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Hosacnumenvnas 3anucka

MeToan4eckue peKOMEH AU TPU3BaHbl OKa3bIBaTh IMOMOIIb CTYJACHTAM B
VW3yYCHUH OCHOBHBIX TOHSATHM, WJI€W, TEOPUA U TOJONKECHUN JTUCUHUILIAHBI
«MareMaTuka», H3y4aeMbIX B XOJIe KOHKPETHOTO 3aHATHS, CIOCOOCTBOBATH
Pa3BUTHIO WX yMCHHWH, HAaBBIKOB U SIBIISIOTCS OJHUM M3 CIOCOOOB IMPOBEPKHU
3HAHUM CTYJCHTOB.

BrinmosHeHne ydanuMucs IpakTUIEeCKUX paboT HAIMPaBJICHHO Ha:

- 000011IeHUE, CHCTEeMAaTU3alIUI0, YTIITyOJIEHHE, 3aKPETUICHUE MTOTYyYEeHHBIX
TEOPETUYECKHUX 3HAHUU 110 KOHKPETHBIM TEMaM;

- (bOpMI/IpOBaHI/IC YMCHI/Iﬁ IIPUMCHATDH ITOJIYUYCHHBIC 3HAHWS Ha IIPAKTUKC U
pcaln3annuio CINHCTBA I/IHTGJIJISKTyaJIBHOﬁ )51 HpaKTquCKOﬁ ACATCIIBHOCTH,

- Pa3BUTHUC MHTCIJICKTYAJIbHBIX YMGHHﬁ y 6y,[[y1HI/IX CIICOHNAJIMCTOB:
AHAJIUTHYCCKUX, ITPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX U OP.,

- BBIpAOOTKY IPU PELIECHUHU MTOCTABICHHBIX 3a]1a4 TAKUX MPOPECCUOHATBHBIX
KA4eCTB, KAK CAMOCTOATEIBHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAs
VHULIMATUBA.

B pesyaprare  um3yueHuss  y4eOHOM — aUCHMIUIMHBI  «MaTeMaTthkay
oOydJaromuiics JOJKEH

AJITEBPA

yMeTh:

®  BBINOJHATH ApU(PMETUUYECKHE NECUCTBHUS HAJ YHCIAMH, COYETas yCTHBIE H
NMCbMEHHBIE TPUEMBI; HAXOAUTh NPUOIMKEHHBbIE 3HAYEHUS BEJIMYUH U
MOTPENTHOCTA BBIYUCIICHUN (a0CONIOTHAS W OTHOCHTEINIbHAS); CPAaBHHUBATh
YHUCJIOBBIE BBIPAKEHHS,;

®  HAXOAWTh 3HAYEHUS KOPHS, CTENEeHH, Jorapudma, TPUTOHOMETPUUYECKUX
BBIDAKEHUI HA OCHOBE OIPEACICHHs, HCIONb3ysl MpU HEOOXOIUMOCTH
MHCTPYMEHTAJIbHBIE CPEACTBA; MOJIb30BAaTHCS MPHUOIMKEHHON OLIEHKOW MpH
PaKTUYECKHUX PACUETaX;

®  BBINOJHATH MPEOOPa30BaHUs BBIPAKEHUMN, MPUMEHSSA (POPMYIIbI, CBSI3aHHBIC
CO CBOWCTBAMHM CTENEHEeH, Torapu(pMoB, TPUTOHOMETPUYECKUX (DYHKIIMIA;

®  UCIOJB30BaTh MPUOOpPETEHHbIE 3HAHWSI U YMEHUS B MPAKTUYECKOU
JEATEIbHOCTH U ITOBCEHEBHOM KU3HU:
- U1 TPaKTUYECKUX PacyeToB MO QopmyiaMm, BKIo4Yas (QOpPMYJIbL,
cCoJlepKalllie CTENEHH, pPaJAuKajbl, JOrapu(pmMbl M TPUTOHOMETPUUECKUE
(GYHKIMM, HCIOJB3YsS IpU HEOOXOJUMOCTH CIPAaBOYHBIE MATE€pUAIbl U
IIPOCTENIINE BBIYUCIUTEIBHBIE YCTPOKCTBA.
DyHKUMH U TPaPUKH



yMeTh:

