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1 BBEJAEHUE

BaxHylo yacTh TEOpPETHYECKON M MpOo(heCCHOHATBFHONW MPAKTHUECKOW MOATOTOBKU OO0YYarOIIUXCs
COCTABJISAIOT NPAKTUYECKUE 3aHSTHUS.

CocTtaB M coiepkaHUE IPAKTUUYECKUX 3aHATUHM HampaBiieHbl Ha peanu3auuio DenepanbHOro
roCyJJapCTBEHHOTO 00pa30BaTEJIbHOIO CTaHAAPTA CPEIHEro 00LIero o0pa3oBaHus ¢ yUETOM I10JIy4aeMOi
CIELIMAJIBHOCTH.

Benymeli  aunakTudeckoil - Lenbr0  NPAKTUYECKUX — 3aHATMH  sBiserca  (opMupoBaHue
npoeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHHIA BBIOJIHATH OINpEesICHHbIE JCHCTBUS, ONEpaluy,
HE0O0XO/AMMBIE B IOCIEAYIOUIEM B MPO(ECCHOHAIBHONW IEATENbHOCTH) MM Y4eOHBIX NPAaKTUYECKHUX
yMeHHH (YMEHHH pemarh 3agadd 10 MaTeMaTHKe), HEOOXOAMMBIX B TMOCIEIyIOIIed y4eOHOH
JEsITebHOCTH.

B cootBercTBHM ¢ paboueil mporpaMMoil yueOHOM AMCUMIUIMHBI «MaTteMaTHKay MperycMOTPEHO
IIPOBE/ICHUE NMPAKTHUECKUX 3aHATHH.

BoinonHenue mnpakThyeckux padoT oOecrnedyrBaeT JOCTHKEHUE OO0YYarOUIMMUCS CIEAYIOLIUX
pe3yJ1bTaToB:

[1P61 OVII.03 BnameHue METOAAMH JIOKA3aTENbCTB, AJTOPUTMAMH pPEUICHHUS 337ad; YMEHHE
(bopMynMpOBaTh OIpENeNeHHs, aKCUOMBbl M TEOpPEMbl, IMPUMEHATh MX, HPOBOJIUTH JOKa3aTelIbHbIE
paccyX/1eHUs B X0JI€ pELICHHUs 3a/1a4;

I1P62 OVII.03 ymeHue omnepupoBaTh MOHATHSAMHU: CTEHNEHb 4YMUCIA, JorapudM 4vHClIa;, YyMEHHE
BBITIOJIHATh BBIYKMCICHHE 3HAYCHWH M NPEeoOpa3oBaHMs BBIPAKEHUH CO CTEMEHSAMH M JOrapuQMamu,
npeoOpa3oBaHus APOOHO-PALIMOHAIBHBIX BBIPAKEHUIH;

I[IP63 OVIL.03 ymeHuwe omepupoBaTh IOHSATHUSMHU:  pallMOHAIbHBIC, HPPAUOHAIBHBIC,
[oKa3aTebHbIe, CTEIEHHbIE, JOorapupMUUecKie, TPUTOHOMETPUUECKIE YPaBHEHHUS M HEPABEHCTBA, UX
CUCTEMBI;

[1P64 OVIIL.03 ymeHuwe omnepupoBaTh MOHATHSAMH: (YyHKUHMSA, HempepbiBHas  (QyHKUUA,
NIPOM3BOJIHAs, TMepBooOpa3Has, OINpEeAENCHHBIH HWHTErpajl; yMEHHE HaXOAWThb  IPOU3BOJHBIE
3JIEMEHTApHBIX (YHKLUH, UCIONb3Ys CIPAaBOYHbIE MaTepHajbl; MCCIEN0BaTh B MPOCTEHUIIMX CIydasx
(GYHKIIMM Ha MOHOTOHHOCTb, HAaXOJWThb HaWOOJIbLINE W HAMMEHbIIUE 3HAueHUs (QYHKIHM; CTPOUTH
rpaduKd  MHOTOYJIEHOB C HCIOJb30BAHUEM ammapaTa MaTeMaTH4eCKOTrO aHaln3a; MPUMEHSTb
MIPOM3BOJIHYIO TIPU PEHIEHUH 33/Ja4 Ha JBUKEHHE;, pelaTh MPAKTUKO-OPHUEHTHPOBAHHBIE 3aJaud Ha
HauOoJIbIINE U HAaUMEHbIIINE 3HaYeHUs], Ha HaXOXKCHHE MYTH, CKOPOCTH M YCKOPEHHUS;

[TP65 OVIIL.03 ymenue omnepupoBaTh MOHATUSMU: palMOHATbHASA (YHKIMS, TMOKa3aTeIbHas
¢byHKLuMsA, cTenenHas QyHKIUs, Jorapupmuueckas GyHKINs, TPUTOHOMETpUYecKHe (PyHKIMH, 0OpaTHbIE
(GYHKIIMM; YMEHHME CTPOUTH TpaduKd HM3YyYEHHBIX (YHKIUH, UCHOJIB30BaTh IpadUKH NpPHU H3y4YEHUU
MPOIIECCOB U 3aBUCHUMOCTEH, MPH PELICHUHU 33/1a4 U3 JAPYruX Y4eOHBIX MPEAMETOB U 3a/1a4 U3 pealbHOM
KHU3HU; BbIpaxaTb (pOpMyIamMu 3aBUCUMOCTH MEX]ly BETMUMHAMY;

I1P66_OVII.03 ymeHue pemiath TEKCTOBBIE 3a/lauM pa3HbIX TUIOB (B TOM 4YHCJIE HA MPOLEHTHI,
IO WU 4YacTH, Ha JBI)KEHUE, paboTy, CTOMMOCTb TOBApOB M YCIYyr, HAJOrH, 3ajJayd U3 o01acTu
yIIpaBJIEHUs TUYHBIMU U CEMEHHBIMU (PMHAHCAMM); COCTABIATH BBIPAXKEHUS, YPaBHEHHsI, HEPAaBEHCTBA U
UX CHCTEMBI 110 YCIOBHIO 33/1a4H, MCCIIEI0BaTh MOJYyYEHHOE PEllIeHHe U OLEHUBATh MPaBIONOJ00HOCTh
pE3YJIbTATOB;

[IP67 OVIIL.03 yMeHue omepupoBaTh TMOHATUSIMH: CcpeaHee apudMeTnueckoe, MeanaHa,
HauOoJplllee W HaMMEHBIIEEe 3HAYCHHUs, Pa3Max, IUCIEPCHs, CTaHIAPTHOE OTKJIOHEHHWE YHCIOBOIO
Habopa; yMEHHE W3BJIEeKaTb, HMHTEPIPETUPOBATH HHPOpPMAIMIO, MPEACTABIEHHYIO B TaOiulax, Ha
auarpammax, rpadukax, OTPaXKarolllyl0 CBOWCTBA peajbHBIX IMPOLIECCOB U SIBICHUN; MPEICTABIATH
MH(OPMALIHIO C TIOMOIIBIO TAOIHIl U TUarpaMM; HUCCIIE0BaTh CTATUCTUYECKUE JAHHBIE, B TOM YHCIE C
NPUMEHEHHEM TpapHUUECKUX METOI0B U AJIEKTPOHHBIX CPEJICTB;



[1P68 OVII.03 ymeHue omepHpoBaTh MOHATUSMH: CIy4YallHBIM ONBIT M CIy4aiiHOe COOBITHE,
BEPOATHOCTh CIIY4aHOTO COOBITHS; YMEHHE BBIYUCIATH BEPOSTHOCTh C MCIOJIB30BAaHHEM TpauuecKuX
METOZOB; MPUMEHATh (OPMYIIBI CIOXKEHHS W YMHOXXEHUS BEpPOSITHOCTEH, KOMOMHATOpHBIC (aKThl U
dbopMynbl MpU pelIeHWH 3aJay; OLEHUBATh BEPOATHOCTH pEAIbHBIX COOBITHI; 3HAKOMCTBO CO
CIIy4allHbIMM BEJIMYMHAMHU; YMEHUE IPUBOJAUTH IMPUMEPHI IPOSIBICHUS 3aKOHA OOJBIIMX YHUCEN B
MIPUPOIHBIX U OOIIECTBEHHBIX SBJICHUSX;

I[TPG9 OVII.03 ymeHue omepupoBaTh MOHATHSAMH: TO4YKA, MpsAMas, IJIOCKOCTh, MPOCTPAHCTBO,
JNBYTPAHHBIA yTOJ, CKPEIIMBAIOIIMECA NPSMbIC, MAPAUIEIbHOCTh U IMEPHEHAUKYISIPHOCTh NPAMBIX U
IUIOCKOCTEM, yrojl MEXIy HPSAMBIMHU, YTOJI MEXIY HPSIMOW M IJIOCKOCTBIO, YIOJd MEXAY IIOCKOCTAMH,
paccTostHuEe OT TOYKHU 1O IUIOCKOCTH, PACCTOSIHUE MEXKIY HPSIMBIMH, PACCTOSHHUE MEXAY IJIOCKOCTSIMU;
YMEHHE HCIOJIb30BaTh IMPH PEHICHWH 3a7ad W3ydeHHbIe (AKThl M TEOPEMBbl IJIAHUMETPUHU; yMEHHUE
OLIGHHUBATh pazMepbl 0OBEKTOB OKPYKAIOLIET0 MHUPA;

I1P610_OVII.03 ymeHue onepupoBaTh MOHATHIMU: MHOTOTPAHHUK, CEUEHHE MHOTOTPaHHUKA, KyO,
napajuiefienunes, npusMa, nupamuaa, Gurypa u noBepXHOCTh BpallleHusl, LIUIUHAP, KOHYC, map, cdepa,
ceuyeHHst (UTYpHl BpAILICHHS, IUIOCKOCTh, Kacaromascs cQepbl, NUINHIPA, KOHYCa, IUIOIMAIb
MOBEPXHOCTU MUPAMUJIBI, TPU3MBL, KOHYCa, IIMIIMHIPA, TUIOMaab chepbl, 00beM Kyba, MpSIMOYToJIbHOTO
napauiesienune/1a, MAPaMHIbl, TPU3MBI, IIITUHIPA, KOHYCA, apa; YMEHHE H300pakaTh MHOTOTPAaHHUKH
Y MMOBEPXHOCTH BPALLEHUS, UX CEYEHUS OT PYKH, C IOMOUIBIO YEPTEKHBIX HHCTPYMEHTOB U 3JIEKTPOHHBIX
CPEICTB; YMEHHME paclo3HaBaTh CHUMMETPHUIO B IPOCTPAHCTBE; YMEHHUE pACIIO3HABATh IPaBUIIbHBIC
MHOT'OTPaHHUKY;

[1P611_OVII.03 ymenue onepupoBaTh MOHATHUSMH: IBHKEHHE B IPOCTPAHCTBE, MOI00HBIE (DUTYPBI
B IPOCTPAHCTBE; UCIOIB30BATh OTHOIICHUE IUIOMIAZeH MOBEpXHOCTEH U 00BEMOB OJOOHBIX GUTYp TPH
pellIeHnH 33/1a4;

ITP612_OVII.03 ymeHHe BBIYUCIATH T€OMETPUYECKHE BEIMYUHBI (JTUHA, YTOJ, IJI0MAAb, 00bEM,
TUTOIIAb IOBEPXHOCTH), UCIIOJIB3YS N3YUEeHHBIEC ()OPMYIIBI U METOIBI;

I[IP613 OVII.03 ymeHue omnepupoBaTh MOHATHAMH: MPSIMOYTOJIbHAs CHUCTeMa KOOpAHMHAT,
KOOpJMHATBl TOYKH, BEKTOP, KOOPJUHATHI BEKTOPA, CKAJISIPHOE MPOU3BEIEHUE, YTOJI MEXIY BEKTOpaMH,
CyMMa BEKTOpOB, IpPOU3BEJCHHE BEKTOpAa Ha YMWCIIO; HAXOAWUTh C IOMOIIBI0 H3YYEHHBIX (OpMYII
KOOpPJMHATHI CEPEANHBI OTPE3KA, PACCTOSIHIE MEXIY ABYMS TOUKAMU;

[1P614 OVIIL.03 ymeHue BbIOMpaTh MOAXOASIIMA HW3YYEHHBI METOA JUIS pEIIeHUs 3aJaduH,
pacrno3HaBaThb MaTeMaTH4eckue (akThl U MaTeMaTHYEeCKHE MOJEIU B MPHUPOAHBIX U OOLIECTBEHHBIX
SBJICHUSIX, B HMCKYCCTBE; YMEHHE MPUBOIUTh NPHUMEPHl MAaTEMaTUYECKHX OTKPBITMM POCCUHCKOW U
MHPOBOM MaTeMaTU4ECKON HAYKH;

MPI1. camocrosTenbHO (GOPMYIUPOBATh W aKTyalu3UpOBaTh MpoOJeMy, paccMaTpuUBaTh ee
BCECTOPOHHE;

MP2. ycraHaBnuBaTh CYIIECTBEHHBIN MPU3HAK UM OCHOBAHHMS ISl CPaBHEHUS, KiIacCU(UKALIUU U
0000IIICHHS;

MP3. onpenensTe Henu AeATEIbHOCTH, 331aBaTh NapaMeTPbl U KPUTEPUU X JTOCTHIKEHUS;

MP4. BbISBISATH 3aKOHOMEPHOCTH U TIPOTHUBOPEUHS B PACCMATPUBAEMBIX SIBJICHUSIX;

MP7. BnaneTh HaBBIKAMHU Yy4eOHO-MCCIIEAOBATENLCKOM M TMPOEKTHOW NesTEeIbHOCTH, HaBBIKAMU
paspernieHus mpooem;

MPS. cmocOOHOCTh U TOTOBHOCTh K CAMOCTOSITEILHOMY TOMCKY METOJIOB PEIICHHs MPAKTUYECKUX
3aJ1a4, IPUMEHEHUIO Pa3IMYHbIX METOJIOB MIO3HAHNUS;

MP9. oBnaneHune BHJIAMHU AEATEIBHOCTU IO IMOJYYEHMIO HOBOI'O 3HAHHSA, €r0 HHTEPIPETALNH,
peoOpa3oBaHUI0 M MPUMEHEHHI0 B Pa3IMUHBIX Y4E€OHBIX CUTYyalUsAX, B TOM 4YHCIE MpPH CO3JaHUU
y4eOHBIX M COIIMATBHBIX IPOEKTOB;

MP10. ¢dopmupoBaHre HAy4HOrO THUIIA MBIIUICHUS, BIJIAJICHHE HAYYHOH TEPMUHOJIOTHEH,
KJIFOUEBBIMU MMOHATUSIMU U METOJIAMU;



MP11. craButh U GopMyIHpPOBaTH COOCTBEHHBIE 33Jayd B 00pa30BaTENbHON NEATENBHOCTH U

JKU3HEHHBIX CUTYalsX;

MP12. BBISBAATh NPUYMHHO-CIIEICTBEHHBIE CBA3HM U aKTYaIM3UPOBATh 3a/1a4y, BbIIBUraTh TUIIOTE3Y
€€ pEeIICHUs, HaXOAUTh apryMEHTHI IS J0Ka3aTelIbCTBA CBOMX YTBEP)KIEHUH, 3alaBaTh IapaMeTpbl U
KpUTEPUHN PELLEHUS;

MP13. ananu3upoBaTh MOJIyYEHHBIE B XOJ€ PEIICHUS 33[Ja4H PE3yJbTaTbl, KPUTUUECKU OLICHUBATh
UX JIOCTOBEPHOCTH, IPOTHO3UPOBATH U3MEHEHHUE B HOBBIX YCIIOBUSX;

MP14. naBath OLICHKY HOBBIM CUTYAaIIMsIM, OIICHUBATh TPHUOOPETECHHBIN OIBIT;

MP15. pa3pabareiBaTh IIaH peuieHus NpoOIeMbl C YI€TOM aHaJIH3a UMEIOIIUXCS MAaTePHATbHBIX U
HEMaTEpUaIbHBIX PECYPCOB;

MP16. ocymiecTBIsATh IICJICHANIPABICHHBIA IMOUCK TEPEHOCa CPEACTB U CHOCOOOB NEHCTBHUS B
po¢eCCHOHATILHYIO CPEeAY;

MP17. yMmeThb TEpEHOCHTh 3HAaHWS B TIO3HABATEIBHYID W  MPAKTUYECKYI0  00IacTh
KHU3HEICATCIBHOCTH;

MP18. ymeTb UHTETPUPOBATH 3HAHUS U3 PA3HBIX MIPEAMETHBIX 00JIACTEH;

MP20. ctaBuTh mpobaeMbl U 3aJa4u, JOMyCKalOIIKe albTepHATUBHbIE PELICHHUS;

MP21. BnaseTs HaBBIKAMH TTOIy4EHUS HHOOPMAIMH U3 UCTOYHUKOB Pa3HBIX THIIOB, CAMOCTOSTEIBHO
OCYLLIECTBIATh MOUCK, aHAIN3, CUCTEMATHU3aLMUI0 U MHTEPIpeTalnio HHGOpMauy pa3IuyHbIX BUJOB U
(dbopM TIpeICTaBICHHUS,

MP22. coznaBaTh TEKCTHl B Pa3IMYHBIX (hopMaTax ¢ yuyeToM Ha3zHaueHUs MHPOpMalUU U LEeNeBOi
ayJAMTOPHUH, BEIOUPAst ONTUMAIBHYIO (hOpMY Mpe/ICTaBICHNS U BU3YyaU3allHH;

MP23. oueHuBaTh JOCTOBEPHOCTb, JETMTUMHOCTh HMH()OPMALMU, €€ COOTBETCTBHE IPABOBBIM U
MOPaIbHO-ITUUYECKUM HOpPMaM;

MP26. ocy1iecTBIATh KOMMYHHUKALIUK BO BCeX chepax KU3HU;

MP27. pacriozHaBath HeBepOalbHbIE CPEACTBA OOIEHUS, TIOHUMATh 3HAYEHHUE COLIMAJIbHBIX 3HAKOB,
pacro3HaBaTh MPEAIOCHIIKY KOH(DIMKTHBIX CUTYallMi U CMATYaTh KOH(IUKTBHI;

MP28. BnaieTb pa3IuyHBIMH CIIOCOOAMU OOIIEHUS U B3aUMOICHCTBUS;

MP29. apryMeHTHpOBaHHO BECTH JIMAJIOT, YMETh CMATYaTh KOH(QIUKTHBIE CUTYallUH;

MP30. pa3BepHyTO U JIOTUUHO HU3JIaraTh CBOIO TOUKY 3PEHHS C UCIIOJIb30BAHUEM SI3BIKOBBIX CPEJICTB;

MP31. moHMMaTh U UCTIONB30BATh NPEUMYILECTBA KOMaH/IHOW U MHIUBUAYaJIbHON pabOThI;

MP33. npyuHUMaTh LU COBMECTHOM JEATEIbHOCTH, OPIraHU30BbIBaTh U KOOPAWHUPOBATH JAEHCTBUS
II0 €€ JOCTHKEHUIO: COCTABIIAThH IJIaH JEHUCTBUM, PAaCHpEAEATh POJIM C Y4ETOM MHEHUH YYaCTHHKOB
00CYyXXIaTh pe3y/bTaTbl COBMECTHON pabOThI;

MP34. onleHuBaTh KauyeCTBO CBOETO BKJIAAA M KaKIOr0 YYaCTHHKA KOMaH/bl B OOIIMN pe3yabTaT Mo
pa3paboTaHHBIM KPUTEPUIM;

MP38. caMOCTOSTEIBHO OCYILECTBISATh IO3HABATENbHYIO JAEATENbHOCTb, BBIABIATH MPOOIEMBI,
CTaBUTb U (OpMyYIHpOBaTH COOCTBEHHBIE 3ajaud B 0OOpa30BaTENIbHON JESATENIBHOCTH U KU3HEHHBIX
CUTyalusX;

MP39. caMOCTOATENBHO COCTaBJIATH IJIAH PELICHUS MPOOJIEMBbl C yYETOM HMEIOIIMXCS pPECypcoB,
COOCTBEHHBIX BO3MOXKHOCTEH M MPEANOYTEHUH;

MP40. naBaTh OLIEHKY HOBBIM CUTYaIIHSIM;

MP41. pacumpsaTs paMKu y4eOHOTO IPEMETa Ha OCHOBE JIMUHBIX MPEANOUTCHUH;

MP42. nenath 0co3HaHHBIN BBIOOP, apTyMEHTUPOBATH €ro, OpaTh OTBETCTBEHHOCTH 33 PEILICHUE;

MP43. orieHnBaTh NPHOOPETEHHBIH OIIBIT;

MP44. crnocoOcTBOBaTh (HOPMHUPOBAHUIO U MPOSBICHHUIO LIUPOKOH SPYIUIMH B Pa3HBIX 00JACTIX
3HaHU, TOCTOSHHO MOBBIIIATH CBOM 00pa30oBaTeIbHbBIN U KyJIbTYPHbII YPOBEHbD;

MP45. naBaTh OLEHKY HOBBIM CHUTyalUsIM, BHOCUTb KOPPEKTHUBBI B JI€ATEIbHOCTh, OLICHUBATh
COOTBETCTBHUE PE3YJIHTATOB LIEISM;



MP46. BnaseTh HaBbIKAaMM MO3HABATENBHOW pedIeKCHHM KaK OCO3HAHMS COBEPIIAEMBIX ACUCTBUHN U
MBICIIUTENIBHBIX ITPOLIECCOB, X PE3YJIBTATOB U OCHOBAHMIA;

MP47. ncnonp30Bath NpueMbl peIeKCHN IS OLEHKU CUTYalluH, BEIOOpa BEPHOTO PEIICHHUS;

MP49.  chopMUpOBaHHOCTb CaMOCO3HAHMs, BKJIOYAIOIIEI0 CIIOCOOHOCTh IOHMMAaTh  CBOE
SMOIMOHAIBHOE COCTOSIHUE, BHJICTh HAMPABICHUS PA3BUTHS COOCTBEHHON AMOIIMOHAIBHOM cepsl, OBITH
YBEpPEHHBIM B cele;

MP50. chopMUpPOBaHHOCTh CaMOPETyIUPOBAHUS, BKIIOYAIOIIETO CAMOKOHTPOIb, YMEHUE MPUHUMATH
OTBETCTBEHHOCTb 3a CBOE IIOBEJEHME, CIIOCOOHOCTh aJallTUPOBATHCS K 3MOLIMOHAIBHBIM U3MEHEHUSAM U
MPOSIBJISITh THOKOCTD, OBITH OTKPBITHIM HOBOMY;

MP51. chopmupoBaHHOCTH BHYTPEHHEH MOTHUBAIUMH, BKIIOUYAIONIECH CTPEMJICHHE K JOCTHIKEHHUIO 1IETH
U ycCIieXy, OITUMU3M, HHUIIUATUBHOCTh, YMEHUE JIEWCTBOBATh, UCXO/I U3 CBOMX BO3MOXKHOCTEH;

MP52. chopMUPOBAaHHOCTh SMIATHH, BKIIOYAKOIICH CIOCOOHOCTh TOHMMAaTh AMOITMOHAIBHOE
COCTOSIHUE JPYTUX, YYUTHIBATH €r0 MPH OCYIIECTBICHHH KOMMYHHUKAIIUU, CIOCOOHOCTh K COYYBCTBHUIO U
COIIEPEIKUBAHMUIO;

MP53. chopMUPOBAaHHOCTh COIMATIBHBIX HABBIKOB, BKJIIOYAIOUINX CIHOCOOHOCTh BBICTPAUBAThH
OTHOILIEHMS C IPYTUMHU JIIOJIbMH, 3a00TUTHCS, IPOSIBIIATh HHTEPEC U pa3peliaTh KOHPIUKTHL;

MP54. npuHumMats ceds, TOHUMas CBOM HEIOCTATKHU U JOCTOMHCTBA;

MPS55. npuHEMaTh MOTHBBI M ApIYMEHTBI APYTUX JIFOJEH IIPU aHAJIU3€E PE3YJIBTATOB IEATEIbHOCTH;

MP56. npu3HaBaTh CBOE IIPaBO U MPABO JIPYrUX JIOJEH Ha OINOKY;

JIP1. chopMUpPOBaHHOCTh T'PAKIAHCKON MO3UIMM O0YYarOIErocsi Kak akKTUBHOTO M OTBETCTBEHHOT'O
YJieHa POCCHICKOTO O0IIeCTBa,

JIP6. ymeHue B3aMMOJIEHCTBOBATh C COLIMAIBHBIMU MHCTUTYTaMH B COOTBETCTBUU C MX (YHKLUSAMHU U
Ha3HAYCHUEM;

JIP8. copMHUPOBAaHHOCTh POCCHUICKON TI'pa)KAAaHCKOM WACHTUYHOCTH, MATPUOTHU3MA, YBAKEHHUS K
CBOEMY HapOJly, YyBCTBA OTBETCTBEHHOCTH nepea PoauHol, ropaocTu 3a CBOM Kpail, cBoro Poauny, cBoi
A3BIK U KYJIbTYPY, IPOILJIOE U HACTOSALIEE MHOTOHALIMOHAIBHOrO Hapoaa Poccuy;

JIP9. 1neHHOCTHOE OTHOUIEHHE K TOCYJapCTBEHHBIM CHUMBOJIaM, HCTOPHUYECKOMY W IPUPOTHOMY
HaCJIEIUIO, NMaMATHUKAM, TpajiuuusM HaponoB Poccum, poctmkeHusM Poccum B Hayke, UCKYCCTBE,
CIIOpTE, TEXHOJIOTHUSIX U TPYIE;

JIP11. oco3HaHue qyXOBHBIX LIEHHOCTENH POCCUIMCKOTO HapO/a;

JIP12. chopmMupoBaHHOCTH HPABCTBEHHOTO CO3HAHUS, STUUECKOTO TTOBEIACHUS;

JIP14. oco3HaHMe JIMYHOTO BKJIa/Ja B IOCTPOEHUE YCTOMUUBOTO OYIyIIero;

JIP16. scrernyeckoe OTHOILIEHHE K MHUDY, BKIIOYas 3CTETUKY ObITa, HAYYHOIO U TEXHUYECKOTO
TBOPYECTBA, CIIOPTA, TPY/Aa U OOLIECTBEHHBIX OTHOIICHUH;

JIP17. ciocoOHOCTh BOCHPHUHUMATh Pa3IMYHbIE BHUJbI MUCKYCCTBA, TPAAMIIMU U TBOPYECTBO CBOErO U
IPYTHUX HapOJO0B, OLIYLIaTh MOLMOHAIBHOE BO3JIEHCTBUE HCKYCCTBA;

JIP20. chopmMupoBaHHOCTH 30POBOTO W 0€30MacHOr0 00pas3a >KU3HU, OTBETCTBEHHOTO OTHOIICHMS K
CBOEMY 37I0POBbIO;

JIP21. moTtpeOHOCT, B (DU3MYECKOM COBEPIIEHCTBOBAHUH, 3aHATHUAX CIOPTUBHO-0370POBUTEIHHON
JESTENbHOCTBIO;

JIP23. roTOBHOCTb K TPYyly, OCO3HaHHE LIEHHOCTH MacTepCTBa, TPY10JII00ue;

JIP25. wuHTepec K pasnuuHbIM cdepaM NpodecCHOHATBHOM JAEATENbHOCTH, YMEHHME COBEpIIaTh
OCO3HAHHBIN BRIOOp OyayIiel mpodeccuu U peaTn30BbIBaTh COOCTBEHHBIC JKU3HEHHBIC TJIAHBI;
JIP26. TOTOBHOCTh M CHOCOOHOCTH K 0OPa30BaHHUIO U CaMOOOPa30BaHUIO HA MPOTSHKEHUM BCEW JKU3HU;
JIP27. chopMHupOBaHHOCTH SKOJIOTUYECKOW KYJIbTYphl, HOHUMAHUE BIHUSHUS COLUATbHO-3KOHOMHYECKHUX
MPOIIECCOB HA COCTOSIHWE TPHUPOJHOW M COLHMAIbHOW Cpellbl, OCO3HAHUE TIJI00AIBHOTO XapakTepa
HKOJIOTMUECKUX MPOOIIEM;
JIP30. ymeHHe HpPOTHO3UPOBATH HEOJATONPUATHBIE SKOJOTMUYECKHE IOCIEACTBUS MPEANPUHUMAEMBIX
JEWCTBUM, IPEOTBPAIATh HX;



JIP32. cdopMHpPOBAaHHOCTH MHMPOBO33PEHHS, COOTBETCTBYIOLIETO COBPEMEHHOMY YPOBHIO Ppa3BUTHS
HayKH U OOIECTBEHHOW MPAKTHKU, OCHOBAHHOTO Ha JUAJIOre KYJIbTYpP, CIOCOOCTBYIOIIETO OCO3HAHMIO
CBOET0 MECTA B MOJIUKYJIBTYPHOM MUPE;

JIP33. coBepilIeHCTBOBAHUE SI3IKOBOM M YMTATEIBCKOM KYJIbTYPhI KaK CPEICTBA B3aUMOACHCTBUS MEXKITY
JIIOJIbMU U TT03HAHUS MUPA;

JIP34. oco3HaHMe UEHHOCTHM HAy4yHOH JEeATENbHOCTH, TOTOBHOCTb OCYIIECTBISATh MPOEKTHYIO U
HCCIIEIOBATENBCKYIO AESITENIbHOCTh MHIUBUYAIbHO U B TPYIIIIE;

ConeprkaHue MpakTHYECKUX 1 J1ab0paTOPHBIX 3aHATUI OPHEHTHPOBAHO HA MOArOTOBKY 00yYaronmuxcs K
OCBOCHHIO TPO(ECCHOHATPHOTO MOAYJS TPOTrpaMMbl TOATOTOBKH CIICIUAIKMCTOB CPEIHEr0 3BEHa II0
CIICIMAILHOCTH U OBIIAJICHUIO HPOPeCCUOHATbHBIMU KOMNEMEHYUAMU:

IIK 1.5 O06ecneunBaTh KOHTPOJb, Yy4YeT M pEryIHpoBaHue OecrnepeOOiHON MOCTaBKU
ANEKTPUYECKOM SHEPTUU MOTPEOUTENSIM C TPUMEHEHUEM CPEICTB aBTOMATU3ALIUN

A Taxxe GOPMUPOBAHUIO 0OUIUX KOMNEMEHYULIL:

OK 01 Bpeibuparp ciocoObl perieHus 3aj1a4 npoecCHOHaTbHON AeATEIbHOCTH MPUMEHHUTEIBHO K
Pa3IMYHbIM KOHTEKCTaM

OK 02 Mcnonb3oBaTh COBPEMEHHBIE CPE/ICTBA TIOKUCKA, aHANIM3a U MHTEPIpeTaluu uHpopMauu u
MH(OPMAIMOHHBIE TEXHOJIOTHH [ BBITIOIHEHUS 3a/1a4 TPO(PECCUOHATLHON NeATEIEHOCTH

OK 03. [1nanupoBaTh U peain30BbIBaTb COOCTBEHHOE MPO(ECCHOHATBFHOE U TUYHOCTHOE Pa3BUTHE,
IPEINPUHIMATENBCKYIO JeSITEIbHOCTh B IPOPECCHOHATIBHOM cdepe, UCTIONb30BaTh 3HAHUS 10 MPABOBOM
1 (PMHAHCOBOM IT'PAMOTHOCTH B PA3IMUHBIX KU3HEHHBIX CUTYAIIUSIX

OK 04 DddexTuBHO B3aUMOICHCTBOBATh U PaOOTaTh B KOJUICKTHBE M KOMaH/IC

OK 05 OcymiecTBisiTh YCTHYIO U HHUCHMEHHYIO KOMMYHHKAIIMIO HAa TOCYIApPCTBEHHOM SI3bIKE
Poccuiickoit @enepanuu ¢ yueToM 0COOEHHOCTEH COLMAIBHOTO U KYJIbTYPHOTO KOHTEKCTA

OK 06. IlposBasaTh TIpaxaaHCKO-NATPUOTHUECKYIO IO3MIIMI0, JIEMOHCTPUPOBATH OCO3HAHHOE
[IOBE/ICHUE Ha OCHOBE TPAJMLIMOHHBIX POCCHUICKUX yXOBHO-HPABCTBEHHBIX LIEHHOCTEH, B TOM YHUCIE C
Y4ETOM TapMOHHU3ALIUUA MEKHAIMOHAIBHBIX M MEXPEIUTHO3HBIX OTHOILICHHUH, MPUMEHITh CTaHIApThI
AHTUKOPPYNIIMOHHOIO TIOBEJICHUS;

OK 07 CopeiicTBoBaTh COXpPaHEHUIO OKPYKAIOUIEH Cpelbl, pecypcocOepeKeHHI0, NMPUMEHSTh
3HaHHUA 00 M3MEHEHHM KIuMaTa, IPUHLMUIIBI OEpexIINBOro MPOU3BOACTBA, 3PPEKTUBHO JIEHCTBOBATH B
Ype3BbIUAHBIX CUTYAIUIX

OK 08 Hcnonb3oBath cpeacTBa GU3NUECKON KYIbTYPHI U COXPAHEHUS U YKPETJIEHUS 3/J0POBbS B
nporecce MpodecCUOHATBHONW JEeATETbHOCTH M MOJJEpKaHUs HEOOXOJUMOIo YpPOBHS (U3NYECKOM
MIO/ITOTOBJIEHHOCTH

OK 09 ITonp3oBarbest mpohecCHOHATBHON JOKYMEHTAIMe Ha rocyJapCTBEHHOM M MHOCTPAaHHOM
A3bIKaX.

BeinonHenue npakTHyeckux padboT Mo yueOHoH aucuuminie «MaTeMaTruka» HallpaBiIeHo Ha:

- 00o001IeHre, cucTeMaTr3aIuio, yriayoaeHne, 3aKperieHle, pa3BUTHE U JCTATU3ALUIO TOTyYEeHHBIX
TEOPETUYECKUX 3HAHUN M0 KOHKPETHBIM TeMaM Y4eOHOMH JHCIUIITHBI;

- (hopmupoBaHNEe yMEHHI NMPUMEHSATH MOTYYECHHbIE 3HAHHUS Ha MPAKTHKE, pealn3allii0 €IUHCTBA
MHTEJJIEKTYAJIbHOM U TPAKTUYECKON AESITEIbHOCTH;

- (opmupoBaHue M pa3BUTHE YMEHHI: HaOII0/laTh, CPaBHHUBATH, COINOCTABIATH, AHAIU3UPOBATH,
Je7aTh BBIBOJABI M OOOOIIEHMS, CAMOCTOSTENIbHO BECTH MCCIEOBAHMS, IOJIb30BATHCS PA3TUUYHBIMU
prUeMaMu U3MEpPEeHU, opOPMIIATH pe3yabTaThl B BUJE TaOIHII, CXEM, I'paKOB;

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

- BBIPaOOTKY MPH pEIIEHUH MTOCTABICHHBIX 337a4 MPO(EeCcCHOHANBHO 3HAYUMBIX KaueCTB, TAKUX KaK
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOpUECKasi MHUIIMATHBA.

IlpakTyeckue  3aHATHS MPOBOAATCS B PpaMKaX COOTBETCTBYIOILEH TEMBI, IIOCIE OCBOEHMS
TMIAKTUYECKUX €IMHUILL, KOTOpble 00eCTIeunBal0T HAIMYUE 3HAHUHM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHSL.
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2METOIUYECKHUE YKA3AHUSA

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTnueckoe 3ansaTne Ne 1
Apupmernyeckue 1eidCTBUA HAX 1eiiCTBUTEIbHBIMH U KOMIUIEKCHBIMH YK cjaamMu. IIpudaunxennnlie
BbIYMCJICHUS

Heab: O0OOMMUTE U CUCTEMATH3UPOBATH 3HAHUS, YMCHHS W HABBIKH BBHITIOJHEHHS JCHCTBUMA C
JeWCTBUTEILHBIMU M KOMIUICKCHBIMU YHCIIAMH, IPUOJIMIKEHHBIX BEIYUCIICHHM.

Boinosinenue padorsl cnocodocTByeT hopmupoBanmio: [1P62 OVIIL.03

MatepuanabHoe obecnieuenne: VHIMBHIya bHBIC 33JaHUs, CIIPABOYHBIC MATEPUAIIbI, KOHCIICKTHI
JICKIIU.

3aganue

1. Pemwnre 3anaun:

a) bpwurazae ayekTpuKOB ObUTA YCTAaHOBJICHA HOPMa — MPOTITUBAHUE JIEKTPOIIPOBOA MO 2,5 KM B
neHb. B mepBblil neHp Opuraaa mpotsHyna 2 KM IpoOBOJa, a BO BTOpPOU JeHb — 3kM. Haiiaurte
MIPOLICHT BBIITOJIHCHUSI HOPMBI B IIEPBBIA U BTOPOil ICHb.

0) B nexe pabotaror 20 pabounx, u3 HUX 8 IJIEKTPUKOB. Kakoi MpOIEeHT OT BCEro YKciia pabounx
1[eXa COCTABJIAIOT JEKTPUKU?

B) Pabounii geHb 3NIEKTPUKOB YMEHBIIUICS ¢ 8 yacoB 10 7 4acoB. Ha cKOIBKO MPOLIEHTOB HYKHO
MOBBICUTH TPOW3BOJUTEIBHOCTh TPYyJa, YTOOBI MPU TEX KE pacICHKax 3apa0oTHas IuIaTa
BO3pacia Ha 5%?

2. Beruucnure:

5 7 23 9 423,441
a)(_+_).(3__2_)’ 6 12534 41148-
8 ' 12 58 58 ) ——5—F—,
11222
3 7
2 1 1 12,8:0,64+3,05:0,05
B)4—+1—'3—5—; F) 7 4 ;
3 3 6 8=:1-—1
39
6 6 1 4 4
1 ——12—-( 1 —)- (1 2_3 -1—):2—-
1) 57 7 0, +15 ! ) |18 3 5 7’
_ 31 1 1
« 0,15-0,15:37 3) (1—- 0,7 — 1,22) 1=
3 ] 5 2
-240,25
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3. JlaHbl KOMILIEKCHBIC YHCJIA:
Zl = 3 + 21,
ZZ = 4 - i,
Z3 = 54+ 21,
Z4_ = 6 _— 31.
BrinmonHuTe neficTBu:
a) Z1 " Zy + Z3 " Zy; 0) 2124 + 7" 73
B) Z1 *Z3 — Zp " Zy4;
Zq, Z2
r) Z, I[) Zl
Z3, Zy
C) Za )K) Zi



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

HOpﬂ)IOK BbIIIOJTHCHHU A paﬁoTbI:
BraumMmarenrHO 03HAaKOMBTECH C YCJIOBUCM 3aJiaHUs.

[Tonp3ysch CBOMMM ILKOJIBHBIMU 3HAHUSAMMU (B Cllydae 3aTpyIHEHHs BOCIOJIb3YHTECh CIIPABOYHBIMU
MaTepuagaMH), BBIIIOJIHUTE 33 JaHUE

3aganue Nel
2 1 2+1
Dsts=7 =

3 4 3+4
2)—7+;= =

3 3:+4:=(CB+M+(+3)=7+2=7%
2 1 2 1 1 1
H3i-12=6-n+(E-)=2+3=23

E
. 5 5
2 1 2 1 6+ 11
N32+14:=G6+10+(3+3) =17+ =172
3aganue No2

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

8+i
Pemenue. [lepenuiem 310 OTHOILIEHUE B BUAE APOOU: Py
—ol
YMHOXHUB, €€ YMCIUTEIb U 3HaMEHaTeNNb Ha 2 + 31 ¥ BHIOJIHUB BCE NIPeoOpa3oBaHus, MOIYUUM:
(8+i)(2+3i 134261 .
(243D _ =142

(2-30)(2+3i) 13

(I)opMa npeacraBjJdceHus pedyjabTaTra: BhIIIOJTHECHHOC 3a/IlaHNE

Kpurepun onenkn:

Ouenka "oTJM4YHO'" BBICTABISACTCA, €CIIM PadOTa BHITIOJIHEHA B MOJTHOM 00BEME C COOJI0IEHUEM
HE0OXOIMMOM TOCTEOBATENBHOCTH JEHCTBHIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCe
3aIllMCHU U BBIYUCIICHHS.

Ounenka ''xopomo" BBICTaBISETCS, €CIM BHINONHEHBI TPeOOBaHUS K OIEHKE "OTIWYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ouenka '"yI0BJIeTBOPUTENbHO'" BBICTABISETCSA, €CIM padoTa BBINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISIET TIOJYUYUTh MPABUIIbHBIE PE3YJIBTATHI U BHIBOJBI; B XOJIE
MPOBEIEHUS pabOThI ObUIH JOMYIIEHBI OIIHMOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBHITIOJHEHA HE MOJTHOCTHIO WM
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIeaTh MPABUIHHBIX BHIBO/IOB.

Tema 1.1 Pa3BurHe NOHATHSA 0 YHCJIE

IIpakTnueckoe 3ansaTHe Ne 2
Pemenune NPUHKJIAAHBIX 32/1a4 HA MPOUECHTDI

Heab: OO600mUTH M CUCTEMATH3UPOBATh 3HAHUS, YMEHHUS U HaBBIKM IIpU

BBITTIOJTHCHHUHN
IMPOLUCHTHBIX BBIUMCIICHUH



BoinosiHeHue pa6oTsl cnocodcTByeT popmupoBanuio: [IP66 OVIIL.03
MartepuanbHoe obecnieyenue: VHauBuayanbHble 3aJaHUs, CIPABOYHbIE MaTEepPHAalbl, KOHCIIEKThI
JIEKUUH.

3ananne

1. Hanor nHa goxoas! coctaBiseT 13% ot 3apaboTHo# miaThel. [Tociie yaepkaHus Hajora Ha JOXObI
paboumii Moy4rsi 3a BBIOMHEHHYIO padoty 16530 pyOuseii. Ckonbko pyOiieli COCTaBIsieT CTOMMOCTD
BBITIOJITHCHHOU PabOTHI?

2. B uHTEepHET- Mara3uHe MOXHO 3aKa3aTh JETall C JOCTABKOW, MPU STOM CTOMMOCTH JOCTaBKU
cocraBisieT 7% oT croumoctu 3akasa. [Ipeanpusitue aenaet 3aka3 netaneit Ha cymmy 60000py6ueit, npu
3TOM MoydaeT ckuaky 15% Ha onToBblii 3aka3. KakoBa OyJeT CTOMMOCTB IOCTaBKH TOTO 3aKa3a’?

3. Komuccus 3a Mmex6ankoBckuil mepeBoa coctabiser 1,5% ot cymMbl iepeBofa, Ho He meHee 100
py6ueii. KakoBa OyneT komuccust 3a MexxOaHKOBCKUH niepeBo cymmbl 50 000 pyomneit?

4. 25% y4acTHMKOB KOHKYypca Mpo¢eCCHOHAIBLHOTO0 MacTepcTBa MPOILIM B HOMy(puHAN, U3 HUX
10% oxazanmuce B (punane. CKoIbKO OBUIO YYaCTHHKOB KOHKypca, eclii (MHAIMCTaMU OKa3aJIuCh 8§
YeJnoBek?

5. 3a HECBOEBPEMEHHOE BBITIOJIHEHUE IOTOBOPHBIX 00S3aTENLCTB COTPYIHUK JHIIAeTcs 25% MeCIYHOrO

OKJIaJia ¥, KpOME TOTO, 32 KaXKJIbIi MPOCPOUCHHBIN MecsI K mTpady npudasisercs 5% MeCSIHOTO
oxmana. Oxman corpyaauka 20000 py6eid. B kakom pasMepe oH J0JDKEH 3aIllIaTHTh mTpad mpu
HapYIICHHH CPOKOB Ha 5 MecsIeB?

Ilopsiiok BHIOJHEHUS PaGOThI:

BHuMaTenpHO 03HAKOMBTECH C YCIOBUEM 3aJaHMs.

[Tonp3ysch MOMY4YEHHBIMH 3HAHUSAMH (B Cllyyae 3aTpyAHEHHs BOCIOJb3YMTECh CIPaBOYHBIMU
MaTepuagamMH), BbIIIOJIHUTE 3a/1aHuE.

OauH mpoueHT — 3TO OAHAa coTas A0S uuciaa. MaTeMaTHUeCKUMM 3HaKaMu OJIMH IPOLEHT
3anuceIBaeTcs Tak: 1%.

Omnpenenenre OAHOTO MPOIEHTa MOXKHO 3amucarh paBeHctBom: | % = 0,01 * a 5%-=0,05,
23%=0,23, 130%=1,3 u T.1.

