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IHosicHuTEeNLHAA 3aNIUCKA

Mertonuueckre — yka3aHMsT 1O  BBIMOJHEHUIO  MPAKTUYECKUX  paldoT
MOJATOTOBJIEHBI Ha OCHOBE pabouedl mporpamMmbl  y4eOHOM  JUCIUTUIMHBI
«Marematukay, pazpadotanHoit Ha ocHoBe @I'OC CIIO no cneunansuoctu 15.02.09
«ANTUTUBHBIE TEXHOJOTUN» U cOOTBeTCTBYIOMUX 001X (OK) komneTeHImii:

OK 01. IloruMarhe CYIIHOCTh M COLMAIBHYIO 3HAYMMOCTH CBOEH Oymyliein
npodeccuu, MposIBIATh K HEW yCTONUMBBIA HHTEPEC.

OK 02. OpranuzoBbIBaTh COOCTBEHHYIO IESTEIBHOCTb, BHIOMPATh THUIIOBBIC
METOABl M CHOCOOBI BBITIONHEHUS TMPO(EeCCHOHANBHBIX 3a7ad, OICHWBATh WX
3¢ (PEKTUBHOCTH U Ka4ECTBO.

OK 03. [IpyHuMaTh peuieHrs B CTAaHAAPTHBIX U HECTAHJAPTHBIX CUTyalUsX U
HECTH 32 HUX OTBETCTBEHHOCTb.

OK 04. OcymiecTBasTh MOUCK W HCIOJIb30BaHWE UH(POPMAIUU, HEOOXO0IUMON
it 9P PEKTUBHOTO BBIMOIHEHUS TPO(HECCUOHATBHBIX 3a/1a4, TPO()ECCHOHATBEHOTO U
JUYHOCTHOTO Pa3BUTHSL.

OK 09. OpueHtupoBaTbCsi B  yCJIOBUSX CMEHBI TEXHOJIOTUM B
poeCCUOHATILHOM IESITEIbHOCTH.

[lenpro ocBOeHUs yueOHOM NTUCIMIUIMHBI «MaTeMaThKa sIBIsIeTC:

— obecnieyeHre chOPMUPOBAHHOCTH TPEICTABICHUNA O COINMAIBHBIX, KYJIbTYPHBIX H
HUCTOPUYECKHX (DAKTOpaxX CTAHOBIICHUS MaTEMAaTHKH;

— o0ecrieueHrue  CPOPMUPOBAHHOCTH  JIOTHYECKOTO,  AJITOPUTMHUYECKOTO U
MaTEMaTUYECKOTO MBIIILICHUS;

— obecrnieyeHre C(POPMUPOBAHHOCTH YMEHUN MPUMEHSATH MOJYYCHHbIC 3HAHUS MU
PEIICHUH Pa3IMYHBIX 3a/1a4;

— o0ecnieueHrue CHOPMHUPOBAHHOCTH TMPEJCTABICHUN O MaTeMaTUKE KakK 4YacTh
00IIeYeIoBeueCKOr KyIbTYPhl, YHUBEPCATHHOM SI3bIKE HAYKH, TO3BOJISIOIIEM
OTHCHIBATHh M U3y4YaTh PEAbHBIC MTPOIIECCHI U SIBJICHUSI.

[Ipu BBIMOTHEHUU IPAKTUYECKUX PAOOT CTYACHT JTOHKEH YMETh:

Auredpa:

—  BBINOJHATH apudMeTHUecKHe NEUCTBUS HAJ YWUCIAMH, COuYeTas YCTHBIE H
MMCbMEHHBIC TPUEMbI; HAXOJIUTh MPUONIKEHHbIE 3HAYCHUS BEJIUYMH U
MOTPEIIHOCTH BBIYMCICHUH (a0COMIOTHAS U OTHOCHUTENbHAS); CPABHUBATH YMCIIOBBIC
BBIPKCHUS,

—  HaxOJIWTh 3HAYCHHs] KOpHS, CTENeHH, Jorapudma, TPUTOHOMETPHUUECKHUX
BBIpOKEHU HA OCHOBE OMNpEACNCHUsS, WCHOJB3ysl TPU  HEOOXOIUMOCTH
WHCTPYMEHTAJIbHBIE CPEJICTBA; TIOJb30BAThCS MPHUOJIMIKEHHON OIICHKOW TIpH
MPAKTUYECKUX pPacueTax;

—  BBINOJIHATH IPEOOPa30BaHUs BBIPAKEHUN, MPUMEHSSI (DOPMYITBI, CBSI3aHHBIE CO
CBOMCTBaMH CTEICHEH, JJorapru(PpMOB, TPUTOHOMETPUICCKUX (QYHKITUH.
DYyHKIUN U TPAPUKU:



—  BBIYUCIIATH 3HayeHHE (YHKUMU MO 33aJaHHOMY 3HAUYEHHUIO apryMeHTa IMpH
pa3IMyYHBIX cO0Cc00ax 3a1aHus PYHKINH;

—  OIpEeIeNsITh OCHOBHBIE CBOMCTBA YHUCIOBBIX (QYHKIUH, WITIOCTPUPOBATh UX Ha
rpadukax;

—  cTpouTh TpaduKu H3yYEHHBIX (YHKIUH, WUTIOCTPUPOBATH MO TpaPuKy
CBOMCTBA 3JI€MEHTAPHBIX (PYHKIIHIA;

—  HCIOJIb30BaTh MOHATHE (DYHKUMHU JUIsl ONKCAHUS WU aHAIU3a 3aBUCUMOCTEH
BEJINYMH.

Hayana mareMaTH4eCKOro aHaJIu3a:

—  HaxoJUThb IPOU3BOJHBIE dJIEMEHTAPHBIX (DYHKIUH;

—  HCIOJIb30BaTh MPOHU3BOAHYIO JUISI M3yUYEHHUsI CBOMCTB (DYHKUUN U MOCTPOCHHUS
rpadukos;

—  NPUMEHSTh MPOU3BOJHYIO JI1 NPOBEACHUS NPUOIMKEHHBIX BBIYHMCICHU,
pemath 3ajadyd MPUKIAAHOIO XapakTepa Ha HaxO0XJAEHHWE HauOOJIbLIETo U
HaVMEHBIIIETO 3HAaYCHMS;

—  BBIYUCIIATH B IPOCTEHIIMX CIydyasx IJIOWAAXM U OOBEMBI C MCIOJIb30BaHUEM
ONPENEIICHHOTO UHTErpaJIa.

YpaBHeHusi 1 HepaBeHCTBA!

—  pemathb paluoOHAIIbHBIE, MOKa3aTellbHbIE, norapu(pMUYECKHE,
TPUTOHOMETPUYECKUE YPABHEHMS, CBOJISIIIAECS K IMHEHHBIM M KBAIPATHBIM, a TAKXKE
aHAJIOTMYHBIC HEPABEHCTBA U CUCTEMBI;

—  HCIOJIb30BaTh rpapuuecKuil METO/| peICHUs] YPaBHEHUM U HEPABEHCTB;

—  U300pakaTh Ha KOOPJAMHATHOM MJIOCKOCTH PEILIECHUs YPaBHEHUI, HEPABEHCTB U
CUCTEM C JIByMsI HEU3BECTHBIMU;

—  COCTaBJISITh U peLIaTh YPABHEHUS M HEPABEHCTBA, CBA3BIBAIOIINE HEU3BECTHBIC
BEJIMUMHBI B TEKCTOBBIX (B TOM YHCJIE MPUKIIAAHBIX) 33]a4ax.

KomOuHaTopuka, cTATUCTHKA M TEOPHUSI BEPOATHOCTEN:

—  pemiarh mpocTernine KOMOMHATOPHBIE 3aJaud METOJIOM Iepebopa, a TakKe C
MCIIOJIb30BAHUEM M3BECTHBIX (hOPMYIT;

—  BBIUMCIATH B NPOCTEHIIMX CIIy4asX BEPOATHOCTH COOBITUII Ha OCHOBE
ITOICYETA YHCIIA HCXOIOB.

I'eomerpus:

—  pacmo3HaBaThb Ha 4YepTekax M MOJENSAX IPOCTPAHCTBEHHbIE (OPMBI;
COOTHOCUTB TPEXMEpPHbIE 0OBEKTHI C X OMUCAHUSIMHU, U300PAKEHUSIMU;

—  ONMKCHIBATH B3aMMHOE PACIIOJIOKEHUE NPSIMBIX U INIOCKOCTEN B MPOCTPAHCTBE,
apryMEHTUPOBATh CBOM CYXACHHUS 00 TOM PacHOJIOKEHUH;

—  aHaAJIM3UpPOBaTh B MPOCTEHIIMX CIy4yasX B3aMMHOE PACMOJIOKEHHE 0OBEKTOB B
IIPOCTPAHCTBE;

—  n1300pakaTh OCHOBHBIE MHOTOTPAHHUKHU U KPYTJIbIE T€JIa; BBIIOIHATH YEPTEKHU
10 YCJIOBHSIM 33]1ay;

—  CTPOUTH NMpOCTEUIINE ceYeHHs KyOa, MPU3MBbI, TUPAMUIbI;

—  pelarh IMJIAaHUMETPUYECKUE W MPOCTEUIINE CTEPEOMETPUUYECKUE 3a7aud Ha
HAXO0X/IEHUE T€OMETPUYECKUX BEJIMYHH (IJIMH, YIJIOB, IUIOMIAJEH, 00beMOB);



—  WCIOJIb30BaTh MPHU PENICHUU CTEPEOMETPUUYECKHUX 3a7a4 TUIAHUMETPUUYECKHE
(haKThl U1 METOJIBI;
—  NPOBOJHUTH JI0OKA3aTCIIbHBIC PACCYXKICHUS B XO/IC PEIICHUS 3a1a4.

[Ipu BBINOJHEHUU NPAKTUYECKUX PadOT CTYACHT JI0JKEH 3HATH!

—  3HAYCHHE MATEMaTMYECKOW HAyKM Ui PELICHHs 3a7a4, BO3HUKAIOIIMX B
TEOPUU U IPAKTUKE; WIMPOTY U B TO K€ BPEMSA OIPAHUYECHHOCTb IIPUMEHEHHS
MaTeMaTUYECKUX METOJOB K aHaJIU3y U HCCIEIOBAHMUIO IIPOLECCOB U SBJICHUN B
IPUpPOJIE U OOILIECTBE;

—  3HAYEHME MNPAKTUKU U BOIPOCOB, BO3ZHUKAIOIIMX B CaMOW MAaTeMaTUKE I
dbopMUpOBaHUS W PA3BUTHUS MATEMaTUYECKOW HAYKW; MCTOPUIO PA3BUTHS TOHSATHUS
Yuciaa, CO3JaHMs MAaTeMaTH4YeCKOrO0 aHajau3a, BO3HUKHOBEHUS W Pa3BUTHUS
reOMETPUH;

—  YHHUBEPCAJbHBIM XAapaKTEpP 3aKOHOB JIOTMKM MAaTEMAaTHYECKUX PACCYKICHHM,
UX IPUMEHUMOCTB BO BCEX 00JIACTAX YEJIOBEUECKOM E€ATEIbHOCTH;

—  BEPOSITHOCTHBIN XapaKTep Pa3IuYHbIX IIPOLIECCOB OKPYKAIOIIET0 MUpa.

ConepxaHue NPAKTUYECKUX 3aHATUH oOmpezesieH0 paboued MporpaMMor u
TEMaTUYEeCKUM TUIAHUPOBAHHWEM, COOTBETCTBYET TEOPETUYECKOMY MaTepHaiy
M3Y4aeMbIX pa3JeioB y4eOHOU JUCITUIIINHABI.

OOBEM MPAKTHYECKUX 3aHATHH TO JTUCIHUIUIMHE OIpeAemsieTcs] y4eOHbIM
IJIAHOM T10 JAHHOW CIEUUaTbHOCTH.

[TpogomKkuTeT HOCTh MPAKTUUECKOTO 3aHATHUSA - 2 akajeMudeckux 4yaca. [lepen
MPOBEJCHUEM MPAKTUYCCKOTO 3aHITHS MPETOJaBaTEIeM OPTaHU3yeTCs HHCTPYKTaX,
a 10 €€ OKOHYaHUU — O0CYKJIECHUE UTOTOB.

KoMmuiekT MeToquieckux yKa3aHui O BBIIOJHEHHIO MPAKTUYECKUX paboT
JUCHMILTUHBI «MaTeMaTuka» COAepKUT 48 MPaKTUYECKUX 3aHITHH.

IlepedyeHb npakTu4ecKknux padbor
1o JucHUILInHe «MaTeMaTHuka»

HNPAKTHUYECKAS PABOTA Ne 1.

Tewma: KopHu, crenenu u gorapumel.
IMNPAKTUYECKASA PABOTA Ne 2.

Tewma: KopHu, crenenu u gorapumel.
MNPAKTUYECKASA PABOTA Ne 3.

Tewma: KopHu, crenenu u gorapu@mel.
INPAKTHYECKAS PABOTA Ne 4.

Tema: OCHOBHBIE TOHATHS.

INPAKTHYECKAS PABOTA Ne 5.

Tema: OCHOBHBIE TPUTOHOMETPUYECKUE TOKIECTBA.
INPAKTHYECKAS PABOTA Ne 6.

Tema: OCHOBHBIE TPUTOHOMETPUYECKHE TOKIECTBA.



INPAKTHYECKASA PABOTA Ne /.

Tema: IIpeoOpazoBaHue MPOCTEHIITMX TPUTOHOMETPUIECKUX BBIPAKESHUM.
INPAKTHYECKASA PABOTA Ne 8.

Tema: IIpeoOGpazoBaHue MPOCTEHIITUX TPUTOHOMETPUICCKUX BBIPAKESHUM.
MNPAKTHYECKAS PABOTA Ne 9.

Tema: Tpuronomerpuiueckre ypaBHEHUSI 1 HEPABEHCTBA.
INPAKTUYECKAS PABOTA Ne 10.

Tema: Tpuronomerpudeckne ypaBHEHUS 1 HEPABEHCTBA.
INPAKTHYECKASA PABOTA Ne 11.

Tema: Tpuronomerpudeckne ypaBHEHUS 1 HEPABEHCTBA.
IMPAKTUYECKASI PABOTA Ne 12.

Tewma: CBoiicTBa pyHKITUH.

IMPAKTUYECKASI PABOTA Ne 13.

Tema: O6patHbie GyHKIUU.

MNPAKTUYECKAS PABOTA Ne 14.

Tema: CrenenHsle, MOKa3aTeNbHbIC, JOTAPUPMUYECKUE H TPUTOHOMETPUUYECKUE
¢bynkuun. O6paTHbIe TPUTOHOMETPUYECKHE PYHKITUH.
INPAKTUHYECKAS PABOTA Ne 15.

Tema: CrenenHsle, MOKa3aTelbHbIC, JOTAPUPMUYECKUE KM TPUTOHOMETPUUYECKUE
¢bynkuun. O6paTHbIe TPUTOHOMETPUYECKHE PYHKITUH.
IMPAKTUYECKASI PABOTA Ne 16.

Tema: IlocemoBarenbHOCTH.

INPAKTHYECKASA PABOTA Ne 17.

Tema: IlocemoBarenbHOCTH.

IMPAKTUYECKASI PABOTA Ne 18.

Tewma: IIponsBoaHasi.

MNPAKTUYECKASI PABOTA Ne 19.

Tema: [IpousBoaHast.

INPAKTHYECKASA PABOTA Ne 20.

Tema: [IpousBoaHast.

MNPAKTUYECKASI PABOTA Ne 21.

Tema: [IpousBoaHas.

MNPAKTUYECKASI PABOTA Ne 22.

Tewma: [lepBooOpa3Hasi 1 uHTErpas.
IMPAKTUYECKASI PABOTA Ne 23.

Tewma: [lepBooOpa3Hasi 1 uHTErpas.
IMPAKTUYECKASI PABOTA Ne 24,

Tewma: [lepBooOpa3Hasi 1 uHTErpas.
INPAKTHYECKASA PABOTA Ne 25.

Tewma: [lepBooOpa3Has u uHTErpas.
IMPAKTUYECKASI PABOTA Ne 26.

Tema: YpaBHEHHS U CUCTEMBI YPaBHEHUU.
IMPAKTUYECKASI PABOTA Ne 27.

Tema: YpaBHEHHS U CUCTEMBI YPAaBHEHUU.
IMPAKTUYECKASI PABOTA Ne 28.



Tema: Mcnonb3oBanue cBOMCTB U rpadUKoB (YHKIUH NpU PEUICHUH YpaBHEHUU U
HEPABEHCTB.

INPAKTHYECKASA PABOTA Ne 29.
Tema: Mcnonb3oBanue CBONCTB M rpadukoB (DYHKIWN NMPU PEIICHUN ypPaBHEHHUM U
HEPABEHCTB.

INPAKTHYECKAS PABOTA Ne 30.
Tema: Mcnonb3oBanue CBOUCTB M rpadukoB (YHKIUN MPU PEIICHUN ypaBHEHUU U
HEPABEHCTB.

IMPAKTUYECKASI PABOTA Ne 31.
Tema: DeMeHTbl KOMOMHATOPUKH.
INPAKTHYECKASA PABOTA Ne 32.
Tema: DneMeHTbl KOMOMHATOPUKH.
INPAKTHYECKASA PABOTA Ne 33.
Tema: DneMeHTbl KOMOMHATOPUKH.
INPAKTUHYECKASI PABOTA Ne 34.
Tema: DneMeHThbI TEOPUU BEPOATHOCTEN.
INPAKTUHYECKAS PABOTA Ne 35.
Tema: D1eMeHTBl MAaTEMaTUYECKOU CTATUCTUKH.
MNPAKTUHYECKAS PABOTA Ne 36.
Tema: [IpsimMbIe U TIIOCKOCTH B IPOCTPAHCTBE.
IMPAKTUYECKASI PABOTA Ne 37.
Tema: [Ipsmble ¥ TITIOCKOCTH B IPOCTPAHCTBE.
INPAKTUYECKASA PABOTA Ne 38.
Tema: [Ipsmble ¥ TITIOCKOCTH B IPOCTPAHCTBE.
IMPAKTUYECKASI PABOTA Ne 39.
Tema: [IpsiMbIe ¥ TITIOCKOCTH B IPOCTPAHCTBE.
IMPAKTUYECKASI PABOTA Ne 40.
Tema: MHOrOrpaHHUKMU.
INPAKTHYECKASA PABOTA Ne 41.
Tema: MHOTrOrpaHHUKMU.
MNPAKTUYECKASI PABOTA Ne 42.
Tema: MHOrOrpaHHUKWU.
MNPAKTUYECKASI PABOTA Ne 43.
Tema: M3mepenust B reomeTpum.
INPAKTHYECKASA PABOTA Ne 44.
Tema: M3mepenust B reoMeTpuu.
INPAKTHYECKASA PABOTA Ne 45.
Tema: KoopauHaTsl U1 BEKTOPBL.
INPAKTHYECKASA PABOTA Ne 46.
Tema: KoopauHaTbl U BEKTOPHI.
INPAKTHYECKASA PABOTA Ne 47.
Tema: KoopauHaTbl U BEKTOPHI.
IMPAKTUYECKASI PABOTA Ne 48.
Tema: KoopauHaTbl U BEKTOPHI.



HNHCTPYKIHUHA JJI1 OBYUYAIOIIINXCA
11O BBIIIOJIHEHUIO ITPAKTUYECKHUX PABOT

[Ipex e yem MPUCTYNUTh K BHITIOJHEHUIO 3a/IaHUH, BHUMATEIIBHO IIPOUHUTANTE
naHHble pekoMeHjanuu. [IpakThueckue paboOThl BKIOYAIOT B ce0s  3aJaHus
CICAYIOIINX BUIOB:

Pemenne MareMaTn4yecKux 3a/1ad4.

OngHuX BONPOCOB M COBETOB IMPENOJABATENSI CTYJIEHTY HEIOCTATOYHO IS
oOyueHus: perieHuro 3aaad. Henb3sti 3a0bIBaTh, 4TO "yMEHHE pellaTh 3aJladyd €CTh
UCKYCCTBO, MPUOOpeTaeMoe MPaKTUKON" .

Bomnpockl ¥ COBETHI CTYAEHTY YCIOBHO MOXHO MOJPA3JCIIUTh Ha YETHIPE
rpynmnbl. Hy)XHO MNOMHHTB YTO BONPOCHl, PEKOMEHAYEMbI€ /Jisi MEPBOrO ATara,
OKa)XyT TOMOIIL U Ha BTOPOM 3Tare, a PEeKOMEHJyeMbIe JUIsi BTOPOro ATama - Ha
TpeTbeM U T. 1. Jleso B TOM, YTO ATallbl PEIICHUS 3aJladd HE MOTYT OBITh CTPOTO
M30JIMPOBAHBI OJIUH OT JIPYroro, MEXIy HUMH CYIIECTBYET OMNpE/CJICHHAs CBS3b, B
WX €JUHCTBE 3aKJIF0YAETCS MPOIECC PEIICHUs 3aauH.

1. Bonpochl U coBeThl JJf1 YCBOeHHUsI cojAep:kaHusa 3amxauu (1-ii 3Tam).
Henb3s mpuctynath K pelICHUIO 3a7ayd, HE YSICHUB YETKO, B YE€M 3aKIHOYAETCS
3aJlaHue, T. €. HE YCTAHOBUB, KAaKOBbl JAaHHbIE M HUCKOMBIE WIIH TOCBUIKH H
3akimtoucHUs. IlepBblil cOBeT: HE CIENINTh HAYMHATH PENIaTh 3a7aqy. JTOT COBET HE
O3HayaeT, 4yTo 3aJadyy HaJ0 pellaTh KaK MOXKHO MemieHHe. OH O3HayaeT, 4To
pPELICHUIO 3a/ladyd JOJDKHA TMPEANIECTBOBATh IOJATOTOBKA, 3aKIIOYAIOMIAsACS B
CIEAYIOLIEM:

a) CHauaja CJEIyeT O3HAKOMHUThCS C 3aJadyeil, BHUMATEIBHO IPOYUTAB €€
cojaepkanue. [Ipu 3ToM cxBaThIBaeTCs 0011asi CUTyalus, ONMCaHHAas B 3a/1a4¢;

0) 03HAaKOMMBIIIUCH C 3a/1a4eii, HECOOXOAMMO BHUKHYTh B €€ cojepkanue. [Ipu satom
HYKHO CJIEIOBaTh TaKOMY COBETY: BBIJICIUTh B 3ajJa4€ JIaHHbIE U HCKOMBIC, a B
3a/1a4e Ha JI0Ka3aTeJIbCTBO - MOCHUIKU U 3aKJIFOUCHUS.

B) Ecim 3amaua reomerpuueckass WM CBs3aHAa C TE€OMETPUUYECKUMHU (PUrypamu,
MOJIE3HO C/ENIaTh YePTEXK K 3a7adye U 0003HAUYUTh HA YEPTEXKE JaHHBIC U UCKOMBIE T)
B ToMm ciydae, korna nanHblie (MM KICKOMBIE) B 3a/1a4e HE 0003HAYEHbI, HAJ[0 BBECTU
noaxosmue oOo3HaueHus. [lpu permieHUM TEKCTOBBIX 3a7ad anreOphl U Havail
aHajn3a BBOJAT O0O3HAYEHWS WCKOMBIX WM JAPYTHX MEPEMEHHBIX, MPHUHATHIX 32
HCKOMBIE.

1) Yke Ha MepBOM CTaJANM PEIICHUs 3a/1au, CTAJAUN MOHUMAHUS 3aJaHus, TOJIE3HO
MONBITaThCA OTBETUTHL HA Bompoc: "Bo3MOXXHO 71 yJIOBIETBOPUTH ycioBuio?" He
BCETJla cpa3y yAaeTcs OTBETUTh HA ATOT BOMPOC, HO MHOTIA 3TO MOKHO C/I€JIATh.
OtBeuas Ha Bomnpoc: "B03MOXHO JIM yIOBJIETBOPUTH YCIOBUIO?", MIOJIE3HO BBISICHUTB,
OJIHO3HAYHO J chHOpMYJIMpPOBaHA 3aja4ya, HE COACPKUT JIM OHA U30OBITOYHBIX WM
MPOTUBOPEUYMUBBIX JaHHBIX. OJTHOBPEMEHHO BBISICHSAETCS, JOCTATOYHO JIU JTAHHBIX JJIS
pelieHus 3a1a4u.

2. CocraBiieHHe IUIaHA pelieHus 3aaaum (2-d dram). CocTaBlieHUE IIaHA
pelieHus 3ajadyu SBJSETCs TJaBHBIM IIaroM Ha NyTH ee pemieHus. lIpaBuibHO
COCTABJICHHBI! TUJIaH PELICHUS 33Ja4M MMOYTH TapaHTUPYET MPABUILHOE €€ PEIICHUE.



Ho cocraBneHne miiaHa MOXET OKa3aThbCsl CIOXHBIM M JUIUTEIbHBIM MPOLECCOM.
[ToaToMy mnompoOylTe OTBETUTH HA BOMPOCHI KOTOpPbIE TMOMOTYT BaMm JIydllle U
ObICTpEee COCTABUTH IJIAH PEIICHUS 3a7a4i, "OTKPBITH" UJICIO €€ PEIICHUS:

a) M3BectHa M BaM Kakas-IuOO poACTBeHHas 3aj1aya? AHanoruyHas 3anada? Eciu
Takas Wiy POJCTBEHHAs 3aJ1a4a U3BECTHA, TO COCTABJICHUE IJIAHA PEILICHUS 3a]1a4d HE
Oynetr 3arpyaHuTenbHbIM. Ho nanexko He Bcerja HM3BECTHA 3ajavya, POICTBEHHAs
pemaeMoi. B 3ToM citydae MOKET IOMOYb B COCTaBJICHUH ILJIAHA PEILICHUS COBET.

0) IloxymaiiTe, m3BeCTHA JIK BaM 3aja4a, K KOTOPOI MOKHO CBECTH peraemyro. Eciu
Takas 3a/ladya W3BECTHA BaM, TO MyTh COCTABIICHMS IUIAaHA PELICHHS JAHHOW 3a7a4d
OUYEBMJICH: CBECTH DPEIIAEMYIO0 3aJadyy K pEIICHHOM paHee. MoOeT OKa3aThCs, YTO
POJICTBEHHAs 3aJaya HEU3BECTHA BaM M Bbl HE MOJKET CBECTH JAHHYIO 3a/ady K
Kakoi-nm0o n3BecTHOM. [Li1an ke cpa3y coCTaBUTh HE yIaeTCsl.

