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ITosicHuTEIbHAA 3alICKA

COOpHHMK COAEPKUT METOAMWYECKHE YKa3aHWsS I10 BBINOJHEHHIO IMPAKTHUYECKUX pabdoT 1o
nucnunivae: MareMaTHKa.

Ilesnp HAacCTOALIMX METOAUYECKUX YKAa3aHUH — J1aTh CTYAECHTY HEOOXOIUMbIE METOJMYECKHe
yKa3aHUs 110 OPraHU3alluy U BBIIOJIHEHUIO IPAKTHUECKUX paboT B IepHo]] yueOHOro npoliecca.

[TpoBenenuto Kaxxaoi pabOThI MPEAIIECTBYET KOHTPOJIb M MOJArOTOBKAa K Hei. s sToro mo
PEKOMEH/IyeMbIM y4eOHBIM MOCOOUSM, JIGKIUSAM U HACTOAIIEMY COOpHHUKY CIenyeT pa3o0paThCs B
COJICpKAHNU 33JaHHOM IPAaKTUYECKOM paboThl, YCBOUTh OCHOBHBIE MOJIOKEHUS, HEOOXOJUMBIE JJIS €€
BBITIOJTHCHMSL.

CTyneHThI TOJIKHBI ITPOSABIIATH HAYYHBIM U IPAKTUUYECKUM UHTEPEC K MPAKTUYECKUM 3aHATUSAM,
CTPOTO BBHITMOJNHATH y4eOHBIA TpadyK, CTABUTH IMOMCKOBBIE BOMPOCHI U 3amadu. Kpome Toro, cTyneHT
JIOJDKEH CaMOCTOATENNbHO paboTaTh ¢ nuTeparypoil 1 YMK, a Takke KpaTKo M 4EeTKO BBIpaXaThb CBOU
MBICJIA IIPU 3aIIUTEe paboThI.

B npouecce npoBefeHUusi NPaAaKTHYeCKUX PadoT peajM3yIOTC KOMIUIEKCHAsl NPOBepKa

CJIeYIOIUX 3HAHUIN U YMEHUIi:

PesynbraTs ITokazaTeny OLEHKU pe3ynbTaTa

oOy4deHus

3,Y (Kon)

V.1 - BBIOJIHSACT apU(METHUCCKHE ICHCTBUI HAJl YUCIaMH (LIEJIBIMU, IeHCTBUTEIILHBIMU U

palOHaIbHBIMU; OTPULATENbHBIMU U MOJIOKUTEIBHBIMU );

- YMeeT HaxOJUTh NPUOIMKEHHbIEC 3HAUCHUSI BEJTMUMH U MOTPEIIHOCTEN BBIYMCIECHUI
(aOcostoTHAsA U OTHOCUTENbHASA);

- YMEET CPaBHUBATh YHUCIIOBBIE BBIPAXKECHHUS;

- HaXOJMT 3HAUYEHUS KOpPHS, CTENEHH, Jorapudma, TPUrOHOMETPUUECKUX BBIPAKEHUN
Ha OCHOBE OIpENeNeHus, HUCHOIb3ysd MNP HEOOXOAMMOCTH MHCTPYMEHTAJIbHbIE
CpEeACTBa;

- BBINOJIHAET MpPeoOpa3oBaHMs BbIpAKEHUH, NMpUMEHSS (OpPMyIibl, CBSI3aHHBIE CO
CBOMCTBaMHU CTeNeHe, JorapuMoB, TPUTOHOMETPUIECKUX (PYHKLINI;

- yMeeT BBIYMCIATh 3HaYeHHUA (PYHKIHMM 1O 33JaHHOMY 3HAUEHHUIO apryMeHTa IpH
Pa3IMyYHbIX crocobax 3aJaHus GyHKINH;

- YMEET CTPOUTh IpaUKU N3YUEHHBIX (QYHKIUH;

- HaXOJIUT MPOU3BOIHBIE 3JIEMEHTAPHBIX (YHKIIHIA;

- ICTIOJIb3YET MPOU3BOTHBIE JJISl U3YUEHUS CBOMCTB (DYHKIIMI 1 TOCTPOCHUS IpaUKOB;
- IPUMEHSET NMPOU3BOJIHYIO JUIS MPOBEACHUS TPUOIMKEHHBIX BBIYMCIECHUH, pelIeHus
3ajja4 TMPHUKIATHOTO XapakTepa Ha HAaXOXJAEHHE HauOOJBIIEr0o M HaWMEHBIIEro
3HAYEHUS;

- YMEET BBIYMCIATH B MPOCTEHIINX CIydasx IUIOMaJd U 0OBEMBI C UCIOIb30BAHUEM
OIPEJICIEHHOTO UHTErpaa;

-yMeeT pemars paloHalIbHBbIE, MIOKa3aTeNbHbIE, JorapupmMHUUEcKue,
TPUTOHOMETPUUECKHE YpaBHEHUS, CBOASIINECS K JIMHEWHBIM U KBaJPaTHBIM, a TaKKe
AQHAJIOTUYHBIX HEPABEHCTB U CHCTEM;

- pacrno3HaéT Ha YepTekax U MOJAEISAX MPOCTPAHCTBEHHBIX (POPM;

- ONKCHIBAET B3aUMHOE DACIIOJIOKEHHE MPSIMBIX M IUIOCKOCTEM B IPOCTPAHCTBE,
apryMeHTalusl CBOUX CYKAECHUH 00 3TOM PaCHOJIOKEHUH;




- AQHAJM3HUPYET B MPOCTEHIIMX CIIydasX B3aUMHOTO pPACIOJIOKEHUS OOBEKTOB B
MIPOCTPAHCTBE;

- BBITIOJTHSAET YEPTEXkKH 110 YCIOBHUSIM 3a]1a4;

- YMEET CTPOUTH MPOCTEHIINEe CeUeHUs KyOa, MPU3MBbI, TUPAMHU/IBI,

- pemaer IUIAHUMETPUYECKHE M TPOCTEHIINE CTEPECOMETPUUYECKHE 3a/lauyd  Ha
HaXO0X/ICHUE TEOMETPUUYECKUX BEIMYHH (IJIMH, YTIIOB, IUIOMACH, 00HEMOB);

- UCTIOJIB3YET MPHU PEIICHUU CTEPECOMETPUUYECKUX 3a/1a4 INTAHUMETPUICCKUX (DAKTOB U
METOJIOB;

- MPOBOAMT JIOKA3aTEIbHBIC PACCYKICHHUS B XOJI€ PEIICHUS 3a]1a4.

V.2

- YMEET HCII0JIb30BaTh rpa)uuecKuii METO/I PeIICHUs YPaBHEHUI U HEPABEHCTB;

- yMeeT u300pakaTh Ha KOOPAMHATHOM IJIOCKOCTH PELICHUS] YpaBHEHUN, HEPABEHCTB
U CUCTEM C ABYMs HEU3BECTHBIMU;

- 3HaeT omnpe/esieHrne CBOMCTB (pyHKIMU 1o e€ rpaduky

- YMEET COCTaBJIATh U PEIIaTh YPaBHEHUS U HEPABEHCTBA, CBA3BIBAIOINE HEU3BECTHBIC
BEJIMYMHBI B TEKCTOBBIX (B TOM YHCIIE MPUKIATHBIX) 3a/1a4ax.

3.1

- BBITIOJIHSCT MIPAKTUYECKHUE PACUEThI 10 popMyliaM, BKIItoUast GOpMyIIbl, CoepIKaIine
CTEIEHH, paJuKajbl, JJOrapu(Mbl U TPUTOHOMETPUUECKUE (PYHKLUU, UCIIONb3Ys PU
HEOOXO/JMMOCTH  CHPAaBOYHBIE MaTepUAIbl M  MPOCTEHIINE  BBIYMCIUTEIbHBIC
YCTPOMCTBA;

- HHTEPIPETUPYET TPAPHUKH peaTbHBIX MTPOIECCOB;

- UCCIeNyeT W IPOBOAUT IOCTPOCHUE INPABUIBHBIX MHOTOIPDAaHHUKOB Ha OCHOBE
M3YYEHHBIX (POPMYI M CBOMCTB T€OMETPHUECKUX HUTYD;

- Ha3bpIBacT IIOCJIECNOBATEIbHOCTh [EHCTBUI IPU PELIEHUH CUCTEM YpPaBHEHUN
pa3jIoKEHUEM Ha MHOXHTENIU, BBEIECHUEM HOBBIX HEU3BECTHBIX, IOJICTAHOBKOM,
rpaM4ecKuM METOJI0M;

- (hopmynupyer onpezeseHUs U MEPEUUCISET CBOMCTBA CKAJIIPHOTO, BEKTOPHOI'O U
CMEIIAHHOTO MPOU3BEAEHUS BEKTOPOB;

- opmynupyet npaBwia AMPPEepeHINPOBaHMS U Ha3bIBAa€T MPOU3BOJIHBIE OCHOBHBIX
3JIEMEHTAPHBIX (DYHKIIHIA;

- Ha3bIBaeT TaOJIMYHbIE HHTErPabl;

- (hopMynHUpyeT KIaccu4ecKoe OnpeiesieHe BEpOsSTHOCTH;

- 3HaeT I0CJIEJI0BATEIbHOCTD JEHCTBUM NP BBINOJIHEHNN apU(PMETUYECKUX IEHCTBUI
HaJ| YUCIIaMU;

- HaXOJIUT NPUOJIM3UTEIbHbIE 3HAYCHUS BEJINYNH;

- uccreayeT QyHKIUKU U CTPOUT rpaduku;

- mpeoOpazyeT rpapuku QyHKITUI;

- Hcrnonb3yeT (opMyibl [UId MpeoOpa3oBaHUs MPOCTEHUIINX TPUTOHOMETPUUYECKUX
BBIPQKEHUI U pEIIeHUs] TPUTOHOMETPUYECKUX YPAaBHEHUN U HEPABEHCTB;

- mpeoOpasyeT BBIPAXKEHHs, COJAEpIKaIlUe CTENEHb C PALMOHAIBHBIM IOKa3aTeleM,
pajKabl;

- mpeobpasyeT JorapuMuIecKue BhIpasKeHHs;

- peuiaer uppalroHaJbHbIE, MOKAa3aTelbHbIE W JIOTapu(PMHUUECKUE YpaBHEHHS U
HEPABEHCTBA;

- HaXOJIUT MPOU3BOAHbBIE PYHKIMM, UCTIONB3YS GopMyIibl TudhepeHITpOBaHUS;

- TIOJB3YETCSI TE€OMETPUUYECKUMU npeoOpa3oBaHUSAMHI IIPOCTPAHCTBA!
napajuleNIbHbIl  MEPEeHOC, CUMMETPHUS OTHOCUTENBHO MJIOCKOCTH MPHU H300pakeHnun
MIPOCTPAHCTBEHHBIX (pUTYD;

- HaXOJIUT MOBEPXHOCTH, BHIYUCIISIET 00bEMbI MHOTOTPAHHUKOB U KPYIJIBIX TEl.

3.2

- HOJIB3YCTCA (I)OpMy.TIaMI/I BBIYMCJICHUA [OJIHH, HJ'IOH.[&,[[CIZ 1 00BEeMOB PCAIBbHBIX
00BEKTOB npu pEeHIICHHUU IPAKTUYCCKUX 3ajad, HCIIOJb3ys IIpU H€O6XOJII/IMOCTI/I
CIIPAaBOYHHUKU U BBIYUCIIUTCIIBHBIC YCTpOﬁCTBa;




- TIOJIB3YETCS anmapaToM MaTEeMaTUYECKOTO aHAIN3a TPU PEIICHHH TeOMETPHUYECKHUX,
(bU3MUECKUX, IKOHOMUYECKUX U JPYTUX MPHUKIAIHBIX 33/1a4, B TOM YHCIE 3a/1a4 Ha
HauOOJIbIIINE U HANMEHBIIIUE 3HAYCHHS,
- QHAIM3UPYET peaTbHBIC YMCIOBBIC JaHHBIC, MPEACTABICHHBIC B BHJIE IUArPaMM,
rpaduKoB;
- aHaM3UPYyeT HHPOPMAITUIO CTATUCTUIECKOTO XapaKTepa;
- 3HaeT POPMYJIMPOBKY r€OMETPUIECKOTO M MEXaHHMUYECKOT'O CMBICIIA IIPOU3BOTHOM;

- 3HAeT MPWIOKEHUE OIMPEICTICHHOT0 MHTETpalia K BRIYUCICHUIO TJIOMAAEH TUIOCKUX
¢buryp, 00beMOB TeJI BpAIICHHS, TTYTH, TPOHJIEHHOTO TOYKOM;

- yMeeT OMNUCHIBaTh TIPOIECC B €CTECTBO3HAHWU U TEXHUKE
mudGepeHIMaTbHBIX YPaBHEHU.

C IIOMOIIBIO

Kpurepun oueHku npakTuyecKkux padoor:

IToka3aTeiu OlleHUBAHUS MPAKTHYECKOH padoThI

HaumenoBanue OIIOP | 25 6annoB 20 6as10B 15 6an0B 10 6as10B
1.Bnanenne  3HaHusiMM | 3HaeT M NOHUMAeET | 3HAET u|B nesnom | He  packpeiBaer
TEPMUHOJIOTHH TEPMUHBI U | HOHUMAET IOHUMAET, HO | coaepKaHue
OIpeIeNIeHUs TEPMUHBI U | I0IIyCKaeT TE€pPMUHa,
olnpezeseHusi, HO | ONIMOKY B 3HAHUM | HEYMECTHO
JIOITyCKaeT TEPMUHOJIOTMU U | IPUMEHSET
HE3HAYUTEIIbHBIE | OIpE/EICHUH, TE€PMUHBI
OLIMOKH UCIIpaBIISET
110CJIE 3aMEYaHUI
2.Pe3ynbTaTUBHOCTH WNudopmanms WNudopmanms CryneHt WNudopmanus
MH(POPMAIIMOHHOTO HaiineHa  BepHO, | HaiieHa HE | CaMOCTOSITEIbHO, B | HailieHa HE
MOMCKa HeOobIINe MOJIHAs C | CpOK, C | mosHas c
HEJ0YEThI HETOYHOCTSIMH, HEeJ0YeTaMH HETOYHOCTSIMH,
UCTPABIISIOTCS KOTOpPBIE CTYEHT | BBINOJHSAET KOTOpBIE CTYACHT
CTYIEHTOM cpa3sy, | UCIIpaBJIseT 3a/laHus, c | HE MOJKET
IIOMOTAaET B MOMCKE | CAMOCTOSITENILHO | TIOMOILBIO UCIIPABUTH oe3
uHpOpMaIN npenojaBaTesns MTOMOIUIH
OJTHOTPYTTHUKaM JIeNIaeT BBIBOJIbI npernojiaBaTess
3.CxopocTb u CryneHt CryneHt CryneHt CryneHt c
TEXHUYHOCTb CaMOCTOSITENIbHO, B | CAMOCTOATEIBHO, | CAMOCTOSITENIbHO, B | IOMOIIBIO
BBITOJIHEHUS 3a/laHHH CPOK ¥  BEpHO | B CPOK, C | CpOK, C | mpenopaasares,
BBITIOJTHSET HEOOJIBIINMHU HEeJ0YeTaMH HECBOEBPEMEHHO,
3aJaHus,  JeNlaeT | HeJlo4eTaMu BBINOJIHSET C He/loueTaMu
BBIBOJIbI, TTOMOTAET | BBITOJIHSET 3a/laHusl, C | BBIMOJHSIET
OJHOTPYIIITHUKAM | 33/1aHUs, JIEJNaeT | TOMOIIbIO 3aJ1aHus, c
BBIBOJIBI, npenojaBaTens MTOMOUIbIO
IIOMOTaeT JIeNIaeT BBIBOJIBI nperno/iaBaTens
OJIHOTPYIITHUKAM JIeNIaeT BBIBOIbI
4.0¢dopmienue 3a1anuil | 3amaHus 3agaHus 3ananus Odopmiienne He
odopmIisieT odopmIisier BBITIOJTHSIET COOTBETCTBYET
aKKypaTHO B | aKKypaTHO,  HO | HEAaKKypaTHO, CO | TpeOOBaHUSAM
COOTBETCTBUU C | UMeroTCs 3HAYUTEITHHBIMH
TpeOOBaHUSAMHU 3aMevaHus 3aMeYaHUsAMHU
npenojaBaTens, B
COOTBETCTBUU c
I'OCT




5.ApryMeHTUpoBaHHOCTh | B mnucemenHoi u | B nucbmenHoi u | [IpuBogut [IpuBoaut
CYKJEHUH, IIUPOTa YCTHOU peuu | yCTHOU peuu | IpUMeEpHL, pUMeEpbI, (QaKTHl,
Kpyrosopa MIPUBOJIUT MIPUBOJIUT OIHCHIBACT OIHCHIBACT
npuMepbl, (aKThI, | IPUMEPHI, ABICHUS, (DaKTHI, | SIBICHUS, HE
OIHCHIBACT (bakTsl, HO 3aTpyJHSIETCS B | J€NaeT  BBIBOJBL,
SIBIICHMS, OTIHCHIBAET JOTHYECKOM CpaBHEHHS
MIPOU3BOJIUT SIBJICHUS, U3JI0KEHUH,
CpaBHEHMSI, aHAIN3, | IPOU3BOIUT aHajmse,
JIeJIaeT BBIBOIBI CpaBHEHUSI, CpaBHEHUHU,
aHamM3, JIeNaeT | BBIBOJAAX
BBIBO/IbI, HO
3aTpyAHsAETCS B
MIOCTPOCHUHU
JOTHYECKOTO
W3II0KEHUS
MaTepuaia
6.ITounck, o6paboTka u Paboraer ¢ | PaGoraer ¢ | Hemocrarouno [IpoBeneH mnouck
MIPEIOCTaBICHUE JTUTEPATYPOH, JTUTEPATYPOH, npoBeneH cOop u | U coop
nH(popMauu 1o MTOMCKOBBIMHU MTOMCKOBBIMHU obpaboTka nHpopManuu,
M3ydaeMOMY MaTepHally | CUCTEMaMH, CHCTEMaMH, UHpOpMauy, TeMa HE PacKpHhITa,
MOATOTOBJICHHAS MOATOTOBJICHHAS | MPEJOCTaBJICHHE WIH HE
uHpOpMaIHs uHpOpMaIHs UHPOpPMALIUKM  HE | COOTBETCTBYET
COOTBETCTBYET COOTBETCTBYET COOTBETCTBYET 3aJIaHUIO0
TEMaM  3aJaHus, | TeMaM 3aJaHusd, | TpPeOOBaHUSIM
MOJIHO  PACKpPBITA, | IOJTHO PACKPHITA,
oroOpakeHa, TIpH | MPEIOCTABICHHUE
HE00X0AUMOCTH uHbopMalUu He
CONPOBOXKAACTCS B IIOJHOW Mepe
HarJIsIHOCTBIO COOTBETCTBYET
(cxemamu, TpeOOBaHUSAM
PUCYHKaMH),
MPEIOCTABISIETCS
JIOTHYHO B
COOTBETCTBUU c
TpeOOBaHUSIMU,
JAl0TCs CCBUIKM Ha
VCTOYHHUKH
7.Mcions30BaHne 3HaeT yCTpOMCTBO, | 3HAET He B monnoii mepe | He B  monHOMU
y4eOHO-1a00paTOPHOTO | HA3HAYEHUE, YCTPOKCTBO, BJIQJICET 3HAHUSAMH | Mepe BJIaJeeT
000pyIOBaHUS IS METOABI PadOTHl C | HA3HAUCHHE, YCTPOKCTBA, 3HAaHUSIMH
pelIeHust MPaKTUYECKUX | yueOHO- METObI paboThI C | HA3HAUCHMUS, yCTpOICTBa,
3aad (M3MepUTEIbHbIE | Ta0OpaTOPHBIM yaeOHo- MeTofaMu paloTHl | HA3HAYCHHUS,
npubopsl U 000pyJI0BaHUEM, 1a00paTOPHBIM c yuebHO- | MeTojaMH  paboTHI
MHCTPYMEHTBHI) MIPOU3BOJIUT o0opynoBaHuemM, | 1abOpaToOpHBIM C yueOHO-
paboThI c | HO JIOMyCKaeT | 000pYyJIOBaHUEM. 1a00paTOPHBIM
MPUMEHEHHEM OITOKH B | [IponsBoaut 000pyJIOBaHUEM.
yueOHO- pabote ¢ yuebHO- | pabOThI c | [IpousBogut
J1a00paTOPHOTO 1a00paTOPHBIM 3aMEYaHMSIMH, paboThI c
o0opynoBaHusi B | 00OpyAOBaHUEM, | COOMIOIAET HapyleHHEeM
COOTBETCTBUH ¢ | cobmomaer TEXHUKY TEXHOJIOTHH,
TpeOOBaHUSAMH U | TEXHUKY 0e30macHOCTH MPUHIUIIOB
TEXHOJIOTHEN, 0€e30macHOCTH, paboTHI, HMeeT

7




coOuromaeT OepeKHO 3aMeYaHus 1o
TEXHHUKY OTHOCHUTCS K TEXHHUKE
0€301acHOCTH, 000pyI0BaHUIO 0€301acHOCTH
OepexHO
OTHOCHUTCS K
000pYyIOBaHUIO.
Moxert OKa3aTh
MoMoIllb B padote
OJIHOTPYITHUKAM
8.Bpems Ha BoimonHenue | CoOmoneHue IIpeBbiieHne IIpeBbiieHne IIpeBbrnienue
3a/laHus BpeMs U | BpeMEeHU BpPEMEHHU BpEMEHHU
MOATOTOBKH BBITIOJTHEHUSI HA | BBIMIOJIHGHUS ~ Ha | BHIMOJTHEHHS Ha 30
3amanms, cpokoB | 10 % 20% u 6osee %

cIayy 3aJlaHuM.

MeToauka MPOBECACHUSA KOHTPOJISI U KPUTCPUHA OLEHKHU paﬁoT

Kamnaﬂ IMpaKTUICCKaA pa60Ta BBITIOJIHACTCA CTYACHTAMH B XO4€ y‘~I€6HOF0 3aHATHUA UJIU BO

BpCMms, OTBEAEHHOE Ha CaMOCTOATCIIbHYIO BHCAYAUTOPHYIO pa60Ty CTYACHTA 110 UHAUBUAYAJIbHBIM

3aJaHUsIM IMOCJIC U3YUCHUS COOTBCTCTBYIOHIGIZ TCMBI.

PaGora ouenuBaercs 1o nITUOALILHON CUCTEME:

Oyenxa 5 (omauuno) BPICTABIIAETCS B CIIy4asiX IIOJHOTO BBIIIOJIHEHUS BCero o0bEMa paboThl,

OTCYTCTBU CYHICCTBCHHBIX oIInOOK IIpHU BBIYUCJIICHUAX U ITOCTPOCHUAX Fpa(i)I/IKOB " PUCYHKOB,

T'PaMOTHOI'O U AKKYPAaTHOI'O BBIIIOJIHCHHS BCEX SaHaHHﬁ, HaJIn4us BbIBOJA.

Oyenxa 4 (xopouio) BHICTaBIISIETCA B CiIydae IMOJHOIO IPU HAJIMYUU BBIMOJIHEHUS BCEro 00bEMa

paboThl M HECYIIECTBEHHBIX OMIMOOK MPU BBIUUCICHUSIX U IOCTPOCHUH IpapKOB U PUCYHKOB, HE

BJIMSIIOIIUX Ha OO pe3ynbTaT pelieHusl.

Ol/;eHKa 3 (ydoeﬂemeopumeﬂbﬁo) BBICTABJIACTCA B CIIydasAX B OCHOBHOM ITOJIHOT'O BBITIOJIHCHUA

pa6OTBI IIprU HAJTNYNHU OIHI/I6OK, KOTOPBIC HE OKA3bIBAIOT CYIICCTBECHHOI'O BJIMAHHA HaA OKOHYATEIIHHBIN

pe3yJbTar.

Oyenka 2 (neyooenemeopumenvHo) BHICTABISAETCS B CIIydae, KOT/ia JIOMYIIEeHbI

NPUHIUIHAIbHbBIE OIMOKH (epenyTaHbl (OPMYIIbI, HapyllleHa MT0CIe10BaTeIbHOCTh BHIYUCIICHUH,

OTCYTCTBYET NIEPEBO U T.1.).

B teuenme Bcero BpEMCHHU O6yquI/Iﬂ CTYACHTY MPEAOCTABIIACTCA BO3SMOXKHOCTD ITOBBICUTH

PE3yiIbTaThbl YCBOCHUA y‘-IC6H01>i JAUCIUITIINHBI HYTéM TIOBTOPHOTI'O BBIMIOJIHCHUA APYIrOoro BapuaHTa.




Ilepeyenn TeM NpakTHYECKUX padoT

Pa3znen u rema HanMeHoBaHMe NPaKTUYECKUX 3aHATHI O0bem
AU CIUTIJINHBI U J1a00paToOpHbIX padoT 4acoB

I'naBa 1. Jlunelinsie u kBagpatHeie | Ne 1 mo treme: ApudmeTndeckue BEIYUCICHUS | 2

ypaBHEHUS U HEPABEHCTBA. Ne 2 o Teme: [lorpemHocTr mpuOIMKeHABIX | 1
DJIEeMEHTHI BEIYMCITUTEILHON 3HAUYCHUN YUCEN
MaTeMaTUKHU Ne 3 o teme: JleiicTBus Hax 1

HpI/IGJII/DKeHHBIMI/I 3HAa4YCHUAMHU YUCCII

Ne 4 o Teme: JIunelinple ypaBHeHus ¢ ogqHo | 1

MepEMEHHON

Ne 5 o Teme: JInHeliHbIE HEpAaBEHCTBA 1
Ne 6 no Teme: Cuctembl TMHEHHBIX 1
ypaBHEHUH

Ne 7 mo teme: KBagparHble ypaBHeHUS 1
Ne 8 mo Teme: I'padudeckoe pemieHue 1
KBaJIpaTHOTO YpaBHEHUs

Ne 9 o Teme: KBagpaTHble HepaBeHCTBA 1

Ne 10 mo teme: Uppaunonansueie ypaBuenus | 1
Y HEpaBEHCTBA

Ne 11 o reme: HenuuelHbie CUCTEMBI 1
ypaBHEHUH C IBYMS IEpEMEHHBIMU

I'naBa 2. ®yukuuu. CrenexHHas, Ne 12 no teme: @yHKIIMHU U KX OCHOBHBIE 1
MOKa3aTelbHas U CBOICTBA
norapudmuydeckas GyHKIUN Ne 13 o teme: Crenennas GyHKIuUs 1
I'maBa 3. TpuronomeTrpuueckue Ne 14 no teme: Paguannoe usmepenue nyr u 2
byHKIIUN YIJIOB

Ne 15 no teme: Tpuronomerpuueckue 1

(YHKIIMN YHCIOBOTO apryMEeHTa

Ne 16 o TeMe: I3meHeHNE 1
TPUTOHOMETPHYCCKHUX (PYHKIIHH ITPU
BO3pacTtaHuu aprymenta ot 0 mo 21

Ne 17 no Teme: BolpaxkeHnune 2
TPUTOHOMETPUYECKHUX (PYHKIUH uepes Apyrue
TPUTOHOMETPUYECKHE (DYHKIMU

Ne 18 o reme: @opmyiisl npuBeAeHUS 2
Ne 19 no teme: Tpuronomerpuueckue 1
(YHKIIMU YBOCHHOTO apryMeHTa

Ne 20 no Teme: BeipakeHnune 2

TPUTOHOMETPUUECKUX (PYHKIMH yepes
TAQHI'€HC TIOJJOBUHHOI'O apryMEHTa

Ne 21 mo teme: IlpeobpazoBanue 2
anredpanvdecKkoil CyMMbl
TPUTOHOMETPUUECKUX (PYHKUHUI B
MIPOU3BEJICHUE




Ne 22 o reme: O6paTHbie 2
TPUTOHOMETPUYECKHE (DYHKIMU
Ne23 no Teme: Pemenue 2
TPUTOHOMETPUUECKUX YPaBHEHUH U
HEPaBEHCTB
I'naBa 4. [Ipenenst Ne 24 no teme: [Ipenen nepemenHoM 1
BEJTMYHUHBI
Ne 25 no Teme: HenpepbIBHOCTD (PyHKITHH 1
I'maBa 5. IIpousBognas Ne 26 o Teme: I'eomeTprueckue MPUIOKEHHUS | 2
MPOU3BOIHOMN
I'maBa 6. UccnenoBanue Gynkmuii | Ne 27 no teme: MccnenoBanue GpyHkimii Ha 1
C MIOMOIIIBIO MPOU3BOJIHBIX MaKCHUMyM  MUHUMYM
I'maBa 7. Inddepeniman Ne 28 o reme: CpaBHEHHE OECKOHEYHO 1
¢bynkuuu. [Ipunoxenue MaJblX BEJIMYMH
muddepennmana x
MPUOIMKEHHBIM BBIYMCIICHUSM
I'naBa 8. HeonpeaeneHHbIi Ne 29 o Teme: Boruncnenus mo crnoco0y 1
UHTerpal CTPOTOro y4yeTa IOrperIHocTei
I'maBa 9. Onpenenennsiit uaterpan | Ne 30 mo Teme: Briuucnenue onpegenenHoro | 1
HHTerpaia
Ne 31 no reme: duznueckue NpuIOKEHUS 1
OIpe/IeIEHHOr0 UHTErpaita
I'naBa 10. IIpsmas Ha ruiockoct U | Ne 32 o teme: CkansipHOE IPOU3BEICHUE 2
€e ypaBHEHHS JIByX BEKTOPOB
Ne 33 mo Teme: MeTo1 KOOpAWHAT 3
Ne 34 o Teme: YpaBHEeHUS NPSIMBIX 1
Ne 35 no teme: Cuctemsl npsAMBIX 1
I'maBa 11. Kpussie BTOporo Ne 36 no Teme: OKpyXKHOCTh 2
MopsiiKa No 37 mo teme: Dnuric 2
Ne 38 o reme: I'unep6ona 2
Ne 39 no Teme: Ilapabona 2
I'maBa 12. IIpssmble u mnockocty B | Ne 40 o Teme: BzaumHoe nosiosxeHue 4
MIPOCTPAHCTBE MPSIMBIX U MJIOCKOCTEHN B IPOCTPAHCTBE
Ne 41 no teme: [lapannenbHOCT PAMOIL U 4
m10ckocTy. [lapannenbHble IockocTn
Ne 42 no teme: [lepnennukynspHele npsimpie | 4
U IJIOCKOCTH
Ne 43 no Teme: JIByrpaHHble 1 MHOTOTpaHHBIE | 2
yTIIBI
I'maBa 13. MHOrOrpaHHuKHN 1 Ne 44 1o teme: Ilapannenenunen 4
TJTONIAN UX TOBEPXHOCTEN Ne 45 no teme: Ilnouaan noBepxHocTei 4
MHOTOTPaHHUKOB
I'naBa 14. ®urypsl BpanieHus u No 46 no teme: Hunmunaap 4
IUTOLIAX TOBEPXHOCTEN Ne 47 no teme: Konyc 4
No 48 o Teme: YcedeHHBIN KOHYC 2
Ne 49 o Teme: Cdepa u map 4
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Ne 50 o teme: Ilnomanpr nmoBepxHoctu chepsl | 4
U €€ JacTeun
I'maBa 15. O6bemMb1 Ne 51 o reme: OO6beMBI TPAMBIX 4
MHOT'OTPaHHUKOB U TE€J BPAILCHUS | MapasuIeNICIUIEIOB, TPU3MBbI U IIMJIUH]IpA
Ne 52 o reme: O6beM reomMeTprIeCKOM 4
(GuUrypsl C 33JaHHBIMH TUIOINASIMU
MOTNIEPEYHbIX CEYCHUI
I'maBa 16. DnemeHTbI Ne 53 o reme: DneMeHTH KOMOMHATOPUKH 2
KOMOMHATOPHUKYU B TEOPUU No 54 no teme: DyieMEeHTHI TEOPUU 2
BEpPOSITHOCTEN BEPOSITHOCTEN
I'maBa 17. DnemeHTHI Ne 55 no teme: 3agaun MmaTemMaTH4YECKOM 2
MaTeMaTHYeCKON CTaTUCTUKH CTaTUCTUKH
BCETI'O: 109
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IIpakTnyeckune padoTsl
Ilpakmuueckan paooma Nel no meme: Ilenvie u payuonanvusle yucna.

[lenb: MOBTOPHUTH NCUCTBUS HaJ IEJIBIMU U PAIIMOHATIBLHBIMU YHCIIAMH.

dopma opraHuzanuy CTyCHTOB Ha 3aHATHUN: WHAUBHUIYaJIbHAS.

Meroanueckue ykazaHusl.

Jlpobu nensiTcst Ha OOBIKHOBEHHBIE U AieCITHUHBIC. [lecsaTiuaHas Ipo0b- 3TO, IO CYIIECTBY ApyTas
dbopma 3anucu. B Bume necaTHYHON NpoOM MOXKHO TMPEICTABUTH JIOOYI0 OOBIKHOBEHHYIO JpOOb,
3HaAMEHATEJIb KOTOPOH SBIISETCS IETUTENeM HeKOTopol crenenu uncia 10. Ecinu x necatuunoit apoou
MIPUITHCATh CIIpaBa HYJb WM HECKOJBKO HYJICH, TO MOIXYYUTCS paBHas ed npoOb. Ecnu necsatudnas
IpoObh OKAHYUBACTCS OJJHUM MU HECKOJIBbKUMH HYJISIMU, TO

9TH HYJIH MOKHO OTOPOCUTH- MOIYYUTCS paBHas el 1poOb.

[Ipy crnokeHUH JECATHYHBIX IpoOei Haxo 3amucarb WX OJHY IMOJ JAPYrol Tak, 4TOOBI
OJIMHAKOBBIE Pa3psiibl ObUIA JIPYT MO APYTOM, a 3amsiTas -0 3alliaTod, U CIOXKUTh IpoOU Tak, Kak
CKJIQJIbIBAIOT HATypalibHbIE YKciia. B oTBeTe 3amsitas pacmnonaraercs noj 3amnsteiMu. Hampumep,

o, 1
1, O
1, 1 7

+

2 AHaJIOTUYHO BHITIOJIHSAETCS BEIYMTAHUE JCCATHUYHBIX Hp06eﬁ. HpI/I
5

YMHOKCHHUU OCCATUYIHBIX z[p066171 JA0CTATOYHO IICPCMHOXHUTL 3aJlaHHBIC

qriciia, He oOpalas BHUMaHUS Ha 3aIsIThie (KaK HATypaJbHBIC YMCIIA), 4 3aTeM
B pe3yJbTaTe CIpaBa OTACIHUTH 3aMSITOW CTOIBKO IU(DP, CKOJBKO UX CTOUT

MIOCJIC 3aMATON B 000MX MHOXKHUTEIAX CYMMApHO.

oM
b

I[e.]'[eHI/Ie JIECATUYHOMN I[pO6I/I Ha HaATypaJIbHOC YHCJIO BBIIIOJHACTCH

Oy o b

TaK XK€, KaK JCJICHHUC HATypaJlbHOI'O 4YHCJa Ha HAaTypaJbHOC, a 3alATyIO B

(N
F.

HYaCTHOM CTaBAT ITIOCJIC TOI'O, KaK 3aKOHYCHO ACJICHUC HGJ’IOﬁ HacCTH. I[J'If[

kg |

O.r

LS
=~
(o)}

TOTO YTOOBI pa3feiuTh ACCATUYHYIO OpOoOb Ha NECATUYHYIO HYXHO M B

JeTUMOM U B JIeJMTENE MEPEeHECTH 3allsTyI0 BIPABO Ha CTOJNBKO LU, CKOJIBKO UX HUMEETCs B

JIeITUTENE. Jlnst Toro 4toObl CIOXUTH ( WM BBIYECTb)  JBE OOBIKHOBEHHBIE APOOU C pa3HbIMU

3HaAMEHATEISIMU HYXKHO MpEeABapUTENIbHO MIPUBECTH UX K HAUMEHbLIEMY 00IlIeMy 3HaMEHATe0, 3aTeM

CIIOXKHTH

(BBIYECTH) YHCIUTEIb MIEPBOM APOOH € UUCIUTEIEM BTOPOH 1podH, a

7,5 _ 28 15 43 _ _ 7

3HAMEHAaTeNb OCTaBUTh TeM k€. Hanmpumep ,_ﬁ + 12 36 + 36 36 36 [IpousBenenne

JIBYX JIpoOeil paBHO ApoOHU, YUCIUTENh KOTOPOM paBEeH MPOM3BENCHUIO YUCIUTEIEH, a 3HaMeHaTellb

paBCH HpOI/I3BCI[eHI/IIO 3HaMCHaTeJ'ICI7L I[Ba YHUCJIa HA3bBIBAOTCA B3aHMMHO O6paTHBIMI/I, CCJIIN HX
33U -
npousBeneHue paBHo 1. Hanpumep, 3. [Ipu neneHun OOBIKHOBEHHOW MpOOHM HAa OOBIKHOBEHHYIO

le06b YUCIUTECIIb ACIUMOIO0 YMHOXAIOT Ha 3HAMCHATCIIb ACIIUTECIIA, @ 3HAMCHATCIIb JCJIMMOIO- Ha

YUCIINUTECIb JCIIUTECIIA. HepBoe IMPOU3BCACHUC CITYKUT YUCIUTEIIEM, @ BTOPOC 3HAMCHATCJIIEM YaCTHOI'O.
12



1 BapuaHnT

1. Brpruncnvte 3Ha4eHUs BBIPAKECHUI:
, 2,13
7 21 49
b) (LZ)-O,?@.
4 5 17
2. [IpencraBpTe B BUIe OOBIKHOBEHHOM JIpOOH:
a) 0,125;
b) 0,46;
C) 1,328.
3. [IpencraBpTe B BUAE JECATUUHON APOOU:
)i b)),
125 16 25
2 BapuaHT
1. Bbruncnure 3Ha4eHUs! BBIPAKECHUN:
0 5.1.9.
6 33 22
229 o0
11 8 40
2. [IpencraBbTe B BUJIe OOBIKHOBEHHOM Jpoou:
a) 0,314;
b) 0,58;
C) 7,11.
3. [IpencraBbTe B BUJIE IECATHUHON ApOOH:
D) bt 22,
625 16 13
Kpurepun ouenuBanus:
Ounenka ObocHoBaHME OLEHUBAHUA
«OT1nnaHO» Bce 3a1aHust BBITIOJIHEHBI IPABUIIBHO
«Xopomo» ITpaBUIbHO BBINOJIHEHBI JIFOObIE 6-7 3a1aHus
«Y IOBIIETBOPUTEIILHO [IpaBuabHO BBITIOTHEHHI JIIOOBIE 4-5 3a1aHus
«HeynoBeTBOPUTEIBEHO» [1paBUIIBHO BBITIOJIHEHO MeHee 4 3aJaHui
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IIpakTuyeckas padora Ne2 no reme: KoMiuiekcHbIe Yuciaa

Lenp: [To3HAKOMUTH ¢ KOMIUIEKCHBIME YrciiaMu. OTpadoTaTh HABBIKH CIIOKCHHSI, BEBIYUTAHUS
YMHOXEHHUS, ACTICHUS] KOMIUICKCHBIXYHCET, 3aJJaHHBIX B anreOpandeckoil opme. A Takke HaXOXKICH
MEMOAYJISl KOMILJIEKCHOTO YHCIIa.

Metoauueckue ykazanus. [l pemeHuss MHOTUX 3a7a4 (PU3UKU, SIEKTPOTEXHUKHU U JAPYTUX
HayK OKa3aJoChb HEJOCTATOYHO MHOXECTBA JEHUCTBUTENBbHBIX uyucen. lIpusenem npumep. [dus
ypasHenust X% + 1 = 0

JNCHUCTBUTENBHBIX KOPHEM HE HMeeT. B CBsS3M C 3TUM BO3HHKJIA MOTPEOHOCTH HOBOTO
paclIMpeHus. NOHATHs 4Mcaa. KOMIUIEKCHBIMU 4YMCIaMM HasbiBalOTCsA umciaa Buga Z = @ + bi |

2 = —1, nasbiBaeMoid

rae a u b- gelicTBUTENBHBIE YMCIIa, @& YHCIIO |, ONMPENEISETCS PaBEHCTBOM I
MHHUMOM e€quHHULICH. J[Ba KOMIUIEKCHBIX YUCIa
Z, = a,; + b,i 2z, = a, + byi Ha3bIBaOTCSA paBHLIMM €CJIM a; = a;, by, = by
3anuchk KOMIUIEKCHOro umcna B Buge Z = @ + Di maswiBaercs anreGpamueckoit ¢opmoit
3aIlIMCHU KOMIIJICKCHOI'O 4YucCiia. I[eﬁCTBHTCHBHOG YHCJIO a HAa3bIBACTCA ﬂeﬁCTBHTGHBHOﬁ qacCTbIO
KOMIIJICKCHOI'O 4ucCJjia, a bi- ero MHUMOI YacTbIO .I[Ba KOMIIJICKCHBIX 4YHCJIa HA3bIBAKOTCA B3aMMHO

COIIPAKCHHBIMHA ( 0003HAYAIOT Z U Z ), CCJIIN HUX ,HeﬁCTBHTCJIbHBIe 4acTU paBHbI, a MHHMBIC

OTJIMYaKTCA 3HAKaMMU.

Hanpumep, KomiuiekcHbie dncia (a+ bi)u (-a = bD)yaspparores [POTUBOIOJIOKHBIMH.

MopyneM KOMIIJIEKCHOTO Yncia
=a
a; b

4HnC z + bi na KOOPJAMHATHOM TIJIOCKOCTH M300pa)KaeTcsi TOUKOM ¢ KOOPAMHATON

C )

Cnoxxenue ABYX KOMIIJICKCHBIX YUCCII BBIIIOJIHACTCS 110 (bopMyne

[al + bll) + (32 + bzl ) =(ﬂl + azj + (bl + bz)l

o — : o —_ 2 2
7z = a + bi nassaror neiicTeurensroe uncao =Va‘ + b?  Kommrexcroe

VMHOKEHHE KOMILIEKCHBIX YHCET, BBITIOIHSIETCS 110 PABHITY YMHOKEHHUS IBYUIEHA HA ABYUIEH
¢ yuétom i2 = —1.

Jlnst TOro 4toOBl pa3AeNMTh OJHO KOMILUIEKCHOE YHMCIO HA JPYroe HYKHO YHCIUTEND M
3HAMEHATENh YMHOKHTh Ha YHCJIO CONPSIKEHHOE 3HAMEHATENIO U YIIPOCTHUT.

[Tpumep.

(2+30)(1+2{)=2-1+2-2i+3i-1+3i-2i=2+4i+3i—-6=—-4+7i

(2+430) (2+30)-(1-2i) 2-4i+3i+6 8—i
(1+2) (@A+2i)-(1-2i) 1+ 4 ~ 5
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1 BapuanT
1) Beruuciure cymmy, pa3HOCTb, IPOU3BEICHUE M YaCTHOE Yncel Z1=21-3 u Z,=8+5I.
2) Beruncnure:
a) (7+2i);
b) (6+8i)-(6-8i)
3) Haiimure MoaysIb KOMILJIEKCHOTO YHCIIA!
a) -2i;
b) 3+4i
2 BapMaHT
1) Beruuciaure CymMmy, pasHOCTh, TPOM3BEICHNUE U YaCTHOE uncen Z1=4+5i u z,=2-3i

2) Beruucnure:
a) (3—4i)%;
b) (7+91)-(7-91)

3) Haitnure Moynib KOMIUIEKCHOTO YHCIIA:

a) 3i;

b) 12-5i

Kpurepumn oueHuBaHus:
Onenka O6ocHOBaHME OLICHUBAHUS
«OTINIHO» Bce 3ajlaHus BBITIOJHCHBI IIPAaBHUJILHO
«Xoporio» [TpaBUIIEHO BBIMOIHEHBI JO0bIE 3 3aaHus
«Y TIOBIIETBOPUTENBHOY [IpaBUIIBHO BBINOJIHEHBI JIO0bIE 2 3a0aHus
«HeynoBneTBopuTeIbHO [IpaBUIBbHO BBINOJIIHEHO MEHee 2 3aJaHni

I[MpakTuyeckasi padora Ne3 no teme: Kopnu u creneHu

Henb: OTpaboTaTh HABBIKH BHIYHCICHUS CTETIEHEH, UCTIOIB3Ys UX CBOMCTBRA.
N . m n_ ,m+n m . ,n
CBolicTBa CTENEHEM: 47 a” =a a” ra =

(@™)* = amn am - c™ = (ac)™ a’=1

[pumep Ne 1. VCKIIOUNTH HPPAIMOHATLHOCTh B 3HAMEHATENe 1—Va

a(1+/a) _ a+a
(1-va)(1+va)  1-a

Bapmuanr 1

Brrauciure:




1. 8,41
2. ¥/343.10°

1 1 1

3. 23.26.22

D1y
. (sz (wz]

1 1 1
5. (54-250)s -2 2 —128°,
Bapuanr 2

Brrauciaure:

1. 16,25
2. 4/4,296-10°

1 5 2

3. 56.542.57

4. J7+2J6 7-216

1 1

.52 _21.63

1
2

5 125

Kpurtepun onenuBanus:

Ouenka O6ocHoBaHME OlLIEHUBAHUS

«OTINIHO» Bce 3alaHus BBITIOJHCHBI IIPAaBHUJILHO
«XoporIo [IpaBUIIEHO BBITIOTHEHEI JIIO0BIE 4 3aaHMs
«Y TOBIIETBOPUTEIEHOY [IpaBuIIEHO BHITIOTHEHHI JIIO0BIE 3 3aMaHus
«HeynoBneTBOPUTENLHO [IpaBUIBHO BBITOTHEHO MEHEE 3 3a/TaHUiA

IIpakTnueckas padora Ne4 mo teme: Kopenb N-crenenn
enpb: OTpaboTaTh HAaBBIKM BHIUMCIICHUS KOPHEH, CIIONIB3YsI UX CBOMCTBA.
Mertonuueckre ykazaHusl.

[Ipu npeoOpazoBaHuM apuPMETHUECKUX KOPHEH UCTIOIB3YIOTCSI X CBOMCTBA

1)Vab = ¥aVb 2)”%;%
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3)(Va)" = Va#

5)""Vakfm = Vak

ﬁ

6)a

ki % — ﬂ.%

=|3

7) aw = Vam

1
ey

3 B I3
[TpumepNel. 13Bneus kopeHb U3 NpOU3BEACHUS V a3h? = Va3Vb? = ab?

[Tpumep Ne2. BoiHecTn MHOXKUTENb U3 T10]1 3HAKa KopH;I"-"J‘:]'EHS = \!9 a*5a =

3a%v/5a,

ToxmecTBo

VaZ = Ja|,.eVaZ = [ 212> 0

—a,ecoma=<0

Ecm a= 0 wu n-HaTypajibHOE 4YHUCIO, Oojbine 1, TO CyIIECTBYEeT, U TOJBKO OIHO,

HEOTpUIATCIIbHOC YHUCIO X, TAKOC, YTO BBIIIOJHACTCA YCJIOBUC Kn = 4. OTO0 YHCIO0 X Ha3bIBacTCS

aqu)MeTquCKHM KOpHEM n-M CTeNeHU U3 HCOTPpHULATCIbHOI'O YuCJjia a U 0003Hayaercs "j . Yucno a

Ha3bIBACTCA IIOAKOPCHHLIM BBIPAKCHUCM, N-IIOKA34TCJIb KOPHI. Ecmn Il:2, TO OOBIYHO MUY T vd

(OHYCKaH IIOKa3aTcCJIb KOpHH) M HA3bIBAIOT 3TO BBIPAKCHUC KBAJIPATHBIM KOPHCM.

Bapuanr 1

1. YupocTuTe BeIpaKeHHUE: 2/x +5J25x —34/36x —4/9x .
2. Briuucnure: 3{/7 + \/Z . %/7 — \/Z .

3. Ynpoctute BeIpaXeHHE
Bapmuanr 2
1. YrpocTtute BelpaxeHue

2. Brruuciure: 3{/12 ++/19

3. YnpocTute BeIpaXeHHE:

Kpurepun oueHnBanus:

( Ja-b . Ja++b ]\/%
"lavb+bva avb-bya ja+b

- J16x +3/8x — 23/27x +/9x .

31219 .

a—\/5+a2—a\/5_a+\/5+4a\/5
"a+vb a-vb a-+vb a’-b

Onenka ObocHOBaHME OLICHUBAHMA
«OTnuaHO» Bce 3aanust BBINOTHEHBI [TPABUIIBHO
«Xopormo» [IpaBUIEHO BHITIOIHEHBI JIIO0BIE 2 3aJaHUS

«y,I[OBJ'IeTBOpI/ITCJ'H:HO»

[IpaBunbHO BhIMOIHEHO JI000€E 1 3anaHue

«Hey,Z[OBJ'ICTBOpI/ITeJ'II:HO»

He BBIMONIHEHO HU OJHOTI'O 3aJaHUC
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IpakTnyeckas padora NeS5: Tpena:kepnl no teme: Crenenu

Henb: OTpaboTaTh HABBIKM BBIYMCIEHUS CTENIEHEN, UCIOIb3YsI UX CBOMCTBA.