BBIYUCIIATH 3HAUYECHUE (DYHKIUH 10 3aJaHHOMY 3HaYCHHIO apTyMEHTa MpH
pa3IMyHbIX crocobax 3amaHus QyHKIUH,

OIpEEeNIATh OCHOBHBIE CBOMCTBA YHCIIOBBIX (DYHKIIMN, HIUTIOCTPUPOBATH UX Ha
rpadukax;

CTPOUTDH rpaUKu U3y4YEHHBIX (PYHKIIHH, WILTIOCTPUPOBATH MO TpaduKy
CBOMCTBA AIIEMEHTAPHBIX (PYHKIIMIA;

UCTIOJIb30BaTh MOHATHE (DYHKIMH ISl OTIMCAHUSI U aHAJIN3a 3aBUCUMOCTEH
BEJINYUH;

UCIIOJIb30BaTh MPUOOPETECHHBIC 3HAHUS U YMEHUS B IPAKTHUECKON

JESITEIbHOCTH 1 TIOBCETHEBHOM KU3HU IS
-JIJIs1 OTTMCAHUS C IOMOIIBI0 QYHKINN Pa3InYHBIX 3aBUCUMOCTEH,
IPEJICTaBICHUS UX TpapUUecKU, UHTEPIIPETALUU IpadUKOB.
Hauana mareMaTH4ecKOro aHaJIu3a
yMeThb:
HAXOAWTh MMPOU3BOIHBIC AIEMEHTAPHBIX (PYHKIIHIA;
UCIIOJIb30BaTh MPOU3BOAHYIO Ul U3YUEHHs CBOMCTB (DYHKIUI U TOCTPOCHMUS
rpaduKoB;

IPUMEHATH IPOU3BOIHYIO JUIsl POBEACHUS MPUOIMKEHHBIX BBIUUCICHUM,
pemIaTh 3aJa4n MPUKIAJHOTO XapaKTepa Ha HAXOXKIEHUE HAUOOIIBIIETO U
HAaUMEHBIIIETO 3HAYCHUS;

BBIUUCIIATH B MPOCTEUIINX CITydasiX IUIOMIAIU U 00BEMBI C HCTIOIb30BAaHUEM
OIpEIEICHHOIO NHTErpana;

UCIOJIb30BaTh  NMPUOOPETEHHbIE 3HAHWA M yYMEHHUS B  MPAKTUUYECKOM
JESTEIIbHOCTH Y TIOBCETHEBHOM KU3HU IS
-pelIeHns MPUKIAJHBIX 3374, B TOM YUCJIe COIIMATbHO-YKOHOMHUECKUX H
¢duznyeckux, Ha HauOoJIbllIee U HaMMEHbBIIIEEe 3HAUEHUSI HAa HAXOKICHUS
CKOPOCTH U YCKOPEHHUSI.

I'EOMETPUA

YMeETh:

pacrio3HaBaTh Ha 4YepTeXax M MOJICIAX IPOCTPAHCTBEHHBIC (DOPMBI;
COOTHOCHUTH TPEXMEPHBIC 0OBEKTHI C UX ONMUCAHUSIMH, H300PKCHUSIMU;
OIMMCHIBATh B3aHMHOE PACIIOJIOKECHUE MPSAMBIX U IFIOCKOCTEH B IPOCTPAHCTRBE,
aApeyMeHmMuUpoB8anmsv C80U CYAHCOCHUSL 00 IMOM PACNOTIONCEHUU;

aHAIM3UPOBATh B IPOCTEUIITUX CITydasX B3aUMHOE PACIIOI0KEHNE 0ObEKTOB B
IIPOCTPAHCTBE;