Crout BocnoJib30BaThesi coBetoM: "l[lombrTalitech chopmMynupoBarh 3ajauy uHaye'.
NubiMu  cioBamu, MONBITaliTeCh nepedpasupoBaTh 3ajady, HE MEHsI €€
MaTE€MaTUYECKOIO COAECPIKAHUS.

[Ipu nepedopMynupoBaHUU 3aJa4M TMOJIB3YHTECh JTUOO OINpPENEICHUSIMU JTaHHBIX B
HEll MaTeMaTHYECKUX MOHSTUN (3aMEHSIOT TEPMHUHBI X OMNPEICIICHUsIMHU), JTUO0 UX
npu3sHakaMu (TOYHEE cKa3aTh, JOCTAaTOYHBIMU ycioBUsAMH). Hamo oTmeTtuts, 4TO
CIOCOOHOCTH ydalerocs nepegopmMyaupoBaTh TEKCT 3aJauu SIBJISETCS MOKa3aTeleM
ITOHUMAaHUSI MaTeMAaTHYECKOIO COAECPKAaHUA 3a1a4H.

[lepedopmynupoBKa 3agauu 3TO MEPEBOJ €€ Ha SA3bIK MaTeMaTHKU, T. €. S3bIK
anreOpbl, TEeOMETPUU WJIM aHalu3a. OJTOo, CcKopee, QopMain3anus 3a7ayd,
"mMaremaruzanus" ee. K TakoMy mnpuemMy M HOPHUXOAMTCS 4YacTO NpUOEratb IMpu
PELIEHMH MHOTUX TEKCTOBBIX 3a/1a4.

r) CocTaBiisisl T1aH peIIeHUs 3a/1a4u, BCEria clielyeT 3ajaBath cede Bonpoc: "Bee nu
JaHHBbIE 3a/Ja4¥ HKCMOJIb30BaHbI?" BbIsBIIEHWE HEYUYTEHHBIX JaHHBIX 3aJ1a4d
o0JieryaeT coCTaBJIEHUE TIaHA €€ PEIICHHUS.

n) Ilpu cocrtaBneHuu 1ulaHa 3ajjaud MHOTAA OBIBAE€T MOJIE3HO CJIEAOBATh COBETY:
"IlonpITaiiTech mpeoOpa3oBaTh HMCKOMBbIE WM JaHHbBIE". YacTo mpeoOpazoBaHue
HMCKOMBIX WJIH JIaHHBIX CIOCOOCTBYEeT Oojiee OBICTPOMY COCTaBJIECHHUIO TIJIaHA
pemierus. [Ipu 3TOM uCKOMBIE MpeoOpa3yroT Tak, YTOOBI OHH TMPUOJIUUIUCH K
JAHHBIM, a JIAHHBIC - TaK, YTOObI OHU TMPHUOTUZWINCH K UCKOMBIM. Tak, Mpu KaXaoMm
cllydae TOXKIAECTBEHHBIX NpPeoOpa3oBaHUN JaHHbIE MNpPEOOpa3yroTCs, MOCTEHNEHHO
NpUOJIMKAsACh K pe3yiapTaTy (MCKOMOMY). AHAQJIOIMYHO YypaBHEHHUE, CHUCTEMY
YpaBHEHUM, HEPABEHCTBO WJIM CUCTEMY HEPABEHCTB MPEOOpPa3ylOT B PaBHOCHIIbHBIE,
YTOOBI HAMTH UX KOPHU WJIM MHOKECTBO PELICHUH.

e) Hepenko ciydaercst Tak, 4To, Bbl BCE )K€ HE MOXKET COCTaBUTH IUIAH €€ PEIICHHUS.
Torga MoxeT momMousb emie oauH coBeT: "[lonpoOyiiTe pemuTh JIUIlb YacTh 3a1a4yu’,
T. €. monpoOyiiTe cHavyana yJ0BJIETBOPUTD JIUIIb YACTU YCIOBHM, C TEM YTOOBI Jjajee
HCKAaTh CIIOCO0 yIOBIETBOPUTH OCTABLUINMCS YCIOBUSAM 3a/1a4H.

k) Hepenko B cocTaBieHUHM IUIaHA PEUIEHUS 3aJa4d [IOMOTAaeT OTBET Ha BOIPOC:
"JIJI1 KaKOTO YacCTHOT'O Cy4yasi BO3MOXHO JIOCTaTOYHO OBICTPO PEUIUTH 3Ty 3anaqy?"
OOHapyXUB TaKOW 4YaCTHBIA CIy4dald, Bbl CTaBUTE Tmepeln coOOl HOBYIO IIENb -
BOCIIOJIb30BAThCSl PEIICHUEM 33aJauyd B HAICHHOM YacTHOM ciy4ae njs Oosee
oOmiero (HO, MOKET ObITh, HE camoro ooOmiero) ciay4as. Tak MOXXHO MOCTYIIHTb,



MOCTETIEHHO 00001as 3amady 10 UCXOIAHOM, perraemoi 3amaun. [Ipeamonaraembiii
BAPUAHT PACCYKJICHUN - SIBHOE NPUMEHEHHE NOJHOW WHAYKUMH. MTak, cOBeT:
"PaccMoTpuTE YacTHBIE CiydaW 3aJayHOM CHUTyallUH, PEIINTE 3aJady sl Kakoro-
HUOY/Ib YACTHOTO CITy4asi, IPUMEHUTE UHAYKTHUBHBIE PACCYKIACHUS .

3. Peanu3zauus miaHa pemenusi 3aaadu (3-i stam). [1nan ykassiBaeT JuIIb
o0t KOHTYyp pemieHust 3anayu. [lpum peanuzanuu MmiaHa pemarolui 3agadd
paccMaTpHUBAIOTCS BCE JE€Tald, KOTOPHIE BIOUCBHIBAKOTCSA B 3TOT KOHTYp. DTH J€Talu
HaJ0 paccMaTpuBaTh THIATEJILHO U TepneanBo. Ho mpu 3ToM (pemaroniemMy 3aaady)
MIOJIE3HO CIIEA0BATh HEKOTOPBIM COBETAM:

a) [lpoBepsiiTe Kaxablii CBOM IIar, yOeKIaWTech, YTO OH COBEPIICH IPaBUIIBHO.
WNHpIMU CIIOBaMH, HY>KHO JOKa3bIBaTh MPABUJIBHOCTh Ka)IOTO Iara CCbUIKAMH Ha
COOTBETCTBYIOIIINE, U3BECTHBIE paHEE MaTEMAaTUYECKHUE (PAKTHI, IPEAJIOKEHUS.

0) Ilpu peanu3anuu 1IaHa MTOMOXKET W COBET: "3aMEHHTE TEPMHHBI M CUMBOJIBI MX
onpeneneHusMu". Tak, TepMuH "mapaienorpaMm’ 3aMEHSIETCS €ro ONpPeACICHUEM:
"YUeTbIpeXyroJbHUK, Yy KOTOPOrO  IPOTHUBOIIOJIOKHBIE  CTOPOHBI  IIONApHO
MapajyieNibHbl", TEpMUH  '"Mpenesn  YHUCJIOBOM  MOCIEIOBATEIBHOCTH"  JJIA
NIOKa3aTeIbCTBa, HAIPUMEpP, TOTO TMPEIJIOKEHUS, YTO TMpeNesl CYMMBbI JBYX
IIOCJIEIOBATEIbHOCTEW, HWMEIOIIMUX NPEIEbl, pPAaBE€H CYMME IMPEACIIOB JITUX
IIOCJIEIOBATEIBbHOCTEN, MOXKHO 3aMEHUTH, U BIIOJIHE YCIICIIHO, €70 ONPEACICHUEM.

B) [lpu pemeHnr HEKOTOPBIX 3a7ay MOMOTaeT coBeT: "Bocnonb3yiiTech cBOWCTBAMU
JTAHHBIX B YCJIIOBUU OOBEKTORB".

4. AHaJIM3 ¥ NPOBEPKA NPAaBUJIBLHOCTH pelleHus 3aaa4u (4-i sram). [Jaxe
OUYEHb XOpPOUIME CTYJEHTHI, MOJYyYMB OTBET M TILATEIbHO HM3JIOKUB XOJ PELICHUS,
CUMTAIOT 33/1a4y PEIICHHOW. A Bellb IMOJy4Y€HHE pe3yJibTaTa HE O3HAYaeT €eIle, YTO
3a/laya pelleHa npaBwibHO. Tem Oojee He O3HAayaeT, 4To sl PElICHUs BBIOpaH
JTy4lIui, HauOoJiee yIauyHblid, U3AIIHbIN, €CJIM MOXHO TaK BBIPA3UThCs, BapuaHT. 1o
B. M. bpanucy, 3a1auy MOKHO CUMTATh PELICHHOM, €CIIM HAMJAECHHOE PELICHUE:

« 0Oe30ommboYHO,

e 00OCHOBAHHO,

e MMEET UCUEPIBIBAIOIINI XapaKTep.
[ToaTOMY aHanu3 peleHus 3a1a4u, IPOBEpKa PEIEHUS U JOCTOBEPHOCTH PE3yJIbTaTa
JIOJKHBI OBITH ATArioM perieHus 3anayu. Urak, nea coeta: "[IpoBepbre pesynbrat',
"IlpoBeppre xom pemenus". IIpoBepka pe3yinbraTa MOXET MPOU3BOAUTHCSA
paznuyHbIMU criocoOamu. [IpoBepsst TpaBUIIBHOCTh XOAa PEIICHUs, Mbl TEM CaMbIM
yOexxJaeMcss M B MPaBUIBHOCTH pE3yJibTaTa. 3HAYUT, HAJ0 BBINOJHUTH COBET:
"IIpoBepbTe BCe y3J0BbI€ MYyHKTHI peleHus", eme pa3 yoeauTech B MUCTUHHOCTH
MIPOBEICHHBIX PACCYKICHUM.
Btopoit cmoco06 mnpoBepku pe3yibTaTa 3aKiIO4yaeTcs B TMOJYYEHUU TOrO Ke
pe3yibTaTa MPUMEHEHHUEM JAPYroro MeToAa pEHIeHHs 3aJaud, MO3TOMY IOJIE3HO
BCErja 3aJaBaTh pellaromieMy Bompoc: "Henb3s au TOT ke pe3yspTaT MOJYyYHTh
nHaue?" MHbIMH CIIOBaMH, CTOUT IOCIEN0BaTh COBETy: "PemmTe 3amady Apyrum
cnocoboMm". Ecnmu mpu pemieHuu 3afaud JAPYyrUM CHOCOOOM MOJy4YeH TOT Ke
pe3yJabTat, YTO U B MIEPBOM CIIyyae, 3a/1auy MOXKHO CUUTATh PEIIEHHOM npaBmibHO. K
TOMY K€ MOJy4eHUE PA3JIMUHBIX BAPUAHTOB PEIICHUSI OJHON U TOU K€ 3a/1a4ud UMEET
BaKHOE 00yyarolee 3HaueHHe.



Bbino/iHeHUe KOHTPOJIbHBIX PadoT.
1. Tlpu noxaroroBke K Jr00O0H KOHTPOJIBHOM pabOTe PpPEKOMEHAYETCs CHavaja
BHUMATEJIBHO Pa300paTbCsi C TEOPETHUECKUM MAaTEpUajioM IO YYEOHHKY, 3aTeM
3aKpENUTh CBOM 3HAHMS, pelllas 3aJauH.
2. TlogrotoBuThed K pabOTE€ O3HAYAECT: Bbl BHUMATENIBHO IPOCMATPUBAETE TEKCTHI
3aJa4 W TPUKUIBIBAECTE, KakKue W3 MPEAJIOKEHHBIX 337ad BaM [0 CUJaM U
BBINOJIHSIETE UX B IEPBYIO OYEPE/b.
3. Ecnu BBI IEPEOIIEHWIIM CBOM CHJIBI — B3SUIH TPYAHYIO 33/1a4y — W HE PELINIH, TO
HE OT4auBaiTech. /loma B CrHoOKOHHOI 0oOcTaHOBKE pazOepUTech, B YeM MNPUYHHA
Balllel HEYIauu, U PEIIUTE ITY XKE 3a71auy.
4. Eciu y Bac moka HeT OOJIbLION JIIOOBH K OMPEEICHHON TUCIUIUIMHE, U Bac
HEPBHUPYIOT TPYJHBIC 33/1a4H, TO HE pacCTpauBalTeCh: JUId Hadajga BbIOEpUTE 3a1aun
HAYaJIbHOTO YpOBHA. Pernas cambie mpocThie 3aa4uu, Bl IOCTETIEHHO MpuoOpeTaeTe
YBEPEHHOCTh B CBOUX CHJIaX.
5. Eciu BBl yCHEWIHO peuId JIETKYI0 3aJadyy Ha YPOKe, TO IMOMNPOCHUTE Yy
npenogasatess Oojiee TpyAHYHO 3a7a4dy. Eciiu Ha ypoke He ycIenau, TO 00paTUTeCh K
IpEenoAaBaTellto ¢ MPoch0Ooi 1aTh BaM BO3MOXHOCTb PEIINTh 00Jiee TPYIHYIO 3a/1a4uy
BO BHEYPOYHOE BpEMSI.

INPAKTHYECKASI PABOTA Ne 1
Tema: «KopHu, cTeneHu u 1orapudMb»
Ieab: 3akpenuTh YyMEHHE IIOCTPOCHHUS TrpaduKa IMOKa3aTeJbHOW (YHKIUH,
Hay4YUTHCS peIlaTh MOKa3aTelIbHbIC YPAaBHEHUS U HEPABEHCTBA.
OGopyaoBaHMe: CIIpaBOYHBIC TTOCOOHS.

CnpaBouHblii MaTepHaJl

Pemenre nokasaTenbHbBIX YPABHEHHUN 4aCTO CBOJIUTCS K PEIIEHUIO YPABHEHUS
a* = aP ,Tne a >0, a#l, x — HeusBecTHOE. DTO ypaBHEHUE PEIIACTCS ¢ TTOMOIIBIO
CBOMCTBA CTEIICHHU: CTETICHU C OJIMHAKOBBIM OCHOBaHWEeM a > 0, a1 paBHBI TOT/1a U
TOJIBKO TOT/1a, KOT/1a PaBHBI UX MMOKA3aTENH.

[pumep 1: Pemuts ypaBuenue 4 -2° = 1.
Pernenmne: 3anumem ypapuenue B suge 2°° = 2°, otkymax + 2 =0, x =— 2.
OtBet: x = — 2.

Ipumep 2: Pemnts ypapuenne 3/ — 2 - 372 = 25,

Perenne: BEIHOCS B IEBOH 4acTH 3a CKOOKH OOLIHT MHOXKHTENb 37, MoJy4aeM
37%(3°-2)=125,372.25=25 orkyna3?=1,x-2=0,x = 2.

OtBet: x = 2.

[pumep 3: Pemmts ypaBHeHue 3° = 7.



X

Pemrenwe: Tak kak 7" # 0, TO ypaBHEHHE MOXHO 3aMUCaTh B BHJIC —~ =1, oTKyna

G)X= I,x=0.

OtBet: x = 0.

[pumep 4: Pemuts ypaBuenne 9° — 4 - 3 — 45 = 0.

Pemrenue: 3ameHoi 3 = t JaHHOE ypaBHEHHE CBOIUTCSA K KBAJAPATHOMY YPaBHEHHIO
t* — 4t — 45 = 0. Pemas 310 ypaBHEHHUE, HAXOAUM €r0 KOpHH: t; =9, t, = - 5,

otkyma 3* =9, 3" =— 5. YpaBuenue 3" = 9 uMeeT KOPEHb X = 2, a ypaBHEHHE

3" = — 5 He UMeeT KOpHEH, TaK Kak IOoKa3aTejabHas (QYHKIHS HE MOKET IPHUHUMATH
OTpHUIIATEIbHBIC 3HAYCHHSI.

OtBer: x = 2.

Pemenne nokazareabHbIX HEPABEHCTB YaCTO CBOJAUTCS K PEIIEHUIO HEPABEHCTB
a > a® wm " < @

OTH HEpaBeHCTBA PEIIAIOTCS C TMOMOUIBI0 CBOMCTBAa BO3PACTaHUS WIH
yOBbIBaHUSI TIOKa3aTEIbHOM (QYHKIMH: JUIsi Bo3pacTaromed (yHKIuU OoJblieMy
3HAYEHUIO (PYHKIMM COOTBETCTBYET OoJbllie€ 3HAYEHUE aprymeHTa, a s
yObIBatOIIe (PYyHKUIMU OOJbIIEMY 3HAYEHHIO (YHKIHMH COOTBETCTBYET MEHBIIIEE
3HAYEHUE apTyMEHTA.

[pumep 1: Pemuts HepaBeHcTBO 3 < 81.

Pernenue: 3ammmenm HepaBeHcTso B Buje 3 < 3*. Tax kak 3 > 1, To dyHKumst y = 3°
SBJSIETCSL Bo3pactaromieit. [loatomy pemieHusMu HepaBeHcTBa 3° < 81 sABJSIOTCS
yucna x < 4.

OtBert: x < 4.

X
[Ipumep 2: Pemnts HEPABEHCTBO G) > /8.

Pemenue: 3anuiiieM HEPABEHCTBO B BUJIE
3

n*_,32 1\*_ (1\" 2
G > 2 (5)>() *
2 2 2
1\* 3
Tak kak y = (E) - yobIBaromiast GyHKUIHS, TO X < — b

3
OtBeT: X < — p

[Ipumep 3: Pemmts HepaBeHcTBo 16 + 4 — 2 > 0.

Pemnenne: O603naunM 4° = t, TOra MoIydnM KBagpaTHOE HEPAaBEHCTBO t° + t — 2 >
0. D10 HepaBeHCTBO BhIIONHseTCa mpu t < — 2 mw npu t > 1. Tak kak t = 4%, 10
IOIy4nM J1Ba HepaBeHcTBa 4 < — 2, 4> 1. [lepBoe HEPABEHCTBO HE MMEET PELICHMIA,
TaK KaK

4*> 0 mpu Beex X € R. Bropoe HepaBeHCTBO MOXKHO 3armcaTh B Buae 4° > 4°, otkyma
X>0.

Otser: X > 0.



Conep:xanue padoThI

Bapuant 1

1. Tloctpoiite rpaduk QyHKIIUN 1 IEPEUUCIUTE UX CBOMCTRBA:
a)y =04*+1;
0)y =273,
B)y=7%1-3,

2. Pemute ypaBHEHUS:

1\**—5 1\ 4%
2 =0)
6) 4**3 + 4% = 260;
B) 5%+2 — 5% = 120;
r)9¥ —2 3% —3 =0
m) 36% + 3% 6% —4 = 0.

Bapuanr 2

1. ITocTporite rpaduk GyHKIHIA U IEPEUUCIIUTE UX CBOMCTBA.
a)y =05 -1,
6)y = 3"
B)y = 5%t2 — 1,

2. Pemute ypaBHEHHS:

1\ 2x%-12 1\10x
2 =G
0) 3*¥*3 + 3% = 84;
B) 2*+5 — 2% = 60;
r) 144* —10-12*¥ + 21 = 0;
n4*+4-2*-5=0.

IMNPAKTUYECKAS PABOTA Ne 2
Tema: «Kopuu, crenenu u sorapu@moi»
Henan: HayunThCA pemarh JorapuMuuecKkue ypaBHEHHUs U HEPABEHCTBA.
OoGopyaoBaHMe: CIIpaBOYHBIC TTOCOOHS.

CnpaBouHblii MaTepuaJl

Jlorapupmom uymcina b mo ocHoBanuio a, rime a > 0, a = 1, HaspiBaeTcs
MoKa3aTellb CTENICHH, B KOTOPYIO HaJI0 BO3BECTH YHUCIIO ¢, YTOOBI MOTYy4HUTh b, T.c.
log.b=cea“=h.
. 1 -2 1
Hampuwmep, 10g, 8 = 3, Tak kax 2° = 8; logs 5=~ 2, Tak Kak 3° = 5



[Tpu BbIMOTHEHHH MPEOOpPa30BaHUN BBIPAKEHHM, COJAEPKAIIMX JIOTapU(PMBL,
IpY BBIYUCICHUSX U MPU PEUICHUU YPABHEHHMM YacTO HCIMONB3YIOTCS pa3iuyHbIe
cBolcTBa jJorapupmMoB. PaccMOTpUM OCHOBHBIE U3 HUX.

IMyctba >0,a =1, b >0, c >0, r — moboe aeiicTBUTEIbHOE ynciIo. Torma
CIpaBeIUBBI (HOPMYIIBIL:

log., (bc) =log, b + log, c,
Ioga% =log, b —logs, c,
log. b" =r loga b,

log:b
9e (popmy.ia nepexoaa ot sorapudgma 1mo 0ATHOMY OCHOBAHHIO K

log. b=

logca
Jorapu¢my 1o IpyromMy oCHOBaHHIO).
B MaremaTuke M €€ TPHIIOKCHHUSX YacTO BCTpPEYaeTCs JorapudMuyecKas
byakmusa y = log, x, tne @ > 0, a # 1. O6iacTh onpeaeieHus TaHHOW (PYHKIIHH —
MHOJKECTBO BCEX TMOJIOKUTEIBHBIX YUCEI, T.€. X > ().

IIpumep 1: Pemnts ypaBHEHUE

log, (x + 1) + log, (x + 3) = 3. 1)
Pemienue: [1o cBolicTBY JorapridMa BEpHO PAaBEHCTBO
logz ((x + 1) (x + 3)) = 3. 2)
W3 3T0r0 paBeHcTBa M0 ONPEAEICHHIO JIorapru@ma nojrydaem
((x+1)(x+3))=8. 3)

P Adx+3 =8 me x*+4x—-5= 0, otkyma x; = 1, x, = — 5.

Tak kak ypaBHeHHe (3) SBIACTCS CJICACTBUEM MCXOJHOTO ypPaBHCHHS, TO
HeoOXxoauMa mpoBepka. [IpoBepum, ABJISIOTCS JiM yuciia 1 1 —5 KOpHSAMHU ypaBHEHUS
(1). [MoacTaBiss B JICBYIO Y4aCTh HCXOJHOTO ypaBHEeHHs X = [, moaydaem log, (1 + 1)
+1log, (1 +3)=log,2+1og,4=1+2=3, 1.e. x =] — xopeHb ypaBHeHus (1).

[Mpu x = —5uncna x + [ u x + 3 oTpULIATEIILHBI, U TIO3TOMY JIeBasi 4YaCTh YPaBHEHHUS
(1) He uMeeT cMBICTa, T.€. X = — 5 HE SABJISIETCS KOPHEM 3TOr0 YPaBHCHHS.

Otsert: x = 1.

IIpumep 2: Pemnts ypaBHEHUE
logs (2x—1) - logs x = 2logs (2x — 1).
Pemenue: [IpeobpazyeM naHHoe ypaBHEHUE:
logs (2x — 1) - logs X — 2logs (2x — 1) =0,
logs (2x—1) - (logs x—2) = 0.
[IpupaBHUBas KaXIbId N3 MHOKUTEJICH JIEBOU YaCTH YPABHEHUSI K HYJIO, [IOJIy4aeM:
1) logs (2x—1) =0, otkyma 2x — 1 = 1, x; = 1;
2) logs x—2 =0, orkyna logs X = 2, x, = 16.
[IpoBepka moka3pIBaeT, 4To 00a 3HAYEHUS X SBJISIOTCS KOPHSMU MCXOIHOTO
YpaBHEHHS.
OtBet: x1 = 1, xp = 16.

N |

[Mpumep 3: Pemuts ypaBuenwue logz X + logy 3 =

Pemenne: YpaBHeHue umeeT cMbIch, eciau X > 0, X = 1.



1 1_5
ITycts t = logs X, Torma logy 3 = ~ M YDaBHEHHE IPUMET BUJL t+ - =2, MK
2t? 5t + 2 =0, orkyma t; = 2, t2=%. Ecmt=2,t0logsx =2, x=9. ECJIH'[=%,T0

Iog3x=%,x=\/§.

Haiinennsie 3HaueHUsI X YIOBIECTBOPAIOT yCJIOBUAM X => 0 1 X # 1 U ABASAIOTCS
KOPHSIMU JaHHOTO YPaBHCHHUS.

OtBet: x1 = 9, x, = V3.

[IpuBenem mnpumepsl penieHus Jorapu@muyeckux HepaBeHCTB. (OOBIYHBIM
Croco® TaKWX HEPABEHCTB 3aKJIFOYACTCS B IEPEXoJie OT HUX K 0Oojiee MpoCcTOMY
HEPABEHCTBY WJIM CHCTEME HEPaBEHCTB, HMMECIOMEH TO J>K€ CamMo€ MHOXKECTBO
peIIeHuii, T.€. K PaBHOCHJIHLHOMY HEPABEHCTBY WJIW K PaBHOCWIBHOH CHCTEME
HEPaBEHCTB.

[pumep: Permuth HepaBeHcTBO Ig (X + 1) <2,

Pemenne: [IpaBast yacTh JTaHHOTO HEPABEHCTBA MMEET CMBICII MPH BCEX 3HAUCHUSAX X,
a jeBas yactb —npu x + / > 0, otrkyna x > — 1, T.e. x > — 1 — obnacth onpeaeneHus
HCXOJTHOTO HEPaBEHCTBA.

3anuIneM HCXOHOE HEPaBEHCTBO B BHJIC:

lg (x + 1) <lg 100.

Tak xak 10 > 1, to X + 1 <100, otkyna X < 99. YuurbeiBas o6yacTh onpeeneHus
MCXOJHOTO HEPABEHCTBA, MmoiydaeM — 1 < X <99,

Conep:xkanue padboTbl

1. Pemuth ypaBHEHUS:

1) log, (x —5) + log, (x + 2) = 3;
2)lg (x-1) +lg (x+1) =0;
3)lg(3x—-1)—-Ilg (x+5)=1Ig5;
4) logs (5x + 3) = logs (7x + 5).

2. Pemmith ypaBHEHUS:

1) logs X% = 0;

2) logs X* = 3;

3) lg x* + Ig (4x) = 2 + Ig X%;
2 X _ A.

4) logs x° — logs — = 3;

5) log, x —2log, 2 = - 1;

6) logs x + 2log, 3 = 3.