Kak naittu 1% ot uucmna? Pa3 1% »To ogHa coTtas yacTh, Hajio yucio pazaenuts Ha 100. lenenue
Ha 100 MoxHO 3aMeHuTh yMHOXeHHEeM Ha 0,01. ITosTomy, 4ToObI HaiiTu 1% OT JaHHOTO YMCIa, HYKHO
yMHOXHUTH ero Ha 0,01. A ecnu Hy)kHO HalTH 5% OT uKcia, TO yMHOXKaeM JanHoe unciio Ha 0,05 u T.71.

3adaua: Mara3uH 3akynaer sHeprocoeperaromye jJamiisl mo ontooi neHe 110 pyomeit 3a mryky
u npojaet ¢ HareHKoi 30%. Kakoe Hanbombliee 4nciao Takux JaMI MOKHO KYIIMTh B TOM Mara3uHe Ha
1200 py6mnei?

Pewenue

1) OmnpenensieM HalleHKY Mara3uHa:

30% =0,3;

110 - 0,3 =33 py0. HalleHKA

2) OmnpenensieM po3HUYHYIO LIEHY JIAMII:

110 + 33 = 143 py0. po3HU4HAs 1IeHA

3) OmnpenensieM KOJIMYECTBO JIaMIT

1200 : 143 = 8 (oct. 56)

Omeem: 8
3adaua: 3a HECBOEBPEMEHHOE BBITIOJIHEHUE JIOTOBOPHBIX 0053aTENILCTB COTPYIHUK JuIaeTcs 25%

MECSYHOTO OKJIaJa W, KpOMe TOTO, 3a KaK/IbIi MPOCPOUEHHBIN MecsIl K mTpady npudasisercs 5%
MecsiuHoro okaaa. Oxman corpyaauka 20000 pyosieii. B kakoM pazMepe oH JTOJDKEH 3arIaTiTh mrpad
IIPY HApYLIEHUU CPOKOB Ha 5 MecsueB?
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Pemenue. 1)[lepBonauansHo mrpad corpynnuka coctasisit 661 20000%0,25=5000 py6uieit.

2)Kaxnerii Mecsiny mrpad yBenuuuBaercs Ha 20000*0,05=1000 py6iieid, T.K. COTpYIHUK HAPYIIHIT CPOKH
Ha 5 Mmecsnes, To K mrpady godasar 1000%*5=5000 pyOneii.

3)Berunciaum okaHyaTenbHy0 cymmy mrpada 5000+5000=10000 pyoieii.
Otet. Corpynauk Beiruiatut 10000 pyoiei.
®opma npeacTaBieHus pe3yJbTaTa: BBIOJTHCHHOE 33/1aHNE

Kputepun onenku:

Ouenka "oTJHMYHO'" BBICTABIACTCS, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0ICHUEM
HEO0OXOIMMOM TIOCTIEOBATEIIBHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIIIOJIHEHBI BCE
3aIllMCH U BEIYUCICHHA.

Ounenka ''Xxopomo" BbBICTaBIISIETCS, €CJIM BBIINOJHEHBl TpPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHBIE PE3YNbTAThl U BHIBOJIBI; B XOI€
MPOBEICHUS paObOTHI OBUTH TOMYIIEHBI OIITHOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WUITU
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIEIaTh MPABUIIHHBIX BHIBOJIOB.

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansitue Ne 3
Pemienue panuoHaJIbHbIX YPABHEHHH H CHCTEM YPaBHEHUI

Hesab: OG00IMUTL U CHCTEMATU3UPOBATh 3HAHMS, YMEHHsI YJaIUXCsl IPU PELICHUU JTUHEWHBIX U
KBaJIpaTHBIX YPAaBHEHUI, CHCTEM YPABHEHHIA.
BoinosiHeHue padotsl cnocodcTByeT hopmupoBanmio: [1P62 OVIIL.03, ITP63 OVII.03

3amanne
1. Peuuth ypaBHEHUS:
a) x—2)—-5=4—-(G5x-1);
6) 2x+7)Bx—1)—-Gx—1D(x+3)=(x+1)?

x—1  44+2x,
B) 2 3

) —zx?+12=0;
1) 10x2 + 5x = 0;
e) 2x2+3x—5=0;
x) 3x2+7x—6=0;
3) x2+8x+15=0;
) x*—2x2 —8=0;

16—x? .

K) x—4 0
x 4.
) 2x-3  x'
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x%2-2x 2x-1

M) - = 3;
x—1 1-x
2. Pemmre cuctembl ypaBHEHUI:
{3x—y=3, {2x+3y=3,
) 13x — 2y = 0; ) 15x + 6y = 9;
){xz—y:—z, F){xy—x+y=7,
2x +y = 2; xy+x—y=13;

Iopsiaok BbINOIHEHUS PA0OTHI:

[Tpu pemieHny ypaBHEHUHN HCTONB3YIOTCS CIEAYIOLIUE MpaBuia npeoOpa3oBaHusi  ypaBHEHUH B
PaBHOCHUJIbHBIE:

a) Kakoil- n1u0O0 4IeH ypaBHEHHS MOXKHO IEPEHECTH U3 OJHOM €ero 4actu B JPYrylo ¢
MIPOTUBOIIOJIOKHBIM 3HAKOM;

0) 00e yacTu ypaBHEHHUS MOKHO YMHOXKUTb WJIM Pa3fesiuTh Ha OJHO TO k€ YHUCIIO, OTJIIMYHOE OT

0.

Xon padoTsi:
Kpartkue Teoperndeckue cBe1eHUs:
Pemenue ypasuenuii |-l crenenu ¢ ogHoM nepeMeHHON

-b N N .
ax+b=0,(x= —.a # 0) — nuHeltHOe ypaBHeHUe | cTeneHu ¢ OAHON epeMeHHOM

ax? + bx + ¢ = 0 (a # 0) — ypaBuenue || crenenu ¢ oaHOI MepeMeHHO}A.
1. Onpenenuth BUJI ypaBHEHUSI U CIIOCOO €TO PEIICHHUS.
2. Ecnu ypaBHEeHHE TpOOHO-pAIOHATBHOE, TO HAWTH OOMIMIA 3HAMEHATEIh BCEX JPOOCH, KOTOphIE
BXOJIAT B ypaBHEHHUE.
3. YMHOXUTH 00€ YacTH ypaBHCHHI Ha OOIIUIT 3HAMCHATEITh.
4. PemuTh NMoJIy4eHHOE 11€710€ YpaBHEHHE.
5. TlpousBecTu MpPOBEPKY KOPHEH, U UCKIIOUYUTh T€ M3 HHUX, KOTOPbIE OOpaIlaloT B HYJIb OOITUIH
3HaMeHaTeb.
Pemnm ypaBHEHMS:
a) (Bx +1)%2 + (4x — 1)? = (5x — 2)?
PackpoeM ckoOKH, TIPUMEHssS (POPMYIIBI COKpaIleHHOTo yMHOKeHus (a + b)?u  (a — b)?
9x% + 6x+ 1+ 16x% —8x + 1 = 25x% — 20x + 4
9x%2+6x+1+16x>—8x+1—25x>+20x—4=0
[TpuBeneM mo100HBIE YICHBI, TOTYYHM
18x —-2=0
2 1
YT
OtBeT: x = %— KOpPEHb YPaBHEHHS.
X 7 8
xX—2 x+2 m
PaznosxkuM x? — 4 Ha MHOXKUTENH M NEPEHECEM BCE WIEHBI yPaBHEHHS B JIEBYIO YacTh. [IpuBenem

Ipobu K 00IIeMy 3HaMEeHATeIIIO:
X 7 8

x—2 x+2 (x-2)(x+2) =
x(x—-2)-7(x-2)-8

(x-2)(x+2) 0
X% +2x-7x+14-8 —0

(x+2)(x-2)
x%2-5x+6
(x+2)(x-2)

Jpobsb paBHa HYJIO0, KOTJa €€ YHCIUTENb paBeH HYJIIO0, a 3HAMEHATel b HE paBeH HYIIO, T.€.
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(x+2)(x=2)#0=>x#2,x + -2
x2—5x+6=0
D=25-24=1
541
X1 = T =3
X, = 5;—1 =2
Ho tak kak x # 2, To X, = 2 — MOCTOPOHHUN KOPEHb, CIICIOBATEILHO PEIICHUEM ypaBHEHUS
Ooymer x; = 3
OtBeT: x = 3

(I)opMa NMpeacTaBJdCHUs pE3yjabTaTa: BhIIIOJIHCHHOC 3aJaHNC

Kputepun ounenku:

Ouenka "0oTJMYHO" BBICTABIACTCA, €CIIM pabOTa BBHITOJHEHA B ITOJTHOM 00BbEME C COOI0OIEHUEM
HEO0OXOIUMOM TIOCITICAOBATEIIBHOCTH JICHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIOJIHCHBI BCE
3allMCH U BEIYUCICHHA.

Ounenka ''xopouo'" BBICTaBISCTCS, €CIM BBIOJHEHB TPeOOBaHHS K OLEHKE "OTIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

OuneHka '"yn0BIeTBOPUTEIbHO' BBICTABISICTCS, €CIU paboTa BBINIOJHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIBHBIE PE3YNIbTAThI U BHIBOJBI; B X0OJI€
MPOBEICHUS paObOTHI OBUTH TOMYIIEHBI OITHOKH.

OuneHka '""Hey/10BJIETBOPUTEIBHO' BBICTABISAETCS, €CITU padOTa BBHINOJIHEHA HE MOJHOCTBIO WU
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISCT ClIEIaTh MPABUIIHHBIX BEIBOJIOB.

Tema 1.1 PazBurHe NOHATHSA 0 YHCJIE

IIpakTuyeckoe 3ansaTue Ne 4
Pemenue 3a1a4 Ha cocTaB/IeHHEe YPABHEHHH € NPO(PECCHOHATBHBIM COJEePKAHUEM

Heab: O00OUMT, W CHUCTEMATU3MPOBATH 3HAHUS, YMEHHs y4yalllUXcs IMPH pEIIeHUH 3a1ad Ha
COCTABJICHUE YPaBHECHHU.
BoinosHenue padotel cnocodcTByeT (hopmupoBanmio: [IP66 OVIIL.03, [TP614 OVII.03,

3amanne

Pemure 3amaum:

1. IlpoBox mnuHOM 135 MeTpoB pa3pes3anu Ha JBE YaCTH TaK, YTO OJHA M3 HUX KOpOYe APYroi B
JBa pasza. Haliiure nnMHy KaKI0W YaCTH.

2. Nmeercs nBa kabenst pa3HbIX copToB. Macca mepBoro kabenst paBHa 65kr. Jpyroi, JyinHa
KOTOporo Ha 3M OOJbINe JJIMHBI TEPBOTO W Macca KaXJA0ro METpa KOTOPOTO Ha 2Kr OOJIbIIE MacChl
Ka)KJI0T0 MeTpa mepBoro kabemns, umeet mMaccy 120kr. Berancnure amuHy Kakaoro kabdes.

3. Ha cxmane umerorcs aammouku 60V u 100V. Korna ucnons3osanu 50% mammouek 60V u 20%
nammnouek 100V, uto cocraBuio B oOmiei ciaoxxkHoctd 390 mammouek, To ntammodek 60V ocraimochk B 3
pa3za 6osbiire, veM 100V. CkoJibko W3HAYAIBHO OBLTO HA cKiaje Jammodek 60V u 100v?

4. JIByMm snekTpHuKaMm OblUTa mopydeHna pabota. Bropoii mpuctymni k paboTe Ha yac Mo3Ke MepBoro.

., 9 .
qCpCS 3 yaca mocie TOr0, KaK ICPBbIN MPUCTYIUI K pa60Te, UM OCTaJIOCh BBIIIOJHHTDH % BCCU pa6OTLI.

[To okoHyaHuH pabOTHI OKA3al0Ch, YTO KAXKIBIA BHITIOJHIII MOJIOBUHY BCel pabOThL. 3a CKOJIBKO YacoB
Ka)K]IbIH, paboTasi OTJEIBHO, MOXKET BHITIOJHUTH BCIO paboTy?

Ilopsinok BbINOJHEHHSI padOThHI:
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BaumarensHO 03HAKOMBLTECh C YCJIOBUCM 3aJlaHus.
[lonp3ysick  MONy4EeHHBIMH 3HAaHMSAMU (B Cilydae 3aTPyAHEHHs BOCIOJb3YHTECh CIPAaBOYHBIMHU
MaTepuagamMH), BBIIOJIHUTE 3aJlaHUE.

[loxg anreOpamyeckM METOJOM pEIICHUS 3a/Ja4 MOHUMAETCS TAKOM METOJ pelIeHHs, KOorja
HEU3BECTHBIC BEIMYHMHBI HAXOIATCS B PE3yibTaTe PEIICHUS YPaBHCHHsI WJIM CHCTEMbl YPaBHEHUH,
COCTABJICHHBIX IO YCJIOBHIO 3a/1a4H.

[Ipu pemennn 3amad  anreOpauvdecKUM METOJIOM OCHOBHAsi MBICIUTENbHAS JIESITEIBHOCTD
COCpEIOTauMBACTCs Ha MEPBOM J3Talle PEIIeHUs 3aJadu: Ha pa3dope YCIOBHS 3aJadyd U COCTABIICHUU
yYpaBHEHUN WM HEPABEHCTB IO YCIOBHIO 3a/1aUH.

BropeiM sTanoM SBISETCS pPEIIEHUE COCTABICHHOTO YpPaBHEHWS WM CHUCTEMBI ypaBHEHHH,
HEpPaBEHCTBA WJIK CUCTEMBI HEPABEHCTB.

TpeTsuM Ba)KHBIM ATAINIOM PEIICHUS 3a/1a4 SIBJISICTCS TPOBEPKA PEIICHUS 3a/1a4H, KOTOPast IPOBOJAUTCS 110
YCIIOBHIO 33J1a4H.

3adaua:

[TepBbrii paGoumii 3a yac nenaetr Ha 10 geranmeld Oosbliie, YeM BTOPOM, W BBITIOJHSCT 3aKas,
cocrosimmidi u3 60 meraneil, Ha 3 4yaca ObIcTpee, YeM BTOpPOW pabOuMil, BHIOIHSAIONIMI TaKOH Ke 3aKas3.
CKOJIBKO JIeTajieii B 4ac JiejaeT BTOpOH paboumii?

Pewenue:
IlycTh X meraneii B yac enaet BTopoil paboumnii, Toraa nepsblil (x+10) neranei.
IIpon3BOIUTENBHOCTD Bpewms Pabora
. . 60 .
1 pabouwmii (x+10) meraneii B yac Tl 60 meraneii
. . 60 .
2 paboumnii X JleTajieil B yac 1 60 neraneit

Tak Kak mepBbIii U3rOTABIMBAET HA 3 Yyaca MEHBIIIE, YeM BTOPOM, TO COCTaBUM ypaBHEHHE:
60 60 3
x x+10

[Monyuum x=-20 u x=10 (-20 — He TOAXOIMT IO CMBICITY 3aIa4H)

10 neraneii B yac ienaet BTOpoil pabouuii.

Otger: 10 neranei.

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

Kpurepun onenkn:

Ouenka "oTJM4YHO'" BBICTABISACTCA, €CIIM PpadOTa BHITIOJIHEHA B MOJTHOM 00BEME C COOJI0IEHUEM
HE0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBINIOJIHEHBI BCe
3aIMCU U BEIYUCIICHUA.

Ounenka ''Xxopomo" BBICTaBISETCS, €CIHU BBIMOIHEHBI TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JONYIIEHBI 2-3 Hego4YeTa.

Ouenka '"yI0BJIETBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBINOIHEHA HE TOTHOCTHIO, HO
00BEM BBITTOTHEHHOW YaCTH TAKOB, YTO TMO3BOJISIET MOTYUUTh MMPABWIHHBIC PE3YIHTAThI U BHIBOJIBI;, B X0OJI€
MPOBEJICHUS paOOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBHITIOJHEHA HE MOJTHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeIaTh MPABUIHHBIX BHIBO/IOB.
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Tema 1.1 Pa3BurHe NOHATHSA 0 YHUCIE

IIpakTHyeckoe 3anaTHE Ne S
Pemienne pauMoHAIbHBIX HEPABEHCTB

He.]]b: HOBTOpI/ITB M 3aKpCIIUTh 3HaHWA W YMCHHA YYallUXCsa IIPU PCHICHHUH palrOHAJIbHBIX

HEPaBEHCTB.
Boinosinenue padorsl cnocodcTByeT popmupoBanuio:11P62 OVII.03, [TP63 OVII.03,

3amanue

Pemmth HCpaBCHCTBA:

1) 3x—Qx—7)<3(1+x); 2) x+"Tj3>3;
5) x2+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)%? > 0; 16) x2(x + 1) (x — 6)? > 0;
17) (x+6)(x — 2)3(x + 3)* = 0; 18) x%(x + 7)(x — 5)8(x + 8)® < 0;
x+3 . (x+4)(x+7) .
19) 22 <0; 20) & >
_ 2 2 -
21) (x=2)(x+4) <0 22) (x2+x)(x-3) <0

7x—x2 (x—1)2

IMopsaok BHINOTHEHUS PadoThI:

HpI/I pPCHICHUN HEPABCHCTB HUCIIOJIB3YIOTCA CICAYIOIINEC IMpaBUJIa HpeO6pa3OBaHI/IH HEPaBCHCTB B
PaBHOCHUJILHBIC!

a) KaKou- J'II/I6O WICH HEPABCHCTBA MOKHO IICPECHECTU U3 O)IHOIZ €ro 4aCtu B JpYI'yro C
IMPOTHUBOIIOJIOKHBIM 3HAKOM, OCTAaBHB IIPU 53TOM 663 U3MCHCHUA 3HAK HCPABCHCTBA,

6) 066 YaCTH HCPABCHCTBA MOKHO YMHOXHWUTH WU PA3ACIIMTL Ha OOAHO TO KE ITOJIOXUTCIIBHOC
4YHrCJ10, OCTaBUB IIPpHU 3TOM 0€e3 u3MeHEHHs 3HAK HCPAaBCHCTBA,

B) 06e YaCTHU HEPABCHCTBA MOKHO YMHOXXHTDH WJIU PA3ACIINTE HA OAHO U TO KC OTPULATCIIBHOC YUCIIO,
HU3MCHHB IIPpU 3TOM 3HAK HCPABCHCTBA Ha HpOTHBOHOHO)KHBIﬁ
HpI/I PCHICHUHN CUCTEM HEPABCHCTB HYKHO PCIHIUTDH KAXKIOC U3 HUX U BBI6paTL 061uee peHICHUC.

Pemum HepaBeHCTBa.
1. 5x— X2y 255 7
2 5 10

[TepeneceM Bce 4iieHBI B JIEBYIO YacTh U MPHUBEAEM K O0IIEMy 3HAMEHATelNt0. OOUuil 3HaMeHaTeNb
10; Tak kak 3HaMeHaTellb HE COJEPKUT NEPEeMEHHOH, TO B JalbHEHIIeM ero MOXKHO He MHCcaTh
(omycTUTB).

50x —5(7x —1)+2(2x—-5)—-7>0

50x —35x +5+4x—-10—-7>0

19x —12>0

12
x> —
19
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19

12
OtBeT: x € (—; 00)
19

2.5x — 2 — 3x% > 0 - kBaz[paTHOE HEPABEHCTBO YMHOKUM Ha (—1)
3x2-5x+2<0
Haiinem KopHU ypaBHEHUS:
3x2-5x+2=0
D=25-24=1
=2t =1q
1 6
_5-1_ 2
2= T3

I'papuxom ¢pyukiuu 3x2 — 5x + 2 = 0 sBisercs mapabona (puc.2), BETBH KOTOpPOHl HampaBlIeHbI
2
BBEPX, @ TOUKH MepeceucHus mapabosbl u ocu OXstox; = 1ux, = 3

N300pa3um reoMeTprUuecKH:

Tak kak MbI pellaeéM HEpPaBEHCTBO 3x2-5x+2<0, TO PEIICHHEM HEPaBEHCTBAa OYIET MPOMEKYTOK
2
(uHTEpBaAN) X € (5; 1)
2
OTBeT: x € (5; 1)

(I)opMa NnpeacTraBjJdeHus pedyJjbTaTa: BhIIIOJTHEHHOC 3a/IaHUE.

Kpurepun onenkn:

Ouenka "oTJM4YHO'" BBICTABISAETCA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOJI0IEHUEM
HEO0OXOIMMOM TOCTEIOBATENILHOCTH JEHCTBHI; B OTBETE MPABMUIBHO M AKKYpPaTHO BBIIIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

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

Ouenka '"yI0BJIeTBOPUTENbHO'" BBICTABISETCSA, €ClIM paboTa BBHINOITHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISIET MOJIYYUTh MPABWIBHBIC PE3YIIHTAThI U BHIBOJIBI;, B XO/I€
MPOBEICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISICTCSA, €CIM PabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPABUIHHBIX BHIBO/IOB.

Tema 1.2 @®yHkuun u rpapuku
IIpakTnueckoe 3ansaTne Ne6
HccaenoBanue pyHkuuid. CBoicTBA JMHEHHOM, KBAAPATUYHON, KYCOYHO-THHECHHON H

APOOHO-THHEeHHOH QyHKIUH

Heab: CucreMaTU3upoBaTh 3HAHUSA y4alIuXcs, GOPMUPOBATH HABBIKU HCCIEIOBaHUS (DYHKITUH.
Boinosnenue padorsl cnocodcTByeT popmupoBannio: [1P64 OVIL.03, [TP65 OVII.03

3aganue
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1. DnexkTpuKy HEOOXOIUMO MIPOBEPUTH XAPAKTEPUCTUKU HAMPSIKEHUS B PA3HBIX PEKUMAX paObOTHI

OHEPTrOCUCTEMEI, HpeHCTaBHeHHOﬁ 3aBUCUMOCTBIO:

flx) =2x? —-3x+1,

riae X oOo3HavyaeT pabouue MmapaMeTpbl Harpy3kH (HampuMep, MOIIHOCTh moTpedsenus). Tpedyercs
BBIYHCIIUTH HAMPSKCHUE B XapaKTEPHBIX TOYKAX PEKUMOB PAOOTHI:

npu xojoctoM xoxe (x; = 0)
IIPH HOMUHAJIBHOM Harpyske (x, = 2)
IpY aBapUHOM CHMKEHUHU Harpys3ku (x; = —1)
2. DIEKTPUKY HYXHO OIPEACIUTh OO0JACTH JIOMYCTHMBIX 3HAYCHHWH BXOJIHBIX CUTHAJIOB IS
CJIEIYIOIIUX 3JIEKTPOHHBIX OJIOKOB:

. 6
OWIBTPYIOLUIUHI IEMEHTY = o

7

Perynstop HanpsokeHus:: y = Pt

[IpeobpasoBatesb 4acToThLyY = VX2 — 3x + 2;
YyBCTBUTEIBHOCTH J€TeKTOpa: y = Vx2 + 4x — 12;
1 .

biok 3amuTel OT KOPOTKOI'O 3aMBIKAHUA: Y =

x2—4'
BxosHoi iicta: y = |——
XOJHOH (uibTp yeTpolictea: y = [-——.
3. Uccnenyiite pyHkmnu Ha 9ETHOCTD:
a) y=x%+2x*+1,; 0) y = 2x7 — 4x3 + x;
B) y =5 — 3x3; r) y = 2%+ 27%,
j— —X- _ 2
Il) y = 2X _ 9 x’ e) _ 3x 1—1;
z_ = 3x% — 22% +4x + 3
x®) Y=o 3) y=3x X X+ 3.

4. Wccnenyiite GyHKINH, 3a1aHHBIE TPaQUUECKH, HA YETHOCTD:
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IMopsinok BbINOJIHEHUS PadOTHI:

1) Hatigure obnmacts onpenenenus GyHKINN.

Jis HaxoXIeHHs MPOMEKYTKOB 3HAKOMOCTOSHCTBA HAWAWTE TOYKU IEPECeYEHHUs] C OChIO
abcuuce, pemuB ypaBaenne y=0. HaiineHHble KOpHH paccTaBbTe Ha ocu OX B MOPSIKE BO3pACTaHUS U
HaWAUTE 3HAK PYHKIIMH HA KaXJI0M M3 OJy4YEeHHBIX HHTEPBAIOB. 3alUIINTE PE3YIbTaT.

2) Haiinure oGnactb onpenenenns QyHKIuU. Y OeauTech, YTO OHa CUMMETPUYHA.

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

2.Y1pocTuTe BhIpakeHuUe.

3. Takum 00pa3oM, BBl MOIYYHIIH OJHY U TY k€ (YHKIIHMIO, 3alTMCAHHYIO JUIS apTyMEHTOB
"x"u"-x". ITocmoTpuTe Ha ABE ATH 3alIUCH.

Ecmn y(-x) = y(x), TO 3TO yeTHas QyHKLUS.

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

Ecnu ke mpo QyHKIMIO HENb3s CKaszaTh, uTo Y(-X)=y(X) win y(-X)=-y(X), TO MO CBOWCTBY
YeTHOCTH 3T0 (pyHKIMs oOuiero Buaa. To ecTh, OHa HE ABJISETCS HU YETHOW, HU HEYETHOM.

4. 3anumure ceIaHHbIe BAMH BBIBOJIBI.

3) Haiinute obnacte ompeneneHuss QYyHKIMU W HYTd (QYHKIMH, €Cd OHU ecTh. Mccrmemyiite
(GyHKIHIO HA MOHOTOHHOCTH Ha MOJTyYeHHBIX HHTEpBaJIax.

Oynkius F(X) Ha3piBaeTcs Bo3pacTaroleit Ha oTpeske [a,b] , ecnu i mo0bIX IBYX TOYEK X1 U
X2 u3 [a,b] cmpasemnuBo HepaBeHcTBO F(X1)<F(X?2) , KOrma Xi< Xp.

Oyukuus F(X) HaspiBaeTcs yObIBaromiei Ha oTpeske [a,b] , ecnu s m0OBIX IBYX TOYEK  Xi U
X2 u3 [a,b] cnpaBenmuBo HepaBencTBO F(X1)>F(X2), Korma xi< Xj .

x%-1

Uccnenosars pyrkuuio f(x) =

X
Pemenue
Oo6mnacts onpenenenust pyukuuu D (f) = (—o0;0) U (0; +o0).

—+)2 _ 2 _ 2
f(—x)z(x) 1=x 1= x4 —1

=
f(=x) = —f(x) => bynkuus f(x) ABIIETCS HCUCTHOM.

—X —X X
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dopma npeacTaBieHUs pe3yJbTaTa: BHIIIOJIHEHHOE 331aHHE.

Kpurepum ouenku:

OuneHka "0TJMYHO" BBICTABISICTCS, €CIIH pa0b0OTa BHIMOJIHEHA B MIOJTHOM 00BEME C COOIIOICHUEM
HEe0OXOIMMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka ''Xxopomo' BBICTABISICTCS, €CJIM BBIIIOJIHEHBI TpeOOBaHUS K OIEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"yI0BJIETBOPUTEIBHO' BBICTABIISICTCS, €CIM padOTa BBINIOJIHEHA HE TOJHOCTBHIO, HO
00BEM BBITTOJIHEHHOHN YaCTH TAKOB, YTO MO3BOJISIET MMOJIYYUTh MTPABWIIBHBIE PE3YJIbTATHI M BHIBOJIBI; B X0OJI€
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OITHOKHY.

OuneHka '""Hey/I0BJIETBOPHUTEIBHO' BBICTABIISICTCS, €CITU padOTa BBHIMOJHEHA HE MOJHOCTHIO WIIN
00BEM BBINIOJIHEHHOM YacTH paboThl HE TIO3BOJISET ClIeaTh MPaBUIbHBIX BHIBO/IOB.

Tema 1.2 ®ynkuuu u rpadpukn

IIpakTHyeckoe 3ansaTHe Ne7
IlocTrpoenue u yreHue rpaguKoB PyHKIUH

Hess: CucreMaTH3UpOBaTh 3HAHUS yJalIuXcs, JOPMHUPOBATH HABBIKM UCCIEIOBAHUS (DYHKIUHA 1
MOCTPOCHHSI IPaUKOB, UCCIICAOBAHUS IPa(QUKOB MPOU3BOIACTBEHHBIX MTPOIECCOB.
Boinosinenue padorsl cnocodcTByeT popmupoBanmio: [1P64 OVIL.03, [TP65 OVIIL.03

3aganue

1. Cuia Toka B IPOBOJAHUKE B 3aBUCUMOCTH OT BPEMEHU MEHSETCS 110 3aKOHY:

1(t) = t? — 8t +17.

IToctpoiite rpaduk u3MeHeHUs CHiIbl TOKa. B Kakolf MOMEHT BpeMEHH CHila ToKa Oblia
MUHUMAabHON? B Kakoif mpoMeXyTOK BpeMEHHU CUJIa TOKa Bo3pacrana?

2. IlpumeHsist reoMeTpUUecKre MpeoOpa3oBaHmsl, HOCTPOTe rpapuKu PYHKIUI:

a)y=(x—-5)?2+1;

6)y=I(x+1)°+1];

ITopsinok BbINOJIHEHHS PadOThI

Jns  mocTpoeHuss TpaduKOB  BOCIOJB3YHTECh  T'€OMETPUUECKUMH  MPeoOpa3oBaHUSAMMU:
CUMMETPUYHOE OTOOpakeHHe TIpaUKOB OTHOCHUTEIBHO OCEH KOOpAMHAT, MapauleNbHBIA IEepPeHoC
rpaduKoOB, CXKaTUE U PACTSHKEHUE.

Xox paboTsrI:

[octpouts rpapuk pynxuu y = (x + 3)2 + 4.

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

3arem ctpoum rpaduk y = (x + 3)? myTém mapannensHoro nepenoca rpaduka Bueso(puc.2).
Crpoum rpaduk y = (x + 3)? + 4 napamnenbHbIM epeHocoM rpaduka BBepx (puc.3).
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Puc. 1 Puc. 2 Puc. 3
dopmMa npeacTaBJieHUsI pe3yJbTaTa: BHIIIOJIHCHHOS 3a/I1aHHC.

Kpurepum ouenku:

OneHka "0TJMYHO" BBICTABISICTCS, €CJIH pa0d0Ta BHIMOJIHEHA B MIOJTHOM 00BEME C COOIIOICHUEM
HE0oOXOIMMOM TOCIEN0BAaTEIbHOCTH JEHCTBHUI; B OTBETE MPABUILHO M AKKypaTHO BBINIOJIHEHBI BCE
3alUCH U BBIYUCIICHUS.

Ounenka ''xopomo" BBICTABISETCS, €CIU BBIIOJHEHBl TPeOOBaHUSA K OILIEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka '"ya0B/1eTBOPUTEIbHO' BBICTaBISCTCS, €clid paboTa BBIIOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJIHEHHOHN YaCTH TAKOB, YTO IMO3BOJISICT IMOJTYYHTh IMPABUIIBHBIC PE3YJIbTAThI U BBEIBOJIBI; B XOC
MPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIUOKH.

OneHka '""Hey/I0BJIETBOPHUTEIBHO' BBICTABIISICTCS, €CITU padOTa BBHIOJIHCHA HE IMOJTHOCTHIO WA
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TTO3BOJISET ClIeaTh MPaBUIbHBIX BHIBO/IOB.

Tema 1.3 KopHu, crenenu u jorapugmbi

IIpakTHyeckoe 3ansaTHEe Ne§
Pemenue nppanuoHajJbHbIX YPABHEHMI

Heab: O600mMTH, 3aKpENUTh U CUCTEMATHU3UPOBATh 3HAHUS y4allluxcs, (OPMHUPOBATH HABBIKU
peleHHsl pa3InYHbIX BUAOB UPPALUOHATIBHBIX YPAaBHEHUH.
Boinosinenue pa6orsl cnocodcTByet popmuposanuio: [1P62 OVII.03, ITP63 OVII.03

3ananue
DNEeKTPUKY HEOOXOJUMO OTKAIMOpOBaTh MPUOOPHI KOHTPOIS COCTOSIHUS JJEKTPOCETH, PEIInB
YpaBHEHMUS.

) Vr—1=4
2) V3x+7+4=0;
3) 7—-Vx+2=4

4) V16x%+16x +29 = 5;

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

6) V2x—4—+Vx+5=1;

7) V5+Vx+3=3;

8) V2x+1++Vx—3=2Vx.

IHopsiiok BhINOJIHEHHS Pa0OTHI
1) IIpyn BO3BEIEHHMM ypaBHEHUS B YETHYIO CTEIIEHb II0Jy4aeTCs YpaBHEHUE, SBIISAIOLIEECS
CJIEICTBUEM HMCXOAHOTO. [[03TOMYy BO3MOKHO NOSIBIIEHWE NMOCTOPOHHUX PEUIEHUH YpaBHEHMs, HO HeE
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BO3MOXKHa mOTepsi KopHeil. [IpuunHa mpuoOpeTeHust KOpHEeH COCTOMT B TOM, YTO INPH BO3BEICHHU B
YETHYIO CTENECHb YMCEJI, PaBHBIX 10 aOCOJIIOTHON BEIMYMHE, HO pa3HbIX 110 3HAKY, MOJY4aeTcss OJUH U
TOT 7K€ pe3yibTar.

Tak kak MOT'YT MOSBUTBHCSI TIOCTOPOHHUE KOPHH, TO HEOOXOIUMO JelaTh MPOBEPKY, MMOACTABIIS
HalJCHHbIE 3HAYEHUS HEU3BECTHOM TOJBKO B IIEPBOHAYAJIbHOE YpaBHEHHE, a HE B KaKHe-TO
IIPOMEXKYTOYHBIE.

2) [Tpu pemieHny MppanMoOHATBHBIX YPaBHEHHUH IOJIE3HO IMepe]l BO3BEACHUEM 00enx udacTen
YpaBHEHUS B HEKOTOPYIO CTENEHb "yeIUHUTD paguKan'.

Pemute ypaBHeHHE V5x — 8 = 4.
Uto0B! N30aBUTKCS OT KOPHSI, BO3BEIEM 00€ YacTH ypaBHEHUS B KBaJIpar:
(V5x—8)" = 42
5x —8 =16
5x =16+ 8
S5x = 24
24

X=?

x = 4,8.
d)opMa npeacraBjJdCeHus pedyjabTaTa: BbIIIOJTHCHHLIC 3aJaHUA.

Kpurepum ouenku:

Ouenka "oTJHYHO'" BBICTABIISICTCS, €CITU pabOTa BBIOJIHEHA B IMOJTHOM 00BEME C COOIIOICHUEM
HE0OXOIMMOM TOCIEA0BATENIBHOCTH JEHCTBUI; B OTBETE€ NPAaBUIBHO W aKKypaTHO BBIMOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ounenka ''xopomo" BBICTaBISETCSA, €CIHU BBIMOIHEHBI TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka '"ya0BJIeTBOPUTENbHO'" BBICTABISETCSA, €ClIM paboTa BBHINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJTHEHHOM YaCTU TaKOB, UTO TO3BOJISET MOJYYUTh MPABIIBHBIC PE3YIIHTATHI U BHIBOJIBI, B XO/I€
MPOBEICHUS pabOThI ObLUTH AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISIETCSA, €CJIM PabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacT paboThl HE TIO3BOJISET ClIENaTh MPABUIHHBIX BHIBO/IOB.

Tema 1.3 KopHu, creneHu u Jorapugmsi

IIpakTnyeckoe 3ansaTne Ne9
IIpeodpa3oBanus BbIPaKeHH I, COACPKALINX CTENCHN U PAHKAJIBI

Heanb: O000MHTE, 3aKPEUTh M CHCTEMATU3UPOBATh 3HAHHS YUYAIIUXCS MPH PEIICHUH 3aJaHUH I10
peoOpa3oBaHUIO BHIPAKEHUH, CONEpKAIMUX CTETIEHW W paJHKaibl. PaccMOTpeTh WX TpPUMEHEHHE B
MPUKIaJHBIX (GOopMyIIax

Boinosinenue padorsl cnocodocTByeT hopmupoBannio: [1P62 OVIIL.03

3ananne

5. Bermuucnure:
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a) V24-9; 6) 1/48-27;
B) 4\/54-24; T) 3\/75-45;
1) V160 - 625; e) V48-162;

6. HpeI[CTaBBTe BbIpaJICHUC B BHAC CTCIICHU H HaﬁI{HTe €ro 3HAUCHHUC IIpU JaHHOM 3HAYCHHU

IIEPEMEHHOM:
as-a”® — G _p” 1.
a) —;— Tpua = 6; 0) e npup = -;
b= _ 1, -3y2. 1 _
B) o= pub =2 r) (t7)? = mput=0,1.

7. W3BeCTHO, YTO JMAMETP CTEPKHA-NOJBECKM W3 apmarypHoit craim d,, =3cm. Ompenenure

2
TpeOyeMyto IUIOMaAb CEYEH s CTEPKHA A, (CM”), €CIIM JUaMETP 3aaeTcs o GpopmyIie

4-4,,
d,, =,/—— - 3HaueHHE 7 BO3BMHTE PABHOE 3.
V4
8. Ilepuon momypacnazna BemiectBa paBeH 140 cyrok. Ckonbko BemiecTBa octanercs yepes 10 jer, eciu
€ro HayaJlbHasi Macca paBHa 8r?

9. KonuuecTBo TEMIOTHI, BhIIEIIEMOE IPOBOJHUKOM C TOKOM, BblUHMCIsgeTcs 110 popmyne: Q = I - Rt.
Haiigure cuny Toka (B Amnepax), ecnmu Q = 720 /Ixx, R=90m, t =5c.

IMopsiioK BHINOJHEHUS PAGOTHI

BriHecute 3HaK MHHYC U3 Tpou3BeieHus. Bocmonb3yiiTech CBOIMCTBOM CTENEHH ¢ OTPUIIATEILHBIM
mokaszareneM. YTOTpeOUTe CBOMCTBO BOCIPOM3BENEHHUS BO BTOPYIO CTENEHb. J[IsI OKOHYATEIbHOTO
YIPOILEHUSI STOr0 TpUMEpa BOCIONB3YUTECh MPABUIOM YMHOXKEHUS Ipobeil. B mociennem 1mare
BOCIIOJIB3YHTECH JICJICHUEM CTENCHEW C OJJMHAKOBBIM TIOKA3aTEIIEeM.

B sToM cinyuae Hajqo0 MPUMEHHUT CBOMCTBO CTENEHEW C OTPHULATENbHBIM MOKa3areneM. UToObI
pasrpy3uTh MOJIYYeHHYIO ApoOb, HAA0 MpeodpazoBath 3Ty ApoOk B neneHue. [IpuBectu npolk k o0meMy
3HaMEHATeNI0 U MPOU3BECTH CIOXKEHHE Jpobei ¢ oOuuM 3HameHareneM. [locneaHuM marom caenarb
COKpaIICHHE.

Omnpenenure MNOpAIOK JeHcTBUA. BblpaxeHue B MepBoH CKOOKe MNpUBEAUTE K o0OLIeMy
3HAMEHATENI0, B YHUCIHTENE CJAeJaiiTe TPYNIUPOBKY M BbIHECUTE OOIIMI MHOMHUTENIb 3a CKOOKY.
BeimonnuTe nenenue, cokparute Ha oOmuil MHOXuUTenb. [locnennee nelictBue — crnoxkeHue aApodei ¢
OJIMHAKOBBIMH 3HaMeHatesiMu. [IpuBenuTe mom00HBIE Claraemeie.

1) Vnpoctuts Beipaxkenue: (+°)°(*)")y°  x7yz’
x2y3 X10y10217
BHauase HaJ0 IPOBECTH PACKPBITHE CKOOOK, LISl TOT0 BOCIIOJIb3yEMCS CBOMCTBOM CTEIEHEM.

((-3)6) .(42) . 6-3
X X _ . _ -12_3 _-3_-5_-10_
_ _ y 70y 510,747 _ o128 3455102
X

Bocnosnb3yeMcsi CBOMCTBOM CTENEHEN C OTPULIATEIBHBIM ITOKA3aTEIIEM.
3
=) 1

12 510
X xy0z

OtBer: »° 1
x12 x3y5210

2) YTpocTUTh BRIpaXKECHHE
Jx+1 . 1
xvx +x+x y2_ Jx

Pemenne. Beenem 0003HaueHne a=+x , Torgax=x)2=a’ , xJx=a’a=a’ .
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dopmyIia U3 YCIOBUS 33/1a4H [TOCTIEe 3aMEHBI OYAET BBITIIAACTD TakK: atl . 1
3 2 T4
a +a +a a —a

3amMeTum, 4To a4-a=a(a3-13)=a(a-l)(a2+a+1) .
Torna a+l 1 a+1l .a(a—l)(a2+a+1)
a®+a*+a a*-a a(@®+a+1) 1

=(a+D(a-1) = a®-1.

BepnewMmcs k 3aMeHe: a’-1=x-1.
Oteert: x-1.

dopma npeacTaBieHUs pe3yJbTaTa: BBIIOJIHEHHOE 33/1aHNE

Kpurepum ouenku:
Ouenka "oTJHYHO'" BBICTABIISCTCS, €CITU pabOTa BBIOJIHEHA B IMMOJTHOM 00BEME C COOIIOICHUEM

H606XOI[I/IMOI71 I0CIae10BaTCIbHOCTHU ﬂeﬁCTBHﬁ; B OTBCTC IMPAaBUJIBbHO MW AKKYPATHO BLIIIOJHCHBI BCC
3allMCHU 1 BBIYMCJIICHUA.

Ouenka ''Xopouio'" BBICTABISACTCSA, €CIU BBITIOJHEHBI TPEOOBAHHUS K OIGHKE "OTJIMYHO", HO

JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTENbHO'" BBICTABIAETCSA, €ClIM PadOTa BBINOIHEHA HE MOJHOCTHIO, HO

00BEM BBITTOJIHEHHOM YaCTH TAKOB, YTO MO3BOJISICT ITOJIYYHUTh MTPABWIIBHBIC PE3YJIBTATHI M BHIBOJIBI; B XOJI€
MPOBeICHUS pabOThI ObUTN AOMYIIEHBI OIIUOKH.

OueHka '""Hey10BJIETBOPHUTEIBHO'" BBICTABIISETCS, €CIM PA0OTa BBHIMOJTHCHA HE TMOJIHOCTHIO HITU

00BEM BBIITOJIHEHHON YacTH pa6OTI>I HC ITO3BOJIACT CACIATh ITPAaBUJIbHBIX BBIBOJIOB.

Tema 1.3 KopHu, crenenu u jorapugmbi

IpakTnyeckoe 3ansitue NelQ
Peurenue noka3areibHbIX YPaBHeHHH

Heab: O600mMTH, 3aKpEeNUTh U CHUCTEMATHU3UPOBATh 3HAHUS YYalllUXCsl 1O METOAAaM pelleHUs

MOKa3aTeIbHBIX YpaBHEHUH. PaccMOTpeTh mpuMeHeHe MoKa3aTeabHbIX (QYHKIIUM.

1.

Boinosinenue padorsl cnocodcTByeT popmupoBanuio:11P62 OVIIL.03, [TP63 OVII.03,

3ananue
Pemmts ypaBHEHUS:
X
a) (g) =1 6) 0,5% = 0,125;
B) 4x=1—16; r) 7x=$;
x) 10* = 3/1000; e) 0,3* = %/0,0081;
X
xK) 5% = 3\/%—5: 3) G) = 25/5;
n) 2%+l =4, k) 0,4*7%* =0,161/0,4;
2_
JI) 53x-1 — 0,2; M) (%) * = 8\/5;
L 1 2x+3 1\ 4x=7 _
m 3= () o (5) =6
1 3x+7
43 2(;) -7
n) 3* —3*° = -78; 1\3%+8
O
7
5x—1 5
C) 52x—1 _ 52x—3 — 4,8; T) (%) X + (;) X _ %;
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h
2. JlaBieHue BO31yXa U3MEHSCTCS B 3aBUCHMOCTH OT BBICOTHI 110 3ak0oHY p(h) = 24. Ha kakoii BeICOTE

JlaBJIcHUE Bo3ayxa paBHo 12811a?

3. KonuyecTBo TEMIOTHI, BhIIEISEMOE NIPOBOJIHUKOM C TOKOM, BhIYMCisAeTcs 1o gopmyne: Q = I?-
Rt. Haitnute cuity Toka (B Amnepax), eciim Q = 432 /xx, R=80m, t =6c.

Iopaa0K BBLINOIHEHHS PA0OTHI:
OGe yacTH ypaBHEHHs NPHBOAUM K OJHOMY OCHOBaHHIO: a'® =a
caenymomee cBoicTBo: (a' =a®®) o (f(x) =d(x).

