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1 BBEAEHUE

BaxHyl0 4acTh TEOpEeTHYECKOH M Mpo(heCCHOHATBLHONW MPAKTHYECKOW MOATOTOBKU OOYYaroIuXcs
COCTaBJISIOT IPAKTUYECKUE 3AHATHS.

CoctaB u coaepKaHME NPAKTUYECKUX 3aHITUH HampaBieHbl Ha peanusanuio PDenepanbHOro
roCyJJapCTBEHHOTO 00pa30BaTEJIbHOTO CTaHAAPTA CPEIHEro 00LIero 00pa3oBaHus ¢ yUeTOM I0JIy4yaeMoi
CIICLIMAJIbHOCTH.

Benymeld  qunakTuyeckoil  LeIbl0  IPAKTUYECKUX — 3aHATHH  sBiserca  (opMupoBaHue
npo(EeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHI BBIOIHATH OINpEE/ICHHbIE JeHCTBUS, ONEpalty,
HEOOXO/JMMBIE B IOCIEOYIOIEM B INPO(ECCHOHAIBHONW IEATENbHOCTH) MM Y4YEOHBIX HPAKTUYECKUX
yMeHHUl (yMEHHH pemarh 3aJaud 1[0 MaTeMaTHKe), HEOOXOIMMBIX B NOCIEAYIOLEeH ydeOHOU
JESTEIIBHOCTH.

B cootBercTBHM ¢ paboueil mporpaMMoil yueOHOH AUCIUILTUHBI « MaTeMaTHKay MpeayCMOTPEHO
IIPOBEJCHUE NPAKTUYECKUX 3AHATHH.

I1P61 BnageHue MeToAaMu J0Ka3aTeNbCTB, AITOPUTMAMHU PELCHUS 3a/1a4; yMEeHUue (GopMyIUpOBaTh
OTIpeJIeNICHUs, aKCHOMBI U TEOPEMBI, TIPUMEHSTh MX, MPOBOAMUTH JIOKA3aTeNbHBIE PACCYXKIEHHS B X0
peleHus 3a1a4;

[1P62 ymeHue omepupoBaTh MOHSATHAMHU: CTETEHb YWCINA, JIOTapu(M Yrcia; yMEHHE BBINOJHATH
BBIUMCIICHUE 3HAUEHUH 1 npeoOpa3oBaHMsl BhIPAKEHHUM CO CTENEHsAMH U jorapudmamu, npeoOpa3oBaHus
JIPpOOHO-pallMOHATIBHBIX BEIPAKEHUI;

IIP63 ymeHue omnepupoBaTh HOHATUSAMH: palMOHAJbHBIE, HpPpALMOHAIbHBIE, I[10KA3aTEJIbHBIE,
CTETIeHHBIE, JIOTapU(PMHUUECKUE, TPUTOHOMETPHUYECKIE YPAaBHEHHS U HEPABEHCTBA, HX CUCTEMBI;

[1P64 ymeHue omnepupoBaTh MOHATUAMHU: (QYHKLUS, HempepbiBHas (YHKIMS, NPOU3BOJHASA,
nepBooOpasHas, ONpeesIeHHBI HHTErpall; YMEHHUE HAaXOIWTh MPOU3BOJIHBIC DJIEMEHTAPHBIX (YHKIIHH,
UCTOJb3Ys CIPAaBOYHbIE MAaTEpUabl; UCCIEJ0BATh B MPOCTEHIINX cilydasX (yHKIMM HA MOHOTOHHOCTD,
HaXOJWTh HAWOONBIINE W HAWUMEHBIINE 3HAuYeHHWs (QYHKIWH; CTPOWTh TpadUKd MHOTOUIEHOB C
MCIOJIb30BAaHUEM allapara MaTeMaTHUYeCKOro aHajan3a; NPUMEHSTh MPOU3BOAHYIO MPU pEIIEHUH 3a/1ad
Ha JIBIKEHHE; PellaTh MPaKTUKO-OPHEHTUPOBAHHBIEC 33/laui Ha HaWOOJbIINEe W HAaMMEHBIINE 3HAYCHUS,
Ha HaxO0XJIeHUE IyTH, CKOPOCTH U YCKOPEHHUS;

[1P65 ymeHue omepupoBaTh TMOHSATHSIMH: paloOHaTbHAs (YHKIHSA, IOKa3aTelbHas (yHKIHSA,
creneHHast pyHKLus, Jorapupmudeckas QyHKIHs, TPUTOHOMETpUUYecKre (PyHKIUH, oOpaTHble QyHKINHY;
YMEHHE CTPOUTH IpadMKy M3YyYEHHBIX (YHKIWH, UCIOIH30BATh TPa(UKH MPU M3YyYEHHH TPOIECCOB U
3aBUCUMOCTEH, TpU pelIeHUuM 3aJad M3 JIPYrux y4eOHbIX NMpPEAMETOB M 33734 U3 pealbHON XU3HU,
BBIpaXaTh (OPMYITAMHU 3aBUCIMOCTH MEX/Ty BETHUNHAMU;

[1P66 ymeHue pemaTh TEKCTOBBIE 3a/1a4M Pa3HbIX TUIIOB (B TOM YHKCIIE Ha MPOLIEHTHI, TOJU U YacTH,
Ha JIBIDKEHHE, padOTy, CTOMMOCTh TOBApOB M YCIIYT, HAJIOTH, 3a/1a4X U3 00JIaCTH YIIPaBICHHS INIHBIMU U
ceMeHHBIMU (PMHAHCAMU); COCTABIISATH BBIPAXKEHUS, YPABHEHHUS, HEPABEHCTBA M UX CUCTEMBI 110 YCIOBHIO
3aJ1aum, UCCIIEI0BATh MOYIEHHOE PEIICHNE W OIIEHUBATh MPaBIOTOA00HOCTh PE3YIIbTATOB;

IIP67 ymeHue omnepupoBaTh MOHATUSAMH: CpeAHee apudmMeTHuecKkoe, MeAuaHa, HauOojbllee U
HaMMEHBIIIEEe 3HAYCHHS, pa3Max, AMCIEPCHs, CTaHJApTHOE OTKJIIOHEHHWE YHCIOBOTO Habopa, yMeHHe
U3BJIIEKATh, MHTEPIIPETUPOBATh MHPOPMALIUIO, IPEACTABICHHYIO B TaOMUIIAX, HA AUarpaMMmax, rpadukax,
OTPaKAIONIYI0 CBOWMCTBA peabHBIX MPOIECCOB W SIBICHH;, MPEACTaBISATh HH(YOPMAIUIO C MTOMOIIBIO
TaOIUI] U JMarpaMM; UCCIICA0BATh CTATUCTHUECKUE JaHHBIC, B TOM YHCJIE C IPUMEHEHHEM IpauyecKux
METOZOB U 3JIEKTPOHHBIX CPE/ICTB;

[1P68 ymeHue ornepupoBaTh MOHATHAMU: CIyYaiHBIN OMBIT U CiyyailHOE COOBITHE, BEPOSTHOCTh
CIly4ailHOro COOBITHS; YMEHHUE BBIYMCIATH BEPOSTHOCTh C HCIHOJIB30BAHUEM TIpaUUECKHUX METOIOB;
IPUMEHATH (POPMYJIIBI CIIOKEHHUS M YMHOKEHHUS BEPOSTHOCTEH, KOMOMHATOPHBIE (DaKThI 1 (HOPMYJIIBI IPU
pelIeHUM 3a/1a4; OLIEHUBAaTh BEPOSTHOCTU pEAJIbHBIX COOBITHH; 3HAKOMCTBO CO ClIydallHBIMHU



BEIMYMHAMU; YMEHHE IPUBOIUTH INpPHUMEPHI IMPOSABICHUS 3aKOHA OOJIBIIMX YHUCENT B HPUPOAHBIX U
OOIIIECTBEHHBIX SBIICHUAX;

I1P6Y9 ymeHue onepupoBaTh NOHATUSAMU: TOYKA, MPsIMas, IUIOCKOCTh, IPOCTPAHCTBO, JBYTPAHHBIN
YIoJ1, CKpeLIUBaOUINECs NPsSMbIE, TapaJIJIEIbHOCTh U NEPIIEHIUKYIIIPHOCTD MPSMBIX U IUIOCKOCTEH, yroin
MEXy IPSMBIMH, YTOJI MEXAY IPSIMON U IJIOCKOCTBIO, YTOJI MEXKAY IUIOCKOCTSIMH, PACCTOSIHUE OT TOUKH
JI0 TUIOCKOCTH, PACCTOSIHUE MEKIY IPSIMBIMH, PACCTOSTHUE MEXAY INIOCKOCTSMU; YMEHHUE HCIIOIb30BaTh
IpU pelIeHUM 3a7ad H3Y4YeHHble (AKTbl M TEOpeMbl IJIAHUMETPUHU; YMEHHUE OLEHHUBATh pa3Mepsl
00BEKTOB OKPY’KAIOIIET0 MHUPA;

IIP610 ymeHue omnepupoBaTh MOHATUSAMH: MHOI'OIDAaHHHMK, CEYEHME MHOIOIPaHHUKA, KyO,
napajiesienunei, pu3Ma, nupaMuza, Gurypa u moBEepXHOCTh BpallleHUs, IWIMHIP, KOHYC, map, cdepa,
ceuyeHUss (GUIypbl BpalLEHUs, IJIOCKOCTh, Kacarolascs cQepbl, LMUIMHIPA, KOHYca, IUIOIAb
MOBEPXHOCTU MHPAMHUJIBI, TIPU3MBI, KOHYCa, IWIMHAPA, TUIOMaab chepbl, 00beM Kyda, IpSIMOYTOIbHOTO
napajiesienunea, MMpamMuibl, IPU3Mbl, IUIUHIPA, KOHYCA, 1apa; yMEHHE U300pakaTh MHOTOTPAaHHUKH
U NTOBEPXHOCTHU BPAILIEHUs, UX CEYEHUS OT PYKH, C IOMOIBIO YEPTEHKHBIX HHCTPYMEHTOB U JIEKTPOHHBIX
CPEICTB; yMEHHME paclO3HaBaTh CUMMETPHUIO B IIPOCTPAHCTBE; YMEHHUE PACIIO3HABATh IPaBUIIbHBIC
MHOTOTpPaHHUKU;

IIP611 ymeHue omnepupoBaTh IMOHSTHUSMH: JIBUXKEHHE B IPOCTPAHCTBE, IOJOOHBIE (PUTYpHI B
IIPOCTPAHCTBE; UCIOJIb30BaTh OTHOLICHHE IUIOMIAJEH MMOBEPXHOCTEW M 00BEMOB MOJOOHBIX (UIYp IpU
pELIECHNN 3a]1a4;

[TPG12 ymeHHe BBIUMCIIATH T€OMETPUYCCKIE BETUYHMHBI (JJIMHA, YToJl, TUIOIA b, 00bEeM, TUIOIIA Th
MIOBEPXHOCTH), UCIIOJIb3Ys U3yUEHHBbIE (POPMYIIBI U METOABI;

[1P613 ymeHue omepupoBaTh HOHATHSAMH: TPSAMOYTOJIbHAs CHCTEMa KOOPAMHAT, KOOPIMHATHI
TOYKHM, BEKTOp, KOOPAMHATHI BEKTOpa, CKAIAPHOE IPOU3BEACHME, Yol MEXJIy BEKTOpPAMH, CyMMa
BEKTOPOB, MPOU3BEJCHNE BEKTOpa HA YMCIIO; HAXOJAWUTh C MOMOUIBI0 M3YyYEHHBIX (OPMYJT KOOPIMHATHI
CEpeNHBI OTPE3KA, PACCTOSHUE MEKIY JBYMs TOUKAMU;

[1PG14 ymeHue BbIOMpaTh MOAXOASIIMN M3YyUYEHHBIM METOJ AJIs PELIEHUs 3aJayud, pacrno3HaBaTh
MaTeMaTHueckue (akTbl M MaTeMaTHUYeCKHE MOJENN B MPUPOAHBIX U OOILIECTBEHHBIX SBJICHHUSAX, B
HUCKYCCTBE; yMEHHUE IPUBOAUTH IIPUMEPBl MATEMATHYECKUX OTKPBITUHA POCCUHCKOW WM MHUPOBOU
MaTEMaTHYECKON HaYyKH;

[Ipyl ymeHnue onepupoBaTh NOHSTUSIMHU: OINpPEAEICHHUE, aKCHOMa, TEOpeMa, CJIEICTBUE, CBOMCTBO,
NPU3HAK, JI0Ka3aTeNbCTBO, PABHOCHIBHBIE (DOPMYJIMPOBKH; YMeHHE (OpPMYIMpPOBaTh OOpaTHOE U
MIPOTUBOMOJIOKHOE YTBEPKACHUE, NPUBOJUTH TPUMEPHI M KOHTPIPUMEPHI, HCIOIB30BaTh METO]
MaTEMaTUYECKON MHAYKLIUU; IPOBOANUTD AOKA3aTEJbHbIE PAaCCYXKICHUS NP PELICHNUN 3a]a4, OLICHUBATh
JIOTUYECKYIO MPAaBWIBHOCTD PACCYKICHUN;

IIpy2 ymeHue onepupoBaTh MOHATHSMH: MHOYKECTBO, IIOJMHOYKECTBO, OIE€pallMd  Hajl
MHOKECTBaMH; YMEHHUE HCII0JIb30BaTh TEOPETUKO-MHOKECTBEHHBINM ammapaT Ui ONHCAaHUS peabHbIX
MIPOIIECCOB U SIBJICHUH W MPH PELICHUHU 33jay, B TOM YHCJIe U3 JPYTUX yU4eOHbIX IPEIMETOB;

[Ipy3 ymenue onepupoBath NOHITUSIMHU: Ipad, CBA3HBIN rpad, AepeBo, UK, rpad Ha MIOCKOCTH;
YMEHHUE 3a/1aBaTh M ONMCHIBATh Tpadbl pa3NIUUYHBIMU CIOCOOAMM; HMCHOJIB30BaTh Ipadbl NpU pEHICHUU
3a1ad4;

IIpy4 ymeHue cBoOOJHO ONEpPUPOBATH MOHATUSMH: COYETAaHHE, IEPECTAaHOBKA, YUCIO COUYETaHMMH,
YHCIIO MepecTaHOBOK; OMHOM HbIoTOHA; yMeHHe MPUMEHATh KOMOUHATOPHBIE (PAKTHI U pacCyKJIeHUs IIs
pelIeHns 3a1ay;

[IpyS ymeHune onepupoBaTh MOHATHSIMH: HATYypaJbHOE YHCIIO, IIEJI0€ YUCIIO, OCTATOK MO MOZYJIIO,
palMOHAIbHOE YHUCIIO, MPPALMOHAIBHOE YHCIIO, MHOXECTBAa HAaTypaJbHBIX, LENbIX, PAlMOHAIbHBIX,
JEUCTBUTENBHBIX YHACEIN; YMEHHE MCII0JIb30BaTh IMPU3HAKU JIEIMMOCTH, HAMMEHBIINN OOLIMH enuTeNnb 1
HauMeHblIee o0Iee KpaTHOE, AIrOPUTM EBKINAA NpU pelIeHuH 3aaad; 3HAKOMCTBO C Pa3IMYHBIMU
MO3UIMOHHBIMU CHCTEMaMU CUUCIICHHUS,

[Ipy6 ymeHue CBOOOIHO ONEpPHPOBATH MOHATHAMH: CTENEHb C IIENBIM IOKa3aTeleM, KOpEHb
HaTypaJIbHOM CTCNECHM, CTENEHb C PAalUOHAIBHBIM II0Ka3aTeleM, CTENEeHb C JCHCTBUTEIbHBIM
(BelecTBeHHBIM) ITOKa3aTeleM, JorapugM Yuciia, CHHYC, KOCUHYC U TaHT'€HC IIPOU3BOJIBHOTO YUCIIA;



IIpy7 ymeHue onepupoBaTh NOHATHAMU: TOXKIECTBO, TOKIECTBEHHOE IPe0Opa3oBaHue, ypaBHEHHE,
HEPAaBEHCTBO, CUCTEMA YPaBHEHUM UM HEPABEHCTB, PaBHOCUJIBLHOCTb yPAaBHEHUH, HEPABEHCTB U CHUCTEM,
palyoHaJbHBbIE, UppaliOHAIIBHBIE, IIOKa3aTeNbHbIE, CTCIICHHBIE, JgorapupmMuyuecKue,
TPUTOHOMETPUUECKHUE YPAaBHEHUS, HEPABEHCTBA U CUCTEMbI; YMEHHUE pellaTh ypaBHEHUs, HEPABEHCTBA U
CUCTEMBI C IIOMOIIBIO PA3JIMYHBIX IPUEMOB; PEIIATh YPABHEHUS, HEPABEHCTBA U CUCTEMBI C IIAPaMETPOM;
IIPUMEHSTh YpaBHEHHS, HEPABEHCTBA, UX CHCTEMbI JJI PEIICHHUS MaTeMaTH4eCKUX 3aJad U 3a1ad u3
pa3nuYHbIX 001aCTeH HAYKH U pealbHOM KHU3HH;

[Ipy8 ymeHue cBOOOJHO oOmepHpoBaTh MNOHATHAMH: rpaduk (yHKIMH, oOpaTHas QyHKUUS,
KOMIO3ULUs (pyHKUMM, JuHeHHas (QyHKUus, KBagpaTH4Has (yHKUUsS, CTerneHHas (YHKIHS C LEJIbIM
mokaszaTejieM, TpPUTOHOMETpuYeckue  (yHKIHMH, OOpaTHbIE  TPUTOHOMETpUYECKHE  (YHKIINH,
NoKaszaTejabHass M Jorapugmuueckas (QyHKUUH; YMEHHE CTPOMTh Ipaduku (YHKIMHA, BBIITOJHATH
npeoOpa3oBaHus rpauKoB GbyHKIM;
YMEHHUE HCIOJb30BaTh Ipaduku (YHKUMH [UIs M3Yy4YEHHs MPOLIECCOB M 3aBUCUMOCTEH NpU pelieHUH
3aad U3 Jpyrux y4eOHBIX MPEIMETOB W W3 PEaJbHON JKU3HH, BhIpaKaTh (pOpMyllaMH 3aBHCHMOCTH
MEXly BEJIIMYMHAMY; yMEHUE CBOOOIHO ONEpPHPOBATH MOHATHSIMU: YETHOCTb
(GYyHKINH, TEPUOTUIHOCTh (DYHKIIUH, OTPAaHMYCHHOCTh (DYHKIIMH, MOHOTOHHOCTH (DYHKITMH, SKCTPEMYM
¢byHkuMu, HauOoJbllee M HauMEHbIee 3HA4YeHUS (YHKIMM Ha IMPOMEXKYTKE; yYMEHUE IPOBOJIUTH
uccienoBaHue QyHKIUY; YMEHHU €
UCMOJb30BaTh CBOMCTBa M rpaduku (QyHKUMH A8 pelieHus yYpaBHEHUH, HEpaBeHCTB M 3a4ad C
napaMeTrpamu; U300pakaTh Ha KOOPAMHATHOM MJIOCKOCTU MHOXECTBA PEIICHUN YpaBHEHHUM, HEPABEHCTB
U UX CUCTEM;

[Ipy9 ymeHnume CBOOOJHO ONEPHPOBATH MOHATHUSAMH: IIOCIEAOBATEIBLHOCTh, apH(pMeTHIecKas
nporpeccusi, reoMeTpudeckas Mporpeccusi, OecKOHEYHO yObIBaloIlas TreoMeTpUYecKas MpOrpeccus;
yYMEHHE 3a/1aBaTh MOCIEA0BATEILHOCTH, B TOM YHCJIE C TIOMOLIBIO PEKYPPEHTHBIX (HOpMYIT;

IIpyl0 ymeHue omnepupoBaThb MOHATUSAMHU: HENPEPHIBHOCTh (DYHKIUH, ACHUMITOTHI TIpaduka
byHKIMHM, TepBas U BTOpas MNPOU3BOAHAS (YHKUUU, TEOMETPUUECKMH U (PU3UYECKUH CMBICIT
IIPOM3BO/IHOM, TMepBOOOpa3Hasi, OINpeNeNeHHbI HMHTerpajl; yMEHHe HaXOJWUTh AaCUMHOTOTHI Tpaduka
(GYHKIMHY; YMEHHUE BBIYUCIIATH IPOU3BOIHBIE CYMMBI, IPOU3BEACHMS], YACTHOTO ¥ KOMIO3UIIMU (PYHKIIUH,
HaXO0JUTh yYpaBHEHHE KacaTeJIbHON K rpaduxy byHKIUY;
YMEHHE HCIIONb30BaTh IMPOU3BOAHYIO JI HCCIENOBaHMS (QYHKIMM, Ui HaXOXACHWUS HAWIYYIIEro
pelieHusi B NPUKIAAHBIX, B TOM 4YHCIE COLUAIbHO-PKOHOMUYECKMX M (U3MYECKHUX 3ajayax, s
OTIpe/ieNIEeHUs] CKOPOCTH U YCKOPEHUs; HAXOAUTh IJIOMAAX U 00beMbl (PUIyp C MOMOIIbIO MHTErpasa;
IPUBOANUTH MPUMEPBI MATEMAaTHUECKOTO0 MOJICIMPOBAHUS C TOMOIIBIO AH(depeHInanbHbIX YpaBHEHUH;

IIpyll ymeHnue omnepupoBaTh NOHSTHUSIMU: KOMIUIEKCHOE YHCJIO, COMNPSIKEHHBbIE KOMIUIEKCHBIE
qucia, MOIYJIb U apryMEHT KOMILIEKCHOTO YHca, popMa 3alucu KOMITJIEKCHBIX YHCceN (TeoMeTpryecKasi,
TPUTOHOMETpHYECKass U anredpanyeckas); yMeTb MPOU3BOAUTH apuUPMeTHUecKue JEHCTBUS C
KOMIUIEKCHBIMU YHMCJIAMU; IPUBOAUTH IPUMEPBI UCIIOJIb30BAHMSI KOMITJIEKCHBIX YHCET,

IIpyl2 ymenue cBOOOAHO oOmepUpoBaTh TMOHATUSAMU: cpeaHee apupMeTH4ecKoe, MeAHaHa,
HauOoJplllee M HaMMEHbIIee 3HAYEHUs, pa3Max, AMUCIEPCHUs, CTAaHAAPTHOE OTKJIOHEHHE JUIi OMHCAHUS
YHUCJIOBBIX JIaHHBIX; YMEHHE HCCIIE[OBATh CTAaTHUCTHYECKHE JaHHbIE, B TOM YHCIE C MPUMEHEHHEM
rpadMUecKux METOJIOB U JIEKTPOHHBIX CPEJCTB; rpa)uuecku MCCIeA0BaTh COBMECTHBIE HAOIIOACHUS C
MOMOIIBIO AUArpaMM pacCEeUBaHUs U JIMHEHHON PErPECCH;

IIpyl3 ymeHHMe HaXOIUTh BEPOATHOCTU COOBITUH C HCHOJB30BAHHWEM TIpaUUecKHX METOJI0B;
MPUMEHSTh JUIsl pelleHus 3a1a4 (HopMysbl CIOKEHUS U YMHOXKEHHsI BEpOSITHOCTEH, (popMyiy moiHOM
BeposiTHOCTH, (opmyny bepHysin, xoMOuMHaTOpHBIE (aKThl W (OPMYJBI; OLIEHUBATH BEPOATHOCTH
peanbHBIX COOBITUH; YMEHHE ONEpUpOBaTh MOHATUAMHU: CllydailHas BeJIU4YMHA, paclpe/ieleHne
BEPOSITHOCTEM, MaTEMaTU4YECKOE OXHUAAHUE, AUCIEPCHS U CTAHJAPTHOE OTKIOHEHUE CIy4alHOU
BEIMYMHBI, (DYHKIUM pACIpEesIeHUs] U IUIOTHOCTH PaBHOMEPHOIO, MOKA3aTeIbHOIO M HOPMAJIbHOTO
pacnpeesieHnii; YMEHHUE HCII0JIb30BaTh CBOMCTBA WM3YyYEHHBIX PACHpPElENICHUN [Js pelIeHus 3ahad;
3HaKOMCTBO C MOHSTHSMHU: 3aKOH OOJIBIIMX YHCEN, METOJbl BBIOOPOYHBIX HCCIEIOBAaHUN; yMEHHUE
MPUBOANUTH PUMEPHI IPOSIBICHUS 3aKOHA OOJIBIINX YMCEI B IPUPOIHBIX U OOIIECTBEHHBIX SBICHUAX;



[Ipyl4 ymenue cBOOOJHO OINEpUPOBATh MOHATHAMU: TOUKA, MpsiMasi, MIOCKOCTh, POCTPAHCTBO,
OTPE30K, JIy4, IJIOCKUI YIrojl, ABYIPaHHBIM YIroj, TPEXTPaHHbIN yTroJ, IepeceKaroluecs, napauieiabHble U
CKPEILMBAIOIINECS TPSAMBIEC, MAPALIEIbHOCT, M IEPHEHIUKYJIPHOCTh IPSAMBIX M IUIOCKOCTEH, Yro
MEXIy MpsIMBIMU, YTOJ1 MEXIy NpSAMOHM U IIJIOCKOCTBIO, YIOJd MEXIy IUIOCKOCTSIMH; YMEHHE
UCIOJIb30BaTh IPU PELICHUH 33a/a4 U3ydeHHbIe (PAKThl U TEOPEMBl IUIAHUMETPUH; YMEHHE OLIEHUBATh
pa3Mepsl 0OBEKTOB B OKPYXKAIOIEM MHUPE; YMEHHE ONEpUPOBATh MOHATHSIMH: MHOTOTPAHHUK, CEYECHUE
MHOTI'OI'paHHMKA, IIPAaBUIbHBI MHOIOIpaHHMK, PU3Ma, NMUpaMuia, Gurypa U MOBEPXHOCTh BpallCHU,
WINHAP, KOHYC, ap, cdepa, pa3BepTKa MOBEPXHOCTH, CEUCHHs KOHYCa U IIMIMHIPA, TapaJljIeIbHbIe OCH
WA OCHOBaHMIO, CEYEHHUE Ilapa, IUNIOCKOCTh, Kacarowasics chepsl, IUINHIPA, KOHYCa; YMEHUE CTPOUTH
CeYeHHe MHOTOTPaHHUKA, M300pakaTh MHOTOTPAaHHUKH, (PUTYpBI U TIOBEPXHOCTH BPAIICHUS, NX CEUCHUS,
B TOM YMCJI€ C IOMOILBIO 3JIEKTPOHHBIX CPEJCTB; YMEHUE IIPUMEHATh CBOMCTBA T€OMETPUUECKUX (PUTYP,
CaMOCTOSITENILHO (POPMYJIMPOBAThH ONPENEICHUS U3y4aeMbIX (UTYp, BBIIIBUTATH THIIOTE3bI O CBOMCTBAX H
IPU3HAKAX TEOMETPUYECKUX (Uryp, OOOCHOBBIBATH MJIM ONPOBEpPraTh HX; YMEHUE MPOBOJIUTH
kinaccuukanuioo (Uryp MO pasIUYHBIM TPHU3HAKaM, BBIMOIHATE HEOOXOAWMBIC OIOJHUTEIHHBIE
IIOCTPOCHHS;

[Ipyl5 ymenue cBOOOAHO ONEPUPOBATH MOHATHAMU: IIOMIAIL (UTYPHI, 00BEM (UTYpHI, BETUYNHA
yria, pacCTOSHHE OT TOYKHM [0 IUIOCKOCTH, PAacCTOSIHUE MEXKIAY NPAMBIMH, PAacCTOSHHE MEKIY
TUIOCKOCTSIMH, TUIOIIAAb cepsl, IUIOMAs MOBEPXHOCTH MUPAMUJIBI, TPU3MBI, KOHYCA, IUIHHIPA, 00BEM
Ky0a, MpsIMOYroJbHOIO MapajuieNenunesia, TUpaMuibl, NPU3Mbl, LUIMHAPA, KOHYCa, IIapa; yMEHHUe
HAXOJUTh OTHOIIEHNE 00bEMOB MOTOOHBIX QHUTYD;

IIpyl6 ymeHue cBOOOAHO ONEPUPOBATH MOHATUSAMHU: JBH)KEHHE, NapajUleJbHBIA IEpeHocC,
CHMMETpHS Ha TUIOCKOCTH M B MPOCTPAHCTBE, IOBOPOT, Mpeodpa3oBaHue MOA00Hs, MoJ00HbIEe (GUTYPHI;
yYMEHHUE paclio3HaBaTh pPaBHbIE M M0JJ0OOHBIE (PUTYpBI, B TOM UYHUCIIE B IPUPOJIE, UCKYCCTBE, apXUTEKTYPE;
YMEHHE HCIOJIb30BaTh IN€OMETPUYECKHE OTHOIICHHS, HAXOJAWUTh T€OMETPUYECKHE BEIMYMHBI (IJIUHA,
yToJ1, MJIO0LIa b, 00beM) IPU PELICHNUH 33434 U3 IPYTUX yUeOHbIX IPEIMETOB U U3 PealbHOM KU3HM,

[Ipy17 ymenue cBoOOHO ONEpUpPOBaTh MOHATUSIMU: MPSIMOYTOJIbHASI CUCTEMAa KOOPJAUHAT, BEKTOD,
KOOpJAMHAThl TOYKH, KOOPAMHATBHI BEKTOPA, CyMMa BEKTOPOB, NPOM3BEICHHE BEKTOpAa Ha 4YMHCIIO,
pas3io)keHue BeKTopa Mo 0a3ucy, CKaJIpHOE MPOU3BEAECHHE, BEKTOPHOE IPOU3BEACHUE, YIOoJd MEXKIY
BEKTOPAMH; YMEHHUE UCIOJIb30BaTh BEKTOPHBIN U KOOPAMHATHBIM METOA JUIsl PELICHHS] T€OMETPUYECKUX
3a7ad M 3a7a4 JOPYruX YYEOHBIX MPEIMETOB; OMNEPUPOBATH TMOHATHUSAMU: MaTtpuna 2x2 u 3x3,
OIIPEAEIUTENb MAaTPUILIBI, TEOMETPUUECKUM CMBICIT ONPEACINTENS,

IIpyl8 ymeHue MoAenupoBaTh peajibHble CHUTyallUM Ha $3bIKE MaTE€MaTHKH; COCTaBIATh
BBIPQKCHUS, YPABHEHUs, HEPABEHCTBA U MX CHUCTEMBI 10 YCJIOBMIO 33J1a4M, MCCIEAOBATh OCTPOEHHBIE
MOJIETIM C HCIIOJIb30BAHHWEM ammapara ajreOpbl, HHTEPIPETUPOBATh MOJYUYEHHBIH pEe3yNbTaT; CTPOUTH
MaTEMaTHYECKUE MOJEIN C MIOMOILBIO T€OMETPUYECKUX MOHATUIN U BEJIMYMH, PEIIATh CBSI3aHHBIE C HUMHU
MPaKTUYECKHE 3aJaud; COCTaBJISATh BEPOSTHOCTHYIO MOJEIb U HHTEPIPETUPOBATH MOJYyUEHHBIH
pe3ysbTaT; peuarb INPUKIAJHBIE 3aJaud CPEACTBAMM MaTEeMaTHYECKOIOo aHajli3a, B TOM YHUCIE
COLIMAJIbHO-9)KOHOMUYECKOT0 U (PU3HUECKOro XapakTepa;

IIpyl9 ymeHue BbIOMpaTh MOAXOMALIMA METON JUISL PELIeHHs 33aJa4yd; MOHMMAaHHE 3HAYUMOCTHU
MaTEeMaTUKU B W3YYEHHH MPHUPOAHBIX U OOIECTBEHHBIX MPOLIECCOB U SBJICHUI; yMEHHE paclio3HaBaTh
IIPOSIBJIEHUE 3aKOHOB MATEMaTUKH B HCKYCCTBE, yYMEHHME IPUBOAUTH IPHUMEPHl MAaTEMaTUYECKHX
OTKPBITHHA POCCUICKON M MUPOBOM MaT€MaTHYECKOW HAyKH.

MPS8 crmocoOHOCTh U TOTOBHOCTh K CaMOCTOATEIBHOMY MOMCKY METOAOB PELICHUS MPAKTUYECKUX
3aJ1a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;

MP10 ¢opmupoBaHue HayyHOrO THINA MBIIUICHHUS, BIIQJACHUE HAYYHOH TEPMHUHOJIOTHEH,
KJIFOUEBBIMY ITOHATUSAMHU U METOIAMU;

MP12 BBISBIATH NPUUYUHHO-CIIEACTBEHHBIE CBA3H U aKTyaJIU3UPOBATh 33/a4y, BBIABUIATh TUIIOTE3Y
€¢ pEIICHUs, HaXOAUTh apryMEHTBHI JJI JO0KA3aTeIbCTBA CBOMX YTBEP)KICHHUH, 3a1aBaTh NapameTpsl U
KPUTEPUHU PELLIECHUS;

MP13 ananu3upoBaTh MOJIYYEHHBIE B XOJI€ PELICHHS 3a/1a4d PE3yJIbTaThl, KPUTUYECKH OLCHUBATH
UX IOCTOBEPHOCTH, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBUSX;



MP16 ocymecTBiIsITh IIENCHANPABICHHBIA TMOUCK IEepeHOCa CPEICTB W CIOCOOOB ACHCTBUSA B
pohecCHOHATLHYIO CPeay;

MP17 ymeTh mNepeHOCUTh 3HAaHWsA B I[IO3HABATCJIPHYKD W  MPAKTHYECKYH0  00JIacTH
KHU3HEEATEIbHOCTH;

MP18 ymeTh HHTETpUPOBATh 3HAHUS U3 Pa3HBIX MIPEIMETHBIX 00IaCTeH;

JIP23 roToBHOCTH K TPYAY, OCO3HAaHUE LIEHHOCTH MacTEepPCTBa, TPYA0JII00HE;

JIP26 TOTOBHOCTH M CIIOCOOHOCTH K OOpa30BaHUI0 W CaMOOOPA30BaHHMIO HAa MPOTSHKEHHWH BCEH
KU3HU.

ConepxaHue IPAaKTUYECKUX OPUEHTUPOBAHO HA IOATOTOBKY OOy4YaroOLIMXCS K  OCBOEHMIO
po(heCCHOHATIBHOTO MOJYJISl IIPOrPaMMBbI TTOJITOTOBKH CHEHHATMCTOB CPETHEr0 3BEHA M0 CHEHUATLHOCTH U
OBJIAJICHUIO NPOPECCUOHATILHBIMU KOMUEMEHUUAMU:

[IK 2.1 BBIMoOnHATH pacdeTsl MapaMeTpoOB TEXHOJOTHUECKUX IPOIECCOB 00pabOTKH METaIOB
JaBJieHHEM, paboThl 000PYIOBAHUS, XapaKTEPUCTUK UCXOIHBIX 3arOTOBOK U METAJNIONPOYKIIHH.

A Takike (OPMUPOBAHMIO 00U4UX KOMNEMEHYUIL:

OK 01 Bribupats criocoOsl pemieHus 3a1ad npohecCUOHAIBHON AEATEIbHOCTH IPUMEHHUTENbHO K
Pa3IMYHbIM KOHTEKCTaM

OK 02 HMcnonb30BaTh COBpEMEHHbBIE CPEJCTBA IIOMCKA, aHAJIM3a U MHTEpIpeTauuu UHGopMauu u
MH(POPMAIMOHHBIE TEXHOJIOTHH JUIS BBITIOIHEHUS 3a/1a4 TPOPECCUOHATIBHOM 1S TeIbHOCTH

OK 03 IlnaHnupoBaTh U peaqn30BbIBaTh COOCTBEHHOE MPO(ECCHOHANTBHOE U JIMYHOCTHOE PA3BUTHE,
IIpeANPUHUMATEILCKYIO JESTEIbHOCTh B MPOPECCUOHANBHOMN chepe, NCI0Ib30BaTh 3HaAHUs 110 IPaBOBOM
1 (MHAHCOBOM IPaAMOTHOCTHU B PA3JIMUHBIX KU3HEHHBIX CUTYaLMSIX

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

OK 05 OcymecTBiATh YCTHYIO M IHCbMEHHYIO KOMMYHHMKAIIMIO Ha TOCYIApCTBEHHOM S3bIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEN COLMAIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06 IIposBiasATh TIpakJaHCKO-NATPUOTUYECKYIO TO3MIHI0, JEMOHCTPUPOBATh OCO3HAHHOE
MIOBE/ICHUE Ha OCHOBE TPAJMUIIMOHHBIX POCCHUICKUX JTyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEH, B TOM YHUCIE C
Y4€TOM TapMOHHU3ALMN MEXHALMOHAIBHBIX M MEXPEIUTHO3HBIX OTHOIIEHWH, NPUMEHATH CTaHAApThI
AHTUKOPPYILUOHHOIO TIOBE/IEHUS

OK 07 CopeiicTBoBaTh COXpPAHEHUIO OKpY’KAIOIIEH Cpeibl, pecypcocOepekeHHI0, MPUMEHSThH
3HaHHUA 00 M3MEHEHHM KIMMaTa, IPUHILHUIBI OEpeXxIIMBOro MPOU3BOACTBA, 3P(PEKTUBHO JIEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 Mcnonb3oBaTh cpeacTBa GU3NYECKON KYJIbTYphI Il COXPAaHEHUs U YKPEIUIEHUs 30POBbsI B
nporecce MpophecCHOHATBHOW JEeATETbHOCTH M MOJJEpKaHUs HEOOXOTUMOIo YpOBHS (U3NYECKOi
MIO/ITOTOBJIEHHOCTH

OK 09 ITonp3oBatbest mpohecCHOHATFHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM UM MHOCTPAaHHOM
SI3BbIKaX.

BrimonHenue o0yyaromuxcst IpakTUYECKUX /WM JIaOOPaTOPHBIX padoT 1Mo y4eOHOH TUCHUIUIMHE
«MaremaTHKa) HaIllpaBJICHO Ha:

- 0060011IeHNe, CUCTEMATU3ALUIO, YTIITyOJIeHne, 3aKpeIUIeHUe, pa3BUTHE U AETATU3AIMIO TOTYyYeHHbIX
TEOPETUYECKUX 3HAHUN N0 KOHKPETHBIM TeMaM y4eOHOM IHUCHUIUIMHBI;

- (hopMUpOBaHME YMEHHH MPUMEHSATH IMOJyYeHHbIE 3HAHUS Ha MPAKTHUKE, pealu3aliio €IMHCTBA
MHTEJJIEKTYyalIbHOM U MPaKTUYECKOM JeITeIbHOCTH;

- (hopmHpoBaHHE U pa3BUTHE YMEHH: HaOIIOAaTh, CPAaBHMBATh, COIOCTABIATH, AHAJIU3UPOBATH,
JienaTh BBIBOABI U OO0OOIIEHUS, CaMOCTOSITETbHO BECTU MCCIEIOBaHMS, MOJb30BAThCA Pa3TUUYHBIMU
preMaMy U3MepeHuit, opopMIIATh pe3yIbTaThl B BUAE TaOJIHII, CXeM, IpaduKOB;

- Ppa3BUTHE UHTEIUIEKTyaJIbHBIX YMEHUH y OyAylIMX CHELHAIMCTOB: aHATUTHUYECKHUX,
IIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U Jp.;

- BBIPAOOTKY NPH PEIIEHUH NTOCTABIEHHBIX 33734 NPO(eCCHOHANBHO 3HAUYUMBIX KaYeCTB, TAKMX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUECKAsl HHUIMATHBA.

[lpakTiueckue 3aHATHS TNPOBOAATCS B PaMKaX COOTBETCTBYIOILEH TEMBbI, IIOCIE OCBOCHUS
TMIAKTUYECKUX SAMHHUL, KOTOpbIe 00ECTIeYMBAIOT HATMYKE 3HAHUI, HEOOXOANMBIX JJIsl €€ BBIITOTHEHUS.






2METOJUYECKHUE YKA3ZAHUA

Tema 1.1 PazBurue NOHATHS 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 1
«Apu(pmMeTnyeckue JeiicTBUSA HAJ 1eiiCTBUTEILHBIMA U KOMILUIEKCHBIMHM YHCJIAMM.
IpudankeHHble BHIYUCIECHU D)

Heabr padorbl: HayuuThbCcsi BBINOJMHATH JEUCTBUSL C JCHCTBUTEIBHBIMH U KOMILIEKCHBIMU
YHCIIAMU, BBIITOJHATH MTPUOIMKCHHBIC BHIYHCICHUSI.

Brinosinenue padoTsl cnocodocTBYeT GOPMHUPOBAHNIO:

OK 01 Boi6upats crioco6bl penieHus 3afad npohecCHOHATBHON NeATEIbHOCTH MPUMEHUTEIBHO K
Pa3JINIHBIM KOHTCKCTAaM;

OK 02 Mcnonb3oBaTh COBPEMEHHBIE CpPE/ICTBA MIOUCKA, aHANIM3a U MHTEpHpeTauy nHpopmanuu u
MH(OPMAIMOHHBIC TEXHOJIOTUH JJIsI BEITIOTHEHHS 3a/1a4 MPOPECCHOHATBHOMN JIEITeIbHOCTH;

[IK 2.1 BBIMOAHATH pacyeThl MapaMeTpPOB TEXHOJOTHYECKUX IMPOLECCOB 00pabOTKU METaslioB
JaBJICHUEM, pabOThI 000PYTIOBaHUS, XapPAKTCPUCTUK UCXOIHBIX 3aTOTOBOK U METAJIONIPOTYKITHH.

MartepuanbHoe odecrnieyeHue:
WupuBuyanbHbIC 3aJaHKs, CIIPABOYHBIC MATEPUAITBI, KOHCTICKTHI JICKITUA.
3ananue

1. Pemmre 3anaumn:

a) bpurage noMeHImMKOB Obla yCTaHOBJEHA HOpMa — BbIIUIaBKa 4yyryHa mo 2,5 T B JeHb. B
NepBbI JeHb Opuraja BhIIUIaBMJIa 2 T 4YyryHa, a BO BTOpod aeHb — 3 T. Haiiaure mpoueHT
BBIITOJIHEHUS] HOPMBI B IIEPBBIM U BTOPOM JI€HB.

6) B nexe paboratot 20 pabounx, u3 HUX 8 craneBapoB. Kakoil mpoleHT OT Bcero uucia padbouux
1[€Xa COCTaBIISAIOT CTajeBapbl?

B) PaGoumii neHp craseBapa yMeHbIIMICS ¢ 8 4acoB 10 7 yacoB. Ha CKONBKO MPOIIEHTOB HYKHO
MOBBICUTh TPOU3BOJUTENBHOCTh TPYJA, YTOOBI NMpU TEX XK€ paclieHKax 3apaboTHas IuiaTa
Bo3pocia Ha 5%7?

2. Beluucnure:

5, 7Y, 23 5 9. 12233 4% .42
a) (8 + 12) (3 s 2 58)’ 0) =45,
5) 424113 5L 0 12,8:0,64+3,05005
3 3 6 8;:1;—1
6 _198. 1) 2 _ A T
0152-125- (01 +); e) (182 -23-13):2%
0,15-015:3; 3 (13-07-122):12.
—§+0,25 ’
3. JlaHBI KOMILUIEKCHBIC YHCIIA:
Zl = 3 + 21,
Zy, = 4 — i,
Z3 = 5 + 21,

Z4=6_3i.



BrimonauTe neiicTBus:

a)Zl'Zz+Z3'Z4; 6)Z1'Z4+Z2'Z3
B) Zy ' Z3 — Zp " Zg;
Zl, Z
F) _ ) )
Zy Z3
Z3 Zg
e) —; x) —;
Zy Z

3) |21, 1251, 123, |Z4].

HOpﬂ)IOK BbIIIOJTHCHHUSA paﬁoTLI .

BaumarenbHO 03HAaKOMBTECH C YCJIOBUCM 3aJiaHuA.

[Tonp3ysicb CBOMMM IIKOJIBHBIMU 3HAHUSAMMU (B Cllydyae 3aTpyIHEHHs BOCIOIb3yHTECh CIIPAaBOYHBIMU
MaTepuagamMH), BBIIOJIHUTE 3a/JaHUE

Xon padoTsi:
3ananue Nel

2 1 +1 3
A
2 St;=5 ==k
1 1 1 1 2 2
) 3i441=0G+4+(3+1)=7+2=7%
2 1 2 1 1 1
9 3i-12=3-D+(¢-7)=2+2=2%
5 L3 7.p_7a 717
T ES TR e
) 2533 T LT n s
7 32414s=G+19)+(G+3) =17+ =175
3aganue Ne2

[Tpumep. Haiitu (8+i):(2-3i).

Pemenue. [lepenuiiem 3To OTHOIIEHUE B BUJIE IPOOU: ;_—J:i

YMHOXUB, €€ UNCIUTENb U 3HaMeHaTeb Ha 2 + 3i U BBINOJIHUB BCE IPEOOPA30BAHUSL, TOJTYUHNM:
8+1)(2+3i 13+26i .

((2—33)((2+33) T3 I+2t

(I)opma NMpEeaACTABJCHUSA PE3yjabTaTa: BEIIIOJTHCHHOC 3aJaHNC

Kpurtepun ouenku:

Onenka "oTaMYHO'" CTaBUTCS, €ClIM pabdoTa BBINOJHEHA B TMOJMHOM 00BEME C COONIOJCHHEM
He00XOaNMOM IMOCIIEN0BATEIbHOCTHA JECTBUN.

Orenka "'xopomo" CTaBUTCS, €CITU BBITMOJHEHBI TpeOOBaHUS K OIICHKE "OTIWYHO", HO TOMYIIEHBI 2-
3 HemouerTa.

Orenka "y10BJIeTBOPUTEIBHO'" CTaBUTCS, €CIU padoTa BBIMOJTHEHA HE TOJHOCTHIO, HO O0BEM
BBINOJTHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPABUIIBLHBIEC PE3YIbTATHI U BHIBOIBI.

OreHka ""Hey10BJIE€TBOPUTEIbHO' CTAaBUTCS, €ClId paboTa BHINOJHEHA HE MOJHOCTHIO MM 00BEM
BBITIOJTHCHHOW YacCTH paOOThI HE TTO3BOJISICT CENATh MPABHIBHBIX BHIBOJIOB.



Tema 1.1 PazBurue NOHATHS 0 YHCJIE

IIpakTuyeckoe 3ansitue Ne 2
«PelreHne NPUKJIAAHBIX 32124 HA TPOLEHTHD)

I_[e.m, paﬁoTbI: Haqu/ITBCSI peliaTh TCKCTOBBIC 3ala41 HAa HAXOXKACHHUC IIPOUCHTOB OT YHCJIA.

Boinosinenue padoTsl cnocodcTBYET (POPMUPOBAHMIO:
OK 01 Beibupats crioco0Osl perieHus 3aaa4d npohecCuoOHaATbHOM JACSITEIIBHOCTH MPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM;
OK 02 Hcmnonb30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHAJIM3a U UHTEpIpeTaluu UHpopMaluu u
nH(OPMAIMOHHBIC TEXHOJIOTUH JJIs1 BEITIOTHEHHS 32/1a4 MPOPECCHOHANTBHOMN JIEITeIbHOCTH;
[IK 2.1 BpIMOAHATH pacyeThl MapaMeTpPoOB TEXHOJOTHYECKUX IMPOLECCOB 00pabOTKHU METassioB
JaBJICHUEM, pabOThI 000PYTOBaHUS, XapPAKTSPUCTUK UCXOIHBIX 3arOTOBOK U METAJIONIPOTYKITHH.

MaTepnanbﬂoe o0ecneveHnue:
I/IHI[I/IBI/II[yaHBHbIe 3a/laHus, CIIPABOYHBIC MAaTCPpHaAJIbl, KOHCIICKTDBI JICKIUH.

3aganue

1. Hamnor na noxozas! coctasiser 13% ot 3apabotHoi miatel. [locie yaepskanust Hajgora Ha JJOXOJIbI
CTajeBap NOJY4MJ 3a BBINOJHEHHYI paboty 16530 py6neil. Ckonbko pyOusielt cocTaBisieT
CTOMMOCTD BBIIIOJTHEHHOUN paboThI?

2. Komuccus 3a Mex0OaHKOBCKHI nepeBoJt coctanisteT 1,5% oT cymmbl epeBosa, Ho He MeHee 100
py6neit. KakoBa OyneT komuccus 3a Mexx0ankoBckuit mepeBoj; cyMmbl 50 000 pyOmneit?

3. 25% ydacTHMKOB KOHKYypca mpogMacTepcTBa npouuid B noxy¢uHan, u3z Hux 10% okxazamuch B
¢unane. CkonpKo ObUIO YHACTHUKOB KOHKYpCa, €CIH (PUHATMCTAMH OKa3aJIuCh 8 YelloBeK?

ITopsinok BbINOJIHEHUS PadOTHI:

BHuMaTenbHO 03HAKOMBTECH C YCJIOBHEM 3aJaHU.

[Tonb3ysach TONyYEHHBIMU 3HAHUSIMHU (B Cllyyae 3aTpyIHEHHUS BOCIIOJIb3YWTECh CIIPaBOYHBIMU
MaTepHajiaMH), BHIIIOJHUTE 3alaHue.

Xoa pa0doThI:

OauH mpoleHT — 3TO OAHA coTas A0S uuciaa. MaTemMaTMuecKUMH 3HaKaMU OJIMH IPOLEHT
3anuceIBaeTcs Tak: 1%.

Ornpezenienre OJHOTO TPOICHTAa MOXHO 3amucath paBeHcTBoM: 1 % = 0,01 * a 5%=0,05,
23%=0,23, 130%=1,3 u T.1.

Kax naitta 1% ot uucmna? Pa3z 1% 3T1o ogHa coTtas yacTth, Hajo yucio pazaenuts Ha 100. Jenenue
Ha 100 MoxHO 3aMeHuTh yMHOkeHUeM Ha 0,01. [TosToMy, uyToObI HaiiTu 1% OT JaHHOTO YMCIa, HYXKHO
yMHOXKUTH ero Ha 0,01. A ecnu HyxHO HaiiTh 5% OT 4Kcna, TO yMHOXKaeM JaHHoe yucio Ha 0,05 u T.1.

3adaua: Tlpennpusarue 3aKymaeT 3aroTOBKM MeTaJUIoNpokaTa mo ontoBoil neHe 110 pyOineit 3a
HITYKY U npojaeT ¢ HaeHkoi 30%. Kakoe Hanbosnbliee 4uciao TakuxX 3ar0TOBOK MOXHO KynuTh Ha 1200

pyOmeit?
Pewenue
1) OnpenensieM HaAEHKY NPEANPUSITHS:
30% = 0,3;

110 - 0,3 =33 py0. HalleHKA
2) OrnpenenseM po3HUYHYIO LIEHY:

110 + 33 = 143 py0. po3HUYHAs 1IeHA



3) OnpenenseM KOTUYECTBO 3aTOTOBOK
1200 : 143 = 8 (ocT. 56)

Omeem: 8
dopma npeacTaBJieHusi pe3yJabTaTa: BBIIIOJIHCHHOE 3a/1aHHE

Kpurepum ouenku:

Ornenka "oTaIMYHO'" CTaBUTCS, €CiM padoTa BHINIOJHEHA B IOJHOM O0BEME C COOIIOIACHHEM
Heo0XO0aUMOM IMOCIIEN0BATEIbHOCTHA AECTBUN.

Onenka "Xopouo' cTaBUTCS, €CIIM BBIIIOJHEHB TPeOOBAHUSA K OLIEHKE "OTJIMYHO", HO JOMYIICHBI
2-3 HenouerTa.

Ouenka "ya0BJIeTBOPUTEIBLHO' CTaBUTCS, €clid padoTa BBINOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHON YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh IPABHIIBHBIE PE3YJIbTAThI U BHIBOJIBI.

OrneHka ""Hey10BJIETBOPUTEILHO' CTaBUTCS, €CIM pad0Ta BHIMOJIHEHA HE MTOJHOCTHIO WM 00BhEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BHIBOJIOB.