N300pakaTh OCHOBHBIC MHOTOTPAHHUKH W KPYTJbIC Teja; BBIMOIHATH
YEPTEKH 10 YCIIOBHAM 3a]1a4;

cmpoums npocmeiiuue cevenus Kyoa, npuzmvl, NUpAmMuobl,

permarh IUIAHUMETPUYECKHE U MPOCTEHIIINE CTEpEOMETPUUYSCKUE 3aJa4M Ha
HAXOXKJEHUE TEOMETPUYECKUX BEIMUWH (JJTMH, YTJIOB, IJIOMIA /e, 00EMOB);
WCITIOJIB30BATh MPHU PEIICHUH CTEPEOMETPUUYCCKUX 3a/1ay TJIAHUMETPUICCKUE
(baKThl U METOIBI;



®  IIPOBOJMTH JIOKA3ATENIbHBIE PACCYKIAECHUS B XOJI€ PELICHUS 3a/1a4;
® UCIOJIb30BaTh MPUOOPETEHHbIE 3HAHUSA M YMEHUS B MPAKTUYECKOU
JEATEIBHOCTH U MIOBCEAHEBHON KU3HU JUISL:

- U1 “ccaenoBanus ( MOIETMPOBAaHMS) HECIOKHBIX TPAKTUYECKUX CUTyalui

Ha OCHOBE M3y4YEHHBIX (POpPMYI U CBOMCTBA (UTYD;

- BBIYMCJIEHUSI 00BEMOB U ILJIOIIAJEH MOBEPXHOCTEN MPOCTPAHCTBEHHBIX TEJ

OpU pEUIEHUU MNPAKTUYECKUX 3a4ad, MCHOJb3ysSd IpU HEOOXOJUMOCTH
CIIPAaBOYHUKH U BBIYUCIUTENBHBIE YCTPONCTBA.

B pesynbrate ocBoeHUs y4eOHOM JUCIUIUIMHBI 00yUYaIONIHiics JODKEH 3HATh:

. 3HAYeHHE MaTeMaTHUECKOW HAYKH Ul PELICHHS 3a]1a4, BOSHUKAIOIIUX B
TEOPUU U MPAKTUKE; ITUPOTY U B TO KE BPEMs OTPAaHUUEHHOCTh TPUMEHECHUS
MaTEeMaTHYECKUX METOOB K aHAJIN3y U UCCIIEIOBAaHHUIO MPOIIECCOB U SIBICHUIMA
B IIPUPOJIE U OOLIECTBE;

o 3HaYeHHUE MPAKTUKUA U BOTIPOCOB, BOZHUKAIOIINX B CAMON MaTeMaTUKE IS
(bopMUpPOBaHUA U PA3BUTHUS MATEMATUYECKON HAYKU; UCTOPHUIO Pa3BUTHS
HOHSTHS YHMCIIa, CO3/IaHUsI MAaTEMaTUYECKOT0 aHaJIn3a, BOZHUKHOBEHUS U
Pa3BUTHUS TEOMETPUU;

° YHUBEPCAJIbHBIN XapaKTep 3aKOHOB JIOTMKH MAaTEeMaTUUECKUX PACCYKICHUN,
WX IPUMEHUMOCTh BO BCEX 00JIACTAX YEIOBEUYECKOU JIEATCIIbHOCTH;
° BEPOSATHOCTHBIN XapaKTep Pa3IMUHbIX MPOILIECCOB OKPYKAIOIIETO MUpPA.

[Ipu npoBeieHnH MPAaKTUYECKUX PabOT yueOHas rpymnna MOKET JEIUThCS Ha
HOATPYIIIIBI YHCIEHHOCTHIO HE MEHBIIIE 8 YEIOBEK.