*® rne. 3ateM Hcronb3yem

Pemure ypaBHeHue: 1-05. [51-0,001 -

Pemenne: [IpeoOpa3yeM ypaBHEHHE K BUIY: '™ =a®™® .
022-05.0105 _013 5,01+ ~05+05 _013 5,007 — 03

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

(I)opMa NMpeacTraBJdCHus pe3yjabTaTa: BhIIIOJIHCHHOC 3aJaHNC

Kputepun ouenku:

Ouenka "0oTJIMYHO'" BBICTABIIACTCS, €CJIM pad0Ta BBHITOJHEHA B ITOJIHOM 00BbEME C COOI0ICHUEM
HEOOXOIMMOM TIOCTICIOBATEIIBHOCTH JCHCTBHI,; B OTBETE MPABWIBHO M AKKYpPaTHO BBIMOJIHCHBI BCE
3aIllMCH U BEIYUCICHHA.

Ounenka '"xopowo'" BBICTaBIISCTCS, €CIM BBIOJHEHB TPEOOBaHHS K OLEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

OuneHka '"yI0BIeTBOPUTEIbHO' BBICTABISCTCS, €CIIM pabdOTa BBITOJIHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISET MOJIYYUTh MPABUIIbHBIC PE3YIbTAThl U BBIBOJBI; B XOJI€
MPOBEACHUS PAOOTHI OBUIH JOMYIIEHBI OITHOKHU.

OuneHka '""Hey/10BJIETBOPUTEIBHO' BBICTABISETCS, €CITU padOTa BBHINOJHEHA HE MOJHOCTBHIO MU
00BEM BBITIOTHEHHOM YacTH pabOThI HE MTO3BOJISAET CAENIATh MPABUIBHBIX BHIBOJIOB.

Tema 1.3 KopHu, cTenenu u Jiorapugmsi

IpakTnyeckoe 3ansitue Nell
Pemenne noka3areJbHBIX HEPABEHCTB

Heab: OGOOIMINTh, 3aKpeNUTh U CUCTEMATU3UPOBATh 3HAHMS Y4alllUXCS MO METOAaM peIIeHUs
IMMOKa3aTCJIbHBIX HEPABCHCTB

BoinosHenue padotsl cnocodcTByeT hopmupoBannio:[1P62 OVIL.03, I[TP63 OVII.03

MaTepI/laﬂbHOQ odecreueHue: I/IH)II/IBI/I)IyaJ'II)HBIe 3alaHuA, CIIPABOYHBIC MaTCpHailbl, KOHCIICKThI
JIEKIUH.

3aganme:
1.Pemmre npocTeinme noka3areabHbIE HEPABEHCTBA!

X
1) (%) <216; 2277 >3 32 <o
2. Penmure nokaszarenbHbIE HCpaBCHCTBA:
1) 5¥°~2x-1 < 25;
2) 3%+2 4 3*-1 < 28
ITopsinok BbINOJHEHHS PadOTHI:
1. 3anumuTe Moka3aTebHOE ypaBHEHHE.
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2. OO0e yacTu HepaBeHCTBA MPUBEAUTE K OJJHOMY OCHOBAHHUIO:
af(x) > ago(x) .

3. Tlpwu perieHun MOKa3aTeIbHBIX HEPABEHCTB HEOOXOAUMO yIECTh CBOMCTBO MOHOTOHHOCTH
dynxmun, Te. mpu a > 1 a/® > a?® < f(x) > p((x)

mu 0<a<1a’™ >a?® < f(x) <o) .

4. Pemure mosy4mrBIIeeCs alredOpandeckoe HEPaBEHCTRO.
3anuImnTe OTBET.

o

3anucarth 3aJlaHUE B TETPA/b U PELLUTH.

1. (%)x <216

Pemenmne:

B <O 0 -
x> -3 -3

Otser: x € (—3; +)

2. 5% -2x-1 <25
Pemenue:
5x2—2x—1 < 52
x2-2x—-1<?2
x2-2x—-3<0
x2-2x-3=0 + — o+
X, = —1; X, = 3 U (O

v

Otset:x € (—1;3)

3.3¥+2 4 3x-1 < 28
Pemrenne: 3% - 32 4+ 3% -§< 28

3* =y;
9y +5y < 28;
92y < 28;

y<28:95 y<3.

BepHuemcs k crapoii nepemenHoi: 3% < 3\\

x<1 1
dopma npeacTaBJIeHNus Pe3yJbTAaTAa: BHIIOJIHEHHOE 3a/1aHNe

v

Kpurepum ouenku:
Ouenka "oTJHYHO'" BBICTABISETCS, €CITU pabOTa BBHIOJIHEHA B MOJHOM 00BEME C COOIIOIEHUEM
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HE0OXOIMMOM TIOCTIEOBATEIBHOCTH JEHCTBHUI; B OTBETE MPABUIHHO M AKKYpPaTHO BBIMIOJIHEHBI BCE
3aMKCH U BBIYUCIICHUS.

Ounenka ''xopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JONYIIEHBI 2-3 He04YeTa.

Ounenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBINOJIHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MMOIYUYHUTh NIPABUIIbHBIC PE3YJIbTAaThl U BBIBOJIBI; B XOE
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISACTCSA, €CJIM PaboTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHON YacTH PadOTHI HE TIO3BOJISAET CAENIATh MPABUIIbHBIX BHIBOJIOB.

Tema 1.3 KopHu, creneHu u jorapugmsi

IIpakTnyeckoe 3ansaTue Nel2
Haxo:xnenue 3HaueHun i jorapudpma no npou3BoiLHOMY 0cHOBaHMIO. [lepexon oT oaHOTO
OCHOBAaHMA K Apyromy. Berunciienne u cpapHenue Jiorapugmos. JlorapupmupoBanue u
NOTEeHIHPOBAaHHE BhIPaKeHUit

Heab: O000MMUTE, 3aKPENUTh U CUCTEMATU3UPOBATh 3HAHMS ydaluxcs 1o teme. PopmMupoBaTh
HaBBIKM HAXOXXJCHUS 3HAYCHHN JIOTapU(PMUYECKUX BBIPAKCHHUN, MPUMEHSSI OINpENIeICHUEe U CBOMCTBA
aorapu(MoB, JIorapuGpMUPOBATh ¥ MOTCHINPOBATH BHIPAKECHUSL.

BoinosiHenue padorsl ciocodcTByeT (popmupoBanuto: [1P62 OVIIL.03, I[TP67 OVIIL.03.

MarepuajbHoe odecriedyeHue: VHIUBHyabHBIC 3a/1aHUS, CIIPABOYHBIE MaTE€PHAbl, KOHCIICKTHI
JIEKIHH.

3ananmue:

1. Beruucaute: a) logg »5 0,64 + logg 5 10;
6) 2log, 6 +1og, 0,2 + %log4 25 — %log4 81.

2. Hajinure 3HaueHue BeIpaxeHus: 271710836 — 471084 0,125

3. IIponorapudmupyiite BbIpa’KeHUE MO MTPOU3BOJILHOMY OCHOBAHHUIO:

p3c5

4. EMKOCTH  BBICOKOBOJIBTHOTO KOHJIEeHcatopa B jgaruuke C =2+ 10~ °®.
ITapasensHO ¢ KOHAEHCATOPOM MOAKIIOUEH PE3UCTOP ¢ CONpoTUBIeHHeMR = 5+ 1060mMm.
Bo Bpemsi paboTbl nartumke — HampsbkeHue Ha KonpgeHcatope Uy = 16 kB. Ilocne
BBIKJIFOUEHHUSIATYNKA HaMpsDKEHUE Ha KOHJeHcaTope yOwiBaeT no 3HadeHus U (kB) 3a

U
BpeMs, ompenensieMoe BeipaxkeHueM t = aRC log, Fo(c), rae a = 0,7— mnocTosiHHAs.

Onpenenure HaNPsKEHUE HA KOHJAEHCATOPE, €CIU IMOCJI€ BBIKIIOYECHUS TaTYMKa MPOILIO
21 c. OTBeT ganTe B KUJIOBOJIbTAX.

IHopsaok BbINIOJIHEHHS PA0OTHI:
1) a) Beruucnure: log ,5 0,64 + logg 5 10

Pemenne:logg »5 0,64 + loggs 10 = =
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log

ca
—~ | MOJIy4YuM

Hcnonezyem Gopmyiny nepexoaa Kk HOBOMy ocHOBaHHMIO log, a = I
09

C

_ log, 50,64
~ log,, 0,25

Janee UCIoJIb3yeM CBOKCTBA JorapupMa CTENeHH U JiorapudmMa mpou3Be1eHUs

=log /0,64 +1log ;10 =log, 5(0,8-10) = log , ; 8 = —3. Orser: -3.
0) 2log, 6 +10g, 0,2 + %log4 25— %log‘} 81
Pemenne: 2log, 6 +1og, 0,2 + %log4 25— %log4 81 = log, 6% + log, 0,2 + log, V25 —

+log,;10= % log,; 0,64 +log,;10 =

log, /81 = log, 36 + log, 0,2 + log, 5 — log, 9 = log, 36'(;’2'5 =log,4=1
2) Hajinute 3HaYeHue BhIpaxeHus: 27110836 — 471084 0,125

Pemenne: 271710836 — 4~10840,125 _
Hcnonb3yem cBOMCTBA CTENEHEW W OCHOBHOE JIOTapU(PMUUYECKOE TOXKIECTBO

1000 3
(33)1—10g3 6 __ 4log4 0,12571 — 33—310g3 6 _ 41°g4TS — 3 —8 = 27_ —8 = l — 8
3logs 216 216 8
7'7
= 5
OtBer: —7—.
8
3) IIponorapudmupyiite BbpakeHHE IO MPOU3BOJIBHOMY OCHOBAaHUIO:
a?¥d
b3c5 '

HDOJ’IOF&DI/Id)MI/IDOBaTB BBIPDAXKECHUEC — 5TO 3HAYUT BBIIIOJIHUTD CJ'ICJIYIOHH/Iﬁ AJIITOPUTM:

1. B3arb JaHHOE BBIpa’keHHE B CKOOKH U Mepe]] HUMH MOCTAaBUTh 3HAK JIOrapu(Ma Mo 3aJaHHOMY
OCHOBAHHMIO

2. Vcnonw3ys cBoifcTBa T0orapu(MoB, He0OX0AUMO yOpaTh BHYTpH Jorapudma Takue aeicTus,
KaK BO3BCJICHUC B CTCIICHB, BO3BCACHUC B KOPCHb, YMHOKCHHE U NCIICHUC

I[IponorapudpMupyem 1o ocHoBauuio 10:

2‘{/—
a“vd 4 1

905 = lga? + lgVd — Igh® — lgc® = 2lga + S lgd —3lgb — 5Slgc;

4) EMKoCTh BBICOKOBONBTHOTO KOHjeHcatopa B gartuuke C = 2-107°®. IlapamnensHo c
KOHJIEHCATOPOM TOJKIIIOUEH PE3UCTOP C comnpoTupieHreM R = 5-10°0M. Bo Bpems pabGoThl aTunke
HanpsbkeHue Ha Koujencatope U, = 16 kB. Ilocme BHIKIIOYEHHS  JaTUMKa HANpsDKEHHE Ha

U
KOHJIeHcaTope yobiBaeT Jio 3HaueHuss U (kB) 3a Bpems, onpenensemoe Beipakenuem t = aRC log, 70(0),

rae a = 0,7— nocrosiHHas. OmnpenenuTe HANPSHKEHHE Ha KOHJEHCATOpPE, €CIM IOCJIE BBIKIIOYEHUS
naturka npouwio 21 c. OTBeT aaiiTe B KUIOBOJIbTAX.

Pemenne:

3ajada CBOAMTCS K PEIICHUIO ypaBHEHHUS Tpu t = 21c¢ mpu 3aJaHHBIX 3HAYCHHUSIX HAYaJIBHOTO
HanpsokeHuss Ha KoHjeHcatope U, = 16 kB, comportupienus pesuctopa R =5-10°0m u émxoctu
KoHJieHcaropa C = 2 - 10~°®:

0,7-2-107-5-10° - log, - = 21;
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Tlog, = = 21;

16

logzgz 3;
U
U = 2 kB.

CDopMa NnpeacraBjJaceHusd pedyjabTaTra: BbIIIOJIHCHHOC 3a1aHUC

Kpurepun oneHku:

Ouenka "oTJHYHO'" BBICTABISCTCS, €CITU pabOTa BBIOJIHEHA B IMMOJTHOM 00BEME C COOIIOICHUEM
HEOOXOMMOM IOCIeI0BATeILHOCTH JICUCTBUI; B OTBETE MPABHWIBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHUS.

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

Ounenka '"yI0BJIeTBOPUTENbHO' BBICTABISAETCSA, €ClIM padoTa BBINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOTYYHUTh NIPABUIILHBIC PE3YIbTAThl U BBIBOJIBI;, B XOE
MPOBEJICHUS padOTHI OBUTH JAOMYIIEHBI OIIUOKH.

Ouenka ''Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WUITU
00BEM BBITTOJIHEHHOM YacTH paObOThI HE TIO3BOJISET CIEIaTh MPABUIIHHBIX BHIBOJIOB.

Tema 1.3 KopHu, cTeneHu u jorapupmsol

IIpakTnyeckas padora Nel3
IHocrpoenue rpagukos Jorapupmuyeckux GpyHKuui.

Heab: O0O0MUTE M CUCTEMAaTU3UPOBATh 3HAHUS YYalIUXcCs, (POPMUPOBATH HABBIKM MOCTPOEHUS
rpagukoB JorapuMuUecKuX (PYHKIUNA C MOMOINBIO MPeoOpa3oBaHM M MCCIETOBAHUS HUX CBOMCTB.
PaccmoTpeTh npumeHnenue gorapupmMos.

BoinosHenue pa6otel cnocodcTByeT hopmupoBanuio: [1P62_OVIIL.03, ITP67 OVIIL.03.

MatepuanbHoe obecnieuenne: VHIMBHIya bHbIC 33JaHUs, CIPABOYHbIE MaTepHallbl, KOHCIEKTHI
JIEKLUH.

3ananmue:
B oxHo# crcTeMe KOOpAMHAT MOCTPOUTH IpaUK SIEMEHTAPHOU M TaHHOU (DYHKITUH:

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

Ilopsinok BbINOJHEHHSI padOThHI:
1. Omnpenmenute, ¢ TOMOIIBIO KaKUX TCOMETPHUYCCKUX MPEOOpPa3OBAHUN MOMKHO
MOCTPOUTH TpaduK 3aaHHON QYHKITUU:
e [I'padux pynkmuum y = f(x) + B monydaeTcs napauiebHbIM MEPeHOCOM rpaduka
byskun y = f(x) B MONOXHUTETFHOM HampaBjieHuu Baoib ocu Oy Ha pacctosHue B,
eciau B > 0 u B oTpunatensHOM HamnpaBieHuu Bosb ocu Oy, ecnu B < 0;
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o Ipadux Pynkmmu y = f(x + b) momydaercs: mapauieqIbHBIM EPEHOCOM Tpaduka
byskun y = f(x) B MOJOXKUTEIBHOM HaIpaBleHWU BAOJNb och OX Ha paccTosHue b,
ecii b < 0 1 B OTpUIIATEIbHOM HarnpaBjieHuH B0k ocu Ox, ecnu b > 0.

o Ipadux ¢yskmuun y = —f(x) mnOIy4yaeTcss CHMMETPHUYHBIM OTOOpakKeHHEM
rpaduka y=f(X) oTHOCUTEIIEHO OCHOX.

o TI'padux pynxkuuu y = Af (x), nomaydaercs pactsokeHuem rpaduka y = f(x) BIosb
ocu Oy ot ocuOx B A pa3 ipu A > 1 unu cxatueM Baoiab ocu Oy k ocu Ox B 1/ ADPas mpu

A<
e Ipadpux ¢yukmuu y = f(ax), momydaercs cxatuem rpadpuka y = f(x) BIOJIb
ocuOx k ocu Oy B a pa3 ipu a > 1 unum pactsxeHuem BHoJib ocu Ox k ocu Oy B 1/ apas

npua < 1.
2. IlocrtpoiiTe ucXoaHbBIN rpaduK.
3. TlpousBenute HyXHBIE IPeOOPa30BaHUS U MOCTPONTE HEOOXOIUMBIN rpaduK.

1. y=log,(x —2).
[Toctpoum cHavana rpaduk ynkuuu y = log, x.
I'paduk dpyukiun y = log,(x — 2) monydnm mapauieIbHbIM IIEPEHOCOM BI0JIb 0cOx BIIPaBo Ha 2.

Iy

2. y=log;x —?2
[TocTpoum cHauana rpaduk QyHkiuu y = logs x.
I'padux pynkuuu y = logsx — 2noiyuyum napauieiabHbIM IEPEHOCOM BJI0JIb ocu OJyBHU3 Ha 2.
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(I)opMa NpeacTaBJICHUsA pe3yjabTaTa: BhIIIOJIHCHHOC 3a/JaHNUE

Kpurepun oneHku:

Ouenka "oTJIMYHO" BBICTABIACTCS, €CIM pabOTa BHIIIOJIHEHA B MOJIHOM 00BbEME C COOII0IEHUEM
HE0OXOIMMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aUCH ¥ BBIYUCIICHUSI.

Ounenka ''Xopomo' BBICTAaBISETCS, €CIM BHIIONHEHBI TPeOOBaHUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTENbHO' BBICTABISAETCSA, €ClAM PadoTa BBINOIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJIHEHHOM YaCTH TAKOB, YTO MO3BOJISICT ITOJIYYHUTh ITPABWIIBHBIC PE3YJIBTATHI M BHIBOJIBI; B XOJI€
MPOBEICHUS pabOThI ObUTH JOMYIIEHBI OIIMOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBHITIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISAET CIeaTh MPAaBUIHHBIX BHIBO/IOB.

Tema 1.3 KopHu, cTeneHu u Jorapugmsol

IIpakTnyeckas padora Nel4
Pemienne norapupMuyecknx ypapHeHu i

Heab: O600mMTH, 3aKpEeNUTh U CUCTEMATU3UPOBATh 3HAHMS YYalUXCS MO METOJaM pELICHUS
norapupmMuuecKux ypaBHeHUH. @opMUpOBaTh HaBBIKHM PELLICHHUS YPAaBHEHUH.

Boinosnenue padoThbI crnocoocTByeT (popmupoBanuio: [1P62 OVII.03,
I1P63_OVII.03,I1P65 OVILO3.

MatepuajbHoe obecnieuenne: VHIMBHUIyaTbHBIE 3aaHUs, CIIPABOYHBIC MaTEPUAIIbl, KOHCIICKTHI
JIeKIUH.

3aganue: Pemure norapupMuuecKue 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+1gV3x—-8=1.

30



IMopsinok BbINOJIHEHUSI PadOThI:

Pemure norapupmudeckue ypaBHEHUS

[lepen HauyanoMm pelIeHHs ypaBHEHUs HYXXHO HaWTH 00JacTh JOIMYCTHUMBIX 3HaueHuil. Mcnonbsys
cBoiicTBa jorapu(mMoB 00e YacTH ypaBHEHHs MPUBOAUM K OAHOMY ocHoBaHmio log, f(x) = log, g(x).
[Torenuupyem o0Oe uactu ypaBHeHus, noiydaem f(X) = g(x). Pemraem mnomydeHnoe ypaBHeHue. T.K.
HNOTCHIMPOBAHUE YPAaBHEHUS MOXET IPUBECTH K IMOSBICHUIO IOCTOPOHHHX KOpHEH, TO JenaeM
HPOBEPKY. 3alnChIBaeM OTBET.

1) log,(2x —6) =3

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

[IpoBepum, npuHAAIEKUT JIU HaAeHHBIH KopeHb O/13:

2:435—-6=81>0
OrtserT: 43,5

2) log,(2x*> —3x—4) =2 O3:2x2—3x—4>0
x2=2x>—-3x—-4x>0x#1
x2—2x2+3x+4=0

—x?+3x+4=0

x2—=3x—4=0

x1=-1,x, =4

[IpoBepum, npuHaanexar a1 HaliaeHHble KopHu OJ13:

x; =—12(-1)>=-3(-1)—-4>0

24+3—-4=1>0

X, =42-4*-3-4—-4>0
32-12-4=16 >0
Otset: X1 = —1; x, = 4

3) logsx +logs(x—4) =1 OJI3: {xfiﬁo

Hcnonb3yem cBONCTBA U ompesiesieHre Jorapudma:
logs x(x — 4) = 1;
x? —4x = 51;
x?—4x—5=0;
xy =—1;x, =5.
[IpoBepuM, npuHaIexkaT a1 HailgeHHble KopHu O/13:
—1 < 0, 3HauuT X; = —1- NOCTOPOHHUIN KOPEHb.
5>0, 5—-1=4>0.
OtBerT: 5
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x > 0;
4) log,(2x2 —7x + 6) —log,(x —2) =log,x OJ3: {2x2—7x+6>0
x—2>0
log,(2x%? — 7x + 6) = log,(x — 2) + log, x;
log,(2x% — 7x + 6) = log,(x — 2)x;
2x% —7x + 6 = x? — 2x;
2x> —7x+6—x%+2x=0;
x?2—5x+6 =0;
X, =2; x, =3,
[IpoBepum, npuHaanexar a1 HaliaeHHble KopHu O/13:

2>0;
X1 =2132:22-7-2+6=0
2—2=0
3>0;
X =342-32—-7-34+6>0;
3—2>0

Otser: 3.
®opma npeacTaBjeHUs pe3ybTaTa: BbIIIOJIHEHHOE 3a/1aHNE

Kpurepun onenku:

Ouenka "oTJM4YHO'" BBICTABISAETCA, €CIIM PadOTa BHITIOJIHEHA B MOJTHOM 00BEME C COOJI0IEHUEM
HEe0OXOIMMOM TOCTENOBATENBHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHHA.

Ouenka ''xopomo" BBICTaBISETCS, €CIM BHINIONHEHBI TpPeOOBaHUS K OIEHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka '"yI0BJIeTBOPUTENbHO'" BBICTABIAETCSA, €CIM paboTa BBHINOITHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJTHEHHOM YaCTH TaKOB, YTO MO3BOJISIET TIOMYUYUTh MPABUIIbHBIE PE3YJIBTATHI U BHIBOJBI; B XOJIE
MPOBeIeHUS pabOThI ObUIH JOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PaboOTa BBHITIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISAET ClIeaTh MPAaBUIHHBIX BHIBO/IOB.

Tema 1.3 KopHu, creneHu u Jorapugmsi

IIpakTnyeckas padora NelS
Pemenue JiorapupmuuecKkux HepaBeHCTB

Heab: O600mMTH, 3aKpEeNUTh U CUCTEMATH3UPOBATh 3HAHMS YYALIUXCS MO METOJaM pELICHUS
norapudMuueckux HepaBeHCTB. DOpPMHUPOBATH HABBIKH PEIICHUS HEPABEHCTB.

Boinosinenue padoTbI CrocoocTByer ¢dopmupoBanmio: [1P62_ OVII.03,
I1P63_OVII.03,I1P65 OVILO3.

MaTepnaﬂbﬂoe odecreueHue: I/IH)II/IBI/I)IyaJ'II)HI)Ie 3alaHuA, CIIPABOYHBIC MaTCpHailbl, KOHCIICKThI
JIEKIIHi.

33).]3]-[1/16: Pemmte J'IOI“apI/I(I)MI/I‘-ICCKI/Ie HCPAaBCHCTBA:
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1. log,(5x + 3) < 3;
2. logys(3x +4) = loggs(x?* + 6);
3. log,(x*—9x+4) >4

IMopsa0K BHINOJTHEHHS] PA0OTHI:
Perute norapupmMuyeckue HepaBeHCTBA!
PaGoraem 1o ajaropuTMy: HCIOJNB3Ys ONpeieicHue joraprudma oOe YacTH HEPABCHCTBA MPHBOIUM K
OJTHOMY OCHOBAHHIO, T. €. morydaeM HepaBeHCTBO BHa 10g,f(X) < 10gag(X).

[Ipu perreHnu T0rapuPpMUIECCKUX HEPABEHCTB HYXKHO YIUTHIBATH CBOUCTBO MOHOTOHHOCTH
norapupMUUEcKoil HyHKIIHH, T.€.

npu a > 1 log, f(x) >loga g(x) & f(x) > g(x)

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

HpI/I 9TOM HYXHO 0053aTeNbHO YUYUTHIBATb U 001acTh AO0IIYCTUMBIX 3HAYCHUMH.
Pemenne JIOI“apI/ICbMI/ILIeCKOFO HCPABCHCTBA CBOJUTCA K PECIICHHUIO CUCTEM HCPABCHCTB!

f(x)>g(x)
npua > 1 log, f(x) >log,g(x) &4 f(x)>0
gx)>0

fx) <g)
npu 0 < a <1 log, f(x) >log,g(x) &4 f(x)>0

gx)>0

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

5x+3 > 0;

CocraBUM CHCTEMY: {Sx 43 <93

5x+3>0;=>{5x>—3;=>{x>—0,6;
5x+3<5 5x <5 x<1

2) logos(3x +4) = loggs(x* + 6)

CocTaBuUM cHUCTeMy HEPABEHCTB, YUUTHIBAs, 4YTO 00a JorapuMupyeMbie BHIPAKECHHUS

JOJKHBI OBITh MOJOXKHUTEIbHBIMA U OCHOBaHUE MEHbIIIE 1.
{ 3x+4>0

Perim coCTaBICHHYIO CHCTEMY: { Ortser: (—0,6; 1]

X2 4+6>0
3x +4<x?+6.

PemnmM cocTaBieHHyIO CUCTEMY:

3x+4>0 3x > —4 x> -2
3x+4<x*+6. (—x*+3x+4-6<0.

x> =3x+2>0
KBajpaTHOE HEPaBEHCTBO PEIIMM METOJIOM HHTEPBAJIOB:
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x>—=3x+2>0
x2—=3x+2=0>x=1; x, =2

A R
1 2

Haitném perienue cuctemsr:
i S o
1
-1 = 1 2

Ortser: (—1%; 1] U [2; +x)

3) logi(x? + 7x + 10) > -2

CocraBuM CUCTCMY HCPABCHCTB, YUHUTBIBAA, YTO J'IOl"apI/I(l)MI/IpyeMOG BBIPAXXCHHUEC JOJI’KHO OBITh
MOJIOKUTEILHEIM M OCHOBaHUE MeHbIIE 1.

{ x2+7x+10>0
2 < 1\72;
X +7x+10_(5)

{x2+7x+10>0.
X2+ 7x+10< 4’

PelraeM KBaJpaTHbIE HEPABEHCTBA!
x>+ 7x+10>0
x>+7x+10=0
Xy = —5; x; = —2 + - +

-5 -2
x>’ +7x+10< 4
X’ +7x+6=0
X1=_6;x2=—1 + = + >

— o — v
-6 -1

Haiiném pemienne cuctemsl:

L IYPRNINN SOSN /

-6 -5 -2 -1
Otset: [—6;—5) U (—2; —1]

(I)opMa NMPpEeaACTABJCHUSA PE3YyJAbTAaTa: BEIIIOJTHCHHOC 3aJaHNUC

Kpurtepun onenkmn:

Ouenka "oTJIHYHO" BBICTABIACTCS, €CITM paboTa BHIITOJIHEHA B TIOJIHOM 00BEME C COOII0IEHHEM
HEO0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BBIYUCJICHUS.
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Ounenka ''Xopomo" BBICTABISIECTCS, €CJIHM BBIMONHEHBI TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JTONYIIEHBI 2-3 HEe0YeTa.

Ounenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM PaboTa BBIMOIHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MMOIYUYHUTh NIPABUIIbHBIC PE3YJIbTAThl U BBIBOJIbI; B XO€
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIEIaTh MPABUIHHBIX BHIBOJIOB.

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

IIpakTnyeckoe 3ansitue Nel6

Panunanublii MeTO M3MepeHMsl YIJIOB BpallleHUsl M CBSI3b ¢ rpajaycHoii Mepoii. Haxoxaenue

3HAYEHUI TPUTOHOMETPHUYECKUX (PyHKIIHIA.

Heab: dopmupoBaTh HaBBIKM I€pexojia OT paJuaHHOW Mepbl YIJIOB K IpajyCHOW U 0OpaTHO,
HaXOXKJCHHUs 3HAUYEHUI TPUTOHOMETPUUYECKUX (QYHKLUH.
Boinosinenue padorsl cnocoocTByeT hopmupoBannio:11P65 OVIIL.03

3ananmue:
1. Beipa3uTe B paguaHax BeJIUYMHY yIJIa, 33IaHHOTO B Tpajlycax

2.

a) 150° 6) 450° B) 40°

BI:IpZBHTC B I'paagycCax BCIIMYUHY yIJid, 3aIaHHOT'O B paJuaHax
T 4m

a) B 6) a1 B) ?

3. Hcnonb3ys onpeneneHusl TPUroHOMETPUYECKUX (YHKUUHN, HallAuTe 3HAKU 3TUX (QYHKIUH Ju1s
YIJIOB:

a) —210° ) =

4. 3ybuatoe koseco umeeT 72 3ybia. Ha ckoJbKO TpaaycoB MOBEPHETCS KOJECO MPHU MOBOPOTE
€ro: a) MpoTUB 4acoBOM cTpenku Ha 21 3ybery; 0) mo yacoBoii cTpenke Ha 144 3yOua?

5. llIxuB snektpomotopa aemaer 6000 0o6OpoTOB B MUHYTY. BBIUMCINTE YIIOBYHO CKOPOCTH
BpAIlleHNs B Tpajlycax B CEKYH/y U B paJliaHax B CEKyHIY.

ITopsinok BbINOJHEHHS PadOTHI:

1.

1.

Panuannas u rpagycHas Mepsl cBs3aHbl 3aBucuMocTbio 180° = m paguaH. Ilostomy 1° =

T T
, 3HAUUT X ° = — o paJIUaH.
180° 180

YToOb!I BBIpa3UTh yroJl B IPaAyCHOM Mepe BOCIIOJIb3yHTECh COOTHOLIEHHEeM 1paj =

180°

HauepTture €OMHMYHYIO OKPYXKHOCTh, OTJIOKHTE  3aJaHHBIM  yroj, TMOMHS, 4TO
MOJIO)KUTEBHBIM ~ CUMTAETCA  YIOJI, OTKJIAAbIBAEMBIM IPOTUB YacOBOM CTpENKH, a
OTPHLIATENIBHBIM — I10 YaCOBOM CTpEJIKE.

BLIpaSI/ITC B pagraHax BCIIMYUHY yIJIa, 3aIaHHOTO B I'paJgycax

a) 120° 6)225° &) 10°

T 2T T T

a) 120° = —-120° == 6)225° = ——-225° = 2 B)10°=——-10° = =

T 180° T 180° 180° 18’

2. BLIpaSI/ITC B I'paaycCax BCIIMYUHY yIJid, 3aJaHHOTO B paJuaHax
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a)%ﬂ 6)%" B)%”

a) 22 =18%.37 _ 10g° 6)%”:%00-2—”—40° B)%:ioos—n_ﬁoo

5 T 5_ 9_ 7r6_

3. Mcnonb3ys omnpeneneHus: TPUrOHOMETPHUYECKUX (DYHKIUH, HalauTe 3HAKU ATUX (DYHKIMHA IS
YTJIOB:

a) —120°  6) =

[TocTpouM €AMHUYHYIO OKPYXHOCTh M OTJOKUM JaHHbIE yribl. Yron—120° oTknaapiBaeM MO
yacoBoil ctpeinke. Touka, coorBeTcTBYOImas yriay —120° nexurt B |11 uerBepTH, 3HaUUT,
cos(—120°) < 0, sin(—120°) < 0,

tg (—120°) > 0, ctg(—120°) > 0.

(I)opMa npeacraBjJdCHUs pedyjabTaTa: BhIIIOJTHCHHOC 3aJlaHKE.

Kpurtepun ounenku:

Ouenka "oTJHMYHO'" BBICTABIACTCS, €CIIM padOTa BHIIIOJIHEHA B MOJTHOM 00BEME ¢ COOII0ICHUEM
HEOOXOIUMOM TIOCIICIOBATEIIBHOCTH JICHCTBUI; B OTBETE MPABUIBLHO M aKKypaTHO BBIIOJIHEHBI BCE
3aIllMCH U BEIYUCICHHA.

Ounenka ''Xxopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABISACTCS, €CiM PabOTa BBINOJIHEHA HE IMOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIbHBIE PE3YNIbTAThI U BHIBOJIBI; B X0OJI€
MIPOBEEHUS pabOThI ObUIN AOMYILEHBI OIINOKH.

Ouenka '"Hey/10BJIETBOPUTEIBLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WUITU
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MO3BOJIAET CENATh MPABWIBHBIX BHIBOJIOB.

Tema 2.1 OcHOBHbIE IOHATHS TPUTOHOMETPHH.
IIpeodpa3oBanne TPUTOHOMETPHYCCKHUX BbIPAKCHUH

IIpakTnyeckoe 3ansitue Nel7
IIpeoOpa3oBanusi TPUTOHOMETPHUYECKUX Bbipa:keHUil. @opmMy bl Ci10:KeHNsl, yABOCHUS.
®opmy.ibl npuBeaenust. [IpeodpazoBanne cyMMbl TPUTOHOMETPHYECKUX (PDYHKIMI B
Npou3BeieHNne, Npeodpa3oBaHue NPOU3BeleHUs] TPUTOHOMeTpHUYecKNX GYHKIHUHA B CyMMY.

Heab: @opmMupoBaTh HaBBIKM MPEOOpPa3OBaHUS TPUTOHOMETPUUYECKUX BBIPAKEHHUH, HCIOJB3YS
OCHOBHBIE€ TPUTOHOMETPUUECKHUE TOKECTBA.

Boinosinenue padorsl cnocodocTByeT hopmupoBannio: [1P65 OVILO3.

MarepuanbHoe obecneveHue:HIMBUAYyanbHbIE 33a/laHUs], CIPABOYHBIE MaTEpHabl, KOHCIEKTHI

JIEKITUH.

3aganme:
1. Haligute 3Hau€HUs TPUTOHOMETPUYECKUX (DYHKIIUH, €CIIM U3BECTHO:
1) cos x= 0,8, 37” <x< 21
2) sin <= 0,6,% <x< 1
3) tg x= —%,g <x< TI.
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2. Konebanwne nanpspkenust 3amaercst hopmyinoit: U(t) = Uy, cos(wt + ¢,).Haiinure 3naucnune
HanpspbKeHus, eciii u3BectHo, uto U, = 100 B, ¢, = 0, sinwt = 0,6;

O<wt<§.

Ilopsinok BbINOJHEHHS padOThI:

1. 3anummuTe ycinosue.

2. 3anumute (GOPMYNIBI OCHOBHBIX TPHUTOHOMETPHUECKHX TOXKIECTB, COJEpKAaIlUe JTaHHYIO
(GYHKLHIO U Ty, KOTOPYIO HEOOX0AMMO HalTH.

3. Beipaszute HemsBecTHyrO ¢(yHkIH0. Ecanm HeoO0XoaumMo H3BJI€Yb KBAaApaTHBIA KOPEHb, TO
OIIpeIeNINTE 3HAK UCKOMON (DYHKIIMHU, UCIIOJIb3Ys 3aJaHHYIO YE€TBEPTh.

4. BpruucnuTe 3HAYCHUS BCEX HEM3BECTHBIX (DYHKITHIA.

1. Jlano: cos x= 0,8, 37” << 21

Haiitu: sin «, tg &, ctg «
Pemenue:
1)3anuiieM 0OCHOBHOE TPUTOHOMETPHUUECKOE TOXKAECTBO
cos? « +sin? <=1
Beipaszum u3 Hero uckomyroo GyHKIHIO Sin X= +vV1 — cos? «
Tak kak cunyc B |V yeTBepTH HMeeT OTpHULIATENBHOE 3HaYEHUE, TO

sin x= —y1-0,64 = —0,36 = —0,6.

2) 3anuiieM OCHOBHOE TPUTOHOMETPHUUECKOE TOXKIECTBO

tg x=
CcoS X
HOI{CTaBI/IM HN3BCCTHBIC 3HAUCHUA U Haﬁl{eM HCI/ISBeCTHYIO Q)YHKHI/II-O
—0,6 6 3 075
08 8 4

3) 3amumeM OCHOBHOE TPHTOHOMETPHUYECKOE TOXKIECTBO
tg «<-ctga =1

tg x=

1
Bripasum U3 Hero HckoMyro QyHKIUIO ctg &= o

t 4 11
== —] -
€9 3 3

3. JlaHo: sin x= O,6,§ << T

Haiitu: cos &, tg &, ctg <
Pemenue:
1)3anuiieM 0CHOBHOE TPUTOHOMETPUUECKOE TOKAECTBO
cos? « +sin? «= 1
Beipazum u3 Hero HCKOMyro GyHKIHIO cos <= +V1 — sin? «
Tak kak kocunyc Bo || uerBepTH orpunareneH, To cos x= —/1 — 0,36 = —0,8.

2) 3anuinemM OCHOBHOE TPUTOHOMETPUUYECKOE TOXKIECTBO
sin «

tg =
g cos X
[ToncTaBuM M3BECTHBIC 3HAYCHUS U HAWJIEM HEM3BECTHYIO ()YHKIIUIO

0,6 6 3



3) 3amumieM OCHOBHOE TPUTOHOMETPHUYECKOE TOKIECTBO
tg «<-ctga =1

1
Bripaszum u3 Hero uckomyro GpyHKIHIO ctg K= o

t 4 11
== —] —
9 3 3

3
4. Jlano: tg x= — 7 <X T

NS

Haiitu: cos «, sin &, ctg «

Pemenue:
1) 3anuiiemM 0CHOBHOE TPUTOHOMETPUYECKOE TOKIACCTBO

tg - ctga =1
Beipaszum u3 Hero uckomyro GpyHkIuio ctg <= =

tgx
1
ctg <= —15
2) 3anuiieM OCHOBHOE TPUTOHOMETPUYIECKOE TOXKICCTBO
) 1
1+tg” x= —
cos“ X
1
Bripasum u3 Hero uckomyro GyHKIUIO €0S X= + ﬁ
9
1 1 4
Taxk xak kocunyc Bo |l yerBepTu oTpunarenes, To cos X= — A -0,8.
1+— =
16 16

3) 3anuiiieM OCHOBHOE TPUTOHOMETPHUYECKOE TOMKIECTBO
cos? x +sin? x=1
Beipaszum u3 Hero uCkomyro GyHKIHIO Sin X= +vV1 — cos? «
Tak kak cunyc Bo || ueTBepTH MOJTOKUTENBHBIN, TO Sin X=+/1 — 0,64 = /0,36 = 0,6.

2. Konebanue Hanpsbkenus 3aaaercst hopmynoit: U(t) = Uy, cos(wt + ¢,). Haiinute 3Ha4ueHme
HanpsHKeHUs, eciii u3BectHo, uto U, = 100 B, ¢, = 0, sinwt = 0,6;
0<wt<-.
Pemenne:
Kone6anue Hanpsbkenus 3agaercs popmynoii: U(t) = U, cos(wt + ¢y). UT0OBI BEIYUCIUTD 3HAYCHHE
HAIPSDKEHHS, HYXXHO HalTH cos(wt + ¢ ).

Io ycnosuio sinwt = 0,6. 3anuiieM 0CHOBHOE TPUTOHOMETPHUECKOE TOKIECTBO
cos’wt + sinwt = 1.

Beipasum u3 Hero uckomyro ¢pyHKImo coswt = +V1 — sinwt.
ITo ycnosuro 0 < wt < g . Tak KaK KOCHHYC B II€PBOM YETBEPTHU MOJIO)KUTEIIEH, TO
coswt =+/1—0,36 =+/0,64 = 0,8.

[ToncraBuMm nosyueHHsle 3HaueHus B popmyny U = 100 - 0,8 = 80 B.

(I)opMa NpeacTaBJACHUsA PE3yjabTaTa: BEIIIOJTJHCHHOC 3a1aHNC
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Kpurtepun onenkmn:

Ouenka "oTJHMYHO'" BBICTABIACTCA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0IEHUEM
HEO0OXOIUMOM TIOCTIEIOBATEIIBHOCTH JICHCTBUI; B OTBETE MPAaBUIBLHO W AaKKypaTHO BBIIOJHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Ounenka ''xopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JONYIIEHBI 2-3 HeJ0YeTa.

Ouenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBIMOIHEHA HE TOJIHOCTHIO, HO
00BEM BBITTOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIbHBIE PE3YNIbTAThI U BHIBOJIBI; B X0OJI€
MIPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCS, €CIM PaboTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacT paboThI HE TIO3BOJISCT CIEIaTh MPABUIIHHBIX BHIBOJIOB.

Tema 2.1 OcHOBHbIE IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBaHne TPUTOHOMETPUYECKHUX BbIPAKEeHU

IIpakTuyeckoe 3ansitue Ne 18
IIpeoOpa3zoBanust TPUrOHOMETPHYECKUX BbIpPazkeHHii. @OPMYJIbI CJI0KEHHS, YIBOCHHS.
®opmyasl npuBeaenns. [IpeodpazoBanue cyMMbI TPHTOHOMETPHYECKHUX (YHKIU B POU3BeIeHHE,
npeodpa3oBaHue NPOU3BEAeHUsSI TPUTOHOMETPHYECKUX PYHKIMII B CyMMY

Henab: ®opmupoBaTh HaBbIKM IPEOOpPa3OBaHUS TPUTOHOMETPUUYECKUX BBIPAXKEHUH, HCIOJIB3YS
(bOpMYIIBI CIIOKEHHSI, YIBOCHUS U TIPUBEIICHUS.
Boinosinenue padorsl cioco6cTByeT hopmupoBannio:11P65 OVIIL.03

3ananmue:
1. Jlns ymnpoméHHOro aHayim3a yriia cusura (a3 B Tpéxda3HON [enu BBHIYUCIUTH 3HAUYCHHUC

CJICOAYIOUICTO BBIPAKCHUA:
€0512°c0548°—sin12°-sin48°,

€0554°sin36°+c0s36°sin54°’

a)Berancnure

) sin(m+a) tg(%n‘mf

sin(%”—a) ctg(m—a)

+ tg(mr — a);

cos 2t ,
————F  =sint
cost—sint
2. DIeKTpUKy TpedyeTcs OnpeenuTh MOTepru MOLUTHOCTH B TpaHChopmarope. M3BECTHBI KOCHHYCHI
3 24 3 3 . .
(ha30BBIX YIJIOB: COS X= - cosf = —5z» TpH yrmax 1 <o< 7”; n<p< 7” . Haiimure sin(o
—B).

sin(x—pB)cosB+cos(a—B)sinff
cos(a—p)cosB—sin(a—pB)sinp = tga

3. JlokaxxuTe TOXKIACCTBO:

ITopsinok BbINOJIHEHHS Pa0OTHI

1) 3anumuTe 3aJaHUe W OINpPENEeNUTe, KAaKUMH (OPMYIaMH TPUTOHOMETPHH HYKHO
BOCIIOJIb30BaThCH.

2) [Tpumenure 3t HOpMyIHI.

3) YnpocTtuTe moNydHBIIEECs BhIpaKEHHE. BBIUmciuTe, eciam 3TO HEOoOXOAWMO, 3HAUCHHE
BBIpKEHUS.

c0s71°c0s26°+sin71°-sin26°

1.Breruncnure

sin20°-c0s25°+c0s20°-sin25°

Perienue:

39



c0s71° - cos26° + sin71° - sin26°

sin20° - cos25° + co0s20° - sin25°

HJ’ISI pPE€UICHUA HaM HCO6XOI[I/IMO HCIIOJIB30BAaTh (bOpMYJ'IBI CJIOKCHUA:

2. YOpocTuTe BbIpaKeHUE:

cos(a + B) = cosa - cosp F sina - sinf

sin(a + B) = sina - cosf + cosa - sinf8
c0s71° - cos26° + sin71° - sin26°  cos(71° — 26°)  cos45°
sin20° - cos25° + c0s20° - sin25° sin(20° + 25°)  Sin4se
sin(180°+a)-tg(«x—180°)-cos(360°—a)

= tg45° =

ctg(g—a)-ctg(n+a)-cos(32—n—a)

[Ipu pemieHun 3TOro 3agaHUs HY)XKHO TPUMEHUTH (HOpMyIbl npuBeAeHus. [jis 3Toro BCIOMHUM

MHEMOHHUYCCKOC
uiu mn.

HEYCTHOC YHCJIO.

npaBwio: 1) HazBaHue QyHKIMH HE MEHSETCS, €CJIM K apryMEHTY o TpubaBisiercs —mn

Hazsanue KU MCHACTCA, €CJIU K apr €HTY o npuoOaBisieTcs —ETl 1501050 ETL, n-
s 2 2

2) CtaBUTCS 3HAK UCXOAHOW (DYHKIIMH, CUUTAS , UTO Oi- OCTPBIA YTOII.

