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1. MacnopT ¢oHAA OLIEHOYHBIX CPEICTB

1.1. ObaacTh npuMeHeHus

@OHJIT OLEHOYHBIX CPEICTB IMpEIHA3HAYEH JUIsI OLECHHBAaHHWS 3HAaHWUM, YMEHUW, YpPOBHS
c(hOpMUPOBAHHOCTH KOMITETEHIIMHA CTYJIEHTOB, oOydarommxcs mo crnenuadbHocTd 38.02.01 DxoHOMHKA H
Oyxranrepckuii yuer (1o otpacism) o nucuurinae O/[.07 Matematuka.

®OC cocrasnen Ha ocHoBe PI'OC u paboueli mporpaMMbl TUCIUIUIAHBI.

[TpoMexxyTouHasi aTTecTanusi Mo y4yeOHOW IUCIUIUIMHE TMPEaycMOTpeHa B ¢GopMe 3K3aMeHa ¢
BBICTaBJICHUEM OTMETKH I10 CUCTEME «OTIMYHO, XOPOILO, YIOBIETBOPUTEIBHO, HEYIOBIETBOPUTEILHO.

1.2. llnanupyemble pe3yJabTaThl OCBOEHHUS THCUMILIMHBI

Ocoboe 3HaueHue OUCLMIIMHA UMeeT Npu (GOPMHPOBAHUU M Pa3BUTHM OOIIMX KOMIIETECHLHUH B
cootBercTBUU ¢ PI'OC:

OK 01. Beibupath criocoObl penienus 3aaay npophecCUOHaIbHON 1eATEIbHOCTH IPUMEHUTENBHO K
Pa3IUYHBIM KOHTEKCTaM.

OK 02. Mcnonp30BaTh COBpPEMEHHBIE CPEACTBA IOUCKA, aHATIM3a U MHTEpIIpeTalui UHOpMaIu, U
UH(POPMALMOHHBIE TEXHOJIOTHH IS BBITIOJIHEHHS 3a/1a4 TPOPECCUOHATIBHOMN e TeIbHOCTH.

OK 03. IInanupoBath U peanu30BbIBaTh COOCTBEHHOE NMPO(ECCHOHANBHOE U TMYHOCTHOE Pa3BUTHE,
NPEANPUHIMATENBCKYIO AEATEIBHOCTD B MPO(eCCHOHANBHOU cepe, UCTIONb30BaTh 3HAHUS 10 (PHHAHCOBOMH
I'PaMOTHOCTH B Pa3IMYHbIX KU3HEHHBIX CUTYaLUAX.

OK 04. DddexTnBHO B3aNMOACHCTBOBATH U pabOTaTh B KOJUIEKTUBE M KOMaHIE.

Ocoboe 3HaueHue AUCLUIUIMHA HMMeeT Npu (OPMHPOBAHMU U PA3BUTUU NPO(EeCcCHOHATBHBIX
komneTeHui B coorserctBuu ¢ ®I'OC:

I1K 1.3 [IpoBOUTH YUE€T AEHEXHBIX CPEACTB, 0QOPMIIATH AEHEKHbIE U KACCOBBIE JOKYMEHTHI.

B pamkxax mnporpammbl 001Ie00pazoBaTeIbHONM  JUCHMIUIMHBI  OCBAaUBAIOTCS  JINYHOCTHBIE,
MeTanpeMEeTHbIE U IPEeIMETHbIE pe3yabTaThl B cooTBeTcTBUU ¢ TpeboBanusmMu OI'OC cpennero oodiero
o0Opa3oBaHusl.

[Tnanupyemble pe3yabTaTbl OCBOCHHUS TUCUUIUIMHBL: JTuuHOCTHBIE (JIP), meranpenmernsie (MP),
npeaMeTHble A7 6a3oBoro ypoBHs uzyuenus (I1P).

JIN4YHOCTHBIE BKJIIOYAIOT:

JIP 05. CdopMHpPOBaHHOCTb OCHOB CaMOpPa3BUTHS M CaMOBOCIMTAaHUS B COOTBETCTBUH C
001IeYeI0BEYECKUMU LEHHOCTAMU U HJeallaMd TpaXkJaHCKOro OOLIecTBa; TOTOBHOCTh M CIIOCOOHOCTH K
CaMOCTOSITENIbHOM, TBOPYECKON M OTBETCTBEHHOM AEATEIbHOCTH.

JIP 07. HaBblkM COTpyIHHUYECTBA CO CBEPCTHUKAMHU, AETbMH MIAJIIErO BO3pacTa, B3pOCIbIMH B
00pa3oBaTeNbHON, OOIECTBEHHO II0JIE3HOM, Yy4eOHO-HCCIIEOBAaTENbCKOM, MPOEKTHOM M JpYyruxX BHIAX
JeSITENIbHOCTH.

JIP 08. HpaBcTBEeHHOE CO3HAHME U MOBEIEHUE Ha OCHOBE YCBOEHHSI O0IIIEUEIOBEUECKUX LIEHHOCTEH.

JIP 09. ToToBHOCTP M CHOCOOHOCTH K OOpa30BaHHWIO, B TOM YHCJIE CaMOOOpa30BaHUIO, Ha
HPOTSDKEHUH BCEH )KU3HU; CO3HATENFHOE OTHOIICHUE K HEPEPHIBHOMY 00pa30BaHMIO KaK YCIOBHUIO YCIICITHOM
poeCCHOHAIBHON U OOIIECTBEHHON JESTETHLHOCTH.

JIP 13. Oco3HanHbIi BbIOOp Oynymiei mpodeccuu M BO3MOXKHOCTEH pealn3aluu cOOCTBEHHBIX
YKU3HEHHBIX IUIAHOB; OTHOIIEHHE K MPOPECCUOHANBHON AESITENIbHOCTH KaK BO3MOKHOCTH Y4acCTHUs B PEIICHUN
JUYHBIX, OOIIECTBEHHBIX, TOCYAAPCTBEHHBIX, OOIIEHAMOHAIBHBIX MPOOIEM.

JIP 14. CdopMHpOBaHHOCTh HSKOJOTUYECKOTO MBIIUICHHS, TIOHMMAaHUS BIUSHUS COIHAIBHO-
9KOHOMHYECKUX MPOLIECCOB HAa COCTOSIHUE NMPUPOIHON U COIMATIBHOMN Cpeiibl; MPUOOPETEHUE OIbITA FKOJIOTO-
HaIpPaBJIEHHOM NESTEIbHOCTH.

MeranpeamerHbie:

MP 01. CamocrostensHO (GOpMYIHPOBATh M aKTyaTU3HpPOBaTh MPOOJIEMy, paccCMaTpuBaTh €€
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BCECTOPOHHE.

MP 02. YcTanaBauBath CyleCTBEHHBINA MTPU3HAK UM OCHOBAHMS JIJISl CPABHEHHU S, KITACCH(UKAIINY U
00001IeHus!.

MP 03. Onpenensars e AesTEIbHOCTH, 3aaBaTh apaMeTPhbl U KPUTEPUH UX TOCTHKECHHUS.

MP 04. BbISIBIATh 3aKOHOMEPHOCTH U IPOTUBOPEUUS B PACCMAaTPUBAEMBbIX SIBIICHUSX.

MP 06. Bnagerp HaBbIKaMu Y4EOHO-HMCCIEAOBATEIBCKON U MPOSKTHOM ACSITEIBPHOCTH, HAaBBIKAMHU
paspenieHus mpooIeM.

MP 07. CiocoOHOCTb U TOTOBHOCTH K CAMOCTOSITEIbHOMY ITOMCKY METOJIOB PEIICHUS TPAKTHUYECKUX
3a/1a4, IPUMEHEHHIO Pa3IMYHbIX METO/I0B IIO3HAHMSL.

MP 08. OBnageHue BuAamMu JAEATEIBHOCTU IO MOJIYYEHUIO HOBOI'O 3HAHMS, €r0 MHTEPIpETALH,
npeoOpa30BaHUIO U MPUMEHEHHIO B PA3JIUYHBIX yYEOHBIX CUTYAIMsIX, B TOM YHUCIIE IPU CO3AaHUU Y4eOHBIX U
COLIMAJIbHBIX TPOEKTOB.

MP 09. ®opmupoBaHue HAy4YHOTO THIMAa MBIIUICHUS, BJIaJCHHE HAYYHOM TEPMHUHOJIOTHUEH,
KJIFOUEBBIMU MTOHATUSIMHU U METOJAMU.

MP 11. BeIsIBIATS NPUYMHHO-CIIEICTBEHHBIE CBSI3U U AKTYAIM3UPOBATh 3a/1a4y, BbIABUTaTh TUIIOTE3Y
€€ peIIeHMs], HAaXOIUTh APIYMEHTHI JUIsl JOKA3aTelIbCTBA CBOMX YTBEPKACHUH, 3a/1aBaTh IapaMETPbl U KPUTEPUHU
pelIeHus.

IIpexmeTHbIE:

[1P O1. Bnaners MeToaMu JOKA3aTeNIbCTB, AITOPUTMAMU PEIICHUS 3a/1a4; yMEHUE (OPMYITUPOBAThH
ONpEIETICHUS, AKCUOMBI U TEOPEMBL, IPUMEHSATH UX, IPOBOAUTH JJOKA3aTEJIbHbIE PACCYK/ICHUSI B XO1€ pELICHUS
3a/1a4.

[TP 02. YMeTh omnepupoBaTh MOHATUSMU: CTETNEHb YHCIIA, JIOTApU(PM UYUCIIA; YMEHHE BBHIIOIHATH
BBIUMCIICHHE 3HAYEHU M MpeoOpa3oBaHUsl BBIPAKEHUH CO CTENMEHSAMH M Jorapudmamu, mpeoOpa3oBaHUs
JIPOOHO-PALMOHAIBHBIX BBIPAXKCHHIH.

ITP 03. YMerp omnepupoBaTh MOHATHSAMH: DPALMOHAIbHBIE, MPPALMOHAIbHBIE, [1OKa3aTeJbHBIE,
CTETeHHbIE, Torapu(PMUUECKUe, TPUTOHOMETPUYECKUE YPABHEHHS M HEPABEHCTBA, UX CUCTEMBI.

[IP 04. VYmerp omepupoBaTh NOHATHAMHU: (GYHKIHWS, HEMpEepbIBHAS (QYHKLUS, MPOU3BOIHAS,
nepBooOpa3Hasi, OMpEAETCHHbIM HHTErpan; yMEHUE HaxXOAMTh MPOMU3BOAHBIE 3JIEMEHTAPHBIX (YHKIUH,
UCIIOJIb3YS CIPABOYHbBIE MaTE€pUaJIbl; MCCIEAOBATh B MPOCTEHIIMX CllydyasX B (YHKLIHUHM HA MOHOTOHHOCT,
HAaXOJWTh HauOONbIINE W HauMeHbIWe 3HaueHus ¢yHkauil; CTpouTh TrpadUKd MHOTOUJICHOB C
UCIIOJIb30BaHUEM allapaTa MaTeMaTH4YeCKOro aHaliMu3a; MPUMEHSATh MPOM3BOAHYIO IPHU PEIIEHUH 3ajad Ha
NBUKEHHE; pellaTh MPaKTHUKO-OPUEHTUPOBAHHBIC 3a/ladyll Ha HAWOONbIIMEe U HaWMEHbIINE 3HAYECHUS, Ha
HaXO0X/IEHNE IIyTH, CKOPOCTU U YCKOPEHHUSI.

[TP 05. Ymenue omepupoBaTh MOHSATHUSMHU: pallMOHaNbHAas (YHKIUS, TMOKa3aTelbHas (QyHKIHS,
cTerneHHass (QpyHKuus, jorapupmuyeckas (yHKIUS, TPUTOHOMETpUUYECKHE (PYHKIMH, OoOpaTHbIE (QYHKIIHH;
YMEHHE CTPOUTh TpaduKU HU3YUYEHHBIX (YHKIUH, HCMONB30BaTh TpadUKU TPHU H3YYEHHUU MPOIECCOB U
3aBUCHUMOCTEH, IPU PELIeHUH 3aa4u U3 APYTUX y4eOHBIX IPEIMETOB U 33Ja4 U3 peasibHOM KU3HU; BHIPAXKATh
dbopMynaMu 3aBUCUMOCTH MEXAY BETHUNHAMHU.

ITP 06. YMmeHue pemiaTh TEKCTOBBIE 3a7aul pPa3IMYHBIX TUIOB (B TOM YHCIIE€ HA MPOLEHTHI, JOJIU U
4acTH, Ha IBIKEHUE, paboTy, CTOMMOCTb TOBapOB U YCIIYT, HAIOTH, 33JIa4M U3 00JIACTH YIPaBIEHUS JINYHBIMU
U ceMelHBIMU (PMHAHCAMH); COCTABIATh BBIPAKEHUS, YPABHEHHUS, HEPABEHCTBA U UX CHCTEMbI IO YCJIOBUIO
3aJauu, UCCIIEI0BATh MOTY4YEHHBIE PEIICHUs M OLIEHUBATh MPaBAONOJOOHOCTh PE3yIbTATOB.

[P 07. YMmeHnue omnepupoBaTh NOHITUAMHU: CpelHEE apUPMETHUECKOe, MeauaHa, Haubobliee U
HaMMEHbIIIee 3HAYCHMSI, pa3Max, JUCIIePCHs, CTaHIapTHOE OTKJIOHEHHE YHUCIOBOI0 Habopa; yMEeHUe U3BJIEKaTh,
MHTEPIPETUPOBATh UHPOPMAIINIO, MPEJCTABICHHYIO B Ta0NMIIaX, Ha Juarpammax, rpadukax, oTpakarouyro
CBOICTBa peanbHBIX MPOIECCOB U SIBICHUI; MPEACTABIATh MH(OOPMALIUIO C TIOMOIIBIO TaOIHUI] U AWArpaMM;
HCCJIEIOBATh CTATUCTUYECKUE JIaHHBIE, B TOM YHCJIe C IPUMEHEHUEM IpapuuecKUX METOJO0B U 3JIEKTPOHHBIX
CPEICTB.

ITP 08. YMmeHue onepupoBaTh NOHATUAMHU: CIYYalHBIN OMBIT U CIy4allHOE COOBITHE, BEPOSITHOCTh
CJIy4aifHOTO COOBITHUS; yMEHUE BBIYUCIISATH BEPOSITHOCTD € MCTIOIb30BAHUEM I'PapUUECKUX METO/I0OB; IPUMEHSTh
(bopMyIIbl CIIOKEHUS U YMHOKEHHUS BEPOSITHOCTEN, KOMOMHATOpHBIE (GaKThl M (OPMYJIbI IPU PELICHUHN 3a/1a4;
OIICHUBATh BEPOSTHOCTH PEATbHBIX COOBITHIA; 3HAKOMCTBO CO CIyUYalHBIMH BEIHMUYMHAMU; YMEHUE TTPUBOIUTH
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MPUMEPHI MIPOSIBIICHUS 3aKOHA OOJIBIIINX YUCEN B IPUPOIHBIX U OOIIECTBECHHBIX SBIICHUSX.

ITP 09. YMeHue onepupoBaTh NOHITUSAMHU: TOUKA, TPSIMasi, IIIOCKOCTh, B TPOCTPAHCTBO, IByTPaHHbIN
yroJl, CKpeUIMBaIOUIMeCs] NpsMble, NapauIeIbHOCTh U MEPHEHAMKYISIPHOCTh MPSIMBIX U IIOCKOCTEH, Yros
MEXAY IPSIMBIMH, YTOJ MEXKIY MPSAMOHN U IJIOCKOCTBIO, YTOJl MEXAY MIIOCKOCTAMHM, PACCTOSHUE OT TOYKHU J10
IUIOCKOCTH, PACCTOSIHUE MEXKIY HPSAMBIMHU, PACCTOSHUE MEXAY IUIOCKOCTSAMHU; YMEHHE HCIOJb30BaTh IPU
pellieHnun 3a7ad M3ydeHHble (DaKTbl M TEOpEeMbl IUIAHUMETPUH; YMEHHUE OILEHUBATh pa3Mepbl OOBEKTOB
OKpPYXKaroIlero Mupa.

IIP 10. VYmenue omepupoBaTh IOHATHSIMH: MHOTOTPaHHUK, CEYCHHE MHOTOIpDaHHHUKA, KYO,
napajjieNnenunes, npusMa, nupamuaa, (Gpurypa u mOBEPXHOCTh BpallleHHs, MUIMHIpP, KOHYC, map, cdepa,
cedeHus (Urypsl BpalleHHs], IJIOCKOCTh, Kacaromasics cdepbl, HUIMHAPA, KOHYCA; IUIOMAAb MOBEPXHOCTH
NUpaMUIbI, MPHU3MBI, KOHYyca, IMJIMHApA, [Iapa; YMEHHE H300pakaTh MHOTOIPDAaHHUKH U TOBEPXHOCTH
BpAIICHUs, UX CEUYECHHS OT PYKH, C MOMOIIBI YEPTEKHBIX UHCTPYMEHTOB U 3JIEKTPOHHBIX CPEACTB; YMEHUE
pacrno3HaBaThb CHMMETPHIO B IIPOCTPAHCTBE; YMEHUE PACIIO3HABATH IPABUIbHBIE MHOTOIPAaHHUKHU.

I[P 11. YMenune omepupoBaTh MOHATHIMH: JBHKCHHE B IMPOCTPAHCTBE, MOJ0OHBIC (UTYPHI B
IPOCTPAHCTBE; MCIIOIB30BaTh OTHOILICHHE IUIOMIA/IeH MOBEPXHOCTEH M 00BEMOB MONOOHBIX (UTYp TpHU
pelIeHnu 3a1a4.

[TP 12. YMeHue BBIYUCIATh TEOMETPUYCCKHUE BEIIMUUHBI (ITTMHA, YTOJI, TUIONIAlb, 00hEM, TUIOIIAh
MOBEPXHOCTH ), UCIIOJIb3Ysl U3YUYECHHBIE (POPMYIIBI U METO/IBI.

ITP 13. YMmeHue onepupoBaTh NOHATUSAMU: IPSIMOYTOJIbHAsI CUCTEMA KOOPAUHAT, KOOPJUHATHI TOUKH,
BEKTOp, KOOpPJAMHATHI BEKTOpAa, CKAJISPHOE IPOU3BEICHUE, YroJl MEXAY BEKTOpaMH, CYMMa BEKTOPOB,
IIPOU3BE/IEHNE BEKTOPA HA YUCIIO; HAXOJIUTh C IOMOILBIO U3YYEHHBIX (OPMYJT KOOPIMHATHI CEPENHBI OTPE3Ka,
PacCTOSIHUE MEXIY ABYMSI TOUKAMHU.

ITP 14. Ymenue BpIOMpaTh NOAXOIAIIMM M3YUYEHHBIM METOJ Ul PELICHUs 3a/adyM, paclo3HaBaTh
MaTeMaTuyeckue (pakThl U MaTeMaTHYeCKHE MO B IPUPOJHBIX U OOIIECTBEHHBIX SIBJICHUSX, B UCKYCCTBE;
yYMEHUE IPUBOANTH IIPUMEPBI MATEMATUYECKUX OTKPBITUNA POCCHIICKOM 1 MUPOBOM MaTEMaTHYECKON HAYKH.



1.3. ®opMbl KOHTPOJISA ¥ OIlEHUBAHUS

[TpenMeToM OIICHKH CITYKHUT C(HOPMHPOBAHHOCTH OOMIMX U MPOPECCHOHATHHBIX KOMITETCHITUH.

Tab6muma 1 KoHTposs 1 olleHKa OCBOCHHS yU4eOHOM NUCIMIUIMHBI IO TeMaM (pa3/ienam)

DneMeHT yueOHOI

DopMBbl KOHTPOJISI U OLICHUBAHUS

T CIUATUTHHBI Texymui KOHTPOJIb [IpomexyTounas
aTTecranus
MeTo/1bl OLICHKH [Iposepsiem | MeTtobl [IpoBepsiembl
(3anonusemcs 6 bIC OIICHKU e
COOMBEMCMEUU C IIK OK, V, IIK OK YV, 3
pasoenom 4 paboueii 3 (Ons
npo2pammbol) (Ons 00weobpazos
0bweobpas amenbHbIX
06amebHbl OUCYUNIUH
x OK, JI, M, II)
OUCYUNTUH
OK, JI, M,
1)
Pasnen 1. IloBropeHue kypca MaTeMaTUKH OCHOBHOM HIKOJIbI Oxzamen OK 01
Tema 1.1 [IpakTuueckas pabora Nel OK 01, 02, OK 02
Lenu u 3agaun Lenu u 3agaun MaTeMaTUKU 03, 04 OK 03
MaTE€MaTHUKH IIPU TP OCBOCHHUH K 1.3 OK 04
OCBOCHHUU CIIELIMAJIBHOCTHU JIP 05, 07, 1IK 1.3
CHEIUATLHOCTH 08, 09 JIP 05
Tema 1.2 [TpakTuyeckas padora No2 MP 01, 02, JIP 07
Yucna u Yucna ¥ BEIYUCICHUS. 03, 07, 09, JIP 08
BBIUUCIICHHS. Bripakenus u 11 JIP 09
Breipaxxenus u npeoOpa3oBaHMs. ITP 01, 02, JIP 13
npeoOpa3oBaHuUs. [IporieHTHBIE BHIYUCIECHUS 06, 09, 12, JIP 14
IIponieHTHBEIE 14 MP 01
BBIYMCIICHUS MP 02
Tema 1.3 IpakTudeckas pabora Ne3 MP 03
VYpaBHeHHS U YpaBHEHHS U HEPABEHCTBA. MP 04
HEpPaBEHCTBA. CucTeMbl ypaBHEHHUI 1 MP 06
Cucremsl HEPaBEHCTB MP 07
YPaBHEHUH U MP 08
HEPABEHCTB MP 09
Tema 1.4 [IpaxTnueckas padora Ne4 MP 11
OyHKIUU: DOyHKIUU: TUHEWHAS, IIP 01
JIuHeiHas1, oOpaTHas | oOpaTHas 1P 02
MPOMOPIHUOHAIBHOC | MPOMOPIMOHATBHOCTD, 11P 03
Th, KBaJI[paTHIHAs KBaJIpaTHYHAsT ()YHKITUS 1P 04
dyHKIHs 1IP 05
Tema 1.5 TpaxTuueckas paGota Ne5 | OK 01, 02, 11P 06
I'eomerpus Ha ['eomeTpus Ha MIOCKOCTH 03, 04 1P 07
IUTOCKOCTH JIP 05, 07, 1P 08
08, 09 IIP 09
MP 01, 02, 1P 10
03, 07, 09, 1p 11
11 1P 12
1P 01, 02, 1ri3




06, 09, 12,

14
Tema 1.6 [IpakTrueckas padota Ne6 OK 01, 02,
Bxonnas BxomHast KOHTpOJIbHAS 03, 04
KOHTPOJIbHASI paborta JIP 05, 07,
pabora 08, 09
MP 01, 02,
03, 07, 09,
11
ITP 01, 02,
06, 09, 12,
14
Paznen 2. OCHOBBI TPUTOHOMETPHUH. TPUTOHOMETPUUECKHE
GbyHKIIUU
Tema 2.1 VYcrHbIN onpoc OK 01, 02,
Tpuronomerpuueck | CobecemoBanue 03, 04
ue GyHKIUU JIP 05, 07,
MIPOU3BOJILHOTO 08, 09
yria, yucna. MP 01, 02,
Pamnannas u 03, 06, 07,
rpagycHas Mepa 08, 09
yria ITP 01, 02,
Tema 2.2 I[MpakTuueckas pabora Ne7 03, 05, 14
OcCHOBHEBIE OcCHOBHEBIE
TPUTOHOMETPUYCCKH | TPUTOHOMETPUICCKHEC
€ TOXKJIECTBA. ToxkaecTBa. DopmyIibl
dopmyibl MIPUBEICHHUS
TIPUBEICHUS
Tema 2.3 VYcTHbIH onpoc

Cunyc, Kocunyc,
TAHT'€HC CYyMMBI U
Pa3HOCTH JBYX

yri10B. @OopMyIIsI

JIBOMHOTO

aprymeHra

Tema 2.4 ITpakTryeckas padora Ne§
DopMytbl @opMyIIBI TOJIOBUHHOTO
MIOJIOBUHHOTO yria. | yriaa. @opMyiibl
Dopmysl MTOHV)KEHUS CTENIEHH
MTOHMKEHUS

CTETeHU

Tema 2.5 YcrHBIM onpoc
Tpuronomerpuueck | CobecenoBaHue

ue QpyHKIUH, ux
CBOMCTBA U rpaduKH

Tema 2.6
[Ipeobpa3zoBanue
rpauKoB
TPUTOHOMETPHUYECKU
X QyHKIHA

VYeTHbIT onpoc

Tema 2.7

ITpakTryeckas pabora Ne9

1IP 14




Onucanune
MIPOU3BOJICTBEHHBIX
MIPOIIECCOB C
MTOMOIITBIO
rpadukoB GyHKIMI

Onucanne
MIPOU3BOJICTBEHHBIX
MIPOLIECCOB C MTOMOIIBIO
rpaduKoB PyHKIIHIA
[TpakTrueckas padorta NelO
Ornucanue
MIPOU3BOJICTBEHHBIX
IIPOLIECCOB C ITOMOLIBIO
rpadukoB QyHKIHI

Tema 2.8 VYcrHbll onpoc

OO6parnblie

TPUTOHOMETPUYCCKH

e QyHKIHUH

Tema 2.9 VYeTHbI# onpoc
[Ipocretimue CobecenoBanne
TPUTOHOMETPUYCCKH

€ YpaBHEHHs

Tema 2.10 [IpakTnueckas padora Nell
[Ipocreiimue [Ipocretimue
TPUTOHOMETPUYCCKH | TPUTOHOMETPUICCKHE

€ HEpaBEHCTBA HEpaBEHCTBA

Tema 2.11 VYcTHbI onpoc

Cucremsl

TPUTOHOMETPUYECKH

X YpaBHEHHI

Tema 2.12 [IpakTuueckas pabora Nol2
Kontponbnas Kontposnbnas pabota mo

pabota o pasnemny
2 «OCHOBBI
TPUTOHOMETPHH.
Tpuronomerpuueck
ne QyHKIn»

pazneny 2 «OCHOBBI
TPUTOHOMETPHH.
Tpuronomerpuueckue

byHKIAN

Pa3nen 3. Crenenu u kopau. CrenenHas QyHKIUS

Tema 3.1

Crenenn. CBoiicTBa
CTENEHH C
parMoHaIbHBIMU U
JIECTBUTEIbHBIMA
IMOKAa3aTeIIsIMA

YeTHBIT onpoc
Co0OecenoBanue

Tema 3.2
Crenennsle
GbyHKIUY, UX
CBOMCTBA U rpaduKu

YeTHBIT onpoc

Tema 3.3

ITonsTHEe KOpHS N-
OH CTEIICHM U3
JICHCTBUTEIHEHOTO
gncia. CBoHcTBa
KOpHs1 N-O CTENeHu

YcTHBII onpoc
CobecenoBanne

Tema 3.4
ITpeoOpaszoBanue

[IpakTuueckas pabora Nel3
ITpeoOpasoBanue

OK 01, 02,
03, 04
JIP 07, 08,
09
MP 01, 02,
03, 06, 07
ITP 02, 03,
04, 05, 14




MPPALMOHATIBHBIX HMPPALMOHATIBHBIX
BBIPAKCHUI BBIPAKCHUN
[TpakTrueckas padorta Nel4
[TpeobOpaszoBanue
MPPALMOHATIBHBIX
BBIPAKCHUN
Tema 3.5 [TpakTnueckas padora Nel5
Pemenne Pemrenne nppanoHaIbHbIX
MPPALMOHATIBHBIX YPaBHEHUW U HEPABEHCTB
YpPaBHEHUU U
HEPABEHCTB
Tema 3.6 [TpakTuueckas pabora Nel6
KonTposbnas Kontposbhas pabota mo

pabota mo pazueny
3

«CTeneHu 1 KOpHHU.

pazneny 3
«CTeneHu 1 KOpHHU.
Crenennast GpyHKINS»

Crenennas

G YHKITIS)

Pasnen 4. Iloka3atenbHas QyHKIUS

Tema 4.1 VYcrHblit onpoc OK 01, 02,

[Toka3zarenbHast CobecenoBanue 03, 04

byHKIUS, ee JIP 05, 07,

CBOWCTBA U TpaduK 09

Tema 4.2 INpakTtuueckas pabora Nel7 | MP 01, 02,

Pemenne Perenne moka3aTeiabHbIX 06, 07, 09,

MoKa3aTeIbHbIX ypaBHCHHI U HEPABCHCTB 11

ypaBHEHHUi 1 I[Mpaktudeckas padora Nel8 | IIP 01, 02,

HEPaBEHCTB Pemenne nokazarenbHbIX 03
YPaBHEHUH W HEPABEHCTB

Tema 4.3 ITpakTryeckas padora Nel9

Cucremsl Cucrembl TOKa3aTeIbHBIX

MOKa3aTeIbHBIX ypaBHEHUH

YpaBHEHUN

Tema 4.4 [TpakTryeckas pabora Ne20

Kontponbnas Kontposnbnas pabota mo

pabota mo pazzmeny | pasneny 4

4 «[lokazarenpHast QyHKIUS»

«[TokazarenpHas

byHKIHS »

Paznen 5. Jlorapudwmel. Jlorapudmuyeckas GyHKIus

Tema 5.1 [TpakTuueckas pabora Ne21 | OK 01, 02,

Jlorapudm uucna. Jlorapudwm gmcna. 03, 04

CBolicTBa CaoiicTBa orapupMoB JIP 05, 07,

norapupmMoB CobecenoBanne 09

Tema 5.2 VYcrTHBIM onpoc MP 01, 02,

Jlorapudmuueckas | CobecenoBanue 04, 06, 07

byHKIHSA, ee I1P 01, 02,

CBOHCTBa 03

Tema 5.3 [TpakTuyeckas pabora Ne22

Pemenue Pemenue

JorapupMHUUECKUX

JorapupMHUUECKUX




YpaBHEHUU U

YpaBHEHUI U HEPABEHCTB

HEPABCHCTB CobecenoBanmue

Tema 5.4 [TpakTrueckas padota Ne23
Cucremsl Cucrembl
Jorapu(MHUUECKUX | JIOrapu(PpMUUIECKUX
YPaBHEHUH ypaBHEHUH

Tema 5.5 [TpakTrueckas padorta Ne24

Jlorapudmsl B
IPUPOJIE U TEXHUKE

Jlorapugmsl B mpupoie u
TEXHHKE

[TpakTuyeckas pabora No25
Jlorapu¢msl B mpupoze u
TEXHHKE

Tema 5.6
KoHntposbHas
pabota o pasuemny

[TpakTrueckas padota No26
KonrtponsHas pabora no
pazneny 5 «Jlorapudmsi.

5 «Jlorapugmsr. Jlorapudmmueckas

Jlorapudmuueckas | QyHKIHSI»

(G YHKITIS

Pasznen 6. YpaBHEHUS U HEpABEHCTBA

Tema 6.1 [TpakTrueckas padora Ne27 | OK 01, 02,

PaBHOCHIBHOCTE PaBHOCUIBHOCTE 03, 04

ypaBHEHUH U YpaBHEHUH U HEPABEHCTB. JIP 05, 07,

HepaBeHCTB. O0mme | OOmue MEeToIbl pelIeHHS 08, 09

METO/Ibl PEIICHUS CobecenoBanne MP 01, 02,

Tema 6.2 I[Mpaktuyeckas pabora Ne28 | 03, 06, 07,

I'paduueckuii I'paduueckuii Mmeron 08, 09

METO/]I pELICHUS pellieHns ypaBHEHUH, I1P 01, 02,

ypaBHEHUH, HEPaBEHCTB 03, 05, 14

HEPABCHCTB

Tema 6.3 ITpakTryeckas pabora Ne29

YpaBHeHHUs U YpaBHEHHUsI U HEPABEHCTBA

HEpaBEHCTBA C C MOJyJIEM

MOJTyJIEM

Tema 6.4 [TpakTryeckas padora Ne30

YpaBHeHHU U YpaBHEHHUsI U HEPABEHCTBA

HEpaBEHCTBA C C mapameTpaMu

napamMeTpamu

Tema 6.5 [Tpaktrueckas padora Ne31 | OK 01, 02,

TexcToBBIE 3aMaUn TexcToBBIE 3aMaUN 03, 04

npodecCuoHaIbHOT | MPOoheCCHOHATBFHOTO K 1.3

0 coepKaHus coJiepKaHus JIP 05, 07,
[TpakTryeckas pabora Ne32 08, 09
TekcToBbIC 3a7a4n MP 01, 02,
poeCCHOHATHFHOTO 03, 06, 07,
coJiepKaHus 08, 09
[Tpaktrueckas padora Ne33 | IIP 01, 02,
TexcToBBIE 3aMaUN 03, 05, 14

npodeccrnoHalIbHOTO
CoJIepKaHus

Tema 6.6
KoHTponbHas

[IpakTuueckas pabora Ne34
KonTtposnbHas pabora no




pabora 1o pazaerny

pazaeny 6 «YpaBHEHUS U

6 «YpaBHEHUS U HEPaBEHCTBA»

HEPaBEHCTBA»

Paznen 7. IlpousBonHas pyHKIMH, €€ TPUMEHEHHE

Tema 7.1 YcTHBII onpoc OK 01, 02,
Yucnosas CobecenoBanue 03, 04
IIOCJIEOBATEIBHOCT JIP 05, 07,
b. Beruuciienue 08, 09
MpeACIIoB MP 02, 03,
MOCJIeI0BATEIBHOCT 04, 06, 07,
e 08, 09, 11
Tema 7.2 I[Ipaktuyeckas padora Ne35 | IIP 01, 04,
IToustue o [ToHsiTHE O IPOU3BOAHOM 05,12, 14
IIPOU3BOIHOM byHKIIN

byHKIIMU

Tema 7.3 [TpakTrueckas paborta Ne36

®opMyIIbl U @opMyIibl ¥ IpaBUIIa

rpaBuja muddepeHmpoBaHus
maddepenmmpoBanu | CobecenoBanue

s

Tema 7.4 VYcerHblii onpoc

[TpousBoaHas CobecenoBanue

CIIO)KHOW (DYHKIIMH

Tema 7.5

VYcTHbIM onpoc

[TonsiTue o

HENPEepbIBHOCTH

¢bynkuuu. Meton

VUHTEPBAJIOB

Tema 7.6 [IpakTnueckas padora Ne37
Pusnueckuii u Pusnueckuii u
r€OMETPUYECKHUN T€OMETPUYECKHUM CMBICIT
CMBICTT IIPOU3BOTHOM
ITPOU3BOTHOM

Tema 7.7 ITpakTruueckas pabora Ne38
YpaBHeHue YpaBHEeHHE KacaTeIbHOU K
KacaTelbHOHU K rpaduky QyHKIUH
rpaduky QyHKIUU

Tema 7.8 [IpakTuueckas pabora Ne39
MOHOTOHHOCTB MOHOTOHHOCTb (PYHKIUH.
¢yHkun. Touku Touku 3xcTpemMyma
IKCTpEMyMa

Tema 7.9 [IpakTuueckas pabora Ne4(
HccnenoBanue HccnenoBanue GpyHKIMNA U
GbyHKIMHN 1 MIOCTPOCHHE UX IPaPUKOB
IIOCTPOECHUE UX

rpadukoB

Tema 7.10 [TpakTruyeckas padora Ne41
Haubonbmiee n Haubosnbmee u
HauMEHbIIIEe HauMEHbIIIEE 3HAYCHUS
3HaueHus QyHKIMN | QyHKIHUH

Tema 7.11 ITpakTyeckas pabora Ne42
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Haxoxnenue Haxoxnenue
ONTUMATILHOTO ONTUMAJFHOTO pe3yabTaTa
pe3yIbTara c C MIOMOIIIBIO POU3BOIHOM
MTOMOIITBIO [TpakTudeckas padora No43
MPOU3BOAHOMN Haxoxnenue
ONTUMAJIFHOTO pe3yabTaTa
C MIOMOIIIBIO POU3BOIHOM
[TpakTuyeckas pabora Ne44
Haxoxnenue
ONTUMAJIFHOTO pe3yabTaTa
C MIOMOIIIBIO POU3BOIHOM
Tema 7.12 [TpakTudeckas pabora Ne45
KonTposbnas KontposbHas pabota mo
pabora mo pazgeny | pasnmeny 7 «I[IpousBogHas
7 «IIpousBogHas GyHKIIUH, €e TPUMEHEHUE)
¢byHkuuu, ee
MIPUMEHEHUE»
Pasnen 8. [lepBooOpa3Hast GyHKITNH, €€ TPUMECHEHUE
Tema 8.1 [TpakTuueckas padora Ne46 | OK 01, 02,
[TepBooOpasnas [TepBoobOpasnas GpyHKIHS. 03, 04
¢byukus. [IpaBuna | [IpaBuna HaxoxaeHUS JIP 07, 08,
HAXO0XKJICHHS NIepPBOOOPA3HBIX 09
epBOOOPaA3HBIX MP 02, 03,
Tema 8.2 I[Tpaktuueckas pabora Ne47 | 06, 07, 11
[Tnomane [Inomanb KpUBOIMHEWHON ITP 01, 03,
KPUBOJIMHEHHOM Tparnenuu. Popmyia 04, 06
tpaneuun. Popmyna | Herotona-JleitOnuna
Hprotona-
JleitbHuna
Tema 8.3 ITpakTryeckas paGora Ne48
Heonpenenennsii u | Heonpenenenuslii n
oTpeeNeHHbIN OTpeeNIEHHbIA WHTETPaAIbI
WHTETPATBI
Tema 8.4 [TpakTnueckas padora Ne49 | OK 01, 02,
OnpeneneHHblit OnpeneneHHblil HHTErpaji B 03, 04
MHTETPAJ B )KU3HU JKU3HU JIP 07, 08,
[TpakTryeckas pabora Ne50 09
Onpenenennsiii uarerpan 8 | MP 02, 03,
JKU3HHA 06, 07,11
ITP 01, 03,
04, 06
Tema 8.5 [TpakTuueckas padora Ne51 | OK 01, 02,
KonTponpHas KonTponbHas padota 1mo 03, 04
pabora mo pazueny | paszneny 8 «IlepBoobpaznas | JIP 07, 08,
8 «IlepBooOpa3Has | GyHKIMH, €€ IPUMECHCHHUE) 09
byHKIMH, ee MP 02, 03,
MIPUMECHCHHE) 06, 07,11
ITP 01, 03,
04, 06
Paznen 9. MHOXecTBa. D1eMeHThI TeOpuu rpadon
Tema 9.1 | YcTHbIM onpoc | OK 01, 02,
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MHoxecTBa. 03, 04
JleiicTBUS Hal JIP 07, 08,
MHOKECTBaMHU. 09, 13, 14
Juarpammbl Benna MP 01, 02,
Tema 9.2 YcTHBIH onpoc 03, 07, 08,
I'padbr. OcHoBHBIC 09, 11
IIOHSITUS 1 BUIbI I1P 07, 08,
Tema 9.3 I[TpakTuueckas padora Ne52 14
MHoOxecTBO U MHOXecTBO U rpadbl.
rpadbl. Pemenune Pemenue npuknaaHeix
MPUKJIAJHBIX 3374 | 33134

[TpakTuyeckas pabora Ne53

MHosxecTBO U rpadsbl.

Pemenne npukitagHbix

3aza4
Tema 9.4 [TpakTuueckas padota Ne54
KonTponbHas KonTponbnas pabota mo
pabora mo pazgeny | pasmeny 9 « MHOXecTBa.
9 «MHoxecTBa. DneMeHTHI Teopuu rpados»
DEeMEHTHI TEOPUH
rpadoBy
Paznen 10. DnemMeHTH KOMOMHATOPUKH, CTATUCTUKHU U TEOPUU
BEPOATHOCTEMN
Tema 10.1 VYcrHblit onpoc OK 01, 02,
OcHosublie nonsaTus | CobecenoBanue 03, 04
KOMOWHATOPUKH JIP 07, 08,
Tema 10.2 YCTHBIN ompoc 09, 13,14
CoOnITHE, CobecenoBanue MP 01, 02,
BEPOSITHOCTD 03, 04, 06,
coObITHga. CloxkeHune 07, 08, 09,
U YMHOXEHHE 11
BEpPOSITHOCTEN I1P 01, 07,
Tema 10.3 [IpaxTuyeckas padota Ne55 08,14
BepositHOCTE B BepositHOCTE B
po(ecCHOHANTBHBIX | MPOdEeCCHOHATBHBIX
3aayax 3aayax

[IpakTnueckas padora Ne56

BepositHOCTE B

po¢eCcCuOHATBHBIX

3a/1ayax
Tema 10.4 VYcrHbIil onpoc
JuckperHas
ciyJdaiHas
BEJIMYMHA, 3aKOH €€
pacrpeseeHus
Tema 10.5 [TpakTrueckas padota No57
3agaun 3agaun MaTeEMaTHYECKON
MaTeMaTHYeCKOH CTaTHCTUKH
CTaTUCTUKH CobecenoBanue
Tema 10.6 [TpakTrueckas padota No58
CocTaBienue Cocrasnenne Ta0IuI U
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TaOJIUI] M TUarpamMm
Ha TPaKTHKE

IyarpamMm Ha MpakTHKe
[TpakTuyeckas pabora Ne59
CocraBnenue TabauIl 1
IUarpamMm Ha IPaKTHKe
[TpakTrueckas padora Ne60
CocraBienue Tabnui U
JarpamMm Ha IMpaKTHKe

Tema 10.7
KonTposbnas
pabota mo pazmeny
10 «OnemeHnTsI
KOMOWHATOPUKH,
CTaTUCTUKU U
TEOpUU
BEPOATHOCTEI»

[TpakTuyeckas padora Ne61
KonTponbnas pabota no
pazneny 10 «2yneMeHTbI
KOMOWHATOPHKH,
CTaTHCTUKH U TEOPUU
BEPOATHOCTEI»

Paznen 11. [lpsmbie n

IIJIOCKOCTH B IPOCTPAHCTBC

Tema 11.1 VYcTHbIM onpoc

Ocnogueble nonstust | CobOecenoBanue
CTepEOMETPHH.

Pacnonoxxenue

MPSIMBIX U

IIJIOCKOCTEN

Tema 11.2 [IpakTuueckas padora Ne62
[TapannensHOCTb [TapaniensHOCTD MPSMBIX,
IPSIMBIX, IPSIMOM U | TIPSAMOM U IJIOCKOCTH,
IJIOCKOCTH, IJIOCKOCTEN

IIJIOCKOCTEN

Tema 11.3 VYceTHblii onpoc
[Tepnengukymnsipuoc | CobecenoBanue

Th TPSMBIX, IPSIMOMN
U TUIOCKOCTH,

IIJIOCKOCTEN

Tema 11.4 [TpakTrueckas padota Ne63
Teopema o Tpex Teopema o Tpex
NEpNeHIUKYIApax. | MEepHeHAUKYISIpax.
Pemenue 3anau Pemenue 3anau

Tema 11.5 [TpakTrueckas padota Ne64
[TapamiensHsle, [TapamiensHsle,
MEePIEHIUKYISIPHBIE | TIEPIICHIUKYIISIPHBIC U

U CKPELIUBAIOIINECS
psIMbIE

CKPEILMBAIOIINECS TIPAMbIE
[IpakTuueckas padora Ne65
[TapamiensHsle,
MEPIEeHIUKYISPHBIE U
CKPEILMBAIOIINECS IPSIMbIE

Tema 11.6
KonTponbHas
pabora 1o pazaery
11 «IIpsimbie n
IJIOCKOCTH B
IIPOCTPAHCTBE»

[IpakTuueckas pabora Ne66
KonrtponbHas pabora no
pazgeny 11 «IIpsimbie u
TUIOCKOCTH B
MIPOCTPAHCTBE)

OK 01, 02,
03, 04
JIP 05, 09
MP 02, 03,
04, 06, 07,
08, 09
ITP 01, 09

Paznen 12. MHOTOrpaHHHMKH U TeJla BpaIlleHHUs
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Tema 12.1 YcTHBIH onpoc OK 01, 02,
MHororpaHHuUK. CobecenoBanue 03, 04
Bepiunsl, pedpa, JIP 05, 09
rpaHu MP 02, 04,
MHOTOIpaHHHUKA 06, 07, 08,
Tema 12.2 VcrHbII onpoc 11
[Ipusma, ee I1P 10, 11,
COCTaBJISIOLIHE. 12
CedeHusi IPU3MBI.
Buapl npuzmbl
Tema 12.3 VYcrHblii onpoc
[Tapamtenenurnen,
ky0. CeueHue kyo0a,
napajuleJenunes1a
Tema 12.4 VYcTHbII onpoc
IInpamupa, ee
CeueHue.
[IpaBunbHas u
yceuéHHas
MpamMuia
Tema 12.5 [TpakTuueckas padbota Ne6/
bokoBas u nonHas BbokoBas u nonHas
MMOBEPXHOCTh MTOBEPXHOCTh MTPU3MBI,
MIPU3MBI, TUPAMUJIBI | THPAMUJIBI
Tema 12.6 VYcrHblii onpoc
Cummerpus B Kyoe,
napajuiesienunese,
pu3Me, MUpamMue
Tema 12.7 [TpakTrueckas padora Ne68 | OK 01, 02,
ITpumepsl IIpumepsl cuMMeTpHii B 03, O4c
CUMMETpUH B npodeccun JIP 05, 09
npodeccun [TpakTuyeckas pabora Ne69 | MP 02, 04,
[Tpumepsl cuMMeTpHid B 06, 07, 08,
npodeccun 11
ITP 10, 11,
12
Tema 12.8 VYcTHbIH onpoc OK 01, 02,
[IpaBunbpHbIE 03, 04
MHOTOTPaHHUKHU U JIP 05, 09
HUX CBOICTBa MP 02, 04,
Tema 12.9 YcTHBIH ompoc 06, 07, 08,
Hunuuap u ero 11
ayieMeHTHl. Ceuenne I1P 10, 11,
WIAH]pA 12
Tema 12.10 VYerHblii onpoc
Konyc u ero
anemeHThl. CeueHue
KOHYyca
Tema 12.11 VYcerHblii onpoc
VY ceueHHBI KOHYC.
Ceuenue
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YCEYEHHOTO KOHYCa

Tema 12.12
[ap u cdepa, ux
CeUeHUs

YceTHBIT onpoc

Tema 12.13

OObeM Tena.
OTtHomeHne
00BEMOB ITOJOOHBIX
Tel

[TpakTrueckas padorta Ne70
O0mbem Tenma. OTHOLIEHNE
00BEMOB ITOJOOHBIX TEN

Tema 12.14
O0BEeMBI U UIOLIAIA
ITOBEPXHOCTEH TeJ

YceTHBII onpoc

Tema 12.15
KoMmOunammuun
MHOTOTPaHHHUKOB H
TEJ BpaIllCHHS.
I'eomeTpuueckue
KOMOMHAIINY Ha
MIPAKTUKE

[TpakTuyeckas padora Ne71
KoMmOunamuun
MHOTOTPaHHHUKOB U TEJ
BpaIICHUS.
I'eomerpuueckue
KOMOMHAIINH Ha IPAKTHKE
[IpakTnueckas padora Ne72
KoMmOunamuun
MHOTOTPAaHHHUKOB U TEJ
BpaLICHUS.
I'eomerpuueckue
KOMOMHAIIH Ha IPAKTHKE
[IpakTruyeckas pabora Ne73
KoMmOunamuun
MHOTOTPaHHHUKOB H TEIl
BpaIEHHS.
I'eomerpuueckue
KOMOWHAINH Ha MPAKTHKE

Tema 12.16
KoHnTponbHas
pabora 1o pazaerny
12
«MHOrorpaHHUKH U
TeJa BPALICHUs»

[IpakTuueckas pabora Ne74
KonrtponbHas pabota no
pazneny 12
«MHOTOrpaHHHMKH U Tena
BPAIICHUS»

Paznen 13. KoopauHaThl M BEKTOPHI

Tema 13.1 [IpakTuueckas pabota OK 01, 02,
JlekapTOBBI Ne75. JlekapToBbl 03, 04
KOOpJUHATHI B KOOpJWHATHI B JIP 05, 09
MIPOCTPAHCTBE. MIPOCTPAHCTBE. MP 02, 04,
[Ipocreitmue [Ipocreitmune 3agauu B 06, 07, 08,
3a7a4U B KOOpJWHATAX 11
KOOPJIMHATAX P 11, 12,
Tema 13.2 I[Mpaktrueckas pabora Ne76 13,14
BekTops B BekTopsl B mpocTpaHCTBE.

IIPOCTPAHCTBE. YTOI
MEX1y BEKTOpaMH.
CxanapHoe
IIPOU3BEICHNE
BEKTOPOB

Yron Mexay BEKTOpaMH.
CkansipHO€ ITPOU3BEIEHUE
BEKTOPOB

CobecenoBanue
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Tema 13.3 [TpakTrueckas padorta No77
IIpakTuxo- IIpakTuxo-
OpUEHTUPOBAHHbBIC OpUEHTUPOBAHHBIC 33/1a4H
3a7a44 Ha Ha KOOPJAMHATHOU
KOOpJIUHATHON IJIOCKOCTH

IIJIOCKOCTH

Tema 13.4 [TpakTrueckas padota No78
KonTponbHas KonTponbHas padbota mo

pabota 1o pazzaeny
13 «Koopaunats! u
BEKTOPBI»

pazaeny 13 «KoopauHatsl u
BEKTOPBI»
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2. OueHOYHBbIE CPe/ICTBA TEKYIer0 KOHTPOJIsSl yCIIeBaeMOCTH U KPUTEPUH OLEHKH

Bomnpocsl 1i1st cobecenoBaHust
110 JUCIIUITJIINHEC «MaTeMaTI/IKa»

Paszgea 2. OcHoBbI TPpUTrOHOMeTPHUHU. TpUroHomerpuyeckne GyHKIUM

Tema 2.1 Tpuronomerpudeckue (PyHKIMUA NPOU3BOJIBHOIO YIJIa, Ynciaa. Paguannas u
rpajycHasi Mepa yrJja

1. YeMy paBeH yroi B OJJUH paguaH?

2. B kakux 4eTBEpTAX TPUTOHOMETPUUECKOr0 Kpyra QyHKIUS Y = Sin X IPUHUMAET
MOJIOKUTEIbHbIC 3HAUCHUS?

3. B kakux 4eTBepTAX TPUTOHOMETPUUECKOT0 Kpyra GyHKIHUSI Y = COS X TPUHUMAET
OTpHULATENIbHbIC 3HAUEHUs?

4. IIponomxkute onpenenenue: «CUHYC OCTPOro yria — 3T0...»

5. Ilpopomxkute onpeaenenue: «KocuHyc ocTporo yria — 310...»

6. IIponomxkure onpenenenue: «TaHreHe ocTPOro yria — 3To...»

Tema 2.9. IIpocreiinmue TPUroHOMeTPHYECKHE YPABHEHUSA

1. Ilepeuncnute criocoOb! pemieHus] TPUTOHOMETPHUYECKUX YPAaBHEHHH.

2. PackpoiiTe aJropuT™M pelIeHHs OJHOPOJHBIX TPUTOHOMETPUYECKUX YpPAaBHEHUN NEPBOIO
HOpsAJKA.

3. PackpoiiTe aJropuT™M pEIICHUs OJHOPOAHBIX TPUTOHOMETPUUYECKHUX YPAaBHEHHH BTOpPOTO
HOpsI/IKA.

Pa3pnen 3. Crenenn n kopHu. CTeneHHasi, NOKa3aTeJbHasA U Jorapupmudeckass GyHKuuu
Tema 3.1 Crenennas pynknus. CBoMCTBa CTeNeHH

1. ChopmynupyiiTe onpeieseHue CTENEHHON (QyHKITUH.

2. llepeuncnute CBOMCTBA CTENIEHU C IIEJIBIM TTOKA3aTEIIEM.

3. Ilepeuncinre CBOMCTBA CTENEHU C JEHCTBUTEIbHBIM ITOKa3areneM. [IpuBeaure npumepsl.
Tema 3.4 Iloka3zaTenbHas GyHKIus, ee cBoMicTBa. Pemenne noka3are1bHbIX YPABHECHHI 1
HEPaBEeHCTB

1. Chopmynupyiite onpeneneHne moka3aTebHOU QYHKINH.

2. Ilepeuncnure CBOMCTBA MMOKa3aTeIbHON (PYHKIIMH.

Tema 3.5 Jlorapu¢dm uncaa. CpoiicTea 1orapupmon

1. I[Tponomxute onpexnenenue: «Jlorapudm — 310...»

2. Yemy paBeH jorapudm npousBeeHUs?

3. Uemy paBeH Jiorapu(pm 4acTHOTo?

Tema 3.6 Jlorapupmudeckas pynknus, ee cBoiicra. Jlorapupmudeckue ypaBHeHUs H
HepaBeHCTBa

1. Ha uto crouT 06paTuTh BHUMaHHE MPHU PELICHUU Jorapu(pMUIEcKuX YpaBHEHUH 1
HEPABEHCTB?

2. Ilepeuncnute criocoObl pemeHus Jorapu(MUIecKux ypaBHEHHH.

3. ChopmynupyiTe TpaBUiIo pEIICHUS TPOCTEUIITUX JTOTapU(PMUIECKUX HEPABEHCTB.

Pa3nes 4. YpaBHeHUs1 M1 HEpABEHCTBA

Tema 4.1. PABHOCHJIBLHOCTH YPAaBHEHHMI H HepaBeHCTB. O01ue MeToAbl peleHus
1. Yto Ha3bIBaeTCS ypaBHEHHEM?

2. YTO 3HAUMT penInTh ypaBHEHHE?



3. UTo Takoe KOpeHb ypaBHEHUS?

4. Yrto Ha3bpIBaeTCS HEPABEHCTBOM?

5. YTo 3HAUUT pPELINTh HEPABEHCTBO?

6. B ueM 3akirouaeTcss «METOl MHTEPBAJIOB»?

7. UTo Ha3bIBAETCS PEUICHUE CUCTEMbI YPABHECHUI?

8. UTO 3HAYUT pEUIUTh CUCTEMY YpaBHEHUI?

9. Ilpu penieHny Kakux ypaBHEHUH M HEPABEHCTB, CIEAYET OOpaTUTh BHUMaHHUE Ha 001acTh
JIONYCTUMBIX 3HAUCHUM?

Pa3nea 5. IIpon3Boanas u nepsoodpasHasi pyHkuuu

Tema 5.1 YucsioBasi nocjie10BaTeIbHOCTD, ee cBoiicTBa. Ilpexesn nocienoBareabHoCTH
1. ITponomxure onpexnenenue: «llocienoBareabHOCTb — 3T0. .. »

2. [IpuBenute npumMep apuPpMETHICCKON TPOTPECCHUH.

3. IlpuBenuTe npuMep reOMETPUUECKON IPOrPECCUH.

Tema 5.2 Ilonsitue npousBoaHoii. @opmyiibl M npaBuJia JuddepeHIpoOBaHUS
1. Ilepeuncinre npaBuiia BEIYUCICHUS IPOU3BOIHBIX.

2. Yemy paBHa NpOU3BOJHAS CTENIEHHOW QyHKIIMMU?

3. YUemy paBHa IpOU3BOAHAS TPOU3BEIACHUS?

4. Yemy paBHa IIPOU3BOJIHAS YACTHOTO?

5. Uemy paBHa MPOU3BOAHAS CIOKHON QyHKIIMU?

Pa3pnen 6. DiieMeHTHI TEOPHH BEPOSITHOCTEH M MATEMATHYECKOI CTATUCTUKHA

Tema 6.1 CoObiTHE, BepOATHOCTDH COObITHA. Cl102KeHHe M YMHOKeHHE BePOATHOCTEl
1. [Tponomxkute onpenenenue: «CrnydaiiHoe coObITHE — 3TO...». [IpuBeauTe npumep.

2. [IpuBeaurte npuMep AJOCTOBEPHOTO COOBITHS.

3. [IpuBenuTe npUMep HEBO3MOMXKHOTO COOBITHSI.

4. IIponomxkute onpenenenue: «BeposTHOCT cIy4afHOT0 COOBITUS — ITO...»

5. CopmynupyiiTe MpaBUIO HAXO0XKACHUS CIOKESHHS BEPOSITHOCTEH.

6. ChopmynupyiTe mpaBUIO0 YMHOKECHHUS BEPOSITHOCTEH.

Paspnen 7. IIpsiMble U IJIOCKOCTH B MPOCTPAHCTBE

Tema 7.1 OcHOBHBIC IOHATHS cTepeoMeTpHuH. Pacnonoxkenue NpAMbIX M IJIOCKOCTEH
1. Ilepeuncnure OCHOBHBIE (PUTYPHI B TPOCTPAHCTBE.

2. Ilepeuncinte B3aMHOE PACIIOJIOKEHHUE JIBYX MPSIMBIX B TPOCTPAHCTBE.

3. Kakue npsimple Ha3bIBAIOTCS NAapAJUIEIbHBIMU B IPOCTPAHCTBE?

4. Kakue npsiMble Ha3bIBaIOTCS CKPELIUBAIOLIUMHUCS B IPOCTPAHCTBE?

Tema 7.3 IlepneHAUKYJIAPHOCTH NPSAMBIX, PSAMOI ¥ IVIOCKOCTH, IIJIOCKOCTE

1. Kakue npsiMble Ha3bIBalOTCS NEPIEHIUKYISPHBIMU B IPOCTPAHCTBE?

2. Ilepeuncnure B3aMMHOE PaCIOJIOKEHNE IPSIMON U TNIOCKOCTH B ITPOCTPAHCTBE.

3. Ilepeuncinre B3aMMHOE PacIOIOKEHUE ABYX INIOCKOCTEN B IIPOCTPAHCTBE.

Pasznen 8. MHOrorpaHHHMKHM M TeJla BpalleHHUs

Tema 8.1 Ilpusma, ee 31eMeHnTbl. CedeHust NpUu3Mbl. BUabl npu3msel.
MMapananenenunen, Kyo

1. ITpomomxute onpenenenune: «MHOTOrpaHHHUK — 3TO...»

2. Ilponomxure onpenenenue: «IIpuzma — 3to...»

3. Ilponomxure onpenenenue: «IIpsamoyronbHslil napauieaenunes — 31o...»
4. Ilponomxute onpenenenue: «Kyo —31o...»
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5. Ilponomxute onpeaenenue: «llupamuaa — 310...»

9. Kakast npu3zMa Ha3bIBaeTCsl PSAMO?

10. Kakas mpu3ma Ha3bpIBae€TCs IPABUIIbHOM?

Tema 8.2 Ilupamuja, ee ceuenue. [IpaBuiibHas U yceuéHHasi nupamMuaa

1. PackpoiiTe moHATHE «IpaBUJIbHAS THPAMUIAN.

2. Yto Takoe anogema npaBUIbHONW THPAMUIbI?

3. CopmymnupyiiTe TeOpeMy O BEIYUCICHHH OOKOBOM OBEPXHOCTHU MPSIMOM MPU3MEI.

4. ChopmynupyiiTe TEOpEMY O BEIYHCICHUH OOKOBOH IMTOBEPXHOCTH MPABUIILHOM MHUPAMHUIBI.
5. Kakue MHOTOrpaHHUKY Ha3bIBalOTCS MpaBwibHbIMU? [lepeuncnure mpaBuiIbHbIE
MHOTOTPaHHUKH.

Pa3nen 9. KoopauHaTsl 4 BEKTOPBI

Tema 9.2 Yroa mexny Bektopamu. CKajJisipHoe Ipou3Be/ieHne BEKTOPOB
1. I3 yero cocTOUT IpSIMOYToJIbHAsA CUCTEMA KOOPIUHAT B IPOCTPAHCTBE?
2. PackpoiiTe NOHSATHE «BEKTOP».

3. Kak HaliTu KOOpAMHATHI BEKTOpa?

4. Kakue BEKTOPbI Ha3bIBAKOTCS KOJUIMHEAPHBIMU?

5. Kakue BeKTOpbI Ha3bIBAIOTCS NEPIIEHIUKYIAPHBIMU?

6. Uemy paBHO CKaJsipHOE MPOU3BEACHUE BEKTOPOB?

7. Uemy paBeH yroy MExJ1y BEeKTOpamu?

Kpurepun onenuBanus:

OneHKy «OTIMYHO» CTYJIEHT MOJIYyYaeT, ECIIU:

— IIOJIHO M3J1araeT MaTepual, JaeT IpaBUIbHOE ONpPe/IeICHNE OCHOBHBIX IOHATHI;

— oOHapyXuBaeT IIOHMMaHME MaTepuana, MOXKeT OOOCHOBAaTb CBOM CYXJIEHUS,
IPUMEHHUTDb 3HAHUS Ha TPAKTUKE, IPUBECTH HEOOXOJUMBbIE TPUMEPHI;

— MpaBWIbHO OTBEYAET HA JOIOJIHUTEIbHBIE BOIIPOCHI MPEN0/IaBaTENsl, UMEIOILIUE 1IEIIBI0
BBISICHUTH CTEIIEHb IOHUMAaHUS CTYJEHTOM JaHHOI'0 MaTepuaa.

O1IeHKY «XOpOILIOY» CTYACHT MOJy9YaeT, ECIIH:

— JIONyCKaeT HEeCYIIECTBCHHBIC OIUOKK MTPH OTBETE;

— MOJET MPUMEHUTh 3HAHUS Ha MIPAKTUKE, TIPUBECTH HEOOXOIUMBIC TIPUMEDHI;

— TPaBUJIBHO OTBEYACT HA JIOTIOJHUTEIIbHBIC BOIPOCHI MIPEIO1aBaTe s, UMEIOIINE IEIbI0
BBIICHUTD CTCIICHb NIOHUMAHUA CTYACHTOM JAHHOT'O MaTCpHralia.

OneHKy «yJI0BJIETBOPUTEIBHOY CTYAEHT MOJIy4aeT, €CIIu:

— H3JIaraeT MaTepuajg HEJOCTAaTOYHO IIOJIHO, JOIYCKAaeT HETOYHOCTH B ONPEICIICHUN
HOHATUH WK HOPMYTUPOBKE MPaBUIL;

— 3aTpyJHsAETCS IMpU OTBETAX Ha BOIPOCHI MPENOo1aBaTesl.

OI_ICHKy «HCYHOBJICTBOPUTCIILHO» CTYICHT IMOJIy4YacT, CCIIN:

CTYACHT UMCCT pa3spO3HCHHLIC, OeccucTeMHEBIE 3HaHUA, HC YMCCT BBIACIIATH I''ITaBHOC U
BTOPOCTCIICHHOC, OOIYCKACT OIIMOKH B OIMPCACIICHUC HOHHTHfI, HCKaXa€T HX CMBbICII,
6CCHOp5[210‘IHO N HCYBECPCHHO M3JIara€t mMarcpuaj, HC MOXKCT IMPUMCHATHL 3HAHUA I PCIICHUA
MPAKTUYCCKUX 3aaav; 3a IOJHOC HC3HAHHWC WU HCIIOHHMAHUC y‘-IC6HOl“0 MaTepurajia UJIn OTKa3
OTBE€YaTh
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KommnuiekT 3aanmii 1y KOHTPOJbLHOM padoThI
10 AUCIIUIIIIMHE «MareMaTuka

3agaHus 1711 IPOBe/ieHUs] KOHTPOJIbHOro cpe3a Nel 3a 1 cemectp
Bapmuanr 1

1. [lepeBeauTe rpamycHyIO MEpy yriia B paAHaHHYIO:
a) 60° 6) 330°; B) 50°; r) 540°; ) 100°.

2. HepeBeI[I/ITe paiuaHHYO Mepy yria B I'palyCHYIO:
a)ST[; 6)7_77:. B)G_T[. r)3_”- H)E'
3’ 5’ 4’ 8

3. Brraucnure, ncnomin3ys GopMyisl IpUBEACHUS:
31

a) cos 780° ; 0) sian.

4, VIIpOoCTUTE BEIPAXKEHUSL:
a) (3sint +4cost)? + (4sint — 3 cost)?;
0) 2cos(2m +t) + sin (g + t) ;

cos(180°+a)-cos(—a)

B) sin(—a)-sin(90°+a)
S. JlokaxkuTe TOKIEeCTBA:
. (3T
tgt  _ oo, tg(m—t) sin(+t) — 12
) tgt+ctgt sin°t; 6) cos(m+t) tg(37n+t) - t'g t.
Bapmuanr 2
1. [TepeBenuTe TpagyCHYIO MEpy yIila B paTuaHHYIO:
a) 80°; 0) 320°; B) 20°; r) 600°; n) 450°.
2. [lepeBenure paguaHHy0 Mepy yria B TPalyCHYIO:
a) 8m ; 10w . ., 3. T
) 6) 5 B) N> ES
3. Berancnute, ncnonb3ys (OpMyITbl IIPUBEICHHUS:
a) sin 780° ; 0) 605137” .
4. YrpocTuTe BeIpasKEeHUS:

a) (tgt+ctgt)? —(tgt—ctg t)?;
0) 2sin(m + t) + cos (g — t) ;
sin(—a)-ctg(—a)

B .
) cos(360°—a)-tg(180°+a)
5. JIOKaXUTe TOXK/IECTBA:
A
ctgt 2 sin(m—t) ctgl5—t) cos(2m—t) .
) ———— = cos“t; 0) . (,3 ) , =sint.
tg t+ctgt tg(m+t) tg(3+t) sin(—t)



3ananus 1J151 NpoBeleHUsI KOHTPOJILHOW padoThl 32 NMepPBbI ceMecTp
Bapmuanr 1
1. YopocTute BolpaskeHuUs:

1) (sinx + cosx)? — 1;

2) (cos (5 — x) + sin? (3777 — x))z — sin?x;

sin*x+sin®xcos?x

3)

sin2xcos?x

2. [IpeobpazyiiTe BEIpaKCHUS:

1 (a_-l-z_ a 2 ).\/E—\/E_
) V2a \/Z+2 2a a+2 '’

c—-1 cz+c4 =

Z.ﬁ C+1

c4+c2 c2+1

lg8+1g18
21g2+1g3 "’

3. Pemute ypaBHEHHUS:

1) Vx2+4+2x+10=2x—-1;

s .
2) cos (Z+x)+cos (——x) 1;
3) 0 9x?—16x-37,5 — 5v5 :

4) logsVx —5+1logsV2x —3 =1.

Bapuanr 2
1. Yopoctute BelpakeHus:

1) (cos2x+1)-tg?x —1;

3w
1+ctg?(—x) Ctg(T—x) )
tg?(x-m) ctg(m+x) ’

2)

3) sin3x cos x+cos3x sinx

cos2x

2. IlpeoOpa3yiiTe BbIpaKeHU:

0 (a\/—+bx/— \/—) (vawﬁ)z

Va+vb a+b
3
1 2
) 3(ab)z-3b
a—-b

1
<a2 b5> +2a2 +b
3
az+

N|w

) 3lg2+3lg5
1g13—1g130 *

3. Pemmre ypaBHEHus:

1) V17 +2x—3x2=x+1;
2) sin(g+x)—sm(——x) V3;
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x —6x+05_ 1
3) 2 T

4) Zlg(2x—1)=1-1Igyx—9.

3agaHus /11 IPOBe/IeHUs] KOHTPOJIbHOrO cpe3a Ne2 3a 2 cemecTp

Bapmuanr 1
1. Beruucnure npou3BOAHYIO:
1) f(x) = 2x? + 4x* + 6x + 3; 4)f(x)=cos£'
1,2 3
Z)f(x)=;+x—2—x—3i 5)f(x)_(5 T

3) f(x) = (8x — 10)%;

2. HaiimuTe KOOpAMHATHI TOYEK KacaHUs, B KOTOPBIX KacaTelbHBbIE K rpaduky QyHKIUU Yy =
2x% 4+ x + 4 UMEIOT yIJ10BOM KO3 QUILMEHT, paBHbIii 1.

3. CocraBbTe ypaBHEHHE KacaTelbHOH Kk rpaduky QyHkimuu y = 3x2—4x —2 B Touke C
aocruccot x, = —1.

4. MarepuanbHas TOYKa JBIDKCTCS NPSMOJMHEWHO MO 3aKkoHy x(t) = t3 — 27t. Haiigure
YCKOpPEHHE TOYKH B MOMEHT BpeMeHu t = 2 c.

5. Haiinure oOmuii BuI IepBOOOpa3HbIX it (QYHKIIUH:
1) f(x) = 3x + 5x5 + 6x° — 2; 4)f(x)—sm( x——)
) f() =5 +=— 5) £ (x) = —2—
3) f(x) = (5x — 3)°;

6. Beruucnure uHTETrpaHI:

(4x+3)4

1 3, . 2
1) J_, xPdx; )f04 — 3) J; (1 + 2x)dx.
Bapmuanr 2
1. Beruucnure npou3BOJHYIO:
1) f(x) = 3x2 + 6x* + 8x + 100; 4) f(x) = sinle;
3, —
2f0) =2+5-%; 5) f(x) = Gow

3 fx) = (4x - 5)6,

2. Haiiiute KOOpIMHATHI TOUEK KACAHMS, B KOTOPHIX KacaTelbHbIE K TpaduKy QyHKIUH y = x2 +
2x — 1 uMeroT yrioBoi KO3PPUIINEHT, paBHBIN 2.

3. CocraBbTe ypaBHEHHE KacaTelbHOH K Tpapuky ¢Qynkimuu y = 2x2—5x +1 B Touke ¢
abcuuccoit xy = 2.

4. MarepuanbHas TOYKa JBMKETCS NPAMOJIHMHEHO To 3akoHy x(t) = 8t? — 2t3. Haiinute
YCKOPEHHE TOYKH B MOMEHT BpeMeHu t = 1 c.

5. Haitnure oOumii Bua nepBooOpasHbIX 11 QyHKIUU:
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1) f(x) = 6x + 3x3 + 2x* = 9; 4)f(x)—cos( x——)

2)f(X)——+——2\/_ 5 fx) =
3) f(x) = (4x — 13)%;

(2x+10)6

6. Boruucnure uHTErpabl:

1) [7, x3dx; 2) fz : 3) (4 + 2x)dx.

sm2

Kpurepun oneHuBaHus:

O1CHKY «OTIIMYHOY» CTYIICHT MOJIy4aeT, eCIIu:

— OOCTOSATENIEHO U C TEOPETHUYECKUM OOOCHOBAHWEM pEIIAeT JAaHHYI KOHTPOJIHHYIO
pabory;

— MOXeT 000CHOBATh CBOE PEIICHHE, TPUBECTH HEOOXOIUMBIC TPHUMEPHI;

— TPaBUJIBHO OTBEYACT Ha JIOTIOJHUTEIIbHBIC BOIIPOCHI IPEIOIaBATENsl, UMEIOIINE IISITBI0
BBISICHUTh CTEIICHb TIOHUMAHHMS CTYJCHTOM JJAHHOTO MaTepuaa.

OneHKy «XOpOoLIo» CTYAEHT I0JIy4aeT, €CIIu:

— HenosHO (He MeHee 70% OT MOJTHOT0), HO MPABHIBLHO PEIICHO 3aaHHE;

— MpU peHieHUd ObUIM JOMYIIeHbl 1-2 HeCcylleCTBEHHbIE OIIMOKH, KOTOpBIE OH
MCIPABIISET TOCTIE 3aMeUaHus pernogaBaTens;

— MOXET 000CHOBATh CBOE PEIICHHE, TPUBECTH HEOOXOANMBIC TIPUMEPHI;

— MpaBWIbHO OTBEYAET Ha JOIOJIHUTEIbHBIE BOIIPOCHI MPEN0IaBaTEN s, UMEIOLIUE 1IEIIBI0
BBISICHUTH CTEIIEHb IOHUMaHUs CTYJEHTOM JaHHOT'O MaTepuaa.

O1neHKy «yJIOBJIETBOPUTENHHOY CTYACHT MOJIy4aeT, eCIlu:

— HenosiHOo (He MeHee 50% OT MOoJTHOT0), HO TPABMUIIHLHO PEIICHO 3a/IaHHE;

— TMIpH pelieHny Obla TomylieHa 1 cylecTBeHHas OmuoKa;

— 3HaeT ¥ MOHMMAaeT OCHOBHBIE MOJIOKEHHS JAHHON TEMBI, HO JIOMyCKaeT HETOYHOCTH B
(bopMyITHUPOBKE MOHATH;

— W3JIaraeT BHINOJHEHUE 3aJaHHs HEAOCTATOYHO JIOTHYHO U IOCIIE0BATEIHHO;

— 3aTpPyIHSETCS MPU OTBETAX Ha BOMPOCHI MPEIO1aBaATEIS.

OneHKy «HEeyI0BIETBOPUTEIBHOY CTYACHT MOJIy4aeT, eCIu:

— CTYIEHT UMEET pa3pOo3HEHHbIC, 0ECCUCTEMHBIE 3HAHUS, HE YMEET BBIJCISITH TJIABHOE 1
BTOPOCTETICHHOE, JIOMYyCKaeT OIMWOKH B ONpENeJCHUE TIOHITHH, HWCKaXaeT WX CMBICT,
OEeCOpsIOYHO U HEYBEPEHHO M3JIaraeT mMaTepuall, He MOXKET MPUMEHSTh 3HAHUS JJI PEIIeCHUs
MPAKTUYECKHUX 3aJ]lay; 3a MOJHOE€ HEe3HaHHE M HEMOHMMaHHWE y4eOHOro marepuajia Wik OTKa3
OTBEUaTh.
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3agaHus 1/ IPOBe/ieHUs] TEKYIero KOHTPOJIs

Pa3nea 1. [loBTOpeHne Kypca MaTeMaTHKH OCHOBHOM IIKOJIBI

Tema 1.4 BxogHast KOHTPoOJIbHAsI padoTa

Ilpu pewenuu 3adanuii 1-4 3anumume npaguIbHbIIL OMEEM U3 YemMblpex NPeod0IHCEHHbIX
(6epnutit omeem — 1 doann)

1. Packpoiite (popMyIly COKpAIIEHHOIO YMHOKeHUs a’ — b?:

a) a’> — 2ab + b?; B) a’ + 2ab — b?;
6) (a—b)(a+ b); r) (a—b)(a + b).
2. [lnomaap TpeyroJbHUKA BBIYHCISIETCS IO (hopMyIIe:
a)S=a-h, B) S = 2ab;
ah a-h
6) S = 7, l") S = 3
3. Kakoe u3 cieayromux 4rcesl 3aKIi0UeH0 MEXK Y YhCTIaMu % u g?
a) 0,4; B) 0,6;
0) 0,5; r)0,7.
4. Nansl rpaduku ynkuumii. Kakas popmysna coorBercTByeT rpaduky 3):
1) 3)

YA \

2)
I / YA ¥
/ T+ [ 11

I =Zamume - |EEEEEE
\
o 1\ | B . B N 7 0 YA I
[ Lt
\\‘ ’ 1 1 1
NI/ /———“ T
— N AV 2 1 pouyors)
1 9
a)y =-x—6, B)Yy =~
0)y = x? —8x + 11, ry=x+5.

Ilpu evinonnenuu 3adanuii 5-8 3anuwmume x00 peuwieHus u NOAYUeHHBLIL omeem (6epHbLLI
omeem — 2 banna)

1 11
5. Beruncnure 3 + =

6. Pemmre ypasnenne x% — 7x + 10 = 0. Eciu ypaBHeHHe UMeeT 60JIEE OJHOTO KOPHS, B OTBET
3aMUIIATE MEHBIIUA U3 KOPHEM.

7. Ilnomane 3eMenb KPECThSIHCKOTO XO3SICTBA, OTBEIEHHAs IOJ IOCAJKy KYCTApHUKOB H
LIBETHUKOB, COCTABIISIET 24 ra U paclpeaencHa MeX /1y HUMU B OTHOIIEHNH 5:3. CKOJIbKO FeKTapoB
3aHMMAIOT LIBETHUKH?

8. Beicora BH napamnenorpamma ABCD nenut ero cropony AD Ha otpe3ku AH =2 n HD = 32.
Hwnaronans napamnenorpamma BD pasna 40. Haitqure mmoniaas napamienorpamma.

Paspnen 2. OcHoBbI TpUTrOHOMeETpHH. TpUroHoMeTpuyeckue PyHKIUH
Tema 2.10 KonrpossHass pabdora mno pasgeay 2 «OCHOBBI TPHIOHOMETPHH.
Tpuronomerpuyeckue (pyHKIUM»
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Ilpu pewenuu 3a0anuii 1-4 3anuwiume npasuivbHLLL OMeEem U3 YemMwvlpex NPeo0HCeHHbIX
(6epuvtit omeem — 1 6ann)

1.B AABCsinC = %. Kakas u3 cropoHn sBisiercsa runorenyzoit AABC?

a) AB; B) BC;
0) AC; r) CB.
2. VYriom Kakoi 4eTBepTu siBisiercs Za = 400°?
a) l; B) I,
o) II; r) V.
3. Kakas u3 ¢pyHKIUH ABISETCS YETHON?
a)y = sinx; B) Yy = tg x;
0) y = cos x; r)y = ctg x.
1
4. Kakoe yuciio sBisieTcss KOpHEM YPaBHEHHUSI COS X = 3 ?
T, _ T
_ I _2m
0)x = > r)x = 5

Ilpu evinonnenuu 3adanuii 5-8 3anuwmume xX00 pewieHus u NOAYYEeHHBLI omeem (6epHLLIL
omeem — 2 banna)

. T T
5. Beruucnure: sin > + cos >
o V2 . V2
6. Haiiqute 3HaueHue BhIpayKeHUs: 4 arccos 5~ 4 arcsin|— )

7. Yupocrure: 2sin (g + a) + cos(m — ).

8. Pemnte ypaBHenue: sinx — 4 sinx + 3 = 0.

Pa3nen 3. Crenenn n kopuu. CreneHHas, NoKazateJbHas U Jorapupmuyeckas pyHkuuu
Tema 3.8 KouTpoabnasi padora no paszaeny 3 «Crenenun u kopau. CteneHnas,
MoKa3arejbHas U Jorapupmudeckas GpyHkuum»

Ilpu pewenuu 3adanuii 1-4 3anumume npaguivHvlii omeem u3 yemvlpex NPeodiOHCeHHbIX
(6epuvtit omeem — 1 6ann)

3
1. Mexy KakuM# IByMs HaTYpaJbHBIMHU YUCIAMHU HaXOAUTCs yncio vV 197?

a) 19 u 20; B) 18 u 19;
06)2u3; r) 3 u 4.
2. OnpenenuTe KOpeHb ypaBHeHus x> = 125.
a) 3; B) —5;
0) -3; r) 5.
3. Pacnionokute B MOPSAKE BO3pACTaHUS yucia: 2; §/§; V17.
a) 2; V5; V17, B) V5;2; V17;
6) 2; V17; V5; r) V17;2; V5.
4. YMHOXas 9rcia ¢ OJJUHAKOBBEIM OCHOBAaHHEM, HX CTCTICHH:
a) JIeTIAT; B) CKJIJIIBAIOT;
0) YMHOXAIOT; I') BEIYUTAIOT.
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Ilpu evinonnenuu 3adanuii 5-8 3anuwmume x00 peuwieHus u NOAYUeHHbLI omeem (6epHbLLL
omeem — 2 banna)

5. Haiinute xopeHb ypaBHenus: 372 — 5- 3% = 12,

6. OnpeenuTe 3HaUEHKE BEIpaxeHnus logg 2 + logg 3 + 210824,

7. YKaxxuTe HauMEHbIIIee [eJIoe peleHne HepaBeHcTBa: logs (6x — 4) > 2.

8. Haiinure Touky Mmakcumyma pyukuuu y = 81In(x + 7) — 8x + 3.

Pa3znen 4. YpaBHeHusi 1 HEPAaBEHCTBA

Tema 4.4 KouTpoabHasi padota no pasjaeny 4 «KYpaBHeHUSI 1 HEPABEHCTBa»

Ilpu pewenuu 3ad0anuii 1-4 3anumiume npaguIbHvIIL OMEEM U3 UEMbIPEX NPEOIONHCEHHBIX
(6epuvtit omeem — 1 6ann)

1. Kakoe u3 umcen siBnsieTcs KopHeM ypaBHeHus log, (x + 1) = 17

a) -1, B) I;
0) 2; r) 0.

2. Kakoe u3 ypaBHeHUl uMeeT 6oJiee 0JIHOT0 KOpHs?
a)x2—6x+9=0; B) (x —4)(x + 3)(x — 8) = 0;
0) 3**%2 = 9; r)2x —7=0.

3. Onpenenurte BUJA ypaBHEHUS V=32—-x=2
a) JINHEWHOE; B) UPPALIMOHATILHOE;
0) KBaipaTHOE; T') palioOHaIbHOE.

4. OnpenenuTe HauboONbIIEE IIEJI0E PElIeHKe HepaBeHcTa 5°72 < 1.
a)—3; B) 3;
0) 0; r) 4.

Ilpu evinonnenuu 3adanuii 5-8 3anuwmume xX00 pewienus u NOAYYeHHBLIL omeem (6epHbLLIL
omeem — 2 banna)

5. Haiiaute kopHu ypaBHeHus |x — 3| = 2.

x—y=28,

6. Pemnre cucreMy ypaBHEHHI {2 x-37 — 16,

2

2x
7. Pemnre HepaBEHCTBO .

8. Pemmre ypaBuenue (2x — 3)V3x? —5x — 2 = 0.

Pa3nea S. IIpon3Boanas u nepsoodpasHasi pyHkuuu
Tema 5.13 KourposabHas padora no pasaeay 5 «IlIpousBoanasi u neppoodpazHasi GyHKuum»
Ilpu pewenuu 3a0anuii 1-4 3anuwiume npasuivbHLLL OMeEem U3 Yemwvlpex NPeoi0HCeHHbIX
(6epnulit omeem — 1 doann)
1. Yemy paBHa npousBoaHas QYHKIUU Y = cOS2x?

a)y' = —sin’x; B) y' = —2sinx cos x;

0)y' = —2sin’x; r)y’ = 2cosx.

2. ITo xakoit u3 GpopMys BEIYUCISAETCA TPOU3BOIHAS IPOU3BEICHUS?
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’ Pt
a)(u_l_v)/:u/_l_v/; B)(E) _ wv-uv,
v

0) (wv)’ = u'v+uv’; r) (f(g(x))) =f'(g(x))- g’ ).
3. Pemure ypaBuenue f'(x) = 0, ecnmu f(x) = 3x? — 6x + 4.

a) 1; B) 4;

6)—1: r) -4,

4. Ha pucynke u300paxeH rpaduk npousBoaHo# ¢yHkuuu f(x), OmpeneneHHONl Ha HHTEpBAe
(—10; 8). HaiiauTe KoamyecTBO Toyek Makcumyma (yukiuu f (x) Ha orpeske [—9;6].

YA |
/NN /N By
7 1 AN
\ ARARN 1/
/AN
-10 ol 1 118 [
hury ‘I / |
\ |/
\l/
a) 5; B) 2;
6) 4; r) 3.

Ilpu evinonnenuu 3aoanuii 5-8 3anuwiume x00 peuwieHus u NOJAYYeHHL omeem (6epHbulil
omeem — 2 banna)

5. MarepuanbHas TOYKa IBUKETCS MPSAMOJIUHENHO 110 3aKOHY

x(t) = —t* + 63 —4t> + 5t — 5 (rne X — paccTosiHHE OT TOYKH OTCYETa B METpax, t — Bpems
B CEKyHJax, I3MEPEHHOE C Havaia JBrkeHus ). HaiinuTe ee ckopocTh (B M/C) B MOMEHT BpEMEHHU
t=3c.

6. Ha pucynke mzobpaxén rpadpuk ¢yHkimu y = f(x) ¥ KacaTejgbHas K HEMY B TOYKE C
abcuuccoi x,. Haiiaure 3HaueHue npon3BogHON GyHKIUH f(X) B TOUKE X.

YA )4
X, 1 /"/ N
-5 HINE A WVEEE
i /]
A
4://4""'/ y=f(x)-
/
/f L]
ANEE

/
S

7. Ssnsercsa ma F(x) = x3 — 3x + 1 neproo6pasHoii 11 QyHKIUK

fx) =3(x%—-1)?

8. 3amaiite nepBoobpasHyto F(x) ana ¢pynkuun f(x) = 3x2 — 2x, ecim U3BECTHBI KOOPAUHATHI
touku M (1; 4) rpaduka F(x).
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Pa3zgen 6. JiieMeHTHI TEOPUU BEPOSITHOCTEH H MATEMATHYECKON CTATUCTUKH
Tema 6.5 KoutpoabHasi padora mo pasaeiay 6 «j1eMeHThl TEOPUHM BEPOSITHOCTEH M
MaTeMATHY€eCKO#l CTATHCTUKI»
Ilpu pewenuu 3adanuit 1-4 3anumwiume npaguIbHLLL OMEEM U3 Yembvlpex NPedIOHCEHHBIX
(6epuvtit omeem — 1 6ann)
1. KomOunaTopuka — 3T0 pasjien MaTeMaTUKH, OTBEYAIOIIUNA Ha BOIPOC, CKOJIBLKUMU CIIOCO0aMU
MO>KHO BBIOPATh JIEMEHTHI:

a) 3a/1aHHOTO KOHEYHOTO MHOKECTBA; B) JIt0OOT0 MHOXECTBA;

0) 0ECKOHEYHOTO MHOXKECTBA; ') UppaIMOHAIBHBIX YHCEI.

2. CoenuHeHUs U3 N 3JIEMEHTOB, OTIIMYAIOIINECS APYT OT APYTa TOJIBKO MOPSIKOM PACIOI0KECHHUS
B HUX DJIEMEHTOB, HAa3bIBAIOTCS:

a) IepeCTaHOBKAMUY; B) pa3MEILEHUSIMU;

0) coueTaHUsIMU; I') KOMOMHALUSIMH.

3. Yucno Bcex BO3MOKHBIX paBMeIHeHI/Iﬁ BBIYUCIIACTCA 110 (1)OpMyJ'IeZ
n!
a) Ay’ = n(n —m); B) Ay’ =

6) AW

(n—m)!;

nn—-1).(n—m+ 1), r) A7t = n(n+m).

4. I'pynnupoBka — 3T0:
a) ynopsiIoYeHNe eMHUL] COBOKYITHOCTH TI0 TIPU3HAKY;
0) pa3OueHne eTMHNLl COBOKYITHOCTH Ha TPYIIIBI IO IPU3HAKY;
B) 000011IeHe eAMHUYHBIX (DAKTOB;
) 0000IIeHNE TMHUYHBIX TPU3HAKOB.

Ilpu evinonnenuu 3adanuii 5-8 3anuwmume x00 peuwieHus u NOAYUeHHBLI omeem (6epHLLIL
omeem — 2 banna)

5. B cpeanem u3 2000 camoBeIX HAcCOCOB, NOCTYNMBIIMX B Mpoaaxy, 6 nmoxarexaror. Haiinnure
BEPOATHOCTH TOTO, UTO OJMH CIY4YailHO BRIOPAHHBIN JJI1 KOHTPOJIS HACOC HE TOJITEKAaeT.

6. CpaBHUTE BCXOXKECTh CEMSH JIIOOBIX TPEeX BUIOB OJHOJIETHUX I[BETOB 3a MOCJeIHUE 3 rona.
CocraBbTe 1Uarpammy 1o HalJI€HHbIM JaHHbIM. CliesaiiTe BBIBOIBI.

7. LIBeTOBOY MPEIOKUIN YKPACUTH KITyMOY IIBE€TaMH, UCTIONB3Ys 3 Buaa. CKOJIBKO Pa3IuYHBIX
BapHaHTOB €CTh Y I[BETOBOJIA, €CIIM €CTh BBIOOP M3 5 BUAOB pa3HOM paccabl?

8. CKOJIbKUMH CITOCO0aMH MOXHO MOCaTUTh 4 KyCTapHUKA B OJIUH PSif?

Paspnen 7. IIpsiMble M IVIOCKOCTH B POCTPAHCTBE

Tema 7.6. KonurpoabHas padora no pasaeny 7 «IIpsiMble H IIOCKOCTH B IPOCTPAHCTBE)»
Ilpu pewienuu 3adanuin 1-4 3anumume npaguIbHbLIL OMEEN U3 YEMbIPEX NPEOSIONHCEHHBIX
(6epnuiit omeem — 1 doann)

1. Pacummnpyiite KpaTkyro 3anuch: a € f.

a) TOYKa @ MPUHAIJISKHUT IIIOCKOCTH [3; B) MpsiMasi & MPUHAICKHUT TUIOCKOCTH 3
0) TOYKa & MPUHAIUICKHUT IPSIMOit [; T) IpsiMast @ TIepeceKaeT IIOCKOCTh fS.
2. IIpsamere AB n C/] ckpemuBatotcs. Kakoe pacnonoskenne umerot npsimeie AC u B/]?
a) napasielibHbIE; B) CKpEIINBAIOTCH,;
0) MepreHIuKYISPHBIE; T') IepeCceKaroTCsl.
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3. IlmockocTH a 1 f UMEIOT OJIHY 001IyI0 TouKy. KakoBo MX B3aMMHOE pacroyoxeHue?
a) mapasuiesibHbI; B) COBIIAJAIOT;
0) mepeceKaroTCs 1o IPSIMO; T') CKPEIIUBAIOTCH.

4. Ecnu nipsimast, IpoBeICHHASI Ha ITIOCKOCTH Yepe3 OCHOBAHKE HAKJIOHHOM, IEPIICHIUKYIIIpHA €€
MPOEKIINU, TO OHA:

a) MEepIEeHIUKYJISIPHA U CaMOIl HAKJIOHHOM;

0) mapajuiesbHa U CaMOi HaKJIOHHOWM;

B) CKPEILUBACTCS C HAKIIOHHO;

T') NEepPHEeHIUKYIISIPHA OCHOBAHUIO HAKJIOHHOM.