Kaxxnas npaktuyeckasi paboTa cocTaBieHa ¢ BeAyLEeH JUIAKTUIECKOM 1IeIbIO -
(dopMupOBaHUE TPAKTUYECKUX YMEHUH .

ConepxaHue NpakTUYECKUX padOT HAIIEJICHO U Ha Pa3BUTHE
npoecCHOHANbHBIX YMEHUN U HABBIKOB. BEITIOJIHEHNE PacYETOB, YEPTEKEH,
WHCTPYKTUBHBIMU MaTe€pUajlaMy, CIIPABOYHUKAMH, YMEHHE MOJIb30BATHCS
COBPEMEHHBIMH UH(POPMAITMOHHO-KOMMYHHKAITMOHHBIMHA TEXHOJIOTHSIMHU.
Hapsiny, ¢ dopmupoBanreM yMeHU U HAaBBIKOB, B TIPOIIECCE BBHITTOJTHCHMUSI
MPaKTUYECKUX PaboT 0000IIaI0TCS, CUCTEMATU3UPYIOTCS, YTIYOJISIFOTCS U
KOHKPETU3UPYIOTCS TEOPETUUECKUE 3HAHUS, BBIPa0aThIBACTCS CHOCOOHOCThH U
TOTOBHOCTh MCIIOJIb30BAaTh TEOPETUUECKHE 3HAHUS HA MPAKTUKE, Pa3BUBAIOTCS
WHTEJJIEKTYaJIbHbIE YMEHHSI.

B aHHBIX METOUYECKUX YKa3aHUAX B Hayayle KaXJI0H TeMbl KPaTKO
U3JIaraloTcs OCHOBHBIE TEOPETHUUECKHUE CBEACHUS (orpeaesieHus, GopMyJbl),
HEOOXOMMbIE AJIs PelIeHus nocaenyonux 3anad. [IpuBoasarcs pemenus
TUIIOBBIX PUMEPOB U 3a4ad. JlaroTcs ynpaKHEeHHs IS 3aKpeIIEHUs] MaTepuaa.



IIpakTuyeckoe 3ansaTue Nel

Tema: Llenbie u paunoHanbHbIC yncia. JledicTBUTENbHbIE Yncaa. J{eicTBHUS Hal
palMOHAIBHBIMU YUCIIAMH.

Hesan: O0o0mIeHNE U cUCTeMaTH3aIUs 3HAHUH, YMEHUH, HABBIKOB Y4YaIIUXCsl IPU BBITOJTHECHUH
apuMeTHIECKUX NeHCTBUH Hal OOBIKHOBEHHBIMU APOOSIMH

Teopernueckuii 010K

1. Cnoorcenue. Cymmoit npobeii ¢ OTHUM M TEM K€ 3HaMEHATEJIeM Ha3bIBAIOT JIPOOb, UMEIOIIYIO
TOT K€ 3HaMEHaTellb, a YUCIUTEIh PaBEH CyMME YUCIIUTENIEeH JaHHBIX Ipo0eii, T.e.

aba+b

non F
9T0 OIIpCACIICHUC MOXKHO C(i)OpMy.]'II/IpOBaTB TAKXKXC B BUAC CICAYIOILICTO IIpaBUJia.

YTOOBI CI0KUTH I[pO6I/I C OJMHAKOBbLIMH 3HAMCHATCIIAAMH, HAAO0 CJIOKHUTH UX YUCIUTCIIU, a
3HaMCHATCJIb OCTaBUTDb TOT XK€C.

ITpumep.