3. Haiitu obnacte onpeneneHust GyHKINUU:
1)y=lg (3x-2);
2)y = log: (X"~ 2);

3)y= Iogzz(7 — 5X);



4)y = log; (4 - X%);
5)y = logs (X* — 4x + 3);
B)y= \/lgx + lg(x + 2);

_3x+2

nNy=

1-x

4. PeminTh HEPABEHCTBO:
1) logs (x +2) <3;

2) logg (4 — 2x) >2;
3)logz (x +1) <-2;
4)log: (x—1) >-2;

5)Igx > lg 8 + 1:
6) lgx>2-1g4;
7) log: (3x—5) > log: (x + 1);

5 5
8) logss (x —3) + logss (x —5) < 1;
9) logs (X* — 3% + 2) >1;
10) logs (X% + 2x) > 1;
11) Ig (X* — 8x + 13) > 0.

IMPAKTUYECKAS PABOTA Ne 3
Tema: «Kopuu, crenenu u sorapu@mos»
Hean: [IpoBepuTh 1 OLIECHUTH 3HAHUA YYAIIUXCS IO U3yYEHHOMY MaTepHally.
Oo6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padboTbl

Bapuanr 1

Pemure ypaBHeHue: \/m = x/5—_x ;

Pemute ypaBaenue: 2 = 128;

Pemmre ypasrenue: 2-3* 7 + 7 -3 = 493;
Pemmre HepaBencTo: 47 2 < 47 °;
Beraucnure: log,16+log, 2;

Borunciure: log, log, 8—8"%7;

Onpenemure x, ecnm log, (x-1)=3;
Pemure HepaBencTBo: log, (1-0,5%x) <-1;
2

A A o e

Pemure ypaBaenue: 4" — 5 - 2° — 24 = 0.

Bapuanr 2
1. Pemmmre ypaBHeHHE: 2x+3=12—x;




Pemure ypaBaenue: 3* :% ;
Pemute ypaBrenne: 3° 7 + 3° 7/ + 3" = 39;
Perrre HEpaBEHCTBO: 274> (5% -

Berauciure: log,,36+log,, 4;
Brraucnure: log, log, 9 —8°%?;
Onpenenute x, ecnu log, (5x-1)=2.

Pemmmre HepaBencTBo:  10gg 25 (2 —0,5%) > -1;
Pemnte ypauernne: 9" —2 -3/ —-27=0.

WX N kW N

INPAKTHYECKAS PABOTA Ne 4
Tema: «OCHOBHBIC ITOHATHS
Heab: HAy4YUTHCS BBIUMCIATH 3HAYCHUS TPUTOHOMETPHUYECKUX YIJIOB, H3yYWTh
OCHOBHBIC TIOHATHS U (POPMYJIIBI TPUTOHOMETPHH.
OGopyaoBaHue: CIipaBOYHBIE TTOCOOHS.

CnpaBouHbIi MaTepHAaJ
Pacmiupenue noHsiTus yrja

B TpuroHomMeTpun Mbl paccMaTpUBaeM yroi Kak Gpurypy, moaydeHHYIO TOBOPOTOM
Jy4a BOKPYT €ro HavajabHOUM TOUYKU JIyd MOKeT BpalaThCsi MPOTUB YaCOBOM CTPEIKU
— TOT/Ia TIOJTy4aeM MOJIOKUTENbHBIE YIIIbl. Ecim myd BpaiaeTcst mo 4acoBoi cTpernke,
TO YTOJI CYUTAETCS OTPULIATEIbHBIM. TakuM 00pa3oM Mbl MOKEM MOTYUUTh YTIIbI
m000# BenmuuHEL. [Ipr 3TOM pa3HbIe 1O BETMYHHE YTIIBI MOTYT HMETh OJJUHAKOBEIE
HavyaJIbHBIC U KOHEYHBIC CTOPOHBI.

Paguannas u rpagycHasi Mepa yrJia
Vbl u3Meps0TCs B rpagycax u paaranax. Oaud rpaayc ( o6o3Hayenue 1° ) —3to
moBopoT Jiyda Ha 1 / 360 yacTh 0gHOTO MOTHOTO 000poTa. Takum 00pa3oM, MOTHBIH
o0opoT iy4a paBeH 360°. Oaun rpagyc coctout u3 60 MuHyT ( X 0603HaueHue 1°);
0JIHa MUHYTa — COOTBETCTBEHHO U3 60 cekyH[ ( o6o3HavatoTcs 1¢).
VYroin B 1 paguaH, 3T0 LEHTPAIbHBIN YT0JI, KOTOPBIM ONMUPAETCS HA AYTY OKPYKHOCTH,

JUTMHA KOTOPOU paBHa JAJIMHE paJinyca.
A
R

YroObl HATH paiMaHHyIO MEpy yIJla HaJ0 HalTH OTHOIIEHHE JUIMHBI IyTH,
IIPOBEJICHHOM ITPOU3BOJIBHBIM PAaJNYyCOM U 3aKIIOUYEHHONW MEXKIY CTOPOHAMU 3TOTO

yIiia, K pagnycy Jyru.
CrnpaBennuBbl GOPMYITBI 3aBUCUMOCTH MEX]TYy paIMaHHOMN U TPayCHON MEPOH.



260°
1 pag = ————= 577, 2958 = 57°17°457,
2T
2T
19 = ————m= 0.017453 pag .
360°

Tabnuua 3HaueHui HanboJiee YacTo BCTPEUAIOIIUXCS YIJIOB B IpaJycax U pajguaHax:

VYrel B rpagycax i
30° 6
45° z
60° °
N 7z
90 3
180° s
270° 2
360° /4

37

2

27

Vrasl B padnaHax

CuHYC, KOCHHYC, TAHT€HC U KOTAHT€HC
PaccmoTprm Ha KOOPAMHATHOM TJIOCKOCTH OKPYKHOCTh €EAUHUYHOTO paguyca C

uentpoM O B Hauase koopauHar. Ilosepaem Touky Fo (1;0) na yron ¢ .

Honyunm Touky Fe

KocuHycoM yriia o Ha3biBaeTcs abcuuccea X Touku Fo . Cunycom yria o HaseiBaeTcs
opauHara y Touku e . IIpu 5TOM TaHreHCOM yria o Ha3bIBAETCs OTHOILIEHUE CHHYCA

9TOro yrija K KOCHMHYCY, a KOTAaHT'CHCOM YTJIa 0 Ha3bIBACTCA OTHOIICHUC KOCHUHYCAa

ATOTO YIJIa K €r0 CUHYCY.

sin cos
g = ctgor = —
CoS X sin &

P (cosa;sina)
B

St &

£, (1,0)

Ob-------=

Cr|cos

BolrunciieHue 3HaYeHU TPUTOHOMETPUYECKUX (PYHKLMH.
Hcnonp3ys onpeneneHus TPUrOoHOMETPUIECKUX (PYHKITUNA MOYKHO HAWTH 3HAYEHUS
TPUTOHOMETPUYECKUX (DYHKIIUNA YACTO UCIIOIb3YEMbIX B TPUTOHOMETPHUH YTJIOB.



Conepxanue padoThbl
1. Beruuciure:

a) v/3sin60° + cos60° sin30° — tg45° ctg135° + ctg90°;
6) cos = —V2sin -+ V/3tg -

B) v/25in45° — c0s30° sin60° + ¢tg45° tg135° — tg0;

r) sin = —v/2cos = —V/3ctg =.

2. YIIPOCTHUTE BBIpAKEHUE:
(1—cosa)(1+cosa),
a) ( )

6)

sina
(1-sina)(1+sina)

cosa

INPAKTHYECKASA PABOTA Ne 5
Tema: «OcHOBHBIC TPUTOHOMETPUUECKHE TOXKICCTBA»
Iesb: HAYYUTHCS BEIYUCIIATH OCHOBHBIE TPUTOHOMETPUUECKHE TOXKIECTBA.
OGopyaoBaHue: CIpaBOYHBIC TOCOOHS.

CnpaBouHbIi MaTepHAJ

TpuronoMerpuyeckue TOKIECTBA — MAaTEMATHICCKUEC BRIPAKCHHS
JUTSI TPUTOHOMETPUIECKUX (PYHKITUH, KOTOPHIE BRITIOTHSIIOTCS IMPU BCEX 3HAYCHUSIX
apryMeHTa (13 oOIIel 00JacTH ONpe/IeIICHHS).
Tpuconomempuueckue popmyvl

OCHOBHBIC TPUTOHOMETPUIECCKHE TOXK/ISCTBA

o sin*o+cos?a=1

o tga-ctga=1

o tga=sina~+cosa

o Ctga=cCoSa~+sina

o 1+tg2a=1+cos*a

o l+ctgza=1=+sin*a
DOpMYJIbI CIOKEHHUS

o sin(a+PB)=sina-cosPf+sinf - cosa
sin (a-PB)=sina-cosP-sinf - cosa
cos (a+B)=cosa-cosP-sina-sinf}
cos (a-PB)=cosa-cosP+sina-sinf
tg(at+P)=(tgattgP)+~(l-tga-tgp)
tg(a-P)=(tga-tgh)+ (1 +tga-tgP)
ctg (a+p)=(ctga-ctgh-1)+(ctgp+ctga)

o ctg(a-P)=(ctga-ctgpf+1)=(ctgp-ctga)
@opMyJIbl ABOMHOTO yria

o CO0S 20 = cos? a - sin® o

o cos2a=2cos*a-1

o O O O O o©


https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B8%D0%B3%D0%BE%D0%BD%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C_%D0%BE%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F

o O O

(¢]

cos2a=1-2sin’> a
sin 2o = 2sin o * cos o

tg 2a.=(2tg o) = (1 - tg> a)

ctg 2a = (ctg? a - 1) ~ (2ctg )

DopMyJIbl TPOMHOIO yTJIa

(¢]

(¢]

sin 3o = 3sin a - 4sin® o
cos 3a = 4cos? a - 3¢0S a

o tg3a=(3tga-tg*a)+(1-3tg*a)

(o]

ctg 3a = (3ctg o - ctg® a) + (1 - 3ctg? a)

DopMyIIbl HOHUKEHUS CTETIEHU

(o]

o O O O

o

sin? o = (1 - cos 2a) + 2

sin® o = (3sin a - sin 3a) + 4
cos?a=(1+ cos 2a) ~ 2

cos® a = (3cos a + cos 3a) + 4

sin?a - cos>a. = (1 -cos4da)+ 8

sin® a - cos® o = (3sin 2a - Sin 6a) + 32

Ilepexoa OT MpOU3BEAECHUS K CyMME

o

o

o

sina - cos f =% (sin (a. + ) + sin (o - B))
sin a - sin B ="' (cos (a - B) - cos (o + B))
cos a - cos B =Y (cos (a - B) + cos (a + B))

[lepexon OT CyMMBI K IPOU3BEICHUIO

gy .-
sin v £+ sin 3 = 2sin atp cosa:':"&
' 2 2
cosa — cos 3 = —2sin atpB sin a—F
2 2
, a+8 a-73
cos a + cos (3 = 2cos cos
2 2
. sin(a+ 3)
tga + 18 = cos  cos 3
. sin(f+a)
ctgar + ctgh = sin v sin 3

Conep:xkanue padboTbl

1. Beruucnure:

a) (sin a + cos a)* — 2sina cosa;

0) tg a + ctg «, ecim sina cosa = 0,4;
B) tg°a + ctger, eciu tgar + ctgar = 3.
r) (sin & — cos @) + 2sina cosa;

n) tg a + ctg «, ecnu Sina cosa = 0,2;
e) tg’a + ctg’e, ecim tga — ctgar = — 3.



IMMPAKTUYECKASI PABOTA Ne 6
Tema: «OCHOBHbBIE TPUTOHOMETPUUYECKUE TOXKIESCTBA»
Heanb: HAy4YUTHCS BBIYUCISATH OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIIECTBA.
OO6opynoBanme: CripaBOYHbIE TOCOOUS.

Conep:xkanue padorTbl

. V2 tgV3

1. Beramcmme: arcsin — arccos 0 — Lg\g; :
2 arcctg—-
V2 arctg\/?§

2. Beruucnure: arcsin0 —arccos — — ——3— .
2  arcctgy3

2sin2a-sinda _ , 2

3. JIokaxuTe TOKACCTBO: =tg°a

sindoa+2sin2a

4. loxaxmwure ToxaecTBo: (tga + ctga) (1 — cosda) = 4sin2a.

INPAKTHYECKASA PABOTA Ne /7
Tema: «I[IpeoOpazoBaHue NPOCTEUIINX TPUTOHOMETPUUECKUX BBIPAKEHUN
Henanb: HayunThCs MpeoOpa3OBbIBATh TPUTOHOMETPUUECKUE BBIPAKEHUS, UCIIONIb3YSI
TPUTOHOMETPUYECKUE (POPMYIIBI.
OGopyaoBaHMe: CIipaBOYHBIC TTOCOOHS.

CnpaBouHbIi MaTepHAJI

OcHOBHBIE TPUTOHOMETpPUYECKUE HOPMYITBI:
Sin’X + c0s*X = 1 — OCHOBHOE TPHTOHOMETPUIECKOE TOMKICCTBO;

tX_sinx_ ct X_cosx_

g " cosx’ g " sinx

tgx -ctgx =1,

fgXx=—: clgx =—:
ctgx tgx
2. _ 1

1+1g X=—.

Conep:xkanue padoTbl
1. Jloka3zaTh TOXIECTBO:

1) (1 - cos ) (1 +cos ) =sin 2¢;
2) (1 -sin @) (1 +sin &) = cos’ ¢;

sinfa _, 2 . cos?a _ 2 .

3) 1-sin2a 9" o ) 1—colsza =Clg” o

5) ——+sin“a=1; 6)———+cos’ a=1.
1+tg2a 1+ ctg?a

2. YIIpOCTUTD BBIPAKECHHE:



1) cos a -tg a— 2sin «; 2) Ccos a—Ssin a - ctg «;

sin2a cos?a
)—— )

1+ cos a’ 1-sina

MNPAKTUYECKAS PABOTA Ne 8
Tema: «I[IpeoOpazoBaHue NPOCTEUIINX TPUTOHOMETPUUECKUX BBIPAKEHU»
Henab: HayunuThCs IPE0OPa30BHIBATH TPUTOHOMETPUUECKHE BHIPAYKEHUS, UCTIONb3YS
TPUTOHOMETPHUUECKHUE (HOPMYIIBI.
OO6opynoBanme: cripaBOYHbIEC TOCOOUS.

Conep:xkanue padorTbl

1. YopocTuTh BhIpak€HHE U HAWTU €ro 3HAaYCHHE:
1) (sin® @ — 1)/(1- cos® @) npu a = n/4;

2) cos® a + ctg® a + sin® & npu a = 7/6;

3) cos® a + tg® actg® @+ sin* a npu o = /3.

2. JlokazaTh TOXJECTBO:

1) (1 -sin® @) (1 +tg® @) = 1;

2) sin® « (1 + ctg® ) — cos® a = sin «.

IMPAKTUYECKAS PABOTA Ne 9
Tema: « TpuronomeTpudeckue ypaBHEHUsI U HEPABEHCTBAY
Iesab: Hay4yuTHCS pelIaTh TPUTOHOMETPUYECKUE YPABHEHHS.
OGopyaoBaHMe: CIIpaBOYHBIC TTOCOOHS.

CnpaBouyHbIii MaTepHaJl

Jlyis perieHus Jr000ro TPUTOHOMETPHUYECKOTO ypaBHEHHUS €ro HEOoO0XOAMMO
CBECTH K OJTHOMY M3 YEThIpeX MPOCTCUIITHX.

1) ypaBHeHue COS t = a,;

pemenue. t = #arccosa+ 2zn, n € Z.

YacrtHble ciyyau:

cost=1=t=2m,ne/’;

cost=0=t==+m,neZ;

cost=-1=t=x+2a,nel.

[1pu |a] > 1 ypaBHeHue COS t = @ HE UMEET PEIICHHIA.

2) ypaBHeHue Sint = a;
pemwenne: t = (-1)"arcsina + 2zn, n € Z.



YacTHble ciiyyan:
sint=1:>t:§+27zn,nez;
sint=0=t=sn,ne’Z
sint=-1 :>t=—§+27zn,nez.

ITpu |a] > 1 ypaBHeHue Sin t = a He UMEET PEIICHMI.

3) ypaBHenue tg t = a;
pemenue: t = arctga + zn, n € Z.

4) ypaBHeHue Ctg t = @;
pemenue: t = arcctga + zn, n € Z.
Conep:xkanue padornbl

Pemmnts ypaBHEHUA:

a)cosng;

6) cos X = —1;

6) 2c0s X + V2 = 0;

2) 2cosx—1=0;

0) 2sinx + /3 =0;
tg X =——;

91X =~ 7

3) g x = 0;

u)Sin2X:g;

k) sinx =-0, 6;

1
Jl)COXX:—E;
M)cosng;

1) 2€0S X + /3 =

0;
0) V2cos x—1=0;
n) sin (—g) = 2.

2
Pg 4 =7
¢) 2c0s X (g_E) = /3.

6



IMPAKTUYECKAS PABOTA Ne 10
Tema: « TpuroHomMeTpuyecKre ypaBHEHUSI U HEPABEHCTBA»
Henan: HayuynuThCA pemiaTh TPUTOHOMETPUYECKUE HEPABEHCTBA.
OGopyaoBaHme: CripaBOYHBIE TOCOOHS.

CnpaBouyHbIi MaTepHAaJl

Pemenne HepaBeHCTB, COAEp)KAIIUMX TPUTOHOMETPUYECKHE  (PYHKIUH,
CBOJUTCS, KaK MPABUIIO, K PEIICHUIO MMPOCTEHUIINX HEPABEHCTB BUa Sint <a, cos t >
a,tgt=>awur.n.

PaccMmoTpum Ha npuMepe crnocoObl UX PELICHHUS.

. 1
[Tpumep. Pemmmmm HepaBeHCTBO SIN t 25 :

Bce Touku P; eIMHUYHON OKPYKHOCTH TMpU 3HAYEHUSX i, yJ:LOBJIeTBop;HomI/IX
JTAHHOMY HEPaBEHCTBY, UMEIOT OPAUHATY, OOJBIIYIO WU PABHYIO — E'

YA

——

o

-
X

Py

DOl =

Ptz 1

MHOXeCTBO BceX TaKuX TOoueK — jayra |, BeineneHHas Ha pucyHke. Haiinem ycnoBue
MPUHAAJIEKHOCTH TOUKU Py 3TOM ayre:

7
—%+27zn _<t_<?”+27zn,nez.

Conep:xkanue padboTbl

PemuTh HEpaBEHCTBO:

1) cosxzé—i;

2)cosx<§;

3)cosx>_*/2—§;

4)cosx_<—g;

5) cos x >1;
6) sin x >1;
7) sinx>%;



V2

8) sin x <—
2

IHPAKTHYECKAS PABOTA Ne 11
Tema: «Tpuronomerpuyeckue ypaBHEHUS U HEPABEHCTBAY
esb: IpOBEpUTH M OLICHUTH 3HAHUS yYaIMXCS 110 U3yYEHHOMY MaTepuaiy.
OO6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padorTbl

Bapuanr 1

1. Pemnte ypaBHEHHE:

a) 2sinx ++/2 =0;

6) sin’x + 2cos X + 2 = 0;

8) sin2x + 4sin°x = 2cos’x.

2. Pemure HEPaBEHCTBO: COS X < %

3. Pemure ypaBHeHue Sindx — sin2x = 0.

Bapuanr 2

1. Pemure ypaBHCHHE:

a) 2cos x —1=0;

6) cos’x + 3sin x — 3 =0;
6) 2sin’X — sin2x = cOs2X.

- V3
2. Pemute HepaBeHCTBO: SIN X < -

3. Pemnre ypaBHeHue COS3X + oS X = 0.

Bapuanr 3

1. Pemute ypaBHEHuUE:

a) 2cos X + 1= 0;

6) 2c0s’X + sinx + 1 =0;

6) 3c0s°X — 5sin’X = sin2x.

2. Pemnte HepaBeHCTBO: SiN X <

N | R

3. Pemnre ypaBHEHHE COS2X = COS4X.

IHNPAKTHYECKAS PABOTA Ne 12
Tema: «CpoiicTBa QYHKITUN»
Heab: W3yyuTh OCHOBHBIE CBOMCTB (DYyHKIMI, HAy4yuTbCA peliaTh 3aJauyd Ha
MIPUMEHEHUE CBOUCTB (hyHKIIUH.
OO6opynoBaHme: CipaBOYHBIE TOCOOHUS.



CnpaBo4HbIii MaTepua

@yHKIHUS — 3TO OJHO U3 BAKHEUIINX MATEMATUYECKUX NOHATUN. DyHKIUS —
3aBUCHUMOCTb IIEPEMEHHOMN Y OT MIEPEMEHHOM X, €CIIA KaXIA0OMY
3HAYEHUIO X COOTBETCTBYET €IMHCTBEHHOE 3HAaUeHUE y. [lepeMeHHyI0 X Ha3bIBalOT
HE3aBUCHUMOW MEPEMEHHOM UM apryMeHTOM. [lepeMeHHy10 y Ha3bIBalOT 3aBUCUMOM
nepeMeHHOU. Bce 3HaueHusT He3aBUCHMOM niepeMeHHOM (IepeMeHHON X) 00pa3yroT
o0xacThb onpezenenus GyHKIMU. Bee 3HaueHns, KOTOpble MPUHUMAET 3aBUCHMAs
nepeMeHHas (mepeMeHHas Y), 00pa3ytoT 001acTh 3HaUeHUN QYHKITUH.

OcHOBHBIE CBOMCTBA QYHKIIMH
1) O6aacTb onpeaesieHust PyHKUMH M 00J1aCTh 3HAYEHUH (PYHKIIUMN.
Oo6mactp onpeneneHrs (PyHKITUH - 5TO MHOYKECTBO BCEX JIOIMYCTUMBIX
JICHCTBUTENBHBIX 3HAUCHUI apryMeHTa X (MIepeMeHHOM X), TPU KOTOPBIX (PYHKIIHS Y
= f(x) ompenenena. O6nacTh 3HaUCHUH QYHKITUH - 3TO MHOXKECTBO BCEX
JIEHUCTBUTENBHBIX 3HAUEHHUH Y, KOTOpbIE MPUHUMAET (PYHKIIHS.
B snemenTapHOil MaTeMaTHKE U3y4yatoTcsl (PYHKIUU TOJIBKO Ha MHOKECTBE
JEHUCTBUTEIBHBIX YUCEIL.
2) Hyau pyHkuum.
Hynp ¢pyHKIIMM — Takoe 3HaU€HUE apTryMEHTa, P KOTOPOM 3HaUYEHUE (PYHKIIMH
PaBHO HYJIIO.
3) IIpome:RyTKH 3HAKONOCTOSIHCTBA (DYHKIIUM.
[IpomexxyTKH 3HAKOMIOCTOSHCTBA (PYHKIIMU — TAKWE MHOYKECTBA 3HAYEHU I
aprymMeHTa, Ha KOTOPBIX 3HaY€HUs (PYHKIIMHU TOJIBKO MOJIOKUTEIbHBI WIH TOJIBKO
OTPULIATEIIbHBI.
4) MOHOTOHHOCTH (PYHKIIUH.
Bo3spacraromast pyHkus (B HEKOTOPOM MPOMEKYTKE) - QYHKIHUSA, Y KOTOPO
00JIbIlIEMY 3HAUEHHUIO apTyMEHTa U3 3TOr0 MPOMEKYTKA COOTBETCTBYET OOJIbIlIee
3HauYeHUE (DYHKIIUH.
YoniBatomas GpyHKIMS (B HEKOTOPOM MPOMEXKYTKE) - QYHKIIHS, Y KOTOPOH
00JIbIIEMY 3HAUEHHUIO apTyMEHTa U3 3TOT0 MPOMEKYTKA COOTBETCTBYET MEHbILIEE
3HauYeHUE (DYHKIIUH.
5) UeTHOCTh (HE4eTHOCTH) PYHKIHMH.
YerHas ¢pyHKIUA - GYyHKIUS, Y KOTOPOM 001aCTh ONPEACIICHUS] CHMMETPUYHA
OTHOCUTEJIBHO Hayajga KOOPAMHAT U JIJIsl TF0O0TO X U3 00JIacTh ONpeieTIeHus
BhinotHsieTcs paBeHCTBO f(-X) = f(X). ['paduk yetHOM HyHKIIMM CUMMETpHYEH
OTHOCUTEJILHO OCU OpJIMHAT.
Heuetnas ¢pynkums - GyHKIMS, y KOTOpOH 00J1aCTh ONPEAEICHUS] CAMMETPUYHA
OTHOCUTEJILHO Hayajga KOOPAUHAT U JIJIS JIF0OOTro X U3 00J1acTh OnpeieTeHus
cripaBeuBo paBeHCTBO f(-X) = - f(X). ['paduk HedeTHON PYHKIIMN CHMMETPUYCH
OTHOCUTEIBHO Hayajaa KOOpAHHAT.
6) OrpannyeHHasi 1 HEOTPAHMYEHHASA (DYHKIIHUMN.
@DyHKIMS HA3bIBAETCSI OTPAHUYEHHOM, €CIIM CYIIECTBYET TAKOE MOJIOKUTEIBHOE
gucyio M, uro [f(x)| < M ans Bcex 3HaueHuii x . Ecnu Takoro 4uciia He CyIiecTByeT,
TO (QYHKIMS - HEOTpAaHUYEHHAs!.
7) llepuoguveckocTs GPyHKIMHU.




Oyukius f(X) - meproanveckas, €Clid CyIIeCTBYeT TaKOe OTIAMYHOE OT HyJIst 9uciio T,
YTO JJIs JIF000r0 X U3 obsacTu onpeaeneaus Gyakuun umeeT mecto: f(x+T) = f(X).
Takoe HaUMEHbBIIIEE YKCII0 Ha3bIBACTCS MEepuoIoM GyHKITHH. Bee
TPUTOHOMETPHUYCCKHE DYHKIIUH SIBISIOTCS TeproandecKuMu. (TpUroHOMETPHYECKHUE

dhopmyIibl).
Conep:xkanue padorTbl

HatimuTte 3HaueHus QyHKIIAH:
a) f(x) =x+ % B Toukax — 1, 1/2, 10;
0) f(x) = V5x — x? B Toukax 0, 1, 2;

B) f(x) = x% + 2x B TouKax Xo, t + 1.
Haitnute oGnacth onpeaeneHus: Kaxaon u3 GyHKIUI:

a) f(x) =
6) f(x) = ——;

B) f(x) = Vx? -9,
r) f(x) =V36 —x2,

IMPAKTUYECKASI PABOTA Nel3
Tema: «O0paTHbIe QYHKIIM
Heab: u3yuynuTh NpaBWiia HAXOXICHUS OOpaTHOW (YHKIIMH, OCHOBHBIE CBOWCTBA
0oOpaTHBIX (QYHKIIHIA.
OoGopyaoBaHMe: CIIpaBOYHBIC TTOCOOHS.