Ilpu evinonnenuu 3adanuil 5-8 3anuwiume x00 pewieHus u NOJAYUEHHLLIL omeem (6epHblil
omeem — 2 banna)

5. Uepe3 koHIbl oTpe3ka AB u ero cepeauHy M TpoBENEHbl NapajlielbHbIE IPSMBIE,
IIEPECEKAOIINE HEKOTOPYIO INIOCKOCTh B TOUKAX A1, B1 u M1. Halinure nnuny orpeska MM, ecin
0Tpe30K AB He nepecekaer II0CKOCTh U eciu A41= 6,8 cM,

BB1=17,4 cm.

6. [Ipsmbie AC, AB u AD nonapuo nepnenaukynsapasl. Haiinute otpe3ok CD, eciu AB =5 cwm,
BC=13cm, AD =9 cm.

7. VI3 TOUKH K IJIOCKOCTH IIPOBEICHBI 1BE HaKJIOHHbIE. HaiianTe IiuHbI 0011ero nepneHIuKyspa,
€CJIM MPOEKIIMHU HAKJIOHHBIX OTHOCSTCS Kak 2:3 U JUIMHBI HAKJIIOHHBIX paBHbI 23 cM 1 33 cMm.

8. Hauepture ky6 ABCDA1B1C1D1. Iloctpoiite Touky K € AB, Touky M € DD1C, otpesok PE €
A1B1Ca.

Pa3nes 8. MHOrorpaHHUKH U Tes1a BPALECHHUs

Tema 8.9 KonTpoJsbHasi padora no pasaeiny 8 «K MHOrorpaHHMKH H TeJla BpalleHU s

Ilpu pewrenuu 3adanun 1-4 3anumiume npaguibHLIL OMEEM U3 Yemblpex NPeodl0NHCeHHbIX
(6epuvtit omeem — 1 6ann)

1. B kakux equHUIIAX U3MeEpsIeTCs MII0IAAb TOBEPXHOCTH MHOTOIpaHHUKA?

a) B rpajycax; B) B KBaJIpaTHBIX METpPaX;
0) B MeTpax; T') B IBYTPaHHBIX yIJax.
2. ITnomaab 60KOBOM MOBEPXHOCTU MPU3MBI BBIUUCIIETCS 110 (popmyie:
a) § = Seox. T 2Socu.; B) S = Bgox. + 5 " Socu.;
0) Seox. = Focu. " H; T) Seox. = 2Pocu. " H.
3. Uto sBNIETCS OCEBBIM CEUYCHHEM YCEUEHHOr0 KOHyca?
a) paBHOOEIPEHHBIN TPEYTOJIbHUK; B) MPSIMOYTOJIHUK;
0) paBHOOEIpEHHAS TpaMeIys; T') IPSIMOYTOJIbHAS Tparelus.

4. Kakas ¢urypa nosyyaeTcsi Ipy BpaIlleHUH MPSMOYTOJIBHOIO TPEYrOJIbHIUKA BOKPYT OJTHOTO U3
CBOMX KaTeToB?

a) KOHYC; B) MUPAMU/JIA;

0) yceueHHBIH KOHYC; ') yceueHHas mupaMuja.

Ilpu evinonnenuu 3adanuii 5-8 3anuwmiume x00 pewienus u NOAYYeHHBLI omeem (6epHbLIL
omeem — 2 banna)
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5. Pebpo ocHOBaHMsI PaBIIIBHON TPEYroJIbHOW MUpaMuisl 3 M, anodema 6mM. Haliaure momaas
OOKOBOM MTOBEPXHOCTH NMUPAMU/IBI.

6. Jluaronains xy6a papaa v'588. Haiinute ero o6mem.

7. IIpsIMOYTOJIBHHUK CO CTOPOHAMU § CM M 3 CM BpaIiaeTcst BOKpyr Oomblell croponsl. Haiiaure
00BeM, MmIomaar OOKOBOW U TIOJTHOW MOBEPXHOCTEH MOTYYCHHOTO Tela.

8. BeruncianTh NOBEpXHOCTh KPOHBI KYCTapHUKA, UMetolero opmy miapa, paguyca 0,5 M. B oter
3aMUIINTE YUCIIO, IeIEHHOE Ha TT.

Pa3nen 9. KoopanHaTbl M BeKTOPbI

Tema 9.3 KonTpoJbHasi padora no pasaeiny 9 «KoopauHaTbl 1 BEeKTOPbI»

Ilpu pewenuu 3ad0anuni 1-4 3anumiume npaguIbHbIIL OMEEM U3 UEMbIPEX NPEOIONHCEHHBIX
(6epuvtit omeem — 1 6ann)

1. Jamer Toukm A(1,0,5),B(—2,0,4),€(0,—1,0),D(0,0,2). Kakas u3 HHUX JEKUT Ha
KOOpAMHATHOM mpsiMoii Oy?

a) A, B) C;
6) B; r) D.
2. Kakoii u3 Bexktopos a(1,0,—1), C_G,%, — g) ,b(1,1,1),(0,0, —2) siBasieTCA eMHTIHBIM?
a) @, B) b;
0) C; r)p.

3. Kakue u3 Bexropos a(1,2,—3), (3,6, —6), b(2,4, —6) xomnmuHeapHbI?
a)awub; B) A UC,
6)cub; T') KOJUIMHEAPHBIX BEKTOPOB HET.

4. Nauwr touku A(2,0,5),B(2,4,—2),C(—2,6,3).Cepenunoii Kakoro OTpe3Ka SIBIAETCA TOYKA
M(0,3,4)?

a) AB,; B) AC,

0) BC; r) CB.

Ilpu evinonnenuu 3adanuii 5-8 3anuwmume xX00 pewienus u NOAYYeHHBLI omeem (6epHbLIL
omeem — 2 banna)

5. Nausl BekTopsl a(—6,0,8), b(—3,2, —6). Haiinure ckaaspHOE NPOU3BEICHNE BEKTOPOB.

6. TIpu Kaknx 3Ha4eHHsX N BekTopsl a(4,n,2), b(1,2,n) NepneHauKyIapHbI?

7. Nausl BexTopsl a(—6,0,8), b(—3,2,—6). Haiimure KOCHHYC yIJIa MEX/y BEKTOPaMH.

8. Jlokaxwute, 4To 4eThIpéxyroabHuk ABCD sBnsercs pomoOoM, eciu:

A(6,7,8), B(8,2,6), C(4,3,2), D(2,8,4).

Kpurepun onenuBanus:

Or1eHKa «OTJIMYHO» BBICTABIAECTCS CTYAEHTY 3a 90 — 100 % mpaBMIIBHBIX OTBETOB.

Or1reHKa «XOpOIIO» BBICTABIISIETCS CTYIEHTY 3a 75 — 89 % mpaBUIIbHBIX OTBETOB.

OneHka «yAOBIETBOPUTENBHO» BBICTaBIseTCs cTyAeHTy 3a 50 — 74 % mnpaBHIIbHBIX
OTBETOB;
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OneHKa «HEYIOBIETBOPUTEIBHO» BBICTABIISAECTCS CTYIAEHTY 3a MeHee 50 % IMpaBUIIbHBIX
OTBETOB.
Kpurepuu onienuBanus J1j1sl IpeICTaBICHHbBIX 3aJaHU:
— oueHka «5»: 11 — 12 0amos;
— olueHka «4»: 9 — 10 6amios;
oreHKa «3»: 6 — 8 6aoB;

oueHnka «2»: 0 — 5 6awIoB.
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@dona TeCTOBLIX 3aaHUI
10 JUCIHUITJIINHEC «MaTeMaTI/IKa»

1. T'padpuk xakoil ¢yHKIMHM H300pakeH Ha

pucyHke?

1) y=2c0SX

2) y=2sinXx

3) y—lcosx
2

4) y=-2sinx

2. Pemute ypaBHenue sin 2x = 1.
I
1) nkk € Z; 3) Z+Ttk,kEZ;

2) %+2nk,keZ; 4 2k ke Z.

3. Beruncimte 641088 V3,

1) 5; 2) 3: 3)8: 4) 64,
4. U3 npuBeaéHHbIX HIKE GopMmyll 1udhepeHIupoBaHus BEIOEPUTE HEBEPHYIO:
1) (1) __ L. 3)  (x+km) = k;
x x2
2) (kx+m) =k; 4)  (sinx)' = cosx.

5. Pemnte ypasuenue: 23% - 3% = 576.
Ortser.

6. Kak Ha3bIBaeTcs ¢urypa, n300pa’keHHasi Ha pUCYHKE:
Y

y=fx)

0 a b x

OTtBeT.

7. TypucT Im1aHUpyeT MPOBECTH HECKOJIbKO THEH Ha YepHOMOpckoM nobepexkbe KpacHonapckoro
kpas. IlpoxxuBanme B roctunuie: Homep «JIrokc ¢ GamxoHom» 6 cyrok c¢ 30.05.2023 r mo
05.06.2023 r — croumocTh 01HUX cyTOK coctasiser S000 p.

[Turanue: 3aBTpak (B J€Hb 3acelieHHs 3aBTpaK He mpenpocrasigercs) — 550 p.; oben (Bce nHM,
kpome aHs Beie3na) — 1300 p.; yxuH (Bce 1HU, Kpome JHS Beie3aa) — 750 p.



Kpowme Toro, rocts mocetui cayny (1 pa3), TpeHakepHbI 3ai (2 pa3a) u MaccaxHblii kaOuHeT (1
pa3). CTouMoOCTh MOCelIeHus J000ro BUAA 10Cyra He BKJIIOYEHA B CTOMMOCThH MPOKUBAHUS U
coctasset 2300 p.

Paccumuraiite cToMMOCTB MMPOXUBAHUA OJIA TOCTA 11O 3aJaHHBIM YCIIOBUSAM.

Ortser.

8. YcTaHOBUTE COOTBETCTBUS MEXAY B3aUMHBIM PACIOI0KEHUEM MPSMBIX B IPOCTPAHCTBE:

A) JlBe mnpsMble B  IPOCTPAHCTBE

1) oHM He JIe)KAT B OJHOU MJIOCKOCTH
Ha3bIBAIOTCS MapaJUICIbHBIMH, €CIIH. ..

b BE IIpsAMBIE B HPOCTPAHCTBE o
) A p poctp 2) OHU JEXaT B OJHOM IUIOCKOCTH H

Ha3bIBAIOTCA CKpELMBAIOILUMUCS,
HEPECEKarTCs
€CIIN. ..
B) JIBe mpsMbie B  NPOCTPAHCTBE 3) oHHM JEeKaT B OJTHOM IMJIOCKOCTH U HE
Ha3bIBAIOTCS NIEPECEKAIOILUMUCS, ECIIN. .. HIEPECEKAOTCs
A b B

9. YcTaHOBUTE COOTBETCTBHE MEKAY (GOPMYIaMHU M BHIIOM (DYHKIIHH.

dopmyia Bun dynkiun
1) y=ax?+bx+c A) AKCIIOHCHTA
2) y = (a—x)?%+(a—y)? b) napabona
3) y=ar B) OKpY’KHOCTb
A b B
10. YcTaHoBuTE COOTBETCTBHUS:
1) 7 2) :
A) Iepecekaromuecs OpsMble - i
_____ gl | —
,’I P
b) IlapannensHble npsimMble —
3) a M
_______ A
B) CkpermBaromnyecst npsiMbie
A b B
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Kpurepun oueHku ¢goHIa TeCTOBBIX 3aIaHUIA:

ITpu npoBeieHUH TECTOBBIX pabOT MO MPEeIMETY KPUTEPUU OLIEHOK CIIEIYIOLIHE:

OueHka «OTJIIMYHO» BbICTaBIIAETCS CTYAEHTY 3a 90 — 100 % npaBUIIBHBIX OTBETOB.

OneHka «xXopo10» BbICTABIISAETCS CTYAEHTY 3a 75 — 89 % npaBuiIbHBIX OTBETOB.

OneHka «yAOBIETBOPUTENbHO» BbICTaBIsETCS CcTyAeHTY 3a 50 — 74 % mnpaBHIIbHBIX
OTBETOB;

O1eHKa «HEYIOBIETBOPUTEIHHO» BBICTABISETCA CTYICHTY 3a MeHee 50 % MmpaBUIBHBIX
OTBETOB.

«5» - 9 — 10 mpaBUIIbHBIX OTBETOB;
«4» - 7 — 8 IpaBUIIbHBIX OTBETOB;
«3» - 5 — 6 IpaBUIbHBIX OTBETOB;

«2» - MeHee 5 IMIpaBUJIbHBIX OTBCTOB.
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3. OueHo4YHbIE CPeCTBA AJIA POMEKYTOUYHOM aTTECTAIlUU U KPUTEPUH OLlEHKHU

BOHPOCLI K 3K3aMEHYy
110 JUCHUIIIIMHC «MaremaTHuka

1)  Panguannas mepa yria.

2)  CuHyc, KOCUHYC, TAHTCHC M KOTAHT€HC yIJIa.

3)  OCHOBHBIC TPUTOHOMETPUYECCKUE TOKICCTBA.

4)  ®opmyibl IPUBEICHUSI.

5) Ilpocreiinire TPUrOHOMETPUICCKIE YPABHCHHS.

6) OmnpeneneHue 1 cocoObI 3alaHKsT PYHKIHH.

7)  CaoiicTBa QYHKIUH.

8)  Auroputm mccienoBaHusA GYHKINH.

9)  Crenennas GyHKIWsI, €€ CBONCTBA U rpaduK.

10) Tloka3zaTenbHas QyHKIHS, €€ CBOICTBA U rpaduK.

11) Jlorapudmuyeckas GpyHKIHs, €€ CBOHCTBA U rpaduK.

12) ®yuknus y = Sin X, ee cBoiicTBa U rpaduk.

13) ®yuknus y = COS X, e¢ CBOWCTBA U rpaduK.

14) ®yukuuu y =tg X u 'y = Ctg X, ux CBOHCTBa U rpaduKu.

15) OOpaTHbIC TPUTOHOMETPUIECKUE (DYHKIIHH.

16) KopeHb n-0if cTereHH, CBONCTBA PaJUKAIIOB.

17) PemieHue uppanroOHAIbHBIX YPAaBHEHHIA.

18) CrerneHb ¢ pallMOHATIBHBIM H JCHCTBUTEILHBIM ITOKA3aTEIISIMU.
19) PemieHue noka3arebHbIX YPaBHEHHI U HEPABEHCTB.

20) Jlorapudm. [IpaBuna neiicTuii ¢ JorapudmMamu.

21) Pemenue morapuMUIECKUX YPaBHEHUN H HEPABEHCTB.

22) TlocnemoBaTenbHOCTh. CIIOCOOBI 3a1aHUS H CBOMCTBA YHCIIOBBIX MTOCIIEI0BATEILHOCTEHA.
23) beckoHeuHO yObIBarOIIas FeOMETPUYECKAs! MOCISI0BATCIBHOCTb.
24) Tlpenen nociea0BaTEIbHOCTH.

25) TlpousBoaHas GpyHKIHH.

26) IlpaBuna quddepeHIupoBaHUsL.

27) BeluncieHue MpOU3BOIHOM CIIOKHON QyHKIINY.

28) @usnueckuii (MEXaHHYECKUI) CMBICI TPOM3BOTHOM

29) T'eomeTpHYECKHUil CMBICI POU3BOIHOM.

30) VYpaBHeHue KacaTeIbHOU K rpaduKy GYHKIIHH.

31) HenpepslBHOCTh (PYHKIUH U METO]] HHTEPBAJIOB.

32) Cas3b MPOU3BOIHOI C BO3pACTAHUEM U YObIBaHHEM ()YHKIIHH.
33) Kpurnueckue ToYkH QyHKIUH, MAKCUMYMBI 1 MUHHMYMBI.

34) HaxoxaeHue HanOOJIbIIET0 U HAMMEHBIIIETO 3HAYCHUS (DYHKITUH.
35) IlepBooOpa3Hast pyHKITUH.

36) IIpaBuiia HaXOXJICHUS IEPBOOOPA3HBIX.

37) MUnrerpain. Teopema HetoTona-JleliOauma.

38) Ilmomaab KPUBOJIMHEHHOW TPATICIIHH.

39) OcHOBHbIC MOHATHS KOMOMHATOPHUKH: TIEPECTAHOBKH, COYCTAHUS M Pa3MEIIICHUS.
40) CoObiTHE, BEPOSITHOCTH COOBITHSI.

41) OmnpeneneHue BEPOSITHOCTH: KJIACCHUECKOE, CTATUCTUIECKOE H FEOMETPUIECKOE.
42) OCHOBHbBIC CTATUCTUYECKUE TMOKAa3aTeNH: CpejiHee apu(pMeTHUecKoe, pa3Max, MeauaHa u
MoOJIa.



43) OCHOBHBIE MIOHATHS CTEPEOMETPHUH.

44) B3auMHOE pacroj0KeHUE MPSIMBIX U ITIOCKOCTEH B IIPOCTPAHCTBE.
45)  YTiabl MeXIy IPSMBIMH. YTOJ MEXKAY MPSIMOU U IIIOCKOCTBIO.
46) [lapajuienbHbIe IPSMbBIC B IPOCTPAHCTBE.

47) TlapayieabHOCTh MPSMOI U TUIOCKOCTH.

48) Tlpu3Hak napayiebHOCTH MI0CKOCcTel. CBOWCTBA MapauIeIbHBIX TUIOCKOCTEH.
49) IlepneHIUKYISIPHBIC IPSIMBIC B IPOCTPAHCTBE.

50) IlepneHIUKYASAPHOCTH IPSIMOM U TUIOCKOCTH.

51) [Ilpu3Hak nepreHIUKYIIPHOCTH IIOCKOCTEH.

52) JIByrpaHHblit yrod.

53) Teopema o Tpex MEPHCHIUKYISAPaAX.

54) TlousTHe MHOTOTpAaHHUKA. BUIBI U 3JIEMEHTHI MHOTOTPAHHUKOB.
55) BszaumHOE pacnoioKeHHe IOCKOCTH U MHOTOTPaHHUKA.

56) IlousiTve Ten BpaIlleHUs ¥ UX BHIBL.

57) TlpusMma u ee 3JIE€MEHTHI.

58) Ilapamienenuies u €ro CBOMCTBA.

59) Ilupammuia u e 3JIEMEHTHIL.

60) IluauHIp U €ro JIEMEHTEHI.

61) KoHycC U €ro 3J1eMeHTHI.

62) Illap u chepa. YpaBHeHue cdepsi.

63) IIpsmoyrosbHas cucTeMa KoopauHat. KoopanHaTel BEKTOpA.
64) JleiicTBHs HaJ BEKTOPAMH.

65) CxkansgpHoe NPOHU3BEICHHUE IBYX BEKTOPOB.

66) Cummerpus: IEHTpaIbHAs, OCeBask U 3epKabHasl.

Kpurepun onenuBanus:

OneHKka «OTIUYHO» BBICTABISAETCA CTYACGHTY 3a IJIyOOKOE U IIOJIHOE OBJAJCHHUE
COJEpKAHMEM YYEOHOro MaTepualla, B KOTOPOM CTYAEHT JIETKO OpPUEHTHPYETCs, BIIafCHHUE
NOHATUIHBIM alnapaToM, 3a YMEHHME CBS3bIBaTb TEOPUIO C IPAKTUKOM, BBICKA3blBaTh U
00OCHOBBIBaTh CBOM CyxXAeHUsA. OTiaMuyHas OTMETKa NpeAroyiaraeT TpaMOTHOE, JIOTMYHOE
U3JI0KEHUE OTBETA.

OneHka «XOpOIIO» BBICTABISETCS CTYIEHTY, €CJIM CTYAEHT IIOJIHO OCBOWJ Y4YeOHBIN
MaTepuai, BIaJECeT MOHITHUMHBIM amnmnapaToM, OPHEHTHPYETCS B HU3YYEHHOM MarepHale,
OCO3HAHHO NPUMEHSET 3HaHUS JJIs PEUICHHs] IPAaKTUYECKUX 3a]1a4, TPAMOTHO U3J1araeT OTBET, HO
coJiepkaHue 1 (popMa OTBETa UMEIOT HEKOTOPbIE HETOYHOCTH.

OI.[GHKa «YOOBJICTBOPUTCIIBHO» BBICTABIIICTCA CTYACHTY, CCIIM CTYACHT O6H&py>KI/IBaeT
3HAHKWE U IMOHHMaHHE OCHOBHBIX IIOJIOJKEHMI yqe6H0ro MaTtepuajia, HO U3jiaract €ro HEIoJHO,
HEMOCJICA0BATCIIbHO, JOIMYCKACT HETOYHOCTH B OIPCACICHUN HOHﬂTHfI, B IMPUMCHCHUHA 3HAHHH
IJI pECHICHUA MPAKTUYCCKUX 3aa4, HC YMECT N0Ka3aTCIbHO 000CHOBAaTb CBOU CYXKACHUA.

OHCHKa «HCYOOBJIICTBOPUTECIBHO» BBICTABJIICTCA CTYACHTY, C€CJIM CTYACHT HWMECT
Pa3pO3HCHHBIC, OeccucTeMHbIE 3HAaHUA, HE YMCECT BbBIACIATH TIJIABHOC W BTOPOCTCIICHHOC,
AO0ITYCKAcCT OIIIMOKH B OIMPECACIICHUC HOHHTI/Iﬁ, HCKaXacT UX CMBICII, 6CCHOpHI[0‘{H0 H HCYBCPCHHO
H3j1aract MaTcpHrall, HC MOXET NPUMCHATDb 3HAHWA JIA PCUHICHUA IMTPAKTUYCCKUX 3aaa4; 3a IMOJIHOC
HE3HaHUEC U HCTIOHUMAaHHEC yqe6H0ro MaTtcpHrajia ujid OTKa3 OTBCYATh.
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Tadoauna 2 Kinrouu k Bonpocam ¢oH/1a OLIEHOYHBIX CPEICTB

Ne
n/n

Bompoc

OTBer

UeMy paBeH yroJi B OJIUH pajiuaH?

VYron B 1 paguan — 3T0 UEHTPaIbHbBINA YTOJ, y
KOTOPOIO JITMHA IYTH U PaUyC PaBHbI

(nyra AmB = 0A).
A

B kakux yerBepTax
TPUTOHOMETPUYECKOI 0 Kpyra
GyHKLIUSA Y = Sin X IPUHUMAET
10JIOKUTEIIbHBIC 3HAYCHHUS?

sinx + + - -

B xakux ueTBepTax
TPUTOHOMETPHUYECKOTO KPyra
GbyHKIUSA Y = COS X IPUHUMACT
OTpHIIATENILHBIC 3HAYCHUS?

| I Il v
CoOS X + - - +

HpOI[OJ'DKI/ITC OIIPCACIICHUC! «CI/IHyc
OCTpOro yria — 3To...»

CI/IHyc OCTpOro yrja B IIpsAMOYTI'OJIbHOM
TPECYIrOJIbHUKC — 3TO OTHOIICHHEC
IMPOTHUBOJICIKAIICT'O KATCTA K T'MIIOTCHY3C.

[Iponomxkure onpeneneHue:
«Kocunyc octporo yria — 310...»

Kocunyc octporo yria B npssMoyroJibHOM
TPEYTOJIbHUKE — 3TO OTHOILLEHUE MPUIIEIKAILETO
KaTeTa K TUIOTEHY3e.

[TpomomkuTte onpeneneHue:
«TaHreHC 0CTpOro yria — 3To...»

Tanrenc OCTpOro yria B IIpAMOYTOJIbBHOM
TPECYTrOJIbHUKC — 3TO OTHOIICHHE
IMPOTHUBOJICIKAIICTO KATCTA K ITPUJICIKALICMY.

Hepe‘II/ICJ'II/ITC CIIOCOOBI peIICHUA

Pemenne TpUroHOMETPUYECKOTO YPaBHEHHUS
COCTOMT M3 JIBYX JTaIOB:

1. [IpeobpazoBanue ypaBHEHHS IS TOTYUCHUS
€ro IMPOCTEUIIIEro BUAA.

2. Pemenuie noiy4eHHOT0 NPOCTEUIIETO
TPUTOHOMETPUYECKOTO ypaBHEHHUS.
CTaHI[apTHI)IC MCTOJbI pCHICHUA
TPUTOHOMETPUYECKHUX YPaBHEHUI:

N v 3aMeHa TIEPEMEHHON;

TPUTOHOMETPHYECKUX YPABHEHUH. v METOJ PELLIeHIH YpaBHEHH ¢ IOMOLIbIO

TPUTOHOMETPUYECKOTO TOXKIECTBA;

v pasoKEHNE HAa MHOKHUTEIIH;

v GbyHKIIHOHATBHO-Tpa(GUIECKHil Crrocoo;

v NPUBEIEHHE K OJJHOPOJHOMY

TPUTOHOMETPUYECKOMY YPABHEHHIO;

v BBEJICHUE BCIIOMOTATENILHOTO YIJIa;

v KOMOHMHHPOBAHHE METOIOB.
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Packpolite anroput™ peieHus
OJTHOPOJHBIX TPUTOHOMETPUUECKUX
YPaBHEHUH IIEPBOTO NOPsAIKa.

OnHopoaHbIe TPUTOHOMETPHYECKHE
ypaBHeHMs 1 cTeneHH — ypaBHEHUS 00ILETro
Byja asinx + b cosx = 0, rue a u b sBisroTCst
HEKOTOPHIMU KOHCTAaHTAMHU.

Pemenne oqHOPOHOTO TPUTOHOMETPUIECKOTO
yYpaBHEHHSI IEPBOM CTENICHH 3aKJII0YAETCS B
JIeNIeHUH YpaBHEHHS Ha COS X. B pesynbrare
JAHHOU omepaliy ypaBHeHHE IpuoOpeTaeT
cnenyromryio hopmy: atgx + b = 0.

3anuch OTBETa JAHHOT'O YPaBHEHHUS
npeaycMaTpUBaeT HCIOIb30BaHHE APKTAHTeHCA.
BaxHbIM yCIIOBHEM SIBISIETCS

cosx # 0. B npoTuBHOM ciy4ae, Ipu
MOJICTAHOBKE HAa MECTO KOCHUHYCA HYJIS CHHYC
TaKXe MPUMET HyJIeBoe 3HaueHue. M3BecTHo, 4To
B OJIHO BpeMsi KOCHHYC U CHHYC HE MOTYT OBITh
PaBHBI HYJIO, TIOTOMY HYJIEBOE 3HAYCHUE IS
KOCHHYCA HEJIOITYCTHMO.

Packpoiite anroputm peuieHus
OJIHOPOJIHBIX TPUTOHOMETPHUUYECKUX
ypaBHEHHU BTOPOTO MOPSAKA.

OHOpOHOE TPUTOHOMETPHYECKOe YPABHEHHE
2 cTeneHH NPeJCTaBIAeT coboii Takoe
ypaBHEHHE, KOTOPOE UMEET BH/I:

asin’x + bsinx cosx + ccos?x = 0,rne a, b, c
— HEKHe KOHCTaHTBL.

PeluTh 0JHOPOIHOE TPHTOHOMETPUUECKOE
ypaBHEHHE BTOPOH CTENEHN MOYKHO C TOMOIIHIO
JleNleHUsl 3TOTO ypaBHeHus Ha cos?x. [Ipu sTom
cos?x # 0.

B pe3ynbTaTe JaHHOM OMepaliy ypaBHEHUe
IpUOOPETAET CIeNyIoNyIo GopMy:
atg’x+btgx+c=0.

3amuch OTBETa JAHHOTO yPaBHEHHUS
pelycMaTpPUBAET HCIOIb30BaHNE APKTAHIEHCA.

10.

Cdhopmynupyiite onpenesneHue
CTETIEHHON (YHKIINH.

CreneHHOI Ha3bIBaeTCsl PYHKIIMS, 3a/IaHHAS
dopmynoit y = axP, rne a # 0, xP — HekoTopoe
JICWCTBUTEIBEHOE YHUCIIO.

11.

[Iepeunciure cBOMCTBA CTENEHU C
[EJIEIM IIOKa3aTeIIEM.

al =a

m — an+m
(™" = g™ 1" =1
(ab)™ = a™b™ at=—

G =%  ©"-=O)

b a

12.

[Iepeuncinte CBONCTBA CTETIEHHU C
JEHCTBUTEIBHBIM [TOKA3aTEIEM.
[IpuBennTe MpuMeEpBI.

Omnpenenum 4ucio 2V3, HppainmoHanpbHOE 4HUCIIO
\/3 MOXHO mNpencTaBHTh B BHAE OECKOHEUHOI
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HETIEPHOMUECKOH NecATHUHOH apobm: /3 =~
1,73205 ...

PaccmoTpuM 1oCiIe10BaTeNbHOCTD  AECATHUYHBIX
npuGmKeHuii yncna v3:

1;1,7;1,73;1,732; ...

OueBuaHO, 4YTO 4YeM OoJiblle 3HAKOB IOCIE
3anaToil Mbl OEpéM, TEM IOIY4YEHHBIN pe3yJabTaT
Oyner Bc€ Ommke W OMmKe NPUONIMKATBCS K
TOYHOMY 3HaueHHio V3. B 3ToM ciryuae roBopsr,
YTO IIOCJIEJOBATEIBHOCTh JECATUYHBIX JpoOeit

CTpEeMHUTCS WM cXoauTes K V3. Tak kak Kaxablid

YJICH IIOCJICA0BATCIBbHOCTHU SABJIACTCA
panrOoHaJIbHBIM YHCJIOM, TO orpceacicHa
OCICa0BaTCIBbHOCTD YHCCII.

21; 21,7; 21,73; 21,732;

[Tony4yeHHast mocnen0BaTEIbHOCTh HE YOBIBAaeT U
orpaHuMyeHa CcBepxy (Hampumep, uucioMm 22),
CJIEIOBATEIbHO, OHA HMEET Ipenei. 3HaueHue
3TOrO Ipezesa U Ha3bIBalOT CTEIEHBIO Yucia 2 ¢

noxasareneM V'3 n 0603nagator 2V3.
1. Ecnu a <0, To BBIpaXenue aP, rme p —
UppaIMOHAIFHOE YNCII0, HE MMEET CMBICIA.
2. Ecniu a =0, To 0P = 0 st Beex p > 0. Ilpu
p < 0 Beipaxkenue 0P He UMEET CMBICIIA.
3. Ecou a=1, 10 1P =1 g Bcex
JICHCTBUTEIIBHBIX P.
Hanmpumep, wWMEIOT 51 CMBICT CIEIYIOIIUE
BBIPAKCHHUS:

)32, 6)(-5)¥3; B)-5Y2
Pemenue:
a) Mimeer, Tak Kak OCHOBaHUE CTETICHU
a=3>0.
0) He umeer, Tak Kak OCHOBaHUE CTEIICHU
a=-5<0.
B) lMeer, Tak Kak OCHOBaHHE CTEIICHU
a=5>0.

13.

Cdhopmynupyiite onpenenenue
MOKa3aTeIbHOU (PYHKITUH.

dynkuuw Buaa y = a*,rae a > 0,
a # 1, x — moboe 4ucIio, Ha3bIBAIOT
MOKa3aTeJbHON PyHKIUEN.

14.

Ilepeuncnure cBoiicTBa
MOoKa3aTeabHON (YHKIUH.

OobaacTh onpeneeHUs MOKa3aTEIbHON
(YHKIIUU — MHOKECTBO BceX J1elCTBUTEIbHBIX
yucen: D(y) = R.

O0JacTh 3HaYeHUI TOKa3aTeNbHON PYHKINY —
MHOK€CTBO BceX MOJI0KUTEIbHBIX YHCel:
E(y) = R;.

[Toka3zarenbHast QyHKIHS

y = a* Bo3pacraer nmpu a > 1.

[Toka3zarenbHast QyHKIHS

y = a* yobiBaermpn 0 < a < 1.
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15.

[Iponomxkure onpeneneHue:
«Jlorapugpm — 3710...»

Jlorapudmom uncia b mo ocHoBanwuio a
Ha3BIBAIOT [TOKA3aTelb CTEIIEHH, B KOTOPYIO HAJI0
BO3BECTH YKCJIO @, YTOOBI MOJTYIUTH b.
log,b,tpea >0,a#1,b > 0.

To ectb, torapum — 3TO CTEIEHb, B KOTOPYIO
HY>XHO BO3BCCTH a It ITOJIYYCHU A b

16.

Yemy paBeH jorapugm
MPOMU3BEICHUS?

Jlorapudm npousBeACHHS TBYX MOIOKUTEITHHBIX
YKCeNl PaBEH CyMMe JIOTapu(MOB STUX YHUCEIT:
log,(bc) = log, b + log, c.

17.

Yemy paBeH jorapugm 4acTHOTo?

Jlorapudm yacTHOTO paBeH pa3HOCTH

J0rapupMOB YHCIUTEIS U 3HAMCHATEIIS:
b
log, (—) = log, b — log, c.

C

18.

Ha uTo cTouT 06patuth BHUMaHNE
IIPU PELICHUH JIOrapu(PMUIECKUX
YpaBHEHUH U HEPABEHCTB?

[Tpu pemenun norapupMUIecKux ypaBHEHHH U
HEpaBEHCTB HEOOXO0AUMO 0OpaTUTh BHUMAHUE Ha
olpeieNieHue 00JacT! AJONYCTUMbIX 3Ha4EeHUH.

19.

[lepeuncnure cnocoObl penieHus
norapu(MUUECKUX YpaBHECHHH.

OcHOBHBIE CTIOCOOBI pelIeHus JIorapuGMUIecKux
YPAaBHEHUN:

v peleHue JorapupMUIecKux ypaBHEHUH
10 OTIPEJICIICHUIO Jorapudma;

v IOTEHLIUPOBAHUE;

v METOJ1 BBEJICHUSI HOBOM IIEPEMEHHON;

v J0orapu(pmMUpOBaHUE.

20.

ChopmynupyiiTe IpaBuIO PEIICHUS
MPOCTEUIIHX JIOTapU(PMUIESCKUX
HEPaBEHCTB.

3anoMHUM TIPABUJIO: €CIIU B HEPABEHCTBE
MPUCYTCTBYIOT JOorapumMbl — pelieHre Haao0
HAaYUHATh C 00JACTH AOMYCTUMBIX 3HAUCHH.

21.

UTto Ha3bIBaeTCS ypaBHEHHEM?

PaBeHCTBO, coznepikaliee HEU3BECTHOE YHCIIO,
0003HaueHHOEe OYKBOM, Ha3bIBACTCS YPAaBHEHHEM.

22.

UTo 3HAaYUT PEIIUTh ypaBHEHUE?

Pemnth ypaBHEHHE — 3TO 3HAUUT HAUTH BCE
3HAYEHMSI HEU3BECTHBIX, PU KOTOPHIX OHO
oOpaiiaercsi B BEpHOE YHCIOBOE PABEHCTBO, HIIN
YCTaHOBUTH (JI0Ka3aTh), 4YTO TAKUX 3HAUYCHUM HET.

23.

UYro Takoe KOpeHb YpaBHEHHUSI?

Kopenb ypaBHEHHS — 3TO YHCII0, KOTOPOE MPU
MOJICTAHOBKE BMECTO OYKBBI OOpaIaeT
YpaBHEHHE B BEPHOE YHCIOBOE PABEHCTBO
(ToxxnectBo). KopeHb ypaBHEHUs Takxke
HA3bIBAIOT PEIICHUEM YPABHEHHS.

24,

Yto Ha3bIBaeTCA HepaBeHCTBOM?

B maremartuke HepaBEHCTBOM Ha3bIBACTCS
OTHOIIIEHHE, CBA3BIBAIOIIIEE JIBA YUCIIA WM UHbBIE
MaTeMaThuyeckue 0OBbEKThI C MOMOLIbIO 3HAKOB >
<, 2, <.

HepaBeHcTBa niensiTcst Ha CTpOrue HEPaBEHCTBA
(MCTIONB3YIOT OTHOIIICHUS OOJIBIIE T MEHBIIIE)
U HECTPOTHE HEPaBEHCTBA (MCIIONB3YIOT
OTHOUIEHMSI MEHBLIE UM PaBHO, OO0JIbIIE HIIN
paBHO).
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25.

UTo0 3HAUUT pELIUTh HEPABEHCTBO?

Pemnte HEpaBEHCTBO — 3TO 3HAYUT HAWTHU BCE
3HAYEHUS EPEMEHHOMU, ITPU KOTOPOH
HEPaBEHCTBO 00paIIaeTcs B BEpHOE.

26.

B uem 3akmrouaercs «MeTon
UHTEPBATIOBY»?

Meton MHTEpBaIOB MPUMEHSIETCA Ul PEILICHUS
paloHaIbHbIX HepaBeHCTB. OH 3aK/I04aeTcs B
OIPECIICHNH 3HAKA ITPOU3BEICHNUS 110 3HaAKaM
COMHOJKHTEJICH Ha Pa3JIU4YHbIX IPOMEKYTKAX.

27.

UTo Ha3bIBaeTCS PEIICHUEM CUCTEMBbI
ypaBHEHUI?

Pemennem crucreMbl ypaBHEHHUI Ha3bIBAETCS
YHOPSI0YCHHBIN HA0OP YUCE, IPU MOJACTAHOBKE
KOTOPBIX BMECTO MEPEMEHHBIX KaXI0€ U3
ypaBHEHUH 00palaercsi B BEPHOE paBEHCTBO.

28.

UYTo 3HAYUT PELIUTH CUCTEMY
ypaBHEHUI?

Pemute cucreMy ypaBHEHMI — 3HAUUT HAlTH HE
IIPOCTO PEILIECHUE, A KOMILJIEKThI PEIIEHUH, TO €CTh
TaKue 3Ha4YeHUs BCEX IIEPEMEHHBIX, KOTOPBIE,
OyZay4u OJJHOBPEMEHHO IOJICTABICHHBIMH B
cucreMy, o0paliaT Kax10€ ee ypaBHEHUE B
TOKJIECTBO.

29.

IIpu pemieHny Kakux ypaBHEHUHN U
HEpPaBEHCTB, ClIeyeT 00paTUTh
BHHUMaHUE Ha 00JIaCTh AOIYCTUMBIX
3HAYEHUI?

3anoMHUM IPABUIIO: €CIU B YPABHEHUU WIIH
HEPABEHCTBE MPUCYTCTBYIOT KOPHU, IPOOU HIIN
norapu(Mbl — perIeHre HaJ0 HAYHHATH C
00J1aCTH OMYCTUMBIX 3HAUYCHUH.

30.

HpOI[OJ'DKI/ITC OIIPCACIICHUC!
«IlocnemoBaTeabHOCTD — ATO...»

YucnoBas moCiIe0BaTeIbHOCTD — 3TO (PYHKIIUS,
o01acTh onpeesneHust KOTOPO SBIISIETCS
MHO>KE€CTBOM HATypaJbHBIX YHUCEN WU €TO
YaCThIO.

31.

[TpuBeauTe nmpumep
apu(MeTUYECKOI MPOrpecCuu.

ApudpmeTnueckoi mporpeccreil Ha3blBarT
YHCIIOBYIO M1OCIIE10BATEIbHOCTD, KaXK bl
MOCJIEAYIOLUH YJIeH KOTOPOll paBeH
IIPEILIECTBYIOLIEMY, CIIOKEHHOMY C OJTHUM U TEM
KE YUCIIOM.

Hanpuwmep: 1:3,5,7,9, 11, ...

32.

[TpuBeauTe nmpumep
reOMETPUYECKON IIPOTPECCUH.

['eomeTpryeckast Iporpeccusi — 3TO YNUCIOBAS
MOCIIEA0BATENBHOCTD by, by, ..., by, IUTSI KOTOPOH
IJIST KAXI0T0 HaTypaJ'II)HOFO N BBITIOJIHIAECTCSA
paBeHCTBO b,,,1 = by * q,TA€e q — 3TO
3HAMEHATEJIh T€OMETPUICCKON TIPOTPECCUH, § F#
0,

b, # 0.

[Tpumep: nocnenoBaTenbHOCTH uncen 3, 12, 48,
192, 768, ... sBAsETCSA TEOMETPUUYECKON
Mporpeccuelt co 3HameHaresnem q = 4.

33.

Hep CUNCIIUTC ITpaBHJia BBIYUCIICHUA
IMPONU3BOJHEBIX.

1. TIOCTOSIHHBINA MHOKHUTENb C MOYKHO BHIHOCHTh
3a 3HAaK MPOU3BOHOM:

(cu(x)), = cu'(x).
2. Eciv CyIecTBYIOT IPOM3BOIHBIE
cu'(x) v cv'(x), To IpOU3BOAHAS OT CYMMBI
(paznoctn) dpyukuuit cu'(x) u cv'(x) pasHa
cymme (pa3HOCTH) MPOU3BOTHBIX

(cu(x) + cv(x)), =cu'(x) + cv'(x).
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3. Eciu cymecTByrOT POU3BOAHBIE
cu'(x) v cv'(x), TO BBITOTHSIOTCS CIEAYIOIINE
npaBuia JuQGepeHIMPOBAHUS POU3BEICHHS
(YHKLIMH ¥ 4aCTHOTO OT UX JCTICHHS:
(uv) =u'v+uv’
wy'  u'v—uv
(—) =————,raev(x) # 0.

v 2

Uemy paBHA IPOU3BOIHAS

34. " (xn)r =n-x"!
CTeneHHON pyHKIUN?
[Tpon3BoHas CIOXKHON (PYHKIIMU paBHA
MIPOM3BEICHUIO TPOU3BOIHON BHEIIHEH (PYHKIINH,
35. Hemy paBHa POU3BO/HAS CIIOKHOH | yMHOMKEHHOMN Ha MPOM3BOHYIO OT BHYTpEHHEi
(ynxmn? byHKIMY:
4
(u(v(x))) =u'(v)-v'(x)
Coueranue — 3T0 HA0OP AJIEMEHTOB, KOTOPBIH
[Iponomxkure onpeneneHue: )
36. MO>KHO BBIOpaTh U3 MHOXKECTBA 0e3 yuéra
«CoueTanue — 3710...»
HOpsIKA.
Pa3smemienue — 310 ynopsijoueHHbI HA0O
[Iponomxkure onpeneneHue: Hl YHOpA P
37. AJIEMEHTOB, KOTOPBIM MOXKHO BBIOpATh U3
«Pa3menienue — 370...»
KOHEYHOT'O MHO>KECTBA.
38 [Iponomxure onpeneneHue: [TepectanoBKa — 3TO CIOCOO MOCIEAOBATEIHHO
' «IlepecranoBkH — 3TO...» PacroI0KUTh JIEMEHTBI BO MHOKECTBE.
B MaremaTuke coOpITHE, KOTOPOE B OJTHUX U TEX
K€ YCIIOBHSAX MOKET IIPOM30MTH, & MOXKET U HE
IIPOU30MTH, HA3bIBAETCS CiydanHbIM. [Iprumepsl
CIIydaitHbIX COOBITHIA:
IIponomxure onpeneneHue:
o S BeIMIparo B JoTepee.
39. «Cry4aifHOe cOOBITHE — 3TO...)».
[Tpu TenedoHHOM 3BOHKE a0OHEHT OTBETUJI HA
[IpuBenure npumep.
3BOHOK.
[Tpu 6pocanny UrpabHON KOCTH BBINAJIO 5
OYKOB.
B nsATHUILY Haganucs K0k ab.
[Tocne moHenenbHUKA HACTYIIUT BTOPHUK.
[Tpu 6pocanny UrpabHOM KOCTH BBINAJIO YUCIIO
IIpuBenuTe npuMep JOCTOBEPHOTO
40. OYKOB, MEHBIIIE CEMH.
COOBITHSI.
ITocne HOuM HacTynaeT J€Hb.
VY4eOHbIl 1011 KOTAa-HHOYIh 3aKOHYUTCHI.
JlocTaTh U3 MeIIKa ¢ YepHBIMHU IIapaMu OesbIi
miap.
3aBTpa OyJeT KpacHbIH CHer.
[IpuBenuTte npuMep HEBO3MOKHOTO N
41. Bona B pexe Boure 3amépsia npu temmeparype +

COOBITHA.

30°C.
[Tpu 6Gpocanuy UTPaTBHON KOCTH MOSIBIIIOCH 8
OUKOB.
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[Iponomxkure onpeneneHue:

BeposiTHOCTH ci1y4ailHBIX COOBITHI
NPEJCTABISIOT cO00H BETMUMHBI, KOTOpPBIE
MO>KHO CpPaBHUBATh. BeHUNHBI BHIPAXKAIOTCS
npo0smu. [[poOb MoKa3bIBaeT MIAHC HACTYIIIICHUS
0JIaronpUsATHOIO CIy4allHOTO COOBITHUS, TO €CTh
COOBITHS, KOTOPOE HAC UHTEPECYET.

42. «BeposITHOCTb CiTy4aifHOro cobbiTus | BEPOSATHOCTH CIIY4AHHOI0 COOBLITHS MOKET
—3T0...» ObITH BbIpa:keHa J1I00bIM 4ncaoM ot 0 10 1
BKJIIOYHTEJIbHO.
BeposiTHOCTB City4aiiHOro cOOBITHSI paBHA
OTHOLLIEHMIO YHCJIa OJIarONPUSTHBIX HCX00B K
001eMy YHCIy BceX PAaBHOBO3MOKHBIX
m
ucxonos: P(4A) = —
Cdhopmynupyiite mpaBuIiIo BeposSTHOCTh CyMMBI IByX HECOBMECTUMBIX
43. HAXOXICHUS CIOXKCHHS cOOBITHIA paBHA CyMME BEPOSTHOCTEN ATHX
BEPOATHOCTEM. COOBITHH.
Ecnu Bo3MoxHO, uTo npousoiiaeT ogHo U apyroe
COOBITHE BMECTE, TOT/Ia BEPOSTHOCTH ITHX
coObITHif yMHOXatOTCs. Eciu Obl MBI BBITATHBAIH
. mapsl U3 OAHON Kop3uHbl 1 u3 npyrou
Cdopmynupyiite npaBuio p P 24
44, - OJIHOBPEMEHHO, TOTIa BEPOSTHOCTU BEIHUMAHHUS
YMHOXEHHS BEPOSITHOCTEH.
KOHKPETHBIX [IBETOB MTEPEMHOXKAFOTCH.
BeposTHOCTh poN3BeIEeHNS IBYX HE3aBUCHMbIX
COOBITUI paBHA TPOU3BEJCHUIO BEPOATHOCTEN
stux coosrtuii: P(AB) = P(A) - P(B).
OCHOBHBIMHU (MPOCTEHIIIMHI ) (PUTYpaMHU B
[lepeuncnure ocCHOBHBIE (PUTYPHI B (np ) duryp
45, MIPOCTPAHCTBE SABISIOTCSA TOUKH, TIPSIMBIE U
MIPOCTPAHCTBE.
TUTOCKOCTH.
Cy1iecTByeT TpH BapuaHTa B3aHMHOTO
[Iepeuncinre B3anMHOE ym YCT Tpi Bap
PAcCIIONIOKEHHS IBYX TPSIMBIX B IPOCTPAHCTBE:
46. PacrojIOoKEeHUE IBYX MPSIMBIX B
MpsIMbIE MOTYT OBITh TIEPECEKAIOIIUMUCS,
MIPOCTPAHCTBE.
napajuIeIbHBIMU M CKPEIIMBAIOIIMMUCS.
B crepeomeTpun 1Be npsiMble Ha3bIBAIOTCS
Kakwne npsiMbie Ha3bIBatOTCS o
47. MapajieIbHBIMU, €CIIN JIEXKAT B OJJHOW INIOCKOCTH
napajuiebHBIMU B IPOCTPaHCTBE?
U HE NIePECceKaroTCs.
CkpemuBarommecs mpsiMbie — 3TO MPSIMBIE,
KOTOpBIE HE JIeXkKAaT B OJJHOM TNIOCKOCTH U He
UMeroT 00X Touek. Eciu ogHa u3 1B
Kakue npsiMbie Ha3bIBAIOTCS t e ABYX
MPSIMBIX JIEKHUT B HEKOTOPOU MIIOCKOCTH, a Ipyras
48. CKPENTUBAIOIIUMHUCS B
npsiMasi TIepeceKaeT ATy IIOCKOCTh B TOUKE, HE
IIpOCTpaHcTBE? . . .
JeKaIIeil Ha epBoii MPSIMOM, TO AT MPSMBIE
CKpeluBaromuecs (He JIe)KaT B OJHON
TJIOCKOCTH).
JIBe TpsiMbIE B IPOCTPAHCTBE TEPIICH UK YIIAPHBI
Kakue npsiMbie Ha3bIBAIOTCS JpYT APYTY, €CIH OHU COOTBETCTBEHHO
49, MEePICHINKYJISIPHBIMH B napajuIeIbHBI HEKOTOPBIM JIBYM JIPYTHUM B3aUMHO

IIpOCTpaHcTBE?

NEPNCHAUKYIIAPHBIM IIPAMBIM, JICKAIIIUM B OJHOM
IIJIOCKOCTH.
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50.

[Tepeuncnure B3auMHOE
PaCIOJIOKEHUE TPSAMOM U INIOCKOCTH
B IPOCTPAHCTBE.

Cyl1ecTBYIOT TpH Cilydasi B3aUMHOTO
PacToI0XKEHUS MPSIMOU U MJIOCKOCTH B
MIPOCTPAHCTBE:

1) npsiMast 1eKUT (HAXOAUTCS) B TUIOCKOCTH;
2) mpsiMasi ¥ MIO0CKOCTh UMEIOT TOJIBKO OAHY
0011y TOUKY (TIpsSIMast ¥ TUIOCKOCTh
MEePECEKAIOTCH);

3) mpsiMasi U MJI0CKOCTh HE UMEIOT HU OJTHOM
0o0111e# TOUKH.

51.

[lepeuncnure B3aumMHoOE
pacrosoKeHue IByX IJI0CKOCTEN B
MIPOCTPAHCTBE.

JIBe MI0CKOCTH B IPOCTPAHCTBE JIMO0
napajuieNibHBL, JIN00 niepecekarorces. Ecnu nse
IJIOCKOCTH UMEIOT OOIIYIO TOYKY, TO OHU
MIEPECEKAIOTCSI 1O MPSIMOH.

52.

IIponomxure onpeneseHue:
«MHOrorpaHHuk — 3T0...»

MHOrorpaHHyK — 3T0 IIOBEPXHOCTb,
COCTaBJICHHAsA U3 MHOI'OYT'OJIBHUKOB U
OTrPaHUYMBAIOIIAS HEKOTOPOE T€OMETPUYECKOE
TEJO.

53.

IIponomxure onpeneseHue:
«IIpusma — 3710...»

IIpu3ma — 3TO MHOTOI'PaHHUK, JIB€ TPaHU
KOTOPOTIO SBJISAIOTCA PaBHBIMU
MHOI'OYTOJIbHUKaMH, HAXOSAIIMMUCS B
MapajuleJIbHbIX IIJIOCKOCTAX, a OCTAJIIbHBIE IPAHU
ABJISIIOTCSA NapajuieaorpaMMaMi. ['panu, KoTopsie
HaxoJATCs B IapaJUICIIbHBIX IUIOCKOCTSX,
Ha3bIBAKOTCSI OCHOBAHUSMH IIPU3MBI, @ OCTAJIbHBIE
rpaHy — OOKOBBIMU I'PAHSMU NPU3MBI.

54.

[Iponomxure onpeneneHue:
«[TpsAMOYTOJIbHBIN MapaJUTeIenUIe]
—3TO...»

[IpssMOYyTONIBHBIN MTapajuIeaenuIes —i3To
MHOT'OTPaHHMK C IIECTBIO TPaHAMU, KaXK1as U3
KOTOpBIX SIBJISIETCS B O0ILIEM Cllydae
npsIMOYTroJIbHUKOM. ITpoTuBonexaue rpanu
NapauIeICIUIECa PABHBL.

55.

[Tponomxkure onpenenenue: «Kyo —
3TO...»

Ky0 — MHOrOrpaHHuk, HIOBEpXHOCTb KOTOPOTO
COCTOMT M3 11ecTH KBaaparoB. Ky0 sBusercs
IIPABWJIBHBIM MHOTOIPaHHUKOM.

56.

[Iponomxkure onpeneneHue:
«IIupamuna — 3710...»

IInpamna — 3TO MHOTOTPaHHUK, OJHA U3
IpaHel KOTOPOro — MPOU3BOJIBHBIN
MHOT'OYTOJIbHUK, 3 OCTAJIbHBIE TPAHU —
TPEyroJIbHUKHU, UMEIoIIHe 0011yto Bepiuny. [1o
YHUCIIY YIJI0B OCHOBAHMS PA3JIMYarOT IIMPAMHU/IBI
TpPEYroJIbHbIE, YETHIPEXYTOJIbHBIE U T. 1. Ecnu B
OCHOBAHUHU JIEKHUT N-YrOJbHUK, TUPAMHIA
Ha3bIBAETCs N-YroibHOM. OHa nMeeT n GOKOBBIX
TpaHEH.

S57.

Packpolite nonsitue «mpaBuiIbHas
MIApaMUA».

IIpaBuiibHas nupamMua — 3TO NUpamMuaa, B
OCHOBAHUM KOTOPOMH JIEKUT MTPaBUIIbHBIN
MHOT'OYTI'OJIbHUK, a €€ BBICOTA NIAJAET B LIEHTP
OCHOBaHUs (B TOUKY IepeceueHus: OMCCeKTpUc
MHOT'OYTOJIbHUKA B OCHOBAaHHH).

Bce rpanu npaBuibHOM MupamMuibl —
paBHOOEIPEHHBIE TPEYTOJIBHUKH, a BCE €€
OOKOBBIEC peOpa paBHBI MEXTY COOOM.
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58.

Yro Takoe anodema npaBUIbHOM
MUPAMUIBI?

BricoTa 60K0OBOI rpaHy MPaBUIBHON MHPAMHU/IBI
Ha3bIBaETCs aroQemoil.

59.

Chopmynupyiite TEOpEMY O
BBIYHCIICHUH OOKOBOM MOBEPXHOCTH
NPSAMOU MPU3MBI.

Teopema. bokoBast MOBEPXHOCTh MPSIMOM MPU3MBI
paBHA MPOU3BE/ICHUIO TIEPUMETPA OCHOBAHUS HA
BBICOTY.

60.

Cdhopmynupyiite TeopeMy o
BBIYKMCIICHUH OOKOBOM MOBEPXHOCTH
[IPaBUJILHON ITUPAMUBI.

Teopema. bokoBasi TOBEPXHOCTh IIPaBUIIbHOU
IIUpPaMU/Ibl paBHA IPOU3BEICHUIO IIEpUMETpa
OCHOBAHHMS Ha MOJIOBUHY ario(eMsbl.

61.

HazoBuTe npeaMeThl U3 Baliei
npodecCHOHATEHOM JIeATEIIEHOCTH,
KOTOpbIEC UMEIOT (HhOPMBbI
MHOTI'OI'paHHUKOB.

B dopme kyba kpuctammsyercs moBapeHHast
COJIb.

dopmy OKTasIpa UMEET aliMa3, XJIOPH]I HATPH,
(bII0OPUT, IITTHHENb.

MHororpasntbie GOpMbI OKPYkKAIOT HAC B
HOBCGI[HCBHOfI JKM3HU ITOBCIOY: KHUI'a, KOMHATa,
MOJIOYHBIE TTAaKeThI B (JOpMe TeTpadapa Win
napasuenenunesaa. [louru Bce coopyxeHus,
BO3BE/IEHHBIC YEIIOBEKOM, OT IPEBHEETUIIETCKHX
UpaMHU/] 1O COBPEMEHHBIX HEOOCKPEOOB, UMEIOT
(opMy MHOTOTPaHHUKOB.

62.

Kakue MHOrorpaHHUKH Ha3bIBAIOTCS
npaBwibHbIMU? [lepeunciute
[IPaBUJIbHBIE MHOTOIPAHHUKHU.

[TpaBHIIbHBIMM MHOTOIPaHHUKAMU Ha3bIBAIOT
BBIIYKJIbIE MHOTOI'PAaHHUKH, BCE TPAaHU U YIJIbI
KOTOPBIX PaBHbI, IPUYEM I'PAHSMU SBISIOTCS
IIPABWJIBHBIE MHOTOYTOJIbHUKH.

B kxaxnoi BepuimHe npaBUIbHOTO
MHOT'OTPaHHHMKA CXOAMUTCS OJHO U TOKE YHUCIIO
pEdep. Bece nByrpanHsbie yrisl npu pédpax u Bce
MHOT'OTPaHHbIE YIJIbI IPU BEPIINHAX PaBHBI.
TeTpasap — npaBuiIbHAs TPEYTroIbHAs MUpaMUAA.
Hkocasrip — NOBEpXHOCTb, OTPAaHUYEHHAS
JBaJIaThio

IIPABWJIBHBIMH TPEYTOJIbHUKAMHU.

OxTas’ap — MHOTOTPaHHUK, TOBEPXHOCTh
KOTOpPOT'0 COCTOHUT U3

BOCHMH MPABUIIbHBIX TPEYTOJIbHUKOB.
Jlonekasip — MOBEpXHOCTb, OTpaHUYEHHAS
JIBEHAIaThIO

IIPABWJIBHBIMU IISITUYTOJIbHUKAMHU.

I'excasnp (ky0) — mpaBUiIbHAS YETHIPEXYTOIbHAS
IpU3Ma ¢ paBHBIMHU pEOpaMHu, OrpaHUYEHHAs
IIECThIO KBaJpaTaMHu.

63.

W3 yero cocTouT NpsAMOYToJIbHast
crcTeMa KOOpJIMHAT B
IIpOCTpaHcTBE?

[TpsimoyTonbHAs cucTeMa KOOPAUHAT B
MPOCTPAHCTBE 3aJaHa, €CJIM BEIOpaHa TOYKa —
HAYaJIo KOOPJIUHAT, Yepe3 3Ty TOUKY IIPOBEICHBI
TPH IIONAPHO MEPIICHIUKYIISIPHBIE IPSIMBIE, HA
KaKJOW U3 HUX BBIOPAHO HarmpaBieHHe (OHO
0003HavaeTCs CTPENIKON) U 3a7aHa eTMHATIA
M3MEpPEHUS OTPE3KOB.
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BekTop — 3T0 HanpaBieHHBINH OTPE30K.

Ecnu Hauano u koHeI[ BEKTOpa COBMAAAI0T, TO
TaKOW BEKTOP HA3bIBACTCS HYJI€BbIM.

BekTopbl Ha3bIBAIOTCS KOJLINHEAPHBIMHU, €CITU
OHM JIeKaT JTM00 Ha OJIHOM MpsAMOiL, 10O Ha
napajjiCJIbHBIX MPAMBIX.

64. Packpoiite noHsTHE «BEKTOPY. JmHoi (MoxyJsieM) BEKTOpa Ha3bIBACTCS
paccTosiHUE MEXKY €r0 Ha4aJlOM U KOHIIOM.
Bekrop, yiMHa KOTOPOro paBHa €AMHULIE,
HA3bIBACTCS] €IMHUYHBIM BEKTOPOM MU OPTOM.
BekTopsl Ha3bIBalOTCS PABHBIMM, €CIIM OHU
JIeKaT Ha OJHOW MJIM MapajlIeNIbHbIX IPSIMBIX; UX
HalpaBJIeHUs COBIAAAIOT U JUIMHbI PaBHBbI.
YroOsl HAliTH KOOpAMHATHI BeKTOpa AB, 3Has
KOOP/IMHATBI €r0 HayaJIbHOM TOUKU A M KOHEUHOH
65. Kak naiitu koopauHaThl BeKTOpa? TOYkH B, HE00X01MMO U3 KOOPAMHAT KOHEUHOM
TOYKH BBIYECTh COOTBETCTBYIOIINE KOOPHUHATHI
Ha4yaJIbHOW TOYKHU.
JlBa HEHyJIeBBIX BEKTOpPA Ha3bIBAIOTCS
Kaxue BexkTOphl Ha3bIBalOTCA .
66. KOJIJTMHEAPHBIMHU, €CII OHH JIS)KAT Ha OJTHON
KOJIJIMHEApHbIMU? .
IpSIMOM MJIM Ha NMapaulebHbBIX IPSIMBIX.
67 Kakue BeKTOpbl Ha3bIBAIOTCS [TepnieHAMKYNIIpHBIE BEKTOPBI — 3TO BEKTOPHI,
' MepIEHIUKYIISIPHBIMU? KOTOpPBbIE 00pa3yIoT MPSIMON YTOJI MKy COOOiA.
CKaJsipHBIM IPOM3BEIEHUEM JIBYX BEKTOPOB
Ha3bIBAETCSI YUCIIO, PABHOE MPOU3BEICHUIO JJIUH
68 Uemy paBHO CKalsIpHOE ATUX BEKTOPOB Ha KOCHHYC yIjla MEXJy HUMH.
' IIPOU3BEICHNE BEKTOPOB? ®opmyra BEIYUCIEHUS CKATSIPHOTO
IIPOU3BENICHNUS BEKTOPOB 10 OIPEIEICHHUIO:
4 4 =
ad-b=|d|-|bl|cosa
VYron Mexay AByMs BEKTOpaMH HaXOJIUTCS B
npomexytke [0°; 180°]. Ecnu BekTOpBI
NEPIEHUKYIISPHBL, TO YTOJI MEX1Y HUIMH PaBEH
69 Uemy paBeH yroia MEXIy 90°. Ecnii BEKTOpPBI COHAIIPABIIEHBI, B YACTHOCTH
BEKTOpamu? OJIMH U3 HUX WIK 00a HYJIEBbIE, TO YIOJ MEXIY
HuMU paseH 0°. Eciin mpoTHBONOI0KHO
HaIpPaBJIEHHbIE BEKTOPBI, TO YIOJl MEXy HUMHU
paBeH 180°.
Packpolite (popMyily COKpaIeHHOro
70. POIfTe (QOpMYIY COKP (a—b)(a+h)
YMHOXXEHUS a“ — b°.
71 [Tnomanp TpeyroiabHUKa s ah
' BBIUHUCIIIETCS 110 popmylie: 2
Kakoe n3 cnegyromux yucen
72. 3aKJIIOYEHO MEXKIY YHCIaMu 06
10 5 ’
—u=?
17 8
1, 11
73. Boruucnure St o 2,7
74. Pemmre ypaBHeHue 2
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x%? — 7x + 10 = 0. Ecnu ypaBHeHue
uMeeT 0oJiee OJTHOTO KOPHS, B OTBET
3alMIINTE MEHBIIUN U3 KOPHEH.

75.

[Tnomane 3emMeNnb KPecThIHCKOTO
X035MCTBA, OTBEJCHHAS MO MOCATKY
KYCTapHUKOB M IIBETHUKOB,
cocTaBisieT 24 ra ¥ pacupeeseHa
MEXK]1y HUMHU B OTHOIIIEHUH 5:3.
CKOJIbKO IeKTapoB 3aHUMAIOT
[BETHUKU?

76.

Bsicora BH napamienorpamMmma
ABCD penut ero cropony AD Ha
orpe3ku AH =2 u HD = 32.
Huaronans napasmienorpamma BD
paBHa 40. Haiinure momaas
napajuiesiorpaMma.

816

77.

B AABC sinC = %. Kakag u3

CTOPOH SIBIISIETCS TUIIOTEHY301
AABC?

AC

78.

YTII0M KaKkOW YEeTBEPTHU SIBIISIETCA
Za = 400°?

| gveTBepTH

79.

Kakoe uucino siBnsercs KopHeM
1
yYpaBHEHUS COS X = E?

X ==

80.

. T T
Brrauciaure sin > + cos >

81.

Haitnure 3HaueHne BbIpaXeHUs:
ﬁ)

4 ar ——4aqa in| ——
ccos > rcsi < >

21

82.

Ympocrure:

2sin (g + a) + cos(m — ).

cosa

83.

Pemnre ypaBHeHue:
sin’x —4sinx +3 =0.

T
§+2T[k,kEZ.

84.

Mex iy KakuMu ABYMS
HaTypaJbHBIMU YHCJIAMH HAXOJAUTCS

gucno V19?

2u3

85.

Omnpenennure KOpeHb YpaBHEHUS
x3 = 125.

5

86.

Pacnonosxure B mopsiake
3 4
BO3pACTaHUs yucia: 2; \/g; V17.

i/E;z; V17

87.

VYMHOXas 4yrciia ¢ OAUHAKOBBIM
OCHOBaHHUEM, UX CTEIICHU:

CKJIaAbIBAarOT

88.

Haiinnre 3HaueHne BbIpaKeHUS
5,58.,2,9

2 nmpu a = 7.

a
q648

49

89.

Haiinnre 3HaueHne BeIpaKeHUS
2
(V12+v8)
10++/96
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90.

Paccrosanue ot HabmroHaTens,
HaXOJSIIETOCs Ha HeOOIBIIION
BbICOTE h KHIIOMETpOB Hal 3eMIEH,
10 HaOIr01aeMON UM JTMHUU
TOPU30HTA BHIYUCIISETCS 110
dopmyne I = V2Rh, rne R=6400 km
— paauyc 3emiu. C KaKoil BBICOTHI
TOPU30HT BUJIEH HA PacCTOSHUM 48
Kus1oMeTpoB? OTBET BBIPA3UTE B
KHJIOMETpax.

0,18

91.

Pemre ypaBHenue v—32 — x = 2.

92.

[Tpu kakoM 3HaYCHUU A QYHKIUSA
y = a* yObIBaeT Ha Bcel 001acTH
onpeeacHus?

93.

Oyukuus 3aaaHa GopMyIioi
1

f(x) = (—)x. Yemy pasno f(—2)?

2

94.

Uemy paBeH KOpEHb YpaBHEHHS

DI

12,5

95.

Haiinnre kopeHbs ypaBHEHUS
3**t2 —5-3* =12,

96.

CKOJIBKO LIEJIBIX PEIICHUN UMEeT
HEPaBEHCTBO
1< 7% 1 <49?

JABa

97.

Haitgure Touky Mmakcumyma
2
$yukuun y = 2578

98.

B xoxe pacnaga painoakTUBHOTO
M30TOMa €ro Macca yMEHbIIIAETCS 10
-t
3akoHy m(t) = my * 27T, e mo —
HadajJbHasA Macca u3oromna, t —
BpeMs, MTPOILIEIIEe OT HaYalIbHOTO
MOMeHTa, T — nepuon
nojypacnazaa. B HadyanbHbI MOMEHT
BpeMeHH Macca u3oTona 184 mr.
[Iepuon ero nmosypacmanaa
cocrasiger 7 MuH. Halinure, yepes
CKOJIbKO MUHYT Macca U30ToIa
Oyzner paBHa 23 Mr.

21

99.

VYkaxure 00J1acTh ONpeeIeHus
byHKIIIT

() =1 2x—3
fx) = gx+7'

(—0;=7) U (1,5; +)

100.

Pacnionoxwure B mopsiike
BO3paCTaHUs:

1
logos4; loggs 0,4; loggs "

1
logos4; logos0,4; logos 7

101.

Haiinure kopeHb ypaBHEHUS
log,(5 —x) = 2.

-11

102.

OmnpeenuTe 3HAUEHUE BHIPAKEHHUS:
loge 2 + loge 3 + 210924,
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103.

VKaxute HauMeHbIIIEE 1IEJI0E
pelreHre HepaBeHeTBa log; (6X —
4) > 2.

104.

Haitaure Touky Mmakcumyma

byHKIMHA
y=8In(x+7)—8x+3.

105.

Jlst oGorpeBa nomenieHus,
TeMmIepaTrypa B KOTOPOM

noJiIep >KUBaeTCs Ha ypoBHe Tp =
15° yepe3 paguaTop OTOIIICHHS
MPOITYCKAIOT TOpsiuyio Boay. Pacxon
MPOXOSIIEH Yepe3 TpyOy
paauaropa Boasl m = 0,6 kr/c.
[Tpoxoxst mo TpyOe paccTosiHUE X,
BO/JIa OXJIQXKJAETCSA OT HaYaJIbHOU
temneparypsl Tp = 91° 1o
TeMreparypsl T, mpuyém x =

Tg—Tp _
o1, e C = 4200 —

— TEIUIOEMKOCTD BOJBI, Y =

BT
28 e

TermaoooMeHa, a o = 0,8 —
nmocrosHHas. Hagure, 10 Kakou
TeMIeparypsl (B rpaaycax Llenbcus)
OXJIQJUTCS BOJIA, €CIIH JJINHA TPYOBI
panuaropa paBHa 144 m.

Bt-c

alo
” g2

KOd(QPUIHEHT

34

106.

Kaxkoe u3 yucen sBisieTcss KOpHEM
ypaBHEHHUS
log,(x+1) =17

107.

Omnpenenure BUJ ypaBHEHUS

V=32 —x=2.

UppalnroHaIbHOE

108.

Onpenenure HauboOIbIIEE 1IEJI0€
penienue HepaBeHcTBa 5712 < 1.

-3

109.

HaiinuTe KopHHU ypaBHEHHUs |x —
3| = 2.

1;5

110.

Pemnre cucreMy ypaBHeHUI
xX—y=38,
2X73Y = 16,

(10; 2)

111.

PCHH/ITC HepaBeHCTBO
2x%-5x
<x

x=3

(—o0; 0] U [2;3)

112.

Pemmre ypaBHEeHnE

(2x—3)V3x2 —5x—2=0.

—1;6

113.

UYemy paBHa Mpou3BoiHAs HYHKIUU
y = cos?x?

! —

y' = —2sinxcosx

114.

ITo kako#t popmyIe BEIYUCIAETCS
IIPON3BOIHAS] TPOU3BECHUA?

(uv) =u'v+uv’

115.

Pemmre ypaBuenue f'(x) = 0, eciu
f(x) = 3x? — 6x + 4.

1

116.

MarepuanbHas TOUKa IBUKETCS
MPSIMOJIMHENHO T10 3aKOHY

8
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x(t) = —t*+6t3—4t>+5t-5
(TIe X — paccTosiHUE OT TOYKH
OTCYETA B METpax, t — BpeMsI B
CEKyHJIaX, U3MEPEHHOE C Havaja
nBkenus). Haiiqurte ee ckopocts (B
M/C) B MOMEHT BpemeHu t =3 c.

117.

(x=2)(x+3)

(x-8) >

Pemmte HEPaBCHCTBO
0.

(—3;2) U (8; +)

118.

Jlnst kako U3 GyHKIUN QyHKIHS
F(x) = x3 — 3x? + 1 sBusercs
11epBOOOpa3HON?

f(x) = 3x? — 6x.

119.

Jana GhyHKIHSI
f(x) = 3x? + 1. Yemy pasna F(1)?

120.

Kaxkoii o01mmii Bua Bcex
MIEPBOOOPA3HBIX IS
f(x) = sinx?

F(x)=—cosx+C

121.

Brrunciure onpeneneHHbli

2
uHTErpan |, | Xxdx.

1,5

122.

SBngercs nu
F(x)=x3-3x+1
nepBooOpazHoit amst GyHKINH

f(x) =3(x%—-1)?

Ja

123.

3amaiite mepBoodpasuyro F(x) mus
byHKIIIN

f(x) = 3x? — 2x, eclt U3BECTHEI
KoopauHaThl Touku M (1; 4)
rpaduka F(x).

x3—x*+4

124,

YKaxkuTe 4ucio, puHaIexaee
MHOXECTBY

M = {5, 10, 12, 37, 41}.

125.

VYKaxute BEepHOE COOTHOUIEHUE AJIS
MHOXeCTB A = {5,9, 11}; B= {4, 5,
10, 11, 12}; C=1{4,5,9, 11}.

AcC

126.

Yemy paBHa MOIITHOCTh MHOKECTBA,
COCTOSIIIETO U3 BCEX OYKB PYCCKOTO
andasura?

33

127.

3aKOHYMUTE OINpE/ECICHHE:
«MHO)ecTBO, cozepxKaillee
JJIEMEHTBI, IPUHAJIEKALUE U
MHOXECTBY A, 1 MHOXECTBY B,
Ha3bIBAIOT ...»

MNEepeCCUYCHUEM MHOXKCECTB

128.

3anuuImTe NepedncIeHueM
2JIEMEHTOB MEPECEUEHNE MHOYKECTB
A u B, ecnu:
A=1{3;5;7;,27;14;9},B={9; 3; 7;
27; 14}.

ANB =1{3;7;9;14; 27}

129.

Janbl 1Ba MHOKecTBa A = {1, 2, 3,
4,6,12} uB=1{1,2,3,6,9, 18}.
3anumunre 00beIUHEHNE MHOKECTB.

AUB =1{1;2;3;4;6;9;12; 18}
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130.

Kaxplil yueHHK B KJIacce U3y4aeT
AHTIIUHACKUN UM HEMELIKUH S3BIK,
WM 00a 3TUX A3bIKa. AHITIHHCKUI
A3bIK U3y4aroT 30 uenoBex,
HEMEIKHI — 25 JeJIoBeK, a TOT U
npyroit — 15 uenoBek. CKoJIBKO
BCEr0 YYEHUKOB B Kjacce?

40

131.

BrinuinTe Bce 371€MEHTHI
MHOecTBa F, ecau F — 310
MHOKECTBO KOpHEl ypaBHeHHs X2 +
4x —5=0.

F ={-5;1}

132.

KomOunaropuka — 310 pazaen
MaTeMaTHUKH, OTBEYAIOIIHI Ha
BOITPOC, CKOJILKUMH CIIOCOOaMU
MOYHO BBIOpATh 3JIEMEHTHI:

3aJaHHOI'0O KOHCYHOI'O MHOXXCCTBA

133.

CoeauHeHus U3 N 3JIEMEHTOB,
OTJIMYAIOIINECS IPYT OT Apyra
TOJIBKO TIOPSITKOM PACIIONIOKEHUS B
HHUX DJIEMEHTOB, Ha3bIBAIOTCA. ..

IepECTaHOBKAMHU

134.

Yuciio BceX BO3MOKHBIX
Pa3MEIICHUI BBIYUCIISAETCS 110

dhopmyie:

n!

An' = (n—m)!

135.

I'pynnupoBka — 370:

YIOPSAJIOYECHUE EIUHUL] COBOKYITHOCTH I10
IIPU3HAKY

136.

B cpennem u3 2000 cagoBbix
HACOCOB, MOCTYMUBIIUX B MPOJAKY,
6 noarekarT. Haliiure BEpOSITHOCTh
TOr0, YTO OJMH CIy4aillHO
BBIOpAHHBIN 11 KOHTPOJISI HACOC HE
MMOATEKAET.

0,997

137.

[{BeTOBOY MPEITOKUIN YKPACUTD
KJIyMOy LIBETaMH, UCIIOJIB3YS 3 BHUJA.
CKOJIBKO pa3/IMYHbIX BAPUAHTOB
€CTh y LIBETOBO/Ia, €CJIM €CTh BHIOOD
13 5 BUJIOB pa3HOM paccabl?

10

138.

CKOJBKHUMH CIT0cO0aMU MOKHO
ocaauTh 4 KyCTapHUKA B OJIUH P’

24

139.

Pacmmgpyiite kparkyro 3anuce: a €

B.

npsiMasi & PUHAIIEKUT TIOCKOCTH B

140.

IIpsmbie AB n C/] cKkpenuBaroTes.
Kakoe pacnonoxeHrne UMeT
npsimeie AC u B/[?

CKPEIIUBAIOTCS

141.

[TnockocTu @ U § UMEIOT OJIHY
o0mryto Touky. KakoBo ux B3aMHOE
pacrnooxeHue?

MIEPECEKAFOTCS 1O NMPSAMOUN

142.

Ecnu npsimas, mpoBeieHHas Ha
MJIOCKOCTH Y€pe3 OCHOBAHUE
HaKJIOHHOM, MEePIIeHIUKYJIISIpHA €€
MIPOEKITNH, TO OHA!

MEPIECHANKYJISIPHA U CAMOW HAKJIOHHOMN

143.

Uepes koHIIBI OTpe3ka AB u ero
cepeauny M npoBeaeHbI

7,1
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napajuieIbHbIE TPSMbIC,
MEepPECEKAIIINE HEKOTOPYIO
IJIOCKOCTh B TOuKax A1, B1 u M.
Haiinure nuny otpeska MM, ecnu
OTpe30K AB He nmepecekaeT
IUIOCKOCTh U eclii AA1= 6,8 cM,
BB1=174 cm.

144,

IIpsimbie AC, AB u AD nonapno
neprneHAuKyIsipusl. Halinure
orpe3ok CD, ecnmu AB =5 cm, BC =
13 cm, AD =9 cm.

15

145.

W3 TOYKM K TIIOCKOCTH TIPOBEICHBI
JIBE HAaKJIOHHBIC. HalianTe JIIMHEI
00IIIero MepreHAUKYIsIpa, €ClIn
MIPOCKIIUN HAKJIIOHHBIX OTHOCSITCS
Kak 2:3 1 JUIMHBI HAKJIOHHBIX PABHBI
23 cmu 33 cm.

146.

B kakux enuHHUIAX U3MepseTcs
TUIOIIA (b TIOBEPXHOCTH
MHOTOTpaHHHKA?

B KBaJApPaTHBIX METPax

147.

[Tnomane 60KOBOI MOBEPXHOCTH
MIPU3MBbI BBIYHCIISICTCS TI0 (hopMyIIe:

Seox. = Pocu. " H

148.

Yro sBIISIETCS OCEBBIM CEYCHUEM
YCEYEHHOTr0 KOHyca?

paBHOOeApEeHHAas Tparnenus

149.

Kakas ¢urypa nonxyuaercst npu
BpAIICHUU TIPSIMOYTOJILHOTO
TPEYTOJIbHUKA BOKPYT OJHOTO W3
CBOHMX KaTeTOB?

KOHYC

150.

Pebpo ocHoBaHUS paBUIBLHOM
TPEYroJIbHON MUPAMHJIBI 3 M,
anogema 6Mm. Haitnure miomans
OOKOBOI MOBEPXHOCTH MUPAMUJIBI.

27

151.

Jnaronans kyda paBHa vV 588.
Haiinure ero oobem.

2744

152.

[IpsiMOYTONBHUK CO CTOPOHAMU 8 CM
1 3 cM Bpaiaercsi BOKpyr Oosiblieit
cTopoHbl. HalimuTte 00beM, Tiomaau
OOKOBOI1 U MOJIHOI MOBEPXHOCTEN
MOJIYYEHHOT0 Tea.

72m; 48m; 641

153.

BrruncnuTs NOBEpXHOCTh KPOHBI
KyCTapHHUKa, UMEIOLIET0 popmMy
mapa, paauyca 0,5 m. B otBer
3aMUIINTE YUCII0, NENEHHOE Ha T.

154.

JlaHbl TOUKH
A(1,0,5),B(—2,0,4),C(0,—1,0), D(0,
Kakas u3 HUX JeXHUT Ha
KOOpAWHATHOH nipsimoit Oy?

155.

Kaxoii u3 BekTopoB

_ (12 2
a(10,-1,¢(3.2,-3)
b(1,1,1),p(0,0, —2) siBusieTcst
€ IUHUYHBIM?
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156.

Kakwue u3 BekTopoB
q(llzl _3)’ 5(3’6’ _6)’
b(2,4, —6) KonnuHEapHbI?

Ql
=
S

157.

JlaHbl TOUKH
A(2,0,5),B(2,4,—2),C(—2,6,3).Cep
€IMHOI KaKOro OTpe3Ka sIBJISETCS
touka M(0,3,4)?

AC

158.

Janbl BEKTOPBI
a(—6,0,8),b(—3,2,—6). Haiigure
CKQJISIPHOE MPOU3BEICHUE BEKTOPOB.

—-30

159.

[Ipu xakux 3HaA4YEHUAX N BEKTOPHI
a(4) n) 2)’ b(]‘)z) n)
MIePIEeHIUKYJISIPHBI?

160.

JlaHbI BEKTOPBI
a(—6,0,8), b(—3,2,—6). Haiinure
KOCHHYC yIila MEXJy BEKTOPaMH.

161.

[TepeBenute rpaayCHYIO MEPY yIiia B
pajuaHHyIo:

a) 60°; r) 540°;

0) 330°; ) 100°.

B) 50°;

b4
a)g;
11w
0=
51
B)E'

162.

I[lepesenute paauaHHyIO MepY yria
B IPalyCHYIO:
a) 5m; r) 3_”;
4

0) —; Il)g-

a) 900°;
6) 420°;
B) 216°;

r) 135%
) 22,5°.

163.

Beruucnure, ncnomns3ys GopMyIibl
MIPUBE/ICHUS:

a) cos 780° ; 0) sinlng.

1 1
a)>; 0) .

164.

prOCTI/ITe BBIPAXKCHUS:
a) (3sint+ 4cost)? + (4sint—3
0) 2cos(2m + t) + sin (g + t) ;
) cos(180°+a)-cos(—a)
B sin(—a)-sin(90°+a) '

a) 25;
0) 3cost;
B) ctg Q.

165.

[lepeBeaute TpamycHYIO MEpy yriia B
pajuaHHyIo:

a) 80°%; r) 600°;

0) 320°; ) 450°.

B) 20°;

4T
a7
16w
0) 5
T
B) ;;

107
D3

51
) -

166.

I[lepesenuTe paguaHHYIO MepY yria
B IPalyCHYIO:
a) 8m; r) 3_”;
10w 2
0=

71T
B)?;

T
s

a) 1440°; r) 270°;

0) 600°;
B) 252°;

) 20°.

167.

Boruncnute, ncnoinb3ys GopmyIibt
[IPUBEJICHHUS:

a)

V3,
2

&
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a) sin 780° ; 0) cosl%n.

YIpoCTUTE BBIPAXKEHUS:

a) (tgt+ctg t)? — (tg t — ctg t)? a) 4;
168. 0) 2sin(m +t) + cos (E - t) ; 0) —sint;
2
sin(—a)-ctg(—a) B) ctg Q.
B) c0s(360°—a)-tg(180°+a)’
YrpocTute BhIpaKeHHE:
1.(sin x + cos x)* —1
2
) (7 o 37 . 1. sin2x
2/C0S° X — =X [+SIN°| —=X]|] =sin“x 2
169. | ) 2 2. cos°x
1
3. -
3 sin* x +sin? xcos ” x cos*x
sm XCOS X
[IpeoOpasyiiTe BeIpaKEHHE:
(a_+2 __4a 2 ) . va-v2 1
70, V2a \1/%-1!-2 2a a+2 1. NG
( _ 5 a 1
PR PR 2. Ve
c4+c2  c2+1 3. 2
lg8+1g18
" 21g2+1g3
Pemute ypaBHeHue:
1.Vx?2+2x+10=2x—-1 1.3
171. 2.cos(g+x)+cos(——x)=1 2x=i— + 2nk,k € Z
3. 0’2x2—16x 375:5\/— 3.-2; 18
4.logsVx —5+logsV2x —3 =1 4.6
YHpocTuTe BrIpaKEHHE:
1.(cos 2x +1)tg *x —1
ctg 37 X 1 2
— - . — COS 2X
72 | o 1+ctg ?(— x) 2 , 1
. . 2 M . 22
tg?(x — ) ctg(7z+x) 3.tgx
3 sm X COS X+COS X sin X
COS X
[TpeoOpasyiiTe BoIpaKCHHE:
ava+bVb ab va+vb
1. ( va+vb )( a+b ) 1 (a-b)?
11\ 3 3 " (a+b)?
173. 3(ab)%—3b (aZ—b2> +2az+b2 5 3
2. + :
a—b a%+b% 3.-3
3lg2 + 3lg5
"1g13 — 19130
Pemmre ypaBHeHue: 1.2
174. |1NV17+2x—3x2=x+1 2_x:§+2nk,keZ

2.sin(g+x)—sm(——x) V3
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3, pX?—6x+0,5— 1

162
4. %lg(Zx -1)=1-Igvx—9

.13

175.

Beruucnure npou3BoaHyO:

1.f(x) =2x*+4x* + 6x+3
1 2 3
2.f(x)—;+x—2—x—3

3.f(x) = (8x — 10)3
4.f(x) = cosg

5. f(x) = ——

(5—4x)°

N

Ax +16x3 4+ 6

1 4 9

x2  x3  x*

. 24(8x — 10)?

1 . x

—=Sin-—-
5 5
20

(5—4x)6

176.

Haitaure koopauHaATBI TOUEK
KacaHHs, B KOTOPBIX KacaTelbHbIE K
rpaduxy Gynxiuu y = 2x2 + x + 4
UMEIOT YTII0BOH KO PHUIIUEHT,
paBHbIil 1.

(0;4)

177.

CocraBbTe ypaBHEHHE KacaTeIbHON
K rpauKy QyHKuun y = 3x2% —

4x — 2 B TO4Ke ¢ aOCIUCCON X( =
—1.

y=-10x -5

178.

MarepuanbHasi TOUKa ABUKETCS
IPSMOJIMHENHO 110 3aK0oHy X (t) =
t3 — 27t.

Haiinure yckopenue Touku B
MOMEHT BpeMEHU t = 2 C.

24

179.

Breraucnure IMPOU3BOJHYIO:

1. f(x) = 3x% + 6x* + 8x + 100
2 f ) =22

3.f(x) = (4x — 5)°

4. f(x) = sin10x

5.f(x) = —

(1-2x)3

AW NP

.6x +24x3+8

4 6 24

x2  x*  x°

. 24(4x — 5)°
.10 cos 10x

_°
(1-2x)*

180.

Haiinure KOopaHHATBI TOYEK
KacaHMsl, B KOTOPBIX KacaTeJIbHbIE K
rpaduky QyHkmu y = x2 + 2x — 1
UMEIOT YTII0BOM KO PUIIUEHT,
paBHBIH 2.

(0, -1)

181.

CocraBbTe ypaBHEHHE KacaTelbHON
K rpaduky QyHKmuu y = 2x2 —

5x + 1 B Touke ¢ abcuuccon xq = 2.

y=3x-—-7

182.

MatepuanbHasi TOUKa IBUXKETCS
IPSMOJIMHENHO 110 3aKOoHy X (t) =
8t% — 2t3.

Haiinnre yckopeHne TOYKH B
MOMEHT BpeMeHn t = 1 c.

183.

I'paduk xakoit HpyHKIIMM H300paskeH
Ha pUCYHKe?

y =2C0S X




184.

Pemre ypaBHenue sin 2x = 1.

Lk keZ
27 .

185.

Beorunciute 641088 V3

3

186.

W3 npuBeaéHHbIX HUXKE Hopmy
mudepeHMpoBaHus BHIOEPHUTE

HEBEPHYIO:
1\’ 1,
;) =
2) (kx +m)' =k;
3) (x + km)' =k;
4) (sinx)' = cos x.

(x+km) =k

187.

Pemnre ypaBHeHue:
23% . 3% = 576.

188.

Kak naszwiBaercs urypa,
n300pakeHHasi Ha PUCYHKE:
y

y=f)

0

KPHUBOJIMHEWHAsI TpaIenus

189.

Typuct IUTaHUPYET IPOBECTH
HECKOJIbKO JTHEH Ha YepHOMOpCKOM
nobepexbe KpacHomapckoro kpas.
[Ipo)xuBaHue B TOCTHMHHIIE: HOMEP
«JIrokc ¢ OankoHOM» 6 CYTOK ¢
30.05.2023 r mo 05.06.2023 1t -
CTOMMOCTh OJHHX CYTOK COCTaBIISET
5000 p.

[TuTtanue: 3aBTpak (B IeHb 3aCEICHUS
3aBTpaK He mpepoctapisiercs) — 550
p.; 00en (Bce AHH, KpoMe JTHS BbIe3/a)
— 1300 p.; yxuH (Bce IHU, KpOME JAHS
BbIe3sia) — 750 p.

Kpowme Toro, rocts nocetun cayny (1
pa3), TpeHakepHblii 3an (2 paza) u
MaccaxHbii  kabwHer (1 paz).
CToMMOCTB MOCeLeHHs JIF00O0Tr0 BHJIA

52200
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Jocyra HE BKIIOYEHA B CTOUMOCTH
npoxuBanus u coctasisger 2300 p.
Paccuuraiite CTOMMOCTbD
MPOKUBAHUS JJI TOCTS 110 3aaHHBIM
YCIIOBHSIM.

Y CcTaHOBUTE COOTBETCTBUS MEKIY
B3aMMHBIM PACIIOJIOKEHUEM MPSIMBIX
B IIPOCTPAHCTBE:

A) JIBe ipsiMbI€ B IPOCTPAHCTBE

1)-b) oHu He JekKaT B OJHOM IIOCKOCTH

2)-B) oHu j1eKaT B OIHOM IIOCKOCTH U

190. Ha3bIBAIOTCS NapajlIeIbHbIMU, €CIIN. . IIepeceKaloTCs
b) Jlse npsimble B pocTpancTae 3)-A) oHH JeXaT B OJHOM IIOCKOCTH U
Ha3bIBAIOTCS CKPEIIMBAIOIIUMHUCS, €C] He TlepeceKatoTes
B) IBe npsiMble B IPOCTPaHCTBE
Ha3bIBAIOTCS TIEPECEKAIOIIUMHUCS, €CJl
YcTaHOBHUTE COOTBETCTBUE MEXKITY
dbopMyiamMu ¥ BUAOM (QYHKITUU: A)-3) skcrioHeHTa
191. 1)y =ax?*+bx+c B)-1) mapaGona
2)y=(a—x)*+ (a—y)? B)-2) OKpYKHOCTb
3)y=a*
Jmuna ayru |, paanyc r ¥ COOTBETCTBYHOIIH
LEHTPAJIbHBINA YTOJl & CBSA3aHBI COOTHOIIICHUEM:
a=
Ecmu [ = r, T0 @ = 1, ¥ MBI TOBOpHUM, YTO YTOJI (&
paBeH 1 panuany, 4yto o0o3Havaercs: ¢ = 1 pag,.
Taxum 06pa3omM, MBI IMEEM CIIeAyIOIIee
ompejelieHnue paJuaHHONW MEpBHI.
Panuan ecTb EeHTpaIbHBIN YI0JI, Y KOTOPOTO
JUTMHA IYTH U paanyc paBHbl. Pannannas mepa
M3MEPEHUs yIiia €CTh OTHOIICHUE JUTHHBI TyTH,
IIPOBEIEHHON POU3BOJIBLHBIM PAINYyCOM U
3aKITIOYEHHON MEXy CTOPOHAMH ATOTO YT, K
panuycy IyrH.
A
PR
192. Panuannas mepa yria.