Pewenne:
sin(180° + a) - tg(x —180°) - cos(360° —a)  —sina-tga-cosa  cosa cosa  cosa-Ssina
p 31_[ = " ot - = " = CoSa = = sSlna
Ctg(i — @) ctg(m+a) - 605(7— ) ga - ctga - (—sina) ctga e cosa

4

. 8 .
3.Z[aHOSmo<=;; cosﬁzg, §<oc<7r; O<,B<§.

Haiinute sin(x +8).

Pemienue:

Hnst pereHus HaM HYXHO HCIO0JIb30BATh bopmymny CIIOKCHUS
sin(a + B) = sina - cosf + cosa * sinf

Ho HaM HEU3BECTHBI 3HaueHUs cos X U sinf.
Haiinem cHavana 5Tv 3Ha4€HMSI, UCTIOIB3YSl OCHOBHOE TPUTOHOMETPUUYECKOE TOXKICCTBO:

cos® o +sin

2 x=1

Bripasum u3 Hero HCKoMyro QYHKIUIO cos «= +V1 — sin? «

sinf = /1 — cos?pB

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

9 . 16 25 16 9 3
Tak kak CHHYC B | YCTBECPTU IMOJIOKUTCIIbHBIU, TO sinf = Jl ~ s = J— ——= |== 5

[ToncraBuM HaiiieHHbIE 3HAU€HUS B (DOPMYITY M BBIYMCIUM 3HaYCHHE

sin(e +f).

4. JIoKa)XuTe TOXKACCTBO:

sin(e +4) =175+ 5 85 85 85

17 5

84(15)3 32 45 13
17

sin(<—B)cosp+cos(a—pB)sinf

cos(a—p)cosf—sin(a—p)sinf tg(l

Jloka3arenbCcTBO:

Brimnmem

OTACJIbHO JICBYIO YaCTh TOXKACCTBA U r[peo6pa3yeM €C, UCITOJIb3Y q)OpMYJ'ILI CJIOXKCHHUA:
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sin(c—B)cosf+cos(a—f)sinf  sin(a—B+p) sina
cos(a—pB)cosp—sin(a—p)sinf - cos(a—f+p) - cosa
tg x=1g «

ToxnecTBo n0Ka3aHo.

Bo3moxxen u I[pyr()ﬁ cnoco0 JOKa3aTeCJIbCTBA.

sin(«—g)cosp+cos(a—B)sinf _ (sina-cosp—cosa-sinf)cosp+(cosa-cosB+sina-sinB)sinf

= tga

cos(a—B)cosf—sin(a—B)sinf  (cosa-cosf+sina-sinf)cosf—(sina-cosf—cosa-sinf)sinf
Packpoem ckoOku 1 TIpuUBEIeM TIOJJOOHBIE ClIaraeMbie
sina - cos?p — cosa - sinf - cosp + cosa - cosP - sinf + sina - sin?f  sina - cos?p + sina - sin?f
" cosa - cos?f + sina - sinf - cosf — sina - cosf - sinf + cosa - sin2f  cosa - cos?f + cosa - sin?f
sina(cos?p + sin’B)  sina

= = = tga
cosa(cos?B + sin?B) cosa g
g x=tg «

(I)opMa NMpeaAcCTaBJdCHUA pe3yjabTaTa: BhIIIOJIHEHHOC 3a1aHUC

Kpurepun oneHku:

OueHka "OoTJHYHO'" BBICTABIISCTCS, €CIU pabOTa BBIOJIHEHA B ITOJTHOM 00BEME C COOIIOICHUEM
HE0OXOIMMOM TOCIEI0BATEIBHOCTH JEHCTBUI; B OTBET€ NPAaBUIBHO W aKKypaTHO BBIMOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

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

Ounenka '"yI0BJIeTBOPUTENbHO'" BBICTABIACTCSA, €ClIM pabOTa BBINOJIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOHN YaCTH TAKOB, YTO MMO3BOJISICT ITOJIYYHUTh MTPABUIIBHBIE PE3YJIbTATHI M BBIBOJBI; B X0OJI€
MPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka '""Hey10BJIETBOPHUTEILHO'" BBICTABIISETCS, €CIM PA0OTA BBHIMOJTHCHA HE MOJIHOCTHIO HITH
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MTO3BOJISET CACNATh MPABHIIBHBIX BHIBOJIOB.

Tema 2.1 OcHOBHBIC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBanne TPUrOHOMETPUYECKUX BbIPAsKeHUH

IpakTuyeckoe 3ansitue Ne 19
IHocTpoenue rpapukoB TPUrOHOMETPHYECKUX (PYHKIUIH € MCIIOJIB30BAHHEM I'eOMETPUYECKHX
npeodpazoBaHuii

Heab: HayunTtbes cTpouTh rpaMky TPUTOHOMETPUYECKUX (PYHKLIMIN

BoinosHenue padotsl cnocodcTByeT (hopmupoBanmio: [1P65 OVIIL.03, ITP613 OVILO3.

MarepuanbHoe obecneuenue:lHauBHUIyabHbIE 33JaHUsI, CIIPABOYHBIE MaTE€pHaJIbl, KOHCIIEKTHI
JIEKLIU.

3aganme:
[Toctpouts rpaduk pyHkuMu y = 3sin(x — %)- 3anucaTth CBOMCTBA ATOW (QYHKIIUU.

ITopsinok BbINoJIHEHUs padoOTHI:

[Tpu mocTpoeHnn rpaduka Hy>)KHO BOCTIONB30BATHCS MPEOOPa30BAHUSIMUA TPAPHKOB.

1.y = f(X) + b — rpapux ¢ynkumm nomydaercs u3 rpapuka ¢yHkmum Yy = f(X) myrem
nmapajuIeIbHOTO MepeHoca 3Toro rpaduka Ha BeauunHy Baoib ot OY. Ilpu stom, eciiu b>0, To rpadux
¢ynkun f(X) + b pacmonaraercs Boie rpaduka Gynkuuu f(x), ecau b<0, To HIKe 3TOTO rpaduKa.

2.y = (X + b)- rpadux dbyHkumu nonyuaercs u3 rpadpuka QyHKimH y = f(X) ¢ MOMOIIBIO
napajieNIbHOTo TepeHoca 3Toro rpaduka Ha BenuuuHy b Baonb ocu OX, npu 3tom, eciau b>0, To ciBUT
BJIEBO, a eciii b<<0, TO CABHT BIPAaBO.

3. y =-f(X) — rpaduk cummerpuuen rpaduky y = f(x) orHocuTensHo ocu OX
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4.y = a f(x) — rpadpux ¢ynkuuum mnomy4yaercs u3 rpapuka ¢yHkuuu y = f(X) ¢ momormisio
pacTspDKeHUs Wiu cxatus rpaduka mo ocu OY mpornopiimoHaabHO KOdGPHUIMEHTY a, TpHYeM,

eciu &> 1, To Bce opaAnHATH rpaduka af(x) yBenmuauBaroTCs B a pas, eciau a< 1, TO yMEHBIIAIOTCS B
a pas.

5.y = fla x) — rpaduk QyHkuum nomyvaercs u3 rpadpuka QyHkmuu y = f(X) ¢ MOMOIIBIO
pacTsHKEHUS WIN CKATHsI BIOJb ock OX MPOMOPIUOHAIBHO KOXPPHUIMEHTY @, IpUYeM, eci, a > 1, To
rpaduk cxumaercs B a pas, eciu 0 <a<l, To pactsarusaercs B 1/a pas.

6.y = | f (x] - JUI TIOCTPOEHUS 3TOro rpaduka HYy)KHO MOCTPOUTh rpaduk pyHkuuu y = f(x) u

oTo0pa3utk oTHOCUTENBHO ocu OX Te yacTu rpadrka, KOTOPIE PACIIOIOKEHBI HUKE ITOU OCH.
[Tocne moctpoenus rpaduka npoBeauTe uccieaoBanrue GyHKIUH 10 o01Iel cxeme.

[Toctpouts rpaduk GyHKIMH y = 2cos(x + g). 3anucarhb CBOICTBA 3TOM (PYHKLIUU.

Caauana noctpouM rpaduk QYHKIHUHA y = cosx

[lepenecem rpaduk GyHKIHMU y = cos x Hag B1eBO. [lomydnm rpaduk GyHKIUHT y = cos(x + g).
PactsiHeM rpaduk nmomyuuBmieiics GpyHKuuu B 2 pasza BIoab ocu Oy.

B\

y= Zcos(x+£]
i 3

Hccnenyem pynkuuio mno obiei cxeme:

D(y)=R;
E(y) =[-2; 2]
y =0, npu X=n/6 + n, n € Z;
@OyHKIUSA 0011ero BUA.
OyHKIHSA HEMOHOTOHHAS,
pu X € (2n/3 + 2mn; 5n/3 + 27n) — byHKUIMsA BO3pacTaeT;
npu x € (-n/3 + 27n;2 /3 + 2an) — GyHKIMS yObIBAET;

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

7. T=2m.

ko

Tema 2.1 OcHOBHBIC IOHATHS TPUTOHOMETPHH.
IIpeoOpa3oBaHne TPUTOHOMETPUYECKHUX BbIPAKEHU

IpakTnyeckoe 3ansaTue Ne 20
Onucanue Npou3BOJCTBEHHBIX IPOLECCOB ¢ MOMOIIbIO rpaguKoB GpyHKIMI

Heab: dopmupoBaTh HABBIKM  HCIIOJIB30BAHUS TPAPUKOB TPUTOHOMETPUUYECKUX (YHKIUH B
PEIICHUHU MMPUKIAAHBIX 3aa4.
BoinosiHeHue pa6otrsl cnocodcTByeT popmupoBanuio:[1P65 OVIIL.03

3amanme:
1. Ha pucynke nzo0paxxkeH rpaduk 3aBUCHMOCTHA KOOPJAWHATHI OT BPEMEHHU
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KOJIEOJIIOLIErocs Tea.

L‘ o

x

I[To rpaduxy onpenenure: 1) aMmuuTyay Kosnebdanuii; 2) mepuoj kojaedanuii; 3) 4acToTy
Kosie0aHui; 4) 3aNMIIUTE ypaBHEHUE KOOPIUHATBHI.

2. Ectb MmrHOBeHHas ¢pororpadus BOJIHBI B PE3UHOBOM IITHYPE.

Onpenenure: 1) AMMHY BOJHBI; 2) aMIUIUTY1y KoeOaHUH 4acTHUEK LIHYpA.

S, M

=

1WSG\”

3. 1o npepcraBneHHOMY rpaduKy ONPEISITUTE aMIUTHTYAY U IIEPUO]T KOJIeOaHUi
HUTSHOTO MasTHUKA.

AL~
VARV

4. [To ypaBHEHHIO TAPMOHUYECKUX KOJICOAHHIA ONPEICIIUTh AMILIUTY LY, YTIIOBYIO
CKOPOCTb, IIEPUOJ] ¥ YacTOTy. HauepTuTh rpadk JaHHOTO TAPMOHHYECKOTO KOJICOaHMS.
1) x =15 sin 3xt

2) x = 8 sin /3t

3)x =10 sin zt

ITopsinok BbINoJIHEHUs padoOThI:
1) O3HaKOMHUTBCA C YCIOBHEM 3a/la4yM, IPOaHATU3UPOBATh I'paduK.
2) Ilo rpaduky, UCIONB3Ys] CBOHCTBA TPUTOHOMETPUYECKUX (PYHKIUH, ONpeNeIuTh He0OX0IuMbIe

BCJIIMYHHBI, 3a11MCAaTh OTBCET.

[Tpu pemiennu 3aga4 HEOOXOIMMO HUCIIOJIB30BATh CBOMCTBA TPUTOHOMETPHUUECKON (YHKIIUU

y =sin X.

dyuknus y = sin X
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I'paduxoM GyHKINU SBISIETCS CUHYCOHIA.
[TonHyr0 HEMOBTOPSIOIIYIOCS YaCTh CUHYCOM/IBI HA3bIBAOT BOJIHOM CUHYCOHW/IBI.
[To0BHHY BOJTHBI CUHYCOU/IbI HA3bIBAIOT MOJYBOJIHOM CHUHYCOUIBI (MJIA apKOH).

i y A T=2n
y=sinx L J

CaoiicTBa QpyHKIUHM Y= SiN X:
1) O6nactp onpeaeneHus: PyHKIIMH —MHOKECTBO JIEHCTBUTEIbHBIX YHCET.
2) O6nactp 3HaueHUH QyHKIMKA —0Tpe3ok [—1; 1]
3) Oro HeueTHast PYHKIIMS.
4) Oto HenpepbIBHAS (DYHKITHSL.
5) Koopaunats! Touek nepeceueHus rpaduka:-c ocbro abenuce: (nn; 0),-c ocbro opauHat: (0; 0).
6) Ha otpeske [-n/2; n/2] dynkuus Bo3pacraer, Ha oTpeske [1/2; 3n/2] —yObiBaer.
7) Ha npomesxyTkax [27n; mt + 2nn] GpyHKUIMA IPpUHUMAET OJIOKUTENbHbBIE 3HaUeHHa. Ha mpoMexyTkax
[-mt + 27n; 27n] GyHKIKS TPUHAMAET OTPHUIIATE/ILHBIC 3HAUCHUSI.
8) IIpomesxxyTku Bo3pactanus GpyHKuuu: [-m/2 + 2nn; n/2 + 2nn].IlpomexxyTku yosiBanust pyHkuuu: [m/2
+ 27n; 3n/2 + 27n].
9) Touku munumyma pyHKuuu: -m/2 + 2nn. Touku Makcumyma QyHKIUH: /2 + 271tn
10) dynkuus orpanrueHa cBepxy u cHu3y. Haumensiiee 3Hauenne pyHkuuu —1, HaubosbIiee 3HaYeHHE
1.
11) D10 nepuoanueckas pynkuus ¢ nepuoaom 2xn (T = 2m)
®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOIHEHHOE 3aJJaHNe

Kputepun onenkn:

Ouenka "oTJHM4YHO'" BBICTABISAETCA, €CIIM padOTa BHITIOJIHEHA B MOJTHOM 00BEME ¢ COOII0IEHUEM
HEe0OXOIMMOM TOCTENOBATENBHOCTH JEHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCE
3aIIMCU U BEIYUCIICHHA.

Ounenka ''xopomo" BBICTaBISETCSA, €CIHU BBIMOIHEHB TpeOOBaHUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka '"y10BJIeTBOPUTENbHO'" BBICTABISETCSA, €CIM paboTa BBHINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TAKOB, YTO TIO3BOJISIET TIOJYYUTh MPABHIIbHBIC PE3YJIBTATHl U BHIBOJBI; B XOJIE
MPOBEJICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM pabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPABUIHHBIX BHIBOIOB.

Tema 2.2 Tpuronomerpnyeckne ypaBHeHHsI 1 HEPABEHCTBA

IIpakTnyeckoe 3ansitue Ne 21
IIpocreiimme TPUTOHOMETPUYECKHE YPABHEHHS M HEPABEHCTBA.

Heab: dopMupOBAaTH HABBIKM  PELICHHS NPOCTEHIIMX TPUTOHOMETPUYECKHX YPAaBHEHUN H
HEPaBEHCTB
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BoinosiHeHue pa6oTsl cnocodcTByeT popmupoBanuio:[1P63 OVIIL.03

3ananmue:
Pemnre TpuronomeTpuueckue ypaBHeHHUS:
1) cos3x =0

2) sin (Zx —E) =-1
3) 3tg (4x + g) =—V3

4) ctg(2x+g) =—§

5) sindx - cos3x + cos4x - sin3x = %

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. 3amucaTe ypaBHEHHE W ONpPEICIHTh, K KAKOMY BHUAY OHO OTHOCUTCS M Kakod Qopmyson
HEO0XO0IMMO BOCIIOJIb30BaThCSI.

2. PemnTh ypaBHEHHE.

3. 3ammcarb OTBET.

Pemmmre TpuronoMerpuueckrue ypaBHEHU:
1) sin2x =0

9T0 YPaBHCHUC OTHOCUTCA K YaCTHBIM CIIY4YasaM, IIO3TOMY KOPHHU HAXOAATCS 110 (I)OpMy.]IC

xX=mn, nez
XXXXXXXXXXXX
2x = mn,nez,
X =—n,nezZ
OtBeT x = gn,neZ
2) cos (Sx + g) =-1

DTO ypaBHEHHE OTHOCHTCS K YAaCTHBIM CiIy4dasM, MO3TOMY KOPHH HaxoAsTcs 1o Qopmyne

x=m+2nn, n€Z

XXXXXXXXXXXX
5x+§=n+2nn, nez

5x=7r—§+2nn, nez

21
5x = 5 + 2mn, neZ
21 21

X =—+4—n, neZ
15 5

0 27‘[+2T[ 7
TBET: x—15 3 n, ne

3) 2cos3x=-1
1

Pasnienm 00e vactu ypaBHenus Ha 2. ITomyanm ypaBHeHHE: cos3x = — .

DTO ypaBHEHHE HE SIBJISIETCA YACTHBIM CIy4aeM, a = —%,lal < 1. [loaToMy OHO WMMEET pelIeHuE,
KOTOPOE€ HaxXOIUTCs 1Mo GopMyJie: x = +arccosa + 2rn, neZ
3x = tarccos(— %) + 2nn, neZ
3x = *+(mw — arccos %) + 2mn, neZ
3x =+(w — g) + 2nn, neZ
3x = i%ﬂ + 2mn, neZ

21 21
x = +?+?n, nez
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Ty _ _V3
4) tg(6x—z) = =3
VYpaBHeHHE UMEET pellieHne, KOTOpoe HaxouTcs 1o hopMmyne: x = arctga + ntn, neZ
T V3
6x — 7 =arctg | — 3 + mn, nezZ

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

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

T
6x = o + nn, neZ

x ==+ En, nezZ
72 6
0 " + n Z
TBET: X = —— +—n, ne
5 72 6

; . 3
5)cos6x - cos3x + sinbx - sin3x = 5
BI/II[I/IM, 4TO JICBYIO 4aCTbh MOKHO CBEPHYTH I10 (I)OpMYJ'IaM CJIOKCHUA:

cos(a + B) = cosa - cosp F sina - sinf
V3

cos(6x — 3x) = -

V3
cos3x = 7

Ternepp ypaBHEHME SIBISACTCS MPOCTEUIIMM M €r0 KOPHU HAXOLATCA IO (I)opMyne: x = tarccosa +
2nn, nez.

3x = +arccos ‘/2—5 + 2nn, neZ

3x = ig+ 2nn, neZ

T 21
XxX=1+—4+—n, neZ
18 3

0 _+7r+27r Z
TBET: X = t51T3 n, ne

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOTHEHHOE 33aJaHHE

Kpurtepun onenku:

Ouenka "oTJH4YHO'" BBICTABIAETCS, €CITU pabOTa BBHIOJIHEHA B MOJHOM 00BbEME C COOMIOIEHUEM
HEe0OXOIMMOM TOCIIeN0BaTEIbHOCTH JEHCTBHUI; B OTBETE MNPAaBUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alMCH U BBIUUCIICHUS.

Ounenka ''Xxopomo" BBICTAaBISETCS, €CIM BBIIOJHEHBl TpPeOOBaHUS K OIEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM pabOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHBIE PE3YNIbTATHI U BHIBOJIBI; B X0OJI€
MpOBe/IeHUs pabOTHI ObUIN JOMYIIEHBI OITHOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBHITIOJHEHA HE MOJTHOCTHIO WM
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET ClIeaTh MPABUIHHBIX BHIBO/IOB.

Tema 2.2 Tpuronomerpnyeckne ypaBHeHHs] 1 HEPABEHCTBA
IIpakTnyeckoe 3ansitue Ne 22

TpuroHomerpuyeckue ypaBHeHHUsI M METO/bI UX peLICHH.
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Heab: PopMHpOBAaTH HABBIKM  PEIICHUS TPUTOHOMETPUYECKUX YPaBHEHHW, CBOIAIIUXCS K
IIPOCTEUILINM.
IIpakTuyeckasi pa6ora popmupyer:I1P63 OVIIL.03

3aganue:

PemmTe TpuroHoMeTpruecKrue ypaBHEHUS:
1) 2sin?x — 3sinx +1 =10

2) 8sin®x + 6cosx —3 =10

3) 6tg’x +tgx—1=0

4) sindx + sin3x = 0

5) cos*(m—x) +8cos(m+x) +7 =0

Ilopsinok BbINOJHEHHS padOThI:

1. 3anummre ypaBHEHHE M OIpEJENuTe, KakUM CII0OCOOOM YypaBHEHHME BO3MOXKHO CBECTH K
MIPOCTEUIINM YPABHEHUSM.

2. Ecnu Heo6XoIuMO, BBEUTE HOBYIO IEPEMEHHYIO M DELINTE ypaBHEHHE OTHOCHTEIBHO 3TOM
nepemeHHo. llocime pemeHus ypaBHEHHMS C HOBOM IEPEMEHHOM BEpHHUTECh K 3aMeHe. J[oJkHO
IIOJIYYUTBCS NPOCTENIIEE TPUTOHOMETPUYECKOE YPAaBHEHUE, PELIUMB KOTOPOE, MOJYyYUM KOPHH JAHHOIO
ypaBHeHus. [loMHUTE, YTO, €clM ypaBHEHHE COJCPKHUT (YHKUIUU y = tgx,y = ctgx, TO HEOOXOIUMO
y4decTb UX 00JacTh ONpeIeICHHS.

3. Ecnmu ypaBHeHHE MOKHO TPEACTAaBUTh B BHJEC NPOHM3BEACHUS HECKOJIBKUX MHOXKHTEIEH, U
IIpaBasl 4yaCTb paBHa HYJIIO, TO PA3JIOKUTE JIEBYIO 4acTh HA MHOXKUTEIN M UCIOJB3YH NpaBUIO, KOraa
IIPOU3BEICHUE paBHO Hym0. [IpupaBHAB KaXKIblii MHOXHTEIb K HYJIIO, IIOJIYYUMM HECKOJBKO
IPOCTEHIINX YpaBHEHUH, KOTOpbIe HEOOXOAMMO PEIIUTh, YUUTHIBAS 00JIACTh JOIMYCTUMBIX 3HAUCHHH.

4. 3anuumure OTBET.

Xoa padoThI:
Pemnre TpuroHomMeTpruecKue ypaBHEHHUS:
1) 2cos’x + cosx = 1
Pewrenne:
DTO ypaBHEHHE C TOMOILIBIO BBEJICHUS HOBOM NEPEMEHHOM MOXHO IPUBECTH K PEHICHUIO
MIPOCTEUIINX TPUTOHOMETPUUECKUX YPABHEHUM.
I1ycTh cosx = t, TOr1a Halle ypaBHEHHE MPUMET BUJ 2t% +t = 1
[lepeneceM | B neByr0 4acTh U MOJIYYUM MOJTHOE KBAJIPAaTHOE YpaBHEHHE
2t2+t—-1=0
D=1-4-2-(-1)=9, D=3
-1-3 "
t; =———=—1;
! 4
-1+3 2
t2 = ——=
4 4

1
2
BepneMces k ctapoit mepeMeHHOM:
cosx = —1 W cosx = %
[Tonyunin ABa MPOCTEUIIMX TPUTOHOMETPUYECKUX YPABHEHUS, MEPBOE OTHOCUTCS K YaCTHBIM
clIydasiM, a BTOpOe peraercs o obieit popmyne. Pemum ux.
1Dcosx = -1
x =m+2nn, nezZ
2)cosx = %
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1
x = tarccos > + 27n, nez

T
X = i§ + 27n, nezZ
OtBeT: Xx =1+ 2nn, x = i§+ 2nn, nezZ
2) 2cos*x +sinx —1=10
Pemenue:

OT0 ypaBHEHHE COACPKUT pasHOMMEHHbIE (DYHKIIMHU, TTOSTOMY Cpa3y BBECTH HOBYIO MEPEMEHHYIO
HE TOJIYYHTCS.

BOCHOHB3yeMCﬂ OCHOBHBIM TPUT'OHOMCTPHUUYCCKUM TOXICCTBOM H BbIPpa3uM OAHY (bYHKI_II/H'O uepes

NpYTyro:
cos’x + sinx =1

cos’x = 1 — sin’x

2(1 —sin’x) + sinx—1=10

2 —2sin’x +sinx—1=0

—2sin’x +sinx+1=0

2sin®x —sinx —1=10

DTO ypaBHEHHE C TIOMOINBIO BBEJIEHHUS HOBON TMEPEMEHHOM MOXHO IPUBECTH K PEHICHUIO
HpOCTeﬁIHHX TPUT'OHOMETPUICCKHX ypaBHeHHP'I.

[lycth sinx = t, TOr/a HaIle ypaBHEHHUE IPUMET BUJ: 2t% —t — 1 =0

D=1-4-2-(-1)=9, VD=3

1-3 1
tlz—:——;
4 2
1+3 4
tzz—:—zl
4 4

BepnemMcs k ctapoit mepeMeHHO:
. . 1
sinx =1 150071 sinx = —-.

[Tonyunnu nBa MPOCTEUIINX TPUTOHOMETPUUECKUX YpPaBHEHUS, MEPBOE OTHOCUTCS K YaCTHBIM
cllydasiM, a BTOpoe peraercs 1no ooueit popmyne. Pemmm ux.

1) sinx =1 x = §+ 2nn, neZ
2) sinx = —i. x = (—=1)"arcsin (— %) + mn, neZ
x=(-D" (— E) + 7n, nezZ
6
T
x=(—D"1—+mn, neZ
6
T i1
OTBeT: x = 2 + 27n, x = (—1)"*! 3 + 7n, neZ

3) 5ctg?x —8ctgx +3 =0
DTO ypaBHEHHE C TIOMOIIBIO BBEJICHHS HOBOW MEPEMEHHON MOYHO TPUBECTH K PEIICHHIO
HpOCTCP’IH.II/IX TPUTOHOMCTPHUUCCKUX ypaBHeHHfI.

[TycTh ctgx = t, TOTJa Hallle ypaBHEHUE MTPUMET BUL: 5t — 8t + 3 = 0
YuursiBaem O[3 x # nn, neZ

5t2—-8t+3=0

tl—T=O,6;
8+2
t2=—=
10

BepHemcs k cTapoii mepeMeHHOM:



ctgx =1 niu ctgx = 0,6.
Pemm ux.
T

1)ctgx =1 x = arcctgl + in,neZ x = ” + nn,neZ

2)ctgx = 0,6 x = arcctg0,6 + mn,neZ
OTBeT: x = % + mn,x = arcctg0,6 + nmn, neZ

4) cos2x + cosdx — cos3x =0
Pemenue:
Hcnonw3ys hopmyibl mpeoOpa3oBaHus CYMMBI U Pa3HOCTH (DYHKIMH B TIPOU3BEICHUE, PA3I0KUM
IIpaByIO 4aCTh YPaBHEHUSI HA MHOKUTCIIN:
2x+4x 2x—4x
2cos —5 Cos——~— cos3x =0

2c0s3x - cos(—2x) — cos3x = 0 cos(—2x) = cos2x
2c0s3x - cos2x — cos3x =0
cos3x(2cos2x —1) =0

cos3x = 0 WK 2cos2x —1 =0
[Tonyunnu nBa MPOCTEUIIUX TPUTOHOMETPUUECKUX YpaBHEHUsI, MEPBOE€ OTHOCUTCI K YaCTHBIM
cllydasiM, a BTOpOe perraercs 1o oomeit gopmyne. Permmm ux.

1)cos3x =0 2)2cos2x —1=0
T —
3x = +mn, neZ Zcos2x —11
T 2y = =
x=—+—-nnez cosex 2
6 3 T
2x = i§ + 27n, nezZ
T
X = ig + nn, nezZ

T T T
OTBeT: X =E+§n, X = ig+nn, nezZ

5) 2sin?(w — x) +5cos(3§—x) +2=0
Pemenue:
CHavana Hy)KHO TPUMEHHUTH GOPMYIIBI IPUBEACHHUS: sin’(mr — x) = sin’x
3n )
Cos (7 - x) = —Sinx
[Tonyunm ypaBHeHue: 2sin?x — Ssinx +2 =0
OTO ypaBHEHHE C IIOMOIIBIO BBEJCHHS HOBOM IEPEMEHHONM MOYKHO IPHBECTH K DPELIECHUIO
MIPOCTEUIINX TPUTOHOMETPUUECKUX YPABHEHUM.

Ilycth sinx = t, TOra Halle ypaBHEHUE IPUMET BUL;: 2t% — 5t + 2 = 0
D=25-4-2:2=9, D=3

5-3 1
ty =——— = —-—;
YTog 2
5+3 8
t2 = — = - = 2
4 4
BepHemcs k cTapoli IepeMEHHOM:
sinx =% 401054 sinx = 2.
1)sinx = é x = (—1)"arcsin% + 7n, neZ 2)sinx = 2 YpaBHEHHE HE UMEET PEUICHUH, T.K. 2 > 1

x = (—1)"% + 7n,

OtBeT: x = (—1)"% + mn,

(I)opMa NpeaACTaBJICHUA Pe3yabTaTa: BEIIIOJIHCHHOC 3a/IaHNUEC
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Kpurtepun onenkmn:

Ouenka "oTJHMYHO'" BBICTABIACTCA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0IEHUEM
HEO0OXOIUMOM TIOCTIEOBATEIIBHOCTH JEHCTBUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMKCy U BBIYUCIICHUS.

Ounenka ''Xopowio' BBICTABISETCS, €CIM BBIIOJHEHb TPeOOBaHMS K OLEHKE "OTIMYHO", HO
JONYIIEHBI 2-3 HeJ0YeTa.

Ounenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBIMOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIbHBIE PE3YNIbTAThI U BHIBOJIBI; B X0OJI€
MIPOBEICHUS paObOTHI OBUIN JIOMYIIEHBI OITHOKH.

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

Tema 3.1. IlpousBoanasi pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansiTue Ne 23
YucJi0Bast MOCJIEA0BATEIbHOCTD, CIIOCOOBI €¢ 32/1aHUsl, BBIYHCJICHHE YICHOB M0CJIe10BATEIbHOCTH.

IIpenen nmocaenosarenbHocT. Haxoxxaenue npenenoB GQyHKUUM

easn:
@opmMupOBaTh HABBIKM  PEUIEHUS 3aJa4d, CBSI3aHHBIX C YHCIOBOW TMOCJIEA0BATEIbHOCTHIO.

o . (0 [ee]
@®opMUpOBaTh HABBIKM BBIYMCIICHUS TPEAETIOB QYHKIMNA, PACKPBITHS HEONpPEAeICHHOCTEH (5) 5 (—)

[00]

BoinosiHenue pa6orsl cniocodcTByeT (popmupoBanuio:[1P64 OVIIL.03

3aganue.
1) PemnTh 3324k HA YKCIOBYIO TIOCIIEIOBATEIILHOCTD.
2) BeruncnuTb nipenens! GyHKIHi

3aganue 1 3agadue 2

Haiiti BocbMOI1 4JIeH IOCIeI0BATeILHOCTH,
E_ 3, n, x*—2x-3

1.
1,
51

3" 4 6.lim,_, 212
2. Haiitu HOMep qucia 3 B ITOCJICAOBATCIIbHOCTH .
2n+1 x2—1
a, = iy 7.lim,_, "
3. Be1unciuTs:
: 2 . 6x%+5x—4
Xllrzlz(3x 8x +5) 8.lim, ., e
4 lim \[Zaal
' xX—2
e 9.lim V2t
) Moo 3 o
. x*-16 Vxt+1-2
5.11mx_,4ﬁ 10.limx_)3 );_3
11
opsi

OK
BbINOJIHEHHS pa0OThI:

BHumatenbHO 03HAKOMBTECH C YCIIOBHEM 3aJaHHUS.

[Tonp3ysicb CBOMMM LIKOJIBHBIMHU 3HAHUAMU (B CIydae 3aTpYAHEHUS BOCIIOJIB3YHTECh CIIPAaBOYHBIMU
MaTepuagaMH), BBIMOJIHUTE 3aJaHUE
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3amanne Nel

o 2n—1
1. JIeBATHIN WICH MOCIEeI0BATEILHOCTH ¢, = ( -

?
m) paBeH ¢

2-9-1 17 17 17
Co = = = ;=> Cg =
" \Jo?+3/ V732 2V183 T 2y183

2. Howmep urcia 6, SBISIONIErOCs YWICHOM IOCIEA0BATCILHOCTH a, = n* — 5n paBeH?
6 =n%? —5n
2_5n-6=0
n, =6
n, = —1 —TIOCTOPOHHHI KOPEHb T.K. HOMEP HE MOXKET OBITh OTPHUIATECIIBHBIM YUCIIOM.
OrtseT: N=6.

Samanme Ne2
o 0
Harigure npenessl IpeaBapuTebHO H30aBUBIIKUCH OT HEONPEACICHHOCTH (6)

2
. x“—81 0 . (x=9)(x+9) . x+9 . 18 . .
1. lim,_, Sare (—) =lim————— = lim— = lim— = lim2 = 2;

9x 0 X—9 X(X—9) x-9 X x-9 9 x-3

2. lim,_,, X +f" = (9) = lim &26D _ lim(x + 5) = lim(1 + 5) = lim(6) = 6

1 0 x—1 (x-1)

2 X1+x2=—4 x1=_5
x*+4x—-5=0 {x1+x2=—5 =>{x2=1
3. lim vatx—va-x _ (9) = lim (Va+x—a— x)(\/a+x+x/a—x) _ hm ) 2 o X)z i arratr
. x-0 x 0 x-0 x(\/a+x+\/a x) x—>0 x(\/a+x+\/a x) X—0 x(\/a_i-)c-i-\/(;)

2x 2
lim———=lim——= = lim —= = lim —= ;
x—=0 X(va+X+v a—x) x-0 Vatx+va—x x—>0 \/a+ tva x—-0 2\/_ x—-0 \/_ \/—
Brerunciauts npeaciibl UMCIOINNEC HCOIIPCACICHHOCTD (—

x3 2x2 3x 4

w|“><w|-'=- v

3.1
. S +2x2+3x+4 o . @t atata . Aot 1+0+0+0 11
4. lim,,,—5————=|—) = lim &S5 2** = lim 5% % =lim—— = lim =-=—;
4x3 +3x%+2x+1 o x—o0 4x° 3x° 2x 1 X0 Aot x—00 4+04+0+0 xX—00 4 4
_+x_3+_3+x_3 x x2 x
3 .2 2x3+3x2+ x 24341
. 2x7+3x%+x © . 37,373 . x X2 . 2+0+0 2
5. lim———= (—) = lim =*—* = lim =5 = lim = (—).=+oo
x% 4 1.4 040 0
X—00 x“+4 oo x—oo X L7 x—00 —t+— X—00
37,3 x x

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

Kpurepuu onenkmn:

Ouenka "oTJH4YHO'" BBICTABISETCS, €CITU pabOTa BBHIIOJIHEHA B MOJTHOM 00BbEME C COOMIOIEHUEM

HCOGXO,[[I/IMOI>'I IOCICIJ0BATCIBHOCTHU HeﬁCTBHﬁ; B OTBCTC NPABUIIBHO W AKKYPAaTHO BBIIIOJIHCHBI BCC
3allMCHU U BBIYMCJIICHUS.

Ouenka ''xopomo" BBICTaBISETCS, €CIM BHINIONHEHBI TPeOOBaHUS K OICHKE "OTIWYHO", HO
JONYIIEHBI 2-3 Hego4YeTa.

Ouenka '"yI0BJIETBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBINOIHEHA HE TOTHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TAKOB, YTO TIO3BOJISIET TIOYYUTh MPABHIIbHBIE PE3YJIBTATHl U BHIBOJBI; B XOJI€
MpOBe/IeHUs pabOTHI ObUIN JOMYIIEHBI OITHOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBHITIOJHEHA HE MOJTHOCTHIO WM
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIEIaTh MPABUIHHBIX BHIBO/IOB.

Tema 3.1. IlpousBognast pyHKIHMH U ee IPUMEHEHHUE
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IIpakTyeckoe 3ansaTue Ne 24
Haxo:xknenue npousBoaHbIX N0 onpenenenuro. [lpasuiaa u popmyiasl nuddgepenuupoBanusi,
Ta0JMLA NPOU3BOAHBIX JIeMEHTAPHBIX (PYHKIMA

Hean: 3akpenuTs omnpeaeneHue Npou3BOAHON (yHkIHH. DOpMUPOBATH HABBIKM HPUMEHEHUS
npaBwi1 quddepeHpoBaHuss U TaOIUIBI MPOU3BOJHBIX, HAXOXKJIEHUS 3HAYCHHsS IPOU3BOJHOM B
3aJaHHOM TOYKE.

BoinosineHne padoTsl cioco0CTBYET (POPMUPOBAHMIO: [1P64 OVII.03

3aganue:

1. Haiinure y =(0),ecny = x* — x

2. Haiigure y = (3),ecmuy = —z

3. Haiitu npousBomHble (YHKIMA  HCIONB3YysS MNpaBUia  BBIYUCICHUS W TaOIHILy
IIPOU3BO/IHBIX 3JIEMEHTAPHBIX (PYHKIUIA.

4. BplUUCIUTH NPOU3BOIHYIO QYHKIIUU B TOUKE.

3amanue 1 3amanue 2

1) y=7x*— 4x + 5x2 -2; 6) f(t) = 0,5t + 0,6t> + 0,8t +8; f'(1)-?
2) = 5yx — == AL \/—_, 7) f(x) = ctgx — tgx; f’ G) =?

3) y = 3ctgx + 51nx - 3% 8) f(x)=2-5*+3-¢e% f'(0)-?

4) y = (9 +x2)(2x — 1); 9) f(x) = cosx- (1 + sinx); f’ (g) —?

5) y= 3)’;5 10) =52 -2

IMopsiiok BbINOJIHEHUS PA0OTHI:

Brruncnenue npou3BoaHON GyHKIMH y = f(x) TPOU3BOJUTCS 10 OOIIEMY MPABUITY
nuddepeHInpOBaHUS:

1) TpunaBas apryMeHTy X IpHUpaIleHne AX | MOJICTaBJIsAA B BhIpaKeHHE (QYHKI[HH BMECTO
aprymMeHTa X HapalleHHOe 3HaYeHHE X + Ax, HAXOJUM HapallleHHOE 3HaueHne QYHKIUH: y + Ay = f(x + Ax)

2) BbrunTas U3 HapalieHHOTro 3HaueHNe (PYHKINHU €€ mepBOHaYaIbHOE 3HAUEHHE HAXOJM
npupanienie QyHKIuu:

Ay = f(x + Ax) — f(x)

3) I[eJ'H/IM pupameHnue (I)yHKI_[I/H/I Ay Ha IMpupameHue aprymeHTa AXl T.€C. COCTABJISIEM OTHOILIICHUC
Ay f(x+Ax)—f(x)

Ax Ax
4) HaXOI[I/IM Hpeﬂeﬂ 3TOro OTHOIICHUA HpI/I Ax - 0,T.e.
Ay f(x + Ax) — f(x)
lim — = lim ——
Ax—0 AX Ax—0 Ax

OTOT NpeAes U eCTh MIPOU3BOIHAS OT PYHKIUH y = f(x)

1. Haiitu: y (x), ecnuy = 2x* — 3x
Haxoanm npousBoiHy0O 110 00IIeMy MTPaBUITY:
1) y+ Ay = 2(x + Ax)? — 3(x + Ax) = 2x2 + 4xAx + 2(Ax)? — 3x — 3Ax
2) y+ Ay — y = 2%% + 4xAx + 2(Ax)? — 3% — 3Ax — 2%% + 3x = 4xAx + 2(Ax)? — 3Ax
2

) % _ 4xAx+2(AAXx) 3Ax _ A*(4XZAX 3) = 4x + 2Ax — 3
4) limy,,o(4x + 24x — 3) = 4x — 3
Haitném 3Hauenue npou3BOAHON IIPH x = 3.

y(3)=4-3-3=0
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2. Haiitu y (4), ecin y = vVx
1) y+ Ay = yWx + Ax

2) Ay = Vx + Ax —Vx

3) by _ Vxtax—vx

Ax Ax

. Ay . \/x+Ax—\/; . (\/X+AX—&)(\/X+AX+\/§) . *+Ax—x . Ax
4) limyy o = limp, o ———— = limy, = limpy g = = limpy g e =
Ax Ax Ax(Vx+Ax+Vx) Ax(Vx+Ax+Vx) Ax(Vx+Ax+vX)
1 1
lim —_—=—
Ax-0 \/x+Ax+ﬁ 2&
o o 1
Haitnem 3HaueHue npou3BOAHOMN B TOUKE X = 4, y'(4) = PN A
3. Haiitmu mnpouwsBomHble  (QYHKIMKA  HWCIONB3YyS TNpaBWIa  BBIYMCIACHUS W TaOJIHILY

MPOU3BOIHBIX 3JIEMEHTAPHBIX (PYHKITUI
Tabnuna npon3BOAHBIX OCHOBHBIX JIEMEHTAPHBIX (PYHKIUH.

(Xn)f — an—l (EX)r — ex (ax)’ =a‘lna (COSX)' =—sin X
(sin x)" =cosx 1 , r_
(In X) — (tgx)' = 2 (tgx)"= cos? x
X C0os“ X
¢’ =0,c — const; x =1; (CU)' =Cc-U
(utv) =u=Vv
1 . ! — 1, ’
(Jx) = (u-v)' =uv+uv
2Vx SR
(u) _uv+uv
=
1 [N Y
(log, x)"=
xIna

1 y=6x"-8x*+2x* -4
y' = (6x* —8x> +2x? —4)' = 24x% — 24X° + 4x;
o Yy =(x-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

_x+1
3. X
r u=x+1 u' =5
. (x+1 o, 1.2x-2(x+1) 2x-2x-2
yi=|— | =jv=2x; V' =2 |= 5 = > =
2% , (2x) 4x
(Ej _uv-u
v v2
_-2_ 1.
4x> 2x2"

4. BorurcnuTh NpOU3BOAHYIO (DYHKIIMU B TOUKE.
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y=3x"-8x*+9x* -4
Y (-1)=3-(-1)5 -8+ (-1)*+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) = = Scosm = 5 -

(-1)=-5

@dopma npeacTaBJieHUs pe3yJbTAaTAa: BHIIIOJIHEHHOE 3a/1aHHE

Kputepuu onenkmu:

Ouenka "oTJHYHO'" BBICTABIACTCS, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0IEHUEM
HEO0OXOIUMOM TOCIIEAOBATEIPHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Ounenka ''Xxopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JONYIIEHBI 2-3 HeJ04YeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABISACTCS, €CiM pabOTa BBINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIbHBIE PE3YNIbTAThI U BHIBOJIBI; B X0OJI€
MIPOBeICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

OueHka '""Hey10BJIETBOPHUTEIBLHO'" BBICTABIISETCS, €CIM PA0OTA BBHIMOJTHCHA HE TMOJIHOCTHIO HITH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TO3BOJIAET CIETaTh MPABUIbHBIX BHIBOIOB.