CnpaBouHblii MaTepHaJl

Onpeoenenue 1. Ecim pynkuus y = f(x) IpuHEMAET Ka)10€ CBOE 3HAYEHUE Y

TOJIBKO TIPH OJTHOM 3HAYEHHH X, TO ATy (DYHKIIMIO HA3bIBAIOT 0OPAMUMOIL.

Hamnpumep, nuneiinas QyHkium sBiasieTcsi 0OpaTUMOi, a KBaapaTuyHas QyHKIIHISI

00paTUMOM HE SIBISETCS.

Onpeoenenue 2. Ilyctsb y = f(x) — obparrmas GpyHkuus. Torma ajist Kaxaoro x usz

o6acTH onpezeaeHus GYHKIMH BBITONHSAETCS paBeHCTBO f(x) = y. D10

COOTBETCTBHE ONpeNEIseT QYHKIMIO X om Y, KOTOpyko 06o3HaunMm x = g(y). B aroii

3aMucH, B COOTBETCTBUU C IPUHATHIMH 0003HAYCHUSIMU, TTOMEHSIEM MECTaMU X U Y.

[Moayuum y = g(x). Oyskuo y =g(x) HassiBaroT oopamuoii K pyaxyn y = f(x).
Ilpasuno Haxoocoenus obpamuot yHKyuu

Jlns HaxoxieHus: GyHKIIUU 0OpaTHOM JaHHOW HEOOXOIUMO:

1.Y6enutbces, uto 3agaHHas QyHKUIMS UMEET 0OpaTHYIO, TO €CThb SBISETCS

00paTUMOM.

2.3 ypaBHEeHUS 3a]]JaHHOM (DYHKIIUN BBIPA3UTh IEPEMEHHYIO X.

3. B monyuyeHHOM ypaBHEHHH IIOMEHSATHh MECTaMH IIEPEMEHHBIE X U ).



N

Hanpumep. Haittu pyHkuno oopaTHyio K yHKIHH Y = 3x + 5
Pewenue.
1. Oro nuHeltHas pyHKLML, OHA 0OpaTUMa, TO €CTh UMEET 0OPaTHYIO.

-5
2. BelpaxkaeMm x: x = yT

5
I/IJ'II/IX:X_—
3 3

x 5
3. MensieM mectamu X ¢ Y, IOJIy4UuM y=; — 3 - ICKomas (GyHKITHSL.

Onpeoenenue 3. JIBe QyHKIMH HA3BIBAIOT 63AUMHO 0OPAMHBIMU, €CTT OHU OOPaTHBI
APYT Apyry.

Ceoticmea obpammubix QyHKyuil
1. Ob6nacTh onpeneneHuss 00paTHONW (QYHKIUU SIBISIETCS. MHOKECTBOM 3HAUCHMSI
HCXOJHOM.
2. MHOXecTBO 3HaUeHUI 00paTHOM (PYHKIMH SBIIAETCS 00JaCThIO OIpeIEICHHUS
HCXOJHOM.
3. I'paduk 0bpaTHOI QYHKIIMK CHMMETPUYCH OTHOCUTENBHO TpsiMoit y = x. (IIpsmas
Y = X, Ha3bIBa€TCs OMCCEKTPUCON MEPBOTO U TPETHETO KOOPIAUHATHBIX YIJIOB).

Ipumep. Haittu 061acTh onpeiesieHus U MHOKECTBO 3HAYCHUH JJ1s1 QYHKIIMH
obparHoii k pynkimu y = log, x.

Pewenue. O6macts onpenencHus 3aaanHoil pyHkiun unmepsan (0; +oo), 3HAYMT, IO
CBOMCTBY 2 OHa OyJ€T COBMA/IaTh C MHOKECTBOM 3HAUEHUSI 0OpaTHOM PYHKIUU, TO
ectp y > 0.

MHO0XXeCTBO 3HAYEHHS UCXOTHOU (PYHKITMN UHTEpBAII (—00; +00), 3HAUUT 10 CBONCTBY
1 3TOT mpoMeXKyTOK OyAET ABISATHCS 00JACThIO OMpeieIeHUs: 00paTHON PYyHKIUU.
Takum o6pasoM, it PyHKIUK 0OPATHOM JaHHOM X € (—o0; +00), a MHOKECTBO
snaueHuit y € (0; +o0).

IIpumep. Ha ogHOI KOOPAMHATHOM IIIOCKOCTH MOCTPOHTH rpaduk ¢ynkmun y = log,
x ¥ GyHKIHUUA, 0OpaTHOM TaHHOM.

Pewenue.

Ctpoum Ha KOOPAMHATHOM MJIOCKOCTH MO TOYKaM IrpadUK 3aJaHHON PYyHKIUU Y =
log2 x, ucnosb3ys TabaUIy 3HAUCHUH X U Y

x L [2]4]1),
0 [1]2]1

[IpoBoaum mpsimyro y =x
Pucyem rpaduk o6paTHOM PYHKITMM CHUMMETPUYIHO MTOCTPOESHHOMY TpaQuKy
byHKIMHA



y =109, x, oTHOCUTEIBHO NPOBEJECHHON NPsIMOH Y = X. [IJ1s 3TOr0 JOCTATOYHO
MOMEHSTh MECTAMU B HalJIEHHBIX 3HAYCHUAX TaOJIULIbI IEpeMeHHbIe X u Y. To ecTh

rpaduk o6paTHON YHKITUN OYIET MPOXOIUTH YePe3 TOUKH
x 0 |1]2-1
y 1241

Conep:xanue padoThI
3aganue 1. Haiitu ¢pyHK1mo oOpaTHyIO JaHHOM:

l.y=2x—-1 2.y=—5x+4
3.y=x*+1 4.y=x*-3

3ananme 2. Halitu o6nacTh onpeiesieH!s 1 MHOKECTBO 3HAUCHUM JUTIsl PYyHKITUN
oOpaTHOM K 3aJaHHO:
1. y=-2x+1 2.y=(x—1)° 3. y=x"-1

3ananme 3. Ha o1HOM KOOpIMHATHOM TNIOCKOCTU MOCTPOUTH TpadUK 3aJaHHOM
GyHKUIMH U PYHKIIMH, OOpaTHOM JaHHOM:
2
l.y=x"—1,npux>0 2.y=x°

IMPAKTUYECKAS PABOTA Ne 14
Tema: «CreneHnble, TOKa3aTelbHbIE, TOTAPUOMUUESCKIE U TPUTOHOMETPHUUECKUE
¢bynkuun. OOpaTHbIC TPUTOHOMETPUUECKUE (DYHKITAM))
Heab: M3yuynTh OCHOBHBIE CBOMCTBA HEKOTOPHIX (DYHKIIMI, HAYyYUTHCS pEIIaTh
3a/1a49M Ha MPUMEHEHHE CBOMCTB ATUX (YHKITHI.
Oo6opynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBouyHbIii MaTepHaJl
Cmenennas ¢hynxyusi
Cmenennoit pynkyueii ¢ 1eiiCTBUTENBHBIM ITOKa3aTEIEM Ha3bIBaeTCs (DYHKIMS BUAA
y=Xb , T7e b-nmeiicTBuTeNHLHOE YnCo, X>0.
Koaddumment b onpenenser nonoxxenue rpaduka Ha KOOPAUHATHON TIIOCKOCTH.
CBoiicTBa (pyHKITUH.
1. ®ynkuus onpenenena 1 x>0.
2. E(y)=[0;+x).
3. @yHkuus Bo3pacraroias, eciu b>0 u yosiaromias, eciiu b<0.
4. OyHKUMS HENpephIBHA HA BCEH 00JACTH ONPEACIICHHUS.



=]

IlokazamenvHnasn gyHkyus
dynknus Buaa y=a* , rae a>0, X eR HasbBaeTca nokazamenshoil GyHKIUEH.

KOB(b(i)I/IHI/IeHT a - [TIOJIOKUTCIIBbHOC YHCJIO, YKA3bIBACT HA BO3PACTAHHUC NJIU Y6BIB8,HI/IC

GyHKIMH.

CroiicTBa QyHKIUM:

1. A(y)=R.

2. E(y) = (0;+0).

3. dynkiusa Bo3pacTaeT (a>1), yobiBaet (a<l) Ha Bceit o0sacTu onpeaeeHusl.
4. I'paduk pynkimm nepecekaeT ock opauHat B Touke (0;1).

5. @yHKIMA HETIpepbIBHA HA BCEH 001acTH ONpeieNICHuUSI.

Jloeapugpmuueckasn ¢hynkyus
Jozapugpmuueckonu gpynkyuen nazpiactcs pynkuus suna y=10g,x, rae a=l, a>0,
x>0.
Yucio a onpeaenseT pacnoyioxkeHue rpaduka.
Bwmecto norapudmuyeckoit GyHKIMY ¢ TPOU3BOJIBHBIM OCHOBAaHUEM YJI0OHO
paccMaTtpuBath GyHKIHI0 Buaa Y=In X, rue a=e.
CaoiicTBa GpyHKIIUU y=In X.
1. {(y)= (0;+o0).
2. E(y)=R.
3. OyHKUMA NIPUHUMAET HYJIEBOE 3HAUYCHHE NPH X=1.
4. dyHKIMS Bo3pacTaeT Ha Bcel 00J1acTH OnpeeICHUsI.
5. OyHKIMS ABJISETCS HETPEPHIBHOW HA BCEW 00J1acTU OMpeIeIeHus,
muddepenrimpyema u Yo(X)=1/X.

_e,.fl
[y = l[Jf_’,“.'l'
L "

OKcnonenyuanvHas QyHKyus
®dyukius, odparHas ¢pynkuuu y=In X,
Ha3BIBAETCS IKCHOHEHUUAIbHOIL U 3AIIICHIBAETCS YPaBHEHHEM Y=¢",
I'paduk GpyHknn cuMMeTprudeH rpaduky GyHKIUE Y=IN X OTHOCUTEIBHO PSIMOi

Y=X.

Conepxanue padoTbl
1. Haiinu obnacts onpeneneHust GyHKIIUN:



6) y=logg(x*+4x—5);
B) y=5";
r) y=logs(5"*—25).

2. YKa3arh, KaKkie U3 JAaHHLIX (QYHKIWH SBIISIOTCS YOLIBAIOLIMMU:
a)y = 6%

0y=()
B)y = —8*
=)
)

IHPAKTHYECKAS PABOTA Ne 15
Tema: «CreneHHble, OKa3aTeNbHbIE, JIOTAPU(PMHUUECKUE U TPUTOHOMETPUUECKUE
¢ynkunn. OOpaTHbIE TPUTOHOMETPUUECKUE (PYHKIIAM))
Heab: HU3y4ynTh OCHOBHBIE CBOWMCTBA HEKOTOPBIX (DYHKIMI, HAy4YHUTHCS PEIIAThH
3a/1a4yu Ha IPUMEHEHUE CBOMCTB 3THX (DYHKIIMM.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBouHbIi MaTepHAJ

Bce tpuronomerpudeckue GyHKINH (CHHYC, KOCUHYC, TAHT€HC U KOTAHT'EHC)
OTHOCATCS K OCHOBHBIM 3JIEMEHTApHBIM QyHKIUAM. PaccMoTpum ux rpaduku u
MEPEYUCIINM CBOKCTBA.

Tpuronomerpuyeckum PyHKITUSIM IPUCYIIE

MOHATHE nepuoouyHocmu (MOBTOPSEMOCTU 3HAUEHUN (DYHKIIUU MPU PA3TIUUYHBIX
3HAYEHUSX apTyMEHTa, OTJIUYHBIX JPYT OT Apyra Ha BEJIUYUHY

rnepuoaa flx+T)=flx) ,rne T - mepuon), Io3TOMY, B CIUCOK CBOICTB
TPUTOHOMETPUUECKUX (PYHKIMI 100aBIEH MYHKT « HAUMEHbUIUL NONOHCUMENbHBIL
nepuooy. Taxxe i KaKJI0H TPUTOHOMETPUYECKON (YHKIIUU MbI YKa)KEM 3HAUEHUS
aprymMeHTa, Ipyu KOTOPbIX COOTBETCTBYIOLIAsA (PYHKIUS oOpamiaercsi B HOJIb.

Teneps pazdepeMcs o BCEMU TPUTOHOMETPUUECKUMU (PYHKIUSMHU MO-TIOPSJIKY.

®yukmus cuHyc Y = Sin(x).
N3006pa3um rpaduk GyHKINM CHHYC, €T0 HAa3bIBAIOT "cCMHYCcOoWAa".

y—1
_1|:| _j _1 \\_5_/ TU
claverstudents. ru _2 X

CoiicTBa (pyHKIHM CHHYC Y = SINX.

CHHYCcoMAE y=sin(x)



https://studopedia.ru/2_19589_harakteristiki-sinusoidalnih-funktsiy.html

- OGnacTeio onpeneneHust GYHKIIMA CHHYC SIBJIIETCS BCE MHOYKECTBO

JIEHCTBUTENBHEIX YKCEI, TO €CTh, PYHKIHMS Y = SiNX ompeesieHa mpu ~ = (= o0; +0)

- HanMeHbIIH# MOJIOKUTENBHBIHA Tepro QYHKIIMN CHHYCA PaBeH JByM mu: 1 =27
- OyHKIMS CHHYC IPUHUMAET 3HaYEHUS U3 NHTEPBaja OT MUHYC €MHMIIBI 10

Ve

SIMHUIIBI BKIIOYUTEIIFHO, TO €CTh, €€ 00JIaCTh 3HAUCHHUH €CTh ~ [_ L 1] :
vi—x)=—ylx)
- OyHKIMSA CUHYC - HEYETHAs, Tak Kak ~ * ~ ' =,
T 3
X E[—+2fr~k; —+2ﬂ"k:|.. keZ
2 2 i
- OyHKIMA yOBIBAST IIPU < “ :
T T
X e |:—;+2§‘I'k; ;+2ﬂ"k:|, keZ
BO3pacTaeT npu = <
T
{— +2m-k; 1\},:

- OyHKIHS CHHYC UMEET JOKAIhbHBIC MAKCUMYMBI B TOUKAX 2 J
T
[—;-!-EFI"FC; —1\:i keZ
JIOKaJIbHbIC MUHUMYMBI B TOYKaX “ J

- @yHKIMA Y = SiNX BorHyTas npu * = [-7+27-k 27k, keZ :
xenkgr42n-k], keZ _

[ﬁ'k; !]]. keZ _

BBIITYKJIAsI TIPU

- KoopauHatel Touek meperunda
- ACUMIITOT HET.

DyHKIHA KOCHHYC Y = COS(X).
I'paduk pyHkuN KOCHHYC (ero Ha3bIBAKT ''KOCHHYCOUIA'') HMeeT BU/:

KOCHHYCOMAE Y¥=COS(X)

-0~ SN Flj' .75 1D
cleverstudents.ru -3 &

CaoiicTBa QyHKIIMHA KOCHHYC Y = COSX.

- O61acTh onpeieaeHust GyHKLIUH KOCHHYC: ~ = (—o0;+0)

- HauMeHb11ii mo0KUTEIBHBIN Iepruo PYHKIMH Y = COSX paBeH JABYM IIHU: I'=2m

- OGnacTh 3HaueHu QYHKIUHA KOCUHYC IIPEICTABIIIET UHTEPBAJ OT MUHYC €IMHUIIbI

10 €AMHHIBI BKITIOYUTEIBHO: ~ © [-11] ,

)= y(x)

- CDyHKI_II/ISI KOCHHYC - UCTHAasA, TaK KaK ~

- OyHKIMA yObIBACT MPH = 27k z+27 k|, keZ ’

I Jg M g -
BO3pacTaer Hpch[ T+2m-k 2 Fc], ka__

- CDyHKI_II/ISI Yy = COSX MMEET JIOKAJIbHbIC MAKCUMYMBI B TOUYKaAX (2?1' k;' 1]" keZ ,

2k —1" =
JIOKaJTbHbIE MUHUMYMBI B TOUKaX (m+27-k—1} keZ



X e [E+2ﬂ-k;3—ﬂ+2ﬂ-k} keZ
- OyHKIMS BOTHYTAs TIPH 2 2 ,

X E|:—£+2fr-k;£+2fr-k} keZ
2 2

[E-Fﬂ"k; I]} keZ

BBINYKJIas IpU

- KoopauHatel Touek neperunda
- ACUMIITOT HET.

dyHkuus TaHreHc y = tg(x).
I'paduk pynkuuu tanrenc (ero Ha3pIBalOT "'"TaHreHconaa') umeer BUA:
6y st

1]
TAMSRHCRHAS ¥ TR s

)

clovorsiudenos ry
b ol _.ﬁu

CaoiicTBa QyHKIUM TaHTeHc Y = tgX.
- OGnacTh omnpeseneHust GyHKIUU TaHTeHC:

SR
xe|——+ma-k;—+m-k
2 2 ,rme K€ Z 7 — MHOXECTBO I[EJIBIX YHCEL.
[ToBenenue ¢pynkumu y = tgX Ha rpaHUIle 00IACTH
lim te(x)=—=c, lm tg(x)=+=

r—=—+xk+0 x—15+ﬁ-.t—':'

ompeaeaeHus 2

g
x=—+x-k

CnenoBatesibHO, IPSMbIC 2 ,rae k€ Z | gensrores BEPTUKAIBHBIMU
aCHUMIITOTaAMHU.

- Haumenbmmii moaoKuTeabHbIN nepruoa PyHKIIUU TaHTEHC I'=m

- ObnacTth 3HaueHu PyHKIMK Y = tgX: S (— o] +<:-:) _

Wox)=afx)

- q)yHKI_[I/IH TAHI'€HC - HEYETHAA, TaK KaK ~

xe[—E+fr-k;£+fr-k} keZ

- OyHkuus Bo3pacract npu - - :
X e |::"1"k;£+j‘l"k} keZ

- OyHKIMSA BOTHYTAas IPU 2 ,

Xe [—E +.?‘I"k;ﬂ"k:|, keZ

BBIITYKJIas IPU 2

- KoopauHatsl Touek nepernoda (7:k0) keZ



- HakJioHHBIX 1 TOPU3OHTAJIBHBIX ACUMIITOT HCT.

DyHKIHA KoTaHTeHe Y = Ctg(X).
N3o6pa3um rpaduk ¢GyHKIIMK KOTaHTeHC (€ro Ha3bIBalOT "KOTaHTeHcouaa"):

51 it
KOTAHFEHCOHAS Y=cLE(x)

CJEVEFS!UG:IE'HIE.J’I’.I —6‘
CaoiicTBa QyHKIUM KOTaHIeHc Y = CtgX.

- OGmactp onpeneteHns GYHKINNA KOTAHTSHC: - (7 ke 7w+ k) ,rae keZ 7

MHOKECTBO LICJIBIX YHUCCII.

- Hanmensb il moiaoKuTeabHbli nepuoa GyHkuu Y = CtgX paBeH nu: =z
T
x=—+a-k
- OyHKIMS 00palaeTcs B HOJb MPU y; ,rae k€ Z |7 — MHOXeCTBO IEIBIX

YHUCCII.

) e | — ol ol
- O6acTh 3HAYCHNH (PYHKIUN KOTAHTEHC: < (—e0r +=0) :

y(—x)=—x)
- CDYHKHHH HEUYCTHAas, TaK KakK : ! R

- OyHKIus Y = CtgX yobIBaeT pu * = ik m+mk) keZ :
xe[ﬁ-k;§+ﬂ-k} keZ
- OYHKIIMSA KOTAHT'€HC BOTHYTAs MPH < :

IE|:—§+?I'JEC;’T';C1 keZ
BBITTYKJIas TIPH “ /

T
[?+;'r-k; G\L keZ
- Koopaunars! Touek nepernda < /
- HakIOHHBIX M TOPU30HTAIBHBIX ACUMIITOT HET.

Obpamuvie mpuzoHomempuieckue QYHKYuU, ux ceoucmea u epapuxu
OOpartHbie TpUuroHoMeTprudeckue PyHKINN (ApKCUHYC, apKKOCUHYC, apKTAaHTCHC U
ApPKKOTAHTEHC) SIBJISIOTCS OCHOBHBIM 3JIEMEHTApHBIM (PyHKIMsIMU. YacTo u3-3a
MpUCTaBKH "apK" 0OpaTHBIC TPUTOHOMETPUUYECKHUE (PYHKITUU HA3bIBAIOT
apkdyukusiMu. Ceifgac Mbl paCCMOTPUM WX TPadUKH U MIEPEUNCITIM CBOMCTBA.

DyHKIMS apKCHHYC Y = arcsin(x).
N3006pa3um rpaguk GyHKIMN apKCUHYC:



y=arcsinix) 27

Cleverstudents.ru

_a
CpoiicTBa QpyHKIIHM apKcuHyc Y = arcsin(X).

. ObnacTeio onpeaeneHus: GyHKIIUN apKCUHYC SBIISETCS HHTEPBAJ OT MUHYC
eJIMHUIBI 10 €IMHUIIBI BKITIOUUTENILHO: = [-1:1] :

NPV Y
. OO0nacTph 3HaYeHUH GyHKIKU Y = arcsin(x): < <1,

vi—x)=—wlx)

. DyHKIMS apKCUHYC - HEeYeTHAs, TaK KaK * * ~* =% /|
. ®dyukmms Yy = arcsin(X) Bo3pacrtaeT Ha BCcel 00J1acTH ONpeIeiieHUs, TO €CTh,
npu ¥ € [-1:1] .
. DyHKIMSA BOTHYTas Ipu ~ = [0:1] , BEIYKJIast [IpA ~ = [-1:0],
. Touka neperuda (0; 0), oHa ke HOIb PYHKIUH.
. ACHMITOT HET.

DYyHKIMS APKKOCHHYC Y = arccos(x).
['padux byHKIIMM apKKOCHHYC UMEET BU/I;

y=arccos(x) 47 Cleverstudents. ru
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CpoiicTBa (PyHKIIMH apKKOCHHYC Y = arccos(X).
. O6nacTh onpenencHus GyHKINM apKKOCHHYC: ~ = [-11] _
. O6acTh 3HaueHuit Gynkimn Y = arccos(x): & < [0; ] |

. OyHKIMS HE SBISETCS HA YETHOW HU HEYETHOM, TO €CTh, OHA OOIIEro BHUIA.



DyHKIMS apKKOCUHYC YObIBAET Ha BCeH 00JIACTH OMPEIEIICHHS, TO €CTh,

npu * € [-1:1] _
. DyHKIUSA BOTHYTas IIPH ~ = [-1:0] , BBITYKJIas Ipy < [0: 1] :
[ﬂ; ?
. Touka neperuda </,
. ACHMITOT HET.
DyHKIHA apKTaHTeHe Y = arctg(x).
['paduk QpyHKIIMK apKTaHTEHC UMEET BU/I;
y=arctgix) 27
¥l
4 -2 2 4
-] - *
_2_ Cleverstudents_ru
CpoiicTBa (pyHKIIMH apKTaHreHc Y = arctg(x).
— o) + 20

npu *

Y=

"y

u

O6nacth onpesenenus Gpyskiuu y = arctg(x): * = (
T T

Y e [_;é ;\}.

OOnacTb 3Ha4eHNN (PYHKINU apKTaHT€HC! < 4,

y{—x)=—y(x)
@QyHKIUSA ApKTAHTEHC - HEYeTHas, Tak Kak = * /= "7,

@DyHKIMS BO3pacTaeT Ha BCel 00JIacTH ONpeIeieH s, TO €CTh,

€ I':_— o) + o0
xel—o0;0 e |0;+=c
®DyHKIUSA apKTAaHT€HC BOTHYTAst IPH ~ (—=: 0] , BBITYKJIast TIpU ~ = 105+ =0)
Touka neperuda (0; 0), oHa ke HOJIb PYHKITUH.
v

}I = —_——
['opu3oHTAIBHBEIMA ACUMIOITOTAMH SIBJISIFOTCS TIPSIMbBIC 2 mpu X > —%®
T
Z npu X 7 +°°, Ha ueprexe OHM IIOKa3aHbI 3€JI€HBIM LIBETOM.

dyHKIUs apKKoTaHreHe Y = arcctg(x).
N300pa3um rpaguk GyHKIIMN apKKOTAHT€HC:



y=arcctgix)
—_——— 5
B ——— _
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1
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CpoiicTBa (PyHKIIMH apKKOTaHTeHC Y = arcctg(x).
. O6umacTpio onpeneneHus GyHKIIUNA apPKKOTAHTEHC SBJISIETCS BCE MHOKECTBO
JIEeHCTBUTEIIbHBIX YHCET: © © {_ °0; +20) .
o ve oo
. O6uacTtb 3Hauenuit Gpynkun y = arcctg(x): < = (0; ),
. OyHKIMSA apPKKOTAHTEHC HE SIBJIIETCS HU YETHOW HU HEYETHOM, TO €CTh, OHA
o0111eTO BHIA.
. x € [—o0; +20)
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Conep:xkanue padornbl

1. Haiinute oO6Onacth ompeAeneHUss W 00JIaCTh 3HAYEHUW JaHHOW (yHKIIMH.
[Toctpoiite ee rpaduk:
a)y =2 +sinx
6)y =cosx —1
B)y = 0,5tg x

2. HaiinuTte KOOpAMHATHI TOYEK TEPECEUYCHUs C OCSIMH KOOpIWHAT Trpaduka
byHKINUN:

a)y =sinx
0) y = cosx
B)y=1+tgx

IMPAKTUYECKASI PABOTA Ne 16
Tema: «llocaenoBaTeabHOCTH
Henanb: w3yunTh OCHOBHBIE CBOWCTBA M  CHOCOOBI  3aJlaHUSl  YHCJIOBBIX
MOCJIEA0BATEILHOCTEN, TPUMEHUTH MOJIYYEHHBIE 3HAHUS TTPU PEIICHUU 33]1a4.
OO6opynoBaHme: CipaBOYHBIE TOCOOUS.



CnpaBo4HbIii MaTepua

®ynxkius a,=f (n) HaTypansHOTO aprymenTa N (n=1; 2; 3; 4;...) Ha3pIBaeTcs
YHCIIOBOM TOCIIEIOBATEIBHOCTHIO.

