH IOCTPOEHHBIC
MOJICJI C KCIOJB30BAaHUEM amIapara aiareOpbl, HHTEPIPETUPOBATh MOJIYYECHHBIH Pe3yJbTaT; CTPOUTH
MaTEMaTHYECKHE MOJEIIHU € IIOMOIIBIO T€OMETPUYECKUX IOHATUN U BEJIUYMH, PEIIATh CBSA3aHHBIC C HUMU
IIPAKTUYECKHE 3aJaud; COCTaBJISATb BEPOSITHOCTHYIO MOJEIb W HMHTEPIPETUPOBATH IOJYyYEHHBIN
pe3yJsbTaT; pemarb IPUKIAJHBIE 3aJa4d CPEACTBAMM MAaTE€MaTHYECKOrO aHajln3a, B TOM YHUCIIE
COIMANIEHO-9KOHOMHYECKOTO U (PH3MUECKOT0 XapaKTepa.

Boinosinenue padorsl cnocodcTByeT GOPMUPOBAHUIO:

OK 01 Boi6upats crioco0sl pemnieHus 3aad npoheCCHOHAIBHON NESTEIbHOCTH MPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 03 IlnanupoBaTh U peav30BbIBaTH COOCTBEHHOE MpodeccHoHalbHOE U TUYHOCTHOE Pa3BUTHE,
NPEINPUHIMATENBCKYIO JICATEIIEHOCTh B TpoQeccHoHanbHOM cdepe, HCHOIb30BaTh 3HAHUS 110
(bMHAHCOBOW T'PAMOTHOCTH B Pa3JIMYHBIX KU3HEHHBIX CUTYAIIUSIX

OK 04 DddexTuBHO B3aUMOICHCTBOBATh U PaOOTATh B KOJUICKTHBE U KOMAaH/IC

OK 07 CopneicTBOBaTh COXpPaHEHHUIO OKPYXKAIOUIEH Cpedbl, pecypcocOepekeHuI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUH KIMMAaTa, MPUHIUIBI OEPEeXIMBOTO MPOU3BOJICTBA, YPPEKTHUBHO NEHCTBOBATH B
Ype3BhIYAIHBIX CUTYAIIHIX

OK 09 ITonp3oBatbest MpoheCcCHOHATFHON JOKYMEHTAIMEeH Ha TOCYyJapCTBEHHOM M MHOCTPAaHHOM
S3BIKAX.

[IK 2.1 BpIMonHATH pacdeTbl NapaMeTpoB TEXHOJOTMYECKUX IPOLECCOB 00pabOTKH METasIoB
JaBlieHHEeM, paboThl 000PYIOBAHUS, XapaKTEPUCTUK UCXOTHBIX 3arOTOBOK M METAJJIONPOAYKIIMH.

MarepuanbHoe obecniedenue: HauBuyanbHble 3aJaHUs], KOHCIIEKTHI JIEKIIUH.

3ananmue:
1. ITocTpoUTh MOMUTOHBI YACTOT M OTHOCUTENBHBIX YaCTOT MO PaclpeaeNeHII0 BEIOOPKH U3 OTOOPaHHBIX
JeTanen sl MPOBEPKHU KauyecTBa:

xi | 2 | 4| 7 ] 8] 9|1
2

| 202 | po | P2 | P2 | 3ps

2. TTocTpoiiTe TUCTOrPaMMBI YaCTOT ¥ OTHOCHTEIBHBIX YaCTOT 110 PaCpPEICIICHHIO BEIOOPKH U3
OTOOpaHHBIX JIeTajeH sl MPOBEPKH KauecTBa:

No Unrepsa, CymMma gacror
HHTEpBaJIa Xi — Xiyq BapuaHT I;I]Ii-ITepBaJ'[a,
L 3-5 P1
2 S 7 2p;
3 -9 3p3
4 9-11 p;
5 11-13 2p;
6 13-15 3p;




7 | 15-17 | pL+P2

3. lns reHepabHON COBOKYITHOCTH, 33JaHHON pacIpe/le]ICHUEM:

Haiigute reHepanbHyI0 CpelHION, T€HEPAIbHYIO TUCIEPCUI0, TEHEPAIIBHOE CTaHJapPTHOE OTKJIOHEHUE,
MOJly, MEIUaHy U pa3Max.
4. V13 reHepaibHON COBOKYITHOCTH c/ieflaHa BEIOOpKA, 3aaHHas pacpeaeICHHEM:

xi]l 2 | 4| 6 | 8 |10 12 | 14
2

ni| P2 |2p2| P | P | P3 | 2p3 |p2+p3

Haiitu BIOOpOUHYIO CpeIHIOI0 BEIOOPOUHBIE JUCIIEPCUIO U CTAaHIAPTHOE OTKIIOHEeHue. O0patute
BHUMaHUe: P = uuciay OykB B Bamiem umenu; p;= uncny OykB B Bareii pamunum; p3 = unciny OykB B
uMmeHu Baiero orma.

Kparkue TeopeTuueckue cBeJleHHsI B IIOJTHOM 00bEME UMEIOTCS B JICKIIHU.

ITopsinok BeINOJHEHHS PadOTHI:

1 IIpounTaB ycioBue NpeaIOKEHHON 3aa4H , 110 KOHCIIEKTY JICKIIMU HAaUJUTE COOTBETCTBYIOIINE
(bopMyIBI.

2.IlpuMeHuTE JTEKUMOHHBIA TEOPETUYECKUI MaTepuasl sl peLICHUs] KaKIOW 3aJlauH.

3 B cityuae HeOOXOJUMOCTH HPEJCTaBUTh MT€OMETPUUYECKYI0 HHTEPIPETALUIO YHCIOBBIX XapaKTEPUCTHK.
BEIOOPKH.

Xoxa padotsl: 1. 3anaHo pacnpenesieHle 4acToT BEIOOPKH U3 OTOOPaHHBIX JIeTalell s MpOBepKH
Ka4ecTBa:

xi| 2|6 |12]15
nn| 31075

CoctaBuTh pacnpeieieHne OTHOCUTENbHBIX YacToT.
Omnpenenum cHavana 00beM BBIOOPKHU:
n=3+10+7+5 = 25.

. n;
Haiinem oTHOCHTENbHBIE YaCTOTHI IO hopMyIe W, = — !
n

W, = = =012; W, = =2 =0,40; W, = - = 0,28;w, = — = 0,20.
25 25 25 25
CrnenmoBarensHO,
xi | 2 6 | 12 | 15

|
w; | 0,12 | 0,40 | 0,28 | 0,20
Kontposns: 0,12+ 0,40+ 0,28+ 0,20 =1.
2..Tlo pe3yiibTaTaM IpumMepa 1 MMOCTPOUTH IMOJIUTOHBI YaCTOT U OTHOCUTCIIBHBIX YaCTOT.
Pemenne. OTtoOpa3uB Ha MIIOCKOCTH TOYKH C KOOPIMHATAMH (Xi ,ni) 1 COCTUHUB UX OTPE3KaMU,

IMOJIYYHM IIOJIUTOH YaCTOT:

N




AHaJIOTHYHO MOCTPOUM IIOJIUTOH 110 TOUKaM (X;,W,) :

Wi

0,40 -

0,28

0,20

0,12

12 15

3.HOCTpOfIT6 TUCTOIpaMMy 110 CICAYIOMICMY CTATUCTUYCCKOMY PACIIPCACICHUIO:

WHuTtepBan Cymma yacTor
Ne mnTepBana JUTMHOU BAPHUAHT
h=5 N;
1 5-10 4
2 10 - 15 6
3 15-20 16
4 20— 25 36
o) 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexxne Bcero, onpeaennum 00beM BEIOOPKHU:
n=4+6+16+36+ 24+ 10+ 4 = 100.