Tema 3.1. IIponszBognast pyHKIIUHN U ee MPUMEHEHHE

IIpakTuyeckoe 3ansiTue Ne 25
Beruucienne Nnpou3BOIHBIX CI0KHBIX (PYHKIHMH

Hesan: DopMupoBaTh HABBIKM HAXOXKJICHHUS IPOU3BOIHBIX CIOXKHBIX ()YHKIIHHA.
Boinosnenue padotsl cniocodcrByeT popmupoanuio:11P64 OVII.03

3aganue.
B cooTBeTcTBHU C TEXHONOTUYECKOM KapTOM MPOEKTa HANUTH CIEAYIOUINe TPOU3BOIHBIC (YHKITHI:

y = (5x% — 2x)8
fG) = 3sin(2x - 7)

Flx) = arcsindx + arccos*x
Flx) =logs (7x* - 52"+ 1)
i

Flx) = [L+roax

W l-cosx

o Hw D

Ilopsinok BbINOJHEHHS PadOThHI:

1. Onpenenute Bua GyHkiuu. Eciu ¢yHKIUS SBISETCS CIOXKHON, TO BBEAUTE NMPOMEXKYTOUHBIH
apryMeHT.

2. Omnpenenute, KaKUMH TpaBuwiaMu AudQepeHIrpoBaHs HYyKHO BOCIIONIb30BaThes. [IpumennTe
COOTBETCTBYIOLIEE MTPABUIIO.

3. Hcnonp3ys Tabauily Npou3BOJHBIX, HAWIUTE MPOU3BOIHBIE (DYHKITHIA.

4. PackpoiiTe CKOOKHU 1 IPUBEAUTE MOJO0OHBIE, €CITU 3TO YIPOCTHUT 3aIUCh PYHKIIMH.

Haiiti mpoun3BoaHbIe QPYHKIIHIA:
1. glx) =(1—-4axh)
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@yHKIUA SIBISETCS CIOKHOM CTENEHHOH. BBeneM NpOMEXyTOYHBIM apryMeHT — u =1 —4x”. s
muddepeHIpOBaHms HYKHO BOCIIOIB30BaThCs GopMyiton (u™) = nu™! - u

)

¥y = 10(1 —4x%) (1 —4x%) =10 (1 — 4x*)%(—8x) = —80x(1 — 42%)

2. flx) = siﬂfx - cos 2x

OyHKIMS IPEACTaBIsET COOON MPOU3BEICHUE ABYX CIOKHBIX TpUTrOHOMeTpudeckux pyHkuuid. [TosTomy
CHayYaJia BOCITOJIb3yeMcs MpaBuioM nuddepeHupoBanus (U - L’j' =UV+UV

. 1 .
flx) = {sin;x ~cos 2x) = (sin ;x] cos2x + sin ;x{cusEx]

o o L o
BBenem mpoMeXyTOUHBIN apryMeHT: JUIsl TepBOM (PYHKIUH u = - x, IJIsi BTOPOH (PYHKIUH u = 2x,

[Ipu nuddepeHMpoOBaHIHU UCTIONL3YEM CIIEAYIOIUE QOPMYIBL: (sinu) = cosu -, (cosu) = — sinuw,

. 1 1 ) ,
flx) = {sin;_r rcos 2x) = (sin ;I] cos2x + sin ;x{cuslr]
1 1 1 ) ., 1 1 1
=ros—x-|—-x| - c052x+sfn—x-{_—sfn2x} . '[_2_::} = —ros—Xx 0052y — 25in — x - sindx.
2 2 2 2 2 2

_ =
A3X+5T"

3.y=

Ioga (3+10x)

OyHKIMA NMPEACTaBIsSeT cO00M YacTHOE JBYX CIOXKHBIX (yHKiui. [losTomMy cHaudamga BOCTIONB3yeMCs
U v-u

i

npaBwiIoM nuddepeHmpoBaHus G:] =

(2355 ) log, (3 + 10x) — 2745 . (log, (3 + 10x))’
(log, (3 + 10x))°

y =

BBeneM npomMexyTOUHBIM apryMeHT: sl MepBOM (QYHKIUU u =3x +5x%, 19 BTOPOH (PYHKIMH
u =3 + 10x,

ITpu quddepeHmpoBanny UCIOIB3yeM CIeayromue GopMyItbl: (a*)' = a“ina - u', (log, u)’ = o

wing

2 s
252 P 2 R PR TSP R .zj. I T R e SURT,
' [pirax |"]=§3'-.J+1...1':'—:'H e ‘(log, (3+10x1) - in2 | 3x+5x ]-.:’3'-.-1+1--"-:' 2 |_.:-1:|1-|!||3”+1"""| _

|]=gi|3+1:.1'||: ']=3:'3+1:I":

11

2 2
adu+ha" romca ) (e e (3L Dy ) g A Ehas
2 !r.=|.1+1...1|]..‘:,=3~.1+1...1-.]I 2 T3t In

|:|=_g;,|3+1:.'l.'||;I /

4, flx) = m"cs:'nix+ arccosdx

OyHKIMS TpencTaBisieT co00il cymMMy ABYX CIOXKHBIX — OOpaTHBIX TPUTOHOMETPHUYECKUX (DYHKIIMH.
[ToaTomy cHavana Bocmoib3yeMcs MpaBuwiioM auddepenuupoBanus (U + VY =U +V.
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Flx) = (nrcs:'ng.r) + (arccossx)’

o v g o
BBezieM pOMEKYTOUHBLI apryMeHT: [Ulsl IepBOM PYHKUMHK u = x, JUIs BTOPON QYHKLMM u = 5x.

ITpu nudpepeHMpoBaHUH UCTIONb3YeM cileayromue GopMyinsl: (arcsinu)’ = ﬁ : (arccosu) ' = — Hh_—h
f{x} = (nrcs.n—x) + {arccosax)'= .—( ) '[Ex} .3 = - '1:_
| s v1-21hx=
l = 'l.| l-——
"d 28x*

5. flx) = arecosV1 — &=

OyHKIMS SBISETCS CIOKHOM 00paTHOW TpUrOHOMETpUYecKoil. BBeneM mnpoMexyTOUYHbIN apryMeHT

—
u =1 —e>. Jlng qudpepeHIMpOBaHHs HYXKHO BOCTIONb30BaThes hopmystoit  (arccosu)’ =

- = ! 1 P —
F(x) = (arccosv1 — %) = - Nk (WVi-é&~

[TpomesxyTOUHBIH apryMeHT ABISETCS TaKXKe CI0KHOM (yHKIMeld. BBeaeM U J1st Hero HOBBIH
MIPOMEXYTOUHBIM apryMeHT u =1 — g™,

\.'l—u-

st nuddepeHunpoBaHus HY)KHO BOCIIOJIb30BaThCs (hOpMyIIon
= _
{\IE} - Eu'il
flx) = (m‘ﬂcus Vi-e¥) = —'11=*T (VI=F) = - —m— = (1) =
W 1—(1—a) - = ] =

_i 1}_
g IWl—a* 5-* Ve

®opma npeacraBaeHus pe3yJabTaTa: BHIIOJHEHHOE 33aJaHHE.

Kpurtepun onenku:

Ouenka "oTJH4YHO'" BBICTABISETCS, €CITU pabOTa BBHIIOJIHEHA B MOJHOM 00BbEME C COOMIOICHUEM
HEOOXOMMOM TOCIeI0BATEILHOCTH JIEUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aIlMCU U BEIYUCIICHUS.

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

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOHN YaCTH TaKOB, YTO MO3BOJISIET MOTYYHUTh MPABUIIBHBIC PE3YIbTAThl U BBIBOJIBI;, B XOE
MIPOBEICHUS pabOThI ObUIH AOMYILEHBI OIIUOKH.

Ouenka '""Hey/10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJTHEHA HE MOJHOCTHIO WU
00BEM BBITIOTHEHHOM YacTH paOOTHI HE TTO3BOJISAET CAENIATh MPABHIBHBIX BHIBOJIOB.

Tema 3.1. IlpousBogHast pyHKIMN U ee IPUMEHEHHE

IpakTnyeckoe 3ansitue Ne 26
I'eomeTpruyeckue NpUI0KEHU NIPOU3BOHOM.

Heab: @opmMupoBaTh HABBIKM MPUMEHEHUS T'E€OMETPHUYECKOro H (DU3MUECKOTO CMEBICIa
MPOU3BOIHOM.
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BoinosiHeHue pa6oTsl cnocodcTByeT popmupoBanuio:[1P64 OVIIL.03

3ananmue:

1. Haiinute yrnoBoi koddduuMeHT KacaTeabHOW, MPOBEAEHHOW K mapaboine  y = —x?+ xB
TOYKEx, = —2

2. Haiinure yroa HakjIoHA K OCH KacaTeJIbHOM, TPOBEACHHOM K KPUBOH vy = x3B TOUKE x, = —2

3. CocraBbTe ypaBHEHHE KacaTeNbHOU K KPUBOU ¥ = sin3x B TOUYKE (g ; 0).

4. Haiigure CKOpOCTh M YCKOpEHHE B YKA3aHHBI MOMEHT BPEMCHH JJIsl TOYKH, IBHIKYIICHCS
IPSIMOHHEHHO 110 3aKoHy: a) S(t)=2t°-3t, t=1c.; 6) s(t)=t?+2t+1, t=3c.; B) 5(t)=2t>-3t+4, t=2c.

5. 3akoH u3MeHeHus Temmeparypsl T Tea B 3aBUCHMOCTH OT BpeMeHH t 3a/1aH ypaBHEHUEM

a) T=0,2t%;6)T=0,5t>-2t;8)T=0,4t*+5t. C KaKoil CKOPOCTBIO HAIPEBAETCS ITO TEIO B MOMEHT

BpeMeHnu a)t=10c.,0)t=5c¢.,B)t=7c.

6. Teno maccoii a)100kr.,06)10kr.,B) SOKT.. ABUKETCS MPSIMOJIUHEIHO MO 3aKOHY a)S:5t2-t; 0)

2
S:3t2+t+4;B) s=4t°-6t. Haiitu KHMHETUYECKYIO SHEPTHUIO Tela (mTV) yepe3 a) 4¢.,0)5¢.,B)6¢..

Ilopsinok BbINOJHEHHS PAdOTHI:

1. 3navyenue mpou3BOAHON GyHKIMH Y = f(X) mpu X = X, paBHO YIJIOBOMY KO3(D(DHUIMEHTY
KacareJIbHOH, MpPOBEIEHHON K KpuBod y = f(x) B &€ Touke ¢ abcumccoit x, , T.e. k'=y'(xy) =
f'(xp) = tg x
TJIe -yTOJl MeKAY KacaTeJIbHON K KPUBOH B TOUKE M, (xy;V,) ¥ MOJIOKUTEIHLHBIM HAIIPABICHUEM OCH 0, .

2. YpaBHEHHE KacaTeJIbHON K KPUBOH y = f(x) B TOUKE UMEET BUA y — v, = f (x5)(x — Xp)-

3. HampaBnienue kpuBoil B K&KI0W TOUKE ONpeAeNsieTcs] HampaBlIeHUEM KacaTelIbHON K Hell B ATOU
TOYKE, MOJTOMY Ui HAXOXICHHUS YIJIa HAKIOHHON KPUBOW B JAaHHOW TOYKE HAJO BBIUYUCIUTH YroOJ
MEXy KacaTeJIbHOU, IPOBEACHHON B OTOM TOUKE, U OCBIO.

4. ®dusnyeckoe NpUIOKEeHNE MPOU3BOAHOM: MPU NPAMOIMHEHHOM ABM)KEHHM TOYKH CKOPOCTH U B

o ds
JaHHBIM MOMEHT t =ty ecTb npoU3BOAHAS a OT HyTH S Mo BpemeHut, BbIUKCIEHHas mnput = t;.

o dv
yCKOpCHI/IC d B JaHHbBIM MOMCHT t= tO €CTh IIPOU3BOJAHAsA E OT CKOpOCTHU VU II0 BpPEMCHHA t,

BBIUMCIICHHAsA Ipu t = .

5. B nenu seKTpUYECcKOro ToKa MIEKTPUUECKUH 3apsis] MEHSIETCSI C TCYEHUEM BPEMEHH 110 3aKOHY
g=q(t). Cuna Toka | ecth mpou3BOIHAS 3apsiaa ( MO BpEMEHH .

1. Haiitn yron HakiioHa K OcHM 0,KacaTeabHOM IPOBENECHHOW K KPUBOM y =sinx B TOYKE

-HaiJIeM TPOU3BOIHYIO (DYHKIIUIO ¥ = sinx y'= cosx

%) 9] . 1
-Halij[eM 3HAUCHHE POM3BOJIHOI B TOUKE x5 == y'(T) = cosZ =2

o -~ 1
-TAHTCHC YIJIa HAK/IOHA KACATe/IbHOM B IAHHOM TOUKE PaBeH k =tg o , OTKY/A o= arctg; & 26,6°

2. [Tox xakumu yriaamu napadona y = x? 4+ x mepecekaer och 0, ?
-Haitnem Touku nmepecedeHus mapadbobl ¢ OCBIO O,, PEIINB CUCTEMY

— a2 —1-0
{y x __ {( ;0)

y=0 (0;0)

-[Tapabona mepecekaer ocb 0, B Toukax A(1;0);0(0;0) . Haiiném yrioBeie ko3¢ ULIHEHTHI
KacaTeJIbHBIX K Hapa60ne B OTHUX TOYKaXx

y=@*+x)=2x+Lk(-1D)=2(-D+1=-1,k(0)=2-0+1=1

- BBIYUCIWIN YIIIBI o, u o, , oOpa3yemble KacaTelbHBIMH B TOYKAX MEpeceueHHs mapadoiibl C
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OCBIO O,. tg «y= —1,0¢;=135° g ;= 1,0¢;= 45°
3. CocraBbTe ypaBHEHHE KacaTeJIbHON K KPUBOM y = 3x% — x B TOYKE xp = —1
-HaAEM MPOU3BOJIHYIO KPUBOM B TOUKE X,
y=(3x2—x)=6x—1;y(-1)=6(-1)—1=-7
-HalJIeM KOOPJIMHATY TOYKH KaCAHU:
y(=D)=3(-D - (-1 =4M(-14)
-IIOCTaBUM B ()OPMYITy YPaBHEHHS KacaTeIbHOM:
y—4=-7(x+1)
v—4=-Tx-7
7x +y + 3 = 0 — ypasreniie KacameabHoll

(I)opMa NMpeacCTaBJICHUA pe3yjabTaTa: BhIIIOJITHEHHOC 3a1aHUC

Kpurepun oneHku:

Ounenka "oTau4HO'" cTaBUTCS, ecou paboTa BBINOJIHEHA B TOJTHOM O0BEME C COOJIOJICHUEM
HE0OXOIUMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

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

Ounenka "y10BJIeTBOPUTEIBHO' CTAaBUTCS, €clid PabOTa BHINIOJHEHA HE IMOJHOCTBIO, HO 00BEM
BBITIOJIHCHHOW YacTH TaKOB, YTO IIO3BOJISIET MOJYYUTh NPABUIBHBIE PE3YIbTaThl W BBIBOJIBI; B XOJI€
MPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka "Hey10BJeTBOPUTEIBbHO' CTaBUTCS, €CIIM padOTa BBHIIIOJIIHEHA HE MOJHOCTHIO UM 00BEM
BBITTOJITHCHHOM YacTH paOOThI HE MTO3BOJISICT CACNIATh MPABHIIBHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanas pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansitue Ne27
HccaenoBanue GyHKIMH ¢ NOMOIIbIO IPOU3BOAHOM M NMOCTPOeHUE rpaguKoOB

Heab: ®opMupoBaTh HaBBIKU HCCIEIOBAHUS (YHKLIUH C MOMOIIBIO MPOU3BOJIHON U MOCTPOCHUS
rpauKoB.
BoinosiHenue padotsl cnocodcTByeT (hopmupoBanmio: [1P64 OVIIL.03, ITP614 OVII.O3

3aganue:

1. HampspkeHue Ha KOHAEHCATOPE MEHSIETCS OT BPEMEHU I10 3aKOHY
U(t) = t3 — 9t% + 15t + 10. Haiiaure MOMEHT BpeEMEHH, PH KOTOPOM HANPSHKEHHE JOCTUTHET
MaKCHMaJIbHOTO 3HAYECHHUS.

2. OyHKUMA 337aeT TEXHOJIOrHYeckuii mporecc. Haliaure skcTpeMyMbl (QyHKITHH:
flx) = x*—4x?,

3. OyHKIMs 3a/1a€T TeXHOJIornueckuii mpouecc. Mccnenyiite pyHKINIO HA MOHOTOHHOCTD U

skcrpemymsl: f(x) = 3x° —25x% + 60x

4. Haiifmute mpoMeXyTKH BEITYKIocTH Gynkmmn: f(x) = x* —10x* +36x* + 100

5. OyHKIMsS 3aAaeT TexXHonormueckuid mporecc. Mcecnenyiite QyHkuuioo mo olmieil cxeme u
MOCTpOMTE ee Tpaduk:
1. flx) = 5% — 325,

2. flx) = —,

xi-4
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IMopsaa0K BHINOJTHEHHS] PA0OTHI:
1) Bamummre yHKIHUIO.
2) Ompenenure, KAKUM aITOPUTMOM HYXKHO BOCITOJIB30BAThCS TS BHITIOJIHEHHUST 3a/1aHHSL.
3) IIpumeHHUTE COOTBETCTBYIOIIHMI AITOPUTM.
4) 3amuimTe OTBET.
5) Eciau HeoOXO0AMMO MPOBECTH MOJHOE HCCieA0BaHHE (YHKIUH, TO MPOBEIUTE €ro, HCIOJb3Ys
OOIIYI0 CXEMY HCCIICIOBAHMUSA:

1. Haiitu oGacts onpeaencuus pyukuun D (y).

2. Haiitu (ecnu 3TO HE BBI3BIBACT 3aTPyJHEHMI) TOUKHU MepecedeHus rpaduka ¢ ocIMu KOOpAHHAT
(mpu X =0 u ipu y = 0).

3. UccnenoBath PyHKIHIO HA IEPHOANYHOCTD, YSTHOCTh H HEYCTHOCTD.

4. HaiiTu nHTEpBaIbl MOHOTOHHOCTH, TOUYKH SKCTPEMYMOB U 3HAYCHUS (DYHKIIUU B STHX TOYKAX.
5. HaiiTu uHTEpBalibl BHITYKJIOCTH (BOTHYTOCTH) M TOUKH neperuda rpaduka QyHKIUY.

6. Haiitu acumntoTsl rpaduka GyHKIUH.

7. HaliTn TOTIOMHUTENHHBIC TOYKH U TIOCTPOUTH TpaduK IO pe3ysIbTaTaM UCCIICOBAHMS.

8. Haiitu 06n1acTh 3HaUE€HU.

1. HUccnenoBath GyHKIHIO y = x> — 6x? + 9x — 3 U MOCTPOUTH TpaduK.

-(YHKIIMS ONpe/ie]IeHHa Ha BCEil YUCIOBOM MPSAMOIL: D(x): X € (—o0; 00)

-naHHas QYHKIMS HE SIBJISETCS HU YETHOM, HU HEUETHOM: y(—x) = (—x)® — 6(—x)? + 9(—x) —3 = —x° —
6x* —9x —3 = —(x> + 6x% + 9x + 3) # —y(X)

-HalAEM TOYKY TmepecedeHusi Trpaduka C OChIO O, , mosnorag x=0 , IOJIYYHUM y = —3 TOYKH
nepecevyeHus rpaduka ¢ ocblo O, B JAHHOM CJyyae HalTH 3aTPYIHUTEIBHO.

-HaAEM NPOU3BOAHYIO: y' = (x3 — 6x% +9x — 3) = 3x* — 12x + 9

-HaAEM KPUTHYECKUE TOUKH, JIJISt 3TOT0 y' = 0 ,T.€ 3x*> — 12x+ 9 =0

X2 —4x+3=0;% = 1;x, =3
-uccienyemM GyHKIMIO HA MOHOTOHHOCTh

+ - +

v

1 3
(—0; 1) n (3; ) rpadux QyHKIMH BO3pacTaert, (1;3)-yObIBaeT
-uccaeayeM GyHKIUIO Ha SKCTPEMYM:
y(1) =1—-6+9 —3 = 1; A(1; 1)Touka max
y(3) =27 — 54+ 27 — 3 = —3,B(3: —3)Touka min
-UCIIOJIB3YSI MTOJTyYEHHbIE TAaHHBIE CTPOUM MCKOMBIN TpaduK.
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2. WccnenoBarh (DYHKITUIO U TIOCTPOUTH €€ TpaduK.
J.’:

j:‘:

rx—2
1. O6nactp onpenencuus GyHkun D(f) = (—eo: 1)U (1; +o2)
2. Tlpu moacTaHoBKe 3HaueHHs x = 0 mosxyuum y(0) =0,

Takyto ke TOYKY HOJY4YHM, €CIU MpHpaBHsAeM (QYyHKIHIO K Hya0. Touka x = 0 - eIWHCTBEHHAs
TOYKa IIEPECEUCHHUS C OCAMU KOOPAUHAT.

3. [IpoBepsieM GYHKIIMIO HA YETHOCTh

ylex) =2 &

—-2x-2 ZX+2

yi—x) # y(x); y(—x) = —y(x).
Wrak, QyHKIMS HA Y€THAsI, HA HEYETHAS, HEEPHOINUECKA.

4.]:[.]'[5[ OTBICKaHHA UHTCPBAJIOB MOHOTOHHOCTH BBIYUCIIACM IIEPBYIO TPONU3BOJHYIO (I)YHKI_II/II/I

o | o | n n
22:(2x —2) =2 4xf —4x — 220 2xF —4x
y = =

(2x — 2)° (2x—2)°  (2x-2)F

[IpupaBHUBasl ee K HYJIO, TOJYyYUM KpUTHYECKHUE TOUKH x = 0:x = 2. OHM pa3OuBaroT o01acTh

OIIpeAeIIeHUs Ha CIEAYIOIINE HHTEPBAIBI MOHOTOHHOCTH (—o2: 0 U (0 1)U (12} U (21 +00)
Hccnenyem moBeneHrne MpoOM3BOIHOM ClIeBa U CIIpaBa OT HAMJICHHBIX TOUEK pa3OueHHs.

I'paduuecku MHTEPBAJIBI MOHOTOHHOCTH OYAYT UMETh BHU]L

y

A

0 1 2

Uccnenyemast pyHKIIMS BO3pacTaeT Ha MHTepBanax (—oe; 0) U (2; +e0) u yosiBaet (0; 1) U (1; 2).

5. Touka x =0 TOYKaA JIOKAJILHOTO MaKCUMyMa, x = 2 — JIOKaJIbHOTO MHWHUMYMa. HaﬁneM 3HAYCHHUC
(byHKHHH J"mﬁx =0; J"m!r. =2

6.. JIJ1st OTBICKaHHSI HHTEPBAJIOB BBITYKJIOCTH HAWJIEM BTOPYIO POU3BOIHYIO
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s B-d@-2-f-2@-2o2 8 8 1
y= (2x — 2)% T2x—-2 T 8(x-1)F (x—1)3

Takux MHTEPBAJIOB HET, NOCKOJBbKY BTOpas IPOU3BOAHAS HE IPUHUMAET HYJIEBBIX 3HAYCHUH B
o0acTu ompeesIeHus.

7. llpsimast x = 1 — BepTUKAJIbHAS aCUMITOTA (PYHKUIMHU. Y paBHEHHE HAKIIOHHOM aCUMIITOTHI HUMEET

BUI v =kx + 5.

L= 1 f{x]_l_ x* ’ x- ’ 1 1
T ae x _ri-mx(lr—E:Ix_rl—mzx:—Ex_rl—-T:7_;_2
Tox
. x’ 1 Coxt—x(x—1) xt-—x"4x x . 1 1
ATt R TN R - TN LR - T T S A
T ox

8.Ha ocHOBe MpOBEIECHHOTO aHalM3a BHINONHAEM MocTpoeHue rpaduka QyHkuuu. s 3toro
CHayajla CTPOMM BEpPTHKAJIbHbIE M HAKJIOHHBIE ACHMITOTHI, 3aT€M HAaXOJIUM 3HaYeHHE (QYHKLUU B
HECKOJIbKUX TOYKAX U M0 HUX MPOBOIAUM IOCTPOCHHUE.

y=(x+1)/2

(I)opMa NMpeaAcCTaBJICHUSA Pe3yabTaTa: BBIIIOJIHCHHOC 3a/laHNE

Kpurtepun onenkmn:
Ouenka "oTJHM4YHO'" BBICTABISACTCA, €CIIM PadOTa BHITIOJIHEHA B TTOJTHOM 00BEME C COOIIOIECHUEM

HEO0OXOIUMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHHA.

Ounenka ''Xxopomo" BBICTaBISETCS, €CIHU BBIMOIHEHBI TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JONYIIEHBI 2-3 Hego4YeTa.

Ouenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBHIMOTHEHA HE TOIHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TAKOB, YTO TIO3BOJISIET TIOJYYUTh MPABHIIbHBIC PE3YJIBTATHl U BHIBOJBI; B XOJIE
MpOBeIeHUS pabOTHI OBUTN IOMYIEHb! OLITHOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBHITIOJHEHA HE MOJTHOCTHIO WIIH
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00BEM BBITTOJIHEHHON YacTH padOThI HE MO3BOJISET CIIENIATh MPABUIIbHBIX BHIBOJIOB.
Tema 3.1. IlpousBoanasi pyHKIHMH U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansitue Ne 28
Pemenne npukIagHbIX 32124 ¢ IOMOIIbIO IPOU3BOIHOMI

Hesab: ®opMUpOBATh HABBIKK TMPUMEHEHHSI TIPOU3BOTHON K PEHICHUIO (BU3UYECKUX 33134 U 33]a4
¢ po(hecCHOHAILHOW HANPaBIEHHOCTHIO.
Boinosinenue padorsl cnocodocTByeT popmupoBanuio: [1P64 OVIIL.03, [TP614 OVII.03

3aganue:

1. Touxa aBusxkercs 110 3akony X(t) = 2t3 + 3t .Uemy paBHa CKOPOCTH B MOMEHT BPEMEHH t =
2c?

2. YpaBHeHME JBMXKEHUS MaTepHaIbHON TOUKM BI0JIb ocu uMeet Bua S(t) = —0,5t3 + ¢t + 2 (m).
HaiiTi yckopeHue Touku B MOMEHT BpeMeHu t = 2 C.

3. 3akoH W3MEHEHHs TemmepaTypsl 1 Tera B 3aBHCHUMOCTH OT BpeMeHHU t 3aJaH ypaBHEHHEM
T = 0,2t2. C kaKo#i CKOPOCTHIO HATPEBAETCSI TEJIO B MOMEHT Bpemenu 10 ¢?

4. Konu4ecTBO 9JEKTPUYECTBA, MPOTEKAIONIErO uepe3 MPOBOJHUK, 3adaeTcsi (QOopMyIoi.
Q= 2t3 — 3t? + 4. Haiigure CUJTY TOKA B KOHIIE 4-11 CEKYH/IbI.

5. MaxoBuK, 3aJiep)KUBACMbIii TOPMO30M, 3a { ¢ MoBopauuBacTCs Ha yroi ¢ = 5t — 0,4t2 (pan).

OnpenenuTh YriioByF0 CKOPOCTh () MaXOBHUKa B MOMEHT BpeMeHHU ! = 2 C M HaiTH MOMEHT OCTaHOBKH

BpallleHUs
6. Cua TOKa WU3MEHSIETCS B 3aBUCUMOCTH oT BpEMEHU o 3aKOHY
I =2t?+3t(l — B amnepax, t — B cekyHaax). HaiiTu cKopocTh W3MEHEHHMsS CUIbI TOKA B KOHIlE 8-if
CEKYH/IBI.
7. Teno Maccou 3 KT JIBHXKETCS MPAMOJIMHENHO o 3aKOHY

S(t) = 2t3 + 4t* — 2t . HaiiauTe KMHETHYECKYIO SHEPTHIO TENA Yepe3 2 € MOCIe Havala JIBHKECHHUS.

8. Temno Maccon 2 KT JIBUKETCS MIPSIMOJIMHENHO o 3aKOHY
X(t) = 2t — 3t + 2 . Haiingure cuity, KoTopas Oy/ieT IeHCcTBOBATh Ha TENO 4epes 3 ¢?

9. Onpenenurte HaNpsHKEHUE HEKOTOPBIX AJIEMEHTOB LIETIH 3JIEKTPOMEXaHMUYECKOTO anmapara 1o
3akoHy Oma (U = IR) npu conpotusiernu R = 0,1 Om. ITpu aTom 3apsia, npoTeKkaromuii no
NPOBOJHUKY 3a 2 ¢, 3a7aercs ypapHeHueM q(t) = 2t3 + 3t2.

10. B mMaruutHO# nenu neiictByet noctosiHHbIN nctounuk DJC £(t) mwis nmpoBepku
ANIEKTPOMAarHuTHOro ABurareins. Berancnuts 3Hauenne O/(C 3a npomeaiyo oHy CEKYHIY IIpH

. N 1
MarHMTHOM ITOTOKE, KOTOPBIi 3a1aH Gopmymnoit @ (t) = 3 t3 —3t% - 1.

Ilopsinok BbINOJHEHHSI padOThHI:
1. IIpounTath 33729y ¥ ONMPEAETUTH CIIOCOO €€ pelIeHUsI.

2. [lpumenuts Gpopmyny auddepeHnnaIbHOro NCYUCIEHUS IS PeLIeHHS 3a1a4u.
3. 3ammcath OTBET.

y 2
1. Teno aBMXKeTcs NPAMONHMHEHHO 10 3akony S(t) = §t3 — 2t% + 4t (m). OnpenenuTs CKOPOCTh

ero aBmwxenus B Moment t = 10 c.
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Pemenune. ickomast CKkOpoCTh - 3TO MPOU3BOAHASA OT IIYTH, TO €CTh
2
v(t) = S'(t) =§-3t2—4t+4=2t2—4t+4

B 3aanHbIi MOMEHT BpeMEHU

v(10) =2-100—4-10+ 4 = 164 m/c.

OtBeT: 164 M/c

2. 3akoH M3MEHEHHs Temmeparypsl T Teila B 3aBUCUMOCTH OT BpeMeHHM t 3a7aH ypaBHEHHEM

T = 0,2t2. C xaKo#i CKOPOCTHIO HATPEBAETCSI TEJIO B MOMEHT Bpemenu 10 ¢?

dT 5
CkopocTh HarpeBaHus Te/1a €CTh IPOU3BOHASA TemnepaTypsl T 1o Bpemenu t. — = (0,2t%)" = 0,4t.
Ckopoctb HarpeBanus Tena npu t =10 c:

(g}tzj_ﬁ =04-10 = 4 (rpaw/c).

3. KonmuectBo »neKTpUYeCcTBa, MNPOTEKAIOIIEro 4Yepe3 MPOBOJHMK, 3agaeTcs (HOPMYIIOW.
Q= 2t3 — 3t? + 4. Haiigure CUJTY TOKA B KOHIIE 4-11 CEKYH/IBI.
Cwuuia Toka I ectb mpou3BoaHas 3apsaa q o Bpemenu [ = q ' (t).

I1(t) = Q(t) = (2t3 — 3t%2 + 4)| = 6t% — 6t.
1(4)=6-42—-6-4=T72A.
(I)opMa I[peIICTaB.]IeHI/IH pe3y.m>TaTa: BBIITOJIHCHHOC 3a1aHHUC.

Kpurepun oneHku:

OueHka "oTJHYHO'" BBICTABIISICTCS, €CITU pabOTa BBIOJIHEHA B IMOJTHOM 00BEME C COOIIOICHUEM
HEe0OXOIMMOM TOCTEIOBATENbHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCE
3aIIMCU U BEIYUCIICHUA.

Ounenka ''xopomo" BBICTaBISETCSA, €CIHU BBIMOIHEHBI TpeOOBaHUS K OICHKE "OTIWYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ounenka '"ya0BJIeTBOPUTENbHO'" BBICTABISETCSA, €CIM paboTa BBHINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJMYUUTh NMPABWIBHBIE PE3YJIbTAThI U BHIBOJIBI; B X0J1€
MPOBEICHUS pabOThI ObUTH AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBHITIOJHEHA HE MOJHOCTHIO WM
00BEM BBITIOJTHEHHOM YacTH pabOThI HE MTO3BOJISAET CAENATh MPABUIBHBIX BHIBOJIOB.

Tema 3.1. IlpousBoanasi pyHKUMHU U ee IPUMEHEHHUE

IIpakTnyeckoe 3ansitue Ne29
Haxo:k1eHune onTHMAJIBHOTO Pe3y/JIbTaTa ¢ MOMOIIbIO MPOU3BOIHON B MPAKTHYECKHX
3ajgayvax.

Heab: ®opMupoBaTh HaBBIKM MPUMEHEHUS MPOU3BOAHON (DYHKIUU MPU PEIICHUN MPHUKIAIHBIX
3aJ1a4 Ha SKCTPEMYM.
BbinosiHenue pa6orsl cnocodcTByeT hopmupoBanuio: [1P64 OVIIL.03, [1P614 OVILO3

3aganue:
1. Omnpenenute HauOOINbIIIEe 3HAUCHUE PATHOIIEKTPOHHOTO CUTHAIIA 332 TPOMEXKYTOK BPEMEHHU OT

1
0 110 9 cexyH1, ecu caM CHTHaI 3ajiaH ypasHennem S(t) = 2 t3 — 4t%2 —ot.
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2. Nwmeercs KBaJIpaTHBIA JHCT KECTH, CTOPOHA KOTOporo paBHa 60 cm. Bripeszas mo BceMm ero
yrjiam paBHbIE KBaJpaThl U 3arubas OCTaBIIYIOCS YacCTh, HY>)KHO U3TOTOBUTH MPOU3BOJCTBEHHBIN SIIUK
0e3 KpbIIKU. KakoBbI TOJDKHBI OBITH pa3Mephl BHIPE3aeMbIX KBAIPATOB, YTOOBI IPOU3BOICTBEHHBIN SIITHUK
uMen HaubonpIIHi 00beM?

3. TlpoekTupyercss KaHaAJl CHCTEMBI CIIMBa C MPSMOYTOJIbHBIM ceueHueM 4,5 . KakoBbl JOKHBI
ObITh pa3Mepbl ceueHHs, yTOObl [JIsi OOJMIIOBKM CTEHOK W JHA IMOIUIO HaWMEHbIIee KOJIUYECTBO
Matepuana?

4. IlpuGbutb GuUpPMBI 3aBUCHT OT 00BbEMa MPOM3BOJACTBA X (€I.) M Ompenensercs Kak

y=—x°+21x*—72x—150. Haiitu 0oObeM NPOU3BOACTBA, HPU KOTOPOM IPHUOBLUIL (UPMBI GYIET
MAaKCHMAaJIbHOM.

5. Pacxox roprouero serxkoBoro aBromoomist (iutp Ha 100 KM) B 3aBHCUMOCTH OT CKOpPOCTH X
KM/4 TpH JBI)KCHHM Ha YETBEPTOM mepenade MNPHOIM3UTEIbHO  OMHMCHIBACTCA  (PyHKIHCH
f(x): 0,0017 x* —0,18x +10,2 . IIpu kaKoii CKOPOCTH PACXOJ rOpPIOYEro OyjaerT HammeHbumit. Haiimure
3TOT PACXO/I.

6. ABTOMOOMJIb IPUOJIMKACTCS K MOCTY CO CKOPOCTBIO 72 KM/4. Y MOCTa BUCHUT JIOPOXKHBIN 3HAK
«36 kM/9». 3a 7 CEKyH]I 10 BhE3/1a HA MOCT, BOJUTEIb Ha)Kall HA TOPMO3HYIO neainb. C pa3pemaeMoid 11

CKOPOCTBIO aBTOMOOMIIL BheXal Ha MOCT, €CIIM TOPMO3HO# MyTh onpeaensercs Gopmymnoit s =20t —t??

JInst OTBICKaHUSI HAUMEHBIIEro W HauOOJIbIIETO 3HaueHHs (QYHKIUH, AUPPEpeHINPYeMOil BHYTPHU
OTpe3Ka M HENpPEepbIBHON Ha €ro KOHLAX, CJIEAYeT HAalTH BCe KPUTHUECKHE TOUKU (YHKLUH, JeKalue
BHYTPHU OTpPE€3Ka, BHIYMCINUTH 3Ha4eHUs1 (PYHKIMM B 3TUX TOUKAaX M HAa KOHIAX OTPE3Ka, a 3aTeéM U3 BCeX
MOJIY4YEHHBIX TAKUM 00pa30M uuces BbIOpaTh HaMEHbIlee U HauboJbIIee.

ITopsinok BbINoOJIHEHUs padoOThI:

1. Haxoaum KpUTHYECKUE TOUKU (PYHKIIUHU.

2. IlposepsieMm, Kakue U3 HalJICHHBIX KPUTUYECKUX TOUYEK JIEKAT BHYTPH 3aJaHHOIO OTPE3Ka.

3. Haxomum 3HadeHMs] (yHKIMM Ha KOHIAX OTpe3Ka M B T€X KPUTHUUYECKHX TOUYKAX, KOTOPbIE
MIONAa0T B 9TOT OTPE3OK.

4. W3 Bcex mosydyeHHBIX 3HaUeHUH (QyHKIIMU BbIOMpaeM HauMeHbIIIee U Haubobllee.

3amaua 1. IlpoyHoCTh Oanku TPSIMOYTOJILHOTO CEYEHHS MPOMOPIHMOHATBHA MPOU3BEACHHUIO €€
IIMPUHBI Ha KBaJpaT BbICOTHL. Kakoe cedeHue AoKHA MMeTh Oayka, U3 IMJIMHIPUYECKOW 3arOTOBKH
paauyca R, uToObI €€ mpoyHOCTh ObLa HanbombIIeH? (PUCYHOK 1)

ZR

X

PI/IcyHOK 1 — ceueHue OGaaku U3 I.IHJ'IPIHI[pH‘-ICCKOﬁ 3aroTOBKH

Pemenne. CocraBneHue maremarndeckod mozenu. OnTtumusupyeMas BEIMYHMHA - IPOYHOCTH
0ankM, TOCKOJNBbKY B 3amade TpeOyeTcs BBISICHUTb, KOTJa HPOYHOCTh Oanku OynaeT HaumOobIlIeH.
O003HaUMM ONTUMHU3UPYEMYIO BeIMYMHY OyKBOH y. IIpouHOCTH 3aBHCHUT OT HIMPHUHBI U BBICOTHI
MPSIMOYTOJIbHHMKA, CIYXKallero oceBbM cedeHueM Oanku. [lupuny OGanku o6o3HauuM OYKBOW X.
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[TockonbKy OceBO€ CEUCHHE MPEACTABISET COOOM MPSIMOYTOMbHUK, BIIUCAHHBIA B OKPYKHOCTH pajnyca
R, 70 0 X <2R

Bricota h mpsiMmoyrojbHHMKa CBsi3aHa C €r0 IIUPUHONH COOTHOIICHHUEM x* +h? = 4R? (mo Teopeme
[udaropa), 3nauur, ' = 4/ —x%,
xh’*’

[TpounHocTh 6anKu y IpONOPIHOHATIBHA TPOU3BEICHUIO T.e. Y =kxh® (roe koapdunment k —

HEKOTOPOE IOJI0KHUTEIbHOE ‘II/IHCJIO).
3uaunr ¥ = Ex(4RR* —x*),rpex € [U; 2K].
Pabota ¢ cocTaBiieHHOI MOIENIBIO.
Juis gpyrxuun ¥ = EX(3RR® — x%),r3e X € [0; 28} yano Haitty y aue.
Nmeewm:
Mmeesm: v = &l R%y — brx?
V' =&4kR?— 3ix?
[IpupaBHUBaEeM MPOU3BOIHYIO HYIIIO, OTYUYUM

4kR?-3kx%=0
2R 2R
xl = :: .‘:-2 L Fee—8
V3 +v3

2

X= Xl -

il

3aJaHHOMY OTPE3KY MPUHAJICKUT JIUIIb TOUYKa
Boruncnum 3HaueHne (QyHKLIMU B TOUKE HA KOHIIAX oTpe3ka B Toukax 0 u 2R.
HNmeem

: . 2R 4 /38
f(0)=0 f(2R)=0 f(\—/g) >0 3HAYHUT Vig.s =i (\5).

B 3agaue cmpammBaeTcsd, Kakoe CEUYEHHE JO/DKHA HMMETh Oanka HauOOJbIIeH IPOYHOCTH.
BbsicHWIM, YTO HIMpPUHA MPSIMOYTOJbHHKA, SIBJIAIOLIAs OCEBBIM CEYeHHWEM HauboJjiee NMPOYHOU Oaiku,
iz

va

paBHa
Haiinem BbICOTY:
h* = 4R* — y*
Y Lo
2 3
h = 2 \EJ : - 1,"'5

OtBet: CeyeHneM Oanku JOKEH CIYXXHTh MPSMOYTOJIbHUK, Y KOTOPOTO OTHOIIEHHE BBICOTHI K
IIMPUHE PABHO ' V2

3ameuanue: KBanudunupoBanHubie MacTepa IPUXOAAT K TAKOMY )K€ pe3yJIbTaTy, OMUPAsICh HAa CBOU
OMBIT, HO OHU TPUHUMAIOT yKa3aHHOE OTHOIIeHHe paBHBIM 1,4 (mpuOMKEHHOE 3HAUEHUE
HMPPAIMOHATILHOTO YUCIIa KaK pa3 paBHO 1,4).

®opma npeacTaBieHUs pe3yJbTaTa: BRIOTHEHHAs paboTa.

Kpurtepun onenkmn:

Ouenka "oTJHMYHO'" BBICTABIACTCSA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0IEHUEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIIMCU U BEIYUCIICHHA.

Ouenka ''Xopomo" BBICTaBISIETCS, €CIHU BBIMOIHEHB TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JONYIIEHBI 2-3 Hego4YeTa.

Ouenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM PabOTa BBINOIHEHA HE TOTHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TaKOB, YTO TMO3BOJISIET MOTYUNUTh NMPABWIBHBIE PE3YJIBTATHI U BHIBOJIBI; B X0J1€
MpOBeIeHUS pabOTHI ObUTN JIOMYIEHbI OLTHOKH.
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OueHka '""Hey/10BJIETBOPUTEIBLHO'" BBICTABISETCS, €CIM Pa0OTa BBHIMOJTHEHA HE MOJHOCTHIO HITU
00BEM BBITTOJIHEHHOH YacTH pabOThl HE TIO3BOJISET ClIeaTh MPaBUIIbHBIX BHIBO/IOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHue

IIpakTuyeckoe 3ansaTue Ne 30
HNuTerpan u neppoodpa3nas. Haxoxxnenne HeonpeaeleHHbIX HHTErPajIoB MPHU MOMOIIH
CBOWCTB MHTErPaJIOB

Heab: ®opMupoBaTh HaBBIKU BBIUMCJICHUSI HEOMPEJEICHHbIX HWHTErpalioB METOJIOM
HEINOCPEACTBEHHOIO UHTETPUPOBAHUS IIPU IIOMOIIY CBOMCTB MHTETPAJIOB.
Boinosinenue padorsl cnocodocTByeT popmupoBannio: [1P64 OVIIL.03

3aganue:
B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOM IPOEKTa HAUTH CIICAYIOIIME UHTETPaIbl:

fo3 —%xz + 5) dx
. [30@x - 1) dx
21+ 5x%)dx

3 8
.f(x—4+x—5)dx

- J(5Vx® — 735 dx

=

g B~ W

ITopsinok BeINOJIHEHHS PadOTHI:

1. 3anummuTe 3aganue. HenocpeacTBeHHOE HHTErPUPOBAHNE OCHOBAHO HA MPSIMOM HCIOJIb30BaHUU
TaOIUILBl MHTErpasioB. MOTYT NpeACTaBUThCA CIEIYIOLINE CIIydau:

1) JlaHHBIA WHTErpaJl HAXOAUTHCS HEMOCPEJACTBEHHO 110 COOTBETCTBYIOUIEMY TaOJIUYHOMY
UHTErpaiy.

2) JlaHHBIN WHTErpa MOC/e MPUMEHEHHS CBOWCTB 1M 2 MPUBOIUTCS K OJHOMY MIJIM HECKOJIBKHM
TaOJIMYHBIM UHTETpaIaM;

3) JlauHblid ~ WHTErpajd  MOCJE  OAJIEMEHTApHBIX  TOXKIECTBEHHBIX  MpPEOoOpa3oBaHUl  Ha
NOJIBIHTErpaibHON (YHKLMEH W, TpPHUMEHss CBOWCTBA, MNPUBOJUTCS K OJHOMY WJIM HECKOJIbKUM
TaOJIMYHBIM UHTETPAJIaM.

2. IlpounTterpupyiire ,MCIOIb3Ys TAOIUIY HHTEIPAJIOB. Y IPOCTUTE MOIYUYUBUIYIOCS (PYHKIUIO.

Xoa pa0doThI:
Haiitu cnenyromue HHTETrpas:
1. f6x*dx —wmcmomb3yeM cBOMCTBO 2 U hopmyiry 2.

[ xtdx ==

n+1 H
c OJIY4YUM:
n+1 + yq

X2+1

3
f6x2dx=6fx2dx=6—+c=6x—+c=2x3+c
2+1 3
2. [4(x* —x+3)dx  Wcnomne3ys croiictBa 1 u 2 u, popmynsl | u 2 moaydum: 4 [ x%dx —
3 2

4fxdx+12fdx=4%—%+12x+c=gx3—2x2+12x+c

- mocrosiHHas uHTerpupoBanuss C paBHa anreOpanueckoil CymMMe TpeX [OCTOSHHBIX
HHTETPUPOBAHHS .