CBoiicTBa cTEEHEN: am . a" = Elm-l_’f1 a™ :a

(a™)" = aMm™ a™ - ¢™ = (ac)™ a’ =1

Bapuanrt 1

1. 3anuimmuTe BhIpAXXKEHUE B BUJIC CTEIIEHN OJHOTO YMCIa WIJIA BBIPAKCHUS:
1.8).16). 81 1
9 27) 48) 256 2

-2 2
xy? X%y
2. Yrpoctute BolpakeHue: = 13

[

3. Beruucnure; 0,027 3

Bapuanr 2

1

1 -2
(‘g] +256° -3 +55°,

1. 3anummure BbIPAXXCHHUC B BUAC CTCIICHHU OAHOI'O YMCJia UJIN BBIPAKCHUSA:

15232
8 4 16) 16

2. YIpoctute BolpakeHue: 2x°) a -
2y

3

-0,5

0 6
3. Brrancinre: (Zj ~75-4 4 —(-2)" +81°%,

Kpurtepun onenuBanus:

Onenka O0ocHoBaHue OLICHUBAHUA
«OTHI/IT-IHO)) BCC 3aJaHUS BBIIIOJTHCHBI HpaBI/IJ'II)HO
«XoporIo» [IpaBrIIEHO BHITIOTHEHEI JIIO0BIE 2 33 aHHS

«Y 1OBJIETBOPUTEIBHOY

[IpaBuiibHO BBITIONHEHO JTI00BIE | 3amanne

«HeyioBneTBOpUTENBHOY

He BBINOJIHEHO HU OJHO 3aJaHUE

IIpakTnyeckas padora Ne6 mo teme: Jlorapugpmsol

enb: oTpaboTKa HABBIKOB PEIIEHUs YIIPAXKHEHUN Ha pelIeHUE JTOTapU(PMUUYECKUX BbIPaKEHH.

(DopMa OpraHMU3aly CTYJACHTOB HA 3aHATHH. UHAWBUAYaJlbHAaA.

Meroauueckue ykazaHusl.
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y logai = log, x —log, ¥
1. logq(xy) =log, x +1log, ¥
. log, x* = klog, x
1
N, log kx = - log,, x

_ log. b

v log, b = log. @

VI, a'®8ab = p

Bapuanr 1

1. Brruuciaure
1) log ; 125;
2) log , 27;

3) 0,5'390!512;

4) log¢12 +log4 3

2. Haitmure x

log, x=4log,3—-2log, 4
Bapuanrt 2

1. Brraucnure

1) log , 64;
2

2) log , 49;
3) 8I09813;
4) Ig 5000 — Ig 5

2. Haiigure X

Iogﬁx=3log62+%I09625

Bapmuanr 3

1. Brruuciaute



1) log , 81,
2) log , 243;

7

3)0,01°%+;

15
4)log — —log., 15
) 9216 J,

2. Haiinure x

log, x=2log,4+1log, 7

Bapuanr 4

1. Brrauciure

1
1) Iog46_4;

2) log 4 216;
3) 10 2Ig3;

4)log,, 72 +log,, 2

2. Hatinure x

log, x=2log, 6-log, 4

7 7

Kpurtepun onenuBanus:

7

Onenka ObocHOBaHHE OLICHUBAHUA
«OTanaHO» Bce 3amanust BEITIOTHEHB! TPAaBUIIBHO
«Xoporio» [TpaBUIIEHO BHIMOIHEHBI JTO0bIE 4 3a1aHus

«y,I[OBJ'IeTBOpI/ITeJ'IBHO»

HpaBI/IJ'IBHO BBIIOJHEHEI JIFOOKIE 3 3adaHuA

«HeyioBneTBOpUTENBHOY

[IpaBUIBHO BBITOTHEHO MEHEE 3 3aTaHHiA

IIpakTyeckas padora Ne7 no teme: IlokasareabHblie u Jjorapupmuieckne GQyHKIUH

Lenb: oTpaboTKka HABBIKOB MOCTPOECHUS IPAPUKOB.

®dopma opraHu3aIy CTyJICHTOB Ha 3aHATUHU: (DPOHTAIBHAS.

Meronnueckue yka3zaHusl.
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[Tycte ynkus 3amana ananmutrdecku Gopmynon y=f(x).Ecnu Ha KOOpAMHATHON MIIOCKOCTH
OTMETHTbH BCE TOUYKH, 00JaAI0NINE CIEAYIOIIMM CBOMCTBOM: a0CIMCCa TOUYKH MPUHAAICKUT 00JIacTh
omnpeneneHus: GyHKIMHU, a OpJUHATA PaBHA COOTBETCTBYIOLIEMY 3HAUYEHUIO ()YHKIHU, TO MHOXKECTBO
touek (X;f(x))ectp rpaduk pynkmuu. Ha npakTtuke mis moctpoeHus rpaduka GYHKIHMH COCTABIISIIOT
TabNMIly 3HaueHUN (GYHKIUM NPU HEKOTOPHIX 3HAYEHUSX apryMeHTa, HAHOCAT COOTBETCTBYIOILIKE
TOYKHA M COCAMHSAIOT MOJIyY€HHBbIC TOUKM JIMHUEH. [Ipu 3ToM mpenmomnaratoT, 4to rpaduk QyHKIUU
SBIISICTCS IJIABHOM JIMHUEH, a HalJICHHBIE TOYKH IOCTATOYHO TOYHO MOKA3bIBAIOT XOJ U3MEHEHHUS
¢byuknuu. g Toro, 4roObl HayaTh CTPOUTH rpaduku (GYHKIHUI JaBaiiTe MOBTOPUM emIE Kak Ha
KOOPJMHATHOM MJIOCKOCTH HAHOCAT TOYKH. VITak, HaM HaJl0 HaHECTH TOYKY ¢ KoopauHatamu(1l;2) 3To
3HauuT Xx=1, y=2. IIpoBonsar nuHuu X=1 1 y=2 U Ha NepeceueHnn ITUX JUHUHN U noayyas x [Tpumep .
[Toctpouts rpaduk GyHKIUN

OO6macth onpeaesieHus X- JTF00e

ancno.Y = 2X + 154 npsivast. Iyers X = 0, Torna y(0)=2-0+1=1.

Iycts X = 2, Torma y(2)=2-2+1=5 Jis mocTpoeHusl MPSIMOM JIMHUM JOCTaTOYHO

nByx Touek (0;1) u (2;5).

1 BapuanT

1. IToctpoiite cxemarnyecku rpapuk

byHKIMN:

1)y=(3;2)y=34"-

2. CpaBHHUTE YHCTa:

1) (%j H(%j : 2) 45% 1 45%

3. ITocTpoiiTe cxeMaTH4YECKU
rpaduk GyHKINH:
1)y =logoax; 2) y = logs x

2 BapuaHT

1. IToctpoiite cxemarnyecku rpapuk
GbyHKIHN:

1) y =89"; 2)y=@

2. CpaBHHUTE yHuCa:

-5 -1
1)125'61/1127;2)(2) n(ij ;
11 11

3.IlocTpoiite cxemaTuuecku rpaduk

GyHKIMY:
1)y =logo7x; 2) y =logiox

3 BapuaHTt

1. ITocTpoiite cxemaTuyecku rpaduk
byHKIMN:
1) y=0,06";2)56"

2. CpaBHHUTE YMCIIA:

1)(%] I/I(g) :2)217° nl;

3.IlocTpoiite cxemarnuecku rpaduk

byHKIMNU:
Dy =logssx; 2) y =logo,1 x

4 BapuaHT
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byHkuuu:
34\
Dy=|—1,2) y=1000"
)y (78j )y
2. CpaBHHUTE YKCTa:

Kpurepuu onenuBanus:

1. TToctpoiiTe cxemaTnyecku rpapuk 2\23 933
)96 u9%*"; 2) (7) I/I( j

7
3.IlocTpoiite cxemaTuuecku rpapuk

byHKIMu:
1)y =logix; 2)y =log,;x
7

OneHka Ob6ocHoBaHHe OLIEHUBAHHUA
«OTInaHO» Bce 3amanms BRITOTHEHBI TTPABIIIBHO
«Xopo1io» [IpaBriIbHO BBITIOTHEHEI JIIOOBIC 4-5 3a1aHus

«Y 1OBIETBOPUTEIBHO

[TpaBWiIbHO BHITIOIHEHBI JIIOOBIE 3 3aaHMs

«HeynoBneTBopuTenbHO»

[IpaBUIBEHO BBHIONIHEHO MEHEE 3 3aJaHUi

IIpakTuyeckas padora Ne§ nmo teme: IlokazaresibHbIe ypaBHeHHSA

]_ICJ'IL: 0Tpa60T1<a HaBBIKOB PCIICHUA ynpa;xHeHI/Iﬁ Ha pCIICHUCIIOKA3aTCIIbHbIX ypaBHeHHﬁ.

CDopMa OpraHu3anuu CTyACHTOB Ha 3aHATUM. MHIWBHUAYyallbHAs.

MeTtoanueckue YKa3aHu:l.

PaccMOTpuM HECKOIBKO ITPUMEPOB MOKA3aTEIbHBIX YPABHEHUM, TO €CTh YPABHEHUM B KOTOPBIX

HEHU3BCCTHOC COACPIKUTCA B IIOKA3aTCJIC CTCIICHU.

Pemenne nmoka3arenbHBIX ypaBHeHI/Iﬁ YaCTO CBOAUTCA K pCHICHUIO YPABHCHUSA

a* = a‘, X=Crpea* 1,a> 0,

Hpumep Nel. 4+ 2% =1
22 ,2:-'. — 2121
224X — 90
2+x=0
X=-2
OtBer: X = —2.
ITpumep Ne3
3 —2.3%2 =25
3%-3-2:3%-372 =25
. 2
3 (3-5)=25
33.2_5=25
9
3*=9

Hpumep N2 3* = 81
3* = 3%
x=4

Orper: ¥ = 4.

[Tpumep No4,
9% —4-3X - 45 =0
[TycTh 3* =y, Torja

y? —4y —45=0

y1=9 Y2 = =5

3*=9 3* = —5-ner kopHeii
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Otset: X = 2.

1 BapuanT

1) 5%1=25;

4 x2—14x 4 —45
2s) s

3) 7*1-7*=42
4) 3%-4-3*+3=0

2 BapMaHT

1) 4°° =16

2) O’5x2—7x+10 1

3) 22 4+ 2% 4 2% = 28
4)5%* —6-5"+5=0

3 BapuaHrt
1)4-12% = 48
2) 3x+2 _3x+1 + 3x — 63

7 2x2-4x
3)[ L -1
(5}

4)4* -5.2" +4=0

4 BapuanT

1)10**** =1000
2)5%*% +3.5% =140
3)0,7% % =1

4)8™ -10-8" +16 =0

Kpurepun onenuBanus:

Ortser: X = 2.

OneHka

O0ocHOBaHME OLIEHUBAHUS
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«OTnuyHO» Bce 3aganus BeIMONTHEHBI IPABUIIBHO

«Xopo1io» [IpaBwIbHO BBITIOIHEHEI JIIOOBIE 3 3aaHus
«Y TOBIIETBOPUTEIEHOY [IpaBUIBEHO BHITIOTHEHBI JIIO0BIE 2 33 aHS
«HeynoBneTBOpUTENBHO [IpaBHUIBLHO BBITOTHEHO MEHEe 2 3aTaHHH

Ilpakmuueckan paooma Ne9 no meme: Jlocapughmuueckue ypasnenus

Lenb: oTpaboTKa HABBIKOB PEIICHUS YIPAKHEHUN Ha PEIICHHUE JIOTapu(PMUUECKIX YPAaBHEHUH .
®dopma opraHuzalum CTyJ€HTOB Ha 3aHATUH. (DPOHTAIIbHAS.

Meroauueckue yka3aHusl.

C noMoIIbI0 TOXKIECTBEHHBIX MPe00pa30BaHMii, B KOTOPBIX IPUMEHSIOTCS CBOWCTBA
JorapupMUUECcKon (yHKIIHH:

lﬂgai = log,x —log, ¥y

XIX.
XX, loga(xy) = logq x + log, ¥y
XXI. log, x* = klog, x
1

. log kx x —] P log, x

log, b = —5<
XXIII. O8a loge a
XXIV. al%8ab = p

Jlozapugmuueckoe ypasnenue c00umcs K 6uoy log, f(x) =108, 9(X) samen nozapugpm

omoépacvleaemcsi u ypasHeHue npuHumaem uo fx)=g (I)

Ilpumep Nel.
| . x>0
0gs X + logs(3x — 2) = logs 5 O'A‘B'{sx—z -0
x>0
log,y x(3x — 2) = logs 5 no ceoicrey 1/ x> E
3
2
Xx(3x—2)=5 X> 3
3x2-2x—-5=10
_ 2+(=2)?-4-3-(-5) _ 248 _5._2 v =2
X12 = 2.3 T 6 X = 3 > 3 Omeem : 3
X3 = —1 He ypoBaeteopset 0. /1. 3.
1 BapuanT

1. Pemnre ypaBHEeHHE:!

1) log;(2x — 1) = 2;

2) log:(2x — 3) = -1,
4

3) logi(x — 5) + logi(x +2) = -3

log, x =log, 3 + log, y;

2. Pemmte cucremy ypaBHeHI/II/IZ{x “2y=5



2 BapuaHtr

1. Pemmre ypaBHeHue:

1) logs(3x — 1) = 2;

2) logi(2 + 5x) = —3;
2

lgx—1) +1lglx+1)=0
log;x —logzy =7;

2. Pemnte cucremy ypaBHeHI/II/IZ{lOg3 x+logsy = =5

3 BapuaHT
1) log,(7 — 4x) = 3;

2) logi(x +2) = —1;
3

3) logg(x — 2) + logg(x —4) =1

logzx +logzy =1
x+y=4

2. Pemute cucremy ypaBHeHI/H?I:{
4 BapuaHT
1. Pemmure ypaBHEHue:
1) log,(4 — 5x) = 3;
2) logi(x —3) = —2;
3

3)1gx + 1) +1g(x +3) =1g3

logsx +logsy =1

2. Pemute CUCTEMY ypaBHeHI/II/IZ{x +y= 6

Kpurepun oneHuBanus:

Onenka O6ocHoBaHME OlLIEHUBAHUS

«OTINIHO» Bce 3ajlaHus BBITIOJHCHBI IIPAaBHUJILHO
«XoporIo [IpaBUIIEHO BHITIOTHEHEI JIIO0BIE 3 3aMaHus
«Y IOBIIETBOPUTEIILHO [TpaBUIIEHO BBIMOJIHEHBI JIOObIE 2 3aaHus
«HeynoBiIeTBOPUTEIBHO [IpaBUIBLHO BBITOTHEHO MEHEE 2 3aTaHUHA
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IIpakTnyeckas padora Nel0 mo reme: BzanMHoe pacnosio:keHue NPSIMbIX U MJIOCKOCTEN

AKcuombl, eviparicaroujue 0CHOGHbIE CEOIICHEA NIOCKOCHEll 6 RPOCMPAHCMEe.

Axkcuoma 1. Yepes 1r00bIe TpU TOUYKH, HE JIeXKAIHE HA OJHON MPSMOU, MPOXOUT INIOCKOCTh, U
IIPUTOM TOJIBKO OJIHA.

Axcuoma 2. Eciu aBe TOUKHM NPSMOM MPUHAJJIEKAT IIIIOCKOCTH, TO U BCS IIPsIMast JISKUT B ATOU
MJIOCKOCTH.

Axcuoma 3. Eciii iBe TIIOCKOCTH UMEIOT OOIIYI0 TOYKY, TO OHH MEPECEKAIOTCS TI0 TIPSIMOH,
MPOXOJAIICH Yepe3 3Ty TOUKY (T.€. IIIOCKOCTH UMEIOT OOLIYI0 MPSAMYI0, Ha KOTOPOM JIeKaT Bce o0IIue
TOYKH 3TUX IJIOCKOCTEN).

CrnencTBrueM 3TUX aKCUOM SIBIISIFOTCS CIIEYIOUTUE TEOPEMBI (JI0Ka3aTeIbCTBA ITUX TEOPEM U
BCEX TMOCJICTYIOITUX OIYCKAEM):

Teopema 1. Uepes npsiMyro U HE TPUHALIEKAIIYIO €l TOUKY MOKHO ITPOBECTH IIOCKOCTh, U
MIPUTOM TOJIBKO OJIHY.

Teopema 2. Uepes aBe nepeceKaromuecs npsMpie MOKHO MPOBECTH TNIOCKOCTb, U IPUTOM
TOJIBKO OJIHY.

Teopema 3. Uepes aBe napajjienbHbIe MPSMbIE MOKHO TPOBECTH €IMHCTBEHHYIO TUIOCKOCTb.

II. Bzaumnoe pacnonorcenue npamoix.

Bo3MoxHBI TPHU ClIydasda: ABC IMPAMBIC ITapaJJICIIbHBI, IICPECCKAOTCA UJIN CKPCIINBAKOTCH.

Omnpenenenue. /IBe npsmbie T a
Ha3bIBAIOTCS HEPECEeKAIOUWUMUCA, €CITH OHU foa
UMEIOT OJIHY OOIIYIO TOUKY. /\ b
O6o3nauenue: a N b =M M
Onpenenenue. J[Be npsimbie ' / / a
HAa3bIBAIOTCS HAPAJLIEAbHbIMU, CITA OHU a
JIe)KaT B OJTHOM TUIOCKOCTH M HE TiepeceKaroTcs. | b
O6o3navenue: a || b
Omnpenenenue. /e nmpsiMbie, HE JIEKAITUE B J_ a_
OJIHOM IIJIOCKOCTH, /b
Ha3bIBAIOTCS CKPEUUBAIOUAUMUCA. M
O6ozHauenue: a =~ b /E a
Teopema 4 (npusnax ckpewusarowguxcs bca
npameix): Ecnv ofiHa U3 IBYX IpsAMBIX TexuTr | aNa=M|=a—=b
B TJIOCKOCTH, a JIpyras MepeceKkaeT Ty ME&Db
IIJIOCKOCTh B TOUYKE, HE JIeXKAIlleW Ha IIepBON
IPSIMOM, TO ATU TMPSIMBIE CKPEIINBAIOTCS.

. T C1
Hpumep: = B,
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JIBe npsimbie, conepkaiue

CKpCHIMBAOIIUMHUCH.

Bl D

pebpa AAL u CD ky6a ABCDA1B1C1D1 sBsttores A1

B

C
M8
i A

III. B3aumnoe pacnonoxycenue npamoil u nio0cKOCmu.

Bo3MoxHEI TPHU ClIydasd: mpsaMas JICKHUT B IIJIOCKOCTH, IIpAMas IMEPECEKACT INIOCKOCTh,; IIpsAMas

U IIJIOCKOCTD ITapaJlJICJIbHBI.

Onpenenenue. [Ipsimas, Bce TOUKH KOTOPOH
MIPUHAJUICKAT TIJIOCKOCTH, HAa3bIBACTCS
MIPSIMOH, J1excauieii 8 n10CKOCHu.
O6o3Hauenue: a C a

QD

Omnpenenenue. [IpsiMas 1 MI0CKOCTh
HA3bIBAIOTCS HEPECeKarouUMUCA, €CIIH Y HUX
€CTh OJIHa 00IIast TOUKa.

Oo6o3nauenue: a N =M

OH[!GZ!GJ’IGHI/IG. HpHMaﬂ H IINIOCKOCTb HA3bIBAKOTCA napasjie/ibHbimu, CCJId OHU HC HMCHOT

00IINX TOYEK.

O6o3navenue: a || fza N p =

npamoiu u naockocmu): Ecnu npsmas,
HE JIeXkallas B III0CKOCTH,
napajuiesibHa Kakon-HUOY b IPSIMOH,
JeXKalen B INIOCKOCTH, TO OHA

napasieiabHa JAaHHOW ITIOCKOCTH.
ad a

bca :>a||a'

al|b

Teopema 5 (npusnax napannenvnocmu — / / a
.." .." b
a

IV. B3aumnoe pacnonoscenue nnockocmelii.

Bo3MoxHEI 1Ba Ciryvdas: ABC IJIOCKOCTH NIEPECCKAIOTCA UJIN MTapaJlJICIIbHBI.

OH[)CQ!@H@HH@. HBG IIJIOCKOCTH HA3BIBAIOTCA Rnapa’uiejlibHbiMu, €CJIIM OHU HEC HMCIOT 06HII/IX

TOYCK

Teopema 6 (npusnak napannenvnocmu
naockocmeit): Eciii 1Be nepeceKaronmecs
MpsIMBIE, JIEXKAIINE B OJTHON MIJIOCKOCTH,
COOTBETCTBEHHO MapasuICIbHBI BYM
MPSIMBIM, JIEKAIIUM B JPYTOM IIIOCKOCTH, TO
3TH IIOCKOCTH MapauIeIbHBI.

ai
B
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acCa
a, C a
almaz :M
bycB |=allp
b, cp
aq||by
ay||b;

Onpenenenue. JIBe MIOCKOCTH [ Q I |||| l/\ N -l-
Ha3bIBAIOTCS NEPeCeKalouUMUCs, ECIIA OHH ' % .,
/ a

UMEIOT 0011yI0 IpsAMYI0. B 3TOM ciryuae oHH
HE UMEIOT IPYTUX OOLIUX TOYEK BHE ITOM
IIPSIMOM.

aNpf=a

QD

1 Bapuant

D, C
L
An
C
M
A B

MNI|AB, NL|[BC

ITo pucyHKy:

1) Ha30BUTE MIOCKOCTH, B KOTOPBIX Jexar npsimeie MN, KL, AD.

2) Ha30BUTE TMPsMBIE, MO KOTOphIM mepecekatotces miockoctd (ABC) u (BCCy), (AA1D) n
(MNL).

3) Jlokaxure, aro miockocti (MNL) | | (ABC).

4) N3 Toukn A K INIOCKOCTH « TpoBenieHsl neprneHaukynsp AH u naknonnas AM, AH =5

cMm, AM = 13 cm. Hatigure MH.

2 BapuaHT
MP||AD, PN|[BC

ITo pucynky:
28



1)
2)
(ABC).
3)
4)

HazoBuTte miockoctu, B kKoTopbix Jexat npsimeie MP, AAD, MN.

HazoBute mpsimbie o kotopbiM nepecekatorcs miockoctd (MNP) u (ABC), (ADC) u

Jlokaxute, uro miockoctu (MNP) | [ (ADC).

W3 Toukn A K IJIOCKOCTH ¢ mpoBeneHbl nepnenaukyissp AH n naknonnas AM, MH =

5 cm, AM = 13 cm. Haiinnre AH.

B
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IIpakTuyeckasi pa6ora Nell nmo Teme: IlapaieIbHOCTh NPAMBIX U IJIOCKOCTEH

HpSIMaSI 1 INIOCKOCTD ABJIAIKOTCS IMapaJlJICJIbHBIMU, €CJIM OHU HC UMCIOT 06IJ_II/IX TOYCK.

a

94

HeﬁCTBHTeHBHO, npsmMas 1 1mjI0CKOCTb MOT'YT UMETb BCCT'O 3 B3aMMHBIX PaCIIOJIOKCHUA:

a. [IpsimMas Ha mIockocTu

0. IIpsimast mepecekaeT II0CKOCTh B OJHOM TOYKE

B. [IpsiMas He nepecekaeT IIOCKOCTb.

3TO BO3MOXKHO, TOJIBKO €CJIM OHU HE IepeceKaroTcsi Booo1e - napaniensHsl. [TocMoTpure s
nprUMepa Ha JMHHUIO NoJ1ojKa 1 rojl. OGo3HayeHue: a || .

OTcro/1a MOKHO BBIBECTH IOJIE3HYIO TEOPEMY:

[Ipsimast He JIeXKUT Ha MJIOCKOCTH, HO MapajulebHa OJHOM MPSAMON B 3TOM IJIOCKOCTH. 3HAYUT,
npsiMasi apajijiesibHa BCEH MIIOCKOCTH.

W napa yTBepk’AeHNUN U3 TEOPEMBI, KOTOPBIE MOTYT IIPUTOJUTHCS B 3a/1a4ax:

1. Ilpsmas mapajielibHa OJHOM IIOCKOCTH. Ecny mpoBeneM HOBYHO INUIOCKOCTB 4€pe3 3Ty

MMPAMYIO U IIJIOCKOCTb, TO OKAXKETCA, UTO JIMHUA IIEPECCUHCHUA IBYX IIOCKOCTEH napauiciibHa HpﬂMOﬁ.

2. Ectb JABC IMapaJlJICJIbHBIX HPSAMBIX. Eciu ogna u3 Hux napajjiejibHa IJIOCKOCTHU, TO Apyras

npsamas 1100 TOXKE napaJjjicjibHa IJIOCKOCTH, 00 JISKHUT Ha HEH.
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Bapuanm 1

1. K nminockocTu npoBeeHbI IBE paBHbIE HAKJIOHHbIE. PaBHbI JIM UX MPOEKIMU?

2. Kakoe u3 clieqyomux yTBEpKIeHUH BEpHO?

a) JIBe mpsiMble NepreHANKYIpHbIe TPEThel epIEeHIUKYIIAPHBI MEXY CO00i];

0) npsiMasi Ha3bIBACTCS NEPIEHAUKYIAPHON IJIOCKOCTH, €CIIM OHA MEPIEHAUKYISIpHA XOTs Obl
OJHOM MPSMOM, JIEXKAIIEN B 3TOW INIOCKOCTH;

B) JIBE€ IIpsIMbIE, IEPIIEHANKYJISIPHBIE K IIJIOCKOCTH, IEPIEHAUKYIISIPHBI MEXKY CO00ii;

I') npsiMasi Ha3bIBAaeTCsl EPIEHINKYIAPHON IJIOCKOCTH, €CIIM OHA NEePIEHIUKYIIApHA K 000
MIPSMOM, JIe)KaIEel B 3TOM MIOCKOCTH.

3. Ilpsimass M meprneHIUKyIsipHa K OpSAMBIM & W D, nexamum B IUIOCKOCTH @, HO M HE
NEePICHAMKYIISIPHA K IUIOCKOCTH ¢.. BhIACHHTE B3aMMHOE PaCIIOIOKECHUE MPSIMBIX a | D.

a) mapajuleNibHBI; 0) MEePECEKAr0TCs; B) CKPEIIMBAIOTCS; T') ONPEACIUTH HEIb3SI.

4. Ilpsmas @ nepHeHAUKYISIpHA K  NPSAMBIM c b, nexammm B
IUIOCKOCTH @, TpsiMasi a TNEpHEeHIUKYISIpHA K IJIOCKOCTU 0. BbIACHHUTE B3aMMHOE pacIOyIOKEHUE
npsmbIX ¢ 1 D.

a) TOJIBKO  MapajuleNbHbl; ©) TOJBKO  IEepeceKkaroTcs; B)  HapajyiesbHbl  WIH
HepeceKaroTCsl; TI') OMPEeAETUTh HEeNb3sl.

5. B tpeyronsanke ABC , AH — BeicoTa Tpeyronbauka. Bre miockoctu ABC BbiOpaHa Touka
J, mpuuem /JIB L BC, JIB L AB . Ilnockoctu JIBC nepneHaukyispHa npsmas

a) AJl; 0) AB; B) AH; r) AC.

6. IlpsiMasi a, mapamienbHas mpsMoil Db, mepecekaer miaockocts a. [lpsmas ¢ mapasnenbHa
npsimoii b, Torna:

a) MpsIMBIE @ U ¢ TIEPECEKAIOTCS; 0) mpsiMast ¢ JI€KUT B TUIOCKOCTH a;

B) IIPSIMBIE @ UC CKPELIUBAIOTCS; T) IpsIMBIE @ U ¢ TTapaJlIeIbHBI.

7. KakuM MOxeT ObITh B3aUMHOE PACIOIOKEHHE TMPSIMBIX @ U D, eciu depe3 npsamyro a MOKHO
IPOBECTH ILIOCKOCTb, MApaIIeIbHYIO MpsIMoi b?

a) CKpELMBAIOTCS WIH MEPECceKaroTCs;

0) CKpEIIMBAIOTCS WU TIApaJIICIIbHBL;

B) TOJIBKO CKPELUBAIOTCS;

I') TOJBKO MapasiebHBI.

8. IIpsiMble @ U 6 NIeXaT B MapaUIeNIbHBIX JIOCKOCTAX, CIIEA0BATENBHO 3TH MPSIMbIe

a) CKpEIIHBAIOTCS WM TIEPEeCeKaloTCs; 0) CKpelnBalOTCs WIN NapaieIbHbl;  B)
TOJIBKO CKpEIINBAIOTCS; T') TOJIKO MapauIeNbHBI.

9. KakuM MoOkeT ObITh B3aMHOE PACIOJIOKEHHUE JBYX MPSIMBIX, €Clii 00€ OHU MapajliesbHbI

OJIHOM mmockocTu?
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a) TOJIBKO TapaJlICTbHBI, 0) Bce ciTy4an B3aUMHOTO PACIIOJIOKEHUS,;

B) TOJIBKO CKPEIIMBAIOTCS, I') TOJIBKO IEPECEKAIOTCSL.

10. [Ipsimast a mapasienbHa MIOCKOCTH o. Kakoe U3 clieyronux yTBepKaeHui BepHO?
a) [Ipsimast @ mapasiensHa 10001 MPSIMO, JeKalel B INTIOCKOCTH o,

0) mpsiMasi a He TepeceKaeT HU OAHY MPAMYIO, JIeXKAIIyI0 B IUIOCKOCTH

B) MIpsIMasi @ CKPEIIUBACTCS CO BCEMU MPSIMBIMH ILUIOCKOCTH 0}

T') IpsMasi @ UMeET OOIIYIO TOUKY C IJIOCKOCTBIO.

Bapuanm 2
1. Kakoe u3 cienyroumx yTBepxKAeHUNH HEBEPHO?
a) Ecnu mpsimast mepneHuKyisipHa K IByM MPSMBIM, JICKAIIMM B IIOCKOCTH, TO OHA
NEPICHIUKYIIAPHA K 3TON TIOCKOCTH;
0) ecnu npsiMasi IEPIEHIUKYISIPHA K MJIOCKOCTH, TO OHA €€ IEePECEKacT;
B) €CJIM JIB€ INTOCKOCTHU NMEPIEHANKYIISAPHBI K IPSIMO#, TO OHU MapasuIeNIbHbL;
T') €CJH JIBE MPSIMbIC MEPIECHIUKYIISIPHBI K TNIOCKOCTH ,TO OHU NapalICIbHBI.

2. HBG HaKJIOHHBIC, ITPOBCACHHLIC K IIJIOCKOCTH, UMCIOT PABHBIC IIPOCKIIHNH. Hx HakJIOHHBIC

paBHBI?

a) HeT

0) na

3. Ecnu oHa U3 ABYX CKPEUIUBAIOLIUXCS MPSAMBIX MEPIEHANKYISIPHA K MIOCKOCTH, TO OyAeT
JU TEePHEeHAUKYISIpHA K ATOU MIIOCKOCTH BTOpas mpsmMas?

a) Jla; 6) na, HO mpu OMpeIeTICHHBIX YCIOBUSIX; B) ONPEACIUTD HENb3sl; T) HET.

4. Touka E He npuHaanexxut miockoctu npssmoyronsuuka ABCD. BE_£ AB, BEL BC. Torma

npsimasi CD u mockocts BCE:

a) apaJlsiCJIbHBI; 6) NEPNCHANUKYIIAPHBI, B) ONpCACIUTD UX B3aUMHOC PACIIOJIOKCHUEC HEIIb3A

; T) IpsiMast JISKUT B IMJIOCKOCTH.

5. ABCJI — kBaapat. Bae ero miockoctu BeiOpana Touka K, mpuuem KA L AB. Ilnockoctu
AKJI neprnieHquKysipHa npsmas

a) IC; ©6)KC; B) BK; 1) BC.

6. Ipsimas ¢, mapaiiensHas MPSMOH a, TiepecekaeT IockocTh f. [Ipsmas b mapamrensHa
IpsIMOM a, TOTJa:

a) mpsmMble b 1 ¢ mepecekaroTcs; 0) npsimast b iexxuT B rutockoctu f;

B) mpsiMbIe b ¥ ¢ ckperuBaroTes; T) IpsiMbIe D U ¢ mapauieNnbHBI.

7. Kakum MOXkeT ObITh B3aUMHOE PACIONOKEHUE MPIMBIX a U D, ecinu mro6ast m1ocKkocCTs,

IpoXOoJsias 4Yepe3 ¢, He napauienbHa b?
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a) CKpEeIUBaIOTCS; 0) mapajuieIbHBI; B) IIEPECEKAIOTCS; T') ONPENeNUTh HEb3sl.

8. IlpsiMble @ M 6 NEXAT B MapaJUIETbHBIX IUIOCKOCTSX, CIE0BATEILHO ITH

npsiMble
a) CKpELIMBAIOTCS WIH MEPECEKA0TCS; 0) CKpeIMBaroTCs WIn
napasuiebHbI;
B) TOJIBKO CKPEIIMBAIOTCS, T') TOJIbKO MapaJijIe/IbHBbI.

9. [Ipsimast a napaiiesibHa IOCKOCTH o. Kakoe U3 clieyronmx yTBepKaeH!UH BepHO?

a) [Ipsimast @ mapasiensHa J1000# MPSMO, JeKalel B IIIOCKOCTH o,

0) mpsiMasi a He mepeceKaeT HU OAHY MPAMYIO, JIeXKAIIyI0 B IUIOCKOCTH «;

B) IpsAMasi @ CKPELIUBAETCS CO BCEMU NPSMBIMH INIOCKOCTH O;

I) IpsiMasi @ UMEET OOIIYI0 TOUKY C IJIOCKOCTBIO

10. Kakum MOXeT ObITh B3aMMHOE PACIIOIOKEHUE MPSIMBIX @ U D, eciii ipsiMast @~ JIEXKHT B
IUTOCKOCTH ¢, @ TIpsiMast b mapasuiesbHa 3TOH MI0CKOCTH?

a) [lapaynenbHbl UK TIEpeceKaroTCs;

0) CKpEeIIMBAIOTCS MIIN TIEPECEKAIOTCS;

B) MapaslieJbHbl WM CKPEIIMBAIOTCS;

T') ONpEeNUTh HENb3.

Kpurepun onenuBanus padotbl:

1. OtMmetka "5" BBICTABIIACTCS, €CITU MIPABUIILHO BBITIOJIHEHO 8-9 3amaHuii

2 OtMmetka "4" BbICTaBIIAETCS, €CIIU MPABWIBHO BBIIIOJIHEHO 6-7 3a1aHMit

3. OtMmetka "3" BBICTABIIAETCS, €CTIU MIPABUIIBHO BBIIIOJIHEHO 5 3aaHUM

4 OtmMmetka "2" BbICTaBIIsI€TCS, €CITU MPABMUIIHHO BBHIIOJTHEHO MEHEE S5 3ajaHui

Karoun k NMpaBUJIBHBIM OTBE€TaAM:

Ne i/
1 2 3 4 5 6 7 8 9 10
BapHaHT
1 a r a §) §) r B B 0 0
2 a 6 r 6 a r a B 0 B

Ilpakmuueckasn paboma Nel2 no meme: Yenvt mexcoy npAMbIMU U RIOCKOCHAMU

Yriaom mMe:xny npsiMoi M MJIOCKOCTBI0 HA3bIBAECTCS YIOJI MEXKY MPSIMON U €€ MPOEKIMEN Ha

TIOCKOCTH (Yrol ¥ Ha puc. 1).
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Puc. 1

YoM Mekay CKpelrBaIIUMHCS MPSIMbIMHM HAa3bIBAETCS YTOJ MEXKIY MEPECEKAIOIIUMHUCS
MPSIMBIMU, apAJICIIbBHBIMA COOTBETCTBEHHO JAHHBIM CKPEIIUBAIOLIUMCS MTPSIMBIM.

JIByrpaHHbIM YIJIOM Ha3bIBaeTcs Gurypa, oOpazoBaHHasi IBYMs MOJTYIJIOCKOCTSIMHU C OOIIei

npsiMoi. [1omynaockocTy Ha3bIBAIOTCS epanAMu, IpsimMasi — pefpom IBYTPaHHOTO YIia.

Juneiinvim yeiaom  NBYI'PAHHOI'O Ha3bIBACTCA

yria yroi

[NpUuHAJIC)KAIUMA  T'paHAM ABYTPAHHOTO YyIJld, HCXOAAIIUMHU U3 OJJHOM TOYKH Ha pe6pe n

MCXKAY  HNOJYHIPSAMBIMU,

HepHeHANKYIpHBIMU peOpy (yroi ¥ Ha puc. 2).
Puc. 2

I'panycHas (pagmaHHas) Mepa JABYTpaHHOTO YIJIa paBHA TpaayCHOM (paJuaHHON) Mepe ero

JIMHEHUHOTO yIia.

1 BapuanT
1. A4, L (ABC ) Haiinmure yron mesxay npsmoit CB; u rumockocteio A4, Cy
A, B A, n B, A, mnB;
A B A B A B
c c c
Py . A ABC — mpIMOYTOJIBHBIIH, A ABC — TYIIOYTOJIBHBIIA,
A ABC— paBHOCTOPOHHHH O =90° C>90°

2. Yepes Bepiinny B pomba ABCD nposenena npsimas BM, nepneHauKyIsipHas K €ro
iockoctd. Haiiure paccrosiare ot TOYKH M 10 IPSIMBIX, COAEPIKAIMX CTOPOHBI poM0a, eciiu AB=25
cMm, ZBAD =60°, BM=12,5 cwm.

2 BapuaHT
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1. BD 1 (ABC ) Haitnure yron mexxay CD u minockocteio ABD.

- ‘s - -

D D D
A B A B A B
C Cc c
’ B _ A ABC — pAMOYTOIBHBIH, A ABC — IpIMOYTOTHHBII,
A ABC — paBHOCTOpPOHHHI 4 =90° C=90°
2. UYepes BepimHy npssMoro yriia C paBHOOSIPEHHOTO PSIMOYTOJILHOTO TPEYroJIbHUKA

ABC npoBezaena npsmas CM, neprieHIuKyIsipHast K ero miockoctu. Haitaure paccrosinue ot Touku M
1o npsimoit AB, ecnu AC=4 cMm, a CM= 2\/7 CM.

Kpurepumn oneHuBaHmsi:

Onenka ObocHOBaHME OLICHUBAHUA

«OTanuHO» Bce 3ananust BHIIOTHEHB! IPAaBUIIBHO
«Xoporo» [IpaBuIIEHO BHITIOTHEHHI JIIO0BIE 3 3aaHHs
«Y IOBIETBOPUTEIHLHOY [IpaBUIIEHO BHITIOTHEHEI JIIO0BIE 2 33 aHHs
«HeynoBneTBOpUTENBHOY [IpaBuabHO BHITIOIHEHO MEHEe 2 3aJaHui

IIpakTyeckas padora Nel3 mo teme: KomOnHaTOpHBIE KOHCTPYKIMHU

[TpocrelimMyu  KOMOMHALUMSAMH, KOTOPbIE MOXHO COCTaBUTh M3 JJIEMEHTOB KOHEYHOTO
MHO’KECTBA, SIBJISIIOTCS NEPECTAHOBKH, pa3MelleHus U couetanus. [Ipu 3ToM He0OXO0IMMO YUYUTHIBATD,
€CTb JIU CPEU pacCMaTPUBAEMBIX AIEMEHTOB MOBTOPSIIOIINECS.

Onpenenenue. Ilepecmanosékoii u3 n 1emMeHmo6 HA3BIBACTCA KaXKI0€ PACIOJIOKEHHE ITHX
AJIEMEHTOB B OIPENEIEHHOM MOPSIKE.

Ecnu cpeau 31eMeHTOB HET OJJUHAKOBBIX, TO YU C/10 hePecmano6oK 13 N SIIEMEHTOB 0003HAYal0T
CUMBOJIOM Pp («113 13 2H») B BRIUUCTAIOT 1O (hopmyIie:

Ph=1:-2-3-...:(n-2)-(n-1)-n.

Jlnst mpou3BeeHHUs MEPBBIX N HaTypaJbHBIX YHMCEN €CTh CleluanbHoe oOo3HayeHue N! («wH
dakropuan»). [Ipu stom 0! npuHrMaeTcs 3a enunuiy, To ectb 0! = 1.

Ipumep 1. 5! = 1x2x3x4x5 =120.

ITpumep 2. CKOABKUMH CIIOCOOAMHU MOXKHO paccTaBUTh 6 OeryHOB U 6 OErOBBIX JOPOXKKax?

Yuco cnocoboB, 04EBHIHO, PABHO YUCITY IEPECTAHOBOK U3 6 3JIEMEHTOB:

Pe=1-2-3-4-5-6=720.
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Ecimm cpeau N 3JIEMEHTOB €CTh IMOBTOPAIOIIMECS, TO YMCJIO IEPECTAHOBOK H3 N 3JICMEHTOB

0003HayaroT cuMBOJIOM Pn (N1, N2, ..., ns) (nepecmanosku ¢ noemopenusamu) ¥ BBIYUCIAIOT TI0
dbopmyre:
n!
P,(ny;ng; .. ng) = I I :
Ny "Mz .." Ny
3neck N1, Ny, ..., Ns — KOJIMYECTBO OJIMHAKOBBIX AJIEMEHTOB I10 TPYIIIIAM.

Onpenenenue. Pasmewienuem uz n snemenmos no k (k £ n) HaspiBaeTcs J11000€ MHOXKECTBO,
cocTosIIee U3 JTIOOBIX K 271eMEHTOB, B3ATBHIX B ONPEACAEHHOM MTOPSIKE M3 JAHHBIX N 3JIEMEHTOB.

Ecmu OIUH H TOT MXC€ DJJICMCHT HCJIb3s 6paTB Ooiee OJIHOro pasa, TO HuUcio

k
pazmewjenuii w3 N 3J1EMEHTOB 10 K 0003Ha4aroT ~ '* («a U3 3H 10 Ka») U BBIYUCIIAIOT 10 (GopMyIIe:
Ay _
=n-(n-1)-(n-2)-...-(n—k+1).
ATT,
3amerum,uto . t=n-(-1)-(n-2)-...-(n-(n-1))=n-(-1)-...-2-1=Py.

[pumep. Yuammecs BTOpOro kiacca U3ydaroT 8 mpeaMeToB. CKOJIBKUMH CIIOCOOaMH MOKHO
COCTaBUTh paclucaHue Ha OAHH JIeHb, YTOObI B HEM ObLIO 4 pa3iIMyYHbIX MpeaMera’?
JIroboe pacnucanue Ha OJIMH JIeHb, COCTaBIEHHOE U3 4 Pa3IUYHBIX MPEIMETOB, OTIMYACTCS OT

JIPYroro Jud0 caMbIMH IPEMETAMHU, JINOO MOPSIIKOM UX CJIEI0BaHUS, TO €CTh BaJKEH U MOPSI0K, U CaMU

AJIEMEHTBI, - 3TO Pa3MELICHHUS: =8-7-6-5=1680.

Ecnu oauH 1 TOT K€ 3JIEMEHT MOKHO MCHOJIb30BaTh Ooiee OIHOTO pa3a, TO YUCJIO paSMeH_IeHI/Iﬁ

L
u3 N dneMeHTOB 1o K 0603Ha4aroT = ° (pasmewienue ¢ noGMOpeHUAMU) W BBHMUCIAIOT 110
Ak — ok
T =

bopmyie: . 311eCh S — KOJTMYIECTBO Pa3INIHBIX JICMCHTOB CPEIU NIJICMEHTOB.

Onpenenenue. Couemanuem u3 n 2sjiemeHmos no k HazpIBaeTcs JT1000€ MHOXKECTBO,
COCTABJICHHOC W3 k DJICMEHTOB, BI)I6paHHI>IX U3 JAHHBIX N BJIEMEHTOB. 3)1601) HEC BaXCH HOprJIOK
CJIeTOBaHUS SJIEMEHTOB, B OTIMYHE OT pa3MEUICHHUI U MepecTaHOBOK.

Eciu Cp€ar NaHHBIX N 3JIEMCHTOB HET OAWMHAKOBBLIX, TO UUC/IO couemanuil U3 N 3JIEMEHTOB

k
1o k o6o3nagaror ™ («11d U3 BH O Ka») U BEIYUCIIAIOT 110 (hopmyIe:

ck = n!
k' -(n—k)
3aMCTI/IM, YTO C643b Me.ﬂ(‘dy couemanuamu, pasmenieHuiAMu U nepecmanosKamu BoIpakacTtcs
bopmynoit
k=2 g cx.p
k pympf™m — ~n k.
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[Ipumep. N3 12 uneHoB rpynmbl HagO BBIOpaTh TPEX IS MOE3AKM B Mara3uH. CKOJIBKUMHU
croco0aMu 3TO MOKHO C/ieNiaTh?

O‘-IGBI/II[HO, YTO 34€Ch Ba’XKHBI TOJIBKO CaMH 3JICMCHTBI (KOHKpCTHLIC JIIOIII/I), CJICAOBATCIIbHO, OTO

12! 12! 12 -11-10
[ ] [ ] = [ ] (] — — 220
3!-(12-3)! 3!- 9! 1-2-3

3 _
{:'12 _
COYCTaHMI:

Ecim  cpeam N 3l€MEHTOB  €CTh  IOBTOPSIOLIMECS, TO  YHCIO  COYETaHWUM

rk
0003HAYaOT 5 (couemanus c NOBMOPEHUAMU) u BBIYMCIISIOT o
Ek _ Ck
5 — “s+k-1
dbopmyre: .3/1eCh S — KOJIMYECTBO PA3IMYHBIX JIEMEHTOB CPEIr N SJICMEHTOB.
1 Bapuant
1. Brrauciure:
5
P4 A4. PZO A20 .
a) -y 6) g5
P A C
8 20 20

6) Cs - P, 2)C3C; +CiC;.
2. CKOJBKMMH CIIOCOOAMH MOXKHO COCTaBHTh PACIMCAaHUE OJHOrO y4eOHOro IHS u3 6
Pa3INYHBIX YPOKOB?
3. CkonpkuMH  crioco0amMu W3 7 WIEHOB TMpe3WIuyMa COOpaHHMsi MOXKHO BBIOpaTh
npejcenaTens, ero 3aMeCTUTENs U cekpeTaps?
4. Cxonpkumu crniocobamu u3 10 uUrpokoB BoOJ€HOOJBHON KOMaHABbI MOXHO BBIOpaTh

CTapTOBYIO IIECTEPKY?

5. Peumte ypasnenue: A, = 20.
2 BapuaHT
1. Beruucnure:
P P, A,
a) == 435 6) =it — i
PQ Al4 C'14

6) Cyo- Py ) CgC: —C53Cf.
2. CKOJBKO pa3iMYHbIX MATU3HAYHBIX YHMCENT MOXKHO cocTaBuTh w3 mudp 1, 2, 3, 4, 5
(uudpbl B OZHOM YHCIIE HE JOJIKHBI TOBTOPSITHCS)?
3. CxonpkuMu crocobamu U3 9 ydeOHBIX NPEIMETOB MOJIHO COCTaBUTh pacHUCaHHE
y4eOHOTO0 JTHS U3 6 pa3IMYHBIX YPOKOB?
4. CKOJBKMMH cItoco06aMu U3 25 y4EeHMKOB KJIacCa MOXKHO BBIOpATh YETHIPEX JJIS ydacTus

B MPA3HUYHOM KOHIEpPTE?
5. Pemmre ypasuenune: C - (x—1) = 30.

Kpurepun oueHuBaHus:
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Ounenka O0ocHoBaHME OLICHUBAHHA

«OTIn4HO» Bce 3apanus BBIIOJIIHEHB! IIPABUIIBHO
«Xopouio» IIpaBUIBHO BBINIOJHEHBI JHOObIE 4 3a1aHUS
«Y IOBJIETBOPUTEIILHOY IIpaBUIBHO BBINIOJHEHBI JHOObIE 3 3a1aHUS
«HeynoBneTBOpUTEIBHO» [TpaBrJIbHO BBINOJIHEHO MEHEE 3 3aaHuit

IIpakTyeckas padora Nel4 no reme: IIpaBnia KoMONHATOPUKH
bosbIMHCTBO KOMOMHATOPHBIX 3a/1ad PEIIAeTCsl C IOMOIIbI JBYX OCHOBHBIX NPABHJ -
IIPaBWJIa CyMMBI U ITPaBUJIa IPOU3BEICHNUS.
IpaBuio cymmbl. Eciu HekoTopbiii 00bekT A MOXHO BBIOpaTh T crocobamu, a APYrou

n-+m
00bekT B MOKHO BBIOpaTh M crocobamu, To BeIOOp "nmnbo A, 1160 B" MOXKHO OCYIIECTBUTH

crocodamu.