ITo u3BeCTHEIM CyMMaM 4YaCTOT BapUaHT paCCUUTACM IIJIOTHOCTH YaCTOThI IO MHTEPBAJIaM:

No [1;moTHOCTE 4YacTOTHI No [moTHOCTE YacTOTHI
WHTEpBaia % WHTEpBaia %

1 0,2 5 48

2 1,2 6 2,0

3 3,2 7 0,8

4 7,2

N300pa3um nosrydyeHHbIH pe3yabTar:
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4. Haitnute cTaTUCTUYECKHUE OLIEHKU T€HEPaIbHON COBOKYITHOCTH, 3aJJAaHHOM CJICIYIOITUM
BAPUALIUOHHBIM PSIIOM:

BapHaHTa X; ‘ 2 ‘ 4 ‘ 5 ‘ 6

gacrora N; ‘ 8 ‘ 9 ‘10‘ 3

Pemenue. Onpenenrim 06beM COBOKYITHOCTH:
N. =8+9+10+3=30.
Haiinem renepaibHyto CpeHION:
8:2+9-4+10-5+3-6 _
30
J11st BBIYMCIICHHS TeHEPaIbHOM IUCIIEPCUH UCTIONB3yeM GOPMYITY p _xz _ (x, - Omnpenenum cperHIo0

4-

Xy

KBaHpaTOBZ
77 8-2°+9-42+10-5? +3-6°

X2 =178"
30

Taxum obpasom, p, =178-4% =18.
['enepanbHOE CTaHIAPTHOE OTKJIOHEHHME: &, = /D, =./18 =134.

O6I)I‘~IHO HOHy‘ICHHBIX pGSYJ'H)TaTOB JOCTATOYHO IJIA HpaKTI/I‘-IGCKI/IX 3aaa4. OI[HaKO MOXHO HOJ'IyLII/ITI)
JIOTIOJTHUTENbHBIE XaPaKTEPUCTUKH IS 00Jiee TOHKOM OLIEHKH MeHepalbHON COBOKYMHOCTH. [IpuBenem
ux:

Moga Mo : HanOoJIbIIIas YacTOTa

Mo =10-
MCI[I/IaHa Me . BapI/IaI_II/IOHHHﬁ pAa ACIIUTCA TIOIIOJIaM B TOUKE

Me=45.
Pa3zmax Bapuanuu R: B npumepe
Xmax = 6;Xpin =21
MO3TOMY
R=6-2=4.

5. 13 reHepanbHOM COBOKYMTHOCTH M3BJIeU€Ha BHIOOPKA




Haiinure cTaTucTiyeckne XapakTePUCTUKUA BHIOOPKH.
Pemenue. Onpenenum 00beM BHIOOPKU:
n=92+94+103+105+106 =500 .
Bri6opounast cpeassis:
_92.1+94.2+103-3+105-4+106-5
500

Xg 182.
Ornpenenum CpeHIO0 KBAIPaTOB:
5 92-12+94.2% +103-3% +105-4? +106-5°
Xs = 500

=11,45-
Bri6opounas nucnepcust:
2 Y 2
D, = X2 —(X, ) =11,45-1822 =814.
BBI6OpOLIHOC CTaHAApPTHOC OTKJIOHCHUC!

oy =+/814 = 2,85.

®opma npeacTaBiaeHus pe3yJbTaTa: BbIIOJIHEHHAs padoTa.

Kpurepun oneHku:

Kaxxnoe nmpaBuiIbHO BBINOJIHEHHOE JielicTBUE -1 6amn

KauecTBenHnas OIICHKa

IIpomeHT WHIMBUIYAIBHBIX 00pa30BaTEIIbHBIX
Pe3yIbTaTUBHOCTH AOCTHMIKCHHH
(TIpaBWIIBHBIX OTBETOB) Oamr .
BepOaTbHBINA aHAIOT
(oT™meTKa)
90 - 100 5 OTJINYHO
80 - 89 4 XOpOLIO
70-79 3 yJIOBJICTBOPUTEIHHO
HE
Mmenee 70 2
yJIOBJICTBOPUTEIHHO
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