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1. MacmopT (poH/Ia OLIEHOYHBIX CPEICTB

1.1. O6;1acTh NpUMeHeHust

@DOH/JT OLIEHOYHBIX CPEICTB MPEAHA3HAUEH JJISl OLIEHUBAHUS 3HAHUM, YMEHHM, YPOBHS
c(OpPMUPOBAHHOCTH KOMIIETCHIIMI CTYACHTOB, oOydaromuxcs 1o crenuaibHoctd 09.02.07
Nudopmanimonneie cuCTeMbl W TIporpaMMupoBaHue 1o ydeOHod mucuurumnae OJ1.07
Maremaruka.

®OC cocrasnen Ha ocHoBe PI'OC u paboueii mporpaMMbl TUCIUIUIHHBI.

[IpoMexxyTouHasi arrecTanusi Mo y4eOHOW IUCIUIUIMHE MpPeAycCMOTpeHa B ¢opme
9K3aMEHa C BBICTABJIEHUEM OTMETKU IO CHUCTEME «OTJIMYHO, XOPOUIO, YAOBJIETBOPUTEIHHO,
HEY/IOBJIETBOPUTEIIHHO.

1.2. Ilmanupyemblie pe3yabTAThl 0CBOEHUS JUCHUILIMHBI

Ocoboe 3HaueHWe IUCHUIUIMHA WMEET MpH (OPMHUPOBAHWU M PA3BUTHU OOIIUX U
npodeccuoHaIbHBIX KoMIeTeHIHH B cooTBeTcTBUU ¢ PI'OC:

OK 01. Beibupatb criocoOsI penienus 3a1a4d mpopecCHOHaNBHON eI TETbHOCTH
IIPUMEHUTEIBHO K Pa3IMYHBIM KOHTEKCTaM.

OK 02. Mcnonp30BaTh COBpEMEHHBIE CPEJCTBA IIOUCKA, aHAIN3Aa U UHTEPIPETALIUU
uHpopMaLny, U THPOPMALIMOHHBIE TEXHOJOTHH U1 BBIIOJIHEHUS 3a/1a4 PO eCcCHOHATBHON
JESITEIbHOCTH.

OK 03. ITmanupoBath U peaanu30BbIBaTh COOCTBEHHOE MPOhECCHOHATHHOE U
JMYHOCTHOE Pa3BUTHE, MIPEANPUHUMATEILCKYIO IEATEIbHOCTh B IpodeccnoHallbHOM chepe,
UCIOJIb30BaTh 3HAHUS MO (PMHAHCOBOW I'PaMOTHOCTH B PA3JIMYHBIX )KU3HEHHBIX CUTYAIUIX.

OK 04. 3¢ddexTrBHO B3auMOACHCTBOBATH U PaOOTATh B KOJUICKTUBE U KOMAaH/IE.

[Tpodeccnonanbubie koMmneTeHuuu B coorBeTcTBUU ¢ PI'OC CIIO:

[1IK 3.4. IlpoBoauTh CpaBHUTENbHBIA AaHAJIU3 MPOTPAMMHBIX HMPOAYKTOB M CPEICTB
pa3paboTKH, ¢ IEeNbI0 BBIABICHHUS HAWIYYILIEro pelIeHUs] COTJIacHO KpUTEPHUSIM, ONpe/leleHHbIM
TEXHUUYECKHUM 3aJJaHUEM.

B pamkax mporpammbsl  00mieoOpa3zoBaTelbHOM — TUCHMIUIMHBI  OCBAaWBAIOTCS
JMYHOCTHBIE, METAIlpeIMETHbIE U NpPEIMETHbIE PE3yJbTaThl B COOTBETCTBUHU C TPEOOBaHUSMU
@I'OC cpennero o61ero oopazoBaHusl.

[Inanupyemble  pe3yabTaThl  OCBOGHHMS  JUCHUIUIMHBL:  JU4HOCTHBIE  (JIP),
metanpeametnsie (MP), npenmetnsie ans 6a3oBoro yposHs uzyueHus (I1P).

JInyHOCTHBIE BKIIFOYAOT:

JIP 05. CpopMHpOBaHHOCTh OCHOB CAMOPA3BUTHUS U CAMOBOCIIUTaHHS B COOTBETCTBUU
C O00IIeyeroBeYeCKUMH ILIEHHOCTSIMU M HJeallaMd TpakJaHCKOTo OO0IecTBa; T'OTOBHOCTh M
CHOCOOHOCTh K CAMOCTOSITETIbHOM, TBOPYECKON M OTBETCTBEHHOM EATEILHOCTH.

JIP 07. HaBblkM COTpYIHHYECTBA CO CBEPCTHUKAMHM, NETBMH MIAJIIETO BO3pacTa,
B3pOCIBIMH B 00pa3oBaTeIbHOM, OOIIECTBEHHO IOJIE3HOM, y4eOHO-MCCIIe0BaTENbCKOM,
MPOEKTHOM U IPYTUX BUAAX AESITEIbHOCTH.

JIP 08. HpaBcTBEHHOE CO3HAHUE U MTOBEICHHE Ha OCHOBE YCBOEHHSI O0III€YETIOBEYECKIX
LIEHHOCTEMN.

JIP 09. I'oToBHOCTH U CIIOCOOHOCTH K 00pa30BaHMIO, B TOM YHCIIE CaMOOOpPa30BaHHUIO,
Ha MPOTSHDKEHUU BCEH >KM3HH; CO3HATENbHOE OTHOIIEHHWE K HENpPEpPhIBHOMY OOpa30BaHUIO Kak
YCIIOBHIO YCTIEHIHOM NMpodecCHOHAIBHOM U 00IECTBEHHOM NesTETbHOCTH.

JIP 13. Oco3nanHbid BbIOOp Oymymiedl mpodeccud M BO3MOMKHOCTEH peaTu3aliu
COOCTBEHHBIX JKM3HEHHBIX IUIAHOB; OTHOLICHHE K MPO(ECCHOHATBHON JAEATENbHOCTH Kak
BO3MOXHOCTH  Y4acTHsl B  PEIIEHUM  JIMYHBIX, OOLIECTBEHHBIX, TI'OCYJapCTBEHHBIX,
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0O0IIeHAIIMOHAIBHBIX TPOOJIEM.

JIP 14. CdopMHUpOBaHHOCTh SKOJOTUYECKOTO MBINUICHUS, TOHUMAHUS BIUSHUS
COLIMAJIbHO-9KOHOMHMYECKUX IPOLIECCOB HA COCTOSHUE NPUPOJHOW U COLMAIBHOM CpEenbl;
MPUOOPETEHUE OMBITA HKOJIOTO-HAPABICHHON AESITETbHOCTH.

MeranpeameTHsble:

MP 01. CamoctosTensHo (opMynupoBaTh M aKTyaJU3UpOBaTh MpoOsieMy,
paccMaTpuBaTh €€ BCECTOPOHHE.

MP 02. YcraHaBiauBaTh CYILIECTBEHHBIM NMPU3HAK WJIM OCHOBAaHMsS JUIsl CPAaBHEHMS,
Kiaccuukanuu u 0600IICHUSI.

MP 03. OnpenensaTe LeNU AEATEIbHOCTH, 33JaBaTh IAapaMeTpbl U KPUTEPUU HX
JOCTHKEHUS.

MP 04. BbISIBIAT 3aKOHOMEPHOCTH U IPOTUBOPEYUS B PACCMAaTPUBAEMBbIX SIBIICHUSX.

MP 06. Bnanets HaBbIKaMU Y4eOHO-HCCIIEI0BATENBCKOM M MTPOSKTHOM NESTENbHOCTH,
HaBbIKaMU pa3pelieHus pooeMm.

MP 07. CnocoGHOCTh U TOTOBHOCTb K CAMOCTOSITEIIbHOMY IOMCKY METO/I0B pEIleHUs
IIPaKTUYECKUX 3a/1a4, IPUMEHEHHUIO PA3JIMYHBIX METOIOB ITO3HAHMS.

MP 08. OsiageHue BHIAMU JAEATEIBHOCTU IO IOJYYEHHIO HOBOI'O 3HAHHSA, €ro
MHTEpIIpETAllUY, IPE0OpPA30BAHUIO U IPUMEHEHUIO B PA3JIMYHBIX YYEOHBIX CUTYyalUsAX, B TOM
YUCIIe IPU CO3/1aHUM YUEOHBIX U COLIMATIBHBIX IIPOCKTOB.

MP 09. ®opMmupoBaHHE€ HAy4HOIO THUIIA MBIIUICHUS, BIIAJCHUE HAyYHOU
TEPMHUHOJIOTHEN, KIIFOUEBBIMU MTOHATHSMHU U METOJIAMHU.

MP 11. BbSBASATH HNPUUHMHHO-CIEACTBEHHBIE CBSA3M W aKTyalIM3UpPOBaTh 3ajaady,
BBIIBUTaTh TUIIOTE3y €€ PEIICHUs, HaXOOUTb AapryMEHThl [UIsl JI0Ka3aTelbCTBAa CBOMX
YTBEPKJICHHM, 3aaBaTh IapaMETPbl U KPUTEPUU PELICHUS.

IIpenmerHble:

ITP 01. Bnagerp MeTronaMu JOKa3aTeNbCTB, aIrOPUTMaMU pELIEHUs 3aJad; yMEHUe
(bopMyIHpOBaTh OIPEIEIEHUS, aKCUOMBI U TEOPEMBI, TPUMEHSATh UX, IPOBOJIUTH J1I0Ka3aTebHbIE
paccyXJIeHHs B XOJI€ peIIeHUs 3a/1a4.

ITP 02. YMmerh onepupoBaTh MOHATHSAMU: CTENEHb YMCIIA, JOTapu(M 4YuCla; yMEHUe
BBIMIOJHATh BBIUMCJIEHHE 3HAUY€HUH U MpeoOpa3oBaHMsI BBIPAKEHUH CO CTENEHSMU U
Jorapupmamu, mpeodpa3oBaHus IpOOHO-pAlIMOHATIBHBIX BBIPAKEHUH.

TP 03. VYmMmerp onepupoBaTh NOHATHUSAMU: PpALMUOHAIBHBIE, HpPpALOHAIbHbIE,
HoKa3aTejbHbIC, CTENEHHble, JIorapu(MUYecKue, TPUTOHOMETPUYECKHE YpaBHEHUS U
HEPaBEHCTBA, UX CUCTEMBI.

I[IP 04. VYmerp omnepupoBaThb HNOHATUSAMH: (YHKLHUS, HENpepbIBHAas (QYHKLHS,
IIPOM3BOJHAS, MEpPBOOOpa3Has, OIpENeJIeHHbIH MHTErpajg; yMEHHE HaxXOAWTh IPOU3BOHbBIC
AIIEMEHTApHBIX (DYHKIMHA, UCIIONbB3YS CIPaBOYHBIE MaTepHaibl; MCCIEN0BaTh B IMPOCTEHUIIMX
clIy4asix B (YHKIMM Ha MOHOTOHHOCTh, HaXOJUTh HaWOOJIbIIME W HAUMEHBIINE 3HAYEHUS
¢yukuuit; CTpouTh rpaduKd MHOTOWIEHOB C HCIOJIb30BAHHMEM arrapara MaTeMaTH4ecKOro
aHaJu3a; MPHUMEHATh NPOW3BOAHYIO NPHU PEUICHUM 3a/ad Ha JBWKEHUE; pemarb NPAaKTHUKO-
OpPUEHTHPOBAHHBIE 33/1a4M Ha HauOOJbIIME M HAaUMEHbIINE 3HAYCHMs, Ha HAaXOXXACHUE IyTH,
CKOPOCTH M YCKOPEHHUSI.

ITP 05. YMeHnue onepupoBaTh MOHATHUAMU: palMOHaIbHas (QYHKIMS, TOKa3aTeNbHas
byHKIMsA, cTeneHHas QYHKIM, jJorapudmuueckas GyHKIUS, TPUTOHOMETpHUYECKHe (QYyHKIUH,
oOparHble (DYHKIMHM; YMEHHE CTPOUTH TpaUKH M3y4eHHBIX (DYHKIHMHA, UCTIONb30BaTh rpaduku
IPU U3YYEHHUH MTPOLIECCOB U 3aBUCUMOCTEH, PU PEeLICHUH 33/1a4 U3 APYTUX YUeOHBIX IPEIMETOB
¥ 33/1a4 U3 peaJbHOM JKU3HU; BBIpaXKaTh (HOpMyIaMH 3aBUCHMOCTH MEX1Y BETUYNHAMH.

[IP 06. YMmeHue pemarh TEKCTOBBIE 3aJaud pa3IUYHbIX TUIOB (B TOM 4YHCIE Ha
IPOIICHTHI, I0JIM M YaCTH, Ha IBM)KEHUE, Pa0OTy, CTOMMOCTb TOBAPOB U YCIYT, HAJIOTH, 3a/1a41 U3
00J1aCTH yrpaBJIeHUs TUYHBIMU U CEMEHHBIMH (PMHAHCAMMU ); COCTABIIATH BBIPAXKEHUS, YPAaBHEHHUS,
HEPaBEHCTBA M MX CHCTEMBI II0 YCIOBHMIO 3a/layd, HCCIECNOBATH IIOJy4YCHHBIC PEIICHUSA U
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OLIGHUBATh MPABJIONOAOOHOCTD PE3YIIbTATOB.

I[P 07. YMmenue omepupoBaTh MHMOHATHSMHU: CpeaHee apu(pMETHUecKoe, MeIraHa,
HauOoJIbIlIEE U HAUMEHbLIEE 3HAaYEHMS], pa3Max, JUCIIEPCHUs, CTAHAAPTHOE OTKJIOHEHHUE YUCIIOBOTO
Habopa; yMeHHe U3BJIEKaTh, MHTEPIPETUPOBATH HH(GOPMALINIO, TPE/ICTABICHHYIO B TabIUIIax, Ha
auarpaMmax, rpaukax, OTpakaroulyo CBOMCTBA peabHBIX IPOILIECCOB U SIBIICHUI; IPEACTaBIATh
MH(OPMALIMIO C MOMOIIBIO TAOIHIl M AUAarpaMM; MCCIEI0BaTh CTATUCTUYECKUE JaHHbIC, B TOM
quCiIe ¢ MPUMEHEHUEM IrpaudecKUX METOIOB U AJIEKTPOHHBIX CPECTB.

ITP 08. Ymenue onepupoBaTh MOHATHAMU: CIy4alHBIN OMBIT U CIy4allHOE COOBITHE,
BEPOSTHOCTh CIY4alfHOTO COOBITHS; YMEHHME BBIYHCIATH BEPOATHOCTH C HCHOJIH30BAHUEM
rpaduyeckux MeETOJOB; MPUMEHATh (OPMYJbl CIOXKEHHS M YMHOXKEHHS BEpPOATHOCTEH,
KOMOWHATOpHBbIE (akThl U (OPMYIIBI IPU PEIICHUH 33/a4; OLCHUBATh BEPOSTHOCTh PEaJbHBIX
COOBITHIf; 3HAKOMCTBO CO CIIy4alHBIMHU BEIMUYMHAMU; YMEHHE MPUBOAUTH IPUMEPHI IPOSBICHUS
3aKoHa OOJIBIIMX YUCET B IPUPOIHBIX U OOIIECTBEHHBIX SBICHUSX.

I1P 09. YMmenue onepupoBaTh NOHIATUIMU: TOUYKA, IPAMasi, IIOCKOCTb, B IPOCTPAHCTBO,
JBYTPaHHbBIN yroJl, CKpEILUBAIOIINECS IPSMBbIE, TAPAJIIIEIIbHOCTD U NEPIIEHIUKYISIPHOCTD MPSAMBIX
U IUIOCKOCTEH, yroJ MeXAYy MNPSAMBIMHU, YroJl MEXKIY HPsIMOM M IUIOCKOCTBIO, YroJl MEXIy
IUIOCKOCTSIMH, PACCTOSIHUE OT TOYKH /10 IIOCKOCTH, PACCTOSIHUE MEXAY MPSIMbIMH, PACCTOSTHUE
MEXy TUIOCKOCTSIMH; YMEHHUE UCTIOIB30BaTh IIPU PEIICHUH 3a]a4 U3y4YeHHbIE ()aKThl U TEOPEMBbI
IUTAHUMETPHUH; YMEHHUE OLIEHUBATh pa3Mepbl 00bEKTOB OKPYKAIOIIETO0 MUPA.

[P 10. Ymenue onepupoBaTh NOHATUSMU: MHOTOTPAHHUK, CEYEHUE MHOTOIPAHHUKA,
KyO, mapaienenurnes, mpu3Ma, MupamMusa, GUrypa u moBEpXHOCTh BPALICHUS, IUINH/P, KOHYC,
uiap, cdepa, ceueHus: GUTypbl BpalleHus, IOCKOCTb, Kacaromasics chepsl, HUINHAPA, KOHYCA;
IUIOIIAAb TIOBEPXHOCTH TMHPAMHIIBI, MPHU3MBI, KOHYCa, HWIMHJpA, IIapa; YMEHHE H300pakaTh
MHOTOIPAHHUKHA W TMOBEPXHOCTU BpALICHUS, UX CEUEHHUS OT PYKHU, C MOMOIIBI YEPTEKHBIX
MHCTPYMEHTOB U 3JIEKTPOHHBIX CPEJCTB; YMEHHE paclo3HaBaThb CUMMETPHUIO B IPOCTPAHCTBE;
YMEHHUE Paclo3HaBaTh MPAaBUIbHBIE MHOTOTPAHHUKH.

ITP 11. YMeHue onepupoBaTh MOHITUSIMH: JBHKEHHE B MPOCTPAHCTBE, MOJOOHbBIE
¢Gurypel B MPOCTPAHCTBE; HCIOJIB30BaTh OTHOIIEHHE IUIOIAAEH MOBEpXHOCTEH M 00BEMOB
0I00HBIX (PUTYp MpU pelIeHUH 3a/1a4.

[P 12. YMeHHe BBIUUCIATH T€OMETPUUYECKHE BEIUYUHBI (IJIMHA, YTOJ, TUIOIIA[b,
00BeM, MII0Iab TOBEPXHOCTH ), UCIIOJb3Ys U3y4eHHBIE (DOPMYIIBI K METOBI.

ITP 13. YmeHue omnepupoBaTh NOHATHAMM: IHPSIMOYTOJbHas CHCTEMa KOOpAMHAT,
KOOpJMHAThl TOYKH, BEKTOP, KOOPJIMHATBHI BEKTOPA, CKAJISPHOE IPOU3BENEHUE, Yrojl MEXIy
BEKTOPAMH, CyYMMa BEKTOPOB, INPOM3BEJCHHE BEKTOpPa HA YHUCIO; HAXOJUTh C IIOMOIIBIO
M3YYEHHBIX (DOPMYII KOOPJIMHATHI CEPETUHBI OTPE3Ka, PACCTOSHUE MEXY IBYMs] TOUKAMHU.

[P 14. YmMeHue BBIOMpATh MOAXOMALINN M3YUEHHBIM METOJ IJi pelIeHUs 3aJayH,
pacno3HaBaThb MaTeMaTHueckue (akThl W MaTeMaTH4YeCKHMEe MOJIeNM B MPUPOJHBIX U
OOIIIECTBEHHBIX SIBIEHUSX, B HCKYCCTBE; YMEHHE MPHBOJIUTH MPUMEPbl MaTEeMaTHUYECKHUX
OTKpBITHI Poccniickoil 1 MEPOBOM MaTEMaTUYECKON HAYKHU.

1.3. ®opMbl KOHTPOJISA M OLIECHUBAHUS

[IpenMeToM OILIGHKH CIYXHUT CHOPMHPOBAHHOCTh OOIMUX U TPOGECCHOHATBHBIX
KOMIIETECHITHH.
Tabnuma 1 KoHTpoub 1 olleHKa OCBOCHHS Y4eOHOM TUCITUILIMHBI 110 TeMaM (pasjienam)

OneMeHT @DopMbI KOHTPOJISL M OLICHUBAHHUS

y4€eOHOM Texkymuii KOHTPOJIb IIpoMexyTouHas arTecTarysl

JAUCHUIUTIHBI Mertoap! OLICHKN [IpoBepsiemble Meroas! IIpoBepsiemsie
(3anonnsiemcs 6 IIK, OK, V, 3 OLICHKH IIK, OK, V, 3
coomeemcmeuu ¢ (Ons (Ons
paszdenom 4 paboueii | obueobpazosamenvi obweobpazoeam
npocpammoi) bIX eNbHbIX

oucyunaun OK, JI, M, oucyunaun OK,
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T, M, 1)

| | 1)
Paznen 1. IloBTOpeHue Kypca MaTEMaTUKHA OCHOBHOM IITKOJIBI
Tema 1.1 IIpakTrdaeckas OK 01, 02, 03, 04
Lenu u 3agaun pabora Nel. Ilenu u JIP 05, 07, 08, 09
MaTEeMAaTHKU 3agaun matematuku | MP 01, 02, 03, 07, 09,
P OCBOEHUHU P OCBOEHUHU 11
CHELHAIBLHOCTA | CHELHMAIBLHOCTH ITP 01, 02, 06, 09, 12,
Tema 1.2 IIpakTuueckas 14
Uucna u pabora Ne2. Hucna u
BBIYHCIICHUSI. BBIUHCIICHUSI.
Beipaxxenus u Bripaxxenus u
npeoOpa3oBaHus | MpeoOpa3oBaHMS.
. IIpouieHTHBIE IIpouienTHbBIE
BBIYMCIICHHS BBIUHCIICHUSI.
Tema 1.3 [IpakTuueckas
YpaBHeHus 1 paboTa Ne3.
HEPaBEHCTBA. YpaBHEHUA U
Cucremsl HEpaBEHCTBA.
YpaBHEHUH U Cucremsl
HEPaBEHCTB YpaBHEHUH U
HEPaBEHCTB.
Tema 1.4 IIpakTuueckas
OyHKIUH: pabota Ne4.
JIMHEHas, DOyHKIUU:
obOpatHas TUHEeWHas1, o0paTHas
MPOMOPLUUOHANIG | MPOMOPLUUOHAIEHOC
HOCTb, Th, KBaJJpaTUYHAS
KBaJIpaTHyHast dhyHKIHSA
GyHKIHS
Tema 1.5 [IpakTuueckas OK 01, 02, 03, 04
I'eomeTpus Ha pabota NeS.
IJIOCKOCTH T'eomerpus Ha [IK 3.4
TUIOCKOCTH
JIP 05, 07, 08, 09
MP 01, 02, 03, 07, 09,
11
ITP 01, 02, 06, 09, 12,
14
Tema 1.6 IIpakTuueckas OK 01, 02, 03, 04
Bxoanas paboTa Neb. JIP 05, 07, 08, 09
KOHTPOJIbHAS Bxoanas MP 01, 02, 03, 07, 09,
pabora KOHTPOJIbHAS 11
pabota ITP 01, 02, 06, 09, 12,
14
Paznen 2. OcHOBBI TpUrOHOMETpHH. TpUTOHOMETpHYECKHE
GbyHKIIH
Tema 2.1 YcTHBIM onpoc OK 01, 02, 03, 04
Tpuronomerpuu | CobecenoBanue JIP 05, 07, 08, 09
eckue QyHKITII MP 01, 02, 03, 06, 07,
MIPOU3BOJIBHOTO 08, 09
yTJIa, 9rcia. ITP 01, 02, 03, 05, 14
Panuannas u
rpajycHas Mepa
yriaa
Tema 2.2 IIpakTrdaeckas
OCHOBHEIE pabota Ne7.

Dxzamen

OK 01
OK 02
OK 03
OK 04
lIK 1.2
JIP 05
JIP 07
JIP 08
JIP 09
JIP 13
JIP 14
MP 01
MP 02
MP 03
MP 04
MP 06
MP 07
MP 08
MP 09
MP 11
1P 01
1P 02
1P 03
1IP 04
1IP 05
1IP 06
1P 07
1IP 08
1IP 09
IIP 10
1P 11
1P 12
IIP 13
1P 14




TpuronoMeTpud | OCHOBHBIE

€CKHe TPUTOHOMETPUYECKU
TOXKJECTBA. € TOX/IECTBA.
DopMybl DopMynbl
IIPUBEICHUS IIPUBEICHUS

Tema 2.3 YcTHBI ompoc
Cunyec,

KOCHHYC,

TAHT'€HC CYMMBI

Y Pa3HOCTH

JIBYX YTJIOB.

Dopmynsl

JIBOMHOTO

aprymeHra

Tema 2.4 IIpakTrueckas
Dopmymsl pabota Ne§.
MTOJIOBUHHOT'O Dopmynbl

yraa. @opMysbsl | MOJIOBUHHOTO yIJa.
IIOHIDKEHUS DopMybl

CTETIEHH TTOHMKEHUS] CTEIIEHU
Tema 2.5 VYcerHbIi onpoc
Tpuronomerpuu | CobecenoBanue

eckre QyHKIIHH,
WX CBOMCTBA H

rpaduKu

Tema 2.6 YcTHBI ompoc

IIpeo6pazoBanu

e TpauKoB

TPUTOHOMETPUY

ecKux (YHKIUH

Tema 2.7 IIpakTuueckas

Onucanve pabota Ne9.

npou3BoAcTBeH | Ommcanue

HBIX [IPOLIECCOB | MPOM3BOACTBEHHBIX

C TIOMOIIIBIO MPOLIECCOB C

rpauKoB MOMOIIbIO TPaUKOB

GbyHKIMA hyHKIH
IIpakTuueckas
pabora NelO.
Onucanue
MIPOM3BOJCTBEHHBIX
IIPOLIECCOB C
MOMOIIBIO TPadUKOB
hyHKIUI

Tema 2.8 YcTHBIM onpoc

OO0patHbIe

TPUTOHOMETPUY

eckue QyHKIUU

Tema 2.9 YcTHBIM onpoc

[pocreiitme CobecenoBanue

TPUTOHOMETPUY

ecKue

yYpaBHEHHUS

Tema 2.10 IIpakTrdaeckas

IIpocreiimme padota Nell.

TpuronoMetpud | Ilpocteitmme




€CKHe TPUTOHOMETPUYECKU
HEPaBEHCTBA € HepaBEeHCTBA

Tema 2.11 YcTHBI orpoc
Cucremsl

TPUTOHOMETPUY

€CKUX

ypaBHEHHI

Tema 2.12 IIpakTuueckas
Kontponbnas pabota Nel2.

pabora 1mo Kontponbaast
pazneny 2 pabota 1o pasneny 2
«OcHOBBI «OcHOBBI
TPUTOHOMETPUH. | TPUTOHOMETPHH.
Tpuronomerpuu | TpuroHomMeTpuieck
ecKue ue QyHKIHm
QyHKITIN

Paznen 3. Crenenu u kopHu. CteneHHasi (

byHKIIHS

Tema 3.1
CreneHs.
CBoiicTBa
CTENEHHU C
parMoHaIbHBIM
AU
EUCTBATEIbHBI
MH
MMOKa3aTeIIMU

VYcerHBIi onpoc
CobecenoBanne

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

Tema 3.2
CreneHHbBIE
GYHKIMH, UX
CBOMCTBA U
rpadukn

VYeTHBI onpoc

Tema 3.3

VYeTHsll onpoc

[Monsitrie kopust | CobecenoBanue

n-Oi CTENEHU U3

JIeHCTBUTEIHHOT

0 yHca.

CBoiicTBa KOpHS

n-oi CTENEHU

Tema 3.4 IIpakTuueckas

[MpeobpazoBanu | pabora Nel3.

e [IpeobpazoBanue

MPPaLMOHANBHBl | UPPAaLMOHANBHBIX

X BBIpaKEHUI BBIpaXXCHUI
IIpakTruueckas
pabota Nel4.
[IpeobpazoBanue
UpPPaIMOHANTBHBIX
BBIPAKCHHUN

Tema 3.5 IIpakTnueckas

Pemienne pabora Nel5.

ppauyoHanbHbl | Pemienue

X YpaBHEHHH U UpPpaIMOHATBHBIX

HEpaBEHCTB ypaBHEHUH H
HEPaBEHCTB

Tema 3.6 IIpakTrdaeckas

KoHnTponbHas pabota Nel6.




pabota o
pasmeny 3
«CrerieHu u
KOPHH.
Crenennas
GYHKITHSD

KonTponbHas
paboTa 1o pasaeny 3
«CremeHr U KOPHH.
Crenennas
hyHKITHS

Paznen 4. [TokazaTenpHast GyHKIHS

Tema 4.1 VYerHbIi ompoc
[okazarenpnas | CobecemoBanue
¢byHKIHA, ee
CBOMCTBA U
rpadux
Tema 4.2 IIpakTraeckast
Pemrenne paborta Nel7.
MoKa3arelibHbIX | PemieHue
ypaBHEHUI U MOKa3aTeNIbHbIX
HEPaBEHCTB YpaBHEHUH U
HEPAaBEHCTB
[IpakTuueckas
pabora Nel8.
Pewienne
MOKa3aTeNIbHbIX
YpaBHEHUH U
HEPABEHCTB
Tema 4.3 IIpakTuueckas
Cucrembl pabora Nel9.
nmoka3aTenbHbIX | CHCTeMBI
ypaBHEHUI MOKAa3aTeNbHBIX
ypaBHEHUH
Tema 4.4 [IpakTuyeckas
KontponbHas pabota Ne20.
pabota o KonTponbHas
pasneny 4 pabora 1o pasueny 4
«llokazarenpHast | «[loka3arenbHas
QyHKIUS QyHKITUS

OK 01, 02, 03, 04
JIP 05, 07, 09
MP 01, 02, 06, 07, 09,
11
ITP 01, 02, 03

Pazpnen 5. Jlorapu

Mbl1. Jlorapudmudeckas GyHKIUS

Tema 5.1 [IpakTuueckas
Jlorapudm pabora Ne21.
YHCcha. Jlorapudm ymcna.
CsaoiicTBa CsaoiicTBa
norapuMoB norapuMoB
CobecenoBanue
Tema 5.2 YcTHBIM onpoc
Jlorapudmuyeck | CobecenoBanue
ast QyHKIMs, ee
CBOICTBa
Tema 5.3 IIpakTnueckas
Pemenue pabota Ne22.
nmorapudmuyeck | Pemenue
WX YpaBHEHUN U | JIOTapUPMUIESCKUX
HEPABEHCTB YpPaBHEHUI U
HEPaBEHCTB
CobecenroBanue
Tema 5.4 [IpakTnueckas
Cucrembl paboTa Ne23.
nmorapubmudeck | CrcreMbl

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




WX ypaBHEHUI

JorapupMUIecKux

ypaBHEHUH
Tema 5.5 IIpakTruueckas
Jlorapudgmei B pabota Ne24.
npupojae u Jlorapudgmei B
TEXHUKE IPUPOAE U TEXHUKE
IIpakTrueckas
pabota Ne25.
Jlorapugmer B
IPUPOJE U TEXHUKE
Tema 5.6 IIpakTuueckas
KonrtponbHas pabota Ne26.
pabora 1mo Konrtponbaas
pazzeny 5 pabota o pazaeny 5
«Jlorapudmer. «Jlorapudmer.
Jlorapudmmyeck | Jlorapupmudeckas
ast QyHKITHS QyHKITHS
Pasnen 6. YpaBHeHUs U HepaBEHCTBA
Tema 6.1 [IpakTuueckas
PaBrOCHMIIBHOCT | pabota Ne27.
b YPaBHEHUH U PaBHOCHIIBHOCTB
HEPABEHCTB. YPABHEHUH U
OOmue metonsl | HepaBeHCTB. O0IIHE
peLeHus METO/bI PEeLICHUS
CobecenoBanue
Tema 6.2 [IpakTuueckas
I'paduueckmnii pabota Ne28.
MeToq perienns | ['paduueckuii Mmeton
YpaBHEHU, peueHust
HEPABCHCTB YpaBHEHUH,
HEpPaBEHCTB
Tema 6.3 IIpakTuueckas
YpaBHeHHs U pabota Ne29.

HEPABCHCTBA C

YpaBHEHUA U

MOyJIEM HEpaBEHCTBA C
MOYJIEM

Tewma 6.4 [IpaxTrueckas

YpaBHeHus u pabota Ne30.

HEpPaBEHCTBA C
napaMeTpamu

VYpaBHeHus u
HEPaBEHCTBA C
napaMeTpamMu

Tema 6.5
TexcToBrle
3aJaum
npogeccruoHab
HOT'O
COJlepIKaHUs

IIpakTnueckas
pabota Ne31.
TexcToBrIe 3agaun
podeCCUOHATEHOTO
coJepKaHus
[IpakTnueckas
pabota Ne32.
TekcToBbIe 321241
po(heCCHOHAITBHOTO
CoJlepKaHUs
IIpakTruueckas
pabota Ne33.
TekcToBble 3aa4n
podeCcCHOHaTEHOTO
coJepKaHus

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




Tema 6.6
KonTponbnas
pabora 1mo
pazneny 6
«YpaBHEHUS U
HEPaBEHCTBAY

[IpakTnueckas
pabota Ne34.
KonTponbnas
pabota no pazaeny 6
«YpaBHEHUS U
HEPAaBEHCTBAY

Paznen 7. [IponsBonnas GpyHKIMHU, €€ IPUMEHEHHE

Tema 7.1 VYerHbIi ompoc OK 01, 02, 03, 04
Yucnosas CobecenoBanue JIP 05, 07, 08, 09
IOCJIE0BATENIHH MP 02, 03, 04, 06, 07,
OCTb. 08,09, 11
Brruncnenue ITP 01, 04, 05, 12, 14
IPEeIesoB
II0CJIEI0BATENIbH
ocTel
Tema 7.2 [IpakTuueckas
[Tonstre o pabora Ne35.
IIPOU3BOAHON IlonsiTHe 0
¢dhyHKIIK MIPOU3BOAHOM
hyHKIIIN
Tema 7.3 IIpakTuueckas
DopmyIsl 1 pabota Ne36.
IpaBUIIa DopMyIbl U
muddepeHnupo | mpaBmia
BaHUS nmud hepeHnrpoBaHN
o
CobecenoBanue
Tema 7.4 VYeTHsli onpoc
IIpoussonnas
CJIO’KHOM
hyHKIIIN
Tema 7.5 VYeTHsll onpoc
[TonsTue o
HETPEPHIBHOCTH
(hyHKIHIH.
Meroxn
WHTEPBAJIOB
Tema 7.6 [IpakTuueckas
Pusndeckuii u pabota Ne37.
reoMeTpuuecku | OuU3NUECKU U
1 CMBICIT TeOMETPUUYECKHUIA
MPOU3BOJHOM CMBICIT
MIPOU3BOTHOM
Tema 7.7 IIpakTruueckas
YpaeHeHue paboTa Ne38.
KacaTeJbHOH K VYpaBHeHne
rpaduKy KacaTeJIbHOI K
byHKIMU rpaduKy GYHKIUH
Tema 7.8 IIpakTraeckas
MonoTtoHHOCTh | pabota Ne39.
byHKIIUH. MOHOTOHHOCTB
Toukn ¢ysaknuu. Touku
IKCTpEMyMa IKCTpEMyMa
Tema 7.9 [IpakTnueckas
Hccnenopanue paboTa Ne40.
GyHKIMIA 1 Hccnenoanue
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MOCTPOCHHUEC UX

dhyHKIUH H

rpaduKoB MTOCTPOCHUE UX
rpaduKoB
Tema 7.10 IIpakTuueckas
HauGonbmee u | pabora Nedl.
HalMEHbIlIee Haubonpmee u
3HAYEHUS HauMeHbIIee
¢dhyHKIMN 3HAYCHUS] QYHKIIH
Tema 7.11 IIpakTrnueckas
Haxoxnenne pabota Ne4?2.
ONTHMAJIBHOTO Haxoxnenue
pe3ynbpTaTa ¢ ONTHMAJIBHOTO
MTOMOIIIBFO pe3ynbpTaTa ¢
MPOU3BOIHOM MTOMOIIIBIO
IIPOU3BOAHON
IIpakTuueckas
pabora Ne43.
Haxoxxnenue
ONTHMaJIBHOTO
pe3ynbTaTa ¢
MTOMOIIIBIO
IIPOU3BOAHON
IIpakTuueckas
pabota Ned4.
Haxoxxnenne
ONTUMAIHHOTO
pe3ynbTaTa ¢
MTOMOIIIBIO
ITPOU3BOAHON
Tema 7.12 IIpakTuueckas
KoutponbsHas pabota Ned5.
pabora mo KonrtponbHas
pazaeny 7 pabota 1o pasueny 7
«IIpousBoaHas «IpounsBoaHas
byHKIIUH, ee ¢byHKINH, ee
MIPUMEHEHHUE MIPUMEHEHHUE
Paznen 8. [lepBooOpasHas GpyHKIHH, €€ IPIMEHEHNE
Tema 8.1 IIpakTuueckas OK 01, 02, 03, 04
[MepBooOpazHast | pabota Ne46. JIP 07, 08, 09
GyHKITHSL. IlepBooOpa3zHas MP 02, 03, 06,07, 11
IIpaBuna ¢ynkuus. [IpaBuna I1P 01, 03, 04, 06
HaXOKACHUS HaXOKACHUS
NepBo0Opa3HBIX | MepBOOOPa3HBIX
Tema 8.2 IIpakTraeckas
IImomans pabora Ne47.
KpuBoiuHeitHoi | Ilnomanp
Tpalenuu. KPUBOJIMHENHON
dopmyna Tpaneuuu. ®opmyna
Hrerorona- Hrrorona-JleiiOHuma
JleiiOHunma
Tema 8.3 IIpakTraeckas
Heompenenenn | paGora Ne48.
BII 1 Heonpenenenusiii u
OnpeeICHHBIN OnpeeICHHBIN
WHTETPaJIb HWHTETPaJIBI
Tema 8.4 IIpakTuueckas OK 01, 02, 03, 04
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Omnpenenennblii | pabota Ne49.
WHTETpaj B OrnpeneneHHbIiI IIK 3.4
JKU3HU WHTETpall B )KU3HH
IIpakTuueckas JIP 07, 08, 09
pabota Ne50. MP 02, 03, 06, 07, 11
OrnpeneneHHbIi ITP 01, 03, 04, 06
WHTETpall B )KU3HH
Tema 8.5 IIpakTuueckas OK 01, 02, 03, 04
Kontponbaas paborta Ne51. JIP 07, 08, 09
pabora 1mo Kontponbaas MP 02, 03, 06, 07, 11
pazneny 8 pabota 1o pazaeny 8 ITP 01, 03, 04, 06
«IlepBoobOpazna | «IlepBooOpazHas
g QyHKIHH, ee hyHKIIH, ee
MIPUMCHEHUEC) MIPUMCHEHUEC)
Pasnen 9. MuoxecTBa. DJIeMEHTHI T€OpUHU TpadoB
Tema 9.1 YcTHBI ompoc OK 01, 02, 03, 04
MHuoxecTBa. JIP 07, 08, 09, 13, 14
JleiicTBUS Hax MP 01, 02, 03, 07, 08,
MHO>KECTBaMH. 09, 11
HuarpamMmbl I1P 07, 08, 14
Benna
Tema 9.2 YcTHBI ompoc
I'padsr.
OcHOBHBIE
TIOHSTHS U BUJIBI
Tema 9.3 [IpakTuueckas
MHOXKeCTBO U pabota Ne52.
rpadsr. MHOxeCTBO 1
Pemmenne rpa¢sl. Pemenne
MIPHUKJIATHBIX MPUKJIATHBIX 3214
3aa4y [IpakTudaeckas
pabota Ne53.
MHOXecCTBO U
rpadsl. Pemenue
MIPHUKJIATHBIX 33124
Tema 9.4 IIpakTuueckas
KontponbHas pabota Ne54.
pabota o KonTponbHas
pazneny 9 pabota o pazneny 9
«MHOXkecTBa. «MHOXkecTBa.
DneMEeHThI DNeMEHTHI TEOpUHn

Teopuu rpadosy

rpadoBy

Paznen 10. Dneme
BEPOATHOCTEN

HTbI KOM6I/IHaT0pI/IKI/I, CTaTUCTHUKHU U TCOPHUU

Tema 10.1
OcHOBHBIE
TTOHATHS
KOMOHHATOPUKH

VYeTHbI onpoc
CobecenoBanne

Tema 10.2
CoOsITHE,
BEPOSATHOCTh
COOBITHSL.
CrnoxxeHue u
YMHOXCHHE
BEPOATHOCTEM

VYeTHbI onpoc
CobecenoBanne

Tema 10.3

IIpakTruueckas

OK 01, 02, 03, 04
JIP 07, 08, 09, 13, 14
MP 01, 02, 03, 04, 06,

07, 08, 09, 11

I1P 01, 07, 08, 14
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BepositHOCTS B
podeCcCHoHAIh

pabota Ne55.
BepositHOCTB B

HBIX 337a9aX mpohecCHOHATBHBIX
3aa4ax
IIpakTruueckas
pabota Ne56.
BepostHOCTh B
po(heCCUOHANTBHBIX
3amagax

Tema 10.4 YcTHBI orpoc

JuckperHas

ciyvaiiHas

BEJIMYMHA,

3aKOH €€

pacnpeneneHus

Tema 10.5 IIpakTuueckas

3amaun pabora Ne57.

MaTeMaTuyecko | 3agadu

W CTaTUCTUKU MaTeMaTUYECKOU
CTaTHCTUKH
CobecenoBanue

Tema 10.6 [IpakTuueckas

CocraBrienue pabora Ne58.

Ta0IUI U CocraBnenne

Juarpamm Ha TaOJHII U TUarpaMm

MPAKTHKE Ha MPaKTHKE
IIpakTuueckas
pabota Ne59.
CocraBnenue
Ta0JIUI] ¥ TUarpaMmm
Ha TIPaKTHKE
[IpakTuueckas
pabora Ne60.
CocraBneHue
Ta0JIUI] ¥ TUarpamMmm
Ha MPAaKTHKE

Tema 10.7 IIpakTuueckas

KoutponbsHas pabota Ne61.

pabora mo KontponbHas

paznmemny 10 pabora 1o pasueny

«ONeMEeHTHI 10 «3nemeHTHI

KOMOMHATOPUKN | KOMOWHATOPHKH,

, CTATUCTHKH U CTaTHCTUKU U

TEOpUHU TEOpHH

BEPOSITHOCTEH» | BEPOSITHOCTEH»

Pazpmen 11. [IpsiMble 1 TIIOCKOCTH B IPOCTPAHCTBE

Tema 11.1 YcTHEI ompoc OK 01, 02, 03, 04
OcHOBHbBIE CobecenoBanue JIP 05, 09
MOHSATHSA MP 02, 03, 04, 06, 07,
CTEpEOMETPHH. 08, 09
Pacnonoxxenue I1P 01, 09
MPSIMBIX U

TIJIOCKOCTEN

Tema 11.2 IIpakTrdaeckas

[TapamiensHocT | pabora Ne62.

b TIPSIMBIX, [TapamiensHOCT
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MpsIMON 1 MPSIMBIX, IPSIMOM U

IUIOCKOCTH, IUIOCKOCTH,

IJIOCKOCTEN IJIOCKOCTEN

Tema 11.3 VYerHbIi omnpoc

[epnenaukynsp | CobecenoBanue

HOCTb NIPSIMBIX,

MpsIMOHN 1

TUIOCKOCTH,

IJIOCKOCTEN

Tema 11.4 IIpakTruaeckast

Teopema o Tpex | pabora Ne63.

nepneHaukysp | Teopema o Tpex

ax. Pemenne HEePIEHIUKYIISIpax.

3a1a4 Pewienue 3anay

Tema 11.5 [IpakTuueckas

[Mapannensueble, | pabota Ne64.

nepneHaukyisip | Ilapannensusie,

HBIE U MIEPIEHUKYIISIPHBIE

CKPELIMBAIOINE | U CKPEIINBAIOIINECS

Csl IpsIMbIE npsMBbIe
IIpakTuueckas
pabora Ne65.
ITapannensHele,
NEePICHIUKYIISIPHBIC
Y CKpeIINBAIOIINECS
IpsIMBIE

Tema 11.6 IIpakTuueckas

Kountponbhas pabota Ne66.

pabora mo KontponbHas

pazmeny 11 pabora 1o pasueny

«Ipsmble u
TUIOCKOCTH B
IIPOCTPAHCTBE»

11 «Ipsimbie u
TUIOCKOCTH B
IIPOCTPAHCTBE»

Paznen 12. MHOrorpaHHUKH U Te€a BpalEHUS

Tema 12.1
MHoOrorpaHHuk.
BepiuHsel,
pebpa, rpaHn
MHOTOI'PaHHUKA

VYeTHsli onpoc
CobecenoBanne

Tema 12.2
IIpusma, ee
COCTaBJISIOLIHE.
CeueHus
pU3MBbl. Bujibl
TIPU3MBI

VYeTHbI onpoc

Tema 12.3
[Tapannenenumne
I, Ky0. Ceuenue
KyOa,
napaiesnenuie
Ja

VYcTHbIil onpoc

Tema 12.4
IInpamuna, ee
CEYEHHE.
IIpaBunbHas u
yCeuEHHas

VYeTHbI onpoc

OK 01, 02, 03, 04
JIP 05, 09
MP 02, 04, 06, 07, 08,
11
IP 10, 11, 12
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InrupamMuaa

Tema 12.5 IIpakTraeckas

BokoBas u pabota Ne67.

MOJTHAS BokoBast n monnas

MTOBEPXHOCTh MTOBEPXHOCTh

TIPU3MBIL, TIPU3MBI, THPAMHUJIBI

MTUPAMUIBI

Tema 12.6 VYerHbIi ompoc

CummMmetpus B

KyoOe,

napajuiesenure

Jie, IpU3Me,

nupaMuze

Tema 12.7 IIpakTrdaeckas OK 01, 02, 03, 04

[Mpumepst pabota Ne68.

CUMMETpUH B ITpumepst K 3.4

npodeccuun CUMMETpHUH B
npodeccun JIP 05, 09
[IpakTuueckas MP 02, 04, 06, 07, 08,
pabota Ne69. 11
IIpumepsr IP 10, 11, 12
CUMMETpUH B
npodeccun

Tema 12.8 VYcerHBIi onpoc OK 01, 02, 03, 04

[IpaBuibHBIE JIP 05, 09

MHOTOT'PaHHUKHU MP 02, 04, 06, 07, 08,

U UX CBOMCTBA 11

Tema 12.9 YcTHBIH orpoc ImP 10, 11, 12

Hunuuap u ero

3JIEMEHTHI.

CeueHue

[WIAH]PA

Tema 12.10 YcTHBIM onpoc

Komnyc u ero

AJIEMEHTBHI.

CeueHne KOHyca

Tema 12.11 YcTHBIM onpoc

YceueHHbI

koHyc. Ceuenne

YCEUEeHHOT0

KOHycCa

Tema 12.12 YcTHBIM onpoc

ap u cdepa,

WX CEUCHHUSI

Tema 12.13 IIpakTruueckas

O0bewM Tena. pabora Ne70. O6bem

OTtHoleHHE tena. OTHOLIEHUE

00BeMOB 00BEMOB TTOJTOOHBIX

IMOJOOHBIX TEN Tell

Tema 12.14 YcTHBIM onpoc

O0BeMEbI 1

IO N

MMOBEPXHOCTEHN

Tel

Tema 12.15 [IpakTnueckas

Komb6unanuu pabota Ne71.
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MHOTOTPaHHUKO
B H Tell
BpaIrcHuUs.
I'eomeTpuuecku
€ KOMOMHAIIUH
Ha TIPaKTHKE

KomOunanmun
MHOTOTPaHHUKOB U
TEJ BpAIICHNS.
TI'eomerpuueckue
KOMOHHAIINY Ha
MPAKTHKE
IIpakTrnueckas
pabota Ne72.
KomOunammmn
MHOTOTPaHHUKOB U
TEJ BpAIICHUSI.
T'eomerpuueckue
KOMOHWHAIINY Ha
MPAKTHKE
TIpakTruueckas
pabora Ne73.
KomOunaun
MHOTOTPaHHUKOB U
TEJ BpaIICHUSI.

I'eomeTpuueckue
KOMOMWHAIINK HA
IPAKTUKE
Tema 12.16 IIpakTuueckas
KonrtponbHas pabota Ne74.
pabora mo KonrtponbHas
pazneny 12 paboTa 1o pa3geny
«MHororpaHHuk | 12
U U Tella «MHOrorpaHHuKHU 1
BpALLCHUSD) TeJIa BPAIICHUSD)
Paznen 13. KoopnuHatel 1 BEKTOPBI
Tema 13.1 IIpakTuueckas
JlexapToBsI pabora Ne75.
KOOPJIMHATEHI B JexapToBsl
MIPOCTPAHCTBE. KOOPJIMHATHI B
[Ipocreiinine MPOCTPAHCTBE.
3a7a4u B [Ipocreiimue 3agaun
KOOpJMHATaX B KOOpAMHATaX
Tema 13.2 IIpakTuueckas
Bekropsl B pabota Ne76.
MIPOCTPAHCTBE. Bexkrtops! B
VYron Mexny MIPOCTPAHCTBE. YTOI
BEKTOPAMHU. MEX/Iy BEeKTOPaMH.
CkanspHoe CkanspHoe
MIPOU3BEJCHNE MIPOU3BECHNE
BEKTOPOB BEKTOPOB
CobecenoBanue
Tema 13.3 IIpakTraeckas
[Ipaktuko- pabota Ne77.
opuentupoBanH | IlpakTuko-
bI€ 3a/1a4M Ha OpHEHTHPOBAHHBIE
KOOpIMHATHON 3aJa4u Ha
TUIOCKOCTH KOOpIMHATHON
TJIOCKOCTH
Tema 13.4 IIpakTrdaeckas
KonTponbHas pabota Ne78.
pabota o Kontponbnas

OK 01, 02, 03, 04
JIP 05, 09
MP 02, 04, 06, 07, 08,
11
P 11, 12, 13, 14
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pazmeny 13
«KoopauHaTel 1
BEKTODBI»

pabota no pazaeny
13 «KoopauHaTs! 1
BEKTOPBI»
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2. OueHoYHbIE CPEACTBA TeKYLEero KOHTPOJIsl yCIIeBAeMOCTH U KPUTEPHH OLEHKH

KommuiekT 3aganuii 1151 KOHTPOJIbHOI padoThI

3amanus 11 NPoBeIeHNs] KOHTPOJIBLHOTOo cpe3a Nel 3a 1 cemectp

Bapuanr 1
1. Beruucnurs: a) cos 780°;
. 13
0) sin —ﬂ;
6
. 12 kY4
B) sin o, €CJIH COS oL = —g 4 TEa<T

(04
T) COS E,ecnncosa=0,28n0<a<n;

sin 75° +sin 45°
sin285°

1)

e) 16 cos x cos 2x cos 4x cos 8x, ecnu x =

b

]

2. Yapoctuth BeIpakeHue: a) cos (o — f3) — cos (a + fB);
0) sin 915°cos B — sin B sin 645°;

B) %sin (540° + B) sin (B + 810°);

r) sin 3a cos 2o + sin 2o cos 3o —cos (21 — a);

sin(—a) + cos(7 + @)

)

b

1+2 cos(;r - aj cos(—a)

l1-cos2a .

e)

sin 2a
. T
3. Pemuth ypaBHeHuUe: a) cos (1 + x) = sin 5

0) sin 5x cos 4x — cos Sx sin 4x = 1.