3 2
3. f2(3x—1)2dx=2f(3x—1)2dx=2f(9x2—6x—1)dx:2-9%—2-6%+2x+c:6x3—6x2+2x+

4.
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= dx
e
Gx* S5x° 3x 4
= ———+—=+—|dx
s x= x= x=
. 3 .
:j(ﬁx“—5+—+=}x'“)d.r
x
:6jx:dx—5jn’x

dx , 6. gy . 4
+3 | —+4 | xdx= ?—5x+3[ﬂ|x|+—l+lﬂ'=2x’—5x+3lr1|_r|——+lf.'
x - x

jﬁx4—5x= +3x+4

(I)opMa NMpEeaACTaBJICHUA pe3yjabTaTa: BhIIIOJIHEHHOC 3a1aHUC

Kpurepun oneHku:

Ounenka "oTJHYHO'" BBICTABIISICTCS, €CITU pabOTa BBIOJIHEHA B IMOJTHOM 00BEME C COOIIOICHUEM
HEO0OXOIMMOM TOCIEN0BATEIBHOCTH JEHCTBUI; B OTBETE MPABUIBHO W AaKKypaTHO BBIMOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka ''Xxopouo'" BBICTABISACTCSA, €CIU BBITIOJHEHBI TPEOOBAHHUS K OIEGHKE "OTJIMYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"yI0BJIeTBOPUTENbHO'" BBICTABIAETCSA, €CIM pPadoTa BBINOIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJIHEHHOHN YaCTH TaKOB, YTO IMO3BOJISET IMOTYYHUTh MPABUIBHBIC PE3YJIbTAThl M BBIBOJIBL; B XOJIC
MpOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka '""Hey10BJIETBOPHUTEILHO'" BBICTABIISETCS, €CIM PA0OTA BBHIMOJTHCHA HE TMOJIHOCTHIO HITH
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MTO3BOJISET CACNIATh MPABUIILHBIX BHIBOJIOB.

Tema 3.2 UHTerpaJ u ero npuMeHeHue

IIpakTyeckoe 3ansaTue Ne 31
HNHTerpupoBanne MeToI0M 3aMeHbI IEPEMEHHOH

Henb: @opMUpOBaTh HABBIKM  BBIYMCIICHUS HEONPEIEICHHBIX MHTETPAIOB METOIOM 3aMEHBI
IIEPEMEHHOM.
BoinosHenue padotsl cnocodcTByeT hopmupoBanmio: [1P64 OVIIL.03

3aganue:
B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOM ITPOEKTa HAMTH HWHTETPaJIbL:
1. f(12x — 5)7dx
dx
2 [
(6x+5)2
[ xVx? —7dx
cosx
fr—=dx
mx

. [ tg2xdx

w

[Sa TN N

IMopsiiok BbINOJIHEHHE PAOOTHI:

B ocHOBe WHTErpupoOBaHUs METOJIOM 3aMEHBI TIEPEMEHHON (MJIH CITIOCOOOM MOCTAaHOBKH) JISKUT B
OCHOBE MHTETPUPOBAHUS METOJOM 3aMEHBI MEPEMEHHON (MM CITOCOOOM MOCTAHOBKH) JIEKHUT CBONCTBO
WHBAPHAHTHOCTH (OPMYJ HHTETPHPOBAHHsS, KOTOPOE 3aKioYaeTcst B creayromem: ecid [ f(x)dx =
F(x) +c,10 [ f(w)du = F(w) + ¢, rae u(x) mpousBoaHas quddepeHimpyemast QyHKIHS OT X.
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3aMeHa IepeMEHHOM B HEONPEACICHHOM HHTErpajie MPOU3BOAUTCS C TIOMOIIBIO MOJCTAHOBOK JIBYX
BUJIOM:

1. x=¢() , rne t-HOBas mepeMeHHas, a ¢(t) HenpepbiBHO auddepeHuupyemas (GyHKIUSA
Jf@dx = [ £(o(®)e' (Dt

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

x%dx
1- f8+x3
-T.K. d(8 + x3) = 3x%dx , TO
f x*dx lj‘d(B + 3x%)
8+x3 3) 8+4x3
-nojyiarasi 8 + x> =t , MOJMyYUM: %f% = gln(t) +c= %ln|8 +x3+¢
cosxdx __  d(sinx) .
2. f prprc f 27sinz, HOITOMY, MCHOJIB3YS TOJCTAHOBKY t = sinx , IPUXOMUM K TaOIMYHOMY
. a1 t _1 sinx
MHTCTpaly: [~ =-arctg- +c = arctg ( . ) +c
e¥dx _ d(e¥)
3. f\/9—t2 - f\/9—t2 . )
-BOCIIOJIB30BaBIINCH HOI[CTB.HOBKOIZ t= ex, IIPpUBOJHM K Ta6J'II/I‘{HOMy HHTCrpalry f\/gt—tz = arcsing +
c= arcsin% +c
IIpumeyanue: dx = %d(ax + b)
1
xdx = Ed(xz)
e*dx = d(e¥)
dx
— = d(In(x)
x
cosxdx = d(sinx)
_Jr 15x dx
4 (1 %2
1-2"=t¢
152dx | —F)=del g5, , ¢=3 5 5
——1=| -3fdx=at [= | Sz=-5|tfdt=-5_+C=5+C=—"—73+C
a-=y | ar | J -3¢ -3 3t 3(1 - )
xidx = — ?

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

Kputepun onenkn:

Ouenka "oTJM4YHO'" BBICTABISAETCSA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOJI0IEHUEM
HEOOXOMMOM TOCIeI0BATEILHOCTH JIEUCTBHI; B OTBETE MPABWJIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3alUCH U BBIUYUCIICHUS.

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

Ouenka '"ya0BJIeTBOPUTEIBLHO' BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOHN YaCTH TaKOB, YTO MO3BOJISIET MOTYYHUTh NMPABUIIbHBIE PE3YJIbTAThl U BBIBOJIBI; B XOE
MPOBEIEHUS pabOThI ObUTH AOMYILEHBI OIIHUOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WU
00BEM BBITIOTHEHHOM YacTH pabOTHI HE TTO3BOJISAET CAENATh MPABHIBHBIX BHIBOJIOB.

Tema 3.2 UnTerpaJ u ero npuMeHeHue
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1

IIpakTnyeckoe 3ansitue Ne 32
Teopema HproTona-JleiilOHuna. BoruuciieHue onpeaeeHHbIX HHTErPAJI0B Pa3jiMn4YHbIMHU
MeToaMu

Llesib: HAYYUTHCS BEIYMCIIATD ONPEIeIeHHbIH HHTerpal o ¢popmyne Heiorona-Jlelioauma.
Boinosinenue pa6orsl ciocoocTByeT hopmupoBannio: [1P64 OVIL.03, [TP614 OVIIL.03

3aganue:

B cooTBeTcTBHM € TEXHOJIOTMYECKOW KapTOM IIPOEKTa HAMTU UHTETPAJIbI.
2

1. J] 2t dsx

4
j(8+2x—x3;1.:fx

=2

w

. f[:r'll ? COsxhx

(cos x —3sin x)dx

Meto10M 3aMEHBI TIEPEMEHHOM:
6

L I de—XG

5

4
2, j (2x—5)
3
3. j?’\/x+2dx
0

1
4, I(x3 +1)*x? dx
-1

IMopsinok BbINoOJIHEHUs PadOTHI:
1) Ucnionb3ys Tabnuily HHTETpajIoB HATH MHTErpal
2) Ucnonb3ys popmyny Herorona — JleliOHuma

A
[ raax=

= F()— Fla)
HaWTH ONpPENEIECHHBIN HHTETpal

Brruncnuth onpeneneHHblii HHTErpa
2

_|.21r::4 ax
1
Perienue:

Ly 2 (219

iz ‘d i—zj *d (x") (2% — 1% (8 1) 2721442
X ax= X X—— |1—— = — _g- =— = §

(1) BLIHOCI/IM KOHCTaHTY 3a 3HAK MHTErpaJa.
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®+l

+C

dn =

(2) UnTterpupyem mo Tabimuie ¢ MOMOIIBIO CaMOW MOMYyISpHOH (GOpMyIbI n+1

1

) 3
TTOSBMBIIYIOCS KOHCTAHTY - I€1eCO00pa3sHO OTACHNTh OT X ¥ BBIHECTH 3a CKOOKy. JlemaTh 3TO He
00513aTeNIbHO, HO JKEJIAaTEeNbHO — 3a4eM JINIIHUE BBIYMCICHUA?
(3) Ucnonnzyem dopmyny HeroTona-JleitOnuma

2
[ @dx= FCD| = F) - Pla)

3 o o o
Cuauana nojactaBisieM B & BepXHUH mpejel, 3aTeM — HUxHUM npeaein. [IpoBoaum panbHeime
BBIYMCIICHUS U TTOJIy4aeM OKOHYATEIbHbBIA OTBET.
Brrunciuts onpeneeHHblil HHTErpal

4
[(8+2x—x2)a?x
|

Pemenne:
4

_i-(g +2dx— xz)cfxijg_i-cix+ Eixdx— Ixzcixiijg(ﬂtg +2- %(xgj'tz - % 'i?f3:'|i2 ij

-2 -2 -2
= 84— (=20 + &4 - =% —%(43 — (=271 =8 6+(16-4 —%(64+8} =

=45+12-24 =36

(1) Ucnionp3yem CBOIMCTBA TMHEHHOCTH OINPEACIICHHOTO UHTETpaJia.

(2) UnTterpupyem no tabiuue, Ipyu 3TOM BCe KOHCTAHThI BBIHOCHUM — OHU He OyJlyT y4acTBOBAaTbh B
ITIOZICTAHOBKE BEPXHETO ¥ HUKHETO IIpEAea.

(3) MHnsa xaxnmoro w3 Tpéx craraeMbix HpuMmeHseM Qopmyny  Herorona-JlelOHuna:

F(X),=Fib)- Fla)

Coser: mepex Tem, Kak wHcnoab3oBatb ¢opmyay Hprorona-JleiiOHuIa, IM0JE3HO NPOBECTH
MPOBEPKY: a caMa-To NepBooOpa3Has HalileHAa NPAaBHJIBLHO?

Tak, TpUMEHHUTETBPHO K paccMaTpUBAEMOMY IMpPUMEpPY: Mepel TeM, Kak B TMepBOOOpa3HYyIO
3
x
Sx4xt -
(G YHKITHIO 3 [MOICTaBJIATH BePXHUW ¥ HWXKHHH TIpeNeibl, JKeIaTebHO Ha YEPHOBUKE

MPOBEPUTh, a TMPaBWIBHO JHM BOOOINEe HaWJeH HeompeneneHHbl uHTerpan? JuddepeHuupyem:
f

[8x+xg —%J =8(;;)'+(x2)'—%(x3)'=8-1+2x—%-3x2 =84 2x—x°

[Tonydyena ucxoaHas MOABIHTErpaibHas (YHKIMS, 3HAUUT, HEOMPEICICHHBIH HHTETpall HaiijeH
BepHO. Temepp MoxHO 1 popmyiry HeroTona-JIeliOHUIIa TPUMEHUTD.

Metoa 3aMeHbI TepeMEHHOH

Brruncnure nHTErpanibl.

B xdy
1) m

BBenem HOBYIO IEpEMEHHYIO t = x* — 6
Huddepennman Oyner paBeH 6t = Zxdix
Beruucnum rpanuiel uHTErpupoBanus 11=25-6=19, t2=36-6=30

L rB2xd 1 30 2t
Brinoaaum nozlcTaHOBKyE_f5 REY =

P A}
~ L 1 L L
Brruncinum, MonyYMBIIANCS HHTErpal : |30 2 tnl19| =
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®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJHEHHOE 3aJaHNe/

Kpurtepun onenku:
Ouenka "oTJHYHO'" BBICTABIACTCA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0ICHUEM

HEOOXOMMOM TOCIIEAOBATEILHOCTH ACWCTBUI; B OTBETE MPABHJIBHO M AaKKypaTHO BBIMOJHEHBI BCE
3aIlUCH U BBIYUCIICHHUSL.
Ounenka ''Xxopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OIEHKE "OTJIMYHO", HO

JONYIIEHBI 2-3 HeJoYeTa.
Ounenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM PaboTa BBIMOIHEHA HE TOJHOCTHIO, HO

00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh [TPABUIIbHBIE PE3YNIbTAThI U BHIBOJIBI; B X0O/I€
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.
Ouenka '""HeyJa0BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBHIMOJHEHA HE MOJHOCTHIO WIIH

00BEM BBITTOJIHEHHON YacTH PadOThI HE TIO3BOJISAET CAECNIATh MPABUIIbHBIX BHIBOJIOB.
Tema 3.2 UnTerpaJ u ero npuMeHeHue

IIpakTnyeckoe 3ansitue Ne 33
Boruuciaenne miomanei Gpuryp u 00beMoB TeJl

HeJIBZ CDOpMI/IpOBaTL HaBBIKH MNPpUMCHCHHUA OIPCACICHHBIX HWHTCIPAJOB JId BbBIYHMCICHHA

Iomazei Gpuryp u 00beMOB Tell.
BoinosiHeHue pa6oTsl ciocodcTBYeT popmupoBanuio:11P64 OVIIL.03, [TP614 OVIIL.03

3aganme:
1. ®opma 3aroToBKM HMeeT BHJ (UTYpbI, OTPAHWYCHHOW NMHHUAMHU. HalTh Tutomanb JaHHOM

3aroTOBKHU
a) y=-x’+4,y=0
b) y=x* y=x°
c) y=e’, y=e’, y=4
2.Boruncnuth 00beM aeTanu
y=x?, y=1, eoxpyeocuQY

ITopsinok BbINoJIHeHUs padoThI:
1) nmoctpouth rpapuku GyHKIHI
2) HalTH 00JaCTh, OTPAHHYCHHYIO ITUMH TpadrKaMu
3)  COCTaBHT OIpEeCIICHHBIA HHTErPaL, i1l HAXO0XICHUS IJIOIIA i HalICHHOM 001acTH
a)  Eciu dynxuus f(x) HeoTpuuaTtenbHa Ha oTpeske [a;b], To momans S mox kpusoii y = f(x) Ha [a;b]
b
(puc. 2) uMCIEHHO paBHA ONpeNeleHHOMy HHTerpamy oT f(x) Ha maHHOM oTpeske: S :I f (x)dx
a

(reoMeTpUYECKHI CMBICIT OTIPEeIEHHOT0 UHTErpaia).

o= Pyuc. 2
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b)  Ecau Qpynxims f(x) — HemonoxuTenpHas Ha oTpeske [a;b], To miomans S mox kpusoit y = f(x) Ha
[a;b] (puc. 3) paBHa ompemenennomy uHTerpany ot f(x) Ha [a;b], B3ATOMYy CO 3HAKOM «MHHYCY:

f(x)dx..

S=-

D — T

Puc. 3
¢) Ecmu dynxuums f,(x)> fi(x) Ha orpeske [a;b], To miomams S (GHUTYPHL, 3aKTIOUEHHOH MEXITY

b
kpuBbIMH Y = f,(x) 1 y = f,(x) Ha [a;b] (puc. 4) onpenensercs Gpopmysoii S :I(fZ(X)_ f,(x))dx.
a

Haiitu mmomaap 3aroToBKH AeTand, KOTopas uMeer (popMmy (Uryphl, OrpaHHUEHHON rpadukaMu
byHKIMH y=x* —3x+2uy=x—1.

Haiinem npenensl MHTErpUPOBAHUS - TOUKHU TMepecedeHus rpadukoB PyHKIMMA, A 3TOTO IPUPABHIEM
IpaBbl€ YaCTH UCXOMHBIX (PYHKIMI ¥ pEeIlIMM HOIydYMBIIEeCs YpaBHeHHUE x° — 3x + 2 = x — 1, Kopuamu
ATOTO YpaBHEHUS SBISIOTCA YKcHa x = 1 M x = 3, clIeIoBaTENbHO, OHU U SBJISIFOTCS MpeaenaMu

HHTCTPpHUPOBAHUS.

3Ha4uT, IIOLAAb (GUTYpHI paBHA:

5=ff(x—ljﬁ—ff(x3_3x+gjdx='r:_=_x_(-1;_3_3

X 42x)=45-3-05+1—

-

27 1 _ .1
(?—3-4,5+6—5+ 1,5 — 2) = lEI (ke.en.)
[Tonyuwnmnm, yTo TIomanb GUrypsl papHa 1 f (xB. en.)
Ecnm o6nacts numeeT 6osee CIOXKHYIO CTPYKTYPY, €€ cienyeT pa30uTh Ha MPOCTHIC YaCTH .

ITpumep 2
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Bbuuciute 00beM jgeranu, KOTOpas HWACHTHUYHA Tey, I[OJY4eHHOMY BpalleHueM (urypsl,

N T
OIrPAaHUYEHHON JTUHUAMHU y=ix-x T o BOKPYT OCH Ox

Pemenune: Kak u B 3a71aue Ha HaxOXKCHHE IUIOMIAAN, pellieHHe HAYMHAETCS ¢ YepTexKa MI0CKOoi
duryper. To ecTb, HAa IUIOCKOCTH << HEOOXOZMMO MOCTPOHTH (HUTyYpy, OrPAHHYCHHYIO JTHHHSMU
y=2x—x°

|

Hckomas miockast ¢purypa 3aliTpuXxOBaHa CHUHUM ILIBETOM, HMEHHO OHA M BpAIlaeTCsi BOKPYT OCHU
X B pesynbTare BpalleHHs IOIy4aeTCs TAKas HEMHOTO SALCBHJHAS JICTAIOLIAS TAPENKa, KOTOpas

CUMMCETpHUYIHA OTHOCUTCIIBHO OCH CLL .
O0beM Tes1a BpalieHUs MOKHO BBIYMCJINTD 10 GopmyJie:

A
v =n| 7 (@)dx
2
Berancnum 00BeM Tena BpAIllCHUS, UCTIOJNB3YS TAHHYIO dbopmyny:

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

3 5
3 5 3 5 15
V=16—ﬂea3_=:s3,35eﬂ3.
OTtBer:

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOTHEHHOE 3aJJaHNE

Kpurtepun onenku:

Ouenka "0oTJIMYHO" BBICTABISIETCA, €CIM paboTa BBHINOJHEHA B MOJHOM 00BEME ¢ COOII0IEHUEM
HEOOXOMMOM TOCIEeI0BATEILHOCTH JIEUCTBHI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3alMCH U BBIUUCIICHUS.

Ounenka ''xopomo" BBICTaBISIETCS, €CJIM BBINOJHEHBl TpPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHBIE PE3YNIbTATHI U BHIBOJIBI; B X0OJI€
MPOBEICHUS] pa0OTHI ObUTH JOMYIIEHBI OIIMOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CIM pabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPABUIHHBIX BHIBO/IOB.

Tema 3.2 UnTerpaJ u ero npuMeHeHue

IIpakTunyeckoe 3ansaTue Ne 34,35
(I)I/l3]/l‘IeCKI/Ie le/l.HO)KeHl/lﬂ I/[HTeraJIOB
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Heab: ®opMupoBaTh HABBIKK NPUMEHEHHS OMPEEeIEHHBIX UHTETPAJIOB K PEHICHUIO (PU3NUEeCcKUX
3aja4

Boinosinenue pa6orsl ciocoocTByeT hopmupoBannio: [1P64 OVIL.03, [TP614 OVII.03

3aganue:

1) Beruncnure maccy ydactka crepskHs X1= 0 10 X2=3 (M), €CIIu €ro JIMHEHHas IUIOTHOCTh 3a1aeTCs
dopmyoit p(x) = x% + 1(xr/n).

2) CkopocTh JBWKEHHS Ha KOHBeWepHOU ieHTe v=v(t). Hailinem nyte S, npoiaeHHBIHA
COJIEP>KUMBIM KOHBEHEPHOM JICHTHI 32 IPOMEXKYTOK BpeMEHH OT t1=2 10 tp=7 MUH.

3) Teno OpomieHO BEPTUKATBHO BBEPX CO CKOPOCTHIO, KOTOpAask HM3MEHSETCS IO 3aKOHY
V=29.4-9.8t m/c. HaiiTu HauOOIBIIYIO BEICOTY MTOABEMA.

4) BhIYMCIIUTE KOJMYECTBO AIEKTPUUECTBA, IIPOTEKIIETO M0 MPOBOAHUKY 3a IPOMEKYTOK BPEMEHH

[3;4], eciu cruta Toka 3amaercs hopmysioi 1(t) = 3t°+2t.

Ilopsinok BbINOJTHEHHS PadOTHI:
o _ rtz
1) 3anmcatb hopmyIry, KCIIOJIb3ys ONPENETEHHBIA HHTErpan & = [, v(tldt

2) BobruncnuTh onpeneiaeHHbI HHTETpa

. . = (942 _ ) . o o
1. CkopocTh JBUKEHHS HA KOHBelepHoi nente ¥ = (9t 8t} m/c. Haiftu myTsh, mpoiiaeHHbIit
COJIEP’KUMBIM KOHBEHEPHOU JIEHTHI 32 4-10 CEKYH/LY.

Pemenne: COrJIacHO YCIIOBHIO, ft)=9t"- 8t, ty =3t =4 CrnengoBaTeibHO,
4 -
s = [, (9t? — 8t)dt = [3t3 — 4t%]3 = 83 (x0).

2. Boruncnute Maccy yyactka crepakHs X1= 0 10 Xo=1 (M), eciiu ero JinHelHas INIOTHOCTh 3aJaeTCs
dopmymoit p(x) = x* + 1(kr/m°).

Pewrenue:

CornacHo hopmyne, umeeM:

m = /,:[J')d.r

1
/ rd o1 0% !
m / (41"" + ])I'IJ‘ (—¥ + .r) ‘“ ) + 1 — (—; + 3) 3
0

Orser: 1,33 kr

3. Teno OpoIIeHO ¢ MOBEPXHOCTH 3€MIJIM BEPTUKAIBHO BBEPX CO CKOpocThio V = (39,2—9,8t) m/c.
Haiiti HanOoJIbIIIyIO BRICOTY MOIbEMA Tela.

Pemenue: Teno mOCTUTHET HAaMOOJBINIEH BHICOTHI TTOIbEMa B TAKOH MOMEHT BpeMeHHU t, korga v = 0,
T.e. 39,2—9,8t = 0, otkyna t= 4 c. [To popmyne (1) Haxogum h=78.4

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

Kpurepun onenkmn:
Ouenka "oTJH4YHO'" BBICTABISACTCSA, €CITM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME C COOI0IEHUEM

HCO6XO,[[I/IMOI71 IOCICI0BATCIBbHOCTHU ﬂeﬁCTBHﬁ; B OTBCTC NPABUIIBHO W AKKYPAaTHO BBIIIOJIHCHBI BCC
3allMCHU U BBIYMCJIICHUS.

Ounenka ''Xxopomo" BBICTaBISETCSA, €CIH BBITIONHEHB TPeOOBaHUS K OICHKE "OTIWYHO", HO
JONYIIEHBI 2-3 Hego4YeTa.
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Ounenka '"ya0BJIeTBOPUTEJIBHO' BBICTABISECTCSA, €CM paboTa BHINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIbHBIE PE3YNbTAThI U BHIBOJIBI; B X0O/I€
MpOBE/ICHUS paObOTHI OBUIN JIOMYIIEHBI OITHOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISCTCSA, €CJIM paboTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHON YacTH PadOThI HE TIO3BOJIAET CIENIATh MPABUIIbHBIX BHIBOJIOB.

Tema 4.1. KoopanHaTbl 1 BeKTOPbI

IIpakTnyeckoe 3ansitue Ne 36
BekTopsbl. [deiicTBus ¢ BekTOpamu. JlekapToBa cucTeMa KOOPAMHAT B IPOCTPAHCTBE.
Paccrosinne Mexxny TOUKaM#

I_[e.m,: Hay‘H/ITBCSI BBITIOJIHATH I[ef/’ICTBI/ISI C BCKTOpaMHu, HaXOAUTb paCCTOAHUC MCKY TOYKaAMH.
Boinosinenue pa6orsl ciocodocTByeT hopmupoBannio:11P613 OVYIIL.03

3aganme:

Pemmure 3agaun:

M- KOJINYECTBO OYKB B UMEHH
N- KOJIM4YECTBO OYKB B (haMUITHH
p- Mecs1 pPOKICHUS

1. Manbr nBe Touku: A(m; —n;0) u B(p; —n; 2).Pa3znoxute BeKTOp AB IO BEKTOpaM 0Oa3nca u
HAWJIUTE €ro JJIMHY.

- - - - - - —

2. Jlansl BekTOpsl a=Pi— j+ Mk u b=ni+ pk Haiiiure KOOpIMHATHI BEKTOPA ¢ —ma—nb

— > o -
3. Beluncnute ckamspHoe Tpom3BeAeHHE BekTopoB(a—2b)-a, ecim a:{— m; n; p} u

b={0;—p;n}.

- -
4. Tlpu KakOM 3HAYCHUH «x» BEKTOPHI a = {m;—n; X} ub= {— 2m; 2n; p} OyayT KOJJTMHEApHBIMU?
5. B TexHonormdeckoi KapTe 3ajaHa SJEKTpUUYECKas ILENb M3 IapajuIeNbHO COEIMHEHHBIX

9JICMCHTOB!
I Is I le
C—|> — ¢ —= b —= a
U I, I, Ol I V) I:I I
o ¢ ¢ .

Haitnure BexkTop TOKa I na BXO/I€ JICKTPUUYECKOM 1IETIH, €CJIM TOKU MapajuieIbHbIX BETBEH MOKHO
sanate Bextopamu: I1(N;m;p), [2(2;n;7), I3(3;m;1), L4, (0;n;3), I5(4;2n;1).

6. Teno, Ha KOTOpOE JEHCTBYET MOCTOSIHHAS CHJIa F= (2n; —3p; 5), mepemerniaercst MO OTPE3KY
npsiMoit u3 Touku A (-N; 2; -m) B Touky B (1;m;2). Beraucnure paboTy 3TOH CHITHIL.
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Iopsaok BbINOJIHEHUS Pa0OTHI:

1. BHUMaTEIbHO 03HAKOMBTECH C YCIIOBUEM 3a/1aHUA.

2. Tlomb3ysich KOHCHEKTaMH JICKIUH, MOAOEpHTEe HYXHYH (OpPMYITy WIA COOTBETCTBYIOIIEE
YCJIOBHE JIJISl PEIICHUS 3aJa9H.

3amauga Ne 1. Jlanbl Touku A(—3;1;—1) u B (2; —4; 1).

N .
Pasnoxxure BeKTOp AB 1O BEKTOpam 0a3uca M HAMIUTE €ro JTHHY.
Permrenue.

1) AB = {2 - (-3);-4 -11—(-1)} = {5;-5;2} - KOOpAMHATEI BEKTOPA.
2) Pa3noxuM AB TI0 BEKTOpaM basuca:

AB =5i-5j+2kK.

3) dnuny |AB| Haiiziem 1o dbopmyie:

a =Xt +yi+ 2t
|
AB|=./52 +(-5)? +2° =+/54 =96 =3./6 ,
3amaga Ne 2.
JlaHbl BeKTOpH @ = i—3 j+ K 1 b = 2i+ k .Haiiaute KoopaMHATEI BEKTOPa ¢ = a— 2 b .Pemenne
a={-31}.

b={-201); 2b={402).

c=a-2b={L-31- {402
3amgauga Ne 3

{1-(-4);-3-01-2}={5-3-1}.

Berunciure ckanspHoe nmpousBeneHue (2 2+ B) : g, eciu g = {1;0;3} U B: {2;—1;1}.
Pemenue

1) Haiiném koopauHaThl 2 Z :

2a=1{2,0,6}

2). Haitném koopauHaThl 2 Z+ B :

2a+b={20,6}+ {2-11} = {4,-1,7}.

3). Haiiném ckanspHoe mpou3BeeHuE:

(2a+b)-a=4-1+0-(-1)+3-7=25.

OrtBer: 25
3amaua Ne 4.

;3} Oy/yT KOJUTHHEAPHBIMH?

AW

- - 1
[Tpu KaKOM 3HAYCHUH «x» BEKTOPBI A = {4;—6; X} nb= {— E

YcaoBue KOJUIMHCApHOCTU BEKTOPOB:

Yo _ 2

— — X, 1
a ¥ b KOJUIMHEApHBI, ECIIA — = — = —
X2 Y2 I
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4T X,
_1 33
2 4
—8—5; X=-24
3

OTBeT: x=-24.

3amaua No5 B TexHonmoruueckoi kaprte 3ajaHa 3JeKTpUUecKas 1elb U3 NapajiyieIbHO COSUHEHHBIX
3JIEMEHTOB:

I Is I le
o —= —4= ¢ —= t_) —= a
U 1 I» I3 — I4 I:] I
o * - *

HameTe BCKTOp TOKa iHa BXOAC 3JICKTpI/I‘ICCKOI>’I eI, €CJIW TOKHU IapaJlJICIIbHBIX BETBEH MOXKHO
3anath Bekropamu: 11(1;2;3), 12(2;1;7), 13(3;1;1), 14, (0;2;3), I5(4;2;1).
Pemenue:

3anuchIiBacM B BEKTOPHOI opme ypaBHeHHE mepBoro 3akoHa Kupxroda.

TOK Ha BXO0JC LICIITU paBeH CyMMe TOKOB BCECX HapaJIJIeHBHI)IX BeTBeI\/IK
I_=I_1 +I_2 +I_3 +I_4 +I_5
[= (1+2+3+0+4;2+1+1+2+2;3+7+7+3+1) = (10;8;15)

3anaya Neb

Teno, Ha KOTOpO€E AEHCTBYET MOCTOSIHHAS CUIIA F= (4; —3; 5), mepemeniaeTcst MO OTPE3KY MPAMOit
u3 Toukd A (-5; 2; -1) B Touky B (1;3;2). Beruucaure paboty 3T0i cuibl.

Pewrenne:

Wmeem AB=(1-(-5))i+(3-2)j+(2-(-1))k=67+] +3k

Teneps Bocnionb3yemcst popmynoit W= F*AB=4*6-3*1+5*3=36

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOJTHEHHOE 33JaHHE.

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

HEeoOXOIMMOM TOCIIe0BaTENIbHOCTH JEICTBHUI; B OTBETE MPAaBUIBHO M AKKypaTHO BBIMIOJIHEHBI BCE
3aIMCHU U BBIYUCIICHUS.

Ouenka ''Xxopouio'" BBICTABISETCSA, €CIU BBITIOJHEHBI TPEOOBAHUS K OIEHKE "OTJIMYHO", HO

JOMYUIEHBI 2-3 HeJloYeTa.

Ouenka '"ya0BJIeTBOPUTEIBLHO' BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO

00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHEBIE PE3YIbTATHI U BHIBOJIBI; B X0OJI€
MPOBEACHUS PAOOTHI OBUTA JOTYIIEHBI OIITHOKHY.

Ouenka '""Hey10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WMITU
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00BEM BBITTOJIHEHHON YacTH pabOThI HE MO3BOJISET CAENIATh MPaBUIIbHBIX BHIBOJIOB.
Tema 4.1. KoopanHaTbl 1 BeKTOPbI

IIpakTnyeckoe 3ansitue Ne 37
JexkapToBa cucremMa KOOPAMHAT HA IJIOCKOCTH. Y PABHEHUS NPAMOii, OKpY:KkHOCTH. Pemienune
3a/1a4 Ha PacoJoKeHue NPAMbIX Ha IVIOCKOCTH.

Heab: GopMUpOBATh HABBIKM COCTABIICHUS YPABHEHUH IIPSMBIX U OKPYKHOCTEH, OIPEACIATh UX
B3aMMHOE PAaCIOJIOKEHUE HA MJIOCKOCTH.

BoinosiHeHue padoTsl cnocodcTByeT popmupoBanuo:[1P613 OVIL03

3aganme:

M- KOJIM4YECTBO OYKB B UMEHHU

N- KOJIM4YECTBO OYKB B (haMUITHH

p- Mecs1| pOXKACHUS

1. Haiitu TOUKy nepecedeHus npsMbIX: mx —py+n=0 H x—y—p =0.

2. HaiinuTe ocTpBbIi yros1 MeXy HPSIMbIMHU:

mx+ny—p=0unx—py—nm=0.

3. CocTaBbTe ypaBHEHHE NpAMOM, mapamiensHoil npsmoit PX+Y—M=0 u npoxonsmeii yepes
touky A(—n; 1).

4. U3 touxku A(m; —1) ma npamyio NX+ py+1=0 onymen nepnemmuxynsp. CocraBbTe ero
ypaBHEHHE.

IMopsinok BbINOJIHEHHUSI PA0OTHI:
1. BHUMaTEIbHO 03HAKOMBTECH C YCIIOBUEM 3a/1aHUA.

2. Tlonmp3ysick KOHCHEKTaMH JIEKIUH, MoAOepHTe HYXHYIO (OpMYITy HIM COOTBETCTBYIOIIEE
yCIIOBHUE JJIsl pELLIEHUs 3a7aun

3anmaga Ne 1
Haiitn Touky nepecedeHus NpsMBbIX:

2Xx+3y-12=0u x-y-1=0.
Pemmmm 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.

OtBert: TouKa M (3; 2).

3amaua Ne 2
Ornpenenuts yroia Mexay IpsiMbIMH, 3aJJaHHBIMU YPaBHEHUSIMU:

2X—-3y+6=0u x+5y—-2=0.

Pemienne

Haiinem yrnosbie KO3 (GUIIMEHTHI THX MPSAMBIX:
2x—3y+6=0; X+5y—-2=0
-3y =-2X—6, Sy=-X+2,
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y—gx+6 y——lx+g
3 5 5
2 1
kl = 5 k2 = —g.
o k, —k;
[logcrtaBuM  HalieHHBIE  3HAYEHUS k, 51 k, B Qopmyny: gp=——.
1+k, -k,
2B
o= =1
1+ (—2)-— —
5 3 15
tgp=-1 ¢=135".

[Tonmy4eHHBI Yronm MeXAy OpsSMbIMH - Tynod. CMeXHbBIH ¢ HHM, OyOeT OCTpBId, TO ecTb
¢, =180° —135° = 45°,

3agaga Ne 3

1. CocTaBbTe ypaBHeHHE NpsAMOM, mapamienbHoil npamoit SX+3Y —7=0 u npoxonsmeii yepes
Touky A(-2;6).

Pemenne
CocraBum YpaBHEHHE Iy4yKa IIPSIMBIX, IPOXOJAIINAX qyepes TOUYKY
A(-2;6).

y—6=K(Xx+2)

Haxomauwm yrinoBoii ko puiveHT JaHHO# npsaMoii:

3y =-5x+7

y:—§x+z' k :—§.

3° 3 ' 3

Tak kax npsiMble napajienbHsl, T0 K, = —g - YIJ10BOH KO3 (HULIMEHT UCKOMOM HPSAMOii.
IToncraBuM HaleHHOE 3HaUYeHue K, = —g B YPaBHEHUE IIy4YKa NIPSIMBIX:

y—6=k(X+2);

ocJie Mpeodpa3oBaHus MOIYIUM:

5x+3y-8=0.
3anaga Ne 4
U3 touxn A(-3;5) Ha npamyto X —2Y +3=0 onymen nepnenauxynsap. Hanmucars ero ypapHenue.
Pewenne
CocraBum ypaBHEHHE my4yKa MPSIMBIX, MIPOXOJIALINX qyepes TOUKY

A(=3;5).

y—5=k(x+3).
Haiinem yrinooii kospduuuent K, npamoit X —2y +3=0;

—2y=—X-3

1.3,

2 2
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1
kl ZE.

1
YuutbiBas yclOBHE MNEPHEHIUKYISIPHOCTA MPSAMbIX: kl =— k_ , HailieM ypaBHEHHUE HCKOMOM
2
IpsAMON
k, =-2.
y—-5=-2(x+3);
y+2x+1=0.

Otger: Y +2X+1=0.

(I)opMa NMpeacTaBJdCHus pe3yjabTaTa: BbIIIOJIHCHHOC 3aJaHKC.

Kpurtepun ounenku:

Ouenka "oTJHMYHO'" BBICTABIACTCS, €CIIM padOTa BHIIIOJIHEHA B MOJTHOM 00BEME ¢ COOII0ICHUEM
HEO0OXOIUMOM TIOCTICIOBATEIIBHOCTH JCHCTBHI; B OTBETE MPABUIBHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aIllMCH U BBEIYUCICHHA.

Ounenka ''Xxopomo" BBICTAaBIISETCS, €CJIM BBIIOJHEHbl TPeOOBaHUS K OLIEHKE "OTJIIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka '"yaoB/IeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM pabOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIbHBIE PE3YNbTAThI U BHIBOJIBI; B X0OJI€
MPOBEICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ounenka '"Hey/10BJIETBOPHUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOIHEHA HE MOJHOCTHIO WITU
00BEM BBITTOJIHEHHOM YacTH paObOThI HE TIO3BOJISET ClIEIaTh MPABUIIHHBIX BHIBOJIOB.

Tema 4.2. [Ipsimble ¥ JIOCKOCTH B MPOCTPAHCTBE

IpakTnyeckoe 3ansitue Ne 38
Pemienue 3a1a4 Ha Napaju1eJIbHOCTb MPAMOI H IJIOCKOCTH.

Henb: dopmupoBaTh HABBIKM pPELIEHUS 3aJad Ha NapalUIeIbHOCTh MPSMOM M IUIOCKOCTH,
HCIIOJIB3YA MPHU3HAK MapaljICJIbHOCTH pr[MOfI U IINIOCKOCTHU.
BoinosiHenue padotsl cnocodcTByeT (hopmupoBannio:I11P613 OVIIL.03

3aganue:

M- KOJMYECTBO OYKB B UMEHHU
N- KOJIM4YeCTBO OYKB B (paMUIIHH
pP- Mecs1 poxXACHUS

3amauaNel

Touka K He nexut B mnockoctu kBajapara ABCD. Touku M u P - cepeaunst orpe3koB KB u KC.

1). Kak pacnonosxens! npsimeie AD 1 MP?

2). Beraucnute qunay otpeska MP, ecniu cTopoHa KBajpara paBHa n CM.

3amaua Ne2

Ocnoanne AD tpaneruu ABCD naxomautcs Ha tuiockoctu P, a ocHoBanue BC oTcTouT 0T Hee Ha

o ) DA +
p cm. Haiiiute paccTosiHie OT TOUKH TIEPECEUEHUs JUaroHalei 10 miockocty P, ecim — = =

m

3anmaga Ne3
[Tnockocte P nepecekaer ctoponsl AB m AC tpeyronpHuka B Toukax Bi m C; COOTBETCTBEHHO.
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B1C; napannensna BC u paBHa p cM, a AC,: C,C = m:n. Haittu BC.

IHopsiok BbINOJIHEHUS PA0OTHI:

1. BHMMaTEIpHO MPOYUTANTE YCIOBUE 3a4a4H.

2. 3anuiuuTe, 4yTO B 3a/1a4€ JaHO, CAEIANTE PUCYHOK.

3. Ilpoananu3upyiiTe yclIoOBUE 3a/1a4ud, pacCyXkjas OT TOTO, YTO HY>KHO HaillTH. BcrmoMHuTE, Kakue
TEOpeMbI U (DOPMYITBI TIOHATO0SATCS TIPU PEIICHUH 3a/1a4H.

4. Pemnre 3a7a4y. 3anuiinTe OTBET.

[Ipu pemienun 3amay Ha STy TEMY HCHOJIB3YETCsS ONpECICHUE MapaUIeIbHbIX MPSIMOUA H
IJIOCKOCTH, MPU3HAK MapauIeIbHOCTH MPSIMON U TNIOCKOCTH, a TAKKE BAIlld 3HAHUS U3 TUIAHUMETPHH.

3amaua Nel
Touku A, B, Cu D ne nexar B onnolt miiockoctu. K u M — cepenunst orpeskos BD u CD.
1) MHwmerot au obmue Touku npsamas KM 1 m1ockocTh, B KOTOPoii eskat Touku A, B u C?
2) Beruucnute nepumerp TpeyroipHuka AKM, eciau paccTosiHuE MEXIY KaKIOH mapod JTaHHBIX
TOYEK PaBHO 8 CM.
Hano: «, Aex, Bex,C €,
BK=KD, CM=MD,
AB=AC=BC=AD=BD=CD=8 cm
1) nepecekarorcst i1 KM u
2) Haiitu P,y

C
Pewrenue:
s A 1) Touka K sBnsercs cepenuHoil ortpe3ka BD, Touka M-

cepenuna orpeska CD.  3nauut orpesok KM - cpenHsas nuHus

K M

TpeyroiabHuka BCD.

IIo cBOMCTBY cpeAHEN JIUMHUU TPEYrojibHUKAa KM||BC, KM = %BC. CnenoBarenbHo, oTpe3ok KM
MapajuiesieH MpsAMOM, JeKaleld B IUIOCKOCTH. [lo mpu3Haky napayienbHOCTH IPSIMOM M IIJIOCKOCTH,
otpe3ok KM u m10cKkocTh napajienbHel, T.€. HE IEPECEKAI0TCs.

2)Pxy = AK + AM + KM

KM =>BC KM =4cm,

Paccmorpum tpeyronsHukn ACD u ABD: AC=AD=AB=CD=BD, 1.e. ACD u ABD- paBHbIc
PaBHOCTOPOHHUE TpPEYroJbHUKH, a oTpe3ku AM u AK- menuaHbl M BBICOTBI 3THX TPEYrOJbHUKOB.
HaiineM stu otpesku:

AK = AM = VAC? — MC?

MC = 4 cMm.

AK = AM =82 — 42 =64 — 16 = V48 = 4/3 cm
Puew =4+ 43 +44/3 =4+ 8/3cm

3amaya Ne 2

Ocnoanne AD tpaneruu ABCD nHaxoautcst Ha tutockoctr P, a ocHoBanue BC otcrouT oT Hee Ha

> ) DA 7
5 cM. Haiigute pacCToAHUEC OT TOYKHU MEPCCCUCHUA NUATrOHAJICU [0 IIJIOCKOCTU P, €CJIn B = 7

i v Jano:

7 [\ ABCD — tpanernus,
= AN | T 2 = 7 BBy=5cM, BB1+ P
= ~L s N Haiitu: paccrosnue ot M 10 ninockoctu P

>"'-»._>_ —_—_._7_ ~ 81



Pemenue

1) U3 touku M mpoBenem k miockoct P nepnenaukynsasp OM. CnenoBarensHo, OM- paccTosiHIE
oT M 1o miiockoctu P.

2) Paccmorpum AADM u ACBM

£BMC = £DMC KaK BepTUKAJIbHbIC

£CBM = £ADM Kak HakpecTaexamue rnpu napauienbHbeix npsameix BC u AD u cexymeii BD.

3HayuT, AADM 1 ACBM 110JJ0OHEI U ba _ oM _am
cD BM cM

DA_7_ DA_DM_AM_7

5?4_37 CD_BI\;I M3

— =2=DM=—BD,BM =—BD

BM 3 10 10

3) Paccmotpum ABB,D u AMOD
2D — obwwmii, £BB;D = «4MOD = 90° = ABB,D ~ AMOD

BBy  BD
MO~ MD
BB BD 10
Mo~ 07BD 7
7
MO =—BD
10

MO =ZL-5=35cm
Orser: 3,5 cm.

®opma npeacTaBaeHus pe3yJabTaTa: BHIIOJHEHHOE 33aJaHHE.

Kpurtepun ounenku:

Ouenka "oTJMYHO'" BBICTABISACTCS, €CIIM padOTa BHIIIOJIHEHA B MOJTHOM 00BEME ¢ COOJI0ICHUEM
HEOOXOMMOM TOCIe0BATEILHOCTH JCUCTBUI; B OTBETE MPABUIBHO W aKKypaTHO BBITIOJTHEHBI BCE
3aIlMCH U BEIYUCIICHUS.

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

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CiM pabOTa BBINOJIHEHA HE TOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIBHBIE PE3YNIbTAThI U BHIBOJBI; B X0OJI€
MIPOBEEHUS pabOThI ObUIN AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WUITU
00BEM BBITIOJIHEHHOM YacTH paOOThI HE TTO3BOJISAET CENATh MPABHIbHBIX BBIBOJIOB.

Tema 4.2. [Ipsimble ¥ JIOCKOCTH B MPOCTPAHCTBE

IpakTnyeckoe 3ansitue Ne 39
Pemenue 3a7a4 Ha MepNEeHANKYJISIPHOCTD NPSIMOi M IUIOCKOCTH.

Hean: @dopMupoBaTh HABBIKM PEIICHUS T'€OMETPHUECKUX 3a/la4, HCIOJb3ys IMPU3HAK
MEPIEHIUKYISIPHOCTH IIPSMOM M TUNIOCKOCTH, TEOPEMY O TPEX MEPHEHIUKYISAPAX.

BoinosiHenue paborel  cnocodcTByer  (opmupoBanuw:[IP61 OVIL.03, I1P69 OVII.03,
[1P612_OVII.03

3aganue:

M- KOJIMYECTBO OYKB B UMEHU
N- KOJINYeCcTBO OYKB B (pamMHIINU
p- MecsILl pOKICHUS
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3amaualNel

Han pom6 ABCD. 13 Touku nepeceyenus ero nuaronaineit nposenen orpe3ok OF, Tak, uto AF =
CF, BF = DF. Jlokaxure, yto OF nepnenaukynsipen miockoctu pomoOa, orpe3ok AC nepneHauKynspeH
mwiockoctu BDF.