Yucna a;; @y; az; ay, ..., 00pa3yIoliue mocieI0BaTeIbHOCTh, HA3bIBAIOTCS YWICHAMHU
qrciioBoi nmocieaoBareabHocTh. Tak a;=f (1); a,=f (2); as;=f (3); a,=f'(4), ...

HWTak, 4ieHsl OCIeI0BATeILHOCTH 0003HAYAIOTCSI OyKBAMH C YKa3aHHEM

MHJICKCOB — MOPSIKOBBIX HOMEPOB UX WICHOB: a3 8p,d3,d4; ...,

CJICZIOBATEIIbHO, &; — MEPBBIN YWICH MOCIICIOBATEIBHOCTH; 8, - BTOPOH WieH
MOCJICIOBATEIBHOCTH; 83 - TPETUH WICH MOCIICIOBATEIBHOCTH; 84 - YSTBEPTHIN YICH
HIOCJICIOBATEIBHOCTH U T.]I.

KpaTko 4ncioByio mociie10BaTeIbHOCTh 3amuchiBaroT Tak: a,=f (n) wim {a,}.

CyIIecTBYIOT CJIEIYIONINE CITOCOOBI 3aaHMs YHCIOBOM MOCIEA0BATEIIbHOCTH:

1) Crosecuwiti cnoco6. Ilpencrasiser co00l 3aKOHOMEPHOCTD WX TIPABUIIO
PaCIOJIOKEHUS YWICHOB MOCJIEI0BATEIbHOCTH, ONMMCAHHBIN CIIOBaMHU.

[Tpumep 1. Hanucats mocienoBaTeibHOCTh BCEX HEOTPHUIATEIbHBIX YUCEII, KPATHBIX
qyuciy .

Pemenue. Tak kak Ha 5 nensTCs BCe yKCiia, OKaHYMBaomuecs Ha 0 win Ha 5, TO
MOCJIEA0BATEIbHOCTD 3AMUIIETCS TaK:

0; 5; 10; 15; 20; 25; ...

[Ipumep 2. Jlana nocnenoBatenbHOCT: 1; 4; 9; 16; 25; 36; ... . 3anaiiTe ee
CJIOBECHBIM CITIOCOOOM.

Pemenue. 3ameuaeM, 4TO 1=1%; 4=2% 9:32; 16:42; 25:52; 36:62; ... Jlemaem BBIBOJI:
JlaHa TIOCIIeIOBATEIbHOCTD, COCTOAIIAS U3 KBAJPATOB YMCEJ HATYPAJIBHOTO PS/IA.

2) Ananumuyeckuii cnoco6. IlocnenoBaTeIbHOCTD 3a1aeTcss GOPMYJIOH n-ro

yieHa: a,=f (n). 1o aToit hopmysie MOKHO HAWTH OO0 YJIEH MOCJIEI0BATEIIBHOCTH.
[Mpumep 3. N3BecTHO BhIpaxkeHne K-ro diieHa YMCIOBOH MOCIIEA0BATEIIEHOCTH: ay =
3+2:(k+1). Beruucnure nepBble YETHIPE YieHa 3TOM MOCIIE0BATENbHOCTH.
Pemenue.

a;=3+2-(1+1)=3+4=7,

a,=3+2-(2+1)=3+6=9;

a3=3+2-(3+1)=3+8=11;

a,=3+2-(4+1)=3+10=13.

[Ipumep 4. Onpenenure IPaBUIIO COCTABICHUS YUCIOBOM MOCIEI0BATEILHOCTH 110
HECKOJILKHMM €€ MEePBhIM WICHaM U BbIpa3zuTe 0oJiee pOoCcToi opMyIion o01uii dieH
nocienoBarensHoctu: 1;3;5;7;9; ...

Pemenune. 3amedaem, 4To JaHa MOCIEOBATEIIBHOCTD HEYETHBIX uncel. JIroboe
HEYETHOE YMCJIO MOXKHO 3anucath B Buje: 2k-1, rme K — HaTypaibHOE 4ucIo, T.€.
k=1;2;3; 4, .... OrBer: a,=2k-1.

3) Pexyppenmusiii cnoco6. IlocienoBaTeabHOCTh TakKe 3afaeTcs GopMysIon, HO He
dhopmyioi 001IeTro WwieHa, 3aBUCSIIEH TOIBKO OT HoMepa ujieHa. 3agaeTcs GpopMmyna,
[0 KOTOPOM KaXKJIbIM CIEIYIOLIAN YIEH HAXOHAT YePe3 NPEAbIAYIIME WICHBI. B
Cllydae peKyppeHTHOTro crocoba 3a1anus GyHKIIMU BCEra JOTIOJHUTEIBHO 3a0aeTCs
OJIVH WJI HECKOJIHKO MEPBBIX YJICHOB MOCIIE0BATEIIHPHOCTH.



[Tpumep 5. Beimucars nmepBbie 4eThIpE WieHa MOCIeA0BaTeIbHOCTH {an},

eciu a1=7; ap+1 = DHay.

Pemenue.

a, =b+a;=5+7=12;

az =b+a,=5+12=17,;

ay =b+az=5+17=22. OtBer. 7; 12; 17; 22; ... .

[pumep 6. Beinucarh nepsbie MATh WICHOB mocieaoBaTeabuoct {by},

ecl by = -2, b2 =3; bn+2 = an +bn+1.

Pemenue.

b;=2b;+ b,= 2(-2) + 3 = -4+3=-1;

b,=2b,+b;=23 +(-1) =6-1=5;

bs=2b3+by;=2(-1) +5=-2 +5=3. OtBer: -2; 3; -1, 5; 3; ... .

4) I'pagpuueckuii cnocod. YncaoBas MOCIIeI0BATSILHOCTD 33/1a€TCS TPapUKOM,
KOTOPBIN MPEICTABISIET COO0N M30JIMPOBAHHBIC TOUKH. AOCIIUCCHI ATUX TOYEK —
HaTypalibHbIC yncaa: n=1; 2; 3; 4; ... . OpauHaThl — 3HAYCHUS YJICHOB
MOCJICA0BATEIBHOCTHU: a1; ay; a3; Ay;... .

[Ipumep 7. 3anuimmTe BCe MATh WICHOB YHCIOBOM MOCIEI0BATEIFHOCTH, 38 JaHHON

Pemenue.

Kaxxnast TOUKM B 3TOM KOOPAMHATHOM MIIOCKOCTH MMEET KOOPAMHATHI (Nn; ap).
Brinuiem koopAMHATBl OTMEUEHHBIX TOUEK MO BO3PACTaHUIO a0CIIUCCHI N.
[Monyuaem: (1; -3), (2; 1), (3; 4), (4; 6), (5; 7).

CnenoBarenbHoO, a1= -3; a,=1; az=4; a,=6; a5 =7.

OtBer: -3; 1; 4, 6; 7.

PaccmoTpenHast yuciaoBas Mociae0BaTeIbHOCTh B KauecTBe QyHKIMH (B Ipumepe 7)
3a/laHa Ha MHOECTBE MEPBBIX MSITH HATYypalibHbIX yncend (n=1; 2; 3; 4; 5), mosTomy,
SIBIISICTCS KOHEUYHOU YUCT080U NOCA008AMENbHOCHbIO (COCTOUT U3 TIATH YJICHOB).
Ecnu uncnoBast mociie1oBaTeIbHOCTD B KauecTBE (YHKIIMK OYy/IET 3a/laHa Ha BCEM
MHOKECTBE HaTypaIbHBIX YHCEJI, TO TaKasi MOCIEI0BATEIBHOCTb OYIET OECKOHEYHOL
YUCTI0B01L NOCIE008AMENbHOCTIBIO.


http://www.mathematics-repetition.com/wp-content/uploads/2013/12/m-9-3kl.jpg

YHCIIOBYIO MOCIIEIOBATEIBHOCT HA3BIBAOT 803pACMAlowell, eCIU €€ WICHBI
BO3PAcTaroT (ap+1>a,) U yOBIBAIOIICH, €CIIM €€ WICHBI yobiearom (an+1<a).
Bospacraroiias wiin yObIBaroIasi 4MCI0BbIE TOCIIEI0BATEIBHOCTH
Ha3bIBAIOTCS MOHOMOHHBIMIL.

Conep:xanue padoThI

1. [Ipoaomxu mociaea0BaTEILHOCTH YUCENT:

16, 15,18, ... (17, 20, 19)

1,2,2,4,8,...(32,256,8192)

33,31, 32, ... (30,31, 29)

2.Ha cxnane umeercs 500 T yrias, Kaxapiid geHb MoaBo3T 110 30 T. CKOJIBKO yTias
Oynet Ha ckiaze B 1 nedn? 2 nenn? 3 neHb? 4 nenb? 5 neHb?

INPAKTHYECKASA PABOTA Ne 17
Tema: «IlociaenoBaTeIbHOCTIY
Ieab: W3yuyuTh OCHOBHBIE CBOMCTBA W  CHOCOOBI  3aJlaHMsl  YHUCIIOBBIX
MOCJeA0BaTEILHOCTEN, TPUMEHUTH MOJIYYEHHBIC 3HAHUS TIPU PEIICHUH 3a]1a4.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padorsbl

1. ABTOMOOUITB, ABUTASICH CO CKOPOCTHIO 1 M/C 32 KaXKIyI0 MOCIEAYIONIYIO CEKYHTY
M3MEHSI CBOIO cKopocTh Ha 0,6 m/c. Kakyro ckopocTh OH OynieT uMeTh cirycts 10
CeKyH?

2. ExxemHeBHO KaXK/bIi OOJICIOIIHMI TPUTIIIOM YEJIOBEK MOXKET 3apa3uTh 4
OKpyXaromux. Uepes CKoIbKO JHEH 3a00J1e10T Bce YUCHUKH Harrel mkossl (300
yenoBek)? (Uepes 4 nHs).

3. CKOBbKO MOSBUTCS OaKTEpHil KyprHOH X0Jepsl 3a 10 yacoB, eciii oHa OaKkTepus
JIEJTUTCS TI0II0JIaM KaXKIbINA yac?

4. Kypc BO3IyIIHBIX BaHH HAYMHAIOT C 15 MUHYT B MEepBbIN J€Hb U YBEIUUUBAIOT
BpEMsI 3TOM MPOLEIYPHI B KaXIbIN cienyromuii 1eHb Ha 10 muH. CKOJIBKO THEN
cieAyeT MPUHUMATh BO3AYIIHBIC BAHHBI B YKa3aHHOM PEXHUME, YTOOBI TOCTUYb UX
MaKCHUMaJIbHOW TIpogosDKuTeabHOCTH 149 45 mun? (10)

5. [Ipu cBOOOIHOM MaieHUH TETI0 MPOXOAUT B TIEPBYIO CEKYHIY 4,8 M, a B KaXAYIO
cienyromyto Ha 9,8 M 6ombiie. Haiiaure rimyOnHy maxThl, €CJIM CBOOOIHO Maaromiee
TEJIO JOCTUTJIO €€ IHA Yepe3 S ¢ Mmociie Havaja NajeHus.



INPAKTHYECKASA PABOTA Nel8
Tema: «IIpousBogHas»
Henanb: HAy4YUTHCS BBIYUCIATH IPOU3BOIHBIE OCHOBHBIX (DYHKITUH.
OO6opynoBanme: CripaBOYHbIE TOCOOUS.

CnpaBoyHbIi MaTepHAJ

IMpousBoaHasi GyHKUMHM 3TO OTHOIICHHE NPUPANICHUS (PYHKIUH K MPHUPAIICHHIO
apryMeHTa Impu 0€CKOHEYHO MajIoM IpUpAICHHE apryMEHTa.

IIpupamenneM B MaTeMaTHKE Ha3bIBAlOT H3MEHEHHE. TO, HACKOJIBKO HM3MEHHUIICS
apryMeHT (X) MpH TOpOABIKCHMHM BAOJb ocd OX, Ha3bIBACTCS MPHpPAIIEeHHEM
aprymenTa u o6o3Havaetcst AX. To, HACKOJIBKO W3MEHUIACh (PYHKIUS (BBICOTA) TIPU
IPOABIKCHUH BIiepe Ba0Jb ocd OX Ha paccTossHUE AX, Ha3bIBACTCS MPHPAIIEeHHEM
¢yukuun 1 o6o3Hauaetcs Af.

Wtak, npousBomHas  ¢yHkmuu f(X) — 310  orHomeHue Af k AX mpu AXx—0.
O0o03Ha4YaeM MPOU3BOJIHYIO TOH e OyKBOM, YTO U (DYHKIIMIO, TOJIBKO CO IITPUXOM
cBepxy cnpasa: f'(X) wim npocro f',

Ta6auua npou3BOAHbIX OCHOBHBIX 3J€MEeHTAPHbIX DYHKUMH

(¢)) =0 (c—const); (%) =a-z* ! (a— const),
T S (l)' R
(V) 2\/x’ x z?’
(sinz)’ = cos z; (cosz)’ = —sinuz;
1 1
tgz) = ——; tgz) = ——5—;
(tg ) cos® (chgx) sin“z’
(a®) = a® Ina; (ex)l = g%
! - 1 ; X _];
(lOgaII?) ik T ~1na’ (IH.L') = )
* S N 1 . % g 1 .
(&I‘CSIH.L’) = —ﬁ, (&TCCOS.’L‘) = ——\/-1——-_=w-2—,
* ! l . * ! 1
(arctgz)’ = Tt (arcctgz)’ = e &
OcHoBHble npaBuaa nuddepeHunpoBaHus
(c-u) =c-u, e— const; (utv) =u £
/ /
U / uUuv-—uv
(uv)’ = u'v + w'; (—) = ——;
v v

y = f(9(z)), ¥ = fi(u)- gi(z), rae u = g(z).



Conep:xanue padoThI

Haiitu npou3BoaHy0 GyHKUMM:
1)  y=2x>+2x3-3x

2) y=-5x*+5x3+ 4x?
3) y=—-x>—x*+7x

4) y=—5x%—8x*+9x?
5 y=—6x°+5x*+ 6x3
6) y=-—5x°—8x3+7x
7)  y=6x3—9x%+7x

8) y=2x%+7x5-7x3

9) y=-3x5+9x*—3x3
10) y = 4x% + 4x3 F 7x?
11) y = 4x° + 6x3 — 3x2
12) y=4ctgx+3tgx —4
13) y=4sinx+2ctgx+5
14) y=4tgx —5sinx +4
15) y=2ctgx —2cosx+4
16) y =4sinx—5ctgx—1
17) y=3cosx—2tgx —2
18) y=4cosx+2ctgx—5
19) y=4tgx+5cosx+2
20) y=5cosx—2sinx—5
21) y=2ctgx—3cosx + 2
22) y=3cosx+3sinx—5

IMPAKTUYECKASI PABOTA Ne 19
Tema: «IIpousBonnas»
Hean: mpoBepuTH U OLICHUTH 3HAHUS ydamuxcs 1o teme: «[IpousBogHasy.
Oo6opyaoBaHMe: CIIpaBOYHBIC TTOCOOHS.

Conep:xkanue padboTbl

1. Haiinmure mpou3BoaHYIO (PYHKITUU:
a) f (X) =%x4—x3 +5;
1
0) f(X) =4x— =t
6) () =4-x" 2

2T () == +Xx

2. Hatinure:



a) f ’(g) ecnu f (X) = X COSX;
6) f (=1), ecnu f (X) = (3x + 4)°.
8) f (-2), ecruf (X) = _(5 + 2x)*;
2) f (m), ecau f (x) = ==

X .

INPAKTUYECKAS PABOTA Ne 20
Tema: «IIpousBogHas»
Lesb: MpoBEpUTh U OLIEHUTH 3HAHUS ydamuxcs no teme: «lIponsBogHas,.
OO6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xanue padoThI

1. Haitaure Bce 3HaueHus x, npu koTopsix f (X) = 0, ecxm f (X) = c0s2x + v/3x.
2. Haiture Bce 3HaueHus x, opu kotopsix f (X) = 0, ecxu f (X) = 24/2x — sin4x.
3. Haiimre Bce 3HaueHus x, npu kotopsix f (x) <0, eciu f (X) = 6x — X°.

y 1
4. Haitnute Bce 3Ha4YeHUs X, mpu KOoTopbix f (X) >0, ecu f (X) = EXS —0,5%%.

INPAKTUYECKAS PABOTA Ne 21
Tema: «IIpousBoaHas»
ean: HayuyuThCS UCCIeA0BaTh Ipa@uKu GYyHKIIHMM, UCTIOIB3YS TPOU3BOIHYIO.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBouyHblii MaTepUaJl

AJTOopuTM HCClenoBaHus (PYHKITUU:

1) Haiit o6sacTh onpeeacHus: GyHKINM,

2) BBIICHUTD, ABJISCTCS JIW (DYHKIIMS YETHON WJIM HEUETHOM, MePUOTUIECKON;
3) HalTH TOYKM MepeceyeHus rpaduka ¢ 0CsIMU KOOPIUHAT;

4) HAal'TU TPOMEKYTKHU 3HAKOIIOCTOSIHCTBA;

5) HalTH IPOMEKYTKH BO3pACTaHUs U yObIBaHUS,

6) HaliTH TOYKH DKCTPEMYyMa U 3HAUYCHUS (PYHKIIUU B ITHUX TOYKAX;

7) uccienoBath NoBeJeHUE PYHKIIUU B OKPECTHOCTH «OCOOBIX)» TOYEK.

Ha ocHOBaHUM Takoro uccienoBaHus CTPOUTCS Tpaduk GyHKIUU.

Ipumep. Mccnenosars gynximio f (X) = 3x° — 5x° + 2 u moctpouts ee rpaduxk.
[IpoBenem uccnemoBaHue 1O YKa3aHHOM CXEMe:

1) D (f) = R, tak kak f — MHOTOUJIEH.

2) Oyukus f He sBNsETCS HU YETHOW, HU HEYSTHOM.



3), 4) I'paduk f nepecekaercs ¢ ocvio opauHat B Touke (0; f(0)); yToOBI HaliTH TOYKH
IepeceveHus ¢ 0Ch abcIce, HAIo PeluTh ypaBHeHne 3X° — 5X° + 2 = 0, ouH u3
KOpHEW KOToporo (x = 1) nerko HaxoauTcs. [[pyrue KopHU (€cou OHHU €CTh) MOTYT
OBITh HaWJEHBI TOJBKO MPHUOIMKEHHO. [loaTOMY ISl TaHHOW (PYHKIIMHM OCTaJbHBIC
TOYKH TIepecedeHus] Tpaduka ¢ OChbI0 aOCIUCC W MPOMEKYTKH 3HAKOIIOCTOSTHCTBA
HaXOJWUTh He OyaeM (Tak Kak MPUBEIACHHAS CXeMa MCCIEA0BaHUs NMEET MPUMEPHBIN
XapakTep).
5), 6) Haitnem npousBoaayto ¢y f:
f (x) = 15x* — 15x* = 15x* (x* — 1).

D (f) = R, mosToMy KpUTHYECKUX TOYEK, /Ui KoTophix f {X) He cymiecTByer,
HET.

3amernm, ato f (X) = 0, ecim X° (X — 1) = 0, T.e. Py 3HAYCHUSX apIyMEHTa,
paBubIX 0, - 1 u 1. PaccmarpuBaemasi GyHKITHS KIMEET TPU KPUTUICCKHUE TOUKH.

CocTaBuMm Ta0IHILy:

x (—oco; —1) -1 (-1; 0) 0 (05 1) 1 (1; o0)
f' () + 0 - 0 - 0 +
f (x) e 4 A 2 W o Ve
max min
Crpoum rpaduk pyHKIUU:
YA y=3x5—5x3+2
4+
2
10 '1 i

Conep:xkanue padboTbl
3ananme. Vccnenyiite GyHKIINUIO U IOCTPONTE €€ Tpaduk:

1) f(X) =x*—2x + 8;

2) f (X) = - X* + 5x + 4;

3)f(X) =x*+3x + 2;
A)f(x)=1+15c—3%—-25%



IMPAKTUYECKASI PABOTA Ne 22
Tema: «IlepBooOpa3Has u UHTETpa»
Iesb: HAYYNUTHCS BBIYUCIATH HEONPEAECICHHBIN HHTErPAIL.
OO6opynoBanme: CripaBOYHbIE TOCOOUS.

CnpaBouyHbIi MaTepHAaJl

Heomnpenenennsii wHTerpan anst Gyskimuu f (X) — 3T0 cCOBOKYmHOCTH Bcex
NepBOOOPA3HBIX JAHHON (YHKITHH.

Ecmu ¢pynknus f (X) onpenenena u HerpepsIBHA HA TIPOMEXKYTKE (a, b) u F(x) —
ee mepBooOpaszHas, To ectb F(X) =f (X) nppa <x <b, To

[ f(x)dx = F(x) + C,a<x<b, rne C — npou3BoIbHAs MOCTOSHHASL.

Conep:xkanue padboTbl
3aganme. Beruncnure HeonpeaeaeHHbIN HHTETPall:

1) [ x*dx;

2) [ x3dx;

3) [ cosx dx;

4) [ sinx dx;

5) IBCosfdx;
2

6) [ — dx;

cos?

7) [(2x + 1)dx.

MNPAKTUYECKAS PABOTA Ne 23
Tema: «IlepBooOpa3Has u UHTETpaI»
Iean: 3akpenuTh 3HAHUS yUAIIUXCS PU PEIICHUHU 3a/1a4.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padornbl

3ananme. Berunciaure HeonpeaeICHHBIA HHTErpal:
. X .

1) [ sin Exdx, )

2) f(sinz + cos )dx;

3) [ dx;

x+3
4)fmdx;
5) [(1 + 2x)3dx;




IMPAKTUYECKAS PABOTA Ne 24
Tema: «IlepBooOpa3Has u UHTETpaI»
Iesb: MpoBEpUTH U OLIEHUTH 3HAHMS YUYAIIUXCA 110 U3yYEHHOMY MaTepHaly.
OO6opynoBanme: CripaBOYHbIE TOCOOUS.

Conep:xkanue padorTbl

1. Ha#iguTe oOuuit Bu mepBOOOpa3HBIX I (PYHKITHH
a) f(x) = (3x — 2)3 — 2cos(5x — g);
6) f(x) = (5x + 3)? + 3sin(2x — g).

2. Bwruucaure unTerpal

2 x3+3x? 1 . x 1 x
a) [[——dx 6) [¢(sins+Zcos?)dx

4 x3-2x2 1 1.
B) [, xx_zx dx 1) foz(zcos§+gsmg) dx

INPAKTHYECKAS PABOTA Ne 25
Tema: «IlepBooOpa3Has u UHTETpaI»
Iesb: TpOBEPUTH U OIICHUTH 3HAHUS YUAITUXCS TI0 U3yUYEHHOMY MaTepuraiy.
OGopyaoBaHme: CIipaBOYHBIC TTOCOOHS.

Conep:xkanue padboTbl

1. Ins ¢yukuuu f(x) = V7x — 3 Haiiaure mepBooOpasHyo, rpaduk KOTOPO
MPOXOJUT Yepe3 TOUKy A(1;2).

2. Ins dyakuuu f(x) = V5x + 6 Haiigure nepBooOpasHyro, rpapuk KOTOPOi
MPOXOJIUT Yepe3 TOUKy A(2;1).

3. Berumciure miomanas GUrypel, OrpaHHYCHHON JTHHUSIMU
y = X*+1, y=0, x=1, x=2.

4. Beraucnute miomanb GUrypbl, OrpaHi4eHHON JIMHUSMH

y = X°+3, y=0, x=1, x=3.

IMPAKTUYECKAS PABOTA Ne 26
Tema: «YpaBHEHUS U CUCTEMBI YPABHEHHUIN
Ieab: HayuyuThCcs pemiaTh UppalMoHaIbHBIC, TTOKa3aTeIbHbIE U Jorapudmuyeckue
ypaBHEHUS.
OGopynoBaHme: cripaBOYHbIE TOCOOUS.



CnpaBo4HbIii MaTepua

YPaBHCHI/IH, B KOTOPBIX IIOA 3HAKOM KOpPHA COACPKUTCA IICPCMCHHAA,
HAa3bIBAIOT UPppaAllOHAJIbHBIMU.

[Tpumep. Pemuts ypaBHeHHE VX2 — 5 =2.
BosBe/ieM 06¢ YacTH ypaBHEHHS B KBAAPAT M MOJIY4HM X° — 5 = 4, OTKy/a ClIeyer,
yT0 X° = 9, Te.x=3mmx=—3.
[IpoBepuM, 9YTO TMOJyYEHHBIE YHCIIA SIBISIFOTCS  PEIICHUSMH  ypPaBHEHHS.
JIeHiCTBUTENBHO, TIPH MOJICTAHOBKE MX B JaHHOC YPAaBHEHHE IMOJYYalOTCS BEPHBIC
paBeHCTBa
V32 -5=2u,/(-3)? -5=2
CreoBatenbHO, X = 3 U X = — 3 — pelIeHus JaHHOTO YPABHCHUS.

[Tox wppanuoHAIbLHBIM HEPABEHCTBOM MOHHUMAETCS HEPABEHCTBO, B KOTOPOM
HEU3BECTHBIC BEJIMYMHBI HAXOIATCS 1101 3HAKOM PajMKaa.

[Tpumep. Pemuts HepaBeHcTBO V3x — 5> X — 1.
JlaHHOE HEPAaBEHCTBO PKBUBAJICHTHO COBOKYITHOCTH JIBYX CHCTEM:

x —1>0 { x21
[3x—5>x2—2x+1

(L, AT
Vv3x—-5>x-1& 3x—=5>(x 1)<:>| {x<0 =

{x—1<0 c
3x—5>0 3>3
{ x>1 { x=>1 93
X2 —5x+6<0" x6(2;3)<:>XE( :3)-

Otger: (2;3).

Conep:xkanue padornbl

3ananme 1. Pemure ypaBHeHUE:
1) vx* + 19 = 10;

2)Vx —9=-3;
Vx+1=x-5;

4) X ++/2x + 3 =6;

5) x = Vx3 4+ x2 — 6x + 8;

6) V5 + ¥/x + 10 =4.

3apanme 2. Pemure ypaBHEeHMS:
1) 3"+ 3" =12;
2) 4V*¥72 + 16 =10 - 2V¥~2;

3) 4~ 0,25* 2 =15.



3apanme 3. Pemure ypaBHeHuUS:

1) logs (X* + 8) — logs (x + 1) = 3logs 2
2)Ig (X* +2x—7) —Ig (x — 1) = 0;

3) logZx + log,Nx — 1,5 = 0;

A lg°x—Igx*+1=0.