Bapuanr 2

1. Beranciuts: a) sin 780°;

13
0) cos ?ﬁ;

. 4 kY4
B) COS O, €CTM SiN OL == u T<a<—-;

. . 4 T
r) sin 20, €ciu sin o = -5 I/I7I<OL<7;

$in 70° 4+ sin 20°
c0s205° ’




b

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

K]

2. Yrpoctuth BeIpaxkeHnue: a) sin (a + ) + sin (a0 — PB);
0) sin 605°cos P + sin 3 cos 835°;

B) %sin (405° + B) cos (B + 765°);
r) sin 4o cos 3a + sin 3o cos 40, —sin (67 — A);

sin(327[+ aj +sin(27 + )

2 2cos(—a)sin(—a) +1 :

sin 2

1+ cos2a ’

3. Pemuth ypaBHeHue: a) sin (1 + x) = cos (— %) :

0) cos 4x sin 3x + sin 4x cos 3x = 1.

manon omeemos:

Bapuanrt 1

3aganns 1 2 3
OTtBerbl: | 2)0,5; a) 2sinasinf; a) x = n+2nk, k €Z;

0) 0.5; 6) sin(p-15°); 6) x = —+2nk, k €Z

_3. —2sin2p 2
B) s B) 2 Sin
r) 0,8; T) sinSo-cosa;
. —_ 1 .
) _\/§’ ) sino+cosa’
e) V3 e) tga
Bapuanr 2

3ananus 1 2 3
OTBeTHI: V3, a) 2sinocosp; a)x = (-l)k”EJrnk k €Z:

2) \%’ 6) -cos(p-25°); 6) x = T 21'tk6 K E,Z ’

0) 2 B)% cos2PB AT

B)— E; r) 2sin4acos3a;

24> _r .

r) BYL ) sina—cosa’

) —V2; ¢) tga

e) =33

3amaHus 11 POBeleHNs] KOHTPOJILHOM padoThl 3a epBblIil ceMecTp
Bapuanr 1
Nel. Yopoctute BeipaxkeHue:

1.(sin x + cosx)’ —1

2
2.(cos2 x[% — x) + sinz(%r — x)j —sin? x
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3 sin® x +sin? xcos? x

sin” xcos” x
Ne2. IIpeobpasyiiTe BbIpakeHHE:
1 (a+2 __a n 2 ) ) va—/2
"\V2a V2a+2  a—2a a+2
1 1

c-1 c¢Z2+cx 1

2. =3 11 -c++ 1
c4+cz2  c2+1

lg8+1g18

2lg2+1g3

Ne3. Pemure ypaBHeHue

l.Vx24+2x+10=2x—1

Vs Vs
2.cos(z+x)+cos(z—x) =1
3.0 2x2—16x—37,5:5\/§
4.logsVx — 5+ logsV2x — 3 =1

3.

Bapuant 2
Nel. Yopocrture BeipakeHue

1.(cos2x+1)g’x—1

ct, [?’ﬂ — xj
1+ctg2(— x) g 2
2. .
tgz (x — 72') ctg(ﬂ + x)

sin>® xcos x + cos® xsin x

3' 2
COS X

Ne2. IIpeobOpasyiiTe BbIpakeHHE:
2
1 (a\/E+b\/F _ m) (\/E+\/5)

Va+Vb a+b
1 113 3 3
p 3@b)2=3b ]
a-b S5
a2+b2
3lg2+3lg5
"1g13-1g130

Ne3. Pemute ypaBHeHHe
1.V17+2x—3x2 =x+1
. A . T
2.Sm(g+x) —Sln(g—x) =4/3
x2-6x+0,5__ 1
3.2 N
4. §Zg(2x —1)=1-IgVx—9
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Imanon omeemoes:

Bapuant 1
Saganua 1 2 3
Oreerbl: | 1.sin2x 1. —= 1.3
2. cos®x Va+vz 2.x=+Z+2nk ke Z
3 1 2.c 4
osix 3.2 3.-2:18
4.6
Bapuant 2
Saganua 1 2 3
OTBerHI: 1. —cos 2x ‘ (a—b)? 1.2
— (a+b)? 2.x=242nkkeZ
sin?x 2.3 2
3.tgx 3.3 3.5
4.13

3ajaHus 1U1d POBEACHUSI KOHTPOJBLHOIO cpe3a 3a 2 ceMecTp
Bapuanr 1
Nel. Berunciaure npon3BOIHYIO:

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

2.f() ==+ 5—=

x2  x3

3.f(x) = (8x — 10)3
4.f(x) = cosg

5. f(x) = —

(5—4x)5
No2. Haiinute KoOopAMHATBHI TOYEK KacaHMsl, B KOTOPBIX KacaTelbHbIE K rpaduky

gynxuun y = 2x2 + x + 4 HMEIOT yriuoBoi Ko3(p(UIHUEHT, paBHbIH 1
Ne3. CocraBbTe ypaBHEHHE KacaTenbHOM K rpaduky QyHkiun y = 3x2 —4x — 2 B
TOYKe ¢ adcuuccont x, = —1
Ne4. MatepuanbHas TOUKa JBUKETCS OPSMOIMHENHO 1o 3akony x(t) = t3 — 27¢t.
Haiinure yckopeHHre TOUKM B MOMEHT BpEMEHU t = 2 C.
No5. Haiinure o0muii BUs iepBoOOpa3HbIX ISl PYHKITUU:
1. f(x) = 3x + 5x° + 6x° — 2

1 2
2f(x) =x—2+;—\/§
3.f(x) = (5x — 3)°
4. f(x) = sin (Zx — %)

2

Sf(x) T (4x+3)*
No 6. Beruncinure uHTErpaibl:

1. f_ll x3dx

s

2. fz dx

0 cos2x
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3. [7(1 + 2x)dx

Bapuanr 2
Nel. Brruncnure npous3BOIHYIO:

1.f(x) =3x% + 6x* +8x + 100
2. f(x) =§+xz—3_%

3.f(x) = (4x — 5)°

4, f(x) = sin10x

5.£() = —

(1-2x)3

No2. Haiinute koopAMHATBHI TOYEK KAacaHMsI, B KOTOPBIX KacaTelbHbIE K rpaduky

Gynxmu y = x2 4+ 2x — 1 MMeIOT yrioBoii Ko3((HUIMEHT, PaBHbIH 2

Ne3. CocraBbTe ypaBHEHHE KacaTelbHOM K rpaguky QyHkiuu y = 2x2 —5x + 1B

TOUKe ¢ abcuuccon x, = 2

Ned. MarepuanpHas ToUKa JBUKETCS OPSAMOJIMHENRHO 110 3aKkony x(t) = 8t — 2t3.

Haiinure yckopeHHe TOUKM B MOMEHT BpemeHu t = 1 ¢

Ne5. Haiinure oOmuii BUJ nepBooOpa3HbIX ISl PyHKIUU:

1.f(x) =6x+3x3+2x*-9
6 , 8

Zf(X) =x_4+F_2\/;
3.f(x) = (4x — 13)°

[
4.f(x) = cos (3x — E)

4

5.f(x) = (2x+10)6
No6. Brruncnure UHTErpaibl:

1. f_llxsdx

7 dx

- Jm .2
— Sin“x
4

3. [ (4 + 2x)dx

manon omeemos:

Bapwnanr 1
3aganusa 1 2 3 4 5 6
Oreerbl: | 1.4x+16x3+6 | (0;4) |y=-10x-5 |24 |1.F(x) =1,5x*>+ 1.0
. S x| X 2.1
2. 2 a T ?+7—2X+C 34
3.24(8x — 10)? 2.F(x)=—-+-1_ '
4, —=sinZ S X2
S o5S V3 +C
5 2 3 6
(5-42)¢ 3.F() =2 4 ¢
30
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4. F(x) =
1 s
—Cos (ZX - Z)1+ C
C
Bapuant 2
3ananus 1 2 3 4 5 6
Oteerbl: | 1.6x + 24x3+8 | (0;-1) |y=3x-7 4 w2y 3t 1.0
4 6 | 24 LF(x)=3x"+—-+ )
ol 2 9x+C 3.7
3.24(4x — 5)° S L, .
4.10 cos 10x 2.F(x) = 5=
_° 1
" (1-2x)% 1;\/? +C 7
3. P =2t
4.F(x) = ésin (3X —
s
g+ 2
5.F(x) = - 5(2x+10)5
C

Kpurepuu oueHuBaHus:

O1eHKY «OTIUYHOY» CTYJEHT MOJIy4aeT, eCIIu:

— OOCTOSITENIBHO M C TEOPETHUYECKUM OOOCHOBAHHMEM pEIIAeT JaHHYIO
KOHTPOJIBHYIO Pa0oTYy;

— MOKeT 000CHOBATh CBOE peIICHNE, TIPUBECTH HEOOXOIUMBIE TIPUMEPHI;

— MPaBWJIBHO OTBEYACT HA JIOMOJHUTEIBHBIE BOMPOCHI TPENOAaBATENS,
UMEIOIIHE TIEIBI0 BRIICHATH CTETICHh IIOHUMAaHUSI CTYJCHTOM JIAaHHOTO MaTepuaa.

OLIeHKY «XOPOIIIO» CTYJICHT MOJy4aeT, €CIIN:

— HenoyHo (He MeHee 70% OT MOJHOT0), HO MPABUJILHO PEIICHO 3aaHue;

— TpU PEIIeHUH OBbUTN JOMYIICHBI 1-2 HECYIECTBEHHBIE OIMTUOKU, KOTOPHIC
OH MCHPABJISiCT MOCJIE 3aMEUaHUs TTPENoaBaTers;

— MOET 000CHOBATh CBOE PEIICHUE, TPUBECTU HEOOXOIUMbBIC IPUMEDPHI;

— TNPaBWJIBLHO OTBEYAeT Ha JOIOJHUTENIbHBIE BOMPOCHI MpEnojaBaTes,
MMEIOIUE LENbI0 BBISICHUTH CTENEHb IOHUMAaHUs CTYJEHTOM JaHHOTO MaTepuana.

O11eHKY «YIOBJICTBOPUTEIHLHO» CTYICHT MOTYYacT, €CIIH:

— HenoHo (He MeHee 50% OT MOJHOTO), HO MPABUJILHO PEIICHO 3aaHue;

— Tpu penieHnn ObuTa JomyleHa 1 cymecTBeHHas OnmoKa;

— 3HAeT W TOHMMAET OCHOBHBIC TMOJIOKEHUS JAHHOW TEMBI, HO JOIYyCKaeT

HETOYHOCTHU B (HOPMYJTUPOBKE MOHSATHUH;
23



— H3J1aract BBIITOJIHCHUC 3adaHus HECOOCTAaTOYHO JJOTN49HO n
IIOCJICAOBATCIILHO,
— 3aTPYAHACTCA IIPU OTBCTAX HA BOIIPOCHI IPCITIOAaBaTCIIA.

OLIeHKY «HEYJIOBJIETBOPUTEIIBHOY» CTYACHT MOJIy4YaeT, €CIIU:

— CTYJEHT UMEET Pa3pO3HEHHbIE, 0ECCUCTEMHBIC 3HAHUSI, HE YMEET BbIACIIATh
IJIABHOE U BTOPOCTENEHHOE, JOMYCKAaeT OLIMOKU B OIpEACICHUE MOHSITHUH,
UCKaXXaeT UX CMBICI, OECIIOPAI0YHO U HEYBEPEHHO M3JaraeT MaTepual, HE MOXKET
MPUMEHSTh 3HAHUS JJISI PEIICHUS] MPAKTUYECKUX 3ajJlay; 3a MOJIHO€ HE3HAHWE U
HEMMOHMMaHUe y4eOHOTO MaTepralia Wil OTKa3 OTBEYATh.

3aganusi 1J1s MPOBeeHNs TEKYIEro KOHTPOJIS
Paszgea 1. IloBTOpeHne Kypca MAaTEeMATHKHA OCHOBHOM IIKOJIbI
Tema 1.6. Bxognasi KOHTpPoJIbHas padoTa
Ilpu pewenuu 3adanuit 1-4 3anuwiume npasuIbHBIL OMEEM U3 Yembvipex
nPeOI0IHCEHHBIX.
1. (1 6amn) Packpoiite (opMyIily COKPAIEHHOTO YMHOKEHUS a’-b?:
A) a’-2ab+b?; B) (a-b)(atb); B) a*+2ab-b%* I') (a-b)(a-b)
2. (1 6amn) [Tnomaae TpeyrojlbHUKA BEIUUCISETCS 1O (OpMYIIE:
A) S=a*b; b) S=(a*b)/2; B) S=2a*b; I') S=(a*b)/3.
3. (1 6ayn) Kakoe u3 crneayromux Yuces 3aKI0YeHO MEXIy YhCIaMU % u g?
A)0,4;5)0,5;B)0,6; 1) 0,7
4. (1 6amn) Jausl rpapuku ynkiuii. Kakas popmyna cooTBeTcTBYeT rpaduky 3):
1) 2) 3)

VA \ | | [7T¥A YA
|

L N _\

H-H

|
1
| |
| |
! o l\ I_
| |
: \ | j ] _ __/
e sirdsi Boss
| - _ T beberd AT b
A)y =%x—6; B)y=x>-8+11;B)y = —Z; Ny=x+5.

1 o

Ilpu evinonnenuu 3ad0anuii 5-8 3anuwiume x00 peuwieHus U NOJYYEHHbLIL OMeen.

11

5. (2 6amna) Beraucnure % t=

6. (2 Gama) Pemure ypasuenue x* - 7x + 10 = 0. Eciau ypaBHenue umeer Gosee
OJTHOTO KOpHSI, B OTBET 3alUIINTE MEHBIINIA U3 KOPHEH.

24



7. (2 6amna) [Tnomaas 3eMens KPECThIHCKOTO X031 CTBA, OTBEACHHAS O] IIOCAIKY
KyCTapHUKOB M I[BETHHUKOB, COCTaBIII€T 24 ra W pacrpejesieHa MEX]Iy HUMHU B
otHouieHUH 5:3. CKOJIBKO MeKTapoB 3aHUMAIOT [IBETHUKU?

8. (2 6amna) Breicora BH napannenorpamma ABCD nenut ero cropony AD Ha
orpe3ku AH =2 u HD = 32. /Inaronane napamuienorpamma BD pasua 40. Haiiqure
IO NapaJlIeIorpaMma.

Omanonvt omeemoas:

Homep |, 2 3 4 5 6 7 8
3alaHUS
Otser | B B B A 2.7 2 9 316

Paznen 2. OcHoBbI TpUroHOMeTpUHU. TpUroHoMeTpudeckue GyHKIUN

Tema 2.12. KonTpoabsHasa padora mo pasgeiay 2 «OCHOBbI TPUTOHOMETPHHM.
Tpuronomerpudeckue pyHKIum

Ilpu pewenuu 3aoanuit 1-4 3anuwiume npaguIbHLII OMEEM U3 UEemMblpex
nPeOI0HCEHHBIX.

1. (1 6am) B AABC sinC = %. Kakas u3 cropon siBnsiercs runotenyzout AABC?
A) AB; b) AC; B) BC; I') CB.
2. (1 6amr) Yriom kakoi ueTBepTH siBsieTcs yroa a=400°?
A)L; B)II; B) III; I') IV.
3. (1 6ayn) Kakue u3 GyHKIUMN SABISIIOTCS YETHBIMU?
A) y=sin x; B) y=cos x; B) y=tg x; I') y= ctg x.
4. (1 6amn) Kakue u3 yucen sSBISIOTCS KOPHEM YpaBHEHUS COS X = %?
_T. _T. _T. _2r
A)X—6,B)X 3,B)x 2,Iﬂ)x ~
Ilpu évinonnenuu 3ad0anuit 5-8 3anumiume x00 pewienus u nOJAY4EeHHbLIL Omeemn.

. T [
5. (2 6amma) Beraucnure: sin St cos .

. V2 . V2
6. (2 6ama) HaliguTe 3HaueHUE BbIpaKEHUS 4arccos7 - 4arcsm(—7)

7. (2 6amna) Jlokaxure TOXKASCTBO: 2sin(m/2+a)+ cos(m — )= cosa.
8. (2 6amna) Pemnre ypaBHenue: sin’x - 4 sinx + 3 =0.

Omanonvt omeemos:

H
OMEP 2 3 4 5 6 7 8
3aJaHUs
T
OtBer b A B b 1 21 - > + 2wk, keZ

25



Pasznen 3. Crenenu u kopuu. CreneHHass pyHKUMS

Tema 3.6. KouTpoJsbHas padora no pasgeay 3 «Crenenn u kKopHu. CreneHHasi
byHkums»

Ilpu pewenuu 3adanuit 1-4 3anuwiume npasuIbHBILL OMEEm U3 Yemblpex
nPeOI0IHCEHHBIX.

1. (1 6asm1) Mex 1y KaKuMH IBYMsl HATYpaJbHBIMH YHCIIAMH HAXOUTCS 9ucio 1/ 19?2
A)19u20;b)2u3;B)18u19;1) 3 u4.

2. (1 6amn) OnpenenuTe KOPEHb ypaBHEHH X =125

A)3;b)-3;B)-5;1) 5.

3. (1 6amr) PacmonoxuTe B OpSAIKE BO3PACTAHMS YnCTa: 2; V5 V17

A)2; ¥5; Y17; B) 2; Y17, V5; 3 B) V/5; 2; V17; ') V17; 2; V/5;

4. (1 6ann) YMHOXKast yuCla ¢ OJUHAKOBBIM OCHOBAHUEM, X CTENEHH...?

A) ymnHoxaeMm; b) nenum; B) cknansiBaem; I') oTHUMaeM.

Ilpu evinonnenuu 3ad0anuii 5-8 3anumiume x00 pewieHus U NOJYYEHHbLI Oneem.
5,58.,2,9
2558.32,

5. (2 6amna) HaliguTe 3HaueHUE BbIPAKEHUS npu a=7.

2648
(Viz+v8)”

10+vV96
7. (2 6anna) Pacctosiaue ot HabOmIOAaTeNIsI, HAXOASIIETOCS Ha HeOObIIoN BeICOTE h

6. (2 6anna) Halimute 3HaUeHNE BBIPAKEHUS

KWJIOMETPOB HaJ 3eMJIEH, 10 HaOII01aeMO UM JIMHUM TOPU30HTA BBIUUCIISIETCS 110

dbopmyne I = V2Rh, rne R=6400 km — paguyc 3emu. C Kakoil BBICOTbI TOPU30HT
BHJICH Ha pacCcTOSHUU 48 KuinoMeTpoB? OTBET BBIPA3UTE B KWIOMETPAX.

8. (2 6anna) Pemure ypaBuenue v—32 — x = 2.

Imanonvt omeemos:

Homep |, 2 3 4 5 6 7 8
3aJIaHUS
OTtBer b r B B 49 2 0,18 -36

Paznea 4. IlokazareabHast QyHKUuUs

Tema 4.4. KourpouabHasi padora no pasgeny 4 «IlokasareabHass QyHKIUD
Ilpu pewenuu 3adanuit 1-4 3anuwiume npasunbHvll OmMeem U3 uemvlpex
nPeOI0HCEHHBIX.

1. (1 6amn) Ilpu kakom 3HaueHWn a (QyHKIMA y=a* ObIBaeT Ha Bcel 00JacTu
onpeaeaeHus ?

A) a=§; b) a=8,25; B) a=%; I) a=\3.
2. (1 6amn) Ha pucynke uzobpaxén rpabux ¢ynkuuu Buma f(x)=a*. Haiinurte

3HaueHue f(2).
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|

|
|
Y
pREAlIE
— 1

1 o
S E
A) 25; b) 5; B) 32; I') HeT BepHOro OTBETA.
3. (1 6ayn) @yHkuus 3aaHa Gopmyoit: f(x)=(§)". Yemy pasno f(-2)?
A) = B) -4; B) 4; 1) \2.

4. (1 6amn) Kopenb ypaBHeHUS (%)X - = 3?

A)12,5;b)13;B) 14;T') 15.

Ilpu eévinonnenuu 3a0anuil 5-8 3anuwiume x00 pewienusA u NOJIYUEHHbLIL OMEem.
5. (2 6amna) Haiigure kopeHs ypaBHeHus 3¥72-5%3%=]12

6. (2 6amna) CKOJIBKO LENbIX PEIICHUN HMEET HepaBeHcTBo 1 < 7%1< 499

7. (2 6amna) Haiigute TOuky MakcuMyMa QyHKIMN Y = 25-8x—x*

8. (2 6anna) B xone pacnaza paJiiOaKTUBHOTO U30TOMA €TI0 Macca YMEHbIIIAETCS 10
sakoHy m(t) = mg - 2T rme my — HauambHasg Macca M30TONa, t — BpeMmd,
MPOIIEANIee OT HAYAJIIbHOTO MOMEHTa, 1 — mepuoj nosypacnana. B HadanbHbIN
MOMEHT BpeMeHHu macca u3zorona 184 mr. Ilepuoa ero nonypacnaaa cocraBisieT 7
MuH. HaliuTe, yepe3 CKOJIbKO MUHYT Macca U30Toma Oy/1eT paBHa 23 MT.

Imanonvt omeemos:

Homep | 2 3 4 5 6 7 8
3aJaHUs
Otser | B A B A 1 2 4 21

Paznea 5. Jlorapudgmel. Jlorapupmmuyeckas pyHkuus
Tema 5.6. KoutposabHas padora mo pasgeay S  «Jlorapugmsi.
Jlorapupmuyeckast pyHKUMsD)
Ilpu pewenuu 3a0anuit 1-4 3anuwiume npasunbHvlil Omeem U3 uemvlpex
nPeOI0HCEHHBIX.
1. (1 6amr) Kakas u3 pyHKIMil Bo3pacTaeT Ha BCeil 001acTH ONpeaesICHUs ?
A) f(x)=logs x; B) f(x)=0,7%; B) f(x)=x>; T) f(x)=log x.
2
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2x—3
A) (-7; 1,5); B) (-0; -1,5), (7; +o0).; B) (-1,5; 7); ') (-00; -7), (1,5X;+ i00)-

3. (1 6amn) Pacnonoxute B mopsake Bospactanus: 1ogg s 4; 10g¢5 0,4 ; logg s %.

2. (1 6amn) Ykaxure obsacte onpenencHus GyHkuun f(x)=lg

A) logys 4: 10805 0,4; 10805 7: B) 10805 4: 10805 5 logo,s 04;

B) log s %; logys0,4;loggs4; 1) loggs 0,4;loggs %; logg 5 4.

4. (1 6ann) Haiigute xopens ypaBHeHus log, (5 — x) = 2.

A)11;b)-11;B)-3;TI') 3.

Ilpu evinonnenuu 3ad0anuii 5-8 3anunwiume x00 peuwieHusA U NOJYYEHHbLIL OMeent.
5. (2 6anna) Onpexnenure 3HaUeHUE BhIpaxeHus logg 2 + log, 3 + 210824,

6. (2 6amna) YkaxuTe HauMEHbIIIEe 11e]10e pelIeHre HepaBeHCcTBa: logs (6x — 4) >
2.

7. (2 6anna) Haiinure Touky makcumyma Gyukiuua y = 8In(x +7) —8x + 3

8. (2 6amna) Jlyis oborpeBa MOMEIICHHUsI, TEMIIEpATypa B KOTOPOM MOJAEP>KUBACTCS
Ha ypoBHe T,=15° uepe3 paguaTop OTOIJICHUS IPOITYCKAIOT ropsA4dyro Boay. Pacxon
npoxojsieid yepe3 TpyOy paauaropa Boabsl m = 0,6 kr/c. IIpoxonst mo TpyoOe
pacCTOsIHUE X, BOJA OXJAXIACTCS OT HadallbHOM Temmeparypbl T,=91° no

Tg—Tn
T-Tp

. cm Bt'c .
temneparypsl T, npuuém x = M log, ,rne ¢ = 4200 —~c — TEIIOEMKOCTh

Bt
M-°C
Haiinure, 1o kakoil Temneparypsl (B rpaaycax Llenbcus) oxmaauTcs Boaa, €Civ

BOJbI, ¥ = 28 ko3 uimenT Teroodomena, a o = 0,8 — mocTosHHAS.

JUTMHA TpYOBI paguatopa paBHa 144 m.

Smanonvt omeemoas:

Homep | 2 3 4 5 6 7 8
3aaHUS
OTtBeT A I A b 5 3 -6 34

Pa3znes 6. YpaBHeHUS 1 HEPABEHCTBA

Tema 6.6. KouTposabHasi padora mo pasjaeiy 6 «YpaBHeHHS] 1 HEPABEHCTBA)
Ilpu pewenuu 3a0anuit 1-4 3anuwiume npasunbHvlil Omeem U3 uemvlpex
NPEOIOHCEHHBIX:

1. (1 6amn) Kakoe u3 uncen siBisieTcst KOpHEM ypaBHeHHS log,(x + 1) =1
A)-1;b)2;B) 1;T)0.

2. (1 6amn) Kakue u3 ypaBHEeHU UMEIOT 00JI€€ OJTHOTO KOPHSI?

A) x2-6x+5=0; B) 3¥"2=9; B) (x-4)(x+3)(x-8)=0; I') 2x-7=0.

3. (1 6amn) Onpenenure BUA ypaBHeHHs V—32 — X = 2

A) nuneiinoe; b) kBaapatHoe; B) uppanuonansHoe; ) parimonaibHoe.
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4. (1 6amn) OnpenennTe HaMMEHbIIEE LEI0E PEIICHUE HEPABEHCTBA 52<1?
A)-3;b5)0;B)3;T) 4.
Ilpu evinonnenuu 3a0anuii 5-8 3anumiume x00 pewieHus U NOJYYEHHbLI Oneem.
5. (2 6anna) Halimute KOpeHb ypaBHEHUS | x-3 | =2
x—y=238,
2%73Y = 16.
x%—5x

2
7. (2 6anna) Pemire HepaBEeHCTBO S SX

6. (2 6aya) Pemmre cucteMy ypaBHEHUN {

8. (2 6amna) Pemmte ypaBrenue (2x — 3)V3x2 —5x— 2 =0

Omanonvt omeemos:

o
OMEP | 2 3 4 5 6 7 8
3aaHus

OtBer B B B A 1;5 | (10;2) | (-0;0];[2;3) | -1;6

Pazgen 7. IlpousBoaHasi pyHKUMH, €€ IPUMEHEHUE

Tema 7.12. KonTpoabsHas padora mo pasageay 7 «lIpousBoanas ¢pyHkuuu, ee

NpuMeHeHue»

Ilpu pewenuu 3adanuit 1-4 3anuwiume npasuIbHBIL OMEEM U3 Yemovipex

NPeOI0HCEHHBIX.

1. (1 6amn) Yemy paBHa npou3BoaHas GYHKLIUH y=COS*X?

A) y'=—sin’x; B) y'= - 2 sin’x; B) y'’= -2cos x sin x; I') y’=2cos x.

2. (1 6amn) [To kakoii U3 GopMyJ BBIYUCISAETCS IPOU3BOIHAS IPOU3BEICHUS?
uv—uv’

A) (whv) =u"+v'; B) (wv) =u'viuv’; B) ()" = = T)(fe(x) =F (2(x)*g ().
3. (1 6amn) Pemure ypaBuenue f'(x)=0, eciu f(x)=3x2 — 6x +4. Bribepure OTBET.
A)1;b)-1;B)4;T) -4.

4. (1 O6amn) Ha pucynke wuzoOpaxkeH rpaduk npous3BogHod ¢yHkuuu f(x),

onpenesnieHHo Ha uHTepBaie (—10; 8). Haiiaure xoMM4ecTBO TOUEK MakCMMyma
¢bynkuuu f(x) Ha otpeske [—9;6].
A

/MANVNN M\ | y=f"(x)

Y/ | SNy T

NN ARARY

\ |/ \\ /
1

-

\
o]
Y

-10 N/ Tol

S

\ 1/
\/

A)5;b)4;B)2;T) 3.
Ilpu evinoanenuu 3ad0anuii 5-8 3anunwiume x00 peuwieHus U NOJYYEHHBLIL OMeent.
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5. (2 6amna) MarepuasnbHas TOUKa JBMKETCS IPSIMOJIMHENHO M0 3aK0HY X(t) = -t* +
6t — 4t> + 5t — 5 (rge X — pacCcTOsHUE OT TOYKU OTCYETA B METPAX, t — BpeMs B
CeKyHJaX, M3MEpPEHHOe C Havaja ABIKeHHs). Haiimute ee ckopocth (B M/c) B
MOMEHT BpeMeHH t = 3 c.

6. (2 6amna) Ha pucynke nzobpaxén rpadux ¢pyHkmun y = f(x) u kacarenbHas K
HEMY B TOUKe ¢ abciuccoi Xo. Haiinure 3nauenue npousBoanoit pynkuuu f(x) B

TOYKE Xp.
YA )4
3
LA
Xg /" S
=5 i [okn /3 |3
|/ _
A= )
V
)y
/|
r'f =7
/
aw

(x=2)(x+3)
(x—8)
8. (2 6amna) Iloctpouts rpaduk Gynkuuu f(x) = x> — 3x.

7. (2 6anna) Pemte HepaBEeHCTBO: > 0

Smanonvt omeemoas:

Homep | 2 3 4 5 6 7 8
3aJ1aHUS
OtBer B b A B 8 1,25 | (-3;2); (8;+x) -

Pasznen 8. IlepBooOpa3Has pyHKuMHU, ee IPUMEHEHHE

Tema 8.5. KonrpoabHas padora no pasaeiny 8 «Illepsoodpa3nas pyHkumu, ee
NpUMEeHEeHUe»

Ilpu pewenuu 3adanuii 1-4 3anuwiume npasuIbHLIIL OMEem U3 Yemblpex
npPeoJl0IHCeHHbIX.

1. (1 6amn) Idna kakoit w3 dynxumii pynkuus F(x) = x* - 3x* + 1 sBnsercs
nepBoOOpa3HOi?

A) f(x)=3(x?-2); B) f(x)=3x(x?-2); B) f(x)=3x?-6x+1; I) f(x)=3x>-6x.

2. (1 6amn) dana ¢pynkuus f(x)= 3x*+1. Uemy pasua F(1)?

A)2;B)4;B)6;T)1+.

3. (1 6amn) O6muit Buj Bcex nepBoooOpa3HbIx s f(x)=sinx?
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A) F(x)=cosx+C; b) F(x)=-cosx+C; B) F(x)=tgx+C; I') F(x)=-tgx+C.

4. (1 6amn) Beruuciure onpeaeneHHbli uaTerpan | 12 xdx.

A)-1;b)1;B)-1,5;T) 1,5.

Ilpu evinoanenuu 3ad0anuii 5-8 3anumiume x00 peuwieHus U NOJYYEHHbLIL OMeent.
5. (2 6amna) SAsngercs mu F(x)=x>-3x+1 nepsoobpasznoii mis Gynkmun f(x)=3(x>-
1)?

6. (2 Gamwra) 3amaiite mepBooOpasnyro F(x) mus dynxuum f(x)=3x%-2x, ecnu
W3BeCTHBI KoopauHaTel Touku M (1, 4) rpaduka F(x).

7. (2 6anna) Ha pucynke n3obpaxken rpaduk pynkiuu y=f(x), onpenenénnoi Ha
untepBaiie (—3; 11). Halinute Haumenbiiee 3HaueHne GyHkiuu f(x)Ha orpeske [2;

9,5].
s

. ¥ = J(x)

S 1\
-3 I \ N
llu -

AN\ / \
AV YAES

8. (2 6amma) Ha pucyHke uzoOpaxeH rpadux HekoTopoil ¢GyHKuuu y=f(x).
. 5
[1o/b3ysICh PUCYHKOM, BBIYMCIIUTE ONPEIEIEHHbBIA MHTErpa | | xdx.

FA
4

y=f(x)

[EEY Sy ——
——————————

0 poDyers

Smanonvt omeemoas:

H
OMEP 2 3 4 5 6 7 8
3a1aHus
OTtBer r A b r na x> —x>+4 -3 12

Paznen 9. MHokecTBa. Jj1eMeHThI Teopun rpagos

Tema 9.4. KoutrpoJsbHas paéora no pasaeny 9 «MHoxkecTBa. JjieMEHTbI TEOPUH
rpa¢goB»

Ilpu pewenuu 3a0anuit 1-4 3anuwiume npasunbHvll Omeem u3 uemvlpex
npPeo10IHCeHHbBIX.

1. (1 6aymn) YkaxuTe unciio, mpuHajiexaiiee Mmuoxkectsy M = {5, 10, 12, 37, 41}.
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A) 6;b)5;B) 11; I') 40.

2. (1 6ann) Ykaxure BepHOE COOTHOIIEHUE A1 MHOKecTB A = {5, 9, 11}; B = {4,
5,10, 11,12}; C={4,5,9,11}?

A)AUB;B)BLIC;B)AIC;T')C [IB.

3. (1 6amn) MomHOCTh MHOKECTBA, COCTOSIIIETO U3 BCeX OYKB pyccKoro angaBura,
paBHa?

A) 32; b) 33; B) 28; T) 26.

4. (1 6amn) 3akoHuuTe ompenencHue: «MHOXECTBO, COAEp)Kaliee TOJBKO Te
AJIIEMEHTBI, IPUHAJICKAIINE U MHOXKECTBY A M MHOXKECTBY B, Ha3bIBAIOT ...»?7

A) mnepeceyeHueM MHOXeCTB; b) oObeauHeHneM MHOXeCTB; B) pasHOCTBIO
MHOKeCTB; [') 00beTMHEHHOCTHIO MHOYKECTB.

Ilpu eévinonnenuu 3a0anuil 5-8 3anuwiume x00 pewieHusA u NOIYUEHHbLIL OMEem.
5. (2 6anna) 3anuinTe NEPEUUCICHUEM JIEMEHTOB NIepeceyeHne MHOXKECTB A 1 B,
ecmu: A = {3;5;7;27; 14,9}, B={9; 3; 7; 27; 14}.

6. (2 6anna) Jlansl n1Ba MHOXecTBa A = {1,2,3,4,6, 12} uB={1,2,3,6,9, 18}.
3anuimure 00beIMHEHNE MHOKECTB.

7. (2 6anna) Kaxnpiii yueHHUK B KJIacce M3y4aeT aHTJIMMCKUN MM HEMEUKUH S3BIK,
WiIu 00a 3TUX fA3bIKa. AHTTUHACKUN SA3BIK M3ydaroT 30 yenoBeK, HEeMEIKui — 25
YEJO0BEK, a TOT U Apyrol — 15 gemoBek. CKOJIBKO BCETO YUEHHUKOB B Kiacce?

8. (2 6amna) BemmummTe Bce ameMeHThl MHOXecTBa F, ecnmu F — 3170 MHOXeECTBO
KOpHeH ypaBHeHus X* +4x — 5= 0.

Smanonvt omeemoas:

H
M 11234 5 6 7 8
3aJIaHUS
ANB= AUB =
0 B|B|B|A 40 | F = {-5; 1
et (3:7:14;27} | {1;2;3; 4;6;9; 12; 18} =

Pazgea 10. D1eMeHTHI KOMOMHATOPUKHU, CTATUCTUKUA M TEOPUM BEPOSITHOCTEI
Tema 10.7. KonTposabHas padora no pasaeiy 10 «i1eMeHTbI KOMOMHATOPUKH,
CTATUCTUKH U TEOPUHU BEPOSTHOCTEID)

Ilpu pewenuu 3a0anuit 1-4 3anuwiume npasunbHvlil Omeem u3 uemvlpex
NPeOI0HCEHHBIX.

1. (1 6amr) KomOuHatopuka - 3To pa3zien MaTeMaTUKH, OTBEYAIOITUNA Ha BOTPOCHI
CKOJIbKUMH CITOCOOaMU MOXKHO BBIOPATh DJIEMEHTHI ...

A) 3amaHHOrO0 KOHEYHOr0 MHOXecTBa; b) 6eckoHeuHoro mHoxkecTBa; B) moboro
MHOeCTBa; [') UppalOHaIbHBIX YHCE.

2. (1 6ann) CoenvHeHUs U3 N JIEMEHTOB, OTIUYAIOIIKECS APYT OT ApYyra TOJBKO

MNOpAAKOM PACIIOJIOXKCHHA B HUX OJICMCHTOB, HA3bIBAIOTCH:
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A) nepecranoBkamu; b) couetanusimu; B) pazmemenusavu; ') komOnHAMSIMU.
3. (1 6aym) Yucmo Bcex BO3MOXKHBIX pa3MEIeHUH BRIYUCIsETCS 1Mo popmyiie:

A AT =n(n-m);B) A" =n(n—1)..(n—m+1);B) AT = —= ) A™ =

n(n+m)
4. (1 6amn) ['pynmupoBka — 370...

(n-m)?’

A) ymnopsiiodeHHe eIWHUIl COBOKYMHOCTH MO Tpu3HaKy; b) pazOueHue eanHuil
COBOKYITHOCTH Ha TPYNNBI 10 Tpu3HaKy; B) o6o0menne equandHbix Gaktos; 1)
00001IeHIE eTMHIYHBIX TPU3HAKOB.

Ilpu evinonnenuu 3ad0anuii 5-8 3anunwiume x00 peuwieHus U NOJYYEHHbLIL OMeent.
5. (2 6anna) B cpennem u3 2000 cagoBbIX HACOCOB, MOCTYMUBIIUX B MPOJAKY, 6
noarekaroT. Haiinure BEposITHOCTH TOTO, YTO OJIMH CIIy4ailHO BBIOpAaHHBIN JIJIst
KOHTPOJISL HACOC HE MOATEKAET?

6. (2 6anmna) [Ipubsuis 5 MarazuHoB coctaBui 3a mecail: 30000 py6., 100000 pyo.,
50000 py6., 35000 py6., 60000 py6. [ToctpouTh AuarpamMmy, UUTFOCTPUPYIOLIUE
JIaHHbBIE O TPUOBLIN Mara3uHoOB.

7. (2 Gamna) 1{BeToBOMY MPEMJIOKUIN YKPACUTh KIYyMOY IIBETaMH, UCIOIb3Ys 3
Bujla. CKOJIBKO PA3IMYHBIX BAPUAHTOB €CTh y I[BETOBOJA, €CIM €CTh BBIOOP U3 5
BHJIOB pa3HOi paccaabl?

8. (2 6anmna) CKOTBKUMH CIOCOOaMU MOKHO TIOCAIUTh 4 KyCTapHUKA B OJIUH Psif?

Imanonvt omeemos:

Homep | 2 3 4 5 6 7 8
3aJIaHUS
Otser | A A B A | 0997 | - 10 24

Pazgea 11. IlpsiMble U VIOCKOCTH B MPOCTPAHCTBE

Tema 11.6. KourposabHasi padora mo pasgeay 11 «lIpsimble M miockocTu B
MPOCTPAHCTBE)

Ilpu pewenuu 3adanuit 1-4 3anuwiume npasunvHvll OmMeem U3 uemvlpex
nPeoOI0HCEHHBIX.

1. (1 6amr) Pacumdpyiite KpaTKyro 3amuch: acp.

A) ToYKa a MpUHAIJICKHUT MIIOCKOCTH 3; b) Touka a mpuHamIexKuT npsmout [; B)
npsiMasi a MPUHAJISKUT TuIocKocTH [ ') mpsiMast a mepecekaeT MmioCcKOCTh f3.

2. (1 6ann) Ilpsmeie AB u C]| ckpemmBatorcs. Kakoe pacronoxeHue UMEOT
npsimbie AC u BJ[?

A) napannensHbie; b) nepnenaukynspusie; B) ckpemuBatores; ') nepecekatorcs.
3. (1 6amn) Ilnockoctn @ u [ umeroT 1 o6yt Touky. KakoBo WX B3auMHOE
pacroioKeHue?
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A) napaynensssl; b) nepecekarorcs no npsimoii; B) copnanarot; I') ckpermBatoTes.
4. (1 6amn) Ecnu npsimasi, mpoBeicHHAs Ha IJIOCKOCTH Y€pe3 OCHOBAHHUE HAKJIOHHOM,
MIEPIICHINKYJIIpHA €€ MPOEKIUH, TO OHA. ..

A) mepneHIuKyJIIpHa U caMOM HaKJIOHHOM; b) mapasuienbHa U caMOi HaKJIOHHOM;
B) ckpemuBaercs ¢ HaksIoHHOM; [') mepneHANKYIsipHA OCHOBAHUIO HAKJIIOHHOM.
Ilpu evinonnenuu 3ad0anuii 5-8 3anumwiume x00 peuwieHus U NOJYYEHHbLIL OMeent.
5. (2 6amma) Yepe3 koHupl otpeska AB um ero cepennHy M mnpoBeneHsI
napajuiebHbIe NpsSIMbIe, IEPECEKAIONINE HEKOTOPYIO TUNIOCKOCTh B TOUKax Aj, By u
M,. Halinute nimuny otpe3ska MM, eciin oTpe3ok AB He mepecekaeTt ImiI0CKOCThb U
ecimu AA;=6,8cm, BB =7,4cMm.

6. (2 6amna) [psmeie AC, AB u AJl nonapHo neprneHaukysipasl. Haiianre otpe3ok
CH,ectu AB=5cm, BC=13cm, A =9 cm.

7. (2 6anna) 13 TOYKM K TJIOCKOCTH MPOBEICHBI ABE HakJIOHHbIE. HailauTe niuuHbI
o0111er0 NepHeHANKYISpa, €CIM MPOSKIIUN HAKIOHHBIX OTHOCSTCS KaK 2:3 U JJIUHbI
HAKJIOHHBIX paBHBI 23 ¢cM 1 33 cMm.

8. (2 6anna) Haueptuts ky0 ABCIAB;C ;. [Toctpouts ceuenune AJl;C.

Smanonvt omeemoas:

Homep | 2 3 4 5 6 7 8
3a1aHus
Orser | B B B A 7.1 15 9 3

Paznes 12. MHOrOrpaHHMKH U TeJIa BPAILlCHUSA

Tema 12.16. KoutpoJsbHass padora nmo pasgeiny 12 « MHOTOrpaHHUKH M TeJia
BpAalleHus

Ilpu pewenuu 3a0anuit 1-4 3anuwiume npasunbHvll OmMeem U3 uemvlpex
NPeOI0HCEHHDBIX.

1. (1 ©Oamn) B kakux eauHUIIAX U3MEPSETCS IUJIOMIAJL IMOBEPXHOCTH
MHOTOTpaHHUKA?

A) B rpanycax; b) B MeTpax; B) B kBajpaTHbIx MeTpax; ') B AByrpaHHBIX Ipaaycax.
2. (1 6amn) [Tnomaas 6OKOBOM MOBEPXHOCTH MPU3MBI BEIUUCIISETCS IO (POpMYIIE:
A) S = Soox T 2 Socu; B) Seox = Poen ™ H; B) S = Bgox+ S Socu; I') Sox = 2Pocs ™ H.

3. (1 6ayn) Yto sABISETCS OCEBBIM CEYEHUEM YCEUEHHOT0 KOHyca?

A) paBHOOEOpeHHBIH TpeyrojbHUK; b) paBHOOeApeHHass Tpaneuusi; B)
NpSMOYTOJIbHUK; ') mpsiMoyTroJibHAs Tpanemus.

4. (1 O6amm) Kakas durypa mosydaercss TpH BpalICHUH MPSIMOYTOJIBLHOTO
TPEYroJIbHUKA BOKPYT OJTHOT'O U3 CBOUX KaTe€TOB?

A) xonyc; b) yceuennslii konyc; B) nupamua; I') yceuennas nupamua.

Ilpu évinonnenuu 3a0anuii 5-8 3anuuwiume xX00 peuwieHus u NOY4eHHbLIL Omeem.
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5. (2 6anna) Pebpo ocHOBaHMsI TPaBUIIBLHOM TPEYTOJIbHOM MUpaMuabl 3 M, arodema
6M. Haiinute muomaabs 60KOBOM MOBEPXHOCTH MUPAMUIBI.

6. (2 6anna) Juaronans Kyba pasra v588. Haiimute ero oobem.

7. (2 6amna) [IpssMOYTronbHUK CO CTOPOHAMH 8CM U 3CM BpaIlaeTcsi BOKPYT OOJIbIIEH
ctoponbl. Haiimute o00beMm, miom@aaun OOKOBOW © TMOJHOM MOBEPXHOCTEH
HOJY4EHHOTO Tea.

8. (2 6anna) Berarcauth mMOBEpXHOCTH KPOHBI KyCTapHUKA, UMEIOIIETo GopMy I1apa
panuyca 0,5 M. B oTBeT 3anumuTe 4rcio, AeJICHHOE Ha T.

Imanonvt omeemos:
Howmep

1 2 3 4 5 6 7 8
3a1aHusA

OtBeT B b b A 27 | 2744 | T2m; 48w, 64 1t 1

Pa3zaea 13. KoopauHaTbl M BEKTOPbI

Tema 13.4. KonrpoJsbHas padora no pasaeny 13 «KoopauHaTsl 1 BeKTOpbD)
Ilpu pewenuu 3a0anuit 1-4 3anuwiume npasunbHvlL OmMeem U3 uemvlpex
nPeOI0HCEHHBIX.

1. (1 6amn) Jdansr Touku A(1,0,5), B(-2,0,4), C(0,-1,0), [1(0,0,2). Kakue u3 Hux
JIe)KaT Ha KoopAuHAaTHOM nipsimoit Oy?

A)A;B)B; B)C; IN) .

2. (1 ©Oamn) Kakue wu3 BektopoB a(1,0,-1), c(1/3,2/3,-2/3), B(1,1,1), p(0,0,-2)
SIBJISTFOTCS] € IMHUYIHBIMU ?

A)a;b)c;B)B; ) p.

3. (1 6amn) Kakue u3 BextopoB a(1,2,-3), ¢(3,6,-6), B(2,4,-6) KoJUIMHEApHBI?

A) a, B; b) ¢, B; B) a, c; I') koitnHEeapHBIX BEKTOPOB HET.

4. (1 6amn) Jausr Touku A(2,0,5), B(2,4,-2) C(-2,6,3). CepenrHoi Kakoro oTpe3ka
aBisiercst Touka M(0,3,4)?

A) AB; b) BC; B) AC; T') CB.

Ilpu eévinonnenuu 3a0anuii 5-8 3anuuwiume xX00 peuwieHus u NOJYYeHHbLIL Omeem.
5.(2 6anna) Hansl BekTopsl a(-6,0,8), B(-3,2,-6). HalinuTe ckansipHoe mpou3BeIeHUE
BEKTOPOB.

6. (2 Oamma) Ilpu kakux 3HaueHMsAX 0 Bektopel a (4,1,2), B (1,2,m)
MEPIECHINKYJIAPHBI?

7. (2 6anna) [ausl BexkTopsl a(-6,0,8), B(-3,2,-6). Haliiure KOCHHYC yriia MEXIy
BEKTOPAMHU.

8. (2 6anna) ans! BexTopsl B{3,1-2}, ¢ {1,4,-3}. HaliTi nnuny BekTopa 2B-C.
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Omanonvt omeemoas:

Homep | 2 3 4 5 6 7 8
3alaHUS
OtBer B B A B -30 -1 -3/7 V30

Kpurepuu onenuBanus:
OueHka «OTIMYHO» BBICTaBIAETCS CTyAeHTY 3a 90 — 100 % mpaBHIBHBIX

OTBETOB.
OneHka «XOpOWIO» BBICTABISIETCA CTYAEHTY 3a 75 — 89 % mnpaBHIIbHBIX

OTBETOB.
OneHka «yJIOBJIETBOPUTENIBHO» BBICTABISIETCA CTyAeHTY 3a 50 — 74 %

NpaBUJIbHBIX OTBETOB;
OneHka «HEYJIOBIETBOPUTEIIBEHO» BBICTABIAECTCS CTYIEHTY 3a MeHee 50 %

IIPaBUJIIBHBIX OTBCTOB.
KpI/ITepI/II/I OOCHHBAHUA OJIA IIPCACTABICHHBIX 3aﬂaHHﬁI

— omeHka «5»: 11 — 12 6annos;
— omeHka «4»: 9 — 10 6anoB;
— omeHka «3»: 6 — 8 6amios;

— oIeHka «2»: 0 — 5 6amios.
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Bomnpocsl a1 codecenoBanus

Pasznea 2. OcHoBBI TpUroHOMeTpUH. TpUroHOMeTpUYECKHE (PYHKIUH

Tema 2.1 Tpuronomerpudeckne QyHKIMUA MPOU3BOJbHOI0 YIJIa, YMCJIA.
Paguannas u rpagycHas mepa yrja

1. Yemy paBeH yroJs B OOUH pajguaH?

2. B kakux 4eTBEPTAX TPUTOHOMETPUUECKOTO Kpyra QyHKIUS y=SINX IPUHUMAET
IIOJIOKUTENIbHBIC 3HAYCHUA?

3. B Kakux 4eTBepTAX TPUTOHOMETPUUECKOIO Kpyra QyHKIUS Y= COSX IPUHUMAET
OTpULIATEIbHBIC 3HAUCHUS !

Tema 2.5. Tpuronomerpudeckue (PyHKIUM, UX CBOMCTBA U rpauku
1. Ilepeuncnure TpUroHOMETpUYECKUE PYHKIUH, YKAKUTE UX TEPUOJIBI.
2. Onpenenute 001acTh 3HaUCHUS PYHKIIUU y=3C0S(5X)?

Tema 2.9. IIpocreiiline TPUrOHOMETPUYECKUE YPABHEHUS
1. Ilepeunciure crnocoObl peleHus: TPUTOHOMETPUUECKUX YPAaBHEHUH.
2. PackpoiiTe anropuTm peleHus: OJHOPOIHBIX TPUTOHOMETPUYECKUX YPABHEHUM.

Paszgea 3. Crenenn u kopuu. CreneHHas pyHkumus

Tema 3.1. Crenens. CBOMCTBA CTENEHH ¢ PALIMOHAJIBHBIMH U
AeHCTBUTEIbHBIMHU MOKA3ATEJIAMH

1. ChopmynupyiiTe onpeaeicHue CTEIICHHOW (PyHKITUH.

2. ITepeunciute CBOMCTBA CTENEHU C ACHCTBUTEIBHBIM MTOKA3aTEIIEM.

Tema 3.3. IlonsiTHE KOPHS N-0i CTENEHU U3 AeHCTBUTEIBLHOI0 YUCIIA.
CBoiicTBa KOPHA N-0ii cTeNeHn

1. Ha 9To Heob6xoaumo 00paTuTh BHUMAHHUE MPU PEIICHUH UPPAITHOHATIEHOTO
YPaBHEHUS YETHOM CTENEHU?

2. Uemy paBeH KOPEHb YETHOM CTENEHU U3 OTpUlaTeIbHOTO uncia? [lpuBeaure
MpUMep.

3. UeMy paBeH KOpEHb HEUETHOW CTeNEHU U3 oTpuuarenbHoro uncna? [Ipuseaure
IIpUMED.

Paznea 4. IlokazareabHast QyHKUuUs

Tema 4.1. Iloka3zateabHass QyHKUMs, ee CBOCTBA U rpaduk
1. ChopmynupyiiTe onpeeneHne moka3aTeabHOu PyHKITUH.