Tema 1.1 PazBurue NOHATHS 0 YHCJIE

IIpakTHyeckoe 3ansaTue Ne 3
«Pelmenne pauMoHaJIbLHBIX YPABHEHUI U CHCTEM YPaBHEHH I

Heab padoTsl: GopMUpOBaHUE YMEHHI pelIaTh JTMHCHHBIC, KBaIpaTHBIE, OMKBaIpaTHEIC, JPOOHO-
palMoOHaNIbHBIE YPABHEHUS.

BeinosiHenue padoTsl coco0cTBYeT (POPMHPOBAHUIO:
OK 01 BeiObupate crnocoObl pemieHus 3anad NpoPecCHOHANbHOM AEATEIbHOCTH HPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM;
OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpEACTBAa IOWCKA, aHAIW3a U MHTEpHIpeTaluu HHPOpMalUU U
MH(pOPMAaIMOHHbIE TEXHOJIOTHH [T BBIMOJIHEHUS 3a/1a4 TPO(pECCHOHATBLHOM 1eATeIbHOCTH;

3amanne

1. Pemuth ypaBHEHUS:

a) (x—2)—-5=4—-(5x—-1);

6) 2x+7)Bx—1)—(Gx—1)(x+3) = (x + 1)?

x—1  4+2x,
B) 2 - 3

r) —§x2+12=0;
n) 10x?% + 5x = 0;
e) 2x2+3x—5=0;
%) 3x2+7x — 6 =0;
3) x%+8x+15=0;
) x*—2x?-8=0;

16—x2
K) x—4 - OJ
X 4
1) 2x-3 %

x2-2x 2x-1

— = 3;
x—1 1-x
a) PemmTe cuctembl ypaBHEHUM




. {3x— y =3,
) 3x—2y =0;
2x + 3y =3,
B) {
5x+ 6y =09;
{x —y=-2,
r)
2x+y = 2;
xy—x+y=7,
n){ _
xy+x—y=13;

HOpﬂ)IOK BbIIIOJTHCHHUSA paﬁoTLI .

[Tpu perieHny ypaBHEHUN UCHIONB3YIOTCS CIEAYIOIINE MTpaBuiia MpeoOpa3oBaHrs  ypaBHEHHI B
PaBHOCHUJIbHBIE:

a) Kakoii- 1100 4jeH YpaBHCHHUA MOKHO IICPECHECTU U3 OJIHOM €ro 4aCTu B JApYyTyro C
IMPOTHUBOIIOJIOKHBIM 3HAKOM;

6) 00e yacTtu YpaBHCHHUA MOKHO YMHOXKUTDH WJIH PA3JCIUTh HA OJHO TO K€ YHUCIIO, OTIMYHOC OT

Kpatkue TeopeTnyeckue cBeICHUA:
Pemenue ypaBuenuit I-11 crenenu ¢ oa4HOM nepeMEHHOM

-b . . .
ax+b=0,(x= —,a# 0) — nuHEeiHOEe ypaBHEHUE | CTeTIeHH ¢ OJTHOM TepeMeHHON

ax? + bx + ¢ = 0 (a # 0) — ypasuenue II cTenenu ¢ 0HON NEPEMEHHOIA.
1. OnpenenuTh BUJI ypaBHEHUSI U CIIOCOO €ro PeIleHUs.
2. Ecniu ypaBHeHUE IpOOHO-palliOHAIBLHOE, TO HAWTH OO 3HAMEHATEh BCEX ApOo0eH, KOTOphIe
BXOJISIT B ypaBHEHHE.
3. YMHOXUTH 00€ 4acTH ypaBHEHUsI Ha OOIIHI 3HAMEHATEb.
4. PemmTh NOIy4YEHHOE LIEJIO€ YPABHEHHUE.
5. TlpousBecTu MPOBEPKY KOPHEH, M UCKIIOYUTh T€ M3 HUX, KOTOPHIE 0OpaIiaroT B HYJb OO
3HAMEHATENb.
Pemnm ypaBHeHus:
a) (Bx +1)%2 + (4x — 1)? = (5x — 2)?
PackpoeM ckoOKH, IpUMeHsist pOpMyJIbl COKpaIieHHoro ymHoxkenus (a + b)?u  (a — b)?
9x% 4+ 6x + 1+ 16x% —8x + 1 = 25x% — 20x + 4
9x%+6x+1+16x>—-8x+1—25x*+20x—4=0
[TpuBeneM no100HbIE YIEHBI, TOTYYUM
18x —-2=0
2 1
YT
Otser: x = } KOpPEHb YPABHEHUS.
x 7 8
0% v
Pasnoxum x2 — 4 Ha MHOXKHTENM U HepeHeceM BCe WiIEHbl ypaBHEHHs B JIE€BYIO YacThb. IIpuBeneM

Ipobu K 00I1IeMy 3HaMEeHATeIIIO:
X 7 8

x—2 x+2  (x-2)(x+2) =
x(x—2)-7(x-2)-8

(x—2)(x+2) =0
x2+2x-7x+14-8 0
(x+2)(x-2) o
x2-5x+6
(x+2)(x-2) o

JIpoOb paBHA HYIIIO, KOT/Ia €€ YMCIIMTENb PABEH HYJII0, @ 3HAMEHATENb HE PaBEH HYIIIO, T.€.
x+2))(x—2)#0=>x#2,x -2



x2—-5x+6=0

D=25-24=1
5+1

X =—=3
1 E
-1
Xy, =—=12
2 2
Ho Tak kak x # 2, TO X, = 2 — OCTOPOHHUI KOPEHb, CJIEAOBATEIIBHO PEIICHUEM YPABHEHUS
Oynerx; = 3

OtBeT: x = 3
dopma npeacTaBJieHusi pe3yJabTaTa: BBIIIOJIHCHHOE 3a/1aHHE

Kpurepum ouenku:

Ornenka "oTau4HO'" cTaBUTCS, eciu paboTa BBHIMOJTHEHA B TOJHOM O0BEME C COOIIOIECHUEM
HE00XO0IUMOM MMOCIIeI0BATEILHOCTH JACHCTBUM.

Onenka "'xopomo' cTaBuUTCS, €CJIM BBIIOJHEHBI TPeOOBaHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 HenoyerTa.

Ornenka "y10BJeTBOPUTENBHO' CTaBUTCS, €CIM pabOTa BEHITIOJHEHA HE MOJTHOCTBIO, HO 00BEM
BBITIOJTHEHHON YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh IPABUIIbHBIE PE3YJIbTAThI U BBHIBOJIBI.

OreHka ""Hey10BJIEeTBOPUTEIBHO' CTaBUTCS, €CITU PadOTa BBHITIOJHEHA HE TIOJHOCTHIO MM 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh MPABUIIbHBIX BHIBOJIOB.

Tema 1.1 PazBurue NOHATHS 0 YHCJIE

IpakTHyeckoe 3anaTue Ne 4
«PemieHne 3a1a4 Ha COCTABJIEHUE YPABHEHHH ¢ IPO(PECCHOHATBHBIM COAEPKAHUEN))

Heas padorbl: GopMHpOBaHHE YMEHUH pellaTh TEKCTOBBIE 3aJaud, COCTaBIIsAs YpPaBHEHUS U
CUCTEMBI YPaBHECHHUU.

Boinosinenue padoTsl cnocodcTBYeT (POPMUPOBAHUIO:
OK 01 Beibupats criocoObl peieHus 3a1a4 npoQecCHOHANBHON JeSTeNbHOCTH TPUMEHUTENBHO K
Pa3JIMYHBIM KOHTCKCTAaM;
OK 02 Ucmnonb30BaTh COBPEMEHHBIE CPEACTBA MOMCKA, aHANIM3a U UHTEPIpeTali HHGopMaluu u
I/IH(l)OpMaHI/IOHHI)IC TEXHOJIOI'MHU JJIA BBIIIOJTHCHUS 3a1a4 HpO(l)eCCHOHaHLHOfI JACATCIIbHOCTH,
[IK 2.1 BBIMOAHATH pacyeThl MapaMeTpOB TEXHOJIOTHYECKUX IMPOIECCOB 0OpabOTKH METaslioB
JaBJICHHUEM, pa6OTI)I O60py210BaHI/I$I, XapPaAKTCPUCTHUK UCXOJHBIX 3arOTOBOK U METAJIJIOIIPOAYKIIUH.

3ananue
Pemre 3amaun:

1. T'oTOBYyIO MPOAYKIMIO METAIONPOKAaTa BecoM 135 T pa3zpe3anv Ha JABE 4acTH Tak, YTO OJIHA W3
HUX JIeTYe Ipyrou B JBa pa3a. Haliqure Bec KaxK101 4acTH.

2. HMmeercs nBa MeTaIONpOKaTa pa3HbIX COPTOB. Macca mepBOTrO MeTajulonpoKaTa paBHa OSKT.
Hpyroi, nmuHa KoToporo Ha 3M OoJibllie ATUHBI IEPBOTO M Macca KaKIOro MeTpa KOTOPOro Ha
2Kr 0OoJIbIIe MAcChl KaXJA0r0 METpa MepBOro MeTauionpokara, umeer maccy 120 kr. Boraucnure
JUIMHY Ka)KJI0r0 METaJUIONpOKaTa.

3. Ha ckmnage umerotcst 3arotoBku Metamonpoaykiuu 60 kr u 100 kr. Korma peammzoanmu 50%
3arotoBok 60 kr u 20% 3aroroBok 100 Kr, 4T0 cocTaBujao B 001IeH caoxHocTH 390 3aroTOBOK, TO
3arotToBok 60 Kr ocranock B 3 pa3a 6ombiie, ueM 100 xr. CKoJIpKO M3HAYAIBHO OBUIO Ha CKJIAe
3arotoBok 60 kr u 100 xr?

4. JIBym cranmeBapaM Oblja mopydeHa padbora. Bropoit mpuctynui k paboTe Ha Yac MO3Xe MEePBOro.

. 9 .
Yepes 3 yaca mocie TOro, Kak MepBbI NPUCTYNHUI K paboTe, UM OCTAJIOCh BBIMOJIHHUTH 7 Beei



pabotel. [lo okoHYaHUU pPabOTHI OKA3AJIOCh, YTO KaXKIBIM BBIMOJIHUII IMOJOBUHY BCE pabOTHI. 3a

CKOJIBKO YacOB KaXKIbIl, padoTast OTIEIHHO, MOXKET BBIIIOJIHUTH BCIO paboTy?

IHopsinok BbINOJIHEHUS PA0OTHI:

BHuMarenpbHO 03HAaKOMBTECH C YCIOBHUEM 3ajjaHUS.

[Tonb3ysach MONYyYEHHBIMU 3HAHUSIMU (B Cllyyae 3aTpyIHEHHUS BOCIIOJIb3YWTECh CIPaBOYHBIMU
MaTepuagamMH), BBIIOJIHUTE 3a/laHUE.

[Ton anreOpanyecKMM METOAOM pELICHHS 33/1a4 MOHMMAETCs TaKOM METOJ pelIeHus, Koria
HEHM3BECTHBIC BEIMYMHBI HAXOAATCS B PE3yNIbTaTe PEIICHUS YPaBHEHHWS WJIM CHUCTEMBl YpaBHEHHH,
COCTABJICHHBIX IO YCIOBHIO 3a/1a4H.

[lpm pemennn 3amad anreOpamdeckMM METOJOM OCHOBHAsS MBICIUTEIbHAS JIESATEIBHOCTh
COCPEJI0TAauMBACTCSl HAa MEPBOM JTalle PELICHUs 3aJaud: Ha pa3dope YCIOBUS 3aJauyd M COCTAaBIICHUH
ypaBHEHHI1 WJIM HEPABEHCTB I10 YCIOBUIO 3a/1a4H.

BropeiM sTanoM sBISETCS pEIIEHHE COCTABICHHOTO YPaBHEHHUS WJIM CHUCTEMbl YpaBHEHUH,
HEpPaBEHCTBA WJIM CUCTEMbI HEPaBEHCTB.

TpeTbrM Ba)XHBIM 3TANlOM PEUICHUS 3a]1a4 SBISETCS MPOBEPKA PEIICHHS 3a/1a41, KOTOPast IPOBOIUTCS T10
YCJIOBHIO 3aJa4H.

3adaua:

[TepBbIit MeTasuTypr 3a 4ac BblIaBisieT Ha 10 T uyryHa GoJbliie, 4eM BTOPOWA, M BBIITOJIHSET 3aKas3,
cocrosiuii u3 60 T, Ha 3 yaca ObicTpee, 4eM BTOpPOIl METaJTypr, BBINOJIHSIOUIMM Takoil e 3akas.
CKOJBKO BBIIUIABUT YyTyHA B 4ac BTOPOI MeTayLTypr?

Pewenue:
IIycTh X TOHH B yac BBIIJIABJISIET BTOPOH METAJLTYpr, Torja nepsbii (x+10) TOHH.
[Tpon3BOUTENBHOCTD Bpewms Pabora
60
1 metammypr (x+10) T B yac 10 ] 60 T
60
2 MeTauypr X T B Uac = 60T

Tak kak mepBbIil BHITUIABIISIET HA 3 Yaca MEHbIIIE, YEM BTOPOM, TO COCTABUM YpPaBHEHUE:
60 60 _3
x x+10
[Tomyunm x=-20 u x=10 (-20 — He MOAXOAUT IO CMBICTTY 3a/1a4H )
10 TOHH B 4ac geaeT BTOPO METaJLTYpr.
Otser: 10 TOHH.

d)opMa npeacTraBJdceHUs pe3yjabTaTa: BbIIIOJTHEHHOC 3a/laHNE

Kpurepun onenkn:

Onenka "orimuHo'" cTaBUTCS, €ciiv paboTa BBIMOJTHEHA B MOJTHOM 00BEME C COOIIIOICHHEM
HE00X0IUMOM MMOCIIeI0BATEILHOCTH JACHCTBUN.

Onenka "xopomo' cTaBUTCS, €CIIU BHIMOJIHEHB TPEOOBaHUA K OLEHKE "OTJIMYHO", HO JOMYIIEHbI
2-3 Hegouera.

Onenka "ya0BJIeTBOPUTEIBLHO' CTaBUTCS, eclid paboTa BBIMOJTHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJYYUTh MPABUIbHBIE PE3YIbTATHI U BHIBOBI.

OreHKa ""Hey10BJIETBOPUTEILHO' CTaBUTCS, €CIM pab0Ta BIMIOJHEHA HE TTOJTHOCTHIO WM 00BhEM
BBHITIOTHEHHON 9acTH PabOTHI HE MO3BOJISET CAENATh MPABIILHBIX BHIBOJIOB.



Tema 1.1 PazBurue NOHATHS 0 YHCJIE

IIpakTHyeckoe 3anaTHE Ne 5
«PernieHne panMoOHAJbHBIX HEPABEHCTB)»

Henpr padorbi: [loBTOpUTH M 3aKpenuTh 3HAHWA W YMEHHSA YydYalluXcsi HpU pElICHUU
palMOHAIbHBIX HEPABEHCTB.

BrinosiHeHue padoThl cnocod0cTBYET (DOPMUPOBAHUIO:
OK 01 Beibuparb crnocoObl pemieHust 3aaad Mpo(hecCHOHATBHONW JAEATEIIbHOCTH IPUMEHHTENIBHO K
Pa3IUYHBIM KOHTEKCTaM;
OK 02 Hcnonbp3oBaTh COBpPEMEHHBIE CpEACTBAa IIOWCKA, aHAIW3a U MHTEpHpeTaluu HHPOpMaLUU U
MH(OPMAIIMOHHBIE TEXHOJIOTHH /TSI BBIITOJIHEHUS 3a4a4 MPO(ECCHOHAIBHOM JICSITEIbHOCTH;

3ananue
Pemnts HepaBeHcTBA:
1) 3x—(2x—7) <3(1 +x); 2) x+"7‘3>3;
x+4 x-1 x-1  x+1
) 5 -7 =L Y S5 =27
5) x>4+x—-6<0; 6) x%>+3x+2>0;
7) x%<0,25; 8) 4—x?<0;
9) x?—8x>0; 10) x? + 24x < 0;
11) x2 —6x+9 < 0; 12) 25x%2 —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) x2(x + 7)(x —5)8(x +8)3 < 0;
x+3 . (x+4)(x+7) .
19) 22 <0 20) —( . > 0;
(x—2)(x+4)? ) x2+x)(x-3) )
a1) &2 o, 2) =2 <o,

HOpﬂ)IOK BbIIIOJTHCHU A paﬁon:

HpI/I pPCHICHUN HEPABCHCTB HUCIOJIB3YHOTCA CICAYIOIINEC IMpaBHJia Hp606pa3OBaHI/IH HCpPaBCHCTB B
PaBHOCHUJIBHBIC!

a) KaKoii- 1100 YJIeH HepaBEHCTBA MOXHO MEPEHECTH U3 OJTHOM ero

JacTu B JOpPYyTryro C IMPOTHUBOIIOJIOXHBIM 3HAKOM, OCTaBUB IIpHU 3TOM 0e3 U3MEHEHHS 3HaK
HCPAaBCHCTBA,

0) o6e "acTu HEpaBEHCTBA MOXHO YMHOXHTh HWJIA PA3ACIUTh HAa OJHO TO K€ IMOJOXKUTEITHLHOE
YHCII0, OCTaBHB MPHU ITOM 0€3 H3MEHEHHS 3HAaK HEPaBEHCTBA;

B) 00€ 4acTH HEpaBEeHCTBA MOYKHO YMHOXHTh WJIH Pa3/ieiuTh Ha OJIHO U TO € OTPULIATEIbHOE YHCIIO,
WU3MEHUB IIPHU 3TOM 3HaK HEPABEHCTBA HA MPOTUBOIOJIOKHBIN

[Ipu pemieHnu CUCTEM HEPABEHCTB HYXXHO PEIIUTH KaXK/10€ U3 HUX W BBIOpaTh 00Ilee peleHue.

Pemim HepaBeHCTBA.

7x—-1 2x—5 7
I. 5 ——+—>—
2 5 10

HepeHeceM BCC YJICHEBI B JICBYIO YaCTbh M IPUBCIACM K O6H_I6My 3HAMCHATCIIIO. O6HII/II71 3HAMCHATCJIb

10; TaK KaK 3HaMCHATCJIb HE COACPIKUT HepeMeHHOﬁ, TO B I[aHbHefImeM €ro MOXHO HE€ IIHhcaTrb

(ormycTHUTB).



50x —5(7x — 1)+ 2(2x—=5)—-7>0
50x —35x+5+4+4x—-10—-7>0
19x —12>0
x>
19
I,
19

12
OtBeT: x € (—; 00)
19

2.5x — 2 — 3x% > 0 - kBaJApaTHOE HEPABEHCTBO YMHOXHUM Ha (—1)
3x2—-5x+2<0

Haiinem KOpHH ypaBHCHHS:

3x2-5x+2=0

D=25-24=1

5+1

x,=—=1
1 6

U
27 6 T 3

Ipaguxom Qynkuuu 3x2 — 5x + 2 = 0 spiserca napa6osia (puc.2), BETBH KOTOPOil HampaBJeHbI

2
BBEPX, & TOUKHU NepeceyeHus napadossl u ocu OX 310 x; = 1 ux, = 3

N300pa3um reoMeTpuuecKu:

3
Tak kak MbI pelraeM HEpaBEHCTBO 3x*-5x+2<0, TO PEIICHWEM HEPaBEHCTBAa OyJEeT NPOMENKYTOK
(uHTEpBaAN) X € G, 1)
OTBeT: X € G, 1)

(I)opMa npeacTaBJdeHus pedyjabTaTa: BbIIIOJJHEHHOC 3a/IaHHUE.

Kpurtepun onenkn:

Ouenka "OTJAMYHO" CTaBUTCS, e€ciii paboTa BBHIMIOJHEHA B TOJHOM 00BEME C COOJIOIEHUEM
HE0OXO0IUMOM MMOCIIeI0BATEILHOCTH JACHCTBUN.

Orenka "Xopomo" cTaBUTCS, €CIIM BBIIOJIHEHBl TPeOOBaHHUA K OLIEHKE "OTJIMYHO", HO JOMYIIEeHbI 2-
3 HegouerTa.

Onenka "yJa0BJIETBOPUTEIBLHO" CTaBUTCS, €CIM padoTa BBIMOJHEHA HE TOJHOCTBIO, HO O0BEM
BBITTOJIHEHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPABUIIbHBIE PE3YJIbTATHI U BHIBOBI.

OreHka "Hey/10BJI€TBOPUTENbHO'" CTAaBUTCS, €CJIM Pab0Ta BBHITIOJTHEHA HE MOJTHOCTHIO WM 00BEM

BBITIOTHEHHON YacTH PabOTHI HE MO3BOJISET CAENaTh MPABUIIBHBIX BHIBOJIOB.

Tema 1.2 @®yHkuun u rpapuku

IIpakTH4eckoe 3aHATHE N26

«HUccaenoanue pynkumidi. CBoiicTBa JIMHEHHOH, KBAAPATUYHOMN, KYCOUYHO-JIMHEHHOH 1
APOOHO-IMHEHHON (QyHKIIUID)

Heab padoThl: HAYYUTHCS ONPEACHATH UYETHOCTb HEYETHOCTh (DYHKIUH, MPOBOIUTH
UCCleoBaHNe (QYHKIIMM HAa MOHOTOHHOCTb, OJKCTPEMyMbl, HYyIW (YHKIUM U HPOMEXKYTKH
3HAKOIIOCTOSIHCTBA.



BoinosiHeHue pa6oTsl cnoco0cTBYeT (POPMHUPOBAHHUIO:
OK 01 BeiOupars cmocoObl pemieHus 3amad mpodecCHOHAIbHON JESITCIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM;
OK 02 Hcnonb3oBaTh COBpPEMEHHBIC CPEICTBA IOMCKA, aHAIM3a W HMHTEPIIpPETaluu HHPOpMAIUU W
nH(OPMAIIMOHHBIC TEXHOJIOTUH JJIsI BEITIOTHEHHMS 3a/1a4 MPOPECCHOHATBHOMN JIEITeIbHOCTH;
OK 03 IlmanmpoBaTh M peayM30BBIBATH COOCTBEHHOE MPOGECCHOHATBHOEC M JUYHOCTHOE Pa3BUTHE,
NPEINPUHIMATENBCKYIO JeSITeIbHOCTh B IPO(ECCHOHATBHOMN cepe, UCIOIb30BaTh 3HAHUS 110 TPABOBOM
1 (PMHAHCOBOM I'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIUsX;
OK 04 DddexTrBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.
I[IK 2.1 BrImoaHAT, pacyeThl MapaMETPOB TEXHOJOTHYECKHUX IPOIECCOB O0OpabOTKH METaIOB
JaBlieHHEM, paOOThl 000PYIOBAHUS, XapPAaKTEPUCTHK UCXOTHBIX 3aTOTOBOK U METAJLIONPOIYKIINH.

3ananue
1) Haiigure 3Hauenust GyHKIMI B TOUKaX
a)  f(x)=2x?>-3x+1, =0
1 — ]
Xy = 2,
x3 = _1,
6 fln=, x =1,
Xy = 0,
X3 = 6
24 3%—
2) Jlnst pysakmumu f(x) = % HanuTe:
a)  f(x—2);
6)  f(=x%)
1
» 1)
3) Haiigute obnacts onpeneneHus QyHKINN:
6 7
a) Y=o 0)  Y=5—z

B) y =vVx?—3x+ 2; r) y =+vVx?+4x —12;
1

_ ) , 3
21) y VxZ=4’ C) y = 022"

4) Hccnenyiite GpyHKIMM HA YETHOCTD:
a) y=x%+2x*+1; 0) y =2x7 —4x3 + x;
B) y =5 —3x53; r) y = 2%+ 27%;
= 22X _ )—X. —3x2%+1
I[) y 2 2 ’ e) y = 13_Cx4- ;
—__* . = 5 _ 943
x) Y=o 3) y=3x>—2x>+4x+ 3.
5) Hccneodyiime ghynkyuu, 3a0annsle cpagpuuecku, Ha 4emMHOCMb:

a) 0)



II) e)

IMopsinok BHINOJIHEHHUS PAadOTHI:

1) Haiigure obnacts onpenenenus GpyHKINU.

JIisT HaxOXXICHHUS TIPOMEKYTKOB 3HAKOIOCTOSHCTBA HAWIUTE TOYKH IIEPECCUCHUS C OCHIO
abcuucce, pemuB ypaBHenue y=0. HaiinenHsie KopHH paccTaBbTe Ha ocu OX B MOPSIKE BO3pACTaHUS U
HaWUTe 3HAK QYHKIIMH HA KaXJOM U3 TTOJyYeHHBIX HHTEPBAJIOB. 3aIUIITUTE PE3yIbTaT.

2) Haiinute o6nacth onpenenenus GyHKIUU. Y OeAUTECh, YTO OHA CHUMMETPUYHA.

1.3amMeHuTe aprymMeHtT (QyHKIUHA X Ha "-x". IloxgcraBpTe OTOT apryMeHT B
(YHKIIMOHATTEHOE BBIPAYKEHUE.

2.Y1pocTuTe BbIpaXKEHUE.

3.Takum 00Opa3oMm, BBl MOJYYWIH OJHY U Ty K€ (DYHKIIMIO, 3alMUCAHHYIO 7Sl apTyMEHTOB
"x"nu"-x". ITocmoTpuTe Ha ABE ATH 3alUCH.

Ecmu y(-x) = y(X), TO 3TO 4eTHast QyHKIIHS.

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

Ecimu xe mpo ¢yHKIUIO HENMb3sl CKazarh, 4To Y(-X)=y(X) wimm y(-X)=-y(X), TO MO CBOHCTBY
YETHOCTH 3TO (YHKIHMsI 001ero Buaa. To ecTh, OHA HE SIBISIETCA HU YE€THOM, HU HEYETHOM.

4. 3anuiure celaHHble BAMHU BBIBOJIBI.

3) Haiigute oGnacth ompezneneHus PyHKIIMH W HyJIu (YHKIHMH, €CIM OHU ecTh. Mccmemyiite
(GYHKIIUIO HA MOHOTOHHOCTD Ha TIOJyYEHHBIX HHTEPBAJIAX.

Oynknus F(X) Ha3pIBaeTcs Bo3pacTaromieil Ha OTpe3ke [a,b] , ecnu aiis JIFOOBIX ABYX TOYEK X1 U
X2 u3 [a,b] cnpaBemmBo HepaBeHCTBO F(X1)<F(X2) , korma Xi< Xo .



Oynknus F(X) Ha3piBaeTcs yObIBaroiieid Ha oTpe3ke [a,b] , ecnu as Mr00BIX IBYX TOYEK X1 U
X2 u3 [a,b] cnpaBemuBo HepaBeHCTBO F(X1)>F(x2), Korma xi< Xz .

x%2-1

UccnenoBath ¢pynkimio f(x) = "

Pemrenne
O6unacts onpenenenus pyuximu D (f) = (—o0;0) U (0; +00).
(—x)?-1 x*-1  x*-1

f(=0) = —— =

—X —X X
f(=x) = —f(x) => dynkuus f (x) sABIIETCA HEUCTHOM.

d)opMa npeacraBjJdeHus pedyjabTaTa: BbIIIOJTHEHHOC 3a/laHHC.

Kpurepum ouenku:

Ounenka "0OTJMYHO'" CTaBUTCS, €ClIM padOTa BBIOJHEHA B IMOJHOM O0BEME C COOIIOJCHHEM
HE00X0IUMOM MMOCIIeI0BATEILHOCTH JACHCTBUM.

Onenka '"Xopomo' CTaBUTCS, €CIM BBIIOJHEHbl  TpeOOBaHMSI K OLEHKE "OTIMYHO", HO
JOMYILIEHBI 2-3 HeloYeTa.

OuneHka "y10BJIETBOPUTEIBHO' CTaBUTCS, €CITM padOTa BHIMIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHEHHON YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh IPABHIIbHBIE PE3YJIbTAThI U BHIBOJIBI.

OuneHka '"HeyJI0BJEeTBOPUTEIbHO'" CTAaBUTCS, €CIM padOTa BBIMOJHEHA HE IOJTHOCTHIO WA
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPAaBUIbHBIX BHIBOJIOB.

Tema 1.2 @®ynkuun u rpadpuku

IIpakTHyeckoe 3anATHE N7
«IlocTpoenue u ureHne rpapukoB GPyHKIHI)

Leap paldoTbl: MOBTOpPEHHWE H3YYEHHOIO MaTepuasa; NPUMEHEHHE TEOPeTHYECKHX 3HAHUHA K
PELICHUIO TPAaKTUYECKUX 3a/ad.

BoinosiHenue padoTsl coco0cTBYeT (POPMHUPOBAHUIO:

OK 01 BeiOupats ciocoObl pemeHus 3aaa4 npopecCuoOHaNbHON JeSTEIbHOCTH MPUMEHUTENIBHO K
Pa3IMYHbIM KOHTEKCTaM;

OK 02 Hcnonb30BaTh COBPEMEHHBIE CPEACTBA IMOMCKA, aHAJIM3a U UHTEpIpeTalui HHpopMaluu u
MH(OPMAIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHUS 3a/1a4 TPO(pECCHOHATILHOM 1eATeIbHOCTH;

OK 03 IlmanupoBaTh M pealu30BbIBaTh COOCTBEHHOE IMpo(deccuoHallbHOE W JIMYHOCTHOE
pa3BUTHE, IPEIIPUHUMATEIBCKYIO IEATEILHOCTh B MPOPECCHOHATIBHOM cdepe, UCTIONb30BaTh 3HAHUS 0
MPaBOBOM U (PMHAHCOBOI IPAMOTHOCTHU B Pa3IMUHBIX )KU3HEHHBIX CUTYAIIHSIX;

OK 04 D¢ dexTrBHO B3auMOIeCTBOBATh U pabOTaTh B KOJJIEKTUBE U KOMaHIE.

[IK 2.1 BBIMOAHATH pacyeTbl MapaMeTpoB TEXHOJOTHYECKUX IPOILECCOB 0OpabOTKH METassIoB
JaBlieHHEeM, paboThl 000PYI0BAHUS, XapaKTEPUCTUK UCXOIHBIX 3arOTOBOK U METaJIONPOYKIIHH.

3ananne
1. Temneparypa neyu B 3aBUCUMOCTH OT BPEMEHU MEHSIETCSA 110 3aKOHY:
I(t) =t?> -8t +17.

[Toctpoiite rpaduk u3MEHEHUS Temreparypbl. B Kakoil MOMEHT BpeMeHM TemmepaTypa Obuia
MHHUMAJIBHOW? B Kakoi MpoMeKyTOK BpEMEHU TeMIepaTypa Bo3pacraia?

2. Ilpumensis reoMeTpudeckue npeoOpa3oBaHus, MOCTPOTe rpaduKu PYHKLIUI:



a) y=(x—-5)?2+1;
6) y=Il(x+1)°+1];
1
B) y:E+3'
—_ 1 —
r) y_|x|+2

ITopsinok BbINOJIHEHHS PadOTHI

Hdns  moctpoeHuss rpaduKoB — BOCHOJB3YHTECh TI€OMETPUYECKHMMH  NPeoOpa3oBaHUSIMMU:
CUMMETPUYHOE OTOOpaXeHHE Tpa(uKOB OTHOCHUTEIBHO OCEW KOOpAMHAT, NapaJyIeNbHBIA IEPEHOC
rpaduKoB, CXKaTHE U PACTSKEHHE.

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

3a ocHOBY B03bMEM rpaduk y = x?2 (puc. 1).

3arem crpoum rpaduk y = (x + 3)? nmyrém napaiensHoro nepenoca rpaduka sieo(puc.2).
Crpoum rpaguk y = (x + 3)? + 4 napannenbHbIM HepeHocoM rpaduka BBepx (puc.3).

Puc. 1 Puc. 2 Puc. 3
dopma npeacTaBlieHUsl pe3yJbTaTa: BRITOJHCHHOE 33/ 1aHHC.

Kpurtepun ounenku:

Ounenka "oTau4HO'" cTaBUTCS, ecau paboTa BHIMIOIHEHA B MOJHOM 00BEME ¢ COONMIOJCHHEM
HEeO00XOUMOM IMOCIIE0BATEILHOCTHA JECTBUN.

Onenka "Xopomo'" CTaBUTCS, €CIM BBIIOJIHEHBI TPEOOBaHUS K OIICHKE "OTIWYHO", HO IOMYIIEHbBI
2-3 Henmouera.

Ounenka "y10BJ1eTBOPUTEIbHO' CTaBUTCS, €CIM paboTa BBHINOJIHEHA HE MOJIHOCTHIO, HO 00BEM
BBITIOJITHEHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPABHIIbHBIC PE3YIHTATHI U BHIBOJIBI.

OuneHka '"HeyI0BJEeTBOPUTEIbHO'" CTaBUTCS, €clid paboTa BBIMOIHEHA HE TMOJHOCTHIO WU
00BEM BBITIOTHEHHOM YacTH pabOThI HE MTO3BOJISAET CAENATh MPABHIIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, cTeneHu u Jiorapu(pmbl

IIpakTnyeckoe 3ansaTue Ne§
«PelieHne HPPAUMOHAIBLHBIX YPABHEHUI»

Hesasb padorsi: O000IUTH, 3aKPENUTh U CUCTEMATH3UPOBATh 3HAHMS y4yalllUXCs NPU pPEHICHUU
Pa3IMYHBIX BUJOB UPPALIMOHAIBHBIX YPaBHEHUH.

BrinosiHeHne padoThI cmoco0cTBYET (DOPMUPOBAHMIO:
OK 01 Beibuparbs cnocoObl pemieHust 3aaad Mpo(hecCHOHAIBHONW JAEATENbHOCTH NPUMEHUTENIBHO K
Pa3IUYHBIM KOHTEKCTaM;
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHaJIM3a M HHTEPIpEeTalud HHQOpMAIUH |
MH(OPMAIIMOHHBIE TEXHOJIOTHH /TS BBITTOIHEHNUS 3a1a4 TPo(ecCHOHANBbHON 1S TEIbHOCTH;
OK 04 DddexTrBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.



I[IK 2.1 BrImonaHsATs, pacyeThl MapaMETPOB TEXHOJOTHYECKUX IMPOIECCOB O0O0pabOTKH METaIOB
JaBJICHUEM, pabOThI 000PYIOBAHUS, XaPAKTEPUCTUK UCXOTHBIX 3aTOTOBOK U METAIIIIONPOTYKIUH.

3amanue
Pemmre ypaBHeHus:
1) VYx—-1=4;
2) V3x+7+4=0;
3) 7—-Vx+2=4

4) V16x2% + 16x + 29 = 5;

3| x+2
5) \/ 5x422 -1

6) V2x—4—+x+5=1;

7 V5+Vx+3=3;

8) V2x+1++vVx—3=2Vx

ITopsi1ok BHINOJIHEHHUS PAGOThI

1) [Ipu BO3BenEHUU YypaBHEHHsSI B YETHYIO CTEIEHb IOJIy4aeTCsl ypaBHEHHE, SBISIOLICECS
CIIEICTBUEM HCXOAHOTo. I103TOMy BO3MOKHO NOSBICHHE MOCTOPOHHUX PEIICHUH ypaBHEHHs, HO He
BO3MOXXHa moTepsi KopHed. [IpuunHa mpuoOpereHuss KOpHEM COCTOMT B TOM, YTO IPU BO3BEJIECHUHU B
YETHYIO CTENEHb YUCEeJI, PaBHBIX 10 aOCOJIOTHOW BEIMYMHE, HO pa3HbIX 110 3HAKY, MOJy4YaeTcs OJIUH U
TOT e pe3yibTar.

Tak kKak MOTYT MOSBUTHCSI TIOCTOPOHHUE KOPHH, TO HEOOXOIUMO JeNaTh MPOBEPKY, MOACTABIIS
HalJIeHHbIE 3HAYEHUS HEU3BECTHON TOJBKO B IIE€pPBOHAYaJIbHOE YpaBHEHHE, a HE B KakKHUe-TO
IIPOMEXKYTOYHBIE.

2) [Ipu pemennn uppanvoOHAIBHBIX YPaBHEHUH IOJIE3HO NEpe]l BO3BEIEHUEM O0EHX yacTel
YPaBHEHUs B HEKOTOPYIO CTEIIEHb "YEAUHNUTD PAJUKa'".

Pemmte ypaBHenue V5x — 8 = 4.
YroObl n30aBUTHCS OT KOPHS, BO3BEAEM 00€ 4aCTH ypaBHEHHs B KBaJIpar:

(V5x—8)" = 42
5x —8 =16
5x=16+8
5x = 24

24

x=?
x = 4,8.

®opMa npeacTaBIeHUs pe3yabTaTa: BHITOJIHECHHBIC 3a/1aHUS.

Kpurepun ouenku:

Ounenka "oTaM4YHO'" CTaBUTCA, €ClM padoOTa BHIMOIHEHA B MOJTHOM 00BEME C COOIIOJCHHEM
He0OXOaNMOM ITOCIIEN0BATEIbHOCTHA JECTBUN.

Ounenka ''Xopomo' CTaBUTCS, €CITU BBIOJHEHBI  TPeOOBaHUA K OILEHKEe "OTIUYHO", HO
JTONYIIEHBI 2-3 HE04YeTa.

Ounenka "y/10BJIETBOPUTEIBHO' CTaBUTCS, €CIM padOTa BHIMIOIHEHA HE MOJIHOCTHIO, HO 00BEM
BBITTOJHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJYYUTh MPABUIIBLHBIEC PE3YIbTATHI U BHIBOIBI.

OuneHka ''Hey0BJIETBOPHUTEIBHO'" CTaBUTCS, eciau paboTa BBIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJTHEHHOM YacTH pabOThI HE MTO3BOJISAET CACNATh MPABHIIBHBIX BHIBOJIOB.



Tema 1.3 KopHu, creneHu u jorapugmbl

IIpakTnyeckoe 3ansaTue Ne9
«IIpeoOpa3oBanus BbIpaKeHHUIl, COiEPIKAIINX CTENIEHN U PAIMKAJIbD)

Heas padoTbl: 0000IMTH, 3aKPENHUTh W CHCTEMATU3MPOBATH 3HAHUS YYALIUXCS NPU PELICHUU
KOHKDPETHBIX 3aJJaHUH 110 TEME

BoinosiHeHue pa6oTsl coco0cTBYeT (POPMHUPOBAHUIO:
OK 01 Bpi6uparh ciocoObl perieHus 3aj1a4 npo(ecCHOHaNbHON AeATEIPHOCTH MPUMEHHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM;
OK 04 D¢ddexTuBHO B3aUMOCHCTBOBATh U pabOTaTh B KOJIJICKTUBE M KOMAH/JIC,
[IK 2.1 BHIMONHATH pacdeTsl MapaMeTpOB TEXHOJOTHUYECKUX IPOIECCOB 00PadOTKH METaIOB
JaBJIEHUEM, pabOThl 000PYI0BaHUS, XapAKTEPUCTUK UCXOIHBIX 3aTOTOBOK U METAJLIONPOTYKIHH.

3ananue

1. Beruucnure:

a) V24-9; 6) V48-27;
B) V54 - 24; T) {75 - 45;
1) V160 - 625; e) V48-162;

2. Hpe,[[CTaBLTC BBIPpAXKCHHUC B BHAC CTCIICHHU U HalguTe €ro 3HauYcHHE Inpun JaHHOM 3HAUYCHUU

MEPEMEHHOM:
aS.a—B _ . p_9 B l '
2) a—? npu a = 6; 6) p=2-p=5 npup = 27
i =2 -3y2, L _
B) (b2)-3 npu b= 27 F) (t ) - npu t = 0,1.

3. M3BecTHO, 9YTO AMAaMETp CTEPKHSA-MOABECKHM W3 apmarypHou cramu d, =3cMm. Omnpenenure

TpebyeMyIo IUIOIIalb CEYEH s CTepKHS Arp (CM?), €CITH TUaMETp 3aaeTcs Ho GopMyJie

44
=, /—% . 3HaucHWe 7 BO3BMHTE PAaBHOE 3.
7

4. Ilepuon nonypacnana BeniectBa paseH 140 cytok. Ckonbko BemecTBa octaHercs yepes 10 ner, ecnu
€ro HayaJlbHas Macca paBHa 8r?

IHopsiiok BeINOJIHEHHS PA0OTHI

BriHecuTe 3HaK MUHYC U3 IPpOU3BEAECHUA. Bocnons3yiiTech CBONCTBOM CTENEHU C OTPULIATEIBHBIM
MoKasarejeM. YTHoTpeOuTe CBOMCTBO BOCIPOMU3BEACHMSI BO BTOPYIO CTEMEHb. J[1s OKOHYATEIhbHOTO
YIPOLIEHHUs 3TOr0 MpHUMEpa BOCIOJIB3YHTECh MPAaBUIOM YMHOXXEHHUS nApoOeil. B mocnennem 1mare
BOCIIOJIb3YHTECH JIEJICHUEM CTETNeHEN ¢ OJIMHAKOBBIM ITOKa3aTeeM.

B »TOM ciywyae HamO0 NPUMEHHUT CBOWCTBO CTENEHEH C OTpUIATEIbHBIM IMoKa3aTeneM. YToObl
pasrpy3uTh MONYYEHHYIO ApoOb, HAJ0 MpeodpazoBath 3Ty ApoOs B fAeneHue. [IpuBectu 1pods k 001emMy
3HaMEHATeNI0 U MPOU3BECTH CIOXKEHHE JpoOei ¢ oOuuM 3HameHareneM. [locneaHuM marom caenathb
COKpalIeHHE.

Omnpenenute MOpANOK JedcTBHA. BrIpaxeHue B MepBOH CKOOKe MpHUBenuTe K oOmemy
3HaMEHATeNl0, B YHUCIMTENE CcJelaiiTe TpyNIUpPOBKY M BbIHECHTE OOIIMH MHOXKHUTENIb 3a CKOOKY.
BrimonnuTe neneHue, cokparute Ha oOmuil MHOXUTenb. [locnennee neiictBue — crnoxkeHue Apodei ¢
OJIMHAKOBBIMM 3HaMeHaTesIMU. [IpuBeanure 1monoOHbIE cllaraeMsle.

mp



1) YrpocTuts Beipakenne: () °(*))y*  x7y'z’
x2y3 x]OleZH
Brauane Hajo mpoBeCTH PACKPHITHE CKOOOK, JUISl 5TOTO BOCIOJIB3YEMCSI CBOMCTBOM CTETICHEH.

(3)6) .(42) . 6-3
X Xy 7-10 _ 5-10 _7-17 12,3 _¢-3-5,-10—

= x—2 —-X y z =Xy -Xyz
Bocnons3zyeMcst CBOMCTBOM CTEIIEHEN ¢ OTPULIATENIbHBIM ITOKa3aTeIIEM.
=y 1
x12 x}ySZIO
Otser: ' 1
x12 x}ySZ]O

2) YHpocTuTh BeIpaKeHUE

Vx+1 . 1

xx+x+/x x2 —Jx
Pemenue. Beenem 0603Hauenne a=+x , Tormax=(x) =a’, xJr=dla=d’ .

dopmyIia U3 YCIOBUS 33/1a4H 1OCIIE 3aMEHbI OY/IET BBITJISIICTh TaK: atl 1 |
3 2 T4
a +a +a a —a

3amerum, uto a*-a=a(a’-1%)=a(a-1)(a*+a+1) .
Torz{a a+l 1 _ a+1 .a(a—l)(a2+a+1)
a+a’+a a*—a a(@® +a+1) 1

=(a+)(a-1)=a’-1.

BepHemcs k 3amene:  a’-1=x-1.
Ortser: x-1.

(I)opMa npeacTaBJdCHUs pedyjabTaTa: BbIIIOJTHEHHOC 3a/IaHNE

Kpurtepun onenkn:

Ouenka "0oTaIMYHO" CTaBUTCS, eciau paboTa BBINOJIHEHA B TOJHOM 00BEME C COOIIIOJICHHEM
HEe0OXOUMOM TOCTEN0BATENBHOCTH JEHCTBHUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIMOJHEHBI BCE
3aIUCH ¥ BBIYUCIICHUSI.

Ounenka '"'Xopomo' CTaBUTCS, €CIU BBIMOJTHEHBI  TPeOOBaHMS K OILEHKEe "OTIUYHO", HO
JOMYIIEHHI 2-3 HeloYeTa.

Ouenka "y/10BJIeTBOPUTEIBHO' CTaBUTCS, €CIM pabdoOTa BBIMIOIHEHA HE MOJHOCTHhIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh TMpPaBUIIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
IIPOBE/ICHUS pabOThI ObUIN TOMYIIEHbI OIIMOKH.

Ouenka '"HeyJ10BJIeTBOPUTENbHO'" CTaBUTCS, eciii paboTa BBHIMIOJHEHA HE TOJIHOCTHIO WITH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIEaTh MPABUIHHBIX BHIBOIOB.

Tema 1.3 KopHu, cTeneHu u Jiorapupmbl

IIpakTyeckoe 3ansaTue Nel0
«PemieHne noka3areJbHbIX YpaBHEHHID)

He.]'lb paﬁoTLI: 0606II_II/ITB, 3aKpCIUTh U CUCTCMATU3UPOBATH 3HAHUA YYAIIUXCI IO MCTOAAM
pCHICHUS ITOKA3aTCIbHBIX ypaBHCHI/II‘;I. PaCCMOTpCTB NMPUMCHCHUC IMMOKA3aTCIIbHBIX CPYHKI_II/II\/'I

Boinosinenue padoTsl cniocodcTBYeT (hOPpMUPOBAHMIO:
OK 01 Bpe16uparh ciocoObl perieHus 3a1a4 mpo(ecCHoHaIbHON AeTEIbHOCTH MPUMEHHUTEIBHO K
Pa3JIMIHBIM KOHTCKCTAaM;
OK 02 Hcnons30BaTh COBpEMEHHBIE CPEJCTBA TIOMCKA, aHAIM3a M UHTEPIIPETAIINU HHPOPMAIINH U
nH(OPMAIIMOHHBIC TEXHOJIOTUH JJIsI BEITIOTHEHHS 3a/1a4 MPOPECCHOHATBHON JAeITeIbHOCTH;
OK 04 3¢ddexTuBHO B3anMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMaH/IC.



3aganue

1. Pemnts ypaBHEHUS:

) (3 =1 6) 0,5% = 0,125;
B) 4x=%’ F) 7x=$’
n) 10* = 3/1000; e) 0,3* = %/0,0081;
1 x
xK) 5% = 3\/—2—5: 3) G) = 25+/5;
n) 2*t1 = 4, k) 0,4*7%* = 0,1610,4;
2—x
m 5371 =02 M) G) = 8v2;
2x+3 4x-7
o=@ 0 (e
3x+7
p) 2 (l) —7.
m 3% —3¥*t3 = -78; 1 3548
"=
7
5x—1 5

h
2. JlaBiieHHe BO3/yXa U3MEHSETCS B 3aBUCHMOCTH OT BBICOTHI 110 3akoHy p(h) = 2. Ha xakoii BeICOTE

JaBJeHue Bo3yxa paBHo 12811a?

3. Cumma TpeHHUs KeJIe3HOr0 Tpoca, HAMOTAaHHOTO Ha IKEJIe3HBIH OapabaH, JaeT BO3MOXKHOCTh
YpaBHOBECUTHh MEHblIEeH cuiioil F, bonpliyio cuity F, KOTOPYIO BBIYMCISIOT 10 Gopmyne F = F, -3",

IJie #© - YHUCIO BUTKOB Tpoca Ha Oapabane. TpeOyercsi yCTaHOBUTH CKOJBKO pa3 TPOC HAMOTAaH Ha
Oapaban, ecnu cunoi 8 H ynepxkusaercs rpy3 24 H.

ITopsinok BbINOJIHEHHS PadOTHI:

OGe uyacTH ypaBHEHHs NPHMBOAUM K OJAHOMY OcHoBaHmio: a’ =a®™

, THE (a>0,a=1)3aTeM
ucrons3yeM crenyromee cBoiictBo: ('™ =a®) o (£(x)= o).

Pemnre ypaBHeHHE: (13205, [61=0,001-

Pemenne: [Ipeobpa3yem ypaBHeHUe K BUAY: a’” =a®™ .
01050105 3 s 01 05405 _ 3 s 015 —0.13,

3aTeM peliaeM ypaBHEHUE: 2 —3 — X =- \/? X, =3,

(I)opma NMpEeaACTABJCHUSA PE3yjabTaTa: BEIIIOJTHCHHOC 3aJaHNC

Kpurtepun ouenku:

Ounenka "OTJMYHO'" CTaBUTCS, €clid paboTa BBINOJHEHA B MOJHOM O00BEME C COOJNIIOIEHUEM
HEOOXOIMMOM TOCIe0BATeILHOCTH JICUCTBHI; B OTBETE NPABHWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ouenka 'xopomo'" CTaBUTCSA, €CIM BBIMOJHEHBI  TpeOOBaHUA K OICHKE "OTIWYHO", HO
JOMYILIEHBI 2-3 HelloYeTa.

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CIU paboTa BBIMOJIHEHA HE MOJTHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIAET IMOJYYUTh MpaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBEACHUS PAOOTHI OBUTH TOTYIICHBI OITUOKH.

OuneHka '"HeyJI0BJIEeTBOPUTEIbHO'" CTAaBUTCS, €clid paboTa BBIMOJHEHA HE TMOJTHOCTHIO WU
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeIaTh MPaBUIbHBIX



Tema 1.3 KopHu, cTeneHu u jorapugmsol

IpaxkTnyeckas padora Nell
«PemeHue nokazareJbHbIX HEPABEHCTBY

Heﬂb: O606H_II/ITB, 3aKpCIIUTh U CHCTCMATHU3UPOBATH 3HAHUA YYalllUXCA IO METOJaM PEHICHUSA
IMMOKa3aTCJIbHBIX HCPABCHCTB.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:
OK 01 BeiOupare cmocoObl pemieHus 3amad npodecCHOHATBLHON JESITSIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM ;
OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpEACTBAa IOMCKA, aHAIW3a W MHTEpHpeTanuu HHPOpMAIUU U
MH(OPMAIMOHHBIC TEXHOJIOTUH JJIsI BEITIOTHEHHS 32,124 MPOPECCHOHATBHOMN JIEITeIbHOCTH;
OK 04 D¢ddexTuBHO B3auMOICHCTBOBATh U pabOTATh B KOJUIEKTHBE U KOMaHJIE.

MarepuanbHoe obecnevyenue: VHauBuIyanbHble 3aaHUs, CIIPABOYHBIE MaTEPHaJIbl, KOHCIIEKTHI
JIEKLIMN.

3ananmue:
1.PemuTe nmpocTenime mokasareabHble HEPABEHCTBA:

n* . x < L. 3x ~ 1
D) <216 2)27¥ >3 32 <

2. Pemmre nmoka3areiabHbIe HEPABEHCTBA!

1) 5¥°~2x-1 < 25;
2) 3**t2 4 3¥71 < 28
IMopsnok BbINOTHEHUSI PAGOTHI:
1. 3anumuTe MOKa3zaTeIbHOE ypaBHEHHE.
2. OO0e yacTu HepaBEHCTBA MPUBEIUTE K OJJHOMY OCHOBAHHUIO:
af® > get)
3. Tlpwu peuieHnu moka3aTeIbHBIX HEPABEHCTB HEOOXOAMMO YY€CTh CBOMCTBO MOHOTOHHOCTH
dynkmmm, T.e. mpu a > 1 a’® > %™ < f(x) > @(x)
mpu 0<a<1a® >a?® s f(x) <o) .

4. Pemmre monyduBIIeecs anreOpandeckoe HepaBEHCTRO.
5. 3amnuImre OTBET.

3anucaTh 3aJIaHHAE B TETPa/Jb U PELIUTh.

1. (%)x <216

Pemenne:

X -3
CRCE —
x> -3 -3

Otser: x € (—3; +)

2. 5¥*-2x-1 < 75
Pemenne:



5x2—2x—1<52
X2 -2x—-1<?2
x2-2x-3<0

x*?—2x—-3=0 +  — +
xlz—]_; x2:3 U (O o
-1 3

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

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

y<28:9% y<3.

