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Hosacnumenvnan 3anucka

Meroauueckue peKOMEHAALMU IPU3BaHbl OKA3bIBATh MIOMOIb CTYACHTaM B
W3YYEHUU OCHOBHBIX TOHATHW, HWJEH, TEOPUM U TOJOKECHUN TUCLUILUIMHBI
«MartemaTrka», H3ydyaeMbIX B XOJ€ KOHKPETHOI'O 3aHSTHS, CIIOCOOCTBOBATH
Pa3BUTHUIO MX YMEHHUN, HABBIKOB W SIBISIOTCS OJHUM H3 CIHOCOOOB MPOBEPKHU
3HAHUW CTYJIEHTOB.

BrinoniHeHne yyamuMucs NpakTHUYeCKUX padoT HAIIPaBIECHHO Ha:

- 000011IeHNe, CUCTEeMAaTH3alMI0, YTIyOJIeHUe, 3aKpETIEHUE OJTyYeHHbBIX
TEOPETHUECKUX 3HAHUH 10 KOHKPETHBIM TeMaM;

- (I)OpMI/IpOBaHI/Ie YMCHI/Iﬁ MNPUMCHATD ITOJTYYCHHBIC 3HAHUS HA IPAKTUKC U
peajmm3annio CANHCTBA HHTGHHGKTyaHBHOﬁ )51 HpaKTH‘IGCKOﬁ ACATCIIBHOCTU,

- Pa3BUTUC HHTCIUICKTYAJIbHBIX yMeHHI;'I y 6YIIYHIPIX CIICHHNAJINCTOB:
AHAJIUTUYCCKUX, ITPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpa6OTKy IMpyu pCHICHNH IMOCTABJICHHBIX 3a1a49 TAKUX HpO(l)GCCI/IOHaJII)HI)IX
Ka4C€CTB, KaK CaMOCTOATCIbHOCTh, OTBETCTBCHHOCTb, TOUYHOCTDH, TBOPYCCKAsA
HMHHUIIMAaTHUBa.

B pesyaprare  um3ydeHus ~ y4eOHOM  gucuMIuiuHbl  «MaTtemartuka»
00Oy4aromuiics T0KEeH

AJITEBPA

yMeTh!

®  BBINOJHATH apuPMETUYECKUE NEUCTBUSI HAJ YHCIaMH, COYETas yCTHBIE U
MUCHbMEHHBIE TPHEMbI; HAXOAWTHh NPUOIMKCHHBIC 3HAYCHUS BEIUYUH WU
MOTPEIIHOCTH BBIYUCICHUM (a0CONIIOTHAs W OTHOCUTENIbHAs); CPaBHUBATH
YHUCJIOBBIE BBIPAKECHHUS;

®  HAXOIWUTh 3HAYCHHS KOPHS, CTENEeHH, JIorapupmMa, TPUTOHOMETPUUECKHUX
BBIDOKEHUU HA OCHOBE OIPEICICHHs, HUCIONIb3Yyd MpPH HEOOXOIUMOCTH
WHCTPYMEHTAJIbHBIE CPENICTBA; MOJB30BATHCS MPHUOIMIKEHHON OIICHKOW MpHU
IIPAKTUYECKUX pacyeTax;

®  BBINOJHITH NMPEOOPa30BaHUs BBIPAKCHUHN, MPUMEHSS (POPMYIIbI, CBA3aHHBIC
CO CBOWCTBAMHM CTETICHEH, TOTapu(MOB, TPUTOHOMETPUIECKUX () YHKITU;

®  UCIOJB30BATh NPUOOPETEHHbIE 3HAHUA M YMEHHUS B MPAKTUYECKOU
NEATENBHOCTU U MIOBCETHEBHOM JKU3HMU:
- JUIS TPaKTUYECKUX pacyeToB 1o QopMysiaMm, BKIOYas (HopmyIibl,
colep)Kalnue CTEMeHU, pPaJUKaIbl, JIOTApUPMBI W TPUTOHOMETPUUYCCKHE
GyHKIMM, MCHOJB3YS MPU HEOOXOIMMOCTH CIPaBOYHBIE MaTepHalbl U
MPOCTEUIIINE BEIYUCIATENBHBIE YCTPOMCTBA.
DyHKUNH U TPAPUKH
yMeTh:



BBIUUCIISATh 3HAU€HHUE (PYHKIIMH MO 3aJaHHOMY 3HAYEHHUIO apryMEHTa IIpH
pa3IUYHBIX CIOCc00ax 3a1aHus PyHKIUY;

OINpEENSATh OCHOBHBIE CBOMCTBA YHCIOBBIX (DYHKIIMH, HIUTIOCTPUPOBATH UX HA
rpaduxax;

CTpOUTh Ipadyky N3y4eHHBIX (YHKUUNA, WIUTFOCTPUPOBATH IO rpaduKy
CBOICTBA AJIEMEHTAPHBIX (PYHKIIUI;

UCIIOJIb30BaTh MOHATHE (PYHKIMH IJI OMUCAHUS U aHAJIKM3a 3aBUCUMOCTEN
BEJIMYMUH;

UCII0JIb30BaTh MPUOOPETEHHBIE 3HAHUA U YMEHUS B IPAKTUYECKON

JEeSTETBbHOCTU U TOBCEAHEBHOM JKU3HU JJIA:
-JIJ1s1 OTIMCAHMSI C TIOMOIIbIO (DYHKUMN Pa3TuYHBIX 3aBUCUMOCTEH,
npe/iCTaBleHus X rpaduuecKku, UHTEPIpeTalK rpaduKoB.

Hauyana maTeMaTH4yeckoro aHajausa
yMeTh:

HaXOAUTh MPOU3BOJIHBIE JIEMEHTAPHBIX ()YHKIIH;
UCIOJIb30BATh MPOU3BOHYIO ISl U3yYEHUs CBOUCTB (DYHKIIMI U MOCTPOCHHUS
rpaduKoB;

OPUMEHSTh TPOU3BOIHYIO ISl MPOBEACHUS MTPUOIMKEHHBIX BHIYUCICHUM,
peniarh 3a7a4u MPUKIAAHOrO XapakTepa Ha HaX0XK/IeHHe HauOoJIbIIero u
HAaUMEHBIIETO 3HAYCHUS;

BBIYUCJIATH B IPOCTEHIINX CIIydasiX MIIOMAIU U 00BbEMBI C HCIIOJIb30BAaHUEM
OIIpE/IETICHHOI'O UHTErpaa;

UCMOJb30BaTh MPUOOPETEHHBbIE 3HAHUS M yMEHHUA B  IPAKTUYECKOU
JESITEeIbHOCTU U TIOBCETHEBHOW KU3HU JJIS:

-pellIeHns MPUKIIAJHBIX 3a7a4, B TOM YHCJIE COLUAIbHO-I)KOHOMUYECKUX U
pu3nyeckux, Ha HauOOJIbIIIEe U HAUMEHbBILIEE 3HAUCHUS HA HaX0XKICHUS
CKOPOCTH U YCKOPEHHMUS.

I'EOMETPUA

yMeTh:

pacmo3HaBaTh Ha YepTekaX M MOJENSAX MPOCTPAHCTBEHHBIE (HOPMEI;
COOTHOCHTH TPEXMEPHBIE 0OBEKTHI C UX OMUCAHUAMH, H300PAKCHHUSIMU;
OMKCHIBATh B3aUMHOE PACIIOI0KEHUE MPSAMBIX U IJIOCKOCTEN B MPOCTPAHCTBE,
aApeyMeHmupo8ams C80U CYHCOeHUs 00 SMOM PACNONONCEHUU,

aHAJM3UPOBATH B MPOCTEHIINX CIIy4YasiX B3AaUMHOE PACIIOI0KEHNE 0OBEKTOB B
POCTPAHCTBE;

M300pakaTh OCHOBHBIE MHOTOTPAaHHUKH W KPYTJbIe TeNa; BBITOIHITH
YEPTEKH MO YCIOBUSAM 3a]1a4;

cmpoums npocmetiuiue ceyerus Kyoa, npusmol, RUPaAMuobsl,

pemaTh IUIAHUMETPUYECKUE M MPOCTEHIINE CTEPEOMETPUUYECKHUE 3aJaud Ha
HAXOXKJICHHE T€OMETPUUYECKUX BEJIUYHH (IJIMH, YTJIOB, MIIOafael, 00beMOB);
WCIIOJIb30BaTh MPU PEIICHUU CTEPEOMETPUUYECKUX 3a/1ad MIaHUMETPUUYECKUE
(baKThl U METOJIBI;

MIPOBOJIMTH JI0KA3aTeNIbHbIE PACCYXKIEHHUS B XOJI€ PEIICHUS 3a/1a4;



® [UCIOJIb30BaTh MNPUOOpPETEHHbIE 3HAHMA M YMEHHUS B  INPAKTHYECKOU
NEeSATENbHOCTU U TIOBCEAHEBHOM KU3HU JJIA:
- ISl Kccae0BaHusl ( MOJEIMPOBAHNUSA ) HECIOKHBIX TPAKTUYECKUX CUTYAIU
Ha OCHOBE M3y4YEHHBIX (DOPMYJT U CBOMCTBA (hUryp;
- BBIYUCJICHHUS] OOBEMOB U TUIOLIAJEH MOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEN
Opy pEeHIeHUH MPAKTHUYECKUX 3a/ay, MCHOJb3ysd NpH HEOOXOIUMOCTH
CIIPABOYHUKH U BBIYUCIUTENbHbBIE YCTPOICTBA.

B pe3ynbpTaTe 0OCBOCHHS YU€OHOM TUCIIUIUINHBI 00YJarOIIUNACS JODKEH 3HATH:

J 3HaYCHHE MaTeMaTHUeCKON HAYKH JUISl PEIICHHUS 3a/1a4, BOSHUKAIOIINX B
TEOPHUH U MPAKTUKE; IIUPOTY U B TO K€ BPEeMsI OTPAaHUICHHOCTH MPUMEHEHHSI
MaTeMaTUYECKUX METOJIOB K aHAIHM3Y U UCCIICJOBAHUIO MPOIIECCOB U SIBICHUIN
B IIPUPO/I€ U OOIIECTBE;

o 3HAa4YCHHE MMPAKTUKU U BOIPOCOB, BO3HUKAIOIINX B CAMOI MaTeMaTuKe AJis
(opMUpPOBaHUS M PA3BUTHS MaTEMaTHUECKON HAYKH; HCTOPUIO Pa3BUTHUS
TIOHATHS YHCTIA, CO3JJaHUS MATEMAaTHIECKOTO aHaIN3a, BOSHUKHOBEHUS U
pa3BUTHS TEOMETPUH;

o YHUBEPCAJIbHBIN XapaKTep 3aKOHOB JIOTUKM MAaTEMaTUYECKUX PACCYKACHUH,
UX MPUMEHHUMOCTH BO BCEX 00JIACTAX YEJIOBEUECKON JEATEIbHOCTH;
o BEPOSITHOCTHBIN XapaKTep pa3INvYHbIX MPOLUECCOB OKPYKAIOIIET0 MUpA.

[Tpu mpoBeaeHNN MPAKTUUECKUX pabOT yueOHas rpyIina MOXKeT JIeTUThCS Ha
MOJICPYIIITBI YACIEHHOCTHIO HE MEHBIIE 8 YEIOBEK.

Kaxxmas mpaktuueckas paboTa cocTaBieHa C BeIyIIeH JUIAKTUUECKOM MENbIO -
dbopMupoBaHue MPAKTHIECKUX YMEHUH .

ConeprxkaHue MpakTUYECKUX padOT HAIIEIEHO U Ha pa3BUTHE
npodeccroHaIbHBIX YMEHUN U HaBBIKOB. BBITTOTHEHNE pacUETOB, YEPTEIKEH,
MHCTPYKTUBHBIMHU MaTepuajIaMu, CIIPABOYHUKAMH, YMEHHE MOJIb30BaATHCA
COBPEMEHHBIMU WH()OPMAITMOHHO-KOMMYHHUKAITMOHHBIMUA TEXHOJIOTHUSIMHU.
Hapsiny, ¢ dopmupoBanrueM yMeHU U HAaBBIKOB, B TIPOIIECCE BHITIOJTHEHHUS
MPaKTHIECKUX PabOT 0000IIAIOTCS, CHCTEMATH3UPYIOTCS, YIIIYOISIOTCS U
KOHKPETHU3UPYIOTCS TEOPETHUECKUE 3HAHNUS, BhIpaObaThIBa€TCs CIIOCOOHOCTH U
TOTOBHOCTH MCIIOJIb30BAaTh TEOPETUUECKUE 3HAHUS HA MPAKTUKE, PA3BUBAIOTCS
MHTEJUIEKTYaJbHbIE YMEHUS.

B naHHBIX METOOMYECKMX YKA3aHUAX B Hayaje KaXJ0u TEMbI KPaTKO
M3JIaraloTCs OCHOBHBIC TEOPETUUYECKHUE CBEACHMS (ompeneneHus, GopMyIbl),
HEOOXOUMBIE ISl PEelIeHUs ocaeAyomuX 3aaad. [lpuBoasitcs pemeHus
TUMOBBIX IPUMEPOB U 3a1a4. J(atoTcs ynpaxHEeHHs IS 3aKpETUIEHUs MaTepraa.



IIpakTnueckoe 3ansTue Nel

Tema: Llenbie u paunoHaibHbIC Ynciia. [JelicTBUTENbHbBIC Yncia. JIeicTBUS Hal
paLMOHAIIBHBIMU YUCIIAMU.

Hean: O600IIEeHNE U CUCTEMAaTH3AIMsI 3HAHUH, yMEHUH, HABBIKOB YJAITUXCS TPU BBITIOJTHEHUN
apu(METHUECKUX JICHCTBHI HaJ OOBIKHOBEHHBIMHU JAPOOSMHU

Teopernueckuii 610k

1. Crooicernue. Cymmoit qpo0eii ¢ OJTHUM U TE€M K€ 3HAMEHATEJIEM Ha3bIBAIOT JPOOb, HMEIOITYIO
TOT e 3HAMEHATEJIb, & YUCIIUTENIb PABEH CyMME YHCIIUTENeH JaHHBIX IPOo0eid, T.e.

aba+b

n H iy
OT0 omnpenieNeHne MOKHO COPMYIUPOBATH TAKXKE B BUE CIEIYIOIIEr0 MpaBuia.

YToOBI CIIOKUTh }IpO6I/I C OAMHAKOBBIMH 3HAMCHATCIIAMU, HAAO0 CIO0KHUTH UX YHUCIHUTCIIN, a
3HaAMCHATCJIb OCTaBUTh TOT €.

UTOOBI CIIOKHUTH IPOOH ¢ pa3HBIMH 3HAMEHATEIISIMH, HAJI0 TIPUBECTH UX K HANMEHBIIIEMY
00I1eMy 3HaAMEHATEITIO, @ 3aTEM CJIOKHTh MOJTYdEHHBIC YUCITUTEIN U TI0JT CyMMOH TIOIITHCATh
0o01Mii 3HaMEHATENb.

5 7 15 14 _15+14 29 15

Mpiniep. 8 12 24724 24 24 24

5.7 _15+14_29 5
8§ 12 24 24 24

Kopoqe 3allMChIBAIOT TaK:

YToOBI CIIOKUTH CMEIIaHHbBIE qucia, Hy’)KHO OTACIIBHO HaWTH CYMMY LCJIbIX U CYMMY ,Z[pO6HLIX
JacTeH. HeﬁCTBHe 3aIIMChIBACTCA TAK:

4l 111 g8 1321114205 1952 147
13 45 B 45 45

2. Buiuumanue. Beruntanue qpo0eit MOKHO ONPEAEINTh Kak JelcTBUE, 00paTHOE CI0KEHUIO
npoOeii. BeraecTs U3 0AHOTO IPOOHOTO YKCIa BTOPOE 3TO 3HAUUT HAUTH TPEThE YUCIIO0, KOTOPOE
B CyMME CO BTOPBIM AaeT nepsoe. M3 a1oro onpenenenus cienyer NpaBuiio:



Yr1oObI BEIUECTD IIp06I/I C OAMHAKOBBIMHU 3HAMCHATCIIAMU, HY’)KHO BbIYCCTh YHUCINUTCIIb
BBIYUTACMOI'0 U3 YHUCIUTCIIA YMCHBIIACMOTO U OCTABUTDH HpC)KHI/Iﬁ 3HaMCHATCJIb. I[eﬁCTBHG
3allMCbhIBAIOT TaK:

UToOB!I BBIYECTh APOOHU C pa3HBIMU 3HAMEHATEIISIMHU, HY)KHO CHaYajia MPUBECTH UX K
HaWMEHbBIIIEMY O0IIIeMY 3HAMEHATEII0, 3aTEM U3 YUCIIUTEIS YMEHBIIIAEMOTO BEIYECTh YUCIUTEh
BBIYUTAEMOTO U TIOJI KX Pa3HOCTHIO MOANKUCATH OOIINI 3HaMeHaTelb. [leficTBHEe 3anmiChIBatOT
TaK:

11 5 22-15 7

12 8 24 24

Ecnu Hy)KHO BBIYECTH OJJHO CMEIIAHHOE YMCIIO M3 IPYrOoro CMEMIaHHOTO YHUCIIA, TO, €CITH MOYKHO,
BBIYUTAIOT POOK U3 IPOOH, a 1esIoe U3 1esoro. JlelcTBre 3amuChIBAIOT TaK:

33—55=33—5_33 =:«1i
11 4 44 44

Ecnu sxe npoOb BIUUTaEMOTO OOJIBIIIE APOOH YMEHBIIIAEMOT0, TO OEPYT OJIHY SIUHUILY U3
IIEJIOTO YKCJIa YMEHBIIIAEMOTO, Pa3ApOOIISIOT €€ B HaIISKAIIIHME JI0JIH M MPUOABIISIOT K Ipoon
YMEHBIIIAEMOT0, TIOCJIC YEeTo MOCTYIAIOT, KaK OMMCaHOo BhIIe. J[elicTBHE 3aIMChIBAIOT TAK:

51_12241'5_33:352_33:3E

9 12 36 36 36

AnajorunyHo IMOCTYIIAKOT, KOI'Ja HaJ0 BbIYCCTH U3 LICJIOr0o Yrciia I[pO6HOC.

[Tpumep. 3 3 33,

3. Pacnpocmpanenue c80UCM8 CLOJNCeHUs. U blYUMAaHUs Ha OpoOHble yucia. Bee 3aKoHbI U
CBOICTBA CIIOKEHUS M BBIYMTAHMSI HATYypaJIbHBIX YHCEI CIPaBEUIUBBI U AJIsl APOoOHBIX uncen. Mx
IIPUMEHEHHUE BO MHOTHX CIIy4asiX 3HAYUTEJIBHO YIIPOLIAET IIPOLECC BBIYUCICHUS.

3 7 3 2 7 1 3 1 7 _2
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ITpumep 1.

3,[[601: HCIIOJIb30BAaHbI HepeMCCTHTGHBHBIﬁ U COUYeTaTeIIbHBIM 3aKOHEI CIOKEHMUS.



7 31 53 7 53 31
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[Tpumep 2.

3/1eCh UCII0JIB30BAHO MPABUJIO IPUOABIEHHS CYMMBI K YUCILY.

43E—[15£—41]=[43E—15£]+41=zal+4l=33
Mpmvep 3. 36 6 2 36 36} 2 2 2

1?3—[25+ﬁ3]= [1?1—61]—21=11—2§= SE
[Tpumep 4. 3 8 8 8 3 3 5.

3I[CCI) HCII0JIB30BAaHbI IpaBuJia BBIYUTAHUA U3 YK CJIa Pa3HOCTH U CYMMEIL.

4. Ymnooicenue. YMHOKEHUE APOOH HA IIEJIO€ YHCIO MOKHO TTIOHMMATh TaK e, Kak h
YMHOEHHE IEJIOT0 YKCIa Ha IIeJI0€, T.€. KaK CJII0OKEHUE OJIMHAKOBBIX ciaraeMbix. Hampumep,

2 2 2 2 2 2
— =t -+ —+—
3 3 3 3 3 3
3 2
Ho st ymHOXEeHUST HA ApoOb Takoe TOJIKOBaHKUE HE ToaxoauT. Hampumep, ymMHOXas 7 Ha 3 ,

3 2

HEIb3s CKa3aTh, YTO 371eCh " 7 HaJl0 B3ATh 3 pasa ciaraembim".
31ech HEOOX0IMMO JaTh HOBOE OTPEICIICHHE.

[IpousBenenueM qpodeit Ha3bIBAIOT TaKyIO P00k, YUCIUTETh KOTOPOU paBeH MPOU3BEACHUIO
YHUCIUTENEH TaHHBIX Ipo0eii, a 3HaMeHaTelb - MPOU3BEICHUIO UX 3HAMEHATENCH,

T.C. fl. F fri- , YTOOBI YMHOXHTb I[pOGb Ha ,I[p06b, HYKHO YMHOKHUTb YHUCJIUTCIIb Ha
YUCIINTCIIb, 4 3HAMCHATCJIb HAa 3BHAMCHATCJIb U IICPBOC ITPOU3BCACHUC CACIIATh YHUCIIUTCIICM, a

a ¢ _ac

BTOPOC - 3BHAMCHATCIICM: b d bd .

[Tpu yMHOKEHUU ciaexyeT JiesaTh (€CIU BO3MOYKHO) COKpAICHHE.

12 19 12-19 2

Mpivep, 19 30 1938 5

Ecau Y4ECTh, UTO LICJIOC YHUCJIO MMPEACTABIIACT coboit ,[[pO6L CO 3HaMCHATCJICEM 1, TO YMHOXKCHHUC
,Z[pO6I/I Ha 1CJI0€ 4MCJIO U OCJIOro 4Yrucjia Ha )lpOGL MOKHO BBITIOJIHATE ITIO3TOMY 7K€ IIpaBUITY.



1
Mpuweper, 12 112 12 2

5. Ymnoowcenue cmewannvix yucen. YtoObl IepeMHOKUTH CMEIIAHHBIC YUCIIA, HY)KHO
MIPEIBAPUTEIILHO 0OPATUTh UX B HENPABWILHBIC IPOOH U TIOTOM IIEPEMHOKATH IO MPABUITY
YMHOKEHHUS APOOEH.

211 216 _380 g

Ecinn ke nepeMHOKat0T CMEIIaHHOE YUCIIO HA 1IeJI0€, TO MPOLIE MHOXKHUTh OTJEIIBHO LENIYIO
4acTb U JPOOHYIO 4acTh.

2236272

[Tpumep. 3 3 3

6. Pacnpocmpanenue ceoiicme ymHodcenusi Ha Opoousie yucia. CBONCTBA yMHOKECHHS
HaTypaJbHBIX YHCEN CIPABEIMBEI U JUTsl IpooOeit. VX rcmosib30BaHuE yIIPOIIAeT YCTHBIE U
MMCbMEHHBIE BEIYUCIICHHUSI.

2
T—-3U=[T+i]-30=210+4=214
[Tpumep 1. 15 15
93-8=9-8+3-8=?2+?=?9
[Tpumep 2. 8 3

3 o 1 3 4
_.[ _.1_3]:[_._].?321.?32?3
Tpumep 3. 44 31 13 4 3, 13l 31 31

2
[12_.431].i:[E.ij.qg,i:z.q:gi:agE
Tpumep 4. 5 17 ) 31 5 3l 17 17 1?.

7. llenenue opoobeii. ]Iy neneHus ApoOeii COXpaHIETCS TO K€ ONPEISICHUE, YTO U IS JCIICHHS
LETIBIX YUCEII: 3TO - IEUCTBHE MOCPEACTBOM KOTOPOTO MO JAHHOMY NPOU3BEACHHIO ABYX
COMHOKHTEJIEH U OJTHOMY U3 3TUX COMHOKHUTENIEH OTBICKUBAETCS BTOPOM COMHOXKUTENb.
Pazgenuth 01HO UKCIO HAa BTOPOE - 3HAUUT HAWTU TAaKO€ TPETHE YHUCII0, KOTOPOE MpHU
YMHOKEHUH Ha BTOPOE JIaeT nepBoe. BrIMONHAIOT AeneHue apo0el 1o ciaeayonemMy mpaBuiy.

YrtoObl pa3aenuTs ApoOk Ha JpoOb, HY>KHO YUCIUTENb MEPBOM APOOH YMHOXKHTDH Ha
3HaMEHAaTeNb BTOPOM, a 3HAMEHATENb [IEPBOM HA YMCIUTEND BTOPOM U NEPBOE IPOU3BEACHUE

a ¢ ad

3aInuCaTb YUCIIUTECIICM, a BTOPOC - 3BHAMCHATCIICM! b d bc .



6 9 610 60 20

Mpivep. 7 10 7-9 63 21

ITo sTOMYy *e€ IpaBuIy MOXHO BBIIOJIHATH J€JICHUE JPOOH Ha LIEJI0€ YHUCIIO U LIEI0T0 Ha Ipo0b,
€CIIU MPEJICTABUTh LEJIOE YUCIIO B BUAE APoOU cO 3HaMeHaTeneM 1.

[Ipumepsl.
15:5:2:2:&:2:21;
7 17 1.5 1
3_2_3_2_3-1_4
137 131 13.2 13

& 8:2 4
—:2
13 13 13
8. Henenue cmewannvix yucen. YToObI BBITOJHATH JCICHUE CMEIIAHHBIX YHCEN, UX
MpeABAPUTEIIFHO 00palaloT B HEMPABWIbHbBIE APOOU U 3aTEM JICTIST MO MPABWITY JICTICHUS
poOei.
3.1 63 21 63-20

1221 = =22, 222020 gy
Mprvep. 5 20 5 10 5-21

OnHako TpH IeTICHUH CMEIIaHHOTO YKCIIa Ha 11e10€ ObIBaeT yA0OHEeH MENUTh OTACIHHO IEITYIO
4acTh ¥ OTJEIBHO APOOHYIO YaCTh CMENIAHHOTO YHCIIA.

30 E A= ﬁl
[Tpumep. 7

9. 3amena oenenus ymuodiceHuem. Ecnm B kakoil-HUOy1b APOOH MOMEHSITh MECTAMU YUCTUTEIb

Y 3HaMEHaTelb, OMYyYUTCSl HOBast IpoOb, 0OpaTHas nanHoi. Hampumep, ni1s npou 7 obpaTHast

7

npoOb OyneT 3

OdeBHUIHO, UTO MPOU3BEACHUE ABYX B3aUMHO 0OpaTHBIX Apobeit paBHO 1.

[~ |
I
e

-1| &8

YautsiBas 9TO, MOJXHO ACJICHUC BBIMNIOJHATD 110 CICAYIOLIEMY IIPABUITY.

UToOB! pa3aenuTh OJJHO YHCIIO Ha JPYroe, Hy>KHO JIETMMO€ YMHOXKHUTH Ha YUCII0, 00paTHOE
TETUTEIIO.



2_5_2_'?_11
HpI/IMepl.3 7 335 15
[Tpumep 2 8 7 7

4,1 416 _4 3 _3
Mpuvep3. 7 3 7 3 716 28

10. Ilpumepwl Ha 6ce Oeticmaust ¢ 00bIKHOBeHHbIMU Opobsamu. Pelienre mpuMepoB Ha Bce
JCUCTBUS C IPOOSIMU BBITTOJTHSIOT C TIOMOIIIBIO 3aITHCH 10 OTJCIBHBIM JICHCTBHSIM HJTH 3aTHCH
LETTOYKOM.

[Ipumep. Beruncints:

3 5 15 5 1 1
e S E R ¥ i
521 28 ga 2 3 1 16
1 1 1
5-+10 241336 35
2
Pewrenune no vactsam.
3.5 1 1 1
p.2 -2 1 31,90l
5 21 §5-21 7 7 7
15 5 15-84 1
2)— —=—=9; §)5: - =10,
28 84 28-5 2
510 +10 = 20;
1 64 16 1 1
6)9—:20=——=—; 11} —:3=—;
7 7-20 35 3 o
1 1 1 13
7)2:—=4; 12) —
2 4 9 35
3)3:1=9; 13)13: 13 _13-36 _ ¢
3 36 13
0)4+9=13 14)36. L -1,
36
1 1 16
10)—:2=—; 15)—+1——=1
2 4 35
Ortser. 1.

IIpuMep BbIYMCIIEHUS LIETIOYKOM:



1 3 1 1 7 7
g——> 132 [a=_1l]al ,1.,1 ;1.3
4 4 2 8 8/ 8_ 2 2 L 4 5
3 5 .1
5—4E 10 2—1E 31l —:10 —:3-
5 & & 3 3 8
152 538 15
27,45 _17 2 230
= + =——+2-5=—+10=
3 _ 1 35 _ ] 31 7
510 8 25 50 5
a5 E +10=45 E
7 7
Pemenue 3amau
2
1. Boja 3aunmaer 3 noBepxHocTH 3emin. [losTomy 3emiTio Ha3bIBAIOT «TOJTYyO0O0U TIIAHETON.
1
Kaxyro 9acTh 3eMHOIf TIOBEpPXHOCTH 3aHMMaeT cyma? OTBeT: 3 cyrma.
2

2. Oty 42 roga, a BO3pacT CblHA cOCTaBisieT 7 Bo3pacta oTua. Ckoybko JeT chiny? OTBeT: 12

JICT.
3

3. IlpenenbHBIN BO3pacT OENKHU 6 JIET, 9YTO COCTABJISIET = MPEeTIbHOTO BO3pacTa 3auIa.
CKOJIBKO JIET MOXKET MpoXKuTh 3as1? Oteet: 10 seT.

5 25
4. Jlnuna ctopoHsl kBagpata 2 am. Kakosa ero miomans? Oteer: 81 M2,

5.Pabounii MOKET BBITIOJIHUTH MPOM3BOICTBEHHOE 3a/IaHKE 3a 5 4acoB, a €r0 YICHUK — 3a 8
13
yacoB. Kakyro yacTe pabOTHI OHH BBITIOJHAT BMECTE Tociie yaca pabotei? OTBer: 40 4,

2 1
6. B mepBblii yac aBTOOYC mpomiea S BCEro MyTH, BO BTOPOH 3 MyTH, a B TPETUH — OCTaJIbHBIC
28 kM. Kakoe paccrostHue nporien aBTo0yc 3a Tpu yaca?

1 11
+ 3 = 15 (4)—3a jBa Jaca.
i 4
2)1- 15 = 15 (y) — mpoiesa B TpeTUi yac. 4
3)28: 15 =105 (xm) — 3a TpPH 4aca.

Ortger: 105 kM mpoien aBToOyc 3a TpH yaca.

Jdomamnee 3aganue:



5 3

1. Kakoe paccrosiHue ynuTka 3a 6 yaca, eciii oHa OyJIeT MOJI3TH CO CKOPOCThIO 250 kM/4?
1

OtBer: 100 gMm.
o

2. U3 60ukH ¢ OEH3MHOM BHaYajle OTIMIA 28 BCEro MMeEIIerocs TaM OeH31Ha,
2

MOTOM 7 BCEro OEH3MHA M MOCIIE 3TOr0 B 60UKe ocTasioch 99 mutpoB 6eH3nHa. CKOJIBKO JUTPOB
OeH3uHa ObLTO B OOYKE IMepBOHAYAIHHO?

2 2 17
1) 28 + 7 = 28 (y)— OTIWIN.
17 11

2)1- 28 = 28 (9) — ocTanock.

11
3) 99 : 28 =252 (1) — OBLIO IEPBOHAYAITHHO.

OtBert: 252 11 6eH3nHAa OBLIO B O0YKE TTEPBOHAYAIILHO.

IIpakTnyeckoe 3ansitue Ne 2

Tema: «PeleHne TMHEHHBIX YPABHEHU U HEPABEHCTBY

Heab: O0OOUUTH U CUCTEMATU3UPOBATH 3HAHUS, YMEHUS YJaIlIMXCS IPU PEIICHUH JTMHEWHBIX
YpaBHEHUH U HEPABEHCTB

Teopernueckuii 610K
JIuHeiiHble ypaBHEHUS

JIMHEeWHbIM ypaBHEHHEM OTHOCUTEIBHO IEPEMEHHOM X Ha3bIBaeTCs ypaBHEHUE IEPBOH

T o
crenenu **¥ +2 =0 (1)
rie K u b — npousBonbHEIE BEIECTBEHHBIE YNCIIA.

T
B ciyuae ¥ = 0 ypapnenue (1) uMeeT €MHCTBEHHOE PEIIECHUE TIPH JIFOOOM 3HAYEHUH D :

b
=

K

1

T, — ()
B ciyuae, xorma ¥ = 0.8 # 0 ypapuenne (1) pemennii He nmeer.
B cnyuae, korma k=0, b =0, pemienuem ypaBaenus (1) sBisieTcs 1000€ YUCIIO

xe(—w;+ ).
Ecnmn n3navansHo 3a1aHO YpaBHCHUEC, COACPKAIICC IICPEMCHHYIO B
3HaAMCHATCJIC, TO ICPEA PCUHICHUCM HCO6XO,Z[I/IMO YKa3aTb 0071aCcTh ONpCACIICHHUA, UCKIIFOYNUTDH U3

OTBETA KOPHHU, ITPU KOTOPHIX BBIPAKCHUE HE UMEET CMbICJIA.


http://fizmat.by/math/polynomials/math_expressions#math_expressions_4

B(x—1)+2x=2(4-2x)
dx—84+2x=8-4x
dx+ix+dx=584+8
bx+ix+4x=8+8
4x=164
16

Xr=—=

1

=1 oo

Ilpriatep 4
S5x+15
x+d
Dooxz-4
Sx+15
x+4
Sx+15=4x+16

r=-1

4

(x+4) =4 (x+4)

Cemserm . x=-1
Ilpriatep O
S5x+15
x+3
Dooxz-3
Sx+15
x+4
Sx+15=4x+12

r==-3

4

-[x+3:l :4-[x+3)

Clmgem . Hem KopHel



JIuHelinble HEpaBEHCTBA

JIvHEHBIM HEPaBEHCTBOM OTHOCUTEJIBHO IIEPEMEHHOM X HAa3bIBAC€TCSI HEPABEHCTBO,
MpUHAJICKAIIEE K OJHOMY U3 CIECAYIOIIHNX THUIIOB!

kx+b=0,
kx+b =0,
kx+b =10,
kx+b =0,
ek ub - MIPOM3BOJIbHBIC BEIECTBEHHBIC YHCIIA.

Permras J'II/IHCﬁHBIG, Ja 1 HE TOJIBKO HHHeﬁHBIe, HEPABCHCTBA, CIICAYCT IOMHHUTDL, UTO IIPU
YMHOXCHHUH WJIN ACJTICHUU HEPABCHCTBA HA IMOJIOKUTCIIBHOC YMCJIO 3HAK HEPABCHCTBA
COXpPAaHACTCA, a IMPU YMHOXKXCHUHN W JCIICHUU HEPABCHCTBA HA OTPHULATCIBHOC YUCJIO 3HAK
HCPaBCHCTBA MCHACTCS HA HpOTHBOHOJ’IO)KHI:Iﬁ.

B cooTBeTCTBUY C ATUM pElICHNE JIMHENHBIX HEPABEHCTB, B 3aBUCUMOCTH OT 3HAYCHHI
koaddunuentoB K wu b, mpencrasieno B cienyromeii Tabnume 1.

Tabnuna 1. — Perenne HepaBeHCTB MEPBOM CTENEHU

Ex+bz0 kx+b>0 Ex+b=0 kx+b<0
3HaK HEPABEHCTBA COXPAHSAETCS
0 xE—E x}—E xi—g .:v«:-::—E
k k k k
k=0, b<0| () xe(—w;+ ). | xe(—w;+ w).
k=0, b=0 | xe(—w;+ ). | Ci XE(—c0; + ). | &
k=0, b>0| xe(—c0;+ ). | XE(—0;+c0). | & (2
3HaK HEPABCHCTBA MCHACTCA Ha HpOTHBOHOJ’IO)KHBIfI
<0 xi—g .:v«:-::—E xE—E x}—E
k k k k

CucreMsbl JIMHEUHBIX HEPABEHCTB
PaccMoTpuM perrenne cucreM TMHEHHBIX HEPABEHCTB HA IPUMEPAX.

[Mpumep 1. Pemints cucreMy HEpaBEHCTB



2x-32=20,
-3x+11>=0

Pemenne. Pemmm kaxa0e U3 HEPAaBEHCTB CUCTEMBI:

2x-320, 2x3=3, 2’
= =
3x+11>0, “3x =11, 11
X<

N3o0pa3uB Ha oHOM KoOpAHATHOM npsiMoi (Puc. 1) o0a ToueuHbIX MHOKECTBA,
COCTaBJISIIOLIUX MOCIEAHIO CUCTEMY, ITOIY4aeM OTBET MpUMEDPA.

Puc.1

{3 11]
xXe| ——
Ortser: 23

[Ipumep 2. Pemuts crucTeMy HEpaBEHCTB

Sx+4<0,
-2x-720.

Pemenne. Pemmm KaXX10€ U3 HCPAaBECHCTB CUCTCMBI:

4

5x+4 <0, Sx<—4, X<=3s
o

2x-T720. 2x27, 7

X ——,

2

N306pa3uB Ha 01HOI KoOpAMHATHOM TipsimMoi (Puc. 2) 06a ToueYHBIX MHOKECTBA,
COCTaBJISIIOLUX IOCIEAHIOK CUCTEMY, IOJy4YaeM OTBET IIPUMEDPA.

N306pa3uB Ha 01HOI KoOpanHaTHOM mipsiMoit (Puc. 1) 06a ToueyHBIX MHOXKECTBA,
COCTaBJISIIOLIUX IOCIEAHIOK CUCTEMY, IOJy4YaeM OTBET IIPUMEDPA.



7 40
2 )

Puc.2

Xe|—ow——
OrTBer:. 2

[Mpumep 3. Pemnth cucTeMy HEPaBEHCTB

6x—-7 >0,
4x+13<0.

Pemenne. Pemmm kaxa0e U3 HEpaBEHCTB CUCTEMBI:

;
6x—7 >0, 6x>7, e
o o
4x +13 <0, 4x <—13, 13
X <

N3o0pa3uB Ha oHOM KoOpAuHATHOM npsiMoi (Puc. 3) 06a ToYedHBIX MHOYKECTBA,
COCTABJISIFOIIUX TIOCIICIHIOI0 CUCTEMY, ITOJTydaeM OTBET MpUMepa

S S\_L,_ X .
_13 07
4 )
Puc.3
OrTBerT: 7

Pemmth naHHbie cucteMbl HepaBeHCTB (Ne 179 —184):



2x—1>1, 524 3>8,
179. 181.
{ 3—x>0. {0,7—3::«;—-2.5.
180.{1_2]:::_9' 182. {2x—-3>r——3.
3x 4+ 1< 13. 4 4+3>8—x
183. {3"‘4'73“9‘*2’“ 184, {"‘+4{2x'
54 x> 2% - 2, | —x>—2.
JlomaliiHee 3agaHue:
(2x + 3) (2— 2x) > 0.
(2—m) (2x — 15) (x + 4) > 0.
x}i,
[(3x-4 >0, [[3x>4, *x}_Bﬁ_ L4
~ 5x+6 >0, 5x > —6; = "3
(3x-N(5x+6) >0 r_4<0, 3x<d >x<i o s
Sx+ 6 <0 5x < —6; 37 5
- - 6
T4 ——
\ 5

IIpakTnueckoe 3ansiTue Ne 3
Tema: Pemenue kBaipaTUUHBIX YPAaBHEHUM U CUCTEM YpaBHEHUH
Heab: O6001UTh U CHCTEMAaTU3UPOBATH 3HAHUS yYAIIUXCS M0 JTaHHON TeMe.
Teopernueckuii 610K
Onpenenenue

Keaopammnoe ypagnenue — 3To ypaBHeHue Buaa ax> + bx + ¢ = 0, rae
k03¢ duireHTs! a, b 1 ¢ — npousBonbHEIE yKcia, mpudem a 7 0.

Hpexczle, YCM U3Yy4aTb KOHKPECTHBIC MCTOAbI PCHICHU A, 3aMETHUM, YTO BCC KBAAPATHLIC
YpaBHCHHA MOKHO YCJIOBHO pa3JIC/IIMTh HAa TpH KJIacCa:

He nmeror xopHei;
HMeroT pOBHO OJIMH KOPEHB;

HmMmeroT nBa Pa3JIMYHBIX KOPHA.



JIuCKpUMHUHAHT
Ornpenenenue

ITycTh 1aHO KBaJpaTHOE ypaBHEHHUE ax’ + bx + ¢ = 0. Torna duckpumunanm — 310 MPOCTO
yucio D = b? — 4ac.

Oty hopmyny Hamo 3HATH Hau3ycTh. OTKyna oHa Oepercss — ceiyac HeBakKHO. BakHo npyroe:
I10 3Ha1<y I[I/ICKpI/IMI/IHaHTa MOXHO OHpeIleJII/ITI), CKOJIBKO KOpHeI\/JI HNMECT KBaIIpaTHOC ypaBHCHI/Ie.
A MUMEHHO:

Ecmu D <0, kopHel HeT;
Ecnu D =0, ecTh pOBHO OJMH KOPEHb;
Ecnu D > 0, kopHeii Oyner nBa.

O6paTI/ITe BHUMAHHWEC: TUCKPUMHWHAHT YKa3bIBA€CT HA KOJIMYECTBO KOpHeﬁ, da BOBCC HC Ha UX
3HAaKH, KaK IOYEMY-TO MHOTHEC CUUTAIOT. Barasaure na IMPUMEPLI — U CaMH BCC moMMeTe:

3amaua

CKOJIBKO KOpHEW NMEIOT KBAa/IpaTHBIE YPABHEHUS:

X2 —8x + 12 =0;
5x2 +3x +7=0;
X2 —6x+9=0.
Pemenue

Brimumem ko3 GuItnenTs! 1715 IepBOTO YpaBHEHHS U HaleM TUCKPUMUHAHT:
a=1Db=-8,c=12;
D=(8y—-4-1-12=64-48=16

I/ITaK, JUCKPUMHUHAHT HOHOH(HTGHBHBIﬁ, IIO3TOMY YPaBHCHHUC UMECT JIBa PA3JIMYHBIX KOPH.
AHanoru4Ho pazOupaem BTOpPOE ypaBHEHHE:

a=5b=3,c=7,

D=32-4.5.7=9-140=-131.

HI/ICKpI/IMI/IHaHT OTpPII.I&TGJ'IBHBIfI, KOpHGfI get. OcTanock IMOCJICAHCC YPABHCHHUC:
a=1;b=-6;c=09;
D=(-6)>—-4-1-9=36-36=0.

JIMCKpUMHHAHT paBeH HYII0 — KOPEHb Oy/IeT OJUH.
OTtser
1) 2 xopHs; 2) HET KOpHEi; 3) OJIMH KOPEHb.

KOpHI/I KBaApaTHOT'O YpaBHCHUA



“b++yD “b-D
R TR T

Korna D = 0, MOXHO HCII0JIB30BaTh JHO0YIO U3 3TUX (POPMYIT — MOJIYIUTCS OJTHO U TO K€
4YHuCI0, KoTopoe u 0ynet orBeToM. Hakowner, ecnu D < 0, kopHEeil HET — HUYETO CYUTATh
HE HaJIo.

3anaua

Pemuts KBaApPaTHBIC YPAaBHCHUS:
X2 —2x—3=0;

15-2x—x2=0;

X2+ 12x+36 =0.

Pemenue

[IepBoe ypaBHEHuE:
X*—-2x—-3=0=>a=1;b=-2;c=-3;
D=(-2)?-4-1-(-3)=16.

D > 0 = ypaBHenue umeeT aBa KopHs. Haitnem ux:

_2—!—1!16_3_ _2—v16

1T =g =1

Btopoe ypaBHeHue:
15-2x-x*=0=>a=-1;b=-2;c=15;
D=(2)%-4-(-1)-15=64.

D > 0 = ypaBHeHHe cHOBa UMeeT /iBa KopHsl. Haiinem ux:

2+v64 2—+64

BT DT

R

HaKOHeH, TpeTbe ypaBHeHHe:
X*+12x+36=0=>a=1:b=12:c=36;
D=122-4-1-36=0.

D = 0 = ypaBHeHue uMeeT OJ1H KOpeHb. MOKHO UCIIOIB30BaTh M00YyI0 hopmyny. Hampumep,
MEPBYIO:

_—12+v‘ﬁ_
*TTo T

OTBeT

1) x1=3;%x2=-1;2) Xx1=-5;x2 = 3; 3) x = —6.



Henonnele kBagpaTHbIE ypaBHEHUS

EBIBaeT, YTO KBAAPATHOC YPAaBHCHUC HCCKOJIBKO OTIIMYACTCA OT TOTO, YTO JaHO B OIIPCACIICHUU.

Hamnpumep:
X2+ 9x =0;
x?—16 =0.

Hecnoxuo 3aMCTUTD, YTO B 3THUX YPABHCHUAX OTCYTCTBYCT OAHO U3 ClIaracMbIX. Takwue
KBAaApPAaTHBIC YPABHCHUA PCIIAIOTCA JAXKE JICTUC, YEM CTAHAAPTHBIC: B HUX OAaXXKE HC HOTp€6yeTC$[
CUNTaTb AMCKPUMHHAHT.

Omnpenenenue

VpaBHenue ax? + bx + ¢ = 0 Ha3bIBAETCA HENOHbIM K6AOpamubim ypasrenuem, ecau b =0
i € = 0, T.e. K03 PULMEHT IpU EPEMEHHOM X UIM CBOOOIHBIN IEMEHT paBeH HYIIIO.

Pa3zymeercs, BO3MOXKEH COBCEM TSKENBIN ciydaid, kKorga 006a 3TuX KodpGuueHTa paBHbl
Hymo: b = ¢ = 0. B 3ToM ciTyuae ypaBHeHHe NIpUHEMAeT Buj ax> = 0. OueBHIHO, TAKOe
ypaBHEHHE UMEET eIMHCTBEHHBIA KOpeHb: X = 0.

Paccmotpum octanbhbie ciydau. [Tycts b = 0, Torma moyiyduM HEmojHOe KBapaTHOES
ypaBHeHHe BHa ax> + ¢ = 0. HemHoro npeoGpaszyeM ero:

5 5 C C
ax“+c=0=x " =——=2x==1 |——
a a
[Tockonbky aprdMeTHUECKUNM KBaIPATHBIM KOPEHD CYIIECTBYET TOJIHKO U3 HEOTPHUIATEIIHLHOTO
YKciIa, MOCAeIHEE PABCHCTBO HMEET CMBICI HCKIFOUUTENBLHO rpu (—C/a) > 0. BeiBo:

Ec/u B HENOJIHOM KBaApaTHOM ypaBHEHHH Bua ax? + C = 0 BHINOJIHEHO HepaBeHcTBo (—C/a) > 0,
KopHeil Oynet nBa. @opmyra 1aHa BBIIIE;

Ecmu e (—c/a) < 0, kopHeii HeT.

Kak BuauTe, UCKpUMHUHAHT HE MOTPEOOBAJICS — B HEMOJHBIX KBAAPATHBIX YPAaBHEHHSIX BOOOIIIE
HET CJIOKHBIX BbhruncieHuit. Ha camom nene gaxke HeoOs3aTeTbHO MOMHHUTD

HepaBeHCTBO (—C/a) > 0. J0CTaTOUHO BHIPA3UTH BEIUUMHY X° M IOCMOTPETh, YTO CTOMT C JIPYroif
CTOPOHBI OT 3HaKa paBeHCTBa. Eciy TaM mojiokuTeNnbHOE Yncio — KopHei Oyzaer nsa. Ecnu
oTpuIaTeNIbHOe — KOpHEH He OyaeT BoooiIe.

Teneps pazdepemMcs ¢ ypaBHEHUSIMH BUJa ax? + bX = 0, B KOTOPBIX CBOGOIHBIH SIeMEHT
paBeH Hym0. TyT Bce mpocTo: KopHel Bcerna Oyaet aBa. JJocTaToyHO pa3iosKUTh MHOTOUJICH
HA MHOXHUTEIHU:

ax?+bx=0=2x-(ax+b)=0=2x,=0; x, = ——
a

HpOI/IBBC,Z[CHI/IC PpaBHO HYJIIO, KOT'Jd XOTA OBl OJIMH 13 MHOKHUTENEH PAaBCH HYIIIO. OTCIO,Z[E[
Haxo4dATCd KOpHH. B 3akmroueHue pa36epeM HCCKOJIBKO TaKHUX ypaBHCHI/II\/'II



3agaua

Pemuth KBaApPAaTHBIC YPAaBHCHUS:

x> —7x=0;
5x2 + 30 = 0;
4x> -9 =0.
Pemenne

X—TXx=0=2X-X—-7)=0=>x1=0;%=—(-7)/1=T7.

5x? + 30 = 0 = 5x? = =30 = x? = —6. KopHeif HeT, T.K. KBaJApaT HE MOKET OBITh PaBeH
OTPHIATEIILHOMY YHCITY.
A —-9=0=24x=9=2x*=9/4=x,=3/2=15; x2 = —1,5.

OtBeT

X1 = 0; X2 = 7; 2) xopHeii HeT; 3) X1 = 1,5; x2 = 1,5.

PemieHne KBaApaTHYHBIX CHCTEM YPABHEHHUH

.| x=y=1
IIpumep 1. Peuts cucremy ypaBHEeHUM
X% +y? =41.
Pemenune. BpipasuB X u3 mepBOro ypaBHEHHsI CHCTEMBbI M MOJICTAaBUB BO BTOPOE, MOIYYUM
{x =y+1,
2 [—

PaBHOCHIILHYIO CUCTEMY 2y 2y —A0=0. ] (1)

5

Peluasi BTopoe ypaBHeHHe cucteMsl (1), HAXOMM 1Ba 3HAYCHHS IEPEMEHHOM y: J1 = 4y, =~ :
HOJICTABIIAS. OTH 3HAYEHHs B IIEPBOE ypaBHEHHE cucTeMbl (1), mosydaeM JBa 3HAYEHHS
TIePEMEHHOM X: 4 =5X, =-4

Ortser: (5; 4),(-4; -5).

2X—-3y—xy=4

3X+Yy+3xy=3

Pemenre. Cpasy BHIPa3uTh OJHY [EPEMEHHYIO Yepe3 JAPYryH B JaHHOM  Clydae
3aTPYAHUTENLHO, MEIIAET cllaraeMoe Xy. UToObl M30aBUTHCA OT 3TOrO CIIAraeMOro YMHOKUM
[EPBOE YPABHEHUE CUCTEMBI Ha 3 M CIOXUM CO BTOPHIM ypaBHEHHEM. IIpH 3TOM IOJy4HM

IMpumep 2. Pemnts cucremy ypaBHEHHI {

o |2X=3y—xy=4, o)
AaBHOCHJIBH CHUCTEM ABHCHHHM § = = i
P v Y P 9x -8y =15.
15+8y
13 BTOpPOrO YpPaBHCHHA IIOJdy4dYacM: X = 9 . HOI{CTaBI/IB 9TO BBIPAXKCHUEC B IIEPBOC
15+8x 15+8y

ypaBHEHHUE CUCTEMBI (2) MOIy4YUM ypaBHEHUE 2 -3y—-y =4 . [IpeoOpa3oBas ero,

MOJYYUM KBaJIpaTHOE YpPaBHEHUE OTHOCUTENIBHO V: 4y +13y+3=0. Kophu 31oro ypaBHeHus
1 13

y,=-3,y, = vk HOJCTaBUM B GOPMYITy JUI X, U HOIY4uM X, =—1,X, = 3

Otser: (-1; -3),(13/9; -1/4).



x?(x+y) =80,
x?(2x —3y) =80.

Pemrenne. B yieBBIX 4acTsAX ypaBHEHMM CHCTEMBI CTOSIT IPOU3BEICHHUS ABYX COMHOXKUTENEH, a
CIpaBa YUCJIO OTIMYHOE OT HyJd, IIO3TOMY, OYEBHUJHO, HH OJUH M3 COMHOXKHUTEIIEH JIEBBIX

IIpumep 3. Pents cucreMy ypaBHEHUH

yacTell ypaBHEHMH HE MOXET ObITh paBeH Hynio. Takum o0Opa3om, MOJIy4aeM, 4TO X#0y

3
2X-3y#0=>x=# —Ey . PazgennM nepBoe ypaBHEHME CUCTEMBI Ha BTOPOE IOYIEHHO, B CUILY

X+y

CJIGIIAHHOTO BBIIIC 3aMEUYAHHS, TIONyYHM PABHOCHIBHYIO cucTeMy { 2X—3Y . Bbipasum u3
x*(x+y)=80.

MIEPBOTO YpaBHEHMS TOJTYUYEHHOW CHCTEMBI BBIpasuM X: X =4y . [logcraBum 3T0 3HaueHHE BO

BTOPOE YpaBHEHHE CUCTEMBI U HaiiieM y =1, Torga X = 4. OtBer: (4; 1).

Jomamnee 3aganue: Pemure ypaBHEHHUS:

1. x*-8x*-9=0

2. x*-15x*-16=0

3.(x* —2x-5)* —=2(x* -2x-3)-4=0

Pemnts cucremsl ypaBHEHMI:

Xy =2,
9x* +y® =13.
X*+y=2
y24x=2
1,
3 X';y X;y
—t—=7



IIpakTnueckoe 3ansaTue Ned
Tema: Pemenue kBagpaTu4HbIX HEPABEHCTB
Hesab: O600IKUTH U CUCTEMATU3UPOBAThH 3HAHUS M YMEHUS yJaIUXCs 110 JaHHOU TeMe

Teopernueckuii 610k

KBanpaTtHoe HEpaBEeHCTBO — 3TO HEPABEHCTBO, B JIEBOM YaCTU KOTOPOI'O CTOUT KBaJIpaTHbBIN
TpPEX4IEH, B JIEBOM — HYJIb.

TO GCTI), KBaIIpaTHI)Ie HepaBCHCTBa 6I)IBaIOT CJICILYIOHII/IX BUIOOB:
ax?+bx+c>0, ax®*+bx+c>0, ax®*+bx+c<0, ax*+bx+c<0.
PGHII/ITI) KBaleaTHOC ypaBHeHHe MOKHO C ITOMOIIIBKO METOda I/IHTepBaJ'IOB.

J1y1st 5TOr0 HEOOXOMMO CHauaja HAaTH KOPHHU KBAJPATHOTO HEPABEHCTBA (BMECTO 3HAKA
HEpaBEHCTBA MIOCTABUTH «=» U PENINTh ypaBHeHHe ax’ + bx + ¢ = 0). KopHeii MoxkeT OBITh THO0
nBa, TM00 0JMH, MO0 HE OBITH BoOOIIE. [lanpHelne qeHCTBUS 3aBUCAT OT KOJIMYECTBA KOPHEH:

1. Eciiu ypaBHeHHe MMeeT IBa KOPHsI, HEOOXOAMMO HAHECTH MX Ha YHCIIOBYIO IpsamMyro. OHu
Pa300bIOT ee Ha TpH MPOMEKyTKa. HyKHO Oy/ieT onpe/iennTh 3HaK| BEIpaXKeHHs ax’ + bx + ¢ Ha
KaXJIOM U3 POMEKYTKOB (KOHKPETHBIN ITPUMEP PEIICHUS BBl MOKETE MOCMOTPETh, BBEIS B
dopMy BBITIIE KaKOe-THO0 HEPAaBEHCTBO, HApUMEp SX2 + 2X — 7> 0):

- ecyia @ > 0, To 3HaKM OynyT +, —, + (CJIeBa HaMpaBo);
- ecyia @ < 0, To 3HaKM OyayT —, +, — (CIeBa HAIIPaRBo).

B cnygae, ecniu 3HaK HEpaBeHCTBA > WJIM >, OTBETOM OYIyT MPOMEKYTKH CO 3HaKOM «+». Eciu
e 3HAK < WIH <, TO OTBETOM OYAYT OTpHUIIATEIbHbIE TPOMEXKYTKH.

Ecnu 3HaKk HepaBeHCTBA > WK <, TO TOYKHU-TPAHUIIBI IIPOMEIKYTKOB 3alIMCBHIBAIOTCS B KPYIJIBIX
ckoOKkax. Eciu ke 3HaK > Wi <, TO TPaHMIIbI IPOMEKYTKOB 3aITUCHIBAIOTCS B KBAJAPATHBIX
CKOOKax.

2. Eciiu ypaBHeHHe HMeeT OJMH KOPeHb, TO HY)KHO TaK)Ke HAHECTH €r0 Ha YMCIIOBYIO MIPAMYIO
¥ OIIPEIENNTh 3HAKU BBIPAKEHHs ax? + bX + C Ha KaX10M M3 NpoMekyTKoB. KopeHs pasaenuT
NPAMYIO Ha JBa TIPOMEXKYTKA, 3HAKH B KOTOPBIX OYyT OJMHAKOBBIMHU (B 3aBUCHMOCTH OT
koaddureHTa a):

- ecnu @ > 0, To 3Haku OynyT +, +. B aTOM cityuae, eciin 3HaK HepaBEeHCTBA >, TO OTBETOM OyJeT
BCsl UMCJIOBas MpsAiMasi, KpOMe TOUKU-TPAHULIBI poMexyTka. Eciu ske 3Hak HepaBeHCTBa >, TO
OTBET — BCS YKCIIOBad npsamas. Eciay 3Hak HepaBeHCTBa <, TO OTBET — IIyCTOE€ MHOXeCTBO. Eciun
3HaK HEPAaBEHCTBA <, TO OTBET — O/JJHA TOYKA — I'PAHULIA MEXAY IPOMEKYTKaMH.

- ecim @ < 0, To 3HaKU OyayT —, — B 3TOM ciydae, ecnu 3HaK HEpaBEHCTBA >, TO OTBETOM OyJeT
IIyCTO€ MHOXECTBO. Eciin ke 3HaK HEpaBEHCTBA >, TO OTBET — OJJHA TOYKa — I'PaHULa
npoMexyrka. Eciii 3Hak HepaBeHCTBa <, TO OTBET — BCS UNCIIOBas MpsiMasi, KpOMe TOUKH-
IpaHULbI TPOMEXyTKa. Eciii 3HaK HEpAaBEHCTBA <, TO OTBET — BCSI UNUCIIOBas MpsiMast.

3. Ecan YpaBHeHHE KOpHeﬁ He MM€€T, TO HUYCTO Ha KOOPAMHATHYIO OCh U HE HY>KHO
HAaHOCHUTB: HAZ10 MTPOCTO OMPECACIUTH 3HAK BbIPAKCHU A aX2 + bX + C Ha Bceil uncioBoit HpSIMOﬁI



- ecim a > 0, To 3HaK OyzeT +. B aTOM cityyae: eciiu 3HaK HEpaBEHCTBA > WM >, TO OTBETOM
OyzeT Bcs uncIiioBas mpsiMasi. B IpoTHBHOM cilydae — eCiM 3HaK < WM < — OTBETOM OyneT
IIyCTOE MHOXECTBO.

- ecim a < 0, To 3HaK OyzeT — B 3TOM ciydae: ecnu 3HaK HEPaBeHCTBA < HIIH <, TO OTBETOM
OyzeT Bcs yuciioBast mpsiMasi. B poTUBHOM cilydae — €CiM 3HaK > WM > — OTBETOM OyJeT
MyCTO€ MHOXECTBO.

Ipumep 1. Pemuts HEpaBEHCTBO 2x% + 4x — 6> 0.

KBanpaTHblii TpexwieH 2X? + 4X — 6 uMeeT 1Ba JIeHCTBUTEIbHBIX KOpHS X1 = —3, X2 =1.
[Tostomy mapabona y = 2X? + 4X — 6 mepeceKkaeT 0Ch X B JBYX TOUKAX, aOCIIMCCHI KOTOPBIX
paBusl —3 u 1. [TockonbKy Kodddurment npu X? Gombiue Hyns, mapadona y = 2X° + 4X —
6 HampaBJIeHa BBEPX

W3 pucyHKa BUJHO, 9TO TpexueH 2X2 + 4X — 6 MoI0KHuTeIeH Npu X < — 3 u mpu x >1.
[Ipumep 2. PemuTh HEpaBEHCTBO

—x2+x—1>0.
JIMCKpPMMMHAHT KBaJpaTHOTO TpexuleHa — X2 + X — 1 orpunarenen: D = —3. ITostomy npu
BCeX X 3HaueHUs QYHKIMH y = — X2 + X — 1 MMEIOT O/IMH U TOT e 3HaK, a MMEHHO 3HAK
xod(duurenta npu X2, To ecth Munyc. Cie0BaTeIbHO, HEPABEHCTBO — X2 + X — 1> 0 He

BBIIIOJIHACTCA HU IIPHU KaKUX 3HAUYCHUAX X.

H[)I/IMCQ 3. BLISICHI/ITL, IIPpU KaKHUX 3HAYCHUAX X ,I(p06b

2 2x—3
2y — 22

MOJIOKUTCIIbHA W TIPpU KAaKUX — OTPULATCIIbHA.

Cnauana YKa3aHHBIM BBIIIIC CIIocoo0M ONpCACIIMM 3HAKU YHUCIUTCIIA U 3BHAMCHATCIIA JTaHHOM
,Z[pO6I/I, a 3aTCM CpaBHUM HX.



Yucnutens X2 + 2X2— 3 MON0KUTENeH IpU X < —3 U IpK X > 1, a OTpuuaTeNeH Ipu
—3 <x <1 (puc. BepxHAA YHCIOBAs OCBh).

4-3-2-1 0 1.2 3

i it
e
g 2

3nameHaTens 2x — X2 monoxkutenes npu 0 < x < 2 u otpunarencH npu x < 0 u npu x >2 (puc.
HWDKHSIS YMCII0Bast 0cb). VI3 pucyHKa BUHO, 4TO JaHHAs APOOb OyIeT MOJIOKUTEIbHA IPH — 3
<x <0 (B 3TOM cllyyae YUCIUTEIb U 3HAMEHATEb OTPULIATEIbHBI) U MPU

1< X <2 (B 3TOM cilyyae YUCIHUTENb U 3HAMEHATE b MOJI0KUTENIbHBI); OTPUIIATEILHON OHA OYyIeT
pu X <. —3 (YUCIHUTENb MOJOKUTEICH, 3HAMEHATENb oTpuliareseH), mpu 0 < x < 1 (uucnurens
OTpHIIATENICH, 3HAMEHATEIh ITOJIOKUTENICH) U TIPU X > 2 (YUCIIUTEIb TI0JI0KUTENICH, 3HAMEHATEIh
OTpHUIIATETIEH).

Ynpasicnenusn
Pemmnte naHHBIE HEpaBEHCTBA
1. x> —4x+3>0. 5. X2 +x+1<0.
2. X2 —6x+5<0. 6. x> —x+1>0.

3. —5x2+3x+2>0. 7. x> —6x+10<0.
4, x (1—x)>0. 8. —3x% +2x +1>0.