Ipasuio npoussenennsi. Ecian 00bekt A MoxkHO BBIOpaTh 1 Criocobamu, a Mocie Kakaoro

Ay m
TAaKoOro BbIOOpa Apyroi oObekT B MOXHO BBIOpaTh (HE3aBUCMMO OT BbIOOpa 0OBEKTa
criocob6amu, TO napsl 006eKTOB A 1 B MOXHO BBIOpATh T * Ml CIIOCOOAMH.
1 iy E:"1 bz E:"m | |
Mycre A={ , ,..,. LEB={ , ,.., }u A -d4CIO 3JEeMEHTOB MHOKeCTBa A
Ax B a; bi)
. CocTaBuM /1€KapTOBO MTPOU3BEJICHHE muoxecTB A u B, 1.e. MHOKecTBO map (-,

ﬂdEﬂgbiEB:ﬂXB= '[{ﬂ-l:bl:':{ﬂ-1152:]1"'1|[ﬂ1=bm)1
[ﬂg,b]}l, [ﬂ.g,bg},..., [ﬂg,b«,—n),

(@n,b1)s (@2, Bn) 5 wens (@0, b )}
Tornma npaBuIIO MPOU3BEICHUS 3aITUCHIBACTCS CICTYIOLIHM 00pa3oM:
|[Ax B|=|A4]-|B].
IIpumep 6. CxoJIBKO CYIIECTBYET ABY3HAYHBIX YHCEI?
Pemienue. [TockonbKy B ABY3HAYHOM yKciie nudpa, 0003HAYArOIIAs YUCIIO JIECATKOB, JOJDKHA
ObiTh ommMuHa or Hyrs, 1o A = {1, 2, .., 9} B = {0, 1, 2, .., 9}

Ax B =1{10,11,...,10,...,00,01,...,00}+ . |A x B|=|A4|-|B| = 90.
nu

Bb100opKu 371eMeHTOB 0e3 NOBTOPEeHUI
Pa3MmeleHusiMM M3 T 3JIEMEHTOB IO 71 HAa3bIBAIOTCS Takue BBIOOPKH, KOTOpBIE, HUMeEs
10 T 3JIEMCHTOB, BBI6paHHI)IX n3 4yuciia JaHHBIX Tt 3JICMCHTOB, OTIHYArOTCA OJHA OT )IperfI o0

COCTaBOM JJICMCHTOB, o0 MOPAIKOM UX paCIIOJIOXKCHUSA.
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Uwucno pazMenieHuid U3 1 3JIEMEHTOB 1O M 0003HAUYUM Hcnonp3ys 0CHOBHOE MPaBUIIO

KOMOMHATOPUKH, I10JTy4aeM

A" =n(n -1)(n—2..ln—m+1)= il

(n —m)!
An
Eciu m =n, to - YHCJIO0 TAKUX Pa3MEILICHUH, KOTOpPbIe OTINYAIOTCS TOJIBKO MOPSIKOM

Fn
PacioIOKECHNA SJIEMCHTOB. Takue pasMCIICHUA HA3BIBAKOTCA IIEePpeCTAaHOBKaAMM. HUx gwmcio

HAXOJUTCS 10 popmyme

B, = A" =nl
BLI60pKI/I U3 T 3JIEMCHTOB, B3ATbIX M3 JaHHBIX T, OTIHMYAOIIUXCS TOJIBKO COCTaBOM

Cn
QJICMCHTOB, HAa3bIBAIOTCA COYCTAHUAMM M3 T1 3BJICMCHTOB IIO TiL. Yucno TaKUX COYECTaHUH

HaxoauTcCs

om_A7

" B, mlln—m)

IMpumep 7. CxoybKO cioBapei HaJ0 U3/1aTh, YTOOBI MOKHO OBLIO HETIOCPEACTBEHHO BHITIOJIHSThH
MEPEBOJIBI C JTHOOOTO U3 MSTH SI3BIKOB: PYCCKOT0, aHTJIMHCKOT0, HEMEIIKOTO0, (PpaHIly3CKOT0, UCITAHCKOTO
- Ha JTF000¥ APYToii U3 STUX MATH S3BIKOB?

Pemenue. [lockonabKy BakeH MOPSAOK, C KAKOTO SI3bIKA 33/1a€TCsl MEPEBOJ HAa APYroM, TO AJis
OTBETa Ha BOMPOC HEOOXOAMMO HAUTU YUCIIO PAa3MEIIEHU U3 TISITH 110 JIBA.

B!
Af = B0 =5 -4 = 20 (caoeapeii).

IIpumep 8. B copeBHOBaHMSX Ha NMEPBEHCTBO YHUBEPCUTETAa MO BOJIEHOONY ydacTBYIOT &
koMan. Hackonpko 0osiee mpooiKUTENbHBIM Oy/1€T TYPHHUP, OpraHU30BaHHbBIN 110 KPYTOBOW CHCTEME,
4eM 110 OJIMMIINICKON?

Pemenue. IIpu mpoBeneHun TypHUpa IO KPYroBOM CUCTEME KaXKIbld YYaCTHHUK BCTpEYalICs C
KOKJIBIM M IOPSJOK MX BXOXKACHUS B Iapy He BaxkeH. CleloBaTeNbHO, MO KPYroBOM CHCTEME

Ci =yl =128 s
notpelyeTcst IpoBeCTH BCTpPEY, a [10 OJIMMITUICKOM TOJIBKO - 7 (UETBIPE BCTPEUH B
¢uHana, 1Be - B nosyQuHaie u ogHa B huHae).

Br100pKH 3/1EMEHTOB C IOBTOPEHUSIMH

B naHHBIX BBIOOpKaxX [OMYCKAaeTCs MOBTOPEHUE DJIEMEHTOB, YTO SBISETCS JOCTATOYHO
€CTEeCTBEHHBIM (HampuMep, B Tele(OHHBIX U aBTOMOOMIIBHBIX HOMEpax BO3MOXHO HCIOJIb30BAHUE

OJTHOM IT(PBI HECKOJIBKO Pa3).
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Am

Yucno pa3MemeHHﬁ N3 Tt 3JICMCHTOB IO 7T C IOBTOPCHUAMU 0603HaqaeTC5{ 1 HAXOOJUTCA
KakK
A™ —pm
Fm,_,mz,...,mk . ma .
Yucino mepecTaHOBOK , B KOTOPBIX 1-H DIEMEHT MOBTOPSIETCS pas, 2-ii
M2 b
- pas, a k-ii - pa3, HAXOMUTCS CIAEAYIOIIUM 00pPa3oM:

(my +ms + ... +my)!

mq lmal...myg!

F =

ML, Mg, .. TRk

Ipumep 9. Ckoibko "CJIOB" MOKHO TOJIY4HTh, IepecTaBisis OykBbl B cioBe MATEMATHKA?

PlD
Pemenue. BaMCTI/IM, YTO eciu OBl BCE 6y1(BI>I ObLIH pa3jinvdHbl, TO MOJIYYHUIIN OBl HOBBIX

"cnoB", HO OykBa "M" ymotrpebmnsercs B "cioBe" 2 pasa, "A" - 3 paza, "T" - 2 pasa, ocraBmuecs: Tpu

P 2° P 3 P 2 P 10
OyKBHI - 110 pazy. CieoBaTeIbHO, HICKOMOE YUCIIO OY/IET B pa3 MEHbIIIE, YeM , U paBHO
10
P — — 151200.
N TN TR TR TR T T
it
qI/ICJIO CO'leTaHI/Iﬁ C HOBTOpeHI/ISIMI/I U3 1 3JIEMCHTOB IIO T BI)Ipa)KaeTCFI qepe3 qUucCcJio0

codeTaHuit 0e3 MOBTOPEHUM:

Er:‘;n = C’T+m—1-
IIpumep 10. B kade B mponaxe umerorcs 5 copToB NUPOKHBIX. CKOJIBKMMU crioco0amu 8
CTYJEHTOK MOTYT 3aKa3aTh ce0e 110 OJTHOMY IUPOKHOMY?
Pemenue. 3ammdpyeM Kaxayro MOKYNKY 8 MUPOXKHBIX €AMHMIIAMU MO 5 copTam, pa3ielss

COpTa HYJISAMH. Torma kaxmoi IMMOKYIIKC 6YI[CT COOTBECTCTBOBATH yHOpHI[O‘ICHHBIﬁ Ha60p u3 8 CIANHUIL U

4 (= 5 - 1) pa3nmenuTenbHBIX HyJeH, a oOIlee YHCIO TOKYMOK OYyAeT COOTBETCTBOBATH YHUCIY

MEePECTAHOBOK ATUX HYJIEH U €IUHUIIL PS’_I. Takum o6pazom,

- |

CE=F,y = % = 40F = 0584-3_1-

Bapuanr 1

1. CKONBbKO pa3MyYHBbIX TPEX3HAYHBIX YUCEN C Pa3HBIMU [U(pPaMH MOKHO COCTAaBUThH W3
mudp: 2,5,7,8,9?

2. CKOJIBKO pa3IMYHBIX TPEX3HAYHBIX YHCEN COCTaBUTh 3 mudp: 0,2, 5,7, 8, 9?

3. B kmacce 15 geBouex u 17 manpunkoB. CKOJIBKO CYIIECTBYET CIIOCOOOB BBIOOPA OJTHOTO

BCAYLICTO AJId IIKOJIbHOTO Hpa3,Z[HI/IKa?
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4, Y Onu 3 xykisl ¥ 4 mmomeBbix Meases. CKOTBKO CIoco00B BEIOOpA OAHOM UTPYIIKH
ectp y Onu?
S. B cronogoii ects 3 Buaa nepBoro 6104a, 5 BHIOB BTOporo 0i07a U 3 BUa KOMIOTA.

CKOIBKO CYLIECCTBYECT BapUAHTOB 066,[[8 AJig CTyA€HTa, €CIIN O0OBIYHO OH IMOKYIIa€T IMEPBOEC, BTOPOC U

KOMIIOT?
6. CKOJIBKHMH CITIOCOOaMH MOTYT 3aHSTh OYepe/lb B KACCy 5 UeIoBeK?
1. Ha xkmymbe pacuBenu 15 kpacubix, 10 6enbix, 12 po3oBeix po3. CKOJIBKO CYIIECTBYET

CIocoO0B COCTaBUTh OYKET U3 TPEX PO3 Pa3HOTo IBeTa?

8. B xmacce 20 yvamuxcs. CKOJBKHMH CcIloco0aMu MOXXHO BBIOpaTh CTapoCTy M
3aMECTUTEISI CTapOCThl B 3TOM Kiiacce?

9. N3 25 uneHoB Typuctuyeckoil rpymnmsl 10 4enoBek BIIAJCIOT aHIVIMHCKUM SI3bIKOM, 8-
HEMEIIKUM, a OocTaibHbIe- (ppaHIly3cKuM. CKOJBKO CYIIECTBYET CIIOCOOOB BBIOOpA JAENEeraluu U3 Tpex

TYPUCTOB TaK , YTOOBI OHU BJIaJACIIN TPEM SI3BIKAMHM ?

10. CKOJIBKO CYIIECTBYET HEUETHBIX TPEX3HAUHBIX YUCEN, COCTABICHHBIX U3 1P 5, 6, 7, 9?7
Bapuant 2
1. CKOJIBKO pa3JIMYHBIX TPEX3HAYHBIX YHCEINI C Pa3HBIMHU IU(DpaMU MOXKHO COCTaBUTH W3

uudp: 1,2,3,4,5?

2. CKOJIBKO pa3IMYHBIX TPEX3HAYHBIX YHCENl cOoCcTaBuTh U3 mudp: 0, 1, 3,5, 7, 9?

3. B kmacce 12 neBouek u 5 manpunkoB. CKOJBKO CYIIECTBYET cOCOOOB BbIOOpa mMapsl
BeAyIIUX (Pa3HOMOJIOMN) JUIs MIKOJIBHOTO Mpa3aHuKa?

4. Y IOmun 7 nyncukoB u 5 mimomeBblX MenBens. CKOJIBKO CIOCOOOB BbIOOpa OAHOM
urpymku ects y Fomu?

S. B cronoBoit ects 4 Busa nepsoro 0xiroa, 6 BUJOB BTOpOro 0r0Aa U 2 BUJa KOMIIOTA.

CKOIIBKO CYLICCTBYET BAPpUAHTOB 06ez[a g CTYACHTA, €CJIN 0OBIYHO OH MOKYIIA€T TIEPBOC, BTOPOC U

KOMIIOT?
6. CKOJIBKMMH CTIOCO0aMH MOTYT 3aHSTh OUepeib B Kaccy 6 uenoBek?
7. Ha knym6e pacusenu 8 kpacHbix, 10 Genbix, 14 po30oBbIX po3. CKONBKO CYLIECTBYET

CHoco0O0B COCTaBUTh OYKET U3 TPEX po3 pa3zHOro Ipera’?

8. B knacce 25 yvamuxcs. CKOJIBKUMH cIoco0aMi MOXKHO BbIOpaTh cTapocTy U (uzopra B
3TOM Kiacce?

9. N3 20 yieHOB TypUCTUYECKON TPYIIIBI 15 YenoBek BAaJCIOT aHTIMMCKUM S3BIKOM, 3 —
HEMELIKMM, a OCTaJibHbIe- (paHIly3cKUM. CKOJIBKO CYIIECTBYET CIIOCOOOB BbIOOpA JieNeraiuu u3 Tpex
TYpPHUCTOB TaK , 9YTOOBI OHH BJIAJIEIA TPEMsI SI3bIKaMU?

10.  CKoONBKO CYIIECTBYET YETHBIX TPEX3HAUHBIX YUCEN, COCTaBICHHBIX U3 1udp 4, 6, 7,9, 0?7

41



BapuanTt 3

1. CKOJIbKO Pa3MYHBIX JBYX3HAYHBIX YHCEN C Pa3HbIMH MU(PpPaMU MOKHO COCTABUTH W3
mudp: 2,5,7,8,9?

2. CKOJIBKO pa3JIMYHbIX TPEX3HAYHBIX YKces cocTaBuTh U3 mudp: 0, 1, 2,5, 7, 8, 9?7

3. B knacce 11 geBouek u 17 manpunkoB. CKOJIBKO CYIIECTBYET CIIOCOOOB BBIOOPA OJTHOTO
BEJIYILIETO JIJIsl IKOJILHOTO Mpa3AHUKa?

4. VY Onu 22 kykisl 1 4 mmonieBbix Mensezst. CKOJIbKO crnoco00B BEIOOPA OTHOW UTPYIIKH
ectb y Onu?

5. B cTonoBoii ecth 5 BUI0B miepBoro 0roAa, S BUAOB BTOPOro 0J1t0/1a U 2 BUA KOMITOTA.

CKOJIBKO CYIIECTBYET BapUaHTOB 00e/a JJIsl CTYyIEHTa, €CIIU OOBIYHO OH IMOKYIAET MEpPBOE, BTOPOE U

KOMITOT?
6. CKONBKUMHU CIIOCOOaMH MOTYT 3aHSTh OYepe/b B Kaccy 4 uenoBeka?
7. Ha xnym6e pacupenu 11 kpacHbix, 8 Genbix, 15 po3oBbix po3. CKOIBKO CYIIECTBYET

Croco0OB COCTaBUTh OYKET U3 TPEX pO3 pa3HOro IBeTa?

8. B xnacce 18 yuwammxcsa. CkoiabkuMHM crnoco0aMud MOXHO BBIOpaTh CTapoCTy U
3aMECTUTEJIS CTApOCThI B 3TOM Kitacce?

9. N3 30 unenoB Typuctruueckoi rpymiibl 10 yenoBek BIaACIOT aHTJIMUCKUM SI3bIKOM, 12 —
HEMEIIKHM, a OCTalbHbIe- (ppaHIly3cKuM. CKOJIBKO CYIIECTBYET CIIOCOOOB BHIOOpA JIeTIeTrallii U3 TPeX

TYPUCTOB TaK, 4TOOBI OHH BJIaACIIN TPEMA SI3BIKAMH?

10.  CkonbKO CyIIeCTBYET HEUETHBIX TPEX3HAUHbIX YHCEII, COCTABICHHbIX U3 1Mpp 2, 5, 6, 8,
9?
Bapuanr 4
1. CKONBbKO pa3IMyYHBIX JBYX3HAYHBIX YHMCEN C Pa3HbIMHM LU(PpPaMU MOXKHO COCTaBUTH W3

uudp: 1, 2, 3,4, 5?

2. CKOIBKO pa3NUYHBIX TPEX3HAYHBIX YKcen cocTaBuTh u3 uudp: 0,1, 2, 3, 5, 7, 9?

3. B xnacce 15 neBouek u 5 mManpunkoB. CKOJBKO CYIIECTBYET CIIOCOOOB BbIOOpa Hapbl
BeJyUINX (Pa3HOIOJION) ISl IIKOJIBHOTO Ipa3AHUKa?

4. Y KOmn 9 myncukoB u § mmromeBsix MenBens. CKOMBKO CIMOCOOOB BBIOOpa OIHOMU
Urpymku ects y FOmu?

5. B cronoBoit ects 2 Buaa mepBoro 0J101a, 7 BUOB BTOPOTO OJIf01a U 3 BHIa KOMITOTA.

CKOJBKO CYIICCTBYET BAPpUAHTOB 066,218. IJid CTyA€HTa, €CIIN OOBLIYHO OH IMOKYIIa€T MEPBOC, BTOPOC U

KOMITOT?
6. CKONBKUMH CITOCOOaMH MOTYT 3aHSTh OYepe/b B Kaccy 7 4eToBeK?
1. Ha xmym6e pacrisenu 18 kpacHbx, 6 6enbix, 8 po30BBIX po3. CKOJIBKO CYIIECTBYET

Croco00B COCTaBUTh OYKET U3 TPEX P03 pa3HOTro IBeTa?
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8. B kmacce 24 yuanmmxcs. CKOTBKHME CIIOCOOaMU MOKHO BBIOpATh CTapoCTy U (huzopra B

9TOM Kiiacce?

9. N3 20 uneHOB TypUCTUYECKOM IPYIIIBI 5 YENIOBEK BIAACIOT aHIVIMHCKUM A3BIKOM, 3 —

HEMCIIKUM, a OCTaJIbHbIC- (bpaHHy:’)CKI/IM. CKOIBKO CYIIECTBYET crmoco0oB BBI60pa Aciaeraugvun U3 Tpex

TYpHUCTOB TakK , YTOOBI OHU BJIAACIIN TpEMA SI3BIKAMH ?

10.  CkonbKO CyIIECTBYET YETHBIX TPEX3HAUHBIX YUCENl, COCTaBICHHBIX U3 1udp 4, 6, 8, 9, 0?
OtBetsL:

Ne n/m | Bapuant 1 Bapuanr 2 Bapuanr 3 Bapuant 4
1. 60 60 20 25

2. 180 180 294 294

3. 32 60 28 75

4. 7 12 26 17

5. 45 48 50 42

6. 120 720 24 840

7. 1800 1120 1320 864

8. 380 600 306 552

9. 560 90 960 180

10. 32 60 25 80

Kpurepumn oneHuBaHmsi:

OneHka O0ocHoBaHNE OLIEHUBAHHUA
«OTINYHOY [IpaBunsHO BEIIOTHEHEI H00BIE 9-10 3amanuii
«Xoporio» [IpaBuibHO BHITIOIHEHEI JIFOOBIE 7-8 3anaHnit

«y,Z[OBJ'IeTBOpI/ITCJ'H:HO»

[IpaBuIIbHO BBITIONHEHHI JIFOOBIE 5-6 3a1aHUi

«HCy,I[OBJ'IeTBOpPITeJ'H:HO»

[IpaBUIBEHO BBHIIIOIHEHO MEHEE 5 3aJaHU

IIpakTnyeckas padora NelS mo reme: Uncsio opour

HpaBnno IPOU3BEACHUS . IYCTh U3 HCKOTOPOTO KOHCYHOT'O MHOKECTBA

1-ii 00BeKT MOKHO BBIOpATh K1 criocobamu,

2-0i1 00beKT — K2 crrocobamu,

N-bIit 00BEKT - Kn criocobamu. (1.1)

Torna npou3BosbHBI HAOOp, MEPEUYUCICHHBIX N OOBEKTOB W3 JAHHOIO MHOXECTBA MOXKHO
BBIOpaTh Ki, Ko, ..., kn ciocobamu.

IIpumep 1. CKONBKO CyIIECTBYET TPEX3HAYHBIX YHCEII C pa3HBIMU HUPpaMu?

Pewenue. B necatuunoit cucreme ucuucinenus necarb mudp: 0,1,2,3,4,5,6,7,8,9. Ha neprom
MecTe MOXET CTOATH Jito0as u3 eBaTH uudp (kpome Hyss1). Ha Bropom MecTe - 1to6ast U3 OCTaBIIUXCS
9 mudp, kpome BbIOpanHoi. Ha mocneanem mecre sito0ast U3 ocTaBmmxcs 8 mudp.

[To mpaBuny npousBenenus 9-9-8 = 648 Tpéx3HAUHBIX YHCET UMEIOT Pa3HbIE IUQPHI.

43



IMpumep 2. 13 nynkra A g IMYHKT B BEIyT 3 IOpPOTH, a U3 ITyHKTa Bg MMYHKT C_4 JIOPOTH.
CKOJBKMMH c1IOCO0aMH MOKHO COBEPILUTH MOE3AKY U3 AgC yepes B

Pewenue. B nynkre A ecrp 3 crocoba BbIOOpa 1OPOTU B ITYHKT B as IIYHKTE B ecm 4
crocoba 1monacTe B IYHKT C . Cornacro NPUHIUITY YMHOKEHUS, cymecTByeT 3x4 = 12 crnocoboB

IIOTIACTh U3 ITyHKTA A g MTYHKT C.

IpaBwio cymmbl: 1pu BbnodHeHWH YycioBuit (1.1), mo00i U3 OOBEKTOB MOXKHO
BoIOpath K1+ko+... +kn ciocobamu.

IIpumep 3. Ckonpko cymiecTByeT croco00B BbIOOpa OJHOTO KapaHjamia M3 KOpOOKH,
cojiepxalieil 5 KpacHbIX, 7 CHHUX, 3 3€JIC€HBIX KapaHjalia.

Pewenue. Onun KapaHali, mo mpaBuIy CyMMBI, MOXKHO BbIOpaTh 5+7+3 = 15 criocobamu.

Mpumep 4. [Tycts u3 ropoaa <4 B ropox B yoxuo no0paTbcs OTHUM aBUAMapPUIPYTOM, ABYMS

JKCIIC3HOAOPOKHBIMU MapumipyramMmu U TPEMA aBTO6y0HHMI/I MapaipyTamMu. CKOJIBKMMH cITIoco0aMu

MOXHO 100paThCs U3 Topoza <% B ropos B9

Pewienue. Bee ycnoBusi IpUHINIIA CIIOXKEHUS 3[1€Ch BBIIIOJIHEHBI, I03TOMY, B COOTBETCTBHH C
STHM IPUHIUIIOM, TOTyduM 1+2+3 = 6 croco0oB.

PaccmoTpum npumep, HILTIOCTPUPYIOUIHHA Pa3indre IPUHIIUIIOB YMHOKEHHS U CIIOKEHHUSL.

IIpumep 5. B marazuHe 3JI€KTPOHUKM MpPOAAIOTCA TPU MapKu TEJIEBM30pPOB M JiBa BHJA
BUJECOMAarHUTOQOHOB. Y TOKyMarens €cTh BO3MOXKHOCTH HpuoOpectd MO0 TeneBU30p, JHOO
BHUJIeOMarHUTOPoH. CKOJIBKAMU CIMOCOOAMHU OH MOXKET COBEPIIUTh OJHY TMOKYINKYy? CKOJBKO
pa3IMYHBIX KOMIUIEKTOB, COJEPKAIlUX TEJIEBH30pP M MAarHUTO(POH, MOXKHO NPHOOPECTH B 3TOM
MarasuHe, eclId OKyInaTeab coOupaeTcsi IpUOOPECTH B Mape U TEIEBU30D, U BUIEOMAarHUTO(POH?

Pewenue. OnuH TeNeBU30p MOXKHO BbIOpaTh TpeMs clioco6aMu, a MarHUTO()OH — APYrUMHU
nByms ciocobamu. Torna TeneBu3op Wik MarHUTOQPOH MOKHO KyNUTh 3+2=5 criocobamu.

Bo BTOpoM cnyyae OJWH TENEBU30p MOXKHO BBIOpaTh TPeMsl CIIOCOOAMH, TOCIE 3TOTO
BUJCOMarHUTOQOH MOXXHO BBIOpaTh JABYMs cnocoOamu. CrenoBaTesllbHO, B CHJIy MpHHLHUIA
YMHOXXEHUS, KyIIUTh TEJIEBU30pP U BUIEOMArHUTOPOH MOXKHO 3%X2 = 6 criocobamu.

PaccmoTpuMm Temeps mpuUMeEpHI, B KOTOPBIX MPHUMEHSIOTCS 00a MpaBMiia KOMOWHATOPHKH: H
NPUHITAT YMHOKEHUS, U TIPUHIIHIT CIIOKEHUSI.

IIpumep 6. B xop3une nexar 12 1610k u 10 anenscuHoB. Bans BeiOupaet mubo s16510K0, 1160
anenscuH. [locne yero Haast BeiOMpaeT u3 ocTaBIIMXCS (PYKTOB U sI0JI0KO U amnenbcuH. CKOJIBKO
BO3MOYKHO TaKUX BBEIOOPOB?

Pewenue. Bans moxet BbIOpaTh 510510K0 12 ciocobamu, anenbcud — 10 cmocobamu. Eciin Banst

BbIOMpaeT 10110K0, To Hans Moxer BeIOpaTh s10:10k0 11 criocoGamu, a anenbcuH — 10 cnocobamu. Ecnn
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Bans Beioupaet anenscuH, To Hans Mmoxxet BeIOpath s16510Kk0 12 crmocobamu, a arnenbcuH — 9 criocobamu.

12-11-10+10-12-9= 2400
crroco0amu.

Taxum o6pazom, Bans u Hans moryTt cinenath cBoi BRIOOD

IIpumep 7. Ecth 3 nucema, KaxJ10e U3 KOTOPBIX MOXHO IociaTh 1o 6 agpecam. CKOJIBKUMHU
croco0aMu 3TO MOKHO C/iesiaTh?

Peuwienue. B nanHoii 3aqa4e Mbl 10/KHBI PACCMOTPETh TPH CJIy4Yasi:

a) Bce MUChMa PacChUIAIOTCA MO Pa3HbIM aJpecaM;

0) Bce MUChMa MOCBIIAIOTCS TI0 OJTHOMY aJIpecy;

B) TOJIBKO JIBa MHChbMa MOCHUIAIOTCS M0 OJTHOMY aJIPECY.

Ecnu Bce muchbMa pacchUIalOTCS MO Pa3HBIM agpecaM, TO YHUCIO TaKUX CHOCOOOB JIErKO
HAXOJUTCS U3 MPUHIIUIA YMHOXKEHHS: N1 = 6x5%4 = 120 crioco6oB. Eciu Bce muchbMa mocbuialoTes mo
OJIHOMY aJIpecy, TO TaKUX CIoco0oB OyaeT Nz = 6. Takum 00pa3oM, OCTAeTCsl PaCCMOTPETh TOJIBKO
TPETUH ciTydaid, KOT/1a TOJIBKO 2 MIChMa IMOCHUIAIOTCS 110 OAHOMY ajipecy. BbiOpath kakoe-1100 MmucbMo
MBI MOeM 3 crocobamu, ¥ ocHaTh €ro Mo KakoMy-JInbo BRIOpAaHHOMY a/Ipecy MOXeM 6 criocobamu.
OcraBuuecs ABa MUCbMa Mbl MO’KEM MOCIIATh 1O OCTaBIIMMCS aapecam 5 criocobamu. CrieZioBaTeabHo,

MOCJIaTh TOJIBKO JIBA MUChMA 110 OJTHOMY aJpecy Mbl MOkeM N3=3x6x5=9( criocobamu. Takum oOpazom,

pasocnath 3 nuchbMa 1o 6 aapecaM B COOTBETCTBUE C MIPUHIIUIIOM CIIOKEHUS MOKHO

s =12 =1
P+ v Ry =120 +6+50=116 COCOBAMIL

OOBIYHO B KOMOMHATOPHKE pacCMaTpPUBAETCS MJI€ATM3UPOBAHHBIN 3KCIEPUMEHT IO BHIOOPY
Haynady K anemeHToB u3 N. IIpu 3TOM 35IeMEHTHI: a) He BO3BpaIarTcst 00paTHO (cxema BrIOOpa 6e3

BO3BpallleHuil); 6) Bo3BpalarTcs 00paTHO (cxeMa BbIOOpa ¢ BO3BpAILIEHUEM).

1 BapuanT
1. CKOJBKMMH CIIOCOOAMHM MOXKHO COCTaBUTh PACHHCAHUE OJHOTO y4eOHOro JHSA U3 5
pa3INYHBIX YPOKOB?
1) 30 2) 100 3) 120 4)5

2. B 9«b» kiacce 32 yvamuxcs. CKOIbKUMH CIIOCO0aMU MOXHO cpOopMHUpOBaTh KOMaHAy U3 4
YeJI0BEK AJIs y4acTHsl B MAaTEMAaTUYECKOW oMMIuaze?

1) 128 2) 35960 3) 36 4)46788

3. CKOJBKO CYyIIECTBYET pa3jIMYHbIX JABY3HAUHBIX YMCEJ, B 3alUCH KOTOPBIX MOXKHO

ucronb30Bath udpsl 1, 2, 3,4, 5, 6, ecnu udpbI B 9nciie JOTKHBI OBITh Pa3IMYHBIMU?

1) 10 2) 60 3) 20 4) 30
4. Beryucnurs: 6! -5!
1) 600 2) 300 3) 1 4) 1000
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5. B simmke Haxomutes 45 mapukoB, u3 KOTOpbIX 17 Oenbix. [lotepsian 2 He OenbIxX IIapHKa.

KakoBa BepOSITHOCTh TOTO, UTO BBIOPAHHBIN HAyTa]| IIAPUK OyAeT OebIimM?

17 17 4 17

n ) o O 7
45 43 45 45

6. Bpocaror Tpu MoHETBI. KakoBa BEPOSTHOCTB TOTO, YTO BBIIAIYT JABA OPJIa U OJ(HA PEIIKa?
3 1

1) > 2) 0,5 3) 0,125 4) 3

7. B nenexuno-emeBoit sorepee Ha 1000000 6unetoB paswsirpeiBaetcst 1200 BemeBbix u 800

JCHCKHBIX BBII/IFpBIHIeﬁ. KaxkoBa BEPOATHOCTD BBII/IFpBIIHa?

1) 0,02 2) 0,00012 3) 0,0008 4)
0,002
2 BapMaHT
1. CKOJIBKO pa3JIMUHBIX MATU3HAYHBIX YHCEJI MOKHO COCTaBUTh U3 udp 1, 2, 3, 4, 57
1) 100 2) 30 3) 5 4) 120

2. meroTcst TOMUI0pPBL, OTypIIbl, TyK. CKOJIBKO pa3InYHbIX CATaTOB MOXHO IPUTOTOBUTH, €CITH
B KaXJIbIi cajaT JOJKHO BXOJUTh 2 Pa3IMUHbIX BHJ1a OBOLIECH?

1) 3 2) 6 3) 2 4) 1

3. CxonbKkuMH criocobamMu u3 9 yueOHbIX IPEIMETOB MOKHO COCTaBUTh paclucaHue y4eOHOTo

JHA U3 6 Pa3JIMIHBIX YPOKOB.

1) 10000 2) 60480 3) 56 4) 39450
8
4. Bpraucianre: —
6!
4
1) 2 2) 56 3) 30 4) E

5. B urpansHoii konoae 36 kapt. Hayrazg Beionpaetcs oqHa kapta. KakoBa BEposITHOCTB, YTO 3Ta

Kapta — Ty3?

1 1 1 36
1 — 2 — 3 — 4) —
) 36 ) 35 ) 9 ) 4
6. bpocator nBa urpanbHbeIXx KyOuka. KakoBa BepOSITHOCTb TOTO, YTO BBINAIYT JBE YETHBIC
udpsI?
2
1) 0,25 2) 5 3) 05 4) 0,125

7. B xop3une nexar rpuosl, cpenu KoTtopbix 10% 6enpix u 40% prokux. KakoBa BepoSTHOCTD

TOT0, YTO BHIOPAHHBIN I'prO OEIbIN W PHIKUIL?

1) 0,5 2) 04 3) 0,04 4) 08
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3 BapuaHT

1. CKOIBbKMMH c1I0OCO0aMH MOKHO PacCTaBUTh 4 pa3inyHble KHUTH Ha KHUKHOM MoJke?
1) 24 2) 4 3) 16 4) 20

2. CKOJIBKO JUaroHajaei UMEET BBITYKJIIbIA CEMUYTOJIbHUK?

1) 30 2) 21 3) 14 4) 7

3. B ¢yr6onpHOIM KomaHae 11 yenoek. Heobxoaumo BHIOpaTh KalMTaHa U €r0 3aMECTHTEIIA.

CKOJIbKMMH CIIOCO0aMH 3TO MOKHO CI[eJ'IaTB?

1) 22 2) 11 3) 150 4) 110
I
4. CokpaTute 1po0b: " 2'1)!
n 1 2
1 1 2 — 3 — 4) —
) ) n+1 ) n+1 ) n+1

5. KakoBa BepOSITHOCTb, UTO MPH OJHOM OpOCKE UIPaJIbHOTO KyOMKa BBINAJAeT YUCIO OYKOB,
paBHOE YETHOMY YUCITY?

1 1
1 - 2) 0,5 3) - 4) 0,25
) ) ) 5 )

6. Karst u Ang numyt auktanT. BepostHocTs TOTO, uTo Kats momycTuT ommoOKy, cOCTaBiseT
60%, a BeposTHOCTH OMIMOKK Yy AHH cocTaBisieT 40%. Haiitu BeposiTHOCTH TOTO, YTO 00€ JI€BOUYKH
HaMMIIYT TUKTAHT 0e3 OIMOOK.
1) 0,25 2)0,4 3) 0,48 4) 0,2
7. 3aBox BeImyckaeT 15% mpoaykuuu BeIiciiero copta, 25% - nmeporo copta, 40% - BTOpOro

copra, a Bce ocTajbHOe — Opak. HaiiTu BeposITHOCTH TOro, 4YTO BBIOpAaHHOE H3JEIUME HE OyIeT

OpaKOBaHHBIM.
1) 08 2) 0,1 3) 0,015 4) 0,35
4 BapuaHTt
1. CKOJIBKUMH CIIOCOOaMHU MOTYT BCTaTh B 04Yepe/lb B OMIIETHYIO Kaccy 5 uenoBek?
1) 5 2) 120 3) 25 4) 100

2. CkoibKuMH criocobamMu U3 25 YYEHHMKOB Kjlacca MOXHO BBIOpATh YeThIpEX MJISl y4acTHs B
Mpa3AHUIHOM KOHIIEpTe?

1) 12650 2) 100 3) 75 4)10000

3. CKOJBKO CYIIECTBYET TPEX3HAUHBIX 4Kcel, Bce U(pbl. KOTOphIX HEUETHbIE U pa3TUYHBIE.

1) 120 2) 30 3) 50 4) 60
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I
4. YopocTute BbIpakeHUE: M
(n-2)!

1
1) 05 2) % 3)  nion 4)n? -1

5. KakoBa BeposSITHOCTB, 4TO peOEHOK poauTcs 7 uncna?

1) = ) ) o 9 o

6. Kaxx11b1ii U3 TpexX CTPEIKOB CTPEISET B MUIIICHB 110 OHOMY pa3y, IPUYEM MOMAIaHus IEPBOTO
crpeika coctaisieT 90%, Broporo — 80%, tpetbero — 70%. Haiinure BeposITHOCTh TOTO, YTO BCE TPU
CTpeJIKa IonaayT B MUIICHb?

1) 0,504 2) 0,006 3) 05 4) 0,3

7. N3 30 yuenukoB cniopTkiacca, 11 3anumaercst ¢pyrbosom, 6 — Boneitbonom, 8§ — d6erom, a

OCTAJIbHBIC IIPBIKKAMH B JIMHY. Kaxkora BCPOATHOCTb TOI'O, YTO OAUH IIPOU3BOJIbHO BbI6paHHbIﬁ

YUYCHHUK KJIaCCa 3aHUMACTCA UT'POBLIM BUJIOM cnopTa?

17 2 14
1) = 2) 05 3 B8 p ¥
30 30 30
Karoun:
Bapmuanr 1
Ne 1 2 3 4 5 6 7
3aaHus
Ne orBera | 3 2 4 1 2 3 4
Bapmuanr 2
Ne 1 2 3 4 5 6 7
3aJIaHAS
Ne orBeta | 4 1 2 2 3 1 1
Bapuanr 3
Ne 1 2 3 4 5 6 7
3a/IaHUS
Ne orBeta | 1 2 4 3 2 4 1
Bapmuanr 4
Ne 1 2 3 4 5 6 7
3aaHus
Ne otBera | 2 1 4 3 2 1 1

Kpurepun onenuBanus:
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Ouenka Oo0ocHOBaHME OLICHUBAHUS

«OTIn4HO» Bce 3a1aHus BBINOIHEHB! IPABUIILHO
«Xopo1o» [TpaBuIBHO BBIMOJHEHHI JIOOBIE 5-6 3aMaHni
«Y 1OBIETBOPUTEIHHOY [IpaBHIIbHO BBINOHEHHI JIIOOBIE 4 3a1aHUS
«HeynoBneTBOpUTEIBHO» [TpaBrIIbHO BBINOJIHEHO MEHEE 4 3aaHuit

IpakTnyeckas padbora Nel6 no reme: KoopamHaTbl U BEKTOPbI M IVIOCKOCTH
KoopauHatsl BeKTOpa Ha MJIOCKOCTH

[lepBbIM MYHKTOM pacCMOTPUM BEKTOpPHl Ha IUIOCKOCTU. M300pasuMm  aekapToBy

MIPAMOYTOJIBHYIO CUCTEMY KOOPAWHAT U OT Ha4YaJla KOOPAUHAT OTJIOKUM €IUHUYHBIC BEKTOPLI Iy J .

--------------------------------------------------------------------------

.....................................................................

--------------------------------------------------------------------------

Bektoper ! wm J oproroHajbHbl. OproroHansHsl = IlepnenaukynspHsl. Bwmecto
MapaJuIeIbHOCTH u MEPIEHIUKYIISIPHOCTH HCIIOJIB3YEM COOTBETCTBEHHO
CJIOBA KOJIUHEAPHOCHb U OPMO20HAIbHOCHb.

OO0o3HayeHne:  OPTOrOHAJIBHOCTH  BEKTOPOB  3allUCHIBAIOT  TPUBBIYHBIM  3HAYKOM
NEePIEHAUKYIIIPHOCTH, HAIIPUMED: rLj .

PaccmarpuBaemble BEKTOPBI Ha3bIBAlOT KOOPAMHATHBIMHM BEKTOPaMM Wiau opraMu. /[aHHbIE
BEKTOpBI 00pa3yroT 6a3mc Ha ruiockocTu. [Ipoctbimu ciioBamu, 6a3uc U HaYaIo KOOPIMHAT 33al0T BCIO

CUCTCMY — 3TO CBOCO6p8.3HBIfI (I)yH,I[aMCHT, Ha KOTOPOM KHUIIUT IMOJIHASA U HACBIIICHHAS TCOMCTPHUICCKAA

KU3Hb.

Jlioboii BekTop ¥  IUIOCKOCTH €IMHCTBEHHBIM O00pa3oM BBIpaXKaeTcsi B  BHJC:

V= V. W

, TAC —4YHUCJ1a, KOTOPBIC HA3BIBAIOTCA KOOPAUHATAMH BEKTOpPAa B JJAHHOM Oasuce.

T=w-1+w,J 7 17
A camo BbIpaKeHUE 1 2"/ maspiBaeTcs pa3iioiKeHneM BeKTOpa ¥ 1o da3ucy . :'.
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IIpocreiimmue 3a1a4Hu AHAJTUTHYECKOMH reoMeTpHHu.
JleliCTBHSI ¢ BEKTOPAMH B KOOPAMHATAX

3amanusi, KOTOpble OYAyT PacCCMOTPEHBI, KpailHe KelaTeJbHO HAayuYUThCS pellaTh Ha MOJTHOM
aBTOMaTe, a (OpPMyJbl 3allOMHHTH HAW3yCTh. OJTO BEChbMa BAKHO, IMOCKOJBKY HA MPOCTEHIINX
3JIEMEHTApHBIX NpUMepax 0a3upyroTCs Ipyrue 3a1a4u aHATMTUYECKONH T€OMETPHUH.

Kak HaliT BeKTOp 10 IBYM TOYKam?

Ecnu nanwl 1B€ TOYKH TJIOCKOCTH Al n) 51 57, 04) , TO BEKTOP AZ ymeer CIIEIYIOIIINE

KOOPIMHATHI:
AB(xy — x, ¥y — )

To ecTh, U3 KOOPAMHAT KOHIIA BEKTOPA HYKHO BBIYECTh COOTBETCTBYIOIINE KOOPAMHATHI HaYaa
BEKTOpA.

[Tpumep 1

AT L B-243) Hoim KOOP/IMHATHI BEKTOPA AB

JlaHbI 1BE TOYKH MJIOCKOCTH
Pemenue: o COOTBETCTBYIOLLIEH bopmye:
AB(=2-2.3-11= AB(-4, )

AB(—4, 2)

OTtBeT:
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[To ycrnoBuio He TpeOOBAIOCH CTPOUTH YepTeka (Y4TO XapaKTEPHO IS 337ad aHAIUTHYCCKOM

I‘eOMeTpI/II/I) , HO B OeiaAax IIOACHCHUA HCKOTOPBIX MOMCHTOB

0 I 1

OO0s3aTeNbHO HYXXHO TOHHMMATh pa3iIMuue MEXIy KOOpAMHATAMH TOYEK M KOOPIMHATAMH
BEKTOPOB:
KOOpI[I/IHaTI)I TOYECK — 3TO O6I)ILIHI)IC KOOpAuHATbl B HpﬂMOYTOJ'H:HOfI CUCTCME KOOpAWHAT.

Kax(z[aﬂ TOYKa O6J'Ia,Z[aGT CTPOI'UM MECTOM Ha IINIOCKOCTH, U MICPEMCIIATb UX Ky,Ha'J'II/I6O HCJIBb34.

<3
Koopaunatsel ke Bekropa — 3TO €ro paslokeHue 1o Oasucy . ), B JIAHHOM

AB=—-4 +2; o
cilydae 4. JIr060i1 BeKTOp ABIIAETCS CBOOOIHBIM, IO3TOMY HPH HEOOXOIMMOCTH MbI JIETKO

MOKEM OTJIOKUTH €r0 OT KaKOH-HUOYAb OpYrod TOYKU IUIOCKOCTH. MIHTepecHOo, 4TO Al BEKTOPOB

MOXXHO B006H_[e HE CTPOUTH OCH, ITPAMOYTOJIbBHYIO CUCTEMY KOOPJAWHAT, HYKCH JIMIIb Oazmc.

A0, B(-2.3), 4B(-4. 2)

3anucu KOOpAMHAT TOYEK U KOOPAMHAT BEKTOPOB BPO/IE ObI CXOXKU:
, @ CMBICII KOOpPJIMHAT a0COJIIOTHO pa3HbIi, U BaM CIIEyeT XOPOIIO MOHUMATh 3Ty Pa3HUILY.

[Ipumep 2

A-45 . BL-3)

a) Jausl  TOYKH Hailitm  BekTOpBI ARy B4,

6) anbl TOUKH A2 0, B-7 D) u e . Haiitn BexTOpBI A5, AC " ﬁ

Uto BaXHO MpU pemIeHWH 3aaad aHanuTHdeckor reomerpun? Baxuo Owite I[TPEJIEJIBHO
BHUMATEJIbHBIM, 4T00BI HE TOMYCTUTHh MAaCTEPCKYIO OITUOKY «/IBa IUTIOC JIBA PABHO HYJIIOY.

Kak naiitu nyimny orpeska?

I[J'II/IHE[, KaK YK€ OTMCUAJIOCh, 0003HaYaeTCs 3HAKOM MOOYJIA.

Ecnn naHel nBe TOYKM INIOCKOCTH ﬂ(xl;y 1:' " E(xﬂ; be 3:' , TO JUNIMHY OTpE€3Ka AB Moxno

_ 2 Y
BBIUHCIHTH 110 hopMyIie |HB|_ "j':xz x)T+ -0
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Hpumeqauue: CDOpMyJZbZ ocmanymcst  KOpPpPEeKmHbIMU, eclu  nepecmasumsb mecmamu

48] = f(m — )" + Oy = )’
0 . = f{xm —x) o — ) 6 0 -
coomeemcemeyruue Koopounamal. , HO 0o0Jlee cmaHoapmeH nepevlu

sapuanm
IIpumep 3
JIaHbI TOYKH A=35) 4 FL =3 Hajirw junHy otpeska 45
Peruenmue: 1o COOTBETCTBYIOIIEH dopmyune:

48] = (1 - (3% + (=3 -5)% = /4 +(-8) = .[16+64 = /30 = 4.5

OtBer: |HB| = 4”‘{5 em. = 8,94 e

I[JI?I HarjisaJHOCTHU BBIIIOJIHIO qepTén{

: : : A
51‘.(—37‘_3) : Y

Orpesox A8 — 510 He BekTOp, U TMEpeMeIIaTh €ro Kyaa-mibo, KOHEUHO, Helb3a. Kpome Toro,

€CJIM BBl BBIMOJHUTE 4epTex B MacwTtade: 1 eq. = 1 cMm (ABe TeTpaaHble KJIETKHU), TO MOJIYyUYEHHBIH

OTBET |HB|H8’94 A MosKHO MPOBEPUTh OOBIYHOM JIMHEHKON, HENOCPEJACTBEHHO H3MEPUB [UINHY
OTpe3sKa.

Jla, pelieHne KOpoTKoe, HO B HEM €cTh eIl Mapa Ba)KHBIX MOMEHTOB, KOTOPBIE XOTEJIOCh ObI
MOSICHUTB:

Bo-niepBbIX, B OTBETE CTaBUM pPa3sMEPHOCTH: «eAUHULBD. B ycinoBun He ckazano, YHTO sro,
MUJUJIUMETPBI, CAHTUMETPBI, METPBI WIIM KUJIOMETPBI. [109TOMY MaTeMaTnyecKku rpaMOTHBIM PELIEHUEM
Oyzer ob1mast GpopMyITHPOBKA: «EIUHUIIB» — COKPALIEHHO «EJI.)».

Kak HaiiTu Aj1MHYy BekTOpa?

= a1

+
o

Fiww v
Ecnu naH BEKTOp MII0CKOCTH ( 1= 72 ) , TO €TI0 JUIMHA BBIYUCIISIETCS 110 (I)OpMyﬂe

[Tpumep 5

A-35)  B(L

JlaHbl TOUKH -3 . Halitn nyimny BekTopa AB
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Pemrenue: CHauana HaiinéM BEKTOP AE

AB(1-(-3),-3-5 = AB(4,-8)

=

_ [
ITo dbopmyne =P+

|E|=,.I'43+(—8}3 = f16+64=./80=4.5

|E| = 4£ en. = 8,9 ex.

BBIYUCINUM JJINHY BCKTOpa:

OtBer:

He 3a0b1BaeM yka3bIBaTh pa3MepHOCTb — «eAUHULIBIY! Beeraa iam, ketaTu, Hy>)KHO PacCUUTHIBATh
npuOIKEHHOE 3HaYeHHe (B JaHHOM rpumepe 8,94), eciiu 3Toro He TpedyeTcs B yciaouu? OKpyriieHue
[eJIeCO00Pa3HO MPOBOIUTH JI0 2-3-X 3HAKOB IOCIIC 3aISITOM.

Beinonaum yepTex K 3ajaye:

OTnuyne COCTOMT B TOM, YTO 37€Ch peub UAET O BEKTOpE, a He 00 oTpe3ke. BekTop MokHO
IEPEMECTUTH B JIIO0YIO TOUKY IUIOCKOCTH.

A B uém cxoxacrBo [lpumepa 3 u Ilpumepa 5?7 ['eomerpuueckn O4YE€BHIHO, YTO JJIMHA

OTpE3Ka Af paBHa OJIMHC BCKTOpPaA AB . Tak xe OYCBHUIHO, UTO IJIMHA BEKTOPA 54 6y,[[eT TaKOH XKe.

ITo urory: |ﬂB| - |E| - ®|

321,[[8.‘{}/ 3 MOXHO OBLIO peliuTh MW BTOPBIM CHOCOGOM, IMMOBTOPIO  YCJIOBHUC: I[aHBI

rourn A3 4 B3 Haiirn TRy oTpeska A5
_ Y Y
Bmecto  mpumenenust  popmyiisl |HB| B J(xﬂ B+ =) , TIOCTymaeMm  Tak:
1) Haxonum BEKTOP AB(1-(=3), - 3-3) = 484, - §) .

