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1 BBEJAEHUE

BaxHylo yacTh TEOpPETHYECKON M MpOo(heCCHOHATBFHONW MPAKTHUECKOW MOATOTOBKU OO0YYarOIIUXCs
COCTaBJISIOT IPAKTUYECKUE 3aHATHU.

CoctaB u cojaepKaHME NPAKTUYECKUX 3aHITUN HampaBieHbl Ha peanusanuio PDenepanbHOro
roCyJJapCTBEHHOT0 00pa30BaTEJIbHOTO CTaHAAPTA CPEIHEro 00LIero o0pa3oBaHus ¢ yUETOM I10J1y4aeMOi
CIELUAJIbHOCTH.

Benymeli  aunakTudeckoil - Lenbr0  NPAKTUYECKUX — 3aHATMH  sBiserca  (opMupoBaHue
npoeCCUOHATIBHBIX MPAKTUYECKUX YMEHUH (YMEHHH BBIOIHATH OINpEeNICHHbIE JeHCTBUS, ONEpaluy,
HE0O0XO/AMMBIE B IOCIEAYIOUIEM B MPO(ECCHOHAIBHONW IEATENbHOCTH) MM Y4eOHBIX NPAaKTUYECKHUX
yMeHu# (yMEHHMH pemarh 3aJaud 1[0 MaTeMaTHKe), HEOOXOJMMBIX B TOCIEAyIoUed ydeOHOU
JESTEIIBHOCTH.

B cootBercTBHM ¢ paboueil mporpamMMoil yueOHO# aucuuruinHbl «MareMaTHKay MperycMOTPEHO
IIPOBEJECHUE NPAKTUYECKUX 3AHATHH.

[1P61 BnaneHune METOaMU JI0KAa3aTeNNbCTB, AITOPUTMAMH PEIICHHUS 33/1a4; yMEHHEe (POPMYIUPOBATH
OTIpEJICIICHUs, aKCHOMBI U TEOPEMBI, TIPUMEHSTh MX, MPOBOAUTH JIOKA3aTeIbHBIE PACCYKICHHUS B XOJIE
peuieHus 3a1ay;

[1P62 ymeHue onepupoBaTh MOHATUAMHU: CTEIEHb YWCIA, JIOTapu(M Ymcia; YyMEHHE BBINNOJHATH
BBIYHCIICHUE 3HAYCHUI U MPeoOpa3oBaHMs BEIPAKSHUI CO CTETIEHSAMH U JorapudmMaMu, peodpa3oBaHus
JTPpOOHO-pallMOHATIFHBIX BBEIPAKECHUI;

[1P63 ymeHHe OmNEpUPOBATH MOHATUSMH: DAlMOHAJbHBIC, HWPpAlMOHAIBHBIC, OKa3aTeNbHBIC,
CTETIEHHBIE, JIOTapU(PMHUECKUE, TPUTOHOMETPHUYECKIE YPAaBHEHHS U HEPABEHCTBA, UX CUCTEMBI;

[1P64 ymenue omepupoBaTh NOHATUSAMH: (YHKIHS, HENpepblBHAS (YHKUUS, IPOU3BOJIHAS,
nepBooOpasHas, ONpeeseHHBI MHTErpall; YMEHHUE HAXOJUTh MPOU3BOJIHBIC 3JIEMEHTAPHBIX (YHKIWH,
UCTIOJNIB3Ys CIIPaBOYHBIC MaTEpUalIbl; HCCIIEA0BATh B MPOCTEHIINX CIy4asX (PyHKIMM HA MOHOTOHHOCTb,
HaXO/JWTh HaAWOONbIIME W HAUMEHBIINE 3HAYeHWs (QYHKIWH; CTPOUTh Tpa)UKd MHOTOUYICHOB C
UCIOJIb30BAaHUEM allapara MaTeMaTHUYEeCKOTo aHalu3a; MPUMEHATh IMPOU3BOJHYIO MIPH pEIIEHUM 3a7ady
Ha JIBIKEHHE; PellaTh MPaKTUKO-OPHEHTUPOBAHHBIEC 33/[aui Ha HAWOOJbIINEe W HAaNMEHBIINE 3HAYCHUS,
Ha HaXxOXJIeHUE MyTH, CKOPOCTHU U YCKOPEHHUS;

[1P65 ymeHue omepupoBaTh TMOHSATHSIMH: palioHaTbHAsS (YHKIHS, TOKa3zaTenbHas (QyHKIMS,
creneHHast pyHKIus, Jorapupmudeckas GyHKIMS, TPUTOHOMETpUYecKre QPyHKIMH, 0OpaTHbIe (QYHKIHUH;
YMEHHE CTPOUTH Ipad)MKy M3YYCHHBIX (YHKIUH, UCTONB30BaTh IpadUKu NPU M3YyYCHUH TPOLECCOB U
3aBUCUMOCTEH, MpU peIleHUuH 3aJad M3 JPYTUX y4eOHbIX NpPEeAMETOB W 3a/ad U3 peabHOW JKU3HU;
BBIpaXaTh (OPMYIIaAMHU 3aBUCHMOCTH MEX/y BETMUYNHAMU;

ITP66 ymeHue pemaTh TEKCTOBBIE 3a/1a4M Pa3HBIX TUIOB (B TOM YMCIIE Ha MPOLEHTHI, IOJIU U YacTH,
Ha JIBIDKEHHE, padOTy, CTOMMOCTH TOBApOB M YCIIYT, HAJIOTH, 3a/1a4d U3 00J1aCTH YIpPaBICHUS JTHYHBIMU U
ceMeHHbIMU (DMHAHCAMU); COCTABIISATh BBIPAXKEHUS, yPAaBHEHHUS, HEPABEHCTBA M UX CUCTEMBI 110 YCIOBHIO
3aJ1auu, UCCIIEI0BATh MOYIEHHOE PEIICHNE U OIIEHUBATh MPaBIOTIOA00HOCTh PE3YIIbTAaTOB;

[IP67 ymeHue omnepupoBaTh MOHATUSAMH: CpeAHee apudMeTHuecKoe, MeAuaHa, Haubojbllee U
HaMMEHbIIIee 3HAUCHHsI, pa3Max, IHCIEePCHs, CTAaHJAPTHOE OTKJIOHEHHWE YHCIOBOTO Habopa; yMmeHue
U3BJIEKATh, MHTEPIIPETUPOBATh MH(POPMALIMIO, IPEACTABICHHYIO B TaOMUIIAX, HA AUarpamMmax, rpadukax,
OTPaKAIONIYIO CBOWMCTBA pEAbHBIX MPOIIECCOB W SIBICHHIA;, MPEACTaBISATh HH()OPMAIMIO C ITOMOIIBIO
TaOJUI] ¥ JMarpaMM; UCCIIe0BAaTh CTATUCTHUYECKUE JaHHBIE, B TOM YHCJIEe C IPUMEHEHHEM IpauyecKux
METOIOB U 3JICKTPOHHBIX CPE/ICTB;

I1P68 ymeHue onepupoBaTh MOHATHAMU: CIy4YaiHBII OMBIT U ciy4yailHOe COOBITHE, BEPOSTHOCTh
CITy4aifHOTO COOBITHS; YMEHHE BBIYHCIATH BEPOSITHOCTH C HCIIONB30BAaHHEM TpaUUecKUX METOJIOB;
IPUMEHATH (POPMYJIBI CIOKEHUS U YMHOKEHHSI BEPOSITHOCTEH, KOMOMHATOPHBIE (DAaKThl U (OPMYJIBI IIPH
pelieHnH 3a/a4; OILEHMBATh BEPOSTHOCTH pPEaJbHBIX COOBITHH; 3HAKOMCTBO CO CIIyYailHBIMHU
BEIMYMHAMHU; YMEHHE NPUBOJAUTH IMpPHUMEPHI MPOSBICHUS 3aKOHA OOJBIIMX YHCEN B MPHUPOTHBIX M
OOIIECTBEHHBIX SIBICHUSAX;



I1P69 ymenue onepupoBaTh MOHATHUSAMH: TOYKA, MPsIMasi, IUIOCKOCTh, POCTPAHCTBO, JBYTPAHHBIN
YTOJI, CKpELIMBAIOLIMECS MPSAMBIC, TAPAJIJICIIBHOCTD U NEPIICHIUKYIIIPHOCTD MPSMBIX U INIOCKOCTEH, yTOJ
MEX1y IPSIMBIMH, YTOJl MEXAY IPSIMON U MJIOCKOCTBIO, YTOJI MEXKAY IJIOCKOCTSMHU, PACCTOSIHUE OT TOUKH
110 IJIOCKOCTH, PACCTOSHUE MEXKIY NPSAMBIMH, PACCTOSHUE MEXKIY IJIOCKOCTSAMU; YMEHHE HCIIOJIb30BaTh
IpU pelIeHUH 3a/1a4 HM3y4YeHHbIe (DAKTbI M TEOpeMbl IUIAHUMETPUHU; yYMEHHE OLEHHBATH pa3Mepsbl
00BEKTOB OKPYXKAIOIIEro MUPA;

[IP610 ymenuwe omnepupoBaTh MOHATUSMH: MHOTOIPDAaHHHMK, CEYEHHE MHOTOTPaHHUKA, KYO,
napajiesienune1, npusMa, nupaMuza, Gurypa u noBepXHOCTb BpaLEHUs, LWIMHIP, KOHYC, 1Iap, cdepa,
ceuyeHHss (UTYphl BpalleHHsA, IJIOCKOCTh, Kacaromiascs cQeppl, LIWIMHAPA, KOHYCa, IUIOIIAIb
MOBEPXHOCTU MHUPaMMJIbl, IPU3MBbI, KOHYCa, LMINHApPA, IUIOaAb chepbl, 00beM KyOa, IpSIMOYTrOJIbHOTO
napajiesienune1a, MMpaMuIbl, TPU3MBI, IIMIUHIPA, KOHYCA, Iapa; YMEHHE U300pakaTh MHOTOTPAaHHUKH
Y NIOBEPXHOCTU BPAILEHUS, UX CEYCHMSI OT PYKH, C TOMOLIbIO YEPTEKHBIX HHCTPYMEHTOB U JIEKTPOHHBIX
CPEICTB; YMEHHME paclo3HaBaTh CUMMETPUIO B IPOCTPAHCTBE; YMEHHUE pACIIO3HABATh IPaBUJIbHbIE
MHOTOTPaHHUKU;

[1P611 ymeHue omepupoBaTh MOHATHUSAMH: JBH)KCHHE B IPOCTPAHCTBE, MOAOOHBIE (DUTYPHI B
IIPOCTPAHCTBE; MCIIOJb30BaTh OTHOUICHUE IUIOIIAe MOBEepXHOCTEH U 00BEMOB MOJOOHBIX (GuUryp mpu
pellIeHNH 3a]1a4;

I1P612 ymeHue BBIYMCIATH F€OMETPUUECKUE BEIUYMHBI (JUIMHA, YToJl, IUIOLaab, 00beM, MJIOLalb
MOBEPXHOCTH ), UCTIOJIB3Ys U3yUEHHBIE (POPMYIIBI U METO/BI;

I1P613 ymeHue omnepupoBaTh HOHATHAMM: IPSAMOYrojbHAs CHUCTEMa KOOPAMHAT, KOOPIMHATHI
TOYKH, BEKTOp, KOOPAMHATHl BEKTOpa, CKAJIIPHOE IPOU3BEACHUE, Yrojl MEXJy BEKTOpaMHu, CyMMa
BEKTOPOB, MPOMU3BEIEHUE BEKTOpa HA YHCIIO; HAXOIUTh C MOMOILBIO M3YyYEHHBIX (POPMYIN KOOPIUHATHI
CepeMHbI OTPE3Ka, PACCTOSHUE MEKIY JBYMsSI TOUKAMU;

I1P614 ymeHue BbIOMpaTh MOAXOAIIMN M3YYEHHBIH METOJ AJIs PEelICHUs 3a/1adyM, pPaclo3HaBaTh
MaTeMaTHyeckue (akThl U MaTEMaTHYECKHE MOJIEIM B NPUPOJHBIX U OOILECTBEHHBIX SIBICHHUSX, B
UCKYCCTBE; yMEHHE IIPUBOJUTb IPUMEPHl MAaTEMaTHYECKUX OTKPBITUM PpPOCCUMCKOM M MHPOBOU
MaTeMaTHYECKOW HAYKH;

IIpyl ymeHue onepupoBaTh NOHATHAMMU: ONPEAEICHHUE, aKCMOMA, TEOPEMA, CIEICTBUE, CBOUCTBO,
MpPU3HAK, JI0KA3aTeIbCTBO, PAaBHOCHIIbHbIE (DOPMYIMPOBKU; yMeHHE (GOpPMYyIUpoBaTh oOpaTHOE H
IIPOTUBOIOJIOKHOE YTBEPKACHHUE, NPUBOJUTH IPUMEPHI M KOHTPIPUMEPHI, HCIOJIB30BaTh METOJ
MaTeMaTHYeCKON MHAYKLIUHU; IPOBOANUTD JAOKa3aTeNbHbIE PacCyXIE€HUS MPU pElIeHNH 3aJa4, OLIeHUBATh
JIOTUYECKYIO NTPaBUIIBHOCTD PACCYKIACHU;

[Ipy2 ymeHue omnepupoBaTh MOHSATHSIMH: MHOECTBO, IOJMHOXECTBO, OIEpallud HaJ
MHOKECTBAMH; YMEHHUE HCII0JIb30BATh TEOPETUKO-MHOKECTBEHHBIM ammapaT JUlsl ONHMCAaHUs peabHbIX
IIPOLIECCOB U SBJIEHUH U MPU PELICHUHU 3a]1a4, B TOM YUCJIE U3 JPYTUX YYEOHBIX MTPEIMETOB;

IIpy3 ymeHnue onepupoBaTh MOHATUAMU: rpad, cBsI3HBIN rpad, 1epeBo, UK, rpad Ha MIOCKOCTH;
yYMEHHE 3a/1aBaTh U OMMCHIBATh Tpadbl pa3IMUHbIMHU CIIOCOOAMH; MCIOJB30BaTh rpadbl IpU pelIEHUU
3ajady;

[Ipy4 ymeHnue cBOOOIHO ONEpPUPOBATH MOHATHSAMHU: COUYETAaHUE, NEPECTAaHOBKA, YHCIO COYETAHUM,
YHCII0 ePeCcTaHOBOK; OMHOM HbIOTOHA; yMEHHE MPUMEHATh KOMOMHATOPHBIE (DaKThl U PACCYKIECHUS JUIs
pelieHus 3aaay;

IIpyS yMeHue onepupoBaTh NOHITUAMU: HATYPaJbHOE YHUCIIO, LIEJI0€ YUCIIO, OCTATOK 110 MOJIYJIIO,
paloHaIbHOE YHCIIO, HpPpalOHAIBHOE YHCIIO, MHOXECTBA HATYPaJbHBIX, LENbIX, palHdOHAaJIbHBIX,
JeWCTBUTENBHBIX YHCEI; YMEHHE MCIIOIB30BaTh MPU3HAKU JICIIMMOCTH, HAUMEHBIINN OOLIUIA 1eIUTeNb U
HauMeHbllee olliee KpaTHOe, aJropuT™M EBkiMaa mpu pemieHuH 3ajad; 3HAKOMCTBO C Pa3iHMYHBIMU
MO3ULMOHHBIMU CUCTEMAaMU CUUCIICHHUS],

[Ipy6 ymeHue cBOOOAHO OMNEPUPOBATH TMOHATHSMH: CTENEHb C LEJIbIM IIOKa3aTejaeM, KOpEeHb
HaTypaJIbHOM CTENEHM, CTENEHb C PpAlUOHAIBHBIM II0Ka3aTeleM, CTENeHb C JEMCTBUTEIbHBIM
(BelecTBEHHBIM) MTOKa3aTeneM, Jorapudm drciia, CHHYC, KOCUHYC U TaHT'€HC ITPOU3BOJIBLHOTO YUCIA;

IIpy7 ymeHue onepupoBaTh HOHATHAMU: TOKIECTBO, TOKAECTBEHHOE MpeoOpa3oBaHue, ypaBHEHHUE,
HEPABEHCTBO, CUCTEMa YPaBHCHMM M HEPABEHCTB, PAaBHOCWIBHOCTh YPAaBHECHUM, HEPABEHCTB U CHCTEM,



panroHaIbHbIE, UppalroHalIbHbIE, NoKa3aTesbHbIE, CTETICHHBIE, JorapupMHUEcKue,
TPUTOHOMETPUUYECKUE YpaBHEHUs, HEPABEHCTBA U CUCTEMbl; YMEHHE PEIIaTh YPABHEHUS, HEPABEHCTBA U
CHCTEMBI C TIOMOIIBIO PA3JIMYHBIX IPUEMOB; PEIIaTh YPaBHEHUS, HEPABEHCTBA U CHCTEMBI C IapaMeTPOM;
IPUMEHATh YPaBHEHUS, HEPABEHCTBA, MX CUCTEMBl JUIsl pEIIEHUS MaTeMaTHM4YeCKUX 3ajad U 3aj1ad U3
pa3nuyHbIX 001acTE HAYKH U peaIbHOM KU3HH;

[Ipy8 ymMeHume cBOOOJHO OMEpUPOBATH MOHATUAMH: Tpaduk QyHKIUH, oOpaTHas QYHKIIUA,
KOMMO3ULUS (PYHKIUMHA, TuHEHHas (QYHKIUsS, KBaJpaTW4yHas (QYHKUUS, CTENEHHAs (DYHKIHS C LEIbIM
IoKas3aTejgeM, TPUIOHOMETpudeckue  (yHKIMH, OOpaTHblE  TPUTOHOMETpUYecKHe  (YHKIHH,
nokaszaTtenbHass W Jorapugmuyeckas (QyHKIUH, YMEHHE CTPOMTh Tpadukd (YHKIHUNA, BBITOIHSATH
npeoOpa3oBaHUs rpadukoB byHKIHIH;
YMEHHE HCHOJb30BaTh Tpaduku (YyHKIMN JUISI U3y4EHHs] HPOIECCOB M 3aBHCUMOCTEH MpH pPEHICHUHU
3ajja4 M3 JpYyrux y4eOHBIX HPEIMETOB U M3 PealbHON XHU3HM; BbIpakaThb (HOpMyJamMH 3aBHCHMOCTH
MEXy BEIIMYMHAMU; yMeHHue CBOOOJIHO ONEpPHPOBATH MOHATHAMU: YETHOCTD
(GyHKLIMH, TEPUOJUYHOCTh (DYHKIMH, OTPAHUYEHHOCTh (DYHKIMH, MOHOTOHHOCTh (DYHKIIMH, SKCTPEMYM
¢byHkuuu, HawOoJbIIee W HaWMEHbIIee 3HAUYeHUS (YHKIMM Ha TPOMEXKYTKE; YMEHHE IPOBOJUTH
uccieioBaHue QpyHKIUHY; YMEHHU €
UCTOJB30BaTh CBOWCTBA W rpaduku (QYHKIUH AN pemeHus YpaBHEHUH, HEPaBEHCTB M 3a/ad C
napameTpamu; u300pakaTh Ha KOOPJMHATHON IJIOCKOCTH MHOXKECTBA PEIEHUH ypaBHEHUH, HEPABEHCTB
U MX CHCTEM;

IIpy9 ymeHue cBOOOJHO ONEpPUPOBATH MOHATUSAMM: I1OCIEA0BATEIbLHOCTh, apH(MeTHuecKas
mporpeccusi, TeOMETpUYecKas MPOrpeccusi, OCCKOHEYHO YyOBIBaOIIas TeOMETPUYECKash IMPOTPecCHs;
YMEHHUE 3a/1aBaTh I10CJIEA0BATEIbHOCTH, B TOM YHCIIE C IOMOUIbIO PEKYPPEHTHBIX (hopMy;

[Ipyl0 ymenue omnepupoBaTh MOHATUSAMHU: HENPEPHIBHOCTh (YHKIMHM, ACHMIITOTHI Tpaduka
¢byHKkuMu, mepBas M BTOpas NpPOM3BOJAHAS (YHKIMH, TEOMETPUYECKUH U (PU3UYECKUH CMBICI
MIPOU3BOJIHOM, TEpBOOOpa3Has, ONPENEICHHBI HHTErpal; yMEHHE HAXOAWTh AaCHMOTOTHI Tpaduka
(GYyHKLMHU; YMEHUE BBIYUCIATH IPOU3BOJHBIE CYMMBI, IPOM3BEACHNUS, YACTHOIO U KOMIIO3UIIMH (PYHKIIUA,
HaxOJIUTh ypaBHEHUE KacaTeJbHOU K rpaduxy GyHKIUY;
YMEHHE HCIIOJb30BaTh MPOU3BOAHYIO Ul HCCIEAOBaHHUS (DYHKIMHM, I HAXOXACHUS HAWIYYIIEero
pemieHusi B TPUKIAAHBIX, B TOM YHCIIE COIMAIBHO-DKOHOMHUYECKHX M (U3NYECKHX 3ajadax, s
OIIpeJIeJIEHUs] CKOPOCTH U YCKOPEHUS; HaXOMUTh IUIOMAAN U 00BeMBbl (UTYyp C MOMOIIbIO MHTErpaja;
MPUBOANUTH TIPUMEPBI MATEMAaTHIECKOTO MOJISITMPOBAHUS C TOMOIIBIO0 T PepeHIIHaTbHBIX YPaBHEHUH;

IIpyll ymeHue omepupoBaTh MOHATHUAMH: KOMIIJIEKCHOE YHCIO, CONPSIKEHHbIE KOMIUIEKCHBIE
qHcia, MOIYJIb M apTyMEHT KOMILIEKCHOTO YHCIIa, opMa 3aliCcH KOMIUIEKCHBIX Yicel (TeoMeTpruIecKas,
TPUTrOHOMETpHUEeCKass U anreOpanyeckas); yMeTb TNPOM3BOJIUTH apudMeTHuecKue JeHCTBUA C
KOMIUIEKCHBIMHU YHCJIAMU; TIPUBOIUTH MTPUMEPHI HCITOJIb30BaHHSI KOMIUIEKCHBIX YHCET;

IIpyl2 ymenue cBOOOAHO ONEPUPOBATH MOHATHAMM: cpelHee apupMeTHYecKoe, MeauaHa,
HanOoJbIllee W HaWMEHBINIEE 3HAYEHUS, pa3Max, JAHUCIEPCHUs, CTaHAAPTHOE OTKIOHEHHE JUIsS OIHMCAHUS
YHUCIIOBBIX JIaHHBIX; YMEHHE HCCIIe0OBaTh CTaTHCTUYECKUE JAHHBIE, B TOM 4YHCJIE C NPUMEHEHUEM
rpadM9ecKuX METOJOB U JIEKTPOHHBIX CPEICTB; rpa)MuecKH MCCIIET0BaTh COBMECTHBIC HAOIIOACHUS C
MOMOIIBIO JMAarpaMM pacCcenBaHUs U JMHEHHON perpeccuu;

[Ipyl3 ymeHHe HaxoIuUTh BEPOSATHOCTU COOBITHH C HUCHOJb30BaHUEM TpapUUEeCKHUX METOJIOB;
OPUMEHATH Ul PelIeHus 3a7a4 (pOpMyJIbl CIOKEHUS M YMHOXKEHHUSI BEpOATHOCTEH, (hopMyiy MOIHOM
BeposTHOCTH, Gopmyny bepHymnu, koMmOuHatopHble (GakThl U (DOPMYIBI; OIEHWBATH BEPOSITHOCTH
peanbHBIX COOBITUH; yMEHHE ONepupoBaTh MOHATUAMHU: CiIydaiiHas BeJIMYWHA, paclpeieieHue
BEPOSITHOCTEH, MaTeMaTHYeCKOe OXXKUJaHWe, JUCIEepCHs ¥ CTaHJApTHOE OTKJIOHEHHE CITydaifHOH
BEJIMYMHBI, (DYHKIIMM PACIpPEesIeHUs] U IUIOTHOCTH PAaBHOMEPHOIO, MOKA3aTEJIbHOTO W HOPMAaJIbHOTO
pacripenieNieHuii; yMEHUE WCIOIb30BaTh CBOMCTBA M3YYEHHBIX DPACIPENEIICHUI I pelieHus 3aj1ad;
3HAaKOMCTBO C TOHSTHAMHU: 3aKOH OOJIBIIMX YHCEN, METOJbl BBHIOOPOYHBIX HCCIEIOBaHUN; yMEHHUE
MPUBONUTH TIPUMEPHI TIPOSIBIICHUS 3aKOHA OOJBIIIX YHCEN B TIPUPOIHBIX M OOIIECTBEHHBIX SBIICHHSX;

IIpyl4 ymenue cBOOOAHO ONEpPUPOBATH MOHATHSAMM: TOYKA, MpPsSMasi, INIOCKOCTb, MPOCTPAHCTBO,
OTpPE30K, JTy4, IVIOCKUI Yroj, JBYrpaHHBIN yroj, TPEXIpaHHbIN yroJl, HepeceKaromuecs, napaulieabHble 1



CKPEILMBAIOIINECS TPSMbIE, MapalIeIbHOCTh M NEPIEHIUKYJISIPHOCTh MPSMBIX M IUIOCKOCTEH, Yros
MEXNY MpSIMBIMU, YTOJ MEKIAYy MNPAMOHM M INIOCKOCTBIO, YTOJ MEXKIYy IUIOCKOCTSMM; YMEHHE
MCTOJIB30BATh TPU PEHICHUH 33134 U3Y4YeHHBIC (PAKThl U TEOPEMBI IUIAHUMETPUH; YMEHHE OLIEHUBAThH
pa3Mepbl 0OBEKTOB B OKPYXAIOIEM MHUPE; YMEHHE ONEpUPOBaTh HNOHATHAMM: MHOTOIPaHHUK, CEYEHUE
MHOTOI'paHHHKA, NPAaBWIBHBI MHOTOTPAaHHHK, MPU3Ma, MUpaMuaa, GUrypa u MOBEPXHOCTh BpAIICHUS,
LWINHAP, KOHYC, 1ap, cdepa, pa3BepTKa MIOBEPXHOCTH, CEUEHHsI KOHYCa U LIMIMH/PA, apajuleIbHbIE OCH
WIA OCHOBAHHIO, CEYCHHUE IIapa, INIOCKOCTh, Kacawomasics cepsl, MIUINHIPA, KOHYCa; YMEHUE CTPOUTH
CeYeHHe MHOIOIPaHHUKA, U300pa)KaTh MHOIOIPAaHHUKH, (PUIYpbI M IOBEPXHOCTH BPAIEHUS, UX CEUCHMUS,
B TOM YHCJI€ C IOMOIIBIO 3JEKTPOHHBIX CPEJCTB; yMEHUE MPUMEHITh CBOWCTBA T€OMETPHUECKUX (UTYP,
CaMOCTOSITENILHO (POPMYJIMPOBATh ONPEEICHUS U3ydaeMbIX (UTYp, BbIIBUIATh TUIIOTE3bl O CBOMCTBAX U
NpPU3HAKAX TEOMETPUYECKUX (Uryp, OOOCHOBBIBATH WIIM ONPOBEPraTh HX; yMEHHUE MPOBOIUTH
KkiIaccuukanuoo (Uryp Mo pa3IuyHbIM IPU3HAKAM, BBINOJHATE HEOOXOAUMBIE JOIOJHUTEIbHbIE
IIOCTPOEHHS;

IIpyl5 ymeHue cBoOOAHO ONEpUPOBATH MOHATUAMU: IJIOLIAb (GUTYpbl, 00BEM (UTYpHI, BEIUYHHA
yrja, pacCTOSIHME OT TOYKH JO0 IIJIOCKOCTH, DPACCTOSIHUE MEXIY HPSAMbIMH, PAaCCTOSIHHE MEXIY
IUIOCKOCTSIMH, IUIOIIAAb cepsl, IUI0IIAlb MOBEPXHOCTU MUPAMUIbI, IPU3MBbI, KOHYCA, [IMIUHIPA, 00beM
KyOa, NpSAMOYToOJIbHOTO Mapajljiesienuieaa, NUpaMu/bl, MPU3MbI, LHWIMHIpa, KOHYyca, LIapa; yMEHue
HaXO/IUTh OTHOLIEHHE 00bEMOB MOJIOOHBIX (PUTYD;

[Ipyl6 ymenue cBOOOJHO ONEPHUPOBATH MOHATUSMHU: JBI)KCHHE, TapajUIeIbHBIA MEpeHocC,
CUMMETpHUS Ha IUIOCKOCTH U B MPOCTPAHCTBE, IOBOPOT, MIpeodpa3zoBaHue NoJ00Ms, 10100HbIe (DUTYPHI;
YMEHHE PAclO3HaBaTh PaBHbIE U MOJO0OHBIE (PUTYPBI, B TOM UYUCIIE B MPUPOJIE, UCKYCCTBE, ApPXUTEKTYPE;
YMEHHUE HCMOIb30BaTh I'€OMETPUYECKUE OTHOILEHUS, HAXOAUTh I'€OMETPUUYECKHE BEJIMYMHBI (JUIMHA,
yTroJ1, IJI0Ia/lb, 00bEM) MPH PEIICHUH 33]a4 U3 APYTUX YIEOHBIX TPEIMETOB U U3 PeabHOM JKU3HU;

IIpyl7 ymenune cBoOOAHO ONEPUPOBATh MOHATUAMU: MPSAMOYTOJIbHAsE CUCTEMA KOOPAMHAT, BEKTOP,
KOOpJMHAThl TOYKH, KOOpPAMHATHI BEKTOPAa, CyMMa BEKTOpPOB, IMPOM3BEIACHHE BEKTOpa Ha YMUCIIO,
pas3ioXeHue BEKTOopa Mo 0a3ucy, CKalsipHOE MPOU3BEIECHUE, BEKTOPHOE IPOM3BEAECHHUE, Yrojd MEXIy
BEKTOpPaMH; YMEHHUE UCMOJIb30BaTh BEKTOPHBIN M KOOPAWHATHBIMN METOJ JUIsl pELIeHUs] T€OMETPUYECKUX
3aJjad M 337a4 JPYrux Yy4eOHBIX MpPEeIMETOB; ONEepUpOBaTh MNOHATHAMM: MaTpuma 2x2 u 3x3,
OTpeAEIUTENb MAaTPUILIbl, TEOMETPUUECKUIM CMBICIT ONPEAEITUTENS;

IIpyl8 ymeHne MOAENUPOBATH pEANbHBIE CHUTYyallUM Ha $3bIKE MaTEMaTHKH; COCTaBIATh
BBIPAKEHUS, YPABHEHUS, HEPABEHCTBA U MX CHUCTEMBI IO YCJIOBHIO 3aJlauM, MCCIEA0BAaTh MOCTPOEHHBIE
MOJIEJI C HCIOJb30BaHUEM ammapaTa aareOpbl, MHTEPIPETUPOBATh MOJYUYEHHBIH pe3ynbTaT; CTPOUTh
MaTeMaTHYeCKHe MOJEIHU C MOMOIIbI0 T€OMETPUUYECKUX MOHATUI U BEJMYMH, PEIIaTh CBSI3aHHbIE C HUMU
IIPAKTUYECKHE 3aJaud; COCTaBIATh BEPOSTHOCTHYIO MOJEIb W HHTEPIPETUPOBATH IOJYyYEHHBIN
pe3ynbTaT; pemarb NPUKIAJHBIE 3aJaud CPEJCTBAMU MAaTEMaTHYECKOro aHaiu3a, B TOM YHCIE
COL[MAJIbHO-9KOHOMHUYECKOTO U (PM3HUECKOTO XapaKTepa;

[Ipyl9 ymenue BbpIOMpaTh MOAXOIALIMM METOJ ISl pEIIeHUs 3aJauyd; MOHMMAaHHE 3HAYMMOCTH
MaTeMaTHKU B U3yYEHHM NPUPOAHBIX M OOIECTBEHHBIX NMPOLECCOB M SBICHUH; YMEHHE PaclO3HaBaTh
MPOSIBIEHUE 3aKOHOB MAaTE€MaTUKU B HCKYCCTBE, yMEHHE MPUBOAMTH MPUMEPbl MaTeMaTHYECKHX
OTKPBITUHA POCCUMCKON U MUPOBOM MaTEMaTUYECKON HAYKU.

MP8 crocoOHOCTh U TOTOBHOCTh K CaMOCTOSITEIbHOMY TMOHUCKY METOJIOB PEIIEHUs MPaKTHYECKUX
3a]1a4, IPUMEHEHHIO Pa3JINYHbIX METO/I0B TIO3HAHHUS;

MP10 ¢opMupoBaHue HAay4HOrO THWIIAa MBIIUICHUS, BIIAJEHUE HAyYHOM TEPMUHOJIOTHEH,
KJIFOUEBBIMM ITOHATUSAMHU U METO/IaMU;

MP12 BBISBISATH MPUUYUHHO-CIIEICTBEHHBIE CBS3U U aKTYaJIH3UPOBATh 3a/1a4yy, BHIIBUTATh TUIIOTE3Y
€€ pEeIlICHUs, HaXOAUTh apryMEHTHI JJIs JOKa3aTelIbCTBA CBOMX YTBEP)KJIEHHUH, 3a7aBaTh IapaMeTphl U
KPUTEPUHU PELIEHUS;

MP13 aHanu3upoBaTh NOJYYEHHBIE B XOJE PELICHMS 3a/ladyll Pe3yJIbTaThl, KPUTUYECKH OLIEHUBATh
UX JIOCTOBEPHOCTH, MPOTHO3UPOBATH U3MEHEHHUE B HOBBIX YCIIOBUSX;

MP16 ocymiecTBIATh IieJ€HANpaBIeHHbI MOUCK IEepPeHOoca CPEACTB M CIOCOOOB JeiicTBUA B
poeCCUOHATBHYIO CPENY;



MP17 ymerb TEpeHOCUTh 3HAHHS B I[IO3HABATEIbHYI0 M  IPAaKTHYECKyl0  00JacTu
KHU3HEJEATEIbHOCTH;

MP18 ymeTb HHTErpupOBaTh 3HAHUS U3 Pa3HBIX IPEIMETHBIX 00J1acTel;

JIP23 roTOBHOCTH K TPYAy, OCO3HAHHE IIEHHOCTH MacTePCTBa, TPYI0TIO0HE;

JIP26 TOTOBHOCTH M CIOCOOHOCTH K OOpa30BaHMI0O M CaMOOOpa30BAHMIO HAa MPOTSHDKEHUHM BCei
KU3HU.

ComepxaHue TPAaKTUYECKUX OPUEHTHPOBAHO HAa IMOATOTOBKY OOYdYalOmIMXCS K  OCBOCHHIO
po(eCCHOHATIBHOIO MOJIYJIsl IIPOrPaMMBbI IOJTOTOBKHM CHELHAIUCTOB CPETHErO 3BEHA M0 CHELHAIBHOCTH U
OBJIAZICHUIO NPOGheccuonanbHbIMu KOMNEMEHUUAMU:

I1IK 2.1 BbImonHATE pacyeTsl MapaMeTpoB TEXHOJIOIMUYECKOro Ipolecca, paboTel 000pya0BaHus,
XapaKTEPUCTUK UCXOIHOT'O ChIPbs U MPOIYKIUH IIPU IPOU3BOACTBE YEPHBIX METAIIJIOB.

A Takke POpMUPOBAHMIO 0OULUX KOMNEMEHYUIL.

OK 01 Bribupats crocoObl pemeHust 3a1a4 npoeCCHOHATBHON AEATEIbHOCTH PUMEHHUTEIBHO K
pa3IUYHBIM KOHTEKCTaM

OK 02 Hcmonb30BaTh COBpEMEHHBIE CPECTBA TIOMCKA, aHAIM3a U UHTEPIPETAluU HHOPMAIHN H
MH(pOPMAaLMOHHbIE TEXHOJIOTUH JIJIs BHIIOIHEHUS 3a/1a4 TPO(EeCCHOHAIBHON AeATeIbHOCTU

OK 03 IlnaaupoBath U peaqnu30BBIBaTH COOCTBEHHOE MPOPECCHOHATBHOE U JTMYHOCTHOE Pa3BUTHE,
IPEANPUHUMATENbCKYIO JeSITEIbHOCTh B IPOPECCHOHATIBHOM cdepe, UCIOIb30BaTh 3HAHUS 110 IPAaBOBOM
1 (PMHAHCOBOM I'PAaMOTHOCTH B Pa3JIMYHbIX KU3HEHHBIX CUTYaIUIX

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

OK 05 OcymiecTBiasiTh YCTHYIO U NUCbMEHHYIO KOMMYHHKAIIMIO HAa TOCYJIApCTBEHHOM SI3bIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOI'O KOHTEKCTA

OK 06 IIposBasTh TpakAaHCKO-TIATPHOTHUYECKYIO TIO3HMIIMIO, JIEMOHCTPUPOBATH OCO3HAHHOE
[IOBEJICHHE HA OCHOBE TPAJUIMOHHBIX POCCUICKUX JYyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM 4HUCIIE C
Y4E€TOM TapMOHHU3ALMHU MEXHAIIMOHAIBHBIX M MEXPEIUTMO3HBIX OTHOLIEHWM, MPUMEHSTh CTaHIAapThl
AHTUKOPPYNILIMOHHOTO OBECHHUS;

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOUIeH cpeabl, pecypcocOepeKeHHUI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMaTa, NPUHIUIBI OEpeXIMBOro MPOU3BOACTBA, 3()(PEeKTUBHO AEHCTBOBATH B
YpEe3BBIYANHBIX CUTYAIHSIX

OK 08 Hcnonb3oBaTh cpeacTBa (PU3NYECKON KYIbTYPHI Ui COXPAHEHHS U YKPEIIJICHUs 310pOBbsI B
npouecce MpodeccnoHabHON JEeSATeNbHOCTH M MOJAJEP’KaHUS HEOOXOIMMOro YpOBHS (pU3MUeCcKOn
MIOATOTOBJIEHHOCTH

OK 09 Ilonb3oBaThcsi MpohecCHOHATBHON TOKYMEHTAlUe Ha roCyAapCTBEHHOM M MHOCTPAHHOM
A3BIKAX.

Brinonnenue o0yuaromuxcs MpakTUYECKUX W/UIM Ta0OpaTOPHBIX padoT Mo y4eOHON JAUCIUILUIMHE
«MateMaTHKay HalpaBJIeHO Ha:

- 00o001IeHre, cucTeMaTr3aIuio, yriayoaeHne, 3aKperieHle, pa3BUTHE U JCTATU3ALUIO TOTyYEeHHBIX
TEOPETUYECKUX 3HAHUH MO0 KOHKPETHBIM TeMaM Yy4eOHON AUCLUIUINHBL;

- (hopmupoBaHNEe yMEHHI NMPUMEHSATH MOTYYECHHbIE 3HAHHUS Ha MPAKTHKE, pealn3allii0 €IUHCTBA
MHTEJUIEKTYaJIbHON M MPAKTUYECKON JeATEIbHOCTH;

- (opmupoBaHue M pa3BUTHE YMEHHI: HaOII0/laTh, CPaBHHUBATH, COINOCTABIATH, AHAIU3UPOBATH,
Je7aTh BBIBOJABI M OOOOIIEHMS, CAMOCTOSITENIbHO BECTH MCCIEIOBAaHMS, MOJIb30BATHCS PA3IMYHBIMU
prUeMaMu U3MEpEeHU, opOpPMIIATH pe3yabTaThl B BUE TaONIHUII, CXeM, TPadUKOB;

- Ppa3BUTHE UHTEIUIEKTYaJbHBIX YMEHUH y OyAyllUX CHEHHAIMCTOB: aHAJUTHYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIPaOOTKY NPH pEIIeHUH NTOCTABICHHBIX 3a7a4 MPO(EeCCHOHANTBHO 3HAUUMBIX KaueCTB, TAKUX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAsi HMHUIMATHBA.

IlpakTHyeckue 3aHATUS TPOBOJITCS B paMKax COOTBETCTBYIOIIEH TEMBI, IIOCIE OCBOCHUS
JMIAKTUYECKUX €IMHUILL, KOTOphle 00eCTIeunBal0T HAIMYUE 3HAHUHM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHS.



2METOIUYECKHUE YKA3AHUSA

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTnueckoe 3ansaTne Ne 1
«ApudmMernyeckue AeiicTBUS HAJ AeHCTBUTEIbHBIMHA U KOMILJIEKCHBIMU YHUCJIAMU.
Ipu6auKeHHbIE BBIYHUCIEHUD)

Heas padorbi: HayuuTbes BBINOMHATH JEHUCTBUS C JEUCTBUTEIBHBIMH U KOMILIEKCHBIMU
YUCJIAMH, BBITTOJIHATH MPUOJIMKEHHBIE BRIYHCICHUS.

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:

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

OK 02 Hcmonb30BaTh COBpEMEHHBIE CPEICTBA TIOMCKA, aHAIM3a U UHTEPIPETAluU HHOPMAIHN H
MH(OPMAIIMOHHBIEC TEXHOJIOTHH JIJIsI BBIITOJIHEHUS 33424 MPO(PECCHOHAIBHOM JICSITENbHOCTH;

[1IK 2.1 BpIMONHATE pacyeTsl MapaMeTpoB TEXHOJOTHYECKOTo Mporiecca, paboTel 000pynoBaHuUS,
XapaKTEPUCTHK UCXOTHOTO CHIPbS U MPOAYKIMH TPH ITPOU3BOJICTBE YSPHBIX METAIJIOB.

MarepuanbHoe odecneyeHHe:
I/IH[[I/IBI/IZIyaJII)HI)IC 3aJaHusd, CHpaBO‘-IHI)IC MaTepI/IaJH)I, KOHCIICKTHBI HCKHHﬁ.
3ananue

1. Pewmre 3agauu:

a) bpurage nomeHIIMKOB Obula yCTaHOBJIEHA HOpMa — BBIIUIABKA 4yryHa 1o 2,5 T B JeHb. B
NepBbId JeHb Opuraja BbIIUIaBWJIA 2 T 4yryHa, a BO BTOpod AeHb — 3 T. Haiinute mpoueHt
BBINOJIHEHUS] HOPMBI B IEPBBI U BTOPOH /1€Hb.

6) B mexe paborator 20 pabouunx, u3 HuX 8 craneBapoB. Kakoif mpoIeHT OT BCEro uncia pabounx
11€Xa COCTABIISIOT CTajeBaphl?

B) Pabounii neHp craneBapa ymeHbIIMICSA ¢ 8 4acoB 710 7 4yacoB. Ha CKOJIBKO MPOLIEHTOB HY>KHO
MOBBICUTH TPOU3BOAUTENBHOCTh TPYZAa, YTOOBI NMPH TeX e pacleHKax 3apaboTHas Ijara
Bo3pocia Ha 5%7?

2. Beruucnure:

5 7 23 9 423 44,1
) (5+5) (Cn—25) 6)
3 7
2 1 1, 12,8:0,64+3,05:0,05.
B)4§+ 15-3_5g, F) 8;;1%—1 y
6 6, 1. 2 _ A T
0152 - 122 (0,1 + 15), &) (1,8 23-1 5) 125,
« 0,15—0,15-3; 3) (1% 0,7 — 1,22) : 1%.

3
—§+0,25

3. JlaHbI KOMITJICKCHBIC YHCIIA:

71 = 34+ 21,
Zy = 4 — i,
Z3 = 5 + 21,

Z4=6_3i.



Brimmonaute neiicTBus:

a)Zl'Zz+Z3'Z4; 6)Z1'Z4+Z2'Z3
B) Z1 " Z3 — Zp " Zy;
Zq, Z2
r) —, ) =
Z2 Z3
Z3, Za
C) T )K) O
Zg Z1

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

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI:
BHuMaTenbHO 03HAKOMBTECH C YCJIOBHEM 3aJilaHus.

[Tonp3ysick CBOMMH LIKOJIBHBIMU 3HAHUSAMH (B ClIydae 3aTpyIHEHUS BOCIOJB3YHTECH CIIPAaBOYHBIMU
MaTepHragaMu), BHIIOJHUTE 3a1aHUE

3amaume Nel

2 1 2+1 3
) 3 Ay
2) Z4-==l=1
7 7 7 7
1 1 11 2 2.
3 3i+4:=C++(+5)=7+2=75
2 1 2 1 1 1
9 32-12=@-D+(3-)=2+1=25
5 L3 7.i_74_ 77
12°4 12 3 123 33 9
6) l.3z_1.3 13133
5 3 5 11 5-11 1 5 5 1
2 1 2 1 6+
) 3i+143=0+10+(G+3) =17+ =173,
3aganue Ne2

IMpumep. Haiitu (8+1i):(2-3i).
8+i
Pemenue. [lepenuiem 310 OTHOIIEHUE B BUAE APOOH: P
—ol
YMHOXHUB, €€ YUCITUTENb U 3HaMeHaTe b Ha 2 + 31 ¥ BBIIIOJIHUB BCe MPeoOpa3oBaHUsL, MOTYIHM:
(8+i)(2+3i 134261 .
?( ) = =1+2i
(2-3i)(2+310) 13

(I)opMa NpeacTaBJdCHUs pe3yjabTaTa: BhIIIOJTHECHHOC 3a/IlaHNE

Kpurepun onenkmn:

Onenka "otimyHO'" cTaBHUTCS, ecinu paboTa BBHIMIOJHEHA B TOJHOM O0BEME C COOIIOICHHEM
HEOOXOIMMOM MMOCIEN0BATENLHOCTH AEHCTBUM.

Ornenka "'xopomuo' CTaBUTCS, €CIU BBITIOJHEHB TPeOOBaHUS K OLIEHKE "OTIMYHO", HO JOMYIIEHBI 2-
3 Hemouera.

Onenka "'y10BJIETBOPUTEJbHO'" CTaBHUTCS, €ciii paboTa BBHITIOJIHEHA HE IMOJTHOCTHIO, HO O0BEM
BBITTOJIHEHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJYYUTh MPABUIIbHBIEC PE3YJILTATHI U BHIBOJBI.

OrneHka ""Hey10BJIETBOPUTEJIBHO' CTaBUTCS, €CM paboTa BBIMOIHEHA HE MOJHOCTHIO MU 00BEM
BBITIOTHEHHON YacTH paOOTHI HE MO3BOJISIET CAIENATh MPABUIILHBIX BBIBOJIOB.



Tema 1.1 Pa3zBurue NOHATHSA 0 YHCJIE

IIpakTnueckoe 3ansaTHe Ne 2
«Pelenne NpuKJIagHBIX 32124 HA IPOLEHTHD)

He.ﬂb paﬁoTbII Hay‘lI/ITBCH pf€aTh TEKCTOBBIC 3aa4i HAa HAXO0XACHHUE IIPOLICHTOB OT 4YHCJIa.

BoinosiHeHue padoThl cioco0cTBYET (POPMUPOBAHUIO:
OK 01 Beibupats criocoObl pemeHus 3aaad npopecCuoHaIbHON AEATEIbHOCTH TPUMEHUTEIHHO K
Pa3IUYHBIM KOHTEKCTaM;
OK 02 Mcronb30BaTh COBpPEMEHHBIE CPEICTBA MIOMCKA, aHAIN3a U MHTEPIIPETalui HHOpMaIK 1
MH(OPMAIIMOHHBIE TEXHOJIOTHH JIJIs BBITTOJIHEHUS 33124 MPO(ECCHOHAIBHON JIeATEIbHOCTH;
[1K 2.1 BbpIMONHATH pacyeTsl MapamMeTpoB TEXHOJOTHMUYECKOrO Ipoliecca, paboTel 000pya0BaHus,
XapaKTEPUCTHK UCXOJHOTO CHIPhS U MPOAYKIMH IPH ITPOU3BOJICTBE YSPHBIX METAIJIOB.