HOMaI_HHCC 3aJaHUC:

1. Peminth HEPaBEHCTBO:

8x°-6x+1>0

2. HaﬁTI/I HANMCHBIIICC ITOJIOXKXHUTCIBHOC LICJI0€ pemeHHe HtpaBeHCTBa:
X2+ 2x>-3

3. Pemuth HepaBEHCTRO:

X+ 3x+8>0

4. PemuTh HEPaBEHCTBO:

X2 -4x+4>0

5. Pemnth HEpaBEHCTRBO:

X?-4x+4>0

6. Haiitu Bce 3HaueHmsa X, HC SABJIAIOMIUCCA PCHICHUEM HEPABCHCTBA!
2

X>16

IIpakTnyeckoe 3ansaTue NeS
Tema: Oynkiuu: nuHeiHas, oOpaTHast MPONOPHHOHATBEHOCTE. [locTpoeHue KBapaTHUHOM
GbyHKITII
Heasn: 3akpenuTh y yyaluxcs 3HaHUS U YMEHUS OCTPOeHUs IpaduKoB pyHKIMHA
Teoperuueckuii 6110k

r — 1 . 1
CsoiicTBa THHEHHOM QyHKIMK ¥ = KL + 0



1. O6nactb onpenenenust GyHKIIMH — MHOXKECTBO BCEX JCHCTBUTEIILHBIX YUCEI.

2. O6macTh U3MeHeH:s GYHKIAN IIPH YCIOBHH, 4T0 K @ — MHOKECTBO BCEX CHCTBUTEBHBIX
ancen. Ecan K = 0 | 10 MHOXKECTBO 3HAYCHHi (YHKIIMH COCTOUT U3 OJHOM TOUKU b

3.Hpu k=0, & # 0 (pynxius He sBIETCH HU YeTHOH, Hi HederHoit. Ecim K =0 (2 jmoGoe) —
dykipst vernas, Ecm 2 = 0 (X m06oe) pyHKums HedeTHas,

4. Tpu® =0 dyuxums Bospacraer npu 1r06bix * . IIpu & <= @ dynkuus yGbiBaeT npu

mo6ex X . Ipu & =0 hyHKIMSA HOCTOSHHA.

Ilpumep. lloctpouts rpaduK GYHKIHH y= 2x +4 :
Pewienue. I'paduxoM sBisieTcst mpsimasi TUHUS. [t €€ mocTpoeHust JOCTaTOYHO HAWTH TOYKU

MepeceUeHus ¢ OCAMHU KOOPIMHAT: MPH x=0,y=4 U 1IpH X=-2,y= ﬂ. Takum 00Opazom,
npsiMast IPOXOIUT Yepe3 TOUKU A(U=4) u B (_ 2=0)
> If
Y y=2x+4
. X
/o
_ax+b
DyHKIHMA BUA CX+ @ rpedd b, C d _ noctosmmmie uicna, npuueM € F 0 ad # bf—',
Ha3bIBACTCS OPOOHO-TUHEIH O dynxyuerr. DyHKIMS onpezeneHa BCIOITY, Kpome
X =-— i

3HAYEHHS € Eoma@=0¢=1 d= ﬂ, TO MOJIYYHMM YACTHEIN CITydail IPOOHO-IMHEHHON

_b
dbyHKIAN X . OGnacts omnpeneneHus Takoi (yHKIUN XE {_ D‘U,U)U (U,+EU}. I'paduxom

b
byHKIMH X gpnsercsa Kpupas, cocrosmas U3 JBYX BETBEH, CHMMETPUYHBIX OTHOCHTEJBHO

Hauvana koopauHar. Takas KpuBas HasbIBaetTcs cunepoonoi. Ecmu b> ﬂ, TO BETBU TUIEPOOIIBI

pactionoxkensl B [ u Il KoOopIMHATHBIX YETBEPTSIX; €CIIN KE b<0 , To BO Il n IV xoopauHatHBIX
yeTBepTax. [ unepOoia He uMeeT 00X TOUEK ¢ OCSIMH KOOPJIUHAT, a JIMIIL CKOJIBKO YTOIHO OU3KO

_b
K HUM mnpubmwkaercs. DyHKIMA X neuernmas. Ha pucynke u300paxkeH rpadux

runepOoIIb ¥ X UL CITydast b> 0.



<

> X

2

y=ax“ +bx+c a.b,c _

OyHkuMs, 3anaHHas QopMysoi , Tne ¥.x _ IIEpEMEHHBIE,

3aJaHHble uMcia, B F 0, Ha3bIBaeTCs Keaopamuynou yukyueir. OOIACTHIO OIpENEICHUS
KBaJIpaTUYHON  (YHKIMM  SIBJISIETCS MHOXECTBO  JIEHCTBUTENBHBIX uHcen. ['padukom

2

byHKIN y=ax + bx+e spistercs napadona. Ecm @ >0 10 persn  napaGonsr

HanpaBJieHbl BBepX; eciu < ﬂ, TO BETBU Mapalosibl HampaBieHbl BHU3. OCbI0 CUMMETpPUU

b

XxX=—2=

mapaboJIbl SBIISICTCS TIPsSIMast 2:‘1_ Koopaunatel BepmMHbI mapa0oJibl ONMPEACsSIoTCs 10
b Agc — B°
X =—--=_ = = = =
0 21 Yo =¥ [10] A1

dhopmynam

Jliia moctpoenust napadosibl yA00HO BHIOpATh CJIEAYIOUIUE TPU TOUKHU:

x=0

a) TOUKY IepecedyeHus napaboJibl ¢ OChIO O , IpH MOJTyYUM y=c , TaKUM 00pa3om,

C0,c).

IepBas TOYKa

0) Touky Ha mapaboie npu y=¢ , TO €CTh JIN0O TOUKY C abcIuccoit x=0 (touka C), mubo
x=_b B(i;c)
€€ | takum 06pazom, BTopas TOYKa cl :

__ b _ _4ac—b°
A,y F07 g Yo =¥{x, )= 2"

B) BEpUIMHY Mapad0JIbl TOUKY , TIe
MoOHO TaKke B KayecTBE OCHOBHBIX TOYEK BBIOpaTh TOUKM IepecedeHus mapabosibl ¢

_—btvVb® —4ac _—b+/D

TOYKY C abciuccoit

X =
ocsio Ox 1.2 2a 2@ ecnm Takue CymecTBYIOT, TO eCTh
JMCKPUMMHAHT KBaPaTHOTO TPEXUJIEHa HEOTPULIATENbHBII.

_ N2
ITpumep. Iloctpouts rpadpuk GyHKIUH y= 2x° +2x+2 :

C{0,2), B{-1,2) A(-0,515)

BerBu mapabosibl  HampaBleHBI

. x=-025

. Hapa60na CUMMCTPUYIHA OTHOCUTCIILHO IIPIMOU

OrMmeTuM TPpU  TOYKH

l:a::-U)

BBEPX



1. TlocrpoiiTe rpaduku GyHKIMIA:

1v=3x++4
1 -
2772
3.v=5—4x
42v—4x =6
53 +4v=2
3
6.v=—
N
2. IloctpoiiTe rpaduku KBaapaTUIHONW (DYHKIIHH:
1. y=x>—4x+3. 5. y=x> +x+1.
2. y=x2—6x+5. 6.y=x2 —x+1.
3.y=—5x?+3x+2. 7.y=x2—6x+10.
4, y=x (1 —x). 8.y=—3x> +2x+1.

Z[OMEII.HHCC 3aJaHHC:

[ToctpoiiTe rpaduku GyHKIIHIMA:



l.v=4x —5

[Toctpoiite rpaduKu
GbyHKIMH:

1.y=8x*-6x + 1
2.y=-X>+2x +3
3.y=x>+3x+8
4. y=x2-4x+ 4

5.y=x2-4x+4

KBaJpaTUYHOMN



IIpakTnueckoe 3ansaTHe Ne6

Tema: KonTponbHas paboTa mo Teme: «Pa3BUTHS MOHATHS O YHCIIE»
Heasn: [IpoBeputh YpOBEHb YCBOEHUS JAHHOTO Marepuaia 1o teMe «Pa3BUTus MOHATHS O

YUCIIe»
1 Bapuanr
1.PemiuTe JinHeiiHOEe ypaBHeHME:
%) 3X_x+2_3x—2+x—1:1 6)1—6_2X=X—XL3
4 2 3 3 2

2. Pemmure CUCTEMY JMHENHBIX HEPaABCHCTB:

4x -3 3x 5 3-2x 5 2X
—+3>—+= > ,

o {2, 20 of)
4x—3+x—5>x—1 4x -15 _43
8 5 2 3 3

3.Pemnre cucreMy ypaBHEeHUIl:

5x -2y =17, 2X-y—3x_2:)(+y1 1+£ E
{3X+4 =25 6) 3 4 B) X y 6
y= 5x—4y =-18 2y —x=1

4.PemintTe KBaJApaTHOEe ypaBHEHHE:

2 2
a) X2 —x =0 c’>)5x6+9+4x5 9_3 g x2+9x420=0 x*-5-0

x(2x -3) N (Bx-1)° (x+3)°
2 5 5

=1

A)

5. Pemmiure KBaipaTHYHOE HEPABEHCTRBO:
a) X*—8x—-20<0  ©0) —x*—6x+27<0 B)2x*-13x+20>0

6. Pemnre rpadguyeckn ypauenune: X +1=(x-1)°

2 Bapuant
1.Pemmnre JinHEeHHOE YpaBHEHHE:
a)x+%3+XT+1=2x+5_23X 6)4—6_2X+x: x—X+3

2.PemMre cucremMy JIMHEHHBIX HEPABEHCTB:



5X—3>'1+X, 7_26X+10S8X3+1—12,
a 0 {
){1—3x-<gx—5 ) X+1 1
2 3 — > 2X-2—
2 2
3.Pemure cucreMy ypaBHeHMIA:
2X-6 Xx-2
2x +3y =13, 3 2 =2y, 1_1:1,
a) 0) B)Y Y X 3
5x-y=7 3x—6
+ ==X X=-2y=2
2
4.Pemute KBaJApaTHOE YpaBHEHHE:

2 2
a)x*—2=0  6)3x%+6x=8x% —Ox B)3X811+74122X ~10 r1)2x*—3x+8=0
A)X(X_7)+X_4_Q:1

3 3 10
5. PeminTe KBaAPAaTHYHOE HEPABEHCTBO:
a) 2x2 —x+4<0 6)—3x>+5x+2>0 B)2x? —4x+13>0

6. Pemmmnte rpadpuuecku ypaBHeHHe: 2 =3x-1.
X

IIpakTnyeckoe 3ansitue Ne7

Tema: OCHOBHbBIE TPUTOHOMETPUUYECKHUE TOXKIECTBA

eanb: HayunThs HCcnosib30BaTh OCHOBHBIE TPUTOHOMETPUYECKUE TOXKAECTBA MPU
npeoOpa3oBaHUM BBIPAKESHU

Teopernueckuii 010K

Teopema

OCHOBHOE TPUTOHOMETPHYECKOE TOXKCCTBO. J[J1s1 TI0OOro yrita o BEpHO YTBEPIKICHHUE:
sin® a + cos? a = 1.

sinad =+,/1—cos?a; cosa==.1—sin*a

CruencrBue

JUist 1F000T0 yrila o MOKHO TIepenHcaTh OCHOBHOE TPHTOHOMETPUYECKOE TOXKIIECTBO CISAYIOMIUM
obpazom:

tgfa+1= ; cgta+l=

cos? o sin? o

OTH ypaBHEHHS JIETKO BHIBOAATCS U3 OCHOBHOT'O TOXIECTBA — JOCTATOYHO Pa3/elIuTh 00€ CTOPOHBI Ha
C0s? a (jU1s OMyYeHHs TAHTEHCA) MM Ha Sin’ o1 KOTAaHTEHCa).



Pemenue ynpaxHeHuit
1.HaiiguTe sin o, €ciiu U3BECTHO CJEIYIONIEE:

cnsaz—SI{;—l; (IECET;TE)

Pemenne

Hawm u3BecteHn kocuHyc, HO HeM3BeCTeH CUHYC. OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO
(B «anucTOM» BHJIE) CBSI3BIBACT KaK pa3 3TH QYHKIMH, TIO3TOMY OyaeM paboTath ¢ HUM. MMeeM:

sin? @+ cos? o =1 = sin? a + 99/100 = 1 = sin? & = 1/100 =sin « = £1/10 = +0,1.

Jlnst pemenns 3a1a4u OCTAIIOCh HAWTU 3HAK cuHyca. [IocKoIbKy
yrout a. €(n/2; ),10 B rpagycHOl Mepe 3To 3amuchiBaeTes Tak: a € (90°; 180°).

CrnenoBarenbHO, Yroi a JexXUT Bo || KoopAHMHATHON YeTBEPTH — BCE CUHYCHI TaM

moJiokuTensHbI. [Toatomy Sin a = 0,1.
Otsert: 0,1

2.Haiinure cos o, €ciu U3BECTHO CIEyIoNIee:

o \@_ E(_Sﬂ:)
sina =——-; a €1~

Pemenue

Wrak, Ham U3BECTEH CUHYC, a HaJ0 HalTH KocuHyc. O0e 3Tu (PyHKIIMH €CTh B OCHOBHOM
TPUTOHOMETPUYIECCKOM TOXKIECTBE. HOI[CTaBJ'IﬂeMZ

sinfa+cos?a=1=3/4+cos?a=1=cos?a=1/4=cosa==1/2 =+0,5.

OcTanock pa3o0parthcs co 3HAKOM Mepel ApoObro. UTo BRIOpATh: MIIIOC WIIK MUHYC?

ITo ycioBuI0, yro o MpUHAUIEKHUT TPOMEeKyTKY (7 37/2). IlepeBenem yriibl U3 pajauaHHON
Mepbl B rpagycHyro — noiayuum: o € (180°; 270°). OueBuano, 1o 11l koopauHaTHas YeTBEPTS,
IJie Bce KOCUHYCBI oTpuarenabbl. [lostomy €os a = —0,5.

OtBer:—0,5

3.Haiigute tg o, ecau U3BECTHO CIENYIOLIEE:

1 E(Sﬂ: ) )
COsSqt =—; @& —; AT
/10 2

Pemenue

Tanrenc u KOCHUHYC CBA3aHbI YPABHCHUCM, CIICAYIOIIUM W3 OCHOBHOT'O TOUrOHOMETpU4eCcKoro
TOoXAecTBa:



1
2 2
a+l=—>-—=2tg"a=10—-1=9
© cos?a ©
[Monyuaem: tg o = +3. 3HaK TaHTEHCa OIpeessieM 1o yriay a. M3BectHo,urto o € (37/2;

2r). IlepeBenieM yribl U3 paIiaHHOW MEpPhI B IpaJycHy0 — mosiydnuM a € (270°; 360°).
OueBunHO, 310 IV KOOpAMHATHAS YE€TBEPTH, TJIC BCE TAHT€HCHI OTPHUIATeIbHBL. [loaToMYy tg o =
-3.

OtBe: —3

4 Haiigure cos @, €Clii U3BECTHO CIEYIOIIEee:

) 3
sinae =—0,8; @ € (?, 2:'1:)
Pemenne

CHoBa U3BeCTCH CHHYC 1 HCU3BCCTCH KOCHHYC. 3amnuiieM OCHOBHOE TPUTOHOMETPUYCCKOC
TOXICCTBO:

sinff o +cos?a=1=0,64+cos?a=1=cos?a=0,36 = cos o ==0,6.

3Hak onpezernsieM 1o yriy. Umeem: a € (37/2; 27). [lepeBeeM yriibl U3 rpajycHON Mepbl
B paguanHyio: o € (270°; 360°) — ato |V koopauHaTHAs YeTBEPTh, KOCUHYChI TaM
oJIOKUTEIbHEL. CiiemoBaTesIbHO, CO0S a = 0,6.

OtBer:0,6

5.Haiinure sin o, eciyi U3BECTHO CIIEIYIONIEE:

Ctga=2v{g; (IE(O;%)

Pemrenue:

3anuiieM GopMyiy, KOTOpas ClIeyeT U3 OCHOBHOI'O TPUTOHOMETPUUYECKOTO TOXKIECTBA
Y HAIPSIMYIO CBSI3BIBAE€T CUHYC U KOTAHI€HC!

1 1
a+1= =244+1=25
cg” a sin? o = sin? o

Otcrozia monydaem, uto sin® a = 1/25, T.e. sin a = £1/5 = £0,2. M3BecTHO, 4TO yroi o €
(0; #/2). B rpamycHoit Mepe 310 3amuckiBaetcs Tak: o € (0°; 90°) —I koopauHATHAS YE€TBEPTb.

Wraxk, yron Haxoautcs B | KoOOpAMHATHOM YeTBEPTH — BCE TPUTOHOMETpUYECKHE (PYHKIIUU
TaM MOJIOXKHUTENBHBI, 03TOMY Sin a = 0,2.

Ortser: 0,2



5
. sina U tga, ecnu cosa = —
7.Haiinute 13 u
. 5
. cosa Mtga, ecausing = —
8.Haiinute lmu
JloMainee 3aanue:
. 4
. sing U tga, ecny cosa = ——
1.Haiinute 5 U
. 5] 3w
. cosa Mtgo,ecIusing =-— mwoa<—
2 Haiigure ' 17 u 2
3w
3 Haiiaure cosausina, ecmntga =-1 5 T =% =75

IIpakTuuyeckoe 3ansitue Ne 8

Tema: [IpuMmeHeHre OCHOBHBIX TPUTOHOMETPUYECKUX TOKIECTB K MIPE0OPa30BaHUIO
BBIPAKECHU U

Heab: HayunTs ncnosib30BaTh OCHOBHBIE TPUTOHOMETPUUECKHE TOXKIECTBA MPU
npeoOpa3oBaHUM BRIPAKESHUT

Teopernueckuii 610K

fgd, cigd.
— popmyis ws B FEEE
— OCHOBHOE TPUTOHOMETPHUECKOE TOXKIECTBO;
fgoy .
— (hopMyIIa, BHIPAXKAIOMAS 3aBUCHMOCTh 5 j C0F &

cig sy i
— hopMyIia, BHIPAXKAIOMIAS 3aBUCUMOCTh =& - yp Sl &

YnupoctuTh BeipakeHus (YCTHO)
l-cos® @

2—ginfa-cost @

Cos oY e igd

sin ? v +fgia+ros @

(1—sn @)l+smn &)

sin* §—cos* 8

Pemenue ynpaxxnenuii
YIIPOCTUTH BBIPAKEHHUE:

[—g—lJic.ﬁgza’
1 hoosT &



Pemenue:

1
( 5 —lJicr.gga’:[1+r.gz¢:r—1}-c.ﬁg2.::r:1
cos® &

2 gy eoigdi— (f,ga:f ®Co8 &)2
Pemenue:
ooy erfoly — {:g&-cos -::E]2 =1-sin*a=rcos’ &

l-sin 4 cosf
3 ctosd  l+sn &

Pemenue:

l—sin 8 cos 8 _1—3ﬁ12ﬁ_5032ﬁ_
cos 8 1+sinﬁ_ cos Sl +sin 8) -

? Kakue 3HaHus MBI IPUMEHSITN /711 pELICHUS TaHHBIX BhIPAXKEHUN?

Brimomnasas YIIPOUICHUE BBIpa)KeHI/Iﬁ HCIIOJIB30BAJIM TPUTOHOMETPHUYCCKHUE TOXKACCTBA U
(hopMYITBI COKPAIIIEHHOTO YMHOKEHHSL.

JlokazaTb TOXKAECTBO:
B gem oTnmuune ToxxkaectBa ot Gopmysbi?

TO}K)]CCTBO — PAaBCHCTBO ABYX AHAJIUTUYCCKUX BBIpaH(eHHﬁ, CIIpaBCJIMBBIX JJIA JIFOOBIX
JOIMTYCTUMBIX 3HAYCHUI BXOAIIHUX B HET'O 6YKB.

(DopMyna — KOM6I/IHaHI/IH MAaTCMaTHYCCKHUX 3HAKOB U 6YKB, BbIpa’Karouias Kakoe-1n0o
MIpCIJIOKCHUC

l—sin®a
—  eirz=1
1. st qcos &
1—sin * & cost &
—  ejrp=—  efpx=cigaeiga=1
Sl (XCOS & Sl T Cos
1=1

2. sin Yo+ foost @—cost =1

sin "+ 2cost @—cost = (sin Y+ cos? .::E:](sin 4 .::E—cc:-sz.::E)+2|:-::-s2 G=sin®d+cost =1
1=1

cost —aint @

- +2gla= —
3. cos” & cost &
4 -4 2 .
COS & — 85I & 2 COS " & — s~ & 2 2
5 + 2ic @ = 5 +2icTa=1+1g &= 5
COS ~ & Cos " & Cos " &

1 1

I:QS2 o IZIC?'S2 o



UYro HE0OXOAMMO ISl YCIICIIHOTO BBITIOJIHEHUS PE0O0pa30BaHUI TPUTOHOMETPUUYECKUX
BBIPAYKEHUI?

CB006oHOE BNaIeHUE TPUTOHOMETPUUYECKIMH TOXKIESCTBAMH U ()OPMYIIaMU COKPAIIEHHOTO
YMHOKCHHUSL.

Tlano: sth ¥ —cosex =06

Haiity: St &cos &

Pewrenue:

sin G —cosar =06

[sin - cos &}2 = 0,6

sin @ — 2sin &cosd+cos” =036
1-2sin @cosa =036

Zan oos =064

sin cosa= 032

Pemrenne ynpaxHeHwmil:

Ynpoctute BeIpaxkeHue

1. 1= cog? o l_sin-::r-coscl’

10 cigo
cos? .::E+(1— sin’ -::E:l
2.

3 [l::os o - 1:1 [1+ Cos -::r)

cos® @ — |:1— 2sin? .::E:I
sin & cosd-ciga—1

5

E':Z:lS2 a8

6. cos” @—1

1-cos @

7. 1- sin” &
3 sn’ @+cos® atigie

S0

0. Egck



JlomailirHee 3ajaHue:

Yupocture BeIpazkeHue

fgd cigdi— cos @

2sin e

1—sin
T4t
COs

1 + 1
1+cosa l-cosa

czgzﬁ[cosg ,-:5’—1)+1

g 5+1
1+ecigd

cost @ igt [—clf) -1

1-tg(-a)
S Cos [—-::E)

IIpakTuyeckoe 3ansaTHe Ne9

Tema: ®opmyisl npuBeacHUA. DOPMYIIBI CIOXKECHUS

Henab: Hayunts ncnonb3oBath (GOpMyIIbl IpUBEIECHUS IPU ITPEOOpa30BaHUN

TPUTOHOMETPUYECKUX BBIPAKCHHI

Teopernueckuii 610K

- - ] ] 8 3 [ 8

5 8 i - 8 $ + 2 +

S| 52X eb s | es| =8| T35 | §3

-] = = | 5 43 - = o o

1 rl2l 2| gz | kT |wleg o] S2 | 52

|

sin —sinajcosa| cosa | sine |—sin o|—cos a|—cos a| —sin a|sin
i

cos COs 2| sin o | —sin o|—cos 2|—cosa|—sin g singl cos ¢ rosa
I

tg —tga|ctga |—clgot| —tga tg o ctgql—ctgrx—lguilgd

i
clyg —ctgaliga | —tga |—clga] ctga tga |—tga |—ctgajcig o




DopMyJibl CJI0KEHUS

sin (cx+ﬁ)= sin & cos S+ cos@sin S,
sin (cr— ﬁ)= sin &cos 8—cos@sin B,
cos(@+ 8)= cosacos 8 —sin asin 8,
cos(@ — 8) = cos @cos 8 +sin asin 8,

tga+igh S5l B tga—itgh

tgla+ 8)= . -
g( )8) 1-ige - tgh % 1+ige-tg8

(B OCeAHNX ABYX Qopmymax & # A2+, B # A2+ y
cooTBeTcTBeHHo &+ B #A[2+m, a- S#mf2+m, nel)y

citge-cigh—1

ctg-ctg 8+1
, ctgla- p)= 8L &0

ctgla+ 8)=
( ) ctg8+ citgey ctgB—cige

(B moCIeHNX ABYX popmynax & # M, B # M y
cootBerctBenno &t O # /M, Q- S#Fm, neLl),

[Tpumepsr:

sin13mr 2 }T) sinm 3
5 =Shal2-2m+o)=—— =7

cos 13w (2 }T) sinm 1
3 : N 3 3 2

13m

T m
t T=tg(2 '2H+;)=tg'

—=V3
3

l3am T T |
Cth=Ctg(2 - 27 +;)=ctg;=E

TaHreHc ¥ KOTaHT€HC MOYKHO OBIJI0 OBl BEIYHMCIIHUTE M TaK:

13z sin(13n/3) V32 Bax 1 1
s =wsmmm =1, V3 B =gma=vr



sin (—1050°) = sin [360°+(—38) + 30°] = sin 30° =1/,,
cos (—1050°) = cos [360° - (—3) + 30°] =cos 30° = }/3 /2,

sin (—1050°) Y, -1
cos { — 1050°) Ve V3’

o cos(—1050°) V32
ctg (—1050°) = o —jgs05y =17, — = V3.

tg (—1050°) =

sin (—960°) = sin [360°.(—3) + 120°] =sin 120° =
= sin (90° 4 30°) = cos 30° = /3 /2,

cos (—960°) = cos [360°-(—3) 4+ 120°] =cos 120° =
=¢0s (90° 4 30°) = — sin 30° = —1/,,

o Sin(—960°) V32
lg [_960 ] ~ Cos [___gﬁﬁﬂ:l = i, - '_I/S_l

ctg (—960°) = 1/tg (—960°) = —1/)/3.,

Pemenue ynpaxueHui

1. 3aMeHUTH 3HAYCHHSI TAHHBIX TPUTOHOMETPHUECKUX (QYHKINN 3HAUCHUSIMHU
TPUTOHOMETPUUYECKUX (QYHKIUN JOTIOTHUTENIbHBIX YIJIOB:

a) sin 54°, 6) sin (a/4—3a); B) cos 53°% r) cos (37/10); 1) tg 51°
e) ctg(n/4 —et/2); ) ctg 36°28746",

2. HaiiTy 3HaueHus ClIeAyIOIUX TPUTOHOMETPUUECKUX (DYHKIMM (MU BBIPA3UTh UX
Yyepe3 3HaUCHUsI TPUTOHOMETPUUECKUX (PYHKIUI OCTPBIX YIJIOB):

a) cos (2m/3); 6) sin 92°31"; B) ctg (dm/4); r) tg 330°,
3. Beruuciaurts:

a) 3sin (m/2)+4 cos (2n/3)-+-6 sin (13x/6);
6) 2tg |3&°~—L~ sin (— 270°)+ ia cos 180°,

4. 3HavueHUsI TaHHBIX TPUTOHOMETPUUYECKUX (DYHKUUN MPUBECTU K 3HAUCHUAM
TPUTOHOMETPUUYECKUX (QYHKIUNA HEOTPULIATEIbHBIX OCTPBIX YIJIOB!

a) cos {321;3]; ﬁ-}"s.in 2760°; B}- tg (—1845°%); ) -ctg 2909°,
5. JlokazaTh TOXAECTBO
3 [sin? (3/2 — ) -sin? (3n-F o)) — 2 [sin® (n/2-} &) - sin® (Bn—a))=1.

[Tpeobpa3yiiTe BhIpaKEHHE
a) coS(T/4 - @); 6)sin(e + w/4) . p) cos(T/4 + @); r)sin(e — 1/4)
n) ta@T/2- @) ; e)sin(p —7/6) -



2. Beluucnure:
aycos[105] To;  &)sin [1051 ‘0, pycos [75] To;  r)sin [751 ‘o

n) tg 751 "o ; e)sin [151 "o

3. VYmopocrure:

a)v‘z sin(m/4+ a) — cosa; 6)\;"’2 sin(ax — 7/4) - sina; B)2 sin(m/3 — a) - V3 sina

, 5]
sing =— cosff =—,a u f§ —yrao [ .
4.a) 3Has, 4TO 17, 5 YETBEPTH, HAWJIUTE 3HAYEHHUS

BBIPpAXKCHUA

) a8
sing =— cosff =—,a u f§ —yraor [ .
0) 3Has, 9To 17, 5 YETBEPTH, HAUUTE 3HAYEHUS

BBIPpAXCHUA

2 4
ing =— cosff=—,a uff —yran [ .
5 YETBEPTH, HAMINUTE 3HAYCHUS

s
B) 3Has, 4TO 17,

BBIPpAXCHUA

HOM&I.HHCC 3aJaHHuC:

1.3amenuTe TpUrOHOMETPUUYECKON (DYHKIIUEH yriia o

2G-) (F+a)
a)S‘rt 2 “ ; 6)::&5[2:? —ak B) tg ?+ L B r) crg[‘}u“ —a)
2. Haiinure 3HaY€HHME BBIPAKEHUS;
47T
a)sin 240° ; 0)cos 300%; p) tg(-225")% ctg -

3. [IpeoOpasyiiTe BeIpaKeHHE:

cos(—a) - cos(180° + &)
sin{ —a) - sin{909 + a)

4. IIpeoOpa3yiiTe BeIpakeHHE
a) L9 (2T — @) 6)sin(T/3 - @)

5. Beruuciure:

a)tg L1531 To 6)cos [151 o



6. Ympocrure:

3cosa - 2 cos (cr — g)

2 4
sing =— co0sff =—,a u f§ —yrant [ .
7. 3Has1, 4TO 17, 5 YETBEPTH, HAWJIUTE 3HAYEHUS

BbIPpAXKCHUA

IIpakTnueckoe 3ansiTue NelQ

Tema: @opmyiibl ABOMHOrO aprymenTa. @opMyIibl IOJIOBUHHOTO yria

Henanb: HayunTs ncnosib3oBath (OpMysbl JBOHHOIO apryMeHTa pH NpeoOpa3oBaHUU
TPUTOHOMETPUYECKUX BBIPAKECHUN

Teopernueckuii 6110k

sin 2x = 2 sin X cos X
€OS 2X = c0s% X — sin® x
cos2x=1-2sin?x

2tg X
tg 2x =
1—tg?x

Lo 1—cosa o 1+cosc
g1t —=i,.||— cos—=i\{—
2 2 2 2
& l-cosa sl & l-cosa

fg—:i = = -
2 l4cosa l4cosa sifn &
& 1+cos s o l4+cosa
ctg—=1% = =
2 l—cos  l—cosg SN o

prOCTI/ITB BBIPAXKCHUC!

1) cos 2x = cos? X — sin® X.

311ech NMpescTaBisieM 2x B BUJE X + X U IPUMEHsIeM (pOpMyITy KOCHHYCA CI0XKEHUS apIyMEHTOB:



C0OS 2X = €0S (X + X) = COS X COS X — Sin X Sin X = €0s? X — sin® X.
2) cos 2x =1 —2sin? x.

31ech MBI IPOCTO TIPOIOKUM MPE0OPA30BHIBATE HPEIbIIYIIYI0 GOPMYITY.

Vcronb3yeM s 5TOro OCHOBHOE TPUTOHOMETPHYECKOE TOKAECTBO cos>X + SinX = 1.

U3 5TOro TOKAECTBA CIEAYeT, uTo cos>X = 1 — sin?X. MTak, BeIMMIIIEM HPEebIAYITYI0 GOpPMYITy,
BCTAaBUM 3HAUYCHUC COSZX, CBCICM HOHO6HI)I€ YWICHBI U IMOJTYYUM PEC3YJIbTAT:

COS2X = C0s? X —sin?x =1 —sin?x —sin?x =1 —2sin? x.

2tg X
3)tg 2x =
1-1tg%x

Crioco0oB, KaK IPUUTH K TAKOMY TOKJIECTBY, /1Ba.

[TepBeiii crioco0. 31ech HaM MOMOXKET (OopMyJia TAHTEHCA CJIOKEHUS apTyMeHTOB. [[71s1 3TOTO

npencTaBuM tg 2X B Buge tg (X + x). Urak:

tgx+tgx 2tgx
tg2x=tg(x +x) = =
l1-tgxtgx 1-tg’x

BTtopoii cioco6. On cnoxHee. CHavasia nmpuMeHsieM (popMyJibl CHHYCa U KOCHHYCA CIIOKESHHUSI

apryMeHTOB:

sin (X + x) Sin X CoS x + €0S X Sin x
tg2x=tg(x +x) = =
cos (x + x) COS X COS x — Sin X Sin x

Tenepb, YTOOBI YIIPOCTUTH BBIPAXKECHHUE, ACIIMM BCE €r0 4aCcTH Ha COS X COS X, COKpalaeM
HOI[O6HBI€ YICHBI U IIPUXOJUM K PEHICHUIO!

sin X eesx €05% Sin x 2 sin x
+
€0S% CO0S x €0S% CO0S x 2 COS x 21tg X
€OS%-E605X% sin x sin x sin? x 1-tg?x
— 1-—
€05 %€0S%  COS X COS X cos? X
ITPUMEYAHUE:

HpI/I peIICHNN KOHKPCTHLBIX 3a4a4 Ba’)KHO IIOMHHUTD, UTO 3a/ila4ya UMECT CMBICJI JIUIIb B TOM
cJIydac, €CJIM B IIPOLCCCC PCIICHUS 3HAMCHATCIN HUT'IC HC OKA3bIBAOTCA paBHBI HYIIHO.

Ter[epL AJId HArJIAAHOCTU pCHIUM HECKOJIbKO TPUMEPOB IO TEMEC.



IIpumep 1. YpocTuTh BeIpakeHUE:

sin 2a
sin o
Pemenue:
sin 2a. 2 sine cos a
= = 2cosa
sin o sit-e

Hpumep 2. [lycrs tg o =3/4 n 180° <a <270°.
Haiitu sin 2a.
Pemrenue.

B nepByto ouepenn, oTMEUaeM, YTO Yrojl HaXOAUTCS B TPETheH 4eTBEpTH. 3HAUUT, CHHYC OyIeT
CO 3HaKOM MHHYC.

1) 3HayeHMe cUHYCa MBI MOTJIN ObI HalTH uepe3 popmyiy 1 + ctg? o =
sin
3HauyuT, HaM HAJI0 CHaYyaJia BEIYMCIIUTh 3HAUEHUE KOTaHTeHca. Mbl 3Haem, uto tg o - ctg o = 1.

CrenoBaTenbHO:

1 1 4
ctgo= = =
tg o 3/4 3

2) Tenepb HaX0UM 3HAUYCHUE CUHYCA!

1 1 1 1 9
sinf o = = = = =
1+ctg o 1+(4/32  1+16/9 259 25
3
sing=———
5

3) Msl 3HaeM, 4To sin 20, = 2 sin o cos 0. 3HAYUT, HAXOJUM elle KocuHyc (1o popmyie cos? o +
sin? o = 1). IIpu 2TOM OINATH HE 3a0BIBAEM, UTO YTOJ — B TPEThEH YETBEPTH M KOCHHYC JIOIIKEH
OBITH CO 3HaKOM MUHYC. MTak:



9 16
cosfa=1-sinfg =1-——— = —
25 25

coso=———

4) OcTanock NPUMEHHUTH (POPMYITY TBOMHOTO yrJa:
3 4 2-3-4 24

sin20=2 - (- ) - (- ) =
5 5 5:5 25

= 0,96.

[Ipumep 3: Berancnuth

T T

cos? — —sin® —
8 8

Pemienue.

DTO BBIPAKEHHE COOTBETCTBYET MPABOM yacTu (HOpMYibl KOCHHYCA JBOWHOTO
apryMenTa (cos 2X = C0S? X — $in? X). 3HaunT, MPOCTO MPUPABHSIEM €ro K JIeBoif yacTH. J{s
3TOTO 3aMeyaeM, uTo

T
X = —

8

Octaercs BBecTH B (POPMYILY 3TO 3HAYEHHUE X U PELUIUTH YpaBHEHHE:

T T T 27 T \2
cos? — sin? =cos2+-——=C0S—— = COS—— = ——,
8 8 8 8 4 2
YnpaxxHeHus:
Beruuciure:
=
T LT T T 2
casz——smz—zms(z-—)zcos—z—.
1) 5 5 5 4 2
W T 1 i T 1 ¥ 1 @7 11 1
sm—-cﬂs—=—(23m—cas—)=—sm(2-—)=—sm—=—-—=—.
2) 12 12 2 12 12 2 12 2 6 2 2 4
T
s _, (zﬂj s =1
1-tg2l O\"8/ T YT
3) 8



cos2x, 6) sInZx.

Haiitu: a)
Pemenue:
a)
- 5 9 16
sinx=1—cos*x=1——=—,
25 25
siny = ——,
5
X E (E—T ETE)
VuuTeIBas, 4TO 2 , TO
. - 9 16 7
cos2x = cos“x —smMx=———=——.
25 25 25
7
cos2x = ——.
OrtBeT; 25
0)
. ] 4 24
sin2x = 2sinx cosx =2 - (— —) —= ——
5 25
Sin2x = — E
OtBeT: 25
YIpocTuTe BeIpaKeHUE:
cos 807
6) cosdl™+sm 407
cos36° +ain 18
r) cos 18°
Penrenwue.
cos80°  _cos’ 40° —sin *40° _ lcos 407 +sin 407N cos40° — sin 40°) _
cosd0” + ain 407 cosd0% + s 407 cos 407 + qin 407

6)= cos 40" —sin 40°

cos36° +3in 2 18 _ cos® 18% —gin £ 18° +2in # 18° _ cos® 13

r) coslB® cos18° cosla

=coglB*

Otger: £o5187,

i

s S
cos— tsm —
Brrauciure £ 8 8

Pemenue.



m‘@ a3 : «ﬁ 5 b S
— —|cos—+sm — = —cos® ——Z2cos—sin ——sin S — =
B B 2 3 B
w2 T b A «E T w@ R/
= — —Z2gos—sin ——|cos® —+an* —| = —-Z2cog—sm —-1= ——zan — -1 =
2 3 2 2 2 2 2 4
M2z
= ——-—-1=-1
2 2
Ortser: -1.
TecTtupoBanue
Bapuanm 1 Bapuanm 2
Buviuucnume: Buvruucnume:
1 u:c::szi—sinZE —Zglﬁc'
' 12 12 1= zgglﬁc'
SB3o1 1 4B 3 3
b Ay ATy YTy ot 2)%-, R
_agls” T o
'ﬁg2?50_1 2 cos —sm E
3 3 B 3
oL 23 H-1 4-43 D2 2 3-o H2
3 3 )4, )2= 3 )2
2
3.[cos£—sin£] 3.::0343—”—5 43—??
3 ] 8
1. = o1 o1 1 A2 1, 2
D= 2, 25 3)5'45 2k -5 Do D% Do A
4 Hadid Fod ic2a =04
4 Hafidume tgc, ecnu ﬁg% =% e u:?gg g, é'c.fzuz[;g ‘T
0L 2 - 305 H—
ljll; Eji; 3)&; 4)& 2 21
2 16 15 17
6. IIpoBepka, anaau3 oMIMOOK
Ne Bapuanum 1 | Bapuanm 2
3a0anus
1 1 2
2 2 1
3 1 1
4 3 4




YIIPAFRHEHUA

1. Ypocrture:

sin2o sin2a sin2o
. L e : - s CE -
)Sna’ 9 esa’ P woda—emio D) cosZatsin®os
y Sindo, y sin 100", ) c0s36° + sin’18° sino.
' 2cos 20 2005500 ) ooy D G0
: 2

2, JloKkaKuTe TOMKIECTBA:

a) 2sin(90° — o) - sino = sin2¢; 6) (sino + coso)? = 1 + sin2a. .
3. Berumcioure:

. 4 3
a) sin2o0., ecyim coso = g ?ﬁ < o <2m;

T

6) cos 20, ecau coso. = —0,2 u 3

< o <m;

3
B) tg20, ecmtgo =7 un<ao< %
4. YIPOCTUTE BbipAXKEHHE:
sin o | cos @ .
a) 20’ B) 1R ()
2 cos 5 cos 5 + sin 5
6) sin 4P . ) cos 20— sin 20,
cos 2 cos 4o 4
5. Hafimure 3uadenus sino, coso U {g o, eci H3BECTHO, YTO

- oD
sing =z7 # O<o<m.

o
\



6. YTIDOCTUTE BbIPAXKEHHUE:
) sin 20— 2 sin o
cos o — 1 ’

B) sin 2a. ctg o—1;

cos 20,— cos” o
0)

i r) (ctg oa+tg o) sin 20

9
} —eas™

7. YripocTure:
sin 23
cos 2B + sin” B

a) 0,5 tg o sin 20+cos” o

8. Briuncsure:

a) 2sin 15° cos 15°; - r) cos” 15°—sin? 15°'
- T p s
6)8sm§cos§, )4cos 4 sin® 8*
, 0 o. 2im _ . 27m
B) sin 105° cos 105°; e) cos” 15 —sin” 13-
9. Ynipocture:
2tg 5° 4tg 15° tg 75°
) —=—; 6) —=—; ) —= 2.
1-tg5 1-tg” 15 1 —tg” 75

10. prOCTHTe BbIPaXKEHHE:
T— O 3
a) 4 sin 2 sif. ~—5— sm( 5 oc);
2%+ o 2
6) 4 cos cos L F T L

4 2

11. Jlokaxurte ToXXAecTBO
: — 2(* O
I +sin o0 =2 cos (4 2).

12. YIIPOCTUTE BbIpAXKEHHE:
1 + cos 2¢
1 —cos 2¢°

13. CylecTByer JiM Takoil yrosi X, IpH KOTOPOM

; . 3
sin x cos x=3 ?



IIpakTnueckoe 3ansirue Nell

Tema: IIpeoOpazoBanre CyMMbI TPUTOHOMETPUYECKUX (DYHKIUI B POU3BEICHUE U
IIPOU3BENICHUS B CYMMY

Heas: HayauTs ucnons30BaTh JaHHBIE (GOPMYIIBI IPU IPeoOpa3oBaHUM TPUTOHOMETPUUYECKIX
BBIpAXKEHUN

Teopernueckuii 610k

CymMma cuHyCcOB

: : . zty  x—y
sinx 4 siny = 2sin COS
2 2
Pa3Hocth cuHycOB
. . . r—=Yy xty
ST — sy = 2sin cOs
2 2
CymMMa KOCHHYCOB
Tty r—1y
cosT -+ cosy = 2cos COS
2 2
Pa3zHocTh KOCHHYCOB
L Tty L -y
COST — cosy = —2s8In s
2 2

CyMMa TaHI€HCOB

sin(z + y)

tgr +tgy= ——
gr gy COST COSY.

PasHocTh TaHreHCOB

sin(z — y)

tgr —tgy= ——
5 Y COST COSY

CYMMa KOTaHI'CHCOB

sin(z + y)

ctgx + ctgy = sin rsiny

Pa3HOCTH KOTAaHT€HCOB

sin(z — y)

ctgr —ctgy= ————
& Y sinrsiny

CYMME[ TaHIr€¢HCa U KOTaHI'CHCa



cos(x — y)

tgxr + ctgy =

SInYy cosT

Pa3HocTh TaHreHca 1 KOTaHT'eHca

cos(x + y)
tgr — ctgyy = ————
& &Y Sy cosT
1
cosa - cos [f = a[cur{n — A) + cos(a + 7))
: : 1
sin o - sin J = 5 (cos(av — 3) — cos(a + [3))
1
siney - cos [ = E(Hirl[ﬂ + 4) + sin(a — [4))
IMpumep. Jloka3ate, YTO TaHTE€HCHl YrIoB o =/="/,+nm u P =/="/,+ nn paBHBI

TOrJJa U TOJIBKO TOrJa, KOrJa 3TH YIJIbI Pa3HATCA Ha YroJ, KpaTHI)II\/'I TC.

ITycth o u B pa3usaTcs Ha yroi, KpaTHBIN ; Toraa o = [ + nm, rae N — HEKOTOpOoe 1Ieloe
yucao. Ho B Takom citydae

tg a =tg (B + nm) =tg B.
O6patHo, ycTthb tg o = tg B. Torma tg o — tg B = 0 u mo popmyie (2)

sin (e — B) —0

cos o » cos P o

Ho 310 BO3MOKHO nHib 1ipu yeiaoBuu, 4to sin (oo — B) = 0. Kak uzBectHo, cunyc
oOparmraercsi B HyJIb JIMIIb JUIS YIIIOB, KpaTHBIX 7. [ToaTomy

o — B = nm,
a= P +nm,
4TO U TpeOOBAJIOCH 10KA3aTh.
Ynpaoicnenusa
1. BeluncnauTh, He MOJIb3yACh TPUTOHOMETPUYECKHMHU TaOIuLIaMu:
a). tg 22°30' + tg 67°30'. B). tg "2 + tg *"1a.

6). tg 22°30' —tg 67°30' ). tg !y, — tg o,



2. YIpOCTUTH BBIpaKCHUE

lga41gp
tga—1tgf

3. JlaHHBIE BRIpOXECHHS MPEICTABUTH B BHJIE TIPOU3BEICHHIA:
a)\/3—tga; 0) 1 +tga.

4. Haiitu ycnoBue, Mpu KOTOPOM KOTAHTEHCHI YTJIOB O U [} paBHBI MEXKIy COOO.

YnpaxxHeHus:

[IpeobpazoBaTh B CyMMBI CIIEIYIOIIHNE TPOU3BEICHHUS.

1. 1) cos 15°«cos 5°; 2) 2 cos 18° « cos 66°;
3) 2 cos /g * cos /s; 4) 2 cos (a+ b)*cos(a—h);
5)2cosxecos(x+1); 6)cos(a—"s) e cos (*2+s).

2. 1) sin 23°— sin 32°; 2) sin ™1 ¢ sin "/g;

3) 2sin A ¢ sin 2A; 4) 2sin (x + a) ¢ sin (X — a).
3. 1) sin 15°+ cos 10°; 2) 2 sin 14° » cos 16°;

3) 2 cos 3° ¢ sin 2°; 4) sin (X —Y) ¢ cos (Y — X).

4. Ilonb3ysice popmynamu npeodpa3oBaHMs MPOU3BEACHUN TPUTOHOMETPUUECKUX
(GyHKIUH B CyMMY, 0Ka3aTh TOX/IECTBA:

1) 2 cos® 4/, =1 + cos o; 2) 2sin?%,=1—cos o;
3) 2 cos? (45° — */,) =1 + sin a; 4) 2 sin? (45° — %) = 1— sin a.

5. [IpeoOpazoBaTh B CyMMbl TPUTOHOMETPUYECKUX GYHKIUHN -1 cTeneHu
CJIEIYIOLIHE TPOU3BEACHNUSA

1) sin?3A; 2) 2 cos? (o — 45°); 3) 4 cos X * sin® ¥/y;
4) sin 4y cos? (2y + ™4) 5) sin® o 6) 4 cos* «;
7) 16sin? o ¢ cos® o 8) 32 sin® o * cos® .

6. [Tonp3ysach TabnMIIaMK, HAWUTHU YUCIIOBBIE 3HAYEHUS BBIPAXKEHUM:
1) sin 50° « sin 15°; 2) sin 33° * cos 47°;

3) 2 cos?33°21";  4)sin? 26°34";
5) 2 sin 12° * cos 8° ¢ cos 10°;  6) 4 sin?10° « sin 70°.



7. YIIpOCTUTH BBIPAKEHUS.
1) 2 sin 10° * sin 40° + cos 50°; 2) 2 cos 20° » cos 40° — cos 20°.
8.1)sina e (1+2cos2a);2)2C0Sa-*cos 20— COS 3a.

9. 1) sin 2a. + 2 sin (°*12 — a) * cos ( °12 + a);
2) cos2a + 2sin (a + ™/g) * sin (o — /).

JlokaszaTh TOXIECTBA.

10. 1) sin 1° + sin 91° + 2 sin 203° * (sin 112° + sin 158°) = 0.
2) cos 35°+ cos 125° + 2 sin 185° « (sin 130° + sin 140°) = 0.

11. 1) 4 cos %/ * cos o * sin 3%/, = sin o + sin 20 + sin 3a;
2) 4 cos 2a ¢ cos (*/2 +30°) » cos (“/— 30°) = cos a + cos 2a + cos 3a.

12. 1) 4 cos %/, » cos a * sin >*/, = sin a + sin 20 + sin 3o + sin 4a;
2) 4 cos %/, * cos a * cos °*/2 = €OS o, + COS 20, + COS 30 + COS 4a.

13. 1) sin 20° « sin 40° « sin 60° * sin 80° = 3/44;
2) tg 20° « tg 40° » tg 60° » tg 80° = 3.

14. Tano: tg oo = 2 tg B . Jokazats: Sin (o + B) = 3 sin (o« — P).
JlomaliHee 3a1aHue:

[Ipeo6Gpa3oBaTh B CyMMBI CIEAYIOLINE TPOU3BEACHHUS.

1. 1) sin 10° * cos 8° ¢ cos 6°; 2) 4sin 25° ¢ cos 15° ¢ sin 5°;
3) 4 sin 12° * sin 14° * sin 16°; 4) 4 cos 25° * cos 35° * cos 15°.

2.1) 8 cos 1°*cos2° ¢ cos4®+cos8° 2)4sin Aesin2A *sin3A sin 4A.
YIIpOCTUTH BBIPAXKEHUS.

12. 1) sin? a.— sin (o + */3) * sin (o — ™/3).
2) cos? o.— c0s(30° + a) * cos(30° — a).

13. 1) cos 2a. * cos? oo — /4 cos 4a.— Y/, cos 20;
2) cos? 3 + c0s?1 — cos 4 ¢ cos 2.



IIpakTnyeckoe 3ansaTHe Nel2

Tema: ®opMysIbl TOHMKEHHS CTEIEHH
Heas: HayauTs Bcnons30BaTh JaHHBIE (POPMYIIBI IPU TPeoOpa3oBaHUM TPUTOHOMETPUYECKIX
BBIpAKEHUN

Teopernueckuii 610k

) 1 - cos2x
sin?2x = ———
2
1+ cos2x
COSX = ————
2
1 - cos2x
tglx = ————
1+ cos2x
1+ cos2x
ctg’x = ———
1 - cos2x
X 1 - cosx
sin?— = ———
2
X 1+ cosx
cogt— = ———
2
X 1 - cosx
tg?— = ———
2 1+ cosx
X 1+ cosx
ctg?— = ———
2 1 - cosx



YupaxHenus:

1. loxa3ats:
a sina
tg -—=————.
2 1+ cosa
Jloka3arenbCcTBO:
. .o . o ] ]
o Sin E 2sin E 251n E cos E sina sina
tg —_— = . = fr fr .
2 cosZ 2c0s2 2cos? = ,.1zcosa 1+ cosa
2 2 2 2
[
cos - #= 0.
2. Jloka3ars:
; a 1-—cosa
95=—"—
2 sina
JlokazarenbCcTBO:
. . . o @ 1— cosa
a Sins 28Iin =+ 2sin® = 2 ——— 11— rosa
tg-=—=%" 4 = g = & -
2 cos= 2sin= 2Sin=cos— sina sina
2 2 2 2
& . &
cos—+*0 sin—=0
AHanmus: kpome 2 no0aBIseTCSI 2 , ato cyxkaet OJ13.
12
cosag = ——
13
am
mT<a<—.
3. JlaHo: 2
Haiitu:
[ a a a

sin—, cos—, tg—, ctg—.
2 2 gz gz

AHanu3 ycioBuA: YTOJ 3a/1aH OJIHO3HAYHO, CM. puc. 1.

yl\
@
=
d 3
7 o
X
Pﬂ.
Poe
2
Puc. 1.
VYkazanue: Bce PyHKIIMU TOJOBUHHOTO apTyMEHTa MOKHO BBIYHCIISAThH Yepe3 KOCHHYC MOITHOTO
apryMeHTa.
Pemenue:
12




3n T o 3n
T<a<— —< —<—
2 10 2 2 4 , T.€. YroJI BTOPO# YETBEPTH, I'/Ie CUHYC BEIMYHHA
ITOJIOXKUTCIIbHAs.
. 5
SN — = —
OrtBerT: V2 6.
12
a 14+cosa 1-— 13
2 2 2 2 2
o

Brime IIoKa3ajiv, 4TO 2 HaxoauTcCs BO BTOpOI\/’I YCTBECPTH, I'I€ €TO KOCUHYC BCIIMUMNHA
OoTpUuLaTCIIbHAA.

CGS(I - — !
OTBer: V26
[TpoBepxka:
e Srcon S o1 5) +(-o5) -1
sin® —+ cos E=1, V26 726 =1,
1 =
5
a Sin= T
Cﬂ'S‘E _
3) ‘I.l%
tg—= -5
Otser: 2
. a 1 1
cg-—=—7=—=
2 tg= 5
4) 921
o
ctg— = —=
OrTger: g2 3,
4. TTano: sinag = 0,2.
. 9 T o
5N -—— =
Haiitu: (4 2)
Pemienue:
T
_ z(n a) 1_C05(§‘|“1) 1+sine 1+02 1,2 06
sln —_—— | = = = = = U,0.
4 2 2 2 2 2
Otser: "'

IIpakTnyeckoe 3ansaTue Nel3

Tema: BoinosHeHue ynpaxHeHUH Ha IPUMEHEHHE U3yYeHHBIX (popMyIl
Henan: IIpoBepuTh ypoBEHb YCBOEHUS MOTYYEHHBIX 3HAaHUMN

|-Bapuanm



1. Boluncjure:
1.tg°45-cos30-ctg®30
2.t9%30 + 2sin 60 —tg45 + cos? 30

2. Ynpocture BbIpa:keHHe:
tga - ctga

1._—2
1-sin“a

2

————tg’a+sin’a
cos’ a

sin’ o

'1-cosa
3. Boruuciaure:
1.cos34c0s56 —sin 34sin 56
2.5in 14.cos 346 + sin 346cos14
4. Coxkparute apoodb:

sin 40
1.—

sin 20

cos80
"€0s40 +sin 40

—COS«

Il — Bapuanm
Broiuuciunre:

1.ctg?45-sin 30 - cos 30
2.ctg* 45+ cos60 —sin ? 60+%ctg260

YupocTure BbIpakeHue:

N 1-cos’«

tge - ctgo

1

‘sin?a

sin’ o

'1-cosa

Buruuciure:
1.cos53c0s 37 —sin 53sin 37
2.sin 13c0s17 +sin 17 cos13

4. Coxparture 1po0b:
1 sin 100

" sin 50
5 c0s36 +5sin 218
' cos18

2

—ctg®a —cos® a

+sin

IIpakTnyeckas padora Ne 14
Tema: ApkcuHyc, apKKOCUHYC, apKKOTAaHI€HC

Hean: Hayunts BBIUMCIATE apKCUHYC, aPKKOCUHYC, APKKOTAHT€HC



y=3inx
/ X X
2 : Sinx=amna[-2; 2]
' 0 ' >
o1 e n z .
2 g z X = arcsin a, rue —1<a<l
-1
Ornpenenenue:
X X
arcsina=b[- 2 ; 2]
sinb=a
sin (arcsina) = a
Tv arcsin (-a) = - arcsin a
>
B -
0 : R
g a N x cos X = a ua [0;m]
b -
7 roeeen X = arccos a, rae —1<a<l
Omnpenenenue: arccosa=b cosb =a
cos(arccos) = a
arccos(-a) = p — arccos a
I }l :
(y=tgx
| X =X
al. ... \ [ ——
1 tg=amna(-2 ; 2)

aclgar--
AR [ Ry o

v

X = arctg a, rae a — moboe.

xR

S
o

Onpenenenue: arctga =(-2; 2 )
tgh=a

tg (arctga) =a
arctg (-a) =- arctg a

3amaunue:



BruuciuTh:

1 A2
1.arcsin 1; arccos ( -2 ); arctg“ﬁ ; arcsin ( - ?).
1 X X X 1 X
2.arccos (-E) =n-3 = 25, 1k cos23 =-2 p231 [0:p]
x x X X X
:%.arctg**'{E = E,T. K. tgE -, ET(-E,E)
4.arcsin(- 2 ) =-arcsin 2 = -E,T. K. sin(-z) =-2y -ET[-E;E .
1
5.a) arcsin(- 2);
2
6) 2 arccos 2
1
B) 3 arctg 3
-3
r) arcsin 0 + arccos 2
1 1 1

) sin (arcsin 2 )+ cos(arccosi) —tg(arctg 6 )

6)HpI/I KaKHNX 3HAQYCHHUAX X UMCIOT CMBICJI BRIPAXKCHUA :
x

a) arcsin( 3 );

0) arccos 4x

B) arctg(2x-1)

7) Uto Gosplie:
1

a) arcsin 2w arcsin 0,82

1 2

6) arccos(- 2 ) wu arccos 2
8) Boruncnure:

a) arcsin(-1) - arctg 3
N2

arccos (- 2)




Tema: Pemienue ynpaxHeHuUn.

IIpakTnuyeckas padora Ne 15

Hean: [IpoBepuTh YpOBEHDb YCBOCHUS JAHHOW TEMBI Y YYaIUXCS

Pemrenne ynpaxHeHH:

1. Pemnte ypaBHEHUs
a)tgx+1=0;

0) cosXx+2=0;

B)sinx + 0,7 =0;

r)2cosx+""'{_ =0;
o) ctgx+1=0;

Pemnre ypaBHeHus:
1. 2cosx—-1=0;

2. “Ectgx—1=0;

3. 2sinx+ “4'{_ =0;

4. ctg x-1,5=0.
COS[K"‘E]—l:U

5, 6
sin[?—T—x]=D

6. A9

Pemute YpaBHCHUA:

1.2sinx— J— =0;

2. “Etgx—lzo;
3.5inx—-3=0;
4,cosx-0,4=0;

CamocTrosTenpHas paboTa

1 BapuanT

2 BapuaHT

5
2

1-Z2eos?2x =2
8. 2

X

Q. (sinE —1)(ctg x + ”@) =0;

4sm[3x—5]+4§=0
10 - .

T ] .

X = —
7.”@ctg 3 ;
1

. X x
Sl —COsE— = ——

8 4 4 4.

9. (1 + cos 2x)(tg x — ‘\E) =0;
doos| Z+ 2 +:12 =0
10. € .



IIpakTnueckoe 3ansTue Ne 16

Tema: KonrponsHas padora
Hean: [IpoBeputs ypoBeHb yCBOCHUS MaTepHaiia 1o teme: «OCHOBbI TPUTOHOMETPUIY
1 BapuaHT

1. Beraucnuts: a) cos 780°;

0) sin 13—”;
6

. T
B)SINo,ecnmucOSa = —— u 7<a<—,
13 2

a
r) cOS E,ecnnCOSa=O,28M0<a<n;

sin 75° +sin 45°
sin 285° ’
e) 16 cos X Cos 2x cos 4x cos 8X, ecnu x =

sina  cos’a

cosa Sha

2. YrapoctuTh Beipaxkenue: a) c0S (o — ) — cos (a + B);
0) sin 915°cos 3 — sin B sin 645°;

B) %sin (540° + B) sin (B + 810°):

, €CIin Sin @ — CoS & =

X

r) sin 3o €os 2a. + sin 2a c0s 3o —C0S (21 — a);
2 sin(—a) + cos(7z + )

1+2 cos(;[ - aj cos(—a)

o 1-cos2a .
sin 2«
k) 4 sin 10° cos 50° cos 40°.

T
3. Pemuth ypaBHeHwue: a) €0S (1 + X) = sin E;

0) sin 5x cos 4x — cos 5x sin 4x = 1.
cosa  l+sina,

1-sin o cos«&

4. Jloka3aTh TOXKJIECTBO: a)
06)cosda+1= %sin 4o (ctg o —tg a);

1-2cos’ a
B —_—

- =g a—-cClg «.
SIN a COS &
2 BapuaHT
1. Beraucnuts: a) sin 780°;
0) cos 13—”;
6

i T
B)COSOL,CCHI/ISIHOL:—E u 7z<a<7;

. . 3z
r) Sin 2a., ecnu SIN o = “z I/ITE<OL<7;



sin 70° +sin 20°
cos 205°

e) 16 sin x sin 2x sin 4x sin 8x, eciu x = %;

1)

4sin 2a +5c0s 2a

2sin 2 —3c0s2a
2. Yapoctuth Beipaxkenue: a) Sin (o + B) + sin (o — B);
0) sin 605°cos B + sin 3 sin 835°;

5) %sin (405° + B) cos (B + 765°);

ecnu Clg o = 1
3

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

sin (3; + aj +sin( 27 + )
A 2cos(—a)sin( —a) +1
sin 2a
1+cos2a

k) 4 sin 15° cos 15° sin 100°.
3. Pemuth ypaBuenwue: a) Sin (1 + X) = C0S (— %j X

0) cos 4x sin 3x + sin 4x cos 3x = 1.
sina  1+cosa .
l1-cosa  sina
0) (tg o + ctg a)(1 — cos 4a) = 4 sin 2a,;

4. Jloka3aTh TOXKJIECTBO: a)

B) ——————— =SinaCoS«x .
tg a+Ctg o

IIpakTnyeckoe 3ansitue Ne 17

Tema: IIpomexyTku Bo3pacTaHus U yObIBaHUS, HAMOOJbIIIEE U HAMMEHbILIEE 3HAYCHHUSI, TOUKH
3KCTpEeMyMa

Henab: Hayunts HaxouTh Bo3pacTaHue U yObIBaHUE (QYHKIIMH, a TAKXKE OMPEIENSTh
AKCTPEMYMBI (PYHKUIHUU

Teopernueckuii 610K

MoHOTOHHOCTH (pyHKIMHU. TOUYKHM 3KCTpEMyMa U SKCTPEMYMbI (PYHKIHH

PaccMOTpUM HEKOTOPYIO GYHKIHIO * S(x) . YIPOIIEHHO I0JIaraeM, 4YTO OHa HENpEpbIBHA Ha
BCEM YUCIIOBOM IIPSAMON:


http://www.mathprofi.ru/nepreryvnost_funkcii_i_tochki_razryva.html

OyHKIMS BO3pacTaeT Ha HHTEpBaJie, €CIU JJIs JIIOOBIX ABYX TOYEK 3TOr0 MHTEpBaja, CBI3aHHBIX

oTHOMeHHeM *2 * *1 cripaBeumiBo HepasercTso - 2 * SR} To ecth, Gompmemy sHaueHmIo
apryMeHTa COOTBETCTBYET GOJIbIee 3HAUCHHE QDYHKINH, U e& rpaduK HAST «CHU3Y BBEPX).

Jlemoncrpaunonnas dpymans ¥ =) pacrér na nurepeane (45,

Amnanorn4Ho, QyHkuus yObIBaeT Ha HHTEPBAJIE, €CIIU IS JHOOBIX IBYX TOUEK JAaHHOTO

HHTEpBaJIa, TAKUX, YTO *2 7 1, CIpaBeINBO HEPABEHCTBO Sy < F ':xlj'. To ectb, OoJbIIIEMY

3HAYEHUIO apryMEHTa COOTBETCTBYET MEHbIIIee 3HaueHHe PYHKINHU, U e€ rpaduk UaET «CBEepXy

BHI3Y». Hama ¢ynkuumsa ¥ = J(x) yObIBaeT Ha MHTEPBaJIaX (—ooa), (& +o0) :

Ecmu (bYHKI_[I/IH BO3PacCTacT NI y'6BIBaeT Ha UHTCPBAJIC, TO e€ Ha3bIBAIOT cTporo
MOHOTOHHOM Ha JaHHOM HMHTCpPBAJIC. Taxxe MOKHO OIIPCACIUTDb HeyﬁblBalO].[Iy]O Cl)YHKI_II/II-O

. =
(cMmsruéHHOE yCIoBHE Jgd2 70a) g MIEPBOM OTpECNICHUH ) U HEBO3PACTAIIYI0 (PYHKIIHUIO

. =
(cMAry€HHOE ycioBue J(x) = (R0 g6 2-0m omnpenenenun). HeyObiBaromyro uiau
HEBO3pPACTAIONIYI0 (QYHKIMIO Ha HHTEpPBaJIe Ha3bIBAOT MOHOTOHHOW (DyHKIIMEH Ha JaHHOM
UHTEpBAJIE .