2) A Temepr cchlIaeMci Ha TO, 4YTO JUIMHA OTpe3Ka AE paBHA JJIMHE BEKTOpa E:
|45]= |E|= J42+(=8)% = B0 =4[5 en. = 8,94 e,

DTOT COCO0 MMPOKO MPAKTUKYETCS B X0JI€ PEIICHUH 3a71a4 aHATUTUYECKONW TEOMETPHH.
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1 Bapuanr:
Ha xoopauHaTHoii miockoctn OXy yKaKkuTe:
a) TOYKY, CUMMeTpHuHYI0 Touke P(2;-3) otHOcuTenbHO Touku Q(1;0);
b) TOYKY, CHMMETPHUYHYIO To4uke P(-2;5) OTHOCHUTEIBHO OHMCCEKTPHCHI BTOPOIO U

YETBEPTOI'0 KOOPAUHATHBIX YIJIOB,

c) TOYKH, PACIIOJIOKEHHBIC BHYTPU MpsiMoyroJibHuKa ¢ BepumHamu A(-1;-3), B(-1;2), C(3;-
3), D(3;2).

d) TOYKH, JISKAIIME B TPEThEH YETBEPTH;

e) TOYKY, JIEJAIIYI0 0Tpe30K ¢ KoHmamu A(-2;7), B(4;-1) B orHomenuu 1:3.

2 BAPHAHT:

Ha xoopauHaTHoli miockocTu OXY yKaKuTe:
a) TOUKy, cuMMeTpuunyto Touke K;(-2;3) ornocurensno Touku M(0;1);
b) TOYKY, CHMMETPHUHYIO Touke K(2;-5) OTHOCHTENIbHO OUCCEKTPHCHI TIEPBOTO U TPETHETO

KOOpPAWHATHBIX YIJIOB,

c) TOYKH, PACIIOJIOKCHHBIC BHYTPU MpsiMoyroibHKKa ¢ BepumHamu A(-1;-3), B(-1;2), C(3;-
3), D(3;2).

d) TOYKH, JISKALINE B YETPEPTOM YETBEPTH;

e) TOYKY, JIEJSAIIYI0 0Tpe30K ¢ koHamu A(-2;7), B(4;-1) B otHomenuu 2:3.

Kpurepun onenuBanus:

Onenka ObocHOBaHME OLICHUBAHMA

«OT1an4HO» Bce 3aganust BEIIOTHEHB! IPaBUIIBHO
«Xoporio» [TpaBUIIEHO BHIMOIHEHBI JTO0BIE 4 3a1aHus
«Y TIOBIIETBOPUTENBHOY [IpaBUIBbHO BBINOJIHEHBI JI00bIE 3 3aMaHus
«HeynoBneTBopuTeIbHO [IpaBUIBbHO BBINOJIIHEHO MeHee 3 3aJaHuit

IIpakTyeckas padora Nel7 nmo teme: KoopauHaTel M BeKTOPbI B IPOCTPAHCTBE
Ienb: oTpabOTKa HABBIKOB CIIOKEHHS U BBIYUTAHUS BEKTOPOB.
dopma opraHu3aIuy CTyICHTOB Ha 3aHATHU. (PPOHTAIIbHAS.
— —
Meroanueckue ykasanus. J{ins Toro uto6sl cnoxkuts na Bekropa AB M BC, myxuo BriGpats
R

TIPOM3BONBHYIO TOUKY U OTIOKHTH 0T Hee BekTopAB ( crporo o xrerouxam Bee cxkommposars) n
3aTeM OT TOYKHU B OTIIOKHUTH

+ -+

sextop BC ( Taroke mo kneroukam Bce ckomuposats) , Torma Bektop AC sBisercs cymmoit

— =
sektopoB AB+BC. D10 cnoxenne no npasuny tpeyronsauxa.
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lpumep.

[IpaBuno nmapajuenorpamma.
AB + AC = AJl

B B | a

c —r__':—: _
A a—b=a+ (—bh)
"5
1 BapuanT

1. Kakoe yTBepkeHIC HeBepHOe?

1) JIroOble 1Ba MPOTHUBOIOJIOKHO HANPABIEHHBIX BEKTOPA KOJUIMHEAPHHI.

2) JIxoObIe ABa KOJUIMHCAPHBIX BEKTOPAa COHAIIPABJICHBI.

3) JIroOble 1Ba paBHBIX BEKTOPA KOJJIMHEAPHBI.

2. Hauwel toukm A4, B, C, D, K. H3BecrHo, 4ro

AK = x-AB +y-AC.

Torna HeBepHO, YTo. ..

1) Bce TOUKH JIeKaT B OJJHOM MIIOCKOCTH;

2) npsimble BC u DK napasienbHsl;

3) Touku 4, C u D He nexar Ha OgHOI NPSAMOIA.

3. Kakoe yTBepx/ieHre HEBEpHOE?

1) AnuHbI IPOTHBOMOJIOKHBIX BEKTOPOB HE MOTYT OBITh HEPABHBI.
2) Ecnu 1uiiHBI BEKTOPOB HEPABHBI, TO U BEKTOPHI HEPABHBI.

3) Ecnu anmuHBl BEKTOPOB paBHBL, TO U BEKTOPHI PaBHBI.

BelvumaHue eekmopos.

BC =k - DK,

AC =7-CD,
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— —
4, AB =k-CD, npuuéM Touku A4, B u C He nexaT Ha onHol npsmoi. IIpsmeie AC u BD He

MOLYT OBITb. ..
1) napamuienbHbIMH;
2) nepeceKaroIMMHUCS;
3) CKpeIIMBAIOIUMHUCS.

5. ABCA1B1Cq — mpaBunbnas npusma. A1F = FB{, B1K = KC1.

Kakoe yTBepkieHIe HeBepHOe?

MAME R
<

A C
B

KF =-LAc.

1) 2
2) | AF|=| BK].
3) AF =BK.

6. ABCA1B1Cq — mpaBunbnas npusma. CE = ECq, BF =FBq, FM=MB4,AD : DC =3 1.

Kakoe yTBepxkeHue BepHoe?

AI BI
| M
C,
F
E
A\—<— - B
D
C

1) DM M EB.
2) FC ™ DM.
3) EB T FC.

7. ABCDA1B1C1Dq — mapamnenermmnen. AD = ..
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B, | C,
Al i Dl
B C
/f ______ By
A D
1y BB+ DC;

Z)QQ—DQ—D}ﬁB&;

3) AB—BC +BA-CC,.
AC,— AC—-AC, , AA-CB+AB

8. BexTopsbl SIBJISIIOTCSL. ..

1) paBHBIMU;
2) IpOTUBOIOJIOKHBIMY;

3) coHarpaBJIeHHBIMH.

- - - -
9. DABC — reTpasp. AC =AB-x-CD.

Torma X=...

5
-
-
3 DB.
2 BapuaHT
1. Kakoe yTBepxieHIEe BepHoe?

1) JIroOble 1Ba COHANPABICHHBIX BEKTOPA KOJUIMHEAPHBI.

2) JIroOble 1Ba KOJUTMHEAPHBIX BEKTOPA MPOTUBOIIOIOKHO HAMIPABICHBI.
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3) JIroOble 1Ba KOJUTMHEAPHBIX BEKTOPA PaBHBHI.

2. Kakoe yTBepKcHIC BEpHOE?

- - - - - -
e aTLB, BTG, o atlC
- - > - - -
»Eem @1Tb bNe, satec.
a8 b y C takme, uto @ u C me KOJUTHHEAPHBI, b u ¢ e

3) CylecTByIOT BEKTOPHI

- -

KOJUIMHEapHsL, a & 1 0 kommueapHsL.
3. Kakoe yTBepxjicHUC HEBEPHOE?
1) Eciu 1ytiHBI BEKTOPOB PAaBHBI, TO U BEKTOPHI PABHBI.
2) Eciii BEKTOpPBI paBHBI, TO UX JIJTHHBI PaBHBI.

3) JlnuHBI IPOTUBOINOJIOKHBIX BEKTOPOB PaBHAbI.

- —
4, AB =k -CD, npuuéM Touku A, B u C He nexar Ha oaHol npsmoii. [Ipsmeie AC u BD

SABJISIIOTCSA IMTapauICIIbHBIMU, CCJIN. ..

Dk=1;
2) k=-1;
3)k=3.

5. ABCA1B41C1 —npasunbnas npusma. A1 F = FB4, B1E = EC4. Kakoe yrBepixicHue HeBepHoe?

1)
2) |FBI=|EC].
3) FB||EC.

6. FABCD — npaBwiibHas mupamMua. ACBD=0, FE = EC, EN = NC, OP = PD. Kakoe

yTBEp)KJCHHE BepHoe?
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1) AF T OE.
2) OE T NP.

3) NP N AF.

7. ABCA1B1Cq — mpusma. CA= .

1) AA + AB + B,C;
2) AA — AB -BC;;

- — -
3) AA —CA+BB,.
8. Bexrops - MN + MK —AK |, DC-DA-NC
1) IPOTHBONOIOKHBIMH;
2) paBHBIMU;
3) coHampaBICHHBIMH.

9. DABC — tetpasp.

CD=x-DB-AC _

ABJIAIOTCH. ..
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D

1) BA

2) AB:

3 BC.

Kpurepun onenuBanus padorbl:

1 Otmertka "5" BbICTaBIII€TCS, €CIIM IPABUIILHO BBIIIOJIHEHO 8§-9 3a1aHuit
2 OtMmetka "4" BBICTABIISIETCS, €CIU IIPABUJIBHO BBIIMOJIHEHO 6-7 3aJaHUil
b
3. Otmetka "3" BBICTABIISETCS, €CIU MPABUIBHO BBIIOJIHEHO 5 3aJaHUN
b
4 OtmeTtka "2" BbICTaBIISIE€TCA, €CJIM TPABUIIBLHO BBIIIOJHEHO MEHEE 5 3a/JaHui
Kiioun k npaBU/IbHBIM OTBETaM:
Ne n/m
1 2 3 4 5 6 7 8 9
BapUAHT
1 2 1 3 3 3 3 2 2 3
2 1 2 1 1 3 1 2 1 2

IIpakTnyeckas padora Nel8 mo Tteme: CkajisipHOe NpON3BeaeHHE

[enb: oTpaboTKa HABBIKOB PELIEHUs YIIPAXKHEHUN HA BEKTOPHI.

CDopMa OpraHu3alnuu CTyACHTOB Ha 3aHATHUM. (I)pOHTaJ'IBHa}I.

Meroauyeckue YKa3aHusl.

JIro60# BEKTOP MOKHO Pa3JIOKUTh MO 0a3UCHBIM BEKTOpaM MPUYEM

CANHCTBCHHBIM O6p8.30M. d =x + y.!l + zk , TIE d{x; y; Z} KOOpAWHATBI BEKTOPA.

Ecnu n3BecTHBI KOOPAMWHATHI TOYCK HaYaJIa 1 KOHIIA BEKTOpA, TO KaKAad KOOpANHATA BEKTOPa

paBHa pa3HOCTHU COOTBETCTBYIOINHUX KOOPAWHAT €ro KOHIA U Havalia.

A'[xl; Vi:21) B(xa;y9:23) A_B{xz —X1;Y2 — Y1iZa — 71}

AXiv1:21),C(x;y; 2) , B(xo; V9; Z7)
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=.X|"|‘.'f2 =y]+}'2 z=zl+2'-,_-
2 F 2

Kaxxnas xoopanHara cepeiHbl OTpe3Ka paBHa MOIYCyMMeE

COOTBCTCTBYIOIIMX KOOPAMWHAT €TO KOHIIOB.

I[nHHaBeKTopaa{xl}’; z}lal = \/xz +y?+ 22

CKaJIIpHOE MPOU3BEICHUE BEKTOPOB dfxy;y 1°2 1} b{xz; Vi 2 2}

a-b=x1%2+y,Y, +212;

YcnoBue meprenmukyisipaocta & * b = 0

X1Xp + V1Yo + 2,173

Cos @ =
VX2 +y2 +2,2 - x2 + 3,2 + 2,
Bapwuanr 1.
1. Jlan kBagpar ABCD. Haiiaure yron Mexay Bektopamu AC u DA.
2. Haiinure ckansipHOe MPOM3BEACHHUE @ 5,) eciu |a| = 3, |B | = 14,
(a'b)=60".
3. BerauciauTe ckaaspHoe IPOU3BeIeHHE BEKTOPOB a * E eciou a{4; —2;3} B{—l ; —2; 5}
4. ABCDA:1B:C1D1 - ky6, pebpo kotoporo paBHo 1. Haiiaure ckansipHoe npousBeaeHue

BEKTOPOB AD, u BC.
5. Borauciure yron mexay npsambiMia AB u CD, ectu A(V3; 1; 0), C(0; 2;0),
B(0; 0; 2v2), D(V3; 1; 2v2).

Bapuanr 2.
1. Han kBaapat ABCD. Haiiqute yros Mexmay BEKTOpaMu CAwu BC.
2. Haiinure ckansipHoe Mpou3BECHUE @ b, eciu |@| = 6, |E | =4,

(a’b)=120".

3. Berunciute ckansipHOe MPOU3BEICHHE BEKTOPOB @ - F ecou a{2; —1;3} E{—Z ; 2; 3}

4. ABCDA1B:C1D1 - ky6, pebpo kotoporo paBHo 1. Haiiaure ckansipHoe npousBeaeHue
BEKTOpOB BA; 1 CD.

5. Beraucnute yron mexay npsmeivu AB u CD, eciiu A(6; -4; 8), C(12 ;-6 ; 4),
B(8; -2; 4), D(14; —6; 2).
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Bapwuanr 3.

1. Jlan kBagpar ABCD. Haiiaure yron Mexay Bekropamu BD u CB.
2. Haiiziure CKasipHOE IpOU3BeIeHNe @ - b, ecim |d| = 8, |E| =5,

(a'b)=150".

3. BBIUHCIIHTE CKAS[PHOE [IPOU3BEICHHIE BEKTOPOB @ - b, ecim d = 20- 3] +tku b = 47 -J.

4, ABCDA:B:C1D; - xy06, pedbpo xoToporo paBHo 2. HaliquTte ckansipHOE MPOU3BEICHHE
BekTOpoB AB; 1 DC.

5. Berancnure yron mexay npsmbeima AB u CD, ecin A(1;1;5),C(8;5;5),
B(4;7;5), D(5;—1;5).

Bapuanr 4.
1. Jlar kBagpar ABCD. Haiigure yron mex 1y Bektopamu CA n BD.
2. Haiinure ckansipHOe MPOU3BEACHHUE @ 5,) ecau |a| =9, |B| = 16,
(ab)=135".
3. BBIUHCIIHTE CKAISPHOE [IPOU3BELCHIE BEKTOPOB @ - b, ecin d = 50-2] +4k u b = 47 -
2k.
4, ABCDA:B:C1D: - ky0, pebpo koToporo paBHo 3. Haifiute CKalsipHOE IPOU3BEICHUE

BEKTOPOB Eﬁfl u B_C)l.
5. Beranciute yron Mexay npsameivu AB u CD, eciu A(-6; -15; 7), C(14 ; -10; 9),
B(-7; -15; 8), D(14; -10; 7).

Kpurepun onenuBanus:

Onenka ObocHOBaHME OLICHUBAHUA

«OT1an4HO» Bce 3aganust BEIIOTHEHB! TPAaBUIIBHO
«Xoporio» [TpaBUIIEHO BHIMOJIHEHBI TOObIE 4 3a1aHus
«Y IOBIIETBOPUTENBEHOY [IpaBUIBbHO BBINOJIHEHBI JI00bIE 3 3aMaHus
«HeynoBneTBopuTenbHOY [IpaBUIBHO BBINOJIHEHO MeHee 3 3aJaHni

IIpakTnyeckas padora Nel9 mo Teme: Yriibl H Bpamarte/ibHOE ABUKCHHE

HCJ’IL: OTpa6OTKa HaBbBIKOB PCIICHUA pra)KHCHI/Iﬁ HAaTPUTOHOMCECTPHUUCCKHUC TOXKICCTBA
<D0pMa OpraHu3anuu CTyACHTOB Ha 3aHATUM. MHIWBHUAYyallbHasI.

Mertonuueckre ykazaHusl.
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B reometpuu yron omnpexaensieTcsi Kak 4acTh IUIOCKOCTH, OTpaHUYEHHas IByMs jdydamu. [lpu

TaKOM ompeiesieHuu noiyyatorcs yribsl oT 0° qo 180°. OgHako yroja MOKHO paccCMaTpUBaTh U Kak MEPY

MOBOPOTA. ITO OTHOIIECHHE MOXET OBITh BHIOPAHO XapaKTEPUCTUKOIN U MEpOil JAHHOTO yIJia:

Takas Mepa Ha3bIBa€TCs pajJuaHHON MEPOU yIJia U UCIOJIb3YeTCs HApaBHE C yriaoBou. ['oBopsIT,

YTO YroJj paBeH ONpeAesIEHHOMY YUCIY paauaH. SICHO, YTO yrojl B OJIMH paJiiaH OMUPAETCS Ha JUIMHY

JyTH OKPY>KHOCTH, PaBHYIO €€ pajinycy.

OO0o3Ha4yeHue paguaHa — «pamy».

VYrom, rpagycsl 0°

VYo, panuanbl 0

30°

6

45°

T
4

60° | 90°

3

2

180°

I1

270°

3n

2

360°

21

Kax HU3BCCTHO, KOOPAUHATHBIC OCU ACIIAT OKPYKHOCTH Ha UCThIPEC AYI'U,

KOTOPBIC HA3BIBAIOT UCTBCPTAMMU.

OyHKIUSA

sin o

coS a

tg o

ctg a

3HayeHu

0° [ 30° 45° 60° 90°
= = = T

0°] 6 4 3 2
1 193

0 |2 2 2 1
31

BRI 0
1

o | 1 B

o
-

180°

o

360°
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OKPY)KHOCTB CAUHUYHOI'O pajuyCa C HCHTPOM B Ha4YaJIC KOOPAHWHAT HA3BIBACTCA

TPUTOHOMETPUYECKON OKPYKHOCTBIO.

[ToCcKOJILKY CHHYC IO OII HU BEH WHAT
4eTBEPTAM OCKOJIBKY CUHYC TI0 OIPEICIICHUIO PABEH OpJINHATE
TOUKH Ha EAMHUYHON OKPYKHOCTH, & KOCUHYC — a0cIucce, TO
3HAKU TPUTOHOMETPUYECKHUX (QYHKIUI 110 YETBEPTIM Oyoym
maxkumu:
| | 11 v
sin o + — —
cos o + - — +
tg o + _ + _
Ctg a + _ + _
1 Bapuanr:
1. [lepeBenuTe U3 rpagycHOI MEpHI yria B paJluaHHYO:

150%;, 209°; 205°; 340°; 235°
2. IlepeBennTe U3 paiuaHHONW MEpHI YIUIa B IPagyCHYIO:

0z, 21z 1z 397, 4z
6 4 6 10 O

3. Onpesienure 4eTBEPTh, B KOTOPO# JIEXKHUT JAHHBIN YTOJ:
_800°% 2000°; . _27. Uz
8 5 5
2 BapHAHT:

1. IlepeBeauTe W3 rpalyCHOM MEpHI yria B paJuaHHYIO:



230°; 160°; 330°; 215°; 360°

2. [lepeBenuTe U3 paguaHHON MEpHI YIJIa B TPaJAyCHYIO:
Lr. 3z, 57, 2z, _Tn
2° 8" 8 11 &,
3. Onpenenure 4€TBEPTh, B KOTOPOH JICKUT JaHHBIN yro:
760°; —1900°; 13—7[; 3—7[; —12—7[.
6 7 13

Kpurepumn oueHuBaHus:
Ouenka O0ocHOBaHUE OLICHUBAHUS
«OTnryHO» JonymieHa ogHa omuOKa B OTHOM U3 ITyHKTOB
«Xoporo» [TpaBunbHO BhIMONHEHH! JT00kIe 11-13 3amanus
«Y IOBJIETBOPUTEIHHO [IpaBuiIbHO BBITIONHEHEHI JIt0ObIe 7-10 3a1aHus
«HeynoBieTBOpUTENBHOY [IpaBUIBEHO BBHIIIONIHEHO MEHEE 7 3aJaHUI

IIpakTuyeckas padora Ne2( Tpena:xkepsl no Teme: Tpuronomerpudeckue onepanumn
dopma opraHu3aIy CTyJJCHTOB HA 3aHATHH: (PPOHTAILHAS.
MeTOI[I/I‘-ICCKI/Ie YKa3aHu:l.
| sin(a+ f) =sinacosff + cosasinf
I.sin2a = 2sina cosa
. sin(a — ff) = sinacosff — cosasinf

Iv.cos(a + f) = cosacosff —sinasinf
V.cos2a = cos? « —sin? «

vl cos(a — ) = cosacosff +sinasinf

tga+tgl

tgla+ f) = ————

VII. g( A) 1-tga-tgh

2tgo

tg2a = ———
VIIL. g 1-tg*a

tg(a - p) = 12—

IX 1+tga-tgf

ITPUMEP Nel.
sin2a¢ _ Zsinacosa _ sing

= = = tago
YpocTure BelpakeHue 1+cos2a 2cos?ex COS o g

[TPUMEP Ne2

Brranciaure




22tgy
2
1+tg2

22 tgy

2t
CO8 B

2
=xﬁ-sin£=v‘§-£=1
4 2

1. Haiitn 3HaueHune BbIpaKEHHUS:
a) c0s107%cos17%+ sin107%sin17°;
0) cos 36°-cos 24°- sin 36%sin 24°%
B) sin 63° cos 27°%+c0s63%sin 27°;
r) sin51% cos 21°%cos 51°%sin 21°.
2. Beranciure6

a)sin(-g);

O)tg(-3);

B)Cc0s240°;

r)ctg315°;

n)sin 4?”;

g

K)sin 690°:

3)tg660°;

1. Haiinure 3HaueHne BBIpaXEHUS:
a) sin 63% cos 27°+c0s63°%sin 27°;
6) sin51% cos 21%cos 51°%sin 21°.
B)  COSZ-cos T+ sinZ-sin’Z;
8 8 8 8
r) COS—=C0OS~-Sin-=-sin=.
12 4 12 4
2. Breraucnurs:
a)cos(-);
6)ctg(-D);
B)sin3300;
r)tg150°;

= — =2wf§ty§*casz

sinz-cos?

m

- = 2'\5 - T £ =
8 co

1 BapuanT

2 BapuaHT

a8

. T m
V2 ZSIHELDSE—
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2
nctg

e)cos™,

%)sin 1020°;

3)ctg390°;

Kpurepun oueHuBaHus:
Onenka O6ocHOBaHME OLIECHUBAHUS
«OTnuaHO» JHonymieHa ogHa ommoOKa B OTHOM H3 ITyHKTOB
«Xoporro [IpaBrIbHO BBITOTHEHB! JTFOOBIE 8-10 3amanmii
«Y IOBJIETBOPUTEIHHO [IpaBHIBHO BBITOTHEHBI JIFOOBIE 5-7 3aMaHUs
«HeyoBneTBOpUTENBHOY IIpaBUIBHO BBIIIOIHEHO MEHEE 5 3alaHUN

IIpakTuyeckas padora Ne21 nmo teme: [IpeodpazoBanne TPUTOHOMETPHYECKHX

BbIPaKEeHHH

Lenb: oTpaboTKa HABBIKOB PELLIEHUS YIIPAXKHEHUH HATPUTOHOMETPUUYECKUE TOXKAECTBA.

qbopMa OopraHu3aly CTYACHTOB Ha 3aHATUH. HHAUBUAYAJIbHAS.

MGTOI[I/I‘IeCKI/Ie YKa3aHu:l.

| sin(a + ) =sinacosf + cosasinf§

I.sin2a = 2sina cosa

1. sin(ae — ) =sinacosf —cosasinf

Iv.cos(a + ) = cosacosff —sinasinf

V.cos 2a = cos? « —sin? «

v|. cos(a — ff) = cosacosff +sinasinf

tga+tgf

t + ) =
VII. gla+p) 1-tga-tgB

2t
tgla = Lﬁj
VIII. 1-tg-a

tg(a—p) = =

IX 1+tga-tgp

ITPUMEP Nel.
sin2e¢ _ Zsina-cosa _ sing

YpocTure BelpaXeHue 1+cos2a 2cos?wx cos o

[TPUMEP Ne2

=tga

Brranciaure




2/Ztgs  22tgs 7 T sinz-cos? e
= —t= Zﬁtgg*coszg= 2V2——=2= ﬁ*ZsmgcosE:

P T
1+tg a P Cosg
B
om V2
=2 sin—=v2-— =
4 2
1 BapuanT
1. VYrpocTurte BhIpaKeHUS:
a) 5sin” o —0,61+5c0s” a.
b) cosx—1 cosx+1
sin x sinx
0 1-sinx  cosx
cosx  1+sinx
d) tg’a : (1-cos® ).
2. Brruucnure:
. T . T
a) sin 0+ cos— +sin* =~
2 4
. T T
b) 3sin = +2cosz +ctg® = .
6 6
3. HaiinuTe 3HaueHune Apyrux Tpex OCHOBHBIX TPUTOHOMETPUYECKUX (YHKIUI, eciu:
6 =
coSag=——, —<a<r.
4 2
2 BapuaHT
1. YIpoCTUTE BBIPAKEHUS:
a) 3cos® a—6+3sin’ a.
b) sinx—1 sinx+1
COSX  COSX
1+cosx sin x
C) -

sinx  1-cosx
d) ctg’a: (L-sin® a).

2. Brruncnure:

a) 6sin = —2cos0—tg? =
6 3

b) 3tg Z —sin? Z +cos® Z.
4 3 6



3. HaiinuTe 3HaUeHUS IPYrUX TPEX OCHOBHBIX TPUTOHOMETPUUYECKUX (DYHKIIMMA, €CITH:

] 2 T
sha=—/, O0<a=<—.
3 2

Kpurepun oueHuBaHus:

Ouenka O6ocHOBaHME OlLIEHUBAHUS

«OTauaHO» Bce 3amanust BRITIOTHEHBI IPABUIIBHO
«Xopouio» IIpaBUIIBEHO BBITOTHEHBI JTFOOBIE 5-6 3a1aHUs
«Y MOBJIETBOPHUTEITHLHOY IIpaBUIIBEHO BBIMOTHEHB! JTFOOBIE 3-4 3aMaHus
«HeynoBneTBoputenbHO» [IpaBmiIbHO BBITIOJHEHO MEHEE 3 3aaHMi

IIpakTnyeckas padora Ne22 no treme: Tpuronomerpuyeckue pyHKuuu

Tpuronomerpuueckue (PyHKIIHHA

| I
’X\= 8in x / ( A
0 \ /.r
/-r _3n x = z r 3= 2n
2 2 2 2
-1

-
-

J—

|
rofes
A

Y
e
PR G -SRI, IR g R
N el O
‘ -

e s s S

Do
=

T Ny e Ty s —_—
T i

[

I Y

¥ T L ——
13 |
;‘:;:T""""‘"""-

-_+—_.——-6-

1 BapuanT

[Toctpoiite B 01HOM crcTeMe KOOPAUHAT CIENyIOIIHe TpaduKk (yHKIIHIA:



y =sin x

y=sinx—2
a) y=SinXx+2
y = 2sin X
yzlsinx
2

T
COSX, Xeg|—,+oo
5
T
ctgx, Xxe|0;—
] e( 2}

[Toctpoiite B 01HOM crcTeMe KOOPAMHAT CIENyIoIIne rpaduKku yHKIIHIA:

b) y=

2 BapuaHT

y = COS X
y=Cc0SX—3
a) y =COSX+3
y = 3C0S X
yzlcosx
3

sinX, X e (—o;0]
b -
) y tgx, Xe {O; %}

Kpurepun onenuBanus:

Onenka ObocHOBaHME OLICHUBAHMA

«OTINIHO» Bce 3ajlaHus BBITNIOJHCHBI IIPAaBUJILHO

«Xoporio» JormymieHa oJjHa He 3HaYUTENbHAsA OMINOKa MPHU MOCTPOSHUN OJTHOTO
rpaduka

«Y TIOBIIETBOPUTEIBHOY HonymieHno He Oojee AByX OMIMOOK ITPHU HOCTPOSHUH IpadrKOB

«HeynoBneTBopuTenbHO Jonymeno 6ojee AByX OIMOOK MPU HOCTPOSHUH I'paUKOB

IIpakTuyeckas padora Ne23 no teme: Tpuronomerpuyeckue ypaBHeHust
Lleny: ompabomka nHagviKoépeuteHUA ynparcHeHUil HAaMpU2OHOMEMPUUecKue ypagHeHus.
Dopma opzanuszayuu cmyoenmos Ha 3aHAMUL. PPOHRMANbHAA.

Memoouueckue ykazanus.

Dopmyna npumepul




SINX = A, ne umeem pewenuii
npu lal > 14 umeem Geckoneunoe

MHOIHCECME0 peuteHull npu lal <1 ,
KOmopble Hax00amcs no popmyne

x=(—1)"-arcsina + mn, nez

1) sinx = 1,2
He umeem pewenusn

2)

LOS A = &, ne umeem pewienuil npu
lal > 1y umeem Gecroneunoe

MHOMHCECME0 PeuieHUll npU lal <1 ,
Komopbule Haxo0amcs no gopmyne

X = Tarccosa + 2mn, nez

1)cosx = —1,01

He umeem pewenusn

LAX = @ yyeem pewenue npu no6om
delicmeumenbHoM 3HAYEHUU @, OHO
Haxooumcs no gopmyne

X =arctga + nn,nez
arctg(—a) = —arctga
arcctg(—a) = m — arcctga

tgx =1
T

X =—+T1Tn,nez
4

1. Haiinnre 3Ha4eHNE BBIPAKCHUS:

g

2
2-arcsin 7 +3-arccos — 7

2.Pemmre ypaBHeHHE !

1) cos(2x+£)=E
6) 2

2)2-tg°x—tgx—3=0
3)sin 3x -sin 5x =0
3. Pemmre HepaBeHCTBO !

J3

sinx >-—
2

1. Haiinnre 3HaYeHNE BBIPAKECHUS:

1 BapuanTt

2 BapuaHT
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4. arccos% +2-arcsin(-1)

2. Penmre ypaBHeHUE !

1) tg [3x-%)=-1

2) 3sin°x —5sin x—-2=0
3)cos x+cosbx =0

3. Pemre HepaBeHCTBO
. 2
SINX <—
2

3 BapuaHT

1. Haligute 3HaueHue BhIpaKEHUS:

4. arcsin(— %J +3. arctg(— \/§)
2. Penmre ypaBHCHUE .
1) cos[Zx - %) =0

2) tg’x —tgx—12 =0
3)\/§-sin X—cosx =0

3. Pemmure HepaBEeHCTBO

/3

COS X < —
2

4 BapuaHT

1. Haiinute 3HaueHNE BBIpAKEHUS:

6- arcsin[— %j +3- arctg[— ?}

2. Pemmre ypaBHeHue :

1)sin (iwzj = —ﬁ
2 2

2)6-c0s* x+7-cosx—3=0

3)tg*x—tg x=0

3. Pemmire HepaBeHCTBO !

tgx<-1

Kpurepun oueHuBanus:

Onenka O0ocHOBaHUE OLICHUBAHUSA

«OTIHIHO» Bce 3agaHus BEIIOIHEHBI IIpaBUJILHO
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«Xopomo» [IpaBUIIEHO BBITIOJIHEHHI JIIOOBIE 4-5 3a1aHus

«Y IOBJIETBOPUTEIBLHO) [IpaBWIIBHO BBIMOTHEHHI JIOOBIE 3 3a1aHUS

«HeynoBieTBOPUTEIBLHOY» [IpaBuiIbHO BBHITIOJTHEHO MEHEE 3 3adaHui

IpakTnyeckas padora Ne24 mo reme: Cxema uccjie10BaHUA (PYHKIIMHU

ANropuT™ nosy4eHus He0OXOAUMBIX JITaHHBIX.

1.Haxoxnenue o0acTu onpeejieHust pyHKIMA

OmnpeneneHre MHTEPBAJIOB, HA KOTOPBIX (DYHKIUS CYIIECTBYET.

2.Hyau ¢pynkuumn

Jlnst BeIuuCieHus Hyslel (QyHKIMH, HEOOXOAUMO MPUPABHATH 3aJlaHHY0 (YHKIMIO K HYIIO U
pemuTh nostyueHHoe ypaBHeHue. Ha rpaduke 3To Touku nepecedenust ¢ ocbro OX.

3.YeTHOCTH, HEYETHOCTH (PYHKIIUH

Oyuknus detHas, ecinu y(-X) = Y(X). @yukuus HedetHas, ecian y(-X) = -y(X). Eciu GyHKims
yeTHas — rpaguk GYHKIUU CUMMETpUYeH oTHOcUTeNbHO oc opauHat (OY). Eciau GpyHkius HeueTHas
— rpaduk QyHKIMM CHMMETpPHYEH OTHOCUTEIHHO HaYaa KOOPIHAT.

4.I1poMeKyTKH 3HAKOIOCTOSIHCTBA

PaccraHoBka 3HAaKOB Ha KaXJOM M3 UHTEpBAIOB oOnactu omnpeneneHus. DOyHKIuUSA
MOJIOKHUTEIbHA Ha MHTEpBaJle - TpauK pacroyiokeH Bbllle ocu adciucce. OyHKIUSA OTpUIATENbHA -
rpaduk HIXKE ocu abcuucc.

5. IIpomexyTkH Bo3pacTaHus U yObIBaHUSI PyHKIMH.

JUi onpeiesieHus BEIYUCIISIEM NIEPBYIO IPOU3BOIHYIO, IPUPAaBHUBAEM €€ K HyIH0. [TosrydeHHbIE
HYJIM M TOYKM OOJacTH ONpeAeseHHs BBIHOCUM Ha YHCIOBYIO MNpsimylo. Ui KakJoro MHTEpBajia
omnpezenseM 3HaK Mpou3BoaHOM. IIpon3BoaHas MoOJOXKUTENbHA - rpa@uK (QYHKIMHM BO3pPACTAET,
OTpUILaTeNIbHA - YObIBaET.

6. BbInmyKkJ/10C¢Th, BOTHYTOCTb.

Brruncnsiem BTopyto npou3BoaHyro. Haxoaum 3HaueHus, B KOTOPBIX BTOpasi IPOU3BOAHAs pPaBHA
HYJIIO WIK HE CymecTByeT. Bropas mpou3BoHas MOJIOKUTEIbHA - TPaQUK (PYHKIIUU BBITYKI BBEPX.
OtpunarenbHa - Tpaduk QYHKIUN BBITYKI BHU3.

7. HakJIOHHBIE€ AaCHMIITOTHI.

1 BapuanT

1. [IpoBeauTe mo obmIel cxeme uccienoBanne (PyHKITMU U TTOCTPOiTe ee rpaduk

y=x?—4x+1

2. [Moctpoiite rpaduk ¢pyHkuuu f, eciiu U3BECTHHI €€ CBOWCTBA:

1) Oo6nacte onpenenenus: [- 6; 6], obmacts 3HayeHui: [- 2; 5]
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2)

Touku nepecedyenus rpaduka ¢ ocbio Ox : A (-4; 0), B (-2; 0)

3) Touku nepeceuenus rpaduka c oceto OQy: C (0; 2,5)

4) [MpomexxyTku 3HakonoctosiucTBa f (x) > 0: [-6; -4), (-2; 6]; T (x) < 0: (-4; -2)
5) [MpomexyTku eo3pacmanus. [-3; 1], [4; 6]; yovieanua: [-6; -3], [1; 4]

6)  Xmax=1,f(1)=3; Xmin=-3,f(-3) =-2; xmn =4, f (4) =1

7) Jononuurtenbabie Touku rpaduka f (-6) = 3, f(6) =5

2 BapuaHT

1. [IpoBeauTe mo obmIel cxeme ucciienoBanue (PyHKITUU U TIOCTPOMTE ee rpaduk

y=—-x>+3x-2

2. Iloctpoiite rpaduk ¢pyHkiuu f, eciiu U3BECTHBI €€ CBOWCTBA:

1)
2)
3)
4)
5)
6)
7)

Oo6uactb onpeneneuus: [- 5; 4], obnacts 3nauenuii: [0; 6]
Touku nepeceuenus rpaduka c ocsto Ox : O (0; 0)

Touku nepeceuenus rpaduka c ocsto Qy: C (0; 2,5)
[Mpomexytku 3uakonoctosiacTia f (x) > 0: [-5; 0), (0; 4]
[IpomexxyTku eo3pacmanus: [-5; -2], [0; 4]; yovieanus: [-2; 0]
Xmax = - 2, F(-2) =2; Xmin =0, f(0) =0

JHononuutenbubie Touku rpaduka f (-5) = 0,5, (4) =6

Kpurepun onenuBanus:

Onenka O6ocHOBaHME OLICHUBAHUS
«OT1an4HO» Bce 3aanust BBINOMTHEHBI IPaBUIIBHO, AOMYIIEHA OMMOKA IPU BHIIOJTHEHUH
Nel u Ne2 He Gomnee ueM B OTHOM ITYHKTE
«Xoporio» Honymiena ommoOka mpu BeimoiaHeHun Nel u Ne2 He Gornee yem B Tpex
IIYHKTaX
«Y IOBIIETBOPUTEIILHOY [TpaBUIIBHO BHIMOHEHBI Jr00BIE 1 3amanus
«HeynoBneTBopuTeIbHO He BbInonHeHO HU OJTHO 33/1aHUE

IIpakTuyeckas padora Ne25 o reme: Ilpeodpa3oBanue GyHKuUM U 1eHCTBUSA HAJ HUMH

IIpeoOpaszoBanue rpadukoB GyHKIUN

B oT0li cTathe s MO3HAKOMIIIO Bac C JUHEWHBIMU MPeoOpa3oBaHUAMU IpapUKOB (QYHKIUN U

J—

MOKaXy, Kak ¢ HOMOIIbIO THX HpeoOpasoBanuii u3 rpaduxa dynximuu Y= V¥ nomyunts rpadux

'3-.‘!1'-' %;r: }2
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. y=Ff{x) .
JluneiiHbIM mpeoOpa3zoBaHueM (PYHKIUH y=r /Ha3pIBaeTcs MpeodpazoBaHMe caMoii

—r | v 1
y=Af (kx+b ) D, a Takike mpeoOpa3oBaHue,

(GyHKIMM W/WIM ee apryMeHTa K BHIY
coJepskallee MOAYJIb apryMeHTa u/uian GyHKInHU.
HauOonpmme 3arpyaHeHUsT TpUd  TOCTPOCHHMH TpaguKOB € TOMOIIBIO  JIMHEHHBIX

Hp606pa3OBaHI/Iﬁ BbI3BIBAIOT CJICAYIOIIHEC HeﬁCTBHHZ

1. Brrunenenune 06a3oBod  (yHKIIMH, COOCTBEHHO, TpauKk KOTOPOHM MBI U
Ipe0Opa3OBHIBAEM.
2. Ornpezenenus nopsijika npeodopa3oBaHuil.

HMeHHO Ha 3TUX MOMEHTAX MBI 1 OCTAHOBHMCS noz[po6Hee.

PaCCMOTpI/IM BHHMATCJIIbHO (I)YHKI_II/II-O

J—

(r)=yx . .
B ee ocHOBe 51eHUT QyHKIHS FlE)=y . HazoBeM ee 0a30Boil pyHKIHEI.

y=\2-3
[Ipu moctpoenun rpaduka GyHKIUU

MBI COBEpILIaeM MpeodpazoBaHus

—

. flz)= ‘I.-"; T
rpaduka 6a3oBoit pyakum ¢ L/ :

Ecnu Gb1 MBI coBepIanu npeoOpa3oBaHus QyHKIIMH B TOM K€ TIOPSJIKE

, B KAKOM HAaXO/JIUJIK €€ 3HAYCHUC IIPU OMPCACIICHHOM 3HAYCHHUU apryMCHTA, TO

1
— 42

° CHauaja MbI ObI HAIILJIU 3HAYCHUE BBIPpAXKCHUS, CTOAIICTO ITOJ 3HAKOM KOPHSI:

OG6O3HAUYMM 3TO BBIPAKEHHE < HasoBem mpeoGpasoBanme BHYTPEHHUM
peoOpa3oBaHKEM, UM MPeoOpa3oBaHHEM apryMeHTa.
. flz)=ymx

. 3aTeM Mbl OBl HalLIM 3HAYCHHUE 0a30Boil  (DYHKIIMH - B OTOH

f'({,l () }: -"a{,l (z)
Touke: * v v ¢ VI

. y,r:".?—.‘%j'(_{,l[;r:]}‘
. TI0CJIE 3TOrO MBI OBl COBEPIIMIIN IPE0OPa3OBAHUE CAMOM (DYHKIHH: A

. HazoBeM ero BHemHuM npeoOpa3oBaHueM, WK NMpeodpa3oBanneM QyHKIIUH.
PaccmoTpuM Kkakue BUIBI JIMHEWHBIX TpeoOpa3oBaHUil aprymeHTa U (YHKIIUU CYIIECTBYIOT, U
KaK UX BBIITOJHATH.
IIpeoOpa3oBanusi aprymenTa.
1. f(x) = f(x+b)
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1. Ctpoum rpadpuk GyHunu y=f(z )

2. Cosuraem rpaduk GpyHImm y=rf(= ) B10Jb ocu OX Ha |b| equHMLl
. BIIEBO, eci b>0
. BITPaBo, eciiu b<0

—.f
[octpoum rpaduk Gpynkmuu ¥ = V4~ 2
T

1. Crpoum rpadux pynkuun ¥ =V F

2. CaBuraem ero Ha 2 eIMHUIIbI BIIPABO:

3

2.f(x) ™ f(kx)

1. Ctpoum rpadpuk GpyHunu y=f(z )

= I
2. A6CI_II/ICCBI TOYCK Fpa(l)I/IKa Y f( } ACJIMM Ha K, OpAWHATBI TOYCK OCTaBJISICM oe3

U3MEHEHUM.

./
[octpoum rpadux pynxiuu ¥~ V 2

.
1. Ctpoum rpaduk ¢pynkuun ¥ = V¥

2. Bee abermecst Touek rpaduka Y= V 2T rermum ma 2, opanHaTE oCTaBISEM 663 H3MEHEHHL:

3.f(x) ™ f(-x)

y=f(z)

1. Crpoum rpadux GpyHuun

2. OtoOpakaeM ero CHMMETPHYHO OTHOCUTENHHO ocu OY.
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—
[Moctpoum rpadux ¢pysxmun ¥ = V=1
T

1. Crpoum rpadux pyukuun ¥ = V

2. OToOparkaeM ero CAMMETPUYHO OTHOCHTENIbHO ocu OY':

-2+

4. (x) 7 f(Ix))

1. Ctpoum rpacuk pyHKIUU y=1f (‘T }

2. Yactb rpaduka, pacrnonoxeHHyro jesee ocu OY cTupaeM, yacTb rpaduka, pacroIoKEeHHYIO

npasee ocu OY [locTpanBaeM CUMMETPUYHO OTHOCUTEIHHO ocu OY':

|
I'paduk pyukiun Y= (e BBITJISJIAT TaK:

0 = /I

_
[octpoum rpaduk dpysxrmu ¥ = V | |+2

—Sr+9 [
1. Crponm rpadu ysxman Y=V T2 (510 rpaduk dynxumm Y=V T | cmemennii B1os

ocu OX Ha 2 eUHUIIBI BJIEBO):
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2. Yacts rpaduka, pacnonoxeHnnyto jgesee ocu OY (x<0) ctupaem:

-2+

3. Yacte rpaduka, pacmonoxeHHyto mpaBee ocu OY (x>0) moctpanBaeM CHMMETPUYHO

oTHocuTeJbHO ocH OY:

=, =
Ba:xno! /[Ba riiaBHbIX NpaBuJia Npeodpa3oBaHUs apryMeHTa.
1. Bce mpeoOpa3oBaHus apryMeHTa coBepiuaroTcs Bojb ocu OX

2. Bce mpeoOpa3oBaHus apryMeHTa coBepiuatoTcs "Haooopot" u "B oOpaTHOM nopsiake".

Hanpuwmep, B pyaxmum ¥ = ¥ | |+2 T0C/Ie/10BaTeIbHOCTh PE0Opa30BaHuii apryMeHTa TaKas:

L

1. bepem Moaymb OT X.

2. K moaynto X npubaBisieM 4yucio 2.

Ho nmoctpoenue rpaduka Mbl cOBepIIaay B 0OpaTHOM MOPSIKE:

CHauana BBITIOJIHIIIA TIpeoOpa3oBaHue 2. - CMeCTHIN TpaduK HA 2 €IWHHUIIBI BIIEBO (TO €CTh

abcuucchl TOYEK YMEHBIIWIN Ha 2, Kak Obl "Hao60poT")

3arem BbInonHUIM npeobpasosanue f(X) — f([x|).

KOpOTKO MoCJICA0BATCIBHOCTD Hp606pa30BaHHﬁ 3allMChIBACTCA TaK:

ITocnenoBaTenbHOCTE ASHCTBHM ITocnenoBarenbHOCTh TpeoOpa3oBaHMit

1. [x] 2. Yacte rpaduxa, rae x<( ctupaem, 4acTsb
rpaduka, rae x>0 KocTpanBaeM CHMMETPHYHO
orHocutensHo ocu OY

2. |x[+2 1. Cmemaem rpaduk Ha 2 €AUHUIIBI BIEBO BB
ocu OX

Teneps morosopum o npeodpazoBanun pyHkuuu. [IpeodpazoBanusi COBEPILAIOTCS
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1. Boons ocu OY.

2. B Toii e mociieoBaTeIbHOCTH, B KAKOH BBIIOJIHSAIOTCS ACHCTBHUS.
Bot 3T npeobpazoBanus:

1. f(x)~ f(x)+D

1. Ctpoum rpaduk Gyakmuu y=f(x)

2. Cwmemiaem ero Broibs ocu OY Ha |D| enunuit

. BBEpX, eciu D>0

o BHHI3, ecau D<0

J—

Tocrpoum rpaduk dyrxuuu ¥ = V T 2

1. Crpomm rpagux s ¥= V@

2. Cmemtaem ero BaoJib oc OY Ha 2 e ITMHUIIBI BBEPX:

2. f(x) ™ Af(x)
1. Ctpoum rpaduk pynkuun y=f(x)

2. OpauHaThl Bcex Touek rpaduka yMHOKaeM Ha A, aOCIMCChl OCTaBisieM 0e3 N3MEHEeHUH.

—

Ioctpoum rpadux dyakuun ¥ = 2y

1. THoctpoum rpaduk Gpyrximu ¥ = VT

2. OpauHaThl Bcex TOYEK Tpaduka yMHOKHUM Ha 2:
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21

3. f(x)™ -f(x)
1. Ctpoum rpacduk ynkuun y=f(x)

2. OrobpakaeM ero CAMMETPUYHO OTHOCUTENBHO ocu OX.

[octpoum rpadux yukuun ¥ =~V

1. Crpoum rpadux dpynkuun ¥ = V

M

[z

2. OrobpakaeM ero CAMMETPUIHO OTHOCUTENLHO ocu OX.

4
2T -
-
-
253 /r
T T T T 0 I 2] T
il \
21
gt

4.10)7 [f(x)]
1. Ctpoum rpaduk Gynkmun y=Ff(X)

y"—"-. X \\

2. YacTtb rpaduka, pacnonoxeHnyo Bbie ocu OX ocraBnsieM 0e3 U3MEHEHUH, yacTb rpaduka,

IToctpoum rpapuk GpyHKIMN

pacnonoxeHHyto Huxe ocu OX, oToOpakaeM CUMMETPUYHO OTHOCUTENILHO 3TOM OCH.

y=|u“§-2 |
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=z-2

1. Crpoum rpadux ¢ynxmuu ¥ OH momyyaercs cCMeUleHHEeM Trpaduka

—Jr
dynxman ¥ = V¥ promns ocu OY Ha 2 eMHUIIBI BHU3:

y=ix P
”"

-2

2. Temepp uyacTh rpaduka, pacnonoxeHHylo Huxe ocu OX, 0ToOpa3uM CUMMETPUYHO

OTHOCHTEJIBHO 3TOM OCH:

&4

W nocnennee mpeoOpazoBaHue, KOTOPOE, CTPOTO TOBOPS, HENMb3sl Ha3BaTh MPEoOpa3oBaHHEM

(byHKLIMH, TOCKOJBKY PE3YyNbTaT 3TOro MpeoOpa3oBaHus GyHKLHUEH yXe He ABIsSeTCA:

y=f(x) 7 lyl=f(x)
1. Crpoum rpadux pynkuun y=f(x)
2. Yacte rpaduka, pacnonoxeHHyro Huxke ocu OX crtupaem, 3areM dYacTh rpaduka,

PacCIioJIOKECHHYO BBIIIIC OCHU 0),4 A0CTpanBacM CUMMETPUYIHO OTHOCHUTCIIBHO 9TOH OCH.

[2-9

[ToctpouM rpaduk ypaBHEHHs ly]=1

1. Ctpoum rpadux dpynxmmu ¥ = 1,’.*';—2 ;

—
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2. Yacts rpaduka, pacmnoiaokeHHyro Hike ocu OX ctupaem:

21

27

3. Yacts rpaduka, pacnosiokeHHyto Bbiiie oc OX 1ocTpanBaeM CUMMETPUYHO OTHOCUTEIHHO

9TOU OCH.