MaTtepuajbHOe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHI)HBIe 3alaHuA, CIIPAaBOYHbIC MaTCpUajibl, KOHCIICKTbBI HCKHI/Iﬁ.

3aganue

1. Hanor Ha nmoxoas! coctaBinsieT 13% ot 3apabotHoit miatel. [locne ynepikanusi Hajora Ha JOXObI
CTaJieBap MOJYYMJI 3a BBINOJHEHHYIO pabotry 16530 py6ueil. Ckoiabko pyOseil cocTaBisieT
CTOMMOCTb BBITIOJIHEHHOW paboThI?

2. Kowmmccns 3a Me:xOaHKOBCKUU mepeBojI cocTaiseT 1,5% ot cymMmel niepeBona, HO He menee 100
pyOueii. KakoBa Oynet komuccus 3a Mex6ankoBckuit mepeBoa cymmsl 50 000 pyOreit?

3. 25% ydJacTHUKOB KOHKypca mpodMacTepcTBa mponutyd B noinydunan, uz aux 10% oxazamuch B
¢unane. CKoabKo OBbLIO YYaCTHHUKOB KOHKYpCa, €Ciii (PMHATMCTaMHU OKa3aJIuCh 8 4enoBeK?

ITopsinok BbINOJIHEHHS PadOTHI:

BHuMaTenpHO 03HAKOMBTECH C YCIOBUEM 3aJaHMsL.

[Tonp3ysch MOMY4YEHHBIMH 3HAHUSAMH (B Cllyyae 3aTPyAHEHHs BOCIOJB3YMTECh CHPaBOYHBIMU
MaTepuagamMH), BBIIOJIHUTE 3a/laHUE.

OnuH nmpoueHT — 3TO OAHA coTas A0S 4Yuciaa. MaTreMaTM4eCKMMM 3HaKaMU OJMH ITPOLIEHT
3anuceIBaeTcs Tak: 1%.

Omnpenenenre OJHOTO MPOLIEHTAa MOXXHO 3amucarth paBeHctBoMm: 1% = 0,01 * a 5%=0,05,
23%=0,23, 130%=1,3 u T.1.

Kak naittu 1% ot uucna? Pa3 1% 310 oHa coTtast yacTh, Hajl0 yucio pazaenuts Ha 100. lenenue
Ha 100 MmoxHO 3amennTh yMHOXeHHEeM Ha 0,01. [ToaTomy, uToObI HaliTu 1% OT JAaHHOTO YHCIIA, HYKHO
yMHOXUTH e€ro Ha 0,01. A eciu HykHO HaiiTu 5% OT 4Kcia, TO yMHOXKaeM AaHHoe uucio Ha 0,05 u 1.1.

3adaua: llpennpusTie 3aKynaer 3aroTOBKM MeTaJjIoNpokaTa 1o ontoBoi 1eHe 110 pyOreit 3a
IITYKY U npofaet ¢ HareHkoit 30%. Kakoe Hanbosnbliiee 41ciao Takux 3aroTOBOK MOXKHO KynuTh Ha 1200

pyOnei?
Pewenue
1) OrnpezenseM HaLICHKY OPEIPUSATHS:
30% =0,3;

110 - 0,3 =33 py0. HarleHKa
2) OmnpepensieM pOZHUYHYIO IICHY:
110 + 33 = 143 py6. po3HUYHas LIeHA



3) OmnpenensieM KOJTMYECTBO 3aTOTOBOK
1200 : 143 = 8 (ocrt. 56)

Omeem: 8
dopma npeacTaBIeHUs pe3yJbTaTa: BHIIOJHCHHOE 33/ JaHKE

Kputepun onenku:

Ouenka "oramM4HO'" cTaBUTCA, eciii paboTa BBIMOJIHEHA B IMOJHOM O00BEME C COOMIOCHUEM
HEOOXOAMMOH IOCIEA0BATEILHOCTH ICHCTBUM.

OrneHka "'xopomio' CTaBUTCS, €CIU BBITIOJHEHBI TPeOOBaHUS K OLICHKE "OTIUYHO", HO TOMYIIEHbI
2-3 HenmouerTa.

Onenka "ya0BJIeTBOPUTEIBLHO' CTaBUTCS, €clid paboTa BBINOJHEHA HE IMOJHOCTBIO, HO 00BEM
BBITIOJIHCHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MPABUIbHBIC PE3YJIHTATHI U BHIBOJIBI.

Orenka ""Hey/10BJIETBOPUTENbHO' CTaBUTCA, €CIM paboTa BBIIOJIHEHA HE TIOJHOCTHIO UITH 00BbEM
BBITIOJTHEHHOW YacTH PabOTHI HE IMO3BOJISET CENIATh MTPABIIILHBIX BEIBOJIOB.

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTnueckoe 3ansTue Ne 3
«Pemenne panMoHaIBLHBIX YPABHEHHIT H CHCTEM YPaBHEHHI»

Heab pa6orsi: popMupoBaHUE YMEHUI pelIaTh JUHEHHbIE, KBaJlpaTHbIE, OMKBaapaTHbIE, IPOOHO-
palMoHaIbHBIC YPABHEHUS.

Boinosinenue padorsi cnocodcTByeT opMUPOBAHUIO:
OK 01 Beibupath cmocoObl pemieHus 3anad MpodecCHOHATbHONW AESITENbHOCTH MPUMEHHUTEIHHO K
Pa3JIMYHBIM KOHTCKCTaM;
OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpEACTBAa TOWCKA, aHAIW3a W HHTEpIpeTanuu HHPOpMAIUH U
I/IH(l)OpMaHI/IOHHI)IC TEXHOJOI'NHU JJIA BBIIIOJTHCHUS 3a1a4 HpO(l)eCCHOHaHBHOfI JACATCIIbHOCTH,

3aganue
1. PemuTs ypaBHEHHS:
a) (x—2)—-5=4—-(5x—-1);
6) 2x+7)Bx—1)—Gx—1)(x+3) = (x+ 1)?
f:i _ 4+2x,
B) 2~ 3
) —zx?+12=0;
1) 10x% +5x = 0;
e) 2x2+3x—5=0;
x) 3x2 +7x — 6 =0;
3) x2+4+8x+15=0;
n) x*—2x2-8=0;
16—x2
x—4
x 4.
1) 2x-3  x'
x2-2x 2x-1

x—1 1-x
a) Pemmure cucrteMsl ypaBHEHUU




. {3x— = 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;

IHopsinok BbINOJIHEHHUS PA0OTHI:

[Tpu pemieHnn ypaBHEHUH MCTIONIB3YIOTCS CIEIyIOIIUE MTpaBuiia MpeoOpa3oBaHusl  ypaBHEHUH B
PaBHOCHIIbHBIE:

a) Kakoil- Ju00 WIeH YpaBHEHMs MOXKHO IEPEHECTH M3 OJHOW €ro 4acThd B JIPYIyl0O ¢
MIPOTUBOMNOJIOKHBIM 3HAKOM;

0) 00e yacTu ypaBHEHUSI MOXKHO YMHOXHUTb WJIM PA3JCIUTh HA OJTHO TO K€ YHUCIO, OTIMYHOE OT

Kpatkue TeopeTrueckre CBEICHHUS:
Pemenue ypaBuenuii |-1l crenenu ¢ ogHol nepeMeHHOM

-b . . N
ax+b=0,(x= —,a# 0) — nuHEeiHOE ypaBHEHHE | CTETICHH ¢ OJTHOM IepeMEHHON

ax? + bx + ¢ = 0 (a # 0) — ypasuenue |l crenenu ¢ oHON NEPEMEHHOIA.
1. Onpenenuts BUJ YpaBHEHUS W CIIOCOO €ro PeIieHws.
2. Ecnu ypaBHeHue 1poOHO-pallMOHAIbHOE, TO HAalTH 00U 3HaMeHaTel b BCeX Apo0eil, KoTopble
BXO/ISIT B YpaBHEHHE.
3. YMHOXUTh 00€ 4acTH ypaBHEHUs Ha OOIIMI 3HAMEHATEb.
4. Pemmth moaydeHHOE 11€JI0€ YpaBHEHHE.
5. IlpousBecTu MpoBEpKY KOpHEH, U MCKIOYUTh T€ U3 HHUX, KOTOpble 0OpalatoT B HY/Ib OOLIMii
3HaMeHAaTeJb.
PemuM ypaBHeHUs:
a) (Bx + 1) + (4x — 1)? = (5x — 2)?
PackpoeM ckoOKH, IpuMeHsist pOpMyIIbl COKpaIieHHOro ymHoxkenuss (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 noi00HbIE YIEHBI, TOTYYUM
18x-2=0
U T
18 9
OtBer: x = %— KOpEHb YpaBHEHHUSI.
x 7 8

)———:

x—2 x+2 x2—-4
PasnoxuM x2 — 4 Ha MHOXHTENM U MepeHeceM BCe WiIEHBI ypaBHEHHs B JIEBYIO 4acThb. IIpuBeneM

Ipo0u K 0011IeMy 3HaMEHATEIIO:
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)
x%2-5x+6
(x+2)(x-2)

JIpoOb paBHA HYJTIO, KOT/Ia €€ YMCIIUTENh PABeH HYJI0, a 3HAMEHATE b HE paBeH HYIIIO, T.€.
x+2))(x—2)#0=>x#2,x -2



x2—-5x+6=0

D=25-24=1
5+1
X1=—=3

521
Xy = T =2
Ho Tak kak x # 2, TO X, = 2 — IOCTOPOHHUI KOPEHb, CIEAOBATEIIBHO PEIICHUEM YPaBHEHHUS
oynmer x; = 3
Otger: x = 3
@opmMa npeacTaBieHus pe3yJabTaTa: BHIIIOJIHEHHOE 3a/1aHHE

Kputepun ounenku:

Ouenka "oTJM4HO'" CTaBHUTCs, €ClIM padoTa BBHINOJHEHA B IMOJTHOM O0BEME C COONIOACHUEM
HEOOXOIMMOH IMOCIIEN0BATENHHOCTH AEHCTBUM.

Ornenka "xopomuo' cTaBUTCS, €CJIM BBIITOJHEHBI TPEOOBAHUS K OICHKE "OTIWYHO", HO JOIYIICHBI
2-3 "HegouerTa.

Onenka "ya0BJIeTBOPUTEIBbHO'" CTaBUTCS, €Clid padOTa BBHINOJHEHA HE MOJIHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YaCTH TaKOB, YTO MO3BOJISICT MOJIYYUTh MPABHIIBHBIC PE3YJILTATHl U BHIBOJIBI.

Orenka ""Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €CITU padoTa BBHIIIOJIHEHA HE TOJHOCTHIO MK 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE IMO3BOJISET CIENIATh TPABIIILHBIX BBIBOJIOB.

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 4
«Pelienne 3a1a4 HAa COCTABJIEHUE YPABHEHHUI ¢ NPOdecCHOHATBHBIM COAEP:KAHNEM»

Heas padorsl: GopMHpOBaHHWE YMEHUH pemaTh TEKCTOBBIC 3aJadd, COCTABIISAsSA YPAaBHEHUS W
CUCTEMBbI YpaBHEHUU.

Boinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:

OK 01 BeiOupats ciocoObl pemeHus 3aaad npopecCuOHaNbHON JeSTEIbHOCTH MPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM;

OK 02 Hcrnonb30BaTh COBPEMEHHBIE CPECTBA MOMCKA, aHAJIW3a U UHTEpIpeTali UHpOpMaluu U
MH(OPMAaIMOHHbIE TEXHOJIOTHH JUIS BBIMOJIHEHHS 3a/1a4 PO eCCHOHATIBHOMN J1eTebHOCTH;

[1K 2.1 BeInonHATE pacyeTsl HapaMeTpoB TEXHOJIOTMYECKOro Ipolecca, paboTel 000pyI0BaHMUS,
XapaKTePUCTHK UCXOAHOTO ChIpbs U MPOIYKIUU IPU MPOU3BOJICTBE YEPHBIX METAJLIOB.

3amanne
Pemmure 3agaun:

1. ToroByro NMpoAYKIHIO METaIoNpokaTa BecoM 135 T pa3pe3aiin Ha [BE 4acTH TakK, YTO OJHA U3
HHX JIer4e Apyroi B ABa pasza. Haliqure Bec Kak101 4acTH.

2. Vmeercs nBa MeTayUIONMpoOKaTa pa3HbIX COpTOB. Macca mepBOro MeETaLIoNpoKaTa paBHA OSKT.
Jpyroii, 1iuHA KOTOpOro Ha 3M OoJibllle TMHBI MIEPBOTO M Macca KaKIO0TO MeTpa KOTOPOTO Ha
2KT OOJIBIIIE MACChl KaXAO0T0 METpa MEepBOr0 MeTauionpokara, umeer maccy 120 kr. Beraucnure
JUTHHY Ka)KJIOTO METaJUIONPOKaTa.

3. Ha cknane umerorcs 3aroroBku Metayutonpoaykiuu 60 kr u 100 kr. Korma peanusosanu 50%
3arotoBok 60 kr u 20% 3arotosok 100 kr, 4To cocTaBHIIO B 00M1IeH cia0KHOCTH 390 3aroTOBOK, TO
3arotoBoK 60 Kr octanoch B 3 pa3a 6onbire, yeM 100 kr. Ckoibko M3HAYaIBLHO OBLIO HA CKJIale
3arotoBok 60 xr u 100 kr?

4. JIBy™m craneBapam Oblia mopydeHa padora. Bropoii mpuctynui kK paboTe Ha Yac Mo3Ke MepBOro.

. 9 o
Yepes 3 yaca mociie TOro, Kak MepBbI MPUCTYNUI K paboTe, UM OCTAJIOCh BBHIIOJIHHUTH g Beert



pabotsl. ITo okoHYaHuM pabOTHI OKA3aJI0Ch, YTO KAXKIBIA BBITOJHIII MOJIOBUHY Bcell paboThl. 3a

CKOJIBKO YacOB KayKAbIi, paboTast OTIEIbHO, MOKET BBIITOJIHHUTH BCIO PadboTy?

ITopsi/10K BHINOJHEHUS Pa0OThI:

BHUMaTenbHO 03HAKOMBTECH C YCIOBHEM 3aJlaHMA.

[Tonp3ysach TONMYYEHHBIMH 3HAHUSMH (B Cllydae 3aTpyAHEHHs BOCIOJIB3YHTECh CIPAaBOYHBIMU
MaTepraiaMt), BBITIOJIHUTE 3a/IaHHE.

[Ton anreOpanyeckuM METOJOM pELIEHUS 3a/Jad I[OHUMAeTCs TakKOW METOJ| pelIeHUs, KOorja
HEU3BECTHBIC BEIMYMHBI HAXOASATCS B PE3yJbTaTe PELICHUS YPAaBHEHHUS WM CUCTEMBbl YpPaBHEHH,
COCTaBJICHHBIX 110 YCJIOBHIO 3aJa4U.

[Ipu pemennn 3amay anreOpaudecKM METOJIOM OCHOBHAs MBICIUTEIbHAS JIEATEIbHOCTh
COCpeIoTaurBaeTCs Ha MEPBOM dTalle pelleHus 3a/Jadd: Ha pa3dope YCJIOBHS 3aJauyd U COCTABIICHUU
YpaBHEHUU WU HEPABEHCTB IO YCIOBHIO 33/1a4H.

BropbiM 3TamoM sBisIeTCS peUICHHE COCTAaBIEHHOTO YpPaBHEHUS WU CUCTEMbl ypaBHEHHIA,
HEPaBEHCTBA WJIM CUCTEMBI HEPABEHCTB.

TpeTsuM Ba)KHBIM STANlOM PEIIEHUS 3a/1a4 SIBJISIETCS IPOBEPKA PEIICHUs 3a/1a4H, KOTOpas IPOBOAUTCS 110
YCIJIOBUIO 33JIa4H.

3aoaua:

[lepBbIit MeTamuTypr 3a yac BoiIaBisieT Ha 10 T yyryHa GoJibiiie, 4eM BTOPOM, U BBITIOJIHSET 3aKa3,
cocrosimuii u3 60 T, Ha 3 yaca ObIcTpee, YeM BTOPON METaIypr, BBHIMOJIHSIONIUI TaKOW >Ke 3aKas.
CKOJIBKO BBIIUIABUT YyT'yHA B 4ac BTOPOM METaJLTypr?

Pewienue:
IlycTh X TOHH B 4ac BBIIIABJISIET BTOPOH METAJLITYpr, Toraa nepsblif (x+10) ToHH.
IIpon3BOUTENBHOCTH Bpewms Pabota
60
1 meramnypr (x+10) T B yac q 60 T
x+10
60
2 MeTtamypr X T B 4ac 1 60T

Tak xak nepBbIii BHIIUIABIIAET HAa 3 4aca MEHbIIIE, YEM BTOPOM, TO COCTaBUM ypaBHEHUE:!
60 60

x x+10
[Monyunm x=-20 1 x=10 (-20 — HE MOAXOUT MO CMBICITY 3a/1a4H)
10 TOHH B 4ac JenaeT BTOPO METaJLTypr.
Ortger: 10 TOHH.

®opma npeacTaBiaeHust pe3yJabTaTa: BHIIOJHEHHOE 3aJaHHE

Kpurepun ouenku:

Ornenka "oTaM4HO'" CTaBUTCS, €Clid paboTa BHINOJHEHA B IMOJHOM O0BEME C COOIIOJCHHEM
HEe0OXO0INMOM IMOCIIEN0BATENLHOCTHA JENCTBUN.

Onenka "xopouo' cTaBUTCs, €CIIU BBIIOJHEHBI TPeOOBaHUA K OIIEHKe "OTJIMYHO", HO JIOMYIIeHbI
2-3 Heyovera.

Orenka "y10B/1eTBOPUTENbHO' CTaBUTCA, €clu paboTa BHIMIOJHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJTHCHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJYIUTh MPABHIILHBIC PE3YJIbTATH U BHIBOJIBI.

OreHka ""Hey/10BJIETBOPUTENbHO' CTaBUTCS, €CJIM paboTa BHIMOTHEHA HE TIOTHOCTHIO HITH 00BEM
BBITIOJTHCHHOW YacTH paOOThI HE TTO3BOJISIECT CAENATh MPABHIIBHBIX BHIBOJIOB.



Tema 1.1 Pa3zBurue NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 5
«PeleHue panuoOHAJbLHBIX HEPABEHCTB)

Heap padorbl: [loBTOpUTH M 3aKpenuTh 3HAHWA W YMEHHUS Yy4yallUXcid TMpPU pPEUICHUH
palMOHAIbHBIX HEPABEHCTB.

Boinosinenue padorsl cnocodcTByeT opMUPOBAHUIO:
OK 01 BrpiOuparh crmocoObl pemieHus 3agad npodecCHOHATBLHON JESITSIIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM;
OK 02 Hcnonp3oBaTh COBpEMEHHBbIE CpEICTBa IOMCKA, aHANW3a U MHTEpHpeTauud uHpopManuu u
nH(OPMAIIMOHHBIC TEXHOJIOTUH JJIsI BEITIOTHEHHMS 3a/1a4 MPOPECCHOHATBHOMN JIEITeIbHOCTH;

3aganue

Pemuts HCPABCHCTBA!:

1) 3x—Q2x—7) <3(1+%x); 2) x+xT_3>3;
3) %-%121; 4) %1_'_9%127;
5 x*+x—-6<0; 6) x2+3x+2>0;
7) x%<0,25; 8) 4-—x?<0;
9) x%2—-8x>0; 10) x2 + 24x < 0;
11) x> —6x +9 < 0; 12) 25x% —10x + 1 > 0;
13) x(x —1)(x — 4) > 0; 14) (x+2)(x—5)(x+9) <0;
15) x(x — 2)(x — 5)%2 > 0; 16) x2(x + 1)(x — 6)? > 0;
17) (x +6)(x — 2)3(x + 3)* > 0; 18) x%2(x + 7)(x — 5)8(x + 8)3 < 0;
19) X2 < o; 20) SHDCHT) 5 .
x—2 X
(x—2)(x+4)? (x%+x)(x—3)

21) <0; 22) <0;

7x—x2 (x-1)2

ITopsinok BbINOJIHEHHS PadOTHI:

[Ipu pernreHnn HEPABEHCTB MCIOJIB3YIOTCS CIENYIONIME MpaBujia MpeoOpa3oBaHus  HEPABEHCTB B
pPaBHOCUIILHBIE:

a) KaKoii- 1100 4JeH HepaBEeHCTBA MOXHO MEPEHECTH U3 OJIHOM ero

YacTH B JPYIYl0 C IPOTHUBOIOJOXHBIM 3HAKOM, OCTaBMB TPU 3TOM  0Oe3 M3MEHEHHUs 3HaK
HEPaBEHCTBA;

6) 00e yactu HCPAaBCHCTBA MOXXHO YMHOKHWUTH WJIHW Pa3gCiIUTb HAa OAHO TO KC IOJOXKHUTCIBLHOC
YHrCjI10, OCTaBUB IIPpHU 3TOM 0e3 U3MEHEHH 3HaK HCPAaBCHCTBA,

B) 00e yacTu HCPABCHCTBA MOXHO YMHOKUTDb WJIH Pa3AC/IMTb HA OAHO U TO )K€ OTpHUIATCIBbHOC YUCIIO,
HU3MCHHB IIPpH 3TOM 3HAK HCPABCHCTBA HA HpOTHBOHOHO)KHLII)’I

HpI/I PCHICHUN CUCTEM HCPABCHCTB HYKHO PCIIUTH KAXKIOC U3 HUX H BBI6paTL o6mee peuICHucC.

PemunMm HepaBeHCTBA.

RS = P
5 10




[TepeneceM Bce 4JICHBI B JIEBYIO YacTh U MPUBEAEM K OOIIEMy 3HAMEHATENI0. OOIIUil 3HaMeHaTeh
10; Tak kak 3HaMEHaTElIb HE COJEPKUT MEPEMEHHOW, TO B JAJbHEUIIEM €ro MOXHO HE MHCaTh
(omycTuTh).

50x —5(7x — 1)+ 2(2x—-5)—-7>0

50x —35x+5+4x—-10—-7>0

19x —12>0

x>=

19

19

12
OtBeT: x € (—; 00)
19

2.5x — 2 — 3x% > 0 - kBaz[paTHOE HEPABEHCTBO YMHOKUM Ha (—1)
3x2-5x+2<0

Haiinem kopHU ypaBHEHHS:

3x2—5x+2=0

D=25-24=1

5+1
x,=—=1
1 6
v = 5712
27 6 T 3

I'papuxom dpynkuuu 3x% — 5x + 2 = 0 spisercs mapabona (puc.2), BETBH KOTOPOil HampaBlIeHbI

2

BBEPX, a TOUKHU TepecedeHns napadoisl u ocu OX3to x4 = 1 ux, = 3
N300pa3um reoMeTpuyuecKu:

2 l'-.,___,. S

Tak kak MBI pelraeM HEpPaBeHCTBO 3x2-5x+2<0, TO PEIICHHEM HEPaBEHCTBA OYAET MPOMEKYTOK
2
(uHTEpBaAN) X € (5; 1)
2
OTBeT: X € (5; 1)

(I)opMa NnpeacTaBjJdeHus pedyJjbTaTa: BIIIOJTHEHHOC 3a/IaHUE.

Kpurepun onenkn:

Ouenka "OTJAMYHO" CTaBUTCS, €ciii paboTa BBINIOJIHEHA B MOJTHOM O0BEME C COOJIIOJCHHEM
HE00XO0TMMOM MOCIIeI0BATEIHLHOCTH JACHCTBUM.

Orenka "Xopouo" cTaBUTCS, €CJIM BBIIIOJHEHBl TPeOOBaHUS K OLIEHKE "OTINYHO", HO JOMYILEHBI 2-
3 Henouera.

Onenka "yJa0BJIETBOPUTEJIBLHO" CTaBUTCS, €CIM paboTa BBIMOJHEHA HE TOJHOCTBIO, HO O0BEM
BBITTOJIHEHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJYYUTh MPABUIIbHBIE PE3YJIBTATH U BHIBOJBI.

OrnieHka "Hey/10BJIETBOPUTENBHO' CTaBUTCSI, €CJIM Pab0Ta BHIITOJIHEHA HE MOJTHOCTHIO WM 00BEM

BBITIOTHEHHON YacTH PabOTHI HE MO3BOJISET CAENATh MPABUIILHBIX BHIBOJIOB.

Tema 1.2 ®yHkuun u rpauku

IIpakTHyeckoe 3anaTHE N6

«Hcceaenoanme pynkuuii. CBoiicTBa JHHEHHOMH, KBaAPATUYHO, KyCOYHO-JIMHEHHON 1
APOOHO-IMHEHHON PyHKIUID)



Hear padoThl: HAYYUTHCS ONPEACTATh YETHOCTb HEUETHOCTh (DYHKIMH, TPOBOIUTH
uccleoBaHle (QYHKIMM HAa MOHOTOHHOCTb, OJKCTPEMyMbl, HYIM (QYHKIUH U TOPOMEXKYTKU
3HAKOIIOCTOSIHCTBA.

BoinoJsiHeHue pa6oTsl cocodcTBYeT (POPMUPOBAHUIO:
OK 01 BreiOuparh crmocoObl pemieHus 3amad npodecCHOHAIbHON JESITEIIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM;
OK 02 Hcnonp3oBaTh COBpPEMEHHBIE CpEICTBa IMOMCKA, aHAlW3a M HMHTEpHpeTanuud UHGOpMaluu U
MH(OPMAIMOHHbBIE TEXHOJIOTHH [T BBIIOJIHEHUS 3a/1a4 PO(pECCHOHATBLHOM 1A TEbHOCTH;
OK 03 IlmanupoBaTh M pPEaIU30BBIBATb COOCTBEHHOE MPOQPECCHOHANIBHOE W JUYHOCTHOE pa3BHUTHE,
NPEINPUHIMATENbCKYIO AEATEIbHOCTD B MPO(PECCUOHATBHON cepe, HCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (PMHAHCOBOM 'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIHIX;
OK 04 DddexTrBHO B3aUMOJICHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.
I[IK 2.1 BpimonHATH pacueTsl MapaMeTpOB TEXHOJIOIMUYECKOTo Ipoliecca, paboThl 000pyIOBaHUS,
XapaKTEPUCTUK UCXOIHOTO ChIPbs U MPOIYKIUH MPU IPOU3BOACTBE YEPHBIX METAIIJIOB.

3aganue
1) Haiinure 3Hauenns GyHKIMNA B TOYKaX
a)  f(x)=2x?-3x+1, =0
1 — ]
xz = 2,
x3 == —1,
+1 —
6) fx)= %; X =-1
Xy = 0,
X3 = 6.
2435—
2) Jst byrkuumu f(x) = % HaiuTe:
a)  f(x—2);
6)  f(=x%);
1
» /()
3) Haiinure o6macth onpeneneHus QyHKIHIA:
6 0 — 7 .
a) y - x2-16' 6) y - 25—x2’

) y=vi 3% T2, D y=vEtdx-1Z,
1 .

= 3
H) y Vx2—4’ e) y = /m

4) Uccnenyiite GpyHKIIMN HA YETHOCTB!
a) y=x%+2x*+1,; 0) y = 2x7 —4x3 + x;
B) y =5 —3x53; r) y =2%+27%,
= 2X — Z_x; _ —3x2+1_
Ny &) Y=
X . — 245 _ 9.3
K) Y= 3) y =3x°>—2x°+4x+ 3.
5) Hccneodyiime ghpynkyuu, 3a0annsle cpagpuuecku, Ha 4emHoCcmn:

a) 0)



ITopsinok BbINOJHEHHS PadOTHI:

1) Haiinure obnacte onpeneneHust GyHKIIUH.

Jig HaxoXIeHWs NPOMEKYTKOB 3HAKONOCTOSHCTBA HANJWTE TOYKHM IIEPECEUEHHUS] C OCBIO
abcmucc, pemuB ypaBHenune y=0. Haiinennsle kopHu pacctaBbTe Ha ocu OX B MOPSAKE BO3pAaCTaHUS U
HaiiuTe 3HaK QyHKIMM Ha Ka)KJIOM M3 NOJYYEHHBIX MHTEPBAJIOB. 3alUILIUTE PE3YyIbTaT.

2) Haiinure oGnacth onpenenenns GQyHKIuU. Y OeauTech, YTO OHa CUMMETpUYHA.

1.3amMenute aprymeHT QyHKIHH X Ha "-x". IloxmcraBbTe H3TOT aprymMeHT B
(YHKIIMOHATIbHOE BBIPAYKEHUE.

2.Y1pocTute BeIpakeHHUE.

3.Takum 00Opa3oMm, BbI MOJYYWIN OJHY U Ty k€ (QYHKIHIO, 3alIUCAHHYIO JIJIsl apTyMEHTOB
"x"u"-x". ITocmoTtpuTe Ha ABE ATH 3aIIKCH.

Ecmu y(-x) = y(x), TO 3TO yeTHas QyHKIHS.

Ecim y(-X) =- y(X), TO 3T0 HeueTHasi PyHKIIHS.

Ecmu ke mpo QyHKIHIO HENb3s cKaszarh, uTo Y(-X)=y(X) win y(-X)=-y(X), TO MO CBOWCTBY
YeTHOCTH 3T0 (pyHKIMs oOuiero Buaa. To ecTh, OHA HE ABJISIETCS HU YETHOW, HU HEUETHOM.

4. 3anuiunTe ceIaHHbIe BAMH BBIBOJIBI.

3) Haiinure obnacte ompeneneHuss GyHKIMH M HYIM (YHKLIMHU, €Cld OHU ecThb. Mccmemyiite
(GYHKIIMIO HA MOHOTOHHOCTD Ha MOJYyYEHHBIX UHTEpPBAJIaX.

Oyukius F(X) Ha3piBaeTcs Bo3pacTaroleit Ha otpeske [a,b] , ecnu mis m00bIX IBYX TOYEK X1 U
X2 u3 [a,b] cmpasemnuBo HepaBeHcTBO F(X1)<F(X?2) , KOorma Xxi< Xj.



Oyukius F(X) HaspiBaeTes yObIBaroleit Ha otpeske [a,0] , ecnu miist r0OBIX IBYX TOYEK X1 U
X2 u3 [a,b] cnpaBemmuBo HepaBencTBo F(X1)>F(X2), Korma xi< Xj .

x%2-1

HUccnenoBats GpyHkmmio f(x) =

X
Pemenue

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

f(=x) = = - =—f(®)

—Xx —x X
f(=x) = —f(x) => dynkuus f (x) sBIIETCA HEUCTHOU.

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

Kputepun ouenku:

Ouenka "OTJIHYHO" CTAaBUTCS, €CIM padOTa BBHINOJHEHA B IOJHOM 00BEME C COOJIOICHUEM
HEOOXOAMMOIi TTOCIEA0BATEILHOCTH JIEHCTBUM.

Ounenka '"Xopomo' CTaBUTCS, €CIH BBIIOJHEHB  TpPeOOBaHHS K OLEHKEe "OTIMYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka "y10BJIeTBOPUTEIBLHO' CTaBUTCS, €CIM padOTa BBHIOJIHEHA HE MOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YaCTH TaKOB, YTO MO3BOJISICT MOJIYYUTh MPABUIIBHBIC PE3YJILTATHl U BHIBOJIBI.

Ounenka '"HeyI0BJIeTBOPUTEIbHO'" CTAaBUTCS, €clii paboOTa BBIMOJHEHA HE MOJIHOCTHIO WU
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIEIaTh MPABUIIHHBIX BHIBOJIOB.

Tema 1.2 @®yHKkuun U rpapuku

IIpakTnyeckoe 3ansaTne Ne7
«IlocTpoenne u yreHne rpapuKoB GyHKIHU)

Ilenp pa0oTbl: MOBTOpPEHME W3YYEHHOTIO MaTepuasa, NPUMEHEHUE TEOPETHUECKHUX 3HAHUM K
PEIICHNUIO MPAaKTUYECKHX 3aj1au.

Boinosinenue padorsi cnocodcTByeT GopMUPOBAHUIO:

OK 01 Beibupats criocoObl pemieHus 3aad NpopecCuoHaIbHON AeATeNbHOCTH TPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM;

OK 02 Mcnonb30BaTh COBpPEMEHHBIE CPE/ICTBA MIOMCKA, aHAJIW3a U MHTEpIpeTaluy HHGopMauu u
MH(}OPMALIMOHHBIE TEXHOJIOTUH JJIs1 BBIIOJTHEHMS 3a/1a4 MPOPECCUOHANBHOMN A€ATEeIbHOCTH;

OK 03 IlnanupoBaTh M pealn30BbIBATE COOCTBEHHOE MPOPECCHOHATBHOE U JUYHOCTHOE
pa3BUTHE, TPEIIPUHUMATENIBCKYIO JIEATENBHOCTh B IPO(eCcCHOHATBHON chepe, MCIoNb30BaTh 3HAHUS 110
NPaBOBOW U (PMHAHCOBOI IPaMOTHOCTHU B PA3JIMUHBIX )KU3HEHHBIX CUTYallUAX;

OK 04 D¢ dexTnBHO B3auMOIeCTBOBATh U pabOTaTh B KOJIJIEKTUBE M KOMaH/IE.

[1K 2.1 BbInoaHATh pacyeTsl MapaMeTpoB TEXHOJIOTHUECKOTO Mpoliecca, paboTsl 000pya0BaHMs,
XapaKTePUCTHK UCXOJHOTO ChIPbs U MPOIYKIUH MPU MPOU3BOACTBE YEPHBIX METAIIJIOB.

3ananue
1. TeMnepaTypa 1€Y1 B 3aBUCHUMOCTH OT BpeMeHI/I MCHJSECTCA 110 3a1<0Hy:
I(t) =t? -8t +17.

[Toctpoiite rpaguk H3MeHEHHs] TemrepaTypbl. B Kkakoii MOMEHT BpeMeHH Temmeparypa Oblia
MUHUMAaJIbHON? B Kakoll MpoMeXXyTOK BpEMEHHU TeMIlepaTypa Bo3pacrana?

2. IlpuMeHsisi reoMeTprYeCcKre TpeoOpa3oBaHusi, MOCTPoHTe Tpaduku HyHKIIHIA:



a) y=((x—-5)?2+1;

6) y=Il(x+1)°+1];
1

B) y=E+3;

N Y=im

IHopsinok BHINOJHEHHUS PAOOTHI

Jnst  mocTpoeHHWs TrpadMKOB  BOCHIOJB3YHTECh  TI€OMETPUYECKHMH  MPEOOPA30BAHMSIMHU:
CUMMETPUYHOE OTOOpakeHHe TIpaUKOB OTHOCHUTEIBHO OCEH KOOpAMHAT, MapauIeNbHBIA IEepPeHoC
rpauKoOB, C)KATHE U PACTSKCHHE.

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

3a ocHOBY BO3bMEM rpaduk y = x?2 (puc. 1).

3arem crpoum rpaduk y = (x + 3)? nmyrém napamwiensHoro nepenoca rpaduka sieso(puc.2).
Crpoum rpadgux y = (x + 3)? + 4 NapajiebHBIM ePEHOCOM rpaduka BBepx (puc.3).

Puc. 1 Puc. 2 Puc. 3
dopma npeacTaBiIeHUsI pe3yJabTaTa: BHITOIHCHHOE 3a/[aHHE.

Kpurepun onenkn:

Ouenka "oTju4yHO'" CTaBUTCS, €clu padoTa BBINOJIHEHA B MOJTHOM 00BEME ¢ COOMIO/IEHUEM
HE00XO0TMMOM MOCIIeI0BATEIHLHOCTH JACHCTBUM.

Ounenka "xopoo' cTaBUTCS, €CIU BBIIOJIHEHbBI TPEOOBaHUS K OIIEHKE "OTINYHO", HO TOMYLIEHBI
2-3 HenoueTa.

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CU paboTa BBIMOIHEHA HE MOJTHOCTHIO, HO 00BEM
BBITIOTHEHHON YaCcTH TaKOB, YTO MO3BOJISIET MOJIYUYUTh IPABHIBHBIE PE3YIbTAThI U BHIBOIBL.

Ouenka '"Hey1OBJIETBOPUTENbHO'" CTAaBUTCS, €CIM pabOTa BBHIMOJHEHA HE TMOJHOCTHIO WM
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TTO3BOJISET CIeaTh MPaBUIHHBIX BHIBO/IOB.

Tema 1.3 KopHu, creneHu u Jorapugmsi

IIpakTHyeckoe 3ansaTHE Ne§

«PenieHre HPPALMOHAJIBHBIX YPABHEHUI»

Heap padorpi: O600MNTE, 3aKPENUTh U CHCTEMATU3UPOBATh 3HAHUS YUYaIIMXCA IPU PElIeHUN
Pa3IMYHBIX BUJOB UPPALMOHAIBHBIX YPAaBHEHUM.

Boinosinenue padorsl cnocodcTByeT GOpMUPOBAHUIO:
OK 01 BeibupaTth crnocoObl pemieHds 3ajad NpoPecCHOHANbHON NeATEeIbHOCTH MNPHUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM;
OK 02 Hcnonp3oBaTh COBpEMEHHBIE CpeACTBa IOWUCKA, aHAIW3a U HHTEpHpeTanuu HHPOpMaIlUU U
MH(OPMAIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHUS 3a/1a4 TPO(pECCUOHATILHOM 1A TeIbHOCTH;
OK 04 3¢ddexTrBHO B3auMOACHCTBOBATH U PaOOTaTh B KOJUICKTUBE U KOMaH/IE.
I[IK 2.1 BbINOMHATH pacyeTbl MapaMeTpoB TEXHOJIOTHYECKOro Ipolecca, paboTsl 000pyIOBaHUS,



XapaKTEPUCTUK UCXOIHOTO ChIPbs U MPOAYKIUH IIPU IPOU3BOJACTBE YEPHBIX METAILIIOB.

3aganue
Pemnre ypaBHeHus:
1) Vx—1=4
2) V3x+7+4=0;
3) 7—Vx+2=4

4) V16x2 + 16x + 29 = 5;

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

6) V2x—4—+Vx+5=1;

7) V5+Vx+3=3;

8) V2x +1+4++x—3=2Vx.

ITopsinok BbINOJIHEHHS PadOTHI

1) IIpu BoO3BeneHUM ypaBHEHHsS B YETHYIO CTENEHb IOJIY4aeTcsl ypaBHEHHE, SBIISIOLIEECs
CIIECTBUEM MCXOAHOTO. [103TOMY BO3MOXKHO NOSIBIIEHHE NOCTOPOHHUX pELICHUI ypaBHEHMs, HO HeE
BO3MOJKHa moTepsi KopHell. IIpuunHa npuoOpereHus KOpHEH COCTOMT B TOM, YTO IPU BO3BEACHUU B
YETHYIO CTEIE€Hb YMCEJI, PaBHBIX 110 a0COIIOTHOW BEJIMYMHE, HO Pa3HbIX 110 3HAKY, MOJy4aeTcsl OJUH U
TOT € pe3yybTar.

Tak Kak MOTYT MOSBUTBHCSI TIOCTOPOHHUE KOPHH, TO HEOOXOIUMO JeNaTh MPOBEPKY, IMOACTABIISA
HallleHHble 3HAYEHUs HEM3BECTHOH TONBKO B IEpPBOHAYaJIbHOE YypaBHEHHE, a HE B Kakue-TO
IIPOMEKYTOUHBIE.

2) [Ipu pemieHMH MppanMoOHAIBHBIX YPaBHEHHH IOJIE3HO Iepe]l BO3BEACHUEM 00enx uactel
YpaBHEHHUS B HEKOTOPYIO CTEIEHb "yeAUHUTD pajuKan'.

Pemnts ypaBHeHue v5x — 8 = 4.
YroObl n30aBUTHCA OT KOPHS, BO3BEAEM 00€ YaCTH YpaBHEHUS B KBaJpar:

2
(\/5x—8) = 42
5x —8=16
5x =16+ 8

=24
24

vl
=
I

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

Kpurepun ouenku:

Ounenka "0oTJMYHO'" CTaBUTCA, €CM padOTa BHIMOIHEHA B MOJHOM 00BEME C COOIIOJCHHEM
He0OXOINMOM ITOCIIE0BATEILHOCTH AEHCTBUN.

Ounenka '"Xopomo' CTaBUTCS, €CITU BBIMOJTHEHBI  TPeOOBaHMS K OLIEHKEe "OTIMYHO", HO
JONYIIEHBI 2-3 Heo4YeTa.

Ouenka "y/10BJIeTBOPUTEIBHO' CTaBUTCS, €CIM padOTa BHIMOIHEHA HE MOJHOCTHhIO, HO 00BEM
BBITIOJTHCHHOW YaCTH TaKOB, YTO MO3BOJISIET MOJIYIUTh MPABHIIBHBIC PE3YJIbTAThl U BHIBOJIBI.

OuneHka ''Hey10BJIETBOPHUTEIBHO'" CTaBUTCS, ecliM paboTa BBIMOJHEHA HE TMOJIHOCTHIO WIIH
00BEM BBITIOTHEHHOM YacTH pabOThI HE TTO3BOJISAET CAENATh MPABHIBHBIX BHIBOJIOB.



Tema 1.3 KopHu, creneHu u jorapugmsi

IIpakTuyeckoe 3ansaTue Ne9
«IIpeoOpa3oBaHusi BbIPpaKeHNH, COIEPKAIIMX CTENIEHH U PAIMKAJIbD)

Heas padoTbl: 0000UMTH, 3aKPENUTh M CHCTEMATU3MPOBATH 3HAHMS YYAIIMXCS TPU PELICHUU
KOHKDPETHBIX 3aJJaHUH 110 TEME

BrinosiHeHue padoThl cioco0cTBYET (POPMUPOBAHUIO:
OK 01 Bribupats crocoObl pemeHus 3a1a4 npoheCCHOHAIBHON JesITeIbHOCTH TPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTAM;
OK 04 D¢ dexTrBHO B3aUMOJICHCTBOBATh U pabOTaTh B KOJUIEKTUBE U KOMAH/IE;
[1K 2.1 BpImonHsATh pacyeTbl mapaMeTpoB TEXHOJOTHUECKOTo Mpolecca, paboThl 000pya0BaHMUS,

XapaKTEPUCTUK UCXOIHOI'O CHIPhs U NMPONYKIUU IIPU POU3BOJCTBE YEPHBIX METAILIOB.
3ananue

1. Beruucnure:

a) V24-9; 6) V48-27;
B) /54 - 24; r) V75 - 45;
1) 160 - 625; ¢) V48-162;
2. llpencraBbTe BBIPAJCHHE B BHJIE CTENCHW W HAWIUTE €ro 3HAYCHHWE IPH JaHHOM 3HAYCHUU
MepEMEHHOM:
a5-a—8 o p~? 1
a) —;— Tpua = 6; 0) p—— IpUp = =3
b= _1, -3y2., 1 _
B) b2)-3 npub = > r) (t7) =5 nput= 0,1.

3. M3BeCTHO, YTO JMAMETP CTEPHKHA-TOABECKM M3 apMmarypHoii cramu d, =3cM. Onpenenure

2
TpeOyeMyIo IUIOIaAb CEYEH s CTEPKHA Ap, (CM”), €CIIM JUaMETP 3a/1aeTcs o GpopMmyIie

44
= . |[—% . 3HayeHue 77 BO3bMHTE paBHOE 3.
7

4. Ilepuon nonypacnana Bemiecta paBeH 140 cyrok. Ckonbko BemiecTBa octaHercs uepes 10 jer, eciau
€ro HavyaJibHas Macca paBHa 8r?

ITopsinok BbINOJIHEHHS PadOTHI

BriHECHTE 3HAK MUHYC U3 IPOU3BEACHMS. BOCTIONB3ylHTECh CBOMCTBOM CTEIIEHU C OTPULATEIbHBIM
nokaszareseM. YTNOTpeOuTe CBOMCTBO BOCIPOM3BENEHHUS BO BTOPYIO CTEMeHb. J[IsI OKOHYATEIbHOTO
VIOPOIIEHHUsS 3TOTO IpHUMepa BOCHOJIb3YHTECh MPaBUIOM YMHOXKEHUs Ipobeil. B mocnennem 1are
BOCITIOJIB3YMTECH JICJIEHUEM CTEIIEHEN C OAMHAKOBBIM IIOKA3aTeIIEM.

B »TOM ciiydae Hajo NMPUMEHUT CBOMCTBO CTENEHEH € OTpHUIATEeIbHBIM MoKa3zareneM. YToObl
pasrpy3uTh NOJIYYEHHYIO JpoOb, Ha/I0 Mpeodpa3zoBaTh Ty ApoOb B AeneHue. [IpuBectu apods K o0meMy
3HAMEHATENI0 U MPOU3BECTU CIIOKEHHE Apodel ¢ oOmuM 3HaMmeHateneM. IlocnenHum marom cienathb
COKpaILICHHE.

Onpenenure NOpsSAOK nelcTBUsA. BelpakeHne B mepBol CKOOKe MNpUBEIUTE K OO0IIEMY
3HaMEHATeNl0, B YUCIHUTENE CJeNaiiTe IpyNmUpPOBKY M BbIHECHUTE OOIIMH MHOXHTENIb 3a CKOOKY.
BrimonauTe neneHue, cokparute Ha oOmuid MHOXHUTENb. [locnenHee neiicTBue — CloXeHUe ApoOei ¢
OJIMHAKOBBIMM 3HaMeHaTeIsIMU. [IpuBenuTe moo0HBIE cllaraeMble.

mp

Xoa padoTsl



1) Yupoctuts Beipaxkenue: () °(*)*)y°  x'y*z’

x2y3 X10y10217
Buauaie Haao IMPOBECTHU PACKPBITUEC CKO6OK, JJIs1 9TOTO BOCITIOJIB3YEMCA CBOMCTBOM CTEIIEHEH.
((-3)6) _(4-2) . 6-3
X X _ _ _ -12.3 _-3_-5_-10_
_ Yy —x710y5102717:X y-xy~z 0=

2
X

Bocnosb3yeMcsi CBOMCTBOM CTEINEHEN C OTPULIATEINBHBIM I1I0KA3aTENEM.
=) : _ 1 .
le x3y5210
Orser: V' 1
x12 x3y5210

2) YHpocTuTh BEIpaXKEHHE

Jx+l 1
wWx+x+x y2oJx

Pemenne. Beenem 0003HaueHne a=+x , TOrgax=(Wx)2=a? , xJ/x=a’a=a° .

dopMyIa U3 YCI0BHS 3324 MOCIIE 3aMEHBI Oy/ET BBIITISIETh TAK: atl . 1
3 2 to4
a +a +a a —a

3ameTuMm, 4To a4-a=a(a3-13)=a(a- 1 )(a2+a+ 1).

Torma a+1 . 1 a+1 ala-1)(a® +a+1)

8 a3+az+a'a4—a:a(a2+a+l). 1 =(@+ha-D=a’ -1
BepHeMcs Kk 3ameHe:  a’-1=x-1.
Oteer: x-1.