Crnenys ool hopmyie, Uy okpyxHoctH C u
e€ paanyc I MOXHO BBIPA3UTh CIEAYIOIUM
oopazom: 2 =C/r.
Tax, nonHbii 000poT, paBHbIN 360 B rpaycCHOM
MU3MEPEHUH, COOTBETCTBYET 2 T B paJIMaHHOM
n3Mepenuu. OTKyAa MbI IOJy4yaeM 3HaU€HHe
OJIHOTO pajfaHa:

360°
1 pag = ————= 37°, 2058 = 577177457 .

27
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27
19= ———= 0017453 pag .

[n]
Oo6partHo, —
[Tosie3HO MOMHUTH CIIEIYIOIIYIO CPABHUTEIBHYIO
Ta0IMIly 3HAYCHHI HanboJIee 4acTo
BCTPEUAIOIUXCS YTIIOB B rpajlycax U pagruaHax:

Vrnuw B rpagycax  360° 180° Q0= 60° 45°

Wrnuw B pagHaHaz 27 T T2 T3 T

193.

CuHyc,  KOCHHYC,
KOTaHI'€HC YIJIa.

TAaHT'CHC

n

Omnpenenenue.

CuHyc 0CTpOro yria B IpsIMOYIOJIbHOM
TPEYroJbHUKE — 3TO OTHOIICHUE
IIPOTHBOJIEKAILETO KaTeTa K THIIOTEHY3eE.
Omnpenenenue.

Kocunyc octporo yria B npsiMOyrojibHOM
TPEYrOJILHUKE — 3TO OTHOIICHUE MPHIICKAIIETO
KaTeTa K TMIIOTEHY3e.

Omnpenenenue.

TaHresc ocTporo yria B psiMOyroJbHOM
TPEYTOJLHUKE — 3TO OTHOIICHUE
IPOTHBOJIEXKAILETO KaTeTa K Mpuexaliemy.
Omnpenenenue.

KoTtanreHnc octporo yria B psiMOyrojJbHOM
TPEYTOJbHUKE — 3TO OTHOIICHUE MPHIICKAIIETO
KaTeTa K IPOTHBOJIEKAILEMY.

B TpuronomeTpuun Ha yroj HAYMHAIOT CMOTPETh
OoJiee MUPOKO - BBOJAT MOHATHE YIJla IOBOPOTA.
Bennumna yriia moBopoTa, B OTJIIMYHE OT OCTPOTO
yria, He orpaHnudeHna pamkamu ot 0 10 90
rpajiycoB, YroJ MOBOPOTA B rpagycax (u B
panuaHax) MOKET BbIPaXaTbCsl KAKUM YTOJHO
JEHCTBUTEIBHBIM YHCIIOM OT —00 JI0 +00,

B sTOM cBeTe naroT onpeaeneHus cunyca,
KOCHHYCA, TAHT'€HCA M KOTAaHTeHCAa yXKE HEe
OCTpPOTo0 yIiia, a yriia Ipou3BOJIbHON BETUYHHBI -
yria moBopoTa. OHH JaroTcs Yepe3 KOOPIUHATHI X
U Y TOUkH A1, B KOTOPYIO IEPEXOANUT TaK
Ha3bIBaeMas HavanbHas Touka A(L, 0) mocre ee
MIOBOPOTA Ha YroJ o BOKpYT Touku O — Havana
MIPSAMOYTOJIBHOW IEKAPTOBOM CUCTEMBI KOOPIHHAT

" OCHTpA SIMHUYIHOM OKPYKHOCTH.
Y

.:':4-_ [, 3 )
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Onpenenexue.

CuHyc yriia moBOpoTa o - 3T0 OpJIUHATA TOUKH
A1, TO ecTb, SIno=y.

Omnpenenenue.

KocuHycoM yria moBopoTa o Ha3bIBatOT
abcuuccy Touku A1, TO €CTh, COSO=X.
Onpenenenue.

TaHreHc yriia moBopoTa o, - 3T0 OTHOIICHHE
OpAMHATHI TOYKH A1 K ee abcIucce, TO eCTh,
tga=y/x.

Onpenenenue.

KoTaHreHcom yriia moBopoTa o Ha3bIBalOT
OTHOIIIEHHE a0CIUCCHI TOUKH A1 K € OpIHHATE,
TO €CTb, Ctgo=x/y.

CuHYC ¥ KOCHHYC ONpeICIICHBI JIJIS IIOOBIX YIIIOB
MOBOPOTA, TAHTEHC OIPEICIICH ISl BCEX yIJIOB,
kpome 90°+180°k, KEZ (n/2+m-k pan), a
KOTAHT'CHC — ISl BCEX YIJIOB,

kpome 180°-k, KEZ (m-k pan).

OcHoBHbIE TPUTOHOMETPUYECKHE

OCHOBHBIE TPUTOHOMETPHUICCKUE TOXKISCTBA —
ATO paBEHCTBA, KOTOPHIC YCTAHABIIMBAIOT CBSI3b
MEXTy CHHYCOM, KOCHHYCOM, TAHTCHCOM U
KOTaHT'€HCOM OJIHOTO yria. DTO 3HAYHT, YTO
MO0YI0 U3 3TUX (PYHKIMA MOKHO HAWTH, €CITN
U3BECTHA Jpyrast QyHKIIUS.

194. OCHOBHBIE TPUTOHOMETPUYECKUE TOXK/IECTBA!
TOX]IECTBA. ., , o
sin*> a + cos’>a =1
tga-ctga=1
tg o= sin o + coS o
ctg o = cos a + sin a
I +tg2a=1+cos*a
I +ctgz2a=1=+sin*a
Heo6x011uMo ysICHUTB «3aKOH», KOTOPBIN 3/1€Ch
pabotaet ¢ hopmysiaMu MPUBEICHHUS:
1. Onpenenure 3HaK QYHKIUH B
COOTBETCTBYIOLIEH YETBEPTH.
Sin a cos a
’ 3 A
II I II I
195. | ®opmynbl npUBEACHHUS. > >
I v 1 v

2. 3aIoMHUTE CIeayIomIee:

- ipu 90° u 270° GpyHKIUSA U3MEHsETCS Ha

KO YHKITUIO;

- ipu 180° u 360° dpyHKIUSA HA KOPYHKIIMIO HE
WU3MEHSETCS.
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Ha KO yHKIHIO?
OtBeT: cuHYC

sin(90° —a) = cosu
sin(90° + a) = cosa
sin(180° — a) = sina
sin(180°+ a) = —sina
sin(270°—a) = —cosa
sin(270°+ a) = —cosa
sin(360°—a) = —sina
sin(360°+ a) = sina
tg(90°—a) = ctga
tg(90° + @) = —ctga
tg(180°—a) = —tga
tg(180°+ a) = tga
tg(270°—a) =ctga
tg(270°+ a) = —ctga
tg(360°—a) = —tga

tg(360°+a) = tga

MCHSIETCSI Ha KOCHHYC
Ha00OPOT, TAHTCHC HAa KOTAHTEHC WJIK HA000POT.

Uro o3HayaeTr MOHATHE — (PYHKLIMS U3MEHSETCS

nin

cos(90°— ) = sina
cos(90°+ o) = — sina
cos(180°—a) = —cosa
cos(180°+ a) = —cosa
cos(270°—a) = —sina
cos(270°+ «) = sina
cos(360°—a) = cosa
cos(360°+ a) = cosa
ctg(90°—a)=tga
ctg(90° 4+ a) = —tga
ctg(180°—a) = —ctga
ctg(180°+ a) = ctga
ctg(270°—a) = tga
ctg(270°+ a) = —tga
ctg(360°—a) = —ctga

ctg(360°+ a) = ctga

196.

[Ipocreiimne TPUTOHOMETPUUECKHE
YpaBHEHUS.

sinx=a
cosx =a

pELICHUH HE UMEeT.

HpOCTeﬁHIHMH TPUTOHOMETPUIECCKUMHU
YPABHECHUSAAMM HA3bIBAIOT YPaBHCHUA BUAA:

tgx =a
ctgx =a

rZie a— IPOU3BOIBHOE YHUCIIO.
Pemenue ypaBHeHus sin x = a.

OO0b1uHas Gpopma 3alucH PeLICHHS:
b .
x=(-1) arcsina+mw,nez
bonee ynobnast popma 3anucu perieHus:

x,=arcsin ¢ + 2an, ne Z,

X, =—aresin a+ i+ 2an, ne 2
B ciyuae, korga a € [—1; 1], ypaBHeHue

YacTHbIE CIIYyYaU pelICHUs] YPABHEHHUA SiN X =
a.

T
sinx=-1,x = —§+ 2k, keZ.

sinx =0,x =k, keZ.
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T
sinx =1,x ==+ 2wk, keZ.

Pemienue ypaBHeHus cos x = a.
OO6brunas hopma 3arucu perieHus:
yx=ztarccosa+2WiL,ne 2

bonee ynobnas popma 3anvicu pemnieHus:
X = areeos g+ 2an,n el

X,=—arccosa+l2an,ne L

B cinyuyae, korga a € [—1; 1], ypaBuenue
peLICHUI HE UMeeT.

YacTHble cIy4au pellieHUs] YPABHEHUS COS X =
a.

cosx = —1,x = —m + 2wk, keZ.
T
cosx =0,x = E+nk,keZ.

cosx =1,x = 2wk, keZ.

Pewenne ypaBuenus tg x = a.
OO0bruHast popma 3amucu pereHus:
x=arctga+m, neZ
Bosee ynobHas Gpopma 3amucu penieHus:
X = aretg a+ 2an,ne 2,
x,=aretg a+a+2dw,ne L
OrpaHryYeHHi HA YUCIIO & HET.

Pemenne ypaBHenus ctg x = a.
OObIuHas popma 3anUCcH PeLeCHHS:
x=arcctga+ i, ne 2
bonee ynobnast popma 3anucu perieHus:
x; = areetg a + 2w, ne £,

x,=arcetg a+ A+ 2an,ne X

OrpaHnyueHuil Ha YUCJIO a HET.

197.

Omnpenenenne u CHocoObl 3a/laHus
byHKIMH.

@yHKIMEN Ha3bIBAETCS 3aKOH, 110 KOTOPOMY
YUCIY X U3 3aIaHHOTO MHOECTBa X,
IIOCTaBJIEHO B COOTBETCTBUE TOJIBKO OJHO
qucio y, nuinyt y = f(x), npu 3TOM X
Ha3bIBAIOT apTYMEHTOM (DYHKIIUH, Y Ha3bIBAIOT
3HaYeHUEM (YHKIIUU.

3anath (QYHKIUIO 03HAYAET YCTAHOBUTH MPABUIIO
(3aKOH), C TOMOIITLI0 KOTOPOTO 1O JaHHBIM
3HAYEHUSM HE3aBUCUMOM NIEPEMEHHOM CIIEyeT
HAXOJUTh COOTBETCTBYIOIINE UM 3HAYCHUS
¢ynkuuu. PaccMoTpuM HEKOTOpBIE CIIOCOOBI
3aaHusl QYHKITHIA.
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TabnuuHbIl c1ocoO.

JIOBOJIBHO pacIipOCTpaHEHHBIH, 3aKIII0YACTCS B
3aJJaHUU TaOJIHIIbI OTAENbHBIX 3HAYCHHH
apryMeHTa ¥ COOTBETCTBYIOIINX UM 3HAYECHU I
¢dbyakuun. Takoit croco6 3axanus GyHKIIUNA
pUMEHSIETCS B TOM cliydyae, Korja objaacTb
onpezeneHus: GYHKIUU SIBISETCSA JUCKPETHBIM
KOHEYHBIM MHOKECTBOM.

[Tpu TabnmunoM criocoOe 3ananus QyHKIMH
MO>KHO IPUOJIMKEHHO BBIUYMCIIUTH HE
coJiepskaniecs B Tabnuiie 3HaueHUs QyHKIIUH,
COOTBETCTBYIOIUE MPOMEKYTOUHBIM 3HAYCHHSIM
aprymMeHnTa. J[js 3Toro ucrnonb3yT crnocod
WHTEPIIOJISIIIHH.

[TpeumyriectBa TabIMYHOTO criocoda 3a1aHus
(YHKINU COCTOSIT B TOM, YTO OH JIaeT
BO3MO>XHOCTh OIPEAETUTH T€ WIH IPYTHe
KOHKPETHBIE 3HAUCHUS cpazy, 0e3
JIOTIOJTHUTEIbHBIX U3MEPEHUI NIIH BEIYMCIICHUH.
OpHako, B HEKOTOPBIX CcIy4yasx Tabnuia
ornpenenser GyHKINIO He MOJIHOCTHIO, a JIHIIh
JUTSI HEKOTOPBIX 3HAYCHHM apryMeHTa U He J1aeT
HATrJISITHOTO N300pakeHUs XapaKkTepa N3MEHEHHS
(GYHKIIUHM B 3aBUCUMOCTU OT U3MEHEHHUS
apryMeHra.

I'padpuaeckuii cocoo.

I'padukom ¢pyukiuu y = f(x) Ha3pIBacTCSA
MHOYECTBO BCEX TOYEK IIOCKOCTH, KOOPAMHATHI
KOTOPBIX YJIOBJIETBOPSIIOT JAHHOMY YpaBHEHHUIO.
I'padmueckuii cnocoO 3agaHus yHKIMH HE
BCErJia JaeT BO3MOXKHOCTh TOUHO ONpPEAEIUTh
YHCJICHHBIC 3HaYeHUs aprymMenTa. OTHaKo OH
uMeeT O0JbILIoe MPEUMYIIECTBO Nepe PYTUMHU
crioco0amu - HarJITHOCTh. B TexHuke u pusnke
4acTO MOJIb3YIOTCA IpaMuecKUM CII0COO0M
3ajaHusl QyHKIUH, IpruueM rpaduk ObIBaeT
€IMHCTBEHHO JIOCTYITHBIM JJIsl 3TOTO CIIOCOOOM.
UtoOsI rpaduyeckoe 3aganrue GyHKIHN ObLIO
BIIOJIHE KOPPEKTHBIM C MAaTEMAaTUUYECKOM TOUKH
3peHHst, HEOOXOIMMO yKa3bIBaTh TOYHYIO
reOMETPHUYECKYI0 KOHCTPYKIIMIO Ipaduka,
KOTOpasi, Yallle BCEro, 3a/1aeTcs ypaBHEHHEM. DTO
MPUBOJUT K CIIEAYIOIIEMY CIoco0y 3a1aHus
byHKIMN.

AHaIUTHYECKUN crocoo.

Yare Bcero 3akoH, yCTaHABIUBAIOIINN CBSI3b
MeXy apr'yMeHTOM U (QyHKIUEH, 3a1aeTcs
nocpeacTBoM ¢opmyit. Takoit crioco0 3amanust
(GYHKINY Ha3bIBACTCS aHATUTHUECKUM.

3TOT c1oco0 TaeT BO3MOKHOCTH 110 KaXKJJOMY
YHCICHHOMY 3HAYCHUIO apryMeHTa X HalTH
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COOTBETCTBYIOIIIEE EMY YHCIIEHHOE 3HAUECHHE
(GYHKLINY Y TOYHO WJIM C HEKOTOPOH TOYHOCTHIO.
OyHKIMS MOXKET OBITh OINpeiesieHa Pa3HbIMU
dbopmynaMu Ha pa3HBIX ydacTKax 00JIaCTH CBOETO
3aaHusl.

AHAINTHYECKUH CTIOCO0 SBISETCSA CaMbIM
pacnpocTpaHEHHBIM CIIOCOOOM 3aJaHHs
¢ynkunii. KoMnakTHOCTbD, TaKOHUYHOCTB,
BO3MO>XHOCTh BBIYUCIICHUS 3HaUCHUS QYHKIIUU
IIPY IPOU3BOJIHLHOM 3HAUCHUH apryMEHTa U3
o0yacTu onpeeeHus, BO3MOXXHOCTh
MPUMEHEHHUS K TaHHOU (DYHKIUH armapaTa
MaTeMaTHUYeCKOI0 aHalln3a — OCHOBHBIE
PEenMyIIecTBa aHATUTUYECKOTO CIIocoba
3ananus ¢pyHkiun. K HegocraTkaM MOKHO
OTHECTH OTCYTCTBHUE HATJISIHOCTH, KOTOPOE
KOMIIEHCUPYETCSI BO3MOXHOCTBIO MTOCTPOCHHUS
rpadyka 1 He0OOXOIUMOCTh BBITIOJTHEHUS HHOT1a
OUYEHb TPOMO3JIKUX BHIYHUCICHUH.

CrnoBecHblii crioco0.

OTOT c110co0 COCTOUT B TOM, UTO
(byHKIIMOHATIbHAS 3aBUCUMOCTD BBIPAYKACTCS
CJIOBaMH.

OCHOBHBIMU HEJIOCTaTKaMH CIIOBECHOT'O CIIoco0a
3aaHns (YHKIUHU SBISIFOTCS HEBO3MOYKHOCTD
BBIUMCIICHHSI 3HAUeHUN QYHKIIUH NIPU
MPOM3BOJILHOM 3HAUYEHUH apryMeHTa U
OTCYTCTBHUE HarJsAHOCTHU. [ 1aBHOE
MPEUMYIIECTBO K€ 3aKITF0UACTCS B BO3SMOKXHOCTH
3a1aHus TexX QYHKIUI, KOTOpbIe HE yIaeTcs
BBIPA3HUTh AHAJTUTHYCCKH.

198.

CaoiicTBa (yHKIHH.

OcHoBHbIE cBOWCTBA (QYHKIUH.
1) OGnacte onpeneneHust yHKIUU U 001aCTh
3HaYeHUH QYHKLINH.
OO6nacth omnpeneneHust yHKIUH — 3TO
MHOYECTBO BCEX JIOIMYCTUMBIX JI€HCTBUTEIbHBIX
3HaYeHUH aprymeHTa X (IepeMeHHO X), npu
KoTopbIxX yHKIws y = f(x) ompemeneHa.
2) O6nacth 3Ha4eHUHN (QYHKIIMH — 3TO MHOXKECTBO
BCEX JCHCTBUTEIBHBIX 3HAYEHUH Y, KOTOPbIE
IpUHUMAET QYHKIIHUS.
B snemMeHTapHOI MaTeMaTUKE U3ydarOTCs
(YHKLIHHU TOJBKO HA MHOXECTBE JACHCTBUTEIBHBIX
YHCelL.
3) Hynu ¢pyHkuun.
Hynp QyHKIIMEN — Takoe 3HaUSHHE apryMeHTa,
IpU KOTOPOM 3HaueHHEe (PYHKIUU PAaBHO HYJIIO.
4) TIpomMexXyTKH 3HAKOTIOCTOSTHCTBA (DYHKITUN —
TaKue MHOXKECTBA 3HAYCHHUH apryMeHTa, Ha
KOTOPBIX 3HAYCHUSI (PYHKIIUU TOIBKO
MOJIOKUTETBHBI M TOJIBKO OTPULIATEIbHBI.
5) MOHOTOHHOCTH (DYHKIIMH.
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Bo3spacraromiast GpyHKIHs (B HEKOTOPOM
NPOMEXKYTKE) — QYHKIIHS, Y KOTOPO# OOJbIIeMy
3HAUEHHIO apIyMEHTA U3 3TOT0 MPOMEXKYTKA
COOTBETCTBYET Oouibliiee 3HaYeHNE (PYHKIINH.
YorsiBaromas GyHKIus (B HEKOTOPOM
POMEXYTKE) — GYHKIIHSA, Y KOTOPOH OoJbIIeMy
3HAUEHHIO apIyMEHTa U3 3TOT0 MPOMEXKYTKA
COOTBETCTBYET MEHbIIICE 3HAYCHHUE (DYHKIIUU.

6) YetHOCTb (HEYETHOCTD) (DYHKIIHH.

YerHast QpyHKIMSA — QYHKLHUSA, Y KOTOPO 001aCTh
OIIpEe/IeTICHNs] CHMMETPUYHA OTHOCHTEIEHO
Hayvaia KOOPAWHAT U IS JII000To X U3 0bJIacTu
OIIPE/ICIICHNUS BBIMOIHSETCS paBeHCTBO f(—X) =
f(x). I'padux yeTHON HYHKIMU CHMMETPHYEH
OTHOCHUTEJIBHO OCH OPJIMHAT.

Heuernast pyHKIMS — QYHKIUS, Y KOTOPOM
00JIaCTh OIpeIeTICHNs] CHMMETPUYHA
OTHOCHTEJIEHO Havaja KOOPAWHAT U JJIS JIF0O0TO
X 13 00J1aCTH ONpeIeIeHHsI CIPABEINBO
paBeHcTBO f(—x) = —f(x).

7) Orpann4eHHast 1 HeOrpaHHMYeHHas (pyHKIUH.
@OyHKIMS HAa3bIBACTCSl OTPAHUICHHOMU, €CITH
CYIIECTBYET TaKO€ MOJIOKHUTEIBHOE YnCiio M, 4To
[f(x)| <M nmns Bcex 3naueHuit X. Eciau Takoro
YHCIIa He CYIIECTBYET, TO (PyHKIUS —
HEOrpaHUYEHHAs.

7) lleproanuHOCTh PYHKLIUU.

dynknus f(X) — nepuoanyeckas, eciu
CYIIECTBYET TaKoe OTIMYHOE OT Hyis yucio T,
YTO JJIs1 JIF0O0T0 X U3 001aCTH ONpeeeHus
¢dynkuun umeet mecto: f(x+T) = f(x). Takoe
HAMMEHBIIIEe YHCIIO Ha3bIBACTCS MEPUOJIOM
¢ynkuuu. Bee Tpuronomerpudeckue GyHKIUN
SIBIISTIOTCSI TIEPHOAMYECKIMH.

W3yuuB naHHble CBONCTBA, O€3 Tpy/Ja MOXKHO
MCCIIEIOBATh (DYHKIMIO M IOCTPOUTH €€ rpaduK.

199.

ANTOpPUTM HCCIETOBaHUS (PYHKIIUH.

Bces pabota no uccnenoBanuio GyHKIMU U
MIOCTPOCHHIO BBHITIOHSACTCS TOITAITHO, TO €CTh
CYIIECTBYET QITOPUTM NOCTPOEHUS rpaduka
¢bynkuuu. Ecnu cienoBaTh 3TOMY anropuTmy,
BEPOSTHOCTH OIIMOKH OyJIeT CBEACHA K
MUHHMYMY.

Jlnst ucenemnoBanust Bo3bMeM GyHKIu0 y = f(x).
[TomaroBast peanu3ariysi aropuT™Ma BHITIIS AT
CJIEAYIOLIIM 00pa3oM:

1. Haxoxnenue o6nactu onpeaeneHus: GyHKIUU
D(f). Peub nuer 00 onpeneneHny HHTEPBAJIOB, HA
KOTOPBIX 3Ta (QYHKIHUS CYLIECTBYET.

2. OnpenenieHne YeTHOCTH WM HEYETHOCTH.
I'paduk yeTHON HYHKIIUU SABISETCS
CUMMETpUYHBIM OTHOcuTeNnbHO ocu OY. I'padpux
HEYETHOH (YHKIIMU CHMMETPUYECH OTHOCHUTEIHEHO
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Havajna koopauHat. Korjga pyHKkuuio cuutaror
YETHOM JTU00 HEUETHOH, €CTh BO3MOXKHOCTh
MOCTPOUTH YacTh ee Tpaduka it X > 0, a motom
OTPa3UTh €€ COOTBETCTBYIOLINM 00pa3oM.

3. HaxoxeHue Touek nepeceyeHus ¢ OCsiMu
KoopauHaT. YToOBI 3TO caenaTh, HA0 PEIINTh
ypasuenue f(X) = 0. Kopuu 1aHHOro ypaBHEHUS
OyayT abcurccaMu TOYEK nepecedeHusl rpaduka ¢
ocbio OX. UTOOBI HAWTH TOYKY MEpECeUCHUS
rpaduka ¢ OY (ocbr0 OpIMHAT) HAJ0 HAUTH
3HaueHune Gynkiuu mpu X = 0.

4. HaxoxaeHue MpoMexXyTKOB
3HAKOINOCTOSAHCTBA. J{1s1 oOOHapyXeHUs
MIPOMEKYTKOB 3HAKOTIOCTOSHCTBA HA/I0 PEIIUTh
TaKHe HEPaBEHCTBA, KaK

f(x) >0 u f(x) <O.

5. [Tounck acuMNTOT. ACUMITOTAa — TpsIMasi, K
KOTOpO# pubImxaercs rpaduk QyHKIAH, Jeiiast
3TO OECKOHEYHO. BBIBAIOT TOPU30OHTATILHBIC
ACHIMIITOTBI, BEPTHKAIBHBIC aCUMITTOTHI,
HAKJIOHHBIE ACUMIITOTBHI.

6. Haxoxnenue neproaa GpyHKuuu (yTBEpKIECHHE
CIPaBEJIMBO ISl IEPUOIUIECKUX (DYHKIUH).
Tarxoke CTOUT 100aBUTh, YTO €CIIH ()YHKITHS
TPUTOHOMETPHYECKas, TO HAJ0 CHavaja
OTIPENICIINTH, SIBJIICTCS JIM OHA MIEPUOTUICCKOM
0o HeT.

7. VccnemoBanue ¢ MOMOIIBIO POU3BOAHOM.
HccnenoBaHue 3akiI04aeTcs B OMCKe
MIPOMEKYTKOB YOBIBAaHUS M BO3PACTAHHUS U
MOKCKE TOYEK DKCTpeMyMa (TOYeK MUHUMYMa U
MakCUMyMa). DTO JeNaeTCsl CIEIYIONUM
obpa3zom:

a) uieM npousBoiHyto GyHkimn f(X);

0) BTOpOH 3Tan — MpHUpaBHUBAHUE IPOU3BOJHOMN
K HYJIIO C HaXOXKJCHUEeM KOopHel ypaBHeHus f(X) =
0 — B ITaHHOM clTy4yae 3TO CTallMOHAPHbIE TOUKHU;
B) TPETHUH 1Iar — HAaWTH MPOMEXKYTKU
3HAKOIOCTOSIHCTBA ITPOU3BOIHOM.

[TpomexxyTKH, T/Ie IPOU3BOHAS SBISETCS
MOJIOKUTETBHON, — 3TO IPOMEKYTKH
BO3paCTaHMs, TJIe OHA OTpUIATEeTIhHA —
yOBbIBaHUS.

Touku, r1e IpOU3BOIHAS MEHSET 3HAK C «+» Ha
«-» — TOYKH MaKCUMyMa, €CJIH )K€ ¢ MUHYCa Ha
TUTFOC — 3TO TOYKU MUHHMYMa.

8. [Tocneanuii mar anropurmMa — MOUCK TOYEK
nepernba ¥ NpoOMeKyTKOB BOTHYTOCTH U
BBITYKJIOCTH.

200.

Crenennas ¢yHKIMs, €€ CBOWCTBA U
rpaduk.

CrenenHoli HaspiBaeTcsl (yHKUUSA, 3aJaHHAL
dopmynoit y = axP, rae a # 0, xP — HekoTopoe
JNEUCTBUTENHEHOE YHCIIO.
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Baxno! Ecnu moxazarenb p SBISETCS YETHBIM
HATYPaJIbHBIM YHCJIOM, TO CTCICHHAs (YHKIUSI
y = ax®™ o61amaer cleayOIUMI CBOHCTBAMH:
1) O6mactp  ompeneneHuss  QYHKIUH — —
MHOYECTBO BCEX J€MCTBUTEILHBIX YUCEI, TO €CTh
D(y) = (—o0; +00).

2) OO6nacTp 3HaUECHUH QYHKIIMUA — MHOXKECTBO
HEOTPUIATENIBHBIX uucen, ecaun a > 0: E(y) =
[0; +00); MHOKECTBO HEMOIOKUTEILHBIX YHUCEI,
ecrn a < 0: E(y) = (—o0;0].

3) dyukiys y = ax?™ gBnsercs YeTHOH, ee
rpadK CHMMETPUYECH OTHOCUTENLHO och O).

4) Ecm a > 0, To ¢pyHKIMs yObIBaeT npu x €
(—o0; 0] u Bo3pacraer npu x € [0; +0);

Ecin a <0, To ¢yHKMs Bo3pacraeT npu x €
(—o0; 0] u yosIBacT mpu x € [0; +0).

5) I'padukoM cTeneHHo GpyHkuuu y = ax2"
C YEeTHBIM HATYypaJbHBIM TOKa3aTejeM SBISAETCS
napabona N-0il CTENeHW, CUMMETPHYHAs OCH
OpAMHAT, C BEPIINHOW B HaYaJie KOOPAUHAT, BETBU
KOTOPO# HarmpasiIeHbI BBEpX, eciu a > 0, U BHU3,
ecm a < 0.

Baxno! Ecnu nokazatenb p sBISE€TCS HEYETHBIM
HATYpaJIbHBIM YHCJIOM, TO CTENECHHAs (QYHKIUSI
y = ax*™*! obnanaer ciaenyrOmUMK CBOMCTBAMU:
1) OOGnactp  ompeneneHus  QYHKIHMH — —
MHOYECTBO BCEX JCHCTBUTEILHBIX YUCEI, TO €CTh
D(y) = (—o0; +00).

2) OO6nacTh 3Ha4eHUN QYHKIIMH — MHOXKECTBO
BCEX JICHCTBHUTENBHBIX 4Hucel, TO ectb E(y) =
(—00; +00).

3) OyHKIUA Y = ax SABJISICTCS HEUETHOM,
ee TpaguK CHMMETPHYEH OTHOCHTEIHHO Hadaja
KOOp/AMHAT.

4) Ecmu a > 0, To ¢pyHKIMS BO3pacTaer mpu
x € (—00; +00);

Ecim a <0, 10 ¢Qynknus yObiBaeTr mnpu x €
(—00; +00).

I'pagukom crenenHoi Qymkuun y = ax?"t1 ¢
HEYETHBIM HATYPaJbHBIM MOKa3aTeeM SBIISICTCS
napaboina N-oif CTerneHu, ¢ BEpIIMHOW B Hayale
KOOpJWHAT, CHMMETPHYHAst OTHOCHTEIHHO HavYaja
KOOP/IMHAT, BETBH KOTOPOH pacrosiokeHsl B | u 11
yeTBepTsX, ecnu a > 0; u Bo Il u IV uerBepTsix,
ecm a < 0.

2n+1

201.

[TokazarenbHas
CBOMCTBa U rpaduK.

ININIGE

eé

dynkuuo Buaa y=a*, rae a>0, a#l,

X — m000e YUCII0, HAa3bIBAIOT MOKA3aTeIbHOI
dynkuuei.

O0JacTh onpeaesIeHHs 10Ka3aTEIbHON
dyuximn: D (Y)=R — MHOKecTBO Bcex
JAefiCTBUTEIbHBIX YK Cel.
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ObJ1acTh 3HaYeHM I TOKa3aTeIbHON QyHKIMU: E
(Y)=R+ - MHOKeCTBO BCEX MOJIOKHTEIbHBIX
ymcel.

[Toka3zarenbHas GyHKIMS Yy=a* Bo3pacTaeT NpH
a>1.

[ToxazarenbHas QyHKIHS Y=a* yObIBaeT NpH
O<a<l.

202.

Jlorapudmuueckast  pyHKIusa, €
CBOIiCTBa U TpaduK.

Jlorapudmuueckoit pyHKIMEH Ha3bIBACTCS
byukus Buaa y = log, x, tne a > 0,

a+1.

CpoiicTBa pyHKINH

1) O6nacteio onpeneneHus QyHKIUH SBISCTCS
MHO>KECTBO BCEX MOJIOKUTEIbHBIX YUCEI
D(7): (0 +0)

2) MHOXeCTBOM 3HaYCHU# (DYHKIUU SIBIISFOTCS
Bce JieiicTBUTENbHBIE Yncia R.

3) Haumenbiiero u HauOoIbIIEro 3HAYCHHIA
(GyHKIUS HE UMEeT.

4) OyHKIHS HE SBISETCS HU HEUYETHOU, HU
yeTHOU. IMeeT o0mumii BUI.

5) ®yHKIMS HEeTIepHOIuIecKast.

6) Hymu ¢pynkuuu. 'paduk Qpynkunn nepecexaer
KoopauHaTHYI0 ock OX B Touke (1; 0).

7) Ilpu a>1 gynkums Bo3pacraet; npu 0<a<l
¢byHK1Us yOBIBALT.

203.

@yHKIUA Y = Sin X, ee CBOUCTBA U
rpaduk.

PaccmoTpum ocHOBHBIE CBOMCTBA (DYHKITUHU
y=sinx:
1) OGuacTh onpesencHus QYHKIMHA - MHOKECTBO

BCEX JIeH ‘D[f ): R
JCHWCTBUTEILHBIX YHCEI
2) MHOXeCTBOM 3HaYeHUH (PYHKIIUU SBISECTCS

IIPOMEKYTOK E(7) [_l; 1]

3) ®dyHkuMs ABNASETCS HEYETHOH, rpaduk
CUMMETPHYCH OTHOCHTEIBHO Hadajia KOOPAHHAT
(0;0).

4) Oynkums nepuoandeckas. HanMmenpmmii
MIOJIOKUTEIIBHBIN NePHO/1 PaBEH

f=dm

5) I'paduk pyskimu nepecekaet och Ox (Hyau
(yHKIIMK) B TOUKAX
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|7k, 0), keZ

6) I'paduk dpynHkimu nepecexaet ock Oy B TOUKE
(0; 0).

7) OyHKUUS IPUHUMAET [1OJI0KUTEIbHbIE
3HAaYEHUS Ha MPOMEKYTKaX

\2nk, 7w+2mk), keZ

8) OyHKIMS IPUHUMAET OTPULIATEIILHbBIC
3HAYEHUS Ha MPOMEKYTKaX

[—;r.r+ DT Em‘t), kel
9) ®yHKIMS BO3pAcTaCT HA MPOMEKYTKaAX

—%T+23rk; g+ 2:@:}, keZ

10) ®dynkuus yObIBaeT Ha MPOMEKYTKAX

g+2ﬁk; 3;+2;?T£::|, keZ

[—f+2;ark-, —1], kez
11) Toukn MuHHMYMA!
12) Touku MakcumMyma:

[gwm; 1], kez

13) I'padprixom pyHKIIMU SBISETCS CUHYCOUIA

v
T - -
-7 2

37

}Jl‘_q

AT '_T{ NG (Y NG S N

2

ra | &

204.

@yHKIUA Y = COS X, €€ CBOMCTBA U
rpaduk.

OcHoBHbI€ cBOWCTBA (DYHKIIUU Y=COSX:
1) OGnacts onpeneneHus GYHKIIUU - MHOXKECTBO

BCEX JICHCTBUTENIbHBIX YHCEI D(s): R

2) MHOXeCTBOM 3HaYeHUI (QYHKIIUU SBISCTCS
IIPOMEXKYTOK

E(fy [-1 1]

3) ®yHKuMS ABISETCS YETHOU, rpaduk
CUMMETPUYEH OTHOCUTENBHO och Oy.

4) Oynkuus nepuoandeckas. HanMmenpmmii
MI0JIOKUTEIIBHBIN IEPUO PaBEH

I=am

5) I'paduk pyskimu nepecekaet och Ox (HyIu

[fﬂrk-, 0], keZ

dyHKIIMK) B TOUKAX

6) I'paduk dynakmmm nepecekaet ocb Jy B TOUKE
0; 1).
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7) OyHKIHS MPUHUMAET ITOJ0KUTEIbHbIE
3HAUYEHMs HA IPOMEKYTKaAX

(—j—;+2ﬂk; §+2ma;], ez

8) OyHKIMS MPUHUMAET OTPULIATEIILHbBIC
3HAaYEHUS Ha MPOMEKYTKaX

[gwm; 3;+2:ark], kez

9) ®yHKUMS BO3pAaCTaET Ha MPOMEKYTKAX
|70+ 27k, 27k |, keZ

10) ®dynkuus yObIBa€T Ha MPOMEKYTKAX
| 2rtk, w2k |, keZ

11) Touku MuHHUMYMA!
(7+2k, -1), ke Z
12) Touku MmakcumMyma:
|27k, 1), keZ

13) I'padpuixom pyHKIIMK ABISETCS KOCUHYCOUA

¥

T 3T

T T T 7 T T r/l‘\ T T
N W{ NI
-1

3
2

205.

OyHkUU Y = tgx n
Yy = ctg x, UX CBOMCTBa U TpauKH.

OcHoBHBIE cBOMCTBA HYHKIMH Y=tgX:
1) O6nactb onpeneneHus GyHKIUK:

D(y): xigﬁ?ﬁ:,ke z

2) MHOXecTBOM 3HauCHUH QYHKIHU: B(y): R
3) ®yHKuMS ABIISETCS HEUETHOM, rpadux
CUMMETPHUYEH OTHOCUTEIBHO Havyajia KOOpAHHAT
(0;0).

4) Oynkums nepuoandeckas. HanMmenpmmii
ITOJIOXKUTENBHBIN IIEPUOJ paBeH *

5) I'paduk pyskmu nepecekaet och Ox (HyIu

(yHK1IMM) B TOUKAX
r=mk ke Z

6) I'paduk dynakmmm nepecekaet ocb Jy B TOUKE
(0; 0).

7) OyHKINS MPUHUMAET ITOJ0KUTEIbHBIE
3HAUYEHMs Ha IPOMEXKYTKaX

xE (;?rﬂ:; g+ﬁk],ke_€

8) dyHKIMSA NPUHUMAET OTPUIIATEIIbHBIE
3HAYEHMsI Ha IPOMEXYTKaX

TE [—;;—T+;?Tk; ;?Tk],ke =
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9) ®yHKIMS BO3paAcTaeT HAa MPOMEKYTKaAX
[—gwrk-, g+m:],k ez

10) ITpomexxyTkn yObIBaHUSI OTCYTCTBYIOT.

11) Touek MUHMMYMa HET.

12) Touek MakcMMyMa HeT.

13) I'padrkoM QyHKIMY SIBISETCS TAHTCHCOMIA!

¥ o4

—Z!:r I 3‘,11' ‘ 7 1 /
T iy L4
s AR

—1;1' "r T 31r *1{
E) PR _I:r / _f
OCHOBHBIC CBOICTBA (QYHKIIMU y=CIgX'
1) O6nacth onpeneneHus GyHKIUK:
Dl[y:l: ek kel
o) [ y) - R

2) MHOXeCTBOM 3HAUCHUH (DYHKITHH:
3) OyHKIMS ABNSETCS HEYETHOH, rpaduk
CUMMETPUYEH OTHOCUTEIBHO Hayajia KOOPHHAT
(0;0).

4) Oynkuus nepuoauyeckas. Haumenpmmii
MTOJIOKUTEIBHBIA TEPUOJ paBeH 7

5) I'padux dyHkiwm nepecekaet och Ox (HyIH
(GYHKIIMH) B TOUKaX

x=g+ﬁk,kez

6) ®yHkuuu He mepecekaet ocb Oy.
7) OyHKIUS MPUHUMAET MOJ0KUTEITbHBIE
3HAUYEHMS Ha MPOMEXYTKaX

£ [:frﬂ:; g+ﬁk],keg

8) dyHKUMSA TPUHUMAET OTPULIATENIbHBIE
3HAYEHUS Ha POMEKYTKaX

xE [—;;—T+;?Tk; ;?Tk],ke =

9) OyHKIMS HE UMEET MPOMEKYTKOB
BO3PACTaHMUS.
10)IIpoMexxyTKH YObIBAaHHS:

xE [;:'Tk; ;?T+;?Tk),ke 2

11) Touek MUHMMYMa HET.

12) Touek MakcUMyMma HeT.

13) I'paduxom GyHKIIUM SABIISIETCS
KOTaHI'€HCOMIA:
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206.

Oo6parnbie
GyHKIUH.

TPUTOHOMETPHUECKHE

PaccmoTtpum cBoiicTBa hyHKITMN
y=arcsin X u mocTpouM ee rpaduxk.
Apkcunyc (y = arcsin X) — 510 QyHKIHS,
obpaTHas Kk cunycy (X = siny).

CBolicTBa OyHKUUA y=arcsin X
E(f) -l=x=1
5 Tl
® 2772
.. Heuérnas, T.K.
YértHoCTh . _ .
arcsin(-x) = - arcsin x
IIpomexyTku
p yr Bospacraromas
MOHOTOHHOCTH
LY
El .
J
1 /
S
I -'/
i
i X
:

PaccmoTpum cBoiicTBa (pyHKIIMU

y=arccos X u ocTpouM ee rpaduk.
Apxkkocunyc (y = arccos X) —3to pyHKIHs,
obOparHas K KocuHycy (X = COSY)

CsoiicTBa

E(f)

D(f)

YETHOCTD
[IpomexyTku
MOHOTOHHOCTH

OyHKUMSA y=arccos x
-1l=x =1
0=y =m

Hu uétHas, Hu HeYETHAs

YosIBaromas
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PaccmoTtpum cBoiicTBa pyHkImu y=arctgx u
y=arcctgx u mocTpouM ux rpaQukm.
Apxkranrenc (y = arctg X) — 3to GpyHkuus,
oOpaTHas k TaHreHcy (X = tg ).
Apkkoranrenc (y = arcctg X) — 310 GyHKIHS,
oOpaTHas K KOTaHI'€HCY

(x=ctgy).
CaoiicTBa y=arctg x y=arcctg x
E(f) R R

T
D(f) (=3i3) (0; )
UéTHOCTh Heuétnas Heuérnas
[IpomexcyTicu Bospactaromiast  |YObIBaromas
MOHOTOHHOCTH

§w|=|

WA

Puc.3 I'paduk pynkuun y=arctgx

~

Puc.4 I'paduk pyakumm y=arcctgx
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207.

Kopenr n-oii crenenu,
pasivKaoB.

CBOICTBa

Kopnewm n-oii crenenu v3 4ynciia a Ha3bIBalOT
TaKoe YHCJI0, N-asi CTETIeHb KOTOPOTo OyneT paBHa
a,rmen € N (n = 2).

st 3anucu KOpHS N-0i CTENEHU UCTIOJIb3YIOT
3HAK IV_, KOTOPBIN Ha3bIBAETCS 3HAKOM KOPHS N
-Oi CTENEHU WJIA PaJIUKaIOM.

Bripaxkenue, crosiiee moj 3HakoM KOpHs N-0i
CTEIICHU, HAa3bIBAETCA MOJIKOPEHHBIM
BBIPAXKEHHUEM, a YUCJIO N — MOKa3aTeJIeM KOpHS.
Ecnu npu BblYMCIEHHH KOpPHA N-OWM CTEIEHH W3
Yyucya a He YJaeTcsl HAWTU ero TOYHOTO 3HAYEHUS,
TO JIMOO KOpPEHb HE CUMTAIOT U 3aMUCHIBAIOT €ro
KaK €CTh, JUOO 3aMHCHIBAIOT €ro MPUOIMKEHHOE
3HAYEHUE, HANJECHHOE C IMTOMOUIBIO KAJIBKYIISITOPA
(manpumep, V10 ~ 1,467).

B cinywasx, korga mnokazareiib CTENEHH N —
HEYETHOE HATYpPaJbHOE YHUCIO, Ha MOAKOPEHHOE
BBIDQXKEHHE  HE  HAKJIAJbIBACTCS  HUKAKHUX
OrpaHUYECHUM.

Ecnu xe mnokasarenp cTeleHH N — dYETHOE
HaTypaJbHOE YHCIIO, TO MIOJKOPEHHOE BBIPAKEHUE
JIOJDKHO  OBITh ~ HEOTPULIATENBHBIM, TO €CTh
00s3aTeNbHO HY)XHO TIOMHUTH, 4YTO H3BJIEKATh
KOpEHb YETHOW CTENEHU W3 OTPULIATEIBHOIO
YHCa HEIb34.

YUroObl M30€KaTh TaKOM HEOAHO3HAYHOCTH, B
MaTeMaTHKe, Kak [paBWio, Ui  yIZoOCTBa
BBIUMCICHUM U mnpeoOpa3oBaHUM, W3HAYAIBHO
HAaKJIaJbIBACTCd OrPAaHUYECHHE HaA IOJKOPEHHOE
BBIPaXXEHHE, TO €CTh CUUTAIOT, yTo a = 0. B aTom
ciaydyae KOpeHb N-OM  CTENEHU  Ha3bIBAIOT
apu(PMETUIECKUM.

ApudMeTHueckuM KOpHEM N-Oi CTENeHu U3
HEOTPULIATEIIBHOTO 4YHCJIa A Ha3bIBAIOT TaKoe
HEOTPHULIATENIBHOE YMCIIO, N-as CTENEHb KOTOPOIo
OyneT paBHa a.

Jng  3amucu KOpHA  N-OM  CTENEHH U
apru(pMETHIECKOTO KOpHS n-oit CTCIICHU

HCIIOJB3YIOT OAWH U TOT K€ 3HaK V. Ho 3amucs
*Ya, tae n € N, TO eCTh 3alUCh, TJIe MTOKA3ATENb
CTEMeHN — YETHOE YHCIIO, HUCIOIB3YIOT TOJBKO
JUISL  3alicu  apupMETHUYECKOTo KOpHS N-oi
CTEIICHH.

10 *Va?n = |a| u ""Va?tl = g
20, i/—a = —Y/a, rae n — HeveTHO.
3. Ya-b="4%a-Vb

0 HE_E
4.\/;_%
5. VVa="Va
6. "Nak = Va
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7. Vak = (Ya)"
8. Ecma>0,b>0ua<b,to Va< Vb

208.

Pemenue HppalOHAJIbHBIX

yYpaBHEHUH.

HppanmonansHoe ypaBHEHUE — 3TO YPaBHEHUS, B
KOTOPBIX HEM3BECTHOE HAXOJIUTCS 0] 3HAKOM
KOPHSI.

CBOICTBO: MpU BO3BEACHUU 00EUX YaCTeH
YpaBHEHHUS B HATypaJIbHYIO CTETIEHb MOIY4aeTCs
ypaBHEHHUE — CJIEJICTBUE JAHHOTO.
PaccmoTpum Bubl UppaIlMOHATIBHBIX YPABHEHUIM
\-'% =a
B sTOM ciyyae MBI MOKEM BOCIIOIb30BATHCS
onpeieJICHUEM KBaIPaTHOTO KOPHSI.
U3 nero cienyer, yto a>0, Toraa

Wa)?=a
Jlnst Hatero ciyvasi HOJIy4YuM

(‘\"ﬁ)z =a’ WU f(x} = a?

VG +Vglx) =0
Mgl 3HaeM, 4TO CyMMa MOJOKUTEIbHBIX YUCEI
paBHA HYJIIO TOTJA U TOJIBKO TOT/A, KOT/1a KaXKJ10€
U3 CJaraeMbIX paBHO HYJIIO.
Te. (flx) =0gx) =0

\-'% = \-'Im
[To onpenenennio KBaAPaTHOTO KOPHS
f(x) > 0. Takum 06pa3oM, 4TOOBI HAWTH TaKKE
3HAYCHUS HCM3BECTHOMU, TIPU KOTOPBIX
BBITIOJTHSIOTCS CJIETYIONINE YCIOBHS:
{fx)z0g(x) 20f(x) =g(x)
IIpumepsr:
V=2
x =22
x=4
OtBer: x=4
VE+2+Vx—4=0

x+2=10

—4=0

X =—2x

{ x=4
CJIeIOBaTeNbHO, PEIICHU HET
OTBeT: peneHunil HeT.

2009.

Crenenb € palMOHAIBHBIM
JeHCTBUTENBHBIM [TOKa3aTEISIMHU.

n

Jln1st moOBIX pallMOHANBHBIX YHUCEN P U q U JIIOOBIX

@ >0 p b >0 cnpaBennuBel cnemyonme
paBeHCTBa:

1. aP. gl = ,._1?:+tr;

aP:qd = gP—a.

(a?)? = aPe; ’

(a-b)? = a?- b,

P a¥?
5. () =5 b=0
Pa3z0epem HECKOIBKO MPUMEPOB,
BOCIIOJIb30BABIIMCH JAHHBIMU CBOWCTBAMM:

Eal S
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1 1
Berumcim: 93 + 813

1 - 1 1 5
(9-81)3= (32.39)3=(35)3=32=09,
YIpocTuM BeIpakeHUE:

5 S
a4+h —abs
Va0

B ynciaurene BeiHeECEM OOIIMIT MHOXKHUTEID ab 3a
CKOOKHM, B 3HAMEHATEJIe MPEICTABUM KOPHHU B
BU/JIE IPOOHBIX IIOKAa3aTeNIeH CTEIIEHHU:
ab(a% — b%}

i .

a4 — b4

JIJ1st cTeneny ¢ IeMCTBUTENIbHBIM ITOKA3aTeJIeM
COXPAaHSIIOTCSI BCE U3BECTHHIEC CBOMCTBA CTEIIEHU C
palMOHAIBHBIM MTOKA3aTEIEM.
[Ipumep 1. CpaBHUTH uKcna
52'-,"5 H 53'-,'3

ahb.

CpaBHuM nokasatemy 2V3 1 3v2

T 2V3 =412 3v2 =418 4 12 < 18, 10
243 < 32

IToaTOoMy

VI - g2

[Tpumep 2. Pemum ypaBHEeHUE

4x =243

4% — (22}1 — 221.

[TosTOMy ypaBHEHHE MOKHO 3alucaTh Tak:
221 — 24-\.'5

Homyunm, 2% = 4*“{3, pas3zienum Ha 2 o0e yacTu
YPaBHEHU.

— 2.3
CienoBaTenbHO, ¥ = 2V 3

210.

Pemrenne nokasaTesbHbIX YpaBHEHUN
U HEPaBEHCTB.

Ilokazamenvbrblmu HA3BIBAIOTCS YpaBHEHWsS, B
KOTOPBIX HEM3BECTHAS IEpPEMEHHAas HaXOJUTCs
TOJIBKO B ITOKA3aTCIIsAX KaKI/IX'J'H/I6O CTEIICHEN.
g pemeHuss  nokazamenvHuvlX  YPAGHEHUl
TpeOyeTrcs 3HaTh W YMETh  HCIIOJIb30BaTh
CIEYIOIYIO HECIOXHYIO TEOPEMY.
TToka3saTenbHoe ypaBHeHne a' ™ = a%® (roe a > 0,
a # 1) paBHOCHIIBHO YPaBHEHHUIO

f(x) = 9(x).

[ToMHMO 3TOr0, TOJIE3HO IIOMHHUTL 00 OCHOBHBIX
dbopmynax u IEHCTBHUIX CO CTETICHSIMU:
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a>=>0b6>0:
a'=1,1" =1;
a.f—' — W{k cZ, neN);
EI._T = 1.

a*?
a® - a¥ = a* TV
i_; — a'a1_y-1
(a®)¥ = a®Y:
a® - b* = (ab)*;
a~ . L
= (5)"

Pelienue moKa3arelbHbIX HEPAaBEHCTB
IloxazamenvubimMu HA3BIBAIOTCS HEPABEHCTBA, B
KOTOPBIX HEHM3BECTHAs IEPEMEHHAs COIECPIKUTCS
TOJIBKO B TIOKA3aTEIISIX KAKUX-JTHOO CTEIICHEH.
JIst peleHnst nOKA3amenbHbIX HePABEHCIE
TpeOyeTcst 3HAHKUE CIIEIYIOIICH TEOPEMBI.
Teopema. Eciiu @ > 1, To HEpaBeHCTBO

a® > a9® papHOCHIBLHO HEPABEHCTBY TOTO Ke
cmbicia: f(x) > g(x). Ecom 0 <a <1, o
TI0Ka3aTebHOe HepaBeHCTBO al®) > a9
PaBHOCHJIBHO HEPABEHCTBY ITPOTHUBOIOIOKHOTO
cmbicna: f(x) < g(x).

211.

Jlorapupm. IlpaBmma pecTBuil ¢
Jorapumami.

Jlorapudmom umcna b mo ocHoBaHutO a
Ha3bIBAIOT MIOKA3aTeIb CTEIICHN C OCHOBAHUEM 4,
paBHoii b. To ects, Torapudm — 37O CTEIECHB, B
KOTOPYIO HYKHO BO3BECTH @ [UTsl MOTyueHus b.
Opnnako y sorapudma ecTh YCIOBHSI UITH
OTpaHHYCHUS: OCHOBAHME @ OOJIbILIE HYJIS U HE
PaBHO €IMHHUIIE, a TAKXKe MoKa3zaTenb b Oonbire
HYIIS.
CaoiicTBa jorapudmoB

alogab =p

logp,a=1

log,1=0

log,(b-c) =log, b +log,c

b
log, (E) = log, b —log, c
log, b™ =n-log, b
1
log,n b = — log, b
log, b

1 = —
08a b log, a

212.

Pemenne JgorapupMUUEcKUx
YpPaBHEHU U HEPABEHCTB.

Jlorapudmuueckue ypaBHeHUS
Ypasuenwne Buna log, x = b, rine

a > 0,a # 1 Ha3bIBaOT NPOCTEUILIUM
norapuMHUYECKUM YpaBHEHUEM.
JlaHHOE ypaBHEHHUE UMEET STUHCTBEHHOE
pelieHne, KOTOpoe Mbl MOXKEM TMOJIYUUTh

76




rpaUYecKu WK 1O OMPEIEICHUIO Jorapudma:
x =ab.
OcHOBHBIE CTIOCOOBI pelIeHus JIOTapu(HPMUIECKUX
yYpaBHEHUM:
1.  Pemenwue norapuMUYeCKUX ypaBHEHUH
0 ONPEIEICHUIO JIorapudma;
2.  TlorenmnupoBanue;
3 Merto/ BBeIeHUS] HOBOM TIEPEMEHHOM;
4.  JlorapugmupoBaHue;
5. TI'padwuueckuii cnoco0 pemieHus.

Jlorapugmuueckue HepaBeHCTBA
Jlorapugmuueckue HepaBeHCTBA — 3TO
HEpaBEHCTBA BU/A
lﬂgaf(x} = IUEEQ(X}’ rrea>0,a#1u
HEPaBEHCTBA, CBOAIINECS K 3TOMY BUY.
CriocoObI pemeHust J0rapuPpMHIECKIX
HEPaBEHCTB OCHOBaHbl HA MOHOTOHHOCTHU
JorapupMuUecKoid GyHKIIMH B 3aBUCIMOCTH OT
OCHOBaHHU4 Jorapudma. OyHKIUSA BO3pacTaeT,
ecnu a > 1 u yosiBaer, ecnu 0 < a < 1.
Ecnu a > 1, to:

flx) = g(x)
loge f(x) > logag(x) <y flx) =0
g(x) =0
(3HaK HEPABEHCTBA COXPAHSIETCS).
Ecim 0 < a < 1, To:
flx) < g(x)
loge f(x) = log,g(x) <y flx) =0
g(x) =0
(3HaK HepaBEHCTBA MEHSETCH).
Pemnte HepaBeHCTBO:
logz(2x — 4) = logy(14 — x)
Pemenue:
OcHoBanue norapupma 3 > 1, 3HaUuT

ucnoiab3yeM 1 cxemy.
2x—4>14—x (x> 6

Zx—4>=0 x=2
14—x>0 \x<14,6<x<14

Otgert: (6; 14)

213.

ITocnenoBarensHOCTE. CIIOCOOEI
3aaHUS U CBOMCTBA YUCIOBBIX
OCJIEN0BAaTEILHOCTEN.

@OyHK1IMH, 0071aCTh ONpEeNIeHUsT KOTOPBIX
SIBIISIETCS MHOYKECTBOM HATypaTbHBIX YUCEN WIH
€ro 4acTbI0, Ha3bIBAIOTCS YHCIOBBIMU
MOCIIEIOBATEIIbHOCTSIMHU.

Hampumep, uncioBoii mocaea0BaTeIbHOCTHIO
ssistercsa 1,3,5,7,9...

Yucia, 3amucaHHbIe B IOCIEA0BATEILHOCTH,
HAa3bIBAIOTCS YICHAMH IOCIIEI0BATEIIbHOCTH.
OOIMi BUI MOCJIEA0BATEIHHOCTH:

(a,) wmm aq, a,, ..., Ay, ...

77




[TocnenoBarenbHOCTH BO3MOKHO 334aTh, yKa3aB
BCe €€ WICHBI WK yKa3aB 0011yr0 GopMyiy.
dopMyita Moka3bIBaeT, KaK HANTH JIFOOOW WICH
MOCJIEIOBATEIBHOCTH, €CIIH U3BECTEH
MOPSAIKOBBII HOMED N.

YucnoBas mociie0oBaTeIbHOCTh OECKOHEeUHa,
€CJIM BMECTO N MOXHO MOJICTABJIATH JII0ObIe
Jpyrue HaTypaybHble uncia (0eCKOHEUHOe
MHOECTBO).

[TocnenoBaTenbHOCTH MOYKHO 33/1aBaTh:

1. CnoBecHO — KoOT/a MPaBUIIO
MI0CJIEIOBATEIbHOCTH ONMCAHO CIIOBaMH, 0e3
yKa3zaHus GopMybl.

ITpumep:

MOCIIEA0BATEIBHOCTh IPOCTHIX YUCEI:
2,3,5,7,11,13,17,19,23,29,31...

2. AHanuTHYECKU — KOTJa yKa3aHa Gopmyna eé
N-TO 4YJeHa.

3. PekyppeHTHO — KOria yKa3bIBarOT IMPABUJIO,
MO3BOJISIOIIEE BEIUMCIUTD N-i WiieH
MOCJIEIOBATEIBHOCTH, €CITH U3BECTHBI €€
MPEeJIbIIYIINE YICHBI.

[eoMeTpruecKas IPOrpeccus, 3HaMEHAaTEIlb
KoTopoii o Moay.tro MeHbie 1 (|q] < 1),
Ha3bIBaeTCs OECKOHEYHO YOBIBAIOIICH
F€OMETPUYECKON MPOrPECCUEH.

Bce cBoiicTBa 1 hOopMyIIBI, OTHOCSIIHECS K
reOMETPUYECKON TPOTPECCHH, CIIPABETUBEI 1
JUTs1 OECKOHEUHO YOBIBAOIICH T€OMETPUYUECKOM
IPOrPECCHH.

CyMMa Bcex 4JIeHOB OECKOHEUHO yObIBaroIIeH
beckoneuno yOBIBaro1ast b,

214. reoMeTpHyecKas reoMeTpUYEeCcKOoi nmporpeccuu S = rapl
IIOCJIEI0BATEIBHOCTD. 3anaga Nel. Halitu cyMMy OeckOHE4YHO
yOBIBaroIeil reOMETPUYECKO MPOrpeccHu
(b,):3;0,3; ...

Pemenue:

— b 0,3
S=1 = =0,

Hucno a Ha3bIBAIOT NMPEAEIOM YHCI0BOM
MmocJjie10BaTeJbHOCTH a1, a2, ..., dn, ...
€CJIM JUIA JII000TO MOJI0KUTEIHHOIO YHACHA £

215 Hpeﬂe_]‘[ IOCJIEI0OBATEIILHOCTH. Haﬁ}leTCfI TaKO€ HATYpaJIbHOC YHCIIO N, qTo 1Ipu
' Bcex N > N BBINIOTHSAETCS HEPABEHCTBO |ah —a] <&

VYcaoBue TOT'O, YTO YHCJIO a SABJISICTCS IIPEIACIIOM
YHCI0BOM MOCIEA0BATEILHOCTH
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ai, az, ..., an, ... 3aNMHCHIBAIOT C TOMOIIBIO
o0o3Hauenus lim a,, = a ¥ NPOU3HOCHAT TaK:

n—-oo

«[Ipenen an mpu N, crpeMseMcs K
0ECKOHEYHOCTH, PaBEH a».
["oBOpPST, YTO MOCIIEAOBATEILHOCTh

ai, az ..., an, ...
CTPEMHTCS K 0€CKOHEYHOCTH, SCIIH ISl JIF0O0TO
nosiokutenpHoro yrcia C Haliercs Takoe
HatypainbHoe unciio N, gto mpu Bcex N > N
BBIMOJIHSACTCS] HEPABEHCTRO |an| > C.
YcioBre TOTro, 4TO YHCIOBAs
MOCIIEI0BATEIHLHOCTh

ai, az, ..., adn, ...
CTPEMHUTCSI K OECKOHEUHOCTH, 3aIMCHIBAIOT C
oMoIIbi0 0003HaueHus lim a, = oo.

n—-oo
Jiis mo6oro yrcaa K > 0 crpaBeainBo paBeHCTBO
. 1
lim — = 0.
n—-oon
I mo6oro yrcna K > 0 cripaBeisTiBO paBEHCTBO
lim nk = oo,
n—-oo

Just moboro vmciia a Takoro, uro |a| < 1,

CIIpaBe/IMBO paBeHCTBO lim a™ =
n—-oo
Just moboro yKcia a Takoro, uro |al > 1,

CIpaBeUIMBO PaBeHCTBO lim a™ = oo,
n—ooo

216.

[TpousBosaHas GyHKIUU.

[MpousBoanoii Gpyukiuu y = f(X), 3amanHoii Ha
HEKOTOpOM uHTepBaie (@, b) B Touke X 3TOr0
WHTEpBAsa, HA3bIBACTCSI MIPEJIEIT, K KOTOPOMY
CTPEMUTCSI OTHOIIIEHHE MpuparieHust GyHkuuu f B
9TOM TOYKE K COOTBETCTBYIOIIEMY IIPHUPAIICHHUIO
apryMeHTa, KOr/ia MpHpainieHue apryMeHTa
CTPEMHTCSI K HYJIO.

[Tpou3BOIHYIO IPHHATO 0003HAYATD TAK:

Jixt+dx— fx)

Fx) = lim
Ax—0 Az _
[upoxo ynoTpeOsitoTes ¥ Ipyrue 0003HaYSHUS:
 dy d
,—, — Fix).
Vo J(x)

O dynkiuu f, 3agannoit Ha oTpeske [a, b]
MPUHSATO TOBOPUThH, YTO OHA UMEET HA 3TOM
OTpe3Ke MPOM3BOIHYIO, €CJIH OHA UMEET
MIPOM3BOJIHYIO B JIF000# Touke HHTEpBaia (a, b) u,
KpPOME TOT0, ITPaBYIO IPOM3BOIHYIO B TOUKE @ U
JICBYIO B TOUYKe D.

@U3NYECKUI CMBIC TPOU3BOIHON — ATO
MTHOBEHHAsI CKOPOCTh B MOMEHT BPEMEHH, a
r€OMETPHUYECKUI — 3TO TAHTE€HC yTjia HAaKJIOHA
KacaTeJIbHOM, KOTOopasi MPOBEJICHa K KPUBOU B
TOYKE ¢ a0CIHCCO X.
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217.

[TpaBuna nuddepeHmpoBanus.

1. IToCTOAHHEBII MHOKUTEIL C MOKHO BEIHOCUTD
3a 3HaK [IPOU3BOJHOM:

(cu(x))’ = cu' (x).
2. Ecnu cy1iecTByrOT NPOU3BOIHbBIE
cu'(x) v cv'(x), To IpOU3BOAHAS OT CYMMBI
(paznoctn) dpynkuuit cu'(x) u cv'(x) paBHa
cyMMe (pa3HOCTH) MPOU3BOIHBIX:

(cux) + cv(x))' =cu'(x) + cv'(x).
3. Ecnu cymiecTByIOT pOU3BOIHBIE
cu'(x) v cv'(x), TO BBITOTHSIOTCS CIIEAYIOIINE
npaBuia JudGepeHIMPOBAHUS IPOU3BEICHHS
(GYHKIMH ¥ YaCTHOTO OT UX JACTICHUS:

(uv) =u'v+ uv’
(u)’ u'v—uv'

) =7 .ThAe v(x) # 0.

218.

BerurcieHne npou3BOAHOMN CI0XKHON
byHKIIH.

[Tpon3BoiHas CIOXKHON (PYHKLIMU paBHA
MPOM3BEACHUIO TIPOU3BOJHON BHEITHEH (DYHKIIHH,
YMHOXXEHHOW Ha MPOU3BOAHYIO OT BHYTPEHHEN

byHKIMH: ,
(u(v(x))) =u'(v)-v'(x)

219.

dusndeckuil (MEXaHUYECKHM ) CMBICIT
MPOU3BOIHOM.

duznueckuii (MEXaHUYECKHI ) CMBICIT
MPOU3BOAHOM 3aKJIKOYAETCS B TOM, YTO
MT'HOBEHHAsI CKOPOCTh MaTepPHaIbHON TOUYKH B
OIpEICIICHHBII MOMEHT BPEMEHHU t, paBHA
MIPOM3BOTHOM 3aKOHA ABWKECHHUS S (tg) ITOM
TOYKH B MOMEHT BPEMEHH t:

s'(tg) = v (to)

220.

I'eomerpuueckuii cMbICT
MIPOU3BOHOM.

I'eomeTpuyecknii CMBICI IPOU3BOJIHON
3aKJIFOYAETCs B CIEAYIONIEM: €CIIU K rpauKy
¢ynkuuu y = f(X)B HEKOTOPOH TOUKE
XoIIPOBEJICHA KacaTelbHasl, HelapajielbHasl OCH
¥, TO 3HaU€HHE IPOU3BOJHON B TOUKE KaCaHUs
€CTh TAHI'€HC yIJIa &, 00pa30BaHHOT'O ITOU
KacaTeJbHOM C MOJ0XKUTEIbHBIM HallpaBICHUEM
ocu abCIUCcC WK YrIIOBOW KO3 PUIUEHT
KacaTeJbHOM:

f'(xo) = tga =k

221.

VYpaBHeHHEe KacaTelnbHOU K rpaduKy
byHKIMH.

VpaBHeHHE KacaTelbHON HMEeT BUI:
y=fl@+f'(@x—a)rme
y = f (x) — ucxonnas GpyHKIH,
a — abcrucca TOUKH KacaHusl,
f(a) — opauHaTa TOYKH KacaHMsl, 3HAYEHHUE
byHKIIUN
f'(a) —3Hayenue npou3BOAHON QyHKIHH B
TOYKE A

222.

HenpepbIBHOCTh PYHKIIUHN U METOA
MHTEPBAJIOB.

I[Tycts f(x) onpeneneHa B HEKOTOPOi
OKPECTHOCTH TOYKHU Xo. DyHkmust f(x)
Ha3bIBACTCS HEMPEPHIBHOM B TOUYKE Xy, €CITH
CIIPaBE/JIMBO PABEHCTBO:
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Tim £ = (o)
®Oynukius f(X) Ha3bIBaCTCS HEMPEPHIBHOM Ha
untepBaie (a; b), ecnu oHa HENpephIBHA B
Ka)XJIOW TOYKE 3TOr0 MHTEpPBAJIA.
®Oynkuus f(x) Ha3pIBACTCS HEMPEPBIBHOM HA
otpeske [a; b], eciu oHa HelIpepbIBHA HA
unTepBane (a; b), u UMeeT 0THOCTOPOHHIOO
HEIIPEPhIBHOCTh B IPAHUYHBIX TOYKaX (T.€.
HelpepbIBHA B TOUKE & CIpaBa, B Touke b —
CJICBA).

223.

CBs13p IPOU3BOJHON C BO3pacTaHUEM
1 yObIBaHHEM (PYHKIIHH.

Ecnu npousBoHas MOMOXKUTEIbHA HA
npomexytke (a; b), To GyHKIUS HA HEM CTPOTO
BO3pacTaer.

Ecnu npousBogHas oTpunaTenbHa Ha
npoMexyTke (a; b), To GyHKIIHMSI Ha HEM CTPOTO
yObIBaerT.

224,

Kputnueckue Touku QyHKINH,
MaKCHMYMbI I MUHUMYMEI.

Kputrdyeckumu ToukaMu QyHKIIMHA HAa3bIBAIOTCS
TOYKH, B KOTOPBIX IPOM3BOIHASI PAaBHA HYJIIO,
7100 MPOU3BOIHOM B 3TOM TOYKE HE CYIICCTBYET,
TO ecTh (DYHKIIHS B ITOH TOUKE HE

g depeHmpyema.

ITycts f(x) HekoTopas auddepeHnupyemas Ha
untepBane (a; b)pynkuus. Touka x,
NPUHAUICKUT dTOMY HHTepBanTy U f (xg) = 0.
Torna:

1. Ecnit ipu miepexojie uepe3 CTaHOHAPHYIO
TOUKY Xo hyukims f(x) u e€ mpousBoaHAs
MEHSIET 3HaK, C + Ha -, TOr/J[a TOUKa X, SBJISCTCS
TOYKOM MakCUMyMa ()yHKIIHH.

2. Ecniit ipu niepexojie uepe3 CTAHOHAPHYI0
TOUKY Xo hyHKIHs f(X) 1 e€ mpou3BoIHAS
MEHSIET 3HaK, C - Ha +, TOT/Ia TOYKa X, SBIISETCS
TOYKOH MHHUMYMa ()YHKITHH.

225.

Haxoxnenne HanOoIbpIIero u
HAaUMEHBIIETO 3HAUCHUS (QYHKITHH.

AJTOpUTM HaXOXKJIEHHUSI HAUOOJIBLIETO U
HauMeHbIero 3HadeHni GpyHkiwn y = f(x) Ha
orpeske [a; b]:

1. Haiitu o6macts onpenenenns Gpyakmun D (f).
2. Haitru npoussomnyio f'(x).

3. Haiitu cranoHapHble U KpUTHYECKUE TOYKU
byHKUMHU, pUHAUIeKale natepsany (a; b).
4. Haiitu f(a), f (b) v 3HaueHus QyHKIMH B
CTalMOHAPHBIX TOYKAX, IPUHAUIEKAIINX
uHTepBany (a; b).

5. Cpenu nosyuyeHHbIX 3HAaY€HUH BHIOpAThH
HauOoJIbllIee M HAUMEHBIIIEE.

226.

IlepBooOpazHas GyHKIUH.

IepBooGpasnoii must pyrkumu f(X) Ha3BIBAIOT
Takyro ¢QyHkipo F(X), Ipou3BoaHAs KOTOPOit
paBHa f (Ha Bcelt 00JaCTH OTIpeIeNIeH s ), TO
ects: F'(x) = f(x).

Haxoxnaenue nepBoodpazHoi sSBIsETCS
ornepanuei, oopatHoil 1udQepeHIpPOBaHUIO.

81




227.

[IpaBuna HaXOXAEHUSA
epBOOOPA3HBIX.

CymecTByeT Tpu OCHOBHBIX MTPaBHIIA

HaXO0XKJCHUS IEPBOOOPA3HBIX (PYHKITUI.

[IpaBuio 1.

Ecmu F ecth mepBooOpa3Hast 1j1 HEKOTOPOM

dbyaknuy f, a G ecTh IepBOOOpa3Has IS

HeKoTopoil pyHkuuu g, 1o F + G Oyner SBasSThCS

nepBoobOpasHoit ms f + g.

ITo onpexesenuto nmeppoodpasHoii F' = f.

G' = g. A TaK Kax 5TH YCJIOBHUS BBIIOJIHSIOTCS, TO

10 TIPABUJTY BBIYMCIICHUS TTPOU3BOIHON ISt

CYMMBI (DYHKIHH OyZeM UMETh:
(F+G) =F +G =f+g.

ITpaBuio 2.

Ecmu F ecth mepBooOpa3Hast 1jisi HEKOTOPOU

byukuy f, a k — HeKoTopast nmocTosHHas. Toraa

k - F ectb nepBooOpa3nast st yHkuuu k - f

(k-F) =k-F =k-f.

[Tpasuuio 3.

Ecmu F (x) ects mepBooOpa3Hast 11t (yHKIIMH

f(x), ak u b ectb HEKOTOpBIE TOCTOSHHBIE,

1
IMpuIcMm k He PaBHACTCA HYJIIO, TOTAA (E) -F-

(kx + b) Gynet mepBooOpa3HOii I PYHKIIUN
f(kx + b):

((%) - (ex + b))l - (%) CF'(kx +b) - k
= f(kx +b).

228.

HNurerpain. Teopema Herorona-
JleitOHuna.

[TepBooOpa3Hble BaXHbBI TEM, UTO MO3BOJISIOT
BBIYUCIISATE OMPEeIEHHBIC HHTETPAITBL.

Ecnu F - nepBooOpa3Hast HHTETpUpyeMOil
HenpepbIBHON QyHKIMU f (Ha oTpeske [a; b)), To:

Laf(x)dx = F(b) — F(a).

JTO COOTHOIICHUE Ha3bIBaeTcs (popmyson
Herorona - JleitOHMIA.

229.

[lmomane KpUBOIMHEWHOM
Tpamneuuu.

KpuBonuneiinoii Tpanenueil Ha3biBaeTcs purypa,
orpaHuuYeHHas TpauKOM HENpPEPbIBHOM U HE
MEHSIFoIeH Ha oTpe3ke [a; b] 3Haka pyHKIHMH
f(x), mpsMeiMu X = a, X = b u oTpe3KoM [a; b].
I1nomans KpUBOJIUHENHON Tpanenyuu
BbIuucisercs no popmyine Hetorona-Jleitouumna:

S = faf(x)dx = F(b) — F(a).
b

BmpancaeTcsl IJIomazab B KBAAPAaTHBIX CAUHHIIAX.

230.

OCHOBHBIE TOHATUSA
KOMOMHATOPHKU: TIEPECTaHOBKH,
COUYETaHUS W PA3MEIICHHS.

B xoMOHMHaTOpUKE paccMaTpUBAIOTCS TPH
0a30BBIX MMOHATHUSA.

1. IlepecranoBKa — 3TO COCO0
MOCJIEIOBATENILHO PACIIONIOKUTD IIEMEHTHI BO
MHOYKECTBE.
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2. Coderanue — 3T0 HAOOP JIEMEHTOB, KOTOPHIH
MO>KHO BBIOpaTh U3 MHOXKECTBa 0e3 yuéra
MOpsIKA.

3. PasmemieHne — 3T0 ynopsiioueHHbIA Habop
AJIEMEHTOB, KOTOPbIl MOXHO BBIOpaTh U3
KOHEYHOT'0 MHOYECTBA.

231.

Co0bITHE, BEPOSITHOCTH COOBITHS.

BeposTHOCTE COOBITHSI A — OTHOIIICHHE
KOJINYeCTBa OJaronpusITCTBYIOMUX COOBITHIO A
HCXOJIOB K 00IIeMy KOJMYECTBY BCEX
PaBHOBO3MOXHBIX HCXO0B. M — KOJIHYECTBO
MCXOJIOB UCIIBITAHUS, B KOTOPBIX HACTYHAeT
coObITHE A, N — KOJINYECTBO BCEX

m
PaBHOBO3MOXHBIX HCX010B: P(A) = p

CoOpbITHs1 OBIBAIOT: TOCTOBEPHBIE, HEBO3MOKHBIE
U Clly4alHbIE.

[Tprmepsl 1OCTOBEPHBIX COOBITHI:

ITocne moHeneNbHUKA HACTYIIUT BTOPHHUK.

ITpu GpocaHuu UrpajbHOM KOCTU BBINAJIO YUCIIO
OYKOB, MEHBIIIE CEMHU.

Ilocne HOYM HACTYIIAaeT JEHb.

VYuebHblil roJ Koraa-HuOy b 3aKOHYUTCH.
ITprMepbl HEBO3ZMOXKHBIX COOBITHI:

JlocTaTh U3 MeIlIKa ¢ YepHBIMHU IIapaMu Oesbli
map.

3aBTpa OyJeT KpacHBIH CHET.

Bopna B pexe Bouire 3amépaiia npu temmeparype +
30°C.

[Tpu GpocaHuu UrpabHOM KOCTH MOSIBUIIOCH 8
OYKOB.

232.

Omnpenenenne BEpOATHOCTH:
KJIACCHUYECKOE, CTATUCTUYECKOE U
reOMETPUYECKOE.

Knaccuueckoe. BeposTHOCTBIO TTOSIBICHUS
coOBITHS A Ha3BIBAIOT OTHOIICHUE YHCIIA
MCXOJIOB, OJIATONIPUATCTBYIONIUX HACTYIIJICHUIO
ATOrO COOBITHS, K O0IIIEMY YUCITY BCEX
€IMHCTBEHHO BO3MOXKHBIX U HECOBMECTHBIX
AIIEMEHTAPHBIX UCXOJIOB.

Craructuueckoe. CTaTUCTUUECKON
BEPOATHOCTHIO COOBITHS A Ha3bIBaeTCS
OTHOCHUTEJIbHAs 4acToTa (4aCTOCTh) 3TOTO
COOBITHSI, BEIYHUCIICHHAS 110 pe3yIbTaTaM
OOJBIIIOTO YKCIIa UCTIBITAHUH.
['eomerpuueckoe. BeposTHOCTH coObITHS A
onpezensercs otHomenueM: P(A)=m(A)m(QG),
rae m(G), m(A) — reoMeTpUYECKUE MEPHI
(IITMHBI, TUTOIIAIA WU 00BEMBI) BCETO
MIPOCTPAHCTBA AIEMEHTAPHBIX UCX0/10B G U
COOBITHSI A COOTBETCTBEHHO.

233.

OCHOBHBIE CTATUCTUYECKUE
MOKa3aTelN: CpesiHee
apupMeTHyecKoe, pazMax, MeiuaHa
U MOJA.

OCHOBHBIE CTATUCTUYECKHE ITOKA3aTEeITN
BKJTFOYAIOT B CeOSI:

1. Cpennee apudmeTrueckoe: 3T0 CyMMa BCeX
3Ha‘IeHI/II\/'I, JCJIICHHAs HAa KOJINUYECCTBO 3TUX
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3HAYEHUU. DTO MOKa3aTelb HEHTPATbHOU
TEHCHIINA Ha0opa TaHHBIX.

2. Pazmax: 3T0 pazHHIAa MEXTy HAMOOIBIITUM U
HAaMMEHBIIIUM 3HAYCHUSIMU B Habope JaHHbIX. OH
MOKa3bIBaCT pa30poC 3HAYCHUH.

3. Meauana: 370 3Ha4YeHUE, KOTOPOE JIETUT
YIOPSTIOYCHHBIM HA0Op JaHHBIX HA JIBE PaBHBIC
MMOJIOBUHEI. Eciin Koan4ecTBO 3HaAYCHUH
HEYETHOE, TO MEJIMaHa - 3TO CEPEIUHHOE
3HAYCHHUE, €CJIM YETHOE, TO MEJHNAaHAa - 3TO
cpenHee apu(METHIECKOE IBYX CPETHUX
3HAYCHUH.

4. Mopa: 3To 3Ha4CeHHE WM 3HAYCHUSI, KOTOPBIC
BCTpEeYaloTcsl HanboJjiee YacTo B Habope TaHHBIX.
Mopna ucnoas3yeTcs JUisl OMCaHus HanboJee
TUMHWYHBIX 3HAYCHUI B HAOOpE TaHHBIX.

OTH NOKa3aTey IOMOTaloT IOHTh
pacmpesielieHue ¥ XapaKTepUCTUKHA Habopa
JIAaHHEBIX.

234.

OCHOBHBIE TTOHSTHSA CTCPCOMCTpPHUU.

OCHOBHBIC IOHATHS CTCPCOMCTPUU: TOUKA,
IpsMasd, IJI0CKOCTb.

235.

B3aumHoOe pacrosnoxeHue npsmMbIx U
IIJIOCKOCTEMN B IPOCTPAHCTBE.

B npocTpaHcTBE B3aMMHOE PACIIONIOKEHHUE
MPSIMBIX U IJIOCKOCTEH MOXET OBITh OIUCAHO C
MIOMOUIbIO0 HECKOJIBKMX OCHOBHBIX KOHIIETIIIMA:
1. [TapannenbHOCTD. IIpsiMble UK TIIIOCKOCTH
Ha3bIBAIOTCS NIApaJUIEIbHBIMU, €CJIM OHU HE
MIEPECEKAIOTCS U HE JIeXKAT Ha OJTHOM IPSIMOM Uin
IJIOCKOCTH.

2. Ilepeceuenue. [IpsiMble naM MIOCKOCTH
MIEPECEKAIOTCS, €CIIM OHU UMEIOT OAHY OOIIYIO
TOUKY.

3. CxpemuBanue. [IpsMbIe WK TIIOCKOCTH
CKPEIIHBAIOTCSI, €CIIM OHU MEPECEKAIOTCS, HO HE
JIe)KaT Ha OJJHOM MPSAMOU WJIH TIOCKOCTH.

4. BzauMHOE IOJIO)KEHHE B IPOCTPAHCTBE.
[Ipsimble MOTYT OBITH CKpPEIIUBAIOIIUMHUCS,
NapaJuIeIbHBIMU UM COBIAAAOIIAMH.
[110CcKOCTH MOTYT OBITh CKPELIMBAIOLIUMUCS,
NapauIeIbHBIMU, COBIAIAIOIIUMU, TN
MIEPECEKAIOIIUMMUCS 110 MPSMOM.

Jiist 6osee COXKHBIX CIy4aeB B3aUMHOTO
PacroI0KeHUs MPSIMbIX U IUIOCKOCTEH B
IIPOCTPAHCTBE UCIOJIB3YIOTCS METOIBI
aHAJIMTUYECKOW F€OMETPUH, BEKTOPHOTO aHaJIn3a
Y JIMHEWHOU anreOpsl.

236.

VYIubl MeXAy IPSAMBIMHU. YTOI
MEXy NMPSMOHN U IIIOCKOCTBIO.

UToOb!l HATH yros Mexay NpsMoil 1
IIJIOCKOCTBIO, HY’KHO IIOCTPOUTD NPOeKyuto 3TON
MPSIMOM Ha MIOCKOCTb.

IIpoexnus reoMmerpuyeckoi Gurypsi — 310
n300pakeHue, IOCTPOEHHOE TOCPEICTBOM
IIPOBEACHUS NIEPICHAUKYIIIPOB U3 KaXK 10U TOUKHU
9TOU (PUTYPHI HA TIIIOCKOCTb.
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[Ipoekius npsimMoil Ha IIOCKOCTh — MpsiMasi, €CIIN
YTOJI MEXAY 3TOU NMPSMOH U INIOCKOCTBIO MEHBIIE
90°.

[IpencraBumM, 4To y HaC ecTh mpsmasi |, koropast
nepeceKkaeT IOCKOCTh a. YTOObI HOCTPOUTH
IIPOEKIUIO 3TON IIPSIMOM, IPOBEAEM U3 KXKIO0HU €€

TOYKH NEPICHAUKYIIAP K 9TOH IMIIOCKOCTH:
l

e
rd

/

Torna TOUKM epeceueHust ITUX

MEPIEeHIUKYIISAPOB C MIOCKOCTHIO BHICTPOSITCS B

OJIHY MPsIMYF0. DTa npsimasi U OyzeTr npoexuuei /',
[

Ho mbI 3HaeM, 4T0 1J1 MOCTPOCHUS IPSIMOU
JIOCTaTOYHO BCETO J1B€ TOUKHU. OjHA TOUKa Yy HAC
yXKe eCTh — 3TO TOUKa repeceueHus npsamoi | u
IIJIOCKOCTH «. Toraa, eciivi Mbl IIPOBEAEM JIUIIb
OJTH TIEPIICHIMKYJIISP U3 JIF000I TOYKH MpsiMoii |,
3TOro OyJeT 0CTaTOYHO, YTOOBI TOCTPOUTH
IIPOEKIHIO:
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Yroa Mexay npsiMoi M IJI0CKOCTBIO — 3TO
YIOJ1, MEXKIY IIPSIMOU U €€ MMPOCKLUEH Ha Ty
IJIOCKOCTB.

b=}
AN
1_L ___

/ )=y
0° <y <90°

237.

[TapannenbHblie npsMbIe B
MIPOCTPAHCTBE.

IMapajiesibHbIE MPSIMBbIE — 3TO MPSIMBIE,
JIeKaIle B OOHOM TUIOCKOCTH U HE UMEIOLLHE
00IINX TOYEK.

a,beaalb

Teopembl, cBsI3aHHBIE ¢ TAPAJJIETbHBIMH
NpSIMbIMH

Teopema 0 mapajiieTbHBIX NPSIMBIX
Yepes n1106y10 moyuKy npocmpancmea, He
JledHcauyto Ha OAHHOLU NPSAMOL, NPOXOOUm
npsamas, napanenvHas OaHHoOU, U NPUMoMm
MONbLKO 0OHA.

Teopema 0 TPEX NpSIMBIX B IPOCTPAHCTBE
Ecnu 0se npsamvie napannensHvl mpemueti
NPAMOU, MO OHU NAPALIETbHbL Med*cOy cobot: a ||
c,b/c=al/b

[

JlemMa o nepeceyeHm NJa0CKOCTbIO
nmapajuic/JibHbIMHU IPAMBIMHA.
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Ecnu oona uz 08yx napannenvrvix npsamsix
nepecexkaem OaHHYIO NJIOCKOCMb, MO U Opyeas
npsimas nepecekaem 3my niockocmv: afa, a b

@i

[/

238.

[TapamienbHOCTh IPSAMOU U
IIJIOCKOCTH.

Ipu3Hak napanjieJbHOCTH NPAMON U
MJIOCKOCTH

Ecnu npsmas, ne neaxcawas 6 OaHHOU NIOCKOCMU,
napanienbHa Kakou-Huoyob npsamou, iedxcaueli 8
MO NIOCKOCMU, MO OHA NAPANLENbHA OAHHOU
NIOCKOCMU.

a/b,bea=ala

Teopembl, CBAA3aHHBIE C IPSAMON,
napaie1bHON MJIOCKOCTH

Teopema 1.

Ecnu nnockocms npoxooum yepes 0aHuyio
NPAMYI0, NapaieibHyo Opy2ou NI0OCKOCMU, U
nepecexkaem 3my NJI0CKOCMb, MO TUHUS
nepeceuenus n10CKocmel napaieibHa OaHHOU
NPAMOU.
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Teopema 2.

Ecnu o0na uz 08yx napannenvuvix npsamvix
napaiieibHa OAHHOU NIOCKOCMU, Mo opyeas
npamas 1ubo maxaice napaiieibHa OAHHOU
NIOCKOCMU, TUOO JIedcum 6 Mot NIOCKOCMU.

a b

Unn

A

HpI/I3HaK MnapaieJIbHOCTU

IIpu3Hak napajuie1bHOCTH IIOCKOCTEel

Ecnu 0se nepecexarowuecs npsimoie 00HoU
NIIOCKOCMU COOMBEMCMBEHHO NAPANLENbHBL O8YM
nepecekarwuMcs npAmMbiM 0py2oti NI0CKOCMU,
Mo NJI0CKOCMU NAPANNENbHb.

A

Teopema o0 nmepeceyeHuM nNapaieIbHbIX
IUIOCKOCTEH TpeTheil MJI0CKOCTbIO
EC]ZM 066 I’lapa]l]le]leble njiockocmu nepecelteHbl

239. miockocteit. CBoicTBa 8 §
MapaIeNbHBIX MIOCKOCTEIE. mpembetl, Mo TUHUY nepecedeHus NI0CKocmell
napanienbHyl.
14
a
/
b

/
B rutanumeTpun 1Be npsiMble TEPIICH UK Y ISPHBI
[leprienauKynsApHBIE IPSIMBIE B PHH JIBE TP PHCHIHKYIAPHEL,

240. €CJIN YToJl MEXly HUMU — NPSIMOH1 (TO €CTh €ro

MIPOCTPAHCTBE.

BennunHa coctaBisieT 90°).
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OnHaKo B CTEPEOMETPUH YTOJl U3MEPSIETCS U
MCKAY CKPCIIUBAOIIIUMUACA ABYMS IPSAMBIMU B
IIPOCTPAHCTBE, Y KOTOPBIX OOIIUX TOUYEK HET.
Ecnu on coctasiiger 90°, To npsiMble Takxke
Ha3bIBAIOTCS IEPIECHIUKYIISIPHBIMU.

241.

[leprieHAMKYAAPHOCTD NPSAMOU U
IIJIOCKOCTH.

/IBe npsiMble B IPOCTPAHCTBE HA3BIBAKOTCS
NEPIEHIUKYJIAPHBIMHU, €CIIA YTOJI MEXIY HUMU
paseH 90°. [lepneHAMKyISpHBIE TPSIMbIE MOT'YT
nepecekaTbes U MOT'YT OBbITh CKPELIMBAIOIIUMHUCS.
IIpsiMas Ha3pIBacTCA NEPIEHAMKYIIPHOHN K
IUIOCKOCTH, €CJIM OHA IEePIEeHIUKYIISIPHA K JIF000H
IIPSAMOM, JIEXKALIEH B 3TOU IIJIOCKOCTH.

Jlemma 0 nepneHauKyIIPHOCTH ABYX
[apaJUICIbHBIX MPSAMBIX K TPEThEU IPSIMOM.

Ecnu o0na uz 08yx napannenvuvix npsamvix
nepneHOUuKYIAIPHA K mpemvell npsmou, mo u
Opy2as npamas nepnenouKyIApHa K 9mou
NPAMOI.