OKpecTHOCTh TOUKH.

Oxpecmnocmbio moyKy Ha3bIBAIOT UHTEPBAJ, KOTOPBIM CONEPKUT JAHHYIO TOUKY, IIPH 3TOM JJIs
ya00CTBa HHTEPBAJ YacTo MOJIaraloT CMMMeTpruHbIM. Hampumep, Touka * = ¢ u eé

CTaHdapTHasA g OKPCCTHOCTL:



a—éN\a+5 >
a X

x . n
Touka P Ha3pIBacTCS TOYKOI CTPOroro MaKCMMyMa, €CIIU cyujecmeyen e g

. . . X
OKPECTHOCTb, VISl BCEX 3HAYCHUH ¥ KOTOPO¥ 32 HCKIIFOYCHHEM CaMOM TOYKH ~° BBIMOJHEHO

HEPaBEHCTBO S () =1 () . B HaleM KOHKPETHOM IpHMepe 3TO Touka ¥ .

Touka ™ Ha3bIBaeTCS TOYKOW CTPOroro MHHMMYMA, ECITH Cyujecmeyem eé .
. . . x
OKPECTHOCTb, JUISl BCEX 3HAYCHUH ¥ KOTOPOW 32 UCKITFOYCHHEM CaMOM TOYKH ~° BBITTOJHEHO

HEPaBEHCTBO J x> f(x) . Ha yeprexxe — Touka «ay».

Toukn % b Ha3bIBAIOT TOYKAMHM CTPOI0 IKCTPEMYMA WIH IPOCTO TOYKAMHU IKCTpeMyMa
¢byskun. To ectb 3T0 00001IEHHBI TEPMUH TOYEK MAaKCUMyMa U TOYEK MUHUMYMa.

Touxa “ Ha3pIBaeTCA TOUKOM MAKCHMYMa, ECIIH cyujecmeyenm eé OKpeCTHOCTb, TaKas, 9To IS
. . <
BCeX 3HAYCHUH * JaHHOW OKPECTHOCTH BBITIOJIHEHO HEPABEHCTBO Jx= F(x)

Touka “ Ha3pIBaeTCA TOUKOW MHHHMYMA, €CITH Cyujecmeyem eé OKpecTHOCT, TaKas, YTO/JIs

72 f(xm)

BCeX 3HaUCHHWI * TaHHON OKPECTHOCTH BBHITIOJHEHO HEPABEHCTBO

— 3Ha4YeHHE I Ha3bIBAIOT MAKCMMYMOM (DYHKIIWU;

— snavenne ¥ @ waspmaior MHHUMYMOM (YHKIIUH.
OO6miee Ha3BaHKE — IKCTPEMYMBI (DYHKIIUH.

Touku IKCTPEMYMA — 3TO «KUKCOBBIC)» 3HAUCHU .
3KCTpeMyMbI — «MUI'PCKOBBIC) 3HAYCHU.

Hwu onnoro, 1, 2, 3, ... u T.1. 10 6eckoHedyHoCcTH. Hanpumep, y cuHyca 6€CKOHEYHO MHOTO
MUHHUMYMOB U MaKCHUMYMOB.

Yro moapa3zymeBacT 3aJaHHE «HANJANUTE MPOMEKYTKA MOHOTOHHOCTH M TOYKH IKCTPEMyMa
byHKIIN»?

dopmynupoBKka MOOYXKAaeT HANTH:
— UHTEpBaJIbl BO3PACTaHUs/yObIBaHUS (QYHKLIUU

— TOYKH MaKCUMYyMa H/UINA TOYKU MHUHUMYMa



[Tpumep 1.0npenenuts no rpaduky NPOMEKYTKH BO3pACTAHUS

[ _p' [ 1]

Ly = flx)

-
T
Sy

byHKINH.
Pemenne Ecnm dyHkuums Bo3pacraer, TO pu IBMKEHUU 110 TpaduKy ceBa HalpaBo OPAMHATHI
yBenuuuBarorcs. CiiefoBarenbHo, QYHKIUS Bo3pacTaeT Ha oTpeskax [-6; 0] U [6; 9].

Ortser: [-6; 0] U [6; 9].

[Tpumep 2.0npenenuts Mo rpaguKy MPOMEKYTKH YOBIBAHUS
] 7 ]
| y = flx)

]
1

byHKINH.

Pemenne Ecnu dyHkuus yobIBaeT, TO MpH JBMXKEHUH IO TpadUKy ClieBa HAIPaBO OPAWHATHI
ymenbinatorcs. CrieroBaresibHo, QyHKIUS yObIBaeT Ha oTpeske[-1; 2].

Ortsert: [-1; 2].

[Tpumep 3.Ykaxure rpaduk BozpacTaromen

DT wA T T 2) A !
.EL\ ARENY NSRS
| I\VANG ;r'“ 'i
r ] HE L 0 f Tx
1T I INEERERRRER
3 AT EEEENCEEREEE
AT AL i
| . E
| Y
’ 0 1 f i) .\ }

GbyHKIMH.



Otser: 3.
Pemrenne ynpakHeHH

[Tpumep 4.Ykaxute rpaduk yobIBaromei

1) 7l 2) 1Y
"1 i)
"""J \ | SN |
0 A/ RN AR |
| x ;ﬁ \
\ = fg
Vi
3) Hy | 4) T
" d h i, -‘\:
0 tx- i ﬂ'\‘; h.rh
AR

byHKINA.
Ortger: 4.

[Tpumep 5.Ykazarb HHTEpPBAIBI BO3pacTaHus QYHKIIUMA, TpadUKi KOTOPBIX MPECTaBICHbBI Ha

1) 9’1J 2) A4
I INE AT
— | \ A |
1]
] €3 _‘¥ ‘AR EL
I i 0 x
3 [ 7 HITTTTAT
T T A\ =
0 X
> o 3 A\
B B ol V1T Px
o r 1
pHUCYHKaX:
OTBerT:

1) [-5: 11 U [3; 51:2) [-3; 0]UI3; 6]:3) [-5; 0) U (0; 5]:4) [-3; -2] U [2; 3] U [4; 5].



[Mpumep 6.0Onpenenuts no rpadpuxy GyHkuun y = x4 — x3 + bX + C 3Haku

LAY
l
\! |

\ y= ﬁ:-r-}} Il

L 1| /
ko3 durreHTos b u C. : | B

Pemenue 3amerum, uto ¢ = f(0), cnemoarensHo, ¢ > 0. Takxke 3ametum, uto b = f'(0), u,

clleZIoBaTeNbHO, b < 0, Tak KaK Ha HHTEpBAJIE, coepKameM Touky 0, QyHKIus yObIBaeT.
OtBet: ¢ >0, b <0.

[Tpumep 7.0mnpenenuTs Mo rpapuKy TOUKY
AY

5 Fany

y=[lx / \'\
8

_'L-'i
IV
W

MaKCUMyMa.
[Tpumep 8.YkazaTh UHTEpBabl YObIBaHUS
| ' AY EEEEN
5 y=/f{x)
/ AY .
-8 0 \a\ o
N
™
I L
byHKIUH.



[Tpumep 9.0npenenuts no rpaduky Gyaknun y = kx + b 3Haku

1 [ sk T 1T | 2) vk
.
N NS
; o > > 5 >
TN 1.
T T
3) (T LT T O LA
Tt EEN
T ! | ]
1 0 Ix 0
T T | =
E T i
| |
:‘ 1_ ‘l B 1 | |

k03 durentos K u b.

OTBeTbI:

1) k<0,b>0;2)k>0,b>0;3) k=0,b>0;4) k<0,b<0.

IIpakTuyeckasi padora Ne 18
Tema: MccnenoBanue Gpynkuwmii. [loctpoenue rpadpuxoB GyHKIINHA
Hen: 3akpenuTh U CHCTEMAaTU3UPOBATh UCCIEAOBAHNE U TIOCTPOEHHUE TpadUKOB (PyHKITHI

1. ®ponHTanbHBIN OIIPOC
1.Yto0 Takoe uncioBas GyHKIMsA, €€ 00JacTh onpeneneHus, 00JacTh 3HaUYCHUs?
2.Yto Takoe rpaduk GyHKIHIU?
3. Chopmynupyiite onpesenenne GyHKIIMU, BO3pACTArOIIeH 1 yObIBaroIeld Ha MHOKecTBe P
4. ]JlaiiTe onpeaeneHusl TOYKA MAaKCUMyMa, TOYKA MUHUMYMa. YTO Takoe TOYKHU IKCTpeMyma?
5. [laliTe onpenenenue 4eTHOM 1 HeueTHOU (yHkuuu. Kakum cBoiicTBoM 00nanaroT ux rpaduxu?
6.UTto Takoe nepuoandeckas GyHKIUS, epruo GyHKIuu?

7.Kaxkoit HaMMEHBIINI MOJIO0KUTENbHBIN epro ] umeeT GyHkius:Y = €951,
Vv =gsinx,yv=1gx,v=cigx
2. Pemenue ynpaxHeHui
1.IToctpoiiTe rpaduk GYHKIUH, €CIIU U3BECTHBI €€ (PYHKIUU:

CBOMCTBO (YHKITMH

1. | O6nacte [-6; 6] [-5; 4] [—4: 4] [-5; 3]
OTIpe/IeIICHUS
O0uacTh 3HAYEHUS [-2;5] [0: B] [-3: 6] [0: 5]

2. | Touku nepeceyeHus




rpaduka:
a) ¢ ocero OX

A(-4;0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
0) ¢ ocero Oy C (2,5:0)
C (052,5) D(0;-2) B(0:4,5)
[IpomexyTku
3HAKOTIOCTOSIHCTBA:
a)f[x] =0 [-6:-4) [-5:-0) (—4;-1) [-5:3)
(—2:6] (0: 4] (2,5; 1)
flx)<o0 —+: —-2) (—1;2,5) _
0)
[IpomexyTkun
a)BO3pacTaHus [-3;1] [-5;—2] [-4; —2] [-3;1]
[4; 6] [0; 4] [1; 4]
0)yObIBaHUS [-5; —3] [-2: 0] [-2:1] [-5; —3]
[1:4] [1:31
Touku MakcuMyMa, 1, fl)=3 2 f2)=2 2f2)=2 1, fl)=>s
MaKCUMyM (YHKITUH
Toukn MUHUMYMa,
MHHUMYM ()YHKIHH 0, 1, f)=-3
-3, -3,
4,
JlomoTHUTEIbHBIC f-6)=13 f{-5)=105 fi)=¢6 f-5)=13
TOYKH rpaduka fle)=13 fie)=6

flx)=5—2x

0)
p) FO) =% -1
r)

fed)=

x+ 2

1)

2.Uccnenyiite u noctpoiite rpaduk GyHKINUN




IpakTuyeckas padora Ne 19
Tema: Pemienue ynpaxHeHui
Henab: 3akpenuTh 3HaHUS U YMEHUSI CTYIEHTOB 10 JAHHOU TeMe

1. Onpenenuts mo rpadukam GyHKIUN y = ax2 + bx + ¢, yKa3aHHBIX Ha PUCYHKAX, 3HAKH
ko3 dunreHToB a, b, ¢ u

1) [T TAY ] ! ) TT TN AT
SENNERERREEE AT
1 InE
ENCHH /
__]J'. .l'} el {}\f 1.”"
JEEEN IEEEE | n
3| AY | a0 AL T A¥ T 1]
| | | \ Ji1
1 \ 1
__' ! {_1'“ \'\ I | 1;;
—;'BTMJTF T Liﬁl
] | | | L |
_:_Q _1_ | I._. X __.I.. ! |0 . _E
AN EEEE

muckpuMuHaHTa D.
OTBeETHI:

1)a<0,b<0,¢>0,D>0;
2)a>0,b<0,¢c=0,D>0;
3)a>0,b>0,¢>0,D=0;

4)a>0,b=0,¢>0,D<0.

IIpakTuuyeckas padora Ne 20
Tema: KonrponbHas pabora
Heas: [IpokOHTPOIMPOBATE YPOBEHb YCBOCHUS ydalIUMHKCS TeMbl: «OCHOBHBIE CBOMCTBA

GbyHKIHI

| Bapuanr.
1 Uccnenyiite pynxmuio f{x) = 3x% — 2[sinx| + x3-tgx Ha 4ETHOCTH (HEYETHOCTD).

3
2. lana pynkmus g(x) =sinl,5x + 5cos ik

A) Haiimure: g(0); g(7n); g(-12n).
b) Hokaxwure, uto 87 SBASETCS MEPUOIOM (PYHKITUU.
B Haiigute ocHOBHOM niepuo QyHKITUH.

10



y y , 1-1g°x
3 Haiinute 0cCHOBHOI nepro/1 1 HauboIblIee 3HaueHue PyHKIMH ) = Sin 2. - PPN
+1g°x

4 (Haiinute aMIumMTyay, 4acTOTy, NMEPUOA W HadalbHYIO (Da3y rapMOHHYECKUX KOJIeOaHWU U
1 . 3
MOCTPOTE rpaduk: y = — Zsm 2t — TCOS 2t.

5. Haiigure obnacts onpenenenus GyHKIUU
Vx—-12

x? -1

Il Bapuanr.
1 Uccrenyiite dpynxmmio fix) = 3x|X| — 2sin®x + ctgx Ha YETHOCTH (HEYETHOCTS).

2
2. lana ¢pynkmus g(x) = 3sin 3% —cos 2,5x .

A) Haiinure: g(0); g(-9n); 9(8n).
b)lokaxure, uto 241 sBAsSETCS IEPUOIOM QYHKIIAHU.
B) Haitnure ocHoBHO# niepuo GyHKITUH.

2tgx
——5—-Cos2x.
I+1tg7°x
4 (HaiiguTe aMIUIUTYAy, 4acTOTY, IEPUOJT U HAYAIbHYIO (ha3y rapMOHMUYECKUX KOJIeOaHU! 1
! 1
nocrpoiite rpaduk: y = /3 sin Et —Cos Et

5.Haitaure o6macts onpeaeneHust GyHKIIMH

Mx+12

x2 -1

3 HaiimnTe 0CHOBHOI Mepro/ M HAUMEHbIIIee 3HaYeHNnEe QYHKIUH ) =

IIpakTuyeckasi pa6ora Ne 21

Tema: Perennie nppaiinoHaabHbIX YpaBHEHHM
Henab: HayuuTs pemats uppanyoHaibHble YpaBHEHUS

Teopernueckuii 010K

I/IppaL[I/IOHaJ'IBHbIM HAa3bIBACTCA YPAaBHCHUC, B KOTOPOM HEU3BCCTHOC (nepeMeHHaﬂ) COICPIKHUTCA
oA 3HAaKOM KOPHA HWJIK IO 3HAKOM OII€palluv BO3BCACHUA B PAllUOHAIIBHYHO (I[pO6HYIO)
CTCIICHD.

Z[J'ISI peHICHUS UppalluOHAJIBHBIX ypaBHeHI/Iﬁ 00BIYHO HMCIOJB3YIOTCA CICAYIOIINUEC TP U MBI .

1) «yeauHeHHEe» KOPHS B OJTHOM U3 YacTeil ypaBHEHUS U BO3BEJIEHNE B COOTBETCTBYIOIIYIO
CTCIICHB;

2) BBe/leHHE HOBOM NIEPEMEHHO;

3) cBeneHMe K CUCTEME YpaBHEHMUI;

11



4) npuMeHeHne CBOMCTB (PYHKIIHI, BXOSIUX B ypaBHEHUE.

Crnenyer MNOMHUTB, YTO IIPU PELLIEHUN UPPALMOHAIbHBIX YPaBHEHUH He00xouma
IIPOBEPKA BCEX HAUJCHHBIX KOPHEH IIyTE€M UX IIOJCTAHOBKHU B UCXOJIHOE YPaBHEHUE HUIIU
HaxoxzaeHue O/13 u cienyroniuili aHanu3 KopHeH (Ipy pelieHuy METOA0M IIPUBEIEHUS K
PaBHOCHJIbHOM CMELIaHHON CUCTEME ypaBHEHUI U HEPABEHCTB HEOOXOAUMOCTh B 3TOM
OTIA/AET).

[IpocTenmmmM nppaMoOHaIBHBIM YPABHEHUEM SBIIICTCS] YPABHEHUE BUJIA:

'«'f,fT-") = g(x) *)

[PU PEHICHUH KOTOPOTO BaXXHYIO POJIb UTPAET YETHOCTH MITH HEYETHOCTH M

Eciu M - meuerHoe, To ypaBHeHHE (*) pABHOCHIBHO YPaBHEHUIO

fe)=(ek)

Ecnu B - yetHOE, TO, TaK Kak KOPEHb CUNTAETCS apU(PMETHUECKHM, HEOOXOIMMO

o =
yuantbiBaTh OJ13 (0671aCTh JOMYCTHMBIX 3HAUCHUMN ): f (x )— ﬂ. VYpaBuenwue (*) B 3TOM citydae
PaBHOCHJIBHO CHUCTEME:

J&x)= (@)
g(x)=0

3/.3
IIpumep 1. Pemnts ypaBHenue VX — 2x+1=1

Pemeﬂne. TaK KaK B JaHHOM HpHMepe n= 3 - HEUYCTHOEC, TO IIOCJIC BO3BCACHUA O6eI/IX qaCTeﬁ
ypaBHeHI/IH B TpeTBIO CTCIICHBb HOJ'Iy‘lI/IM
paBHOCI/IJ'IBHoe ,Z[aHHOMy ypaBHeHHe:
x=0 x=0
2 L ).f_
x-2=0 =42

L-kx+1=-Porrd -0

Il =_’\E,xz =ﬂ,x3 ="‘-,)|I'i.

OTtBeT:

Ipumep 2. Peumts ypauerne ¥E+1=2—x

Pemenne. Tak xak M = 2. YCTHOC, TO HCXOAHOC YPAaBHCHHUEC PABHOCHIIBHO CUCTCME:

12



=(2- 1=4—4x+x’ ?_5x+3=0
x+1=(2-x) o Xt r+xt o Jxt -5k

2—x=>20 x<2 x<2
_l_
I=ﬂ 5_ .13
@ 2 '@ I:T.
x<2

x=(5-.13)/2

OTtBert:

" —_
I/IHOFJIa BCTPCUYAIOTCA YPAaBHCHUSA BU A 'V{f-(x) Jg(x) , KOTOPBIC pCHIAIOTCA
CJIEIYIOIIUM 00pa3oMm:

7 - pevernoe = J (x): E (x)

L0 [1)=2)

M - yeTHOE I) =0 1581051 g(x) =0

A2x+6 —x+1=0.

[Tpumep 3. Pemnths ypaBHEHUE

Pemenue. 3anuuieM JAHHOE YPaBHEHNE B BUJIE: 26 = x4l Bo3Bojs 00e 4acTu B

=
KBaJlpaT ¥ YYUTHIBAs, YTO x+120, MOJIyYuM ypaBHEHUE 2x+6=x+1, perieHrne KOToporo
€CTh X=-5 — HE yJIOBJIETBOPSET BHITUCAHHOMY YCJIOBHIO. 3HAUUT, JaHHOE YpaBHEHUE HE UMEET
[911(S317178

OTBeT: HET peleHuin

HHorna nppanmoHaibHOE YpaBHEHHUE COJEPKUT HECKOJIBKO pauKajaoB. B aTom
citydae i u30aBJICHUS OT PAJAUKaIOB YPaBHEHUE MPUXOIUTCS BO3BOIUTH B COOTBETCTBYIOIIYIO
CTENeHb HECKOJBbKO pa3. [Ipu 3ToM mpenBapuTeNbHO YEAUHSIOT OJUH U3 PAJAUKAIOB TaK, YTOObI
o0e yacTu ypaBHEHHS CTalu HeoTpuuareabHbIMU. Oco00e BHUMaHuE CleayeT 00OpaTuTh Ha
npaBuibHOE HaxoxaeHue O/13.

[Ipumep 4. PemmTs ypaBHEHME N2x-9—x-3= 1

Pemenne. 3anuiiem ypaBHEHUE B BUJE: V2x -9 =1++Xx-3 Tk xax Terneps 00e yacTu
MOJIy4EHHOTO YpaBHEHHsI HEOTPHUIIATENIbHBI, TO BO3BE/IEM UX B KBAJparT:

2x—-9=1+x-3+2-/x-3 = x-T7=-/x-3 .

HOHy‘ICHHOC YpaBHCHUC PABHOCHIIBHO UCXOJIHOMY. I[J'IH €ro peucHusd pacCMOTpUM CUCTEMY:

13



x-7=20 x=7 x=7
= = =
(x—7F = 4(x-3) x*-14x+49=4x-12 x*—18x+61=0

x=7

x=9i«]ﬁ

> x=9+@

Orger: X=9++/20

BBenenue HOBOM NTEPEMEHHOM B PSJIE CIIy4aeB MO3BOJISAET IEPEUTH OT
HMPPALMOHAIIBHOTO YPAaBHEHUS K PAlMOHAIIBHOMY YPAaBHEHMUIO.

2 {2
Tpumep 5. Pewnts ypasuenne X +3x+4/x" +3x—5 =10

Pemenne. Bo3Benenue 1aHHOTO ypaBHEHUS B KBaJIpaT MPUBENIO Obl K ypaBHEHUIO YETBEPTOM
CTENEHH, YTO HepalMoHaIbHO. [103TOMY 3anuiiem ypaBHEHUE B

2 2 _
puge X +3x—5+4X" +3x—5 =35 y gepem «HoOBYIO» NEpEMEHHYIO:

y=-/xt+3x-5 y=0

=1
y1 +4y-5=0 = [y
[Moayanm y=-5

[.2 _ f.2 _
Bepremcst k «ctapbim» repemennpm ¥ X +3X—3 =1y ~/x" +3x—5 =5 Bropoe u3

—3+./33
Xr=—

IMOJIYYCHHBIX ypaBHCHI/Iﬁ peH_IeHI/Iﬁ HE UMCCT, a pCUICHUSA IIEPBOT'O €CTh YHCJia 2
-3--/33 —-3+-/33
Il = e I] =
2 2

OTtBeT:

HNuorna IIpU pCHICHUN UPPALUOHAIIBHOTO YPABHCHHUA BO3ZHUKACT H606XO,I[I/IMOCTB BBCCTH HEC
OZIHY, @ HCCKOJIBKO «HOBBIX» IICPECMCHHbIX. Takas CUTYyalligd BO3HUKACT, HAIIPUMCD, ITPU
peUICHUH ypaBHeHHfI, COZACPpIKAIINX paduKaJIbl PA3HBIX CTEICHEH.

3
[Tpumep 6. PeuTs ypaBHEHHE Nx-2+311-x =1

3
Pemenne. [Tycts ¥ = NE—220 ;, ¥v=1-X Torp H+v=1 C npyroii

2
cropoust ¥+ v =x-2+11-x= 9 Tonyuaem cucremy

14



u=1-v u=1-v

(1—1:*)1 +v' =9

utv=1
L ]

v =9 Vv —2v-8=0

Pemmum MOCJICAHEC YPABHCHUC CUCTCMBI:
Vivi-2v-8-0 < (V-8)+vv-2)-0<

v=2

9 v=12
¥ +iw+4=0

(v—ZXvI +2v+4+1?)=ﬂ &

Honyumm, uro ¥ =2 a orga #=1-¥=-1<0 11
yenosuio B2 0| crenoparensHo nexoHOE YpaBHEHHE PELICHAH HE HMEET.
OTBeT: HET peleHNN.
IMpu perieHrH HEKOTOPHIX UPPAIIMOHATBHBIX YPAaBHEHUH HAX0KIEHHE 00IacTH
JOTYCTUMBIX 3HAUCHUH BXOJAIINX B yPABHEHUE HEU3BECTHBIX MOKET CYIIIECTBEHHO OOJIErYHTh

PEIICHUE YPaBHCHU.

[Ipumep. Pemuth ypaBHEeHHE

812

4y +?—?+‘Ef —6+{13x—2x° —x* —6 =0

Pemenue. /lanHoe ypaBHEHUE UMEET BECbMa I'POMO3IKHI BU/I U HESICHO KaK MOJOUTH K €ro
pewenuto. [loaromy Halinem cHavyana OJ13:

2 8x 35 7
[I3+8i_35_x:_>u 2.3 _35),5 {x(x+5 i——|>0

3 3 3 3 3
dx—6>0 oix>6 odx>6 o

13x-2 - x2-6>0

250 +x2 —13x4+6<0

.

A

x €[6;+ o)

[I (S [— 5;{1] u[g 3+

(x 2{ ——}x+3)<: 0

(x—2)2x* +5x-3)<0

.

°

x € [6;+ )

xe(— uo;—slu[—

.

1 ]-::)IE@

2!'

HOJ’Iy‘II/IM, 4yTO 00J1aCTh JAOITYCTUMBIX 3HAYEHHUH JAaHHOTO YPaBHCHUS ABJIACTCA ITYCTBIM
MHOKCCTBOM H, CIICA0BATCIIBHO, JAHHOC YPABHCHHUC peI_HeHI/Iﬁ HC UMCCT.
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OTBeT: HET pelIeHU.

[Ipu perennu UppalMOHATBHBIX YpaBHEHUI ObIBA€T MOJIE3HO BOCHOIB30BATHCS
MOHOTOHHOCTBIO (DYHKITHH.

x+6)=6-%x+6

[Ipumep. Pemute ypaBHEHHE

Pemenne. OuH KOPEeHb JaHHOTO ypaBHEHHs X = 2 jierko Haitti nondopom. [lokaxem, uTo

JAx+6)+3x+6=6

JPYrux KOpHEH HeT. 3anuilieM ypaBHEHUE B BUJIE

1o cBO¥iCcTBY CTENEHHBIX (PYHKIMMA
— .'it j _3
GyHKIIMI ¥ l(x ) o x+6 u Y2 (x ) =3x+6 ABJISIFOTCS BO3PACTAIOIMMU HA

—&; o0
IIPOMEKYTKE [ ), rze oHu o6e onpeneneHsl. [Toatomy ux

— 3
cyMMa y(x ) - W-/Z(x +6) +3x+6 Ha 9TOM IIPOMEKYTKE TaKKe BO3PACTAET, CIEI0BATEIbHO,
OHa MPUHUMAET KaXKJ0€ CBOE 3HaueHue (B TOM 4yucie u 6) Toapko oauH pa3s. [lostomy npyrux
KOpHEH HeT.

Otger: X =2,

B HeKoTOpBIX ciydasix MOXKHO OCBOOOIUTHCS OT UPPALMOHAILHOCTH B YpaBHEHUHU
YMHO’KE€HHEM 00enX yacTell ypaBHEHUH Ha HEKOTOpOE He oOpalaronieecs B Hyllb BhIpaKEHHUE.

IIpumep. Pemuts ypaBHEHHE 32 #5548 -3 +5r41 =1

Pemenne. YMHOXUM 00€ YacTH 3aaHHOI'0 YpaBHCHUA

Ha BBIPAKCHUC Jgrz +5x+8+ 14{3_'[2 +5I+1-' ABJIIFOIIECC CONPSKEHHBIM K JIEBOM 4acTH
JaHHOT'O YpaBHCHHA. ITocne IIPUBCACHUA HOI[O6HBIX YJICHOB ITOJIYYHUM YPAaBHCHHUC!:

7 =32 + 5x+8 ++/322 +5x+1,

KOTOPOC 5KBUBAJICHTHO UCXOJHOMY, TaK KaK

3 3
ypaBHEHHUE \"rEI +5x+8 + \'sz +5x41=0 jejicrpurennhbix KopHeil He nmeer. CkanpiBas
3aJ]aHHOE YPAaBHEHUE U MOTY4EHHOE, MOy UHM:

A3t 5x+8 =4

Bo3Boj1s 06€ 4acTu B KBaJpar, OJTy4aeM KBaJpaTHOE ypaBHeHHe 3x°+5x-8=0, kopHu
KOoTOporo x1=-8/3, x2=1. Jlenas npoBepky, yoexxgaemcs, 4To 00a HalJCHHbIX YHCIIA SABISIOTCS
KOPHSIMU MCXOJTHOTO YpaBHEHHUSI.

OtBer: x1=-8/3, x»=1.

16



Pemnts ypaBHeHue:
1 x'-3=1

2 x—9=4l-x
3x=vxtl

gaNE+S f20-x 7

CamocrosrenpHas padorta

Bapuanr 1

Perre ypaBHEHUs: a) ‘u"r xta = ~-.|'r 2x—3

5) T-dx-1=2
B) x- V& =3

Bapuanr 2

PemnTe ypaBHEHHUS: a) Va—x tajx-3=3
6) Next-3x+2=4-%

By NE-1+24x+1=3

Bapmuanr 3

Pemure ypaBHeHMS: a) e X tafx=5=3
6) m =4-x

py Nt 1+3T-x =2

IIpakTuyeckoe 3ansTue Ne 22

Tema: Ctenens ¢ palliOHAJIBHBIM ITOKA3aTCJICM
He.]'[bZ HayLII/ITB CTYACHTOB pa60TaTB CO CTCIICHBIO C PAIMOHAJIBHBIM ITOKa3aTCJIEM

TeopeTrnueckuii 610K

|3

r
Onpenenenue. Crenenpto yncia a>0 ¢ palioHaIbHBIM TIOKa3aTesieM 1, T7e M - [enoe
4HCII0, a N - HaTypalibHOE ( n>1), Ha3bIBACTCS YHMCIIO &7, T.C.

gn=23" 30
17



1
ED=1_, a3 = ?.

CBoiicTBa CTENEHH C pPalluOHAJBHBIM MMOKA3aTEJIEM.

g b0, pel), 3
af gT=gf ",
aF _
?= ST ;
(3" )7=a";
{ab}ﬁ: ai’-?.bn'-?;

iz

Pemrenne ynpaxHeHwmil:

L

1 1
1. Beraucnuts: 25 - 1258,

1 1 1
3 B B

-1258 =25 - 125)° = (3")* =35,

1
Pemenne: 23°

OtBeT: 5.

a a
aib+abe

2. YOpOCTUTh BBIPAKECHMUS: fa+3b

al al 1 1

Fib+ab? _ ab [a3+b3]| —ab

z F h L L h '

¥a +ib 2Ty b

Ortser: ab.
Loz 4 s
g*-3* g *- 3°?
LA T

3. YOpocTuTh BeIpaKeHus: 3 —a* a*+a*

Pemenue:

_ aéil— &) a_%il— E
aéil—aj a'%(1+ By

=1l+a-(1-3)=23

OtBeT: 2a.

4. YIpoCTHUTh:
5] 18
327

4%_

18



a0 5

i, e ¥ -497
2) 3)

5. Beraucants
1
273

1.1
15 &

5 2
HBxb - d4x 3

IIpakTuyeckoe 3ansTue Ne 23

Tema: Penenue noka3areabHbIX YPaBHEHHI
Heab: Hayunts pemare nokazareiabHble ypaBHEHUS
Teopetuueckuii 610K
MeTo bl penieHus MoKa3aTeabHbIX YpaBHEHUN

1. IIpocreiimuye noka3zaTenbHbIE YpaBHEHUS

Tun ypaBHenus | Bun ypaBuenus | Meron peuienus

1 ﬂ_.fl':x} — fZ':x} fi (xj = fz (X)
b=a Fa Fa
. b b
2 af*l = p >0 bi 0

af®) g1 f(x) = log_ b | Pemennii ver

IIpumepsl.



[pumep 1. Pemmre ypauenne: 3¥° = 3¥*4,

Pemenue.

35 =M <=>4x 5 =x+4 <=>3x=9<=>x=3.
Otser:3
[pumep 2. Pemmre ypasuenne: 254 =3

Pemenne.
=
Xh= 3 c=s w4 = log,37 _log,3 , 4 o, -log;3 log;16 __ _log,48

OrtBer: log, 48.

[Tpumep 3. Pemmre ypaBHeHueE:! =7,

Perenue.

z z
& &
7=y , PEIIICHHIA HeT, TaK KaK 7 a0

JUIS X
R.

{0}

Orser:
2. Mertonpl mpeoOpa3oBaHUs MOKa3aTEIbHBIX YPABHEHHUH K MPOCTEUIITNM.
A. Meton ypaBHUBaHHSI OCHOBAHHIA.

[Tpumepsi.

IIpumep 1. Pemmmte ypaBHeHue: 27 38 geFl

Pemenue.

97+ 3478 ¥ _ 0 a3auxo. (321 = 0 <=> 33+ (x9)_ 320+1) = (<= 3WB.3242 = ) <=> 36 =
3P*2<=> 4x-6=2x+2 <=> 2x = 8 <=> x=4.

OtBer: 4.

2x x x 4x—15
ITpumep 2. Pemire ypaBHEHHUE! 273757 —60 0

Pemenue.

3'5})(:

2% .37 . 5% _ g0 1 = 0 <=> (22)x-3x-5x = 5015 <=> 4*P5X = gOH*15 <=> (4' 604

B <=> 60*=60*1° <=> <=>x=4x-15 <=> 3x=15 <=> x=5.

Ortger: 5.

B. YpaBHeHus1, perraemMpie pa3ioKeHUEM Ha MHOKUTEIH.

IIpumepsl.

[pumep 1. Pemmre ypasaenue: X 2% = 2°2% + 8x-16.

Pewrenue.

X'2% = 22% + 8x-16 <=> x2* - 22¢ = 8" (x-2) <=> 2(<2) -8 (=2 =5 (x.2) " @x_g) =
I e i S Pt S et -

<=> <=> <=> <=> :

{2;3}

OrtBerT:
20



2 _ gx In | T, _
[Ipumep 2 . Pemute ypaBHEHUE: s 7+ 5%-35+7°-35=0

Pemenue.
. . 35
52X 7X-52X 35 4+7% =0 <=> (5% -
—(5%.35—7%.35)=0= 5" —-7%) - 35. (5% -7¥)=0=
) ( ( _
5% —7%).(1-35)=0 (5% -7%) . (-34)= 05" - 7" =0 (57)* =7* :»1?1:=

1o (PF=1e ()= (P ’ex=0.

Ortser: 0.

4
C. YpaBHeHHUsI, KOTOpPBIE C IOMOIIBIO MOACTAHOBKH ') = t, £>0 mpeo6pa3yroTcs K KBaIpPaTHBIM

YpaBHEHUSM (WM K YpaBHEHUSM 0oJiee BBICOKUX CTETIECHEN ).

A-a¥™@ +B.af® +c=0

[TycTh ,rne A, B, C - nekotopsle uncna. Cnenaem

flx) —

o =t.,t o o

3aMeHy: *">0, Torma A" 2+B "+C=0

Peraem nosydeHHOE ypaBHEHHUE, HAXOMM 3HAUEHUS t, yIUTHIBAEM ycioBue t >0 ,

. e
BO3BpaIIaeMcs K MpocTeiilieMy MoKa3aTenbHOMY YPaBHEHHIO ') = t, pelraeM ero u
3aMMChIBae€M OTBET.

[Ipumepsl.
Ipumep 1 . Pemmre ypaBHenue: 22X - 22X = 5,

Pemrenue.

B3 | ba
h-:l =]

227 92 = 5 <=> 220¢ - 2¥ = 15 <=> 4(2)2- 4= 15 &

Jlenaem 3ameny t = 2%, t > 0. I[Tonyuaem ypaBHeHHE 4 £2 4 =15t <=> 42 - 15t - 4=0
t=4
1
t=—-  —=

<=> *t= 4 me YIIOBJIETBOPSIET YCIOBUIO t > 0.
Bepnemcs k nepeMeHHOH X:

2% = 4<=> X = 22 <=> x=2.

Otser: 2

Ix—3 _ o cx—2 _—
[Ipumep 2. Pemnre ypaBHeHuUE:! > 23 3.

Pemenue.

-3 _ 5, px—2 _ 2ix—2)+1 _ 9 ex-2 _ P .
5 2 5 3;:'5 25 3';:'5_(5}{;:];_2_5}{ ;_3=ﬂl

x—2 _
> tt>0 ) HonyqaeM YPaBHCHHUC!

=t

x—2
[[enaeM 3aMeHy: , TOrJa (5 :]

3
P —2t—-3=0e|"T "3 3

S t=1 t= & He ynoBIeTBOPSET YCIOBHIO t = 0.

=125 =5'ex-2=0=x=2
Bepremcs k nepemenHon X:

OrtBer: 2.
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IIpakTnueckoe 3ansiTue Ne 24

Tema: Jlorapudm. Jlorapudm uncna. [IpaBuna neiictBuii ¢ norapudmamu
Heanb: Hayduts BBIYUCIATH JIOTAPUPMBI
Teopernueckuii 010K

Jlorapu¢m uncna b no ocnopanmio @ onpenensercs Kak MokasaTelb CTENEHU, B KOTOPYIO HAJO0
BO3BECTH YKCIIO (&, YTOObI MONyIuTh uncio b (Jlorapudm cymecTByeT TOIbKO Y HOI0KUTEIbHBIX
YUCeN).

Jlorapugm B nepeBojie ¢ rpeueckoro OyKBajabHO O3Ha4yaeT "4ncio, M3MEHSOIee OTHOIIEHHE" .
CnennajbHble 0003HAYEHUS:

Harypansusrit norapugm lina - norapudm no ocrosanuio €,
Jecsituunbliil norapudm lga . norapudm o ocHoBauuio 10.

CaoiicTBa Jorapugmos:

° log, b b
1° a = 0 - ocHOBHOE JIOTapu(MUYECKOE TOKIECTBO.

20 log,a=1a>0.a+#1
30 log,1=0,a>=0.a+#1

Jlorapudm eauHULBI TIO JTIOO0MY MOJIOKUTEIBHOMY, OTJIMYHOMY OT 1, OCHOBaHHIO paBeH HYIIO.
DTO BO3MOXHO MOTOMY, YTO U3 JIIOOOTO JIEHCTBUTEILHOTO YMCIIA MOKHO MOJYYUTh 1 TOJBKO
BO3BEJIS €r0 B HYJIEBYIO CTEIICHb.

g0 log,(be) =log, b+ log, ¢
Jlorapudm npousBeieHHs paBeH CyMMe JIOTapiu()MOB COMHOXKHUTEIICH.

b
co log, o= log, b—log, ¢

Jlorapugm yactHOTrO (JipoOM) paBEeH Pa3HOCTH JOrapu(PMOB COMHOKUTEIICH.

go log,b" =p-log,b.
Jlorapudm creneHn paBeH MPOM3BEICHUIO MOKA3aTesl CTENCHH Ha JIOTapudM ee OCHOBAHHSL.

1
log, . b= T log, b

70
1
log, b=
ge log, a
log,. b
log, b= B
9° log,.a . IIepexo/i K HOBOMY OCHOBAHHUIO.
[Ipumepsr:

1. HaiiguTe 3HaUeHNE BBIPAKEHUS:

22


http://www.webmath.ru/poleznoe/formules_3_2.php

- 1 1 1
6+log, V7 =6-1log,73 =6 3 log.7 =6 31=2
Hcnonb3oBaiiu:

m R
an = Vam

log b™ =m-log_b

OrtBeT: 2

2. Haiigure 3nauenue Beipakerust 10gog 3 - 10931,25

log, 1,25

log,.3+log,1,25 = log, 1,25 = log.08

o

log. 0,8

=log,. 1,25 = lngﬂ__q=lng =—1-1=-1

Hcnonb3oBanu:

lﬂ‘j b =
oa
lﬂuﬂbﬂ,

OtBert: —1
3.Haiinute 3HaueHUE BHIPOKCHHUS
510g25 49
5]og25=1-9 — 5]og25?2 — 52-]og25? — {'52}10&,_5? —

= 25108257 = 7

Otser: 7
4. HaiimuTe 3Ha4€HUE BBIPAKEHUS:
g2 logg 3

g2-logg3 — (B]GgSBJZ —32 =g

Ortsert: 9

23



5.HaiiguTe 3HaueHNE BBIpAXKEHUS:

6410%8 V3
G4108:43 _ (8- 8)1':'55 V3 _ gloge3 |, glogeV3 _ V3-43=3

Ortser: 3

6. HaiimuTe 3Ha4eHNE BBIPAYKEHHUSL:

24

3log; 2

24 24
——12

3logs 2 - 2

Ortger: 12

7. Haiinute 3HaYCHHUE BBIPAYKCHUS:

log1 V13
13

_ 1 ~
log1 V13 =logys- 13%° = —+log;3 137 = ~1-05 =05
13 —

Otser: — 0,5
8 . Haiigure 3nauenue Beipaxkenus 1093 8,1 + 10gs10.

log,8,1+1og,10 =log,(8,1-10) =log,81 =4

Ortser: 4

9. Haiinute 3HaueHUE BBIPAKECHHUSL:

l{]gﬁ ‘v';ﬁ

logs 13
log, V13 T3 11
mﬁé{ﬁ = l0g13 V13 =log;; 137 = ;=05

24



Ortser: 0,5

10. Beruucnure 3HaYCHUE BHIPAKEHUSI:

(310g2 3)10g32
(S]ng 3)10%22 _ (3]ng22)]cg"’-3 — plogz3 _ 3

OtserT: 3

11. Haiiymre 3nauenne Beipakenus l0ga(ab®), ecau logy a = 1/7.
[IpeoGpa3yem gaHHOE BhIpaKEHHE:

log (ab®*)=log a+log b*=1+3log b

Omnpenenum 3HaucHKe BoIpakenust 10gab. Ham nsBectHo, 9TO

1
log,a = 7

Hcnonb3yem CBOMCTBO:

log_b

Cnenoparenpao loga b =7.
Takum oOpazom:

1+3log,b=1+3-7 =22

Ortger: 22

12. Haiimure loga(a:b®), ecm loga b = 5.

lngab—{z =log,a —log,b®*=1—-3log, b =
=1—3:5=-14

Otger: —14

13. Haiinure 10ga(a?b®), ecu loga b = —2.

25



log (a*b?®) =log,a* +log, b* =2log,a+3log. b =
—2.1+3log b=2+3-(—-2)=—4

OtBet: —4

14. Haiinure 3uauenue Beipakenus 10ga(a*b®), ecou logy a = 1/3.

log.(a*h®) =log.a* +log, b° = 4log a+9log, b =

=4-1+9log_b

1
lngbcI:E
1 = - = log. b =3
0. = —_ = =
05 ¢ log, b 3 log.b 93a
4:1+9log, b=4+9:3=31
Ortger: 31

15. Haitmmre loga(a’:b®), ecom loga b = 10.

7
a
lngaﬁ =log. a’ —log, b*® =7log,a —3log, b =
~7-1-3-10= —23
Oter: —23

16. Haiizure loga(ab'®), ecim loga b = 7.

log, (ab'®) =log, a+log, b®=1+10log b =
=1+10:-7V =71

Ortser: 71
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IIpakTuyeckoe 3ansitue Ne 25

Tema: IIpeoOpazoBanus anredpanuecKux BhIpaKEHUH
Heab: HayunTts mpeoOpa3oBEIBAThH ANITeOpandecKue BEIPAKEHUS

Teopernueckuii 6,10k
Onpenesienune. AnreOpandyeckuM BbIPAKEHUEM HA3bIBAETCS BEIPAXKECHHE, MTOTy4aeMOE U3
IMOCTOSHHBIX U MEPCMCHHBIX IIPHU NTOMOIIIA onepaunﬁ CJIOKCHHS, BBIYMTAaHUA, YMHOXKCHH,

ACTICHUS, BO3BECACHHUA B LCIYIO CTCIICHD U U3BJICYHCHUA KOPHA.

[Ipumeps! anreOpanyecKux BbIpaKEHUM:

8 T4 2y -1
E =2 ++5; Elz.y) = . :
T+y

E(z,y,z) = o 7 E(z,y) = (z + y)* - 3zy(z + y).

Onpenesienue. O6IaCTHIO TOMYCTUMBIX 3HaUeHUH (cokpameHHo O/[3) anredopandeckoro
BbIpaxkeHus E(X1, X2, ..., Xn) (D(E)) Ha3piBaeTcss MHOKECTBO BCeX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BeIpaskeHue E(X1, X2, ..., Xn) AIMEET CMBICIL.

T+y

Elxr,y) = -z - -
Hanpuwmep, O/]3 BoipaskeHusI ( Ty sisieres D(E) = {(x,y) | XIR, yIR, xy#

0}, O/]3 BoIpaxkenust E(z,y) = /&y — 22, gpngercs MHOKECTBO {xy.2) | x,v,zTR, xy>0}.

Onpenenenue. Anreopandeckue Boipakenns E1 n E2 Ha3bIBAIOTCS TOKIECTBEHHO PaBHBIMU Ha
muoxkectBe M | D(E1)CD(E2), eciiu mipu 1100bIX 3HAYEHHUAX IIEPEMEHHBIX
13 McOOTBETCTBYIOIIME YKCIIOBBIC 3HAUCHHUS STHX BBIPAKECHHUI PaBHBI.

Hanpumep, VE® = & na muoxectse [0;+¥), Va? = —a, na muoxecrse (-¥;0],

-1
—— =r-1 -
r+1 Ha MHOkecTBe R\{-1}, (X +Y)?=X? + 2xy + y? Ha mHO)ecTBe {(X,y) | X IR,

Omnpenesenue. ToxaeCTBEHHBIM IPe0Opa3oBaHUEM aareOpandecKoro BEIPAKCHHS HA
mHoxecTBe M | D(E) Ha3piBaeTCsl 3aMeHa STOTO BhIpaKEHHS Ha TOX/ICCTBEHHO PaBHOE €My Ha
MHOXecTBe M

3ameuanue. OTMeTI/IM, 4YTO MHOT'ZIa OITYCKAKT MHOKCCTBO, HA KOTOPOM anre6pa1/1qec1<ﬂe
BBIPAKCHUA TOXKACCTBEHHO pAaBHBI, UMCA IIPU 3TOM BBUAY UX TOXKICCTBCHHOC PABCHCTBO Ha

nepeceuyeHny obaacTelt JOMYCTUMBIX 3HAUEHUH.

Hampumep,

a@+1) @ —1‘,_ (M =R\ {0;1}).

4] a —

Va? = |a|, (M = R),
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[Tpu BBINIOTHEHUU TOKICCTBEHHBIX MTPE0Opa30BaHUIl OKa3bIBAIOTCS TIOJIC3HBIMU CIICYIOIIIC
(bopMybI.

I. ®opMyJibI COKPAILIEHHOT0 YMHOKEHU S

(a*hb)>=a?+2ab+ b?
(a+b)=ad+3a%h + 3ab? £ b°,
a?-b%=(a-b)(a+h),

a®+ b3 = (a+b)(a®F ab + b?).

bR

OTH GOpMYITBI OIYIAOTCSA KaK CIEACTBHS U3 0ojiee o0mmx hopmyIr:

5. a"-b"=(a-b)@*+a"b+..+ab"+b"") (nIN),
6. a™+ b =(a+b)(@™-a?b+..-ab™ +b?™) (nTN),
7. (6unom HproTOoHA)

(a+h1u=Cﬂaﬂhu+cialhu—l +‘“+Cli:ai1hu—i1+‘“+c::auhﬂf

ok — !
rmeniN,  kn-kK" n=123..n 0=1

II. CeBoiicTBa cTenenei

Crenyrolie CBONCTBA CIIPABEUTUBBI JUTS JTFOOBIX MMOJI0KUTEIBHBIX Yuces a u b u mo0bIx
NEACTBUTEIBHBIX YUCed a U b.

1. a’=1;
2. a®*P=a?- a
n—,ﬁ'zﬁ,
3 ad’
4 (aa)b:aab;
5. (ab)*=a?- b%
aye  a®
6 (5) =5
_n_i
7.9 Ta

3ameuannue 1. OTMCTI/IM, 4YTO OTPULATCIIbHBIC YK CJIa TAK)XKC MOKHO BO3BOANTL B HCKOTOPLIC
it

crenenw (uensie U, 6osee 0010, pannoHaIbHbIe Buaa 2 — 1 rje m - 1esnoe, N - HATYpaIbHOE).
3ameuanue 2. 0% = 0, 1s mro6oro a > 0.
I1I. CBoiicTBa pagukaJioB

— [ a, ecom n— HedeTHoe,
@ = |a|, ecom n— uerHOE.
Yab = *fa- b, ecrma>0, b>0, kTN,
Vab = 2\7@ L’Vm'- ecrm ab >0, kTN.
'—*"+1:|.-"R — 2"*‘@"5 '—’k+¢..-"r-1 ke N,

k_ m
T —_ k ~
(Ya)" = Va*, rae a >0, eciiu M - yetHo, a | R, eciiu m - HeueTHO.

ok wdE
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A

6. " tnea>0, b>0, n-uerno wmm b#0,alR, eciu n - HEYETHO.
7. Vak =a~, a>0.
8. V ¥a= "{a, rae a> 0, ecii M - YeTHO Wik N 4eTHO, a 1 R, ecit M-N - HEYeTHO.
9 *W/—a=-*"%a, acR.
f + /o ‘/a+1.fa'3—f3ﬁ'3i‘/.—1—\f.—1‘3—rrh'—“
[V = : F 3
10. 2 2 rea>0,b>0,c>0ua?>b.

IIpumep 1. Onpenenurs O/3 anreOpanuecKkux BbIPaXKEHUMN:

a) E(r) = vz + 1% — 21%;

i tay (@ Y
B) Elz,y) = T ‘

a Vd

btc  blctcb

c) E(a,be,d) =

Pemenne. a) O/3 TaHHOTO BEIPAKEHHUS OMPEEIIeTCs U3 HEpaBeHCTBa X + X2 - 2x° > 0, koTopoe
pentaemM npyu MOMOIIY METOJ1a UHTEPBAJIOB:

X+x2-2x3>0 U x(1+x-2x)>0 U x(2x+1)(1-x>0 U xT1(-¥-Y]E[0:1].
Takum o6paszom, D(E) = (-¥;-Y/2]E[0;1].
b) OT™MeTHM, YTO BBIPA)KEHHE UMEET CMBICII TOIIa U TOJILKO TOI' /A, KOTa

X2 + y<sup2< sup=""> # 0,</sup2<>
x -y #0,
X+y#0,

otkyna cieayer, uro D(E) = {(X,y) | X#Y, X#-y}

c¢) Tak xak 3HameHaTeNb JpoOU JOHKEeH ObITh OTIMYEH OT HYJIS, @ KOPEHb BTOPO CTENEHU
CYIIECTBYET TOJIbKO U3 HEOTPHUIATEIbHBIX BRIPAKECHU, TO Id onpeaeneHuss O3 noayuum
CUCTEMY

b+c#0, b+c#0, E;g#@
b’c+cb#0, U ¢ bc(b+c)#0, U ’
cC#0,
d>o0, d>o0,
d>0.

Takum o6pazom, O/]3 ucxoHOTO BeIpakeHus pasHa {(a,b,c,d) | b+c#0, b#0, c#0, d>

0}.

IIpumep 2. Onpenenutp, ABISIOTCA JIU BhIpakeHUs! A 1 B TOXIeCTBEHHO paBHBIMH Ha
MHOXecTBe M.
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a)A—(‘If“"’r vﬁ)M B=—, M={(ab)|a>b>0)

va+vb abla—b)’ ab’
_ a—+/3 _ 2a —fala -
h]A_—(%F}E_H: B_a+v,§= M ={a|a> V3}.

Pemenue. a) Tak xak av/a = (v/a)?, Vb = (VJE]E: a=(va), b= (VJE:'E Ha MHOeCcTBeM,

TO, IPUMEHUB (POPMYITY COKPAIIIEHHOTO YMHOYKECHUSI, ITOJTyYHM:

(V@® + (VB ) P varvh
A= — +/ab .
( Vot V) e -

_(WarVR(ar -vab+ (W) o\ (arvh)
va +vb ab(y/a — vb)(v/a+ vb)

= [ivar -2vabe Y] et = a5 =

1
= |va—- Vb ————.
ab(x/a — Vb)
Yenosue a> b > 0 Brever V@ > Vb, U, CIIEZIOBATEIBHO, |v/a — V'JEl = - Vb, Orcrona
1 1
A=(Va-Vb)—— =~ =B.
TMOJTy4aeM, 4TO ab(y/a—+b)  ab Taxum o6pazom,

BeIpakeHUs1 A 1 BroxxaecTBeHHO paBHBI Ha MHOKecTBE M.

b) [Tono6GHO npeapIIyImeMy TpUMEPY

A= a3 ‘/ -3
‘X a’ + 3 (:1 +J da, 3.
- (“—Vg_l Jlﬂl) (@-V3)-2a _ 22 _

@ —3¢ |aﬂ 3 a+y3

[Tpu npeoOpazoBaHUsIX yYUTHIBAETCA, YTO, €ciy & = VG: to Va? =a,
(a? = 3)? =|:12—3| =a’ - 3.

IIpumep 3. YIpocTUTh BbIpaKEHUS:
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2h+ 2V — 4

) E—itb12’
b) vmn? + vm2n oYt m—n 1 _
yf“mﬂ-}—i&-&‘mﬂ-}—w vm? — /n? {?’ﬁ-l-—ﬁ"ﬁ’
2
& 4;'_13?]‘ .
(%4”;@) +he+3
Ve +3 ;
-1'13 'r'].? {-_._,3
Va-Ba-9 ' t-06-a  c-akc-b’
a?b? aec? b2 2

Va—ot-a " @-ve-b b-a-a’

y—z z—=z -y
G-pE-2 G-0W-2 G-DE-y

1)

m|m - 3|
(m2 — m —6)|m|’

g)

b2 -4 >0,

%+ 2/b62 — 4> 0,
Pewenne. O/3 Boipakenus onpenensiercs us cucrempr \ VE — 44+ b+2 >0, peag
KOTOPYIO, motyuum b > 2.

Brimonaum paBHocmibHBIC HAa O/]3 TpeoOpa3oBaHus:

Vahrovit i _ (V= 22+ (VhF 2 +2V5- 2V 42 _

VIE—4+b+2 VI =2+ 2+ (v +2)?
3 1/(1.”:—2+JF=+2F _ Wh=2+4B+2] 1

VB E2AVE—240+2) B+ 2AVE-2+4vb+2) VB+2
Tak kKak Ha O3 Vb — 2+ /b +22>2

CJIEIOBATENILHO, [vh =2+ b+ 2 =vb -2+ b +2. Takum o6pasom, ripu b > 2 ucxomHoe
1

BBIpKEHHUE paBHO V b + 2

b) O/[3 nanHOTO BBIp&XKEHHUS SBISICTCSI MHOKECTBO {(M,nN) | m>0, n>0, m#n}.
S _ — a2 B 2 33
O6o3Hauns VM = a, /n="b, notyuum V1M = a%, v'm? =at,m=aSuvn="0, Vn?=1¥,
n = b® BrIpakeHHe NPUHUMAET BUJL
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a’b* + a'b? W 4 a® — b° 1
al + 2a2h% + bt at — bt ) a+b

_ aﬂhﬂ{ag-}—hE]_FhE (a® — B*)(a* + a®b” + b*) 1
((aﬂmﬂ)ﬂ B )@+ )(.-1+F1)

_ a2 (@ + ) +at + 2P 1
B a? + b2 at+b

_at = 1 (a®*+b*)(a—Db)la+b)
T a2+ a+b (@@ +8)at+b)
Takum oOpazom, ucxoaHOe BeipakeHue Ha (/{3 TOXAECTBEHHO PaBHO vm — /n.

~ b.

c)Ha 073: {(a,b,c) | a>0,b>0,¢c>0,a?+c?+0} BeIpaxkeHnE MPEOOPA3YETCS CIIETYIOMIM
ob6pazom:

Vb + Va?be L (e Va) Lo
- be be be be
(ﬁ+ﬁ+#_)++d(ﬁ+ﬁ +¢’—)++J
Vbe + 3 ; Ve + 3 a
_Whet+be+3  3vbe+3+ Ve +be _ 3(Vie+ 1) + (1 + vhe)vbe _
Vhe+ 3 Ve + 3 Ve +3

_ Whe+ )(Vbe+3) _ p-
= N =vbe+ 1.

d) O/[3 nanHOTO BRIpAKEHUS SBIIIETCS MHOKECTBO {(a,b,C) | a#b, a#c, b #c}. [Ipusoas
BBIpKEHHE K 00IIEMY 3HAMEHATEIO, TIOJTYUHM:
a’ b e a*le—b)+b(a—c)+c*(b—a)

(@a—ba-0 (G-0b-a) -alc-b @-ba-o)c—b
VYuureiBas BHUJ 3BHAMCHATCIIA, PA3JI0KUM Ha MHOXHUTEIN YUCIIUTECIIb:

a’(c-b)+b3a-c)+c3b-a)=c(@®-bd +abb?-a%)+cb-a)=

= (a-b)(c(a®+ ab + b?) - ab(a+b) - c®) = (a-b)(c(a?- c? + ab(c - a) + b*(c - a)) =
= (b-c)(a - b)(-a%b - a’c + c*(a + b)) = (a - b)(b - ¢)(b(c? - @) + ac(c - a)) =
=(a-b)(b-c)(c-a)(ab+ bc + ca).

CnienoBatenbHo, Ha O/]3 MCXOIHOE BBIPAXKEHHE TOKISCTBEHHO paBHO ab + bc + ca.

) O/13 BoipaxkeHus sABIsIETCSI MHOKECTBO {(X,Y,2) | X #Y, Y #Z, Z # X}. [lepBoe ciaraemoe
BBIPKEHUS IpeoOpaszyeM CIeAyIONINM 00pa3oM:

y—=z _r—z-r+y _ T—2z =1 1 1

(z—y)z—2) (z-y)z—2) (z-y)z—2) (z-y)lz—2) z-y -2
AHaHOFI/ILIHO HpeoﬁpaSyIOTC}I u I[pyFI/Ie cJaracMenic.
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z— _1 1_
(y—2)y-z) y-z y-z

r—1y 1 1

(z—x)z—-y) z-az 2-y

CnegoBaTeibHO,

=z + T—I + =y _
(#—ylz—2) (w-z)y—=) (z-zx)(z-y)

1 1 1 1 1 1
TT-y T-2z2 y-z y-z z-7 2-¥

2 2 2
= +

T-y Y-z z-%x

g) O/I3 Beipaxkenus paHa R\{-2;0;3}. VuurteiBas, uTo BeIpaKeHUE COACPKUT |M| u |m - 3|,
PAacCCMOTPHM TpPH CITyYast:

1.

mycts M 1 (-¥;-2)E(-2;0); Torma [m| = -m, |m - 3| = -(m - 3), 1 BEIpa)kKeHNEe NPHHAMAET
BUJT

m|m — 3| _ —m(m - 3) _ 1
(m?—m—6)jm| —-(Mm+2)(m-3m m+2

mycts M 1 (0;3); Torga |m|=m, |m - 3| =-(m - 3), 1 BEIpaXXeHNE IPUHUMAET

m|m — 3| __-—mm-3) 1
(m2 —m —6)lm| (m+ 2)(m—3)m m+ 2’

mycts M 1 (3;+¥); Torma [m| =m, |[m - 3| = m - 3 u BeIpaKeHHE IPHHAMAET BUJ

m|m — 3| 1

(m2 —m —6)jm| m+2

Takum oOpa3zom,

1
mm-3 | my2 ecim m € (—00;—2) U (=2;0) U (3; +oc),
2 _ — - 1

Ipumep 4. Pa3znoxuTh Ha MHOXKHUTEIH:

Q) (X +y)(y +2)(z + X) - Xyz;

b) x3 +y2 + 2% - 3xyz;

)X+ + X0+ +x + 3+ +x+ 1
d) x>+ x + 1.

Pemenue. a) [Ipubasisist u Berumras z(y + z)(z + X), a 3areM rpynnupys yaoOHsIM 00pa3om,
MOJTyIHM:

x+yY)y+2)@z+x)+zly+2)(z+x)-z2(y+2)(z+Xx) -xyz=
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=+ )@+ X)Xx+y+2)-2((y +2)(z +X) -xy) =

=(Y+ )+ X)(x+y+2) -2 +yz+2x) =

=(y+ )z +X)(x+y+2)-Z(x+y+2) =
=(x+y+2)((y +2)(2+x) - 2%) = (x +y + )(xy +yz + 2x).

b) [IpumensieTcst popmyna CyMMbI KyOOB M PEIIaeTCs TIOJOOHO MPEABIAYIIEMY YITPaKHCHUTO

X3+ 2+ 23 - 3xyz = (X + Y)(X2 - xy +y?) + (2% - 3xy) =
= (X+y+2)(C-xy +y?) +2(22 - 3xy - X+ xy - y¥) =
=(X+y+2)(X-xy +y) +2(2 - (x +y)?) =
=(X+y+)(C-xy+y +2(z-x-Y)) =
=(X+Yy+2)(X2+ Y2+ 22-xy - Xz - y2).

C) [pumenss GopMyITbl COKPAILICHHOTO YMHOKEHUS, TIOJTYYUM:

0 343 3
b | I -1
Pt 4+t b4+l = ] _ =) ]
I = £ =

(P -1z + 2 +1)
- z—1

= (@ +z+1)z%+2° +1).

d) XCHx+1=1+x+X2-X+X=1+x+X-xX2(1L-x) =1 +x+x3)-x1L-X)(L+x+x?) =
(L+x+x)A-x31-x) =1 +x+x)(1-x2+x3.