BepHemcs K cTapoil nepemenHoii: 3% < 3\\

x<l1 1
dopma npeacTaBJeHNs Pe3yJbTAaTAa: BEITOJIHEHHOS 3a/IaHNe

v

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" BBICTABISETCA, €CIM pabOTa BHITIOJIHEHA B TTOJIHOM 00BEME C COOII0IEHUEM
HEe0OXOUMOM TOCTEN0BATENBHOCTH JEHCTBHUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIMOJHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ounenka ''Xopomio' BBICTaBISIETCSA, €CJIHM BBIMIONHEHB TpPeOOBaHUS K OICHKE "OTJIMYHO", HO
JOMYIIEHHI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM paboTa BBHINOIHEHA HE MOTHOCTHIO, HO
00BEM BBITIOTHEHHOM YaCTH TAKOB, YTO TO3BOJISIET TOJYYHUTh MPABHIIBHBIC PE3YJIHTATHI U BHIBOJIBI; B XOJI€
MIPOBE/ICHUS pabOTHI ObUIN JOMYIIEHBI OIIMOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCA, €CIM PaboTa BBHITIOJHEHA HE MOJTHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIETaTh MPABUIHHBIX BHIBOIOB.

Tema 1.3 KopHu, cTeneHu u jorapugmsol

IIpakTyeckoe 3ansaTue Nel2.
Pemenue noxkasareJbHbIX yPABHEHUH U HEPABEHCTB.

Heab: O600mMTH, 3aKpENUTh U CUCTEMATHU3UPOBATh 3HAHUS YYAIUXCS 1O METOJaM peIIeHUs
[I0Ka3aTeJIbHBIX YPaBHEHUM U HEpaBeHCTB. DOpMUPOBATh HABBIKU PEILICHMUS.

Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:
OK 01 Beibuparbs crnocoObl pemieHust 3aaad MNpo(hecCHOHATBHONW JAEATENIbHOCTH NPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM;
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHAJIM3a M HHTEPIpEeTalud HH(QOpPMAIUH |
MH(OPMAIIMOHHBIE TEXHOJIOTHH /IS BBITTOJIHEHUS 3a4a4 MPO(ECCHOHATEHOM JICSITENbHOCTH;



OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PabOTATh B KOJUICKTUBE U KOMAaH/IE.
I[IK 2.1 BbInojaHATh pacyeThl MapaMETPOB TEXHOJOTHYECKUX IPOLECCOB 00pabOTKH METasioB
JaBJIeHUEM, paboThl 000PYI0BaHUS, XapAKTEPUCTUK UCXOIHBIX 3arOTOBOK U METAJLIONPOTYKIIH.

MarepuasibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHbIe 3aaHus, CIIPAaBOYHBIC MaTCpHaJIbl, KOHCIICKThI HGKHHﬁ.

3aganme:

1. PemmwuTe noka3arenbHOE ypaBHEHUE:

a)2*x4* —=5x2*+2=0;
0)22**1 — 5% 2% — 88 = 0;

0 () -5+ () -6=0

2. Pemnte mokas3areapbHOE HEPABCHCTBO:
a)9* —3*—6>0;

6)3*+9*1-810<0

Ilopsinok BbINOJIHEHHUS PadOTHI:

1. 3anumurte ypaBHeHHEe (HepaBeHCTBO). OmpenenuTe, KaKuM METOJ0M HYXHO BOCIIOJIb30BaThCS IS
pemieHns. OCHOBHBIMHU METO/IAMHU PEIICHUS MOKa3aTeNbHbIX YPAaBHEHUN U HEPABEHCTB SBJISIOTCSA: METO/L
IpUBEJCHNUS 00enX yacTel K CTENEeHU ¢ OJIMHAKOBBIM OCHOBAaHUEM; METO] BBEJICHHUS HOBOU MEPEMEHHOM;
METO/I BBIHECEHHU S 00IIET0 MHOYKHUTEIS 3a CKOOKH.
2. Ilpumenurte BbIOpaHHBIH MeToA. Ilpu pelieHuu MmokazaTeslbHBIX YpPaBHEHHH HE0O0XOAMMO MOMHHUTH,
YTO pelleHre J000ro MOKa3aTeIbHOTO YPaBHEHUS CBOJUTCS K PEHICHUIO MPOCTEMIINX MOKa3aTeNIbHbIX
YPaBHEHHUH.
3. Ilpu penieHny noka3aTelbHBIX HEPABEHCTB HEOOXOIMMO YUUTHIBATh CBOMCTBO MOHOTOHHOCTH
dynkmmy, T.e. mpu a > 1a’® > a?® < f(x) > @(x)
mpu 0<a<1a® >a?M < f(x) < px) .
4. 3anummTe OTBET.

1. PemmTe moka3arenbHOE YpaBHEHUE:
a)2:-4*—=5-2*4+2=0;

Pemenue:

2:22% 5.2 4+2=0.

BBezneM HOByIO iepeMeHHY10: 2% = y.
[onyuum ypaBHenue: 2y? — 5y + 2 = 0.
Pemraem nosnydeHHoe KBaJpaTHOE YpaBHEHUE:
D=b?>—4ac=25—-16=9 =32

_ -b—VD _ 5-3 1, _—b+\/5_5+3_8_2
N="0 T2 T2 2T Ty T4
BepneMmcs k ctapoil nepeMeHHOM, IPU 3TOM MOJIyYUM MPOCTEUIIINE MMOKA3aTeIbHbIE YPABHEHHUS:
1

2% = > nm  2*¥ =2

x — o-1. x — 9l.
2% =277 2% =2%
x =-1; x=1.

Otser: -1;1



6) 22%+1 —5.2% _ 88 = 0;
Pemenne: 22 -2 —5-2¥ —88 =0;

BBezneM HOBYIO IepeMeHHY10: 2% = y.

[onyuum ypaBHenue: 2y2 — 5y — 88 = 0.

Pemaem nosydeHHOE KBapaTHOE ypaBHEHHE!

D = b? —4ac = 25+ 704 = 729 = 272

_ —-b—VD _5-27 22 _ —b+VD _ 5427 _ 32

NE e TR TR T = T = =R

Bepnemcs k ctapoi IEpEMEHHOM, IIPU 9TOM IIOJIyYMM IIPOCTEHIINE [IOKA3aTEIbHbIC YPABHEHUS:

2% = —5,5; WIH 2* =8
Her pemennit, Tk 2% > 0; 2% =23
x=3
Ortger: 3

2. PemuTe nokasarenbHOE HEPABEHCTBO:
X —-3*—6>0
Pemenne: 3%¥ —3* —6 > 0;

BBe/ieM HOBYIO TlepeMeHHY10:3% = y.
I[Toy4uM KBaJpaTHOE HEPABEHCTBO: Y2 —y — 6 > 0.
PemaeM nosrydeHHOE KBaJpaTHOE HEPABEHCTBO METOJIOM HHTEPBAJIOB:

y*-y—6=0;
D =b?—4ac =1+ 24 = 25 = 5%
—_b_\/E—l;S—_Z —_b+‘/5—1_+5—9—3
N="0 T 578 VT T TS
O O »
+ 2 - 3+
PerieHrieM OTHOCHTEIBHO TMEPEMEHHON y SBIAIOTCS HHTepBanbl:  (—o0; —2) U (3; +0).
3amuIneM 3TH HHTEPBAIIBI B BHJIE HEPABEHCTB!
|[y <2 Bepremcs x ctapoi mepeMeHHO [[3x <=2

HepaBenctBo 3* < —2 He uMeeT pelieHus.

3*¥ < 3%

x> 1.

Otset: (1; 40).

dopma npeacTaBiIeHHs pe3yJabTaTa: BBINOJHEHHOE 33/1aHHC
Kpurtepun onenkmn:

Ouenka "oTJHMYHO'" BBICTABISACTCS, €CIIM padOTa BHITIOJIHEHA B MOJTHOM 00BEME ¢ COOIOIEHUEM
HEOOXOIMMOW TOCIIEOBATEIFHOCTH JCWCTBUI; B OTBETE€ MPaBWJIBHO M aKKypaTHO BBINIOJHEHBI BCE



3aMKCU U BBIYUCIICHUS.

Ounenka ''Xxopoumo'" BBICTAaBISETCSA, €CIM BBINOJHEHb TPeOOBaHUSA K OIEHKE "OTIMYHO", HO
JONYIIEHBI 2-3 HeJ04ueTa.

Ouenka '"ya0BJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM pabOTa BBINOJHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYHUTh NIPABUIIbHBIE PE3YJIbTAThI H BBIBOJBL; B X0OJI€
MIPOBEICHUS paObOTHI OBUIN TOMYIIEHBI OIINOKH.

Ouenka '"Hey10BJIETBOPHUTEIbLHO'" BBHICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WIU
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIEIaTh MPABUIHHBIX BHIBOIOB.

Tema 1.3 KopHu, crenenu u jorapugmbi

IIpakTnyeckas padora Nel3

«HaxoxkaeHue 3HaYeHUi JJorapu@mMa no nNpousBojIbLHOMY ocHoBaHHuIO. [Iepexox ot ogHOrO
OCHOBAHUA K Apyromy. Beruuciaenue u cpaBuenue jgorapugpmos. JlorapupmupoBanue u
NMOTEHIMPOBAHHE BbIPAKEHH D)

Heanb: O000MMUTE, 3aKPENUTh U CHCTEMATH3MPOBATh 3HAHMS ydamuxcs mo teme. ®opMupoBaTh
HaBbIKM HAXOXXJCHUS 3HAYCHHUH JIOrapu(pMHUUYECKHX BBIPAKCHHWH, NMPUMEHSs OINpe/ielieHue U CBOWCTBA
norapuMoB, JiorapuMupoBaTh U MOTEHIIMPOBATH BBIPAYKEHHS.

Brinosinenue padorsl cnocodocTByeT GOPMHUPOBAHNIO:
OK 01 Beibupats criocoObl pereHus 3aaa4 npopecCHOHaATbHON NeSTEIbHOCTH MIPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM ;
OK 04 D¢ dexTnBHO B3auMOIeCTBOBATh U pabOTaTh B KOJUIEKTHUBE M KOMaHJIE.
[IK 2.1 BpIMOAHATH pacyeTbl NapaMeTpoB TEXHOJOTWYECKUX MPOIECCOB 0O0paOOTKH METaIJIOB
JaBJIeHUEM, pabOThl 000PYI0BaHUS, XapAKTEPUCTUK UCXOIHBIX 3aTOTOBOK U METAILIONPOTYKITHH.

MarepunanbHoe obecnieyeHue:
I/IH)II/IBI/IZ[yaHI)HBIG 3aaaHus, CIIPAaBOYHBIC MaTCpHaIbl, KOHCIICKThI HGKHHﬁ.

3aganue:
1. Bemuucaute: a) logg,s 0,64 + logg s 10;

0) 2log, 6 +1og, 0,2 + %log4 25 — %log4 81.
2. Haiinure 3Ha4yeHne BoIpaxeHus: 271710836 — 4-1084 0,125
3. Tlponorapu(MupyHTe BBIPaKEHHE II0 IPOM3BOILHOMY OCHOBAHHUIO:
a?%d

b3c5

Ilopsinok BbINOJHEHHs padOTHI:
1) Hcnomnb3yiiTe COOTBETCTBYIOIIME CBOMCTBA JIorapu(PMOB U ompeaeeHue Jorapudma.
2) Hcnonb3yiiTe 0CHOBHOE JIOTapu(MUUYECKOE TOKIECTBO U CBOMCTBA JIOrapu(MOB.

a) Beraucnure: logg »5 0,64 + logg s 10

Pemenne: log ;5 0,64 + logy s 10 ==

log.a
Hcnonp3yeM Gopmyity mepexosia K HOBOMY OCHOBaHUIO l0g, a = —— , monyunm

c



_ log, ;0,64
log, ;0,25
Jajee MCIOoJb3yeM CBOWCTBA Jorapudma CTeNeHy U Jorapudma npou3BeieHus

=log, ;0,64 +log, 10 =log,,(0,8-10) =log, s 8 = 3. Otger: -3.
0) 2log, 6 +10g, 0,2 + %log4 25— %log4 81

+ log,O’5 10= %logm5 0,64 + logo’5 10 =

Pemenne: 2log, 6 +log, 0,2 + %log4 25 — %log4 81 = log, 6% + log, 0,2 + log, V25 —
36:0,2'5

log, V81 = log, 36 + log, 0,2 + log, 5 — log, 9 = log, =log,4=1
1) Haiinute 3HaueHue BhIpaxenus: 271710836 — 4710840125

Pemenne: 271710836 _ 4~10840125 _

HCHOJ’ILSyeM CBOMCTBA CTEIICHEH W OCHOBHOE HOl"apI/I(i)MI/I‘leCKoe TOXICCTBO

_ 1000 33 27 1 7
3)1-logz 6 _ 4logs0,12571 _ 23-3logz 6 _ »4l08a75e — —8=— _g=__8=_7—
(3%) 7083 4084 =3 o83 47EI2s = 3logs 216 8= 216 8 8= 78'
Ortser: —71.
8
3) IIponorapudmupyiite BeIpas)keHHE O IPOU3BOJILHOMY OCHOBAHHIO:
a?/d
b3c5’

HDOJ’IOFaDI/Id)MI/IDOBaTB BBIPAXKECHUEC — 5TO 3HAYUT BBIIIOJIHUTD CJ'IC}IYIOHH/If/'I AJIITOPUTM:

1. B3sTb JaHHOE BhIpaK€HUE B CKOOKU U NEpe]] HUMH ITOCTaBUTh 3HAK Jiorapugma 1o 3alaHHOMY
OCHOBAHUIO

2. Hcnonw3ys cBoiicTBa norapu@moB, HEOOXOAUMO yOpaTh BHYTpH Jiorapudma Takue AeHCTBH, KaKk
BO3BEJICHUE B CTENIEHb, BO3BEJICHUE B KOPEHb, YMHOKEHUE U JIEJICHHUE

[Iponorapudmupyem no ocuoBanuto 10:

aZW _ 2 4 3 5 1
lg =lga® +lgVd — Igh® — Igc® = 21ga+zlgd—3lgb—5lgc;

b3c>

®opma npeacTaBiaeHus pe3yJbTaTa: BBIIOJIHEHHOE 33aJaHUE.

Kpurepum ouenku:

Ouenka "oTJHYHO'" BBICTABIAETCS, €CITU padOTa BBHIIOJIHEHA B MOJTHOM 00BEME C COOIOIEHUEM
HEOOXOIMMOM TOCIEeI0BATEILHOCTH JICUCTBHI; B OTBETE NPABHWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3alMCH U BBIYUCIICHUSI.

Ouenka ''Xopomio' BBICTABISCTCSA, €CIU BBITIOJHEHBI TPEOOBaHUS K OIEHKE "OTIMYHO", HO
JIOTYIIIEHBI 2-3 HeJoYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITTOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJYYHTh MIPABUIIBHBIE PE3YIbTATHI M BBIBOJBL; B X0OJI€
MPOBEACHUS PAOOTHI OBUTH TOTYIIEHBI OITUOKH.

OueHka '""Hey/10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJTHEHA HE MOJHOCTHIO HITU
00BEM BBITIOTHEHHOM YacTH pabOThI HE MTO3BOJISAET CACNATh MPABHIIBHBIX BHIBOJIOB.



Tema 1.3 KopHu, creneHu u jorapugmbl

IIpakTnyeckas padora Nel4
«IlocTpoenne rpapukos Jorapupmuyeckux GpyHKuuin»

Heab: O0O0MMUTE M CUCTEMAaTU3UPOBATh 3HAHUS YYalIUXCs, (OPMUPOBATH HABBIKM IOCTPOCHUS
rpadukoB Jorapu@mMuueckux (yHKIUN C MOMOIIBIO NMPeoOpa3oBaHUM U HCCIEIOBAaHHUS HX CBOMCTB.
PaccmoTpeTs npumenenue aorapumMos.

BoinosiHeHune padoTsl crioco0cTBYeT (POPMUPOBAHHUIO:

OK 01 Bpi6uparh ciocoObl perieHus 3aj1a4 npo(ecCHOHaTbHON AeATEIbHOCTH MPUMEHHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM ;

OK 02 Mcnonb3oBaTh COBPEMEHHBIE CPE/ICTBA MOUCKA, aHAIM3a U UHTEpIpeTalui nHGopManud u
MH(POPMAIIMOHHBIE TEXHOJIOTHH IS BBITIOJTHEHUS 3a/1a4 MPO(ECCHOHATLHON IeATEIIbHOCTH;

OK 03 IInanupoBaTh U pean30BbIBATH COOCTBEHHOE MPO(ecCHOHANBHOE U TUYHOCTHOE Pa3BUTHE,
IIpeAIPUHUMATEILCKYIO JESTEIbHOCTh B MPOPECCHOHANBHOMN chepe, CIOIb30BaTh 3HaAHUs 110 IPaBOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B Pa3IMYHbIX KU3HEHHBIX CUTYAIHIX

OK 04 DddexTrnBHO B3aUMOCICTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.

[IK 2.1 BBIMOAHATH pacyeThl MapaMeTpoOB TEXHOJOTHYECKUX IMPOLECCOB 0OpabOTKH METaslioB
TaBlIieHHEM, paOOTBHl 000PYIOBAaHUS, XapaKTEPUCTHK UCXOTHBIX 3aTOTOBOK U METAJUIONPOTYKIIHH.

MaTepnanbﬂoe o0ecneyenue:
I/IHI[I/IBI/II[yaHBHbIe 3a/laHus, CIIPABOYHBIC MAaTCPpHaAJIbl, KOHCIICKThBI JICKIUH.

3aganue:
B oxnoli cucteme KoopauHAT MOCTPOUTH IPAPUK dJIEMEHTAPHON U JaHHON (QYHKIUI:

1.y =log,(x — 2);
2. y=2-logix;
2

3. y=logs(x—2)+1

IMopsiiok BbINOJIHEHUS PA0OTHI:
1. Ompenenute, ¢ MTOMOIIBIO KAKMX F€OMETPUUECKUX MPeoOpa30BaHUI MOXKHO MMOCTPOUTH Ipauk
3aIaHHON (PYHKITUU:

o I'padpuk ¢ynkuuu y = f(x) + B monydaercs mapajulebHBIM IEepeHOCOM Trpaduka (yHKIMU Y =
f(x) B monoxuTensHOM HampaBieHUH BoJib ocu Oy Ha pacctossaue B, ec B > 0 u B oTpunaTeibHOM
HanpasJyieHuu B1oiab ocu Oy, eciu B < 0;
o I'paduk pynknum y = f(x + b) nmomydaercs: mapaielbHIM ITEPeHOCOM Tpaduka GyHKIuu y = f(x)
B TOJIOKMTEIBHOM HamlpaBieHUU BIOJIb ocd Ox Ha paccrosiHue b, ecnmu b < 0u B OTpULIATETHHOM
HaIpaBJIeHUH B0 ocu Ox, eciu b > 0.
o Ipadpuk ¢ynkaun y = —f(x) mnosydaeTcs CHUMMETPUYHBIM OTOOpakeHHWeM rpaduka y=f(x)
OTHOCHUTEIBLHO ocH Ox.
e I'paduk Qynkuun y = Af (x), momyuaercs pactsikeHueM rpadpuka y = f(x) Baoab ocu Oy ot ocu Ox
B A pa3 npu A > 1 nnu cxatuem Brosb ocu Oy k ocu Ox B 1/ aAbasmpu A < 1.
e ['padpux pynkuuu y = f(ax), moiydaercs cxarueM rpaduka y = f(x) Baonb ocu Ox k ocu Oy B a

paz pu a > 1 wim pacTsixeHuem Baosib ocu Ox k ocu Oy B 1/ a pasmpua<1.
2. Iloctpotite ncxomHbIN TpaduK.
3. TIpousBenure HyXHbIE IPEOOPA30BAHUS U TIOCTPONUTE HEOOXOIUMBII rpaduk.
4. Ilns oborpeBa METaJUTyprH4ecKoro Iexa, TeMmmeparypa B KotopoMm paBHa Tn = 20°C, uepes



pamuaTop OTOIUICHHS, MPOMYCKAIOT ropsuyto Boay Temmeparypoirt Ty = 100°C. Pacxox mpoxomsiieit
yepe3 TpyOy Boabim =0,2 kr/c. Ilpoxoms mo TpyOe pacctosHue X (M), BoAa OXJaxIaercs 0

temneparypbl T °C, ripu uem

cm | T, — T,
Y=o —I109y ———
Y T - Tn
rae ¢ = 42000#/xr*C — TennoeMKOCTh BOIBI
y=42 Br/m * °C— kosddumuent Temnoobmena
a = 1.4 — mocToAEHAA.
Jlo xako# TemriepaTypsl (B rpaaycax Llenbcus) oxmaautcst Boja, €Ciiy IjuHa TpyOsl 28 m?

1. y=log,(x—2).
[Toctpoum cHavana rpaduk ynkuuu y = log, x.
I'paduk Gyukuuu y = log,(x — 2) nonydum napauiebHbIM IEPEHOCOM B0 ocu OX BIIPaBO Ha

2.

2. y=logzx —2
[Toctponm cHavana rpadpuk yakmuu y = logs x.
I'paduk pynkuuu y = logzx — 2 monydum napaaieabHbIM IEPEHOCOM BI0Nb ocu Oy BHU3 Ha 2.

Yy
]

3. Jlorapupmudeckne GyHKIIUN pacrpoOCTpaHEHBI YPE3BBIYAHHO IMUPOKO KaK B MaTeMaTHKE, TaK U
B CCTECTBEHHBIX HaykaX. [IpuBenéM HECKOJIBKO MPHUMEPOB HCIOJIB30BAaHHUS JIOrapu(MoOB B
Pa3HOOOpAa3HBIX HAYKaX.

B cratuctuke u TeopuM BEpOSTHOCTEH Jorapu(M BXOAUT B Ps NPAKTUYECKU BAKHBIX
BEPOSITHOCTHBIX pacrpenerneHuii. Hampumep, norapupmuueckoe pacrpeneieHne WCIONb3yeTcs B
reHeTuke u (Qusuke. JIorHOpManbHOE pacmlpeelieHne YacTO BCTPEYaeTcs B CHUTYyalMsaX, Korua



uccienyemMas BEMYMHA €CTh NPOU3BEACHHE HECKOJIBKMX HE3aBUCHMBIX IOJIOKHUTEIBHBIX CITyYalHBIX
MIEPEMEHHBIX.

3akon bendopna («3akoH mepBoil HUQPH») OMUCHIBAET BEPOSTHOCTH IOSBICHHS ONPEACIEHHOM
nepBoii 3Havameil nudpsl Tpu U3MEPEHUH PEATbHBIX BEIINYHH.

JIns OLEHKM HEW3BECTHOTO IapaMerpa IIUPOKO IPHUMEHSIOTCS METOJl MaKCHMalbHOTO
MPaBOINOI00S M CBSA3aHHAs C HUM JiorapudmMudeckas QyHKIHS TPaBIOMIOI00us.

@nykTyanuu npu ciay4aiiHOM ONy»KIIaHWM ONHUCHIBAeT 3akoH XwuHunHa-Kommoroposa. Jlorapudm
UCTOJNB3YeTCsl B ONpPEICNCHHUSIX TaKWX BEJIMYMH, KaK IO0Ka3aTeldb KOHCTAHTHl AaBTOMPOTOJIN3A
(caMOMOHM3aNMU MOJICKYJIBI) U BOJOPOIHBIH MTOKA3aTelb (KUCIOTHOCTH PacTBOPA).

Jlorapudmuueckasi crnupaib IEPECeKaeT CBOM PAAMYC-BEKTOPHI IOJA IOCTOSHHBIM yrioM. Ha
OCHOBAaHHMHU 3TOTO €€ Ha3bIBAIOT PABHOYTOJBHOH. DTO CBOMCTBO HaXOIUT CBOE NMPUMEHEHHE B TEXHUKE.
Jleno B TOM, YTO B TEXHHMKE YacTO MPUMEHSIOTCS Bpamaromumecss Hoxu. Cuia, ¢ KOTOpOH OHHU JIaBAT Ha
pa3pe3aeMblii MaTepuall, 3aBUCHT OT yIJla pe3aHus, T.C. yIJla MEXIy JIe3BUeM HOXKa W HalpaBICHHEM
CKOpOCTH BpamieHus. {1 MOCTOSTHHOTO NaBJICHUS HYXKHO, YTOOBI YroJI pe3aHusi COXPaHsUI MOCTOSTHHOE
3HaYeHHe, a 3To OyJaeT B TOM ciydae, eClIM JIe3BUS HOXKEH OdYepyeHBbl MO Jyre JorapuMHUECKON
cnupany. Bennunna yria pe3aHus 3aBUCUT OT 00pabaThIBa€MOro Marepuaia.

B rupporexHuke mo jgorapu(MUUECKON CHHpald W3rHOaroT TPyOy, MPOBOASAILIYIO IMOTOK BOABI K
jonactsM TypOunbl. braromapst Takoir ¢opme TpyOBl NOTEpH PHEPTUM HA W3MEHEHHE HANpPaBJICHUS
TEUeHHs B TPyOE OKa3bIBAIOTCS MUHHMAIBHBIMH M HAmop BOJBI HCIIOJIB3YETCS C MaKCHMAaIbHON
MIPOU3BOIUTENEHOCTBIO.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOTHEHHOE 3aJaHNe

Kpurtepun onenku:

Ouenka "oTJMYHO'" BBICTABISETCS, €CIU padOTa BBINOJHEHA B MOJTHOM 00BbEME C COONIOIEHUEM
HEOOXOIMMOM TOCIeI0BATEILHOCTH JIEUCTBHUI; B OTBETE NPABWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3allMCU U BEIYUCIICHUS.

Ounenka ''Xopomo' BbICTaBISIETCSA, €CJIM BBINOJHEHBl TpPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JOTYIIEHBI 2-3 HeJoYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO' BBICTABIACTCS, €CIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYHUTh MIPABUIIbHBIE PE3YJIbTAThl  BBIBOJBL; B X0OJI€
MIpOBEIEHUS pabOThI ObUIN JAOMYIIEHbI OIIHOKH.

Ouenka '""Hey/10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO MU
00BEM BBITIOJTHEHHOM YacTH pabOThI HE MTO3BOJISAET CAENATh MPABHIIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, cTeneHu u Jiorapupmbl

IIpakTnyeckas padora NelS
«Peurenue Jorapu(pMuYecKuX ypaBHeHHU I

Heanb: OO600mUTH, 3aKPeNUTh M CHCTEMATU3UPOBATh 3HAHUS YYAIIMXCS MO METOJaM pelleHHs
norapu@muueckux ypaBHeHUl. DOpMUPOBATH HABBIKM PELICHUS YPaBHEHHH.

Boinosinenue padoTsl cnocodcTByeT opMHUPOBAHMIO:

OK 01 BriObuparbs cnocoObl pemieHust 3aaad Nnpo(ecCHOHAIBHOW AEATENbHOCTH NPUMEHHMTENBHO K
Pa3INYHBIM KOHTEKCTaM ;

OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHaJIM3a M HMHTEPIpEeTalud HH()OpPMAIUH |
MH(OPMAIIMOHHBIE TEXHOJIOTHH /IS BBITTOJIHEHUS 3a4a4 MPO(ECCHOHATEHOM JICSITEIbHOCTH;

OK 04 DddexTrBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.

MarepunanbHoe obecnieyeHue:



I/IHI[I/IBI/II[yaJ'IBHI)Ie 3aaaHus, CIIPAaBOYHBIC MaTEpHAJIbl, KOHCIICKThI J'IeKHI/If/'I.

3aganue: Pemure norapudmuyueckue 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+1gVv3x—8=1.

IMopsinok BbINOJIHEHUSI PA0OThI:

Ilepen HawyamoM pelieHUs YpaBHEHUS HYXHO HaWTH oO0NacTh AOMYCTHUMBIX 3HadeHHUH. Mcronbsys
cBoiicTBa JorapudMoB 00¢ 4acTH ypaBHEHHs MPHUBOAUM K OJHOMY ocHOBaHuio log, f(x) = log, g(x).
[Torenuupyem o6e vactu ypaBHeHMs, noiydaem f(x) = g(x). Pemaem nomyueHHoe ypaBHeHue. T.k.
MOTEHIIMPOBAHNE YPAaBHEHUS MOXKET IMPHBECTH K IMOSBICHUIO MOCTOPOHHUX KOPHEH, TO JelaeM
MIPOBEPKY. 3alMChIBAEM OTBET.

3anucarhb 3alaHUC B TCTpadb U pCIINUTD.

1) log,(2x —6) =3

Pemenue: log,(2x —6) =3 O3:2x—6>0
2x — 6 = 3%
2x — 6 =81;
2x = 87,
x = 43,5

[IpoBepum, npuHaAIEKUT JU HaAeHHBIH KopeHb O/13:

2:435-6=81>0

OrtBert: 43,5
2) log,(2x2 — 3x — 4) = 2 OJ13: 2x% —3x — 4> 0
x?>=2x*—-3x—4 x>0x#1

x2—2x>+3x+4=0

—x2+3x+4=0

x2—3x—4=0

x,=-1x,=4

IIpoBepum, npuHaanexar a1 HalaeHHble KopHu O/13:

x=-1 2(-1)2-3(-1)—4>0
2+3-4=1>0

X, =4 2:42-3:4—-4>0
32—-12-4=16>0



OtBet: X1 = —1; x, = 4

3) logsx +logs(x—4) =1 O[3 {xfzgo

Hcnonb3yeM cBoiCcTBa U onpeeneHue Jorapudma:
logsx(x —4) =1;

x? —4x = 51;

x> —4x—-5=0;

x, =-1;x, =5.

[IpoBepum, npuHaanexar a1 HalaeHHble kopau O/13:

—1 < 0, 3HauuT Xx; = —1- MOCTOPOHHUI KOPEHb.
5>0;, 5-1=4>0.
Otser: 5
x > 0;
4) log,(2x?> — 7x + 6) —log,(x —2) =log,x OHO3: {2x2 —7x+6 >0
x—2>0

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

2x% —7x + 6 = x? — 2x;

2x2 —7x+6—x%+2x =0;

x?>—5x+6=0;

X, =2; x, =3.

IIpoBepum, npuHaanexar a1 HalaeHHble KopHA O/13:

2>0;

X1 =2;32-22-7-24+6=0
2—2=0
3>0;

X, =3192:32-7-34+6>0;
3—2>0

OrtsBer: 3.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIIOTHEHHOE 3aJJaHNe

Kpurtepun onenkn:

Ouenka "OTJHMYHO" BBICTABISECTCS, €CIM paboTa BBHIMOJHEHA B TOJHOM O0BEME C COONIOICHUEM
HEO0OXOUMOM TOCTIENOBATENBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIMOJHEHHI BCE

3aI1MCHu U BBIYHCIICHUA.

Ouenka "xopomio" BBICTAaBISETCS, €CJIM BBHIIOTHEHBI TPEOOBAHUS K OIIEHKE "OTIMYHO", HO JOMYIICHBI

2-3 HenouerTa.

Ouenka '"ya0BJIeTBOPUTENbHO' BBICTABISICTCSA, €CIU paboTa BHIMOJIHEHA HE MOJHOCTHIO, HO O0BEM
BBITIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYWUTh MPAaBHIIbHBIE PE3YJIbTAaThl U BBIBOJIBI; B XOJIE

MpOBEICHUS pabOTHI ObUIN TOMYIIEHBI OIIMOKH.

Ouenka '""HeyJ10BJIeTBOPUTEIbHO'" BBICTABIISICTCS, €CITU pabOTa BBHIMOJHEHA HE TIOJHOCTHIO U O0BEM

BBITOJTHEHHOM YacTH paGOTBI HC MMO3BOJIACT CACIIATh NPABUJIBHBIX BHIBOIOB.



Tema 1.3 KopHu, creneHu u jorapugmbl

IIpakTnyeckas padora Nel6
Pemrenue norapudpmMuvecknx HepaBeHCTB

Heanb: OO600mUTH, 3aKpeNUTh M CHCTEMATU3UPOBATh 3HAHUS YYAIIMXCS MO METOJaM pelleHHs
norapumuueckux HepaBeHCTB. DOpMHUPOBATH HABBIKH PEIICHUS HEPABEHCTB.

BoinosiHeHne padoThl cioco0CTBYET (DOPMUPOBAHMIO:

OK 01 Beibupatrb cnocoObl pemieHust 3aaad MNpo(hecCHOHATBHONW JAEATEIbHOCTH NPUMEHUTENIBHO K
pa3IUYHBIM KOHTEKCTaM ;

OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHAJIM3a M HHTEPIpETalud HH()OpPMAIUH |
MH(pOPMAaLMOHHbIE TEXHOJIOTUH JUIs BBINOJIHEHU 3a/1a4 IPOpECCHOHATIBLHOM 1A TeIbHOCTH;

OK 04 DddexTrnBHO B3aUMOICICTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.

MaTepI/IaJIbHOC o0ecneveHnue:
I/IHI[I/IBI/II[yaJ'IBHBIe 3aJlaHus, CIIPABOYHBIC MAaTCPpHaJIbl, KOHCIICKTbBI JICKIUH.

3ananue: Pemnre gorapudMUUECKHE HEPABEHCTBA:
1. log,(5x +3) < 3;
2. logos(3x +4) = logys(x? + 6);
3. log,(x* —9x+4) =>4

Ilopsinok BhImoJiHeHHs1 PadoThI: PaboTaem Mo anropuTMy: UCHONB3YS OmMpeneneHue yuorapupma oode
YaCTH HEPaBEHCTBA MPUBOJUM K OJJHOMY OCHOBaHHUIO, T. €. TIOJIydaeM HepaBeHCTBO BUjaa log , f(x) < log

a g(X).

I[Tpu pemennu norapu(MUUYECKUX HEPABEHCTB HYKHO YUUTHIBATH CBOMCTBO MOHOTOHHOCTH
jJorapu@mMuueckor GyHKIUH, 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) < g(x).
[Ipu 3TOM HYXHO 0053aT€IBHO YUUTHIBATh U 00JACTh JOIMYCTUMBIX 3HAUEHUH.

Pemenne HOFapI/I(i)MI/ILIeCKOFO HEPAaBCHCTBA CBOJUTCA K PEIICHUIO CUCTEM HCPABCHCTB!

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

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

gx)>0

3anucaTh 3aJlaHi€ B TETPaJb U PEIITUTh.



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

CoCTaBUM CHCTEMY: {Sx +3>0;
"(5x +3 <28
5x +3>0; {Sx >=3 {x > —0,6; Otser: (—0,6; 1]

PemmMm COCTAaBJICHHYIO CUCTEMY: {SX +3<5 5y <5 x <1

2) logos(3x +4) = logys(x? + 6)

CoCTaBUM CHCTEMY HEPABEHCTB, YUMTHIBAA, UTO 062 JIOrapudGMUpyeMble BBIPAKEHHS TOKHBI OBITh
ITOJIOKHUTCIIBHBIMU 1 OCHOBAHUC MCHBIIIC 1
3x+4>0
{ x>+6>0
3x +4 < x? +6.

Pemmm cocTaBieHHYIO CUCTEMY:

3x+4>0 3x > —4 x> -2
x2+6>0 = x?> -6 =1 x € (—00; +00) -
3x+4<x*+6. —x*4+3x+4-6<0.

x> =3x+2>0
KBajpaTHOE HEPaBEHCTBO PEIINM METOIOM HHTEPBAJIOB:
x> =3x+2>0

x2=3x4+2=0=>x,=1; x, =2

BZ= T,
1 2

Haiiném pelenre cucTeMst:
s S L
1
-3 1 2

Ortser: (—1%; 1] U [2; 4+ )

3) logi(x? + 7x + 10) = —2
2

CocraBuM CUCTCMY HCPABCHCTB, YUUTBIBAA, YTO HOFapI/I(I)MI/IpyeMOC BBIPAXKCHUC TOJIZKHO OBITH
IMOJIOKUTEIRHBIM M OCHOBaHIE MEHBIIE 1.

X2 +7x+10>0

1\"2;
x2+7x+10S(—)
2

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

Penraem kBajipaTHBIC HEPaBEHCTBA:

X2 4+7x+10>0



X’ 4+7x4+10=0

x1:_5; x2=—2 + - +

x> +7x+10< 4
X>+7x+6=0
x1:_6; xZ :_1 + = +ﬁ A/

Haiiném perenne cucreMst:

/4PN SOSN /

-6 5 2 -1
Otser: [—6;—5) U (—2; —1]

®opma npeacTaBaeHus pe3yJibTaTa: BHIIIOTHEHHOE 3aJaHNe

Kpurepun oueHku:

Ouenka "OTJIMYHO" BBICTABIACTCS, €CIM paboTa BBHINOJHEHA B MOJHOM O0BEME C COONMIOIECHUEM
HE0OXOUMOM TOCIEN0BATEIBHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIOJHEHBI BCe
3aUCH ¥ BBIYUCIICHUSI.

Ouenka "xopomio" BBICTAaBISETCS, €CJIM BHITOTHEHBI TPEOOBAHUS K OLIEHKE "OTIMYHO", HO JOMYIIEHBI
2-3 Hegouera.

Ouenka '"ynoBJIeTBOPUTENbHO' BBICTABISIECTCA, €cIU paboTa BBHIMOJIHEHA HE MOJHOCTHIO, HO O0BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh TMpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUIN JOMYIIEHBI OIIHOKH.

Ouenka '""Hey10BJIeTBOPUTEIbHO'" BBICTABIISICTCS, €CTTU pab0OTa BBHIMOJHEHA HE TIOJHOCTHIO UM O0BEM
BBITIOTHEHHON YacTH pabOThHI HE MO3BOJISET CAENaTh MPABIIIbHBIX BHIBOJIOB.

Tema 2.1 OcHOBHBIC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBanne TPUrOHOMETPUYECKHMX BbIPAsKeHUH

IIpakTnyeckas padora Nel7

«PaguaHHBIA MeTO/ U3MEPEHH YIVIOB BPAllleHUs M CBA3b C rpagycHoi mepoii. Haxoxaenune
3HAYECHUI TPUTOHOMETPUUYECKUX PyHKIMID»

Heab: dopmupoBaTh HaBBIKM IEpexoja OT paJuaHHOW Mepbl yIJOB K I'palyCHOM W 0OpaTHO,
HAXOXXJCHHUS 3HA4YE€HUI TPUTOHOMETPHUYECKUX (YHKIIUH.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHMIO:
OK 01 BeiOupats criocoObl pemeHus 3aaa4 npopecCuoOHaNbHON JeSTeIbHOCTH MPUMEHUTENBHO K
pa3IMYHBIM KOHTEKCTaM ;
OK 04 D¢ dexTuBHO B3auMOIeCTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMAaH/IE;
[1K 2.1 BbINOAHATH pacyeThl MapaMEeTPOB TEXHOJOTMYECKHX IPOIECCOB 0OpabOTKH METaioB
JaBJIeHHEM, paOOThl 000PYI0BAHUS, XapaKTEPUCTUK UCXOIHBIX 3arOTOBOK U METANIONPOIYKIIHH.

MarepuasibHoe o0ecnieyeHue:
I/IH,Z[I/IBI/I,Z[yaJIBHBIe 3aaHusl, CIIPABOYHBIC MaTCpHaJIbl, KOHCIICKThI HGKHHﬁ.

3amanmue:



1. BsIpa3ute B pagnanax BeIMYUHY yTJia, 33IaHHOTO B rpalycax

a) 150° 06) 450° B)40°
2. Beipasure B rpagycax BEIUUYHHY yIJIa, 33JAHHOTO B paJiiaHax

T 4T

a) R 6) 4n B) ?
3. Wcnonb3yst onpeaesieHusl TPUTOHOMETPUICCKUX (YHKIUMA, HAaWIUTE 3HAKU ITHX (QYHKIHHA TS
YIJIOB:

a) —210°  6) =

4. 3ybuatoe koneco mMmeer 72 3yOma. Ha ckoibKo rpaaycoB MOBEPHETCS KOJIECO MPU IMTOBOPOTE
€ro: a) MpoTHUB YacoOBOM cTpesiku Ha 21 3yberr; 0) mo yacoBoii crpenke Ha 144 3y6ma?
5. lIxuB snekrpomotopa aemaer 6000 o6OpOTOB B MUHYTY. BhIunMcCIUTE YrioByH0 CKOPOCTbH
BpallleHus B Ipajycax B CEKYH/y U B paJldaHax B CEKyHY.

Ilopsinok BbINOJIHEHHUS PadOTHI:
1. Pammannas u rpaaycHasi Mepbl cBsi3aHbl 3aBUCUMOCThI0O 180° = m paguan. [lostomy 1° =

Y
Taow SHATHT X °= Tgo & Panuax.

. . 180°
Uto0bI BEIPA3UTh YTOJ B TPAJAyCHON Mepe BOCTIONB3YHUTECh COOTHOIIEHHEM 1paj = .

3. Hauepture €IMHMYHYIO OKPYXXHOCTh, OTJIO)KHTE 3aJlaHHBIA  Yroj, TIOMHS, 4YTO
HOJIOKUTEIBHBIM ~ CUMTAETCS  YIrOJ, OTKJIAJbIBA€Mblii NPOTUB YacOBOW CTpPENKH, a
OTPULIATENIBHBIM — I10 YaCOBOW CTpEJIKE.

1. BBIpa3I/ITe B pagraHax BCIIMYUHY yTIJIa, 3aJIaHHOTO B I'paJlycax
a) 120° 6)225° B)10°

a) 120° = ——-120° =2 6)225° = —.225° =% p)10° = ——-10° = —.
180 3 180 4 180 18
2. BBIpa3I/ITe B I'palyCax BCIUYUHY YIJid, 3aJaHHOI'O B paJluaHax
3 6)2_" B) s
a) 5 9 6
a)3_”:i0°.3_”:1080 6)2_”2200.2_”:400 B)S_":&‘)os_"zly)o
5 b3 5 9 T 9 6 T 6

3. Hcnonp3ys omnpeneneHusi TPUrOHOMETpUYECKUX (GYHKUUN, HAWIUTE 3HAKU ITUX (QYHKIMHA AJs
YTJIOB:
a) —120°  6) =
[TocTpouM €OMHHUYHYIO OKPYKHOCTh M OTJIOXKUM JaHHbIE yribl. Yron—120° oTknaasiBaeM Mo
gacoBoil cTpeinke. Touka, cooTBeTcTBYomas yriay —120° nexut B Il uerBepTH, 3HaUwT,
cos(—120°) < 0, sin(—120°) < 0,
tg (—=120°) > 0, ctg(—120°) > 0.

(I)opMa NpeaAcTaBJICHUA pe3yabTaTa: BhIIIOJTHCHHOC 3a/JaHNE

Kpurepun onenkmn:
Ouenka "oTJHMYHO'" BBICTABISACTCS, €CITM padOTa BHITIOJIHEHA B MOJTHOM 00BEME C COOIOIEHUEM

HEOOXOIMMOW TOCIIEOBAaTENFHOCTH JCWCTBUI; B OTBETE€ MPaBWJIBHO M aKKypaTHO BBITIOJHEHBI BCE
3aIMCHU U BBIYUCICHUA.

Ounenka ''Xopomio' BBICTABISIECTCS, €CJIHM BBITIONHEHB TPeOOBaHUS K OICHKE "OTIIMYHO", HO

JTOMYIIEHBI 2-3 HEJ0YeTa.

Ounenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBIMOIHEHA HE TOJHOCTHIO, HO



00BEM BBITTOJTHEHHOW YaCTH TAKOB, YTO TO3BOJISIET TIOJYYHUTh MPABWIIBHBIC PE3YIbTAThI U BHIBOJIBI; B XOJI€
MPOBEICHUS paObOTHI OBUIN JTOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISACTCSA, €CIM pabOTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIEIaTh MPABUIHHBIX BHIBOIOB.

Tema 2.1 OcHOBHbIEC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBaHne TPUTOHOMETPHYECKHUX BbIPAaKeHU

[pakTnyeckoe 3ansitue Nel8
IIpeoOpa3zoBaHusi TPUTOHOMETPHUYECKUX BbIpa:keHHil. OCHOBHbIE TPUTOHOMETPHYECKHUE
TOK/1eCTBA.

Heab: @opMupoBaTh HABBIKM MPEOOpPa3OBaHUs TPUTOHOMETPUUYECKUX BBIPAKEHUH, HCIONB3YS
OCHOBHBIE€ TPUTOHOMETPHUUECKHUE TOXKECTBA.

Brinosinenue padorsl cnocodocTBYeT GOPMHUPOBAHNIO:
OK 01 Beibupats criocoObl pemieHHs 3a1ad MpodecCHOHAIBHOU NEeATEIbHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM;
OK 04 D¢ddexTuBHO B3auMOICHCTBOBATh U PaOOTATh B KOJUIEKTHBE U KOMaH/E.

MarepunanbHoe odecnieyeHue:
WNHnuBunyanpHble 3a1aHKs, CIIPABOYHbIE MATEPUAJIbl, KOHCIIEKTHI JICKIUH.
3aganue:

1. Haliaute 3Hau€HUs TPUTOHOMETPUYECKUX (DYHKIIUH, €CITH U3BECTHO:

1) cos x= 0,8, 3?” << 2T
2) sin x= 0,6,% <X TT
3) tg x= —%,g << .
2. Konebanue nHanpsbkenus 3amaercs popmysnoit: U(t) = U,, cos(wt + ¢,).Haiinure 3HaueHue
HaIpsKEHUs, €CIM U3BeCTHO, uto U,, = 100 B, ¢, = 0, sinwt = 0,6;

0<wt<§.

Ilopsinok BbINOJHEHHS PadOTHI:

1. 3anumure yciaoBue.

2. 3anummre (HOpMYJBl OCHOBHBIX TPUTOHOMETPUYECKHUX TOXJIECTB, COJEp)KAIIHe JaHHYIO
(GYHKIUIO U TY, KOTOPYIO HEOOXOIUMO HaWTH.

3. Belpazute HeusBecTHy0 ¢yHKIMIO. Ecnum HeoO0XonumMo H3BJIE€Yb KBAaJApaTHBIH KOPEHb, TO
OTIpeIeNTUTE 3HAK UCKOMOW (DYHKIIMH, UCTIONb3YsI 3a/1aHHYI0 YETBEPTh.

4. BpruucnuTe 3HaUEHHS BCEX HEM3BECTHBIX (DYHKIIMH.

1. lano: cos «x= 0,8, S?H <xX<L 21

Haiitu: sin , tg «,ctg «
Pemenue:
1)3amnuiieM 0CHOBHOE TPUTOHOMETPHUIECKOE TOKICCTBO

cos? o« +sin? «= 1

Beipazum u3 Hero uckomyro GyHKIm Sin = +v1 — cos? «
Tak kak cuHyc B [V ueTBepTH UMEET OTPULIATEILHOE 3HAYECHHE, TO
sin «x= —/1 - 0,64 = —/0,36 = —0,6.

2) 3anuiieM OCHOBHOE TPUTOHOMETPHUYECKOE TOXKIACCTBO



tg x=
cos «
[ToacTaBuM HM3BECTHBIC 3HAYCHUS U HAJIEM HEU3BECTHYIO (byHKumo
; —-0,6 6 3 0.75
(= =—==—==-0,
9%=708 8- 1

3) 3anuuieM 0OCHOBHOE TPUTOHOMETPUUYECKOE TOKIECTBO
tg «<-ctga =1

1
Bripazum u3 Hero HCKOMyo QpyHKIUIO ctg K= o

t 4 11
=—— = —] —
9 3 3

3. [JaHo: sin x= 0,6,% << T
Haiitu: cos &, tg &, ctg <
Pemenue:
1)3anuiieM 0OCHOBHOE TPUTOHOMETPUUECKOE TOXKAECTBO
cos? x +sin? x=1
Bsipazum u3 Hero uCkomyro GyHKIHO coS X= +V1 — sin? «
Tak kak kKocuHyc Bo Il ueTBepTH OTpHIaTeNeH, To cos X= —/1 — 0,36 = —0,8.

2) 3anuimeM OCHOBHOE TPUTOHOMETPHUYCCKOC TOKIACCTBO

. sin «
xX=
9 CcoS X
[ToacTaBuM M3BECTHBIC 3HAYCHUS U HAWJIEM HEU3BECTHYIO ()YHKIIUIO
t 26 6 0,75
xX= =——==——=—,
9%="08" "8 2

3) 3anuiieM OCHOBHOE TPUTOHOMETPUUECKOE TOXKIECTBO
tg «<-ctga =1

1
BripazuMm u3 Hero uckoMyro GpyHKIuUIO ctg X= o

t 4 11
== —] -
€9 3 3
4. [OaHo: tg x= —%,%<oc< T

Haiitu: cos &, sin &, ctg &

Pewrenue:
1) 3amuiieM OCHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO
tg < ctga =1

1
BripazuMm 13 Hero uCKoMyro QpyHKIHUIO ctg X= o

1
Ctg xX= —15

2) 3anuuieM OCHOBHOE TPUTOHOMETPUUECKOE TOXKIECTBO
1

clos2 o«
Bhipasum 13 HEro HCKOMYH (DYHKIIUIO COS K= + T
g oC

1+tg? x=

Taxk xak kocunyc Bo Il yeTBepTH oTpHLIATENIEH, TO COS X= — = -



3) 3anuiiemM OCHOBHOE TPUTOHOMETPHUECKOE TOXKIECTBO
cos? « +sin? x= 1
Beipazum u3 Hero uckomyro GyHkImio sin = +v1 — cos? «
Tak kak cunyc Bo Il yeTBepTH NMOJIOKUTEIBHBIN, TO Sin X=+/1 — 0,64 = /0,36 = 0,6.
2. Konebanue Hanpsskenus 3amaercs Gopmyioit: U(t) = U, cos(wt + ¢,). Haiinure 3Hauenue
HaIpsKEHUs1, eCiii u3BecTHo, uro U,, = 100 B, ¢, = 0, sinwt = 0,6;
0<wt<=.

Pemenue:
Konebanue nHanpspkenus 3agaercs popmysioit: U(t) = Uy, cos(wt + ¢p). YTOOBI BEIYKCIUTH 3HAYCHUE

HaIpsDKEHMs, HYXKHO HaiTi cos(wt + @).

Ilo ycnosuro sinwt = 0,6. 3anunieM 0CHOBHOE TPUTOHOMETPUYECKOE TOKIECTBO
cos?wt + sin‘wt = 1.

Beipazum u3 Hero uckomyro ¢pyHkimo coswt = +V1 — sinwt.

o ycnosuro 0 < wt < g . Tak KaK KOCHHYC B IIEPBOI YETBEPTHU IOJIO)KUTEIIEH, TO

coswt =+1—0,36 =+/0,64 =0,8.

[ToxcraBuM nosydenHbie 3HaueHus B popmyry U = 100 - 0,8 = 80 B.
®opma npecTaBieHus pe3yJabTaTa: BHIIIOJHEHHOE 33JaHHE

Kpurepun onenkn:

Ouenka "oTJM4YHO'" BBICTABISACTCS, €CIIM padOTa BHITIOJIHEHA B MOJHOM 00BEME ¢ COOI0IEHUEM
HE0OXOUMOM TOCTEN0BATENBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKYpaTHO BBINOJHEHBI BCE
3aIIMCU U BEIYUCIICHUA.

Ounenka ''Xopomo'" BBICTaBISETCSA, €CJIHM BBIMIONHEHB TPeOOBaHUS K OICHKE "OTJIMYHO", HO
JOMYIIEHHI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTEJNbHO' BBICTABISETCSA, €CIM paboTa BBHINOJTHEHA HE MOTHOCTHIO, HO
00BEM BBITIOTHEHHOM YaCTH TAKOB, YTO TO3BOJISIET TIOJYYHUTh MPABUIIBHBIC PE3YJIHTATHI U BHIBOJIBI; B XOJI€
MPOBeICHUS pabOTHI ObUIH JOMYIIEHBI OIIHOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISETCA, €CIM PabOTa BBHIMIOJHEHA HE MOJHOCTHIO WM
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIETaTh MPABUIHHBIX BHIBOIOB.