®opma npeacTaBaeHUus pe3yJabTaTa: BHIIOJHEHHOE 3aJaHHe

Kputepun ouenku:

Ounenka "oTaM4YHO'" CTaBUTCA, €ClIM padoOTa BHIMOIHEHA B MOJHOM 00BEME C COOIIOJCHHEM
HEOOXOMMOM TOCIeI0BATETLHOCTH JIEUCTBHUI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3alMCH U BBIUNCIICHUS.

Ounenka ''Xopomo' CTaBUTCS, €CIU BBINOJIHEHBl  TPeOOBAaHMS K OLEHKE "OTIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka "y10B/1eTBOPUTENbHO'" CTaBUTCS, €cii paboTa BBINOIHEHA HE MOJHOCTHIO, HO 00BEM
BBIIIOJIHECHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NPABWIbHBIE PE3YyJIbTaThl U BBIBOJBI; B XOJI€
MIPOBEEHUS pabOThI ObUIN AOMYILEHBI OIIUOKH.

Ounenka ''Heyl0BJIETBOPHUTEJIBLHO'" CTaBUTCS, eciM paboTa BHIMOJHEHA HE TOIHOCTHIO WIIH
00BEM BBITIOJTHEHHOM YacTH pabOThI HE MTO3BOJISAET CAENATh MPABHIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, creneHu u jorapugmsi

IIpakTuyeckoe 3ansiTue NelQ
«PewieHne nMoka3areJIbHbIX YpaBHEHHID)

He.]'lb paﬁoTbIZ O606H_II/ITB, 3aKpCIUTh U CUCTCMATU3UPOBATH 3HAHUA YYAlIUXCAd II0 MCTOAAaM
pCHICHUS ITOKA3aTCIbHBIX ypaBHCHHﬁ. PaCCMOTpCTL MMPUMCHCHHUC IMOKA3aTCIIbHBIX (I)YHKI_II/Iﬁ

BobinosiHeHue pa6oThl cnocodcTBYeT (JOPMUPOBAHUIO:
OK 01 Bribupats crocoObl pemieHus 3a1a4 npoheCCUOHATBHON AEATENbHOCTH MPUMEHHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM;
OK 02 Hcnonb30BaTh COBpEMEHHbIE CPECTBA MOMCKA, aHAJIM3a U UHTEPIPETaluu UH(OPMAIUU U
WH(GOPMAIIMOHHBIE TEXHOJIOTHH JUTS BBITIOTHEHUS 32,124 PO ECCHOHATLHON ACITETbHOCTH;
OK 04 D¢ddexTuBHO B3auUMOICHCTBOBATh U paOOTATh B KOJUICKTHBE U KOMaH/IC.



3aganue

1. Pewmuth ypaBHeHHUS:

) (3 =1 6) 0,5% = 0,125;
B) 4x=i; T) 7x:L;
16 343
n) 10* = 3/1000; e) 0,3* = %/0,0081;
x_ 1. 1\* _ :
®) 5% =7—; 3) (g) = 25/5;
n) 2%+ = 4, k) 0,4*75% = 0,161/0,4;
2—x
n) 53%1=0,2; w (3)  =8VZ;
2x+3 4x-7
w0 (7 e
3x+7
p() -7
m 3% —3¥*t3 = -78; 1 3548
() "=
7
5x—-1 5
C) 52x—1 _ 52x—3 — 4,8; T) (g) X + (%) x _ %;

h
2. JlaBneHue BO3/yxa U3MEHSETCS B 3aBHCHMOCTH OT BBICOTHI 110 3akoHY p(h) = 2. Ha kakoii BbIcOTE
naBieHue Bo3ayxa paBHo 12811a?

3. Cuma TpeHHs JKEJIEe3HOr0 Tpoca, HAMOTAaHHOIO Ha JKeje3Hbld OapabaH, JaeT BO3MOXHOCTb
ypaBHOBeCUTh MeHbIuei cunoii F, Bonbmiyto cuiy F, koTopyro Bbruucisitor no gopmyne F =F, -3,

riae N - 4ucio BUTKOB Tpoca Ha Oapabane. TpeOyercss yCTaHOBUTH CKOJBKO pa3 TPOC HAMOTaH Ha
6apaban, eciu cunoit 8 H ynepkupaercs rpy3 24 H.

HOpﬂ)IOK BbIIIOJTHCHHUA paﬁon:

OGe 4acTH ypaBHEHHS NMPHBOAMM K OJHOMY OCHOBaHmio: a'® =a®®

» THC (a>0,a#1)3aTeM
ucrnons3yeM creayromee cBoicto: ( a'® =a®) o (f(x) = d(x).

Xoa padoTsl

Pemmre ypaBHEeHHUE: (1-05. [01=0,001

Pemenne: [IpeoOpazyem ypaBHeHHE K BULY: a'™ =a®™ .
02-05.0105 _013 5 02+ ~05+05 _013 5 02+ — 03

3aTeM pEIIaeM yPaBHEHUE: x2 =3 = x, = — J3 x, =43

d)opMa NnpeacTaBjJdcHUs pe3yjabTaTa: BhIIIOJTHCHHOC 3a/JaHNE

Kpurepun onenkn:

Ouenka "OTJUYHO" CTaBUTCS, €CiM padOTa BBHITIOJHEHA B TMOJHOM 00BEME C COOJIO/IEHUEM
HEO0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIIMCH W BBIYUCIICHHUS.

Ounenka '"Xopomo' CTaBUTCS, €CIH BBIMOJHEHB  TPeOOBaHHS K OLEHKE "OTIMYHO", HO
JONYIIEHBI 2-3 Heo4YeTa.

Ouenka "y10BJIETBOPUTEIBHO' CTaBUTCS, €CIM pabOTa BHIMOIHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJISCT MOJYYUTh NPABUIBHBIE PE3YylbTaThl U BBIBOJBI, B XOJI€
MPOBEICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka '"HeylOBJIETBOPUTENbHO'" CTaBUTCS, €CIM padOTa BBHINOJHEHA HE TOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIEeNaTh MPaBUIIBHBIX



Tema 1.3 KopHu, creneHu u jorapugmsi

IpakTnyeckas padora Nell
«PemeHue nokazareJbHbIX HEPABEHCTB)

Heﬂb: O606H_II/ITB, 3aKpCIINTh U CHCTCMATHU3HWPOBATH 3HAHUA YYaAIIKUXCA IIO METOJaM PCHICHUSA
IMMOKa3aTC/IbHBIX HCPABCHCTB.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeiOuparh crmocoObl pemieHus 3amad npodecCHOHATbHON JIESITCIIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM ;
OK 02 Hcnonp3oBaTh COBpEMEHHBbIE CpEICTBa IOMCKA, aHAlW3a U HMHTEpHpeTanuu HHpopManuu u
nH(OPMAIIMOHHBIC TEXHOJIIOTUH JJIsI BEITIOTHEHHMSI 32/1a4 MPOPECCHOHATBHOMN JIEITeIbHOCTH;
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTaTh B KOJUICKTUBE U KOMaH/IC.

MarepuanbHoe o0ecniedenue: VHauBUIyalbHbIE 33aHUs, CIIPABOYHBIE MaTEPHaJIbl, KOHCIIEKTHI
JIEKLIMN.

3ananmue:
1.PemuTe nmpocTeiime mokasareabHble HEPABEHCTBA:
1\* . x 1. 3x 1
) (3) <216 227°>% 32

2

2. Pemmmre nokaszarennHbIC HCPABCHCTBA:

1) 5¥*~2x-1 < 75
2) 3**2 +3*°1 <28
IMopsiniok BbINoOJIHEHUS padOTHI:
1. 3amumwre nmokazaTelbHOE ypaBHEHHUE.
2. O0e yacTu HEpaBEHCTBA PUBEANTE K OJJHOMY OCHOBAHHIO:
af® > get)
3. [Ilpwm pemennn nmokas3aTeiabHBIX HEPABEHCTB HEOOXOIUMO YUECTh CBOMCTBO MOHOTOHHOCTH
dyrkman, T.e. ipr a > 1 a’® > a?® < f(x) > @ (x)
mpu 0<a <1 a’™ >a?® < f(x) <o) .

4. Pemure momy4yuBleecs anreOpanyeckoe HepaBEHCTBO.
5. 3amummre oTBeT.

3amnucarb 3a1aHUC B TCTpaJlb U pCIUIUTh.

1. (%)x <216
Pemenue:
x -3
) <G 0 >
x> -3 -3

Otser: x € (—3; +0)

2. 5¥*-2x-1 < 25
Pemrenue:



5x2—2x—1<52
X2 -2x—-1<?2
x2-2x-3<0

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

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

3* =y;
9y+§y < 28;
95y < 28;

y<28:9% y<3.

BepuemMmcs k crapoii mepemennoit: 3% < 3\\

x <1 1
dopma npeacTaBiIeHus Pe3yJIbTaTa: BHIIIOJHCHHOE 33 JaHHe

v

Kpurtepun onenku:

Ouenka "oTJH4YHO'" BBICTABIAETCS, €CITU pabOTa BBHIIOJIHEHA B MOJTHOM 00BbEME C COOMIOIEHUEM
HEOOXOMMOM TOCIeI0BATETLHOCTH JIEUCTBHUI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aITMCH U BEIYHCIICHUS.

Ouenka ''Xopouio'" BBICTABISETCSA, €CIU BBITIOJHEHBI TPEOOBaHUS K OIEHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOTYYUTh MPABUIIbHBIE PE3YIbTAThl U BBIBOJIBI; B XOE
MpOBEACHUS PAaOOTHI OBUIA JOMYIIEHBI OITHOKH.

Ouenka '"Hey/10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WU
00BEM BBITIOTHEHHOM YacTH pabOThI HE MTO3BOJISET CAENATh MPABWIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, creneHu u Jiorapu(pmbl

IIpakTuyeckoe 3ansitue Nel2.
Pemenue noxkasarebHbIX YPABHEHUH H HEPABEHCTB.

Heab: OGOOIMINTD, 3aKpeNUTh U CUCTEMATHU3UPOBATh 3HAHMS YUYaIIUXCS MO METOAaM peIIeHUs
ITOKA3aTENbHBIX YPAaBHEHUI U HEpaBeHCTB. DOpMUPOBATh HABBIKH PELICHMUS.

Boinosinenue padorsl cnocodocTByeT OPMUPOBAHUIO:
OK 01 Beibuparh crnocoObl pemieHust 3aaad MNpo(hecCHOHAIBHOW JAeATENIbHOCTH NPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM;
OK 02 Hcnonb3oBaTh COBpEMEHHBIE CpeACTBa IOWCKA, aHAIW3a W HHTEpIpeTaluu HHPOpMaAlUu U
MH(OPMAIMOHHbBIE TEXHOJIOTHH [T BBIMIOJIHEHUS 3a/1a4 TPO(PECCHOHAIBHON AEATEIbHOCTH;



OK 04 DddexTrBHO B3aUMOJICHCTBOBATh U pabOTaTh B KOJJICKTUBE U KOMaH/IE.
I[IK 2.1 BeimonHsATe pacyeTsl MapaMeTpPOB TEXHOJOTMUECKOro Tpoliecca, padboThl 000pyaoBaHUS,
XapaKTEPUCTUK UCXOIHOTO ChIPbs U NMPOLYKIUH IIPU IPOU3BOACTBE YEPHBIX METAIIJIOB.

MarepuajibHoe o0ecnieyeHue:

WuauBuayanbHble 3a1aHNsL, CIPABOYHBIE MAaTEPUAIbl, KOHCIIEKTBI JIEKIIUH.

3ananmue:
1. Pemmre mokazareiabHOE ypaBHEHHUE:
a)2*4* —5x2*+2=0;

0) 22**t1 — 5% 2¥ — 88 = 0;

9 () -5+ () -6=0

2. Pemnte nokasaTeibHOE HEPABEHCTBO:
a)9* —3*— 6> 0;

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

Ilopsinok BbINOJIHEHUS PadOThHI:

1. 3Bamummre ypaBHeHue (HepaBeHCTBO). OmperennTe, KaKHM METOJOM HYKHO BOCIIOJIB30BATHCS
s pemienus.  OCHOBHBIMH METOJAMH PELIEHHUS I10KA3aTEIbHBIX YPABHEHUN M HEPABEHCTB
SIBJISIIOTCS: METOJ NPHUBEICHUS O0EUX YacTedl K CTENEHH C OJMHAKOBBIM OCHOBAHHEM; METO]
BBEJICHUS HOBOM IIEPEMEHHOM; METO/] BLIHECEHHS OOLIEr0 MHOKHUTEIS 38 CKOOKH.

2. Tlpumenute BbIOpaHHBIA MeToA. I[lpu pelleHMH MMOKa3aTelbHBIX YpPaBHEHHH HEOOXOIMMO
HOMHHUTb, YTO PEIIEHUE JIFOOOr0 MOKA3aTENLHOI0 YPABHEHUS CBOAUTCS K PEIIEHUIO IPOCTEMIINX
MOKa3aTeNIbHBIX YPaBHEHHH.

3. Tlpu penieHur NOKa3aTebHBIX HEPABEHCTB HEOOXOAMMO YUUTHIBATH CBOMCTBO MOHOTOHHOCTH
dyrkman, T.e. ipr a > 1 a/® > a?® < f(x) > @ (x)
mpu 0 <a<1 a’® >a?® < f(x) < p(x) .

4. 3anummTe OTBET.

1. PemuTe nokasarenbHOE ypaBHEHUE:
a)2-4*—-5-2¥4+2=0;

Pemenue:

2:2%% 5.2 42 =0.

BBenem HOByIO mepeMeHHy0: 2% = .
[onyunm ypaBHenue: 2y? — 5y +2 = 0.
Pemaem nony4yeHHoe KBaJpaTHOE ypaBHEHHE:
D=b?—4ac=25—-16=9 =32

_ -b—VD _ 5-3 1, _—b+\/5_5+3_8_2
M=% T2 T 2T Ty T4
BepHeMcs k cTapoii TepeMEeHHOM, PH 3TOM NOJIYYHM MPOCTEHIINE OKA3aTEIbHbIE YPAaBHEHHUS:
1
2% = > um 2¥ =2
2% — 2—1- 2% — 21.
x=—-1; x = 1.

Otser: -1;1

6) 22+1 _5.2% _ g8 = 0:
Pemenune: 22¥-2—-5-2¥ —88 = 0;



BBezneM HOByIO epeMeHHY0: 2% = y.

[Tonyunm ypaBHenue: 2y% — 5y — 88 = 0.

Pemmaem nmosyueHHOE KBaJpaTHOE YpaBHEHUE:

D = b* — 4ac = 25+ 704 = 729 = 27>

_-b—vD _5-27 22 _ —b+VD _ 5+27 _ 32

Y1 2a 4 4 2 V2 2a 4 4
BepHeMcest K cTapoii HepeMEeHHOM, IIPU TOM IIOJIyYHM IPOCTEHIIME TIOKA3aTEIbHbIE YPABHEHHUS:
2*¥ = —5,5; WA 2*¥ =8
Her pemennif, Tk 2% > 0; 2% = 23:
x = 3.
OTBeT: 3

2. Pemnre mokasareabHOE HEPABEHCTBO:
P¥*-3*-6>0
Pemenne: 32¥ — 3% — 6 > 0;
BBenem HOByIO nepeMeHHYI0:3% = .

I[onyunuM KBaJpaTHOE HEPABEHCTBO: y2 —y — 6 > 0.
PenraeM mostydeHHOE KBaApaTHOE HEPABEHCTBO METOOM HHTEPBAIIOB!

yi—y—-6=0;
D =b%?—4ac=1+ 24 =25= 5%
=_b_\/5=1;5=—2' =_b+\/5=15=9=3
Y1 2a 2 £ 2a 2 2 :
) —O—>
+ 2 - 3 +
PelreHrieM OTHOCHTENBHO MEPEMEHHON Y SBIAIOTCS HHTepBanbl:  (—o0; —2) U (3; + ).

3anuieM 3Tu HWHTCPBAJIbI B BUAC HCPABCHCTB!

< -2;

|[y < -=2;
3* >3

y>3"’ BepHeMcs k cTapoii mepeMeHHOI [[
HepaBencTBo 3* < —2 He MMeeT perieHusl.

3* < 3%

x> 1.

Otser: (1;4).

(I)opMa NMPEeACTABJECHUSA PE3yJabTaTa: BbIIIOJTHCHHOC 3a1aHNC

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" BBICTABISETCA, €CIIM PadOTa BHITIOJIHEHA B TTOJTHOM 00BEME C COOI0IEHUEM
HEO0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIIUCH U BBIYHUCIICHHUS.

Ounenka ''Xopomo" BBICTABISIECTCS, €CJIHM BBIMIONHEHBI TPeOOBaHUS K OICHKE "OTIWYHO", HO
JTONYIIEHBI 2-3 HEeoYeTa.



Ounenka '"ya0BJIeTBOPUTEJIBHO' BBICTABISECTCSA, €CM paboTa BHINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TaKOB, YTO TIO3BOJISIET TIOJYYUTh MPABHIIbHBIC PE3YJIBTATHl U BHIBOJBI; B XOJIE
poBeIeHUs paObOTHI ObUTH TOMYIIEHbI OLITHOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCS, €CIM pabOTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIEIaTh MPABUIIHHBIX BHIBOJIOB.

Tema 1.3 KopHu, crenenu u jorapugmbi

IIpakTyeckas padora Nel3

«Haxo:xneHue 3HaYeHUIl Jorapudma no nNpousBoIbLHOMY ocHoBaHu10. [lepexox oT ogHOTO
OCHOBAHUA K Apyromy. Boluucienue u cpaBHeHue jgorapugmos. JlorapupmupoBanue u
NMOTEHIIUPOBAHUE BHIPAKEHUID)

Heanb: O000MMUTH, 3aKPENUTh U CHCTEMATH3UPOBATh 3HAHMS ydamuxcs mo teme. @opMupoBaTh
HaBbIKM HAXOXXJCHUS 3HAYCHMH JIOrapu(pMUUYECKHX BBIPAKCHWH, MPUMEHSs OINpe/leIeHue U CBOMCTBa
norapuMoB, JorapuMupoBaTh U MOTEHIIMPOBATH BBIPAKEHHSL.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeiOupatb ciocoObl peieHus 3aaa4 npopecCUOHANbHON JeSTEIbHOCTH MPUMEHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM ;
OK 04 D¢ dexTuBHO B3auMOIEHCTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMAaH/IE.
[1K 2.1 BeInOJHATH pacyeTsl MapaMeTpoB TEXHOJIOTMYECKOTO Iporiecca, paboTel 000pyaoBaHMS,
XapaKTePUCTHK UCXOIHOTO ChIPbs U MPOIYKINH MPU MPOU3BOACTBE YEPHBIX METAILJIOB.
MarepunanbHoe obecrnieyeHue:
NnnauBuayanbHble 3a1aHNs, CIPABOYHBIE MaTepUaibl, KOHCTIEKTHI JIEKITH.

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

6) 2log, 6 + log, 0,2 + >log, 25 — ~log, 81.
2. Haiiute 3Hauenye BoIpakenns: 271710836 — 4~1084 0,125
3. Tlponorapu(MupyiiTe BBIpaKEHHE II0 MIPOM3BOILHOMY OCHOBAHHIO:
2%/d
a“vd

b3c5’

ITopsinok BbINOJHEHHS PadOTHI:
1) Hcnonb3yiiTe COOTBETCTBYIOIIME CBOMCTBA JIOrapU(PMOB U OIpeieeHue Jorapupma.
2) Hcnonp3yiiTe OCHOBHOE JIOTapu(MHUECKOE TOKIECTBO U CBOMCTBA JIOTaPH(PMOB.

a) Beruncaure: logg ,5 0,64 + loggs 10

Pemenne: logg ,5 0,64 +logy 5 10 = =

lo
Hcnone3yeM GopMysty mepexojia K HOBOMY ocHoBaHui0 109, a = g—cb

log

, TIOJTy4YuM
c

_ log, ;0,64

1
= +log,.10==1lo 0,64+1log,.10=
Iog 05 0’25 g 0,5 2 g 0,5 g 0,5



Jajee UCIoIb3yeM CBOMCTBa JloraprdMa CTEIEHH U JIorapugma Ipou3BeICHI
=log 50,64 +log 510 =log ,5(0,8-10) = log , ; 8 = —3. Otser: -3.

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

Pemenne: 2log, 6 +log, 0,2 + %log4 25 — %log4 81 = log, 6% + log, 0,2 + log, V25 —
log, VBT = log, 36 + log, 0,2 + log, 5 — log, 9 = log, 2= = log, 4 = 1
1) Haiinure 3HAaueHME BhIpakeHns: 271710836 — 41084 0,125
Pemenne: 271710836 _ 4~10840125 _
Hcnonb3yeM cBOKCTBA CTeHeHel M OCHOBHOE JIOrapH(MUUECKOE TOXKIECTBO

_ 1000 33 27 1 7
3\1-logz 6 _ »log,0,125"1 _ o3-3logs6 _ »4l08455 _Q_"" _g___qg_ _7°_
(3 ) 083 41084 =3 083 47784125 = 3logs 216 8 = 216 = 3 8= 78.
OtBer: — 7Z.
8
3) [Iponorapudmupyiite BopakeHHe IO MPOU3BOILHOMY OCHOBAHUIO:
a?¥d
b3c5’

HDOJIOF&DI/Id)MI/IDOBaTI) BBIPAXKCHUC — 5TO 3HAYUT BBIIIOJIHUTH CJIGZIYIOIIII/If/'I AJITOPUTM:

1. B34arbh gaHHOE BRIpaXXKEHHE B CKOOKH U Mepe HUMHU MTOCTaBUTh 3HAK JIorapuQma 1o 3aJaHHOMY
OCHOBAHUIO

2. Hcnonb3ys cBoicTBa JiorapuMoB, HEOOX0AUMO yOpaTh BHYTpH JiorapupmMa Takue AeiCTBUS, KaK
BO3BEJICHUE B CTENIEHb, BO3BEICHUE B KOPEHb, YMHOKEHHUE U JICJICHUE

[Iponorapudmupyem o ocHoBanuto 10:

aVd _ 2 id 3 5 _ 1 )
lg 35 = lga® +1lgVd — lgb” — lgc> = 2lga + Zlgd —3lgb — 5lgc;

(I)opMa NpeacTaBJICHUsA pe3yjabTaTa: BbIIIOJHCHHOC 3a1aHUC.

Kputepun onenkmn:

Ouenka "oTJM4YHO'" BBICTABISETCA, €CIIM PadOTa BHITIOJIHEHA B MTOJIHOM 00BEME C COOIIOIEHUEM
HEe0oOXOIMMOM TOCTENOBATENbHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ounenka ''xopomo" BBICTaBISIETCSA, €CIHU BBIMOIHEHBI TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JONYIIEHBI 2-3 HEe04YeTa.

Ouenka '"yI0BJIETBOPUTENbHO'" BBICTABISETCSA, €CIM PabOTa BBINOIHEHA HE TOTHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TaKOB, YTO TIO3BOJISIET TIOJYYUTh MPABHIIBHBIC PE3YJIBTATHl U BHIBOJBI; B XOJIE
MPOBEICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBHITIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIeaTh MPABUIHHBIX BHIBO/IOB.

Tema 1.3 KopHu, creneHu u jorapugmsi

IIpakTuyeckas padora Nel4
«IlocTpoenne rpadpukos Jorapupmuyeckux GpyHkumin»



Heanb: O0O0MUTH M CUCTEMAaTU3UPOBATh 3HAHUS YYalIUXCs, (POPMUPOBATH HABBIKM MOCTPOCHUS
rpadgukoB JorapuMuUecKux (PYHKIUHA C MOMOINBI0 MPeoOpa3OBaHM M MCCICIOBAHUS WX CBOMCTB.
PaccmoTpeTs npuMeHneHue JorapugpmMoB.

BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:

OK 01 Bpeibuparh ciocoObl perieHus 3a1a4d npo(ecCHoOHaTbHON AeATEIbHOCTH MPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM ;

OK 02 Hcnonp30BaTh COBpEMEHHBIE CPECTBA TOMCKA, aHAJIW3A W UHTEPIPETAIMH HHPOPMALIMHA U
MH(OPMAIMOHHbBIE TEXHOJIOTHH [T BBIIOJIHEHUS 3a/1a4 PO(pECCHOHATBLHOM 1A TEbHOCTH;

OK 03 IlnanupoBaTh U peain30BbIBaTH COOCTBEHHOE MpOodeccnoHalbHOE U TUYHOCTHOE Pa3BUTHE,
IPEINPUHIMATENBCKYIO AEATEIbHOCTD B TPOPECCUOHATBLHOM cepe, HUCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIHIX

OK 04 D¢ dexTrHBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJJICKTHBE U KOMaH/IE.

[IK 2.1 BpINOJHATH pacdeThl MapamMeTpoB TEXHOJOTMYECKOro Ipoliecca, paboTel 000pyAOBaHuUSA,
XapaKTEPUCTUK UCXOJIHOTO CHIPbS U MPOAYKIIMH MPU MPOU3BOJICTBE YEPHBIX METAILJIOB.

MaTepnaﬂbnoe odecmeyeHue:
I/IHI[I/IBI/II[yaJ'IBHBIC 3a/laHusl, CIIPaBOYHBIC MaTCpUaJIbl, KOHCIICKTBI JICKIMH.

3aganme:
B oxnoli cucreme KOopaUHAT MOCTPOUTH IpadUK dIEMEHTAPHON U JaHHOW (YHKITHI:

1. y =logs(x—2)
2. y=2-logix,
2

3. y=logz(x—-2)+1

ITopsinok BbINoJIHeHUs padoThI:
1. Omnpegnenurte, ¢ MOMOMIBIO KAKUX T€OMETPHUECKUX MPEOOPa30BaHIA MOKHO TTOCTPOUTH Tpaduk
3aJJaHHOM (PyHKIMH:
o Ipapux ¢dyskmmm y = f(x) + B momydaercs mapajuienbHBIM TMEPEHOCOM Tpaduka
¢ynkuuu y = f(x) B MONOXKUTEIBHOM HampasieHUH BIojb ocu Oy Ha paccrosiHue B,
ecin B > 0 u B oTpuniatesnisHOM HarpaBieHuH B1oJib ocu Oy, eciu B < 0;
o Ipapux ¢ynkmun y = f(x +b) mnonydaercs mnapajuielbHBIM HEPEHOCOM TIpaduka
¢byHkuuu y = f(x) B MOJOXKHUTEIHLHOM HamlpaBieHUU BJOJb ocu OX Ha paccTrosiHue b,
ecmi b < 0 1 B OTpHIIaTEILHOM HarpaBJIeHUH B1OJb ocu Ox, ecim b > 0.
o Ipapux ¢ynkuumm y = —f(x) momydaeTcs CHMMETPHYHBIM OTOOpakeHHEeM Tpaduka
y=f(X) otHOCHTETHHO OCH OX.
o I'padux pynknuu y = Af(x), momyqaercs pactsbkeHueM rpaduka y = f(x) BAOIb OCH
Oy ot ocu Ox B A pa3 ipu A > 1 unu cxxatueM Baosb ocu Oy k ocu Ox B 1/ Abas npu
A<
e I'padux ¢pyukumu y = f(ax), monyuaercs c:katieM rpadpuka y = f(x) Baonb ocu Ox K
ocu Oy B a pa3 nipu a > 1 win pacTspkeHneM Boib ocu Ox k ocu Oy B 1/ a pa3 npu
a<l.
2. TlocrtpoiiTe HCXOAHBIN IrpaduK.
3. TpomsBenure HyXHBIE TPEOOPA3OBAHUS U TIOCTPOUTE HEOOXOIMMEIH rpaduK.
4. Jlns oborpeBa MeTaUTyprHUECKOro Iiexa, Temieparypa B kotopom paBHa T, = 20°C, uepes
pajauaTop OTOIUICHHUS, MPOIYCKAIT ropsayro Boay Temmeparypoil T, = 100°C. Pacxoa mpoxopsiieit
yepe3 TpyOy Boapim=0,2 kr/c. [Ipoxoms mo TpyOe paccrossHue X (M), BoJa OXJI&XIAeTCS 10



temneparypbl T °C, ripu uem

cm | Tz =5

X =A— 1082 ————
oL
¥ r—T,
rae ¢ = 4200 1x/kxr*C — TEeII0eMKOCTh BOIBI
= ~
y =42 Br/m “°C— xosddummenT Temoobmena
a = 1.4 — nocToAHHAA.
Jlo kakoii Temneparypsl (B rpagycax Llenbcus) oxyiaguTcst Boja, v JUTHHA TPYOs! 28 M?

1. y=log,(x —2).

[Toctpoum cHavana rpaduk pynkuuu y = log, x.

I'paduk pyakuuun y = log,(x — 2) nonyunm napauiebHbIM IEPEHOCOM BI0JIb ocu OX BIPaBO HA
2.

v

2. y=logsx—2
[Toctpoum cHavana rpaduk pyakuun y = logs x.
I'padpux pynkuuu y = logzx — 2 noayduMm napauieNbHbIM IEPEHOCOM BJI0JIb ock (Jy BHU3 Ha 2.

¥y
[]

3. Jlorapudmuueckne (GyHKIIMU pacIpOCTPAHEHBI YPE3BhIUAWHO MMHUPOKO KaK B MaTeMAaTHUKE, TaK H
B ECTECTBEHHBIX HaykaxX. [IpuBenéM HECKOJBKO TMPUMEPOB HCIOJNB30BaHMS JorapumMoB B
Pa3HOOOpAa3HBIX HAYKaX.

B cratuctuke W TeopuHM BEpPOATHOCTEH JorapudM BXOAUT B PSI MPAKTHUYECKH BaKHBIX
BEPOATHOCTHBIX pactpeneneHuil. Hampumep, norapupmuueckoe pacnpelesieHue HCIONb3yeTcs B
reHeTuke u (Qusuke. JIOrHOpManbHOE pacHpelesieHne 4YacTO BCTPEYaeTcsl B CHUTYaIUsX, KOrja
uccienyeMasi BeIMYMHA €CTh NMPOM3BENCHHE HECKOJIbKUX HE3aBHUCHUMBIX IOJIOKHUTEIBHBIX CIy4YaiHbIX
MEPEMEHHBIX.



3akoH bendopna («3akoH mepBoil UGPHD) ONUCHIBAET BEPOSATHOCTH IMOSBICHUS ONpPENEIEHHON
nepBoil 3Havaeil nudpsl Ipu U3SMEPEHUH PEaTbHbBIX BEJIUYMH.

JUis OLIEHKM HEWU3BECTHOI'O IapaMeTpa ILIMPOKO MPUMEHSIOTCS METOJ MaKCUMAaJIbHOI'O
IIPaBJONIOI00NUS U CBS3aHHAs C HUM Jiorapudmudeckas (GyHKIMS IPABIONOA00NS.

OnyKTyalluy MpHU CIIydaiiHOM ONy>KJaHWM ONMHUCHIBaeT 3aKoH XuHuuHa-Konmoroposa. Jlorapupm
UCIOJIB3YETCSl B ONPENCIICHUAX TaKUX BEJIWYMH, KaK I[IOKa3aTelb KOHCTaHTBbl aBTOIPOTOJIM3A
(caMOMOHM3AIMK MOJIEKYJIBI) M BOJIOPO/IHBIN MOKa3aTelb (KUCIOTHOCTU PacTBOpPa).

Jlorapudmuueckast crnupaib I[E€PECEKaeT CBOM PaJAMYC-BEKTOPHI IO/ IOCTOSHHBIM yrioMm. Ha
OCHOBaHUU ITOr'O €€ Ha3bIBalOT PABHOYI'OJbHOW. DTO CBOMCTBO HAXOJIUT CBOE INPUMEHEHUE B TEXHUKE.
Jlesno B TOM, 4TO B TEXHHMKE 4acTO IPUMEHSIOTCS Bpaujaromuecs HoxU. Cuia, ¢ KOTOpOM OHHM 1aBAT Ha
paspe3aeMblii MaTepuai, 3aBUCUT OT yIja pe3aHus, T.e. yria MeXIy JE3BUEM HOKa U HaIlpaBICHUEM
CKOpOCTH BpauleHus. s NOCTOSIHHOrO JaBJIEHUS HYXHO, 4TOOBI YroJl pe3aHusl COXpPaHsI MOCTOSHHOE
3HaueHue, a 3To OyJeT B TOM CiIydae, €ClIM JIe3BUS HOXEHl OuepyeHbl MO Jyre JorapupMuuecKoi
cnupainu. BenuunHa yria pesaHust 3aBUCUT OT 0OpabaThiBaeMOro MaTepuaia.

B rungporexHuke mo jorapuMUUECKOl CIHUpaiid W3rudaroT TpyOy, MPOBOMASIIYI0O MOTOK BOJIBI K
jgonacTsM TypOuHbl. bnaromaps Takoi ¢opme TpyObl MOTEpU 3HEPrUM HAa U3MEHEHHME HaIpaBJIeHUS
T€YeHUs] B TpyOe OKa3bplBAIOTCS MHUHHUMAJIbHBIMU M HANop BOJbl HMCIOJB3YETCS C MaKCUMAalbHON
IIPOU3BOIUTEIIBHOCTBIO.

(I)opMa NnpeacTaBJICHUsA pe3yjabTaTa: BhIIIOJIHCHHOC 3a/laHNE

Kpurepun oneHku:

Ounenka "oTJHYHO'" BBICTABIISICTCS, €CITU pabOTa BBHIOJIHEHA B IMOJTHOM 00BEME C COOIIOICHUEM
HEe0OXOIMMOM MOCNEeA0BATENbHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka ''xopouio'" BBICTABISACTCSA, €CIU BBITIOJHEHBI TPEOOBAHHS K OIEHKE "OTJIMYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ouenka '"yI0BJIeTBOPUTENbHO'" BBICTABISETCSA, €CIM paboTa BBHIMOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISIET TOJMYUYUTh MPABUIIBHBIE PE3YJIBTATHI U BHIBOJBI; B XOJI€
IpOBe/IeHUs pabOTH! ObUTH JTOMYIEHb! OLIHOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TTO3BOJIAET CIeTaTh MPAaBUILHBIX BHIBOIOB.

Tema 1.3 KopHu, creneHu u Jorapugmsl

IIpakTuyeckas padora NelS
«Pemienue Jjorapu(pMuYecKuX ypaBHeHHU D)

Heab: O606mMTH, 3aKpenUTh W CHCTEMATU3UPOBATh 3HAHUSA YyYaIIMXCA MO METOJaM pelleHus
norapupMuUecKux ypaBHeHUNH. @OpMUPOBATh HABBIKU PEIICHUS YpaBHEHHIHA.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeibupaTth crnocoObl pemieHds 3ajad NpoPecCHOHANIbHON eATEIbHOCTH MNPHUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM ;

OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpEeACTBa IOWCKA, aHAIW3a U HMHTEpHpeTaluuud HHGOpMaluu U
MH(OPMAIMOHHbIE TEXHOJIOTHH IS BBIMOJIHEHUS 3a/1a4 TPO(pECCHOHATILHOM 1€ TeIbHOCTH;

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

MarepuanbHoe o0ecrieyeHme:
WuauBuayanbHble 3aaHNsI, CIPABOYHBIE MAaTEpUabl, KOHCIIEKTHI JIEKIUI.



3ananue: Pemure norapudmudeckre 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+I1gv3x—-8=1.

IMopsinok BbINOJIHEHHUSI PA0OTHI:

[lepen HayamoM pelleHHsS YpPaBHEHHUS HYKXHO HaWTH 00JacTh JONMYCTHMBIX 3Ha4YeHuil. Vcmonb3ys
cBoiicTBa orapu(mMoB 00¢ YacTH ypaBHEHHUS] IPUBOAUM K OJHOMY ocHOoBanuio log, f(x) = log, g(x).
[Torenmpyem o0e yactu ypaBHeHwus, moiaydaem f(X) = g(X). Pemaem mosnydenHoe ypaBHeHue. T.K.
IMOTCHUUPOBAHUC YPABHCHHA MOXKCET IMPUBCCTH K IIOABJIICHHIO IIOCTOPOHHUX KOpHefI, TO Acj1acMm
IIPOBEPKY. 3alMCbIBAEM OTBET.

3anucarhb 3alaHUC B TCTpadb U PCIONUTh.

1) log,(2x—6) =3

Pemenue: log,(2x —6) =3 O13:2x —6 >0
2x — 6 = 3%
2x — 6 =81;
2x = 87,
x =435

[IpoBepum, npuHaAIEKUT JU HaAeHHBIH KopeHb O/13:

2:-435-6=81>0

OrtserT: 43,5
2) log,(2x? —3x—4) =2 Ol13: 2x2—3x—4>0
x2=2x>—-3x—4 x>0x#1

x2—2x*+3x+4=0

—x>+3x+4=0

x2—3x—4=0

x1=-1x,=4

IIpoBepum, npuHaanexar a1 HaliaeHHble KopHu O/13:

X, =—-1 2(-1)%2-3(-1)—4>0
24+3-4=1>0

x,=4 2-42-3-4—4>0
32—-12-4=16>0

Otser: x; = —1; x, =4



x>0
x—4>0
Hcmonbs3yeM CBOMCTBA 1 ONIpeAeIeHue Jorapudma:
logs x(x —4) = 1;
x? —4x = 5%;
x?>—4x—-5=0;

3) logsx +logs(x—4)=1 OI3: {

x; =—-1;x, =5.
[IpoBepum, npuHaanexar a1 HaliaeHHble KopHu O/13:
—1 < 0, 3HauuT Xx; = —1- MIOCTOPOHHUIN KOPEHb.
5>0, 5—-1=4>0.
Ortsert: 5
x> 0;
4) log,(2x?> — 7x + 6) —log,(x —2) =log,x OH3: {2x2 —7x+6 >0
x—2>0

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

2x2 —7x + 6 = x% — 2x;
2x2—7x+6—x%+2x=0;

x?2—=5x+6=0;

X, =2; x, =3.

[IpoBepum, npuHaanexar a1 HaliaeHHble KopHu OJ13:

2>0;
X1 =2,42:22-7-24+6=0
2—2=0
3>0;
x;=342:32-7-3+6>0;
3—2>0

Ortser: 3.

(I)opMa NpeaAcTaBJICHUA pe3yabTaTa: BhIIIOJIHCHHOC 3a/laHNE

Kpurepun ouenkmn:

Ounenka "0oTJIMYHO'" BBICTABISIETCS, €CIM padoTa BBHIMOJIHEHA B MOJTHOM 00BEME C COONIOeHUEM
HEOOXOMMOM TOCIeI0BAaTEILHOCTH JIEUCTBHI; B OTBETEC NPABMWJIBHO W aKKypaTHO BBITIOJIHEHBI BCE

3allMCHU 1 BBIYMCJIICHUA.

Ouenka "'xopouno' BBICTaBISETCS, €CIM BBITOJHEHBI TPeOOBaHUS K OICHKE "OTIWYHO", HO JOMYIICHBI

2-3 Henmoyera.

Ouenka "yn0BJIeTBOPUTEILHO' BBICTABISCTCA, €CIM pabOTa BBIOJTHEHA HE TOJHOCTBIO, HO O0BEM
BBITIOJJHEHHOM YaCTH TAKOB, YTO II0O3BOJSET IOJYYHUTh IPABHIBHBIE PE3YJIbTAaThl U BBIBOJBI, B XOJI€

MPOBEACHUS PAOOTHI OBUTA JOTYIIEHBI OIITHOKHY.

OIIeHKa "HeyIIOB.]'IeTBOPI/ITeJIbHO" BBICTABJISACTCA, €CIIN pa60Ta BBINIOJIHEHA HE MOJIHOCTBIO MM 00BEM

BBIITOJIHEHHOM YacTH pa60TLI HC MMO3BOJIACT CACJIATh MMPAaBUJIbHBIX BEIBOAOB.



Tema 1.3 KopHu, creneHu u jorapugmsi

IpakTnyeckas padora Nel6
Pemenne jiorapupmmuuecknx HepaBeHCTB

Heab: OO600mUTH, 3aKpeNUTh M CHCTEMATU3UPOBAaTh 3HAHUS YYAIIMXCS IO METOJaM peleHMs
norapupMUUECKuX HepaBeHCTB. POPMHUPOBATH HABBIKU PEIICHUS HEPABEHCTB.

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeiOuparh crmocoObl pemieHus 3amad npodecCHOHATbHON JIESITCIIBHOCTH MPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM ;

OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpEACTBAa IOWCKA, aHAIW3a U HHTEpIpeTaluu HHPOpMAIUU U
nH(OPMAIIMOHHBIC TEXHOJIIOTUH JJIsI BEITIOTHEHHMSI 32/1a4 MPOPECCHOHATBHOMN JIEITeIbHOCTH;

OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTaTh B KOJUICKTUBE U KOMaH/IC.

MaTtepuajbHoe o0ecnieyeHue:
I/IHZII/IBI/IIIyaJH)HI)IC 3alaHuA, CIIPaBOYHBIC MaTCpHajibl, KOHCIICKThI JIGKIII/IIZ.

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

IMopsinok BeImoHeHHs1 padoThl: PaboTaeMm Mo anropuTMy: HCIONB3Ys ompeaereHue jorapupma obe
YaCTH HEPAaBEHCTBA MPHUBOIAUM K OJTHOMY OCHOBAHHIO, T. €. [OJy4aeM HepaBeHCTBO BHaa 10g 5 f(X) < log

ag(x).

[Tpu pemennu norapupMUYECKUX HEPABEHCTB HY)KHO YYUTHIBATh CBONCTBO MOHOTOHHOCTH
JorapupMuUUecKoi GyHKIIHIH, T.€.

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

Pemenne JIOFapI/I(i)MI/ILIeCKOFO HEPAaBCHCTBA CBOJUTCA K PECIICHHUIO 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 3aJlaHue B TETPaJb M PEUTUTh.



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

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

Pemim cocTaBieHHYyIO CUCTEMY: {Sx 13<5 5x <5 x<1

2) logys(3x +4) = logys(x* + 6)

CoCTaBUM CHCTEMY HEPABCHCTB, YUUTHIBAs, YTO 00a JIorapru(MHUpPyeMbIe BHIPAKCHUS TOTDKHBI OBITh
HOJIOKUTETPHBIMUA M OCHOBAHHE MEHBIIE 1.
3x+4>0
{ x>4+6>0
3x +4 <x?+6.

Pemmm cocTaBieHHYIO CUCTEMY:

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

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

/’VW_V’V}
1 2

Haiiném peuienue cucremst:
i S o
1
-1 = 1 2

Ortser: (—1%; 1] U [2; +0)

3) logi(x? + 7x + 10) = —2

CocTaBuM cUCcTEMY HEPaBEHCTB, YUUTHIBAs, UTO JIOTapUPMUPYEMOE BbIpaKE€HHE JTOJKHO OBITh
MTOJIOKUTEIBHBIM U OCHOBAaHNE MEHbIIE |.

X2 4+7x4+10>0
1\"2;
x2+7x+10S(—)
2
{x2+7x+10>0.
X’ +7x+10< 4’

Pemraem KBaApaTHBIC HCPABCHCTBA:

X2 +7x4+10>0



X2 +7x4+10=0

x1:—5; x2:—2 + - +

x> +7x+10< 4
X>+7x+6=0
X =—6; x, =—1 + - + S

Haiiném perenne cucTeMst:

VAPPSO SOKNG S/
-1

-6 -5 -2
Orter: [—6;—5) U (—2;—1]

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOIHEHHOE 3aJaHNe

Kputepun onenku:

Ouenka "OTJHYHO" BBICTABIIACTCS, €CIM padOTa BBHIMOJHEHA B TOJHOM 00BEME C COONIOACHUEM
HEOOXOIUMOM TIOCIICIOBATEIIBHOCTH JCHCTBHI; B OTBETE IMPABUIBHO M AKKypaTHO BBIIOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

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

Ouenka "ynoBJIeTBOPUTEIBLHO'" BBICTABIACTCA, €CIM PabOTa BBINOJIHEHA HE MOJIHOCTHIO, HO O0BEM
BBIIIOJIHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NpPAaBUIIbHBIE pPE3YylbTaThl U BBIBOJBI; B XOJ€
IIPOBEEHUS pabOThI ObUIN AOMYILEHBI OIIUOKH.

Ouenka ""Hey/I0BJIETBOPUTEIBHO' BBICTABISIETCS, €CIIM pa0OTa BHIMOJIHEHA HE TOJHOCTHIO WIH 00BEM
BBITIOJIHEHHOW YacTH paOOThI HE TTO3BOJISIET CENATh MPABWIBHBIX BHIBOJIOB.

Tema 2.1 OcHOBHbIE IOHATHS TPUTOHOMETPHH.
IIpeodpa3oBanne TPUrOHOMETPHYCCKHUX BbIPAKCHUH

IIpakTuyeckas padora Nel7

«PaguaHHBIH MeTOJ U3MEPEHHs YIJIOB BPAILlleHUs U CBSA3b € rpaaycHoi mepoil. Haxoxxaenune
3HAYEHUH TPUTOHOMETPUYECKUX (pyHKIMID»

Hean: ®opMupoBaTh HaBBIKM MEpexoja OT paJHaHHOW Mephl YIJIOB K I'padyCHOH M 0OpaTHO,
HAXO0XJICHUS 3HAYEHUH TPUTOHOMETPHUUECKUX (QYHKIIHM.

Boinosinenue padorsl cnocodocTByeT GOPMUPOBAHUIO:
OK 01 Beibupats criocoObl pemieHus 3aad NpopecCuoHaIbHON AeATeNbHOCTH TPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM ;
OK 04 D¢ dexTnBHO B3auMOEHCTBOBATh U pabOTaTh B KOJIJIEKTUBE U KOMaH/IE;
[IK 2.1 BrinonHATh pacyeTsl MapaMeTPOB TEXHOJIOIMUECKOTo Ipolecca, paboThl 000py10BaHus,
XapaKTEPUCTHK UCXOIHOTO ChIPbs U MPOIYKIUH IPU IPOU3BOACTBE YEPHBIX METAJIJIOB.

MarepunanbHoe obecrniedeHue:
I/IH)]I/IBI/IHyaJ'H)HI)Ie 3alaHuA, CIIPAaBOYHBIC MaTC€pUajibl, KOHCIICKTbI .]'IGKI.II/IfI.

3aganue:



1. BeIpa3uTe B panaHax BEJIMYUHY YTJIa, 33JIaHHOTO B rpagycax

a) 150° 06)450° B)40°
2. Bwipa3uTe B rpagycax BeIUYHMHY YIJia, 33JJaHHOTO B paJinaHax

T 4T

a) 7 0)4m  B) s
3. HUcnonb3ys onpeneneHusi TPUrOHOMETPUYECKUX (PYHKUUH, HAAUTE 3HAKH STUX (PYHKIHUH JUIs
YTJIOB:

a) —210°  6) =

4. 3yb6uatoe koseco uMmeeT 72 3ybma. Ha ckoJbKO rpagycoB MOBEPHETCS KOJECO MPH MOBOPOTE
€ro: a) MPOTUB YacoBOU cTpenku Ha 21 3yoOerr; 0) mo wacoBoii crpenke Ha 144 3y6ma?
5. llIxkuB smektpomoTopa zaemaer 6000 0O60OpOTOB B MHUHYTY. BBIYMCIHTE YIIIOBYIO CKOPOCTH
BpallleHUs B Ipajycax B CEKYHIYy U B paJuaHax B CEKYHAY.