IIpumep S. N36aBUTHCSA OT HPPAITMOHAIIBHOCTH B 3HAMEHATEJE:

1 _— 1 o) 1
1++/2 -3 VI+HVEHVT T 1424291
Pemenue. YMHOXas Ha BbIpaKEHHE CONPSHKEHHOE 3HAMEHUTEIIO, TTOTYUHM:

1 1+v2++v/3  1+v2+v3  (1+vV2+V3)vV2 V24246

al+v2-v3 (1+v22-3° 22  2v2.v2 1

a)

b) [TogoGHO mpuMepy a) NOTYyIUM

1 _ VBHVE-VT VB VE-VT

V3+VEHVT  (VB+HVER-T  1+2V15
_(VB+VE-VDEVIS-1) _ (V3 VE-VT(VIE - 1)

(2v15)2 - 1 59

¢) U3 dpopmysel (cM., Haripumep, 4 b)):

Ay +2-Bxyz= (x+y +2)(C +y? + 27 - xy - yz - 2X)
cleayer
@+ + 2 — 3ay2)
(#* +y* + 22 —ay —yz — 2)

THy+z=

Ha ocHoBaHMHU NOCIEIHEr0 COOTHOIICHUS oJIy4uM
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1 P (V2R (2V)? - V2291298 TV2-4-3
1+ V24291 1B+ (Y22 + @V4° -3-1-92-2- Y1 23

IIpumep 6. [lokazaTh, 4TO IPUBEACHHBIC BRIPAKEHUS MPEICTABISAIOT COOOH IeIbIe YUCIIa.
BruuciauTe 3TH 4ucia.

a) 1/|20v/7 — 53| — v/ 20+/7 + 53,
B) V26 — 15v/3 + /3,

e) J26+ﬁ\/13—d¢8+2w’ﬁ—2£+\Xﬂﬁ—ﬁ\/13+dx/8—2 6 + 2/5,

Pemenne. a) Boiaensist nosHeli KBaipat noj 3HAaKOM pajuKaiia, HoJydum

y/(ﬁ— 2»@LJ{5 +2VT)? = |5=2vT7| = |5+ 2V7| = 2T -5-5-2vT = —10.

b) Beiaenss nmoiHbIi Ky0 01 3HaKOM KOPHS TPETel CTENeHH, MOJTyYuM

/26 = 15v/3+/3 = {/3 —12V3 4+ 18 = 3v3+V3 = {/(2 - V3P +V3 =2-V3+V3=2

¢) YuuTbIBas, 4To

626 =5+2v5+1=(vV5£1)%
V8+2v6-2/5=B+2v5-2=6+2/5=5+1,
V8-2v6+2vB=vB-2v5—2=V6-2/5=V5-1,
3/13—:1(&5“) =vVI-5=v5-22./5+14=v5-2,
\/13+J1(u/§—1] =v5+2,

V2 +6(v5-2) = VIt 6v5=v5+2-3V5+9=v5+3,
V2% -6vVE+2=VIi-6/5=1/(/5-3)2=[V5-3=3- 5

IMOJIYYHUM, YTO UCXOJHOC BBIPA’KCHHUEC PABHO

Vi+3+3-v5=6.

Y ci10BHBIE TOXKAECTBA.

1 1 1
—+-+-=0
Hpumep 7. a) Beraucnuts X2 +y? + 22, ecru X +y+z=1,% ¥ 2 :

b) Jokazatk, 4TO paBeHCTBO XyZ = 1 BieueT

1 1 1
+ +
l+z4+zy 14+y+yz 14242z

¢) JlokazaTh, uto ecimu X + Y + 2 =0, To X* + y* + 2* = 2(xy + yz + 2x)2.

d) I[OKEB&TB, 4TO IJIA JFOOBIX TPEX MOCJICAOBATCIIBHBIX YJICHOB FeOMeTqueCKOﬁ nporpeccuu
BBIIIOJIHACTCA PaBCHCTBO
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a1? + a? + as? = (a1 + a2 + as)(a1 - az + aa).

¢) Jlokaszatb, 4To, eciu X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + X2Yy2 + X3y3 = 0, ¥ He BCe YmCIaXx;,
i=143 y vy, =13 papus Hymo, T0

2 2 £
Ty n 2

2 rrirl g4y 3

1 1 1
—+-+-=0
Pemenue. a) U3 paBenctea* ¥ £ caenyet Xy +yz + zx = 0. Orcrona

XHy+ 2= (Xx+y+2)2-2xy +yz+2x) =12-2.0=1.

b) 3ameTum, uTo ycinoBue Xyz = 1 Bieuer

1 _ 1 _ 1 _ Ty
l+z2+428 zyz+z+z2z  z(l+z+zy) l+zc+zy’
1 1 1 T

l+y+yz y(l+z+z2z) y-2(00+c+zy) l+z+ay

CiegoBaTeibHO,

1 1 1 14+ x4y
+ 4+ = =1
l4z4+xy 14+y+yz 14+z42zzx 1+z4+ry

¢) YuuTtsiBas, 4to X + Y = -Z, HOJy4UM

2(xy +yz +2x)? = 2(xy + 2(x +Y))* = 2(xy - (X +y)*)* =
=202 + xy + ¥?)2 = 2(x* + x2y2 + y* + 2x3y + 2x%y2 + 2xy°) =
=x Yy (VAR O HAYC Hx) =Xy (x+y)E =

d) Tak kak @183 = a2 (XapaKTepUCTUYECKOE CBOMCTBO F€OMETPHYECKON MPOrpeccun),
CIICZIOBATEIILHO,

(a1 + @z + a3)® = a? + a2 + ag® + 2ax(a1 + az + ag).
Orcrozia monyvaem:
ar+ a® +as’ = (ar+ax + as)’ - 2azx(a1 + az + as) = (a1 + a2 + az)(as - az + ag).

¢) PaccMoTpuM BeKTOpBI (X1, X2, X3), (Y1, Y2, Y3) 1 (1,1,1). 3ameTnM, 9TO 3TH BEKTOPHI MOMAPHO
OpTOTOHANILHBI, TAK KaK UX CKAJISIPHBIC IPOU3BEACHUS paBHBI HYII0. Cle10BaTeNbHO, BEKTOPHI

T T Tq
o = 3 3 s
Vi + a3 +ai Jrtt+al+al i+ ol + o

g = i M2 ia
o Vii+tui+tud Vit Vi +rui i)

o (o)
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006pa3yIOT OPTOHOPMUPOBAHHBIH Ga3uc B mpocTpancTe R®. 3HaunT, U1 KAk I0T0
sextopa XI R® crpaBenuBo paBeHcTBO

(x,92)* + (x,82) + (x,3)* = 1.
B vactnoctu, ana X = €1 = (1,0,0) nonyuum

ay vi L1
af +23 +2f  pi+yi+yi 3

OTKyJIa U CJIEyeT HCKOMOE PaBEHCTBO.
3agaum 1A pelieHus

=1.

1. Onpenenuts O/[3 BbIpakeHUi:
Omeem: [0 3].

Omeem: (—oo; —1) U[4; +00).

(b+c)a+c)

V= ot b tad Omeem: {(a,b,c) | a # —e, b# —d}.

2. OnpenenuTh, SBISIFOTCS JIA BhIpakeHHUs A 1 B ToX1ecTBEHHO paBHBIMU Ha MHOXecTBe M,
eciu

M={a: a>3}.

Omeem: Jla.

3. YOpoCTUTh BbIPAXKEHHUS:

37



Omeem: — L

Vatl+l at+ti-1 a
ab ah a® + b2 at
b S —_ - : ; My - ————
)(a+a—h)(a+h ’1) PE— Omeem: =~ 3
ﬁ-l‘-l 1
v : ; T — 1].
P]1+VE+:L- & T Omaem: /a(z — 1)
ab —b al — bt y
d) — — - — _ - . Omeem: b3 — a¥.
L S TR ST S S TS SR SN S
al+2a -3
1-2a+ 2 21 -1): —.
e) V( a+ a’)(a Ja—1): Y
3 1 1
Om m:—a_}_. mpua > 1; — a+. H-1<a<l
a+3 a4 3

1 1
2 — 2. =3, =1.
+3npn.—1} ,a+2rrpna{ ,a#E -3, a#

b—¢c ec—a a-b (b=cllc—a)la-"0)

9) btc ctala+h (b+c)c+a)a+b) Omaem: 0.
4. Pa3i0XUTh HA MHOKHUTEIIHN:
a) x*+x2+1; Omeem: (X>+x+1)(X*-x+1)

b) (x-yP+(y-2°+(@@-%°%  Omsem: 3(x-y)(y-2)( - X).

5. V36aBUTHCS OT MPPAMOHATBLHOCTH B 3HAMEHATEE:

] 9 Omeem: 9(vT = VB)(V3 - V2)
V10 4 15 4+ 14 + /21 o 2 '

b) VT mem_v’?(lﬁ’ﬁ— V3)V5 + V3)(V25 + V15 + ¥9)
Y54+ W3 o 2 :

6. HOK&?)&TI), 4TO MPUBCACHHBIC BBIPAXKCHUS TPCACTABIIAIOT coboii OCJIbIC YuCia. Beruncnutb
OTH 4YHCJia.

“/Jvr 2VV2 41 Omaem: 1.
RV E TRy B O
b) V9 + /B0 + /9 — /0. Omeem: 3.

IIpakTuyeckoe 3ansitue Ne 26
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Tema: [IpeoOpazoBaHue BEIPAKCHHM, CONEPIKAITUX PATUKATBI
Heab: HayauTh BBIMOTHATH Pe0Opa30BaHUe BHIPAKECHUN, COACPIKAIINX PaJUKAIIBI
Teoperudeckuii 610K

Onpenesienne:

KOpHeM n-y CTETIICHU U3 HCOTPULATCIIbHOT'O YKMCJIa 4 HA3BIBACTCA TAKOC HCOTPULATCIBHOC YU CIIO
b, KOTOPOC IIPpU BO3BCACHUHN B CTCIICHDb N AACT YUCIIO a.

[IpuBeneM MaTeMaTHYECKYIO 3aIUCh ONPEICIICHHUS:

Va=b {b’" =a
a=0 b=0 (Va)" = a
n=2734..
Efaac — 3 — 4ioq = 4 _
Hanpumep: vi25= 5, K 125; vel 3, e 81

Wtak, B pacCMOTPEHHOM ciTy4ae 1oJi KOpHEM CTOUT CTPOTO HEOTPULIATEIIBHOE YUCIIO, HO
CYIIIECTBYET TAaK)K€ KOPEHb U3 OTPHUIATEIIHFHOTO YKCIa — 3TO KOPEHb HEUETHON CTENEHH, OH
CYIIECTBYET ISl JTFOOBIX YHCEIL.

+
a=b b+l = g

aER

2

_o— _ _93=_a 3 _o— _%n
Hanpuwmep: V-8 2, T.K.( 2) S, V-8 V8

HamomHaMM cBOMCTBA KOpHEH n-i CTENEHU, KOTOPBIMHU MBI Oy/IeM IOJIb30BaThCs TPU BCEX
npeoOpa3oBaHUX:

nan — o BT =
(Va) a, ya E'nan'EE"“ 2,34 ..
Toabh= Y a™h =
Vab ‘w’ﬂ\-b’ pu az0bz0n=234.. (meopema 1);
nje _ Tz
I3 ~ on —
A B wb, pH a=0b=0n=2734%.. (meopena 2);
—k  n
mJ = L = =
W a Va npn a=0k=123..,n=234.. (meopema 3);
i r— _ nkf— — —
Via="% ’ r[pI/IEI =0,k=234...n=2734.. (meopema 4);

T akn = K = = =
va Vi npu a=0k=234...n=234...,p=123.. (meopema 5).

Bce panpHeitne npe06pa30BaHI/I${ " BBIYUCJICHUA 6331/IPYIOTC$I Ha OMPCACIICHUN U CBOMCTBaX
KOpHA n-i CTETICHMU.

ITpumep 1. Beruncnnts:
V27 =12

Paznoxum noiKopeHHOe BeIpakeHue Ha OoJiee y100HbIE MHOKHUTEIH U TTOCIIE 3TOTO W3BJIEYEM
KOPEHb:

V2712 =4/3%%3%4=/3*+22=9x2 =18
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[Ipumep 2 YIpocTuTh BhIpaKEHUE:
—\ 6 — —
il B iz B iz 3
( *u“x‘} =V(E)E=Yx2 =xx=0

Ilpumep 3 — ynpocmums @vipadsicenue:

[Tpumep 4

Vafy = VB = fy = IxI3fy
[Tpumep 5

x=0

VEfy = VxF = {y = Ixl{y =x{/y

[Ipumep 6

x=<0

e f _= 5 - _ - _ -

VEBy = x® = {fy = Ixl{fy = —={fy

[Tpumep 7:

b=<0

=13 T —~ = [ — —
Jath?t = fatab?® = Ja®=+\ax\b* = |al\alb| = —ab+a

Koxwwenmapud: ITOCKOJIBKY a CTOMT IIOJ] KBaJAPaTHbIM KOPHEM B HEYCTHOM CTCIICHU, TO AaHHAas
NEpEMEHHAad HEOTpULATCIIbHA, UMCCM ITPaBO CHATH C HEC MOAYJIb.

[Tpumep 8:
ax=0b=0

|4E|2 _Elcxl _2a _ 2a

&  |%3] _1n3 3
w|b |b3| b b

[Tpumep 9:
a=<=0b=0
|25a'®  5./(a®)? 5|a’| —5a° 5a°
wl 9ps 3,/(5%)2 ©3|B3| 3b®  3b°
ITpumep 10:
a=>0
a2 = lal2 = [a2y2 = v 2a?
ITpumep 11:
a<<0
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a3 =—lalV3 = —f?\f_ = —,/3a?
[Ipumep 12:

a=bhb

(@ —b)Wm

a<h—=b—a=0
(a = b)Vm = (b — a)ym = —|b — alym = —/(b — &)>vm = —/(b — &)m =

= —y/(a —b)?m

[Ipumep 13:

az=0,b=0

abV3 = —|ablV3=—3/(ab)*3 = —/3a%b*
[Ipumep 14:

a<0,b<0

—abV3 = —|ab|V3=—3/(ab)*3 = —/3a*b*

IIpakTuyeckoe 3ansaTue Ne 27

Tema: [IpeoOpa3zoBaHue BBIpOKEHHH, COICPIKALINX CTEIICHH U JIOTapu (MBI
Hean: HayauTh BBIOIHATH IPEOOpPA30BAHNE BHIPAKCHH, COICPIKAIIINX CTCIICHHU U
sorapudmsl

Teopernueckuii 010K

IIpumep 1: BeruncnuTh 3HaY€HHUE BBIPAKCHHUS:

o (7)o £

log 5 (V3)

Pemrenmne:

o)t £
log 5 (+3)

3ameuanue: HpI/I PCIICHUHN 3aaa4, COACPKAIIUX J'IOl"apI/I(I)MBI, B IICPBYIO OUCPCAb HC CIICAYCT
COCPCAOTAUYNBATHCA HA HUX. Huxorna Henb3s 3a0bIBaTh MpocCTO Mpo anre6py.
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B uncnurene 3Toit ApoOH MOKHO MPUMEHHUTH (YOPMYITY COKPAILIEHHOTO YMHOKEHHS Pa3HOCTh

2 .1
kBapaToB. OOmui BI/IIIII:I -8 —{a b} [a +b].

3ameuanue: B abcostoTHOM OOJBITMHCTBE 3334 CIEAyeT BCe Jorapu(Mbl IPUBECTH K OJTHOMY
OCHOBAaHHIO.
B 3nameHnarese Bocnonb3yeMcst popMysioi mepexoia K HOBOMY OCHOBAHUIO U TIEPEHIEM K

] [mgg [JE) ~log, [\Eﬂ [1 og, [\.'%:Hlogz [\EN ]

log, ['\E)
log, [N’E)

B uucnurene B nepBoil ckoOke MpUMEHUM CBOMCTBO «Jlorapudm pasHOCTH», @ BO BTOPOH —
«Jlorapudm cymmbI».
log, [\E ) =

!
2

CaMbIi HIHKHUU DTaXK MOYKHO BBIYMCIINTE:

log, £§ log, {V”EEJ
J; _1052[3]1952(2} _

log; {+/3) 210g, {+3)
e

2

Bropoii COMHOKHUTENh B YUCIUTEIE MOXKHO BBIYHCIUTD, B 3HAMEHATEJIE MOKHO IPUMEHUTh
cBoOMCTBO «Jlorapudm creneHn.

log, {3] _ log, {3} _

) log, («f?)_g) ) log, {3} -

OtBer: 1

[Tpumep 2:
BbruncnuTh 3HaUeHHE BBIPAYKEHUS:

log, (90)-log, {18} log, (4) - log,; {7)

Pemennue:
log, (90)—log, {18) log, {4)-1og, (7) =

[Tepeiinem B kaxxaoM Jorapudme Kk 0JHOMY ocHOBaHUI0. K ocHOBaHUIO 5.
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_ log, (18) . log s (4)
log, (4) log. (T"]

log, (18
—"gﬁl'[ }%-1=1¢g5(90]—log5{13}=logs(gj=lﬁgs(5}=1

=log, {9[]} log, {?] =

=log, (90} -

Ortser: 1.

(1{};1;_)1[1' ) (1{};;{_ 36 )
3.HaiinuTe 3HaueHne BBIpa)KEHUS - ' .

(1{};};_)1[1’ ) (1{};};{_3[:’ )= (1{}5_1;_"3 J ) (1{};{{_[1’2 )= ( llog 2 ) (El{}g{_fi )= 1x2 =38

OtBerT: §

log 2
20,05

2. 3amanue B10 (Ne26846) HalimuTe 3HaUeHNE BRIpOXKCHUS

3anumem yncio 0,25 B BUae 0OBIKHOBEHHOM Ipo0OH:

i i i 1 i
1“5—‘;” .,__=3=1{};.1,;l 2=log ,2=-log 2=-0.5

=

b

Ortser: -0,5

log 8
4. HaiinuTe 3Ha4eHUE BBHIPAKECHUS

Pa3noxxum Ha IpOCThIe MHOKUTENIN OCHOBaHUE JIoraprdma 1 YUCIIO, CTOSIIEE M0/ 3HAKOM
norapudma. 3aTeM BbIHECEM CTETICHH 3a 3HaK Jiorapudma.

i 5 -
1{}5_1;JH=1{}5_1; 2 =;1{}g 2=1.5

o=

Otser: 1,5

log _6G0-log 12
] ]

5.Haiinute 3HaueHUE BBIPAKECHUS
[Tockonbky ocHOBaHUs J0rapu(MOB paBHBI MEKIY COOOM, MPOCTO MPUMEHUM CBOHCTBO
Jorapu(MoB:

Gl

T =1{}§_1;:_’.':=1

log _G0-log _ 12=log
5] H] LN ¥

OtseT: 1.

log 0.2+log 4
] 0.0

6.HaiiquTe 3HaUeHNE BBIPKCHHUS

3amuiem JACCATUYHBIC IIp06I/I B BUJC OOBIKHOBEHHBIX U BBIHECEM CTEICHU 3a 3HAK norapnq)Ma:

43


http://ege-ok.ru/2012/01/26/logarifm-svoystva-logarifmov/
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log (1.2 +10g” . 4=10gri—

L]

+log , 4=—10g,,.5 -log 4=-1-2=-3
a

Otser: -3
h‘Jg? 13

. log i 13
7 Haiiqure 3HaYCHUE BBIPOKEHHUS

|ug,? 13 |ﬂg? 13 |ﬂg? 13
— —9

- k = - k _1
IUE.Lﬂ 13 Iug?_! 13 . Iug? 13

Otser: 2

log _9log 25
7. Haiinute 3Ha4YeHHE BBIPAKEHUS o 3

2 2

. 3 5= -3 - BT =
lﬂgnﬁlﬂgﬂia lt}gﬁél 1(}[:‘,3@
1log . 3 logﬂﬁ

Otser: 4

Ll 5
g
log 2

5
8. Haiinure 3HaueHUE BRIpOKCHUS 9

Paznoxxum 50 Ha IpOCTbIe MHOKUTENN U YIPOCTUM TOKa3aTellb CTENEHU B YUCIUTENE IPOOu:

-

log &l log 5 +log 2 24log 2 5 log 2
5 5

_9 _9 C 9 _9 _81

log 2 log 2 log 2 log 2 log 2
ﬁ 5 {} A q 5 {} 5 q 5

(1— log 12 ) (1— log 12 )
o 2 G
9.Haiinute 3HaYeHUE BBIPAKECHUS

[TpuBenem 06a gorapudma K OCHOBAHHIO 2, a 3aTeM Pa3I0KUM yucia 12 u 6 Ha IpoCThIe

, log,, (92 3 )
(1-1“?:1;. (2‘3 ) ) l—— 2
(1-1“%9 12 ) (1‘1"% 12 ): - log,, (2x3 )
24 h‘Jg_2 3 24 |ﬂ|g_2 3

(1— (2 +log, 3 ) ) 1——14_mg_2 = ): (—1—1012_.'23 ) 1_—1+Iug_2 ) )

t=log 5 3
0O603HaUNM =, TIOJIyYUM:

9

MHOXHNTCIIN .
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) 142 ) (-1
At = (14t )— =1
\ f( [ ) S

3ameuanue. MoHO ObLIO OCTYNIUTH TaK: MPEACTaBUM 4YHCIIO 12 kak npousBeaeHue 2 u 6.

(l—lﬂg2 12 ) (1—1{};};” 12 ): (1—1{}g23—1{}ngi ) (1—1{};1;{3_'3—1{};:;{)_{:‘ ): (—1{};};2Ei ) (— 1{};.1;”'3 ):1

Otser: 1

IIpakTuyeckoe 3ansitue Ne 28

Tema: Pemenne norapudmMuueckux ypaBHeHUN
Heab: HayuuTs pemaTts npocTeiiue jorapupMuueckie ypaBHEeHuUs

Teopernueckuii 6110k

Pemenue mo6oro morapu@Muueckoro ypaBHeHHs TAK)K€ CBOJUTCS K PEIIEHUIO OJHOTO WK
HECKOJIbKUX MPOCTEHIINX JIOTapu(PMUIECKIX YPaBHEHUN!

1) logaf(x)= logag(x); 2) logaf(x)=b.
Vpasuenwue (2) cBoauTcs K ypaBHeHn:o Buaa (1): logaf(x)= logaaP.

VYpasuenus Buzaa (1) cBomarcs k pemeHnro ypasHeHui f{(x)= g(x) (morennuposanue). [Ipu sTom
HE0OXOUMO MTOMHHUTH, YTO ypaBHEHHS logaf(X)= 10gag(X) u f(Xx)= g(x) He paBHOCHIBHBL [Ipn
MOTEHIIMPOBAHUH MTPOUCXOTUT pacCIIUpEHUE 00JIaCTH ONpEAEICHHs, a 3HAYUT UMEETCS
OTAaCHOCTh MOSIBJICHUSI IOCTOPOHHUX KOpHE. [IpoBepka — HawmydIliee CpecTBO MPOTUB TaKOU
OTAaCHOCTH.

1 mun — 1o onpeaeneHMIo Jorapudma:

logZx-11=-1
a)

2
[—J =2x-1
3 - 2%-1=9: x=5.

Pemnenue:
log,10-0=-2 log,?=-1
IpoBepka: 3 ) - —dlogy3=-i. o= o BEPHO.
OTtBeT: x=5.

6) logy (= +4u+19 =2

Pemenne: 3 =3 +4u+12: x° +4x+12-09=0" =* +4x+3=0"

g =-2%-4-3 =241

; X1=—1 1 x2=-3.
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IMpoBepka: x=1, logs(1-4+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHO;
x=3, l0g3(9-12+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHo.

OtBet: x=—1, x=3.

B)
a 1 &
a1 o= ¥ _
Pemenue: 4 ;4 2% TIyers ¢ =Y, Torma ypaBHeHHe 3amuIIeM B
v &
L_Z4=0
Buge ¢ ¥ ¥ +4§.r—32=lil’

5?']_.2=—2i'\,l4+32=—216; 3r1=4; 3?2=—8; 2}{=4; 2}{=22;X:2; 23{ ;E—E.

2
lngg(——lJ =1-1
IpoBepka: 4 » log;1=0

— BEPHO.
OtBert: x=2.

2 mun — ypaBHEHUS, KOTOPbIE C MOMOIIBIO JTOTapu(MUIECKIX TOKIECTB CBOASTCS K
MPOCTEUIINM YPaBHEHUSIM:

a) lg(x—3)+lg(x—-2)=1-Ig5.
Pemenne: Ig[(x-3)(x—2)]=1g10-1g5; lg(x*~5x+6)=1g2;

51«,55—16

X>-5x+6=2; X°>~5x+4=0; X1 2= 2 s x=4 u x=1.
Iposepka: x=4; 1g(4-3)+ lg(4-2)=1- Ig5; lgl+ Ig2=1g2; Ig2= Ig2 — BepHo;

x=1; Ig(1-3)+ Ig(1-2)=1- Ig5, Tak kak BeIpa)XeHHE, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJIKHO OBITH BCET/Ia TOJIOKUTETBHBIM.

OTtBer: x=4;

g+ 1gx-3) 1

6) 1a7x+1)+1gx- 6)+ 13 1

lg+1gx-3) 1 g (-3 1

Pemenme: @37+ -6) 2. 1g30Tx+10x-6) 2

2 1g(4(x=3))= 1g(3(7x+1)(x-6)); lg(4(x—3))2= 1g(3(7x+1)(x-6)).

[otenrmpyem: 16x°-96x+144=21x2-123x-18; —5x*4+27x+162=0;
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27+ 3200 2TXA3 36 13

5X227x-162=0; x1.= 10 10 ;x;=9;xo= 10 3.

Ilg+ g6, 1 1524 1

Mposepxka: x=9; 'F4+1B+1g@ 2. 21gB+21g 2,

124 1

< 1g4 2 _pepHo;

12
2 +1[._-3]
git+lg ; |

"2
_18 1g£ﬁ+1}+1g{-ﬁ-6}+1g3

BBIPAKCHHUEC HC MOXKET OBLITH OTpUIATCIILHBIM.

— JIOXKHO, TaK Kak nojajgorapudmuyeckoe

OtBeTt: x=9;

B) logzx +loggx +logyx =35

1
Jlog nbh=—log, b
Pemenune. Boconssyemcs popmymot m ;

1 1 11
logsx+ —logsx+=logsx =55 —logsx=5>5 _
23 3 2z 3 2z - g 2z : log;x =3 - x=27.

IpoBepka: 108:27+108,27+10g;,27 = 55 . 1ogs3” +1ogz 3" +1=353

3 +§+1 =535
2 — BEpHO.

OtBet: x=27;
r) logs(3x —1D +1ogg(x -2T) =3 +1og: 8
Pemenne: 10853 -11(2-17) =log;(5* -8

A6+ 211642100 46465

[orentmpyem: (3x—11)(x-27)=1000; 3x?>~92x-703=0. x1 2= 3 3 ;x1=37mu
19
X2= B E .

IMposepka: 1. 198:0111-11) +10g5(37-27) = 3 + log;3

log;100 +1ag;10=log,l000 : log,1000 —log,l000 _ BEHO.
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19
logs(-19 -111+10g; [— ——E?J #3+1logs8
2. 3 , TaK KaK BBIPpaXXCHHUC, CTOALICC MO 3HAKOM
norapugma, T0HKHO OBITh TOJIOKUTENBEHOE.

OTtBer: x=37.

3 mun — ypasaenus Buaa P(logax)=0, rae P(y) — MHOTOWIEH 2 WK 3 CTENECHH, WIIN
ypaBHEHUS, CBOISIIMECS K HUM. DTH YPaBHEHHUS PEIIAIOTCS C MTOMOIIBIO TIOJICTAHOBKH: y= logaX.

a) logs x-log, = - 3= 0

2
Pemenne: 1723 £- 21083 2-3=0 [1yepy 10833 =¥ \2 2y 3-0. Pemmaem ypaBHeHue 1 noTydaem
1

3 = x=3,

1

yi=3 u yo=1; y=3 =198 ¥ =3 = x=07; y=1 =108 ¥ =~

Tposepxka: x=27; log? 27-log, 27— 3= 0. (log; T —log; 3 -3=0 ;

9-6-3=0 — BepHO;

]
1 1
T togi—-1 (—J -3=0
3. E3T R - (log; 37 —log, 72— 3=10.

1+2-3=0 — BepHoO.

1

OtBer: x=27; x=3
6) log, (5x*)-log x=1

Peurenue. Hpen(ne BCCTO HAI0 UMETHh B BUAY, UTO €CJIM B YPAaBHCHUAX BCTPCHAIOTCA J'IOl"apI/I(bMBI
C pa3HbIMU OCHOBAHUSAMH, TO UX HAAO0 IMMPUBCCTU K OAHOMY OCHOBAHHUIO C ITIOMOIIbIO
log. ®

log, b=
(bopMyIIBI: log a

log. (5%
g5l )-ln

2
| gix =1
0gZg X .
B nanHOM ciydae rnepexoauM K OCHOBAHHIO O. B3 :

(logsd+2logsxilogsx =1 - 0603HAYNM log;x =% : (1+2y)y=1;

1 1 1
— _ logsx=— =
2y?+y-1=0; y1=-1, y,=2; 1°8s ¥ = -1y BT T x=5 x5

1
1ag1[5-1_J togl ot tog, t(-b? =1
=, 25 3 ) <5 C 1=
MpoBepka: 1) 3 ;s ; 1=1 — BepHO;
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2
2) lug£(5-$-10g§£=1; 1ag£¢q;§j4 '(lﬂgiﬁf ﬁ) _1 ;
; 1=1 — BepHO.

1
OtBeT: x=2 ;x:xf'.

5 mun — norapudmupoBaHre 00eNX YacTel ypaBHEHUS.

gl _ 1000
IIpumep: X

sl 1000
lzx =1g 9
Pemenne: z ; (lgx+1)lgx=3-Igx; lg°x+lgx=3-Igx; y=Igx;

y?+2y-3=0. Pemraem ypaBHeHue: y1=—3; Y>=1; lgx=—3 nmm Igx=1,
x=10"3; x=10.

N P31 g I 1000
I:]'D j 1D—3 . |:1|:|—3:|—3+1 =1|:|l5. (].D_E:I_j =1|:||5 .

IMposepka: 1)
10°=10° — BepHo;

ypleto #1 _ 1000
2) 100 ;10%=100; 10°=10? — BepHo.

OtBet: x=1073; x=10.

IIpakTuyeckoe 3ansaTue Ne 29

Tema: Pemenue ynpaxHeHui
Ienpb: 3akpenuTs U CUCTEMAaTU3UPOBATH MAaTEPHAI 110 JAHHOHN TeMe
Teopernueckuii 010K

Jlorapudmuueckast QyHKIH

[TycTh a — moJoXkuTenabHoe Yuciio, He paBHoe 1. dyHKLHMIO, 3a7aHHYI0 hopMyroil y =logax,
Ha3bIBAIOT JOrapupMuueckoi GyHKIMEH ¢ OCHOBaHUEM a.

OcHoBHBIE CBOHCTBA JIorapu(pMuIecKkoi GpyHKIHH.

1. Ob6nactp onpezaeneHus JorapuGpMuyeckoit GyHKIIUN — MHOXKECTBO BCEX
MoJIOKUTENbHBIX uncen R+, 1. e. D(loga)=R

2. OOGnacTb 3HaYCHUH JOrapuPMUUECKON (PYHKIIMH — MHOKECTBO BCEX JIEHCTBUTEIBHBIX
quce.
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3. Jlorapudmudeckas GyHKIHS HA Bcel 00IacTu onpeaeneHus Bo3pacraet (mpu a>1) unu
yosiBaet (mpu 0<al ¢ynkius Bo3pactaer (B ciaydae 0<axl.

JlorapupmMuuecKuM ypaBHEHHEM HA3bIBAIOT YPaBHEHHUE, B KOTOPOM HEM3BECTHASI BXOAUT
TOJIBKO B apTyMEHTHI JIOTapHU(PMHUUYECKIX (PYHKIMI PH HEKOTOPBIX OCTOSHHBIX OCHOBAHUSIX.

[Tpu pemennn norapupMUIecKux HEPABEHCTB HEOOXOMMO YIUTHIBATH MOHOTOHHOCTh
norapupmudeckoit pynkumu loga x: Ilpu 0 < a < 1 sta pynkuus yosiBaet, mpu a > 1 —
BO3PaCTaeT.

Pemrenne ynpaxueHuit
1. Borunciure: a)log 2575; 6)4%"°%*; B)log, log, 64; r) 4095 1%%2s9

2. Pemuts ypasrenns: a)log,, ,(3x+1) =2; 6)2x* +5"°%* = 25/0% 10
3. Beraucrre: a)log 472 ; 6)257"%2; B)log, log,81; r)3°% e 1o%8

4. Haiitu X, ecnm m3BecTHO, uTo log,, X =4log,,3— % log,,27-2log,,6.

5. Haiftu X, ecnu u3BectHo, uto log,y, X =2log,, 6 —0,5log,,100 +3log OB/Z_O :

log,45+1o L
9. 9.3 log;2—logs4

log 16 —log; 0,5

6. Beruncnuts: a)

; 0)
log, 75+log,3

7. Haitnure o6sacTh onpeneseHus: KakIou u3 QyHKIHiA:
Dy=v9-x*-Inx*; 2)y=,In(x+2); 3)y= Iogovs(x2 —2x)+\/9—x2 .
8. Haiinmure o6macTs onpeneaeHus: KaKI0u u3 QyHKIIHMA:

Dy=v4—x>-In(x=1)7; 2)y=./In(x=3); 3)y=Iogo,3(x2+3x)+\/49—x2.

HOMaI_HHee 3aJaHHuC:
3log,3-log, 27 5 3lg4+1g0,5
log,3+log,9 ’ lg7-lg14

2. Pewnts ypasHenns: a)l0g,, 45X=2; 6)3x?+0,5°%* =36/°% %0

1. Berancnuts: a)

IIpakTuyeckas padora Ne 30

Tema: KontponbHas pabota
Heab: [IpoBepuTh ypOBeHb YCBOCHHS JAHHOU TEMBI

1 BapuanT

IIpeoOpa3yiiTe BbIpakeHue:

a+?2 a 2 Va—2
( + =)

Vza  VZa+2z  a—\2a a+?2
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1

ce+ 1

11

c—1 c2+cd

2. =T 171

cd4+ec2 241
lgB+igis
2lg2+lig3

Pemure ypaBHenue

1.Vvx24+2x+10=2x—1

T T
2.c0S (Z - x) + cos (; — x)
3.0 2x2—15x—3?,5:5\/§

1

4.logsvVx — 5+ logsV2x — 3=1

IIpeoOpa3yiiTe BbIpa:keHue:

1(me+ o m) (ﬁﬂ@)z

Ja+b a+2
1 12 3 3
1 (az—bz) +2aZ +bZ
3(ab)2-3b
2= 3 3
a—b aZ—bz
3lg2+3lgs
"lg13-lg130

Pemure ypaBHeHue

1N17+2x —3x2=x+1

2 BapuaHT

2.sin(§ + x) — sin (g — x) =1

1

3 2x2—6x+0,5:
' 1642
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4% lg(2x—1)=1—-Ig/x—9

IpakTuyeckas padora Ne 31

Tema: HucnaoBas 1mociie10BaTeIbHOCTD, CIIOCOORI €€ 3aJaHuts, BIUMCIICHHS YWICHOB
MOCJICIOBATEIIBHOCTH.
Hean: Hayunts BeIUUCIATH

Pemenne ynpakHeHuit
|. Haiinure nepBbie NATh YWICHOB Psijia MO €ro 3aJaHHOMY OOIIeMY YJIeHY:

1. " T n+1
U m

2. M"Tan—1

2+ 3

3. Un=Znw

1 1 n+i
4, Un= +(n )
Il. Haiinure mepBbie YeThIpE YieHa M0 €To 3aJaHHOMY OOIIeMy YJIeHY:
o mt
1. ="
, T Bn-1)nt1)
—— n?
3 tn = (n+ 1)+ 2)
=171
g, Un=(-1) ,
5 = (2n + 1)an—
' " n+1
6 " (2?1 — 1)3“‘1

I11. Haiigute hopmyiy oO1iero uieHa psija o ero JaHHBIM IEPBBIM YJieHaM

2.
3.

I'Y. Beruucnure cymmy 4ieHOB psija:
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1
1. nz_:;”':” + 1)

5 ,TZI (3n—2)(3n+1)

1
3. =23
|
4., ﬁ:i'n:('?’l + 1)‘

1
5. A~nm+ 1n+ 2)
Y. Haiigute N-it wieH psija mo ero JaHHBIM MEPBBIM YJIeHaM:

[

N

YI. UccnenyiiTe cCXOOUMOCTh psijia, TPUMEHSIS HEOOXOAMMBIN MPU3HAK U OJIUH W3
MPU3HAKOB CPABHCHHUS:

1.

1
3. ﬁz::ﬁ
1

4, 7=1
Hccnenyiite cxoquMocTh psiaa, HCHOB3YI0 pu3Hak Jlamambepa.

Z 1
=) i+ 2y
1

1, &3
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1
6 _;::1 @n + 1)

1
7 Zqfﬂ,+1;|('n+ 3)

. N=1

= en
2. 7
8. =1

IIpakTnueckas padora Ne 32

Tema: [Ipenen mocnenoBaTeIbHOCTH
Heas: HayuuTs BEIYUCIIATE NPEIEITBI

Teopernyeckasi 4acTb

Omnpenesaenne. Yucno b haseiBaercs npenenoM QyHKIUU f(x) npu ® | crpemsieMcs K @
ecim s moGoro uucaa £ = @ maiinercs takoe uncno © = O yro mpu Beex X F @
ylioBIeTBopsfomux Hepasenctsy |X — @l < & | Gyner BoimonusTeest Hepasencrso fE) — bl < =
Onpenenenye mpenena GyHKIHE MOKHO copMy/IupoBaTh U Tak: Uncmo P maspiBaercs
peaesioM f(x) npu X | cTpemsieMcs K &, eciu npu oo £ = @ cymecrsyer Takas

OKPECTHOCTh TOUKH &, 4T JyIsl Moboro ¥ ¥ @ y3 a0t okpectHocTH. [Ipenen o603HauaeTcs Tak:
lim f(x) = b.
L |

[Tpumep 1. [Ipeaen mocTossHHOM (PYHKIMH B JTH000M TOYKE PaBEH ATOM K€ MOCTOSTHHOM.
Pemenue. ITycts s Beex %, OueBuaHO, uTo 1ist moobix £ = 0 ¢ > 0 y g Beex

x€{a—8a+8§) CIIPaBEeUTMBBI COOTHOIIICHUS
3HauuT, MO ONpeAETICHHUIO Ipe/eia

limf(x) =limk = k.

L | X a

[Tpumep 2. ana ¢pynkiuu. Jlokazars, 4To

)lcing f(x) = a.

Pemenwue. [lyctp ¢ = 0 - mo6oe uncio. Iomoxus & = € , IUIs Bcex X = (a—8a+8)
Hoﬂqule{x] —al=lx—al<s Telf®-al<s 3yqupr

)]\':i"; fl:xj = )lcin?ax =a
Teopema. Ecniu ¢pyHKIMS UMEET Ipeie MpH X, CTpeMsIIeMcs K 8, TO 3TOT IpeJeN eUHCTBEHEH.
1. Teopembl 0 npenenax GyHKUHU

Teopema 1. Eciiu mpu ¥ * @ cymiecTBYIOT npeiesibl pyHKIH £ (=) , TO CYILIECTBYET
TAaKKe 1 IPeelbl HX CyMMbI, PaBHBIN cymme mipesenos dynkimii £&) i glx) .

CnenctBue. [1ocTOSTHHBINM MHOXHUTENb MOKHO BBIHECTH 32 3HAK IIpejiea.
JlelicTBUTENBHO,
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hm[iiiiij kf(x) = hm k- hn& fixi=k- lim £(x).
Teopema 3. Ecii mpu ¥ * @ cymiecTBYIOT npeesbl pyHKIHiA fG) y glx) npenen

09

byHKIIN g(x) omimuen ot HYJIS, TO CYLIECTBYET TAKXKE U IIPEIEI UX OTHOLICHUS glx), paBHBII
OTHOILICHHIO NIPEAETIOB:
fi(x] f(x]

11n1[333333[ ol ]) s hm g':xj

IlousgaTue 6€CKOHEYHO MAJION U 6eCK0HeqH0 00JIBIION BEIUYNHBI
Ecnu npenen pyHKIMM paBeH HYIIO, TO OHA HA3bIBACTCS OCCKOHEUHO MAJIOW BEITUIHHOM.
Ecnu npenen ¢yHkIuu paBeH O€CKOHEYHOCTH, T.€. BETMYMHE 00paTHON K OECKOHEYHO MaJIon
BEJIMYMHE, TO OHA HA3BIBAETCI OSCKOHEUHO OOJIBIION BenmnuuHoi. ClaeoBaTeIbHO,

BBIIIOJIHAKOTCA paBCHCTBA:

1
lim — = =, lim—=0
x—=a X 400

Brranciure npeaensl

Ipumep 1.
lim(x+3)=limx+ lim 3=7+3=10.
=7 =7 =7
IMpumep 2.
limi3x+2 hm3x+hm2 lim3- limx+2
lim 3x+2 _ x—}»l( ) ( ) x—l _ =1l x—=l _
x—>12x =7 HHﬂZx—?) hnﬂZ{Hlmﬂ:T) lim2-limx—7
x—1 =31 x—>1 x—»l x—>1
3-1+2
= _=5/(-5=-
2-1-7 3
IMpumep 3.
. x°-4
lim :
=2 xX—2
—4_(-2E+2)
x—2 x—2
2 p—
lim 24— (.x 2x+2) _ lim{(x+2)= limx+ lim 2=
—2 X—2 x—>2 X—2 x—>2 x—>2 =32
=2+2=4
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Pemienue ynpaxHeHui

1 Jim[(x? — 1) - 326 - 5] CWx+1-1

lim

14. % .0 X

xlina[[z:q —4)(x — 1)(x + 2]

2.
lim —¥X
lim X T 3)(x — 2 15, x—0d4 —¥2Zx-2
x—=-1 x+ 2
1 2 _ iR
16, Jm(x]* - 5x+6)
> lim [(x]3 + 3x?)
17. o=
li —3 I 3x
4, xlrgzx_ 6 18. X — 2
4 i x— 3
m
5 x .03x° 4+ 2x 19 X =2X— 2
3 _q.2
1im2x3 -2x2 limzxg 3:»:j +1
6. x .05x3 —4x!? 20. X =8x3 —4x 4 2x
o 3x3I L x y 2x? —5x 1L 4
7. :3“’5‘ X 21. Xz x2 — 2%+ 3

. x—3 limyfx2 —x-x
lim— 22. W=
hlir!?'\'lxz +5x-x

8. x—3x* —9

. 4x2-9 23.
lim——
o 32x+3
9. %732 y 4x? —T7x -2
m
24, x .25x%x2 —11x+ 2
" x2 — 8x + 15
10. x5 xZ+25 . X2 +2x-15
m —
25. X -3 x!-9x
- 3x2-8x+t4
im 2
11. x.25x%x2 —14x+ 8 lim X
26. =044 L x — 4 — x
" x2 —7x+ 10
m—
12.  x 5x% —9x+ 20 ; 2 - X
o e
x—6 27. =43 —2x + 1
1iI'tl—
13. ®6yx+3 -3 2 —x

lim

28. =33 —y2x—1
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IIpakTnueckas padora Ne 33

Tema: KontposisHast paboTa 3a epBbIii cemecTp
Hean: [IpoBepuTh ypOBEHb YCBOEHUS MaTEpHUaa 3a IEPBBI CEMECTP

1 BapuanT
Ynupocturte BbipakeHue

1.(sin x +cosx)* —1

2
2.(0032 x[% — xj + sin 2(37” — XD —sin?x

sin 4 x + sin 2 xcos? x

3 :
sin 2 xcos? x

IIpeoOpa3yiiTe BhIpaKeHHe:

(a+2 a 4 2 )w’E—w’E
V2Za W 2Za+2  a—2a a+?2
11

c—1 c2+cd =

2, 3 1" 1 'C44‘1

cd+cZ2 241

lgB+igis

2lg2+lig3

Pemmire ypaBHeHnue

1.Vvx2 +2x+10=2x—1

2. cos(l+x) +f:os(;—x) =1
3 O}sz—lﬁx—3?,5:5\/§

4.logzVx — 5+ logav2x —3=1

2 BapuaHT
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Ynpocture BbipaxkeHue

1.(cos2x +1)tg?x —1

ct 3—”—x
1—ctg?(—x) A2
2. .
tg2 (x—7xz)  ctg(z+x)
sin ® x cos x + cos® xsin x
cos? x

ITpeoGpa3yiiTe BbIpa:keHue:

1(me+ bVb _ m) (ﬁﬂ@)z

3.

Ya+y'b at+?2
1 (az sz +2az+bz
3(ab)2-3b
22— 3 3
a-b az-bz
3lg2+3lgs
"lg13-lg130

Pemmnte ypaBHeHue

1N17+2x —3x2=x+1

2.sin(E + x) — sin (E — x) =1

_ 1
3 2x 6x+0, 5_
1642

4§£g(2x— 1)=1—IgVx—9

IIpakTnyeckas padora Ne 33
Tema: [IpaBuiia BeIYMCICHHUS TPOU3BOIHBIX

He.m;: Hay‘{I/ITL yqalmuxcs 1mpaBujiaM BbIYHUCICHUA ITPONU3BOIAHBIX

Teopernueckuii 010K

. =0
. =1
. (f+9) =1+4
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Beruncnure nponsBoaHYyO:

_ 3 5 3
1. f(X)=x"+2x"+4 10. f(x) = X
2. f(X)=2x*+x*+10 x—4
3. f(x):g+%+§
X x° 7
1 2 4 11.f(x) = x(x+3)
4. f()==+25+2 ,
x x* 5 12. (x) = (x* +4)(x-1)
_ 5
5. f(X)=2vx +4x 131 (=X
6. f(x)=~/x+5x* 3x-1
7. F()=x(x+1) 14f (x) = X+
8. f(x)=x(x+5) X"+l
X2
9. f(x)=
X_

JomarmHee 3amanue:

1) f(x)=7x"+13x*+18

2)f(x):§+xi+ﬁ

3)f(x)=x(x+2)
4)f(x) = (x+5)(x* +7)

2

910053
6)f(x)=%

IIpakTnyeckoe 3ansaTue Ne 34
Tema: IIpou3BoHbIE TPUTOHOMETPUUECKUX (DYHKIIUN
Iesan: HayunTs BEIUUCIATH MPOU3BOAHBIE TPUTOHOMETPHUECKUX (HYHKIINIH
Teopernueckuii 6110k

Bce Tpuronomerpuueckue GyHKIUN HEPEPHIBHO U HEOTPAaHUUYEHHO U PEepeHIIpyEeMbl Ha
Bcell 00nacTu onpeneneHus:
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(sinx)’ = cosz,

(cosz) = —sinz,

o

L = )

(tgz) cos? x

(etga) = -—

ctgr) = ———,
5 sin’ x

Pemrenne ynpakueHuit
1. HaiiguTe npon3BoaHYIO (QYHKIINH:

Dy =tgx+iz

Dy =cosx+x%;

Ny =cig3x+ 5, Sy = sl x +%);

—-2x), x, = 8]y=|::c::sgx;

127
2. Haiigute mpou3BoaHy0 (PYHKITUU:

-2 2
Ny=sin*x+cos” x

.4 4 o 2 2
Ay=sin x+cos x—Zdsn”xcos” x

3. Haiitu npousBoaHy10 QyHKIINH:

A Ty =sin x°; £
2y = cos’ (g —-3x),
1
3y =—
cost X
fgx
Hy ==,
1+égx
Sy=—E%
igx
1
f)y = :
)y fgix
Ty =—— s+,
tgix x
8)y = ctgTx;
Wy = Jxsin x

60

2)y = (sin x +cos x)*

Sy =sin 2x;

£y =cos(2x+ %T];

Ty = £g3 x

2 -2
. Ay =cos® x—sin X

Dy =sin 2xcsin Sx+cos2x cosdx -,

1 : 37T
Dy =— x%sn x, Xg = —:
2
Cos X Fi
2)y = . ==
) o 7 5
S 0B eI o2
Ny =sin > Cos 2,.7[,:, TE
Ay =-/T+sn x, x, =0,
Sy =tg’ 2x;
6y =cos (2x+1), x, =0

Ty = ,fl+5cos§;

Ry =sin*(2x7);
Py =cos” (- 3x7).



IIpakTnueckas padora Ne 35
Tema: Brruncnenne mpou3BOIHON CI0XKHOM (DyHKITHH

Henab: Hayunts yyamuxcs BHIYUCIATH IPOU3BOIHYIO CIOKHON (QyHKUINN

Teopernueckuii 610k

[IpousBoHas cnoxHOM (GYHKIIMK paBHA MPOU3BEICHUIO €€ TPOU3BOIHOM MO MPOMEKYTOUHOMY
apryMeHTy Ha IIPOM3BOIHYIO 3TOT'0 apryMEHTa I10 HE3aBUCUMOM IIEPEMEHHOU

Pemrenne ynpaxueHuit

Boruncnute npou3BoAHYIO CIIOKHON (QYHKIINU:

1) f(x) =cos5x

" 14) (x) = L cos X
2)f(x)=3sin 4 2

15) f (x) = (4x —5)?

3) f(x) = (8x + 4)° 8
2 10)1 (0= (1-5x)°
Hf()=—"—
(3—4x)

5) f (x) = (3= 2x)2 1 17)f(X)=(2X—3)‘4+(§x+4j
) f(X) =(3-2x) +m

6) f (x) = 2sin( 3x —%)

7) f(x) = tg4x

8) f (x) :%cosé

18) f (x) = 8tg(2x+%)

9)f (x) =(3x+5)*
3

10)f(x):m

1) f (x) = (5% + 4)™ +G+8j

1 V4
12) f (x) = 2 cos(§ —3X)
13) f (x) =sin 8x

HOM&I.HHCC 3aJaHHucC

2)f(x) :%sin 7X

3) f (x) = (2x +10)°
4

4) f (x) _W

5)f(x) = (4x+8)° +[%x +13j
6)f (x) = 4ctg(% —2x)
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7) f(x) = ctg2x

IIpakTnueckas padora Ne 36
Tema: Pemenue ynpaxHeHUN.
Hesn: 3akpenuTh U CHCTEMATU3UPOBATH 3HAHUS yYAIIUXCS TI0 JJAHHOW TeMe

Teopernueckuii 610k

. C'=0

. =1

. (f+9)'=1+4
. (f9)="Ffg+1d
. (Cf): =Cf

i) _fl9-1¢g
g g (g #0)

Kapmouka Ne 1
HajiguTe npon3BoaHYI0 PyHKUIMH

1) f(x)=7x"+13x* +18
2f(x) =242 4 x

5 X
3)f(X)=x(x+2)
A f(X)=(x+5)(x*+7)

2

X
5f(x)=
)T 2x+1
6)f(x):X_+l
X—2
Kapmouxa Ne 2

Haiinure npou3BoAHYI0 QYHKIUH
1) f(x)=6x°+5x°+78
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2)f(x):2+%+2\/§

3)F(x) =x(x+3)
4)f(x) = (x* +4)(x-1)

X
5 f(x)=
) £(x) 1
X+5
6)f(x) =
)T() x> +1
Kapmouxa Ne 3

Haiigure npou3BoAHYI0 (PYHKIHH
1) f(x)=4x>+3x% +2x°

2)f(x):%+%+£

2
3) f(x) = x(x+10)
Hf(X)=(X+4)(x+2)

X
5 f(x) =
)T () 4x +1
6)f(x):x_+8
X+1
Kapmouka Ne 4

HajiguTe npon3BoaHyI0 PyHKUIMH
1) f(x)=7x°+8x* +1
X
2) f(x) =iz+%+&
X X

3) f(x) =(x+4)x
4)f(x) = (x+5)(x*=7)
5)f(x)=x—i(r8

X—3

G)f(X):m

Kapmouxa Ne 1
Haiiagure npou3BoAHbIE CJ0KHBIX (PYHKIUI

1) f(x)=cos5x
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. X
2)f(x):35|n§

3)f (x) = (Bx+4)°
2

4)f(X)=m

3 1
5)f(x) =(3—2x) +m

6) f (x) = 2sin( 3x—%)

Kapmouxa Ne 2
Haiiagute npou3BoAHbIE CJI0KHBIX (PYHKIIUI

1) f(x)=tg4x
2)f(x) :%cosg

3)f (x) = (3x +5)*
3

4)f(X)=m

5) F (x) = (5x +4) +(§+8}

6)f (x) = %cos(%—3x)

Kapmouka Ne 3
HajignTe npon3BoaHbIE CJ0KHBIX PYyHKIUIA
1) f(x) =sin 8x

X
2)f(x)= COSE

1
4
3) f (x) = (4x—5)?
8

RAR T

5)f(x)=(2x-3)™* +(§x+4j

6) f (x) = 8tg(2x+%)

Kapmouka Ne 4
Haiiagure npou3BoAHbIE CJI0KHBIX (PYHKIIUI

1) f(x) =ctg2x
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2)f(x) :%sin 7X

3)  (x) = (2x +10)?
4
(5-x)°

5)f(x) = (4x+8)° +(%x+13)

4t(x) =

6)f (x) = 4ctg(%— 2x)

I[IpakTnueckas padora Ne 37
Tema: MexaHnueckHil CMBICIT TPOU3BOJHOU
Heab: 3akpenuTs U cUCTEMATU3UPOBATh 3HAHUS yUYaIIUXCs M0 JaHHON Teme
Teopernueckuii 6110

ITycts 3aman myTh & — f(t) JBHUKEHHS MAaTEepUAIbHON TOUKHA. CKOPOCTh JaHHON MaTEpHAIBHON TOYKH B
MOMEHT BpeMeHH L eCTh MPOMU3BOIHAS OT ITyTH & IO BpeMeHHU L

v(t) = s'(t)

[Tpumep

2.
y s(t) = =t* — 20> + 4t
Teno ABUXKeTCs NPSIMOJIMHENHO IO 3aKOHY 3 (m). OnpenenuTh CKOPOCTh €ro

neukenust B Moment £ = 10 c.

Pemenne. Mckomas CKOPOCTH - 3TO IMPOU3BOJHAA OT ITYyTHU, TO €CTh

2 ! 2 4
u(t) = s'(t) = (_‘—;r;* —2t* —i—-'l.t) = (_‘—;rﬁ) — (23 4+ (4t) =

_ q{rl;!'}l' o 2“2}.' _i__.Hr”f =

2

| b2

P22 441 =2 — At + 4

e

B 3aganHbIlii MOMEHT BPEMEHH

v(10) = 2-10° —4- 10+ 4 = 200 — 40 + 4 = 164 (M/C).
Orser. V(10) =164 (y/c).

YpaxHeHus:

1.MarepuaibHasi TOUKa JBIKETCS MPSAMOIMHERHO Mo 3akoHy X (t) = 6t> — 48t + 17, rie X — paccTosHue OT
TOUKU OTCUETa B METpax, t — BpeMs B CeKyH/ax, U3MEpeHHOe ¢ Havyana aBuwkeHus. Haiinure ee ckopocTh
(B MeTpax B CEKyH/ly) B MOMEHT BpeMeHu t = 9 C.
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2.MarepuanbHast TOUKa ABMIKETCS MPSIMOJIMHEIHO 110 3aKOHY
x (t) = (1/6) t? + 5t + 28
r7€ X — pPAacCTOsAHME OT TOYKM OTCYEeTa B MeTpax, t— Bpems B CEKyHIaX, M3MEPEHHOE C Hadaja

JBIDKCHHS. B Kakoii MOMEHT BpeMeHH (B CEKyHJIaX) €€ CKOpOCTh Obljia paBHa 6 M/c?
3.MaTtepuanbHas TOUKa JBUKETCS TIPSAMOJHHERHO Mo 3akoHy X (t) = t? — 13t + 23, rie X — paccTosiHue OT

TOYKH OTCUHCTA B MCTpPaAX, t— BpEMs B CCKYHAAX, UIBMCPCHHOC C HavdaJla ABUXKCHUS. B xakoif MOMeHT
BpPEMEHH (B CEKyHJ]aX) ee CKOpOCTh OblIa paBHa 3 m/c?

4.Touka aBWKeTCS M0 3aKoHY s(t)=2t3-3t (S — myTh B MeTpax, t — BpeMs B CEKyH/1aX). BeIUuCIUTE CKOPOCTH
JBKEHUS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHHU 2C

5.MaxoBHUK BpaIaeTcs BOKPYT OcH Mo 3akoHy ¢(t)= t*-5t. Haiinure ero yrinoByro ckopocTb @ B MOMEHT
BpeMeHH 2¢ (¢ — yroJi BpalieHus B paJiiaHax, © — yrjioBasi CKOPOCTb pajy/c)

6.Teno maccoii 2 Kr JBMKETCS MPSMOJIUHEHHO 0 3aKOHY X(t)=2-3t+2t?

HaiinuTte ckopocTh Tesa U ero KUHETUYECKYI0 SHEPTHUIo yepe3 3¢ nociie Havaa ApwxkeHus. Kakas cuna
NeMCTBYET Ha TEJIO B 3TOT MOMEHT BpeMeHH? (t u3MepsieTcs B CEKyH/IaX, X — B METpax)

IIpakTHyeckas padora Ne 38

Tema: Pemenue ynpaxuenuii. CamoctosTensHas padboTta
eab: 3akpenuTh U CUCTEMATU3UPOBATh MATEpHUAIT 110 JAHHOW TeMe

1 BapuaHT
1. HaiiguTe yrioBoit ko3 UIMEeHT KacaTeIbHON, TPOBEACHHON K rpaduKy HYHKIIUH
v=4x"-6x+ 1 geroouke ¢ abciuccoii *o = 2
2. Haiinure yrinoBoit k03 GUIIUEHT KacaTeIbHOU, TPOBEACHHOU K rpaduKy HYHKIIUH
v=2x*-x"+3x —6 peroTouke ¢ abcuuccoii to = —1
3. Haiinure yrinoBo#t ko3 GUIIUEHT KacaTeIbHOU, TPOBEACHHOU K rpaduKy HyHKIIUH

T

PR L - . o X =
V = SInX — COSX g ero Toyke ¢ abcuuccoit  © 2
4. Haiigute KOOpaIuHATHI TOYEK KacaHUsl, B KOTOPBIX KacaTelbHbIe K rpaduky GyHKIUU

y=10x"+3x —1 pymeror yriosoii kK03 UIKEHT, paBHBIH 2

5. CocraBbTe ypaBHEHHE KacaTelbHOH K rpaguky Gpynkuuu ¥ = 2X° = 3% = 1 p rouke ¢ abeuuccoit
6. Koopaunara MatepraabHO TOUYKH U3MEHSCTCS C TCYCHUEM BPEMEHH IO 3aKOHY

x(t) = 6t* - 8 + 6. Hajizute cKOpPOCTH TOUKH B MOMEHT BpeMeHH & = 6
7. KoopauHaTta MaTepHalIbHO TOYKM M3MEHSETCS C TEYEHUEM BPEMEHH TI0 3aKOHY

Fuy _ .5 il . —
x(t) = t7 - 4t" + 5. Hajizure ckopocTh TOUKH B MOMEHT BpeMeHH £ = 2

8. MarepuaibHas TOUKa ABIKETCS TPSMOIMHEHHO 1o 3akony {8 = 5t =2t + 1  Uepes ckombko
CEKyH/I TIOCJIE Havayla JBMKEHUS TOUKA OCTAHOBHUTCS?

9. MarepuaibHas TOUKa ABIKETCS TPSMOIMHEHHO 1o 3akony {8} = 3t° — 13t Hajinure yekopennue
TOYKH B MOMEHT BpeMeHHu & = 2

2 BapuaHT
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1. Haiinute yrinoBoit K03 HUIHMEHT KacaTelbHOM, MPOBEACHHON K TpaguKy GyHKINU
y=7x"-3x = 12 gero rouke ¢ aberuccoii ¥o = 3
2. Haiiaure yrnoBoi K03((UIIMEHT KacaTeIbHOM, MPOBEACHHON K rpaduKy QyHKINN

v=6x"-x+1 perotouke ¢ abcuuccoii ¥o = 1

.
3. Haiigure yrnoBoii k03¢ (UIHEHT KacaTeIbHOH, MPOBEACHHON K TpaduKy HyHKINH ~ 2
ero Touke ¢ abermecoi Xo = —1

B

4. Haiiqure KOOPAMHATHI TOYEK KaCaHWs, B KOTOPBIX KacaTesbHbIe K rpaguKy QyHKIHHU
y=8x" T 4x T4 yveror yriiosoit KodHUIMENT, paBHbIi 1

5. CocTaBbTe YpaBHEHHE KacaTelbHOM K rpaguky Qpynkiuu ¥ = 3%° — 4% —2 g rouke ¢ aberuccoii
l‘ﬂ = _1
6. KoopauuaTa MaTepHaabHO TOUKH M3MEHSAETCS C TEYEHHEM BPEMEHH T10 3aKOHY

x(t) = 3t" - 8t + B. Hajigure cKOPOCTH TOUYKH B MOMEHT BpeMeru & = 3
7. Koopaunara MaTrepuaibHO TOUKH H3MEHSETCS ¢ TEIEHUEM BPEMEHH 10 3aKOHY

x(t) = t° - 4t + B. Hajigure ckopoCTh TOUKH B MOMEHT BpeMern & = 4

8. MarepuaibHas TOUKA JBIKETCS IPAMOJIHHEIHO 1o 3akony ) = t° =8t +~ 10 Uepes ckonbko
CeKyH/I TI0CJIe Hayaja JABMKEHHUs TOKA OCTAHOBHUTCS?

9. MarepuaibHas TOUKa JBIKETCS TPAMOJIHHEIHO 1o 3akony ) = 88" ~ 2% Hajinure yckopenne

TOYKH B MOMeHT BpeMenn £ = 1 ¢

IIpakTuyeckas padora Ne 39

Tema: [IpumeHenue HenpepbIBHOCTU. MeTO1 HHTEPBAIOB
Henab: Hayunts yyamuxcs pematb HepaBeHCTBA, UCMOJIb3YSI METOJI MHTEPBAJIOB

Teopernueckuii 670K
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Adropurm

IIpuMep

1. Paszoaiy BRIpAEEHHE B
MHCIHTENE B 3HAMEHATE TS Ha IHHeHHER:
MHOEHTSTH.

(i— D+ D+ 2)E+3)%(x—4°
(x—1)(x—3)*x—-5)

=0

2. Brigemms ocodsle cCIvEan(eCTH OHH
2CTh) — YeTHRIE CTEMeHH H
CORDAIMAIOITHECH MHOMHTETH,

x—3)*#0mpux+3
(x+3)°=20mpux=3
(x—4)*>0mpux=4
(x—1)=0 mprx=1

i [lepenumen HepaBeHCTRO,
HCKIIOYHE 0CO0BIE CTVIaH.

(x+1)fx+?.):' 0
x—5 o

4. Tipuparmgen K HVIHO Kas s
AHOEHTETE SHOTHTETT M IHAMEHATSNT I
HafgeM BCe X H3 JaHHBIX
PaBeHCTE(«KOHTPOIBHEIS TOTKH» ).

x4+1=0 [x=-1
x+2=0 |g=-2

—5=0 Llx=5

= OtyerHy Ha KOOPIHMHATHOM
npavof To4KH H3 . 4, VIHTEIBAT 3HAK
HEPaReHCTEA(CTPOrHil MM HeCTPOrHi ).

|

6. [MpopepHy 2HAK B 0JHOM H3

HHTSPEATOR, 4 B OCTATRHEIY — i 4 = = v - N
TpOTEPeIVens. = x
7. 3amuimest OTBST, VEHTRIBAT 3HaK 3 2 -1 3 4

HEPAECHCTIEA H 0C0 oElE CIVHAH.