2. llepeuncnure cBOWCTBA MOKAa3aTEIHHOU (PYHKITUH.

Pa3pnea S. Jlorapugmel. Jlorapupmudeckass pyHkums
Tema 5.1. Jlorapupm uncaa. CpoiicTBa JiorapupmoB



1. I[Ipogomxkure onpexnenenue: «Jlorapudm — 310...».
2. YemMy paBeH jorapudm mpou3BeIeHus?
3. Uemy paBeH jorapupM 4acTHOTO?

Tema 5.2. Jlorapudpmudeckasi pyHkums, ee CBOMCTBA
1. Chopmynupyiite onpeaenenue JorapuGMUIecKor PyHKINH.
2. Ilepeuncnure cBOWCTBA JIOTapU(PMHUUECKON PYHKIUU.

Tema 5.3. Pemenue jorapu(ppMmu4ecKux ypaBHeHUI 1 HEPABEHCTB

1. [lepeuncnure crocoObl penieHus JorapupMUIECKUX YPaBHEHHM.

2. ChopMynupyiiTe npaBuiIo peuieHus MPOCTEUIINUX JOTapuPMUIECKUX
HEPaBEHCTB.

Pa3ges 6. YpaBHeHUS 1 HEPABEHCTBA

Tema 6.1. PABHOCHJIBHOCTH YPABHEHUI M HepaBeHCTB. O0uHe MeTObI
pelIeHus

1. Uto Ha3pIBaeTCs ypaBHEHHUEM ?

2. YTo 3HAYUT PEUINTh ypaBHEHUE?

3. UTo Takoe KOPEHb YpABHEHHUS?

4. Yto Ha3bIBAECTCSA HEPABEHCTBOM?

5. YTO 3HAYUT PEMINTH HEPABEHCTBO?

Pazgen 7. IlpousBoaHasi pyHKUMH, €€ IPUMEHEHUE

Tema 7.1. UncaoBasi mocjie0BaTeJIbHOCTh. BoIunciieHne npeaesion
NMOCJae0BATEJIbHOCTEeH

1. ITponomxkute onpenenenue: «llocnenoBarenbHOCTh — 3TO. .. ».

2. l[IpuBenute mpumep apudMETHIECKON MPOTPECCUH.

3. IlpuBeauTe mpuMep reOMETPUIECKON IPOTPECCHUMU.

Tema 7.3. ®opmyJbl 1 npaBuia auddepeHupoBaHus
1. Uemy paBHa MPOU3BOIHAS IPOU3BEICHHUS?

2. UeMy paBHa MPOU3BOAHAS YACTHOTO?

3. Uemy paBHa IPOU3BOIHAS CIIOKHON (DYyHKIHH?

Pazgea 10. DneMeHTHI KOMOMHATOPUKHU, CTATUCTUKUA M TEOPUH BEPOSAITHOCTEH
Tema 10.1. OcHOBHBIC IOHATHS KOMOMHATOPUKH

1. [Iponomxkure onpenenenue: «CodyeTanue — 3TO...».
2. Ilponomxkute onpenenenue: «PazMenienne — 31o...».
3. I[Iponomxure onpenenenue: «llepectaHoBKU — 3T0. .. ».

38



Tema 10.2. CoObITHE, BepOATHOCTH COObITHS. CJI05KeHHEe M YMHOKECHHUE
BEPOSATHOCTEH

1. ITpomomkute onpeneneuue: «CiaydaitHoe cOObITHE — ATO...». [IpuBeauTe
pUMep.

2. l[Iponomxkute onpenenenue: «BeposTHOCTh CIy4alHOTO COOBITUS — 3TO. .. )».

Tema 10.5. 3agaun MaTeMaTH4YeCKO# CTATHCTHKH

1. Kak Haiitu cpeaHee apudpMeTHIECKOE YUCIOBOTO psia?
2. Kak HailTu MeAuaHy 4uciioBOro psija?

3. Kak BeIUHCISETCS pa3Max YUCIOBOTO psaa?

Paszgeu 11. IlpsiMble U VIOCKOCTH B MIPOCTPAHCTBE

Tema 11.1. OcHOBHBbIC MOHATHS cTepeoMeTpuu. PacnoJio:kenne NMpsMbIX U
IIOCKOCTEH

1. Ilepeuncinte B3aMMHOE PACHOJIOKEHNE ABYX NPSIMBIX B IPOCTPAHCTBE

2. Kakue npsiMble Ha3bIBalOTCS NapaJUIeNIbHBIMU B IPOCTPAHCTBE?

3. Kakune npsiMbple Ha3bIBarOTCs CKPEIIUBAOLIIUMUCS B IPOCTPAHCTBE?

4. Kakue npsiMble Ha3bIBAOTCS NEPIICHIUKYJISIPHBIMUA B IPOCTPAHCTBE?

5. Ilepeuncinre B3aMMHOE pacIiONIOKEHUE IPSIMOU U IIJIOCKOCTH B IIPOCTPAHCTBE.

Tema 11.3. IlepneHAMKYJIAPHOCTH NPAMBIX, IPAMOIi  IJIOCKOCTH, IJIOCKOCTEil
1. PackpoliTe NOHATHE «IIEPIEHAUKYIISIPHOCTD INIOCKOCTEN.

2. IIpopgomxute onpenenenne: «llepnenauKysip — 310...».

3. Ilponomxkure onpenenenue: «HaknonHas — 370...».

4. IIponomxute onpenenenue: «lIpoeknus HAKIOHHON — 3TO. . .».

Pazgea 12. MHOrorpaHHMKY M TeJIa BPallleHUs

Tema 12.1. MHororpannuk. Bepuunsl, pedpa, rpaHu MHOTOTPAHHUKA

1. Ilponoikute onpeneneHue: «MHOTOTpaHHUK — 3TO...».

2. Ilponomxute onpenenenue: «llpusma —310...».

3. Ilponomkure onpenenenue: «IIpsaMoyrofbHbINA Mapamienenunes] — 3To. .. ».
4. TIpopomxuTte onpeaenenue: «Kyo — 3t1o...».

5. Ilpomomxure onpeneneuue: «I[Iupamuaa — 310...».

Paznen 13. KoopanHaTbl M1 BEKTOPbI

Tema 13.2. BekTopbsl B NPOCTPaHCTBE. YT0oJ MexAy Bekropamu. CraasipHoe
NpoM3BeeHNE BEKTOPOB

1. PackpoiiTe MOHATHE «BEKTOPY.

2. Kakue BEeKTOpbI Ha3bIBAIOTCS KOJUIMHEAPHBIMU?

3. Kakue BeKTOpbI Ha3bIBAIOTCS NEPIEHANKYISAPHBIMU?

4. Yemy paBHO CKaIIIPHOE MPOU3BEICHUE BEKTOPOB?
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Kpurepuu onenuBanus:

OLICHKY «OTJIUYHO» CTYACHT MOJIy4aeT, €CJIH:

— TIOJIHO HW3J1ara€T MaTepuall, JAaeT MPABUIBLHOE OMNPEACICHUE OCHOBHBIX
MOHSATHH;

— oOHapyXMBaeT TIOHMMaHUE Marepuaiga, MOXKET O0OOCHOBaTh CBOM
CYXKJICHUS, TPUMEHUTh 3HAHUS HA TPAKTUKE, TPUBECTH HEOOXOAUMBIE TIPUMEPHI;

— IPaBWIBHO OTBEYACT Ha JOIOJHUTEIBHBIE BOMNPOCHI MNPENOAABATENS,
HMMEIOIIME 1EIbIO BBISICHUTH CTETIEHb IOHUMAHMS CTYJICHTOM JaHHOTO MaTepuaia.

O1neHKy «XOpOoIIO0» CTYJIEHT IIOJIy4acT, €CIIN:

— JIOMYCKaeT HECYUIECTBEHHbIE OLIMOKH MPU OTBETE;

— MOXET MPUMEHUTh 3HAHUS HA MPAKTHKE, MPUBECTH HEOOXOAUMBIE
IIPUMEPHI;

— IPaBUJIBHO OTBEYACT HA JOIOJHUTEIBHBIE BOIPOCH IIPENOAABATENA,
MMEIOLIME LIEIBIO BBIICHUTH CTEIIEHb IIOHUMAaHUs CTYAEHTOM JaHHOI'O MaTepuaa.

OneHKy «yJIOBJIETBOPUTEIBHO» CTYIEHT IOIY4aeT, €CIIN:

— M3JaraeT MaTepuaJl HEJOCTATOYHO IIOJIHO, NOIIYCKAaeT HETOYHOCTU B
ONPEIEICHUH MOHATUNA WU (POPMYITUPOBKE MPABUIL;

— 3aTpyAHSAETCS MPU OTBETAX HA BOIPOCHI IPENOAABATEIIS.

OLEeHKY «HEYIOBJIETBOPUTEIIBHOY» CTYACHT MOJIy4YaeT, €CIIH:

— CTYJEHT UMEET Pa3pO3HEHHbIE, 0ECCUCTEMHBIC 3HAHUSI, HE YMEET BhIICIIATh
IJIABHOE W BTOPOCTENEHHOE, JOMYCKAaeT OMIMOKU B OIpPEIACICHUE TMOHSITHH,
HCKQXKaeT UX CMBICI, OECIIOPSIOYHO M HEYBEPEHHO M3JIaraeT MaTepuall, He MOXKET
MPUMEHATh 3HAHMS U1 PEUICHUS] MPAKTUYECKHUX 3a/1a4; 34 MOJIHOE HE3HAHUE U
HEMOHUMaHue y4eOHOro MaTepuasia Wik 0TKa3 OTBEYATh.
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@doHa TECTOBBIX 3aaHUM

1. Haitoure 3Hauenus BepakeHus v 216 -125
1) 30
2) 25
3) 81
4) 8
2. Pemmre TpUroHOMeTpUYECKOE ypaBHeHue sinx = 1.
1) §+ 2nk, k € Z
2) m+ 2nk, k € Z
3) — 37” + 1k, k €Z
4) §+ 2nk, k € Z

3. HalimuTe 3HaueHUS BEIPOKCHUS 2109210
1) 8
2) 4
3) 10
4) 0
4. Yemy pasna npoussoanas Gpynxmuu f(x) = x* + 5x3 + 1.
1) 3x% + 15x
2) x* + 15x2
3) 12x3 + 8x2
4) 4x3 + 15x2

5. Ha kneruatoii 6ymare ¢ pazmepom kieTku 1x1 n300pakéH napaiesorpamm.
Haitgure ero mmomans.

LT T T T TT]
| My \'L U |
ANEEAN

NN
NN

NN

b b

. \
L N

OrtBerT.

6. Pemmte ypaBuenne 3* — 3¥*3 = —78,
Ortser.




7. Uemy paBHa [AMaroHajib NPSIMOYTOJBHOTO Mapajulesienunena, €clii €ero
M3MepeHus paBHa 2, 4, 5 cm?
Orger.

8. YcTaHOBUTE COOTBETCTBHE MEXAY OOBEMOM IPABUIIBHON YETBIPEXYTOIBHOU
IPU3MBbI, CTOPOHAMH €€ OCHOBAaHUM U BBICOTOI OOKOBOM I'paHHU.

O0BbeM npu3MbI OcHoBaHue, O0KOBas rpaHb
1) 150 e’ A Govonan a3

paHb — 5 cMm
Daes o gomme 0o

paHb — 2 cM
Daoes ) s o

paHb — 6 cM

A b B

9. YcraHoBHUTE COOTBETCTBHE MEXAy rpadukamMu v (GyHKUIUSAMH, KOTOpBIE HX
3aa1oT.

|r
B o=
.

B o4 @ 4

Lil kil 0 g it

| |
1
g

=

cm e ol

SOPMY LI
1) p=a"+3x+3 7)) p=~x'-3r+3 ) yw-r' +3x-3 4) y=-5"-32-3

A b B

10. YcraHoBUTE COOTBETCTBUE MEXAY (POpMYJIaMU U BUAOM (YHKIHH.

®opmyna Bun dyukmum
) y=ax®*+bx+c A)  DKCIIOHeHTa
2)y=(a—x)*>+(a—y)? B)  mapaGona
3) y=a* B)  OKpyXHOCTB
A b B
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11. IInomane CTPOUTENBHOIO y4acTKa MPSIMOYToJibHON (opMmbl mmpuHOi 40 M
cocraBisier 3440 M%. VuacTok Heo0XomuMo oOHeCTH 3a60pOM IO MEPUMETPY.
Croumocts 1 M 3abopa cocraBiser 500 py6. Kakas cymma notpeOyercs st
CTpOUTEILCTBA Beero 3abopa? OTBeT AaiiTe B ThIC.pYO.

Orger.

12. Tlepen 3manneM KoJuteka pemeHo pa3outs kxym0y. Ho mo dhopme kirymba He
JOJKHA OBITh KPYTJIOHN, KBAAPAaTHOM MM MPSIMOYToIbHON. OHa JOJKHA COACPKATh
B cebe mpsMble W KpuBble iuHUU. [lycTh oHa Oyaer miIockoil ¢GUrypow,
OTpaHMYEHHON JUHUAMH Y = 4/X + 2; y = 6; X = 4. Kakyio cyMMy MOXXET MOJIy4YUTh
CTPOUTENbHAS KOMITAHKS 38 BCKAIIBIBAHKME KIIYMOBI, €CJIM 32 KaXKIbli 1 M? KOMIIaHHH
BbluTaunBaetcs 500 py0.? OtBer naiite B pyo.

Otser.

13. Kakoit tun cummerpuu HaOmrojaeTcss Ha 31aHun MIY, uzoOpakeHHOM Ha

Bompoc |12 34| 5 [6] 7 8 9 10 11 12 13

A-2 A-3
OtBert 1|1(3]4| 16 |1|3v5 B-3 b-1 126 3200 oceBas
B-1 B-2

Kpurepuu ouenuBanus:
«5» - 90 — 100% npaBUIbHBIX OTBETOB;
«4» - 70 — 89% npaBUIbHBIX OTBETOB;
«3» - 50 — 69% npaBUIbHBIX OTBETOB;
«2» - menee 50% mpaBUIbHBIX OTBETOB.

Kpurtepun onenku ¢goHaa TecTOBBIX 32 JaHUI:
«5» - 12 — 13 nmpaBUIBHBIX OTBETOB;
«4» -9 — 11 npaBUIBHBIX OTBETOB;
«3» - 6 — 8 MPaBUJIBHBIX OTBETOB;
«2» - MmeHee 6 TpaBUIIbHBIX OTBETOB.
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1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)

3. OueHo4YHbIE CPeCTBA AJIA POMEKYTOUYHOM aTTECTAIlUU U KPUTEPUH OLlEHKHU

Bonpocel k 3xk3amMeHy

Pangnannas mepa yrna.

CuHyC, KOCUHYC, TAHT'€HC U KOTaHT'€HC yTJIa.
OCHOBHBIE TPUTOHOMETPUYECKUE TOKIECTBA.
@opMyJIbl IPUBEACHUS.

[Ipocreiimme TPUrOHOMETPUYECKHUE YPABHEHUS.
Omnpenenenne u cnocoObl 3a1aHus QyHKIUY.

CBoiicTBa QyHKIIHH.

AJroput™ uccienoBaHus PYHKINU.

CreneHnHas QyHKIus, €€ CBOMCTBa U rpaduK.
[ToxazarenbHast pyHKLNA, €€ CBOWCTBA U TpaduK.
Jlorapudmuueckas pyHkIus, e€ CBOMCTBa U TpaduK.
@DyHKIUsA y = sin X, € CBOMCTBA U rpaduk.

®dyHK1HA y = COS X, €€ CBOICTBa U rpaduK.

OyHKIUU y = tg X U y = ctg X, UX CBOMCTBA U rpauKH.
OOpaTHbIE TPUTOHOMETPUUECKUE (DYHKIIHH.

Kopens n-oi1 cTenenu, CBOWCTBa pauKaIoB.

Peuienne nppalMOHAIBHBIX YPABHEHH.

CrerneHb ¢ palMOHAIBHBIM U IEUCTBUTEIIBHBIM ITOKA3aTEISIMH.
Pemenne nokas3aTenbHbIX YPaBHEHUM U HEPABEHCTB.
Jlorapudwm. IIpaBuina nerictBuil ¢ jorapudmamu.
Pemenue norapuMuyecKux ypaBHEHHN U HEPABEHCTB.
[TocnenoBarenpHocTh. CriocoObI  3aaHUsT ©W = CBOICTBA

OCJIENOBATEJILHOCTEN.

23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)

beckoneuHno Y6LIBaIOIlIa${ ICOMCTPHUUICCKAsA ITOCICAOBATCIbHOCTD.

[Ipenen nmocienoBaTEIbHOCTH.

[TpousBoaHas GyHKIIUU.

[IpaBuna nuddepeHpoBanus.

Brrumncienre npon3BoHON CIIOKHON (PYHKITUH.

@u3nuecKkuil (MEXaHUYECKU ) CMBICI TPOU3BOTHOM
['eomeTprueCcKHil CMBICIT IIPOU3BOIHOM.

YpaBHeHue KacaTelbHOUN K TpauKy GyHKIIUU.
HenpepblBHOCTH (DYHKIIMH U METOJ, HMHTEPBAJIOB.

CBs13b IPOU3BOIHOM C BO3pacTaHUEM U YOBIBAHUEM (DYHKIUU.
Kputnueckue Touku GyHKIIUHA, MAKCUMYMbI I MUHUMYMBI.

Haxoxaenne HanOoJIbIIero 1 HAMMEHBIIETro 3HaUYeHUs (PYHKIUH.

[TepBoobOpaznas pyHKIUY.
[IpaBuna HaXoXxAEHHS NEPBOOOPA3HBIX.
Nuterpan. Teopema Hetorona-JleliOHuia.

YU CIOBBIX



38)

[Lnomaae KpUBOJTMHENHOW TPAIICIUU.

39) OcHOBHBIE TOHATHS KOMOWHATOPWUKH: TIEPECTAHOBKH, COYETAHUA U
pa3MelIeHus.

40) CoObITHE, BEpOATHOCTH COOBITHSL.

41) Omnpenenenue BEPOSTHOCTU: KJIACCHUYECKOE, CTaTUCTHUYECKOE u
Tre€OMETPUYECKOE.

42) OcCHOBHBIE CTAaTUCTHUYECKUE MOKA3aTeNM: cpeaHee apudMeTuyeckoe, pazmax,

MeIuaHa u MoJa.

43)
44)
45)
46)
47)
48)

OCHOBHBIE MTOHATHSA CTEPEOMETPUHU.

B3anmHOe pacnonokeHue MpsMbIX U IIOCKOCTEN B IPOCTPAHCTBE.

Vsl MEXAY MPAMBIMHA. YTOJI MEXAY NPSAMOU U INIOCKOCTBIO.

[TapannenbHple NpsIMBbIE B TPOCTPAHCTBE.

[TapajuteIbHOCTB NMPAMOM U TNIOCKOCTH.

[Ipu3znak  mapamienbHOCTH  IIOCKOcTe.  CBOWCTBA  MapasjieiIbHbBIX

IJIOCKOCTEM.

49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)

IleprieHIUKYJISIpHBIE NIPSMBIE B IIPOCTPAHCTBE.
[leprieHIUKYISIPHOCTD NPSIMOM M TIIOCKOCTH.

IIpu3HaK nepreHauKyIIPHOCTH IUIOCKOCTEN.

JIByrpaHHbIil yroJ.

Teopema o Tpex nepHeHIuKyIspax.

[TonsiTME MHOTOTpaHHMKA. BUABI M 3JIEMEHTHI MHOTOI'PaHHHUKOB.
B3anmHoOe pacnonokeHue mI0CKOCTH U MHOTOTPaHHHMKA.
[TonsiTME TEN BpallleHUs U UX BUIBIL.

[Ipu3ma u ee 3JeMEHTHI.

[Tapannenenunen U €ro CBOMCTBA.

[Iupamua u ee SIEMEHTBHI.

[{unHIp M ero dJE€MEHTBI.

KoHyc u ero 351eMeHTHI.

[Tap u cdhepa. YpaBHenue chepsl.

[IpssmoyrospHas cucreMa koopauHat. KoopauHatel BEKTOpA.
JlelicTBHS HaJl BEKTOPAMMU.

CkansipHO€ IPOU3BEICHUE IBYX BEKTOPOB.

CumMeTpus: LIEeHTpaJIbHAsA, OCEBAs U 3€pKAJIbHASL.

Kpurepuu ouennBanus:

OneHka «OTJIMYHO» BBICTABISIETCS CTYNEHTY 3a TINIyOOKOE€ M TMOJIHOE

OBJIAJICHUE COJEP)KaHUEM Y4yeOHOro Marepuana, B KOTOPOM CTYIEHT JIErKO
OPUEHTHUPYETCSI, BJIaJICHUE MMOHATUIHBIM arnnapaToM, 3a YMEHHUE CBS3BIBATH TEOPUIO
C MPAKTUKOM, BHICKA3bIBATh U1 0OOCHOBBIBATH CBOM CyXkAeHUS. OTIuYHas OTMETKa
MpeAnoiaraeT rpaMoOTHOE, JIOTUYHOE U3JI05KEHHUE OTBETA.
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OlnieHKa «XOpOIIO» BBICTABIISIETCSI CTYACHTY, €CIU CTYACHT IMOJHO OCBOWII
y4eOHBIM Marepual, BJAJCET TMOHATUIHBIM ammapaTtoM, OPUECHTUPYETCS B
M3y4YEHHOM MaTepuaiie, OCO3HaHHO IPUMEHSIET 3HAHUS ISl PELICHUS IPAKTUYECKUX
3a/lay, TPaMOTHO H3JIaraeT OTBET, HO cojepkaHue M (opma OTBETa HMEIOT
HEKOTOPbIE HETOYHOCTH.

OHCHK& «YOOBJICTBOPHUTCIBbHO» BBICTABJLICTCA CTYACHTY, CCIIM CTYIACHT
06Hapy}KI/IBaeT 3HAHUE U IOHMMAHKWE OCHOBHBIX MOJIOKCHUM yq€6HOFO Marcpuajia,
HO wH3jaract ¢€ro HCIIOJIHO, HCIIOCICAOBATCIBHO, MOOIIYCKACT HCTOYHOCTHU B
OIpCACICHNN HOHSITHﬁ, B IPUMCHCHHUHA 3HAHUHU AJI1 pCHICHWA IMTPAKTUYCCKUX 34144,
HC YMCCT JJOKa3aTCJIbHO 000CHOBAaTh CBOU CYXKIACHUA.

OneHka «HEYIOBIETBOPUTEIIBHOY» BBICTABISIETCS CTYACHTY, €CIA CTYACHT
MMEET pPa3pO3HEHHBbIC, OCCCUCTEMHBIC 3HAHUS, HE YMEET BBIJICIATH TJIABHOE U
BTOPOCTENEHHOE, JOMYCKAeT OIIMOKKA B OMNpEJeieHUE MOHATUM, HCKaXKaeT HUX
CMBICJI, OECIIOPSAOUYHO U HEYBEPEHHO H3JIaraeT Marepual, He MOXKET MPUMEHSTh
3HAHUSA JUISl PEIICHUS] MPAKTUYECKUX 3aJ1a4; 3a MOJIHOE€ HE3HAHWE U HETIOHHUMAaHUe
y4eOHOro MaTepuaa uiu OTKa3 OTBEYaTh.

46



X NN R W=

Tembl HHINBHUAYAJBbHBIX IIPOCKTOB

Xuznp 1 HayuHbIe OTKpBITHS Dpancya Buera
[TponsBogHas U €€ MPUKIIATHOE 3HAYCHHEC
YpaBHEHHUS, HEPABEHCTBA U CIIOCOOBI UX PEIICHUS
[Tudarop u ero Hay4HbIE OTKPBITUS

Maremartuka: HCTOpUS BOSHUKHOBEHHUS U Pa3BUTHUS
3amauyn Ha APOOU U UCTOPHS UX BO3SHUKHOBEHUS
Matematuka u €€ poyib B apXUTEKType

['paduku GyHKIMN U UX TPUMEHEHHE

[Tporpeccuu 1 UX NPaKTUYECKOE IPUMEHEHHE

. B mupe BeposiTHOCTEN

. ['eomeTrpuyeckue Tena B IpOCTPAHCTBE U BOKPYT HAC

. Uucna u ux ucropus

. 30J10TOE CeYEeHNE B MAaTEMATHUKE U €r0 MPUKIATHOE 3HAUYCHHE

. [Ipo1ieHThl, UX 3HaYECHUE U IPUMEHEHUE

. [lepBooOpa3Hasi, UHTETrpal U €ro NPUMEHEHHUE

. TeKCTOBBIE 3a/1a4U U UX PELICHUE

. MeTo1bl MaTeMaTU4ECKON CTATUCTUKH

. [Impamuapl: reOMETPUYECKOE TEJIO U APXUTEKTYPHOE BEJIMKOJICTIHE
. JlJorapudMebl: CyIIIHOCTH U UX CBONCTBA

. B Mupe xBagpaTHbIX ypaBHEHHI

. TpeyrojapHHUKH, UX CYIIIHOCTb U 3HAYCHUE

. 'eomeTpust: U3 riyOMHBI BEKOB J0 HAIIUX JTHEH

. [loxazarenbHble ypaBHEHUSI M1 HEPABEHCTBA: CYLTHOCTh U CIIOCOOBI pELICHHUS
. TpuroHoMeTpusi U MUP BOKPYT HAC

. CUMMeTpHS - OCHOBOIIOJIAraIOIIAN PUHIUIT YyCTPOKWCTBA MUpa

. Marematuku JlpeBHel ['peruy u uX OTKPBITHUS

. MHOTOYroJIbHUKH UX CBOMCTBA

. BekTophI HA TIIOCKOCTH U B IPOCTPAHCTBE

. UppatmonanbHble ypaBHEHUSI U CIIOCOOBI MX PELLICHUS

. Tema BpameHnus, UX BUAbI U CBOKWCTBA

. B Mmupe xomOunaropuku

. OYHKIMU: CTIOCOOBI 3aJ]aHUs U CBOMCTBA

. CucreMsbl KOOPAUHAT U UX IPUMEHEHHE

. Kophu, crenenu u norapudmsi

. TpuroHomMeTpu4eCKne ypaBHEHHUS U HEPABEHCTBA U UX PEIICHUE
. 3HAKOMO€E ¥ HE3HAKOMOE YHCJIO ITU
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Kpurepuu onenuBanus:

Oyenka «Omauunor:

— paboTa HOCUT TMPAKTHUECKUH  XapakTep, COJEPKHUT TPaMOTHO
U3JI0KEHHYIO TEOPETHYECKYIO 6asy, XapaKTEepU3yeTcs JIOTUYHBIM,
NOCJIEIOBATEIbHBIM M3JI0KEHHEM MaTepHalla ¢ COOTBETCTBYIOIIMMH BBIBOJAMH U
000CHOBaHHBIMHU TPEAIOKEHUSMU;

— TIpH 3ammTe paboThl 00yYarOMNCA MOKAa3bIBAET JOCTATOYHO TIIyOOKHE
3HAHMS BOMPOCOB TEMbI, CBOOOIHO ONEPUPYET JaHHBIMH HCCIICIOBAHUSIMU, BHOCUT
000OCHOBaHHBIE MPEUIOKEHUSI, BO BpPEMSI BBICTYIUICHUS HCIONb3YET HArjsiHbIC
nocobust (TabyuIbl, CXeMbl, TpaduKH, SJICKTPOHHBIC Mpe3eHTAlMU U T.JA.) WIA
pa3aTOYHbINA MaTEpHaJl, JIETKO OTBEYAET HA MMOCTABJIEHHBIE BOIIPOCHI.

Oyenka «Xopouioy:

— HOCHUT IPAaKTHYECKU XapakTep, COAEPKUT TIPaMOTHO H3JI0KEHHYIO
TEOPETUYECKYI0 0a3zy, XapaKTepu3yeTcs IOCJIEJOBATEIbHbIM  M3JI0KEHUEM
MaTepHuaa ¢ COOTBETCTBYIOIIMMH BBIBOJAMU, OJTHAKO C HE BIIOJHE 0OOCHOBAHHBIMU
MPEIIOKECHHUSIMU;

— IpU 3aliuTe OO0YyYarollMics TIOKa3blBAET 3HAHUSA BOIMPOCOB TEMBI,
ONEpUPYET JAHHBIMM HCCIEHOBaHUS, BHOCUT IPEUIOKEHUS, BO  BpEMs
BBICTYIUICHUS HCIIOJNB3YEeT HArjsiHble IMocoOust (TaOiuilbl, CXeMbl, Tpadukw,
AJIEKTPOHHBIE TPE3CHTAIMU W T.J.) WM Pa3aTOYHbIA MaTepuai, 0e3 0COOBIX
3aTpyIHEHHUI OTBEYAET Ha MOCTABIICHHBIE BOMPOCHI.

Oyenka « YooenemeopumenvHoy:

— HOCHUT TMpPaKTUYECKHH XapakTep, COJEPKUT TEOpeTUYecKyo 0asy,
0asupyeTcsi Ha MPaKTUYECKOM MaTepuane, HO OTJIMYACTCsl IMOBEPXHOCTHBIM
aHaJIM30M M HEAOCTAaTOYHO KPUTHUYECKUM pa300poM, B HEH NpoCcMaTpUBaeTCs
HEIOCJIEI0BaTENbHOCTh U3JIOKEHUS MaTepuaia, IpeICcTaBiIeHbl HEOOOCHOBaHHbIE
MPEIOKEHHUS;

— HMEIOTCS 3aMEUaHMs IO COJIEPKAHUI0 PabOTH U 0OPMIICHUIO;

— Tpu 3aumTe OOYYaIOLIUICS TPOSIBISIET HEYBEPEHHOCTh, MOKAa3bIBAaeT
ci1aboe 3HaHKE BOMPOCOB TEMBI, HE 1a€T MOJHOT0, apTyMEHTUPOBAHHOTO OTBETA Ha
3aJIaHHbIE BOIPOCHI.

Oyenka «HeyoosenemeopumenbHoy:

— UWHIUBUJyaJIbHBIA IPOEKT HE 3aBEPIIICH;

— K 3a1uTe 00yJaromuiics He AOMyCKaeTCsl.
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Tabauua 2 Kiroun k BonnpocaM ()OHIA OLIEHOYHBIX CPEACTB

Ne

Bonpoc Oteer
n/n
Berunciauts:
a) cos 780°; a) 0,5;
. 137
6) S ?; 6) 0’5;
. 12 v 5
B)SINQ, €CIMCOS U= —— U T<A<——; |B)——;
13 2 13
1 a
T) COS R ecmacos a=028ul <o <m; r) 0,8;
. 0 . 0
0 sin 75 +sin 45 : ) —V3;
sin 285°
e) 16 cos x cos 2x cos 4x cos 8x, eciu x = z.
6 e) V3.

YIpOCTUTH BBIpaKEHUE:
a) cos (o —PB) —cos (o + B);
0) sin 915°cos B — sin P sin 645°;
1
B) 2 sin (540° + B) sin (B + 810°);
r) sin 3a cos 20 + sin 2a cos 3ot —cos (2w —
);

a) 2sinasinf;
0) sin(B-15°);

B)—iSiHZB

e) 16 sin x sin 2x sin 4x sin 8x, ecau x =

N

2 ) . .
sin(—a) + cos(7 + &) r) sinS0-cosa;
1+2 cos(;r - a) cos(—a) n— — 1
,H) : sina+cosa
l1—cos2a
¢) sinla e) tga
3. Pemutsb ypaBHEHUeE:
. a) x = 27k, k €Z;
3 a) cos (T +x) = sin E;
6) sin 5x cos 4x — cos 5x sin 4x = 1. 0)x= §+27tk, k €Z;
Beruucnuts:
a) sin 780°; 2) V3,
5) 137 5_’
cos —; 3
6 0) 2
. 3z B)— 3;
B)cosa,ecnnsma:—gu7r<a<7; 5
4 . . 4 3z r) 24,
r)sm2oc,ecmzlsmoc=—§ I/ITC<O(<7; 25’
sin 70 +sin 20° n —VZ;
c0s205°
) e) —3+/3.




YIpOCTUTH BBIpaKEHUE:
a) sin (o + PB) + sin (o — B);
0) sin 605°cos B + sin B cos 835°;

B) isin (405° + B) cos (B +765°);

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

a) 2sinacosp;
0) -cos(B-25°);

B)% cos2f

> ); r) 2sin4acos3a;
sin(32ﬂ+aj+sin(27z+a) 1
) - ; A) sina—cosa’
2 cos(— a)sm( -a)+1
sin2a e)tga
1+cos2a’
3. Pemuth ypaBHEHME: a)x = (_1)k+1% ik, k €Z:
6 a) sin (1 + x) = cos (—EJ;
3 6) x = Z+225 k €7,
0) cos 4x sin 3x + sin 4x cos 3x = 1. 14 7° ’
Ypocture BeIpaKeHue:
1.(sin x +cosx)* — 1
2 1. sin2x
- 2{cos2 x(%—x}+sinz(3§—x)j —sin® x 2 cosx
1
3 sin* x +sin’* xcos” x 3 o
' sin® xcos” x
[IpeobpasyiiTe BeIpakeHUE:
a+2 a 2 Va—/2
(- i+ =) -
2a \1/%1-2 a—V2a a+2 . Jaivz
s 2 - HE G 2. Ve
ct+c2  c2+1 3. 2
3 1g8+1g18
| 21g2+1g3
Pemmre ypaBHeHue:
I.Vx2+2x+10=2x—1 1.3
9 2.cos(z+x)+cos(z—x)=1 2.x=i£+2nk,keZ
4 4 4
3 0,2x2—16x—37,5:5\/§ 3.-2;18
4.logzVx — 5+ logzV2x — 3 =1 4.6
YHpocTuTe BhIpaKeHHE:
2
1.(cos2x+1)g’x—1 L — cos 2x
10 ctg 37 —x ’ si1:2x
> 1+ctg2(—x) 2 3.tgx

tg” (x — 7z) . ctg(ﬂ + x)
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3 sin” xcos x + cos” xsin x

cos? x

11

[IpeoOpa3yiiTe BeIpaKEHHE:

(e vam) ()

1 1\* 3 3
a2—b2> +2a2+b2

3(ab)%—3b n (

3 3
a—b az+b2

2.

3192 + 31g5
'1g13 —1g130

1 (a—b)?
" (a+b)?

12

Pemnre ypaBHeHue:

1.V17+2x—3x2=x+1

2. sin(z+x)—sm(——x) V3
X —6x+05_ 1

3.2 16v2

4, Elg(Zx -1)=1-1Igvx—9

x=§+2nk,kEZ

Sl e e
—
(V)]

13

Brraucivre npon3BoIHYIO:

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

3.f(x) = (8x — 10)3
4.f(x) = cosE

5ﬂm—ﬁ4ﬁ

4x+16x3+ 6
1 4 9

T x2 x3 x4

. 24(8x — 10)?
1 . x

.—=SIn-
5 5

20

" (5—4x)6

14

Haiinute KoOpAMHATHI TOYEK KacaHus, B
KOTOPBIX KacaTelbHbIC K TPaQuKy (yHKIIMU
y = 2x? + x + 4 UMeIOT yrI0BOif
kod¢hduneHT, paBHbIi 1.

(0;4)

15

CocraBbTe ypaBHEHHE KacaTebHOU K
rpaduxy Gyskmun y = 3x2 —4x — 2 B
TOYKe ¢ abcruccoit x, = —1

y=-10x -5

16

MaTepI/IaJ'H)HaSI TOYKa ABHUKETCA

IpAMOIIMHENHO 1o 3aKkony x(t) = t3 — 27¢.

Haiinnre yckopeHre TOYKH B MOMEHT
BpeMeHH t = 2 c.

24

17

Haiinure o0muii Bua mepBOoOpa3HBIX s

byHKIMU:
1. f(x) =3x + 5x° + 6x° — 2

2.f() = +=—Vx
3.f(x) = (5x — 3)°
4. f(x) —sin(Zx—%)
S. f( ) - (4x +3)4

X6 X7
F(x) = 1,5x +5—+6——2x+C

18

Breraucnure HUHTCTpaJibl:

1. f_11x3dx

Vs
4dx

" J0 cos2x

3. [7(1+ 2x)dx

- O
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19

Brrunciure npomBoz{Hy}o:
1. f(x) = 3x% + 6x* + 8x + 100

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

x2  x*  x9

.24(4x — 5)>
.10 cos 10x

6

T (1-2x)%

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
TOYKE ¢ abciuccont x, = 2.

y=3x-—-7

22

MarepuainbHas TOUYKa JBHIKETCS
IpAMOJIMHENRHO 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) =—

.F(x) = 3x2 + 3=

F(x) =

+——9x+C

7
——+C

F(x) =gsm(3x—z) +C

5(2x +10)5

+C

24

Brruncioure HUHTCTpaJbl:

1. f_11x5dx

T
5 dx

- Jm ;2
— Sin“x
4

3. [7(4 + 2x)dx

[S—

—_ O

25

Packpoiite popmyiy cokpamieHHOoro
YMHOKeHHs a’-b?

(a-b)(a+b)

26

[Tnomaap TpeyroabHUKA BEIYUCISIETCS O
dhopmyne

S=(a*b)/2

27

Kakoe u3 CJICAYHOINUX YHUCCII 3aKIIIOYCHO

10 5
MEXy 4yuciaamMu — U =?
17 8

0,6

28

Hanbl rpaduku pynkuuid. Kakas gpopmyna
COOTBETCTBYET rpaduky 3):
nH 2) 3)

I y I

\:‘ \
“\, s

57

29

11
BLI‘{I/ICJ'II/ITG + —

30

PemmTe ypaBHeHHe x?-7x+10=0. Ecn
ypaBHEHHE UMEET 0oJiee OJTHOTO KOPHS, B
OTBET 3aIUIINTE MEHBIINN U3 KOPHEH.
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[lnomaae 3emMenb KpeCThIHCKOTO X035HMCTBa,
OTBEJICHHAs TOJI TOCAAKY KYCTAPHUKOB U

31 | UBETHHUKOB, COCTaBIIIET 24 ra u 9
pacrpeiesieHa MKy HUIMH B OTHOLIICHUU
5:3. CKOJIBKO T€KTapOB 3aHUMAIOT IBETHUKHU ?

Bricora BH napamnenorpamma ABCD nenut

3y | €ro cropony AD na otpe3ku AH=2u HD = 316
32. lnaronans napamenorpamma BD paBHa
40. Haiigure miomaas napauiesorpaMmma.

: AB
B AABC sinC = —. Kaxkas u3 ctopon

33 AC P AC
siBJIsIeTCsl rtunoTeny3oil AABC?
VYriom Kakol 4eTBEPTHU SIBISICTCS YroJl

34 o I
a=400°?

35 | Kakue u3 QyHKIM SBASIOTCS YETHBIMU? y=tg X
Kaxkue n3 uncen SBIsAIOTCS KOPHEM -

36 1 I
YpaBHEHHUS COS X = ;‘? 3

. T ™
37 | Beruucnure: sin 2 + cos - 1
N V2

Haiigute 3Hauenue BeipaxkeHus 4arccos— -

38 2 2n
.2
4arcsm(—7)
OKa)XKHTE TOKICCTBO: 2sin(m/2+a)+ cos(m — .

39 A a ( ) ( 2sin(m/2+a)+ cos(m — a)= 2c0s0 — COSO0L = COSaL
0,)= COS0.

. . [

40 | Pemmte ypaBHeHue: sin’x - 4 sinx + 3 =0. St 2mk, keZ
Mex 1y KakuMU ABYMSI HaTypaJIbHBIMHU

41 3 2u3
YHCIaMU HaxoauTcs yuciio 19?

42 | Onpenenure KOpeHb ypaBHeHHUs X°=125 5
Pacnionoxxute B mopsijike Bo3pacTaHus yucia:

43 /= 4 V5;2; V17
2; ¥/5; V17 $ o
YMHOKas 9rciia ¢ OAMHAKOBBIM OCHOBAaHUEM,

44 CKJIa/IbIBAEM
WX CTENeHH...?

o a5,58_aZ,9

45 Haiigute 3HaueHue BeIpakeHUs —eas TPM | 49
a=7.

. V12+8)

46 | HaiinuTe 3HaUYeHNE BHIPAKEHNUS Q 2

10++/96
Paccrosinure ot HaOmoAaTENSA, HAXOIAIIETOCS
Ha HeOOJNBIION BRICOTE h KHIIOMETPOB HaJ
3eMJIEH, 10 HAOJII0AAEMOM UM JIMHUH

47 | TOPH3OHTa BBIMHCIACTCA 11O dbopmyne I = 0.18
V2Rh, tne R=6400 kM — paauyc 3emmu. C ’
KaKo# BBICOTHI TOPU30HT BUJCH Ha
paccrosinuu 48 kunomerpos? OTBET
BBIPA3UTE B KUJIOMETpax.

48 | Pernte ypaBHenune 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 25

Buja f(x)=a*. Haiinute 3nauenue f(2).
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YA

f@)=a
B el
A

| | 9

.
pelAyer [f};

51

OynKIMs 3a1aHa POPMYIIOi: f(x)=(%)x. Yemy
paBHoO f(-2)?

52

x—13
Kopens ypaBHeHUs (5) =37

53

Haiinure kopeHs ypaBHeHus 3¥2-5%3*=12

54

CKOJIBKO LIEJIBIX PEIICHUI UMEET
HepaBeHCTBO 1 < 7¥1< 497

55

Haiinute Touky MakcuMmyma QyHKIHA Y =
25—8x—x2

56

B xoxe pacniaga painoakTHBHOTO U30TOMNA
€ro Macca yMeHbIIIAeTCs 10 3aKoHy m(t) = mg
- 2T rie mo — HauagbpHAS Macca W30TOMa, t
— BpeMsl, MpoIIe/ee OT Ha9aJIbHOTO
MoMeHTa, T — nepuop nonypacnazna. B
HavyaJbHBI MOMEHT BPEMEHH Macca U30ToIla
184 wmr. Ilepuon ero nonypacnana
cocrasisieT 7 MuH. Haliiure, yepes CKOJIBKO
MUHYT Macca u30Tona Oyaer paBHa 23 Mr.

21

57

Kakas u3 ¢yHK1mii Bo3pactaer Ha Bceit
o0JacTu onpeeacHus?

f(x)=logs x

58

VYkaxkute 0051acTh onpeaeneHus QyHKIINHA
i 2x—3
fx)=lg

X+7

(-00; -7), (1,5; +0)

59

Pacronoxutsb B mopsiike BO3pacTaHUs:
1
logg s 4; logg s 0,4; logo s 7

1
logg s 4; logg 5 0,4; logo s 7

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
KOTOPOM TNOJIep>KuBaeTcs Ha ypoBHe Tn=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
Te=91° no Temneparypsl T, npuuém x =

cm Tg—T Bt-c
a—log, =", rne c = 4200 — —
Y T-Tnh kr-°C
. BTt
TETUIOEMKOCTB BOJIbI, ¥ = 28 o
o

kod(durmeHT Termiooomena, a o = 0,8 —

34
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nocrossHHas. Haigure, 10 Kakon
TeMriepaTypsl (B rpagycax Llenbcust)
OXJIaIUTCS BOJIA, €CIIU JJIUHA TPYOBI
paauaTtopa paBHa 144 wm.

Kaxkoe u3 uncen aBisgercs KOPHEM YpaBHCHUSA

65 log,(x+1) =1 !
66 KaKI/Ier)I/IS ypaBHEHUI UMEIOT 0oJiee OJTHOTO (x-4)(x+3)(x-8)=0
KOpHs’
67 | Onpenenure B ypaBHeHuss V—32 — X = 2 | HPPALMOHAIIBHOE
Omnpenenute HaUMEHbBIIIEE LEJI0E PELICHHE
68 X2 -3
HepaBeHcTBa 5 <17
69 | Haiinure KOpeHp ypaBHenns |x-3 [=2 ;5
o X — y = 81 .
70 | Pemmre cuctemMy ypaBHEHUI {Zx‘3y _ 16, (10; 2)
2x%-5x - 01- -
71 | Pemmnre HEPaBEHCTBO ———— < X (-0; 0]; [25 3)
7 Pemnre ypaBHenue (2x — 156
3)V3x2 —5x—2=0
73 | Uemy paBHa npousBojHas QyHKIUM y=cos’X? | y'=-2cos X sin x
74 ITo xakoit u3 popmyn BBI‘II/ICJ‘;I}IGTCH (uv)'=u"v+uy’
IIPOM3BOJIHAS] IPOU3BEICHUS ]
75 Pemute ypasuenue f'(x)=0, eciu f(x)=3x> — 1
6x +4. Boibepure oTBeT.
Ha pucynke nzobpaxeH rpaduk
npou3BoHON (pyHKIMH f(X), OnpeneneHHON
Ha uHTepsaie (—10; 8). Haiigute komamdecTBo
ToueKk MakcumyMa ¢yHkuu f(X) Ha oTpe3ke
[-9:6].
76 S : ] 2
My = f(x)
\ TN
] \ RRARN /
l \ /
-10 N ol 1 8 [x
| [
\[/
VARE
MarepuanbHast TOUKa JABUKETCS
NPAMOJMHERHO 110 3aK0HY X(t) = -t* + 63 —
42 +5t—5 (Toe X — pacCTOsIHUE OT TOUKH
77 | oTcuera B METpax, t — BpeEMs B CEKYHJIaX, 8
M3MEpEeHHOe ¢ Havana JIBrxeHus). Haiinure
€e CKOpoCTh (B M/C) B MOMEHT BpeMeHH t = 3
C.
Ha pucynke nzobpaxén rpapux GyHKINHN y =
78 f(x) u kacarenbHast K HEMY B TOUYKE C 1.25

abcuuccoil xo. Haliqure 3HaueHue
npou3BoHON (pyHKIMH f(X) B TOUKE Xo.
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¥ /
N ' N
5 oyl /3 1%
/| 1/
%,—r{,.‘ = f(-\' —
71
[
i
79 | Pemnre HEpaBEHCTBO: % >0 (-3;2); (8;+0)
80 | IToctpouTts rpaduk dpynkuuu f(x) = x> — 3x.
= < — <3
21 Z[J'IZSI Kakoi u3 pyHKuun q)yHKuI/IfI F(x)=x F(x)=3x2-6x
3x” + 1 sBusieTcst nepBooOpazHOn?
Jlana dynknus f(x)= 3x*+1. Uemy paBHa
82 2
F(1)?
33 O6HjI/I‘I/I BU/I BCEX TIEPBOOOOPA3HBIX JJIS F(x)=-cosx+C
f(x)=sinx?
84 | BeruncauTe onpeieseHHbIH HHTErpa f 12 xdx. | 1,5
85 SBnsiercs mu F(x)=x>-3x+1 neppoobpasHoii N
nns Gynxuun f(x)=3(x>-1)? g
3anaiite mepBooOpaznyro F(x) mis pyHkumu
86 | f(x)=3x%-2X, eCc/u U3BECTHBI KOOPIMHATHI x> —x>+4
touku M (1, 4) rpaduka F(x).
Ha pucynke nzo0paxeHn rpaduk QyHKINU
y=f(x), onpenenénnoii Ha mHTEepBae (—3;
11). Halinute HauMeHblIee 3HaUEHUE
¢bynkum f(x)Ha otpeske [2; 9,5].
s v= /)
87 -3
N JAA
-3 _z
4 11
A / A\
Ha pucynke nzo0paxeH rpaduk ﬁgi;g.ropoﬁ
88 | bynkuum y=f(x). [loab3yscs puCyHKOM, 12

o 5
BBIYUCIIUTE ONPEACICHHBIM HHTCIPpal fl xdx.
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y=f(x)

Y

—e——— e ————
[ 39 S ——

) foDjerap

o]

&9

VYKaKUTE 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}?

AlC

91

MOIIIHOCTh MHOXECTBA, COCTOSIIETO U3 BCEX
OyKB pycckoro ajgaBuTa, paBHa?

33

92

3akoHuuTe onpezeneHue: «MHOXKeCTBO,
cozieprKalee TOIbKO T€ JIEMEHTHI,
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

Jansr 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 KJIacCEe U3y4aeT
AHTJIMACKUN UM HEMELIKUH SI3BIK, WIIH 00a
ITHUX SA3bIKA. AHTTIMICKUH S3bIK U3y4daroT 30
YyeJIOBEK, HEMEIKUI — 25 YeJIoBeK, a TOT U
npyroit — 15 genoBek. CKOJIBKO BCETO
YYEHUKOB B KJjlacce?

40

96

BrmmummTe Bce 3eMeHTh MHOKecTBa F,
ecnu F — 3To MHOXECTBO KOpHEHN ypaBHEHHS
x2+4x -5=0.

F={5 1}

97

KomOunHaTopuka - 3T0 pa3ien MaTeMaTHKH,
OTBEYAIOILIUI Ha BONIPOCHI CKOJIBKUMU
croco06aMy MOKHO BBIOpATh 3JIEMEHTHI ...

3aJaHHOI'O KOHCYHOI'O MHOXXCCTBA

98

CoeqnHeHns U3 N PIIEMEHTOB,
OTJIMYAIOLIKUECS IPYT OT ApYyra TOJIbKO
TIOPSIZIKOM PACTIONIOKEHUS B HUX JIEMEHTOB,
Ha3BIBAIOTCA:

MepecTaHOBKAMH

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
CITy4aitHO BBIOpaHHBIN 7151 KOHTPOJIS HACOC
He rmoaTekaetr?

0,997

57




102

[TpuOBLIL 5 Mara3MHOB COCTABHII 33 MECHIL:
30000 py6., 100000 py6., 50000 py6., 35000
py0., 60000 py6. [Toctpouts auarpammy,
WUTIOCTPUPYIOIIHNE TAaHHBIC O MPUOBLTH
MarasuHOB.

= MarazuHl = Marasun2

Marazun3

Marazuud = MaraauHs

103

[{BeToBOlY PEAIOKUIN YKPACUTD KIIyMOY
LIBETaMHU, UCTI0JIb3Ys 3 BU1a. CKOJBKO
Pa3IMYHBIX BAPUAHTOB €CTh y LIBETOBO/IA,
€CJIM €CTh BBIOOD M3 5 BHJIOB pa3HOM
paccajsi?

10

104

CKONbKMMHU crIOcO0aMH MOKHO OCAAUTh 4
KyCTapHUKa B OIUH psia?

24

105

Pacmm¢pyiite kpaTkyro 3anuce: a€f.

npsiMasi @ MPUHAJUICKHUT TUIOCKOCTH f5

106

[Ipsimbie AB u CJ] ckpemuBatores. Kakoe
pacnosnioxenue umerot npsimeie AC u BJ[?

CKPEILNBAIOTCS

107

[Tnockoctu @ u f umeroT 1 001IyIO TOUKY.
KakoBo ux B3auMHOE pacnoioKeHHe?