ITpu3Hak nepneHIuKyJIIpPHOCTH IPSIMOU U
IIJIOCKOCTH.

Ecnu npsamas nepnenouxynapua k 06ym
nepeceKkaruwuMcst NPAMbIM, JeANCAUUM 6 OOHOT
NIIOCKOCMU, MO OHA NePNeHOUKYIAPHA K IOl
NJIOCKOCMU.

Teopema o psAMON NEPHIEHANKYIAPHON K
IIJIOCKOCTH.

Yepes 1106y10 mouKy npocmpancmea npoxooum
NJIOCKOCMb, NEPNEHOUKYTIAPHAS K OAHHOU NPAMOII.

242.

[Ipu3Hak nepneHIuKyISIPHOCTH
IJIOCKOCTEM.

Ecnu ogHa u3 1ByX IUIOCKOCTEN IPOXOIUT YEPE3
IPSIMYI0, IEPIIEHIUKYIIIPHYIO K Ipyroi
IJIOCKOCTH, TO TaKHE IJIOCKOCTH
NEePIEeHIUKYIISPHBL.

CnencrBue u3 MpU3HaKa NEPIEHIUKYIIPHOCTH
IIJIOCKOCTEMN

IInockocmob, nepneHOUKyIApHas K NPAMOotl, no
KOMopoli nepecexaiomcs 06e 0anHvle NI0CKOCMU,
NEePneHOUKVIAPHA K KAXHCOOU U3 IMUX
NJI0CKOCMeEI.

243.

JIByrpaHHBIN yroOJI.

JIByrpaHHBIM YIJIOM Ha3blBaeTcs Gurypa,
oOpa3oBaHHas NPSMOI a U IByMs
MOJIYTUIOCKOCTSIMH ¢ 0OIIel TpaHuLielt B BUJIE
MPSAMOH @, HEe IPUHAIIEKAITUMHI OJTHON
riockocTH. [leprnenaukymnsapsl Kk pedpy
JIBYTPaHHOIO yria 00pa3yroT JIMHEHHBIN yro
JBYI'pPaHHOrO yria. I'pagycHoi Mmepoi
JBYTPaHHOIO yTrila Ha3bIBAETCS TpajycHas Mepa
€ro JINHEHHOT0 yrIa.

244,

Teopema o Tpex nepneHauKyIIsIpax.

Ecnu npoekiust HaKJIOHHOW Ha JaHHYIO
IJIOCKOCTh NEPIEHAUKYIIPHA MPSIMOM ITOU
TJIOCKOCTH, TO U HAKJIOHHAS MEPIICHANKYIISIPHA
9TOU MPSIMOU.
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Teopema (oOpaTHast Teopeme 0 TPEX
MEePIEeHIUKYIIAPaXx )

Ecnu HaknoHHas K JaHHOM IIJIOCKOCTH
MEepHEHAUKYISIPHA MPSAMON 3TOU MIOCKOCTH, TO U
e€ MPOEKIHs Ha 3Ty IUIOCKOCTh MEPICHIUKYISIpHA
ATOM MPSMOH.

245.

[TonsiTue MHOTOTpaHHUKA. Buabl n
3JIEMEHTBI MHOTOIPAaHHUKOB.

I'eomeTpuueckue Tena, CTOPOHbI KOTOPBIX B
TpEXMEPHOM MPOCTPAHCTBE 00pPa30BaHbI
OTPaHUYEHHBIMH TUIOCKOCTAMH (TPaHsIMu),
HA3BIBAIOTCS MHOTOTPAaHHUKAMH.

Bce oHM HMEIOT TpU HEOTHEMIIEMBIX KOMIIOHEHTA:
rpaHb (IOBEPXHOCTh MHOTOYTOJIbHUKA), BEPIINHA
(yruib1, 0Opa30BaBIIMECS B MECTaX COCAUHEHUS
rpaueit), pedbpo (cTopoHa (GUTyphI UIH OTPE3OK,
00pa30BaHHBIN B MECTE CTBIKA JIBYX I'PaHEN).
MHOrorpaHHHKU MOYKHO YCIIOBHO Pa3eNuTh Ha:
1) Beinmykiible MHOTOrpaHHUKH, COCTOSIIIINE U3
CJIEZYIOUIMX KJIaCCOB: OOBIUHBIE MU
KJlaccuueckue (mpusma, nupammuiaa,
napajuieNienunen), MpaBUiIbHbIC (TaKxkKe
HazbIBaeMble [11aToHOBBIMU TENAMN),
MOJIYIIPaBUIIbHBIE (BTOPOE Ha3BaHHUE —
ApXHUMEIOBBI TENA).

2) HeBbImykIible MHOTOTpaHHUKH (3BE3/1UaThIC).

246.

BzaumHuoe PAacCIOJIOKCHHUEC
IIJIOCKOCTH U MHOTOT'paHHHKaA.

ITimockocTs 1 MHOT'OrpaHHUK MOT'YT HC UMETh
00X TOYEK, UMETH OJJHY OOIIYIO0 TOUKY, HMETh
001IHii 0TPE30K — pedpPO MHOTOTPAHHHUKA, UMETh
00111 MHOTOYTOJILHUK — CEUEHHUE.

247.

ITonsarue Ten BpaliCHusA U UX BUOBI.

Teno BpamieHus: — 3To reomeTpuyeckas purypa,
KOTOpast 00pa3yeTcs MyTeM BpallleHHs HEKOTOPOH
KpHBOW BOKpYT ocu. Kpusasi, KoTopas Bpaaercs,
Ha3bIBaeTCs 00pa3ymolei, a 0Ch BPALCHUS —
OCbI0 CUMMETPHH.

Tena BpalieHus: MOT'YT UMETh pa3IMyHble GOPMBI,
BKJTIOYAst IMIHHAPHI, KOHYCHI, Iapbl U TOPHI.
dopma Temna BpaleHus 3aBUCUT OT (GOPMBI
00pa3yrolei U OCH BpallleHHS.

OCHOBHOE CBOMCTBO TeJla BpallleHUs
3aKJIF0YAeTCs B TOM, UTO 00BbEM U IUIOLIA/b
MOBEPXHOCTHU TAKOT'O TeJIa MOKHO BBIYUCIIUTH C
HCI0JIb30BaHUEM OIpEIeTICHHBIX POpMYyII,
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KOTOPBIE 3aBUCAT OT (POpMBI 0Opa3yroIieii 1 ocu
BpAILCHMUSL.

248.

HpI/ISMa Hu €€ 3JICMCHTHI.

[Tpusma — 310 reomeTpuyeckas ¢purypa B
MPOCTPAHCTBE; MHOTOTPAHHUK C JIByMS
MapajuieJIbHBIMU U PaBHBIMU IPAHSIMU
(MHOrOyroJIbHUKaMH), a Ipyrue rpaHy Mpu 3T0M
SBJISIOTCSA MapajieIOrpaMMaMH.

DNEeMEHTHI IPU3MBI

OcHoOBaHUs — paBHbIE MHOT'OYT'OJIbHUKH. DTO
MOTYT OBITh TPEYTOJIbHUKU, YETHIPEX -, MATH-,
HIECTUYTOJIBHUKU U T.J.

BokoBbie rpanu — 3TO MapanieaorpaMMbl
BokoBoe pedbpo — 0Tpe30K, COeTUHSIONTUI
COOTBETCTBYIOIIUE APYT APYTY BEPIIUHBI Pa3HBIX
OCHOBaHUU. SIBnsieTcs 001Iel CTOPOHOI IBYX
OOKOBBIX I'paHei.

Bricora (h) — 3T0 neprnieHuKyInsp, NPOBEISHHBIH
OT O/IHOT'O OCHOBAHUS K APYTrOMY, T.€. PACCTOSIHUE
Mmexny Humu. Eciiu 60okoBbIe pedpa
PACIIOJIOKEHBI MO IPSIMBIM YTJIOM K OCHOBAHUSAM
¢burypsl, 3HaUUT OHU OJHOBPEMEHHO SIBJISIOTCS U
BBICOTAMH TPU3MBI.

JnaroHanb OCHOBaHUs — OTPE30K, KOTOPBIN
COCIMHSET JIBE MPOTUBOJICIKAIINE BEPIITUHBI
OJIHOTO U TOTO € OCHOBaHHUS. Y TPEYroJibHOU
MIPU3MBI JJAHHOTO 3JIEMEHTA HET.

Juaronaib 60KOBOM I'paHU — OTPE30K, KOTOPBIN
COCIMHSET JIBE MPOTUBOJICIKAIINE BEPIITUHBI
OJIHOU U TOM K€ IPaHMU.

JnaroHane nNpu3Msl — OTPE30K, COETUHSIOINN
JIBE€ BEpUIMHBI pa3HbIX OCHOBAHMI, HE
MIPUHAISKANTUX OJTHON OOKOBOM TpaHHU.
[ToBepXxHOCTH MPU3MBI — CYMMAapHasi MIOBEPXHOCTh
JIBYX €€ OCHOBAaHUU M OOKOBBIX T'PAHEH.

249.

[Tapannenenunen u ero cBoicTaa.

[Tapannenenunen — 3To reoMeTpudeckas purypa
B MIPOCTPAHCTBE; MIECTUTPAHHUK, TPAHIMH
KOTOPOTO SIBIISIIOTCS MapauienorpaMmmsl. Gurypa
umeet 12 pedep u 6 rpaneit.

CoiicTBa napauienenumneaa

1. ITpoTHBOMONIOKHBIEC TPAaHU MTapajuiesienuIie1a
B3aMMHO TapaJUICIIbHBI U SIBJISIOTCS PaBHBIMU
napaieiorpaMMaMH.

2. Bce nnaronanu mapasenenumneia
MEPECEKAIOTCS B OJTHOM TOYKE U B HEU JIETATCS
I0TI0JIaM.

3. KBanpat nquaronanu (d) mpsiMoyroJibHOro
napaJuiesienure/ia paBeH CyMMe KBaJpaToB TPEX
ero uaMepeHuit: umnsl (a), mmpuast (D) n
BBICOTHI (C).

91




F=a2+b°+2
K napasienenueny npuMeHUMBI BCE CBOWCTBA
ITPpU3MBI.

250.

[Inpamna u ee 3IEMEHTHI.

[Tupammna — 3To reomerpudeckas urypa B
MPOCTPAHCTBE; MHOTOI'PAaHHHK, KOTOPBIH COCTOUT
13 OCHOBAaHHUS U OOKOBBIX I'paHel (¢ o0Omieit
BEPIINHON ), KOJIMYECTBO KOTOPBIX 3aBUCUT OT
KOJINYECTBA YTJIOB OCHOBAHMUSL.

DJeMEHTHI TUPaMUbI

Jns pucyHka Balie

OcnoBanue (detsipexyroabHUK ABCD) — rpanb
Gurypsl, SBISIONIasi MHOTOIrpaHHUKOM. Eii He
IIPUHAJUJIEKNT BEPIIUHA.

Bepmmna nupamusl (Touka E) — oOmiast Touka
BceX OOKOBBIX IpaHei.

BbokoBble rpaHy — TpEYroJbHUKH, KOTOPbIE
cxonarcs B Bepminne: AEB, AED, BEC u CED.
BbokoBbie pedpa — cTOpOHBI OOKOBBIX T'paHeil, 3a
UCKJIIOUEHHEM TEX, KOTOPBIE IPUHAIEKAT
ocuoBanmio. T.e. a3to AE, BE, CE u DE.
Beicota nupamuas! (EF unu h) — nepnenauxyssp,
OMYIICHHBIN U3 BEPLIMHBI TUPAMH/]IbI HA €€
OCHOBaHHUE.

Bricora 60koBoii rpanu (EM) — BeicoTa
TPEYroJIbHUKA, SIBISIONIErocsi O0KOBON IPaHbIO
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¢burypsl. B npaBuibHOM UpaMuie Ha3bIBAIOTCS
arnogeMoiu.

[Tnomanb MOBEPXHOCTH MUPAMUIBI — ILTOMIAH
OCHOBAHHUS U BCEX €€ OOKOBBIX I'PaHEH.

251.

]_II/IJII/IHZIp " €ro 3JICMCHTHI.

[Ipsmoit KpyroBoi HUJIMHAP — 3TO
reoMeTpuyeckas Gurypa B mpocTpaHCTBE,
MOJIyYeHHAas IyTeM BpallleHusl IPSIMOYTOJIbHUKA
BOKPYT CBOE€U CTOPOHBI WJIM OCH CUMMETPHHU.
[ToaTomy Takoil HMIMHAP UHOTAA HAa3bIBAIOT

OWIMHIPOM BpalECHHUS.
C

OCHOBHBIE 3JIEMEHTHI IIWIIHHPA

OcHoBaHUS UUIMHAPA — ABA OJMHAKOBBIX 1O
pa3Mepy/TIonmaan Kpyra ¢ IEHTPaMH B TOYKaX
Ol u O2.

R — paguyc ocHoBaHui HuIMHIpa, oTpe3ku AD u
BC — nuametpsi (d).

0102 — och cuMMeTpHH TWIHHJIPA,
OJIHOBPEMEHHO sIBJsieTcs ero BbicoToi (h).

(AB, CD) — obpa3yromiie HUIHHIPA U
OJIHOBPEMEHHO C 3TUM CTOPOHBI MPSMOYTOJIbHUKA
ABCD. PaBubI BeicOTE (DUTYPHI.

Pa3Béprka nunuampa — 60KoBas
(uMnuHApPUYECKas) IOBEPXHOCTh (PUTYPBI,
pa3BepHyTas B INIOCKOCTh; SIBISIETCS
PSIMOYTOJIBHAKOM.

252.

Konyc u ero snemMeHTsl.

IIpsiMO¥ KpyroBOM KOHYC — 3TO TpEXMEpHas
reoMerpuueckas (Gurypa, noixydeHHas myTem
BpalICHUs IIPAMOYTOJIBHOTO TPEYTrOJIbHUKA
BOKPYT OJHOTO M3 CBOMX KaTETOB, KOTOPHIN B
JTAHHOM ciy4ae OyAeT SBIATHCS OChIO (DUTYPHI.
BBuny 3TOro nHoraa Takoi KOHyC Ha3bIBarOT
KOHYCOM BPAILICHUS.
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OCHOBHBIE 3JIEMEHTHI KOHYCa

R — paanyc kpyra, SBISIOMIErOCs OCHOBaHUEM
konyca. LlenTp kpyra — Touka D, nuametp —
oTpe3ok AB.

h (CD) — BbicoTa KOHYyCa, OJTHOBPEMEHHO
SIBIISTIOIIASACS OCBIO (PUTYPBI U KATETOM
IPSIMOYTOJIBHBIX TpeyroiabHuKoB ACD nnu BCD.
Touka C — BepiInHa KOHyca.

(CA, CB, CL u CM) — o6pazyroiiue KoHyca; 3TO
OTPE3KH, COSTMHSIONINE BEPUIMHY KOHYCA C
TOYKaMH Ha OKPYKHOCTH €r0 OCHOBaHHUSI.
OceBoe ceyeHne KOHyCca — 3TO PaBHOOCIPEHHBII
tpeyronsHuK ABC, KoTOpBIi 00pa3yeTcs B
pe3yJbTaTe mepecedeHns KoHyca III0CKOCThIO,
NPOXOAALIEH Yepe3 ero och.

[ToBepXHOCTH KOHYCa — COCTOHUT U3 €ro OOKOBOM
MOBEPXHOCTU M OCHOBAHMS.

253.

[Tap u chepa. YpaBHeHue chepsl.

[ITap — 3TO COBOKYITHOCTh BCEX TOYEK B
TPEXMEPHOM IPOCTPAHCTBE, KOTOPBIE HAXOATCS
Ha PacCTOSIHUM He OOJIbINe 33JaHHOTO OT TOYKH,
Ha3bIBAEMOM LIEHTPOM Il1apa (Ha pUCYHKE HUXKE —
9710 Touka O). Jlpyrumu cioBamu, 3TO
COBOKYITHOCTb TOYEK, OTPaHUYEHHBIX CPEepO.
[Tap oOpa3yeTcs myTeM BpallleHus! Kpyra BOKpYT
cBoero auamertpa (ocu) Ha 180° unu nmomykpyra —
Ha 360°.
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Codepa — aTo moBepxHOCTh mapa. O6pazyercs
IyTeM BPAIICHUs OKPY>KHOCTH BOKPYT' CBOETO
nuamMerpa Ha 180° uiam noayoKpy KHOCTH — Ha
360°.

YpaBuenue chepsl

(x —x)* + (= v0)* + (z—20)* = R?

254,

IIpsmoyronbHas cucrema
koopauHaT. KoopauHatel BeKTopa.

BekTop B mpocTpaHCcTBE — 3TO OTPE30K,
VMMEIOIINN JUIMHY U HallpaBJICHUE.

Kax1p1if BEKTOp B IPOCTPAHCTBE UMEET TPU
KOOpJMHATHI, pasiiokeHHbIe 110 ocsim OX, Oy, u
Oz:

B3anMHas nepreHIuKyIsspHOCTb OCEH CUCTEMBI
KOOpJMHAT [TO3BOJISIET HAM IPOCTO PACIIOIOKUTh
B HEH MPSAMOYTrOJbHbIE FTEOMETPUUECKUE TeA.
Jiis TOro, yTOOBI ClIeNaTh 3TO BEPHO, HE HYKHO
JIOKa3bIBaTh MEPHEHAUKYIIPHOCTh OCEH — 3TO
aKcuoMa.

Hanpumep, noctaBum B IpSIMOYTOJIbHYIO
CHCTEMY KOOpAMHAT KyO cO CTOpOHOI a=2a=2.
Mgl 3HaeM, 4To Tpu pedpa KyOa, BHIXOAIINE U3
OJIHOW BEpPIINHBI, B3aUMHO MEPIEHAUKYISIPHBI
(KaK 1 OCH CUCTEMBI KOOPAMHAT), TOT/1a IYCTh
0JIHa U3 BepIluH Kyoa Haxoautcs B Touke O(0;0)
TaK, 4TOOBI KaXK/1asi TOUYKa Kyba umerna
10JIO)KUTEIbHBIE KOOPANHATBHIL:
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X A B

Taxum o6pazom, croporst DA, DC u DD1 nexat
Ha ocsix OX, Oy u OZ cOOTBETCTBEHHO, IIPH 3TOM
Ka)x/1ast M3 3TUX cTopoH paBHa 2. Eciu Touka D
umeet koopauHatsl (0;0), a Bce ocTabHbIe
BEPIINHBI Ky0a HMEIOT IOJI0KHUTEIbHbIE
KOOPJIMHATHI, TOTJa KoopauHaThl Touek A, C u
D1 cnenyromue:

Z
D, (0;0;2) <!
/
A :
i Bl
I
12
I
I
|
i y
\ D 2 ) .
20 (0;2;0)

X A(2;0:0) B
A (2;0;0), C (0;2;0), D1(0;0;2)
MeTo1oM KOOpAMHAT MOXXHO HANTH:

. paccTosHUuE MEXKy BEpPIIMHAMY;

. KOOpJMHATHI CEPENHBI OTPE3KA;

. paccTosHUE MEXy BEpPLUIMHON U
CepeuHON oTpe3Ka (Meauany);

. paccTosHUE MEXy TOUKOW U IPSIMOMN
(BBICOTY);

. paccTosHUE MEXKY MPSIMBIMH;

. pacCTOsHUE MEXAY INIOCKOCTBIO U
IIPSAIMOM;

. YToJI MEeXAY IPSIMbIMHU;

. IJI0LIA/1b TOBEPXHOCTH.

B 001meM MOXHO 3aMEHUTH OOJIBIIMHCTBO
dbopMyI1, TEOPEM U METOJIOB PELICHHS
CTEPEOMETPUUYECKHX 3aJ1a4 METOJIOM KOOPJIMHAT B
MPOCTPAHCTBE MPHU YCIOBUU BEPHOM MOCTAHOBKHU
TEOMETPUUYECKOTO TeJla B CUCTEMY KOOPJIMHAT.
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B BrICIIElT MaTeMaTHKE YaCTO KMEHHO METOI0M
KOOPJMHAT PEIIAtOTCs CIO0KHBIE 3aJJa4H 110
HaxO0’KJICHUIO PAaCCTOSHUMN, YTIIOB, IUIONIAICH U
MIPOYUX XAPAKTEPUCTHUK.

255.

JlelicTBUS HaJl BEKTOPAMHU.

K nuHelHbIM 1eCTBUAM C BEKTOPAMH OTHOCST
CJIO’)K€HUE BEKTOPOB, BEIYMTAHUE BEKTOPOB U
YMHOXXEHHE BEKTOpa Ha uncio. Heooxoaumo
CJIOKUTb (BBIYECTD) UX COOTBETCTBYIOIINE
KOOPJMHATHI, yMHOXHUTH Ha 3TO uncio: Coueras
JIEUCTBUSI CIIOKEHUS U BBIUMTAHUS BEKTOPOB, a
TaK)Ke YMHOKCHHE BEKTOpa Ha YUCIIO0, TOTYyYUM
JMHEHHYI0 KOMOWHAIMIO BEKTOPOB.

256.

CkansipHO€E TPOU3BENIEHUE ABYX
BEKTOPOB.

YTr0J1 MeKI1y BEeKTOPaAMHU MOYKHO OTIPEICITHUTD,
eciii 00a BEKTOpa BBIXOMIST U3 OJHON TOUYKH.
Torna, eciy npeACTaBUTh BEKTOPBI KaK OTPE3KH,
TO yroJi Oy/IeT UMETh CBOE CTaHIapTHOES
ornpesenacHne — OyJIeT COCTOSTh U3 BEPIIUHBI U
JIBYX CTOPOH:

_).
a

a
0 -

b

Yroj Me:xkay coHanpaBJIeHHbIMH BEKTOPAMHU
paBen 0°

o —_—
0 a b

Yroa Me:x1y NPOTHBOIOI0KHO
HaNpaBJIeHHbIMH BeKTOpaMu paseH 180°.

4 o =
¢ 0 d

CxkansipHoe npousBe/ieHue BEKTOPOB MOKHO
HaWTH IByMs crioco0aMu:
1) D10 npou3BeeHNE JUTMH BEKTOPOB HA KOCUHYC
yria MKy HUMU:

a-b=\al-|b|-cosab
Ecnu yronm mexnay Bektopamu paseH 90°, To
BEKTOPBI IEPIIEHANKYJISPHBI, @ UX CKAJSIPHOE
npousBeieHne paBHo 0:
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a-b=1lal-|b| cos90°=|al-|b|-0=0.
Taxum 00pa3oM eciu ckanaproe npousgedeHue
08YX HEHYNle8blX BEKMOPO8 PABHO HYII0, MO IMU
8EKMOPbl NEPNEHOUK)IAPHBI.

2) DTO cymMMa IIPOU3BEICHU COOTBETCTBYIOIIUX
KOOpJMHAT.

Ecm afxy;y1; 21}, b{x2;y2; 22}, To:
ab=x1x,+y1Y, +2,2;.

257.

CumMMeTpus: LIeHTpaslbHas, OCeBast U
3epKajbHasl.

CuMMeTpHsi — 3TO COpPa3MEPHOCTbD,
IPONOPIHUOHATLHOCTD YacTeil uero-nuoo,
PacMoJI0KEHHBIX 10 00€ CTOPOHBI OT LIEHTpA.
I"oBops mpotte, eciau 00€ yacT OT LIEHTpa
OJIMHAKOBBI, TO 3TO CUMMETPHSI.

Ocb cuMMeTpuH PUTypbl — 3TO MpsAMasi, KOTopas
JenuT (PUrypy Ha JiB€ CHMMETPHUUYHBIEC YacTH.
YToOb! HATrNSAHO MOHSTh, YTO TAKOE OCh
CUMMETPHUH, BHUMATEIILHO PAaCCMOTPUTE

PHUCYHOK.

IleHTp cUMMETpPUM — HTO TOYKA, B KOTOPOU
MIEPECEKAIOTCS BCE OCH CUMMETPHH.

Ha pucynke n3zo0paxeHbl QUrypbl, UMEIOIIUE OCh
U LICHTP CUMMETPUH.

Ocb cUMMeTpHUH yrila — OHCCEeKTpuca.

Och cMMMETpPUHN PaBHOCTOPOHHETO TPEYTOJIbHUKA
— OucceKkTpuca, MeIMaHa, BHICOTA.

Ocu cuMMeTpHUH NPSMOYTOJIbHUKA ITPOXOJAT
4yepes Cepe/IHbl €ro CTOPOH.

VY pomba 1B OCH CHUMMETPUHN — MPsIMBIE,
coJIeprKalllie ero JuaroHalu.

VY kBagpara 4 ocM CHMMETPHH, TaK KaK OH Cpasy
U KBaJipat, u poMo.

Ocb CUMMETPHH OKPY>KHOCTH — JIt00ast psimas,
IIPOBEJICHHAs Yepe3 ee LEHTP.

Ocesoii cummempueli Ha3bIBAETCSI CHMMETPHS,
MIPOBECHHAs! OTHOCUTENBHO NpsiMoi. [Ipu
0CEBOI CUMMETpHH JF000H TOUKe,
PacroI0KEHHOU M0 OJJHY CTOPOHY MPSMOii,
BCEr/la COOTBETCTBYET Apyras TOUuKa Ha BTOPOI
CTOPOHE HTOU MPSMOM.
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[Ipu 5TOM OTpE3KH, COETUHSIONINE TH TOUYKH,
MEePHEHIUKYISIPHBI OCH CUMMETPHHU.

a

c 0

Ha pucynkax oceBast cummeTpusi: Touku A u B
CUMMETPUYHBI OTHOCUTENILHO MPSAMOi &; Touku R
u F cuMMeTpu4HbI OTHOCUTENBHO MpsiMoi AB.
OceBasi CHMMETpPHS 4aCTO BCTPEUAETCS B
IIOBCE/IHEBHOM JKU3HU: B ITOJIOBUHKAX aBOKaJ0, Ha
MOpJI€ KOTa WJIH B 3/1aHUSX BOKPYT.

OceBasi cUMMETpUsl — HEOTheMIIEMas 4acThb
APXUTEKTYPBHIL.

LlenmpanvHroti cummempueti Ha3bIBACTCA
CUMMETPHUS OTHOCUTEIIBHO TOUKH.

Ha xapTunkax neHTpangbHas ciMMeTpusi: Touka O
3]1eCh — IICHTP CUMMETPHHU.

B Bi
B
0
0
v

A A
@urypsl ¢ HUEHTPAIBHOW CHUMMETPUEH, KaK U
(burypsl ¢ oceBoil CUMMETpHEH, OKPYKAIOT HAC
oBCIOAY. LIeHTpabHYI0 CHMMETPHIO MOKHO

3aMEeTHUTb B )KMBOH MPHUPOJIE, B pa3pese GPyKTOB U
B I[BETaX.
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Tembl HHAUBUAYAJIBHBIX IIPOCKTOB
10 JUCLHUILIMHE « MaTteMaTuka»

W3 ucropuu Mep IIMHBIL.

Kak yumince MaremaTuke €Ty B IPOLLIbIE BpEMEHA.

Kypsbe3bl, codu3mbl, mapagoKkchl B MATEMATHKE.

[TpoucxoxxaeHne reoMeTpUYeCKUX TEPMUHOB.

l"anepest BEMMKUX MaTeMaTUKOB.

[Tudarop u nugaropeiickoe yueHHe 0 YUCIE U TAPMOHUH.

JlekapT u ero cuctemMa KOOpAUHaT.

3HaueHue uccael0BaHui Dilepa B MaTEMATUKE JUIsl pA3BUTHSI HAyKH.

©ooNo kR wdPE

Mup Jleonapmao ®dubonauym.
. H.W. JloGa4eBCKHii ¥ €ro reoMeTpHs.
. Apudmernueckas u reoMeTpudecKasi IpOrpeccHsl B HAIIEH JKU3HH.
. JIroOuMbIe pUCYHKH Ha KOOPJIUHATHOM TIOCKOCTH.

[ = S S T
w N kO

. CDYHKIII/II/I B MaT€MaTUKEC U B )KU3HU.

[EEN
N

. Marnueckuit KBagpatr — Marusi ujiu Hayka?

[EEN
a1

. I'pacpe1. Teopust rpadoB u e€ npruMeHEHHEe MPU PEUICHUH 33124, TOJIOBOJIOMOK.

[EEN
(2]

. KommirexcHbIe uncita u ux IIPUMCHCHHUC.

[EEN
\‘

. OT HaTypaabHOTrO YUCIIa JO MHUMOM €TUHUIIBL.

[HEN
e}

. rapMOHI/IH 30JI0TOIro CCUYCHU.

. FGOMeTpI/I‘{eCKaH WLII03UA ¥ 0OMaH 3pCHUA.

. MHoronukas CUMMCTpPUA B OKPYIKAOIIEM HAC MUPC.
. MI/Ip IMpaBUJIbHBIX MHOTI'OI'PAHHHUKOB.

N NDDN -
N O ©

. CoObITHS U BEPOSITHOCTH.

N
w

. MaremaTuka B Urpax.
. IITaxMaTbl 1 MaTeMaTHKaA.

N
N

Kpurtepun onenuBanus:

Ouenka « Omauunoy.

— paboTa HOCHUT TPAKTHUECKUN XapakTep, COAECPKHUT TPAMOTHO H3II0KEHHYIO
TEOPETUYECKYIO 0a3y, XapaKTepHU3yeTCs TIOTUYHBIM, ITOCIEI0BATEIFHBIM U3TI0KEHHEM MaTepHana
C COOTBETCTBYIOIIMMU BBIBOJAMHU H 0OOCHOBAaHHBIMU MPEIOKECHHUSIMHU;

— TMpu 3ammTe paboThl OOYYAIOUIMIICS TOKa3bIBa€T JIOCTATOYHO TIyOOKHE 3HAHUA
BOIIPOCOB TEMBI, CBOOOJHO OMEPHPYET JAHHBIMH HCCICIOBAHUSMHU, BHOCHUT OOOCHOBaHHBIC
MPEJIOKEHUS,, BO BPEMs BBICTYIUICHUS HCIOIB3YEeT HAIMNISAIHBIE MOCOOUS (TaONHIIBI, CXEMBI,
rpaduKH, JIEKTPOHHBIE TPE3CHTAMHA U T.JA.) WA Pa3IaTOYHBIA MaTepHall, JIETKO OTBEYAaeT Ha
MTOCTaBJICHHBIE BOIIPOCHI.

Oyenka «Xopouioy:

— HOCHUT IPAKTUYECKUN XAPAKTEp, COAEPKUT TPAMOTHO U3JIOKEHHYIO TEOPETUUYECKYIO
0a3y, XapakTepu3yeTcs MOCJIeIOBATEILHBIM M3JI0)KEHHEM MaTrepuajga C COOTBETCTBYIOITUMU
BBIBOJIAMH, OJTHAKO C HE BIIOJTHE 0OOCHOBAaHHBIMH MPE/TIOKEHUSIMH;

—  TIpH 3a1uTe 00yYaIOUUIiCs MTOKA3hIBAET 3HAHUS BOIIPOCOB TEMBI, ONIEPUPYET TaHHBIMU
WCCJIEIOBAHMS, BHOCUT MPEIOKEHHUS, BO BPEMS BBICTYIUICHHS UCIIOIB3YET HATJISIAHBIC TTOCOOUS
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(Tabmu1ibl, CXeMbl, TpauKH, YIEKTPOHHBIE MPE3EHTAIUY | T.J.) WM Pa3IaTOYHbIA MaTepHal, 6e3
0COOBIX 3aTPYIHEHU OTBEUYACT HA MTOCTABICHHBIC BOIIPOCHI.

Oyenka «YooenemeopumenvHoy.

— HOCHUT NIpPAaKTHUECKUU XapaKTep, COJEPKUT TeOopeTHdeckyro 0a3zy, Oaszupyercs Ha
MPAKTUYECKOM MaTepuaje, HO OTIUYACTCS IMOBEPXHOCTHBIM aHAIM30M U HEIOCTAaTOYHO
KPUTHYECKHM pa30opoM, B HEW MNPOCMATPUBACTCS HEMOCIEAOBATEIHLHOCTh HU3JI0KEHUS
MartepHaia, MpeacTaBIeHbl HEOOOCHOBAHHBIE MPEITIOKECHHUS;

—  UMEIOTCS 3aMEYaHMs 110 COJAEPKAHUIO PadOThI M 0(HOPMIICHUIO;

— IIpH 3au[UTe 00y4arouuiicss mposBIsSeT HEYBEPEHHOCTh, MOKA3bIBAET Cllaboe 3HaHHE
BOIIPOCOB TE€MBI, HE JIa€T MOJHOT0, aPTYMEHTUPOBAHHOI'O OTBETA Ha 33JJaHHbIE BOIPOCHI.

Oyenka «Heyoosremeopumenvroy:

— HUHIUBUAYAIbHBIN MPOEKT HE 3aBEPILEH;

— K 3ammre 00yJaroNuiics He TOITYCKaeTCsl.

KomnuiekT 3aganmii 111 KOHTPOJILHOH padoThI

3agaHus /19 IPOBe/IeHUs] KOHTPoJbHOro cpe3a Nel 3a 1 cemectp

Bapmuanr 1
1. BeraucnuTs: a) cos 780°;
.13
0) sin —”;
6
. 12 3z
B)Sino,ecnucoso=—— u 7<a<——;
13 2

(24
r) c0S E,ecnncosa20,28no<a<n;

sin 75° +sin 45°
sin285°

T
e) 16 COS X COS 2X C0S 4x cos 8X, ecnu x = E :

2. YrupoctuTh Beipaxenue: a) cos (o — ) — cos (o + B);
0) sin 915°cos B — sin B sin 645°;
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B) %sin (540° + B) sin (B + 810°);

r) sin 3o cos 2a. + Sin 2o oS 3o —€0S (21 — a);

sin(—a) + cos(7 + @)

1)

1+ 2cos(72r - ajcos(—a)

1-cos2a
sin 2«

3. Pemuth ypaBHeHue: a) COS (7 + X) = sSin % ;
0) sin 5x cos 4x — cos 5x sin 4x = 1.

Bapuanr 2
1. Beruuciuts: a) sin 780°;

13
6)cos—ﬁ;
6
. 4 T
B)COSOL,CCJ'II/ISIH(XZ—E u 7r<a<7;

. . 4 3
r) Sin 2o, ecium Sin oL = 5 I/ITC<OL<7;

sin 70° +sin 20°
cos205°

e) 16 sin x sin 2x sin 4x sin 8x, ecnu x = % :

2. Yrpoctuth Beipakenue: a) Sin (o + ) + sin (o — P);
0) sin 605°cos B + sin 3 cos 835°;

B) %sin (405° + B) cos (B + 765°);

r) sin 4o cos 3a. + sin 3o cos 4a. —sin (67 — a);

sin [3; + a) +sin(27 + @)

pi| n
) 20s(— e )sin(—a) +1
sin2a
e) —
1+ cos 2«

3. Pemuth ypaBHeHwue: a) Sin (1 + X) = COS (— %j ;

0) cos 4x sin 3x + sin 4x cos 3x = 1.

Omanon omeemos:

Bapuanr 1
3apanust 1 2 3
OtBernl: | a)0,5; a) 2sinasinf; a) X = n+2nk, k €Z;
6) 0,5; 6) sin(B-15°); 6) x = ~+2nk, k €Z
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B)— B)—sin2p
r) 0,8; r) Sin5a-cosa;
) _\/g; - sinoc-ll-cosot’
e) V3 e) tga
Bapuant 2
3ananus 1 2 3
OTBersl: V3, a) 2sinacosp; a) X = (-1)¥Z4nk, k €Z;
a5 6) -cos(B-25°); 6 T
V3, 1 ’ 6) x =+ k ez
0) 2 B) C0S2p 14 7
B) Z; r) 2sindacos3a;
24, ) _r
r) BYL sina—cosa’
0 o) tae
e) —33

3anaHus 17151 MPOBeleHUs1 KOHTPOJIbHOM PadoThl 32 MEePBbIN ceMecTp

Nel. YopocTute BblpakeHue:

1.(sin x + cos x)* —1

Bapuant 1

2
2.(0052 x(% — xj + sinz(%— XD —sin?x

sin® x + sin? xcos? x
" sin?xcos?x
Ne2. ITpeobpazyiiTe BelpakeHUE:

3

(a+2 a_ 2 ) va—-v2
"\V2a +V2a+2 a-+2a a+2
1 1

c—1 c2+ca 1L

S5 1 e+l
c4+cz  c2+1

6 1g8+1g18

" 21g2+1g3

Ne3. Pemvte ypaBHeHUE

1.Vvx2+2x+10=2x—-1
s T
2. cos(z+x)+cos(z—x> =1
3.0 2x2—16x—37,5:5\/§
4.logzVx — 5+ logsv2x —3 =1

Nel. Ynpoctute BbipaxkeHue

1.(cos 2x +1)tg°x —1

Bapmuanr 2

ctg [ 7 — x
1+ ctg *(— x) I 2
2. .
tg®(x—=z)  ctg (7 + x)
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3 sin® x cos x + cos ® xsin x

cos ? x
No2. TIpeobOpazyiiTe BeIpaKeHHE:

L (S —va) (55

L 11\ 303
£ az—b2 | +2a2+b2
3(ab)z-3b ( )

2. + 33
az+b2

a-b
3lg2+3lg5
"1g13-1g130
No3. Pemure ypaBHeHUE

1.V17+2x—3x2=x+1
2.Sin(g+x)—sin(g—x) =3

1

16v2
4.21g(2x—1) =1—IgVx =9

3, px?-6x+0,5-

Imanon omeemos:

Bapuanrt 1
3aganus 1 2 3
OtBerbr: | 1.sin2x 1, —2 1.3
2. cos®x Va+vz 2.x=+2+2nk,keZ
1 2./c 4
3. cos?x 3.2 3.-2:18
4.6
Bapuant 2
3aganus 1 2 3
OrBernl: | 1. —cos2x (a-b)? 1.2
2. —— , Sy 2.x =24 2mk k€ Z
3.tgx 3.3 3.1;5
4,13

3agaHus 1J1s1 IPOBEACHUs] KOHTPOJIBHOIO Cpe3a 3a 2 ceMecTp
Bapuanr 1
Nel. Beruncnure npou3BOIHYIO:

1.f(x) =2x?+4x*+6x+3
1 2 3
2.f(x)—;+;—x—3

3.f(x) = (8x — 10)3
4.f(x) = cosg

5.f(%) = ——

(5—4x)5
Ne2. Haiiaute KoopauHaTHl TOYEK KacaHus, B KOTOPBIX KacaTelbHble K rpapuKy QpyHKIMH Y =
2x% 4+ x + 4 uUMEIOT yIJI0BOM K03 QUIMENT, paBHBIi 1
. — 2,2
Ne3. CocraBbTe ypaBHEHHME KacaTelbHOW K Trpaguky (yHKimum y = 3x° —4x — 2 B TOuke C
adcruccont xy = —
Ne4. MarepuansHas TOuka ABIIKETCS MPAMOJMHEHHO mo 3akoHy x(t) = t3 — 27t. Haiimure

YCKOpPEHHUE TOYKU B MOMEHT BpeMeHU t = 2 C.
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No5. Haitnure oOmmii Bua mepBooOpa3HbIX A1 PYHKITUH:
1.f(x) =3x + 5x° + 6x° -2
1 2
Zf(x) =x—2+x—3—\/}
3.f(x) = (5x — 3)°
. VA
4.f(x) = sin (Zx - Z)
5.f(x) = (4x+3)4
Ne 6. Beruncnure uHTerpass:
1. f ! x3dx
— dx
f 0 cos?x

3. f1 (1 + 2x)dx

Bapuanr 2
Nel. Beruucnure mpou3BOAHYIO:

1. f(x) = 3x% + 6x* + 8x + 100

2.f() =2+2 -2

3.f(x) = (4x — 5)2
4.f(x) = sinle
5.f00) = 2x)3

Ne2. Haliaute koOpauHATBl TOYEK KacaHUs, B KOTOPBIX KacaTelbHble K TpapuKy QyHKIMH Yy =

x% + 2x — 1 umeroT yriaoBoil ko3 PULHEHT, paBHbIii 2

Ne3. CocraBbTe ypaBHeHHe KacaTenbHOW K rpaduky Qynkmuu y = 2x%2 —5x + 1 B Touke
abcuuccoit x, = 2

Ne4. MaTepuanbHasi TouKa JBHKETCS NpsAMONUHENHO mo 3akony x(t) = 8t% — 2t3. Haiimure
YCKOpPEHHE TOYKH B MOMEHT BpeMeHn t = 1 ¢

Ne5. Haiinure oOuuii B nepBooOpa3HbIX Uil PyHKIIUU:

1.f(x) = 6x +3x3+2x*—9

2.f(x) = S+ —2Vx

3.f(x) = (4x — 13)°

4.f(x) = cos (3x — g)

5.f(x) = (2x+10)6

Ne6. Beruncnure nHTErpasl:
1. f ' xSdx
2. f,,

- sm2
4

3. fl (4 + 2x)dx

Imanon omeemos:

Bapuanr 1
3ananus 1 2 | 3 | 4 | 5 | 6
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OrBerbl: | 1.4x +16x3+6 |(0;4) |y=-10x-5 |24 |1.F(x)=1,5%*+ 1.0
1 4,9 5x6  6x7 2.1
2. 22 23 pors ?+7_2X+C 3 4
3. 24(8x — 10)? 2.F(x)=-+-1_ '
1 . x ' %2
4. —LsinZ
5005 SV +C
5 —— _
(5-4° 3.F) ==Xy
4.F(x) =
1
—Cos (Zx - —)1+ C
5. F(x) = " 6(4x+3)3
C
Bapuant 2
3aganus 1 2 3 4 5 6
Oteerbi: | 1.6x+24x3+8 | (0;-1) |y=3x-7 4 o2y 3t 1.0
e e s y 1.F(x)—3x+4+ 5 1
2w mt s 2 9x+C 3.7
3.24(4x — 5)° 5 . '
4.10cos 10x 2.F(x)=——3—x—4—
6 1
5. m 1 5\/? +C
_ 7
3.F(0) ="+
4. F(x) = gsin (3X —
TL'
D) +c 2
5 F(x) = _5(2x+10)5
C

Kpurepun onenuBanus:

OIIGHKy COTJIUYHO» CTYACHT IIOJY4YacT, CCIIN:

— 0OCTOSTENBHO U C TCOPCTUICCKUM 000CHOBaHHEM pemiacT NaHHYIO KOHTPOJIbHYIO

pabory;

— MOXET 000CHOBaTh CBOE peUCHue, IMMpuBeCTU HeO6XO,I[I/IMLIC IMPpUMCEPHI;

— MPaBHUJIBbHO OTBEYACT HA AOIIOJHHUTECIBHBIC BOIIPOCHI ITperioaaBaTesd, MMCIOIIUE HCIbIO
BBIICHUTD CTCIICHb NIOHUMAHUA CTYACHTOM OJAHHOTO MaTCpHralia.

OI_[eHKy «XOpOomo» CTYACHT I1OJIy4acT, €CIIN:

— HenosiHO (He MeHee 70% OT MOTHOTO0), HO TPABUIIHLHO PEIICHO 3a/IaHHE;

— NpU peHIeHUH ObUIM JOIMYIIEHbI

HCITPABJIACT MOCJIC 3aMCUYaHUA IMPETIoaaBaTelis;

— MOXET 000CHOBaTh CBOE peUICHUC, IMIPUBCCTU HCO6XOIlI/IMLIC IMPpUMCPHI;

— MPaBHUIIBHO OTBCYACT HA NOIOJHHUTCIBHBIC BOIIPOCHI ITpenioaAaBaTeisl, UMCIOIUEC HCIbIO
BBISICHUTL CTCIICHb NIOHUMAHUA CTYACHTOM JAHHOT'O MaTCpHrajia.

OI_ICHKy «YAOBJICTBOPUTCIIBHO» CTYICHT IMOJIy4acT, CCIIN:

— HenoyHO (He MeHee 50% OT MOTHOT0), HO MPABHILHO PEIICHO 3aaHHE;
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— TIpHU peuleHuu ObuIa fomyieHa 1 cymecTBeHHas OmuoKa;

— 3HaeT ¥ NMOHMMAET OCHOBHBIE MOJIOKEHUS JJAHHOW TEMBI, HO JOMYCKAaeT HETOYHOCTH B
(bopMynHpOBKE MOHATHUH;

— W3J1araeT BBINOJHEHUE 33JaHUs HEOCTaTOYHO JIOTUYHO U I1OCIIEI0BATENbHO;

— 3aTpyAHSAETCS IPU OTBETaX Ha BOIPOCHI IPETIOIaBaTEIs.

OlLIeHKY «HEYIOBJIETBOPUTEIIBHO» CTYJEHT MOJIy4aeT, eCIIu:

— CTYJIEHT UMEET pPa3pOo3HEHHbIEe, OECCUCTEMHbIE 3HAHUS, HE YMEET BbIACIATH ITIABHOE U
BTOPOCTETICHHOE, JOIMYCKAaeT OIIMOKM B ONpPEIEeICHUE TOHATUH, HCKAXKaeT HUX CMBICT,
OecropsIOYHO U HEYBEPEHHO M3JlaraeT mMaTepuall, He MOXKET NMPUMEHSITh 3HAHUS JJI1 pEUICHUs
MPAKTUYECKUX 33J]1a4;, 3a MOJHOC HEe3HAHHWE M HEMOHMMAaHHWE Y4eOHOro marepualia Wil OTKa3
OTBEYAaTh.

3aganus 1/ NpoBedeHUs TEKYLero KOHTPOJs
Pa3pnen 1. [loBTOpeHue Kypca MaTeMaTHKH OCHOBHOM IIKOJIbI
Tema 1.6. BxoqHnasi KOHTpoJIbHasi padoTa
Ilpu pewenuu 3a0anuit 1-4 3anuwiume npaguibHLLIL OMEEN U3 YEMbIPEX NPEOTIOHCEHHBIX.
1. (1 6ann) Packpoiite popMyITy COKpAIIEHHOTO yMHOXKEHHUS a2-b?:
A) a2-2ab+b?; B) (a-b)(a+b); B) a+2ab-b?; I') (a-b)(a-b)
2. (1 6amn) [Inomans TpeyroinbHUKA BEIYUCIIAETCS 110 (opmyie:
A) S=a*b; b) S=(a*b)/2; B) S=2a*b; I') S=(a*b)/3.
3. (1 6amr) Kakoe u3 cienyrommx 4uces 3aKII0YeHO MEX Ty YUCIIaMU g u Z?
A)0,4;b5)0,5;B)0,6; 1) 0,7
4. (1 6ann) Jans! rpaduxu pynxnuii. Kakas popmyna coorBercTByeT rpapuky 3):
1) 2) 3)

PR PR 1
T B

A BT

A)y=§x—6;5)y:x2—8x+11; B)y=—z;l")y=x+5.

Ly

Ilpu evinoanenuu 3a0anuit 5-8 3anuuiume x00 pewieHus U NOJYYEeHHbLIL OMEem.
1 11
5. (2 6anna) Beraucnure St+o

6. (2 6anna) Permmte ypasrenue x%- 7x + 10 = 0. Ecin ypaBHeHHe UMeeT 6ojiee 0HOTO KOPHS, B

OTBET 3aMHIIUTE MEHBIIUHN U3 KOpHEH.

7. (2 6anna) [Tnomaap 3eMenb KPeCThIHCKOTO X031 CTBa, OTBEJACHHAS MTOJI TOCATKY KYCTaPHUKOB

U [BETHUKOB, COCTaBIsieT 24 ra W pacmpeleneHa MeXAy HUMH B OTHomeHuHu 5:3. CKOIBKO

TeKTapOB 3aHUMAIOT I[BETHUKHU?

8. (2 6anna) Beicora BH napannenorpamma ABCD nenut ero cropony AD Ha otpe3ku AH =2 u

HD = 32. Inaronans napamienorpamma BD pasna 40. Haitgure nmomaas napauienorpamma.
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Omanonvt omeemos:

Howep 1 2 3 4 5 6 7 8
3adaHUusA
OtBer b b B A 2,7 2 9 816

Paszgea 2. OcHoBbI TPpUTOHOMeTPUHU. TpUroHomMmerpryeckne GyHKIUM

Tema 2.12. KourpoabHasi paGora mno pasgeay 2 «OCHOBbI TPHIOHOMETPHH.
Tpuronomerpuyeckue (pyHKIUM»

Ilpu pewrenuu 3a0anuin 1-4 3anuwiume npaguibHblLl OMEEM U3 Yembvipex nPeonNoHCeHHbIX.

1. (1 6amr) B AABC sinC = %. Kaxkas u3 cropos siBisiercs runorenyzoii AABC?
A) AB; b) AC; B) BC; I') CB.
2. (1 6ayn) Yriom xakoit uerBepTHu saBisgercs yroa a=400°?
A)LB)ILB) I T) IV.
3. (1 6amn) Kakue u3 GyHKIMIA SBASIOTCS YETHBIMU?
A) y=sin x; b) y=cos x; B) y=tg x; I') y= ctg x.
4. (1 6ann) Kakue u3 yncen sSBISIOTCS KOPHEM YPaBHEHUS COS X = %?
- —T —T —2n
A)X—G,E)X 3,B)x 2,1“)); ~
Ilpu évinonnenuu 3a0anuil 5-8 3anuwiume x00 pewieHus u NOJIy4eHHbLIL Omeem.

5. (2 6amra) Beraucnure: sin g + oS g

. V2 ., V2
6. (2 6anna) HaiinuTe 3HaYCHHE BBIPAKEHUS 4arccos7 - 4arcs1n(—7)

7. (2 6amna) JlokaxxkuTe TOXAeCTBO: 28in(m/2+a)+ cos(m — o)= cosa.
8. (2 6amna) Pemmre ypasHenue: sin’x - 4 sinx + 3 =0.

Omanonvt omeemogs:

Howmep 1 2 3 4 5 6 7 8
3aaHuA
OrtBer b A B b 1 2n - g + 2wk, keZ

Pa3nen 3. Crenenn n kopuu. CrenenHast QyHKIus

Tema 3.6. KonTpoabhasi padota no pasaeny 3 «Crenenu u kopHu. CteneHHasi GyHKIHs)
Ilpu pewenuu 3a0anuii 1-4 3anuwiume npasuibHbll OMEem U3 Yemuipex nPeoioHceHHbIX.
1. (1 6amn) Mexny KakuMu JBYyMsI HATYpalbHBIMU YHCIIAMU HAXOAUTCS YHCIIO V19?
A)19u20;b)2u3;B)18u19;I") 3 u4.

2. (1 6amm) OnpeienuTe KOPEeHb YpaBHEHHs X =125

A)3;b)-3;B)-5;T) 5.

3. (1 6amt) Pacronoxure B mopsiake Bo3pacTanus uncia: 2; V5; V17

A)2; V5; Y17, 5) 2; V17; ¥/5; 3 B) V5; 2; V17, 1) V17, 2; V/5;

4. (1 6amn) YMHOXKas yuciaa ¢ OJUHAKOBBIM OCHOBAaHUEM, UX CTETICHH. .7

A) ymHoxaem; b) nenum; B) cknanpiBaem; I') oTHuMaem.

Ilpu evinoanenuu 3adanuit 5-8 3anuniume x00 pewieHus U NOJIYYEeHHbLIL OmeEem.
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o 35'58'32'9
5. (2 6anna) HaiinnTe 3Ha4eHHE BBIPAKEHUS ——— IIPH a=/.
a g
2
(Viz+V8)
10+v96
7. (2 6anna) Paccrosinue ot HaOMrOAaTENS, HAXOAAIIETOCS Ha HEOOJIBIION BRICOTE h KMITOMETPOB

6. (2 6amna) Haiinure 3HaueHHE BbIpAXKEHUS

HaJ 3eMJIEH, 10 HAOII0IaeMO MM JIMHUM TOPU30HTA BhIUHCsieTcs mo ¢popmyne I = v2Rh, rae
R=6400 xM — paanyc 3emun. C kakoil BBICOTBI TOPU30HT BUJIEH HA PACCTOSIHMU 48 KUI0METpOB?
OTBeT BBIpa3UTE B KUIOMETPax.

8. (2 6anna) Pemure ypaBHeHue V—32 — x = 2.

Imanonvt omeemos:

Howmep 1 2 3 4 5 6 7 8
3aaHuA
OtBer b r B B 49 2 0,18 -36

Pasnean 4. [loka3zarenbHass GyHKUMS

Tema 4.4. KonTposabHas pabora no pasaeny 4 «IlokazarenbHas GpyHKuus»

Ilpu pewenuu 3a0anuil 1-4 3anuwiume npasuibHblil OMeEem U3 Yemuipex nPeoioHceHHbIX.
1. (1 6amn) [Ipu kakom 3HaueHNH a GyHKIHUS y=a* ObIBaeT Ha BCE 00JIACTH OTpeaeIeHUs?

A) a=§; b) a=8,25; B) aZ%; I') a=\3.

2. (1 6amn) Ha pucynke nzobpaxén rpadpuk Gpynkimu una f(x)=a*. Haiinure 3nauenue f(2).

REEL AR

5

|
|
/e =a
Ll | [Ofpelyers )
A) 25; B) 5; B) 32; I') HeT BepHOTO OTBETA.

3. (1 6amn) Oynkuus 3aaaHa GOPMYIIONL: f(x)z(%)". Yemy pasHo f(-2)?
A) -1 B) -4, B) 4; T) 2.

4. (1 6ann) Kopens ypaBHeHuUs (%)X b = 37

A)12,5;B) 13;B) 14; ') 15.

Ilpu evinoanenuu 3a0anuit 5-8 3anuniume x00 pewieHus U NOJYYEeHHbLIL OMEem.

5. (2 6anna) Haiinure kopenb ypaBHeHus 3*2-5*3%=12

6. (2 6amra) CKONBKO IENBIX PEIIeHNH NMeeT HepaBeHeTBo 1 < 751< 499

7. (2 6auta) Haiiaure 104Ky Makcumyma QyHKun y = 2578

8. (2 6ayuta) B xone pacmaga paguoakTHBHOTO U30TOIA €r0 Macca yMEHbIIaeTcs 1mo 3akony m(t)
=mo - 2”" rae mo — HavaTkHAs Macca M30TOMA, t — BPEMs, POIIE/IIee OT HA4aTbHOTO MOMEHTA,
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T — mepuon nosypacnana. B HauanpHBI MOMEHT BpeMeHH Macca u3oTomna 184 mr. Ilepuon ero
nojypacmaja coctaBisier 7 MuH. Haliaure, yepe3 ckoibKo MUHYT Macca u3oTorna Oyaer paBHa 23
MI'.

Smanonvt omeemos:

Howmep 1 2 3 4 5 6 7 8
3aJaHuA
OtBer B A B A 1 2 -4 21

Paspnean S. Jlorapugmel. Jlorapupmuyeckas GyHKkuus

Tema 5.6. KonTpoJsbHas padota no pasaeny S «Jlorapugmel. Jlorapupmuyeckass QyHKIUSD
Ilpu pewienuu 3a0anuit 1-4 3anuwiume npasuibHvlil OMeEEmM U3 Yemulpex NPeodi0HCEHHBIX.

1. (1 6amr) Kakas u3 ¢pyHKIMNA BOo3pacTaeT Ha Bceld 00J1acTH onpeiesieHus?

A) f(x)=log; x; B) f(x)=0,7%; B) f(x)=x% I) f(x)=log1 x.

’ 2X—3

x+7

A) (-7; 1,5); B) (-o0; -1,5), (7; +e0).; B) (-1,5; 7); I) (=005 -7), (1,5; +o0).

3. (1 6ann) Pacronoxuts B nopsake Bospactanus: logg s 4; 1ogy 5 0,4; logg 5 i.

2. (1 6amn) Ykaxute obnacts onpeaeneHus GpyHkuu f(x)=Llg

A) logo,s 4; 10805 0,4; logg 5 %2 B) logy 5 4; logo 5 %i logos 0,4;

B) logo,Si; logos0,4;loggs4;T") logos 0,4;108¢5 i; logo s 4.

4. (1 6ann) Haiinute xopens ypaBHeHus log, (5 — x) = 2.

A)11;b)-11;B)-3;T) 3.

IIpu evinonnenuu 3a0anuil 5-8 3anuwiume xo00 peuteHUA U NOJYYEHHDBIL OMEem.

5. (2 6amna) OnpeenuTe 3HaYEHNE BhIpakenus logg 2 + log 3 + 210824,

6. (2 banna) YkaxuTe HAaMMEHbIIIEE 1110 pelIeHue HepaBeHeTBa: log;(6x — 4) > 2.

7. (2 6amna) Haiiaute Touky makcumyma dyukipn y = 8In(x +7) —8x + 3

8. (2 6amna) ns oborpeBa MOMEIIEHHUs, TEMIIEpaTypa B KOTOPOM MOJICPKUBACTCS Ha YPOBHE
Tn=15° yepe3 paguaTtop OTOIUIEHHs MPOIYCKAIOT ropsuyio BoAy. Pacxon mpoxonsiied depes

TpyOy paauatopa Boabl m = 0,6 kr/c. [Ipoxoas mo TpyOe paccTosiHUE X, BOJIa OXJIAXIAeTCs OT
Tg-Tp

~ . cm
HavyapHOW Temmeparypbl T=91° mo Temmeparypel T, mpuuém x = a710g2 T TAe C=
-1
Bt-c . BT
4200K o — TETIOEMKOCTE BOJBI, } = 28 " kod(pdurment teroodmena, a o = 0,8 —
r- M

nocrosHHas. Haiinure, 1o kakoit TemnepaTypsl (B rpagycax Llenbcust) oxmagurcs Boja, eciiu
JUIMHA TpYyOBI paauaropa paBHa 144 M.

Omanonvt omeemos:

Howep 1 2 3 4 5 6 7 8
3aaHuA
OrtBer A r A b 5 3 -6 34

Pa3zpnen 6. YpaBHeHUsI M HEpaBEHCTBA

Tema 6.6. KonTposbHas padora no pasaeiy 6 «YpaBHeHUs] H HEPaBEHCTBA)

Ilpu pewienuu 3a0anuit 1-4 3anuniume npasuibHblil OMeem U3 Yemulpex nPeodi0HCeHHbIX:
1. (1 6amm) Kakoe u3 uucen siBnsgercs KopHeM ypaBHeHHs log, (x + 1) = 1
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A)-1;5)2;B) 1;T) 0.

2. (1 6ain) Kakue u3 ypaBHEHUH UMEIOT 00Jiee OJTHOTO KOPHS?

A) x%-6x+5=0; B) 3*2=9; B) (x-4)(x+3)(x-8)=0; I') 2x-7=0.

3. (1 6amwt) Onpenenure BUA ypaBHeHHS v —32 — X = 2

A) nuneitnoe; b) kBanpatHoe; B) uppannonansaoe; ') pannonansHoe.

4. (1 6am1) OnpenenyuTe HaMMEHbIIEE 1EI0€ PelIeHNe HepaBeHCcTBa 5%2<1?
A)-3;5)0;B)3;T) -4.

Ilpu évinonnenuu 3a0anuil 5-8 3anuuwiume x00 peuwieHus U NOJIY4EeHHbLIL OMmeem.
5. (2 6amna) Halinure KOpeHb ypaBHEHUS | x-3 | =2

(x—y=8,
6. (2 6auta) Pemure cucteMy ypaBHEHHIA {2 x-3y _ 1¢,
2_

7. (2 6amna) Pemure HepaBeHCTBO 9;_3596 <x
8. (2 6ama) Pemmte ypaBHenue (2x — 3)V3x2 —5x—2 =0
Omanonst omeemos:

H

OMEP 1 2 3 4 5 6 7 8
3aJaHHs
OtBer B B B A 1,5 | (10;2) (-o0; 0]; [2; 3) -1;6

Paszgea 7. IlpousBoanas GyHKIUM, ee IPUMEHEHUE
Tema 7.12. KonTpoJibHas padora no pasaeay 7 «[IpousBoaHas pyHKIuM, ee NpUMeHEHHE»
Ilpu pewenuu 3a0anuii 1-4 3anunwiume npasuibHblL OMEem U3 Yemuipex NPeoloHceHHbIX.
1. (1 6amn) Yemy paBHa npou3BoaHAsS GYHKIMH y=c0s°X?
A) y'=—sin’; B) y'= - 2 sin’x; B) y'= -2cos x sin x; I') y'=2cos X.
2. (1 6amn) [To kaxoit u3 GopMys BEIYUCIAETCS MPOU3BOIHAS POU3BEICHHUS?
uv—uv’

A) () =u+v'; B) () =u'v+uy'; B) (£) 7 = S T(f(g(0) = (g(x)*g ().

3. (1 6amn) Pemmure ypaBuenue f'(x)=0, ecmu f(x)=3x2 — 6x +4. BriGepure oTBeT.
A)1;B)-1;B)4;T) -4.

4. (1 6amn) Ha pucynke n3zobpaxkeH rpaduk npousBoaHoil ¢pyHkuuu f(x), onpeneneHHol Ha
untepsaie (—10; 8). Halinure komuyecTBO Touek Makcumyma ¢pyHkiuu f(x) Ha orpeske [—9;6].
YA
/ANVINN MNLAS=7m

Y/ \ AN A
INEARARY /

-10 N /OTol

\
{r o]
=

A)5;b5)4;B)2; 1) 3.

Ilpu evinoanenuu 3a0anuit 5-8 3anuuiume x00 pewieHus U NOJYYEeHHbLIL OMEem.

5. (2 6amma) MaTepuanbHas TOUKa JABHKETCS MPAMOJIHHEHRHO 1o 3akony X(t) = -t* + 63 — 4t% + 5t
— 5 (rae X — paccTosiHHE OT TOYKM OTCUeTa B METpax, t — BpeMs B CEKyHJaX, U3MEpEHHOe C
Hauana aBkeHus ). Haliaure ee ckopocTs (B M/c) B MOMEHT BpeMeHH t =3 c.
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6. (2 6amna) Ha pucynke nzobpaxén rpadux pyHknun y = f(xX) 1 KacareabHasi K HEMY B TOUKE C
abcruccoit xo. Halinure 3HaueHune npou3BoaHon ¢pyHkuuu f(X) B TOUKE Xo.

YA )4
LA
o /£ N
-5 oy | /3 |5
I
Ay = ()
)V
/

N
|

/
S

(x=2)(x+3)
(x-8)
8. (2 6amna) Ioctpouts rpadux ynxmmu f(x) = x3 - 3x.

7. (2 6amna) Pemure HepaBEeHCTBO: >0

Omanonvt omeemos:

Homep 1 2 3 4 5 6 7 8
3aJaHuA
OTtBeT B b A B 8 1,25 (-3;2); (8;+00) -

Pa3nean 8. [lepBooOpasnasi pyHKUMHU, ee IPUMEHEHUE

Tema 8.5. Kourpoabhas padora no pasneny 8 «IlepBoodpasnas GpyHKIuM, ee IPUMEHEHHE»
Ilpu pewrenuu 3a0anuii 1-4 3anuwiume npaguibHblil OMeEEMm U3 Yemuvlpex nPeonoHceHHbIX.

1. (1 6amn) Jlns xaxoit u3 pynximit pynkmus F(x) = x3 - 3x% + 1 apisercs neppoobpasHoii?

A) f(x)=3(x?-2); B) f(x)=3x(x2-2); B) f(x)=3x?-6x+1; I') f(x)=3x%-6x.

2. (1 6ann) Jana ¢pynxmums f(x)= 3x>+1. Uemy pasna F(1)?

A)2:B)4;B)6: 1) 15,

3. (1 6amr) O6mwmit B Bcex nepBooodpazHbix A f(x)=sinx?

A) F(x)=cosx+C; B) F(x)=-cosx+C; B) F(x)=tgx+C; I') F(x)=-tgx+C.

4. (1 6ann) Beruncnute onpeeseHnblii uHTerpan | 12 xdx.

A)-1;b)1;B)-1,5;T') 1,5.

Ilpu évinonnenuu 3a0anuil 5-8 3anuwiume xo00 peuwienus u NOJIY4EeHHbLIL Omeem.

5. (2 6amna) Sdsnserca m F(x)=x3-3x+1 nepBoo6pazHoii ans pyrkmun f(x)=3(x2-1)?

6. (2 6amma) 3amaiite mepooGpasHylo F(x) maa dyskmmm f(x)=3x%-2X, ecaM W3BECTHHI
koopauHatsl Touku M (1, 4) rpaduka F(x).

7. (2 6anna) Ha pucynke uso0paxeH rpaduk pynkuuu y=f(x), onpenenénnoit Ha unrepnaie (—3;
11). Haitnute HammensbIniee 3HaueHue pyakunn f(x)na orpeske [2; 9,5].
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A y=f()

11

AN / \
AV ]

4 i CT I G e

8. (2 6amna) Ha pucynke nzo0paxkeH rpaduk HekoTopor ¢pyHkuuu y=f(x). Iloap3ysce pucyHkom,

o 5
BBIYHUCIUTE ONIPEACIICHHBIM HHTCIPAJI fl xdx.

YA

4 y=f()

et o e e e s .
W—————————

0 TS5oox
QmaﬂOHbl omeemoe.
H
OMED 1 2 3 4 5 6 7 8
3adaHuA
OTtBeT I A b I na x2—x%2+4 -3 12

Pa3znen 9. Muo:kecTBa. DjieMeHTHI Teopru rpagoB

Tema 9.4. KourposbHas padora nmo pasgeny 9 «MHoxkecTBa. Ji1eMeHTbI TeopuH rpagos»
Ilpu pewenuu 3a0anuii 1-4 3anuwiume npasuibHblii OMeEem U3 Yemuipex nPeoioHceHHbIX.

1. (1 6amn) YkaxuTe uncio, mpuHaanexainiee MHoxkecTBy M = {5, 10, 12, 37, 41}.

A) 6;b) 5;B) 11; I') 40.

2. (1 6amn) YkaxuTe BepHOE COOTHOIIEHUE A1t MHOXkecTB A = {5,9, 11}; B= {4, 5, 10, 11, 12};
C=1{4,5,9,11}?

A)AcB;b)Bc(C;B)AcC;T')CcB.

3. (1 Gam) MOLIHOCTh MHOKECTBA, COCTOSIIETO U3 BceX OYKB pycckoro andasura, paBHa?
A)32;b)33; B) 28; ') 26.

4. (1 6amn) 3akoHuuTe omnpeneneHue: «MHOXKECTBO, cojepiKallee TOJIbKO T€ 3JIEMEHTHI,
IIPUHAUJIEKANINE U MHOKECTBY A U MHOKECTBY B, Ha3bIBaIoT ...»?

A) mepeceueHueM MHOXecTB; b) oObennHeHueM MHOXecTB; B) pa3HocTbio MHOXkecTB; I)
00BEAMHEHHOCTHIO MHOYKECTB.

Ilpu evinoanenuu 3a0anuit 5-8 3anuuiume x00 pewieHus U NOJYYEeHHbLIL OMEem.

5. (2 6anna) 3anuiuTe NepeunCcICHUEM YJIEMEHTOB TIepeceueHre MHOXKECTB A u B, eciu: A = {3;
5;7;27;14; 9}, B=1{9; 3; 7; 27; 14}.

6. (2 6anna) [lansl nBa MHOXecTBa A = {1, 2, 3,4, 6, 12} u B = {1, 2, 3, 6, 9, 18}. 3anumute
00beTMHEHNE MHOXKECTB.

7. (2 6anna) Kaxxaplit yueHUK B Kjacce U3y4yaeT aHTIUHCKUIM W HEMEIKHU SI3BIK, WK 00a 3TUX
A3bIKa. AHITIMACKUH s13bIK M3y4atoT 30 yenoBek, HeMeIKuil — 25 4enoBek, a TOT u Apyrol — 15

yenoBeK. CKOJIBKO BCETO YYEHHUKOB B Kjacce?
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8. (2 6aya) Beimumure Bce aneMeHThl MHOKeCTBa F, eciii F — 3To MHOMKECTBO KOpHEH ypaBHEHUS
x?+4x-5=0.

Smanonvt omeemos:

Homep | 4 5 1 5| 4 5 6 7 8
3aJaHuA

0 B|B|B|A 40 | F={5:1
et (3;7;14;27) | {1;2;3;4:6;9;12;18) 51}

Pazgea 10. djeMeHTbI KOMOMHATOPUKH, CTATUCTHUKHA U TEOPHH BEPOSITHOCTEI

Tema 10.7. KontpoabHasi padora no pasaeiay 10 «jeMeHTbl KOMOMHATOPUKH, CTATUCTUKH
U TeOpHH BepPOSATHOCTEID)

Ilpu pewenuu 3a0anuil 1-4 3anuwiume npasuibHblil OMeEem U3 Yemuipex nPeoioHceHHbIX.

1. (1 6amr) KomOuHaTopuka - 3T0 pa3iesl MaTeMaTHKH, OTBEUYAIOIIMI HAa BOMPOCH CKOJIBKUMU
crocob6amMu MO>KHO BbIOpPATh 3JIEMEHTHI ...

A) 3a1aHHOTO KOHEYHOTO MHOKeCTBa; b) 6eckoHeuHOro MHOXKecTBa; B) modoro MmHoxkecTBa; I')
UPPALMOHATIBHBIX YHCE.

2. (1 6anmn) CoenvHEHHUs U3 N 3JIEMEHTOB, OTJIMYAIOLIUECS APYr OT JPyra TOJBKO MOPSIKOM
pacMoIOKEHUS B HUX AJIEMEHTOB, Ha3bIBAIOTCS:

A) nepectanoBkamu; b) coueranusamu; B) pasmemennsamu; ) komOuHaMsIMH.

3. (1 6aymm) Yucno Bcex BO3MOXKHBIX Pa3MEIICHUH BBIYUCISIETCS IO opMyIIe:

A)AT =n(n—m);B) At =n(n—1)..(n—m+ 1); B) A%} =(n_L:n)!;F)A;" =n(n+m)

4. (1 6amn) I'pynnupoBka — 3710...

A) ynopsiioueHue eMHUL] COBOKYITHOCTH 10 Npu3HaKy; b) pa3OueHne eAMHUI] COBOKYITHOCTH Ha
rpynnsl 1o mnpusHaky; B) oOoOmenue enuHuuHblX QaxToB; I') 0000ImIeHHE €IMHUYHBIX
MPU3HAKOB.

Ilpu g¢vinonnenuu 3a0anuit 5-8 3anumume xo00 peuteHusA u NOJIY4eHHbLI Omeem.

5. (2 6amna) B cpennem n3 2000 cagoBbIX HACOCOB, NOCTYMHBIIMX B MPOAAXY, 6 MOATEKAIOT.
Haiinute BepOsSTHOCTH TOT0, UTO OJIUH CJIy4ailHO BEIOPAHHBIH /17151 KOHTPOJIS HACOC HE MOJATeKaeT?
6. (2 6amna) [Ipubsuts 5 MarazuHoB coctaBui 3a mecai: 30000 py6., 100000 py6., 50000 py6.,
35000 py6., 60000 py6. IToctpouth auarpamMmy, WUTIOCTPUPYIOIIME JAaHHBIE O NPHOBLTH
Mara3uHoOB.

7. (2 6amia) L{BeToBOAY NMPENIOKHUIN YKPACUTh KIYMOY IIBETaMu, UCHONb3ys 3 Buaa. CKOIbKO
Pa3IUYHBIX BAPUAHTOB €CTh Y IIBETOBO/IA, €CIIU €CTh BHIOOP U3 5 BUJOB pa3HOil paccaibl?

8. (2 6amna) CKOABKUMHU CIOCOOaMU MOKHO MOCAAUTh 4 KyCTapHUKA B OJIUH psij?

Omanonvt omeemos:

Howmep 1 2 3 4 5 6 7 8
3aaHuA
OTtBer A A B A 0,997 - 10 24

Paszpnen 11. IIpsiMble ¥ NJI0CKOCTH B IPOCTPAHCTBE
Tema 11.6. KontpoabHas padora no pasneay 11 «IIpsiMble H IIOCKOCTH B IPOCTPAHCTBE)
Ilpu pewienuu 3a0anui 1-4 3anuwiume npaguibHblil OMEEM U3 YemMblpex NPeoNoHCeHHbIX.
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1. (1 6amn) PacmdpyiiTe kpaTKyto 3anuck: a€p.

A) Touka a MPUHAUICKUT TUIOCKOCTH [; b) Touka a mpuHaminexuT npsmou f; B) mpsmas a
NPUHAIISKUT III0CKOCTH ; ') mpsimast a mepecekaeT miocKoCThb .

2. (1 6ann) [Ipsmeie AB u CJ] ckpemnBarotcest. Kakoe pacnonoxenue nmerot npsimeie AC u B/1?
A) napamnensHsle; b) neprnenaukynspusie; B) ckpemusarores; ) nepecexarorcs.

3. (1 6amn) [Tnockoct @ u  umerot 1 obmryro Touky. KakoBo ux B3auMHOE pacrioioxeHue?

A) mapayensHbl; b) mepecekarorces mo npsmoit; B) coBnanator; I') ckpemmBarorcs.

4. (1 6amn) Ecnu npsmasi, mpoBeAeHHass HAa IUIOCKOCTH 4Ye€pe3 OCHOBAHME HAKJIOHHOM,
NEPIEHIUKYJIIPHA €€ IPOEKIIMH, TO OHA. ..

A) nepneHIuKyJIspHAa W caMOMl HakJIOHHOHM; b) mnapamienpHa W caMoil HakJIOHHOH; B)
CKpEIMBAETCS C HAKJIOHHOM; [') nepneHauKynsipHa OCHOBaHUIO HAKJIOHHOM.

Ilpu évinonnenuu 3a0anuil 5-8 3anuuwiume x00 peuwieHus u NOJIY4EeHHbLIL OMeEem.

5. (2 6anna) Yepes koHIbI oTpe3ka AB u ero cepenuny M npoBeaeHbI apajuieIbHbIC MPSMEIE,
MEpPECEKA0IINEe HEKOTOPYIO IJIOCKOCTh B Toukax Ai, Bi1 u Mi. Haitnure nnuny orpeska MMy,
eciu oTpe3ok AB He nmepecekaeT miockocTh u eciii AA1= 6,8cm, BB1=7,4cMm.

6. (2 6amna) [Ipameie AC, AB u A/l nonapHo neprienaukysipasl. Haiiaure orpezok CJI, ecnu AB
=5cm, BC=13 cm, Al =9 cm.

7. (2 Gamna) M3 TOYKM K TUIOCKOCTH TPOBEICHBI JBE HAKJIOHHBIC. HalimuTe MIMHBI 0OMHIETO
NEePHEHANKYIISPA, €CIIM MMPOCKIIUH HAKIIOHHBIX OTHOCATCA Kak 2:3 U JVIMHBI HAKJIOHHBIX paBHBI 23
cM u 33 cm.

8. (2 6amna) Haueptuts ky60 ABC/IA1B1C1/1. [loctpouts ceuenne Al1C.

Imanonvt omeemos:

Howep 1 2 3 4 5 6 7 8
3adaHUA
OTtBeT B B b A 7,1 15 9 -

Pa3znen 12. MHOrorpaHHUKH H TeJIa BPALLICHUs

Tema 12.16. KonTpoabHas padora no pasaeiny 12 « MHOrOrpaHHMKH M TeJIa BPallleHUsD
Ilpu pewenuu 3a0anuii 1-4 3anuwiume npasuibHblii OMeEem U3 Yemuipex nPeoioHceHHbIX.

1. (1 6amm) B kakux equHUIIAX U3MEPSIETCs TUIONIAAb TOBEPXHOCTH MHOTOTpaHHUKA?

A) B rpanycax; b) B MeTpax; B) B kBagpaTHbIx MeTpax; I') B ABYrpaHHBIX Ipagycax.

2. (1 6amn) [Tnomaae 6OKOBOM MOBEPXHOCTH MTPU3MBI BBIUUCISETCS 110 HOpMYJIE:

A) S = Séox + 2 Socu; B) Seox = Poern * H; B) S = Bgox + S Socn; I') Seox = 2Poen * H.

3. (1 6amr) Yto siBNsIETCA OCEBBIM CEYCHHEM YCEUEHHOTO KOHYyca?

A) paBHOOenpeHHBII TpeyroidbHHUK; b) paBHOOenpeHHas Tpaneuus; B) npsmoyrompauk; I)
IPSMOYTOJIbHAs TPANeltsl.

4. (1 6amn) Kakas ¢urypa nonydaercs mpH BpalleHUH MPSIMOYTOJIBHOTO TPEYTOJIbHUKA BOKPYT
OJTHOTO U3 CBOUX KaTreToB?

A) xonyc; b) yceuennslit konyc; B) nupamuna; I') yceuennas nupamuja.

Ilpu evinoanenuu 3a0anuit 5-8 3anuuiume xX00 pewieHus U NOJYYEeHHbLIL OMEem.

5. (2 6ama) PeGpo ocHOBaHUS MPaBUILHON TPEYroJdbHON TupamMuas! 3 M, anmodema 6m. Haliaure
TUTOIAAb OOKOBOM MOBEPXHOCTH TTHPAMH/IBI.

6. (2 6amna) Jlmaronans kyda paBHa vV 588. Haitnure ero oobeMm.
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7. (2 6anna) [IpssIMOYTOJIBHUK CO CTOpOHAMH 8CM M 3CM BpaIiaeTcsi BOKPYT OOJIBIIEH CTOPOHBHI.
Haiinure 06beM, Tuioma m 60KOBOM U MOJHOM MOBEPXHOCTEH MOTyYEHHOTO Tea.

8. (2 6ayuta) BeraucnuTh MOBEPXHOCTh KPOHBI KYCTapHUKA, UMeloIIero ¢popmy mapa paguyca 0,5
M. B oTBerT 3anummre 4yucio, JeJIEHHOE Ha T.

Imanonvt omeemos:

Howmep 1 2 3 4 5 6 7 8
3aJaHuA
OrtBer B b b A 27 2744 72m; 48m; 64 © 1

Pa3nes 13. KoopauHaThl M BeKTOPBI

Tema 13.4. KouTposbHasi padora no pasaeay 13 «KoopauHaTbl 1 BeKTOPbI»

Ilpu pewienuu 3a0anuit 1-4 3anuwiume npasuibHvlil OMeEem U3 Yemulpex nPeodi0HCeHHbIX.

1. (1 6amr) Hanwer touku A(1,0,5), B(-2,0,4), C(0,-1,0), [1(0,0,2). Kakue u3 HHX jexar Ha
KOOpAUHATHOU npsiMoil Oy?

A)A;B)B; B)C; ') /I

2. (1 6amr) Kakme w3 BektopoB a(1,0,-1), c¢(1/3,2/3,-2/3), 8(1,1,1), p(0,0,-2) sBustoTCS
IMHUYHBIMH?

A)a;Bb)c;B)B; ') p.

3. (1 6amr) Kakue u3 Bexropos a(1,2,-3), ¢(3,6,-6), B(2,4,-6) KosuinHEapHBI?

A) a, B; b) ¢, B; B) a, c; I') kKoJutmHEapHBIX BEKTOPOB HET.

4. (1 6amn) ansl Touku A(2,0,5), B(2,4,-2) C(-2,6,3). CepenuHoii Kakoro oTpe3Ka sSBIIsIeTCS TOUKa
M(0,3,4)?

A) AB; b) BC; B) AC; I') CB.

Ilpu évinonnenuu 3a0anuii 5-8 3anuwiume x00 peuieHuA U NOAYYEHHbLIL OMmeem.

5. (2 6amna) lansr Bektopsr a(-6,0,8), B(-3,2,-6). HaiinuTe ckansipHOoe MpOu3BeeHNE BEKTOPOB.
6. (2 6aa) IIpy KakuX 3HAUEHUAX I BEKTOPHI a (4,11,2), B (1,2,11) mepreHIuKyIsSpHbI?

7. (2 6anna) Hansl BexkTops! a(-6,0,8), B(-3,2,-6). Haiigute kocuHyc yria MeXIy BEKTOPaMH.

8. (2 6anna) Jlauser Bekropsl B{3,1-2}, ¢ {1,4,-3}. Haiiti 1yiuHy BekTopa 2B-C.

Omanonvt omeemogs:

Howep 1 2 3 4 5 6 7 8
3adaHUsA
OTBer B B A B -30 -1 -3/7 V30

Kpurepun onenuBanus:
OneHka «0TJIINYHO» BBICTaBIsAETCS CTyAEHTY 3a 90 — 100 % npaBuiIbHBIX OTBETOB.
O1eHKa «XOpOLIO» BBICTABISAETCA CTYACHTY 3a 75 — 89 % npaBHIIBHBIX OTBETOB.
OneHka «yAOBIETBOPUTENBHO» BBICTaBIseTCs cTyAeHTy 3a 50 — 74 % mnpaBHIIbHBIX
OTBETOB;
OneHka «HEyAOBJIETBOPUTEIBHO» BBICTABIISIETCA CTYNEHTY 3a MeHee 50 % mpaBUIbHBIX
OTBETOB.
Kpurepun onieHnBanust [Uisl IPEACTABIECHHBIX 3aaHUN:
— omeHka «5»: 11 — 12 6anos;
— oueHka «4»: 9 — 10 6amnos;
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— oueHka «3»: 6 — 8 0aoB;
— oueHka «2»: 0 — 5 0aoB.
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Bomnpocs! 1i1s1 codbecenoBaHust

Pa3nen 2. OcHoBbl TpUroHomerpun. Tpuronomerpuyeckue GyHKUMU

Tema 2.1 TpuronoMmerpudeckue (PyHKIMUA MPOU3BOJIBHOIO YIJIa, yuciaa. Pannannas u
rpajaycHasi Mepa yrja

1. YeMy paBeH yroi B OJIUH paguaH?

2. B Kakux 4eTBepTIX TPUTOHOMETPUUECKOTO Kpyra GyHKIHUS y=SinX MPHHUMAET
MOJIOKUTEIbHbIC 3HAUECHUS?

3. B kakux 4eTBepTAX TPUTOHOMETPUUECKOTO Kpyra GyHKIIUS Y= COSX IPUHUMAET
OTpULATCIIbHBIC 3HAYEHUA?

Tema 2.5. Tpuronomerpudeckue (PyHKIIMU, UX CBOIiCTBA U rpaduKku
1. [lepeuncnure TpUroHoMeTpUYeCKUe PYHKINH, YKAKUTE UX TIEPUOJIBI.
2. Onpenenute 001acTh 3HaAUCHUS QYHKIIUU y=3C0S(5X)?

Tema 2.9. IIpocreiinue TPUroHOMeTPUYECKHE YPABHEHUSA
1. Ilepeuncnure criocoOb! pelieHus: TPUrOHOMETPUUECKUX YPaBHEHUH.
2. PackpoiiTe alrOpuT™ pelieHus: OAHOPOAHBIX TPUTOHOMETPUIECKUX YPaBHEHUH.

Pa3pnen 3. Crenenu n kopHu. CteneHHasi QyHKIUA

Tema 3.1. Ctenenb. CBOICTBA CTENEHU C PALMOHAJbHBIMY U 1eHCTBUTEIbHBIMH
noKa3aTeJasaMu

1. ChopmynupyiiTe onpeeeHne CTeIICHHON ()yHKITHH.

2. [lepeuniciiute CBOKCTBA CTEIICHH C JICHCTBUTEIIBHBIM ITOKA3aTeIIeM.

Tema 3.3. [lonsiTue KOpPHS N-0ii cTeNeHU U3 JeCTBUTEIbHOr0 Ynciaa. CBoiicTBa KOPHS n-
0ii cTeneHu

1. Ha yto HE0OXx0auMO 00paTUTh BHUMaHKUE NIPU PEIIEHUH UPPALUOHATIBHOTO YPaBHEHUS
YETHOH CTENeHn?

2. YeMy paBeH KOpEHb YETHOM CTENEHU U3 OTpuLaTesnbHoro uncia? [Ipuseaure nmpumep.

3. Uemy paBeH KOpeHb HEUETHOI cTeneHu U3 oTpuiarensHoro uucna? [puseaure npumep.

Paznea 4. [lokasarenbHass QyHKIHA

Tema 4.1. IlokazaTeabHas pyHkuus, ee cBoiicTBa U rpapuk
1. Chopmynupyiite onpeneneHne moka3aTebHOU QyHKINH.

2. Ilepeuncnure CBOMCTBA MMOKa3aTeIbHON (PYHKIIMH.

Paspnean S. Jlorapugmel. Jlorapupmuyeckas GyHKuus
Tema 5.1. Jlorapugm yuciaa. CpoiicTea jiorapu(pmoB
1. Ilponomxure onpenenenue: «JIorapupm — 310...».

2. Yemy paBeH JorapudM Npou3BeeHUs?

3. Uemy paBeH Jiorapum 4acTHOro?

Tema 5.2. Jlorapupmuyeckas GyHkuus, ee CBOiicTBa
1. Chopmynupyiite onpeaeneHue JorapupmMuuecKon GyHKIHH.

2. llepeuncnure cBoiicTBa JorapupmMuueckon GyHKIUH.

Tema 5.3. Pemienue jiorapupMu4ecKux ypaBHeHH M HEPABEHCTB



1. ITepeuncnure criocoObI penieHus JorapuHMUUESCKIX YPaBHEHUH.
2. ChopmynupyiiTe MpaBUIIO pEIICHHs MPOCTEHIINX JIOTapu(PMUIECKIX HEPABEHCTB.

Pa3zgen 6. YpaBHeHus1 1 HEPAaBEHCTBA

Tema 6.1. PABHOCHJILHOCTH YPaBHEHHU M HepaBeHCTB. O01Me MeTOAbl pellleHus
1. Yto Ha3bIBaeTCsl ypaBHEHHEM?

2. Yro 3HAUUT PELIUTh ypaBHEHHE?

3. UTo Takoe KOpeHb ypaBHEHUS?

4. Y10 Ha3bpIBaCTCSI HEPABEHCTBOM?

5. YTo 3HAUUT pPELINTh HEPABEHCTBO?

Pasznea 7. [IpouzBoanasi QyHKIUM, ee IPUMEHEHUE

Tema 7.1. YucsioBasi mocjiea0BaTeIbHOCTh. BhlunciieHne mpeae/ioB mocjie10BaTeJIbHOCTeH
1. ITponomxure onpenenenue: «llocienoBaTenbHOCTb — 3TO. .. ».

2. llpuBeaure npumep apupMETHIECKON TPOTPECCHH.

3. [IpuBenuTe mpuMep reOMETPUIECKON IPOrPECCHH.

Tema 7.3. @opmyJibl 1 npaBuiia AuddepeHIHPOBAHUSA
1. Yemy paBHa npou3BOiHAs IPOU3BENECHUSA?

2. Uemy paBHa NIPOU3BOHAS YACTHOIO?

3. Uemy paBHa NpoU3BOJHAS CIOXKHOM QyHKIMMU?

Pa3znen 10. DneMeHTHI KOMOMHATOPUKH, CTATUCTHKH U TEOPUH BEPOATHOCTEH
Tema 10.1. OcHOBHBIE MOHATHA KOMOMHATOPUKH

1. ITponomxure onpeznenenue: «CoyeTaHue — 3T0...».
2. llponomxure onpenenenue: «Pazmenienne — 3to. .. ».
3. Ilponomxure onpenenenue: «llepectaHoBKH — 3TO...».

Tema 10.2. CoObiTHE, BepOATHOCTH cOObITHSA. Ci10:KeHHe U YMHOKeHHe BepOSITHOCTel
1. [Tponomxkwute onpeaenenne: «CiyqaitHoe coObITUE — 3TO...». [IpuBeauTe IpuMep.
2. Ilponomxure onpeneneHue: «BeposTHOCTb ClydaifHOTO COOBITHS — 3TO...».

Tema 10.5. 3agaun MaTeMaTHYeCKOM CTATHCTHKH

1. Kak Haiitu cpenHee apudMeTndeckoe YUcIoBOro psaa?
2. Kak HaiiTu MelnaHy 4iCIIOBOTO psiaa?

3. Kak Bbrumcinsercs pa3max 4nuciaoBoro psnaa?

Paszpnen 11. IIpsiMble ¥ NJI0CKOCTH B IPOCTPAHCTBE

Tema 11.1. OcHOBHBIC NOHATHSA cTepeoMeTpuu. PacnosioxkeHne NPsAMBbIX M IJIOCKOCTEH
[lepeuncnure B3aMMHOE PacIOIOKEHUE ABYX MPSMBIX B IPOCTPAHCTBE

Kakwue npsiMble Ha3bIBalOTCS NapaJUIEIbHBIMU B IPOCTPAHCTBE?

Kakwue npsiMmble Ha3bIBalOTCS CKPEIIUBAIOIIUMHUCS B TPOCTpaHCTBE?

Kakwue npsiMble Ha3bIBaIOTCS NEPIEHIUKYJIIPHBIMU B IPOCTPAHCTBE?

[Tepeuncnure B3aMMHOE pacroNoKeHUE MPSIMON U IIJIOCKOCTU B IIPOCTPAHCTBE.

asrLONE

Tema 11.3. [lepneHAUKYJISIPHOCTDb NPSAMBIX, IPAMOM U IVIOCKOCTH, IJIOCKOCTEN
1. Packpoiite noHsATHE «IEPIEHAUKYISIPHOCTh MIIOCKOCTEM».
2. IIpopomxute onpenenenne: «llepneHanKymnsip — 3To...».
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3. Ilponomxure onpenenenue: «HakioHHAs — 3TO...».
4. Tlpopomxute onpenenenue: «I[Ipoeknust HAKIOHHON — 3TO...)».