1 BapuanT

[Toctpouts rpaduku QyHKIMIA:
fx)=—(x+37+5

flx)=+x-5

flx)=vx+2-3 y ppmonauTs HCCIIeIOBaHUE, HAWTH:

1) obnacTb onpeaeneHus GyHKINH;

2) obnacTh 3HaUCHUSI QYHKIMH;

3) TOUKH MepecedeHus ¢ OCIMU KOOPIMHAT;
4) IPOMEKYTKU BO3pACTaHUS QYHKITHH;

5) npoMexXyTKH yObIBaHUS (QYHKIUY;

6) 3HaueHus X, mpu KoTopsix f(x) > 0 u f(x) <0;

2 BapuaHT
[Toctpouts rpaduxu QyHKIMIA:
fx)=—(x—4)+2
fx)=x+3
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flxl= x=2+3 Y BBITIOJIHATH MCCIIEI0OBAHNE, HANTH:
1) obmacTs onpeaeneHus GyHKIHUHU;

2) obnacTh 3HaUCHUS (DYHKIHH;

3) TOYKH TepeceyYeH st C OCSIMH KOOPANHAT;

4) mpoMeXXyTKH BO3pacTaHus (HYHKIINH;

5) mpoMexyTKu yObIBaHUS (PYHKLINY;

6) 3HaUEHU X, P KOTOpbIX f(x) > 0 u f(x) <0;

Kpurepun oueHuBaHms:

Ouenka ObocHoBaHME OLICHUBAHUA

«OTan4HO» Bce 3ananust BHIIOTHEHB! TPAaBUIIBHO
«Xoporo» [TpaBUIIBHO BBIMOIHEHBI JIOOBIE 2 3aaHus
«Y IOBIETBOPUTEIHLHOY [IpaBuiibHO BRITIONHEHO JF000€E 1 3amaHne
«HeynoBneTBOpUTENBHO He BEINOJIHEHO HU OQHO 3aJaHUE

IIpakTuyeckas padora Ne26 mo teme: [lapajuienennnensbr 1 NpU3MbI
ITpu3ma. Buasl npusm.
MHoOrorpaHHMK, COCTaBJIEHHBI M3 JBYX paBHbIX MHOIOYrojibHUKOB A1 Az As. An u
B1iB2 Bs...Bn, pacnonoxeHHbIX B HapajuleIbHBIX IJIOCKOCTAX, U N MapajuieorpaMMOB, Ha3bIBaeTCs

IIPU3MOM.

MHOroyroJbHUKH Ha3bIBalOTCS OCHOBAHUSIMM IPU3MBI, a OTPE3KH, COSAMHSIONINE BEPIINHBI, -
OOKOBBIMU peOpamMH MPHU3MBI.

AlA2...Anu B1B2...Bn — ocHOBaHUs MPU3MBI.

A1A2B2B1, A2A3B3B2, ...., AnA1B1Bn — 60koBbl€ rpaHy IPU3MBI,

A1BI1, A2B2, ..., AnBn —00koBbIe pedpa MPU3MBI.

OOparu BHUMaHKE: pu3Ma 0003HAYAETCs ITOCIIEI0BATEIbHBIM Ha3BaHUEM €€ OCHOBAHMI:

Al1A2...AnB1B2...Bn.
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BrbicoToii Tpu3MBl Ha3bIBACTCS NEPICHAMKYJAP, MPOBEACHHBIA M3 KAaKOW — JIMOO TOYKH
IJIOCKOCTH OJIHOTO OCHOBAHUS K IJIOCKOCTH JPYTOr'0 OCHOBAHMSI (MJIM PACCTOSIHUE MEXAY IIJIOCKOCTIMU
OCHOBaHUI IIPU3MBbI)

JlMaroHaab0 NpPU3MblI HAa3bIBACTCS OTPE30K, COCAUHSIOUIMI JBE BEPIIMHBI IMPHU3MBI, HE
MpUHAJIeKAIINE OJHON IPaHH.

PaccmoTpu pucyHok:

OO1 — BbicoTa npusmel, B1D — quaronanes npu3msl.
CBoiicTBa NpU3MBI.
1) OcHoBaHUs MPU3MBI — PABHBIC MHOTOYTOJIbHUKH, JIS)KAIME B MTAPAIICIbHBIX TNIOCKOCTSIX.
2) BokoBbie pebpa mpu3MbI apauie/IbHbl i PABHBI.
3) BokoBbIe TpaHu MPU3MbI — MAPAIICIOTPAMMBI.
Onpenesnenue TUATOHAJILHOTO CeYeHUS MPU3MbI
JlnaroHaJbHbIM CEYEHHEM IPU3Mbl HA3bIBA€TCS CEUYEHUE MPU3MbI IUIOCKOCTHIO, MPOXOIAIIECH

yepes 1Ba OOKOBBIX pedpa, He MPUHAICKAIINX OJHOM IPaHHU.

- CedeHuneM NpU3MbI INIOCKOCTBIO, MAPAJUIENBHON OCHOBAHUAM, SIBIISIETCS MHOTOYTOJIBHUKOM,
paBHBIM MHOTOYT'OJIbHUKAM OCHOBaHUH.
- CeueHueM TIpuU3MBl IUIOCKOCTHbIO, TMapajliesibHON  OOKOBBIM  pelOpam,  sBIsETCS

napaujicjiorpaMMOM.

>

Buabi npusm.

IIpsimas npusma.

Bobiyun. [Ipu3ma HazpIBaeTcs PsIMOH, €ClTi ee OOKOBBIE pedpa MepHeH UKy PHbI OCHOBAHHUSIM.
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¢ ABCAIBICI — npsamas nmpusMa.
HaxkionHasi npu3ma.

HpI/I3Ma Ha3bIBACTCA HaKHOHHOﬁ, eclii ee OOKOBBIE pera HE NCPICHAUKYIIAPHBI OCHOBAHUAM.

KLMKI1L1MI1 — HakioHHas npu3ma.

OOpary BHUMaHHE U UCHIOJIb3YH IPU PELICHUH 3a/1a4.

CBoiicTBa NpsIMOIi NIPU3MBI:

OcHoBaHMsI TpPSIMOW NPU3MBI — pPaBHbIE MHOTOYTOJBHUKH, JIEXKAIlUEe B MapajlielbHbIX
IJIOCKOCTSIX.

bokoBble pebpa mpsMON MpU3Mbl MapajiebHbl, PaBHbl M INEPHEHIUKYJSAPHBI IJIOCKOCTSIM
OCHOBaHUH (SIBJISIOTCS BBICOTaMH ). BbicoTa npsiMOi MpU3MbI paBHA JJIMHE OOKOBOTO pedpa.

IIpaBubHast MpU3Ma.

[IpaBunbHOM NPU3MOM Ha3bpIBacTCS IpsiMas IpPU3Ma, OCHOBAHMS KOTOPOM — IPaBUIIBHBIE

MHOT'OYT'OJIbHHUKH.

Hapaﬂ.ﬂeﬂenuneu.
Hapa.lme.nennneJmM Ha3bIBACTCA MMPHU3Ma, OCHOBAHUC KOTOpOﬁ — HnapajjicjorpaMmm
O6paTI/I BHUMAHHC: TAK KaK MapaJlICJICHUIICH SABJIACTCA HpI/I3MOI71, TO BCE CBOMCTBa IIPpHU3MBbI

CIIpaBCAJIMBLI U JJIA ITapaJlJICJICIUIICAA.

<l

['panu mapaienenuiena, He UMEIONUE OOIUX BEPIIUH, HA3BIBAIOTCS TPOTUBOJICKAIIMMH.
ABClu AIBIC1141, AAIB1B u IJ1C1C, AA11 u BBIC1C — npotuBoJiexaniie rpaHu.

I'panu napasnnenenunena, uMeroIue oodiee pedpo, Ha3bIBAIOTCS CMEKHBIMH.
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TEOPEMA IIpoTtuBoJiexaiiiie rpaHu napajijiejenuneaa napauiebHbl U PaBHBI.
TEOPEMA J[luaroHanu mnapajuiefienuneaa IEepeceKaloTcs B OJHOM TOYKE M TOYKOM

NEpeCCUCHUA ACIIATCA IMOIIOJIaM.

Touka nepecedyeHus TuaroHanel napauiesenunea BaseTcs HEHTPOM €ro CUMMETPUH.
Buasl napanienenunenos. [IpsiMoyroJibHbli napaJuienenumnes.
[lapannenenunen Ha3plBaeTCd NPSMbBIM, €CIM €ro OOKOBble pedpa MepHeHAUKYISPHbBI
IIJIOCKOCTSIM OCHOBAaHMM.
Obpamu enumanue: TPAMON MapajIeNenuIe] IBIseTCs MPsMOii TPU3MOIA, OCHOBaHUE KOTOPOM
— HapajiyIeIorpaMmm.
CBoiicTBa NPSIMOYI0JILHOTO NapaJljie/ienuiena:
1) OcHoBaHus TPSAMOro mapajulejenurena — paBHbIC MMapaJlIeJIOrpaMMBbl, JIKAIIUe B
napaieIbHbIX MJIOCKOCTSIX.
2) BoxoBble pebOpa MpsSMOro Mapajieienunena napauieabHbl, PaBHbI U TEPIECHINKYISIPHBI
IUIOCKOCTSIM OCHOBaHM. BricoTa mpsiMoro napasuienenumneaa paBHa JyinHe O0KOBOro peopa.
3) IIportuBonexamue OOKOBBIC MPSMOrO Mapajuleienunea — pPaBHBIC MPSIMOYTOIbHUKH.
[TnockocTi OOKOBBIX TpaHel MePHEHAUKYISIPHBI INIOCKOCTSIM OCHOBAaHUH.
4) JlwaroHanau mpsiMOTO TapasuiesieuIeaa TOYKOM MepeceyeHust IeNATCS MOMoJIaM.
[TpstMOYTONBHBIM TTAapaJUIEENUIE0OM Ha3bIBAaeTCsl NPSIMOM Mapajulesenuiesl, OCHOBaHUEM

KOTOPOIo ABJISACTCA IPAMOYT'OJIbHUK.

Teopema:
KBaznpar nuaroHanu npsiMOYroJIbHOTO IapajuleNieUIENa paBeH CyMME KBaJIpaToOB TPEX €ro

M3MEPEHUI:
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CaolicTBa IPSAMOYTOJBHOTO MapalIeenuIea:

1. IlpoTuBosiexaliye rpaHu NpsIMOYTOJIbHOIO Napajuleenunea (B TOM YUCIIe OCHOBaHUS) —
paBHBIE IPSIMOYTOJIbHUKH.

2. bokoBble peOpa MNPAMOYTOJBHOIO TNapajulelienunena MapayielbHbIX, pPaBHbl H
NEPIEHIUKYJIPHBI IIIOCKOCTSIM OCHOBAaHUM.

3. Bce aByrpaHHble yIiibl IPSMOYTOJIBHOTO MapaljiesienuIea — MpsMble.

4. JlmaroHad TpPsIMOYTOJILHOTO TMapajielenunena paBHbl U TOUYKOW MEepecedeHus IeNsTcs
MOTIOJIaM.

5. JluaroHanpHble CEYEHUSI IPSMOYTOJIBHOIO NapajuIeIenUIe1a — MPSIMOYT OJIbHUKH.

Ky06om Ha3biBaeTCs NpsAMOYTOJIbHBIN Mapaljiesienumes, Bce pedpa KOTOpOro paBHbI.

CgoiicTBa Ky0a:

1. Bece rpanu Kyba paBHbIE KBaJpaThl.

2. M3 xax /1011 BepIIMHBI Ky0a UCXOJAT TPU B3aUMHO MEPIIEHANKYIISPHBIX PaBHBIX pedpa.

3. Bce nByrpansslie yribl Ky0a — npsiMble.

4. TnaroHaiu Kyba ¢ peGpoM a paBHEI a3 U TOYKOM IepeCceueH s IEIATCS IOMOMAM.

5. JluaroHanpHOE CedyeHue Kyba ¢ pebpoM a — MPSMOYTONBHHK CO CTOPOHAMH a U a\2
IIpaBu/bHBIC MHOTOTPAHHHUKH.

Omnpenesenne: BpInyKiblii MHOTOTPAaHHUK HAa3bIBACTCS NPABUIIBHBIM, €CJIM BCE €r0 IpaHu —

paBHBIE IPABUJIbHBIE MHOTOYTOJIbHUKU U B KQXKJIOM €ro BEPIIUHE CXOJIUTCS OJJHO U TO K€ YHUCII0 pedep.

1 BapuaHT
1.5Bnsiercs nu nmpu3Ma NpaBUIBLHOM, eciu e€ pedpa paBHBI?
a) na; B) HeT. OOOCHYITE CBOM OTBET.
2.BpicoTa nmpaBUIIBHOM TPEYroJbHOW NMpu3Mbl paBHa 3 ¢cM. CTOpOHa OCHOBaHUS paBHa 4 CM.
Haiinure nmomans mMosHON TOBEPXHOCTU ITOU IPU3MBIL.
3. [Inomany AByX GOKOBBIX IpaHel HAKIOHHOMN TPEYroibHOH mpu3Mbl paBHE! 50 1 30 cm2. Yron
MEXy STUMHU TpaHsIMu npsimoid. Haiiure miomaas 60KOBOM MOBEPXHOCTH MPU3MBI.
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4. B mapamnenenunene ABCDA:B1C1D:1 mposenenst ceuenus A1BC u CBiDi:. B xakom

OTHOIICHHH 3TH IINIOCKOCTH ACJIAT AWaroHaib ACl

2 BapHMaHT

1.MoeT i OCHOBaHHE HAKJIOHHOTO Napajiienenuneaa ObITh TPsIMOYTOJbHUKOM?

a) na; B) HeT. OTBET 00OCHYHTE.

2. HaiiguTe muaroHaib MpsiMOYTOJIBHOTO TIapaJuIeTIeUIe/ia, €CIIM TPU ero pedpa UMEIOT JITHHBI
6,7, 18 cMm.

3. Haligute nuaroHany npsMoro napauielienuie/ia, €Ciau CTOPOHbI €0 OCHOBAHUS PaBHbI 3 U 5
cM, yron Mexy Humu 60°, a BeIcOTa Iapasiesenuiena paBHa 7cM.

4. Moryt 51 1B OOKOBBIC I'paHU HAKJIOHHOTO TMapayiiesienuneaa ObITh MeprneHIuKYIIPHBIMU
IUIOCKOCTH OCHOBaHUSA?

Kpurepumn oneHuBaHmusi:

Onenka O6ocHoBaHME OLIEHUBAHUS

«OTnaHO» Bce 3amanmst BRITIOTHEHBI TIPAaBUIIBHO
«Xoporo» [IpaBuIIEHO BHITIOTHEHHI JIIO0BIE 3 3aTaHUs
«Y 1OBIETBOPUTEIBHO [IpaBuIBbHO BBITIOJIHEHBI JI00bIe 2 3a1aHus
«HeynoBneTBOPUTENBHO [IpaBUIBHO BBITOTHEHO MEHEE 2 3a/TaHUM

IIpakTnyeckas padora Ne27 mo reme: IIupamuani

[Tupamuioil Ha3pIBa€TCS MHOTOTPAaHHUK, OJHON U3 TpaHell CIy>)KUT MHOTOYTOJIbHHUK (
OCHOBaHHUE MUPaMU/Ibl) , a OCTajbHbIe TpaHU (OOKOBBIE) TPEYTOJBHUKH € OOIIEeH BEpIIMHOMN (BepLIMHA

nupamunel). Ilupamuna, ocHOBaHMEM KOTOPOH SIBJISIETCS IPABWIIBHBIT MHOTOYTOJIBHUK U
BEpIIMHA IPOSKTUPYETCS B LIEHTP OCHOBAaHMs, Ha3bIBAaeTCs MPaBUIbHOM. BricoTa 00KOBOI rpanu
MPAaBUJIbHOM MUpaMU/Ibl, ONYILIEHHAs U3 BEPLIMHBI TUpaMUIbl Ha3biBaeTcs anodemoii (SN).
[lepnieHauKynsp, ONYIIEHHBIN U3 BEPUIMHBI TUPaMUbl HA TIIOCKOCTh €€ ocHoBaHus ( OS) Ha3bIBaeTCs
BBICOTOM MUPaMUBI.

B 3aBHCHMOCTH OT yCIOBHSI 3a/1a4i OCHOBAHHUEM IPABHJILHOTO MHOT'OYTOJIbHUKA MOKET OBITh

TIPAaBUIIBHBIH TPEyTONBHUK , KBaApaT U T.0. Ilycts dn —

CTOpOHA NpaBHJABHOTO 1T — YIOJIbHHEKA; 15, —
0 paguyc BIMCAaHHOW OKPYKHOCTH.
180

;31,1=2t_:;.rT-’.r;1 5‘=§-P-rn

Torma ,Tne P 3To mepuMeTp MHOTOYTOJBHUKA.

O0BéM MMUpaMuJabl paBCH OJHOM TPETHU NPOU3BCACHUSA TUIOIIAAW OCHOBAHU HA

BBICOTY.
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a2
Ecnu B OCHOBaHMH JIEKUT KBaApaT, TO SOCHI:}BE!HHH =4

Eciu B OCHOBaHMM JIEKUT PABHOCTOPOHHUM TPEYTOJIbHUK, TO
HanoMHuM Tax:xe, 4TO BbICOTA NEPIIEHAUKYJIIPHA K INIOCKOCTH OCHOBAHMS, TO €CTh BBICOTA

NEepIEHINKYIISIPHA K JTF000 MPsIMOH JieKalel B INIOCKOCTH OCHOBAHHUSL.

1 Bapuanr 1

1. Ckomnpko pebep y MIeCTUYTOIBHON TUPAMU/IBI:
a)6; 0)12; B)18; 1)24;

2. Kakoe HauMeHbIlIee YUCIIO IPaHel MOKET UMETh MUpaMHa:
a)5; 6)4 B)10; 1)6

3. [oaTBepanuTe WM OMPOBEPTHUTE CISAYIONTNE YTBEepKaeHuUs: Jla ~ HeT

a) MHOrorpaHHuK, COCTaBJI€HHbBIN U3 N-TPEYrOJIbHUKOB, Ha3bIBAETCS MUPAMUIION;
0) [lupamua Ha3bIBaeTCs MPaBUIIHLHOM, €CITU €€ OCHOBAHUE — MPABUIILHBIA MHOTOYTOJIbHUK;
B) BricoTa 00K0BOI rpaHu MpaBUIbHON MUpPaMUbI, MPOBEACHHAS U3 €€ BEPIINHBI, HA3bIBACTCS
anogeMoi;

4.3anava. Kpblia 6amiHy uMeeT BUJL IPaBUIIbHOM YEThIPEXYTOIbHON TUPaMUIbl, Y KOTOPOI
CTOpOHA OCHOBaHUsA paBHa 12 M, a BeicoTa 18 M. CKOJIBKO MOHAAO0OUTCS IITUTOK HA TOKPBITHE 3TOM
KPBIIIH, €CITU KaXKJas IUIMTKAa UMEET BUJI TPSMOYTOJIbHUKA CO CTOPOHAMH 22 cM U 18 cwm.

2 BapMaHT

1. Ckonpko rpaHeil y mecTUyrojJbHON MUpaMU/IbL:
a)6; 6)7; B)S; 1)10;

2. Kakoe HauMmeHbIee Yucio pedbep MOKET UMETh MUPaMU/Ia:
a)6; 0)5; B)4; 1)7;
3 IMoaTBepauTe WM OMIPOBEPTHUTE CIICAYIOIINE yTBepxaeHus: [la * Her
a) BricoTa nmupamuibl Ha3bIBAETCS BHICOTOM ITPaHU;
0) [Tnomaab 60KOBOM MOBEPXHOCTH MUPAMUIBI PaBHA MIPOU3BEACHUIO IEPUMETPA OCHOBAHUS HA
BBICOTY;
B) [lupamua Ha3bIBaeTCS MPABUIILHOM, €CIIM €€ OCHOBAaHHUE — NMPABWIBHBI MHOTOYTOJIBHUK;

4.3amaun. OHO U3 CaMBIX TPaHINO3HBIX COOPYKEHUN APEBHOCTH — MUpaMUaa Xeorca —
uMeeT GopMy PABIIIBHON YeTHIPEXYTrOIbHOM MUPaMUIBI ¢ BEICOTOM 150 M 1 00KOBBIM pedpom 220 M.
Haiinure momaas 60KOBOM MOBEPXHOCTH

3 BapuaHT

1. Ckomnpko pebep y 4eThIPeXyrolbHON MUpaMUIbL:
a)6; 0)12; B)S8
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2. Kakoe HauMeHbIIIee YMCIIO TpaHel MOXKET UMETh TUpaMua;
a)5; 6)4 B)10; 1)6
3.IToaTBepauTe UM OMPOBEPTHUTE CIICAYIONINE yTBepkaAeHus: [la » HeT
a)CyIecTBYET JIM YeThIPEXYToJIbHAS TUPaMKIa, Y KOTOPOil MPOTUBOIIOJIOKHBIE OOKOBBIE TPAaHU
NEPHEHAUKYIISIPHBI K OCHOBaHUIO?
0)BbIcoTa nupamuibl, 3TO NEPHEHAUKYIISP, IPOBEAEHHBIN U3 BEPLIMHBI K OCHOBAHHUIO.
B)OO11as Touka OOKOBBIX I'paHel MUPaMUIbI Ha3bIBACTCS BEPUIMHOMN
4.3anaya. Kppima umeeT ¢popMmy nupamMubl ¢ KBaJApaTHBIM OCHOBaHHEM 4,5 M X 4,5 M 1
BbICOTOM 4 M. CKOJIBKO JTUCTOB kefe3a pazmepoM 70 cM x 140 cM HYKHO 1151 TOKPBITUS KPBIIIIH,
€CITM Ha OTXOJIbl HY)XKHO J100aBuTh 10% rutomaay Kpeim?

Kpurepun onenuBanus:

Ouenka ObocHOBaHME OLICHUBAHUA

«OTINIHO» Bce 3aJa’Hus BBIIIOJHCHBI IIPABHUJIBHO
«Xopor1o» [TpaBUIIBHO BHIMOHEHBI JO0BIE 3 3a0aHus
«Y IOBIETBOPUTEIHLHOY [IpaBUIIEHO BHITIOTHEHHI JIIOOBIE 2 3aJaHHs
«HeynoBneTBOpUTENBHO [IpaBUIBEHO BBHIOIHEHO MEHEE 2 3aJaHUI

IIpakTnyeckas padora Ne28 mo reme: Kpyrisie Tesa

HeJ’IL: OCBOUTBH HABBIKU PCHICHUA 3a/la4 11O CTCPCOMETPHUH HAHAXOXKICHUC ILTOIIA e ITOBEPXHO

CTH TeJ BPAILICHUS.
Meronuueckne ykazaHusl.

[Tpumepl.

Jlan mumusap. OceBoe ceuenue -kpazapaT. Ilnomaas ocHoBauus paBHaIl. Haittu mmoman6

MIOJIHOM ITOBEPXHOCTH.
Pemenue.
S6oxonoit nosepxuocry = 27TRA.
Soctoparus = TRZ=4m - R =2
Sr:u:caoro cedenus ABCD = 2R h . Tax xkak ABCD —
KBajipatT,ToR = h =2
= 2nRh =2m-2-2 = 8m.

Sﬁu KOBOH NOBEPXHOCTH

S]ICIJ']HD“ I[OBQ]IXHUCTH=550HGBOH NOBEPXHOCTH + ZSGL‘HCIBE!HHSI = 16“—

Orser. 16 ™
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Seox = 2nRh OcHosaHve
Sunn = 2T[R(R T h)
Vuun = tR*h

Obpasylouue

OcHoBaxue
Ocb umnuHgpa -

[Tpumep 2.

Jlan npsMOyroJIbHBIM TpeyroJbHHK ¢ karetamu 3 cM U 4 cMm. Halipure muomans mnosHoin
IIOBEPXHOCTH, MOJYYEHHOIO BPAILlEHUEM TPEYTOJIbHUKA BOKPYT KaTeTa 4CM.

Pewenne.

OB — paauyc koHyca(R = 3 ¢m), O0S -BblcoTa koHyca (H = 4cm)

Seoxosoii NOBEPXHOCTH — MR =m-3-y3?+4°=m-3:5=15m.

Otser: 247 cMZ.

Seox = mRI
(! — obpasyrowas)
SKOH = nR(R + l) x
I b,

onu = ? ﬂth \

BeplnHa koHyca

O6pasyioLme

OcHoBaHue

KOHyca Ocb KOHyCa <

Bapuanm 1
1. HunauHap HeJib3sl OJYYUTh BpalllEHUEM. . .
1) TpeyrosbHIKA BOKPYT OJTHOM M3 CTOPOH;
2) kBajipaTa BOKpPYT OJIHOM U3 CTOPOH;

3) npsIMOYTOJILHUKA BOKPYT OJHOM U3 CTOPOH.
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2. [1nomanp 60KOBOIM MOBEPXHOCTH LUJIMHAPA MOKHO BBIUUCIHUTD IO POPMYIIE. ..

1) Soox = 27RH;

2) Soox = 7R%H;

3) Ssox = 7RH.

3. CeueHnneM LIUIUHIPA TIOCKOCTHIO, IEPIEHANKYIISIPHOM ero oOpa3yrolieil, iBJasiercs. ..

1) kpyr;

2) IpsIMOYTOJIbHUK;

3) Tpanerusi.

4. Ha ocHOBaHMSIX IMJIMHJPA B3SITHI IB€ MapaljiesbHbIE IPYT APYTY XOP/Ibl, MPOXOISAIINE Yepes3
LEHTPbI OCHOBaHM. Toraa paccTosHuE MEXKIY XOPIAAMH. ..

1) paBHO BbICOTE LWJINHIPA;

2) GosblIe BHICOTHI IUJIUH/PA;

3) MeHbIIIe BBICOTHI IUIUH/PA.

5. BokoBoii IMOBCPXHOCTHIO MUJIIMHAPA BBICOTOH H 1 AUaMCTPOM OCHOBAHUS d sBisercs KBajpar.

Tornma BepHO, 4TO...

1)d=H;
3) 7H =d.

6. Pa3B&pTKOit O0OKOBOI MOBEPXHOCTH MPSIMOTO KPYTrOBOT'O LIMIIMHIPA MOKET OBITh. ..

1) IpsIMOYTOJIbHUK;

2) poM0;

3) mapasienorpamm.

7. OTtHo1eHNE rIomaaein O0KOBOIA MMOBEPXHOCTHU u 0CEBOTr0

CEYEHHUs LUJINH]IpA PAaBHO. ..

0 7R;

2) 27,

3) 7T,

8. [Inomaaps GOKOBOI MOBEPXHOCTU IMUJIMHIpA B 2 pas3a OoJbllie TUIOMIAu OCHOBaHUs. Torma

H
oTHOIIEHHEe R paBHO...

1) 1;
2) 2;

3) 3.
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Bapuanm 2
1. IunuHap MOKHO MOITYYUTh BPAIICHUEM. . .
1) Tpaneuuu BOKpYr OJJHOIO U3 OCHOBAHUM;
2) pom0Oa BOKPYT OJTHOM M3 JTUaroHajeu;
3) npsIMOYTOJIbHUKA BOKPYT OJTHOM U3 CTOPOH.
2. [Inomaap 60KOBOI MOBEPXHOCTH IMJIMH/IPA HeJIb35l BEIYUCIUTH 110 GOpMyIIe. . .
1)Sg, =mdH
2) Ssoc = 27RH;

3) Seox = 27R*H.

3. CeueHnneM HUIUHAPA TIOCKOCTHIO, MapallIeNIbHOM ero 00pasyromiei, iBJasercs. ..

1) kpyr;

2) NpsIMOYTOJIbHUK;

3) Tpanerusi.

4. Ha ocHOBaHUSIX IWJIMHIPA B3ATHI ABE NEPICHIUKYIAPHBIC IPYT APYTY XOPAbI, MPOXOIAIIHIE
yepe3 [EHTPbl OCHOBAHHIA.

Torna paccrosiHre MEXTy XOpJIaMH. . .

1) paBHO OoOpa3zyrolel MUIUHIPA;

2) 6ombIIIe BHICOTHI IUTUH/PA;

3) MeHblIe 00pa3yroie HMIMHApA.

5. bokoBo#i MOBEPXHOCTHIO IMIMH/PA € BbICOTOM H 1 paguycom ocHOBaHUS R siBisieTcs KBapar.

Torma BepHO, 4TO...

i:27r;
1) R
E=27r;
2) H
3) H =2R.

6. Pa3BépTKOit 00KOBOI MOBEPXHOCTH MPSIMOTO KPYTrOBOTO IIMJIMH/IpA He MOKET ObITh. ..
1) IpsSIMOYTOJIbHUK;

2) poM0;

3) kBajpar.

7. IInomanp OOKOBOM MOBCPXHOCTU LUIIMHAPA OoJIbIIIE miaomaan OCeBOro CCYCHUA NUIIMHApPA
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1)% pas;

2) 2 pa3za;
3) 7 pas.
8. Ilnomane GOKOBOH MOBEPXHOCTH IMIMHJpPA B 3 pasza OoJblle IUIOMAAN OCHOBaHMs. Toraa
H
oTHomenne R pasHO...
1) 1; 2) 1,5;

Bapuanr 3
1. Konyc MOsKeT OBbITh [OJIy4€H BpallleHUEM. . .
1) paBHOCTOPOHHETO TPEYTOJIbHUKA BOKPYT €r0 CTOPOHBI,
2) NpsIMOYTOJIBHOT'O TPEYTOJIbHUKA BOKPYT OJIHOTO U3 €r0 KaTeToB;

3) IpsIMOYTOJIBHOTO TPEYTOJIbHUKA BOKPYT TUIIOTEHY3bI.

3)3.

2. IInomans OOKOBOM IMOBCPXHOCTHU KOHYCA MOKHO BBIYUCIIUTD 110 Cl)OpMy.]Ie. ..

1) S60K = ﬂ-RI’ 2) S60K :ﬂ-RH1 3) 8601( :7Z'IH

3. Ceyennem KOHYCa IIJIOCKOCTBIO, HepHCHHHKYHHpHOﬁ OCH IMJIMHApA, ABJACTCH...

1) TpeyroyibHUK; 2) mpsIMOYTOJIbHUK; 3) kpyr.

4. PaccTosiHME OT IIEHTpa OCHOBAaHUS KOHYCa JO IUIOCKOCTH CEUEHHMsI, MPOXOJAIIEH depes

BEpPIINHY KOHYCA, PABHO JJIMHE OTPE3Ka. ..

F

1) OB; 2) OK;

OM.
5. Pa3BépTKOit 00KOBOI MOBEPXHOCTH KOHYCA SIBJISIETCS KPYTOBOIA. ..
1) cermeHT; 2) cexTop;

6. [Limomaap mMoTHON MOBEPXHOCTH KOHYCa PABHA. ..

1) SHOJ‘I:27[RI; 2) SHOH:ﬂH(I+R);

3) Sno

3)

3) cioi.

=R +R).

7. HauOonpmmii nepuMeTp UMeeT ceueHre KOHyca, MPOXOoAsIlee Yepe3 ero BepIIHy U XOpay,

CTATUBAIOIILYIO AYTY B...
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1) 60°; 2) 90°; 3) 180°.

8. Uepes BepmnHy KoHyca u xopay BC npoBejieHa MI0CKOCTb.

Toraa yroa Mexay 3TOH IIIOCKOCTBIO M INIOCKOCTBIO OCHOBAHUS 3TO YTOIL. ..

A

1) ABO; 2) AMO; 3) BAC.

Bapuanm 4

1. Konyc MO:KeT OBITh MOJTy4YEH BpaAIICHUEM. ..

1) npsIMOYTOJIBHOTO TPEYTOJIbHUKA BOKPYT TUIIOTEHY3HbI;

2) paBHOOEAPEHHOTO TPEYTOJbHUKA BOKPYT MEIMAHBI, TPOBEAEHHON K OCHOBAHUIO;
3) TYIOyroJipHOTO TPEYroJIbHUKA BOKPYT OJHOU U3 €r0 CTOPOH.

2. [Tnomaae 6OKOBOI MOBEPXHOCTH KOHYCA HEJIb3sl BEIYUCIIHTE 1O PopMyIIe. ..
2. .
= = d
1) S6OK 7Z'R , 2) SGOK ﬂ'RI, 3) 560K — ﬂ;l

Se. = 7RH.

(93
3. CeyeHreM KOHYycCa IUIOCKOCTBIO, MPOXOMISIIEH BEpIIMHY KOHYCa W XOpAy OCHOBAHHs, He

MO3KET OBITh. ..

1) IpsAMOYTOJIbHBIN TPEYTOJIbHUK;

2) paBHOOEAPEHHBIN TPEYTOJIbHUK;

3) pa3HOCTOPOHHUN TPEYTOJILHHUK.

4. PaccrosiHME OT LIEHTpa OCHOBaHHUS KOHyca J0 IJIOCKOCTH CEYeHMs, MPOXOJsIlel uepes

BEPUIMHY KOHYCAa, PABHO JIJIMHE OTPE3Ka...

M

1) OF; 2) OK; 3) OB.

5. a — oOpa3ytoiiast koHyca, b — BbIcoTa KOHYyCa.
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Torna BepHO, 4TO...
1)a>b; 2)a=b; 3)a<h.

6. Ilmomane nNOTHONW NOBEPXHOCTH KOHYCAa, Y KOTOPOIO OCEBBIM CEUEHUEM SIBIISIETCS

PaBHOCTOPOHHUI TPEYrOJBLHUK CO CTOPOHOM g, paBHA. ..

2
Snonz_”az; Snon:a \/é’ S =3 2
1) 4 2) 4 3) noxn a-.

7. HanGomplryro 1Iomaap UMeeT ceueHHe KOHyca, IIPOXOASIIEe Yepe3 ero BEpIInHy U XOp1y,

CTATUBAIOIILYIO AYTY B...
1) 60°; 2) 90°; 3) 180°.
8. Uepes BepiiuHy KoHyca U xopay AB mpoBeneHa miiockocTb.
Toraa yros Mexay 3Toi MIIOCKOCTHIO U MJIOCKOCTBIO OCHOBAHHUS — 3TO YIOJI. ..

C

A0
KB

1) ACB; 2) OAC; 3) CKO.

Kputepun onenuBanus padorbi:

1. OtMmetka "5" BBICTABIIAETCS, €CIU MPABUIILHO BBIMOJIHEHO 8 3a/1aHU

2. OtMmetka "4" BBICTABIIACTCS, €CIU MIPABUIIHLHO BBIIOTHEHO 6-7 3agaHuil

3. OtMmetka "3" BBICTABIIACTCS, €CITU MPABUIILHO BBIMOIHEHO 4-5 3a1aHui

4, OtMmetka "2" BBICTABIIAETCS, €CIIU MPABUIILHO BBIMOJHEHO MeHee 43a1aHuil

Kiroun k NpaBUWJIBHBIM OTBETaAM:

Ne ni/mt
1 2 3 4 5 6 7 8

BapMaHT
1 1 1 1 1 2 1 3 1
2 3 3 2 1 1 2 3 2
3 2 1 3 3 2 3 3 2
4 2 1 3 2 1 1 3 3
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Ilpakmuueckan paboma Ne29 no meme: Ilpagunvrvie MHO202PaAHHUKU

MPABHUJIbHBIE MHOT'OTPAHHHUKH

T
|

Tun npasMnLHOro Yucno | “Ywcno | “incno
MHOTOrpaHHMKa Bun rpaim rpaned | sepwwn | pebep
lMpaswnnuit Terpadap

(HeTMpeXIpANHMK)

Fencarap (wecTurpanmux), Kyb ‘

.......

Oxranap (SOCHMUIPARMML)

Hiocarap (amaswamrpann)

AN
AN
7

20 12 30

DA
AN

Mosexasap (asenamararpanms)

S/
3 i

Bapuanm 1

1. ABCD — tetpasap. Toraa He siIBJASIIOTCS TPOTHBOIOIOKHBIMU pEOpa. . .
1) AD u BC;

2) AC u DC;

3) ABu DC.

2. 12 — 3710 yncno...

1) BepiMH napasuienenunena;

2) pébep mapaienenuiena;

3) rpaHeli mapaJuielenuIe/a.

3. Kakoe npeioxeHne HeBepHoe?

1) I[IpoTuBonomnoxHeie pédpa mapauienenumnena napauieabHbl U PaBHBIL.
2) IIpoTHBONOIOXKHBIE TPAHU TTapaJUIeIIeIHIIea TApAIJIeIbHBI U PaBHBIL.

3) luaronanu napajieienureia paBHbl.



4. JlnaroHaJbHbIM CEYEHHUEM IapaljiesienuIea He MOKeT ObITb. . .
1) IpsIMOYTOJIbHUK;

2) pom0;

3) Tpanerusi.

5. He cyuiecTByeT TeTpaspa, y KOTOPOTO. ..

1) Bce rpaHu paBHbIE pABHOCTOPOHHUE TPEYTOJIbHUKY;

2) Bce TpaHu NPSAMOYTOJIbHbIE TPEYTOJIbHUKU;

3) cymMa rpaayCHBIX MEp YIJIOB IPU OJHOM BepiuHe 360°.

6. CymecTByeT napajuieienumes, y KOToporo. ..

1) Bce yruibl rpaHeil OCTphIE;

2) Bce yIJibl TpaHel npsMbIe;

3) 4ucII0 BCeX OCTPBIX YIJIOB IPaHEH He paBHO YHMCIY BCEX TYIBIX YIJIOB IpaHEH.

7. ABCDA1B1C1 D1 — mapamnenenunen. Touku N u P — cepenunnt pébep AD u CD
NP € a.

COOTBCTCTBCHHO,
CeuenneM napaiiCaCimIicia MmIOCKOCTbIO O gpusgercs TPEYTrOJIbHUK. Torma miIo0CKOCTH a

nepecekaer pedpo...

B, C,

S

1) BBq;

2) DDy;

3) A1B1.

8. DABC — tetpasnp. Touku M u N — cepenunsl pédep ocHoBanus AB 1 AC COOTBETCTBEHHO,

MN e .

CeucHue TCTpasapa IIOCKOCTBIO a SABIIACTCA ‘-ICTLIpéX}/TOJ'ILHI/IK. Torma MIOCKOCTB a

napajuiesbHa. ..
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M

1) pebpy AD;
2) pebpy BD;
3) rpanu BCD.

Bapuanm Ne2
1. ABCD — Tetpasap. Torma npoTHBONONOKHBIMU SIBJASIIOTCS pEOpA. ..
1) AC u BC;
2) ABu DC;
3) DB u DC.

2. 6 —93TO YHKCIHO. ..
1) BepiuH TETpa’Apa;
2) rpaHeii TeTpa’apa;

3) p€6ep TeTpasapa.

3. Kakoe nipeyioxkeHe HeBepHoe?

1) JluaroHanbHBIM CceYEHHEM Tapajulefielune/la Ha3bIBaeTCS CEUeHHE MapasuieNenunena
TUIOCKOCTBIO, MPOXO/SIIEH Yepe3 ero IuaroHaim.

2) lnaroHaIbHBIM CEYCHHUEM IMapaijielIeUIe a SBIISICTCS TapajlIeIorpaMM.

3) JlnaroHanbHble CEYEHHs NapajlIeNICIUIEa — PaBHbIE TapaJIJIeIOrPAMMBI.
4. CyuiecTByeT napaijesienurnesi, y KOToporo...

1) TonpKO OJ1HA TPaHb — NPSIMOYTOJILHUK;

2) TOJILKO JBE CMEXHBIE I'PaHU — POMOBI;

3) TONBKO JABE MPOTUBOMOJIOKHBIE TPAHU — POMOBI.

5. Pa3BépTkoii TeTpadapa siBJsieTcsi (hurypa rmoj HOMEpoM. ..
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1) /\ 2) 3)

6. He siBJ1sieTcs pa3BEPTKON napasuienenunena Guryp mnoj HOMEpoM. ..

1) 2) 3)

7. ABCDA1B1C1D1 — mapamnenenunen. Touku M m K — cepenuner pédoep AB u AD

coorserctenno, MK €@ Ceuenmem napamrenenunena mrockocTsio & SBISETCS YSTHIPEXYTONBHIK.

Torna miockocte & He mepecekaer pedpo...

B, &
|
|
‘ql : DI
|
| C
M~————1+-—
/““"L /P
A K D
1) CCq;
2) DDq;
3) A1Bq

8. DABC — rterpadap. Touku M u N — cepenmnbr ocHoBanusi AB n BC cooTBercTBeHHO,

MN € a. CeueHuneM TeTpadzpa IUIOCKOCThIO &  sBnsercss TpeyronbHUK. Torma miockocts &
He MOKeT OBITh MapasuiesibHa. ..

1) pebpy BD; 2) rpanu ADC; 3) BBICOTE TeTpadIpa.

Bapuanm 3
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1. [Ipuzma n300pakeHa Ha PUCYHKE. ..
1) 1 2 N

E)

2. 6 —93TO YHKCIHO. ..

1) BepIIUH MIECTUYTOIBHOM MPU3MBI;
2) p€bep TpeyroabHOI MPU3MBI;

3) rpaHeil UeThIPpEXYTOIbHON PU3MBI.

3. He cyiiecTBYET NMPU3MBI, Y KOTOPOH BCE TPaHH. ..

1) poMOBI;

2) IpsAIMOYTOJIEHUKH;

3) TpeyroJIbHUKHU.

4. CynecTByeT Mpu3Ma, KOTOpasi UMEeT. ...
1) 13 péoep; 2) 14 pébep; 3) 15 pébep.
5. ABCA1B1Cq — HakioHHast pu3Ma. LAAC =ZAAB.
Torna CC1B1B He moxer ObITS. ..

A B

AR B

C
1) pomOOM;
2) KBaIpaToM;
3) nIpsIMOYTOJIbHUKOM.

6. ABCDA1B1C1 D1 — npsmo¥i mapasienenumnen. < B,DM

— YroJ MeKy auaronansio DB u
miockocTeio DD Cy.

Torma ABCD —

1) pom0;
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2) KBajpar,

3) NpsIMOYTOJIbHHK.

7. Pa3BépTKOii HAKJIOHHOM MPU3MEI SBISIETCS (PUTYpa O] HOMEPOM. . .

3)

8. [Tpu3ma umeer 30 rpaneii. CKoJabpKO BepIIvH U pedep:
1) 56 u 84;
2) 58 u 86;
3) 60 u 88.

Bapuanm 4

1. Ilpuzma n3o00pakeHa Ha PUCYHKE. ..

1) 2)

2.9 —93T0 YnCIo. ..

1) BepIIMH AEBATHYTOJIbHOU MPU3MBI,
2) p&€bep TpeyroiabHOM MPU3MBL;

3) rpaHeit 4eThIPEXYTOIbHON MPU3MBI.

3. He cyiecTBYeT NMPU3MEI, Y KOTOPOH BCE TPaHM. ..

1) poMOBI;
2) KBaIpaThl;
3) Tpaneuumu.

4. Yucno p€dep mpusmel Kpatho... 1)5; 2)2; 3)3
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5. ABCDA{B1C1Dq ~— HaxkjoHHBIH  mapajIENEITHIIE. ZAiADzéAiAB'

AO L (ABC). O e ouccexrpuce AK. Torma ABCD...
1) mpsAMOYTOJIPHUK;
2) pom0:

3) kBajpar.

A O D

6. ABCA1B1Cq — mpaBunbnas npusma. Toraa yron mexay BCq u mockocteio 4BB1 — 370. ..

A1 C]
N
B]
AR“ _—C
B
1) ZB,BC;;
2) ZMBC,;
3) ZBC/A,.

7. He siBasieTcsi pa3BEPTKOM MPaBUIILHON TPU3MBI GUTYpaA TIOJT HOMEPOM. ..

” <>

) >
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8.ITpusma umeet 40 rpaneii. CKOJIBKO BEpPIIMH U pedep:

1)  80u1l18
2)76u 114
3)  40u78.

Kpurepun oueHuBanusi padboTbl:

1
2
3.
4

OtMmetka "5" BBICTABIIACTCS, €CIU MPABUIILHO BBIMOJIHEHO 8 3a/1aHUi
OtMmetka "4" BbICTaBIISACTCS, €CIU MPABUIIBLHO BBIMOJIHEHO 6-7 3aAaHuil
OtmeTtka "3" BbICTaBIIACTCS, €CIIU MPABWIIBHO BBINOJIHEHO 4-5 3a1aHuit

OtmMeTtka "2" BBICTaBIAETCS, €CIIM MPABUIBHO BBINIOJIHEHO MeHee 43a1aHui

Karwoun k NMpaBUJIbHBIM OTBE€TaM:

Ne i/
BAPpHAHT 1 2 3 4 5 6 7 8
1
2 2 3 3 2 2 2 1
2
2 3 3 3 3 3 1 1
3 1 3 3 3 1 1 2 1
4 3 2 3 3 1 2 2 2

IIpakTnueckas padora Ne30 no reme: @opmyibl 1uddepeHunpoBanus
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dopmynbl aguddpepeHuyuposaHua | lMpasuna guddpepeHumpoBaHua

Cr=0
(kx) =k

(xt‘ )I _— rxl‘—]

2Vx

(sinx)' = cosx

1 3 '
(Vx) =— (x&)'zj (ll) dv—uy

(cosx) =—sinx

, 1
(1gx) =—
cos X

1

Sin’ x

(ctgx) =—

1 BapuanT

Ucnonb3ys popmyibl nuddepeHinpoBanrs HalAUTe IPOU3BOIHYIO (PYHKIIMHA B TOUKE X, :

(u+v) =u' +v'
(ku) = ku'

(uv) =u'v+w'

2

v v’

(u(v)) =u'(v)-

a) f(x)=x% x,=2-15

0) f(x)=4-2%x, Xx,=05 -3

B) f(x)=3x—-2, Xx,=5-2

r) f(X)=x*, X, =25 -1

2 BapuaHT

Ucnone3ys hopmyibl nuddepeHinpoBanrs HaliaAUTe MPOU3BOIHYIO (PYHKIIMIA B TOUKE X :

a) f(x)=x*, x,=2,-15

0) f(x)=2-4x, x,=05 -3

B) f(X)=2x+3, x,=5-2

r) f(x)=x% x,=25-1.

Kpurepun oueHnBanus:

OneHka

O0ocHOBaHNE OLIECHUBAHUSA

«OTINYHO»

Bcee 3alaHHs BBITNIOJHCHBI IIPABUJIBHO
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«Xopormio»

HpaBI/IJ'IBHO BBIIOJHEHEI JTFOOKIE 3 3aJaHHA

«YIIOBJ'ICTBOpI/ITeJ'IBHO»

HpaBI/IJ'ILHO BBIIOJHEHEI TFO0KIE 2 3aJaHHusA

«HCy,I[OBJ'ICTBOpI/ITCJ'IBHO»

[IpaBHUIBHO BBITOTHEHO MEHEe 2 3aTaHHH

IpakTnyeckas padora Ne31 nmo reme: IlponsBoaHbie 3J1eMeHTAPHBIX PYyHKIMH

®opmynbl guddpepeHumnpoBaHusa
C'=0
(kx) =k

(xr )l - rxt‘—]

e

(sinx) = cosx

(cosx) =—sinx

1 BapuanT

[Tonb3ysck hopmynamu u npaBuiaMu AU PepeHInpOBaHNs, HallAUTE TPOU3BOAHbIE (QYHKIIUIL:

(XxE)'zﬂ

Mpasuna guddpepeHymnpoBaHusa

(u+v) =u"+v'
(ku)' = ku'

(uv) =u'v+w'

’

(u j u'v—u'
= =2
"7 ‘7

(u(v)) =u'(v)-v'

1) y=x" Ny=x",
2)y=x" 8) y=x";
1 9) y = —8x +11;
y=—7; )y
X 10) y = -
4) y = 4x +16; Y=
5) y =32 - 9x; 11) y = 43 -5x;
X X
6) y=—=—41. 12) y=31-—.
)y = )y 0
2 BapuaHT

[Tonb3ysck popmynamu u npaBuiaMu AU GepeHInpoBaHNs, HalliuTe TPOU3BOAHbIE (QYHKIIHI:




1) y=x" Ny=x"

2)y=x", 8) y=x";
1 9) y=-14x-32;
3)y= 5 g
X 10) y =-19 + 7x;
4) y=11x-9; 1
. 11) y=—5;
5) y =-51-6x; X8
X X
6) y=——+5. 12) y =-28 ——.
)y 13 )y 18
Kpurepun oueHuBaHus:
Onenka O0ocHOBaHHe OlICHUBAHUSA
«OTanyHO» [IpaBunbpHO BeIMOMHEHBI JIt0ObIE 11-12 3ananunii
«Xoportro» [TpaBunpHO BBIMOJIHEHHI JI0OBIE 8-10 3agaHus
«Y IOBJIETBOPHUTEIIBHOY [IpaBUIIbHO BBITIOJIHEHHI JIFOOBIE 5-7 3a1aHUs
«HeynoBiaeTBOPUTEIBHON IIpaBHUIBHO BBINIOJHEHO MEHEE 5 3a1aHUI

IIpakTnyeckas padora Ne32 no reme: IlIpumeHenne Npou3BOIHON K HCCIEI0BAHNIO
byHxkumi
Omnpenenenne: Touka Xo Ha3bIBACTCSI TOUKOW MaKCUMyMa, €CJIM JIJISl TF000TO X U3 OKPECTHOCTH
TOYKH X0 BBITIOJHSETCS HepaBeHCTBO: f(xo) > f(X).
Onpenenenue: Touka Xo Ha3bIBaeTCS TOYKOM MHUHHUMYMa, €CIH JUIS JIFOOOTO X M3 OKPECTHOCTH
TOYKH X0 BBITTOJTHSCTCS HEpPaBEHCTBO: f(x0) < (x).
Touku MUHUMYyMa U MaKCUMyMa (DYHKITUU HA3bIBAIOTCS TOUYKAMM IKCTPpeMyMa (yHKUIMH.