INPAKTUYECKAS PABOTA Ne 27
Tema: «YpaBHEHUS U CUCTEMBbI YPABHEHUI»
Iesb: HAYYUTHCS pELIATh CUCTEMBI YPABHEHHUM.
OO6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xanue padoThI

3ananue 1. Pemmre cucteMbl ypaBHEHNN:
x+ 2y =-1,
){ 43+7° = 16;

3+t +2% =5,
—63Y+2=0;

Dy
3){ xy = 2%,
L

log2x + log3y = 10;

logzx + logsy = 2,

4) x?y—2y+9=0.

IMNPAKTUYECKAS PABOTA Ne 28
Tema: «Mcnonp3oBanre CBONCTB M TpaduKoB (YHKIMIA MPU PENICHUH YpaBHEHUN
Y HEPABEHCTBY»

HEJIb PABOTDI: HayunThcs pemiatb HepaBEHCTBA METOAOM UHTEPBAJIOB.
OBOPYJAOBAHME: cripaBouHbIE TOCOOUSI.

CnpaBouyHbIii MaTepHaJl

Ha cBoiicTBe HenpepbIBHBIX (PYHKIHMI OCHOBAH METOJ| PELIEHUSI HEPABEHCTB C
OJIHOM TIepeMeHHOM (MeToa UHTepBaioB). OMUILIEM €To.

[Tycte ¢yaknus f wenpepeiBHa Ha uwHTepBasie | m oOpamiaercs B Hynb B
KOHEYHOM YHCJIE TOYEK J3TOro HHTepBaia. ODTUMH Toukamu | pa3OuBaercs Ha
WHTEPBAJIBI, B K&KIOM U3 KOTOPBIX HenmpepbiBHAS GyHKIUA f coXpaHseT mOCTOSIHHBIH
3HaK. UTOOBI ONpenenuTh 3TOT 3HAK, JOCTATOYHO BHIYUCIUTH 3HaYeHue pyHkimn f B
KaKOH-IM00 OHOM TOUKE M3 KaXKJI0ro TaKOro HHTEpBaJa.



x2-1

IIpumep. Pemnth HEpABEHCTBO; ————— >
p p p x2-5x+6

Oynkmus T (X) HEIpepbiBHA B KaXJOHW TOYKE CBOEHM obsactu

x?—5x+6
omnpenesieHuss U oOpamaercss B HyJb B Toukax —1 u 1. OGnacTh onpeneneHus >Tou
GyHKIIUM — BCSI YUCIIOBas MpsAMas, 32 UCKIIOUEHUEM HyJeW 3HaMeHaTesl, T.e. TOUEeK
2 u 3. Otn Touku W Touku —1 m 1 pasdumBaroT oOmacTh ompeneneHus f Ha TATH
IPOMEKYTKOB, B K&KIOM M3 KOTOphIX (GyHKius f HempepbsiBHA W He oOpamaercs B
Hy1b. Ha pucyHke oTmeueH 3Hak f B KakIOM M3 COOTBETCTBYIOIIMX HHTEPBAJIOB,
KOTOPBIH OnpesiesisieM, HaliIs1 3HaKu 3HadeHul T BO BHYTPEHHUX TOUKAaX MHTECPBAJIOB.
HepaBenctBo Hectporoe, mostomy uucia —1 u 1 (Hyau ¢yskumu f) sBisrorcs
pelIECHUsMU HEpaBeHCTBa. PaccmaTpuBas pPUCYHOK, MOXHO 3alUcaTh OTBET:

MHOECTBO PEIICHUI HepaBEHCTBA — 00bEAMHEHNE TTPOMEXKYTKOB (— o0; —1], [1; 2) m
(3; ).
Conep:xkanue padornbl

3aganue. Pemure HEpaBeHCTBRA:

1) X*—5x + 4> 0;
2) X - 3x — 4 <0.

2. Halimure 0651acTh TOMYCTUMBIX 3HAUCHHUHN (YYHKITUU:
a) f(x
)10 =2

6) f (x) = J9x—x3

8) f(X)= 1/ ~3y9x—x3

a) f(x) =
0)f(x)= \/2x3 —8x;
8) f(x) = + 212x3 —8x.

IMPAKTUYECKASA PABOTA Ne 29
Tema: «Mcnons3oBanue CBOMCTB U Tpa@uKOB (YHKIMM MpU PEIIeHUH YpaBHEHUH
Y HEPABEHCTB)
Henan: HayuynThCA peliaTh HEPABEHCTBA METOJIOM MHTEPBAJIOB.
OO6opynoBaHme: CipaBOYHBIE TOCOOHUS.



Conep:xanue padoThI

Banam/le. Pemure HCPAaBCHCTBA:

x+3

1) = >0;
x2+4x—5
2) x“—=7x+6 < O;
x—2
xX4+2x-3

MNPAKTUYECKASA PABOTA Ne 30
Tema: «/cnonbp3oBaHre CBONCTB M TpapUKOB (PYHKIIHMM MPU PEIICHUH ypaBHEHUH
Y HEPABEHCTB»
Henb: HayuynThCA pelIaTh HEPABEHCTBA METOIOM UHTEPBAJIOB.
OGopyaoBaHMe: CIipaBOYHBIC TTOCOOHS.

Conep:xkanue padoTbl
3ananue.

1. Pemute ypaBHEHHUS:
Dx3-3%+x=3;
)X -3 —4x+12=0;
3)xt -3 -2 —6x-8=0.

2. IMycts f(X) = X*(X - 3). Haiiaure Te 3HaYCHUS X, JJIS1 KOTOPBIX:
a) f(x) > 0; 6) f(x) < 0; B) f(X) > 0; r) f(x) <O0.

3. ITycts f(X) = X(X + 2)?. Haiigute Te 3HaYCHUS X, U KOTOPBIX:
a) f(x) > 0; 6) f(x) < 0; B) f(X) > 0; r) f(x) <O0.

MMPAKTUYECKASA PABOTA Ne 31
Tema: «DneMeHTbI KOMOMHATOPUKI
Henab: W3yyuTh OCHOBHBIE MOHITHS KOMOWHATOPUKHU, MPUMEHUTH UX MPHU PEIICHUH
3azay.
OGopynoBanme: cripaBOYHBIE TOCOOUS.

CnpaBouHblii MaTepuaJl

1. KomOuHaToprka u ee BOBHUKHOBEHHE.



Kom0OunaTopuka- 3To 0071aCTh MaTEMaTHUKH, B KOTOPOU M3YyYarOTCSI BOIIPOCHI O TOM,
CKOJIBKO Pa3JIMYHBIX KOMOWHAIMH, MOJUYMHEHHBIX TEM WJIM UHBIM YCIOBUSAM, MOXKHO
COCTAaBUTh U3 AJIEMEHTOB, MPUHAUICKALITUX TAHHOMY MHOXECTBY.

KomOunaropuka Bo3Hukia B XVIBeke. B XH3HM TPUBUIETUPOBAHHBIX CJIOEB
TOTJIallTHEr0 OOIIECTBa OOJBIIOE MECTO 3aHMMAJIU a3apTHBIE UTPHI (KapThl, KOCTH).
[upoko ObuIM pactpocTpaHeHbl JoTeper. [lepBoHauyanbHO KOMOMHATOPHBIE 3a7a4d
KacaJuCh B OCHOBHOM a3apTHBIX WIP: CKOJBKMMH CIOCOOaMH MOXKHO MOJY4HUTb
JAHHOE YHUCJIO0 OYKOB, Opocast 2 Wik 3 KOCTU WM CKOJIbBKUMH CIOCOOAMH MOYKHO
MOJIYYUTh 2-yX KOpOJIEW B HEKOTOPOW KapTOYHOW WUrpe. DTH U JIpyrue mpoOsaemMbl
a3apTHBIX UTP ABISUINCH JIBUXKYIICH CHIION B pa3BUTHH KOMOMHATOPUKH U Jajiee B
Pa3BUTHH TEOPUHU BEPOATHOCTEH.

OnHuM U3 MEpBBIX 3aHSJICA MOACUYETOM YHMCIA PA3IMYHBIX KOMOWHALUK MPU UTPE B
KOCTH UTalbsSIHCKUN MareMaTuk Tapranbs. OH cocTaBmil TaOJIUIBl (YKcaa criocoO0B
BhINaieHUs K 04KkoB Ha I kocTsax). OHAaKO, OH HE y4es, OJHa U Ta )Ke CyMMa OYKOB
MO>KET BBINACTh PA3JIMYHBIMU CIIOCOOAMH, MO3TOMY €ro TaOJUIbl COJEpKaIU
00JIb1110€ KOJTMYECTBO OLINOOK.

Teopernyeckoe uccie0BaHrue BOIPOCOB KoMOMHaTopuku npenrpusian B XVII Beke
¢panuysckue marematuku bues Ilackans u ®epma. McXOOHBIM IyYHKTOM HX
UCCJIEIOBAaHUM OBLIN TaK K€ MPOOJIEMBI a3apTHBIX UTP.

JlanbHeillee pa3BUTHE KOMOMHATOPUKH CBs3aHO ¢ umeHamu . bepunymmu, I
Jleitonuma, JI. Oiinepa. OpHako, W B HX paboTax OCHOBHYIO pOJIb WIrpalld
MPWIOKEHUS K PA3IMYHBIM UTPaM.

CeronHss KOMOMHATOpPHBIE METOJBI HCIOJB3YIOTCSA ISl PEIICHHS TPaHCHOPTHBIX
3a/1ay, B YaCTHOCTH 3a/1ay MO0 COCTABJIEHUIO PACIHMCAHMM, JJI1 COCTABJICHUS IJIAHOB
MPOU3BOJICTBA U peaTu3aluy NPOAYKIHUH U T. 1.

2. O0uue npaBWJia KOMOMHATOPUKH.

IIpaBuio cymmbl: Eciii HeKOTOpPbIH 00bEeKT A MOXET ObITH BEIOpaH M criocobamu, a
00bekT  B- Kcrmocobamu, TO  00BEKT «ambo A, mm6o B»  MoxHO
BbIOpaTh M+K criocobamu.

IMpumepsr:

1. JlormycTuM, 4YTO B SIIMKE HAXOJIUTCS N pa3HOLBETHBIX IMapoB. [Ipon3BOSILHBIM
oOpa3oMm BerHUMAaeTcs | mapuk. CKOJIBKUMHU CITOCO0AMHU 3TO MOXKHO CeIaTh?
Omeem: N ciocodbamu.

Pacnipenenum 3TH N mIapuKoB MO ABYM SIIMKAM: B TIEPBBII- M IIAPUKOB, BO BTOPOM-
K mrapukoB. IIpon3BOJIBHBIM 00pa3oM U3 MPOM3BOJIBHO BBIOPAHHOTO  SIIUKA
BbiIHUMaeTCs 1 mapuk. CKOIBKUMHU CIIOCOOaMU 3TO MOXKHO C/ieiaTh?

Pewenue: VI3 miepBOro SImKa IIapuK MOXKHO BBIHYTH M crioco0aMu, W3 BTOPOTO-
k ciocobamu. Torma Bcero crmocodoB m+k=n.

2. Mopckoii cemagpop.

B Mopckom cemadope kaxmoi OykBe aiaBuTa COOTBETCTBYET ONPEIEICHHOE
MOJIOKEHUE OTHOCHTEIbHO Tella CUTHAIbIIHMKA JBYX (rmaxkoB. CKOJBKO TaKUX
CUTHAJIOB MOYKET OBITh?



Pewenue: O0miee 4MCIO CKIAAbIBACTCS U3 TMOJOXKEHHM, korga oOa Quaxka
PaCIOJIOKEHBI IO Pa3HbIE CTOPOHBI OT TEJIa CUTHANBIIHUKA U MOJIOXKEHUM, KOT/1a OHU
pacrnoJioKeHbl MO OJHY CTOPOHY OT Tena curHaineiiuka. [Ipuw mojacuere wucna
BO3MOYHBIX MOJIOKEHUN MPUMEHSIETCS IPABUIIO CYMMBI.

IIpaBuio npousBenenusi: Ecin 00bekT A MOXHO BbIOpaTh M ciocobamu, a mocie
Ka)XJIOT0 TaKOro BbIOOpa Apyroi o0bekT B M0oHO BBIOpaTh (HE3aBUCHUMO OT BhIOOpa
oobekta  A) Kcmmocobamu, TO  mapel  00BeKTOB  «A W B»  MOXHO
BbIOpaTh M*K criocobamu.

IIpumepsi:

1.  CkonbKO JIBy3HAYHBIX YHCEI CYIIECTBYET?

Pewenue: Yncio necsiTKOB MOKeT ObITh 0003HaueHO 000 mudpoit ot 1 g0 9.
Yuciio eauHUI] MOKET OBITh 0003Ha4YeHO Jt000# 1mdpoit ot 0 mo 9. Ecam umcmo
JECATKOB PaBHO 1, TO 4YMCIIO €AUHUI] MOXET ObITh JIOObIM (0T O 10 9). Takum
oOpazoM, cymiectByeT 10 JBy3HAUHBIX YMCEN, C YUCIOM JIECATKOB- 1. AHamoruyHO
paccykJiaeM u ISl JI'o00ro JAPYroro 4uciia JAecsITKOB. Torma MOoKHO OCYUTATh, YTO
cymectByeT 9 *10 = 90 nBy3HaYHBIX YHCE]I.

2. Nmeercs 2 smuka. B o1HOM J€XUT M pa3HOIBETHHIX KyOUKOB, a B JPYrOM-
KpasHorBeTHbIX mapuKoB. CKOJBKUMHU CIIOCO0AMHM MOXHO BbIOpaTh napy «KyOuk-
HIAPUK»?

Pewenue: Bribop mapuka He 3aBUCUT OT BbIOOpa KyOuka, u HaoO0opoT. IlosTomy,
YHCII0 CIIOCO0O0B, KOTOPBIMH MOKHO BEIOpATh JaHHYIO Mapy paBHO M*K.

3. l'enepajibHasi COBOKYNHOCTH 0€3 MOBTOPeHMI U BHIOOPKH 0e3 MOBTOPEHUIA.
I'enepanbHasi COBOKYNHOCTH (€3 MOBTOPEHMI — 3TO HAOOP HEKOTOPOTO KOHEYHOTO
YKCIIa Pa3IMYHBIX 3JIEMEHTOB a1, d, 83, ..., an.
Ipumep: HabGop 13 N pa3HOIBETHBIX JTOCKYTKOB.
Boioopkoii  o0bema K (K Nn) HaspiBaeTcss  rpymma M3 M 3JIEMEHTOB  JIAHHOM
TE€HEPAIbHON COBOKYITHOCTH.
IIpumep: Ilectpas nenTa, cummrast U3 M pa3HOLBETHBIX JOCKYTKOB, BBIOPAHHBIX U3
JaHHBIX N.
PazmemiennsiMu  u3 N 3J1eMeHTOB MO K HAa3bIBAIOTCS Takue BBIOOPKH, KOTOPBIC
cozepkaT 1o KaeMeHTOB, BBIOPAHHBIX M3 YMCIIA TAHHBIX N 3JIEMEHTOB TeHEePabHOM
COBOKYIHOCTH 0€3 MOBTOPEHHUH, W OTIMYAIOTCA Jpyr OT Apyra Jubo COCTaBOM
AJIEMEHTOB, JTUOO MOPAIKOM UX PACIOJIOKEHUS.

- YUCII0 pa3MeleHuid u3 N 1o K.
Yucno pasmerneHuid u3 N 10 K MOKHO OnpeieNiuTh CICAYIONIMM CIIOCOOOM: TEpPBHIit
00BEKT BBIOOPKM MOXKHO BBIOpaTh N cioco0aMu, Jajgee BTOPOM OOBEKT MOMKHO
BBIOpaTh N-1 crmocobom u T.1.

Af=n-(n-1)-(n—2) .- (n— (k—1))

[IpeobpazoBaB gaHHy0 HOPMYITy, UMEEM:
n!
Af=— — rmen!=1-2-3-.. n (xazeBaeTca n— daxkTopuan).
(n — k)!
Cnenyet noMHUTH, uTo 0!=1.

[Mpumepsr:


https://docs.google.com/file/d/0B1XArt0dxAd6S0I4dk8zb2R3ZkU/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6d25HZVlxbFFnMUE/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6S0I4dk8zb2R3ZkU/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6d25HZVlxbFFnMUE/edit?usp=drive_web

1. B mepBo#i rpymme kimacca A mepBeHcTBa mo (yrOoiry ydactByer 17 KoMaH.
PaspirphiBatoTcsi Menanu: 307070, cepedpo u OpoH3a. CKONBKUMHU criocoO0aMu OHU
MOTYT OBITh Pa3bITPAHbI?

Pemenne: KoMOmHamm KOMaHI-IOOSAUTENCH OTIIMYAIOTCS APYT OT APYra COCTAaBOM

U IMOPAAKOM CICAOBAHHA 3JICMCHTOB, T.C. ABJIAIOTCA PAa3SMCINCHUAMUA N3 17 mmo 3.
17! 17!

A, =——=—=15-16-17 = 4080

(17 —3)1 14!
IlepecTanoBkaMu 0€3 MOBTOPeHHMA M3 N 3J1eMEeHTOB Ha3bIBAIOTCS pa3MeIIeHUs 0e3
HOBTOpeHI/Iﬁ 13 N DJICMCHTOB IO N, T.€. pasMCIICHUA OTIUYAOTCA APy’ OT Apyra
TOJIBKO IMOPAIKOM CJICIOBAHUS 3JICMCHTOB.
- UHUCJIO MEPECTAaHOBOK.

n! n!
Pn=A';=—[n_n]! =5, =n
IIpumepsi:
1. CKOIbKO pa3IuYHBIX MATH3HAYHBIX YHCET MOXHO COCTaBUTh U3 mudp 1, 2, 3,4, 5
MIPU YCJIOBUH, YTO OHU JOJIKHBI COCTOSITh U3 PA3IMUHbBIX ITUpp?
Pemenue: liMeeM nepecTaHOBKH U3 S5 3JIEMEHTOB.

P, =5=120

CoueranusiMu 0e3 TMOBTOPeHHil W3 N 3JIeMEHTOB MO K Ha3bIBAIOTCS  TaKHe
BBIOOpKH, KOTOpbIE  conepkaT 1o K 3JieMeHTOB,  BBIOpaHHBIX U3  YHCIA
JAHHBIX N 3JIEMEHTOB T'€HEPAJIbHON COBOKYNMHOCTH O€3 MOBTOPEHUH, U OTIMNYAIOTCS
IPYT OT APYyra TOJIBKO COCTABOM JJIEMEHTOB.

[Mpumepsr:
1. Ecnmu B monyduHane mepBeHCTBA MO IaxmaraMm y4dacTByeT 20 dYeloBek, a B
(¢buHaT BBIXOJAT JIMIIbL TPOE, TO CKOJBKUMHU CIIOCOOAM W MOXHO ONPEICTUTH ITY
TPOUKY?

Pemienne: B 1aHHOM ciydae MOpsAIOK, B KOTOPOM PacIoyiaraercsi 3Ta TPOWKa, He
cymecTBeHeH. [loaToMy Tpoitku, Beiliene B (PUHAI, SABJISIIOTCS coueTaHusIMU U3 20
o 3.

20! 200 18-19-20

c3 = = =
0 (20—3)1-31 17131 2-3

= 1140

Conep:xkanue padornbl

1. CkosbkuMH crioco0amMu MOKHO BBIOpaTh MpejaceaaTesisi, 3aMecTuTeNs u npodopra
n3 9 yenoBek?

2. CKOJTBKUMU CIIOCOOaMU MOXHO PaccauTh 7 4eIoBeK Mo 9 BaroHam?


https://docs.google.com/file/d/0B1XArt0dxAd6djVSYV9vNVVTbzg/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6NmFYUkxOekxDUFk/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6THU0ME5iYW5pLWc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6bmVWZDNDRGozMWs/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6aWpWVHByZlpMRmc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6NmFYUkxOekxDUFk/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6THU0ME5iYW5pLWc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6bmVWZDNDRGozMWs/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6aWpWVHByZlpMRmc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6NmFYUkxOekxDUFk/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6THU0ME5iYW5pLWc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6bmVWZDNDRGozMWs/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6aWpWVHByZlpMRmc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6NmFYUkxOekxDUFk/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6THU0ME5iYW5pLWc/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6bmVWZDNDRGozMWs/edit?usp=drive_web
https://docs.google.com/file/d/0B1XArt0dxAd6aWpWVHByZlpMRmc/edit?usp=drive_web

IMNPAKTUYECKASI PABOTA Ne 32
Tema: «DneMeHTbl KOMOMHATOPUKI
Heab: U3y4yuTh OCHOBHBIE TOHSITHS KOMOWHATOPUKHU, TPUMEHUTh UX MPHU PEIICHUU
3azay.
OO6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padorTbl

1. B copeBHOBaHUSX TO (PUTypHOMY KaTaHWUIO TNPUHUMAIIM YYacTHUE DPOCCHUSHE,
UTANIbSHIIBI, YKPAWHIIBI, HEMIIbl, KUTalIpl u (¢paHiy3bl. CKOIBKHUMH CHOCOOaMU
MOTYT pacOpeaeIUThCS MECTA IO OKOHYaHUU COPEBHOBAHUIA?

2. CKOJIBKO TTepeCTaHOBOK MOXKHO MOTy4IUTh U3 OykB cioBa KOJIOKOJIA?

3. W3 yuammxcsa 25 4YenoBeK HYXHO BBIOpaTh TPOMX JEXKYpPHBIX. CKOJBKUMHU
CIIOCO0AMHU 3TO MOKHO ClieaTh?

4. CKOJBKMMHU cTIOCOOAMU MOXKHO KYNUTh 6 NMHPOKHBIX, €CIM HUMEITCA 2 copTa
IIAPOKHBIX I10 5 B KAXKI0M?

INPAKTUYECKAS PABOTA Ne 33
Tema: «DneMeHTb KOMOMHATOPUKI
Ieab: U3y4yuTh OCHOBHBIC MOHATUS KOMOWHATOPUKHU, IPUMEHUTH UX MPU PEIICHUN
3azay.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padorsbl

1. Hayunoe oOmecTtBo coctouT u3 25-tu  4yenoBek. HeoOxonumo BbIOpaTh
nmpe3usieHTa O00IIecTBa, BUIE-TIPE3UJEHTA, YUYEHOTO CEKpeTaps | Ka3zHauyes.
CKOJIbKUMU CIIOCO0AaMU 3TO MOXKHO CJIeIaTh?

2. CKOJTBKUMU CITIOCO0aMU MOXHO coOpaTh 6 Pa3HOIBETHBIX JJOCKYTKOB B IIECTPYIO
neHrty?

3. CkoabKuMHU crIocoO0aMH MOXHO BBIOpATh TPEX JIENEraToB U3 IECSATH YEJIOBEK Ha
KoH(pepeHuo?

MMPAKTUYECKASA PABOTA Ne 34
Tema: «2neMeHTBI TEOPUU BEPOATHOCTEN
Heab: W3yuyuTh OCHOBHBIC TOHATHUS TEOPUU BEPOSTHOCTH, MPUMEHUTh WX TIpU
pelIeHnH 3a1ad4.
OO6opynoBaHme: CipaBOYHBIEC TOCOOUS.

CnpaBouHblii MaTepuaJl

CornacHo kiaccu4ecKkomy onpedesienuio 6epoAmHOCHU 6ePOAMHOCHIbIO
cobvimus A Ha3bIBAIOT OTHOIICHHE YKCIa OJarONpUATCTBYIOUIUX 3TOMY COOBITHIO
HCXOJOB K 00I1IEMY YHCITy BCEX PAaBHOBO3MOKHBIX HECOBMECTHBIX 3JIEMEHTaPHBIX




MCXOJI0B, 00pa3yIoNuX MOJHYIO rpymiry. BeposSTHOCTh cOOBITHS A Ompenemnsercs
hopMyIIOii:

P(A) = m/n,

r7ie M — YUCJI0 3JIEMEHTAPHBIX UCXO0B, 0JaronpusTCTBYIONUX A;

N — YKCIJIO BCEX BO3MOKHBIX AJIEMEHTAPHBIX UCXOJI0B UCTIBITAHMUS.

Dopmyna __noanol __8epoamHOCHU  TIO3BOJSIET ONPEIEIUTh BEPOSTHOCTH
COOBITHSL A, KOTOPO€ MOXXET HACTyNUTh MPU YCIOBUU TOSBICHUS OJHOTO U3
HECOBMECTHBIX coObITHH By, By, ... By, oOpa3ytonux momHyro rpymmy.

P(A) = P(B,) Pgi(A) + P(By) Pp2(A) + ... + P(B) Pgn(A)

UToOBl OIEHUTH BEPOATHOCTH rumoTe3 By, B,, ... B,, mociae Ttoro kak cran
M3BECTEH Pe3yJIbTaT UCTIBITAHMS, HCTIONB3yeTCs hopmyna baiieca.

P8 P(B,) - Py,(4)
“ P(By)-Pp,(A) + P(By) Pp,(A) + -+ P(By) " Pp,(A)

Conep:xkanue padoTbl

1. B sumke umeercst 10 kpacHbIX U 8 cuHuX 1mapoB. Haynady BBIHUMAIOT OJUH IIap.
HaiiTi BEpOsSTHOCTB TOTO, YTO U3BJICYEHHBIN 11AP OKAXETCS CUHUM.

2. bpocarorcs ABa UrpajbHBIX KyOuka. KakoBa BepOSTHOCTb, YTO CyMMa BBIMABIINX
OYKOB paBHa 5.

3. B mepBom simmke copepxutcs 20 neraneid, 3 Hux 15 ctanmapTHbIX; BO BTopoM 30
neranei, u3 Hux 24 craHmapTHbeIX; B TpeTbeM — 10 meranei, u3 HUX 6 CTaHAApPTHBIX.
Haiitn BEpOATHOCTH TOro, 4TO HayJady WM3BJICUCHHAs JETajb W3 HayAady B3ATOTrO
AIINKA — CTAaHJAPTHAS.

4. Ha 3aBoje, U3roToBJISIOIEM OOJTHI, IepBasi MalluHA Npou3BOAUT 25%, BTOpas -
35%, Tpetbs - 40% Bcex wusaenuil. B ux mnpoaykiuu Opak COCTaBIISIET
cOoOTBETCTBEHHO 5, 4 U 2%.CayyaiiHO BBIOpAaHHBIM M3 MPOIYKUUU OONT OKazacs
nedexktHpIM. KakoBa BEpOSITHOCTh TOTO, UTO OH OBLIT IMTPOU3BE/IEH TIEPBOM MAIIIMHOMN?