IICPECCKAIOTCA 110 HpHMOﬁ

108

Ecnu npsimasi, npoBeieHHAas HA MIIOCKOCTH
Yyepe3 OCHOBaHUE HAKJIOHHOM,
MEePIEHIUKYISIPHA €€ MPOEKLHHU, TO OHA. ..

MEePIEHANKYISIPHA U CAaMO HAKJIIOHHOU

109

Yepes koH1bl oTpe3ka AB u ero cepennny M
MPOBEJICHBI MapaJlJICIbHbIE IPSMBbIC,
MEPECEKAIOIINE HEKOTOPYIO MIIOCKOCTh B
toukax Ai, Br u M. Haliqute nnuny orpeska
MM, ecniu oTpe3ok AB He nepecekaer
IIOCKOCTh U eciu AA 1= 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 KaK 2:3 U JJINHBI
HAKJIOHHBIX paBHBI 23 cM 1 33 cM.

112

Haueptuts ky0 ABCJIA 1B 1C1/:. [TocTpouTts
ceuenue AJl1C.

B1 5 |

Al D1
i a

a

A a .

113

B kakxux CANHUIAX U3MCEPACTCA IIOIIadb
TITOBCPXHOCTHU MHOTOFpaHHI/IKa?

B KBaJIpaTHBIX METpax

114

[Tnomaabe OOKOBOM MOBEPXHOCTH TIPU3MBI
BBIYHCISETCS 110 hopMyIie

S6ox = Pocu * H

115

Yro ABIAETCS OCEBBIM CEYCHUEM yCEUEHHOTO
KOoHyca?

paBHOOEAPECHHAS TPaICIIHs
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116

Kakas ¢urypa nonydaercst npu BpalieHuu
IIPSIMOYTOJIBHOT'O TPEYTOJIbHUKA BOKPYT
OJIHOTO M3 CBOMX KAaTeTOB?

KOHYC

117

Pebpo ocHOBaHMS TPaBUIBLHON TPEYTOIBHOM
nupamMusl 3 M, anodema 6M. Halimure
TJI0111a]1b OOKOBOM MOBEPXHOCTH MUPAMU/IBI.

27

118

Jlnaronans kyOa paBHa V 588. Haitgute ero
o0BeMm.

2744

119

[IpssMoyronbHUK CO CTOpOHAMH 8CM U 3¢M
BpalIaeTcsi BOKPYT 0OJIbIIeH CTOPOHBI.
Hatigute 00beM, Iutomany 60KOBOM U
TIOJTHOW MOBEPXHOCTEH MOJTYYEHHOTO Tea.

72m; 48m; 641

120

BbIauciimTh MOBEpXHOCTH KPOHBI
KyCTapHUKa, UMeroniero ¢Gopmy mapa
panuyca 0,5 M. B oTBeT 3anummre 4uco,
JIeTICHHOE HA T.

121

Hanwr 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), ¢(1/3,2/3,-2/3),
B(1,1,1), p(0,0,-2) ABASAIOTCS CAMHUIHBIMU?

123

Kaxkue u3 Bexropos a(1,2,-3), ¢(3,6,-6),
B(2,4,-6) KOJUTMHEAPHBI?

124

Hanst Touku A(2,0,5), B(2,4,-2) C(-2,6,3).
CepeIMHOM KaKoOro OTpe3Ka SBIACTCS TOYKa
M(0,3,4)?

AC

125

Hanbl BexTops! a(-6,0,8), B(-3,2,-6). Haiigute
CKaJISIPHOE MPOM3BEJICHIE BEKTOPOB.

-30

126

[1pu KakuX 3HAUECHUSX 11 BEKTOPHI a (4,11,2), B
(1,2,n1) nepneHAUKyISApHbI?

-1

127

Hanst BexTops! a(-6,0,8), B(-3,2,-6). Haitnure
KOCHHYC yIJia MKy BEKTOPAMH.

-3/7

128

Hanbl BexTopsl 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
npUOIM3UTENBHO paBeH 57 rpajsycam.

130

B kakux 4eTBepTAX TPUTOHOMETPUUIECKOTO
Kpyra QyHKIHS y = SinX MPUHAMAET
TIOJIOKUTEIILHBIC 3HAYCHHUS !

B I u Il yeTBepTax

131

B kakux yeTBepTIX TPUTOHOMETPUUYECKOTO
Kpyra QyHKIUS y = COSX IPUHUMAET
OTpHUIaTeNIbHbIE 3HAUEHUs?

Bo II u III yeTBepTax

[lepeuncnure TpUroHOMeTpUYECKHE

Cunyc y = sin x, nepuoa T = 27; KOCUHYC y =
cos X, nepuoxa T = 2x; TaHTeHC y = tg X,

132
(GYHKINHU, YKQXKUTE UX TEPHOIBL. nepuon T = m; koTaHreHc y = ctg x, nepuoa T
=T
133 Omnpenenure 061acTh 3HAYCHUS (PYHKIIUU O6nacts snavenuit E(y) = [-3; 3]

y=3co0s(5x)?
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134

[lepeuncnure ciocoObl petieHus
TPUTOHOMETPUUECKUX YpaBHEHUI.

Brinensror 2 metona:

1) Meron 3aMeHbI IEpeMEHHOM (KUITH
anreOpanvecKuii MeTo.)

Anropurm:

. [IpuBecTu ypaBHEeHHE K
anreOpandeckoMy BUAY OTHOCUTEILHO OJTHOU
U3 TPUTOHOMETPUUYECKUX (PYHKIIUH.

. O0603HaYNTH MOIYYECHHYIO (DYHKIIHIO
NepeMEHHOM t (eciu He0OX0AMMO, BBECTH
OrpaHUYEHUs Ha t).

. 3anucarhb U pelInTh MOIy4YeHHOe
anredpanyecKoe ypaBHEHUE.

. CnenaTtb 0OpaTHYIO 3aMEHY.

. Pemnts npocreiimiee

TPUTOHOMETPUYECKOE YPABHEHHUE.
2) PaznokeHre Ha MHOKUTEIH

OueHb XOpOI1I0, €CIIU YpaBHEHHE 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
IPOCTBIX.

Anropurm:

. [IpuBecTn ypaBHEHUE K
anredpandeckoMy BUAY OTHOCUTENIBHO OJHOMN
U3 TPUTOHOMETPUYECKUX (PYHKIHUI.

o Brrmgectn 3a ckoOKkH 00U
MHOXHTENb (Pa3I0KUTh HA MHOXKUTEIIN)

o Pemnte nTorosoe ypaBHeHue.

135

Packpolite anropuTm peieHus 0gJHOPOAHBIX
TPUTOHOMETPUYECKHUX YPABHEHMIA.

OHOPOIHOE TPUTOHOMETPUYECKOE
ypaBHEHHE — 3TO YPaBHEHHUE JIBYX BUJIOB:
asin x + b cos x = 0 (oAHOpPOAHOE ypaBHEHUE
MIEPBON CTETIEHH)

0o

asinx +bsinx cosx +ccos’x=0
(OHOPOHOE YpaBHEHHE BTOPOU CTETICHH).
AJITOPUTM peNIEHUs] OJTHOPOJTHOTO
ypaBHEHHS TIEPBOK

cTeneHH a sin X + b cos x =0:

1) pa3nmenuTh 00€ YacTH YpaBHEHHUS Ha COS X
2) penuTh MOTYIHUBIICECS BHIPAKEHUE
AJNTOPUTM pEeIICHHS OTHOPOTHOTO YPABHEHUS
BTOPOU

CTemeHH a sin® X + b sin X cos X + ¢ cos’ X =
0.

YciioBue: B ypaBHCHHUHU J0JKHO OBITH
BBIp)KEHME BH/IA A Sin° X.
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Ecnu ero Het, To ypaBHEHHE pelaeTcst
METOJIOM Pa3JI0KEHUSI HA MHOXKUTEIH.

1) PasnenuTh 00€ 4acTH ypaBHEHHs HA COS” X
2) BecTu HOBYIO IEPEMEHHYIO Z, 3aMEHSIOLYH
3) Pemuth monyuyuBIeecs ypaBHEHUE

136

ChopmynupyiiTe onpeneacHue CTeICHHON
GbyHKIHN.

Oynkius Buaa y=x", rae n- modoe
JEHCTBUTEIILHOE YHCIIO0, HA3bIBAIOT
CTeTeHHON (yHKIHUEH.

137

[Iepeuncinre CBOMCTBA CTEIIEHHU C
JEHCTBUTEIBHBIM [TOKA3aTEIEM.

Ecnu B OCHOBaHUU CTETIEHU JIEKUT
I10JIOKUTEIIBHOE YHCIIO, & B KAYECTBE
MIOKA3aTeJsl UCIIONIb3YIOTCS JeHCTBUTENbHBIC
4HCJIa, TO MOYKHO I10JIb30BaThCS
CIIeIYIOMUMHU (HOPMYIIaMU:

1. Tak Kak B OCHOBaHHUH CTETICHU
UCIIOJIB3YETCS MONOKHUTEIBFHOE YUCIIO, TO,
HECMOTpsI Ha 3HAK MMOKA3aTeJIsl CTETICHH,
pe3ynbTaT Bceraa OyaeT YuciomM
MOJIOKUTEITHHBIM.

X
a” =D
2. ECJ'II/I T10KA3aTCJIb CTCIICHU ABJISACTCS
OTpI/IIIaTGJILHI)IM YHuCJIOM, TO €I0 MOXKHO
3aMCHHUTH HaA paBHBII‘/‘I 110 MOIIYJ'IIO

MTOJI0KUTEIBHBIHN TT0Ka3aTelb, a OCHOBAHHE
poOU MepPeBEPHYTh.

L1
a i
ax

3. [Ipu yMHOXE€HUM YUCeN C OJUHAKOBBIMU
OCHOBaHMSIMH, IEUCTBUTEIIbHBIC I0KA3ATEIN
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:

x L eXN—
avar = gy
5. Ilpu BO3BEeICHUY YHKCIIA B CTETIEHU B

JIOTIOJTHUTENIBHYIO CTENEHD TIOKAa3aTeNN
YMHOXAIOTCSI.

x 5 i B
({I )}' — T iy
6. [Tpu BO3BEIEHUH IPOU3BEICHUS
HEKOTOPBIX YHCEI B IEHCTBUTENbHYIO
CTEIEHb MOYKHO BO3BECTH KAXKIOE YHUCIO I10

OTACJIIbHOCTH B JaHHYIO CTCIICHBb U TOJIBKO
IIOCJIC OTOr0 NEPEMHOXKHUTD.

0 tg X (:

(ab)* = a* - b*
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7. IIpn BO3BEAEHUH YaCTHOTO HEKOTOPBIX
YHuCCII B HeﬁCTBHTeHBHYIO CTCIICHb MOXHO
BO3BECTHU Ka)/10€ YKCJIO MO OTAEIHHOCTU B
JAHHYIO IPOOb U TOJIBKO MOCIE ITOTO
pa3JeNnuTh.

6 -

138

Ha yto HeoO6xo1uMo 0OpaTUTh BHUMaHHE
MIPU PEIICHUU UPPAIIMOHAIEHOTO YPaBHEHUS
YETHOM cTereHu?

[Ipu pemieHny UppauMOHAIBHBIX YPaBHEHUN
HEOOXOIMMO yUUTHIBATh CIIEAYIOLIEE: eCIIU
I10Ka3aTelb KOPHS — YETHOE YUCIIO, TO
IIOJIKOPEHHOE BBIPA)KEHHUE U 3HAYCHUE KOPHS
HE JIOJKHBI OBITh OTPULIATEILHBIMHU.

139

UeMy paBeH KOPEHb YETHOM CTEIICHU U3
orpunarensHoro yucina? [Ipusenure npumep.

Kopensb u€THOIi cTeneHu U3 OTPULIATEIBHOTO
yucia He cymectsyeT. Hanpumep,

V—25; v—81; v—4 u 1.1. He CyIIECTBYIOT.

140

UeMy paBEeH KOPEHb HEUETHOM CTENIEHU U3
orpuuarensHoro yucina? [Ipusenure npumep.

Kopenb HeueTHOM cTeneHu u3
OTPULIATEIILHOTO YHUCJIA PABEH

oTpuIatensHoMy unciny. Hanpumep, V—8 =

—2; V=243 = -3; V-1=—-1urn

141

Chopmynupyiite onpenenenue
MOKa3aTeIbHON (DYHKITUH.

Oyukuug Byuaa y=a*, a>0, a#l
HA3bIBACTCS MOKA3aTeNLHOW (PYHKIIMEH C
OCHOBAaHHEM a.

142

[Tepeuncnure cBOMCTBA MOKA3aTEIBHOM
GbyHKIIH.

CaoiicTBa hyHKINN

1) OGnacteio omnpeneneHus GyHKINU

SIBJIIETCS. MHOKECTBO BCEX J€MCTBUTEIBHBIX

yucen R.

2) MHO€ecTBOM 3HaUeHUN (PyHKIUN

SIBJIIFOTCSI BCE MOJIOKUTEIIBHBIE YHCIIA, T.€.
B(»): (0 +o)

IIPOMEXYTOK

3) HauMmensb1iero 1 HauboJIbIIEro 3HAYEHU I

(GyHKIUS HE UMEET.

4) @yHKIMSA HE ABIAETCA HU HEUETHOW, HU

geTHOH. MIMeeT o0l BULIL.

5) ®yHKIUA HEIepUOANYECKasl.

6) 'paduk pyHkunu nepecekaer

KoopauHaTHyto ock Oy B Touke (0; 1).

7) @yHKIMS HE UMEeT HyJeH.

8) IIpu a>1 pyHkus Bo3pacTaeT Ha Beei

YHCIIOBOM npsimoi; npu 0<a<l ¢yHKIus

yObIBaeT Ha MHOXecTBe R.

9) OyHKIMS MPUHUMAET MOJI0KUTEITBHBIE

3Ha4YeHHUs Ha Bcell 00JIaCTH ONpeieeHusl.

143

[Iponomxure onpenenenue: «Jlorapudm —
3TO...».

Jlorapugm — 3T0 cTENeHb, B KOTOPYIO
HYKHO BO3BECTH a Juis nonydeHus b (logab).
Onnako y morapudma ecTh YCIOBHUS UITH
OTpaHMYCHUS], YTO OCHOBAHUE a OOJIbILE HYJIS
Y HE PaBHO €IUHHMIIC, a TAK)KE MoKa3aresb b
OoJblIIe HYTIS.
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Yemy paBeH Jorapu@m npou3BeaeHus?

Jlorapudm npou3BeeHUs PABEH CyMMe
norapu(pMOB MHOKUTEICH.

loga(x - y) =logax +logay, (a>0,a# 1 ux>
0,y>0)

145

Uemy paBeH jorapudm 4acTHOTO?

Jlorapudm yactHOTO (IpoOM) paBeH Pa3HOCTH
JOrapu(MOB AETUMOTO U ACTUTEIS.

loga (x/y) =logax - logay, (a>0,a# 1 ux>
0,y>0)

146

Cdhopmynupyiite onpenenenue
Jorapu(MUIecKoir GyHKITUH.

Jlorapudmuueckasi GyHKIHUS - 3TO QYHKIUSI
Bumay=log.x,x>0,a>0,a#1.

147

[Tepeuncnute cBOMCTBA JIOTAPUPMUICCKON
GyHKIIH.

CaoiicTBa hyHKINN

1) Obnactpio onpeaeneHus: GyHKIUU

SIBIISICTCSI MHOYKECTBO BCEX TOJIOKUTEIBHBIX
D) (0 +e)

qrcen

2) MHOXeCTBOM 3HaYeHUN (QyHKIUN

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) ®yHKUMS HEIEPUOJUUECKAs.

6) Hynu ¢pyakumu. I'paduk GyHxmm

nepeceKaeT KOOpANHATHYIO ock OX B TOUKE

(15 0).

7) IIpu a>1 ¢pynkuus Bo3pacraet; npu 0<a<l

¢yHK1MS yObIBAET.

148

[lepeuncnure ciocoObl petieHus
Jorapu(pMUUECKUX YPaBHECHHH.

VYpaBHeHuUe, cosieprkaliee NepeMeHHYO M0/
3HAaKOM Jiorapudma, Ha3bIBaeTCs
norapupmuueckum. [Ipocreimmm
Jorapu(pMHUUECKUM YPAaBHEHUEM CITYKHUT

ypaBHEHHE BUIA loga x=b,tne a>0,

a#l.

PaccmoTpuM mMeTobI perieHus
JOrapu(pMHUUECKUX ypIIaBHEHUH.

1) Meton pemieHus 1o onpeaeaeHuto.
OTHUM METOJOM PEIIAIOTCS TPOCTENIINE
norapudmuyeckrue ypaBHEHUSI.

W3 onpenenenus norapudma cieayer, 4to

x=a’ sensercs pelIeHnEM ypaBHEHHUS
log,x=>b.

2) MeToa NOTEeHIMPOBAHUS.

[Tox moTeHnMpoBaHKEM MOHUMAETCS MEPEXO]T
OT PaBEHCTBA, COJIEPXKAIIETO JIorapu(pMbl, K
PaBEHCTBY, HE COZIEPIKAIIEMY UX.

Pemenue norapupMu4eckoro ypaBHeHus

BUA loga f(x) = loga g(x) OCHOBAaHO Ha
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TOM, YTO TaKO€ YpaBHEHHE PABHOCHIBHO
ypasaenuio f(x) = g(x) npu
JIOTIOJTHUTEIIbHBIX YCIOBUSIX
f(x)>0,g(x)>0.

[IpoBepka HalIEHHBIX 3HAYEHUI
HEHM3BECTHOTO I10 YCJIOBHUIO YPAaBHEHHS B
o0miem ciydae sIBIsIeTCSl He0OsI3aTeIbHOM.
MOHO BBISIBUTH IOCTOPOHHUE KOPHHU U C
MTOMOIIIBIO0 HAXOXKJICHUS 00JIaCTH
OTIpEJICIICHUS] HCXOJJHOTO YpaBHEHUS (3Ta
001acTh 3a/1a8TCSI CUCTEMOM HEPABEHCTB:

f(x)>0
g(x)>0

3) Meroa BBeJICHUSI HOBOI TIEPEMEHHOM.
Jlorapudmuueckne ypaBHEHHS PEIIAIOTCS C
MOMOIIBIO TIOJICTAHOBKH t=l0g:X, KOTOpas
MPUBOANUT YpaBHEHUE K BUIY KBaIPaTHOTO.
4) Meron sorapudmMupoBaHusI.

[Ipu pemieHnn ypaBHEHUH, COIEpKAIIMX
NEPEMEHHYIO U B OCHOBaHUU, U B IIOKa3arTelie
CTEIIEHU, UCIIOJIb3YETCSI METOL
norapudmupoBanus. Ecinu npu 5Tom B
MOKA3aTeJie CTENICHU COACPKUTCS JIorapudm,
TO 00€ YacTH ypaBHEHHUS HAJ0
npoJiorapumMupoBaTh MO0 OCHOBAHHUIO ITOTO
aorapudma.

149

ChopmynupyiiTe IpaBuiIO perIeHUs
MIPOCTEHIINX JIOTApU(PMUIECKIX HEPABEHCTB.

HepaBeHcTBo, conepikaiiee mepeMeHHYIO B
TIOKa3aTelie CTeIEeHH, Ha3bIBaeTCsI
II0Ka3aTCJIbHBIM.

X X
Hepasencra Buma @~ > ¢, a~ <,

a/™ <ag(x),r)1e a>0, a#1, c>0
Ha3bIBAKOTCA HpOCTeﬁHIHMH IIO0KAa3aTCJIbHBIMHU

HCPaBCHCTBAMU.
Pemenne moka3aTenbHBIX HCPaAaBCHCTB BUJa

af(x) < ag(x) (tme @ >0, a # 1) OCHOBaHO
Ha CBOMCTBE MOHOTOHHOCTH ITOKa3aTeIbHON
¢byHKIMU:

-ecmu @ > 1, To mokasarensHas byHKIIUS
BO3pacTaer Ha R, T.e. OONbIIEeMY 3HAYCHUIO
apryMeHTa COOTBETCTBYET OOJIbIlIee 3HAUCHUE

(yHKIIMU 1 HEpaBEHCTBA af ) > a® )

f(x)> g(x) paBHOCHIBHBI;

-ecn 0 <a <1, 1o nokazarensuas
Gbyukiyst yosiBaeT Ha R , T.e. OonbiieMy
3HAYEHHIO aPI'YMEHTA COOTBETCTBYET
MeHbliee 3HaYeHne QYHKIIMU U HePaBeHCTBA
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a/ > g8 4 f(x)< g(x)

PAaBHOCHUJIbHBI.

150

Urto Ha3bIBaeTCs ypaBHEHUEM?

ypaBHeHI/Ie — OTO MaTeMaTH4€CKOC paBEHCTBO
C 0,[IH0171 NN HECKOJBKMMHU HEN3BCCTHBIMU
BCIMYHMHaAMM.

151

UTo 3HAaYUT pEIIUTh 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.

152

UYro Takoe KOpeHb YpaBHEHUSI?

KopeHnb ypaBHEHUS — 3TO 4HCII0, KOTOPOE
IIPY [TOJICTAHOBKE BMECTO HEU3BECTHON
oOpallaeT ypaBHEHHE B BEPHOE YHCIIOBOE
paBeHcTBO (ToxecTBO). KopeHb ypaBHeHuUs
TAKXKC HA3bIBAIOT PCHICHUCM YPAaBHCHUS.

153

UTto Ha3bIBaeTCSI HEPABECHCTBOM?

HepaBeHCTBO — 3TO MaTeMaTH4eCKOE
BBIPa)KEHHE, B KOTOPOM JIBA BBIPAYKEHHUSI WITH
YKciia CPABHUBAIOTCS 110 3HAUCHHUIO.
HepaBeHCTBO COIEPKUT 3HAKU CPABHEHHS,
TaKHe KakK «00JbIe» (>), «MeHbIe (<),
"OoJb111e WK paBHO" (=) U "MEHbIIE WK
paBHO" ().

154

UTo 3HAaYUT PEIIUTh HEPABEHCTBO?

Pemnts HEpaBEHCTBO — 3HAYUT HAUTHU
MHO’KECTBO BCEX IIEPEMEHHBIX, JJI1 KOTOPBIX
JTAHHOE HEPABEHCTBO BBINOJHAETCA. TO eCTh
PELINTh HEPABEHCTBO — 3TO 3HAYUT HAWUTU
BCE€ €r0 pelIeHUs WU J0Ka3aTh, YTO UX HET.

155

[Iponomxure onpeneneHue:
«ITociemoBaTEIbLHOCTE — DTO. .. ).

ITocnenoBareabHOCTE — 3TO
MIPOHYMEPOBaHHBIA HAOOP KaKUX-TNO0
00BEKTOB, Cpe/id KOTOPBIX JIOITYCKAKOTCS
[TOBTOPEHUS, TPUUEM MOPSATOK OOHEKTOB
uMeer 3HadeHue. Hymepanus gaiue Bcero
MIPOUCXOIUT HATYPAIbHBIMH YHCIIAMHU.

156

[IpuBeaure npumep apudmMeTnyecKo
IIPOrPECCHUHU.

ApudmeTrnieckoi mporpeccrei Ha3pIBaloT
YUCIIOBYIO MOCIIEIOBATEILHOCTD, KX IbIN
MOCHEAYIOIIMI YJIEH KOTOPOU paBeH
MPEIIECTBYIOMIEMY, CII0)KEHHOMY C OJTHUM U
TeM xe unciom. [lpumep: 3, 5,7, 9, 11,

... (ITepBBIii WIEH MOCIEAOBATEILHOCTH PaBEH
3, 3aTeM K KaKJOMY MpUOaBIsIeTCS OJHO U TO
e 4ucIo 2)

157

[IpuBennTe mpumMep reoMeTprUIEeCcKOu
IIPOrPECCUMU.

I'eomeTrpuueckoii mporpeccueil Ha3bIBarOT
YUCIIOBYIO MOCIIEIOBATENIBbHOCTD, KK IbIN
MOCIEAYIOIINN YJIEH KOTOPOM PaBeH
MPEIECTBYIONIEMY, YMHOKEHHOMY Ha OJHO
u 1o e yucno. [lpumep: 1, -2, 4, -8, 16,

... (ITepBBIii WIEeH MOCIEAOBATEILHOCTH PaBEH
1, 3aTeM KaxKbli YIeH MOCIeA0BaTeIbHOCTH
YMHOXAETCsl Ha OJTHO U TO K€ YHCIIO -2)

158

UYemy paBHaA IPOU3BOIHAS IPOU3BEIECHUSA?

[IpousBoHas MpoU3BEACHUS
paBHA IPOU3BEICHUIO IEPBOIO0 MHOKUTES
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Ha BTOPOU IUTIOC IEPBBIA MHOKUTEIIb,
YMHOKEHHBINA Ha TPOU3BOAHYIO BTOPOTO.

(uv) =uv+uv’

159

UYemy paBHA IIPOU3BOJIHAS YACTHOTO?

HpOI/ISBOI[Haﬂ YaCTHOT'O paBHaA HpOHBBO,Z[HOﬁ
YUCIUTCIIA, YMHOKCHHOI'O Ha 3HAMCHATCJIb,
MHHYC YHUCIUTEIIb, YMHO}I(CHHBIP'I Ha
MMPOU3BOJHYIO 3HAMCHATCIIA, U BCC 3TO
ACJIICHHOC Ha KBaJApaT 3HaMCHATCJIA.

!

" u'v—n'

-

v v’

160

Yemy paBHa IPOHU3BOIHAS CI0KHOU
byHKIIN?

[IpousBoaHas COKHON (PYHKIIMU paBHA
IIPOU3BEICHUIO IPOU3BOJHON BHEUTHEN
(GyHKINH, YMHOKEHHOU Ha MPOU3BOAHYIO OT
BHYTPEHHEH (QYHKIUU.

(7(2(9)) =7 (()) & ()

161

[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.

162

HpOI[OJ'DKI/ITC OIIPCACIICHUC! «Pa3melnieHue —
9TO...».

Pa3memnienne — 310 cocoO BeIOpaTh U
YIOPSAIOUYUTD JIEMEHTHI U3 MHOKECTBA. B
OTJIMYHUE OT OTIepaAIlH COYECTAHUS, IIPH
pa3MeIIeHUH BaXKEH MOPSIIOK COCTABIISIOMINX
MHOYKECTBA.

Bomnpoc pa3menienus: cKoJIbKo
YIIOPSAIOYCHHBIX HA0OPOB MOKHO C/ETIaTh U3
k sneMeHTOB, BBIOpaHHBIX U3 n?

163

[Iponomxute onpenenenue: «IlepectaHOBKU
—3T0...».

[TepecranoBKa — 3TO cIOCOO
NIOCIIEA0BATENBHO PACIIONOKHUTH
cocTaBsiroMe MHOXecTBa. Hanpumep, 123,
312 1 213 — 370 nepecTaHOBKH TPEX YHUCEI:
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», «4UCIIO
OYKOB HA BEPXHEW I'PAaHU KPATHO TPEMN.

165

[Iponoikure onpenenenue: «BeposTHOCTD
CIIy4aiflHOTO COOBITHS — 3TO...)».

BeposiTHOCTB city4qaifHOTO cOOBITHS paBHA
OTHOILIEHMIO YKciia O1aronpusITHBIX

66




CIy4ailHOMY COOBITHIO HCXO/IOB OIBITA K
00IIeMy YHCITy UCXOJIOB OMBITA.

py=2
# , € m - YucJio 6J'Ial"OHpI/I$ITHBIX
HCXOOO0B OIIbITAa, 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
ciaraeMbix. YacTHoe U OyJeT CpeTHIM
apu(METHUECKUM 3TUX YHUCEN.

Hanpumep: Haiinem cpennee
apudmMernueckoe uucen 2; 6; 9; 15.

VY Hac yeTbIpe Yuciia, 3HaYUT HAJI0 UX CyMMY
pa3zienuTh Ha yeTbipe. DTO U OyJIeT cpeaHee
apupMeTHIecKoe JaHHBIX yucen: (2 +6 +9 +
15):4=8.

167

Kaxk naiitu Meauany ynucioBoro psjaa?

MenuaHoi yrnopsA04€HHOTO Psia YUCe C
HEYETHBIM YUCJIOM YJICHOB Ha3bIBAETCS
YUCJI0, 3aIMCAHHOE MTOCEPEINHE, a METUAHOMN
YIOPSA0YEHHOTO PsiJia YHCET C YETHBIM
YHUCJIOM YICHOB HAa3bIBAETCS CPEIHEE
apudmeTnyecKoe IByX YUCell, 3aMUCaHHBIX
MOCEpPEINHE.

Meananoi TpoOU3BOIBHOTO Psijia YHCET
Ha3bIBACTCS MEMaHa COOTBETCTBYIOIIETO
YHOPSAIOYEHHOTO pAJIa.

Hamnpumep: B psige uucen 2; 5; 9; 15; 21
MEUAHOM SBISETCS YUCIIO 9, HaxoasIeecs
TOCEpeIUHE.

Haiinem mMenuany B psine uucen 4; 5; 7; 11;
13; 19.

31ecy 4eTHOE KOTUIeCTBO uncen (6).
[ToaToMy uieM He OJIHO, a JBa YKCIa,
3alMCaHHbIX NIocepennHe. JTo uncna 7 u 11.
Haxoaum cpennee apudmeTndeckoe 3THX
yucen: (7 +11):2=9. Yucno 9 sBnsercs
MEeIMaHON JAHHOTO P/ YHCEIL.

168

Kax Bprmcnsiercst pazmax 4ucjaoBoro psija’?

Pa3max psina yucen — 3To pa3HOCTb MEXKIY
HauOOJLIINM U HAUMEHBIINM U3 STUX YHCE.
Hanpumep: naiinem pazmax uucen 2; 5; 8; 12;
33,

HawubGomnbiiee unciio 3uech — 33, HAaMMEHBIIIEE
— 2. 3HauuT, pa3max cocrasiuser 31, T. e.: 33 —
2=31.

169

IIepeuncinre B3aMMHOE PaCIOIOKEHUE IBYX
MPSIMBIX B IIPOCTPAHCTBE

CymiecTByeT TpH BapuaHTa B3anMHOIO
PacCIOJIOKEHUS ABYX IIPSMBIX B
MIPOCTPAHCTBE: MPSIMbIE MOTYT OBITH
[IEPECEKAIOIIMMHUCS, TaPAILIICIbHBIMUA U
CKPEIIMBAIOIIUMUCS.
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Kaxkue npsiMble Ha3bIBalOTCS MapajIeIbHBIMU
B MPOCTpaHCcTBE?

B crepeomeTpun 1Be npsMble Ha3bIBAIOTCS
napajuiesIbHbIMU, €CJIH JIEXKAT B OJTHOMN
IUIOCKOCTH U HE TIEPECEKal0TCs.

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 HEKOTOPOU IJIOCKOCTH, a
Jpyrasi 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
NEPIEHIUKYJIAPHBIMU B IIPOCTPAHCTBE?

JIBe mipsiMble B IPOCTPAHCTBE HA3BIBAKOTCS
NEPIEeHIUKYISPHBIMU, €CIIU YTOJ MEXY
HuMu paBeH 90°. [leprnieHuKyasipHbIC
IpsIMbIE MOTYT TIEPECEKAThCsI, HO MOTYT OBITh
Y CKPEIIUBAIOIINMHUCS.

173

[lepeunciure B3auMHOE PACIIOI0KEHHE
MPSAMON U TUIOCKOCTH B MPOCTPAHCTBE.

H3BecTHBI TpHU BapuaHTa B3aMMHOI'O
pAacIoIOKEHUS IPSIMOM U TNIOCKOCTH: TIPsAMast
IIPUHAJIEKUT [LUIOCKOCTH; IIpAMast
napajuieiabHa IVIOCKOCTH; IIPsIMast IEPECEKaeT
IIJIOCKOCTb.

174

Packpolite nonsATHe «I1epIEeHINKYIIPHOCTD
IIJIOCKOCTEMN.

JIBe MIIOCKOCTH Ha3bIBAKOTCS
NEPIECHIUKYISIPHBIMU, €CIIU ABYTPAHHBII
yroj Mex1y HuMmu paseH 90°. Ecnu
IUIOCKOCTH MPOXOAUT Yepe3 MPsIMYIo,
MEePIEHIUKYISIPHYIO IPYTO# TIOCKOCTH, TO
9T MJIOCKOCTH NMEPIEHIUKYISIPHBIL.

175

[Iponomxkure onpeneneHue:
«IlepneHIUKyYIAp — 3TO. .. ».

Ilepnenouxynap — 310 npsMas (Wi ee
OTpPE30K), MepeceKarolas JaHHYI0 IPsAMYIO
(TJIOCKOCTH) 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

[IponomkuTe onpeneneHue:
HAKJIOHHOH — 7TO...».

«Ipoekuns

[Ipoekuns HAKJIOHHOM — 3TO OTPE30K,
COEIMHSIOIINN OCHOBaHUS NEPIEHANKYIIAPa
Y HaKJIOHHOM, IIPOBEAEHHBIX U3 OJHOU U TON
K€ TOUKH

178

[Iponomxkure onpeneneHue:
—93T0...».

((MHOTOFpaHHI/IK

MuozoepanHuk — 3T0 TEOMETPUYECKOE TETIO,
OTPAaHMYEHHOE CO BCEX CTOPOH IIOCKUMU
MHOFOyFOJII)HI/IKaMI/I - l'”paHflMI/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:
«IIpAMOYrOJIBHBIN NapAIICIICIIUIIET —
3TO...».

Ipsmoyeonvhwiii

napanneienuned — 3mo MeCTUTPAHHUK, Y
KOTOPOT'O BCE IPaHU SABIISIOTCS
MIPSMOYTOJIbHUKAMH.
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[Iponomxkute onpenenenue: «Kyb —3T0...».

Ky6 - smo MHOTOTrpaHHUK, TOBEPXHOCTD
KOTOPOT'0 COCTOUT U3 HIECTU KBAaJPATOB.

182

IIponomxure onpenenenue: «lIupamuna —
3TO...».

Iupamuoa — 3to reomeTpuieckas purypa,
OCHOBaHHUE KOTOPOU — MHOTOYTOJILHUK, a
IpaHy — TPEYTOJIbHUKH, HMEIOIHE OOIIYIO
BEPIIHHY.

183

Packpolite moHsATHE «BEKTOPY.

BekTtop — HampaBieHHBIN OTPE30K MPSAMON,
TO €CTh OTPE30K, JIs1 KOTOPOI'O yKa3aHo,
KaKasl U3 ero rpaHuYHbIX TOUYEK SBIISIETCS
HayaJjioM, a Kakasi — KOHIIOM.

Bexmop 0603Ha4aeTcst 0JTHON CTPOYHOM
OYKBOU JJATHHCKOTO an(aBuTa WU ABYMS
3arjaaBHBIMU CO CTPEIKOH (B HEKOTOPBIX
ClIy4asix — IpsIMOi JInHUEH) cBepXy. BekTop
MMEET JBE XapaKTEePUCTUKU: JUIMHA U
HalpaBJICHUE.

Kakwne BCKTOPBI HA3bIBAOTCA

I[Ba HCHYJICBLIX BCKTOPA HA3BIBAIOTCA

184 N KOJUIMHEAPHBIMU, €CJIM OHU JIEKAT HA OJHOU
KOJIJTMHEAPHBIMHU .
IpsSMOM WM Ha NMapauIebHbIX IPSMBIX.
[eprieHAUKYIAPHBIME SBIISIOTCS /1BA
BEKTOpa, yrojl MeXAy KOTOpbIMU paBeH 90
rpaaycoB. UToObI onpeenTh
185 Kakue BeKTOopbl Ha3bIBAIOTCS HEePHIEHIUKYIAPHOCTD JIBYX BEKTOPOB,
NEePIEeHAUKYISIPHBIME? HEOOXO0MMO BBIYUCIUTH UX CKaISIPHOE
npousBenenue. Eciu oHO paBHO HYIIO, TO
MO>KHO CJieJaTh BbIBOJ, YTO JAHHbBIE BEKTOPHI
HEepIEeHIUKYIISIPHBI.
CkasiipHBIM [TPOU3BEIEHUEM JBYX BEKTOPOB
Ha3bIBACTCSl YUCIIO, PABHOE NIPOU3BEACHUIO
JUIMH 3THX BEKTOPOB Ha KOCHHYC YIJla MEXy
HUMH.
186 | IeMYy paBHO cKanspHOe NpoH3BE/IeHHe Dopmy1a BEMACIEHHS CKaIPHOTO
BEKTOPOB? IIPOU3BEACHUS B‘_:eKEOpO_l? no
onpenenenuo: & b = |a| - [b|cosa
dopmyiia BBIYUCICHUS CKATSIPHOTO
TPOU3BEEHH BEKTOPOB Tepes
KOOPIMHATHI: © b =xax +yayy + Xaxg
187 Haitaure 3HaueHus BbIpaKeHUS 3\/ 216 -125 30
188 P.CI_HI/ITG TPUTOHOMETPUUECKOE YPaBHEHHE n + ok k€Z
sinx = 1. 2
189 | Haiinure 3HaYCHHE BRIPAKEHUS 2109210 10
190 T-I‘(}eMy paBHa nipousBoaHas GyHkiwun f(x) = Ax3 + 152
x* +5x3 + 1.
Ha xneruatoii 6ymare ¢ pa3MepoM KIIEeTKU
191 | 1x1 n306pakéH mapauieaorpamMmm. 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.

! 1
—_ W

195

YcTaHOBUTE COOTBETCTBUE MEXKIY
rpadukamMu 1 QYHKIHUSAMH, KOTOPBIE UX
3a/1a10T.

196

Y CcTaHOBUTE COOTBETCTBUE MEXKIY
dbopMynamMu u BUAOM QYHKIUH.

U:JU'J3>U:J°|1> w T >
N’—‘w»l—x-';l\)
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[Tnomans cTpOUTENHHOTO y4acTKa
MPSAMOYTOJIbHON (opMbl UpuHOi 40 M
cocranisieT 3440 M2, Y4acTok HE0OX0IUMO
oOHecTH 3a60poM 1o nepumerpy. CTOUMOCThb
1 m 3a60pa cocrasisier 500 py6. Kakas
CyMMa oTpedyeTcs 71l CTPOUTENHCTBA
Bcero 3abopa? OTBeT naiiTe 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
TMHUAMH y = 4/X + 2; y = 6; X = 4. Kakyto
CYMMY MOXET MOJIY4YUTh CTPOUTEIbHAS
KOMIIaHHUS 32 BCKallbIBaHUE KIIyMOBI, €CITH 3a
Kaxbpii 1 M> KOMIaHuu BeimiaunBaercs 500
py6.? OTBet naiite B pyo.

3200

199

Kaxkoit Tunm cummeTpuu Habto1aeTcs Ha
3nanuu MI'Y, n300paskeHHOM Ha pUCYHKE?

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 paguany (o6o3Havaercs 1 paxm), ecnu nyra,
Ha KOTOPYIO OH OIIMPAETCs, PaBHA PanyCy
oKpyxHOCTH. Tak, MoyHbII 060pOT, paBHbII
360° B rpalyCHOM U3MEPEHUH,
COOTBETCTBYET 2 T

B PaJMaHHOM M3MepeHMH. | paanan npubius
WUTEJIBHO paBeH 57 rpagycam.
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CuHyc, KOCUHYC, TAHT€HC U KOTAaHT€HC YIiia

Cunyc yria — 3TO OTHOIIEHHUE
MIPOTHBOJIEKAILETO (JaTBHET0) KaTeTa K
THIIOTCHY3E.

Kocunyc yrina — 310 oTHOLIEHHE
npuiexaniero (0JIM3KOoro) Karera K
THIIOTEHY3E.

TaHreHc yriia — 3T0 OTHOIIICHUE
MIPOTHBOJIEKAILETO (JaTBHET0) KaTeTa K
npwiexamiemMy (0Iu3Komy).

KoraHreHc yria — 3T0 OTHOILLIEHHE
npuiexaniero (0JIM3KOro) Karera K
MIPOTHUBOJICKAIIEMY (TATBHEMY).

202

OcCHOBHBIE TPUTOHOMETPHYCCKUEC TOXKIACCTBA

sinfa+cos?a=1

tea-ctga=1

203

@dopMyIibl TPUBEICHUS

DopMyIibl IPUBEACHUS NTPEAHA3HAYEHBI IS
TOrO, YTOOBI MIPHUBCCTHU TPUTOHOMETPHUICCKYIO
(GYHKIIHIO TPOU3BOJIBHOTO yIiia K
TPUTOHOMETPUUECKON (PYHKIIMU
HAaVUMEHBIILIETO U3 YIJIOB.

@opmyJl MPUBEAEHUSI MHOTO, HO BCE OHHU
NOJYMHSAIOTCS ABYM IPAaBUIIAM:

[IepBoe npasuo:

(+a), (X4

Jlns aprymeHToB 2 z GyHKIMSA
MEHsIeTCS Ha KO YHKIIUIO, T.€. CHHYC Ha
KOCHHYC U Ha000pOT, TAHTEHC HA KOTAHTE€HC
1 Ha00OpOT.

JIs1st apryMeHTOB (ta) 2rta) byHKIUS HE
MEHSIETCS.

Bropoe npaBuito (st 3HaKa MPUBEICHHON

dyukimm, Gyrkipy yria &),
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 cipasa).

0= o< 90°
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[Ipocreiiirie TPUTOHOMETPUYECKHE
YpaBHEHUS

[Ipocrelmmmu TPUrOHOMETPUYECKUMU
YPaBHCHHUAMU ABJIAKOTCA TAKUC YPABHCHUA,
KOTOpBIE 3aMKCaHbI B BUJIE:

sinf(x)=a
cosf(x)=a
tgf(x)=a

ctgf(x)=a

3n1ech a npeAcTaBiIseT co00l HEKoe
MMOCTOSIHHOE YHUCJIO.

f(x) sBHsieTCsA KaKoH-TO (PyHKIIMEH, KOTOpas
OIIPEIIEAETC NCKOMOM nIepeMeHHoM X. K

puMepy:

flx)=x
flx)=2-x
flx)= TH
[IpaBuio 1

B Tom ciydae, korja ypaBHCHHsI 3aIIFICAHEBI B
suge: SINf(x)=a, cosf(x)=a_ouy

00J1a/1at0T CMBICTIOM TIPH —lTza=1 ..

[Ipasuio 2

Ecnu ypaBHeHus umeror BuI:tg x = a, ctg x =
a, TO TAKKE YPABHEHHUS CIIPaBEIIUBBI IIPU
JTH00BIX 3HAUEHHUSAX, KOTOPbIE IPUHUMAET a.
Pemienus ypaBHeHus, KOTOpOE UMEET BUJ Sin
X=a

» .
OObI4HAA (DOPMA 3aNWUCK PeLLeHuA X= (*1) arcsin g+ WL, ne 2

Bonee yaoOHan opMa 3anuck x =aresin ¢ + 2w, ne Z,

pelueHus x, = —aresin e+ x+ 2an, ne 7

B cnyuae, komia g E[—l;l] YpaBHEHHe pellenmi He

QOrpatu4eHna Ha ucno o
meeT

Fpacmyeckoe 060CHOBaHNE DELUEHNA YPABHEHUA sinx =a

Pemenns YpaBHCHHA, KOTOPOC UMECT BHU[ COS
X =a:
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OObI4HAR (HOPMA 3ANHCH PELIEHHA

X=tarccos d+2m,REZ

Bonee yRo6Has (hopma sanuci

peLleHns

x) =arceos a+2m,neZ,

Xy = —arecos a+2an, ne Z

Ben
Qrpanuyenns Ha wucno d

y4ae, korja o ez[—l;l] . YPaBHeHHe peLUenmil He

UMeeT

peLeHia yp;

cosxy =a

= a:

Pewenust ypaBHeHus,

KOTOpO€ UMEET BUJ tg X

OGbi4Has (hopma 3anncH pelleHns

x=arctga +wr,ne”

Bonee ynobHan (hopma 3anucy pelueHus

x = arctg g+ 2w, ne Z,

xy=arctg g+ n+2mwi,ne 7

OrpaHuyeHus Ha wucno

OrpaHH4eHmni HeT

X =a:

PELIEHNA Y tgx=a
Y
1
a
xl
-
0 X
x3
ocb
TaHreHCoB

Pemenus YpaBHCHUA, KOTOPOC UMECT BU/ Ctg

OObIYHAR (HOPMa 33MMCH PELIEHHA

L=arcctga+mneZ

bonee yaoOHas QopmMa 3annck peweHna

xy = arcetg o+ 2an, ne Z,

xg=areetg a+ A+ 2w, ne

OrpaHH4eHna Ha Yucno

OrpaHUyeHmii HeT

rpag ¥p:

OCb KOTaHFEHCOB

ctgx =a

¥

YacTtHbie clydyan

YpasHeHwve

Pewenue

sinx =0 x=nk, ke
sinx = 1 x=%+2ﬂ,kez
sinx = -1 =~§+mm.kez
cosx =0 X

=%+M.kez

Cosx

[}
—

X=2rK, ke Z

cosx = -1 X

=nx+2rk, ke Z
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Omnpenenenue u criocoObl 3a1anus (PyHKITHH.

DYHKIUA — 3TO 3aBUCUMOCTb OJTHOM ITepeMe
HHOM BEJIMYMHBI OT Apyrou. M3sectHoe
ob6o3HaueHue y = f (X) UL BRIpOKAET HUJICIO
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.

UrtoObI 3a1aTh (PYHKIMIO, HY’)KHO yKa3aTh
CHoco0, ¢ TOMOIIBIO KOTOPOTO AJIsi KaXKIO0Tr0
3HAUEHUS apTyMEHTa MOXKHO OBbLITO ObI HAUTH
COOTBETCTBYIOIIIEE 3HAaUCHHE (DYHKIIUU.
Nmeetcst ueTpipe OCHOBHBIE CIIOCO0A 33 JaHHS
¢byHKIUYU: 1) aHATUTUYECKUI; 2)
rpadguyeckuii; 3) TaOIUYHBIN; 4) CIIOBECHBIM
OIHMCAaHUEM.

206

CaoiicTBa pyHKINN

CoiicTBa (yHKIMH

3Hasi CBOMCTBA ONpeAeaEHHOTO BUIa
(GyHKIMH, MOKHO TPEICTAaBUTD, KaK
BBINIAIUT (DYHKIIMSL, KaK OHa ceOsl BesIeT.
CBolicTBa IOMOTatOT

HaM XapaKkTepu3oBaTh (QPyHKIHH.

OBJIACTD OIIPEAEJIEHUA U
3HAYEHUI ®YHKIUU:

O6nacte onpeaenenust pyukiuu (D(y)) — ato
TE€ apryMEHTBI, KOTOPbIE MOKET MPHOOpETaTh
¢yskus. MHaue roBops, 3TO BCE BO3MOXKHBIE
abciucchl e€ TOUeK.

O6nacts 3Hauenuit pynkuuu (E(y)) — 1o Te
3Ha4eHUs QYHKINHU, KOTOPbIE MOTYT
CYLIECTBOBATh JUIsl JaHHOW (QyHKIMU. MHaue
rOBOPS, 3TO BCE BO3MOXKHBIE OPAMHATHI €€
TOYEK.

OI'PAHMYEHHOCTD:

OrpaHU4YeHHOCTb — 3TO CBOMCTBO (DYHKIIUH,
KOTOpPOE OMHUCHIBAET, C KAKOM CTOPOHBI MOKET
«pactu» rpadpuk.

Hanpumep, napaboia, BeTBH KOTOPOit
HanpaBJIeHbl BBEPX, BCeraa Oyaer
OorpaHHYeHa CHU3Y, KaKk Obl MbI €€ HE
IepeMeIaIN [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
OrpaHHuYE€HA Cpa3y C HECKOJIbKUX CTOPOH, T.K.
MOJKET CYILIECTBOBATh TOJIBKO B OJJHOM
YETBEPTU KOOPANHATHOMN IJIOCKOCTHU:
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HEIIPEPBIBHOCTHD:

3TO CBOWCTBO rOBOPUT HAM O TOM, €CTh

JM pa3pbIBbl Y QYHKIMH.

Jluneiinast, KBagpaTU4Hasi GYHKIUS U
(YHKLMS KOPHS SBJISIFOTCS HENPEPhIBHBIMM,
KOT'/Ia B CBOIO ouepe/b QyHKIUS 00paTHOM
IPONOPLHUOHATIBHOCTH UMEET PA3PHhIB.
[IpsiMast 10 KOTOPOM IPOXOAUT pa3pbiB
Ha3bIBAETCSI ACUMIITOTOM.
MOHOTOHHOCTDb:

MOHOTOHHOCTb — 3TO XapaKTepUCTHKA
rpaduka GyHKIUH, OMUCHIBAIONIAS €TI0
IPOMEXKYTKH BO3PACTaHUs U YObIBAHMSL.
OyHKIUSA BO3pACTACT — €CIU (PYHKITUS
«IIOJTHUMAETCS» CJIEBa HAIpPaBo.

@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, TOT/A
TOBOPSIT, YTO (PYHKIIUSI MOHOTOHHO
BO3PACTaeT WJIK 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 ¢pyHkuus Bo3pacTaer, a HoTOM yOBIBaeT,
TO TOYKA MEXKIY TAKUMHU IPOMEXYTKaMU
Ha3bIBAETCS TOYKOM MaKCUMyMa.

Ecnu ¢ynkuus yOsiBaeT, a HOTOM BO3pacTaer,
TO TOYKA MEXKIY TAKUMHU IPOMEKYTKAMU
Ha3bIBAaETCs TOYKOM MUHHUMYMa.
HAWBOJIBIIEE 1 HAUMEHBIIEE
3HAUEHUE ©YHKIUN:

Haumensbiiee u Hanbosblee 3HAYCHUE
(YHKIIUU TTOKa3bIBAIOT, JUISl KAKUX
apryMEHTOB 3HaueHUs (PYHKIMH HauOoJIbIINe
WM HauMEHBUINE.

[NPOMEXYTKHN 3HAKOITOCTOAHCTBA:
[TpomexxyTku

3HAKOIOCTOSIHCTBA TOKA3bIBAIOT, HA KAKUX
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MPOMEXYTKaxX (DYHKIUS MOJOKUTENbHAA, a Ha
KaKuX (YHKLUS OTpULIATETIbHAS.
YETHOCTb ®YHKIMU:

YerHast QyHKIUSA — 3TO QyHKITHS,
cumMetrpudHas ocu Oy. B Takom ciydae f(—
X)=f(x).

Heuetnas pyHkius — 310 GyHKIINSA,
CUMMETpUYHAs HaYaJly KOOpAUHAT. B Takom
ciydae f(—x)=—f(x).

[Tpumepom yeTHOH PYHKITUN MOXKET CIYKHUTh
KOCHHYC WM napadoJia, BEpIInHA KOTOPOH
Haxoautcs Ha ocu Oy. B Takom cityuae eé
BeTBU cuMMeTpuyHbI ocu Oy.