3amaua No2

Han paBHoOenpennsiii TpeyronsHuk ABC. AC = BC = n cm, AB = m + 5 cM. U3 Bepiuns! yria
C nposenen k miuockoctu nepneHaukyisp CD, paBubiii p cM. Haitnure paccrosinue ot touku D 1o
cToponbsl AB.

3anaga Ne3

Touku A u B nexxar B miockoctu o, M — Takas ToOuka B MPOCTPAaHCTBE, Il KOTopou AM =
m,BM = nu oproroHanbHas TPOEKIHs Ha IUIOCKOCTh @ oOTpeska BM B Tpu pasza Oombiie
OpPTOTOHAJILHOM MPOEKLUMU Ha 3Ty IUIOCKOCTh oTpe3ka AM . Haiinute paccrosHue ot Touku M 1o
IIJIOCKOCTH ¢ .

3anaga Ne 4

Bricota mpsimoyronpHoro TtpeyroinbHuka ABC, omynieHHas Ha THIOTEHY3y, paBHa P cm. U3
BepmnHbl C mpsiMOro  yriia BOcCTaBiIeH K  Iutockoctd  tpeyronbHuka ABC mepnenmukymsip CM,

npuueM CM = m + n cMm. Haiinure paccrosinue ot Touku M no runorenysst AB.

IHopsaok BbINOJIHEHUS PA0OTHI:

1. BHuMarenabHO MPOYUTANTE yCIOBUE 3a/1a4H.

2. 3anuiuunTe, 4TO B 3a/1a4e JaHO, CACIANTE PUCYHOK.

3. [Ipoananu3upyite yCclOBUE 3a/1auH, pacCyxkaasi OT TOTO, UTO HYXXHO HaiiTh. BcomuuTe, Kakue
TeopeMbl U (POPMYIIbI TOHATO0SATCS MPU PELICHUH 3a/1a4H.

4. Pemre 3aga4dy. 3anuiiMTe OTBET.

[Ipu pemieHuu 3amad Ha 3Ty TEMY HUCIOJb3YETCS ONPEAEICHUE MNEPIECHIUKYISIPHBIX NPSIMON U
IJIOCKOCTH, IPU3HAK MEPHEHAUKYISIPHOCTH IPSIMOM U TUIOCKOCTH, TEOPEMBI O TPEX MEPHEHAUKYISIPaAX, a
TaK)Ke BalllM 3HaHWS U3 IUNIAHUMETPUN

3anayga 1
W3 touku mepecedeHus auaroHaner napasuienorpaMmma ABCD mposenen orpe3ok OM Tak, 4to
MA = MC, MB = MD. Jlokaxwure, 4To oTpe30Kk OM nepneHauKysIsipeH MI0CKOCTH MapaienorpaMmma.

Jano:
M ABCD — mnapasienorpaMm
ACNBD =0
D C MA = MC,MB = MD
0 Hoxkazats: OM--(ABCD)
A B
Jloka3aTenbCcTBO

1) Paccmorpum tpeyronpHukn AOM u COM. OM - oOuiast ctopoHa, MA = MC 110 yCIIOBHIO, AO =
OC 1O CBOMCTBY JuaroHaJlel napajuiesorpamma. 3HauuT, TPEYTrOJbHUKH PaBHBI 110 TPEM CTOPOHAM, T.€.
AAOM = 4ACOM. CnenoBaTenbHO, ZAOM = 2COM.

T. K. 9TH yIJIbl CMEXHBIE U PaBHBIE, TO OHU PABHBI 110 90°, T.c. OM L AC.

2) Paccmotpum Tpeyronbauku BOM u DOM. OM - olmiast ctopoHa, MB = MD MO YCJIOBHIO,
BO = 0D 110 CBOICTBY JUaroHajeil rnapajjieiorpaMmma. 3Ha4uT, TPEYTOJbHUKHA PAaBHBI IO TPEM CTOPOHAM,
T.€. ABOM = 4DOM. CnemoBaTenbHO, ZBOM = 2DOM.

T. K. 9TH yIJIbI CMEXKHBIE U PABHBIE, TO OHU PABHBI 11O 90°, r.e. OM L1BD.
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OM 1 AC.

3) OM L BD

} = OM 1 (ABCD )mo npusHaKy nepneHAuKyJISPHOCTH MPSIMOM U MJIOCKOCTH.

3anaya 2

Croponsl TpeyronbHuka 10 cm, 17 cMm u 21 cM. M3 BepmmHBI OOJIBIIETO YIIa 3TOTO TPEYrOJIbHUKA
IIPOBEJIEH MEPNEHAMUKYISAP K €ro IUIOCKOCTH, paBHbIM 15 cM. Haiinure paccTosiHuE OT €ro KOHIIOB /0
00JIbIIIeH CTOPOHBI.

Jlano:

¢ " AABC,AB =10 cM,BC = 17cm, AC = 21cm
M_ BD-(ABC),BD = 15cm
=== : Hatitu paccrostaue ot B u D o AC

Pemenue
1) JlonosHUTENbHOE OCTPOEHHUE: MPOBEIEM BM L AC.

3nauyut, BM- paccrosaue ot B 1o AC.
DM — HaKJIOHHad

BM — npoekiusa HakioHHOW ¢ = DM L AC = DM — paccrosnue ot D no AC.
BM 1 AC.

2) s toro, utoObl HaiTH BhIcOTY BM TpeyronsHuka ABC, BbUMCINM CHadajga €ro IUIOHIAllb,
ucrons3ys popmyiy I'epona S, = \/P - @-b)-(p—c), p= a+s+c
10+17+21
=—F = 24 cm
Supc = /24 (24—10)- (24— 17) - (24— 21) =24 - 147 - 3 = 84cm?

1
3) 3anuiem Gopmyny sl BBIYUCIEHUS TUIomanm S, = 5 ah

[TpumenuM 3Ty GopMyiTy K HalleMy TPEYrOJIbHUKY: S apc = %AC - BM.

. 28
Beipaszum u3 stoit popmynst BM:  BM = %
2-84

BM =—=8cM
21

4) Paccmotpum TpeyronbHuk BDM- npsiMmoyronbHbIi, T.K. BD L (ABC).

ITo Teopeme Iudaropa naitnem DM:

DM? = BD? 4+ BM?

DM? = 152 + 8% = 289

DM =+/289 = 17 cm

OTBeT: pacCTOSIHUS OT KOHIIOB NEpIEeHUKYIsipa 10 cTopoHbl AC paBHbI 8 cM U 17 cm.

®opma npeacraBaeHus pe3yJabTaTa: BHIIOJHEHHOE 33aJaHHE.

Kpurepum ouenku:

Ouenka "oTJHYHO'" BBICTABISETCS, €CITU pabOTa BBHIOJIHEHA B MOJTHOM 00BbEME C COOIOIEHUEM
HEOOXOMMOM TOCIEe0BAaTeILHOCTH JIEUCTBHUI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aITMCH U BBEIYMCIICHMS.

Ouenka ''Xopouio'" BBICTABISETCSA, €CIU BBITIOJHEHBI TPEOOBAHUS K OIEHKE "OTJIMYHO", HO
JIOTYIIIEHBI 2-3 HeloveTa.

Ouenka '"ya0BJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHEBIE PE3YIbTATHI U BHIBOJBI; B X0OJI€
MPOBEIEHUS pabOThI ObUIH AOMYILEHBI OIIHUOKH.

Ouenka '""Hey/10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJTHEHA HE MOJHOCTHIO WU
00BEM BBITIOTHEHHOM YacTH pabOTHI HE TTO3BOJISAET CAENATh MPABHIbHBIX BHIBOJIOB.
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Tema 4.2. [IpsiMble U JIOCKOCTH B IPOCTPAHCTBE

IIpakTuyeckoe 3ansaTue Ne 40
Pemenne 3a1a4 Ha NapauIeIbHOCTh MJIOCKOCTEH

Hesab: @opMuUpOBaTh HABBIKK PEIICHHS 33144, UCTIOIb3Ys MPU3HAK MapaJUIeTbHOCTH MIOCKOCTEH U
CBOICTBA MapajIeNbHBIX INIOCKOCTEH.

Boinosinenue padotrel  cmocoOcTByer  (opmmpoBanmnio:I[IP61 OVIL.03, IIP69 OVII.03,
I1P612_OVIIL.03

3aganue:

M- KOJINYECTBO OYKB B UMEHU
N- KOJIMYECTBO OYKB B (haMUJTUU
p- mecsn poXIaACHUS

3anaya Ne 1

Mexnay nByMsl napajuielbHBIMHM IUIOCKOCTSMHM 3aKJIFOYEH OTPE30K, JJIMHOM m+n cM. Halinure
MPOEKIIUU ATOTO OTPE3KA HA KAXKAYIO IIIOCKOCTh, €CIIA PACCTOSHUE MEXIY TIIOCKOCTSAMH PAaBHO p CM.

3anaya Ne 2

[Tnockoctu M u P mapamiensubl. U3 Touek A u B minockoctu M mpoBesneHbl K miiockoctu P
HaKJIOHHbIE AC= m+n ¢cM U BD = m+n—3 cMm. Ilpoexkuus HaknonHod AC Ha OJHY M3 IUIOCKOCTEH
paBHa m cM. Yemy paBHa NpoeKi s HaKJIOHHOM BD?

3anaua Ne3

Mexny aByMs lapauieTbHeIMA TTocKocTsiMu P Q mpoBenensr otpesku AC 1 BD (Touku A u
B nexat B miockoctu P), AC=m+n+p am, BD = m +n 1M , pazHocTs npoekiuit AC u BD Ha oany u3
IJIOCKOCTEN paBHa m 1M . HaliquTe MIMHBI 3TUX MPOEKUUN U PACCTOSHUE MEKY INIOCKOCTSIMH.

Ilopsinok BbINOJHEHHS padOThI:

1. BHMMaTeapHO MPOYUTANTE YCIOBHUE 3a1aUH.

2. 3anuiuTe, 4TO B 3a/1a4e JaHO, CAeNaiiTe PUCYHOK.

3. IIpoananu3upyiite yciloBUE 3a1auu, pacCyXkaas OT TOrO, YTO HY)KHO HalTu. BcnoMHuTe, Kakue
TeopeMbl U (HOPMYJIBI TTOHAIOOSATCS TIPH PEUICHUH 3a1a4H.

4. Pemute 3amavdy. 3auIInTe OTBET.

[Ipn pemeHun 3agad Ha 3Ty TEMY MHCIIOJIB3YETCS OMNpPENENICHHUE MapajlIeNIbHbIX IUIOCKOCTEH,
IIPU3HAK NapaJIeIbBHOCTH INIOCKOCTEN, TEOPEMBI O NTAPAJUIEIBHBIX IUNIOCKOCTSX, & TAKXKE BaIllM 3HAHUS U3
IUTAaHUMETPHUU

3amaua Ne 1
Mexnay nBymMs mNapajuiedbHBIMU IUIOCKOCTSMHM 3aKJIIOUeH OoTpe3ok, juuHod 10 m. Hailigure
MIPOEKITUU ATOTO OTPE3Ka Ha KAXAYIO MNIOCKOCTh, €CIIM PACCTOSTHUE MEXKITY TJIOCKOCTSIMU PAaBHO & M.
Hano:

A a//B,AB = 10 cm
/ N / AC+B,AC =8 cMm

Haiitu npoexkuuu A

‘_\ Pemenue

r E 1) Tak kak IJIOCKOCTH napajjiCJibHbl, TO PaCCTOAHUC
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MeXay HUMH - 310 nepneHaukyisip AC. Iloctpoum npoekiuto orpeska AB Ha niockocTs f. ITO 0Tpe30k

BC.

2) Paccmorpum tpeyronbHuk ABC- npsMOyrobHbIil.

ITo teopeme ITugaropa AB? = AC? + BC?

AC* = AB® — BC?

AC* = 10% — 8% = 100 — 64 = 36

AC=6 cm.

Tak Kak MI0CKOCTH NapasuieabHbl, TO MPOSKIIUK OTPE3Ka Ha ATH MJIOCKOCTH OYyAyT paBHBI.

3amaua Ne 2
IInockoctu M u P mapamiensubl. 3 Touek A u B miockoctu M mpoBesneHbl K miiockocTu P

HaksioHHble AC= 37cm u BD=125 cm. Tlpoekuus nHakinonHoit AC Ha oHY M3 IUTOCKOCTEH paBHa 12 cM.
Uemy paBHa npoekius HakioHHOH BD?

Hano: M || PLAEM,BEM

13 AC =37 cm,BD = 125 cm
/A B / AE L P BK 1 P,CE =12 cMm
Haiitu: KD

ﬁL/fE = /

\

Pemenue

1) Paccmotpum tpeyronsuuk ACE- nmpsiMOyTOJIbHBIN.
ITo Teopeme ITudaropa AC? = AE? + CE?

AE? = AC* — CE*  AE®* =37 —12* = 1369 — 144 = 1225
AE=35 cm.

2) Paccmotpum TpeyronbHuk BKD- npsMoyronbHBIi.
ITo Teopeme IMTudaropa BD? = KD? + BK*?

KD* = BD* — BK? AE=BK, kak paccTosiHHs MeX/y MapauielIbHbIMU IIOCKOCTSIMH.
KD? = 125% — 35% = 15625 — 1225 = 14400

KD= 120 cm.

Ortgert: npoekuus BD pasna 120 cwm.

3amgaga Ne3
Mexny aAByMms napauieabHbIMU iockocTaMu P u Q mpoBenensl otpesku AC u BD (Touku A u

B nexar B minockoctu P), AC=13 cm, BD=15 cm, cymma npoekunii AC u BD Ha onHy U3 miockocten
paBHa 14 cm . Haliiute JUIMHBI 3TUX MPOEKUUNA U PACCTOSIHUE MEXY TUIOCKOCTSIMH.

4 N7

HMano: Q || P,AEP,BEP
AC =13 cm,BD = 15 cm
AE L Q,BK L Q,CE + DK = 14 cM

Haiitu: CE, AE, DK
CLE [VQ 5 Pemenne

1) Paccmorpum tpeyronpHuk ACE- mpsIMOYToJIbHBIN.
ITo Teopeme ITudaropa AC? = AE? + CE?

AE? = AC* — CE?

[lycTsb CE = x, Torna DK=14-x.
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AE? = 169 — x*
2) Paccmotpum TpeyronpHuk BDK- mpsiMmoyroiasHBIi.
ITo Teopeme ITudaropa BD? = BK? + DK
BK? = BD? — DK*
BK? = 225 — (14 — x)* = 225 — 196 + 28x — x* = 29 + 28x — x?
AE=BK, kak paccTosiHusS MEXy MapauIeIbHBIMU ITIOCKOCTIMU
3HauwT,
169 — x? = 29 + 28x — x?
28x = 140
X=5
CE=5 cm, DK=14-5=9 cm
AE =169 — 25 = V144 = 12 cm

OTBeT: paccTOSIHUE MEXIY MIOCKOCTAMHU 12 CM, IPOEKIIMU HAKJIOHHBIX 5 CM U 9 cMm.
®opMma npeacTaBJieHNUs pe3yJbTATa: BHIIIOJIHEHHOE 33/I1aHNUE.

Kpurepun oneHku:

OueHka "OoTJHYHO'" BBICTABIISICTCS, €CITM pa0d0OTa BBITOJIHCHA B IMOJTHOM 00BhEME C COOJIIOICHUEM
HE0OXOIMMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka ''Xxopouio'" BBICTABISACTCSA, €CIU BBITIOJHCHBI TPEOOBAHHUS K OIEHKE "OTJIMYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka '"y10BJIeTBOPUTENbHO'" BBICTABIAETCSA, €ClAM pPadOTa BBINOJIHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJIHEHHOM YaCTH TAKOB, YTO MO3BOJISICT ITOJIYYHUTh MTPABWIIBHBIC PE3YJIBTATHI M BHIBOJIBI; B XOJI€
MPOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka '""HeyI0BJIETBOPHUTEILHO'" BBICTABIISCTCS, €CIM PabOTa BBHIMOJIHEHA HE MOJHOCTBIO N
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPAaBUIHHBIX BHIBO/IOB.

Tema 4.2. [Ipsimble ¥ JIOCKOCTH B IPOCTPAHCTBE

IIpakTuyeckoe 3ansTue Ne 41
Penienne 3a7a4 Ha IBYTPaHHbIE YIJIbI.

Henb: @opMupoBaTh HABBIKM PEUICHUS 3a/1a4 HA NMPUMEHEHHE NOHATHM yria MExAy NpsSIMOU H
IJIOCKOCTBIO, ABYTPAHHOTO YIJIA, YIJIa MEXY INIOCKOCTSMH.

Boinoinenue paGorbl  cnmocodcTByer  (popmupoBanuio:[1P61 OVIL.03, TIP69 OVII.03,
I1P612_OVII.03

3aganme:

M- KOJINYECTBO OYKB B UMEHH

N- KOJIM4YeCTBO OYKB B (paMUITHH

p- Mecs1 poxXACHMS

1) U3 Toukn A BHE IJIOCKOCTHU MPOBEACHBI K MJIOCKOCTU MEPIEHAUKYISAP AB = n CM U HaKJIOHHBIE
AC u AM, obpa3yromiue ¢ MI0CKOCThIO YTIIbI 30°. Haiixure YToJ MEXAYy HaKJIOHHBIMU IpsiMoM. Halinure
CM.

2) KaTeTbl npsIMOYTOJbHOTO TPEYTOJIbHUKA PaBHBI N ¢cM U N + m cM. Omnpenennure pacCTosHUE OT
BEPILMHBI NIPSMOTO YIJla 10 INIOCKOCTH, KOTOpasi MPOXOAUT YEpe3 TUIIOTEHY3Y U COCTABIIAET yroil 30% ¢
IUIOCKOCTBIO TPEYrOJIbHUKA.

3) Touku A u B nexat Ha peOpe mpsimoro JIByrpaHHoro yria. AA; u BBi- nepnenaukymnspsl k
peOpy, NMpoBeIEHHbIE B pa3HBIX TpaHax, npuueM AB= m cm, AA; =n+m cm, BB =n—-1 cm.
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Hatinute A1B;.

Iopsiiok BbINOJIHEHUS PA0OTHI

1. BHMMaTEIpHO MPOYUTANTE YCIOBUE 3a4a4H.

2. 3anuiuuTe, 4yTO B 3a/1a4€ JaHO, CAEIANTE PUCYHOK.

3. Ilpoananu3upyiiTe yclOBHUE 3a/1aud, pacCyxkaas OT TOTO, YTO HYXKHO HaWTU. BcnomHute, kakue

TEOpeMbI U (DOPMYITBI TIOHATO0SATCS TIPU PEIICHUH 3a/1a4H.

4. Pemnre 3a7a4y. 3anuiinTe OTBET.
[Ipu peuienun 3a7a4 Ha ATy TEMY UCIOJIb3YIOTCS OMPEICTCHUS yIila MEXIY MPSMOH U MIOCKOCTHIO,

ABYI'paHHOI'O yriia, JIMHEMHOTO yriia ABYT'paHHOTO YI'Jid, a4 TaKXKC Ballld 3HAHHWA U3 INIAHUMCTPHUH.

3amauva 1
Han tpeyronsauk ABC co croponamu AB=9 cm, BC= 6 cm u AC= 5 cM. Uepes MEHBIIIYIO CTOPOHY

0 o
IIPOXOJUT IUIOCKOCTh, COCTAaBJIAIONIAs C INIOCKOCTBIO TpeyrojabHuka yron 45°. Haiinure paccrosHue
MEXy INIOCKOCTBIO U BEpIIMHON B.

B
it Hano: AABC,AB =9 cm
BC =6cM,AC =5cmMm
A D AC € a,ax = 45°
C
Hatitu: Paccrostuue ot B o a
Pemenne
1) JlononHuTENbHOE [IOCTPOCHUE: [IpOBELEM BD 1 ¢« = BD —

pacCTodHHUE OT B A0 IIVIOCKOCTH «&.

BM L AC = DM 1 AC no TeopeMe 0 Tpex epleHAUKYIdpax.
3uaunut, £BMD — JiMuHelHBIN yroJ1 AByTpaHHOro yraa, ZBMD = 459,
2) B tpeyronsauke ABC Haiinem BeicoTy BM.

CHauana BBIUHMCITUM IIJIOMIAIL TPEeYTroibHUKa TI0 popmyre ['epoHa:

S,=yp-(p—a)-(—b)-(p—c)

p = 9+Z+5 — 10 em

Sapc =V10-1-4-5 = 10v/2cm?
Sapc =5AC - BM = BM = 245¢

AC
BM = “:‘E = 4/2cMm

3) Paccmorpum TpeyroasHUK BMD- npsMOyToIbHBIH 110 TOCTPOSHHIO.

5D _ sin/BMD
BM

BD = BMsinZBMD
BD = 47 - sind5° = 4Z- L = 4cm.
OtBerT: paccrosinre oT B 10 miiockoctu 4 cm.

3anava 2
Konuper otpeska MK nexar Ha rpaHax npsmoro asyrpaHHoro yrma. MMj; u KKi-

MepIeHIUKYIApEI K pedpy, npuueM MK=13 cm, MM1=12 cm, M1K;=3 cm. Haiinure KKj.

L= Oy
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Hano: < aaf = 90°
MK =13 cm, MM, = 12 cM, M;K; = 3 cM
MM, L a KK, La
Haiitu: KK,

Pemenue

1) TlocTpouMm JIMHEHHBIA YroJI ABYIpaHHOro yria. [l 3TOro yepes Touky Mj MpoBeaeM OTPE30K
M;E, napannensusiii u paBubiii KKj.

KK; 1 a, cnenoBarensHo, M4 E 1L a.

< MM, E — IMHEHHBIN YyTroJ1 ByTPaHHOro yria, 3Ha4uT < MM, E = 90°.

2) Paccmorpum AMEK

ME- naxionnas k wiockoctu f, EMj — ee mpoekius Ha 3ty miockocts, EM; L EK ( T.k. EM1K1K —
MPSIMOYTOJIBHUK 110 TTocTpoeHuto). CnenoatensHo, ME L EK ( mo Teopeme o Tpex meprneHauKymspax)
u AMEK — npsiMoyroJibHbIH.

ITo teopeme IMudaropa MK? = ME? + EK?

ME? = MK? — EK? EK=M;K;=3 cm

ME? = 132 —32 =169 — 9 = 160

ME = V160 = 4v10 cm

3) Paccmorpum AMM,; K — npsamoyrosbHbIH, T. K. < MM, E = 90°.

Ilo teopeme [udaropa ME? = MM, % + M, E?

M,E? = ME2 — MM, ?

M;E? = 160 — 144 = 16

M;E=4 cm.

3uaunt, KK1=4 cmM.

OtBet: KK;=4 cMm.

(I)opMa npeacTraBJCHUs pe3yabTaTa: BhIIIOJTHCHHOC 3aJlaHUE.

Kputepun onenkmn:

Ouenka "oTJM4YHO'" BBICTABISETCA, €CIIM PabOTa BHITIOJIHEHA B MTOJIHOM 00BEME C COOII0IEHUEM
HEe0oOXOIMMOM TOCTENOBATENbHOCTH JEHCTBHUIL; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aIIMCU U BEIYHCIICHHA.

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

Ouenka '"yI0BJIEeTBOPUTENbHO'" BBICTABISETCSA, €CIM PabOTa BBINOIHEHA HE TOTHOCTHIO, HO
00BEM BBITTOTHEHHOW YaCTH TAKOB, YTO TIO3BOJISIET TIOYYUTh MPABHIIbHBIC PE3YJIBTATHl U BHIBOJBI; B XOJIE
MpOBeIeHUS pabOTHI ObUTH IOMYIEHbI OLITHOKH.

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

Tema 4.3 MHOrOrpaHHMKH M KpPyIJble Tesa

IIpakTuyeckoe 3ansaTue Ne 42
Pemenue 3agau Ha npusmy

He.ﬂbZ (DOpMI/IpOBaTI) HaBBIKH PCHICHUSA 3aJla4 Ha BBIYUCICHUA PA3JIMYHBIX 2JICMCHTOB IIPU3MBI, €€

89



MOBEPXHOCTU U 00BEMA.
Bouinosinenue pa6otrbl cnocodocTBYeT (opmupoBanuio:IIP610 OVIL.03, [IP612 OVII.03,
[1P614 _OVII.03,

3aganmue:

1. Jlnsg W3rOTOBJIEHHUS 3AIIUTHOTO KOXYyXa SJIEKTPUUECKOTO IUTa B BHUAE NPSIMON MPU3MBI C
OCHOBAaHUEM-TPEYTOJbHUKOM (CTOpPOHBI 4 M) M BBICOTOM & M, paccuMTaiTe MOJHYI IUIOIIAIb
MTOBEPXHOCTH.

2. Ormpenenure TUIOMIAAL TTOBEPXHOCTH U OOBEM 3JIEKTPUYECKOM MaHeIW B BHUIE MPSIMOM INPU3MBI C
OCHOBaHHEM-TIapajuiesiorpaMmoM (ctoponbl 4 ¢cM u 6 cm, yroa 60°) m BeicoTo 12 cM i1 BeIOOpa
MOAXOAAIIEr0 KOpILyca.

MHOrorpaHHMKOM Ha3bIBACTCS TEJI0, OTPAHUYCHHOE IJIOCKUMH MHOTOyTroibHHKamMu. OOmue
CTOPOHBI CMEKHBIX MHOTOYT'OJIbHUKOB Ha3bIBAIOT pedpaMu MHOTOIrpaHHUKA. MHOTOYTrOJIbHUKH, KOTOPbHIS
OTPaHUYMBAIOT MHOTOTPAaHHUK, HA3BIBAIOTCS €ro rpaHsMu. [paHu MHOTOTpaHHUKA, CXOJSIIMECS B
OJTHOM TOYKe, 00pa3yl0T MHOTOTPAHHBIN Yroj; BEPIIMHBI TaKUX MHOTOTPAHHBIX YIJIOB Ha3bIBAIOTCS
BepUIMHAMM MHOTrOTrpaHHuKa. [IpsMble, COCTUHSIONINE JIBE KaKWe-HUOYAb BEPIIWHBI, HE JIEKAIIUe Ha
OJIHOM TPaHU, Ha3bIBAKOTCS AUATOHAJISIMH MHOTOTpPaHHHUKA.

Ilpu3ma — MHOTOTpaHHUK, JBE€ TpaHU KOTOPOTO SIBJISIOTCS PaBHBIMH MHOTOYTOJIbHUKAMH,
JeXKAIIMMH B TApaJUICNIBHBIX IIJIOCKOCTSX, a OCTaJbHBIE T'PaHM — NapajljieiorpaMMaMH, HWMEHOIMMH
o0IIe CTOPOHBI C 3ITUMU MHOTOYTOJTbHIUKAMHU.

[Ipsimas mpu3ma Ha3bIBaeTCS MPABUIIBbHOM, €CTT €€ OCHOBAHUS — MPABUIIbHBIE MHOTOYTOJIbHUKH.

I[lnomaab0 MOJHOW MOBEPXHOCTH IPU3MbI HA3BIBACTCA CyMMa IUIOMIAZCH BCeX ee TpaHeH, a
IUIOIA/IBI0 00KOBOI MOBEPXHOCTH IPU3MBI — CyMMa IIJIONIA/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 MPpU3MBbI PABEH MPOU3BEACHHIO TUIOMIAIN OCHOBAHMS HA BBICOTY.
V=S,-h

IMopsinok BbINoOJIHEHUs padOTHI:

1) BbINOTHHUTH YEPTEK

2) 3ammcartb KpaTKO yCIIOBHE 3aa49n
3) Odopmuts perieHne 3a1a4u

3agauya 1: OcHoBaHue npsiMol Mpu3Mbl - poMO ¢ BbicoToM 2 M. [Inomans OOKOBOM MOBEPXHOCTH
IIpU3MBI paBHa 96 1M, a TUTONIA T TTOTHOM ITOBEPXHOCTH paBHa 128 av’. Haiizure BBICOTY IIPU3MBI.

Pemenue

O0603HaYMM CTOPOHY OCHOBaHHS @, @ O0KOBOE pedpo bPasHuMIly MeXTy IUIOMAb0 MOTHOM TTOBEPXHOCTH
MPU3MBI U TUIOIIA/IbE0 OOKOBOM MTOBEPXHOCTH MPU3MBI — 3TO YIBOCHHASI

TUTONIA/Ib OCHOBAHUS ITPU3MBI.




L Sem2a > 2a~128-96=32 = a~16
 Samdah=965 h=Zois gy
Omer: 1,5m. %
3agaua 2: OcHOBaHUE NPSIMON MPU3MBI - IPSIMOYTOJIBHBIN TPEYTOJIbHUK, KaTE€Thl KOTOPOI'O PaBHBI
S5 Mu 12 M, 6okoBOE pedpo npusmMbl paBHo 10 M. Haliure mutoria s mogHONH MOBEPXHOCTH MPU3MBI.

Pelnenne
.

A,

AC =5 +12° =13

Srmu = zswc + SA-:. ¥ + Sﬂﬂ.c,c + S.Mc.c

S =2*0,5*%5*12+5*10+12*10+13*10=60+300=360 M
Otser: 360 M°.

®opma npeacTaBiaeHus pe3yJbTaTa: BHIIOTHEHHOE 3aJaHNE

Kpurtepun onenku:

Ouenka "oTJM4YHO'" BBICTABIAETCS, €CIU pabOTa BBHIIOJIHEHA B MOJTHOM 00BbEME C COOI0IEHUEM
HEOOXOMMOM TOCIeI0BATEILHOCTH JIEUCTBHUI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3aITMCH U BEIYHCIICHHMS.

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

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE TMOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIBHBIE PE3YNIbTAThl U BHIBOJBI; B X0OJI€
MIPOBEEHUS pabOThI ObUIN AOMYILEHBI OIIUOKH.

Ouenka '"Hey/10BJIETBOPUTEIBLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO MU
00BEM BBITIOTHEHHOM YacTH pabOThI HE TTO3BOJISET CAENATh MPABHIBHBIX BHIBOJIOB.

Tema 4.3 MHOrorpaHHMKH U KpyrJjble Teja

IpakTnyeckoe 3ansiTue Ne 43
Pemenue 3a5a4 Ha nUpamMuay

Hean: ®opmMupoBaTh HABBIKM PEIICHUS 3a]a4 HA BBIYUCICHUS PA3IMYHBIX AJIEMEHTOB IMUPAMUJIBL,
€€ TIOBEPXHOCTH U 00BheMa.

BbinosiHenue padorbl  crnocodcTByeT (opmupoBanuio:[1P610 OVYIL.03, IIP612 OVII.O3,
[1P614 _OVIIL.03,
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3amanmue:

1. Paccuntars 00bEM MOHTaXHOI'O OTCEKa PACHPENEIUTENBHOIO IMTKA, BBIIIOJIHEHHOTO B opMe
MPaBUIBHON YETHIPEXYTOJbHONW MHpPAMHIbI BBHICOTOW 4 CM M JUAaroHalIbl0 OCHOBAaHUS 8 CM, 4YTOOBI
YIOCTOBEPUTHCS B JOCTATOYHOCTH MECTA I Pa3MEIECHNs KOMIIOHEHTOB U IIPOBOJKH.

2. DNEeKTPUKY HEOOX0IUMO MOKPACHTh KOPITyC aBTOMAaTa, UMEIOIIUN (pOopMy MPSMON MHPaAMHIIBI C
paBHOOEIPEHHBIM TPEYrOJIbHUKOM B OCHOBaHMHU. [lJIMHA OCHOBaHMs TpPEYrojbHHKA 5 CM, OOKOBBIE
CTOPOHBI TPEYrojbHHUKAa M OOKOBbIE pEOpa mupamuasl — 1mo 6 u 12 cMm coorBeTrcTBeHHO. HyxHO
OIPEeIeJIUTh OOIYIO IIJIO0IIA/lb IOBEPXHOCTH KOpPITyca AJis pacyéra KOJUUeCTBa KPACKU.

IMupamuaa — 370 MHOTOI'PaHHUK, COCTABJIEHHBIN U3 N—YT'OJbHUKA U N TPEYTOJIbHUKOB.

MHOrOyroJbHHUK - OCHOBAHHME MMHPAMUJIbI, TPEYTOJILHUKN - OOKOBbIE TPaHM C 00IIeH BEPIIMHOM,
Ha3blBAEMON BePIIMHOM NHMpamMuabl. lleprneHnukysnsp, ONyHIEHHBIM W3 BEpLIMHBI NUpaMUIbl Ha €€
OCHOBaHME, HA3bIBAETCS BHICOTOM MUPAMU/IBI.

[Tnomaae MOTHON MOBEPXHOCTH MAPAMUIBL:  Spom. = Sgox T+ Socn
V = 1 S,..-H

OO6beM mupamMuIbL: 3

Ilpasunvnaa nupamuoa

[lupamuja Ha3pIBaeTCs NPABWJIBHOM, €ClIM €€ OCHOBAHME — IPABWIbHBIA MHOTOYTOJIbHUK, a
OTPE30K, COSAUHSIOUINI BEPIIMHY TUPaMUJIbI C IIEHTPOM OCHOBAHMS, SIBJISIETCS €€ BHICOTOM.

Bce OokoBble pebpa mpaBWIBHOW NUPaMUIbl paBHBI, a OOKOBbIE TI'paHU SIBISIOTCS PaBHBIMU
paBHOOEPEHHBIMU TPEYTOJbHUKAMHU.

Bricota 00KOBOIl I'paHHM NpPaBUIBHOM MUPAMU[bI, MPOBEACHHAS U3 €€ BEPIIMHBI, HA3bIBACTCS
anogemMoi.

Ilnomans 00KOBOIl MOBEPXHOCTH NPABMJIBHON NUPAMHIbI PAaBHA IOJOBUHE IPOU3BEACHUS
IepUMeTpa OCHOBaHMsSI Ha annoemy.

1
8601\" = E Pocu ' g
IL1omane MOIHON MOBEPXHOCTH NPABUJILHON NIUPAMU/bI:
1
SI’!OJH = SOCH +E P ) I

ITopsinok BbINoOJIHeHUs padoOThI:
1)BbInONHUTE YepTex

2)3anucaTh KpaTKO yCIOBHE 3aJjauu
3) Odopmuts perieHue.

3anaya 1: CtopoHa OCHOBaHMS NPaBWIBHOW YETHIPEXYrOJILHOW NUpaMHbl paBHa 4 cM, a anodema
06pasyeT ¢ MIOCKOCTHIO OcHOBaHMs yron B 60°. HaiiwTe 1ioma b moyHO# TOBEPXHOCTH MHPaMHIBI
Pemenne:

5
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Ex=Ypc->
P

- LESH =90°-60°=30° = SE=2EH =4

1 s N
S inn :4-4-EAB+AB' =2-4-4+4% =48 (cm)

OteeT: 48 oM,

3agava 2: OcHoBaHHME TMPaMUIbI —pOMO, aroHam kotoporo paBHbl 30 cM 1 40 cM. BbicoThl GOKOBBIX
TpaHei, POBEACHHBIC M3 BEPIIMHBI IMTUPAMH/IBI, 00Pa3yIOT C BHICOTOM MMPAMUIBI YIIBI, PABHBIC 30°. Haiimre 0Gbem

IAPaMUIBL
Peirenne:
AC=40 = AH=FHC~20

BD"'SO = BH=HD=-1{5
AB = \4'202 +152 =25
HE:%BC=12,S

SE=2HE =25

SH =ISE* “HE" =

2
=1’252—15-— =2$-£

Vg == —=:40.30.25.52 _ M3 o
Aap 0:30-25 5000 2500+/3 (CMS)

Orpet: 250043 con’

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

Kputepun onenkmn:

Ouenka "oTJM4YHO'" BBICTABISACTCSA, €CIIM PadOTa BHITIOJIHEHA B MOJTHOM 00BEME ¢ COOJI0IEHUEM
HEOoOXOIMMOM TOCTENOBATENbHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJHEHBI BCe
3aIIMCU U BEIYHCIICHHA.

Ounenka ''xopomo" BBICTaBISETCS, €CIM BHINONHEHBI TpeOOBaHUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"yI0BJIeTBOPUTENbHO'" BBICTABISETCSA, €CIM paboTa BBHINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOTHEHHOM YaCTH TAKOB, YTO TO3BOJISIET TIOMYUYUTh MPABHIIbHBIE PE3YJIBTATHI U BHIBOJBI; B XOJIE
MPOBEICHUS pabOThHI ObUIH JOMYIIEHBI OIIMOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBHIMIOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH pabOThI HE TIO3BOJISET CIeaTh MPAaBUIHHBIX BHIBO/IOB.

Tema 4.3 MHOrOrpaHHMKH M KpPyIJble Tesa

IpakTunyeckoe 3ansaTue Ne 44,45
Pemenue 3a1a4 Ha BbIYHC/IeHHE 00bEMOB M MIOBEPXHOCTEH MHOTOTPAHHUKOB

He,]]b: (DOpMI/IpOBaTI) HaBBIKH PCHICHUSA 3aJla4 Ha BBIYUCICHUA PA3JIMYHBIX 3JICMCHTOB IIPU3MBI, €€
MOBEPXHOCTU U 00BEMA.

BoinosiHenue padotrbl cnocodcTByer GopmupoBanuio:[1P610 OVIL.03, [IP612 OVII.03,
ITP614_OVIIL.03,

3aganme:
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1. Ompenmenute Bua u Haiinute nepumerp cedenus kyba ABCJIA;B;Ci/l; mmockocTsio,
npoxopsiei uepes peopo A1/lx u cepenuny pedbpa BB1, ecniu qimmHa peGpa kyda paBHa § cm.

2. Ompenenute BuA W Haiiaure mnepumerp cedenus kyba ABCJ/IA;B;Ci/l; mmockocTsio,
npoxoxsmien uepe3  Touku A, Jl u cepequny pedpa CCs, ecau aimHa pedpa kyOa paBHa 4 CM.

3. Haiinute ruomaasr MoBEepXHOCTH paboyeil AeTanu, N300paXeHHOH Ha pUCYHKE (BCce ABYTpaHHbBIE
YTJIBI TIPSIMBIE).

[§%]

[ ]
-

)
“ D

5. TpeOyercs ycTaHOBHUTH pe3epByap Ui BOJbI eMKOCThIO 15 M3 Ha momazake pazmepom 4,5 M x
3,75 m, cimyxkaiei uist Hero JHoM. Haliure BRICOTY pe3epByapa.

6. CranpHas 3arotoBKa cisiO umeer Gopmy mpsMoil mpussl BeicoTo 0,35 M, mupuHoi 2,5 M u
nuHoit 4,8 m. Haiinute maccy cisiba, eciu TUIOTHOCTh CTayid paBHa 7,85 1/cm3.

IMopsinok BbINoOJIHEHUs padOTHI:

1) BbINOTHHUTH YEPTEK

2) 3ammcartb KpaTKO yCIIOBHE 3aa49n
3) Odopmuts perieHne 3a1a4n

3agaua 1: [lan xy0 ABC/{A1B1C/[1. Jokaxure, 4To ceueHue kyoda miockocthio 41C1K, rae Touka
K - cepenuna /[C - Tpanenus.

B| cl

A D
Pemenune: MK]||A1C1, nmotomy uto (A/[1C1) mapamnensha (AJC), a MK u A;Ci; - nuuum
nepecedeHust dTux rmiockoctet. MK||A1Cy, AlM*I’r C1K, MK#A,C,, 3naunt MA1C1K - Tpamerusi.
3anaua 2:

Han xy6 ABC/]A1B1C1/11. loxaxure, 9To cedeHue Kyoda miockocTeio 4181K - mapannenorpamm.
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Pemenune: (AA1B1)||(A11C), o A1B1||IC n A1B1=/IC. (AA1/11)||(BB1C1), T0 A/||B1C, 3Hauut

A1B1C/[ - mapannenorpamm.

3agaua 3:
Haiinure momaas moBEpXHOCTH paboydei neranu, n300pakeHHON Ha pUCYHKE (BCE IBYTpaHHbBIC

YTJIBI IIPSIMBIE).

Pemenne: [1no1maas NoBepXHOCTH 3alaHHOM J€TalIn -3TO IUIOIIA b MHOI'OIpaHHUKA, paBHA
Pa3HOCTH IJIOLIA/IM TOBEPXHOCTHU IPSIMOYTOJILHOTO Mapaienenumnena ¢ pedpamu 2, 4, 5 u 1syx

IUIoIIa el KBaIpaToB CO CTOPOHOM 1:
2%x4x54+2«2%x54+2%x2x4—-2%x1%x1="74

OtBerT: 74.

3anava 4:
Haiinure 06beM paboueit getaiu, n300pakKeHHOM Ha PUCYHKE (BCE ABYTPaHHBIC YTIIBI TIPSIMBIE).

v

=)

<3

A y .
Pemenne: O6beM 1aHHOM JeTanu paBeH 00beMy MHOTOTPaHHUKA M PaBEH Pa3HOCTH 00BEMOB

napajuienenumnesoB ¢ peopamu 3,4,4u 1, 1, 1
V=V1-V2=3%4x4—-1x1x1=47

Otsert: 47

3amaua 5:
Tpebyercst ycTaHOBUTH pe3epByap Uil BOJbl eMKocThio 10 M3 Ha mutomazake pasmepom 2,5 m x 1,75

M, CITy’Karieu st Hero qHoM. Haiiaure BeICOTY pesepByapa.
Pemenne: ITnomans nuaS = 2,5 * 1,75 = 4,375kB. M. Tak kak V = S * h, TO
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h=Y=22 979\
S 4,375

(I)opMa NMpeacTraBjJdCeHusd pe3yjabTaTa: BbIIIOJIHCHHOC 3aJaHuC.

Kpurtepun onenku:

Ouenka "oTJHYHO'" BBICTABIACTCS, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME ¢ COOI0IEHUEM
HEO0OXOIUMOM TOCIIEAOBATEIFHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3alMCH U BBEIYMCICHHA.

Ounenka ''Xxopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OLEHKE "OTJIMYHO", HO
JONYIIEHBI 2-3 HeJ0YeTa.

Ouenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBHIMOTHEHA HE MOJHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TaKOB, YTO MO3BOJISIET TIOJYYUTh IMPABHIIBHBIC PE3YJIBTATHl U BHIBOJBI; B XOJI€
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WUITU
00BEM BBITTOJIHEHHOM YacTH paObOThI HE TIO3BOJISCT C/IEaTh MPABUIHHBIX BHIBOIOB.

Tema 4.3 MHOrOrpaHHMKH U KPYIJble TeJa

IIpakTuyeckoe 3ansiTue Ne 46
Pemenne 3a1a4 Ha HWJIMHAP, KOHYC Wap u cepy

He.]'lb: CDOpMI/IpOBaTI) HaBbIKM PCIICHHUA 3ada4 Ha BBIYUCIICHHA Pa3IMYHbIX 3J3JICMCHTOB TCI
BpAIIEHUs, UX TIOBEPXHOCTEH U 0OBEMOB.

Boinosinenue padotrbl cnmocodcTByer Gopmuposanuio:[1P610 OVIL.03, [IP612 OVIIL.03,
I1P614 OVII.03,

3aganue:

1. derans umeer hopMmy LMIMHIpA, 00bEM KOTOporo paseH 120 cM?, ero BeicoTa 3,6 cm. Haiitu
panuyc HUIUHApA.

2. lleranb uMeeT GopMy KOHYcCa BBICOTA, KOTOPOTO paBHA 12¢cM, a paauyc ocHOBaHMA paBeH 10cM.
KoHnyc nepecedeH IIIOCKOCTBIO Tak, YTO B CEUYEHUU IOIYYMIICS TpeyroiabHUK. Halimure paccrosHue or
3TOTO CEYEHHMsI 10 OCH.

3. Heranp umeer popmy mapa. PaccTossHue OT LeHTpa IIapa J0 CeKylled MIOCKOCTH PaBHO 8 M, a
paanyc cedeHus III0CKOCThIO paBeH 6 M. Halinute paguyc mapa.

Huauaap — Teno, MOMyYSHHOE MPH BPAIICHUH MPSIMOYTOJIbHHKA BOKPYT OCH, COJCpIKAIICH ero
CTOPOHY.

Kpyru Ha3bIBarOTCS OCHOBAHWSIMM IWJIHHIPA, a OTPE3KH, COCTUHSIOIINE COOTBETCTBYIOIIHE
TOYKH OKPYKHOCTEH ATHUX KPYroB — OOPasylIIUMHM UWIHHAPA. Y [WIMHAPA OCHOBAaHUS PAaBHBI U
napajuieNIbHbl U 00pa3yroINe TAKKE PAaBHBI U MapaJUICIbHBI MEXTY COOOiA.