Orger:x & [-2;=1]U (5;0) U {-3: 4]}

Pemenue ynpaxxnenuii

(X% —4x+6)(x—2)(x-3) 0

(x-1)*(x-2)*
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x? —4x+ 6> 0nopux € R .takkar D < 0
(x—2)’z0mpuX € R . Tak Kak ToUka X % 2
(x—1)*z0npuX € R, Takkak TouraX #* 1

(x—2)(x—3) =0 E:g

Oteer: X € (—2;3)

~ &-5)(x-7)(2x-3)
= —x—Gx+6

=0

(x—V5)(x+V5)(x—7)(2x— 3) “o

—(x+6)(x—1) -
';_:_ﬁs | -6 - Vs 1 1.5 Vs 7
x=15
Xx=6
L x=1

Oteet: (—oc0; —6) U [—5; 1) U [1,5;4/5] U [7; co).

[TpuMepbl Ha CAMOCTOSTEIIEHOE PEIICHHE:

1 gl.
2 —hr+6 2

x4+ 17
— = 0.
2 —r—6

JT—3

= ().

T — 2

17 — 15z — 22

v |}
T+ 3

Z[OM&I.HHCC 3aJaHHUC:
(X~ 3)(X —9)>0

x+7)(x—4)<0
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(2+x)(14-x) <0

(6 —X)(x+7)>0

X (8 —X)(12 +X) >0

(14x +28)(9 —X)x < 0

2X(7X — 14)(4 — X)(x + 24) > 0
—5X(9X — 27)(X + 28)(9 —X) < 0
(X — )2+ X)(X + 1)(x —2) <0

(x + 8)(3x — 30)(16 — X)(—6 — 2x) < 0

IIpakTnueckas padora Ne 40

Tema: Bo3pacranue u yObiBaHNe (yHKIINU
Heawb: Hayunts nccnenoBath (yHKIMIO HA TPOMEKYTKH MOHOTOHHOCTH
Teopernueckuii 6110k

1.Ecnu B HEKOTOPOM MPOMEXKYTKE MepBasi MPOU3BOJHAs PYHKIUU OOJIbIIE HYIS, TO (QYHKIUS BO3pACTAET
Ha OTOM IIPOMEXYTKE;

2.Ecnu B HEKOTOPOM MPOMEKYTKE MepBasi Mpor3BoiHas (YHKIIMHU MEHbIIE HYIIA, TO GYHKIMs yObIBAaeT Ha
3TOM MPOMEXKYTKE.

[IpomexyTku, Ha KOTOPBIX PYHKIHKS TOJBKO BO3pAcTaeT WM TOJIbKO yObIBAeT,
Ha3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

IHopsaok HAXO0KAEHHUS POMEKYTKOB MOHOTOHHOCTH:
1. Haiitu o6macth onpeaenenust GyHKITHH.
2. HaiiTi nepByro npou3BoAHYIO QYHKIUH.
PaccMoTpuM HECKOJIBKO IPUMEPOB HccieioBaHus GYHKIIMN Ha BO3pacTaHUE U yObIBaHHE.
Haiiti mpomMexxyTki MOHOTOHHOCTH (DYHKITUHA:
3 2

=x —3x

1) 7

a) 00JIaCTh OIPE/ICICHHS Diy) xe R ,

0) HalizieM MepByIO MPOU3BOIHYIO: ¥'=3x —6x ,

V=037 —6x=0 2=0,x=2

I/ICCHGI[yeM 3HaK HpOPI3BO,[[HOI>'I B ITOJIYYCHHBIX ITPOMCKYTKAX, pCHICHUC ITPCACTABUM B BUJIC Ta6J'II/II_ILI.

X |{—o0)|0](0:2)|2] {{2+o0)

y@| . o] - o] +

y@ | o1 l T
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3 2

= [— oo, EI)U I:E;+DD) dyHKIMS y=x —3x BO3pAaCTaeT, B

Wrak, B ipoMeKyTKax

xe(0:2)

IIPOMEXKYTKE yOBIBaET.

2)5“’:"‘3

a) 00J1aCTh OIPEAEICHUs Diy) xe kR ,

t_ =2
0) HaiiieM MepBYIO MTPOU3BOIHYIO: y'=-3x ,

:yr:[];_sz:U’x:[:]

Hccnenyem 3HaK IpOM3BOJHON B MOJYYEHHBIX IPOMEXKYTKAX, PEIIEHNE PEJICTaBUM B BHJIE€ TAOIUIIBL.

Z  |({—oo0) |0 (0:+c0)
iyl - |0 -
ya| | l

OyHKIMSA Y= - yOBbIBaeT Ha BCEH 00JIACTH OTIPEACTICHUS.
3) V= = 5x+6

a) 00JIacTh ONpeaeTeHus Diy) xe kR ,
0) HalileM TIEPBYIO NPOU3BOIHYIO: y=2x-5 |
Y'=0.2x-5=0.x=25

HCCHC}IyeM 3HaK HpOHSBO}IHOfl B IIOJIYYCHHBIX ITPOMCKYTKaX, pCHICHUC ITPCACTABUM B BUJIC Ta6J'II/II_[BI.

X |(-02:2,51|2,5](2,5+c0)

»ix) - 0 +
yiz) ! ?
— 2 _ :
Oyukmus @ - * 3x+6 BO3DACTAeT Ha IPOMEKYTKE * - [2’5’4—03), yObIBaeT Ha
POMEKYTKe ~ = (-25)
ITpumepsi:

Haiitu mpoMeXyTKu MOHOTOHHOCTH (DYHKITHH
y=x'—27x .

f(X)=x+2x° +4
f(x)=2x>+x*+10

f(X) = 24X +4x°

f (x) = v/x +5x*

f(x)=7x" +13x° +18

© 0~ b P

HOMa]_HHee 3aJaHHucC:
1. f(x)=x(x+1)
2. f(x)=x(x+5)
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3. 1=~

X

4 F=-

IIpakTnueckas padora Ne 41

Tema: Kputnueckue Touku GyHKINH, MAKCUMYMbI I MUHUMYMBI
Hennb: Hayunts Hax0QuTh 3KCTPEMYMBbI (DYHKIIUH.
Teopernueckuii 610k

Heo0xoaumoe yciioBue 3xcrpemyma: Eciu Touka X sBiisieTcst TOukoil akctpemyMa ¢pyHKuuu f U B 3TOM
TOYKE CyIIeCcTBYyeT npousBoaHas f', To oHa paBHa Hymto: f(x°) =0.

IIpuznak makcumyma pynxumun: Ecnu pynkuus f HenpepsiBHa B Touke X, a ' (x)> 0 Ha uHTepBane
(a;x°)m ' (x)< 0 ma mHTEepBase (X°; B) , TO TOUKA X SABJISACTCS TOYKOW MakcuMyma QyHKIuu f .

Mpuznak munumyma pynxkuuu: Ecmu Gyakuus f venpepsiBHa B Touke x°, a ' (x)< 0O Ha mHTEpBase
(a;x°) m f' (x)> 0 nHa unHTepBase (x°; B) , TO TOUKa X° SBJISIETCS TOUKOW MakcuMyma pyHkuuu f .

Teneps kocHEMCS BOIIpOca MOCIE0BATEILHOCTH ONEpalfii, KOTOPbIE HY>KHO BBIIIOJIHUTH IIPU OTHICKAHUU
AKCTPeMYMOB GYHKIMHU.(3-4 MUHYTBI)

1. HaliTu o0nacTh onpeaeneHUs GyHKIUH

2. HaWTU TPOU3BOJHYIO (QYHKIIUU

3. HAWUTH TOYKH, B KOTOPHIX BBITIOTHSAETCS paBeHCTBO f(x)=0

4. HaliTU TOYKH, B KOTOPBIX MPOU3BOAHAS HE CYIIECTBYET

OTMeTHTh Ha KOOPAMHATHOM MPSMOI BCe KPUTUYECKHE TOUKH U 00JIaCTh ONPEIeICHUS
5. onpenenuTh 3HaK MPOU3BOIHOM HA KaXJOM U3 MPOMEKYTKOB

6. caenaTh BBIBOJI O HAJIMYUU WIIM OTCYTCTBUU SKCTPEMYMOB

Haiinmure kpuTnueckue TOUKH HYHKIIUH
a)2x2+x—1=0,
6).

B)4x"2+3x —6=0 .

’

r).

2. Haiigure TOUKM MakCUMyMa U MUHUMyMa  (DyHKIMH:

a)x‘—lﬂx=—9=ﬂ-

7

6).
g) 12x*-3x*-5=0,

7

r).

3. Tloctpoiite 3cku3 rpaduka GyHKIUHU, 00Ia1at0IeH
CIIEAYIOIIMMHU CBOWCTBAMH:
LD{)=[-35]. f ()= 0nmpux e (—3;1). f (x) < 0 mpm
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xe(l;3), Fy=20.

2.0()=[-%6l. f )= 0mpux e(—4;2). f (x) < 0 npn

xe(2;8) ), fF (=0

JloMaiHee 3aanue:

1. HaiinuTte KpuTHYECKUE TOYKU (DYHKITUH:
a) 6x'2+3x+10=0 .
0).

2. Haiigute Toukn MakcuMyma U MUHUMyMa  (DYHKIUU:

x5 x
Z_-g_+t9=p
8 3

a)
0).
3.Iloctpoiite 3cku3 rpaduka GyHKImIM, 00Ianar0men

CIEAYIOIIMMH CBOMCTBAMU:
D(f)=11;6l: f(x) = 0 mpux € (1;3) f () < 0 mpu

xe(3:6) yf@)=0.

IIpakTuyeckas padora Ne 42

Tema: [IpumeHeHHE MPOU3BOIHON K UCCIICAOBAHUIO (DYHKITUNA
Heab: HayuuTs yyammxcs uccieoBarh QyHKIUU C TTOMOIIbIO TPOU3BOIHOM

Teopernueckuii 610K

Cxema uccnenoBaHust (QyHKIIAU:

1.
2.

o

Haiitu o6acth onpeaeneHust GyHKITUH.

[IpoBepuTh, HE ABISCTCS JIM (PYHKIUS YSTHON WM HEYETHOW; IPOBEPUTH TAKXKE, HE SIBIISICTCS JIH
OHa TICPUOTUUECKOH.

Haiitu, eciiu 370 BO3MOKHO, TOUKH IepecedeHus rpaduka GyHKIUU C OCSIMH KOOPAMHAT U
MIPOMEKYTKH 3HAKOTIOCTOSTHCTBA (PyHKIMK. VIHOT 1A /17151 YTOYHEHUS TIOCTPOCHUS TpaduKa cieayeT
HAWTH JIBE TPU JOTIOJHUTEITBHBIC TOUKH.

Haiitu nmpou3BoiHy0 (YHKIIUU U €€ KPUTUYECKHE TOYKH.

Haiiti mpoMe:KyTKH MOHOTOHHOCTH U DKCTPEMYMBI (DYHKIIUH.

[ToctpouTh rpaduk GyHKINHU, HCIIOIB3YS MOJIYYCHHBIE PE3YJIbTAThI UCCIICIOBAHUSI.

PaccmorpuM nmpumep:
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4

s b
% -1

1. Ob6nacTh onpeaeacHus

2 -1=0; x=1 rosTomy X € (= eo 1)U (1;4¢0)

2. Ilepeceuenue ¢ ocsimu koopauHat: Touka (0;0).
3. BBuay Toro, 4T0 00JIaCTh ONPEICICHISI HECHMMETPHYHA OTHOCUTEIIHO Hayaia KOOPJAMHAT, TPOBEPKa
Ha YeTHOCTh HEBO3MOXKHA.

4. VlHTepBaIBl 3HAKOIIOCTOSTHCTBA

4
X

Tak kak X' 20 ¥z € R 10 3nak npo6u x* -1 OyzeT 3aBHCETh TOJIBKO OT 3HaKa 3HaMeHaTels, T.€. OT
3 2 : ;
smaxa ¥~ 1= (2= 1)(X oy 1). [Mostomy ipu £ € (Fea0)u(01) y <0, npu ¥ € (l4o0) y>0,
5. MHTEepBaIBl MOHOTOHHOCTH
‘o 4X3(X3— 1)— xt. 3x? _ 4x° - 4%° - 3x° _ %% - 4%° )

(x3—1)2 ) (}{3—1)2 ) (x3—1)2 ’

%% -4%* =0,
x3(x3 —4)= 0;
21=0;, %, =§.{‘T
y>0 y <0 y' <0 y>0
0 1 32 )

Ipu ¥ € (- ca0)u 34;400) (yHKIMS BO3pACTaET,
ITpu ¥ € (0:1)v (l;iﬁ) (GyHKIMS yOBIBAET.

[iﬁ- 43[4

3

(0;0) - Touka MmakcuMyMa, ] - TOYKa MHHEMYyMa.

X e (— w,—%ﬁ)u (1;+°°) rpaduk GyHKIIMU BOTHYTHIH,

74



xel-32; 1) rpaduk GyHKIUHU BBITYKIBIA. - TOYKA Meperuoa.

AY
4

¥

Uccnenyiite u moctpoiite rpaduku QyHKIIHMA:

h(x) =-3x2+12.
h(x) = 2x?>+ 3x + 1
fx) =2x2-3x + 1
h(x) = 0,5x%> + 5x + 8
h(x)=0,5x% —5x + 8

HOMaI_HHee 3aJaHHuC:

ok~ wnPE

1. h(x)=2x>+1
2. f(X) =x2-4x + 2
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IIpakTnueckas padora Ne 43

Tema: KontponpsHas pabora o teme: «IIpowusBoaHasy
Heas: [IpoBepuTs ypoOBEHb YCBOEHUS MaTepuana

BapuaHT 1.
TeopeTnyeckun Bonpoc

1. Tlpupamenue aprymMeHTa u npupameHne GyHKIuuu

MpakTnyeckune 3agaHuA

2. Haiitu npousBoanyio GyHkmun Y = X

3. Haifti mpoMexyToK Bo3pacTanns GpyHkman Y = X2 — 2X + 3

4. Haiitu skcTpeMyMbl QyHKIMK Y = x3 + 3/x

5. 3ammcarh ypaBHeHHE KacaTensHOM K rpaduky Gpymkman  f(X) = (X2 +1)/X B Touke ¢
abcrmccoit  Xo=2

6. Wccrenosats dyukmmio f(X) = X% - 5X + 6 u noctpouts eé rpadux

BapwuaHrT 2.
TeopeTnyeckum Bonpoc
1. TlonsiTe MPOU3BOIHOM
MpakTnyeckne 3agaHusA
2. BvrYECcIUTh 3HAYCHHUE TIPOU3BOTHON (QYHKITHH g(x) = 6X? BTouKe X=4
3. Haiit npomexyTku, Ha KoTopbix dynkmms Y = (X — 2)?+ (X + 4)? Bospacraer
4. Haiitu skctpemymbl Gynkiuu Y = — 48/X — x3
5. 3ammcaTh ypaBHeHHe KacaTenbHoit K rpapuky bymkmun f(X) = (X% -1)/X B Touke ¢
abcrccoit Xo=-2
6. MHccnenosars dyrxmuio f(X) = X4 - 2x3 + 3 u nocrpouTs eé rpadux

BapwuaHT 3.
TeopeTnyeckur Bonpoc
1. Tabnuua mpou3BOIHBIX

npaKTVI‘IECKVIe 3agaHus

2. BbluMcnauTh 3HaYeHHE NPOU3BOJHON QYyHKIUHN Y = x3 B rouke X=1

3. Haiitu kputuueckyro Touky ¢pynxiuu f(X) = X% -4

4. Haiitu npoMexyToK Bo3pacTaHust yHKIMU Y = X2 —2x+ 3

5. HaiiTy TaHreHC yrila HAKIOHA KacaTenbHoil K rpaduky Gpyukmun Y = -X3/3 - X2/2 + 3x + 13 B
Touke Xo=-3

6. Mccnenosats pynkuuo g(X) = X2 -1 wunocrpouts eé rpadux

BapwuaHrT 4.
TeopeTnyecknin Bonpoc
1. TlpaBwia BBIYMCICHUS IPOU3BOTHBIX

rlpaKTVILIeCKVIe 3agaHus

2. Haittu npoussoauyio dysxmun g(X) = x*

3. Pemuts ypaBuenue f '(X) =0 ,ecmu f(X) = x%- X

4. Haiiti npoMexyToK yobiBanns dyrkmmn Y = X2 - 6X + 8

5. HaiiTy TaHreHC yrila HAKIOHA KacaTenbHoil K rpaduky Gpyukmun Y = X3/3 - X%/2 - 3x + 13 B
Touke Xo=3
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6. Mccnenosats dyuxmmo h(X) = X% -4  u nocrpouts eé rpadux

BapwuaHrT 5.
TeopeTnyeckun Bonpoc
1. KacarenpHas k rpaguky GyHKIUU
MpakTnyeckune 3agaHuA
Haittu npoussoanyio gpynkimu @(X) = X + COS X
Pemuts Hepasencteo f'(X) > 0, ecim f(X)= 2 X2 - 4 X
Haiiti mpomexyTkn, Ha KoTopbix Gyukmms Y= 2 — 2 X2 + 4x3/3 - ¥4 x* Bospacraer.
Haiitu kputuueckue touku pynkiuu y= (X2 + 3x) / (X + 4)

o Ok wN

Uccnenosats Gpynkumio g(X) = - X2 - 5X - 6 u nocrpouts €& rpaduk.

BapwuaHrT 6.
TeopeTnyeckun Bonpoc
1. TlpousBoanas B pu3UKE.
MpakTuyeckue 3agaHuA
Haiitu npomssomnyio pyukrmn f(X) = (2x + 1) 4
Haiitn kputnueckue Touku Gpyakunn Y= 6 + 12X - x3
Haiitu mpoMexxyTKku, Ha KOTOPbIX PYHKIUS ~ yObIBaeT.
Haiitn npoussoanyro GpyHknun Y = 2VX + 27/x — x2/9
Uccnenosars dyrkmuio N(X) = X2 - X - 6 u mocTpouTs €8 rpaduxk.

S

BapuaHT 7.
TeopeTnyeckun Bonpoc

1. TIpusnak Bo3pactanus (yObIBaHUS) (PYHKITHH.

I'IpaKTVIHGCKVIe 3agaHusA

Borancmuts f '(3), ecu f(X) = X2

Haittu npoussoanyio gynkiuu y = 2 Sin X

Haiitu pomexyTkn, Ha kotopsix ¢pyukmms Y = 0,5 X* - 5x3/3 - 1,5 X? + 2 Bospacraer
HaiiTy TaHreHC yIiia HAKIOHA KacaTeNbHOM K rpaduky Gyukmu y = VX B Touke Xo = 9

ok w

Uccnenosars Gyrkuuio g (X) = X?- 9 1 mocTpouTh e rpaduk.

BapwuaHrT 8.
TeopeTnyecknn Bonpoc
1. IIpusnak MakcuMyma (MHHUMYyMa) QYHKIUH.
I'IpaKTqucme 3aaaHuA
Haiitu npomssoanyto pynxuuu f (x) = X°
Pemmuts Hepasenctso §'(X) < 0, ecm g( X )= X2 - 4X
Haiitu npoMexxyTkH, Ha KOTOpBIX QyHKIMS ) = Yux*-5x33- x2—-1 yOBIBaeT.
HaiiTu TaHreHc yriia HakIoHa KacaTelbHOU rpaduky GyHKIMU f(X) =2 X3+ 3 X? BrouKe Xo= -2

o 0 AwN

Uccnenosars pynxiuto h(X) = - X% + 1 u noctpouts eé rpaduxk.

BapuaHT 9.
TeopeTuueckuin Bonpoc
1. HUccnepoBanue QyHKIHI.
MpakTMyeckme 3apaHns
2. Haiiru npoussonyto gpynkiuu h (X) = sin (2 - 3x)
3. Haiit npomexyTku, Ha koTopeix dynkmus Y = (X2 +8x) / (x - 1) Bospacraer.
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4. Haiitn npou3BOIHYIO GYHKINHU Y = x48 —x3/3 + \x u BerancauTE cc 3Hauenue, ecm X = 4,

5. Haiitu ypaBHenue kacatenbHoii k rpapuxy pynxuun  f(X) = (x-1)/(x+1) B Touxe ¢
abcruccoit xo = -2

6. Mccnenosats dyukimo f(x) = X2 + x — 6 u mocrpouts ee rpadux.

BapwuaHnT 10.

TeopeTnyeckun Bonpoc
1. TlpupameHue apryMeHTa U mpupameHue QyHKIIH.

MpakTnyeckune 3agaHuA

2. Haiitu f '(x), ecm f(x) = 4 (x-5) 3

3. Haiitu npousBoanyo Gpyuxmuu g (x) = X°/5 Y2 X2 -9\x -2 ¥ BBIYHMCIHTE ce 3HAUEHHUE, ECITH X =
1

4. Haiitu mpomexyTky, Ha KkoTopbix dynkuus Y = (X2 - 8x) /(x+1) yosisaer.

5. 3amucaTh ypaBHEHHE KacaTelbHOM K rpaguky gynximu f(x) = (x+1)/( x-1) B TouKe ¢
abcmmccoii Xo=2

6. MHccnenosats dynxumio h(x) = -x? + 5X - 6 u moctpouts ee rpadux.

BapuaHT 11.
TeopeTnyeckumn Bonpoc
1. TlonsiTne MPOU3BOAHOM.
MpakTuyeckue 3agaHuA
2. Peumnts ypasuenue §'(x) = 0, ecau g(x) = 2x - x?
Haiiti mpoMexyTky, Ha kotopsix pyukims Y = (X - 3)3/( X+1) Bospacraer.
Haiitu kputndeckue Touku GpyHkmun Y = X + COS 2X
Hanucats ypaBHeHHe KacaTenbHO# k rpaduky pyukmmn y = (X>+8)/( X+1) B touxe xo=0
Wccnenoats pynxmmio f(x) = 3x° -5x% u mocrpouts eé rpadux.

o oA w

BapuaHT 12.

TeopeTnyeckur Bonpoc
1. Tabnuia npou3BOIHBIX.

npaKTVI‘IECKVIe 3agaHus

2. Haittu npoussoanyio gynkiuu f(X) = 4x5

3. Haiitu IIPOMEXYTKH BO3pacTaHusl PyHKIMU Y = 5x2 —3x + 1

4. Haiitu MuHUMYM ¢GyHKIHK Y = X2 — X

5. HaiiTu TaHreHc yria HakjIoHa KacaTelnbHOH k rpaduky Qpynkuun y(X) = (X2+8)/ (x-1) BTouKe c
abcrmccoit xo =0

6. Mccnenosars Gpynkuuio §(X) = - x?+ 4 u nocrpourts ee rpauk.

BapuaHT 13.
TeopeTnyecknin Bonpoc
1. TlpaBuna BbIUKCICHUS MPOU3BOIHBIX.

npaKTVI‘-IeCKVIe 3aaaHuA

2. Haiiru f'(X), ecn f(x) = 7x

3. Haiitu npoussoanyto pynkuun g(x) = 4 SIN X - COS X U BBLIMUCIUTE e 3HAUEHHe, eClid X = T

4. Ormpenenuts, BO3pacTaeT Wi yobiBaeT GpyHkuus Y = - X3

5. Haiitu TaHTeHC yIria HAKJIOHA KacaTenbHoM K rpaduky dynkimu f(x) = X* B Touke ¢
aberuccoit xg = 1
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6. Mccnenosars dynkimo h(x) = - X2 + 1 u nocrpouTs ee rpaduk.

BapuaHT 14.
TeopeTnyeckun Bonpoc
1. KacarenpHas k rpaduky QyHKIUH.

MpakTnyeckune 3agaHuA

2. Pemmrs ypasuenue f '(X) = 0, ecn f(x) =x3—12x =7
3. Haiitu npoussoanyio gpynkiuu h(x) = 14 X

4. Haiitn npoussoanyio Gynkmuio Y =3 COS x/3 + 2 SIN 4X u BEIYMCIUTE ee 3HAYeHHE, ecu X = 71/2
5. Haiitu ypaBHenue KacatenbHoit k rpaduxy dpynxmuu T (X) = -x* + 4 X2 B Touke ¢ aberuccoit Xo =

1.
6. Wccrenosats pyukmmio g(X) = X% + 5X + 6 u mocrpouts ee rpaduk.

BapwuaHT 15.
TeopeTnyeckum Bonpoc
1. TlpousBoanas B pu3MKe.
MNMpakTnyeckune 3agaHus
Haiitu npomssonyto pyaxmun g(X) = x8/ 8
Pemmts Hepasenctro Y' >0, ecim Y = X 2- 4X
Haiiti mpoMexyTky, Ha Kotopsix Gyakims Y = ¥4 ( X%-2 ) X? - 3 Bo3pacraer.
Hanmcats ypaBHeHHe KacaTenbHO# K rpaduky ¢yukmmn f(X) = 4\X B Touke ¢ abemceoii Xo = 4
Hccnenoats pynxmmio h(X) = -X? + X + 6 u nocTpouTs ee rpaduk.

ok wn

BapuaHT 16.
TeopeTnyeckuin Bonpoc
1. Tlpuznak Bo3pactanus (yObIBaHUs1) QYHKIIHH.
npaKTVIquKVIe 3agaHus
2. Haittu npoussoanyio pynkmuu f(X) = 2xX+1
3. Pemmts nepasenctso y' < 0, ecin Y = X?- 6X +18
4. Haittu npomssoauyio ¢pyuxiun §(X) = 4X? i BeIUKCIUTE e 3HAUCHHE, eCITH X=2
5. HaiiTu TaHreHc yria HakIoHa KacaTenbHoi k rpaduxy dynkuuu f(X) = VX B TouKe ¢
abcrccoit Xo=9
6. Mccnenosats Gpynkumio N (X) = -X2+9 u nocrpouts ee rpadux.

BapuaHT 17.
TeopeTnyecknn Bonpoc

1. IIpusnak MakcuMyMma (MHHUMYyMa) QYHKIUH.

npaKTVI‘-IECKVIe 3agaHus

2. Haiiru npoussoanyio Gyskuun f (x) = 5 x4,

3. BbuuciuTh 3HaueHue Npou3BoaHOM GyHkimu J (X) = COS X B Touke X = /4.

4. Peutsb Hepaencto Y’ > 0, ecnmu y = 4x? - 8x + 15.

5. HaiiTu TaHreHc yria HakJIOHa KacaTelnbHoM K rpaduky Gpyakuun f (x) = 2x + VX B Touke c
abcrmecoit xo=9 .

6. Mccnenosats pynkuuio K (x) = 4x? - 1 u noctpouts eé rpaduxk.

BapuaHT 18.
TeopeTnyeckum Bonpoc
1. WccnenoBanue QyHKIUI
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MpakTnyeckune 3apaHuA

Haittu npoussoanyio Gynkiuu vy = I +Sin x .

Haittu npoussoanyto Gynximu g (x) = (x? + 1)’ u Boiuuciuts eé 3nauenue, eciu X = 1.

HaiiTi IpoMeXyTKH, Ha KoTopbIX Gyukims y = ¥ x’ + 7x%/3 - 3 x? - 4 y6wiBaer.

Hanucars ypaBHeHUs KacaTelbHOU K rpaduky Gyrkuun f (X) = VX B Touke ¢ abermccoit Xo = 1

o Ok wn

Uccnenopars pynxmuio N (x) = - 4x? + 1 u moctpouts eé rpaduxk.

BapuaHT 19.
TeopeTnyeckun Bonpoc
1. TloHsATHE IPOU3BOIHOM.
MpakTnyeckne 3agaHus
2. Haittu npoussoanyio gpynkiuu @(X) = 2 sin 5x
3. Haiiru npoussomnyto pyaxiun Y = (3X? —2 )/ ( X% - 3) u BerunciuTh €& 3HAUCHHE, eCTH X = -2
4. Haiitu skcrpemymbl dyrkmun Y = (X2 -2x+ 1)/ (X?-x+2)
5. 3anmcaTh ypaBHEHHeE KacaTenbHOH k rpaduxy dynkmun g(X) = X3+ X? B Touke ¢ aberuccoit Xp=

1
6. Hccnenosars pynxmmo Y = 9X° + 3x3u mocrpouts eé rpadux

BapwuaHT 20.
TeopeTnyecknin Bonpoc
1. TlpaBuna BEIYMCIEHHS TPOU3BOIHBIX.
I'IpaKTVNeCKVIe 3agaHusA
2. Haittu npoussoanyio gynkiuu @(X) = 7X + 8
3. Beruucmuts f'(7/4), ecnu f(X)= 2 c0S X
4. Haiiti HIpoMexyTOK Bo3pacTanus GpyHkun Y= X>- 6X + 9
5. HamwucaTh ypaBHeHHe KacaTenbHoit k rpaduky dynxuun f(X) = X2 - 4X + 5 B Touxe ¢
abcrccoit Xo= -2
6. Uccnenosats pynximio §(X) = - X2 - X + 6 u nocTpouTs eé rpadux.

IIpakTuyeckasi padora Ne 44

Tewma: KontposbHast padota o teme: «IIpousBoanas
Lenb: [IpoBeputh ypoBeHb YCBOCHHS MaTepuaa Mo JaHHOW TeMe
1 Bapuant

1.Beruncnure MMPOU3BOAHYIO:

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

ptey-ti2 2
X x* X

3.f(x) = (8x-10)’

X
4.f(x) =cos—
(X) c

1

5.f(x):m
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2.Haiiaure npou3BOIHbIE CIOKHBIX (QYHKIUH
1) f(x) =sin 8x

2)f (x) :%cosg
3)f (x) = (4x - 5)°
D= (1-85x)3

5)f(x)=(2x-3)™"* +(§x+4j
6) f (x) =8tg(2x+%)

3.HaiiguTe kputnyeckue TOYKU QyHKIIUU:

a) 6x'2+43x+10=0 .

0).
4. Haiaurte TOUKM MaKCUMyMa U1 MUHUMyMa
x® x®
— -8—+9=0
a) 8 3 ;
0).

GbyHKINU:

5.Haiinute HanboJsibiliee 1 HAaMMEHbIIIEE 3HAUCHHE (DYHKITUH

iﬂj f(.ﬁ.] = 'D_.z SIT“ - ZITE + 1 Ha HpOMe)KYTKe [_l: 3],

2 x

fld =

0) r+1°2 ma npomexyrke [0;2,5];

1.Beruncnure MMPOU3BOAHYIO:

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

2.1(x) =ﬂ+%—%
X X X
3.f(x) = (4x-5)°
4.f (x) =sin 10x
Lt
(1-2x)*
2.Haiiaure npou3BOAHbIE CIOKHBIX (QYHKIUH
1) f(x) =ctg2x

5. (x) =

2 BapuanTt
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2)f(x) :%sin 7X
3) f (x) = (2x +10)°

HE)=—

(5-x)°

5)f(x)=(4x+8)° +(%x+13)
6)f (x) = 4ctg(% —2x)

3.HaiiguTe kpuTHyeckue TOUKU QYHKIIUU:

a) 1/2x2+4/5x+15=0 .
6).

4. Haiigute TOUKM MakCUMyMa U MUHUMYMa  (DYHKIIHH:

- 3
r3-0 =10
a) 4 t ;
¥ 2x*
3 3

0)
5.Haitnure Hanbospliiee 1 HAMMEHbIIIEE 3HAYCHHE (DYHKIIMH
alf(x) = 6,75x"4-x + 2 ya npomexyrke [0;21;
6) f(x)=x+4/(x —1) ya npomexyrxe [—2;01;
IIpakTHyeckoe 3aHsaTHE Ne 45
Tema: Unrterpan. ®opmyna HeioToHa-Jleiionuia

Henab: HayuuTs pemats HHTETpabl, HCHONB3Ys popMyny Herotona-JleitOnuma

Teopernueckuii 610K

[Tycts dynkius f (X) HenpepbiBHA Ha 3aMKHYTOM HHTepBaie [a, b]. Onpenenennsiii uaTerpan ot ¢pyHkuuu f (X) B
npenenax ot a 0 b BBOIUTCS Kak MpeeN CyMMbl OSCKOHEYHO OOJIBIIOTO YHCIIA CIaraeMbIX, KaKI0€ 3 KOTOPBIX

CTPEMHUTCH K HYJIFO:
3

[£(dx= tm >f(x)Ax,

2 mis i, k= =

rac
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]

> () Ax=F ()bt F(m) bgx o+ () dyat o+ F (5] A,

i=1

Ceoiicmea onpedenennozo unmezpana
Hwxe npennonaraercs, uto f (X) u g (X) - HenpepbIBHBbIC PYHKIUM HA 3aMKHYTOM HHTEpBase [a, b].

}ldx =b-a

}ﬁg’ (x)dx = k}f (x)dx,

a
2. rae K - koncranra;

If[x)‘fx=ff[x)dX+IfEX)JX, roe alc b
4. *° g ¢
A E
0| Fix)dn £ d
5. pomy CS S SB(R) ek RE[@E] I (=) !g[x) i
jf[x)cfx—[l
6. °©
3 a
[f (x)dx=~[7(x)dx
7. ° ?
I
flix).:fxl[:l
8. Ecmm fl[x:ll[:] B uHTepBase [a, b], ro *
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Dopmyna Heiomona-Jleiionuya
[Mycte ¢pynkus f (X) HenpepbiBHA Ha 3aMKHYTOM HHTepBatie [a, b]. Ecmu F (X) - nepsootpasnas dynxuuu f (X) Hala

b], To

[/ (x)ax= F (=) = 7 (5)-F(a)

a

IIpumep 1

ji‘(f —xj)r:fx

i
Bprunciuts uaTErpan

Pewenue.
[Tpumensist hbopmyny HeroTona-JleitOnuia, momrydaem

4 * f16 8 4
=[=Z-2]-0=2
| [4 3] 3

I(f-xﬂ)dx=[§-x_;]

1]

[Tpumep 2

J[4- )

0
Beruncnuts uHTErpan

Pewenue.

j‘(ia'r—\fz_)dz = j'(z% —f.%)cfﬁ =

1

1
A A 34 2

%H_ %H_ i 4 3

(22201
4 3 12

0
[Tpumep 3

_ 4 _
} § y=x' y=afx
HaI/ITI/I Iiomaab q)HprBI, OrpaHI/IIleHHOI/I KpI/IBLIMI/I nu .

Pewenue.
CHayana omnpeaenuM TOYKU NIepecedeHusl IByX KPUBBIX (PUCYHOK 3).

=,
= 2-Jr=0
= «H(x%—l)=0,

= =0 %=1
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Takum oOpa3om, nanHbIe KpuBBIC IepecekaroTes B Toukax (0,0) u (1,1). CnegoBarensHO, TUIOMAIs GUTYPHI paBHA

1 s 1
S=‘|!‘(~J';—xj)dx= F_? D=§(2\E—x3) 3

1
i

y=2x-x2

X
Puc.3 Puc.4
[Tpumep 4
y=2x-x" x+ y=10
Haiitu mmomane purypsel, orpanndeHHyro rpadukamMu GyHKITAN u .
Pewenue.
Haiinem kooparHATHI TOYEK NIEPECEUCHUS KPUBBIX (PUCYHOK 4).
2x—x = -x
= x*-3x=0,
= x [x - 3:1 =],
= x=0, x, =53
y=2x- x -
JlanHast 0651aCTh OTpaHUYMBACTCS CBEPXY Napabooit , & CHU3Y - IPSIMON JTMHHUEH 4
CreoBaTebHO, IJIOMIAIb 3TOKH 001aCTH paBHA
3
3 3 3 2 2 3
3 27 279
S=J‘(2x—xj —[—xj)dx=ﬂ2x—xj +x)a!'x= PRI N e | L L
y y 3 2 0 2 3 . 2 3 2

Breruucnure HHTCrpaJIbl:
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1
1.J.x3dx
O

J cos? x

(1+2x)

N
N Ot |y
o
>

3.

=
b
ol
o
=

L — e ey

N
o
>

P C— N o'.‘—..,p\n

23

>
N

>

3.[ (4 +2x)dx

IIpakTHyeckoe 3ansaTHe Ne 46
Tema: [IpumeHeHue uHTerpana K BoIYUCICHUIO (PU3NYECKUX BETUYHH U TUIOIIa I

Hean: HayanTh MPUMEHSTh MHTETPANTBI K BEIYACICHUIO PU3UYECKUX BETMYMH U TUTOMIAICH
Teopernueckuii 610k

I'eoMeTpuueckre MpUIIOKEHUS ONIPEAETICHHOTO HHTEeTpaa
KpuBosmHeliHOH Tpanerueil Ha3bIBaeTcs IIocKas (purypa, orpaHndeHHast
ocpio VX | npsMbIMH + = & | &= &y rpauKOM HETPEepPBIBHOM HA

OTpe3Ke [a’b] dyaxmun ¥ T S(x) , KOTOpasi He MEHSET 3HaK Ha 3TOM mpoMexyTke. [Tycts
naHHas pUrypa pacroyiokeHa He Hudce Ocr abCLUCC:
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http://www.mathprofi.ru/uravnenie_pryamoi_na_ploskosti.html
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Toraa miomaas KpUBOJIMHEWHOW TPAINIELIUU YUCIEHHO PABHA OMPEAEIEHHOMY

a
[ 7(x)dx

HHTErpaiy 2 . C ToukH 3peHusi reoMeTpun onpezaeaeHHblii narerpai — 3to [IJIOLIA/Ib.

To ectb, onpeieIEeHHOMY UHTETpay (€CJId OH CYIIECTBYET) FT€OMETPUUECKH COOTBETCTBYET

4
xadx

IEHI

II011a1b HeKOTopo urypsl. Hanpumep, paccMoTpum onpeesieH bl uarerpai !

x
Y= "Ilr— 1
[TonpiaTerpanbHas GyHKIUs ¥ +1 sanaer wa miockoctn KPHUBYIO, PacIoJIararouyrcs
J- xadx
BBIIIE OCH T4 , @ caM OTpe/IeJICHHBIN HHTeTpan ! "E +1 YUCJICHHO PaBEH ILJIOIA N

COOTBETCTBYIOIIEH KPUBOJMHEWUHON TpaIeIuu.

[Tpumep 1
. y= 42 =0 r=_2 =1
Brruucnauts miomanps GuUrypsl, OrpaHiYEeHHON JTMHUASME Y , =T x=1

BrImonHEM YepTex (00paTuTe BHUMAHHUE, YTO YPAaBHEHHE » 0 3a1aeT och WA ):

.|
]
]
'
'
]
'
'
'
]
'
[ |

L

=T
[

_|
]
]
'
'
]
-

.|_____

[ |

L

'
B ST TR

Ha otpe3ske [_ 2;1] rpaduk QyHKIHE © 2 pacIoJIokKeH Hall OChIO Ox MIO3TOMY:

0 x 1 2 1 2
S=[(x*+Ddx=| = +2x |1_2=—+2—[———4]=—+2+—+4=9
2 3 3 3 37773

_ ]
OTtBeT: S=3ed

[Ipumep 2
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1 H KOOPpAWHATHBIMHA

=

¥
-
’

..}?:

, OI‘paHI/I‘-IeHHOf/'I JIMHUAMUAN

Berarcnuth miomans Gurypel

OCsMMH.

Pemienne: BeIrmonHuM yepTex:

—X

, IO KpaliHe! Mepe, He

Y

S=-[ fx)dx
Sx—x?

..}?:

, Ol"p&HPI‘IGHHOfI JIMHHUSAMHA

?

0

1

1

4

g

"' [N NN

), TO €€ TUIoIIa b MOKHO HalTH 1o Gopmyre:
g

B nannowm cnyuae:
_I-é'x.:fx

)
i
a0

i

1

A
s

ES

(2—1) od" =172 22"

gébluieTaHHOI OCcH
o=
OtBerT:
3

1

S=-[(-¢")dx

[ [

Ecnu xpuBoMHEHAS Tpanenus pacroaoKeHa Mo OCbI0 %4 (nmm
Haiitu mumomanp miockoi Gpurypsl

IIpume

Pemenne: Caavaia HY?KHO BBIIIOJIHUTB YCPTCIK.
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S--- e Sy

T T bl
' ' ' 1
] ] ] ] 1
1 1 1 1 1
1 1 1 1 1
LT . B e EE LR R
] ] ] ] 1 ]
1 1 1 1 1 1
1 1 1 1 1 1
' ' ' ' 1 '
LT . B e e T
] ] ] ] 1 ]
1 1 1 1 1 1
' ' ' ' 1 '
' ' ' ' [ '
S DOy U P IR
1 1 1 1 K 1
: : 4 :
' [ '
] 1 ]
----------- A====d
i 1 '
' [ X‘
] 1 ]
1 1 1
T H ¥
i 1 i
1 1 '
= a---=na
1 ]
1 1
1 '
[ '
----------- a---=n
1 1
1 '
[ '
1 ]
---------------- A====d
1
1
1
1

Ecnu Ha oTpeske [a’b] HEKOTOpasi HenpepbIBHAsA QYyHKITUS 7 () Gonpme 6o paBHAa HEKOTOPOU

HETpepHIBHOM (pyHKIHH = () , TO TUIOIab GUTYpBI, OTPAHUYEHHOM rpapuKaMu JaHHBIX

&

§=|((x) -empdx

byHKIMNA 1 pssMbIMu £ = ¢ A= & MoXHO HaifTH 110 dbopmye: e

B paccmaTtpuBaeMoM npumepe 0YEBHIHO, UTO HA OTPE3KE [0’3] napaboJa pacroiaraeTcs BhIIe

~ — 2 f—
IIPSIMOIA, a TT09TOMY B3 <X~ X~ HeoGXOIMMO BBIYECTh — ¥

y=2x—x°

. Loy=—X
Hckomas ¢urypa orpanndeHa napadoioi CBEpXY M IPSMOi © CHU3Y.

Ha otpeske [0;3] 2x—x'z-x , IO COOTBETCTBYIOIICH hopmye:

3 3 ] 3
3 x 27 27 g 1
S=|ex—2" - (—xdr=|Ga-xNdr=| - | = - -0+0="=4—
!(xx(x}}x!(xx}x(z 3]Iu =5 S =47
g=4l o
OrtBer:
[pumep 9

3
. =z x y=
Boruncnuth miomanas GUrypbl, OrpaHi4eHHON THHUSMU Y Y a , O=z=ax
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Pemenne: M300pazum nannyio GUrypy Ha 4epTexe.

T T

. R
Ha otpeske [U’ 4 ] rpaduk cbyHKuHHy —en X pAacmooKEH HAJL OCBIO %4 , TO3TOMY:
H s (21 £}
R _l-51'113;&:2!’.3{:_I-sin2 xsin xdx= _[(1— cos” Kisth xdx=(*

0 0 a0

g
(2) Ucnoinp3yeM OCHOBHOE TPUTOHOMETPHIECKOE TOXK/ECTBO B Byje S~ X =1—cos” x

(3) Ipoenem 3ameHy nepeMeHHoM £ = £¢5 X | torma:
df =d{cosx) = —sin xafx = sin xdfx = —oft

Hogsie mepeesisl HHTErPUPOBAHUS:
f=cosl=1

£, =cosT=—1

-1 (41 3
=-[{-£ .ﬁ=H1—52)dr.=(.ﬁ—%}|1_1:(1—%—[—1+%D=1—%+1—%:%

1 -1

A a
[ #(xdx = -] F(xdx
(4) 3nech MBI UCITOJIH30BAIM CBOMCTBO OIPEACICHHOTO HHTerpayia 2 : ,
paCHOJ'IO>KI/IB HpeI[eJ'IBI I/IHTerI/IpOBaHI/IH B «HpI/IBLI‘{HOM» HOprI[Ke
g 11 o
OtBerT:
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IIpakTnueckas padora Ne 47

Tema: KontposisHast pabota no teme: «IlepBooOpasHas»
Ieun: [IpoBeputs ypOBEHBb YCBOCHUS MaTEpHalla 110 JaHHOU TEME
1 Bapuant

1. Haiigute oOmuii Bu mepBoOOpa3HBIX TS (PYHKIIHN:
1.f(x) =3x+5x° +6x° -2
2.T(x) :iz+£3—\/§
X X
3.f(x) = (5x-3)°

. T
4.f(x)=sin (Zx - Zj

2

5f(X)=(4XT)4

2.BbluncIuTe MHTErpaIbl:

1
1.j x*dx
]

4

£ dx

2.[—
5 sin? x
2

3.[ (21+3x)x

2-BapuanTt

1..Haiigure oOumii Bua nepBooOpa3HbIX A QYHKIUU:
1.f(x) =6x+3x° +2x* -9

3.f (x) = (4x-13)°

VA
4.1 (x) = cos(3x - EJ

4

5f(X)=(2x+—10)6
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2.BbIYKCIIUTE UHTETPAJIbL:

1
1._[x5dx
)
T
2. [
2 sin % x
2
3..[(4+2x)dx
1
 dx
4.4y 1+x*
s[ 1,, 7- .l,, de
T ™ cosix® sinix

IIpakTHyeckas padora Ne 48

Tema: Pemenne TpUroHOMETPUYECKUX YPAaBHEHUN METO/IOM Pa3JIOKEHHS HA MHOKUTEIN
Heab: HayunTh yqammxcs pemars TPUTOHOMETPUYECKHE YPABHEHUSI METOJOM Pa3JIOKEHUS Ha

MHOXHUTCIN
Teopernueckuii 010K

MeToapl pelweHus
TPMrOHOMETPHYeCKHUX YPaBHeHHWH

METO,EL 3aMEHbBI MeTon pasnoMeHuA Ha
I'Iep'EMEHHOﬁ MHOMKWTENK

A 4
Pemenne 0IHOPOOHBIX T
PHTOHOMETPHYECKHX YpaBHeHHI
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METO,-] Pa3jdoxKeHHdA HA MHOAKHTEJ/IH

I

fx)=0

4

[IpuBOOMM HCXOOHOE YpaBHEHHE K BHIY
fi(x) f(x) =0

v

SEUIEF-IR CBOOHTCAH K pEeIlIEcHHHKD

COBOKYIIHOCTH YpaBHEeHHIT
fi(x)=0 mwmu f3(x)=0

TTPUMEP
Pemute ypaBHeHHe: sin4x + sindx cosx =0

Pemenue:
sin4x + sindx cosx =0
sindx (1 + cosx) =0
VpaeHeHHE PABHOCHIBHO COBOKYITHOCTH

YpaBHEeHHH:
sindx =0 HITH 1l +cosx=0
dx=7n, neZ cosx =-1
x=nn/4, neZ X=7+2nn, ne”Z
OteeT: x=7nn/4, neZ X=m+2nn, ne’

1. Pemuth ypaBHeHHe: SINX+COSX=1.
Pemenue. IlepeHecém Bce UleHbl ypaBHEHHUS BIIEBO:
sinx+cosx—1=0,

npeo6pa3yeM " PA3JIOKUM HAa MHOKUTCIIN BBIPA’KCHHU B JIEBOM 4acCTH YpaBHCHMU:
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smx—2sm-(x/2)=0,
Zetn(x /2 cos(xf2)—2an-{x/2)=0,
2ani{x/20-[cos(xf2)—sn(x/20]=0,
Losn(xr2)=0, 21 ocos{xl2)—amix/2)=0,
xi2=mk, tan (x/2)=1,
X, =2k, /2= arctan 1 + 72,
xiZ=mwid+mn,

= miZtina.

2. Pemmts ypaBHeHme: COS 2 X + Sin X - cOS X = 1.
Pemenue. COS2X+SINX-COSX—sSin2Xx—cos?x=0,
sinx - cosx—sin?x=0,

sinx-(cosx—sinx)=0,

1 snx=0, 2. cosx—sinx =10,
x =Tk, tanx =1,

n=nld+ 7,

3. Pemuts ypaBHEHHE: COS 2X — COS 8X + €0S 6X = 1.
Pemenune. C€OS2X+cos6x=1+cos8x,

2 C0S 4x c0S 2x = 2 c0Ss 2 4x ,

cos 4x - (cos 2x— cos4x)=0,

cos4x-2sin3x-sinx=0,

1). cos4x =0, 2). sin3x=0, 3).sinx=0,
dx=m/2+ Wk, 3x =T, Xy =Tl .
n=mis+Tki4, x,=Tnl3,

1. Pemuts ypaBHEHHE:
Pemenue:
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. 3
sin x-cosx—7-cosx:0,

{- \/éj
COS X| Sin x—7 =0,

cos X =0, x=" 41k keZ,
2
.3 .
shx==" X=(—1)k-§+7zk,keZ.
JloMarnee 3a1anue:
1. 2 sin x/2 cos 5x — cos 5x = 0.
Orser:
x=7/10 + n/5

X = (-1)" /3 + 27,

IIpakTnyeckas padora Ne 49
Tema: Pemenue TpUroHOMETPUYECKUX YPABHEHUH METOJIOM BBEJICHUSI HOBOM NEPEMEHHOM
Henab: HayunTs yyammxcs pemiatb TPUTOHOMETPUUECKHE YPaBHEHUS METOIOM BBEJICHUSI HOBOI
MEepEMEHHO N
Teopernueckuii 6110k
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TpuroHomeTpUYecHUe YypaBHeHWa, NPUBOAMMBIE K
YPaBHEHHAM OT OAHON TPHIOHOMETPHHECKOR
$yHHUMM ogHO NnepemeHHON, pewakoTea (KaK
npaewnno)

MeTOO0M 3AMEHEI NIepeMeHH O

v

asin’x + bsinx +¢ =10
BES[IEM HOBVIO MEepeMeHHVIO
sinx =t, | <1
YpaBHEeHHE NIPHMET BHI
atl +bt+c=0
Pemas kepanparHoe
YpaBHeHHe, HaxoaHM t;: t;

BepHeMcsa k nepeMeHHOH X h J
Sinx = t; sinx = ty atg’x +btgx +¢ =0
BEEJIeM HOBVEO NEpPeMeHHYI0
tgx=t, t €R
ypaBHeHHe MIPHMeT BH]L
acos’x + beosx +¢ =0 at? +bt+c=0
BEeJIeM HOBYIO NIepeMeHHYIO Pemas kpanpaTHOe ypaBHeHHe,
cosx=t, |t|=1 HaxomuM t; ty
ypaBHeHHe IpHMeT BUA Bepremcs K nepeMeHHOH X
at +bt+c=0 fgx=1a tgx =+t
Pemas kpanparHoe
ypaBHEeHHEe, HaXooHuM t;; t;
BepHeMcsa K nepeMeHHOI X

COSX =1; COSX=1;

[Tpumep:

sin“x + S5sinx — 6 =0,

sinx =t,t € [—1,1] tP+5t—6=0
JIeIIaeM 3aMEHY ,IIOJIy4aeM KBaJIpaTHOE YpaBHECHHUE: ,

tj. = 1_. I—ﬂ = _6 I—ﬂ = _6 v
HaXOJIUM KOPHU - ,3aMeJaeMm, 4To - MMOCTOPOHHUN KOPEHb,

te[—1,1] sinx = 1
ITOCKOJIBKY , lellaeM 00paTHYIO 3aMeHY, T.€. peliaeM ypaBHEeHUe ,y
x= —+2nk keZ

KOTOPOTO KOPHSAMU OyAyT uncia : .

Z +2mk, keZ
OrTBeT: *© .

Pemure ypaBHeHus:

1)2-31'?1:}: + 3cosx —3 =0

2) tgx = 3C1‘g1’.
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3) cos2x = 2cosx — 1

2) 2sin"x —sine — 1 =10
5) 2cos x + 3sinx = 3
6) V3tgx —\3ctgx =2
7) 2sin®x +sine —1=10

8) Ssin“x +6ecosx —6 =20

9) 2etgx —3tgx +5=10

IIpakTnueckas padora Ne 50
Tema: Pemenne norapudmMuyueckux ypaBHeHUN
Henab: HayunTs yyammxcs pemars JorapupmMuieckie ypaBHEHHUS
TeopeTrnueckuii 6110k

Pemenne mo0oro jgorapuMUUecKOro ypaBHEHHUS TaK)Ke CBOJUTCS K PEIICHUIO OJHOTO WITH
HECKOJIBKUX MPOCTEHIIHX JOTrapuMUUECKUX YPaBHECHUM:

1) logaf(x)= logag(x); 2) logaf(x)=b.
Vpasuenwue (2) cBoauTcs K ypaBHeHn:o Buaa (1): logaf(x)= logaaP.

VYpasuenus Buza (1) cBoaarcs K pemieHuro ypasHeHuit f(x)= g(x) (morenmuposanue). [Ipu aTom
HEOOXOAUMO ITOMHHTH, 4T ypaBHeHHs logaf(X)= 10gag(X) u f(x)= g(x) He paBHOCHIBHBL [Ipn
MOTEHIIUPOBAHUY MIPOUCXOJANUT PACHIUPEHUE OOJIACTH OTIPEICIICHHUS, a 3HAYUT UMEETCS
OITaCHOCTH TOSIBJICHUS IIOCTOPOHHHUX KOpHEW. [IpoBepka — HamTydIee CpeicTBO MPOTHB TaKOH
OITaCHOCTH.

1 mun — o onpeaeneHMIo Jorapudma:

logdx -1 =-2
a) 3

12
[ J =2x-1
3 - 2%-1=9: x=5.

Pemenmne:
log,10-0=-2 log,?=-1
IpoBepka: 3 ] ; 2logz3=-2- 2= 2 _ pepno.
OTtBeT: x=5.

6) logy(x +4u+1 =2
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Pemenne: 3 =3 +4x+12; x° +4x+12-0=0; x* +4x+3=0;

g = -2E -3 = 241

; X1=—1 1 xo=-3.
IMpoBepka: x=1, logs(1-4+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHO;
x=3, 10g3(9-12+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHoO.

OtBet: x=—1, x=3.

B)
a 1 &
a1 o= ¥ _
Pemenue: 4 ;4 2% TIyers ¢ =Y, Torma ypaBHeHUe 3amuIieM B
v &
L_Z4=0
Buge 4 ¥ ¥ +4§.r—32=lil’

5?']_.2=—2i'\,l4+32=—216; 3r1=4; 3?2=—8; 2}{=4; 2}{:22;X:2; 23{ ;E—E.

E
lngg(——lJ =1-1
IpoBepka: 4 » log;1=0

— BEpHO.
OTtBeT: x=2.

2 mun — ypaBHEHUS, KOTOPbIE C MOMOIIBIO JOTapu(hMUUYECKUX TOXKIECTB CBOAATCS K
MIPOCTEHIINM YpaBHEHUSIM:

a) lg(x-3)+lg(x—2)=1-Ig5.
Pemenne: Ig[(x—3)(x-2)]=Ig10-lg5; Ig(x>-5x+6)=lg2;

51«,55—16

X>-5x+6=2; X°>~5x+4=0; X1 2= 2 s x=4 u x=1.
IMpoBepka: x=4; 1g(4-3)+ lg(4-2)=1- Ig5; lg1l+ Ig2=1g2; Ig2= 1g2 — BepHoO;

x=1; Ig(1-3)+ Ig(1-2)=1- 1g5, Tak kaK BbIpaKEeHHE, CTOSIICE IO/l 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJIOKHUTEIILHBIM.

OTtBer: x=4;

g+ 1gx-3) 1

6) 1a7x+1)+1gx- 6)+ 13 1
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lgd+1gx-3) _ 1 lgd(x-37) _ 1
Pemennme: 1&3(Tx+10x-60) 2. 1g3(Te+Dix-6) 2

2 Ig(4(x=3))= lg(3(7x+1)(x-6)); lg(4(x—3))*= Ig(3(7x+1)(x-6)).
[otenrmpyem: 16x°—96x+144=21x2-123x-18; —5x*4+27x+162=0;

27X 43860 ITEE3 i 1%
5x%-27x-162=0; x1,= 10 105 x1=9; xo= 10 5.

Ilg+ 1g6, 1 1524 1

IMposepka: x=9; l&4+1gd+1g2 2. 2gt+2l 2,

1924 1
<1g4 2 _ pepHo;

—_

g
2 +1[._-3]
git+lg ; |

2
_18 1{.ﬁ+1J+lg{-E-ﬁJ+lg3
x= 3 ] k]

; — JIOXKHO, TaK Kak nojajgorapudmuyeckoe

BBIPAXKCHHUE HC MOXKET 6LITB OTpULATCIIBHBIM.
OtBert: x=9;

B) logsx +loggx +lagyx =55 '

1
Jlog nbh=—log, b
Pemenune. Boconssyemcs popmymort m ;

1 1 11
logzx + Elu:ug3x +§1|:|g3x =535 Elugyz =33

; logsn =3, %=27,

log,27+10g,27+10g,,27 = 5,5 . logs3” +1aga 3% +1=55

ITIpoBepka:

3 +§+1 =35
2 — BEpHO.

OtBert: x=27;
r) log;(3x 1D +1log;(x-27) =3 +1log 5 .

Pemenne: 10853 -11(x-17) =1og; (5" -8

A6% 2116+ 2109 4665

Iorenrtmpyem: (3x—11)(x—27)=1000; 3x2-92x-703=0. x1 2= 3 3
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19

Xo= 3,
Iposepka: 1. log(111-1D +10g; (37-2T) =3 +1og,8

logs100 +1ogsl 0= 1og;1000 . log;1000 ~logs1000 _ ponp

19
logs(-19 -111+10g; [— ——E?J #3+1logs8
2. 3 , TaK KaK BBIpa)KEHUE, CTOAIIEE O] 3HAKOM
jorapu@ma, T0JKHO ObITh TIOJIOKHUTEIBHOE.

OTtBer: x=37.

3 mun — ypaBHenus Bujaa P(logax)=0, rae P(y) — mHOTOUNEH 2 uiu 3 CTETeHU, WU
ypaBHEHUS, CBOJISAIINECS K HUM. DTH YPaBHEHUS PEIIAIOTCS C TOMOIIBIO TIOJICTAHOBKU: y= logaX.

a) logs x-log, = - 3= 0

2
Pemenne: 1723 £- 21083 2-3=0 [ryepy 1083 =¥+ \2 2y 3—0 Pemaem ypaBHeHHe 1 OTyuaeM
1

yi=3 uy=1; y=3 =108 ¥ =3 — 307 y=1 108z x=-1 _ y=3

TMposepka: x=27: log? 27-log, 27— 3= 0. (log; T —log; 3 -3=0 ;

9-6-3=0 — BepHO;

]
1
T togi—-1 (—J -3=0
3. E3T R (log; 37 —log, 72— 3=10.

1+2-3=0 — BepHo.

1

OtBert: x=27; x=3 ;
6) log, (5x*)-log x=1

Permenmne. Hpex(ﬂe BCCTO HAZI0 UMETH B BUY, UTO €CJIKM B YPABHCHUAX BCTPCHAIOTCA J'IOFapI/I(bMBI
C pasHbIMH OCHOBAHUAMHU, TO UX HAO0 ITPUBECTU K OJHOMY OCHOBAHUIO C IOMOIIBIO
log. ®

log, b=
bopmybr: log a

log. 5z
—gjl: )-luggx =1
B J[aHHOM CIly4ae [IepeXOiM K OCHOBaHMIO 5. L1985 ¥ ;

(logsd+2logsxilogsx =1 _0603HAYNM log;x =% s (1+2y)y=1;
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1 1 1
= logsx=— -
2y2+y-1=0; y1=-1, y,=2; 1985 ¥ = =1 yyy &% 3 ix=35;x=15

1
lngl{ -—IJ-lng§1—=1 lugl—-(—1j2=1
=, 25 3 . =5 S1—
IpoBepka: 1) 3 ;s ; 1=1 — BepHO;

]
g) log 559 logs 5 =1 tog g (-5)* [tog g 5] =1 :
; 1=1 — BepHO.

1
OtBeT: Xx=2 ;x:xf'.

5 mun — norapudmupoBaHre 00eNX YacTe ypaBHEHHUS.

gl _ 1000
IIpumep: X

Loyl _ 11000
Pemenne: x ; (lgx+1)lgx=3—Igx; lg?x+Igx=3-Igx; y=Igx;

y?+2y-3=0. Pemraem ypaBHeHue: y1=—3; Y2=1; lgx=—3 nmm Igx=1,
x=1073; x=10.

1000
TR A o L el N T [T el {1 L

Em-zjgm'hl _
IIposepka: 1)

10%=10° — BepHo;

ypleto #1 _ 1000
2) 100 ;10%=100; 10?=10? — BepHo.

Otset: x=1073; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemmenne norapudMuueckux HepaBEHCTB
Heab: HayunTs yyammxcs pemarh JorapupMudecKie HepaBeHCTBA
Teopernueckuii 010K
HepaBeHnctBa, KoTOpbIe co/IepKaT MEepEeMEHHYIO MO/ 3HaKOM Jorapudma M B €ro OCHOBAHUH,
HA3BIBAIOTCS JIOTapu(PMUYECKUMHU.
Pemenune norapudmuueckux HEpaBEHCTB OCHOBBIBAETCS HAa CBOMCTBE MOHOTOHHOCTHU
norapuMUIecKor (yHKITHH.
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Tak e HeKoTophie Jorapu(PMUYECKUE HEPABEHCTBA MOXKHO PEIIUTh METOJOM 3aMEHBI
IIEPEMEHHOM.
YnpaxxHeHus:

1.Permts HepapencTBo 1052 (2% +42 +3) > 3
Io onpenenenuo norapudma, 061acTh A0MYCTUMBIX 3HAYCHHUIA:
2 +4r+3>0
Pelienre JaHHOrO HEpaBEHCTBA Hali[leM C IOMOIIBIO METO/a MHTEPBAJIOB, JUIS 3TOIO
JEBYH0 ~ YacTh  pPasgokUM ~~ HA  MHOXKMTEIH. PemuM  KBajgpaTHOE

ypaBHEHUE 2’ +4x+3=0.

D=b —dac=4"-4-1-3=16—12=4
WD =v4=2
~b+vVD —44+2 —4+2
2= Ty ~ 9.1 " =9 = {-3; -1}
Takum 00pa3oM, MHOJNYYHIM KOPHH L1 = —3. 2 = —1  3yauuyr, NeBYI0  4acTh

HCPaBCHCTBA MOYXHO MPCACTABUTL B BUAC:

l-(z—(-3{x—(-1)=0=(c+3)xc+1) = 0

OTMETHM HYIH KaXI0T0 MHOKHTEIS (@ 970 OyayT 3HaueHns T1 = —d T2 = —1) gy
YHCIIOBOM NPSAMOM U OTIPEIENIUM 3HAKH HEPABEHCTBA B MOJIyYEHHBIX HHTEPBAJIAX:

LY Pt e

et Bt v

-3 -1

VYuuTeiBas 3HaK HepaBeHCTBa, onpenenum OJ13:
r e (—oo;—3) U (—1; +ox)
O/13 ompenenuiu, Teneph MPUCTYIUM K PEHICHUIO HMCXOJHOTO JIOTapU()MHUIECKOTO
HEpaBEHCTBA:
logy (2% +4r + 3) > 3
[IpencraBuM mpaByro 4acTh HEPABEHCTBA KaK JIOTAPU(M 110 OCHOBAHUIO 2:
log, (2% + 4z + 3) > log, 2°
[lepeiizeM oOT HepaBeHCTBA OTHOCHUTEIBHO JOrapu(MOB K HEPAaBEHCTBY IS
nojyrorapuMudecKkux GyHKIHUHA: TaK KaKk OCHOBaHME JioTapudma 0oJbIe equHUIBI ( 2
> 1), TO 3HaK HEPABEHCTBA HE U3MCHUTCS
2 +dr+3>2
> +4r+3>8
4 dr—5>0
[IpupaBHsieM K HYJIIO JICBYKO 4YacTh HEPABEHCTBA M PEIIMM MOJYYEHHOE KBaJpaTHOE

3

ypaBHCHHE 22 +dr—5=0.