TO‘{KI/I, B KOTOPBIX IIPOU3BOAHAA pPaBHA HYJIFO WJIKM HC CYHMCCTBYCT HA3BIBAOTCA

KPUTHYECKMMH TOYKAMH.
CrpaBeasiuBa TEOPEMBI.
Teopema: Eciiu Xo — TO4Ka 9KCTpeMyMa, TO IPOU3BOHAS B 3TOM TOUKE paBHA HYIIIO, T.€.
f’(x)=0.
Teopema:
Ecnu B okpecTHOCTH KpUTHUYECKOH TOUKH f’(X) MEHSET 3HaK C «+» Ha «-», TO 3Ta TOUKa SBJISETCS
TOUYKOM MaKCUMYMa, €CJIH € «-» Ha «+», TO TOYKOH MUHUMYMA.

IMpaBuio HaxoxIeHHsI IKCTPeMyMoB pyHknun Y = f(X) ¢ moMoub10 Npon3BoaHOI

1. Haiitu npousBonnyto ¢pynkmun f’(x).

2. Haiitn xpuTHYeCKre TOYKH, T.€. TOUYKH, B KOTOPBIX MPOU3BOIHAS paBHA HYIIO WIN HE
CYIIECTBYET.

3. HccnenoBaTh 3HaK MPOU3BOIHON B IPOMEKYTKAX, Ha KOTOPBIE HAlIEHHBIE KPUTUIECKHE

TOYKH JeNsT o0nacTh onpeaencHus ynkuuu f(X).
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Ecmn na mpomexytke f ’(X) < 0, To Ha 3TOM mpomexyTke (GYHKIHsS YOBIBAeT, €Clid Ha
npomexytke f ’(x) > 0, To Ha ’TOM TPOMEXKYTKE (PYHKIIHS BO3paCTaET.

4. Ecnu B oOkpecTHOCTH KPUTHYECKOH TOUkH f ’(X) MEHSET 3HaK € «+» Ha «-», TO 3Ta TOUYKa
ABIISIETCS. TOUKOM MaKCUMyMa, €CIIU C «-» Ha «+», TO TOUKOH MUHUMYMa.

5. Onpenenuth TOYKH MUHUMyMa U MaKCUMyMa U 3alicaTh OTBET.

C momoIIpio NpUBEACHHOTO aJITOPUTMa MOXXHO HAHTH HE TOJIBKO SKCTPEMYMBbI (YHKIIUHU, HO U
NPOMEXYTKH BO3PACTaHUS U YOBIBAaHHS (DYHKITHH.

[TPUMEP:

HaiiTi IpoMexKyTKH BO3pacTaHHs U yOBIBAHHS; TOYKH 3KcTpeMyMa GyHkmun: f (x) = x° — 3X2.
Pemenue:

Haiinem IIPOU3BOJHYIO GyHKIMU: f ’(x) = 3x2 — 6X.

HaifieM KpUTHYECKHE TOUYKH , PENIUB ypaBHEeHHe 3X% — 6X =0;

3x(x-2) =0
Xx=0, x=2
Hccnenyem noseeHne Npon3BOIHON B KPUTHYECKUX TOUKAX U HA IIPOMEKYTKAX MEKAY HUMH.
x (~,0) 0 (0, 2) 2 (2, +x)
f'(x) + 0 = 0
(x) T. max T. min
skl P 0 .. T |7
Orser: Oynkus BO3pacTaeT pH x€(~m; 0)u (2 +w)
byHkIMs yObIBaeT npu x€E (ﬂ; 2)
TOYKa MMHMMYMa (YHKIIMH X = 2; TOUKa MakcuMyma QyHkuuu x = 0.
1. AJITOPUTM HAXO0XKIEHHS HAMO0O/IbIIEro W HAHMMeHbIIero 3HAYeHUs] HellpepbIBHOM

¢ynkuun Ha oTpe3ke [a;b].
anuimemM AJITOPUTM, HO3BOJ'I$II-OHII/II>1 HaxXoauThb HauOoJIbIllee U HaUMEHBIIIEE 3HAUYEHNE @YHKHI/H/I
Ha OTpe3Ke.

1. Haxonum 00J1aCcTh OIIPCACIICHUA d)VHKHI/II/I H IPOBEPsACM, COACPIKUTCA JIU B HEll BeCh

otpe3ok [a;b].

2. HaXO)II/IM BC€ TOYKH, B KOTOPBIX HE CYHICCTBYCT II€pBasd HNPOU3BOJHASA W KOTOPBLIC
coaepxarcs B otpeske [a;b]

3. OmpenensieM Bce CTallMOHApHBIE TOYKH, MOMajaroline B oTpe3ok [a;b]. Jlast aroro,

HaxXoauM MPOU3BOJIHYIO d)VHKHI/II/I, IMpUpaBHUBACM €C K HYJII0, pCIIacM IOJIYYCHHOC YPAaBHCHUC U

BI)I6I/IpaeM MOAXOJAIINE KOPHHU.
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4, Breruucisiem 3HaueHUs (PYHKIIMM B OTOOpPAHHBIX CTAIIMOHAPHBIX TOYKAX (€CIU TaKue
UMEIOTCA), B TOUKaX, B KOTOPBIX HE CYLIECTBYET IepBasi MPOU3BOJHAS (€CITU TaKHE UMEIOTCS), a TAK)Ke
npu X=a u X=h.

5. W3 monmydeHHbIX 3HaYCHUH (QYHKIIUHA BBIOMpacM HarOOJIbIIICe M HAMMEHBIIICE.

Pazbepem anroputM mpu pelieHHH MpuMepa Ha HaXOXKICHHE HauOOJBIIErO U HAUMEHBIIETO
3HaYeHUs (PYHKIIMU Ha OTPE3KE.

IIpumep.

Haiitu nanbosnpiiee 1 HaUMeHbIIee 3HaYCHNUE (PYHKLIUU
Ha otpeske [1;4];
Pemenue.

OO6nacTpio ompeaeneHUus (YHKIMH SBIISCTCS BCE MHOXECTBO JCHCTBHTEIBHBIX YHCEN, 32

'he = | —o0, . o0
HCKIIIOYCHUEM HYJIA, TO €CTb Dl[}] x C[ ! G]L—J lfﬂ‘ - ] Ob6a OTpE3Ka IIoIaJaroT B 0051acTh

OIIpE/ICTICHUSI.

Haxomum  mpowsBomHyro  QyHkmmm 1o  mpaBwiy  auddepeHIMpPOBaHUS  IpoowH:

= x° +4\I| '.c +4) —{x3+4:]-[x1 ]
) J =
{ x —8

'{.' X

OueBHTHO, TPOU3BOIHAST (PYHKIIMH CYIIECTBYET BO BCEX TOUKax oTpe3koB [1;4] u [-4;-1].
-8
—_— = ﬂ
CrannoHapHBIE TOYKH ONPE/ICIUM U3 ypaBHEHUsT X . EAMHCTBEHHBIM I€HCTBUTELHBIM
KOPHEM sIBJIIeTCSl X=2. JTa CTalOHapHasl TOYKa MMomnaiaet B oTpe3ok [1;4].

BoruncnsieM 3HaueHuss (yHKIHMM Ha KOHIIAX OTpe3Ka M B CTAallMOHApHOM TOYKE, TO €CTh

npu x=1, X=2 51 X=4:
y1)="2=s
HET
. 234
}Ill(.z.-]: 22 =3
pa)=2 24l
4 4
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maxy = p(1)=5

xE[l; 4f

CrnenoBarenbHO, HauOObINEE 3HAUCHUE (HYHKITUU ,a HaWMeEHbIIIEe

min y = }'[2:]= 3

3HAYCHUE xelli4)

IIpumeHeHne NPOU3BOAHON K MOCTPOECHUIO rPauKOB (PYHKIMHU

[Ipu uccnenoBannu CBOMCTB GyHKIUN HEOOXOIUMO HAUTH:

1) obnacthb ee onpeaeneHus;

2) MPOU3BOJIHYIO;

3) cTanroHapHbIE TOYKU;

4) IpOMEXyTKH BO3PACTAHHS U YOBIBAHMS,

5) TOYKH SKCTpeMyMa M 3HaYeHHUS (DYHKIIMH B ITUX TOUKAX.

[Tpumep: Iloctpouts rpaduk GpyHKIUN

y=x(x-2"%

Pemenue.

1. Ob6unacteio onpenenenus GYHKIUH SIBISIETCS Bee IelicTBUTEeIbHbIE YHCIa
2. Haitném MPOU3BOIHYIO

dyHKcTI ¥ = 2xlx— 2 422 (x - D = Axlx - Dx -1

r_
3. HaifnéM KpUTHUECKHE TOUYKH, B KOTOPBIX MPOM3BOAHAS PaBHA HYTIO. < 0
OroToukn x=0,x=2,x=1

4) OTMEeTHM 3TH TOYKH Ha YMCJIOBOM OCH U OIpEIeINM 3HaK IPOM3BOJHON HAa MHTEPBANIaX.

) + ) 73 y'(x)
X
N A 1 N 0 y(x)
Takum obpazom: X =0 - gouxa mummmyma; *=1 - rouka makcumyma; *=2 -

TOYKA MI/IHI/IMyMa.
»0)=0, =1 »{2)=0

5) CTpOI/IM l"pa(bI/IK Ha OCHOBAHWHU NPOJACIIAHHOI'O UCCIICAOBAHUA
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1 BapuanTt
1.OnpenenuTh NPOMEKYTKU Bo3pacTanusi u yObiBaHus QpyHKImu Y=Ff(X), ucronb3ys qaHHBIC O

e€ IPOU3BOHOM f’(x) (cM. Tabnuity)

X (-o0; -8) -8 (-8;0) 0 (0;8) 8 (8;0)
f'(x) - 0 + 0 - 0 +

2. o rpaduxy GyHKIMM HAIUTE TOUYKU dKCTpeMyMa, HauOoJIblliee U HaMMEHbIIIee 3HaUeHUE

(GYHKIHIH.

3. Haiiti nmpomexyTku Bo3pacTaHus U yobiBaHus GyHkuuu. Touku skcTpeMyma.
f(x) = x3+x%+16
4. Haiftu HanOombIllee 1 HAUMEHbIIIee 3HaYeHUs (PYHKIUU:

f(x) = x*-2x?+3 na otpeske [-4;3]

2 BapuaHT
1. YkaxuTe TOYKM MakCHMyMa M TOYKM MuHHUMyMa QyHkimu Y=f(X), ecnu naHHbie o eé

npoussozHoii f'(X) ykasansl B Tabmurte:
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X (0:-1) |1 |(-1;0) [0 ](0;3) 3 [ (3:6) 6 (6:00)

2. Tlo rpaduKy GyHKIUM HaliaUTe MPOMEXYTKH, pH KoTopsix T (X)>0. Haiinute nanbonbiuee

Y HaMCHbIIIee 3HAYCHUE () YHKITUH.

A 4

N \

3. Haiitn mpoMeXyTKH BO3pacTaHust U yObIBaHUs (QYHKUIUH. TOYKH 3KCTpeMyMma.
f(x) =x3+4x2-37
4. Haiitu HanOoJiblliee M HAaUMEHbLIIee 3HaYeHUs (PYHKLUU:

f(x) = x*~8x%+5 ua otpeske [-3;2]

3 BapuaHT
1. Ompexmenutb OpPOMEKYTKH Bo3pactanus ¢(yHkiun Y=f(X), ucmoms3ys naHHele O €

npoussozHoit f'(x) (cM. TaGmuiry)

X (-0; 7) 7 (7:6) 6 | (6;25) 25 | (25;)
f'(x) + 0 - 0 + 0 -

2. Ilo rpaduky GyHKIMU HalAUTE TOUKHU HKCTpeMyMa, HauOoJblllee 1 HaMEHbIIIee 3HaUeHHe

byHKINN.
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3. Haiitu mpomexxyTku Bo3pacTaHusl W yObIBaHHS (PyHKIMU. TOUKH 3KCTpemMyMa.
f(x) = 2x*-4x% +15
4. Haiftu HanOompIliee ¥ HAUMEHbIIee 3HAYCHUS (PYHKINU:

f(x) =x3-6x%+9 Ha oTpe3ke [-2;2]

4 BapuaHT
1. Ykaxure TOYKM MaKCHMyMa M TOYKM MuHMUMyMa QyHkimu Y=f(X), ecnu naHHeie o e

npoussonHoit f'(X) ykasansl B Tabnuie:

X | (<0:-25) |25 |(-250) |0 | (0:10) 10 | (10;)
f'(x) + 0 - 0 + 0 _

2. Tlo rpaduky QyHKIMHU HailquTe TIpoMesKyTKH, npu koTopsix f (X)<0. Haiinure HauGobiiee u

HauMeHbIlIee 3HaYeHNE PYHKIINH.

< x

3. Haiitu mpoMeXyTKu BO3pacTaHHMs U yObIBaHUS (QYHKUUHU. TOUYKH 3KCTpeMyMma.
f(x) = x*-8x?

4. HaiiTu HanOosbliee 1 HaMMeHblIee 3HaueHus1 QyHKIUH:

f(x) =x3+6x2+9X Ha otpeske [-4;0]
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Kpurepun oueHuBaHus:

Onenka O0ocHOBaHHE OLIECHUBAHUS

«OTnuHOY Bce 3amaHust BHIIOIHEHBI IIPABUIBHO
«XO0poI1I0 IIpaBuiIbHO BBIIOIHEHBI JIIO0BIE 3 3a1aHMs
«Y TOBIIETBOPUTEIILHOY [IpaBrILHO BBITIOIHEHEI JIIOOBIE 2 33 aHHUs
«HeynoBneTBoputeabHO» [IpaBmiIbHO BBITIOJHEHO MEHEE 2 3aaHUi

IIpakTnyeckas padora Ne33 no reme: IIpukiaaanbie 3axa4n

3adaua o cune IEKMPUUHECK020 moKda.

ITycte g=q(t)-konuyecTBO 3jekTpryecTBa (B KyJIOHaX), MPOTEKAIOIIee Yepe3 IMOMEpevHoOe
CEUYEHUE IPOBOJAHMKA 3a BpeMs t; KOJMYECTBO AJIEKTpUYECTBA €cTh (yHKuMs BpeMeHu. Jlus
OIPENEICHUsI CKOPOCTH HM3MEHEHHsI KOJIMYECTBA IJIEKTPUYECTBA C TEUYEHHEM BPEMEHM IIOJIb3YHOTCS
MOHSTHEM CHIIBI Toka. O003HauMM AQ KOJIMYECTBO 3JEKTPHUYECTBA, MPOTEKAOIIee uyepe3 YKa3aHHOe
CEYEeHHE 3a IPOMEKYTOK BpeMeHU At OT MOMeHTa t 10 MoMeHTa t+At.

Aq

Orromenne At paspiBaeTcs cpeiHell CHIION ToKa 3a BpeMs oT t 10 t+At u 0o603Ha4daercs Jop. B
Clly4ae MOCTOSIHHOIO TOKa Jep OyeT nocTosiHHOM. Eciu B 1ienu nepeMeHHbIN TOK, TO Jep OyA€T pa3nnyHa
JUIS pa3iIMYHbIX IPOMEXYTKOB BpeMeHH. [103TOMy /U1 Lienu IEPEMEHHOr0 TOKA BBOASAT IMOHATHE CHUJIIBI
TOKa J B JaHHBIH MOMEHT BpPEMEHH t, OIpEIeNIUB ee KaK MpeJesl CpeHel Chilbl TOKa 3a MPOMEXYTOK
BpeMeHH oT t 10 t+At, eciu At—0.

lim  Agq
J=At =0 At te. J(t)=q'(t).

3adaua 0 CKOpoCmu XumMuueckoil peaxyuil.

ITycte mana ¢ynkuus m=m(t), e M - KOJIMYECTBO HEKOTOPOTO BEIIECTBA, BCTYMUBIIETO B
XUMHUYECKYIO PEaKIui0o K MOMEHTY BpeMmeHu t. [Ipupaimienuto BpemeHu At OyJIeT COOTBETCTBOBATH
Am
npupanieHue Am BeauyuHbl m. OTHOIIEHUE At -CpEeHSIA CKOPOCTh XWUMHUYECKOW pEeakiuu 3a

lim Am

IIPOMEKYTOK BpeMeHH At. IIpejien 3Toro OTHOIIEHHUS PK CTpeMJIEHHH At K HyIro, T.e. At — 0 At €CThb
CKOPOCTh XUMHUYECKOM peakuy B IaHHBIM MOMEHT BpeMeHH t,V=m'(t).

N3 paccMOTpeHHBIX BBINIE 33]a4, IPUBOAAIIMX K NOHATHIO IPOU3BOAHOM, CIIEYET HECKOJIBKO
BBIBOJIOB:

1. CKOpOCTh NMPSIMOJIMHENHHOTO JABMKEHHS €CTh MPOU3BOAHAs MyTH S=S(t) Mo BpemeHu t,
T.€. V=S'(aHaJIOTMYHO YCKOPEHHE €CTh MTPOU3BOIHAS CKOPOCTH a=V'). B 3TOM COCTOUT MEXaHUUYECKUI

CMBICJT TPOU3BOHOM.
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2. CKOpOoCTh XMMHUYECKON peakIMi €CTh MPOM3BOHAS KOJIMYECTBa BemecTBam=m(t) mo
BpeMeHu t, T.e. V=m'(t).

3. CKOpOoCTh pocTa MONYJSIMK €CTh MPOM3BOJAHAS pa3Mepa mnomyisiuuu p=p(t) mo
BpeMeHHu t, T.e. V=p'(t).

4. CKopocTh pocTa YUCIIEHHOCTH HACEJICHUS €CTh IIPOU3BOJIHASL OT KOJIMYECTBA HACETICHUS
A=A(t) no Bpemenu t, T.e. V=A'(t).

S. Cuna nepeMeHHOro Toka J ecTb MpOM3BOJHAs KOJIMYECTBA IEKTpuyecTBa q=q(t) 1o
BpeMeHHu t, T.e. J =q'(t).

6. VYrioBoi ko3duimeHT kacarenbHOW K KpuBOW y=f(X) B TOUKe C aOCIIMCCOM XoeCTh
npousBoHas f'(Xo). B 3TOM COCTOMT reoMeTpruiecKuii CMBICI TPOU3BOTHOM.

7. [TpousBoautenbHOCTh Tpyna f(t) ecTh mpousBojaHas OT BblpaboTku npoaykuuuF(t) mo
Bpemenu t, T.e. f(t)=F'(t).

IIpumepsl.

1. Ecu momynsuus B MOMEHT BpemenH t HacumTsiaer p(t)=3000+100t? ocobeii (tusmepsercs B
yacax), TO CKOPOCTh POCTa Monyssnun ectb p'(t)=200t.

CkopocTb pocTa NOMyJSLIUN YBETUYUBAECTCS CO BPEMEHEM.

Ecmm t=5, To ckopocth pocta cocraBiser p'(5)=200-5=1000 ocobeii B yac.

Ecnu t=10, To p'(10)=200-10=2000 ocobeii B uac.

II. Pakera mpu JABMKEHHUU COBepIIaeT KojeOaTeapbHOE [BHUKEHHE BOKPYT CBOEH OcH IO

at) = 4sin[% + 3t]

3aKOHY Haiitn yrioByr0 CKOpPOCTh M YCKOPEHHE JBUXKEHUS B MOMEHT
/4
t, =5¢
BpPEMEHU 2 . JlaTh XapaKTEPUCTHKY JBUKEHHS.
, /4
wt)y=a'(t)=12 cos[ + StJ
Pemenue: 6

wt,) = 12cos{£+3—zJ=12sin£ =6
6 2 (pac)

(t) = @'(t) = -36 sin(f + 3r]
. 6

(t,) _—365111(§+3?EJ_36035% :36-£ =183

g (paw/c?)

w(t) # const, g(t) # const HCPAaBHOMCPHOC IBUKCHUC

T T

Ortser: ﬂ{ 2 ]26 pan/c, 8{ 2 j=18 V3 pan/c?.
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1
I11. Tlyns, nomagas B TBep/OE TeJo, ABMXKETCS B HeM Mo 3akony S(t)= K In(1+kVot), roe Vo -
CKOPOCTb, C KOTOPOI ITyJIsi BXOJUT B TEJO, K — MOCTOSIHHAS [TOJI0KUTEIbHAS BETHYNHA.

Pemenue: V(t)=S'(t)

r

(lln(1+ kVOt)] K Y
V(t)= k k(1+KkV,t) 1+ kV,t
’ 2
, V, kv, -V, V,
a(t)=Vv’'(t),a(t) = 0 =———C—=—k. 0 =—k-V?*
1+ kV,t A+ kVyt) 1+ kVt
V.

0

OtBeT: V= 1+ kVt a=-k-V?,

IV. MarepuanbHas Touka JIBHXKeTcs BAoJb oc OX cormnacHo 3akony X(t). Haiftu ckopocTs u
YCKOPEHHE JBUKEHHUS B HAYAJIbHBIM MOMEHT BpeMeHU. Omnucarh XapakTep JBUKEHUS U CXeMaTHYEeCKU
M300pa3uTh JBUKEHUE MAaTEPUATILHON TOUKHU, €CITH:

5

3 g+
a). x(t)=4 6

V(t)=x(t)=-8+ Et;V(O) =-8
3 (m/c)
5

a(t)=V’(t)=§ azg( )
Mm/c

PaBHO3amenjIeHHOE ABUKEHUE B CTOPOHY, ITPOTHUBOIIOJIOKHYIO OCHU OX.

x(t) = \/§+5t+1t2
0). 2

V(O)=x'()=5+t; V(0) 5 (m/c)
a()=V'(t)=1; a=1 (m/c?)

PaBHOYCKOpEHHOE JBUKEHHE B CTOPOoHY ocu OX.
37 245
B). x()=-4 2
3 7 7
t J—

Viy=x'()=-2 2 ;V(0)= 2 =3,5 (w/c)
a(t)=V'(t)=-1,5; a=-1,5 (m/c?)

FRERV)



PaBHO3amenieHHOE BHXKEHUE B CTOPOHY ocu OX.

V. MarepuanbHas TOYKa JBHXKETCS 1O TpsMoil. YpaBHeHue jaBwkeHus: S(t)=
t— 3i +2t-1
2 (m). Halimute ee ckopocTh B MOMEHT BpemMeHH t=3 (c). B kakoli MOMEHT BpeMEHH
yckopeHue 6yaeT paBHo 9 M/c??
Pemrenue: a). V(t)=S'(t)=3t>-3t+2;
V(3)=27-9+2=20 (m/c).
0). a(t)=V'(t)=6t-3;
6t-3=9; 6t=12; t=2 (c).
Otset: V(3)=20 M/c; a=9 M/c’ B MOMEHT BpeMeHH t=2c.

VI. TBepnoe teno BpaimiaeTcss BOKPYr HENOJIBMKHOM ocu mo 3akoHy ¢(t). Haiitu yrioByro

CKOPOCTB U YI'TIOBOC YCKOPCHHUEC NBUKCHUA. I[aTB XapaKTCPUCTUKY ABUIKCHUSA, CCIIN:

G

@,

a) p(t)=12t+4

w(t)=¢'(t) =12(paod/c)
E(H)= @'(t)=0

@ = const

E=0 PaBHOMEpHOE TBUKEHHE 110 OKPYKHOCTH.
6). p(t)=5t3+6t

() = @'(t) =15t + 6

E(t)= w’(t) = 30t

w # const

€ = CONSt HepaproMepHoe JBHKEHHE IO OKPYKHOCTH.
B). p(t)=2t>+8t

at)=¢'(t)=4t+8
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E(t)= @'(t) =4
@ # const

€ # CONSt papHoNnEpeMeHHOE JBIKEHHE [0 OKPY/KHOCTH.
VII. Tenmo maccoii 5 Kxr ABWKETCS mpsMoiuHedHO mo 3akony S(t)=(5-t)(2t-6)+50. Haiitu
KHHETHYECKYIO SHEPTHUIO TeJia yepe3 2 ¢ 1Mociie Havyaia JBUKCHUS.

I’?’IV2

Pewenue: Ex= 2
V(0)=S'(t)=-(2t-6)+2(5-t)=-2t+6+10-2t=-4t+16
V(to)=-4-2+16=-8+16=8 (m/c)

EK:¥ =5-32=160 (1)

OtBet: E=160]1x.

VIII. Marepuansnass Touka wmaccoil 10 Kr [BKeTCS MNPSAMOIMHEHHO MO 3aKoHYS(t)=

5%

2t? —7t+3
2

. Halitu ckopocTb 1 cuity, 1EHCTBYIOILYIO Ha 3Ty TOUKY B MOMEHT BpeMeHHU t=1c.
Pemenne: F=ma

V(t)=S'(t)=6t>-5t-7

V(t0)=6-5-7=-6 (m/c)

a(t)=12t-5; a(to)=12-5=7 (m/c?)

F=10-7=70 (H)

Otger: F=70 H.

4

IX. Temmeparypa Tejla MU3MEHSAETCS B 3aBUCUMOCTH OT BPEMEHH M0 3akoHy T=100- +1
a). KakoBa ckopocTh U3MeHEHUs TeMIepaTyphl TeNa B MOMEHT BpeMeHH t=1c¢?
6). B kakoii MOMEHT BpeMeHH CKOPOCTh H3MEHEHHs TeMreparypsl papHa 4° B cexyHy?

T!= 4 2,T’(1)=i2=i=10
(t+1) A+ 4

Pemenue: a) (B cek)
6) (t+1D (t+1)2=16; t+1=4; t=3 (c)
OTBeT: a) CKOPOCTh M3MeHeHus Temnepatypsi 1° B cek.

6) CKOPOCTb USMCHCHUS TEMIICPATYPbI 40 B CCK JOCTUTACTCSA B MOMCHT BPCMCHU 3c.

1 BapuanT
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2
1. MarepuaibHast To4Ka ABHKETCS IO IPSMOiT cornacHo 3akomy S(t) = 12t* — gts, rae S(t)

- IyTh B MeTpax u t — BpeMs B cekyHaax. B kakoii MOMEHT BpeMeHM U3 npoMexkytka [4;10] ckopocThb
JBUKCHHS TOYKHU Oy/ieT HanOoIbIlel U KaKkoBa BEIMYUHA 3TOM CKOpOCTH?

2. Uucno 24 npeacTaBbTe B BUIE CYMMBI JIByX HEOTPUIIATEIBHBIX CIIATaeMbIX TaK, YTOOBI
CyMMa KBaJIpaTOB 3TUX YHCell ObLIa HAUMEHBIIICH.

3. OTkphITHIHM Oak, nMerouil GopMy MPSAMOYTOJIBLHOTO MapajiesienuIesa ¢ KBagpaTHbIM
OCHOBaHUEM, JOJDKeH BMmemaThl13,5 n xuakoctu. [lpu xakux pasmepax 0aka Ha €ro M3rOTOBIICHUE

noTpe0yeTcss HaMMEHbIIEe KOJIMYECTBO MeTaa?

2 BapHMaHT

1. CxopocTb MaTepuaibHON TOYKH, IBUXKYILIEHCS NMPSIMOJIMHENHO, U3MEHSAETCS 110 3aKOHY
1., .
v(t) = Et —12t (ckopocTh H3MepsieTcsl B METpax B CEKyHAy). B kakoil MOMEHT BpEeMEHHU yCKOPCHUE

JBIDKEHUSI Oy/IeT HAMMEHBIIINM, €CJIA JBUKEHUE pacCMaTPHUBaTh 3a MPoMexyTok oT 10 ¢ 1o 50 c?

2. Yucio 4 mpencraBbTe B BHJIE CYMMBI JIBYX HEOTPULATEIBHBIX CIAracMbIX TaK, YTOOBI
MPOM3BEICHUE ITUX YHCEN OBUIO HAUOOIBIIUM.

3. N3 kpyrmoro OpeBHa BBIPE3alOT OAJIKy C MPSAMOYTOJBHBIM CEUEHHEM HauOOJbIIECH
wionaau. Haiinure pasmepsl ceuenust Oanku, eciau paauyc ceueHus opeBHa paseH 20 cM.

Kpurtepun onenuBanus:

Onenka ObocHOBaHME OLICHUBAHUA

«OTINIHO» Bce 3alaHus BBIIIOJHCHBI IIPAaBUJILHO
«Xopomo» [IpaBUIBHO BBINOJIHEHBI JIO0bIE 2 3a0aHus
«Y TIOBIIETBOPUTENBEHOY [IpaBunbHO BhImosHEHO 1 Jr000€ 3a1aHKe
«HeyioBneTBOpUTENBHOY He BbINOIHEHO HYM OAHO 33J1aHUE

IIpakTuyeckas padora Ne34 no reme: [lepBoodpaznas
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MepBoobpa3Hasn

* ®yHKUMA F(X) Ha3bIBaeTcAa nepBoo6pa3HoOM
ansa GyHKkumm f(x) Ha JaHHOM NPOMEXKYTKe,
ecnun ana nboro x U3 3TOro NPOMeKyTKa
F'{x) =1f(x).

e [pumep:

MNepBoobpasHoit ana yHKuum f(x)=x Ha BCcel
yncnosom ocu asnaetca F(x)=x2/2, NOCKoNbKy

(x2/2)"=x.
TABJIUIIA ITEPBOOBPA3HBIX
Oynxiusa f{x) ITepsoobpaznas F(x)
k kx+c
xn*l
xl T +c, n#-1
"y In|x|+c
X
sin x -COS X +C
coSs X sin X +¢
1
cos? x tgx +c
1
e - ctg x+c
sin” x
e* e*+c
1 Ina
14x2 arctg x+c
1
P arcsin x +c
1 BapuanT
1. SBnsiercs mu pynkuus F nepooOpaznoit it GpyHKIMK f Ha yKa3aHHOM MPOMEXYTKE:
a) F(x)=x°, f(x)=5x" xe&(~o0+x0);
6) F(X) = —% x°, f(X)=x", xe(0+w);
B) F(x)=5-x* f(X)=4x, xe(~o0+0);
r) F(x)=cosx—4, f(X)=-sinX, Xe& (—o0;+0).
2. Haiinure o6muii Bua nepBooOpasHbIX i GyHKIMMA:
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f(x)=2-x*;
f(X)=x+cosx;

f(x):2—x3+£'
X

3 )

4 2
Jx  cos?x

+2X.

f(x) =

1 BapuanT

SBnsiercs mu pynkuus F nepooOpasznoii it pyHKmK f Ha yka3aHHOM POMEXKYTKE:

F(x)=x2, f(x)=-3x", xe(0+x);
F(x):%x7, f(x)=x%, Xxe(—o0+0);

F(x)=3-sinx, f(x)=cosx, Xe& (—o0;+0);

F(X)=x"°+2, f(x)=2—)1(3, X € (0;40) .

Haiiaure oOuuit Bua nepBooOpa3HbIX it QyHKIUA:

f(x)=x>+3;
f(x)=sinx—-4;
f(x):4+x4—x—3;;
f(x):i— 3 + 4x.

Jx  sin?x

Kpurtepun onenuBanus:

Ouenka O0ocHOBaHME OLICHUBAHUS

«OTIUIHOY Bce 3aganus BEIOJIHEHBI TPABUIIHHO
«Xoporo» [IpaBUIIbHO BBIMIOTHEHHI JITO0BIE 6-7 3a7aHus
«Y IOBIETBOPUTEITBLHOY [IpaBuUIBEHO BBITIOIHEHHI JIIOOBIE 4-5 3a1aHus
«HeynoBneTBOpUTEIIBHOY [IpaBUIBEHO BBITIOJHEHO MeHEe 4 3a/TaHHi

IIpakTnyeckas padora Ne3S mo teme: Ilinomanu niockux puryp

BbrynciasiTe mIomaam miockux (puryp, KotTopbsie orpanudeHsl ockio adcrmcc (OX), oTpe3kamu

npsMBIX X = @, X = b u rpadukom HenpepbIBHOI 1 HeoTpunarenbHol GyHkuuu Yy = f(X) ans 3HaueHuit
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"ukca", mpuHAIeKAMMX OTpe3Ky [a, b]. Takas ¢urypa HassIBaeTCs KPUBOJHMHEHHOW Tpameruei.
bokoBBIE OTPE3KM MOT'YT BBIPOKIATHCS B TOYKH.

[Tpumeps! Takux GUryp - Ha PUCYHKE HUXKE.
o\ Y,

1

) I R B B 5"

[Tnomanp S 3TO¥M KPUBOIMHEWHOM TpaNeIIi MOXKET OBITh BBEIUMCIICHA 1O PopMyIie

A
s=[f(x) ax
a ).

Nrak, onpeaeJéHHbII HHTEerpaJ oT HEOTPULIATEIILHON HEIPEPBIBHOU
dyuxuu f(X) o [a, b] (rpaduk dyHkuu pacmnosoxer Boiie ocd OX) YHCIEHHO PpaBeH MJIOMIAIH
KPUBOJIMHEITHOM Tpanemuu ¢ ocHoBaHueM [a, b], orpannyennoit cBepxy rpadukom Gpyukimu y = f(X).
B 3TOM 3aKimr09aeTcsi reOMETPUYECKUI CMBICI OMPEACIEHHOr0 MHTEerpaia. PUCYHKH Takux Guryp - B
prMepax.

Ecnn xe f(X) <0 (rpaduk dyHkiwn pacnonoxken Hmke ocd OX), TO IUIOMIAAb KPUBOJIUHETHOM

Tpaneuuu MOXET OBITh BHIYHCIICHA T10 (I)opMlee

s:—_[f[x) ax
2 (2

Ectp emé€ caywyan, Korja M BEpXHSAA, W HIDKHAA TpaHMLbl QUIYypsl - (YHKIHH,

cootBeTcTBeHHO Y = f(X) 1 Y = ¢(X), TO MIOMIaab TaKOH GUIYpPhI BEIYKCISIETCS 1O (hopMyIie

S=j-f|:x).:fx—j-¢9[x) dx
2 2 NE)

Taxum 006pazom, BbIYHC/IeHUE IT0Iadeil MJI0CKUX QUIYP - OJJHA U3 BAXKHEUIITNX MPUKIIATHBIX
3a/1a4, B KOTOpOH OnpeaeéHHbIii HHTErpaJj HaxoIuT HanboJee MI0A0TBOPHOE MpUMEeHEeHHE. Bee Mbl
U3y4add CBEJIEHUS M3 DJIEMEHTAPHOM TI'€OMETPHM, KOTOPBIE IO3BOJSIOT BBIUMCIATH IUIOMIAIU
OPSMOJIMHEHHBIX (UTYp - MPSMOYTOJIbHUKOB, TPEYTrOJbHUKOB U MHOTOYTOJILHUKOB. UTO ke Kacaercs
KPUBOJIMHENHBIX (DUTYp, TO 3[1€Ch AJII HAXOXACHUS IJIOIAAN CPEACTB U3 AJIEMEHTAapHON T'eoMeTpuun
yke HepocTaTouHo. UTak, k Aeny. YuuMcs MPUMEHSTh TO, UTO U3JI0)KEHO B CAMOM BEPXY 3TOM CTaThU.

Haunéwm co cimyyaeB, korja mioia b GUrypsl MOKeT ObITh BeIUMCIIeHa 10 ¢popmyste (1).
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1

Ipumep 1. Haiitu momasnas Gpurypsl, orpaHuueHHON rpadukoM PyHKITUN X, oCchlo abcIuce

(Ox) 1 mpsimbiMu X = 1, X = 3.

Y

Wtizen

3 x

Pemrenne. Tak kak Y = 1/X > 0 Ha otpeske [1; 3], To miomiaas KPUBOJIMHEHHON Tpamemnun
Haxo UM 110 popmyie (1):
3 g 3
S=_[—=1nx =ln3=1 099 [KB. e,q.)
1 & 1

IIpumep 2. Haiitu momans ¢Gurypsl, orpaHHu4eHHON TrpaduKoM (QYHKIHH y=x, d= U’,

npsimoii X = 1 1 ockro abcrmec (OX).

¥
1
4
0| 1 =2

Pemenue. PesynbraTt npumenenus popmyisl (1):

1
S:Ix“cix: al = ! :

] a+1 a+1
Ecmn “ =~ t0s=1/2;ecmn “~* 105=1/3, 1 T.1.

Ipumep 3. Haiitu miomane ¢urypel, orpaHuueHHONH TpapukoM (YyHKIHU Y =""E, OCBIO

abcruce (OX) u mpsimoid X = 4.
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N

NN

X

Pemenue. @urypa, COOTBETCTBYIOIIAs YCIOBUIO 3374l - KPUBOJIMHENHAS Tpanelusi, y KOTOpou

JIEBBIA OTPE30K BbIpoauics B Touky. IIpenenamu unrerpupoanus ciyxar 0 u 4. Ilockonabky Jr 20 ,

no ¢opmyie (1) HaXoIUM IO KPUBOJIMHEHHOHN Tparnennu:

: I e
.S‘=.I!-\|'I'J_f dx=_!x2dx=§x~,-"; .3:? KE.eT.

1 BapuanT

Brruncnute minomaas GUrypbl, OrpaHU4YeHHON TMHUSAMU (TIPEABAPUTEIBHO CIETIaB PUCYHOK):

a) y=x"+2, y=0, x=0, x=3
0) y=cosx, y=0, x=0, x:%;
B) y=x>+1, y=0, x=0, x=2
2
r) y:ﬁ; y=0, x=1 x=4.
2 BapuaHT
a) y=x>+3 y=0 x=0, x=2;
0) y=sinx, y=0, x=0, X=u;
B) y=2+x>, y=0, x=0, x=3;
3
r) y:ﬁ; y=0, x=1 x=0.
Kpurepun oueHnBanus:
Ouenka Ob0ocHOBaHUE OLICHMBAHUS
«OTIUYHO» Bce 3a1aHus BBIOTHEHBI IPaBUIIBHO
«Xopomo» [IpaBMIIbHO BBINOHEHHI JIIOOBIE 3 3aaHUS
«Y I0BJIETBOPUTEIILHOY [IpaBUIBHO BBIIOTHEHBI JHOObIE 2 3a1aHUS
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«HeynoBiaeTBOPUTEIBLHOY» [IpaBuiIbHO BBHITIOJTHEHO MEHEE 2 3aaHui

Ilpakmuueckan paooma Ne36 no meme: Teopema Horomona-Jleiionuya

Onpeoenenue 1. durypy, orpannuennyro rpabukom dyaxmmu Yy =f () cBepxy,

orpe3skoMm [a, b] cHu3y, a cipaBa u ciieBa oTpe3kamu nmpsiMbix t=a u t=Db (puc.2),

Ha3bIBAIOT KPUGOIUHEUHOI mpaneyueil.

YA

y=f(t)

Puc.2
Onpeoenenue 2. Yucno, paBHOE IJIOLIAAN KPUBOIMHEWHON Tpanenuu, n300pakeHHONW Ha pUCYHKE
2, Ha3BIBAIOT onpeodeneHnbim unmezpanom ot pyukuuu f () Bmpememaxor a mo b u

0003Ha4YarT

b

jf(r) dt

)

dopmyia (1) unraerces Tak: «Marerpanor a a0 b ot ¢pyukiuu f(t) mo dty

Onpeoenenue 3. B dopmyne (1) ¢ynkuuio f () Ha3bIBAlOT HOObIHMEZPAIbHOIL
dyukyueii,iepeMeHHYIO t Ha3bIBAIOT nepemeHHou
UHmMeZPUPOoSaHus, OTPE30K [a, b] Ha3bIBAIOT ompe3Kom
UHMeZPUPOBAHUA, YUCIIO b Ha3bIBAIOT GEPXHUM NpPeOdeioM UHMeZPUposeanus, 2

YUCIIO & — HUNCHUM RPE0eioM UHMEZPUPOGAHUSA.
IlIpouszeoonas om onpeodenennozo unmezpaia no epxmuemy npeoeny

Ecnu 0o603naunts S (X) IUIOIIaas KPUBOJIMHEHHON Tpamennu, OrpaHMYCHHON ¢ OOKOB OTpe3KaMu

npsaMeix t=a u t=Xx (puc.3),

125


https://www.resolventa.ru/spr/matan/function_property.htm#fpr6
https://www.resolventa.ru/spr/matan/integral.htm#int6

YA

y=1(t)

5(x)

Puc.3

TO Oyner cnpaBeBa Gpopmyma
x
S(x)=] f(t)dt
a

Teopema 1. [Ipou3BosiHas OT OOPECIEHHOIO UHTErpajla [0 BEPXHEMY NpeAey

HHTCIPHUPOBAHUA paBHA 3HAYCHUTIO HOﬂBIHTeraHLHOﬁ (bYHKI_[I/II/I B BCPXHEM IIPCACTIC HHTCTPHUPOBAHUS.

Jlpyrumu cioBaMu, cipaBeyinBa Gpopmysa
: d (5
$(0)= 5|1/ 0=/ ()

Hoxazamenscmeo. 13 popmynel (2) cienyert, 4To
T+AT
S(x+Ax)= | f(£)dt,
@

rjae yepe3 AX 0003HaueHO ImpHpaiieHue aprymenta X (puc. 4)

YA

Puc.4
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N3 dpopmyn (3) u (2) momydaem, 4To

1 BapuanT

Brpruncivre uaTerpan:

1) j‘x5dx;
-1

3
2) jsin X dxX;

7T

3

3) j-exdx;

dx

4) >
COs™ X

o
hiﬁt.'hm

S)

O'—,I—‘

(2x -3x?) dx

2 BapuaHT

Brruncioure HUHTErpal:

1
1) _f4x 3dx;
-2

7T

2
2) fcos x dx;
(0}

3 BapuaHT

P
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Brruucnure unaTerpan:

5) j‘(6x2 — 2)dx

4 BapuaHT

Brpruncnure nnaTerpan:

1 j.de;

2) | cos3x dx;

m\la'-hw\*l N

3) f?xdx;
o

2 dx

4) .-
COSs™ X

\
w\ﬁ'.‘“m

5) j-(3x - 7x%x°%) dx

Kpurepun oueHuBanus:

Onenka O0ocHOBaHUe OLIeCHUBAHUS
«OTINYHOY Bce 3aganus BEINOJIHEHBI IPABUIIBLHO
«Xopo1o»

HpaBI/IJ'IBHO BBIIIOJIHEHBI JTI00bIC 4 3aJaHus

«YJIOBJ'IGTBOPI/ITeJ'IBHO»

[TpaBUIEHO BBHITIOIHEHHI JIFOOBIE 3 3aaHUs

((Hey,Z[OBHCTBOpI/ITCJ'IBHO»

HpaBI/IJ'ILHO BBIIIOJTHEHO MEHEE 3 3aJlaHui
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IpakTuyeckas padora Ne37 mo reme: IlpocTpaHcTBeHHbIE TeJIa

[ToMuMO HaXOKAEeHUS MVIOIIAAN IUIOCKOH (PUTYPBI ¢ MOMOUIBLIO ONIpeIeIEHHOT0 HHTEerpaJjia
BAKHEUIIUM TPUIOKEHUEM TEMBbI SIBJISETCS BbIYMCIeHHE 00beMa Teja BpameHusi. Marepuan
IIPOCTOM, HO UATATEIb JOKEH ObITh MOATOTOBICHHBIM: HEOOXOAUMO YMETh PelllaTh HeonpeaeleHHbIe
HHTErpajibl CPEIHEH CIIOKHOCTU U NpUMEHTH ¢opmyy Hbrorona-JleiiOHuma B onpeaejeHHOM
uHTerpajte. Kak m s 3a7auu HaXOXKIEHUS IUIOMIAAU, HY)XHbl YBEPEHHBIE HABBIKU IMOCTPOCHHS
YepPTEkKEH — 3TO UyTh JIM HE CaMOe BaKHOE (IIOCKOJIbKY HHTETPaJIbl CaMH 10 ceOe yarie OyyT JIErKUMH).
OCBOHUTH T'PaMOTHYIO U OBICTPYIO TEXHHUKY HOCTPOEHUS IPaQUKOB MOKHO C MOMOIIBI0O METOINYECKUX
MarepuasioB I'paduku u cBoiicTBa JjieMeHTApPHBIX (PyHKIMHA 1 ['eoMeTpHYecKHe Mpeodpa3oBaHus
rpagpuxoB. Ho, cOOCTBEHHO, O B@XHOCTH YEpPTEHKEH S YK€ HEOJHOKPATHO TOBOPWI Ha
ypoke OnpeaesieHHbIH nHTerpaJ. Kak BBIYHCIAUTH IJIOMAAb (PUTYPHI.

BooO1ie B MHTErpajibHOM HCYUCIEHUU OYE€Hb MHOTO MHTEPECHBIX MPHJIOKEHHH, C TOMOIIBIO
OTpEeIEHHOT0 WMHTErpajga MOKHO BBIYHCIUTH IUIOMAAs (QUrypbl, 0ObeM Tena BpallCHHs, AJIUHY
AYTH, IJIOLIAb MOBEPXHOCTH BpauleHuss U MHoroe apyroe. IToaromy Oyner Beceno, moxanyicra,
HACTpOTeCh Ha ONITUMUCTUYHBIN Jiaj!

[IpencraBbTe HEKOTOPYIO IUIOCKYIO (PUTYypy Ha KOOpPAMHATHOW TuiockocTH. [IpencraBumm? ...
HuTepecHo, KTo uTo mpeactaBui... =))) E€ miomans Mel yxe Haxomuid. Ho, kpome Toro, gaHHyio
¢burypy MOXKHO emi€ U BpaiaTh, IPUYEeM BpalllaTh ABYMS CIIOCOOAMU:

_ BOKpPYT ocu adcuucc X ;

— BOKPYT OCH OPAMHAT or

B nmanHo#i crathe OynmyT pazoOpanbl o0a ciydas. OcoOEHHO HHTEpEceH BTOPOW CIocod
BpallleH!s, OH BbI3bIBACT HAHOOJBIINE 3aTPYJHEHHS, HO HA CAMOM JIeJie pelieHNe MPAKTHUYECKHU TaKoe
ke, Kak 1 B 0oJiee paclpoCTpaHEHHOM BpallleHuU BOKPYT ocu adciucc. B kauecTBe 60HYyca 51 BEpHYCh

K 3aJa4de HaAXO0XKIACHUA ILJI0oIIaJau (]mrypl,l, U pacCKaXXy BaM, KaK HaxXOAWUTh IUIOMIAAb BTOPBIM

criocoGom — 1o ocu &Y Jlaxke He CTONBKO OOHYC, CKOJIBKO MaTepHall yAa4yHO BIIUCHIBACTCA B TEMY.
Haunewm ¢ Hanbosee nomyisipHON pa3HOBUAHOCTH BPALICHHUS.

Borunciienue o0bema TeJia, 00pa30BaHHOIO BpallleHueM

IUIOCKOH (pUTypbl BOKPYT OCH 0x

[Tpumep 1
Boruncnute 00beM  Tena,  MOJyYEHHOTO  BpamleHueM  (QUrypbl, OTrpaHHMYEHHOU

ox

_ - —
HHHHﬂMHy_zx x 13:_[3

BOKpPYT OCH
Pemenne: Kak v B 3a7aue Ha HaxXOXXJEHHUE IUJIOUIA/M, pelliecHHMe HAYMHAETCS C YepTexka

miockoi gurypsl. To ecTh, Ha ITOCKOCTH XOY HEO0OXOMMO TIOCTPOUTH (PUTYPY, OTPAHUYCHHYIO

129


http://www.mathprofi.ru/vychislenie_ploshadi_c_pomoshju_opredelennogo_integrala.html
http://www.mathprofi.ru/integraly_primery_reshenij.html
http://www.mathprofi.ru/integraly_primery_reshenij.html
http://www.mathprofi.ru/chto_takoe_integral_teorija_dlja_chainikov.html
http://www.mathprofi.ru/opredelennye_integraly_primery_reshenij.html
http://www.mathprofi.ru/opredelennye_integraly_primery_reshenij.html
http://www.mathprofi.ru/grafiki_i_svoistva_funkcij.html
http://www.mathprofi.ru/kak_postroit_grafik_funkcii_s_pomoshyu_preobrazovanii.html
http://www.mathprofi.ru/kak_postroit_grafik_funkcii_s_pomoshyu_preobrazovanii.html
http://www.mathprofi.ru/vychislenie_ploshadi_c_pomoshju_opredelennogo_integrala.html
http://www.mathprofi.ru/dlina_dugi_krivoi.html
http://www.mathprofi.ru/dlina_dugi_krivoi.html
http://www.mathprofi.ru/ploshad_poverhnosti_vrashenija.html
http://www.mathprofi.ru/vychislenie_ploshadi_c_pomoshju_opredelennogo_integrala.html

— — 2 — = .
y=2x—x , Y U, TIPU 3TOM He 3a0bIBAEM, YTO YpaBHEHHE 0 samaér ocp 4 | Kax

JTUHUSIMU
panuoHaigbHee U ObICTpee BBIOJHUTH YepTEK, MOKHO y3HATh Ha cTpaHulax I'paduku u cBoiicTBa
daemeHTapHbIX pyHkuuii 1 OnpeneseHHblii HHTErpaj. Kak BoIucaIuTh miomaab Gurypsi. 10
KUTalCKOe HAIIOMUHAHKUE, U HA IAHHOM MOMEHTE s OOJIbIIIC HE OCTaHABIUBAIOCH.