IMPAKTUYECKASI PABOTA Ne 35
Tema: «DJ1eMeHTHI MATEMATHIECKOM CTATHUCTHUKH
Ieab: M3y4yuTh OCHOBHBIC MOHSTHUS MATEMAaTUUYECKON CTATUCTUKH, NMPUMEHUTH HX
MIpY PELICHUY 3a7a4.
Oo6opynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBouHblii MaTepUaJl

Huckpemmnoii __(npepovléHoil) HA3BIBAIOT CIYYaWHYK) BEJIMYMHY, KOTOpas
IIPUHAMAET OTHAEJbHBIC, W30JIMPOBAHHBIE BO3MOKHBIE 3HAUYCHHS C ONPENEIICHHBIMU
BEPOSTHOCTSIMHU. [[s1 3agaHusi NUCKPETHOW CIIy4ailHOM BEITWYMHBI HEOOXOIMMO
IIEPEYUCIIUTD BCE BO3MOKHBIE €€ 3HAaUEHUS U yKa3aTh UX BEPOSATHOCTH.




3axkonom _pacnpedenenus _OUCKPEMHOU CAYYAUHOU e IUYUHbl HA3bIBACT
COOTBETCTBHE MEXKYy BO3MOXHBIMH 3HAUEHUSIMH U HUX BEPOATHOCTSIMU. Ero MOXKHO
3a/1aTh TaOJUYHO, aHATUTUYECKU B BUAC QYHKIUU pacrpenesieHus U rpaduyecku ¢
OMOIIBI0O MHOTOYTOJIbHUKA PACTIPEICIICHHUS.

DyHKIHSA pacnpeaeeHuss caydaitHoii BeJuuuHbl X — 310 QyHkmus F(X),
KOTOpask MpU KaKJIOM 3HAYEHUU CBOETO apryMEHTa X YUCJIEHHO paBHA BEPOATHOCTH
TOr0, YTO Ciy4yalHas BelnyrmHa X Ka)K€TCd MEHbIIE, YEM 3HAYEHUE apryMeHTa X:
F(x) = P{X<x}

. Mamemamuueckoe oxcuoanue CayuaiiHou geaudunbl X OIpCACIIACTCA 110

bopmyre:
M(X) =X, p; + X, P, + ...+ X, P,

Conep:xanue padoThI

1. Bo3MmokHBIE 3HAUEHUS CIy4YaHOW BEIMYMHBI TaKOBBI: X; = 2, X, = 5, X3 = 8.
N3BecTHBI BEPOATHOCTH TMEPBBIX JABYX BO3MOXKHBIX 3HaueHuit: p; = 0,4; p, = 0,15.
Haittu BEposTHOCTS X3.

2. JIuckpeTHas ciydyaliHas BeJIMUMHA X 3aJjaHa 3aKoHOM pactpeaencHus. [loctpouts
MHOT'OYTOJIbHUK PACTIPEICIICHUS.

X 1 3 6 8

p 0,2 0,1 0,4 0,3

3. Haiftu maTemarnueckoe OXXHUJIAaHUE CIy4dailHOW BeNMWYMHBI X, 3Hasg €€ 3aKOH
pacrpeneneHus.

X 3 5 2
p 0,1 0,6 0,3

MMPAKTHUYECKASA PABOTA Ne 36
Tema: «IIpsiMbIe U TUNIOCKOCTH B TPOCTPAHCTBE»
HEJDb PABOTDBI: wu3yuynth OCHOBHBIE TOHSTUS IAPAJUICIBHBIX MPSAMBIX U

TTIOCKOCTEW B TPOCTPAHCTBE.
OBOPYJAOBAHME: cripaBouHbIE TOCOOUS.

CnpaBouHbIii MaTepHaJl

1. ITapannenbHbie IPsSMbIC B IPOCTPAHCTBE.

e npsimvie 6 npocmpancmee HA3bLLEAIOMCS NAPATIETIbHLIMU, eCIU JIeHCan 68 00OHOU
NIOCKOCIU U HE NePeCceKaiomcsl.

[MTapasienbHOCTD IPSIMBIX @ 1 D 0003HavaeTcs Tak: allb uamblla.

Teopema 1. Uepe3 nBe napajijiejibHble MPSIMble MOKHO MIPOBECTH MJIOCKOCTh, U
MPH TOM TOJbLKO OHY.




Jloka3zaTejibCTBO:

1. Tak kak npsiMble 8 U D mapaenbHbl, U3 ONMPEISIICHUS CIEAYET, 9TO Yepe3 HUX
MOKHO ITPOBECTH IIOCKOCTB Q.

2. UToOBI JOKa3aTh, YTO TaKas TUIOCKOCTh TOJIBKO OJ[HA, HAa MPSMOM & 0003HaYaeM
touku B u C, a Ha npsimoii b Touky A.

3. Tak kak uepe3 Tpu TOUYKH, KOTOPBIE HE JIe)KAT HA OJJHOM MPSIMOIA, MOKHO IPOBECTU
TOJIBKO OJIHY IIJIOCKOCTBH (2 akcroma), TO o SIBJISIETCS] €IMHCTBEHHON IJI0CKOCTBIO,
KOTOPOU TPUHAIIICHKAT MPsIMbIE & 1 D.

Teopema 2. Yepe3 100y TOUKY NPOCTPAHCTBA BHE TAHHOM NPAMOIl MOKHO
NMPOBECTH NMPSIMYI0, NAPAJLIEJIBLHYI0 JAHHOW NPSIMOM, ¥ IIPU TOM TOJIbKO OJHY.

a
M

Jloka3aTeibCTBO:

1. Yepes nanHyo OpsMyro a ¥ TOUKy M, KoTopas He JISKUT Ha TPSIMOM, TTPOBOTUTCS
MJIOCKOCTH 0.

2. Takast IIIOCKOCTh TOJIBKO OJIHA (T.K. Yepe3 MPSAMYIO U He JISKAIYI0 Ha HEeH TOUKY
MOKHO TTPOBECTH TUIOCKOCTh, U TIPUTOM TOJILKO OHY).

3. A B IJIOCKOCTH 0. yepe3 TouKy M MOYKHO IPOBECTH TOJBKO OJHY MPsIMYI0 b,
KOTOpAasi apajuieiabHa NpsIMOU a.

Teopema 3. Eciu o1Ha U3 ABYX Napa/uleJIbHbIX NPAMBIX NepeceKaeT JaHHYI0

INIOCKOCTD, TO M ApYyrasi npsimMmasi mnepecexracT 3Ty IJIOCKOCTb.

\a

(puc. 1)



(puc. 2)

Jloka3zaTejibCTBO:

PaccMotpum Be mapaiielibHbIC psiMble & U b 1 gomyctuM, 9to

npsiMast b mepecekaet mIockocTh o B Touke M (puc. 1).

W3 1-0if TeOpeMbl H3BECTHO, YTO Yepe3 MapasuiebHbIC MPsMbIe d U b MoKHO
MIPOBECTH TOJBKO OJIHY TIOCKOCTH 3.

Tak kak Touka M HaxoauTCs Ha mpsiMoi b, To M Takke NPUHAUICKHT TIIOCKOCTH 3
(puc. 2). Ecnu y mutockoctedt o v 3 ecTh 00111ast Touka M, TO y 3THX TIOCKOCTEH eCTh
oO1as mpsimasi C, KOTopasi sSIBJIIETCS PSMOM MIepeceueHUsl ITUX TUIOCKocTel (4
aKkcuoma).

[Tpsimble @, b ¥ C HaXOAATCS B TUIOCKOCTH .

Eciv B 3TOM TJIOCKOCTH OJIHA M3 MapaJlICNIbHBIX MPSIMBIX D TiepecekaeTt mpsiMyto C, TO
BTOpas MpsMasi a TOXKE TIEPECeKaeT C.

Touky nepecedyeHus NpsAMbIX a U C 0003HaYUM 3a K.

Tak kak Touka K HaxoauTcst Ha mpsiMoi C, To K HaXOauTCS B MIIOCKOCTH O U
SBJISIETCS €IMHCTBEHHOM OOIIE TOUKOM MPSIMOM @ U TJIOCKOCTH d.

3HauuT, IpsiMast & MePeceKaeT TIOCKOCTh o B Touke K.

Teopema 4. JIBe npsamMble, napajuie/ibHble TPEThel NPSAMOi, NapaJlIeIbHbI.

Jlano: allcublic

Joxkazars: allb

Jloka3aTebCTBO:

Brioepem Touky M Ha mipsimoii b.

Yepes Touky M u npsiMyto &, KOTOpast HE COAEPKUT ATY TOUKY, MOXKHO MPOBECTU
TOJIBKO OJIHY TTOCKOCTH o (Uepe3 mpsiMyro U He JIeXkKAIIy0 Ha Hel TOUKY MOYHO
MIPOBECTH TOJBKO OJIHY MIOCKOCTB).

Bo3mosxHbl 1Ba ciaydas:

1) npsimast b mepecekaeT MIOCKOCTD O, Wi 2) IpsiMast b HaXOAUTCS B TNIOCKOCTH O.



IMycTs npsimas b nepecekaer miockocTs a.

3HauuT, npsiMast C, KOTOpast napaieJbHa IPsSMOH D, Toxke rmepecekaeT MI0CKOCTh (.
Tax xak allc, To mosryyaeTcs, 4To a TOKe MepeceKaeT ATy IIOCKOoCcTh. Ho mpsimas a He
MO’KET OJTHOBPEMEHHO MEePECEKaTh TIOCKOCTh 0L U HAXOAUTHCS B TIIOCKOCTH 0.
[Tomyyaem npoTUBOpEUHE, CAEAOBATEIBHO, MPEANOIOKEHUE, YTO

npsiMasi b mepecekaeT miIoCcKoCTh 0, SIBIISICTCSI HEBEPHBIM.

3HauuT, NpsiMasi b HAX0AUTCHA B MJIOCKOCTH 0.

Teneps HY)KHO JTI0OKa3aTh, YTO MPsAMBIC a U D mapaiebHbIL.

[Tycts y npsiMbIx @ 1 b ecTh 0Omas Touka L.

DT0 03HAYAET, YTO uepe3 TouKy L mpoBeneHs ABe npsmblie a u b, koTopeie
napajuiesibHbl psiMoid €. Ho o BTopoii TeopeMe 310 HeBO3MOkHO. [loaTtomy
HPEANOJIOKEHUE HEBEPHOE, U TIPSMBIC & M D HE UMEIOT OOILIMX TOYECK.

Tak kak npsiMbIe @ ¥ D HaXoAATCS B OJTHOM TIOCKOCTH O M Y HUX HET OOIIUX TOYEK,
TO OHU NapalICIIbHBbIL.

Bcé MHOKECTBO IPAMBIX B IPOCTPAHCTBE, KOTOPbIE NapajlieIbHbI JAHHOMN
NPSAMOii, Ha3bIBAETCHA MYYKOM NAPA/IIEJbHBIX NPAMBIX.

BoiBoabi:

1) JIroOblie aBe mpsiMble NMYy4YKa NapaJliebHbIX NPSIMbIX NAPAJLIeJbHbI MEKIY
co0oii.

2) IllapasieJIbHOCTH NPSAMBIX B IPOCTPAHCTBE MPHUCYILA

TPAH3UTUBHOCTH: eciuallbubllc,ToallC.

Ilpumep:
Oona cmopoHa napanienozpamma nepecexaem niockocms. /lokaxcume, umo
NPAMAsl, KOmopas CoOepHCUN NPOMUBONONONCHYIO CHOPOHY NAPAIeN02PAMMA,

mooice nepecexkaen 3my HiOCKOCHb.
B

Homyctum, uro y napamienorpamma ABCD cropona AD mniepecekaer miockocTh o B
touke K.

Tak kax TPOTHUBOIIOIOKHBIE CTOPOHBI MapaJIeIorpaMMa MmapajuiebHbl, TO, COTJIACHO
TpEeThel TeopeMe, psiMasi, KoTopast coaepkut ctopory CD, Toxe nepecekaer
TJIOCKOCTH 0.

2. [lapannenbHOCTh NPSAMOU U TJIOCKOCTH

CornacHo akcHOMaM, €CJIM JIBE TOYKH NPSIMON HAXOAATCS B HEKOTOPOM IJIOCKOCTH,
TO MpsIMasi JIEKUT B 9TOU INTOCKOCTH. OTCIOAA CIIEYET, YTO BO3MOKHBI TPH CIydas
B3aMMHOI'0 PACIIOJIOKEHUS IPSIMOU U INIOCKOCTH B IIPOCTPAHCTBE:



1) npsimast 1€XUT (HAXOIUTCS) B TUIOCKOCTH

2) npsiMas U MII0CKOCTh UMEIOT TOJIBKO OJIHY OOIIYI0 TOUKY (TIpsiMasi U TUIOCKOCTh
nepeceKaroTcsl)

3) npsiMasi ¥ TJIOCKOCTh HE UMEIOT OOIIMX TOYEK

Hpﬂ]l/laﬂ U NJl10CKOCNb HA3bleAOMcA napalejllbHbiMU, eCllit OHU He Umerom 061/141/0(?
mouekx.

2. IlapanmnenbHOCTh TUIOCKOCTEH

Kak u3BecTHO U3 aKCHOM CTEPEOMETPHUH, €CITH INIOCKOCTA UMEIOT OJIHY OOIIYIO
TOYKY, TO OHH IIEPECEKAOTCS MO MPSAMOM, IPOXOIAIIEH Yepe3 3Ty TOUKY. 3HAUUT JBE
MJIOCKOCTH MJTU TIEPECEKAIOTCS MITM HE TIEPECEKAIOTCS.

IInockxocmu, xomopuvle He nepecexaromcs, Ha3vl8AOMCs NAPALIETbHLIMU.
[TapanienpHbIC TUIOCKOCTH o, M 3 0003HavaroTcs ol

Ilpumep:

Jlobas koncmpykyus ¢ nojiom, NOMOIKOM U CHeHAMU 0Aém Ham npeocmaeiieHue o
NapanienbHulX NI0CKOCMSX - NOJl U HOMOJIOK KaK 08e napajiiesibHuvle Ni0CKOCMU,
O0oK08ble CMeHbl KaK napasiesibHvle Ni0CKOCHIU.

Conep:xkanue padornbl
3aganme 1. Onpenenu B3aUMHOE PACIIONI0KEHUE JAHHOW MPSIMOM U TTIOCKOCTH.

1. Ipsmast AA; u tockocts (CBBy):
: 1t 2. IIpsmas BC u mumockocts (AAB,):
3. Ipsimast CC; u miockocts (ABD):
[Py 4. IMpsmas CB; u mockocts (BB;Cy):

R 5. Ipsimast AB; u umockocts (BCD):

A 3aganue 2. [lan Tpeyronsauk ABC. Ha
ctoponax AB 1 AC COOTBETCTBEHHO OTJIOXKEHBI

A D touku D u E Tak, uto DE=3 cm u AD:BD=8:3. Uepes
touku B u C mpoBeneHa miockocTs o, KoTopas mapauienbHa oTpe3ky DE. Haiitu
cropony BC.

3apanue 3. Mcrons3ys TaHHBIN KyO

B1 01

1. onpenenu B3auMHOe pacrnonoxkenue miockocteit ABC u AAB



2. Ha30BH IUIOCKOCTh NapauienbHyo AA;B;

INPAKTUYECKAS PABOTA Ne 37
Tema: «[IpsiMble U MIIOCKOCTH B IPOCTPAHCTBE
Heab: u3y4uTh OCHOBHBIC MOHSATHUS MEPHEHAMKYJSAPHBIX MPSMBIX U TUIOCKOCTEH B
IPOCTPAHCTBE.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBo4HbIii MaTepuas

1. IlepneHAUKYIAPHOCTh NPSIMON U MIIIOCKOCTH.

se npamvle Hazviearomcs nepneHOUKYIAPHbIMU, eciu Y201 Mexncoy Humu pagen 90°.
B npocTtpaHcTBE NEPIEHAMKYIISPHBIMA HA3bIBAIOT HE TOJIBKO MEPECEKAIOIIUECS
IpsIMBIE, HO M CKPEILUBAIOLIMECS IIPSIMBIE, TAK KAK MBI TOBOPUM 00 yrJie, KOTOPbII
MOTYT 00pa30BaTh 3TU MPSIMbIE, €CIIN UX TOMECTUTD B OJTHOM MJIOCKOCTH.

Tak e Kak 1 B INIOCKOCTH, B IPOCTPAHCTBE MEPIICHINKYJIIPHBIE

npsiMbie 8 ¥ b 0603HavaroT a.Lb.

Ecnu ogHa u3 AByX napamieabHbIX MPSAMBIX EPIEHAUKYISIPHA K TPEThEN MPSAMOii, TO
U Ipyras IepIeHINKYJIsIpHA K 9TON IPSAMOMU.

[leprieHIUKYISIPHOCTD NPSIMOM U TIOCKOCTH

IIpsamas, nepecexawuias NJIOCKOCTb, HA3bIBACTCH MEPHEHAUKYJIAPHOU ITOMU
IUIOCKOCTH, €CJIM OHA NMEePNEeHAUKYJIAPHA KAaXKA0H NPAMOI, KOTOPAas JIEHKUT B
JAHHOM IJIOCKOCTH.

[TeprieHAUKYISIPHOCTH MPSAMOK U TJIOCKOCTH 0003HavaeTcs Kak a.la.
Uepes 1100y10 TOYKY MPOCTPAHCTBA MPOXOIUT MpsMasi MEPHIEHIUKYISIPHO JaHHON
TJTIOCKOCTH, TIPUTOM TOJIBKO OJHA.

IIpu3Hak neprneHAUKYJISIPHOCTH NMPSIMOH U MJIOCKOCTH.
Ecnu npsimast neprneHauKyIsipHa ABYM MEPECEKAIOMMMCS NPSIMBIM B TNTIOCKOCTH, TO
OHA MEPICHAUKYIJISIPHA 3TOM IUIOCKOCTH.



Jloka3zaTejibCTBO:

[Tycts @ — npsiMast, IepIeHIUKYIISIPHAS TPSIMBIM D 1 C B tuiockocTH. [IpoBeném
npsMYIo a Yepe3 Touky AnepecedeHus npsmeix b u €. JlokaxeM, 4To

psMasi @ NEPIEHAUKYJISIPHA INIOCKOCTH, TO €CTh KaXKI0U MPSAMOU B 3TOU INIOCKOCTH.

1. [TpoBeaEmM NMpPOU3BOIBHYIO IPSMYIO X Uepe3 TOUKY A B INIOCKOCTH U MOKAXEM, UTO
OHa MepIeHIUKYIsIpHA PsMOH a. [IpoBeéM B MIOCKOCTH MPOU3BOJIBHYIO MPSIMYIO,
HE MPOXOIAIIYIO uepe3 TOUKy A U IepeceKarollyto npsmeie b, ¢ u X. I[Tycts TOUKamMu
nepeceuenus Oyayt B, C u X.

2. OTnoXXUM Ha NMPSMOM & OT TOUYKU A B pa3HbIe CTOPOHBI paBHBIC

otpe3ku AM u AN.

3. Tpeyronsauk MCN paBHOOeApeHHBIH, Tak Kak 0Tpe30K AC sSBIsSeTCs BHICOTOM 10
yCJIOBUIO TeopeMbl U Meuanoi 1o noctpoeruto (AM=AN). Ilo Toit xe npudunHe
TpeyroibHUK MBN Toxe paBHOOEpEHHBIN.

4. CnenoBarensHo, Tpeyronbaukn MBC u NBC paBHbl 1o Tpém cTopoHam.

5. U3 paBenctBa TpeyroasaukoB MBC u NBC crnienyer paBeHCTBO

yrinoB MBX u NBX u, cienoBarensHo, paBeHcTBO TpeyroiabHukoB MBX u NBX o
JABYM CTOPOHAM U YTy MEX1y HUMH.

6. U3 paBerctBa ctopoH MX 1 NX 3Tux TpeyrojibpHUKOB 3aKJIt04aeM, YTO
tpeyronbHUK MXN paBHOOenpennsbIil. [loaTomy ero menuana XA sBisieTcs TaKKe
BBICOTOM. A 3TO M 3HAYMT, UTO MpsAMas X nepneHaAuKyssipHa a. [lo onpenenenuto
npsiMasi a MepHeHIMKyJIsIpHa IUIOCKOCTH.

| |
CBoiicTBa NepHEeHANKYJISPHbIX NPAMOil U MJIOCKOCTH.
1. Eciu ni0cKOCTh MEPIEHIUKYJIIPHA OJTHOM U3 JIBYX MapajuieNIbHbIX MPSMBIX, TO
OHa MEPIEHAUKYJISIPHA U APYTOU.
2. JIBe npsiMble, NEPHIEHAUKYISIPHBIE OTHOW M TOU K€ MJIOCKOCTH, Mapajlie/IbHbI.



2. Teopema o TpEX MepPHEHIUKYISIPAX

Ecau npsAaMast, IPOBECACHHAA Ha IINIOCKOCTH YCPC3 OCHOBAHUC H&KHOHHOi’I,
MNCPIICHAUKYJIPHA €€ IIPOCKIHNH, TO OHA IICPIICHANKYJIIPHA U caMOU HaKJIOHHOM.

,gﬁ 7 ;gﬁ 31___%%

/X

alABBCLBA}=alCA CnpaseimBa
Tak)ke oOpaTHas

TCOpCMaA:
Ecan [IpsAMasd Ha INIOCKOCTH IICPIICHANKYJIAPHA H&KHOHHOI?I, TO OHa
ICPIICHAUKYIISIPHA U ITPOCKIHNH HAKJOHHOM.

alAB

a ;%' /' 31___§%

/X

aLAC alACBC1BA}=alBA Conepixanne
padoThI

3ananmue 1. [IpoBegeHHas K MIOCKOCTH MEPIICHIUKYISIPHAS TIpsiMasi IepeceKaeT
miockocTh B Touke O. Ha mpsimoit otioxken otpe3ok AD, Touka O sBisieTcs
CEepEAMHHOMN TOUKOM 3TOro orpeska. OnpenennTsb BUJ U IEPUMETP

tpeyronbarka ABD, ecniu AD= 6 cMm, a OB= 4 cMm (0TBET OKpYTIUTH A0 OJHOU
TECSITOM).

3aganue 2. [Ipsmas PQ napamiensHa mnockoctu o. Ot Touek P u Q x utockocTH
nposeneHsl npsambie PP Lo u QQ;La. M3sectHO, yTo PQ=PP;=7,6 cM. Onipeaenutsb
BUJT yeThipexyroipuuka PP1Q;Q u Haiitu ero mepumertp.

IMPAKTUYECKAS PABOTA Ne 38
Tema: «IIpsiMble U TNIOCKOCTH B TPOCTPAHCTBEY»
Heab: U3y4uTh OCHOBHBIC MOHATHS NEPHEHIUKYJISIPHBIX MPSAMBIX U IJIOCKOCTEH B
IIPOCTPAHCTBE.
OGopynoBaHue: cripaBOYHBIE TOCOOUS.



Conep:xanue padoThI

3aganue 1. K mutockocTd o mpoBefieHa HAaKIIOHHAs, JUTMHA KOTOpou paBHa 13 cwm,
IpOEKIMs HAKJIOHHOK paBHa 5 cM. Ha kKakoM paccTOSHUM OT IMJIOCKOCTH HaXOJHUTCS
TOYKa, U3 KOTOPOH MpOBeIeHa HAKJIOHHAs?

3aganme 2. K mrockoctu o npoBeieHa HakioHHas AB (A€a). [lyinHa HaKJIOHHOM
paBHa 4 cM, HaKJIOHHAs C IUIOCKOCTBIO oOpa3yer yros 60°. BeraucianTh, Ha Kakom
PACCTOSIHUH OT TJIOCKOCTH HaXOIUTCS TOYKa B.

INPAKTUYECKAS PABOTA Ne 39
Tema: «[IpsiMble U MIIOCKOCTH B IPOCTPAHCTBE
Henanb: npoBepUTH U OLICHUTH 3HAHUS YYAIIUXCS TI0 U3yYEHHOMY MaTepuaiy.
OO6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padoTbl

Bapuanr 1

1. IlpsimMast @ mapanensHa npsiMoii b, mpsimast b mapannensaa npsimoii ¢. MoxxHO 11
YTBEPKIATh, YTO NpsAMas a napajuiesbHa npsamoi c¢? Ilouemy?

2. ITnockocte nepecekaet ctopoHbl AB u BC tpeyronbsanka ABC COOTBETCTBEHHO B
toukax D u E, npuuem AC || DE. Haitnure AC, ecnu DB:AD = 3:2 u DE =9 cwm.

3. Otpe3ok MN, paBHbIi 23 cM, JISKHUT B TUIOCKOCTH . Touka P He JIeKUT B HEH.
Touku 4 u B — cepeaunsl otpe3koB MP u NP. Beruncnute paccrosinue Mexmay
TOYKamMu A u B.

4. HaiiTu guaroHaib NpssMOYTOJBHOTO MAPAJUICTICIIUIEA, €CIIH €T0 N3MEPEHUS
paBHbI 3 cM, 4 cM U 5 CM.

Bapuant 2

1. BepHo 11, 4TO ABE MpsIMbIE, MAPAIUICITBHBIE OJTHOW U TOM K€E MIIOCKOCTH,
napasuiesibHbl MeXay coooit? [Tlouemy?

2. ITnockocth nepecekaeT cTopoHbl AB u BC tpeyronbanka ABC COOTBETCTBEHHO B
toukax D u E, mpuuem AC || DE. Haiinure AC, ecnu DB:AD = 4:3 u DE = 12 cwm.
3. Otpe3ok MN, paBHbIii 13 cM, JIGKHT B TUIOCKOCTH . Touka P He JIeKUT B HEH.
Touku 4 u B — cepeaunsl otpe3koB MP u NP. Beruncnute paccrosinue Mexay
Toukamu 4 u B.

4. HaiiTu guaroHaib NpssMOYTOJBHOTO MAPAJIICICIUIENA, €CIIH €T0 U3MEPEHUS
paBHBI 2 ¢M, 3 CM U 5 CM.

IMPAKTUYECKAS PABOTA Ne 40
Tema: «MHOTOrpaHHUKU
Hean: HayunThCa U300pakaTh MHOTOTPAHHUKH, PEIIATh 3aa4H.
OO6opynoBaHme: CipaBOYHBIE TOCOOHUS.