Ecmu st pyHKImy He cobmoaaeTcss Hu 0JTHO
U3 3TUX YCIOBUM YETHOCTH, TO €U

Ha3bIBAIOT HU YSTHOHN, HU HCUETHOM HIIH
¢dbyHkIuel obmero BUA.
HNEPUOANYHOCTD:

[epuonnunas GyHKIUS — 3TO GYHKIHS,
rpaduk KOTOPOH BU3YaJIbHO TIOBTOPSIETCS
yepe3 OnpeeEHHbIN IPOMEXKYTOK. ITOT
MPOMEKYTOK HA3bIBACTCA MEPHOIOM.
[Ipumepom nepuoIndHbIX QYHKIUN
SIBJIIFOTCSI TPUTOHOMETPUYECKHE (DYHKIINU.
Paznnunble rpaduku nMeroT cBOM Habop
XapaKTePUCTHK, TO3TOMY, YTOOBI MOHSATh, KaK
BeJIeT ce0s1 KOHKPETHBIN rpapuK, HyKHO
YUUTBIBaTh COBOKYITHOCTB BCEX €r0 CBOMCTB
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Anroput™ uccienoBaHus pyHKIUN

AnropuT™ uccienoBaHus pyHKINUU
I. Haiftu oGnacth onpenenenus, 001acTh
3HaYEHUN QYHKIHHU.
II. MccnenoBats Ha HENPEPBIBHOCTH. HailTn
TOUYKH pa3pbiBa U ONPEAETUTH UX POJ.
I1I. Haiitn acumMntoTs! rpaguka GyHKIHU.
IV. BeisicHuTh 0651a1a€T 11U rpadux
cBorictBamMu cuMmmeTpun. MecnenoBars
(YHKIIHIO HA YETHOCTb, HEUETHOCTbD.
V. UccnenoBats QyHKIIMIO HA
MIEPUOJUYHOCTb.
V1. Haiitu Touku nepeceueHus rpapuka
(YHKIIHU C OCSIMU KOOPJAWHAT U BBIICHUTD
pacroyioxxeHre (QyHKIIMH OTHOCUTEIHHO

oCcH 0X .

VII. Haiitn npoMeXyTKu MOHOTOHHOCTH U
IKCTPEMYMBI (DYHKITUH.
@yHKIMA BO3pACTAET HA NHTEPBAJE, €CIIN Ha

/
f'(x)>0
3TOM MHTEpBAJE .
OyHK1Ms yObIBaET Ha UHTEpBAJIe, €ClI Ha

f'lx)]<0

9TOM MHTEpBaJIE
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AJTOpPUTM HaXOXAECHUS TOYEK HIKCTpEMyMa
byHKIIIN

1. Haiitu nmpon3BoHy0 GYHKIMH U
IIpUPaBHATH €€ K HyI10. Pemas nonmydeHnoe
ypaBHEHUE, HAUTU KPUTUYECKHUE TOUKH.
2. Y6enuTbes B TOM, YTO KPUTHUECKUE
TOUKH NMPUHAATIEKAT 00IaCTH ONpeesIeHUs
¢byHKIMU (eci HE IPUHAIIIEKAT, TO HE
SIBJIIFOTCSI TOYKaMH 3KCTPEMYyMa).
3. Paz06uth 0bnacTe onpeneneHus
(GYHKIIUU KPUTUYECKUMU TOYKaMHU Ha
MIPOMEKYTKH.
4. OnpenenuTh 3HaK TPOU3BOIHOM
(YHKINY Ha KaKIOM MPOMEXKYTKE: €CITH 3HAK

X
IIpU Nepexoe 4€pe3 TOUKY 0 cmeHuncs ¢

X
“+” Ha “-”, To Touka 0 - TOuKa MaKCUMyMa.
Ecnu 3Hak npu nepexojie uepes

¢ 9

X
Touky ~ 0 cMeHmiics ¢ - Ha “+”, TO

X
Touka "V - Touka MuHMUMYMa. Eciv 3HaK He

U3MEHSETCS, TO B TOUKE X0 JKCTpPEMyMa HET.
5. Haiitu 3nauenus QpyHKUMN B TOUKAxX
JKCTpEMyMa.

VIII. Onpenenuts NpoMeXYyTKH BHITYKIOCTH
¥ BOTHYTOCTH (pyHKIMH. HaliTu TOUKH
neperuda QpyHKINH.

= X
Oynkuus y=f ( ) - BBIITyKJIas Ha
MHTEpBaJIe, €CIU B JIF000I TOUKE 3TOT0

”

f(x) <0
UHTEpBaa .

= X
OyHKIUSA y=f ( ) - BOTHYyTas Ha
MHTEpBaJIe, €CIU B JIF000I TOUKE 3TOT0

f’(x) <0
WHTEpBaja .
AJTOpPUTM HaXOXJACHUS TOUEK Iepernda
byHKIIIHN
1. Haiitu npon3BoaHyIO BTOPOTO
MOpAJIKA U IPUPABHATH €€ K Hymo. Pemas
MOJIy4€HHOE YpaBHEHHE, HATH a0CIUCCh
TOYEK MOJ03pUTEIbHBIX Ha reperud (B

»
HHX f ( x) " 7 WM He CYIIECTBYET).
2. Y6eauThCs B TOM, YTO aOCIIMCCHI
TOYEK, MOI03PUTENHHBIX Ha Meperud
MIPUHAIISKAT 00JIaCTH OTPEICIICHUS
GbyHKIUY (eciu He IPUHAIIekKAT, TO He
SIBJISIFOTCSI a0CITMCCaMU TOYEK Tiepernoa).
3. Paz0outh 061acTh onpeneneHus
(YHKIIUY NOJTYyYeHHBIMU 3HAYCHUSIMH Ha
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WHTEPBAJIbI U HAWTH 3HAK MPOU3BOTHON
BTOPOTO MOPSIKA HA KAXKJIOM UHTEPBAJIE.
Ecnu npu nepexone uepes

X
TouKy ~ 0 MpOW3BOJHAS BTOPOIO MOPSIIKA

MEHSIET 3HaK, TO Xo _ abciycca TOUKU
neperuoa.

4. Haiitu opauHaThl ToUek neperuoa.
IX. Eciin HeoOX0 MO HAUTH 3HAUCHHUS
(YHKIIMM B HECKOJIBKUX TOUYKAX,
MIPUHAIISKANTUX 00JIACTH ONIPEICIICHUS
X. I1o maHHOMY HCCJICIOBAaHHIO TTOCTPOUTH

rpaduk QyHKIHU.

208 | Crenennas ¢pyHkuus, e€ cBoiictBa u rpaduk. | CreneHHON (YHKIMEH HA3bIBAIOT TAKyIO
(GyHKLHIO, KOTOpasi UMEET BU:

y=x"

['ne a sBisieTcs mokaszaresaeM CTENeHU U
JIeHCTBUTEIEHBIM YHCIIOM.

CrenenHast GyHKIUS MOXKET IPUHUMATD
CHEAYIOLIMI BUA:

v = kx“

3nech k urpaet poiab HEKOTOPOTO
K0d(duUIMeHTa, OTIMYHOTO OT HYJIS.
Ha ocHOBaHuM onpeieneHust pacCMOTPHM,
Kakue (GYHKLUU SBJISIOTCS CTEICHHBIMH.
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
IIOKA3aTeJIEM a B BUJIE 1IEJIOTO
MOJIOKUTETIBHOTO YHCIIa, TO TaKash QyHKIUS
paccMaTpUBAETCS HAa BCEM YMCIOBOM NIPSAMOM.
B tom cnyuae, kora rnokasaresb a SBISETCS
OTPHIIATENIbHBIM, CTENIEHHAs (DYHKIIHS HE
onpeneneHa B HyJe. [Ipu 5ToM Hynb
MIPEJCTaBISAET CO00H 0COOYIO TOUKY
CTENEeHHON (YHKIIUH.
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PanmonanbHbIl MOKa3aTelb a IpU YCIOBUH,

n=§mnm
qTo , OIIPECACIIACTCA B
3aBUCUMOCTH OT CHCZ[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

plg o
byHkus A ompezieNieHa Ha Bcel
YHUCIIOBOU NPSIMOM;

. npu He4eTHOM q U p<0

plg o
byHkus A ompezieNieHa Ha Beer
YHUCJIOBOM IIPSIMOM, 33 UCKIIFOUEHHUEM HYIIS;
. npu 4eTHOM q U p>0 obaacTh

pig
orpezencHus X COOTBETCTBYET
HCOTPpULATCIIbHBIM X,
. npu YeTHOM q 1 p<0 moydum,

plq
910 X OIIpEeICTISICTCS IPH
TIOJIOKHUTEIBHBIX X.

Korza crenennas gpynkuus £ umeer
BEILECTBEHHBIN ITOKAa3aTenb a, 001aCThIO
onpeaenenus saeisercs x>0. [Ipu a>0
(GYHKIHS OTIpeNeNseTcsl ¥ B HyJIeBON TOUKE.
Korna n HeuetHoe, rpaguku GyHKIIUH
SIBIISTFOTCS IIEHTPATbHO-CUMMETPUIHBIMHA T1O
OTHOILIEHMIO K Havaly KOOpJIUHAT, TJie TOUKa
neperuba. Eciu n npuHUMaeT yeTHoe
3Ha4YeHHUE, TO U CTeTeHHast (PYHKIMS SIBIsAETCS
YETHOM, TO €CTh:

(—=x)"=x"
I'paduk Takoi GyHKIIMU pacnoNoKeH
CUMMETPUYHO 110 OTHOLIEHHIO K OCH
OpJMHAT.
PaccmoTrpuM cityyaii, KOrna HaTypajbHbBIN
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
— a1 —
y=x =—
byHKIHS X Ha rpaduke
MPUHUMAET BUJ TUIIEPOOIIBI TOPSAKA N.
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Korna n HeueTHOe, OCH KOOPJIMHAT UTPAIOT
poJib acuMnToT rurepoos. Eciu ke n uetHoe,
aCHMIITOTaMH CTaHYT OCh a0CIHCC U OCH
OpAMHAT, KOTOPBIE MOJIOKUTEIBHO
Hanpasiensl. [Ipu nokasarene co 3HaueHueM
-1 Oyner nonyuena pyHkIus B BUIE
00paTHON NPONOPLUOHATBHON 3aBUCUMOCTH
BHJIA!

_k
Y X

Ecnu a npuHuMaeT HyneBoe 3HaYeHHE, TO
noJtydaercsi QyHKIUS B BUAC KOHCTAHTBI
KpaTKOM 3alluCH:

y=1.

Tpachukn cTeneHHoR MyHKUMK ¢ = x” NPH UENOYHCIIEHHOM NOKasaTene n.

MapaBonkl nopAgka n: MmnepBonkl nepagka n
Wr=0
Hr=1

Bo3zBecTu X B cTeneHb, KOTOpast ABJISAETCS
paOHaIbHBIM YHCIIOM, MOKHO C IIOMOIIBIO
JaHHOM (popMyIIBI:

xPe=5xP.

[Ipu 3HaueHuu p=1, QyHKIUS sABISIETCA
apu(pMeTHYECKIM KOPHEM CTEIEHH (:

F:}(“Ir‘-:r:%q

" " i AOHAN - & - Gan 3/2
Mpachiist CTeneHHLX ByHKLW C PALMOHAbHSIM NonykyGhuecke napaGons y = az

nokasatenam

Uccnenyem crenernyo GyHKIIUIO Ha
MOHOTOHHOCTb:

. IIPOMEXKYTOK 0,2) ormeuen
MOHOTOHHBIM BO3pacTaHueM QyHKIUH, €CITU

a>0;
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. Ha TIPOMEKYTKE (0,00) GyHKIHSA
MOHOTOHHO yObIBaeT npu a<(.

209

[TokazaTenpHas GyHKIHS, €€ CBOMCTBA U
rpadux

— X
=a
OyHKIHUIO BUAA ¥ ,
a=0_a=x1l .
rae u Ha3bIBAIOT [10KA3aTEIbHON
¢byHKIHEH.

y=2.y=3y= ()
Hanpumep: “m

PaccmoTrpuM niepBslii cirydaii, Koraa

T. O.

cax=1
OCHOBAHHUE CTEIIEHU OOJIBIIE €IUHUILIBI:

X—=

Puc. 1. I'paduk nokazarenbHON GyHKINH,
OCHOBAaHME CTEIICHH OOJIbIIE SAUHHIIBI
OCHOBHBIE CBOMCTBA JAHHOI'O CEMENCTBA
GbyHKINI:
Oo0iacTe

D(y) = (—o0;+o0),x ER,

O0acTh 3HAYECHUI: E(y) = (0; +o0).y > ﬂ;

@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
OCHOBAHHE CTEIICHU MEHBIIIE

OIIPCACIICHUA:

0=—a=1,
CANHUIIBI .
1% 3x 1%
= : ’}:r - — ’}:r g
Hampumep: = § T MT. I
Ty

X—
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Puc. 2. I'paduk nokazarenbHON (yHKIINH,
OCHOBAHHUE CTENICHU MEHBIIE €AMHUIIBI
CBoiiCTBa TAHHOTO CEMECTBA (DYHKIIHIA:
Obnactb

D(y) = (—o0;+00),x €R,

OO0J1acTh 3HAYEHUH: E(y) = (0; +o0),y > ﬂ;

OyHKIIUA YOBIBACT, T. €. OONBIIEMY
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
HYJTIO.

OIpeICTICHUSI:
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Jlorapudmuueckast GpyHkus, e€ cBOHCTBAa U
rpaduk.

OyHKIMIO, 3a1aHHYI0 popMmyioit y=logax,
Ha3bIBAIOT JIOTapu(PMUIECKOi yHKIUEH ¢
OCHOBAHHUEM a.

(a>0,a#1)

y = log,s

0<a<1

OcHOBHBIE CBONCTBa JIOrapu(pMUIECKOM
byHKIUU:

1. Obnactp onpeneneHus JorapuGMuiaeckoi
(YHKIIAU - MHOYKECTBO BCEX TTOJOKHUTEITBHBIX
qucen.

D(£)=(0;+0);

2. MHOXecTBO 3HaYSHHH JIoraprupMuIecKon
¢byHKIIMYU - MHOXKECTBO R Beex
JeMCTBUTENLHBIX YUCE].

E(f)~(—o0; +20);

3. Jlorapudmuyeckas GpyHKIMS Ha BCer
o0J1acTu OmpeaeIeHus! BO3pacTaeT

npu a>1 nunm yosiBaeT

npu 0<a<lI.

OO6paru BHUMaHueE!
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Jlorapudmudeckast GyHKIMS HE SIBISETCS HU
YEeTHOM, HU HEUETHOM; HE UMECT HU
HauOO0IbIIEro, HI HAUMEHBIIETO
3HAUEHUH; HE OTpaHUYCHA CBEPXY, HE
OrpaHHYeHa CHU3Y;

I'padux nroboit norapudmuyeckoit
byHKIMH y=l0g.X IPOXOAUT Uepe3
Touky (1;0).
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DyHKIUA y = Sin X, €€ CBOWCTBA U rpaduk

DyHKIIKA y=SinX ompenesreHa Ha BCei
YUCIIOBOM MPSAMOM, SIBJSETCA HEUETHON U
MEPUOUYECKON C MEPUOJIOM 2T.

I'padux 310if HyHKIIMH MOXKHO OCTPOHUTH
TaKUM XKe CII0CO00OM, KaK U

rpaduk QyHKIMH Y=COSX, HAUHHAS C
MIOCTPOCHUS, Hanpumep, Ha otpeske [0;m].
Opnako npoie NpuMeHUTb

bopmyiy sinx=cos(x—m/2), koTopas
MOKa3bIBAET, YTO Ipauk

(GYHKIIUU y=SINX MOKHO MOJYYHUTh CBUTOM
rpaduka GyHKIUN Y=COSX BIOJb OCH
a0cIucc BIIpaBo Ha 1/2

I'paduk GpyHkunm y=sinx

KpuBas, sBnstoniasics rpapuxkom

(GYHKIMU y=SinX, HA3bIBAETCS] CUHYCOMJIOMN.
CaoiicTBa QYHKIIMH y=SInx

1. OGnacTh onpeneneHus -

MHOX€ECTBO R BCceX NENCTBUTENBHBIX YUCEI.
2. MHOXecTBO 3HaU€HUM - 0Tpe3oK [—1;1]
3. @yHKIMSA y=SInX NepuoanyecKas ¢
nepuoaoM T=2n

4. OyHKIUA y=sinX- HEUETHasl.

5. dyHKIMS y=SinX NPUHUMAET: - 3HaYEHUe,
paBHoe 0, mpu X=nn,n€Z - HauboJbIlIEe
3HaueHue, paBHoe 1, npu x=n/2+2nn,n€EZ -
HauMeEHbIIee 3HaUYeHUe, paBHOE —1,

npu X=—m/2+2nn,n€Z - MOJOXKUTEIIbHbIE
3HaueHus Ha uHtepsaie (0;m) u Ha
WHTEpBaJlax, MOJIy4aeMbIX CABUTAMU 3TOTO
WHTEpBaja Ha 2nn,n€Z

- OTpHULIaTeIbHbIEC 3HAYEHUSI Ha

uHTepBae (7;21m) 1 Ha UHTepBajax,
MOJIy4aeMbIX CABUTAaMHU 3TOT'O HHTEpBaja
Ha 2nn,nEZ

6. OYHKIMS y=Sinx

- BO3pAcTaeT Ha OTPE3KE
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[—n/2;7/2] u Ha OTpe3Kax, MOTyIaeMbIX
CIBHUIaMH 3TOr0 OTpe3Ka Ha 2nn,n€Z -
yOBIBaeT Ha OTPE3KE

[1/2;371/2] 1 Ha OTpe3Kax, MOTyJaeMbIX
CIABUTaMH ATOTO OTpe3Ka Ha 21tn,nEZ
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@DyHKIMSA Y = COS X, €€ CBOMCTBA U Irpaduk

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:
cos(-x)=cos(x). ITO 3HAYHUT, 4TO PYHKIIHS
y=cos(X) — 4eTHas1. JJokaxkeM 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 10 BEJIMYUHE U 3HAKY, KaK H UX
KOCHHYCHI: cOS(-8)=CO0s(S).

v
N
\
}
0 | 1 x
M
2. [Ipu mr000M 3HaUEHNHU apryMeHTa 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. [Ipu mr000M 3HaAUEHNHU apryMeHTa X
crIpaBeIUBO: cos(X+m)=-cos(x). Touku,
COOTBETCTBYIOIIIME YHCIIaM X U (X+7) Ha
€IMHUYHON OKPY)KHOCTH, PACIIOJIOKEHBI
CHMMETPHYHO OTHOCHUTEIILHO Havaja
KoopauHaT. Takue TOUKM UMEIOT OJIMHAKOBBIE
0 BEJIMYMHE, HO pa3HbIe M0 3HAKY aOCIHCCHI.
[Monyanm cos(x+m)=-cos(x).

| ¥
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[TocTpoenue rpaduka, 06J1acTh ONpeaeICHUS
Jist mocTpoeHus rpaduka Oyaem 3aaaBaTh
3HAYCHUS ICPEMEHHOM X U BBIYUCIISATH
3Ha4YeHUs1 QYHKLIUU y=COS(X).

I'paduk KocuHyca UMEET BUJIL:

1

y=c0s(x)
X
| |
0

i
2

wlg
;
<
I
ST
4
g

ITo rpaduky BHIHO, YTO apryMeHT (DYHKIIUN
MOKET IPUHUMATB JTF000E 3HAYCHUE, TO ECTh
o0JacTe

onpeenenus: O (cosba) = (=00; +20). 3y,

YEHMS CaMOT'0 KOCHHYCa MEHSETCs OT -1 1o
+1, npu 3TOM rpaHUYHbIE
TOYKH:

Vuaus=cosmn)=1ny,. . =cos(m+2m
. Elcos(x))=[-1;1]

. OGnacTh 3HaYCHUH: .

Hccnenyem GpyHKIMIO HAa MOHOTOHHOCTS. J{7st

9TOTI'O IIPOBEACM KaCaTCIbHBIC al ubl x

rpaQuKy y=cos(X) B TOUKax x €[-m; 0] -
KacaTembHELe a2 1 b2 B TOUKaxX €(0; m].
y
Az a
\\

Bunno, uto npsimbie al u bl o6pasyror ¢
ocbto OX ocTpble yribl, a IpsaMble a2 1 b2 —
Tymble. 3HAUUT Y=COS(X) BO3pacTaeT Ha
[—m+2mn; 2nmn]
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 2,

Ilycts n=1,
cos(x—2m =cos(x)=cos(x+2m)

, TJIe N — IIEJI0E YHCIIO.

TOrja:
[Tonyuyunu BeIpake€HUE, ONPEIEIIAIONIEe
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flx+T)

MEPUOANYECKYI0 (PYHKITHIO BUAA rae
T — nepuog.

CnenaeMm BBEIBOJ,.

OyHKIUS y=c0S8(X) SBISIETCS IEPHOTNUECKON

C IEPHOTOM I=2mmne’l,
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@yHKIMU y = tg X U y = Ctg X, UX CBOMCTBA U
rpaduKH.

OyHKIUS y=tg X, €e CBOHCTBA U TpaduK.
OyHKIMA y=tgx olnpeeneHa

P X#T/2+1n,nEZ, ABISETCS HEUETHON 1
NEPUOIUYECKOM ¢ IIEPUOJIOM T.

[TosTOMy 1OCTATOYHO MOCTPOUTH €€ TpaduK
Ha ipoMexyTke [0;7/2)

BribepeM ai1st MOCTpOEHUST KOHTPOJIbHBIE
TOYKH, Yyepe3 KOTOPbIE MPOBEAEM IIaBHYIO
KPHUBYIO Ha KOOPAMHATHOMN TNIOCKOCTH.
tg0=0 tgn/6=33/tgn4/=1/tgn/3=\3

3areM, 0TOOpa3uB €€ CUMMETPUYHO
OTHOCHTEJIBHO Hayaja KOOPAUHAT, OJyYUM
rpaduk Ha uHTEpBaNe (—1/2;1m/2)
Hcnonb3ys nepuoaudHoCTb, CTPOUM Ipaduk
¢GbyHKIMK y=tgx Ha Bcel o0macTu
OIIpeJIeJICHUs.

I'padux

(GyHKIMK y=tgX Ha3bIBAOT TAHT€HCOUIOM.
['maBHOI BeTBBIO Ipaduka

(GyHKIMN y=tgX 0OBIYHO HA3bIBAIOT BETBb,
3aKJII0UEHHYIO B osioce (—n/2;m/2)

CaoiicTBa pyHKINHN y=tgX

1. O6nacTh onpeaeseHnust — MHOKECTBO
BCEX JEMCTBUTEIBHBIX YHCEN XA/ 2+mn,n€EZ
2. MHO)€eCTBO 3HAYEHHUN —

MHO>KECTBO R Bcex NENCTBUTENBHBIX YUCET
3. OyHKIMA y=tgX NEepUOIAYECKAs C
IIEPUOJIOM TT

4. @yHKIMA y=tgX HEeUETHas

5. OyHKIUA y=tgX NIPUHUMACT:

- 3HaueHue 0, npu Xx=nn,n€Z;

- TIOJIOXKUTEJIbHBIE 3HAUEHUS Ha
HMHTepBajnax (mn;n2+nn),n€Z;

- OTpULIATEIbHBIE 3HAYECHUSI Ha

HWHTepBanax (—n2+mn;nn),n€Z.

6. @yHKIMS y=tgX BO3pacTaeT Ha
uHTepBanax (—mw/2+nn;n/2+mn),n€Z.
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OyHKIUA y=ctgX U €€ cBOMCTBa U rpaduk
DyHKIMA y=CtgX omnpejeseHa npu X#nn,nez,
SIBJIIETCS HEUETHOM U MEPUOINYECKOH C
MIEPUOJIOM T.

Paccyxnas aHamornyHo Kak npu MOCTPOSHUU
rpaduka GyHKIUU y=tgX, MOKHO IIOCTPOUTH
rpaduk QyHKIUU y=CtgXx.

I'paduk pynkumm y=ctgx, Kak 1 rpapux
(GyHKIUU y=tgX, Ha3bIBAIOT TAHT€HCOUIOM.
I'maBHO# BeTBBIO rpaduka

GbyHKIIUU y=ctgX 0OBIYHO HA3HIBAIOT BETBb,
3aKIIIOYEHHYIO B moJjioce oT X=0 10 X=T.

CoiicTBa pyHKIMH y=ctgX

1. OO0nacTh onpeIeIeHus] — MHOKECTBO
BCEX JICHCTBUTECIIHLHBIX YHCEII X£MN,NEZ

2. MHOX€eCTBO 3HAaUEHUN —

MHOKeCTBO R BCeX NEMCTBUTENBHBIX YHCET
3. @yHKIMS y=ctgX MepruoJuvecKas ¢
NIEPUOJOM T

4. OyHkus y=ctgx Heu€THast

5. @yHKUUA y=CtgX IPUHUMACT:

- 3HayeHue 0, npu x=n2+nn,n€Z;

- TIOJIOKUTEJIbHBIE 3HAUEHUS Ha
uHTepBanax (nn;n/2+mn),n€Z;

- OTpULIaTeIbHbIEC 3HAYEHUSI Ha

uHTepBanax (—mw/2+nn;nn),n€Z.

6. @yHKIMS y=ctgX yObIBaeT Ha
MHTEepBaJaxX (mn;m+nn),n€Z.
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OOpaTHbIe TPUTOHOMETPUYECKUE PYHKIINH

OOpaTHbBIe TPUTOHOMETPUICCKHE

(YHKITUU: apKCUHYC, aPKKOCHHYC,
APKTAHTEeHC U APKKOTAHTE€HC.

OyHKIHS apKCUHYC U ee Tpaduk
PaccmoTtpum cBoiicTBa QyHKIIMN apKCUHYC U
MOCTPOHM €€ TpaduK.

V = arcsinx

Onpenenenne. ApKCUHYCOM
Yyclia X Ha3bIBalOT TaKOE 3HAUYEHHUE yIuia y,
siny = x
JUISL KOTOPOTO
xe[—1;1]
ITpuuem KakK OrpaHUYEHUs Ha

87




3HaYEHUs CHHYCa, a KaK
BbIOpaHHBIN AHAMa30H YIJIOB.

OCHOBHBIE CBOMCTBA apKCHHYCA:
sin(arcsinx) = x xe[—1; 1]

1) 1pu )
arcsin(siny) =y

2) npu

OcHOBHBIE CBOMCTBA (DYHKIIUH apKCHHYC:
D(x) = [—1;1]
1) OGnacTh onpeneneHus ;

EG) =[-1:0]

2) O6nactb 3HaYEHUI ;
3) OyHKuus

arcsin{—x) = —arcsinx
He4eTHast - Oty
(dhopMyIy xerIaTenbHO OTAEIBHO 3alIOMHUTH,
T.K. OHA IOJIe3HA JUTSI TpeoOpa3oBaHui.
Taxxke OTMETHM, YTO U3 HEYETHOCTH CJIEIyeT
CUMMETPUYHOCTH rpaduka GyHKIUU
OTHOCHUTEIIbHO Hayalla KOOpMHAT;
4) ®yHKIMS MOHOTOHHO BO3pacTaerT.

Yy = arcsinx

IToctpoum rpacduk pyHKIMH
¥

O6patnm BHUMaHUE, YTO HUKAKOH U3
y4acTKOB rpaduka GyHKIUU HE TOBTOPSETCS,
a 9TO 03HAYAET, YTO aPKCHHYC HE SIBIISICTCS
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
Yrcya X Ha3bIBAIOT TaKOE 3HAYCHUE YITIa Y,
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COSy = x
JUIsL KOTOPOTO
xe[—1;1]
[Ipnuem KaK OrpaHUYeHUs Ha
ye[0;m]
3HA4YEHMs CUHYCA, a KaK BIOpaHHBIN
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;7]

2) O6nactb 3HaYEHUI ;

3) OyHKUMS HE SIBISETCS HU YETHOW HU

HEYETHOM, T.€. 00111ero

arccos(—x) = mw — arccosx

BUJIA . Oty
(bopMyIiTy TOXKE KelaTeIbHO 3alIOMHUTh, OHA
MIPUTOUTCS HAM TI03KE;

4) OyHKIUS MOHOTOHHO YOBIBaeT.

YV = arccosx

IToctpoum rpacduk pyHKIMH
¥

"

-1 u[ 1 x

OyHKIMS apKTaHT'€HC U €€ rpaPuK
PaccmoTpuM cBOMCTBa (DYHKIIMH apKTaHT€HC
Y TIOCTPOUM €€ Tpaduk.

Vv = arctgx

Onpenenenne. ApKTaHT€HCOM

YUClia X Ha3bIBAaIOT TAKOE 3HAYECHUE yIUia Y,
tgy = x xelR

JUIsL KOTOpPOro . [Ipuuem T.K.

OTpaHMYECHUMN HA 3HAYEHUS TAHT€HCA HET,

&9




ve(—3i3)

-
.

a KaK BBIOpAaHHBII Hana3oH
YTJIOB.

OCHOBHBIE CBOMCTBA apKTaHT€HCA!

tg(arctgx) = x xeR
1) npu ,

arctg(tgy) =y Y<(7333)
2) npu

OcHOBHBIE CBOHCTBA (DYHKIIUM apKTaHTCHC:

D(x)=R
1) OGnacTh onpeneneHus ;
E(p) = (552

2) O6nactb 3HaYEHUI ;
3) OyHKuus

arctg(—x) = —arctgx
HeyeTHas . Ota
(dopMyIa ToXkKe MoJie3Ha, KaK U aHAJIOTHYHbIE
ell. Kak B ciryqae ¢ apkCHUHYCOM, U3
HEUETHOCTH CJIelyeT CHMMETPUYHOCTh
rpaduka QyHKIIMM OTHOCUTENIBHO Havaia
KOOPJIMHAT;
4) ®yHKIMS MOHOTOHHO BO3pacTaerT.

V = arctgx

[Toctpoum rpadux GpyHKIIIN
¥

J!.

@OyHKIMS apKKOTaHTEHC U ee rpaduk
PaccmoTpuM cBoiicTBa QyHKIIMH
apKKOTaHI€HC U MOCTPOUM €€ TpaduK.
v = arcctgx

Omnpenenenne. ApKKOTAaHTEHCOM
YHUCla X Ha3bIBAIOT TaKOE 3HAYEHUE yria y,
ctgy = x xelR
IUIL KOTOPOTO . [Ipnuem T.K.
OTpaHMYCHUMN HA 3HAYEHUs] KOTAHT€HCa HET,
ye(0;m)
a KaK BBIOpAHHBIN JTUATIa30H YIJIOB.
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OcHOBHBIE CBOMCTBA apKKOTAHI€HCA!
ctg(arcctgx) = x xeR
1) npu ,
arcctg(ctgy) =y ve(0;m)
2) pu .
OcHoBHbIE CBOICTBA (DYHKIIMU apPKKOTAHTEHC:
D(x)=R
1) OGnacth onpeaeneHus ;
E(y) = (0;m)
2) O6nacTh 3HAYCHUI ;
3) OyHKUMS HE SIBISETCS HU YETHOW HU
HEYETHOM, T.€. 00ILETro BHAa
arcetg(—x) = w — arcctgx
. 3annoMHUTE U
3Ty (hOpMYITy, OHA HAM TOXKE IIPUTOIUTCS,
4) OyHKIUS MOHOTOHHO YOBIBaeT.
V = arcctgx

[octpoum rpaduk GyHKIHHA
Y

CooTHoIIeHUsI MeXAY 00paTHBIMU
TPUTOHOMETPHUYECKUMH () YHKIIHSIMU

Mex 1y pacCMOTPEHHBIMU OOpaTHBIMHU
TPUTOHOMETPHUYECKUMH () YHKIIHSIMU
CYIIECTBYET JIBa MOJIE3HBIX COOTHOILLICHHUS,
KOTOPBIE ITO3BOJISIIOT BBIPAXKATh OJTHY

GyHKIUIO Yepe3 APYryio:
K[

arcsinx + arccosx = E
T
arctgx + arcctgx = 2

Ha sToMm ypoke MbI ¢ BaMH paccMOTpenu
TaKoe MOHATHE KaK 0OpaTHas
TpUrOHOMETpHUecKas (QyHKLHUS, y3HAIU X
BUJIbI, CBOICTBA U MOCTPOUIIH TPA(UKH.

B npakTudeckoil yactu ypoka Mbl 3aliMeMCs
peoOpa3oBaHUEM BBIPAXKEHUH, COAEPIKAIINX
oOpaTHbIE TPUTOHOMETPUYECKHE (PYHKIINU.
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KOpCHB n-oi CTCIICHU, CBOMCTBaA paaruKajIoB

KopneMm n-oii cTenenu u3 HEOTPUIIATEILHOTO
yucna a (n=2, 3, 4...) Ha3bIBAIOT TaKOE
HCOTPUIATCIIBHOC YUCIIO, ITPU BO3BCACHUU
KOTOPOTO B CTENEHbD N MOJTYYACTCS YHCIIO a.
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Uucio a Ha3bIBAIOT OJAKOPEHHBIM YHCIIOM,
YHCIIO N — IOKa3aTesieM KopHa. Baxno, 4to
KOPEHb YETHOM CTEIEHU CYHIECTBYET TOIBKO
13 MOJIOKUTEIIBHBIX YUCEN, 3 KOPEHb
HEYETHOM — KaK U3 IOJIOKUTENIbHBIX, TAK U
OTPHIATEIbHBIX, [I09TOMY

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
camblif IPOCTON KOpPEeHb U3 uucia 3 Oyner
PaBeH JUTMHHOM IeCATUYHON Ipo0H,
OKPYTJIUB KOTOPYIO MOJYYHM JTUIIb
npuOIM3UTENIbHOE 3HaUYeHue. Takue yucia
HA3bIBAIOTCS UPPAIIMOHATLHBIMUA U HAMHOTO
ynoOHee mpeICTaBUuTh UX B BUJE paauKalia.

3Hak paaukaia e KaK pa3 U UCTOJIb3YIOT
JUTs1 0003HAYEHUS KOPHSI.

OcHOBHBIE CBOMCTBA

OCHOBHBIE CBOMCTBa KOPHSA N-0i CTENEHU C
npuMepamu:

0ra) = |al, n—vemo
1 a, N — HEYETHO K oneyn

b N-0l1 CTENEHU U BO3BEACHUE B ATY K€
CTETEHb, ITH ONEPALUH SBISAIOTCS
B3aMMOIIOTJIOLIAIOLIIIMHU, T0O3TOMY IIPH
M3BJICYCHUH KOPHSI U BO3BEJICHUY 3HAUYEHHUS B
CTEIIEHb, [10JIy4aeM HCKOMOE YHUCIIO a.
[Ipumep: BbIUKCINTE 3HAUYEHUE

I3
BBIPAYKECHUS ¥ -5.8) I[To cBoiicTBY

[10JIy4aeM 3HaYCHHE BBHIPAKEHUSI PABHOMY -

5,8.
2.5ab =Y a*YB, a>0,b >0.Mpumep: HaiTH aHaueHMe Bupaxenus: ¥/ 25 Y5 =¥ 255 = Y125 = 25.
: 3
fa_Va : e 2L _N2_3
3. b W. a>0,b>0. Npumep: HANTN 2HAYSHNE BbIPAXESHUA 3 % 5

4. @) =4a". Npumep: Haiimn snauerve suipaxenus: (2’ =Y2° =61 =1
5. 4% =1/, a 2 0. Npumep: naimu sHavsrne soipaxenus:y ¥ 129 =24/ 720 = Y729 =3.
6. R/a® =4/a¥, a>0. Npumep: HaiiTv aHadene suipaxetna: ¥ 8° = 23832 =382 = ¥64 =4.

7.5 —a =-%a, n—HeyamHo. NpumMep: HalTH 3HAUSHUS KOPHS: «3/ —T=-Y77T=-3
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Perienue uppanmoHanbHbIX YpaBHEHUI

HpparnnonanibHbIMY Ha3bIBAIOTCS YPABHEHUS,
KOTOpBIE CO/IEPKAT MEPEMEHHYIO 0] 3HAKOM
KOpHS.

Jli penieHust uppaMoHaIbHBIX YPaBHEHUH U
HEPABEHCTB MBI HCIIOJIb3YEM pa3INuHbIC
METO/Ibl U MTpHeMbl. BOT HEKOTOphIE U3 HUX:
MeTtoa noaACTaHOBKHU

DTOT METOJ1 3aKJIF0YAETCs B 3aMEHE
HpPPaLMOHAIEHOTO BBIPA)KEHUS HAa HOBYIO
MIEPEMEHHYI0, YTOObI IPUBECTH YpaBHEHHE
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WJIM HEPaBEHCTBO K 0oJiee MPOCTOMY BHUY.
3aTteM MbI pelIaeM nojayueHHOe ypaBHEHUE
WJIM HEPABEHCTBO C MOMOIIBIO U3BECTHBIX
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 3HaMEHATENI0
Ecnm y Hac ecTh uppanrioHaabHOE YpaBHEHUE
WJIM HEPABEHCTBO C JIPOOBI0, COJIeprKalleit
MPpALMOHATLHOE BBIpAYKEHNE B 3HAMEHATEE,
MBI MO>KEM MIPUBECTH BCE APOOH K O0IIeMy
3HAMEHATEII0, YTOOBI YIIPOCTHTH YPABHCHUE
WM HEPABEHCTBO. 3aT€M MBI peliaeM
MOJIYYCHHOE YpaBHEHUE MJIM 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 BBIMOJIHSIOTCS.

BaxHO MOMHUTH, YTO TIPH peLICHUN
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

OmnpeneneHne CTENEHU ¢ PallHOHAIbHBIM
MOKa3aTeyeM

CrerneHb ¢ pallMOHATBHBIM TTOKa3aTeIeM —
9TO MaTeMaTH4ecKasi Onepanus, KoTopas
MO3BOJISIET BO3BECTH YUCIIO B CTEICHb, IIe
MOKAa3aTellb SIBISICTCS] palliOHATBEHBIM
qrciioM. PanmoHanbpHOE YMCIIO0 — 9TO YHCIIO,
KOTOPOE MOXKET OBITh IPEJICTABICHO B BH/IE
ApoOH, Ilie YHCIUTENb U 3HAMEHATEb
SIBIISIFOTCS 1I€TBIMH YHCIIAMH.

dopmainbHO, eciii y Hac €CTh YUCIIO a U
panMoHaAIBHOE YUCIIO p/q, TAC P U  — LIeJIbIe
9HCIia, TO @ B CTENICHU P/ MOYKHO 3aIHcaTh
Kak a™(p/q).

JI71st BBIYUCIICHUS CTETICHH C PAIl[HOHATbHBIM
MOKAa3aTelIeM MBI HCIIONb3yeM CIIeIyIOIIee
MPaBUIIO:

a’(p/q) = KopeHb q-0ii cTeneHu u3 a’'p

93




To ecTb, MBI BO3BOJIUM YHCJIO a B CTENEHb P, &
3aTeM M3BJIEKaeM KOPEHb (-0 CTENEHH 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
HoKa3areineM

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 CIIETYIOLIIM
obpazoM:

ap=a*a*a*. . *a(ppaz)

Ecau p paBHO Hy:10, TO a”p paBHO 1.

Ecnu p paBHo 1, To a”*p paBHO a.

Ecnu p paBHO oTpHUIIaTeIbHOMY YHUCITY, TO a’p
paBHO 1/a BO3BOJUTCS B CTEMEHB [p.
Hanpumep, eciau y Hac ecTb 4ucio 2 u
I0KAa3aTellb CTENEHU 3.5, TO MBI BO3BOJIUM 2 B
CTeIeHb 3, MmosiyyaeM 8, a 3aTeM U3BIICKaeM
KOPEHb 2-0M CTENeH: U3 8, 4To paBHO 2V2.
CreneHb ¢ 1eHCTBUTEIBHBIM MTOKa3aTeIeM
TaK)Ke UMEET PSIJI CBOHCTB, KOTOPHIE
HO3BOJISIFOT YIIPOCTUTH BHIYMCIICHUS U
MIPUMEHSTH pa3InYHbIE ajreOpandecKue
oTepaLuu.

CBolicTBa CTENEHU C PallOHAIBHBIM
oKa3zaTesem

Crenens ¢ pallMOHAIBHBIM [10Ka3aTEIEM
MUMeeT HECKOJIbKO CBOMCTB, KOTOpHIE
MTOMOTAIOT YIPOCTHTH BEIYUCIICHHS U
MPUMEHSATH pa3IUnyHbIe ajaredpanyecKue
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
YHCIY, BO3BEIEHHOMY B CYMMY IOKa3aTese
crerieHu. Hanpumep, eciii y Hac ecTh 9HCII0
2, BO3BEJCHHOE B CTEIECHB 3, M YUCJIO 2,
BO3BEJIEHHOE B CTENEHb 4, TO UX
pou3BeieHre OyIeT paBHO YHCITY 2,
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BO3BEJCHHOMY B CTETeHb 7 (273 * 274 =
2N(3+4) =277).

CgoiicTBo 2: (a”m)”n = a(m*n)

DTO CBOMCTBO I'JIACUT, UTO CTENEHb 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
(273)M =27(3*4) =27 2).

CaoiictBo 3: (a*b)*n =a”n * b n

DTO CBOMCTBO IJIACUT, YTO CTENEHb
MIPOU3BEICHUS JIBYX YHCEI paBHA
MIPOU3BEICHUIO CTEIICHEH 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 *
374).

CaoiictBo 4: (a/b)*n=2a"n/b"n

DTO CBOMCTBO TJIACUT, YTO CTENEHb YAaCTHOTO
JIBYX YHCEJI paBHA YaCTHOMY CTETICHEH STUX
yucen. Hanpumep, eciiu y Hac ecTh 4acTHOE
yucen 2 ¥ 3, BO3BEICHHOE B CTENEHb 4, TO
pe3yabTaT OyJeT paBeH YaCTHOMY YHclia 2,
BO3BEACHHOTO B CTEIICHb 4, U Uncnia 3,
BO3BEJIEHHOTO B cTeneHb 4 ((2/3)"4 =274/
374).

DT CBOMCTBA MMO3BOJISIIOT YIPOCTHUTh
BBIUMCIICHUS] U IPUMEHSITH Pa3INyuHbIe
anre0panvecKue ornepalny npu padbore co
CTETICHSIMH C PAllMOHAIBHBIM MOKa3aTeleM.
CBoiicTBa CTETIEHU C IUCTBUTEIIHHBIM
roKazaTeyieM

CBOMCTBO YMHOKCHHS CTETIEHU C
JIEHCTBUTEIILHBIM TTOKa3aTelIeM

Ecnm y Hac ecTh 9mcIio a, BO3BEICHHOE B
CTENEeHb M, ¥ YUCIIO a, BO3BEACHHOE B
CTENEeHb N, TO UX MPOU3BEICHHE OyAET PaBHO
YHUCIY a, BO3BEJICHHOMY B cTeneHb m + n. To
€CTh:

a’™m * a"n =a”(m + n)

CBOMCTBO JIETICHHS CTEIIEHH C
JIEHCTBUTEIILHBIM TTOKa3aTelIeM

Ecnm y Hac ecTh 9mMCIO a, BO3BEICHHOE B
CTENEeHb M, ¥ YUCIIO a, BO3BEACHHOE B
CTENEeHb N, TO UX YACTHOE OyAET paBHO YUCITY
a, BO3BEJICHHOMY B cTenieHb m — n. To ecTh:
a’m/a’n=a"(m—n)
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CBOICTBO BO3BEIEHUS CTEIIEHU B CTEIEHD C
JIEUCTBUTEIBHBIM II0Ka3aTeIeM

Ecnm y Hac ecTh 4unciio a, BO3BEIEHHOE B
CTENEeHb M, U Mbl BO3BOJIUM 3TO BBIPAXKEHUE B
CTENEeHb N, TO PE3YJIbTAT OyIeT paBEH YUCITY
a, BO3BEJICHHOMY B cTenieHb m * n. To ecTh:
(a”m)*n =a™(m * n)

CBOCTBO OTpHUIIATEIHLHON CTEIIEHHU 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:

a®(-n)=1/a"n

CBOMCTBO CTEIICHH ¢ ITokasareiieM (

JIro6oe uncno, KpoMme HyJis, BO3BECHHOE B
crenens 0, Oyner pasHo 1. To ecTs:
a0=1,rnea+0

CBOICTBO CTENEHM ¢ IMoKa3aTrejieM 1

JIro60e uuciio, BO3BEACHHOE B CTECIICHD 1,
OyzeT paBHO caMOoMy 4HciTy. To ecTs:

a*l =a

DT CBOMCTBA MO3BOJISIIOT YIPOCTUTH
BBIUMCIICHHSI U TIPUMCHSITh Pa3IMYHbIC
anrebpanveckue onepamnuu mpu pabore co
CTEICHIMH C ICHCTBUTEILHBIM II0KA3aTCICM.

218

Pemenue nmokasarenbHbIX ypaBHEHUN U
HEpPABEHCTB

[TokazaTenbHBIMM HA3BIBAIOTCS YpPAaBHEHUS, B
KOTOpBIX HCEU3BCCTHAs HCpCMeHHaH
HaXOJHUTCA TOJBKO B ITOKA3aTeIIX KaKUX-T100
CTEIEHEN.

Jost pereHus IMoKa3aTeJIbHBIX
ypaBHeHUW TpeOyeTrca 3HAaTb W  yMETh
UCIIOJIB30BaTh  CIEAYIOIIYIO  HECJIOKHYIO
TEOPEMY:

Teopema 1. IlokazarenbHoe
ypaBHEHUE alld) = a8 (rnea>0,a#1)
paBHOCHIIBLHO ypaBHEHHIO f(X) = g(X).

[Tomumo 23TOrO, TMONE3HO TIOMHUTH 00
OCHOBHBIX (opMynax ¥ JEUCTBHSIX CO
CTEICHIMU:

a>0,b6>0:
=112 =1;
agzvﬂak[kEZ,nEN);
at=2L1

a=
a® - a¥ = a=t¥
Z e
(a%)¥ = a™;
a® - b* = (ab)";
a® _ fay\T
#==(3)"
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[Tpumep 1. Pemnte ypaBHeHuUe:
2r+1
27 _5.2" — 88 =0.
Pemenne: mcmonp3yeM NpUBEICHHBIC BHIIIE
(hopMyJIBI M TTOJICTAHOBKY:
t =27,
YpaBHeHHE TOT1a IPUHUMAET BUJIL:
2
2t — 5t — 88 = 0.
JIMCKpUMHHAHT MOJIYy4€HHOT'O KBaJPaTHOTO
YpPaBHEHHUSI MTOJIOKUTEIICH:

D=t —4ac=5"—-4-2-(-88) =
9T10 03HA4acT, 4YTO JaHHOC YPaBHCHUE UMCCT

JBa KopHs. Haxonum ux:
_ —bvD _ (5T

Za,
4o — =D _ —(—5)—v729 __
2= 73, — 3.3 =

]

-5, 5.

]

[Tepexons k 0OpaTHOM MOACTAHOBKE,
MOJTy4aeM:

2 —§

9% = —5,5.
Bropoe ypaBHEeHHE KOpHEN HE UMEET,
MIOCKOJIBKY ITOKa3aTelibHask ()YHKIUSI CTPOTO
MOJIOKUTEIbHA Ha BCel o0nactu
onpexaeneHus. Pemaem Bropoe:

2° =8& 2° =23

C yueToMm ckazaHHOTO B TeopeMe |
MEePEXO0IUM K SKBUBAICHTHOMY
YPaBHEHHUIO: X = 3. DTO U OyJET SIBISTHCS
OTBETOM K 3a/IaHUIO.
Otser: x = 3.
[Ipumep 2. Pemnre ypaBHeHUE:

3—z
31— %) =/ 941_3 4207,

Pemenune:  orpannueHuii < Ha  oOmacTh
JIONYCTUMBIX 3HAUEHUH Yy ypaBHEHHsI HET, TaK
KaK TMOJIKOPEHHOE BBIPAKEHHE HMEET CMBICI
npu J000M 3HaueHUMH X (IOKas3aTesbHas
¢ynkuus y = 9** nonoxurensHa U He paBHA
HYJIIO).

Pemaem ypaBHEHHE MyTeM paBHOCHUIIBHBIX
peoOpa3oBaHUil C UCIOJIb30BAaHUEM IpaBHUII
YMHOXEHHUS U JIEJICHUS CTENEHEeH:

3771 _ 3778 = /3228 1 907 =
o 33—11_ 3“’;—3 _133—‘4 =207 &
#3?5:2(1?@33:3‘5#3::6.

IMocnennuii mepexon OBLT OCYIIECTBICH B
COOTBETCTBUU C TEOPEMOH 1.
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Otser: X = 6.
[Ipumep 3. Pemure ypaBHEeHUE:

(1 )E ( 1 )E
Pemenne: o0e 9acTu MCXOAHOTO ypaBHEHUS
MOXHO TozenuTh Ha 0,2%. JlaHHbIH nepexoj
OyIeT SBISITHCS PAaBHOCWIBHBIM, MOCKOIBKY

3TO BBIpaXKEHHE OOJbIIE HYIS HPHU JHOOOM
3HAUEHUH X (MOKaszareiabHast QYHKIUS CTPOTO

IIOJIOXKUTCIIbHA Ha cBoei O6HaCTI/I
onpeneneuusi). Torna ypaBHeHHE MPUHUMACT
BUL;

B\ T

1 =lexs=0

OtBeTt: x = 0.
[Ipumep 4. Pemure ypaBHeHHE:

37. 7" =49 . 4",
Pemenue: yIpomaeM  ypaBHEHHE 1O
3JIEMEHTaPHOTO yTeM PaBHOCHJILHBIX
npeoOpa3zoBaHuii c MCIIOJIb30BAaHUEM
NPUBEJICHHBIX B Hayaje CTaThbd IIPABHUII
NICJICHUSI 1 YMHOXKCHUS CTETICHEH :

49-37.77 =49-4" &
21" =47 & Y =leaz=0.

Jlenenue obeux yacteil ypaBHeHus Ha 4%, Kak
U B TpeAblAyllleM [pumepe, SBIsAETCA
PaBHOCHJIbHBIM peoOpa3oBaHUEM,
IIOCKOJIBKY [JaHHOE BBIPQKEHUE HE pPaBHO
HYJIIO HA TIPH KaKUX 3HAYCHHSX X.

Otsert: x = 0.

[Ipumep 5. Pemure ypaBHEHUE:

3= —x— <.

3

Pemenue: @ynkuusa y = 3%, crosimias B JieBOH
4acTU ypaBHEHUs, SBJISIETCS BO3PacTAIOILECH.
OyHkuus y = —x-2/3, crosdmas B NpaBoil
YacTH YpaBHEHUS, sBIseTCs yObIBatoe. 1o
O3HAYaeT, YTO €CiU TpaduKu ATUX (QYHKIHI
NepeceKaroTcs, ToO He Ooyee yeM B OJHOMU
Touke. B nmaHHOM cinyyae  HETpPYyIHO
JorajiaTbCsl, 4To rpaduKyd IepeceKkaroTcs B
Touke X = -1. JI[pyrux xopHeit He Oyer.
Otser: x = -1.