YToOBI CIIOXKUTH APOOH C Pa3HBIMH 3HAMEHATEIISIMH, HAJIO TPUBECTH X K HAUMECHBIIIEMY
o0I1IeMy 3HaAMEHATEJII0, & 3aTEM CIIOXKHUTh TOJYYCHHBIC YACITUTENH U MO/ CyMMOM MOJITUCATh
00111 3HAMEHATENb.
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Mpisiep. 3 12 24 24 24 24 24

5+'? 15 +14 29 15
g8 12 24 24 24

Kopoue 3anuceiBaroT Tak:

YToOBI CIIOKUTH CMEIIAHHBIE YUCIIA, HY>KHO OTAETBFHO HAUTH CYMMY LETBIX U CYMMY JIPOOHBIX
yactei. JeiicTBUe 3aNIUChIBACTCS TAK:

gl 1, g8 _ 12111+ 20 0 1452 1,7

15 45 o 45 45

2. Bviuumanue. Berantanue apo6eit MOKHO ONPEEIUTh KaK JIeHCTBHE, 00paTHOE CIIOKEHHUIO
npoOeit. BerdecTs m3 0JHOTO IPOOHOTO YKCIIA BTOPOE 3TO 3HAYUT HAWUTHU TPEThE YUCIIO0, KOTOPOE
B CyMME€ CO BTOPBIM JAaeT nepsoe. M3 aToro onpenenenus cienyer npaBuio:



YTOOKI BEIUECTH I[pO6I/I C OAVMHAKOBBIMH 3HAMCHATCIAAMU, HY>KHO BbIYCCTH YU CIUTEIIb
BbBIYUTACMOI'0 U3 YUCIIUTECIA YMCHBIIACMOI'O 1 OCTABUTH Hpe)KHI/Iﬁ 3HaMCHATCJIb. I[eﬁCTBHG
3alIMChIBAIOT TaK:

UTo0bI BEIYECTH IPOOU C pa3HBIMU 3HAMEHATENISIMU, HY’)KHO CHavaja MPUBECTH HX K
HaMMEHBIIEMY 00IIeMy 3HAMEHATEITI0, 3aTeM U3 YHCIUTENs] YMEHBIIAEMOTO BEIYECTh YUCIUTEIh
BBIUMTAEMOT0O U MO UX Pa3HOCThIO MOANUCATh OOLIMI 3HaMeHaTeNb. JlelicTBIE 3auChIBAIOT
TaK:

11 5 _22-15 7

12 & 24 24

Ecau HYXXHO BbIYCCTb OJHO CMCIIAHHOC YUCIIO U3 APYroro CMEIaHHoro 4umcia, To, €CJii MOKHO,
BBIYUTAIOT ,I[p06b u3 I[pO6I/I, a [eJI0€ U3 OCiIoro. HeﬁCTBHe 3aIIMCBIBAIOT TaK:

gg_5§=33—ﬁ_33 =3i
11 4 44 44

Ecnu xe 1po6b BeIYUTaeMOro 00Jblie Apodyu yMEHbIIaeMOTro, TO OepyT OJHY SAUHUILY U3
IEJIOTO YHCIIa YMEHBIIIAEMOT0, pa3IpOOIISIFOT €€ B HaJIeXKAIIHUE JOTH U MPUOABISIOT K JpOOH
YMEHBIIIAEMOT 0, TIOCIIE YET0 MOCTYIAI0T, KaK OMUCAHO BhIIIE. J[eCTBUE 3aMHUChIBAIOT TAK:

si_1£:416—33:352—33:39
o 12 36 36 36

AHaJIOTMYHO TIOCTYIAIOT, KOT/Ia Ha/I0 BBIYECTh U3 IEJIOT0 Yucia IpoOHoe.

ITpumep. 3 3

3. Pacnpocmpanenue c80UCM8 CIOHCeHUs. U bluumanus Ha OpodHble yucia. Bee 3aKOHbI U
CBOMCTBA CJIOKECHHS M BBIYMTAHUS HATYPAIBHBIX YHUCEI CIIPABEAJIUBHBI U ISl IPOOHBIX uncen. 1x
MPUMEHEHNE BO MHOTHX CITy4asX 3HAYUTEIHHO YIIPOIIAET MPOIIECC BHIYUCICHHS.