UYepréx 31€Ch TOBOJIBHO MPOCT:

Yy | § L

N i R e
e S e {osereanys
y=2x—x"

----- . .
i X

¥ 4

Hckomas nnockas Q)Hrypa 3aliITpUXOBaHa CUHUM LIBETOM, HMCHHO OHa U BpPAIlACTCs BOKPYT
oCcHu 24 B PE3YIbTATC BpALICHUS ITOJTYIACTCA TaKasd HCMHOI'O SIMIIeBUIHA JIeTaroIas TapcClika, KOTopas

CUMMETpPUYHA OTHOCUTEIIHO OCH X  Ha camom gerne y TeJla €CTh MaTEMaTUYECKOE Ha3BaHHE, HO MO
CIIPaBOYHMKY UTO-TO JI€Hb YTOYHATh, IO3TOMY €/I€EM JIajIblIE.
Kak Bp1uncanTh 00bem Tesia Bpaiienus?

O0bem TeJsia BpalleHHsI MOKHO BLIYHMCJIUTD 110 (popmy.te:
A
]
v =r| A (x)dx
a

B dopmyiie niepess MHTErpaioM 00s3aTelIbHO IPUCYTCTBYET YnciIo F . Tak MOBEIOCH — BCE, UTO
B )KM3HU KPYTUTCS, CBSI3aHO C ATOW KOHCTAHTOM.
Kak paccraBuTh mpenensl MHTETPUPOBAHHUA «a» U «03», OyMaro, JETKO A0rajgarbcs U3

BBITIOJTHCHHOI'O YCPTECIKA.

OyHKIMSA J(x) ... 9T0 3TO 3a (hyHkumsa? JlaBaiite mocmoTpum Ha yeprex. [lmockas durypa

x

orpaHu4eHa rpadukoM Mapadosbl Jlxy=2x- CBEpXy. OTO M ecTb Ta (QYHKIHA, KOTOpas

nojapasymMmeBaeTcs B hopmyie.
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B mpakTudeckux 3amaHusX IJIocKas (Urypa MHOTAa MOXKET pacroyiaraThbCsi U HUXKE OCH Ox

2
kA
9TO HHYEro HE MEHSIET — MOABIHTErpaJIbHAA (b}’HKI_[I/IH B (bOpMYJ'IC BO3BOJUMTCA B KBaJApar: f I: :I , TAKMM
06p330M HHTErpaJj BCeraa HeoTpuuaTejJaeH, 4YTo BECbMa JIOTHYHO.

Boruncnum o0BpeM Tena BpallleHus, UCIIOJIB3YS JAHHYIO bopmyny:

A 2 ]
v =a] fA(dx= 7| (25— 2 dx= ] (42° - 427 + 2%)dx =
i} 1]

a

4% s 32 32 16
5= 15

=7 | —-x'+ 15+ =-0
3 5 3 5

Kak s YK€ OTME4all, HMHTCrpall IIOYTH BCErja I0JIy4acTCsa HpOCTOﬁ, TJ1aBHOC, OBITE
BHHMMATCJIIbHBIM.

V= 16_;? 287 335 28°

OTBerT:

B oTBeTe HY)XHO 00513aTeNbHO yKa3aTh pa3MEPHOCTh — KyOUUECKHE €IUHUIIbI oo’ . To ecTs, B
HallleM TeJle BpallleHus MpuMepHo 3,35 «kyoukoBy. Ilouemy umeHHo kyouueckue edunuysi? [loromy
4yTo Haubosiee yHHUBepcalbHas (HopMyaupoBKa. Moryr ObITh KyOMUYECKHE CaAaHTUMETPhI, MOTYT OBITh
KyOHW4ecKHre METPhI, MOTYT OBITh KyOMYeCKHEe KHIIOMETPHI U T.JI., 3TO YK, CKOJIBKO 3€JICHBIX YeJIOBEUYKOB

Ballle BOOOpaXeHHE TOMECTHUT B JIETAIOLIYIO TAPEIIKY.

1 BapuanT
1. Haiinure oObeM Tena, TOJYYEHHOTO TIPH BpAIIEHUH BOKPYT OCH aOCIUCC

KPUBOJIMHEHHOM TpaIeluy, OrpaHUYE€HHOMN JIMHUSMMU:

a) y=x"+1, x=0, x=1 y=0;

6) y=+x, x=1 x=4 y=0.

2. Haiinute ob6beM Tena, MOJIYYEHHOrO IpPHU BpAIIEHWH BOKPYI OCH alOCHucC (QUryphl,
OTrpaHUYEHHON JIMHUAMMU:

a)  y=x’ y=Xx

0) y=2%X, y=x+3, x=0, x=1

2 BapHaHT

1. Haiimute oOBeM Tena, TMOJYYEHHOTO TP BpalIeHUHW BOKPYTr OCH aOCITHCC

I(pPIBOJ'IHHCfIHOfI Tparnenuuu, OPp&HH‘-ICHHOfI JIMHUSAMU:
a) y=1-x*, y=0;
0) y= JX, x=1, y=0.
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3. Haiimure oObeM Tena, MOJYYEHHOTO TMPH BpaIICHHWH BOKPYr ocH adcuucc (Gurypsl,

or paHquHHOﬁ JIMHUSAMUAU .
a) y=x, y=x
0) y=2+X% y=1 x=0, x=2

Kpurepun oueHuBaHus:

Ounenka ObocHOBaHME OLICHUBAHMA

«OTnraHO» Bce 3amannst BHIIOTHEHBI IPAaBUIIBHO
«Xopomo» ITpaBuIbHO BBINOJIHEHbI J00bIE 3 3a0aHus
«Y 1OBIETBOPUTENBEHOY [TpaBUIBEHO BBIMOIHEHBI JIO0BIE 2 3a0aHus
«HeynoBneTBOpUTENBHOY [IpaBuabHO BHITIOIHEHO MEHEe 2 3aJaHui

IIpakTnueckas padora Ne38 no reme: BepositHOCTh U ee cBOlicTBa

[lenb: OCBOMTH HABBIKM PEILIECHUS 33]1a4 [10 TEOPUU BEPOSITHOCTEM.

Metoanyeckue yka3zaHusl.

Cay4allHbIM Ha3bIBalOT COOBITHE, KOTOPOE MOXET MPOU30UTH MM HE MPOM30WTH BO BpeMs
HaOroeHust win ucneitanus. [lycts npu npoBeaenus (OpocaHne MOHETHI WM KyOHKa, BBITSTHBAHUE
HK3aMEHAllMOHHOrOo OujieTa M T.A.) BO3MOXHBI N PaBHOBO3MOXKHBIX MCX0A0B. Hampumep, mnpu
o 0pacbIBaHMM MOHETHI YUCIIO BCEX HCXOOB N PAaBHO 2, TAK KaK KPOME «PEIIKI» WIH «Opia» IpYTux
UCXO0/10B ObITh He MOXkeT. [Ipu Opocke urpanpHOro Kyorka BO3MOKHBI 6 HCXOJIOB, TaK KaK Ha BEpXHEH
rpaHyd KyOHMKa paBHOBO3MOXHO TMOsBIIeHHE Jt00oro yuciaa oT 1 no 6. IlycTh Takxke HEKOTOpOMY
cOOBITHIO A 01aronpusATCTBYET M UCXOJIOB.

BeposiTHOCTBIO COOBITHSI A Ha3bIBalOT OTHOIICHUE YUCIA OJIArONPHUATHBIX JUISl TOTO COOBITHS

HCXOO0B K O6I_I_I€‘My YUCITY paBHOBO3MOKHBIX UCXOHOOB. ITumem

P(A) =

m
n. HaanMep, IyCcThb coOBITHE A COCTOUT B BBIIIaJCHUH HEYETHOTO YHCIa OYKOB pu

Opocanuu KyOrka. Bcero Bo3aMoxHbI 6 NCXO0B: BbINaJiIeHNE Ha BepXHel rpanu kyouka 1,2,3,4,5,6. Ilpu

9TOM OJAronmpusATHBIMU I COOBITHS A SBIAIOTCS MCXOAbl ¢ BbmageHueM 1,3,5. Takum

P(A)=2=05

obpazom,
3ameTHM, 4TO Beeraa BhimosHseTcs asoiinoe HepaencTso 0 < P < 1. Ecim y Bac B otBeTe

BEPOSITHOCTH MOJTydaeTcs 0oJibie 1, 3HAYUT, BBI T/I€-TO OIMIHUOINCH U PEIIEHNE HY>KHO TIEPETIPOBEPUTh.

1 BapuaHT

Pemmte 3aia4u, MOJIb3yACh KIIACCUYCCKUM ONPCACICHUCM BEPOATHOCTHU:
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1. B ypue 20 6enpix u 25 4epHbIX mapoB. M3 ypHBI BEIHUMAIOT HayTa 1 ouH map. Halaure

BEPOATHOCTb TOT'0, UTO 3TOT LIap — OeJbIil.

2. 3agymaHo aBy3HauHOe yucio. Haitaure BeposITHOCTH TOTO, YTO 3aAyMaHHBIM YHUCIOM
OKaXeTcs:

a) CIIy4aifHO Ha3BaHHOE JIBY3HAYHOE YHCJIO;

0) CJlydaifHO Ha3BaHHOE JIBy3HAUYHOE YHCIO0, HU(PBI KOTOPOTO Pa3IMyHbI.

3. B nepBom simuke nexut 20 neranei, u3 Hux 13 crannapTHbIX; Bo BTopoM — 30 netasneit

(26 cranmapTHbIX); B TpeTheM — 10 aeraneli (7 crannapTHbIX ). HaiiguTe BEpOATHOCTD TOTO, UTO HAyTaj

H3BJICUCHHAA ACTAJIb U3 HAyAA4Yy B3ATOIO AlIUKA CTaHAapTHAd.

2 BapuaHT
Pemmte 3anaun, monb3ysach KIACCUUYECKUM ONPEIEICHUEM BEPOSATHOCTH
1. B ypue 10 6enpix mapos, 26 yepHbIX, 15 cunHux u 14 kpacHbix. M3 ypHBI BBIHUMAIOT

HayraJ oJuH map. Haiiaure BEpOATHOCTH TOrO, YTO 3TOT IIAP OKAXKETCS [IBETHBIM.

2. Bbpouiensl nBe urpaibubie koctu. Haiiiure BEpOSATHOCTD CAENYIOIIMUX COOBITUM:

a) CyMMa BBIIIaBIIMX OYKOB paBHa 0;

0) CyMMa BBIIIaBIIMX OYKOB paBHa §, a pa3HOCTH 3.

3. B »sk3amenanmonHslii OmiieT BXOAMT 4 BONpOCa MPOrpaMMbl, HAaCUUTHIBAarOIeH 45

BONPOCOB. AOUTYPUEHT HE 3HAET OTBETa Ha 15 BompocoB mporpaMMmel. KakoBa BEpOSATHOCTb TOTO, YTO
OH BBITSIHET OMJIET, I/Ie BCE BOIPOCHI €MY U3BECTHBI?

Kpurtepun onenuBanus:

OuneHka O0ocHOBaHHE OLIECHUBAHUS

«OTJII/I'-IHO)) BCC 3aJaHHUs BBIIIOJTHCHBI HpaBI/IJ]LHO
«XopoIio» [TpaBUIIBHO BBIMOJHEHBI THOOBIC 2 3aaHus
«Y IOBJIETBOPUTEIILHOY [IpaBriibHO BBITIOJIHEHO Jito00e 1 3amaHus
«HeynoBneTBoputebHO» He BBIIOIHEHO HHU OJHOTO 3aTaHUs

IIpakTnyeckas padora Ne39 no reme: IloBTOpPHBIE HCNIBITAHUS

Uro Takoe Hezasucumvle UCHbIMAHUA? HpaKTI/I‘-IeCKI/I BCE IOHATHO YK€ U3 CaMOI'0 Ha3BaHU:.

[TycTh MPOU3BOAUTCS HECKOJBKO MCIBITAHUNA. ECi BEpOSITHOCTH MOSIBIIEHUSI HEKOETO COOBITUS Ag
KQ)KIOM M3 HUX He 3aBHCHT OT UCXOJIOB OCTAJIbHBIX UCIBITAHUH, TO... 3aKaHUYMBaeM (Ppazy XOpoMm =)
Monoanesl. I[l[py  »TOM TOA  CIOBOCOYETAHUEM «HE3aBUCUMBIE  WCIEBITAaHUS»  4acTo
MOIPa3yMEBAIOT HOGMOPHbIE HE3ABUCUMBIE UCHBIMAHUA — KOTJAa OHU OCYIIECTBISIOTCS APYT 3a

JIPYTOM.

IIpocreiimme npuMepsi:
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— MoHeTa nogopaceiBaercs 10 pas;

— UrpajibHas KOCTh mogopaceiBaercs 20 pas.

CoBepIleHHO SICHO, YTO BEPOSTHOCTH BBIMAJICHUS Opjia JTUOO PEIIKH B JIOOOM HCIIBITAHUH HE
3aBHUCHUT OT PE3YJbTATOB JPYTUX OPOCKOB. AHAJIOTUYHOE YTBEP)KIACHUE, ECTECTBEHHO, CIIPABEJINBO U
TSl KyOHKa.

A BOT MOCIEIOBATENLHOE HM3BICUYCHUE KAPT W3 KOJIOABI HE SIBISETCS Cepuell He3aBUCHMBIX
UCTIBITAHUN — KaK BbI IOMHHTE, 3TO I[CTI0YKA 3aBHCUMBbIX COOBITHI. OJHAKO €CIIM KapTy KaXIblii pa3
BO3BpalIaTh 00paTHO, TO CUTYAIlUsl CTAHET «TaKOW, KAKOW HA/IO.

Crnemry oOpamoBath — y Hac B TOCTAX odepenHoil TepMmMuHATOp, KOTOPBIH aOCONIOTHO
pPaBHOIYIIEH K CBOMM YyjaadaMm/Heynadam, M IMO3TOMY €ro cTpeiib0a mpeacraBiseT coboil obpasen
CTaOUIIBHOCTH =):

3agava 1

CTpeJIOK COBCpIIACT 4 BBICTPCJIAa 110 MUIIICHU. BepOHTHOCTB [ormagaHuA Ipu KaXKa10M BBICTPCIIC

TOCTOSIHHA 1 paBHa + . HaifTi BEPOSTHOCTB TOTO, UTO:
a) CTPEJIOK nonaaér TOJILKO OJTUH pas;
0) cTpenok nmomanér 2 pasa.

Pemenue: yciosue chopmMyIupoBaHO B 001IEM BH/I€ U BEPOSTHOCTH MOMAaHUsI B MUILICHD TTPH
Ka)KJIOM BBICTPEJIE CUMTACTCS M3BeCTHONH. OHA paBHA © (eciu coscem mAxtCKo, Npuceotime napamempy

2= [:','5 )

Kaxkoe-Hu6y0b KOHKpemHoe 3HayeHue, Hanpumep,

Komp CKOpO, MBI 3HAEM F , TO JICTKO HaWUTH BCPOATHOCTL IMpOMaxa B KaXIAOM BBICTPECIIC:

=1-
d F 70 ecTb, «Ky» — 9TO TOKE H3BECTHAS HAM BEIMUHHA.
a) PaccMotpum cobbitue « Cmpenok nonadém monvko 00uH paz» U 0003Ha4YMM €ro BEpOSITHOCTb

A

1
yepes “* (UHOeKCbl NOHUMAIOMCS KaK «00HO nonadanue u3 4emuipéxy). Jlanunoe coObITHE COCTOUT B 4
HECOBMECTHBIX NCXOJaxX: CTPEJIOK NonaneT B 1-if mam Bo 2-i WM B 3-1 WJIH B 4-11 IONBITKE.
IIo Teopemam CJIOKEHUS] BEPOSATHOCTEH HECOBMECTHBIX M YMHOKCHUSI BEPOATHOCTEH

He3aBUCUMBIX COOBITHIA:

ﬁl = pagg tapag T aapg +aqgqp

Buumanue! Eciu sam HE IIOHATHA sma 3anuce, noscanyicma, 6epHumecs K npeovloyuemy
VPOKY NO 8blULenpusedénHol ccolike!

YHOpocTuM pe3ynbTaT ¢ MOMOIIBI0 KOMOMHATOPHOW ¢(OpMYyJibl KOJIMYeCTBa COYETAHMIL:

1 _
Cy=4 Croco0aMy MOKHO BBIOPATh MOMBITKY, B KOTOPOH CTPENIOK MOMall.

I/I, IOCKOJIBKY B KaXAOM ClIyda€ HUMCET MECTO 1 nomnagaHue H 3 npomaxa, TO:

1 _ ol 3 3
H=Cpq =4pg _ BEPOSITHOCTH TOTO, YTO CTPEIOK MOMAET TOJIBKO OJIUH pa3 U3 YETBIPEX
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...Kak-To Tak «c JIErkou PYKHU» g Hadal Ha3blBaTb IMOBTOPHBLIC HE3aBHCHUMBIC HCIIBITAHUA
«II0IIBITKaMMn», 4TO HE B Ka)XIoM 3a1aue MOXKET OBIThH KOPPCKTHLBIM... ... HY Ja JagHo.

0) Paccmorpum cobbitie «Cmpenok nonadém 0ea pasza» M 0003HAYUM €ro BEPOSTHOCTH

qyepes B («06a nonaoanusi uz uemvipéx»). 31eCh BAPUAHTOB CTAHOBUTCS OOJIbIIE, MOIMAaHUS
BO3MO>KHBI:
B 1-11 m 2-#1 mONBITKax
W
B 1-1i 1 3-1i monbITKax
WIH
B 1-11 m 4-11 monbITKax
HJIN
BO 2-11 M 3-11 MONBITKAxX
WIH
BO 2-1i 1 4-1i MONBITKAx
HJIN
B 3-11 1 4-11 MONBITKAX.

Takum 06pa30M, o TEM KC TeopeMaM CJIOKEHUSA U YMHOKCHUSA BCPOHTHOCTeﬁ:

*Ef = ppaq + papg + paap +appg +apap +qgpp

MoskHo 71 Tak pemath 3anauy? bezycinoBHo, MoxHO. Ho uTO nenaTh, eciiu cepusi COCTOUT U3 5,
6 unu 601npLIero KonuyecTBa BeICTpesioB? TyT yke OynyT MOdy4yaThCsl AECATKH CllaraéMblIX, 3alHCh
KOTOPBIX OTHUMET MHOTO BPEMEHHU M MecTa. B 3TOH cBsI3M palMoHalibHee NMpUIepKHUBAaThCs Oosiee

KOMIAKTHOH CXCMBI:

.4 24

Y —=5
2.2l 2.2
criocobamMu (nepeuuciensvt 6viuie) MOXKHO BbIOpaTh 2 MOMBITKH, B KOTOPBIX

IIPOM30MAYT NONATAHMS.

W, nmockonpky B J000M HCXOJe POBHO 2 TMoOMajaHus U 2 [pomaxa, To:

AR S N B 2 2
F=0rg=0o0q _ BEPOATHOCTH TOTO, YTO CTPEIIOK MOMaAET 2 pasa us 4.

Orper: & 4p4°. )60
Pl _ Cl 3
WTak — BepOATHOCTE TOTO, uTo 6yzer | momananue u3 4, pasaa ¢ ~ ~+F49

B=Cry

, BEPOATHOCTH TOTO,

yTo Oyner 2 nonajgaHus u3 4, paBHa ... HE 3aMeYaeTe JIM Bbl 3aKOHOMEPHOCTH?
Tonbko 4YTO Ha KOHKPETHOM IpUMepe Mbl NOBTOpWIM MyTh fkoba bepHymau, KOTOpbIii

HECKOJIBKO BECKOB Ha3a/ BBIBCII (bOpMy.]'Iy, HAa3BaHHYIO ITO3XKE B €TI0 YCCTh!:
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k]
— BeposTHOCT “* TOrO, 4TO B * HE3aBHCHMBIX HMCHBITAHHSAX HEKOTOPOE CIIy4ailHOE

cobsrre 4 HacTynuT poBHO *# pas3, paBHa:

W e WM
P?‘e _Cqu , TIE:

% - BEPOATHOCTDH IIOABJICHUA COOBITHSA A B KaXXJ10M HCIIbBITAHHUH,

4= 1- 2 BCPOATHOCTH HCIIOABJICHUA COOBITHS A B KaXXJ1OM UCIIBITaHHH.

bl
Koadduuuent ~* yacTto Ha3bIBAIOT OUHOMUATLHBIM KOIDhuyuenmom.

Ilpumeuanue: opmyna Bepuynnu cnpageonrusa moavko O/ mex He3a8UCUMBIX UCNbIMAHUL,

6 komopuix eeposimuocms ¥ cobvimus A coxpansiemes nocmosmnoii. Ho na npaxmuxe 6 pesyivmame
UCNBIMAHULL MO2YM NOABIAMBCS PA3HbIE COOLIMUA C PA3HBIMU BEPOAMHOCMAMU — 8 IMOM Clyyae
pabomaem Opyeas ¢opmyra. Coomeemcmeyiowjue HnpuMepbl MONCHO HAUMU, HAnpumep, 8
munoguvlx pacuémax uz coopuuka Yyoecenxo (3aoaua 18).

3a npuMepoM JaJIeKO XOAUTH HE Oyaem:

3anaya 2

Haiitu BeposiTHOCTB TOTO, uTO IpH 10 Opockax MOHETHI OpEN BHIMAJET 3 pasa.

Pemnrenue: cHavyajga HEMHOTO MOPACCYKIAeM: BCEro MPOBOIUTCS 10 MOBTOPHBIX HE3aBUCHUMBIX

ucnbiTaHuil. CKOJIBKUMHU CIIOCOOAMH MOKHO BBIOpaTh 3 HMCHBITaHMS, B KOTOPBIX BBINAAET OPEN?

w8510
Ch = = =120
73l 6 |
cniocobamu!
DT0 4TO K€ Noiay4yaercs — 3anucbiBaTh 120 cnaraeMbIx, B KaXJ10M U3 KOTOpbIX 10 MHOKUTENEH?
P:w _ C:w p:w Ig,:'d—:w
Ucnonp3yem bopmyny bepnynnu: " * , B JTAHHOM ciy4ae:
#=10 — BCETO HCIIBITAaHUI;
=3 — KOJIMYECTBO UCIIBITAaHUM, B KOTOPBIX JIOJIKEH HOSIBUTBCS opén;
1
= 5
— BEPOSTHOCTh HOSIBJIEHUS opia B KaKJIOM UCIIBITAaHUU;
1 1
2 2 _ BeposITHOCTD ITOSIBICHHS PEIIKH B KAKIOM HCITBITAHHH.

Taxkum obOpazom:

3 7
B = p =120, (l] (l] _ 120 61171875
2 2 1024 BEpPOATHOCTh TOro, uro mpu 10 Opockax

MOHETBI OPEIN BRIMAAET POBHO 3 pasa.

OTBer: Pla” 0,12
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CnenyeT OTMETHUTb, 4YTO MOGMOPHBIU Xapakmep HE3aBUCUMBIX HCIBITAaHUN HE SBIsSIeTCA
<OKU3HEHHO BOXHBIM» (HEOOXOUMBIM) YCIOBHEM JUIsl puMeHeHus popmyisl beprymmm. Paccmorpum
MOXOXKYIO 33/1auy (Komopas, Kemamu, 9keusaieHmua 3aoaue 8 ypoka o Ki1accuyeckom onpeoenenuu
éepossmuocmu).

Haiimu sepossimuocms mozo, umo npu 6pocke 10 monem opén evinadem Ha 3 MoHemax.

3/1ech UCTIBITAHUS HE TIOBTOPSIOTCS, a CKOPEE, MPOU3BOIATCS OJHOBPEMEHHO, HO, TEM HE MEHEE,

P N S B
paboTaer Ta xe camasi hopMyIia: F{Z‘:' =Cprg =..=01171575 .

Pemenue 6YILCT OTJIMYAaTbCAd CMBICJIOM MW HCKOTOPBIMH KOMMCHTAapUsAMHU, B YaCTHOCTH!:

Cpy =120 .
cmocobaMu  MOXHO  BbIOparb 3  MOHETH, Ha KOTOPBIX BBIMAZEeT  OpEIL.

1
P= 5 .

— BEPOSITHOCTh BBIIIAJICHUS opia Ha KK 101 u3 10 MOHET
U T.J.

OnHako Ha MpakTHKe NOJOOHBIE 33aJaud BCTPEUYAOTCs HE CTOJb 4YacTo, W, BUIUMO, MO 3TOM
npuyrHe Qopmyna bepHymIM 4yTh M HE CTEPEOTHUITHO aCCOLMUPYETCS TOJNBKO C TOBTOPHBIMH
UCHBITAaHUSAMU. XOT$, KaK TOJIBKO 4TO ObUIO MOKa3aHO, IOBTOPSIEMOCTh BOBCE HE 00s3aTelbHA.

Crenyromas 3a1a4a JJisl CaMOCTOSITENIBHOTO PELICHUS:

3ajmaya 3

UrpanbHyto kocTk OpocatoT 6 pa3. HaliTu BeposSTHOCTb TOTO, YTO 5 OUKOB:

a) He BBIMANYT (6vitnadym (0 pas),

0) BeIAAYT 2 paza;

B) BBIIAZYT 5 pas.

Pe3ynbrathl OKpyrIUTh 10 4 3HAKOB IOCIIE 3aISTOM.

Kpatkoe penienue u oTBeT B KOHIIE YPOKa.

OueBuAHO, YTO B paccMaTpUBAEMbIX IpUMEpax HEKOTOpble COObITHS OoJjiee BEPOSTHHI, a
HEKOTOpble — MeHee BeposATHBI. Tak, HarpuMep, npu 6 Opockax KyOHka Jaxke 0€30 BCIKUX pacyéToB
UHTYUTUBHO TIOHSTHO, YTO BEPOSTHOCTH COOBITHH IYHKTOB «@» M «03» 3HAUUTENbHO OOJbIIe

BEPOSITHOCTH TOT'0, YTO «IATEPKA» BBIMAJAET 5 pa3. A Tenepb MOCTaBUM 3aJa4y HalTH

HAWUBEPOSITHEMIIEE unec10 nosisjiennii coobitust <1 B # He3aBMCHMBIX HCIBITAHAAX
OnaTte ke Ha ypoBHE HMHTyWIMM B 3amade No3 MOXKHO chaenarb BBIBOJ O TOM, 4YTO
HauMBEpOSTHENIIEE KOJMYECTBO MOSBICHUN «IIATEPKU» PAaBHO €IMHUIIE — BE/Ib BCETO I'PaHEH IIECTh, U

npu 6 6poc1<ax KYGI/IKa KaXxJias n3 HUX JOJIKHA BBITACTh B CPCAHEM 110 OAHOMY pa3y. X(CJ'IB.IOH.IPIC MOTYT

1
BBIUUCIIUTE BCPOATHOCTH 6 H TOCMOTPCTD, 6y,Z[eT Id OHA OOJIbIIIE (KOHKYPHUPYIOIITUX»

a3

3HayeHui "¢ u

137


http://www.mathprofi.ru/zadachi_na_klassicheskoe_opredelenie_verojatnosti_primery_reshenij.html
http://www.mathprofi.ru/zadachi_na_klassicheskoe_opredelenie_verojatnosti_primery_reshenij.html

Chopmyanpyem CTpOrui KPUTEPHii: TSt OTBICKaHUS HaWBEPOSTHEUIIIETO

arcna M nosBieHmi cirydaitHoro coGbiTHs <1 B # HE3aBUCHMBIX HCIIBITAHUSX (C 6EPOAMHOCTIbIO © 6
KaxcooM ucnvlmanuy) pyKOBOACTBYIOTCS CIEIYIOUINM JIBOMHBIM HEPABEHCTBOM:

—g = ..
P T =M {‘np-'_p,npnqu:

np — .
1) ecnn 3mavenme '* 9 — 1pobHOE, TO CYIIECTBYeT €IMHCTBEHHOE HAMBEPOATHEilIee

.
quciio

np . g =Hp
B 4aCTHOCTH, €CJIN — [EJIOC, TO OHO U €CTh HAUBCPOATHCUILCC YNUCIIO:

Hp —g o Ciy g+
2) ecnu xe — 1I€JI0€, TO CYILECTBYIOT ABA HAUBEPOSATHEHIINX YUCIIA: U .

HauBeposiTHeiiee 4ncino MOSBICHUHA «IATEPKU» mpu 6 Opockax KyOWKa MOIMafaeT IOX

YaCTHBIN ciy4ait MIEPBOTO IYHKTA:

mn=np=6-g=l

B nensax 3akpernsieHuss MmaTepuana peluM napy 3agau:

3agauda 4

BeposiTHOCTB TOTO, YTO IIpU OpOCKe MsAda GackeTOOIUCT MOoNajET B KOp3uHy, pasHa 0,3. Haiitu
HauBepOATHEHIIee YUCIIO MoNaJaHui pu 8 OpOCKax U COOTBETCTBYIOLIYIO BEPOSTHOCTb.
A 310 yx)e ecnu U He TepMHHATOp, TO, KAK MUHUMYM, XJIaJHOKPOBHBIN CIIOPTCMEH =)

Pemienue: Uil OLICHKM HAMBEPOATHEWINErO0 YHCIA IIONAJAHUM HCIONB3YEM JBOMHOE

—g =
HEPaBEHCTBO mp g s SHpTP g JTAaHHOM CJIy4ae:

n=4 — BCETO OpOCKOB;

=03
£=4 — BEPOSITHOCTh rnonagaHus B KOp3HHY pu KaXJIOM Opocke;

g=1-p=1-03=07 _ BEPOATHOCTH MPOMAXa IIPH KaXI0M OPOCKE.

Takum oOpa3oM, HaMBepoOsTHEHIIee KOJIMYECTBO MONajaHuil mpu 8 Opockax HaXOAUTCS B
CIIETYIOIINX npenesnax:
8-03-07=my <5-03+03
24-07=py 244073
L7 =y <27

ITockonbky neBast rpaHuIa — ApOOHOE 4HCHOo (nynkm MNel), TO CyIIECTBYeT €IMHCTBEHHOE

o Bl =2
HaWBEPOSTHEHIIICEe 3HAUCHUE, U, OUYEBUIHO, YTO OHO PABHO =~ ° .
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P:w _ C.-m ? ] Ig,:'e—:w
Hcnons3ys popmyny bepunymmm “* * , BBIYMCIIUM BEPOSITHOCTH TOTO, YTO IpPHU 8§

Opockax Oyner POBHO 2 nonagaHus:
| .
E=Cc.03 (07 = % (0,37 (N = ?_28 (0,37 (0,7 = 0,29647548
Orger: 07 . HaWBEpOSTHEHIIIEE KOJMYECTBO TOMAJaHMK mpu 8§ Opockax,
B 0,2965

— COOTBCTCTBYIOIIAA BEPOATHOCTD.

1 BapuanT

1. BpocaroT urpanbnyio Koctb. HalTH BEpOSTHOCTH TOTO, YTO:

@) BBIMAJCT YETHOE YHCIO OUYKOB

b) BbImageT YMCIIO OYKOB, KPATHOE TPEM.

2. B norepee 2000 6uneroB. Ha ogun Omner nagaet Bearpsim 100 p., Ha yeTkipe Ounera —
BBIUTPBI 110 50 p., Ha 10 OuneToB — BeMrphI 1o 20 p., Ha 20 OGuneToB — BeUrphI o 10 p., Ha 165
OMIIETOB — BBIMTPHINI 110 5 p., Ha 400 GriteToB — BRIMTPHII 110 1 p. OcTambHbIe OMIIETH HEBBIUTPHIIIHBIE.
KaxoBa BeposiTHOCTH BBIMUTpaTh 110 OMjIeTy He MeHee 10 pyOmneit?

3. Ilects mapoB ciydyailHbIM 00pa30M paCKIaAbIBAIOT B TPU sluka. HaliTu BEpoATHOCTH TOTO,
YTO BO BCEX SIIMKAX OKAXXETCSA Pa3HOE YUCIIO IIAPOB, IIPH YCIOBUH, YTO BCE ALUKU HE ITYCTHIE.

4. B mpamoyronbkHUK 5*4 cm? BrmcaH Kpyr paguyca 1,5 cm. KakoBa BeposSTHOCTH TOTO, 4TO
TOYKa, CIIy4aiiHbIM 00pa30M MTOCTABJIEHHAs B PSIMOYTOJbHUK, OKAaXKETCsS BHYTpU Kpyra?

2 BapuaHT

1. Bpocarot urpaipHyto KocTb. HaiiTu BepOsSTHOCTb TOTO, UTO:

C) BBIMAJET HEUECTHOE YUCIIO OUYKOB

d) BeImageT J1000E YUCIO OYKOB, KpOME 5.

2. HaOupas Homep TenedoHa, aOoHEHT 3a0bl1 OAHY IM(py U HaOpan e€ Hayraa. Haiitu
BEPOSTHOCTH TOT'0, YTO HabpaHa Hy>kKHas Ludpa.

3. Hudpser 1, 2, 3, ..., 9, BeIIUCAHHBIC Ha OTACIBHBIC KAPTOYKH CKJIAJBIBAIOT B SIIUK U
THIATENBHO MepeMennBatoT. Hayran BBIHUMAIOT OHY KapTouky. HailTu BEposITHOCTB TOTO, YTO YHCIIO,
HalMCaHHOE Ha ITOM KapTOYKe: a) 4yeTHoe; 0) ABy3HAYHOE.

4. BuyTtpu kBajgpaTa co ctopoHoil 10 cM BbleseH Kpyr paguycoM 2 cM. CiaydailHbIM 00pa3zom
BHYTPHU KBaJpaTa OTMeueHa Touka. KakoBa BEepOSTHOCTb TOTO, YTO OHA MOMNAJIET B BbIIEICHHBINH Kpyr?

3 BapuaHT

1. Ha xaxaoi U3 nsATH OJMHAKOBBIX KapTOYEK HaredaraHa OJIHa U3 CIENYIOMHUX OyKB: a, M, P,

T, }0. KaPTOUKU TIIATENBHO Mepemenanbl. HailTu BepOosSTHOCTH TOTO, YTO Ha YETHIPEX BBITSAHYTHIX 11O

OJIHOM KapTOYKE MOKHO IIPOYECTh CIOBO «HOPTa».
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2. B maptum u3 50 neraneit mmeercs 3 OpakoBaHHBIX. OmpeneanuTh BEPOSITHOCTh TOTO, YTO
B3sITasl Hay/lauy JeTajlb OKaXXETCs CTaHAapTHOM.

3. B smuke Haxomutbes 4 Oenbix w1 uepHend map. Hayrag Bemumator 2 mapa. Haiitu
BEPOATHOCTH TOTO, YTO BBIHYTHI JIBa OEJbIX HIapa.

4. Mumenr wumeer ¢opMy OKpykHOCTH paauyca 4. KakoBa BepoSTHOCTh HOIMaJaHUs
B €€ [IPaBYIO MOJIOBUHY, €CIIM MOMNaJaHKe B JTIOOYI0 TOUKY MUIIEHU paBHOBEposATHO? [1pu sTOM npomaxu

MHMO MHUIICHHU UCKJIIFOYCHHI.

4 BapuaHT

1. AGoHeHT 3a0bLT TOCTEAHIO UGPY HOMEpa TelaedoHa U MOITOMY HabupaeT e€ Hayraju.
Onpenenuts BEpOSATHOCTH TOTO, YTO €My NMPHUIAETCS 3BOHUTH He Oosiee yem B 3 mecTa?

2. PebGenok nMeet Ha pykax 5 kyoukoB ¢ OykBamu A, K, K, JI, Y. kakoBa BepOsITHOCTb TOTO, YTO
pebeHOK co0epeT u3 KyOMKOB CIIOBO «KYKIa»?

3. U3 xonozs! kapT B 36 AUCTOB HayrajJ BEIHUMAIOT 2 KapThl. KakoBa BEpOSTHOCTH TOTO, YTO
3TO Aama Tped U BajieT MUK?

4. Jlano: AB =12 cm, AM =2 cm, MN =4 cm. Ha otpe3ok AB ciyuaiinbim oOpazoM momnaaaet
Touka X. KakoBa BepoSITHOCTh TOTO, 4TO X MOMaAeT Ha OTpe30k MB?

Kpurtepun onenuBanus:

Onenka O6ocHoBaHME OlLIECHUBAHUS

«OTINIHO» Bce 3ajlaHus BBITIOJHCHBI IIPAaBHUJILHO
«XoporIo [IpaBUIIEHO BHITIOTHEHEI JIIO0BIE 3 3aMaHus
«Y IOBIETBOPUTEIILHO [IpaBUIBEHO BHITIOIHEHBI JIIO0BIE 2 33 aHHS
«HeynoBi1eTBOPUTEIBHO [IpaBUIBLHO BBITOTHEHO MEHEE 2 3aTaHUHA

IIpakTuyeckas padora Ne40 no reme: CinyyaiiHasi BeTHYHHA
Cnyuaitnon Ha3bIBAIOT eluyUHy, KOTOpas B Pe3ysIbTaTe MCHBITAHUS MPUMET OJHO U TOJIbKO
O/JIHO YHUCIIOBOE 3HAUEHHE, 3aBUCHIIEE OT CIy4alHbIX (PaKTOPOB U 3apaHee HelpeacKa3zyeMoe.

CJ'Iy‘IafIHBIe BCJIIMYMHBI, KaK IIpaBHJIO, 0003HAYAIOT qepe3 X’ F’Z *, a UX 3HA4YCHUA —

o R
COOTBETCTBYIOLIMMH MAJICHBKUMHU OyKBaMH € TIOJICTPOYHBIMH WHICKCAMH, HallpuMep, 7 2" "%
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* Unoeoa ucnonv3yrom uvw

, @ makdice zpeyeckue OyKevl
[Tpumep BCTpeTHIICS HAM Ha MEPBOM JKe YPOKe 110 TeOPHHU BePOATHOCTEI, T11e MbI (PaKTHUECKU

pPaccMOTpENH CIEAYIONIYIO CIIy4ailiHYIO BEIMUUHY:

A _ KOIMYECTBO OYKOB, KOTOPOE BBIIALET IOCIE GPOCKA HIPAILHOTO KyOUKa.

B pPE3YIbTATC AAHHOI'O HCIBITAHMA BBIIIAACT OAHA W TOJBKO I'PaHb, KaKkasgd HMMCHHO — HC

MPENICKA3aTh ((hOoKyChl He paccmampueaem); P STOM ClydaiiHas BEIMYHHA A Moxer MPUHATH OJHO
W3 CJICAYIONINN 3HAYCHUM:

n=1 x,=2, =3 x=4 x=5 xﬁzﬁ.
ITpumep u3 crarbu 0 CTATHCTHYECKOM ONpPeIeIeHUH BEPOATHOCTH:

¥ _ KomH4ecTBO ManbunMKoB cpemr 10 HOBOPOXKIEHHBIX.
CoBepIlIeHHO MOHATHO, YTO 3TO KOJIMYECTBO 3apaHee He M3BECTHO, U B OYEPEIHOM JECATKE

POAUBIIUXCA JeTel MOXKET 0Ka3aThCs:

}Ju:[:], }.?1=1, :]..?2=2, _:]..?3=3, ___,l}?gz_g -}rll:lz]'[j

, 1100 MaJIbBYUKOB — OAMH M TOJIbBKO
O/IMH U3 NCPCUYUCIICHHBIX BAPHAHTOB.

U, nabe1 cobmtoctu popmMy, HEMHOTO (PU3KYIBTYPHIL:

£ _ JaNbHOCTB IPBIXKA B IUIAHY (8 HEKOMOpbIX eOUHUYAX).
E€ He B cocTosiHUYM TIpeayraaTh Jaxke MacTep CropTa :)
Tem He MeHee, BaIlllu TUITOTE3bI?

Komp CKOpoO, MHOKECTBO HeﬁCTBHTeHLHbIX yuceJa 6GCKOHeqHO, TO cnyqaﬁHas[

BETHYMHA £ MOXET MIPUHATD OeCKOHeYHO MHO20 3HAYEHHM U3 HEKOTOPOTo mpomexytka. M B aTom
COCTOMT €€ MPUHLUIINATIBHOE OTINYHE OT MPEABLAYIINX TPUMEPOB.

Taxum o6pa3om, ciaydaliHble BeJJMYHHBI 11eJ1ecO00pPa3Ho pa3ieJuTh Ha 2 00JibIIHe IPYIIbI:

1) JluckpetHas (mpepvigHas) CiydailHas BeTUYMHA — TMPUHUMAET OTIAEIbHO B3STHIE,
M30JIMpOBaHHbIE 3HaUeHUs. KonnuecTBo 3TUX 3HaUE€HUMN KOHeuHo TNO0 OeCKOHeuHOo, HO CHEMHO.

...HapHCOBAINCh HETIOHATHBIE TEPMUHBI? CPOUYHO MOBTOPSEM OCHOBBI aJ1redpsbi!

2) HemnpepsiBHas ciyyaiiHas BeIMYMHA — IPUHUMAET BCe YHCIOBBIE 3HAUEHUS U3 HEKOTOPOTO
KOHEYHOT'0 MJIM OECKOHEYHOTO IPOMEXKYTKA.

Ilpumeuanue: 6 yueonoti rumepamype nonyiapusl abopesuamypol [CB u HCB

Caauana pa30epéM TUCKPETHYIO CTy4allHYIO BEJIMUNHY, 3aTeM — HeNPEePbIBHYIO.

[Toexanu:

3aKoH pacnpeeseHUusi AUCKPETHOH CJIYy4YaiHOH BeJMYHHBI

— 3TO coomeemcmeaue MEXAY BO3MOKHBIMU 3HAYEHHUSIMHU 3TOW BEJIMYUHBI U UX BEPOSITHOCTSIMMU.

Yartie BCEro 3aK0H 3aIiChIBAIOT TAOIUIIEH:
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X, x5 X, o X

X

1) 1 1)2 1) 3 v ‘pn

JIOBOJIBHO 4acTO BCTpEUaeTcs TEPMUH pAo pacnpeodenietiisl, HO B HEKOTOPbIX CUTYyallUsiX OH
3BYYUT JIBYCMBICIICHHO, ¥ TIOOTOMY sI Oy1y MPUICPIKUBATHCS «3aKOHAY.
A Tenepb 04eHb BaKHbIA MOMEHT: MIOCKOJIBKY CllydaiiHas

¥ VS S A N
BCJIIMYMHA 06ﬂ3ameﬂbH0 HpI/IMeT OJAHO U3 3HAYCHUHU , TO COOTBeTCTBYIOH_II/Ie
COOBITHS 00pa3yOT MOJHYIO IPYIIY U CYMMa BEPOSTHOCTEN MX HACTYIIEHUS pPaBHA €IUHHMIIE:
ptpyte+ o +p,=1

WM, €CJIN 3aIlIMCaTh CBépHYTOZ

ZF‘:‘ =1
ial

TaK, HaIlIpuMCEp, 3aKOH paClIpCaACIICHUSA BepOHTHOCTeﬁ BBIIIABIINX Ha KY6I/IKC O4YKOB UMECT

CIEAYIOLIUNA BU:

| 2] 3
Ll L]

| o— i
N
o

6 6 6 6 6 6

be3 komMeHTapueB.

BO3MO)KHO, Y BacC CJIOXKWJIOCH BIICYATIICHHUEC, YTO AUCKPCTHAA CHy‘I&fIH&S[ BCIIMYHMHA MOXKET

MMPUHHUMATDH TOJIBKO «XOpPOHIUEC) LEJIbIC 3HAUCHUA. Pa3zBeeM UIIO31I0 — OHU MOTYT OBITh JTIOOBIMH:

ITpumep 1
Hekotopas urpa nMeeT () (S13% {01151 3aKOH pacnpezeneHus BBIMTPBIIIA!
-5 125 |10
(5 0 v
05 | p, |0l
Haiitn £

...HaBepHOE, BHI JITABHO MEUTAJIM O TaKuX 3aaadax :) OTKporo cekpeT — s Toke. B ocobeHHOCTH
MOCIIe TOTO, KaK 3aBepiIi paboTy Ha/l Teopueil moJisi.

Pemienne: Tak Kak ciay4aifHas BeTUYMHA U moxer MPUHSATH TOJIBKO OJTHO U3 TPEX 3HAYCHUH, TO
COOTBETCTBYIOIIIME COOBITUSI 0Opa3yIOT no/iHyl0 epynny, a 3HA4UT, CyMMa UX BEPOATHOCTEH paBHa
CMHMIIC:
ptptp=1

Pazobnagaem «mmapTuzanay:

0,5+ p,+01=1
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pt06=1 = p,=1-06 _ TaKuM 00pa3oM, BEPOSTHOCTh BBHIUTPHIIIA Hy =2, YCIIOBHBIX

emuHuIl coctapisieT 0,4.

Pty tp=05+04+01=1

KonTpo:ms: , B 4éM H TpeOOBaIoCh yOCIUTHCS.

Orger: 2~ 0.4

He penxoctsb, korna 3akoH pacrpeneneHusi TpeOyeTcs COCTaBUTh CaMOCTOSTENbHO. [[ist aToro
UCIIOJIB3YIOT KJIACCHYeCKOe oIlpeesieHHe BePOSATHOCTH, TeOpeMbl YMHOMEHHMSI / CJI0KeHHS
BEPOATHOCTEI COOBITHI U Npyrue QUIIKU TepBepa:

[Tpumep 2

B kopoOke HaxoasaTcs 50 moTepelHBIX OUIETOB, CPEAM KOTOPHIX 12 BBIMTPHIITHBIX, MPUUYEM 2 U3

HUX BHIMTPHIBAIOT 110 1000 pybnei, a ocranbubie — o 100 py6mneit. CocTaBUTh 3aKOH paclpeeICHHs

CITy4yalHOUN BEJTUYHHBI - pasmepa BBIUTPHIIIA, €CIIU U3 KOPOOKU HayTa]l U3BJICKAETCS OJANH OUJIET.

Pemenue: xak BEI 3aMCTHUJIM, 3HAUYCHU cnyqaﬁHoﬁ BCJIMYHHBI IPHUHATO paciiojaratb B MOPAAKE

ux Bo3pactanud. [l03TOMy Mbl HAUMHAEM C CAMOI'0 MaJIEHbKOT'O BBIUTPBIIIA, © HMEHHO n=0 pyoOei.

Bcero TtakoBeix OmmetoB 50 — 12 = 38, w 10 KJIACCHYECKOMY OMNpeaeeHHI0:
28
n=—=0776
50 — BEPOSATHOCTH TOTO, YTO HAy a9y MU3BICUCHHBIN OMIICT OKaXETCSI O€3BBIUTPHIIITHBIM.
“ w, =100 . )
C ocTanbHBIMHU CITydasiMd BCE TIPOCTO. BeposATHOCTH BHIMTPHITIIA pyOuteii cocraBisieT:
10
p2 = — = [:],2
50
2
_ py=—=0,04
W s vy IDDD: 50
[Iposepxka: Pitpy+p:=076+02+004=1 U 9TO OCOOCHHO MPHITHBIH MOMEHT TaKUX
3a/1aHMi !
OrtBert: HCKOMBIN 3aKOH pacnpeneneHus BBIMTPBIIIA!
- 0 100 | 1000
076 1 0.2 | 0.04
1 BapuanT

3amaua 1. BeposarHocTs nomyctuTh ommuoOKy paBHa 0,2. HaliTi BEpOSTHOCTB TOTO, YTO YEJIOBEK HE
JomycTuT omuoKy? Yto 6osee BEpOsITHO: TOMYCTUTh OIMOKY UM HE IOMYCTUThH OLIHOKY.
3anaua 2. BepoatHocTh 3aHATH B copeBHOBaHuU 1 Mecto — 0,7, a Bropoe Mecto — 0,1. Haiitu
BEPOATHOCTb, YTO CIIOPTCMEH 3aiiMET MepBO€ UM BTOPOE MECTO.

3anayva 3. Kaxxplif U3 Tpex yenoBeKk BbIOpas Hayraj OJuH U3 CeMU LIBETOB paayru. Haitu
BEPOSITHOCTb, YTO MEPBBIN BHIOPAN KPACHBIHM, BTOPON — KENTHIH, a TPETHH YeTTOBEK — CHHUH 1IBET.
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3agava 4. EcTb 1Be KOMOABI KapT U ABa UTpoka. M3 mepBO KOJIOJbI JOCTAIOT OAHY KapTy NEPBOMY
UTPOKY, a U3 BTOPOH KOJIOJIbI — BTOPOMY UTPOKY. HaliTi BEpOSTHOCTH, 4TO KOMY-TO J13ayT OyOHOBYIO
KapTy.

3amaua 5. BeposatHocTs cHera paBHa 0,4. HaiiTi BEpOSTHOCTB, UTO B TEUCHHUE TPEX AHEH HE Oymer
CHera.