[Ipumep 6. Pemnre ypaBHEHUE:

18 —8-6"—-9-27 =0.
Pemrenne: ympomjaem  ypaBHEHHE ITyTEM
PaBHOCWJIBHBIX ITPeoOpa3oBaHuil, UMesl B BUILY
Be3Jle, YTO IOKa3zaTesbHas (YHKLHUS CTPOro
OosblIe HYJIs npu TH060M
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3HAYCHHUU X nu HCIIOJIb3Ys ImpaBujia
BBIYHUCJICHHUA HpOI/I3Be[[eHI/ISI nu YaCTHOI'O
CTeHeHeﬁ, IIPHUBCACHHBIC B HAYAJIC CTAaTbU:
27.3%" _8.27.3"_90. =0 &
2°(3* 8.3 -9) =0
2% =, 3= =9,
[323—3-35—9=0 ad [33=—1
OtBeT: x = 2.
Pemienne nokasareinbHbIX HEPABCHCTB
HOKaSaTeJIBHBIMI/I HA3bIBAKOTCs HepaBeHCTBa,
B KOTOPBIX HCHU3BCCTHAs IepeMEcHHas
COACPIKUTCA TOJIBKO B IIOKA3aTCIIAX KaKUX-
1100 cTeneHel.
I[JDI pemeHI/m ITOKA3aTCIIbHBIX
HCPABCHCTB Tpe6yeT051 3HAHUC CHC,HYIOH_[eﬁ
TEOPEMBI:

Sx=2

Teopema 2. Eciin a > 1, T0

HepasencTBo a'® > at™ papHOCHIBHO
HEpaBEHCTBY TOTO ke cMbiciaa: f(X)

> g(x). Eciu 0 <a < 1, To noka3zatenbHOe
HepaseHCcTBO a'™® > a8™ papHOCHIBHO
HEPaBEHCTBY MPOTUBOMOIOKHOTO
cmbicia: f(x) < g(x).

IIpumep 7. Pemute HEpaBEHCTRO:
16° — 2. 127 < 3%*L
Pewenue: MpeACTaBUM HCXOJIHOE
HEPaBEHCTBO B BHJIEC:
4% - 2.47.3" - 3.3% <.
Paznenum 00e ywacTu 3TOro HepaBEeHCTBa Ha
32X, mpu >ToM (B CHMIIy MOJIOKHTEIbHOCTH

bynxkimu 'y = 3%%) 3HaKk HepaBeHCTBa He
W3MECHUTCSL:
2z T
4 4
-} —2.({2) —-3<o0.
3 3 h

Bocnonb3yemcst noacTaHOBKOM:

gl

Torna HEpaBEHCTBO NPUMET BU:

292t —-3<0.

\ 10 /
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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 € (—oc; logs 3].
[Ipumep 8. Pemure HepaBeHCTBO:

7= — 30
— < 14,
< 1

Pemrenne: ucnosp3ys CBOMCTBA YMHOXEHUS U
JIEJTICHUS CTEIIEHEH, NIEPEIUIIEM HEPABEHCTBO

B BUJIC: ? 30
—— < -14.
L7241

BBeneMm HOBYIO ITEPEMEHHYIO:

t="1".

C Y4eTOM 3TON MOACTaHOBKH HEPaBCHCTBO
MNPUHUMACT BU:

t — 30

1

T t+1
VMHOKUM YHCIIUTENs U 3HAMEHATENb APOOH
Ha 7, MOJyYaeM CJeayrollee paBHOCHIBHOE

+14< 0«

HepaBeHc'}Bo: 910
}—
—+ 14 <0s
tr7 T
21t — 112 o #31‘.—16 <0
t+7 t+7 T

—I['I- —I-I' —I2 [I] 2 4

Hrak, HEPABEHCTBY YAOBJIETBOPSIIOT

CJIeYIONINE 3HAUYCHUSI TIEPEMEHHOM t:
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16
—7=l< —.
Tt 3

Torma, mepexons kK OOpaTHOW TOJICTaHOBKE,
MOJTy4YaeM:

T £ —.
T<T < 5

16
T log: 5
T LT
ITockobKy OCHOBAaHHE CTEIICHH 3/16Ch OOJIBIIIe
CIUHMIBI, PABHOCKWIIBHBIM (TI0 Teopeme 2)
OyZIeT mepexoja K HepaBEHCTBY:
T < log; ER

OKOHYATEIBHO moJrydacM OTBCT:

16
r € | —oo;log, —

3

[Tpumep 9. Pemnite HEpaBEeHCTBO:

522z° 6243 n g7 —3z+1 _ 92276243

Pemenue:

W

g . 92z’ 6242 n gz’ —3z+1  gz’—3z+l _

Henum  o0e 4yacTh  HepaBeHCTBAa  Ha
BBIpa’KEHHE:
92z”—6z+42

Ono  Bcerga  Oonbme  Hyna  (u3-3a
MIOJIOKUTEIBHOCTHU TIOKAa3aTeNIbHON (PYHKIIMH),
IIO3TOMY 3HaK HEpPAaBEHCTBA HU3MEHSTh He
HyxHO. [lony4aem:

2 252 Gz 42 2 2 —3z41
2.{2 : —320
) +G) e

Bocnonb3yeMcst 3aMeHOM IEPEMEHHOM :
9 23z +1

t=1{2 .
3

HcxonHoe ypaBHEHHUE TOrja NPUHUMAET BU:

% +t—330.
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Urak, HEPaBEHCTBY YIOBJIETBOPSIIOT
3HAUYEHHUS t, HAXOASAIIMECS B IPOMEKYTKE:

le (—w;—g] U [1; 400).

Ilepexomss Kk 0oOpaTHOW  MOJCTAaHOBKE
HoJlydyaeM, 9TO HCXOJHOE HEPaBEHCTBO
pacnaaeTcsi Ha J1Ba CIyJas:

B <-4,
(%)I —3z41 > 1

[lepBoe HepaBeHCTBO pellIEHUN HE HMEET B
CHUJIy  TOJOXKHUTEJIbHOCTH  IOKa3aTeIbHOU
¢bynakuu. Pemaem BTopoe:

2 723z 41 2 723z 41
[TockonbKy OCHOBaHHME CTENEHH B JaHHOM
Cllydae OKa3aJloCh MEHbBIIE CIUHUIIBI, HO
00JIbIIIe HYJIS, PABHOCUIIBHBIM (IO TeOpeMe 2)
OyzeT mepexo/ K CIeyIoneMy HEPaBeHCTBY:

P —3r+1<0.

- &

0.5 1.0 1.5 2.0 2.5
Htak, okoHUYaTeIIbHBIN OTBET:

3—\/5_3+JEI
1 2 =

2

IIpumep 10. Pemnte HEpaBEeHCTBO:
2
2 + 2 — o 3 3° 2o+
Pemrenne:
Bersu mapaGonbl y = 2x+2-X> HalpaBiieHbI
BHHU3, CJIEIOBATEIbHO OHA OTPaHHuYEHa CBEPXY

3HAUEHUEM, KOTOPOE OHA JOCTUIaeT B CBOEH
BEpIIHHE:

=—— =1 =3
& % » Ui

Bersu mapaGonel y = Xx2-2x+2, crosuieil B
IIOKa3aTese, HalpaBJIeHbl BBEPX, 3HAYNT OHA
OrpaHUYeHa CHU3Y 3HAYECHHEM, KOTOPOE OHA
JIOCTUTAET B CBOEH BEPIINHE:
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b
=—— =1 = 1.
& 9 » i

BMmecte ¢ 3TUM  OrpaHUYEHHOM CHHU3Y
okasbiBaeTca U GyHKIua y = 3*22%2 crosmas
B IpaBoil yactu ypaBHeHHs. OHa JOCTUraeT
CBOETO HAMMEHBIIETO 3HAYCHHS B TOH ke
TOYKe, 4YTO M mapabona, crosmas B
nokasareyie, M 3TO 3HaueHHe paBHO 3! = 3.
Wrak, wucxomHoe  HEPAaBEHCTBO  MOXKET
0Ka3aThCsl BEPHBIM TOJIKO B TOM CIIy4yae, €Ciu
¢byHkumst cmeBa W (QYHKOMS — CIIpaBa
MPUHUMAIOT B OJHOI TOYKE 3HaYCHUE, PAaBHOE
3 (mepeceueHueM oOJacTel 3HAYCHUH STUX
(GyHKIMN SBISETCS TOJIBKO 3TO YHCIO). DTO
YCIIOBUE  BBINIONHSAETCS B  €IUHCTBEHHOMN
Touke X = 1.

Otser: x = 1.

219

Jlorapudwm. [TpaBuna geiicTBuii ¢
norapudmamu

s
1

a>=0azxlb>0:a"=be=c=logb

To ectb, norapum MOKa3bIBACT: B KAKYIO
CTEeNeHb HEOOXO0IMMO BO3BECTH OCHOBAHHE

norapudma (%), 4To6b! MOJTyYUIIOCh

1

b
nojutorapudmudeckoe Beipaxenue ().
PaccmoTrpumM npocreiimme npuMepsl
BBIYMCIICHHS JIOTaprU(PMOB:

il = - =
1) tog,4 E,TaK KaK 2

il = = = :
2)‘G5381 4,Tal<1<zu<3 8L

/ = 0 —
3)"3*-'5[51 'D,TaK xak © L

571 =

o |

loa- = — =02
4)“35'-'[:'::"2 l, TaK Kak .

Oco06ble BUIBI TOrapu(pmMoB

Cy1iecTByeT /iBa CrieIHaIbHBIX BUJIA
JOrapu(pMOB: AECATUYHBIA U HATYpaJIbHBIMN.
JecsTuunblii Jorapudm — 370 JIorapudm c
ocHoBaHueM 10. OH o603HavaeTcs

log,,b =lgbh
cleayrmumM oopa3om: F10 g2
Harypanbnslit torapugm — 3to gorapudm ¢

2,7

e e
OCHOBaHUeEM - ( ). OH ob6o3HavaeTcs

Jlog b = Inb
CJIEIYIOIIUM 00pa3oM: g .

OCHOBHOE JIOTapU(MHYECKOE TOKIECTBO
Hcxons u3 onpeneneHus

c — 1 — 1
a*=be=c=log,b
aorapudpma 92" perxo

MOJTYYHTh CIEYIOIIee CBOMCTBO, KOTOPOE
Ha3bIBAETCS] OCHOBHBIM JIOTaPHU(PMHUECKUM
TOXAECTBOM. {7151 3TOr0 JOCTaTOYHO
MOJICTABHUTH BTOPYIO (hopMyITy B iepByi0. B

) H{Dg:b =5h
PE3YIBTATEC MMOJIyYacM: .
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3TO0 BBIpaKEHUE HA3bIBACTCSI OCHOBHBIM
Jorapu(pMHIECKUM TOKIECTBOM.
CaoiicTBa JiorapudgmoB
Hagaiite chopmynupyem emié
HECKOJIbKO OCHOBHBIX CBOMCTB JIOrapu(moB (
a>=0a=1l;bec > 'D)
log.a=1 al =a

1) % (T.K.

P
), log,1=10 (tka” =1).

2) log,b+log.c =log_bc

I::T.K.ﬂlogau—mg:c = glogab . gloget = ho = glog

] h_ 1 =] b
log,b —log,c = log, -

3)

log b= —
4) ; ‘g': logpa

I::T_K_ﬂlog:u-logac — (ﬂlogau]mgac = pieges = 5 -

5) ®opmyna nepexoja K HOBOMY

log b=="22c=1
OCHOBAHHIO: edes
logeh
(k. {'[m = gledcblogae — (aiogacjiogrb =h =

| hWP = 3. ] }
6) ‘997 TP 1H08aY (py
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Pemenue norapupmMudeckux ypaBHeHUN U
HEPaBEHCTB

Teopema 1. Eciu f(x) > 0 u g(x) > 0, To
norapudmuueckoe ypaBHenue log . f(x) =
log 2 g(x) (rme a> 0, a # 1) paBHOCUIIEHO
ypaBHeHuto f(x) = g(x).

Pemenune norapupmMuyeckux ypaBHEHUH U
HEPaBEHCTB
[Ipumep 1. Pemnre ypaBHeHUE:

lg(x? — 6) = 1g(8 + 5x).
Pemenne. B o61acTh AOMyCTUMBIX 3HAYEHUN
BXOASAT TOJIBKO TE€ X, TPH KOTOPBIX
BBIp@XKEHHE, HAXOIAIeecs TMOJA  3HAKOM
norapudma, Ooipiie HyJs. OTH 3HAYCHUS
ONPENESAI0TCA cienyrouen CUCTEMOI
HEPaBEHCTB:

2 —6>0, =2 > 6,

84+6x>10 “ x> -10.

z € (—o0;—vB) U (VB; +00),
z € (—1,6; +o0).

C y4eToM TOro, 4To
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—1,6 = —4/2,56 > -8,

HOJy4aeM  IPOMEXYTOK,  ONpeAeSoIInn
00JIacTh JOMYCTHMBIX 3HAYEHUH JaHHOTO
JOrapu(pMHUECKOTO ypaBHEHHUS:
z € (V6; +o0).
Ha ocHoBanuu teopembl 1, Bce ycnoBus
KOTOpPO# 3/1eCh BBINIOJIHEHBI, NEPEXOIUM K
CIIEAYIOLIEMY PaBHOCHIIBHOMY
KBa/IpaTUMHOMY YPaBHEHUIO:
P -6=845xe?-5r-14=0&
x1 =17, x93 = —2.
B oOnacte AONYCTHUMBIX 3HAYEHUH BXOAMUT
TOJIBKO MEPBBIN KOPEHB.
Otser: x =17.
[Ipumep 2. Pemnre ypaBHeHUE:
logga(—22 + 4z + 5) = logg 5 (—=z — 31).

Pemenune. OOnacTb AONYCTUMBIX 3HA4YEHUN

YpaBHCHUA OIpCaAcCIACTCA CUCTEMOH
HEpPaBEHCTB:
—2 + Az +5> 0, -1<z <5,
—x—=31>0 e xr < =31

OdeBHIHO, UYTO 3TU  JBa  YCJIOBHUI
npoTuBopeyar Ipyr apyry. To ectb HeT HU
OJIHOTO TaKOro 3HAYEHHUS X, IPU KOTOPOM
OJTHOBPEMEHHO  BBIMOJIHIMCH  Obl  00a
HEpaBEeHCTBA. Ob6nactb JIOTTYCTUMBIX
3HaYeHUH ypaBHEHMs SBISETCS IyCThIM
MHO>KECTBOM, a 3HAYUT PEIIECHUN Yy JaHHOTO
JOrapu(pMHUECKOTO YpPaBHEHUS HET.

OTBeT: KOpHEH HeT.

OOparuTe BHUMaHME, YTO B 3TOM 33J]aHUH HaM
BooOlIe HE TMPUIUIOCh HCKaTh KOPHU
YpaBHEHMSL. JlocTtaTouHO 0Ka3aj0ch
OTpEeAENUTh, YTO €ro O00JIACTh JOMYCTHUMBIX
3HAUEHUH HE  COJIEPKUT HHU  OJHOTO
NEUCTBUTEILHO YHCIa. OTO OJHO U3
MPEUMYIIECTB TaKOM IOCIEA0BATEIbHOCTH
peuieHus JorapuMUYECKUX ypaBHEHHH U
HEpaBEHCTB (HAYMHATh C  OINpEAEICHUs
o0JacTy AOMYCTUMBIX 3HaYEHHUH ypaBHEHUS, a
3aTeM pemaTh €ro MyTeM PaBHOCUIIBHBIX
npeoOpa3oBaHMiA).

[Ipumer 3. Pemute ypaBHEeHUE:

3lng§m+5lug%m—2:{}.
2

Pemenne. OOnacTb AOMYCTUMBIX 3HA4YEHUN
YPaBHEHUS ONPEAENAETCS 31ECh JIETKO: X > (.
Hcnonb3yeM MoJacTaHOBKY:

t=log L Z.
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YpaBHeHHE IPUHUMAET BU/I:

_1
324 5-2=0e | 173
tg = —2.
OOpaTHas MOJICTaHOBKA:

log, o = L 1
gi ERl

ﬂ::-aﬁ.,
log%m:—z x=4

O0ba oTBera BXOIAT B OOJIACTH JIOIMYCTUMBIX
3HAUEHUN ypaBHEHUS, MOCKOJIbKY SIBISIFOTCS
10JIOKUTETIbHBIMU YHCIIAMHU.
[Ipumep 4. Pemnte ypaBHEeHUE:

logg 4( + 2) + logy 4 (z + 3) = logg 4 (1 — =).
Pemienne. BHOBb HauHeM pelIeHHE C
orpezeneHust 00JIaCTH JOMYCTUMbBIX 3HAUYECHUI
ypaBHeHusa. OHa omnpenensercs cleayrouei
CUCTEMOMN HEPaBEHCTB:

r+2>0 x> =2
x+3>0, &<izx>-3 <Lxrec(-21).
1l—x>0 x<1

Bocmonb30BaBIIMCE  TPAaBUIOM  CIOXKCHHUS
norapu(MoB, IEPEXOJUM K PABHOCHIBHOMY B
00JIaCTH TOMYCTUMBIX 3HAUYCHUH YPAaBHEHHIO:
logy 4(= + 2)(z + 3) = logy4(1 —z) =
OcHoBaHus JorapugpmMoB OJINHAKOBBI,
IO3TOMY B 0O0JIACTH JOMYCTUMBIX 3HAYEHUMN
MOJKHO TIEPEHUTH K CIETYIOIIEMY KBAJIPAaTHOMY

YPaBHEHHUIO:
(+3)E+3)=0T-n) &= +e2t+o=0+
xr1 = —9,
rg = —1.

[lepBrili KOpeHb HE BXOAUT B 00JACTh
JOTIYCTUMBIX 3HAYEHUH ypaBHEHUS, BTOPOU —
BXOJIUT.
Orser: x = -1.
[Ipumep 5. Pemnre ypaBHEHUeE:

FOBIT = 8]
Pemenune. bynem wuckaTh pemieHus B
mpomexytke X > 0, x#1. IIpeobpazyem
ypaBHEHHE K PaBHOCUIBHOMY:

mlogaz :mlog_.,Bl = mlog;i:r :271“_52" =

. logg = = 2, x =10
logs 7= 4. []0g32::—2 had [m:%.

O6a oTrBera BXOIAT B 00JIACTH JOITYCTHUMBIX
3HA4YECHUI YpaBHEHUS.
[Ipumep 6. Pemmte ypaBHEeHHE:

logy(z +12)-log, 2 = 1.
Pemenue. Cucrema HEpPABEHCTB,
oIpeAe oA obnacThb JOTTYCTUMBIX
3HAYEHMI YpaBHEHUs, UMEET Ha ATOT pa3 BUJ:
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112 > 0,

x>0, >0 c#1
z#1
Ucnonb3ys CBOICTBa norapudma,

npeobpazyeM ypaBHEHHE K PaBHOCUILHOMY B
00JacTH JOMYCTUMBIX 3HAUCHUHN YPaBHEHHUIO:

logy (= +12) 4
2logy '

Hcnons3ys ¢opmyny nepexona K HOBOMY
OCHOBaHHUIO Jorapudma, moaydaem:

1ogm(z+12)=2=>m2—m—12=0¢>[Eif

3.

B oOnacte JOmMyCTUMBIX 3HAYE€HUU BXOIUT
TOJILKO OJIUH OTBET: X = 4.

[lepeiinem Temepp K JorapuMUYECKUM
HEpPaBEHCTBaM. JTO KakK pa3 TO, C 4YeM BaM
npuaeTcs UMeTh jeno Ha EI'D mo matemaruke.
Jns pemieHus JajdbHEUIIMX MPUMEPOB HaM
noTpeOyeTcs clieyronias Teopema:

Teopema 2. Eciu f(x) > 0 u g(x) > 0, To:
npu a > 1 norapupMuvecKoe HEPaBEHCTBO
log . f(x) > log a g(X) paBHOCHIBHO
HEPaBEHCTBY TOTO ke cMbIcna: f(x) > g(x);
npu 0 < a < 1 norapudmudeckoe
HepaBeHCTBO log a f(x) > log 1 g(x)
PaBHOCHIIEHO HEPABEHCTBY
MIPOTHBOIOJIOKHOTO cMbIcia: f(x) < g(x).

[Ipumep 7. Pemmre HEpaBEHCTBO:
logy 5 (22 +z—6) > logg 5 (x4 4).

Pemenne. Haunem ¢ ompexnenenusi o0iacTu

JIOMYCTUMBIX 3Ha4YeHU i HEpaBEHCTBA.
BrelpakeHne, ~ crosmiee  TOJ  3HAKOM
JorapupmMuyecKon byHKLHN, JOJDKHO
MPUHUMATD TOJILKO TIOJIOKHUTETTHLHBIE
3Ha4YeHUs. DTO 3HAYMT, YTO MCKOMas 00IacTh
JIOTTYCTUMBIX 3HAYCHU I OTpeAeIIeTCS
CIIEAYIOIIEeH CHCTEMON HEepaBEHCTB:
2> 0 T > —g

mAEog>g | € (—00i=g) (3 H+oo)
&z e (—4;-3)U(2;+x).
Tak kak B OCHOBaHMHM Jorapudma CTOUT
YHCII0, MEHBIIIEE €MHUIIBI, COOTBETCTBYIOIIAS
JorapupmMuyecKas byHKUIusA Oyner
yOBIBafOIeii, a TOTOMY PaBHOCHIIBHBIM TIO
TeopeMe 2 OyJeT mepexoa K CleaylolieMy
KBaJ[paTHYHOMY HEPaBEHCTBY:
Pir-6<r+der €10e 5 e [-V10;V10].

OxoHuYaTesbHO, C  yderoM obusacTu
JONYCTUMBIX 3HAYCHUH TOJTY4aeM OTBET:
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x € [-v10; =3) U (2; vV 10).
[Ipumep 8. Pemnre HepaBEeHCTBO:
_ gyl
11 - logg(z? — 12 + 27) < 12 + logg %.
R’: —
Pemenne. BHOBb HauHeM C OIpeAciICHUs
00J1aCTH IOMYCTUMBIX 3HAUCHUMN:

2 —12z 427 >0
P &z e (—o0;3)U (9 4o0).
{gzﬂnw (~0033) U (8 +o0)

Ha wMHOXecTBe JOMyCTHUMBIX 3HAuY€HUN
HEpPAaBEHCTBA  NPOBOJUM  PABHOCUJIbHBIE
npeoOpa3oBaHus:

11
11 -logg(z — 9)(z — 3) — logg (n:x—_g) <12
_ ayll
logg [(z — 9z - 3)11] —logg 7(2; _9; £ 12

(R‘: _ 3)12(2,: _ 9)11

12
logg (z = 9)11 < logg 97,

Ilocne  cokpamenuss u  nepexoja K
PaBHOCUJILHOMY I10 T€OpeMe 2 HEpaBEHCTBY
HOJIy4aeM:
(x—3)2<9% e 9<r—3<9e e [-612.
C yderom 00NacTH JOMYCTUMBIX 3HAYCHHUN
I10JIy4a€M OKOHYATEJIbHBIM OTBET:

% € [—6;3) U (9;12].
IIpumep 9. Pemmre norapudmuueckoe
HEPaBEHCTBO:

log, 1 (2 + 3% + 22) < 2.

Pemenne. OOnactb AONYCTUMBIX 3HA4YE€HUN
HEpaBEHCTBAa  OIpeJeNsIeTcss  cleayromei
CHUCTEMOM:

z+1>0

z+1+#1, & x € (0;+o0).

wlx+1)(x+2)>0
Bunno, yTo B 0071aCTH TOMYCTUMBIX 3HAYCHUN
BBIpOKEHHE,  CTOSIIEe B  OCHOBAHWHU
jgorapudma, Bcerza OoJbllle E€IUHUIBI, a
MOTOMY PaBHOCHIIBHBIM IO TeopeMe 2 Oyzaer
Nepexo/ K ceyloneMy HepaBeHCTBY:

P13t <P+ +1ler3 122 —1<0a
(z+ 1) +z-1)<0e

®E£ (—oo;—l_l_z\/g) U (—1; \/_2_1) ;

C yueroM o0nacTu AOMYCTUMBIX 3HAYEHUI
I10JIy4a€M OKOHYATEJIbHBIN OTBET:

z € (O; J_Z— 1) ;

ITpumep 10. Pemnte HEpaBeHCTBO:
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2 logz(x* — 4x)
logg =2 sL

Pemrenue.
OO6nacTh TOMyCTUMBIX 3HAYCHUI HEPaBEHCTBA
OTIPEICTISETCS CHCTEMON HEPABEHCTB:

2 — 4z >0,
2 > 0, e ze(—oo;—1)U (-0 U (4 +oo).
{:r:2 #1

I cnoco6. Bocmoassyemcs — dopmysioit
nepexo/ia K HOBOMY OCHOBAHUIO Jiorapudma u
nepeiieM K PpaBHOCWIBHOMY B 00JacTu
JOIYCTHMBIX 3HAYCHU HEPABEHCTBY:

log s (2* — 4x)* < 1.
HepaBeHCTBO 6y,[[eT PaBHOCHUJIIBHO  JIBYM

cucremam. I[lepBoii:
x € (-1;0), o lf € (-1;0),
(-4 2 Pz =5 {z-3=0

x € (—1;0).

-

U Bropoii:
z € (—00;~1) U (4; +00), _
{IL’Q(I—5)(;¢;_3)\<\0 #EE(4.,5].

Wrak, OKOHYATEIIHLHBIN OTBET:

x € (—1;0) U (4;5].
IT croco6. PemaeM MeToI0M HWHTEPBAJIOB.
[IpeobpazyeM HEPABEHCTBO K BUTY:

2 logs(z? — 4x) — logs =

£l
logg =2
Brerarem u3 3HaMeHaTens ]'Dg3 1' DTO HUYETO
HC U3MCHUT, IIOCKOJIbKY ]Dg3 1 - D'

logs (2% — 4x)? — logs #°
logs %2 — logg 1

£ 0

C Y4eTOM TOTO, 4TO
BBIPKEHHUS] logz f —logzg , f—g _

OJHOTO 3HAaKa IpH F,9>0, 3 o6nacrn
JA0IMYCTHUMBIX 3HAYEHUH NUMECT MECTO
CIIELYIONIMI PAaBHOCHIILHBIN IIEPEXOI;

(z? — 4z)? —
x2 —1
(z? — 5x)(z* — 3=)
x2 —1

-1 0 1 2 3 4 5
MHOXECTBO pCH_ICHI/Iﬁ JaHHOTI'O HCPAaBCHCTBA

S R

£ 0

—_— 8
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https://yourtutor.info/wp-content/uploads/2012/02/MSP12521a194ed409ea775600002b2fici3d132i6ic.gif

Urax, € € [_1;1) U [3'-: 5]1 a C y4eToM

00JIacTH JONYCTHMBIX 3HAUEHHUH TOIydaeMm

TOT K€ Pe3yIIbTaT: © < [_1;[}) U [4'-: 5]-
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IMocnenoarenbHOCTh. CIOCOOBI 3a1aHUS U
CBOMCTBA YUCIIOBBIX [OCJIEN0BATEIBHOCTEMN

YucnoBas mociea0BaTeIbHOCTh — 3TO
qucIoBas QyHKIUS (f ), KOTOpas omnpeeacHa

Ha MHOYKECTBE HATYPAJIbHBIX YUCET (‘“‘I|r ).
OO0nacThIO OMpeeIeHUs IBISCTCS

MHO>KECTBO HATYPAJIbHBIX YHCEIT (‘H"r ).
O0603Ha4aI0T YICHBI TOCIEI0BATEILHOCTH
TaK:

= FQ). 3, = £(2). 33 = £(3)
2 Ya=f(n)

b

YucnoBast OCIeI0BaTENbHOCTD — 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 cnocod 3aaHus YUCI0BOU
MOCTIEI0BATEIbHOCTH

[TocnenoBarenbHOCTD 3a/laHa AHATTUTUYECKH,
eciu yka3zaHa ¢popMyIia JJis BEIYUCICHUS €€ -
ro 4JIeHa.

YV, = f(ﬂ],rﬂeﬂ EN
PaccmoTtpum npumepst:

1.°-"  n,
DTO aHANUTHYECKOE 3aJAHUE
1

11
IOCJIEJOBATEILHOCTH YHCEIT: 1; 2;3;...;n;...

VKa3aB KOHKPETHOE 3HAUEHHE ¥, HETPYIHO
HalTH 4IeH M0CIe10BaTEIbHOCTH C
COOTBETCTBYIOIIUM HOMEPOM.

[Toctpoum rpadux gaHHOI
nocnenosareiabHocTu. CornacHo
omnpezeneHuto rpaduka GpyHkuuu, rpadpukom
JTAaHHOW NOCIIEA0BATENBHOCTH SBJISIETCS

1
n;
MHOYECTBO BCEX TOYEK "

2

rne ™ €N (cm. Puc. 1). Bee a1 TouKH nexKar
1
o '|.‘:I' = —
Ha [TPaBO BETBHU TUIEPOONIBI ~ X
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b

¥

Puc. 1. I'padux uncnosoit

1
Vo= —
II0CJIEI0BATEILHOCTH n
1
v =-
Oynxups~  x npu X = 0 yOBbIBaer,
CJIEI0BATEIILHO, YNCIIOBAs
1
Vo=~
IIOCJIEI0BATEIBbHOCTD 7 TaKXKe yObIBaeT.
2. ¥ = In =5

BremmmieM HeCKOIbKO YICHOB HaHHOﬁ
YHMCJIOBOM I1OCIIEJOBATEIBbHOCTH:
vip=I1-51=4.y,=12-5/=3

:¥a = 3-5]= 2. .

I'paduk nanHOM MoCIEA0BATEILHOCTH — 3TO
MHOXECTBO TOYEK C

KOOpIMHATAMHU (n;ln—5 D, e €N (cm.
Puc. 2). Bce atu TOUuKH nexkaT Ha
nomanoit ¥ = [x — 51
17
4 J® (-3
(2:3)
(3:2)
- .
1 (4:1) (6;:1)
(5;0)
‘i T T T B T T T nI ;

Puc. 2. I'paduk uncnonoii

MOCTIeIOBATEIHHOCTH ¥ 1 — In — 5]
Yucnosas

MOCTIeIOBATEIBHOCTD 1 In — 5] yObIBaET
npu ™ € [1; 5], Bospacraer mpu 't € [5; +00),

CrnoBecHbBIH ctoco0 3aJaHus YUCIIOBOM
MOCIEI0BATENLHOCTH

CI10BeCHBIN CII0c00 3aJaHus YUCIIOBOM
ITOCJICIOBATCIbHOCTHU I/ICHOJIB?)yeTCSI, Koraa
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MPaBWJIO 3aJaHMsI [TOCJIEI0BATEIbHOCTH
OIHMCAHO CIIOBaMH, HE yKa3bIBasi (JOPMYIIBI.
[Tpumep

Jano: %= — 510 -1 mudpa mocne 3anarToi B

o =

JIeCATHIHOI 3arucH ducma V 2.
V2=141421..
2, =4.a,=1.a,=4a, =2.a. =1

b b 2 b 2
PexyppeHTHBII cioco0 3aaHus YUCIOBOM
IIOCJIEZI0BATEIBLHOCTHU
[TocnenoBarenpHOCTH 33/1aHa PEKYPPEHTHO,
€CJIM YKa3aHo MPaBUjo, II0 KOTOPOMY -i uileH
BBIYHCIIAETCS 110 MPEABIIYIIUM YICHaM.
[Ipumep
M= 1;}’2 =1.¥ =¥zt Va1

s T n s

e ™ =345 ..
B nanHOM npumMmepe 3aaHa BO3MOXKHOCTh
IMOJTy4YCHUA JIF000ro -To YjaeHa
IMOCJICAOBATCIIbHOCTHU

}rl=1;}rz = 1;}13 =1+1=2

Ve =1+2=3.y;,=2+3=5.

9
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BeckoneuHo yObIBaromasi reOMeTprUIecKast
[10CJIeI0BATEIbHOCTD

I'eomeTprueckas mporpeccust Ha3bIBaeTCs
0ecKkoHeuHO yObIBaroLIEH, eciii MOYJIb €€
3HaMEHaTesl MeHbIIe eMHUIB |q<1.
Cymma S Bcex 4nieHOB O€CKOHEUHOU
yObIBaIoLIei reOMEeTpUUECKON IPOrpeccCuu
BBIUNCIISIETCS KAK COOTHOLIEHUE MEXKAY
MIEPBBIM WIEHOM r€OMETPUYECKON
IIPOrPECCUH K Pa3HOCTU MEKIY EAUHULIEH 1
3HaMEHATEJIEM NPOTPECCUH:

S=b1/(1—q).

Jloka3aTesnbCcTBOM 3TOM (POPMYJIBI SABIISETCS
TO, YTO BEJIMYMHA N 0 MOJYJIFO CTAHOBUTCS
BCE MEHBIIIE U MEHBIIIE U CTPEMUTCS K HYJIIO,
IIPY 5TOM BEJIMYHMHA N HEOTPAaHUYEHHO
BO3pacCTaerT.

IIpumep Takoi nporpeccum:

1, 1/2, 1/4, 1/8, 1/16,...

CymMa nepBbIX N YIEHOB FEOMETPUUYECKOM
MIPOrpECCUN

Ecmu g=1, To 11 BBIUMCIIEHUS

CYMMBI Sn IIEPBBIX N YWIEHOB F€OMETPUUYECKON
IIPOTPECCUU IIPUMEHSIOT CIEAYIOIIYIO
dhopmymy:
Sn=b1+...+bn=(b1-bnq)/(1—q)=b1(1—q")/(1—q
).

Ecnu g#1, T0o dopmyrna BUgon3MeHseTcs 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
HaXO0XJACHHUS CYMMBI Sn IMEPBBIX N YICHOB
reOMETPUUYECKOI MPOTrpecCcuu:
Sn=b1(qn—1)/(q—1).

Kak HaiiTu q B reoMeTpuyYeCKOl Nporpeccuu
Brrunciienue 3HameHarens

IPOTPECCUH ( OCYIIECTBISIOT Yepes
BBIBeZICHHE U3 (POPMYJIBI HA HAXOXKICHUE
o01Iero 4jieHa reOMeTpUUECKOi MPOrpecCcuu:
bn=blgn—1

Otcrona:

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
lim y, =b

v, &+ b
NULIyT 7= A100 MO-UHOMY: - ™

r

L OO
Koraa , 9TO O3HAYaCT, YTO IIPpH

n oy, b
IOCTATOYHO OOJBIIUX =~ , - ™ )

bonee TOYHO, €CJIKM y HAaC €CTb IPCHACI U

£
€r0 — OKpPECTHOCTb, TO HAUYMHAA C
HCKOTOPOro HoMEpa BCC YJIICHBI
IoCIaCA0BATCIIBHOCTH HAXOJATCA B -

OKPECTHOCTH TOYKHU
b
OmnpeneneHue: 4UCno = Ha3bIBACTCS

v
MIPEIEIIOM TTOCTIeIOBATEIBHOCTH - ™, €CIIH B
00011 3apaHee BEIOpAHHOM -OKPECTHOCTH

be=0
TOYKH , COJIepKaTCs BCE WICHBI

MOCJIEI0BATEIbHOCTH HAUMHAasl C HEKOTOPOTO
HoMepa (puc. 4).

limy,=5b
n—:‘ﬂ:
E s
£ NN
b X
limy, =b
Puc. 4.»—e=

Ypcno © MoxeT GBITh OUCHD MAJIBIM.
Cxopsmiuecs: mocne0BaTeIbHOCTH — T
MOCJIEZI0BATEIbHOCTH, KOTOPbIE UMEIOT
npened.
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CBolicTBa CXOIIIIENCS YUCIIOBOU
MOCJIe1I0BATENILHOCTH

Ecnu nocnenoBaTenbHOCTh CXOAUTCS, TO:
1. TOJBKO K OJJHOMY IpEAeIy;

2. OHa OrpaHUYCHA.

Kax y3Hath, 4TO mocie10BaTeIbHOCTH
cxoasatca? [lns HeKOTOphIX
[10CJIeI0BATELHOCTEN 3TO MOKHO C/IeNaTh.
Ecnu nocnenoBarenbHOCTS MOHOTOHHA U
OrpaHUYEHa, TO OHA CXOAUTCS.

Teopema BeliepmTpacca

)

1 2 3 n X
[TocnenoBarenbHOCTH BO3pactaeT. Yucno
TOUYEK HE OTPAaHUUYEHO, TTOCIIEI0BATEIBHOCTh

b
OIrpaHH4YCHA YHUCJIOM . 3Ha‘II/IT, K

YUCITY b 100 K JIF0OOMY JIpYrOMY YHUCITY BCE
TOUKH I1OCJIEIOBATEIBbHOCTHU CTYIIAIOTCS. DTO
HarJsHO NOKa3bIBACT, YTO MOHOTOHHOCTb U
OTPaHUYEHHOCTD — JIBa CBOICTBA, KOTOpHIE
SIBJISIFOTCS IOCTaTOYHBIMM 11 TOT'O, YTOOBI
MOCJIEZI0BATEIBLHOCTh UMea npeien. B atom
CMBICII TeopeMbl Beiepirpacca.

Teopema /17151 BBIYUCIIEHUS [IPENIETIOB
KOHKPETHBIX I10CJIE0BATEIBbHOCTEN

Xy Y
JlaH®bl 1BE MOCIIEI0BATENILHOCTH = "1 = ™
limx,=b Ilmy, =c

— —
, mee n mes

IlocnenoBaTeabHOCTH CXOaAIIuECH.

1. *n T+ ¥s _nHosas MOCJIEAOBATENLHOCTD, €€

li =b
npeaes nl—Ir];lc (% + ¥2) * C. [Mpenen

CYMMBI TTOCJIETIOBATEIILHOCTEH, PABECH CyMMeE
MIpeIeIOB ATUX MOCIIEI0BATETFHOCTEH.
lim(x,-v,)=b-c
n—oe (%0 ") . DTOT mpejieN paBeH
MIPOU3BEICHUIO b ¢ 1oects MIPOU3BEICHUTO
3THUX TMPEJICTIOB.

lim (I—") =2
3. m—es W ¢. IIpenen sToi

oCICa0BAaTCIIbHOCTHU, TO €CTh IIPCACIT
b

YaCTHOTO paBeH ¢, rje © #0
lim(k-x,)=k-b _

n—rm , e MOCTOSIHHBIN
MHOKHTEJNb, KOTOPBIA MOKHO BBIHECTH 32
3HaK Mpeena.
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[TpousBonHas GyHKIUU

@DYHKIMH JOCTATOYHO YaCTO BCTPEUYAIOTCS
npu penieHny 3a1a4. OHU MOTYT ObITh Kak
COCTaBHBIMH YaCTSIMU KaKOI'0-TO 3a/laHus, TaK
U OT/I€TbHBIM HOMepoM. Pasymeercs,
BCTPEYAIOTCS HE TOJIBKO MPOCThIE (PYHKIINU.
Ecnu oTKpbITh OaHK 3a/1aHUi, TO MBI
YIUBHUMCS, HACKOJIBKO CIIOHBIMU OHU
ObIBaroT. Tak uToO AenaTh ¢ TAKUMHU
CJIO’KHBIMU ¥ HETIOHSATHBIMU (PYHKITUSMHE?
[Ipon3BosHas — OAHO U3 CaMbIX BAXKHBIX
MOHATUM MaTemaTHueckoro aHaiusa. C ee
IIOMOILBIO MOYKHO OIMCATh MOBEICHHE 000
GyHKIHN.
[Ipupamenue GpyHKIMHU — 3TO pa3HOCTh
MEXIy ABYMS 3HAUCHUSIMH (DYHKIIHH, TO €CTh
y.
[Ipuparenue aprymeHTa — 3TO pa3HOCTb
MEXy ABYMS 3HAUEHUSIMH apryMeHTa, TO
eCTb X.
CkopocTb u3MeHeHust QyHKIUH Oyaer
paBHa OTHOILIEHUIO MPUPAIIECHUS PYHKIIUN K
npupaleHuto aprymenTa. [Ipu sTom uem
MEHbIIIE OyJeT NpUpalleHUue apryMeHTa, TeM
TOYHEE Mbl IPUOJIN3UMCS K BEPHOMY
3HAYEHUIO.
Otcrofa Mbl IOJy4YaeM OINpENEICHHE
MIPOU3BOIHON (PYHKIIHH.
IIpousBoaHast GyHKLIUU — 3TO MOHATHE
¢ depeHINaTbHOTO HCYUCIIEHUS,
XapaKTEepU3yIoIllee CKOPOCTh U3MEHEHUS
GbyHKIMY.
[IpouzBoanyto QyHKIMH 0003HAUAIOT KaK
f(x).
flx|=lim %w:uf'[x]: lim [Ix+8x)7T1X)
ax-0 A X Ax—1 Mox
Ecnu MBI NpuMEHNM OJMHAKOBOE
IIpUpalICHNE apryMEHTa K pa3HbIM ydacTKam
(GyHKIIUH, TO 3aMETUM, YTO MIPUpaLCHHE
¢byHkuuu Taxke oyner pazuoe. 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 MPOU3BOAHOM, CyMMa U Pa3HOCTb,
YMHOXXEHUE U JeTIeHne QyHKINMA:

1. KoHCTaHTy MO>KHO BBIHECTH 3a 3HAK
niponsBoHOM: (C(x))'=C(f(x))’
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2. TlpowusBoaHas CyMMbI/pa3HOCTH (DYHKITHIT
paBHa CyMMe/pa3HOCTH MMPOU3BO/IHBIX:
(f(x)=g(x))=(f(x))"£(g(x))’

3. HuddepeHnupoBaHue Mpou3BeACHUS
IBYX (DYHKIU# BBITIOJTHSIETCS 110
dopmymne(f(x)-g(x)) =(f(x))" g(x)H(x)-(g(x))’
4. JluddepeHuupoBaHrue YaCTHOTO JIBYX
(GyHKIUH BBITIOHSETCS TI0 hopmyie:

(,ﬂ:x} ) g — Fl)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.

[IpousBoanyro cinoxuoi GyHKIuu f (y)
MO>KHO HalTH 1o cienyrouieit popmymne: (f
(y)' =1 (y)xy'. Apyrumu cioBamu, Hy>KHO
YMHOXHUTH MPOU3BOIHYIO, YCIOBHO TOBOPS,
BHEIIHEH (PYHKIIMHM HA TIPOU3BOIHYIO
BHYTPEHHEM.
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dusnueckuii
MPOU3BOAHOMN

(MEXaHHYECKHIN)

CMBICI

®uU3NYECKU CMBICI TPOU3BOTHOM
[Ipeanonoxum, 4TO HEKOTOpask TOUKa
JBUKETCS MPSMOJIMHENHO, U €€ IyTh MOYKHO
onucaTh 1o 3akoHy x(t). To ecTh 3a
OnpeJIeJICHHOE BpeMsl t TOUKa MpoiIeT
paccTosiHuE X.

A Tenepb BCIOMHUM (QOpPMYITY

CKOPOCTH: V=X/t.

UToOB! HANTH CPETHIOI CKOPOCTh Ha KAKOM-
TO YYacCTK€ IyTH TOUKH, HY’KHO pa3/IeIuTh
BECh ITyTh Ha BCE BpeMsl UM vep= Ax/At .
Takum 00pa3oM, MbI MIPUILLIH K OMPEAETICHUIO
MIPOU3BOIHOM.

[8] t t t

Ouznyeckuil (MEXaHUUECKUN) CMBICI
IIPOU3BOJIHOM COCTOUT B TOM, UTO
MPOU3BOJIHAS OT (PYHKIIUHU paBHSAETCS
CKOPOCTH JIBUYKEHUSI HEKOTOPOT'O TeJa 10
TpaeKTOpHuH X(t) B MOMEHT BpeMeHH t. X'(t) =
v

Tak)xe BCIIOMHHUM, YTO CKOPOCTh Tejla
3aBHCHT OT ero yckopenus. Torna, npumeHss
aHAJIOTMYHBIE PACCYXKIECHUS, 10JTy4aeM:
v'(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:

x’(t)=v'(t)=a

Kak HaliTh CKOpOCTb U YCKOPEHUE TOUKH 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 TPOU3BOIHOM

['eomeTpuyeckuii CMbICT TPOU3BOHOM
JlocTpouM IpsIMOYTOJIbHBIN TPEYrOJbHUK
ABC. 3ameTum, 4To oTHOLIEHUE Ay/AX=
tgBAC, To ecTh paBHsIETCS OTHOLICHUIO
IIPOTUBOJIEXKAILETO KaTeTa K IpuiIekKalemMy
kareTy. lHaue 3TO0 OTHOIIEHHE MOKHO
3anucathb kak tgBAC=BC/AC .

[TockosibKy B 3TOM IIpUMEPE MBI B3sUIN
JIOCTaTOYHO OOJIBIIOE PACCTOSHUE MEXKIY
3HauUeHUsIMU X, TO AB — cekymas. Eciu Ml
Oy/eM COKpallaTh pacCTOSIHUE MEXITY
3HAUEHUSIMU apryMEHTa, TO JIBE TOUKHU Ha
rpaduke OynyT Oimke APYT K OPYTY,

a cexyIias OyJIeT CTPEeMHUTHCS K
KacaTeJIbHOM.

/\V

7,

o] X X X

CnenoBaTeabHO, 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 (pyHKINUU 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 ypaBHeHHue y = kx+b,
rae K — Kod(PUIueHT HaKIoHa.

Torzaa Mbl nosty4aeMm cienyrollee ypaBHEHUE:
f(x) =k =tg(a)

['eomeTpuyeckuii CMbICT TPOU3BOJIHON —
IJ1aBHBIA COBMECTHBIN HOMep. [IponsBoaHas
paBHSIETCS] TAHT€HCY yTjla HaKJIOHa
KacaTeJIbHON, IPOBEICHHON K (PYHKIIUU 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)) m mumeet yrioBoit ko3pdumuent f'(x0).
BriBeneM ypaBHEHUE KacaTEIbHOM.
PaccmoTpum kpuByto y=f(x).

Bribepem Ha Hell TOuky A ¢

koopaunaramu (x0,y0), mpoBeaem
KacarenbHyo AB B 3TOM TOuKe.

VYrnoBoit k03¢ UIMEHT KacaTeabHOH paBeH
MPOU3BOIHON OT pyHKIMHU f B TOUKE

x0: k=f'(x0)

VYpaBHenue npsimoit AB, npoBeneHHoi uepes
nBe Touku: (yB - yA) =k (xB - xA).

g A(x0,y0), B(x,y) nonydaem:

(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 x( 3amaercs creayromei
hopmyroii:

v = f{x0)(x—x0)+ Fix0)

, IpH yCJIOBUH,
yT0 ipousBoHas f'(x0)=a#0 — cymecTByeT
Y KOHEYHa.

UrtoObl 3anucaTh ypaBHEHHE KacaTeIbHOH C
YTI0BBIM KO3 GUIIMEHTOM B Buje y=kx+b,
HY>KHO PAaCKpBITh CKOOKHU M MTPUBECTH
MOJOOHBIE:

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
Kod(huneHToM OyIeT BBITIISICTh
cnenyromuM oopazom: y=kx+b.

CMBICT 371EeMEHTOB YpaBHEHHSI KacaTeIbHOU
A(x0;y0) — Touka kacaHus KacaTeJIbHON U
rpaduka ¢ koopauHatamu (x0;y0).

y=f(X) — rpaduk GyHKIUN.

B(x;y) — npou3sBosbHas TouKa Ha
KacaTeJIbHON ¢ KOOpJMHATaMU (X;Y).

f(x0) — 3navyenue GpyHkuuu B Touke X0.
f'(x) — npousBoanas. f'(x) =tgx =k, 10
€CTb PaBHA yIIIOBOMY KO3 (UIHEHTY.
f'(x0) — 3HaYeHME MPOU3BOIHOM B TOUKe XO.
b — BBIUKCIIEHHOE YMCIIOBOE 3HAUYCHUE.
AJTOpPUTM MOCTPOCHUS KacaTEIbHON K
rpaduxy QyHKIUH

Jano: ypaBHeHue kpuBoi y=f(x), abcuucca
TOYKHM Kacanus x0.

HeoOxonuMo BhIBECTH ypaBHEHUE
KacaTeJbHOM.

Pewenne:

1. Haiitu 3Hayenne QyHKINU B TOUKE
kacanus f(x0)

2. Haiitu obiiee ypaBHeHHE

npousBoHou f'(X)

3. Haiitu 3HaYeHNE IPOU3BOIHOMN B TOUKE
kacanus f'(x0)

4. 3amucaTh ypaBHEHHE KacaTeIbHOU y =
f(x0)(x - x0) + f(x0), mpuBecTH ero K BUY Y
=kx+b

B urtore nosmydyaem ypaBHEHHE KacaTeJIbHOM B
Buge y =kx +b.
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HenpepbIBHOCTh PYHKIIUHM U METOA
UHTEPBAJIOB

[IpumeHenust HepepbIBHOCTU

@yHKIMS HA3bIBAETCS HENIPEPHIBHON B TOUKE
x0, ecnu f(x) crpemurcs k f(x0) mpu
ctpemiennd x K X0. [Ipu atom f(x) — A = f(x)
—{(x0) = Af. Ecnu ¢pynkuus f HenpepbIBHA B
Ka)KJJOW TOUKE HEKOTOPOr'O MPOMEKYTKA A,
TO 3Ta PYHKIUS OyJET SABIATHCS
HEIPEPBIBHON Ha BCEM NMPOMEKYTKE A. A cam
MIPOMEXYTOK A, Ha3bIBaIOT B TAKOM

ClIy4ae IPOMEXYTKOM

HernpepbIBHOCTH (yHKIUH f.

I'paduk HenpeprIBHBIX QYHKINH, H3y4aeMbIX
B LIKOJIBHOM KypC€ MaTeMaTUKH, MOKHO
HapUCOBATh «HE OTPbIBas KapaHAall OT
OyMaruy», Tak Kak OH MPEACTABISIET CO00
CIUIOIIHYIO JIMHMIO. Eciu Ha HeKoTopoM
unTepBaie (a;b) pynkuus f HenpepbIBHA U HE
oOpariaercs B HyJb, TO Ha ’TOM HHTEpBaJie
OHa OYJeT COXpaHATh NOCTOSIHHBIN 3HAK.
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9TO CBOMCTBO OYCHB JICTKO JIJISI IIOHMMAaHMSI.
OyHKIHKA, pacnoiokeHHas Boiiie ocu Ox,
UMEET 3HAK «IUTIOCY, (DYHKITUS,
pacnosioxeHHast Huxke ocu OX, UMeeT 3HaK
«vunHyc». Ecnn munus GyHKIuu He
nepecedeT ock Ox (Ha ocu Ox GpyHKUIMSA
paBHA HYJIO), TO OHA SIBHO HE U3MEHHUT CBOM
3HAK.