Tema 2.1 OcHOBHBIC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBaHue TPUTOHOMETPUYECKHUX BbIPAKEHU

IIpakTuyeckoe 3ansaTue Ne 19
IIpeoOpa3zoBanusi TPHTOHOMETPHYECKUX BbIpaskeHHil. @OpPMYJIbI CJI0KEHHS, YABOCHHSA.
DopmyJIbl IPUBEACHUA

Heabr pabdorbi: @opMHpOBaTH HABBIKM  MpeoOpa3oBaHMsl TPUTOHOMETPUYECKUX BBIPAKEHUM,
UCTOJb3Ys (POPMYJIBI CIIOKEHHS, YIBOCHUS U IPUBEICHHS.

Brinosinenue padoTsl cnoco6cTBYeT GOPMUPOBAHNIO:
OK 01 Beibupars cmocoObl pemieHus: 3amad npodecCHOHATBLHON ESITEIIBHOCTH MPUMEHUTEIBHO K
Pa3JINIHBIM KOHTCKCTaM
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMaH/Ie

MarepuasibHoe o0ecnieyeHue:



I/IHI[I/IBI/II[yaJ'IBHBIe 3aaaHus, CIIPABOYHBIC MaTCpHaIbl, KOHCIICKThI J'IeKHI/If/'I.

3aganue:
c0512°c0s48°—sin12°sin48°

€0554°-5in36°+c0s36°-sin54°

1.Breruucnure

3T
i tg(S+a cos2t :
2. YrpocTuTe BBIpaKEHHUE a) S_m(;f:a) — (G+e) +tg(m — a); 6) —————— —sin¢
sin(—a) ctg(m—a) cost —sint
3 24 3 3
3. laHo cos «= - cosf = —gs T <&< ?”; n<pf <?n.

Haiinure sin (< —f3).
sin(x—pB)cosB+cos(a—B)sinf _

4. JIokaxuTe TOXKIECTBO: cos(@—)cosp—sin(a—f)sinf — ga

HOpﬂIlOK BbIIIOJTHCHHU A paﬁoTI)I

1) 3anumuTe 3aJlaHde U OmpeAenuTe, KakuMu GopMyllaMd TPUTOHOMETPUU HYKHO
BOCIIOJIb30BaThCH.

2) [Tpumenute >Tu GOPMYIIBL.

3) YIpocTuTe MOJyYHBIIEECS BBIpOKEHUE. BBIYMCINTE, €CM 3TO HEOOXOJMMO, 3HAUCHUE
BBIPKCHUSI.

Xoj penieHust:

1 BBI"H/ICJ'H/ITG c0s71°c0526°+sin71°-sin26°

§in20°-c0s25°+c0s20°-sin25°
Pemenue:
€0s71° + c0526° + sin71° - sin26°
sin20° - cos25° + cos20° - sin25°
Jl1st periieHus HaM HEOOXOAMMO MCTIOIB30BAaTh (POPMYJIBI CIIOKEHUS:
cos(a + B) = cosa - cosp F sina - sinf
sin(a + B) = sina - cosf + cosa - sinf8
c0s71° - cos26° + sin71° - sin26° cos (71° — 26°)  cos45°
sin20° - c0s25° + cos20° - sin25°  sin (20° 4+ 25°)  sin45°
7 YHpOCTI/ITe BBIPAYKEHHE: sin(180°+a)-tg(«<—180°)-cos(360°—a)

= tg45° =

ctg(g—a)-ctg(n+a)-cos(az—n—a)

[Ipu pemieHun 3TOro 3aJaHUsl HYXHO NMPUMEHUTH (HOpMyIbl NpuBeaeHUs. st 3TOro BCIIOMHUM

MHEMOHHNYECKOC IMPABUJTIO: 1) HazBanue (I)YHKI_II/II/I HC MCHACTCA, €CJIM K apTryYMCHTY « HpI/I6aBJ'I}IeTC}I —Tn
WM Tn.

Hazpanue ¢yHKIIMM MEHSIETCs, €ClIM K apryMEHTY o MpubaBisieTcs —gn WIH gn, n-
HEYETHOE YHUCIIO.
2) CtaBUTCS 3HaK UCXOAHOM (DYHKIIMM, CUUTAS , UTO O- OCTPBIN YTOJ.

Pemenue:
sin(180° + a) - tg(x —180°) - cos(360° —a)  —sina-tga-cosa  cosa cosa  cosa-Ssina
T 3n - tga - ctga -+ (—sina) - ctga ~ cosa — cosa - sma
ctg(z —a): ctg(m+ a) - cos(5 — @) g 9 9 Sina
3. JlaHo sin «==; cosf =7 ; S<x<m 0<B <7,
Haitaure sin (< +p3).
Pemenue:  Jlnus  pemleHMs ~— HaM  HY)KHO  HUCIOJB30Bath  (QOPMYJIdy  CIIOXKEHUS

sin(a + ) = sina - cosf + cosa - sinf

Ho HaM HEU3BECTHEI 3HaueHus cos X U sinf.
Haﬁ[[eM CHavaJla 3THU 3HAUCHUS, UCIIOJIb3Ys1 OCHOBHOC TPUT'OHOMETPHUUYCCKOC TOKACCTBO!



cos? « +sin? «x=1
BhipazuM 13 Hero HCKOMY0 QPYHKIIUIO cos &= +V1 — sin? «

sinf = +./1 — cos?p

64 289 64 15
Tak kak kocuHyc BO Il yeTBepTH OTpULIATENIEH, TO COS X= — fl -——=— /— - ==
289 289 289 17

v . 16 25 16 9 3
Tak kak cuHyC B | yeTBepTH MONOKUTENBHBIN, TO sinf = J 1-—=Z"%=J==%

25 25 25

[ToxcraBuM HaliieHHBIE 3HAYCHUS B (DOPMYITY U BBIYUCIIUM 3HAUYCHUE
sin (« +p).

sin(x +p) =

8 4+( 15) 3 32 45 13
5 5 85 85 85

17 17

sin(<—p)cosB+cos(a—B)sinf
cos(a—p)cosp—sin(a—pB)sinf

4. JIOKa)XHUTE TOXKIECTBO: tga

Jloka3arenbCcTBO:

Beimumem oTenbHO JIEBYIO YacTh TOXKIIECTBA U IPE0Opa3yeM ee, HCIOb3ys (POPMYIIbI CIOKESHUS:

sin(x—pB)cosp+cos(a—B)sinf _ sin (a—p+B) _ sina
cos(a—p)cosf—sin(a—p)sinf  cos (a—f+B) coset
tg o= tg

ToxaecTBo n0Ka3aHo.

Bo3MoxkeH u Ipyroi crnocod J0Ka3aTeabCTBa:
sin(ec—p)cosB+cos(a—B)sinf _ (sina-cosp—cosa-sinB)cosp+(cosa-cosp+sina-sinf)sin _

= tga

cos(a—pB)cosp—sin(a—pB)sinf  (cosa-cosB+sina-sinB)cosf—(sina-cosB—cosa-sinB)sinf
PaCKpOCM CKO6KI/I U IPpUBCJIEM HOI[O6HBIC cJlaracMabIC
sina - cos?p — cosa - sinf - cosf + cosa - cosP - sinf + sina - sin?f  sina - cos?p + sina - sin?f

" cosa - cos?f + sina - sinf - cosf — sina - cosf - sinf + cosa - sin2  cosa - cos?f + cosa - sin?f
sina(cos?p + sin’B)  sina

"~ cosa(cos?f + sin2f)  cosa
tg x=tg <
®dopma npeacTaBJieHHs] pe3yJIbTaTa: BHITOJHEHHOE 3a/IaHKE

Kpurepum ouenku:
Ouenka "oTJHYHO'" BBICTABISETCS, €CITU padOTa BBHIIOJIHEHA B MOJTHOM 00BEME C COOIOIEHUEM

HEOOXOIMMOM TOCIe0BATEILHOCTH JIEUCTBHI; B OTBETE NPABMWJIBHO W aKKypaTHO BBITIOJTHEHBI BCE
3aIlMCH U BBIYUCICHHUS.

Ouenka ''Xopomio' BBICTABISETCSA, €CIU BBITIOJHEHBI TPEOOBAHUS K OIEHKE "OTIMYHO", HO

JOMYILIEHHI 2-3 HeloYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO' BBICTABIACTCS, €CIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO

00BEM BBITTOJIHEHHON YaCTH TaKOB, YTO MO3BOJISET MOJIYYUTh NMPABUIIbHBIC PE3YJIbTAaThl U BBIBOJIBI; B XOJI€
MpOBeJICHUS pabOThI ObUIH JOMYIIEHbI OIIHOKH.

Ouenka '""Hey10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO HMITU

00BEM BEHITTOJTHEHHOM YacTH pa6OTBI HC MMO3BOJIACT CACIATh NPAaBUJIBHBIX BBIBOJOB.

Tema 2.1 OcHOBHBbIE IOHATHS TPUTOHOMETPUH.
IIpeoOpa3zoBaHue TPUTOHOMETPHYECKNX BbIPAKEHHU I

IIpakTueckoe 3ansaTue Ne 20
IHocTpoenne rpapkoB TPUTOHOMETPUYECKUX PYHKIUI ¢ MCIIOJIb30BAHUEM I€OMEeTPHUIECKUX
npeodpa3oBaHuii



Leas padoThi: HayunThcst cTpoUTh rpaduKu TPUTOHOMETPUUECKUX (PYHKITUI

BoinosiHeHune padoTsl ciocodcTBYeT (POPMUPOBAHMIO:
OK 01 BeiOupars cmocoObl pemieHus 3agad npodecCHOHATbHON JESITCIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMAaH/Ie
I[IK 2.1 BbInojHATh pacyeThl MapaMETPOB TEXHOJOTHUECKUX IPOLECCOB 00pabOTKH METasioB
JaBJIeHUEM, paboThl 000PYI0BaHUS, XapAKTEPUCTUK UCXOIHBIX 3arOTOBOK U METAJLIONPOTYKIHH.

MarepuasibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHbIe 3aaHus, CIIPABOYHBIC MaTCpHaJibl, KOHCIICKThI HGKHHﬁ.

3ananmue:
[Toctpouts rpaduk GyHKIMH y = 3sin (x — %)- 3anucath CBOMCTBA 3TOM (DyHKUIUU.

IMopsiiok BbINOJIHEHUS PadOTHI:

IIpu noctpoeHunu rpaduka Hy>KHO BOCIIOJIb30BATHCS IPEOOPa30BAaHUSIMU I'PaPHUKOB.

l.y = fix) + b — rpadux ¢yskuuu mnomydaercs u3 rpapuka ¢yHkmmm y = f(x) myrem
napajIeJIbHOro MepeHoca 3Toro rpadguka Ha BeauuuHy Baoiab o OY. Ilpu stom, ecinu b>0, To rpadux
¢bynkuuu f(x) + b pacnonaraercs Boime rpaduka Gpyaxnun f(x), ecau b<0, To HUXe 3TOTO rpaduKa.

2.y =f (x + b) — rpadux ¢dynkuuu nomyvaercs u3z rpaduka GyHkuuu y = f(x) ¢ momormipro
MapajuieJIbHOTO MEepeHoca 3Toro rpaduka Ha BenuuuHy b B1oas ocu OX, npu 3ToM, eciu b>0, To caBur
BJIEBO, a eciiu b<<0, TO CABUT BIPaBO.

3. y =- f(x) — rpadux cummerpudeH rpaduky y = f(x) orHocutensHo ocu OX

4.y = a f(x) — rpadpuxk ¢yHKkuMu mnomyyaercs M3 rpapuka ¢yHkuuu y = f(X) ¢ HoMoIIbI0
pacTsbKeHUs WK cxaTus rpaduka no ocu OY nmponopluoHanbHO KO3 GULIMEHTY a, TpudeM,

ecnu a > 1, To Bce opanHaTH rpaduka af(x) yBeanuuBaroTcs B a pas, eciu a < 1, TO yMeHbLIaoTCs
B a pas.

5.y = fla x) — rpadpuk QyHkuum nomydaercs u3 rpadpuka QyHkuumu y = f(X) ¢ momomipo
pacTsbKeHUs WK cxaTtus Brosib oc OX mponopuuoHaibHO K03 PULIMEHTY a, mpudeMm, eciu, a > 1, To
rpaduk cxumaercs B a pas, ecnu 0 < a <1, To pactaruBaercs B 1/a pas.

6. y = | f (x)| - JUIS TIOCTPOEHHUS 3TOTO rpaduka HYy)XKHO MOCTPOUTh rpaduk QyHkuuu y = f(x) u

oTo0pa3zuth oTHOCUTENBHO ocu OX Te yacTu rpaduka, KOTOPbIE PACIOI0KEHBI HUXKE ITOM OCH.
[Tocne moctpoenus rpaduka IpoBeIUTe UccaeaoBaHNe GYHKIIUU MO OOIIEH cXeme.

[Toctpouts rpadux GyHKIMH y = 2cos (x + g). 3anucath CBOICTBa 3TOM PyHKINH.

Chauana noctpouM rpaduk GyHKIHUH y = cosx

[lepeneceM rpaduk QyHKIHMH y = cosx Hag BieBo. [Tomyunm rpaduk QyHKIMH y = cos (x + g).
Pactsanem rpaduk nonyurBeics GyHKIUHU B 2 pasza B1osb ocu Oy.

T
p=2c08 X+—
! { 3)

Hccnenyem dyHkIuio mo oomiei cxeme:



D(y)=R;
E(y) =[-2; 2]
y =0, npu x=1/6 + ntn, n € Z;
OyHkus 001Iero BUaA.
DOyHKIUA HEMOHOTOHHaAS,
npu X € (2n/3 + 27n; 5m/3 + 27n) — byHKIHS BO3pACTaeT;
pu x € (-n/3 + 2nn;2 /3 + 2nn) — QyHKIMS yOBIBaET;

6. (-n/3 + 2mn; 2) — max;
(2n/3 + 27n; -2) — min;

7. T=2mx.

MRS

(I)opMa NnpeacTaBJCHUs pe3yjabTaTa: BhIIIOJTHCHHOC 3a/laHNE

Kpurepun oneHku:

Ounenka "oTau4HO" cTaBUTCS, ecnu paboTa BBINOJIHEHA B TOJTHOM O0BEME C COOIIOJICHUEM
HE0OXOUMOM MOCNIEA0BATEIbHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIMOJHEHHI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka "Xopouo' cTaBUTCS, €CIM BHIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIMYHO", HO JOMYIIEHbI
2-3 memouera.

Ounenka "y10BJIeTBOPUTEIBHO'" CTAaBUTCS, €clid pabOTa BHINIOJHEHA HE IMOJHOCTBIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO I1O3BOJIAET IMOJYYUTh MpPaBUJIbHBIE pPE3yJbTaThl M BBIBOJBI; B XOJI€
MpOBeJICHUS pabOThI ObUIN JOMYIIEHBI OIIHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM pabOTa BHIMIOJHEHA HE TTOJIHOCTHIO UM 00BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISET CAENaTh MPABIIbHBIX BHIBOJIOB.

Tema 2.1 OcHOBHBIC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBanne TPUrOHOMETPUYECKHMX BbIPasKeHUH

IIpakTyeckoe 3ansaTue Ne 23
Onucanue NpoM3BOACTBEHHBIX NIPOLECCOB ¢ MOMOIIbIO rpadukoB GpyHKIM

Hean pa6oTbr: PopMUpPOBaTH HABBIKM HCHOJIB30BAHUSA IPa)MKOB TPUTOHOMETPUUECKUX (QYHKIMN
B PEILIEHUU MPUKIIATHBIX 33/1a4.

Boinosinenue padoTsl cnocodcTByeT GopMHUPOBAHMIO:
OK 01 BeiObupars cnocoObl pemieHust 3aaad Npo(hecCHOHAIBHOW AEATENbHOCTH MPUMEHHMTENBHO K
Pa3IMYHbIM KOHTEKCTaM
OK 04 DddexTrBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJUIEKTUBE U KOMaH 1€
I[IK 2.1 BbrImonHAT, pacyeThl MNapaMeTpoB TEXHOJIOIMUYECKHUX IPOILeccOB 00pabOTKH METalIoB
JaBlieHHEeM, paboThl 000PYI0BAHUS, XapaKTEPUCTUK UCXOIHBIX 3arOTOBOK U METaJIONPOYKIIHH.

MarepunanbHoe obecnieyeHue:
I/IH)]I/IBI/IHyaHBHble 3aaaHus, CIIPABOYHBIC MaTCpHaAJIbl, KOHCIICKThI HGKHHﬁ.

3aganue:
1. Ha pucynke nzobpaxen rpaduk 3aBUCUMOCTHA KOOPJMHATHI OT BPEMEHH
KOJIEOJIIOLIErOCs Tea.



z

ITo rpaduky onpenenure: 1) aMrmuTyay Kojaebanuit; 2) nepuo kojaebaHuii; 3) 4acToTy
Kose0aHuii; 4) 3anuIKTe ypaBHEHUE KOOPAUHATHI.

2. Ectb MraoBenHas ¢ororpadus BOJHbI B PE€3MHOBOM ILIHYpE.

Onpenenure: 1) [uiMHY BOJHBL; 2) aMIUIMTYAY KoJeOaHUM YaCTHYEK LIHYpa.

0 1 W 5 6\
3. Ilo npeacraBieHHOMY IpadUKy ONpeNenTe aMIUIUTY Ly U Iepro]] KojeOaHHi

HUTAHOT'O MadTHUKA.
x,cm 4

L .
NV A

4. Ilo ypaBHEHHIO TAPMOHUYECKUX KOJIEOAHUN ONPEAETUTh aMILTUTY 1y, YIJIOBYIO
CKOpOCTb, MEPHOA U 4acToTy. HauepTuTth rpaduk JaHHOTO TApMOHUYECKOT0 KOJIeOaHMs.
1) x =15 sin 3nt

2) x = 8 sin /3t

3)x=10sin zt

Ilopsinok BbINOJHEHHs padOTHI:

1) O3HaKOMHUTBCS € YCIOBUEM 33/1a4H, IPOAHATIU3UPOBATH I'paduK.

2) o rpaduky, ncnonb3ysi CBOMCTBA TPUTOHOMETPUUECKUX (YHKIHH, ONpeaenuTs He00X0auMble
BEJIMYMHBI, 3aIICATh OTBET.

[Ipu pemennu 3a1a4 HEOOXOJMMO HCIIOJIB30BaTh CBOMCTBA TPUTOHOMETPUUECKOH (PyHKITHH
y=sinx.

@®yHKIMA y = sin x

I'padpuikom GyHKIMH SBISIETCS CHHYCOU/IA.

[ToaHyr0 HEMOBTOPAIOIIYIOCS YaCTh CUHYCOUbI Ha3bIBalOT BOJTHOW CHHYCOU/BI.

[TooBUHY BOJIHBI CHHYCOM/IbI Ha3bIBAIOT MOJIYBOJHOM CUHYCOUIBI (MIIN apKOH).



A
y= sinx Y T=2n

-1 i -7 -

g 4+
=
[ NT= T o
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CpoiicTBa QyHKIHH Y= sin Xx:

1) O6nacts onpeaeneHus: PyHKIIMH —MHOKECTBO JIEHCTBUTEIIbHBIX YHCEI.

2) OGuacth 3HaYeHUH QyHKIMH —O0TPe30K [—1; 1]

3) Oro HeueTHast PYHKIIMS.

4) Oto HenpepbIBHAS QYHKITHSL.

5) Koopaunatsl Touek nepeceueHus rpaduka:-c ocsto abenucce: (nn; 0),-c ockro opaunat: (0; 0).

6) Ha otpeske [-n/2; n/2] dynkuus Bo3pacTaer, Ha oTpe3ke [1/2; 3n/2] —yObiBaer.

7) Ha npomesxyTkax [2nn; ©t + 2ntn] pyHKIMS IPUHUMAET MOJIOKUTEIbHBIE 3HaueHus. Ha mpomexxyTkax
[- + 27n; 2nn] GyHKIMA TPUHUMAET OTPHUILIATENIbHBIC 3HAYCHUSI.

8) IIpomesxyTku Bo3pactanus pyHkuuu: [-m/2 + 2nn; n/2 + 2nn].IIpomexxyTku yObiBanus pyHkuuu: /2
+ 27n; 31/2 + 27@n].

9) Touku munumyma pyHkuuu: -m/2 + 2an. Toukn Makcumyma GyHKIUU: /2 + 27tn

10) ®dynkuus orpanrueHa cBepxy u cHu3y. Haumensplee 3HaueHue QyHkumu —1, HaubosbIIee 3HaYeHUE
1.

11) 910 nepuognueckast pynkuus ¢ nepuogoM 2n (T = 2m)

®opma npeacTraBiaeHus pe3yJbTaTa: BHIIIOTHEHHOE 3aJaHNe

Kpurtepun ounenku:

Ouenka "oTJMYHO'" BBICTABIAETCS, €CITU pabOTa BBHIIOJIHEHA B MOJTHOM 00BbEME C COOMIOIEHUEM
HEOOXOIMMOM TOCIeI0BATEILHOCTH JIEUCTBHUI; B OTBETE NPABWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3allMCH U BEIYUCIICHUS.

Ounenka ''Xopomo' BbICTAaBISIETCS, €CJIM BBINOJHEHBl TpPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JOMYILIEHHI 2-3 HeloYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJYYHTh MIPABUIIbHBIE PE3YIbTATHI M BBIBOJBI; B X0OJI€
MpOBeJIEHUS pabOThI ObUIH JOMYIIEHbBI OIIHOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO MU
00BEM BBITIOTHEHHOM YacTH pabOTHI HE MTO3BOJISET CAENATh MPABHIIBHBIX BHIBOJIOB.

Tema 2.2 Tpuronomerpuyeckne ypapHeHHsl 1 HEPABEHCTBA

IIpakTyeckoe 3ansaTHe Ne 22
«IIpocTeiilne TPUrOHOMETPHYECKHE YPABHEHHUSI 1 HEPABEHCTBA»

eanb padoTbi: HayuuThcs pemarh IpOCTEHIIIME TPUTOHOMETPUYECKHE YPABHEHUS.
BoinosiHeHne padoThI cnoco0cTBYeT (PDOPMHUPOBAHUIO:

OK 01 BeiOupats cioco0sl penieHus 3a1ad npohecCHOHaTbHON JeITeIbHOCTH MPUMEHUTEIBHO K
Pa3INYHBIM KOHTEKCTaM



OK 02 Hcnons30BaTh COBpEMEHHBIE CPEJCTBA TIOMCKA, aHAIM3a M UHTEPIIPETAIIUU HHPOPMAINH U
I/IH(bOpMaI_[I/IOHHBIC TEXHOJIOTUHU AJIA BBIITOJIHCHHUSA 3a1a4 HpO(l)GCCHOHaHBHOfI ACATCIIbHOCTH

MarepunanbHoe obecnieyeHue:
WunuBuyanpHbIe 3a1aHNS, CIIPABOYHBIC MAaTEPHAJIbI, KOHCIICKTHI JICKIIHUH.

3aganue:
Pemnre TpuronomeTpuueckue ypaBHEHHUS:
1) cos3x =0

. Ty _ _
2) sin (Zx - Z) =-1
T —p—
3) 3tg (4x +§) = f
T 3
4) ctg (2x+g) =-=
5) sindx - cos3x + cos4x - sin3x = %

IMopsiTok BHINOJTHEHHS PAOOTHI:

1. 3anucarey ypaBHEHHE U OIpPENEINTbh, K KaKOMy BHUJY OHO OTHOCHUTCA M Kakoil ¢opmyIoit
HEOOXOIMMO BOCITIOIb30BAThCS.

2. Pemmts ypaBHEHHE.

3. 3amnucaTth OTBET.

Pemute TPUTOHOMCTPUYCCKUEC YPABHCHUS:
1) sin2x =0

DTO ypaBHEHHE OTHOCUTCS K YACTHBIM CIIy4asiM, TI0O3TOMY KOPHH HaXOAsTCs o popmyiie

X=mn, nNnez

XXXXXXXXXXXX
2x = mn,nez,

OtBeT x = gn, neZ
2) cos (Sx + g) =-1

910 YpaBHCHHUEC OTHOCUTCA K YACTHBIM ClIy4dadM, IIOITOMY KOPHHU HAXOAATCA II0 (I)OpMyJ'IC

x=m+2nn, n€Z

XXXXXXXXXXXX
5x+§=n+27m, nezZ

5x=ﬂ—§+27m, nezZ

5x = 2?71 + 2mn, neZ

X = n 2—nn, nez
15 5
0 2m + 2m 7
TBET: X =—-—+—™Nn, Ne
15 5
3) 2cos3x =-1
1
Pazgenum 06e yactu ypaBHeHus Ha 2. [lomyunm ypaBHeHUE: cos3x = — >
1
OTO ypaBHCHHE HE SIBIICTCS YACTHBIM ClydaeM, a = —-,|a| < 1. II05TOMy OHO MMeEeT pelieHue,

KOTOpO€ HaxoauTcs o ¢popMmynie: x = tarccosa + 2nn, neZ
3x = tarccos (— %) + 2mn, neZ
3x = +(m — arccos %) + 2mn, neZ
3x = (- g) + 2mn, nez



V3

4 tg(6x-3)=-3

VYpaBHeHHE UMEET pelIeHre, KOTOpoe HaxoauTcs 1o hopMmylie: x = arctga + ntn, neZ
s V3
6x — 7 =arctg | — 3 + mn, nezZ

DyHKIWMSA y = arctgx HEYETHAs, IOATOMY arctg(—x) = —arctgx.

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

s
6x = o + nn, neZ

x=£+zn, nezZ
72 6
0 7T+7Tn nezZ
TBET: X = —— + —n,
72 6
V3

5)cos6x - cos3x + sin6x - sin3x = ey

Buaum, 4TO J€BYIO 9aCTh MOKHO CBEPHYTH 110 (POPMYJIaM CIOKEHHMS:
cos(a + B) = cosa - cosp F sina - sinf

V3

cos(6x — 3x) = -

V3
cos3x = 7

Tenepb YpPaBHCHHUE SABISICTCA HpOCTCﬁHIPIM M €ro KOpHM HaxoAATCs IO @OpMyHe: x = tarccosa +
2nn, nez.

3x = iarccos\/?§ + 2nn, neZ

3x = ig+ 2nn, nez

0 S z
TBET:X = £ oo+, ne

®opma npeacTaBiaeHus pe3yJibTaTa: BHIIIOTHEHHOE 3aJJaHNe

Kpurepum ouenku:

Ouenka "oTiau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJHOM O0BEME C COOIOJIEHUEM
HEOOXOIMMOM TOCIe0BATEILHOCTH JICUCTBHI; B OTBETE NPABHWJIBHO W aKKYpaTHO BBITIOJTHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ouenka "'Xopomo' cTaBUTCS, €CIM BHIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Hegouera.

Ouenka "yI0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIET IMOJYYUTh MpaBUJIbHBIE pPE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBEACHUS PAOOTHI OBUTH TOTYIIEHBI OITUOKH.

OneHka ""Hey10BJI€TBOPUTEIBbHO'" CTaBUTCS, €CJIHM pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENATh MPABUIIbHBIX BHIBOJIOB.



Tema 2.2 TpuronoMerpudyecKkue ypaBHeHHsI U HEPaBeHCTBA

IMpakTnyeckoe 3ansiTue Ne 23
«Tpuronomerpuyeckue ypaBHeHHsI U METOAbI UX PeLIEHU

Henab padorbl: HayunThes pemiatb 0AHOPOHBIE TPUTOHOMETPUUECKHUE YPAaBHEHUS.

Boinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:

OK 01 Bwibupats criocoObl pemeHus 3a1ad npodecCHOHaTbHON IeATEIbHOCTH MPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 02 Mcnonb3oBaTh COBPEMEHHBIE CPE/ICTBA MOUCKA, aHAJIM3a U MHTEpHpeTalui nHGopManuu u
nH(OPMAIMOHHBIE TEXHOJIOTUH JJIs1 BEIIOTHEHHMS 3a/1a4 IPO(ECCUOHATLHON e TeIbHOCTH

MaTepnanbﬂoe o0ecneveHue:
I/IHI[I/IBI/II[yaHBHbIe 3a/laHus, CIIPABOYHBIC MAaTCpHaJIbl, KOHCIICKTBI JICKIUH.

3aganme:

Pemmte TpuroHOMeTpHYECKHE YPABHEHUS:
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

HOpﬂIlOK BbIIIOJTHCHHU A paﬁoTI)I:
I.YCTaHOBI/ITe, SABJIACTCA JIX YPAaBHCHUC OJJHOPOIHBIM.

O0HOPOOHBIMU MPUZOHOMEMPUUECKUMU YPAGHEHUAMU HA3bIEAIOMCS YPAGHEHUS 6UOA.:
asinx + bcosx =0
asin®x + bcos?x + csinx - cosx = 0

2. Ecnu ypaBHEHUE BISETCS OJHOPOIHBIM YPaBHEHHEM MIEPBOTO MOPSJIKA, TO pa3esinTe 00e 4acTu
YpaBHEHHUSA Ha cosx # 0 nau sinx # 0

3. Ecnu ypaBHEHUeE IBISETCS] OJHOPOIHBIM YPAaBHEHHEM BTOPOIO MOPSAIKA, TO pa3AeauTe 00e 4acTu
ypaBHEHUS Ha cos’x # 0 uu sin’x # 0.

4. Beeute HOBYIO IEPEMEHHYIO U PELIUTE YpaBHEHHE OTHOCUTENIBHO 3TOM MepEMEHHOM.

5. BepHutech K cTapoil NIEPEMEHHON M PELINTE MOJYUYHUBIINECS TPOCTEHIIINE TPUTOHOMETPUUIECKHE
YpaBHEHHS.

6. 3anuImTe OTBET.

Pemmte TpuronoMeTpuuecKkre ypaBHEHU:
1) 2sin?x — 5sinx - cosx + 3cos?x =0
Pemenue:
VYpaBHeHUE SBISETCS OJHOPOIHBIM TPUTOHOMETPUUECKHM ypaBHEHHEM BTOPOTO MOpsiaKa. UTOOBI
€ro peunTh, pa3acinM 066 YJaCTHu Ha COSZJC * 0.
2sin’x  Ssinx - cosx

cos?x cos?x

3HaeM, 9TO % = tgx. 2tg*x — 5tgx+3 =0

+3=0

Beenem HoByr0 nepemennyto. Ilycts tgx = t, Torna Hamie ypaBHEHHE IPUMET BUJL: 2t% — 5t +3 = 0
Yuntsisaem OJ13: x # ~ + n, neZ.
2t —5t+3=0
D=25-4-2:3=1,VD=1
5-1

ty =T=1



BepneMcs k ctapoit mepeMeHHOM:
tgx =1 wmm tgx =15

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

2) 4sin?x — 3sin2x + 2cos*x = 0
Cuavana npeobpa3syeM apryMeHT , UCIOJb3ys (GOPMyYJIbI JBOMHOIO apryMEHTa: sin2x = 2SinX - cosx.
4sin’x — 6sinx - cosx + 2cos’x = 0
ypaBHeHI/Ie ABJICETCA OJHOPOAHBIM TPHUI'OHOMETPHUYCCKUM YPAaBHCHUEM BTOPOI'O IMOPsIKA. qT06BI
€ro PEeIInTh, Pa3IeliiM 00e 9acTh Ha sin’x # 0.
4sin®x  6sinx - cosx 2cos’x

sin’x sin’x sin’x

3HaeM, UT0 — = ctgx 4 — 6ctgx + 2ctg®x =0
Sinx

BeneMm HoBy10 nnepemenHyro. IlycTb ctgx = t, TOrna Haile ypaBHEHUE IPUMET BUJ;: 2t% — 6t + 4 = 0
YuursiBaeM O/13: x # nn, neZ.
2t —6t+4=0
D=36-4-2-4=4, VD=2
L ="2=
L7y
t,=22=
2 4
Bepaemcs k ctapoii IepeMEHHOM:

ctgx =1 wnn ctgx =2

l)ctgx =1 x = arcctgl + mn, neZ X = %+ nn,nez
2)ctgx =2 x = arctg2 + nn, neZ
T
OTBeT: x = 7 + n, x = arctg2 + nn, nezZ

3) 2sin%x + S5sinx - cosx + cos?x = 4

Pemenue:

YpaBHCHHE TIOKa HE SIBIISETCS OJHOPOJIHBIM, T.K. B MPABOW YacTH €ro BMECTO HYJs CTOUT 4.
HepeHeCCM 4B MMpaByrO 4aCTb U IPUMCHUM OCHOBHOC TPUTOHOMCTPUYICCKOC TOKIACCTBO:

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
YpaBHeHI/Ie TeHepB SABIISICTCA OIIHOpO,Z[HBIM TpI/IFOHOMCTpI/ILICCKI/IM ypaBHeHI/IeM BTOpOFO HOpSIILKa.
YT06HBI €10 PENNTh, pa3IeiuM 00€ YacT Ha cos’x # 0.

.2 .
—2sin“x 5sinx-cosx
— -3 =90

COSZX COSZX
—2tg*x +5tgx —3 =0
2tg*x — 5tgx+3 =0
BseneM HoBy10 nepemenHyto. IlycTs tgx = t, Torga Haie ypaBHEHUE IPUMET BU: 2t% — 5t +3 =0
Yunrsisaem OJ13: x # ~ + n, neZ.

2t —=5t+3=0

D=25-4-2-3=1,VD=1
H="1=1
1= 4 -



Bepaemcs k cTapoii IepeMEHHOM:
tgx=1 wiu 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

4)5cos?x + \/3sinx - cosx + 6sin’x =5
ypaBHeHI/Ie IIOKa HE ABJISICTCA OJHOPOAHBIM, T.K. B HpaBOP'I 4aCTu €ro BMCECTO HYJII CTOUT 5.
[TepeneceM 5 B mpaByIo 4acTh U MPUMEHUM OCHOBHOE TPUTOHOMETPHUECKOE TOXKIECTBO:

5cos?x + \/3sinx - cosx + 6sin?x — 5cos?x — 5sin?x = 0
\3sinx - cosx + sin*x = 0
BrineceM o0mMii MHOKHTEIb 32 CKOOKU: sinx(V3cosx + sinx) = 0

sinx =0  wm V3cosx + sinx =0
1) sinx =0, x =mnn,neZ
2) \/3cosx + sinx = 0

VYpaBHeHHE SBISETCS OJHOPOAHBIM TPUTOHOMETPUUYECKUM YPABHEHHEM IEPBOTo nopsaka. YToObl
€ro peluTh, pa3aeauM o0e YacTh Ha cosx # 0.

\/§cosx sinx
cosx cosx
\/§ +tgx=0

tgx = —V3

X = arctg(—\/g) + nn,neZ

X = —arctg\/§ + nn,neZ
T
X =——=+T71n, nez
3 T
OTBeT: Xx = TN, X = —§ + 7mn, nez

(I)opMa NnpeacTaBJICHUsA pe3yjabTaTa: BhIIIOJTHCHHOC 3a/IaHNE

Kpurepun onenkmn:

Ouenka "oTiM4HO'" CTaBUTCA, €ciid paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIO/IEHUEM
HE0OXOUMOM TOCIEAOBAaTEIHPHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIMOJTHEHHI BCE
3aMUCH ¥ BBIYMCIICHUS.

Ouenka "Xopomo' cTaBUTCs, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOMYIICHbI
2-3 Henouera.

Ouenka "yI10BJIeTBOPHUTEIBHO'" CTAaBUTCS, €CIM PadOTa BHIMIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IO3BOJIAET IMOJYYUTh MPaBUIIBHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBEICHUS paObOTHI ObUIN TOMYIIEHBI OIIMOKH.

Ouenka ""Hey10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM pabOTa BBHITIOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOTHEHHON 4acTH PabOTHI HE MO3BOJISET CAENATh MPABIILHBIX BHIBOJIOB.



Tema 3.1. IIpousBoaHasi yHKIMHU U ee IPUMEHEHUE

IMpakTnyeckoe 3ansitue Ne 24
«YucaoBass MmOCJAeA0BATEIbHOCTh, CIHOCOOBLI €€  3aJaHMsl, BbIYHCJIEHHE YJIEHOB
nociaenosareabHocTu. [lpeaen nociaenoBarensHocTu. Haxo:xknenue npeaeioB GpyHKIMW)

eab padoThI:
1. HayuuThcst BBIYMCIATD MPEaeIibl (DYHKITHH.

[oe]

v (0
2.Hayuuntbcs n30aBiAThCS OT HEONPEACICHHOCTEH (E) HIIH (—)

{oe]

3.Hayuutbcs pemath 3a7a4u, CBS3aHHBIE C YUCIOBOM IOCIIEI0BATEIbHOCTBIO.

Brinosinenue padoTsl cnocodocTBYeT GOPMHUPOBAHNIO:
OK 01 BsiOupatrh crnocoOsl pemieHus 3aiad npohecCUHOHATbHOM IEeSATENbHOCTH MPUMEHUTENBHO K
Pa3JIMIHBIM KOHTCKCTaM

MarepuanbHoe obecnevyenue: VHauBuyanbpHbie 3aaHus, CIIPABOYHBIC MATEPHAIbl, KOHCIICKTHI
JICKIINN.

3ananue.
1) PemuTsh 3a1aun Ha YUCTOBYIO TTOCIIEIOBATEILHOCTD.
2) BoruncnuTh npeaenbl QyHKIHMA

3. Beruuciuts:
1im2(3x2 —8x+5)
x—>—

3amanue 1 3amanue 2
1. Haiit BOCEMOM WJICH MOCJIEIOBATCILHOCTH;
1.2 3 n . x%—2x-3
2 3 4 6'}{1}2,{2”_12
2. Haiitn HOMep yncina 3 B OCIIEI0BATENbHOCTH
a, = ] 7 limxz_1

" n2 x>l X241

2
. 6x“+5x—4
8.11m—

x—>2 XE=2x

4 lim V2t
xo2 1—V/2x Vo
. 2x+1
9.lim
x“—16 x>0 1—\[2_)(
5.11m o Wx+1-2
x4 x—4 10.Jim———=
x-3 X—

Ilopsinok BbINOJIHEHHs padOTHI:
BHuMaTenpHO 03HAKOMBTECH C YCIIOBUEM 3a/1aHMUS.

[Tonb3ysich CBOMMU MIKOJBHBIMU 3HAHUSIMU (B CIy4yae 3aTpyAHEHHs BOCIIOIb3YHTECh CIPABOYHBIMU

MaTepI/Ia.HaMI/I), BBIIIOJIHUTEC 3aaHUC

3amanue Nel
1 JIeBATHIN YICH MOCIEAOBATEIBHOCTH ¢, = ( 2l ) aBeH?
' T ) P
2:-9-1 17 17 17
Co = = = ; => (g = ——m——
?\Jo3+3) V732 2y183 ? 7 2y183



2. Homep uwrcia 6, SBISIONIErOCs YWICHOM ITOCIEA0BATEILHOCTH a, = n* — 5n paBeH?
6 =n%? —5n

n>—5n—-6=0

1'11 == 6
n, = —1 —MOCTOPOHHUI KOPEHB T.K. HOMEP HE MOXKET OBITh OTPUIIATETHHBIM YHCIIOM.
OtBeT: n=6.
3amanue Neo2

o 0
Haiinure npenenbl npeaBapuTeIbHO H30aBUBIIKMCH OT HEONPEACICHHOCTH (5)
x2—81 (0) . (x=9)(x+9)

=(-) =lim—————
x—9

0

= 1lim<2 = limE = lim2 = 2;

1. lim
x(x—9) x-9 X x—9 9 x—-3

x—9 X2 —9x

. xX*+4x-5 (O _ i GHO)x-1) T T _
2 m =0 = () = Im T = Im+ 9) = im(1+.9) = Im(6) = ¢

2 _ _ x1+x2:_4_ x1=—5
x“+4x—-5=0 {x1+x2=—5_> X, =1
3. Jigg VTRV _ (9) _ (i (Ve (Vareevams) _ WD) —Wam’ i et _
T T\, T (Varzivaz) T x(Vatiia=) | oo x(Varria=)
1 1

2x 2 2 2
lim———=lim———=lim———=lim—= = lim—= = —;
x—0 x(\/a+x+\/ a—x) x—0 Vat+x+ya—x x—0 Va+0+va—0 x—0 2va x—0 Va Va’

BprancinTe npeaensl UMEIINE HEOTPEACIEHHOCTh (f)
{ee)
4
x3

1+0+0+0

. XO42x°+3x+4 o 3 . . . . 1 1

4, lim ——— = = lim = lim =lim=-=-;
3 2 3 2 1

xooo 4x3+3x%+2x+1 x>0 4x +3x 2x % xX—0 44+=+—5+—  x—c0 4+0+0+0 X—00 4 4

x X Xx X

(o]

1

33,2 S+t 245+

. 2x7+3x“+x © . 3 3 . 2 . 2+0+0 2

S. lim——= (—) = lim ¥ = lim %7 = lim = (—).=+oo
X—00 x“+4 X—00 St X—00 ;+—3 x—o0 0+0 0

x

(0 B 3HAMeHAaTesIe MPUHUMAEM 332 OECKOHEYHO MAJTYIO BEJIMYUHY.)
®opma npeacTaBiaeHus pe3yJabTaTa: BHIIIOJHEHHOE 33JaHHE.

Kpurtepun onenku:

Ouenka "oTiau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJHOM 00BEME ¢ COONIOeHHEM
HEOOXOIMMOM TOCIEeI0BATEILHOCTH NIEUCTBHI; B OTBETE NPABWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ounenka "'xopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Henouera.

Ouenka "yI0BJIE€TBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJIHECHHOW YacTH TaKOB, YTO IO3BOJIAECT IMOJYYUTh MpaBUJIbHBIE PE3YyJbTaThbl M BBIBOJBI; B XOJI€
MpOBeIEHUS pabOThI ObUIH JOMYIIEHbI OIIHOKH.

Ouenka ""Hey10BJ1eTBOPUTEIbHO' CTaBUTCS, €CJIHM padOTa BBHIITOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHCHHOW YacTH paOOThI HE TTO3BOJISIET CACNIATh MPABIIBHBIX BHIBOJIOB.

Tema 3.1. IIpousBogHast pyHKUMH U ee IPUMEHEHHE
IIpakTuyeckoe 3ansaTue Ne 25
«Haxox1enue npousBOIHbIX 110 onpenenenunio. lipasuina u popmyJisl nuddepeHunpoBanus,

Ta0JIMIA POU3BOJAHBIX 3JIEMEHTAPHBIX (PYHKIM D)

Heas pa6orbi: Otpabotarh ompeneracHue MNpou3BOgHON (yHKIuMH. [IpumeHsATH GopMysIsl H
npasuia quddepenmpoBanus. HayuuTbcst HAXOAUTH MPOU3BOJHYIO B 33JaHHOM TOUKE.

Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:



OK 01 Bwibupats criocoObl pemeHust 3a1a4d npo(ecCHOHaTbHON IesTEIbHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 03 IlnaaupoBath U peaan30BbIBaTh COOCTBEHHOE MPO(ECCHOHATILHOE U JIMYHOCTHOE Pa3BUTHE,
MPEPUHUMATEIBCKYIO IESTEIBHOCTh B MPOQPECCHOHANBHON chepe, NCTIOIB30BaTh 3HAHUS 10 TIPABOBOM
1 (PMHAHCOBOM IT'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYAIUSIX

MarepuasibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHbIe 3aaHus, CIIPABOYHBIC MaTCpHaJibl, KOHCIICKThI HGKHHﬁ.

3ananmue:
1. Haiigure y = (0),eciny = x* — x
2. Haijmure y = (3), ecny = —>

X

3. Haiitu npousBogHble  GYHKIUH  HCHONB3YsS MpaBHJia  BBIYUCICHUA U TaOnuily
MIPOU3BOIHBIX 3JIEMEHTAPHBIX (DYHKITUH.
4. BbIYHCIUTH MPOU3BOAHYIO (DYHKIIMU B TOUKE.

3amanue 1 3amanune 2

1) y=7x* —4x3 + 6) f(t) = 0,5t + 0,6t2 + 0,8t +

5x% — 2; 8 f(1)=?

2) y = 5Vx— 2){—3& 7) f(x) = ctgx — tgx; £’ G) -?
j_j; 8) f(x) =2-5%4+3-¢e5 ' (0)=?
3) y = 3ctgx + 9-) f(>,<)n= cosx- (1 +

5lnx — 3%; sinx); f (g) —?

4 y=0+xD0x- | 10) =55 P2

1); .

5  vyEi

Ilopsinok BbINOJIHEHHS Pa0OTHI:
Brruucnenue nponsBoaHON QYHKIHMH y = f(x) TPOU3BOAUTCS 11O OOIIIEMY TTPABUITY
muddepeHIpOBaHUS:
1) [IpuaaBast apryMeHTy X MpUpalieHue Ax U MOJICTaBIsAs B BhIpakeHHe (QyHKIIUHU BMECTO
apryMeHTa X HapalleHHOe 3HaYeHHUe x + Ax, HAXOJAUM HapallleHHOe 3HaueHue GpyHKIuM: y + Ay = f(x + Ax)
2) BrlunTas U3 HapalleHHOTo 3HaueHne QyHKINHU e€ epBOHaYaIbHOE 3HAaYEHHE HaX0 UM
npupaneHue QyHKIHHU:
Ay = f(x + Ax) — f(x)
3) Henum npupaiieHre GyHKIMU Ay Ha IpUpallieHHe apryMeHTa Ax, T.€. COCTaBJIsieM OTHOIICHUE
ﬂ _ f(x+Ax) —f(x)
Ax - Ax
4) Haxonum mpeen 3Toro OTHOLIEHUS MpHU Ax — 0, T.e.
Ay f(x + Ax) — f(x)
lim — = lim ————
Ax-0 AX  Ax-0 Ax
OTOT NpeAes U eCTh IPOU3BOIHAS OT PYHKLUH y = f(x)

1. Haiitu: y (x), ecn y = 2x% — 3x

Haxoaum mpoun3BoHy0 110 00111eMy MTpaBUITY:

1) y+ Ay = 2(x + Ax)? — 3(x + Ax) = 2x% + 4xAx + 2(Ax)? — 3x — 3Ax

2) y+ Ay —y = 252+ 4xAx + 2(Ax)? — 3% — 3Ax — 2x% + 3% = 4xAx + 2(Ax)? — 3Ax
) by _ 4xAx+2(Ax)%—30x  Ax(4x+20x—3)

= =4x+ 2Ax — 3
Ax Ax Ax

4) lim (4x + 2Ax —3) = 4x — 3
Ax—0




Haitném 3HaueHue npou3BOAHON TIpH x = 3.
y(3)=4-3-3=0

2. Haiftu y (4), ecin y = vVx

1) y+ Ay = yWx + Ax

2) Ay = Vx+ Ax—Vx

3) by _ VxtAx—/x

Ax Ax

4) i 5 _ s VxrAx—vx I (Vxtdx—vVx) (Wxtbxtv) *+Ax—x I Ax I 1
m-—=1m ——— = |lln =11 —F———=1IN "= 1M —F= =
Ax—0 Ax Ax—0 Ax Ax—0 Ax(V/ x+AX+&) Ax—0 Ax(V x+AX+&) Ax—0 Ax(V x+Ax+&) Ax—0 V x+Ax+Vx

o o , 1

Haitnem 3HaueHue MpoOM3BOAHOMN B TOUKE X = 4, y'(4) = i
3. Haiitu npousBojmHble (QYHKUMNA  HWCHONB3YsS  MpaBWjia  BBIUMUCICHUA W TaOJHILY

MIPOU3BOIHBIX dJIEMEHTAPHBIX QYHKIUI

Tabnuiia mpon3BOIHBIX OCHOBHBIX JIEMEHTAPHBIX (PYHKIUH.

(x") =nx"" | (") =€ (@*) =a*Ina | (cosx)'=—sinx
(sin x)' =cos x 1 , 1 '
—_ = 1gx) =
(In x) . (1g0)' = — 5~ (1gx) =—5—
¢’ =0,c — const; x = 1; (CU)I =c-U

utv)y=u+v'

(x) = 1 w-v) =uv+u'

2% T, ,

u . uv+uyv

(1) -
1

xlna

(log, x)' =

1 y=06x*-8x"+2x* -4

V' =(6x* =8x" +2x* —4)' =24x> —24x* + 4x;

7 ¥=0Cx-4*(x+2)
u=>5-4;, u'=5

V' =((5x—4)(x+2)) =v=x+2; V=1 |=
w*v) =uv+uw'

= 5(x+2)+1(5x —4)=5x+10+5x—4=10x+6

x+1

y —
3. X

o lu=x+1; u' =5
y'=(x—+1J =v=2x;v'=2
2x ,
u)  uv-w
-
_4x2__y,

4. BeaucnuTh MPOU3BOAHYIO (DYHKIIMH B TOUKE.

C1-2x—-2(x+1)  2x-2x-2
(2x)* 4x*

-2 1




y=3x"—8x* +9x* -4
Y (1)=3-(-1)°-8-(-1D*+9(-1)2—4=-3-8+9—4=—6.
1. y =5sinxcosx

y' (g) = 5((sinx) - cosx + sinx(cosx)") = 5(cos’*x — sin’x) = 5(cos2x) = 5(cos2 g) = = 5cosm =5
(-1) = -5

dopma npeacTaBieHusi pe3yJabTaTa: BBIIIOJHEHHOE 3a/1aHHUE
Kpurtepun onenku:
Ouenka "oTJMYHO'" CTaBUTCA, €clid paboTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOICHUEM

HEOOXOIMMOW TOCIIEAOBATENIFHOCTH JCWCTBUI; B OTBETE MPAaBHJIBHO M AaKKypaTHO BBINIOJIHEHBI BCE
3aIMCHU U BBIYUCIICHUA.

Onenka "'Xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIYIIEHbI
2-3 HenoyerTa.

OuneHka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBINTOJIHEHHOM YacTH TAaKOB, YTO I103BOJIAET IOJYYUTh IPABUIIbHBIC PE3yJbTaTbl U BBIBOJABI;, B XOE
MPOBEICHUS paObOTHI OBUIN JOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1eTBOPUTEIbHO' CTaBUTCS, €CJIH pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJIHCHHOW YacTH paOOThI HE MTO3BOJISIET CAENATh MPABUIIbHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanas pyHKUIMH U ee IPUMEHEHHUE

IIpakTyeckoe 3ansaTue Ne 26
«BbrunciieHHe IPOU3BOAHBIX CJIOKHBIX QYHKIMID)

Iesan padoThi: HayunThCs BBIYUCIATH TPOU3BOIHBIE CIIOKHBIX (QYHKLUH

Boinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:

OK 01 BeiOupatsb criocoObl pemieHus 3a1a4d npohecCHOHaIbHOW JIEeSTEIbHOCTH MPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IInanupoBaTh U pean30BbIBaTh COOCTBEHHOE MPO(ECCHOHAIBHOE U IMYHOCTHOE Pa3BUTHE,
IPEINPUHUMATENBCKYIO JeSITeIbHOCTh B PO eCCHOHATBHOM cdepe, NCIOIb30BaTh 3HAHUS 110 IPAaBOBOM
1 (PMHAHCOBOM I'PAMOTHOCTH B Pa3JIUYHbIX KU3HEHHBIX CUTYalUsX;

OK 04 D¢ dexTrBHO B3auUMOIeCTBOBATh U pabOTaTh B KOJJIEKTUBE U KOMaH/IE.

MarepuanbHoe obecnevyenue: MHauBuIyanbHble 3a7aHusl, CIPAaBOYHbIE MaTEpHAaIIbl, KOHCIIEKTHI
JIEKITUH.

3aganme 1: Haiftu npousBoaHble (QYHKIMH HCIONB3Yysl NpaBHJia BBIYMCIEHUS U TaOIHUILYy
MIPOU3BOIHBIX CIIOXKHBIX (DYHKITHHA.