IMopsiiok BbINOJTHEHHS PA0OTHI:
1. Paamannas u TpagycHas Mephl CBsi3aHbl 3aBHcHUMOCTBhIO 180° = m paguan. [loatomy 1° =

Y
Taoe SHATHT X ° = Tgo & PanuaH.

o o 180°
2. YrtoOnl BBIPA3UTh YIoJ B I'palyCHOU MEPE BOCIIOJIb3YUTCCh COOTHOIICHUCM 1pa,q = .

3. Ha‘lepTI/ITe CAUHUYHYIO OKPY’KHOCTb, OTJIOXHUTC 3a,I[aHHLIﬁ yroi, IIOMHA, 4qTo
IMMOJIOKHUTCJIBHBIM  CHHUTACTCA  YI'OJI, OTKJIaI[I)IBaCMHﬁ IIPOTHUB JacoBO CTpPCJIKH, a
OTPHULATCIBbHBIM — I10 4acoBOM CTPCIIKEC.

1. BeIpasure B paguanax BEIMYHHY yIUia, 3aJaHHOTO B Ipagycax
a) 120° 6)225° B)10°

a) 120° = ——-120° = 25 6)225° = ——-225° = % B)10° = —-10° = —.
180 3 180 4 180 18
2. Brlpasute B rpagycax BeIHYUHY YIJIa, 3aJaHHOTO B paJinaHax
) 6) = ) s
a 5 9 B 6
a)3_"=18°°.3_"=1080 6)2—ﬂ=£00-2—ﬂ=40° B)s_”=ﬂm5_”=1500
5 T 5 9 T 9 6 T 6

3. Ucnonb3ys omnpeneneHuss TPUrOHOMETPUUYECKUX (DYHKIMM, HalauTe 3HAKU ATUX (QYHKIMHA JUIs
YTJIOB:
3
a) —120° 6) ?”
[TocTporM €IMHMYHYIO OKPYKHOCTh M OTIIOKHMM JaHHble yribl. Yron—120° orknaasiBaeMm 1o
yacoBol crpenke. Touka, coorBercTBytomas yriay —120° nexxut B |11 uerBeptu, 3HaUUT,
cos(—120°) < 0, sin(—120°) < 0,
tg (—120°) > 0, ctg(—120°) > 0.

(I)opMa NpeaACTaBJICHUSA pPe3yabTaTa: BEIIIOJIHCHHOC 3a/IaHNUE

Kpurepum ouenku:
Ouenka "oTJHYHO'" BBICTABISETCS, €CITU pabOTa BBHIIIOJIHEHA B MOJHOM 00BEME C COOIOIEHUEM

HEeoOXOIMMOM TOCIeN0BaTENIbHOCTH JEICTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIMCHU U BBIYUCIICHUS.

Ounenka ''Xxopomo" BBICTAaBISETCS, €CJIM BBIIOJHEHBl TpeOOBaHUS K OIEHKE "OTIWYHO", HO

JOMYUIEHBI 2-3 HeJloYeTa.

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



00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABWIIBHEBIE PE3YNIbTATHI M BHIBOJIBI; B X0OJI€
MpOBeACHUS PAOOTHI OBUTH TOMYIIEHBI OMTHOKH.

Ouenka '""Hey/10BJIETBOPHUTEILHO'" BBICTABISIETCS, €CIM Pa0OTa BBHIMOIHEHA HE TMOJHOCTHIO HITU
00BEM BBINIOJIHEHHOM YacTH paboThl HE TIO3BOJISET ClieaTh MPaBUIbHBIX BHIBO/IOB.

Tema 2.1 OcHOBHbIE IOHATHS TPUTOHOMETPHH.
IIpeoOpa3zoBaHue TPUTOHOMETPUYECKUX BbIPA:KeHH I

IIpakTyeckoe 3ansaTue Ne 18
IHocTpoenune rpapukoB TPUTOHOMETPUYECKUX PYHKIUI ¢ HCIIOJIb30BAHUEM I'€OMETPUIECKUX
npeodpa3oBaHuii

Leas padoTbi: HaydanThest cTpoUTh rpa)iku TPUTOHOMETPUIECKUX (DYHKITHIA

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 Beibupath cmocoObl perieHus 3anad mpopecCHOHATbHONW AESITeIbHOCTH MPUMEHUTENIBHO K
Pa3IMYHbIM KOHTEKCTaM
OK 04 D¢ddexTuBHO B3auUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaH/IE
I[IK 2.1 BbInosHATH pacueThl MapaMETPOB TEXHOJIOIMUYECKOTO Ipolecca, padoTsl 000pyIoBaHMUS,
XapaKTePUCTHK UCXOJHOTO CHIPhS U MPOIYKIIUU MPU MIPOU3BOJICTBE YEPHBIX METAILIIOB.

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

3ananmue:
[Toctpouts rpaduk pyHkumMu y = 3sin(x — g). 3anucaTth CBOMCTBA ATOU (DYHKIUU.

IMopsinok BbINOJIHEHUS PadOTHI:

ITpu noctpoeHnu rpaduka Hy>KHO BOCIIOJIb30BATHCS MPEOOPA30BAaHUSIMU TPAPHUKOB.

1.y = f(x) + b — rpapux ¢ynkuuu nonydaercs u3 rpaduka ¢ykiuu Yy = f(X) myrem
napajuieIbHOrO MepeHoca IToro rpaduka Ha BenuuuHy Baoibs ot OY. Ilpu atom, ecnu b>0, To rpaduk
¢bynkiuun f(X) + b pacmonaraercs Boiie rpaduka Gynkuuu f(x), ecau b<0, To HIbKe 3TOTO rpaduKa.

2.y =f (X + b) — rpaduk dyskunu momydaercst u3 rpaduka GyHkuun y = f(x) ¢ momoruipro
MapajuieJIbHOTO MEepeHoca 3Toro rpaduka Ha BenuuuHy b Baoas ocu OX, npu 3ToMm, ecnu b>0, To caBur
BJIEBO, a eciiu b<<0, TO CABUT BIPaBO.

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

4.y = a f(x) — rpadpux ¢yHkumu nomydaercs u3 rpaduxka ¢yHkuumum y = f(x) ¢ momouipro
pacTsbKeHus WK cxaTus rpaduka no ocu OY nponopiuuoHanbHO K03QPUIMEHTY a, TPUYeM,

ecnu @ > 1, To Bce opanHaThl rpaduka af(x) yBenuuuBaroTcs B a pas, eciu a < 1, TO yMEeHbILIaoTCs
B a pas.

5.y = fla x) — rpadpuk QyHKuM noiydaercs u3 rpadpuka QyHkmuu y = f(X) ¢ momorpo
pacTsHKEHHS WIN CKaTHsI BIOIb ock OX MpOMOpIHOHANBEHO KOAQGUIIMEHTY @, IpUdeM, eci, a > 1, To
rpaduk cxumaercs B a pas, ecnu 0 < a <1, To pactaruBaercs B 1/a pas.

6.y = | f (x) - JUISl TIOCTPOEHUS ATOTO rpadka HYKHO MOCTPOUTh Tpaduk pyHkmm y = f(x) u

0To0pa3uTh oTHOCUTENBbHO ocu OX Te yacTH rpaduka, KOTOpble PacMoI0KEHbI HUXKE 3TON OCH.
[Tocne noctpoenus rpaduka npoBeauTe uccieaoBanrne GyHKIUH 10 o0Iel cxeme.

Xoxa padoTsl
T ~ v
HoctpouTts rpaduk GyHKIMH y = 2cos(x + 7). 3aIKCaTh CBOUCTBA 9TON (PYHKIIHHL.

Cuauana noctpouM rpadux GYHKIIHUHA y = cosx



[Tepenecem rpaduk GyHKIUU y = cos x Hag BieBo. [Tonmyunm rpaduk QyHkuuu y = cos(x + g).
PactsiHem rpaduk nmomyuuBmieiics GpyHKuu B 2 pasza Baoib ocu Oy.

T
) =2C08 X+—
! ( 3]

Hccnenyem dyHkImro mo oodmei cxeme:

D(y) =R,
E() =[-2; 2]
y =0, mpu X=n/6 + ntn, n € Z,
OyHKIMs 001Iero BUaA.
OyHKIUA HEMOHOTOHHAS,
npu X € (2n/3 + 2nn; 5n/3 + 27n) — byHKIUSA BO3pACTaET;
npu X € (-n/3 + 2an;2 w/3 + 2xn) — hyHKIMS yOBIBAET;

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

7. T=2n.

ko E

(I)opMa NpeacTaBJICHUsA pe3yjabTaTa: BhIIIOJIHCHHOC 3a/laHNE

Kputepun onenkn:

Ouenka "oTJaMYHO'" CTaBUTCA, €Clid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HE0OXOIMMOM TOCIEA0BAaTENBHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBINIOJHEHBI BCe
3aIUCH ¥ BBIYUCIICHUSI.

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

Ouenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €clid pabOTa BHIMIOJHEHA HE MOJTHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IO3BOJIAET MOJYYUTh NPAaBUIBHBIE pPE3ylbTaThl U BBIBOJBI, B XOJI€
MPOBeICHUS pabOThI ObLUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CITM padOTa BHIMIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOJTHEHHON YacTH pabOTHI HE MO3BOJISET CAENATh MPABUILHBIX BBHIBOJIOB.

Tema 2.1 OcHOBHBIC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBaHue TPUTOHOMETPUYECKHUX BbIPAKEHU

IpakTnyeckoe 3ansitue Ne 19
Onucanue Npon3BOACTBEHHBIX NIPOLECCOB ¢ MOMOIILIO rpaguKoB pyHKIMI

Hean padorsi: PopMupoBaTh HABBIKM HCIOIB30BaHUS IPahUKOB TPUTOHOMETPUUIECKUX (DYHKIIMH
B pPEILIEHUU MPUKIIATHBIX 33/1a4.

BbinosiHeHue pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01 Beibuparh crnocoObl pemieHust 3aaad Npo(hecCHOHAIBHONW JAEATENbHOCTH NPUMEHUTENIBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 04 D¢ddexTuBHO B3auMOICHCTBOBATh U PaOOTATh B KOJUIEKTHBE U KOMAaH/IE



I[IK 2.1 BbINOTHATH pacyeThl MapamMeTpoB TEXHOJOTHUYECKOro Iporecca, paboTsl 000pyIOBaHUS,
XapaKTEPUCTUK UCXOAHOTO ChIPbS M MPOAYKLUH MIPH IPOU3BOACTBE YEPHBIX METAJIIOB.

MarepunanbHoe obecrneyeHue:
WunuButyanbHble 3a1aHNs, CIIPABOYHBIC MaTEPHAIbl, KOHCIICKTHI JICKIIHH.

3aganue:
1. Ha pucynke n3zobpaxen rpaduk 3aBUCUMOCTHA KOOPIMHATHI OT BPEMECHH
KOJICOJTIOIETOCS Tela.

L‘ "o

X ) S -

ITo rpaduky onpenenure: 1) aMmMTyy Kojiebanwuii; 2) mepuo]| KoyedaHuii; 3) 4acTory
Kosie0aHui; 4) 3aNHUIIUTE ypaBHEHUE KOOPIUHATBI.

2. Ectb MmrHOBeHHas poTorpadus BOJIHBI B PE3UHOBOM IITHYPE.

Omnpenenure: 1) AIMHY BOJHBI; 2) aMIUIUTYy KOJIeOaHUN YacTHUEK IIHYypa.

X, M

""""" T o
0 1 N3/4 5 6\

3. ITo mpencraBiieHHOMY TpadUKy OMPEACIUTE AMIUTATYLY U TIEPHO]T KOJIeOaH I
HUTSHOTO MasATHHKA.

x,cm

(I o T
NV A

4. [To ypaBHEHHIO TAPMOHUYECKUX KOJICOaHHIA ONPEICIIUTh aMILIUTY LY, YTIIOBYIO
CKOPOCTb, ITEPHOJT M 4acTOTy. HauepTuTh rpadmk JaHHOTO TAPMOHHYECKOTO KOJICOaHMS.
1) x =15 sin 3xt

2) x = 8 sin /3t

3)x =10 sin zt

Ilopsinok BbINOJIHEHHS PadOThI:



1) O3HaKOMHUTKCS C YCIOBUEM 331a4H, IPOAHATU3UPOBATh I'paduK.
2) Tlo rpaduky, UCTIONB3Ysl CBOMCTBA TPUTOHOMETPUUYECKUX (DYHKIIHM, ONPENeTUTh HEOOXOAMMBIC
BEJIMYMHBI, 3aIIUCATh OTBET.

Xoxa pa6oTsl
ITpu pemennu 3a1a4 HEOOXOJMMO MCIIOJIB30BaTh CBOMCTBA TPUTOHOMETPUYECKON PyHKIMM
y =sin x.
DyHKIHUA Y = SiN X
['paduxoM HyHKINU SBISIETCS CUHYCOHIA.
[TosTHYIO HEOBTOPAOILYIOCS 4YaCTh CUHYCOUBI HA3bIBAIOT BOJHOW CHHYCOUBI.
[Tos10BMHY BOJIHBI CUHYCOU/IbI HAa3bIBAIOT IIOJIYBOJHOW CUHYCOUIBI (MJIM apKOM).

A -
}.‘ = SN .X y T = 27[

CaoiicTBa ¢pyHKIUHM Y= SiN X:

1) O6nacte onpeneneHus: GyHKIUN —MHOXKECTBO JEHCTBUTEIIBHBIX YUCE].

2) O6nactp 3HaueHUH QyHKIMKA —0Tpe3ok [—1; 1]

3) Oro HeueTHast PYHKIIMA.

4) Ot1o HenpepbIBHAS (QYHKLHUS.

5) Koopaunatel Touek nepecedenus rpaduka:-c ocbto abcuucc: (nn; 0),-c ocbro opaunar: (0; 0).

6) Ha otpeske [-n/2; m/2] dhyHKIMs Bo3pacTaet, Ha oTpe3ke [11/2; 3m/2] —yObIBaeT.

7) Ha npomexyTkax [27n; m + 27n] QyHKIMSA NIPUHUMAET MOJIOKUTeNbHbIE 3HaueHus1. Ha mpoMexyTkax

[-mt + 27n; 27n] GyHKIKMS TPUHUMAET OTPHUIIATE/IbHBIC 3HAUCHUSI.

8) IIpomexxyTku Bo3pacTanusi pyHKuuu: [-n/2 + 2xnn; n/2 + 2nn].IlpomexxyTku yObiBaHus GyHKUMU: [71/2
+ 27an; 3n/2 + 2nn].

9) Touku MuaUMYMa pyHKIMH: -1/2 + 27tn. Toukn Makcumyma QyHKuuu: /2 + 2nn

10) dynkuus orpanuueHa cBepxy u cHu3y. Haumensiiee 3Hauenne pyHkuuu —1, Haubosbliee 3HaYeHHE
1.

11) D10 nepuognueckast pynkuus ¢ nepuoaoM 2n (T = 2m)

(I)opMa NMpeacTaBJACHUSA PE3yJabTaTa: BEIIIOJTHCHHOC 3aJaHNUC

Kpurepum ouenku:

Ouenka "oTJHYHO'" BBICTABISETCS, €CITU pabOTa BBHIIOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
HEOOXOIMMOM TOCIeI0BAaTEILHOCTH JIEUCTBHI; B OTBETE MPABHJIBLHO W aKKypaTHO BBITIOJHEHBI BCE
3alUCH U BBIUYUCIICHUSI.

Ounenka ''Xopomo" BBICTaBISIETCSA, €CJIHM BBINOJHEHBl TpeOOBaHUS K OIEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, UYTO MO3BOJISET MOTYYHTh MPABUIBHBIC PE3YIbTATHl M BBIBOJBL; B XOJI€
MPOBEIEHUS pabOThI ObUTH AOMYILEHBI OIIHUOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WU
00BEM BBITTOJIHEHHOM YyacTH paboThl HE TIO3BOJISIET ClIENaTh MPABUIIbHBIX BHIBOJIOB.



Tema 2.2 Tpuronomerpnuyeckne ypaBHeHHsI 1 HEPABEHCTBA

IIpakTyeckoe 3ansaTue Ne 20
«IIpocTeiilne TPUTOHOMeTPUYECKHE YPABHEHNUS M HEPABEHCTBA»

Heanb padorbl: HayuuThes pemars npocteiinye TpUroHOMETPUUECKHE YPaBHEHUS.

BoinosiHeHne padoThl cnoco0cTBYET (POPMUPOBAHUIO:
OK 01 BeiGupats cioco0sl penieHus 3agad npoecCUOHATbHON AEATENbHOCTH MTPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 02 HMcnonb30BaTh COBPEMEHHBIE CPECTBA TIOMCKA, aHAJIM3a U UHTEPIPETAluU UHPOPMAIHU U
UH(OPMAIIMOHHBIE TEXHOJIOTHH /ISl BBITOJIHEHUS 3a/1a4 TPO(ECCHOHANBHON e TeIbHOCTH

MarepuajibHoe o0ecnieyeHue:
I/IH[[I/IBI/IIIyaJII)HBIC 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI JIGKIII/II;'I.

3ananne:
Pemure TPUTOHOMCTPUYICCKNEC YPABHCHUS:
1) cos3x =0
2) sin (Zx - %) =-1
3) 3tg (4x + g) =—V3

7 _ 3
4) ctg (2x+g) =-7
5) sindx - cos3x + cos4x - sin3x = %

Ilopsinok BbINOJIHEHHS PA0OTHI:

1. 3anucate ypaBHEHHE U OMPENEIUTh, K KaKOMy BHUJY OHO OTHOCHUTCS U Kakol (opmyinoi
HE00X0IMMO BOCIOJIb30BAThHCA.

2. PemmnTh ypaBHEHHE.

3. 3ammcarb OTBET.

Pemme TpuronoMeTpuuecKkre ypaBHEHU:
1) sin2x =0

DTO ypaBHEHHE OTHOCUTCS K YACTHBIM CITy4asiM, TIO9TOMY KOPHHU HaxosTcs 1Mo hopmyrie

X=mn, Nnez

XXXXXXXXXXXX
2x = mn,nez,

OtBeT x = gn, nezZ
2) cos (Sx + g) =-1
3TO YpaBHCHHEC OTHOCUTCA K YACTHBIM ClIydadM, IIOITOMY KOPHHU HAXOLATCA IIO (bopMlee

x=m+2mn, n€Z

XXXXXXXXXXXX
5x+§=n+27m, nezZ

5x=ﬂ—§+27m, nezZ

5x = 2?7'[ + 2nn, neZ



2m 2m

X=—+4+—n, neZ
15 5
0 _2m + 2 7
TBEeT:. X = 15 5 n, ne
3) 2cos3x=-1
Pazgenum o6e yactu ypaBHeHus Ha 2. [loayuynMm ypaBHeHHUE: cos3x = — :

2
1
DTO ypaBHEHHUE HE SBJISICTCSI YACTHBIM CIIy4aeM, a = —E,|a| < 1. [IoaTOMYy OHO MMEET pELIEHUE,
KOTOpO€ HaxoauTcs no popmyne: x = tarccosa + 2nn, neZ
1
3x = tarccos(— E) + 2nn, neZ

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

3x = iz?n+ 2nn, nez

21 27
X = i?+?n, nezZ

OTBGTIx=i2§+2?nn, nezZ
™ _ _V3
4) tg(6x—z)— .

YPaBHeHI/Ie HMCCT PCIICHUC, KOTOPOC HAXOAUTCA 110 cbopMyne: x = arctga + nn, nezZ

T V3
6x — 7 = arctg —? + mn, nezZ

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

6x —%= —arctg§+nn, nez
6x—%= —g+7m, nez
6x = —%+%+7m, nez

s
6x = o + nn, neZ

X =-—+-n, neZ
72 6
0 - +ﬂ Z
TBET: X = —-+—n, ne
72 6

5)cos6x - cos3x + sinbx - sin3x = g

BuuM, 4TO I€BYIO Y4aCTh MOKHO CBEPHYTH 10 ()OPMyIIaM CIIOKEHHS:
cos(a + B) = cosa - cosp F sina - sinf
V3
cos(6x — 3x) = -

V3
cos3x = 7

Tenepb YpaBHCHUC SABJIACTCA HpOCTGfII.HHM U €ro KOpHU HAXOIATCH I1O (popMyne: x = tarccosa +
2nn, nez.

3x = +arccos \/2—5 + 2nn, neZ

3x = i%+ 2nn, neZ

T 21
x=x—+—n, neZ
18 3

0 _+7r+27r Z
TBET: X = 51T 3 n, ne

(I)opMa NMpeaAcTaBJACHUSA PE3YyJabTaTa: BEIIIOJTHCHHOC 3aJaHNUC

Kpurepum ouenku:
Ouenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM 00BEME C COOIOJIEHUEM
HEOOXOMMOM TIOCIeI0BATeILHOCTH NIEUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE



3aMUCH U BBIYUCIICHUSI.

Ouenka '"Xxopomo' cTaBUTCS, €CIIM BBIMOJIHEHBI TPEOOBAaHMS K OIEHKE "OTIWYHO", HO JOIMYIICHBI
2-3 Hezouera.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJISIET MOJYYUTh NPABUIBHBIE PE3YNbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOThI OBUIH JOMYIIEHBI OITHOKHU.

OueHka ""Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIOJIHEHA HE MOJHOCTHIO UITH 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BBHIBOJIOB.

Tema 2.2 Tpuronomerpnuyeckne ypaBHeHHsI 1 HEPaBEHCTBA

IIpakTyeckoe 3ansaTue Ne 21
«Tpuronomerpuyeckne ypaBHeHHs 1 MeTObI MX PeLLICHUS»

]_le.ﬂb paﬁoTbI: Hay‘lI/ITBCH pemaTtb OAHOPOAHBIC TPUTOHOMETPHUICCKUC YPABHCHU .

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Beibupats cioco0sl penieHus 3aaad mpohecCHOHATBHON NESTeIbHOCTH MPUMEHUTENHHO K
Pa3IUYHBIM KOHTEKCTaM

OK 02 Hcmonb30BaTh COBpEMEHHBIE CPECTBA TIOMCKA, aHAIM3a U UHTEPIPETAluU HHOPMAIHN U
MH(OPMAIIMOHHBIE TEXHOJIOTHH JIJIs BBIIOJIHEHUS 3a/1a4 MPO(ECCHOHANBHON e TeIbHOCTH

MaTtepuajbHoe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHLHBIC 3alaHuA, CIIPAaBOYHLIC MaTCpUalibl, KOHCIICKTLL J'IGKLIHﬁ.

3ananne:

Pemure TPUTOHOMCTPUYCCKUEC YPABHCHUS:
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

ITopsinok BbINOJHEHHS PadOTHI:
1.YcranoBure, ABJISIETCS JIN YPABHEHUE OTHOPOIHBIM.
O0nopoOHbIMU MPUZOHOMEMPUUECKUMU YPAGHEHUAMU HA3LIBAIOMCS YPAGHEHUS 8UOA:

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

2. Ecniu ypaBHeHUE SBISI€TCS OTHOPOIHBIM YpaBHEHHEM IEPBOTO MOPsAKa, TO pa3ieinuTe 00e yacTu
yYpaBHEHHUS HA cosx # 0 wiu sinx # 0

3. Ecnu ypaBHeHHe ABISETCS OJTHOPOIHBIM YPaBHEHHUEM BTOPOT'O MOPSJIKA, TO pa3aeuTe 00e 4acTu
ypaBHEHUS Ha cos’x # 0 wm sin’x # 0.

4. Beenure HOBYIO IEPEMEHHYIO U PELINTE YPAaBHEHHE OTHOCUTENIBHO 3TOM MEPEMEHHOM.

5. BepHuTech K cTapoil NEPEMEHHON M PENIUTE MOJTYYMBIINECS MPOCTEHIINE TPUTOHOMETPUYECKUE
YpaBHEHUS.

6. 3anummTe OTBET.

Pemute TPUTOHOMCTPUYCCKUEC YPABHCHUS:

1) 2sin®x — 5sinx - cosx + 3cos?x =0

Pewrenne:

YpaBHEHHE SBISIETCS OJHOPOJHBIM TPUTOHOMETPUUYECKHM ypaBHEHUEM BTOPOTO MOpsaka. UToOb



ero PeIInTh, pa3/einM 00e YacT Ha cos’x # 0.

2sin’x  Ssinx - cosx

cos?x cos?x

3HaeM, 4To L tgx. 2tg?x — 5tgx+3 =0
CcoSx

+3=0

Beenem HOBYIO iepeMenHyo. IIycTh tgx = t, Torja Halle ypaBHEHUe IPUMET BUJ: 2t2 — 5t +3 =0
Yunrsisaem OJ13: x # - + 7n, neZ.
2t -5t+3=0

D=25-4-2-3=1, VD=1
h="2=1
b 541 -
+
t, = = 1,5
BepneMcs k ctapoli nepeMeHHOM:

tgx =1 wmm tgx =15

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

2) 4sin’x — 3sin2x + 2cos?x =0
CHayana npeobpa3zyeM apryMeHT , UCIIOJIb3Ys (hOPMYJIbI IBOWHOTO ApPIyMEHTA: Sin2x = 2Sinx - cosx.
4sin’x — 6sinx - cosx + 2cos’x = 0
YpaBHCHHE SBISICTCS OJHOPOJIHBIM TPUTOHOMETPUYCCKHM ypaBHEHUEM BTOPOTO MOpsaka. UToObI
€ro PEIInTh, pa3aeiauM 00¢ yacTu Ha sinx # 0.
4sin’x  6sinx - cosx 2cos’x

sin’x sin’x sin’x

3HaeM, 4To % = ctgx 4 —6ctgx + 2ctg’x =0
m.

Bgenem HoByto nepemenHyto. IlycTe ctgx = t, TOra Halle ypaBHEHUE IPUMET BUL;: 2t% — 6t + 4 = 0
YuursiBaem O/13: x # nn, neZ.
2t —6t+4=0

D=36—-4-2-4=4,+D=2
H=""=1
1_642_
+
tZ_T_Z

Bepremcs k cTapoii mepeMeHHOM:
ctgx =1 wnn ctgx =2

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

3) 2sin’x + 5sinx - cosx + cos’x = 4

Pemrenne:

YpaBHeHI/Ie IOKa HC ABJIICTCA OJHOPOAHLIM, T.K. B HpaBOﬁ YaCTH €ro BMCCTO HYJIA CTOUT 4.
[TepeneceM 4 B MPaByIO 9acTh U IPUMEHUM OCHOBHOE TPUTOHOMETPHIECKOE TOKIECTBO:

2sin®x + 5sinx - cosx + cos?x — 4(cos?*x + sin?x) = 0
2sin®x + 5sinx - cosx + cos’x — 4cos’x — 4sin*x = 0
—2sin?x + 5sinx - cosx — 3cos?x = 0

YpaBHEHHE TeNeph SBISETCS OJHOPOJHBIM TPUTOHOMETPUYECKUM ypaBHEHHEM BTOPOTO MOPSIKA.
Yro0BI €ro permTh, pa3aeanM 00e 4acTH Ha cos’x # 0.



—2sin’x 5sinx-cosx

—3=0
COSZX COSZX
—2tg*x +5tgx—3=0
2tg*x — 5tgx+3 =0
Beenem HOBYIO iepeMenHyo. IIycTh tgx = t, Torja Halle ypaBHEHUe IPUMET BUJ: 2t2 — 5t +3 =0
Yunrsisaem OJ13: x # - + 7n, neZ.

2t —=5t+3=0

D=25-4-2-3=1,VD=1
h="t=1
1_541_
+
tz—T—1,5

BepHemcs k cTapoii IepeMEHHOM:
tgx=1 wau 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 + V/3sinx - cosx + 6sin’x = 5
YpaBHeHI/Ie IIoOKa HC ABJIACTCA OJHOPOAHBLIM, T.K. B HpaBOP'I JaCTH €ro BMCECTO HYJIA CTOUT 5.
[lepeneceM 5 B mpaByro 4acTh U MPUMEHUM OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO:

5cos?x + \/3sinx - cosx + 6sin?x — 5cos?x — 5sin?x = 0
\3sinx - cosx + sin*x = 0
BriaeceM o0muit MHOXKHUTENb 32 CKOOKN: sinx(v3cosx + sinx) = 0

sinx =0 win V3cosx + sinx = 0
1) sinx =0, x =mn,nezZ
2) \/3cosx + sinx = 0

VYpaBHeHHE SBISETCS OJHOPOAHBIM TPUTOHOMETPUYECKUM YpaBHEHHEM NEPBOro nopsaka. YToobl

€ro pelnTh, pa3acinM 066 YacTH Ha cosx # 0.
\/§cosx sinx
—+—=0

cosx cosx
\/§ +tgx=0

tgx = —V3
X = arctg(—\/?) + nn,neZ
X = —arctg\/§ + nn,neZ
X = —g+ nn, nez
OTBeT: Xx = Tmn, X = —g+ n, nez

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

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €Cid padoTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOIEHHEM
HEO0OXOIMMOM TOCIEAOBAaTEIHPHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M aKKypaTHO BBIIIOJIHEHBI BCE
3aIMCH Y BBIYUCIICHUS.

Ouenka "Xopouo' CTaBUTCs, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOIMYIIECHbI



2-3 Hezouera.

Ouenka "yI0BJIETBOPUTENIbHO'" CTaBUTCS, €CId pabOTa BBIMOJTHEHA HE TOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJISECT MOJYYUTh NpPaBUJIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OITHOKH.

Ouenka "Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBINIOJTHEHHON YacTH pabOThHI HE MO3BOJISET CAENATh MPABHIIbHBIX BBIBOJIOB.

Tema 3.1. IlpousBoanasi pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansiTue Ne 22
«YncioBasi  MOCIEAOBATEIBHOCTb, CHOCOOBI ee  3aJaHHM#A, BbIYHMCJICHHE  YJICHOB
nocJjenosareJbHocTH. [Ipenesa nociaenoBarenbHocTu. Haxoxaenue npeaesioB GyHKuum»

Lean padoTbi:
1. Hay4uThCs BBIYUCISITD TIPECITbl () yHKIIHH.

loe]

v (0
2.Hayuutbcs n30aBasiThCS OT HEONPEAEICHHOCTEN (E) MM (—)

{oe]

3.H8.y‘lI/ITBC$I peuiaTtsh 3aaa4u, CBA3aHHBIC C YHMCJIOBOM MOCIIEJ0BATEIbHOCTBIO.

Boinosinenue padorsl cnocodcTByeT GOPMHPOBAHMIO:
OK 01 Beibupats crioco0sl penieHus 3aaad mpoeCcCHOHATbHON JAEATENbHOCTH MPUMEHHUTEIBHO K
Pa3INYHBIM KOHTEKCTaM

MarepuanbHoe o0ecniedeHue: VHauBuIyalbHbIEe 3aaHUs, CIIPABOYHBIE MaTEPHaJIbl, KOHCIIEKTHI
JIEKLIMN.

3ananme.
1) Pemuth 33241 Ha YUCIOBYIO MTOCIIEA0BATEIBHOCTb.
2) Beraucnuth npeaessl GQyHKIui

3amaunue 1 3aganue 2

2. 3. n .
UL I L 6.11mx_,3 Pir12
2. Haiitu HOMep uuncna 3 B MOCie0BaTeIbHOCTH:
2n+1 . -1
a, = nz 7.11mx_,1 m
3. BEIUnCauTh:
2
lim z_ . 6x°+5x—4
x_)_z(3x 8x+5) 8.lim, ., e
4.lim LExe!
. x—2 1—\/2_x 9 \/2_x+1
dim, Vo
5 i x*-16 . x+1-2
My —— 10.lim,_,, —

ITopsinok BbINOJHEHHS PadOTHI:

BHUMaTENbHO 03HAKOMBTECH C YCIIOBUEM 33IaHUS.

ITonp3ysich CBOMMU MIKOJIBHBIMU 3HAHUSIMU (B CIIy4ae 3aTpyJHEHHS BOCIIOIb3YUTECh CIIPABOYHBIMU
MaTepHaiaMu), BHIIOJIHUTE 3a1aHUE



3amanne Nel

2n—1

?
m) paBeH ¢

1. JIeBATHIN WICH MOCIEeI0BATEILHOCTH ¢, = (

2-9-1 17 17 17
Co = = = ;=> Cg =
" \Jo?r3/ V732 2V183 T 2y183

2. Homep urcia 6, SBISIONIErOCs YWICHOM ITOCIEA0BATEILHOCTH a, = n* — 5n paBeH?
6 =n?—5n
n”-5n—6=0
n, =6

n, = -1 —HOCTOpOHHI/Iﬁ KOpPE€Hb T.K. HOMCP HC MOXET 6BITB OTpULATCIIBHBIM YU CJIOM.

OrtBert: N=6.

3amanme Ne2
o 0
Harigure npenessl IpeaBapuTebHO H30aBHBIIKUCH OT HEONPEACICHHOCTH (6)

2_ _
1. timo 5 = (3) =1im 202 i X2 = i 2 = 1im2 = 2;
XZ—9X 0 x—9 X((X—9))( )x—>9 X x—9 9 x—3
. x“+4x—5 _ 9 T x+5)(x—1 T RT T _
2. lim,, 22 = (3) = 1im S22~ lim(x + 5) = lim(1 + 5) = lim(6) = 6

X +x,=—4 x; =—5
X +4x—-5=0 {1 2 =>{1

X1+X2 = _5 xZ =1
3 i vatx—a-x _ (9) — i (\/a+x—\/a—x)(\/m+\/a—x) — i (m)z_(m)z i atx—at+x
M0 T TG TS c(Varivas) a0 x(Vatetvas) | xod x(Vareivaz)
1 1

lim = limi = lim

2x 2 2
lim———— = —_— = i ——— —=—;
x—0 x( a+x+y/ a—x) x—0 Vatx+va—x x—0 Va+0+va—0 x—0 2\/E x—0 \/E \/E
Brruncauts npeaciibl UMCIOIUEC HEOIIPCACICHHOCTD (E)

. X3 2x% 3x 4 31 4
. 0 +2x% +3x+4 © . BT atEt3 . MHtats . 14+0+0+0 . 1 1
4. lim - (=)= lim&EXY—=FE*r — |im—=—_2 X - lim———=lim=-=-:
' X2 43 43x% +2x+1 0o X—00 £+£+2_x+i X—00 4--{-§+i2+i3 x—00 4+0+0+0 X—00 4 4’
3t 3t3t3 x x? x
3 .2 2x3+3x2+ x 24341
. 2x°+3x“+x [°4) . 37,373 . T2 . 24+0+0 2
5. lim———= (—) = lim =*—* = lim =5 = lim = (—).=+oo
X—00 x“+4 (oo} X—00 X_+i X—00 —+—3 x—o0 0+0 0
x3 x X x

(0 B 3HAMeHAaTesIe MPUHUMAEM 332 OECKOHEYHO MaJTyI0 BETUUUHY. )
®opma npeacTaBieHus pe3yJbTaTa: BHIIOJTHEHHOE 33JaHHE.

Kputepun onenkn:

Ouenka "oTJMYHO'" CTaBUTCA, €CM padoTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHHEM
HEO0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBINIOJIHEHBI BCe
3aMUCH ¥ BBIYMCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIMYIIEHbI
2-3 Heyovera.

Ouenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IO3BOJISIECT MOJYYUTh NPABUIBHBIE PE3YIbTaThl W BBIBOJBI; B XOJI€
MpOBeICHUS pabOTHI ObUTH TOMYIEHbI OLITHOKH.

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



Tema 3.1. IlpousBognast pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansitue Ne 23
«HaxokaeHue npou3BoaHbIX 0 onpeneaennio. [ipasuia u popmy.insl nuddepeHnupoBanmsi,
TaldIMIa MPOU3BOIHBIX dJIeMeHTapHbIX GpyHkumii. [Ipon3BoaHbIe CJI0KHBIX QyHKIUID)

Heas paGorbl: OtrpaboraTh ompenesieHre Npou3BOAHON ¢yHkuuu. Ilpumensars ¢opmynsl u
npasuia quddepennupoBanust. HayduTbes BBIYUCIATH IPOU3BOTHBIE CIOKHBIX (DYHKIIUH.

BoinosineHne padoThl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01 BeiGupats cioco0sl penieHus 3agad npopecCuOHaTbHON AEATEIbHOCTH MPUMEHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 03 ITnaaupoBaTh U peain30BBIBATH COOCTBEHHOE MPOodecCHOHATEHOE U TUYHOCTHOE Pa3BHUTHE,
MpeINPUHUMATEIBCKYIO ACSITETbHOCTD B MPOPECCUOHANBHOM cdepe, MCIOJIb30BaTh 3HAHUS 10 MPAaBOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B Pa3JIMYHBIX )KU3HEHHBIX CUTYAIHIX

MaTepnaﬂbnoe odecmeyeHue:
I/IHI[I/IBI/II[yaJ'IBHBIC 3a/laHus, CIIPABOYHBIC MaTCpUaJibl, KOHCIICKTDBI HeKHHﬁ.

3aganme:
1. Halingute y = (0),ecmny = x> — x
2. HaflIlHTe y’ = (3), ecIny = _3

X

3. Haiitu npousBogHble  (QYHKIOMH  WUCIONB3ys  NpaBWja  BBIYUCIEHHS U Tabiuiy
IIPOU3BO/IHBIX 3JIEMEHTApHBIX (PYHKIUIA.

4. Haiitu npousBoaHble (YHKUMH  HCHONb3ys IpaBWila  BBIUKMCIEHUS U TaOIMILy
MIPOU3BO/IHBIX CIOXKHBIX (DYHKIIUH.

5. Bprunciauth npous3BOIHYIO GYHKIIUU B TOUKE.

3amanue 1 3anganue 2
1) y=7x*—4x+ | 6) f(t) = 0,5t + 0,6t% + 0,8t +
5x?% — 2; 8 f'(1)-?
2) y =5Vx — 2,(_3& + 7) f(x) = ctgx — tgx; f’ G) —?
j_j; 8)  fx)=2-5+3-¢5 f'(0)-?
3) y = 3ctgx + 9) f(x).= -
Sinx — 3%; cosx - (1 +sinx); f’ (g) =7
4 y=0+xDx- [10) =52 F)-2
1); ©
X3
O vz

IMopsiiok BbINOJIHEHUS] PA0OTHI:

Brruncnenue npou3BoaHON GyHKIHMH y = f(x) TPOU3BOJUTCS 10 OOIIEMY MPABUITY
g depeHIIMPOBaHUS:

1) TlpunaBas apryMeHTy X IpUpALICHUE Ax U TIOJICTABIISAS B BBIPAKCHHUE (YHKIIUUA BMECTO
aprymMeHTa X HapalieHHOe 3HaYeHHE X + Ax, HAXOJUM HapalleHHOe 3HaueHne QYHKINH: y + Ay = f(x + Ax)

2) BerunTas U3 HapalieHHOro 3HaYeHUE PYHKIIUU €€ epBOHAYAIbHOE 3HAYCHUE HAXOIUM
npupanienie QyHKIuu:

Ay = f(x + Ax) — f(x)

3) Jenum npupamnierre QyHKIMKA Ay Ha IPHUPAIEHHE apryMeHTa Ax,; T.€. COCTaBIIsIEM OTHOIICHUE
dy f(x+Ax)—f(x)
Ax Ax

4) HaxoauM mpees 3TOro OTHOMICHHS TIPH Ax — 0, T. e.



Ay f(x + Ax) — f(x)
lim — = lim ———
Ax-0 AX  Ax—-0 Ax

DTOT HpesieNl U ecTh IPOU3BOAHAS OT QYHKIHH y = f(x)

1. Haiitu: y (x), ecmu y = 2x> — 3x

HaxoauM Ipou3BOIHYIO 1O 00LIEMY IIPaBHILY:

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

2) y+ Ay — y = 2x% + 4xAx + 2(Ax)? — 3% — 3Ax — 2%% + 3x = 4xAx + 2(Ax)? — 3Ax
) A_y _ 4xAx+2(Ax)2—3Ax Ax(4x+2A0x—-3)

Ax Ax Ax

4) limy,,o(4x + 2Ax — 3) = 4x — 3
Haitném 3HaueHue npou3BOoAHOMN IpH x = 3.
y(3)=4-3-3=0

2. Haiitn y (4), ecmmy = vVx
1) y+ Ay = yVx + Ax

2) Ay = Vx + Ax — VX

3) Ay _ Vx+Ax—/x

Ax Ax
) Ay . Vxrdx—Vx o, (Vxrbx—Vx) Wbz V) . *+Ax—% ) Ax
4) limpyo = = limpy g ———— = limy, 0 = limpy g = limyy g e =
Ax Ax AX(\/X+AX+\/)E) AX(\/X+AX+&) AX(\/X+AX+\/)_()
1 1
lim —_—=—
Ax-0 \/x+Ax+\/; 2\/;
v v 1 1
Halinem 3HaueHne MpOU3BOIHOMN B TOUKE X = 4, y'(4) = PN AR

3. Haiitu npoumsBomHble (YHKIMIA  HWCIONB3ysS MNpaBHia  BBIYUCICHUS W TaOIHILy
IIPOU3BO/IHBIX 3JIEMEHTapHBIX (PYHKIUIT
TaGnuia mponu3BOIHBIX OCHOBHBIX AJIEMEHTAPHBIX (PYHKIUH.

(x") =nx"" | (") =¢" (@*)' =a*Ina | (cosx)'=—sinx
(sin x)' =cosx 1 1 , 1
- "= tgx)' =
(In x) . (tgx) e (tgx) cos? X
¢' =0,c— const; x =1; (CU)’ =Cc-U
uzxv)=u=Vv
, 1 . ’ — !, ’
(Jx) = T (u v’) u'v+uv
ul uv+uv
v v?

1
xIn a

(log . x)" =

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



1/ U=X+1; u'=5 1.9 5 L )
y'=(ij v=ox vi=2 |=22XC (2X+ ) _ x—22<—2:
) (2x) 4x

u) uv-uv
v v?
4x*  2x*’

4. Haiitu mpou3BojaHble (DYHKIMHA HCHOJB3Yys IMPaBHUa BBIYMUCICHUS W TAONUIy MPOU3BOIHBIX
CJIO’KHBIX (DYHKLIUH

«[IpaBumna BeIYMCIEHUS M TaOIUIYy TPOU3BOJHBIX CIOXKHBIX (DYHKIIHAN»

-2 1

(u") =nu"u’ (sinu) =cosuu’
(e") =e'u’ (cosu)' =—sinu-u’
a') =a"Inau’ 1 u'
@) (tgu)’= cos® X u'= cos® u
1 ! 1 !
(In u)’:—u’:u— (ctgu)' = ————u'=— u2
u u sin“u In“u
1 ’ !
(log,u) = ——u'=— (o) = ——uw=_Y_
ulna ulna 20u 2Ju

y = (Bx®% —4x%)°;

1
y = ((3x* — 4x)%) = 5(3x* — 4x)* - (3x* — 4x) =
=5(3x?% — 4x)* - (6x — 4) = (30x — 20)(3x? — 4x)*.

oy =sin(3x—x?)

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

3 Y=6In5x

y'=(10In 2x)" =10(In 2x)' =10 L (2x)" = 10-2 _ E
2X 2X X

5. BeruncnanTs npon3BoAHyI0 QYHKIIMU B TOUKE.

y=3x>-8x*+9x* -4

Y (-1)=3- (-1)5-8-(-1D)*+9(-1)2-4=-3-8+9—4=—6.

1. y =5sin XCosX

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

(-1) = -5

dopma npeacTaBieHusi pe3yJabTaTa: BBHITIOJHECHHOE 33/1aHNE

Kpurtepun onenkmn:

Ouenka "oTJaMYHO'" CTaBUTCSA, €ClM paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOIIOJEHHUEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aIMCH ¥ BBIYMCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIMYHO", HO JOIMYIIEHbI
2-3 HenoueTa.

Ouenka "yI10BJIETBOPUTEJIBHO' CTAaBUTCS, €ClIM padOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUIbHBIE PE3yAbTaThl U BBIBOJBL, B XOJE



MPOBEJICHUS paOOTHI ObUTH AOMYIIEHBI OIIUOKH.
Ouenka ""Hey/10BJIETBOPUTEIBHO' CTaBUTCS, €CJIU padOTa BBITIOJHEHA HE TIOJIHOCTHIO MM 00BEM
BBITIOJTHEHHON 9acTH PabOTHI HE MO3BOJISET CAENATh MIPABIIILHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanast pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansaTue Ne 24
«['eomMeTpryeckue MPUIOKEHUS TPOU3BOTHOI)

Heabr padorbi: HayuyuThbCcsi COCTaBIATH ypaBHEHHE KacaTeJIbHOM K JaHHOW KpPHUBOM B TOYKE
KacaHWs; HaXOJUTh YTJI0BOU KOA((UIIMEHT KacaTeIbHOM, TPOBECHHBINA K KPUBOM.

Brinosinenue padoTsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BriGupath criocoObl pemeHus 3a1ad npo(ecCHOHaTbHON NeATENbHOCTH MPUMEHHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 04 D¢ddexTuBHO B3auMOIeHCTBOBATh U pabOTaTh B KOJUIEKTHBE U KOMaHJIE.

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

3aganue:

1. Haiinute yrioBoit koa(pdUIMEHT KacaTelbHOW, MPOBENEHHOW K mapabone y=-—x?+xB
TOYKE Xy = —2

2. Haiigute yros HakJIOHEHa K OCH KacaTelIbHOM, MPOBEICHHON K KPUBOM y = x® B TOUKE x, = —2

3. CocraBbTe ypaBHEHHE KacaTeIbHOW K KPUBOU y = sin3x B TOYKE (g ; 0).

Ilopsinok BbINOJHEHHS PadOTHI:

1. 3naueHue nNpPoM3BOJHOM (YHKIMH y = f(x) NPU x =X, PABHO YIIOBOMY KO3(h(UIIUEHTY
KacaTeJIbHOM, TPOBEACHHOM K KPUBOU y = f(x) B €€ TOUKE C aOCIIUCCOM x, , T.€. k'=y'(x,) = f'(x,) = tg «
TJIC %-YTOJI MEKTY KacaTelIbHOM K KPUBOM B TOUKE M (x,; y,) U MOJOKUTEIbHBIM HAPABICHUEM OCH 0, .

2. YpaBHeHHE KacaTelbHOU K KPUBOH y = f(x) B TOUKE UMEET BUAY — ¥, = f (xo) (x — xo)-

3. HampaBiienue KpuBOH B KaXKJI0W TOYKE ONpEACISETCS HAIpaBICHUE KacaTeIbHOW K HEH B ATOM
TOYKE, MOITOMY Ul HAXOXKICHHs YIila HAaKJIOHHOW KPHUBOW B JAaHHOW TOYKE HANO BBIYUCIUTH YIOJI
MEK]ly KacaTeJIbHOM, MPOBEICHHON B 3TOM TOYKE, U OCHIO.