Pa3nen 12. MHOrorpaHHUKH H TeJ1a BPAllleHUs

Tema 12.1. MHororpanuuk. Bepumusbl, pedpa, rpaHd MHOTOTPAHHUKA

1. Ilponomxute onpeaeneHue: «MHOrOTpaHHUK — 3TO. .. ».

2. Ilponomxute onpenenenue: «IIpuzma —31o...».

3. [Iponomxure onpeaenenue: «[IpsMoyroyibHbIN Mapaieaenunes] — 3T0. .. ».
4. Ilponomxute onpenencHue: «Kyb — 37o0...».

5. Ilponomxkute onpeaenenue: «llupamuaa — 31o0...».

Pa3nes 13. KoopauHaThl M BeKTOPBI

Tema 13.2. BekTOpbI B IPOCTPAHCTBE. YT0J MeK1y BeKTopaMu. CKaJIsipHOe NPOU3BeleHue
BEKTOPOB

1. PackpoiiTe MOHATHE «BEKTOPY.

2. Kakue BEeKTOPHI Ha3bIBAIOTCS KOJUTMHEAPHBIMU?

3. Kakue BeKTOpBI Ha3bIBAIOTCS MEPICHAUKYIISIPHBIMU?

4. YeMy paBHO CKaJIIPHOE ITPOU3BEACHUE BEKTOPOB?

Kpurepumn oneHuBaHmsi:

OLEHKY «OTIMYHOY» CTYJEHT MOJIYy4YaeT, €CIIU:

— TIOJIHO M3JIaraeT MaTepuall, JaeT MPABUILHOE ONPEICIICHUE OCHOBHBIX MOHSATHU;

— oOHapyXKuMBaeT IIOHMMaHHME MarTepuaiga, MOXET OOOCHOBaTh CBOM CYXKICHUS,
MPUMEHUTD 3HAHUS HA MPAKTUKE, IPUBECTH HEOOXOIUMBIEC TPUMEPHI;

— MPaBHUJIBbHO OTBCYACT HA AOIIOJHHUTCIBHBIC BOIIPOCHI ITperioaaBaTeisd, MMCIOIUE HCIbIO
BBIICHUTD CTCIICHb NIOHUMAHUA CTYACHTOM OJAHHOTO MaTCpHralia.

O1LIEHKY «XOpOILOY» CTYACHT MOJy9YaeT, ECIH:

— JIONyCKaeT HEeCYIECTBCHHBIC OIUOKH MTPH OTBETE;

— MOJET MPUMEHUTh 3HAHUS HA MPAKTUKE, TIPUBECTH HEOOXOIUMBIC TIPUMEDBI;

— TPaBUJIBHO OTBEYACT HA JIOTIOJTHUTEIIbHBIC BOIIPOCHI IPEIOIaBATENsl, UMEIOIINE IISITBI0
BBISICHUTh CTETICHb TOHUMAHHMS CTYJCHTOM JJAHHOTO MaTepuaa.

OneHKy «yIOBJIETBOPUTEIBLHO» CTYAEHT MOIY4aeT, ECIIN:

— H3JIaracT MaTepuaj HEJOCTATOYHO IIOJIHO, JIOIYCKAaeT HETOYHOCTH B ONPEICIICHUN
HNOHITUN WK (POPMYITHPOBKE MIPABUIL;

— 3aTpyaHsETCA IIPU OTBETAX HA BOIPOCHI IIPENOAABATEII.

OI_ICHKy «HCYHOBJICTBOPUTCIILHO» CTYICHT IMOJIy4acT, CCIIN:

— CTYACHT UMECT pa3pO3HCHHELIC, OeccucTeMHEIE 3HaHUA, HC YMCCT BBIACIATE I'NIABHOC U
BTOPOCTCIICHHOC, OOITYCKacT OMOKHA B OIMpECACIICHUC HOHHTHﬁ, HCKaXacT HX CMBICII,
6CCHOp$I,Z[O‘-IHO U HCYBCPCHHO M3JIaraCT Marcpuaj, HEC MOKCT INPUMCHATb 3HAHUA IJId PCHICHUS
MPAKTUYCCKUX 3aadad; 3a IOJHOC HC3HAHUC U HCIIOHUMAHUC yqe6Hor0 Marcpurajia UJin OTKa3
OTBC€YATh.
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dona TeCTOBLIX 3aXaHNI

1. Haiinute 3Ha4eHMs BBIpAXKEHUS /216 -125
1) 30
2) 25
3) 81
4) 8
2. Pemnte TpUuroHoMeTpUYECKOe ypaBHeHue sinx = 1.
1) Z+2nkk€Z
2) m+2nk,ke€Z
3) —Z+mkkez
4) g +2nk, k€ Z

3. HaiiuTe 3HaueHns Bepaskenus 209210,
1) 8
2) 4
3) 10
4 0
4. Yemy pasna npousBoanas Gpyukuun f(x) = x* + 5x3 + 1.
1) 3x2% + 15x
2) x* +15x2
3) 12x3 + 8x?
4) 4x3 + 15x2

5. Ha kinietuaToii Oymare ¢ pazmepom kieTku 1X1 n300paxEén napaiienorpamMmm.
Haiinnre ero nioman.

1 T T T T 1]
M, “'h | |
ANEEAN |

N |
N N [

OrtBer.

6. Pemmure ypaBHenue 3% — 3¥t3 = —78,
Otger.




7. UeMmy paBHa IHaroHajib IPSIMOYTOJBHOTO MapaliyIeenuIie/ia, €CJIM €ro u3MEepeHus paBHa 2, 4,
5cm?

Ortser.

8. YcraHoBUTE COOTBETCTBHE MEXIy OOBEMOM MPABWIBHOW YETHIPEXYTOJIBHOW TMPU3MBI,

CTOpOHAaMH €€ OCHOBaHHMH M BBICOTOM OOKOBOM I'PaHH.

O6bem npu3mMbl

OcHoBanue, 60KoOBasi rpaHb
OCHOBaHHE — 6 cM

3
1) 150 cm ay  Qomomame G
2) 180 cm3 B) ocHoBaHue — 10 cMm
0OOKOBast TpaHb — 2 CM
3) 200 cm3 B) OCHOBAHHE — 5 cM
OOKOBast TpaHb — 6 CM
A B B

9. YcraHoBUTE COOTBETCTBHE MEXy I'paduKaMu U GYHKLIUAMHU, KOTOPBIE X 33/1a10T.

1) y=x"+3x+3

.
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2) y=x'-3x+3

bbbt

S y=-x"+3x-3

A

b

B
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BT ';r [TTT
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! NELEANEEE ..
R e a . b
| -‘00 I 4 0 .
- bt 4 . -
. f‘t - fi s
] ] 1

4) y=-2"-32-3

10. YcraHoBUTE COOTBETCTBHE MEXY POPMYIaMU U BUIOM (YHKIIUH.

®opmyna Bun ¢pynkiumn
4) y=ax*+bx+c A) SKCIIOHEHTA
5) y=(a—x)?+ (a—y)? B) napa6osa
6) y=a" B) OKPY>KHOCTh
A b B

11. IInomanas CTpOUTENBFHOTO yYacTKa NpsMOyroyibHoM (opmel mupuHoi 40 M coctasnseT 3440
M2, YuacTok Heo6XomuMo 06HecTH 3a60poM 1o mepumeTpy. CTonMocTs 1 M 3a60pa cocTaBiseT
500 py6. Kaxkas cymma motpedyeTcs Asi CTpOUTENbCTBa Beero 3adopa? OTBeT gaiiTe B THIC.pYO.
Ortser.
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12. Tlepen 3manueM KoJIeIKa pemeHo pa3outs kaym0y. Ho mo hopme kirymba He qomkHa OBITH
KPYTJIOi, KBAJPAaTHOM WM mpsiMoyroiibHOW. OHa TOJKHA COJEepKATh B ceOe MpsSMbIC  KPUBBIC
munun. [TycTh OHa Oyner miockol GUrypoi, orpaHndeHHON JMHUIMHU Y = 4/X + 2;y = 6; X = 4.
Kakyro cymMMy MOXET MOJYy4YHTh CTPOMTEIbHAs KOMITaHUS 32 BCKAIllbIBAHHE KIyMOBI, €Clii 3a

Kbl 1 M2 KoMmaHuy BeimtaunBaercs 500 py6.? OTser naiite B pyo.
Ortger.

13. Kakoii Tun cummeTpun Habmogaercs Ha 3nanuu MI'Y, n300paxeHHOM Ha pUcCyHKe?

Bonpoc |12 |3 |4] 5 |6] 7 8 9 10 11 12 13
A-2 | A-2 | A-3

Omeer |1|1|3|4| 16 |1/3V5| B-3 b-4 | B-1 126 3200 oceBast
B-1 | B-1 | B-2

Kpurepuu onenuBanus:
«5» - 90 — 100% npaBHILHBIX OTBETOB;
«4» - 710 — 89% npaBUIIbHBIX OTBETOB;
«3» - 50 — 69% npaBUIbHBIX OTBETOB;
«2» - meHee 50% NpaBUIIBHBIX OTBETOB.

Kpurtepuu onenku ¢oHaa TeCTOBBIX 3a1aHHMIi:
«5» - 12 — 13 npaBUIIBHBIX OTBETOB;
«» - 9 — 11 npaBWIILHBIX OTBETOB;
«3» - 6 — 8 IPaBWILHBIX OTBETOB;
«2» - MeHee 6 TPaBUIILHBIX OTBETOB.
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3. OueHoYHbIE CPeACTBA /sl IPOMEKYTOUYHOH aTTeCTALMU U KPUTEPHHU OLEHKHU
Bonpocsl k 3k3ameny

67) Pamuannas mepa yria.

68) Cunyc, KOCHHYC, TAHI€HC U KOTAHT'€HC yTJa.

69) OcHOBHBIC TPUTOHOMETPUYECKUE TOXKICCTBA.

70) ®dopmyIbl IPUBEACHUSL.

71) Ilpocreiinire TPUrOHOMETPUYCCKUE YPABHCHHUS.

72) Ompenenenue u cocoObl 3aaHus () yHKIIUH.

73) CoiicTBa QhyHKIUU.

74)  AusropuTMm uccnenoBaHus QyHKIUY.

75) Crenennas GpyHKIWs, €€ CBOMCTBA U rpaduK.

76) TlokasarenbHas GpyHKIUS, €€ CBOMCTBA U TpaduK.

77) Jlorapupmuueckas GyHKIHsI, €€ CBONCTBA U rpaduK.

78) @ynkums Y = Sin X, ee CBOMCTBA U IrpaduK.

79) @ynKIMs y = COS X, ee cBoicTBa U rpaduK.

80) dyukumuy=1tgx uY = Ctg X, UX CBOHCTBA U rpaduKH.

81) OOparHbie TPUTOHOMETPHYECKUE (PYHKIIHUH.

82) Kopenb n-oii cTeneHu, CBOMCTBA PaAnKaIIOB.

83) Perienne uppauOHATBHBIX YPABHEHH.

84) CreneHb ¢ palMOHATIBHBIM U ICHCTBUTEIBHBIM ITOKA3aTEIISIMU.
85) PerieHue nmokazaTeIbHbIX YPABHEHHI H HEPABEHCTB.

86) Jlorapudwm. IIpaBuna neiicTBuii ¢ TorapudMamu.

87) Permienue norapupMuUECKUX ypaBHEHUI U HEPABEHCTB.

88) IlocnenoBarenbHOCTh. CIIOCOOBI 3aIaHUS U CBOWMCTBA YMCIIOBBIX MOCIIEA0BATEILHOCTEH.
89) beckoHeuHO yObIBarOIIasi FEOMETPUYECKAs! MOCICI0BATEIBHOCTb.
90) Ilpenen mocnaenOBaTEILHOCTH.

91) [IIpowusBoaHas GpyHKIHH.

92) IlpaBuna quddepeHIupoBaHus.

93) BeluncieHUE TPOU3BOIHOM CIIOKHON (QYHKIINY.

94) dusuyeckuit (MEXaHMYESCKHUIT) CMBICI TPOM3BOTHOM

95) T'eomeTpuUecKHii CMBICI IPOU3BOTHOM.

96) VYpaBHeHHUE KacaTelnbHOU K rpaduKy (HYHKIHH.

97) HenpepblBHOCTH (YHKIIUK U METO]] HHTEPBAJIOB.

98) CBs3b NPOM3BOIHON C BO3pAaCTaHHEM M yObIBAHHEM (DYHKITHH.
99) Kpuruueckue TOUKH QYHKIIUH, MAKCUMYMBI I MUHUMYMBI.

100) HaxoaeHre HauOOJIBIIIET0 U HANMEHBIIIETO 3HAUCHHS () YHKIIHH.
101) IlepBooOpa3Has (HyHKIIHH.

102) IlpaBuna HaxoXaAEHHS NEPBOOOPA3HBIX.

103) Unrerpan. Teopema Hprorona-JleitOnuma.

104) Ilnomiaas KpUBOJIMHEHHON Tparenuu.

105) OcHOBHBIE IOHATHSI KOMOMHATOPUKH: TIEPECTAHOBKH, COUCTAHUS H Pa3MEIICHHS.
106) CoObITHE, BEPOSTHOCTH COOBITHSL.

107) OmpeneneHue BEpOSATHOCTU: KIACCHYECKOE, CTATHCTHYECKOE U TEOMETPHUYECKOE.
108) OcHOBHBIE CTaTHCTHYECKHE ITOKA3aTeNu: cpeaHee apu(MeTndecKoe, pasmMax, MeauaHa u
MoJa.

109) OcHOBHbIE MOHSTHS CTEPEOMETPHH.



110) BsamMHOE pacIiosoKEHHE MPSIMbBIX U IJIOCKOCTEH B MPOCTPAHCTBE.
111) Vruibel MeXAY NPSIMBIMU. YTOII M@Ky IPSMON M TUIOCKOCTBIO.
112) TlapasnienbHble MPSIMBbIC B IIPOCTPAHCTBE.

113) IlapamienbHOCTh MPSIMOWA U INIOCKOCTH.

114) Tlpu3Hak napaywieabHOCTH IIOCKOCTel. CBOMCTBA MapalielIbHBIX TNIOCKOCTEH.
115) TleprnieHauKyIsipHBIC MPSIMBIC B IIPOCTPAHCTBE.

116) IleprneHAUKYISIPHOCTH MPSIMOW U IIOCKOCTH.

117) Tlpu3Hak NepreHIUKYISIPHOCTH TIOCKOCTEH.

118) JIByrpaHHbBIH yroJI.

119) Teopema o Tpex MEPHCHIUKYISAPaX.

120) IlonsiTue MHOTOTpaHHUKA. BUIbI U 3JIEeMEHTHI MHOTOTPAHHUKOB.
121) B3zaumHOE pacroyIOKEHHE TNIOCKOCTH U MHOTOTPAaHHHUKA.

122) TloHsiTre Tea BpAIEHUS U UX BUIBI.

123) Ilpu3sma u ee SJIeMEHTEHI.

124) Tlapasrenenumnesa u ero CBOMCTBA.

125) IlupaMuia u €€ SJIEMEHTEHI.

126) ILuauHAp U €ro JIEMEHTHI.

127) KoHyc u €ro 3J1eMeHTHI.

128) Illap u cdepa. YpaBuenue chepsl.

129) TIpsmoyronbHas cuctemMa KoopauHat. KoopIuHaThl BEKTOpA.
130) [eiicTBUs Ha BEKTOPAMH.

131) CkanspHOe MPOM3BEICHUE IBYX BEKTOPOB.

132) Cummetpusi: LeHTpalibHAs, OCeBasi U 3epKaJIbHasI.

Kpurepun onenuBanus:

OneHka «OTJIMYHO» BBICTABISETCS CTYACGHTY 3a IJIyOOKO€ U IIOJIHOE OBJaJIeHHUe
COJEpKAHUEM YYEOHOr0 MaTepuajla, B KOTOPOM CTYAEHT JIETKO OPHUEHTHPYETCs, BIIaJCHHE
MNOHSATUMHBIM aNnmapaToM, 3a YMEHHE CBS3bIBaTh TEOPHIO C IPAKTUKOW, BBICKA3bIBaTh U
00OCHOBBIBaTh CBOM CyxXAeHUsA. OTiaMyHas OTMETKa NpeAroyiaraeT TpaMOTHOE, JIOTMYHOe
U3JI0’)KEHUE OTBETA.

OneHka «XOpOIIO» BBICTABISETCS CTYIEHTY, €CJIM CTYAEHT IMOJIHO OCBOMJ Y4eOHBIN
Marepuai, BIIaJeeT NOHATUHHBIM anmnaparoM, OPUEHTUPYETCS B HU3YYEHHOM MaTepuale,
OCO3HAHHO MPUMEHSET 3HAHUSA JUIs PEIIEHUs TPAKTUUECKHUX 3a/1a4, TPaMOTHO HU3J1araetT OTBET, HO
cojepxanue u GopMa 0TBETa UMEIOT HEKOTOPbIE HETOYHOCTH.

OI_ICHKa «YAOBJICTBOPUTCIIBHO» BBICTABIISICTCA CTYACHTY, CCJIIM CTYICHT 06Hapy)KI/IBaeT
3HAHKWE W IMOHHMaHHE OCHOBHBIX IIOJIOJKEHMI yqe6H0ro MaTcpHualia, HO HU3JIaracTt €ro HEroJHo,
HEMOCJICA0BATCIIbHO, JOIMYCKACT HETOYHOCTH B OIPCACICHUN HOHSITPIfI, B IMPUMCHCHUHA 3HAHHH
JJI pEHICHUA IMPAKTUYCCKUX 3aJiad, HC YMECT JOKA3aTCIIbHO 000CHOBATH CBOH CYXKACHUA.

OI_ICHKa «HCYHOBJICTBOPUTCIIBHO» BBICTABIICTCA CTYACHTY, CCIM CTYACHT UWMCET
Pa3pO3HCHHBIC, OeccucTeMHbIE 3HAaHUA, HE YMCECT BbBIACIATH TIJIABHOC W BTOPOCTCIICHHOC,
JO0IMYyCKa€T OIIOKY B OIpEaAcCICHUC HOHSITI/II\/'I, HNCKaXacT UuX CMBICII, 6ecnop${110qH0 H HCYBCPCHHO
H3jaract MaTcpurall, HC MOXCET IPUMCHATDb 3HAHHWA JIA PCIICHUA IMTPAKTUICCKUX 3aaa4; 3a ITIOJTHOC
HC3HAHUC U HCTIOHMMAHHEC yqe6H0ro MaTcpHuajia UJik OTKa3 OTBCUATh.
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Tembl HHAUBUAYAJIBHBIX IIPOCKTOB

JKuznb u HayuHble OTKpbITHS PpaHcya Bueta
[TpousBoaHas U €€ MPUKIaJHOE 3HAUCHUE
YpaBHEHUsI, HEPABEHCTBA U CIIOCOOBI UX PELICHUS
[Mudarop u ero HaydYHbIE OTKPHITUS

Maremartuka: UCTOpUsI BOSHUKHOBEHHS U Pa3BUTHUSA
3anaun Ha APoOU M UCTOPHSI UX BOZHUKHOBEHUS
Marematuka u €€ posib B apXUTEKTYype

I'paduxyn GyHKIMHA 1 MX TPUMEHEHNE

. [Iporpeccuu u ux npakTUYECKOE NIPUMEHEHHE

. B Mmupe BeposatrHocTei

. 'eomerpuueckue Tena B IpOCTPAHCTBE U BOKPYT HAC

. Yucna u ux ucropus

. 30JI0TO€ CEYEeHUE B MATEMATHUKE U €ro IPUKJIaJHOE 3HAUECHUE
. [IpoueHTsl, UX 3HAYEHUE U IPUMEHEHUE

. IlepooOpazHast, UHTErpaJl u €ro NpUMEHEHUe

. TexkcToBbIE 33/1a4u U UX pELICHUE

. MeToibl MaTeMaTUYECKON CTaTUCTUKHU

. [ImpaMuipl: reOMETPUYECKOE TEJIO U APXUTEKTYPHOE BEJIMKOJICIIHE
. JlorapuMbI: CYyIIIHOCTh M UX CBOMCTBA

. B Mupe kBagpaTHbIX ypaBHEHUI

. TpeyroibHUKH, UX CYIIHOCTb U 3HAYEHUE

. ['eomeTpus: U3 rIyOMHBI BEKOB J0 HAIIUX JHEH
. [TokazarenbpHbIE ypaBHEHUS M HEPABEHCTBA: CYIIIHOCTh M CIIOCOOBI PEIICHUs
. TpuronomeTpus u MUp BOKPYT Hac

. CumMeTpust - OCHOBOTIOJIATAIONTUH TPUHITUIT YCTPOICTBA MUpa

. Maremaruku JlpeBHei ['periun 1 X OTKPBITHS

. MHOTrOyroiasHUKHM UX CBOMCTBA

. BexTopsl Ha TIOCKOCTH U B IPOCTPAHCTBE

. UpparnmonansHbie ypaBHEHUS U CIIOCOOBI MX PELICHHS

. Tema BpalieHus, UX BUJIbI U CBOWCTBA

. B Mupe xomOunaTopuku

. OYHKIHH: CIIOCOOBI 3a/TaHUSI U CBOWCTBA

. Cuctembl KOOpAMHAT U UX IPUMEHEHUE

. Kopnu, crenenu u norapudmsr

. TpuroHomeTpuueckue ypaBHEHHUsS] 1 HEPABEHCTBA U UX PEILICHUE

. 3HaKOMO€ 1 HE3HAKOMOE YHCJIO TN

Kpurepun onenuBanus:
Ouyenxa « Omauunoy.
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— paboTa HOCHUT TPAKTHUYECKUU XapakTep, COACPKHUT TPAMOTHO H3IIOKECHHYIO
TEOPETUUECKYIO a3y, XapaKTepHU3yeTcs IOTUYHBIM, ITOCJIEIOBATEIbHBIM U3JI0’KEHHEM MaTepHana
C COOTBETCTBYIOIIMMU BBIBOJIAMHU 1 0OOCHOBAaHHBIMU IPETIOKECHHUSIMHU;

— TpU 3ammTe padoThl OO0YYAIOUIMIICS TOKA3bIBACT JIOCTATOYHO TIyOOKHME 3HAHUS
BOIIPOCOB TEMBbI, CBOOOJHO OMNEPUPYET AAHHBIMH HCCIEIOBAHUSIMU, BHOCUT OOOCHOBaHHbBIC
MPEIJIOKEHUS,, BO BpPEMs BBICTYIUICHUS HCIOJB3YET HAIJIAJIHBIE MOCOOUS (TaOIMIIBI, CXEMBI,
rpaduku, 3NIEKTPOHHBbIE MPE3eHTALUU U T.J.) WU pa3daTO4YHbI MaTepual, JIETKO OTBeYaeT Ha
MOCTaBJICHHBIE BOIIPOCHI.

Oyenxa «Xopouioy:

— HOCHUT IPAaKTHYECKUN XapaKTep, COAEPKUT IPaMOTHO H3JI0KEHHYIO TEOPETUUYECKYIO
0a3y, XapakTepHu3yercs IOCIEeI0BAaTEIbHBIM M3JI0KEHHEM MaTepHuaja C COOTBETCTBYIOIIHMMU
BBIBOJIaMH, OJTHAKO C HE BIOJHE 0OOCHOBAHHBIMHU MPEITIOKEHUSIMU;

— IIpH 3a1uTe 00y4YaIOUIUIiCs MOKA3bIBAET 3HAHUS BOIIPOCOB TEMBI, ONIEPUPYET TaHHBIMU
WCCJICIOBAHMSI, BHOCUT MPEATIOKEHUS, BO BPEMS BBICTYIUICHHS UCIIONIB3YET HATSAHbIE TOCOOHS
(TabmHIbl, CXeMbl, rpaduKH, JCKTPOHHBIC TIPE3CHTAIIMY | T.JI.) WU pa3IaTOYHBIA MaTepuai, 6e3
0COOBIX 3aTPYAHEHUN OTBEYAET HA MMOCTABIECHHBIC BOPOCHI.

Oyenka «YooenemeopumenvHoy.

— HOCHUT NIpPAaKTHUECKUW XapaKTep, COJEPKUT TeOopeTHUecKyro 0a3zy, Oaszupyercs Ha
MPaKTUYECKOM MaTepuajie, HO OTJIWYAETCS IMOBEPXHOCTHBIM aHAJIM30M M HEAOCTATOYHO
KPUTUYECKUM pa30dopoM, B HEH MNPOCMATPUBACTCS HEIMOCJIECIOBATEIbHOCTh HW3JIOKEHUS
MaTepuala, peicTaBIeHbl HEOOOCHOBAHHBIE MTPEIIOKEHUS;

—  HMEIOTCS 3aMEYaHMsI 110 COJAEPIKAHUIO PabOTHI M 0(HOPMIICHHIO;

— IIpH 3aiUTe 00y4aronuiicss MposBIsieT HEYBEPEHHOCTh, MOKA3bIBAET Cllaboe 3HAHHE
BOIPOCOB TE€MBI, HE JIa€T MOJHOT0, apTYMEHTUPOBAHHOI'O OTBETA Ha 3aJJaHHBIE BOMPOCHI.

Oyenxa «HeyoosnemeopumenvHoy.

—  MHAUBUAYAJIbHBIN IPOEKT HE 3aBEPIIICH;

— K 3amure oOyyarouuics He TOMyCKaeTcsl.
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Taoauna 2 Kiaroun k Bonpocam ¢GoHIa OLEeHOYHBIX CPEACTB

Ne Bompoc OTtBer
n/n
Brerancants:
a) cos 780°; a) 0,5;
. 137
0) sin e 6) 0,5;
. 12 3 5
B)SINa,ecnucosa=—— u 7<a<—; B)— —;
13 2 13
1 a
r) c0S > ecmu COSa=028ul0<oa<m, r) 0,8;
H 0 H 0
sin 75" +sin 45 : ) _\/g;
sin 285°
e) 16 c0S X oS 2x €0s 4x cos 8x, eciu x = z .
6 e) V3.

YIpOCTUTH BBIpaKEHUE:

a) cos (a.— B) — cos (o + B);

0) sin 915°cos B — sin B sin 645°;
1

B) 2 sin (540° + ) sin (B + 810°);
r) Sin 3a. €os 2a + sin 2o c0S 3o —C0S (27 —

a) 2sinasinf;
0) sin(p-15°);

B)—iSiHZB

2 ); . .
sin(—a) + cos(7z + a) r) sinSa-cosa;
1+ 2cos(”—a]cos(—a) ﬂ)_—l
Il) 2 . sina+cosa’
1-cos2a
e) sin 2a : e) tga
3. Pemutsb ypaBHEHUE:
. T a) x =27k, k €Z,;
3 a)cos(n+x):smg;
6) sin 5x cos 4x — cos 5x sin 4x = 1. 0) X = §+27tk, k eZ;
Beruucnuts:
a) sin 780°; V3,
a) —;
0) cos 137, \7’
—=. 3
6 0) 2
. 4 3 B)—E;
B)COSOL,CCJ'II/ISIHOL:—E u7r<a<7; 5
4 . . 4 3z r) 24,
r)sm2a,eennsma=—g I/ITC<O(<7; 25’
sin 70° +sin 20° ) —VZ;
cos 205°
e) —3+/3.

e) 16 sin x sin 2x sin 4x sin 8x, eciau x = % :




YIpOCTUTH BBIpAKEHUE:
a) sin (o + B) + sin (a0 — B);
0) sin 605°cos 3 + sin 3 cos 835°;

B) %sin (405° + B) cos (B + 765°);

a) 2sinacosp;
0) -cos(B-25°);

B)% cos2f
r) sin 4o cos 3o + sin 3a €os 4o —sin (6 —
S ); r) 2sindacos3a;
sin{?’:+aj+sin(2ﬂ+a) 1
1) - ; A) sina—cosa’
200s(— e )sin(—a) +1
sin 2« e)tga
€) ————
1+ cos 2
3. Pemuts ypaBHeHHME:! a) X = (_1)k+1% 1k, k €Z:
6 a) sin (1 + X) = cos (—%};
m | 2mk
=4+ :
6) cos 4x sin 3x + sin 4x cos 3x = 1. 0)x =t ke
Ypocture BeIpaKeHue:
1.(sin x +cos x)* —1
) , (7 (37 S 4. sin2x
7 1 608" X 5 —x|+sin®| —=—x ]| —sin®x 5 colszx
3 sin® x + sin® xcos ® x 6. o
" sin?xcos? x
[IpeobpasyiiTe BeIpakeHUE:
a+2 a 2 Va—/2
4. (\/T_a - \:{%1-2 + a— Za) ' a+2 \/aj_ﬁ
8 5. 5_11 ' (:51-"-6Z . C% +1 2. \/E
ci+cz 241 3. 2
6 1g8+1g18
" 2lg2+1g3
Pemmre ypaBHeHue:
1.Vx2+2x+10=2x—-1 1.3
9 2.cos(g+x)+cos(%—x)=1 2.x=i%+2nk,kEZ
3 0,2x2—16x—37,5:5\/§ 3.-2;18
4.logsVx —5+logzV2x —3 =1 4.6
YHpocTuTe BhIpaKeHHE:
1.(cos 2x +1)tg °x —1 1 — cos 2x
10 37z 2. —
> Ctg — — X sin?x
, 1+ctg (— x) 2 3.tg x

tg?(x—z) ctg (z + x)
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sin® x cos x + cos ® xsin

3.
cos ? x

[IpeoOpa3yiiTe BeIpaKEHHE:

1 (a\/—+b\/_ \/—) (\/_+x/—)

Va+vVb +b 1 (a—b)>?
3 .
11 3(ab)%—3b (a%_b%> 42742 2 (3a+b)2
2. + '
a-b N 3.-3
3lg2 + 3lg5
'1g13 —1g130
Pemmre ypaBHeHue:
1.V17+2x—3x2 =x+1 1.2
. (T —
12 2.sm(g+x)—sm(——x) V3 2.x=—+2nk,k€Z
3 2x2—6x+0,5:L 3.1;5
' ) 16V2 4,13
4. Elg(Zx -1)=1-1gvx—9
Bprunciure HpOI/I3BOI[Hy103 3
1.f(x) = 2x% + 4x* + 6x +3 ; k- 16x7 46
3 = ——t=
2.f(x)——+—2——3 x2  x3 0 x*
x X _ 2
13 3. £(x) = (8x — 10)° 3. 241(8.96 . 10)
x 4, —=sin=
4f(x)=cos— 59
_ 5 ——
5 f(x) (5 —4x )5 (5—4-x)6
Haiigure KoopIuHATHI TOYCK KacaHUs, B
14 | KOTODBIX KacaTellbHbIC K rpaduky GyHKIIUU (0: 4)
y = 2x? + x + 4 UMeIOT yrI0BOif ’
kod¢hduneHT, paBHbIi 1.
CocraBbTe ypaBHEHHE KacaTeIbHOU K
15 | rpa¢uky pynkuuuy = 3x% — 4x — 2 B y=-10x -5
TOYKe ¢ abcruccoit x, = —1
MarepuanbHasi TOYKa JIBHIKETCS
16 IpAMOJIMHENRHO 110 3aKony x(t) = t3 — 27¢t. 24
Haiinnre yckopeHre TOYKH B MOMEHT
BpeMeHH t = 2 c.
Haiigure o0t Bua nepBooOpa3HbIX IS , 56X
(byHKHHH 1 F(x) = 1,5X +—+—- ZX + C
1.f(x) =3x +5x> + 6x° — 2 2.F(x)=—l—i2—3\/F+C
1, 2 X x2 3
17 |20 =54E-r 3.F() =824 ¢
3.f(x) = (5x — 3)° 30
4. f(x) —sin(Zx—%) 4. F(x) = ——cols(Zx——)+C
Sf( )_ 5.F(x)__6(4x+3)3+c
(4x +3)4
BrruncnuTe MHTETpabl:
1. 1 x3dx 1.0
2. f04 cos?x 3.4

3. [7(1+ 2x)dx
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19

Boruncnure HpOI/ISBOI[HYIOZ

1. f(x) = 3x% + 6x* + 8x + 100
3

2.f() =2+2-2

x3  x8

3. £(x) = (4x — 5)°
4.f(x) = sinle

5.f(x) = (1- 2x)3

.6x +24x3+8

4 6 24
T X2 x4 x0
.24(4x—5)5
. 10 cos 10x
6

T (1-2x)%

g AW N e

20

HaiinnTe KOOpaMHATHI TOYEK KacaHus, B
KOTOPBIX KacaTelbHbIC K TpaQuKy QyHKIIMA
y = x? + 2x — 1 uMeroT yrioBoi

K02 puImeHT, paBHbIH 2.

(0;-1)

21

CocraBbTe ypaBHEHHE KacaTeIbHON K
rpaduxy Gyskmuun y = 2x2 —5x + 1B
TOUYKE ¢ abcluccon Xy = 2.

y=3x-—-7

22

MarepuanbHast TOUKa JIBHKETCS
IpAMOJIMHENHO 110 3aKoHy x(t) = 8t% — 2t3.
Haiinure yckopeHHe TOYKA B MOMEHT
Bpemenu t = 1 c.

23

Hatigure oOmuii B mepBoOOpasHBIX IS

byHKIUU:
1.f(x) =6x+3x3+2x*—9

2.f(x) =§+%—zﬁ
3.f(x) = (4x — 13)°
4. f(x) = cos (3x —%)

5. f(x) - (2x+10)6

.F(x) = 3x2 + 3= +——9x+C

F(x) = & ¢
F(x) =§sm(3x—z)+C

F(X)=—m+c

I

24

BBIUNCINTE HHTETPAIIBI:
1.5
1 [ x>dx

T
5 dx

- Jr ;2
— Sin“x
4

3. [7(4 + 2x)dx

N =
=)

25

Packpoiite popmyiy cokpamieHHOoro
YMHOkeHHs a>-h

(a-b)(a+b)

26

[Tnomaap TpeyroabHUKA BEIYUCISIETCS O
dhopmyne

S=(a*h)/2

27

Kaxoe u3 CJICAYHOIINUX YHUCCII 3aKIIFOYCHO

10 5
MEX]y YHCIIAMH — H E?

0,6

28

Hanbl rpaduku ¢pynkuuit. Kakas gpopmyna
COOTBETCTBYET rpaduky 3):
y 2) 3

ATTTTTT

INiE |

TV = 1 1
01\‘ o[ 1 o 1

7

29

11
BLI‘{I/ICJ'II/ITG + —

30

Pemmre ypaBHeHI/Ie x%2-7x+10=0. Ecm
ypaBHEHHE UMeeT 0oJiee OHOTO KOPHS, B
OTBET 3aIAIINTE MEHBIIUHN U3 KOPHEH.
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[lnomaae 3emMenb KpeCThIHCKOTO X035HMCTBa,
OTBEICHHA IO II0CAAKY KyCTaApHUKOB U

31 | HBETHHUKOB, cOCTaBIgeT 24 ra u 9
pacmpesiesieHa MEXly HUIMH B OTHOIIICHHH
5:3. CKOJIBKO T€KTapOB 3aHUMAIOT IBETHUKHU ?

Bricora BH napamnenorpamma ABCD nenut

3p | €ro cropony AD na otpe3ku AH=2u HD = 816
32. lnaronans napamenorpamma BD paBHa
40. Haiigure miomaas napauiesorpaMmma.

: AB
B AABC sinC = —. Kakas u3 ctopoH

33 AC P AC
siBysieTcst Ttunoteny3on AABC?

34 VYriom Kakol 4eTBEPTHU SIBISICTCS YroJl |
a=400°?

35 | Kakue u3 GpyHKIU ABISIOTCS YETHBIMU? y=tg X

36 Kakue u3 uncen SBISIOTCS KOPHEM -

1 X = —
YpaBHEHHUS COS X = E? 3
. T ™
37 | Beruucnure: sin -+ Cos . 1
N V2
Haiigute 3Hauenue BeipakeHus 4arccos— -
38 2 2n
.2
4arcs1n(—?)
OKKUTE TOXKAECTBO: 2sin(m/2+a)+ cos(m — .

39 A a ( ) ( 2sin(m/2+a)+ cos(m — a)= 2c0s0 — COSO0L = COSaL
0,)= COS0.

. . [

40 | Pemmre ypaBHeHHe: sin’x - 4 sinx + 3 =0. St 2mk, keZ
Mex 1y KakuMU ABYMSI HATypaJIbHBIMU

41 3 2u3
qHCIIaMU HAXOJUTCS 9rciio V197

42 | Onpenienute KOpeHb ypaBHEeHUs X°=125 5
Pacmonioskure B opsijike BO3pacTaHUs YHCIIA:

43 2 V5,2, V17
2, V5, V17 o
YMHOKas 9rciia ¢ OAMHAKOBBIM OCHOBAaHUEM,

44 CKJIQJBIBAEM
WX CTENeHH...?

o 35‘58'32‘9

45 | HaiiouTe 3HAYCHHE BBIPAKCHILS —eas TPM | 49
a=7.

N Viz+V8)’

46 | HaiinuTe 3HaUCHNE BBIPAKEHNUS Q 2

10++/96
Paccrostare ot HabmogaTENs, HAXOIAIIETOCS
Ha HeOONBIIOH BhICOTE h KHITOMETPOB Haj
3eMIEH, 10 HaOI0gaeMO UM JIMHUHU

47 | TOPH3OHTa BEIMHCIACTCS TIO dopmyne [ = 0.18
V2Rh, rae R=6400 xm — paguyc 3emmn. C ’
KaKOW BBICOTHI TOPU30HT BHJICH Ha
paccrosinuu 48 kunomerpos? OTBET
BBIPA3HTE B KHJIOMETpax.

48 | Pemmre ypaBuenne V—32 — x = 2. -36

49 [Tpu xkakom 3HaUYeHUU a PyHKIHS y=a* =t
OBIBaCT HA BCEH 00IACTH ONPEACIICHHUS? 8

50 Ha pucynke n3o0paxén rpadpuk GyHKIUN o5

Buja f(x)=a*. Haitnute 3nauenue f(2).
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A ]

F)=a |

=]
T
l l O peuyyer [r“f;‘_

o1

OynKIMs 3a1aHa POPMYIIOi: f(x)=(%)x. Yemy
paBHo f(-2)?

52

x—13
Kopenb ypaBHeHUs (5) = 3?

53

Haiinurte kopeHs ypaBHenus 3*2-5*3*=12

54

CKOJIBKO LIEJIBIX PEIICHUI UMEET
HepaBeHCTBO 1 < 7X1< 497

55

Haiinute Touky MakcuMmyma QyHKIHA Y =
25—8x—x2

56

B xoxe pacniaga painoakTHBHOTO U30TOMNA
ero Macca yMeHbIIaeTcs 1mo 3akony m(t) = mo
- 2T rie mo — HavanbHAs Macca M30TOMA, t
— BpeMsl, MpoIIe/ee OT Ha9aJIbHOTO
MoMeHTa, T — nepuop nonypacnazna. B
HavyaJbHBI MOMEHT BPEMEHH Macca U30ToIla
184 wmr. Ilepuon ero noixypacnana
cocrasisieT 7 MuH. Haliiure, yepes CKOJIBKO
MUHYT Macca u30Tona Oyaer paBHa 23 Mr.

21

57

Kakas u3 ¢byHk1mii Bo3pacTtaer Ha Bceit
obacTu omnpeseseHus?

f(x)=logs x

58

VYkaxkute 0051acTh onpeaeneHus QyHKIINHA
i 2x—3
fx)=lg

X+7

(-o0; -7), (1,5; +0)

59

Pacronoxutsb B mopsiike BO3pacTaHUs:
1
logg s 4; logo 5 0,4; 108 5 "

1
logg 5 4; 10805 0,4; logg 5 "

60

Haiinure kopenb ypaBHeHus log, (5 —x) = 2

-11

61

Omnpenenute 3HaYeHUE BhIpaXeHUs loge 2 +
logg 3 + 2!0824

5

62

VYkaxute HauMEeHbIIIee 11eJ0€ pelIeHue
HepaBeHCTBa: logz (6x —4) > 2

63

Haiigute Touky MakcuMyma QyHKIMH Y =
8In(x +7)—8x+3

64

Jlnist oborpeBa moMeneHs, TeMreparypa B
KOTOpPOM TMOAAepKuBaeTcs Ha ypoBae T,=15°
gyepe3 paanaTop OTOIICHUS POITYCKAIOT
ropsiuyto Boay. Pacxon npoxozsieit uepes
TpyOy panuaropa Bojsl m = 0,6 Kr/c.
[Ipoxoas o TpyOe paccTosiHUE X, BOAA
OXJIaX/TaeTCsI OT HAYaJIbHOM TeMIepaTypbl
Tx=91° no Temnepatypsl T, mpuuém x =

cm Tg—Tn Bt-c
a—Ilo rae ¢ = 4200 —
y 82 T-Tg ' A Kr-°C
. BTt
TEIUIOEMKOCTh BOJIbI, ¥ = 28 o
"

koa¢dunmeHT remoobmena, a a = 0,8 —

34
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nocrossHHas. Haigure, 10 Kakon
Temneparypsl (B rpagycax Llenbcus)
OXJIaIUTCS BOJIA, €CIIU JJIUHA TPYOBI
paauaTtopa paBHa 144 wm.

Kaxkoe u3 uncen aBisgercs KOpHEM ypaBHCHUSA

65 log,(x+1) =1 !
66 KaKI/Ie?m ypaBHEHUI UMEIOT 0oJiee OJTHOTO (x-4)(x+3)(x-8)=0
KOpHs’
67 | Onpenenute Bux ypaBHenust V—32 —x = 2 | MPpalMOHAILHOE
68 Omnpenenute HaUMEHbBIIIEE LEJI0E PELICHHE 3
HepaBeHCcTBa 5*2<1?
69 | Haiimure KopeHb ypaBHCHHS | x-3 | =2 1:5
70 | Pemmre cucremy ypaBHEHHIA {231__3 31 : 18é (10; 2)
2_
71 | Pemmre HepaBencTBO 2 — < x (-o0; OF; [2; 3)
79 Pemmre ypaBuenue (2x — 16
3)V3x2 —-5x—2=0
73 | Yemy paBHa npou3BoHas GYHKIMH y=c0s>X? | y'= -2c0S X sin X
74 ITo xakoit u3 popmyn BBI‘II/ICJ‘;I}IGTCH (uv)'=u'v+uy’
MIPOU3BOIHAS IPOU3BEICHHS
75 Pemmre ypasrenue f'(x)=0, ecn f(x)=3x> — 1
6x +4. Boibepure oTBeT.
Ha pucynke nzobpaxeH rpaduk
npou3BoHON (pyHKIMH f(X), OnpeneneHHON
Ha untepBaie (—10; 8). Haiinure koan4yecTBoO
ToueKk Makcumyma pyHkun f(x) Ha oTpeske
[-9:6].
76 - ML EEEEN 2
NN T
B INENARARN i
| \ \ \ /]
-10 NT/ Tof 1 \ 8 [ x
\ [/ \
\ \ 1/ \
\ \l/ \
MartepuanbHasi TOUKa JIBHXKETCS
IPAMOJIMHEHHO 110 3aKkoHy X(t) = -t* + 6% —
42 +5t— 5 (Toe X — pacCTOSIHUE OT TOUKH
77 | oTcuera B METpax, t — BpeMs B CEKYHJIaxX, 8
U3MEpEeHHOe ¢ Havana JiBrxkeHus). Haiiaure
ee CKOpocCTh (B M/C) B MOMEHT BpeMeHH t = 3
C.
Ha pucynke nzobpaxén rpadpux GpyHKIun y =
78 f(x) u kacarenbHast K HEMY B TOUYKE C 195

abcruccoit xo. Haitgure 3nHaueHme
npou3BoIHON (pyHKIMH f(X) B TOUKE Xo.

134




L

*p

1
s oy T /3 )
/1 1/
A1 -
/i
[
[l
79 | PemnTte HEpaBEHCTBO: % >0 (-3;2); (8;+00)
80 | Iloctpouts rpaduk pynkuum f(x) = x° — 3x.
> v — 3.
81 Z[JIZSI Kakoi u3 GpyHKuun (1)yHKI.IHiI F(x)=x F(x)=3x%-6x
3x“ + 1 sBasieTcst nepBooOpazHOn?
82 Jlana dyskmus f(x)= 3x>+1. Uemy paBHa 5

F(1)?

83

OO0muit Buj Bcex NepBOOOOPa3HBIX [T
f(x)=sinx?

F(x)=-cosx+C

84

- 2
BBIUMCITHTE ONpe/IeEHHbIA HHTErpa | L xdx.

1,5

85

SApnserca mu F(x)=x3-3x+1 neppoobpasHoit
mna pynxmun f(x)=3(x2-1)?

na

86

3anaiite mepBooOpaznyro F(x) mis pyHkumu
f(x)=3x2-2X, ecITi H3BECTHBI KOOPIAHHATHI
touku M (1, 4) rpaduka F(x).

x2—x%2+4

87

Ha pucynke nzo0paxeHn rpaduk QyHKINU
y=f(x), onpenenénnoii Ha uuTepBaue (—3;
11). Halinute HanMeHblIee 3HaUEHUE
¢dbynkum f(x)Ha otpeske [2; 9,5].
‘s v=f(=)

A /
-3 / x
0 11

LA / \

h:

88

Ha pucynke nzo0paxeH rpaduk HEKOTOpoil
¢ynkuun y=f(x). [Toap3ysick pucyHKOM,

. 5
BBIYHCIIUTE ONpPE/EIEHHBIA HHTErpa | | xdx.

12
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y=f(x)

Y

(U S ——"
W———————————

0

o

L‘..§.G'} P

89

YKaKUTE YMCII0, IPUHAICKAIIES
MHOkecTBY M = {5, 10, 12,37, 41}

90

YKaXuTe BEpHOE COOTHOIICHUE JJIS
MHOxkecTB A = {5,9, 11}; B= {4, 5, 10, 11,
12};C=1{4,5,9,11}?

AcC

91

MOIIIHOCTh MHOXECTBA, COCTOSIIIETO U3 BCEX
OyKB pycckoro ajgaBuTa, paBHa?

33

92

3akoHuuTe onpezeneHue: «MHOXKeCTBO,
cozieprKalee TOIbKO T€ 3JIEMEHTHI,
NpUHAJUIeKAIINE U MHOXKECTBY A H
MHOKECTBY B, Ha3bIBaIOT ...»?

MEepECCUYCHUCM MHOXKCCTB

93

3anuImrTe MepeuncICeHUEM IEMEHTOB
nepeceyeHne MHOkecTB A u B, ecnu: A = {3;
5;7;27;,14; 9}, B=1{9; 3; 7, 27; 14}.

ANB={3;7;14;27}

94

Janwl nBa MHOXecTBa A = {1, 2,3,4,6, 12}
uB=1{I1,2,3,6,9, 18}. 3anummure
00beIMHEHIE MHOYKECTB.

AUB ={1;2;3;4;6;9;12; 18}

95

Kaxnplii yueHUK B KJIACCE U3y4aeT
AHTVIMUCKUN UM HEMELIKUH SI3BIK, MIIKM 00a
ITHUX SA3bIKA. AHTTIMICKUH S3bIK U3y4daroT 30
YyeJIOBEK, HEMEIKUI — 25 YeJIoBeK, a TOT U
npyroit — 15 genoBek. CKOJIBKO BCETO
YYEHUKOB B KJjlacce?

40

96

Brmumnnre Bce di1eMeHTh MHOXKECTBA F,
eciii F — 3T0 MHOKECTBO KOpHEH ypaBHEHUS
x2+4x-5=0.

F={51}

97

KomOunHaTopuka - 3T0 pa3jien MaTeMaTHKH,
OTBEYAIOLIUI Ha BONIPOCHI CKOJIBKUMU
croco0aMy MO>KHO BBIOpATh 3JIEMEHTHI ...

3aJaHHOI'O KOHCYHOI'O MHOXXCCTBA

98

CoeauHeHns U3 N DJIEMEHTOB,
OTIUYAIOIIKECS APYT OT APyra TOIbKO
MTOPSITKOM PACIIOJIOKEHHUS B HUX JICMEHTOB,
Ha3bIBAIOTCS:

MepecTaHOBKAMHU

99

Uucnno Bcex BO3MOKHBIX pa3MeIeHUN
BBIUHUCIIIETCS 110 opmylie:

m _ n!
n - (n—m)!

100

I'pynnupoBka — 370. ..

YIOPSA0YEHHE €MHUI] COBOKYITHOCTH T10
MPU3HAKY

101

B cpennem n3 2000 cagoBbIX HACOCOB,
MOCTYNUBIINX B MPOAAKY, 6 MOATEKAIOT.
Haitaure BeposSATHOCTH TOTO, UTO OJAUH
CIIy4aiiHO BBIOPAHHBIN JIJIs1 KOHTPOJIIS HACOC
He moaTekaeT?

0,997
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102

[TpuOBLIL 5 Mara3MHOB COCTABHII 32 MECSIL:
30000 py6., 100000 py6., 50000 py6., 35000
py0., 60000 py6. [Toctpouts auarpammy,
WUTIOCTPUPYIOIIHNE TAaHHBIC O MPUOBLTH
MarasuHOB.

= MarasuHl = MarasuH2

MarasuH3

MarasuH4 = MarasuH5

103

[{BeToBOlY PEAIOKUIN YKPACUTD KIIyMOY
BETaMHU, UCTI0JIb3Ys 3 BHUIa. CKOJIBKO
Pa3IMYHBIX BAPUAHTOB €CTh Y IIBETOBOJIA,
€CJIM €CTh BBIOOD M3 5 BHJIOB pa3HOM
paccajsi?

10

104

CKONbKMMHU crIOcO0aMH MOKHO OCAAUTh 4
KyCTapHHUKa B OMH psia?

24

105

Pacimudpyiite kpatkyro 3anuch: a€p.

npsiMasi @ MPUHAJUICKHUT TUIOCKOCTH f5

106

[Ipsimbie AB u CJ] ckpemuBatores. Kakoe
pacnosioxenue umeror npsimeie AC u BJ1?

CKPEILNBAIOTCS

107

[Tnockoctu @ u f umeroT 1 001IYyIO TOUKY.
KakoBo ux B3auMHOE pacnoioKeHHe?

IICPECCKAIOTCA 110 HpHMOﬁ

108

Ecnu npsimasi, npoBeieHHAas HA MIIOCKOCTH
Yyepe3 OCHOBaHUE HAKJIOHHOM,
MEePIEHIUKYISIPHA €€ MPOEKIUHU, TO OHA. ..

MEPICHANKYIISIPHA U CAMOW HAKJIOHHOM

109

Yepes koH1bl oTpe3ka AB u ero cepennny M
MIPOBEACHBI MapajlIeIbHbIC MPSIMbIC,
MEPECEKAIOIINE HEKOTOPYIO TIIOCKOCTh B
toukax A1, B1 u Mi1. Halinute niinny otrpeska
MMz, ecniu oTpe3ok AB He nepecekaer
IIOCKOCTh U ecan AA1= 6,8cm, BB1= 7,4cm.

7,1

110

[Tpsimbie AC, AB u A/l momapHo
nepneHuKyisapHel. Haiinure otpeszok C/l,
ecmu AB=5cm, BC=13 cm, AJI =9 cm.

15

111

W3 TOukM K MIIOCKOCTH MTPOBE/ICHBI JBE
HakJIOHHBIE. HalinuTte aIrHbBI 00IIETo
MEePIEHIUKYISIPA, €CIU MPOEKIINU
HAKJIOHHBIX OTHOCSITCS KakK 2:3 U JJIHHBI
HAKJIOHHBIX paBHbI 23 cM 1 33 cM.

112

Haueptuts ky0 ABCJIA1B1C1/11. [TocTpouTts
ceuenue AJ11C.

B1 c1

Al D1
a

a

113

B kakxux CANHUIAX U3MCEPACTCA IIOIIadb
TITOBCPXHOCTHU MHOTOFpaHHI/IKa?

B KBaJIpaTHBIX METpax

114

[Tnomaap 60K0BOM MOBEPXHOCTH MPU3MBI
BBIUHUCIIsIETCS 110 hopMyIie

SGOK =Pocu* H

115

UYro SBISETCS OCEBBIM CEYCHHUEM YCEUESHHOTO
KOoHyca?

paBHOOEAPEHHAS TPaTCIIHs
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116

Kakas ¢urypa nonydaercst npu BpalieHuu
MIPSIMOYTOJIBHOT'O TPEYTOJIbHUKA BOKPYT
OJIHOTO M3 CBOMX KAaTeTOB?

KOHYC

117

Pebpo ocHOBaHMSI TPaBUIBLHON TPEYTOIBHOM
nupamMusl 3 M, anodema 6M. Halimure
TJI0111a]1b OOKOBOM MOBEPXHOCTH MUPAMU/IBI.

27

118

Jlnaronans kyOa paBHa V 588. Haitaure ero
o0BeMm.

2744

119

[IpssMoyronbHUK CO CTOpOHAMH 8CM U 3¢M
BpalIaeTcsi BOKPYT 0OJIbIIeH CTOPOHBI.
Hatigute 00beM, Iutomany 60KOBOM U
TIOJTHOW MOBEPXHOCTEN MOJTYYEHHOTO Tea.

72m; 48m; 641

120

BbIumciuTh MOBEPXHOCTH KPOHBI
KyCTapHHUKa, UMEIONIEro popmy mapa
pamuyca 0,5 M. B 0TBET 3aIUIIIUTE YUCIIO,
JICJICHHOE Ha TT.

121

Jansr Touku A(1,0,5), B(-2,0,4), C(0,-1,0),
J1(0,0,2). Kakue u3 HUX JiexkaT Ha
KoopauHaTHOU nipsiMoit Oy?

122

Kakwue u3 Bexropos a(1,0,-1), c(1/3,2/3,-2/3),
B(1,1,1), p(0,0,-2) ABASAIOTCS CAMHUIHBIMU?

123

Kakwue u3 Bexropos a(1,2,-3), ¢(3,6,-6),
B(2,4,-6) KOJUTMHEAPHBI?

124

Hansl Touku A(2,0,5), B(2,4,-2) C(-2,6,3).
CepeMHOM KaKoro OTPe3Ka SIBIISCTCS TOUKa
M(0,3,4)?

AC

125

Jlansr BexTops! a(-6,0,8), B(-3,2,-6). Haiinure
CKaJIIPHOE TPOU3BENICHIE BEKTOPOB.

-30

126

I[1pu KakuX 3HAUECHUSX 11 BEKTOPHI a (4,11,2), B
(1,2,n1) nepneHAUKyISApHbI?

-1

127

Hanb BexTops! a(-6,0,8), B(-3,2,-6). Hatigute
KOCHHYC yIJia MKy BEKTOPaMH.

-3/7

128

Jausl Bektopsl B{3,1-2}, ¢ {1,4,-3}. Haiitu
JUIMHY BEKTOpa 2B-C.

V30

129

YeMy paBeH yroj B OAMH pajguan?

1 paauaH — 3TO LIEHTPAJIbHBIN yroI,
ONUPAIOLINICS HA AYTY, JJIMHA KOTOPOU
paBHA paguycy OKpyKHOCTH. | paguan
npuOJIM3UTENIBHO paBeH 57 rpaaycam.

130

B kakux 4eTBepTAX TPUTOHOMETPUIECKOTO
Kpyra QyHKIHS y = SinX MPUHUMAET
TIOJIOKUTEIILHBIC 3HAYCHHUS !

B I u Il yverBepTsx

131

B kakux yeTBepTIX TPUTOHOMETPUUYECKOTO
Kpyra QyHKIUS y = COSX IPUHUMAET
OTpHUIaTeNIbHbIE 3HAUEHUs?

Bo Il u 1l verBepTsx

[lepeuncnure TpUroHOMeTpUYECKHE

Cunyc y = sin X, nepuoa T = 2w; KOCHHYC Y =
COS X, mepuoa T = 2m; TaHreHc Y = tg X,

132 _
(GYHKINHU, YKQXKUTE UX TIEPHOIBL. nepuon T = m; KoTaHreHc y = ctg X, nepuox T
=T
133 Omnpenenure 061acTh 3HaYCHUS (PYHKIIUU O6acts sHavermii E(y) = [-3; 3]

y=3c0s(5x)?
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[lepeuncnure ciocoObl petieHus
TPUTOHOMETPUUECKUX YpaBHEHUI.

Brinensror 2 metona:

1) Meroa 3aMeHbI IEpeMEHHOM (KUITn
anreOpanvecKuii MeTo.)

Anropurm:

. [IpuBecTu ypaBHEeHHE K
anreOpandeckoMy BUAY OTHOCUTEILHO OJTHOU
U3 TPUTOHOMETPUUYECKUX (PYHKIIHA.

. 0O0603HaYUTh MOTYYEHHYIO (DYHKIIHIO
NepeMEHHOM t (eciu He0OX0AMMO, BBECTH
OrpaHUYEHUs Ha t).

. 3anucarhb U pelInTh MOIy4YeHHOe
anredpanyecKoe ypaBHEHUE.

. CnenaTtb 0OpaTHYIO 3aMEHY.

. Pewmnts npocreiiiiee

TPUTOHOMETPUYECKOE YPABHEHHUE.

2) PaznokeHre Ha MHOKUTEIH

OueHb XOpOI1I0, €CIIU YpaBHEHHUE yIaETCs
IPEJICTaBUTh B TAKOM BHJIE, UTO B JIEBOU
4acTH CTOUT IIPOU3BENICHUE IBYX WU
HECKOJIbKUX MHOXKHTENEH, a B IPaBOM yacTu
— Houb. [Iponussenenue aByx ninm
HECKOJIbKUX MHOXHTEJIEH PaBHO HYJIIO TOT 1A
¥ TOJIBKO TOTJIa, KOTJIa XOTsI OBl OMH U3 HUX
paBeH Hyr0. ClI0’)KHOE ypaBHEHUE, TAKUM
o0pa3om, pacragaercsi B COBOKYITHOCTh Ooiiee
HPOCTBHIX.

Anropurm:

. [IpuBecTn ypaBHEHUE K
anredpandeckoMy BUAY OTHOCUTENIBHO OJHOMN
U3 TPUTOHOMETPUYECKUX (PYHKIHUI.

o Brrmgectn 3a ckoOKkH 00U
MHOXHTENb (Pa3I0KUTh HA MHOXKUTEIIN)

o Pemnte nTOroBoe ypaBHeHue.
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Packpolite aaroputm peieHus 0gJHOPOAHBIX
TPUTOHOMETPUYECKHUX YPABHEHMIA.

OIHOPOJHOE TPUTOHOMETPUUECKOE
ypaBHEHHUE — ATO yPaBHEHHUE JBYX BHIOB:
asin X + b cos x = 0 (ogHOPOHOE YpaBHEHHUE
MIEPBON CTETIEHH)

2 (6]

asin?x +bsinx cos x +ccos*>x =0
(0THOPOIHOE ypaBHEHUE BTOPOU CTETIECHH).
AJTOpUTM pELIEHHS OTHOPOJHOTO
ypaBHEHUS MEPBOI

crereHu a Sin X + b cos x = 0:

1) pa3nenuts 00€ YacTH ypaBHEHHs Ha COS X
2) pelnTh NOJyYuBLIeeCs BbIpakeHNE
AJITOPUTM pelIeHus OHOPOIHOIO YPaBHEHUS
BTOPOU

cTeren a Sin? X + b sin X €os X + ¢ cos? X =
0.

VcioBue: B ypaBHEHUH JIOJKHO OBITH
BEIPAKEHHE BHA A SiNZ X.
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Ecnu ero Het, To ypaBHEHHE pelaeTcst
METOJIOM pa3JI0KEHUSI Ha MHOXKHUTEIH.

1) Paznennth 06€ YacTH ypaBHEHHS Ha OS> X
2) BecTu HOBYIO IEPEMEHHYIO Z, 3aMEHSIOIIYH
3) Pemuth mony4yuBIieecs ypaBHEHUE

Oyukiws Buga y=x", rjie n- mobdoe
JEHCTBUTEILHOE YHCIIO, HA3BIBAIOT
CTeTeHHON (yHKIHUEH.

ChopmynupyiiTe onpeneacHue CTeICHHON

136 GbyHKIUH.

Eciu B OCHOBAaHHMH CTEIEHMU JIEKUT
IIOJIOKUTEIBLHOE YHCIIO0, 4 B KAUSCTBE
MOKAa3aTelIsl UCTIOb3YIOTCS JICHCTBUTEIIbHbBIC
YHCIIa, TO MOXKHO II0JIb30BaThCS
cnenyomumMu Gpopmyiamu:

1. Tak KaK B OCHOBaHUH CTEIECHU
UCIIOJIB3YETCS MONOKHUTEIBFHOE YUCIIO, TO,
HECMOTpsI Ha 3HAK MMOKA3aTeJIsl CTETICHH,
pe3yabTaT Bceraa OyaeT YhcioM
MOJIOKUTENBHBIM.

X
a* >0
2. ECJII/I T10KA3aTCJIb CTCIICHU ABJISACTCS
OTpI/IHaTGJILHI)IM YHuCJIOM, TO €I0 MOXKHO
3aMCHHUTH HaA paBHBIfI 110 MOIIYJHO

MTOJI0KUTEIBHBIHN TT0Ka3aTelb, a OCHOBAHHE
poOU MepeBEPHYTh.

o
B Sy
a
[Iepeuncinre CBOMCTBA CTEIIEHHU C
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JEHCTBUTEIBHBIM [TOKA3aTEIEM.

3. [Ipr yMHOKEHUU YHCEN C OJTMHAKOBBIMH
OCHOBaHMSIMH, IEUCTBUTEIIbHBIE I0KA3ATENN
CTEIIEHU CJIEYET CIIOKUTB.

ax " ay — aX+y

4, HpI/I JACJIICHHUH YUCCJI C OAMHAKOBBIMH
OCHOBAHUSIMHU, I[GI\/'ICTBI/ITGJ'II)HI)IG IIoOKa3aTciin
CTCIICHU BBIYUTAIOTCA:

a*:a¥ = g~ ¥

5. [Ipu BO3BeieHNY YKCIIa B CTETICHU B
JIOTIOJTHUTEBHYIO CTENIEHb OKA3aTENN
YMHOXAIOTCH.

X T
( a )y = a*y
6. I1pu Bo3BeICHUY TIPOU3BEICHUS
HEKOTOPBIX YHCEIl B JICHCTBUTEIBHYIO
CTEIEHb MOKHO BO3BECTH KaXI0€ YHUCIIO 10

OTACJIIbHOCTH B JaHHYIO CTCIICHBb U TOJIBKO
IIOCJIC OTOr0 NEPEMHOXKHUTD.

(ab)* = a* - b*
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7. IIpu BO3BEJCHNHN YaCTHOTO HEKOTOPHIX
YHUCCII B HeﬁCTBHTGHBHYIO CTCIICHb MOXHO
BO3BECTH KaXJI0€ YMCIIO IO OT/AEIBHOCTH B
JAHHYIO IPOOb U TOJIBKO MOCIIE ATOTO
pa3ienuTh.

. L3
G -7
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Ha yto HeoO6xo1uMo 0OpaTUTh BHUMaHHE
MIPU PEIICHUU UPPAIIMOHAIEHOTO YPaBHEHUS
YETHOM cTereHu?

[Ipu pemieHny UppauMOHAIBHBIX YPaBHEHUN
HEOOXOIMMO yUUTHIBATh CIIEAYIOLIEE: eCIIU
I10Ka3aTeNb KOPHS — YETHOE YUCIIO, TO
IIOJIKOPEHHOE BBIPA)KCHHUE U 3HAYCHHUE KOPHS
HE JIOJKHBI OBITh OTPULIATEIILHBIMHU.

139

UeMy paBeH KOPEHb YETHOM CTEIICHU U3

otpunatensHoro uucna? [IpuBenure npumep.

Kopensb uéTHOI cTeneHu U3 OTPULIATEIHHOTO
yucia He cymectsyeT. Hanpumep,

V—25; v—81; v—4 u 1.1. He CyIIECTBYIOT.
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UeMy paBEeH KOPEHb HEUETHOW CTETIEHU U3

otpunatensHoro uncna? [IpuBenure npumep.

Kopenb HeueTHOM cTeneHu u3
OTPULIATEIILHOTO YHUCJIA PABEH

oTpuIatensHoMy unciny. Hanpumep, V—8 =

—2; V=243 = -3; V-1=—-1urn
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Chopmynupyiite onpenenenue
MOKa3aTeIbHON (DYHKITUH.

Oyukuug Byuaa y=a*, a>0, a#l
HA3bIBACTCS MOKA3aTeNLHOW (PYHKIIMEH C
OCHOBAaHHEM a.
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[Tepeuncnure cBOMCTBA MOKA3aTEIBHOM
GbyHKIIH.

CaoiicTBa hyHKINN

1) O6nacthio onpeneseHust QyHKIIUH

SIBJIIETCS. MHOKECTBO BCEX JICHCTBUTEIBHBIX

yucen R.

2) MHOeCTBOM 3Ha4YeHU# QyHKIINU

SIBJIIFOTCSI BCE MOJIOKUTEIIBHBIE YHCIIA, T.€.
B(y): (0 +0)

IIPOMEXKYTOK

3) HauMmensb1iero 1 HauboJIbIIEro 3HAYEHU I

(GyHKIUS HE UMEET.

4) @yHKIMSA HE ABIAETCA HU HEUETHOW, HU

geTHOH. MIMeeT o0l BULIL.

5) ®yHKIUA HEIepUOANYECKas.

6) 'paduk pyHkunu nepecexkaer

KoopauHaTHyto0 ock Oy B Touke (0; 1).

7) OyHKIMS HE UMEET HYJIEH.

8) IIpu a>1 pyHkuus Bo3pacTaeT Ha Beei

YHCIIOBOM npsimoi; npu 0<a<l ¢yHKIus

yObIBaeT Ha MHOXecTBe R.

9) OyHKIMS MPUHUMAET MOJI0KUTEITBHBIE

3HAa4YeHHUs Ha Bcel 00JIacTH OnpeieeHusl.
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[Iponomxure onpenenenue: «Jlorapudm —
3TO...».

Jlorapugm — 3T0 cTENeHb, B KOTOPYIO
HY)KHO BO3BeCTH a Jutst mosryueHust b (10gab).
Onnako y morapudma ecTh YCIOBHUS UITH
OTpaHMYCHUS], YTO OCHOBAHUE a OOJIbILE HYJIS
Y HE paBHO SMHUIIE, a TAK)Ke MOKa3aTesb b
OoJbIIIe HYIS.
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144

Yemy paBeH Jorapu@m npou3BeaeHus?

Jlorapu¢m npousBeIeHNs PaBEH CyMMe
J0rapu(hmMOB MHOKHTEIIEH.

loga(x - y) =logaX + logay, (a>0,a# 1 ux >
0,y>0)
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Uemy paBeH jorapudm 4acTHOTO?

Jlorapudm yactHOTO (IpoOM) paBeH Pa3HOCTH
norapu(pMoB AETUMOTO U JCITUTEIIS.

loga (X/y) = logax - logay, (@>0,a# 1 ux >
0,y>0)
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Cdhopmynupyiite onpenenenue
Jorapu(MUIecKoir GyHKITUH.

Jlorapudmuueckasi pyHKIHUS - 3TO QYHKIUSA
Bumay =loga X, x>0,a>0,a# 1.
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[Tepeuncnute cBOMCTBA JIOTAPUPMUICCKON
GyHKIIH.

CoiicTBa pyHKINN

1) O6nacThio onpeaeacHust GyHKIHH

SIBJIICTCSI MHOKECTBO BCEX TMOJIOKUTEITBHBIX
D(»): (0 4]

qucel

2) MHOXecTBOM 3Ha4eHU# QyHKIINU

SIBJIIOTCSI BCE JICHCTBUTENbHBIE ynca R.

3) HaumeHnbIiero 1 HanOOJIBIIIETO 3HAYCHU I

(GyHKIUS HE UMEeT.

4) OyHKIMS HE SBISETCA HU HEUYETHOM, HU

yeTHON. MIMeeT oO1nii BULL.

5) ®yHKUMA HENEPUOAUUECKas.

6) Hynu ¢pyukuun. ['padux pynkumu

niepecekaeT KOOpANHATHYIO 0ch OX B TOUKE

(1; 0).

7) ITpu a>1 ¢pynkuus Bo3pacraet; npu 0<a<l

¢yHK1MS yObIBAET.
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[lepeuncnure cnocoObl peteHus
Jorapu(pMUUECKUX YPaBHECHHH.

VYpaBHeHuUe, cosieprkaliee NepeMeHHYO M0/
3HAaKOM Jiorapudma, Ha3bIBaeTCs
norapupmuueckum. [Ipocreimmm
Jorapu(pMHUUECKUM YPAaBHEHUEM CITYKHUT

ypasnenue Buaa 109 ; X =D, rne @ >0,

azl.

PaccmoTpuM mMeTobI perieHus
JOrapu(pMHUUECKUX ypIIaBHEHUH.

1) Meton pemieHus 1o onpeaeaeHuto.
OTHUM METOJOM PEIIAIOTCS MPOCTENIINE
norapuMuyueckre ypaBHEHUS.

W3 onpenenenus norapudma cieayer, 4to

x =a° spmsercs pelIeHnEM ypaBHEHHUS
log , x=D.

2) MeToJ1 NOTEHUMPOBAHHUS.

[Tox moTeHnMpoBaHKEM MOHUMAETCS MEPEXO]T
OT PaBEHCTBA, COJIEPXKAIIETO JIorapu(pMbl, K
PaBEHCTBY, HE COZIEPIKAIIEMY UX.

Pemenne norapugmuueckoro ypaBHeHus

sunalog , f(x) =109, g(X) ocrosano na
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TOM, YTO TaKO€ YpaBHEHHE PAaBHOCUIILHO
ypasuenuto f (X) = g(X) mpu
JIOTIOJTHUTEJIBHBIX YCIOBUSAX
f(x)>0,g(x)>0.
[IpoBepka HalIEHHBIX 3HAYEHUI
HEU3BECTHOTO 110 YCIOBUIO YPAaBHEHHUSI B
o0miem ciydae sIBIsIeTCSl He0OsI3aTeIbHOM.
MO3KHO BBISIBUTH IOCTOPOHHHE KOPHU U C
IIOMOLIBIO HAX0X/I€HUs 00nacTu
orpezesieHus] UICXOIHOT0 YpaBHEHHS (3Ta
001acTh 3a/1aéTCS CUCTEMOM HEPABEHCTB:

f(x)>0
g(x)>0

3) Meroa BBeJICHUSI HOBOI TIEPEMEHHOM.
Jlorapudmuueckne ypaBHEHHS PEIIAIOTCS C
MOMOIIBIO TIOJICTAHOBKH t=l0gaX, KOTOpas
MPUBOANUT YpaBHEHUE K BUIY KBaIPaTHOTO.
4) Meron sorapudmMupoBaHusI.

[Ipu pemieHnn ypaBHEHUHN, COAEPKAIIMX
NEPEMEHHYIO U B OCHOBaHUU, U B IIOKa3arTelie
CTEIIEHU, UCIIOJIb3YETCSI METOL
norapudmupoBanus. Ecinu npu 5Tom B
MOKA3aTeJie CTENICHU COACPKUTCS JIorapudm,
TO 00€ YacTH ypaBHEHHUS HAJ0
poJIorapu(MUpPOBATH 10 OCHOBAHUIO ATOTO
aorapupma.
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ChopmynupyiiTe TpaBUIO PEIICHUS
MPOCTEHIINX JIOTApU(PMUIECKIX HEPABEHCTB.

HepaBeHcTBo, conepikaiiee mepeMeHHYIO B
TIOKa3aTelie CTeIEeHH, Ha3bIBaeTCsI
I10Ka3aTCJIbHBIM.

HepasencrBa Buna a*>c, a* <c,

af®™ a9 ea>0 axl ¢c>0

Ha3bIBAKOTCA HpOCTGﬁHIHMH I10Ka3aTCJIbHBIMU
HCPaBCHCTBAMU.
Pemenne moka3aTenbHBIX HCPaAaBCHCTB BUJa

af(x) < ag(x) (rme a >0, a#1) OCHOBaHO

Ha CBOMCTBE MOHOTOHHOCTH ITOKa3aTSIbHOM
GbyHKIUU:

-ecmm @ > 1, 1o moxasarensHas GpyHKIMS
BO3pacTaer Ha R, T.e. OonbIIeMy 3HAUCHUIO
apryMeHTa COOTBETCTBYET OOJIbIlIee 3HAUCHUE

(yHKIIUU ¥ HEpaBEHCTBa A OB ag(x) "

f (X) > g(X) paBHOCHIBHBI;

-ecm 0 <@ <1, 1o nokaszarensHast
¢byHkus yosiBaeT Ha R, T.e. 60ibIIEMY
3HAYEHHIO apryMEHTa COOTBETCTBYET
MCHBIIEC 3HAUCHUC q)YHKHI/II/I 1 HCPAaBCHCTBA
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a'® > a9™ 4 f(x)<g(x)

PAaBHOCHUJIbHBI.

150

Urto Ha3bIBaeTCs ypaBHEHUEM?

ypaBHeHI/Ie — OTO MaTeMaTH4€CKOC paBEHCTBO
C 0,[IH0171 NI HECKOJIBKUMH HEN3BCCTHBIMU
BCIMYHMHaAMM.
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UTo 3HAYUT PEIUTh ypaBHEHUE?

PemmnTe ypaBHEHHE — 3TO 3HAYUT HAUTU BCE
3HAQUYE€HMS] HEU3BECTHBIX, IPU KOTOPBIX OHO
oOparaercsi B BEpHOE YMCIOBOE PaBEHCTBO,
WIM YCTaHOBUTH (JI0Ka3aTh), UTO TAKUX
3HAYEHUI HET.
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UYro Takoe KOpeHb YpaBHEHUS?

KopeHb ypaBHEHUSI — 3TO 4HCII0, KOTOPOE
IIPY [TOJICTAHOBKE BMECTO HEU3BECTHON
oOpallaeT ypaBHEHHE B BEPHOE YHCIIOBOE
paBeHCcTBO (ToXkAecTBO). KopeHb ypaBHEHUS
TAKXKC HA3bIBAIOT PCHICHUCM YPAaBHCHUS.
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UTto Ha3bIBaeTCSI HEPABECHCTBOM?

HepaBeHCTBO — 3TO MaTeMaTH4eCKOE
BBIPa)KEHHE, B KOTOPOM JIBA BBIPAYKEHHUSI WITH
qrciia CPABHUBAKOTCS 110 3HAYCHUIO.
HepaBeHCTBO COIEPKUT 3HAKU CPABHEHHS,
TaKHe KakK «00JbIe» (>), «MeHbIe (<),
"OoJb111e WK paBHO" (=) U "MEHbIIE WK
paBHO" ().
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UTo 3HAaYUT PEMIUTh HEPABEHCTBO?

Pemnte HEpaBEHCTBO — 3HAYUT HAUTHU
MHO’KECTBO BCEX IIEPEMEHHBIX, JIs1 KOTOPBIX
JTAHHOE HEPABEHCTBO BBINOJHAETCA. TO ecTh
PELINTh HEPABEHCTBO — 3TO 3HAYUT HAUTH
BCE€ €r0 PEUICHUs WIM J10Ka3aTh, YTO UX HET.
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[Iponomxure onpeneneHue:
«ITociemoBaTEIbLHOCTE — DTO. .. ).

ITocnenoBarenbHOCT — 3TO
MIPOHYMEPOBaHHBIA HAOOP KaKUX-TNO0
00BEKTOB, Cpe/ii KOTOPBIX JIOITYCKAKOTCS
[TOBTOPEHUS, TPUUEM MOPSATOK OOHEKTOB
uMeer 3HadeHue. Hymepanus gaiue Bcero
MIPOUCXOIUT HATYPAIbHBIMH YHCIIAMHU.

156

[IpuBenure npumep apudmMeTnyeckoi
IIPOrPECCHUHU.

ApudmeTrueckoi mporpeccueil Ha3bIBaloT
YUCIIOBYIO MOCIIEIOBATEILHOCTD, KX IbIN
MOCJEAYIOIIMI YJIEH KOTOPOU paBeH
MPEIECTBYIOIIEMY, CI0KEHHOMY C OJTHUM U
TeM ke yucnom. [Ipumep: 3,5, 7, 9, 11,

... (ITlepBBlii wieH nocnea0BaTEIbHOCTH PABEH
3, 3aTeM K KaKJOMY MpUOaBIsIeTCS OJHO U TO
e 4ucIo 2)
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[IpuBennTe mpuMep reoMeTpUIECKOn
IIPOrPECCUMU.

['eomeTpuueckoii mporpeccreil Ha3bIBarOT
YUCIIOBYIO MOCIIEIOBATENIBbHOCTD, KK IbIN
MOCIEAYIOIINN YJIEH KOTOPOM PaBeH
MPEALIECTBYIOIIEMY, YMHOKEHHOMY Ha OJTHO
u To *xe uucino. [Ipumep: 1, -2, 4, -8, 16,

... (ITepBBlii wieH nocnea0BaTEILHOCTH PABEH
1, 3aTeM KaxKbli YIeH MOCIeA0BaTeIbHOCTH
YMHOYAETCsI Ha OJTHO U TO e YUCIIO -2)
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UYemy paBHA IPOU3BOIHAS IPOU3BEIECHUA?

HpOI/I3BOI[HaH MMPOU3BCACHUA
PpaBHa MPOU3BCACHHUIO IICPBOI0 MHOKHTECIIA
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Ha BTOPOU IUTIOC IEPBBIA MHOKUTEIIb,
YMHOKECHHBIN Ha IIPOU3BOJHYIO BTOPOTO.

(uv) =uv+uv’
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UYemy paBHA IIPOU3BOJIHAS YACTHOTO?

HpOI/ISBOI[HaH YaCTHOT'O paBHaA HpOHBBO,Z[HOﬁ
YUCIUTCIIA, YMHOKCHHOI'O Ha 3HAMCHATCJIb,
MHHYC YHUCIUTEIIb, YMHO}KCHHBII\/'I Ha
MMPOU3BOJHYIO 3HAMCHATCIIA, U BCC 3TO
ACJIICHHOC Ha KBaJApaT 3HAMCHATCIIA.
!

! !

u uv-—uy

~

1% 12
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Yemy paBHa IPOHU3BOIHAS CI0KHOU
byHKIIN?

[IpousBoaHas COXKHON (PYHKIIMU paBHA
IIPOU3BEICHUIO IPOU3BOJHON BHEUTHEN
(GyHKINH, YMHOKEHHOU Ha MPOU3BOAHYIO OT
BHYTPEHHEH (QYyHKIUH.

(f(g(x)) =/ (g(x))-&' (x)
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[Mponomxkute onpenencuue: «Codyeranue —
3TO...».

CoueTtaHue — 3TO HEYNOPSAAOUYEHHBIH HAOOp
3JIEMEHTOB, B3AThIX U3 MHOKECTBA. B
COYETaHUH UCIIOJIB3YETCs TOIBKO BBIOOP,
PAacIioyIOKEHUE HE UCIIOJIb3YETCS.

Onepanus coueTaHusi IOMOTaeT BBIACHUTD,
CKOJIbKHMH CIIOCOOaMU MOXHO BBIOpaTh k
JIEMEHTOB M3 MHOXKECTBA N.
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HpOI[OJ'DKI/ITC OIIPCACIICHUC! «Pa3melnieHue —
9TO...».

Pa3memnienne — 310 cnocoO BeIOpaTh U
YIOPSAIOUYUTD JIEMEHTHI U3 MHOKECTBA. B
OTJIMYHUE OT OTepAIH COYECTAHUS, IIPH
pa3MeIIeHUH BaXKEH MOPSIIOK COCTABIISIOMINX
MHOYKECTBA.

Bomnpoc pa3menienust: CKOJIbKO
YIIOPSAIOYCHHBIX HA0OPOB MOKHO C/ETIaTh U3
k sneMeHTOB, BBIOpaHHBIX U3 n?
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[Iponomxute onpenenenue: «IlepectaHOBKU
—3T0...».

[TepecranoBKa — 3TO cIOCOO
NIOCIIEA0BATENBHO PACTIONOKUTH
cocTrapJstone MHokecTBa. Hanpumep, 123,
312 1 213 — 3T0 nepecTaHOBKH TPEX YHCEIL:
1,2u3.

164

[Iponomxure onpenenenne: «CiydaiiHoe
coObITHE — 3TO...». [IpuBenuTe npumep.

CnyuaitHoe coObITHE — 3TO COOBITHE,
KOTOPO€ MOXKET MPOU30UTH WU HE
IIPOU30MTH B PE3YJIbTATE TOTO UIU UHOTO
OTIBITA.

Hampuwmep, npu Opocanuu urpanbHOH
KOCTH MOTYT IPOU30UTH WU HE
MPOU3OUTH CIy4yallHbIE COOBITUS «IUCIO
OYKOB Ha BEPXHEW I'PaHU YETHO», KIUCIIO
OYKOB Ha BEpXHEU I'PaHU PaBHO 5», KYUCIIO
OYKOB HA BEPXHEW I'PAaHU KPATHO TPEMN.
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[Iponomxkute onpenenenue: «BeposTHOCTH
CIIy4alflHOTO COOBITHS — 3TO...».

BeposiTHOCTB city4qaifHOTO cOOBITHS paBHA
OTHONICHUIO YHCJIa OJIarONMPUSITHBIX
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CIy4ailHOMY COOBITHIO HCXO/IOB OIBITA K
o0IIeMy YHCITy UCXOJIOB OIBITA.

py=2
# | TIe m - 9ucio OJIaronpusITHRIX
HCXO0OO0B OIIbITA, n- 0611166 YUCJIO UCXOOA0B
OIIbITA.

166

Kak naiitu cpennee apupmerndeckoe
YHUCJIOBOIO psijga’?

YT1oOBl BEIUUCIUTH CpellHEE apU(PMeTHIECKOe
HECKOJIbKUX YHMCEJl, HY’KHO B35ITh CYMMY 3THX
YHCcel U Pa3/IeNInTh BCE HA KOJIMUYECTBO
crnaraeMbix. YacTHoe u OyAeT CpeHIM
apu(pMETHUECKUM 3TUX YHUCEIL.

Hanpumep: Haiinem cpennee
apudmMernueckoe uucen 2; 6; 9; 15.

VY Hac yeTbIpe Yuciia, 3Ha4YUT HAJ0 UX CyMMY
pa3zienuTh Ha yeTbipe. DTO U OyJIeT cpeaHee
apupMeTHIecKoe JaHHBIX yucen: (2 +6 +9 +
15): 4 =8.
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Kaxk naiitn Mmeauany ynucioBoro psjaa?

MenuaHoi yrnopsA04€HHOTO PsiAa YUCE C
HEYETHBIM YUCJIOM YJICHOB Ha3bIBAETCS
YHCJI0, 3alIICAHHOE MOCEPEINHE, a MEAUaHON
YIOPSA0YEHHOTO PsiJia YHCET C YETHBIM
YHUCJIOM YICHOB HAa3bIBAETCS CPEIHEE
apudmeTnyecKoe IByX YUCell, 3aMUCaHHBIX
IIOCEpE/INHE.

Meananoi TpoOU3BOIBHOTO Psijia YHCET
HA3bIBACTCS MEJIMaHA COOTBETCTBYIOLIETO
YIOPS,A0YEHHOTO Psijia.

Hamnpumep: B psige uucen 2; 5; 9; 15; 21
MEUAHOM SBISETCS YUCIIO 9, HaxoasIeecs
MocepevHE.

Haiinem mMenuany B psine uucen 4; 5; 7; 11;
13; 19.

31ecy 4eTHOe KOTUYeCTBO uncen (6).
[ToaToMy uieM He OJIHO, a Ba YKCIa,
3alMCaHHbIX NIocepennHe. JTo uncna 7 u 11.
Haxoaum cpennee apudmeTndeckoe 3THX
gucen: (7+ 11) : 2 =9. Yucno 9 sBnsercs
MEIMaHON JAHHOTO PSAJIA YHCEIL.

168

Kax Bprmcnsiercst pazmax 4ucjaoBoro psija’?

Pa3max psina yucen — 3To pa3HOCTb MEXKIY
HauOOJILIINM U HAUMEHBIINM U3 3TUX YHCEl.
Hanpumep: naiinem pazmax uucen 2; 5; 8; 12;
33.

HawubGomnbiiee unciio 3uech — 33, HAaMMEHBIIIEE
— 2. 3HauuT, pa3max cocrasiuser 31, T. e.: 33 —
2=231.
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IIepeuncinre B3aMMHOE PaCIOIOKEHUE IBYX
MPSIMBIX B IIPOCTPAHCTBE

CyniecTByeT Tpy BapuaHTa B3aUMHOI'O
PacCIOJIOKEHUS ABYX IIPSMBIX B
MIPOCTPAHCTBE: MPSIMbIE MOTYT OBITH
[IEPECEKAIOIIMMUCS, TaPAIIICIbHBIMUA U
CKPENIUBAIOIIAMUCS.
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Kaxkue npsiMble Ha3bIBalOTCS MapajIeIbHBIMU
B MPOCTpaHCcTBE?

B crepeomeTpun 1Be npsMble Ha3bIBAIOTCS
napajuiebHBIME, €CITH JISKAT B OJTHOMN
IUIOCKOCTH U HE MIePeCceKatoTCs.

171

Kakwue npsiMbie Ha3bIBatOTCS
CKPEUIMBAIOIIUMHUCS B IPOCTPAHCTBE?

CkpemumBaroiuecs npsiMbie — 3TO MPsIMEBIE,
KOTOpPBIE HE JIeXKAT B OJHON IUIOCKOCTH U HE
UMEIOT 001X To4ek. Eciiu ogHa u3 aByx
IPSIMBIX JIC)KUT B HEKOTOPOM IJIOCKOCTH, a
JIpyrasi mpsiMasi IepeceKaeT 3Ty MIOCKOCTh B
TOYKE, HE JIe)KaIlle Ha IEPBOM MPSAMOM, TO
3T NpsIMbIE CKpeluBarouuecs (He Jiexkar B
OJIHOI1 MJIOCKOCTH).

172

Kaxkue npsiMble Ha3bIBalOTCS
NEPIECHIUKYJIAPHBIMU B IIPOCTPAHCTBE?

JIBe mipsiMble B IPOCTPAHCTBE HA3BIBAIOTCS
NEPIEeHIUKYISIPHBIMU, €CIIU YTOJI MEXKIY
HumH paseH 90°. [lepnenaukynspHbie
IpsIMbIE MOTYT TIEPECEKAThCsI, HO MOTYT OBITh
Y CKPEIIUBAIOIINMHUCS.

173

[lepeunciure B3auMHOE PACIIOI0KEHHE
MPSAMON U TUIOCKOCTH B MPOCTPAHCTBE.

H3BecTHBI TpHU BapuaHTa B3aMMHOI'O
pacmoIoKEHUS TPSIMOM U TNIOCKOCTH: TIPsAMast
IIPUHAJIEKUT [LUIOCKOCTH; IIpsAMast
napajuieiabHa IVIOCKOCTH; IIPsIMast IEPECEKaeT
IIJIOCKOCTb.

174

Packpolite nonsATHe «I1epIEeHINKYIIPHOCTD
IIJIOCKOCTEMN.

JIBe MIIOCKOCTH Ha3bIBAKOTCS
NEPIECHIUKYISIPHBIMU, €CJIA ABYTPAHHBIN
yroj Mex1y HuMmu paseH 90°. Ecnu
IJIOCKOCTh MPOXOIUT Yepe3 MPSMYIO,
NEPHEHANKYISAPHYIO IPYTOM MIIOCKOCTH, TO
9TH IOCKOCTU NMEPICHIUKYISPHBL.

175

[Iponomxkure onpeneneHue:
«IlepneHIUKYISAp — 3TO. .. ».

Ilepnenouxynap — 310 npsMas (Wi ee
OTpPE30K), MepeceKarolas JaHHYI0 IPsAMYIO
(TJI0CKOCTH) NOJT IPSIMBIM YTJIOM.

176

HpOI[OJ'DKI/ITC OIIPCACIICHUC! «HaxknonHas —

9TO...».

Haknonnast — 370 m000ii 0Tpe3ok,
COCIMHSIOIINI JAaHHYIO TOYKY C TOYKON
IUIOCKOCTH, HE SABIISIOLINICS
MEePIEeHIUKYIIPOM K mitockocTu. Konery
OTpe3Ka, JIEKALIUI B INIOCKOCTH, Ha3bIBACTCA
OCHOBAHHMEM HAKIIOHHOM.

177

[Iponomxkure onpeneneHue:
HAaKJIOHHOH — 3TO...».

«IIpoexums

[Ipoekuus HAKJIOHHOM — 3TO OTPE30K,
COEIMHSIOIIMN OCHOBaHUS NEPIEHANKYJIIApa
Y HaKJIOHHOW, NIPOBEAEHHBIX U3 OJHOU U TON
K€ TOUKH

178

[Iponomxkure onpeneneHue:
—93T0...».

((MHOTOFpaHHI/IK

MmuozoepanHuk — 3T0 TEOMETPUYECKOE TEIO,
OTPAaHMYEHHOE CO BCEX CTOPOH IJIOCKUMU
MHOFOyFOJII)HI/IKaMI/I - FpaHHMI/I.

179

[IponomkuTe onpeneneHue:
3TO...».

«IIpuzma —

lexb’MCl — 3TO MHOI'OI'paHHHUK, COCTaBJICHHBIN
13 paBHBIX MHOT'OYI'OJIbHUKOB,
PpaCIIOJIOKCHHBIX B IMapaJUICIIbHBIX
IIJIOCKOCTAX, U N MapaljICJIOrpaMMOB.

180

[IponomkuTe onpeneneHue:
«[IpssMOyTONIBHBIN MapaJIIETIEUIE] —
9TO...».