3aganue 2: BerunciuTh Ipou3BOAHYIO (PYHKIIUN B TOUYKE.

3ananueNel 3amanueNe2

Dy = (mx" +4)" 2)y = m*cos(px" —m) . y'(1D)=?
3y =(e™ +kx) Dy =kg(mx®), ()=

S)yy =127 Ov=agpd —m), o)
7)y = In(x* + px™) 8y =lmp" +he i gy




9y =log,(mx+k) 10)y = (e )* Ix? +mx .
Y2

1)y = p*sin(kx + m) In(px™)

12)y = ——2 ' —
)y k*cosmx ; y'(-3)=?

I'me p —umcino OyKB B UMEHH; M — YHCIIO OYKB B (haMHJIMK;, K — YHCJIO OYKB OTYECTBA.

Iopsinok BbINOJIHEHUS PA0OTHI:
1. BHUMAaTeNnbHO O3HAKOMBTECH C YCIOBUEM 3a/IaHMUS.
2. Ilonb3ysich KOHCIEKTOM JIEKIIMIA U CIIPAaBOYHBIMU MaTepualaMHU, BBIIIOJIHUTE 3a/laHUE.

3ananue Ne 1

Haiitu npousBojaHble (QYHKUMI HCHONB3Yys IpaBUa BBIUMCIEHUS M TaOJMIly TNPOU3BOAHBIX
CIIOKHBIX (PyHKLIMH

«IIpaBuiia BBIYUCICHUS U TaOJIUIy IPOU3BOIHBIX CIOXKHBIX (DYHKIIUI»

w") =nu""u' (sinu)" = cosuu’
(") =e"u' (cosu) =—sinu-u'
Ut U i , 1 u’
(@) =a"Inau (tgu) = ——u' =—2
cos” x cos” u

1 u' 1 u'
(Inu) =—u'=— (ctgu) = —— u'=—

u u & smzu In’u
(log, u) = ——u' = Ny ===

f 2\u

ulna ulna

! v =(3x> —4x)°
= (3% — 40)%) = 532 — 42)" - (3 — ) =
5(3x% —4x)* - (6x — 4) = (30x — 20)(3x? — 4x)*.
9 y= sin(3x —x°)

=<

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

¥ = (1010 2x)’ = 10(In 2x)’ = 10- - (2xy = 102 10,
2x 2x X

3amanue No 2
Brruncinuts TPOH3BO/THYIO (GYHKITUH B TOYKE.

1. y—(\/x2 6); y’(3)=?

2x X
— (] — 6) = —
y=(x =6 = \/ +6 O ) 2Vx2+6 Vx2+6

3 3

y (3) = _f—32+6 = fore - Vi

®opma npeacTaBJIeHUs pe3yJbTaTa: BHIIIOJIHEHHOE 3a/1aHHUE.

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €ciid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HEOOXOMMOW TOCIIEe0BAaTEIFHOCTH JCHCTBUI; B OTBETE€ MPABHJIBHO M AKKYpPaTHO BBIMOJHEHBI BCE
3aIMCH U BEIYUCIICHHA.



Ouenka '"xopomo' cTaBUTCS, €CIM BBIMOJTHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 "Henouera.

Ouenka "yI0BJIETBOPUTEJbHO' CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpaBUJIbHBIE pPE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBeACHUS PAaOOTHI OBUIH JTOTYIIEHBI OIUOKH.

OueHka ""Hey10BJE€TBOPUTEIBbHO'" CTaBUTCS, €CIIHM padOTa BBHIIIOJIIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh IPABUIIbHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanasi pyHKIMH U ee IPUMEHEHHUE

IIpakTueckoe 3ansaTue Ne 27
«I'eomMeTpHYecKHe NPUIOKEHHUS NTPOU3BOTHOI»

Heas padorbl: HayuuTbes cOCTaBIATh ypaBHEHUE KacaTeIbHOM K JaHHOM KPUBOM B TOYKE
KacaHUs; HAaXOUTh YTIIOBOW KOA((DUIIMEHT KacaTelIbHOU, TPOBEICHHBINA K KPUBOM.

Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:

OK 01 BsiOupath crioco0sl pemieHus 3a1a4d npohecCHOHaIbHONU NESTEIbHOCTH MPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTAM

OK 04 D¢ddexTuBHO B3auMOIEHCTBOBATh U pabOTATh B KOJUIEKTHUBE U KOMaHJIE.

MaTtepuaiabHoe o0ecnieyeHue:
I/IH)II/IBI/II[yaHI)HBIG 3aaaHus, CIIPABOYHBIC MaTCpHaIbl, KOHCIICKThI HeKHHfI.

3ananne:

1. Haiinute yriaoBoil Ko3(p@UIMEHT KacaTelbHOM, NpoBeleHHOW K mnapabone y=-—x*+xB
TOYKE xy = —2

2. HailiguTe yron HaKJIOHEHA K OCH KacaTeJIbHOM, TPOBEIEHHON K KPUBOM y = x* B TOUKE x, = —2

3. CocTaBbTe ypaBHEHHUE KacaTeJIbHOU K KPUBOU y = sin3x B TOYKE (g ; 0).

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. 3HaueHue mNPOU3BOMHON GYHKIUH y = f(x) TNPH x =x, PaBHO YIIOBOMY KO3 UIIMEHTY
KacaTelIbHOU, TPOBEACHHON K KPUBOU y = f(x) B €€ TOUKE C aOCIIUCCO x, , T.€. k'=y'(x,) = f'(x,) = tg «
TJIC %-YTOJI MEKTy KacaTelIbHOM K KPUBOM B TOUKE M (xo; y,) U MOJOKUTEIbHBIM HAIPABICHUEM OCH 0, .

2. YpaBHEHHE KacaTeIbHOU K KPUBOHM y = f(x) B TOUKE UMEET BUA Y — yo = f (%) (x — Xo).

3. HampaBiieHre KpUBOMl B KaXJI0W TOYKE ONMPENENIECTCS HAlpaBJICHUE KacaTeIbHOMW K HEH B 3TOU
TOYKE, MMOATOMY ISl HaXOXKICHHS YIja HAKJIOHHOW KPUBOM B JAHHOM TOYKE HAJA0 BBIYMCIMUTH YIOJ
MEXy KacaTelbHOU, IPOBEACHHON B 3TOM TOUYKE, U OCBIO.

1. Haiitn yron HakioHa Kk ocu O, KacaTeJIbHOW NPOBEJECHHON K KPUBOW y =sinx B TOUYKE
Xg =

w Iy

-HaliJieM IPOM3BOIHYIO (PYHKIMIO y = sinx y' = cosx

o o ' 1
-Haii/leM 3HaYeHue TIPOU3BOTHOMN B TOUKE x, = g y (g) = cosg =

v -~ 1
-TaHI'CHC yTJla HaKJIOHA KacaTeIbHOU B JAHHOHW TOYKE PaBCH k = tg < , OTKyJa x= arc tgo~ 26,6°
2. [Ton kakumu yriiamu napabosna y = x? + x mepeceKkaeT och 0, ?
-Haiinem Touku nepecedenus napadoibl ¢ OChIO Oy, PEIIUB CUCTEMY
2 .
=x‘+x -10
{y o> {( )
y=0 (0;0)



-[TapabGoma mepecekaer ocb 0, B Toukax A(1;0);0(0;0) . Haiimém yrioBsie KOdhHUITMEHTHI
KacaTelbHBIX K Mapadosie B 3TUX TOUYKAX
y=0@*+x)=2x+1Lk(-1)=2(-1)+1=-1,k(0)=2-0+1=1
- BBIUHUCIWIN YTJbl o u <, , 0Opazyemble KacaTeJbHBIMU B TOYKaxX IepeceueHus: mapadoibl ¢
OCBIO O,: tg ;= —1,0¢,=135%tg ox,= 1, ¢, = 45°
3. CocrtaBbTe ypaBHEHUE KacaTeIbHOU K KpUBOM y = 3x% — x B TOYKE x, = —1
-HaAEM POU3BOJHYIO KPUBOU B TOUKE X,
y=0Bx*-x)=6x—-1;y(-1)=6(-1)—-1=-7
-HalIeM KOOpAMHATy TOYKU KaCaHUSI:
y(-1D) =3(-D-(-D=4M(-14)
-OCTaBUM B ()OPMYITy YPaBHEHHS KacaTelIbHOM:
y—4=-7(x+1)
y—4=-7x-7
7x +y + 3 = 0 — ypasnenue kxacamenvHou

(I)opMa NnpeacTraBJCHUs pe3yjabTaTa: BhIIIOJTHCHHOC 3a/laHNE

Kpurepun oneHku:

Ounenka "oTau4HO" cTaBUTCS, ecnu paboTa BBINOJIHEHA B TOJTHOM O0BEME C COOIIOJICHUEM
HE0OXOUMOM TOCIEA0BATEIBHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIOJHEHBI BCE
3aUCH U BBIUKCIICHUS.

Ouenka "Xopouo' cTaBUTCS, €CIM BHIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOMYIIEHbI
2-3 "Henouera.

Ouenka "y10BJIeTBOPHUTEIBLHO'" CTAaBUTCS, €CliM PadOTa BHIMIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh TMpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
IIPOBE/ICHUS pabOThI ObUIN JIOMYIIEHbI OIIMOKH.

Ouenka ""Hey/10BJIETBOPUTENbHO'" CTaBUTCS, €CIIM pabOTa BHIMOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISET CAENaTh MPABIIBHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanas pyHKIHMH U ee IPUMEHEHUE

IIpakTnyeckoe 3ansaTue Ne28
HccaenoBanue GyHKIMHA ¢ NOMOIIbIO IPOU3BOAHOM M NOCTPOeHUE IPpaguKOB

Leab padorbi: PopMuUpoOBaTH HABBIKM HCCIEI0BAaHUSA QYHKIMI C TOMOLIBIO0 TPOU3BOIHON U
MOCTPOEHHSI rPahuKOB.

Brinosinenue padorsl cnocod6cTByeT GOPMUPOBAHNIO:

OK 01 BriOupath crioco0sl pemeHus 3a1a4d npohecCHOHaIbHOW e TeIbHOCTH MPUMEHUTENBHO K
pa3IMYHbIM KOHTEKCTaM

OK 03 IInanupoBaTh U peav30BbIBaTh COOCTBEHHOE MPO(EeCcCHOHANBHOE U TMYHOCTHOE Pa3BUTHE,
IPEINPUHIMATENBCKYIO JeSITeIbHOCTh B PO eCCHOHATBHOMN cdepe, NCIOIb30BaTh 3HAHUS 110 TPAaBOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B Pa3IUYHbIX KU3HEHHBIX CUTYaIUSIX

OK 04 D¢ dexTrBHO B3aUMOJICHCTBOBATh U pabOTaTh B KOJJIEKTUBE U KOMaH 1€

MarepuanbHoe obecnieyeHue: VHIuBHayanbHbIC 3aaHus, TaOJWIAa TPOWU3BOJHBIX, KOHCIIEKTHI
JIEKIINN.

3amanmue:
1. HanpsoxeHue Ha KOHIEHCATOPE MEHSETCA OT BPEMEHU T10 3aKOHY
U(t) = t3 — 9t? + 15t + 10. Haiizure MOMEHT BpEMEHH, IIPH KOTOPOM HAIPSKEHUE JOCTUTHET
MaKCHMaJbHOTO 3HAYCHHUSI.



2. OyHKIM 337a€T TEXHOJIOTHYECKUH Tiporiecc. Haiinure skcTpeMyMbl GyHKITAN:
Flx) = x* — 4x?.

®yHKIMS 3312€T TEXHOJIOTMYECKHUH mporece. Mcenenyiite GyHKIUIO Ha MOHOTOHHOCTD U
aKCeTpeMyMbl: f(x) = 3x° — 25x% + 60x

4. Haiigure npoMEXyTKHU BBITYKJIOCTH (DYHKIIHU:
flx) =x*—10x*+36x> + 100

5. dyHKUsA 3aaeT TEXHOJOTHYECKHH mporecc. Mccnemyiite ¢yHKIHUIO MO 00ImIEeH cxeme u
MOCTPOTE ee TpadukK:

. flx) = 5x% — 325,

2. flx) =

X
x4’
ITopsinok BbINOJHEHUs padoOThI:

1) 3anummure GyHKIHIO.

2) Ormpenenute, KAKMM aITOPUTMOM HY>KHO BOCIIOJIb30BAThCS JUIsl BBITIOJIHEHUS 3a/1aHUS.

3) IlpumMeHUTE COOTBETCTBYIOLIUI AITOPUTM.

4) 3amuumTe OTBET.

5) Ecin HE0OX0QMMO MPOBECTH MOJHOE HCCIIeAOBaHWE (YHKIMH, TO NPOBEAUTE €ro, MCIONb3Ys
OOIIYIO0 CXeMY UCCIIeIOBAHMUS:

1. Haiiti o6nactes onpeaenenust GpyHkiuu D (p).

2. Haiitu (ecnu 5T0O He BBI3BIBACT 3aTPYAHEHMIT) TOUKH MepeceueHus rpauka ¢ ocaMu KOOPAUHAT
(mpu x=0wunpu y =0).

3. UccnenoBarh (hyHKIHMIO HA IEPUOJUYHOCTh, YETHOCTh U HEYETHOCTb.

4. Haiftu uHTEpBaJIbl MOHOTOHHOCTH, TOYKH 3KCTPEMYMOB U 3Hau€HHs (PyHKIUHM B ITHX TOYKAX.
5. HaiiTi uHTEpBajIbl BHITYKJIOCTH (BOTHYTOCTH) M TOUKHU Nepernda rpaduka GyHKINH.

6. Haiiti acuMntoTsl rpaduka GyHKIUH.

7. HaiiTi TOTIOJTHUTEBHBIE TOYKU U TOCTPOUTH TpaUK MO pe3ysibTaTaM UCCIEIOBaHUSI.

8. Haiitu o0OnacTe 3HAUYEHMIA.

1. UccnenoBath QyHKLHUIO y = x* — 6x% + 9x — 3 U INOCTPOUTH IpauK.

-(YHKIIMS ONpe/ielIeHHa Ha BCEeil YMCIIOBOM MPAMOiL: D(x): x € (—o0; )

-nanHas QyHKIUS HE SBISIETCS HU Y€THOM, HU HEUETHOU: y(—x) = (—x)% — 6(—x)? + 9(—x) — 3 = —x3 —
6x% —9x — 3 = —(x3 + 6x% + 9x + 3) # —y(x)

-HalAEM TOYKY TepecedeHus Tpaduka ¢ OChIO O, , mosnorag x=0 , IMOIYYHUM y = —3 TOYKH
nepeceveHus rpaduka ¢ ocblo O, B JAHHOM CJIy4dae HalTH 3aTPyAHUTEIBHO.

-HaAEM MPOU3BOHYIO: y' = (x3 — 6x% + 9x — 3) = 3x* — 12x + 9

-HaWJIEM KPUTUUYECKUE TOUKH, JJISl TOTO y' = 0 ,T.€ 3x? — 12x+ 9 =0

X2 —4x+3=0;x;, = 1;x, =3
-rccneayeM QyHKINI0 HAa MOHOTOHHOCTD



v

1 3
(—o0; 1) u (3; ) rpaduk QyHKIIMU BO3pacTaeT, (1;3)-yObIBaeT
-rccneayeM QyHKIUIO Ha SKCTPEMYM:
y(1) =1-6+9 —3 = 1; A(1; 1)Touka max
y(3) =27 — 54+ 27 — 3 = —3,B(3: —3)Touka min
-HCII0JIb3Ysl MOTYYeHHbIE IaHHbIE CTPOUM UCKOMBIN IpaduK.

H

w

N

D =

[REY
—

|
SN

IS

(€]

2. WccnenoBath GyHKIHUIO U IOCTPOUTH €€ TpaduK.
J.’:

j:‘:

x-2"
1. O6nactp onpenencuus pyukimn D(f) = (—eo: 1)U (1; +o2)
2. Tlpu moacraHoBKe 3HaueHus x = 0 momyuum y(0) = 0.

Takyro ke TOYKy MOJYy4YMM, €CIU NpHUpaBHsAeM (QyHKIHMIO K Hymo. Touka x = 0 - eIUHCTBEHHas
TOYKa IEPECEUEHUS C OCIMU KOOpJAUHAT.

3. IlpoBepsieM (pyHKIUIO HA YETHOCTh

ylex) =22

—-2x-2 ZX+2

y(=x) # y(x); y(—x) = —y(x).
Urtak, (pyHKIHS HE YETHAs, HA HEYCTHAsI, HETIEPHOANYECKAsL.

4.]:[.]'[51 OTBICKaHHA MHTCPBAJIOB MOHOTOHHOCTH BBIYUCIIACM IMEPBYIO IPOU3BOJHYHO (1)YHKI_II/II/I

26(2x —2) — 2?2 4x? —dx —2x0 22 -4
(2x — 2)° T @ -2F (-2

J:‘:

[IpupaBHMBasg ee K HYJIO, MOJYYUM KpPUTHUECKHE TOYKM ¥ = 0:x = 2. OHM pa3buBaioT 00jacTb
OIpEAEIICHYUs Ha CIEAYIOLINE UHTEPBAIBI MOHOTOHHOCTHA (—o2; 0} U (0; 13U (1 2} U (2; +o0)

Hccnenyem noBeneHue MpoM3BOIHOM CI€Ba U CIIpaBa OT HAiIGHHBIX TOUEK Pa3OMECHHMS.

I'padmyuecku mHTEPBATBI MOHOTOHHOCTH OyIyT UMETh BUJT



-+ - __ —|—‘
0 1 2

Uccnenyemast pyHKIMs BO3pacTaeT Ha MHTepBanax (—<; 0} U (2; +<2) u yobIBaeT (0; 1) U (1; 2).
5.Touka x = 0 TOYKa JIOKAIILHOIO MaKCUMyMa, x = 2 — JIOKAJIbHOIO MHUHUMyMa. Haiinem 3HaueHue

(b}’HKI_II/II/I Yax = 0; Ymin = Z.

6.. JInst OThICKaHUSI MHTEPBAJIOB BHITYKJIOCTH HalJIEM BTOPYIO MPOU3BOIHYIO

- @-2P-@f-4-2@-2o2 8 8 1
¥ = (2x — 2)* T2x-2 T 8(x-1)F (x—1)3

Takux MHTEPBAJIOB HET, MOCKOJBKY BTOpas MPOW3BOIHAS HE MPUHMMACT HYJICBBIX 3HAYCHUU B
o0JacTH ompeeIICHUS.

7. llpsimast x = 1 — BepTUKaIIbHAsA aCUMIITOTA (I)YHKLII/II/I. YpaBHeHHE HAKJIOHHOW aCUMIITOTHI MMEET
BUI v =kx +5b .

L= i fix) " x i X" i 1 L
T e x _ri-mx(lr—E:Ix_rl—mzx:—Ex_rl—-T:7_;_2
Tox
. x* 1 Coxt—x(x—1) Coxt—xt4x . x . 1 1
b=lm|o—5—7%)= lim 2(x — 1) = Jm 2(x —1) _}ﬂm_fﬂﬁ_;_ﬁ
T oox

8.Ha ocHOBe mNpoBeAEHHOrO aHajaM3a BBINOJIHAEM MOCTpoeHHe rpaduka ¢yHkuuu. g 3toro
CHayajla CTPOMM BEpPTHKAJIbHBIE M HAKJIOHHBIE ACHMOTOTHI, 3aT€M HAaXOJUM 3HaYeHHE (QYHKLIHUU B
HCECKOJIBKHUX TOYKaX W IO HUX MPOBOJUM IMOCTPOCHUC.

y=(x+1)/2

x=1

®opma npeacTaBJeHUs pe3yJIbTATAa: BHIIIOJIHEHHOE 3a/1aHNE

Kpurtepun onenkmn:
Ouenka "oTJHMYHO'" BBICTABISACTCS, €CITM padOTa BHITIOJIHEHA B MOJTHOM 00BEME C COOIOIEHUEM

HEOOXOIMMOW TOCIIEOBAaTEIFHOCTH JCUCTBUI; B OTBETE€ MPaBWJIBHO M aKKypaTHO BBITIOJHEHBI BCE
3aIMCHU U BBIYUCICHUA.



Ouenka ''Xopomio' BBICTABISCTCSA, €CIU BBITIOJHEHBI TPEOOBaHUS K OIEHKE "OTIMYHO", HO
JOMYILEHBI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE ITOJHOCTHIO, HO
00BEM BBITTOJIHEHHOHN YaCTH TaKOB, YTO MO3BOJISIET IMOJIYYHTh MIPABUIIBHBIE PE3YJIbTATHI M BBIBOJBI; B XOJI€
MPOBeACHUS PAaOOTHI OBUIH JTOTYIIEHBI OIUOKH.

Ouenka '""Hey/10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PA0OTa BBHIMOJIHEHA HE MOJIHOCTHIO HITU
00BEM BBINIOJIHEHHOH YacTH pabOThl HE TTO3BOJISET ClIeaTh MPAaBUIbHBIX BHIBO/IOB.

Tema 3.1. IlpousBoanasi pyHKUIMH U ee IPUMEHEHHUE

IIpakTyeckoe 3ansaTue Ne 29
«Pemenne NpUKJIATHBIX 32124 ¢ TOMOIIBIO PON3BOIHOI

Heap paborbi: HayunThcs mpuMeHSATh  NPOU3BOAHYIO (DYHKUMH TpPU PEUICHUH MPHUKIAJIHBIX
3azad.

Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:

OK 01 BeiOupate cnioco0sl peuieHus 3agad npoecCUOHaIbHON JEATeNbHOCTH MIPUMEHHUTEIbHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IlnaHnupoBaTh U peaqn30BbIBaTh COOCTBEHHOE MPO(ECCHOHANTBHOE U JIMYHOCTHOE PA3BUTHE,
MPEINPUHIMATEIBCKYIO eSITEIbHOCTh B TPOGECCHOHATBHON cdepe, NCIOIB30BaTh 3HAHUS 110 TIPABOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B PA3JIMUHBIX KU3HEHHBIX CUTYALMSIX

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

OK 06 IIposBasTh TIpakAaHCKO-MATPUOTHUECKYIO MO3MINIO, JIEMOHCTPUPOBATh OCO3HAHHOE
MOBEJICHHE Ha OCHOBE TPAIUIIMOHHBIX POCCHUICKHX TyXOBHO-HPABCTBEHHBIX IIEHHOCTEH, B TOM YHCIIE C
YU4€TOM TapMOHM3AlMU MEKHAIIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, MPUMEHSATh CTaHIAPTHI
AHTUKOPPYIIIUOHHOTO MOBEICHHS

OK 07 CopeiicTBoBaTh COXpPAHEHUIO OKpY’KAIOIIEH Cpeibl, pecypcocOepekeHHI0, MPUMEHSThH
3HaHHUA 00 M3MEHEHHM KIMMaTa, IPUHILHUIBI OEpeXxIIMBOro MPOU3BOACTBA, 3P(PEKTUBHO JIEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIHIX

OK 08 Mcnonb3oBaTh cpeacTBa GU3NUECKOMN KyJIbTYphI JJIsl COXpaHEHUS U YKPEIUIEHUS 310POBbsI B
nporecce MpophecCHOHATBHOW JEeATETbHOCTH M MOJJEpKaHUs HEOOXOTUMOIo YpOBHS (U3NYECKOi
MOJITOTOBJICHHOCTH

OK 09 ITonp3oBatbest mpohecCHOHATFHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM UM MHOCTPAaHHOM
SI3BIKAX.

IIK 2.1 BpIMonHATH pacyeTsl MapaMeTpoB TEXHOJOTHMUYECKUX IPOIECCOB OOpPaOOTKH METalIoB
TaBlieHHEM, paOOTBI 000PYIOBAHUS, XapaKTEPUCTHUK UCXOTHBIX 3aTOTOBOK U METaJUTONPOYKIIHUH.

MarepuanbHoe obecnieyenune: VHIuBHayanbHBbIC 3aaHus, TaOIWIAa TPOWU3BOJHBIX, KOHCIIEKTHI
JIEKUUH.

3aganme:

1. YUToObl yMEHBIINTHh TPEHHE >KUIKOCTH O CTEHbl M JHO KaHajla, HY>KHO CMAauMBaeMyl0 €ro
IUIOIIAb CIENATh KaK MOKHO Majiol. TpeOyeTcs HailTh pa3Mepbl OTKPBITOTO MPSIMOYTOJIBHOTO KaHaja C
IIoImabio ceueHus 4,5 M 2, MIPU KOTOPBIX CMayuBaeMasl TIIOMaab OyAeT HAMMEHBIIICH.

2. Nmeercs mpoBOJOKA JJIUMHOW a MeTpoB. TpeOyercs oOrpaguTh 3TOH IPOBOJIOKOMN
IPSIMOYTOJIbHBIN y4YacTOK 11€Xa, OJHAa CTOPOHAa KOTOPOrO IPUMBIKAET K CTE€HE, TaK, 4TOObI IUIOIIAIb
OTOPOXXEHHOTO y4acTKa Obljla HanOOIbIIEH.

JInst OThICKaHUSI HAaUMEHBIIEr0 U HauOOJIbLIEro 3HaueHUs (QYHKIUH, AUpPepeHInpyeMoil BHYTpH



OTpe3Ka U HENPEephIBHON Ha €ro KOHIIAX, CIeAYyeT HAWTH BCE KPUTHUECKUE TOUYKU (DYHKIMH, JICKaIIUe
BHYTPH OTpPE3Ka, BHIYMCIUTH 3HAYCHUs (DYHKIIMHM B 3TUX TOYKAaX M Ha KOHI[AX OTPE3Ka, a 3aTeM U3 BCeX
MOJTyYEHHBIX TaKUM 00pa3oM 4ucen BbIOpaTh HaMEHbIIIee U HauboblIee.

Iopsinok BbINOJIHEHHUS PA0OTHI:

1. Haxoaum kpuTndeckue TOUKH QyHKIIUH.

2. IIpoBepsieM, Kakue U3 HaWJCHHBIX KPUTUYECKUX TOUEK JIEKAT BHYTPHU 3aJJaHHOT'O OTpE3Ka.

3. Haxomum 3HaueHHss (pyHKIMM Ha KOHIIAX OTpe3Ka M B T€X KPUTHYECKUX TOUYKAX, KOTOPHIE
MOMAa/IaloT B 3TOT OTPE3OK.

4. W3 BceX MOTYYEHHBIX 3HaUCHUH (PyHKIMH BEIOMpaeM HauMEHbIlee U HauboJIbIIee.

1. TpebyeTcs W3rOTOBUTH JETallb B BHJAE INPSIMOYTOJIBHOTO Mapajiesienunesia, B HUKHEM
OCHOBAHMM KOTOPOTO JIGKHT KBajpaT (BEpXHss yacTh OTKpPBITA), a 00beM pasen 108 cm’. Ilpu kakux
pasmepax JeTaid Ha €€ U3rOTOBJICHHE MOW/IET HaNMEHBIIIee KOJIMIeCTBO MaTepraia?

Pemenue: 1. [TycTs cTOpOHA OCHOBaHUS paBHA X CM, a BbICOTa — h cM.

2. O6bem napamnenenunena V=x*x*h=x> h unu no ycnosuio x> h=108.

Bripa3uM u3 310it hopMyIIbl BRICOTY mapasienenunena: h=108/x 2. (1)

3. C nmpyroii cTOpoHBI, 4TOOBI y3HATh KaKoe KOJIMYECTBO MaTephayia MOWICT Ha W3TOTOBJICHUE
JeTanyu HeoOXOAMMO HaWTH IUIOMIAAs S TMOJHOM MOBEPXHOCTH Mapajuiefienuneaa 0e3 ydera BEpPXHEro
ocHoBaHus. [Imomane TOBEPXHOCTH MapajuIeenuie a HaxouTcs mo Gopmyie

Snonma=2(x*x+x*h+x*h)=2(x?> +2xh). [110mans OCHOBaHMs paBHA SOCH =X’ , ee HAJI0 BBIYECTH U3
nosyderHoi Gopmyisl S=Snonn*Socu=2(x? +2xh) - x* = x? +4xh.

4. IoacraBum BMecTo h Beipaxenue (1). [lomyuum dopmyiy miomann kak GyHKIUIO OT X:

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

5. Haiinem npousBoanyto S'(x)=( x> +432/x)'=2x-432/x* .

6. UTOOBI HAUTH SKCTPEMYM, HEOOXOAMMO MPUPABHATH MPOU3BOIHYIO K HYJIIO:

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

nanee HaxoauM 2x° =432;

x> =216;

x=0.

7. Tony4unu x=6 — TOYKy MHHEMYyMa, CliefloBaTenbHo, S(6)=108 cM? HauMeHbIlee 3HAUEHHE.

9. CneioBaTesibHO, CTOPOHA OCHOBAHMS X paBHa 6 cM, a Beicota h=108/x* =108/36=3 cm.

Otget: cropoHsbl Oaka 3 u 6 cM.

®opma npeacTaBieHus pe3yJbTaTa: BRIIIOJIHEHHAs paboTa.

Kpurepun onenkmn:

Ouenka "oTiMYHO'" CTaBUTCA, €cid paboTa BBHIMIOJHEHA B TOJTHOM OOBEME C COOJIO/IEHUEM
HE0OXOUMOM TOCTIEOBATENBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIMOJHEHHI BCE
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "Xopomo' cTaBUTCs, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIICHbI
2-3 Henouera.

Ouenka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IO3BOJIAET IMOJYYUTh TMpPaBUIIbHBIE PE3yJIbTaThl M BBIBOJBI; B XOJIE
MPOBE/ICHUS pabOTHI ObUIN JOMYIIEHBI OIIMOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM pabOTa BBHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON 9acTH PabOTHI HE MO3BOJISET CAENATh MPABIILHBIX BHIBOJIOB.



Tema 3.1. IIpousBoaHasi yHKIMHU U ee IPUMEHEHUE

IIpakTuyeckoe 3ansaTue Ne 30, 31
«Haxox1eHue onTUMAJIBHOI0 Pe3y/bTaTa ¢ MOMOIIbIO NPOU3BOAHONH B MPAKTHYECKHUX
3aa4ax»

Heab padorbi: HayunThcs NpUMEHATh MNPOU3BOAHYIO QYHKIMU MPU PELICHUH 3a/1a4.

BoinosiHeHue padoThl cnocodcTBYeT (DOPMHUPOBAHUIO:

OK 01 BeiOupats cioco0sl penieHus 3aaad npodhecCHOHATbHON JeITeIbHOCTH MPUMEHUTEIBHO K
pa3IUYHBIM KOHTEKCTaM

OK 03 ITnaanpoBaTh U peain30BBIBATH COOCTBEHHOE MPO(ecCHOHANBEHOE U TUYHOCTHOE Pa3BUTHE,
IPEINPUHUMATENBCKYIO JeSITeIbHOCTh B PO eCCHOHANIBHOM cdepe, NCIOIb30BaTh 3HAHUS 110 IIPABOBOM
1 (UHAHCOBOM IPAMOTHOCTHU B PA3IIMYHBIX JKU3HEHHBIX CUTYAIHSIX

OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE

OK 06 IIposBasATh TIpakJaHCKO-MATPUOTUYECKYIO IO3MIINI0, JEMOHCTPUPOBATh OCO3HAHHOE
MIOBEJICHHE HAa OCHOBE TPAJUIMOHHBIX POCCHUICKHX TYyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM 4HUCIIE C
YYETOM TapMOHHU3AIMH MEKHAIIMOHAIBHBIX M MEXPEIUTHO3HBIX OTHOUICHWH, NMPUMEHSATh CTaHAAPTHI
AHTUKOPPYILUOHHOTO OBEACHMS

OK 07 CopnelicTBOBaTb COXpPaHEHUIO OKPY’KAIOLIEH Cpefbl, pecypcocOepeKeHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMAaTa, NPUHLUIBI OEpeXJIMBOro MPOU3BOACTBA, 3()(PEKTUBHO AEHCTBOBATH B
YpEe3BBIYANHBIX CUTYAIHIX

OK 08 Hcnonb3oBathk cpeacTBa (pU3MYECKON KYJIBTYPBI Ul COXPAHEHHS U YKPEIJICHUs 310pPOBbsI B
npouecce MpodeccnoHaTbHON JEeSATebHOCTH M MOJAJEp’KaHUS HEOOXOJIMMOro YpOBHS (PHU3NYECKOU
MIOATOTOBJIEHHOCTH

OK 09 Ilonb3oBaThcsi MpohecCHOHATBHON TOKYMEHTAlMe Ha rOCyAapCTBEHHOM M MHOCTPAHHOM
A3BIKAX.

[IK 2.1 BpINOAHATH pacdyeTbl MapaMeTpoB TEXHOJOTMYECKUX IPOLECCOB 00pabOTKH METalsIoB
JaBlieHHEM, paboThl 000PYIOBAaHUS, XapaKTEPUCTHK UCXOTHBIX 3arOTOBOK U METAJNIONPOYKIIHH.

MarepuanbHoe obecnedyenue: VHIuBUyadbHbIC 33/aHUs, TaONHIA TMPOM3BOIAHBIX, KOHCIIEKTHI
JIEKIINN.

3ananne:

1. HMmeercsa KBagpaTHBIN JIUCT KECTU, CTOPOHA KoToporo a=60 cM. Beipe3as mo BceM ero yriam
paBHBIE KBaJpaThl U 3arubas OCTaBLIYIOCS YacTb, HYKHO W3TOTOBUTH MPOU3BOACTBEHHBIN ALIMK 0e3
KpbIIIKH. KakoBbI MOJDKHBI OBITH pa3Mepbl BHIPE3aeMbIX KBaJpaToOB, YTOOBI MPOM3BOJCTBEHHBIN SIIMK
uMen Hanbonpnit 06beM?

2. IIpoekTupyercst KaHaJl CUCTEMBI CIIMBA C MPSMOYTOJIbHBIM ceueHueM 4,5 . KakoBbl 10KHBI ObITh
pa3Mepbl ceueHusl, 4ToObI 1151 OOIMIIOBKH CTEHOK M JIHA MOLUIO HAaMMEHbIIee KOJIMYeCTBO MaTepuana?

JInst OThICKaHUSI HAaUMEHBIIEro U HauOOJbIIEro 3HaueHUs (GYHKUUH, AUpPepeHInpyeMoil BHYTpU
OTpe3Ka U HENPephIBHON Ha €ro KOHIIAX, CJIeAyeT HaWTH BCE KPUTHUECKHE TOUKU (DYHKIMH, JIeKaIIue
BHYTPU OTpPE3Ka, BBIYUCIUTH 3HAYCHUS (PYHKIUM B ITUX TOYKAX M HA KOHIIAX OTpe3Ka, a 3aTeM U3 BCEX
MOJTyYEHHBIX TaKUM 00pa30oM 4ucen BbIOpaTh HaMEHbIIIee U HanOoblIIee.

Iopsinok BbINOJIHEHHUS PA0OTHI:

1. Haxoaum kpuTndeckue TOUKH QyHKIIUH.

2. IlpoBepsiem, Kakne U3 HAMICHHBIX KPUTUYECKUX TOUCK JIS)KAT BHYTPH 33JaHHOTO OTpE3Ka.

3. Haxomum 3HaueHHst (pyHKIMM Ha KOHILIAX OTpE3Ka M B TE€X KPUTHUYECKUX TOUYKAX, KOTOPHIE
MOMA/IAI0T B ATOT OTPE30K.

4. W3 BcexX MOMYYEHHBIX 3HaUCHUH (PyHKIIMH BEIOMpaeM HauMEHbIlee U HauboJIbIIee.



3amava 1. IIpouHOoCTh OallkM MPSIMOYTOJBHOTO CEYEHHUsS IMPOMOPIHMOHATFHA TPOM3BEACHUIO ©&
IIMPUHBI HAa KBaJpaT BBICOTHL. Kakoe ceueHue AOHKHA MMETh Oalika, U3 HWIMHIPUYECKOH 3arOTOBKU
paauyca R, uTo0sI €€ mpouyHOCTh Obli1a HaubOOobIIeH? (PUCYHOK 1)

xR

X

Pucynox 1 — ceuenune Oanku U3 MWIMHAPHIECKON 3arOTOBKU

Pemenne. CocraBieHue MaTeMaTH4yecKoil Mojenu. OnTuMusMpyemasl BEIMYHHA - IMPOYHOCTD
Oanku, TMOCKOJNBKY B 3amaue TpeOyercsl BBISICHUTb, KOTJa INPOYHOCTh Oanku Oyner HauOoJbIIeH.
OO003HaYMM OINTHMHU3UPYEMYI0 BeIMYMHY OykBO#l y. [IpOYHOCTH 3aBHCHUT OT IIMPHHBI U BBICOTHI
NpSIMOYTOJIbHUKA, CITy’KaIlero OceBbIM ceueHueM Oanku. llupuny Oanmkm o00o3HaunMM OyKBOW X.
[TockonbKy OceBOE CeueHHE MPEICTABISIET COO0H MPSIMOYTOJILHUK, BIIMCAHHBIA B OKPY)KHOCTh pajguyca
R, 10 0<x <2R

Bbicota h MpSMOYroJbHMKA CBS3aHA C €r0 IIMPHUHON cooTHomennmem * +A°=4R* (o eopeme
[Tugaropa), 3Hauur, A= 4R* -,
xhz’

ITpouHOCTh GanKu y NpONOpLHOHATILHA TPOU3BEICHUIO T.e. ¥ =kxh? (roe koapdunment k —

HEKOTOPOE MOJIOKUTEITHHOE YUCIIO).
3uagnr ¥ = Ex(4RR* — x%),rge x € [U; 2K).
Pabora ¢ cocTtaBieHHOI MOJCIBIO.
Jutsa pynxunn ¥ = Ex(4RR* — x%),raex € [0; 2R} HA/I0 HANTH Yaans.
HNmeewm:
WUmeem: v = 4KR%x — kx?
v = 4kR®— 3kx°
[TpupaBHUBaeM MPOU3BOAHYIO HYIIIO, TOTYYHM
4kR?-3kx?%=0
n=Z

V3

(5]
o

P
o

o
2

X= Xl =

wil%

3alaHHOMY OTPE3KY IIPUHAJUIEKUT JINIIb TOYKA
Boruncnum 3Hadenne GyHKIMK B TOUKE HA KOHIIAX oTpe3ka B Toukax 0 u 2R.
Nmeem

f(0)=0 fQR)=0 f(3Z) >0 3HAYNT Ve =F (f—‘;).

B 3amaue chopammBaeTcsi, Kakoe CEUCHHME JOJDKHA HMMETh Oalka HauOOJIbIIeH TPOYHOCTH.
BbsicHUIM, YTO HMIMpPUHA MPSIMOYTOJbHUKA, SIBIISIONIAsi OCEBBIM CEUYEHHMEM Haubojee MPOYHOH OajKw,
iR
paBHa
Haiinem BbicOTY:

h? =4R% —x*



OtBer: CeueHueM OalKy JIOJDKEH CIIYy>KUTh HPSMOYTOJIBHUK, Y KOTOPOIO OTHOLIEHHE BBICOTBHI K
IIHPHHE PABHO ' V2

3ameuanue: KpanuduuupoBaHHble MacTepa MPUXOJIAT K TAKOMY XK€ pe3yJIbTaTy, OIUPasCh Ha CBOM
ONBIT, HO OHH NPUHUMAIOT YyKa3aHHOE OTHOIIEHWE paBHBIM 1,4 (mpuOimkEHHOE 3HAYEHUE
UppalMoOHAIBHOIO YHCIA KaK pa3 paBHO 1,4).

®opma npeacTasieHUs pe3yJbTaTa: BbIIIOJIHEHHAs padoTa.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCSA, €ClIM paboTa BBHINOJHEHA B IOJIHOM OOBEME C COOJIIOJEHHUEM
HEO0OXOUMOM TIOCIIEIOBATSIIBHOCTH JCHCTBHI; B OTBETE MPABUIHLHO M AKKypaTHO BBIIOJHCHBI BCE
3aIllMCH U BEIYUCICHHA.

Ounenka "'Xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIMYIEHbI
2-3 Henoyera.

Ounenka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJNYYUTh MPABHIIbHBIE PE3YJbTAaThl U BBIBOJIBI; B XOJIE
MIPOBEICHUS paObOTHI OBUIN JTOMYIIEHBI OIINOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIM pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJIHCHHOW YacTH paOOThI HE MTO3BOJISIET CAENATh MPABUIBHBIX BHIBOJIOB.

Tema 3.2 UnTerpaj u ero npuMeHeHue

IIpakTyeckoe 3ansaTue Ne 32
«HHuTerpan u nepsoodpasnas. HaxoxxaeHue HeonpeaeJeHHbIX HHTErPaJIOB IIPH MOMOLIHU
CBOWCTB HHTEIPAJIOB)

Ileab: HAyYUTHCSA HAXOAUTHh HEONPEAEIEHHBIE UHTETPalbl HEIOCPEACTBEHHBIM HHTEIPUPOBAHUEM
IIPY TIOMOIIY CBOMCTB MHTEIPUPOBAHUS.

Boinosinenue padoTsl cnocodcTByeT GOpMHUPOBAHMIO:

OK 01 BsiOupath crocoObl pemieHus 3a1ad IpohecCUOHATBLHOM IeSATEIBHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTCKCTaM

OK 03 IlnanupoBaTh U peain30BbIBATH COOCTBEHHOE MPO(ecCHOHABEHOE U TUYHOCTHOE Pa3BUTHE,
MpeNPUHUMATEILCKYIO JeSTEIbHOCTh B MMPOoQecCHOHANbHON cepe, NCIOIb30BaTh 3HAHUS 10 MPaBOBOM
1 (PMHAHCOBOM TPAMOTHOCTH B Pa3JIMYHBIX KU3HEHHBIX CUTYAIIHIX

MarepunanbHoe obecnieyeHue:
I/IH)]I/IBI/IHyaHBHble 3aaaHus, CIIPABOYHBIC MaTCpHaAJIbl, KOHCIICKThI HGKHHﬁ.

3amanme:
B cooTBeTCTBUU C TEXHOJIOTMYECKON KAapTON MPOEKTA HANTHU CIAEAYIOIINE UHTETPAJIbI:
3,332
f (4 x®—x?+ 5) dx
. [3(2x% = 1)%dx
. Jx3(1 + 5x)dx
3 8
. f(x_4 + x—s)dx
. J(5Vx® — 7Vx3)dx

[a—y

DN W



Kpatkue TeopeTtuyeckue cBeleHUs:
Ceoticmea HeonpedenieHHo2o uHmezpaia

1) Imf (x)dx = m_[ f(x)dx, m-const

2) ()£ g(dx=[ f(x)dx + [ g(x)dx
Ta6ﬂut;a OCHOBHbIX UHmMecpalos

1) [dx=x+C;

n+l

2)_[ iy = 2~ +C,n#-1;

n+1

3) j@:1n|x|+c;
X

4) Iexdx:ex+C;

S)j de_—+c

6) J-smxdx: —cosx+C;
7) Icosxdx:sinx+C;

S)I d); =tgx+C,;
cos X

9) _[ =—ctgx+C;
sin® x
=arcsinx+C;

K=

dx
11) I1+x2 =arctgx+C.

Ilopsinok BbINOJHEHHS PadOTHI:

CoBOKYIHOCTB BCEX MEPBOOOPA3ZHBIX /Ul (PYHKIIMN HA3bIBAETCSI HEOIPEAEIEHHBIM HHTETPAJIOM.

OcCHOBHBIE CBOWCTBA HEONIPEACIEHHOTO HHTErpaia

D [(fG) +g(0)dx = [ f()dx + [ g(x)dx

2) [kf@)dx = k [ f(x)dx

HenocpeacTBeHHOe MHTErPUPOBAaHHE OCHOBAHO Ha MPSMOM HCIOJIb30BAaHWU TAaOJIMIIBI UHTETPajIoB.
MoryT npencTaBUThHCS CIEAYIOLINE CIyYau:

1) JlaHHBI WHTErpal HAXOAWTHCS HEMOCPEICTBEHHO 110 COOTBETCTBYIONIEMY TaOIWYHOMY
UHTErpaiy.

2) JanHblii UHTErpai Mocjae NPUMEHEHHs CBOWCTB 1M 2 MPUBOAUTCS K OAHOMY HJIM HECKOJIBKUM
TaOJIMYHBIM UHTETpaIaM;

3) JanHblii  WHTErpajll MoOCIEe  DJIEMEHTapHbIX  TOXKIECTBEHHBIX  IMpeoOpa3oBaHMil, HaJ
MOJIBIHTETpaIbHONW (YHKLMEH W TpuUMEHsst cBoicTBa 1u 2 MPUBOIUTCS K OJHOMY WM HECKOJIBKUM
TaOJIMYHBIM UHTETPAJIAM.

B cooTBeTcTBHM € TEXHOJIOTMYECKONW KapTOM IIPOEKTa HAUTH CIICLYIOLIUE UHTETPaIbl:
1. [6x%dx —WCTOMB3yeM CBOMCTBO 2 U opMyITy 2.

n+1
[x"dx =*—+c Tlomyuum:
n x2+1 x3
Jox?dx =6 [x*dx=6_—+c=6T+c=2x"+c



2. [4(x*—x+3)dx  Vcnonn3ys cBoiictBa 1 u 2 u, popmyinsl 1 u 2 noaydum: 4 [ x?dx —
4fxdx+12fdx=4xs—3—42i2+12x+6=§x3—2x2+12x+c

- mnocrosiHHas uHTerpupoBaHuss C paBHa anreOpandeckoil cymMMmMe TpeX MOCTOSHHBIX
WHTETPUPOBAHUS .

3. [2(B3x —1)%dx =2 [(Bx — 1)%dx = 2f(9x2—6x—1)dx=2-9);—3—2-6xz—2+2x+c=6x3—6x2+2x+c

x3+3x%+4x .
4. [/ —adx —pa3aenuM NOYWICHHO Ha X, MOTYYHM:
5 x3  3x?
(x +3x+4)dx=?+7+4x+c
dx 1 x_%+1 x%
5. f\/—; —ucnoib3yeM Gopmyiy 2 [ x zdx = T tc=T+c= 2Vx+c
2 2

(I)opMa NnpeacTaBJICHUsA pe3yjabTaTa: BhIIIOJTHCHHOC 3a/laHNE

Kpurepun oneHku:

Ounenka "oTau4HO'" cTaBUTCS, ecnu padoTa BBINOJIHEHA B TOJTHOM O0BEME C COOIIOJICHUEM
HE0OXOUMOM TOCIEN0BATEIBHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKYpaTHO BBIOJHEHBI BCe
3aIIMCU U BEIYHCIICHHA.

Ouenka "Xopouo' cTaBUTCS, €CIM BHIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIMYHO", HO JOMYIIEHbI
2-3 Hemouera.

Ounenka "y10BJIeTBOPUTEIBLHO'" CTAaBUTCS, €clii padOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpPaBUJIbHBIE pPE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUIN JOMYIIEHBI OIIHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM pabOTa BBHIMIOJHEHA HE TTOJIHOCTHIO UM 00BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISET CAENaTh MPABIIBHBIX BHIBOJIOB.

Tema 3.2 UnTerpaj u ero npuMeHeHue

IIpakTnyeckoe 3ansaTue Ne 33
«AHTerpupoBaHue MeTOI0M 3aMeHbI MepeMeHHOi»

Hean padotrbl: HayuyuThcs BHIYUCISITH HHTETPAJIBI CIIOCOOOM MOICTAHOBKH.

Brinosinenue padorsl cnocodocTByeT GOPMHUPOBAHNIO:

OK 01 BsiOupath crocoObl pemieHus 3ai1ad nIpodheCcCUOHATBLHOM IEeSATENBHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTCKCTaM

OK 03 IlnaaupoBaTh U pean30BBIBATH COOCTBEHHOE MPO(ecCHOHAEHOE U TUYHOCTHOE Pa3BUTHE,
MpeNPUHUMATEIBCKYIO JESTEIbHOCTh B MPOoecCHOHANbHON cepe, NCIOIB30BaTh 3HAHU 10 MPaBOBOM
1 (PMHAHCOBOM TPAMOTHOCTH B Pa3JIMYHBIX KU3HEHHBIX CUTYAIIHIX

MarepunanbHoe obecnieyeHue:
I/IH)]I/IBI/IHyaHBHble 3aaaHus, CIIPAaBOYHBIC MaTCpHaJIbl, KOHCIICKThI HGKHHﬁ.

3aganme:
B cOOTBETCTBUU C TEXHOJIOTUUECKOUN KapTOI‘;I IIPOCKTA HaUTU HUHTCTpaJibl:
1. [(124—5)7dx
dx

2. f 6x+5
[xVx2 —7dx

CosXx
. f o dx
sinx

. [ tgxdx

dx
f 1+16x2

o AW



ITopsiiok BbINOJIHEHHE PAGOThI:

B ocHOBe MHTErpupoBaHHsI METOJOM 3aMEHBbI MEPEMEHHON (MM CITIOCOOOM TTOCTAHOBKH) JICKUT
CBOWCTBO WHBAapPUAHTHOCTH (OPMYJ HHTETPUPOBAHUS, KOTOPOE 3aKIIOYACTCS B CIEAYIOLIEM: €CIH
[f)dx=F(x)+c, 10 [ f(w)du=F(uw) +c,rae u(x) npousBoaHas auddepenunpyemas GyHKIUSA OT X.

3aMeHa IepeMEeHHOM B HEONPEACICHHOM HHTErpajie MPOU3BOAUTCS C TIOMOIIBIO MOJCTAHOBOK JIBYX
BUJIOM:

. x=¢() , rae t-HOBas MepeMeHHas, a ¢(t) HempepbslBHO auddepeHpyeMas QGyHKIUsA
[ fdx = [ f(o®))¢'(®)dt

2. t=u(x) ,rae t-HoBas mepeMenHast, Toraa: [ f(u(t))uw' (x)dx = [ f(t)dt

x2%dx
f8+x3
-T.K. d(8 + x%) = 3x%dx , TO

f x?dx 1jd(8+3XS)
8+x3 3 8 + x3

-rojlarag 8+ x3 =+t , HOHy‘lHMZ%f% = éln(t) +c= %ln|8 +x3| +c
2 f cos xdx — f d(sinx)

4+sinx 4+sin2x

dat 1 t 1 .
HHTerpaty: f4—+t2 =garctg; tc=jarctg (Sl:x) +c

eXdx _ d(e¥)
3 gl

o~ dt 1
-BOCIIOJIb30BABILHMCH ITIOACTAHOBKOU t = e*, IIPpUBOJHUM K Ta6HI/I‘IHOMy HUHTETpaly fﬁ = arcsm; +

IO3TOMY, HCIOJb3Yys HOACTAHOBKY t = sinx , IIPUXOIUM K Ta6HI/I‘lHOMy

, e~
c= arcsm? +c

IIpumeyanue: dx = id(ax + b)

1
xdx = Ed(xz)

e*dx = d(e*)
d_x =d(l
— = d(n(x)

cosxdx = d(sinx)
(I)opMa NMpeaAcCTaBJICHUA pe3yabTaTa: BhIIIOJTHCHHOC 3a/laHNE

Kpurepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCSA, €CMd paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIIOJEHHUEM
HEO0OXOUMOM TOCTIEAOBATENBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIMOJHEHHI BCE
3aIUCH ¥ BBIYHCIICHUS.

Ouenka "'Xopomo' cTaBUTCs, €CIM BBHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIICHbI
2-3 Henouera.

Ouenka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIM PadOTa BHIMIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh TMpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MpOBeJIEHUS pabOThI ObUIH JOMYIIEHbBI OIIHOKH.

Ouenka ""Hey10BJ1eTBOPUTEIbHO' CTaBUTCS, €CJIHM padOTa BBHIITOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHCHHOU YacTH paOOThI HE TTO3BOJISIET CENIATh MPABIIIBHBIX BHIBOJIOB.