1. Haiitu yros HakiaoHa K ocu O, KacaTelIbHOW NMPOBEIECHHON K KPUBOW y =sinx B TOUYKE
xo =

w Iy

-HaiiJileM IPOM3BO/IHYIO (PYHKIMIO y = sinx y' = cosx

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

-TaHT€HC YIJla HaKJIOHA KacaTelbHOM B JaHHOM TOUKE paBeH k = tg « , OTKyJa x= arc tg% ~ 26,6°
2. [Tox kakuMU yriaMu napaboia y = x? + x TepecekaeT och 0, ?
-Haiinem Touku nepecedenus napadbobl ¢ 0CbIO Oy, PEIIUB CUCTEMY
=x*+x (=10
{y y=0 7 { (0;0)
-[TapabGona mepecekaer ock 0, B Toukax A(1;0);0(0;0) . Haiiném yrimoBble KO3(QQPHUIMEHTHI
KacaTeIbHBIX K MMapadoJjie B ITHX TOYKAX
y=(*+x)=2x+1Lk(-1)=2(-1)+1=-1,k(0)=2-0+1=1
- BBIYUCIWIN YIIBI &; u <, , 0Opa3yeMble KacaTeIbHBIMH B TOUYKaX IMEpeceueHUs: napadoibl C
OCBIO 0, tg ;= —1,0¢;,=135% tg o<,= 1, 0¢,= 45°



3. CocraBbTe ypaBHEHHE KacaTelbHON K KpUBOH y = 3x? —x B TOYKE X, = —1
-HaWIEM MPOU3BOJHYIO KPUBOM B TOUKE X,
y=0CBx?—x)=6x—1;y(-1)=6(-1)—-1=-7
-HailIeM KOOpAMHATY TOYKU KaCaHUS:
yD =3-D)-(-D=4M(-14)

-IoCTaBUM B (OPMYIly YpaBHEHHS KacaTelbHOM:

y—4=-7(x+1)

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

CDopMa NMpeacTaBJdCHUd pedyjabTaTa: BbIIIOJIHCHHOC 3a1aHUC

Kpurtepun onenku:

Ouenka "oOTJMYHO'" CTaBUTCA, €Cid padoTa BBHINOJHEHA B IMOJTHOM OOBEME C COOJIOJIEHUEM
HEOOXOIUMOM TIOCIICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIITOJIHEHBI BCE
3allMCH U BEIYUCICHHA.

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

OuneHka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTHU TaKOB, YTO IO3BOJISIET MOJNYYUTh NPAaBUIbHBIE PE3yNbTaThl U BBIBOJBI, B XOJI€
MIPOBEICHUS paOOTHI OBUTH JOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1€TBOPUTEIBbHO'" CTaBUTCS, €CJIM padOTa BBHIIIOJIHEHA HE MOJHOCTHIO UK 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE MO3BOJISET CENIATh MTPABIIILHBIX BEIBOJIOB.

Tema 3.1. IlpousBoanas pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansiTue Ne25
Hccaenopanue GyHKIMH ¢ NOMOIILIO IPOU3BOAHOH H NOCTPOEHHE rPaPUKOB

Lean padorbi: DopMupoBaTh HaBBIKK HCCIIEA0BaHUS (QYHKIHMHA C TTOMOILIbIO TPOU3BOAHOM U
MOCTPOEHHUS IpaUKOB.

Boinosnenue padorsl cnocodcTByeT GOPpMHUPOBAHMIO:

OK 01 BsiOupath crocoOsl pemieHus 3aaad npohecCHOHATbHON IeATENbHOCTH MPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IInanupoBaTh U pealn30BbIBaTH COOCTBEHHOE MpodeccnoHalbHOE U TUYHOCTHOE Pa3BHUTHE,
MPEANPUHUMATENBCKYIO ACITENHHOCTh B TPO(EeCcCHOHaNBHOM cdepe, UCIOJIb30BaTh 3HAHUS MO MPABOBOM
1 (PMHAHCOBOM TPAMOTHOCTH B Pa3JIMYHBIX KU3HEHHBIX CUTYAIIHSIX

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

MarepuanbHoe obecnieyenue: VHIuBHayanbHBIE 3aaHUs], TAOJWIA TTPOU3BOIHBIX, KOHCIICKTHI
JIEKIINN.

3ananmne:
1. HampspkeHue Ha KOHAEHCATOPE MEHSIETCS OT BPEMEHU T10 3aKOHY
U(t) = t3 — 9t% + 15t + 10. Haiiaure MOMEHT BpeMEHH, IPH KOTOPOM HANPSHKEHHUE JOCTUTHET
MaKCHMaJIbHOTO 3HAYECHUS.
2. OyHKIUA 33J1aeT TEXHOJOTHIECKH mporiecc. Haiure axcTpeMyMbl (YHKITHH:
flx) = x* — 4x?.
3.



OyHKIMS 3a/1aeT TEXHOJIOTUYECKUH nporiecc. Mccnenyiite GyHKIUIO HA MOHOTOHHOCTD U
aKCcTpeMyMbl: f(x) = 3x° — 25x% + 60x

4, Haiimure TPOMEXKYTKH BBITYKIOCTH (PYHKITUU:
flx)=x*—10x%+36x>+ 100

5. OyHKIUA 3a7aeT TeXHoJormdeckwii mporecc. Mccnemyiite (QyHKIMIO TO o0meld cxeme u
MOCTPOWTE ee Tpaduk:

1. flx) = 557 — 325,

X
2. fle) = .
IMopsaaok BbIMOTHEHHS] PA0OTHI:
1) 3anummure QyHKIHIO.
2) Ompenenute, KAKAUM AITOPUTMOM HYXKHO BOCIIOJIB30BaThCS [UIsl BBIMIOTHECHHS 3a/IaHUSI.
3) IlpumeHUTE COOTBETCTBYIOUIMI AJITOPUTM.
4) 3amuInuTe OTBET.
5) Ecin HE0OX0aMMO MPOBECTH TOJHOE HWCCIeAOBaHHE (YHKIWH, TO TMPOBEIUTE €ro, HCIIONIb3Ys
OOIIYIO0 CXeMY UCCIICIOBAHMS:

1. Haiitu oGnactp onpenenenust pyukuuu D (y).

2. Haiiti (ecim 9TO HE BBI3BIBAET 3aTPYJAHEHUI) TOYKH TepecedeHus rpaguka ¢ OCAMH KOOPIHHAT
(mpu X =0 u mpu y = 0).

3. UccnenoBaTh GYyHKINUIO HA TEPUOJUIHOCTD, YETHOCTh U HEUYETHOCTD.

4. HaifTi uHTEpBAJIBI MOHOTOHHOCTH, TOYKH SKCTPEMYMOB U 3HAUYEHUS (PYHKIIUHU B OTHX TOUYKAX.
5. HaiiTi uHTEpBabl BRITYKIOCTH (BOTHYTOCTH) U TOUKHU Niepernda rpaduka QyHKINU.

6. Haiitu acuMnToThl rpadguka QyHKIUH.

7. HaiiTu 1OMOJMHUTENBHBIE TOYKH U TOCTPOUTH IpaduK MO pe3ylbTaTaM UCCIeT0BaHMS.

&. Haiitu 001acTh 3HAYEHUIA.

1. WccnenoBarb QpyHKIHIO y = x> — 6x% + 9x — 3 U NMOCTPOUTH rpaduK.

-pyHKIIMS onpeiesieHHa Ha BCel YMCIOBON MPAMOI: D(x): X € (—o0; )

-maHHas QYHKIMS HE SIBJSETCS HU Y€THOM, HA HEUETHOM: y(—x) = (—x)® — 6(—x)? + 9(—x) —3 = —x° —
6x% —9x — 3 = —(x3 + 6x% + 9x + 3) # —y(x)

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

-HaAEM NPOU3BOHYIO: y' = (x3 — 6x% + 9x — 3) = 3x* — 12x + 9

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

X2 —4x+3=0;%;, = 1;x, =3
-rccneayeM QyHKIUI0 HAa MOHOTOHHOCTD

+ - +

v



(—; 1) u (3; ) rpaduk GyHKIIMK BO3pacTaeT, (1;3)-yObIBaeT
-uccienyemM GyHKIHIO Ha KCTPEMYM:
y(1) =1-6+9 —3 = 1; A(1; 1)Touka max
y(3) =27 — 54 4+ 27 — 3 = —3,B(3: —3)Touka min
-HCIIONIB3YS MTOJIYICHHBIE TAHHBIE CTPOUM UCKOMBIN TpaduK.
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2. WccnenoBarh (DYHKITUIO U TIOCTPOUTH €€ TpaduK.
J.’:

j:‘:

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

Takyio ke TOYKY HOJYYHM, €CIU NMpHUpaBHsAeM (QYHKIHIO K Hya0. Touka x = 0 - eIWHCTBEHHAs
TOYKa IIEPECEUCHHUS C OCAMU KOOPAUHAT.

3. IlpoBepsieM QpyHKIUIO HA YETHOCTh

yl—x) = 0t _ —_1:_.

—-2x-2 ZX+2

y(=x) = y(x); y(—x) = —y(x).
Urak, QyHKI[Ms HU YETHAS, HA HEYETHAs, HENEPHOINYECKAs.

4.]:[.]'[5[ OTBICKaHHA UHTCPBAJIOB MOHOTOHHOCTH BBIYUCIIACM IIEPBYIO IPONU3BOJHYIO (IJYHKI_II/II/I

22 —2) =t 2 4xf —4x — 220 2xF — 4y

(2x — 2)° T @2x-2 (2x-2)°

J:‘_

[IpupaBHuBast ee K HYJO, TOJYyYUM KpUTHYECKHE TOUKH x = 0:x = 2. OHM pazOuBarT 001acTh
OIpEAEIICHYsI Ha CIEAYIOLINE UHTEPBAIBI MOHOTOHHOCTH (—o2; 0} U (0; 13U (1 23 U (2; +o0)

I/ICCJ'IG,Z[yeM ITOBCACHUC HpOH3BOI[HOI>i CJICBA U CIIpaBa OT HalJICHHBIX TOYEK pa36I/ICHI/ISI.

I'paduuecku MHTEPBAJIBI MOHOTOHHOCTH OYAYT UMETh BH]L

Uccnenyemast GyHKIIMS BO3pacTaeT Ha UHTEepBaiax (—ce; 0) U (2; +e2) u yosIBaet (0: 1) U (1; 2).



5.Touka x =0 TOYKa JIOKATLHOTO MaKCUMyMa, x = 2 — JIOKQJIbHOT0O MUHUMYyMa. Halinem 3HaueHue
(bYHKI_II/II/I Yoax = 0: Fmin = 2
6.. J1J1s1 OTBICKaHUSI HHTEPBAJIOB BBITYKJIOCTH HAWUJIEM BTOPYIO POU3BOIHYIO

o - (x-2) -2 -4-2x-2-2 8 8 1
B (2x — 2)* T 2x -2 " 8(x-1) (x-1)°

y
Takux MHTEPBAJIOB HET, IOCKOJBKY BTOpas IPOU3BOAHAS HE IPUHUMAET HYJIEBBIX 3HAYCHWUU B
o0acTu ompeesIeHus.

7. Ilpsimast x = 1 — BepTUKaJIbHAS aCUMIITOTa (PYHKITMU. Y paBHEHHE HAKJIOHHON aCUMITOTHI HMEET
BUI v=kx +5,

MY L) N lim —— fim ——s = =
Taim x _erm(Ex—2:I.r_rl—-ﬂ=‘=2x:—2.r_rl—-n=?=?_3_2
Tox
. x* 1 Coxt—x(x—1) o oxt—xt4x . x . 1 1
b\ 2 )T, ey R on AR #2272
Toox

Koneunslil BUI IPAMOM CIIETYIOLIMIA

8.Ha ocHoBe MNPOBCACHHOI'O aHaJIM3a BbLINOJHACM IIOCTPOCHHUC rpa(bI/IKa (byHKLIPIPI HJ'ISI 9TOI0
CHa4ajla CTpPOUM BCPTHUKAJIBHLIC MW HAKJIOHHBIC ACHUMIITOTBLI, 3aTCM HaxXOAHWM 3HAYCHHC Q)YHKHI/II/I B
HCECKOJIBKHUX TOYKaX U IO HUX IIPOBOJUM IMOCTPOCHUC.

y=(x+1)/2

(I)opMa NMpeaAcTaBJACHUSA PE3YyJabTaTa: BEIIIOJTHCHHOC 3aJaHNUC

Kpurepum ounenku:

Ouenka "oTJHYHO'" BBICTABISETCS, €CITU pabOTa BBHIOJIHEHA B MOJHOM 00BbEME C COOIOIEHUEM
HEOOXOMMOM TOCIIEeI0BAaTeILHOCTH JICUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3alMCH U BBIYUCIICHUSI.

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

Ouenka '"ya0BJIeTBOPUTEIBLHO' BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHBIE PE3YNIbTATHI U BHIBOJIBI; B X0OJI€
MpoBeACHUS PAOOTHI OBUTH TOMYIIEHBI OITHOKH.



OueHka '""Hey/10BJIETBOPUTEIBLHO'" BBICTABISETCS, €CIM Pa0OTa BBHIMOJTHEHA HE MOJHOCTHIO HITU
00BEM BBITTOJIHEHHOH YacTH pabOThl HE TIO3BOJISET ClIeaTh MPaBUIIbHBIX BHIBO/IOB.

Tema 3.1. IlpousBoanast pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansitue Ne 26
«PeleHne MPUKJIATHBIX 32124 ¢ TOMOUILIO POU3BOIHON»

Heab padorbl: HayunThcs NMpuMEHSATh  MPOU3BOAHYI0 (YHKIUU MPU PEHICHUHU MPUKIATHBIX
3azad.

BoinosiHeHune pa6oTsl crioco0cTBYeT (JOPMUPOBAHUIO:

OK 01 BriGupats criocoObl pemieHus 3aaad npo(ecCHOHATbHON JIesTeNbHOCTH MPUMEHHUTEIIBHO K
Pa3IUYHBIM KOHTEKCTAM

OK 03 IInanupoBaTh U pealn30BbIBaTh COOCTBEHHOE MpOodeccHoHaIbHOE U TUYHOCTHOE Pa3BUTHE,
MPEIIPUHIMATENBCKYIO IEATEIBHOCTD B TPOPECCUOHATBLHOM cepe, HMCIOIb30BaTh 3HAHUS 110 TPABOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYAIIHIX

OK 04 DddexTuBHO B3aUMOICHCTBOBATh U PaOOTATh B KOJUICKTHBE U KOMAaH/IC

OK 06 IIposBsiTE TpakJaHCKO-MIATPUOTUYECKYIO TMO3UIIHI0, IEMOHCTPUPOBATh OCO3HAHHOE
[IOBE/ICHUE Ha OCHOBE TPAJMULIMOHHBIX POCCHUMCKUX JTyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEH, B TOM UHUCIE C
y4EeTOM TapMOHHU3ALWN MEXHAIMOHAIBHBIX U MEXPEIUTHO3HBIX OTHOIICHWW, NMPUMEHSATh CTaHAapThI
AHTUKOPPYIIIUOHHOTO TTOBEACHUS

OK 07 ConeicTBOBaTh COXpPaHEHHUIO OKPYXKAIOUIEH Cpeabl, pecypcocOepekeHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUH KIMMAara, MPUHIUIBI OEpPeXIIMBOTO MPOU3BOJICTBA, YPPEKTHUBHO NEHCTBOBATH B
Ype3BbIYAIHBIX CUTYAIHSIX

OK 08 Mcnonb3oBaTh cpeAcTBa GU3NUECKON KyIbTYpHI 1151 COXPAaHEHUS U YKPEIIEHUS 3/10pOBbsI B
nporecce MpodeccHoHANbHON JeITeNbHOCTH M TOJAJEPKaHUS HEOOXOIUMOro YpOBHS (pu3MdecKon
MOJAITOTOBJIEHHOCTH

OK 09 Ilonw3oBaThcs mpohecCHOHANBFHON TOKYMEHTAlMe Ha TOCYAapCTBEHHOM M MHOCTPAHHOM
SI3bIKAX.

[IK 2.1 BBINOJHATH pacdeThl MapamMeTpoB TEXHOJIOTHYECKOTO Mpoliecca, paboTel 000pyAOBaHUSA,
XapaKTEPUCTUK UCXOJIHOTO CHIPhS U MPOAYKIIMH MPU MPOU3BOJICTBE YEPHBIX METAILIIOB.

MarepuanbHoe obecnedenue: VHIuBHayanbHbIE 3alaHusi, TAOJIWIA TTPOU3BOIHBIX, KOHCIICKTHI
JIEKIINN.

3aganue:

1. YtoObl yMEHBIINTh TPEHHUE >KUAKOCTU O CTEHbl U JHO KaHalla, HY)KHO CMayHUBaeMyl0 €lo
IUIOIIAb C/IENaTh KaKk MOKHO Majiol. TpebyeTcs HallTH pa3Mepbl OTKPBITOTO MPsIMOYTOJIBHOTO KaHaja C
IUIOIIAIBI0 ceueHus 4,5 M 2, MIPU KOTOPBIX CMayuBaeMasi TIIOaab OyeT HAaMMEHBIIICH.

2. Imeercss TpoBOJIOKA JUIMHOW @ MeTpoB. Tpebyercst OrpaauTh HTOH NPOBOIOKOH
MPSIMOYTOJIBHBIN Y4acTOK II€Xa, OJHAa CTOPOHAa KOTOPOrO MPUMBIKAET K CTEHe, TaK, YTOOBI IUIONIAJlb
OTOPOXEHHOT0 yJacTKa Obljla HanOOIbIIEH.

JInst OThICKaHUSI HAaUMEHBIIEro U HauOOJbLIero 3HaueHHUs (YHKUUH, AuddepeHunpyeMoil BHYTpH
OTpe3Ka U HENpPephIBHON Ha €ro KOHIIAX, CJIeAyeT HaWTH BCEe KPUTHUECKHE TOUKU (DYHKIMH, JIEKaIue
BHYTPU OTpPE€3Ka, BBIYUCIUTH 3HAYCHUS (PYHKIMHM B ITUX TOUKAaX M Ha KOHIIAX OTpe3Ka, a 3aTeM U3 BCEX
MOJTyYEHHBIX TaKUM 00pa3oM 4ucen BbIOpaTh HaMEHbIIIee M HanOobIIee.

Iopsinok BbINMOJIHEHUSI PAa0OTHI:



1. Haxoaum KpuTHUYECKHE TOYKU (PYHKIINH.

2. IIpoBepsiem, Kakue U3 HAWJJEHHBIX KPUTUYECKUX TOUEK JISKAT BHYTPHU 33/laHHOTO OTpE3Ka.

3. Haxomum 3HaueHWs (QyHKIMM Ha KOHILAX OTpPE3Ka M B TE€X KPUTHUECKUX TOUYKAX, KOTOpPHIC
MOMA/IAI0T B ATOT OTPE3OK.

4. W3 BceX MOMY4YEHHBIX 3HaUCHUH (DYHKIMM BEIOMpPaeM HauMEHbIlee U HanOoJIbIIIee.

1. TpebGyercs U3roTOBUTH J€Tajdb B BHUAEC MPAMOYTOJIHHOIO Mapajljiesieluiesa, B HIKHEM
OCHOBAHHHU KOTOPOTO JIGKHUT KBaZpaT (BEpXHss 4acTh OTKpPHITa), a 00beM paBeH 108 oM. IIpn xaxux
pa3Mepax JeTajal Ha ee U3rOTOBJICHHE MOM/IeT HauMEeHbIIee KOJIMYeCTBO MaTepuana?

Pemenue: 1. [Tycth cTOpOHA OCHOBaHUS paBHA X €M, a BbIcoTa — h cMm.

2. O6bpeM napaienenuneaa V=x*x*h=x> h w1 1o YCIIOBUIO x? h=108.

BbipasimM 3 9Toit hopMyIIsI BeICOTY mapamienermmena: h=108/x 2. (1)

3. C pmpyroif cTOpoHBI, 4TOOBI y3HATh KaKO€ KOJMYECTBO MaTepualia MONAET Ha M3TOTOBIICHUE
AeTand HeoOXOAWMO HAWTH IUIOMIAAh S IOJIHOW MOBEPXHOCTH Mapaiuienenurena 0e3 ydera BEpXHETro
ocHoBaHwusl. [11o1maas TOBEpXHOCTH MapaieNenurea HaxoauTes mo Gopmyse

Snona=2(X*x+x*h+x*h)=2(x? +2xh). [lnomans OCHOBaHHs paBHA SOCH =X’ , €€ HAJ0 BHIYECTh W3
nosy4eHHoi popmyisl S=Smona*Soca=2(x% +2xh) - x* = x? +4xh.

4. [ToncraBum BMecTo h Beipaskenue (1). [Tomyuum Gopmyity miaomiaam kak GyHKIUIO OT X:

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

5. Haitnem npomsBozayio S'(x)=( x* +432/x)'=2x-432/x? .

6. UToOBbI HAMTH PKCTPEMYM, HEOOXOIUMO MPUPABHATH MPOU3BOIHYIO K HYJIO:

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

JlaJIee HAXOIUM 2X° =432;

x° =216;

x=0.

7. [omyunnu x=6 — TOUKy MUHUMYMa, cliefioBaTenabHo, S(6)=108 cM? HaMMeHBIIIee 3HAUCHHE.

9. CnenoBareiabHO, CTOPOHA OCHOBAHUS X paBHa 6 CM, a BBICOTA h=108/x* =108/36=3 cm.

OTBet: cTOpoHBI 6aka 3 u 6 cMm.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHAs padoTa.

Kpurtepun onenku:

Ouenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBINOJHEHA B TOJHOM O00BEME C COOIOJIEHHUEM
HEOOXOMMOM TOCIEeI0BATEILHOCTH JIEUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3alMCH U BBIUUCIICHUS.

Ounenka "'xopomo' cTaBUTCS, €CIM BBIIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOIMYILIEHbI
2-3 HenmoueTa.

Ouenka "yI0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOTHEHHONW YacTH TaKOB, YTO IMO3BOJISIET MONYYUTh NPABHIbHBIE PE3yAbTaThl U BBIBOJBI, B XOJIE
MPOBEJICHUS pabOThI ObUIN AOMYILEHBI OIIUOKH.

Ouenka "Hey10BJIeTBOPUTEIbHO' CTaBUTCS, €CIIM padOTa BBIOJIHEHA HE MOJTHOCTHIO WU 00BEM
BBITIOJTHCHHOW YacTH paOOThI HE TTO3BOJISICT CAENIATh MPABHIIBHBIX BHIBOJIOB.

Tema 3.1. IIpousBogHast pyHKIMHN U ee IPUMEHEHHE
IMpakTuyeckoe 3ansaTue Ne 27, 28
«Haxo:k1eHue onTHMAJIBLHOIO Pe3yJbTaTa ¢ MOMOIIbIO NPOU3BOIHON B MPAKTHYECKUX

3agavgax»

Heanb padorbl: HayuuThcs NpUMEHATh NPOU3BOAHYIO G YHKIUU MPU PELICHUH 3a/1a4.



Brinosinenue padoTsl cnocodcTBYeT GOPMHUPOBAHMIO:

OK 01 BsiGupats criocoObl pemeHus 3a1a4 npo(ecCHOHaTbHON NesTENbHOCTH MPUMEHHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM

OK 03 IlmaaupoBath U peaan30BbIBaTh COOCTBEHHOE MPO(ECCHOHATBLHOE U JIMYHOCTHOE Pa3BHUTHE,
IPEINPUHIMATENbCKYIO AEATEIbHOCTD B TPOPECCUOHATBLHOM cepe, HUCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYaIIHIX

OK 04 D¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTATh B KOJUICKTHBE H KOMAH/IE

OK 06 IIposiBIATh Tpa)KJaHCKO-TIATPUOTUUYECKYIO IO3UIMI0, JAEMOHCTPUPOBATH OCO3HAHHOE
[IOBE/ICHUE HAa OCHOBE TPAJAMLIMOHHBIX POCCUICKUX JyXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
Y4€TOM TapMOHHU3AIMHU MEXHAIMOHATIbHBIX M MEXPETUTHO3HBIX OTHOILICHHH, MPUMEHSITh CTaHIApThI
AHTUKOPPYILIUOHHOTO MOBEACHUS

OK 07 CopuelicTBOBaTh COXpPAaHEHHIO OKPYXKAIOMIEH Cpebl, PECYpCOCOEPEKCHHUIO, MPUMEHSTH
3HaHUS 00 M3MEHEHUM KIMMAaTa, MPUHIUIBI OEpeXIUBOrO MPOU3BOACTBA, 3()(PEeKTUBHO ACHCTBOBATH B
Ype3BbIYAIHBIX CUTYAIIHIX

OK 08 Mcnonb3oBaTh cpeAcTBa GU3NUECKON KYIbTYpHI ISl COXPAaHEHUS U YKPEIUIEHUS 3/10pOBbsI B
npouecce MpodeccnoHabHON JeITeNbHOCTH M MOJAJEPKaHUS HEOOXOIUMOro YpOBHS (u3ndecKon
[IO/ITOTOBJIEHHOCTH

OK 09 Ilonw3oBaThcst mpodeccCHoHaNbHON JOKYMEHTAIMEH Ha TOCYAapCTBEHHOM U MHOCTPAaHHOM
SI3BIKAX.

[1K 2.1 BpImonHATh pacyeTsl MapaMeTpoB TEXHOJOTHYECKOro Ipolecca, paboTel 000pyI0BaHMUS,
XapaKTEPUCTUK UCXOJIHOTO CHIPbS U MPOAYKIIMH MPU MPOU3BOJCTBE YEPHBIX METAILJIOB.

MartepuanbHoe obecnieueHue: VHIUBUya bHBIC 3a/IaHUS, TAOJHIA TPOU3BOJHBIX, KOHCIICKTHI
JICKIINN.

3aganue:

1. Mmeercs kBajpaTHBIN JHUCT KECTH, CTOpOHA KoToporo a=60 cm. Bripe3as mo Bcem ero yriam
paBHbIE KBaJpaThl M 3aru0asi OCTABUIYIOCS YacTb, HY)KHO H3TOTOBUTH INPOU3BOACTBEHHBIN SALIMK 0e3
KpbIlIKU. KakoBbl AOKHBI ObITH pa3Mepbl BbIPE3a€MbIX KBaJpaToB, YTOOBI MPOU3BOACTBEHHBIHN SIIIUK
uMel HauOobIINi 00beM?

2. IIpoexTupyeTrcs KaHall CUCTEMBI CIIMBA C MPSIMOYTOJIbHBIM ceueHueM 4,5 . KakoBbl JOIKHBI OBITh
pa3Mepsl ceueHus], YTOObI sl OOJIMIIOBKY CTEHOK M JTHA MOIIUIO HauMEHbIIee KOJIMYEeCTBO MaTepuana’?

JInis OThICKaHMS HAMMEHBIIETro W HauOoJbIIEro 3HadeHus QyHKUMH, AuddepeHunpyeMoil BHYTpH
OTpe3Ka M HENpPEepbIBHOI Ha €ro KOHLAX, CIEAyeT HAalTH BCce KPUTHUUECKHE TOUKU (DYHKILMH, JIeKaIUe
BHYTPH OTpPE€3Ka, BHIYMCINUTH 3Ha4eHUsl (PYHKIMM B 3TUX TOUKAaX M Ha KOHIIAX OTPE3Ka, a 3aTeM U3 BCeX
MOJTY4YEHHBIX TAKUM 00pa30M uuces BEIOpaTh HaMEHbIlee U HauboJbIee.

ITopsinok BbINOJHEHHS PadOTHI:

1. Haxoaum KpUTHYECKUE TOUKH (PYHKIIHH.

2. IlpoBepsieM, Kakue U3 HalICHHBIX KPUTHUYECKUX TOYEK JIEKAT BHYTPH 3a/laHHOTO OTPE3KA.

3. Haxomum 3HadyeHuss QyHKIMM Ha KOHIAX OTpe3Ka M B T€X KPUTUYECKUX TOUYKaX, KOTOpHIE
MIONA/al0T B 3TOT OTPE3OK.

4. U3 Bcex mosydyeHHBIX 3HaUeHUH QyHKIIMU BbIOMpaeM HauMeHbIIlee U Haubobllee.

3amaua 1. IIpouHocTh OalkM NPSMOYTOJBHOI'O CEUYEHHUs IMPOMOPIHMOHATBbHA MPOM3BEACHUIO €&
IIMPUHBI Ha KBajapaT BbICOTHl. Kakoe ceueHue AOKHA MMETh Oanka, U3 LWIMHIPUYECKON 3aroTOBKU
panuyca R, yTo0bI €€ mpoyHOCTh ObLTa HanOoMbIIEeH? (pUCYHOK 1)



ZR
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Pucynok 1 — ceuenue 6ajiku U3 HUIMHAPUIECKON 3arOTOBKU

Pemenne. CocraBneHue maremarudeckoi mojenud. ONTUMU3MpyeMash BEIUYMHA - MPOYHOCTH
OaJIKu, TOCKOJBKY B 3adade TpeOyeTcs BBIICHUTH, KOTJA IMPOYHOCTh Oalku OyneT HaumOOJbIIeH.
O0603HaYUM ONTHMH3UPYEMYI0 BEIHYUHY OyKBOH y. IIpOYHOCTH 3aBHCHT OT IIUPHHBI U BBICOTHI
MPSIMOYTOJIbHHUKA, CIYXallero oceBbM cedeHueMm Oanku. lllupuny Oankum o0o3HauuM OYKBOU X.
[TockonbKy OCEBOE CEUCHHE MPEACTABISET COOOM MPSIMOYTOJbHUK, BIIMCAHHBIA B OKPY)KHOCTH pajnyca
R, 0o 0<x<2R

BbicoTa h mpsSMOYroNbHHMKA CBS3aHA C €r0 MIMPHHON cooTHomreHmeMm * 1 =4R* (o teopeme
[udaropa), 3Hauur, ' = 4/ —x%,

[IpouyHocTh 6alik¥l y MPONOPIUOHATFHA MPOU3BEICHIIO xh* 1 ey =kxh® (rme ko duruent k —
HEKOTOPOE IOJIOXKUTEIBLHOE YHCIIO).

3paunt ¥ = Ex(4RR* —x*),rpex € [U; 2K].

PaGora ¢ cocTaBieHHON MOJENbIO.
Jlis gyskuun ¥ = Ex(4RR* — x*),raex € [0; 2R} HA/I0 HANTH Yiaus.
Nmeewm:
Mmeesm: v = &l R%y — brx?
V' =4kR?— 3ix?
[TpupaBHUBaEM TPOU3BOHYIO HYIO, TOJTYIHM
4kR?-3kx%=0

2R

Xy == X2
1553 2

n
o

2
ol

2

X= Xl -

il

3alaHHOMY OTpE3KY IIPUHAJUIEKUT JINIIb TOYKA
Boruncnum 3HaueHne QyHKIMU B TOUKE HA KOHIIAX oTpe3ka B Toukax 0 u 2R.
HNmeem

. - 2R . i
f(0)=0 f(2R)=0 f(f—/g) >0 3HAYHUT Vigs =i (\'_‘3)'

B 3amaue chopammBaeTcsi, Kakoe CEUECHHME JOJDKHA HMMETh Oalka HauOOJbIIeH MPOYHOCTH.

BrisicHunm, 4To mIMpHHA MPSMOYTOJIBHUKA, SBISIONIAS OCEBBIM CEUEHHUEM Hambosee MpPOYHON Oankw,
iR
V3
paBHa
Haiinem BbICOTY:

h® =4R*—4*

OtBer: CeuyeHueM OajJKu JIOJMKCH CIY)KUTh MPSAMOYTOJBHUK, Y KOTOPOTO OTHOIICHHE BBICOTHI K
IIMPUHE PaBHO ' V2



3ameuanue: KpanuduuupoBaHHble MacTepa MPUXOIAT K TAKOMY )K€ pe3yJIbTaTy, OIMHpasiCh Ha CBOM
ONBIT, HO OHM TPHHUMAIOT YKAa3aHHOE OTHOIICHHWE paBHBIM 1,4 (MpuOMMKEHHOE 3HAYEHHE
HPpaLMOHAIILHOTO YMCIIa KaK pa3 paBHO 1,4).

®opma npeacTaBieHus pe3yJbTaTa: BBIOJHEHHAsS padoTa.

Kpurepun oneHku:

Ounenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM O0BEME C COOIOJICHUEM
HE0OXOIMMOM MOCIEI0BATEIBHOCTH JEHCTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIUCH U BBIYUCIICHUS.

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

Ouenka "ya0BJIeTBOPUTENbHO'" CTaBUTCS, €CJIM paboTa BBINMOJIHEHA HE TMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO IO3BOJISICT MOJNYYUTh NPABHIBHBIC PE3yJIbTaThl U BBIBOJIBI, B XOJIE
MpOBeACHUS PAOOTHI OBUTH TOTYIIEHBI OITUOKH.

OueHka "Hey10BJIeTBOPUTEIBbHO' CTaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBHITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CENaTh MPABUIIBHBIX BBHIBOJIOB.

Tema 3.2 UnTerpaJ u ero npuMeHeHue

IIpakTnyeckoe 3ansaTHe Ne 29
«AuTerpa u nepsoodpasnasi. HaxoxneHnue HeonpeeJeHHbIX HHTErPaJoB MPH MOMOIIHU
CBOCTB HHTErPajioB»

He.]'lb: HAay4YHUTBHCA HAXOAUTh HGOHpCIIGJIéHHI)IC HUHTCETpajibl HCIOCPECACTBECHHBIM HMHTCIPHUPOBAHUCM
IIpH IIOMOIIHU CBOMCTB HHTCTPUPOBAHUA.

BeinosiHenune padoTsl crnoco0cTBYeT (POPMUPOBAHUIO:

OK 01 BriGupatp criocoOsl pemieHus 3a1a4d npodecCHOHaIbHOW e TeIbHOCTH MPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IlnanupoBaTh U pean30BbIBaTh COOCTBEHHOE MPOo(hecCHOHATbHOE U TMYHOCTHOE Pa3BUTHE,
PEINPUHUMATENbCKYIO AEATEIbHOCTh B MPOGECCHOHATIBLHOM cepe, HCIOIb30BaTh 3HAHUS 110 IMPABOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B Pa3IMYHBIX )KU3HEHHBIX CHUTYaIHIX

MarepuajnbHoe o0ecnieyeHue:
WNHnuBuayanbHbIe 3a1aHKs, CIIPABOYHBIE MATEpUalIbl, KOHCIIEKTHI JIEKIIHI.

3ananue:
B cooTBeTCTBUM C TEXHOJIOTMYECKOW KapTON MPOEKTA HANTHU CIAEAYIONIME UHTETPAIIbI:

1. f(%x3 - sz + 5) dx
. [3(2x% —1)%dx

. [x3(1 + 5x)dx
G+ Ddx

. J(5Vx® = 7Vx3)dx

g b~

KpaTkue Teopernueckue cBeeHHs:
Cesoticmea HeonpeodeneHHo20 unmezpana

1) j mf (x)dx = m j f (x)dx, m-const
2) j (f(x) £ g(x))dx = j f (x)dx + j g(x)dx



Ta6ﬂuua OCHOBHbIX UHmMecpalos

1) J'dx=x+C;
Xn+l

Z)Ix”dx: +C,n=-1;
n+1

3) Id—;=In|x|+C;

4) J‘exdx:eX +C;

5) jaxdx:a—+C;
Ina

6) jsin xdx=-cosx+C;

7) Jcosxdx=sin x+C;

8)_[ ax =tgx+C;
cos? X

9)I dx =—Ctgx+C;

sin? x
dx )
10) | —==arcsinx+C;
J =
dx
11 =arctgx+C.
) I1+x2 g

ITopsinok BeINOJHEHHS PadOTHI:

COBOKYIHOCTH BCEX MEPBOOOPA3HBIX ISl (PYHKIIMN HA3bIBAETCSI HEOMPEIETICHHBIM HHTETPAJIOM.

OcCHOBHBIE CBOWCTBA HEONIPEACIEHHOTO HHTErpala

1) J(fF) + g())dx = [ f(x)dx + [ g(x)dx

2) [kf()dx =k [ f(x)dx

HenocpencTBeHHOEe MHTErpUPOBAaHME OCHOBAHO HAa MPSIMOM HCMOJIb30BaHUM TaOIMIIBI MHTETPAJIOB.
MoryT npencTaBuThCs CIELYIOINE CIIyYan:

1) MaHHblii MHTErpaq HAaXOMUTHCS HEMOCPEACTBEHHO II0 COOTBETCTBYIOLIEMY TaOJIUYHOMY
UHTETpay.

2) JaHHbI WHTETpal MOC/e MPUMEHEHHs CBOMCTB 1M 2 MPHBOIUTCS K OAHOMY WIIH HECKOJIBKUM
Ta0JINYHBIM UHTETpaJlaM;

3) JauHblii WHTErpajx mocjie JIEMEHTapHBIX  TOXKICCTBEHHBIX  HpPeoOpa3oBaHHid, HaJ
MOJBIHTETpAIbHOM (QYyHKIIMEW W HpuUMeEHss CBoiicTBa 1M 2 HPUBOAUTCS K OJHOMY WM HECKOJIBKHUM
TaOJIMYHBIM UHTETPaJIaM.

B cooTBeTCTBUM € TEXHOJIOTMYECKON KapTON MPOEKTA HANTHU CIAEAYIONIME UHTETPAIIbI:
1. [6x?dx —umcmonb3yeM CBOWCTBO 2 U ¢opmymy 2.

[x"dx = ’;n—: + ¢ Ilomyunm:

f6x2dx=6fx2dx=6§+c=6x3—3+c=2x3+c

2. [4(x*—x+3)dx  Hcnons3ys coiictBa 1 u 2 u, popmynsl 1 u 2 nomyyum: 4 [ x*dx —
4fxdx+12fdx=4x3—3—4)26—2+12x+c=§x3—2x2+12x+c

- mocTosiHHasg uHTerpupoBaHuss C paBHa anreOpandeckoil CcymMMe TpexX MOCTOSIHHBIX
WHTETPUPOBAHUS .

3 2
3. [2Bx—1)%dx =2 [(3x — 1)?dx =2 [(9x* = 6x — 1)dx =297~ 26+ 2x + ¢ = 6x> — 6x” + 2x + ¢



x3+3x244x X
4, [———dx —pa3[eauM IOYJIEHHO Ha X, IOJIy4HM:

X

f(x2+3x+4)dx=£+3—xz+4x+c
3 2

N[

1
—5+1
x 2 x

1
o. f'j/—; —ucnonb3yem popmyiny 2 [ x zdx = = —tc=T+c= 2Vx+c¢
2

(I)opMa NMpeacCTaBJdCHUA pe3dyjabTaTa: BhIIIOJIHECHHOC 3a1aHUC

Kpurepun oneHku:

Ouenka "oTau4HoO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM O0BEME C COOIOJICHUEM
HEOOXOMMOM IOCIIeI0BAaTeILHOCTH JICUCTBHI; B OTBETE MPABWJIBHO W aKKypaTHO BBHITIOJIHEHBI BCE
3aIIMCH U BBIYHMCIICHUS.

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

Ounenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €clii pabOTa BHINOJHEHA HE IMOJHOCTBIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO ITO3BOJISICT IMOJIYYWTh IMPABWIBHBIE PE3YJIBTAThl M BBIBOJBI; B XOJC
MpOBeICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

OueHka "Hey10BJ€TBOPUTEIBbHO' CTaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBITTOJIHCHHOM YacTH paOOThI HE MTO3BOJISCT CACIATh MPABHIIbHBIX BHIBOJIOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHmne

IIpakTuyeckoe 3ansaTue Ne 30
«HTerpupoBaHne MeTOI0M 3aMeHbI NepeMeHHOI

Hean padotTbi: HayuyuThest BHIYUCISATH HHTETPAIBbI CTOCOOOM TOJICTAHOBKH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BsiOupath crnocoOsl pemieHus 3aaa4d npohecCHuOHaTbHON AeATeIbHOCTH MPUMEHHUTEIBHO K
Pa3IMIHBIM KOHTCKCTaM

OK 03 InanupoBaTh U pealn30BbIBaTh COOCTBEHHOE MpodeccnoHalbHOE U TUYHOCTHOE Pa3BUTHE,
MpeNNPUHUMATEIBCKYIO AESITEIbHOCTD B MPOPECCUOHANBHOM cepe, MCIOJb30BaATh 3HAHUS 110 MPAaBOBOM
1 (PMHAHCOBOM TPAMOTHOCTH B PA3JTUYHBIX KU3HEHHBIX CHTYaIIHIX

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

3aganme:
B COOTBCTCTBHUU C TCXHOHOI‘H‘-ICCKOﬁ KapTOI‘;I HpOCKTa HaUTH HHTerpaHBIZ
1. [(124—5)7dx
dx
2, f 6x+5
3. [xVxz—7dx

Cosx
4. | T

5. [tgxdx

dx
6. f1+16x2

ITopsinok BhINoOJIHEHHE PaGOThI:

B ocHoBe MHTErpupoBaHHUs METOJOM 3aMEHbl NEPEMEHHOH (MU CHOCOOOM MOCTAHOBKH) JIEKUT
CBOWCTBO HHBAapUAaHTHOCTH (OPMYJI HMHTETPUPOBAHUS, KOTOPOE 3aKIIIOYAETCS B CIEAYIOLIEM: €CIH
[f)dx=Fx)+c,10 [ f(wdu=F(u) +c,rae u(x) npousBoaHas nuddepeHuupyemas GyHKIHS OT X.



3aMeHa IepeMEHHOM B HEONPEACICHHOM HHTErpajie MPOU3BOAUTCS C TIOMOIIBIO MOJCTAHOBOK JIBYX
BUJIOM:

1. x=¢() , rne t-HOBas mepeMeHHas, a ¢(t) HenpepbiBHO auddepeHuupyemas (GyHKIUSA
[ fdx = [ f(o(®))¢'(®)dt

2. t=u(x) ,rae t-HoBas nepemeHHas, Toraa: [ f(u(®))w' (x)dx = [ f(t)dt

x2dx
L f8+x3
-T.K. d(8 + x3) = 3x%dx , TO
x?dx 1 [d(8+3x?)
J-8+x3 _§f 8+ x3
-nojyiarasi 8 + x> =t , MOJMyYUM: %f% = gln(t) +c= %ln|8 +x3+¢
J :zz;‘i’; =[ fﬁiﬁi [09TOMY, HCIIOJb3ysl IOJACTAHOBKY t = sinx , NPUXOAUM K TaOIMYHOMY

. podt
uHTerpany: [ —

eXdx _ rd(e¥)
3. f\/9—t2 - f\/9—t2

o~ dt 1
-BOCIIOJIb30BaBILMCH ITIOACTAHOBKOU t = e*, IIPpUBOJHUM K Ta6J'II/I‘IHOMy HHTCrpairy fﬁ = aTCSLTL; +

1 t 1 sinx
—Earctg5+ c= Earctg (T) +c

. eX
c = arcsm;+ c

IIpumeyanue: dx = %d(ax + b)

1
xdx = Ed(xz)

e*dx = d(e*)
@ aa
—=d(In(x)

cosxdx = d(sinx)
dopMa npeacTaBjeHUs pPe3yJIbTaTa: BbIIIOJIHEHHOE 3a/1aHUE

Kputepun onenkmn:

Ouenka "oTJaMYHO'" CTaBUTCSA, €ClM paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJEHHUEM
HEe0OXOIMMOM TOCTEIOBATENbHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCE
3aIIMCU U BEIYUCIICHUA.

Ouenka "Xopouio' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Henmouera.

Ounenka '"y10B/1eTBOPUTEIbHO' CTAaBUTCS, €ClIM paboTa BHINOJIHEHA HE MOJHOCThIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IO3BOJIAECT MOJYYUTh NPABUIbHBIE pPE3ylbTaThl U BBIBOJBI, B XOJI€
MPOBeICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIBLHO' CTaBUTCS, €CITU pabOTa BBHITIOJHEHA HE TIOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISET CAENATh MPABUIILHBIX BBHIBOJIOB.

Tema 3.2 UHTerpas u ero npuMeHeHue
IIpakTnyeckoe 3ansitue Ne 31
«Teopema Hbrorona-JleiiOHnua. BorunciieHue onpeeleHHbIX HHTErPaJIo0B Pa3JInYHbIMU
MeToAaMM»

Iesb padoThI: HAYYUTHCS BHIYUCIIATD ONpeIeeHHbIH HHTerpan no ¢popmysne Herorona-JleitGuuma.

Brinosinenue padoTsl cnocodcTBYeT GOPMHUPOBAHMIO:
OK 01 Bsi6upats criocoObl pemeHus 3a1ad npo(ecCHOHaTbHON NeTENbHOCTH MPUMEHHUTEIBHO K



Pa3JINIHBIM KOHTCKCTaM

OK 03 ITmaaupoBath U peaan30BbIBaTh COOCTBEHHOE MPO(ECCHOHATEHOE U JIMYHOCTHOE Pa3BUTHE,
IPEINPUHIMATENbCKYIO AEATEIbHOCTD B TPOPECCUOHATBLHOM cepe, HUCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (PMHAHCOBOM T'PAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CUTYAIHIX

MarepunanbHoe obecrnieyeHue:

NnauBuayanbHble 3aaHNs, CIPABOYHbIE MaTepUabl, KOHCTIEKTHI JIEKIIHHA.

3aganue:

B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOM IIPOEKTa HAMTH UHTETPAJIbI.
25,2

1. J 2x*dx
4
I(8+2x—x2)dx

2. -2
3. ) 0"/2 cosxdx
4, [ (cos x —3sin x)dx
2
2 2
1-x
5 dx
15

MeTo10M 3aMEHBI nepeMeHHoﬁ:

6
1. j X’Z(d_XG

4

2. j (2x-5)
3

3. I‘i/x+2dx
0

1
4. I(x3 +1)*x? dx

ITopsinok BbINOJHEHHS PadOTHI:
1) Ucnonp3ys Tabauily MHTErpasioB HATH UHTErpal

2) Ucnonb3ys popmyny HeroTona — JleiiOnuma
A

[ r@ax=

a

HAaWTH OIPEIEICHHBIN UHTETPa

= F(B) - Fla)

Brruncnuth onpeneneHHblii HHTErpa

]

_[23:2.:1'3:

1

PemeHHe'
i o, @2 _ 2 _ 14 2
IExdx zjxdx_—(f)|l_—(2 1}——(8 =g 7=—=42

1
(1) BLIHOCI/IM KOHCTaHTY 3a 3HaK MHTErpaJa.

2+l

X
)
xdr=
(2) UnTerpupyem mo TabmHIle ¢ TOMOIIBIO CaMOHM IMOMYJISIPHOH (OpMYITBI nt

+



1

= 3
[TosiBUBIIIYIOCST KOHCTAHTY 3 1IeJIECO00Pa3HO OTAEIUTh OT * | BBIHECTH 3a CKOOKy. JlemaTb 3TO He
00513aTEILHO, HO KEJIATEIHHO — 3a4YeM JINIIHNUE BEIYUCICHUA?

A
[ £ ax= FDf, = F&) - Fla)

(3) Hcnomp3zyem ¢opmyny Hprorona-JIeiitOnuma 2 . Cnavana

E o o o
MOJCTABIISIEM B + BEPXHUU MpeENes, 3aTeEM — HWKHUUK npenes. [I[poBoauM najibHENINE BBIYMCICHUS U
MOJy4aeM OKOHYATEIbHbBINA OTBET.
Brrunciuts onpeneeHHbli HHTErpal

4
[(8+2x—x3).:fx
|

Pemrenue:
4

[ 2, , i i 2, @ il T, a1, 34
[@+2x-x")dr=8[dx+ 2__|;xc1’x— [ dx=8(x}|_2+2-§(x I, -5 I

-2 -2 -2

= 84— (=2 + (4% — (=299 —%(43 — (-2 =8 6+(16-4) —%(64+8} =

£y

=48+12-24 =36

(1) Mcnionb3yem cBOMCTBA JINHEHHOCTH ONPEEIIEHHOT0 UHTErpasa.