Ipsmoyeonvhwiii

napanneienuned — 3mo MeCTUTPAHHUK, Y
KOTOPOTO BCE IPaHU SBIISIOTCS
MIPSIMOYTOJTbHIUKAMH.
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Ky6 - smo MHOTOTpaHHUK, TOBEPXHOCTh

181 | Ilponomxure onpenenenue: «Kyd —310...».
KOTOPOT'0 COCTOUT U3 HIECTHU KBAaPaTOB.
Iupamuoa — 3to reomeTpuieckas purypa,
182 [Iponomxure onpenenenue: «llupamuna — OCHOBAaHHME KOTOPOW — MHOTOYTOJIbHHUK, a
3TO...». IpaHu — TPEYrOJIbHUKHU, UMEIOIINE OOLIYIO
BEpUINHY.
BekTtop — HampaBieHHBIM OTPE30K MPSAMOW,
TO €CTh OTPE30K, JIs1 KOTOPOI'O yKa3aHo,
KaKasi U3 ero rpaHUYHBIX TOYEK SBJISETCS
HayaJjioM, a Kakasi — KOHIIOM.
N Bexmop o603HauaeTcst OHON CTPOUHOM
183 | PackpoiiTe HOHATHE BEKTOPY. o
OyKBOI1 TaTUHCKOTO ai(aBUTa WU IBYMS
3arjaaBHBIMU CO CTPEIKOH (B HEKOTOPBIX
cily4asix — IpsMOil JInHuel) ceepxy. Bekrop
UMEET JIBE XapaKTePUCTUKU: AJTNHA U
HalpaBJICHUE.
JIBa HEHYJEBBIX BEKTOpPA HA3bIBAIOTCS
184 Kaxue Bexroper If?agHBaIOTC}I KOJUIMHEAPHBIMHU, €CJIM OHHU JIEKAT HA OJTHOU
KOJUIMHEAPHBIMU? .
OpsIMON WJIM HA TapajuIeIbHBIX MPSMBIX.
[lepnieH IUKyYASIPHBIMU SBIISIIOTCS JIBA
BEKTOPA, yroll MEX]1y KOTOpbIMH paBeH 90
rpaaycoB. UToObI onpeenTh
185 Kakue BeKkTOpbI Ha3bIBAIOTCA HEPIECHIUKYISIPHOCT ABYX BEKTOPOB,
MepIEHIUKYIISIPHBIMU? HEOOXO0MMO BBIYUCIUTH UX CKaISIPHOE
npoussenenue. Eciau oHO paBHO HYIIO, TO
MO’KHO CJIENIaTh BBIBOJI, UTO JIaHHbIE BEKTOPBI
NEePIECHIUKYIISPHBL.
CkasiipHBIM [TPOU3BEIEHUEM JBYX BEKTOPOB
Ha3bIBACTCSl YUCIIO, PABHOE NIPOU3BEACHUIO
JUIMH 3THX BEKTOPOB Ha KOCHHYC YIJla MEXy
HUMH.
186 | €My PaBHO CKallAPHOE NpOU3BEeHHE Dopmy1a BEMACIEHHS CKaIPHOTO
BEKTOPOB? IIPOU3BEACHUS B‘_:eKEOpO_l? no
onpenenenuo: & b = |a| - [b|cosa
@dopmyna BEIYUCICHUS CKATSIPHOTO
TPOU3BEECHH BEKTOPOB Tepes
KOOPAMHATHI: b=xaxg +yayy + Xaxg
187 Haitnure 3HaueHus BbIpaKeHUS 3\/ 216 -125 30
188 P.CI_HI/ITe TPUTOHOMETPUUECKOE YPaBHEHHE T + ok k€Z
sinx = 1. 2
189 | HaiiguTe 3HaYeHNE BBIPAKCHHUS 2109210 10
190 Yemy paBHa npousBoaHas Gpyukiwn f(x) = 43 2
4 3 x° + 15x
x* +5x° + 1.
Ha xneruatoii 6ymare ¢ pa3MepoM KIIEeTKU
191 | 1x1 u300paxkéH napasuienorpamMmm. 16

Hatigure ero miomans.
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Pemute ypaBnenue 3% — 3*+3 = —78.

193

Uemy paBHA qUaroHallb MPSMOYTOJIBHOTO
napajuieieIuIe/1a, €Clii ero H3MEpPEeHHs
paBHa 2, 4, 5 cm?

4

194

VY cTaHOBHUTE COOTBETCTBUE MEXK]Y 00BEMOM
[IPAaBUJILHOM YETBIPEXYTOJIbHOM IPU3MBI,
CTOPOHAaMU €€ OCHOBAHWM U BBICOTOU
OOKOBOH TpaHH.

195

Y cTaHOBUTE COOTBETCTBUE MEKIY
rpadukamMu 1 QYHKIHUSAMH, KOTOPBIE UX
3a/1a10T.

196

Y CcTaHOBUTE COOTBETCTBUE MEXKIY
dbopMynamMu u BUAOM QYHKIUH.

U:JU'JD>U:JUI'JD> w v >
NP Wk PN R,

197

[Tnomans cTpOUTENHHOTO y4acTKa
MPSAMOYTOJIbHON (opMbl UpuHOi 40 M
cocrasnser 3440 m?. YuacTok He06X0MMO
oOHecTH 3a60poM 1o nepumerpy. CTOUMOCThb
1 m 3a00pa cocraBuser 500 py6. Kakas
CyMMa oTpedyeTcs 171l CTPOUTENHCTBA
Bcero 3a0opa? OTBET aifTe B THIC.pYO.

126

198

Ilepen 31anneM Koieka peleHo pa3ouThb
kiym0y. Ho mo gopme kirymba He 1omkHa
OBITh KPYIJIOH, KBaJpaTHON WIIN
npsiMmoyrosibHON. OHa JOJKHA COZIEPKaTh B
ce0e npsiMble U KpuBble TMHUU. [IycTh OHa
Oyzaer miaockoi (purypoi, orpaHiYeHHON
muHuAME Y = 4/X + 2; Yy = 6; X = 4. Kakyio
CYMMY MOXET MOJIY4YUTh CTPOUTEIbHAS
KOMIIaHHUs 32 BCKalbIBaHUE KIIyMOBI, €CITH 3a
KaKIplid | M? KOMITaHUH BhIuTaunBaeTcs 500
py6.? OTBet naiite B pyo0.

3200

199

Kaxkoit Tun cummerpuu Habto1aeTcs Ha
3nanuu MI'Y, n306pakeHHOM Ha pUCYHKeE?

OceBas

200

Pannannas mepa yrna

PannannOl Mepoil yriia Ha3pIBaeTCs
OTHOILIEHUE JUINHBI IyTH, 17151 KOTOPOU
JAHHBIN yroJl SIBJISIETCS LIEHTPAJIbHBIM, K
pannycy OKpy»KHOCTH. YTOJI paBeH

1 panuany (o6o3Hauaetcs 1 pan), ecnu ayra,
Ha KOTOPYIO OH OIIMPAETCs, PaBHA PanyCy
oKpyxHOCTH. Tak, MoyHbII 060pOT, paBHbII
360° B rpalyCHOM U3MEPEHUH,
COOTBETCTBYET 2 T

B PaJMaHHOM U3MepeHuu. 1 paauan npubius
WUTEJIbHO paBeH 57 rpagycam.
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CuHyc, KOCUHYC, TAHT€HC U KOTAaHT€HC YIiia

Cunyc yria — 3TO OTHOIIEHHUE
MPOTHUBOJIEKAIIETO (IabHETO0) KaTeTa K
TUIOTEHY3E.

Kocunyc yrina — 310 oTHOLIEHHE
npuiexaniero (0JIM3KOoro) Karera K
THIIOTEHY3E.

TanreHc yriia — 3To OTHOIICHUE
MIPOTHBOJIEKAILETO (JaTBHET0) KaTeTa K
npwiexamiemMy (0Iu3Komy).

KoraHreHc yria — 3T0 OTHOILLIEHHE
npuiexaniero (0JIM3KOro) Karera K
MIPOTHUBOJICKAIIEMY (TATBHEMY).

202

OcCHOBHBIE TPUTOHOMETPHUYCCKUEC TOXKIACCTBA

sinfa+costa=1

tea-ctga=1

203

DopmyIibl TpUBEICHUS

®opMyIbl TPUBEAECHUS NTPEAHA3HAYEHBI 1151
TOTO, YTOOBI MPUBECTU TPUTOHOMETPHUIECKYIO
(YHKIIUIO TPOU3BOIBHOTO yTia K
TPUTOHOMETPUIECKON (PYHKITUN
HaWMEHBIIETO U3 YIJIOB.

@opMyI1 IPUBENEHNS] MHOTO, HO BCE OHU
MIOJYUHSIOTCS IBYM IIPABUJIAM:

[IepBoe npasuo:

(ta), (¥£a)
Jns aprymeHToB *2 2 GyHKIMSA
MEHsIeTCSl Ha KOQYHKIIUIO, T.€. CHHYC Ha
KOCHHYC U HA000pOT, TAHT€HC Ha KOTAaHTEHC
1 Ha00OpOT.
Jlnst aprymentos " T @ G gyvpnng e
MEHSETCH.
Bropoe npaBuiio (1 3HaKa IpUBEICHHOM

dyskmn, Gpysxupn yraa %)
1) Cuuraem yron « OCTpBIM,
2) OnpenensieM 4YeTBEPTh M 3HAK B HEM
npuBOAMMON QyHKIMU (PYHKIIUH CIIeBa).
3) CtaBuUM 3TOT 3HaK Nepel MPUBEIECHHOM K

yry & bynkumeit (GpyHKiuei cpasa).

0= a-=90°
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204

[Ipocreiiirie TPUTOHOMETPUYECKHE
YpaBHEHHUS

[Ipocrelmmmu TPUrOHOMETPUYECKUMU
YpaBHCHHUAMU ABJIAKOTCSA TaAKUC YPABHCHUA,
KOTOpBIE 3aMKCaHbI B BUJIE:

sinf(x)=a
cosflx)=a
tgf(x)=a

clgf(x)=a

3n1ech a npeAcTaBiIseT co00l HEKoe
MMOCTOSIHHOE YHUCJIO.

f(X) sBsieTcs Kakoi-TO (PyHKIKEH, KOTOpas
OIIpEIEIAETC UICKOMOM IlepeMeHHoM X. K

puMepy:

fl)=x
flx)=2-x
fl)= Tm{
[IpaBuio 1

B toMm ciyuae, korna ypaBHEHUs 3aMHCaHbl B
suge: Sinf(x)=a, cosf(x)=a_ ouy

00J1aJal0T CMBICIIOM NPH —1=a=1.

[Ipasuio 2

Ecnu ypaBHeHMs umeroT BUI:tg X = a, Ctg X =
a, TO TAKKE YPABHEHHUS CIIPaBEIIUBBI IIPU
JTH00BIX 3HAUEHHUSAX, KOTOPbIE IPUHUMAET a.
Pemienust ypaBHeHUs1, KOTOPOE UMEET BH] SiN
X=a:

» .
Obbl4Han (hopMa 3anuCcK peleHus xX= (*1) arcsin g+ W, e Z

Bonee yo6Han (hopia 3anuck x = aresina + 2w, ne Z,

pelUeHus x, =—aresin ¢+ a+ 2an, ne 7

B cny4ae, kora a E[—l;l] YpaBHEHHE PELIEHHA He

QrpaHH4enmna Ha wucno o
MmeeT

Mpacpnyeckoe 060CHOBaHME PELEHWA ypaBHenua SINLY = d

Pemenns YpaBHCHHA, KOTOPOC UMECT BHU[ COS
X=a:

151




OBbIYHAR (DOPMA 3aMMCH PELLEHHA x=tarccos g+ 2w, e Z

Bonee yaoGHan (hopma 3anuck x =arceos 2+ 2w, neZ,

peLeHus Xy=—arccos g+ 2an,ne Z

B cryyae, kora d E[—l;l] . YPaBHeHMe peLUeHui He

OrpaxryeHna Ha yncno
umeet

rpag peLlerHs yp: cosx =a

Pewrenus ypaBHeHuUs1, KOTOpOe UMeEET BUJ tg X
=a.

OBbiuHan (HOPMa 3aNMCH PelIeHHs x=adga+mwLneZ

x = aretg a+2am,ne Z,

Bonee yNoGHaA (hOPMA 3aMHCH PELIEHHA
m op P x,=arctg g+ n+ 2w, ne 7

OrpaHuyenus Ha wncno d OrpaHnyeHnil HeT
rpac PELUEHNA YP: tex=a

Y

1
a

X
e
0 X
x3

ocs
TaHreHcos

Pemenus YpaBHCHUA, KOTOPOE UMECT BU/J Ctg
X=a:

OBbiuHan opMa 3aNncH peLeHus y=arcclga+mL,neZ

x; = arcetg ¢+ 2w, ne Z,

Bonee yaogHas dopma 3anuck pelueHna
A op P X, =areety ¢+ 1+ 2w, e

OrpaHn4eHnA Ha Yucno d OrpaHU4eHmii HeT
rpads ooc pelweHns yp: ctgxy =a
¥
OCb KOTAHMEHCOB a
L
x.

o
[y
]

YacTtHbie clydyan

YpasHeHuwe Pewenune

sinx =0 X=nk ke 2

sinx = 1 x=§+2nk. ke 2

sinx = -1 =-§+2xk. keZ

cosx =0 x=%+n'k. ke Z

"
-

COSX Xx=2nk, ke Z

cosx = -1 X=%+2rk, ke Z
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Omnpenenenue u criocoObl 3a1anus (PyHKITHH.

DYHKIUA — 3TO 3aBUCUMOCTb OJTHOM ITepeMe
HHOU BEIIMYMHBI OT Apyrou. M3zsectHoe
ob6o3HaueHnue y = f (X) IUIIb BRIpaKAET UJICIO
TaKOH! 3aBUCHMOCTH MEXTY BEIIMIMHAMH.
3HaueHue y 3aBUCUT OT 3HAYEHHS X COTJIACHO
OTIpeIeJIEHHOMY 3aKOHY WJIHM MIPaBUITY,
o0o3HaueHHoMy f. BeIBOJ: py U3MEHEHUH X
(HE3aBUCUMYIO TIEPEMEHHYIO WU apTYMEHT),
U3MEHAETCS 3HaYCHHE Y.

UroObI 3a1aTh (PYHKIMIO, HY>KHO yKa3aTh
CHoco0, ¢ TOMOIIBIO KOTOPOTO AJIsi KaXKIO0Tr0
3HAUEHUS apTyMEHTa MOXKHO OBbLITO ObI HAUTH
COOTBETCTBYIOIIIEE 3HAaUCHHE (DYHKIIUU.
Nmeetcst yeTpipe OCHOBHBIE CIIOCO0A 3aJaHHS
dbyHkumn: 1) aHanuTHYECKU; 2)
rpadguyeckuii; 3) TaOIUYHBIN; 4) CIIOBECHBIM
OIHMCAaHUEM.

206

CaoiicTBa hyHKINN

CoiicTBa (yHKIMH

3Hasi CBOMCTBA ONpeAeaEHHOTO BUIa
(GyHKIMH, MOKHO TPEICTAaBUTD, KaK
BBINIAIUT (DYHKIIMSL, KaK OHa ceOsl BesIeT.
CBolicTBa IOMOTatOT

HaM XapakTepu3oBaTh (QyHKIMH.

OBJIACTH OITPEJEJIEHMA 1
3HAYEHUI ®YHKIUU:

Oo6nacte onpenenenus pynkiuu (D(y)) — 3o
TE€ apryMEHTBI, KOTOPbIE MOKET IPHOOpETaTh
¢yskus. MHaue roBops, 3TO BCE BO3MOXKHBIE
abciucchl e€ TOUeK.

Oo6unactb 3Hauenuit Gpynkuuu (E(Y)) — ato e
3Ha4eHUs QYHKINHU, KOTOPbIE MOTYT
CYLIECTBOBATh JUIsl JaHHOW (QyHKIMU. MHaue
rOBOPS, 3TO BCE BO3MOKHBIE OPAMHATHI €€
TOYEK.

OI'PAHUYEHHOCTDb:

OrpaHU4YeHHOCTb — 3TO CBOMCTBO (DYHKIIUH,
KOTOpPOE OMHUCHIBAET, C KAKOM CTOPOHBI MOKET
«pactu» rpapuk.

Hanpumep, napaboia, BeTBH KOTOPOil
HarpaBJIeHbl BBEPX, Bceraa Oyaer
OorpaHHYeHa CHU3Y, KaKk Obl MbI €€ HE
NepeMeIaIN [0 KOOPANHATHOW MIIOCKOCTH.
Omna Bceraa OyzeT ”METh MUHUMAJIBHOE
3Ha4YeHHe PYHKILUHU, HUXKE KOTOPOil He
OITYCTHUTCS. A BOT TUHEIHast QYHKIMI HUTIE
HE OrpaHuyeHa, T.K. e€ rpaduk —
OeckoHeyHas npsMasi.

[Tpumepom orpaHMueHHON QYHKIIUH TaKxkKe
ABJIETCS QYHKIHS KOpHA. OT0 PyHKIMN
OrpaHHUYEHA Cpa3y C HECKOJIBbKUX CTOPOH, T.K.
MOJKET CYIIIECTBOBATh TOJILKO B OJTHOM
YETBEPTU KOOPAMHATHOM INIOCKOCTH:
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HEIIPEPBIBHOCTHD:

OTO CBOWCTBO FOBOPUT HAM O TOM, €CTh

JM pa3pbIBbl Y QYHKIMH.

Jluneiinast, KBagpaTU4Hasi GYHKIUS U
(yHKIMS KOPHS SIBJISIFOTCS HENPEPbIBHBIMH,
KOT'/Ia B CBOIO ouepe/b QyHKIUS 00paTHOM
IPONOPLHUOHATIBHOCTH UMEET PA3PBIB.
[IpsiMast 10 KOTOPOM IPOXOAUT pa3pbiB
Ha3bIBAETCSI ACUMIITOTOM.
MOHOTOHHOCTDb:

MOHOTOHHOCTb — 3TO XapaKTepUCTHKA
rpaduka GyHKIUH, OMUCHIBAIONIAS €TI0
IPOMEXKYTKH BO3PACTaHUs U YObIBAHMSL.
OyHKIUSA BO3pACTACT — €CIU (PYHKITUS
«IIOTHUMAETCS» CJIEBA HAIPaBo.

@yHKIMS YObIBAET — €CIIM (PYHKLIHS «I1a]1aeT»
cJieBa Harpaso.

MatemaTuuecKuM SA3bIK MOXKHO CKa3aTh TaK:
@DyHKIMS BO3PACTAET, €CIIH NIPU BO3PACTaHUU
3Ha4YeHus abcIuce BO3pacTaeT 3HaueHue
OpAWHAT €€ TOYEK.

@OyHKIUSA YObIBA€T, €CIU NPH BO3paCTaHUU
3HaueHus abcuucc 3HaYeHUe OpAuHaT eé
TOUYEK yOBbIBaET.

Ecnmu ¢yHKIMS Ha BCeM MPOMEXKYTKE TOJIBKO
BO3pPACTaeT WU TOJIBKO yOBIBAeT, TOI/AA
TOBOPSIT, YTO (PYHKIIUSI MOHOTOHHO
BO3pPACTaeT WM MOHOTOHHO YOBIBAeT.

Ecnu ¢yHK1us Ha pa3nuyHbIX IPOMEKYTKAX,
TO yOBIBAa€T, TO BO3PACTAET, TO TAKYIO
(YHKIMIO HA3bIBAIOT HEMOHOTOHHOM U
OTMCBIBAIOT €€ BO3pacTaHe U yObIBaHHE Ha
KOHKPETHBIX MIPOMEKYTKaX.

TOYKHN OKCTPEMVYMA:

Touka MeXly IPOMEKYyTKaMHU BO3pACTaHUS U
yObIBaHUS HYHKLIUU

Ha3bIBAETCS SKCTPEMYMOM.

Ecnu ¢pyHkius Bo3pacTaer, a HOTOM yOBIBaeT,
TO TOYKA MEXKIY TAKUMHU IPOMEXYTKaMU
Ha3bIBACTCS TOUKOW MAaKCHUMyMa.

Ecnu ¢ynkuus yOsiBaeT, a HOTOM BO3pacTaer,
TO TOYKA MEXKIY TAKUMHU IPOMEKYTKAMU
Ha3bIBAETCs TOYKON MUHHUMYMa.
HAWBOJIBIIEE 1 HAUMEHBIIEE
3HAUEHUE ©YHKIUN:

Haumensbiiee u Hanbosblee 3HAYCHUE
(YHKIIUU TTOKa3bIBAIOT, JUISl KAKUX
apryMEHTOB 3HaueHUs (PYHKIMH HauOoJIbIINe
WM HauMEHBUINE.

[MPOMEXYTKHN 3HAKOITOCTOAHCTBA:
[IpomexyTku

3HAKOIOCTOSIHCTBA OKA3bIBAIOT, HA KAKUX
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MPOMEXYTKaxX (DYHKIUS MOJOKUTENbHAA, a Ha
KakuX (pyHKIMS OTpUIIATEeNbHAS.
YETHOCTb ®YHKIMU:

YerHast QyHKIUSA — 3T0 QyHKIIHS,
cummMerpuuHas ocu Oy. B Takom ciyyae f(—
X)=f(x).

Heuetnas pynkmus — 310 GyHKINS,
CUMMETpUYHAs HaYaJly KOOpAUHAT. B Takom
ciryuae f(—x)=—f(x).

[Tpumepom yeTHOH PYHKITUN MOXKET CIYKHUTh
KOCHHYC WM napadoJia, BEpIInHA KOTOPOH
Haxoautcs Ha ocu Oy. B Takom cityyae eé
BeTBU cuMMeTpuyHbI ocu Oy.

Ecmu mist pyHKIMM He coOII01aeTCs HA OTHO
U3 3TUX YCJIOBUHN YETHOCTHU, TO €1

Ha3bIBAIOT HU YSTHOM, HU HCUETHON HIIH
¢dbyHkIuel obmero BUA.
HNEPUOJUYHOCTD:

[epuonnunas GyHKIUS — 3TO GYHKIHS,
rpaduk KOTOPOH BU3YaJIbHO TIOBTOPSIETCS
yepe3 onpeeEHHbIN IPOMEXKYTOK. ITOT
POMEKYTOK HA3bIBACTCS MIEPHOJIOM.
[Ipumepom nepuoIndHbIX QYHKIUN
SIBJIIFOTCSI TPUTOHOMETPUYECKHE (DYHKIINU.
Paznnunble rpaduku nMeroT cBOM Habop
XapaKTePUCTHK, IIOATOMY, YTOOBI MTOHSTH, KaK
BEJIET ce0s1 KOHKPETHBIN rpapuK, HyKHO
YUUTBIBaTh COBOKYITHOCTB BCEX €r0 CBOICTB
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Anroput™ uccienoBaHus pyHKIUN

ANTOopUTM HCCIIeAOBaHUS (DYHKITIH
|. Haittu oGnacth onpenenenus, 001acTh
3HaYEHUN QYHKIHHU.

Il. UccnenoBars Ha HenmpepbIBHOCTh. HaliTi
TOYKH pa3pbiBa M ONPEACTUTH UX POJI.

[1l. Haiiti acumnroTs! rpaduka GyHKIMH.
IV. BeisicuuTh o6nagaer nu rpadux
cBorictBamMu cuMmmeTpun. MecnenoBars
(YHKLHIO HA YETHOCTb, HEUETHOCTb.

V. UccnenoBarh QyHKIINIO HA
HEePUOJIUYHOCTb.

V1. Haiitu Touku nepeceueHus rpapuka
(YHKIIHU C OCSIMU KOOPJAWHAT U BBIICHUTD
pacroyioxxeHre (QyHKIIMH OTHOCUTEIHHO

oCcH OX .

VII. HaiiTn npomMexyTKu MOHOTOHHOCTH U
IKCTPEMYMBI (DYHKITUH.
OyHKIMS BO3pACTaeT Ha MHTEpBaJle, €CIU Ha

’
F(x)>0
9TOM UHTEpPBAJIE .
OyHKIMS yObIBaeT Ha UHTEpBAJIe, €ClI Ha

f'(x)<0

9TOM MHTCPBAJIC
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AJTOpPUTM HaXOXAECHUS TOYEK HIKCTpEMyMa
byHKIIIN

1. Haiitu nmpon3BoHy0 GYHKIMH U
IIPUPABHATH €€ K Hyl0. Pemas noysydeHHoe
ypaBHEHUE, HAUTU KPUTUYECKHUE TOUKH.
2. Y6enutbcs B TOM, YTO KPUTUYECKHE
TOUKH NMPUHAATIEKAT 00IaCTH ONpeesIeHUs
¢byHKIMU (eci HE IPUHAIIIEKAT, TO HE
SIBJIIFOTCSI TOYKaMH 3KCTPEMYyMa).
3. Paz06uth 0bnacTe onpeneneHus
(GYHKIIUU KPUTUYECKUMU TOYKaMU Ha
MIPOMEKYTKH.
4, OnpenenuTh 3HaK TPOU3BOIHOM
(YHKINMK Ha KaXKIOM MPOMEXKYTKE: €CIIH 3HAK

X
IIpU Nepexoe 4€pe3 TOUKY 0 CMCHMIJICA C

X
“+” ga “-”, To Touka U - TOUKa MAKCUMYMa.
Ecnu 3Hak npu nepexojie uepes

({34

X
Touky ~ 0 cMmeHmiics ¢ -7 Ha “+”, TO

X
Touka 0 - Touka MunumyMma. Ecin 3HaK He

U3MEHAETCS, TO B TOUKE %o JKCTpEMyMa HeT.
S. Haiitu 3nauenus QpyHKUMN B TOUKAxX
JKCTpEMyMa.

VIII. Onpenennuts NpoMexXyTKH BBITYKIOCTH
¥ BOTHYTOCTH (pyHKuMu. HailTi Touku
neperu6a QpyHKIuu.

= X
Oynkuus y=f ( ) - BBITYKJIast Ha
MHTEpBaJIe, €CIU B JIF000I TOUKE 3TOT0

”

f7(x) <0
UHTEpBaa .

= X
Oynknus y=f ( ) - BOTHYyTas Ha
MHTEpBaJIe, €CIU B JIF000I TOUKE 3TOT0

f7[x) <0
MHTEpBaJa .
ANTOpUTM HaXOXJAECHUS TOUEK Iepernda
GbyHKIIIN
1. Haiitu npon3BoaHyIO BTOPOrO
MOpAJIKA U IPUPABHATH €€ K Hymo. Pemas
MOJIy4€HHOE YpaBHEHHE, HATH a0CIUCCh
TOYEK MOJ03pUTEIbHBIX Ha Meperud (B

”
HHX f ( X) " 7 WM HE CYIIECTBYET).
2. Y6eauThCs B TOM, YTO aOCIIMCCHI
TOYEK, M0/I03PUTENBHBIX Ha Ieperud
MIPUHAIIEKAT 00JIACTH OTPEICICHUS
¢GyHKIMU (ecM HE IPUHAIIIEXKAT, TO He
SBJISIFOTCSI a0CITMCCaMU TOYEK Tiepernoa).
3. Paz0uth 061acTh onpeneneHus
(YHKIIMY TOJTYYeHHBIMU 3HAYCHUSIMH Ha
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WHTEPBAJIbI U HAWTH 3HAK MPOU3BOTHON
BTOPOTO MOPSJIKA HA KAXK]IOM UHTEPBAJIE.
Ecnu npu nepexone uepes

X
TouKky ~ 0 MpOW3BOJHAS BTOPOIO MOPSIKA

MEHSIET 3HaK, TO Xo _ abciycca TOUKU
neperuoa.

4, Haiitu opauHaThl ToUek neperuoa.
IX. Ecnu He00X0aMMO HAWTH 3HAYEHUSI
(YHKIIUU B HECKOJIBKHX TOYKaX,
MIPUHAIISKANTUX 00JIACTH ONIPEICIICHUS
X. Tlo 1aHHOMY HCCIIETIOBAaHUIO TTIOCTPOUTH

rpaduk QyHKIHU.

208 | Crenennas ¢pyHkuus, e€ cBoiictBa v rpaduk. | CreneHHOH QyHKIIMEH HA3bIBAIOT TAKYIO
(bYHKIHIO, KOTOpasi UMEET BHI:

y=x"

['ne a sBisieTcs mokasarejaeM CTENeHU U
JIeHCTBUTEIEHBIM YHCIIOM.

CrenenHast GyHKIUS MOXKET IPUHUMATD
CHEAYIOLIMI BUA:

y = kx“

3nech k urpaet poiab HEKOTOPOTO
K0d(duUIMeHTa, OTIMYHOTO OT HYJIS.

Ha ocHOBaHuM onpefieeHust pAaCCMOTPHM,
Kakue (pyHKINU SBISIOTCS CTETICHHBIMHU.
CrenenHast QyHKIIMS — YaCTHBIN Cilydaid
MHOroujieHa B areOpe. B npaktuueckux
MpUMEpPax B IMOKa3aTelle CTENCHH 3aIMCaH0
1eJI0€ WIIM PALMOHATBHOE YHCIIO.

[Ipumep 1

K nonsTuio creneHHbIXx GyHKIMA MOKHO
OTHECTH CJICAYIOIIHE:

y=x
y=x
y=x05

Bunel creneHHbIX QYHKIMI U UX CBONCTBA,
00J1acTh OnpeeneHHs

Ecnu crenennas ¢pyakums o0namgaer
IIOKA3aTEeJIEM a B BUJIE 1IEJIOTO
MOJIOKUTETIBHOTO YHCIIa, TO TaKash QyHKIUS
paccMaTpuBaeTCsa Ha BCEM YUCIOBOM MPSIMOM.
B tom cnyuae, kora rnokasaresb a SBISETCS
OTPHIIATENIbHBIM, CTENIEHHAs (DYHKIIHS HE
onpeneneHa B HyJe. [Ipu 5ToM Hynb
MIPEJCTaBIsIET CO00N 0COOYIO TOUKY
CTENIeHHON (QYHKITHH.
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PanmonanbHbIl MOKa3aTelb a IpU YCIOBUH,

ﬂ=%mrm
qTo , OIIPECACIIACTCA B
3aBUCHUMOCTH OT CHGI[YIOH_[I/IX JAHHBIX:
o YETHOCTH (,
. 3HAK P.

a7 q
1= X'D .
I/ICXOI[ﬂ H3 TOT'O, YTO IIO ITPaBUITY )
HNMEECM:

. Py HeYeTHOM q U p>0

pfyg o
¢bynkus X ompezieNieHa Ha Bcel
YHUCIIOBOU NPSIMOM;

. 1py HeueTHOM q U p<0

pfyg o
¢bynkus X ompezieNieHa Ha Beer
YHUCJIOBOM IIPSIMOM, 33 UCKIIFOUEHHUEM HYIIS;
. npu 4eTHOM q U p>0 obaacTh

plyg
orpeencHus X COOTBETCTBYET
HCOTPpULATCIIbHBIM X,
. npu YeTHOM q 1 p<0 moydum,

plq
910 X OIIpEeICTISICTCS IPH
TIOJIOKHUTEIBHBIX X.

Korna crenennas gpynkmus £ nmeer
BEIECTBEHHBIN OKa3aTelb a, 00JIacThbIO
onpeaenenus spisercs x>0. [Ipu a>0
(GYHKIHS OTIpeNeNseTcsl ¥ B HyJIeBON TOUKE.
Korna n HeuetHoe, rpaguku GyHKIIUH
SIBJITFOTCSI [ICHTPATbEHO-CHMMETPUYHBIMH 10
OTHONICHUIO K Hayally KOOPAUHAT, TJe TOUKa
neperuba. Eciu n npuHUMaeT yeTHoe
3HAuEHUE, TO U CTENeHHAas (PYHKIIUS SBIISICTCS
YETHOM, TO €CTh:

(=x)"=x"
I'paduk Takoi GyHKIIMU pacnoNoKeH
CUMMETPUYHO IO OTHOLIEHHIO K OCH
OpJMHAT.
PaccmoTtpuM cityyay, KOra HaTypajabHbIN
nokasareib n>1. Toraga Ha rpaduke OynyT
n300pakeHbl napadossl nopsaka n. Eciu n
MMEEeT YETHOE 3HAYCHHE, PYHKITUS Ha JTI000M
y4JacTKe sBIseTCs HeoTpuuarenbHoi. Korna
n=1, GyHKIHIO y=KX Ha3bIBaIOT JINHEHHOM
(GyHKIMEH UITH IPSIMO MPOTIOPLUUOHATBHOM
3aBUCHMOCTBIO.
Ecnu n sBnsiercs HaTypanbHBIM YHUCIIOM, TO

1
— N —
y=%x =—
byHKIHS X Harpaduke
MIPUHUMAET BUJI TUIIEpOOIIBI MOPSAKA N.
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Korna n HeueTHOE, OCH KOOPAWHAT HIPAFOT
posib acuMnToT runepooi. Eciu ke n yetHoe,
ACUMIITOTaMH CTaHYT OCh a0CIHCC U OCH
OpJIMHAT, KOTOPBIC TOJIOKUTEIBHO
HarpasieHbl. [Ipy nokaszaresne co 3Ha4YeHHEM
-1 Oyner nonyuena pyHKIus B BUIE
00paTHO¥ POMOPLUOHATIEHON 3aBUCHMOCTH
BUJIA:

_k
Y X

Ecnu a npuHuMaeT HyneBoe 3HaYeHHE, TO
noJtydaercsi QyHKIUS B BUAC KOHCTAHTBI
KpaTKOM 3alluCH:

y=1.

rpaduku CTENEHHON PYHKUMM y = " NPy LIENOYMCIEHHOM NoKasaTene n

NapaBone: nopaaxa n TunepBonsi nopaaxa n

Moo -1
Hn=1 Hn=-2
Wn-2 -3

Wn-3
n=4
Hn=5

Bo3BecTH X B cTenieHb, KOTOpas sIBJISETCS
palOHaIbHBIM YHCIOM, MOKHO C IIOMOIIBIO
JaHHOM (popMyIIBI:

x/e=4x".

[Ipu 3HaueHuu p=1, QyHKIUS sABISIETCA
apu(pMeTHYECKIM KOPHEM CTEIEHH (:

Tpachiey CTeNEHHLIX yHKLWT C PaLHOHaNHSIM Monyxy6ir

nokasarenem

Uccnenyem crenernyo GyHKIIUIO Ha
MOHOTOHHOCTb:

o MIPOMEKYTOK 0,2¢) OTMCUYCH
MOHOTOHHLHJB03paCTaHHeMWbyHKHHH,eCHH
a>0;
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. Ha TIPOMEKYTKE 0,22) GyHKIHSA
MOHOTOHHO yObIBaeT npu a<(.

209

[TokazaTenpHas GyHKIHS, €€ CBOMCTBA U
rpadux

J— X
= a
OyHKIUIO BUJA y ,
a=0 a#1 o
rme u Ha3bIBAIOT MOKa3aTeILHOM
¢byHKIHEH.

y=2y=3%y=C)
Hanpumep: “m

PaccmoTrpuM niepBslii cirydaii, Koraa

T. O.

,ax1
OCHOBAHHUE CTEIIEHU OOJIBIIE €IUHUILIBI:

TY

X—=

Puc. 1. I'paduk nokazarenbHON GyHKINH,
OCHOBAaHME CTEIICHH OOJIbIIE SAUHHIIBI
OCHOBHBIE CBOMCTBA JAHHOI'O CEMENCTBA
GbyHKINI:

Oo0iacTe

D(y) = (—o0;+00),x € R.

O061aCTh 3HAYCHHIA: E(y) = (0; +o0),y = D;

@DyHKIUSA BO3PACTAET, T. €. OONbLIEMY
3HAQ4YEHHIO apTyMEHTa COOTBETCTBYET
Oosnbliee 3HaYeHNE QYHKIUY;

Ecam aprymMeHT cTpeMUTCS K MUHYC
0EeCKOHEUHOCTH, (PYHKIHSI CTPEMUTCS K HYJIIO,
€CJIM ApTyMEHT CTPEMHUTCS K TUTFOC
0ECKOHEUHOCTH (PYHKIUSI CTPEMHUTCS TaKxKe K
IUTIOC OECKOHEYHOCTH.

PaccmoTtpuM BTOpOM ciydai, KOraa
OCHOBAaHHE CTEIICHU MEHBIIE

OIIpCACIICHUS:

0<<a<1.
CIIUHULIBI :
1% 3% 1%
= = ’};r = — ’};r = —
Hamnpumep: z s T HT. A

Ty

K=
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Puc. 2. I'paduk nokazarenbHON (yHKIINH,
OCHOBaHUE CTETICHU MEHBIIIEC STUHUITBI
CBoiiCTBa TAHHOTO CEMECTBA (DYHKIIHIA:
Obnactb

D(y) = (—o0;+0),x € R,

O0J1acTh 3HAYECHUI: E(y) = (0; +o0),y = D;

OyHKIIUA YOBIBACT, T. €. OOIBIIEMY
3HAYEHUIO apTyMEHTa COOTBETCTBYET
MEHbIIIee 3HAYCHUE (QYHKIINH;

Ecnu aprymMeHT cTpeMHTCS K MUHYC
0eCKOHEUHOCTH, (DYHKITHSI CTPEMUTCS K TLTFOC
OCCKOHEYHOCTH, €CITH apTyMEHT CTPEMHUTCS K
TUTIOC OECKOHEYHOCTH (PYHKIIUSI CTPEMHUTCS K
HYJIIO.

OIpeICTICHUSI:
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Jlorapudmuueckast GpyHkus, e€ cBOHCTBAa U
rpaduk.

dynkwo, 3aganHyt0 hopmynoit y=logax,
Ha3bIBAIOT JIOTapu(PMUIECKOi yHKIUEH ¢
OCHOBAaHUEM Aa.
(a>0,a#1)

i

y=log,r

O<a<1

OcHOBHBIE CBONCTBa JIOrapu(pMUIECKOM
¢dbyHKIUU:

1. O6nacte omnpeneneHus JorapupMuIecKoit
(YHKIIMU - MHOYKECTBO BCEX TOJIOKHUTEITBHBIX
qucen.

D(£)=(0;+0);

2. MHOXecTBO 3HaYSHHH JIoraprupMuIecKon
¢byHKIIMYM - MHOXKECTBO R Beex
JeMCTBUTENLHBIX YUCE].

E(f)=(—o05+0);

3. Jlorapudmuyeckas GpyHKIMS Ha BCer
o0J1acTu OmpeaeIeHus! BO3pacTaeT

npu a>1 niu yOsiBaeT

npu 0<a<l.

OO6paru BHUMaHueE!
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Jlorapudmudeckast GyHKIMS HE SIBISETCS HU
YEeTHOM, HU HEUETHOM; HE UMEeT HU
HauOO0IbIIEro, HI HAUMEHBIIETO
3HAUYECHMI; HE OrpaHHYEHA CBEPXY, HE
OrpaHHYeHa CHU3Y;

I'padux nroboit norapudmuyeckoit
bynkiun Y=10gaX npoxomut yepes
touky (1;0).
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OyuKIMs Y = SiN X, ee cBOCTBA U rpaduk

OyukIUsa Y=SiNX omnpeeneHa Ha BCei
YUCIIOBOM MPSAMOM, SIBJSETCA HEUETHON U
MEPUOUYECKON C MEPUOJIOM 2T.

I'padux 310if HyHKIIMH MOXKHO OCTPOHUTH
TaKUM XKe CII0CO00OM, KaK U

rpaduk QyHKIHUN y=COSX, HAUMHas C
MIOCTPOCHUS, Hanpumep, Ha otpeske [0;m].
Opnako npoie NpuMeHUTb

bopmyiy sinx=cos(x—m/2), koTopas
MOKa3bIBAET, YTO Ipauk

byHKIHH Y=SINX MOXHO MOJYYUThH CIBUTOM
rpaduka GyHKIUU Y=COSX BIOJIb OCH
a0cIucc BIIpaBo Ha 1/2

I'paduk pyHkimm y=sinx

Kpugas, sBnstomasicst rpaguxoM

GbyHKIMU Y=SINX, Ha3bIBACTCS CUHYCOMIOM.
CaoiicTBa (yHKIIUH Y=SiNX

1. OGnacth onpeneneHus -

MHOXECTBO R Bcex JeHCTBUTEIBHBIX YHCEN.
2. MHOXecTBO 3HaU€HUM - 0Tpe3oK [—1;1]
3. dyHKIUs Y=SINX nepuoauuecKas ¢
nepuoaoM T=2n

4. OyHknus y=SinxX- Heu€THas.

5. ®yHkuus Y=SiNX IPHHAMAET: - 3HAUCHUE,
paBHoe 0, mpu x=nn,n€Z - HauboJbIlIEe
3HaueHue, paBHoe 1, npu x=n/2+2nn,n€Z -
HalMeHbIlIee 3HaueHue, paBHoe —1,

npu X=—m/2+2nn,n€Z - MOJIOKUTEIIbHbIE
3HaueHus Ha uHtepsaie (0;m) u Ha
WHTEpBAJIaX, MOTy4aeMbIX CIBUTAMH 3TOTO
WHTEepBaja Ha 21n,n€Z

- OTpUIIaTEIbHBIC 3HAYCHUS HA

uHTepBae (7;21m) 1 Ha UHTepBajax,
MOJTy4aeMbIX CIBHTaMH 3TOTO HHTEpBaja
Ha 2nn,n€Z

6. dyHKIUsA Y=SINX

- BO3pacTaeT Ha OTpe3Ke
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[—n/2;7/2] u Ha OTpe3Kax, MOTyIaeMbIX
CABUTaMU 3TOTO OTpe3Ka Ha 2mn,n€Z -
yOBbIBaET Ha OTPE3Ke

[1/2;371/2] 1 Ha OTpe3Kax, MOTyJaeMbIX
CABUIaMU ATOTO OTpe3Ka Ha 2nn,n€Z
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@yHKIMSA Y = COS X, €€ CBOMCTBA U rpaduk

OyYHKIUIO KOCUHYCa 0003HAYaI0T

y=cos(x)
KaK rlie X — apryMeHT, ay —
3Ha4YeHue PyHKINU.
Taxoke 3aBUCIMOCTh BHJIa WHOT/A HA3bIBAIOT
KOCHHYCOMJION.
CgoiicTBa GyHKIUH Y=COS(X):
1. CaoticTBo ueTHocTH. [Ipu mr060M
3HAYCHUU apTyMEHTa X OY/IeT CIpaBe/IIUBO:
€0S(-x)=cos(x). DTO 3HAYHUT, YTO PYHKIIUS
y=C0S(X) — ueTHas. JJoKaskeM 3TO CBOMCTBO.
[TycTp uncity s cooTBeTCTBYET TOUKa N(S).
Torna uncio (—s) 0603Ha4aeT Touka M,
cumMeTrpudHas N u pacnionoxeHHas B [V
KOOpJIMHATHOH ueTBepTH. AOCIUCCH Touek M
u N paBHBI 110 BEJIUYMHE U 3HAKY, KaK U UX
KOCHHYCBI: cOS(-S)=C0S(S).

Y

N

|

\

}

0 ‘ 1 X
|
M
2. HpI/I JIFOOOM 3HAYEHUN aprymMeHra x

CIpaBeTHBO: cos(X+27mn)=cos(X), rae n —
1eaoe 4ncio, n=3,14. Cnaraemoe 27tn MOXHO
TPaKTOBAaTh KaK MOJHBIA 000POT BOKPYT
oKkpy>kHOCTH (Ha 360°), TO €CTh X U

(x+27mn) — 9TO OfHA U Ta K€ TOYKa.

3. [Tpu nr060M 3HAYCHHUN apTyMEHTa X
crIpaBeIUBO: cos(X+m)=-cos(x). Touku,
COOTBETCTBYIOIIME YHUCIIAM X U (X+7T) Ha
€IMHUYHOW OKPY>KHOCTH, PACIIOJIOKEHBI
CUMMETPHYHO OTHOCHTEIILHO Havaja
KoopauHaT. Takue TOYKH UMEIOT OJTMHAKOBBIC
0 BEJIMYMHE, HO pa3HbIe M0 3HAKY aOCIHCCHI.
[Momyunm cos(x+m)=-CoS(X).

| Y
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[TocTpoenue rpaduka, 06J1acTh ONpeaeICHUS
Jiist mocTpoeHus rpaduka Oyaem 3aaaBaTh
3HAYEHHsI IEPEMEHHOH X U BBIYHUCIIATH
3Ha4YeHUs1 QYHKLIUU y=COS(X).

I'paduk kocunyca numeer BUA:
y

y=c0s(x)
X
| ] |

wlg
<
N‘l#
A
oA
<
ol

ITo rpaduky BHIHO, YTO apryMeHT (DYHKIIUN
MOKET IPUHUMATB JTF000E 3HAYCHUE, TO ECTh
o0J1acTe

onpeenenus: O (cosba)=(=00; +20). 3y,

YEHMs CaMOT'0 KOCHHYCa MEHSETCs OT -1 10
+1, npu 3TOM rpaHUYHbIE
TOYKH:

Vusug=Cos@mn)=1ny,, . =cos(m+2m
. Elcos(x))=[-1;1]

. ObnacTh 3HAYECHUM: .

Hccnenyem GpyHKIMIO HAa MOHOTOHHOCTS. J{7st

9TOTI'O IIPOBEACM KaCaTCIbHBIC alubl k

rpaduky y=cos(X) B TOYKax x€[-m 0] -
Kacatenbubie a2 1 b2 B TouKax €(0; m].
Yy
AN
\\‘

Bunno, uto npsimbie al u bl o6pasyror ¢
ocbto OX ocTpble yribl, a npsMble a2 1 b2 —
Tymble. 3HAUUT y=COS(X) BO3pacTaeT Ha
[—m+2mn; 2mn]
IIPOMEXKYTKE
[lepuon, Tabnuia, Kak pemnuTh ypaBHEHUE
[Ipu paccmotpenun rpaduka 1 OCHOBHBIX
CBOMCTB (DYHKIIMH y=COS(X) MOKHO 3aMETHTb,
YTO MPH 33/IaHHOM 3HAUYE€HUH apTyMEHTa X
3HaYEHHUE Y TIOBTOPSIETCS Yepe3 HEKOTOPHIH

MIPOMEKYTOK 27m,

Ilycts n=1,
cos(x—2m) =cos(x)=cos(x+2m)

, TJIe N — IIEJI0E YHCIIO.

TOrja:
[Tosyunnu Belpa)keHUE, ONIPEAETSIONIEE
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flx+T).
MEPUOANYECKYI0 (PYHKITHIO BUAA

T — nepwuog.
CrenaeM BBIBOI.
OyHKIHS y=c0S(X) SBJISICTCS MEPHOTUICCKON

C IEPHOTOM T=2mnel,

rIe
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@yuknuu y =19 x u y = ctg X, ux CBOMCTBA U
rpaduKH.

OyHKIUS y=tg X, €e CBOHCTBA U TpaduK.
OyHkIua Y=tgX onpeaeneHa

P X#T/2+1n,nEZ, ABISETCS HEUETHON 1
HNEPUOANYECKON C MIEPUOJIOM TL.

[TosTOMy 1OCTATOYHO MOCTPOUTH €€ TpaduK
Ha ipoMexyTke [0;7/2)

BribepeM ai1st MOCTpOEHUST KOHTPOJIbHBIE
TOUYKH, Yepe3 KOTOPbIE MPOBEIEM ILIaBHYIO
KPHUBYIO Ha KOOPAMHATHOMN TNIOCKOCTH.
tg0=0 tgn/6=33/tgnd/=1/tgn/3=V3

3areM, 0TOOpa3uB €€ CUMMETPUYHO
OTHOCHUTEIIbHO Hayasla KOOpJUHAT, OTy4YuM
rpaduk Ha uHTEepBaNe (—1/2;1/2)
Hcnonb3ys nepuoaAndHOCTb, CTPOUM Trpadpuk
¢bynkuuu Y=tgX Ha Bceid o0macTu
orpezeNeHusl.

I'padux

¢dbyHkuu Y=tgX Ha3bIBAIOT TAHTCHCOUIOM.
['maBHOI BeTBBIO Ipaduka

¢dbyHkIuu Y=tgX 0OBIYHO HA3HIBAIOT BETBb,
3aKIIIOYEHHYIO B moJioce (—m/2;m/2)

CaoiicTBa ¢pyHkuun y=tgx

1. O6nacTh onpeaeseHnust — MHOKECTBO
BCEX JECHCTBUTEIBHBIX YHCEN X£AM/2+mn,n€EZ
2. MHO€eCTBO 3HAUECHUM —

MHO>KECTBO R Bcex JeMCTBUTENBHBIX YHCET
3. ®ynkumsa Y=tgXx nepuoanyeckas ¢
MIEPUOJIOM TT

4, @yHknusa y=tgX HeuéTHas

5. ®yHKuuMA Y=tgX NpUHUMAET:

- 3HaueHue 0, mpu Xx=nn,n€”Z;

- MOJIO’KUTEJIbHBIE 3HAYEHUS Ha

uHTepBanax (mn;n2+nn),n€Z;

- OTpHUIIaTeIbHBIC 3HAYCHUS Ha

uHTepBanax (—n2+nn;nn),n€Z.

6. ®ynkuus Y=tgx Bo3pacraer Ha
uHTepBanax (—mw/2+nn;n/2+nn),n€”.
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OyHKIUA y=ctgX U €€ cBOMCTBa U rpaduk
OyHK1MA Y=CtgX onpeseneHa npu X#mn,n€z,
SIBIISICTCSI HEYETHOW M TIEPHOMYECKON C
MIEPUOJIOM T.

Paccyxnas aHaIoOruyHO KaK MpH MOCTPOSCHHUU
rpaduka GyHKIUU y=tgX, MOKHO IIOCTPOUTH
rpaduk GyHkiuu y=Cctgx.

I'paduk pynkumm y=ctgx, Kak 1 rpapux
GyHKINU y=tgX, Ha3bIBAIOT TAHTCHCOMIOM.
I'maBHO# BeTBBIO rpaduka

(dbyHKIMM Y=CtgX 0OBIYHO HA3BIBAIOT BETBb,
3aKIII0YEHHYIO B mosioce oT X=0 10 x=mn.

CaoiicTBa dyHKIMHN Y=CtgX

1. OO6nacth orpeeneHus: — MHOXKECTBO
BCEX JACHCTBHUTCIBHBIX YUCEH XAMN,NEZ

2. MHOX€eCTBO 3HAaUEHUN —

MHOXeCTBO R Bcex IeHCTBUTENBHBIX YUCEel
3. @yHk1Ms Y=CtgX nepruoguyeckas ¢
HEPUOJIOM T

4. @ynknus y=ctgx Heu€THas

5. O@yHkuusa y=Ctgx npuHUMAcT:

- 3Hauenue 0, mpu Xx=n2+nn,n€Z;

- TIOJIOXKUTEJIbHBIE 3HAUEHUS Ha
uHTepBanax (nmn;n/2+nn),n€Z;

- OTpULIaTeIbHbIEC 3HAYECHUSI Ha

uHTepBanax (—mw/2+nn;nn),n€Z.

6. @yHKIMs Y=CtgX yObIBaeT Ha
UMHTEepBasaxX (wn;m+nn),n€Z.
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OOpaTHbIe TPUTOHOMETPUYECKUE PYHKIINH

OO6parHbIe TPUTOHOMETPHUECKUE

(YHKINU: aPKCHHYC, APKKOCHHYC,
APKTAHI€HC M APKKOTAHTeHC.

OyHKIUSA apKCUHYC U ee Tpaduk
PaccmoTtpum cBoiicTBa QyHKIIMN apKCUHYC U
MIOCTPOUM €€ TpaduK.

Vv = arcsing

Onpenenenne. ApKCUHYCOM
qrcia X Ha3bIBAIOT TaKOe 3HAYCHHE YTIIa Y,
siny = x
U1 KOTOPOTO
xe[—1;1]

[Ipnuem KaK OrpaHUYEHUs Ha
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yel-333]

E
s

3HaYEHUs CHHYCa, a KaK
BbIOpaHHBIN AHAMa30H YIioB.

OCHOBHBIE CBOMCTBA apKCHHYCA:

sin(arcsinx) = x xe[—1; 1]
1) npu :

arcsin(siny) = v }FE[—EJE
2) npu

OcHoBHbIE CBOICTBA (DYHKLIUU apKCUHYC:
D(x)=[—1;1]

1) O6nacte onpenencHUs ;
T

E() =[-2:3]

2) O6nacTh 3HaUYCHUH :
3) OyHKuus

arcsin(—x) = —arcsinx
He4eTHast - Oty
(dopMyiTy KenaTenbHO OTAEIbHO 3alIOMHUTb,
T.K. OHA IOJIe3HA JUTSI TpeoOpa3oBaHui.
Taxoxe OTMETHM, UTO U3 HEUETHOCTH CIIEyeT
CUMMETPUYHOCTH rpaduka GyHKIUU
OTHOCHTEJIBHO Hayaja KOOpAUHAT;
4) ®yHKIMS MOHOTOHHO BO3pacTaerT.

y = arcsinx

IToctpoum rpacduk pyHKIMH
Y

i
Eln I
J

/

1 #
[a}

.'_2.

O6patnm BHUMaHUE, YTO HUKAKOH U3
y4acTKOB rpaduka GyHKIUN HE TOBTOPSETCS,
a 9TO 03HAYAET, YTO APKCUHYC HE SIBIISIETCS
NepUOINYECKOl PyHKIMEH, B OTIINYHE OT
cunyca. To jxe camoe OyIeT OTHOCUTBCS U KO
BCEM OCTAJIbHBIM apK()yHKIUSAM.

OyHKIMS apKKOCUHYC U €€ TpapuK
PaccmoTpuM cBoicTBa (DYHKIIMH apKKOCHHYC
1 IOCTPOUM €€ TpaduK.
¥ = arccosx

Omnpenenenne. ApKKOCHHYCOM
qucia X Ha3bIBAIOT TaKOe 3HAYCHHE YIiia Yy,
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COSYy = X
JUIsL KOTOPOTO
xe[—1;1]
[Ipnuem KaK OrpaHUYeHUs Ha
ve[0;m]
3HAYEHUs CHHYCA, a KaK BBIOpAHHBIN
JMana3oH yrjoB.

OcHOBHbIE CBOWCTBA apKKOCHHYCA!
cos(arccosx) = x xe[—1; 1]

1) pu :
arccos(cosy) =y ve[0;m]

2) npu

OcHoBHbIE CBOCTBA (DYHKIIUU aPKKOCHHYC!
D(x) = [-1;1]

1) OGnacTh onpeneneHus ;

E(y) = [0;m]

2) O6nacTh 3HAYCHU :

3) OyHKUMS HE SIBISETCS HU YETHOW HU

HEYECTHOM, T.€. OOIIETO

arccos(—x) = m — arccosx

BUJIA . Oty
(bopMyITy TOXE JKeNaTeIbHO 3allOMHUTh, OHA
HPUTOANUTCS HAM TI033KE;

4) OyHKIUS MOHOTOHHO YOBIBaeT.

¥ — arccosx

IToctpoum rpacduk pyHKIMH
y

-1 0 1 X

OyHKIMS apKTaHTeHC U ee rpaduk
PaccmoTpuM cBoCTBa (QYHKIIMH apKTaHT€HC
Y TIOCTPOUM €€ Tpaduk.

y = arctgx

Onpenenenne. ApKTaHT€HCOM

YHcra X Ha3blBarOT TAKOE 3HAYECHUE yIiia Y,
tgy = x xelk

JUIsL KOTOpPOro . [Ipuuem T.K.

OTpaHUYCHUIN HA 3HAYEHUS TAHTE€HCA HET,
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E
s

ye(=3:3)

a KaK BBIOpAaHHBII Hana3oH
YTJIOB.

OCHOBHBIE CBOMCTBa APKTAHI'CHCA:

tg(larctgx) = x xeR
1) npu ;

arctg(tgy) =y Ye(7333)
2) npu

OcHOBHBIE CBOHCTBA (DYHKIIUM apKTaHTCHC:

D(x)=R
1) OGnacTh onpeneneHus ;
E(y)=(—7:3

2) O6nacTh 3HAYCHU :
3) OyHKuus

arctg(—x) = —arctgx
HeyeTHas .Ora
(dbopmyIa ToXKe MoJIe3Ha, KaK ¥ aHAJIOTUYHbIC
ell. Kak B ciryqae ¢ apkCHUHYCOM, U3
HEUETHOCTH CJICJIyeT CHMMETPUYHOCTD
rpaduka QyHKIIMA OTHOCHUTEIIBPHO Havata
KOOP/IMHAT;
4) ®yHKIMS MOHOTOHHO BO3pacTaerT.

y = arctgx

[Toctpoum rpadux GpyHKIIIN
¥

b

@OyHKIMS apKKOTAaHTE€HC U ee rpadux
PaccmoTpuM cBoiicTBa QyHKIIMH
apKKOTaHI€HC U MOCTPOUM €€ TpaduK.
Yy = arcctgx

Omnpenenenne. ApKKOTAaHTEHCOM
yucia X Ha3bIBAIOT TaKOE 3HAYEHUE yria y,
ctgy = x xelR
JUT KOTOPOTO . [Ipuuem T.K.
OTpaHMYEHUM Ha 3HAYEHUs] KOTAHTE€HCa HET,
ye(0;m)
a KaK BHIOpAHHBIN JTMATIa30H YIJIOB.
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OcHOBHBIE CBOWCTBA apKKOTaHTEHCA!
ctg(arcctgx) = x xeR
1) npu :
arcctglctgy) = v ye(0;m)
2) npu .
OcHoBHbIE CBOICTBA (DYHKIIMU apPKKOTAHTEHC:
D(x)=R
1) OGnacth onpeaeneHus X
E(y) = (0;m)
2) ObnacTh 3HAYCHUM X
3) OyHKUMS HE SIBISETCS HU YETHOW HU
HEYETHOM, T.€. 00ILETro BHAa
arcctg(—x) = m — arcctgx
. 3arIoMHUTE U
3Ty (hOpMYITy, OHA HAM TOXKE IIPUTOIUTCS,
4) OyHKIUS MOHOTOHHO YOBIBaeT.
¥ = arcetgx

[octpoum rpaduk GyHKIHHA
y

I
CooTHoIIeHUsI MeXAY 00paTHBIMU

TPUTOHOMETPUUECKUMHU (DYHKIUAMU

Mex 1y pacCMOTPEHHBIMU OOPaTHBIMU
TPUTOHOMETPUUECKUMHU (DYHKIUAMU
CYILLIECTBYET JBa MOJIE3HBIX COOTHOLIEHUS,
KOTOPBIE MTO3BOJISIOT BBIpAXKaTh OJIHY

GyHKIUIO Yepe3 APYryio:
T

arcsing + arccosx = E
T
arctgx + arcctgx = 3

Ha sToM ypoke MbI ¢ BaMH pacCMOTpenu
TaKoe MOHATHE KaK 0OpaTHas
TpUrOHOMETpHUecKas (QyHKLHUS, y3HAIU X
BUJIbI, CBOICTBA U MIOCTPOUIIH IPAUKH.

B npakTudeckoil yactu ypoka Mbl 3aliMeMCs
peoOpa3oBaHUEM BBIPAXKEHUH, COAEPIKAIINX
oOpaTHbIE TPUTOHOMETPUYECKHE (PYHKIINU.
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KOpCHB n-ou CTCIICHU, CBOMCTBaA paaruKajIoB

Kopnewm n-oii cTenenu u3 HEOTPUIIATEIEHOTO
yucna a (n=2, 3, 4...) Ha3bIBAIOT TaKOE
HEOTPHUIATENILHOE YUCIIO, IPU BO3BEICHUH
KOTOPOTO B CTENEHB N MOJTYJASTCS YHCIIO a.
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Ypciao a Ha3eIBAIOT IMOAKOPCHHBIM YHCIIOM,
YHUCJIO N — MMOKAa3aTCJICM KOPHH. Ba)KHO, 4qTo
KOpPCHb YEeTHOM CTEIICHU CYIIECTBYET TOJIBKO
13 MOJIOKHUTCIIBHBIX YHUCCJI, 4 KOPCHDb
HEYETHON — KaK H3 ITIOJOXKUTCIIBHBIX, TaK U
OTPULATCIIBHBIX, IIOOTOMY

V=27

BBIPAXKEHUE HE UMEET CMBICI, a TOT
K€ KOPEHb TPEThEN CTEIEHU

3 _
uMmeer 27 =-3

B anrebpe kopHU HY>XHBI 1)1 O0Jee
COKpAIIICHHBIX U TOYHBIX MO/ICUETOB, T.K
CaMbIi POCTOMN KOPEeHb U3 uKciia 3 Oyaer
paBeH JIUHHOU JECSITHYHOU IpOOH,
OKPYTJIUB KOTOPYIO MOJYYHM JTUIIb
npuOIM3UTENIbHOE 3HaUYeHue. Takue yucia
HA3bIBAIOTCS UPPAIIMOHATLHBIMUA U HAMHOTO
ynoOHee mpeICTaBUuTh UX B BUJE paauKalia.

3Hak paaukaia v KaK pa3 U UCTOJIb3YIOT
JUTs1 0003HAYEHUS KOPHSI.

OcHOBHBIE CBOMCTBA

OCHOBHBIE CBOMCTBa KOPHA N-0i CTENEHU C
npuMepamu:

ora) = |al, n—yamo
1 a,N — HeYATHO K oney

b N-0l1 CTENEHU U BO3BEICHUE B ATY K€
CTETEHb, ITH ONEPALUH SBISAIOTCS
B3aMMOIIOTJIOLIAIOLIIIMHU, T0O3TOMY IIPH
M3BJICYCHUH KOPHSI U BO3BEJICHUY 3HAUYEHHUS B
CTEIIEHb, [10JIy4aeM HCKOMOE YHUCIIO a.
[Ipumep: BbIUKCINTE 3HAUYEHUE

Y pumm——.
BBIPAYKECHUS ¥ -5.8) I[To cBoiicTBY

M10JIy4aeM 3HaueHHUE BBIPAKEHUS PABHOMY -

5,8.

2.%ab =Ya*/b, a=0,b=0.MpuMep: HAATU IHAYSHME BLIPAKESHUS: m*%:va 25*5:m =25.
3.{/?2 g, a=0,b >0. MpUMep: HaiTH 3HAYSHWE BbIPAXEHUS 3| %7 = 33% = %

4. /@) =YY" Npumep: naim sHauerve ssipaxenus: (§2)°=Y2° =64 =1

5.4/5@ =T, a20. Npumep: naim snavenne soipaxenusy 9 129 = 2729 = Y729 =3.

8. W:W. a=0. MpUMep: HANTK BHEYSHUE BbIDAXEHUA: W:W:W:W:i
7.9/=a = ~1/a, n—Heuemo. Mpumeps HaiiT sHaveHna kapHa: ¥ —27 = —327 = —3
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Perienue uppanmoHanbHbIX YpaBHEHUI

HpparnnonanibHbIMY Ha3bIBAIOTCS YPABHEHUS,
KOTOPBIE COZIEPKAT NEPEMEHHYIO 101 3HAKOM
KOpHS.

Jlns pemienus HppalMoOHAIBHBIX YPABHEHUN U
HEPABEHCTB MBI UCIIOJIB3YEM PA3TIUYHbIE
METOABI U TpUEMBI. BOT HEKOTOPBIE U3 HUX:
Meroa noacTaHOBKHU

OTOT METOJT 3aKJIFOYAETCS B 3aMEHE
HMPPALMOHAIIBHOIO BBIPAKEHMS HA HOBYIO
MIEPEMEHHYI0, YTOObI MPUBECTH YpaBHEHHE
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WJIM HEPaBEHCTBO K 0oJiee MPOCTOMY BHUY.
3aTeM MBI pelIaeM MnoJyueHHOE ypaBHEHUE
WM HEPABEHCTBO C MOMOIIbIO H3BECTHBIX
METO/IOB.

MeTto/ Bo3BEICHUS B KBapatT

Ecnu y Hac ecTh uppanrioHaabHOE YpaBHEHHE
Biza V(a + byc) = d, MbI MOKeM Bo3BecTH 00¢
YacTH YPaBHEHUS B KBAJIPaT, YTOOBI
n30aBUTHCS OT KOPHs. 3aT€M MBI peliaeM
MOJIy4YEHHOE KBaJI[paTHOE YpaBHEHUE.

Meton npuBesieHus K 001IeMy 3HaMEHATEII0
Ecnm y Hac ecTh uppanrioHaabHOE YpaBHEHUE
WJIM HEPABEHCTBO C JIPOOBI0, COJIeprKalleit
HppalMOHAIbHOE BBIPAKEHUE B 3HAMEHATEE,
MBI MOXKEM MIPUBECTH BCE IPOOH K 00IIeMy
3HAMEHATEII0, YTOOBI YIIPOCTHTH YPABHCHUE
WM HEPABEHCTBO. 3aT€M MBI peliaeM
MOJIYYCHHOE YPaBHEHUE WU HEPABEHCTBO.
I'paduueckuii meTos

I'paduueckuii MeTo 3aKIIOYaCTCS B
MOCTPOCHUH TpadrKka UPPaAMOHATEHOTO
BBIPAXCHUS U ONPEIEICHUN TOUCK
nepecedeHmst ¢ 0chbio abcuuce. ITo MO3BOJISIET
HaM HAWTH 3HAYEHUS TIEPEMEHHBIX, PU
KOTOPBIX HPPAIMOHAIIBHOE YPAaBHEHUE HIIH
HEPABEHCTBO BBIMOIHSIIOTCS.

BaxxHO MOMHUTH, YTO TP peLICHUU
UPpAMOHATIFHBIX YPAaBHEHHUH U HEPABEHCTB
MOT'YT BO3HHKATh JOTIOJHUTEIHHBIC
OTpaHUYEHUS Ha 3HAUCHUS IEPEMEHHBIX,
KOTOpPBIE€ HY>)KHO YUUTHIBATH IPU BHIOOpE
pELIECHHUI.
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CrermneHs ¢ padvOHAJIBHBIM U
I[GflCTBI/ITCJ'IBHBIM ImokKasaTcisiMu

OmnpeneneHue CTENEH! ¢ PallOHATbHBIM
MOKa3aTeseM

CreneHb ¢ paliOHAJILHBIM TIOKA3aTeleM —
9TO MaTeMaTHyecKas oneparus, KoTopas
MTO3BOJISIET BO3BECTH YKCIIO B CTETICHB, I/IE
HOKa3areib SABISETCA PALMOHAIbHBIM
qucIoM. PannoHanbsHOE YMCIIO — 3TO YHCIIO,
KOTOPOE MOXKET OBbITh MPECTABICHO B BUJIE
IpoOH, TJIe YUCIUTENh U 3HAMEHATENb
SBJISIFOTCS LIETIBIMU YUCIIAMH.

®dopmanbHO, €ClIN Y HaC €CTh YHCIIO a U
panMoHaIbHOE YUCIIO p/q, TIIE p U q — LieJble
YHCIIa, TO @ B CTETIEHH P/ MOKHO 3aIHCaTh
Kak a™(p/q).

J171s1 BBIYMCTICHHS CTETICHU C PAllHOHAIBHBIM
MOKa3aTeJIeM Mbl HCIIOJIb3YEM ClIeAYIOIIee
MIPaBHJIO:

a’(p/q) = KopeHb q-0ii cTeneHu u3 a’'p
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To ecTb, MBI BO3BOJIUM YHCJIO a B CTENEHb P, &
3aTeM U3BJIEKAEM KOPEHb (-OU CTETICHH U3
pe3yInbrarta.

Hanpumep, eciau y Hac ecTh 4ucio 2 u
noka3aTenb cTerneHu 3/2, To Mbl CHavyaa
BO3BOJIMM 2 B CTEIEHb 3, MojiydaeM 8, a
3aTeM U3BJIEKaeM KOPEHb KBaJApPATHBIN U3 8§,
410 paBHO 2V2.

CrerneHsp ¢ paluoOHaIbLHBIM MTOKa3aTeIeM
UMEET PSIJI CBOWCTB, KOTOPBIE TIO3BOJISIOT
YIIPOCTUTH BHIYUCIICHUS U IPUMEHSTh
pa3uyHbIe anredpandecKue Oneparum.
Omnpenenenue CTENeHH ¢ AeMCTBUTEIbHBIM
II0Ka3aTeIeM

CrerneHsb ¢ 1eHCTBUTENBHBIM MOKa3aTelleM
OTIpeIeNICTCS KaK OINeparusi, B KOTOPOH
YHCIIO @ BO3BOJUTCS B CTEIIEHB P, T1IE P —
JNEUCTBUTEIHLHOE YHUCIIO.

JUJ1sl TIOJIOKHUTEIBHOTO YHCTa a U
JEHCTBUTENBLHOTO YKCa P, CTENEHb a
BO3BOJIUTCS B P-YIO CTEIICHb CJIETYIOLIIM
obpazoM:

a’p=a*a*a*.. *a(ppa3)

Ecau p paBHO Hy:10, TO a”p paBHO 1.

Ecnu p paBHo 1, To a”*p paBHO a.

Ecnu p paBHO OTpHILIaTEILHOMY YHUCITY, TO a"p
paBHO 1/a BO3BOAUTCS B CTETICHB [p.
Hampumep, ecnu y Hac ecTb 4yucio 2 u
I0KAa3aTellb CTENEHU 3.5, TO MBI BO3BOJIUM 2 B
CTETeHb 3, MoTy4yaeM 8§, a 3aTeM U3BIeKaeM
KOPEHb 2-0M CTENEeHH U3 8, 4TO paBHO 2V2.
CrermneHsb ¢ 1eHCTBUTENBHBIM MOKa3aTeleM
TaK)Ke UMEET PsiJI CBOMCTB, KOTOPHIE
MO3BOJIAIOT YIPOCTUTH BHIYUCTICHUS U
MPUMEHSITH Pa3INYHbIC aTreOpandecKue
oTepaLuu.

CBolicTBa CTENEHU C PallOHAIBHBIM
noKazaresiem

CreneHsb ¢ palluOHaJIbHBIM MTOKa3aTeIeM
UMEET HECKOJIbKO CBOWCTB, KOTOPHIE
MTOMOTAIOT YIPOCTUTh BBIYUCIICHUS U
MIPUMEHSITh Pa3INYHbIe anreOpandecKue
onepanu. /{aBaiite pacCMOTpUM 3TH
CBOIiCcTBa moapoOHee:

Caoiicto 1: a"m * an = a”(m+n)

3TO CBOMCTBO IJIACHUT, YTO NMPOU3BEICHHE
JIBYX YHCEJl, BO3BEJICHHBIX B CTEIIEHb, PABHO
YHCITy, BO3BEJICHHOMY B CyMMY TOKa3aTeei
crerieHu. Hanpumep, eciii y Hac ecTh 9HCII0
2, BO3BEJICHHOE B CTEIICHB 3, M YUCJIO 2,
BO3BEICHHOE B CTEIICHD 4, TO UX
MIPOU3BEICHNE OYIEeT paBHO YUCIY 2,
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BO3BEJCHHOMY B CTETeHb 7 (273 * 274 =
27\(3+4) = 2"7).

CsoiictBo 2: (a*m)"n = a(m*n)

DTO CBOMCTBO IJIACHUT, YTO CTETICHb YHUCIIA,
BO3BE/ICHHAS B CTEIIEHb, PaBHA YHCITY,
BO3BEJCHHOMY B IPOM3BE/ICHHE MTOKa3aTesei
crenenu. Hampumep, eciiu y Hac €CTh YUCII0
2, BO3BEJICHHOE B CTENEHb 3, U 3TO YHUCIIO
BO3BOJIUTCS B CTETICHB 4, TO pe3yibTaT OyaeT
paBeH yuciy 2, BO3BEJICHHOMY B CTENEHb 12
((2"3)"4 = 27(3*4) = 2712).

Csoticto 3: (a*b)*n =a”n * b"n

OTO CBOMCTBO IJIACHUT, YTO CTEIICHD
MPOU3BEICHUS IBYX UHCEI paBHA
MIPOU3BEIICHUIO CTETICHEH ITUX YHCElL.
Hamnpumep, eciiu y Hac ecTh NpoU3BeACHUE
yrcell 2 B 3, BO3BEJICHHOE B CTENCHb 4, TO
pe3ysbTat OyeT paBeH MPOW3BEICHHUIO YMCIIa
2, BO3BEICHHOIO B cTeneHb 4, 1 yncia 3,
BO3BEJICHHOTO B CTeTieHb 4 ((2*3)"4 =274 *
3MN4).

CsoiictBo 4: (a/b)*n =a"n /b n

DTO CBOMCTBO TIACHUT, YTO CTETICHb YaCTHOTO
JIBYX YHCEJI paBHA YaCTHOMY CTETICHEH STUX
yucen. Hanpumep, eciiu y Hac ecTh 4acTHOE
yrcell 2 B 3, BO3BEJIEHHOE B CTENCHb 4, TO
pe3ysbTat OyAeT paBeH YacTHOMY YHCa 2,
BO3BEACHHOTO B CTEIICHb 4, U Uncnia 3,
BO3BEIICHHOTO B cTeneHb 4 ((2/3)M =27 [
3N4).

DT CBOMCTBA MMO3BOJISIIOT YIPOCTHUTh
BBIUMCIICHUS] U IPUMEHSITH Pa3INyuHbIe
anre0panvecKue ornepalny npu padbore co
CTETICHSIMH C PAllMOHAIBHBIM MOKa3aTeleM.
CBolicTBa CTENIEHHU C JICUCTBUTEIIBHBIM
MoKa3areyieM

CBOMCTBO YMHOKCHHS CTETIEHU C
JIEHCTBUTEIILHBIM TTOKa3aTeIIeM

Ecnu y Hac ecTp 4mcIio a, BO3BEICHHOE B
CTENEeHb M, ¥ YKUCJIO a, BO3BEJICHHOE B
CTENEeHb N, TO UX MPOU3BEICHHE OyAET PaBHO
YHUCIY a, BO3BEJICHHOMY B cTeneHb m + n. To
eCTh:

a™m *a™n =a"(m +n)

CBOMCTBO JICJICHUS CTEIICHU C
JIEHCTBUTEIILHBIM TTOKa3aTelIeM

Ecnm y Hac ecTh 9mMCIO a, BO3BEICHHOE B
CTETNEeHb M, ¥ YKUCJIO a, BO3BEJICHHOE B
CTENEeHb N, TO UX YACTHOE OyAET paBHO YUCITY
a, BO3BEJICHHOMY B cTeneHb m — n. To ecTh:
a’*m/a”n =a”(m-n)
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CBOICTBO BO3BEIEHUS CTEIIEHU B CTEIEHD C
IENCTBUTEIBHEBIM IIOKA3aTEIEM

Ecnm y Hac ecTh 4unciio a, BO3BEIEHHOE B
CTETICHb M, ¥ MBI BO3BOJIUM 3TO BBIPAKCHHE B
CTENEeHb N, TO PE3YJIbTAT OyIeT paBEH YUCITY
a, BO3BEJICHHOMY B cTenieHb m * n. To ecTh:
(@m)*n =a(m * n)

CBOWCTBO OTpHIIATEIHHON CTETICHU C
JIEMCTBUTEIBHBIM ITI0KA3aTelIEM

Ecau y Hac ectp 4ncIio a, BO3BEJICHHOE B
OTPHUIIATEIILHYIO CTEMEHb N, TO PE3YJIbTAT
OyZeT paBeH OOpaTHOMY YHCITY a,
BO3BEJICHHOMY B ITOJIOXKHUTEIBHYIO CTETICHb N.
To ecTb:

ar(-n)=1/a™n

CBOMCTBO CTEIICHH ¢ ITokasareiieM (

JIro6oe uncno, KpoMme HyJis, BO3BECHHOE B
crenens 0, Oyner pasHo 1. To ecTs:
a0=1,tnea#0

CBOICTBO CTENEHM ¢ IMoKa3aTrejieM 1

JIro60e uuciio, BO3BEACHHOE B CTECIICHD 1,
OyzeT paBHO caMOoMy 4HciTy. To ecTs:

aM =a

DT CBOMCTBA MO3BOJISIIOT YIPOCTUTH
BBIUMCIICHHSI U TIPUMCHSITh Pa3IMYHbIC
anreOpanvecKre ornepaluy npu padbore co
CTEIEHSIMH C JIEHCTBUTEIHLHBIM ITOKA3aTEIEM.
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Pemenue nmokasarenbHbIX ypaBHEHUN U
HEpPABEHCTB

[TokazaTenbHBIMM HA3bIBAIOTCS YPABHEHUS, B
KOTOpBIX HCEU3BCCTHAs HCpCMeHHaH
HaXOJHUTCSA TOJIBKO B MOKA3aTENIAX KaKUX-T100
CTEIEHEN.

Jost pelIeHus MoKa3aTeIbHbIX
ypaBHEHUU TpeOyeTcss 3HaTh U YMETh
UCIIOJIB30BaTh  CIEAYIOIIYIO  HECJIOKHYIO
TEOPEMY:

Teopema 1. IlokazarenbHoe
ypaBHCHHE af® = g9k (rnea>0,a#1)
paBHOCHIIbHO ypaBHeHHO f(X) = g(X).

ITomumo 9TOTIO, IIOJIC3HO IIOMHHUTDB 00
OCHOBHBIX (opMynax ¥ JEUCTBHSIX CO
CTCIICHSAMMU.:

a>0b>0:
a?=1,1"=1:

ax = Vak (ke Z, neN);

ar = a Y

(a®)¥ = a®;

a® . bT = (ab)":
{
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[Tpumep 1. Pemnte ypaBHeHuUe:
2r+1
27 _5.2° — 88 =0.
Pemenue: ucronp3yeM IpHUBEACHHBIC BHIIIE
(hopMyJIBI M TTOJICTAHOBKY:
t =27,
YpaBHeHHE TOTIa IPUHUMAET BUJIL:
2
2t — 5t — 88 = 0.
JIMCKpUMHUHAHT MOJYy4€HHOTO KBaJJpaTHOT'O
YpPaBHEHHUSI MTOJIOKUTEIICH:

D=0 —dac=5%—-41-2-(—88) =
910 03HA4acT, 4YTO JaHHOC YPaBHCHUE UMCCT
JBa KopHs. Haxonum ux:

—heT —(—5)++/T720
tr = bzavri == rz}-zv_h_ =8,
ty = VD = DBV 55,
[Tepexons k 0OpaTHOM MOACTAHOBKE,
MOTyYaeM:
2T = 8§,
2% = =55,

Bropoe ypaBHeHUEe KOpHEH He UMeEeT,
MOCKOJIbKY TIOKa3aTenbHast (PyHKIUS CTPOTO
MIOJIO’KUTEIIbHA Ha BCel 00J1acTH
onpeneneHus. Pemaem Bropoe:

2T =8 & 27 =23
C ydyeToM cka3zaHHOro B Teopeme 1
MEPEXO/IUM K SKBUBAICHTHOMY
ypaBHEHMIO: X = 3. DT0 U Oy/eT SABJIATHCS
OTBETOM K 33JJaHUIO.
OtBer: X = 3.
[Ipumep 2. Pemmre ypaBHeHUE:

1\ 3= 1
ge—1 _ ( —) _ 207.
3 Vo= T

Pemenue: orpannyenuii Ha o0nacTb
JIONYCTUMBIX 3HAUEHUH Yy ypaBHEHHsI HET, TaK
KaK TOJKOPEHHOE BBIPAKEHHE MMEET CMBICI
npu  Jo00M  3HaueHHHM X (IoKas3aTesbHas
dyskmus y = 9** monoxkurensHa u He paBHA
HYJIIO).

Pemraem ypaBHeHHWE ITyTeM paBHOCHIIBHBIX
peoOpa3oBaHUil C UCIOJIb30BAaHUEM IpaBHUII
YMHOXKEHUS U JICTICHHS CTeTICHEH:

3Fl 3 = 38 4 907 =
o 33—11_ 331—3 _133—‘1 =207 &
#33-5220?#?:36#3::6.

IMocnennuii mepexon OBLT OCYIIECTBIEH B
COOTBETCTBHUU C TEOpEMOH 1.
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OtBer: X = 6.
[Ipumep 3. Pemure ypaBHEeHUE:
Iy 1N

4 5

Pemienue: 06e yacTh HCXOIHOTO ypaBHEHUS
MOXHO Tojenuth Ha 0,2%. JlaHHBINA mepexon
OyIeT SBISITHCS PAaBHOCWIBHBIM, MOCKOIBKY
9TO BBIp@XECHHE OOJIbIIE HYJS TPHU JTHOOOM
3HaueHUH X (MOKa3aTenbHass QYHKIHS CTPOTO

[IOJIOKUTEIbHA Ha CcBOEH o0macTu
onpexaeneHus). Torna ypaBHeHHE MPUHUMACT
BUI:

5 o

Z =lexr=10
Otser: X = 0.

[Ipumep 4. Pemre ypaBHeHUE:

3% .72 = 49 . 47,

Pemenue: ynpomaem ypaBHEHHE bi (0]
AJIEMEHTAPHOTO MyTeM  PaBHOCHJIbHBIX
npeoOpa3zoBaHuii c MCIIOJIb30BAaHUEM

IIPUBCACHHLIX B Ha4aJ€ CTAaTbU IIPABHII
ACJICHUA U YMHOXCHUSA CTCIICHCH:

49-3°-77 =49 -4" &
2" =4" & "y =1l ax=0.

Jlenenne obenx 4yacTeil ypaBHeHHUS Ha 4%, Kak
U B TpeAblAyllleM [pumepe, SBISETCA
PaBHOCHJIbHBIM peoOpa3oBaHUEM,
IIOCKOJIBKY [JaHHOE BBIPQKEHUE HE pPaBHO
HYJIIO HA TP KaKUX 3HAYEHHSIX X.

OtBer: X = 0.

[Ipumep 5. Pemnre ypaBHEHUE:

3= —x— <.

3

Pemenue: ¢pynkims y = 3%, crosimas B JeBoit
YacTH ypaBHEHUS, SBJSIETCS BO3PAaCTAIOILEH.
Oyukuusa Yy = —X-2/3, crosiias B MpaBoii
YacTH YpaBHEHUS, BIseTCs yObIBatole. 1o
03HA4YaeT, YTO €ClIU TpaduKU ITUX (YHKIHMA
NepeceKaroTcs, ToO He Ooyee yeM B OJHOMU
Touke. B nmaHHOM cinyyae  HETpPYyIHO
JorajiaTbCsl, 4To rpaduKyd IepeceKkaroTcs B
Touke X = -1. JI[pyrux xopHeit He OyeT.
Otser: X = -1.

[Ipumep 6. Pemnre ypaBHEHUE:

18 —8-67"—-9-27 =0.
Pewrenne: ynpomaeM — ypaBHEHHE — IIyTEM
PaBHOCWJIBHBIX ITPeoOpa3oBaHuil, UMesI B BUILY
Be3/le, YTO MOKa3aTelbHas (YHKIUS CTPOTo
Oosble HYJIs pu TH060M
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3HAYCHUU X U HCIIOJB3YSI npaBuia
BbBIYUCIICHUSA MPOU3BCACHUA u qaCTHOT'O
CTETICHEH, PUBEJICHHBIC B HAYaAJIe CTAThU:
2°.37 _8.2°.37-0.2=0%

2°(3* -8.3"-9) =0«

2% = (), 3 =9,

{ 3 8.3t —9=0 { gro-1 ©T=2

OtBet: X = 2.
Penienune mokaszarebHBIX HEPABCHCTB
Tloka3zaTenbHBIMHU HA3EIBAIOTCS HCPAaBCHCTBA,
B KOTOPBIX  HEW3BECTHAs  IIEpEMCHHAas
COJICPKHUTCS TOJIBKO B MOKA3aTeNAX KaKUX-
100 CTETICHEH.
Hns pEeLIECHHS TOKA3aTEIbHBIX
HEPaBEHCTB TPeOyeTCs 3HAHUE CIICAYIOIICH
TEOPEMBI:

Teopema 2. Eciiu a > 1, To

HepaseHcTBo @' > a9 papHOCHIIBHO
HEPaBEHCTBY TOro ke cMbicia: f(X)

> g(X). Eciu 0 < a < 1, To mokasareabHOe
HepaBeHcTBO @' > a9 papHOCHIIBHO
HEPaBCHCTBY MPOTUBOIOIOKHOTO
cmeicia: f(X) < g(x).

IIpumep 7. Pemute HEpaBEHCTRO:

16% — 2. 127 < 32+,
Pemenue: npencraBum HCXOIHOE
HEPaBEHCTBO B BUJIE:

47 _2.47.3" - 3.3 0.
Paznenum 00e ywacTu 3TOro HepaBEeHCTBa Ha
3 npm >ToM (B CHIy MOJOKHTETLHOCTH
dynxiuuy = 3%) 3Hak HepaBeHCTBAa He
I/ISMCHI/ITCS{IE

AN\ 4\
- _92.(Z2) —_3<0.
5 2 3 3<0

Bocnonb3yemcst noacTaHOBKOM:

SoE

Torna HEpaBEHCTBO MPUMET BU:

t2 -2t -3 <0,

h, 10 I,
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Wrak, pemeHreM HepaBeHCTBA  SIBISETCS
IIPOMEXKYTOK:

~1<t<3,
nepexons K OOpaTHOM  IOACTAaHOBKE,
HOJTy4aeM:

—1< 3 < 3.
JleBoe HEpaBEHCTBA B CHITY MOJIOKUTEITHHOCTH
MOKA3aTeIbHOH  (DYHKIIMM  BBIIOJHACTCS
aBTOMATHYECKH. Bocmonb3oBaBmucs
W3BECTHBIM CBOICTBOM norapudma,
MePEXOIUM K SKBUBAICHTHOMY HEPaBEHCTBY:

T logg 3

4 4 T

) <« 2

3 ~ 3
[TockonbKy B OCHOBAaHUHM CTENEHH CTOWT
YUCIIO, OOJIbIIEE EOUHHIBI, DKBHBAJICHTHBLIM
(o Teopeme 2) OyaeT nepexo/l K CIeayIoIeMy
HEPaBCHCTBY:

T < lﬂg% 3.

Hrak, okOHUATEIHHO MOTy4aeM OTBET:

T E (—m;lﬂg% 3].
[Ipumep 8. Pemure HepaBeHCTBO:

7 — 30

—— < —14.

71 1 1
Pemenwue: ucmonb3ys CBOMCTBA YMHOXKCHHS U
JIeJIeHUs] CTETNeHeH, MepenuiieM HepaBeHCTBO

B BUJIC: ? 30
—— < -14.
Lo 41
BBeneMm HOBYIO ITEPEMEHHYIO:
t="7".

C Y4eTOM 3TON MOACTaHOBKH HEPaBCHCTBO
MNPUHUMACT BU:

1 — 30

1

7" t+1
VMHOKUM YHCIIUTENs U 3HAMEHATENb JAPOOH
Ha 7, MOJyYaeM CJeayrollee paBHOCHIBHOE

+l4< 0=

HepaBeHc'}Bo: 910
T —
—+ 14 <0s
tr7
211‘.—112{ %31‘.—16 <0
t+7 t+7 T
I/ITaI_C: i Hepa]_BeHCTBy YAOBJICTBOPSAIOT

CJIeYIONNE 3HAUYCHUSI IEPEMEHHON {:
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16

~T<t< S
Torma, mepexons kK OOpaTHOW TOJICTaHOBKE,
MOJTy4YaeM:
16
—T<T7T <L 7

16
?v.r g ?Iog-r EM
ITockobKy OCHOBAaHHE CTEIICHH 3/16Ch OOJIBIIIe
€IMHUIIBI, PABHOCHIBHBIM (IO Teopeme 2)
OyZeT rmepexoj K HepaBEHCTBY:

T < log, 3

OKOHYATEIBHO moJryqacM OTBCT:

16
r € | —oo;log, —

3

[Tpumep 9. Pemnite HEpaBEeHCTBO:

92x°—6z+3 n gz’ —3z+1 _ 92z°—62+3 -

Pemenue:

9 . 92w —6z+2 n gz’ —3z+1  qr’-3z+1 |

Henum  o0e 4yacTh  HepaBeHCTBAa  Ha

Bpra)KeHI/IeZ
92z 2 _fra2

Ono  Bcerma  Oonbme  Hyna  (u3-3a
MIOJIOKUTEIBHOCTHU TIOKAa3aTeNIbHON (PYHKIIMH),
MO3TOMY 3HAaK HEPaBEHCTBA HW3MEHATh HeE
HyxHO. [lony4aem:

222 —6z+2 z2-3z+1
2 2
2.2 = -3 =0

Bocnonb3yeMcst 3aMeHOM IEPEMEHHOM :

9 r2—3z+1
t=[2
3

HcxonHoe ypaBHEHHE TOTJa TPUHUMAET BUI:
2

2004+t -3 =20.

\\ .
\
(4]
E
2
-2 -1 1 2
-2
. —_—
—4 -2 0 2
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Urak, HEPaBEHCTBY YIOBJIETBOPSIIOT
3HA4YEHHUS t, HAXOASAIIMECS B IPOMEKYTKE:

2

Ilepexomss Kk 0oOpaTHOW  MOJCTAaHOBKE
MOJy4aeM, 4YTO HCXOJHOC HEPaBEHCTBO
pacnaaeTcsi Ha JiBa CIyJas:

t e (—cc-; —E] U [1; 400).