Tema 3.2 UHTerpaJ u ero npuMeHeHue

IMpakTnyeckoe 3ansitue Ne 34
«Teopema HbroTona-Jleiionnua. BorunciieHue onpeieieHHbIX HHTETPAJI0B Pa3INYHbIMU
MeTOoAaMID)

e paboThI: HAYYUTHLCS BEIYHCIIATH ONPEACIICHHBIA nHTErpai no Gpopmyne HproroHa-JIeiiOnuma.

BoinosiHeHue padoThl cnocodcTBYeT (DOPMHUPOBAHUIO:

OK 01 BeiOupats cioco0sl penieHus 3aaad npodhecCHOHATbHON JeITeIbHOCTH MPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM

OK 03 ITnaanpoBaTh U peain30BBIBATH COOCTBEHHOE MPO(EeCCHOHAIBHOE U TUYHOCTHOE Pa3BUTHE,
MPeINPUHUMATEIBCKYIO JESTEIBHOCTh B MPOQecCHOHANBHON chepe, NCIONB30BaTh 3HAHUS IO MPaBOBOM
1 (UHAHCOBOM IPAMOTHOCTHU B PA3IIMYHBIX JKU3HEHHBIX CUTYAIHSIX

MaTepnanbﬂoe o0ecneyenue:
I/IHI[I/IBI/II[yaHBHbIe 3a/laHus, CIIPABOYHBIC MAaTCpHaJIbl, KOHCIICKTDBI JICKIUH.

3aganue:
B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOM IIPOEKTa HAMTH UHTETPAJIbI.
2
1. J 2x%dx
4
j(8+2x—x2).;fx
. =
/2
3. Jy " cosxdx
T
4. I(cosx — 3sin x )dx
z
2
2 2
I-x
5. [——dx

Meto10M 3aMEHBI TEPEMEHHOIA:

6
xdx
1.
'!xz -6

4
2. J(?.x —5)dx
3
1
3. j Vx + 2dx
0

1
4. j(x3 +1)*x? dx
-1

ITopsinok BbINOJIHEHUS PadOThI:
1) Ucnionb3ys TabnuIly MHTETpaioB HAWTH WHTErPajl
2) Ucnonb3ys ¢popmyiny HeroTona — JleitOnuma

L
[rwdn=Fx), = F@&)- Fla)

HaWTH ONPENEICHHBIA UHTETPal



BpruncinTs onpenesieHHbli HHTErpall
2

_|-2;'r:4 ax
1
Pemenue:

2 iy 2 (2]
IExzdx: EIxzdx = E
1 3

1
(1) BeiHOCUM KOHCTaHTY 3a 3HAK MHTETpaa.

(312 2 2 14 2
AP =S - =2E-N=2 T=—=4=
@ =5 -1)=2@-D=2-T=—=43

H+l

_l-x”dx: +

(2) Uarterpupyem mo TabimuIe C MOMOIIBIO CaMOW MOIYJISAPHOH (HOpMYJIbI n+1

1

E
HOSIBI/IBI_HYI-OCSI KOHCTAHTY 3 uenecoo6pa3Ho OTACIUTb OT % W BBIHECTH 3a CKO6Ky. I[eHaTL 9TO HE

00s13aTeNIbHO, HO JKEJIATeIbHO — 3a4€M JIMIITHUE BEIYUCICHUS?

3
[r@dx= PO, = F) - Fla)

(3) HUcnonbzyem ¢dopmyny Heiorona-Jleitbnuna 2 . Cnauana

5
MOJACTABIISIEM B # BEpPXHUM MpeJes, 3aTeM — HIKHUN npenen. [IpoBoaum palbHEHIINe BIUYMCICHUS U
MIOJIy4Ya€M OKOHYATEJIbHbBIN OTBET.
BpruncinnTe onpeneeHHblil HHTerpal

4
[(3+2x—2*)dx
]

Pemtenue:
4 1 4 4 4 2] (3
[@+2x-x)dr=8dx+2[xdx- [ Fax=8(x, + 2. %(f)ﬁz —%(f)tz -

-2 -2 -2 -2
=8(4 - (20 + &4 - =" —%(43 — (=21 =8. 6+(16—4) —%(64+8) =

=48+12-24 =36

(1) Mcnonb3yem cBOMCTBA JINHEWHOCTH OMPEEIIEHHOT0 UHTErpasa.

(2) UnTterpupyem no tabnuie, Ipyu 3TOM BCE KOHCTAHThI BHIHOCUM — OHU He OyJyT y4acTBOBaTbh B
ITOZICTAHOBKE BEPXHETO U HUKHETO IIpeIena.

(3) Hnsa xaxmoro w3 Tpéx craraeMbix npuMmeHseM Qopmyny  Herorona-JleiOnuna:

F(X)L = P() - Fla)

Coser: mepex Tem, Kak Hcnoab3oBatb ¢opmyay Hplorona-JleiiOHuna, mnmoJje3Ho NpoBecTH
NMPOBEPKY: a caMa-TO NMepBO0OpPa3Hasi HalijleHa NPaBUJIbHO?

Tak, TpPUMEHHUTETHPHO K paccMaTpUBAEMOMY IMPUMEpPY: TMepel TeM, Kak B TepBooOpa3HyIo
3
x
Br+x -
GbyHKIHIIO 3 momCTaBIATH BEpXHUW W HIDKHUM TIPEeNbl, >KEIaTeIhbHO Ha YEPHOBHKE

MPOBEPUTh, a MPABWIBHO JHM BOOOINEe HaWJeH HeompeneneHHpli uHTerpan? JuddepeHuupyem:
f

[8x+x2 —g] =8(x)'+(x2)'—%(x3)'=8-1+2x—%-3x2 =84+ 2x—x°

[TomydeHna mcxofqHas MOABIHTETpajbHAs (QYHKIWSA, 3HAYMT, HEONPEICICHHBIH HMHTETpan HaiJeH
BepHO. Teneps MoxxHO U hopmyny HerioTona-JIeitOHMIIa TPUMEHUTB.
MeTo/ 3aMeHbI IepeMeHHOM

Brauciure HUHTCIpaJibl.
fﬁ xdx
5 x2_6



BBenem HOBYIO MEPEMEHHYIO t = x% — 6
Huddepenunan Oyaer paBeH dt = 2xdx
Brruncinm rpanuiel uHTErpupoBanud t1=25-6=19, t2=36-6=30

6 2xdx 1 30dt

1
BbImoniHiM HOACTaHOBKY - [ —— =~ [/~

o 1 1 30
Bprunciiim, noJry4yuBIIMIICS UHTETPAT 3 ln|30|-5 In| 19|——; In o
®opMma npeacTaBJIeHNUs Pe3yJbTATAa: BBITOJHEHHOE 3a/1aHne/

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €clid paboTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOICHUEM
HEO0OXOUMOM TOCTIEOBATEIIBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIIOJHEHBI BCE
3aIllMCH U BBEIYUCICHHA.

Ounenka "'Xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIYIIEHbI
2-3 HenoyerTa.

OuneHka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJNYYUTh MPABHIIBHBIE PE3YJbTAaThl U BBIBOJIBI; B XOJI€
MPOBEICHUS paObOTHI OBUIN JOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1eTBOPUTEIbHO' CTaBUTCS, €CJIH pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJIHCHHOW YacTH paOOThI HE MTO3BOJISIET CAENATh MPABUIIbHBIX BHIBOJIOB.

Tema 3.2 UnTerpaj u ero npuMeHeHue

IIpakTnueckoe 3ansaTue Ne 35,36
«Bpryucienne miomanei Gpuryp u 00beMoB TeJD»

Hean padorsi: HayunThcst BEIUMCIATH IUIOMIAIN GUTYP U 00BEMBI T, UCIIOJIB3YS ONpeieleHHbIe
MHTETpaJibl

Brinosinenue padorsl cnocodocTByeT GOPMHUPOBAHNIO:

OK 01 BeiOupats cioco0sl pemieHus 3aaad npoecCUOHATbHON JEATeNbHOCTH MPUMEHHUTEIbHO K
Pa3JIMIHBIM KOHTCKCTaM

OK 03 IInaHnupoBaTh U peaqn30BbIBaTh COOCTBEHHOE MPO(ECcCHOHANTBHOE U JIUYHOCTHOE PAa3BUTHE,
MpeNNPUHUMATEILCKYIO JESTEIbHOCTh B MPOPECCHOHANBHOMN cepe, NCIOIb30BaTh 3HAHUsI IO MPaBOBOM
1 (MHAHCOBOM IPAMOTHOCTHU B PA3IUYHBIX KU3HEHHBIX CUTYAIMIX

OK 06 IIposBisaTe TIpa)kIaHCKO-MATPUOTUYECKYIO IIO3MIMIO, JEMOHCTPUPOBATh OCO3HAHHOE
IIOBE/ICHUE HAa OCHOBE TPAJMLIMOHHBIX POCCUMCKUX JyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEH, B TOM YHUCIE C
Y4E€TOM TrapMOHHU3AlUMN MCKHAOHWOHAJIBHBIX W MCEKPCIUTHO3HBIX OTHOHI@HHfI, MNPUMCHATE CTaHOAPTBI
AHTUKOPPYILIMOHHOIO NIOBEJIEHUS

OK 07 CopnelicTBOBaTb COXpaHEHUIO OKPY’KaIOLIEH cpefbl, pecypcocOepexeHHIo, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMaTra, MPUHIUIBI OEpeXIUBOro MPOU3BOACTBA, 3()(PEeKTUBHO AEHCTBOBATH B
'—IpGSBLI'—IaI\/’IHI)IX CUTyalusx

OK 08 Hcnonb3oBaTh cpeAcTBa (PU3MYECKON KYJIBTYPHI Ul COXPAHEHHS U YKPEIJICHUS 310POBbsI B
npouecce MpodeccnoHaTbHON JEesATebHOCTH M MOJAJEp’KaHUS HEOOXOJIMMOro YpOBHS (PHU3NYECKOU
IIOATOTOBJIEHHOCTH

OK 09 ITons3zoBarbcst MPOPECCHOHATBHONW TOKYMEHTAIMEH Ha TOCYAapCTBEHHOM M MHOCTPAHHOM
SA3BIKaXx.

[IK 2.1 BwIMoOngHATH pacyeThl MapamMeTpOB TEXHOJIOTHYECKUX IPOIECCOB OOpPaOOTKH METaslIOB
JaBlieHHEM, pabOThl 000PYIOBAHUS, XapaKTEPUCTHUK UCXOTHBIX 3arOTOBOK U METAJLIONPOIYKIINH.

MarepunanbHoe obecnieyeHue:
WNunuBuyanpHbIE 3a1aHNS, CIIPABOYHBIC MAaTEPHAJIbI, KOHCIICKTHI JICKIIHH.



3aganmue:
1. ®opma 3aroToBKkM MMeEEeT BUI (DHUTYpHl, OrpaHUYEHHON JIMHUsAMU. HaiiTm muiomanb AaHHOU

3aroTOBKHU
a) y=—x2+4,y:0
b) y — XZ, y — x3
C) y:exa y:eix, y:4
2.Beramciaurs 006eM IeTaNn
2
y=x", y=1, e6okpyeocu OY

IMopsiToK BHINOJTHEHHS PAOOTHI:

1) moctpouts rpaduku GpyHKINN

2) HaiTu 001acTh, OTPAHUYCHHYIO STUMU TpaduKaMu

3) cocTaBUT ONpeACNICHHBIN UHTErpal, 1Jis HAaXO0XKIESHHUS IJI0IIAI HalIeHHOW o0macTu

Ipumep 1: Haiitu miomans o6nacty D (3aroToBka aeram), orpaHHYeHHON KpUBBIMU Y = X2 + X +
11,y=2x-9, npu yciosuu,
x<=1
_ .2
y=x"+x-11,
D iy==:2x-9
x i1

[Ipu pemeHnn Takux 3aj1ad cieAyeT 00s3aTelabHO M300pa3UTh HMCCIETYEMBbIH T€OMETPUUYECKHM
00beKT. [l onpesieneHns HUKHETO Mpe/iesia MHTErpUPOBaHMs HaJJ0 HAlWTH TOUKY NepeceueHus] KPUBbIX;
ypaBHenue x> + X + 11 =2 x - 9 umeeT aBa KopHs: X = -1 u x = 2. [NoaxoasAmuii KopeHs - X = -1. O6nacTh
OrpaHUYEHa CBEpXy Mapabosoi, CHU3Y - MpsIMOIi, cripaBa - MpsiMOM X = 1, KpaiiHss JieBast Touka - X = -1,
MIOATOMY

l

§(0)- ﬂ(?x-9)-(x2 y -11)]3 :
-1 |

Ecnu o6nactb umeet 6os1ee CIIOKHYIO CTPYKTYpY, €€ cieayeT pa3ouTh Ha MPOCThIE YACTH .
[Tpumep 2

Bbuncnute 00beM AeTanu, KOTOpas HWACHTHYHA Tely, NOJIYYEHHOMY BpallleHueM QUrypsl,
2

OrpaHHYEHHON TUHUAME * 2x—x y=0 BOKpYT ocH 4 |
Pemenne: Kak 1 B 3a7a4e Ha HaXOXK/ICHHUE TUJIONIAIN, pellieHHe HAYUHACTCS C YepTeKa MI0CKOol
¢urypsi. To ectb, Ha MIOCKOCTH QY HEOOXOUMO TMOCTPOUTH (PUTYpPYy, OTPAHUYCHHYIO JTHHUSIMU

y=2x—x°



O . B PE3YIbTAaTC BpAllCHHA IIOJIY4YaCTCA TaKasi HEMHOI'O HﬁHeBHI{Haﬂ J€Taromas Tapeika, KoTopas

CUMMCTPUYHA OTHOCUTCIIbBHO OCHU QX .
O0beM Te1a Bpalmi€HUusI MO’KHO BBIIMC/IUTD 110 Q)opMy.JIe:

A
v =n| 7 (@)dx
2
Brerauciaum O6T>eM TCJ1a BpalllCHU, I/ICHOJ'IB?»YH ,Z[aHHYIO (bOpMy.]'Iy:

A 2 2
v =a] fA(dx = w[ (22— 2 dx = a] (4x" - 4x° +2%)dx =
a 1] i}

3 5
3 5 3 5 15
V=16—ﬂea3_=:s3,35eﬂ3.
OTtBerT:

(I)opMa NMpeaAcCTaBJICHUA pe3yjabTaTa: BhIIIOJTHCHHOC 3a/laHNE

Kpurtepun onenkmn:

Ouenka "oTiM4HO'" CTaBUTCA, €clid paboTa BBHINOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HE0OXOUMOM TOCTEN0BATENBHOCTH JEHCTBUI; B OTBETE MPABUIHLHO M AKKYpaTHO BBIMOJHEHBI BCE
3aIUCH ¥ BBIYUCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 "Henouera.

Ouenka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IO3BOJISAET IMOJYYUTh TMpPaBUIIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJIE
MpOBeJICHUS pabOThI ObUIH JOMYIIEHbI OIIHOKH.

Ouenka ""Hey10BJ1eTBOPUTEIbHO' CTaBUTCS, €CJIHM padOTa BBHIITOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHCHHOU YacTH paOOThI HE TTO3BOJISIET CAENIATh MPABIIIBHBIX BHIBOJIOB.

Tema 3.2 UHTerpasa u ero npuMeHeHue

IIpakTHyeckoe 3ansaTHe Ne 37, 38
«Pu3nvecKue NPUJI0KEHU HHTEIPAJIOB»

Lean padoThi: HayunThCs IPUMEHATH HHTETPANIBI K PEIICHHUIO (PU3MUECKUX 3a7a4
BoinosiHeHne padoThl crioco0cTBYeT (hPOPMUPOBAHUIO:

OK 01 Bwibupats criocoObl pemieHus 3a1a4 npo(ecCHOHaTbHON NesTEIbHOCTH MPUMEHHUTEIIBHO K
Pa3JINIHBIM KOHTCKCTaM



OK 03 IlnaaupoBath U peaan30BbIBaTh COOCTBEHHOE MPO(ECCHOHATLHOE U JIMYHOCTHOE Pa3BUTHE,
PEINPUHIMATENBCKYIO JeSITEIbHOCTh B TPO(ECCUOHATBHON cepe, NCIOIb30BaTh 3HAHUS 110 TPABOBOM
1 (PMHAHCOBOM IPaMOTHOCTHU B PA3JIMUHBIX )KU3HEHHBIX CUTYalUAX

OK 06 IIposBasATh TIpakJaHCKO-NATPUOTUYECKYIO IO3MILIHI0, JEMOHCTPUPOBATh OCO3HAHHOE
IIOBEJICHHE HAa OCHOBE TPAJUIMOHHBIX POCCHUICKHX JYyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM 4HUCIIE C
YY4ETOM TapMOHHU3AIMH MEKHAIIMOHAIBHBIX M MEXPEIUTHO3HBIX OTHOUICHUH, NMPHUMEHSATh CTaHAAPTHI
AHTUKOPPYILUOHHOTO OBEACHMUS

OK 07 CopneiicTBOBaTb COXPaHEHUIO OKPYJKAIOLIEH Cpefbl, pPecypcocOEpeKeHHUI0, MPUMEHSATh
3HaHUS 00 M3MEHEHUM KIMMAaTa, NPUHLUIBI OEpexXIMBOro MPOU3BOACTBA, 3()(PEKTUBHO AEHCTBOBATH B
Ype3BbIYAIHBIX CUTYAIHSIX

OK 08 HMcnonbs30oBath cpeacTBa GU3HMUESCKON KYJIBTYPBI IJIs1 COXPAHCHUS M YKPEIUICHHS 3/I0POBbS B
nporecce MpohecCHOHATBHONW JEATETbHOCTH M TOJJAEpKaHUs HEOOXOTUMOTo YpOBHS (U3NYECKOM
[OJITOTOBJICHHOCTH

OK 09 ITonp3oBarbest mpoheCcCHOHATFHON JOKYMEHTAIMEe Ha TOCyJapCTBEHHOM M MHOCTPAHHOM
A3BIKAX.

[IK 2.1 BHIMONHATH pacdeTsl MapaMeTpOB TEXHOJOTHUECKUX IPOIECCOB 00pa0OTKH METaIOB
JaBlieHHEeM, paboThl 000PYI0BAHUS, XapaKTEPUCTUK UCXOIHBIX 3arOTOBOK U METAJNIONPOYKIIHH.

MaTtepuanabHoe o0ecnieyeHue:
I/IH[[I/IBI/IZIyaJIBHI)IG 3aaHus, CIIPABOYHBIC MaTCpHaibl, KOHCIICKThI HCKHHﬁ.

3ananne:

1) Beruncnure macey yuactka crepskHs X1= 0 10 X2=3 (M), €ciM ero JIMHeiHas IUIOTHOCTb 3a1aeTcs
opmynoit p(x) = x* + 1(xr/m>).

2) CkopocTh JBM)KEHUS Ha KOHBeWepHoil isiente v=v(t). Haiimem nyTe S, mnpoiineHHbII
COJIEP’KUMBIM KOHBEHEPHOM JICHTHI 32 IPOMEXKYTOK BPEMEHH OT t1=2 70 t2=7 MUH.

3) Teno OpolieHO BEPTUKAIBHO BBEPX CO CKOPOCTbIO, KOTOpash M3MEHSAETCS 10 3aKOHY
v =29.4 —9.8¢ M/c. HaiiTu HanOoJbIIyIO BEICOTY MOABEMA.

ITopsinok BbINOJHEHHS PadOTHI:

vy t
1) armicats GopMyIty, HCTIONB3Ys ONPEICNCHHBII HHTErpan S = [, * v(t)dt
2) BrruucnuTs onpeneneHHsii HHTErpain

o o — g+l _ ) o o o
1. CxopocTh OBMKEHHS Ha KOHBEWEPHOM JieHTe ¥ — (9t 8t \/c. Haiitu myTs, 10 OUJIEHHBIN
YTb,
COJIEPKUMBIM KOHBEHEPHOM JICHTHI 32 4-10 CEKYH/TY.

flty=o0t*- 8t, t; =3,t, =4

Pemrenne:  cormacHo  ycClOBHIO, 2 . CnenoBarensHo,

§= I;{@rz — 8t)dt = [3t3 — 4t%]% = 83 (m).

2. Beruucnure Maccy yuyactka ctepxHs X1= 0 10 Xo=1 (M), eciu ero JMHeNHHas! JI0THOCTh 3a/1aeTCs
dopmymnoit p(x) = x> + 1(kr/m>).
Pemrenne:
Cornacho opmyie, umeem:
T2

m = /p () dx

F

1

. 3
m / {.r"] + ]} dr (}—{ -+ :r)

il

Orser: 1,33 kr

3. Teno GpomieHO ¢ MOBEPXHOCTH 3€MJIM BEPTUKAIBHO BBEPX CO CKOPOCThIO vV = (39,2—9,8t) m/c.



Haiitu HanbonpIIyto BEICOTY MOAbEMA TEA.
Pemenwue: Teno qocTUTHET HAMOOIBINEH BBICOTHI TIOIbEMA B TAKOW MOMEHT BpeMeHHU t, korja v = 0,
1.€. 39,2—9,8t = 0, otkyna t=4 c. [lo dpopmyne (1) Haxonum h=78.4

(I)opMa NMpeacTaBJICHUA pe3dyjbTaTa: BEIIIOJTHECHHOC 3a1aHUC

Kpurepumn oneHku:

Ounenka "oTau4HO'" craBUTCS, ecnu paboTa BBIOJIHEHA B TOJTHOM O0BEME C COOIIOJIEHUEM
HEOOXOAMMOM IOCIeI0BAaTeILHOCTH JICUCTBHI; B OTBETE MPABWIBHO W aKKypaTHO BBIMOJHEHBI BCE
3aIIMCU U BEIYUCIICHUS.

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

Ouenka "y10BJIeTBOPUTEIBLHO'" CTAaBUTCS, €clii padOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUIN JOMYIIEHBI OIIHOKH.

OueHka "Hey10BJI€TBOPUTEIBbHO'" CTaBUTCS, €CIIM padOTa BBIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISET CCNIATh MPABHIIbHBIX BHIBOJIOB.

Tema 4.1. KoopanHaTbl 1 BeKTOPbI

IIpakTnueckoe 3ansaTue Ne 39
«BekTopbl. leiicTBus ¢ BeKTOpaMu. /lekapToBa cucTeMa KOOPAUHAT B IPOCTPAHCTBE.
Paccrosinne Mexay ToUKaMm»

He.]'lb: Hay‘H/ITI)CSI BBIIIOJIHATH JIGI\/'ICTBI/ISI C BECKTOpaMu, HaXOAUTh paCCTOAHUE MCKY TOYKaMU.

Boinosinenue padorsl cnoco6cTBYeT GOPMUPOBAHNIO:
OK 01 BeibupaTth cmocoObl pemieHds 3aaad NpoecCHOHANBHON eATeIbHOCTH MPUMEHUTENBHO K
Pa3JINIHBIM KOHTCKCTaM
I[IK 2.1 BrmomHAT, pacyeThl MapaMeTpoB TEXHOJIOTHYECKHUX IPOLECCOB 00pabOTKH METalioB
JaBJICHUEM, pa6OTI)I o60py)1013aH1/151, XapaKTCPUCTUK UCXOJHBIX 3arOTOBOK 1 MECTAJLJIONIPOAYKIIUH.

MaTepna.}Ibﬂoe o0ecneveHue:
I/IH,Z[I/IBI/I,Z[yaHBHBIC 3aaHusl, CIIPABOYHBIC MaTCpHaJIbl, KOHCIICKTBI JICKITUH.

3aganme:

Pemnre 3anaun:

m- KOJINYECTBO OYKB B UMEHH
n- KOJIM4ecTBO OyKB B (hamMumnu
P- MecsLl POXKACHUS

—
1. Jlaubr nBe TOukHM: A(m;—n;0) W B(p; —n; 2).Paznoxure BEKTOp 4B MO BEKTOpaMm Oa3uca M
HaWJWUTE ero JTUHY.

- > o - - -

- — — —
2. JlaHbBl BEKTOpH @ =p i— j+mk u b =n i+ pk Haliagure KOOpIUHATH BEKTOPA ¢ =ma—n b

- > o -
3. Berumcnure CKalspHOE TPOU3BEICHUE BEKTOpOB(d—2b)-a, ecmum a ={— m;n; p} "

Zz {0;—p;n}.

4. Tlpu kaKOM 3HAYEHUU «x» BEKTOPHI d = {m;—n; x} ub= {— 2m;2n; p} OyIlyT KOJTHHEAPHBIMHU ?



5. Temo, Ha KOTOpOE AEWCTBYeT mocTosiHHas cuina F = (2n; —3p; 5), nepememaercss mo OTpe3Ky
npsMoii U3 Touku A (-n; 2; -m) B Touky B (1;m;2). Beraucnure paboTy 3TOM CHIIBL

Iopsinok BbINOJIHEHUS PA0OTHI:
1. BHMMaTenbHO 03HAKOMBTECH C YCIIOBUEM 3ajaHUS.

2. Ilonp3ysch KOHCHEKTaMH JIEKUUH, Moadepure HYXKHYIO (QOpMyJy HWIH COOTBETCTBYIOIEE
YCIIOBUE JJISl PELLIEHUS 3a4a4u.

3amauga Ne 1. Jlanbl Touku A(—3;1;—1) u B (2; —4; 1).

N .
Pasnoxxure BEeKTOp 4B TO BEKTOpaM 0a3uca M HAWIUTE €ro JUIHHY.
Pemenue.

1) E = {2 —(-3);—4-L1—-(— l)} = {5;—5;2} - KOOpAUHATBI BEKTOPA.
2) Pasnoxum 4B 1O BeKTOpaM Gasuca:

AB=5i-5j+2k.

3) Anuny ‘ AB| Hai[eM 110 popmyire:

al=+x"+y> +2z%;
I
AB|=+/5% +(=5)> +2*> =54 =96 =36 .
3amaua Ne 2.
Jlanbl BekTOpbl a = i—3 j+k u b = 2i+ k Haiigure KOOPAMHATHI BEKTOpa ¢ = a—2 b .Pemenne
a=1{1;-3}.

b={-201}; 2b=1{402).

c=a-2b= {31}~ {-4:0:2)= {l - (~-4)-3 - 031 - 2} = {5:-3-1)..
3amaua Ne 3

> o o

BhrumciuTe cKamspHoe npoussenenue (2a+ b)-a, ecmu a =1{1;0;3} u b=1{2;-11}.
Pemenne

1) Haiiném koopauHaTsl 2 a:
-
2a = 1{2;0;6}
2). Haiiném koopauHaThI 2 a+ b

2a+b={20:6)+ 211} = {417},

3). Haiiném ckansapHoe mpou3BeeHuE:
- o> -

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

3
) 1 ;3} OyAyT KOJUIMHEApHBIMU?

- - 1
ITpn KakOM 3HaYEHHHU «x» BEKTOPBI d = {4;—6;x} ub= {— 5

VYcioBrE KOIIMHEAPHOCTH BEKTOPOB:



— — xl y] Zl
a U b KOJIHI/IHeapHLI, CCIIN —=—=——.,
X, V2, 2

[Tonyuum:
4 -6 x
13 73
2 4
8= x= 2.
3

3anaya Ne 5

Teno, Ha KOTOpOE AEUCTBYET NOCTOSHHAS CUJIa F= (4; —3; 5), mepemeniaercs Mo OTPE3KY MPAMOit
u3 Touku A (-5; 2; -1) B Touky B (1;3;2). Beruucnure paboTy 3TOW CUIIBIL.

Pewenne:

Wnmeem AB=(1-(-5))7+(3-2)]+(2-(-1))k=61+] +3k

Teneps Bocnionb3yemcst popmysoin W= F*AB=4*6-3*1+5*3=36

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIIOIHEHHOE 33 JaHHE.

Kputepuu onenkmu:

Ouenka "oTJMYHO'" CTaBUTCA, €Clid padOTa BBHINOJHEHA B IMOJTHOM OOBEME C COOJIOJICHUEM
HEOOXOUMOM TIOCIIEIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIOJHCHBI BCE
3aIIUCH U BBIYHMCIICHUS.

Ounenka "'Xxopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI

2-3 Hegouera.
Ouenka "yI0BJI€TBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM

BBIIIOJIHEHHON YacCTH TAaKOB, YTO IO3BOJIACT IMOJYYUTH IMPABUIIBHBIC PE3YyJIbTATbl U BBIBOABI, B XOJC

MIPOBEIEHUS pabOThI ObUIN JAOMYIIEHbI OIIHOKH.
Ouenka "Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIH padOTa BBHIIOJIHEHA HE MOJHOCTHIO U 00BEM

BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENATh PABHIIbHBIX BHIBOJIOB.
Tema 4.1. KoopanHaTsl 1 BeKTOpPbI

IIpakTuyeckoe 3ansaTue Ne 40
«/lekapToBa cucTeMa KOOPAUHAT HA IJIOCKOCTH. YPaBHEHHS NIPSAMOH, OKPY’KHOCTH.
Pemienue 3a1a4 Ha pacnoJioKeHHe MPSIMBIX HA MJIOCKOCTI

Hean padorbi: HayunThes pemaTs 3a1a4u Ha HaXOKJICHHE YPaBHEHHUU MPSMBIX U OKPYKHOCTEH,
Ha PacCIOJIOKEHUE MPSIMBIX Ha TUIOCKOCTH.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHNIO:
OK 01 BeibupaTth crnocoObl pemieHds 3aj1ad NpoPecCHOHANbHON JeATEIbHOCTH MNPUMEHUTENBHO K

Pa3JINIHBIM KOHTCKCTaM

MarepunanbHoe obecnieyeHue:
WNunuBuyanpHbIE 3a1aHNS, CIIPABOYHBIC MAaTEPHAIIbI, KOHCIICKTHI JICKIIHH.

3aganue:

m- KOJINYECTBO OYKB B UMEHH
N- KOJINYECTBO OYKB B (haMuiIuu
P- MECSII POXKICHUS



1. Haiitu TOUKy nepecedeHus NpsMbIX: mx —py+n=0 U x—y—p =0.

2. HaiiguTe OCTpbIil yroa MEXIy MPSIMBbIMU:

mx+ny—p=0HuUnx—py—nm=0.

3. CocTaBbTe ypaBHEHHE IIPAMOM, MapajlenbHol mpsamoilt px+y —m =0 u npoxoasmeii yepes

TOYKY A(—n; 1).

4. U3 Toukm A(m; —1) Ha mpsamyio hX+ py+1=0 onymen nepnemguxymsap. CocTaBbTe ero

ypaBHEHUE.

Iopsinok BbINOJIHEHHUS PA0OTHI:

1. BHMMaTenbHO 03HAKOMBTECH C YCIIOBUEM 3aaHMUSL.

2. Ilonmp3ysach KOHCHEKTaMH JIEKIUH, MoadepuTre HYXKHYIO (QOpMyJy WIM COOTBETCTBYIOIIEE
yCIIOBUE JJIsl PELLEHUS 3a7aun

3amgauga Ne 1
Haiitu Touky nepecedeHus mpsmMbIx:

2x+3y-12=0ux-y-1=0.

Pemnm cucremy:

2x+3y—-12=0, 20+ y)+3y—-12=0,
{X—y—I:O; {le—i—y;
24+2y+3y—-12=0, 5y =10, y=2,
{x:1+y; {x=l+y; {x:3

OTtBeT: TO4Ka M (3; 2).

3amaya Ne 2
OrnpenenuTts yroj MexIy MPsSMbIMU, 33JaHHBIMU YPAaBHEHHUSIMU:

2x-3y+6=0u x+5y-2=0.

Pemenue
Haiinem yrinoBsie KO3 GUIUEHTHI ITUX IPSIMBbIX:
2x-3y+6=0; x+5y-2=0
-3y=-2x-6, Sy=-x+2,
—zx+6 ——lx+%
AR TS
2 1
k, =—. k,=——.
i s
., kz_kl
[MoxcraBuM  HalineHHsle  3Hauenuss k, wuw k, B  dopmyny: (Igp=—"—.
l+k -k,
b2 B
1
e NE R
I+(—2)-— —
( 5) 3 15

tgp=-1, ¢p=135".

[TonmyyeHHBI Yroia MeXAy MNOpsMbIMH - Tynod. CMeXHbBI ¢ HUM, OyIeT OCTpbIi, TO ecTb

0, =180° —135° =45°.

3agaua Ne 3
1. CocraBbTe ypaBHEHHE TIPAMOii, mapawiensHoil npamoit 3x +3y —7=0 u npoxoxsmeii yepes



TouKy A(-2;6).

Pemenue

CocTaBum ypaBHEHUE my4dKa MPSIMBIX, MIPOXOISIINX yepes TOUKY
A(-2;6).

y—6=k(x+2)

Haxonum yrioBo#t kodhpuImeHT 1aHHOM MPSAMOK:

3y=-5x+7,

5 7 5

=—=x+—; k,=——.
YeT3t Ty A 3

5 . . .
Tak xak npsiMble NapanaenabHel, TO k, = — 3 yII0BoH KO3 (HULIUEHT HCKOMOH MPAMOii.

N 5
IToncraBuM HaliieHHOE 3HAUYCHUE kz =— g B YPAaBHCHHC ITYyYKa IIPSAMbIX:

y-6=k(x+2);
ocJie npeodpa3oBaHuUs MOIYIUM:

Sx+3y-8=0.

3agaua Ne 4
U3 Toukn A(-3;5) Ha npamyro X — 2y + 3 =0 omymen nepnenaukysp. Hanucars ero ypaBHeHHE.

Pemenue

CocraBum ypaBHEHHE yuKa HPSAMBIX, HPOXOISIINX uepes TOUKY
A(=3;5).
y=5=k(x+3).
Haiiziem yrinoBoit kosduuuent k, npsamoit X —2y +3=0;
-2y=-x-3;
1 3

=—x+=;
4 2 2

1

k, = 5

VuuThiBas yCIOBHE MEPHEHAMKYISAPHOCTH MNPAMBIX: Kk, = —k—, HaliIeM YpaBHEHUE HCKOMOMU
2

IpsAMOI
k,=-2.
y-5=-2(x+3);
y+2x+1=0.
OtBeT: ) + 2x+1=0.

(I)opMa npeacTaBJCHUsA pe3yabTaTa: BRIIIOJTHEHHOC 3aJlaHUE.

Kpurtepun onenkmn:

Ouenka "oTiMYHO'" CTaBUTCA, €clid paboTa BBHINIOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOUMOM TOCTIEAOBATEIBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIOJHEHHI BCE
3aIMCH U BEIYUCIICHHA.

Ouenka "'Xopouo' cTaBUTCs, €CIM BBITIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIICHbI
2-3 HenouerTa.

Ouenka "yI10BJIeTBOPHUTEIBHO'" CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM



BBITIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYWUTh MpPAaBHIIbHBIE PE3YJIbTAaThl U BBIBOJBI; B XOJE
MPOBEICHUS paObOTHI OBUIN JTOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEJbHO' CTaBUTCS, €CJIM padOTa BBHIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITTOJIHEHHON YacTH pabOThI HE TIO3BOJISET ClIENIATh MPABUIIBHBIX BHIBOJIOB.

Tema 4.2. [Ipsimble ¥ JIOCKOCTH B IPOCTPAHCTBE

IIpakTnueckoe 3ansaTue Ne 41
«Pemenue 3a1a4 Ha NAPALIEIBHOCTD NPAMOM U MJIOCKOCTID

Henp padorel: HayunThes pemats 3ajaun Ha NapauleIbHOCTh MPSIMOW U INIOCKOCTH, UCIIOJIB3YS
IIPU3HAK NapAJJIEIbHOCTH IIPSIMOMN U IVIOCKOCTH.

Brinosinenue padorsl cnoco6cTByeT GOPMUPOBAHNIO:
OK 01 BeiObupars crnocoObl pemieHust 3aaad MNpo(ecCHOHAIBHONW JAEATENbHOCTH NPUMEHUTENIBHO K
Pa3JIMIHBIM KOHTCKCTaM
OK 05 Ocy1iecTBasaTh YCTHYIO U IMCbMEHHYIO KOMMYHUKALIMIO HAa FOCYAapCTBEHHOM sA3bIKe Poccuiickon
denepanyy ¢ yueToM 0COOEHHOCTEN COLUATBHOIO U KYJIBTYPHOTO KOHTEKCTa

MarepuanbHoe odecnevyenue: VHauBuyanbHbie 3aaHusI, CIIPABOYHBIC MATEPHAIbl, KOHCIICKTHI
JICKIINN.

3aganme:

m- KOJINYECTBO OYKB B UMEHH
n- KOJINYeCTBO OYKB B (hamunuu
P- MECSIIT POXKICHUS

3amaualNel

Touka K He nexut B minockoctu kBagpara ABCD. Touku M u P - cepeauns! otpeskos KB u KC.
1). Kak pacnonosxens! npsimeie AD u MP?

2). Beruncnure anuHy orpe3ka MP, ecnu ctopoHa KBajpaTa paBHa n CM.

3agaua Ne2

OcnoBanue AD Ttpanenuun ABCD Haxonutces Ha miockoctd P, a ocHoBanne BC otrctouT oT Hee Ha

> v DA +
p CM. Haiigute PacCTOAHUEC OT TOUYKHU NCPECCUCHUSA JUArOHAJICH OO IMJIOCKOCTU P, €CJIn 5 = M.

m

3anmaga Ne3
[Inockocts P mepecekaer ctoponsl AB nm AC tpeyronsHuka B Toukax Bi m Ci; cOOTBETCTBEHHO.
B1Ci napannensna BC u paBHa p cM, a AC,: C,C = m:n. Haittu BC.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. BHMMaTenbHO MPOYUTANTE YCIOBUE 3ada4H.

2. 3anuiuuTe, 4TO B 33/1a4e aHO, CAeNIaliTe PUCYHOK.

3. Ilpoananu3upyiTe yCIOBUE 3a/1a4d, PACCykaas OT TOTO, YTO HY>KHO HaWTH. BcrioMHuTE, Kakue
TeopeMbl U (HOPMYITBI TTOHAJO0SATCS TIPU PEIICHUH 3a/1a4H.

4. Pemnre 3a1avy. 3aluIlnTe OTBET.

[Ipu pemienun 3amay Ha STy TEMY MCIHOJB3YETCs ONPEIEICHUE NapaUieIbHbIX MPAMONU U
IIJIOCKOCTH, MPU3HAK MapaJlJIEIbHOCTH MPSAMON U IJIOCKOCTH, @ TAK)KE BAILI 3HAHUS U3 IJIJAHUMETPHUH.

3agaua Nel
Touku A, B, Cu D He nexxar B onHoit miockoctu. K u M — cepenunst otpe3koB BD u CD.
1) Wwmetot nu o6mue Touku npsmas KM 1 miockocTts, B KOTopoi exar Touku A, B u C?



2) Boruucaure nepumerp tpeyroapHuka AKM, eciam paccrosiHue
MEXly KaX/10i1 Mapoil TaHHBIX TOYEK PaBHO 8 CM.

K M JlaHo: ¢, A€x, BEx,CEx,
BK=KD, CM=MD,
I > AB=AC=BC=AD=BD=CD=8 cm
\iW 1) nepecekatorcst iu KM «
o A 2) Haiitu P,y
Pemenne:

1) Touxa K sBnsiercs cepenunoit otpe3ka BD, Touka M- cepenuna otpeska CD. 3HauuT 0Tpe3ok
KM - cpennsisa nunus tpeyroiabauka BCD.

ITo cBOKMCTBY cpeaHEl NMHUM TPEYroiabHHKa KM||BC, KM = éBC. CnenosarensHo, orpesok KM
NapajulesieH MpsAMOM, JIeKaled B IUIOCKOCTH. Ilo mpu3HaKy mapaiieslbHOCTH NMPSAMOW M IUIOCKOCTH,
orpe3ok KM u mockocTh napaiesibHel, T.€. HE IePeCceKaroTCsl.

2)P iy = AK + AM + KM

KM =~BC KM =4cm,

Pacemorpum tpeyrompauku ACD u ABD: AC=AD=AB=CD=BD, 1.e. ACD u ABD- paBHbIe
PaBHOCTOPOHHUE TpPEyroJbHUKH, a oTpe3ku AM u AK- menuanbl M BBICOTBI 3THUX TPEYTOJbHUKOB.
Hatinem 3Ti oTpesku:

AK = AM = VACZ — MC?

MC = 4 cm.

AK = AM =82 — 42 =64 — 16 = V48 = 4/3 cm
Puewy =4+ 43 +44/3 =4 +8/3cm

3amaya Ne 2
OcnoBanue AD Ttpanenuu ABCD naxonutcs Ha miockoctd P, a ocHoBanne BC otrctouT oT Hee Ha
5 CM. Haiinure pacctossHUE OT TOYKM IEPECEUECHUS AUArOHAIEN J10

DA 7
ILIOCKOCTH P, eciu Pl

Jano:
ABCD — tpaneuus,
g. BBi=5cM, BB1+ P
Haiitu: paccrosiure ot M o mmockoctu P

DA
cB

Pewmenue

1) U3 touku M nposeznem k minockoctu P nepnennukynsp OM. CnenoBarensHo, OM- paccTosiHue
or M 1o miockocru P.

2) Paccmotpum AADM u ACBM

£BMC = £DMC KakK BEPTHKAaJIbHbIE

£CBM = £ADM Kak HaKpecTJIexalue mpH napamienbHbix npsameix BC nu AD u cexymeit BD.

DA DM AM
3HauuT, AADM ¥ ACBM MOHAOOHEI U — = — = —,

CcD BM M
ba_7_,ba_DM _AM _ 7

B 3 ¢0 BM M 3
DM 7

Ml 5 pM=-LBDBM=->BD
BM 3 10 10
3) Paccmotpum ABB,D u AMOD

£D — o6mmi, £BB;D = £MOD = 90° = ABB,D ~ AMOD

BBy _ BD
MO ~ MD

BBy _ BD 10

Mo~ 07BD 7
MO =-LBD
10



MO =%-5 = 3,5 cm.
OtBerT: 3,5 cm.

(I)opMa NMpeacTaBJICHUA pe3yjabTaTa: BEIIIOJIHCHHOC 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HO" cTaBUTCS, ecnu paboTa BBINOJHEHA B TOJHOM O0BEME C COOJIIOJICHUEM
HEOOXOIMMOM IOCIeI0BATEILHOCTH JIEUCTBHI; B OTBETE NPABMWJIBHO W aKKypaTHO BBITIOJTHEHBI BCE
3aIIMCU U BEIYUCIICHUS.

Ouenka '"xopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JAOIMYIICHBI
2-3 Hemouera.

Ouenka "y10BJIeTBOPUTEIBHO'" CTAaBUTCS, €clid PabOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MpOBeICHUS pabOThI ObUIN JOMYIIEHBI OIIHOKH.

OueHka "Hey10BJIEeTBOPUTEIBbHO'" CTAaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISET CCNIATh MPABHIIbHBIX BHIBOJIOB.

Tema 4.2. [IpsiMble U JIOCKOCTH B IPOCTPAHCTBE

IIpakTHyeckas pabora Ne 42
«Pemrenne 3a1a4 HA NEePNEHANKYJISAPHOCTb NPSAMOM U MJIOCKOCTH)

Heab padorbi: HayunThest ucronb3oBaTh MpU3HAK NEPHEHANKYISPHOCTH MPSAMOM U IUIOCKOCTH,
TEOpEMY O TpeX NEPNEHANUKYIAPAX IMPU PELICHUH 3a/1a4.

BoinosiHenune padoTsl crnocodcTBYeT (POPMUPOBAHUIO:
OK 01 Beibupate crnocoObl pemieHus 3anad NpoPecCHOHANbHOM JAEATEIbHOCTH NPUMEHUTENbHO K
Pa3IMYHBIM KOHTEKCTaM
OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYIO KOMMYHHUKAIIMIO HA TOCYJapCTBEHHOM si3bIke Poccuiickoit
deneparyy ¢ y4eTOM 0COOEHHOCTEH COIMABHOTO M KYJIbTYPHOTO KOHTEKCTa

MarepunanbHoe obecnieyeHue:
I/IH)II/IBI/IZ[yaHI)HBIG 3aaaHus, CIIPAaBOYHBIC MaTCpHaJIbl, KOHCIICKThI HGKHHﬁ.

3aganue:

m- KOJINYECTBO OYKB B UMEHH
n- KOJIM4ecTBO OyKB B (hamMumuu
P- MecsLl POXKACHUS

3anmagaNel

Han pom6 ABCD. 13 Touku nepecevyenus ero quaronaiei nposesaeH orpe3ok OF, tak, uto AF = £F
, BF = DF. Jlokaxute, yto OF mneprneHaukyiIsipeH IIOCKOoCTH pomba, oTpe3ok AC meprneHAuKyIsipeH
mnockoctu BDF.

3anauga Ne2

Jan paBHOOeApeHHBIH TpeyroabHuk ABC. AC = BC= »n cM, AE = m+ 5 cm. U3 Bepmmabl yrira C
IIPOBEJIEH K IUIOCKOCTH neprneHaukyisip CD, paBublil # cM. Halinure paccrosinue ot Touku D 10 cTOpOHBI
AB.

3amaua Ne3

Toukn A u B nexaT B IJIOCKOCTH o , M — Takasi TOYKa B IPOCTPAHCTBE, AJII KOTOpPOU AM = m
, BM = n u opTOrOHaJbHAs MPOEKIMS Ha TJIOCKOCTh o OTpe3ka BM B Tpu pasza 0oJbllle OPTOrOHAIBHON



MPOEKIUU Ha ATy IJIOCKOCTh oTpe3ka AM . Halinure paccTosHue OT TOYKU M 10 TIJIOCKOCTH ¢ .

3anaga Ne 4

Bricora mnpsmoyrosbHOro TpeyronbHuka ABC, omylleHHas Ha TUIOTEHY3y, paBHa p cM. U3
BepuiHbl C IpSIMOTO ~ yIJla  BOCCTaBIIEH K  IUIOCKOCTH  TpeyrosibHuka ABC nepnenaukyisip CM,
npuueM M = m+ »n cM. Halinure paccTosiHre OT TOUKU M 10 TUIIOTEHY3bI AB.

IMopsiaok BbINOJIHEHUS PA0OTHI:

1. BHuMarenpHO NPOYMTANTE YCIOBHUE 3aJaUH.

2. 3anuiuuTe, 4TO B 3a/1a4€ JJaHO, CACIANTE PUCYHOK.

3. Ilpoananu3upyiTe yCIOBUE 3a/1aud, pacCyXkaas OT TOTO, YTO HY>KHO HaWTHU. BcrioMHuTe, Kakue
TeOpeMbI U (DOPMYITBI TIOHATO0SATCS TIPU PEIICHUH 3a/1a4H.

4. Pemnte 3aavy. 3aluIlnTe OTBET.

[Ipu pemieHun 3amay Ha 3Ty TEMY HCIOJIB3YETCS ONPEEICHUE MEPIEeHIUKYISPHBIX MPSIMON U
IJIOCKOCTH, MPU3HAK MEPHEHAUKYISIPHOCTH MPSMOU U IUIOCKOCTH, TEOPEMBI O TpeX MEePHEeHAUKYIIpax, a
TaKKe BalllM 3HAHUSA U3 IUITAHUMETPUHU

3ajaua |
W3 touku mepeceuenus auaroHainei napamuienorpamma ABCD mpoenen orpesok OM Tak, yuTo
MA = MCME =MD, Jlokaxkute, yTo oTpe3ok OM nepreHauKyIspeH JI0CKOCTH NapajuieorpaMma.

Jano:
M AECD - mapammemorp aMM
ACNED =0
D C MA =MI,ME =MD
0 Jlokazarp: PM-L{ABCD)
A E
JlokazaTenbCcTBO

1) Paccmorpum tpeyroapHuku AOM m COM. OM - obmas cropoHa, MA =MC 10 YCJIOBHIO,
ACQ = 0C M0 CBOMCTBY JMaroHajeil napamuieaorpaMMa. 3HauuT, TPEYTOIbHUKU PABHBI [0 TPEM CTOPOHAM,
T.e. AAOM = ACOM, CnenoBaresbHO, £AOK = ~C0M,

T. K. 5TH YIUIbI CMEKHBIE ¥ PaBHBIE, TO OHM paBHBI 110 90°, T.e. OM L AC.

2) Paccmotpum tpeyronbHuku BOM u DOM. OM - oOmas cropona, ME =MD 10 yCIIOBHIO,
BQ = 0D 1o CBOMCTBY JMaroHajel napamieiaorpaMMa. 3HauuT, TPEYrOJIbHUKU PaBHBI 110 TPEM CTOPOHAM,
T.e. ABOM = ADOM. CrenoBaTenbHO, £BOM = 2 DOM,

T. K. 5TH YIJIbI CMEKHBIE U paBHBIE, TO oM paBubl 1o 90°, T.e. OM LBD.
Yy , ,

3) Ol L AC,
o L ED

} = (M L (ABCD ) oo mps a8 ary Oep e HARKFAPHOCTH OPAM 0 H II10CHOCTH,

3anava 2

Croponsl Tpeyronbauka 10 cm, 17 cm u 21 cm. M3 BepminHbl OOJBIIETO yIia 3TOr0 TPEyroJbHUKA
MIPOBEJICH MEPIEHINKYJISP K €ro IUNIOCKOCTH, paBHbIM 15 cm. Hailinure paccrosHMe OT €ro KOHLOB 10
Oo0JIbLIeH CTOPOHBI.

Hano:
c D AAEC,AE = 10 e, BC = 1701, AC = 21lem

M EDL{AEC),ED = 150
Haiitu paccrosaue ot Bu D no AC

Pemenue



1) JomnoaHuTenbHOE MOCTPOCHUE: MpoBeAeM EM L AL,

3nauut, BM- paccrosnue ot B 1o AC.
DM — marmorHaa
BM — mpoeripia Haromonsol (= DM L AC = DM — paccrogunre oT D go AC,
EM L AL,

2) Jlns Toro, yToObl HaiiTH BbicoTy BM Tpeyronpauka ABC, BeIYMCIMM CHayaja €ro IJIOUIajb,
z+b+c

ucnons3ys Gopmyiny Lepona 5, =.fp (p—el -lp—8) (p—c), p= -

Lb+17+21
== = 24

Sapp =24 (24— 100 (24 —17) - (24 — 21) =24 - 147 - 3 = Bdee?
3) 3anuiem GopmyITy JUTsl BBIYUCICHUS TUIOMIAN 5, = i”‘h

[Tpumenum 3ty GopMyily K HallleMy TPEYTOJIbHUKY: Faspr = iAC - BM.

v . _ 24gac
Beipasum u3 otoit popmynst BM: - EM ===

M =2 =g
21
4) Paccmotpum TpeyronbHUK BDM- npsMoyroibHbId, T.K. BD L [ABC).
ITo Teopeme Iudaropa naiitnem DM:
DM =EBD? + BM?
DM? =157 + 8% = 289
DM =+/289 =17 o
OTBeT: pacCTOSHUSI OT KOHIIOB NIEpIEeHUKYIIsIpa 10 cTopoHbl AC paBHbI 8 cM 1 17 cm.

®opma npeacTraBiaeHust pe3yJabTaTa: BHIIOTHEHHOE 3aJaHHE.

Kpurtepun ounenku:

Ouenka "OTJMYHO'" CTaBHUTCS, €cliM pabdoTa BBHINOJIHEHA B IMOJHOM 00BEME C COOMIOaEeHUEM
HEOOXOIMMOM TOCIeI0BATEILHOCTH NIEUCTBHUI; B OTBETE NPABWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Ouenka "xopomo' cTaBUTCS, €CJIU BBIIOIHEHBl TPEOOBaHUS K OLIEHKE "OTINYHO", HO JOIMYIIEHbI
2-3 Hegouera.

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOTHEHHOW YacTH TaKOB, YTO IO3BOJISIET MONYYUTh MPAaBHIIBHBIE PE3YNbTAaThl U BHIBOJBI; B XOJIE
MIPOBEJIEHUS pabOThI ObUIN JAOIMYIIEHbI OIIHOKH.