CnpaBouHbIii MaTepUaJl



BI/I,Z[BI MHOT'OI'PpaHHHKOB!:

TETpasap ' : apasuIeNenume,]

OKTasap

MHoOrorpaHHUK, COCTaBIEHHBI M3 JBYX pPaBHBIX MHOTOYTOJIbHUKOB,
PacCTOJIOKEHHBIX B MAapAJUIEIbHBIX TNIOCKOCTAX, U N MapajieIorpaMMOB, Ha3bIBACTCS
MPU3MOH (CM. puC.).

MHOroyroyibHUKH HA3bIBAIOTCSI  OCHOBAHUSMHU, a IAPALICIOTPAMMBI —
OOKOBBIMU TpaHsIMU MPU3MbL. CTOPOHBI MapaIEIOTPAMMOB Ha3bIBAIOTCS OOKOBBIMU
pebpamu TIpu3MbI. DTH pedpa Kak MPOTUBOIOJIOKHBIE CTOPOHBI MAPAILIEIOrPAMMOB,
MIOCJIEIOBATEIBHO MMPUIIOKEHHBIX IPYT K APYTY, PABHBI U NIapaJIJICIbHBI.

[TeprieHIUKYIISIp, TPOBEJACHHBIN M3 KaKOH-HUOYAb TOUYKH OJTHOTO OCHOBAHHUS K
TTIOCKOCTH JPYTrOro OCHOBAHUS, HA3bIBAE€TCS BHICOTOM MPU3MBI.

Ecnu GokoBble pebOpa Tpu3Mbl MEPICHAUKYISPHBI K OCHOBAaHHUSM, TO IIpU3Ma
HAa3bIBACTCS NPSAMON, B IIPOTUBHOM Cllyyae — HAKIIOHHOW. BpicoTa npsmon npusmsl
paBHa ee OOKOBOMY peOpy.

IIpsimast mpu3ma Ha3bIBAE€TCS NPABWIBHOM, €CIM €€ OCHOBAaHUA — IMPABUIIbHBIC
MHOT'OYTOJIbHUKH. Y TaKOW MPU3MbI BCE€ OOKOBBIE TPAHU — PABHBIC MPSIMOYTOJIbHUKH.

[1momiaabo MOJHOM MOBEPXHOCTH MPU3MbI HA3bIBAECTCSI CyMMa IUIOIIAJIEH BCEX
ee rpaHel, a IJIomaapi0 OOKOBOM MOBEPXHOCTH MPU3MBI — CyMMa IUIOMIAJEH ee



00koBBIX Tpanelt. [lnomanb S,y TOTHON MOBEPXHOCTH BBIPAKAECTCS Yepe3 IUIOIIA b

Sgox OOKOBOM MOBEPXHOCTH U TLIOMIAMb Soc; OCHOBAHUS MPU3MBI (hOPMYJION
SHOJ‘[H = S60K + 2SOCH .

Teopema
[Tnomaas OOKOBOM MOBEPXHOCTH MPSIMOM MPU3MBbI paBHA MPOU3BEICHUIO TIEPUMETPA
OCHOBAHUS Ha BBICOTY MIPU3MBI.

Conep:xanue padoThI

3aganme 1. Jloxkaxure, 4ro: a) y NOpsIMOM MpPU3MbI BCE OOKOBBIE TpaHH —
NPSAMOYTOJIbBHUKY; O) y MNpaBWIbHOW MpPU3MbI BCE OOKOBBIE T'paHU — pPaBHBIE
OPSIMOYTOJIBHUKH.

3ananue 2. B npsAmMoyrojibHOM napajuiejenuIie/le CTOPOHbI OCHOBAHMS paBHbI12 cM
u 5 cMm. Jluaronanb mapasuienenuiena oopasyeT C IUIOCKOCTBIO OCHOBAHUS yroyl B
45°. Haitnure 60K0BOE pedpo napauiesenuneaa.

IHPAKTHYECKAS PABOTA Ne 41
Tema: «MHOTOrpaHHUKN
Hean: HayunThca U300pakaTb MHOTOTPAHHUKH, PEIIATH 3ada4H.
OoGopynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padboTbl

3aganme 1. OcHOBaHHEM NPSIMOTO MapaJIJICNICTIUIIEIa SBISIETCS pOMO C JUaroHaIsIMu
10 cm u 24 cm, a BeicoTta mapasuienenumena pasHa 10 cm. Haitnure Oosbiryio
JMaroHaib napajuielenuIena.

3ananue 2. CTOpoHAa OCHOBAaHMSI MPABWIBHON TPEYTrOJbHOW MPHU3MbI paBHA § CM,
O0okoBOoe pedbpo paBHO 6 cm. HalinguTe miomanb CEUYEHUs, MPOXOASIIETO uepes
CTOPOHY BEPXHEr0 OCHOBAHUS Y IMTPOTUBOJIEKAIIYIO BEPIIMHY HUKHETO OCHOBAHUS.
3apnanmne 3. OcHOBaHMEM NPSIMOM MPHU3MBI ABISIETCS paBHOOEAPEHHAs! Tpamelus C
OCHOBaHUAMHU 25 ¢cM U 9 cM um BbicoTOM § cMm. Halinure nByrpaHHbI€ yTibl HpH
OOKOBBIX peOpax MPU3MBI.

IMNPAKTUYECKAS PABOTA Ne 42
Tema: « MHOTOTpaHHUKU
Hean: HAyYUTHCS HAXOAUTH PeOpa, BHICOTY U TUIOMIAAh TOBEPXHOCTH MUPAMU/IBI.
OO6opynoBaHme: CipaBOYHBIE TOCOOMUS.



CnpaBo4HbIii MaTepua

MHororpaHHuK, COCTaBJICHHBIN U3 N-yroJibHUKA AjAj,...Ap U N TPEYTOJIBHUKOB
(1), Ha3zbiBaeTcs nupamMuioi. MHOTOyrosbHUK AjAj... A, Ha3bIBA€TCS OCHOBAHUEM, A
N TpeyroJabHUKOB — OOKOBBIMU I'paHsiMU nupaMubl. Touka P Ha3bIBaeTcst BepIIMHON
nupaMuibl, a otpe3ku PAj, PA,,..., PA, — ee 6okoBbIMU peOpamu.

[Mlupamugy ¢ ocHoBanueMm Aj;A,...A, u BepummHOM P o0o3HayaroT Tak:
PA;A,...A, u Ha3bpIBalOT N-yrojpHOW mnHpamunoi. Ha pucynke wn3o00pakeHbl
YEeTBIPEXYTOJIbHAA U HIECTUYTOJIbHAS MUPaMHJIbL. SICHO, YTO TpeyroyibHas MUpaMHaa
— 3TO TETpa’Ip.

P

ITupamuga. MHOroyross-
HUK AAAg .. A, —
OCHOBaHMEe IHPaMHU/IbI.
TpeyroabEuKn A, PA,,
AgPAg, ..., A ,PA;— 60Ko-
Bble rpaHy, P — BepmuHa
nMUpPaMHIbI

[110omanp0 MOTHOW MOBEPXHOCTH MUPAMHIBI HA3bIBACTCS CyMMa IUIOLIAACH
BCEX €€ TpaHell (T.e. OCHOBaHMS W OOKOBBIX TpaHEi), a IUJIOMIAJbI0 OOKOBOMU
MMOBEPXHOCTHU MUPaMUJIbI — CyMMa III0Iael ee O0KOBBIX rpaHeit. OUeBUIAHO, Sy =
SGOK + SOCH .

[Inpamuna Has3pIBa€TCs MPABWIBHOM, €CIM €€ OCHOBAaHUE — IPABUIIbHBIN
MHOTOYTOJIBHUK, a OTPE30K, COCOUHSAIONIMN BEPIIMHY MNHUPAMUABI C LEHTPOM
OCHOBAHUS, SIBJISIETCS €€ BBICOTOM.

BoicoTa OOKOBOIl TpaHW MNpPaBWIbHOM NHUPAMHUAbI, MPOBEAEHHAs U3 €€
BEPIIMHBI, Ha3bIBaeTCs anodemoi.

Teopema
[lnomans OOKOBOM TMOBEPXHOCTH TMPABWIBHONW THUPaMHUAbBl paBHA IOJIOBUHE
MIPOU3BEICHUS TIEPUMETPA OCHOBAHUS Ha anodemy.

Conepxanue padoThbl

3ananme 1. OcHOBaHMEM NUpaMUAbl ABISETCA POMO, CTOPOHA KOTOPOTO paBHAS CM,
a olHa W3 AuaroHane paBHa & cM. Halimure OokoBble pedpa MHpaMHIIbl, €ClU



BBICOTA €€ MPOXOAUT Yepe3 TOUKY IEPECeUEHUs AMAroHajiel OCHOBAHMS W paBHA 7
CM.

3aganme 2. OCHOBaHMEM MUPAMUJIBI SIBIISECTCS MapaieorpaMM, CTOPOHBI KOTOPOTO
paBHbl 20 cM u 36 cM, a Tiomaas paBHa 360 cMm?. BricoTa MUPAMUJIBI TTPOXOJUT
yepe3 TOUKY IepeceueHus JuaroHajgeii ocHoBaHMs M paBHa 12 cMm. Halinure mommanb
OOKOBOM MTOBEPXHOCTH ITUPAMU/IBI.

3apanme 3. OCHOBaHHEM NUPAMUIBI SBISAECTCA MMAPATUIETOTPAMM CO CTOPOHAMH 5 M H
4 M u MeHbLIEH IuaroHaiplo 3 M. BpicoTa mupamMuibl MPOXOAMT 4Yepe3 TOUKY
IIEPECEUCHNs] AUaroHajied OCHOBAaHMSA M paBHa 2 M. Haiinure momanb IOITHOU
ITIOBEPXHOCTH ITUPAMHU/IBI.

INPAKTUYECKAS PABOTA Ne 43
Tema: «3MmepeHus B reOMETpUN»
Heanb: HAyuYnTHCS HAXOAUTHh OOBEMBI TEI.
OGopyaoBaHme: CIipaBOYHBIC TTOCOOHS.

CnpaBouHblii MaTepUaJl

Teopema
OO0BeM MNpsAMOYrOJBHOIO TNapajuleleNuIela pPaBeH IPOU3BEACHUIO TpPEX €ro
U3MEPEHNN.

CaencrBue 1
O0beM TPAMOYTOJIBLHOTO TapajulelieluIea paBeH MPOU3BEIACHUIO IUIOMIAIN
OCHOBAHHUS Ha BBICOTY.

V =abc = Sh.
CaeacrBue 2
O0beM TpsAMOl  TIPU3MBI, OCHOBAaHHUEM KOTOPOW SIBJISICTCS MPSMOYTOJIbHBIN
TPEYTOJIbHUK, PABEH MTPOU3BEICHUIO IUIOIIAAN OCHOBAHUS HA BBICOTY.

Teopema
O0beM npsaMoi PU3MbI PABEH MPOU3BEACHUAM IJIOLIAAN OCHOBAHUS HA BBICOTY.




Teopema
O0beM HMIMHIPA paBEH NPOU3BEICHUIO TUIOIIA I OCHOBAHUS Ha BBICOTY.

B C

Teopema
Ob6beM mnupaMuabl paBeH OAHOW TPETH MPOU3BEICHHS IUIOMAAM OCHOBAHUSA Ha
BBICOTY.

Teopema
O0beM KOHyca paBeH OJHOW TPETH MPOU3BEICHUS IUIOIIAI OCHOBAHUS HA BHICOTY.

Teopema
O6mneM mapa paauyca R paBen % mR®.

Conep:xkanue padboTbl

3ananne 1. Haiimute o00BeM TPAMOYTOJBHOTO TMapajUIeIeNUNeaa, CTOPOHBI
OCHOBAHHMsI KOTOPOI'O paBHBI a 1 b, a BeIcoTa paBHa h, eciu:

a)a=11,b=12,h=15;6)a=3v2,b=+/5, h=10V2;
B)a=18,b=5V3,h=13;r)a=3;b=V5h=09.



3ananmue 2. Haiimure o6bem ky6a ABCDA;B;,C1D;, ecm: a) AC =12 cwm;
6) AC; = 3v2 M; B) DE = 1 cM, rze E - cepenmna peGpa AB.

3apanue 3. Haitnute 00bem npsamoit nmpusmel ABCA1B,C; , ecnu: a) yron BAC =
120°, AB =5 cm, AC = 3 cm u HauboubIIas u3 1iomagaeii 00KOBBIX rpaHei

paBHa 35 cm’; 6) yron AB;C = 60°, AB; = 3, CB, = 2 u AByrpaHH»Iil yroi ¢ peGpoM
BB; mpsamon.

3ananue 4. Ilnomans ocHOBaHUS IWIMHApa paBHa Q, a IMUIOHIATL €r0 OCEBOIO
cedyeHus paBHa S . Halimure o0beM UIMHIpA.

3apanme S. Haiinure 00beM HAaKIOHHOM MPU3MBI, Y KOTOPO OCHOBAaHUEM SIBIIAECTCS
TpeyroiabHuK co croponamu 10 cm, 10 cm u 12 cm, a 60okoBoe pebpo, paBHOE § CM,
COCTABJISIET C IIOCKOCTHbIO OCHOBaHHUsI yroJi B 60°.

3apanme 6. Haiinure o0beM npaBUIIBHON TPEYTrOIbHOW MUPaMUIbI, BBICOTA KOTOPOU
paBHa 12 cM. a cTopoHa OCHOBaHus paBHa 13 cMm.

INPAKTUYECKAS PABOTA Ne 44
Tema: «3MmepeHus B reOMETpUN»
Hean: 3akpenuTh 3HAHUS yYAIUXCS [PU PELICHUH 3a7a4
OGopyaoBaHme: CIipaBOYHBIC TTOCOOHS.

CnpaBouHblii MaTepUaJl

3apanme 1. [1ycth h, r 1 V COOTBETCTBEHHO BBICOTA, PaJyC OCHOBAHUS U 00BEM
KoHyca. Haiinure:

a)V,eecrmh =3 cm, r=1,5 cm;.

6)h,ectmr=4 cm, V=48n oM’

B)1,ecnmuh=m, V=p.

3ananue 2. Bricota koHyca paBHa 5 cM. Ha paccTostHuu 2 ¢M OT BEpIIMHBI €70

nepecekaeT IIOCKOCTh, TMapajuieibHas OCHOBaHWIO. Haiiaure o0beM HMCXOIHOTO
3

KOHYCa, €clii 00beM MEHBIIIETO KOHYCa, OTCEKAEMOTO OT UCXOIHOTO, PaBeH 24 cM".

3apanue 3. Haiinute o0beM KoHYca, €ClId IUIONaAb €ro OCHOBaHUS paBHa Q,

a ruionaab OOKOBOM MOBEPXHOCTH paBHa P.

3ananue 4. [Iycts V — 00beM mapa paguyca R, a S — miomnaas ero noBepxXHOCTH.
Haiimure: a) SuV, ecmu R=4 cm; 6) Ru S, ecmu V = 113,04 em®; B) Ru V, ecim S
= 641 cM’

3 .
3ananue 5. Bosa nokpeiBaeT npuOIU3UTEIHHO 7 3EMHOH MOBEPXHOCTH. CkonbKo



KBaJPaTHBIX KWJIOMETPOB 3€MHOI MOBEpXHOCTH 3aHuMaeT cyma? (Paguyc 3emuu
CUUTATh PaBHBIM: 6375 KM.)

3apanue 6. CKOJIbKO KOXKH MOWJIET Ha MOKPBIIKY (PyTOOIBLHOTO MsIUa pajanyca
10 cm? (Ha mBwI 106aBUTH 8 % OT IJIOIIAM MOBEPXHOCTH MsYa. )

IHPAKTHYECKAS PABOTA Ne 45
Tema: «KoopanHaTel U BEKTOPBD)
Henab: N3y4nTh OCHOBHBIE MOHSTHS BEKTOPOB B IPOCTPAHCTBE.
O6GopynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBouyHbIi MaTepHAaJl

OITPEAEJIEHUE
BexkTopoM Ha3bIBacTCA HAIPaBICHHBIM OTPE30K, TO €CThb TaKOW OTPE30K, Ul
KOTOPOT'O YKa3aHO, KaKOM M3 €ro KOHIIOB CUMTAETCS HA4YaJIOM, a KaKOM — KOHLIOM

(puc. 1).

Pac. 1

Ecnu Havasio BekTopa COBHAJaeT C €ro KOHIIOM, TO TakKOi BEKTOP
Ha3bIBacTCs HYJIeBbIM 1 00O03HauaeTcs kak . (Ha pucynke 1 HyneBbIM sBIsSeTCS
BexTop CC = 0).

3ameuanmue. JIro0ast Touka MPOCTPAHCTBA PACCMATPUBACTCS KaK HYJICBOU BEKTOP.
JlnHoii wn moay.em |AB| Bextopa AB HasbiBaeTcs jimHa oTpeska AB.
3ameuanmue. J[11Ha HYJIEBOTO BEKTOpA PaBHA HYIIIO.

Bekrop, 1JTMHA KOTOPOTO paBHA €AMHUIIC, HA3BIBACTCS e THHHYHBIM.

KosmuHeapHbIe M HEKOJIIIMHEApHBIE BEKTOPHI B IPOCTPAHCTBE.

JIBa HEHyJNEBBIX BEKTOpAa HAa3bIBAIOTCS KOJUIMHEAPHBIMHU WIH NAapaJlie/IbHbIMH,
€CJIM OHU JIeKAT Ha OJHOM MM Ha napayuienbHbIX npsmbiX. (Ha pucynke 1 TakoBbiMu
SIBJISTFOTCSI BEKTOPBI b U ¢ ).

CoHanpagpjeHHbIE U TPOTUBOMOJIOKHBIE BEKTOPHI B TPOCTPAHCTBE.

JIBa HEHYIEBBIX KOJUIMHEAPHBIX BEKTOpPA d M b HA3BIBAIOTCS COHANPABJIEHHBLIMH,
€CIIM WX HaIpaBJIeHHUs COBHAMArOT (d 77b); ¥ MPOTHBOMOJI0KHO HANPABJIEHHBIMH —
B IIPOTUBHOM ciy4ae (i 7Vb).

BekTopsl Ha3bIBAIOTCSA PABHBIMH, €CJIM OHU COHAIPABJICHHBI U UX JYIMHBI PABHBI.



YrBepxaenue. Ot m000i1 TOYKK MPOCTPAHCTBA MOKHO OTJIOKUTH BEKTOP, PaBHBIN
JTaHHOMY, U IPUTOM TOJIBKO OJIVH.

JIBa HEHYJEBBIX BEKTOpa U HA3bIBAIOTCSA MPOTHBOMOJIOKHBIMM, €CIIM WX JJIMHBI
PaBHBI M OHU MIPOTHBOIOJIOKHO HAMPABIICHBI.

BekTopbl Ha3bIBAIOTCS KOMIJIAHAPHBIMH, €CITU TPU OTKJIAJbIBAHUU UX OT OJHOM U
TOM e TOUKU OHU OYAYT JIeKaTh B OAHOM MJIOCKOCTH.

3ameuanue. JlroOble JBa KOJUIMHEApHBIX BEKTOpa KOMIUIAHApHBI; TPU BEKTOpa,
Cpeu KOTOPBIX UMEETCS IBa KOJUTMHEAPHBIX, TAK)KE KOMIIaHAPHBI.

[Ipumeps! pemenus 3aaaq
INPUMEP 1

3ananmue Haiit KOOpiMHATEI BEKTOpA ﬁ, ecmm A (1;-2;0), B (2; -1, 2).

Pemenue I[J'DI HaXO0XXACHUA KOOPANHAT BCKTOPA OT KOOPpAMHAT €TI0 KOHIIA
OTHMMCM COOTBCTCTBYIOIIHUEC KOOPAWMHATLI HaYaJ1a:

AB=(2-1;-1-(-2);2-0)=(1; 1; 2).

Ecan BCKTOpP 3aaH B IIPOCTPAHCTBC CBOMMH KOOpAHWHATAMH, TO €TI0 JIMHA pPaBHA
KOPHIO KBaAPAaTHOMY N3 CYMMBI KBaJApaTOB KOOPJAHWHAT.

INPUMEP 2
Baganue  Haittu Mmogyns Bextopa d = (0; — 3; 2).

Pemenue MOI[y.]'II) BCKTOpPa PpaBCH KOPHIO KBAAPATHOMY U3 CYMMbI KBAAPATOB CI'0
KOOpAHWHAT, TO CCTh I 3aJaHHOT'O BECKTOpa o_i HUMCCM:

d| =02+ (—3)2+22=/0+9+4 =+13

Conep:xkanue padboTbl

1. HaliTn KOOpIMHATHI BEKTOPA E, ecm A (9;-6;1),B(4;-1;0).

2. Haiitu yuny BekTopa d, ecma d = (3; — 4; 0).

3. MHcmomp3ys pHCYHOK, YKaXHTE paBHBIC BEKTOPHI, COHAIPABJICHHBIC U
IIPOTHBOIOJIOKHBIE BEKTOPHI.



HNPAKTHYECKASA PABOTA Ne 46
Tema: «KoopauHaThl U BEKTOPBD»
Iesb: HAYYNUTHCS HAXOJIUTh CKAJISIPHOE MTPOU3BEICHUE BEKTOPOB.
Oo6opynoBanme: cripaBOYHbIE TOCOOUS.

CnpaBouHblii MaTepUaJl

CKaJSIpHBIM TIPOM3BEACHUEM JBYX BEKTOPOB HA3bIBACTCS IPOU3BEICHUE X
JIMH HA KOCUHYC yIja Mexay HuMu. CKansapHOe NpPOU3BEIEHHE BEKTOPOB d M b
06o3Hauaercs Tak: d b. Takuum o0Opa3zom,

dub=|d|-|b| -cos (ab).

CxanspHOE TPOU3BEIECHUE BEKTOPOB A{X{; Yq; Z1} U l_)){x2 ; V25 Z2} BBIpaXkKaeTCs
HOpMYIIOH @ b = X Xo + ViYa + 212,

Kocunyc yrma o MeXIy HEHYJIEBLIMU BEKTOpaMH d ub BHUKCIAETCA MO

opMmyJie: COS o = —— .
bopwy EBO

Conep:xkanue padoTbl

3aganue 1. [Tansl Bektopsl d{l; —1;2} u B{—l; 1; 1} u ¢{5; 6; 2}. Boruucnure d E,
ac,bc,aa.

- =

3ananne 2. Jlanst Bextopbl d = 37 — 5] + k u b = j — 5k. Boraucure d b, G 7, b J.



HNPAKTHYECKASA PABOTA Ne 47
Tema: «KoopauHatel 1 BEKTOPHI»
Henanb: HAyuYnThCS HAXOAUTH CKAISIPHOE NIPOU3BEACHUE BEKTOPOB.
OO6opynoBanme: cCripaBOYHbIE TOCOOUS.

Conep:xkanue padorTbl

3amanue 1. Beriunucnure yroia Mexy BEKTOpAMMU:
a) 4{2; —2; 0} u b{3; 0; —3};

6) d{\2;v2;2} n B{—3; —3; 0};

B) d{0;5;0} u B{O; —/3; 1};

r) 4{—2,5;2,5; 0} u b{—5; 5; 5v2}.

3aganue 2. [ansl Touku A(1,3;0), B(2;3;-1) u C(1,2;-1). Berauciure yroi Mexmty
BEKTOpaMH CA u CB.

Baganue 3. Jlanel Bextopel d{—1;2;3} u 1_5{5 ;x;—1}. Tlpu kakoM 3HAYCHHH X
BBITIONIHSETCS yeaoBre: a) A b =3, 6) db=-1;6) d L b?

INPAKTUYECKASI PABOTA Ne 48
Tema: «KoopauHaThl U BEKTOPHI»
Iesb: NpoBEepUTH U OLIEHUTH 3HAHUS YUAIIUXCA 110 U3YUYCHHOMY MaTepUaly.
Oo6opynoBanme: cripaBOYHbIE TOCOOUS.

Conep:xkanue padboTbl

Bapuanr 1

1. Janer eexmoper a {3;-5;2}, B {0;7;1} u ¢&{—3;—1;0}. Bruucaure
KOOPJAMHATEI BEKTOpa p = 28 — 3B + C.

2. Boiuuciume ckansipHoe npouseedenue 6ekmopoé a u B, eciu |a| =6, |B| =4 u
yeoa mexcdy smumu eekmopamu paser 60°(cos 60°= 0,5).

3. Jlan Bekrop a {5;-1;2}. 3anuminre pasiokKeHUe dITUX BEKTOPOB I10 KOOPAUHATHBIM

BekTopam 1,7, K.

4. Jlan eexmop 3 = 31— ] + k . 3anuwume xoopounamel 6exmopa 3 u evluuciume
€20 ONUHY.

5. Haiigute KOOpAWHATBI BEKTOpPa ﬁ, ecin A(5; -1, 3), B(2; -2; 4).

6. Boiuuciume paccmosinue medxicoy moukamu A u B, ecau A(3;-1,1) u B(-4;0;5).

7. JlaHbI BEKTODHI d, ¢ U ¢, IpUdeM: d =61 -8k, |§|=1, ¢{4;1;m}, (d}§)=60".

Haiitu: a) a - 6 ; 6) 3HaueHne M, P KOTOpoM d L € .



Bapuant 2

1. Janvl eexmopul a{5;—-1;1}, B {-2;1;0} u ¢&{0;2;4}. Berunucnure
KOOpIMHATEI BeKTOopa p = 3a + 2B — C.

2. Bwiuucnume ckansproe npoussedenue 6ekmopoé a u B, ecau a{5;—1;1},
B{—2;1;0}

3. Jlan Bektop a {3;-2;1}. 3anumuTe pasaoKeHUE STUX BEKTOPOB 110 KOOPAMHATHEIM
BEKTOpam 1, J , k.

4. Jlan eexmop 3= —2T+] + 2k.3anuwume xoopounamei 6exkmopos 3 u
BbIULUCTUME €20 ONUHY.

5. Haiiaute koopauHATBHI BEKTOpA K]i, eciu A(6; 3; -2), B(2; 4, -5).

6. Boruuciume paccmosnue meancdy moukamu A u B, ecau A (-2;1;2) u B (-3;-1;3).

7. JlaHBI BEKTOPHI G, ¢ U ¢, IpudeM: d=4]-3K, [¢=+2, ¢{2;m;8}, (d}§)=45".

Haiitu: a) d - 6 ; 0) 3auenue M, Ipu KOTOpoMm a L ¢ .
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