2 r2_3r+1 - 3
(El 3‘2—3:‘—r z
(5) > 1

[lepBoe HEpaBEHCTBO pEUICHUM HE HUMEET B
CHWIIy  TIOJIOKUTEJIBHOCTH  IOKa3aTeJbHOU
¢byukuu. Pemmaem BTopoe:

2 r2_3r+1 9 r2_3r+1
— =z1le |- =
- -
3 3
[TockonbKy OCHOBaHHE CTENCHH B JIaHHOM
Cllydae OKa3aJloCh MEHbBIIE CIUHUIIBI, HO
00JIbIIIe HYJIS, PABHOCUIIBHBIM (IO TeOpeMe 2)
OyzeT mepexos K CIeAYIOIIeMy HEPaBEHCTRY:
2 —3r+1<0.
\ /

y 3
\ /

\ /

- &

0.5 1.0 1.5 2.0 2.5
Htak, okoHUYaTeIIbHBINA OTBET:

3—V5 3+V5
2 2 |

ITpumep 10. Pemnte HEpaBEHCTBO:
2 z?—2z+42
20 +2—x2° =23 i
Pemenue:
BerBu mapaGonbl Y =  2X+2-X2 HaNpaBIeHbl
BHHU3, CJIEIOBATEIbHO OHA OTPaHHuYEHa CBEPXY

3HAUEHUEM, KOTOPOE OHA JOCTUIaeT B CBOEH
BEpIIHHE:

= ——=1, 3y = 3.
£t % Yt

BetrBu mapaboinbl Y = X2-2x+2, CTOSIIEH B
MoKazareJse, HalmpaBJieHbl BBEPX, 3HAYUT OHA
OTpaHUYE€HA CHHU3Y 3HAYEHUEM, KOTOPOE OHa
JIOCTUTAET B CBOEH BEPIIMHE:

181



https://yourtutor.info/wp-content/uploads/2012/02/MSP45251a04i4if2b91f8ad000023hbdahf057d79a4.gif
https://yourtutor.info/wp-content/uploads/2012/02/MSP35611a04i8i244g179ef00003fa1i5074990i44a.gif

BMmecte ¢ 3TUM  OrpaHUYEHHOM CHHU3Y
okasbiBaeTca M Qynkius Y = 342*2 crosmas
B IpaBoil yactu ypaBHeHHs. OHa JOCTUraeT
CBOETO HAMMEHBIIETO 3HAYCHHS B TOH ke
TOYKe, 4YTO M mapabona, crosmas B
nokasatejie, M 9TO 3HadeHWe pasHo 3!= 3.
Wrak, wucxomHoe  HEPAaBEHCTBO  MOXKET
0Ka3aTbCs BEPHBIM TOJIBKO B TOM CIIydae, €CIIN
¢byHkumst cmeBa W (QYHKOMS — CIIpaBa
MPUHUMAIOT B OJHOI TOYKE 3HaYCHUE, PAaBHOE
3 (mepeceueHueM oOJacTel 3HAYCHUH STUX
(GyHKIMN SBISETCS TOJBKO 3TO YHCIO). ITO
YCIIOBUE  BBINIONHSAETCS B  €IUHCTBEHHOMN
Touke X = 1.

OtBet: X = 1.
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Jlorapudwm. [TpaBuna geiicTBuii ¢
norapudmamu

s
1

a>=0azxlb>=0:a"=be=c=logb

To ectb, norapum MOKa3bIBACT: B KAKYIO

CTEeTeHb HE0OX0IMMO BO3BECTH OCHOBAHUE
a

norapudma (), YTOOBI MOTYUUIIOCH

1

b
noorapudmuueckoe BoipaxkeHue ().
PaccmoTrpumM npocreiimme npuMepsl
BBIYMCIICHUS JIOTapU(PMOB:

il = - =
1) tog,4 E,TaK KaK > .
2) tog;81 4, Tak kak > o,
| = o=
3) togel G,TaK xax © L

o |

4)3‘35'-'[5'[:1‘2 = 71 rak kax GJE.
Oco06ble BUIBI TOrapu(pmMoB

Cy1iecTByeT /iBa CrieIHaIbHBIX BUJIA
norapu(MoB: JECATHUHBIN U HaTypaIbHBIN.
JecsTuunblii Jorapudm — 370 JIorapudm c
ocHoBanueM 10. OH 0603HayaeTcs

log,,b = lgb
clenyrmuM o0pa3om: F10 g2
Harypanbnslit norapudm — 3to gorapudm ¢

~ 2,7

e &
ocHoBaHUEM - ( ). OH ob6o3HavaeTcs

log.b=Inb
CJIEIYIOIIUM 00pa3oM: o .

OCHOBHOE JIOTapU(MHYECKOE TOKIECTBO
Hcxons u3 onpeneneHus

c — 1 — 1
a*=be=c=log,b
aorapudpma 92" perxo

IIOJIYYUTh CIIEIYIOIIEE CBOMCTBO, KOTOPOE
Ha3bIBAETCS] OCHOBHBIM JIOTapU(PMHUUECKUM
TOKJAECTBOM. JlJIs1 TOr0 JOCTaTOYHO
MOJICTaBUTh BTOPYIO (pOopMyITy B IepByio. B

) ﬂ{og:b =k
PE3YIBTATEC MMOJIyJacCM: .
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https://interneturok.ru/lesson/algebra/11-klass/bzadachi-iz-egeb/urok-3-logarifm-svoystva-logarifmov-vyrazheniya-s-logarifmami-teoriya?ysclid=lqo0a6wkvx514794668#mediaplayer
https://interneturok.ru/lesson/algebra/11-klass/bzadachi-iz-egeb/urok-3-logarifm-svoystva-logarifmov-vyrazheniya-s-logarifmami-teoriya?ysclid=lqo0a6wkvx514794668#mediaplayer

3TO0 BBIpaKEHUE HA3bIBACTCSI OCHOBHBIM
JOrapu(PpMHUECKUM TOKIECTBOM.
CoiictBa JiorapudmoB
Hagaiite chopmynupyem emié
HECKOJIbKO OCHOBHBIX CBOHMCTB JIorapudMoB (
a>=0a=1;bec> 'D)
log.a=1 al =a

1) 9% (T.K.

P
), log,1=10 (ta” =1).

2) log, b+ log.c =log, bc

I::T_K_ng:u—mgac = gledab . qlogat = L~ = glog

] L1 =] b
log,b —log,c = log, -

3)

) 1
log b=

4) logpa

I::T.K.alog:u-logac — (ﬂlogau]mgac = ploges = 4 -

5) ®opmyia nepexoaa K HOBOMY

log:b
log.b=—2c=1

7 ¥
OCHOBAHHIO: g
_ logegh

(LK. glogea = glogcbiogac — (alogacjmgru =h=

- 1
6) log b¥ =p-log.b (T.K.
ﬂ_'_'n-.'ogab — Eﬂ{ogab)_ﬂ =} = ﬂ.'ogab-‘
log ebh =2 log. |
log a4 = - log. o (
: T.K.
q

loggt — (H:Dg:b)é = ha = gledaeb

)
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Pemenue norapupmMudeckux ypaBHeHUN U
HEPaBEHCTB

Teopema 1. Eciu f(x) > 0 u g(x) > 0, To
norapupmuueckoe ypaBHenue log a f(X) =
loga g(x) (rne a >0, a # 1) paBHOCHUIIBHO
ypasuenwuio f(X) = g(x).

Pemenune norapupmMuyeckux ypaBHEHUH U
HEpaBEHCTB

IIpumep 1. Pemmre ypaBHEeHHE:

lg(2? — 6) = 1g(8 + bx).

Pemenue. B o6nacte J0MycTUMBIX 3HaYeHUH
BXOJIAT  TOJBKO T€X, TMpPU  KOTOPBIX
BBIDAKEHUE, HaXOAsIEecs IOJ  3HAKOM
norapudma, Ooipiie HyJs. OTH 3HAYCHUS
OIIPEENAIOTCS clenyouen CUCTEMON
HEPaBEHCTB:

at—6 >0, x? > 6,
— —
B+bx =0 r>—106.
r € (—o0;—V6) U (V6; +0),
re(—1,6;+00).

C y4eToM TOoro, 4To



https://interneturok.ru/lesson/algebra/11-klass/bzadachi-iz-egeb/urok-3-logarifm-svoystva-logarifmov-vyrazheniya-s-logarifmami-teoriya?ysclid=lqo0a6wkvx514794668#mediaplayer

—1,6 = —/2,56 > —/6,

MOJIy4aeM  MPOMEXYTOK,  OIMPEACIISIOIINI
00JacTh JIOMYCTUMBIX 3HAYCHHWH JTaHHOTO
Jorapu(pMUIECKOT0 YPaBHCHHUS
r € (V6; +00).
Ha ocHoBanumm Tteopembl 1, Bce yCIOBHS
KOTOPOW 3]1eCh BBITIOJIHEHBI, MEPEXOJAUM K
CIIeIYIONIEMY PaBHOCHUJIILHOMY
KBaJpaTUYHOMY YPaBHEHHUIO:
2’ —6=84+brea’-_tr—14=0=
ry =17, 19 = —2.
B o0nacTe D0mMyCTUMBIX 3HAYE€HUW BXOIUT
TOJIBKO IEPBBIN KOPEHb.
OtBeT: X = 7.
[Ipumep 2. Pemre ypaBHeHUE:
logy o (—a* + 4z + 5) = logy 5(—x — 31).

Pemenune. O6nacTp JOMYCTHMBIX 3HAYCHHUN

ypaBHeHI/I}I Ol'[peI[eJ'ISIeTC}I CI/ICTCMOf/i
HEPABEHCTB:
—2? 4 5> 0, 1<z <h,
=
—x—31>10 r < —31.

OueBuaHO, YTO  OTH  J1Ba  YCJIOBHUS
npoTuBopeyar Ipyr apyry. To ectb HeT HU
OJTHOTO TAKOTO 3HAYCHHS X, IMPH KOTOPOM
OJTHOBPEMEHHO  BBINOJIHIMCH  Obl  00a
HEpaBEeHCTBA. Ob6nactb JOMYCTUMBIX
3HaYeHUH ypaBHEHMs SBISETCS IyCThIM
MHOXKECTBOM, a 3HAYUT PEIICHWH y JaHHOTO
JOrapu(pMHUECKOTO YpPaBHEHUS HET.
OTBeT: KOpHEH HeT.
OOparuTe BHUMaHME, YTO B 3TOM 33J]aHUH HaM
BooOlIe HE TMPUIUIOCh HCKaTh KOPHU
YpaBHEHMSL. JlocTatouHo 0Ka3aJlioch
OTIPENIeNIUTh, YTO €ro OOJIACTh JOIYCTHMBIX
3HaYeHUH HE  COAEPKUT HU  OJHOTO
NEUCTBUTEILHO 4YHCjiIa. OTO OJHO U3
INPEUMYIIECTB TaKOM IMOCJIeI0BaTEIbHOCTH
pemeHust JIorapu(pMHUYECKUX YpaBHEHHHA H
HEpaBEHCTB (HAYMHATh C  OINpEAEICHUs
00JTaCTH OMTyCTUMBIX 3HAYCHUN YpaBHEHUS, a
3aTeM pemaTh €ro MyTeM pPaBHOCUIIBHBIX
npeoOpa3oBaHMiA).
[Ipumer 3. Pemute ypaBHEeHUE:
310g21 x+dlogrx —2=10.
3 2
Pemenne. O6macte OMYCTUMBIX 3HAUYEHUN
ypaBHEHHUS onpeensieTcs 31ech jerko: X > 0.
Hcnonp3yeM MoACTaHOBKY:

t = log L
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YpaBHeHHE IPUHUMAET BU/I:

ty =1,
3 15t 2=0s | '
tp = —2.
OOpaTHas MOJICTaHOBKA:
l & L = rl = 1
logix = -2 r=4.

2

O06a oTBeTa BXOIAT B 00J7acTh IOIYCTHMBIX
3HAUEHUN ypaBHEHUS, MOCKOJIbKY SIBISIFOTCS
10JIOKUTETIbHBIMU YHCIIAMHU.
[Ipumep 4. Pemnte ypaBHEeHUE:

logp 4(z + 2) + logy 4(x + 3) = logg 4(1 — x).
Pemienue. BHOBb ~ HayHemM  pemieHue €
orpezeneHus: 00JIaCTH TOMYCTUMbBIX 3HAUYECHUI
ypaBHeHusa. OHa omnpenensercs cleayrouei
CUCTEMOMN HEPaBEHCTB:

r+2 >0, r > =2,
r+3>0, ©qxr>-3 exc(-2;1)
1—x>0 xr <1

Bocnonp30BaBIIMCE  IPABUIOM  CIIOKEHUS
J0rapu(pmMoB, NEPEXOAUM K PaBHOCUIBHOMY B
00JacTy JOIYCTUMBIX 3HAUEHUN ypaBHEHUIO:
logy 4(x + 2)(x + 3) = logpy4(1 — ) =
OcHoBaHus JorapugpmMoB OJINHAKOBBI,
MI03TOMY B OOJIACTH JOMYCTUMBIX 3HAYEHUH
MO>KHO NEPENTH K CIIETYIOIIEMY KBaIpaTHOMY
YPaBHEHHUIO:
(2+3)E+3)=0-%)ss,+er+2=0%

r1 = —9,

ro = —1.
[lepBrlii KOpeHb HE BXOAUT B 00JIaCTh
JOTIYCTUMBIX 3HAYEHUH ypaBHEHUS, BTOPOU —
BXOJIUT.
Otser: X = -1.
[Ipumep 5. Pemnre ypaBHEHHeE:

o8 = 81,

Pemenue. bynem  uckarp  pemieHuss B
mpomexytke X > 0, x#1.  IIpeobpazyem

ypaBHEHHE K PaBHOCUIBHOMY:
1
Ilﬂg;g ro_ Tlﬂgrﬁl = :1".1'333 T _ o Toggr e

loggx = 2, r=209,

1

2 /
logsgz =4« logy & = —2 s=1
ga T = = 3.

O06a oTBeTa BXOIAT B 00J7acTh JOIMYCTHMBIX
3HA4YECHHUI YpaBHEHUS.
[Ipumep 6. Pemmte ypaBHEeHHE:

logy(x + 12) - log,. 2 = 1.
Pemenue. Cucrema HEPaBEHCTB,

OIpeIeIAoImas o0nacTp JOMYCTUMBIX
3HaUEHUH ypaBHEHMsI, UMEET Ha 3TOT pa3 BUJ:

185




r+12 >0,

T =0, Sa>0,x#1.
r#F1
Ucnonb3ys CBOICTBa norapudma,

npeobpazyeM ypaBHEHHE K PaBHOCUILHOMY B
00JIaCTH TOTTYCTUMBIX 3HAYCHUN YPAaBHEHHUIO:

logy (x + 12) _q

2logy x
Ucnone3ys ¢dopmyrny mnepexoga K HOBOMY
OCHOBaHHUIO jorapudma, mojaydaem:
- _ 2 _ xr1 = 4,
logy(z +12) =25 a% 2~ 12=0 & { Y

B o0macte AOMyCTHMBIX 3HAYCHHUN BXOJUT
TOJIBKO OJMH OTBET: X = 4,

[lepeiinem  Temepp K JIorapu(MUYECKUM
HEpPaBEHCTBaM. JTO KakK pa3 TO, C 4YeM BaM
npuaeTcs UMeTh jeno Ha EI'D mo maremaruke.
Jns pemieHus JajdbHEUIIMX MPUMEPOB HaM
noTpeOyeTcs clieyronias Teopema:

Teopema 2. Eciu f(x) > 0 u g(x) > 0, To:
npu a > 1 morapuMUIecKoe HEPaBEeHCTBO
log a f(X) > log a g(x) paBHOCHIIBHO
HepaBeHCTBY Toro e cmbicia: f(X) > g(X);
npu 0 < a < 1 norapudmuyeckoe
HepaBeHCTBO log a f(X) > log a g(X)
PaBHOCHUJIBHO HEPABCHCTBY
MPOTUBOMONIOKHOTO cMbicia: T(X) < g(x).

[Tpumep 7. Pemute HepaBEHCTBO:
logg 5(22 + = — 6) > logy 5 (x + 4).

Pemenne. Haunem ¢ ompenenenus oOnactu

JIOMYCTUMBIX 3Ha4YeHU i HEpaBEHCTBA.
Breipakenne,  crosmiee = TOJ  3HAKOM
JorapupmMuyecKon byHKIHY, JOJKHO
MPUHUMATD TOJILKO TIOJIOKHUTETTHLHBIE
3Ha4YeHUs. DTO 3HAYMT, YTO MCKOMas 00IacTh
JIOTTyCTUMBIX 3HaYCHUH OIIpeIeTISIeTCS
ClIeAYIOIIeH CHCTeMON HEepaBEHCTB:
L4 q>0 5> =

sytE—e >0 T\me o3 n (s oo
e rec(—4;-3)U(2;400).
Tak kak B OCHOBaHMHM Jorapudma CTOUT
YHCII0, MEHBIIIEE €MHUIIBI, COOTBETCTBYIOIIAS
JorapupmMuyecKas byHKIHSA Oyner
yOBIBafOIeii, a TOTOMY PaBHOCHIIBHBIM TIO
TeopeMe 2 OyJeT mepexoa K CleaylolieMy
KBaJ[paTHYHOMY HEPaBEHCTBY:
Pirr_b<r+dert< 1D¢>:re[—\/ﬁ:\/ﬁ].

OkoHUaTeNbHO, c y4eTOM obmactu
JIONTYCTUMBIX 3HAYSHUH NOJTy4aeM OTBET:
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x € [-V10; =3) U (2 V10].

[Ipumep 8. Pemnre HepaBEeHCTBO:

_oyll
11 - logg (22 — 122 + 27) < 12 + log, %
T —

Pemenne. BHOBb HauHeM C  OIpeAcIICHUs
00J1aCTH IOMYCTUMBIX 3HAUCHUMN:
{:1".2 — 122 427 > 0,

[ERIE & x € (—o0;3) U (9;400).
r—3

Ha wMHOXecTBe AOMYCTHUMBIX 3HAYECHUH
HEpaBEHCTBA MPOBOJIUM  PaBHOCHJIbHbBIC
npeoOpa3oBaHUS:

( _)ll
11 -logg(z — 9)(x — 3) — logg

T=3
(T— _9)11

r—3

<12

logg [(x — 9)M(z — 3)!] — logg

[T- _ 3}12(:{: _ 9)11
(x -9
[Tocxe COKpalliCeHuA nu rnepexoaa K
PaBHOCHMIILHOMY O TeopeMe 2 HEepPaBEHCTBY

noJrydyacem:
(-3 <9 e 9<r—3<9e xe[-6;12].

<12

< logg 912,

logg

C yderom o0NacTH JOMYCTUMBIX 3HAYCHUN
I10JIy4aeM OKOHYATEJIbHBII OTBET:

xr e [—6;3)U(9;12].
ITpumep 9. Pemute JorapuMuIecKoe
HEPaBEHCTBO:

log, . (2 + 322 + 22) < 2.

Pemenne. O6macte OMYCTUMBIX 3HAUYEHUN
HEpaBEHCTBA  OMNpejeisiercs  CleAylomen
CHUCTEMOM:

r+1>0,

x+1#1, < x e (0;400).

xlx+1)(x+2) >0
Bunno, yTo B 0071aCTH TOMYCTUMBIX 3HAYCHUN
BBIpQ)XEHUE,  CTOsAIEE B  OCHOBAHHU
jgorapudma, Bcerza OoJbllle €IUHMIBI, a
MIOTOMY PaBHOCWJIBHBIM IO TeopeMe 2 Oyner
Nepexo K ceyloleMy HepaBeHCTBY:

:1“.3+3:r.2+2:r.<:1“.2+2:r.+1<i>:r.3+2:r.2—1<D¢>
(x+ D) +r-1) <0

rE (—oc-;—l +2\/5) U (—1; \/32_ 1) .

C yueroM o0nacTu AOMYCTUMBIX 3HAYEHUI
I10JIy4a€M OKOHYATEJIbHBIN OTBET:

T e (D: V/SQ_I).

ITpumep 10. Pemnte HEpaBEeHCTBO:

187




2logy(2? — 4x)
2

logq @
Pemrenue.

OO6nacTh JOMYCTUMBIX 3HAYEHUI HEPaBEHCTBA
OIIPEACIIAETCS CHCTEMON HEPABEHCTB!

2 —dx > 0,
22 =0, sa e (—oo;—1)U(=1:0)U (4 +00).
w2 #1

I cnioco0. Bocronb3yemcst dbopmyroit

nepexojia K HOBOMY OCHOBaHHMIO Jiorapudma u
nepeiieM K pPaBHOCUJIBHOMY B 005acTH
JOITYCTUMBIX 3HaquHﬁ HepaBeHCTBy:

l:::nmzl[ —4z)? < 1.
HepaBenctBo OynmeT paBHOCHUIIBHO —JIBYM
cucremam. IlepBoii:

z € (-1;0), - € (—1:0),
(2% — 42)% = 22 ( =b8)(x—-3)=0
€ (—10).

U BTOpOIi:

T e (—oo;—1) U (4 +0o0), ore ]
22z - B)(x—-3) <0 o

Wrak, OKOHYATEIIHLHBIN OTBET:

€ (—1;0) U (4;5].
I cnoco6. Permaem MeTo0M  HHTEPBAJIOB.
[Ipeobpa3yeM HEPaBEHCTBO K BUTY:

anl e _ oo 12
2 loga(x -l:r.}2 logq <0

logq

BriuteMm u3 3HameHarens 1053 1 3TO HHUYECro
loga 1= 0.
2

HC UBMCHHUT, IIOCKOJIBKY
1:::g3|[:1“.2 — il:r.]l2 — logg x

< 0
logs 12 — logg 1 h

C Y4eTOM TOTO, 4TO
BBIPOKEHUSI logs f—logz g, f —g_

OIHOTO 3HaKa IIpH fr9>0.5 onacru
A0IMYCTHUMBIX 3Ha4YCHUHU UMECT MECTO
CIIELYFOIIMI PABHOCHIILHBIN TIEPEXOI:

I[:r.2 — il:r.]l2 _ x?

< 0e

(2 — 51}{12_31)
22 — 1

< 0.

L ——

-1 0 1 2 3 4 5
MHOXECTBO pCH_IeHI/Iﬁ JaHHOTI'O HCPAaBCHCTBA
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https://yourtutor.info/wp-content/uploads/2012/02/MSP12521a194ed409ea775600002b2fici3d132i6ic.gif

. » B
Urak, € {_11 1} U [31 ‘J]'- a C Yy4eroM
00JIacTH JONYCTHMBIX 3HAUEHHUH TOIydaeMm
. A B
TOT K€ PE3yIbTaT: T € '[_1' U} U [—l, ‘J]-
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IMocnenoarenbHOCTh. CIOCOOBI 3a1aHUS U
CBOMCTBA YUCIIOBBIX MOCJIEI0BATENBHOCTEN

YucnoBas mociea0BaTeIbHOCTh — 3TO
qucIoBas QyHKIUS (f ), KOTOpas omnpe/eacHa

Ha MHOKECTBE HATYpaIbHbIX YUCEN (N)
OO0nacThIO OMpeeIeHUs IBISCTCS

MHO>KECTBO HAaTypajbHBIX YHCEN ("'Ilir ).
O0603Ha4aI0T YICHBI TOCIEI0BATEILHOCTH
TakK:

= F(D). 3, = F(2). 33 = £(3)

Y= F(m)

YucnoBast OCIeI0BATENLHOCTD — 3TO
qacTHBIN ciydait pyrkun. Kak u mobast
(GyHKIUS, TOCIEeI0BATEIbHOCTh MOXKET
3aJaBaThbCs PA3ITUIHBIMUA CIIOCOOAMH.
CrniocoOslI 3a/1aHusl YUCTOBOM
10CJIEI0BATEIbHOCTH:

1. Ananutuyeckuit (mpu moMouu GopMyIibl)
2. CiaoBecHBIH

3. PexyppeHTHbIi

AHanutuueckuil cocod 3a1aHus YUCIOBOU
MOCTIEI0BATEIbHOCTH

[TocnenoBarenbHOCTD 3a/laHa AHATTUTUYECKH,
eciu yka3zaHa ¢popMyIia JJi BEIYUCICHUS €€ -
ro 4JIeHa.

PaccmoTtpum npumepst:
1

v, o= —
1.°"

OTO aHAIUTHYECKOE 3aJaHuc
1

11
MOCJIEIOBATEIILHOCTH YHCET: 1; 2:3;..;mn;...

VKa3aB KOHKPETHOE 3HAUEHHE ¥, HETPYIHO
HalTH 4IeH M0CIEe10BaTEIbHOCTH €
COOTBETCTBYIOIIUM HOMEPOM.

[Toctpoum rpadux gaHHOI
nocnenosareiabHocTu. CornacHo
omnpezeneHuto rpaduka GpyHkuuu, rpadpukom
JTAaHHOW NOCIIEA0BATENBHOCTH SBJISIETCS

1
;
MHOYECTBO BCEX TOYEK s,

rne ™ €N (cm. Puc. 1). Bee a1 TouKn neKar
1
y y==
Ha [TPaBOM BETBU TUIEPOOIIBI x.
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VA

<Y

Puc. 1. I'padux uncnosoit

1
Vo=~
I10CJIEI0OBATEIbHOCTH n
1
y=-
®yukiya ~  x Opu -~ =0 yOBbIBaer,

CJlIeI0BaTEJIbHO, YMCI0Bas
1

v, = —
7 TaKXKe yObIBaeT.

HOCJIEJOBATEILHOCTD ~
2. ¥n = In—5|
BoinuiieM HECKOIBKO YIEHOB JAHHON
YHCIIOBOH MOCIE10BaTEIbHOCTH:
vy, =|1—-5|=4.y,=]2—-5|=3

)
¥y = |3 —5|=2.
; jene
I'paduk maHHON MOCIIEIOBATEIEHOCTH — ATO
MHO’KECTBO TOYEK C
KOOPJMHATAMU (miln—51) rpen €N (cm.
Puc. 2). Bce atu TOUuKH nexkaT Ha

nomanoii ¥ = 1x — 51,

Yﬂ(] 5 ¢ X
: w1 — 3
S 11— 5)

(4:1) (6;1)

(5;0)

=Y

Puc. 2. I'paduk uncnonoii

MOCTIeIOBATEIHHOCTH ¥ 1 — In — 5]
Yucnosas

MOCTIeIOBATEIBHOCTD 1 — In — 5] yObIBaET
npu ™ € [1; 5], Bo3pacraer mpu " € [5; +00)

CraoBecHbBIH cioco0 3agaHus YUCI0BOI
MOCIEI0BATENLHOCTH

CraoBecHbBIH c1oco0 3aIaHus YUCI0BOI
M0CJIeI0BATEIbHOCTH MUCMOJIb3YeTCs, KOraa
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MPaBWJIO 3aJaHMsI [TOCJIEI0BATEIbHOCTH
OIHMCAHO CIIOBaMH, HE yKa3bIBasi (JOPMYIIBI.
[Tpumep

Jano: %= — 510 -1 mudpa mocne 3anarToii B

o =
JIeCSTHYHOI 3armcH ducna V 2,
v2=141421..

2, =4.a,=1.a,=4a,=2.a;, =1
1 1 ’ ’ LR

PexyppeHTHBII cioco0 3a1aHus YMCIOBON

IIOCJIEZI0BATEIBLHOCTHU

[TocnenoBarenpHOCTH 33/1aHa PEKYPPEHTHO,

€CJIM YKa3aHo MPaBUjo, II0 KOTOPOMY -i uileH

BBIYHCIIAETCS 110 MPEABIIYIIUM YICHaM.

[Ipumep

Vi =1.¥ =1y, =¥, 5+¥

rpe ™ = 345 ..

B nanHoMm npumepe 3aaHa BO3MOKHOCTD
HOJTy4eHus JII000T0 -TO YJieHa
IIOCJIENOBATEIBLHOCTH
=1Ly =1TLy=1+1=2
Va=14+2=3. 9. =24+3 =5.

) geee
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BeckoneuHo yObIBaromasi reOMeTprUIecKast
[10CJIeI0BATEIbHOCTD

['eomeTpuueckas mporpeccusi Ha3bIBaeTcs
0ecKkoHeuHO yObIBaroLIEH, eciii MOYJIb €€
3HAMEHATeJ sl MeHbIIe eIMHUIIBI |]|<1.
CymMma S Bcex 4IeHOB O€CKOHEUHOH
yObIBaroLIe reoMeTpUUeCcKOl MPOrpeccuu
BBIUNCIISIETCS KAK COOTHOLIEHUE MEXKAY
MIEPBBIM WIEHOM r€OMETPUYECKON
IIPOrPECCUH K Pa3HOCTU MEKIY EAUHULIEH 1
3HaMEHaTeJIeM [TPOrPeCCUu:

S=b1/(1—q).

Jloka3aTesnbCcTBOM 3TOM (POPMYJIBI SABIISETCS
TO, YTO BEJIMUYMHA (N 0 MOJYJIFO CTAHOBUTCS
BCE MEHBIIIE U MEHBIIIE U CTPEMUTCS K HYJIIO,
IIPY 5TOM BEJIMYHMHA N HEOTPAaHUYEHHO
BO3pacTaer.

ITpumep Takoi porpeccum:

1,1/2,1/4, 1/8, 1/16,...

CymMa nepBbIX N YIEHOB FEOMETPUUYECKOM
MIPOrpeccuu

Ecmu g=1, To 11 BBIUMCIIEHUS

CYMMBI SN MEPBBIX N YWIEHOB F€OMETPHUIECKOM
MIPOrPECCUU IPUMEHSIOT CIIEIYIOIIYIO
dhopmymy:
Sn=b1+...+bn=(b1-bnq)/(1-q)=b1(1—q")/(1—q
).

Ecnu g#1, T0o dopmyrna BUIOU3MEHSETCA B:
Sn=bln.
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Taxoke 11t 00BsicHeHUs (HOpMYIIbI, BBEIEM
Ipyroe 0003Ha4YeHNE CyMMBI TIEPBHIX YWICHOB
IPOrPECCHU:

Sn=b1+b2+...+bn.

Toraa MO>XKHO BUAOU3MEHUTDH (YOPMYITY
HaXOXJACHUS CYMMBI SN MEPBBIX N YJICHOB
reOMETPUUYECKOI MPOTrpecCcuu:
Sn=b1(qn—1)/(q—1).

Kak HaiiTu q B reoMeTpuyYeCKOl Nporpeccuu
Brrunciienue 3HameHarens

IPOTrPECcCHu (] OCYIIECTBISIOT Yepes
BBIBeZICHHE U3 (POPMYJIBI HA HAXOXKICHUE
o01Iero 4jieHa reOMeTpUUECKOi MPOrpecCcuu:
bn=blgn—1

Orcrona:

Orcropa:

g=bn+1/bn.
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Hpezlen IIOCJIICI0BATCIIbHOCTH

YucioBas 1Mociae10BaTeIbHOCTh — YaCTHBIN
ciaydail (yHKIIMH, KOTOpas 3a/JaHa Ha
MHOXKECTBE HaTypajabHbIX uucen. HekoTopsie
YUCJIOBBIE TTOCIIEIOBATEILHOCTH CXOISATCS, TO
€CTh UMEIOT MpeJIei, TOT1a
limy, =5

v, + b
NULIyT ™= A100 MO-UHOMY: - ™

r

T — 00
Korga , 9TO O3HA4Ya4cCT, 4YTO IIpH

n y, b
JIOCTATOYHO OOJIBIIUX =~ , - ™ .

bonee TOYHO, €CJIKM y HAaC €CTb IPCHACI U

£
€r0 — OKpPECTHOCTb, TO HAUYMHAA C
HCKOTOPOro HoMEpa BCC YJIICHBI
OoCICA0OBATCIIBHOCTH HAXOOATCA B -

OKPECTHOCTH TOYKHU
b
OmnpeneneHue: 4UCIO ~ HA3bIBACTCS

Vv
MIPEIEIIOM TTOCTIeIOBATEIHHOCTH - ™, €CIIH B
00011 3apaHee BEIOpAHHOM -OKPECTHOCTH

b e=0
TOYKH , COJIepKATCS BCE WICHBI

MOCJIEA0BATEIbHOCTH HAaUNHAasl C HEKOTOPOTO
HoMepa (puc. 4).

limy,=5
1 —oa

Ypicno © MoxeT GBITh OUCHD MAJIBIM.
CxoJsiuecst mocieI0BaTeIbHOCTH — T€
MOCIIEI0BATEIbHOCTH, KOTOPBIC HMEIOT
npeaed.
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CBolicTBa CXOIIIIENCS YUCIIOBOU
IOCIICAOBATEIILHOCTH

Ecin nocnenoBaTenbHOCTL CXOIUTCS, TO:
1. TonBbKO K OAHOMY TIpENETy;

2. OHa OrpaHHUYEHa.

Kax y3Hath, 4TO mocie10BaTeIbHOCTH
cxoasatca? [lns HeKOTOphIX
IIOCJICAOBATEIILHOCTEH 3TO MOXKHO C/ICNaTh.
Ecin nocnenoBaTenbHOCTE MOHOTOHHA H
OrpaHUYEHa, TO OHA CXOAUTCS.

Teopema BeliepmTpacca

)

1 2 3 n X
[TocnenoBarenbHOCTH BO3pactaeT. Yucno
TOUYEK HE OTPAHUUYEHO, TOCIIEI0BATEIBHOCTh

b
OIrpaHHU4YCHA YHUCJIOM . 3Ha‘lI/IT, K

YUCITY b 100 K JIF0OOMY JIpYrOMY YHUCITY BCE
TOUKH I1OCJIEIOBATEIBbHOCTHU CTYIIAIOTCS. DTO
HarJsHO NOKa3bIBACT, YTO MOHOTOHHOCTb U
OTrpaHUYEHHOCTD — JIBa CBOICTBA, KOTOpbIE
SIBJIIFOTCS IOCTaTOYHBIMM JUIs1 TOT'O, YTOOBI
II0CJIEI0BATENbHOCTh UMeNa npefei. B atom
CMBICII TeopeMbl Beiepirpacca.

Teopema /17151 BBIYUCIIEHUS [IPENIETIOB
KOHKPETHBIX I10CJIE0BATEIBbHOCTEN

X, V.
JlaHbI 1BE MOCIEN0BATENBHOCTH = ™1 - ™
limx,=5b lmy,=c
, n—roo n mres

IlocnenoBaTeabHOCTH CXOaAIIuECH.

1. *n T Vu — gosas MOCJIEAOBATENLHOCTD, €€

li =b
npeaes R (% + ) + © [Mpenen

CYMMBI TTOCJIETIOBATEIILHOCTEH, PABEH CyMMeE

MPEIEIOB ATUX MOCIEA0BATEIHLHOCTEH.
lim(x,-v,)=b-c

2. n—mc( n’ ¥n) . DTOT TIpeien paBeH

MIPOU3BEICHUIO b e 1oects MIPOU3BEICHUTO

3THUX TMPEJICTIOB.

lim (_'1) — 5
3. m—ee Ly ¢. [Ipenen sToi

oCICa0BAaTCIIbHOCTHU, TO €CTh IIPCACIT
b

YaCTHOTO paBeH ¢, rje © +0
lim(k-x,)=k-b _

m—hos , TIe MHOCTOSIHHBIN
MHOKHTENb, KOTOPBIA MOKHO BBIHECTH 32
3HaK Mpeena.
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[TpousBonHas GyHKIUU

OYHKIUU JOCTATOYHO YaCTO BCTPEUAIOTCS
npu peuieHny 3a1a4. OHU MOTYT OBITh KaK
COCTaBHBIMH YaCTSIMH KaKOI'0-TO 3aJaHHus, TaK
U OTZIeTLHBIM HOMepoM. Pazymeercs,
BCTPEYAIOTCS HE TOJIBKO MPOCTHIE PYHKITHH.
Ecnu oTKpbITh OaHK 3a/1aHUi, TO MBI
YAUBUMCS, HACKOJIBKO CJIOKHBIMUA OHU
On1BaroT. Tak 4TO nenaTh ¢ TAKUMHU
CJIOKHBIMHU Y HETIOHSTHBIMU (DYHKITUSMU?
[Ipoun3BoHAs — OJHO U3 CAMBIX Ba)KHBIX
MOHATHI MaTeMaTudeckoro ananuza. C ee
ITOMOIIILIO MOKHO OIMCATh IIOBEAECHHE JTFOO0H
GbyHKIMN.

[Ipupamenue GpyHKIUU — ITO Pa3HOCTh
MEX]Ty IBYMS 3HAYCHHUSIMH (PYHKIIHH, TO €CTh
y.

[Ipupaimenne aprymeHTa — 3TO pa3HOCTh
MEX]y IBYMS 3HAYCHHUSIMHU apryMEHTa, TO
eCTh X.

CkopocTb u3MeHenus GyHKIuu Oyaer

paBHA OTHOIICHUIO MIPUpANICHHUS (PYHKIIUU K
npupanieHuto aprymenTa. [Ipu stom uem
MEHbIIIe OYJeT MpHUpalieHne apryMeHTa, TemMm
TOYHEEe Mbl TPUOIUZUMCS K BEPHOMY
3HAYCHUIO.

Otcroga Mbl IOJy4YaeM OIpeieJieHHe
MIPOU3BOIHON (PYHKIIHH.

[IpousBoHas GYHKIIUU — ITO MOHATHE

¢ depeHINaTbHOTO HCYUCIIEHUS,
XapaKkTepU3yIoLIee CKOPOCTh U3MEHEHUS

GbyHKIMY.

[IpouzBoanyto QyHKIMH 0003HAUAIOT KaK

().

flx)=lim %w:uf'[x]: lim [lc+rAx)—fix)
ax-0 DX fAx =0 Mox

Ecnu MbI IpUMEHUM OJJMHAKOBOE

IpUpalieHne apryMeHTa K Pa3HbIM ydacTKam

(GyHKINHU, TO 3aMETUM, YTO TIPUPAIICHHE

¢byHkuuu Taxke oyner paznoe. I’ ie-to

3HaYEHUE y U3MEHUTCA OOJIbIIIE, T1Ie-TO

MeHblle. IMEHHO Tak U3MEHSIETCS CKOPOCTh

(YHKIIMY Ha pa3HbIX €€ yJacTKax.

Haxoxzaenue nmpon3BogHOM

HasbIBaeTcs AU PepeHInpOBaHUEM.
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[IpaBuna quddepeHunpoBanus

B ocHoBHble npaBuia quddepeHupoBaHus
(GyHKUIMN BXOAST BEIHECEHHE KOHCTAHT 3a
3HaK MIPOU3BOJIHOM, CyMMa U Pa3HOCTb,
YMHOXXEHUE U JeTIeHne QyHKINMA:

1. KoHCTaHTy MOXHO BBIHECTH 3a 3HAK

npou3BoaHoM: (Cf(x))'=C(f(x))’
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2. TlpousBomHast CyMMBbI/pa3HOCTH (YHKIIHMA
paBHA CyMMe/pa3HOCTH MTPOU3BOTHBIX:
(f(x)=g(x))=(f(x))"£(g(x))’

3. HuddepeHnupoBanue npou3BeACHUS
IBYX (DYHKIU# BBITIOJTHSIETCS 110
dopmyme(f(x)-g(x))=(f(x)) - g(x)+f(x)-(g(x))’
4. JludbdepeHuupoBaHuEe YaCTHOTO JIBYX
(yHKIUH BBITTOHSETCS TI0 hopmyie:

(f(x} ) g - f)g'(x)

glx)) g% (x)
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Brruucnenue npous3BoAHON CI0KHON
byHKIIUN

CrnoxxHO# QyHKIHEH HA3BIBAIOT TAKOE
BBIpA)KEHHUE, B KOTOPOM OJIHA (DYHKITHS
CJIOBHO BJIOKE€HA B JIPYTYIO.

[IpousBoanyto cinoxuoi GpyHkuu f (y)
MO>KHO HalTH 1o cienytomieit popmysne: (f
(y)) =1 (y)xy'. Apyrumu cioBamu, Hy>KHO
YMHOXHUTH MPOU3BOIHYIO, YCIOBHO TOBOPS,
BHEIIHEH (PYHKIIMH HA POU3BOIHYIO
BHYTPEHHEM.
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dusnueckuit (MEXaHHYECKHIN)
MPOU3BOAHOMN

CMBICI

®uU3NYECKU CMBICI TPOU3BOTHOM
[Ipeanonoxum, 4TO HEKOTOpask TOUKa
JBUKETCS MPSMOJIMHENHO, U €€ IyTh MOKHO
onucaTh 1o 3akoHy x(t). To ecTh 3a
OnpeJIeJICHHOE BpeMsl t TOUKa MpoiIeT
paccTosHuE X.

A Tenepb BCIOMHUM (QOpPMYITY

ckopocTu: V=X/t.

UToOB! HAIITH CPETHIOI0 CKOPOCTh Ha KaKOM-
TO YYacCTK€ IyTH TOUKH, HY’KHO pa3/IeIuTh
BECh ITyTh Ha BCE BpeMsl WU Vep= AX/At .
Takum 00pa3oM, MbI MIPUILLIH K OMPEAETICHUIO
MIPOU3BOIHOM.

@) t ot t

Ouznyeckuil (MEXaHUUECKUN) CMBICI
IIPOU3BOJIHOM COCTOUT B TOM, UTO
MPOU3BOJIHAS OT (PYHKIIUHU paBHSAETCS
CKOPOCTH JIBUYKEHUSI HEKOTOPOT'O TeJa 10
TpaeKTopuu x(t) B MOMEHT BpeMerH t. X'(t) =
\Y

Tak)xe BCIIOMHHUM, YTO CKOPOCTh Tea
3aBHCHT OT ero yckopenus. Torna, npumeHss
aHAJIOTUYHBIE PACCYXKJICHHUS, TIOTyYaeM:
Vi(t)=a
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[Ipou3BoIHYI0 MOXKHO OpaTh HECKOJIBKO
pa3. Hanpumep, eciiu Mbl ABaX bl BO3bMEM
MPOU3BOAHYIO OT X(t), TO MOTy4UM
YCKOpPEHUE TOUKHU:

xX’(t)=v'(t) =a

Kaxk HaliTu CKOPOCTB M YCKOPEHHE TOYKH C
MIOMONIBIO TTPOU3BOTHOM ?

Ji1st 5TOro He0OXOAMMO BOCIIOIB30BATHCS
(hM3UYECKUM CMBICIIOM ITPOU3BOIHOM:
MPOU3BOJIHAS OT (DYHKITUM paBHA CKOPOCTH
JBUKEHHsI HeKoToporo tena. [IpousBonnas ot
CKOPOCTH paBHA YCKOPEHUIO TeJa.
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['eomeTpuyeckuii CMbICT TPOU3BOAHOM

['eomeTpuyeckuii CMbICT TPOU3BOHOM
JlocTpouM IpsIMOYTOJIBHBIN TPEYTrOJIbHUK
ABC. 3ametum, uto oTHOIIeHHE AY/AX=
tgBAC, 1o ecTh paBHSETCS OTHOIICHUIO
POTUBOJIEKAIIETO KaTeTa K MpuiiexKaeMy
kareTy. lHaue 3TO0 OTHOIIEHHE MOKHO
sanucarh kak t{gBAC=BC/AC .

[TockosibKy B TOM IIpUMEpE Mbl B3sUIN
JIOCTATOYHO OOJIBIIOE PACCTOSIHUE MEXKIY
3HaueHUsIMU X, TO AB — cekymas. Eciu mbl
OyZeM COoKpallaTh PacCTOSTHUE MEKIY
3HAUEHUSIMU apryMEHTa, TO JIBE TOUKHU Ha
rpaduke OynyT Oimke APYT K OPYTY,

a cexymias OyJaeT CTPEeMHUTHCS K
KacaTeJbHOM.

5
7,

0 X X1 X

CrnenoBaTeabHO, MBI MOKEM OIHCATh
CKOPOCTh M3MEHEHHUS (PYHKITUHU Yepe3 TAHTECHC
yrila HakJIOHa KacaTeabHOM, MPOBEIEHHOH K
rpaduky GyHKIUU B HEKOTOPOH TOUKE.

N3 sTuX paccyx1eHUI Mbl MOXKEM

BBIBECTH T€OMETPUUYECKUN CMBICT
MIPOU3BOHOM:

Ecnu mpoBectu kacaTenbHyIO K QYHKINU B
HEKOTOPOU TOYKE, TO MPOU3BOAHAS B 3TOU
TOUYKe OyJIeT paBHA TAaHTEHCY yTJia ee
HaKJIOHA.
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PaccmoTpuM KacaTenbHYIO OTIEIBHO. DTO
npsiMasi, KOTopasi IMeeT ypaBHeHue y = kx+b,
rae K — Kod(PUIueHT HaKIoHa.

Torzaa Mbl nosty4aeMm cienyrollee ypaBHEHUE:
f(x) =k=tg(a)

I'eomeTpuyeckuii CMbICT TPOU3BOJIHON —
IJ1aBHBIA COBMECTHBIN HOMep. [IponsBoaHas
paBHSIETCS] TAHT€HCY yTjla HaKJIOHa
KacaTeJIbHOW, TPOBEICHHON K ()YHKITUHU B
OIIPEJIETICHHON TOYKE.
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YpaBHeHHE KacaTeIbHOM K TpaduKy
byHKIIUN

Kacarenpnas x rpaduky dyaknun f(x) — 3to
npsimast y=f(x) B Touke x0, ecnu oHa
MIPOXOJIMUT Yepe3 TOUKy yepe3 Touky A(x0;
f(x0)) u umeer yrioBoit ko3pdunuent f'(x0).
BriBeneM ypaBHEHUE KacaTEIbHOM.
Paccmorpum kpusyto y=f(X).

Bribepem Ha Hell Touky A ¢

koopaunaramu (x0,y0), mpoBeaem
kacatenbHyto AB B 3T0ii Touke.

VYrnoBoit k03¢ UIMEHT KacaTeabHON paBeH
MPOU3BOIHON OT pyHKIMHU f B TOUKE

X0: k=f'(x0)

VYpaBHenue npsimoit AB, npoBeneHHoi uepes
ase Touku: (yB - YA) = k (XB - xA).

Jns A(x0,y0), B(X,y) nony4aem:

(y-y0) = k(x - x0)

y = k(x - x0) +y0

y = f'(x0)(x - x0) + f(x0)

BrIBOa: ypaBHEHHE KacaTeIbHON K KPUBOU
y=f(x) B Touke x0 3amaercs cieayromen
dhopmyroii:

y=F(x0)(x—x0)+ Fix0)

, IpH yCJIOBUH,
yT0 ipousBoHas f'(x0)=a#0 — cymecTByeT
Y KOHEYHa.

UrtoObl 3anucaTh ypaBHEHHE KacaTeIbHOH C
yrIIOBBIM K03 duitienTom B Buje Y=KX+Db,
HY>KHO PAaCKPBITh CKOOKHU M MTPUBECTH
MOg00HBIE:

y = f'(x0)(x - x0) + f(x0) = f'(x0)x + f(x0) -
f'(x0)x0

f'(x0) =k, f(x0) - f'(x0)x0 =b
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BriBoA: ypaBHEHHE KacaTeIbHOM C YTIIOBBIM
ko3¢ huneHToOM OyIeT BBITISIETh
cnenyromuM oopazom: y=kx+b.

CMBICIT 2JICMEHTOB YPaBHEHHS KacaTelbHOM
A(X0;y0) — Touka KacaHHs KacaTeIIbHOM 1
rpaduka ¢ koopaunaramu (X0;y0).

y=f(X) — rpaduk ¢pyHKIHM.

B(X;y) — mpousBoibHasi TOUKa Ha
KacaTejabHOM ¢ KoopauHaTamu (X;Y).

f(x0) — 3nauenue pynkuuu B Touke X0.
f'(x) — npousBoanas. f'(x) =tgx =k, 10
€CTb PaBHA yIIIOBOMY KO3 (UIHEHTY.
f'(x0) — 3HavyeHue npousBoHOM B Touke XO.
b — BBIUKCIIEHHOE YUCIIOBOE 3HAUCHHE.
AJNTOPUTM MTOCTPOCHHS KacaTeIbHON K
rpaduxy QyHKIUH

Jano: ypaBHeHue kpuBoi y=f(x), abcuucca
Touku Kacauust X0.

HeoOxonuMo BhIBECTH ypaBHEHUE
KacaTeJbHOM.

Pewenne:

1. Haiitu 3HaueHue GYHKIMH B TOUKE
kacanus f(x0)

2. Haiitu o0miee ypaBHeHue

npousBojaHoi f'(X)

3. Haiitu 3HaYeHUE IPOU3BOAHON B TOUKE
kacanus '(x0)

4. 3ammcaTh ypaBHEHHE KacaTelbHOU Y =
f'(x0)(x - x0) + f(x0), npuBecTH ero K BUIY Y
=kx+b

B urtore nosmydyaem ypaBHEHHE KacaTeJIbHOU B
Buze Yy = kx + b.
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HenpepbIBHOCTh PYHKIIUHM U METOA
UHTEPBAJIOB

[TpumeHeHHs HEIPEPBIBHOCTH

@DyHKIMS HA3bIBAETCS HEIIPEPBIBHON B TOUKE
x0, eciu f(X) ctpemurcs k f(X0) mpu
crpemiienuu X k X0. [Tpu atom f(X) — A = f(X)
—f(x0) = Af. Eciiu ¢pynkuus f HenpepbiBHA B
Ka)XJJOH TOYKE HEKOTOPOTO IIPOMEKYTKA A,
TO 3Ta PYHKIUS OYJET SABIATHCS
HETIPEePHIBHOM Ha BCEM NMPOMEKyTKe A. A cam
MPOMEXYTOK A, Ha3bIBAIOT B TAKOM

clry4ae IpPOMEXYTKOM

HenpepbIBHOCTH (yHKIUH T.

I'paduk HepepbIBHBIX QYHKINH, H3y4aeMbIX
B IIKOJILHOM KypC€ MaTeMaTHKH, MOXHO
HApUCOBATh «HE OTPHIBasi KapaHIall OT
OyMaruy», Tak Kak OH MPEACTABISIET CO00
CILIONIHYO JIHUIO. Eciii Ha HeKoTopom
untepsaie (a;b) pynkius f HenpepbiBHA U HE
oOpaiaercsi B HyJb, TO Ha 9TOM WHTEpBaJe
oHa OyJIeT COXPaHATh MOCTOSIHHBIN 3HAK.
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9TO CBOMCTBO OYCHB JICTKO IS IIOHUMAaHHSI.
OyHKIHsI, pacmoiox)eHHas Bbiie ocu OX,
UMEET 3HAK «IUTIOCY, (DYHKITUS,
pacnosioxeHHast Huxke ocu OX, UMeeT 3HaK
«vunHyc». Ecnn munus GyHKIuu He
nepecedeT ock Ox (Ha ocu Ox GpyHKUIUSA
paBHA HYJIO), TO OHA SIBHO HE U3MEHHUT CBOM
3HAK.

Merto nHTEpBaOB

OHUM U3 SIPKUX TPUMEHEHUN CBOMCTB
HEMPEPHIBHOCTU (QYHKITUH SIBISICTCS METO/T
MHTEPBAJIOB, KOTOPBII UCIIONB3yeTCs AJIs
pelIeHUsl HEPaBEHCTB C OAHOM MEPEMEHHOM.
[Tyctb HekoTOpas GyHKIMU HENpepbIBHA Ha
uHTepBajie A u oOpaiaercs B HyJb B
KOHEYHOM YHCJIe TOUYEK MPUHAMICKAIINX
3TOMY UHTEpBAIy.

Hcnonb3ys cBOMCTBO, IPUBEIEHHOE BBIIIIE,
9TH TOYKH OyayT pa3OuBaTh BeCh UHTEPBAT A
Ha MIPOMEXYTKH, B KOTOPbIX QyHKIMS Oyaer
COXpaHATh CBOH 3HAK. YTOOBI ONIpEIeINTh
3HAKHU BCEX IIPOMEXKYTKOB, JOCTATOYHO 3HATH
3HaK OJIHOI'0 JK000I0 U3 3TUX UHTEPBAJIOB.
[Tpumep ¢yHKIIMH, KOTOpas HE ABISAETCA
HEIIPEPBIBHON

J10 cHX TIOp MBI CTAJIKUBAIHUCH TOJBKO C
HeTpepbIBHBIMH QYyHKIMsIMU. Ho
CYIIECTBYIOT (DYHKITHH, KOTOPBIE HE
SIBJISIFOTCSI HEMIPEPBIBHBIMU B KaXK/I0H TOYKE, B
KOTOpO# OHU onpezeneHsl. Hampumep,
bynkust f(x) = {x}, rae {x} — ectb qpobHas
9acTh YNCINA X.

E€ rpa¢uk nzobpakeH Ha clieayroeM

PHUCYHKE.

YA

p

-2 -1 0 1 2 x

Jlerko 3aMeTUTh, YTO OCHOBHOE CBOMCTBO
HenpepbIBHOCTH (PyHKIMH B Touke X0 paBHOE
T000MYy 1IETIOMY YUCTTy, HE OyeT
BBITOJIHATHCS.

Ho B Toxe Bpems ¢pynkius f(X) = {x}
HemnpepbIBHA BO BCEX JIPYTHX TOYKax, Ha
KOTOPBIX OHA OTIPEJIeIeHa, KPOME TOYEK, I/Ie
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X paBHO 1enomy uuciy. Ha rpadguke takue
TOYKH OTMEYEHBI BHIKOJIOTBIMH KPY>KKaMH.

OyHKIMK HENPEPHIBHBIC, HO HE
muddepeHnpyemMbie B JTaHHOW TOYKE

EcTh ¢yHKIINN KOTOPBIC SBISIFOTCS
HEMPEPHIBHBIMU B KQXKJI0H TOYKE CBOCH
obmactu onpeaenenus. Ho npu 3Tom He
OyAyT UMETh MPOU3BOHBIE B HEKOTOPHIX
toukax. Hampumep, pynkius y=|X|
HEeNpepbIBHA HA BCE YHCIOBOM OCH, HO MpH
aToM He nuddepeHiupyema B Touke X = 0.
Hwxe npencrasien rpaduk 3Toi GyHKIHH.
yA
y=|x|
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CBs3b IPOM3BOAHOI C BO3pACTAHUEM H
yObIBaHUEM (PYHKIIHH

Teopema 1. Eciii Bo BceX TOUKax OTKPBITOTO
IPOMEXKYTKa X BBIIOJIHIETCS
Flagyz0

HEPAaBEHCTBO ¥ '~ v~ (mpuuém

Flagy=0
PaBCHCTBO ' ’ BBIINIOJIHACTCA JIMIIb B
OTACJIBbHBIX TOUYKAX W HC BBIIIOJHSICTCA HU Ha
KaKOM CIUIOITHOM IIPOMEXYTKE), TO

byHKLIMSA y=7s BO3pacTaeT Ha
MPOMEXYTKE X.

AHanoru4yHo GpopMynupyercs TeopemMa
2. Ecni BO BceX TOUKAX OTKPBITOTO
IIPOMEXYTKA X BBINOIHIETCS

) <0
HEpaBEHCTBO * '~ v
Flxag)=0
PaBCHCTBO ' ’ BBITIOJIHACTCS JIUIIb B

OTACIBHBIX TOYKAaX U HC BBIIIOJIHACTCA HHU Ha
KaKOM CIIJIOIITHOM HpOMe)KyTKC), TO

(mpuuém

byHKLIMSA y=J® yOBIBaeT Ha
MPOMEXYTKE X.

Cpa3y o0paTuM BHHUMaHHE Ha TO, YTO
Teopema chopMyIrpoBaHa s HYHKIIHH,
HENpPEephIBHBIX HA MPOMEXyTKe X (4TO
cienyer u3 ux auddepeHupyemMocTy ).

232

Kputnueckue Touku GyHKIUN, MAKCUMYMBI U
MUHUMYMBI

Kputnueckue TOUkd U 9KCTPEMyMbI (PYHKIIUH
B HekoTophIX TOUKax U3 obnactu
oTpeieNIeHus MPOU3BOIHAS (DYHKIIMH MOKET
OBITH paBHA HYJIIO WJIH BOOOIIE MOXKET HE
CyliecTBOBaTh. Takue TOUKM U3 00JacTu
OMPECACIICHNA HAa3bIBAIOTCA KPUTUUCCKUMU
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ToukaMu QyHKIHH. [TokaskeM KpuTHUECKHEe
TOYKHU Ha rpaduke 3a1aHHON (PYHKIUH.

1. Jlst

3HAYCHUIl ~** paBHBIX
C8 yriosoit ko3 pUIMEHT KacaTenbHOM K

T —
rpaduky paseH 0. T.e. }( (X) U Otn
TOYKH SIBJITFOTCSI KPUTUIECKUMH TOYKAMU
byHKIIHIH.
2. B Toukax €3s €5, €6 (GyHKIUS HE UMEeT
MPOU3BOIHOM. DTH TOKE KPUTUIECKUE TOUKH

GyHKIMN.
J

Ci1, C2, C4, C7,

A

/]

O [} (] C1 04 Cs Op 07 )
3. lna paccMatpuBaeMoii HaMu (yHKITUU
C1, C2, C4, C5, Ca,

o
X

KPUTHUYCCKUC TOYKHN

C7 ACIAT €€ 001acTh OIIPpCACIICHUA HA
YCpeaAYyOIIHECS NHTCPBAJIbl BO3paCTaHUA U

yobiBanus. Touku C3, C8. KPUTUYECCKHE
TOYKH, KOTOPBIC HE U3MEHSIOT BO3pACTaHUE U
yObIBaHUE (MM HA00OPOT).

Mo rpaduky BUIHO, 4TO B TOYKAX
BHYTPECHHETO

JKCTpEMyMa ((' LA EE) IIPOU3BOHAS
(yHKIIMU paBHA HYJIIO, a B

TOUKE {{ 3) IIPOM3BOJIHAs HE CYIIECTBYET.
Touku, B KOTOPBIX MPOU3BOIHAS (PYHKIIUU
paBHa HYJIIO, TAKXKE

Ha3bIBAIOTCS CTALIMOHAPHBIMHU TOUKAMHU.

A
Sb) =

Teopema depma (Heobxonmumoe ycioBue
CYILIECTBOBAaHUH SKCTPEMYMOB)

Bo BHyTpeHHUX TOUYKaX SKCTpeMyma
MPOU3BOIHAS MO0 paBHA HYIIO, THOO HE
CYILIECTBYET.
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[Ipumeuanue. Touka, B KOTOpOU
MIPOU3BO/IHAS paBHA HYIIO, MOKET U HE OBITh
TOYKOM 3KcTpeMyMa. Hanpumep, B

Touke X — 0 MIPOU3BOTHAS

s — 43
)= X-
byHKIIIN > paBHa HYJIO, HO 3Ta TOUKa

HE SBJIAETCSI HU TOYKOH MaKCUMyMa, HU
TOYKOW MUHUMYMA.

Ha otpeske HempepbIBHOCTH (YHKITUS MOXKET
HMMETh HECKOJIBKO KPUTHYECKUX TOYEK, TOUEK
MakcuMyma 1 MuHUMyma. CyliecTBOBaHUE
3KCTPEMYyMa B TOUKE 3aBUCUT OT 3HAUCHUS
(yHKIIUY B TaHHOM TOYKE U B TOUKAX,
OJIM3KUX K JAHHOM, T.€. UMEET CMBICI
JIOKaJIbHOTO (MecTHOTr0) 3HaueHus. [loaTomy
HWHOTJIA UCIIOJB3YIOT TEPMUH JIOKAIBHBIN
MaKCUMYM U JIOKAJIbHbIi MUHUMYM.

A
4

2

4

[§%]

Y

'I-" MAKCHMY M

MAKCHMYM

MHHHMYM i
'

{MHHHMYM

= — :
Olvbbie.  6o3p. véwle. gozp. Vobia. X
I[OCTaTO'—IHOC YCII0BUEC CYHICCTBOBAHUA
OKCTpEMyMa

ITycts GpyHK1MSA Y= f (1) HEIpepbIBHA HA

MIPOMEKYTKE [ﬂ;’,}) u X0 E [d;f)]_
Ecmu X0 gpisercs kpuTHdeckoit TOUKOi, B
OKPECTHOCTH KOTOPOH PyHKIIHA
muddepeHupyema, To, €CIii B dTOU
OKPECTHOCTH:

“F
1) /{ (I) clIeBa OT
Touky X0 TIONOKHUTENbHA, a CIIPaBa -
OTpHIATENbHA, TO TOUKa L0 SBIIsETCS TOUKOI
MaKCHMyMa.

“F
2) J'(x) creBa ot X0 orpunarensHa, a
CIpaBa - IOJIOKUTEIbHA, TO
Touka X0 gBnseTCS TOYKOH MHHIMYMa
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“F
3) /( {I ) C KaXXJI0H CTOPOHBI OT
Touky X0 yMeeT OMHAKOBBIE 3HAKH, TO
Touka X0 He ABIAETCS TOUKOH IKCTPEMyMaA.
Uro0Os! HaliTH HanboIbIIee (aOCOMFOTHBIN
MaKCUMYyM) WM HauMEeHbIee (aOCOMOTHBIN
MUHUMYM) 3Ha4eHHE PYHKINU, UMEIOIICH
KOHEYHOE YHCII0 KPUTUIECKUX TOUEK Ha
OTpe3Ke, HaZl0 HAlTH 3HaueHHe (PYHKIIUU BO
BCEX KPUTUYECKHX TOYKAX M Ha KOHIIAX
OTpE3Ka, a 3aTe€M U3 IOJy4YCHHBIX 3HAYCHUN
BbIOpaTh HanOOJIbIIIEE HIIM HAUMEHBIIIEE.
CoOTBETCTBYIOIINE HAUOOJIBINIEE U

HaMMEHbIIIee 3HAYCHUS! PYHKIIUU J{ (T) Ha
OTpe3Ke [H; h]

3aIlIUChIBAOTCS
maxf(x) minf(x)

kak la:b] - u lasb] .

Hwxe npecraBieHbl IPUMEPHI ONTPEIeIICHIUS

MakCuMyMa U MUHHUMYMaA B COOTBETCTBHUU CO

3HAKOM IPOU3BOIHOM MEPBOTO MOPSIIKA.

rpaukH QyHKIUI]
Ha oTpeske [a;b]

- +
_ 4 MHHHMYM
S R——

MaKCHMYM +

x'\7 HH MAKCHMYM
H HH MHHEMYM - -

3HaK f'(x) Ha WH-|3HaK f'(X) HA WH-
Tepane (a; ¢) Tepeaie (¢; b)

BospacTtanne
nn yoerBanne

fie)

na [a; c] y6uiBacr,
na [¢; b] Bospac-
Taer

na [a; c] sospac-
Taet,
Ha [c: b] yoniBaeT

Ha [a: ¢] yGuiBaet,
na [c; b] y6uact

na [a; c] sospac
HH MHHHMYM H|
HH MAKCHMYM

Taer,
na [e; b] mospac
TaeT
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HaxoxxaeHne HanOoJIbIIero 1 HAMMEHbIIETO
3HaueHus! QyHKIUU

HauGonpmmm niny HauMEHbIIUM 3HaY€HUEM
(yHKIIUY B OIIpe/ieJIeHHOM o0acTu
Ha3bIBalOT HAaHOOJIbIIIEE HJIM HAUMEHbIIIEe
3HaY€HHUE, KOTOPOE JIOCTUTAET 3Ta (PYHKIIMS
Ha yKazaHHOW 001acTu.UToObI HaliTH
HauOoJIbIIIee WM HAaMMEHBIIIee 3HAaUCHUE
(GyHKIMU B TaHHOU 00JIACTH, HYXKHO PEIIUTh
3a7a4y Ha SKCTPEMYM, TO €CTh HAUTH
MIPOU3BO/IHYIO 3aJaHHON (PYHKIUH,
MIPUPABHAITH €€ K HYJI0 U HAUTH TOUKH, B
KOTOPBIX MIPOU3BOIHAS (PYHKIIMH oOparaercs
B HYJIb. [I0TOM M3 3THX TOYEK HYKHO
BBIOPATh TOJBKO TE, KOTOPHIE BXOAT B HAILy
3aJJaHHYIO 00JIaCTh. 3aTeM HY)KHO BBIYHCIIUTH
3Ha4YeHue QyHKUUH B 3TUX Toukax. Kpome
ATOTO, HY’)KHO HAalTH 3Ha4eHNE (QYHKIIUH B
I'PaHUYHBIX TOYKAX 3a/laHHON 00Js1acTH (ecIu
3TO OTPE30K) M CPABHHUTH MX CO 3HAUCHUSIMH B
TOUYKax sKcTpeMyMa. [IoToM MOXKHO clienath
BBIBOJ] O HANMEHBIIIEM U HANOOJIbIIIEM
3Ha4YeHUU (PYHKLIMHU B JTAHHON 00JIACTH.
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Haxoxaenne HanbobIIero 1 HANMEHbBILIETO
3HaYeHUH (PYHKIUU HA OTPE3KE.

1. Ecnmu ¢yHKIus HenpeprIBHA HA
OTpe3Ke, TO OHA JJOCTUTAeT HAa HEM CBOETO
HauOOJIbILIEr0 U CBOETO HAUMEHBIIIETO
3HAYCHUSI.

2. Haubonbiiero u HauMeHbIIEro
3HAUEHUH HeTpephIBHAS ()YHKIUS MOKET
JOCTUTATh KaK Ha KOHLIaX OTpe3Ka, TaK U
BHYTpH HETO.

3. Ecnu nanbombiiee (HaMMEHbBIIIEE)
3HaueHUE (PYHKIMH JOCTUTACTCS BHYTPU
OTpe3Ka, TO TOJILKO B CTAI[MOHAPHON WU
KPUTHYECKOU TOUKE.

AJTOpPUTM HAXOXACHUS HAauOOJIBIIETO U
HaUMEHbIIIeTo 3HaueHU QyHknmn y = f(X) Ha
otpeske [a; b]:

1. Haiitu nmpousBoanyio f* (x)
CTAIlMOHAPHBIC ¥ KPUTHICCKUE TOUKU
(GbyHKIUY, TpUHAANIEXKAIME HHTepBaly (a; b).
2. Haiitu f(a), f(b) n 3nauenus pyakumun
B CTAIlMOHAPHBIX TOYKAX, MPUHAJICKAIINUX
UHTEpBaITy (a; b)u cpeau morydeHHbIX
3HAYCHHMH BHIOpATh HAaUOOJbIIIEE 1
HaUMCHbIIICe

[Ipumeps! u pa3zdop perieHus 3a1aHui
TPSHUPOBOYHOTO MOTYJISI

Nel.Haiitu Hanbounbliiee 1 HAUMEHBIIIEE
sHagenns Gynkmun f(x) = 2x3 — 9x% + 12X —
2 na otpeske [0; 3]

Pemenue. JleficTByemM B COOTBETCTBUU C
AITOPUTMOM.

1) D(f) = (-00; +o0).

2) f' (x) = 6x% — 18x + 12

3) CranmoHapHble TOUKH: X = 1; X = 2.
1€(0;3); 2 e (0; 3)

4) f(0) = -2
f(3) =7
f(1) =3
f(2) =2

5) fuaun =f(0) = -2
fHaH6.:f(3) =17.
OtBeT: fuam= -2
fnan6.: 7.
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IlepBooOpa3Has pyHKIMU

[lepBooOpasnas ans pynkuuu f(x) — 31o
takasa pynkuus F(x), npon3BoaHast KoTopoit
paBHa f(x). To ecTh BBINOJIHSAETCS PAaBEHCTBO
F'(x) = f(x).

HNHTerpupoBanne — npouecc noucKa
MHTErpaja; BOCCTAHOBICHHE (DYHKIIMHU TIO e€
MPOU3BOTHOM.
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[Tpumep 1: MBI 3HaeM, 4TO YCKOpPEHUE
SIBJISIETCS] TPOU3BOAHOM OT ckopocTu. Toraa
10 HEMY MO>KHO HaiTH CKOPOCTb,
BOCCTaHOBUB (DYHKIIMIO U HAWS €T0
nepBOOOpa3HYIO.

ITpumep 2: npousBoanas GpyHkuun —Sin(X).
[TocMoTprM BHEMATEIHHO B TAOIHUILY
MPOU3BOAHBIX: €OS'(X) = —sin(x). Torna
nepBooOpasHas pyHKuuuU sin(x) Oyaer paBHa
—co0s(x) + C ¢ yu€ToM MOCTOSTHHOU
BEITUYHHEI.

Koncranra
3ayeM 100aBIIATh KOHCTAHTY K
nepBooOpa3Hoit?

[IpencraBbTe, 9TO HAM HEOOXOIUMO HAUTHU
IPOU3BOJIHYIO (DYHKIIMA:

—cos(x) + 3,
—cos(x) + 5,
—cos(x) — 6.

Torna mpousBogHast OyAeT paBHa sin(x) s
BCEX TPEX BAPHAHTOB, TaK KaK MPOU3BOIHAS
T000T0 YKCIIa paBHA HYIJIIO:

(—cos(x) + 3)"' = sin (x),
(—cos(x) + 5)"' = sin (x),
(—cos(x) — 6)" = sin (X).

BBIX0AUT, YTO OXYYUTH UCXOTHYIO
(YHKLHIO B IEPBO3JAHHOM BHUJIE
HEBO3MOXHO, HO YUECTh JJOTIOIHUTEILHOE
cllaraeMoe B BUJI€ YMcia HaM HYXHO. VIMeHHO
MOATOMY B TIepBOOOpa3HON JOOABIISIOT
KOHCTaHTY «+ C». BreipaxeHue, kotopoe
umeet oommit Bua F(x) + C, Ha3piBaeTcst
MHO€ECTBOM ME€PBOOOPA3HBIX (DYHKIIHH.

Otcrona BhITEKAET CBOMCTBO EPBOOOPA3HOI:
mo0bIe 1B IEPBOOOpA3HBIE OAHOM U TOH K
(YHKIIUU OTIMYAIOTCS APYT OT Apyra He
OoJiee YeM Ha MOCTOSTHHYIO BennunHy C.
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[IpaBuna HaXOXKEHUS TTEPBOOOPA3HBIX.

Haxoxzaenue nepBoobpazHoi GyHKIIMH
TEXHUUYECKHU CBSA3aHO C IOMCKOM
HEOMNpeIeIEHHOT0 HHTerpasia QyHKITHH.
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Heonpenenéunplii ”HTErpajl — 3TO UHTErPAJl,
JUTSL KOTOPOTO HE 3aJ1aH IPOMEKYTOK
UHTETPUPOBAHUSL.

BaxxnHblil MOMEHT: eciu
npoaudGepeHIPOBATH MOKHO JTFOOYIO
(hyHKIIHIO, TO HAWTH TTEPBOOOPA3HYIO
(yHKIMN MOXHO HE BCET/a.

OO0 TOM roBOPHT AOCTATOUHOE yCIOBUE
MHTETPUPYEMOCTH: €CJIM HA HEKOTOPOM
MPOMEXYTKe (DYHKIIHSI HENPEephIBHA, TO OHA
UHTETpUpyEMa Ha HEM.

[IpaBuna HaxOXkIEHUS IEPBOOOPA3HBIX:

1. Ecnu HyxHO HailTH TIEpBOOOPA3HYIO
OT IIPOM3BE/ICHUS YUCIia Ha (QYHKIIHIO, TO
epBO0Opa3HON BeIpaXKEHUS OyIeT
IPOM3BEACHUE ITOTO YHCIIa HA
nepBooOpa3HyI0 PYHKIIHH.

a*f(x) — a*F(x)

2. Ecnu nyxHO HaiiTH IepBOOOpa3HYIO
OT CYMMBI/Pa3HOCTH IBYX (YHKIUH, TO
nepBooOpa3HOIl BeIpaXKeHUs OyaeT
CyMMa/pa3HOCTh MEPBOOOPA3HBIX ITUX JIBYX
GbyHKIUH.

g(x) £ f(x) — G(x) £ F(x)

3. Ecnu F(X) ecth HekoTOpast
nepBooOpasuas st pynkuuu f(x), ak u b
€CTh HEKOTOPBIE MOCTOSTHHBIC, puueM K He
paBHsieTcs Hymo, Toraa (1/K)*F*(k*x+b)
OyzeT nepBooOpa3Hoi s QYHKIIUU
f(k*x+b).

JlaHHOE MPaBUIIO CIIEAYET U3 MpaBHiIa
BBIUMCIICHUS TIPOU3BOIHOM CIIOXKHOMN
GbyHKIUU:

((/K)*F*(k*x+b))” = (1/k)*F’ (k*x+b)*k =
f(k*x+b).
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WuTterpan. Teopema HptoTona-JIeitOnuma

Oﬂpe,ﬂ,eﬂeHHblVI nHTerpan
MoHATHe onpegeneHHOro UHTerpana
ITycts Ha oTpeske [a,b] 3a/jaHa HeripepbiBHast

noioxxuTenbHast pyHKims y=f(x). Torjja onpe/eeHHbIM

uHTerpanom ot QyHKLMH f(x) Ha [a,b] Ha3biBeTCs TUTOIA/E

¢urypst noz, rpaduxom

S j f(x)dx=S

1

i

i

|
a

o
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®dopmyna Herotona-JleOnuia, Takxke
M3BECTHAsi KAK OCHOBHAs TeopemMa
WCYHCIICHUS, SIBJISIETCS OJTHOM M3 OCHOBHBIX
dbopmMyI B MaTemMaTHuecKoM aHanuse. OHa
YCTaHABIIMBAET CBSI3b MEXAY MPOIIECCOM
muQepeHIMPOBaHUS 1 HHTETPUPOBAHUSI.
®dopmyna Herorona-JIeiiOHMIIa r1acuT, 4To
eciu (ynakius F(X) sBaseTcst mepBooOpa3HoOn
(aaTHnpOM3BOAHON) dyHKIMHK f(X) Ha
HEKOTOpPOM HHTEpBaJIe [a, b], TO
onpeeaeHHbIN nHTerpan GyHkuu f(x) Ha
9TOM MHTEPBAJIC MOKHO BBIYHCIUTE KaK
Pa3HOCTh 3HAYECHHH nepBooOpa3Hoi F(X) B
TOYKax a u b:

o (x) dx = F(b) - F(a)

3neck f(x) — mogpIHTErpaTbHAS QYHKIHA,
F(x) — mepBooOpa3sHast GyHKIUS, a U b —
IPaHUIIBI HHTETPUPOBAHHUS.

®opmyna Herorona-JleiiOHuma sBisieTcst
OCHOBOI1 JIJIs1 BBIYMCIICHUS OTIPEAETICHHBIX
MHTETPAJIOB U HAXOXKICHUS IUIOMIAIeH 1Mo/
KpuBbIMU. OHa MO3BOJIAET CBA3ATH MPOLIECC
HAaXOXICHUS POU3BOIHON M MHTETPAIIA, YTO
JIeJIaeT ee OJHOM U3 BaxKHeHIux Gopmy B
MaTEeMaTHIeCKOM aHAIIN3e.
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[Inomane KpUBOJIMHEWHON TPANEIUU

KpuBonuHeiHaa Tpanewmsa — 3To NaocKas
durypa, KoTopas orpaHu4eHa OTPE3KOM
[a; b] KoopanHaTHOM ocn OX, MpAMbIMU
X = X; U X =X, U TpadUKOM HEKOTOPOW
dyHKUuMK y(x). Mpm 3ToM X, U X, —3TO
HEKOTOpble Yncna, HepaBHble APYT APYTY,
a dyHKuma y(x) HenpepbiBHa U
onpegeneHa Ha oTpeske [a; b].

BbluncneHue nnowagen Niockux gpuryp

Dllyem y=f(x) — HerpepbIBHasi U HeoTpuLiaTe/IbHast Ha [a,b]
dynxuus. Torga riomazp gurype nog rpapukom y=f(x)
Ha [a,b] paBHa b

Si= J [ (x)dx

8

o R —

n

(] e
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BbluncnieHune nowageii N1I0CKUX puryp

2) Ilycts y=f(x) — HenpepbIBHast ¥ HETIOJIO>KUTENbHAs HA

[a,b] dynkuws. Torpa riomaap Gpurypsl Hag rpaguxom
y=f(x) Ha [a,b] paBHa

S = f(x)dx

R )

3

w

e I ¢

BbluncneHne nsowazen nnockux puryp
3) ycms y=f(x) u y=g(x) — HeripepriBHbIe Ha [a,b]
bynkim, Takue, uto f(x) < g(x) V xe[a,b]

Tora miommaap Gpurypsl Mexkay rpapukamu y=f(x) u y=g(x)
Ha [a,b] paBHa b

s=[(g(0-f(x) dx

/\_/ y=9(x)
S :

—~—— Ky

a b
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OCHOBHEBIE HOHSITHUSA KOMOWHATOPUKHU:

nEePeCTaHOBKHU, COYCTAHUSA U PASMCIICHHA.

Komb6unaropuxoii Ha3bIBACTCs paszen
MaTEMAaTUKH, H3YYalOIUH BOMNPOC O TOM,
CKOJIbKO KOMOWHAIMK ONPENEICHHOr0 THUIIA
MOKHO COCTAaBUThb W3 JaHHBIX IIPEIMETOB
(271eMEHTOB).

Ecnu moGsie aBe prHHI)IAE' I/I‘q.f HE UMEIOT
OoOLIMX DJIEMEHTOB, TO BBIOOP OJHOTO

QJICMCHTA HWJIM U3 ‘ql, nim u3 AZ, ... "]
nus3 Ak MOKHO

ocymectsuts IV = M1 + 12 + -+ M cpoco

O6amu.
[TpaBuio ymMHOXKeHHsI (OCHOBHAS (hopMmysa
KOMOHMHATOPHKH)

O6mee aucno N crocoGos, KOTOPBIMH MOYKHO
BBIOpaTh MO OJAHOMY JJIEMEHTY M3 KaxXIoi
TPYNIIbI U PacCTaBUTh UX B OIpPEJEIEHHOM
nopsAzKe (TO €CTh MOTYYUTh YHNOPAT0UYEHHYIO

COBOKYITHOCTh (a,b,c.d }), paBHO:
N = 'Hl : nz '"nk

B xomOunaTopuke Tpu 6a3oBbie
KOH(UTypaIuu:

[IepecTaHOBKM — 3TO yHOPSIIOYEHHBIE
COBOKYITHOCTH, OTJIMYAIOIIUECS APYT OT
Jpyra TOJIBKO MOPSIIKOM 31eMeHTOB. Yucio
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BCCX MIEPECTAHOBOK MHOXKECTBA

u3 ™ snementos pasao Frn = 1!

Pazmerienus — 3TO YIOPSI0YCHHBIE
COBOKYITHOCTH 3JIEMEHTOB, OTIHYAIOIIACCS
Ipyr oT apyra Jubo CcOCTaBoM, JHOO
TOPSIIKOM 3JIEMEHTOB.

Pa3memienuss  6e3  mOBTOpeHMi,  Korja
OTOOpaHHBIM  JJIEMEHT Tepel  OTOOpOM
CJICYIOIIETO HE BO3BPAIIAETCS B
TCHEPaJIbHYI0 COBOKYIHOCTh. Takoil BBIOOp
Ha3bIBAETCS MOCIIE0BATEIBHBIM BHIOOPOM 0€3
BO3BpAlllCHUs, a  €ro  pe3yjibrarT  —
pa3MmeleHueM 6e3 IIOBTOPEHHA

3 M snementos mo K.
Yucno  pasiMYHBIX  CHOCOOOB, KOTOPBIMH
MOKHO  IPOM3BECTH  IOCJEI0BaTEIbHbIH

BbIOOp 0O€3 B03BpaH1€HI/I$Ik AJIEMEHTOB U3

r€HEPATLHOW  COBOKYIHOCTH  00bema 't
paBHO:

|
Ak — !
o (n—k)!
EI{
CouerauusaMu “n U3 n DIJEMEHTOB 0o Kk
Ha3bIBAIOTCS HEYTOPSII0YCHHBIE

COBOKYITHOCTH, OTJIMYAIOLIUECS IPYT OT Jipyra
XOTs OBl OTHUM DJIEMEHTOM.

Ilycte ¥3 reHepaJbHOW  COBOKYIIHOCTH
OepeTcsi cpa3y HECKOJIbKO AJIeMEHTOB (1100
2JIEMEHThl  OepyT 1oOCIeA0BaTeNbHO, HO
HOPSIIOK MX TOSIBJIEHUS HE y4uThIBaeTcs). B

pe3yabTaTe TaKoro OJIHOBPEMEHHOT'O
HeyTOps/IOYeHHOT0 BEIGOpa X dnemenToB 13
reHepaIbHON COBOKYIHOCTH
o6wema ™ momyuarorcs KOMOUHAIINH,

KOTOPBIC Ha3bIBAOTCA COUYCTAaHUAMU oe3

MOBTOPEHUH K3 '! 5]IEMEHTOB MO k.

Yucio COYCTaHUH u3 ! semMeHTOB
mo K PaBHO:
|
k= 7!
"o (n—k)- k!
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Co0pITHE, BEPOSITHOCTH COOBITHSI.

Teopus BEposATHOCTEN — pa3ien MaTEMATUKH,
M3YYarolui ciiydaiiHble COOBITHUS,
Clly4yaliHble BEJIMUMHBI, UX CBOWCTBA U
onepauuu Haa HUMU. PaccmoTpum
HEKOTOPBIE KIIFOUEBBIE MOHATHUS, KOTOPbIE
WCTIONB3YIOTCS B TEOPUHU BEPOSITHOCTEH.
Omnpenenenue.

HcnpiTanneM Ha3bIBa€TCS OCYIIECTBICHUE
ONPEACIIECHHBIX JICVCTBUN.
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[Tox coOpITHEM TOHUMATOT JTHO00M (pakT,
KOTOPBIA MOXKET IIPOU30MTHU B PE3YJILTATE
UCIIBITAHUS.

JIroOo¥ pe3yabTaT UCIIBITAHUS

Ha3bIBAETCS UCXOOM.

JlocTOBEPHBIM Ha3bIBAIOT COOBITHE, KOTOPOE B
pe3yabTaTe UCTIBITaHUS 00sI3aTeIbHO
MPOU30UAET.

HeB03MOXKHBIM Ha3bIBalOT COOBITHE,
KOTOpOE 3aBEIOMO HE MTPOU30UIET B
pe3yabTaTe UCIIBITaHUS.

CoObITHs 00BIYHO 0003HAYAIOTCS
3arJIaBHbIMU OyKBaMH JJATUHCKOT'O ajgaBUTa
(A,B,C,D,...).

PaccmarpuBast mpuBeIeHHBIN IPUMED, MBI
MOXeM C(OPMYITHPOBATH CIEAYIONIHNE
3aKJIFOYEHHUS.

1. [Ipouiecc nocTaBaHus NpeaMeTa us3
KOPOOKU SIBJISIETCSI UCTIBITAHUEM.

2. Pesynprar noctaBanus npeamera us
KOP3HHBI SBIISIETCS COOBITHEM.

3. CoObITHE «BBIHYTHIN MPEAMET
OKaXXeTCs KIyOKOM» SIBIISIETCS JJOCTOBEPHBIM
COOBITHEM.

4. CoObITUS «BBIHYTHIN NPEAMET HE
OKayKeTCsl KIyOKOM» WJTU «BBIHYTBIH NpeMeT
OKa)XETCS KPACHBIM KITyOKOM» SIBJISIFOTCSI
HEBO3MO>XHBIMU COOBITUSIMH.

S5. CoObITHE «BBIHYTHIN MPEAMET
OKa)KeTCsl 3eJICHBIM KITyOKOM) SIBIISIETCS
BEpPOSITHBIM COOBITHEM.

A={BBIHYTBI} IpEIMET OKA3aJICsI KIIyOKOM}.
B={BbIHYTHII IpeAMeT HE OKa3aics KIyOKOM.
C={BBIHYTBI} pEAMET OKa3aJICs 3€JIEHBIM
KIIyOKOM } .

D ={BbIHYTBII1 IpeIMeT OKa3ajcs KPaCHbIM
KIIyOKOM } .

2. OnpenienuM enne HeCKOJIbKO BaXKHBIX
MOHSTHH TEOPUU BEPOSTHOCTEN
Onpenenenue

[IpocTpaHCcTBO AE€MEHTAPHBIX COOBITUI Q—
MHO’KECTBO BCEX Pa3IMUHBIX UCXO/0B
MIPOU3BOJILHOTO UCIIBITAHNUS.

Hanpumep, npu Opocke 0HOM UrpaibHOI
KOCTH MPOCTPAHCTBO 3JIEMEHTAPHBIX COOBITUI
Q= {wW1, W2, W3, Was, Ws, Ws}, TTIE Wi-
BBITTAZEHUE 1 OYKOB.

Ecnu coObITHS HE MOTYT NPOU30MTH
OJIHOBPEMEHHO B OJJTHOM HCIIBITAHUU, TO
COOBITHS Ha3bIBAIOTCSI HECOBMECTHBIMH.
Hanpumep, npu 6pocaHnyi MOHETHI HE MOTYT
OJIHOBPEMEHHO BBINACTh «Opéim» u «Pemkay.
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[Ipocreimmm TpuMepoM HECOBMECTHBIX
COOBITHIA SIBISIETCS

napa MpOTUBOIOIOKHBIX COOBITUH.
[TpoTHBOMOIOKHOE COOBITUE MPOUCXOIUT
TOTJa, KOT/Ia UCXOHOE COOBbITHE

A He IpouCXOoaHuT.

Co0bbITHE, IPOTUBOIIOJIOKHOE IAHHOMY,
00BIYHO 0003HAYAETCS TOM K€ TATUHCKOU
OYKBOI C UéPTOUKOU CBEPXY.

Hanpuwmep:

. A — cnan sK3aMeH 10 MaTeMaTHKe;

. A — He cla PK3aMeH 110 MaTEMAaTHKe.
Onpenenexue.

[TonHoit rpymmoi coObITUI HA3bIBAECTCS TaKas
cucTtema coOBITHIL, YTO B pe3yJbTaTe
UCIIBITAaHUSI HEITPEMEHHO MPOU30MIET OJTHO U
TOJIKO OJTHO U3 HUX.

[Ipumep .

MoneTy noa0pOCHIN ABAXKABI. Y KaXHUTE BCE
3JIEeMEHTapHbBIE COOBITUS MTOTHOM TPYIIIBI
COOBITHIA.

DneMEeHTapHBIMU COOBITHSIMHU SIBJISIFOTCSL

- Beimasno aBa «opiay»

- Brinmano aBe «pemku»

- Beinast ouH «open» v 0JiHa «PerKa.

3. UT0OBI BBIICHUTH, HACKOJIBKO BEPOSTHO TO
WM UHOE CIIy4yalHOE COOBITHE, HYKHO
MOJ/ICUNTATh, KAK 4YaCTO OHO MTPOUCXOMMT.
Omnpenenenue.

Uwncno UCTIBITaHUN, B KOTOPBIX COOBITHE
HaCTyNuJI0, Ha30BeM a0COIIOTHON YacTOTON 1
o06o03HaynM n. OOI1Iee YUCIIO MPON3BEIECHHBIX
ucnbiTaHuit 0603HaunM N.

OTtHoleHNEe a0COMOTHOM YaCTOTHI K UUCITY
ucnbITaHui n/N Ha3bpIBA€TCS OTHOCUTEIHHON
Y4acTOTOM COOBITHSL.

OTHOCHUTENBHAS YacTOTa MTOKA3bIBACT, KaKas
JI0JI UCTIBITAHUI 3aBEPILINIIACH
HACTYIUICHUEM JTAHHOTO COOBITHS. DTa
OTHOCUTEIIbHASA YacTOTa U

OTIpeIeTIsieT BEPOSITHOCTh CITyIaifHOTO
coObITud. Ee ele Ha3pIBatOT CTaTUCTHYECKON
BEPOSITHOCTHIO COOBITHA.

Cratuctudeckasi BEpOSITHOCTh COOBITHS
PaCCUUTBIBACTCS OTBITHBIM ITyTEM.

ITpumep.