@ & - ' T
D=b —dac=4"—4-1-(—5) = 16420 =136
VD =V36=6
—b £ D —d+6 —4x6 - 1
ne= 5o~ 5.0 - 2 ol
TakuM 06pasoM, momydman kopan 1 = — 2 ¥2 = 1 Ormernm Toukn Ha umcioBoii
OCH U OIIPEJIEIIUM 3HAKH HEPABEHCTBA B MOJYYEHHBIX HHTEPBATIAX.
Py i B
et L =
VuuTeiBas, YTO HAC MHTEPECYIOT BCE 3HAYEHUS L', IPU KOTOPBIX JAHHOE HEPABEHCTBO
NPUHUMAET  TOJIOKMTEIbHBIE ~ 3HAUEHHWs,  TO  [OJy4aeM  CJIEAYIOIIUE
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unteppans: £ € (=001 =5) U (L +50) 310 otBer, Tak kak naHHBIE MHTCpBAIEI
noJHoCcThIo mpuHaanexar OJ13.

2.Pemnth HEPaBEHCTBO log g 5(2z —4) < logy 5(z +1)

Haxomum O/13 no onpenenenuto norapudma. O/13

2r—d =10 2r =4 r =2
& & & r € (2 +oo)
r+1=10 r = =1 r = =1

[lepeiinem B HepaBeHCTBa OT JOrapu(MOB K BBIPRXKEHUSM, CTOSILUM 0] 3HAKOM
jorapu@ma, Mpu 3TOM, TaK KaKk OCHOBaHue Jorapupma Menpiie equHuist ( 0,5 < 1),
3HAaK HEpPAaBEHCTBA IIOMEHSEM Ha MPOTHBOIIOJIOKHBIH:

2r—4>=r+1
2r—r>1+44
T 0

C yuetom OJ[3, okoHuaTensHo nmeem, uto & € (5 +0¢),

3.Pemmth HEpaBEeHCTBO log s +logp sz +1) =1
~1+ /3

>

re |0

e ) = 2
4. PemuTh HEPaBEeHCTBO logg 2 +log,9 > 2

5.PemmuTh HepaBeHCTBO l0gs(X?-4x+3)<1.

IIpakTnueckas padora Ne 51

Tema: Pemenue noka3areabHbIX YpaBHEHHI
Heab: HayunTs pemaTth noka3aTellbHbIE YpaBHEHHUS

Teopernueckuii 010K
[TokazaTenbHBIM ypaBHEHUEM Ha3bIBACTCS YPABHEHUE COJEprKallee NEPEMEHHYIO B MOKa3arede,
TO €CTh 3TO YPAaBHEHHUE BUJA!

af® =h, Tme a0 a=1 b>0

CaMOG HpOCTCfII.HGG II0KAa3aTCJIbHOC ypaBHeHI/IeZ
a* =b

a=>=0 a=1 b=0

HpI/I JaHHBIX YCIIOBHUAX YPABHCHUC BCCrla UMCCT PCUICHUC, ITIPU TOM €ANHCTBCHHOC.
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HeiictButensHo, pu a > 1 nmoka3zatenbHas QyHKIUS MOHOTOHHO Bo3pactaeT, anpu 0 <a <1—
MOHOTOHHO yObIBaeT. B mo0oM ciydae, OHa IPUHUMAET KaX10€ CBOE 3HAUYCHHE POBHO OJMH Pa3
(BumHO 1O TpaduKy):

y by
yv=a"
______-/ "ln.______
>
0 X Ol xX

a>1 O<axl

A BoT ecnu b < 0, To ypaBHEHHE HE UMEET pEIICHHH, BEIb MoKa3areibHass (QYHKIUS MOXKET
MIPUHUMATD TOJIBKO MOJIOKUTEIbHbIEC 3HAYCHHUSL.

Mertoibl penieHrs NoKa3aTeIbHbIX YPAaBHEHUM
1. B pe3ynbTaTe npeoOpa3oBaHuil ypaBHEHHE MOKHO IIPUBECTU K BUILY:

a_f{x:l — af

Toraa npumeHsieM CBOWMCTBO:

=0 = flx)=c

2. Tlpu nonyuenunm ypaBHeHHs Buia a'® =D wucmonb3yeTcss ompeneneHHe jorapudpma,
MOJTYYHM:

flx)=log,b

3. B pesynbpraTe npeobpazoBaHuil MOXKHO MOJIYYUTh YpaBHEHUE BUA:

afe) — pato)

[Tpumensiercs norapudmMupoBaHue:

log. a’™ =log, ba™)

Jlanee mpuMeHsieM CBOMCTBO JIOTapH(pMa CTETIEHU:

f(x)log.a=g(x) log.b

BripaskaeM 1 HaX0IUM X.
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YnpaxxHeHus

1.6 =216
2.8%1=0,125
32X - 2¥2 2% =48
4.9%-8-3*=9

5. 2% _ 20,5x+1 _ 8 - 0

6. 472 = 64.

7.3¢18=1/9.
(-1-)2?6— 19 1

g \4 64
.1.8—2x

IIpakTuyeckas padora Ne 52

Tema: Pemenue nmokasaTeabHbIX HCPABCHCTB
Heﬂb: Hay‘II/ITL peuIaTh MOKa3aTCJIbHbBIC HCPABCHCTBA

Teopernueckuii 610K

IToxa3aTenbHBEIMU HA3BIBAIOTCS HCPABCHCTBA, B KOTOPbLIX HECU3BCCTHOC COACPIKUTCA B
ITOKa3aTcJIC CTCIICHU.

[Ipu pemieHne Noka3aTeNbHBIX HEPABEHCTB MOJIb3YEMCsl CIIEAYIOIIMMHU CBOUCTBAMHU
MOKa3aTeNbHON (PYHKIHH:

l)a*>0mnpuBcexa>0uxeR,;

2) npu a > 1 pyHKIMsA y= a* Bo3pacraer, T.e. eciu a>1 u a™ > 3 <=> X3 > X;

3) npu 0< a < | pynkuus y = a* yobiBaet, T.¢. ecim 0 <a < 1 ma™ > 3™ <=>x3 < Xa.

YnpaxxHenus:
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[Ipumep 1. Pemmre HepaBEeHCTBO:
16 — 2-12% < 3%+,
PGHIGHI/IGI HpeILCTaBI/IM HNCXOJHOC HepaBeHCTBO B BUJC:
4% _2.47.3" - 3.3 <0.

PasnenuM o0e 4YacTM STOTO HepaBeHCTBa Ha 32, mpu 5ToM (B CHIIy IIOJIOKMTEIBHOCTH
dynximun y = 3%) 3HaK HepaBEeHCTBA HE U3MEHUTCS:

— —2-1=] —-3<0.
3 3

Bocnonws3zyemcst moacTaHOBKOM:

Torma HEpaBEHCTBO MPUMET BUI:

10

I/ITaK, peHIICHUEM HCPABCHCTBA SBJIACTCS ITPOMEIKYTOK!
~1<t<3,

nepexoas K 06paTHOI>'I MOACTAHOBKC, IMOJIy4acM:
I/ITaK, pCHICHUECM HCPABCHCTBA SABJISACTCA ITPOMEIKYTOK:

~1<t<3,
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nepexo/s K 00paTHOM MOJICTAaHOBKE, M0JIy4aeM:

JleBoe HepaBeHCTBA B CHJTY MOJIOKHUTEIBHOCTH TIOKA3aTEIbHOW (DYHKIIMU BBIITOJTHSACTCS
aBTOMAaTHYECKH. BOCTIOIp30BaBIINCH N3BECTHBIM CBOMCTBOM JIOTapH(PMa, IIEPEXOTUM K

SKBUBAJICHTHOMY HEPaBEHCTBY:

4 .'1:{ 4 Iog%S
3/ T\3

[Tockombky B OCHOBaHWHM CTETNEHH CTOUT YHCIIO, OOJbIIEE EIUHUIIBI, SKBUBAJECHTHBIM (IO

Teopeme 2) OyaeT mepexo K CIeyIoeMy HEpaBEeHCTBY:

T < lﬂg% 3.

I/ITaK, OKOHYATCJIbHO IMOJIydacM OTBET:

z € (—oo;logs 3.

43—2.1_' — 43%

4 +2*—24=0

A4 —3:2% =40
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£x

6.
716"+ 4-4*—5=0
8.
21 £ 3.2%1—5.2" L 6=10
9.

IIpakTuueckas padora Ne 53

Tema: Pemenue cuctem ypaBHEHHN
Hean: Hayunuts pemars cUCTEMbl YpaBHEHUH

Teopernueckuii 6110k

[Ipu pemienuu cucreM ypaBHEHHMI, COJIEp KAIINX HEM3BECTHBIE B IIOKA3aTelle CTENEHU U B €€
OCHOBAaHUU WJIM TOJI 3HAKOM JiorapudmMa U B €r0 OCHOBAHUU , IPUMEHSIOTCS METOJIbl PEIIEeHUs
cUCTeM anreOpanyeckux YypaBHEHHMI, a TakKe METOJAbl pelIeHHUs] T[0Ka3aTeIbHBIX U
Jorapu(pMUYECKUX YpaBHEHUH.

[Tpumep 1. Pemmth cucremy
3" -4 =65,
32 -2Y =5,

X

. 2 _ y . .
Pemenue: Ilomarast 32 =u, 2’ =V, samennm HCXOHYIO CHCTEMY areOpandeckoi CHCTEMOM

u?—-v? =65,
u-v=>5,
KOTOpas paBHOCHJIbHA CUCTCMC
u+v=13
u—-v=>5,

N | x

uMeroniei pemenne U=9, v=4. Crenosarensto, 32 =9, 2¥ =4, orkyaa Haxoaum X =4,

y=2.
Otgert: (2; 4).
IIpumep 2. Pemmts cucreMy ypaBHEHUN
2" +2y =1,

3y—6y? =2"",
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Pemenune. O603naunB 2* = u,U>0, morydnm anreOpanyecKyro CUCTEMY:

_ fi-0.0
T 1
u=1-2y, -
u+2y=1 u=1-2y, L g h 2"
= <y=2, o 1
3y-6y*== 3y—6y2_ﬂ, 2 J’Y=—.
2 1 6
= —" ‘L 2
6’ u=-=
< 3
(*) He ynoBneTBOpsieT ycinoBuio U >0.
1 1
y=g, y=€,
Beprémcs k mepeMeHHON X! 5 = 5
2" =—; x=log, =.
3 923
1
Ortser: (1-log, 3; E)'
YnpaxxHeHus:
Pemute cucremy ypaBHEHUM:
. 9Y — 2% 2y X x+y+1:
1 4* .27 =32, 5 16% +16 3 3.2 5,
38x+1 :33y. 16X+y 256 3x+1 _2x+y :1.
XIN+TV = , X+y _ 24
a. 5, 4 VI 6.9¢ =Y
\/32 (2x +14y)2* =72. y* Y =x°,
" RA K 8. log, x+3"%Y =7, lg? x+1g? y=5,
log, x=Yy. xY =52 lgx—lgy=1.
277 =4, 2°.37 =1152,
10 lg(x* +y®)=1+2lg 2, ll. 12
lg(x+y)-lg(x-y)=1lg 2 —5=4%47, log ;5 (x+y+=2.
13 log, x+log, y=5, 14 3°.9Y =27,
"llog, x+log, y=1. “Lig(2x+y)® —lg x=21g 3.
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IIpakTnueckas padora Ne 54
Tema: KonrponbsHas pabora

Heab: [IpokoHTpOIMPOBaTH YPOBEHb YCBOEHHUS MaTepHraia 1o JaHHOW TeMe

1 BapuanT
Pemute ypaBHenus:

1.4sin®x + 11sinyr — 3 =10
26cos®x +rosxr—1=0

39" 443" —45=0
7" + 777 =350

4,
5logs(c*-x—4)=3

6logsx =4 — 3log,x
7.

Pemmre HepaBeHCcTBA:

G 3+x
1776

004" —26-02"+ 250

3.
42logzx <2 +log;(x +3)=3
5.

Pemmnre cucremMsl ypaBHeHU
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2log, x +32I093 y _8,

92 2 =3lg2 x+lg? y, 2 =
1. Yy 2: 2log; x 2log, y 1
2 * +3 * =_.

lg?(y—-3x)+lg xlg y =0. 2

2 BapuaHt

Pemure ypaBHeHus:
1. tgx —2ctgx —1=10
2.

3
4.

5.
6.3lg%(x —1)—10lg{x —1)+-3=0

7logs¥x — 5+ loga2x —3 =1

Pemmure HepaBeHcTBA:

Z+x

3 < 10197

4 —10-2"+16<0

3.
42logzx <2 +log;(x +3)=3
5.

Pemmnre cucremMbl ypaBHeHU#

=¥y
1 %2 2 :(E)x—(i, 2 |{92(X2+y2)_7,
| 2 log, y =6.

0g 5 (y—2x) =3-log 5 (2x +3y). 0g, x+log, y
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IIpakTnueckas padoralNe 55
Tema: Permenne koMOMHATOPHBIX 3a1a4. KoHTponbHAs paboTa

Heab: 3akpenutb yMEHHUs CTYJIEHTOB peLIaTh 3a/1a4u
Teopernueckuii 610k

OCHOBHBIMH dJIECMECHTAMH KOM6I/IHaTOpI/IKI/I SABJIAYOTCA pasmeulerusl, nepecnmaHo6Ku, CO4emaHusl.
HYCTI) JaHO MHOKECTBO, COCTOSIIEE U3 N DJICMEHTOB. Pa3M€M4€HM€M U3 N 3JIEMCHTOB 110 m
3JIEMCEHTOB HA3bIBACTCS YIOPSAAOYCHHOC MHOKECTBO, CoACpIKaIIee M pa3InIHbIX 3JICMCHTOB
JTAaHHOTO MHOXecTBa. M3 ONpPEACICHUS BBITCKACT, YTO PA3MCIICHUS U3 N DJICMEHTOB MO M
3JIEMEHTOB - DTO BC€ M —BJI€MEHTHBIE ITOJAMHOXKECTBA, OTINYAIOIIHNECI COCTaBOM 2JIEMEHTOB UJIU
MOPAAKOM UX CJICIOBAHMA. Ywucmo BceX BO3MOKHEIX paSMGHIGHI/Iﬁ U3 N 3JIEMEHTOB 110 M

9JIEMEHTOB 0003HAa4al0T A ¥ BBIYUCIISIOT IO (hopMyIIe

A" =nln-1)n-2).(n-m+1).  um Ahm:(n—L!m)!' (1)

3pech nl=1-2-3.(n—1)-n n (n—m)1=1.2-3.(n—m-1)n—m). Ycnosumes cumrars 0!
0!

—_— = 1
0!

Ilepecmanoexoti u3 N 21eMeHmoe Ha3hIBAETCA Pa3MEIEHUE M3 7 JIEMEHTOB MO N JIEMEHTOB.

Tak Kkak Kaxgas IEpecTaHOBKA COJEPXKUT BCE 7 DJIEMEHTOB MHOXECTBA, TO pa3lIMuHbIC
MIEPECTAaHOBKU OTIMYAIOTCS APYT OT JIpyra TOJIBKO TOPSIKOM CIe0BaHus AlieMeHTOB. Umucio Bcex

BO3MOXKHBIX IIEPECTAaHOBOK M3 71 HJIEMEHTOB 00Oo3HawaioT P, . V3 ompeneneHus mepecTaHOBOK

= 1, mosToMy A

creyeT

n! n! n!
P=A=——=—=—=n
= A (h-n) o' 1 "

Couemanuem u3 n s1emMeHmos no m (0 <m< n) 9JIEMEHTOB Ha3bLIBAETCS JTH000€

re P,=nl (2

n

IIOAMHOXXECTBO, KOTOPOC COACPKUT m Pa3IMYHBIX 3JICMCHTOB JJAHHOI'O MHOKCCTBA.
CJ'Ie,Z[OBaTeJ'IBHO, COYCTaHUA U3 71 DJIEMCHTOB I1I0 1 DJIEMCHTOB - 3TO BCC 71 - DJIEMCHTHBIC ITOJIMHOXKEC-
CTBa 71 - 3JIEMCHTHOI'O MHOKECTBA, IIPUYEM Pa3JIMYHBIMHA ITIOAMHOKECTBAMU CHUTAKOTCS TOJIBKO TC,
KOTOPBIC UMCHOT HEOJMHAKOBBINA COCTaB AJIEMEHTOB. HO,Z[MHO)I(GCTB&, OTIIMYaromuecs Apyr OoT Apyra
JIMIIb IMTOPAAKOM CIICAOBAHMSA 3JICMCHTOB, HE CUUTAIOTCA PA3JINYHbIMU.

m
Uucio BceX BO3MOXKHBIX COUYETAHUHN U3 71 DTIEMEHTOB T10 71 SJIEMEHTOB 0003HAYAIOT C,, u
BBIUUCIIAIOT 1O (hopmyre

= Pn B m! ' ®)
- n!
G = ml(n—m)’ @

ITpumep 1. B rpynmne u3 30 yyarmmxcst Hy>KHO BbIOpaTh Komcopra, npogopra, ¢puzopra. CKOIbKUMA
CrIoco0amM 3T0 MOKHO CIIeNIaTh, €CIU Kax/ bl n3 30 ydarmxcs KOMCOMOJIEL], WieH Mpodcoro3a 1
CIIOPTCMEH?
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Pemmenre: nckomMoe 9mcIio criocoO00B paBHO YHCTY pasmMenieHui n3 30 AIeMEHTOB 110 3 AIeMEHTa, T.¢.

3
A330 . Honoxus no gpopmyne (1) 7 =30, m =3, nonysaem 45, =30-29-28 =24360
Otser: 24360 cnioco6oB. TIpumep 2. CkoIBKAMHE CTIOCOOAMU MOYKHO PacCTaBIISTh HA OJTHOM MOJIKE
LIECTh PA3JIMYHbIX KHUT?

Pemenne: Vickomoe 4nciio cioco00B paBHO YMCITy TIEPECTAHOBOK U3 6 AIIEMEHTOB, T.€.
P =6=1-2-3-4-5-6=720.
Otser: 720 croco0OB pacCTaHOBKH.
[pumep 3. B Opuraze u3 25 4enoBeK HY)KHO BBIISIUTh YETHIPEX I paOOThI Ha OIIPEICICHHOM
yuacTke. CKOTBKUMH CIIOCO0aMM 3TO MOKHO C/IEIaTh?
Perienue: T.K. IOPSZIOK BRIOPAHHBIX YETHIPEX YETIOBEK HE MIMEET 3HAYCHHSL, TO 9TO MOYKHO CJIe/IaTh

25-24.23.22
C;; cnocobamu. ITo Gopmyre (4) Haxomum Cys = [ 23.4 12650.

Ortset: 12650 crioco0oB.

1. CxonpkuMHU criocobamMu MOKHO BbIOpaTh 4 AeTaiu U3 sIIuKa, B KOTOPOM
12 neraneii?
2. CKOJBKO MO>KHO M3TOTOBUTH PA3TMYHBIX TPEXIIBETHHIX (PIIaXKKOB, €CITH
WCIIONIb30BaTh  CJICAYIONIUE I[BETA: O€JIbIiA, CHHUN, KPACHBIH, )KENTHIN, YEPHBIN,
3eNEHBIN?
3. CKOJBKO MIATU3HAYHBIX YHCETT MOKHO COCTaBUTh U3 nudp 2, 3, 4, 5,67
4. B Ba3e 5 kpacHbIX 1 7 6enbIX po3. CKOJBKUMH CIIOCO0aMU MOYXKHO COCTaBUTh OYKET W3
5 po3, eciu B HEM JOJKHO OBITh JIB€ KPACHBIX U TPH O€NbIX PO3bl?
|
()C + 1) _ (X _ 1)'

5. Pemuth ypaBHEeHHS: — =

20

x!
=56
(x-2)

6.Beruncnuts: (A93 + A ): P;.
(A175 — A, ): Cry

7. CKOJIBKMMHU crioco0aMH MOKHO yBE3TH co ckiaja 10 AmuKoB Ha IBYX
MaIllMHAX, €CJIM Ha KXY U3 MAIIUH IPY3AT 10 5 AIMUKOB?
8. U3 Bocemu mudp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTHh YEThIpeX3HAUHbIH KoJ. CKOJIBKO
BapMaHTOB KOl CYIIECTBYET, €CIIU MOBTOPEHUS LIU(P B HEM OBbITH HE TOJDKHO?
9. B mkosie yeThipe BhITYCKHBIX Kacca. CKOJIBKO CIIOCOO0B
pacnpeneneHusl dK3aMEHaTOpPOB CYIIECTBYET AJIs NMPOBEACHMS 3K3aMEHa II0 XMMHUH, €CIM Ha
OJIHOM 3K3aMEHE MPUCYTCTBYET TOJIBKO OJMH SK3aMEHATOP?
10. B Baze 5 anenbcHHOB U § s10;10K. CKOJBKMMH CIIOCOOAMHU MOKHO BBIOpaTh 6 (PpyKTOB,
9TOOBI Cpeid HUX ObLIO 3 anesbcuHa

KonrposbHas padora

.Bapuanr 1
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1. I'pynna u3 28 cryaeHToB oOMeHsIach GoTokapToukamu. CKoJIBKO (POTOKapTOUEK OBLIO
po3zaHo?

2. Jlna yuactus rpynmbl, B cocTaBe 30 4elOBEK B CHOPTHBHBIX COCTSA3aHUSAX HYXKHO
BbIOpaTh KoMaHAy H3 4-X uenoBeK. CKOJBKMMH CIIOCOOAMH MOXHO BBIOpaTh y4aCTHUKOB
cocTsA3aHus?

3. CkonbKMMHU CIOCOOAMH MOKHO COCTaBUTh CIIMCOK U3 8-MU YeIOBEK?

4. B simuke ¢ AeTCKUMHU KyOMKaMu 8 3eJIeHBIX U 5 KpacHBIX KyOHKOB. CKOJBKO CIIOCOOOB
BbIOOpa 7 KyOMKOB CYILIECTBYET, €CJIM CPEIAH HUX JOJDKHO OBITh 5 3€JIEHBIX KYOUKOB?

x=2 2
5.Pemuts ypaBHEHUS: 2Cx+2 = Ax .

2 1
2C%-15C! =75
Bapuanr 2
8 . 12
1.Bsrancimute: Ay 1 (P - Cyg

Py Cy — Ay

2. CKOJIbKO aKKOPIOB MOXXHO COCTaBHUTh Ha 10-TH KIIaBUIIIAX POSIIS, €CIIN
Kbl aKKOPJ COAEPIKUT TPH 3BYKa?

3. Ha koyexTiB U3 25-TH 4eloBEK BBIACIICHO TPH ITyTEBKU: B CAHATOPHH, B
JIOM OT/ZIbIXa U Ha TypOa3y. CKOJIbKO CIIOCOOOB pacrpeiesieH!s IyTeBOK CyIIeCTBYeT?

4. CKOTBKAMH CTIOCOOaMH MOKHO PAacCaanTh 7 4eIOBEK Ha 7-MHU CTYIbAX?

5. Ha cTone nexur cromka KapT, B KoTopoi 10 kapT depHOW MacTH M 8 KapT — KPacHOM.
CKOJIBKUMH CTIOCOOaMU MOKHO BBIOpaTh 8 KapT, YTOObI Cpead HUX OBLJIO 5 KapT YepHOU
mactu?

IIpakTuyeckoe 3ansitue Ne 56

Tema: Knaccudeckoe OIIpCACIICHUC BECPOATHOCTHU cnyqaﬁHoro COOBITHS
He.ﬂbl 3aerHI/ITb YMCHHA CTYACHTOB PCIIAaTh 3ala4yi Ha KJIaCCUYCCKOC OIMPECACIICHUC
BCPOATHOCTHU cnyqaﬁHoro COOBITHUSA

Teopernuecknii 6710k
Knaccuueckoe onpezneneHue BeposiTHOCTH BeposSTHOCThIO COOBITHS A Ha3bIBaeTCA

OTHOIIEHHE YHCIIa KCXOI0B M, GJIaronpusSTCTBYIONIIUX HACTYIJICHUIO JAHHOTO COOBITUS A, K
YHCITy, BCEX UCXO0JI0B ( HECOBMECTHBIX, €JMHCTBEHHO BO3MOKHBIX, PABHOBO3MOKHBIX), T.€.
PLay="

T
BeposTHOCTb 11000T0 COOBITHSI HE MOXKET OBITH MEHBIIIE HYJS U OO0JIbIlIe €AUHULIBIL.
HeBo3M0KHOMY COOBITHIO COOTBETCTBYET BEPOATHOCTH paBHas 0, a JOCTOBEPHOMY —
BEPOSATHOCTh PaBHA €AMHUIIE.

ITpumep

W3 ypHBI B KOTOPOI HaXoATCs 5 O6eMbIX U 3 YepHBIX I1apa, BBIHUMAIOT OAuH Imap. Haiftu
BEPOSITHOCTB TOTO, YTO IIAP OKAXKETCS YEPHBIM.

Pemenne: O6o3HaunM COOBITHE, COCTOSIIEE B MOSIBICHUN YEPHOTO 11apa, uepe3 A. OOriee
YHCII0 cilyyaeB paBHO 8. Yucino ciaydaeB 0JaronpusTCTBYIOMIMX MMOSBICHUIO COOBITUS A,
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paBHo3. Ilomyuum
3

PlA) = -
8

YupaxHeHus:

1. I'epman u3 nosectu A.C. IlymkuHna «IIukoBast 1ama» BBIHUMAET 3 KapThl U3 KOJIOJIBI B 52
nucra. Haliqute BepoSITHOCTh TOTO, UTO 3TO OyIyT: TpOoHKa, ceMepKa, Ty3.

2. B simuke nexar 15 xpacHbIX, 9 CHHUX, U 6 3€JICHBIX IAaPOB, OJJMHAKOBBIX HA OLIYIIb.
Haynauy BeiHuMaroT 6 mapoB. KakoBa BEpOSITHOCT TOTO, YTO BBIHYTHI | 3€JI€HBIH, 2 CUHUX, 3
KpacHBIX I1I1apa.

3. Brnanmenen oqHol kapTouku jotepen «CropTioto» (6u3 49) 3auepkuBaetT 6 HOMEPOB.
KakoBa BeposITHOCTB, UTO UM OYZIET yrajaHo 5 HOMEPOB B OUEPETHOM THPAXKE.

4. B ypue 10 mapoB, u3 KoTopbix 2 0enbix,3 yepHbIX U 5 cuHux. Haynauy uzBnedensl 3
mapa. KakoBa BeposITHOCTb TOT0, UTO Bce 3 11apa pasHoOro LBETa.

5. B maptuu u3 10 geraneit umerorcs 4 6pakoBaHHbIX. KakoBa BEpOSTHOCTH TOTO, YTO
cpelu Hayaady OTOOpaHHBIX 5 Aerasneil okaxyrcs 2 OpakoBaHHBIE.

6. KoutekTuB, BKIIFOYAIOIINI YETHIPEX JKEHIIUH U TPOMX MYKYHH, Pa3bITphIBacT 4 Ouiera
B Tearp. KakoBa BEpOATHOCTB TOTO, UTO Cpe/ir 0OJaaareneil OMIeTOB OKaXKETCs 2 )KEHIIMHBI U 2
MYKUUHBI.

7. B rpymnme u3 25 cTyaeHTOB, cpean KOTOphiX 10 aeByIiek, pa3bIrpblBalOTCs 5 OUIIETOB.
Haiigure BeposSTHOCTB TOTO, UTO cpeau obOianaTeneil OMiIeToB OKaXyTcsl IB€ JeBYLIKU.

8. B ypHe 6 OenbIx, 4 yepHBIX U 5 KpacHBIX MapoB. V3 ypHBI Hayraj BBIHUMAIOT S5 IMapoB.
Haiinmure BeposSTHOCTH TOTO, YTO CPEAM HUX OKXKYTCS 2 OenbIX M 1 YepHBIN 1map.

9. IOnoma 32611 1BE mocieaane nudpsl TeaehOHHOT0 HOMEpa CBOEH 3HAKOMOW U TTIOMHS
JIMILb, YTO OHU Pa3IMyHbl, Ha0pan ux Hayaady. KakoBa BEpOSITHOCTb TOTO, YTO OHM PA3JIUYHBI,
HaOpasn ux Haynady. KakoBa BEposSITHOCTh TOTO, 4TO HOMEp OyaeT HabpaH MpaBUIBLHO?

10.B rpynrme 12 ctyneHToB, cpeau KOTOPBIX 8 OTIIMYHUKOB. [0 ciucky Haynauy
oToOpaHsl 9 cTyaeHTOB. HaliT BEpOSTHOCTD TOTO, UTO Cpeau OTOOpPaHHBIX CTYIEHTOB 5
OTJINYHUKOB;

IIpakTuyeckasi padora Ne 57

Tema: Teopembl 0 cymme 1 06 YMHOKEHHH BEPOSITHOCTH
Henab: HayunTbcs BBIUMCIATH BEPOSTHOCTH COOBITHI C TOMOIIBIO TEOPEM YMHOKEHUS
BEPOSATHOCTEU

Teopernueckuii 610K

Ilpoussedenuem unu nepeceyenuem 08yx codovimuu A B HaspiBaercs coObitue C,
CoCTOSsIIIee B OJHOBpeMEHHOM HacTymiueHnH A 1 B. CUMBOIUYECKH MPOU3BEICHUE 3aMHUCHIBAIOT
Tak: C=AB mmu C=4NB. Ecm AuB — HecoBmecTHBIC COOBITHS, TO A( 1B =V ,T.
€. X TepeceveHre mycTo (HeBO3MOKHOE COOBITHE).

JIBa ciy4allHBIX COOBITHSI HA3BIBAIOTCS MPOMUBONONONCHLIMY, €CITU OJHO U3 HUX
MPOUCXOTUT B TOM M TOJBKO B TOM cllydae, Korga He mpoucxoaut apyroe. CoOsiTue,

MIPOTHBOIIOJIOKHOE COOBITHIO A, 0003HadaroT yepe3 A (uutaroT «He A»). [IpOTHBOTIOIOKHBIC
coObITHsI  00pa3ylOT TMOJHYI0 CHCTEMY T[OMapHO HECOBMECTHBIX COOBITHH, T. e.

AUA=U, ANA=V.
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TeopemMbl yMHOKeHUSI BEPOSITHOCTEM

[IpousBenenne NByX COOBITHIA COCTOUT W3 TEX DIIEMEHTApHBIX COOBITHN, KOTOpPHIE
ONaronmpusTCTBYIOT U MEPBOMY, U BTOPOMY COOBITHIO, TO €CTh MPUHAUICKAT UX TMEPECECUCHUIO
AB = A4 N B. BeposTHOCTb MPOU3BEACHHS COOBITUI 3aBUCUT OT TOTO, SIBJISIFOTCS JIM 3TU COOBITHS
3aBUCUMBIMU WM He3aBUCUMBIMU. CoObITHS A W B Ha3bIBAIOTCS He3A8UCUMBIMU, ECIH
BEPOSTHOCTh KaXXJOTO M3 HUX HE 3aBUCUT OT TOTO, MPOU3OIUIO HJIM HET APYroe CoOBITHE.
Beposmnocmu He3aBUCUMBIX COOBITHIA A W B Ha3bIBAIOTCSA 0e3YCl06HbIMU, W BEPOSITHOCTH
MIPOU3BEICHUSI TAKUX COOBITUM pPaBHA MPOU3BEICHUIO UX BEPOSTHOCTEH

P(4B)=P(4) P(B) (1)

BepOHTHOCTI) COBMECTHOTO TIOSIBJICHUA HCECKOJIBKHUX He3a6UcuUmMblx CO6blmu12 B
COBOKYITHOCTH paBHa I’lpOMS’B@()@HM}O 6ep0}zmﬂocmed 2Mux.
P(A1 Az .. An) =P(A1) P(42) ... P(An) (1.1)

CoOmitusti A u B 3asucumvie, ecnu BEpOSITHOCTH OJHOTO M3 COOBITHA 3aBUCHUT OT
TOSIBIICHUSI WM HEMOSIBIIEHUs Jpyroro. BeposaTtHocTs coObiTHsi B, BBIYHCICHHAs B
MPENIONOKEHUH, 4YTO A YK€ OCYIIECTBHIIOCh, HA3BIBACTCS )VCIOBHOU BEPOSIMHOCMbIO |
o6o3Havaercs P4(B).

BeposiTHOCT  npoussedenuss  08yx  3a8ucumvlx  coObimuil paBHA  IPOU3BENECHUIO
BEPOSITHOCTH OJTHOTO U3 HUX Ha YCIOBHYIO BEPOSITHOCTh APYroro:

P(AB) =P(4)P4(B) wmu  P(AB) =P(B)Ps(A). )

BeposTHOCTh cosmecmnozo nossieHus HeCKONbKUX 3a8UcUMbIX cobbimutl (IPOU3BEICHUS
coOBITHIT) paBHA MPOU3BEACHUIO BEPOATHOCTU OJHOTO U3 HUX HA YCIOBHBIE BEPOSITHOCTH BCEX
OCTaJIbHBIX, MPUYEM BEPOSATHOCTh KaXJOTO IOCJIEIYIOIEro COOBITUS BBIYUCISETCS B
MPEANONIOKEHUH, YTO MPEIbIIyIIMe COOBITUA YKEe MPOU30LUIA (TeopeMa YMHOKEHUs
BEPOSITHOCTEH ISl 3aBUCUMBIX COOBITUI):

P11 4> ... An) = P(A1) Pat (A2)P 4142 (A3) ..... P a142 ... an-1 (An) (2.1)

YnpaxxHeHus:
Ipumep 1. Nmeercs Tpu suka, coaepxamux no 10 geraneil, npuuyeM B NEPBOM AIIUKE -
8, BO BTOpOM — 7 M B TpeTbeM — 9 cranmapTHbIX AeTayied. M3 Kaxaoro simuka Hayjgady
BBIHUMAIOT TI0 OJHOM netanu. HaliTu BeposSTHOCTH TOTO, YTO BCE TPU BHIHYTHIE AETaal OyayT
CTaHJIapTHBHIE.
PerieHue: BEposSTHOCTh TOTO, YTO M3 MEPBOTO SIIMKA BHIHYTA CTAHIAPTHAs JAeTaib (COObITHE A)
8

paBna P(4) = 0 0,8. BeposTHOCTB TOTO, YTO U3 BTOPOTO SIIIMKA BHIHYTA CTAHAPTHAS JACTAJb

-
(coObiTe  B) paBHa P(B):E:Q? .BeposiTHOCTH TOTO, YTO W3 TPETHErO SIIUKA BHIHYTa

9

cranmaptHast geranb (cobsitre C) pasaa P(C) = 0 0,9. CoObiTHE «BCe TPH BBIHYTBIC JETAIH
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OyIyT CTaHIapTHBIE» -eCTh mpousBenaeHue coobithii A, B,C. T.k. coObitus 4, B, C — monapHo
HE3aBHCHMEI , TO 110 TEOPEME YMHOKEHUS BEPOSTHOCTEH /ISl HE3aBUCUMBIX COOBITHI HMEeM:

P(ABC) = P(A)P(B)P(C) =0,8-0,7-0,9 = 0,504 .

IIpumep 2. B Baze nexut 3 mokosaaaeix u 7 BagenbHbix KoH(peT. Haynady Oepercs ogna
KoH(eTa, 3aTteM napyras. HaliTu BEpOSTHOCTH TOTO, YTO TepBas KoH(peTa Oblia MOKOJIaJHON, a
BTOpasi — BapenbHON?

3
Pemienune: BEepOSTHOCTH TOTO, YTO TepBas KoHderTa - mokonamHas (cobbite A) P(A) :E.

BepositHOCTh TOrO, uTO BTOpast KoH(pera — BadenabHas, BEIUMCICHHAS B MPEINOJIOKEHUH, UYTO
. 7
nepBasi KoH(pera OblTa MIOKOJIAIHOM, T.€. YCIOBHAs BeposTHOCTh paBHa P, (B) = R T.e. mo

TEOpEME YMHOKEHHUSI IS 3aBUCUMBIX coObITul umeeM: P(AB) = P(A)P4(B) _3.7 = I
10 9 30
IIpumep 3. B ypue 5 OGenbix, 4 yepHbIX U 3 cuHuX mapa. Kaxgoe ucnbiTaHue COCTOUT B
TOM, 4TO HayAaudy M3BJIEKAIOT OJMH Il1ap, HE BO3Bpalias ero ooparHo. Haiitu BeposTHOCTH TOTO,
YTO MpPH MEPBOM HCHBITAHUM H3BJeueH Oenblil map (coObiTHe A), MpU BTOPOM - YEpHBIN mIap
(cobriTue B), npu TperbeM — cunuit (coosrtue C)?
Pemenne: BeposTHOCTh TOsBIICHHS 0O€NOro miapa B IMEPBOM HCHBbITaHWK paBHa P(A) = % .
BeposTHOCTP NOSIBJIEHHA YEpHOTO 1Iapa BO BTOPOM HCIIBITAHWH, BBIYMCICHHAs B

MIPEIOJIOKEHUH, YTO MIPU MEPBOM HCIIBITAHUM BBIHYT O€JbIN 1Iap, T.€. YCIOBHAasl BEPOSTHOCTH
4

pasua P, (B) = Tk BeposiTHOCTh MOSIBIIEHHS CUHETO 1Iapa B TPEThEM HCIIBITAHUM, BHIYHCICHHAS

B MPEATNOJIOKEHUH, YTO IIPU MEPBOM HCIBITAHUU BBIHYT O€Nbli 1Iap, a Mpu BTOPOM — YEPHBIH,

3
T.€. yCIIOBHAs BeposTHOCTh paBHa P, ;(C) = — .OKOHYATEIbHO HMEEM:
10

5 4 3 1
P(ABC) —P(A)PA(B)PAB(C)—12 ~11 . 0" 2
Onepauum HaJ COOBITUSIMHA
Cymmoti unu obvedunenuem 08yx coovimuii A u B HazpiBaetcs codbiTie C, cocTosiee B
HACTYIUICHHH XOTsI Obl ogHOTO M3 coObiTui A wiu B. CHUMBOIMYECKH 3TO 3aMUCBHIBAIOT TaK:

C=A4A+B wwu C=AUB.

Teopema ci10:keHUsI BepOSITHOCTel
B obuiem cnydae geposimuocms cymmul 08yX cobbimuti paBHa CyMM€ BEPOSTHOCTEH 3THX
cOOBITUH 03 BEPOSITHOCTH MX COBMECTHOTO HACTYIUIEHUS U OTpeiesseTcs no Gpopmyie:

P(A+ B) = P(A) + P(B) - P(4B) 3)

OueBUIHO, UYTO eciu coOblMuUs HecoO8MecmHbvl, TO BEPOATHOCTb HUX COBMECTHOTIO
HACTYIUICHHsI paBHa HyI0. [ToaToMy JUIs IBYX HECOBMECTHBIX COOBITUI BEPOSITHOCTD UX CYMMBbI
paBHa CyMMe BEpOSITHOCTEH 3TUX COOBITHI:
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P +B)=P(A4) + P(B) 4)

BepOSITHOCTB IMOSABJICHUA OJHOIO M3 HCCKOJIBKHUX IOIIapHO HCCOBMECTHBIX CO6LITPII>1,
0e3pa3IMyHO KaKoTo, paBHA CyMME BEPOSITHOCTEH 3TUX COOBITHI:

P(A1 + Ay +.... +An) =P(A1) + P(A2) + ... + P(4n) (4.1)

DopMyIibl IS ONIPECIICHUs] BEPOSITHOCTH CYMMBI OOJIBIIIETO YKCIa COBMECTHBIX COOBITHI
JOCTaTOYHO TIpoMO3AkH. Ecimum uucino coObITHII BO3pacTaer, TO 4acTo ObIBaeT yaoOHee
MCTIOJIb30BaTh BEPOSITHOCTH IMPOTHUBOTIOJIOKHBIX COOBITHIH. B camoMm nene, coObITHe, cocTosIee
B TOM, YTO HACTYIIUT X0Ms Obl 0OHO U3 HECKOJIBKHX 3JIEMEHTAPHBIX COOBITUI, nPOMuU8ON0I0HCHO
COOBITHIO - «He Hacmynum Hu 0OHO U3 HAX», TIOATOMY MOKHO HCIIOJIb30BaTh (hopMyity:

P(A1 + Az + ... + An) =1- P(41 A2 ... An) (5)

YnpaxHeHus:

IIpumep 1. Ha cremnaxe B 6uOIMOTEKE B CIydaliHOM TMOPSAKE paccTaBieHBl 15 ydeOHHMKOB,
npUYeM MSATh U3 HUX B neperviere. bubnmuorekapp Haymauy Oeper Tpu ydeOHuka. Haiitu
BEPOSTHOCTH TOTO, YTO XOTS OBl OJIMH U3 B3ATHIX YICOHHKOB OyJIeT B meperieTe (coobiTre A).
Pemenne: cobpiTie A - «XOTs Obl OJMH W3 B3SATHIX YYCOHHKOB OymeT B meperuiere» OymyT
OCYIIIECTBJICHO, €CIIA MPOU30UIET JIF000E U3 TPEeX HECOBMECTHBIX COOBITHI: B — «oanH yueOHHUK
B meperuiere», C- «aBa yuyeOHWMKa B Teperuiere» , B - «rpu ydeOHuMka B meperuiere». T.e.
coopitne A=B+C+D. Torga mo Teopeme CIIOKEHHUSI BEPOATHOCTEH I HECOBMECTHBIX COOBITHI
uMeeM:

P(A) = P(B)+ P(C)+ P(D) . Boruuciaum oTaeabpHO BeposTHOCTH cobbithii B, C, D:

1 2 2 1 3
P(B) = S0 - PE)=S 2B )-S5 -2
C 91 5 91 s 91
45 20 2 67
nu : P(4)=P(B)+P(C)+P(D)=—+—+—=—.
CIIOJIB3Ys OTH pe3yabTathl, monyunm: P(A4) = P(B)+ P(C)+ P(D) TRETRETIRT

IIpumep 2. BeposTHOCTh TmomajgaHusi B IeNb MPH CTpPelNbOe M3 TPEeX OPYIUil TaKOBBIL:
p,=08  p,=07,  p,=09. Haiitu BeposTHOCTh XOTsi ObI OJHOTO TOMaAaHUs (COOBITHE
A) mpu 0JTHOM 3aJilie U3 BCEX OPYIUil.

Pemenue: BeposSTHOCTh MOMAgaHus B LEeNb KaXAbIM M3 OPYIH HE 3aBUCUT OT peE3yJIbTaToOB
CTpenbObl U3 APYTrUX OpYyIOuil, IOSTOMY paccMaTpuBaeMble COOBITHA A (NOMagaHUE MEPBOTO
opynusi), Az (momagaHue BTOPOTo opyaus), Az (TMONagaHue TPEThero Opyaus) — He3aBUCHUMBI B
COBOKYITHOCTH.

BeposTHOCTH COOBITUIH, TPOTUBOMOJOKHBIX COOBITHSIM A1, Az, Az (T.e. BEpOSTHOCTH

npomaxoB) cootBerctBento pasael ¢, =02, 0,=03, ;=01

Torna uckomas Beposithocts P(A) =1-¢q, 9, 9,=1-0,2-0,3-01=10,994.
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1. JIBa cTpenka CTpessioT N0 MUIIEHU. BeposTHOCTh MonajaHus B MUILEHb IPU OJHOM
BBICTpee AJs nepBoro crpenka pasHa 0,7, mius Broporo — 0,8. HaiiTu BEpoOSITHOCTH TOrO, UTO
IIPU OJIHOM 3aJIIIE€ B MUILIEHb IONAJAET TOJIBKO OJIUH U3 CTPEIIKOB.

2. B xop3une 4 s610ka, 3 numoHa u 6 nepcukoB. Kakgoe MCIBITAHUE COCTOMT B TOM,
9TO M3  KOP3WHBI CIlydalHbIM 00pa3oM maaaer oauH (Gpykr. HaiiTu BEposITHOCTH TOTO, YTO U3
KOp3UHBl IPU TEPBOM HCIBITAHUU BBINAAET SIOJIOKO, MPU BTOPOM — JIMMOH, IPU TPETbEM —
MIEPCHUK.

3. B nByX smuKax HaXOIATCS ACTANU: B IepBOM - 12 (U3 4 craHAapTHBIX), BO BTOpoM -10
(u3 HUX 7 craHmapTtHeIX). M3 Kaxkaoro siyMka Haygady BBIHUMAIOT MO OJHOM neramu. Haiitu
BEPOSITHOCTb TOTO, YTO OHU 00€ OYIyT CTaHapTHBIE.

4. Jlnsa curHanu3auuu o0 aBapuu YCTaHOBJIEHBI JBa HE3aBUCUMO
paboTaromux CUrHaiau3aropa. BeposTHOCTh TOro, YTo MpU aBapHM CUTHAJIW3aTOp CpabOTaerT,
paBHa 0,95 mig nepBoro curnanuzatopa u 0,9 s Broporo. HaliTu BeposTHOCTh TOTO, YTO TIpU
aBapuu cpabOTaeT TOJIBKO OJIMH CUTHAJIN3ATOP.

5. B smuke 4 GenblX, 7 cMHUX M 3 KpacHbIX Ms4a. Kaxmoe ucnbplTaHue COCTOUT B TOM,
4TO U3 AIIMKa CITydallHbIM 00pa3oM BbIKaThIBaeTCs OJIMH Ms4. HaliTi BEpOsSTHOCTH TOTO, YTO
U3 fAIIUKa TpU TEPBOM HCIBITAHUU BBIKATUTCS CHHUN MSY, IPU BTOPOM — KpacHbBIM, a MpH
TpeTheM — OeJblii;

6. B mepBoii Baze HaxoAUTCS 5 KPAacHBIX U 3 OeNbIX TBO3UKH, BO BTOPOil — 4 KpacHBIX U
8 Oenbix TBO3MMKU. 13 Kax a0l Ba3pl Haygady OepyT mo ojxHOM rBo3auke. KakoBa BEpOATHOCTH
TOTO, 4TO OYAyT BIOpAHBI KPACHBIE TBO3INUKH.

7. N3 ypubI, conmepxkamieii 10 Oenmbix, 8 uyepHBIX W 1 OpaHKEBBIX IIAPOB, HAYTall
U3BJIEKAIOT TpU mmapa. HaliTu BeposTHOCTB TOT0, 4TO 3TO OyyT IIaphbl OJHOTO IBETA.

8. Ha TakTHueckux 3aHATHUAX 3€HMTHas OaTapesl CTpenseT MO ABYM OECHHJIOTHBIM
camouietaM. HaliTu BEpOATHOCTb TOTO, YTO CaMOJIEThI HE OyIyT COMTHI, €CIIM BEPOSITHOCTh COUTh
OJIMH camoJIeT paBHa 1/2, a aBa camoueta — 1/8;

9. Otnen TEXHUYECKOrO KOHTPOJIS  NPOBEPSAET M3JAEIAMS Ha CTAaHAAPTHOCTD.
BeposatHoCTb TOrO0, 4TO M3AEIME CTaHAapTHOE, paBHa 0,9. HaliT BEposATHOCTB TOTO, YTO U3 ABYX
IIPOBEPEHHBIX U3JIEJINN TOJIBKO OJHO CTaHIAPTHOE;

10. B kopoOke Haxomurtcss 6 cuHUX, 4 KpacHbIX W 6 3eneHbIx ¢uaxkkoB. Kaxmoe
UCIBITAHUE COCTOUT B TOM, 4YTO M3 KOP3HHBI CIy4ailHbIM 00pa3oM BbIOMpaeTcss OJUH (PIaskoK.
Haiitu BeposSTHOCTH TOTO, 4TO MPHU NEPBOM HCIBITAHUU OyneT BbIOpaH 3eieHblil (hIaxoK, Mpu
BTOPOM — KPacCHBI, a IIPU TPETHEM — CHHHI.

HOM&I.HHCC 3aJaHHucC

1. B smuke 10 meraneif, cpenu KOTOpBIX YeThIpe OKpameHbl. COOpUIMK Haynauy Oeper
Tpu Aetanu. HaiiTu BeposTHOCTB TOT0, 4TO XOTS OBl OJTHA U3 HUX OKpAIIIECHA,;

2. Bo Bpems y4eOHBIX MaHEBPOB JBa TaHKA MBITAIOTCS MPOPBATHCS B PACIOJIOXKEHHE
IIPOTUBOTAHKOBOW OaTapen «IpoTHBHUKa». KakoBa BEpOSTHOCTH TOTO, YTO Oy/AET MOJOUT XOTS
Obl O/IMH TaHK, €CJIM BEPOSITHOCTh TOTO, YTO Oy/IeT MOAOUT OJMH TaHK paBHa 2/3, a JBa TaHKa
2/5.

3. Hanonke B cmy4aiiHOM MOPSAJKE PACCTABICHO CEMb YUCOHUKOB, IPHUUYEM UYETHIPE U3
HUX - 10 Maremaruke. CTyJeHT Hayaayy OepeT ABa u3 HUX. HaliTH BEpOsTHOCTH TOTO, YTO XOTS
ObI OZIMH U3 HUX — [I0 MaTeMaTHKe.
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IIpakTnueckoe 3ansiTueNe 58
Tema: KontposipHast pabora

Hean: [IpokoOHTpOIMPOBATH YPOBEHb YCBOEHUS MaTepuaia

1 Bapuanr

1. DnexTpoHHBII IPUOOP COCTOUT U3 ABYX MOCIIEI0BATEIHHO BKIIOYEHHBIX OJIOKOB.
BepositTHOCTH BbIX0/a U3 CTpos 3a 1 Mecsl paboTel epBoro 6joka pasHa 1/3, BToporo -1/4, a
o6oux — 1/6. Haiigure BeposTHOCTh Oecriepe0oitHOM paboThI TpUOOpa B TEUECHUE MECSIIa.

2. B nByx smmkax HaxomsTCs eTaiu: B mepBoM 10 neraneii (M3 HUX 7 OKpamieHHbIX), BO
BTOpOM- § nieTasiel (M3 HUX 5 okpalieHHbIX). M3 kaxaoro sAiuka Hayaady BIOMPAIOT IO OJTHOM
neranu. KakoBa BepoATHOCTb TOTO, 4TO 00€ OyAYT OKpaIleHHBIE.

3. B smmke 12 neraneit, cpemu HUX 9 cranmapTHBIX. HaiflTh BEpOSTHOCTB TOTO, UTO CpeIn
Hay/auy U3BJICYCHHBIX 2-X JeTalled OKaKeTcs He 0oJiee OTHOM HeCTaHJapTHOM JeTalu.

4B samuke B CIy9allHOM TOpPSIKE TMOJ0XKeHbl 10 pgerameld, U3 KOTOPBIX 4 CTaHAApPTHBIX.
Kontponep B3sin Haymauy 3 gertanu. BelumciawTe BepoOSITHOCTH TOTO, YTO XOTS ObI OJHA W3
B3ATHIX J€TaJEH 0Ka3aaach CTAHJIAPTHOM.
5.CTymeHT chaeT 3K3aMeH 1O TEOPHH BEPOATHOCTEH. BeposSTHOCTh MOMYYUTh Ha DK3aMeH
«eyn.» pasHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «otin.» - 0,1. KakoBa BEpOsITHOCTb TOTO, YTO
CTYIEHT MOJIYYHUT Ha SK3aMEHE IMOJIOKUTEIbHYIO OLICHKY?
6Ctpenok momamaer B AeciITKy ¢ BepositHocThio 0,05, B nmeBarky — 0,2, B BocbMmepky — 0,5.
Cnenan onuH BoicTpen. KakoBa BEposSITHOCTh CIICIYIOIIMX COOBITHIMA:

a) BEIOMTO HE MEHEe 8 0UKOB;

0) BLIOUTO MEHEE 8 OYKOB;

B) BBIONTO O0Jiee 8 OUKOB;

') BBIOUTO HE 6osiee 8 OUKOB.
7.IlpousBoauTCcs [1Ba BBICTpENa MO OAHOM W TOM ke MHIIEHH. BeposTHOCTh momajaHus B
MMUIIIEHb TIpU TIepBOM BbIcTpesie paBHa 0,6, mpu BTopoMm — 0,8. HaliTh BEpOSITHOCTH TOTO, YTO B
MHUILICHH OyJIET XOTs ObI 0JTHA TPOOOMHA.
8.bpocatorcsi n1Ba urpanbHbIX KyOuka. KakoBa BepoSITHOCTH TOSBIEHUS XOTsI Obl OJHOI
IeCTepKHU?

2 Bapuaunr

1. U3 uucen 1, 2,3,4...100 Bb1OupatoT uncio. HaliTi BEpoSITHOCTH TOTO, YTO BHIOPAHHOE YHCIIO
JICITUTCS XOTS OBl Ha OJHO U3 YHcel: 4 u 6.

2. BepodTHOCTB TOTO, 4TO MPH U3MEPEHUH HEKOTOPOH (hHU3MUECKON BETHMUMHBI Oy/AeT JOMYyIeHa
o1nOKa, MpeBbIIIaroIias HEKOTOPYIO 33JaHHYI0 TOYHOCTh, paBHa 0,4. [IpousBeneHo nBa
HE3aBUCUMBIX U3MepeHus. HaliTu BEpOATHOCTh TOTO, UTO TOJIBKO B OJIHOM M3 HUX JOIYyIIEHHAs
OIIIMOKA MPEBBICUT 33AaHHYIO TOYHOCTb.

3. Ha nmonke Briepemexky pacctaBieHo 4 yueOHHMKA MO TEOMETPHH, 5 Y4eOHUKOB 10 Treorpaduun
1 3 yueOHMKA 10 acTpoHOMHH. Kaxmoe HCTbITaHue COCTOUT B TOM, YTO OMOIHOTEKaph
cliydaifHbIM 00pa3oM BBIOMpaeT oAWH yueOHUK. HailTi BepoSTHOCTB TOTO, UTO MPH MEPBOM
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UCTIBITaHUU OyIeT BHIOpaH y4eOHUK 110 aCTPOHOMMH, TIPH BTOPOM — TI0 TE€OMETPUH, a B TPETHEM —
1o reorpaduu;
4. B ctynuu TeneBuAEHUS 3 TEIEBU3MOHHBIX Kamephl. 1 KaX /101 U3 HUX BEPOSITHOCTD TOTO,
YTO OHa BKJIIOYEHA B JaHHBIM MoMeHT paBHa 0,6. HaliTu BEpOSTHOCTB TOTO, YTO B AAHHBIN
MOMEHT HU OJIHA U3 HUX HE BKIIIOUECHA
5.B ypne Haxonsatcs 7 6enbix u 3 yepHbix mapa. [loapsia u3snekaroT nBa mapa. Kakosa
BEPOSITHOCTh TOT'O, UYTO OHU 00a YepHble?
6.Mosety noadpocuiu aBa pa3. HaiiTu BeposTHOCTB TOT0,9T0 00a pa3a BhIMAJET repo.
7. B nepBoii ypHe 7 OenbIX U 3 4YepHBIX LI1apa, BO BTOpoil — 3 OenbIX U 7 4epHbIX 11apos. U3
KaKJOW ypHbl BBIHMMAIOT OJUH Iap. KakoBa BepOATHOCTH TOro, 4TO 00a BBIHYTHIX IlIapa
Oenble?
8.Tpu cTpenka HE3aBUCUMO JIPYT OT Jpyra CTPENSIOT 10 1eNr. BeposTHOCTh Momaganus B e
nepBbIM cTpenkoM pasHa 0,7; BropeiM -0,8; Tpetbum — 0,9. HaiiTu BEposITHOCTB TOTO, UTO :

a) BCe TPH CTpeJIKa MONaaAyT B LIETb;

0) BCE TpHU CTpEJIKA TPOMAXHYTHCS;

B) TOJIKO OJIMH CTPEJIOK MOMAJIET B LIEJIb;

I') TOJIBKO J]Ba CTpeJIKa MONaayT B IeJib;

1) He 0oJiee IBYX CTPEIIKOB MOTAIYT B 1IETTh;

€) XOTs1 ObI OJMH CTPEJIOK TIOMA/IET B LIEITb.

IIpakTuyeckoe 3anaTueNe 59

Tema: CBolicTBa napajuiebHbIX MJIOCKOCTEHN

eab: Hayunts pemaTs 3a1a4u, HCHOJIb3YSl CBOMCTBA MapaJlJIEIbHbBIX MIOCKOCTEN
Teopernueckuii 610K

Onpeaenenue. [Ipsimas 1 MIOCKOCTh HA3BIBAIOTCS MapaslieIbHBIMU, €CIIM OHU HE UMEIOT 00X

ToueK (a || o)
IIpu3Hak napajjieJbHOCTH NPSAMOI U IJIOCKOCTH.

TeopeMa. Ecmu IpsMasi, HE JICXKaAIllasa B HaHHOﬁ IIJIOCKOCTH, I1apajlJICJIbHa KaKOﬁ'HH6YHB
HpHMOﬁ, JIeXKaniei B 3TOM IIJIOCKOCTH, TO OHA ITapaJuICIbHa caMoO MIOCKOCTH.

3

L allb
bool=al|x
b ad o
puc. 1
3ameuanus.

Ecnu niocKkocTh NpOXOAUT Yepes3 JaHHYIO IIPSMYIO, MTapaJlIeIbHYIO IPYyTron
IIJIOCKOCTH, U IIEPECEKAET JTY INIOCKOCTb, TO JIMHUSA I1€pEeCEeYCHUS
IIJIOCKOCTEN MapalljiesibHa JaHHOU IIPSMOM.

Ecau onna u3 ABYX MAapaJUICIIbHBIX MPSAMBIX ITapaJlJICIIbHA JTaHHOM
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puc. 2 IUIOCKOCTH, a ApYTasi MpsiMas UMEET ¢ INIOCKOCThIO OOIIYI0 TOUKY, TO 3Ta
IIpsIMast JIEKUT B JAHHOU IIJIOCKOCTH.

BrniBOaBI.

Cny4yaun B3aMHOTO PacIOJIOKEHUS MPSIMON U TIOCKOCTHU:
a) mpsiMasi JIEKUT B INIOCKOCTH;

0) mpsiMast M IIOCKOCTh UMEIOT TOJIBKO OJHY OOIIYIO TOYKY;
B) IpsiMasi ¥ TUIOCKOCTh HE UMEIOT HU OJJHOM OOIIEeH TOUKH.

UMEIOT OOIIMX TOYEK.

a
/),:'<5:/ [MapanienbHOCTH IMIOCKOCTEH o U B 0003HaUaeTcs Tak: o || B. PaccmoTpum
3 NPU3HAK NapauIeTbHOCTH JIBYX INIOCKOCTEH.

puc. 3

Z >§ / Onpenenenue. /[Be MIOCKOCTH HA3bIBAIOTCS MapaLICIbHBIMK, €CITH OHH HE
P

Teopema. Eciu 1Be nepecekaromuecs npsMbie 0JJHON MIIOCKOCTH
COOTBETCTBCHHO IAapalJICIIBHBI IBYM ITPSAMBIM npyrof/i INIOCKOCTH, TO 3TH
IJIOCKOCTH MapaiebHbl.

Crnydan B3aMMHOIO pacIoyIOkKEHUs MIJIOCKOCTEN:

IUIOCKOCTH . M B TIEpECEKar0OTCA.

puc. 4

A IJIOCKOCTH . U B napaaijiciibHBbI.

puc. 5

CBolicTBa napajuiesbHbIX MJIOCKOCTEH:

/
LW/

1. Ecou ABC IMapaJUICIIbHBIC IIJIOCKOCTU IEPCCCUYCHBI TpeTLefI, TO JJUHHUH

.’ HX MIEPCCCUCHU ITapaJlJICIIbHBI.

puc. 6
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2. OTpe3ku napajuiebHbIX IPSIMbIX, 3aKIIOUEHHBIE MEXKIY

/ el ? NapajuIeIbHBIMU IJIOCKOCTSIMU, PABHBI.
L] Vg

Pemrenue 3agauq:

Han yron AOD u nBe mapasienbHble IIOCKOCTH O U 3.

[Tnockocth o mepecekaeT croponsl yriaa OA u OD cooTBeTcTBEHHO B Toukax A u D,
IJIOCKOCTH [3 3TH CTOPOHBI NEPECeKaeT COOTBETCTBEHHO B Toukax B u C.

Jano:

OB=8
AB=6
BC=9

CD=2
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Haiitu AD, OD

Yepes Touky O, KOTOpast HAXOIUTCS MEKY HapaIeIbHBIMU IIJIOCKOCTSAMU 0. U [3, IPOBEAECHbI
npsiMbie C U O, mepecekaroiue mioCKOCTH TakK, YTO TOYKH A U B HaXosITCs B IJIOCKOCTH 0, a
touku C u D - B mockoctu 3 AB=18 cm, DO=26 cm u AC=3-A0

Beraucnouts: BD;CD

[MapannenbHbIe TUIOCKOCTH (L U [3 IepeceueHbl IPSIMbIMHE C | O

Croponsl 4N\ mepecekaroT napajienbHbIe INIOCKOCTH [3 1 o B Toukax C,D u A B. Beruuciau
miny otpeska AB, eciiu NA=13 cm, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napauienbHble INIOCKOCTH [3 U O

Jlanbl mapajuiesnbHble miockoctu o U . Touku A 1 B HaxomsITCs B TUIOCKOCTH 0, &
touku C u D B utockoctu 3. Jlnuna otpeska AC=7, nmuHa otpeska BD=12.

CymMma mpoekIiuii 3TUX OTPE3KOB B IIIOCKOCTH [3 paBHA 8.

Haiitu nnmuny npoekuuit 000uX OTPE3KOB.
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LA
IMpakTnueckoe 3ansitueNe 60
Tema: IlosTopenue. [IpoBepounas padota

eab: O00OMUTD U 3aKPETTUTH 3HAHUSI M HABBIKHM YYAIIUXCS 110 JAHHOW TeMe

Teopernueckuii 070K

Kakwue nBe mpsimbie B MPOCTPAHCTBE HA3bIBAIOTCS MapaslieIbHbIMU?
CdopmynupyiiTe TeOpeMy O MapauIeIbHbBIX MPSMBIX.
Kakne BO3MOKHBI Cilydan B3aUMHOTO PACIOIOKEHUE MPSAMOM U TNIOCKOCTH?
Kakwue npsiMast 1 III0CKOCTh Ha3bIBAIOTCA MapaljiebHBIMU?
Chopmynupyiite npu3HaK napajieIbHOCTH MPSMOM U IIOCKOCTH.
Han xy6 A... D1. HazoBure yetbipe napbl napauienbHbIX MPSMBIX U YETHIPE Mapsbl
MIePECEKAIOIINXCS TPSIMBIX
7. Chopmynupyiite npu3HaK napajieIbHOCTH NPSMOU U IIOCKOCTH.

ok whE

BepHo 11 yTBepkIeHHE: €cIU 0JHa U3 IBYX MPSIMBIX MapajliesbHa JI0CKOCTH, a BTOpast
MIEPECEKAET ITY IJIOCKOCTh, TO MPSMbIE TaPAIJICIIbHBI.