(2) NnTerpupyeM no tabnuiie, Mpu 3TOM BCe KOHCTAHTHI BHIHOCUM — OHU HE OYAYyT y4acTBOBaTh B
ITIOZICTAHOBKE BEPXHETO U HUKHETO IIpeIena.

(3) Hns xaxgoro w3 TpEXx crnaraeMblx npumensem ¢opmyny  Hbprotona-Jleitbnuna:

FO[ = Fo)- Fla)

CoBer: mepea TemM, Kak HCHOJb30BaTh ¢Qopmynay Hbrorona-Jleii0HuIa, 1M0J1€3HO NPOBECTH
NPOBEPKY: a caMa-To NepBoo0pa3Hasi HalileHa NPABWIbHO?

Tak, TpUMEHHUTETHPHO K paccMaTpUBAEMOMY IMpPUMEpPY: Mepel TeM, Kak B TMepBOOOpa3HYyIO
3
x
Bx+xi -2
byHKIIMIO 3 MOICTaBJIATH BEpXHUN ¥ HIDKHUM TIpPEeebl, >KEIaTeJIbHO Ha YEPHOBHKE

IPOBEpUTh, a MPAaBUIBHO JIM BOOOIIE HaWJeH HeomnpeneneHHbld uHTerpan? Juddepenuupyem:
f

[Sxﬂ? —é} =B(x)'+(x3)'—%(x3)'=8-1+2x—%-3;5* =84 2x—x*

[Tonydyena ucxomHas MOABIHTErpaibHAs (PYHKLMS, 3HAYUT, HEONPEJECJIECHHbIN MHTErpaj HaiJieH
BepHO. Teneps MOkHO U hopmyny HeroToHa-JIeltOHMIIa TPUMEHUTB.
Metoa 3aMeHbI NTepeMEeHHOH

Bbruucnure UHTErpasbl.
.f: xxzd_xﬁ
BBenem HOBYIO IEpEeMEHHYIO ¢ = x* — 6
Huddepenunan Oyner paBeH dt = 2xdx
Beruucnum rpanuiel uHTErpupoBanus 11=25-6=19, t2=36-6=30

BBIMOTHIM MOICTAHOBKY ~ . b2xdx _ 1304t
y25x2—6_21‘it 1 1, 30
Brruncinm, noryduBIIAICS UHTETPA > ln|30|-5 ln|19|25 ln;

®opma npeacraBiaeHus pe3yJbTaTa: BHIIOIHEHHOE 3aJaHHe/

Kpurepun onenkmn:
Ouenka "OTJMYHO'" CTaBUTCA, €CliM paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIO/IEHUEM
HCOGXO,HHMOﬁ ITOCJICAOBATCIIBHOCTHU I[CI\/JICTBI/II\/JI; B OTBCTC HpaBI/IHBHO nu aKKypaTHO BBIIIOJIHCHBI BCC



3aMUCH U BBIYUCIICHUSI.

Ouenka '"Xxopomo' CTaBUTCS, €CIM BBIMOJTHEHBI TPEOOBAHMS K OLIEHKE "OTIUYHO", HO JOIYIIICHBI
2-3 HemoueTa.

Ouenka "ya0BJIETBOPUTENbHO'" CTaBUTCS, €CIM paboTa BBIMOJIHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TaKOB, YTO IIO3BOJISECT MOJYYUTh NPaBUJIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MpOBeACHUS PAaOOTHI OBUIH TOTYIIEHBI OMTHOKH.

OueHka ""Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIH padOTa BBHIIOJIHEHA HE MOJHOCTHIO UITH 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENaTh MPABUIIbHBIX BBHIBOJIOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHue

IIpakTuyeckoe 3ansaTue Ne 32,33
«Bpryucienne mjiomaneit puryp u 00LeMoB TeJD)

Heab padorsi: HayunThcs BHIYMCIATE IIIOMAAN GUTYP U OOBEMBI TEJl, UCIIOJIb3YS OIPEIEICHHbIE
UHTErpalibl

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Bsibupats crioco0sl penieHus 3aaad npoeCcCHOHATLHON AEATEIbHOCTH MPUMEHUTEIBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IInarupoBath U peaqn30BBIBaTH COOCTBEHHOE MPOPECCHOHATBHOE U JTMYHOCTHOE Pa3BUTHE,
IPEINPUHUMATENbCKYIO AEATEIbHOCTh B IPOGECCUOHATIBLHOM cepe, UCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B Pa3JIMYHBIX KU3HEHHBIX CHUTYaIHIX

OK 06 IIposBasTh TIpakAaHCKO-NATPUOTHUYECKYIO IO3MILHIO, JIEMOHCTPUPOBATh OCO3HAHHOE
MOBEJICHHE Ha OCHOBE TPAIUIIMOHHBIX POCCHUICKHX TYyXOBHO-HPABCTBEHHBIX IIEHHOCTEH, B TOM YHCIIE C
Y4ETOM TapMOHM3AlMU MEKHAIMOHAIBHBIX M MEXPETUTHO3HBIX OTHOIIEHUH, NPUMEHSATh CTaHIapThl
AHTUKOPPYIIIUOHHOTO MTOBEICHHSI

OK 07 CopeiicTBOBaTh COXpPAHEHUIO OKpY’KaloIIel Cpeibl, pecypcocOepekeHHI0, MPUMEHSTh
3HaHHUA 00 M3MEHEHHM KIuMaTa, IPUHLMUIIBI OEpexIINBOro MPOU3BOACTBA, 3PPEKTUBHO JIEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIUIX

OK 08 Vcnonb3oBaTh cpeacTBa GU3NYECKON KYIbTYpHI 1151 COXpPAHEHHS M YKPEIUIEHUSI 3/J0POBbS B
nporecce MpodecCUOHATBHONW JEeATETbHOCTH M MOJJEpKaHUs HEOOXOJUMOIo YpPOBHS (U3NYECKOM
MOJITOTOBJICHHOCTH

OK 09 ITonp3oBarbest mpohecCHOHATBHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM M MHOCTPAaHHOM
SI3BIKAX.

[1K 2.1 BbINOJHATH pacyeTsl MapaMeTpoB TEXHOJIOIMYECKOro mpolecca, paboThl 000pyl0oBaHUS,
XapaKTEPUCTHK UCXOAHOTO CHIPBS M MPOIAYKIIUH IPH MPOU3BOACTBE YEPHBIX METAJIOB.

MatepuajbHoe obecnieyeHue:

WuauBuyanbHbIC 3aJaHNS, CIIPAaBOYHBIE MAaTEPUATbI, KOHCTICKTHI JICKITHA.

3aganue:
1. ®opma 3aroToBKM HMMeET BHJ (UIYpbl, OTpaHUYEHHOM NMHMAMHU. HalTu muiomanb JaHHOM
3aroTOBKH

a) y=-x"+4,y=0

b) y=x* y=x°

c) y=e*, y=e™, y=4
2.Beruncnuts 00beM geranu

y=x%, y=1 soxpyeocuQY

Ilopsinok BbINOJIHEHHS PadOThI:



1) nocrtpouth rpapuku HyHKIUI
2) HalTH 00JaCTh, OTPaHUYECHHYIO STUMHU rpaduKamu
3)  COCTaBHT OIpEICIICHHBIA HHTErPaL, i1l HAXO0XICHUS IJIOIIA i HalICHHOM 001acTH

[Tpumep 1: Haiitu miomans oomactu D (3aroroBka aeraju), orpaHUuEHHON KPUBBIMU Y = X2+ X +
11,y =2 x - 9, npu yciosum,
x<=1
_ .2
y=x" +x-11,
Dofy=2x-9
x i1

IIpu pemeHnn Takux 3ajnad cieAyeT 00sA3aTelnbHO HM300pa3uUTh MCCIENYEeMbIH T€OMETPUUYECKHH
00beKT. [l onpeseneHns HUKHETo Ipe/iesia MHTErpUPOBaHMsl HaJJ0 HAUTH TOUKY IIepeceueHus! KPUBbIX;
yYpaBHEHUE X?+x+11=2x -9 umeer xpa KOpHs: X = -1 u X = 2. [logxoasmuii Kopess - X = -1. O6nacts
OrpaHUYEHa CBEpXY Mapabosoi, CHU3Y - IPSIMOii, cripaBa - mpsiMON X = 1, KpaifHss jeBas Touka - X = -1,
I03TOMY

l
1 - L R

SiD)= "‘[2}:-91-(1' +x-.1f|]ﬁ:=
Ly -

-1
Ecnu oGmacte umeeT 6oiee CI0KHYIO CTPYKTYpY, €€ clieyeT pa30UTh Ha MPOCTHIC YacTH .

[Tpumep 2

Beruncaute 00beM JeTanu, KOTOpas HJISHTHYHA Tely, MOJIYYeHHOMY BpalleHueM (urypsi,

2

OTpPaHHUYEHHOM THHUAMU » — 2x—x T 0 BOKpyr ocu 4|

Pemenne: Kak u B 3ajaue Ha HaXOK/JICHHUE TUIOIIAM, pelIeHHe HAYMHAETCs ¢ YepTexKa II0CKOoi
duryper. To ecTh, Ha TIOCKOCTH <+ HEOGXOZMMO MOCTPOMTH (HUIYpY, OrPAHHUYCHHYIO THHHSIMH

y=2x—x°

1

Hckomas miockast ¢purypa 3alITpuXOBaHa CUHUM IIBETOM, UMEHHO OHA W BpAaIlaeTCs BOKPYT OCHU
(& | B pesynbrare BpalleHHUs TOTyYacTCsl TAKas HEMHOTO SIILEBHHAS JICTAIOIAs TApeiKa, KOTopas

CUMMETPUYHA OTHOCUTEIBHO OCH 24
O0beM TeJ1a BpalleHUs1 MOKHO BBIYMCJIUTH 110 popmy.ie:

v =n| *(x)dx



Brruncium 00BeM Tela BpAILICHUS, HCIIOJIb3YsI JIAHHYIO dbopmyny:

A 2 2
v =a] fA(dx = w[ (22— 2 dx = a] (4x" - 4x° +2%)dx =
a 1] i}

3 5
It ] It 5 15

3 16

s 2 w3358

OTtBeT:
dopma npeacTaBiaeHs pe3yJbTaTa: BBIIIOJIHEHHOE 33/1aHNE

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Clid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEOOXOIMMOM TIOCIIEIOBATEIIBHOCTH JCHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIllMCH U BBEIYUCICHHA.

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

OueHka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €Cld pabOTa BBINIOJHEHA HE IMOJTHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJNYYUTh NPAaBUIbHBIE PE3yAbTaThl U BBIBOJBI, B XOJI€
MPOBEICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIM pabOTa BBHIIIOJIHEHA HE MOJHOCTHIO UM 00BEM
BBITIOJITHCHHOW YacTH paOOThI HE MO3BOJISET CACNIATh MPABHILHBIX BBIBOJIOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHme

IIpakTnyeckoe 3ansTue Ne 34, 35
«@Du3nvecKue MPUJI0KEHUSI HHTETPATOB)»

Heap padorbl: HayunThcs NpUMEHSATh UHTETPaJIbl K PEIICHUIO PU3NYECKUX 3a]au

Boinosinenue padorsl cnocodocTByeT GOPMUPOBAHUIO:

OK 01 BeiGupats crioco0sl pemieHus 3aaad npoecCUOHaTbHON JEATeNbHOCTH MPUMEHHUTENBHO K
Pa3JINIHBIM KOHTCKCTaM

OK 03 IInanupoBatTh U peaqu30BbIBaTh COOCTBEHHOE MPOPECCHOHATBHOE U JIMYHOCTHOE Pa3BUTHE,
MpeNNPUHUMATEIBCKYIO AESITEIbHOCTD B IPOPECCUOHANBHOM cepe, MCIOJb30BaATh 3HAHUS 110 IPaBOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B PA3JIMUHBIX )KU3HEHHBIX CUTYalUsAX

OK 06 IIposBAsTh TpakJaHCKO-TIATPUOTUYECKYIO TO3UIIHI0, JIEMOHCTPUPOBATh OCO3HAHHOE
IIOBE/ICHUE HAa OCHOBE TPAJAMIIMOHHBIX POCCUICKUX JyXOBHO-HPAaBCTBEHHBIX LIEHHOCTEH, B TOM YHCIE C
YUETOM TapMOHHU3AIUH MCKHAIIUOHAJIIBHBIX U MCEKPCIUTHO3HBIX OTHOHIGHHﬁ, IOPUMEHATE CTAaHAAPTHI
AHTUKOPPYNLMOHHOIO TIOBEICHUS

OK 07 CopneiicTBOBaTh COXpPaHEHHUIO OKPYXAIOUIeHl cpebl, pecypcocOepekeHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMAaTa, MPUHIUIBI OEpeXJIMBOro MPOU3BOACTBA, 3()(PEeKTUBHO AEHCTBOBATH B
qpezquaﬁme CUTyalusx

OK 08 Hcnonb30BaTh cpeAcTBa (PU3NYECKON KYIbTYPHI AJIsi COXPAaHEHHS U YKPETICHUS 3710pPOBbS B
npouecce MpodeccHoHaTbHON JeSTeNbHOCTH M MOJAJEp’KaHUS HEOOXOIMMOro YpOBHS (u3ndecKon
IIOATOTOBJIEHHOCTH

OK 09 Ilonb3oBaThcs mpoheccCHOHANBbHON TOKYMEHTAlUe Ha roCyAapCTBEHHOM M MHOCTPAHHOM
A3BIKaX.

[1K 2.1 BbInonHATH pacyeTsl mapaMeTpoB TEXHOJOTHYECKOIo Ipolecca, padoTel 000pyIOBaHMUS,
XapaKTEPUCTUK UCXOTHOI'0O CHIPhI U NPOAYKIUH P IIPOU3BOACTBE YEPHBIX METAIIIIOB.



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

3aganmue:

1) Berunciaure maccy ydactka ctepkas X1= 0 10 X»=3 (M), €clii ero JuHelWHas INIOTHOCTh 3a0aeTCs
dopmyioit p(x) = x% + 1(xr/n).

2) CkopocTh JIBIWKEHUS Ha KOHBeWepHOW jeHTe v=v(t). Halimem mnyte S, npoiaeHHBIHA
COZIEP>KMMbIM KOHBEHEPHOM JIGHTHI 32 IIPOMEXYTOK BPEMEHH OT t1=2 110 tp=7 MHH.

3) Teno OpoiieHO BEPTUKAIBHO BBEPX CO CKOPOCTHbIO, KOTOpas M3MEHSETCS IO 3aKOHY
v =29.4—9.8t m/c. HaiiTu HanOoJbIITyIO BBICOTY TOIbEMA.

Iopsinok BbINOJIHEHHSI PAa0OTHI:

o _ ts
1) 3anucath (GOpMyIly, UCIIONIB3Ys OMPEeNICHHbIN HHTerpan S = | ., v(©adt
2) Boruncnuth onpeeneHHblidi HHTErpa

1. CxopocTh IBUXEHHUS Ha KOHBEWHEpHOH JeHTe ¥ = (9t* — 8t) m/c. Haiftu myTh, MpOWICHHBIH
COJIEP’KUMBIM KOHBEHEPHO JIEHTHI 32 4-10 CEKYH/TY.

Pemenne: COrJIacHO YCIIOBHIO, fle)=ot* - 8¢, ty =3t =4 CrnengoBaTeibHO,
4 -
s = [, (9t* — 8t)dt = [3¢* — 4t2]} = 83 (w).

2. Beruucnure Maccy y4dactka ctepxkas X1= 0 10 Xo=1 (M), ecnu ero JTuHEHHas! MJI0THOCTh 33/1aeTCs
dopmymoii p(x) = x* + 1(kr/n).

Pewenne:

Cornacho opmyne, numeem:

m = /,:Lt')d.r

I
. 3 (1 13 03 |

m / (J‘.—‘ + 1)1‘11‘ (_¥ + .r) ‘“ ) + 1 — (—; + 3) =3
0

Orser: 1,33 kr

3. Teno OpoIIeHO ¢ MOBEPXHOCTH 3€MJIM BEPTUKAIBHO BBEPX CO CKOpocThio V = (39,2—9,8t) m/c.
Haiiti HanOoNbIIyI0 BEICOTY MOABEMA TEJA.

Pemenue: Te10 1OCTUTHET HAMOOJIBIICH BBICOTHI TIOABEMA B TAKOH MOMEHT BpeMeHH t, korya v = 0,
T.e. 39,2—9,8t =0, otkyna t= 4 c. I[To popmysne (1) nHaxomum h=78.4

(I)opMa NpeaACTaBJICHUA PE3yabTaTa: BEIIIOJIHCHHOC 3a/IaHNUE

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €clid pa0oTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aMUCH ¥ BBIYMCIICHUS.

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

Ouenka "yI10BJIeTBOPUTEIBHO' CTAaBUTCS, €CIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJIECT MOJYYUTh NPABUIBHBIE PE3YylbTaThl U BBIBOJBI, B XOJIE
MpOBeIeHUs pabOTHI ObUTH TOMYIEHb! OLITHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CIIM paboTa BHIMIOJHEHA HE TTOJIHOCTHIO UM 00BEM



BBITIOJTHEHHOM YacTH paGOTbI HC MMO3BOJIACT CACIATh NPABUJIBHBIX BHIBOIOB.

Tema 4.1. KoopauHaTbl M BEKTOPbBI

IIpakTuyeckoe 3ansitue Ne 36
«BekTopsl. [leiicTBus ¢ BekTopamu. /lekapToBa cucTeMa KOOPAMHAT B IPOCTPAHCTBeE.
Paccrosinne Mexay TOUKAMM)

Heﬂb: Hay‘lI/ITBCﬂ BBIIIOJIHATD HeﬁCTBHH C BEKTOpaMH, HaXOAUTh paCCTOAHUE MCKIY TOYKAMH.

BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO:
OK 01 Beibuparh cmocoObl pemieHust 3aaad Npo(hecCHOHAIBHOW JAEATEIBHOCTH NPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM
I[IK 2.1 BpIMomHATH pacyeTbl MapamMeTpoB TEXHOJOTHYECKOro Iporecca, paboTsl 000pyIOBaHUS,
XapaKTEPUCTUK UCXOIHOTO ChIPbs U MIPOLYKLUH IIPU IIPOU3BOACTBE YEPHBIX METAJIJIOB.

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

3aganue:

Pemnre 3amaun:

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

1. Jlanel 1Be ToukH: A(m;—n;0) M B(p;—n; 2).Pa3noxkute BEKTOp AB IO BEKTOpaM 0Oasmca H
HAWJIUTE €ro JJIUHY.

- > - - - - -

2. Jlausi BekTOpsl a=pi— j+mk u b =ni+ pk Haiinute KOopTUHATH BeKTOPa ¢ =ma—nb

— -> - -
3. BolunciiTe  CKalApHOE TpoM3BeleHME BekTopos(a—2b)-a, ecnm  a={-m;n;p} wu
N
b ={0;—p;n}.

- -
4. Tlpu KaKOM 3HAYEHUH «x» BEKTOPHI a = {m;—n; X} ub= {— 2m; 2n; p} OyAyT KOJJTMHEAPHBIMU?

5. Teno, Ha KOTOpOE JeicTByeT moctosiHHas cuwiaa F = (2n; —3p; 5), mepememmaercst o OTpe3Ky
npsiMoit u3 Touku A (-N; 2; -m) B Touky B (1;m;2). Beraucnure paboTy 3TOH CHITBIL.

Iopsaok BbINOJIHEHUS PA0OTHI:

1. BHUMaTEIbHO 03HAKOMBTECH C YCIIOBUEM 3a/1aHUA.

2. Tlonmb3ysick KOHCHEKTaMH JIEKIUH, MoAOepHTe HYXHYIO (OpPMYITy HIA COOTBETCTBYIOIIEE
YCJIOBHUE JIJIS1 pEUICHUS 3a]1a4u.

3amaya Ne 1. Jlanbl Touku A(—3;1; —1) U B (2; —4; 1).

. .
Paznoxxure BeKTOp AB 1O BEKTOpaMm Oa3mca M HAlAWTE €ro JITTUHY.
Pemenue.

1) AB = {2 - (-3);-4 - 11 —(-1)} = {5,-5;2} - KOOpAMHATHI BEKTOPA.



2) PasnoxnuM AB 10 BEKTOpaM basmca:
AB =5i-5j+2kK.
3) dnuny |AB| Haiiziem 1o dbopmyie:

a=x*+y*+12%;
|
AB|=,/5% + (=5)% + 2% =+/64 =/9-6 =3./6 .
3amaua Ne 2.
Jlanbl BekTopsl @ =i—3 j+ K 1 b = 2i+ k .Hailxure KOOpAMHATHI BEKTOPa © — a— 2 b .PeweHne
a={-31}.

b={-201); 2b={402}.

c=a-2b = {131} {- 40,2} = L (-4)-3-01-2}= 5i-3-1).

3amgauga Ne 3

Brruuciure ckanspHoe npoussenenue (2a+b)-a, ecnmu a = {1;0;3} ub= {2;—1;1}.

Pemienue

1) Haiiném xoopuHATHI 2 Z :

24 =1{2:06)

2). Haitném koopauHaThl 2 Z+ B :
2a+b={206}+ {2-11}={4,-17}.
3). Haiiném ckanspHoe mpou3BeeHuE:
(2a+b)-a=4-1+0-(-1)+3-7=25.
OrtBer: 25

3amaua Ne 4.

—

[Tpu KakOM 3HAYCHHUH «x» BEKTOPHI A = {4;—6; X} u

YcaoBue KOJUIMHEApHOCTU BEKTOPOB:

- - X, _ i _ Z,
a U b KOJUIMHEApHBI, €CIU — = — = —,
X2 y2 ZZ
[Tonyunm:
4 _-6_x
1303
2
X
—8=—, x=-24
3

OTBeT: x=-24.

3amaya Ne 5

Terno, Ha KOTOpOE JAEHCTBYET MoCcTOstHHAs cuia F = (4; —3; 5), mepemerniaercst Mo OTpe3Ky MpsMoit

b-{-

13
E , Z ;3¢ OyayT KOJIMHEAPHBIMHU?

u3 Touku A (-5; 2; -1) B Touxy B (1;3;2). Berauciaure paboTy 3TOM CHIIBIL.

Pemenue:



Vmeem AB=(1-(-5))1+(3-2)]+(2-(-1))k=67+] +3k
Teneps Bocnonbzyemcst popmynon W= F*AB=4%*6-3*1+5*3=36
dopma npeacTaBIeHus pe3yJbTaTa: BHIIOJHCHHOE 3aJaHHe.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Cid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIUMOM TIOCTIEOBATEIBHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIIIOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

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

Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €Clid pabOTa BBIMOJIHEHA HE IMOJTHOCTBIO, HO 00BEM
BBIMIOJTHEHHONW YacTW TaKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUJIbHBIE PE3yJAbTaThl U BBIBOJBI, B XOJI€
MPOBEACHUS PaOOTHI OBUIH JOTYIIEHBI OITHOKHY.

OueHka ""Hey10BJeTBOPUTEIBbHO' CTaBUTCS, €CIIM padOTa BBHIIIOJIHEHA HE MOJIHOCTHIO UM 00BEM
BBHITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENATh IPABIIIbHBIX BHIBOJIOB.

Tema 4.1. KoopauHaTbl M BEKTOPBI

IIpakTuyeckoe 3ansiTue Ne 37
«/lexapToBa cucTeMa KOOPAMHAT HA MJIOCKOCTH. Y PAaBHEHUSI NPAMOii, OKPYKHOCTH.
Penrenue 3a1a4 Ha pacnoJiokeHne MPSIMbIX HA MJIOCKOCTH»

Heﬂb paﬁoTbI: Hay‘lI/ITBCH pelaTth 3aJilady Ha HAXOXKIACHHUC ypaBHeHI/Iﬁ INPpsAMBIX U OKPYH(HOCTCIZ,
Ha PacCIIOJIOKCHUC IIPAMBIX Ha IMJIOCKOCTH.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 BeiObupaTth crnocoObl pemieHus 3ajaad NpopecCHOHANBbHON JeATENbHOCTH MNPHUMEHUTENIBHO K
pa3IMYHBIM KOHTEKCTaM

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

3ananne:

M- KOJIMYECTBO OYKB B UMEHU

N- KOJINYeCTBO OYKB B (paMUIINU

P- MecsL pOKAEHUS

1. Haiit TOUKy mepecedeHus NpsIMbIX: mx —py+n=0 H x—y—p =0.

2. HaiinuTe oCTpBIN Yroy MeXy IPSMbIMH:

mx+ny—-p=0unx—py—nm=0.

3. CocTaBbTe ypaBHeHHE NpsAMOM, mapanensHoil npsmoit PX+Y—M=0 u npoxonsmeii yepes
TOYKY A(—n; 1).

4. N3 touku A(m;—1) Ha mpsamyio NX+ Py+1=0 omymen nepmenmukynsp. CocTaBbTe ero
YpaBHEHUE.

IHopsaoK BbINIOJIHEHHS PA0OTHI:

1. BHMMaTeIbHO 03HAKOMBTECH C YCIOBUEM 3a1aHMUS.

2. Tlonwp3ysich KOHCIEKTaMHU JICKIIUWA, TOAOEpPUTE HYXHYIO (OpPMYTy HIHM COOTBETCTBYIOIIEE
YCIJIOBHE ISl PELLICHHUs 3a1a4n



3amaua Ne |

Haiitu Touky nepecedeHus NpsMbIX:
2Xx+3y-12=0u x-y-1=0.

Pemm cucremy:

{2X+3y—12=0, {2(1+ y)+3y-12 =0,

X—y-1=0; x=1+Yy;
2+2y+3y-12=0, 5y =10, y =2,
Xx=1+Yy; x=1+Yy; X=3.

OtBeT: TOUKa M (3; 2).

3amgauga Ne 2
OnpenenuTh yroja MeXay MPsIMbIMU, 3aJaHHBIMH YPaBHEHHSIMH:

2X—-3y+6=0u x+5y—-2=0.

Pemienue
Haiinem yrnoBbie K03 GUIIUEHTHI ITHX TPSIMBbIX:
2Xx—3y+6=0; X+5y—-2=0
-3y =-2X—6, Sy=-X+2,
y—gx+6 y——£x+g
37 5 5
2 1
k,==. k,=—=.
'3 5
y k, —k,
IloncraBuM  HalIeHHBIE  3HAYEHUs k, n k, B (opmymy: gp=———.
1+k, -k,
2 B
gp=—2155 - R
1+(-5)-= =
53 15

tgp=-1 @=135"
[TonydeHHbI yronm MexAay NpsMbIMH - Tynod. CMEXHbII ¢ HUM, OyJIeT OCTpBIi, TO €ecTh

¢, =180° —135° = 45°,

3agaga Ne 3

1. CocraBbTe ypaBHeHHe TIpsAMOii, mapamtensHoit npamoit 9X +3Y —7=0 u npoxoxsmeit uepes
touky A(-2;6).

Pemenne
CocraBum ypaBHEHUE Iy4kKa IIPSIMBIX, MIPOXOAAIINX yepes TOYKY
A(-2;6).
y—6=K(X+2)
HaxoauMm yrinoBoit ko3¢ (GUIIMeHT J7aHHOW IPSIMOiA:
3y =-5x+7,
e Suel o5
3° 3 3

5 . . .
Tak kak npsiMble mapajuienabHsl, TO K, = — 3" YII0BOM KOO(PGUIUEHT HCKOMOM MPSAMO.



o 5
IloacraBuM HaleHHOE 3HaUYeHHE K, = — 3 B YpPAaBHEHUE ITy4Ka MPAMBIX:

y—6=k(x+2);
rocJie npeodpa3oBaHus MOJIYUUM:

5x+3y -8=0.

3anaga Ne 4
U3 touku A(-3;5) Ha npsimyro X —2Y + 3=0 onymen nepnenaukynsp. Hanucars ero ypaBHeHue.
Pewenne

CocraBum ypaBHEHUE Iy4Ka MPSAMBIX, MPOXOIALINX yepes TOYKY
A(-3;5).

y—-5=k(x+3).
Haiinem yrinosoii kospduuuent K, npamoit X —2y +3=0;
-2y=—X-3
y=tx+2;

2 2

1
kl = E

1

YuuThiBasg ycOBHME MEPIEHAMKYISPHOCTH HPAMBIX: K, =—k—, HalJleM YpaBHEHHE HCKOMOM

2
NPpAMOi

k, =—2.
y—-5=-2(x+3);
y+2x+1=0.
Otger: Y +2Xx+1=0.

(I)opMa npeacTaBJICHUs pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kputepun onenkn:
Ouenka "oTJaMYHO'" CTaBUTCA, €Clid paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM

HCO6XO,[[I/IMOI>'I IOCICI0BATCIBbHOCTHU HeﬁCTBHﬁ; B OTBCTC NPABUIIBHO U AKKYPAaTHO BBIIIOJIHCHBI BCC
3allMCHU U BBIYMCIICHUA.

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

Ouenka "yI10BJIETBOPUTEIBHO' CTAaBUTCS, €CIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJISICT MOJIYYHTh MPABWIBHBIE PE3yabTaThl M BBIBOJIBI; B XOJIE
MPOBEJICHUS paOOThI ObUTH AOMYIIEHBI OIIUOKH.

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

Tema 4.2. [IpsiMmble ¥ IVIOCKOCTH B NPOCTPAHCTBE

IIpakTyeckoe 3ansaTue Ne 38
«Pemenne 3a1a4 Ha NMapaJIIeJIbHOCTD MPSIMON H TUIOCKOCTI

Hean padorbi: HayunThes pemaTs 3a/1a4u Ha NAapaJIENbHOCTh MPSIMOM M INIOCKOCTH, UCIOJIB3YS
IIPU3HAK NapaAJJIEIbHOCTH IIPSIMOMN U IJIOCKOCTH.



BoinosiHeHHe padoThI cnoco0cTBYET (POPMUPOBAHUIO:
OK 01 Beibuparh cmocoObl pemieHust 3aaad Mpo(hecCHOHAIBHONW JAEATEIbHOCTH NPUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 05 Ocy1iecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHHKAIIUIO HA TOCYIapCTBEHHOM si3bike Poccuiickoit
®denepanuu ¢ yueToM 0COOEHHOCTEH COLUAIBHOIO U KYJIbTYPHOTO KOHTEKCTa

MarepuasnbHoe obecniedenue: VHIUBUyalIbHBIE 3aJaHUs, CIIPABOYHBIE MaTepHailbl, KOHCIEKTbI
JIEKIIUN.

3aganmue:

M- KOJUYECTBO OYKB B UMEHU
N- KOJIM4YeCTBO OYKB B (haMUITHH
p- MecsI pOKICHUS

3amagaNel

Touka K He nexut B minockoctu kBajgpara ABCD. Touku M u P - cepeaunsl orpeskoB KB u KC.
1). Kak pacnonosxens! npsimbic AD u MP?

2). Beruncaure quny orpeska MP, eciiu ctopoHa kBajipara paBHa n CM.

3agaua Ne2

OcnoBanne AD tpanenun ABCD naxoautcs Ha mimockoctu P, a ocHoBanne BC otcrout ot Hee Ha

o ) DA m+n
p CM. HaI/II[I/ITC PACCTOAHUC OT TOUYKHU IICPCCCUCHUA JHAIOHAJICH OO0 IINIOCKOCTHU P, cCilin E =

m
3amaua Ne3
[Tnockocts P mepecekaer croponst AB u AC tpeyronsHuka B Toukax Bj; u C; cOOTBETCTBEHHO.
B1C; napannensna BC u paBHa p cMm, a AC,: C,C = m:n. Haittu BC.

Ilopsinok BbINOJHEHHS PadOTHI:

1. BHMMaTeapHO MPOYUTANTE YCIOBHUE 3a1aUH.

2. 3anuiuTe, 4TO B 3a/1a4e JaHO, CAeNaiTe PUCYHOK.

3. IIpoananu3upyiite yciloBUE 3aauu, pacCy’kaas OT TOTO, YTO HY)KHO HalTu. BcnoMHuTe, Kakue
TeopeMbl U (HOPMYJIBI TTOHAIOOSATCS TIPH PEUICHUH 3a1a4H.

4. Pemute 3aauy. 3auIINTE OTBET.

[Ipn pemenuu 3amay Ha 3Ty TEMY HCIOJIB3YETCSl OINpeAeNieHuEe NapauleIbHbIX NPSIMOH U
IJIOCKOCTH, IPU3HAK MapAJUIEIbHOCTH MIPSIMON U TUNIOCKOCTH, @ TAK)KE BAIllM 3HAHUS U3 TUNIAHUMETPHH.

3anaya Nel
Touku A, B, Cu D ne nexar B omnoit miockoctu. K u M — cepenunst orpeskoB BD u CD.
1) UWmerot au oOmmue Touku npsiMasi KM u m1ockocTb, B KOTOpPOit jexar Touku A, B u C?
2) Beraucnure nepumetp Tpeyroiabauka AKM, ecnu paccrosiHue
MEXy KaKJ1I0M Tapoy TaHHBIX TOYEK PAaBHO & CM.

K M JlaHo: x, A€ x, BE«,C €,
BK=KD, CM=MD,
Lo AB=AC=BC=AD=BD=CD=8 cm
\iW 1) nepecekarorcst it KM n «
s A 2) Haiitu P,y
Pemenue:

1) Touxa K sBnsiercs cepenunoit otpeska BD, Touka M- cepenuna otpeska CD. 3HauuT 0Tpe3ok
KM - cpennss nunus tpeyronbauka BCD.
IlIo cBOMCTBY cpeAHEd JIMHUU TPEYrojJbHUKAa KM||BC, KM = %BC. CnenoBatenbHo, oTpe3ok KM



napajulejieH MpsMOH, JIeKalled B IUIOCKOCTH. [lo mpu3HaKky mapajulesIbHOCTH NPSMOW M IUIOCKOCTH,
oTpe30k KM U mi10cKoCTh napajuiesibHbl, T.€. HE MEPECEKAIOTCA.

2)Pxy = AK + AM + KM

KM =-BC KM =4cm.

Paccmorpum Tpeyronpauku ACD u ABD: AC=AD=AB=CD=BD, 1.e. ACD u ABD- paBHbi¢
PaBHOCTOPOHHUE TPEyroibHUKH, a orpe3ku AM u AK- mMeamanbl ¥ BBICOTBI 3THUX TPEYrOJbHHUKOB.
Haitnem 3tu oTpe3ku:

AK = AM = VAC? — MC?

MC = 4 cMm.

AK = AM = V82 — 42 = /64 — 16 = V48 = 4/3 cm
Puy =4+4V3 + 43 =4+8/3cm

3amaua Ne 2
OcnoBanne AD tpanenun ABCD naxoautcs Ha mimockoctr P, a ocHoBanne BC otcrout ot Hee Ha
5 CM. HaiinuTe paccTosiHMe OT TOYKH IepeceyeHusl AuaroHaieil 1o
: wiockoct P, ecm 22 = 2,
| N B B 3
Hano:
Ny / ﬂi : - ABCD - tparmenus,
== | o LT N, _:‘ 5 BB;=5cwMm, BB1+ P
yd Haiitu: paccrosuue o M 10 mnockoctu P
Pewenue

1) U3 touku M nposenem k miiockoctu P nepnennukynsip OM. CnenoBatenbHo, OM- paccTosiHue
oT M 1o mmiockoctu P.

2) Paccmotpum AADM u ACBM

£BMC = £DMC Kak BepTHKaJIbHbIE

£CBM = £ADM Kak HakpecTiexaue npu napauienbHbix npsmsix BC u AD u cexymieit BD.

3Hauut, AADM ¥ ACBM momo6Hsl 1 = = 22 =24,
cD BM CM

DA 7 DA DM AM 7

—_—_—_, ey — = — = — = -

511.?/1 ?_’7 cD BI\_/71 cM 3 3

— =-=>DM =—BD,BM = —BD

BM 3 10 10

3) Paccmotpum ABB,D u AMOD

£D — o6mui, £BB;D = £LMOD = 90° = ABB,D ~ AMOD

BBy _ BD
MO~ MD
BBy _ BD _ 10
MO ~ 07BD 7
7
MO =—BD
10

MO=L.-5=35cm
10
Ortser: 3,5 cm.

(I)opMa npeacTaBJCHUsA pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €Cid padoTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOIEHHEM
HEO0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aMUCH ¥ BBIYMCIICHUSI.

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

Ouenka "yI10BJIeTBOPHUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM



BBITIOTHEHHONW YacTH TaKOB, YTO IO3BOJISIET MOJNYYWUTh NPABHIBHBIE PE3yAbTaThl U BBIBOJBI, B XOJIE
MPOBEACHUS PAaOOTHI OBUTH JOTYIIEHBI OIITHOKH.

Ouenka "Hey10BJI€TBOPUTEIBbHO' CTaBUTCS, €CIIM PabOTa BBHIIIOJIHEHA HE MOJHOCTHIO UIH 00BEM
BBITIOJTHEHHON YacTy pabOThI HE MO3BOJISET CAENATh MPABUIIBHBIX BBHIBOJIOB.

Tema 4.2. [IpsiMble U JIOCKOCTH B IPOCTPAHCTBE

IIpakTuyeckasi pa6ora Ne 39
«Pemenue 3a1a4 Ha NePNEHTUKYJIAPHOCTH NMPSIMOI U TJIOCKOCTHY

Henp padorbi: HayunTbest Mcosb30BaTh NpU3HAK NEPHEHAMKYISIPHOCTH MPSAMOM U IIJIOCKOCTH,
TEOpEMyY O TpexX NEPIEHAUKYISIPax IPU PELICHUM 3aa4.

BoinosineHne padoTsl cnoco0CcTBYeT (POPMUPOBAHMIO:
OK 01 BeiOuparh cmocoObl pemieHust 3aaad Mpo(hecCHOHATBHONW JAEATENIbHOCTH NPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHHKAIIUIO HA TOCYIapCTBEHHOM si3bIke Poccuiickoit
denepanuu ¢ yueToM 0COOEHHOCTEH COLUATBHOTO U KYyJIbTYPHOTO KOHTEKCTa

MaTtepuajbHOe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHLHBIC 3alaHuA, CIIPAaBOYHBIC MaTCpUalibl, KOHCIICKTBI HeKHHﬁ.

3aganue:

M- KOJMYECTBO OYKB B UMCHHU
N- KOJIMYECTBO OYKB B (haMUITHH
P- MeCSIIl POXKICHUS

3anmagaNel

Han pom6 ABCD. 13 Touku nepecedenus ero quaronaiei nposesaeH orpe3ok OF, Tak, uto AF = £F
, BF = DF. Jlokaxure, yto OF mepreHauKyIsaper IIockocTH pomba, orpe3ok AC meprneHAuKyIspeH
mwiockoctu BDF.

3anaya Ne2

Han paBHOOeApeHHbI TpeyronbHUK ABC. AC = BC= n cM, AB = m+ 5 cm. U3 Bepmmnbl yriua C
IIPOBEJIEH K IUIOCKOCTH nepneHaukynsap CD, pasublii # cM. Haliaure paccrosinue ot Touku D 10 CTOpOHBI
AB.

3amauda Ne3

Touku A u B nexxat B miockoctu a, M — Takass Touka B MPOCTPAHCTBE, AJIi KOTOPOU AM = m
, BM = n ¥ opTOroHanbHas MPOEKIMS Ha IJIOCKOCTh oo oTpe3ka BM B Tpu paza Oosblie OpTOroHaJIbHON
MIPOEKIIMU Ha 3Ty III0cKoCcTh oTpe3ka AM . Haliaure paccrosiHue ot Touku M 10 TIIOCKOCTH o .

3agaua Ne 4

Bricota mpsmoyroisHOro TpeyroibHuka ABC, omymieHHas Ha THIOTEHY3y, paBHa P cMm. U3
BepunHbl C mpsiMoro  yria BoOcCTaBlIeH K  IulockocTd  TpeyrosnbHuka ABC nepnenauxyssip CM,
npuyeMm CH = m+n cM. Haliagure pacctosinue ot Touku M 10 runorenyssl AB.

ITopsinok BbINOJHEHHS padOThI:

1. BHMMaTEpHO MPOYUTANTE YCIOBUE 3ada4H.

2. 3anuiunTe, 4TO B 3a/1a4€ JAaHO, CAEIANTE PUCYHOK.

3. Ilpoanann3upyiTe yCIOBUE 3a/1a4l, PACCykJasg OT TOTO, YTO HYKHO HalTu. BcmomHuTe, Kakue
TeopeMbl U (POPMYJIbl TOHAAO00STCS TIPU PEIICHUH 3a/1aUH.

4. Pemnre 3a1a4y. 3anuIInTe OTBET.

IIpn pemieHnn 3agady Ha 3Ty TEMY HCHOJb3YETCsSl ONPEIECICHHE NEPIEHAUKYISPHBIX NMPSIMOW U



IIJIOCKOCTH, NIPU3HAK MEPIEHIUKYIIIPHOCTU IIPSIMOM U INIOCKOCTH, TEOPEMBI O TPEX NEPICHAUKYIIApax, a
TaK)Ke Balll¥ 3HAHUA U3 IUNIAHUMETPUU

3anayva 1
N3 Touku mepecedyeHus auaroHanei napamwienorpamma ABCD mnpoenen oTpe3ok OM Tak, 4TO

Ma = MCME =MD, Jlokaxute, yTo oTpe3ok OM nepreHAuKyIspeH JI0CKOCTH NapaieaorpaMmma.

Jano:
M AEBCD - mapammenorp ammM

ACNED =P
D o MA =MC,ME =MD
% Jlokazarp: M-L{ABCD)

JlokazaTenbCcTBO
1) Paccmorpum tpeyroapHukn AOM m COM. OM - obmas cropoHa, MA =MC 110 YCIOBHIO,

AD = 0C 1Mo CBOMCTBY JIMaroHaJIe mapajjiesiorpaMma. 3HauUUT, TPEYTrOJIbHUKHA PAaBHBI 110 TPEM CTOPOHAM,
T.c. 440N = ACOM, CnemoBaTelbHO, ~ADN = £ COM,

T. K. 3TH yIJIBI CMEXXHBIE U PABHBIE, TO OHU PABHBI 110 90°, T.e. OM L AC.

2) Paccmotpum Tpeyronbauku BOM u DOM. OM - oOmiast ctopona, ME =MD MO YCIOBHUIO,
BO = (0D mo CBOMCTBY JIMaroHajie nmapajjiesorpaMma. 3Ha4uT, TPEYTrOJIbHUKH PaBHBI 110 TPEM CTOpPOHAM,
T.e. ABOM = ADCOM. CrienoBaTebHO, £BOM = 2 DOM,

0
T. K. 9TH YrIIbl CMEXHBIE U paBHbIE, TO OHU paBHbI 10 90°, T.e. OM LBD.

O L AC,
3) O L ED

} = OM L (ABCD ] oo mpmsHary Dep Il HAHKFAPHOCTH OpAMof H [0 CHOCTH.

3agaua 2
Croponsl TpeyroiabHuka 10 cm, 17 cM u 21 cm. M3 BepiminHbl OOJIBIIETO yIiia 3TOr0 TPEyrojJbHUKA
IIPOBEJICH MEPIEHIUKYISAP K €ro IUIOCKOCTH, paBHBIM 15 cMm. Halimure paccrosHMEe OT €ro KOHIOB J10

Oo0JIbLIIeH CTOPOHBI.

Hano:

; B AABC,AE = 10 em, BE = 17em, AT = 21em
BDA(ABC), BD = 15

——| Haiitu paccrostaue ot B u D 1o AC

Pemenue
1) JlonoaHuTENbHOE MOCTPOCHHE: MpoBeAeM BM L AL,

3naunt, BM- paccrosiaue ot B no AC.
DM — HawmoHHag
EM — mpoerrpra marnonsol = DM 1 AC = DM — paceroaune ot I go AC,

EIM L AC,

2) [ns toro, utoObl HalTH BhicOTY BM TpeyronsHuka ABC, BbUMCIMM CHadajga ero IUIONIajlb,
ucnons3ys Gopmyny lepona 5, =./p - (p—al - (p—8) - (p—c), p= %E”‘
10+17+21
p=—7( = 24 e

Sapp =24 (24— 100 (24 —17) - (24 — 21) =24 - 147 - 3 = Bdee?

3) 3anuiem GopmMyny ISl BBIYUCICHUS TUIOMIATN 5, = %nh




[Tpumenum 3Ty GopMyIy K HallIeMy TPEYTOJIbHUKY: &,ap; = iAC + BM.
Bripazum u3 atoit popmynet BM:  BM = %
BM =2 =8 m

21

4) PaccmotpuM TpeyrosibHUK BDM- nmpsMOyronbHBIN, T.K. BED L (ABL).

ITo Teopeme [Tudaropa naiinem DM:

DM =EBD? + BM?

DM? =157 482 = 239

DM =280 = 17 cu

OTBeT: pacCTOSIHUS OT KOHIIOB NIEPIIEHUKYJIIsIpa 10 cTopoHbl AC paBHbI 8 cM 1 17 cm.

(I)opMa NMpeacTaBJdCHusd pe3yjabTaTa: BbIIIOJIHCHHOC 3aJaHKC.

Kpurtepun ounenku:

Ouenka "OTJMYHO'" CTaBUTCSA, €CiM pabOTa BBINIOJIHEHA B IOJHOM 00BEME C COOJIOJIEHHEM
HEO0OXOIMMOM TIOCIICIOBATSIIBHOCTH JCHCTBUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIllMCH U BBEIYUCICHHA.

Ounenka "xopomo' cTaBUTCS, €CJIU BbIIOJHEHBI TPEOOBAaHUS K OLIEHKE "OTINYHO", HO JOITYIIEHbI
2-3 Henmoyera.

Ouenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTBHIO, HO 00BEM
BBITIOJTHEHHOW YacTHU TaKOB, YTO IO3BOJISIET MOJNYYUTh NPAaBUIbHBIE PE3yAbTaThl U BBIBOJBI, B XOJIE
MpoBeACHUS Pa0OThI OBUIA JOMYIIEHBI OITHOKH.

Ouenka ""Hey10BJ1€TBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIIIOJIHEHA HE MOJHOCTBIO U 00BEM
BBITIOJIHCHHOW YacTH paOOThI HE TTO3BOJISIET CAENATh MPABWIBHBIX BHIBOJIOB.

IpakTnyeckoe 3ansaTue Ne 40
«Perenne 3a1a4 Ha MapaLIeIbHOCTD IJIOCKOCTEID)

Henap padorbi: HayunTbes MCnosb30BaTh MPU3HAK MMapajUIeIbHOCTH IUIOCKOCTEM W CBOMCTBa
MapaJuIeNIbHBIX TUIOCKOCTEN IIPH PEIICHNN 3a]au.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeibupaTth crnocoObl pemieHus 3ajaad NpoPecCHOHAIBbHON JeATEIbHOCTH NPUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 05 OcymiecTBisITh yCTHYIO M TUCBMEHHYI0O KOMMYHHMKAIIMIO HA TOCYJIapPCTBEHHOM si3bike Poccuiickoi
deneparyy ¢ y4eToM 0COOEHHOCTEH COIMATIBHOTO M KYJIBTYPHOI'O KOHTEKCTa

MarepunanbHoe obecrnieyeHue:
I/IH)]I/IBI/IHyaJ'H)HI)Ie 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI .]'IGKI.II/IfI.