3anaua 6. Ctynent u3 20 BonpocoB Belyunia 13 BompocoB. Ha 3aueT cTyneHTy nociie1oBaTenbHO

3a/1a10T J1Ba Bompoca. HaliTu BeposTHOCTH TOTO, 4TO CTYIEHT OTBETUT Ha IIEPBBIM U HA BTOPOM BOIPOC.

2 BapuaHT
3anaya 1. BepostHOCTh nonacts B MunieHb paBHa 0,9. HaliTu BEposSTHOCTH TOTO, YTO YEJIOBEK HE
nomnajieT B MuilieHb? YTo 6oJiee BEpOSTHO: ONACTh UJIU HE NIONAcTh B MUILIECHbB?
3anaua 2. BeposTHOCTb JONYCTUTH O/IHY OIIMOKY B KOHTPOJIbHOI paboTe paBHa 0,4. BeposTHOCTB
JOMYCTHUTH J1Be omnOKu paBHa 0,3. HaiiTu BepOATHOCTH TOTO, YTO CTYJEHT JAOMYCTUT OJHY WIJIH JIBE
OIIINOKH.
3anmava 3. Kaxknplil 3 Tpex 4elloBeK BEIOpa cede 1Mo oIHOM U3 ceMu HOT. HailTi BEpOSITHOCTH TOTO,
YTO BCE MEPBbIil 1 BTOpoi BeiOpanu HoTy [0, a TpeTuii yenoBek BeiOpan HOTY JIA.
3anava 4. EcTe ABE KOJIOABI KapT U ABa UTpoka. M3 nmepBoi KOI0bl JOCTAIOT OJIHY KapTy IEPBOMY
UTPOKY, a U3 BTOPOIl KOJIO/IbI — BTOPOMY UTPOKy. HaliTH BEpOSTHOCTh, 4YTO KOMY-TO Aa1yT KOPOJIS.
3anaua 5. BepositHOoCTh caath 3aueT paBHa 0,7. HaliTu BepOSATHOCTD, YTO CTYACHT TPH pa3a caaBal
3a4eT U BCE TPU pa3a €ro HE CMOT CHaTh.
3anava 6. B xop3uHe 6 KpacHBIX U 8 3eNeHBIX 1mapa. YeaoBek Mocie10BaTeNbHO JOCTAET TPH MIapa.
Haiitu BeposiTHOCTD, UTO MEpBbIl map Oy1eT KpacHbIM, a BTOPON U TPETHUIl 3€JIE€HBIMH.

3 BapuaHrt
3anava 1. BepostHOoCTh nosTOMKHM MamnHbI paBHa 0,1. HaliTu BEposTHOCTE TOTO, 4TO MalllHA HE
ciomaetcsi? Uro Ooiee BEpOATHO: MAIIMHA CIIOMAETCS WM HE CIIOMaeTcs?
3amaua 2. BepoarHocTs caaTh 3k3ameH Ha 3 — 0,7. BeposatHocTh cinaTh sk3ameH Ha 4 — 0,2, Haiitu
BEPOSATHOCTb, YTO CTYJEHT CJIaTh 3K3aMEeH WM Ha 3, Win Ha 4.
3anaga 3. Y Tpex 4eIoBEK CIPOCHIIN, B KAKON MECSI] OHU poAuIuchk. HaliTu BEpOATHOCTB, YTO BCE TpU
4eJI0BEKA POAMIINCH B MapTe.
3anada 4. EcTh 1B KOJIOABI KapT U JABa UTPOKa. M3 mepBoi KOJIOABI JOCTAIOT OJHY KapTy IEPBOMY
UTPOKY, a U3 BTOPOI KOJIO/IbI — BTOPOMY UTPOKy. HaliTi BeposTHOCTh, 4TO KOMY-TO JAayT JamMy
YEpHOU MaCTH.
3anaga 5. [{ns crynenra MiBaHoBa BeposiTHOCTB cAath 3aueT pasHa 0,5. [{ns crynenra Iletposa
BEPOSITHOCTH c/1aTh 3a4eT paBHa 0,8. [l crynenta CumopoBa BEpoOsSTHOCTh cAaTh 3a4eT paBHa 0,3.
HaiiTi BeposITHOCTh TOTO, UTO BCE TPOE HE CAAYT 3aUeT.
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3agayva 6. B kop3uHe 6 KpacHbIX, 8 3€J€HbIX U 7 YEPHBIX IIapa. YeloBeK MocaeI0BaTeIbHO 10CTAET
nBa mapa. HaiiTi BepoATHOCTE, YTO NEPBBIii IIap OyeT KpacHbIM, a BTOPOU YEPHBIM.

4 BapuaHTt
3agayva 1. BepositHocTh cnath 3auet paBHa 0,4. HaliTh BEpOSITHOCTH TOTO, YTO CTYICHT 3a4€T HE
caact? Yro Oosiee BEpOSATHO: CIaTh 3a4€T WM €r0 HE C/IaTh.
3anaua 2. BepositHocTh cHera — 0,5. BepositHocTh noxkas — 0,3. HaliTi BepoATHOCTB TOTO, 4TO OyzeT
CHET WJIH JI0XK/Ib.
3agayva 3. Y IByX 4eJOBEK CIPOCHIIM, B KAKOH JI€Hb HEIEJIU OHU POAUINCH. HaliT BEpOSTHOCTD, UTO
BCE TPU POAWINCH B IOHEIEIbHUK.
3anaua 4. EcTb 1Be KOJIO/ABI KapT U JABa UTpoKa. M3 mepBoii KOJI0AbI JOCTAIOT OJHY KapTy NEPBOMY
UTPOKY, @ U3 BTOPOM KOJIO/BI — BTOPOMY UTPOKY. HaiiTh BEpOATHOCTH, 4YTO KOMY-TO JaAyT YEPHYIO
MAacTb.
3anmaya 5. YUenoBek ABaXKbI JIeJaeT OJHO U TOXKE yIpaxxHeHHe. BeposSTHOCTh 1OMYCTUTH OLIUOKY
paBHa 0,7. HaliTu BEpOSTHOCTH TOTO, YTO YEIIOBEK HE JIOMYCTUT OLTUOOK.
3anaya 6. YenoBek nociaea0BaTeIbHO JOCTAET U3 KOJIOAbI TpU KapThl. HaliT BEepOATHOCTD, YTO IEpBast
KapTa OyzeT BOJIbTOM, BTOpast KapTa — Ty30M, a TPEThs KapTa - JaMOM.

Kpurepumn oneHuBaHmsi:

Omnenka O0ocHOBaHNEe OLIECHNBAHNSA

«OTIUYHO Bce 3aganus BBEIOJIHEHBI TPABUIIHLHO
«Xopomo» [IpaBUIIbHO BBITOTHEHHI JIFOOBIE 5-6 3a7aHus
«Y IOBIETBOPUTEIBLHO) [IpaBUNBEHO BBIMIOIHEHHI JIIOObIE 3-4 3a1aHus
«HeynoBneTBOpUTEIBHO» [IpaBUIBHO BBINOJHEHO MEHEE 3 3aJaHUIT

IIpakTnyeckas padora Nell mo teme: PaBHOCHJIBLHOCTH YPABHEHHI
PaBHOCHJIBHOCTH YPaBHEHH
Onpenenenue 1: /IBa ypaBHeHus ¢ oHoit nepemenHoi f(x)=g(x) u p(X)=h(x)
Ha3bIBAIOTCS PABHOCHJIBHBIMU, €CJIM MHOKECTBA X KOPHEH COBIIAAAIOT.
Onpenenenue 2: Ecnu kaxapiit kopenb ypaBHenus f(X)=g(x) (1)
SIBJSIETCS B TOXE BpeMs KopHeM ypaBHenus p(X)=h(x) (2),
TO ypaBHEeHHE (2) Ha3bIBAIOT cJeAcTBHeM ypaBHeHUS (1).
(D—Q2)
OueBnano: J[Ba ypaBHEHHsS DPaBHOCHIBHBI TOT/Ia M TOJBKO TOT/A, KOTJAa KaXJ0€ M3 HHUX

SBIISIETCS CIIEJICTBUEM JIPYTOTO.
(D=(2)
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Cxema pemenus Jil000ro ypaBHeHUs:

1. Texnuueckuti sman. OcyiectBisiercst npeodpazoBanue ypasHeHusi(1)—(2)—(3)—(4) ...

2. Ananus pewenus. Bee mu mpeoOpa3oBaHus ObUTH paBHOCHIBHBIMU?

3.1Iposepxa.

Peanu3anus JaHHOTO IUIaHA CBSi3aHA C IIOMCKOM OTBETOB Ha YETHIPE BOIIPOCA:

1. Kak y3Hath, SBISETCA JIM MEPEXo]l OT OJHOTO YpPaBHEHUS K IPYrOMY pPaBHOCHIIBHBIM
npeoOpazoBaHueM?

2. Kakue npeoOpa3oBaHus MOTYT IIEpEBECTH IaHHOE YPaBHEHHE B ypaBHEHUE-CleICTBUE?

3. Eciu Mbl B KOHEUHOM MTOTE€ PELININ ypaBHEHUE-CIIEJCTBUE, TO KaK ClieJaTh IPOBEPKY B
cilydae, KOTJia OHa COMPSKEHA CO 3HAYUTEIbHBIMU BBIYUCIUTEIBHBIMU TPYAHOCTSIMHU?

4. B kakux ciydasix mpu mepexojie OT OJHOTO YPaBHEHHS K JPYIOMY MOKET MPOHU30UTH
noTepsi KOpHEH U KakK 3TOro He JI0MYCTUTh?

1.Teopembl 0 pABHOCHJILHOCTH YPABHEHHA.

«CIOKOWHBIE» TeOpPeMbl:

Teopema 1. Eciiu kakoii 1160 4jieH ypaBHEHUS IEPEHECTU U3 OJTHOM 4acTH ypaBHEHUS B APYTYIO
C MPOTHUBOIIOIOKHBIM 3HAKOM, TO TIONYYUTCS YpaBHEHHE, PABHOCUIILHOE JAHHOMY.

Teopema 2. Ecnu o0e yacTu ypaBHEHHUS BO3BECTH B OJHY U Ty K€ HEUETHYIO CTENEHb, TO
HOJIYYHUTCSl ypPaBHEHUE, PAaBHOCHIIBHOE JAHHOMY.

Teopema 3. TlokasatenpHoe ypaBHeHme a '@ =a 9% ( rge a>0, a#l) paBHOCHIBHO
ypasuenuio f(X)=g(x).

«0ecroKOMHbIe» TEOPeMbI:

Onpenenenue: O01acTbi0 onpeeneHusi ypaBHeHus f(x)=g(x) nirod1acTbio0 10NMyCTUMBIX
3HaveHnuii (O/13) nepeMeHHOI Ha3bIBAIOT MHOKECTBO T€X 3HAUEHUH NMEPEMEHHOM X, NMPU KOTOPBIX
OJTHOBPEMEHHO UMEIOT CMBICT BhipaskeHus f(x) u g(X).

Teopema 4. Eciiu 00e yactu ypaBHeHus f(X)=g(X) YMHOKXHUTH Ha OJJHO U TO ke BbipakeHue h(X),
KOTOpOE:

A) umeet cMmbici Beroay B obnactu onpeaesenus (B O/13) ypasuenus f(X)=g(x)

b) nurne B 310l 00mactu He oOparaercs B 0 —

to nonyuutcs ypaBHenue f(X) h(x)=g(x) h(x), paBHocuIbHOE TaHHOMY.

CaencrBue («CToOKOWHOE» yTBepkaeHue): Ecim o0e 4dacTh ypaBHEHUS YMHOXWUTHh WIIH
pa3eNuTh Ha OJHO W TO XK€ OTIIMYHOE OT HYJS YHCIO, TO MOJYYHTCS YpaBHEHHE, PaBHOCHIIBHOE
JTaHHOMY.

Teopema 5. Eciu 06e yactu ypaBHeHHS f(X)=g(X) HEOTpHUIIATENBHBI B 00JaCTH OMpPEICICHUS
YpaBHEHHsI, TO IOCIIE BO3BEIEHHS O0CHX €ro 4acTedl B OJHY U TY )K€ YETHYIO CTENEHb N MOIYJUTCS
ypaBHeHHe, paBHOCHILHOE HanHomy f(x)" =g(x) ".

146



Teopema 6. Eciu f(x) >0 u g(x) >0, To nsorapudmuueckoe ypaBHenue 10g.f(x)=l0g. g(x), rae
a>0, a#l, paBHocuibHO ypaBHeHut0 f(X)=g(X).

2. [IpeoGpa3oBaHue JaHHOTO YPABHEHUSI B ypaBHEHHe-CJI€ICTBUE.

Ecnu B mpotiecce perienus ypaBHEHUS Mbl IPUMEHUIIN 3aKJIIOYEHUE OAHOM U3 TeopeM 4,5,6, He
MIPOBEPUB BBHIMIOJHEHUSI OTPAHUYUTENIBHBIX YCIIOBUH, 3aJI0)KEHHBIX B (DOPMYIHPOBKAX TEOPEM, TO
HOJIYYHUTCSl ypaBHEHHUE-CIIEICTBHUE.

HekoTopsie mepexopl OT OJJHOTO ypaBHEHUS K JPYroMy IPHUBOJAT K PACIIUPEHHUIO OOJACTH
omnpezeneHus: ypaBHeHus. imenHo B no6asieHnyto yacts O[3 1 «IpOHUKAIOT» TOCTOPOHHUE KOPHHU.

IIpuynHbI pacumpenus 00/1aCTH onpeae/ieHUs YPABHEHUS.

1. OcBoOOXk/IeHHE B MPOLIECCE PEIICHHUS YpPAaBHEHHs OT 3HAMEHATENeH, CoAepiKallux
MIEPEMEHHYIO BEIIMYUHY.

2. OcBoOoskIeHre B IPOIECCE PEIICHUs YPAaBHEHUS OT 3HAKOB KOPHEH YeTHOW CTEIeHH.

3. OcBoOoskIeHre B IPOIECCE PEIICHUS YPABHEHHUS OT 3HAKOB JIOTapH(pMOB.

Oo0s13aTesIbHA POBEPKA BCeX HAMIEHHBIX KOPHeE, ecJIn:

1. IIPOM30LLIO paclIupeHHe 00JIaCTH ONpeieOeHus: ypaBHEHUS.
2. OCYIIECTBIISUIOCH BO3BEACHUE 00CHX YaCTeH ypaBHEHHS B OJJHY H TY )K€ YETHYIO CTETICHb.
3. BBIMIOJIHSJIOCHh YMHOXKEHUE O0CHMX YacTeil YpaBHEHMS Ha OJHO M TO XK€ BBIPAKEHHUE C

MIEPEMEHHOM (pa3yMeeTcs, UMEIOIIee CMBICI BO BCEH 00JIACTH OIPEICIICHIS YPABHCHHS).
3. O npoBepke KOpHeEii.

Kak npaBuio, camblil Jerkuil 00Xo[HONW MyTh MpOBEpkH — Mo oOmnactu ompexaenenus (OU3)
3aJaHHOr0 ypaBHeHMs. Ho He mepeolieHuBaiiTe 3TOT crioco0: OH SBIAETCS MOJHOLEHHBIM TOJBKO B TOM
cilydae, KOrJa TpW pPEUICHWH YypaBHEHUs APYTUX MPUYMH HAPYIICHHS PaBHOCHIIBHOCTH, KpOMe
pacuupeHus o0JacTH OmpeAeNieHus, He OblIo (3TO dYamie Bcero ObIBaeT B JIOrapu(pMUUYECKHX
ypaBHeHMsIX). [Ipu perennu sxe uppalnoHaIbHBIX YPaBHEHUH, I71€ UCTIONb3YEeTCsS METO BO3BEICHUS B
KBaJpaT, CIoco0 MpoBepKH HalJeHHBIX KopHed mo O/I3 He BBIpYUHMT; Jydllle, €ClId 3TO BO3MOXKHO,
JIeNaTh MPOBEPKY MOJICTAHOBKOMA.

4, O norepe KopHeid.

[Ipyu4nHEl NIOTEPU KOPHEU IIPU PELICHUH YPAaBHEHUM:

1. neneHre o0enx yacTel ypaBHEHHsI Ha OJHO M TO ke BbIpaxkeHue h(x) (kpoMme Tex cirydaes,
KOT/Ia TOYHO M3BECTHO, YTO BCIOIY B 00JIACTH OTIpE/ICTICHHUST YpaBHEHUS BBITIONIHsIETCS yeoBue h(x) #0).

2. cyxxenue O/[3 B nmpouecce pemeHns: ypaBHEHHUS.

3. 3amena ypasHenus h (f(x))=h (g(x)) ypaBaenuem f(X)=g(x) B TOM cityuae, eciu QyHKIUS

y= h(X) — HeMoHOTOHHAs PyHKIHSI.

DTOT METO MOXHO MPUMEHUTH TOJBKO B TOM cliy4ae, ecid GyHKIws y= h(X) — MOHOTOHHAsI

byHKIIHS.
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1 BapuanT

1. Jlo6aBbTe HJONOTHUTEIBHOE YCIOBHE TaK, YTOOBI YPaBHEHUS
axb=dxbua=d ObUM pABHOCUJIbHEI
2. Pemute 2-ms1 cnoco6amMu ypaBHEHHE:
2v/1 —x2 = x — 2 U c/enaTh BEIBOJ
3. PaBHOCUIIBHBI I ypaBHEHUS:

541 4+5*=750 u x*-9=0?
4, Pemnts ypaBHeHueE:

sin4x = 0 ¥ BBIYUCIUTH MOJYYEHHBIN pe3yabTar npu k = 0; +2

5. Haiitn xopeHb ypaBHEHUS:
2x—9 3x
25 2-3x °
2 BapuaHT
1. JloGaBbTe NOMOIHUTENBHOE YCIOBUE TaK, YTOObI ypaBHEHUS
Va =bua = b? OblIM PABHOCUIILHBL
2. Pemuth 2-ms cioco0amu ypaBHEHHE:

Vvx+1=x—1 ucaenarb BbIBOJ
3. PaBHOCHIIBHBI JIU ypaBHEHUS:
6t?2 —6=35 u x*=0?

4, Pemnts ypaBHeHue:

1

cos 6x = 1 ¥ BBIYUCIUTH MOJYYEHHBIN PE3yNbTaT Ipu k = 0; =+ 2

S. Haiitu KopeHb ypaBHEHUS:
2x—1 5—4x
x—13 * 3—x
Kpurepun onenuBanus:
Ounenka O0ocHOoBaHMe OLICHUBAHUSA
«OTIn4HO» Bce 3a1anus BBINOIHEHBI IPABUIILHO
«Xopomo» [IpaBMIIbHO BBINOHEHHI JIIOOBIE 4 3a1aHUS
«Y 10BJIETBOPUTETIHLHOY [IpaBUIIBHO BBIMIOTHEHHI JHO0bIE 3 3a1aHUS
«HeynoBneTBOpUTENBHOY [TpaBrIIbHO BBINOJIHEHO MEHEE 3 3aaHui

IIpakTuyeckast padora Ne42 o reme: OCHOBHBIE IPUEMbI PelICHUs YPABHEHUH

Pemenue YPABHEHUHA — OTO IIPOLECC, COCTOSIIIUM B OCHOBHOM B 3aM€HE 3aJaHHOI'O YpaBHCHUA

APyruM  ypaBHCHUCM, C€MY PaBHOCHUJIbHBIM. Takas 3amMeHa Ha3bIBAETCS

npeodpa3oBanueM. OCHOBHBIC TOXICCTBEHHBIC TPEOOPA30BaHUS CIICAYIOIIHE:

TOXKIACCTBCHHbBIM
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1.3amena OJTHOTO BBIPAXKECHUS IPYTUM, TOKJIECTBEHHO paBHBIM
emy. Hampumep, ypaBHemme ( 3x+ 2 ) 2 = 15x+10 MOXHO  3aMCHHTH
CIIETYIOIIUM PaBHOCHIBHBIM: 9X? + 12X +4 = 15x + 10 .

2.IlepeHoc 4JI€HOB ypaBHEHUS U3 OJHOW CTOPOHBI B APYIyI0 ¢ OOpaTHBIMU 3HaKaMu. Tak, B
MPEJbIIYIEM YPAaBHEHUU Mbl MOYKEM IIEPEHECTH BCE €0 WICHBI 3 MPaBOil 4aCTH B JIEBYIO CO 3HAKOM «
—» 9x?+ 12x + 4 — 15x — 10 = 0, mocune vero nmomyunm: 9x?—3Xx—-6=0.
3.YMHOX€eHUE WK JIeJIeHHe 00erX yacTel ypaBHEHMsI Ha OJJHO U TO )K€ BbIpaXKEHUE (UUCIIO),

OTIIMYHOE OT HyJs. DTO OYEHb BAXKHO, TAaK KaK HOBOE YpaBHEHHE MOXKET HE ObITh PaBHOCHUIIBHBIM
MpEebIIYIIEMY, €CIIH BbIpaKEHUE, HA KOTOPOE Mbl YMHOKAeM WJIH JI€JIHM, MOXKET OBITh PABHO HYJIIO.

[Ipumep. YpaBuenune X —1 =0 umeer eAMHCTBEHHBIH KOpeHb X = 1.

YMHOXHB 00€ ero 4acTi Ha X — 3, MbI mosryuum ypaBaenue (X —1)(X—3) =0, y koToporo
IBa KOpHs: X=1m X=3.

[Tocneanee 3HaueHue He ABIAETCS KOpHEM 3agaHHoro ypaBHenus X — 1 = 0. Drto Ttak
Ha3bIBACMBIH IIOCTOPOHHUI KOPEHb.

N wnaobopot, neneHre MOXET NPHUBECTH K MOTepe KOpPHsA. Tak B Hamem ciydae, €Ciu
(X —1)(x—3)=0 sBasieTcst KCXOAHBIM YPAaBHEHUEM, TO KOPeHb X = 3 Oy[IeT MOTEPsH MPU JCICHUH
o0eunx yacTeil ypaBHeHUs Ha X — 3 .

B nocnennem ypaBHeHuu (1.2) MBI MOXEM pa3/eluTh BCE €ro wieHbl Ha 3 (He HOJb!) U
OKOHYATEJIbHO MOJTYYHM:

32— x-2=0.

OTO ypaBHEHHE PaBHOCHUIIBHO UCXOJHOMY:

(3x+2)?=15x+10.

4. Mo>HO BO3BECTH 00€ 4acTHU ypaBHEHHS B HEUETHYIO CTENEHb WJIM U3BJI€Yb U3 00€uX yacTeil
ypaBHEHMsI KOpeHb HEUETHOH cTrenenn. Heo6X0MMo MOMHUTG, YTO:

a) BO3BE/ICHUE B YETHYIO CTEIIEHb MOXKET MPUBECTH K MPUOOPETEHUIO IOCTOPOHHUX KOPHEH;

0) HEpaBUJIbHOE U3BJICUEHUE KOPHS YETHOM CTENIEHU MOYKET MPUBECTH K IOTEPE KOPHEH.

[MIpumeps. YpaBHeHue 7X =35 mMeeT eqUHCTBEHHBIH KOpEHb X = 5 .

BosBenst 06e yacT 3TOro ypaBHeHHUs B KBaJpaT, NOJyYHUM YpaBHEHHE:

49x2 = 1225 .

uMerolee J1Ba KOpHs: X =5 u X = — 5. [locnenHee 3HaueHMe ABISETCS TOCTOPOHHUM KOPHEM.

HenpaBmibHOE M3BJICUECHUE KBAPATHOTO KOPHS M3 00enX JacTei ypaBHeHus 49x? = 1225 maér
B pe3ynbraTe 7X = 35, U MBI TepsieM KOpeHb X = — 5.

[lpaBuibHOE W3BJIECUYEHHE KBAaJPAaTHOTO KOPHS TPUBOJAMT K ypaBHeHWro: | 7X | =

35, a ciemoBaTeNnbHO, K IBYM CITydasiM:
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1) 7x =35, torma X=5; 2) —7x=35,torma X=-5.

CrenoBaTeabHO, TPU MPABUILHOM HM3BJICYCHHH KBAJPATHOTO KOPHS MbI HE TEpsieM KOpHEM
YpaBHEHU.

Yro 3HAYMT NPAaBUILHO HU3BJIE€Yh KOPEHb? 31eCh MBI BCTPEYAEMCS C OUYEHb BaXKHBIM

MOHATHEM apU(pMeTHYECKOT0 KOPHS

1 BapuanT:

Bribepure criocob perieHus ypaBHEHHS, U HAWIUTE €ro KOPHH:
1. x*+3x% =0;
2. 4% -10-2% =24,
4 5
x> +4 " x* +5 -
4. x—1=+x+5
5. log ,(4—x)+log,(1—2x)=2log, 3 .

2 BApHAHT:

Bri6epuTte crioco0 perieHust ypaBHEHUs, U HalAUTE €ro KOPHU:

1. x®—x?—x+1=0;
2. 5X—24:§;
5)(
x?+1 X 29
3. =
X x“+1 10

4.  (x*-4Nx+5=0;
5. 2log; x—7log, x+3=0.

Kpurtepun onenuBanus:

Ouenka O0ocHoBaHMe OLICHUBAHUA

«OTIn4HO» Bce 3a1anus BBINOIHEHBI IPABUIILHO
«Xopomo» [IpaBMIIbHO BBINOHEHHI JIIOOBIE 4 3a1aHUS
«Y 1OBJIETBOPUTEIBLHOY [IpaBUIBHO BBIMIOTHEHBI JTHOObBIE 3 3a1aHUS
«HeynoBneTBOpUTENLHOY [IpaBHJIbHO BBINOJIHEHO MEHee 3 3a1aHuit

Ilpaxkmuueckas pavoma Ne43 Tpenasicepot

no meme: Cucmemol ypagHeHuii
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CucreMa ypaBHeHHMH — 3TO TIpyIa ypaBHEHUH, B KOTOPBIX OJIHH U T€ K€ HEU3BECTHBIE
MOJIPa3yMEBAIOT OJIHU T€ K€ yucia. UToOBI MOKa3aTh 4TO ypaBHEHUSI PACCMATPUBAIOTCS KaK CHCTEMA,

CJIeBa OT HUX CTaBUTCS (purypHas ckoOka:
X-4y=2
3x-2y=16

PemmuTh cucTeMY YpaBHeHHI — 3TO 3HAYUT HAWTH OOIIME PEIICHUS JJIsl BCEX YpaBHECHUM
CUCTEMBI WIIH YOEIUTCS UTO PEIICHUS HET.

UTOOBI petIuTh CUCTEMY YPABHEHUN HYKHO UCKIIFOUUTH OJJHO HEU3BECTHOE, TO €CTh U3 IBYX
YpaBHEHUU C JBYMsI HEM3BECTHBIMU COCTABUThH OJIHO YPABHEHHE C OJJHUM HEU3BECTHBIM. MCKIIOUNTH
OJIHO W3 HEHM3BECTHBIX MOXKHO TpeMsl CIHOCOOaMH: MOJICTAHOBKOW, CPaBHEHHUEM, CIOXCHHEM WU
BBIUUTAHUEM.

Cnoco0 noacTaHoBKH

UToOBI pelIuTh CHCTEMY YPaBHEHUH CIIOCOOOM TIOJICTAHOBKH, HY)KHO B OJJHOM M3 YPaBHCHUN
BBIPA3UTh OJIHO HEM3BECTHOE Yepe3 JIPYroe W pe3yibTaT MOJCTaBUTh B JAPYroe ypaBHEHHUE, KOTOPOE
nocie 3Toro OyaeT cojep)kaTh TOJIBKO OJHO HEHM3BECTHOE. 3aTeM HaxoJUM 3HAY€HHE 3TOTO
HEM3BECTHOTO U TOJACTABJISIEM €r0 B MEPBOE YpaBHEHHUE, IMOCJIE ITOr0 HAXOAHM 3HAYEHHUE BTOPOTO
HEU3BECTHOTO.

PaCCMOTpI/IM pCeHICHUC CUCTEMBI ypaBHeHHfIZ
X-4y=2
3x-2y=16

CHauaina HaﬁHéM YCeMy paBCH X B IEPBOM YpAaBHCHHU, HJIA 3TOTO r[epeHecéM BC€ YJICHBI
YpaBHEHUS, HE COJIEPIKAIIINE HEU3ZBECTHOE X, B IIPABYIO YaCTh:
X-4y=2
X=2+4y

Tak xak X, HAa OCHOBaHUU OonpeaAcCICHHUA CHUCTCMBI ypaBHeHI/If/'I, HUMECT TAKOC KE€ 3HAUYCHHUC U

BO BTOPOM yYpaBHEHUH, TO IIOJICTABIISIEM €I0 3HAUYEHHUE BO BTOPOE YPAaBHEHUE U II0JIy4aeM YpaBHEHUE C

OIHUM HCU3BCCTHBIM:
3X -2y=16
3(2 + 4y) -2y=16

Pemaem nonmyueHHoe ypaBHEHHE, 4TOObI HalTH 4YeMmy paBeH Y. Kak pemath ypaBHEHUS ¢

OJHWUM HCU3BCCTHLIM Bbl MOKCTC ITIOCMOTPCTL B COOTBCTCTBYIOH_Ieﬁ TEMCE.

3(2 + 4y) - 2y = 16
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6+12y-2y=16
6+ 10y =16
10y=16-6
10y =10
y=10:10
y=1
M1 OIIPCACIINIIN YTO Y = 1, TCIECPh, M1 HAXOXIACHHUA YMCIICHHOTIO 3HA4YCHU X, IIOACTAaBUM
3Ha4YCHUEC Y B npeoGpa30BaHHoe IIEPBOC YPAaBHECHUE, I'/IC MBI paHCE HALILJIM KAKOMY BBIPAKCHHIO pPaBEH X.
X=2+4y=2+4-1=2+4=6
OtBer: X=6,y = 1.

Cnoco6 cpaBHeHust

Cmoco6 CpaBHCHHA — O3TO YaCTHBIN cnyqaﬁ IIOACTAaHOBKMU. Yr1o0bI pelinuTh CUCTEMY
YpaBHEHUH CIIOCOOOM CpaBHEHMS, HY)KHO B OOOMX YpaBHEHMSIX HAaWTH KaKOMY BBIPaKEHHIO OyJneT
PaBHO OJTHO ¥ TO’KE€ HEU3BECTHOE U IIPUPABHATH IT0OJyYEHHBIE BEIPDAKECHUS APYT K Apyry. [lonmyuuBmeecs
B PE3ylbTAaTC YPAaBHCHUC IIO3BOJISICT Y3HATh 3HAYUCHUC OAHOI'O HEHU3BCCTHOI'O, C IMOMOLIBIO 3TOTO
3HAUYCHHA 3aTCEM BBIYHCICTCA 3HAYCHHUEC BTOPOTI'O HCU3BCCTHOI'O.

Hamnpumep, 1 pemieHne CuCTeMsl:

X-4y=2
3x-2y=16

HalaéM B 00OMX ypaBHEHHUSX 4YeMYy paBeH Y (MOXHO cleiaTb U HaoOOpOT — HaWTH 4yemy

paBeH X):
X-4y=2 3x-2y =16
4y =2 -X -2y =16 - 3x
y=(2-x):-4 y=(16-3x):-2
CocraBisieM U3 NOJyYEHHBIX BBIPAKEHUN YpaBHEHUE:!
2-X 16 - 3x
-4 ) -2

Pemaem ypaBHeHUe, 9TOOBI y3HATH 3HAYCHHE X:

2-X 16 - 3x
(4= - (-4)
-4 -2
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2-X+6x=32-2

5x=30
x=30:5
X=6

TeHepb IOJACTAaB/ILICM 3HAYCHUE X B IICPBOC MJIM BTOPOC YPABHCHMEC CHUCTCMbI U HAXOJUM

3HA4YCHUE V.
X-4y =2 3x-2y=16
6-4y=2 3:6-2y=16
-dy=2-6 -2y =16-18
-4y = -4 -2y =-2
y=1 y=1

OtBer: X =6,y =1.
Crnoco0 cJ10KeHNs WJIH BbIYNTAHUSA

UroObl pemuTh CHCTEMY ypPaBHEHHH CHOCOOOM CIIOKEHHUS, HY)KHO COCTaBHTh U3 IBYX
YpaBHEHHI OJHO, CJIOXHB JIEBBIC W INPaBble YACTH, MPH ITOM OIHO W3 HEM3BECTHBIX JIOJKHO OBITH
UCKJIFOUCHO W3 TMOJYYCHHOTO ypaBHEHHs. HensBecTHOE MOXKHO HCKJIIOYUTH YpPaBHSB MPH HEM
K03 UIIMEHTH B 000MX ypaBHEHUSX.

Paccmotpum cucremy:

X-4y=2
3x-2y =16

VYpaBusieM k03 (PULHEHTHI TP HEU3BECTHOM Y, YMHOKHMB BCE UJIEHBI BTOPOI'O YpaBHEHUS Ha

-2:
(3x-2y)--2=16--2
-6x + 4y = -32
IOJIYYUM:
X-4y=2
-6Xx + 4y = -32
Tenepp cnoxkuMm 1Mo 4YacTsM o00a ypaBHEHHS, YTOOBI MOJYYUTh YpaBHEHHE C OJHUM
HCU3BCCTHBIM.
X -4y=2
+
-6x + 4y = -32
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-5x =-30
Haxonum 3nauenue X (X = 6). Teneps moacTaBUB 3HAUYEHKE X B JFO00E ypaBHEHUE CUCTEMBI,
Haiiaém y = 1.
Ecnu ypaBHATH KO3((GUIMEHTHI Y X, TO ISl HCKIIFOYEHHUS STOT'0 HEM3BECTHOTO HY)KHO OBLIO
OBl BBIUECTh OJTHO YpPaBHEHHUE U3 JPYTOTo.

VYpaBuseMm k03¢ ULIHUEHTHI P HEU3BECTHOM X, YMHOKHB BCE WIEHBI IEPBOIO YpaBHEHUS Ha

(x-4y)-3=2-3
3x-12y =6
MOJIYYHUM:
3x-12y =6
3x-2y=16

Tenepp BbIUTEM IO YACTSAM BTOPOE YpaBHEHHE M3 IEPBOTO, YTOOBI MOIYYUTh YpaBHEHUE C

OAHHUM HEU3BCCTHBIM:

3X - 12y =6
3 - 2y=16
-10y =-10

Haxoaum 3unauenue y (y = 1). Teneps mopcTaBuB 3HaYEeHHUE Y B JII000E YPaBHEHUE CHCTEMBI,
HaliaéM X = 6:

3x-2y=16

x-2-1=16

3x-2=16

3X=16+2

3x =18

x=18:3

X=6

OTtBer: X =6,y =1.

Jlnst pemieHust CUCTEMBI YPaBHEHHMM, pacCMOTPEHHOW BBINIE, ObUI MCIOJB30BaH CIIOCOO

CJIOKCHHUA, KOTOpHﬁ OCHOBAH Ha CJICAYIOIIEM CBOMCTBE:
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1 BapunanT:

x+xy=3 _
xp?+x®=12"
2-6" —3y 69
6x—l _

oo
. {Hy x
{

2.

cosx—cosy=1"

lg(x* +y*)=2

4. .
log s X+1log,;y=1

2 BapHMAaHT:

L =218 _
X2 +xy+y? =109

) {3* +3¥ =12
6 =216

3 { -
sinx+siny=1"
log,x+log,y=2

* {logs —log;y=4

Kpurepun onenuBanus:

Ouenka O6ocHoBaHME OLIEHUBAHUS

«OTINIHO» Bce 3aaHus BBITIOJHCHBI IIPAaBUJILHO
«XoporIo [IpaBUIIEHO BHITIOTHEHEI JIIO0BIE 3 3aMaHuUs
«Y TOBIIETBOPUTEILHOY [IpaBrIIEHO BBITIOTHEHEI JIIO0BIE 2 33 aHHs
«HeynoBiIeTBOPUTEIBHOY [IpaBUIBLHO BBITOTHEHO MEHEE 2 3aTaHUHA

IIpakTnyeckas padora Ne44 no teme: Pemenne HepaBeHCTB
HepaBeHCTBOM HAa3bIBACTCA BBIPAXKCHHUE, B KOTOPOM q)YHKHI/II/I COCAMHATCA 3HaKaMu

oTHomeHust >, < = = HepaBeHnctBa OBIBalOT Kak 4HCIOBBIE, TaK U OYKBEHHEIE.

) )
HepasencrBa ¢ nByMsi 3HaKaMu OTHOLLEHHUs, Ha3bIBAIOTCA JBOWMHBIMHU, C TPEMs - TPOMHBIMU U T.JI.
Hanpuwmep:
a(x) > b(x),
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a(x) < b(x),
a(x) = b(x),
a(x) = b(x).

a(x) < c(x) < b(x) - JIBOMHOE HEPaBEHCTBO.
HepaBencTBa, coiepskaiiye 3HaK > WIM < , Ha3bIBAIOTCH CTPOTMMH, a HEPABEHCTBA, COIEPIKAIINE

= NI = - HCCTPOIrUMH.

PemiennemM HepaBeHCTBa sBJIETCS JII00O€ 3HAYEHHE NEPEMEHOH, INpU KOTOPOM 3TO
HEPAaBEHCTBO OYJET BEPHO.

"PemiuTh HepaBeHCTBO'" 03HAYAET, YTO HA/I0 HAMTU MHOYKECTBO BCEX €r0 PELICHUII.

CylecTBYIOT ~ pa3jiMyHble  MeTOABbI  pelleHHss  HepaBeHCTB. Jlng  pelieHus
HEPAaBEHCTBA II0JIb3YIOTCS UHUCIOBOM MpsMOH, KoTopass OeckoHeuHa. Hanpuwmep, pemenuem
HepaBeHCTBA X > 3 eCTh MPOMEXYTOK OT 3 10 +90 | mpuuem umcino 3 He BXOJUT B 3TOT MPOMEKYTOK,

MNO3TOMY TOYKa Ha HpHMOﬁ 0003HayaeTcs MyCTbIM KPYXKKOM, T.K. HCPAaBCHCTBO CTPOTOC.

) W

co + CO

OTBer OyzeT CIeAYIOIMINUM: X S (3; +C0),
3HaueHHe X=3 HE BXOAUT B MHOXECTBO pEIICHWH, MOITOMY CKOOKa Kpyrias. 3HaK

0eckoneunoctu O BCCrda BBIACIIACTCA prrnoﬁ CKOOKO#. 3HaK = O3HAYACT «IPHUHAIJICIKAHUCH).

PaCCMOTpI/IM KaKk pflulaTb HEpPABCHCTBA Ha ApyromMm IIipuMepe CO 3HAKOM = .

I/
N

2
-

-CO +CO

3HaueHUEe X=2 BXOJHUT B MHO>XCCTBO pemeHI/Iﬁ, MMO3TOMY ckoOKa KBaJApaTHasA W TOYKA Ha HpHMOﬁ

00o03HauaeTcs 3aKpallICHHBIM KPY’KKOM.

OtBeT OyIeT CIIEAYIOMIM: X S [2; +C0),

CBolicTBa HEPABEHCTB

BriiensroT Tpu OCHOBHBIX CBOMCTBA HEPABEHCTB:

1. MoskHO TiepeHecTH 1000 YieH HepaBeHCTBA U3 OJHON YacTH HEPABEHCTBA B IPYTYIO C
MPOTUBOIIOJIOKHBIM 3HAKOM, IPU 3TOM 3HAK HEPABEHCTBA HE MEHSIETCHI.

[Tpumep:
3x + 5 > X2

PaBHOCHIBHO 3X - X2+ 5> 0, IpH 5ToM X2 OBUT IEPEHECEH C MPOTUBOTONOKHBIM 3HAKOM.
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2. MOHO YMHOXKaTh WJIH ISTUTH 00€ YaCTH HEPABEHCTBA Ha OJTHO M TO XK€ TOJI0KUTEIBHOE
YHCIIO, TIPY STOM 3HAaKa HEPABEHCTBA HE MCHSCTCH.

IIpumep:
9x - 3 > 12x?
paBHOCHIBHO 3X - 1 > 4x° mpu 3ToM 06e 4YacTH MepBOr0 HEPaBEHCTBA OBLIM pa3jeleHbl Ha
IIOJIO’KUTEIBHOE YUCIIO 3.

3. MOXHO YMHOXHUTh WM pa3geluTh 00€ YacTH HEpaBEeHCTBa HAa OJHO U TO XKe
OTPHIIATEIEHOE YHCJIIO, IIPH 3TOM 3HAK HEPABEHCTBA MEHSIETCSI Ha TPOTHBOIOJIOKHBIN.

[Tpumep:
-2x?% - 3x + 1 < 0 paBHOCHIBHO 2x2 + 3X - 1 > 0, Ipu 3TOM 00€ YaCTH NEPBOTO HEPABEHCTBA YMHOKIIIH
Ha OTPHULIATEIBHOE YHCIIO -1, ¥ 3HAK HEPABEHCTBA M3MEHUIICS Ha MPOTHBOIOJIOKHBIH.

Penienue cucrem HepaBEHCTB

CucTeMoii Ha3bIBaeTCs 3aIMCh HECKOJILKUX HEPABCHCTB, 0003HaUeHHAsE (PUTYPHOI CKOOKO, TpH
ITOM KOJIMYECTBO U BUJI HEPABEHCTB, BXOSIINX B CUCTEMY, MOXKET OBITh JIFOOBIM. PellieHneM cuctemMbl

HCPABCHCTB ABJIACTCA NECPECCUCHHUC pGIHeHI/Iﬁ BCCX HCPABCHCTB, BXOAAIINX B 3Ty CUCTCMY. HaHpHMep,

Jfix) <g(x),
nBoMHOE HepaBeHCTBO f(x) < g(x) < h(X) 3anuckIBaeTCs ClIeIyOMUM 00pa3oMm: eln) ¥
ITpumep.
x—=1>0,
TpeOyercss pemuTh CISAYIONIYIO CHCTEMY HEPaBEHCTB EELEL <="" p="" style="border:
none;'>
Pemenue:

-1 1

Cucrema aHaJOrMYHA HEPABEHCTBY X > 1, TOITOMY OTBET: X < (1; +90).

Pemrenne nuHENHbBIX HEPABEHCTB

JIuHeiiHBIM Ha3bIBaeTCS HEPABEHCTBO BHJA ax>b, MpW ITOM 3HAK HEPABEHCTBA MOXET OBITH
JTFOOBIM.

X>—
Honyctum a>0, torga ax>b paBHOCHIBHO @ | TakuM 00Opa3oM MHOXKECTBO peEIICHUIT

)

HCPAaBCHCTBA ABJIACTCA IPOMCIKYTOK
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X <—
@ .
Homyctum a>0, Torga ax>b paBHOCHUIBHO , TaKUM O0Opa3oM MHOXECTBO PELICHHI

(=)

Ecnu xe a=0, Torga 0*x>b, T.e. HEpaBEeHCTBO HE UMEET PEIICHUH IpH b =0,u BEPHO IPH JIFOOBIX X TTPU

b<0.

HCPAaBCHCTBA SABJIACTCA IMPOMCIKYTOK

Pemenne KBaaApaTHBIX HEPABCHCTB

KBapaTHBIM Ha3BIBAETCS HEPABEHCTBO BHAA ax> + bx + ¢ > 0, B KOTpOM a, b, ¢ — HEKOTOphIE

AeficTBUTENbHBIE ukcia u a = 0
I[TpocTeiuMI KBa(paTHEIMU HEPABEHCTBAMH SIBIISIOTCS HEPABEHCTBA X2 < M M X2 > M

MHOKeCTBO pelleHuil HepaBeHCTBa X2 < M:

1. npu m< ( HeT YHCeNl, KOTOPbIE B KBaJApare MaloT OTPULATEILHOE YMCIO (T.€. HET
pelieHuit)
vm \m Vm Vm 1 Vm
2. mpum>0x < (- ; ), T.€. - <x< w1l YT

MHOKeCTBO pelleHuil HepaBeHCTBa X2 > M:

1. mpu m<0 x SR (T.€. X - M000€ IEHCTBUTEIIBHOE YHCIIO);

Vm Vm vm  m
2. Hp1/1m>0xE (-%0; - YV (VT ), e -0 <x < - " <X<+
oo — |1| > \m.

Pemenue Ooilee CI0KHBIX KBaApPATHBIX HEPABCHCTB CBOJUTHBCA K TIIPOCTOMY IICPEBOAY

BI)Ipa)KCHI/IS[ BUIa
ax? + bx + C > 0
B HepaBeHCTBO

(X-x1)(x-x2) > 0 , re x1 u X2 - KOPHM KBAJAPATHOTO ypaBHeHHs ax> + bx + ¢ =0,
[MoyyeHHOE HEPAaBEHCTBO MBI PACKIaIbIBAEM TaKMM JK€ 00pa3soM Ha CHCTEMY MPOCTHIX
HEPABEHCTB U JIETKO HAXOIUM PEIICHHUE.

Pemenue HEPaBCHCTB MCTOJOM UHTCPBAJIOB

Metonom unHTepBanoB MoxHo Popmyny HepaectBa Buga h(x) > 0 (<, = ,E) CBECTU K
PEILIECHUIO yYpaBHEHUs h(x) = 0.

JlaHHBII METO/ 3aKJIFOYAETCA B CIEAYIOIIEM:

1. Haxonutcs OJ13 HepaBeHCTBA.
2. HepasenctBo mpuBoautcs k Buay h(x) > 0(<, = = ) IyTeM YIIPOIICHHUSI.
3. Pemaercs ypaBaenue h(x) = 0.
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4, Ecnmu va O/I3 oTMeueHbl TOYKH, OHU OTPAHWYMBAIOT €r0 W pa3OMBAIOT Ha MHTEPBAJIBI
3HAKOMOCTOSIHCTBA, TIPHU ATOM 3HAK QyHKIHH h(X) onpenenseTcst Ha KaKIOM TaKOM HHTEpBaJe.

o. Pemenuem siBisiercss 0OBEAMHEHHE OTACIBHBIX MHOXKECTB, Ha KOTOpBIX h(X) mmeer
cooTBeTCcTBYIOIIMI 3HakK. [lociie nononauTensHON npoBepku Touku O/13, sBisrommecs rpaHUYHbIMH,
BKJIIOUAIOTCS (MJIM HE BKJIFOYAIOTCS) B OTBET.

MeTo MHTEPBAJIOB OCHOBBIBACTCS HA TOM, YTO HempepbiBHAs GyHKIMS h(X) MEHseT 3HaK JIMO0
B TPAaHMYHBIX TOYKax «paspeiBa» Ha O/13, mubo mpu nepexoxae yepe3 0, T.e. B T€X TOYKAX, KOTOPbIE

ABIIAIOTCS KOpHsMH ypaBHeHus h(x) = 0. B nmpyrux Toukax mnepeMeHbl 3HaKa HE TMPOUCXOIUT.

[Tpumep.
Mx+1 >0
PemnTs HepaBeHCTBO &
Pemenue:
x+1=20,
x=-5%0 & o U e
O/13: oTkynma umeeM X — [-1; 5) (5; +0)
X +1 -0
p x=3
SIIIM ypaBHEHUE

Yucnutens apodu paseH 0 npu X = -1, 3T0 U ecTh KOpeHb ypaBHeHUs1. OTMETUM HalJCHHBIN KOPEHb Ha

YHUCIIOBOM MpAMOM (UEPHBIM KPYKKOM, T.K. HEPaBEHCTBO HECTPOTroe), npeaBapureabHo otMetuB O/13:

“ o
Y

f(0>——” —%w,

YroObl onpeseauTh 3HaK Ha MpoMexyTke (-1; 5) Bo3pMeM umcio 0,

r@=-22 =250

YT005I OIMPECACIINTL 3HAK HAa BTOPOM IIPOMCIKYTKEC BO3bMEM YUCIIO 8,

Toukun 0 u 8 BBI6I/IpaJ'II/ICL IMPOU3BOJIbHO, HO Tak, YTOOBI YIIPOCTUTH IMPOLECCC BBIYUCIICHUA

KaXXJ0T0 3HAYCHUA (bYHKI_II/II/I

Ortser: (-5; +0),

1 BapunanT:
2
1. 2o sy,
4x° —-25

2. N2x—T <x+2;
3. (2x—1)(x2 +x+1)> 0;
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4, log o5 (4x —7) < log o 5 (X + 2),

5. 457 <0,25.

2 BapHaHT:
3

1. -3 3) > 0;
(x +1)

2. x+826Jx—1;

3. (¥®—4x+3)3x-1)<0;
4, log ,(2x —4) < log ;(x +1);
5. 0,4 >0,16.

Kpurepun onenuBanus:

Onenka ObocHOBaHME OLICHUBAHUA

«OT1an4HO» Bce 3amanust BEIIOTHEHB! IPAaBUIIBHO
«Xoporo» [TpaBUIIBHO BHIMOIHEHBI JT00BIE 4 3a0aHus
«Y 1OBIETBOPUTEIBHO [IpaBuIbHO BBINIOJIHEHBI J100bIe 3 3a7aHus
«HeynoBineTBOpUTENBHOY [IpaBUIBEHO BBHIIONIHEHO MEHEE 3 3a1aHUi
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