Permtenue 3amau

1). Bamaua 1

[aHo:

A ABC,
ABea, C e aq,
AM = MC,
CN = NB.

Doxasats: MN || a.
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JloKa3aTeILCTBO

MN - cpennss nuaus Tpeyroiabauka ABC, snaunt MN || AB, AB € a.

Taxum o6pazom, MN || a (10 nMpU3HAKY MapaJUIETLHOCTH MPSMOM U MIIOCKOCTH).

2). 3amaya 2
[aHo:
2 -
ABCD - tpaneuus,
M [ /\/ ABe a, CD ¢ a,
/ \ AM=MD, CN=NB,
) ). % Nokasats: MN || a.
T
JloKa3aTeILCTBO

MN - cpennsist nunus Tpaneuun ABCD, 3naunt MN || AB; AB £ a (o ycnosuto),
Takum oOpazom, MN || a (o npu3HaKy napayieabHOCTH MPSMON U TUIOCKOCTH).

3)3amaua 3. Cropona AC tpeyronbunka ABC mapaiienbHa I0CKOCTH a , a ctoponsl AB u BC
MEPECEKAIOTCS € ATOM IIIOCKOCTHIO B Toukax M u N. Jlokaxure, uto TpeyroibHuku ABC u
MBN 110100HEI.

[lepen pemeHnemM naHHOM 3a1a4l HEOOXOIMMO BCIIOMHUTD MPU3HAKU [10100US TPEYTOJIbHUKOB.

I}

A AaHo:
/) AABC, AC Il a,
S owtn / AB A a=M,
£ ".\ BCAa=N.
¢ foxasats: A ABC nogoben A MBN
JloKa3aTeabCcTBO

1. ITo yrBepxaenuto 1°: MN || AC. Toraa yroa A = yrimy BMN (kak 0JHOCTOpOHHME IIpU
HapajiesIbHBIX MPSAMBIX).

2. yron B - oOuiuii.
3. Takum o6OpasoMm, 1o 1ByM yriam TpeyroiabHuk ABC nogo6en tpeyroiasauky MBN.
4). 3amava 4

Ha croponax AB u AC tpeyronsauka ABC B341bI cooTBeTcTBeHHO To4KkM D 1 E Tak, uto OE =
5 cm u BD = 2/3. Ilnockocth a mpoxoaut yepes Touku B u C u nmapannensHa otpe3ky OE.
Haiigure umny otpeska BC.
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HaHo:
A ABC,
DeAB, E€AC,
BCea, all DE,
DE=5cm, BD/DA =2/3.

Hautu: BC.

Pewrenue:

tpeyroiapHuk ABC nono0en tpeyronbauky ADE.
Torxa AB/AD = BC/DE, 5/3 = x/5, x=25/3, x =83,
Otser: 83

JdomamHee 3aganue:

[Ipsimast AB mepecekaet miockocTh o. Yepes koHIp! oTpe3ka AB u ero cepenuny C mpoBeaeHbI
napajuieNibHble NpsMbIe, IepeceKarolre mIockocTh o B Toukax Al, B1 u C1. Paccmotpute
cnydan: 1) otpe3ok AB He mepecekaeT mIocKocTh o ; 2) oTpe3ok AB mepecekaer a. B kaxaom
cinydae HaiauTe: a) nuHy otpeska CCl, ecmu: AA1 =3, BB1 = 6; 6) nmuny otpeska AA1, ecinun
BBI1 =13, CCl=1

IIpoBepounas padora
1 BapuaHT

1. Otpe3ok AB He nepecekaeT IocKocTh . Yepes cepenuny oTpe3ka C U KOHITBI OTpe3Ka
A u B npoBenieHbl IpsiMble, MapajielbHbIE MEKy COO0H U MepeceKaromime
IJIOCKOCTb 0L B TOUKaX , . Beraucnuts aiuny orpeska CCiecin Ady =5 BBy =7

2. Uepe3 Touky O, He JeXKallyl0 MEXAY MapaieIbHbIMH IJIOCKOCTSAMU O U 3, TPOBEACHbI

Aq

npsimbie | um.  Tlpsimast | nepecekaer  trockoct o ©uW P B TOYKax

A2

n COOTBETCTBECHHO, IIpsAMasg M — B TOYKax u Haiiaure AJINHY

OTpE3Ka , €CIIN =15cwm,

128



0 10 =3:5.

3. TIpsimas AB nepecekaeT iockocTh o. Uepes koHibl oTpe3ka AB u ero cepeauny C
MIPOBEICHBI MMapajuIeNbHbIE PSIMbIC, TTEPECEKAONINE MIIOCKOCTh o B Toukax Al, B1 u CI.
Paccmotpute cimyuan: 1) otpe3ok AB He mepecekaeT IiocKocTh o ; 2) oTpe3ok AB
nepecekaer o. B kaxxaoMm ciaydae Haiiaute: a) nuny otpeska CCl, ecnu: AA1 =7, BB1
=5; 6) mmuny otpes3ka AA1, ecmu BB1 =7, CC1=11.

2 BapuaHT

1. Touka M nexut Ha oTpe3ke AB. Otpe3ok AB nepecekaeTcst ¢ MI0CKOCTHIO ¢ B TOuke B.

Uepes A u M nipoBeieHbI ITapajuiesibHbIE TPSAMBIE, IEPECEKAIOIINE O, B TOUKAX u.

Haiigure nnuny otpeska AB, eciiu A :M=3:2,AM=6.
2. UYepe3 Touky O, NekKallyl0 MEXKAY MapauICIbHBIMU IUIOCKOCTAMH O U 3, IPOBEICHBI

npsmbie | um.  Tlpsimas | mepecekaer maockoct o W B B TOYKax u
COOTBETCTBEHHO, TpsAMas M — B TOYKaX u . Haiinure miuny otpeska
eciiu =12 cMm, 0:0 =3:4.

3. Han AMKRP. ITnockocts, mapamiensHas npssmoii MK, nepecexkaer MP B Touke , PK - B

Touke. Haiinure , ecmu MP : P=12:5 MK =18 cm.
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IIpakTnueckoe 3ansiTueNe 61

Tema: [Ipu3Hak nepreHIUKYIIPHOCTH MPSMOM U INIOCKOCTH
Heuab: O600IMTE U CHCTEMATU3UPOBATH MAaTEPUAIl TIO JTAHHOU TeMe

Teopernueckuii 610k

Onpeoenenue. llpsiMas a Ha3bIBae€TCA TMEPHEHAMKYISIPHOM K TIJIOCKOCTH 0O, €CId OHa
MePIEHNKYIISIPHA K JIF0O0H MPSMOH, JiexKalel B 3TOM IMII0OCKOCTH.

TeopeMa. Ecau npsaMas MNEpHnCHAUKYIIpHAa K ABYM ICPCCCKAIOIIMUMCH IPSAMBIM, JICKAIIUM B
IIJIOCKOCTH, TO OHA NCPHCHIAUKYJIISIPHA K 9TOM IIOCKOCTH.

IIpumep 1. Toukn 4, M, O nexat Ha NpPAMOU, NEPIEHINKYIIPHON K INIOCKOCTH 0, @ TOUkH O, B,

CuD nexar B miockoctd o (puc. 3). Kakwe wu3 crueayomux yrjioB  SBISIOTCS
LAQR, A MOC, £ DAM, £ DOA, £ BMO

MPSIMBIMU: ?
A
M
B I
0
C o
Puc. 3.
Pewenue
£AQE
Paccmotpum  yron . Ilpamas AO nepneHauKyasipHa IJIOCKOCTH 0, a 3HAYWT,
npsmas AQ nepneHauKylisgpHa JTI000H MpsAMOiA, Jexamed B IUIOCKOCTH ¢, B TOM 4YHCIEe
£LAOB = 90°
npsmoit BO. 3Hayur, :
LMal £LMOC = 90°
Paccmotpum yron . [Ipsimas 40 nepnenaukyasipaa npsimoit OC, 3HAUUT, .
£DAM £D0A = 90°
PaccmorpuMm yron . Ilpamasa AO nepniengukynspHa npsmoit OD, 3Ha4wuT,

Paccmorpum tpeyronbHuk DAO. B TpeyronbHHKe MOXKET ObITh TOJBKO OJMH NPSMOM yrodi.

3HayuTt, yroin DAM — He aBnsieTCs IPSIMBIM.
£D0A 2004 = 90°

Paccmotpum yron . [Ipsimas 4O nepnenaukynsapHa npsmoi OD, 3Ha4wT,
£LBMO

PaccmorpuMm yron . OTO0 yrous B npsAMOyrojisHOM TpeyrojabHuke BMO, oH He MOXeT ObITh
MPSIMBIM, TaK Kak yroia MOB — npsMoi.
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LAOQB = £MOC = £D0OA = 90°
Omeem: :
L0 = 90°
IIpumep 2. B tpeyroasnuke ABC naHo: ,AC= 6 cM, BC = 8 cm, CM — mennana (puc.
4). UYepez Bepuuny C npoBenena mnpsamas CK, TepneHAUKyaspHas K  IUIOCKOCTH
tpeyroiabHuka ABC, npuuem CK = 12 cm. Haligute KM.

K
L
B
e M
A
Puc. 4.
Pewenue:
AB =VCB? + ACT =v82+67 = 10
Haiinem nmuny AB no teopeme [ludaropa: (cm).
[Io cBOWCTBY MNpPAMOYTrOJIBHOTO TPEYrOJIbHUKA CEpeIUuHA THUIOTEHY3bl M paBHOyJAJIEHA OT
CM=2AB=5

BepIInH Tpeyrojbauka. To ectb CM = AM = BM, (cm).

Paccmotpum  Tpeyronpauk KCM.  Ilpsmas KC nepnenaukynsipHa  1miockoctu ABC, a

3HauyuT, KC nepnenaukynsapHa CM. 3Hauut, TpeyrogbHUk KCM — npsmoyrosbHbid. Haitgem
KM =vECT+ (M2 =+v127+ 52 =13

runoteny3y KM u3 teopemsl [Iudaropa: (cm).

Omeem: 13 cm.

IIpakTnyeckoe 3ansaTue Ne 62

Tema: [Tpu3Hak neprneHIUKYISIPHOCTH IVIOCKOCTEH. YTIIBI MEXKIY MPSIMBIMU U INIOCKOCTSMHU.
Heab: O000UUTE U CUCTEMATU3UPOBATH MaTepUal 0 IaHHOM TeMe

Teopernueckuii 610K

VYroa Mexx Iy IpsAMON U INIOCKOCTBE) — 3TO YIOJl MEKY IPSIMON U €€ MPOEKIUEN Ha JaHHYIO
IIJIOCKOCTb.

B kauectBe yriia Mex1y NpsMOi U MJIOCKOCTbIO BBIOUPAEM OCTPBIN YroJl.

Ecnu npsmas napajienbHa INIOCKOCTH, 3HAYUT, YIOJI MEXKAY IIPSAMOM U TUIOCKOCTBIO PaBEH
HYIIIO.

Ecnu npsimas nepreHauKyspHa IUIOCKOCTH, €€ MIPOESKIUEN Ha INIOCKOCTh OKaKETCs TOYKa.

OueBHIHO, B 3TOM CiIydae yroj MEXy IpsIMOU U INIOCKOCTBIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexaT Ha IpsAMOM, TEPHIEHIUKYIAPHOM K IMIOCKOCTH a, a Touku B, Cu D
Jexar B ImIockocTH a. Kakue u3 cneayromux yr j1oB aBisgiores npsameiMu: ZAOB, £MOC,
2DAM, £DOA, £BMO?

Pemenue: a L o, mo3ToMy a epHneHIMKYIIsIpHA 1000 MpsiIMOH, Jexariei B . o. YToOsl
npsiMasi IpUHAAIeKana Il o, J0CTaTOYHO, YTOOBI 2 TOYKHU MPSAMON MPUHAIEKAIN TLT. .
OTBeT: npsIMbIE YIIIbI
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2. [Tpsamas OA neprienaukynsipaa k mockoctu OBC, u Touka O siBIsieTcs cepeMHOM oTpe3ka
AD. loxaxwure, uro: a) AB = DB; 6) AB=AC, eciu OB=0C; B) OB = OC, eciu AB=AC.

Pemenue:

a) Paccmorpum AABD.

I03TOMY

- 110 IByM KaTeTawm,

6) Paccmorpum AAOB u AAOC.

- 110 OIPEIEICHHUIO;

- TI0 YCIJIOBHIO; - OOIIIasl.

Tpeyronsaukun AOB u AOC paBHbI o AByM Katetam. Otcroza:

B) T.x. AB = AC, 1o npsimoyrosibHbie TpeyroabHuku AOB u AOC paBHBI IO TUIIOTEHY3€ U
kareTy (AO -—o0muuii KaTeT), HO3TOMY

UYro u TpeboBanoch J0Ka3aTh.

3.Uepes Touky O mepeceueHus AuaroHaiell KBajapara co CTopoHou a mposeaeHa npsimast OK,
MepIeHIuKYIsApHas K IUIOCKOCTH KBajparta. Haiinure paccrosHue oT Touku K 10 BepiuH
kBajpara, ecinu OK = b.

IIpakTHyeckoe 3anaTHe Ne 63

Tema: [lepnieHANMKYISAPBI U HAKIOHHBIE
Hean: O000MUTh U CHCTEMATHU3UPOBATh MAaTepUal MO JaHHON TemMe

Teopernueckwnii 010K

HaxionHo#, nmpoBeIeHHOM M3 TaHHOUM TOYKH K IaHHOM TIJIOCKOCTH, Ha3bIBACTCS JIFOOOH
OTPE30K, COCTUHSIONINKI TAaHHYIO TOYKY C TOYKOH IUIOCKOCTH, HE SBIISIOIIHIACS
MEePIEHIUKYIISIPOM K TUIOCKOCTH.

KOHGI_[ OTpE3Ka, J'Ie)KaHII/Iﬁ B IINIOCKOCTHU, HA3bIBAC€TCsI OCHOBAaHUEM HaKJIOHHOM.

A

AB - HakiioHHAasL.
B - ocHOBaHUE HAKIIOHHOM.
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[TepneHuKyIApOM, IPOBEACHHBIM U3 JAHHOW TOYKHU K JAHHOM IUIOCKOCTH, HA3bIBAECTCS OTPE30K,
COCIMHAIOIMUI JAHHYIO TOUKY C TOYKOU IIJIOCKOCTH M JIEXKAIIUKA Ha NPSMOH, IEPIICHAUKYIIPHON
IIJIOCKOCTH.

Koner 3Toro orpeska, jexamiuii B JI0CKOCTH, Ha3bIBa€TCS OCHOBAHUEM IEPIIEHIUKYJISpa.

A

X

AC - neprieHIuKysp.

C - ocHOBaHME MEePICHIUKYIISIPA.

PaccrostHEEM OT TOYKH /10 TIIIOCKOCTH Ha3bIBACTCS JJIMHA MEPIICHIUKYIISIPa, POBEICHHOTO U3
3TOM TOYKH K IIJIOCKOCTH.

OTpe30kK, COeUHAIONINA OCHOBAHUSA NMEPIICHANKYJISIpAa U HAKIOHHOM, TPOBEJAECHHBIX U3 OJTHOU U
TOM K€ TOYKH, HA3bIBACTCS MPOEKI[MEH HAKIOHHOM.

A

X

CB - mpoerus HakinoHHO#M AB Ha MI0CKOCTS 0.
Tpeyronsank ABC npsMoyroJyibHbIH.

YoM Mexy HAaKJIOHHOW U IUNIOCKOCTBIO Ha3bIBAETCS YIOJI MEXKIAY DTOM HAKJIOHHOU U €€
MPOEKUMEN HA INIOCKOCTb.
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X

<CBA - yron mexy HakoHHOH AB 1 Mm10cKOCTEIO 0.

A

Ecimu AD>AB, To DC>BC

Ecou u3 Z[aHHOﬁ TOYKH K HaHHOﬁ IIJIOCKOCTH ITPOBECTHU HECKOJIBKO HAKIIOHHBIX, TO OoJIbIIIEH
HaKJIOHHOM COOTBETCTBYECT OoJbIIas IIPOCKI M.

<DAB - yros Mex 1y HaKJIOHHBIMU
<DCB - yron Mexay npoeKnusiMu
Otpesok DB - paccrosinue Mex 1y OCHOBaHUSMU HAKJIOHHBIX.

Pemienune ynpaxueHuii:

1) [Ipsimass CM neprieHAUKYIsIpHA K III0CKOCTH MPpsMOYroJibHOro TpeyroisHuka ABC ¢

npsmeiM yriioM C. Halinure paccrosinue ot Touku M o croponst AB, eciin AC=3cm, BC=4cwm,
CM=1 cm

2)B paBHoGenpenHoM TpeyroasHuke MHK, MH=NK=5cMm, MK=6cMm. Touka D HaxoauTcs Ha
paccTosiHUU V10 cM oT TIoCKOCTH TpeyrosubHruka MNK 1 Ha 0AMHAKOBOM PACCTOSIHUM OT €T0
cTopoH. Hanaure 310 paccrosiHue.

3) B tpeyronsauke ABC nano: AB=5cM, AC=7cm, BC=6¢M. [Ipsamas AD nepnenaukysspHa K
miockocty TpeyroiasHuka ABC. Haiigute paccrosHue ot Touku D 1o ctoponst BC, ecin
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AD=5cM.

4)Uepes karer AB npsimoyrosnbHoro paBHooenpeHHoro tpeyroibHuka ABC nmposeneHa
IUIOCKOCTH a (anb(da), 0Opasyromias ¢ INIOCKOCTHIO TPEYTOJIbHUKA yroi B 45 rpaaycoB. Haliaute
paccrosinue ot Touku C 110 Tuiockoctu a (anbda), ecnu AC=2cm

5)Touka M HaxoauTCsl HA PACCTOSHUM 6 CM OT IIJIOCKOCTH PaBHOCTOPOHHETO TPEYroJIbHUKA
ABC u Ha 10cM oT BepMH 3TOro TpeyroibHuka. Halinure nuny croponsl TpeyrojasHuka ABC

JomarHee 3aganue

Touka A paBHOyJaJIeHa OT BEpIIMM Mapaiiesnorpamma. Jlokaxure, 4To 3TOT napaiesiorpaMmm
SIBJISIETCS] IPSIMOYTOJIBHUKOM.

OcHoBaHus Tpanenuu paBHsOTCSA 14 cM 1 8§ cM coOTBETCTBEHHO. Uepe3 6osblliee OCHOBaHUE
Tparneuu MpoBeIeHa MIOCKOCTh, KOTOPasi HAXOJUTCS HA pACCTOSIHUU 8 CM OT MEHBILIETO
OCHOBaHMS Tparneunu. Haliqure paccTosHrE OT TOYKH MEPECEUEHU TUArOHAJICH Tpaneuu 10
MIPOBEACHHON IIOCKOCTH.

C TOuYkM A Ha IIOCKOCTH 0L MPOBEICHBI IB€ HAKJIOHHBIE TTMHOM 15 cm u 20 cM. [[nuHa
MPOEKIINY OJHOU W3 3TUX HAKJIOHHBIX paBHa 16 cm. Haiiaute cunyc yria, o0pa3oBaHHOTO
JPYro HAKJIOHHOMW U TUIOCKOCTBIO (L.

Touka K HaxoAUTCS Ha OJUHAKOBBIX paccTOsIHUAX KA n KB 0T CTOPOH IPSIMOTO yIJia C
BepmnHOM C. O — npoekuus Touku K Ha III0CKOCTh 3Toro yria. Jlokaxure, uto OACB —
KBaJipar.

IIpakTnyeckoe 3ansitue Ne 64
Tema: KonrponsHas pabota o teme: «IIpsimbie U MIIOCKOCTH B IPOCTPAHCTBE»

Iean: [IpoBepuTh ypoBeHb YCBOCHUS 3HAHUM 110 TeMe: «IIpsiMble U TIJIOCKOCTH B
MIPOCTPAHCTBE»

1 BapuaHT

1. Cropona npaBunsHoro Tpeyroisauka ABC paBHa 2V3 em. K ero miockoct IIPOBEJICH
nepnenukyisap AK, pasusiil 4cm. Haligure paccrosinue ot Touku K 1o ctoponst BC.

2. Uepes cropony AB npsmoyronsauka ABCD npoBenena minockocts o.. Ctopona CD
ylajaeHa oT 3Toi miockoctu Ha 3 cm, CB=6cm, CD=8cm. Haiigure:1)yron mexay
npsMoii DA u miiockocThio o ,2)cUHyC yriia Mexay npsmoid BD u minockoctsio o.

3. Karer AC npsmoyronsHoro AABC ¢ npsaMbiM yriiom C JI€XHUT B IJIOCKOCTH 0., @ YTOJI

Mexay miockoctamu o 1 AABC pasen 60° . Haiiute paccrosue ot Touku B 10
miockoctH o, ecim AC=5cm, AB=13cm.

4._. Ilnockocty MpsiIMOYTobHbIX TpeyroiabHUKoB ABC u ABK nepneHaukyaspHsl.
AB=8cm, AK=10cM, - ABK=- ABC=90° , - BAC=45° . Berunciure paccToOsIHUE MEXK Y
toukamu K u C.

2 BapuaHT
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=

Otpesok AM, paBHblii 12 cM, IepHeHAUKYIAPEH IIIOCKOCTH TpeyroiabHuka ABC.
Haiinure paccrostnue ot Touku M 1o nipsimoit BC, eciu AB=AC=20cm, BC=24cwm.

N

Croponsl npsmoyrosibHuka ABCD paBHbl 6¢M 1 63 cm. K miockoctn IIPSAIMOYTOJIbHUKA
yepe3 TOUKY IIEpEeceYeHUs ero AuaroHanei nposeaeH nepneHaukyisip OK, paBHbiii 6¢M.
Haiigure yron Mexay miockocTbio npsMoyroisHuka u npsambivu KA, KB, KC u KD.

|

Uepes Bepmnny D kBaapata ABCD npoBenen k ero miockoctu nepneHaukyssip DK,
paBusIii 10 cM. Yroa mesxay muockoctsmu ABC u KBC pasen 45° . Haiiure momans
kBazapara ABCD.

|

[Tnockoctu paBHoctoponHero AABC u nipsimoyronbpHOTo paBHOOenpenHoro AADC
nepreHauKy/sapHsl. AB=a, - ADC=90°. Beruncyiure paccTosiHuE MEXTy BepiiuHamu B
1 D aHHBIX TPEyroJbHUKOB.

I[IpakTnueckoe 3ansitue Ne 65

Tema: [Tnomane 60KOBOM U MOJTHON MOBEPXHOCTH MPU3MBI, Mapalljiesenumnesa, Kyoa
Heab: HayunTs BEIYUCIATH OOKOBYIO U MOJHYIO OBEPXHOCTh IPU3MBI, Mapajieienunena, Kkyoa

Teopernueckuii 6110k

[Ipusma

Inowaow nosepxrocmu: S=2SocutSeox, TIAE Seox — TUIOMIAAH OOKOBOW TOBEPXHOCTH, PaBHAsS
CyMMe IUIONIAJIEH BCEX IPaHEH.

[Ipsmas npusma — npusma, 60KoBoe pedpo KOTOPOH MEPIEHINKYAIPHO OCHOBAHHUIO.

Obvem: V=S,cnl .

Inowaow 6okosoll nosepxnocmu. Sso—P-1, THE P — mepumMeTp ocHOBaHMSL.

[IpaBunbHas npu3Ma — npsimasi Ipru3Ma, OCHOBaHUE KOTOPOU — MPaBUIBHBIA MHOTOYTOJIbHHK.
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[Tapannenenunen — npusmMa, OCHOBAHUE KOTOPOU — mapajuienorpamMm. Bee rpanu
napajuleJienuIe1a BIsS0TCS apajuleJorpaMMaMH.
[IpssMOyrobpHBIN NapauieIenuIe] — Ipru3Ma, BCE IPaHu KOTOPOM — MPAMOYTOJIbHUKH.
Csoticmesa ouazonaneii: ACi=BD1=CA;=DB;1=d; d2=a+b?+c?.

Inowaos nosepxnocmu: S=2-(ab+ac+bc).
Ky6 — nmpu3ma, Bce rpaHu KOTOpoid — kBaapatsl (a=b=c). Ky0 sBisieTcst mapasuiesenune/ioM u
o01ajaeT BCEMH €ro CBOMCTBaMH.

d=-f3a: s=6a,

IIpumep 1. Yemy paBHa 10JIHAs HOBEPXHOCTH MPAMOI TPEYrOJbHOM MPU3MBI, €CIIH €€ BbICOTa
paBHa 50, a cropoHsl ocHOBaHus 13, 37 u 40?
Pewenue:
[Tepumerp ocHoBanus npusmsl paseH P=13+17+40=90. [1nomaas 60KOBOH MOBEPXHOCTU
Seox=90-50=4500.
[Tnomane ocHoBaHus Haiaem no Gopmyne ['epona. Ero nonynepumerp p=45

o Se =/45(45-13)(45-37)(45-40) =+/45-32-8-5=240

OcTanock BBIUUCIUTS NOJHY TOBEPXHOCTh MpU3Mbl: S=2-240+4500=4980.
Omeem: 4980.

Ipumep 2. B ocHoBanuu npsimoii mpusmMel ABCDA1B1C1D1 nexxut xBaapar co cTopoHO# 2.

BoxoBoe pebpo mpu3Mbl paBHO 2 . Halimute rpagycHyro Mepy yria Mexy MIOCKOCThIO
tpeyroipauka AB1C M IIIOCKOCThIO OCHOBAHUS TIPU3MEL.
Pewenue:
[Tnockocts AB1C mepecekaer miockocTb ocHoBaHUs mpo nipsimoit AC. TToctpoum
JIMHEMHBIN yroJj, COOTBETCTBYIOIINHI YTy MEXIy 3TUMHU miockocTsiMu. T.k. ABCD — kBazpar,

TO €ro AMAroHANN epecekaroTes mo | npambiM yriaom, T.e. BO LAC  Janee, T.x. npusma
npaBuibHast, To BiA=B1C. Tpeyronsauk AB1C — paBHoOeapennsbiii. Ero meanana B1O

SIBJISIETCS] TAK)KE €r0 BBICOTOM, T.€. BO L4AC CiienoBaTenbHO, JIMHEHHbBIN £B,08 paBeH yriay
MEXY MIIOCKOCTSIMH.

PaccmoTpum tpeyronpauk B1OB. ITockonbky npusma — npsimasi, To yroji B B TpeyroibHuke

Bﬂ:%ﬂ}:%zﬁ:ﬁ

— NPSAMOM. BlB:NE 10 YCJIOBUIO 3a1a4H. . T.x. kateTsl B

psAMOYTroJIbHOM TpeyroibHuke B1OB paBHbI, TO £B,0B 450

Omeem: 45°.
Pemenue ynpaxHeHuii
1.B npsiMoyrosipHOM napajenenurnese CTOpoHbl OCHOBaHUS paBHbI 12 ¢cM u 5 cMm. Jlnaronanb
napasenenumnesa odpasyer ¢ IUIOCKOCTbIO OcHOBaHMsA yros B 45°. Haiinute GokoBoe pedpo

HapaJuieJcnuIiicaa.

2.0OcHOBaHHEM MPSMOTO Mapajienenurnena spiasercs pom6 ¢ auaroHansMu 10 cm u 24 cm, a
BbICOTa Mapajuienenunena pasaa 10 cm. Haiinute OGonbliryro quaroHaib napajiielienumnesa.

3.CTopoHa OCHOBaHUs MPaBUWILHOW TPEYroabHON MPU3MBI paBHa 8 cM, 60kOBoe pedpo paBHO 6

cMm. Halinure miomanb CCUCHUS, TMPOXOAALICTO YCpC3 CTOPOHY BCPXHEIO OCHOBAHUA U
MIPOTUBOJICKAIITYIO BEPIIUHY HUKHECTO OCHOBAHMUA.
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4.B mpaBUIBHON N-yrojibHOW MNpHU3ME CTOpOHAa OCHOBaHHMS paBHA a M BBICOTa paBHa h.
Berurcnute momaan 60KOBOH U MOJTHOHN MOBEPXHOCTH MPU3MEL, ecin: a) h = 3, a= 10 cm, h =
IS5em; 0)n=4,a=12am,h=8 am; B)n=6,a=23cm,h=5am;r)n=5,a=0,4M, h=10 cm.

JloMainHee 3a1aHue:

1.OcHoBaHue TPSIMOM MPU3MBI — TPEYTOJIBHUK CO CTOpOHaMU 5 ¢cM U 3 cM u yriaom B 120°
Mexay Humu. Haunbonbimas w3 ruiomnazein 60KOBBIX rpaHeit paBHa 35 cm2. Haiiaure miomaas
OOKOBOM MOBEPXHOCTHU MPU3MBI.

2.CTOpOHBI OCHOBAHMS IIPSIMOT0 HapaljIe/ieuieaa paBHbl 8§ cM U 15 cM u 0Opa3yroT yroia B 60°.
Menbmiass W3 IUIOLIAJEA JAUAroHalIbHBIX cedeHuid paBHa 130 cm2. Haligure momanb
MMOBEPXHOCTHU TMapajvieJenumnesa.

IIpakTuueckoe 3ansTue Ne 66
Tema: [Tnomane 60KOBOM U MOJTHON MOBEPXHOCTH MUPAMHIBI

Hean: Hayunts pemars 3aaun Ha BBIYHMCICHHE IUIOMIATM OOKOBOW M TIOJIHOW MOBEPXHOCTH
MHPAMUIBI

Teopernueckuii 6110k

1. Ckonpko TpaHed, OOKOBBIX peOep y M- yroJIbHOW TUPaMHIbI?

2. Kakoe HamMeHbIIEe YMCIO TpaHe MOXKET UMeTh nupamuiaa?

3. Beicota nupamuabl paBHa 3 cM. UeMy paBHO pacCTOsSIHUE OT

BEpIIMHBI NHUPaMUIbl JI0 IJIOCKOCTH OCHOBAHUSA ?

4. boxoBble pebOpa TpeyroyibHOW mupamuabsl 7cMm, 12cMm, Scm. OmHO M3 HHX
MEPHeHIUKYIAPHO K IUIOCKOCTH OCHOBaHUS. YeMy paBHa BBICOTA MUPAMHIBI.

Pemenue 3amauq.

1. lana mpaBWiIbHAas YETHIPEXYroJibHAas NUPaMUAA CO CTOPOHONM OCHOBAaHUS 2 CM H
BBICOTOM OOKOBOW Trpanu 6 cMm. Halaure momans

OOKOBOW MOBEPXHOCTH MHPAMHUJIBL.

2. BeicoTa mMpaBWIBHOW YETBIPEXYrOJbHOW IMUPAMHUIBI 7CM, CTOPOHA OCHOBAHHS 8CM.
Omnpenenure OokoBoe pedpoO.

3. ano: SO = 4 - Beicota nupamusl. ABCD - mpsimoyronsauk, AD = BC = 6; AB=DC = 8
Haiitu: Snons., S6ok., V.
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swxz:%oc-sm su=Jsd +OM;

Pemenue:

AC=BD=J64+36 =10, AO=0D=5,0M=

--;—AD=-(23=3. SM=16+9 =5. sm=_12. =3,

8 20; Spups=20; OK=r- DC
2 (cpennss muans AADC). OK =

_ :
4 SK=16+16=442; S“"S'EG"‘JE'H‘E’ Sascs =1242.

St =2+ 122 +2:20 = 2442 + 40 = 8 (32 + 5); Socs. = 6 - 8= 48; Spome. = St +
¥ Socn =2472 +40+48 =242 + 88 =8(11 +34/2).
1

1
=—Sun-h=—-48-4 =64, ' .
3 3 (Otser: B(3v2 +5) 8011 +3V2); 64.)

IIpakTuyeckoe 3ansTue Ne 67

Tema: I[Lnomaas 60KOBOM M MOJHONW TOBEPXHOCTH ITWIMHJIPA
Henab: HayuuTs pemats 3aa4u Ha HAXOXKIEHUE IUIOMIaAU OOKOBOM U MOJIHON MOBEPXHOCTH
HUAJTUHIpA

Teopernueckuii 610K

HI/IJII/IHIIP IpeaAcCTaBJIsACT coboii reoMEeTpUICCKOC TCJIO, OTPaHUYICHHOC ABYMS I1apaJlJICIbHBIMU
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IIJIOCKOCTAMHU U I.[PIJIPIHI[pPI'—IGCKOfI MOBCPXHOCTHIO.

h

Hunuaap coctout u3 60KOBOM MOBEPXHOCTH U IBYX OcHOBaHui. dopmyra ruiomaam
MOBEPXHOCTH LWJIMHJIpA BKJIIOUAET B ce0s OTAEIbHBIN pacyeT IO i OCHOBaHUHI U OOKOBOM
MOBEPXHOCTU. Tak Kak OCHOBaHHUS B WJIMHJIPE PaBHBI, TO MOJIHAS €T0 IIOIa s OyaeT
paccuuThIBaThCS MO HopMyIIe:

S =25  +8S

P oSN bok

®opmyra MIoIaad OCHOBaHUS IMIUHAPA. Tak KaKk OCHOBaHUEM LIMJIMHAPA SBISETCS KPYT,
3

2
S =mr

I‘:: 4
TO" =T

MBI MOMHHM, YTO B 3THX pacueTax MCMoJib3yeTcs mocTosHHoe uncio [1 = 3,1415926, kotopoe
paccunuTaHO KaK COOTHOUICHHE JUTMHBI OKPY>KHOCTH K €€ JUaMeTpy. ITO YUCIIO SBISETCS
MaTeMaTU4eCKON KOHCTAaHTOM.

[Tnomanp 60KOBOY MOBEPXHOCTH IIIMHIPA

dopmya mromnaan 00KOBON MOBEPXHOCTH IMIIMHIIPA TIPEICTABIIAECT COO0M MPOU3BEICHHE
JUIMHBI OCHOBAHMSI Ha €r0 BBICOTY:

S  =2arh
hok:

MOJIHYIO TUIOIIA/b UIMHApa. B 3anannoit purype Boicota h =4 cm, r =2 cm. Haiizem mosHyro

A Temepb pacCMOTPHM 3a/1ady, B KOTOPOW HaM MOTpeOyeTcs pacCuuTaTh

TJIOIA/Tb IIHJIMHIPA.

S =314x2°=12 56¢cm”
JIyis Hauaga paccuMTaeM IUIoIaas ocHoBanui: "
Teneps paccMOTPHM IPUMEP pacdeTa IUIoIay GOKOBOI ITOBEPXHOCTH MIMHAPa. B
Pa3BEPHYTOM BHUJIE OHA NPECTABISLET IPAMOYTONbHUK. ET0 III0mans paccCuYuThHIBAETCS 110
npuBeNEHHOM BhIile popmyie. [loacTaBuM B Hee Bee
S —2x3,14x2x4=50 24cm”

nammsre; 0K
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[TonHas momaap Kpyra npeacTaBiiseT co00i CyMmMy JBOHON TUTONIA U OCHOBAHUS H

S =2x12,56 450,24 =25,12+50,24 =75.36 cm -

ookoBoii; ¥

Taxum o06pazom, UCTIONB3YS (HOPMYIIBI TUIOIIAAN OCHOBAHUM U OOKOBOI MOBEPXHOCTH (UTYPHI,
MBI CMOTJIM HAWTH TIOJIHYFO TUTOIIA b TTIOBEPXHOCTH ITUIMHAPA.

OceBoe ceueHmne HUINHAPA NPECTaBIAET COOOM MPSIMOYTOIbHHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U IUAMETPY LHJIUHIpPA.

dopmyra MIoIaI 0CEBOT0 CEUEHUS IMIMHAPA BRIBOIUTCS U3 GOpMYJIbl pacueTa II0a/11
IPSMOYTOJIbHUKA:

S=2hd

PaccMoTpuM NpuMep pacyeTa IUIOIA1M OCEBOr0o CeYeHHUs LIMIUHpa. JJIs 3TOro Bo3bMeM
YCIIOBHS M3 3a1aul, yKa3aHHOH Bele. YToObI HaifTH BennunHy HaM IoTpebyeTcs auameTp. Mbl
3HAEM, YTO OH pPaBEH JBOHHOMY pajHycCy: d=2r
d=2x2=4 {r:m )

N
S=2x4x4=32cm"

IloxcraBuM HaHHEIE:

. Kaxkas ¢urypa HazpBaeTcsi TUIMHAPOM?

. [ToyeMy HUIUH/P HA3BIBAIOT TEJIOM BpAICHUS?

. HasoBuTe Buabl HMIMHAPOB?

. HasoBuTe a1eMeHTHI IIIHHIpA.

. Yro mpezacTaBiseT co00i pa3BepTKa MIIHHIPA?

. Kaxk HaiiTu ruoniaas O0OKOBOW MOBEPXHOCTH LMIMHIPA?

. Kaxk HaliTH rutonaip moJIHOH MIOBEPXHOCTH LMITUHAPA?

. HasoBute ocHOBHBIE BUIBI ceueHUI mumHapa. Kakas ¢purypa noiaydaercs B KaKI0M
ciydae?

. IIpuBenuTe mpuMepsl UCIIOIB30BAHUS LIMIINHPOB.

Pemenue 3amau:
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3amaua 1. CKOIBKO KBaJPaTHBIX METPOB JIMCTOBOM KECTH MOMIET Ha U3TOTOBJICHHUE TPYObI
JUIMHOM 4 M 1 uameTpoM 20 cM, eciTi Ha IIBBI He00X0AUMO J00aBuTh 2,5% Iuiomanay ee
OOKOBOI TTOBEPXHOCTH?

Hano: L=4; d=20cm=0,2m. Haiitu: S.

. o Ss =2mh
Pemenue: Bocnonbs3yemcst popMyIioi mionia iy MoJIHOW NOBEPXHOCTHU LIWIUHIPA: .
Panuyc pasen nonosune quamerpa — 0,1M, a BpicoTa HUIMHpPA paBHA JJIMHE HY>KHOU TpyObI —

4M.
Tax Ha BBl HY)KHO J00aBUTH 2,5% IUIomanan ee O0KOBOH MOBEPXHOCTH, HY)KHO HAWUTH:
(§+2,5%S). IToacraBum BMecTo S dhopMyny TuIomaan 60KOBOK TOBEPXHOCTH, U BEIYHCITUM:
23
S+2. 5% -S=8+—5§=
100

—S 1+

25 0
IUUU'
=2mrl-1025=
=2-3,14-0,1-4-1,025=
3748 = 2 6(w” j
Otser: 2,6 M°.

I
[

3amaua 2. HaliTu MOJIHYIO TOBEPXHOCTH IMIIMH/IPA, Y KOTOPOTO AnameTp ocHoBaHuUs 20,6 cM
n BeIcoTa 30,5 cm.

3amaua 3. OceBbIM CEUCHHUEM ITMIIMHJIPA SBIISACTCS KBAJApPAT, CTOPOHA KOTOPOTO paBHA 7/ MM.
Brruncnure miomanas O0KOBOM MOBEPXHOCTH IIMIMHIPA.

3agaua 4. OceBoe ceueHHe MUIMHIpa — KBaJpaT co CTOPOHOM 6 cMm. HaliTh BBICOTY M paanyc
OCHOBAHUS LIWJIMH]IPA.

3agayva 5. Paguyc ocHOBaHMS IMJIMHIpA paBeH 2M, BbicoTa 3M. HaliTu nuaronanbs oceBOro
CEYEHHUS.

3amaua 6. [lnvHA OKPYXKHOCTHM OCHOBaHWs HuiIMHIApa paBHa 1. Ilmomanes OGokoBoH
MOBEPXHOCTH paBHa 2. HaliuTe BBICOTY HUIMHIPA.

HOM&I.HHCC 3aJaHHUC:

1. JmaroHaip OCEBOTO ceueHUs IWIMHIpa paBHA 48. YToa MeXIy 3TOW IuaroHaibio U
oOpa3yroleil paBeH 30°. Haiinure paauyc UAIMHIpa.2

2. JlnuHa OKPYXHOCTH OCHOBaHUS IMIuHApa paBHa 1. [Tnomanps 60k0BOI MOBEPXHOCTH
paBHa 2. HaliguTe BbICOTY LIMJIMHIPA.

3. JluaroHanb OCEBOTO CEYEHHs IWIMHIpPAa HAKIOHEHA K IJIOCKOCTH OCHOBAaHHUS IO
yraom 60° u paBHa 20 cm. Haliaure miomans 60K0BO# MOBEPXHOCTH HUIHH]IPA

Taﬁ.]'ll/lllbl AJISA BBIMMCJICHUA JJIUHBI OKPYXKHOCTH 110 TUAMETPY.

HpI/I peHICHUHA PA3JIMYHBIX IPOU3BOJACTBCHHLBIX 3aa4 YaCTO MPUXOJAUTCA BbIYUCIIATH JJIMHY
OKPYXHOCTH. HpeI[CTaBI/IM cebe pa60qer o, KOTOpBIﬁ HU3TOTOBJIACT KPYIJIBIC ACTAJIN 1O
YKa3aHHBIM €MY JUAMCTpPaM. On JIOJDKEH BCSKHUI pa3, 3Hasd JUaMEeTp, BbIYUCIUTH JJINHY
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OKPYKHOCTH. UTOOBI COKOHOMHUTH BPEMSI M 3aCTPaxoBaTh ceOst OT OMMOOK, OH oOpariaercs K
T'OTOBbIM Ta6JH/II_IaM, B KOTOPLBIX YKa3aHbI AUaMCTPbl U COOTBCTCTBYIOIIUC UM JJIMHBI
OKPY>KHOCTEH.

[IpuBeném HEOOBIIYIO YaCTh TAKUX TAOIMI] U PACCKaXKEM, KaK UMU MOJIb30BaThCS.

H.auua Hanua davna |
b OKPYHHOCTH b O PYHHOCTH D OKPYAHOCTH
I 3142 | 6 | 18850 1| 34558 |
9 6,283 7 21,991 12| 37,699 |
3 9,425 8 25,133 13 | 40,841 |
|4 12,566 9 28,274 14 | 43,982 |
| 5 15,708 10 31,416 15| 47,124
1 |

- - — s B ST ES——r

[1ycTh M3BECTHO, YTO TUaMETP OKPYKHOCTHU paBeH 5 M. Wiiem B Tabnuiie B BEpTUKAILHOM
ctonbue noxa Oyksoi D uucno 5. 910 muynHa auamerpa. Paiom ¢ aTum yuciom (Bnpaso, B
cToJIOIe 1o Ha3BaHueM «JlJTMHa OKpY)KHOCTHY) yBHAUM uncio 15,708 (m). CoBepiieHHO Tak
xe Haiiném, uto ecau D = 10 cMm, To 1uinHa okpykHOCTH paBHa 31,416 cwm.

IIo otum xe Ta6J'II/IIIaM MOXXHO IIPOU3BOANUTHL U O6paTHI)Ie Beruucienusd. Ecim n3BectHa JJINHA
OKPYXHOCTH, TO MOKHO HalTH B TaOJIHIIE COOTBETCTBYIONMH el quametp. [IycTh amnHa
OKPYXHOCTH paBHa npubau3utenbHo 34,56 cm. Haiiném B Tabnuiie uncio, Hanboliee Om3koe
K nanHoMy. TakoBbeiM Oyzet 34,558 (paznuia 0,002). CooTBETCTBYIONINNA TaKOW JJTUHE
OKPYXHOCTH JHAMETP PaBEH NMPpUOIM3UTEIbHO 11 cM.

Tabnuibl, 0 KOTOPHIX 37I€Ch CKa3aHO, UMEIOTCS B Pa3IMYHBIX CIIPABOYHHUKAX. B yacTHOCTH, X
MOHO HaWTH B KHMXKKE «HeThIpEX3HauHble MaTeMaTHyeckue Tadnuisy B. M. bpaauca. u B
3amaunuke no apupmernure C. A. Tlonomapésa u H. U. CeipHeBa.

IIpakTuyeckoe 3ansTue Ne 638

Tema: [Tnomane 60KOBOH U MOJTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYCa, 1mapa u chepsl
Henab: HayuuTs pemaTs 3aa4u Ha HAXOKIEHUE IUIOMIaAU OOKOBOM U MOJIHON MOBEPXHOCTH

KOHYCa, yCEYEeHHOTO KOHYyca
Teopernueckuii 610K

3a miomaiab OOKOBOI MOBEPXHOCTU KOHYCA TPUHUMACTCA IIJIOHIaZIb PA3BCPTKU CTO OOKOBOM
ITOBEPXHOCTH.

143



[ToaTomy mnomaas OOKOBOW MOBEPXHOCTH MPSIMOTO KPYrOBOTO KOHYCA paBHA IUIOIIA U
COOTBETCTBYIOILIETO KPYTOBOT'O CEKTOpa (pHC. ) U BBIUUCHSAETCS 10 hopMye

S 0.K. — nRL,
rae R — paamyc ocHoBanwus, a L — nnuHa oOpasyromeit konyca. Ecnu k mmommaan 60koBo
IMOBEPXHOCTHU KOHYCA HpI/I6aBI/ITI) miomazb €ro OCHOBAaHUs, TO IIOJYYHUM IIOMIAAb TIOJTHOM
MMOBEPXHOCTH KOHYCa

Spom. = TRL + 7R? =R (L + R).

AHAJIOTMYHO 3a IIONIa b OOKOBOM MOBEPXHOCTH YCEYEHHOTO KOHYCa MPUHUMAETCS TUIONIalb
COOTBETCTBYIOUIEH Pa3BEPTKH.

[TosTOMYy B citydae mpsiMOTO KpYroBOTO KOHYyca (pHC. ) IIomIaab OOKOBOM
MMOBEPXHOCTH YCEUEHHOT'O0 KOHYCA BBIUUCIACTCS TI0 popmyIie

SG.y.K.:TE(rl'I' r)L

rae riu I — paanycsl OCHOBaHUM, a L — mimHa o0pasyrolieil yce4eHHOro KOHyca.
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Pemenue 3amau:

1. Pamuyc xonyca paBeH 6, a oOpasyromiast — 10. Haiitu momaas 60K0BOM TOBEPXHOCTH,
IJIOMIA/Ib OCHOBAHUS U TUTOIIA/h TIOJTHOM MOBEPXHOCTH KOHYCA.

2. BricoTa koHyca paBHa 4, a oOpasyromiasi — 5. Haiitu muromiaas 60KOBOM MOBEPXHOCTH,
TUIONIA/Ib OCHOBAHUS Y TUIOIIA/Ih TIOJTHOW MOBEPXHOCTH KOHYCA.

3.CKkoabpKo oTpedyeTcst KpacKu, JUIsl TOTO YTOOBI TOKPACUTh TOKapHOe Bepo, ecin Ha 100cm?
HeoOxo Mo 3aTpaTuTh 10r?

4.CKOJBKO KBaJIPATHBIX METPOB Ope3eHTa MOTPeOyeTCst Ul COOPYKEHUS MaJaTKi KOHMYECKON
(hopMBbI BBICOTON 4 MeTpa U TUaMETPOM OCHOBAaHUSA 6 METpOB?

5. OOpa3yrorias KOHyca HaKJIOHEHa K TII0CKOCTH OCHOBaHUs 1o yriioM 30°, a BICOTa KOHYyca
paBHa 12cm. Haitaure mromaae O0KOBO# MOBEPXHOCTH KOHYCA U TIJIOIIA b TTOJTHON
MTOBEPXHOCTH.

6. [Tnomanb ocHOBaHMA KOHYca paBHa 167, a mutonmaas oceBoro ceueHus pasHa 32. Haitaure
BBICOTY KOHYCA U IJIOLIaJAb OOKOBOW MOBEPXHOCTH.

7. HaiimuTe mutomaas G0KOBOM MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYyca (0CEBOE CeUCHUE —

PaBHOCTOPOHHUH TPEYroJIbHUK), €CIIA PAIUyC OCHOBAHHUS PaBEH SCM.

8. OceBoe ceueHne KOHYca paBHOOCPEHHBIN TPEYTOJIBHUK TIJIOMIAIh KOTOPOTO paBHa 60cM?,
BbICOTa KOHYyca 12cM. HaliguTe mmoniaas NOJIHOM MOBEPXHOCTH KOHYCA.

HOMaI_HHee 3aJaHHuC:

1. Haiinure momaas O0KOBOM MOBEPXHOCTH KOHYCA, €CJI 00pa3yroIias paBHa SCM, a paanyc
OCHOBaHUs 3CM.

2. OOpasyromas KOHyca paBHa 7cM, a paauyc OCHOBaHUs 3¢cM. HaliauTe muromnmanp moaHoM
MOBEPXHOCTU KOHYCA.

3. Broicora konyca paBHa 12cm, obpa3zyromas 13cMm. Haitaure muomaas nogHONW NOBEPXHOCTH
KOHyca

4.Ilnomaas OCHOBaHUS KOHYca paBHa 25,7 cM?, a oOpa3yromas paBHa 6¢cm. Haitaure miomnans
OOKOBOI TIOBEPXHOCTH KOHYCA.

5. Haiigurte ruiomaap MoJHON MOBEPXHOCTH KOHYCA, €ClIi 00pa3yrolas HaKJIOHeHa K MIOCKOCTH
OCHOBaHUs NOJ yriioM 60°, a BeIcOTa paBHa 6CM.
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IIpakTHyeckoe 3ansitue Ne 69

Tema: O0beM npu3MBbl, NapajieIenunesa
Heas: HayuuTs pemats 3a1a4u Ha BRIYUCICHHE 00beMa MPU3MBI, Tapajiesenunea

Teopernueckuii 610k

IIpsamoyroJibHBIH napauiesienumnesn - 370 o0beMHass ¢GuUrypa, y KOTOPOW IIECTh T'paHeud, H
KaKJ1asl U3 HUX SBJISIETCS IPSIMOYT OJIbBHUKOM.

IIpsiMoyroJibHbIM MapajieJenuIe] - NapaUIeleuIel, BCE TIpPaHU KOTOPOIO SIBISIOTCA
MIPSIMOYTOJIbHUKAMH.

O0beM MPSIMOYTOJILHOTO NAapaJjijielenunena paBeH MPOU3BEICHUIO €ro JUTUHBI, IUPHHBI H
BBICOTHI.

®opmyJia 1151 BIYHCJIEHHSI 00beMa MPSIMOYT0JIbHOT0 NapaJjijieenunena

V=a-b-h

rjae
rae V - 00beM MpsAMOYToJIbHOTO Mapajuieienuiesna, a - J[yinHa, b — mupuna, h- Beicora.
O06BbEM mpHU3MBI paBeH MPOU3BEICHUIO €€ BHICOTHI HA MJIONIAAb OCHOBAHMUS:

V=S-h

Pemenne 3amau:
1.CymectByeT i mpuzma, umeromias 50 pédep? 54 pedpa?

Pemenne: Yucno pedep n — yroibHOM MpU3MbI 3n, MOATOMY Hpu3Mbl, uMmetomiei 50 pedep, He
CyIIecTBYeT, a 54 pedpa umeer 18-yroapHas nmpusma.

2. CTOpOHBI OCHOBaHUs MPSIMOYrOJIbHOTO Hapajulesienune a paBHbl 5 cM U 12 ¢M , quaroHaine
napajulefienumnesa COCTaBIsieT C IJIOCKOCThIO OcCHOBaHUs yroin 60°. Haiinute 00bEM
napajuieJenume/a.

3. OcHoOBaHHMEM NIPSMOI MPHU3MBI CIYKUT TPEYroJbHUK co ctopoHamu 10, 10, 12. Jnaronanb
MEHBIIIEH OOKOBOHM TpaHU COCTaBIACT C TUIOCKOCTHIO OcCHOBaHus yroi 60°. Hailimute o0BEM
MIPU3MBI.

4. O6beM npsMOYToJILHOTO Napaienenunea paset 2. Yemy Oyzaer paBeH o0beM
napajJiesienune ia, eciy Kaxaoe ero peopo yBeamuuTh B 3 pasa.

Pemenue. [lycts pebpa naHHOTrO nmapanenenunesa paBHsl a, b u c. Torna umeeM: V=abc=2.
ITocne yBenuueHus kaxjoro pedpa B 3 pasza ero o0béM OyneT paBeH

V=3a*3b*3c =27 abc=27*2=54.
OtBeT: 54.
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5. AxBapuyMm umeet popMmy npsMOyrojabHOro napamienenumneaa Beicotoit 30 cm. Ecnu B Hero
HauTh 30 J1. BOABI, TO A0 BEPXHETO Kpasi ocTaHeTcst 5 cM. CKOJIBKO JIMTPOB BOBI HY>KHO, YTOOBI
HATOJHUTH IYCTON aKBapuyM J0Bepxy?

Pewenue. Ilycts V u H cOOTBETCTBEHHO 00BEM U BBICOTA MapalIeICIUIIEAA.
V=SH . Ilo ycnosuto V=30,H=25, torna 25*S=30.
[Tocne 3amonHenus mycToro akBapuyma nosepxy H=30. 3naunt, 30*S=V.

255 30

Hatigem otHomenue 30S = V| V=36 5.
Ortser: 36.

6. Kyouk Becut 10 rp. CkoJbkO TpaMMOB OyJIeT BECUTh KyOHK, peOpo KOTOpPOro B 3 pasa
OoJibliie, YeM pedpo mepBoro Kyouka, eciiu 00a KyOuka U3roTOBJICHBI U3 OJMHAKOBOTO
MaTepuaa.

Pewenue. Ilycts V- 00bEM ganHoro napamienenunena. [locne ypennyenus kaxaoro pedpa B 3
pasa, ero 006EM OyzeT paBeH 27 V.

\'4 10

27V x  x=270 rp.
Ortser: 270.
I[OMaI_HHee 3alaHueE:

1. O6BEM psAAMOYTOJIFHOTO Mapajuienenurnena paseH 32. Uemy OyaeT paBeH 00bEM
napajuiesienuineaa, eciiv KakJaoe ero peopo yMeHbIIUTh B 2 pasa.

2. B cocyn, umeromnuii Gopmy npaBUILHON TPEYTOJIbHON MPU3MBbI, HAJTUIN BOIY. Y POBEHb BO/IbI
nocturaet 36 cM. Ha kakoii BeicoTe OyAeT HaXOIUTHCS YPOBEHb BOJIbI, €CIIU €€ MEPEIUTD B
Jpyrou cocyn Toi xe GopMbl, y KOTOPOTO CTOPOHA OCHOBaHUS B 3 pa3a 0oJiblile, YEM Yy IIEPBOTO.
OTBeT BhIpazuTe B CAaHTUMETpPaXx.

3. 3aKkpbIThIN COCY/ B BHJIE IPSIMOYTOJILHOTO Napaenenumena ¢ pedpamu 30, 40 u 45 cum.
CTOUT HA TOPU30HTAIBHON MOBEPXHOCTH TaKKM 00pa30oM, UTO HAUMEHbIIIAsl IPAaHb SBISETCS
nHoM. B cocyn Hanunu Boay 1o ypoBHs 36 cM. Ha kakoM ypoBHE OKa)KeTCsl BOJIa, €CIIU COCY/L
MOCTaBUTh Ha HAaUOOJbIIYIO rpaHb? OTBET JaiiTe B CAHTUMETPAX.

IIpakTnueckoe 3ansitue Ne 70

Tema: O0beM mUpaMHIbI
Heab: HayuuTs pemaTh 3a7a41 Ha BRIYUCICHUE 00beMa MUPaMUIbI

Teoperuueckuii 6110k
O0beM nmupamMuIbl
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O6beM nupaMuIbl PaBeH OJHON TPETH NPOU3BEACHUS IUIONIAId OCHOBAHUS HA BBICOTY:
rae S — miomaap ocHoBaHus, H — BbICOTa MUpaMuIbI.

d®opmyna oObeMa yceueHHON MUPaMUJIbI IPEACTABISAET OO0 OJIHY TPETh MPOU3BEICHHS
BBICOTHI HA CyMMY IIOIIA/IeH BEPXHETO U HUYKHETO OCHOBAHUS C UX CPEAHUM
MIPONOPLIUOHAIBHBIM:

V= h(Sl—i— SISQ-I—SQ)

Lo =

Pemenue 3a1a4 (1o roTOBBIM YepTeEKam)

1. Jlano: ABCD - npaBmibHas mupamuma. AB = 3; AD = 23 (puc. 3).
Haiitu: a) Soch.; 6) AO; B) DO; ) V.

2. Jano: ABCDF - mpaBunsHast mupamuaa. £FCO = 45°; FO = 2 (puc. 4).
Haiitu: a) SocH.; 0) V.

Pemenue:

1) Paccmorpum AFOC: 20 = 90° 2C = 45°, 3nauwmt, £F = 45°. CnenoBarensno, AFOC -
paBuo6enpennslii, OC = FO = 2.

2) AC = 20C 4.d=AC=AD\2 (mo CBOWCTBY JWaroHanud Kksaapata, d2 = 2a2).

AC 4
AD= = = =22
Torna 3 'JE

=AD*= (22 ) =8.

3) ABCD - kBajpar (mupaMuia mpaBuiibHas). Socn

V= lSoc” “h. V= '}"8'2=&=5’!'.
3 ' 3

4) 3 3
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(OtBer: a) 8; 6) 5-1/3.)

3. Hano: ABCDEKEF - mpasuibHas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 0) V.

Pemenue:

1) Paccmorpum AFOM: £0 = 90° (tak kak FO L (ABC), 3uauut, FO L OM)FO = 4, FM =
5. OM= VMF? - FO’ (mo teopeme Iludaropa), OM= J25~-16 =‘/;=3' OM =r (r - paauyc

AK = 2r-tg£=2~3tg£=6-£=2s/§.
OKPYXHOCTH, BITMCAHHOH B IIPABUJILHBIN IECTUYTOJIBHUK). 6 6 3

R S,m-%AK-OM=%-2\/§-3=3J§. Socr. = 6:333=183.
3) V= lgsm-ﬂ; V= %-186-4:2443.

(OtBet: a) 1813, 6) 243.)

3amaua: /lana TpeyroibpHas yceuennas mupamuaa. Ee Beicora h = 10 ¢cM, CTOPOHBI OIHOTO M3 OCHOBAaHHU
paBubIl @ = 27 cM, b =29 cMm, ¢ = 52 cm. Ilepumerp BToporo ocHoBanus paBusiercss P2=72 cm. Haiinute 00beM
A PAMHIBL.
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Just pacyera o0beMa HaM OTpeOyeTCs IIIONab OCHOBAaHUN. 3Hasl IIMHBI CTOPOH OIHOTO TPEYTOJIbHUKA, MBI
MOYXEM paccuuTath IO o Gopmyne ['epona. [lis atoro norpedyeTcst HAUTH MOMYTIEPUMET:

P L:‘E? +29 +52=108cm

108
J— — R A
P =5 =5dem

Teneps Haiinem S2:

S L:,b,-’fp (p-a)(p-b)(p-c)

S =/54(54-27 ) (54-29 ) (54-52 ) = /54x27 x25x2 =/ 72000=270cm >

3Has, 4TO MMpaMuia yceueHHas, JieliaeM BbIBOJI, YTO TPEYTOJIbHUKH, JISKAIHE B OCHOBAHUSIX MOJOOHbI.
KoadduipenT nomodus 3TUX TPeyroJbHUKOB MOXKHO HAWTH U3 COOTHOIICHUS nepuMeTpoB. OTHOIICHHE
TIJIONIAJIEH TPEYTrOMLHUKOB OyIET paBHO KBapaTy 3TOro ko3 duimeHTa:

2

St Py 108t o
S, p? o2 4
2 Pg [
48

\ 1

5 2 =5

. 4= 270) 2
S, = t}' =120cm

Teneps, KOraa MbI HAILIM IUIOIAAM OCHOBAHUN YCEUEHHON IIMPAMUIBI, MOYKEM JIETKO PACCUUTATE €€ OOBEM:
V=2 x10x (:z?u+ V/270x120+120 ) == (270+180+120 )= x570=1900cm’

Takum 00pa3oM, BEIYUCITHB KO3(DPHUIIMEHT MTOI00Ms M pacCUMTAB IIJIOIIA (b OCHOBAHWH, MbI HAIILTH 00BeM
3aJJaHHON YCEYEHHON MUPaMHU/IBI.

Z[OM&I.HHCC 3aaHucC

1. Jano: AlA2A3A4 -pom6, SAlA2A3A4 -mupamuma, AlA4 = a,«4SBO =
B, OB L A3A4, £A2A10 = a (puc. 6).

150


http://2mb.ru/matematika/geometriya/formula-gerona-dlya-ploshhadi-treugolnika/

Haittu: V - ?

Pemenue:

-
: = : = e = —asin 2a,
1) PaCCMOTpI/IM AOA}A‘ . OAJ acosa, AOAJB : OB = acosasing 2

2) ASOB: SO= -;-asin 2atgP.

3) Socw ™ 4344,0”. =4.—;-a-08=2a-%asin2a = a’sin2d
1 ] 2 .. I . 1 3 -2
4) V,..,=;S“,,.-S0, Vosup, = 3 snnZu-Eastath=ga sin® 2atg

2 a* sin? 2atgp.
(OTtsert:

IIpakTnueckoe 3ansitue Ne 71

Tema: O06beM HUIMHIPA
Hean: HayuuTh pemiath 3aa4u Ha BBIYUCICHAE 00beMa IIHIMH]IPA

Teopernueckuii 610K

[{umuHAp 3TO reoMEeTpUYecKoe Te0, KOTOPoe CPOPMHUPOBAHO BpalllEHHEM MPSIMOYTOJIbHUKA Ha
OCH, COBIAJIAIONICH C OHUM U3 ero cTOpoH. CIIOBO «IIMJIMH/IPY» MPOUCXOJUT OT IPEUECKOTO
cioBa «kylindros».