3aganue:

M- KOJIMYECTBO OYKB B UMEHU
N- KOJINYeCTBO OYKB B (pamMHIIUU
p- MecsILl pOKICHUS

3amaua Ne |

Mexnay nByMsl mapajuieNbHBIMHM IUIOCKOCTSMM 3aKJIFOYEH OTPE30K, JUIMHOM m +n cM. Haligure
MIPOEKIIMU ATOTO OTPE3KA HA KAXKAYIO IIIIOCKOCTh, €CIIA PACCTOSHUE MEXY TJIOCKOCTSAMH PABHO p CM.

3amaua Ne 2

[Inockoctn M u P mapamnensHbl. M3 Touek A u B miockoctu M mpoBeneHsl K MIOCKOCTH P
HaKJIOHHBIE AC= m+n cM U BD = m+n—3 cM. I[lpoeknusa HakinoHHoit AC Ha OJHY U3 IJIOCKOCTEU



paBHa m cM. Yemy paBHa NpoeKIUs HaKJIOHHOM BD?

3amaua Ne3

Mexny AByMs lapauiebHbIMU TIockocTssMu P Q mpoBenenst otpesku AC u BD (Touku A u
B nexat B miiockoctu P), AC=m+n+p am, BD = m+n 1M , pazHocTs npoekiuiit AC u BD Ha oany u3
IIJIOCKOCTEN paBHAa m 1M . HaliquTe MIMHBI 3TUX IPOESKUUN U PACCTOSHUE MEKY INIOCKOCTSIMH.

IHopsiok BbINOJIHEHUS PA0OTHI:

1. BHMMaTEnpHO MPOYUTANTE YCIOBUE 3aa4H.

2. 3anuiuuTe, 4TO B 3a/1a4€ JaHO, CAEIANTE PUCYHOK.

3. Ilpoananu3upyiiTe yclOBHUE 3a/1aud, pacCyxkaas OT TOTO, YTO HYXKHO HaWTuU. Bcnomuure, kakue
TEOpeMbI U (POPMYIIBI TOHATO0SATCS TIPU PEIICHUU 3a/1a4H.

4. Pemnre 3a7a4y. 3anuiinTe OTBET.

[Ipu pemenun 3agady Ha 3Ty TEMYy HCIOJIB3YETCS OMNPENEICHUE MapalIeNbHbIX IIOCKOCTEH,
MIPU3HAK MapaljIeIbHOCTH IIOCKOCTEH, TEOPEMBI O NapasuIeIbHBIX TUIOCKOCTSIX, & TAKXKE BaIllM 3HAHUS U3
MIJIAHUMETPUHU

3agaua Ne 1
Mexny [OByMs NapauiedbHbIMU IUIOCKOCTSIMM 3aK/IIO4eH OTpe3ok, anuHo 10 m. Haiigute
IIPOEKIIMH ITOTO OTPEe3Ka Ha KAKIAYIO IIJIOCKOCTh, €CIIU PACCTOSIHUE MEXKAY IUIOCKOCTSIMHU PAaBHO 8 M.

Hano:

a//B,AB =10 cm
/ AC+B,AC =8cm
Haittu npoexuuun AC

=7

Pemenne

1) Tak Kak IJIOCKOCTH MapajuieNbHbl, TO PACCTOSIHHE MEXIYy HUMH - 3TO neprneHaukyisp AC.
[Toctpoum npoekiuto orpeska AB Ha miockocTs 5. 910 oTpe3ok BC.

2) Paccmotpum TpeyronbHuK ABC- npsMOyTOJIbHBIMN.

ITo teopeme ITutparopa AB? = AC? + BC?

AC* = AB® - BC?

AC* = 10° — 8% = 100 — 64 = 36

AC=6 cm.

Tak kak MI0CKOCTH NapajiesIbHbL, TO MPOEKIIMK OTPE3Ka Ha ATU TUNIOCKOCTH OYyT paBHBI.

L

3amaua Ne 2

[Tnockoctu M u P mapamnensubl. U3 Touek A u B mimockoctu M mpoBesneHbl K miiockoctu P
HaknonHble AC= 37cm u BD=125 cm. IIpoekuus HakinonHO#M AC Ha OJHY U3 TUIOCKOCTEH paBHaA 12 cM.
Uemy paBHa npoekius HaKIoHHON BD?

Jano: M | P,AEM,BEM
o AC =37 cm,BD = 125 cm
A B AE L P,BK L P,CE =12 cm

Haiitu: KD
prisses




Pemenue

1) Paccmotpum Tpeyroabauk ACE- NpsMOyroibHBIH.
ITo Teopeme ITudaropa AC? = AE? + CE?

AE* = AC* — CE®*  AE” = 37% — 12% = 1369 — 144 = 1225
AE=35 cm.

2) Paccmotpum TpeyronbHuK BKD- ipsMoyroyibHBIN.
ITo Teopeme ITudaropa BD? = KD? + BK>

KD? = BD? — BK> AE=BK, Kak pacCTOSHHUS MEX/y MapaIeIbHBIMU IUIOCKOCTAMH.
KD? = 125% — 35% = 15625 — 1225 = 14400

KD= 120 cm.

Ortgert: npoekuus BD pasna 120 cwm.

3amaga Ne3

Me:xny AByMs napasuieabHbIMU MIockocTaMu P u Q mpoBenenst otpesku AC u BD (Touku A u
B nexar B minockoctu P), AC=13 cm, BD=15 cm, cymma npoekuniit AC u BD Ha onHy u3 miockoctei
paBHa 14 cm . Haiiaure AJIMHBI 3TUX MPOEKINI U PacCTOSTHUE MEXKIY TIOCKOCTSIMHU.

4 N7

JlaHo: Q Il P,Ae P,BeP
AC =13 cm,BD =15 cm
AE 1 Q,BK 1 Q,CE + DK = 14 cM
Haiitu: CE, AE, DK

(il

Pemenne
1) Paccmorpum TpeyronbHUK ACE- IpsSMOYToJIbHBIMH.
ITo Teopeme ITudaropa AC? = AE? + CE?
AE? = AC* — CE?
[TycTh CE = x, Torna DK=14-x.
AE? = 169 — x*
2) Paccmotpum tpeyronbauk BDK- npsMoyroiabHBI.
ITo teopeme IMucaropa BD? = BK* + DK
BK* = BD* — DK*
BK? = 225 — (14 — x)* = 225 — 196 + 28x — x* = 29 + 28x — x*
AE=BK, kak paccTosiHus MEX]ly MapaIeIbHBIMU TIOCKOCTAMHU
3HaUNUT,
169 — x? = 29 + 28x — x*?
28x = 140
X=5
CE=5 cm, DK=14-5=9 cm
AE =169 — 25 = V144 = 12 cm

Ortser: pPacCTOAHUEC MCIKAY IIJIOCKOCTIAMU 12 CM, IPOCKI NN HAKIIOHHBIX S5cmu9cem.



®opma npeacTrabIeHUs pe3yJbTaTa: BBIIIOJIHEHHOE 33/1aHHUE.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Clid padoTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIUMOM TIOCTIEOBATEIIBHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMuCcH, BEIYUCICHUS, PUCYHKU U TPapUKU.

Ouenka "Xopouo' CcTaBUTCs, €CIIM BBITIOJHEHBI TPEOOBAHUS K OLIEHKE "OTIMYHO", HO JOMYIICHBI
2-3 Henmoyera.

Ouenka "yI0BJIETBOPUTEIBHO' CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBIMIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUJIbHBIE PE3yJIbTaThl U BBIBOJBL, B XOJI€
MPOBEICHUS pa0OTHI OBUIH JOMYIIEHBI OIIHOKH.

Ouenka ""Hey/10BJIETBOPUTEJIbHO' CTaBUTCS, €CJIM padOTa BBIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHON 9acTH PabOTHI HE MO3BOJISET CENATh MPABIIILHBIX BHIBOJIOB.

Tema 4.2. [Ipsimble ¥ JIOCKOCTH B MPOCTPAHCTBE

IIpakTuyeckoe 3ansitue Ne 41
«Pemenue 3a1a4 Ha IBYrpaHHbIE YIJIbD)

I_Ie.m, paﬁDTLIZ Hay‘lI/ITBCH peumars 3aJa4d Ha IIPHUMCHCHHUC MOHSITHHI yriia MExAay HpHMOﬁ n
IJIOCKOCTBIO, IBYT'PAHHOT'O yIJjid, YIjia MCXKAY INIOCKOCTAMM.

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeiOuparh crnocoObl pemieHus 3aaad Npo(ecCHOHAIBHOM JesTeIbHOCTH HPUMEHHUTENbHO K
Pa3JINIHBIM KOHTCKCTaM
OK 05 Ocy1ecTBasaTh yCTHYIO M TUCbMEHHYIO KOMMYHHUKALMIO HAa FOCYIapCTBEHHOM sA3bIKe Poccuiickoi
denepanyy ¢ yueToM 0COOEHHOCTEN COLMAIBHOIO U KYJIbTYPHOTO KOHTEKCTa

MarepuajnbHoe o0ecnieyeHue:
WNHnuBunyanbHble 3a1aHKS, CIPABOYHBIE MaTepUalIbl, KOHCIEKTHI JICKIIUH.

3aganue:

M- KOJINYECTBO OYKB B UMEHU

N- KOJIM4YeCTBO OYKB B (paMUIIHH

p- Mecs1 poxKACHUS

1) 3 Toukn A BHE IJIOCKOCTHU MPOBEAEHBI K MJIOCKOCTU MEPNEHAUKYISAP AB = n CM U HaKJIOHHBIE
AC 1 AM, oGpasyrotue ¢ miockocTsio yrist 30°. Haifgure yrom Mesx 1y HaKIOHHBIMA TipsiMoii. Haiiyire
CM.

2) KaTeTsl mpsIMOYTOJIbHOTO TPEYroJbHUKA PaBHBI n ¢M U n 4+ m cM. OnpenenuTe paccTOSHUE OT
BEpIIMHBI IPSMOTO YIUIA 10 MIIOCKOCTH, KOTOpasi POXOINT 4epe3 THIIOTeHy3y u cocrasmser yrom 30° ¢
IUIOCKOCTBIO TPEYrOJIbHUKA.

3) Touku A u B nexat Ha peOpe mpsimoro JIByrpanHoro yria. AA; u BBi- nepnenaukymnspsl k
pedpy, NpOBEACHHBIE B Pa3HBIX IpaHAX, IpuueM AB = m cM, AA; =n+m cM, BB; =n—1 cMm. Haiinure
A1B1.

IHopsiAoK BbINOJIHEHUS PA0OTHI

1. BHMMaTEIpHO MPOYUTANTE YCIOBUE 3ada4H.

2. 3anuiuuTe, 4TO B 3a/1a4€ JaHO, CACIANTE PUCYHOK.

3. Ilpoananu3upyiiTe yCIOBUE 3a/1aud, pacCykaas OT TOTO, YTO HYXKHO HaWTHU. BcnmoMHuTe, Kakue
TeopeMbl U (HOPMYIIBI TOHATO0SATCS TIPU PEIICHUH 3a/1a4H.

4. Pemnre 3a1a4y. 3anuIlInTe OTBET.



IIpu pemienny 3a1a4 Ha ATY TEMY MCHOJIb3YIOTCS ONPEAEIEHUS yIla MEXAy IPSIMOM U MJIOCKOCTHIO,
JBYTPAHHOTI'O yTJa, JMHEWHOTO yIJla JBYTPAHHOIO yTIJia, @ TAKKE BAlllM 3HAHUS U3 TUIAHUMETPHH.

3anayva 1
Han tpeyronsauk ABC co croponamu AB=9 cm, BC= 6 cm u AC=5 cMm. Uepes MEHbIIIYI0 CTOPOHY

0 N
IIPOXOJUT IIOCKOCTb, COCTAaBJISIOLIAs C IUIOCKOCTBIO TpeyroiabHuka yron 45°. Haiinure paccrosiHue
MEXK]y TJIOCKOCThIO U BEPIIMHOMN B.

B

i JlaHo: AABC,AB =9 cm
BC =6cM,AC =5cMm
AC € a, ¢ = 45°
A™N D
C Haiitu: Paccrosaue ot B 1o o
Pemenne
1) JlomoaHUTENBHOE IMTOCTPOCHUE: MPOBEJEM BD L @ = BD — paccTosiHue oT B /10 m10cKOCTH Q.

BM 1 AC = DM 1 AC no TeopeMe 0 Tpex NepneHAuKy/spax.
3HaunuT, 2BMD — MHEeNHbI}A yroJ AByrpaHHoro yrJa, 2BMD = 459,

2) B tpeyronsauke ABC naiinem BeicoTy BM.

CHayasna BBIUMCIINM ILJIOWAAb TPEYroabHuKa 1o popmysne ['epona:

S,=p p-a) (p-b)-(—c)

_ 9+6+5

=10cMm

Sipc =V10-1-4-5 = 10y/2cm?
Sapc = 3AC- BM = BM = 245¢
BM = 2'12\5 = 4+/2cm

3) Paccmorpum tpeyroasHuk BMD- npsimoyrosbHbIN 110 TOCTPOEHUIO.
= = sinBMD

BD = BMsin£BMD

BD = 4vZ - 5ind5® = 422 = 4 o

OtBert: paccTosinue oT B 10 miockoctu 4 cMm.

3anava 2
Konusr otpeska MK nexar Ha rpaHax mnpsaMoro JasyrpadHHoro yrima. MM; un KKi-

NepIeHANKYISpHI K pedpy, npudeM MK=13 cm, MM =12 cm, M1K1=3 cm. Haiigute KKj.

M a
’.'\'*.,__ JaHo: < aaf = 90°
/ ‘[“'--,,. - MK =13 cm, MM, = 12 cm, M;K; = 3 cM
Lf TN 2 MM, L a,KK, 1 a
: ‘ Haiitu: KK,
Pemenue

1) TlocTpoum NMHEHHBIHA yroj ABYrpaHHOro yria. [[is aToro yepe3 Touky Mj mpoBeneM OTpe30K

M;E, napannensusiii u paBubiii KKj.
KK, 1 a, cmemoBarelbHO, M, E 1 a.



< MM, E — MHeHHbI} yroa AByrpaHHOro yria, sHauut < MM, E = 90°,

2) PaccmotpuM AMEK

ME- naknonHas K miaockoct B, EM; — ee mpoekiust Ha 3Ty mi1ockocTh, EM; L EK ( T.k. EM1KjK —
MPSIMOYTOJIBHUK T10 TTocTpoeHuto). CrnemoBarensHo, ME L EK ( 1o TeopeMe 0 TpeX MepIreHIuKyIsIpax) u
AMEK — npsaMoyroJibHbIM.

ITo Teopeme ITudaropa MK* = ME? + EK?

ME? = MK? — EK* EK=M;K;=3 cm

ME? = 132 — 32 = 169 — 9 = 160

ME = V160 = 410 cm

3) Paccmotpum AMM, K — npsiMoyroJibHbI#, T. K. < MM, E = 90°.

ITo Teopeme IMudaropa ME* = MM, + M, E?

M,E? = ME? — MM, 2

M,E? = 160 — 144 = 16

M:E=4 cm.

3naunt, KK1=4 cm.

OtBet: KK1=4 cm.

(I)opMa NMpeacTaBJaCHus pe3yjabTaTa: BbIIIOJIHCHHOC 3aJaHKC.

Kpurtepun ounenku:

Ouenka "oTJMYHO'" CTaBUTCA, €Clid paboTa BBHINOJHEHA B IOJTHOM OOBEME C COOJIOJICHUEM
HEO0OXOIMMOM TIOCTICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMucH, BEIYUCICHUS, PUCYHKU U TpadUKU.

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

Ounenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PabOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBIIIOJIHEHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUIIbHBIE pPE3YylbTaThl U BBIBOJBI; B XOJ€
MpoBeACHUS PAOOTHI OBUIH TOMYIIEHBI OTUOKH.

Ouenka "Hey10BJ1eTBOPUTEIbHO' CTaBUTCS, €CIIH padOTa BBHIMIOJIHEHA HE MOJHOCTBIO UM 00BEM
BBITIOJITHEHHOW YacTH paOOThI HE TTO3BOJISIET CAENATh MPABWIBHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH U KpPyIJible Teja
IMpakTuyeckoe 3ansaTue Ne 42

«Pemenue 3a1a4 Ha NpU3My»
Iean padotbi: HayunThes pemaTs 3a/1a4u ¢ IPU3MOH, apajljieenunes oM 1 Kyoom

Brinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeibupaTth crnocoObl pemieHds 3ajJad NpoPecCHOHANbHON eATEIbHOCTH MNPUMEHUTENIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 02 Hcnonb3oBaTh COBPEMEHHBIE Cpe/CTBA IOWCKA, aHajIM3a M HMHTEpIpeTalnuu HH(pOopMaruu u

I/IH(I)OpMaI_[I/IOHHLIC TCXHOJOTHH JJIA BBIIIOJIHCHUSA 3aJa4 HpO(I)CCCHOHaHLHOﬁ ACATCIIbHOCTHU

OK 06 IIposBAsTh rpa)1aHCKO-NIATPUOTUYECKYIO MO3UIMIO, IEMOHCTPUPOBATh OCO3HAHHOE MOBE/ICHUE
Ha OCHOBC TpaJUIHWOHHBIX pOCCHfICKI/IX JAYXOBHO-HPaBCTBECHHBIX HeHHOCTeﬁ, B TOM 4YHCJIC C YUYCTOM
rapMOHU3AIMM  MEKHAIIMOHAJIBHBIX M MEXPEJIUTHO3HBIX  OTHOIIEHWH, NPUMEHATh CTaHIApThI
AHTUKOPPYIIMOHHOTO MOBEACHUS

OK 07 CopneiicTBOBaTh COXpaHEHUIO OKPY)KAIOLIEH Cpefibl, pecypcocOepeKeHn 0, IPUMEHATh 3HaHUs 00
W3MEHEHUU KIJIMMaTa, TMPUHIUOB OEpeXIMBOrO IMPOU3BOACTBA, A(G(EKTHUBHO JEeHCTBOBATH B
Ype3BbIUANHBIX CUTYAIHSIX

OK 08 Hcmonb3oBarh cpenctBa (pU3WUECKOW KyJIbTYPHI JJIS COXPAHEHUS W YKPEIUICHUS 3I0POBBS B



nporecce MpophecCHOHATBHONW JEATETbHOCTH M TOJAEPKaHHs HEOOXOJMMOIo YpPOBHSA (DU3MYECKOMH
MOJrOTOBJICHHOCTH

OK 09 TIlonb3oBaThCcsi MpOQEecCHOHATBHON MOKyMEHTAllMed Ha ToCyJapCTBEHHOM W HMHOCTPAHHOM
SI3BIKAX.

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

3ananme:

1.0cHoBanue MpAMOM MPHU3MBI - TPEYrOJBbHUK, CTOPOHBI KOTOPOro paBHbI 4 M, GokoBOe pedpo
pyu3Mbl paBHo 8 M. Haliqure miiomaip noiHoi NOBEPXHOCTH IIPU3MBI.

2.0OcHOBaHME TIPSMON TPU3MBI — MAPAIIIETIOrPAMM CO CTOPOHAMH 4 CM B 6 CM | YTJIOM MEXKTy HUMH 60°.
Beicora npusmel 12 cM. Haiiti nosHyro noBepxXHOCTh B 00BEM.

MHOrorpaHHMKOM HA3bIBACTCS TEJI0, OTPAHWYCHHOE IIOCKMMH MHOTOyTrolbHHKamMu. OOmme
CTOPOHBI CMEKHBIX MHOTOYTOJIbHUKOB HAa3bIBAIOT pedpaMu MHOTOTpaHHUKA. MHOTOYTrOJbHUKH, KOTOPBIE
OTPaHUYMBAIOT MHOTOTPAaHHUK, HA3BIBAIOTCS €ro rpaHsMu. [paHu MHOTOTpaHHUKA, CXOJSIIUECS B
OJTHOM TOYKe, 00pa3yl0T MHOTOTPAHHBIN Yrojl; BEPIIMHBI TaKUX MHOTOTPAHHBIX YIJIOB HAa3bIBAIOTCS
BepUIMHAMM MHOTrOTrpaHHuka. [IpsMble, COCTUHSIONINE JIB€ KaKWe-HUOYIb BEPIIWHBI, HE JIEKAIIUe Ha
OJIHOM TpaHU, HA3bIBAKOTCS AUATOHAJISIMH MHOTOTPaHHHUKA.

IIpu3ma — MHOTOTpaHHUK, JBE€ TpPaHU KOTOPOTO SIBJISIIOTCSA PABHBIMH MHOTOYTOJbHUKAMH,
JeXKAIIMMH B TapaJUICNIBHBIX IIJIOCKOCTSX, a OCTaJbHBIE T'PaHM — NapajljieiorpaMMaMH, HWMEHOIIMMH
00IMI¥e CTOPOHBI C 3ITUMU MHOTOYTOJTbHUKAMHU.

[Ipsimas mpu3ma Ha3bIBaeTCs NPABUIIBHOI, €CTT €€ OCHOBAHUS — MPABUIIbHBIE MHOTOYTOJIbHUKHU.

I[lnomaabo0 MOJHOW MOBEPXHOCTH IPU3MbI HA3BIBACTCA CyMMa IUIOMIAZCH BCeX ee TpaHeH, a
IUIOIA/IBI0 00KOBOI MOBEPXHOCTH IPU3MBI — CyMMa IIJIOLI/IeH ee OOKOBBIX IpaHei.

S,.,,=2S,,+S

ocn box
IL1omans 00K0BOM MOBEPXHOCTH MPSIMON MPU3MBI paBHA MPOU3BEACHUIO IEPUMETPA OCHOBAHUS
Ha BBICOTY IIPU3MBI.

Sﬁ(m = P ’ h
O01béM npsiMoii MpU3MBbI PABEH MPOU3BEACHHIO TUIOMIAIN OCHOBAHMS HA BBICOTY.
V=S,-h

IMopsinok BbINoOJIHEHUs PadOTHI:

1) BbINOTHHUTH YEPTEK

2) 3ammcartb KpaTKO yCIIOBHE 3aa4n
3) Odopmuts perieHne 3a1a4u

3ajgaua 1: OcHoBaHHe TIPSAMOW TIPU3MBI - poMO C BbICOTOM 2 aM. Ilmomans OOKOBOWM MOBEPXHOCTH
IIpU3MBI paBHa 96 M2, @ TUTOI@A/Tb TIOJTHOM MIOBEPXHOCTH paBHa 128 av?. Haiiure BBICOTY ITPU3MBI.

Pemenue

O003HaYMM CTOPOHY OCHOBaHUS ¢, @ O0KOBOe pedpo bPasHuMIly MexIy IIIONMa b0 MOJTHOM MTOBEPXHOCTH
TIPU3MBI U TIOMIAIBI0 OOKOBOM MOBEPXHOCTH MPU3MBI — 3TO yABOCHHAS

IUIONIA/Ib OCHOBAHUS IIPU3MBI.




L Sem2a > 2a~128-96=32 = a~16
| Swdah=962 h=Boys gy
Omer: 1,5m. %

3agaua 2: OcHOBaHUE NPSIMON MPU3MBI - IPSIMOYTOJIbHBII TPEYTOJIbHUK, KaT€Thl KOTOPOT'O PaBHBI
5Mu 12 M, 6okoBoe pedpo mpu3mbl paBHo 10 M. HaiinuTe mutomaas NoaHOH MOBEPXHOCTH IPU3MBL.

Pemenune
C,
A,
A _.-___n__:-:__.. J C
AC =152 +12° =13
Srmu = ZSWE- + SAA. aa Sa&.ﬁc + S.mc‘.c

S =2*0,5*5*12+5*10+12*10+13*10=60+300=360 M
Otser: 360 M°.

(I)opMa NMpeaAcCTaBJICHUA Pe3yabTaTa: BhIIIOJIHCHHOC 3a/laHNE

Kputepun onenkmn:

Ouenka "oTJaMYHO'" CTaBUTCA, €Clid paboTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIMMOM TOCTENOBATENBHOCTH JEHCTBUI; B OTBETE MPABUIBLHO W aKKypaTHO BBIMOJIHEHBI BCE
3aIUCH ¥ BBIYUCIICHUSI.

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

Ounenka '"y10B/1eTBOPUTEIbHO' CTAaBUTCS, €CliM paboTa BHINOJIHEHA HE MOJHOCThIO, HO 00BEM
BBITIOJIHCHHOW YacCTH TAaKOB, YTO IO3BOJIAET IMOJYYUTh MPaBUIIbHBIE pPE3yJIbTaThl U BBIBOJBI; B XOJI€
MPOBEICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CITM padOTa BBHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTH pabOTHI HE MO3BOJISIET C/IENaTh IPABIIBHBIX BBIBOIOB.

Tema 4.3 MHOrOrpaHHMKH M KpPyIJible Tesa

IIpakTnyeckoe 3ansitue Ne 43
«Pemenne 3a1a4 Ha NUPaAMUIY»

eanb padoTni: HayuuThes pemars 3aj1a4u ¢ MUPAMUI0N
BoinosiHeHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01 BeiOuparh cmocoObl pemieHust 3aaad MpodhecCHOHATBHON JAEATENIbHOCTH HPUMEHHMTENBHO K
Pa3IMYHbIM KOHTEKCTaM



OK 02 Hcnonb3oBaTh COBpEMEHHBIC CPEICTBA IMOWCKA, aHAIM3a W HMHTEPIPETAIMd HHPOPMAUA M
I/IH(bOpMaI_[I/IOHHBIC TEXHOJOTUHU AJI BBIIIOJIHCHUSA 3a1a4 HpO(l)eCCHOHaJIBHOI;'I ACATCIIbHOCTH

OK 06 IIposBisTh rpaKAaHCKO-MATPUOTHUECKYIO MMO3UIIMIO, IEMOHCTPUPOBATH OCO3HAHHOE MOBEACHUE
Ha OCHOBE TPAJMULIMOHHBIX POCCUNCKHUX J1yXOBHO-HPAaBCTBEHHBIX LIEHHOCTEH, B TOM YHCJIE C YyYETOM
TapMOHM3AIUU  MEXHAIIMOHAJIbHBIX W  MEXKPEJIUTHO3HBIX OTHOIICHWH, MPUMEHSITh CTaHAapThI
AHTUKOPPYILMOHHOI'O IOBEICHUS

OK 07 CopelicTBOBaTh COXPAaHEHHIO OKPYKAIOIIEH Cpelbl, peCcypcocOepeKeHnI0, MPUMEHSATh 3HAHHUS 00
W3MEHCHMM KJIMMaTra, MPHHLOUIB OEpeXIMBOrO TMPOU3BOACTBA, J(PQPEKTHBHO JIEHCTBOBAaTH B
Ype3BhIYAIHBIX CUTYAIHIX

OK 08 Hcmonp3oBaTh cpeacTBa (pU3MUECKOW KYJIbTYpPhI [UI COXPAHEHHS M YKPEIUICHHS 370pPOBbs B
npouecce MpodeccnoHaNbHON JEesATeNbHOCTH M MOJAJEPKaHUS HEOOXOIUMOro YpOBHS (pu3ndecKon
IIO/ITOTOBJIEHHOCTH

OK 09 Ilonp3oBarbcsi MPOQECCHOHAIBHONW JOKYMEHTAIIMEH Ha TOCYJAapCTBEHHOM W HWHOCTPaHHOM
SI3BIKAX.

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

3aganue:

1.Haiinure 00beM IpaBUIIbHOM YETHIPEXYTOJIbHOM MUpPaMUJIbl, BEICOTa KOTOPOMl 4 cM, a TuaroHaib
OCHOBaHUS 8 CM.

2. HaifTu TONHYI0 TOBEPXHOCTh MPSIMOM NHpaMUIbl, B OCHOBAHWHU, KOTOPOW JICKHT
pPaBHOOEIPEHHBIH TPEYTrOJILHUK C OCHOBAaHMEM 5 c¢M U OOKOBBIMH cTOpoHamMu 6 cM. bokoBeie pebpa
nupamMuiel 12 cm.

IIupamMmuaa — 3T0 MHOTOTPaHHUK, COCTaBJICHHBIN U3 N—yroJbHUKA U N TPEYTOJIbHUKOB.

MHOroyrojabHHUK - OCHOBaHHMe MHUPAMU/Ibl, TPEYTOJILHUKY - OOKOBBbIe TPaHM C OOLIel BEpLIMHOM,
Ha3bIBAEMON BePIUMHON NmUpaMuAbl. llepneHaukyssap, OMyNIEHHBIM W3 BEPIIMHBI NUPaMUIbl Ha €€
OCHOBAHUE, Ha3bIBAETCS BHICOTOM MUPAMM/BI.

[Tnomanpk MOTHOM MOBEPXHOCTH MAPAMUIBL:  Spom = Sgox T Soc

V= 1 S,..-H

O6beM nupamuIbL: 3

Ilpasunvnasa nupamuoa

IIupamuza Has3plBaeTCs NMPABWIBHOM, €CIM €€ OCHOBAHWE — IPABUIBHBIM MHOTOYTOJIBHMK, a
OTPE30K, COSANHSIONINHI BEPIINHY MHUPaMUbl C LIEHTPOM OCHOBAHUS, SIBJISIETCS €€ BBICOTOM.

Bce OoxoBble peOpa mNpaBUIBHOW NHpaMHIbl PaBHbI, @ OOKOBBIE T'PAaHU SBISAIOTCA PAaBHBIMU
paBHOOEPEHHBIMH TPEYTOJbHUKAMHU.

BbicotTa G0OKOBOW TpaHM NpaBWIBHOW NHpaMH[bl, NPOBEJCHHAs M3 €€ BEpIIMHBI, HA3bIBACTCS
anogemMoii.

IInomans 00KOBOW NMOBEPXHOCTH NPABWJILHOH NMHMPAMHAbI paBHA IIOJIOBUHE IPOU3BEACHHUS
NepuMeTpa OCHOBaHUs Ha anodemy.

S, =£P -l

00K 2 OCH

IL1omane MOJIHOM MOBEPXHOCTH NPABUJIBHOM NMUPAMU/bI:
1

S,omn=S,.,+=P-I
2

noaH OCH

ITopsinok BbIMOJHEHHS Pa0OTHI:
1)BbInonHUTE YepTex
2)3anucarh KpaTKO yCIOBHE 3a1a4H



3) Odopmurts penieHue.

3amaya 1: CtopoHa OCHOBAaHHWS MPABWILHOM YETHIPEXYTOJBHOM NMUpaMHIbl paBHA 4 cM, a armodema
0 as .
o0pa3yeT C III0CKOCThIO OcCHOBaHus yroii B 60°. Haifure mionaip noiaHoN MOBEpXHOCTH MHUPAMMUIBI
Pemenue:

5

Ex=Ypc->
2

C LESH =90°—60°=30° = SE=2EH =4

1 s N
Suswe =4 4-2AB+ AB* =2-4-4+47 =48 (cm”)

Oteet: 48 cm’,
3agaua 2: OcHoBaHME MUpamMUIbI —poMO, AuaroHamM kotoporo pasHbl 30 cM u 40 cMm. BbicoTbl OOKOBBIX
IpaHeii, POBE/ICHHbIE 13 BEPIIMHBI HPAMIIBL, 00pasyioT ¢ BBICOTON HpaMup! yriib, pasibie 300, Haiimire oGbem

[UpPaMU/IBL.
Pemenne:
ACw 40 = AH=HC~20

BD"'SO = BH=HD=~1{5
AB = \4'202 +152 =25
HE=%BC=12,5

SE = 2HE = 25

SH =JSE* THE" =

2
=1’252—£5-— =2$-£

11 £
Vg === 40.30.25._‘&__:5000.?:2500\/5 (cne®)

OreT: 250043 o’

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

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €CiM padoTa BBHIMIOJHEHA B TMOJTHOM OOBEME C COOJIOIEHHEM
HE0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBINIOJIHEHBI BCe
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 HenoueTa.

Ouenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IO3BOJISIET MOJYYUTh MPABUIBHBIE PE3YIbTaThl W BBIBOJBI; B XOJI€
MpOBeIeHUS pabOTHI OBUTN IOMYIEHb! OLITHOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CIIM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBHITIOTHEHHON 9acTH PabOTHI HE MO3BOJISET CAENATh MPABIIILHBIX BHIBOJIOB.



Tema 4.3 MHOTOrpaHHMKH M KpPyIJble Tesa

IpakTuyeckoe 3ansaTue Ne 44, 45
«Pemenne 3a1a4 Ha BbIYNCJIeHNE 00bEMOB M MOBEPXHOCTE MHOTOTPAHHUKOB»

Henap paborbi: HayuuThcs pemars 3agauyd Ha BbIYHMCICHHE OOBEMOB M IMOBEPXHOCTEH
MHOT'OTPaHHUKOB.

BoinosiHeHune pa6oTsl crioco0cTBYeT (POPMUPOBAHUIO:
OK 01 BeiOupare cmocoObl pemieHus 3agad npodecCHOHATBLHON JACSITEIBHOCTH MPUMEHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CpEICTBA IOWCKA, aHaJIM3a M HMHTEPIPETAluH HH()OpMAIUH H

I/IH(bOpMaI_[I/IOHHBIe TCXHOJOI'NHU JJIA BBIIIOJTHCHUA 3a1a4 HpO(beCCHOHaHBHOﬁ JCATCIIbHOCTHU

OK 06 TlposiBnaTh Tpa)xaaHCKO-TATPUOTUUYECKYIO TO3UIIMIO, JEMOHCTPUPOBATh OCO3HAHHOE IMOBEJICHUE
Ha OCHOBE TPAJULMOHHBIX POCCUHMCKUX IYXOBHO-HPABCTBEHHBIX LEHHOCTEH, B TOM YHUCIE C YYETOM
rapMoHusanvu  MCKHAIMOHAJIBHBIX U MCKPCIIUTHUO3HBIX OTHOHIGHPIﬁ, MNPUMCHATH CTaHdapThI
AHTUKOPPYIILIUOHHOTO OBECHUS

OK 07 CopneiicTBOBaTh COXpPAaHEHUIO OKPY)KAIOIIECH Cpefbl, pecypcocOepeKeHNI0, MPUMEHSTh 3HAHUS 00
M3MEHEHMH KJIMMara, MPUHLUIB OEpeXIMBOrO INPOU3BOACTBA, H(PPEKTHUBHO JEHCTBOBAaTH B
‘-IpG3BI:I‘I21]71HBIX CUTyalusx

OK 08 Hcmonp3oBaTh cpeacTBa (PU3MUECKOM KyJIbTYpbI Ul COXPAHEHUS U YKPENJEHHs 370pPOBbs B
nporecce MpoecCHOHATBHONW NEATETbHOCTH M TOIJACPKaHUs HEOOXOJUMOTO YpPOBHS (U3NUECKOM
[OJITOTOBJICHHOCTH

OK 09 Ilonb3oBarbcsi Npo(heCCHOHATBHOW JOKYMEHTAllMEW Ha TOCYJapCTBEHHOM M WHOCTPaHHOM
A3BIKAX.

I[IK 2.1 BpimonHATH pacueTsl MapaMEeTPOB TEXHOJOIMUYECKOIro Ipolecca, padoTel 000pyJoBaHMS,
XapaKTePUCTHK UCXOAHOTO ChIPhS M MPOAYKLUH NP MPOU3BOACTBE YEPHBIX METAJIIOB.

MarepuajbHoe obecnedeHne:
I/IH)II/IBI/II[yaHI)HI)IG 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3ananne:

1. Omnpenenutre Bua u Haiaure nepumerp cedeHus kyb6a ABCIA;1B1Ci/li miockocTsio,
npoxosien uepes pedpo A1lls u cepenuny pedbpa BB1, ecnu qimrna peGpa kyda paBHa § cwm.

2. Omnpepenute BUA UM Haigure nepumerp ceueHuss kyba ABCJ/IA1B1Ci/li miockoctslo,
npoxopsmient uepe3  Touku A, Jl u cepenuny pedpa CCi, ecnu anmmHa pebpa kyda paBHa 4 cM.

3. Haiigute ruiomab MoBEepXHOCTH pabodeil AeTanu, n300paKeHHOM Ha pUCYHKe (Bce ABYIpaHHbIE
YTJIBI TIPSIMBIE).

[§%]

4. Haitnute 00beM paboueii netanu, n300paxeHHOM Ha pUCYHKE (BCE JBYTPAHHBIE YTIIbI TIPSIMBIE).
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5. TpeOyercsi yCcTaHOBUTH pe3epByap sl BOABI eMKOCThIO 15 M3 Ha miomaake pasmepom 4,5 M x

3,75 M, coyxarteit ayist Hero qHoM. HaiiauTe BbhIcOTy pe3epByapa.

Ilopsiiok BbINOJTHEHHS PA0OTHI:

1) BbIMOIHHUTE YePTEK

2) 3amucarh KpaTKO yCIIOBHE 33/1a41
3) Odopmuth pelicHne 3a1a9u

3agaua 1: [lan xky0 ABC/A1B1Cy/[1. Jokaxure, 4yTo ceueHue kybda miockoctbio 41C1K, rae Touka

K - cepenuna /[C - Tpanenusi.

A

B,

D

C,

Pemenune:MK||A1C1, notomy uto (A1/[1C1) mapamtensha (A4C), a MK u A1Cy - nuHuH
nepecedyeHust d3Tux rockoctet. MK||A1Cy, AlM*IJr C1K, MK#A,C,, 3naunt MA1C1K - Tpamerusi.

3agaua 2:

Han xy6 ABC/{A1B1C1/{1. lokaxure, 4To cedeHue Kyoda miockocTeio A181K - mapannenorpamm.

A,

pE&

X

BI

C

Pemenne: (AA1B1)||(A11C), o A1B1||IC w A1B1=JIC. (AA:/11)||(BB1C1), T0 A1/||B1C, 3HauuT

A1B1C/[ - mapannenorpamm.
3anava 3:

Haiinure momaas moBepXHOCTH pabodeit neTanu, n300pakeHHON Ha pUCYHKE (BCE IBYTpaHHbBIC

YTJIBI IPSIMBIE).



Pemenue: [1nomans moBepXHOCTH 3aIaHHOM JICTAJIHA -3TO TUIOIIAh MHOTOTpaHHUKA, paBHA
Pa3HOCTH ILIOMIA/IH TOBEPXHOCTH PSIMOYTOJILHOTO Mapauiesenurena ¢ peopamu 2, 4, 5 u AByx
TJIoaZe KBaapaToB CO CTOPOHOM 1:

2x4x54+2%2x54+2x2x4—-2x1%x1="74
OtrBeT: 74.

3anaua 4:
Haiigure 06beM paboueit peranu, n300paxeHHOW Ha PUCYHKE (BCE IBYTPAHHBIC YIIIBI MPSMEIE).

LIy

1

L]

|
|
|
|
A

/
A
3

4

Pemenne: O0beM TaHHOM JeTaii paBeH 00beMy MHOTOIPaHHUKA U PaBEH Pa3HOCTH 00bEMOB

napajuienenunenon ¢ peopamu 3,4,4u 1, 1, 1
V=V1—-V2=3+4x4—-1x1%x1=47

OtBert: 47

3anaua 5:

Tpebyercst ycTaHOBUTH pe3epByap Uit BOJbI eMKocThio 10 M3 Ha mmomazake pasmepom 2,5 m x 1,75
M, ciyKamien uist Hero 1HoM. Haligure BeICOTY pe3epByapa.

Pewmenne: IInomans nuaS = 2,5 * 1,75 = 4,375kB.M. Tak kak V = S * h, TO

h=2=22 29
S 4,375

(I)opMa npeacTaBJICHUsA pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €Ciid paboTa BBHIMIOJHEHA B TOJTHOM OOBEME C COOJIOIEHHEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aMUCH ¥ BBIYMCIICHUS.

Ouenka "Xopouio' cTaBUTCs, €CIM BBITIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JIOMYIICHBI
2-3 HenoueTa.

Ouenka "yI10BJIETBOPUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJISAECT MOJYYUTh NPABUIBHBIE PE3YylbTaThl U BBIBOJBI, B XOJIE
MPOBEJICHUS paOOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO'" CTaBUTCS, €CITM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON 4acTH PabOTHI HE MO3BOJISET CAESNATh MPABIIILHBIX BBHIBOJIOB.



Tema 4.3 MHOTOrpaHHMKH M KpPyIJble Tesa

IIpakTnyeckoe 3ansitue Ne 46
«PemieHue 3a1a4 HA UMJIMHAP, KOHYC Wiap u cdepy»

Heanb padotbl: HayuuThcs pemars 3a1a4u ¢ UAIMHAPOM, KOHYCOM U ILIAPOM.

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:
OK 01 Beibuparh cmocoObl pemieHust 3aaad Npo(hecCHOHAIBHOW JAEATEIbHOCTH NPUMEHUTEIBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 02 Hcnomb3oBaTh COBpPEMEHHBIE CPEACTBA IIOKMCKA, aHAIM3a W HHTEPIpETanud HHOOPMALUH U

MH(OPMAIMOHHbBIE TEXHOJIOTHH JUIS BBIIOJIHEHUS 3a/1a4 TPO(PECCUOHATBHOM 1S TeTbHOCTH

OK 06 IIposBasTh IpaaaHCKO-MATPUOTHUECKYIO MMO3UIIMIO, IEMOHCTPUPOBATH OCO3HAHHOE IMOBEACHUE
Ha OCHOBE TPAJAMULMOHHBIX POCCUHCKHUX JTYXOBHO-HPAaBCTBEHHBIX IIEHHOCTEHM, B TOM YHCIE C Y4E€TOM
TapMOHM3AIUM  MEXHAIIMOHAJIbHBIX W  MEXKPEIUTHO3HBIX OTHOIICHWH, MPUMEHSITh CTaHAapThI
AHTUKOPPYILIMOHHOIO TIOBEJICHUS

OK 07 CopneiicTBOBaTh COXpaHEHHUIO OKPYXKAIOIIEH Cpelibl, pecypcocOepekeHn0, TPUMEHSITh 3HaHUs 00
W3MEHEHHH KJIMMara, MPHHOUANB OEpeXIMBOIO MNPOM3BOJICTBA, A(PPEKTUBHO JEHUCTBOBATH B
Ype3BbIYAIHBIX CUTYAIHIX

OK 08 Ucmonb3oBarh cpeactBa (pU3MUECKON KyJIbTYphbl AJII COXPAaHEHUS M YKPEIUIEHHs 3/10pOBbs B
npouecce MpodeccnoHalbHON JeITeNbHOCTH M TMOJAJEP>KaHUS HEOOXOIUMOro YpOBHS (u3ndecKkon
MIO/ITOTOBJIEHHOCTH

OK 09 Ilonb3oBarbcsi mpoheCCHOHATBHONW JOKYMEHTAllMeW Ha TOCYIapCTBEHHOM M WHOCTPAaHHOM
S3bIKaXx.

MarepuajnbHoe o0ecnieyeHue:
WNHnuBuayanbHbIe 3a/1aHMs, CIIPABOYHBIE MATEpUaIbl, KOHCIIEKTHI JIEKIIHI.

3aganue:
1.06vem tmnunapa 120 CM2, ero BricoTa 3,6 CM.
Haiitu pagnyc uununapa.
2. Bricora konyca 12cwm, pagmyc ocHoBanus 10cMm. KoHyc mepecedeH IIOCKOCTBIO Tak, 4TO B
CEUEHUU TNOJyYWICs TpeYroiapHuK. Haliaure paccTosHUE OT 3TOT0O CEUEHUS 10 OCH.
3.PaccrosiHuie OoT LeHTpa miapa 10 CeKyIei TIOCKOCTH PaBHO 8 M, a paJlyC CEYEHHsI IIOCKOCTHIO
paBeH 6 M. Haiinute paguyc mapa.

Huauaap — Teno, MOMyYSHHOE MPH BPAIICHUH MPSIMOYTOJIbHHKA BOKPYT OCH, COJCpIKAIICH ero
CTOPOHY.

Kpyru Ha3bIBarOTCS OCHOBAHWSIMM IWJIHMHIPA, a OTPE3KH, COCTUHSIOIINE COOTBETCTBYIOIIHE
TOYKH OKPYKHOCTEH ATHUX KPYroB — OOPasylIIUMHM UWIHHAPA. Y [WIMHAPA OCHOBAaHUS pPAaBHBI U
napajuieNIbHbl U 00pa3yIoINe TAK)KE PAaBHBI U MapaJUICIbHBI MEXTY COOOiA.

Ockl0 HUWJIMHAPA HaA3bIBACTCA IpsAMas, Npoxoadmias 4€pe3 HCHTPBI OCHOBaHHﬁ, mapajiiCjibHas
00pa3yoIIUM.

BoxoBan MOBECPXHOCTh HUWJIMHAPA — 3TO IHOBEPXHOCTH, ITOJYUCHHAsA OT BpPAIICHHA CTOPOHBI
NPSIMOYTOJIBHUKA, TTAPAJLICITLHON OCH IIHJIHHIPA.

BricoToii HUJIMHAPAa HAa3bIBACTCA PACCTOAHUEC MEKAY OCHOBAHHMAMHU LHIWHApPA. Pa[[l/lyCOM
[WINHPA Ha3bIBACTCS PAIMYC €T0 OCHOBAHHMS.

Huannap HaspiBaeTcs NPSAMBIM, €CIM €ro o0pasyrolue MepHeHAUKYISPHBI IMJIOCKOCTAM
OCHOBAaHH.

. .S, = 27Rh;
[Tnomanb 6OKOBOW MOBEPXHOCTH: 00K



[Imomaae MoaIHOM NOBEPXHOCTH:
S, =Ss.+2S,, =272RN+27R,

nonH 6ok

S =2R(h+R)

NnoaH

O6beM mumuHapa: vV = R*h.

Ceuenue yurunopa — purypa noiaydeHHas: B IEPeCEUCHUH IIHITMH/IPA IIIOCKOCTHIO.

Ceuenue, Npoxoadilee Yepe3 OCh MIINHIPA, HA3bIBACTCS 0Ce8blM ceyeHueM U MPEJCTaBiIsieT co00i
IIPSIMOYTOJIbHUK.

Ecnu cexymas miockocTs NepreHANKYIsIpHA K OCH IIIIMHAPA, TO CEUEHUE SBISETCS KPYTOM.

Konyc

PaccmoTpuM OKpyKHOCTH ¢ HIeHTpoM B Touke O u npsimyto OP, nepneHIuKyIspHyIO K IIOCKOCTH
3TOM OKPYXKHOCTH. Kaxayro TOYKY OKPYXKHOCTH COECIMHUM C TO4Ykoi P orpeskom. IloBepXHOCTB,
o0Opa3oBaHHasi 3STUMHU OTPE3KaMU, Ha3bIBACTCS KOHUYECKOM, a CaMHi OTPE3KU — 00pPa3yoIIUMHU KOHYCA.

Teno, orpaHMYeHHOE KOHUYECKOM MMOBEPXHOCTBIO M KPYT'OM, Ha3bIBAETCSA KOHYCOM (puc. 2.2).