Merto nHTEpBaOB

OHUM U3 SIPKUX TPUMEHEHUN CBOMCTB
HEMPEPHIBHOCTU (QYHKITUH SIBISICTCS METO/T
MHTEPBAJIOB, KOTOPBII UCIONB3YyeTCs AJIs
pelIeHus: HEpaBEHCTB C OHOM IMEPEMEHHOM.
[Tyctb HekoTOpas GyHKIUU HEMpepbIBHA 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
COXpaHsTh CBOM 3HaK. YTOOBI ONIpeenUTh
3HAKHU BCEX IIPOMEXKYTKOB, JOCTATOYHO 3HATH
3HaK OJIHOI'0 JK000I0 U3 3TUX UHTEPBAJIOB.
[Tpumep ¢pyHKIMH, KOTOpas HE ABISAETCA
HEIIPEPBIBHOU

J10 cHX TIOp MBI CTAJIKUBAIHUCH TOJBKO C
HenpepbIBHbIMU (pyHKIMsIMU. Ho
CYIIECTBYIOT (DYHKITHH, KOTOPBIE HE
SIBJISIFOTCS] HEMIPEPBIBHBIMU B KaXJI0M TOUKE, B
KOTOpO# OHU onpezeneHsl. Hampumep,
¢bynkus f(x) = {x}, rae {x} — ecTb qpoOHas
9acTh YNCINA X.

E€ rpa¢uk nzobpakeH Ha clieayroeM

PHUCYHKE.

—

-2 -1 0 1 2 x

Jlerko 3aMeTUTh, YTO OCHOBHOE CBOMCTBO
HEeMpepbIBHOCTH (YHKIUH B TOUKe X0 paBHOE
T000MYy 1IETIOMY YUCTTy, HE OyeT
BBITIOTTHSITHCSL.

Ho B Toxe Bpemst pynkius f(x) = {x}
HEeMpephIBHA BO BCEX JPYTHX TOUKAX, HA
KOTOPBIX OHA OTIPEJIeICHa, KPOME TOYCK, IJIe
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X paBHoO 1enomy uuciy. Ha rpadguke takue
TOYKH OTMEUEHBI BEIKOJIOTHIMU KPY)KKaMHU.

OyHKIMK HENPEPHIBHBIC, HO HE
muddepeHnpyemMbie B JTaHHOW TOYKE

EcTh ¢yHKIINN KOTOPBIC SBISIFOTCS
HENPEPHIBHBIMU B Ka)KJIOW TOUYKE CBOCH
obmactu onpeaenenus. Ho npu 3Tom He
OyAyT UMETh MPOU3BOHBIE B HEKOTOPHIX
toukax. Hanpumep, pyHkmus y=|x|
HEeNpepbIBHA HA BCE YHCIOBOM OCH, HO MpH
aToM He nuddepeHupyema B Touke X = 0.
Hwxe npencrasien rpaduk 3Toi GpyHKIHH.
7
y=|x|

x
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CBs3b IPOM3BOAHOI C BO3pACTAHUEM H
yObIBaHUEM (PYHKIIHH

Teopema 1. Eciii Bo BceX TOUKax OTKPBITOTO
IPOMEXKYTKa X BBIIOJIHIETCS

Flixg)z0

HEPABEHCTBO (mpuuém

Flxgy=0
PaBCHCTBO ! * BBITIOJIHACTCS JIUIIb B
OTACJIIBHBIX TOYKAaX W HE BBIIMMOJHACTCA HU Ha
KaKOM CIIJIOIITHOM HpOMC)KyTKC), TO

byHKLIMSA y=J BO3pacTaeT Ha
MPOMEXYTKE X.

AHanoru4Ho GpopMmynupyercs TeopemMa
2. Ecii BO Bcex TOYKax OTKPBITOTO
IIPOMEXYTKA X BBINOIHIETCS

Flagh<0

HEpaBEHCTBO * '~ +*
Flagy=0

PaBCHCTBO ) ’ BBITIOJIHACTCS JIUIIb B

OTACIBHBIX TOYKAX U HC BBIIIOJIIHACTCA HHU Ha
KaKOM CIIIOIITHOM HpOMC)KyTKC), TO

(mpuuém

byHKIMsA y=J yOBIBaeT Ha
MPOMEXYTKE X.

Cpa3y o0paTuM BHUMaHHUE Ha TO, YTO
Teopema chopMyIupoBaHa sl HYHKIIHH,
HENpPEephIBHBIX HA MPOMEXyTKe X (4TO
cienyer u3 ux auddepeHupyemMocTy ).
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Kputnueckue Touku GyHKIUN, MAKCUMYMBI U
MUHUMYMBI

Kputnueckue TOUkd U 9KCTPEMyMbI (PYHKIIUH
B HekoTophIX TOUKax U3 obnactu
oTpeieNIeHus MPOU3BOIHAS (DYHKIIMH MOKET
OBITH paBHA HYJIIO WJIH BOOOIIIE MOXKET HE
CyIIECTBOBaTh. Takue TOYKU U3 00JIaCTH
OTIpeJICIICHUS] Ha3bIBAIOTCSI KPUTHYECKUMU
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ToukaMu QyHKIHH. [TokaskeM KpuTHUECKHEe
TOYKHU Ha rpaduKe 3a1aHHON PYHKIUH.

1. Jlst

3HAYCHUIl *** paBHBIX
C8 yrioBoit koG PUIMEHT KacaTelbHOH K

T —
rpaduky paseH 0. T.e. f (X) U Otn
TOYKH SIBJITFOTCSI KPUTUIECKUMH TOYKAMU

byHKIIHIH.
2. B Touxax ¢3s €5, €6 (GyHKIUS HE UMEeT
MPOU3BOIHOM. DTH TOKE KPUTUIECKUE TOUKH

GyHKIMN.
J

ci1, C2, C4, C7,

Y |

/]

O 1 €1 C3C4 Cs Cs C7 Cs *
3. lna paccMatpuBaeMoii HaMu (yHKITUU
{J |. L] {.2 L] {.‘"‘I 5 'CFS L] 'C-‘{:],

KPUTHUYCCKUC TOYKHN

C7 ACIAT €€ 001acTh OIIPpCACIICHUA HA
YCpeaAYOIIECS NHTCPBAJIbl BO3PpACTAHUS U

y6biBanus. Touxn €3 C8 _ xputuueckne
TOYKH, KOTOPBIEC HE U3MEHSIOT BO3paCTaHUE U
yObIBaHUE (MM HA00OPOT).

Mo rpaduky BUIHO, 4TO B TOYKAX
BHYTPECHHETO

JKCTpEMyMa (E' | C:) IIPOU3BOHAS
(yHKIIMU paBHA HYJIIO, a B

TOUKE {{ ) npousBonnas He cymecTByer.

Touku, B KOTOPBIX TPOU3BOIHAS (PYHKIIHH

paBHa HYJIIO, TAKXKE

Ha3bIBAIOTCS CTALIMOHAPHBIMU TOUKAMHU.
A

fib)

Teopema depma (Heobxonmumoe ycioBue
CYILIECTBOBAaHUH SKCTPEMYMOB)

Bo BHyTpeHHUX TOUYKaX SKCTpeMyma
MMPOM3BOIHAS JTMOO paBHA HYIIIO, THOO HE
CYILIECTBYET.
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[Tpumeuanue. Touka, B KOTOpOU
MIPOU3BOJIHAS paBHA HYJIIO, MOKET U HE OBITh
TOYKOM 3KcTpeMyMa. Hanpumep, B

Touke X — 0 MIPOU3BOTHAS

s — 43
)= X
byHKIIIN J paBHa HYJIO, HO 3Ta TOUKa

HE SBJIAETCSI HU TOYKOH MaKCUMyMa, HU
TOYKOW MUHUMYMA.

Ha otpeske HempepbIBHOCTH (YHKITUS MOXKET
HMMETh HECKOJIBKO KPUTHYECKUX TOUYEK, TOUEK
MakcuMyma 1 MuHUMyma. CyliecTBOBaHUE
3KCTPEMYyMa B TOUKE 3aBUCUT OT 3HAUCHUS
(yHKIIUY B TaHHOM TOYKE U B TOUKAX,
OJIM3KUX K JAHHOM, T.€. UMEET CMBICI
JIOKAIIbHOTO (MecTHOTr0) 3HaueHus. [loaTomy
HWHOTJIA UCIIOJB3YIOT TEPMUH JIOKAIBHBIN
MaKCUMYM U JIOKAJIbHbII MUHUMYM.

A
4

= * f
2

Ly

[y ]

Y

.._.‘ MAKCHMYM

MAKCHMYM

MHHHMYM i
1

IMHHHMYM

= e >
Olyosie.  so3p. yoweis.  aosp. yobie, X
I[OCTaTO‘IHOC YCII0BUEC CYHICCTBOBAHUA
OKCTpEMyMa

ITycts GpyHK1MSA Y= / (k) HEIpepbIBHA HA

MIPOMEKYTKE [a‘l-b) u N0 E (a;h).
Ecmu X0 gpsercs kpuTHdeckoil TOUKOi, B
OKPECTHOCTH KOTOPOH PyHKIIHS
muddepeHupyema, To, €CIii B dTOU
OKPECTHOCTH:

“F
1) /{ (I] cJeBa OT
Touky X0 TON0KHUTENbHA, a CIIPaBa -
OTpHIATENbHA, TO TOUKa L0 SBIIsETCS TOUKOI
MaKCUMyMa.

"F
2) J'(x) ceBa ot X0 otpumarensHa, a
CIpaBa - MOJOXKUTENbHA, TO
Touka X0 gBIAETCA TOYKOH MHHAMYMA
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"F
3) /( {){.' ) C KaXKJ0 CTOPOHBI OT
Touky X0 yMeeT OMHAKOBBIE 3HAKH, TO
Touka X0 He ABNAETCA TOUKOM IKCTpEMyMa.
UroObl HaiiTh HanbobIIee (A0COMIOTHBIH
MaKCUMYyM) WM HauMEeHbIee (aOCOMOTHBIN
MUHUMYM) 3Ha4eHHE PYHKINU, UMEIOIICH
KOHEYHOE YHCIIO KPUTUIECKUX TOYEK Ha
OTpe3Ke, HaZl0 HAlTH 3HaueHHe (PYHKIIUU BO
BCEX KPUTHYECKUX TOYKAX M Ha KOHIIAX
OTpE3Ka, a 3aTe€M U3 IOJy4YCHHBIX 3HAYCHUN
BbIOpaTh HanOOJIbIIIEE HIIH HAUMEHBIIIEE.
CooTBeTcTBYIOIIME HAaHOOJIbIIEE U

HaMMEHbIIee 3HAYCHUS PYHKIIUU J{ (T) Ha

[a; b]

OTPE3KEC ] 3aHI/ICI)IBaI(?TC$I
maxf(x) minf(x)
Kkak la:b] - u lab] - .

Hwxe npeacrasiensl IpuMepsl ONPeIeIeHUs
MaKCHUMyMa 1 MUHHMYyMa B COOTBETCTBHH CO
3HaKOM IIPOU3BOAHOM IIEPBOTO NOPsIKA.

rpaduxn yHxunil fe) 3HAK f(X) HA MH-|3HAK f'(X) HA HH-| BospacTanne
Ha oTpeske [a;b] Tepeanie (a;¢)  |Tepsane (c; b) HITH yOBIBAHHE

- + na [a; ¢] yGuisaer,
) A MUHHMYM Ha [c; b] Bospac-

[ — TaeT

v/ TN\ — + _ Ha [a: ¢] Bo3pac-

| MaKCHMYM Iraet,
[T S ua [c; b] yopiBaeT
X‘\i HH MaKCHMYM Ha [a: ¢] ybuiBaer,
| ¥ HH MHHHMYM - Ha [c; b] ybeisaer
Ha [a; c] sospac

n
f HH MHHEMYM 1 Taer,
i HH MaKCHMYM + + Ha [c; b] BoO3pac:

a_c b Taer
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HaxoxxneHne HanOobIIero 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
HanOoJbIIIee WM HAaNMEHbIIIee 3HAUCHUE
(GyHKIMU B TaHHON 00JIACTH, HY)KHO PEIINTh
3a7a4y Ha SKCTPEMYM, TO €CTh HAUTH
MIPOU3BO/IHYIO 3aJaHHOHN (PYHKITUH,
MPUPABHAITH €€ K HYJIO0 ¥ HAUTH TOUKH, B
KOTOPBIX MIPOU3BOIHAS (PYHKIIMH oOparaercs
B HYJIb. [I0TOM M3 3THX TOYEK HYKHO
BBIOpATh TOJBKO TE, KOTOPHIE BXOJAT B HaIILy
3aJJaHHYIO 00JIaCTh. 3aTeM HYKHO BBIUYHCIIUTH
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
BBIBOJI O HANMEHBIIEM HIIH HAanOOJbIIeM
3Ha4YeHUU PYHKUIUHU B TAHHON 0OJIACTH.
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Haxoxaenne HanbobIIero 1 HANMEHbBILIETO
3HaYeHUH PYHKIUU HA OTPE3KE.

1. Ecnmu ¢yHKIus HenpeprIBHA HA
OTpE3KE, TO OHA IOCTUTaeT Ha HEM CBOETO
HauOOJIbILIEr0 U CBOETO HAUMEHBIIIETO
3HAYCHUSI.

2. Haubonbiiero u HauMeHbIIEro
3HAUEHUH HeTpephIBHAS (YHKIUS MOXKET
JOCTUTATh KaK Ha KOHLIaX OTpe3Ka, TaK U
BHYTpH HETO.

3. Ecnu nanbombiiee (HaMMEHbBIIIEE)
3HaueHUE (PYHKIMH JOCTUTACTCS BHYTPU
OTpe3Ka, TO TOJILKO B CTAI[MOHAPHON WU
KPUTUYECKON TOUKE.

AJTOpPUTM HAXOXACHUS HAUOOJBIIETO U
HaUMEHbIIIero 3HaueHu Qynknmn 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
uHTEepBaIy (a; b)u cpeau momydeHHBIX
3HAYCHHH BHIOpaTh HAUOOJIBIIICE U
HaUMCHbIIICe

[Tpumeps! u pa3zdop perieHus 3a1aHui
TPEHUPOBOYHOTO MOTYJISI

Nel.Haiitu Hanbounbliiee 1 HAUMEHBIIIEE
3Hauenus Gpynknuu f (x) = 2x> — 9x* + 12x —
2 na otpeske [0; 3]

Pemenue. JleficTByemM B COOTBETCTBUU C
AITOPUTMOM.

1) D(f) = (-00; +00).

2)f (x)=6x>—18x + 12

3) CranmoHapHble TOUKH: X = 1; X = 2.
1e(0;3); 2 {(0; 3

4) f(0) = -2
f(3)="7
f(1)=3
f(2)=2

5) fuaumn=1(0) = -2
fuans. =f(3) = 7.
OrtBert: fham— -2
fnan6.: 7.
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IlepBooOpa3Has pyHKIMU

[lepBooOpasnas ans pynkuuu f(x) — 31o
takas pynkuus F(x), npon3BogHas KoTopoit
paBHa f(x). To ecTh BBINOJIHSAETCS PAaBEHCTBO
F'(x) = f(x).

WHuTerpupoBanue — nporecc noucka
MHTETrpaja; BOCCTAHOBIEHHE (DYHKIIUHU TIO €€
MPOU3BOHOM.
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[Tpumep 1: MBI 3HaeM, 4TO YCKOpPEHUE
SIBJISIETCS] IPOU3BOAHON OT cKopocTtu. Torna
10 HEMY MOXHO HalTH CKOPOCTb,
BOCCTAHOBMB (DYHKIIHIO U HAMIs1 €To
nepBOOOpa3HYIO.

[Tpumep 2: npousBoHas GyHKIHH —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 HYJIIO:

(—cos(x) + 3)"' = sin (x),
(—cos(x) + 5)"' = sin (x),
(—cos(x) — 6)" = sin (X).

BBIX0UT, 94TO TTOTYYUTH UCXOIHYIO
(YHKIUIO B IEPBO3/IaHHOM BH/JIE
HEBO3MOXXHO, HO YYECTh JIOTIOJTHUTEILHOES
cllaraemMoe B BUJIE YMCIIa HaM HY>KHO. VIMeHHO
MOATOMY B II€pBOOOPA3HON TOOABIISIIOT
KOHCTaHTy «+ Cy». BeipaxkeHue, koropoe
nmeet oommit Bua F(x) + C, Ha3piBaeTcst
MHOKE€CTBOM TEPBOOOPA3HBIX (YHKITHH.

Otcrona BhITEKAET CBOMCTBO EPBOOOPA3HOI:
mo0bIe 1B IEPBOOOpA3HBIE OAHOM U TOH K
(YHKIIUU OTIMYAIOTCS APYT OT Apyra He
OoJiee 4em Ha MoCTOosSTHHYIO Bennuuny C.
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[IpaBuna HaXOXKEHUS TTEPBOOOPA3HBIX.

Haxoxzaenue nepBoobpazHoi GyHKIIMH
TEXHUUYECKHU CBSA3aHO C IOMCKOM
HEOMNpeIeIEHHOT0 HHTerpasia QyHKITHH.

126




Heonpenenéunplii ”HTErpajl — 3TO UHTErPAJl,
JUIsL KOTOPOTO HE 3a/1aH IPOMEXYTOK
UHTETPUPOBAHUSL.

Baxxublii MOMEHT: eciun
npoaudGepeHIIPOBaTH 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.

[IpaBuia HaXx0X/A€HUS IEPBOOOPAZHBIX:

1. Ecnu HyxHO HailTH TIEpBOOOPA3HYIO
OT MPOU3BEICHHUS YKCIa Ha (PYHKIIUIO, 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
nepBo0Opa3HOI BeIpaXKEHUS OyIeT
CyMMa/pa3HOCTh MEPBOOOPA3HBIX ITUX JIBYX
(GyHKIMHA.

g(x) = f(x) — G(x) = F(x)

3. Ecnu F(x) ecth HEKOTOpas
nepBoobOpasHas st pynkuuu f(x),ak u b
€CThb HEKOTOPbIE TOCTOSIHHBIE, IpU4eM K He
paBHsieTcs Hymto, 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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Wuterpan. Teopema HotoTona-JIeiiOnuma

OnpepeneHH blii uHTEerpan
MoHATHE onpeAeneHHOro UHTerpana
Iycts Ha oTpeske [a,b] 3apana HenpepsiBHas

nooxuTenLHast pyHKUuA y=f{x). Torja onpeeneHHbIM

unTerpanom ot ¢yekuuH f(x) Ha [a,b | nassiserc ruomane

¢urypet noz rpadukom

1

S j f(x)dx=S8

|
i
i
i
i
|
i
I
i

a

o
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®dopmyna Herorona-JleiOnunia, Takxke
M3BECTHAsi KAK OCHOBHAs TeopemMa
WCYHCIICHUS, SIBISIETCSA OJTHON M3 OCHOBHBIX
dbopmMyI B MaTemMaTHuecKoM aHanuse. OHa
YCTaHABIIMBAET CBSI3b MEXAY MPOIIECCOM
muQepeHIMPOBaHUS 1 HHTETPUPOBAHUSI.
®dopmyna Herorona-JIeiOHMIIa rmacuT, 4To
eciu (ynakius F(X) sBaseTcst mepBooOpa3HoOn
(aaTHnpOM3BOAHON) (hyHKIMH f(X) Ha
HEKOTOpPOM HHTEpBale [a, b], To
onpeeaeHHbIN nHTerpan GyHkuu f(x) Ha
9TOM MHTEPBAJIC MOKHO BBIYHCIUTE KaK
Pa3HOCTh 3HAYECHHH nepBooOpa3Hoi F(X) B
TOYKax a u b:

[ f(x) dx = F(b) — F(a)

3nech f(x) — moapIHTErpaNbHAS QYHKIHA,
F(x) — nepBooOpa3zHast pyHkuus, am b —
TPaHUIBI HHTETPUPOBAHUS.

®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 OJHON M3 BaXKHEHIINUX GopmMyn B
MaTEeMaTHIeCKOM aHAIIN3e.
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[lmomaae KpUBOIMHEWHOW TpaIeuu

KpuBonuHelHaaTpaneyuna — 3To NAocKas
¢durypa, KoTopasa orpaH1H4eHa OTPEe3KOM
[a; b] koopanHaTHOM ocK Ox, NTpAMbBIMHM
X=X; U X =X, M rpadMKOM HEKOTOPO
dyHKUMK y(x). Mpn aTom X, 1 X, — 3TO
HEKOTOpble Yncaa, HepaBHbIe APYT APYTY,
a dyHKUMA y(x) HenpepbiBHa K
onpeaeneHa Ha oTpeske [a; b].

BbluncneHne nnowazaen NNockux uryp
Dilyem y=[(x) — HenpepbiBHas U HeoTpuLaTe/bHas Ha [a,b]

byt Torga ruiowaas Gurypsl nog, rpadukom y=f(x)
Ha [a,b] paBHa b

S :j [ (x)dx

5

e e

wn

[0 RS
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BbluncneHue nnolyageii NIocKux uryp

2) Iycts y=f(x) — HerpepbIBHasi U HETIOJIOKUTENbHAs HA

[a,b] dynkumsa. Torga omaaps purypsl Hag rpaguxom
y=f(x) Ha [a,b] paBHa

S == f(x)dx

S

5

w

—————————— T

Bblunc/ieHne naowagei nnockux guryp
3) Hycm y=f(x) u y=g(x) — HeripepriBHbIe Ha [a,b]
dynkmm, Takue, uto f(Xx) < g(x) V xe[a,b]

Torpa ruiomaap purypel Mexay rpaduxavu y=f(x) u y=g(x)
Ha [a,b] paBHa b

5= [(9()~ (0] d

/\/ y=9(x)
S :

e — )

a b
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OCHOBHEBIE HOHSITHUSA KOMOWHATOPUKHU:
MEPECTaHOBKH, COUETAHUS U pa3MEIICHUSI.

Komb6unaropuxoii Ha3bIBACTCs paszen
MaTE€MaTUKH, M3Y4YaloIlMi BOIPOC O TOM,
CKOJIbKO KOMOWHAIlM{ ONpEEeIEHHOTO THUla
MOXHO COCTaBUTb W3 JaHHBIX IIPEAMETOB
(271eMEHTOB).

Ecnu mo06sle aBe rpymisl Ai w4 we umeror

OoOLIMX DJIEMEHTOB, TO BBIOOP OJHOTO
oneMeHTa wiM u3 A1, wm us Az, .. .wm
u3 Ay MOYKHO

ocymecteuts NV = M1 + 73 + "+ My choco

O6amu.
[TpaBuio ymMHOXKeHHsI (OCHOBHAS (hopMmysa
KOMOWHATOPHKH)

O6wee ancio ¥ CIO0Cc000B, KOTOPHIMU MOKHO
BBIOpaTh MO OAHOMY JJIEMEHTY M3 KaxIoi
TPYNIIbI U PacCTaBUTh UX B OIpPEJEIEHHOM
nopsAzKe (TO €CTh MOTYYUTh YHNOPAT0UYEHHYIO

COBOKYITHOCTh (a,b,c.d )), paBHO:
N :ﬂl 'ﬂz "'ﬂk

B xomOunaTopuke Tpu 6a3oBbie
KOH(UTypaIuu:

[IepecTaHOBKM — 3TO yHOPSIIOYEHHBIE
COBOKYITHOCTH, OTJINYAIOIIKECS APYT OT
Jpyra TOJIBKO MOPSIIKOM 31eMeHTOB. Yucio
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BCCX MIEPECTAHOBOK MHOXKECTBA

u3 ™ snementos pasao Fn = 1!
Pasmemennss —  3TO  ymopsAAOYEHHBIE
COBOKYITHOCTH 3JIEMEHTOB, OTIHYAIOIIACCS
Ipyr oT apyra Jubo CcOCTaBoM, JHOO
TOPSIIKOM 3JIEMEHTOB.

Pa3memienuss  6e3  moOBTOpeHMi,  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

u3 ™ sementos 1o K.
Uucnao pasmUYHBIX — CIIOCOOOB, KOTOPBIMH
MOXHO  TPOM3BECTH  IOCJIE€AOBATENbHBIN

BbIOOp 0€3 BO3BpALICHUS K snementos u3

reHepalIbHOM COBOKYITHOCTH 0ObeMa 'L, paBHo:

|
A K _ n.
" (n—k)!
CI{
CoueTaHusIMHu n HU3 N JJICEMCHTOB IIO k
HA3bIBAKOTCSA HeynOpﬂI{OquHIﬂe

COBOKYITHOCTH, OTJIMYAIOIIUECS APYT OT Ipyra
XOTSI OBI OJTHUM DJIEMEHTOM.

I[Iyctb w3 TeHepalbHOW  COBOKYMHOCTH
OepeTcs cpa3y HECKOJIBKO 3JIEMEHTOB (MO0
JNEMEHTHl  OepyT TOCHeAO0BaTeNbHO, HO
MOPSJIOK WX TIOSIBIICHUSI HE yYUTHIBaeTcs). B

pe3yJabTrare TaKoTo OJTHOBPEMEHHOI'0
HEYMOPsAI0YEHHOTO BBIOOpA k 3JIEMEHTOB U3
reHEPATIbHON COBOKYITHOCTH
o6nema 1t MOJTy4ar0TCss KOMOWHAIIMU, KOTOPBIE
Ha3bLIBAIOTCS COYEeTaHUSIMU oe3
IIOBTOPEHUI U3 M y1emMeHTOB 1O k .
Yuciao codeTaHwii ®W3 ' 3JIeMEHTOB
o k paBHO:

|
ck — n!

"o(n—k)- k!
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Co0piTHE, BEpOSTHOCTH COOBITHSI.

Teopust BEpOATHOCTEN — pa3fen MaTEMaTHKH,
W3YYaIOIIMN cilydaiiHble COOBITHS,
CIIy4aiiHbI€ BEJIMYUHBI, UX CBOMCTBA U
onepauuu Hax HUMU. Paccmorpum
HEKOTOPbIE KJITOUEBBIC MOHITHUS, KOTOPBIE
HCIOJIb3YIOTCS B TEOPUU BEPOSTHOCTEM.
Onpenenenue.

HcnpiTanneM Ha3bIBAETCS OCYILIECTBIECHUE
ONPEACIICHHBIX IEUCTBUN.
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[Tox coOpITHEM TOHUMATOT JTHO00M (pakT,
KOTOPBIA MOXKET IPOU30MTHU B PE3YJILTATE
UCIIBITAHUS.

JIroOo¥ pe3yabTaT UCIIBITAHUS

Ha3bIBACTCS HCXOJIOM.

JlocTOBEPHBIM Ha3bIBAIOT COOBITHE, KOTOPOE B
pe3yabTaTe UCTIBITaHUS 00sI3aTeIbHO
MPOU30UAET.

HeB03MOXKHBIM Ha3bIBalOT COOBITHE,
KOTOpOE 3aBEIOMO HE MTPOU30UIET B
pe3yJIbTaTe UCIbITaHUS.

CoObITHs 00BIYHO 0003HAYAIOTCS
3arJIaBHbIMU OyKBaMH JJATUHCKOT'O ajgaBUTa
(A,B,C,D,...).

PaccmaTpuBast npuBeIcHHBIN IPUMED, MBI
MOXeM C(OPMYITHPOBATH CIEAYIONIHNE
3aKJIFOUEHUS.

1. [Iponecc nocraBanus npeamMera u3
KOPOOKU SIBJISIETCSI UCTIBITAHUEM.

2. Pesynbrar nocraBanus npeaMmera us
KOP3HHBI SBIISIETCS COOBITHEM.

3. CoObITHE «BBIHYTHIN MPEAMET
OKaXXeTCs KIyOKOM» SIBIISIETCS JJOCTOBEPHBIM
COOBITHEM.

4. CoObITUS «BBIHYTHIN NPEAMET HE
OKayKeTCsl KITyOKOM» MJTH «BBIHYTBIH NpeMeT
OKa)XETCS KPACHBIM KITyOKOM» SIBJISIFOTCSI
HEBO3MO>XHBIMU COOBITUSIMH.

5. CoObITHE «BBIHYTHIN MPEAMET
OKa)KeTCsl 3eJICHBIM KIIyOKOM) SIBJISIETCS
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. Onpenenum ele HECKOJIBKO BaXKHBIX
MOHATHI 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={W1, W2, W3, W4, W5, W6}, [T Wi-
BBITTAZEHUE 1 OYKOB.

Ecnu coObITHS HE MOTYT NPOU30MTH
OJIHOBPEMEHHO B OJJTHOM HCIIBITAHUU, TO
COOBITHS Ha3bIBAIOTCSI HECOBMECTHBIMH.
Hanpumep, npu OpocaHuy MOHETHI HE MOTYT
OJIHOBPEMEHHO BbINACTh «Opém» u «Pemikay.
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[Ipocreimmm TpuMepoM HECOBMECTHBIX
COOBITHIA SIBISIETCS

napa MpOTUBOIOIOKHBIX COOBITUH.
[IpoTHBONOI0KHOE COOBITUE TPOUCXOIUT
TOTJa, KOT/Ia UCXOHOE COOBbITHE

A He IpouCXOoaHuT.

Co0bbITHE, IPOTUBOIIOJIOKHOE IAHHOMY,
00BIYHO 0003HAYAETCS TOH YK€ TATHHCKOMN
OYKBOI C UéPTOUKOU CBEPXY.

Hanpuwmep:

. A — can sK3aMeH 10 MaTeMaTHKe;

. A — He cj1a1 K3aMeH 0 MaTeMaTHKe.
Onpenenexue.

[TonHOI rpyrmmnoi coObITUI HA3BIBAETCS TaKast
cucTtema CoOBITHIL, YTO B pe3ybTaTe
UCIBITaHUSI HEIPEMEHHO MTPOU30UJET OHO U
TOJIKO OJTHO U3 HUX.

[Ipumep .

MoneTy noa0pOCHIN ABAXKABI. Y KaXHUTE BCE
3JIEeMEHTapHbBIE COOBITUS MTOTHOM TPYIIIBI
COOBITHH.

DneMEeHTapHBIMU COOBITHSIMHU SIBIISIFOTCSI:

- Beimasno aBa «opiay»

- Brinmano aBe «pemku»

- Beinast oguH «open» 1 0JiHa «PerKa.

3. YToOBI BBIICHUTB, HACKOJIBKO BEPOSTHO TO
WM UHOE clTyyaiiHOe COOBITHE, HYKHO
MOJ/ICUNTATh, KAK 4YaCTO OHO MTPOUCXOMMT.
Omnpenenenue.

Uwncno UCTIBITaHUN, B KOTOPBIX COOBITHE
HACTYINJIO, HA30BeM a0COIIOTHOM 4acTOTON U
0003HauuM n. O011ee YUCIIO MPOU3BEICHHBIX
ucnbITaHui 0003HaunM N.

OTtHoleHNEe a0COMOTHOM YaCTOTHI K UUCITY
ucnbITaHui n/N Ha3bpIBA€TCS OTHOCUTEIHHON
Y4acTOTOM COOBITHSL.

OTtHocuTeNbHASI YaCTOTA MOKA3bIBAET, KaKasi
JI0JIS UCTIBITAHUIN 3aBEPILINIIACH
HACTYIJICHUEM JaHHOTO COOBITHS. DTa
OTHOCUTEIbHAS YacTOTa U

oTpesiesisieT BEPOSATHOCTD CIIy4alHOTO
coObITHs. Ee elie Ha3pIBalOT CTATUCTHYECKOM
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
TBHICSIUY HOBOPOXKJIEHHBIX Ipuxoautcs 514
MaJbUHKOB.
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DTO 03HaYaeT, 4To BeposTHOCTh poxkaeHUS
MajbyuKka coctasisget 0,514.
1. Kitaccuueckoe onpenieneHne BEposiTHOCTH
MIPUMEHSETCS JIJISl PABHOBO3MOKHBIX
COOBITUH.
K paBHOBO3MOKHBIM (PaBHOBEPOATHOCTHBIM)
OTHOCSITCS] TAKHE COOBITHS, JIJIsI KOTOPBIX HET
HUKAKUX OOBEKTUBHBIX OCHOBAaHUI CUUTATH,
YTO OJIHO SIBJISIETCA 00JIe€ BO3MOMXKHBIM, YEM
JIpyTHeE.
Hanpumep, npu 6pocanuu urpaibHOro
KyOuKa COOBITHS BBINIAICHUS JIIOOOTO U3
OYKOB PaBHO BO3MOJKHBI.
PaccMoTpuM npou3BOIBHBIN SKCIIEPUMEHT.
[IycThb n- yuCIO BCEX UCXOJIOB HKCIIEPUMEHTA,
KOTOpBI€ 00pa3yroT MOJIHYIO IPYIILY OMAapHO
HECOBMECTHBIX U PAaBHOBO3MOXHBIX
COOBITUH, M — YKCIO OJIArONPUSITHBIX
coObITHIO A Hcx010B. Torjaa BEposiTHOCTBIO
m
P(4) =—
COOBITHS A HA3bIBACTCSI YUCIIO n
CornacHo onpeneaeHuI0 BEpOSATHOCTH
HauMEHbIlIEE 3HAYCHUE BEPOSITHOCTH
IPUHUMAET HEBO3MOXKHOE COOBITHE, TaK KaK
OHO HE MOXET HAaCTYIUTb U AJis Hero m=0,
3HAUYUT U BEPOSTHOCTH paBHa 0.
Haubonbiiee 3HaueHre npuHUMAaeT
JI0OCTOBEpHOE coObITHE. B cuity Toro, 4To oHO
rapaHTUPOBAHHO MPOU3OUET, ISl HEro m=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.
IIpousBenenuem cobbiThii A u B HazpiBaeTcs
coObITHE A*B, cocTosiiee B COBMECTHOM
OCyIIecTBIEHUH coObITUI A 1 B.
Hanpuwmep:
1. [lycTp A - uner noxnp, B - uger cuer,
Torma A + B — «uneT cHer WM DOXKIb)»
2. IIpu 3-x BBICTpENax IO MULIEHU
COOBITHS: Ao — «TTONIaAAHMI HET», A1 — «OJIHO
nonagaHue», A, — «aBa nmonagaHus», Toraa
A=AotA1+A> - «IpOU30MIIO HE OOJBITIE IBYX
nonagaHui»
3. [Tycts C - u3 ypHBI BBIHYJIN O€IbIi
map, D - u3 ypHbI BeIHYIM Oenblil map,
toraa C-D - U3 ypHBI BRIHYJIH J1Ba O€IbIX
mapa
4. ITycts C - u3 ypHBI BBIHYIIN O€mbIi
map, D - u3 ypHbI BEIHYJIH OBl 1ap,
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torna C D -- 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,
CTaTUCTUYCCKOC U TCOMCTPHUICCKOC

Kraccuueckoe onpezeneHue BEpOsSTHOCTU
BeposATHOCTBIO HACTYIUIEHUS
COOBITHSI A HA3BIBAETCS YMCIIO, PABHOE
OTHOIICHHIO YHCIIa CIyJaeB,
0JIAarONPHUATCTBYIOIINX COOBITHIO A, K
o01eMy 4nciy ciiydaeB (MCXOJI0B, IAHCOB
WJIH DJIEMEHTAPHBIX COOBITH).
BepositHocts (P)

plal=m
n

I'e n — oOriee YucIio ciaydyaeB, m — YUCIIO
CJIy4aeB, OJIarONMPUSATCTBYIOIIUX COOBITHIO A.
BeposiTHOCTh HEBO3MOYKHOT'O COOBITHS:

et 0
FIV|===0
n
BeposiTHOCTB T0CTOBEPHOTO COOBITHS:

T
FlU|===1

n

BeposiTHOCTB J11000T0 CITy4alfHOTO COOBITHS:
0<PA)<1
CraTucTrueckoe ornpeeaeHe BEpOsITHOCTH

Craructuueckoi

BEPOSTHOCTBIO COOBITHS A Ha3bIBAETCSI OTHOC
UTENIbHAS YacTOTa MOSBIECHUS COOBITHSA B N —
MIPOU3BEICHHBIX HUCTIBITAHUSX.

OmnbiTHas (KCTIEpUMEHTANIbHAS)
BEPOSTHOCTD!

PlAl=da (A ]:%

Crenoparensuo, @ 14| — ectp moms Tex
(aKTHUECKH TIPOU3BEAEHHBIX UCTILITAHMIA, B

KOTOPBIX COOBITHEA TosiBIIIOCH. [Tpn T = &2

P(A)= @ (A)

[Ipumep 1.

B kopoOke J1eXuT 7 CUHUX, 8 KPacHBIX U 5
3€JIeHBIX I11apOB.

Pemenue:

CobbITHE A — 1Iap 3€NIEHBIH;

7+8+5=20 C'=n

1
aom_Cs 5 1
PAlm—=——=e=—
" onocl, 20 4
[Tpumep 2.
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B xopo6xke nexar 100 snexTposiamil, U3 HUX 5
OpaKoOBaHHBIX.

Pemenue:

CoObiTre A — Ha ynady, BEIOpaHHbIE 2
AJIEKTPOJIAMITHI UCIIPABHBI.

100—-5=95—ucnpasHblx MeKMpoIaMn.
95!

caiom_ Cg 93121 94.95 893
Pl'A'I___CTJU_W_m_W% 0,902
9g!-2!
[Tpumep 3.
B xopo6ke nexut 10 mapos: 6 6enbix u 4
YEepHBIX.
Haiitu:

BeposTHOCTB TOTO, YTO U3 MSATU 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 = CE = W: 15
OO0111ee 4nca0 UCXO00B ONPEEIIIEeTCS
yucioM couetanuit u3 10 o 5:
Clo=252
Hckomas BeposiTHOCTD P = 15/252 = 0,06.
['eomeTpuueckas BEpOATHOCTb, TO €CTh
BEPOSITHOCTD IOMAJaHNs TOYKU B HEKOTOPYIO
00JacTh, OTPE30K, YaCTh IIOCKOCTH.
I'eomeTrpuueckoit
BEPOSTHOCTBIO COOBITHS A HA3bIBAIOT
OTHOILIEHHE Mephl 001acTH,
0J1aronpHUATCTBYIOLIEH MOSBIECHUIO
coOBITHS A, K Mepe Bceil o0nacTu.
pla)=224
mesg
r7e mes —Mepa (JUIMHa, TUI0Ia b, 00bEM
obrnactn).
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OCHOBHBIE ~ CTaTHUCTHYECKHE  ITOKA3aTeln:
cpenHee apudMeTHYECKOoe, pa3Max, MeauaHa
U MoJia.

CpenauM apuMeTHIeCKAM psijia Yhcem

Ha3bIBAETCS YACTHOE OT JIEIICHUS CyMMBI 3THX

YrCeN Ha YUCIIO CIaraeMpIX.

s psna a,ai,..,an CpeHee apuMeTHIecKoe

BBIYUCIISIETCS IO opMmyIie:

a=(al+a2+...+an)/n

Haiinem cpennee apudmerndeckoe sl 9Ucel

5,24, 6,97, 8,56, 7,32 u 6,23.
a=(5,24+6,97+8,56+7,32+6,23)/5=6.864

Pa3maxom psia urcen Ha3bpIBaeTCs pa3HOCTh

MEXTy HanOOJIBIIUM U HANMEHBIITUM M3 3THX

quce.

Pasmax psina 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 YKCEIl ¢ YETHBIM
YHUCJIOM YJIEHOB HAa3bIBAETCS CPEIHEE
apudmeTHuecKoe IByX YUCEIl, 3alTMCAaHHBIX
MOCEPE/INHE.

MenuaHoi IpOU3BOJIBHOTO Psia YHCEI
HA3bIBAETCS MEJIMaHA COOTBETCTBYIOLIETO
YHOPSAIOYEHHOTO pAJaA.

Menuana psiga 4, 1, 2, 3, 3, 1 paBna 2.5.

242

OCHOBHbIE IOHATHUS CTEPEOMETPUU

CrepeomeTpus — pa3zies TeOMETPHH,
U3Y4alollnuii CBOMCTBA Tel U (uUryp,
B3aHMHOC MOJ0KCHNUE JTUHUM, IIIIOCKOCTEH,
MOBEPXHOCTEH U TEJ B TPEXMEPHOM
MIPOCTPAHCTBE.

OCHOBHBIMHU HEONPEAEIAEMbIMH MTOHITUIMU
B CTEPEOMETPUH SABISAIOTCA: TOUKA, IpsiMast U
IJIOCKOCTb.

1. TOYKH 0003HAYAIOTCS TIPOMTUCHBIMU
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
IUIOCKOCTEH, KacarolIuecss NX B3aUMHOTO
PaCIOJIOKEHUS, BEIPAKCHBI B aKCHOMAX.

Al: Yepes 3 ToukH, HE JeKalIUE HA OHOU
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 IJIOCKOCTh IPOXOJIUT Yepe3

MPSIMYIO.
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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
napasuieabHbl, IEPECEKAIOTCS NN
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
CKPEIIHBAIOIIIMUCS.

O6o3Hauenue: 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 (TIpsiMast U TIIOCKOCTh
MEePECEKA0TCS )

— 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 aBe nepecekaromuecs
MpsIMbIE, JIeXkKAIlUe B OTHOM MIIOCKOCTH,
COOTBETCTBEHHO MapaUIeIbHBI IBYM
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MPSMBIM, JICKAIIUM B JPYro# MIOCKOCTH, TO
3THU IUIOCKOCTH NapalICIIbHbL.

Onpenenenue. /[Be MIOCKOCTH HA3bIBAKOTCSA
MePECEKAOIIUMHUCS, €CIIH OHU UMEIOT OOIIYIO
npsiMyro. B 3ToM ciiydae OHU HE UMEIOT
JIPYTUX OOIIMX TOYEK BHE ITOU MPSIMO.
aNP=a
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VYIubl MEXAY IPSIMBIMU. YTOJI MEXAY IIPAMOM
U IUIOCKOCTBIO.

Yros Mexay IpsMBIMU B IIPOCTPAHCTBE
Yriom Mexay AByMsl IEPECEKAIOIUMUCS
MIPSIMBIMU B IIPOCTPAHCTBE HA3BIBACTCS
HaMMEHBIINN U3 YIJI0B, 00pa30BaHHbBIX
JIy4aMH 3TUX MPAMBIX C BEPIIMHON B TOUKE
UX [IEPECEUCHMUS.

VYTIIoM MeX1y CKpEIUBAOIUMUCS MTPSIMbIMU
Ha3bIBACTCsl YTOJI MEXKAY IIEPECEKAOIIUMHUCS
IIPSIMBIMH, COOTBETCTBEHHO ITapaJLJIEIIbHBIMU
JAaHHBIM.

JIBe mpsiMble Ha3bIBAIOTCS
NEPIEHIUKYJIIPHBIMHU, €CIIA YTOJI MEXIY
HUMH IIPSIMOM.

VYribl 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
IIJIOCKOCTH, KaK TOYHO U3MEPUTH YIOJl MEXKIY
HUMU?

N B 5TOM BOmIpOCE K HAM CHOBA HA ITOMOILIb
IPUXOIUT cTrepeoMerpus. Ho s Havana
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 Terepb caenaeM 3TOT PUCYHOK OJMKe K
yeprexy. [IycTh mmockocTs a nepecekaer
npsivas 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
OIyCTUM U3 HEE MEPIECHIUKYIIAP K
IJIOCKOCTH a. To4ka, B KOTOpOon
NEPIIEHAUKYIISP MepecedeT II0OCKOCTh, OyIeT
Ha3bIBaThCS MPOCKIUEN TOUKH HA IUNIOCKOCTb.
Ha pucynke o603Ha4nM ee Kak Aj.
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[Ipoekuyst TOUKH Ha MIOCKOCTh — 3TO
OCHOBaHUE MEPIEHANKYIAPA, OIYILIEHHOTO U3
9TOW 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 1 O,
nostydaeM, 4to A1O — npoekuust npsmMoi a
Ha IUIOCKOCTS a.

3aMeTuM, 9TO €CIIU MBI IPOBEIEM M3 JIF000H
TOYKH NPSIMOU MTPOEKLMIO K TUNIOCKOCTH, TO
nonajaeM Ha npsamyio A;O.

IIpoekuyst npsIMOii a Ha TNIOCKOCTb — 3TO
npsiMast a1, 00pa3oBaHHas MPOEKIMSIMU BCEX
TOYEK MPSIMOU a Ha IIOCKOCTb.

Taxum 0Opa3oM 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 yros Mexay npsiMoi u
IIOCTPOECHHOM IIPOEKIUEN.

Ecnu npsmas napanienbHa MI0CKOCTH YroJl
Oynet paseH 0.

[Ipoekius npsMoit Ha IOCKOCTh Oy1eT 3Tol
e MPSMOIL, MPOCTO Jiexkalel B TUIOCKOCTH.
Korna npsimast nepneHiukynspHa
IIJIOCKOCTH, MPOEKIIMEN NMPSMOM Ha IJIOCKOCTh
OyzeT TouKa repecevyeHus npsMon u
IIJIOCKOCTH. YTOJI MEKy NPSAMOU U
IUIOCKOCTBIO OynieT paBeH 90°.
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[TapamtenpHbIe IpsIMBIE B IPOCTPAHCTBE

Omnpenenenue: /[Be npsiMpie B TPOCTPAHCTBE
Ha3bIBAIOTCA MapajlyieIbHBIMU, €CJIM OHU
JIeKaT B OJHOM INIOCKOCTH U HE

HEPECEKAIOTCH.
O603HaueHue napamienbHbIX MPSAMBIX: a || b.
ac o
allbe { anb=
Ibeil o, ?
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 €€
JI0Ka3aTeJIbCTBO
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https://interneturok.ru/lesson/geometry/10-klass/parallelnost-pryamyh-i-ploskostej/parallelnye-pryamye-v-prostranstve-parallelnost-treh-pryamyh?ysclid=lqobeqdmj6625699746#mediaplayer
https://interneturok.ru/lesson/geometry/10-klass/parallelnost-pryamyh-i-ploskostej/parallelnye-pryamye-v-prostranstve-parallelnost-treh-pryamyh?ysclid=lqobeqdmj6625699746#mediaplayer
https://interneturok.ru/lesson/geometry/10-klass/parallelnost-pryamyh-i-ploskostej/parallelnye-pryamye-v-prostranstve-parallelnost-treh-pryamyh?ysclid=lqobeqdmj6625699746#mediaplayer

Ecnu ogHa 3 1BYX mapauienbHBIX IPSMBIX
HepeceKaeT JaHHYI0 INIOCKOCTh, TO U Apyrast
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

[IpsiMast ¥ MIIOCKOCTh HA3bIBAKOTCS
napajieIbHBIMU, €CJIH OHH HE UMEIOT 00IInX
TOYEK.

O6o3Hauenue: al|o.

Harnsannsiii npumep, KOTOPbIN aeT
MPEJICTABIEHUE O IPSMOM, MApaIETbHON
IJIOCKOCTH - 3TO JIMHUS [IEPECEUECHUS CTEHBI U
IIOTOJIKA - OHA MapaJulesIbHA INIOCKOCTH I10JIA.
Teopema (ITpu3Hak napaaenbHOCTH MPSIMOKN
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 MIOCKOCTb.
YTBepxaenue 1

Ecau miiockocTh NpoXoAauT uepe3 JaHHYIO
MPSIMYI0, TapaAJUIEIbHYIO IPYToi MI0CKOCTH,
U TIEPECEKAET ATY MIOCKOCTh, 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 IIJIOCKOCTH.
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IIpyzHak  MapaeNbHOCTH  IUIOCKOCTEH.
CaolicTBa napaieabHbIX TIOCKOCTEH.

Omnpezenenne napamieabHOCTH MIIOCKOCTEH
[TmockocTH Ha3BIBAIOTCS MapaAIICIbHBIMH,
€CJIM OHU HE MEePECEKAIOTCS U HE CXOIATCS B
OECKOHEUYHOCTH.

Jlpyrumu cioBaMu, JIBe IIOCKOCTH
CUUTAKTCA HapaJ'IJ'Ie.]'IBHBIMI/I, €CJIM OHU HC
MMEIOT OOIINX TOYEK MU €CIIH UX OOIIHE
TOYKH JIKAT Ha OECKOHEYHO YIAICHHBIX
MPSIMBIX.

[TapannenpHbIE TUIOCKOCTA MOXKHO
MIPEICTaBUTh KaK JIBE MapasuieIbHbIe
HOBerHOCTI/I, KOTOpI)Ie HUKOTrJa HE
MePEeCeKaroTCs, aXKe eCIU X MPOJAOIKUTD B
0ECKOHEYHOCTb.

[Ipu3Hak napayuiensHOCTH ABYX TIOCKOCTEH
Ecnu nBe nepecekaroniuecs npsiMble OJJHOM
IIJIOCKOCTH COOTBETCTBECHHO napanneanbl
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https://interneturok.ru/lesson/geometry/10-klass/parallelnost-pryamyh-i-ploskostej/parallelnost-pryamoy-i-ploskosti?ysclid=lqobjz14sl686470340#mediaplayer
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JIBYM TIPSIMBIM JIPYTOM TIJIOCKOCTH, TO
IJIOCKOCTH MapaJijie/IbHbL.

CaolicTBa napajuiesIbHbIX IIOCKOCTEH
[TapannenpHble MIOCKOCTU 00J1aJAI0T
HECKOJIbKMMU Ba)KHBIMU CBOHCTBAMM:
PaccrosiHne Mex 1y napauiesIbHbIMUA
IJIOCKOCTSIMU

Paccrosinne mex 1y 1ByMsl mapajuieIbHbIMUA
TJIOCKOCTSIMU OTIPEIEISAETCS KaK pacCTOSTHUE
MEXy JTI0OBIMU ABYMS TapaJLICIbHBIMU
MPSMBIMH, IIPOBEJICHHBIMHU U3 3TUX
IJIOCKOCTEH. DTO pacCTOsTHUE SIBIISCTCA
MOCTOSTHHBIM U HE 3aBUCHUT OT BBIOOpa
PSIMBIX.

[TapamienbHbIe TUIOCKOCTH UMEIOT
OJIMHAKOBBIA HAKJIOH

Ecam nBe miiockocTy nmapajienbHbl, TO UX
HAKJIOHBI paBHbI. HakioH miockoctu
OTIPE/ICIISICTCS YIIIOM, KOTOPBIN OHA 00pa3yer
C TOPU30HTAJIBHOM INTIOCKOCTBIO.
[TapanenpHbIe TUIOCKOCTH UMEIOT
OJIMHAKOBOE HAIPABJICHHUE

Ecau nBe miiockocTy napajuienbHbl, TO OHH
UMEIOT OJIMHAKOBOE HaIlpaBJICHUE.
Hamnpagnenue miaockoCcT onpeaensieTcs
BEKTOPOM HOpPMaJu, KOTOPBII
MEPIEHIUKYISIPEH INTIOCKOCTH U YKa3bIBAET B
ONpeIETICHHOM HalpaBJICHHUH.
[TapannenpHbIe TUIOCKOCTH HE MEPECEKAOTCS
[TapannenpHble MIOCKOCTH HUKOTJA HE
TIEPECEKAIOTCS, TAXKE €CITU UX MPOJAOHKUTH 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
MPUOIIHKAIOTCS IPYT K IPYTY TIPH YAATIEHUU
B OCCKOHEYHOCTb.
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IlepneHIuKynspHBIE MIPSIMBIE B IPOCTPAHCTBE

Omnpenenenue. /[Be npsimbie Ha3BIBAIOTCS
MEPIICHUKYISIPHBIMHE, €CITH YTOJI MEXKILY
HUMHU paBeH 90°.

alb

O0o3HaueHne.