OueHka ""Hey10BJI€TBOPUTEIBbHO'" CTaBUTCS, €CIHM pabOTa BBHIMIOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHCHHOW YacTH paOOThI HE TTO3BOJISET CENIATh MPABIIBHBIX BHIBOJIOB.

Tema 4.2. [Ipsimble ¥ JIOCKOCTH B NPOCTPAHCTBE

IIpakTnyeckas padora Ne 43
«PeureHne 3a1a4 HA IPUMEHEHHE TeOPEM 0 TPEX NMePHEeHAUKYISIPax»

Heanb padorbl: HayunThCs MCNONIB30BaTh MPU3HAK MEPHEHIUKYISIPHOCTH NPSIMOM MU IIJIOCKOCTH,
TEOpPEMY O TpeX NEPIECHAMKYJISAPAX I[PU PEIICHUU 3a1ad.

Brinosinenue padoTsl cnocod6cTBYeT GOPMHUPOBAHNIO:
OK 01 Beibupare cmocoObl pemieHus 3amad Npo(ecCHOHATBHON JACSITEIBHOCTH MPUMEHUTEIBHO K
Pa3JINIHBIM KOHTCKCTaM
OK 05 OcyniecTBaaTh yCTHYIO U TUCbMEHHYIO KOMMYHHUKAIIMIO HA TOCYIapCTBEHHOM si3blke Poccuiickoi
denepanun ¢ y4eTOM 0COOEHHOCTEH COLMATBHOTO U KYJIBTYPHOTO KOHTEKCTA



MarepunanbHoe obecrieyeHue:
WunuBuyanpHbIe 3a1aHNS, CIIPABOYHBIC MAaTEPHAIIbI, KOHCIICKTHI JICKIIUH.

3aganue:

m- KOJINYECTBO OYKB B UMEHH
N- KOJINYECTBO OYKB B (haMHIIUH
P- MECSIII POXKIACHUS

3anagaNel

Han pom6 ABCD. 13 Touku nepecevyeHus ero quaronaiei mposeaeH orpe3ok OF, tak, uto AF = £F
, BF = DF. Jlokaxure, uro OF mepneHauKyJIsIpeH TUIOCKOCTH poMOa, oTpe3ok AC meprneHAuKYJISIpeH
mrockoctu BDF.

3anaya Ne2

Han paBHOOeApeHHbI TpeyroabHuk ABC. AC = BC= n cM, AB = m+ 5 cm. U3 Bepmmnbl yria C
IIPOBEJIEH K IUI0CKOCTH neprneHaukyisip CD, paBublil # cM. Halinure paccrosinue ot Touku D 10 cTOpoHBI
AB.

3amaua Ne3

Touku 4 1 B nexar B IUIOCKOCTH o, M — Takas TOYKa B MPOCTPAHCTBE, Uil KOTOPOH AM =
, BM = m ¥ OpTOTOHAJIbHAs MPOEKIUS HA TUIOCKOCTh o OTpe3ka BM B Tpu pasza 00Jjblle OpTOrOHAIBHON
IIPOEKIIMU Ha 3Ty IIOCKOCTh 0Tpe3ka AM . Halinure paccrosiHue ot Touku M 10 IIIOCKOCTH o .

3anaga Ne 4

BoicoTta mnpsiMoyroiapHOro TtpeyrosnbHuKa A5C, omylieHHas Ha TMIOTEHY3y, paBHa p cM. M3
BepivHbl C IpSIMOTO ~ yrja BOCCTaBlI€H K IUIOCKOCTH  TpeyronbHuka ABC nepnenauxyisp CM,
npuueM £M = m+ »n cM. Haiinure paccTosiHre OT TOUKU M 10 TUIIOTEHY3bI AB.

IHopsiaok BbINOIHEHUS PA0OTHI:

1. BHMMaTenbHO MPOYUTANTE YCIOBUE 3ada4H.

2. 3anuiuuTe, 4TO B 3a/1a4€ JaHO, CAENIaliTe PUCYHOK.

3. [Ipoananu3upyiite yClIOBHE 3a/1auH, pacCyXkaas OT TOTO, UTO HY>KHO HaiTh. BcnomHuTe, Kakue
TeopeMbl U (hOPMYJIbI TOHATO0SATCS PU PEIICHUH 3a/1a4H.

4. Pemite 3a7a4dy. 3anuiimuTe OTBET.

[Ipu pemeHnu 3amay Ha ATy TEMY HCIIOJIB3YETCS ONPEACICHUE NEPNEHAUKYIISPHBIX NPAMOU U
IJTOCKOCTH, MPU3HAK MEPIECHIUKYISIPHOCTH TPSMOM U INIOCKOCTH, TEOPEMBI O TPEX NEPNEHIUKYIISIPAX, a
TAK)KE€ BAllM 3HAHUS U3 INIAHUMETPUU

3amaua

Bricota mnpsmoyronbHOro TpeyroibHuka ABC, omylieHHas Ha THUIOTeHY3y, paBHa 9.6. U3
BepiMHbI C IpSIMOTO ~ yrja BOCCTaBIEH K IIOCKOCTH  TpeyronbHuka ABC nepnenaukyiusp CM,
npuyem CM = 28. Haitnure paccTosiHUE OT TOUKU M 10 TUIIOTEHY3bI AB.

Pemenue

[IpumeHnTe TeopeMy O Tpex NEPIECHINKYIIAPaX.

Ilycte CK - BbICOTAa JAaHHOTO HPSIMOYTOJIBHOTO TpeyroibHuka. Torma MK - HakiIoHHas K
mIockocTh TpeyronbHuka ABC, a CK - opTOroHajbHas MTPOEKUHS 3TOM HAKIOHHOM Ha IUIOCKOCTH
TpeyrosibHuka ABC. Tak kak XL AE, TO MO TeOpEME O TPEX NEPNEHIUKYIsipax MK L AE. 3HAUYUT, JJIMHA
oTpe3ka MK paBHa pacCTOSHUIO oT Touku M 10 npsamoit AB. Nz MPSAMOYTOJIbHOTO
tpeyronbuuka MCK no teopeme [Tudaropa Haxoaum, 4ro

MK = JCR® +CM? = J0.62 4287 = 29.6.

OtBeT: paccTosiHue OT TOUkH M 10 runorenyssl AB paBHO 29.6.




dopMma npeacTaBJieHUs pe3yJbTATAa: BHIIIOJIHEHHOE 33/I1aHHUE.

Kpurepumn oneHku:

Ounenka "OTJMYHO'" CTaBHUTCS, €CIIM pa0dOTa BBIIOJHEHA B IMOJHOM 00BEME C COOIIOIECHUEM
HEe0oOXOUMOM TOCIEI0BAaTEIbHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIOJHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka "'xopomo' CTaBUTCS, €CIU BBIITOJTHEHBI TPeOOBaHUS K OLIEHKE "OTIUYHO", HO JOIMYIIEHBI
2-3 Hegouera.

Ouenka "ya0BJIETBOPUTENbHO' CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpaBUJIbHBIE pPE3yJbTaThl M BBIBOJBI; B XOJI€
MpOBeACHUS PAaOOTHI OBUIH JTOTYIIIEHBI OIIUOKH.

Ouenka "Hey10BJIE€TBOPUTEIBbHO' CTaBUTCS, €CIIHM pabOTa BBHIIIOJIIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHON YacTH pabOThI HE MO3BOJISET CENaTh IPABUIIbHBIX BHIBOJIOB.

IMpakTnyeckoe 3ansitue Ne 44
«Pemenue 3a1a4 Ha NapaJIeJIbHOCTDh IJIOCKOCTeN»

Heas pa6orbi: HayunThcsi MCHoONIb30BaTh MPU3HAK MApaJUICIBHOCTH IIOCKOCTEH M CBOWMCTBA
MapajuIeNbHbIX TUIOCKOCTEN MPH PEIICHUH 3a/1ad.

Brinosinenue padorsl cnnocodcTByeT GOPMHUPOBAHNIO:
OK 01 BeiObuparbs cnocoObl pemieHust 3aaad Mpo(hecCHOHAIBHOW JAEATEIBHOCTH NPUMEHHUTENIBHO K
Pa3InYHBIM KOHTEKCTaM
OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYIO KOMMYHHUKAIIMIO HA TOCYJapCTBEHHOM si3bIke Poccuiickoit
deneparyy ¢ y4eTOM 0COOEHHOCTEH COIMABHOTO M KYJIbTYPHOTO KOHTEKCTa

MarepuaiabHoe obecnedyenne:
I/IH)II/IBI/II[yaHI)HBIG 3aaaHus, CIIPAaBOYHBIC MaTCpHaAJIbl, KOHCIICKThI HeKHHfI.

3ananne:

m- KOJINYECTBO OYKB B UMEHH
n- KOJIM4ecTBO OyKB B (hamMumuu
P- MecsLl POXKACHUS

3anmaga Ne 1

Mexny nByMsl napajielbHBIMHM IUIOCKOCTSIMM 3aKJIFOYEH OTPE30K, JIMHOM m +n cM. Halinure
IIPOEKLUU ITOT0 OTPE3KA Ha KAXKAYIO IUNIOCKOCTD, €CIIM PACCTOSTHUE MEXY INIOCKOCTSMU PAaBHO p CM.

3anada Ne 2

[Inockoctn M u P mapamnensusl. M3 Touek A u B miockoctu M mpoBeneHsl K MiIockocTH P
HakKJIOHHbIE AC= m+n ¢cM ¥ BD = m+n—3 cMm. llpoekuus HakinonHoi AC Ha OJHY W3 TUIOCKOCTEH
paBHa m cM. Yemy paBHa NpOeKLMs HaKJIOHHON BD?

3amaga Ne3

Mexay nByms napajuieabHbIMU TuiockocTsiMu P u Q mnposenens! otpesku AC 1 BD (Touku A u
B nexart B muiockoctu P), AC=m+n+p am, BD = m+n 1M , pazHocTs npoekiuit AC u BD Ha oany u3
IJIOCKOCTEM paBHa m IM . HaliquTe MIMHBI 3TUX IPOCKUUN U PACCTOSHUE MEKY INIOCKOCTSMH.

IHopsiaok BbINOIHEHNS PA0OTHI:

1. BHMMaTEnbHO MPOYUTANTE YCIOBUE 3aa4H.

2. 3anuiuuTe, 4TO B 3a/1a4ye AaHO, CAeNIaiiTe PUCYHOK.

3. Ilpoananu3upyiTe yCIOBUE 3a/1aud, PACCykaas OT TOTO, YTO HY>KHO HaWTHU. BcrioMHuTe, Kakue
TeOpeMbI U (HOPMYITBI TIOHATO0SATCS TIPU PEIICHUH 3a/1a4H.



4. Pemnre 3a1avy. 3aluIlnTe OTBET.

[Ipu pemeHun 3agad Ha 3Ty TEMY HCIOJIB3YETCS ONpENEICHUE MMapauIeNbHBIX IIJIOCKOCTEH,
MPU3HAK MapaJLICILHOCTH TJIOCKOCTEH, TEOPEMBI O MapauIeIbHBIX TUIOCKOCTSX, @ TAK)KE BaIllM 3HAHHS U3
IUTAHUMETPUU

3amgauga Ne 1

Mexay IByMsl THapauielIbHBIMU IIIOCKOCTSIMU 3aKJII04eH OTpe3ok, miuuHod 10 m. Hailinure
MIPOEKIIMU ITOTO OTPE3Ka Ha KAXAYIO MIOCKOCTh, €CJIM PACCTOSTHUE MEXKAY IJIOCKOCTSIMU PaBHO & M.

Hano:

a//B,AB =10 cm
/ ACLB,AC = 8 cMm
Haiitu npoexiun AC

=7

Pemenue

1) Tak Kak TUIOCKOCTH TapaJieibHBI, TO PACCTOSIHUE MEXAY HUMH - 3TO mnepreHaukyisip AC.
[TocTpoum npoekuuto orpezka AB Ha mockocts B. 910 oTpe3ok BC.

2) Paccmotpum tpeyronbHUK ABC- npsiMOyTOJIbHBII.

ITo Teopeme ITudaropa AB* = AC* + BC?

AC* = AB* — BC?

AC* = 10° — 8% = 100 — 64 = 36

AC=6 cm.

Tax Kak MI0CKOCTH MapaieabHbl, TO IPOEKLIUN OTPE3Ka Ha ATH MJIOCKOCTU OyAYT paBHBI.

L

3amaua Ne 2

IInockoctu M n P mapamiensHsl. M3 Touek A u B miockocth M mpoBeneHbl K IUIOCKOCTH P
HaksioHHble AC= 37cm u BD=125 cMm. Tlpoekmus naknonnoit AC Ha OJHY M3 IJIOCKOCTEH paBHA 12 cM.
Yemy paBHa nmpoekuus HakJIoHHONH BD?

Jano: M | P,AEM,BEM
31 AC =37 cm,BD =125 cm
/ A B / AE 1 P,BK L P,CE =12 cm
Haiitu: KD

Pemenue

1) Paccmotpum Tpeyronbauk ACE- NpsMOyTOIBHBIN.
ITo teopeme IMudaropa AC* = AE? + CE?

AE? = AC* — CE®*  AE® = 37% — 12% = 1369 — 144 = 1225
AE=35 cm.

2) Paccmotpum TpeyronpbHuK BKD- npsiMoyTonbHBIN.



ITo Teopeme IMudaropa BD? = KD? + BK?

KD* = BD* — BK? AE=BK, Kak paccTOsSHHS MEX/y MapauIeIbHBIMU IJIOCKOCTSIMH.
KD* = 125% — 35% = 15625 — 1225 = 14400

KD= 120 cm.

OtBert: npoekuust BD paBua 120 cwm.

3amaua Ne3

Mexnay aByMs napajuieabHbIMU II0ocKOcTsIMUA P 1 Q mpoBenens! otpe3kn AC u BD (Touku A u
B nexar B mmockoctu P), AC=13 cm, BD=15 cm, cymma npoeknuiit AC u BD Ha oaHy M3 1muiockocTei
paBHa 14 cm . Haiiaure 1iIMHBI 3TUX MPOEKLMH U PACCTOSIHUE MEXKAY IUIOCKOCTSIMHU.

S N

Hano: Q | P,AEP,BEP
AC =13 cm,BD = 15 cMm
AE 1 Q,BK 1 Q,CE + DK = 14 cm
Haiitu: CE, AE, DK

L

Pemenue
1) Paccmorpum tpeyronbHuk ACE- npsiMOyTOJIbHBIIH.
ITo Teopeme IMudaropa AC* = AE? + CE?
AE? = AC® — CE?
Ilycts CE = x, Torna DK=14-x.
AE? = 169 — x*
2) Paccmotpum TpeyronbHuk BDK- npsiMoyrosibHbIH.
ITo Teopeme ITudaropa BD* = BK* + DK
BK* = BD* — DK*
BK? = 225 — (14 — x)* = 225 — 196 + 28x — x* = 29 + 28x — x*
AE=BK, kak paccTosiHus MeXly NapajuIeIbHbIMH INIOCKOCTSIMH
3HauwT,
169 — x? = 29 + 28x — x?
28x = 140
x=5
CE=5 cm, DK=14-5=9 cm
AE = V169 — 25 = V144 = 12 c™

Ortser: PacCTOAHUEC MCIKAY IIIOCKOCTIMU 12 CM, IPOCKI NN HAKIIOHHBIX S5cmu9cem.
<I)0pMa NMpeaACTAaBJCHUSA PE3yJabTaTa: BBIIIOJHCHHOC 3a/JaHUC.

Kpurepum ouenku:

Ouenka "oTiau4HO'" cTaBUTCS, ecnu paboTa BBINOJHEHA B TOJHOM 00BEME C COONIOICHUEM
HEOOXOIMMOM TOCIEe0BATEILHOCTH JICUCTBHI; B OTBETE NPABWJIHBHO W aKKypaTHO BBITIOJTHEHBI BCE
3aIKCH, BEIYUCIICHUS, PUCYHKU U TPaAQUKH.

Ouenka '"xopomo' cTaBUTCS, €CIM BBIMOJTHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JOIYIICHBI
2-3 Hegouera.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBIMIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIAECT IMOJYYUTh MpaBUJIbHBIE pPE3YyJbTaThl M BBIBOJBI; B XOJI€
MPOBEACHUS PAOOTHI OBUTH TOTYIIEHBI OITUOKH.

Ounenka ""Hey10BJIeTBOPUTEIBbHO' CTaBUTCS, €CJIHM padOTa BBHIITOJIIHEHA HE MOJHOCTHIO UIH 00BEM



BBITIOJTHEHHON YacTu pabOThI HE MO3BOJISET CAENaTh MPABUIbHBIX BHIBOJIOB.
Tema 4.2. [IpsiMble U JIOCKOCTH B IPOCTPAHCTBE

IMpakTnyeckoe 3ansitue Ne 45
«Pemrenne 3a1a4 Ha IBYIPaHHbIE YIJIbI»

Heap padorei: Hayuutbes pemats 3ajaud Ha NPUMEHEHHE IMOHATHHM yria Mexay HpsAMOd U
IJIOCKOCTBIO, ABYTPAHHOIO YIUIA, YIJIa MEXY IUNIOCKOCTSMH.

BoinosiHeHue padoThl cnocodcTBYeT (DOPMHUPOBAHUIO:
OK 01 Beibuparbs cnocoObl pemieHust 3aaad Mnpo(hecCHOHATBHONW JAEATEIbHOCTH NPUMEHUTENIBHO K
Pa3InYHBIM KOHTEKCTaM
OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHHUKAIIMIO HA TOCYapCTBEHHOM si3bike Poccuiickoit
denepanuu ¢ yueToM 0COOEHHOCTEH COLUATBHOTO U KYJIbTYPHOTO KOHTEKCTa

MaTtepuaiabHoe o0ecnieyeHue:
I/IH[[I/IBI/IZIyaJIBHI)IG 3aaaHus, CIIPABOYHBIC MaTCpHaibl, KOHCIICKThI HCKHHﬁ.

3ananne:

m- KOJINYECTBO OYKB B UMEHH

N- KOJIN4eCTBO OYKB B (hammimu

P- MecsIIl POXKIAECHUS

1) Y3 Toukn A BHE IUIOCKOCTH IPOBEJECHBI K MJIOCKOCTH MEPIEHIUKYISP AB = n CM U HAKJIIOHHBIE
AC u AM, o6pasyromue ¢ miockocTsio yriisl 30°. Haiiute yron Mex iy HaKIOHHBIMU IpsiMoii. Haiinure
CM.

2) KareTsl mpsIMOYTOJIBLHOTO TPEYroJbHUKA PaBHBI n ¢M U n +m cM. Omnpenenure paccTOsHUE OT
BEpIIMHBI TIPAMOTO YIIIa [0 IIOCKOCTH, KOTOpas MPOXOJUT 4epe3 THIOTeHy3y U coctasiser yron 30° ¢
IJIOCKOCTBIO TPEYTOJIbHUKA.

3) Touku A u B nexat Ha pebpe mpsMoro aByrpaHHoro yria. AA; u BBi- nepneHaukymisipsl K
peOpy, MpOBEEHHBIE B Pa3HbIX I'PaHAX, MpUU4eM AB = m cM, AA; =n+m cM, BB; = n—1 cm. Haiigure
A1Bi1.

Ilopsinok BbINOJHEHHS PadOTHI

1. BHMMaTenpHO MPOYUTANTE YyCIOBUE 3a1aUH.

2. 3anummure, 4To B 33/1a4€ JAHO, CAENIalTe PUCYHOK.

3. IIpoananu3upyiiTe yciloBUE 3aJauu, pacCyXkaas OT TOr0, YTO HY>KHO HaliTu. BcroMmHute, kakue
TeopeMbl U (HOPMYJIBI TIOHAIOOSATCS TP PEUICHUH 3a1a4H.

4. Pemute 3amavy. 3ayIInTe OTBET.

[Ipu periennu 3aa4 Ha ATy TEMY UCIOIB3YIOTCS OMpPEAETIeHHS YIiia MEX Ty MPSMOI U MI0CKOCTHIO,
JBYTPAHHOI'O yIJia, JMHEWHOT'O YIJIa JBYTPAaHHOIO YIJIa, @ TAK)KE BAIW 3HAHUS U3 IUIAHUMETPHH.

3anayva |
Han tpeyronsauk ABC co croponamu AB=9 cm, BC= 6 cm u AC= 5 cM. Uepes MEHBIIIYIO CTOPOHY
MPOXOJNT TUIOCKOCTb, COCTABJIAIOMAs C IUIOCKOCTBIO TpeyrombHuka yron 45°. Haiinure paccrosHme
MEK]1y TFIOCKOCTBIO U BEPILIMHOMN B.
B

ot Jano: AABC,AB =9 cm
BC =6cM,AC =5cm




AC € a, ¢ = 45°
Haiitu: Paccrosaue ot B 1o o

Pemmenue

1) JomoaHUTEIBHOE MIOCTPOCHKE: MPOBEJIEM BD L @ = BD — paccTosiHMe OT B /10 JI0cKOCTH @.
BM 1 AC = DM 1 AC no TeopeMe 0 Tpex NepneHAUKy/Ispax.

3HauuT, £BMD — JIMHEHHBI# yros JByrpaHHOro yria, ZBMD = 459,
2) B tpeyronsauke ABC nHaitnem BeicoTy BM.
CHayasia BRIYMCIIAM IUIOMAAb TPEYroibHUKa 1o popmyne ['epona:

S,=p p-a) - (p-b)-(—c)

9+6+5
= =10cMm

Sipe =V10-1-4-5 = 10y/2cm?
Sapc = 3AC- BM = BM = 2345¢
BM =222 = 47w

3) Paccmorpum tpeyroapHuk BMD- npsiMoyronbHbIi 110 TOCTPOEHHUIO.
= = sinBMD

BD = BMsin£BMD

BD = 4V 5ind5° = 4VZ- Y = 4 cu,

OtBert: paccrostnue ot B 10 miockoctu 4 cm.

3agaua 2
Konner otpeska MK nexar Ha rpaHax npsmoro jasyrpanHoro yrima. MMi u KKi-
NepneHIuKyIspsl K pedpy, npuuem MK=13 cm, MM =12 cm, M K;=3 cm. Haitnure KK;.

M il
Hano: < aaf = 90°

My G a MK =13 cm,MM; = 12 cm, M K; = 3 cm
Haiitu: KK,
]

MM, 1 a,KK, L a
Pemenue

1) Toctpoum NUHEWHHBIH yroa AByrpaHHoro yria. /lyis 3Toro yepe3 Touky M mpoBeieM OTpe30K

M;E, napannensnsiii u paBHbiii KK.
KK, 1 a, cenoBaTenbHO, MLE 1 a.

< MM, E — IMHEeAHBIA yToa ABYTrPaHHOrO yIJa, 3Ha4uT < MM;E = 90°.

2) Paccmotpum AMEK

ME- naknoHHas Kk minockoctu 8, EM — ee nmpoekius Ha 3Ty MI0CKOCTh, EM; L EK ( T.k. EM1KiK —
IIPSIMOYTOJIBHMK 10 NocTpoeHuto). CnenoBarensHo, ME L EK ( 1o Teopeme 0 TpexX NEPHEHANKYISAPaAX) U
AMEK — npsAMOyToJIbHBIH.

ITo Teopeme ITugaropa MK? = ME? + EK?

ME? = MK? — EK* EK=MK;=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 ITudaropa ME? = MM, 2 + M, E?

M,E? = ME? — MM, 2




M,E? = 160 — 144 = 16
MiE=4 cm.

3naunt, KK;=4 cm.
OrtBer: KK1=4 cMm.

(I)opMa NMpeacTraBjJdcCHusd pe3yjabTaTa: BbIIIOJIHCHHOC 3aaHuC.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €clid paboTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOIEHUEM
HEOOXOIMMOM IOCIEI0BATEILHOCTH JEUCTBHI; B OTBETE NPABMJIBHO W aKKypaTHO BBINIOJTHEHBI BCE
3aIKCH, BEIYUCIICHUS, PUCYHKU U TPaAQUKH.

Ouenka '"xopomo' cTaBUTCS, €CIM BBIMOJIHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JAOIMYIICHBI
2-3 memouera.

Ounenka "y10BJIeTBOPUTEIBHO'" CTAaBUTCS, €clid padOTa BHINIOJHEHA HE IMOJHOCTBIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MPOBeJICHUS pabOThI ObUIH JOMYIIEHBI OIIHOKH.

OueHka "Hey10BJI€TBOPUTEIBbHO'" CTaBUTCS, €CIIM padOTa BBIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBITTOJIHCHHOM YacTH pabOThI HE MTO3BOJISCT CCNIATh MPABHIIbHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH U KpPyIJble TeJa

IMpakTnyeckoe 3ansitue Ne 45
«Pemrenne 3a1a4 Ha IPU3MY»

Leanb padorbl: HayunThcs pemars 3a1a4u ¢ IpU3MOit

Boinosinenue padorsl cnocodocTByeT GOPMHUPOBAHUIO:
OK 01 BeiObupars cnocoObl pemieHus 3aaad MNpo(hecCHOHAIBHOW AEATENbHOCTH MPUMEHHMTENBHO K
Pa3JINYHBIM KOHTCKCTaM
OK 02 Hcnonb3oBaTh COBPEMEHHBIE CpeJICTBA IOWCKA, aHajdM3a M HMHTEpIpeTalud HHQOpMaruu |
I/IH(i)OpMaHI/IOHHI)IC TEXHOJIOI'MHU JIJIA BBIIIOJTHCHUS 3a1a4 HpO(l)eCCI/IOHaJILHOfI ACATCIIbHOCTH
OK 06 TIposiBnaTh Tpa)kaaHCKO-TTATPHOTUUYECKYIO TTO3UIINIO, JEMOHCTPUPOBAThH OCO3HAHHOE TMOBEJICHUE
Ha OCHOBE TPAJMLMOHHBIX POCCUNCKHUX JTyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEM, B TOM YHCIE C Yy4E€TOM
rapMoHusanv  MEKHAIMOHAJIBHBIX HW  MCKPEINTHO3HBIX OTHOI_HeHI/II\/'I, MPUMCHATH CTaHdapThI
AHTUKOPPYILIMOHHOIO NIOBEICHUS
OK 07 CopnelicTBOBaTh COXpaHEHHIO OKPY’KaIOLIEH cpelibl, pecypcocOepekeHnIo, IPUMEHSTh 3HaHUs 00
W3MEHEHMH KJMMaTra, MPUHLUUIB OEpeXIMBOrO MPOU3BOACTBA, HPPEKTHUBHO JIEHCTBOBAaTh B
'—IpGSBLI'—IaI\/IIHI)IX CUTyalusx
OK 08 Hcmonb3oBaTh CpeAcTBa (PU3MUECKOM KyJIbTYpHI Ul COXPAHEHUS U YKPEIUICHHs 3/J0POBbs B
npouecce MpodeccnoHaTbHON JesATeNbHOCTH M TMOJAJEP’KaHUS HEOOXOJIMMOTo YpOBHS (PU3NYECKOU
IIOATOTOBJIEHHOCTH
OK 09 Ilonb3oBarbcsi mpohecCHOHATBPHOW JOKyMEHTAlle Ha TOCy/JIapCTBEHHOM M WHOCTPaHHOM
A3BIKaX.

MarepunanbHoe obecnieyeHue:
WNunuBuyanpHbIE 3a1aHAS, CIIPABOYHBIC MAaTEPHANIbI, KOHCIICKTHI JICKIIHH.

3aganue:

1.0cHoBaHMEe MPSIMOM HPU3MBI - TPEYTOJBHHUK, CTOPOHBI KOTOPOTO paBHBI 4 M, OOKOBOe pedpo
npu3Mbl paBHoO § M. HalinuTe muiomaab NoaHOW MOBEPXHOCTH MTPU3MBI.

2.0cHOBaHKe IPSMOi MPU3MbI — NAPAILIENOrPaMM CO CTOPOHAMH 4 ¢M 1 6 cM U yriioM Mexry Humu 60°,



Bricora npusmbr 12 cm. HaliTu OTHY O TOBEPXHOCTH U OOBEM.

MHOrorpaHHMKOM Ha3bIBAETCS TEJIO, OrPAaHUYEHHOE IUIOCKMMU MHOroyrojibHukamu. OOmue
CTOPOHBI CMEKHBIX MHOTOYI'OJIbHUKOB Ha3bIBalOT pedpaMu MHOTOIPaHHUKA. MHOIOyTroJIbHUKH, KOTOpBIE
OrPaHUYMBAIOT MHOTOTPAHHUK, HA3bIBAIOTCS €ro rpaHsiMM. ['paHM MHOrOrpaHHHMKa, CXOJSALIMECS B
OJHOW TOYKEe, OOpa3yl0T MHOTOTPAHHBIM YTOJI; BEPIIMHBI TAaKUX MHOTOTPAHHBIX YIJIOB HAa3bIBAIOTCS
BepUIMHAMM MHororpaHHuka. IIpsmele, coennHsionye aBe Kakue-HUOYb BEPIUMHBI, HE JIeXKAlIUe Ha
OJIHOM IpaHH, HA3bIBAIOTCS AMATOHAJISIMH MHOTOTPAHHHUKA.

IIpu3ma — MHOTOrpaHHUK, JBE TIPaHU KOTOPOIO SBISIFOTCA pPaBHBIMH MHOIOYTOJbHUKAaMH,
JICKAIIMMU B MAapaJUICIIbHBIX IINIOCKOCTAX, a OCTAJIbHBIC I'paHU — IMapauiCjiorpaMMamMu, HUMCIOIIUMHA
001111€e CTOPOHBI C STUMU MHOT'OYTOJIbHUKAMH.

HpSIMaSI IIpru3Ma Ha3bIBaCTCA HpaBHJILH()ﬁ, €CJIn €€ OCHOBAaHHUA — IIPABUJIbHBIC MHOT'OYT'OJIbHUKH.

IInomanb0 MOJIHON NMOBEPXHOCTH IPU3MbI Ha3blBaeTCsl CyMMa IUIOIIAJEH Bcex ee rpaHeH, a
IUIOIIA/IBbI0 00OKOBOI MOBEPXHOCTH IIPU3MbI — CyMMa ILJIOLIAIeH ee OOKOBBIX I'paHei.

S, =25, +S

non 6ok

IInomaas 60KOBOI MOBEPXHOCTH MPSMOU MPU3MBI pPaBHA MPOU3BEIACHHUIO MEPUMETPA OCHOBAHUS
Ha BBICOTY MIPU3MBI.

S =P-h
O0béM npsiMoil NPU3MBI PaBEH NPOU3BEICHUIO TUIOIIA OCHOBAHMS HA BBICOTY.
V=S, h

ITopsinok BbINOJIHEHUs padoOThI:

1) BsoimonHUTh YepTEX

2) 3amucarb KpaTKO yCJIOBHE 3a/1a4H
3) OdopmuTs pelieHue 3aaauu

3agauya 1: OcHoBaHue npsiMol Mpu3Mbl - poMO ¢ BbicoToi 2 M. [Inomans OOKOBOM MOBEPXHOCTH
TIpU3MBI paBHa 96 M2, a Mok TOIHOM MoBepXHOCTH paBHa 128 av?. HaiiuTe BBICOTY TIPU3MEL

Pemenue

O003HauMM CTOPOHY OCHOBaHHS g, a O0KOBOe pedpo bPa3HuHIly MKy TUIOMIAIBIO TIOJHON MTOBEPXHOCTH
MPU3MBI 1 TUIOIIA/IbE0 OOKOBOM MOBEPXHOCTH MPU3MBI — 3TO Y/IBOCHHASI

IUIONIA/Ib OCHOBAHUS ITPU3MBI.

L Sem2a > 2a~128-96=32 = a~16
 Swmdah=962 h=2or5 Gy
Omer: 1L,5m 4 -



3agaua 2: OcHOBaHME NPAMOU MPU3MBI - IPSIMOYTOJIBHBIN TPEYTOJIbHUK, KATEThl KOTOPOTO PaBHBI
5Mu 12 M, 6okoBoe pedpo mpu3mel paBHo 10 M. HaiinuTe mutomanas NoaHOH MOBEPXHOCTH PU3MBL.

Penrenue

. : !2...
r g .

AC =52 +12° =13
Seom =28 mc ¥ Sauns t Sasce t S e

S =2*0,5*5*12+5*10+12*10+13*10=60+300=360 M2
Ortger: 360 M.

®opma npeacTaBaeHus pe3yJbTaTa: BHIIOTHEHHOE 3aJaHNe

Kpurtepuu onenkmn:

Ouenka "oTau4HO'" cTaBUTCS, ecnu pabOTa BBIOJIHEHA B MOJHOM 00BEME C COOIIOJIEHUEM
HE0OXOUMOM TOCIeA0BaTENbHOCTH JEHCTBUI; B OTBETE€ NPAaBUIBHO W aKKypaTHO BBIMOJIHEHBI BCE
3aIUCH U BBIYUCIICHHUS.

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

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBINIOJTHEHHON 4YaCTU TaKOB, YTO IO3BOJISIET IMOJIyYHUTh IPABWIBHBIE PE3YJIBTAaThl U BBIBOJBI;, B XOJI€
MIpOBEIEHUS pabOThI ObUIN JAOMYIIEHbI OIIHOKH.

Ounenka ""Hey10BJIETBOPUTEJIBLHO'" CTaBUTCS, €CIM paboTa BBHIIOJIHEHA HE MOJHOCTHIO WIH 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENATh PABHIIbHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH U KpyrJjble TeJa

IIpakTuyeckoe 3ansaTue Ne 47
«Pemenue 3a1a4 Ha NMPaAMUIY»

Henb padorsi: HayunThes pemars 3a1a4u ¢ IUpamMuI0i

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHMIO:
OK 01 BeibupaTth crnocoObl pemieHds 3ajad NpopecCUOHANbHON eATEIbHOCTH MPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 02 Hcnonb3oBaTh COBpPEMEHHBIC CPEICTBa IOMCKA, aHAIM3a W HWHTEPIPETAIMd HHPOPMAUHA M
MH(OPMAaLIMOHHBIE TEXHOJIOTUH JJIs BBITIOJHEHHS 3a/1a4 MPOPECCUOHANTBHOMN AeITeIbHOCTH
OK 06 IIposaBasTh Ipa’kJaHCKO-NATPUOTUUYECKYIO MO3ULIHIO, IEMOHCTPUPOBATh OCO3HAHHOE MOBEICHUE
Ha OCHOBE TPAJUIMOHHBIX POCCUUCKHUX JTyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHUCJIE C Y4ETOM
TapMOHM3AIUM  MEXHAIIMOHAJIbHBIX W  MEXKPEJIUTHO3HBIX OTHOIICHUH, MPUMEHSITh CTaHAApThI
AHTUKOPPYILIUOHHOTO MOBEACHUS
OK 07 CopelicTBOBaTh COXpPaHCHHUIO OKPYXKAIOIIEH CPeIbl, pECypCcoCOepeKeHUI0, TPUMEHATh 3HAHUS 00



W3MEHEHUH KIMMaTa, TMPUHIUIB OEpexJIMBOrOo MPOU3BOJACTBA, 3(P(GEKTUBHO JEMCTBOBATH B
YpE3BBIYANHBIX CUTYAIUSIX

OK 08 Hcrmonb3oBarh cpenctBa (pU3WYECKON KyJIBTYPBI JUIsl COXPAHCHHUS] U YKPEIUICHHs 3J0POBbS B
nporecce MpodhecCHOHATBHONW JEATETbHOCTH M TOJJAEpKaHUs HEOOXOTUMOTOo YpOBHS (U3NYECKOM
MOJITOTOBJICHHOCTH

OK 09 TIlonb3oBaThCcsi MpOQecCHOHANBHON MOKyMEHTAIle Ha TOCylapCTBEHHOM M HHOCTPAHHOM
S3BIKAX.

MarepuasibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHbIe 3aaHus, CIIPABOYHBIC MaTCpHaJibl, KOHCIICKThI HGKHHﬁ.

3aganmue:

1.Haiinure 00beM NpaBUIBHOM YETHIPEXYTOIBLHOM MUPAMUIBI, BBICOTA KOTOPO 4 CM, a TuaroHaib
OCHOBaHHS 8 CM.

2. HaiiTu mNONHYI0 TOBEPXHOCTh MPAMON NUPAMUIBL, B OCHOBAaHUH, KOTOPOH JICKUT
paBHOOCPEHHBIN TPEYTOJBHUK C OCHOBAaHMEM S5 CM M OOKOBBIMH CTOpOHamMH 6 cM. BokoBbie pebOpa
nupamMusl 12 cm.

IImpamma — 5T0O MHOTOTPaHHUK, COCTaBJICHHBIN U3 N—YTOJIBHUKA U N TPEYTOJIbHUKOB.

MHOroyrojpHUK - OCHOBaHUE ITMPAMMU/JIbI, TPEYTOJIbHUKY - 0OKOBbIE IPaHu ¢ OOIIEH BEPIIMHOM,
Ha3bIBAEMOW BepIIMHOM mupaMuabl. [lepneHauKyssap, OMyLICHHBIA M3 BEPIIMHBI IHpaMHUAbI Ha €€
OCHOBAHME, HA3bIBACTCS BbICOTON NMUPAMU/bI.

[Inomaae MoaIHON MOBEPXHOCTH MUPAMUABL:  Snom = Seox T Socu

V=lSm~H

O0beM mupamMuIbL:

Ilpasunvnasa nupamuoa

[Mupamuna Ha3bpIBaeTCs NPABWIBHONM, €CIM €€ OCHOBAaHWE — TMPABUIBHBI MHOTOYTOJBHHK, a
OTPE30K, COSTUHSIONINI BEPIIUHY MTUPAMUJIBI C IIEHTPOM OCHOBAHUS, SIBJISIETCS €€ BHICOTOM.

Bce OoxoBble peOpa mMpaBWIBHOW NUPaMUIbl paBHBL, a OOKOBBIE TpaHU SIBISIOTCS PaBHBIMU
PaBHOOEAPEHHBIMU TPEYTOJIbHUKAMU.

Bricora 00KOBOIl I'paHM NpPaBUILHOW MUPAMUIBI, MPOBEACHHAS U3 €€ BEPIIMHBI, HA3bIBACTCS
anogemoii.

Ilnomaas 00KOBOW MOBEPXHOCTH NPABWIBLHONH NMUPAMHAbI paBHA IOJIOBUHE MPOU3BEACHUS
nepuMeTpa OCHOBaHHUSI Ha arodemy.

Sp =P,

60K 2 ocH

IL1omans MoJIHOM MOBEPXHOCTH NPABUJILHOM MUPAMU/bI:
1
S = S + E P . l

noan OCH

Ilopsinok BbINOJHEHHs PadOTHI:
1)BbInoNHUTE YepTex

2)3anucarh KpaTKO yCIOBHE 3a/1a4H
3) OdbopmMuts perieHue.

3agaua 1: CropoHa OCHOBaHHSI NMPAaBHJIBHOM YeTHIPEXYTOJBHOM MUpaMuzbl paBHA 4 cM, a anodema
00pa3syeT ¢ II0CKOCTHI0 ocHoBaHus yron B 60°. HaifuTe mioma/p MomHoi MOBEPXHOCTH MUPAMHUIBI
Pemenune:



Ex=Ypc->
P

- LESH =90°-60°=30° = SE=2EH =4

1 1 2
S inn :4-4-EAB+AB' =2-4-4+4% =48 (cm)

OteeT: 48 oM,

3agava 2: OcHoBaHMe MUpaMHIBI —poMO, TraroHam kotoporo paBHbl 30 cM 1 40 cM. BeicoThl OOKOBBIX
IpaHeii, IPOBE/IeHHbIE W3 BEPIIMHBI TMPAMHIBL, 00pa3yroT ¢ BHICOTOM Ipamuibl yriibl, pasHble 30°. Haifmure 06beM

MUpaMU/IBL.
Pernenmue:
AC=40 = AH=HC~ 29

BD=-30= BH=-HD~15
AB =207 (15 = 25
HE=%BC=12,S

SE = 2HE = 25

SH =ISE* “HE" =
2
=1’252—15-— =2$-£
4 2
5

N3 3
) —5000'3-—:250(}\/5 (CMS)

Otset: 250043 o,

®opma npeacTraBiaeHus pe3yJbTaTa: BHIIIOTHEHHOE 3aJaHNe

Kpurepum ouenku:

Ouenka "oTiau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B TOJTHOM O0BEME C COOIOJIEHUEM
HEeoOXOUMOM TOCIEe0BaTENIbHOCTH JEHCTBHUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIOJHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka "'Xopomo' cTaBUTCS, €CIM BHIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Henouera.

Ouenka "yI0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBINMOJIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJIHECHHOW YacTH TaKOB, YTO IO3BOJIAET MMOJYYUTh MpaBUJIbHBIE PE3YyJbTaThbl M BBIBOJBI; B XOJI€
MpOBeIEHUS pabOThI ObUIH JOMYIIEHbI OIIHOKH.

Ouenka "Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €CIIHM pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh MPABIIbHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKHU M KPYIJible TeJa

IIpakTuyeckoe 3ansiTue Ne 48, 49
«Pemienue 3a1a4 Ha BbIYMCJIeHNE 00bEMOB M TOBEPXHOCTEl MHOTOrPAHHUKOB)

Heas padorbl: Hayuntbcs pemare 3a7aud Ha BBIYHCICHHE OOBEMOB U IOBEPXHOCTEH



MHOTI'OI'paHHUKOB.

BoinosiHeHue padoThl cnocodcTBYeT (PDOPMHUPOBAHUIO:
OK 01 BeiObupars cnocoObl pemieHust 3aaad Nnpo(ecCHOHAIBHOW AEATENbHOCTH MPUMEHHTENIBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHAIM3a M HHTEPIpETalud HH()OpPMAIUH |

I/IH(bOpMaI_[I/IOHHBIe TCXHOJOI'MHU JJIA BBIIIOJTHCHUA 3aJa4 HpO(beCCHOHaHBHOfI JCATCIIBHOCTH

OK 06 IIposBasTh IpaaaHCKO-MATPUOTHUECKYIO MO3UIIMIO, IEMOHCTPUPOBATH OCO3HAHHOE MOBEACHUE
Ha OCHOBE TPAJAMLMOHHBIX POCCUNCKHUX JTyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEM, B TOM YHCIE C Y4E€TOM
TapMOHM3AIUM  MEXHAIMOHAJIbHBIX W  MEXKPEJIUTHO3HBIX OTHOIICHWH, MPUMEHSITh CTaHAAapThI
AHTUKOPPYILIMOHHOIO IIOBEJICHUS

OK 07 CopneiicTBOBaTh COXpaHEHHIO OKPY>KAIOIIECH Cpelibl, pecypcocOepekeHnIo, MPUMEHSTh 3HaHUs 00
W3MEHEHHH KJIMMara, TMPHHOUNB OEpPEeXIMBOrO TMPOM3BOACTBA, APPEKTHBHO JEHCTBOBATH B
Ype3BBIYAIHBIX CUTYyAIHSIX

OK 08 Ucnonb3oBarh cpeactBa (pU3MUECKON KyJIbTYphbl JJII COXPAaHEHUS M YKpPEIJICHHUS 3/10pOBbs B
npouecce MpodeccuoHabHON JeITeNbHOCTH M MOJAJEP>KaHUS HEOOXOIMMOro YpOBHS (PU3NYECKOU
[IO/ITOTOBJIEHHOCTH

OK 09 Ilonb3oBarbcsi mpohecCHOHATBHONW JOKYMEHTAIlMe Ha TOCyJapCTBEHHOM M WHOCTPaHHOM
A3bIKaXx.

I[IK 2.1 BbrImonHAT, pacyeThl MNapaMeTpoB TEXHOJIOTHMYECKHUX IPOLECCOB 00pabOTKH METalioB
TaBJIeHHEM, paOOThl 000PYI0BAHUS, XapAaKTEPUCTUK UCXOTHBIX 3aTOTOBOK U METAJUIONPOIYKIIHH.

MarepuaiabHoe obecnedyenne:
I/IH)II/IBI/II[yaHI)HBIG 3aaaHus, CIIPABOYHBIC MaTCpHaIbl, KOHCIICKThI HeKHHfI.

3ananne:

1. Omnpenenute BuMA U Haigure mnepumerp ceueHus ky6a ABCJIA1BiCi/li miockoctsto,
npoxosuiei uepes pedpo A1/l u cepenuny pedbpa BB1, eciiu qimmHa peGpa kyda paBHa § cwm.

2. Omnpenenute BHJI U Haiinute nepumerp cedeHuss kyboa ABCJAiBi1Ci[li miockocTsio,
npoxoxsmiert uepe3  Touku A, Jl u cepequny pedpa CCi, ecnu anmHa pedbpa kyba paBHa 4 cM.

3. Haiigute ruiomazb MOBEpXHOCTH pabodeil AeTanu, n300pakeHHOH Ha pucyHKe (Bce ABYIpaHHbIE
YIJIBI TIPSIMBIE).
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5. Tpebyercsi ycTaHOBUTH pe3epByap AJis BOJABI eMKOCThIO 15 M3 Ha miomaake pasmepom 4,5 M x



3,75 M, coyxateit ayist Hero q1HoM. Haiiaure BbICOTY pe3epByapa.

Ilopsi1oK BbINOJIHEHHS PAdOTHI:

1) BBIIOJHUTB YEPTEK

2) 3anucarb KpaTKO YCIOBHUE 3a]a4l
3) Odopmuts penieHre 3a1auu

3anaua 1: [lan xy06 ABC/[A;B:C;/[;. Jlokaxure, uTo ceueHue Kyoda miockoctbio 4;C;K, rae Touka
K - cepenuna /[C - Tpanenus.
B| CI

A D
Pemenne:MK]||4;C;, noromy uto (A;/4;C;) mnapamnensha (AJC), a MK wn A;C; - nuHUH
nepecedeHus 3tux miockocreid. MK||4;Ci, A MY CIK, MKZA4,C), 3uaunt MA;CiK - Tpaneuus.
3agaua 2:

Han xy6 ABC/[AB;C/{;. Jokaxure, 9T0 ceueHne Ky0a TIocKoCcThio A;B/K - mapaienorpamm.

B,

Pemenue: (AA[B1)| |(j]ﬂ1C), TO A[B]| |ﬂC 141 A1B1=ﬂC. (AA[ﬂ])H(BB[C]), TO A[ﬂHB]C, 3HAYUT
A;1B1C/] - mapannenorpamm.

3anaua 3:

HaiinuTe niomiaas moBepxHocTH paboueil netanu, n300pakeHHON Ha pUCYHKe (BCE IBYTpaHHBIE
YIJIBI TIPSIMBIE).

Pemenue: I1nomans MoBepxXHOCTH 3aJAHHON JETAJIM -dTO IUIOLIaJAb MHOIOTPaHHUKA, paBHA
Pa3HOCTH ILJIOMIAIU TTOBEPXHOCTH MPSIMOYTOJILHOTO TIapajuieenuneaa ¢ peopamu 2, 4, 5 u 1Byx
Iiouaiel KBaapaToB cO CTOPOHOH 1:

2x4x54+2«2x54+2x2x4—-2x1%x1="74



OtBeT: 74.
3amaua 4:
Haiinure 06bem paboueii aetanu, n300pakeHHOM Ha PUCYHKE (BCE ABYTPAHHBIE YIJIbI IIPSMBIE).
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Pemenne: O0beM TaHHOM eTalld paBeH 00beMy MHOTOIPaHHUKA U PaBeH Pa3HOCTH 00bEMOB
napajuienenumneson ¢ peopamu 3,4,4u 1, 1, 1

V=V1-V2=3%4%x4—-1x1%x1=47

Ortser: 47

3agaya S:
Tpebyercst ycTaHOBUTH pe3epByap it BOJbl eMKocThio 10 M3 Ha miiomaake pasmepom 2,5 M x 1,75

M, CITyalleH uis Hero qHoM. HaiiuTe BRICOTY pe3epByapa.
Pemenne: IInomans nuaS = 2,5 * 1,75 = 4,375kB. M. Tak kak V = S * h, TO

h=2=1 9m.
S 4,375

®opma npeacraBiaeHust pe3yJabTaTa: BHIIOTHEHHOE 33aJaHHE.

Kpurtepun onenku:
Ouenka "oTiau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJHOM 00BEME C COOIOJIEHUEM

HEe0OXOUMOM TOCIeN0BaTENIbHOCTH JEHCTBUI; B OTBETE MPABUIBHO M AKKypaTHO BBINOJIHEHBI BCE

3aIUCH U BBIYUCIICHHUS.
Ounenka "'xopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI

2-3 Hegouera.
Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM

BBIIIOJIHEHHON YacCTH TAKOB, YTO IIO3BOJIACT ITOJNYYHUTH IMMPABUJIBHBIC PE3YJIbTATblI U BBIBOIBI; B XOIC

MIpOBEIEHUS pabOThI ObUIN JAOMYIIEHbI OIIHMOKH.
Ouenka ""Hey10BJI€TBOPUTEIbHO'" CTaBUTCS, €CJIHM pabOTa BBHIOJIHEHA HE MOJHOCTHIO U 00BEM

BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh MPABIIbHBIX BHIBOJIOB.
Tema 4.3 MHOrorpaHHMKH U KpyrJjble TeJa

IIpakTuyeckoe 3ansaTue Ne 50
«Pewienue 3a1a4 Ha UHJIMHAP, KOHYC map U chepy»

Henap padorel: HayunThcs pemars 3a1auu ¢ LUIMHAPOM, KOHYCOM U ILIAPOM.

Brinosinenue padorsl cnocod6cTByeT GOPMHUPOBAHNIO:
OK 01 Beibupare cmocoObl pemieHus 3amad Npo(ecCHOHATBHON JACSITEIBHOCTH MPUMEHUTEIBHO K

Pa3JINIHBIM KOHTCKCTaM
OK 02 Hcnonb3oBaTh COBpPEMEHHBIC CPEICTBA IMOMCKA, aHAIM3a W HMHTEPIPETAIMd HHPOPMALUA H

MH(OPMAaLIMOHHBIE TEXHOJIOTUH JJIs BBITIOJHEHHS 3a/1a4 MPOPECCUOHANIBHOMN AEITeIbHOCTH

OK 06 IIposBasaTh IpaXAaHCKO-NATPUOTHYECKYIO MO3UIINIO, IEMOHCTPUPOBATh OCO3HAHHOE NOBEACHUE
Ha OCHOBE TPAJUIMOHHBIX POCCUHCKHUX IYyXOBHO-HPABCTBEHHBIX ILEHHOCTEH, B TOM YHCIE C yYETOM
FapMOHM3ALMM  MEXHAIIMOHAJIbHBIX W  MEKPEJIUTHMO3HBIX OTHOIIEHUH, MPUMEHATh CTaHAAPTHI



AHTUKOPPYILHUOHHOTO NIOBEICHUS

OK 07 CopneiicTBOBaTh COXpPAHEHUIO OKPYXKAIOIIEH Cpelbl, pecypcocOepeKeHnI0, MPUMEHATh 3HaHUS 00
W3MEHEHUU KIMMaTa, TMPUHIUINB OEpexIIMBOro IMPOU3BOJACTBA, J(P(PEKTUBHO JACHCTBOBATH B
Ype3BbIUAIHBIX CUTYAIHIX

OK 08 Hcrmonb3oBarh cpenctBa (pU3WUYECKON KyJIBTYPBI JUIsl COXPAHCHHUSI U YKPEIUICHHs 3J0POBbS B
nporecce MpodhecCHOHATBHONW JEATETbHOCTH M TOJJAEpKaHUs HEOOXOTUMOTo YpOBHS (U3NYECKOM
MOITOTOBJICHHOCTH

OK 09 TIlonb3oBaThCcsi MpOQecCHOHANBHON MOKyMEHTAIle Ha TOCylapCTBEHHOM M HHOCTPAHHOM
S3BIKaX.

MarepuasibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHbIe 3aaHus, CIIPABOYHBIC MaTCpHaJibl, KOHCIICKThI HGKHHﬁ.