Ockl0 HUWJIMHAPA HaA3bIBACTCA IIpAMas, Npoxoadmas 4€pe3 HCHTPBI OCHOBaHHﬁ, mapaJijiCjibHas
00pa3yIoIIUM.

BoxoBan MOBCPXHOCTh HUWJIMHAPA — 3TO IOBEPXHOCTH, MOJYYCHHAA OT Bpall€HUA CTOPOHBI
NPSIMOYTOJIbHUKA, TTAPAJIICIILHON OCH IIMJIHHIPA.

BricoToii HUJIMHAPAa HAa3bIBACTCA PACCTOAHUEC MECKAY OCHOBAHHMAMHU LHIWHApPA. Pa[[l/lyCOM
[WIMHPA Ha3bIBACTCS PAJUYC €T0 OCHOBAHHMS.

Huannap Ha3piBaeTcs NPSAMBIM, €CIM €ro o0pasyrolue MepHeHAUKYISPHBI IMJIOCKOCTAM
OCHOBAaHH.
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S, =2xRh;

box

[Tnomane 60KOBOI MOBEPXHOCTH:
[Inomane MoMHON MOBEPXHOCTH:
S =S_ +2S =2mRh+27R;

noOMH 00K OCH

S —2aR(h+R)

NnoOlH

O06beM uIHHpA: V =7R%h.

Ceuenue yurunopa — purypa noiaydeHHas: B IEPeCEUCHNUH IIHITMH/IPA IIIOCKOCTHIO.

Ceuenue, MpoxoadIlee Yepe3 OCh UINHAPA, HA3bIBACTCS 0Ce8blM ceyeHueM U MPENICTaBIsieT co00i
NPSIMOYTOJIbHUK.

Ecnu cexymas miockocTs NepreHANKYIsIpHA K OCH IIIIMHAPA, TO CEUEHUE SBISETCS KPYTOM.

Konyc

Paccmotpum okpykHOCTH ¢ IIeHTpoM B Touke O u npsamyto OP, nepneHaukyaspHyIo K IUIOCKOCTH
3TOM OKPYXHOCTU. Kaxayr0 TOYKY OKPYXKHOCTH COECIMHUM C TO4Ykoi P orpeskom. IloBepXHOCTB,
o0Opa3oBaHHasi STUMHU OTPE3KaMU, Ha3bIBACTCS KOHUYECKOI, a CaMi OTPE3KU — 00pPa3yoIUMHU KOHYCA.

Teno, orpaHMYeHHOE KOHUYECKOM MMOBEPXHOCTHIO M KPYTOM, Ha3bIBAE€TCA KOHYCOM (puc. 2.2).

Konunyeckas noBepXHOCTh — 00KOBasi MOBEPXHOCTh KOHYCa, KPYT — OCHOBAHHE KOHYyca, Touka P —
BepPIIMHA KOHYyCa, 00pa3yrolniiue KOHUYECKOW MMOBEPXHOCTH — o0pa3ymomue KoHyca. Bee obpasyromue
KOHyca paBHbI 1apyr Apyry. Ilpsmas OP, mpoxonsmias depe3 IEHTP OCHOBAHMSI U BEPIIMHY KOHYcCAa,
Ha3bIBaeTCsl OChI0 KoHyca. OCh KOHyca MEpPIEeHIUKYJSpHA K IUIOCKOCTH ocHoBanus. Otpe3ok OP
HA3BIBAETCS BBICOTOM KOHYCA.

Ecnu cekymasi miaockocTh MPOXOJIUT 4YEpe3 OCh KOHyCa, TO MOJYYEHHOE CEYEHHE Ha3bIBAETCS
0CEBbIM CeYEeHHEM.

[IpoBeném cexylyo MI0CKOCTh NEPIEHIUKYISIPHO K OCH KOHYyca. JTa IIOCKOCTh NEPECEKAETCs C
KOHYCOM IO KpYTy M pa30uBaeT KOHyc Ha naBe yacTu. OJHa W3 YacTel mpeAcTaBisieT coOOW KOHYC, a
Jpyras Ha3blBaeTCsl yce4éHHbIM KOHYcoM. (M300pa3ute yceu€HHbIM KoHyC camocToaTenbHo. [locTpoiite
00pa3ymoIIyto, BBICOTY.)

Cdepoii Ha3bIBaeTCS OBEPXHOCTh, COCTOAIIAS M3 BCEX TOUYEK IMPOCTPAHCTBA, PACIOJIOKEHHBIX Ha
JAHHOM pACCTOSHUM OT JaHHOW TOuYkH. JlaHHas TodYka Ha3bIBaeTCs WEHTPOM cdepbl, a JaHHOE
pacctosinue — paaumycoMm cgepbl. OTpe30K, COSTUHSAIONINK 1Be TOUKH Chepbl U MPOXOIAIIUN udepes3
LIEHTp, Ha3bIBAeTCS AMaMeTpoM. Teno, orpaHudYeHHOe CPepoil, Ha3bIBACTCS IIAPOM.

[lap MOXXHO HOJYyYUTh NMPH BpalllEHUU IOJYKpyra BOKpPYr Auamerpa. ['panHuneil mapa ciayxuT
chepa.

[Tnockocts, uMMeromas co cdepoil TOIBKO OAHY OOIIYI0 TOYKY, Ha3bIBaeTCs KacaTebHOM
IVIOCKOCTBIO K cdepe. Paamyc cdeppl, mpoBen€HHBI B TOUKy KacaHusi chepbl W IUIOCKOCTH,
MEPIEeHIUKYISIPEH K KacaTeNbHON TNIOCKOCTH.

Ceuenue miapa, MpoxoJsliee 4epe3 IEHTP, Ha3blBaeTCs OOJbIIMM KPYroM, HE MpPOXOsllee —
MaJibIM Kpyrom LleHTp GoNbIIOro Kpyra COBMANAeT ¢ IEHTPOM Ilapa, a MEeHTP Maloro Kpyra sSBIsSeTCs
OCHOBaHUEM MEPIEHANKYISApa, OMYIIEHHOIO U3 LIEHTPa [Iapa Ha IMII0OCKOCTh 3TOr0 Kpyra.

CeueHusi, paBHOOTCTOSIIIIUE OT LIEHTPA, PAaBHBHI.

Pasinyc OKpYKHOCTH, TIOJy4E€HHON TIpU TIepeceueHun chepsl paauyca R MIockocThio, yaaneHHoM

OT 1eHTpa chephl Ha d, paBeH V R®-d* .

Ilopsinok BbINOJHEHHSI padOThHI:
1)BbINONHUTE YepTex
2)3amnucarb KpaTKo YCIOBHE 3aa4H

3agaya 1.0ceBoe cedeHue MWIMHApPA — KBajpar, miomaas kortoporo Q. Haligure miomans
OCHOBaHUS IUJIMH/PA.
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Pemenue:

CropoHa KBajpaTa paBHa, . OHAa paBHA AMAMETPy OCHOBAHMSA. 1103TOMY IUIOAIb OCHOBAHMS

7{@ ) _m
paBHa

2

4

T
OtBeT: Sochmn. = TQ

3amaua 2. Beicota mwimnHzapa 6cMm, paaumyc ocHoBaHus ScMm. Halinurte miomans cedeHus,
MIPOBEJICHHOTO MApaJUICIIbHO OCH IIMIIMHJIPA Ha PACCTOSTHUH 4CM OT Hee.

Pemenne:

Scea= KMxKC,

OE=4cMm, KC=6cm.

Tpeyroasauk OKM — paBHoGeapenHsslit (OK =OM =R =5 cm),
tpeyroiabHuK OEK — mpsMoyronbHbIii.

N3 tpeyronsauka OEK, no reopeme [ugaropa:

K= VOK? —OE? =425-16 =/9 =3

KM =2EK =2x3 =6,

Scen= 6X6 = 36 oM,

OtBeT: Sceq= 36 oM.

3amaua 4: Iliomans GOKOBOH MOBEPXHOCTH KOHYca paBHa 60 1M, a paaiyc OCHOBAHHS PAaBeH 6 M.
HaiiguTe paccTosiHMEe OT LIEHTpa OCHOBAHUS JI0 00pa3yrolleil KoHyca.

Pemenue:

Seux = Arf =600 => pl =60

r=6:=>£=ﬁ.i=10.
B

SO =VAS — 40 =10° -6 =8

1 |
Soso == AG-O5 =—.6-8=24
2 2

98



S, o =—;—0H-AS=SOH=24=$ or;:%

C npyro¥ CTOpOHBI,

2
3agaua 5: [Inomwaau cedeHus mapa IIOCKOCThIO paBHa 1611 M” , a miomaab napaiesbHOro emMy
CEYEHUsI, MPOXOIALIECT0 Yyepe3 IEeHTp 1mapa, paBHa 2511 M . Haiitu pacCTOSHUE MEXKIY TIOCKOCTAMH

CEUEHUH.

wt =16n=>r" w16, r=4u,
R =25r= R =25, R=5nm.

h=JR -1 =y25-16 =3 (M)

OtBer: 3 M
®opMma npeacTaBJieHUs pe3yJbTATAa: BHIIIOJIHEHHOE 33/IaHHUE.

Kpurepun oneHku:

OueHka "oTJHYHO'" BBICTABIISICTCS, €CIU pab0OTa BBIOJIHEHA B ITOJTHOM 00BEME C COOIIOICHUEM
HE0OXOIMMOM TOCIEN0BATEIBHOCTH JCHCTBHUI; B OTBETE MPABUIBHO M AKKYpaTHO BBIMIOJIHEHBI BCE
3aIIMCU U BEIYHCIICHUS.

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

Ouenka '"ya0BJIeTBOPUTENbHO'" BBICTABIAETCSA, €ClIM padoTa BBINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOM YaCTH TAKOB, YTO MO3BOJISIET MOJIYUUTh NMPABWIBHBIE PE3YIbTAaThl U BHIBOJIBI; B X0J1€
MpOBeICHUS pabOThI ObLTH AOMYIIEHBI OIIUOKH.

Ouenka '""Hey10BJIeTBOPUTENbHO' BBICTABISETCSA, €CIM PabOTa BBHIMIOJHEHA HE MOJTHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacTH paboOThI HE TIO3BOJISAET CIeaTh MPaBUIHHBIX BHIBO/IOB.

Tema 4.3 MHOrorpaHHMKM M KpyIJble Tejia

IpakTuyeckoe 3ansaTue Ne 47,48
Pemenue 3a1a4 Ha BbIYNC/IeHHE 00BEMOB M OBEPXHOCTEH KPYIJIBIX TeJ

Heanb: ®opMupoBaTh HABBIKK PEIICHUS 3a/1a4 HA BBIYMCICHHE IOBEPXHOCTEH M OOBEMOB Tell
BpAILCHUS.

BoinosiHenue padotbl cnocodcTByer GopmupoBanuio:[1P610 OVIL.03, IIP612 OVIIL.03,
[1P614 _OVIIL.03,

3aganue:

1. HeoGxoauMo mo 4yepTexKy M3roTOBHTH KOHYC. /[ pacdyera HeoOXOAMMOTo MarepHuajia Ha
W3rOTOBJICHHE HAWJUTE MOJHYI0 IOBEPXHOCTh KOHYycCa, €Clii 00pa3yolas HakJIOHEHa K IUIOCKOCTH
OCHOBAHM MO YIIIOM 30%u paBHa 12 cM. A paguyc OCHOBaHHS § CM.

2. Heo0xoguMo 1o 4YepTe:Ky H3roToBHTH Iiap, o0béM Kkoroporo 12511 M. Tl pacuera
HE00X0AMMOT0 MaTepHala HailieTe IIoab Chepsl.
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uauuap

[Inomans GOKOBON MOBEPXHOCTH: Sso = 27RN;

[Inomane MoMHON OBEPXHOCTH:
Sronn = Ssor +2S,,, =27Rh+27R;

NnOMH 00K OCH

S =2:R(h+R)

nolH

O0beM UIHHpA: V =7R%h.

Ceuenue yurunopa — purypa Moxy4eHHas B IePeCeUSHUH MITMHAPA TUIOCKOCTHIO.

Ceuenue, MpoxoadIlee Yepe3 OCh LIINHAPA, HA3bIBACTCS 0Ce8blM ceyeHueM U MPEJCTaBiIsieT co00i
MPSIMOYTOJIbHUK.

Ecnu cexymas miockocTs NepreHUKYIsIpHa K OCH IIIIMHAPA, TO CEUEHUE SBISETCS KPYTOM.

I[nomaapr 60KOBOI MOBEPXHOCTH KOHYCa paBHA MPOU3BEICHUIO MOJIOBUHBI JIMHBI OKPYKHOCTH
OCHOBaHUS Ha 00pa3yIoLIyIo.

S, =l

Ilnomanps MOJHONM MOBEPXHOCTH KOHYyCa paBHA CyMME IUIOIIATd OOKOBOH MOBEPXHOCTH U
TIOIIAId OCHOBAHUSI.

Sy =r(l+7)

IInomanbs G0KOBOIi MOBEPXHOCTH YCeYEHHOI0 KOHYCA paBHA IIPOU3BENCHUIO MMOITYCYMMBbI JJIMH

OCHOBaHUI Ha 00pa3yIolIyIo.
O01b€éM KOHYCa paBEeH OJHOM TPETH MPOU3BEICHUS TIJIOIIAU OCHOBAHMS HA BBICOTY.

V=4S, -h=1Ymh

o S =47R?
IMnomans moBepxHOCTH cephbl PaBHA yUETBEPESHHOM IUIOMIAAN OOJIBIIIOTO Kpyra: — <P .
4
Vluapa =5 7ZR3
3

O0beM mapa:

ITopsinok BbINOJHEHHS PadOTHI:
1)BbInONHUTE YepTex
2)3anucaTh KpaTKO yCIOBHE 3aJjauu

3agaua 1: HeoOxonmMo mo 4epTe:ky HM3roTOBUTH KOHYC, IUIOMIA[b OOKOBOM MOBEPXHOCTH
KoToporo pasHa 60 e a panuyc ocHOBaHUSI paBeH 6 M. [l M3roTOBJICHHSI KOHYCa HEOOXOAMMO HalTH
paccTosiHUE OT IIEHTPa OCHOBAHUS J10 00pa3yroliei KoHyca.

Pemienue:

Seox =arf =600 => pl =60

r=6=>£=ﬁ.i=10.
R

SO =VAS* — A0 =J10° -6 =8

1 I
S == A0 -0 =—.6-8 =24
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Sm=-2-0HAS S0H = 24::.01{_?

C npyro¥ CTOpOHBI,
3anaua 2: Heo0xoaumMo mo 4eprexy H3roTOBUTH KOHYC. PaccTosHue OT LIEHTpa OCHOBaHUSA
KOHYCa JI0 CepelMHBI 00pa3yromeil paBHO 4 cM, a yroj HakJIoOHa oOpa3ymolield KOHyca K IUIOCKOCTH
OCHOBaHUS PaBeH 60°. Jl1st u3rotoBneHUs KOHYyCa HalliuTe IUIOIIA/(b OCEBOI'0 CEUYECHHUS KOHYCA.
5

'S@Q%'ASAB 60°—%~ --‘[-_16\/'(

O‘rner. l6~/§ oM’

Sanaqa 3: Ilnowans cq)epbl paBHa 100 M. PaCCTOﬂHI/Ie OT LIeHTpa CQepsl 0 CEKYIIEH TUIOCKOCTH
paBHO 4 M. HaliauTe panuyc ceueHusl.

Pemenne:

84 =4nR? =1008 = B =WB=>R=5

AD=VED" - 4B = 5§ =3 ()

Ortger: 3 M,

®opma npeacraBiaeHust pe3yJabTaTa: BHIIOJHEHHOE 33JaHHE.

Kpurtepun onenku:

Ouenka "oTJM4YHO'" BBICTABISETCS, €CITU pabOTa BBHIOJIHEHA B MOJHOM 00BbEME C COOMIOIEHUEM
HEOOXOMMOM TOCIeI0BATEILHOCTH JIEUCTBHUI; B OTBETE MPABWIHBHO W aKKypaTHO BBITIOJIHEHBI BCE
3allMCH U BEIYUCIICHUS.

Ounenka ''Xopomo" BBICTAaBISETCS, €CJIM BBIIOJHEHBl TpPeOOBaHUS K OIEHKE "OTIWYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.

Ouenka '"yaoBJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM paboOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITIOIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MTPABUIIBHEBIE PE3YIbTATHI U BHIBOJIBI; B X0OJI€
MpoBeACHUS PAaOOTHI OBUTH TOTYIIEHBI ONTHOKH.

Ouenka '""Hey10BJIETBOPUTEIbLHO'" BBICTABISETCS, €CIM PadOTa BBHIMOJIHEHA HE MOJHOCTHIO WU
00BEM BBITIOTHEHHOM YacTH paOOTHI HE TTO3BOJISAET CAENIATh MPABHIIbHBIX BHIBOJIOB.

Tema 4.3 MHOrOrpaHHMKH M KpPyIJble Tesa
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IIpakTnyeckoe 3ansitue Ne 49
Hcnonb3oBaHne KOMOMHAIIMIT MHOTOTPAHHUKOB U TeJl BpallleHHsI B IPAKTUKO-
OPUEHTHPOBOYHBIX 3aa4axX

Heab: ®opMupoBaTh HABBIKK PEUICHUS 33124 HA KOMOWHAIIMM MHOTOTPaHHUKOB U TEJl BPAILICHUSI.

Boinosinenue pa6orsl ciocoocTByeT hopmupoBannio:I1P610 OVIL.03, [TP612 OVII.03

MatepuanbHoe obecnieueHue: IHAMBUyaIbHBIE 3a/IaHUS, CIIPABOYHBIC MaTEPHAIbI, KOHCIICKTHI
JIEKIIUH.

3aganue:

1. I[HSI H3TOTOBJICHUSA ACTAJIU IO YCPTCIKY, B KOTOPOM B HHWJIMHAP HAKJIIOHHO BIIMCAH KBaApaT Tak,
YTO BCE €r0 BEPIIMHBI JIe)KAT HA OKPYKHOCTSIX OCHOBaHHUS HEOOXOJMMO HANTH CTOPOHY KBaJpaTa, €Ciu
BBICOTA LIMJIMHJIPA paBHA 2CM, a PaJINyC OCHOBAHUS PABEH 7CM.

IMopsnok BbINOTHEHHSI PA0OTHI:
1) BeINONHUTE YepTex
2) 3anucarh KpaTKo yCIOBHUE 3aa4un

3anava. [l M3rOoTOBJIEHMS JETAJM IO YEpPTEXKY, B KOTOPOM B LMJIMHJAP BIMCAHA IPAaBHJIbHAS
HIECTUYTOJIbHAs IPHU3Ma HEOOX0AMMO HAalTH OTHOLIEHHUS 00beMa IPU3MbI K 00beMy IIMIIMH/pA.

Pemenne:

Vapuon S,..xh S

OCH.

VMM/Z. — 7Z'R2 Xh B 7ZR2

ag — R
3R%\/3
Socn. =7 4
2
VnpusM _ 3R2\/§ % T _ 3\/§
V.. 2 R 2z
VnpuSM ﬁ
27

OTtBerT: yur =
DopMa npeacTaBjeHUs pPe3yJibTaTa: BbIIIOJIHEHHOE 3a/IaHUE.

Kpurepun onenkmn:
Ouenka "oTJH4YHO'" BBICTABISACTCSA, €CIIM padOTa BHITIOJIHEHA B MOJTHOM 00BEME ¢ COOI0IEHUEM

102



HEOoOXOIMMOM TIOCIIEAOBATEIPHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AKKypaTHO BBIIIOJIHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Ounenka ''xopomo" BbBICTaBIISIETCS, €CJIM BBIIOJHEHBl TPeOOBaHUS K OIEHKE "OTJIMYHO", HO
JONYIIEHBI 2-3 He04YeTa.

Ounenka '"yI0BJIETBOPUTENbHO' BBICTABISCTCSA, €CIM paboTa BBHIMOJTHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YaCTH TaKOB, YTO MO3BOJISIET MOJIYYUTh MIPABUIIbHBIE PE3YNIbTAThl U BHIBOJIBI; B XO/I€
MPOBEJICHUS paOOTHI OBUTH AOMYIIEHBI OIIUOKH.

Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISACTCSA, €CJIM PaboTa BBHIMOJHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacTH pabOThI HE TIO3BOJISCT CIEIaTh MPABUIHHBIX BHIBOIOB.

Pazngen 5 Teopml Bep()ﬂTHOCTeﬁ H MaTeMaTH4YEeCKad CTaTUCTUKA

Tema 5.1. DiieMeHTBI KOMOMHATOPUKH
IIpakTuyeckoe 3ansaTue Ne 50
Pemenne koMOMHATOPHBIX 3a1a4. PazMelenns, coueTanus 1 nepecTaHOBKH

Hean: Cucremaru3upoBaTh 3HAHUA ydaluxcs o TeMe. PopMUpPOBATh HABBIKU IOJCUETA YHCIIA
KOMOMHAaIMii 0€3 MOBTOPEHMSI, UCIIONIb3Ysl COOTBETCTBYIOMIKNE (OPMYIIBI, OTJIMYATh JIPYT OT APYyra BUIBI
KOMOMHAIIHIA.

BoinosiHenue pa6orsl cnocodcTByeT (popmupoBanuio:[1P68 OVIIL.03

3aganme:

1. Jaruuk ocHamieH 10 unnukatopamu, CKOJBKO BapHAHTOB OJHOBPEMEHHOTO 3aropaHus TPex
WH/INKATOPOB.

2. W3 Opuraner pabounx 12 denoBek, HeOOXOAMMO BBIOpATh 3 YenoBeKa I pabOTHI Ha CTaHKE.
CKOJIBKO CYIIECTBYET Pa3IMUHBIX CIHOCOOOB Takoro BbIOOpa.

3. B mexe umeercst 8 CTaHKOB [UIst pa3udHOil 00paboTku meraneii. CKOIBKO Croco0OB MMeeTcs
U1l PACCTaHOBKHU pabOYMX HA CTAHKH B Pa3HOM IMopsaKe?

IMopsinok BbINoOJIHEHUS PAdOTHI

1. Onpenenute Buj BHIOOPKH O€3 MOBTOPEHHUS.

2. Bribepere coOTBETCTBYIOUIYIO (OPMYITY JIJIsl BEIYHCICHUST BO3MOXHBIX KOMOWHAITHA.

3. IIpousBeauTe BHIYMCICHUS, UCTIONB3YS MOHATHE (haKTOpHAIA.

1.MHaukaTopbl Ha MyJbTE 3arOPArOTCs MOCIEN0BATEILHBIM HAOOPOM YETHIPEX pa3HBIX JaMIIOYEK,
MPOHYMEpPOBaHHBIMU IUGpamMu. TpeOyeTcss onpenenuTh YUCIO BO3MOXKHBIX BapHAHTOB 3aropaHus
JIaMITOYEK.

Pemenue.

BosmoxubIx 1udp (Hymepanus jgammnoyek) Bcero aecsats(1,2,3,4,5,6,7,8,9,0).Kaxnas nabpannas
KOMOMHAIMS OTJIMYaeTcsl OT Apyrol komOuHanuu XoTs Obl ogHoM umdpoii(1,4,5,7 #2,4,5,7),1mu60
nopsakoM Habopa oamnHakoBbix 1udp(1,4,5,7#4,5,7,1),moaToMy 111 TOACYETAa YHCIAa BO3MOKHBIX
KOMOWHAIMK UCTIONB3YeM (HOpMyITy dnciia pa3MenieHuH.

dopmyiia pa3sMEILIEHU UMEET BU: Ay = $ B namewm cinyuae n =4 ,m =10,

ERTTERT E-N-C N NP R _
1r-41 gl Bo532L 10-9-8-7 =5040

ir!

[Ipon3BoxuM pacuéT Aty =

2.CKOJBKO CYIIECTBYET CIIoco00B BhIOOpA TPEX paboUyuX U3 ACCATH I MPOBEACHUS paboT?
Pemenue.
B manHOM citydae mpu BBIOOpE IS HAC BaXKEH TOJIBKO COCTaB IO TPH YeJIOBEKa, MOPSAI0K BhIOOpa
PO HE UTPaeT, MO3TOMY B OTJIMYKE OT MEPBOTO MPUMEpa YUCIIO CIOCOOOB MOACYUTAEM MO (hopmyre
COUYCTAHHH.

103



f!

®opmyna coueTaHu uMeeT BUAOLC = B namewm cnygae n=10, m=3.

mln -y
el _ip!_rlosin _120
agtr-n! 37 3zd )

3.CKOJBKO pPa3IMYHBIX YETHIPEX3HAYHBIX YHMCENT MOXHO cocTaBUTh U3 mu¢pl,2,3.4 9 mudpsr He
MTOBTOPSIFOTCS)?

Pewenue.

[To ycnoBHIO aHO MHOKECTBO M3 YETHIPEX 3JIEMEHTOB, KOTOpbIE TpeOyeTcs pacloyiOKUTh B
OIpeeIEHHOM MOpAJIKE. 3HAUUT, TpeOyeTcs HallTH KOJIMYECTBO NIEPECTAHOBOK UX YETHIPEX JIEMEHTOB.

®dopmyra nepecTaHOBOK U3 I —3JIEMEHTOB UMEET BUI:F, = »! B Hamem cinydae n =4.

[TpousBeném pacuér: Fy, =4!=4.3 . 2.1=24.

[TpousBoaum pacuér: C}, =

(I)opMa NMpeaAcCTaBJdCHUA pe3dyjabTaTa: BhIIIOJIHEHHOC 3a1aHUC

Kpurepun oneHku:

OueHka "oTJHYHO'" BBICTABIISICTCS, €CIU pab0OTa BBIOJIHEHA B ITOJTHOM 00BEME C COOIIOICHUEM
HE0OXOIMMOM TOCIEA0BATEIBHOCTH JEHCTBUI; B OTBETE€ MPAaBUIBHO W aKKypaTHO BBIMOJIHEHBI BCE
3aIIMCU U BEIYHCIICHHA.

Ouenka ''xopouo'" BBICTABISACTCSA, €CIU BBITIOJHEHBI TPEOOBAHHS K OIEGHKE "OTJIMYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka '"ya0BJIeTBOPUTENbHO'" BBICTABIACTCSA, €ClIM PabOTa BBINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJIHEHHOHN YaCTH TAKOB, YTO ITO3BOJISICT IMOJYYHTh IMPABUIIBHBIC PE3YJIbTATHI M BBIBOBI; B X0JI€
MpOBeICHUS pabOThI ObUTH AOMYIEHBI OIIHUOKH.

OueHka '""HeyI0BJIETBOPUTEILHO'" BBICTABIISETCS, €CIM PA0OTa BBHIMOJTHCHA HE TMOJIHOCTHIO HITH
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MTO3BOJISET CACNIATh MPABHIIBHBIX BHIBOJIOB.

Tema 5.2 DiieMeHTBI TeOPHH BEPOATHOCTEH M MATEMAaTHYECKOM CTATHCTHKH

IIpakTnyeckoe 3ansitue Ne 51
Kiraccuueckoe onpenesnenue BepOATHOCTH, CBOHCTBA BEPOATHOCTEN, TeopemMa 0 cymMMe
BepoATHOCTEH. BepossTHOCTD B 321a4aX TEXHOJIOrH4€eCKOro npoguias

Heaw: CucremaruznpoBarh 3HaHUS ydauxcs 1no reMe. @opMupoBaTh HABBIKK BBIYUCIICHUS
BEPOSITHOCTH COOBITHI, HCTIONB3YsI KIIACCHYECKOE OMpPEAETIeHNE BEPOSITHOCTH
BoinosHenue padotsl cnocodcTByet hopmupoBannio:[1P67 OVIL.03, I[TP68 OVII.03

3aganue:
1. Jlatumk 3aduxcupoBasl cieayromue 3Ha4eHus Temmepatrypsl (1j - Temreparypa, Ni— KOJIUYECTBO
U3MEpEHUN)
. 22 21 20 25 18
n; 5 7 8 7 8

HaiiauTe BEpPOSTHOCTB TOTO, YTO TEMIIEPATYPA HE NMPEBBILAET 3HaueHue 22°. B oTBeTE NeCATHUHYIO
JpoOb 3aluIIUTe Yyepe3 3arsTyio.
2. s mpoBepKH TOYHOCTH MPUOOPOB uX mpoHymepoBaiu ot 1 1o 10. Hayzauy BeiOpan mpubop.
KaxoBa BEpOSITHOCTB TOTO, UTO 3TO OH UMEET NPOCTOI HOMEDP?
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3. BeposTHOCTB TOro, 4YTO HOBBIN AATYMK MPOCIYKUT Oouiblie roaa, pasHa 0,93. BepostHOCTh TOTO,
YTO OH IPOCTYXKUT OoJIbIe ABYX JeT, paBHa 0,87. HaliguTe BEpOSITHOCTD TOTO, YTO OH MPOCTYKHUT
MEHBIIIE JIBYX JIET, HO OOJIbIIIE TO/A.

4. DnexTpoHHBIH MPUOOP COCTOMUT M3 JBYX IOCIENOBATEIbHO BKJIIOUEHHBIX OJ0KOB. BeposTHOCTH

1 1 1 .
BBIX0JIa U3 CTpost 3a 1 MecsI paboThl epBOro OJ0Ka paBHA 3’ BTOPOTO - rk a oboux - re Haiinure

BEPOATHOCTH Oe3aBapuitHOM paboThl MprbOOpa B TEUEHUE MecsIIa.

IMopsiiok BbINOJIHEHUSI PA0OTHI
1. Ompenenute codbiTre A, BEpOSTHOCTH KOTOPOTO HYKHO BBIYHCIIHUTD.
2. TlpocuwnTaiiTe obmiee ynciao(N) BO3MOKHBIX HCXOJIOB.
3. IlpocuwnTaiiTe ynciao ucxomaoB(M), 6JaroNpUATCTBYIOIMMX HACTYIUICHUIO COOBITHS A.
w . m
4. Vcnonb3yiite Gopmyity Jis BBIMUCIICHUs BEPOSTHOCTU ONPENENEHHOTO coObITHs. FA) = =

1. Ha cknane 10 oauHakoBbIX MO pa3Mepy M BeCy JAeTalleld, U3 KOTOPBIX 6 OLIMHKOBAaHHBIX U 4
oObIuHBIX. BeIOMpaeTcst oqHa jaerans. KakoBa BEpOSTHOCTH TOTO, YTO W3BJICUEHHAS JIETAIb OKAXKETCS
OLIMHKOBAHHOI?

Pemenmue.

1. CoOriTne A-«M3BeyénHas neranb oKa3alach OLMHKOBAHHOMY.

. =mcmo N=10
. YHCI0 M=6
LR =T=2=q5

N~

. Bce neranu, OT06paHHHe JUIsl IPOBEPKU KauecTBa, MpoHyMepoBaHbl OT 1 10 30 u nomernieHs! B
smmk. M3Binekaerca ogHa aertans. KakoBa BEpPOSITHOCTH TOTO, YTO YMCIO HA B3STOM JETAIM OKAXETCA
KpaTHBIM 57

Pemenue.

1. CobbiTne A-«Ha B34T0i1 eTanu 4ucio KpaTHOE S».

2. =mcmo N=30

3. unciao m:6(‘{I/ICJ'Ia 5,10,15,20,25,30)

4. P(A) =;———nz

k-
3. BeposiTHOCTH TOTO, YTO HOBBIN AATYUK MPOCITYKHUT OoJbIie roja, paBHa 0,93. BepoaTHOCTh TOTO, UTO
OH MPOCITYXHUT O0JbINe ABYX JieT, paBHa 0,87. Haitaute BEpOSATHOCTH TOTO, YTO OH MPOCIYKUT MEHbIIIE
JIBYX JIET, HO OOJIbIIIE TO/Ia.

Perienue:

[TpopaGoTaB 1o/, TaTYUK MOXKET JIMOO CIIOMATHCS Ha BTOPOU o, TUOO0 01aronoiyqHo CIy>KUTh U TTOCIIE
2 neT paboTHI.

[Tyctb P— BeposATHOCTH TOTO, YTO AATYUK MPOCTYXKHIII OOJIBIIIE TO/a;

P;— BEpOSTHOCTBH TOTO, YTO OH CIIOMAETCs Ha BTOPOH TOJ;

P,— BEpOSATHOCTH TOTO, YTO OH MPOCITYKUT OOJNbIIIE ABYX JIET.

OueBugno, P = P; + P,.

Torma P, =P —P, =093 -0,87 =0,06

(I)opMa NMpeaAcTaBJACHUSA PE3YyJabTaTa: BEIIIOJTHCHHOC 3aJaHNUC
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Kpurepun oneHku:

Ouenka "oTJHYHO'" BBICTABISCTCS, €CITU pabOTa BBIOJIHEHA B IMOJTHOM 00BEME C COOIIOICHUEM
HE0OXOIMMOM TOCIEA0BATEILHOCTH JEHCTBUI; B OTBETE MPABUIBLHO M AaKKypaTHO BBIMOJHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka ''Xopouio'" BBICTABISACTCSA, €CIU BBITIOJHEHBI TPEOOBaHHS K OIEHKE "OTJIMYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka '"ya0BJIeTBOPUTEIBLHO'" BBICTABIACTCS, €CIM padoOTa BBIMOJHEHA HE IOJHOCTHIO, HO
00BEM BBITTOJIHEHHOM YaCTH TAKOB, YTO MO3BOJISET MOTYYUTh MPABUIHHBIC PE3YIbTATHl U BBIBOJBL; B XOJIC
MPOBEACHUS PaOOTHI OBUIH JOMYIIEHBI OIITHOKH.

OueHka '""Hey/10BJIETBOPUTEILHO'" BBICTABISETCS, €CIM Pa0OTa BBHIMOJIHEHA HE MOJHOCTHIO HITU
00BEM BBITIOJIHEHHOM YyacTH paboThl HE TO3BOJISIET ClIENaTh MIPABUIIbHBIX BHIBOJIOB.

Tema 5.2 DiieMeHTBI TeOPUH BEPOATHOCTEH M MATEMATHYECKON CTATUCTUKHU

Tema 6.1. OcHOBBI TEOPHH MHOKECTB

IIpakTnyeckoe 3ansiTue Ne 52
IIpencraBienue faHHBIX. 321241 MATEMATHYECKOM CTATHCTHKH TEXHOJIOTHYECKOr0 Npopuis

Hean: CucremaTH3upoBaTh 3HAHHS ydalluxcs 1o Teme. DopMHUpOBaTh HABBIKM HAXOXKICHUS
CTaTUCTUYCCKUX XaPAKTCPUCTUK B 3aa4ax
BoinosiHenue pa6orsl cniocodcTByeT popmupoBanuio:[1P67 OVIIL.03, [TP68 OVII.03

3ananmue:

1. HOCTpOI/ITL MMOJIMTOHBI YaCTOT U OTHOCHUTECJIBHBIX YaCTOT II0 paCIpEaACIICHHUIO BBI60pI(I/I us3 OTO6paHHBIX
JeTajaeu oy IMPOBCPKHU Ka4CCTBA:

xi‘2‘4‘7‘8‘9‘12

ni ‘ P! ‘sz P2 ‘ ps

HE

2. HOCTpOfITC TUCTOTrPpaMMBbI HaCTOT U OTHOCUTCIIbHBIX YaCTOT I10 paCpCaACIICHUIO BLI60pKI/I us3
OT06paHHBIX JeTajeu oy IMPOBCPKHU Ka4YCCTBA:

No WUntepsan, CyMMma yacToT
BapUaHT UHTEpBAJIA,

unrepana | Xj — X q n
I

1 3-5 P1
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2 5— 17 2pP2
3 7-9 3ps
4 9-11 p;
5 11-13 2p;
6 13-15 3p;
7 15-17 P1+p2

3. Jl1is TeHepaIbHOM COBOKYITHOCTH, 33JaHHON PACIpPeICIICHHEM

xi‘5‘10‘15‘20‘25‘30‘35

Ni‘ pr | 3p1| P2 | 2p2 | P2 | 2p3 | 2p:

Haiigure FCHEPAJIbHYIO CPECAHIOK, TCHCPAJIIbHYIO JUCIICPCUTIO, TCHCPAJIBHOC CTAHAAPTHOC OTKIIOHCHHUC,
MOAy, MECINaHy U pa3dMax.

4, U3 FeHepaﬂLHOﬁ COBOKYITHOCTH CACJIaHa BBI60pKa, 3a/laHHasd pacClpCacICHUCM:

xi‘2‘4‘6‘8‘10‘12‘14

2

n D1 ‘ p: ‘ Ps ‘ 2ps ‘pz+ps

P2 ‘ 2p;

Haiitu BIOOpOYHYIO CpeIHIOI0 BEIOOPOUHBIE UCTIEPCUIO M CTAaHIAPTHOE OTKIIOHEeHue. O0patute
BHUMaHUe: P = uuciay OykB B Bamiem umenu; p,= uncny OykB B Bareii pamunum; p3 = unciny OykB B
nmeHnu Barero otma.

Kparkue Teoperuueckue cBeleHHsI B IIOJHOM 00bEME UMEIOTCS B JIEKIIHH.
ITopsinok BbINOJHEHHs padOTHI:

1 [IpounTaB yciioBHe MPEIUIOKEHHON 3aa4H , 10 KOHCIIEKTY JICKIIMHA HAWANTE COOTBETCTBYIOIIHE
bopmyIIbI.

2.HpI/IMCHI/ITC JIEKITUOHHBIN TCOpCTI/IquKI/Iﬁ Marepuajl Ui pCIICHUA KaX1011 3a1a4M.

3 B ciiyyae HEOOXOIMMOCTH TIPEICTaBUTh TEOMETPUICCKYIO HHTEPIIPETAIMIO YHCIIOBBIX XapaKTEPUCTHK.
BBIOOPKH.

1. 3a;[aH0 pacnpeaciicCHUuC 4aCToT BBI60pKI/I nus3 OTO6paHHLIX JeTaneu o IIPOBEPKH Ka4yeCTBA.
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CocTaBuTh pacnpe/enieHie OTHOCUTENbHBIX YacTOT.
Omnpenenum cHavana 00beM BBIOOPKHU:

n=3+10+7 +5 =123,

. n;
Haiinem oTHOCHTENbHBIC YaCTOTHI IO opMysie W, = —-:
n

W] — — 0,12 y W2 - - O,4O,W3 — — 0,28 1W4 — — 0,20 .

CrnenoBarensHO,

KonTposs: 0,12+0,40+0,28+0,20=1.
2.. ITo pe3ynpTaram npumepa 1 TOCTPOUTH MOJUTOHBI YaCTOT U OTHOCUTENILHBIX YacTOT.

Pemenune. OT0Opa3uB Ha MIIOCKOCTH TOYKK C KoopauHataMu (X;,N;) ¥ COETUHUB MX OTPE3KAMH,
MOJTYYMM TIOJIUTOH YaCTOT:

N

10 2

2 6 12 15 Xi

AHAJOTUYHO MTOCTPOUM TTOJIUTOH O TOUKaM (X;,W;):

Wi

0,40 »

0,28

0,20
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3.ITocTpoiiTe rucTOrpaMMy IO CIEAYIOIIEMY CTATUCTHUECKOMY PaclpeIeieHHUIO:

WuTepBan Cymma yacTor
Ne unTepBana JUITNHON BapuaHT

h=5 N
1 5-10 4
2 10-15 6
3 15-20 16
4 20-25 36
5 25-30 24
6 30-35 10
7 35-40 4

Pemenue. [Ipexne Bcero, onpeaenum 00beM BEIOOPKHU:

n=4+6+16+36+24 + 10+ 4 =100,

I1o u3BeCTHEIM CyMMaM YaCTOT BapUaHT paCCUNTACM IIJIOTHOCTDH YaCTOThI IO MHTCPBAJIaM:

Ne IT;ToTHOCTE YacTOTHI Ne II;moTHOCTE YacTOTEI
HWHTCpBAJIa % HWHTCpBAJIa %

1 0,2 5 4,8

2 12 6 2,0

3 32 7 0,8

4 7.2

N300pa3um 1osryuyeHHbIH pe3ybTar:
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|2

P N W A~ 0o N
’
T

4, HaﬁHHTe UTAaTUCTIICCKNTC OOCHKT I CH pcuu:nuﬁ bUBUl\Z[yuHOCTI/I, 3al[aHHOI7I CIICAYIOIUM
0 x

5
BAPUALIMOHHBIM PsIOM

10

15

20 25 30 35

BapHaHTa X; ‘ 2 ‘ 4 ‘ 5 ‘ 6

gactora N; ‘ 8 ‘ 9 ‘10‘ 3

Pemenue. OHpe,Z[eJ'II/IM 00BeM COBOKYIIHOCTH:

Haiinem renepaibHy10 CpeIHIOKO:

N-=8+9+10+3=30.

< ~8:2+9-4+10-5+3-6 _

: - 4

Jrist BEIYUCIICHHS TeHEPATBHOM AUCTIEPCHI HCTOB3YeM GOPMYITY p _ x> _(x, Jf- OTPEACInM CPEHIO0

KBaApaToB:

Takum obpasom, p. =178-4% =18.

Y7 8:2°+9-4°+10-57 +3-6°

X2 =178
30

I'eHepanbHOE CTaHAAPTHOE OTKIOHEHHUE: o = /D, =,/18 ~1,34.

OOBIYHO IMMOJIYYCHHBIX PC3YJIbTATOB NOCTATOYHO AJIA MPAKTUYCCKUX 3aaa4. OI[HaKO MOKHO ITOJTYIUTDH
AOIOJHHUTEIBHBIC XapPaKTCPUCTUKHU JIA 0oJiee TOHKOM OLCHKHU FeHepaJ'IBHOI\/’I COBOKYITHOCTH. HpI/IBe)IeM

ux:

Moga Mo : HanOOJIbIIAs YacTOTa

Mo =10-

MenunaHa Me: BapI/IaLII/IOHHHﬁ pAa ACTIUTCA ITOIIOJIaM B TOYKC

Me=45.
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Pa3zmax Bapuanuu R: B npumepe
Xmax = 6;Xpin =21
[103TOMY
R=6-2=4.

5. U3 renepanbHON COBOKYITHOCTH M3BJIE€YEHA BHIOOPKA

Haiigure ctaTucTuyeckre XapakTepUCTUKH BBIOOPKHU.
Pemenue. Onpenenum 06beM BIOOPKU:

n =92 + 94 +103 +105 +106 = 500 .
Bri0opounas cpennss:

- 92-1+94-2+103-3+105-4+106 -5
B~ 500

x|

=182.

Ornpenenum CpeHIO KBAIpaTOB:

— 9212 +94.2% +103-32 +105 - 4% +106 -52
Xe = 500

=11,45-

Bri6opounas nucnepcus:
2 v 2
Dy = XZ —(X, J =1145-182% =8]14.

BLI6OpOLIHOC CTAaHAAPTHOC OTKJIIOHCHHUC!

oy =+/814 =285

®opma npeacTaBiaeHus pe3yJbTaTa: BbINOJIHEHHAas padoTa.

Kpurtepun onenkmn:

Ouenka "oTJHM4YHO'" BBICTABISACTCSA, €CIIM padOTa BHITIOJIHEHA B MTOJTHOM 00BEME C COOI0IEHUEM
HEO0OXOIMMOM TIOCTIEOBATEILHOCTH JEHCTBHUI; B OTBETE MPABUIBHO M AKKypaTHO BBIMIOJIHEHBI BCe
3aIMCU U BEIYUCIICHHA.

Ouenka ''Xxopomo" BBICTaBISETCS, €CIHU BBIMOIHEHBI TpPeOOBaHUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 Heo4YeTa.

Ouenka '"yI0BJIETBOPUTENbHO'" BBICTABISCTCSA, €CIM PabOTa BBHINOIHEHA HE TOJHOCTHIO, HO
00BEM BBITTOJTHEHHOW YaCTH TAKOB, YTO TIO3BOJISIET TIOMYYUTh MPABHIIBHBIC PE3YJIBTATHl U BHIBOJBI; B XOJI€
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IpoBeIeHUS pabOTHI ObUTH TOMYIEHBI OLTHOKH.
Ouenka '""HeyJ10BJIeTBOPUTENbHO' BBICTABISACTCA, €CIM PaboTa BBHITIOJHEHA HE MOJHOCTHIO HIIH
00BEM BBITTOJIHEHHON YacTH PadOTHI HE TIO3BOJIAET CAENIATh MPABUIIbHBIX BHIBOJIOB.
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