Paccmorpum nipsimeie a u b. [Ipsimbie MoryT
NEpCCCKaThCA, CKPCIIUBATHCA, 6BITI>
napajuienbHbIMH. 171 Toro, 4To0h!I
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MIOCTPOUTD YTOJI MEXAY HUMH HY>KHO
BBIOpATh TOYKY U U€pe3 Hee MPOBECTH

a!

OpsIMyI0  , MApaJIENIbHYIO IPSIMOH a, U
b.’

, TApAIJICIIEHYIO TIPSIMO b.
a b
[Ipsamble M mepecekaroTcs. YToia MEexXAy
HUMU U €CTh YTOJl MEX]Y
npsmMbiMu a U b. Eciu yron pasen 90°, To
npsiMble a U b eprneHAUKYIISIPHBIL.
JlemMma
Ecnu onHa u3 ABYX mapamieabHbIX MPSMbIX
NEPIEHANKYJIAPHA K TPEThEU NMPSMOM, TO U
Ipyras npsiMasi meprneHanuKyaspHa K 3Toi
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
NEPIECHIUKYIIIPHA U JaHHOW IUIOCKOCTH.
Teopema 0 eIMHCTBEHHOCTH MEPIEHIUKYIISIpa
K IJIOCKOCTH

Uepes m00yr0 TOYKY IPOCTPAHCTBA MTPOXOIUT
IUIOCKOCTb, NIEPIEHINKYIISIPHAS K JaHHOU
MIPSIMOM.

Teopema

Uepes m00yr0 TOYKY IPOCTPAHCTBA MTPOXOIUT
npsiMasi, NEPIEHIUKYIpHas K JaHHON
IJIOCKOCTH, U IPUTOM TOJIBKO OJHA.
CaolicTBa nepreHANKYIIsIpa K INIOCKOCTH

1. [IpsimMble, eprIeHIUKYIIIPHBIE OHOMN
TUIOCKOCTH, NMapajuleIbHbl MEXLy COOOM.

2. Ecam miiockoctr nmapajuienbHbl, TO
npsiMasi, KOTopas epHeHIuKYIsIpHa OJHOU U3
3THUX IJIOCKOCTEH, OyIeT nepneHAuKYIspHa U
BTOPOH.

3. Bepno u oOpaTHOE yTBEpKIEHUE:
€CJIN IpsiMasi MEPIEHAUKYIISIPHA PA3IMUHBIM
IJIOCKOCTSIM, TO JIaHHBIE MJIOCKOCTH

IapaJiICJIbHBI APYT JPYTY.
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[Ipu3Hak nepneHaAuKyIIpHOCTH TUIOCKOCTEN

Onpenenenue. /[Be nepecekaromumecs
IIJIOCKOCTH Ha3bIBAOTCS
MePIEeHIUKYIIPHBIMU (B3aUMHO
MEePIEHIUKYISIPHBIMU ), €CITH YTOJI MEXKAY
HUMU paBeH 90°.
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https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/perpendikulyarnye-pryamye-v-prostranstve-parallelnye-pryamye-perpendikulyarnye-k-ploskosti?ysclid=lqobtg7jmx374242115#mediaplayer

[Ipu3Hak nepneHaANKYJIIPHOCTH

IIJIOCKOCTEM: €CJIM OJHA U3 JABYX IIJIOCKOCTEMN
IIPOXOJUT Yepe3 MPsAMYIO,
NEPHEHIUKYISIPHYIO K APYroil IIIOCKOCTH, TO
TaKHe MIOCKOCTU NEPIEHANKYIISPHBI.
CnencrBue u3 npu3HakKa
NEPHEHANKYJIAPHOCTH TUIOCKOCTEH:
[InockocTh, nepneHANKYIsIpHAs K IPSAMOI, 110
KOTOPOM NEPECEKAIOTCSI JIBE IAHHbIE
IJIOCKOCTH, MEPIEHAUKYIISIPHA K KaXKI0U U3
3TUX IUIOCKOCTEH.

CnencrBue 2

[ImockocTh NMMHENHOTO yIiia
HEPIIEHIUKYJIIPHA BCEM JIEMEHTAM
COOTBETCTBYIOILIETO ABYTPAHHOIO yIiia: pedpy
Y TPaHsIM.

YTBepxkeHue

Ecnu B o1HOM U3 nepreHANKYISAPHBIX
IJIOCKOCTEW MPOBEJEHA IIpsiMast
NEPHEHANKYIISAPHO K UX JIMHUU MePECeUEHUs,
TO 3Ta NpsAMas NEePHEHIUKYISIPHA U K APYroi
IJIOCKOCTH.

[IpsimoyronbpHBII Mapauienenunen — Gurypa,
y KOTOpo# Bce OOKOBBIE pedpa
HEePIEHIUKYJISPHbl OCHOBAHUIO.
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JIByrpaHHBIN yroi

Onpenenenue. J[ByrpaHHbIM

yIJI0M Ha3bIBaeTcs Gurypa, oopazoBaHHas
MIPSIMOM @ M IBYMsI ITOJYTUIOCKOCTSIMH C
o01iei rpaHuiiet a, He MPUHAJISKAITIMHE
OJTHOM TIOCKOCTH.

e

PaccmoTtpum aBe momyruiockocTu o u 3. Ux
oOmas rpanuIa — a. YkazanHas ¢urypa
Ha3bIBA€TCs JABYTPAHHBIM YTJIOM.
TepmuHonoTrHs

[Monymnockoctu o ¥  — 3TO TpaHu
JBYTPAHHOTO yTJIa.

[Ipsimast a — 370 pedpo IBYTpaHHOTO yTa.
W3mepenue NByrpaHHOro yria

Ha oGmmem pebpe a 1ByrpanHoro yria
BBIOEpEM Mpou3BoJIbHYIO TOUKY O (puc. 4). B
MOJIYIIJIOCKOCTH 0 U3 TOYKH O BOCCTAHOBUM
neprneHaukyisip OA k npsimoit a. M3 Toit xe
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To4kd O BO BTOPOH MOJYIUIOCKOCTH [3
BoccTaBuM nepneHaukyssip OB k peOpy a.
[Tonyurin yron AOB, KOTOpbIi Ha3bIBaETCS

JIMHEHHBIM YIJIOM JBYI'PAHHOIO YIJIa.
JOEa

Odla0Adca= 408

OB La,0BCf — JIMHEWHBIH

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€ IPajyCoB
pazaH COJIEP/KUTCS B €T0 IBYTPaHHOM YTJIE.
B cooTBercTBHU 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

— o
JMHENHBIN yroa paBeH 90 @ =90° Tymnon

JIByTpaHHBIN yroJ TylOW, KOTJa ero

S . @ € (90°;180%)
JMHEWHBIN YroJ TYIOH, T.€. .
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Teopema o Tpex nepneHaAnKyIsIpax

PaccrosiHre OT TOUKH /10 MIIOCKOCTH
PaccMoTpuM IIIOCKOCTB 0L ¥ TOUKY A,
KOTOpas JISKUT BHE 3TOH TIocKocTH (pHuc. 1).
Kak u3BecTHO, N3 TOUKH A MOKHO IPOBECTH
€IMHCTBEHHYIO
npsamyo AH nepneHauKysipHyro IIOCKOCTH
a. [Iposenem npssmyro AH neprnieHIuKyIsspHO
Hewm

IIJIOCKOCTH 0,

144



https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/dvugrannyy-ugol?ysclid=lqocd3g49p132238662#mediaplayer
https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/dvugrannyy-ugol?ysclid=lqocd3g49p132238662#mediaplayer
https://interneturok.ru/lesson/geometry/10-klass/perpendikulyarnost-pryamyh-i-ploskostejb/rasstoyanie-ot-tochki-do-ploskosti-teorema-o-treh-perpendikulyarah?ysclid=lqochsbpc513717235#mediaplayer

=

Omnpenenenue. Otpe3ok AH HazbiBaeTcs
NEPIECHIUKYISIPOM, TPOBEICHHBIM U3
TOYKU A K INIOCKOCTH 0. To ecTh,
HEPIECHIUKYIISAP — 3TO OTPE3OK.
Onpenenenue. Ilycts Touka M apyras
POM3BOJIbHAS TOYKA IIOCKOCTH 0. Torna
oTpe3ok AM Ha3bpIBaeTCs HaKJIOHHOH, a
otrpe3ok MH Ha3zbiBaeTcs mpoekuuen
HAKJIOHHON AM Ha IIOCKOCTbH a.
Onpenenenue. PacctossHueM oT TOUuku A 110
IUIOCKOCTH O HAa3bIBAIOT AJIUHY
neprnenaukynsapa AH. O603n.: p(A; a) = AH.
3ameTuMm, uro AH — HauMeHkbIIee u3
paccTOsSTHUM MEXIy TOUYKOH A U J1I000i
TOYKOM IJIOCKOCTH. JIeHCTBUTENBHO, B
IPSIMOYTOJIBHOM

TpeyronbHuke AHM nepnenaukyssp
(karer AH) xopoue HaKJTOHHOM
(runorenysst AM).

Taxum oOpa3om, 4TOOBI HANTH paccTOsSHUE
MEXy TOUKOW U INIOCKOCTBIO, HY’>KHO HalTH
JUIMHY IEpIEHAUKYISpA OT TOUKH J10
IUIOCKOCTH.

Paccrosinre Mexny napasuienbHbIMU
IUIOCKOCTSIMHU

[1n0cKOCTh O U MIIOCKOCTH B MapaieabHBbI.
Ha nnockoctu B BeIOepeM MPON3BOJIEHYIO
Touky A (puc. 2). I3 Touku A onmyctum
neprneH uKyssp AAo Ha IIOCKOCTB 0.
[Tepnenpukynsap AAo 1 Ha30BEM
paccTOsIHUEM MEXAY IIOCKOCTSIMU O U 3.

4 g B

ot

A By

Paccrosiane Mex 1y napasuieabHbIMU
TUTOCKOCTSIMHU

3aMeTHM, 4TO JUIMHA 3TOTO MEPIEeHANKYIIIpa
HE 3aBHCHT OT TOT0, KaKylO TOUKY MBI
BbIOpay.
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Hampumep, BeiOepem apyryto Touky B,
OIyCTUM IepIeHauKysp BBo.
[Ipsimbie AAo u BBy neprnieHaAnKYIsIpHbI
OJIHO 1 TOH K€ IIJIOCKOCTH, 3HAYUT,
npsimbie AAo u BBy napamiensnsl. 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,
OITYCTHM NEpHEHAUKYISIp AAo Ha IIIOCKOCTh
o. Jlnuna nepnenaukyispa AAo u
Ha3bIBACTCSI PACCTOSHUEM MEXy NMPSAMOIL a U
napajieIbHOMN €Ml INTOCKOCTHIO A
0603H.: AAo = p(a; ).

4 a

—

4

Teopema o Tpex neprneHaAuKyIApax
TeopeMa 0 Tpex neprneHauKyIsIpax
[Ipsimas, mpoBeieHHas B INIOCKOCTH 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 €€ IPOSKIUH.
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Ilonstue MHOTI'OT'paHHUKaA. Buae! u smeMeHTHI
MHOTI'OrpaHHUKOB

ITonsiTE MHOTOTpaHHUKA

K onpenenennto noHATHS MHOIOIPaHHUKA
CYLIECTBYET JiBa IMOAXO0AA.

MHororpaHHMK - MOBEPXHOCTb, COCTaBJICHHAS
13 MHOTOYTOJIbHUKOB U OTPaHUYMBAIOLIAst
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
napajuieJenumne] siBIsS0TCs
MHororpasHukamu. Iloromy 4ro oHun
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SBIISIOTCSA TEOMETPUUECKUMHU TEIAMU,
OTpaHUYCHHBIE KOHEUHBIM YHCIIOM TIOCKUX
MHOTOYroJbHUKOB. Ellle ouH npumep
MHOT'OTPaHHUKA — OKTadIp

DJIeMEHThl MHOTOI'PaHHUKA
MHOroyroiabsHUKH, OrPAaHUYHBAIOIITNE
MHOI'OTPaHHUK, Ha3bIBAKOTCS

ero rpanamu. Tak, y TeTpasapa v OKTasapa
TPAHSIMU SBISIOTCS TPEYTOJbHUKHU. Y
TeTpaszpa 4 rpaHu, OTCI0/Ia U €ro Ha3BaHUE
OT Ipey. TETPA-EOPOV — YETHIPEXTPAHHUK. Y
OKTadJipa 8 TpaHeil, a OT rpeyecKoro
OKTAEOPOV OT OKTM «BOCEMBY» + £5pal
«OCHOBAHHEY.

CtopoHbI IpaHelt Ha3bIBAIOTCS pedpaMu, a
KOHIIBI pebep —

BEpLIMHAMU MHOTOrpaHHuKa. OTpe3oK,
COEAUHAIOIIMI JIBE BEPIIUHBI, HE
MpUHAJIeKAIME OJTHOM TPaHU,

Ha3bIBACTCS TMArOHAIbI0 MHOTOTPAHHUKA.
Buabl MHOrOrpaHHMKOB

MHororpaHHUK Ha3bIBA€TCS BBIMTYKJIBIM, €CITH
OH PACIIOJIOKEH I10 OJIHY CTOPOHY OT
IIJIOCKOCTH KaXKJOU €ro rpaHu. B ocTambHbIX
ClIy4yasix MHOTOI'paHHHK

Ha3bIBACTCS] HEBBIMYKJIBIM.

Bhinyknbii Heebinyknbiii

CymMa IIIOCKUX YTJIOB IIPU BEPILINHE
BBIIYKJIOTO MHOTOTPaHHUKA

YTBepxkaeHue. B BBITYKIIOM MHOTOTPaHHUKE
CyMMa BCe€X IUIOCKHX YIJI0B IIPH KaXJI0W €ro
BepmuHe MenbIne 360°.

Teopema Ditnepa. [lycts B — umncno Bepmmn
BBIYKJIOTO MHOT'OTpaHHUKa, P — unciio ero
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pebep, a ' — uucno ero rpaneit. Toraga BepHO
paBeHcTBO 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
00Ty TOYKY-BEPIINHY MHOTOTPaHHUKA.
MHOrorpaHHHK ¥ IIOCKOCTh UMEIOT OOIIYIO
TpaHb.

MHOrorpaHHHK ¥ IJIOCKOCTh UMEIOT OOIIIHIA
OTPE30K-PeOpPO MHOTOTPAHHHKA.

Bunnl ceuennii:

CeUCHHUE TapajuIeIbHOE TIIOCKOCTH
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 BpalieHust MOTYT UMETh pa3THYHbIE
(opMBbl, BKITIOUYAs IIUITUHJIPbI, KOHYCBI, IIaphI
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 TIOMOTAFOT
HaM TMOHATh UX XapaKTePUCTUKH U
WCTIOJIh30BaHUE B TEOMETPUH B PEaTbHON
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 BpallleHUst MOKHO BBIUYUCIIUTH C
UCIOJIb30BaHNEM HHTerpana. Popmyna s
BBIUUCIICHUS 00beMa 3aBUCUT OT (POPMBI
oOpasytomei 1 ocu Bpaiienus. Hanpumep,
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JUISL LAJIMHIpa 00beM MOXKHO BBIYUCIIUTD IO
¢dopmyne V = nr2h, rae r — paauyc
OCHOBaHUs WIMHIPA, a h — BeIcOTa
LHUIMHJpA.

[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
MOBEPXHOCTH MOXHO BBIYHCIHUTH 0 (hopmyIie
S =2nrh + 22, rae r — paanyc OCHOBaHUS
HUWIMHAPA, a h — BbICOTa WJIMHpA.
PaBHOMepHOE pacmpeieneHne Macchl

Tena BpaleHus, TaKue Kak HUIMHIPBI U
HIapbl, UMEIOT PABHOMEPHOE paciipe/ielieHIe
Macchl. ITO O3HAaYaeT, 4YTO Macca Tena
PaBHOMEPHO paclpe/elieHa BOKPYT OCU
BpallleHusl. ITO CBOMCTBO MO3BOJISIET
UCIIOJIb30BaTh TeJla BPALLEHUS B PA3INUHBIX
WH)XCHEPHBIX U CTPOUTEIBHBIX
KOHCTPYKIUSIX.

Y CcTOWYNBOCTH

Tena BpameHus 00J1a1al0T yCTOWIHUBOCTHIO
6narosaps cBoe (hopme U paBHOMEPHOMY
pacnpeesieHnI0 Macchl. TO MO3BOJISET UM
JIETKO BpaIllaThCsl BOKPYT CBOEH OCU U
COXpaHsTh paBHOBecue. Hanpumep,
BEJIOCHUIIEHBIE KOJIeca U 1Iaphl JJis
TUMHAaCTHUKH 00J1aJJal0T YCTOWYUBOCTHIO
6narosapst cBoeii (hopme BpalieHusl.

JTO IUIIb HEKOTOPBIE U3 CBOMCTB Tel
BpalleHus. M3yuenue 3TUX CBOMCTB TOMOTaeT
HaM JIy4llle TOHATh U UCI0JIb30BaTh
reOMETpHIO U (PU3UKY B MOBCETHEBHON
KHU3HH.

[Ipumeps! Ten BpamieHUs

Humuaap

Hunuuap — 3T0 TENo BpalleHus,
o0pa3oBaHHOE BpallleHUEM MPSIMOYTOJIbHUKA
BOKPYT OJJHOM U3 €ro CTOPOH. Y HETO JIBE
OCHOBaHU$, KOTOPbIE SBJISIOTCS
napauieNbHBIMA U PABHBIMU KPYTJIBIMU
IJIOCKOCTSIMU, 1 OOKOBasi IOBEPXHOCT,
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
BpalICHUEM IIPSIMOYTOJIBHOTO 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 ILANKK JUIS
MOPOKEHOTO Y BEPIIMHBI TUPAMULL.

[ap

[Iap — 310 TEN0 BpaleHus, 00pa3oBaHHOE
BpAaILlEHUEM TOTYOKPYKHOCTH BOKPYT €€
auaMerpa. Y Hero oJjHa IIOBEPXHOCTbD,
KOTOpasi IpeCTaBisieT coO00H MOBEPXHOCTB,
00pa30BaHHYIO BpaIllEHUEM IOJYOKPYKHOCTH
BOKpYT ee nquamerpa. [Ipumepamu mapos
SIBJISIFOTCS. MSIYM, IIapbl J1JIs1 THMHACTHKU U
IIJIAHETBI.
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[Ipu3ma u ee 3neMeHTHI

[Ipu3ma — MHOTOrpaHHUK, COCTaBJICHHBIM W3
pPaBHBIX MHOI'OYT'OJIbHUKOB, PAacIOJIOKEHHBIX
B IApaUIEJIbHBIX  IUIOCKOCTSX, M N
11apajuIeJIOrPaMMOB.

I[Ipy sTOoM  paBHBIE = MHOIOYI'OJBHUKH,
pacIonoXeHHbIE B napauIeIbHbIX
IJIOCKOCTSIX,  Ha3bIBAIOTCSI  OCHOBaHUSMU
IpU3MBI, a MapayieIorpaMMbl — OOKOBBIMHU
rpadsiMu ipu3Mbl. O01IHe CTOPOHBI OOKOBBIX
rpaHeil OyJeM HasbIBaTh OOKOBBIMHM peOpamu
MIPU3MBI.

IIpusamy ¢ ocHoBanusiMu A1Az..An u
BiB>...Bn 0603Hauaror AjAz...AnB1B2..By u
Ha3bIBAIOT N-YTOJIbHOMN MPU3MOIA.
[lepnenaukynsap, HPOBEACHHBIM W3 KaKOM-
HUOYIb TOYKM OJHOTO OCHOBaHMA K
IUIOCKOCTH JPYTrOr0 OCHOBAHMSI, HA3bIBACTCS
BBICOTOM mpu3Mbl. OOpaTtuTe BHUMaHHE, 4YTO
BCE BBICOTHI IPU3MBbI paBHBI MEX1y COOOH, Tak
Kak OCHOBaHUS PacroJI0KEHBI Ha
MapajuleNIbHBIX IUIOCKOCTSAX. Takyke BbICOTa
MIPU3MbI MOXKET JIEKATh BHE MPU3MBI.
Juaronanp — OTPE30K, COSAVHSIONINN J1BE
TOYKH, SIBJISIFOIIMECS BEPIIMHAMMU, U NIPH ITOM
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HC JexKalme Ha OI[HOﬁ IIJIOCKOCTH.
ocHoOBaHue
Cn / .
Ch Cy LCy
»
BbICOTA / pe6po
L]
An
A ;13 BokoBas rpaHb

A-
2<‘\\\\“BGDMMH8

Buasl npuszm

Ecmu OOKOBBIE pebpa HPU3MBI
NEPHEHANKYJIAPHBI OCHOBaHUSIM, TO IpU3Ma
Ha3bpIBacTCs NpsiMod. B mpoTtuBHOM ciydae,
IIPU3Ma HA3bIBACTCSl HAKIIOHHOM.

BericoTa npsiMoii pu3Mbl paBHa €€ OOKOBOMY
peopy.

[Ipsimass mpu3Ma Ha3bIBAETCS MPABUIBHOM,
€CIM €€  OCHOBaHME —  IPaBUJIbHBIN
MHOTOYTOJIbHUK. B mpaBWJIBHONM TpU3ME BCE
OOKOBBIE I'PaHH — PAaBHBIE MPSMOYTOJIbHHUKH.
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[Tapannenenumnen u ero CBOKMCTBA

[lapannenenunenoM  Ha3bIBaeTCsl  MPHU3Ma,
OCHOBaHUSIMU KOTOpO SBIIAIOTCA
napajuienorpaMMsl.  Ilpyrumu  ciioBamu,
napajjielenunes, — 3TO MHOTOTPaHHUK C
mecTeto  rpaHsmu. Kaxmas rTpaHp —
napasuieIorpaMM.

OcHoBaHus MapaJuIeenue a, PacioI0KeHbI
napajjienbHo JpYyr APYry B IUIOCKOCTSX. A
O0KOBbIE pedpa napasuieabHbl JPYT APYTY.
OcHoBaHMeM Mapajuienenunena sBisercs, B
3aBUCHMOCTH OT €r0 THIA: HapauleNorpamm,
OpSIMOYTOJIbHUK, KBaJparT.

esﬁpo BepLUMHa

/é“ﬂxrpaHb

| —— /

CaolicTBa napajuiesenunea:

1) IIporuBosexamue IrpaHu
napajyiesienunesa paBHbl M IapajljielIbHbI
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 JUIAHBI IUaroHalu

IPSIMOYTOJIBHOTO — NapaUIelICuIea pPaBeH
CyMMe€ KBaJIpaTOB TPEX €ro U3MEPECHUI.
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[Tpsamoit napasuieenumen — 3TO
napajuieNienumnea, y KoToporo 060koBbie pedpa
HIePIEHIUKYJISPHBI OCHOBaHUIO.

OcHOBaHUE NPSMOrO MapajuieNenunena —

napasuieIorpaMM. B PsIMOM
napajenenumnene  OOKOBbIE  TpaHH  —
IPSIMOYTOJIbHUKH.

CBoiicTBa IpsAMOro napasuienenunesa:

1) OcHoBaHus NPSAMOro napasieienunena —
OJIMHAKOBBIE IMapajuIeIOrpaMMBbl, JeKallue B
napasuIeIbHbIX MIOCKOCTSAX.

2) bokoBbie pebpa MpsiMOro napasuiesenuneia
paBHBI, MapajielbHbl U MEPIECHIUKYISIPHBI
IJIOCKOCTSIM OCHOBAHMM.

3) Bricota npsiMoro napasuiesienuineaa 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 TapaJuICJICIUIe, y KOTOPOTo
OCHOBaHHUE — TMPSAMOYTOJbHUK, a OOKOBBHIE
pedpa nepreHANKyISpHbl OCHOBAHUIO.
[IpsiMoyronbHBIN Mapasuienenunesn odiagaer

BCEMU CBOMCTBaMHU IIPOU3BOJIBLHOTO
napasuleIenunes1a.

1) IIpssMOyTONBHBIN napajuieiaenunes
COLEPIKUT 6 IpaHei. Bcee rpaHu
OpsMOYrOJBHOTO  Hapajienenunena —
IPSIMOYTOJIBHUKH.

2) [IpoTuBonexamue rpaHu
napajulelienunesa MOoNapHO MapajulebHbl U
PaBHBI.

3) Bcee YTIIBI IIPSAMOYTOJIBHOTO

napajuleJienunesna, CocToAlUe U3 JABYX
rpaneit — 90°.

4) Jnaronanu MIPSIMOYTOJIBHOTO
napaieyenureia paBHsbl.

5) B npsamoyronbHbI Mapasenenumnese
YEThIPE IUAarOHaIH, KOTOPhIE IIEPECEKAIOTCS B
OIHOH TOYKE MW JEIITCI DTOUM TOYKOU
MIOTIOJIaM.

6) JIro6as rpaHb MPSIMOYTOJIBHOTO
napajuiefienuneaa MoXeT ObITh MPHUHSITA 3a
OCHOBaHHUE.

7) Ecmu Bce pebpa mpSIMOYroIbLHOTO
MapajuiesIeNnnela  PaBHBI, TO TaKoOH
napasiesIenume 1 IBIsIeTCst KyOoM.

8) Ksagpar pamaroHanu mTPSAMOYTOJIBHOTO
napajuieJIenuIea paBeH CyMMe KBaJpaToB
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TpeX ero wu3MepeHwui (ITUHBI, IIUPHHEI,
BBICOTHI).
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HI/IpaMI/II[a H €€ JICMCHTHI

[Mupamuia — MHOTOTpaHHUK, COCTaBJICHHBIN
Y3 N-YTOJIBHUKA U N TPEYTOJIbHUKOB
OcHoBaHMe MUpamMHUAbl — TPaHb MHPAMUJBI,
SIBJISTFOIIASICS. N-YTOJIBHUKOM

Bepmmmna nupamuasl — o0miasi TOYka BCeX
TPEYTOIHHUKOB, JIS)KANUX B OOKOBBIX TPAHSIX.
bokoBas rpaHp — TpaHb NOHpPaMUBL,
SIBJISTFOIIASICS TPEYTOJBHIUKOM

bokoBeie pedpa — o0mme OTpe3Ku OOKOBBIX
rpaHeu

Boicota — nepneHAuKyJsSp, OMYIIEHHBIA W3
BEPIIUHBI U PAMHU/TBI Ha ee
OCHOBaHue. BplcoTa MOXeT JexaThb U BHE
MUpaMHUAbl WX OBITh OJHUM H3 OOKOBBIX
pedep.

BepLuvHa

b

6okoBan
rpaHb

pebpo

;;ronosaHue
E

BbiCOTa
Tum MHOT'OYroJIbHUKa B OCHOBAaHHNU

ompelenseT Ha3BaHue INHUpaMuibl. Ecin B
OCHOBAaHMUH TPEYIOJIBHHUK, TO 3TO TPEYrOJIbHas
nupamuga. Jpyroe HasBaHHWE TpeyroJbHOU
NApaMUIbl  — TETPadJp, YTO O3HAYaeT
yeTelpexrpaHHUK. Ecam B OCHOBaHMH
YETBIPEXYTOJIbHUK, TO NMUpaMUIa Ha3bIBACTCS
YETBIPEXYTOJIbHOM.

[IpaBunbHass nupamuga — NOUPAMHAA, B
OCHOBAaHUU KOTOPOHM JIEKUT IPaBUIIbHBIN
MHOTI'OYTOJIbHUK, @ OTpPE€30K, COCIUHSIOIINI
BEpIIMHY M LIEHTP OCHOBAHUS IIMPAMU[BI,
ABJISIETCS] BBICOTOM

. Bce OokoBele peOpa mpaBUIIBHOM
MMAPAMU/IbI PABHBI.

. bokoseie pebpa IIPaBUIILHOMN
MTAPaMUIbI SABIISIFOTCS PaBHBIMHA
paBHOOEIPEHHBIMU TPEYTOJIbHUKAMHU.
Amnodema — BbicoTa OOKOBOM  rpaHH
MIpaBWJIBHON MPaMUIbI
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HI/IJ’II/IHHp " €0 3JIEMEHTHI

COBOKYITHOCTh ~ MAapaJUIEIbHBIX  INPSAMBIX,
COCIMHSIONMX TOYKM HA  OKPYXKHOCTSX,
Ha3bIBACTCA HHHHHHqueCKOﬁ IMOBEPXHOCTHIO,
a caMH TOpAMBIE —  OOpa3yIOUUMHU
HWIMHAPUYECKOHN oBepxHOCTU. U Teneps Mbl
TOTOBBI JaTh I''TaBHOC OIIPCACIICHHUC YPOKaA.
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KpyroBpiM HOHIMHAPOM Ha3bIBACTCS TEIO B
MPOCTPAHCTBE, OTPAHUYEHHOE JIBYMsI KpyTaMu
Y HWIMHAPUYECKON TOBEPXHOCTHIO.

Kpyru — ocHoBanuss uwiusapa. Panuyc
Ka)XJIOTO M3 OCHOBaHMM (OHHM PaBHBI) — PaInyC
HUAJTUHIPA.

OTpe3ku 00pa3yrIINX, 3aKITFOYCHHBIC MEXITY
OCHOBaHUSIMH, — 00pa3yroIIxe MUINH]IPA.
CamMo0 CJIOBO UWJIMHAP HPOUCXOIUT  OT
IPEUECKOr0 «KUJIUHIPOC» — BAIMK, KaTOK.
Hanmomanm, UWIHHJP, KOTOPBII MEI
paccMarpuBaeM, e€lle Ha3bIBAIOT KPYTOBBIM,
TaK Kak B OCHOBaHMSX JexaT Kpyru. Ecim
paccMoTpeTh apyryi ¢urypy (Hampumep,
JJUIUIIC), TO TMONYYUTCA DIUTUITHUYECKUN
HUTHHJP.

Ecmmn oOpa3ymoiue NEePHEHANKYJISPHbI
OCHOBAHUSIM LWJWHIpPA, TaKOW IMIIMHJIP
HA3bIBACTCS MPSMBIM.

OTpe30oK, COCAMHAIONIUMN EHTPbl OCHOBAHUM
TaKoro IJIWH]IPA, — OCh IIHJIUH]IPA.

Bpamass npsiMOyroJbHHUK BOKpPYI 3TOH OCH,
MO>KHO TMOJTYYUTh HAIl [IHJIAHIP.

BricoToli  nmmiIMHApa  HA30BEM  OTPE3OK,
COCOUHSIOIINN TOYKHM €ro OCHOBaHHU U
NEPIEHANKYJIAPHBIA OCHOBaHMAM. BpicoTOM
MPSIMOTO KPYTrOBOTO IWJIMHAPA SIBISETCS OCh

(v oOpasyromias) — BCe paBHO: OHU B
MPSIMOM KPYTOBOM IMJIMHJIPE PABHEI.
LUEHTP och
OCHOBBHMH\ OCHOBAHMS
. //
paguyc
obpasylolias ___—rBeicora
LeHTp
=] OcHoBaHwus
Da.umyc/ \OCHOBaHMe

CedeHus HMIIMHAPA

AL 10, 1B

A Ei -O 38

[lepneHIuKynsipHOE CEUEHUE LIUIUHAPA

Janee  paccMOTpUM  NEPHEHAMKYJIIPHOE
CEUEHUE TaKOro IWINHAPA (TO €CTh CEUEHHUE,
neprneHaAuKyisapHoe ocu). HecnoxxHo MoHATH,
qTO0, I OBl MBI €70 HHU IMMPOBCJIM, B CCUCHUU
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OyJneT TakoW K€ Kpyr, 4To U B JIIOOOM U3
OCHOBaHMM.

e .
A 19

|
i
|
i
.
|
gl
A, ~— _-I(?'..- ,
OceBoe ceueHue
MoxHO  TakKe paccMOTpPEeTb  CEueHHe,
IPOXOJAIIee 4Yepe3 OCh MWIuHApa. B 3ToM
ciy4dae OHO MIpe/ICTaBIsIeT co0oif
PSIMOYTOJIBHUK, OJHAa CTOPOHA KOTOPOTO
paBHa oOpasywomeid (Wi ocu), a napyras
SBJIICTCS JHAMETPOM OCHOBaHuWs. Takoe
CeueHHe Ha3bIBAIOT OCEeBBIM. VIMEHHO Bparas
TAaKO€ CEYCHHE BOKPYI OCH, MBI U TIOJTy4aeM
HAIll HAJIHHJP.

A 10,28,

A kT30, 38,

HenepnienpukynsapHoe ceuenue

Hakonen, = MOXHO  TOBOPUTB U O
HCTICPIICHANKYJIIPHOM CCUYCHUU: BCAb TY XKC
najKky Koj0ackl MOKHO Hape3aTb HE TOJIKO
MEPIEHIUKYISIPHO, HO U IO yriIoM. B sTtom
cllyyae ceueHue MoIy4uTes B popme auimrca,

260

Konyc u ero snemMeHTsbl.

Konycom (TouHee, KpYTOBBIM
KOHYCOM) Ha3bIBa€TCsl TEJI0, KOTOPOE COCTOUT
U3 Kpyra — OCHOBaHHS KOHYCa, TOUKH, HE
aexanien B IJIOCKOCTH 3TOro

Kpyra,— BEpIIMHBI KOHYCa M BCEX OTPE3KOB,
COCIMHAIOIIUX BEPIINHY KOHYCa C TOYKAMHU
OCHOBAHHUSI. Ortpeskn, COEIUHSIONINE
BEpPILIMHY KOHyCa C TOYKAMHM OKPYKHOCTH
OCHOBaHUS, Ha3bIBAIOTCA  00pa3yroluMy,
KoHyca. lIoBepXHOCTH KOHyCa COCTOMUT W3
OCHOBaHUS U OOKOBOM MOBEPXHOCTH.
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BEPLUNHA - 0OCb
\.

obpasytowasn

BbICOTA

—

panwyc/ \OCHOBaHMe

Konyc HazbpiBaeTcsl HpsIMBIM, €ClU IpsMas,
COCIUHSAIONAs BEPIIMHY KOHYyCa C LICHTPOM
OCHOBaHUS, MEPHEHAUKYISIPHA IUIOCKOCTH
OCHOBaHHWs. B mampHelimeM Mbl  Oynem
paccMaTtpuBaTh  TOJBKO HpPSIMOM  KOHYC,
Ha3bIBasi €ro AJI KPaTKOCTH IPOCTO 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 HA IUIOCKOCTb OCHOBaHUs. Y
OpSMOr0  KOHyCa  OCHOBAaHHE  BBICOTHI
COBMAJAeT C LEHTpoM oOcHOBaHUA. Ocbio
IpSIMOrO  KPYroBOIO KOHYCa Ha3blBacTCs
npsimasi, coiepaKaliiasi €ro BbICOTY.

CeueHne KOHyca IUIOCKOCTBIO, NMPOXOIAIIEH
yepe3 €ro BepUIMHY, NpPEACTaBiseT co0oi
paBHOOEPEHHBI TPEYroJbHHUK, Y KOTOPOTO
OOKOBBIE CTOPOHBI SIBJISIOTCS 0Opa3yOLIUMU
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 Ha3bIBaeTCs TEI0, KOTOPOE COCTOUT U3
BCEX TOUYCK HpOCTpaHCTBa, HaXoIAIInuXxXcsa Ha
paccTosHUY, He OOJbIIIEeM JAHHOTO, OT JaHHON
TOYKU. 3Ta TOYKA HAa3bIBACTCS IIeHTpOM
mapa, a JaHHOE pacCTOSHUE — PaJUnyCOM
mapa. I'panuna mapa
HaszpiBaeTcs  ctepoil.  Toukamum  cdepsl
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 = x0)’ + (y = y0)* + (z = 20’ = R,
rae  (Xo,y0,Zz0) — KOOpAMHATBI IIEHTpa
ctheprl, R — e€ pagnyc
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IIpssmoyronbHas cucreMma
Koopaunats! BekTOpa.

KOOpAMHAT.

[IpsmoyronpHas cucTeMa KOOPAWHAT B
IIPOCTPAHCTBE.

Ecnu gepe3 Touky mpocTpaHCTBa MPOBEIACHBI
TPHU TIOTIAPHO MEPIICHAUKYIISIPHBIC IPSIMbIE, HA
KQKJI0W M3 HUX BBIOPAHO HAIpaBJICHHE (OHO
0003HaYaeTcs CTPEIKOl) U BhIOpaHa eIMHUIIA
U3MEPEHHUS OTPE3KOB, TO TOBOPAT, YTO
3aJjaHa MPSMOYToJIbHAsk CHCTEMa KOOPJIMHAT B
IPOCTPAHCTBE.

N

y

jocb annaukxam

¢ /| oco

&° W
» opdunam

O

o

A
IIpsimple ¢ BBIOpaHHBIMM  Ha  HHX
HaTpaBJICHUIMHI Ha3bIBAIOTCS OCSIMHU
KOOpJIMHAT, a UX o0Ilas TOYKa — HayajioM
koopauHat. OHa 0003Ha4aeTrcss OOBIYHO
OoykBoil O. Ocu KoopauHAT 0003HAYAIOTCS
tak: Ox, Oy, Oz — ¥ UMEIOT Ha3BaHUS: OCh
abcruce, ocb OpAUHAT, OCh amIuIMKar. Bces
cUCTeMa KoopauHaT ob6o3HauyaeTcs Oxyz.
[TnockocTH, MPOXOASIIAE COOTBETCTBEHHO
yepe3 ocu koopanHat Ox u Oy, Oy u Oz, Oz u
Ox,
Ha3bIBAIOTCS KOOPAWHATHBIMH TUIOCKOCTSIMU H
obo3navatotcs Oxy, Oyz, Ozx.
Touka O pazgensier KaxIylo U3 Ocel
KOOpAMHAT Ha JBa Jy4a. Jlyd, HanmpaBieHue
KOTOpPOTO COBIAJAET C HaIlpaBJIEHUEM OCH,
HA3bIBAETCS TOJIOKUTEIIBHOW TOJIYyOChlO, a
JPYTOH JIyd OTPULIATEIbHOM MOIYOChIO.
Koopaunatsl BekTopa
3ajaquM B IPOCTPAHCTBE NPSIMOYTOJIBbHYIO
cucreMy koopauHat Oxyz. Ha kaxnoi us
MIOJIOKUTEIBHBIX  TOIYOCeH OTIOXKHM OT

S
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Havyajla KOOPIUHAT €AMHUYHBIA BEKTOp, T. €.
BEKTOp, JJIMHA KOTOPOTO paBHA CIUHHUIIC.
O06o03HaYMM uepe3 i eMHUYHBIA BEKTOP OCH
abcuce, 4epe3 j— EAUHHYHBIA BEKTOP OCHU
opauHaT U 4epe3 Kk eIMHHYHBII BEKTOpP OCH
aIllIlJInKar.

X

BekToper 1, j, k HazoBeM KOOpIWHATHBIMU
BekTOopamMu. (O4YEeBHAHO, 3TH BEKTOPHl HE
KoMmIuiaHapHsl. [loaTomy mr000# BekTOp a u
MOXHO  pasjOXHTh TI0  KOOPJMHATHBIM
BEKTOPaM, T. €. IPEJICTABUTH B BUJIC

a=xi+yj+ zk,

npudeM  KOA(PQUIIMEHTHl  PA3JIOKEHUS X,
Y, Z ONPEIEISIOTCS €AUNHCTBEHHBIM 00pazoM.
Kosddunuentsr X, y U z B pa3loKeHUU
BEKTOpa a 10 KOOPJIWHATHBIM BEKTOpaM
HA3bIBAIOTCS KOOpAWHATAMH BEKTOpa a B
JTaHHOW cucteme KoopauHaT. KoopauHaTsl
BeKTOpa a OyJIeM 3amuchiBaTh B (DUTYPHBIX
cKOOKax rocie 0003HaueHus BEKTOpa: a {X; y;
Z}.

Tak kKak HyJIeBOH BEKTOP MOKHO MPEJCTABUTH
B Buge 0 = oit+ 0j+ Ok TO Bce KOOpAWHATHI
HYJIEBOTO BEKTOpa paBHBI HYITIO.
Jlanee, KOOpPAWHATBHI PaBHBIX  BEKTOPOB
COOTBETCTBEHHO PaBHBI, T. €. €CJIH BEKTOPHI
a{xi, yi1, z1} u b{Xo, y2, Z2) paBHBbI, TO X| = X2,
Vi = y2 ¥ Z1 = 72 (OOBSACHHUTE TIOYEMY).
PaccmoTpuMm mpaBmiia, KOTOpPBIE TO3BOJISIFOT
M0 KOOpAMHATaM JaHHBIX BEKTOPOB HAaWTHU
KOOPJMHATHI UX CYMMBI U Pa3HOCTH, a TaKKe
KOOpJIUHATHI MPOU3BEACHUS JAHHOTO BEKTOpa
Ha JIaHHOE YHUCIIO.

1. Kaxmas koopAawHaTta CyMMBI ABYX WIIH

6oiee BEKTOPOB paBHa CyMMe
COOTBETCTBYIOLINX KOOp/AMHAT ITHUX
BEKTOpOB. Jlpyrumu ciioBaMu, €ciu a {Xi, yi,
z1} ¥ b{x2, y2, Z2} — JaHHBIE BEKTOpHI, TO

BEKTOp a+b mMeeT KOOpAMHATHI {X1+X2, y1 +
V2, Z1 + Z2}.
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2. Kaxpas xoopawHaTa pa3sHOCTH ABYX
BEKTOPOB paBHa pasHoOCTH
COOTBETCTBYIOLIMX KOOPAHHAT ITUX BEKTOPOB.
Jlpyrumu cioBaMH, eciM a {Xi, yi, Z1} H
b{x2 y2; Z2} — maHHBIC BEKTOPHI, TO BEKTOP
a— b uMmeer KOOpAMHATHI {X1- X2, Y1 — 2, ZI -
72}.

3. Kaxnmag koopauHata IpPOU3BEICHUS
BEKTOpa Ha 4YHUCIO paBHA IPOHU3BEIACHUIO
COOTBETCTBYIOLIEH KOOpPJMHATHI BEKTOpa Ha
3TO yKcio. [lpyrumu ciioBaMu, €citi a {X; y; X }
— JIaHHBIA BEKTOp, 00 — JIAHHOE YMCJIO, TO
BEKTOP 0la UMEET KOOPJIUHATHI {0X; Y, 0Z).

363

JleficTBUs HAJl BEKTOPAMHU

JelictBug  HaJa  BEKTOpAMH:  CIIOKECHHE
BEKTOPOB, BHIYUTAHUE BEKTOPOB, YMHOKEHHE
BEKTOpa Ha 4YHCIIO

CnoxxeHue BEeKTOpOB

Jl1g cinoxeHust BEKTOPOB €CTh J1Ba Croco0a.

1. [TIlpaBwio mapamienorpamma. YrtoOsr

CIIO)KUTh BeKTOpbl @ u E’, roMeniaemM
Hayasa oO0oux B OAHY TOYKy. JlocTpanBaem
0 TapajuieriorpaMma U U3 TOH K€ TOYKHU
IPOBOMM JIMaroHaib Mapauienorpamma. J1o

u Oyzmet cymma BekTopoB. & u b

.

ITomHuTe GacHio mpo nedens, paka U MyKy?
Onu o4yeHb CTapajrcChb, HO TaK U HC CABHUHYJINU
BO3 C MecTa. Benp BekTOpHas cyMma cCwil,
MIPUJIOKEHHBIX UMH K BO3Y, ObLIa paBHA HYJIIO.
2. Btopoit cnoco0 cioxeHHs BEKTOPOB —
MIPaBUJIO TPEYrojibHUKa. Bo3bMmem Te ke

BekTOpel & U b .x KOHILy IIEpBOT0 BEKTOPA
IpUCTPOMM  Havamo  Broporo.  Temneps
COEIMHUM Hayaylo MEepBOT0 U KOHEI] BTOPOToO.

D10 U ecTh CyMMa BeKTOpoB & u b

[Io TOMy 3ke mpaBWIly MOXKHO CIIOXHUTh
U HECKOJIBKO BEKTOpoB. IIpuctpanBaem
WX OJMH 32 JpPYTUM, a 3aTe€M COEIUHSIEM
HayaJio MepBoro ¢ KOHIOM MOCJIETHETO.
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D

C—— E  AF-AB+BC+CD+DE+EF
B ///_’VF

//

A

[Ipencrasbte, 4TO BBI HJIeTe
u3 nyHkTta A B myHKT B, 13 BB C, u3 C B D,
3atreM B E u B F. Koneunslii pe3ynbTar 3THUX
JecTBU — nepemenienue u3 A B F.

Hpu CIIOKEHNH
af(x,v) b (x, ¥,)

BEKTOPOB Tr-aoy " rnojayyae

M:

c=a+b.

C (XX, Y, T V)
Brrunranue BekT OpoOB
Bektop -C HampaBieH NTpPOTHBOIIOJIOXKHO

BEKTOPY c . JmuHb

BekTOpoB € 1 ~C paBHBI

zf/ /_?

Tenepp TMOHSATHO, YTO TAKOE BBIYUTAHHE
— —
BeKTOpOB. Pa3Hocth BekTopoB & u € - 310

—
cymma Bektopa @ u Bektopa ~ € .

H - E: = HF L Ir{‘ (_: ,J' — |
a/\ _
II e
!
-h\.___\_\_ﬁlll
a-c
YMHOXEHUE BEKTOpa Ha YHUCIIO
[Ipn YMHOXXEHUU

—
BCKTOpa ' pa yucio k MOJIy4acTCsl BCKTODP,
AJInHa KOTOpOro B k pa3  OTINYACTCA

.

oT JUTUHBI a . Ox COHAITpPaBJICH
—_—

¢ Bektopom @ | ecnu k Oombiie Hy,

—

n HaIlpaBJICH MMPOTHUBOIIOJIOXKHO a ,
ecau k MeHbIie HYJIA.

H/ 70.5?/ /ﬁ 3G /033
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JIuneiinbie onepauHmn HAJL BEKTOPaMH B KoopaunaTHoii gpopme

Ecnu

Ei=(x,,y,,zl) 7 l;=(x2,y2,zz)
Torna

&il;:(x, b, O il Vot izz)
A4 = (Ax; Ay;3Az,)
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CkanspHO€ MPOU3BEICHUE IBYX BEKTOPOB

Ecnu BEKTOPBI HE SABIISIIOTCSI
COHampaBleHHbIMM, TO Jyun OA u
OB o6pa3yrot yron AOB.

ATlh =a=180"2=90"= 4 1b
althb=a=0

Omnpenenenue: JlBa BeKTOpa Ha3bIBAIOTCS
NEPHEHANKYISAPHBIMU, €CJIH  Yroll MEeXIYy
HUMH paBeH 90°.

CkanisipHO€E ITPOU3BEIEHNE BEKTOPOB:
Onpeoenenue: CKalApHBIM TNPOU3BEICHUEM
JIBYX BEKTOPOB HA3bIBAETCS YHUCIIO, PaBHOE
OPOU3BENICHUIO JIJIMH JTHX BEKTOPOB Ha
KOCHHYC yIrjla MEXIy HUMHU. 3anuiieM
(1)0p_.MYJ'Iy2 .

a-b=lal- |b|cﬂsa

VYrBepxkaenuel. CkansipHOoe MpOU3BEACHUE
HEHYJIEBBIX BEKTOPOB PABHO HYJIO TOrJa M
TOJILKO ~ TOTJa, KOrAa 3TH  BEKTOPBI
NEPIIEHUKYIISPHBI.

YTBepxkaeHue?. CkanspHblii KBaJpar

pextopa (9" @) papen xBampary ero

22
mHbL 9 1A=
CkansipHO€ MNPOU3BENCHHE JIBYX BEKTOPOB
paBHO CyMMe MPOU3BEICHUI

COOTBCTCTBYIOIIHUX KOOPAUHAT OTUX BEKTOPOB.

a-b=xx, + yy; +22,.

Yron Mexay BEKTOpaMH.

Kocunyc yria MEXIY BEKTOpamu
NELRERR WMy, vy

HpOCTpaHCTBa l: 1- ¥2- 1%:': I: 1- s 14%:'

3aJaHHBIMA B OPTOHOPMUPOBAHHOM

Gasnce @5 %) prpawaercs dbopmymoit:
VM My MY

,jvf+v§ +@-wa+w§ +W32

cosL(V, W)=

Cdhopmynupyem OCHOBHBIE CBOMCTBa
CKaJISIPHOTO IPOU3BEJICHUSI BEKTOPOB.
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a, b,c

Jnst 1100bIX BEKTOPOB u 100010

HHCH&]ﬁCHpaBCHHHBBIpaBeHCTBaI

1) a’z0, pUyYeM a’>0 npu @ ¥ 0.
2) a-b=b-a (mepeMecTUTENbHBIH
3aKOH)

3) (a + h]- c=a-¢c+h-c (pacnpeﬂen
UTEIIbHBIA 3aKOH).

4y k{a-b)=(ka) & (couerarensuriii
3aKOH).
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Cummerpusi:
3epKajbHas

LHECHTpaJbHas,

oceBas

n

Cummerpus — COpa3MEpHOCTb,
COOTBETCTBHE, CXOJHOCTh, TMOPSAJOK B
PACIONIOKEHUH YacTeil.

HEHTPAJIBHAA CUMMETPUA

JIBe TOUYKHM Ha3BIBAIOTCS CHUMMETPUYHBIMU
OTHOCHUTEJNIbHO IIeHTpa cummerpun O, ecau O
- cepeauHa OTpe3Ka, COCOUHSIOIIErO O3TH
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,
COCAMHSAIONINA 3TH TOYKH, MPOXOAHUT dYepe3
neHTp O M JenuTcs B 3TOM TOUYKE MOMOJIaM.
Touka O Ha3bIBaeTCs LEHTPOM CUMMETPHUH.

L=< [

CUMMETPUA OTHOCHUTEJIBHO
[IPSIMOM (OCEBASI CUMMETPHU )

Opna TOYKa Ha3BIBAIOTCA CHMMETPHUYHOM
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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< /N

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,
NEPHEHIUKYIAPEH IUIOCKOCTH S W JEJINTCA
3TOW IUIOCKOCTBIO monojaM. [lmockocts S

Ha3bIBACTCA IINIOCKOCTBIO CUMMCTPHH.
D

Dy

CumMerpuuHble QUTypbl, IPEIMETHI U TENa He
paBHBI Ipyr IpYry B Y3KOM CMBICIE CIIOBA
(Hampumep, jeBas nmepyaTka Win OOTUHOK He
MOAXOMUT JUIsl NpaBOW pPyKH WIM HOTH U
HaoOopoT). OHM Ha3BIBAIOTCA 3€pPKaJIbHO
pPaBHBIMH.
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