3ananne:
1.06bem munmuaapa 120 cM2, ero BeICOTa 3,6 CM.
Haiitn paguyc nuinmsapa.
2. Bricota konyca 12cM, paguyc ocHoBaHusi 10cM. KoHyc mepecedeH IMIIOCKOCTBIO Tak, YTO B
CEYECHMHU MOJIYUHIICA TPEYTrobHUK. HaliiuTe paccTossHUE OT 3TOr0 CeYeHus 10 OCH.
3.PaccTosiHue OT LEHTpa Lapa 0 CEKyLIEW IUIOCKOCTH PaBHO 8 M, a paJuyC CEYEHHs IUIOCKOCTBHIO
paBeH 6 m. Haiigure paauyc mapa.

HuauHap — Teno, MOJydeHHOE NP BPANICHUH MPSMOYTOJIbHHKA BOKPYT OCH, COZICpXAaIleld ero
CTOPOHY.

Kpyrn Ha3pIBalOTCS OCHOBAHMSIMHM IMJIMHIPA, a OTPE3KH, COCAWHSIONINE COOTBETCTBYIOIIHEC
TOYKH OKPYKHOCTEM 3THUX KpPYroB — OOpPa3ylIIUMH WHJIMHAPA. Y IWIMHIPAa OCHOBAaHUS PaBHBI U
napajuIeNIbHbI 1 00pa3yIoIINe Tak)Ke PaBHBI M IMapAJICIIbHBI MEXKTY COOOM.

Ocbl0 HWIMHAPA HAa3bIBAaeTCS MpsMas, MPOXOsllas 4epe3 HEHTPbl OCHOBAHWM, MapasieiabHas
00pa3yIomuM.

BokoBasi moBepXHOCTh HIWJMHAPA — 3TO IMOBEPXHOCTh, MOJTy4YEHHas OT BpAaIllEHUS CTOPOHBI
MPSIMOYTOJIBHHKA, ITAPAIIICIIEHON OCH IMIIMHIPA.

BbicoToii 1MIMHIpa Ha3bIBAeTCS PACCTOSIHME MEXAY OCHOBaHUSAMHU UWIHHIApa. Paamycom
[WIAH]IPA Ha3BIBACTCS PAIUYC €0 OCHOBAHUS.

Huanuap Ha3piBaeTCs NPSAMBIM, €CIH €ro o0pa3yrllue MNepHeHAUKYISIPHBI IIOCKOCTIM
OCHOBAaHHII.

S

60k

N ) =27Rh;
[Tnomaas 60KOBO# MOBEPXHOCTH:

[Imomaae MoaIHOM NOBEPXHOCTH:
S om =Seo +28,,, =27Rh +27R;

noau 6ok

S =2aR(h+R)

NOJIH

O61bem wumunpa: V¥ = 2Rh.

Ceuenue yurunopa — purypa noaydeHHas: B IEpECEUSHUH IIMIIMH/IPA MII0CKOCTHIO.

Ceuenue, MpoxoJsiiee Yepe3 oCh UJINHAPA, HA3bIBACTCS 0Ce8blM ceyeHuemM U MPECTaBIsieT coooi
MPSMOYTOJIbHUK.

Ecnu cexyias miaockocTs NEPIEHIUKYIISIpHA K OCH IWINHIPA, TO CEYEHUE SBIISETCS KPYTOM.

Konyc

PaccmoTpuM okpyXHOCTB ¢ 1IeHTpoM B Touke O u npsimyro OP, nepneHIuKyJIsIpHYIO K IIJIOCKOCTH
3TOM OKpyX)HOCTH. Kaxkayro TOYKYy OKpYKHOCTH COEIMHMM C TOo4ukodM P orTpeskom. IloBepxHOCTB,
o0Opa3oBaHHasi 3STUMHU OTPE3KaMH, Ha3bIBACTCS KOHUYECKOM, a CaMH OTPE3KU — 00Pa3yIOIIUMHU KOHYCA.

Teno, orpaHMYeHHOE KOHUYECKOM MMOBEPXHOCTBIO M KPYT'OM, Ha3bIBAE€TCs KOHYCOM (puc. 2.2).

Konunueckasi moBepXHOCTh — 00KOBasi MOBEPXHOCTb KOHYCa, KPYT — OCHOBAHME KOHYyCa, TouKka P —
BepUIMHA KOHYCa, 00pa3ylolne KOHUYECKOW MOBEPXHOCTH — ofpa3ywmme KoHyca. Bee oOpasyromue



KOHyca paBHbI Apyr apyry. Ilpsmas OP, mpoxoasimas yepe3 LEHTP OCHOBaHMsS U BEPLIMHY KOHYcCA,
Ha3bIBAaeTCsI 0CbI0 KOHyca. OcCh KOHyca NEpIEHIUKYJsIpHAa K IUIOCKOCTH ocHoBaHus. Otpezok OP
Ha3bIBAETCS BBICOTOM KOHYCA.

Ecin cekymasi miockocTh MPOXOJIUT 4YEPE3 OChb KOHYCA, TO IIOJYyYEHHOE CEYEHHME Ha3bIBaeTCs
0CeBBIM CeYeHHEeM.

IIpoBeném cexylyro MIOCKOCTh NEPIEHIUKYIISIPHO K OCH KOHYyCa. JTa IIOCKOCTh NIEPECEKAETCS C
KOHYCOM IO Kpyry M pa30uBaeT KoHyc Ha JBe yacTh. OJHa M3 yacTed mpencTaBiisieT co0oi KOHYC, a
Jpyras Ha3bIBaeTCsl ycedéHHbIM KOHYcoM. (M300pa3ute yceu€HHbIN KOHyC camocToaTenbHo. [locTpoiite
00pa3yoIyo, BHICOTY.)

Cdepoii Ha3bIBaeTCS OBEPXHOCTh, COCTOALIAs U3 BCEX TOYEK IPOCTPAHCTBA, PACIOJIOKEHHBIX Ha
JAHHOM PpAacCTOSHUM OT JaHHOW Toukd. JlaHHass ToYKa Ha3bIBaeTCsl LEHTPOM cdepbl, a JaHHOE
paccrosHue — paaumycoM cgepbl. OTpe30K, COSAMHSIONUINNA JBE TOYKH cepbl U MPOXOIAIUil dyepe3
LIEHTP, HAa3bIBACTCS AMAMeTPOM. Teo, orpaHu4YeHHOEe Cepoii, Ha3bIBACTCS IAPOM.

[Ilap MOXXHO HOJYYWUTh NPHU BpAlIEHUU IOJIYKpyra BOKpYr nuamerpa. ['paHuneil mapa ciayXuT
chepa.

[Tnockocts, MMerOmas co cgepoil TOIBKO OJHY OONIYI0 TOYKY, HAa3bIBaeTCs KacaTeJbHOMH
IJIOCKOCTBIO K cdepe. Paauyc cdepsl, nmpoBenéHHBIH B TOUKYy KacaHus cdepsl U IUIOCKOCTH,
MEPIEeHIUKYIISIPEH K KacaTelbHON IUIOCKOCTH.

Ceuenue mapa, NpoxoJsllee yepe3 LIEHTP, Ha3bIBaeTCs OOJIBIIMM KPYIoM, HE MpOXojsllee —
MaJbIM Kpyrom LleHTp GoJbIIOro Kpyra COBHagaeT ¢ MEHTPOM IHapa, a IMEHTP MAJIOTO Kpyra sBISETCS
OCHOBAHHUEM IEPIEeHIUKYJIISPa, OMYLIIEHHOT0 U3 LIEHTpa 11apa Ha INIOCKOCTh 3TOT0 KpyTa.

Ceuenusi, paBHOOTCTOSIIUE OT LIEHTPA, PABHBI.

Pasinyc OKpYKHOCTH, MOJy4E€HHON TpHU TiepeceueHun chepsl paauyca R miockocTsio, yaaieHHoMI

[ p2 2
oT enTpa cepsl Ha @ | pasen R°-d”

Ilopsinok BbINOJHEHHS PadOTHI:
1)BbInoHUTE YepTex
2)3anucaTh KpaTKO yCIIOBHE 3aJjauu

3amaua 1.0ceBoe cedyeHWe IWIMHApPAa — KBaapar, Iiomaab koroporo Q. Haitaure miomanb
OCHOBAHUS IIMIIMHIPA.
Pemenue:

CTOpOHa KBaapara paBHa\/@ OHa paBHa JUAMETPY OCHOBAHUA. HOBTOMY Iiomaab OCHOBAHUA
2
A N2 | _72
2 4
paBHa

OTtBeT: Socx—x.unn. =

4
3amaua 2. Beicota umnuHzapa 6cMm, paamyc ocHoBaHus ScMm. Halinute mniomans ceueHus,

MIPOBEICHHOTO MapaljIeNIbHO OCHU IIMJIMHIPA HA PACCTOSIHUM 4CM OT Hee.



Pemenue:

Sces= KMXKC,

OE=4cMm, KC=6cm.

Tpeyronsauk OKM — paBrHoOeapennsiii (OK = OM =R =5 cm),
tpeyroapHuk OEK — npsiMoyrosibHbIi.

U3 tpeyronsuuka OEK, no Teopeme [Tudaropa:

k= VOK* —OE> =425-16 =1/9 =3

KM =2EK =2x3 =6,

Scea=6%x6 =36 cM>.

OTBeT: Scew= 36 CM™.

3anaua 4: [nomans 60K0BOI IIOBEPXHOCTH KOHYCa paBHa 60 M2, a padyc OCHOBAHMS PaBeH 6 M.
Haiinure paccrosiHue OT LIEHTpa OCHOBAHUS 10 00pa3yroliell KoHyca.

Pemenue:

Seux = Arf =601 => yl =60

r=6=1=38_10.
. &
SO = A5* — 40 =J10° —6* =8
1 1
S, == AQ-OF =—-6-8 =24

8, 0 =—;—0H-AS=SOH=24:$ OH:%

C npyroi CTOpOHBI,

3anaua 5: Ilnomanu cedyeHus mapa IIOCKOCThIopaBHa 1611 M? |, a MIOMmaas HapaiieabHOrO eMy
CcedeHus, MPOXOJAIIEro uepes IeHTp miapa, pasHa 2511 m? . HaiiTu paccTosiHHE MEXIy MIOCKOCTSIMU

CEUEeHUH.

nrt=ten=> " =16, r=4m,

TR =25t = R =25, R=5nm,

h=R® - =25-16 =3 (v)

OTBeT: 3 M



dopMma npeacTaBJieHUs pe3yJbTATAa: BHIIIOJIHEHHOE 33/I1aHHUE.

Kpurepumn oneHku:

Ouenka "oTau4uHoO'" craBUTCS, ecnu paboTa BBINOJIHEHA B TOJHOM O0BEME C COOIOJICHUEM
HEe0oOXOUMOM TOCIEI0BAaTEIbHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIOJHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka '"xopomo' cTaBUTCS, €CIM BBINMOJIHEHBI TPEOOBAHMS K OIEHKE "OTIWYHO", HO JOIYIICHBI
2-3 Hegouera.

Ouenka "ya0BJIETBOPUTENbHO' CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh MpaBUJIbHBIE pPE3yJbTaThl M BBIBOJBI; B XOJI€
MpOBeACHUS PAaOOTHI OBUIH JTOTYIIIEHBI OIIUOKH.

Ouenka "Hey10BJIE€TBOPUTEIBbHO' CTaBUTCS, €CIIHM pabOTa BBHIIIOJIIHEHA HE MOJHOCTHIO U 00BEM
BBITIOJTHEHHON YacTH pabOThI HE MO3BOJISET CENaTh IPABUIIbHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH U KpyIJble TeJa

IIpakTuyeckoe 3ansaTue Ne 51, 52
Pemenue 3a1a4 Ha BbIUNC/IeHHE 00BEMOB M MOBEPXHOCTEH KPYIJIBIX TeJ

Leas padoThi: HayunThcs pemaTh 3a/1a4i BEIYUCICHUE 00BEMOB U TIOBEPXHOCTEH KPYTIIBIX TEI

Brinosinenue padorsl cnnocodcTByeT GOPMHUPOBAHNIO:
OK 01 BeiObuparbs cnocoObl pemieHust 3aaad Mpo(hecCHOHAIBHOW JAEATEIBHOCTH NPUMEHHUTENIBHO K
Pa3IUYHBIM KOHTEKCTaM
OK 02 Hcnonbp3oBaTh COBpPEMEHHBIE CpEACTBa IOMCKA, aHANW3a U MHTEpHpeTanuu MHPOpManuu u

I/IH(l)OpMaHI/IOHHI)IC TCXHOJIOTHH JJIs BBIITIOJIHECHU S 3a/1a4 HpO(l)eCCI/IOHaJII)HOfI JCATCIIBHOCTH

OK 06 TIposiBnaTh Tpa)kaaHCKO-TIATPHOTUYECKYIO TTO3UIINIO, JEMOHCTPUPOBATh OCO3HAHHOE TMOBEICHUE
Ha OCHOBE TPAJMLMOHHBIX POCCUNCKHUX JTyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEM, B TOM YHCIE C Yy4E€TOM
rapMoHusanvu  MCKHAIIMOHAJIBHBIX U MCKPCIIUTHUO3HBIX OTHOIHGHI/II\/'I, MNPUMCHATH CTaHdapThI
aHTUKOPPYILMOHHOIO NIOBEIEHUS

OK 07 CopnelicTBOBaTh COXpaHEHHMIO OKPY’KAIOIIEH cpebl, pecypcocOepeKeHnIo, IPUMEHTh 3HaHUs 00
W3MEHEHMH KJMMara, MPUHLUIB OEpeXIMBOrO MPOMU3BOACTBA, HPPEKTHUBHO JE€HCTBOBAaTH B
‘-Ipe?;BI)I‘-IaI\/’IHI)IX CUTyalusx

OK 08 Hcmonb3oBaTh CpeAcTBa (PU3MUECKOM KyJIbTYpHl Ul COXPAHEHUS U YKpEIUICHHs 3/J0POBbs B
npouecce MpodeccnoHaTbHON JEesATeNbHOCTH M MOJAJEp>KaHUS HEOOXOJIMMOro YpOBHS (PHU3NYECKOU
IIOATOTOBJIEHHOCTH

OK 09 Ilonb3oBarbcsi mpohecCHOHATBHOW JOKyMEHTAalle Ha TOCy/lIapCTBEHHOM M WHOCTPaHHOM
A3BIKaX.

I[IK 2.1 BbrImonHAT, pacyeTsl MNapaMeTpoB TEXHOJIOIMUECKHUX IPOLecCOB 00pabOTKH METalIoB
JaBlieHHEeM, pabOoThl 000PYI0BAHUS, XapaKTEPUCTUK UCXOIHBIX 3arOTOBOK U METaJIONPOYKIIHH.

MarepuaabHoe o0ecrieyeHme:
NuauBuayanbHblE 3aaHNsI, CIPABOYHBIE MAaTEPUAIbl, KOHCIIEKTBI JIEKIIUH.

3amanmue:

1. HeoOxoaumo mo yepTe:ky M3roTOBUTH KOHYC. [l pacuera HEOOXOIMMOTro MaTepHaia Ha
W3TOTOBJICHHE HAJWTE TMOJHYIO MOBEPXHOCTh KOHYCA, €Ciu o0Opa3yrollas HAaKIOHEHAa K TUIOCKOCTHU
ocHoBanus noj yriaoM 30° u paBHa 12 cM. A paauyc OCHOBaHHS 8 CM.

2. HeoGxoauMo 10 4epTe:Ky H3rOTOBHTL mIap, o0béM kotoporo 12511 m°. Jlns pacuera
HEO0OXOAMMOTO MaTepHalia Hali1eTe TIomaab Chepsl.



uauuap

. . S; = 27RA;
[Inouianb 60KOBOIM NOBEPXHOCTH: ~ 0%

[Lnomaae MoaIHOM MOBEPXHOCTH:
S o =S5 +28,., =27Rh+27R;

noau 6ok

S =2zR(h+R)

NOJH
_ 2

O6beM mumaHapa: V = R A

Ceuenue yurunopa — purypa noaydeHHas B IEPECEUCHNUN IIHITUH/IPA IIOCKOCTHIO.

Ceuenue, Mpoxo/sinee Yepe3 OCh IIINHAPA, HA3bIBACTCS 0Ce8biM CeueHueM 1 TIPEICTaBIAET COO0H
NPSIMOYTOJIbHHUK.

Ecimu CCKylIasd IMIOCKOCTD MEPICHANUKYJISIPHA K OCH HUJIMHAPA, TO CCUCHUC ABJIACTCA KPYTOM.

IMnomans 60KOBOI MOBEPXHOCTH KOHYCa paBHA MPOM3BEICHUIO TOJOBUHBI UIMHBI OKPYKHOCTH
OCHOBaHHS Ha 00pa3yIoILyIo.

S. =ml

Inomans MOHON TOBEPXHOCTH KOHYCa paBHA CyMME IUIOIMAJAM OOKOBOW IOBEPXHOCTH W
TUTOIIA OCHOBAHMSL.

S?IU]III = 727/'(1 + r)

IInomaabs 60KOBOIi MOBEPXHOCTH YCEYEHHOI0 KOHYCA PaBHA IIPOU3BENCHUIO MOITYCYMMBbI JUIMH
OCHOBaHHUI Ha 00pa3yIOLIyIO.
O01b€éM KOHYCa paBEH OJHOM TPETH MPOU3BEICHUS TIJIOMIAH OCHOBAHMS HA BBICOTY.

V=S, -h=Ymh

6ok

. S cpepm = 47R?
IInomans noBepxHOCTH cepbl paBHA yUETBEPEHHON IO OOIBLIOrO Kpyra: — ¢ .
4
Vutapa =7 R3
3

Oo0bem mapa:

IMopsiaok BbINOJIHEHUS PA0OTHI:
1)BBINONHUTE YepTEX
2)3amnucarb KpaTKo YCIOBHE 3aa4H

3agaua 1: HeoOxoamMo mo 4epTesky HM3roTOBUTH KOHYC, IUIOMIAb OOKOBOH IMMOBEPXHOCTH
KOTOporo paBHa 60 1M’ a paguyc OCHOBaHMS paBeH 6 M. JIjist M3TOTOBJIEHHS KOHYCa HEOOXOAMMO HAWTH
paccTosiHKE OT IIEHTpa OCHOBAHUS 10 00pa3yroleit KoHyca.

Pemenue:

Se.x =l =60n = vl =60

r=6=>£=£q=-10.
B

SO =VAS* —A0* = 10° —6° =8

1 I
Spgo == A0 -OS = —.6-8=24




Saso =—;—0H-AS=SOH=24=$ or;:%

C nipyroii CTOpOHBI,
3agaua 2: Heo0xoaumMo mo 4epTe:Ky M3rOTOBHTH KOHYC. PaccTosHHME OT LIEHTpa OCHOBAHMUS
KOHyca /10 cepeiiHbl oOpa3symoleil paBHO 4 cM, a yroj HakjJIoHa oOpa3yroliell KOHyca K IIOCKOCTH
ocHoBanus pasen 60°. J[yis M3roTOBJIEHNs KOHyCa HAlIMTe TIOMAAb OCEBOr0 CEYeHHs KOHYCA.
5

Sy ‘_-.-%} AS- AB-sin60° = %s 8 {L 1643 (o)
- Otser: 1643 ont’, -

3agaua 3: [Inomane chepsl paBHA 100 M2 PaccrostHue oT HeHTpa cepbl 10 CeKylel MIOCKOCTH
paBHo 4 M. Haiinute paanyc ceueHus.

Pemrenmne:

84 =4nR? =1008 = B =WB=>R=5

AD=VBD' - A8 =5 4 =3 ()

Ortger: 3 M,

(I)opMa NnpeacTaBJCHUA pe3yjabTaTa: BhIIIOJTHEHHOC 3aJlaHUE.

Kpurepun onenkmn:

Ouenka "oTiM4HO'" CTaBUTCA, €clid paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIO/IEHUEM
HEO0OXOUMOM TOCTIEOBATENBHOCTH JEHCTBUI; B OTBETE MPABUIHLHO M AKKypaTHO BBIMOJHEHHI BCE
3aIMCH ¥ BBIYMCIICHUSI.

Ouenka "Xopomo' cTaBUTCs, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIICHbI
2-3 Henouera.

Ouenka "yI10BJIETBOPUTEIBHO'" CTAaBUTCS, €CIM PadOTa BHIMIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh TMpPaBUJIbHBIE PE3yJbTaThl M BBIBOJBI; B XOJI€
MpOBE/ICHUS pabOTHI ObUIN JIOMYIIEHBI OIIMOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM pabOTa BBHITIOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBHITIOTHEHHON YacTH PabOTHI HE MO3BOJISET CAENaTh MPABUIBHBIX BHIBOJIOB.



Tema 4.3 MHOrorpaHHMKH M KPYIJible TeJa

IMpakTnyeckoe 3ansiTue Ne 53
«Acnonb30BaHNe KOMOMHALIMI MHOTOTPAHHMKOB U TeJl BPallleHUs B IPAKTHKO-
OPUEHTHPOBOYHBIX 32a4axX»

Heﬂb paﬁoTbI: Hay‘{I/ITBCH peuiaTth 3aaa4n Ha KOM6I/IHaHI/IIO IrCOMETPHUICCKUX TCII

BoinosiHeHue padoThl cnocodcTBYeT (DOPMHUPOBAHUIO:
OK 01 BeiOuparbs cnocoObl pemieHust 3aaad Nnpo(ecCHOHAIBHOW AEATENbHOCTH MPUMEHHTENBHO K
Pa3IUYHBIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHAJIM3a M HHTEPIpETalud HH()OpPMAIUH |
UH(OPMAIIMOHHBIE TEXHOJIOTHH /IS BBITIOJIHEHUS 3a/1a4 MPO(ECCHOHANBHON e TeIbHOCTH
OK 06 IIposBasTh rpa)aaHCKO-MATPUOTUYECKYIO MO3ULMIO, IEMOHCTPUPOBATh OCO3HAHHOE IOBE/ICHUE
Ha OCHOBE TPAIUIMOHHBIX POCCHHUCKHX TYyXOBHO-HPABCTBEHHBIX IEHHOCTEH, B TOM YHCIE C y4ETOM
rapMOHM3ALMH  MEXKHAIIMOHATBHBIX M  MEXKPEJIMTHO3HBIX  OTHOIICHWH, MPHUMEHATh CTaHAApThI
AHTUKOPPYILHUOHHOTO MOBEICHHS
OK 07 CopneiicTBOBaTh COXPAHEHUIO OKPYXKAIOILIEH Cpefibl, pecypcocOepekeHn o, IPUMEHATh 3HaHUs 00
W3MEHCHWH KJIMMaTra, MPHHOUIB OEpeXIMBOrO TMPOMU3BOACTBA, J(PQPEKTHBHO JIEHCTBOBAaTH B
Ype3BBIYANHBIX CHTYaIUSIX
OK 08 Ucnonb3oBarh cpeactBa (pU3MUECKON KyJbTYphbl JJII COXPAaHEHUS M YKpPEIJICHHUS 3/10pOBbs B
nporecce MpopecCHOHATBHON JAEATEIBbHOCTH M TOAJCP)KaHHS HEOOXOIMMOTO YPOBHS (PHU3MYECKON
MOJITOTOBJICHHOCTH
OK 09 TIlonb3oBaThcst MpoQecCHOHANbHON MOKyMEHTAIle Ha TroCylapCTBEHHOM M HMHOCTPaHHOM
SI3BIKAX.
I[IK 2.1 BbInonaHATh pacueTbl MapaMeTpOB TEXHOJOTHYECKUX IPOLECCOB 00pabOTKM METasloB
TaBlIeHHEM, paOOTBl 000PYIOBAHUS, XapaKTEPUCTUK UCXOTHBIX 3aTOTOBOK U METAJUTONPOTYKIIHH.

MaTepna.}Ibﬂoe o0ecneveHue:
I/IH,Z[I/IBI/II[yaJ'IBHI)Ie 3alaHusl, CIIPABOYHBIC MaTCpHAJIbl, KOHCIICKTBI JICKITUH.

3apanmue:

1. I[J'ISI N3TOTOBJICHUA ACTAJIN 110 qepTemy, B KOTOpOM B IH/IJ'II/IHI[p HAKJIOHHO BIIMCAaH KBaleaT Tak,
YTO BCE €r0 BEPIIHMHBI JIEKAT HA OKPYKHOCTSIX OCHOBAaHUS HEOOXOIUMO HAWTH CTOPOHY KBajapaTa, eCiu
BBICOTA IIJIMHJIPA paBHA 2CM, a PaINyC OCHOBAHUS PABEH 7CM.

Ilopsinok BbINOJHEHHs padOTHI:
1)BBINOIHATE YepTex
2)3amnucarb KpaTKO YCIOBHE 3aa4H

3anava. JIyi1 M3rOTOBJIEHMS JI€TAJId MO YEepTeXy, B KOTOPOM B IMJIMHAP BIHCAHAa MpaBUIIbHAS
HIECTUYTOJbHAS IPU3Ma HEOOXOIMMO HAlTH OTHOLIEHHU 00beMa MPU3MbI K 00beMY IIHIIMH/IPA.



Pemenmne:

M S CH. X h — SOCH.

[

I/um. _ R xh 7R’

as =R
_3R*3
ocn. T
Vit 3R*3 7 33
v 2 R an
Vg, 343
Vi 27

OTtBeT: yu.
dopma npeacTaBjeHusi pe3yJabTaTa: BBIIIOJHEHHOE 3a/IaHHE.

Kpurtepun ounenku:
Ouenka "oTau4HO'" cTaBUTCS, ecnu pabOTa BBIOJIHEHA B MOJHOM 00BEME C COOIOJIEHUEM

HEe0OXOUMOM MOCIIeN0BaTENIbHOCTH JEHCTBUI; B OTBETE MNPABUIBLHO M AKKypaTHO BBINIOJIHEHBI BCE

3aIUCH U BBIYUCIICHHUS.
Ounenka "'Xxopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI

2-3 Hegouera.
Ouenka "yI0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE TOJHOCTHIO, HO 00BEM

BBIIIOJIHEHHOM YacTH TAaKOB, YTO MHO3BOJIACT IMOJYYUTH MPABUJIIBHBIC PE3YyJIbTATbl U BBIBOABI; B XOJC

MpOBeJIEHUS pabOThI ObUIH JOMYIIEHbBI OIIHOKH.
Ouenka "Hey10BJI€TBOPUTEIbHO'" CTaBUTCS, €CIIHM pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO U 00BEM

BBIITIOTHEHHOMN YacCTH pa6OTLI HC MMO3BOJIACT CACIATh IPAaBUJIBHBIX BHIBOJOB.
Paznen S Teopusi BepossiTHOCTEH M MAaTeMATHYECKAA CTATUCTHKA
Tema 5.1. DiieMeHTbI KOMOMHATOPUKH

IIpakTueckoe 3ansaTue Ne 54
«Pemenne kKoMOMHATOPHBIX 3a/1a4. Pa3MmelieHusi, COMEeTAHUSA U MEPECTAHOBKM))

Heas paGorbi: HayuuTbcs OTIMYATh COYETAHUS OT Pa3MEIICHHWA, TPUMEHSITh (OPMYJIIbI IS
BBIUUCIICHUS BCEX BHIOOPOK O€3 MOBTOPECHUH.

Brinosinenue padoTsl cnocod6cTByeT GOPMUPOBAHNIO:



OK 01 Bribupatb crioco0bl pemieHus 3agad npopecCuOHaIbHON ASATEeIbHOCTH MPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U PaOOTATh B KOJUICKTHBE U KOMAaH/IE
I[IK 2.1 BwIMogHATH pacyeThl MapaMeTPOB TEXHOJIOTHYECKUX IPOIECCOB 00OpaOOTKH METaJlIoB
JaBlieHHEM, paOOThl 000PYI0BAHUS, XapPAaKTEPUCTHUK UCXOTHBIX 3aTOTOBOK U METAJLIONPOIYKIINH.

MarepunanbHoe obecrieyeHue:
WunuBuyanpHbIe 3a1aHNS, CIIPABOYHBIC MAaTEPHAIIbI, KOHCIICKTHI JICKIIHUH.

3aganue:

1. IlynpT ynpaBiaeHHs MeTaulyprudeckuMm mpoueccoM ocHamieH 10 muaukatopamu, CKOJIBKO
BapHAHTOB OJIHOBPEMEHHOT'O 3arOpPaHus TPEX UHIAUKATOPOB.

2. W3 Opwurazasl pabounx 12 yenoBek, HEOOXOIUMO BBHIOpaTh 3 YenoBeKa /s paboThl HA CTaHKe.
CKOJIBKO CYIIECTBYET Pa3IMYHBIX CIIOCOOOB TaKOTo BHIOOpA.

3. B mexe mmeercs 8 CTaHKOB Ui pa3nuyHO 00paboTku neraneid. CKOJIbKO CrocoO0B MMEeTCs
JUIS pacCTaHOBKU pabovMX Ha CTAaHKU B Pa3HOM MOpsIKe?

IMopsiiok BbINOJIHEHUS PAadOTHI

1. Omnpenenute BUA BHIOOPKU 06€3 MOBTOPEHUS.

2. Bwibepere COOTBETCTBYIOUIYIO (hOPMYITY JUIsl BEIYUCICHHSI BOZMOKHBIX KOMOMHAITHHA.

3. TlpousBeauTte BHIYMCICHUS, UCTIONB3YsI MOHATHE (pakTOpHAaa.

|.MugukaTopel Ha  MyJdbT€  YNPABICHUS  METALTYPrUYECKUM  MPOLECCOM  3aroparoTcs
MOCJIeIOBATEILHBIM HA0OPOM YETHIPEX pa3HBIX JIAMIIOYEK, MPOHyMEpOoBaHHBIMHU Iudpamu. Tpedyercs
ONPEJEIUTh YUCIO BO3MOXKHBIX BAPUAHTOB 3arOpaHUs JJaMITOYEK.

Pemenue.

Bosmoxnbix 1udp (Hymepanus nammnouek) Bcero necsith(1,2,3,4,5,6,7,8,9,0).Kaxnas nabpannas
KOMOWHAIMST OTIMYAEeTCS OT JAPyrod KoMmOWHanuu XOTs Obl omHou mmdpoii(1,4,5,7 #2,4,5,7),mu60
nopsakoM Habopa oaunHakoBbix 1udp(1,4,5,7#4,5,7,1),m0aToMy nns mojcu€ra YHclIa BO3MOXKHBIX
KOMOWHAIMK UCTIONB3yeM (hOpMyITy Ynciia pa3MeeHuH.

n!

dopmyna pasMELICHUN UMeeT BUL: AN = pa— B namem cinyyae n = 4,m = 10.
10! __10!_109-8-7-6'5-4-3-2-1__ _
(10-4)! 6! 654321 10-9-8-7 = 5040
2.CKOJBKO CYIIECTBYET CIIOCOO0B BhIOOpA TPEX pabOUUX U3 JECATH I MPOBEACHUS paboT?
Pemenue.

B nanHoM citydae npu BeIOOpE AJI HAC BaXKEH TOJIHLKO COCTaB [0 TPH YeJIOBEKa, MOPSAI0K BbIOOpa
pOJIM HE UTpaeT, MOTOMY B OTIMYKE OT MEPBOro MPHMEpa YUCIO CIOCOOOB MOJCUuTaeM Mo (opmyine
COYETaHUM.

v !
®dopmyna coueTaHuii UMeeT BUIOC) = Ly B namem cnygae n=10, m=3.

m!(n-m
10! __10!_7!'8:910 _ 120

31(10-3)! 3!7! 3-2:1-7!

3.CKOJIbKO pPa3/IMYHBIX YETHIPEX3HAYHBIX YMCEN MOXKHO cocTaBuTh M3 mudpl,2,3.4 9 uudpsl He
MOBTOPAIOTCS)?

Pemenue.

[To ycrnoBHIO aHO MHOMKECTBO M3 YETHIPEX D3JEMEHTOB, KOTOpbIE TpeOyeTcs pacloyiOKUTh B
OIpeIeIEHHOM NOpsiiKe. 3HAUUT, TpeOyeTcsl HAWTH KOJIMYECTBO IEPECTAHOBOK UX YETHIPEX HIIEMEHTOB.

®opmyJsia IeEpecTaHOBOK U3 1T —3JIEMEHTOB UMEET BU:P, = n! B Hamewm ciydae n =4.

[IpousBeném pacuér: P, =4!=4-3-2-1=24.

[TponsBoaum pacuér A}, =

[IpouzBoaum pacuér: C3, =

dopma npeacTaBJieHUs pe3ybTATA: BHIIOJIHEHHOE 3a/1aHNE

Kpurepun oneHku:



Ouenka "oTiMYHO' CTaBUTCA, €cid paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOICHUEM
HEOOXOMMOW TOCIIEOBATEIFHOCTH JCHCTBUI; B OTBETE€ MPABMJIBHO M AKKYpPaTHO BBIMOJHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Onenka "'Xopomo' cTaBUTCS, €CIM BBIIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIYIIEHbI
2-3 HenouerTa.

Ouenka "y10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBIMIOJTHEHHONW YacTHU TaKOB, YTO IO3BOJISIET MOJNYYUTh MPAaBHIIbHBIE PE3YJIbTAaThl U BBIBOJBI; B XOJI€
pOBeICHUS paObOTHI OBUIN TOMYIIEHBI OIINOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON 9acTH PabOTHI HE MO3BOJISET CENATh MIPABIIILHBIX BEIBOJIOB.

Tema 5.2 D1eMeHTBbI TEOPUH Bep0ﬂTHOCTel7I M MaTeMaTH4eCKOi CTATHCTUKH

IIpakTuyeckoe 3ansaTue Ne 55
«Kaccuueckoe onpeaesieHue BepOATHOCTH, CBOMCTBA BEPOSATHOCTEH, TeOpeMa 0 CymMMe
BeposAITHOCTel. BeposiTHOCTH B 3a1a4aX TEXHOJIOTHYECKOr0 MpopuIs»

Lenbp pabdoTbl: HAYYUTHCA HAXOAUTHb BEPOATHOCTH COOBITHM, HCIOJB3Yd KIACCHUYECKOe
OIpeJIeJIEHUE BEPOSATHOCTH

Brinosinenue padorsl cnnocodcTByeT GOPMHUPOBAHNIO:

OK 01 BribupaTs crmocoObl pemeHus 3a1a4 npoheCCHOHATBHON AEATEIbHOCTA IPUMEHHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IInanupoBaTh U peain30BbIBaTh COOCTBEHHOE MPO(ECCHOHATIBHOE U IMYHOCTHOE Pa3BUTHE,
PEINPUHIMATENbCKYIO JeSITeIbHOCTh B PO EeCCHOHABHOM cdepe, NCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (MHAHCOBOM IPaMOTHOCTH B Pa3JIMYHBIX )KU3HEHHBIX CUTYaIHIX

OK 04 D¢ dexTrBHO B3aUMOJIHCTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMaH 1€

OK 07 CopnelicTBOBaTb COXpPaHEHUIO OKPY’KAIOLIEH Cpefbl, pecypcocOepeKeHHIo, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMAaTa, NPUHIUIBI OEpeXIUBOro MPOMU3BOACTBA, 3()h(PEeKTUBHO AEHCTBOBATH B
Ype3BBIYANHBIX CUTYAIHSIX

OK 09 ITonp3oBatbest mpoecCHOHATBHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM UM MHOCTPAaHHOM
SI3BIKAX.

IIK 2.1 BpImonHATH pacyeTsl MapaMeTpoB TEXHOJOTMUECKUX IPOLECCOB OOpPabOTKH MeETayIoB
JaBlIeHHEM, paOOTBl 000PYIOBAHUS, XapaKTEPUCTUK UCXOTHBIX 3aTOTOBOK U METAJUTIONPOTYKIIHH.

3aganue:

1. [Ins mpoBepKH KaduecTBO M3TOTOBJIEHHBIX JeTaylell ux mpoHyMepoBanu oT 1 mo 10. Haynauy
BbIOpaHa sietanb. KakoBa BEpOSITHOCT TOTO, UTO 3TO OHA UMEET MPOCTO HOMep?

2. Jlna mpoBepKM KadecTBa H3rOTOBIEHHbIX JeTtaned npurotoBwian 300 mT. Yemy paBHa
BEPOATHOCTH TOTO, UTO HAayTaJ| B3Tas JeTallb JAJi1 MPOBEPKU OyJIeT UMETh HOMEp, KPaTHbIHN 57

3. TonOpackIBatoTCs ABa UTPATIBHBIX KYOHKa, MTOJACYUTHIBAECTCS CYMMa OUYKOB HA BEPXHHUX I'paHSIX.
Yo BeposiTHEE- MOIYYUTh B CyMMe 7UIu8?

IMopsinok BbINoJIHEHUS PAdOTHI

1. Ompenenure coObITHE A, BEPOATHOCTH KOTOPOTO HYKHO BBIYUCIIUTS.
2. IlpocuuTaiiTe obriee yncio(n) BOZMOXHBIX UCXOJIOB.

3. IlpocuuTaiiTe YUCIIO UCXOA0B(M), OIArONPUATCTBYIOLUINX HACTYIIJICHUIO COOBITHUS A.

4. Wcnonp3yiite GopMyJly s BHIYUCIEHUS BEPOSITHOCTH ONPEIENEHHOTO COOBITUS. P(4) = —

n

1. Ha cknage 10 oguHakoBBIX TO pa3Mepy U BeCy AeTajei, W3 KOTOPhIX 6 OIMHKOBAHHBIX U 4



oObIyHbIX. BbeiOupaercs ogna nerans. KakoBa BepoATHOCTh TOTrO, YTO M3BJICUYEHHAS JAETallb OKaXKETCs
OLIMHKOBAHHOM?

Pemenue.

1. CobbiTue A-«lI3BieuéHHas AeTanb OKa3anach OLMHKOBAHHOW.
. gucyo n=10
. 4ucio m=6
. P(A)=ﬂ=i=06

. Bce geranm, otroOpanHbIe UIsi TPOBEPKH KayecTBa, MpoHyMepoBaHbl OT 1 10 30 u moMerieHs! B

amuk. VM3Bnekaerca ogHa getanb. KakoBa BEpOSATHOCTh TOTO, YTO YMCIIO HA B3SATON JAETaM OKaXeTcs
KpaTHBIM 57

Pemenue.

1. Cobbitne A-«Ha B3sTOH IeTany 4uciio KpaTHOE 5».

2. gucno n=30

3. uncno m=6(uucna 5,10,15,20,25,30)

4. p(A)=2=2=0,..

n 30

3. U3 OykB cnoBa Jughpepenyuan Hayraj BeiOupaercs oaHa OykBa. KakoBa BepOSATHOCTH TOTO,
qT10 3Ta OyKBa Oynmer: a) riacHoi, 0) cormacHo#, B) OykB CoObiTne A-«Ha B3sTON KapTodke YucIio .
KpaTHOE 5».

Pemenne.
Coo0biTue A-«Hayran BeiOpanHas OykBa OyZeT IJIacHOM».
aucio n=12(-4ucio OyKB B CIOBE)
yrcno m=5(0yKBHI :u,e,e,u,a )
P(A) ===~ 0417
yucio m=7(0yKBHI :0,¢, ¢, p,H,y,1 )
Coo0biTue B-«Hayran BeiOpanHas OykBa OyeT corjaacHoO».
9uCII0 n—12( YHUCJIO OYKB B CJIOBE)
P(B) = ——~= 0,583
CO6BITI/I€ C—«Hayraz[ BbIOpaHHas OykBa OyeT OyKBOM u».
10. gucio n=12(-4uciio OyKB B CIOBE)
11. YHCIIO m=O(TaK017I OyKBbI HET B JaHHOM CJIOBE)

N A~ LN

NN R WD -

e

(I)opMa NpeaAcTaBJICHUA pe3yjabTaTa: BhIIIOJTHCHHOC 3a/IaHNE

Kpurepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €Cd paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOJEHHUEM
HE0OXOUMOM TOCTIEOBATENBHOCTH JEHCTBHUI; B OTBETE MPABUIHLHO M AKKypaTHO BBINOJHEHHI BCE
3aMUCH ¥ BBIYMCIICHUS.

Ouenka "Xopomo' cTaBUTCs, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOMYIICHbI
2-3 Henouera.

Ouenka "yI10BJIETBOPHUTEIBHO'" CTAaBUTCS, €CIM PadOTa BHIMIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IO3BOJIAET IMOJYYUTh TMpPaBUIIBHBIC PE3yJIbTaThl M BBIBOJBI; B XOJIE
MIPOBE/ICHUS pabOTHI ObUIN JOMYIIEHBI OIIMOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM pabOTa BHITIOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBHITIOTHEHHON 9acTH PabOTHI HE MO3BOJISET CAENATh MPABIIILHBIX BHIBOJIOB.



Tema 5.2 Dy1eMeHTHI TEOPUU BEPOSITHOCTEH 1 MATEMATHYECKON CTATUCTUKH
Tema 6.1. OCHOBBI TEOPUU MHOKECTB

IMpakTnyeckoe 3ansitue Ne 56
«IIpencraBjienue JaHHBIX. 3a]a4H MATEMATHYECKOI CTATUCTHKHU TEXHOJIOTHYECKOT0
npopuias»

He.ﬂb paﬁoTbI: HAay4YUTbCA HaxXxOAUTb BCPOATHOCTH CO6BITI/II>1, HCIIOJIB3Ysd KJIACCHYCCKOC
OIPCACICHUC BCPOATHOCTU

BoinosiHeHune padoTsl crioco0cTBYeT (POPMUPOBAHHUIO:

OK 01 Boi6upats crioco6sl penieHus 3afad npohecCHOHATBHOM NeSATENbHOCTH MPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 03 IInanupoBaTh U pean30BbIBATH COOCTBEHHOE MPO(ecCHOHANbHOE U TUYHOCTHOE Pa3BUTHE,
IIpeAPUHUMATEILCKYIO JESTEIbHOCTh B MPOPECCHOHANBHOMN cepe, NCI0Ib30BaTh 3HaAHU 110 IPaBOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B Pa3IMYHBIX KU3HEHHBIX CUTYAIHIX

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

OK 07 CopneiicTBOBaTh COXpPaHEHUIO OKPYXKAIOLIEH Cpefbl, pecypcocOepekeHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KJIMMAaTa, MPUHIUIBI OSPEeKIIMBOTO MPOU3BOJICTBA, 3(PPEKTUBHO NEHCTBOBATH B
Ype3BhIYAIHBIX CUTYyAIHSIX

OK 09 ITonp3oBarbest mpohecCHOHATTFHON JOKYMEHTAIMEeH Ha TOCYJapCTBEHHOM M MHOCTPAHHOM

A3BIKAX.
[IK 2.1 BBINOAHATH pacdyeTbl NapaMeTpoB TEXHOJOTMYECKUX IPOLECCOB 00pabOTKH METallIoB

JAaBJICHHUCM, pa6OTH 060py,HOBaHI/IH, XapaKTCPUCTUK UCXOAHBIX 3arOTOBOK U MCTAJUJIOIIPOAYKIIUH.

MarepunanbHoe obecniedenue: HuBUyaabHble 3aJJaHUs], KOHCIIEKTHI JIEKIIUH.

3ananmue:
1. [TocTpoUTH MONMUTOHBI YACTOT U OTHOCUTENBHBIX YACTOT MO PACHPEIEIICHUIO BBIOOPKU U3 OTOOPAHHBIX

JeTajeH s IMPOBECPKH Ka4y€CTBA:

x| 21 4] 7] 8] 9] 12
m | ot |2 | ;| P s | 3

2. ITocTpoiiTe THCTOrpaMMBbl YaCTOT U OTHOCUTEIIBHBIX YACTOT IO paclpeesIeHHI0 BEIOOPKU U3
OTOOpaHHBIX JeTajel sl MPOBEPKH KauecTBa:

No Uurepsan, Cymma 9acToT
HHTEpBaJIa X — X4 BapuaHT I;I/lli{TepBaHa,

1 3—-5 P

2 5-7 2ps

3 7-9 3ps

4 9-11 V5

5 11-13 2p;

6 13-15 3p:

7 15-17 pitp2




3. Jls1st reHepalibHOM COBOKYITHOCTH, 3aJJaHHON PacIpeeiICHUEM:

x| 5 ]10]15]20]25]30]35
Ni|p1 |3pl|p2|2pz|1722|2193|2ps2

HaiinuTe reHepaibHyI0 CpeHIO, TeHEPAIbHYIO JUCIIEPCHIO, TeHEpaIbHOE CTAaHIaPTHOE OTKIIOHEHUE,
MOJly, MEIuaHy U pa3Max.
4. V3 renepaibHON COBOKYITHOCTH CJIeliaHa BEIOOpPKA, 3ajaHHas pacpeaeICHHEM:

x| 2| 4] 6 | 8 |10 12 | 14
il p |2 | o | B | ops | 25 | s

HaiiTi BBIOOpOUHYIO CpeHIO0 BHIOOPOYHBIE AUCIIEPCHIO M CTaHIapTHOE OTKIoOHeHue. O0parute
BHUMaHHE: p| = 4YuClly OykB B Bamiem umenu; po= uuciy OykB B Bameii pamunmu; p3 = uucity OykB B
nMeHu Bamiero orua.

KpaTkue Teopernueckue cBeleHus B MOJHOM 00bEME UMEIOTCS B JICKIIHH.
IMopsiiok BbINOJIHEHUS PAdOTHI:
1 [IpouuTaB yciaoBue MpeaaoKeHHOM 3a/1a4H , IO KOHCIIEKTY JIGKIIMA HAalAUTE COOTBETCTBYIOIINE
bopmybL.
2.IlpuMeHUTE NEKUMOHHBIA TEOPETUYECKUN MaTepuall [Jisl pelIeHHUs] KaKIOW 3a/lauH.
3 B cirydae HEOOXOIMMOCTH TPEACTaBUTh T€OMETPUIECKYIO0 HHTEPIPETALUIO YUCIOBBIX XapaKTEPUCTHK.
BBIOOPKH.
1. 3anano pacnpeneneHue 4acToT BEIOOPKU U3 0TOOPAHHBIX JeTaslel sl TPOBEPKH KauecTBa:

x| 2]6]12]15
n| 3 ]10] 715

CocTaBuUTh pacnpeeneHie OTHOCUTENbHBIX YacTOT.
Omnpenenum cHavana 00beM BHIOOPKHU:
n=3+10+7+5 = 25.

> n.
Haiinem oTHOCHTENbHBIE YAaCTOTHI IO JOPMyJIE W, = —:
n

W, _3 _ou2; w, :&:0,40;% :lzo,zs;w4 ~ 5 _020.
25 25 25 25
CrnemoBarennsHO,
x | 2 ] 6 | 12] 15
wi | 0,12 | 0,40 | 0,28 | 0,20
Kontpons: 0,12 + 0,40 + 0,28 + 0,20 = 1.

2.. I1o pe3ynbTaTaM npumepa 1 mOCTPOUTH MOJUTOHBI YACTOT U OTHOCUTENIBHBIX YacCTOT.

Pemenue. OT06paSI/IB Ha INIOCKOCTU TOYKH C KOOPpAHHATAMU (Xi ,l’li) " COCANHUB UX OTPC3KAMHU,

IMOJIYYHUM IMOJIUTOH YaCTOT:

n;

10 2




AHaNOrM4HO MOCTPOUM MOJIUTOH 110 TOYKaM (X, ,W,):

wi

0,40

0,28

0,20

0,12

12 15

3.ITocTpoiiTe TUCTOrpaMMY IO CIICAYIOIEMY CTaTHCTHYECKOMY pacIpe/Ie/ICHHIO:

WNHuTepBan Cymma yacTor
Ne unrepBana JUIMHOMN BapUaHT

h=5 ni
1 5-10 4
2 10-15 6
3 15-20 16
4 20 —25 36
5 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexne Bcero, onpeaenum 00beM BEIOOPKHU:
n=4+6+16+36+ 24+ 10+ 4 = 100.
[To n3BeCTHBIM CyMMaM 4acTOT BapUAHT PACCUUTAEM IUIOTHOCTh YaCTOTHI O MHTEPBAJIaM:

e e I
.

No II;moTHOCTE YacTOTEI No II;moTHOCTE Y4acTOTHI
WHTEpBaja %’ WHTEpBaia %’
1 0,2 5 4,8
2 1,2 6 2,0
3 3,2 7 0,8
4 7,2
N300pa3um moaydeHHbIN pe3yIbTar:
J
— l. -
5 10 15 20 25 35 40 «x




4. Haitnure cTaTUCTUYECKHE OLIEHKH T€HEePaIbHOM COBOKYITHOCTH, 3aJJaHHOM CIIeyIOLIUM
BAPUALIMOHHBIM PSIIOM:

BapHaHTA X; ‘ 2 ‘ 4 ‘ 5 ‘ 6

yactora N, ‘ 8 ‘ 9 ‘10‘ 3

Pemenue. Onpenenrim 00beM COBOKYITHOCTH:
Ny =84+9+10+3=30.

Haiinem renepaibHy1o CpeIHIO:

T :8~2+9-4;OIO-5+3~6:4

JI7ist BBIMHMCIICHHS TEHEPAIIbHON IUCTICPCHH HCTIONB3YeM GOpMyIty p _y+ _(x, |- OTIpenenum CpeHioro

KBaJIpaToB:
2 2 2 2
X§:82 +9-4 ;—0105 +3-6 ~178-

Taxum O6p330M, D.=178-4"=18-

['eHepanbHOE CTaHIAPTHOE OTKIOHEHHUE: o = [D, = /1.8 =134.

OOBIYHO MOMYYEHHBIX PE3YJbTATOB JOCTATOYHO IS MPAKTUYECKUX 3a71a4. OJTHAKO MOXKHO MOJTYYUTh
JIOTIOTHUTENBHBIE XaPaKTEPUCTUKH TSI 00Jiee TOHKOM OLIEHKH FeHepalbHON COBOKYyMHOCTH. [IpuBenem
HUX:

Moga Mo : HauOOJIbIIAs YacTOTa

Mo =10-

MennaHa Me:: BapI/IaI_II/IOHHHﬁ pAa ACIIUTCA TIOIIOJIaM B TOUKE

Me=4)5.
Pa3zmax Bapuanuu R: B npumepe
Xmax = O3 Xmin =2
IIO3TOMY
R=6-2=4.

5. 13 reHepanbHOM COBOKYITHOCTH M3BJI€U€Ha BHIOOPKA

Haiinure ctaTucTiyeckne XapakTEPUCTUKHA BHIOOPKH.
Pemenue. Onpenenum 00beM BHIOOPKU:
n=92+94+103+105+106=500.



Bri6opounas cpensssi:
= 92-1+94-2+103-34+105-4+106-5
XB =
500
Omnpenenum cpeiHIO KBaIpaToB:
9217 +94-2% +103-3* +105-4% +106-5°

X2 = =11,45-
500

=182

Bribopounas nucnepcus:
v2 (v VP 2
D, =X2—(X,) =11,45-182> =8,14.
Br16opouHOE CTaHAapTHOE OTKIIOHEHUE:
o, =+/814 2285,
®opma npeacTaBjeHus pe3yJbTaTa: BbIIIOJHEHHAs padoTa.

Kpurepun oneHku:

Ouenka "oTJHMYHO'" CTaBUTCA, €Clid pabOTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJICHUEM
HEO0OXOUMOM TIOCIIEIOBATSIIBHOCTH JCHCTBHI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIOJIHCHBI BCE

3aI1MCH U BBIYHCIICHHUA.

Onenka "'Xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIYIEHbI

2-3 "Hegouera.

Ouenka "ya0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOTHEHHOW YacTH TaKOB, YTO IO3BOJISIET MONYYUTh MPABHIIBHBIE PE3YNbTAaThl U BHIBOJBI, B XOJIE

MIPOBEICHUS pabOThI ObUIN JAOMYIIEHbI OIIHOKH.

Ouenka "Hey10BJ1eTBOPUTEIbHO'" CTaBUTCS, €CIIH pabOTa BBHIIOJIHEHA HE MOJHOCTHIO UIH 00BEM

BBIIIOJIHEHHOM YacTH pa60Tm HC MMO3BOJIACT CACIATh NPABUJIBHBIX BHIBOJOB.