Konunyeckas noBepXHOCTh — 00KOBasi MOBEPXHOCTh KOHYCa, KPYT — OCHOBAHUE KOHYyca, Touka P —
BepIIMHA KOHYyCa, 00pa3yrolniiue KOHUYECKOW MMOBEPXHOCTH — o0pa3ylomue KoHyca. Bee obpasyromue
KOHyca paBHbI apyr Apyry. Ilpsmas OP, mpoxopsias uepe3 LIEHTP OCHOBAaHHS M BEPIIMHY KOHYCA,
Ha3bIBaeTCsl OChI0 KoHyca. OCh KOHyca MEpPIEeHIUKYISIpHA K IUIOCKOCTH ocHoBaHus. Otpe3ok OP
HA3bIBAETCS BBICOTOM KOHYCA.

Ecnu cekymasi miaockocTh MPOXOJIUT 4Y€pe3 OChb KOHYCA, TO IOJYYEHHOE CEUEHHE Ha3bIBAETCs
0CEBbIM CeYEeHHEM.

[IpoBeném cexylyo MI0CKOCTh NEPIEHIUKYIIPHO K OCH KOHYca. JTa IIOCKOCTh NEPECEKAETCs C
KOHYCOM IO KpYTy M pa30uBaeT KOHyc Ha naBe yacTu. OJHa W3 YacTel mpeAcTaBiseT coOOW KOHYC, a
Jpyras Ha3blBaeTcsl yce4éHHbIM KOHYcoM. (M300pa3ute yceu€HHbI KOHYC camocTosTenbHo. [locTpoiiTe
00pa3ymoIyto, BEICOTY.)

Cdepoii Ha3bIBaeTCS MOBEPXHOCTh, COCTOALIAS U3 BCEX TOUYEK IPOCTPAHCTBA, PACHOJIOKEHHBIX Ha
JAHHOM pAcCTOSHHMM OT JAaHHOM TOYKM. JlaHHas Touka Ha3bIBacTCd WEHTPOM cdepbl, a JaHHOE
pacctosinue — paamycoMm cgepbl. OTpe30K, COSTUHSAIONINN 1Be TOYKH chepbl U MPOXOAIIUN udepes3
LIEHTp, Ha3bIBACTCS AMaMeTpoM. Teno, orpaHudYeHHOe Cpepoii, Ha3bIBACTCS IIAPOM.

[lap MOXXHO HOJYYUTh MpPH BpalllEHUU IOJYKpyra BOKpPYr Auamerpa. ['panHuneil mapa ciayxuT
chepa.

[Tnockocth, uMermas co chepoil TOJBKO OJIHY OOIIYI0 TOYKY, HAa3bIBAaeTCs KacaTeJlbHOM
JI0CKOCThI0 K cdepe. Paauyc cdepsl, nmpoBenéHHBIH B TOUKYy KacaHMs cdepbl U IUIOCKOCTH,
MEPIEeHIUKYIISIPEH K KacaTelIbHON TUIOCKOCTH.

Ceuenne mapa, MpoxoJsliee 4epe3 LEHTP, Ha3blBaeTCs OOJbIIMM KPYIOM, HE MPOXOZSAIIEe —
MaJbIM Kpyrom LleHTp GonbIIoro Kpyra COBMNAJaeT ¢ HEHTPOM Ilapa, a LEHTP MaJoro Kpyra siBIsSeTcCs
OCHOBaHHUEM MEPIEHANKYJIIAPA, OMYLIIEHHOIO U3 LIEHTPa 11apa Ha INIOCKOCTh 3TOrO Kpyra.

Ceuenusi, paBHOOTCTOSIIUE OT LIEHTPA, PABHBI.

Pajiyc OKpYy:XKHOCTH, NOJYdEHHOH IIpH HepeceueHnr cdepsl paauyca R miockocTero, yaaneHHoi

D2 2
OT IIeHTpa cepbl Ha d, paBeH R*—d"

Ilopsinok BbINOJHEHHS PadOThI:
1)BbINONHUTE YepTex
2)3amnucarb KpaTKo YCIOBHE 3aa4H

3amaua 1.0ceBoe cedyeHue IWIMHApPAa — KBajpar, miomaabs kortoporo Q. Haitaure miomangs
OCHOBAHUA III/IJ'II/IHllpa.
Pemenne:



CTOpOHa KBajgpaTa paBHa,/(Q. Ona paBHa JHaMCTPy OCHOBAHUA. HO3TOMy miomaiab OCHOBaHUA

{@JZ )
2 4
paBHa

OrtBerT: Socu.un. = ?

3amaua 2. Beicota umnmHzapa 6cMm, paaumyc ocHoBaHus ScMm. Haliaurte miomans ceueHus,
MIPOBEJICHHOTO MAPaJUICIIbHO OCH IIWIMHAPA Ha PACCTOSHUH 4CM OT Hee.

Pemenune:

Scea= KMxKC,

OE=4cMm, KC=6cm.

Tpeyronbauk OKM — paBHoGenpenssiii (OK = OM =R =5 cm),
tpeyroiabHuk OEK — mpsamoyrosbHbIi.

N3 tpeyronsuuka OEK, o Teopeme Iludaropa:

K- VOK? —OE* =\/25-16 =/9 =3

KM =2EK =2x3 =6,

Scew.= 6X6 = 36 cM”,

OtBeT: S¢ey = 36 cM>,

3agaua 4: [Tnomane 60KOBOI MOBEPXHOCTH KOHYca paBHa 60 e, a paanyc OCHOBaHHUS PaBEH 6 M.
Haiinure paccrosiHue OT 11eHTpa OCHOBaHHMSI 10 00Opa3yroliel KoHyca.

Pemenue:

Se.x =l =60n = vl =60

re6=1=2_10.
. 4
SO =AS* — 40* = 10° -6* =8

1 I
Spgo == A0 -OS = —.6-8=24

Sms—;-OH-AS=SOH=24=:»OH=%

C nipyroii CTOpoOHBI,

3anpava 5: [Inomaan cedeHus mapa miockoctbiopaBHa 1611 M , @ TIoNaJb MapajyIeIbHOIO eMY



2 .
CEUeHUs, MPOXOAIIEro Yepe3 LEHTp Liapa, paBHa 2511 M° . HaliTu paccTosiHue MEXIy MIOCKOCTSMU

CEUECHUN.

wl =16n=>r" w16, r=4u,
R =257 = R'=25,R=5m.

h=yR* - =25-16 =3 (M)

OtBer: 3 M
®opMma npeacTaBJieHUs pe3yJbTATa: BHIIOJIHEHHOE 33/I1aHNUE.

Kpurepun oneHku:

Ounenka "oTau4HO" CTaBUTCS, ecnu paboTa BBITOJIHEHA B TOJTHOM O0BEME C COOJIOJICHUEM
HE0OXOIMMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka "Xopouo' cTaBUTCS, €CIM BBHIOJHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JIOMYIICHBI
2-3 Hemouera.

Ounenka "y10BJIeTBOPUTEIBHO' CTAaBUTCS, €clid PabOTa BHINIOJHEHA HE IMOJHOCTBIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET IMOJYYUTh NPABUIbHBIE pPE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIUOKH.

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

Tema 4.3 MHOrorpaHHMKH M KpPyIJible Teja

IIpakTuyeckoe 3ansaTue Ne 47, 48
Pemenne 3a1a4 Ha BbIUKCIeHHE 00HEMOB U MOBEPXHOCTEH KPYIJIbIX TeJ

He.]'lb pa60T1>1: Hay‘lI/ITBCSI pemaTthb 3ala4 BbIYHMCIICHUC 00BEMOB U HOBCpXHOCTGfI KPYTJIBIX TCJI

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeiOupars cmocoObl pemieHust 3aaad Npo(hecCHOHAIBHOW JAEATENbHOCTH NPUMEHUTENIBHO K
Pa3IMYHbIM KOHTEKCTaM
OK 02 Hcnonbp3oBaTh COBpEMEHHBIE CpeACTBa IOWUCKA, aHAIW3a U HHTEpHpeTanuu HHPOpMalUU U

I/IH(bOpMaIII/IOHHBIe TCXHOJOTHH JJIs BBIITIOJIHECHUS 3a/1a4 HpO(l)eCCHOHaHBHOfI JCATCIbHOCTH

OK 06 IIposBasaTh rpaXAaHCKO-NATPUOTHYECKYIO MO3UIINIO, IEMOHCTPUPOBATh OCO3HAHHOE MOBEIECHUE
Ha OCHOBE TPAJAMIMOHHBIX POCCUHUCKHX JTYyXOBHO-HPAaBCTBEHHBIX IIEHHOCTEH, B TOM YHCJE C y4ETOM
rapMOHHU3AIMM  MEKHAIIMOHAJIBHBIX M MEXpPEJIUTHO3HBIX  OTHOIIEHWH, TNPUMEHATh CTaHIAPThI
AHTUKOPPYMIIMOHHOIO TIOBEJICHUS

OK 07 CopneiicTBOBaTh COXpPAaHEHUIO OKPYXKAIOLIEH Cpeibl, pecypcocOepeXeHnIo, IPUMEHATh 3HaHUs 00
W3MEHEHUH KJIMMaTa, TMPUHIUIB OEepexJuBOro IMpOU3BOJCTBA, J(PGEKTUBHO JACHCTBOBAaTH B
Ype3BbIUANHBIX CUTYAIHSIX

OK 08 Ucmonb3oBath cpeactBa (pU3MUEeCKON KyJIbTYphl AJISI COXPAaHEHUS M YKPEIUIEHHs 3/I0pOBbs B
nporecce MpohecCHOHATBHONW JEATENTbHOCTH M TOJJIEpPKaHUsT HEOoOXOAMMOro YpPOBHS (hU3MUYECKOMH
HOJIrOTOBJICHHOCTH

OK 09 TIlonb3oBaThCcsi MpOQecCHOHANBHON MOKyMEHTAllMed Ha TroCyJapCTBEHHOM W HMHOCTPAHHOM



A3bIKAX.
I[IK 2.1 BeimonHsATe pacyeTsl MapaMeTpPOB TEXHOJOTMUECKOro Tpoliecca, padboThl 000pyaoBaHUS,
XapaKTEPUCTUK UCXOTHOI'O CHIPhI U NPOAYKIUU IIPU NPOU3BOJCTBE YEPHBIX METAILIOB.

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

3aganue:

1. Heo0xoauMo mo 4epTexKy M3roTOBHTH KOHYC. /s pacdyera HEoOXOAMMOTO MarepHuaia Ha
W3rOTOBJICHHE HAWIUTE IOJHYI0 IOBEPXHOCTb KOHYCA, €CJIM 00pa3yrolas HakKIOHEHAa K IUIOCKOCTH
ocuoBanust oy yriaom 30°u pasra 12 cM. A pajguyc OCHOBAHHS 8 CM.

2. HeoOxoaqumMo mo 4YepTe:Ky HM3roTOBUTH map, oo6béMm koroporo 12511 M. Hns pacuera
HE00X0IMMOT0 MaTepHala HalJeTe IIomaab chepsbl.

uauuaap

. .S, =27Rh;
[Tnomans OOKOBOM MOBEPXHOCTH: 09K

[Inomaae MOTHOW NOBEPXHOCTH:
S =S +2S =27Rh+27R;

noau 6ok ocH

S =2R(h+R)

NOJH

O0beM HUIHHpA: V =7Rh.

Ceuenue yurunopa — purypa nojaydeHHas B IEPECEUCHUN IIHITUH/IPA IIOCKOCTHIO.

Ceuenue, MPOXOAAIIEE YepPe3 OCh MIIMHIPA, HA3BIBACTCS 0CE8bLM CeyeHueM Y TIPEICTABISICT CO00M
MPSIMOYTOJIBHHUK.

Ecnu cexyias miocKoCTh NEPICHANKYIISIPHA K OCH IHIMHAPA, TO CEUCHUE SBISCTCS KPYTOM.

Inomaas G0KOBOIi MOBEPXHOCTH KOHYCa paBHA MPOU3BEIECHUIO MOJOBUHBI ITHHBI OKPYXHOCTU
OCHOBaHMS Ha 00Pa3yIOIIYIO.

S,,. = arl

IInomaas MoIHON MOBEPXHOCTH KOHYCAa paBHA CyMMeE IUIONIAAM OOKOBOHM IOBEPXHOCTH U
IUTIOINAAY OCHOBAHMSL.

Sno,m = 7zr(l + r)

IInomans G0KOBOIl MOBEPXHOCTH YCeYEHHOI0 KOHYCA paBHA IPOU3BENCHUIO MOITYCYMMBbI JJIMH
OCHOBaHHUI Ha 00pa3yIOLIYIO.

O0b€éM KOHYCa paBEH OJHOW TPETH TPOU3BEIACHUS TIJIOMIAH OCHOBAHMS HA BBICOTY.

V=4S,,-h="1ah

N S e = 47R?
ILnomaab noBepxHocTH cepbl paBHA YyIETBEPEHHOM TIJIOMIAIN OOBIIIOTO Kpyra: — </ .
4
wapa = 5 ﬂRs

O0bem mapa:

Ilopsinok BbINOJHEHHSI padOThHI:
1)BbINONHUTE YepTex
2)3amnucarb KpaTKo YCIOBHE 3aa4H

3agaua 1: HeoOxonmMo mo 4epTesky HM3rOTOBUTH KOHYC, IUIONIAJb OOKOBOI IMOBEPXHOCTH
KOTOpOro paBHa 60 IM°, a paauyc OCHOBAHHS paBeH 6 M. IS H3TOTOBICHHS KOHYCA HEOOXOMMMO HAiTH
pacCTOSHUE OT LIEHTPAa OCHOBAHMUSA JI0 00pa3yoIiel KoHyca.

Pemenne:



Seux =l =601 => pl =60

r=6=>£=£q=10.
B

SO =JAS* —A0* =107 —6% =8

1 I
Spo ==+ A0 -O5 =—-6-8=24

--l-OH-AS=SOH=24::»OH=%

S =
Ad8Q 2

C nipyroii CTOpoHsI,

3agaua 2: Heo0xoaumMo mo 4epTe:Xy H3rOoTOBHTH KOHYC. PaccTosHue OT IeHTpa OCHOBAaHHUS
KOHyCa JI0 CepeIMHBI 00pa3yromiel paBHO 4 cM, a yroja HakjloHa 00pa3yrolell KOHyca K IUIOCKOCTH
ocHoBaHwusl paseH 60°. Jliist H3rOTOBICHHS KOHYyCa HaliiuTe MIoUaib OCEBOr0 CEYCHUsI KOHYCA.

5

x‘&;'_--o.'.-.._;_._ B

S ..-.%;‘_45'- AB":Sin'ﬁ_O‘.?:%kS—8-6_—7?-21'6\/37 () "
- Oreer: 1643 onf’, - : _
3a)iaqél 3: Thiowans .C(bepbl péBHa 100 M. Paccrosmue ot 1eHTpa chepsl 10 CEKYIIeH MIOCKOCTH

paBHO 4 M. Haiinute pannyc ceueHus.

Pemenne:

S =4nR =100 = R =25= =5
AD=\BD* " 57 =547 =3 (M)
Oreer; 3 m,

®opma npeacraBiaeHust pe3yJbTaTa: BHIIOJHEHHOE 33 JaHHE.

Kpurepum ouenku:
Ouenka "oTau4HO'" cTaBUTCS, ecnu paboTa BBIOJIHEHA B MOJTHOM 00BEME C COOIOJIEHUEM

HEeoOXOIMMOM TOCIeN0BaTENIbHOCTH JEICTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE

3alUCH U BBIYUCIICHUS.
Ouenka "'Xxopomo' cTaBUTCS, €CIM BHIIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI

2-3 Hemouera.



Ouenka "yI0BJIETBOPHUTEIBHO' CTAaBUTCS, €clid pabOTa BBIMOJIHEHA HE IMOJTHOCTBIO, HO 00BEM
BBITIOJTHEHHONW YacTH TakKOB, YTO IO3BOJISIET MOJYYUTh NPAaBUIbHBIE PE3yAbTaThl U BBIBOJBI, B XOJIE
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CJIM padOTa BBHIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJIHCHHOW YacTH paOOThI HE MO3BOJISET CAENATh MPABHIBHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH M KpyIJible Teja

IIpakTnyeckoe 3ansaTue Ne 49
«Hcnosb30BaHne KOMOMHAIMA MHOTOTPAHHUKOB M TeJI BPAILlEHUS B MPAKTHKO-
OPHEHTHPOBOYHBIX 3a4a4ax»

Heab padorel: HayuuThes pemarh 3a1a4u Ha KOMOWHAITUIO TEOMETPUYSCKUX TET

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:
OK 01 BeiOupars crnocoObl pemieHust 3aaad MNpo(hecCHOHAIBHONW JAEATENbHOCTH NPUMEHUTENIBHO K
Pa3IMYHBIM KOHTEKCTaM
OK 02 Hcnonp3oBaTh COBPEMEHHBIE CPENCTBA TOWCKA, aHAIM3a M HMHTEPIPETAluH WHPOpPMALUU U

PIH(bOpMaI_II/IOHHLIC TCXHOJOI'NU JJIA BBIIIOJTHCHUSA 3a4a4 HpO(i)eCCHOHaHLHOﬁ ACATCIIBHOCTH

OK 06 IlposiBnaTh Tpa)xaaHCKO-TIATPHOTUUYECKYIO TO3UIIMIO, JEMOHCTPUPOBATh OCO3HAHHOE IMOBEJICHUE
Ha OCHOBE TPAJULMOHHBIX POCCUHCKUX IYXOBHO-HPABCTBEHHBIX IIEHHOCTEH, B TOM YHUCIIE C yYETOM
rapMoHus3anu  MCKHAIIMOHAJIBHBIX U MCKPCIIUTUO3HBIX OTHOM@HHﬁ, MNPUMCHATH CTaHdapThI
AHTUKOPPYIIIMOHHOTO OBECHUS

OK 07 CopneiicTBOBaTh COXpPaHEHUIO OKPY)KAIOIIECH Cpefbl, pecypcocOepeKeHNI0, MPUMEHSATh 3HAHUS 00
M3MEHEHMH KJMMara, MPUHLUIB OEpeXIMBOr0 IMPOU3BOACTBA, A(PPEKTUBHO JAEHCTBOBATH B
‘-IpG?;BI)I‘-IaI\/’IHI)IX CUTyalusx

OK 08 Hcmonp3oBaTh cpeAcTBa (PU3MUECKOW KYyJIbTYPbI Ui COXPAHEHUS U YKpENJeHHs 370pOBbs B
npouecce MpodeccHoHaTbHON JEeSATeNbHOCTH M MOJAJEP’KaHUS HEOOXOIMMOro YpOBHS (pHU3MUecKon
MIOATOTOBJIEHHOCTH

OK 09 Ilonb3oBarbcsi mpoecCHOHATBHOM AOKyMEHTAllMe Ha TOCYyJapCTBEHHOM M HHOCTPaHHOM
A3BIKAX.

I[IK 2.1 BpimonHATH pacueTsl MapaMeTpOB TEXHOJIOTMUYECKOTO Iporecca, padoTsl 000pyIoBaHMUS,
XapaKTEPUCTHK UCXOIHOTO ChIPbs U MIPOIYKIUH IPU IPOU3BOACTBE YEPHBIX METAJIJIOB.

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

3ananue:

1. JIns U3roTOBJICHUS AETaIH MO YepTekKy, B KOTOPOM B IWJIMHAP HAKIOHHO BIIMCAaH KBaJpaT Tak,
9gTO BCEC €10 BepIHI/IHBI JIC)KAaT Ha OKPY)KHOCTHX OCHOBAaHUA HGO6XO,Z[I/IMO HaﬁTH CTOpOHy KBaleaTa, cCiin
BBICOTA LIMJIMHJIPA paBHA 2CM, a PaJINYC OCHOBAHUS PABEH 7CM.

ITopsinok BbINOJHEHHS PadOThI:
1)BbInonHUTE YepTex
2)3anucarb KpaTKO yCIOBHE 3aJ1a4H

3anava. [l M3roTOBJIEHMS JETAJIM IO YEPTEXKY, B KOTOPOM B LMWJIMHAP BIUCaHAa IMpaBUIIbHAS
LIECTUYTOJIbHASI TPU3Ma HEOOXOJUMO HalTH OTHOILEHUSI 00beMa MPU3MbI K 00beMY IIMIINHIPA.



Pelnenmne:
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OtBeT: ¥+ =
dopma npeacTaBaeHus pe3yJabTaTa: BHIIIOJIHEHHOE 3a/IaHHE.

Kputepun onenkn:

Ouenka "oTJaMYHO'" CTaBUTCA, €clid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HE0OXOIMMOM TOCTEOBATENbHOCTH JIEHCTBUIl; B OTBETE MPAaBUIBLHO U aKKypaTHO BBIMOJHEHBI BCE
3aIUCH ¥ BBIYMCIICHUSI.

Ouenka "xopouo' cTaBUTCS, €CIHM BHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 HemoueTa.

Ounenka '"y10B/1eTBOPUTEIbHO' CTAaBUTCS, €ClIM paboTa BHINOJIHEHA HE MOJHOCThIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET MOJYYUTh NPaBUIBHBIE pPE3ylbTaThl U BBIBOJBI, B XOJI€
MPOBEICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CITM padOTa BHITIOJHEHA HE TTOJIHOCTHIO MM 00BEM
BBITIOTHEHHON YacTH PaOOTHI HE MO3BOJISIET C/IENIaTh MPABIIIBHBIX BHIBOJIOB.

Paznen S Teopusi BeposiTHOCTEH U MAaTEMATHYECKAS CTATUCTHKA

Tema 5.1. DiieMeHTBI KOMOMHATOPUKH

IIpakTnyeckoe 3ansaTue Ne 50
«Pemrenne KOMOMHATOPHBIX 3a/1a4. Pa3MeleHusi, coueTaHus U MePECTAHOBKH

Heap pa6orei: HayunTbes OTAMYATh COYETAaHUS OT pa3MENIEHUH, MPUMEHATh (OPMYIbI s
BBIYHMCIICHHS BCEX BHIOOPOK 0€3 MOBTOPEHUH.

BoinosiHeHne padoThl cioco0CTBYET (POPMUPOBAHMIO:



OK 01 Bsibupats crioco0sl pereHus 3aaa4d npohecCHoOHATBHON ACSITEIBHOCTH PUMEHHUTEIBHO K
pa3IMYHbIM KOHTEKCTaM
OK 04 3¢ddexTrBHO B3aUMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMaH/Ie
[1K 2.1 BbpIMONHATH pacyeTsl MapamMeTpoB TEXHOJOTHMUYECKOrO Ipoliecca, paboTel 000pya0BaHus,
XapaKTEPUCTUK UCXOJIHOTO ChIPbs U MPOAYKIIMH HPU MPOU3BOJCTBE YEPHBIX METAILIIOB.

MarepuajibHoe o0ecnieueHue:
I/IHI[I/IBI/II[yaJIBHLIe 3alaHuA, CIIPAaBOYHbIC MaTCpUaJibl, KOHCIICKThLI JIGKI_[I/II\/JI.

3aganmue:

1. Ilynbr ynpaBieHuss MeTalTypruyeckuM Impoueccom ocHamieH 10 uHaukatopamu, CKOJIBKO
BapHaHTOB OJIHOBPEMEHHOTO 3aropaHusi TPEX HHIUKATOPOB.

2. W3 Opuragsr pabounx 12 yenoBek, HEOOXOIUMO BHIOPATh 3 YesOBEKa ISl padOThl HA CTAHKE.
CKOJIBKO CYIIECTBYET pa3IMYHbIX CIOCOOOB TaKOro BbIOOpa.

3. B nexe umeercs 8 cTaHKOB JUIsl pa3nu4HOM 00paboTku netaneil. CKoabko crnocoOOB nMeeTcs
JUIS pacCTaHOBKU pabo4MX Ha CTAaHKU B Pa3HOM Iopsike?

Ilopsinok BbINOJIHEHHS PA0OTHI

1. Omnpenenute BUA BIOOPKU 0€3 MOBTOPEHUS.

2. BeiOepere COOTBETCTBYIOIIYIO (JOPMYIY JJIsl BBIYUCICHUS BO3MOYKHBIX KOMOMHAITHIA.

3. IIpouwsBeauTe BHIYUCICHHS, UCIIONB3YS MOHATHE (haKTOpHAIA.

1. WuaukaTtopel Ha  TyAbTe  YIPaBJICHHUS  METAUTyPrHUYeCKHMM  IPOILIECCOM  3aroparoTcs
MOCJIEIOBATEIbHBIM HA0OpOM YETBHIPEX Pa3HBIX JIAMIIOYEK, MTPOHYMEpoBaHHBIMH Iudpamu. Tpebyercs
ONPEACIIUTh YHUCIIO BO3MOXHBIX BApUAHTOB 3aropaHusl JaMITIOYeK.

Pemenue.

Bosmoxubix 1udp (Hymepanus nammnouek) Bcero necsts(1,2,3,4,5,6,7,8,9,0).Kaxnas nabpannas
KOMOWHAIMS OTIMYAEeTCs OT JPyroil KoMOWHammu XOTs Obl omHou mudbpoii(1,4,5,7 #2,4,5,7),mu60
nopsakoM Habopa oaunHakoBbix 1udp(1,4,5,7#4,5,7,1),moaToMy 1711 ToOACYETAa YKMCIAa BO3MOXKHBIX
KOMOWHAIMK UCTIONB3yeM (HOpPMYITy Ynciia pa3MenieHuH.

dopmyna pasMELICHUN UMEET BUL: AN = (n:!n)!. B Hamem cinyyae n = 4,m = 10.

10! _10!_10-9-8-7-6:5-4-3-2:1_ _
(10—t 6! 6'5+43:2'1 10-9-8-7 = 5040

2.CKOJIbKO CYIIECTBYET CIIOCOOOB BEIOOPA TPEX pabOUMX M3 ACCATH JJI IPOBEIACHHS paboT?
Pemenue.

B nanHoM ciydae npu BeIOOpE AJi HAC BaXKEH TOJIBKO COCTaB IO TPH YeJIOBEKa, MOPSAI0K BHIOOpa
pOJM HE UTpaeT, MOTOMY B OTIMYME OT IEPBOro MpHMEpa YUCIO CIOcOOOB MojcUuTaeM no Gopmyie
COYETaHUM.

dopmyna coueTaHud UMeeT BUIOCT = #lm). B Hamewm cimygae n=10, m=3.

! 10! _7!-8:9-10
31(11(;)—3)!_317!_ 3-2:1-7! =120.

3.CKOJIbKO PA3IMYHBIX YETHIPEX3HAUHBIX YHCET MOKHO cocTaBUTh U3 mudpl,2,3.4 9 uudpsr He
MOBTOPSAIOTCS)?

Pemenue.

[To ycrnoBHIO aHO MHOMKECTBO M3 YETHIPEX D3JEMEHTOB, KOTOpbIE TpeOyeTcs pacroyiOKUTh B
onpeneaéHHOM MOopsaKe. 3HAYUT, TPEOYETCss HAWTH KOJTUYECTBO MEPECTAHOBOK UX YETHIPEX PJIEMEHTOB.

dopmyIia IepecTaHOBOK U3 IT —3JIEMEHTOB UMeeT BUA:P, = n! B HamieMm ciiyuae n =4.

[MpousBeném pacuér: P, =4!=4-3-2-1=24.

[TponsBoaum pacuér A}, =

[IpousBoaum pacuér: C3, =

dopma npeacTraBJieHUs pe3yJbTAaTAa: BHIIIOJIHEHHOE 3a/1aHNE



Kpurtepun onenkmn:

Ouenka "oTJMYHO'" CTaBUTCA, €cid paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOIEHUEM
HEO0OXOIUMOM TIOCTIEIOBATEILHOCTH JCHCTBHI; B OTBETE MPABWIBHO M AKKYPaTHO BBIMOJTHECHBI BCE
3aMKCy U BBIYUCIICHUS.

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

Ouenka "yI10BJIETBOPHUTEIBHO' CTAaBUTCS, €CIIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJTHEHHOW YacTH TakKOB, YTO IO3BOJISIET IMOJIYYUTH IMPAaBWIbHBIE PE3YNIbTaThl U BBIBOJBI; B XOE
MIPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEJbHO' CTaBUTCS, €CJIM padOTa BBIMOJHEHA HE TTOJIHOCTHIO WM 00BEM
BBITIOJTHEHHOW 9acTH PabOTHI HE MO3BOJISET CENATh MPABUIILHBIX BBHIBOJIOB.

Tema 5.2 D1eMeHTDI TEOPpUHU Bep()ﬂTHOCTeﬁ H MaTeMaTH4eCKOil CTATUCTUKH

IIpakTnyeckoe 3ansaTue Ne 51
«Kaccuueckoe onpeaesieHue BepOATHOCTH, CBOMCTBA BEPOSATHOCTEl, TeopeMa 0 cymMme
BeposiTHOCTe. BeposiTHOCTH B 3a1a4aX TEXHOJIOTHYECKOr0 MPOQUIIs»

Henp pabdoTbl: HAyuyuThCS HAXOAUTh BEPOATHOCTH COOBITHM, HCIHOJB3YysS KJIACCHUYECKOe
OIpeJIeJIEHUE BEPOSATHOCTH

Boinosinenue padorsl cnocodcTByeT GOPMHUPOBAHMIO:

OK 01 Bribupats criocoObl pemeHus 3a1a4 npoeCCHOHATBHON ACATEIbHOCTH PUMEHHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM

OK 03 IlnanupoBaTh U peann30BbIBaTh COOCTBEHHOE NMPO(PECCHOHAIBHOE U IMYHOCTHOE Pa3BUTHE,
IPEINPUHUMATENbCKYIO AEATEIbHOCTh B IPOGECCHOHATIBHOM cepe, UCIOIb30BaTh 3HAHUS 110 IPABOBOM
1 (MHAHCOBOM IPaMOTHOCTHU B Pa3JIMYHBIX )KU3HEHHBIX CHUTYAIHIX

OK 04 D¢ dexTrBHO B3aUMO/IeHCTBOBATh U pabOTaTh B KOJUIEKTUBE U KOMaH 1€

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOUIEH cpeabl, pecypcocOepeKeHHI0, MPUMEHSTh
3HaHUS 00 M3MEHEHUM KIMMaTa, NPUHIUIBI OEpeXJIMBOro MPOU3BOACTBA, 3()(PEeKTUBHO AEHCTBOBATH B
Ype3BBIYANHBIX CUTYAIHSIX

OK 09 ITonp3oBatbest mpodecCHOHATBHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM M MHOCTPAaHHOM
SI3BIKAX.

I1K 2.1 BbIMONHATE pacyeTsl MapamMeTpoB TEXHOJOIMUYECKOro Ipoliecca, paboTel 000pya0BaHus,
XapaKTEPUCTHK UCXOAHOTO CHIPBS M MPOIAYKIIUH TP MPOU3BOACTBE YEPHBIX METAJIIOB.

3ananne:

1. JIns mpoBepKM KauyecTBO M3TOTOBJIEHHBIX JeTajei ux mpoHymepoBaiu oT 1 mo 10. Haynauy
BbIOpaHa jetanb. KakoBa BEpOSTHOCTH TOTO, YTO 3TO OHA UMEET MPOCTOI HOMEp?

2. Jlns TpoBepKH KauecTBa HM3roTOBIEHHbIX jeranedl mpurotoBwin 300 mT. Yemy paBHa
BEPOATHOCTH TOTO, UTO HAyTraJ| B3ATas JeTallb JAJis IPOBEPKU OYyIEeT UMETh HOMEp, KPaTHBIH 57?

3. TonOpackIBatoOTCs ABa UTPAJIbHBIX KYOHKa, MOJACYUTHIBAETCS CyMMa OYKOB Ha BEPXHHUX I'PaHSIX.
UYro BeposiTHEE- MOJIYYNUTh B CyMME 7UIn8?

Ilopsinok BbINOJHEHHS Pa0OTHI

1. Ompenenute coObiTHe A, BEpOSTHOCTH KOTOPOTO HYKHO BBIYHCIHUTD.
2. IlpocuuTaiite ooOmee yrciio(N) BO3MOXKHBIX HCXOIOB.

3. IlpocuuTaiite yucio ucxoaoB(M), OIaronpUATCTBYIONINX HACTYIIJICHUIO COOBITHUS A.

4. Vcnonk3yiite GOpMyITy IS BBIYMCIECHUS BEPOSTHOCTH ONPENEIEHHOTO COOBITHS. P(A) = =

n.



1. Ha cknane 10 oaMHaKoBBIX MO pa3Mepy W Becy JAeTaneld, U3 KOTOPHIX 6 OLMHKOBaHHBIX U 4
oObIuHbIX. BeiOupaercst onna aerans. KakoBa BepOSITHOCTh TOTO, YTO W3BJICUEHHAS JETAlb OKAXETCS
OIIMHKOBAHHOM?

Pemenue.

. CoObiTne A-«/3BeuéHHas AeTaIb OKa3aJIach OLIUHKOBAHHOM.
. aucao N=10
. 4HCcI0 M=6
. P(A)=ﬂ=i=06

. Bce geranm, oroOpanHbIe UIsi TPOBEPKH KayecTBa, MpoHyMepoBaHb! OT 1 10 30 u moMerieHs! B
k. M3Bnekaercs ogHa netanb. KakoBa BEpOATHOCTH TOTO, YTO YMCIIO HA B3STOW JETalU OKAXKETCS
KpaTHbIM 57

Pemenue.

CooObiTue A-«Ha B3sTO# IeTainy Yucio KpaTHOE 5.
yucao N=30
gucio m=6(uucna 5,10,15,20,25,30)
P(A)="=2=02,

3. U3 OykB cioBa ougpgpepenyuan Hayraa BeiOupaercs oaHa OykBa. KakoBa BepOATHOCTH TOTO,
qT10 3Ta OyKBa OyneT: a) riacHoi, 0) corniacHoi, B) OykB CoObiTne A-«Ha B3sTON KapTo4yke YMCIio .
KpaTHOE 5».

Pemenne.

CoObiTue A-«Hayran BeiOpanHas OykBa OyAeT TIacHOM».
gucsio N=12(-4ncio OyKB B CIIOBE)

quciio M=5(0yKBHI :u,e,e,u,a )

P(A) =2 =2~ 0,417

qrciao M=7(0ykBblI :0,p,h,p,H,y,1 )

Coo0biTue B-«Hayran BeiOpanHas OykBa OyJIeT COTIaCHOM.
yucao N=12(-unciio OyKB B CIIOBE)

P(B) = %:% ~ 0,583

CoobbiTue C-«Hayran BeiOpanHas OykBa OyneT OyKBOH u».
0. yucao N=12(-4ncio OyKB B CIOBE)

1. YUCIIO0 m=O(TaK017I OYKBBI HET B JAHHOM CJIOBE)

12. P(A)=Z=—=0.

12

N oD

o

RRO©ONO ~wNE

(I)opMa NMpeaAcCTaBJICHUA Pe3yabTaTa: BhIIIOJIHCHHOC 3a/laHNE

Kputepun onenkn:

Ouenka "oTJaMYHO'" CTaBUTCA, €CliM paboTa BBHIMOJHEHA B TMOJTHOM OOBEME C COOJIOJIEHUEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aMUCH ¥ BBIYMCIICHUSI.

Ouenka "Xopouio' cTaBUTCs, €CIM BBHITIOTHEHBI TPEOOBAHUS K OLIEHKE "OTIMYHO", HO IOMYIICHBI
2-3 HenoueTa.

Ouenka "yI10BJIETBOPUTEIBHO' CTAaBUTCS, €ClIM PadOTa BHITIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJITHCHHOW YacTH TaKOB, YTO IIO3BOJISECT MOJYYUTh NPABUIBHBIE PE3YylbTaThl U BBIBOJBI, B XOJIE
MPOBEICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

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

Tema 5.2 DiieMeHTBI TeOpHH BEPOATHOCTEH M MATEMAaTHYECKOM CTATHCTHKH

Tema 6.1. OcHOBBI TEOPHU MHOKECTB



IIpakTyeckoe 3ansaTue Ne 52
«IIpeacraB/jieHne TaHHBIX. 321a4M MAaTEeMATH4YECKOH CTATUCTUKHU TEXHOJOTMY€ECKOT0
npopuis»

Leas padoThl: HAYYUTHCS HAXOAUTH BEPOATHOCTH COOBITUH, WCHOIB3YS KIACCHYECKOE
OIpeJIeJIEHUE BEPOSATHOCTH

BoinosineHne padoTsl cioco0CcTBYET (POPMUPOBAHMIO:

OK 01 Bribupats crioco0bl pemeHus 3a1a4 npoecCHOHATBHON JeSITeIbHOCTH TPUMEHHUTENBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 03 ITnaaupoBaTh U peain30BhIBATH COOCTBEHHOE MPOo(decCHOHATbHOE U TUYHOCTHOE Pa3BHUTHE,
MpeNPUHUMATEIBCKYIO ACSITEIbHOCTD B MPOPECCUOHANBHOM cdepe, HCIOJIb30BaTh 3HAHUS 110 MPaBOBOM
1 (PMHAHCOBOW TPAMOTHOCTH B PA3JIUYHBIX KU3HEHHBIX CHTYAIIHIX

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

OK 07 CopnelicTBOBaTb COXpPaHEHHUIO OKPYXAIOLIEH cpefbl, pecypcocOEepeKeHHUI0, MPUMEHSATh
3HaHHUA 00 M3MEHEHHH KIIMMaTa, MPUHIIMUIIBI OEpeXITMBOrO MPOU3BOACTBA, Y((HEKTUBHO IEHCTBOBAThH B
YPE3BBIYANHBIX CUTYAIUSIX

OK 09 Ilonb3oBaThcsi mpohecCHOHANBHON TOKYMEHTAlMel Ha rOCYAapCTBEHHOM M MHOCTPAHHOM
A3bIKaXx.

[1K 2.1 BpInonHSATh pacyeThl MapaMeTpoB TEXHOJIOTHYECKOro mpolecca, paboThl 000pyI0BaHMs,
XapaKTEPUCTHK UCXOIHOTO ChIPbs U MPOIYKIUH MPU IPOU3BOACTBE YEPHBIX METAIIJIOB.

MarepuanbHoe obecniedenue: HauBuyanbHble 3aJaHNs, KOHCIIEKTHI JICKIIUH.

3aganue:
1. ITocTpOUTH MOIUTOHBI YACTOT M OTHOCUTEIBHBIX YaCTOT IO PACHPEACIICHHIO BEIOOPKH U3 0TOOPAHHBIX
JeTaneu sl IpOBEPKH KayecTBa:

xi | 2| 4 | 7] 8 | 9 | 12
ni|pf|2p2|pz|p2|p3|3p3

2. ITocTpoiiTe TUCTOrPaMMBI YaCTOT ¥ OTHOCHTEIBHBIX YaCTOT 110 PACIPEACIICHHIO BRIOOPKH U3
OTOOpaHHBIX JIeTajel s MPOBEPKH KauecTBa:

Ne Wurepsa, CymMma gacToT
UHTEpBaa Xi _ Xi+1 BapuaHT I;I]Ii-ITepBaJ'Ia,

L 3-5 P1

2 S 7 2p;

3 7-9 3p;

4 9-11 p?

5 11-13 2p;

6 13- 15 3p?

7 15-17 D1+P2

3. Iy TeHepaIbHOM COBOKYITHOCTH, 33JJaHHON PaCIpe/ICIICHHEM

xi|] 5|10]15] 20|25 30|35




Ni’ p1’3p1’ p2’2p2‘ pzz‘2p3‘2p§

Haiigute reHepanbHyI0 CpelHION, T€HEPAIbHYIO TUCIEPCUI0, TEHEPAIIBHOE CTaHJapPTHOE OTKJIOHEHUE,
MOJly, MEIUaHy U pa3Max.
4. V13 reHepa’IbHON COBOKYITHOCTH c/ieflaHa BEIOOPKaA, 3aaHHas pacpeaeICHHEM:

xi]l 2 | 4| 6 | 8 |10 12 | 14
2

ni| P2 |2p2| P | p; | Ps | 2p3 |p2+p3

Haiit BBIOOpOYHYIO CpeIHIOI BEIOOPOYHBIE AUCIICPCUIO M CTAaHIAPTHOE OTKIIOHEeHHe. OOpaTute
BHHUMaHUeE: P = unciay OykB B Bamiem umenu; p,= unciny OykB B Barmeii hamunmm; p3 = unciny OyKB B
uMeHHu Barrero otma.

Kparkne Teopernyeckue cBeieHHsI B ITOJIHOM 00BEME UMEIOTCSI B JICKIIHH.
IMopsinok BbINOJIHEHUS PadOTHI:
1 [IpounTaB yciioBHe MPEIUIOKEHHOM 3a1a4H , 10 KOHCIIEKTY JICKIIMY HAWANTE COOTBETCTBYIOIIHE
bopmyIbL.
2 ITlpuMeHuTE TEKIMOHHBI TEOPETHYECKUI MaTeprai Ul PEHICHHUs KaKIO0H 3a1aui.
3 B citydae HEOOXOJUMOCTH TPEACTaBUTh T€OMETPUIECKYIO0 HHTEPIIPETALUIO YUCIOBBIX XapaKTEPUCTHK.
BBIOOPKH.
1. 3agaHo pacnpesneneHue 4acToT BEIOOPKU M3 OTOOpAHHBIX J€Talel Uil IPOBEPKU KauecTBa!

Xi | 2 6 | 12 | 15
ni| 3 | 10| 7 5

CocTaBUTh pacupe/eNieHe OTHOCUTENbHBIX YacTOT.
Omnpenenum cHavaia 00beM BBIOOPKHU:
n=3+10+7+ 5= 25.

. n;
Haiizem oTHOCHTENBHBIE YaCTOTHI IO popMyiIe W, = —:
n

W, =i=0,12; W, =£=O|4O;W3 :120’28;W4 23:0’20'
25 25 25 25
CrnenoBarenbHO,
xi | 2 | 6 | 12 ] 15
w; | 0,12 | 0,40 | 0,28 | 0,20
KonTposs: 0,12+0,40+0,28+0,20=1.

2.. ITo pe3ynpTaram npumepa 1 TOCTPOUTH MOJUTOHBI YaCTOT ¥ OTHOCHUTEIILHBIX YacTOT.

Penrenne. OTOOpPA3HMB Ha MIOCKOCTH TOYKHU ¢ KoopauHatamu (X;,N;) W COEIUHUB UX OTPE3KAMHU,

IMOJIYYHM IIOJIUTOH YaCTOT:

N

10 »




AHaNIOrMYHO MOCTPOUM IOJIUTOH 10 TOYKaM (X;,W;):

Wi

0,40 P

0,28

0,20

0,12

12 15 Xi

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

WurepBan Cymma yacTor
Ne unTepBana JUIMHOU BAPUAHT

h=5 N;
1 5-10 4
2 10 -15 6
3 15-20 16
4 20-25 36
o) 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexnae Bcero, onpenenum 00beM BEIOOPKH:
n=4+6+16+36+ 24+ 10+ 4 = 100.
ITo u3BecTHBIM CyMMaM YaCTOT BapUaHT paCCUNTACM IIJIOTHOCTDH YaCTOThI IO MHTCPBAJIaM:

NQ HJ‘IOTHOCTB JaCTOThI NQ HJ‘IOTHOCTB JaCTOThI
I/IHTepBaJ'Ia % I/IHTepBaJ'Ia %
1 0,2 5 4.8
2 1,2 6 2.0
3 32 7 0,8
4 7.2
N300pa3um 1osryuyeHHbIH pe3ybTar: %
.
6 .
5
4
3
2
i I ]

20 25 30 35 40 x



4. Haitnure cTaTUCTUYECKHE OLIEHKU T€HEpaIbHOM COBOKYITHOCTH, 3aJJaHHOM CIIEIYIOLIUM
BAPUALIMOHHBIM PSIIOM:

BapuaHTa X; ‘ 2 ‘ 4 ‘ 5 ‘ 6

qacrora N; ‘ 8 ‘ 9 ‘10‘ 3

Pemenue. OnpenenriMm 06beM COBOKYITHOCTH:
N-=8+9+10+3=30.
Haiinem renepaibHy10 CpeIHIOO:
8-2+9-4+10-5+3-6
- - -
J1J1s BBIYHCIICHHS TCHEPAIIbHO IUCIIEPCHH UCTIONB3YeM POPMYILY o _Xx7 (%, F- Onpenenum cpeHIO

4

Xy

KBaJpaToOB:
X7 8-22+9-4”+10-5 +3-67
" 30

=178"

Taxum obpasom, p, =178-4? =18.
['eHepanbHOE CTaHIAPTHOE OTKIIOHEHUE: & = [D. =./18 =134-

OOBIYHO MOJTYYCHHBIX PE3YJIbTATOB JOCTATOYHO JJIS MPAKTUYECKUX 3a1a4. OTHAKO MOKHO MOJTYyYHTh
JOITOJIHUTCIBbHBIC XapaKTepI/ICTI/IKI/I JUIA 60Hee TOHKOfI OILICHKHN FeHepaJH)HOI\/JI COBOKYHHOCTI/I. HpI/IBeHGM
nux:

Monxa Mo : HanOOJIBIIAs YacTOTa

Mo =10-
Menuana Me: BapHAallMOHHBIN P AETUTCSA MOIMOJaM B TOYKE

Me=45.
Pa3zmax Bapuanuu R: B npumepe
Xmax = 6:Xpin =21
IIO3TOMY
R=6-2=4.

5. 13 reHepanbHOM COBOKYMHOCTH M3BJIeU€Ha BHIOOPKA

Haiigure ctaTucTuueckre XapakTepUCTUKH BBIOOPKHU.
Pemenune. Onpenenum 00beM BIOOPKU:
n=292+94 +103 +105 +106 =500 .
Bri6opounas cpeassis:
~92-1+94.2+103-3+105-4+106 -5

Xgp = =182.
B 500

Omnpenenum CpeaHIO KBaJpaToB:
w7 92-1%+94-2% +103-3% +105 - 4° +106 -5

X2 ~11,45-
500

Bri6opounas nucnepcus:



D, = X2 —(X, ] =11,45-1822 =814.

Bb100pouHOE CTaHIAPTHOE OTKIOHEHHE:

oy =+/814 = 285.

®opma npeacTraBjeHus pe3ybTaTa: BbIIOJHEHHAs padoTa.
Kpurepun onenkmn:

Ounenka "oTau4Ho'" craBUTCS, ecnu paboTa BBINOJIHEHA B TOJHOM O0BEME C COOIOJICHUEM
HEOOXOIMMOM IOCIIeI0BAaTeILHOCTH JICUCTBHI; B OTBETE MPABHWIBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHUS.

Ouenka "Xopouo' cTaBUTCS, €CIM BHITIOJHEHBI TPEOOBAHUA K OLIEHKE "OTJIIMYHO", HO JOMYIIEHbI
2-3 Henmouera.

Ouenka "'y10BJIeTBOPHUTEIBHO' CTAaBUTCS, €clii padOTa BHINIOJHEHA HE IMOJHOCTHIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJIAET MMOJYYUTh NPABUIbHBIE PE3ylbTaThl U BBIBOJBI; B XOJI€
MPOBeJICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka ""Hey/10BJIETBOPUTEIbHO' CTaBUTCS, €CIIM padOTa BBHIMOJHEHA HE MTOJHOCTHIO U 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISCT CACNIATh MPABHIIbHBIX BHIBOJIOB.
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