Eme co Bpemen [IpeBnero Kuras 3a 2238 ner
JI0 Halllel 3pbl HA OCHOBAaHUU METPUK
nemorpadsl 0OHAPYKUITH, UTO Ha KAXKIYIO
TBICSIYY HOBOPOXIAEHHBIX Mpuxoautcs 514
MaJIbYUKOB.
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DTO 03HaYaeT, 4To BeposTHOCTh poxkaeHUS
MajbyuKa coctasisget 0,514.
1. Knaccuueckoe onpeeneHne BEpOITHOCTH
MIPUMEHSETCS JIJISl PABHOBO3MOKHBIX
COOBITUH.
K paBHOBO3MOKHBIM (PaBHOBEPOATHOCTHBIM)
OTHOCSITCS] TAKHE COOBITHS, JIJIsI KOTOPBIX HET
HUKAKUX OOBEKTUBHBIX OCHOBAaHUI CUUTATH,
YTO OJIHO SIBJISIETCA 00JIe€ BO3MOMXKHBIM, YEM
IpyTHe.
Hanpumep, npu 6pocanuu urpaibHOro
KyOuKa COOBITHS BBINIAICHUS JIIOOOTO U3
OYKOB PaBHO BO3MO>KHBI.
PaccMoTpuM npou3BOIBHBIN SKCIIEPUMEHT.
[Tycth N- yucio BCcex UCXOI0B SKCIIEPUMEHTA,
KOTOpBI€ 00pa3yroT MOJIHYIO IPYIILY OMAapHO
HECOBMECTHBIX U PABHOBO3MOKHBIX
COOBITHUH, M — YKCII0 OJIArONMPUSITHBIX
coObITHIO A Hcx010B. Torjaa BEposiTHOCTBIO
m
P(A) =—
COOBITHS A Ha3bIBACTCSI YUCIIO n
CornacHo onpe/esieHHI0 BEPOITHOCTH
HauMEHbIlIEE 3HAYCHUE BEPOSITHOCTH
IPUHUMAET HEBO3MOXKHOE COOBITHE, TaK KaK
OHO HE MOXET HAaCTYIUTb U AJis Hero m=0,
3HAYUT U BEPOSITHOCTH paBHa ().
Haubonbiiee 3HaueHne npuHUMaeT
JIOCTOBEpHOE coObITHE. B cuity TOro, 4To 0HO
rapaHTUPOBAHHO MPOU3OUET, ISl HEr0 Mm=n,
P=m/n=n/n=1.
2 .Cymmoii coowiTrii A u B Ha3bIBaeTcs
cobbiTEe A+B, KOTOpOE COCTOUT B TOM, UTO
HACTYIUT WK COObITHE A, WIIN COOBITHE
B, unu 06a coOBITHSI OTHOBPEMEHHO.
[IpousBenenuem coObiTHii A U B Ha3biBaeTcs
coObITHE A*B, cocTosiiee B COBMECTHOM
OCyIIecTBIEHUH coObITUI A 1 B.
Hanpuwmep:
1. [Tycth A - unet noxnp, B - uner cHer,
torga A + B — «uaeT cHer wim JoXKab»
2. [Tpu 3-x BBICTpenax Mo MUIIEHH
COOBITHS: Ao — «TTONaAAaHMI HEeT», A1 — «OIHO
nomnajianuey, Az — «IBa MomalaHus», TOTAa
A=AotA1+A2 - «IpOU30MIO HE OOJBIIE IBYX
nonagaHui»
3. [Tycts C - u3 ypHBI BBIHYJIN O€IbIi
map, D - u3 ypHbI BeIHYIM Oenblii map,
toraa C-D - U3 ypHBI BRIHYJIH J1Ba O€IbIX
mapa
4. ITycts C - u3 ypHBI BBIHYIIN O€mbIi
map, D - u3 ypHbl BeIHYIN 6enblif map,

212




torna C [ -- u3 ypHEI BRIHYIN 1Ba mapa:
Oenblif 1 He OembIi

Teopema cioxeHus BEPOSITHOCTEN
HECOBMECTHBIX COOBITHIA: BEPOSITHOCTh
NOSIBJICHUSI OHOTO U3

JIBYX HECOBMECTHBIX cOObITHIT A niu B paBHa
CyMME BEPOSITHOCTEH 3TUX COOBITHI:
P(A+B)=P(A)+P(B)
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OHpeI[eJ'IeHI/IC BEPOATHOCTHU: KIIACCHYECKOE,
CTaATUCTUYCCKOC U TCOMCTPHUYCCKOC

Kraccuueckoe omnpezenenue BEpOSTHOCTU
BeposATHOCTBIO HACTYIUIEHUS
coObITHs A Ha3BIBAETCS YMCIIO, PABHOE
OTHOIICHHIO YHCIIa CIyJaeB,
0JIAarONPHUATCTBYIOIINX COOBITHIO A, K
o01IeMy 4HCIy CilydaeB (MCXOJI0B, IIAHCOB
WJIH DJIEMEHTAPHBIX COOBITH).
BepositHocts (P)

pla)=m1
n

I'me n — oOriee uncIo ciaydyaes, M — YUCIIO
CJIy4aeB, OJIarONMPUSATCTBYIOIIUX COOBITHIO A.
BeposiTHOCTh HEBO3MOYKHOT'O COOBITHS:

et 0
PV |===0
n
BeposiTHOCTB T0CTOBEPHOTO COOBITHS:

T
FlU|===1

n

BeposiTHOCTB J1I000T0 CITy4aitHOTO COOBITHS:
0<PA)<1
Craructuueckoe onpeieieHue BEpOsITHOCTH

Craructuueckoi
BEPOSITHOCTBIO COOBITUS A HAa3bIBAETCSI OTHOC
UTENIbHAS YacTOTa MOSBIECHUS COOBITHSA B N —
MIPOU3BEICHHBIX UCTIBITAHUSX.
OmnbiTHas (KCTIEpUMEHTANIbHAS)
BEpPOSITHOCTD:
PlAlsd [A]:i

n
Crenosarenso, @ 4] ects nons Tex
(hakTHUECKU TPOU3BEIEHHBIX UCTIHITAHUI, B

KOTOPBIX COOBITHEA TosiBIIIOCH. [Tpn 1~ &2

PA)=~ @ (A)

[Ipumep 1.

B kopoOke J1eXuT 7 CUHUX, 8 KPacHBIX U 5
3€JIeHBIX I11apOB.

Pemenue:

CobbiTHe A — 1m1ap 3eJIeHbliH;

7+8+5=20 Cl=n

1
aom_Cs 5 1
PlAlm—=——=—==—
“onocl, 20 4
[Tpumep 2.
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B xopo6xke nexar 100 snexTposiamil, U3 HUX 5
OpaKkoOBaHHBIX.

Pewenue:

CoObiTue A — Ha ynady, BEIOpaHHbIE 2
AJIEKTPOJIAMITHI UCIIPABHBI.

100—-5=95—ucnpasHblx MeKMparaMn.
95!

..m_Cs 93121 9495 893
P"A"___CTUD_W_M_@“ 0,902
gg!-2!
[Tpumep 3.
B xopo6ke nexut 10 mapos: 6 6enbix u 4
YEepHBIX.
Haiitu:

BeposTHOCTB TOTO, YTO U3 MSTU B3ATHIX
HayraJ mapoB OyneT 4 OembIX.
Pemenue:
Haiinem umnciio 6:1aronpusTHBIX HCXOJIOB:
YHCII0 CIIOCO00B, KOTOPHIMH MOKHO B3SITh 4
OeJbIX mapa u3 6 UMEIOIIUXCS [IapoB, PaBHO:
4_ o B .
Ce=C= AT 15
OO0111ee 4nca0 UCXO00B ONPEEIIIEeTCS
yucioM couetanuit u3 10 o 5:
Co=252
Hckomas BepostHocTh P = 15/252 = 0,06.
I'eomeTpuueckas BEpOATHOCTb, TO €CTh
BEPOSITHOCTD IONAJJaHUsl TOYKU B HEKOTOPYIO
00JacTh, OTPE30K, YaCTh IIOCKOCTH.
I'eomeTrpuueckoit
BEPOSTHOCTBIO COOBITHS A Ha3bIBAIOT
OTHOILIEHHE Mephl 001acTH,
0J1aronpHUATCTBYIOLIEH MOSBIECHUIO
coOBITHS A, K Mepe Bceil o0nacTu.
Plaj=2=L
mesg
r7e mes —Mepa (JUIMHa, TII0IA b, 00bEM
o0rnactu).
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OCHOBHBIE  CTaTHUCTHYECKHE  TOKa3aTelu:
cpenHee apudMeTHUECKOe, pa3Max, MeauaHa
U MoJia.

CpenHuM aprupMETHUECKUM Psiia YUCel

Ha3bIBAETCS YACTHOE OT JEJCHUS CyMMBI 3THX

YHCell Ha YUCIIO CllaraeMblX.

s psna ai,ai,..,an cpeaHee apupMeTHIecKoe

BBIYUCIISIETCS IO opMmyIie:

a=(al+a2+...+an)/n

Haiinem cpennee apudmerrueckoe s ynucen

5,24, 6,97, 8,56, 7,32 n 6,23.
a=(5,24+6,97+8,56+7,32+6,23)/5=6.864

Pazmaxom psizia yricesn Ha3bIBaeTCsl pa3HOCTh

MEXy HanOOJIBIIIMM U HAUMEHBIITNM U3 dTHX

quCell.

Pa3max psna 5,24, 6,97, 8,56, 7,32, 6,23

paBeH 8,56-5,24=3.32
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Moo psiga yucen Ha3bIBaeTCs YUCIIO,
KOTOPOE BCTpEYAETCs B JAHHOM Py Yalle
JIPYTrHUX.

Psin urcen MoxeT uMeTh 0oJiee OAHON MO/IBI,
a MOKET HE UMETh MOJIbl COBCEM.

Mopoii psina 32, 26, 18, 26, 15, 21, 26
SIBJISIETCSI YU CIIO 26, BCTpevaeTcs 3 pasza.

B psany uucen 5,24, 6,97, 8,56, 7,32 u 6,23
MO/IbI HET.

Pan 1,1, 2,2, 3 conepxut 2 moasl: 1 u 2.
MenuaHoi yrnopsiA0uE€HHOTO Psiia YUCEN C
HEUYETHBIM YKCIIOM YJICHOB HA3bIBACTCA
YHUCIIO, 3aIIMCAHHOE MTOCEPEIUHE, & MEUAHON
YIOPSAIOYEHHOTO PsiJIa YKCell ¢ YETHBIM
YHUCJIOM YIEHOB HA3bIBAETCS CPEIHEE
apudmeTHuecKoe IByX YUCEIl, 3alTMCAaHHBIX
MOCEPE/INHE.

MenuaHoi IpOU3BOJIBHOTO Psia YHCEI
HA3bIBAETCS MEJIMaHA COOTBETCTBYIOLIETO
YHOPSAIOYEHHOTO pAJaA.

Menuana psga 4, 1, 2, 3, 3, 1 pana 2.5.
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OCHOBHbIE IOHATHUS CTEPEOMETPUU

CrepeomeTpus — pa3zies TeOMETPHH,
U3Y4alollnuii CBOMCTBA Tel U (uUryp,
B3aHMHOC MOJ0KCHNUE JTUHUM, IIIIOCKOCTEH,
MOBEPXHOCTEH U TEJ B TPEXMEPHOM
IPOCTPAHCTBE.

OCHOBHBIMU HEOIPEAEIIEMbIMU MOHITHSIMH
B CTEPEOMETPUH SABIISAIOTCA: TOUKA, IpsIMast U
IJIOCKOCTb.

1. TOUYKH 0003HAYAIOTCS IPONUCHBIMU
natuHckumu OykBamu: A, B, C u 1. 1.
2. MPSIMBIE — CTPOYHBIMU JIATHHCKUMHU

OykBamH: a, b, ¢ ¥ T. 1. WIH ABYMs OOJIBITUMU
natuHckumu OykBamu: AB, BC u T. 1.

3. TUIOCKOCTH — TPEUYECKUMH OyKBaMHU: o,
B,yurt. .

OcCHOBHBIE CBOWMCTBA TOUYEK, IPSIMBIX
IJIOCKOCTEH, Kacaloluecs UX B3aMMHOTO
PacCIOJIOKEHUSI, BEIPAKEHBI B aKCHOMAX.

Al: Yepes 3 Touku, He Jexalire Ha OJHOU
MPSIMOM, TIPOXOJIUT TIIIOCKOCTh, U IPUTOM
TOJIBKO OJHA.

Ecau B3sITH 4eThIpe MpOU3BOJIbHBIE TOUKH, TO
yepe3 HUX MOXKET HE TPOXOJAUTh HU OJHA
IUIOCKOCTb.

A2: Ecnu 1Be TOUKM NPSIMOM JIEKaT B
TIJIOCKOCTH, TO BCE TOUKH MPSIMOM JIexKaT B
3TOH IIOCKOCTH.

B sTOM citydae ToBOpSIT, UTO TpsiMast JISKUT B
IJIOCKOCTH WJIH MJIOCKOCTh IPOXOJIUT Yepe3

MIPSIMYIO.
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DTO CBOMCTBO UCIOJB3YETCS MIPU MPOBEPKE
“pOBHOCTU” TUHEUKH.

Ecnu npsimast ¥ TNIOCKOCTh HMEIOT OJIHY
0O0IIYIO TOYKY, TO TOBOPST, YTO

OHU TIEPECEKAIOTCS.

A3: Ecnu 1Be III0CKOCTH UMEIOT OOIIYIO
TOYKY, TO OHA UMEIOT OOIIYIO MPsMY0, Ha
KOTOPO#1 JIe)KaT Bce OOIINE TOUKH ITUX
MIJIOCKOCTEH.

B sTOM ciryyae roBopsT, 4TO INIOCKOCTH
TIEPECEKAIOTCS 10 MTPSIMOIA.
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B3anMHOe pacnonokeHue npsMbIx U
IUIOCKOCTEH B IPOCTPAHCTBE

B3anMHOe pacnonoxeHue npsMbIX.
Bo3moxHBI Tpu ciydasi: 1Be MpsiMble
HapajuiesIbHbl, IEPECEKAOTCS WIN
CKPEIIHUBAIOTCSL.

Onpenenenue. J[Be nmpsiMmple Ha3bIBAIOTCS
NEPECEKAIOIIUMUCS, €CIIM OHH UMEIOT OJIHY
OOIIYIO TOUKY.

O6o3nauenue: aNb=M

Onpenenenue. J[Be npsiMmble Ha3bIBAIOTCS
napasuieTbHBIMU, €CJIM OHH JIS)KAT B OJTHOM
IUIOCKOCTH U HE TIEPECeKaroTCs.
O6o3Hauenue: a || b

Onpenenenue. J[Be npsimele, HE Jexalue B
OJIHOM MJIOCKOCTH, HA3bIBAIOTCS
CKPEILMBAIOIIIMUCS.

O06o3HaveHue: a ~ b

Teopema (TTpU3HAK CKPEIIMBAIOIIAXCS
npsiMbIX): Eciu oiHa U3 ABYX MPSMBIX JIEKUT
B IUIOCKOCTH, a pyTas MepeceKkaeT 3Ty
IUIOCKOCTh B TOYKE, HE JIEKallled Ha IEpBO
MPSIMOM, TO ATH NMPSAMBIE CKPEIIMBAIOTCS.
Cy1ecTBYIOT TpH City4asi B3AUMHOTO
PacCIIOJIOKEHUS MTPSIMOM U TUIOCKOCTH B
IIPOCTPAHCTBE:!

— TIpsMas JEXKUT (HAXOAUTCS) B INTIOCKOCTH
— TpsMas U IUIOCKOCTh UMEIOT TOJIBKO OJIHY
00111y10 TOUKY (TIpsiMas U MIIOCKOCTh
MepeceKaroTCsl)

— TpsMas U IUIOCKOCTh HE UMEIOT HU OJTHOM
oOuiet Touku (mpsimMasi ¥ IMI0CKOCTh
napasiesIbHbI)

B3anmHOe pacnosniokeHue MI0CKOCTEM.
Bo3moxHBI ABa ciydasi: ABE INIOCKOCTH
MIepPEeCEeKar0TCs WK NapauIeIbHBL.
Omnpenenenue. J[Be MI0CKOCTH Ha3bIBAKOTCS
napajuleIbHBIMU, €CJIM OHU HE UMEIOT OOIINX
TOUEK

Teopema (mpu3HaK napamieIbHOCTH
mockocTeil): Ecnu nBe nepecekaromuecst
NpsMBbIE, JIEKAIIE B OJTHOW IMIOCKOCTH,
COOTBETCTBEHHO MapaJuIeIbHbI IBYM
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MPSMBIM, JICKAIIUM B JPYro# MIOCKOCTH, TO
3THU IUIOCKOCTH NapalIeIIbHbL.

Onpenenenue. /[Be MIOCKOCTH HA3bIBAKOTCSA
MePECEKAOIIUMHUCS, €CIIM OHU UMEIOT OOIIYIO
npsMyr0. B 3ToM ciydyae oHM HE UMEIOT
JIPYTUX OOIIMX TOYEK BHE ITOU MPSIMO.
aNP=a

244

VYIubl MEXAY IPSIMBIMU. YTOJI MEXAY IIPAMOM
U IUIOCKOCTBIO.

Yros Mexay IpsMBIMU B IIPOCTPAHCTBE
Yriom Mexay AByMsl IEPECEKAIOIUMUCS
MPSIMBIMU B IIPOCTPAHCTBE HA3bIBAETCS
HaMMEHBIINN U3 YIJI0B, 00pa30BaHHbBIX
Jy4aMH 3TUX NPSMBIX C BEPLIIMHON B TOUKE
UX [IEPECEUCHMUS.

YTII0M MeXIy CKpEIUBAOIUMUCA IPSIMbIMU
Ha3bIBACTCsl YTOJI MEXKAY IIEPECEKAOIIUMHUCS
IIPSIMBIMH, COOTBETCTBEHHO ITapaJLJIEIIbHBIMU
JAaHHBIM.

JIBe mpsiMble Ha3bIBAIOTCS
NEPIEHIUKYJIIPHBIMHU, €CIIA YTOJI MEXIY
HUMH IIPSIMOM.

VYTribl MeXAY IPSIMOM U INIOCKOCTBIO
Ecnun HapucoBarts J1Be NpsMBbIE HA JINCTE
Oymaru, Mbl € JIESTKOCTBIO MOYXKEM U3MEPUTH
YTOJ MEXY HUMH € ITIOMOILBIO
TPAHCIIOPTHPA. A €CJIM ITPOBECTHU NPAMYIO K
IJIOCKOCTH, KaK TOYHO U3MEPUTH YTOJI MEXKY
HUMU?

N B 3TOM BOmIpOCE K HAM CHOBA HA ITOMOILIb
npuxoaut crepeomerpus. Ho aiig Hagana
PacCMOTPHM, YTO TAKOE YIOJl MEXKIY NMPSIMON
U IJIOCKOCTBIO.

Yron Mexay npsiMoil ¥ IIOCKOCThEO — 3TO
YTOJ MEXKIY IIPSIMON U €€ MIPOCKLUEH Ha Ty
IIJIOCKOCTB.

UYro Takoe npoekuus? [Ipeanonoxum, Mol
HOPOTKHEM JIUCT OyMaru (IIOCKOCTh) OUY€Hb
JUIMHHOU HUTJION.

A Temnepb caenaeM 3TOT PUCYHOK OJIMKe K
yeprexy. [IycTh mIockocTs a nepecekaer
npsimas a B Touke O.

Haunewm ctponts npoexknuro. [Ipexne yem
pa3o0paTkCs, YTO TaKOE MPOEKIUS IPIMOM Ha
IIJIOCKOCTh, HAIEM MPOEKIIMIO TOYKH HA
IIJIOCKOCTB.

Bo3pMeM Ha Hamei npsiMoi a TOUky A u
OITyCTHM M3 HE€ NEPIEHANUKYIISIP K
IJIOCKOCTH a. To4ka, B KOTOpOon
NEPIIEHAUKYIISP MepecedeT II0OCKOCTh, OyIeT
Ha3bIBaThCS MPOCKIUEN TOUKH HA IUNIOCKOCTb.
Ha pucynke 0603HaunM ee kak Au.
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[Ipoekuyst TOUKH HA MIIOCKOCTh — 3TO
OCHOBaHUE MEPIEHANKYIAPA, OMYIIEHHOTO U3
9TOU TOYKH HA IUIOCKOCTb.

Teneps, eciiu MbI OyzieM OpaTh Kaxayro
TOUYKY Ha IPSIMOM U IPOEKTUPOBATH €€ Ha
IJIOCKOCTB @, TO MOJIYYUM IPOEKIUIO 3TON
IPsIMOM Ha IUIOCKOCTh. Ho ImockobKy Ha
psIMOi OECKOHEYHOE MHOKECTBO TOYEK,
JIOCTATOYHO COeTUHHUTH TOUku A1 u O,
nostydaeM, 4to A1O — npoekuust npsMoi a
Ha IUIOCKOCTS a.

3aMeTuM, 9TO €CIIU MBI IPOBEIEM M3 JIF000H
TOYKH NPSIMOU MTPOEKLMIO K TUNIOCKOCTH, TO
nonajzem Ha npsmyo A10.

IIpoekuyst npsAMOi a Ha TNIOCKOCTh — 3TO
npsiMast a1, 00pa3oBaHHask MPOEKLUMSIMU BCEX
TOYEK MPSIMOU a Ha IIOCKOCTb.

Taxum 00pa3oM MOXKHO IOCTPOUTH IPOEKLIUU
HE TOJIBKO MPSIMOM, HO U JIF000H (UTYpBHI.

B sTOM ciiyyae Mbl Takxke GepeM OCTphIi
yroii, 00pa3oBaHHbIN NPSIMOH U IJIOCKOCTHIO.
ANTOPUTM HaXOXAEHUS yIJIa MEeXAY IPAMON
Y IUIOCKOCTBIO:

[IIar 1. ITocTpouTh MPOEKIIMIO MPIMOM Ha
IIJIOCKOCTb.

[ar 2. Haiitu yroa Mexay npsiMoit u
IIOCTPOEHHOM MPOEKIMEM.

Ecnu npsmas napanienbHa MI0CKOCTH YroJl
Oynet paseH 0.

[Ipoekius npsMoit Ha IOCKOCTh Oy1eT 3Tol
e MPSMOIL, MPOCTO Jiexkalel B TUIOCKOCTH.
Korna npsimast nepneHiukyisipHa
IIJIOCKOCTH, MPOEKIIMEN NMPSMOM Ha IJIOCKOCTh
OyzeT TouKa rnepecevyeHus npsMon u
IIJIOCKOCTH. YTOJI MEKy NPSAMOU 1
IUIOCKOCTBIO OynieT paBeH 90°.
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[TapamtenpHbIe IpsIMBIE B IPOCTPAHCTBE

Omnpenenenue: /[Be npsiMpie B TPOCTPAHCTBE
Ha3bIBAIOTCS NapaJJIEIbHBIMU, €CITU OHU
JIEXKaT B OJTHOU TIJIOCKOCTH U HE

nepeceKaroTcs.
O6o03HaueHNe MapaJIeTbHBIX TPSIMBIX: a || b.
aco
allbe { anb=
Ibe{ ™, ¢
Teopema 1.

UYepes 1100yt0 TOUKY IPOCTPAHCTBA, HE
JIeXKANYI0 Ha TAHHOW TIPSIMOM, TPOXOIUT
npsMasi, napajuiesibHas JaHHOW, U IIPUTOM
TOJILKO OJHA.

JlemMa (0 IBYX MapasuieNIbHbIX NPSIMBbIX,
TePECEKAOIINX IIOCKOCTh) U €€
JI0Ka3aTeIbCTBO
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Ecnu ogHa 3 1BYX mapauienbHBIX IPSMBIX
NepeceKaeT JaHHYIO MJI0CKOCTb, TO U IpyTas
npsiMast IepeceKaeT 3Ty MIOCKOCTb.
Teopema 2.

Ecnu naBe npsiMble mapayieabHbl TPEThE!, TO
OHM I1apajleyibHBbI.
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HapaJ'[J'IeJ'IBHOCTB HpﬂMOfI H IIJIOCKOCTHU

[IpsiMas ¥ MIOCKOCTh HA3BIBAKOTCS
napajieIbHBIMU, €CJIH OHH HE UMEIOT 00IInX
TOYEK.

O6o3Hauenue: al|o.

Harnsannsiii npumep, KOTOPbIN aeT
MPEJICTABIEHUE O IPSMOM, MApaIETbHON
IJIOCKOCTH - 3TO JIMHUS [IEPECEUEHUS CTEHBI U
IIOTOJIKA - OHA IapaJljIesIbHa INIOCKOCTH I10J1A.
Teopema (IIpu3Hak napayieIbHOCTH MPSIMON
U TIJIOCKOCTH).

Ecau npsimas, He nexanias B JaHHOU
IUIOCKOCTH, NapaJijiesibHa KaKoi-HUOYAb
psIMOi1 Ha 3TOM IJIOCKOCTH, TO 3T MpsAMas
napasuieJbHa JaHHOM MJI0CKOCTH.

Jlemma: eciii oHa U3 ABYX NapajliedbHbIX
IPSIMBIX TIEPECEKAET JTAHHYIO IIOCKOCTh, TO U
Jpyrasi npsiMasi IepecekaeT 3Ty IIOCKOCTb.
YTBepxaenue 1

Ecau niiockocTh NpoXoAauT uepe3 JaHHYIO
IPSIMYI0, TApaJUIEIbHYIO IPYroi MII0CKOCTH,
U TIEPECEKAET ATY IJIOCKOCTh, TO JTUHUS
repeceyeHus MIOCKOCTeN napauieabHa
JTAHHOU MPSMO.

YTBepxaeHue 2

Ecau ogHa u3 1ByX mapasuiesbHbIX NPSIMbIX
napajuiesibHa JaHHOH IJIOCKOCTH, TO Apyras
npsiMasi THOO TaKXKe MapayjieibHa JaHHON
IJIOCKOCTH, JINOO JIEKUT B 3TOM IMIIOCKOCTH.
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IIpyzHak  MapaeNbHOCTH  IUIOCKOCTEH.
CaoiicTBa napauieabHbIX TIOCKOCTEN.

Omnpenenenue napamuieTbHOCTH TIOCKOCTEH
[TnockocTH HA3BIBAOTCS MAPAILICITBHBIMH,
€CJIM OHH HE TIEPECEKAIOTCS U HE CXOASATCS B
0OECKOHEUYHOCTH.

Jpyrumu cioBaMu, ABE IIIOCKOCTH
CUUTAKTCA HapaJ'IJ'ICJ'II)HI)IMI/I, €CJIM1 OHU HC
HMEIOT OOIIMX TOYEK MM €CIIM UX OOIIHe
TOYKH JIS)KAT Ha OECKOHEYHO yTAICHHBIX
MPSIMBIX.

[TapannenpHbIE TUIOCKOCTA MOXKHO
MIPEICTaBUTh KaK JIBE MapasuieIbHbIe
HOBerHOCTI/I, KOTOpI)Ie HUKOTrJa HE
MePECeKaroTCs, TaXKe eCIU X MPOJAOIKUTH B
0ECKOHEYHOCTb.

[Ipu3Hak napayuiensHOCTH ABYX TIOCKOCTEH
Ecnu nBe nepecekaronyecst mpsiMble OJTHOM
TJIOCKOCTH COOTBETCTBEHHO MapajlieIbHbI
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JIBYM TIPSIMBIM JIPYTOM TIJIOCKOCTH, TO
MJIOCKOCTH MapaJijie/IbHbL.

CaolicTBa napajuiesIbHbIX IIOCKOCTEH
[TapannenpHble MIOCKOCTU 00J1aJAI0T
HECKOJIbKMMU Ba)KHBIMU CBOHCTBAMM:
PaccrosiHne Mexxy napauiesIbHbIMA
IJIOCKOCTSIMU

Paccrosinne mex 1y 1ByMsl mapajuieIbHbIMUA
TJIOCKOCTSIMU OTIPEIEISAETCS KaK PaCCTOSTHHUE
MEXy JTI0OBIMU ABYMS TapaJLICIbHBIMU
MPSMBIMH, IIPOBEJICHHBIMHU U3 3TUX
IJIOCKOCTEH. DTO pacCTOsTHUE SIBIISCTCA
MOCTOSTHHBIM U HE 3aBUCHUT OT BBIOOpa
MPSIMBIX.

[TapamienbHbIE TUIOCKOCTH UMEIOT
OJIMHAKOBBIA HAKJIOH

Ecam nBe miiockocTy nmapajienbHbl, TO UX
HAKJIOHBI paBHbI. Hakiion miockoctu
OTIPE/ICIISICTCS YIIIOM, KOTOPBIN OHA 00pa3yer
C TOPU30HTAJIBHOM INTIOCKOCTBIO.
[TapanenpHbIe TUIOCKOCTH UMEIOT
OJIMHAKOBOE HAIPABJICHHUE

Ecau nBe miiockocTy napajuienbHbl, TO OHH
UMEIOT OJJMHAKOBOE HaIlpaBJICHUE.
Hamnpagnenue miaockoCcT onpeaensieTcs
BEKTOPOM HOPMAJIU, KOTOPBIi
NEPHEHANKYIISPEH IJIOCKOCTH M YKa3bIBAET B
ONpeIETICHHOM HalpaBJICHHUH.
[TapannenpHbIe TUIOCKOCTH HE MEPECEKAOTCS
[TapannenpHble MIOCKOCTH HUKOTJA HE
TIEPECEKAIOTCS, TaXKE €CITU UX MPOJIOKUTH B
OCCKOHEYHOCTh. TO O3HAYAET, YTO OHHU HE
HMEIOT OOIIHNX TOYEK.

[TapannenbHble IIOCKOCTH HE CXOATCS B
OECKOHEUYHOCTH

[TapannenbHble IIOCKOCTH HE CXOATCS B
OECKOHEYHOCTH, YTO 03HAYAET, UTO OHHU HE
npUOIIKAIOTCS APYT K IPYTY IPH yAaICHUN
B OCCKOHEYHOCTb.
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[lepnieHiuKynsApHBIE MIPSIMBIE B IPOCTPAHCTBE

Omnpenenenue. /[Be npsimble Ha3bIBAIOTCS
MEPIICHUKYISIPHBIMHE, €CITH YTOJI MEXKILY
HUMHU paBeH 90°.

alb

O0o3HaueHne.

Paccmotpum npsmele a u b. [Ipsimbie MoryT
nepeceKaTbcs, CKPeMBaThesl, ObITh
napauieabHbIMU. [ TOTO, 9TOOBI

220




IIOCTPOUTH YIOJI MEXIY HUMH HYKHO
BBIOpATh TOUKY U U€pe3 Hee MPOBECTH
ﬂ-!

OPSIMYI0 , IApAJUIENbHYIO IIPSIMOH a, U
b.’

, TApaJUICIIbHYIO TPSIMOH b.
a' b
[Ipsamble M mepecekaroTcs. YToia MEexXAy
HUMHU U €CTb yroJl MEXIY
npsiMbiMu a 1 b. Eciin yron pasen 90°, To
IpsIMBIC @ ¥ D epreH MKy pHBI.
Jlemma
Ecin onHa U3 ABYX napauieabHbIX MPSMBIX
NEPIEHIUKYISIPHA K TPEThE MPSIMOMU, TO U
Jpyras npsimas IepIeHANKYJIsIpHa K 3TON
IPSIMOIA.

PSMYIO
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HepHeHI[I/IKy.]'IHpHOCTB HpﬂMOﬁ H IINIOCKOCTHU

[Ipsimas nepneHAMKYIsSpHA IIIOCKOCTH, €CIIU
OHA MEPIEeHIUKYIIIpHA JIF000H NpsMoii,
IIPUHAUICKAIIEH JaHHON IUIOCKOCTH.
[Ipu3Hak nepneHaAuKyJISpHOCTH IPSIMOU U
IUIOCKOCTH

[Ipsimas, nepneHAuKyIsIpHAs JBYM
IIEPECEKAIOILNMCS U JIEXKAIIUM B OJHON
IUIOCKOCTH MPSIMBIM, Takke Oyzer
NEPIEHIUKYJIIPHA U JaHHOU IUIOCKOCTH.
Teopema 0 elMHCTBEHHOCTH MEPIEHIUKYIISIpa
K IIJIOCKOCTH

Uepes m00yr0 TOYKY IPOCTPAHCTBA MTPOXOIUT
IUIOCKOCTb, IEPIEHINKYIISIPHAS K JaHHOU
MIPSIMOM.

Teopema

Uepes m00yr0 TOYKY IPOCTPAHCTBA MTPOXOIUT
npsiMasi, NEPIEHIUKYIpHas K JaHHON
IJIOCKOCTH, U IPUTOM TOJIBKO OJHA.
CaolicTBa nepreHANKYIIsIpa K INIOCKOCTH

1. [IpsimMble, meprIeHIUKYISAPHBIE OJHOMN
IUIOCKOCTH, MapajliebHbl MEX]Ly COOOM.

2. Ecnu niockoctu napaniensbHsl, TO
npsiMasi, KOTopasi NEPIEHANKYIIIpHA OOHON U3
3THUX IUIOCKOCTEH, OyeT nepneHAuKYIsIpHa U
BTOPOH.

3. Bepno u oOpaTHOE yTBEpKIEHUE:
€CJIN IpsiMasi MEPIEHAUKYIISIPHA PA3IMUHBIM
IJIOCKOCTSIM, TO JIaHHBIE IIJIOCKOCTH

IapaJiICJIbHBI APYT JPYTY.
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[Ipu3Hak nepneHaAuKyIIpHOCTH TIIOCKOCTEN

Onpenenenue. /[Be nepecekaromumecs
IIJIOCKOCTH Ha3bIBAOTCS
MePIEeHIUKYIIPHBIMU (B3aUMHO
MEPIEHIUKYJIAPHBIMU), €CIIN YTOJl MEXTY
HHUMHM paBeH 90°.
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[Ipu3Hak nepneHaANKYJIIPHOCTH

IUIOCKOCTEM: €CIM OJHA U3 JIBYX IJIOCKOCTEH
IIPOXOJUT Yepe3 MPsAMYIO,
MEePIEHIUKYISIPHYIO K IPYTO MJIOCKOCTH, TO
TaKHe MIOCKOCTU NEPIEHANKYIISPHBI.
CnencrBue u3 npu3HakKa
NEPHEHANKYJIAPHOCTH TUIOCKOCTEH:
[InockocTh, NeprneHIUKYIspHas K MPSIMOU, 1O
KOTOPOM NEPECEKAIOTCSI JIBE IAHHbIE
IIJIOCKOCTH, MEPIICHIUKYIISIpHA K KaXKI0M U3
3TUX IUIOCKOCTEH.

CnencrBue 2

[ImockocTh NMMHENHOTO yIiia
MEePHEHIUKYISIPHA BCEM JIEMEHTaM
COOTBETCTBYIOILIETO ABYTPAHHOIO yIiia: pedpy
Y TPaHsIM.

YTBepxkeHue

Ecnu B oiHOM U3 neprieHANKYISIPHBIX
IJIOCKOCTEW MPOBEJEHA IIpsiMast
NEPHEHANKYIISAPHO K UX JIMHUU MePECeUEHUs,
TO 2Ta MpsiMast MEPIICHIUKYISIPHA U K APYTOr
IJIOCKOCTH.

[IpsimoyronbpHBII Mapauienenunen — Gurypa,
y KOTOpo# Bce OOKOBBIE pedpa
NEePIEHANKYJISIPHBI OCHOBAHHMIO.
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JIByrpaHHBIN yroi

Onpenenenue. J[ByrpaHHbIM

yIJI0M Ha3bIBaeTcs Gpurypa, oopazoBaHHas
MIPSIMOM @ M IBYMsI ITOJYTUIOCKOCTSIMH C
oO1iei rpaHuiiel a, He MPUHAJISKATIMH
OJTHOM TIOCKOCTH.

e

PaccmoTpum e nosiyruiockocty o U f3. Mx
oOmas rpanuIa — a. YkazanHas ¢urypa
Ha3bIBA€TCs JABYTPAHHBIM YTJIOM.
TepmuHonoTrHs

[onmymiockocT o U 3 — 3TO rpaHH
JBYTPAHHOI'O yTJIa.

[Ipsimast a — 370 peOpo ABYTPaHHOTO yrJa.
W3mepenue NByrpaHHOro yria

Ha o6muiem pedpe a AByrpaHHOro yria
BBIOEpEM Mpou3BoJIbHYIO TOUKY O (puc. 4). B
MOJIYTJIOCKOCTH 0. U3 TOUKH O BOCCTAaHOBUM
neprnerukynsap OA x npsimoit a. 13 Toit ke
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To4kd O BO BTOPOH MOJYIUIOCKOCTH [3
BoccTaBuM nepneHaukyisip OB k pebpy a.
[Tonyurn yron AOB, KOTOpbIi Ha3bIBACTCS

JIMHEHHBIM YIJIOM JBYI'PAHHOIO YIJIa.
O€a

O4d1lalAdca=+A0B

OB La,0BCf — JTMHEHHBIH

yroJl ABYTPaHHOI'O yIia.

CBOMCTBO TMHENHOIO yria

[ltockocTh TMHEHHOTO yriia
HepHeHIUKYIIsIpHa peOpy IBYTPaHHOIO yIJIa.
Bunel 1ByrpaHHbIX YIiioB

JIByrpaHHbIN yroa U3MepseTcs CBOUM
JMHEHHBIM YIJIOM. DTO 03HAYaeT, uTo,
CKOJIBKO I'PayCOB paJuaH COAEPKUTCS B
JIMHEHHOM YTJIE, CTOJIBKO 7K€ IPajyCcoB
pazivaH COJEP/KUTCS B €r0 ABYTPaHHOM YTJIE.
B cooTBeTcTBUU C 3TUM PA3IUYAIOT
CJIEYIOIINE BUBI ABYTPAHHBIX YIJIOB.

- Octphiii

JIByrpaHHBIN yroJyl OCTPBIN, ECIIU €T0

N . @ €(0%90°)
JIMHCHUHBIN YT'OJI OCTPBIH, T.C. .

- [Ipsamoii
JIByrpaHHBIN yroJ NpsiMoM, KOT1a €ro

f— o
nMHeitHbI yron pasen 90 ¥ T 90°. Tymoi

JIByTpaHHBIN yroJ TylOW, KOTJa ero

N . @ €(90°%180°)
JJMHCHUHBIN YI'OJI TYIIOHU, T.C. .
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Teopema 0 Tpex nepneHauKyIsIpax

PaccrosiHre OT TOUKH /10 MIIOCKOCTH
PaccMOTpuM IIIOCKOCTB 0L ¥ TOUKY A,
KOTOpas JISKUT BHE 3TOM Tutockoctu (puc. 1).
Kak u3BecTHO, N3 TOUKH A MOKHO IPOBECTH
€IMHCTBEHHYIO
npsamyo AH nepneHauKysipHyro IIOCKOCTH
a. [Iposenem npssmyro AH neprnieHIuKyIsspHO
Hewm

IIJIOCKOCTH 0,
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Omnpenenenue. Otpe3ok AH HazbiBaeTcs
NEPIECHIUKYISIPOM, TPOBEICHHBIM U3
TOYKU A K IUIOCKOCTH 0. To ecTh,
HEPIECHIUKYIISAP — 3TO OTPE3OK.
Onpenenenue. Ilycts Touka M apyras
POM3BOJIbHAS TOYKA IIOCKOCTH 0. Torna
oTpe3ok AM Ha3bIBaeTCs HAKJIOHHOM, a
otrpe3ok MH Ha3zbiBaeTcs mpoekuuen
HAKJIOHHON AM Ha IIOCKOCTbH a.
Onpenenenue. PacctossHueM oT TOUuku A 110
MJIOCKOCTH Ol Ha3bIBAIOT JJIUHY
neprnenaukynsapa AH. O603n.: p(A; a) = AH.
3ameTuMm, uro AH — HauMeHkbIIee u3
paccTOsSTHUM MEXIy TOUYKOH A U Jt000i
TOYKOM IJIOCKOCTH. JIeHCTBUTENBHO, B
IPSIMOYTOJIBHOM

TpeyronbHuke AHM nepnenaukyssp
(karer AH) xopoue HaKJTOHHOM
(runoteny3slt AM).

Taxum 00pa3oM, 4TOOBI HAMTH PACCTOSTHHE
MEXAY TOUYKOM U MIOCKOCTBHIO, HYKHO HAUTH
JUTMHY TIEPIEHIUKYISIpa OT TOYKH J10
MJIOCKOCTH.

Paccrosinne Mexy mapanieibHbIMUA
MJIOCKOCTSIMU

[1n0cKOCTh O U MIIOCKOCTH B MapaieabHBbI.
Ha nockoctu 3 BeiOepeM MpoU3BOIBHYIO
Touky A (puc. 2). I3 Touku A onmyctum
neprneH uKysp AAo Ha INIOCKOCTB 0.
[lepnennukynsip AAo 1 Ha30BeM
paccTOSTHUEM MEXKY MIOCKOCTSAMU o U 3.

4 B B

ot

4p By

Paccrosiane Mex 1y napasuienbHbIMU
TUTOCKOCTSIMHU

3aMeTHM, 4TO JUIMHA 3TOTO MEPIEeHANKYIIIpa
HE 3aBUCHT OT TOTO, KAKyI0 TOYKY MBI
BbIOpasy.
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Hampumep, BeiOepem apyryro Touky B,
OIyCTUM IepreHauKyisp BBo.
[Ipsimbie A Ao u BBo neprnieHaAnKyIsipHbI
OJIHO 1 TOH K€ IIJIOCKOCTH, 3HAYUT,
npsimbie AAo 1 BBo napamuiensnsl. Toraa us
CBOMCTB IapaJUIEIbHBIX IIJIOCKOCTEN
otpe3ku AAo u BBo paBHBI.
PaccrosiHne Mexy NpsAMOU U IJIOCKOCTBIO
Paccrosinne mexay npsAMoi U III0CKOCThIO
OIIpezesAeTCs B Cllydasx, Korja npsmas
napajuienbHa INOoCKocTh. Toraa Bce TOUKu
MPSIMON @ pPaBHOYIAJIEHBI OT IUIOCKOCTH Q.
BriGepem mr00yro Touky A Ha IpsAMOi a,
OITYCTUM NEpHEHAUKYISIp AAo Ha INIOCKOCTh
o. Jliimna nepnenauxyisipa AAo u
Ha3bIBACTCSI PACCTOSHUEM MEXy NMPSAMOIL a U
napajieIbHOMN €Ml INTOCKOCTHIO A
0603H.: AAg = p(a; ).

4 a

——n

A

Teopema o Tpex neprneHaAuKyIApax
TeopeMa 0 Tpex neprneHauKyIsIpax
[Ipsimasi, mpoBeIcHHAs B IUIOCKOCTH Yepe3
OCHOBAaHME HAKJIOHHOW MEPIEHIUKYISIPHO K
€€ MPOEKIUH Ha ITY INIOCKOCTD,
MEPIEHIUKYISIPHA U K CAMOW HAKJIIOHHOM.

OO6patHas Teopema

[Ipsimasi, mpoBeIcHHAs B IUIOCKOCTH Yepe3
OCHOBAaHHME HAKJIOHHOW MEPIEHIUKYISIPHO K
HeH, NepreHIMKYIISIpHA U K €€ IPOESKIUH.
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Ilonstue MHOTI'OT'paHHUKaA. Buae! u smeMeHTHI
MHOTI'OrpaHHUKOB

ITonsiTE MHOTOTpaHHUKA

K onpenenennto noHATHS MHOIOIPaHHUKA
CYLIECTBYET JiBa MOAXOAA.

MHororpaHHMK - MOBEPXHOCTb, COCTaBJICHHAS
13 MHOTOYT'OJIbHUKOB ¥ OIpPaHU4YMBAIOIIAs
HEKOTOPOE reOMEeTpUYecKoe Teso. B nanHoi
TPAKTOBKE MHOTOTPAHHUK MO>KHO Ha3bIBaTh
€11l€ MHOTOTpaHHO! OBEPXHOCTHIO.

Bropast TpakTOBKa OHATHS ONpPEEISeT
MHOTOTPaHHUK KaK T€OMETPUYECKOE TEIIO,
OTpaHMYEHHOE KOHEYHBIM YHCIIOM IIOCKHUX
MHOT'OYTI'OJIbHUKOB.

[IpuMepsl MHOTOTpaHHUKOB

VKe U3BECTHBIE BaM TETPadp U
napajuiesienunes SBisoTcs
MHororpasHukamu. Iloromy 4ro oHn
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https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/rasstoyanie-ot-tochki-do-ploskosti-teorema-o-treh-perpendikulyarah?ysclid=lqochsbpc513717235#mediaplayer
https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/rasstoyanie-ot-tochki-do-ploskosti-teorema-o-treh-perpendikulyarah?ysclid=lqochsbpc513717235#mediaplayer
https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/rasstoyanie-ot-tochki-do-ploskosti-teorema-o-treh-perpendikulyarah?ysclid=lqochsbpc513717235#mediaplayer

SBIISIOTCSA TEOMETPUUECKUMHU TEIAMU,
OTpaHUYECHHBIE KOHEUHBIM YHCIIOM TIOCKUX
MHOTOYroJbHUKOB. Ellle ouH npumep
MHOT'OTPaHHUKA — OKTadJIp

DJIeMEHThl MHOTOI'PaHHUKA
MHOroyrojabH1UKH, OrpaHUYUBAIOIIIE
MHOI'OTPaHHUK, Ha3bIBAKOTCS

ero rpasmu. Tak, y TeTpajapa u okTazapa
TPAHSIMU SBISIOTCS TPEYTOJbHUKHU. Y
TeTpaszpa 4 rpaHu, OTCI0/Ia U €ro Ha3BaHUE
OT Ipey. TETPA-E0POV — YETHIPEXTPAHHUK. Y
OKTadJipa 8 TpaHeil, a OT rpeyecKoro
OKTAEOPOV OT OKTM «BOCEMBY» + £5pal
«OCHOBaHHEY.

CtopoHbI rpaHell Ha3bIBAIOTCS pedpaMu, a
KOHIIBI pedep —

BEpIIMHAMU MHOrorpaHHuka. OTpe3ox,
COEAUHAIOIIMI JIBE BEPIIUHBI, HE
MpUHAJIeKAIME OJTHOM TPaHU,

Ha3bIBAETCS IMAarOHaJIbI0 MHOTOTPaHHUKA.
Buabl MHOrOrpaHHMKOB

MHororpaHHiK Ha3bIBae€TCs BBHITYKIIBIM, €CITU
OH PACIIOJIOKEH I10 OJIHY CTOPOHY OT
IIJIOCKOCTH KaXKJOU €ro rpaHu. B ocTambHbIX
ClIy4yasix MHOTOI'paHHHK

Ha3bIBAETCS HEBBITYKJIBIM.

Bbinyknbiv HeBbinyknbi

CyMMa TIIOCKUX YTJIOB MPH BEPIINHE
BBIITYKJIOT'O MHOTOTPaHHUKA

VYTBepxkeHue. B BBITyKIIOM MHOTOTpaHHUKE
CyMMa BCe€X IUIOCKHX YIJI0B IIPH KaXJI0W €ro
BepimHe MenbIe 360°,

Teopema Ditnepa. [lycts B — uucno Bepimn
BBIITYKJIOIO MHOTOTpaHHKKa, P — uncio ero
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pebep, a ' — uuncno ero rpaneii. Toraa BepHO
paBeHCcTBO B — P+I'=2.
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Bzanmuoe PacCIIOJIOKECHHE INIOCKOCTHU U
MHOTr'OrpaHHuKa

B3aumHoe pacronoxeHrne MHOTOTpaHHUKA U
IJIOCKOCTH:

MHOrorpaHHHK M IJIOCKOCTh HE UMEIOT
00IIIMX TOYEK.

MHOrorpaHHHK ¥ IJIOCKOCTh UMEIOT OJTHY
001y TOYKY-BEPIINHY MHOTOTPaHHUKA.
MHOrorpaHHHK ¥ IIOCKOCTh UMEIOT OOIIYIO
TpaHb.

MHOrorpaHHHK ¥ IJIOCKOCTh UMEIOT OOIIIHIA
OTPE30K-peOpPO MHOTOTPAHHHKA.

Bunnl ceuennii:

CeYeHHUE NapalieIbHOE TIOCKOCTH
OCHOBaHMS,

JIMaroHajJbHOE CeUCHHE,

CeYeHHe, MapaieIbHOE INIOCKOCTH IPaHH,
IPOM3BOJIHLHOE CEUCHUE.
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ITonsaTue Ten BpalllCHUA U UX BUJbI

Omnpenenenue Tena BpaleHUs

Teno BpameHus — 3TO TeoMeTpHUYecKast
¢burypa, koTopasi oOpa3yercs myreM
BpAICHUS HEKOTOPON KPUBOM BOKPYT OCH.
Kpusas, koTopast Bpaiaercs, Ha3bIBaeTCsl
o0pa3ylolieii, a 0Ch BPAIIEHHS — OCBIO
CUMMETPHH.

Tena BpalmeHust MOTYT UMETh pa3IMYHbIC
(opMBbl, BKJIIOUYAs IUIIUHJIPbI, KOHYCBI, IIapbl
1 Topbl. @opMa Tena BpalleHus: 3aBUCHT OT
(hopMbI 00pa3yroLIeil U OCH BpaIlleHHUS.
OcHOBHOE CBOMCTBO Tella BpallleHus
3aKJIF0YAETCsl B TOM, YTO 0OBEM M IIJIOIIA/Ib
MMOBEPXHOCTH TaKOTO TeJla MOKHO BBIYHCIIUATH
C UCIIOJIb30BaHUEM OIpEeNIEHHBIX (hopMyT,
KOTOpBIE 3aBUCST OT GOopMBbI 00pa3yromen u
OCH BpALICHUS.

CaolicTBa Tel BpallleHus

Tena BpaieHus 0671a1at0T HECKOIBKUMHU
BaXHBIMH CBOMCTBaMH, KOTOPBIE TIOMOTAIOT
HaM MOHATh UX XapaKTePUCTUKU U
WCTIOJIh30BaHUE B TEOMETPUH U PEaTTbHON
XKHU3HU. BOT HEKOTOpbIE U3 ATUX CBOMCTB:
Ocp cummerpun

Teno BpaieHus Bcerjga UMeeT oCh
CUMMETpPHH, KOTOPAs SIBIISIETCS] OCHIO
BpalleHHsl. ITO 03HAYAET, YTO €CIIU MBI
pa3pexeM TeJo BIIOJb OCH BPAIICHUS,
MOJTyYUM JIB€ CHMMETPUYHBIE MTOJIOBHHBI.
O6beMm

O0beMm Tena BpalleHUst MO’KHO BBIUYUCIIUTH C
WCTIOJIh30BaHNEM HHTETpana. Gopmyra s
BBIUUCIIEHUS] 00beMa 3aBUCUT OT (POPMBI
oOpasytomeii u ocu Bpaimienus. Hampumep,
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JUISL LAJIMHIpa 00beM MOXKHO BBIYUCIIUTD IO
¢dopmyne V = nr2h, rae r — paauyc
OCHOBaHUs WIMHIPA, a h — BeIcOTa
LHWIMHIpA.

[Tnomaap noBepxHOCTH

[Inomanp MOBEpXHOCTH Tea BpallleHUs
TaK)K€ MOYKHO BBIYHCIIUTH C UCIIOJIb30BAHUEM
nHTerpana. @opmyna s BBIYUCIECHUS
IUTONIA/IM TOBEPXHOCTHU TAK)KE 3aBUCHUT OT
(hopMBI 00pa3yIoIIeii U OCH BpPAIICHHSI.
Hanpumep, nns nuivHpa mionais
MTOBEPXHOCTH MOXHO BBIYHCIIHUTH IO (hopmyIie
S =2nrh + 22, rae r — paanyc OCHOBaHUS
HWIMHAPA, a h — BBICOTa HMIMHIpA.
PaBHOMepHOE pacmpeieseHre MacChl

Tena BpameHusi, Takue Kax MHJIHHIPHI U
HIapbl, UMEIOT PABHOMEPHOE paciipe/ielieHIe
Macchl. ITO O3HAaYaeT, 4YTO Macca Tena
PaBHOMEPHO paclpe/ielieHa BOKPYT OCU
BpallleHusl. ITO CBOMCTBO MO3BOJISIET
UCIIOJIb30BaTh TeJla BPALLEHUS B PA3INUHBIX
WH)XCHEPHBIX U CTPOUTEIBHBIX
KOHCTPYKIIUSX.

Y CcTOWYNBOCTH

Tena BpameHus 00J1a1al0T yCTOWIHUBOCTHIO
Onarogaps cBoeil popme U paBHOMEPHOMY
pacnpeesieHruI0 Macchl. TO MO3BOJISET UM
JIETKO BpaIllaThCsl BOKPYT CBOEH OCH U
COXpaHsTh paBHOBecue. Hanpumep,
BEJIOCHUIIEHBIE KOJIeca U 1Iaphl JJis
TUMHAaCTHUKH 00J1aJJal0T YCTOWYUBOCTHIO
6narosapst cBoeii (hopme BpalieHusl.

JTO IUIIb HEKOTOPBIE U3 CBOMCTB Tel
BpalieHus. M3yueHne 3TUX CBOMHCTB MOMOTaeT
HaM JIy4llle TOHATh U UCIOJIb30BaTh
reOMETpHIO U (PU3UKY B MOBCETHEBHON
KHU3HH.

[Tpumeps! Ten BpalieHus

Humusap

Hunuuap — 3To Teno BpalleHus,
o0pa3oBaHHOE BpallleHUEM MPSIMOYTOJIbHUKA
BOKPYT OJJHOM U3 €ro CTOPOH. Y HETO JIBE
OCHOBaHU$, KOTOPbIE SBJISIOTCS
napauieNbHBIMA U PABHBIMU KPYTJIBIMU
IJIOCKOCTSIMU, U OOKOBasi IOBEPXHOCTb,
KOTOpast PeJICTaBIsAET COO0I MOBEPXHOCTb,
00pa3oBaHHYIO BPAIIEHUEM MPSIMOYTOJIbHUKA
BOKPYT OJHOU U3 ero cTopoH. IIpumepamu
IUJIUHIPOB SIBISIIOTCS OaHKH, CTOJIOBI 1
TPYOBI.

Konyc
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Konyc — 310 Ten0 BpalieHus, o00pazoBaHHOE
BpalIEHUEM IIPSIMOYT'OJIBHOTO TPEYTrOJIbHUKA
BOKPYT' OJHOTO U3 €ro KaTeToB. Y HEro OJIHO
OCHOBAaHHE, KOTOPOE SIBJISETCS KPYTIIOi
IUIOCKOCTBIO, U OOKOBAs IOBEPXHOCTD,
KOTOpast IPEJCTABISAET COOO0M MOBEPXHOCTb,
00pa30BaHHYIO BPALEHUEM IPSIMOYTOJIBHOTO
TPEYrOJIbHUKA BOKPYT OAHOI'O U3 €ro KaTeToB.
[Ipumepamu KOHYCOB SIBJISIOTCS IIANKH JUIS
MOPOKEHOTO Y BEPIIMHBI TUPAMULL.

[ap

[Iap — 310 TEN0 BpaleHus, 00pa3oBaHHOE
BpAaILlEHUEM TOTYOKPYKHOCTH BOKPYT €€
auaMerpa. Y Hero ojHa IOBEPXHOCTD,
KOTOpask NpeCcTaBisieT cO00H NOBEPXHOCTB,
00pa30BaHHYIO BpaIllEHUEM IOJYOKPYKHOCTH
BOKpPYT ee nquamerpa. [Ipumepamu mapos
SIBJISIFOTCS. MSIYH, IIapbl J1JIs THMHACTUKU U
IIJIAHETBI.
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[Ipu3ma u ee 3neMeHTHI

[Ipu3ma — MHOTOIpaHHMK, COCTaBICHHBIN W3
pPaBHBIX MHOI'OYT'OJIbHUKOB, PAacIOJIOKEHHBIX
B IApaUIEJIbHBIX  IUIOCKOCTSX, M N
11apajuIeJIOrPaMMOB.

I[Ipy sTOoM  paBHBIE  MHOIOYIOJbHUKH,
pacIonoXeHHbIE B napauIeIbHbIX
IUIOCKOCTSIX, Ha3bIBAIOTCS OCHOBAaHUSMU
IOpU3MbI, a MapaieNorpaMMbl — OOKOBBIMU
rpadsiMu Tpu3Mbl. OOIIHE CTOPOHBI OOKOBBIX
rpaHeil OyneM Ha3bIBaTh OOKOBBIMU peOpamu
MIPU3MBI.

IIpusamy ¢ ocHoBanusamu  A1Az..Anu
B1B2...Bn 0603Hauator  A1Az...AnBi1B2...Bnu
Ha3bIBAIOT N-yTOJIbHOMN MPU3MOA.
[lepnenaukynsap, HPOBEACHHBIM W3 KaKOM-
HUOYIb TOYKM OJHOTO OCHOBaHMA K
IUIOCKOCTH JPYTrOr0 OCHOBAHMSI, HA3bIBACTCS
BBICOTOM mpu3Mbl. OOpaTtuTe BHUMaHHE, 4YTO
BCE BBICOTHI TPU3MBI paBHBI MEXJy COOOH, Tak
Kak OCHOBaHUs PacroI0KeHBbI Ha
NapajuleIbHBIX IUIOCKOCTAX. Takyke BbICOTa
MIPU3MbI MOXKET JIEKATh BHE MPU3MBI.
Juaronanp — OTPE30K, COSAVHSIONINN J1BE
TOYKH, SIBJISIFOIIMECS BEPIIMHAMMU, U NIPH ITOM
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HE JIC)KaIIHue Ha OI[HOﬁ TIITIOCKOCTH.

OCHOBaHne

(71 |+ )9 o('ii
/2

BblCOTa / pebpo
L
Ay

A; ’ ¢ BokoBas rpaHb
Az

A:
2‘\\\\\BeDMMHa

Buasl npuszm

Ecmu OOKOBBIE pebpa HPU3MBI
NEPHEHANKYJIAPHBI OCHOBAHUSM, TO IpU3Ma
Ha3bpIBacTCs NpsiMoM. B mpoTuBHOM ciyuae,
IPU3Ma HA3bIBACTCSl HAKIIOHHOM.

BericoTa npsiMoii pu3Mbl paBHa €€ OOKOBOMY
peopy.

[Ipsimass mnpu3Ma Ha3bIBAETCS NMPABUIIBHOM,
€CIM €€  OCHOBaHME —  IPaBUJIbHBIN
MHOTOYTOJIbHUK. B mpaBWJIBHONM TpU3ME BCE
OOKOBBIE I'PaHH — PAaBHBIE MPSMOYTOJIbHHUKH.
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[Tapannenenumnen u ero CBOKMCTBA

HapaHHeHeHI/IHCILOM Ha3bIBACTCA  IIpU3Ma,

OCHOBaHUSIMU KOTOpO SBIIAIOTCA
napajuienorpaMMsl.  Ilpyrumu  ciioBamu,
napajuiefienunel — 93T0 MHOTOTPAHHHUK C
mecTplo rpaHsmu. Kaxnmas rpanp —
napasuieIorpaMM.

OcHoBaHuMsI apajuIeNenuIe1a, pacuol0KeHbI
napajjienbHo JpYyr APYry B IUIOCKOCTSX. A
O0KOBbIE pedpa napasuieabHbl JPYT APYTY.
OcHoBaHMeM Mapajuienenunena sBisercs, B
3aBHCUMOCTH OT €r0 THIIA: MapajeorpaMM,
OpSMOYTOJIbHUK, KBaJpaT.

egﬁpo BepLUMHA

rpaHb

‘-—- b -

s
’

CBoiicTBa nmapasiesenurnena:

1) IIporuBosexamue IrpaHu
napajiesienunesa paBHbl M IapaylesbHbI
APYT IpyTYy.

2) Bce 4 jnuaronHanu mnapajienenurena
MEPECEKAIOTCSA B OJHOM TOYKE U JIEIATCS ITON
TOYKOH IomoJjiaM.

3) [Tapamnenenumnen CUMMETPUYECH
OTHOCHUTEIILHO CEPEIMHBI €T0 TUarOHaIH.
4) Ksagpar JIINHBI IUaroHaiu

OpsAMOYTOJIBHOTO  HapaJlICICUIICaa pPaBCH
CYMMC KBaJIpaTOB TpéX €ro I/ISMepeHI/II\/'I.
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[Tpsamoit napasuieenumen — 3TO
napajuieNienumnesa, y KoToporo 06okoBsie pedpa
HIePIEHIUKYJISPHBI OCHOBaHUIO.

OcHOBaHUE NPSMOrO MapajuieNenunena —

napasuieIorpaMM. B PsIMOM
napajenenumnene  OOKOBbIE  TpaHH  —
IPSIMOYTOJIbHUKH.

CBoiicTBa IpsAMOro napasuieienunesa:

1) OcHoBaHus NPSAMOro napasieienunena —
OJIMHAKOBBIE IMapajuIeIOrpaMMBbl, JeKallue B
napasuIeIbHbIX MIOCKOCTSAX.

2) bokoBbie pebpa MpsiMOro napasuiesenuneia
paBHBI, MapajielbHbl U MEPIECHIUKYISIPHBI
IIJIOCKOCTSIM OCHOBAHMM.

3) Bricora npsiMoro mapasuiesienuneaa paBHa
JuTHE O0OKOBOTO pedpa.

4)  IlporuBonexamue OOKOBBIE  TI'paHU
OpsSMOTO  TapajUieNienunesa —  paBHBIC
IPSIMOYTOJIbHUKH.

5) Jluaronanu mpsMOro mapajuleNenuneaa
TOYKOM MepecedeHust NeIATCS TOMOoJIaM.
[IpssMmoyronbHBIM napasuieNenune oM
Ha3bIBACTCS TapajuIeJeNuIel, y KOTOPOro
OCHOBaHUE — TMPSAMOYTOJbHUK, a OOKOBBIE
pedpa nepreHANKyISpHbl OCHOBAHUIO.
[IpsmoyronpHBIA napauienenunen obiaaaaer

BCEMU CBOMCTBaMHU IIPOU3BOJILHOTO
napasuleIenunes1a.

1) IIpssMOyTONBHBIN napajuieiaenunes
COLEPIKUT 6 IpaHei. Bcee rpaHu
OpsMOYrOJBHOTO  Hapajienenunena —
HIPSIMOYTOJIBHUKH.

2) [IpoTuBonexamue rpaHu
napajulelienunesa MOoNapHO MapajulebHbl U
PaBHBI.

3) Bcee YTIIBI IIPSAMOYTOJIBHOTO

napajuleJienunesna, CocToAlUe U3 JABYX
rpaneit — 90°.

4) Jnaronamu MIPSIMOYTOJIBHOTO
napasuleIenuIe1a PaBHbl.

5) B npsamoyronbHbI Mapasenenumnese
YEThIPE IUAarOHaIH, KOTOPHIE IIEPECEKAIOTCS B
OIHOH TOYKE MW JEIITCI DTOUM TOYKOU
MIOTIOJIaM.

6) JIro6as rpaHb MPSIMOYTOJIBHOTO
napajiesienumnesa MoXeT ObITh NMPHHATA 32
OCHOBaHHUE.

7) Ecmu Bce pebpa mpSIMOYroIbLHOTO
MapajuiesIeNnnela  PaBHBI, TO TaKoOH
napasiesIenumne 1 IBIsIeTcs: KyOoM.

8) Ksampar nuaroHanu MOpSIMOYrOJbHOTO
napajuleJIENUuNea paBeH CyMMeE KBaJpaToOB
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TPEX €ro W3MEpPeHHWH (IUIMHBI, IITHPUHBI,
BBICOTHI).
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HI/IpaMI/II[a H €€ JICMCHTHI

[Mupamuia — MHOTOTpaHHHMK, COCTaBICHHBIN
13 N-YTOJIbHUKA U N TPEYTOJIbHUKOB
OcHoBaHMe NHUpaMUABI — TPaHb MHUPAMUJBI,
SIBJISTFOINASICS N-YTOJIBHUKOM

Bepmmmna nupaMuasl — o0miasi Todka BCex
TPEYTOIHHUKOB, JIS)KANUX B OOKOBBIX TPAHSIX.
bokoBas  rpaHb—  rpaHb = IUPAMUJBL,
SIBJISTFOIIASICS TPEYTOJBHIUKOM

BokoBeie pebpa — oOmue OTpe3kr OOKOBBIX
rpaHeu

BoicoTta — mepneHauKynsp, ONYyLMIEHHBIA U3
BEPIIUHBI MU PAMH/IBI Ha ee
OCHOBaHue. BrpicoTa MOXeT JexaTb U BHE
MUpaMHUAbl WX OBITh OJHUM H3 OOKOBBIX
pedep.

BepuwmnHa

S,

bokoBas
rpaHb

pebpo

A

B '() ‘_,.L]ZOCHOBaHVIe
A E

BbiCOTa
Tunm  MHOTOyroJlbHMKa B OCHOBaHHH
omnpezenseT Ha3BaHWE nupamuiabl. Eciu B
OCHOBAaHMUH TPEYIOJIBHHUK, TO 3TO TPEYrOJIbHas
nupamuga. Jpyroe HasBaHHWE TpeyroJbHOU
NApaMUJbl  — TETPadJp, YTO O3HAYaeT
yeTelpexrpaHHUK. Ecam B OCHOBaHMH
YETBIPEXYTOJIbHUK, TO NMUpaMUIa Ha3bIBACTCS
YETBIPEXYTOJIbHOM.
[IpaBunbHass nupamuga — NOUPAMHAA, B
OCHOBAaHMM KOTOPOM JIEXKWUT IpPaBUIBHBIN
MHOTI'OYTOJIbHUK, @ OTpPE€30K, COCIUHSIOIINI
BEpIINHY M LEHTP OCHOBAaHMS NHpPaMUIBbI,
SIBJISIETCS] BBICOTOM
. Bce OokoBele peOpa mpaBUIIBHOM
MUpaMH/Ibl paBHBI.
. bokoseie pebpa IIPaBUIILHOMN
MUpaMH /bl SABIISIOTCS paBHBIMU
paBHOOEIPEHHBIMU TPEYTOJIbHUKAMHU.
Amnodema — BbicoTa OOKOBOM  rpaHH
MIpaBWJIBHON MPaMUIbI
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HI/IJ’II/IHHp " €0 3JIEMEHTHI

COBOKYIHOCTh ~ NapaJUICNIbHBIX  MPSMBIX,
COCAUHAIOIIMX TOYKA Ha OKPYKHOCTSX,
HA3bIBACTCS [IUIMHIAPUYECKON MOBEPXHOCTHIO,
a caMH TOpAMBIE —  OOpa3yIOUUMHU
HWIMHAPUYECKOHN MoBepxHOCTU. U Tenepsb Mbl
TOTOBBI JIaTh TJIABHOE ONPENICIICHUE YPOKA.
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KpyroBsIM LIMJIMHIPOM Ha3bIBA€TCA TEIO B
IIPOCTPAHCTBE, OTPAHUYEHHOE ABYMS KpyraMu
U HWINHAPUYECKON TOBEPXHOCTHIO.

Kpyru — ocHoBanus ununuszapa. Paamyc
Ka)KJ0T0 U3 OCHOBaHMM (OHU paBHbI) — PaINyC
LHWIMHIpA.

OTpe3ku 00pa3yrIINX, 3aKITFOYCHHBIC MEXITY
OCHOBaHUSIMH, — 00pa3yroIIxe MUINH]IPA.
CamMo0 CJIOBO UWJIMHAP HPOUCXOIUT  OT
IPEUECKOr0 «KUJIUHIPOC» — BAIMK, KaTOK.
HanmomaunmM, HWIAHJP, KOTOPBII MEI
paccMarpuBaeM, e€lle Ha3bIBAIOT KPYTOBBIM,
TaK Kak B OCHOBaHMSX JexaT Kpyru. Ecim
paccMoTpeTh Jpyryro Qurypy (Hampumep,
AJUIATIC), TO TIOJYYHUTCS DJUIMNTHYSCKHUI
HUTHHJP.

Ecmmn oOpa3ymoiue NEePHEHANKYJISPHbI
OCHOBAHUSIM LWJIWHAPA, TaKOW IMHJIUHIP
HA3bIBACTCS MPSAMBIM.

OTpe30oK, COCAMHAIONIUMN EHTPbl OCHOBAHUM
TaKoro IJIWH]IPA, — OCh IIHJIUH]IPA.

Bpamass npsiMOyroJbHHUK BOKpPYI 3TOH OCH,
MO>KHO TMOJTYYUTh HAIl [IHJIAHIP.

BricoToit HWIMHAPA HA30BEM OTPE30K,
COCIMHSIOMMNNA TOYKH €ro OCHOBAaHUM H
NIEPIICHIMKYJSIPHBIM  OCHOBaHUsAM. BricoToun
PSIMOTO KPYrOBOTO IIJIMHJIPA SIBISETCS OCh
(v oOpasyromias) — BCe paBHO: OHU B

IPAMOM KPYTOBOM LIUJIMHPE PABHEL.
LEHTP
oCb

OCHOBAHNS >
OCHOBaHUe
. /
paauyc
BbICOTA
obpasytoLas _—T

LeHTp

"//,/”'OCHOBaHMﬂ
panmyc’///’ ‘\\\\\‘OCHOBaHme

CeueHust WJIKH]IPA

A,{ 10, )8

A& 1038

[lepneHIuKynsipHOE CEUEHUE LIUIUHAPA

Janee  paccMOTpUM  NEPHEHAMKYJIIPHOE
CEUEHUE TaKOro IWINHAPA (TO €CTh CEUEHHUE,
MepNeHIUKYIsIpHOE Och). HecnoKHO TOHSTS,
4TO, TJie Obl MBI €r0 HH NPOBEJIH, B CEYCHUU
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OyJneT TakoW K€ Kpyr, 4To U B JIIOOOM U3
OCHOBaHUM.

A&

==~ {5,
O

A L

OceBoe ceueHue

MOXHO  TakXke pacCMOTPETh  CCUCHHE,
MpOXoJiAlIee uepe3 och IIMHApa. B 3Tom
ciryuae OHO MPECTABIISCT coboi
NPSIMOYTOJIEHUK, OJIHa CTOpPOHA KOTOPOTO
paBHa oOpasywomeid (Wi ocu), a napyras
SBJIICTCS JHAMETPOM OCHOBaHuWs. Takoe
CCueHHE Ha3bIBAIOT OCeBBbIM. FIMEHHO Bpamas
TAaKO€ CEYCHHE BOKPYI OCH, MBI U TIOJTy4aeM
HAIll [WTHHIIP.

A 10, )8

A& IQ 38

HenepnienpukynsapHoe ceuenue

Hakonen, = MOXHO  TOBOPUTB U O
HCTICPIICHAUKYJIIPHOM CCUYCHUU: BCAb TY XKC
najKky Koj0ackl MOKHO Hape3aTb HE TOJIKO
MEPIEHIUKYISIPHO, HO U IO yriIoM. B sTtom
cllyyae CeyeHHe MOJIy4uTCs B pOpMe IITUIICA,
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Konyc u ero snemMeHTsbl.

Konycom (TouHee, KpYTOBBIM
KOHYCOM) Ha3bIBaeTcs T€JI0, KOTOPOE COCTOUT
U3 Kpyra — OCHOBaHHMSl KOHyca, TOUKH, HeE
aexanien B IJIOCKOCTH 3TOro

Kpyra,— BEpIIMHBI KOHYCa U BCEX OTPE3KOB,
COCIMHAIOIIUX BEPIINHY KOHYCa C TOYKAMHU

OCHOBAHUS. Otpesku, COEMHSIONINE
BEpIIMHY KOHYCa C TOYKAaMHU OKpPYKHOCTH
OCHOBAaHHH, Ha3bIBAIOTCS 00pa3yIoIIUMU,

KoHyca. IloBepXHOCTH KOHyCa COCTOHUT H3
OCHOBaHUS U OOKOBOM MOBEPXHOCTH.
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BepLInHa \ <——0Cb
[}

obpasytoulas

BbICOTA

/

panmyc/ \OCHOBaHme

Konyc Ha3biBaeTcs npsMbIM, €CIM IpsMasd,
COCIUHSAIONAs BEPIIMHY KOHYyCa C LICHTPOM
OCHOBaHUS, MEPHEHAUKYISIPHA IUIOCKOCTH
OCHOBaHHWs. B mampHelimeM Mbl  Oynem
paccmaTrpuBaTh  TOJBKO IpPSIMOW  KOHYC,
Ha3bIBasi €ro AJI KPaTKOCTH MPOCTO KOHYCOM.
HarnmsaaHo npsmol KpyroBOoW KOHYC MOYHO
IpPEeACTaBIATh ce0e Kak TeJo, OJyYeHHOE IPU
BpalllCHUU MPSMOYIOJIbHOTO TpPEYTrOoJbHHUKA
BOKPYT' ero Karera KaK OCH.
BeicoToit KOHYycCa Ha3bIBACTCs
NEPIECHIUKYJAP,  ONYIIEHHBIM M3  €ro
BEPUIMHBl HAa IUIOCKOCTb OCHOBaHHA. Y
OpSMOrO0  KOHYyCa  OCHOBAHHME  BBICOTHI
COBMAJAeT C LEHTpoM oOcHOBaHUA. Ocbio
IpSIMOrO  KPYroBOIO KOHYCa Ha3blBacTCs
npsiMasi, CoJIeprKallasi ero BeICOTY.

CeueHne KOHyca IUIOCKOCTBIO, NPOXOIAIIEH
yepe3 €ro BepUIMHY, NpPEACTaBiseT co0oi
paBHOOEPEHHBI TPEYroJbHHUK, Y KOTOPOTO
OOKOBBIE CTOPOHBI SIBIISIOTCA 0Opa3yIOUIUIMU
KOHyca. B uacTHOCTH, paBHOOEIPEHHBIM
TPEYTOJIbHUKOM SBJIIETCS OCEBOE CEUeHUE
KOHyca. OJTO CEYeHHUe, KOTOpPOe IPOXOIUT
4yepe3 0Cb KOHYCA.
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Hlap u chepa. YpaBHeHHE Chephl.

[[Tapom Ha3bIBaeTCA TEJIO, KOTOPOE COCTOUT U3
BCEX TOUYCK HpOCTpaHCTBa, HaXoOAIuXCA Ha
paccTosHUY, He OOJbIIIEeM JAHHOTO, OT JaHHON
TOYKU. 3Ta TOYKaA Ha3bIBACTCSA IIGHTpOM
mapa, a JaHHOE pacCTOSIHUE — PaJnyCcoOM
mapa. ['pannna mapa
HazbIBaeTcs cdepoit. Toukamu cepsl
SABJIAKOTCA BCC TOUKHU mapa, KOTOpBIe yJIaJ'IeHI)I
OT IIEHTpAa Ha PACCTOSIHUE, PABHOE PaJNYCy.
OTpe30K, COeANMHSAIONINI IBE TOYKH MIapOBOM
MOBEPXHOCTH W TMPOXOJAIIEH uepe3 LEHTP
1iapa, Ha3bIBaCTCS TUAMETPOM.
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X—x)’+  (Y—yo)’+  (z-20)*=R’
rae (Xo,Y0,20) — KOOPIUHATHI [EHTpa
cheprl, R — e€ pagnyc
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IIpssmoyronbHas cucreMma
Koopaunats! BekTOpa.

KOOpJAMHAT.

[IpsmoyronpHas cucTeMa KOOPAWHAT B
IIPOCTPAHCTBE.

Ecnu gepe3 Touky mpocTpaHCTBa MPOBEIACHBI
TPHU TIOTIAPHO MEPIICHANKYIISIPHBIE IPSIMbIE, HA
KQKJI0W M3 HUX BBIOPAHO HAIpaBJICHHE (OHO
0003HaYaeTcs CTPEIKOl) U BhIOpaHa eIMHUIIA
U3MEPCHHUS OTPE3KOB, TO TOBOPAT, HYTO
3aJjaHa MPSIMOYTOJIbHASI CUCTEMa KOOPJIUHAT B
IPOCTPAHCTBE.

EAZ

S

b o

3

=

o

S /

(e} /'/

3 Y
o o /1 oce
SR O| opounam
(\Q\y ¥

2

IIpsimple ¢ BBIOpaHHBIMM  Ha  HHX
HaTpaBJICHUIMHI Ha3bIBAIOTCS OCSIMHU
KOOpJIMHAT, a UX oOmlas TOYKa — Ha4yaJoM
koopauHat. OHa 0003Ha4aeTrcss OOBIYHO
OoykBoil O. Ocu KoopauHAT 0003HAYAIOTCS
tak: Ox, Oy, Oz — ¥ UMEIOT Ha3BaHUS: OCh
abcruce, ocb OpAUHAT, OCh amIuIMKar. Bces
CUCTeMa KoOpAMHAT oOo3HayaeTcs Oxyz.
[TnockocTn, MPOXOASIIME COOTBETCTBEHHO
yepe3 ocu koopauHat Ox u Oy, Oy u Oz, Oz u
Ox,

HA3bIBAIOTCSI KOOPAWHATHBIMH TUIOCKOCTSIMHU
u obo3navaroresa Oxy, Oyz, Ozx.

Touka O pazgensier KaxIylo U3 Ocel
KOOpAMHAT Ha JBa Jy4a. Jlyd, HanmpaBieHue
KOTOPOTO COBIAJNACT C HANpaBICHHEM OCH,
Ha3bIBAETCS MOJIOXKUTEIBHOW  TOIYyOChIO, a
JIPYroH JIyd OTPULATEIBHON MOJIYOCHIO.
Koopaunatsl BekTopa

3agamuM B TPOCTPAHCTBE MPSIMOYTOIBHYIO
cucremy koopaumHaT Oxyz. Ha kaxnoit u3
MOJIOKUTEIBHBIX ~ TIONYOCEH OTIOXKHM OT
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Hayajga KOOPAWHAT €AMHWYHBIA BEKTOp, T. €.
BEKTOp, JUIMHA KOTOPOTO paBHA CIUHHMIIE.
OGo3HaunM depe3 | eIMHUYHBIA BEKTOP OCH
a0ciuce, vepes j— CAMHUYHBIA BEKTOp OCH
OpaMHAT W Yepe3 K eIMHUYHBIA BEKTOP OCH
aIllIlJInKar.

X

BekToper i, j, k Ha30oBeM KOOpIWHATHBIMU
BekTOopamMu. (O4YEeBHAHO, 3TH BEKTOPHl HE
komruiaHapHsl. [losTomy mr060it  BekTop a u
MOXHO  pasjOXHTh TI0  KOOPJMHATHBIM
BEKTOPaM, T. €. IPEJICTABUTH B BUJIC

> > e
a = xi+yj+ zk,
npudeM  KO3(pPUUUEHTHl  pa3ioXkKeHus X,
Y, Z ONPEIEISIOTCS €AUNHCTBEHHBIM 00pazoM.
Kosddunuentsr X, y U z B pa3loKeHUU
BEKTOpa a M0 KOOPAWHATHBIM BEKTOpaM
Ha3bIBAIOTCS KOOpAMHATAMHM BEKTOpa a B
JTaHHOW cucTtemMe KoopawHaT. KoopawHaTsl
BeKTOpa a OyJIeM 3amuchiBaTh B (DUTYPHBIX
cKOOKax rocie 0003HaueHus BEKTOpa: a {X; y;
z}.
Tak kak HyJneBOI BEKTOp MOKHO IPEJCTaBUTh
B Buge 0 = oit+ oj+ Ok To Bce KOOpIHUHATHI
HYJIEBOTO BEKTOpa paBHbI HYJTIO.
Jlanee, KOOpIMHATEL ~ PaBHBIX  BEKTOPOB
COOTBETCTBEHHO PAaBHBI, T. €. €CIU BEKTOPHI
a{xi1, Y1, Z1} u b{x2, Y2, Z2) paBHBbI, TO X1 = X2,
Y1 = Y2 1 71 = Z2 (0OBSACHUTE TIOYEMY).
PaccmoTpuM mpaBmiia, KOTOphIE  TIO3BOJISIOT
[0 KOOpAMHATaM [aHHBIX BEKTOPOB HaWTH
KOOPJMHATH MX CYMMBI M Pa3HOCTH, a TaKXe
KOOP/AMHATHI IPOU3BEJICHUS IaHHOTO BEKTOPa
Ha JIaHHOE YHUCIIO.
1. Kaxnas xoopauHata CyMMbl ABYX WIH
6oiee BEKTOPOB paBHa CyMMe
COOTBETCTBYIOLINX KOOp/AMHAT ITHUX
BEKTOpOB. Jlpyrumu ciioBamu, eciu a {X1, Y1,
Z1} u b{x2, y2, Z2} — naHHBIE BEKTOPHI, TO
BEKTOp a+b MMeeT KOOpAMHATHI {X11+X2, y1 +
y2, Z1 + 22}.
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2. Kaxpas xoopawHaTa pa3sHOCTH ABYX
BEKTOPOB paBHa pa3HOCTH
COOTBETCTBYIOIIUX KOOPJAUHAT 3THX
BEKTOPOB. Jl[pyrumMu ciioBamu, eciu a {Xi, Y1,
Ziyu b{X2y2 Z2} — JaHHBIC BEKTOPBI, TO
BEKTOp a— b nMeeT KOOpAMHATHI {X1- X2, Y1 —
V2, 21 - Zz}.

3. Kaxnmag koopauHata IpPOU3BEICHUS
BEKTOpPa Ha YHCJIO paBHA MPOU3BEACHUIO
COOTBETCTBYIOIIEH KOOPIWHATHI BEKTOpa Ha
3TO YUCIO. J[pyrumu ciioBaMu, €ciii a {X; y; X }
— JIaHHBIA BEKTOp, 00 — JIAHHOE YMCJIO, TO
BEKTOP 0a MIMEET KOOPJIUHATHI {0X; ay; 0Z).
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JlercTBUs HAJl BEKTOPAMHU

JelictBusg  Haa  BEKTOpAMH:  CIIOKECHHE
BEKTOPOB, BHIYUTAHUE BEKTOPOB, YMHOKEHHE
BEKTOpa Ha 4YHCIIO

CnoxxeHue BEeKTOpOB

Jl1g cinoxeHust BEKTOPOB €CTh J1Ba Croco0a.

1. [TIlpaBwio mapamienorpamma. YrtoOsr

CIIOKUTh  BeKTOphl & u b ,  TIOMEIIaemM
Hayaia o0omx B ONHY TOUKy. JlocTtpanBaem
70 TlapajuieiorpaMma U U3 TOH ke  TOYKHU
IPOBOMM JIMaroHaib Mapauienorpamma. J1o

u Oyzmet cymma BekTopoB. & u b

R

ITomHuTe GacHio mpo nedens, paka U IIyKy?
Onu oueHb CTapajJChb, HO TaK 1 HC CABUHYJIN
BO3 C MecTa. Benp BEkTOpHas cyMma CHII,
MIPUJIOKEHHBIX UMH K BO3Y, ObL1a paBHa HYJIIO.
2. Bropoil cnoco0 ciloXeHus BEKTOPOB —
MpaBWIO TpeyrojiibHUKa. Bo3pMeMm Te ke

BeKkTOphl & b .k KOHILy TIEpBOTO BEKTOpa
OPUCTPOMM  Hayajgo  BToporo.  Temnepb
COEIMHUM Hauajo NEepBOro U KOHEI] BTOPOToO.

D70 U ecTh CyMMa BeKTOpoB & u b

[To Tomy ke TpaBUIly MOXHO  CIIOXKHUTh
Y HECKOJIbKO  BEKTOpOB.  IIpuctpanBaem
WX OJIMH 32 APYT'MM, a3aTeéM COEIUHSIEM
HayaJio MepBoro ¢ KOHIOM MOCJIETHETO.
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D

C— E  AF=4B+BC+CD+ DE + EF
B //_Jv F
//
A

[Ipencrasbre, YTO BbI UJIETE
n3 nyHkTa A B nyHKT B, 3 BB C, uz C 8 D,
3areM B E u B F. KoHeuHbIil pe3ynabTar 3THX
nencTBuii — nepemenienue u3 A B F.

Hpu CIIOKEHNH
a(x,v) bix,y

BEKTOPOB a-a gy o UF SV ponydae

M:

c=a+b.

¢ I'(lﬂ_ ‘1.5 ? ~1a+ -15) .

Berunranue BeKTOpoB

Bekrop € HampaBiieH  HPOTHBOIIOJIOXHO
BekTOpy € . JmHb

BekTOpoB € u ~C paBHBI

zf/ /_z-*

Tenepb IIOHATHO, 4YTO TaKO€ BBIYHUTAHUC

— —_
BekTOpOB. PasHocts BekTopoB & u € - 310

cymma Bektopa & uBektopa ~ € .
a-c=a+(-c)

Qf

— —
a-c

YMHOXEHUE BEKTOpa Ha YHUCIIO

[Ipn YMHOXXEHUU

—
BCKTOpa ' mga gucno K MoJIydacTCss  BCKTOD,
JJIMHa KOTOpOro B k pas OTJINYaCTCA

.
ot auHbl 4 OH coHampaBJieH
—
¢ BekTopoMm & | eciu K OostbIie HYJIS,
—
Y HarpaBJicH POTHBOIOJIOXKHO &

ecnu K MeHbI1Ie HYIJIA.

H/ %ru?/ /ﬁ 34 /034

239




JIuneiinbie onepanuu HAl BEKTOPAMH B KOOPAHHATHOI (hopme

Ecnu
Ezz(x,,y,,z,) v /;=(x2,)’zazz)
Torna

c_iil;=(x, X EY252 izz)
ia:(/ixl;iyl;izl)
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CkanspHO€ MPOU3BEICHUE IBYX BEKTOPOB

Ecnu BEKTOpBI HE SBIISIIOTCS
COHampaBleHHbIMM, TO Jyun OA u
OB o6pa3yrot yron AOB.

ATl =a=180"2=90"=4 1b
althb=a=0

Omnpenenenue: JIBa BeKTOpa  Ha3bIBAIOTCS
NEPHEHANKYISAPHBIMU, €CJIH  Yroll MEeXIYy
HUMH paBeH 90°.

CkanisipHO€E ITPOU3BEIEHNE BEKTOPOB:
Onpeoenenue: CKaasipHBIM  NPOU3BEIACHUEM
JIBYX BEKTOPOB HA3bIBAETCS YHUCIIO, PaBHOE
OPOU3BENICHUIO JIJIMH JTHX BEKTOPOB Ha
KOCHHYC yIrjla MEXIy HUMHU. 3anuiieM
®OEMyny: .

a-b=lal- |b|cﬂsa

VYrBepxkaenuel. CkansipHOoe MpOU3BEACHUE
HEHYJIEBBIX BEKTOPOB PABHO HYJIO TOrJa M
TOJIBKO ~ TOTJA, KOrAa 3TH  BEKTOPHI
NEPIIECHUKYJISPHBI.

VYrBepxkaenue2. CxkanspHbIi KBaJpar

BEKTOpa (a-a) paBeH KBaJIpaTy ero
i BRI R |
=

msbL 2 lal-
CkansipHO€ MNPOU3BENCHHE JIBYX BEKTOPOB
paBHO CyMMe MPOU3BEICHUI
COOTBETCTBYIOLIMX KOOPJAUHAT ITUX BEKTOPOB.

a-b=xx,+ yy; +2;7,.
Yron Mexay BEKTOpaMH.
Kocunyc yriia MEXIY BEKTOpaMHU

IIPOCTPAHCTBA PO vy ), Wy vy, i) :

3a/IaHHBIMH B OPTOHOPMHPOBAHHOM

Gasuce 42 &) pumpawaercs  bopmymoit:
L Rl PN el B

,‘,’vf+v§ +v3j -.wa+w§ +w§

Coss(V, W)=

Chopmynupyem OCHOBHBIE CBOMCTBa
CKJIIPHOTO TTPOU3BEJICHUSI BEKTOPOB.
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- - -

a, b,c

Jns m00bIX  BEKTOPOB u Jr060ro

HHCHaI(CHpaBCHHHBBIpaBeHCTBaI

1) a*20, npuaem @ > % ppy @ # o.

2) @b =0b-a (nmepemecrurennHlii
3aKOH).

- -

3) (a+b)-c=a-c+b-c (pacmpezen
UTEIIbHBIA 3aKOH).

4) k(a - b)=(k a)- b (couerarensHriii
3aKOH).
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Cummerpusi:
3epKajbHas

LHECHTpaJbHas,

oceBas

n

Cummerpus — COpa3MEpHOCTb,
COOTBETCTBHE, CXOJHOCTh, TMOPSAJOK B
PacIoyIoKEHUH yacTel.

HEHTPAJIBHAA CUMMETPUA

JIBe TOUYKHM Ha3BIBAIOTCS CHUMMETPUYHBIMU
OTHOCHUTEJNIbHO IIeHTpa cummerpun O, ecau O
- cepeauHa OTpe3Ka, COCOUHSIOIIErO J3TH
toukd. Touka O cuuTaercs CUMMETPUUHOU
camoii cebe.

l'eomerpuueckas  ¢urypa (wnm  Teno)
Ha3bIBACTCSI CHUMMETPUYHON OTHOCHTEIHHO
nertpa O, ecium A8 KaXIOM TOYKH STOU
¢burypsl MOKeT OBITh HaiifieHa Apyras TOYKa
9TOM ke (Qurypbl, TaKk UTO OTPE3OK,
COCAMHSAIONINN 3TH TOYKH, MPOXOAHUT dYepe3
neHtp O M JenuTcs B 3TOM TOYKE MOMOJIAM.
Touka O Ha3bIBaeTCs LEHTPOM CUMMETPHUH.

é E"g 0

CUMMETPUA OTHOCHUTEJIBHO
[IPSIMOM (OCEBASI CUMMETPH )

Opna TOYKa Ha3BIBAIOTCA CHMMETPUYHOM
JPYroll OTHOCHUTENIBHO MPSMOM, €CIIN JTaHHAs
IpsiMasi IIPOXOAUT 4Yepe3 CEepPeivHy OTpe3Ka,
COEIUHSIOIETO 9TH TOYKH, nu
NEpIEHIUKYIIApHA K 3TOMY OTpe3Ky. Kaxknas
TOYKA MPSAMON a CUYUTAETCS CHUMMETPUYHOMN
camoii cebe. Ilpsimas Ha3bIBaeTCsi OCHIO
CUMMETpUU (UTypHl eclii KaxJas TouKa
¢burypsl CUMMeETpUYHA OTHOCHUTEIIEHO
HEKOTOPOM TOUKH TOM ke PUTYpBHI.
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3EPKAJIBHASI CUMMETPU A
I'eomerpuueckas ¢durypa Ha3bIBACTCS
CUMMETPUYHON OTHOCUTENIBHO IUIOCKOCTH S,
€CITU JJIs1 KXKAO0M TOYKH 3TOH (PUTypBhl MOKET
OBbITh Hail/leHa Apyrasi TOUKa 3TOH ke PUrypsl,
TaK 4YTO OTPE30K, COCAUHSIOUINI 3TU TOYKH,
NEPIECHIUKYISAPEH IIJIOCKOCTH S M JEIUTCS
3TOW IUIOCKOCTBIO monojaM. [lmockocts S
Ha3bIBACTCS IJIOCKOCTBIO CUMMETPHH.

CumMeTrpuuHble QUrypbl, IPeIMETHI U TENIa HE
paBHBI JpYr IpYry B Y3KOM CMBICIE CIIOBA
(Hampumep, jeBas nmepyaTka Win OOTUHOK He
NOIXOOUT JUIsl IPAaBOM PYKH HIM HOTU H
HaoOopoT). OHM Ha3BIBAIOTCA 3€pPKaJIbHO
PaBHBIMH.
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