Brruncnenue o0bemMa MUIMHAPA TPOU3BOAUTCS IO CIAEAYIOIIeH GopMmyIe:
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V=mnr%h

V — oObeM unuHIpa
h — BbICOTA IUIIMHIpA
I — paaryc OCHOBaHUS
n—3.14

Kak paccunrtats 00beM 1inHIpa? DTUMHU 3HAaHUSIMHU HarloJiee aKTUBHO TOJIb3YIOTCS B CBOEH
paboTe KOHCTPYKTOPHI Pa3IMUHBIX MAIlIMH U MEXaHU3MOB, TOTPEOUTEIHCKIUX TOBAPOB, a TAKKE
apxuTekTopsl. H)XeHepaM NpUXOAUTCs IPOU3BOAUTH pacueT 00ObeMa IIUINH/IPA B TEX ClydasiX,
KOTI'JIa OHHM 3aHMMAIOTCs IPOEKTUPOBAHUEM 3aJaHNM, CHaOKEeHHbIX KosloHHaMmu. [IpaBna, B
IIOCJIEHEE BPEMS ITH APXUTEKTYPHBIE 2JIEMEHTHI B MX, TaK CKa3aTh, «KJIACCUIECKOM) BaPUAHTE
(To ecTh BMecTe ¢ 0a30i U KanuTeNIeM) BCTPEUAOTCS IOCTATOYHO PEIKO, HO X «YIIPOILEHHbIE
Pa3sHOBUIHOCTH, COCTOSAIIME U3 OJTHOTO CTBOJIA (KOTOPBIH, COOCTBEHHO TOBOPS, U IIPEJCTABIISET
co0OM 1IMIIMH/IP) UCHOJIb3YIOTCS BECbMa MHUPOKO. Hepeako ¢ KoJIOHHaMU IPUXOIUTCS UMETh
JIeJI0 pecTaBpaTopaM pa3IMyHbIX COOPYKEHHH, NUMEIOIUX OOJIBIIYI0 HCTOPHUUECKYIO U
KYJIBTYpPHYIO LIEHHOCTb, IIPaB/Ja, B UX pab0oTe BBIUUCIEHUE 00beMa LIUIMH/pPA — JAJIEKO HE camast
pacnpocTpaHeHHas npoueaypa. Bripouewm, eciu pedb UIET O IOJHOM BOCCTaHOBIIEHUU
YTPA4EeHHBIX 10 TEM HMJIM UHBIM IIPUYMHAM KOJIOHH, TO €€ TaKXKE IPUXOAUTCS TPOU3BOIUTD.

Pacuer oObema nuinH/Ipa OCYIIECTBIIAETCS TOTa, KOraa Beaeércs pa3paboTka pa3sHOOOpa3HbIX
€MKOCTeH cooTBeTCTBYIOIIEH (hopMbl. B KauecTBe HarNIAIHOTO MPUMEPa TAKOBBIX MOKHO
MIPUBECTH, CKaYKEM, MEIUIIMHCKUE IIMPUIIBL, a TAKKE KOIObI TepMOCOB. CrieayeT 3aMeTUTh, YTO B

IEpBOM CiIydyac TaKkou napameTp, Kak O6’beM, HMECT OUCHBb Ba’)KHOC 3HAYCHUC, ITIOCKOJIBKY OT
HET'O 3aBUCUT TOYHOC KOJINYCCTBO MECANKAMCHTOB, BBOAUMOI'O ITAOUCHTY ITPpHU NHBCKIHUIX.

B TexHMKe 1IMIMHPEI pacpOCTPAHEHBI UPE3BBIUANHO IUPOKO: JOCTATOYHO CKa3aTh, YTO UX
(dbopMy UMEIOT MPAKTUYECKH BCE BaJlbl U UX OTAEIbHBIE COCTABHBIE YaCTH, UCIIOJIb3yEMBIE,
CKa)keM, B JIBUTATENIIX BHYTpeHHeEro cropanus. K tomy xe, pacuer o0ObeMa IUINHIpa — OJHA U3
BOXHEWIINX 33/1a4, KOTOPYIO PUXOAUTCS peliaTh KOHCTPYKTOPAMHU MIPU MPOEKTUPOBAHUN
COBPEMEHHBIX O€H3MHOBBIX M IU3EIbHBIX CUJIOBBIX arperaTos, Be/lb OT 3TOr0 MapaMeTpa
3aBHCHUT MHO>KECTBO MX XapaKTEPUCTHUK, U B IIEPBYIO OUEPE/b TaKasl BAKHEMIIAsA, KAK MOIIHOCTb.
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[Toutn Bce Tumbl /IBC cHa®XaroTcs NOPIIHAME, KOTOPBIE TAKXKE UMEIOT [IMIMHIPHUUECKYIO
dopmy.

Upes3BblyailHO pacIpOCTPAHEHHBIMU AECTAISIMH, KOTOPbIE IIPUCYTCTBYIOT B KOHCTPYKLIIMA MHOTUX
CJIOKHBIX TEXHUYECKUX YCTPOUCTB, SBISIOTCS POJIMKOBBIE OAMMNHUKY. Kak HeTpyHO
J0TAIaThCA 110 CaMOMY MX HA3BAHMIO, OJTHUMH U3 OCHOBHBIX MX KOMIIOHEHTOB SIBIISIFOTCS
MPOYHBIE U U3HOCOCTOMKHIE METAIUTMYECKHE POJIMKH, UMEIOIINE IMITHHIPUIECKYIO PopMy.
Wmenno 6xaronapst Tako TEOMETPHH, 3TH JIETAIM HMEIOT JOCTATOYHO OOJIBIIYIO HECYIYIO
CIOCOOHOCTh U B OOJIBIITMHCTBE CIIy4aeB CIIOCOOHBI BBIAEPIKUBATH BECbMa 3HAUUTEIIbHBIC
Harpy3ku, 4eM MX HIapUKOBBIE aHAJIOTH. POJIMKOBBIE TOAIIUITHUKY SIBIISIOTCS BBICOKOTOYHBIMU
JEeTaNsIMU, ¥ IOATOMY IIPH UX pa3paboTKe U MPOEKTUPOBAHUU MTPABMIIbHBIN pacueT oObema
LHMIMHIpa (B JaHHOM CIIydae — poJIMKa) UTpaeT HEMaJOBaKHYIO POJIb.

Pemenue 3anau:
1.Haiigute 00beM HMIMHIIPA ¢ BBICOTOM, paBHOU 3CM U JMaMETPOM OCHOBaHMS — 6CM.

2.I1momaas 0CEBOTO CEUEHUS IWJIMHAPA paBHA 2ICM3, TIoma b ocHoBanus - 18m cm? Haiimure
00beM IINH]IpA.

3.CauHIOBas Tpyda (IToTHOCTH cBrHNA 11,4 r/cM®) ¢ TONMIMHO#M cTEHOK 4 MM HMeeT
BHyTpeHHUI nuametp 13 mm. KakoBa macca TpyOsl, eciu ee AnuHa paBHa 25 M?

-7
]
1
1
1
1
L
I
L
o

P=114r/em®

R1=6,5MM + 4mMMm = 10,5mMm = 1,05¢cM (HapyKHBIi1)

R2=6,5MM = 0,65¢cMm

V=V;-V,="7 .(1,05)%2500 - T - 0,65 -2500 =17007 = 5338 (cm°)
M=PF -V=114-5338 = 61«kr.

4. Kakoe koinuecTBO He(pTH (B TOHHAX) BMEIIACT IMIIMHAPUYECKAs [IUCTEPHA uameTpa 18 M u
BBICOTOH 7 M, €CITH TOTHOCTH HedTu paBHa 0,85 r/cm>?

H =7m; d = IM; Pyegra = 0,85 r/cm®
m =?

Vy=TR?H=m.92.7 = 5671 (M)
m=V-P = 15131
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JloMarnee 3a1anue:

1. HI/IaFOHaJ'II) OCCBOI'0 CCHYCHHA HNMWJIMHAPA COCTABJIACT C IIJIOCKOCTBIO OCHOBAHUA MUJIIMHAPA

yroa 60°. Haiimure 00beM HUJIMHAPA , €CJIH IUIOIIAIb OCEBOTO CeYeHUs paBHa 16 '\E oMS.

2. Ha cknan B MacTepcKoii 1O MOIINBY OJEK/ bl TOCTYIWII PYJIOH IparoBoil TkaHu B popme
umuHapa. [Ipu TpaHcnopTHpOBKE ObLI yTEpSH TOBAPHBIN APIBIK C yKa3aHHEM JUITMHBI TKaHU B
pynone. HeoOxoaumo onpenenuts JJIMHY TKaHU B pynoHe. [Iponssenu HeoOxoauMblie
W3MEpEHMS, ONPEICIIUINA BBICOTY U quaMeTp pysioHa: 90cm u 30cm, Tomuba Tkanu 0,2¢m.

IIpakTuyeckoe 3ansaTue Ne 72

Tema: O6bem konyca. O0beMm mrapa. Pemenue 3amaq
Hean: HayuuTs pemats 3aa4u Ha BBIYHCICHAE 00beMa KOHYyCa

Teopernueckuii 0710k
OOBeM KOHyca BBIYUCISETCS 10 (popMyIie

V = hn‘-’n

rae R — paauyc ocHoBanust konyca, H -- ero Beicota

Al

H_Iap 9TO TCOMETPUUCCKOC TCJIO, 06p3.30BaHHOC B PC3YyJIbTATC BpAlICHUA MMOJIYKPpYra Ha OCH
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CBOCTO AaMcTpa.

OObem mapa MOXKHO BBIUYHCIUTH MO GopMylie:

_4 3
V—37rR

R — pagmyc mapa

V — o6bem mapa
n—3.14

Pemrenue 3agauq:
1. ABwuanonHas 6oM0a cpeHero Kaiauopa JaeT Mpu B3pbIBE BOPOHKY

nuameTpom 6 M U Tiryounoi 2 M. Kakoe komdecTBo 3emin (TI0 Macce) BEIOpachIBaeT dTa
6oM6a, eciu 1 M2 3emmn umeet macey 1650 xr?

Pemenue:
Er=lﬂﬂuff=lﬂ'-35¢2= A JL O C
] ]
P = 1650+6+3,14 =
= 31 086 ur = 31 T. B
Omeem: P = 31 . Pur. 3

2. CMouy Juis MPOMBILUIEHHBIX HYX/1 COOMPAIOT, MOABEIINBAas KOHUYECKUE BOPOHKHU K
cocHaM. CKoJIbKO BOPOHOK AuameTpoM 10cM ¢ oOpasyrormieit 13 cMm HykHO coOparts,
YTOOBI 3aMOJTHUTH JECSITUIUTPOBOE BeIpo?

R=AC/2, R=5cm, H=\132-52=12(cm), V=1/3%3,14*52%12 =314(cm®) ~0,3141m°
n=10/0,314 =31,8. Omeem: 32 60poHKU.
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3. Cror cena umeet GopMy IIIMHAPA ¢ KOHMYECKUM BepxoM. Paanyc ero ocHoBanus 2,5 M,
BbICOTA 4 M, IpUUYEM LWIMHAPUYECKAsl 4YaCTh CTOI'a UMEET BbICOTY 2,2 M. [IoTHOCTH ceHa
0,03 r/cm®. OnpesienuTs Maccy cTora ceHa.
Pewenue:

R=2,5m

01001 = 4m

0102 =2.2m

P =0,03r/cm®

m=F-V; Vy=1.25%2-22=13,75 m>= 13750000cm®
Vi=1/31 - 25%-1,8 =3,75m° = 3750000 T cm®

M = 0,03 - 17500000 = 0,525 T t = 1,61

o)

4. CTtakaHYHUK JJII MOPOYKEHOTO KOHUYECKOU (POPMBI UMeeT ITyOrHY 12 ¢cM B ThaMeTp BepXHEH
yactu 5 cM. Ha Hero cBepxy MOJIOKUIIH JIBE JIOKKHA MOPOKEHOTO B BUJIE MOIYIIAPUI AUaMETPOM
5 cm. IlepenoaHUT 1 MOPOKEHOE CTAaKaHYHK, €CIIU OHO pacTaer?

OA=12cm
BC=d=5cMm
HepeHOHHI/IT JIN MOpO)KeHOC CTaKquI/IK?
5
V= 437 R3(5/2) = 125% /6 = 20 6 %
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2512

Vi=1/3 TR?H=1/3 ®(5/2)>12= 12 =25%
OTBeT: HET.

3agaua:

Haiitu 06bem mapa panuycom 10 caHTUMETpOB.
Pemennue:

Jliist TOoro 4TOOBI BHIUMCIUTD 00beM mapa ¢Gopmylia UCIOJb3YETCs CIEAYIOmas:
4

V= xRS
3

rae V — uckomblt 00beM mapa, © — 3,14, R — panuyc.
Takum oOpaszom, npu paguyce 10 caHTuMeTpoB 00BbEM LIapa paBeH:

V= g 3,14 x 10° = 4082 Ky6HUECKHX CAHTHMETPOB.

Pemrenue 3agauq:
1. Bo CKOJBKO pa3 yBeIUUUTCS 00BEM II1apa, €Cil ero pagnyc YBEITUIUTh B IEeCTh pa3?

O6beM 1mapa HaxXoAUTCA 1O PopMyIie:

74 * R3
==
3

[Ipu yBennueHuu paauyca B MIECTh pa3 ero 00bEM OyJeT:
+ 4
V=§}TI{_6R} =216~§}TR

Taxum o6pa3om, o0beM 1apa yBeauuutcs B 216 pas.
Otger: 216

2. O6beM ojHoro mapa B 216 pa3 Gosblie o0bemMa BTOporo. Bo CKOJIbKO pa3 IUIOIIaib

TIOBCPXHOCTHU IIEPBOTO MIapa OoubIIIe rmjiaomanayn moBCPXHOCTH BTOpOI‘O?
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N

®opmyna 06bEéMa mapa:

4 3
V= 3 R
dopmyna 01 MOBEPXHOCTH MIapa:
S =4nR?
[TycTh 00BEMBI IIIAPOB COOTBETCTBEHHO PABHBI:
4 3 4 3
Vi =§}TR1 | =§}TR2

U3 ycnoBus cienyer, 4ro:

4 3 4 3
E-R-Rl = Zlé'gﬁﬂz

R,*=216-R,’
3

R,
F=216
lil%:l ¥
— =4/216
R,

R,

— =5

R,

To ecTb, MBI YCTaHOBHWIIM, YTO pajlyC IEPBOTro OOJbIIe paauyca BTOporo B 6 pa3. Eciu pamuyc

1apa yMEHbIIUTH B 6 pa3, TO IUIONIAIb MOBEPXHOCTH MIapa U3MEHUTCS CIIEAYIOIIMM 00pa3oM:
R\ 4mR?

S (E) 36

To ectb oHa ymeHbIIUTCS B 36 pas.

Z[OMEII.HHCC 3aJaHHC:

1. Haiigure 00beM KOHYca , 0CEBOE CEYEHUE KOTOPOTO MPEICTABISAET COOOM

paBHOOEIPEHHBI MPSAMOYTOJIBHBIN TPEYTOJIBHUK C TUIIOTEHY301 , paBHOM 6 2 CM.
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2.Haiimute 00beM KOHYyca , TOTYYSHHOTO B Pe3yIbTaTe BPALIEHUS BOKPYT OOJBIIETO KaTera

IIPSIMOYTOJIBHOTO TPEYTOJIbHUKA C TUIIOTEHY301 , paBHOH 2 ”‘"'IE cm, u yriom 30°,
Tecm no meme: «Tena epawienusn»

1. Ilpwu BpaiieHuH NpSMOYTrOJbHUKA BOKPYT €T0 CTOPOHBI, IIOJIYYaeM:
a)KOHYC; 0) yceueHHbIH KOHYC; B) LIap;  TI') LUJIMHJID.

2. Tlpwu BpameHu# nNpsiMOYTrOJbHOTO TPEYTOJIBHUKA BOKPYT €T0 KaTeTa, MoJyJdaeM:
a)yCEUEHHbIN KOHyC; 0) HWIMHIpP; B)Iap; TI) KOHYC.

3. [Ilpwu BpameHuu npsiMOYroJabHOM Tparenun BOKPYT ee O0OKOBOI CTOPOHBI, MOTyJdaeM:
a) UMIuHAP;  0) yCeYeHHBIN KOHYC; B) KOHYC; T) Iap.

4. Tlpu BparieHuu NOJyKpyra BOKpYr €ro AuaMerpa, IoJydyaeMm:
a)yCEUEHHbIN KOHyC; 0) HWIMHIpP; B)IIap; TI) KOHYC.

5. OceBbIM CeYeHHEM LIMIIUH/IPA SIBIISIETCS:

a)Kpyr; ©0) paBHOOEAPEHHBIN TPEYTOJbHUK; B)TpaIClHsl; T)IPIMOYTOJIHHHUK.
6. OceBbIM CeUEHNEM KOHYCA SIBIISIECTCA:

a) paBHOOEPEHHBIN TPEYrOJIbHUK;  0) IPSIMOYTOJIbHHUK;

B)Tparenus; T)KPYT.
7. OceBbIM CEUECHUEM YCEYEHHOTO KOHYCA SIBJISIETCS:

a) Tpareuus; 0) MpsSIMOYTOJILHUK;, B) KPYT;
T') paBHOOEAPEHHBIN TPEYTOJIbHUK.
8. CeueHue mapa miIoCKOCThbIO €CTh:
a) paBHOOEAPCHHBIN TPEYTOJbHUK;  ©O) MPSAMOYTOJIbHUK;
B)Tpaneius; T)KPYT.

9. Hantucath Gopmyiy asst BelYUCIeHUS 00bEMA HMIHH]IPA.
10.Hanncats opmyity amst BelUUCIeHHsS 00bEMa KOHYca.
11.Hanucats popmyiy amst BEIUUCICHHS 00bEMA yCEYEHHOTO KOHYCA.
12. Hanncateb hopMyny JUTsl BBIYUCIICHHUS IJIOMIAAN Kpyra.
13.Hanucats popmyiy ajsi BEIUUCICHUS [UTUHBI OKPYKHOCTH.

BSaI/IMOHpOBepKa MAaTEMATUYCCKOI'O JUKTAaHTAa.

JonojHuTeIbHAA HH(POPMALMA 0 KOHYCe H 1ape

1. B reosioruu cymiecTByeT MOHATHE «KKOHYC 8biHOCA». ITO (popma penbeda,

o0Opa3oBaHHas CKOIUIEHHEM 00JI0MOYHBIX OPO/JI (IajbKH, IPaBHUs, MIECKA), BHIHECEHHBIMU

TOPHBIMH pEKaMHM Ha MPErOpHYI0 paBHUHY WM B 00Jiee IIIOCKYIO HIMPOKYIO JOJIHHY.
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2. B Guonoruu ecte NOHSATHE «KOHYC HapacmaHusy. ITO BEpXyllKa rmobera u

KOPHS PacTEeHHM, COCTOSIIASA U3 KIETOK 00pa30BaTeIbHON TKaHU.

3. «KoHnycamuy Ha3bIBAETCS CEMEHCTBO MOPCKHX MOJUTIOCKOB TOKIJIAcCca
nepeanexadepupix. PakoBuna konnveckas (2—16 cm), sspko okpamienHas. Konycos cBbiie
500 BunoB. J)KUBYT B TPOIIMKaX M CyOTPOTIHKAX, SIBISIOTCS XUIIHUKAMHU, UMEIOT SIIOBUTYIO
xKerne3y. YKyC KOHYCOB oueHb 0osie3HeH. VI3BeCcTHBI cMepTebHbIE clydan. PakoBHHEI
MCTIOJIB3YIOTCS KaK YKpaIIeHUs, CYBEHHUPBHI.

[To craTucTuke Ha 3eMie €KEroTHO THOHET OT Pa3psiIOB MOJHHI 6 YEeTIOBEK Ha

1000 000 >xuTemnet (daiie B FOKHBIX CTpaHax). ITOro Obl HE CIIy4anaoCh, €ClId Obl BE3/Ie
OBLTH TPOMOOTBO/IBI, TAK Kak 0Opa3yercst KoHyc 0e30macHOCTH (puc. 6). UeM BbIIIe
IPOMOOTBO/, TeM 00JIbIIE 00BEM TaKOTO KOHYca. HeKoTopbIe JIto/1 MBITAl0TCS
CTIPATATHCS OT Pa3pSAI0B MO IEPEBOM, HO JIEPEBO HE MPOBOJIHUK, HA HEM 3apsiIbl
HAKaTUTMBAIOTCS M JIEPEBO MOKET OBITh HCTOUHMKOM HAIPSOKEHUSI.

Pur. & Pue. 7

B reomerpuu map onpeaensieTcs Kak HeKOe TeJlo, IpeAcTaBistolee cooo
COBOKYIMHOCTb BCEX TOUEK MPOCTPAHCTBA, KOTOPbIE pacrnojgaraloTcs OT LEeHTpa Ha
paccTosiHMU, He OoJiee 3alaHHOr0, Ha3bIBaeMOTI0 pajuycom mapa. [loBepxHocThb
napa uMeHnyercsa chepoii, a cam oH oOpa3yeTcs NyTeM BpalleHUs HNOJYyKpyra 0KoJo
ero JuaMeTpa, OCTAIMErocs HEeNno BUKHBIM.

C 3TUM reoMeTpUUYECKUM TEJIOM OUYEHb YaCTO CTAJIKUBAIOTCS MHXXEHEPHI -
KOHCTPYKTOPBI U apXUTEKTOPBI, KOTOPBIM YacTO MPUXOJUTCS BBIUYUCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKLUHU NepeJHeNd MOABECKH MOAABISIOMEro 00JbIIMHCTBA
COBPEMEHHBIX aBTOMOOMIIEH HCMOIB3YIOTCS TaK Ha3blBaeMble IAPOBBIE OMOPHI, B
KOTOPBIX, KaK HETPYJHO J10TalaThCs U3 CAaMOT0 Ha3BaHMsA, OJHUMH U3 OCHOBHBIX
3JIEMEHTOB SIBIAIOTCS UMEHHO Imapbl. C UX MOMOUIbIO NPOUCXOJUT COCAUHEHUE
CTYNHUIl yIpaBJsieMblX KoJiec U ppl4yaroB. OT TOro, HaCKOJbKO MPaBUIBHO

OyaeT BbIUMCIEH UX 00beM, BO MHOTOM 3aBUCUT HE TOJIbKO JOJTOBEYHOCTh 3TUX
y3J10B ¥ IPaBUIBHOCTbh UX pabOThI, HO U 0€30IaCHOCTh JABUKECHMUS.

B TexHuke mupouaiimee pacupocTpaHeHHUE MOJTYUYUIH TakKue JeTallu, Kak
IIapUKOBbIE MOJANIUIHUKHU, C TOMOIIBIO KOTOPBIX MPOUCXOAUT KpENjaeHue oceil B
HEMOJABMKHBIX YaCTAX Pa3JIMUHBIX Y3JIOB U arperaTtoB U obecnednBaeTcs UxX
BpameHue. Cineayer 3aMeTUTh, UTO IPU UXpacyeTe KOHCTPYKTOpaM TpedyeTcss HaAWTH
o0beM mapa (a TouHee — MapoB, MOMENaeMbIX B 000iIMY) ¢ BBICOKON CTENEHBIO
TOYHOCTH. UTO KacaeTcs M3TOTOBJIEHUS METANJIMYECKUX MAPUKOB s
NOAIMIUITHUKOB, TO OHHU NMPOU3BOAATCA U3 METANIUYECKONU MPOBOJOKHU NPH MOMOIIHU
CJI0’KHOTO TEXHOJOTMYECKOT0 Mpoliecca, BKIYaIero B ce0s ctaauun GopMOBKH,
3aKaNky, rpyooi maupoBKH, YUCTOBOU MPUTUPKHU U ouucTKU. KcTaTu rosops, te
IapUKU, KOTOPbIE BXOISAT B KOHCTPYKIIUIO BCEX MIAPUKOBBIX PyUeK,
M3TOTABJIMBAIOTCA 110 TOYHO TAKOW K€ TEXHOJIOTHHU.
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JIOCTaTOYHO 4acTO WIapbl UCIOJB3YIOTCSI U B ApXUTEKType, IPUYEM TaM OHHU dalle
BCEro SABJISIOTCS NJEKOPATUBHBIMHU 3JEMEHTAMU 3JaHUN U APYTUX COOpYKeHUU. B
OONBIIMHCTBE CIYy4YaeB OHHM M3TOTABJIMBAIOTCS U3 T'PAHUTA, YTO 3a4acCTyIO Tpedyer
O6onpmIuX 3aTpar pyuHoro tpyaa. Koneuno, co6ioaaTh CTOJIb BHICOKYIO TOYHOCTD
U3TOTOBJICHUS TUX IIAPOB, KAK T€X, KOTOPBIE IPUMEHSIIOTCS B Pa3JIMYHBIX arperarax
U ME€XaHHu3Max, He TpeOdyeTcH.

be3 mapoB HeMbIciMMa Takasg UHTEpPECHAsl U NONYyJsipHas Urpa, kak ounpsapia. Jdus
HUX MMPOU3BOACTBA UCIIOJNB3YIOTCA pPa3JIMUYHBIC MAaTCPUAJIbI (KOCTL, KaM€Hb, MCTalll,
IUIACTMACCHI) U HCIOJIB3YIOTCS Pa3IMYHbIE TEXHOJOTHYCCKHE Tponecchl. OMHUM H3
OCHOBHBIX Tp€6OBaHI/II71, NpeABABIACMBIX K 6I/IHI)$Ip[[HI)IM mapam, sABIIACTCA UX
BBICOKAad NPOYHOCTH U CIIOCOOHOCTH BBIACPKUBATH BBICOKHMEC MEXAHUYCCKUC HATPY3KHU
(mpexae Bcero, yaapueie). KpoMme Toro, ux moBepXHOCTh JOJDKHA MPEACTABIATH
co6o# Tounyw chepy Aas TOro, 4TOOB 00eCcTeuYnBaIOCh MJIaBHOE U POBHOE KaueHHE
IO MOBCPXHOCTHU 6I/IJH)${pIIHI)IX CTOJIOB.

Hakonen, 6e3 TakuxX reoMeTpUYECKUX TeJ, KakK Iapbl, HE 0OXOAUTCS HU OJIHA
HOBOTO/JHSS WJIN POXKJAECTBEHCKAs enka. M3roTaBauBarOTCs 3T YKpalleHUs B
OOJIBIIMHCTBE CIy4aeB U3 CTE€KJIa METOJOM BBbIIYBAaHUS, U MPU UX IPOU3BOJCTBE
HauboJblIee BHUMAaHUE yIesieTCd He TOYHOCTH pa3MepoB, a 3CTETUUHOCTHU
n3aennii. TeXHOTOTUYECKUNA NPOLECC IPU 3TOM MPAKTUUYECKN MOJHOCTHIO
AaBTOMAaTU3UPOBAH U BPYUYHYIO €JOYHBIE IIAPHl TOJBKO YIAKOBBIBAIOTCH.

IIpakTuyeckoe 3ansaTue Ne 73

Tema: KonTponbsHas padoTa
Heab: [IpokoHTpOIUPOBATH YPOBEHb YCBOCHHUSI JAHHOM TEMBI.

1 BapuaHT

1. Pa3Beprka OOKOBOW IMOBEPXHOCTH IWIMHApPA SBISCTCS KBaJApaTOM, TUAroHajb KOTOPOTO
paBHa 10 cm. Haitaure miomiaap 60KOBOI MOBEPXHOCTH IIMIIMHAPA U 00BEM
2. ITnockocTh, mapaienbHas OCH HUJINHAPA, OTCEKAeT OT OKPY)KHOCTH OCHOBaHMS Ayry B 120°.

Beicota mwimHzapa paBHa 5 cM, paauyc LuiIMHApa 2 V3 om. Hailnure mwiomans cevenus u
o0beM
3. OceBoe ceyeHHe LWIMHIPA — KBaJpar, MUIOIAJb OCHOBAaHHS LMIMHIpA paBHa 167 cm?,
HaiinuTe nnomaae NOBEpXHOCTH LUIMHIPA, 00bEeM
4. BricoTa KOHyca paBHa 6 cM, yroJj NpH BeplInHe oceBoro ceueHus paseH 120°. Haiinure:

a) IUIOIIAIb CEYEHHUsI KOHYCa IIJI0CKOCThIO, MPOXOASIIEH uepes Be 00pa3yolue, yrojl MexIy
koTopbiMu 30°;

0) rromaab G0KOBOM MOBEPXHOCTH KOHYCA.

B) 00BeM
5. Jlnametp mapa paBeH 2m. Uepe3 KOHel JUaMeTpa MPOBEICHA IJIOCKOCTh MOJ yriaoM 45° k
Hemy. Haliure anmuHy TUHUM niepecedeHus cpepsl 3TOi MI0CKOCTHIO.

2 BapuaHT
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1. Pa3zBeprka OOKOBOHl MOBEPXHOCTH UMJIMHJIpPA SBJSETCA MPSIMOYTOJIBHHUKOM, JIUAroHaib
KOTOpOTO paBHa 8§ cMm, a yron Mexay auaroHansmu 30°. Haiiaure tumomans OOKOBOWMA
MOBEPXHOCTH IHJIUH/IPA, 00bEM
2. CeueHne IMIMH/PA MIOCKOCTHIO, MAPALICIILHOM ero ocH, ecTh kBaapar. Cekyiias MIoCKOCTh
OTCEKaeT OT OKPYKHOCTU OCHOBaHUsA nyry B 90°. Pamuyc ocHOBaHMs HWIMHIApA paBeH 4 cM.
Haiigure mmomanes ceyeHus, o0beM
3. OceBoe ceueHHWe HWIMHApPAa — KBaJApar, AMAaroHanb KoToporo 4 cm. Haiiaure turomanb
MIOBEPXHOCTH HWJIMHJIPA, 00BEM
4. Pagmyc ocHOBaHHUsI KOHYycCa paBeH 6 cM, a 00pa3yromias HaKJIOHeHa K IJIOCKOCTH OCHOBAHUS
nox yriom 30°. Haiigure:

a) IUIOIIAIh CEYCHHUSI KOHYCA IIOCKOCTHIO, MPOXOISIIEH depes Be 00pa3yroue, yrojl MexIy
KoTopbiMH 60°;

0) rronra b OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00BEM
5. lmametp mapa paBeH 4m. YUepe3 KoHell AuaMeTpa MPOBEIECHA TUIOCKOCTh moj yriom 30° k
HeMy. Haiaure rutonjaap cedeHus mapa 3TOU IIIOCKOCTBIO.

IIpakTuyeckoe 3ansaTue Ne 74
Tema: [lelicTBus ¢ BEKTOpaMH, 3aJaHHBIMU KOOPAUHATAMU
Heab: O00OUUTE U CUCTEMATU3UPOBATh MaTepUal Mo JIaHHOM TeMe

Teopernueckwnii 010K

cDO]C)My.]'II)I JACJICHHA OTPE3Ka B JAHHOM OTHOHICHUH Ha IMJIIOCKOCTHU

ECJIM M3BECTHBI IBE TOUKH TOcKocTH “xar Fals BlTe: P 2) 1 KOOPMHATHI TOUKH M (%342 Faa)

Add
_,11 =
KOTOpas JAenuT otpesok AZ B oTHOMIEHHH EM | ppipaxarorcs opmynamu:
N Xyt Axg _ Yat+ Ay
MU Tea M T e
[Tpumep 1

Haiitu KOOPpAWHATBI TOUYKHU M , Jensiei OTPE30K AE B OTHOIICHHUHN 1:3 , €CJIN N3BCCTHBI

rouxy A5 3 BEE -1

LA 1

Pemienue: B nannoi 3agaue EM 3 Tlo popMynaMm JeneHus OTpe3Ka B JAHHOM

OTHOIIIEHUH, HAWJIEM TOUKY M (X35 7 5e) :

1
xM=xA+,;1-x3=5*5":‘33'=5—1=4g=3
1+4 LT R
3 3
1 R
yM=n+f1-Jf3=3+3(1)=3 3.3_83_,
T+ 1 & 4 33
i3
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OTBerT: M(3,2)

B 3agaue He TpeOyeTcs CTPOUTH YepTeka, HO €ro BCETAa MOJIE3HO BHIMOJIHUTH Ha YEPHOBUKE!

JeiicTBUTENBHO, cooTHOmere &M 3 ppmonnsercs, To ecTh otpesok AM B Tpu pasza kopoue
oTpeska £M | Ecim mpomopnus He 0UeBH/IHA, TO OTPE3KH BCET/Ia MOKHO H3MEPUTH OOBIYHOM
JIMHEUKOM.

[Ipumep 2

KE(-2.1), L(5,

JlaHBI TOYKH ~8 Haitru:

a) touxy ¥ | nensuryro orpesok AL B otHOmeHMH 477
6) Touky ¥, nemsmyro otpesok %4 B orHomrennn 43,

[Ipumep 3

Touxa F IMPHUHATJICKHUT OTPE3KY DH I/ISBCCTHO, 4YTO OTPE3OK LiF B JIBa pa3a JJIMHHEC

D24, F{%; EJ

OTpe3Ka AP Haiitu TOYKY ird , €CIIN

Pemenne: 13 YCJIOBUA CIEAYECT, YTO TOYKaA F JACJIUT OTPE30K LA B OTHOILICHUH 41 , cyuTasd OT

opP
i==t o2

BepHH/IHBI D, TO €CTh, CHpaBeI[J'H/IBa HpOHOpL[I/IH: HP . HO (I)OpMy.HaM JCIICHUA OTpe3Ka B
JAaHHOM OTHOILIICHHUU:

In+d Xy Yo+ d-¥
XP == - =

1+ 4 1+ 4
L S LI FEV N IR S S S
3 142 3
2=%j4+2yﬁ=ﬁ:~2yﬁ=zjyﬁ=1
+

OTBer: {ERY
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[Ipumep 4

Touka M € A5 Orpesox £ B monropa pasa kopoue orpeska A4 | Haittu Touky 4, eciu

H3BECTHBI KOOPJMHAT TOYEK B0, ML) .

Pemenue B koHIie ypoka. OHO, KCTaTH, HE €IMHCTBEHHOE, €CIIM MOWIETE OTIIMYHBIM OT 00pasia
myTéM, TO 3TO HEe Oy/eT OIMOKOH, rITaBHOE, YTOOBI COBITAIM OTBETHI.

q)OpMy.]'II)I ACJICHUS OTPE3Ka B JAHHOM OTHOIICHWH B IIPOCTPAHCTBC

JlJ1 IpOCTPaHCTBEHHBIX OTPE3KOB BCE OYIET TOYHO TAK K€, TOJIBKO 100aBUTCS elI€ OHA
KOOpAMHATA.

Ecnu n3BecTHBI 1BE TOUYKU IIPOCTPAHCTBA AXg: ¥ 4:24), BlX5: P25 , TO KOOpAWHATHI

Abd
. . A=
touxu M Fae:Far Ze) | xoropas nemut otpesox A8 pormomenmn  BM | phipakatores
dbopmynamu:
X Xyt Ad-xy _Yat Ay 2 _Zat+ Az
ST T P T
[Tpumep 5

A-2,-3% -4, B(Z,

JaHbl TOUKH —4.0) . HaliTu KoopauHaThl TOUKH M , IpUHaIexKanIeH

orpesky A8 ecnu ussectro, uro AM 1 BM =4:2
Pemenne:

[To dpopmynam KOOpAUHAT CEPEIUHBI OTPE3KA:

L o_tiv2l_2 y _CIs2(A)_ 1L -4+2.0_ 4
My 5 M 1+2 30 M

[Ipumep 6

B(-5 2,304, 2,

— 5 o
HaHLI TOYKH ) . Haiitu KOOPpAWHATBI TOYKH 4 , €CJIM U3BCCTHO, YTO OHA

ACIIUT OTPE30K B B OTHOIIICHHUH 3:1 .

(DOpMyJ'ILI KOOpAUHAT CECPCANHBI OTPE3Ka
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A | yacme M | yacme B

gt X Yat¥
T A _Yat Ve
Y =—— Vyu=—"—7—

2 2
JI1st IpOCTPaHCTBEHHOTO Cily4asi CIPAaBeJIMBa OUYEBHIHASA aHAJIOTH. Eciy 1aHbl KOHIIBI
OTpezKa‘q(xﬂ;y 4240, B(x5, 7525 , TO KOOPAUHATEI €r0 CEPEAUHEI M BbIpaXkatoTcsi GopMysaMu:

_ Ayt g _¥at Ve _fatZp
=4 _"E yy=tE =42

X
A 2 M 2 2

[Tpumep 7

Hapamnenorpamm A5CL 3anan koopauHaTamu cBoux

BEPIIHH A4 D), B 4), CTT 20, DEL=2) Hainy TOYKY TIEPECCUCHHS €T0 JHaroHaIeH.
Pemenne:

[To n3BeCTHOMY CBOMCTBY, IHAarOHaIM MapajuieIorpaMMa CBOEH TOUKOM

nepeceyeHmst C(xo: ¥o) JEJSITCS TIOTIOJIaM, TIOTOMY 33/1ady MOKHO PEIIHNTh IBYMs CITOCOOaMHU.

Cnoco0 nepBblii: PaccMOTprUM NpOTUBOMNOJIOAKHBIE BEPUIUHBI A-4.0), C(7.2) . ITo hbopmymnam
JICNIeHNs OTPe3Ka TOMOoJIaM HAlAEM CepeiHy AHaroHans ¢ ;

Xy + X —4+T
= ——-

Lo

o3:1]
B pesynbTare: 2

E(44), Di-1;

Cnoco0 BTOpoOii: PaccMOTpUM MTPOTUBOIOJIOKHBIE BEPIITUHBI B 2). [To dhopmynam

JACJICHUA OTPC3Ka IIOII0JIaM HaﬁHéM CEPECAMHY araroHalinu B‘D

)
Taxum oOpazom: 2

1y
OTBer: Z
[Ipumep 8

E

fafdz) :
JlaHbl TOUKH 3 4 2 . Haittu cepenuny £ otpeska o3

[Ipumep 9
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Touka # nemut orpesox AZ nomonam. Haiitu Touky &, eciu u3BecTHbI

rouxy A4 -3 MG -4 1)

Pemenne: Vcnonb3yem Gpopmyiibl KOOPAMHAT CEPEIUHBI OTPE3Ka:

g+ X Vat+ ¥ Zyt+Z
_ 4 B _+d B _ <4 B
% _T’ ¥ _T’ z, _T

Ham Hen3BeCcTHBI KOOPIMHATHI *2:¥2:22 1] cHOBa MOHO BBIBECTH o0uryro hopmyiy ais ux
HAaxO0’KJICHUs, HO TOPa3/I0 JIerye cpasy MoACTaBUTh YKCIIA. TOJIBKO MPONOPLUUAMH BEPTHU:

2+ xg

5= =2+xp=10=x=1

_4=I:I+y3
2
-3+ z;

ij =_8

1= —=—3+zg=2=zp=15

OrBer: B(8,-8.5)

IIpakTuyeckoe 3ansaTue Ne 75
Tema: CxangapHoe Npou3BeICHUE ABYX BEKTOPOB
Heab: HayunuTs BEIYUCIATEH CKAJIIPHOE MTPOU3BEACHUE ABYX BEKTOPOB

Teopernueckwnii 010K

Onpeneenne: CKaTsPHBIM POM3BEACHAEM ABYX BEKTOPOB & 1 £ Ha3hIBACTCS UHCIIO,
paBHOE NMPOU3BEACHUIO UTMH 3TUX BEKTOPOB HA KOCUHYC YIJIa MEX/1Yy HUMHU:

T b= |¢T||5| cosS(@ A

OGo3HaveHne: CKAIIPHOE IPOM3BE/IeHIE 0003HauaeTcs depes 2 &

[Ipumep 1
o g|=2. Fl=5 z@m=Z
HaiiT cKamsipHOE IPOM3BELCHHE BEKTOPOB & 1 ¥ | ecim 6

Th = |§| |5| cos (@ b

&E:FY|-|E|-EOS£(§;5): 2.5 cos%—ézlﬂ-?zﬁwﬁ

Pemenne: Mcnons3yem hopmyny . B naHHOM ciryyae:

OrtBer: ah = 5"’@
[Ipumep 2

Fl=3 =+

Yron MCXKAY BEKTOPAMHU U 3HAYCHHUC CKAIIAPHOT'O IPOU3BCACHU A

o =1 fu]
Haitti € | ecu , @ YTOJl MEX/ly BEKTOpaMH pPaBEH 1357,
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B IIpumepe 1 ckassspHOE IPOU3BEAECHNE TOIYYMIIOCH TOJIOKUTENBHBIM, a B [Ipumepe 2 —
OTpULATENbHBIM. BBISICHUM, OT 4ero 3aBUCUT 3HaK CKaJIIpHOTO npousBeaeHus. CMOTpUM Ha

T b= |§|-|§|-cosi(§; A

}:T|:=-D,|E|::-D

Hairy GopMyny: . JImuHBI HEHYIIEBBIX BEKTOPOB BCErAa

MOJIOKUTEIIBHBI:
KOCHHYCA.

, IOOTOMY 3HAK MOKCT 3aBUCCThb TOJIBKO OT 3HAYCHHA

O=sa@ b=

VYron MCKY BEKTOPAMH MOXKCET USMCHATLCS B IIPEACIax
BO3MOJKHBI CJICAYIOIIHUEC ClIydau:

, U TIPY 3TOM

e T
0w A0@ b))« —
1) Ecniu yros Mmex iy BEKTOpaMu OCTPBIIii: 2 (ot 0 1o 90 rpamxycoB),

cos (@ B =0 . =5 .
TO CHY , 1 CKaJIsIpHOE Mpou3BeieHHe OyAeT MOJI0KUTEIbHbIM: @b =0 Ocobblit
Cllydaii: €ClIi BEKTOPbI COHanpaegiensl, TO yrojl MeX1y HUIMHU CUUTAeTCs

L@ E)=0

HYJICBBIM , 1 CKaJIIPpHOC MPOU3BCACHUC TAKIKE 6YI[€T IOJIOKUTCIIbHBIM.

[Tockompky “2% 0=1 , To (hopmyrna yrmpoIaeTcs: 7k = |§|' |§| .

w =
— <@ b e
2) Ecnu yroa mexay BeKTOpaMu TYNOM: (o1 90 1o 180 rpamycos),

cos (@ b <0 CTE
TO @ &) , i, COOTBETCTBEHHO, CKAJISIPHOE NMPOU3BeIeHHEe OTPULATEIbHO! abh <0
OcoO0BbIii CryJaii: eClii BEKTOPBI HANPABLEHbl NPOMUBONOJIONCHO, TO YTOJI MEKY HUMH

L@ B=m

CUUTACTCS PA3BEPHYMBIM. (180 rpamycon). CkaysipHOE TIPOU3BEACHUE TOXKE

OTPHLATEIBHO, TaK Kak £o3 7 =—1

CripaBeiniuBbI 1 00paTHBIE YTBEPIKICHUS:

1) Ecim @& > U 10 yrom Mex/Iy ZaHHBIME BEKTOPAMHU OCTpbIii. Kak BApHAHT, BEKTOPHI
COHAIpaBJICHBI.

2) Eciu & <0 10 yroJl MeKy TaHHBIMU BEKTOpaMHu Tyroid. Kak BapuaHT, BEKTOPBI
HaIpPaBJIEHbI IPOTUBOIOJIOKHO.

Ho ocoOsr1it mHTEpEC MpeACTaBISIET TPETUH CITydail:

I

L b)=—

3) Ecnu yroJa1 Mexay BEeKTOpaMu MPSMO¥: 2 (90 rpamycos),
T
cos— =10 .
TO a U CKaJIsipHOE NPOU3Be/leHHe PABHO HYJIIO! @& =0 O6parHoe TOXKE BEPHO:
= sE =2

ecim 22 =0 10 . KommnaktHo yrBepxkaenue popmymnupyercs tak: CkajnasipHoe

Npou3BeIeHHe IBYX BEKTOPOB PABHO HYJIIO TOIAA U TOJIBLKO TOI/IA, KOI/IA JaHHbIe
BEKTOPBI OPTOroHaIbLHBI. KopoTkas MaTeMariueckas 3amuch; 22 = 0= a L&

A dto Oyzer, eciii BeKTOp ¥ yMHOXHUTH Ha caMoro cebdsi? [I0HTHO, 4TO BEKTOP
COHAIIPaBJIEH CaM ¢ OO0, TOATOMY TI0JIb3yEMCS BBIIIEYKa3aHHOMN yIPOLIEHHOH HOpMYIIoii:
aa =[g| |a|
a7 =|a’
Nnu:
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—_ — =12
Yucno #2 Ha3pIBaeTCA CKAISAPHBIM KBAaJPaTOM BeKTOpa © , 1 0003HavaTcs Kak £ .

Taxum 06pa3oM, CKAJSIPHBINA KBAIPAT BeKTOPa ¥ paBeH KBAAPATY AJHHBI JaHHOTO
BeKTOpa:

—2 —_2
* =|al

W3 naHHOTO paBeHCTBA MOXKHO TOIYYUTh (POPMYITY JUIS BEIYUCIICHUS IJTHHBI BEKTOPA:
— —2

=
=

aF. b,z
J171st IpOM3BOJIBHBIX BEKTOPOB ~ °~ *~ W JIO0OTO Yncia A CIIpaBEUIMBHI CIICTYIONINE
CBOMCTBA:

1) @& =£& _ yrepeMecTHTENBHEIN HIIM KOMMYTATHBHBII 3aKOH CKaIIPHOTO MPOH3BEICHS.

2) (@+o)r=aT+27 _ pacnpeenuTeNbHbIN WK AMCTPUOYTHBHBIN 3aKOH CKAJIIPHOTO

IMPOU3BCACHUA.

3) (A7) & =A@2) _ uerarenpumit un acCONMATHUBHBII 3aKOH CKAJISIPHOTO
npousBeieHns. KOHCTaHTy MOKHO BBIHECTH M3 CKAJSIPHOTO TIPOU3BEICHUSL.

[Ipumep 3

HaiiTu ckanspHoe npousseetue sextopos & =28 +& yd =& =¥ | ec ussecrHo,
z|=4+2, [p|=8. i{a;f?j:%r

41O :

Pemenue:

Fod="1

(-2 +b)-(@—b)="
27 a+b a+la-bh-h-bh="
@i+ a b+ h-hi=

—2a* +3@h - ="
2l +3-Jg| | cos £(@: By - o[ =@
5

—2. (427 +3-4u'r§-8-cosi—r—82 :—64+96«.ﬂ'§-;—64:—32

g
(1) IloacraBnseM Belpas)ke€HHsI BEKTOPOB
(2) PackppiBaeM CKOOKH 1O MPaBUIIy YMHOKEHUSI MHOTOUJICHOB

(3) B IEPBOM U MOCJIICAHCM CJIAaracMOM KOMITAKTHO 3aIllUChIBAEM CKAJIAPHBIC KBAJIPAThI

7. z=a‘, b-b=5b"

ol
BCKTOPOB: . Bo BTOPOM CJIara€MOM HCIIOJIB3YEM IICPECTAHOBOYHOCTDH

CKaNApHOTo mponsBenenus: ¥ &= &

(4) MlpuBo MM MOKOGHBIE CIAaraeMble: & - b+2z-b=3z

—2 2
@ =@ o
(5) B IEpBOM CJIara€MoM HCIIOJIb3yEM (I)OpMy.TIy CKaJIApHOI'O KBaJpaTa | | , O KOTOpOU
HC TaK JaBHO YIIOMHUHAJIOCh. B nocnengnem ciiara€MoM, COOTBECTCTBCHHO, pa60TaeT Ta XK€
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52 =pf
HITyKa: |b . Bropoe ciiaraemoe packiiajpiBaeM Mo CTaHAapTHOM
F b= |5| cos (@ b
dbopmyie M (@) .
- — T

Z|=442, P|=8 Z@B)==
(6) [oncrasmisieM gaHHBIE YCIOBHS 4 u MIPOBOIUM
OKOHYATEIIHHBIC BHIYMCIICHUSI.

Otser; 7d =—32

OTtpunarenbHOE 3HAYCHHE CKAISAPHOTO TMPOU3BEICHHS KOHCTATUPYET TOT (DAKT, YTO Yo

MCXKY BEKTOpaMu e d ABJIACTCA TYIBIM.

Pemrenne ynpaxHeHwmil:
[pumep 4

HaiiTi cKaTsipHOE IIpoM3BeeHre BekTopos & =~Z + 28 yd =—a+&  ecnn ussectHo,
T

=4, [F]=2+5. i(a;f?j:g
TO .

q

[Tpumep 5
F|=3 Fl=2. z@B=Z

Haiiti muny Bexkropa © =~ + 35 ey 3

Pemnenne

|C—|t:|_a+3g|f J—7 +387 T«J&z—555+952 2 JF|2—6-|E|-P?|-.:OSJ(E; E?]|+E€'-|E|2 =

=J32—6-3-2-cosg+9-22 =J9—36-%+35=1@=3m@

OrBer: IEl: 33 en 5,20 en.

[Ipumep 6

— - 27
— _:5, :].D, i(a,bj:_
Haiitn mmmy Bekropa £ =2 +& ecnu |ﬂ| |b| 3,

IIpumep 7

g|=4. [p|]=242, @&

— T B
Haiitu yroJj MExXay BEKTOpaMu 71 & , €CJIN U3BCCTHO, YTO .

Pemenne: VicnonsizyeM ¢popmyiny:

Fh 3 1 '\..I'E _*-.I'E

ia b= — = ===
coss (@, b |§||b| ol R R 2
cosﬁ(&;5)=£
Hrak, ecinu 2 , TO:

20T, B = arcoos

J2
2
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£(@ 51 =2 pag = 45°
OTBerT: 4

[Mpumep 7*

_ @ B =

_ i
7| =3 5| = 4 _ =
JaHel M |b| — JUIMHBI BEKTOPOB & , & 1 yrom Mex 1y HUMK 3

. Haiitu yron
MEXIy BekTopamu & = —2Z +3b d =47 —-3b

3ajaHue Jaxe He CTOJBKO CJIOXKHOE, CKOJIBKO MHOTOXO0JIOBOE.
Pazbepém anroputm pemieHus:

1) o ycnoBuEo TpebyeTcst HAWTH YroM MKy BEKTOpaMu ¢ 1 & | I03TOMY HyKHO
= gd
coss(E, d )= —
-
HCI0JIb30BATh (POPMYITy .
2) Haxoaum ckajsipHOE MpoH3BeieHne & d (cm. [Tpumepst NeNe3,4).

3) Haxomum mmuHy BekTopa £ M JIMHY BeKTOpa d (cm. [Ipumepnr NeNe5,6).

4) Konnoska pemienus copnanaet ¢ [Ipumepom No7 — HaM U3BECTHO YUCIIO , 4 3HAUMT,

Z(7.d) = arccos [%]

Kpartkoe pemieHne u OTBET B KOHIIE YpOKa.

JIETKO HANTHU U CaM YT OJI:

BTopoii pazaen ypoka MocBsIIIEH TOMY K€ CKallIpHOMY npou3BeaeHuto. Koopaunatel. byner
Jla’ke TMpOoLIE, YEM B IIEPBOI YacTH.

[Ipumep 8

Haiitu CKaAJIIPHOC IIPOU3BCACHUC BCKTOPOB:
2 3@ =9 | B-10)

6) A 3 AT ecnu nanbl Toukn AL -13), 50, 1,-2. . -4.0)

Otser: &) ah=-2, B)AB AC=46

[Tpy HEKOTOPOM OIIBITE CKASIPHOE TPOU3BEACHUE MOYKHO IPUHOPOBUTHCS CUUTATH YCTHO.
IIpumep 10
JlaHBI YETHIPE TOUKHU MPOCTPAHCTBA A4 -3-2),8(2 -2 -3, 008 -5 D, DE -3 -1

BrisicHuTh OyayT U epreHANKYASIPHBIMU CIEAYIONINE NPsSIMbIe:
AR, D

a) :

6) AT BD _

[pumep 11
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IIpH KAaKOM 3HAYCHUH “ BEKTOPHI a3 4 -2) ble-A-15) Oy/IyT OPTOTOHAIbHBI?

Pemenne: ITo ycrnoBuro TpeOyeTcsl HAUTH TaKoe 3HAYCHHE IMapaMeTpa A | 4r06BI NaHHBIC
BEKTOPBI OBLIIM OPTOTOHANBHEL J[Ba BeKTOpa

IIPOCTPAHCTBA Vv, vas ), W vy, )

Wy Wy s =0 _

OPTOIrOHAJIBHBI TOT'Ja U TOJIBKO TOI' 14,
Korjga

CocTaBuM ypaBHEHHUE:
ah =0
32-+3(-+(-2).5=0

PackpriBaeM ckOOKM U TPUBOJUM MOJOOHBIE ClIaraeMble:
E-31-A-10=10

-4iA-4=10

Pemraem npocreiiiiee TMHENHOE YpaBHEHHUE:
—-41=4

A=-1

Otser: npu A=-1

[Ipumep 12

[IpH KaKOM 3HAYCHUM “ CKaISIPHOE IPOU3BELCHIE BEKTOPOB a2 A), bz, -3 OyJeT PaBHO
-2?
HaiiTh cKansipHOe Ipou3BeicHne BekTopoB * u 28 +d | ecru £(0,-35).d(-41.0)

9T0 IpUMEP JJIA1 CAMOCTOATEIIBHOTO PCIICHUA. 3,[[60]5 MOJKHO HUCIIOJIb30BaThb

aCCOLIMaTUBHOCTb ONEpaIlu, TO €CTh HE CUUTATh & =30,-33)=0-%13 , a cpazy
BBIHECTH TPOUKY 3a MPEEIIbl CKAISIPHOTO MIPOU3BEACHHS U IOMHOXKUTH HAa HE€ B MOCIIEIHION0
ouepe/ib. Pemienre u 0TBET B KOHIIE YpOKa.

B 3akmrouenue naparpa(ba HpOBOKaHI/IOHHHﬁ IMPpUMEP Ha BBIYUCICHUC JJIMHBI BEKTOPA:

[Ipumep 16

JIaHbI TPU BEPIIMHBI TPEYTOJbHUKA A-L0) 832,005 -4 Hajiry LABC (yrout tipu
Bepiumue & ).
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Pemenne: I1o ycnoButo uepTéx BHIIOIHATH HE TpeOyeTCs, HO BCE-TAKH:

Haiiném BekTOpHI:
BA(-1-30-2)= BA(—-4. - )
BC(5-3 —4-21=BC(2 -6

Brruncinm ckaisipHOE MPOU3BEICHUE:
BA BC =—4.2-2.(-6)=-8+12=4

W nnvuHbBI BEKTOPOB:

|E|=4(—4}2 +(=2* = f16+4 =./20=2.5
|E|= J2+—6% = 4436 = 40 =2./10

Kocunyc yrna:

— — Bd.BC 4 1 1
cosA B BON = — = = =
( ) gd| Bl 245 2410 500 5.2
cosi(ﬁ;%}=iﬂlgc = —42-2 (7 =
BA|-[BT|  J-h? + (=27 2 + (67
—2+12 4 4 4 1

T 1644 JA136 20 A0 JB00 2042 542
Haiiném cam yrour:

i(ﬁ; E} = arccos = 1,42 pag. = B2"

1
542
1
SABC = arceos 7= 1,42 pag. = 82"
OTtBerT: 5\"5

[Ipumep 17
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B npocrpaHcTBe 3a/1aH TPEYrOJIBHUK KOOPIAMHATAMU CBOUX
BEPILUUH ALLD, 4(3.0.0), 402,37) . Haiitu yron mexay cTopoHaMu 44, u 44

IIpakTnueckoe 3ansitue Ne 76

Tema: KontposisHas pabora
Hean: [IpoBepuTh ypOBEHBb YCBOCHMS JAHHOW TEMBI Y yHaIIUXCS

BAPHUAHT 1.
1. [Jausr koopauHatel Touek C(3,; -2; 1), D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiigure

KOCHHYC yTJIa M@Ky BEKTOPAMH CD u MN .

2. [Ilpu xakom 3HavyeHWH (3HAYCHHSX) «d BEKTOPHI 5(6 - k; k; 2) mw a(-3; 5 + 5k; -9)
MEPIEeHIUKYIISPHBI?

3. Ilpm kakoM 3HAa4YEHWU a BEKTOPHI AAu CD KOJUTMHEAPHBI, eciu A(-2; -1, 2), B(4;
-3, 6), C(-1; a-1; 1), D(-4; -1, a)?

4. W3BecTHO, YTO |§| =4, |§| =1, 4(5, z:i) = 60°. mHaiimTe COS &, THE A - YrON MEXIY
BEKTOpaMHU a+ama.

5. Haigure niuny Bektopa a+a—"h, ecom |a| =1, |4 = 2, |A] =3, 4(5,5) = 90°, 4(5,%1) =
120°, £(3,fi) = 60°.

6. B kyde ABCDA1B1C1D;1 Touka M nexut Ha pedpe AA1, npuuem AM : AM1 = 3 : 1, a Touka
N — cepenuna pedbpa BC. Beruucnure kocunyc yria Mmexay npsmeiva @) MN u DDy, 6) MN
u A1C.

BAPUAHT 2.
1. Jausl koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiigure

KOCHHYC yIJIa MKy BEKTOpaMHU CD u AA.

2. Tlpu xakoMm 3HayeHuu (3HaueHusix) M Bektopel a(4; m - 1; m) u &(-2; 4; 3 - m)
HEePIIEH UK YIISAPHBI?

—_— _—

3. Tlpu KakOM 3HAYCHHMH a  BEKTOPBI MN wu CD xomnuueapnsl, ecmu M(1;
-2;a), B(-1l;a+3;-1), C(-3; 2; 4), D(1; -4; 2)?

4. HW3BecTHO, 4YTO ]ﬁ| =2, |ﬁ| =3, L(El,ﬁ) = 120°. maiiguTe coS ¢, TAE O - Yroji MEXIy
BEKTOpaMU m+num.

5. Haiimure qmuHy BeKTOpa g_é_r:]’ eciu \5| =2, |§| =3, |ﬁ| =4, 4(5,5) = 60°, 4(5,%1) =
120°, £(3,fi) = 90°.

6. B mpsmoyronsHom mapamnenenunene ABCDA1B1CiD1 AB = BC = % AA1. Beruucnure

KOCHHYC yriia Mexay npaMmeiMu - a) BD u CD1;  6) AC u AC.

BAPUAHT 3.
1. Mauwr xoopauHatel Touek A(1; -1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3; -1; 0). Haiiaute

KOCHUHYC yrJjia MCKAY BEKTOpaMu C? nu AA .

2. Tlpu xakoMm 3HayeHuu (3HaueHusx) M Bektopel a(4; m - 1; m) u &(-2; 4; 3 - m)
MEePIICHIUKYIISIPHBI ?
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3. Ilpm KakOM 3HAYEHMH a  BEKTOPHI MN u CD xkomnuneapnsl, eciin - M(1;
-2;8), B(-l;a+3;-1), C(-3; 2; 4), D(1; -4; 2)?

4. HW3BecTHO, YTO |ﬁ| =2, |ﬁ| =3, L(H”l,ﬁ) = 120°. maiiguTe coS ¢, TAE ¢ - YrON MEXIY
BEKTOPaMU m+num.

5. Haiimmre umHy BekTopa d—Aa—1i, ecmm |4 = 2, |a| = 3, || =4, £(3,3) = 60°, Z(&,f) =
120°, /(&) = 90°.

6. B mpsamoyromsHoM mapauienenunene ABCDA1B1C1D1 AB = BC = % AA1. Beruucnure

KOoCHHYC yriia Mexay npsmbiva - a) BD u CD1;  6) AC u AC:.

Kpurtepuu oneHuBanus
OneHka «OTIMYHOY BBICTABISETCS CTYJIEHTY
3a 100% npaBUIBHBIX OTBETOB;
OrneHka «X0poII0» BHICTABISETCS CTYACHTY
3a 75 - 99% npaBUIbHBIX OTBETOB;
OneHka «y0BIETBOPUTEIHLHOY BBHICTABISIETCS CTYICHTY
3a 50 - 75% npaBUIBHBIX OTBETOB;
OrneHkKa «HEYIOBJIETBOPUTEIBHOY» BHICTABIAETCS CTYACHTY

3a meHee 50% MpaBUIIbHBIX OTBETOB.

Jluteparypa:

OcHoBHas1 iuTEparypa:

1. AnmaroB, A. B. MaremaTtuka [DnekTpoHHBIN pecypc] : yuedHoe mocooue mius CITIO / A. B.
AnmaTtoB. — 2-¢ u31l. — DJIEKTPOH. TeKcTOBbIe MaHHbIe. — CapatoB : [IpodoOpazoBanue, Aii
ITu Op Menaua, 2019. — 162 c. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum gocryma:
http://www.iprbookshop.ru/80328.html

2.Topromkun, A. II. Martematuka [DnekTpoHHBIM pecypc] : ydebHoe mocobme / A. IL
lopromikun ; mox pea. M. W. Boaunuapa. — DnekTpoH. TeKCTOBbIE AaHHbIe. — CapaToB : Al
IIm 3p Memgma, 2019. — 824 c. — 978-5-4486-0735-6. — Pexum gocryma:
http://www.iprbookshop.ru/83654.html

3.KouetkoBa, . A. Marematuka. [Ipaktukym [DnekrpoHHbIi pecypc] : yuebHOoe mocobue / .
A. Kouetkosa, K. 1. Tumouiko, C. JI. Cene3eHb. — DIEKTPOH. TEKCTOBbIE JaHHbIE. — MUHCK :
PecniybnukaHckuil MHCTUTYT mpodeccuoHanbHoro obpazosanus (PUITIO), 2018. — 505 ¢. —
978-985-503-773-7. — Pexxum nocryna: http://www.iprbookshop.ru/84874.html
JonoJiHUTeIbHAS JIUTEpaTypa:

1.CoeptkoB, I1.1. CrnpaBoyHUMK HO 3JeMEHTapHOM MaremaTHke : ydeOHoe mocobue / IL.U.
CoBepTkoB. — 2-¢ u3a., crep. — Cankr-IletepOypr : Jlanp, 2019. — 404 c. — ISBN 978-5-
8114-4132-7. — TexkcT : ANEeKTPOHHBIH // DneKTpoHHO-0MbOIoTeuHas cucteMa «Jlanpy : [calT].
— URL.: https://e.lanbook.com/book/115529.— Pexwum noctyna: uist aBTOpHU3. TOJIb30BATEIICH.
2. Anexcees, I'. B. Boiciias marematuka. Teopus u mpakTuka [ DIEKTPOHHBIN pecypc] : yaeOHoe
nocobue mist CIIO / I'. B. AnekceeB, M. M. XonsaBuH. — DIEKTPOH. TEKCTOBBIE JTaHHbBIE. —
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Caparos : I[IpoobpazoBanue, Aii [Iu Op Menua, 2019. — 236 ¢. — 978-5-4486-0755-4, 978-5-
4488-0253-9. — Pexxum mocrymna: http://www.iprbookshop.ru/81274.html

3.KopobeiinukoBa, W. 0. Maremaruka. Teopuss BeposTHOCTEW [DIIEKTPOHHBIN pecypc|
yuebHoe mocobue mis CIIO / U. FO. KopobGeiinukoBa, I'. A. TpybOeukas. — DIEKTpOH.
TekcToBbIe naHHbIe. — Capartos : [IpodobOpazoBanue, 2019. — 154 ¢. — 978-5-4488-0344-4. —
Pexxum nocryna: http://www.iprbookshop.ru/86073.html

NuTepHeT-pecypebl:

e ['azera «MaTemaruka» usgarenbckoro goma «llepsoe
ceHTaops»http://www.mat/septemba.ru
Maremaruka B OTKpBITOM Kosuiemke http://www.mathematics.ru
OOpa3oBateibHbIl MaTeMaTHueckuii cadt Exponenta.mhtto://www/ exponent/ru
Oomiepoccuiickuit Matemarnyeckuii mopran Mati-Net/Ru http://www/mathnet/ru
[Moptan Alhnath.ni —Bcst MmaTemaTrka B OJTHOM MeCTe.
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