42+13+2i+5E+1+31= 4E+31 + 13+5E +
4 O 12 4 4 4

+ 2.i+1 =8+7+3=18
12

[Tpumep 1. 12

3I[CCL HCIIOJIb30BaHbI HepeMCCTI/ITCJIBHBIﬁ 1 COYeTaTeIbHBIN 3aKOHEI CIIOKEHHS.
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311ech UCIOIB30BAHO MPABUIIO MPHOABICHUS CYMMBI K YHCITY.

43§—[15£—41]=[43§—15£]+41=281+41=33
Mpivep 3. 26 6 2 36 36 2 2 2 _
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[Tpumep 4. 5 8 8 8 5

3/1ech UCTIOIB30BaHbBI MTPaBUJIa BEIUUTAHUS U3 YHCIIA PA3HOCTH U CYyMMBI.

4. Ymnooicenue. Y MHOKCHHE TPOOU Ha IEJIOC YMCIIO MOKHO IIOHUMATh TaK JKe, KaK U
YMHOXEHHE 1I€JI0T0 YUCJIa Ha 1IeJI0€, T.€. KaK CJI0)KEHHE OJIMHAKOBBIX ciaraeMblx. Hanpumep,

2 2 2 2 2 2
— 8=t -+ -+ —+—
3 3 3 3 3 3
3 2
Ho st ymuoxxeHust Ha ApoOb Takoe TOJKOBAaHKUE HE MOAXoauT. Hanpumep, ymHOXKas 7 Ha 3 )

3 2

HEJIb3sl CKa3aTh, 4TO 37eCh " 7 Hano B3aTp > paza cimaraemMbiM'".
31ech He0OXOAMMO J1aTh HOBOE OIpEIeNICHHE.

[IpousBenenunem qpodei Ha3bIBAIOT TAaKylO APO0Ob, YUCIUTENb KOTOPOI paBeH MPOU3BEIECHUIO
YUCIUTENeH JaHHBIX IpoOei, a 3HaMeHaTeNb - IPOU3BEICHUIO UX 3HaMEHaTelel,

Te. 17T M q106B yMHOKUTH IpOOH Ha APOOH, HY)KHO YMHOKHTH YHCITHTEND Ha
YHCIIUTENb, @ 3HAMEHATEIIb Ha 3HAMEHATEeN b U IEPBOE IIPOU3BEJCHHUE C/IENIaTh YUCIUTENEM, A

BTOPOC - 3HAMCHATCJICM: b d bd .

[Tpu yMHOXEHUU cleAyeT AenaTh (€CiIM BO3MOXKHO) COKpaIleHHE.

12 19 12-1p 2

Mpvep, 19 30 1930 5

Ecnu ygecTs, 4TO 11€510€ YMCII0 IPEACTABISIET CO00M 1poOb cO 3HaMeHarteneM 1, TO yMHOKEHHE
JIpo0OU Ha 1eJI0e YKCIIO U 1IeJIOT0 YKcia Ha APoOb MOXKHO BBITOJHSTH MO3TOMY XK€ MPaBUIY.



2 ., 27 14 1,
13 131 1 13’
5 6 5 30

1
Mpuweps, 12 112 12 "2

5. Ymnoorcenue cmewannvix uucen. YtoObI IEpeMHOKHUTH CMEIIAHHBIE YHCIIA, HY)KHO
npeBapuTeIbHO 00PATUTh UX B HENPABUIIbHBIE JPOOU M TOTOM MEPEMHOKAThH 110 MPABHITY
YMHOXXEHUS IpOOeii.
1.1 35 16 80
2—3_=—-—=_—=8
Tpumep. 5 2 5 10

Ecnum e mepeMHOXaroT CMEIaHHOE YHUCIIO Ha 1IEJI0€, TO MPOIIe MHOKUTH OTAEIBHO LETYIO
4acTh U IPOOHYIO YaCTh.

2236277

[Tpumep. 3 3 3

6. Pacnpocmpanenue ceoticme ymuodrcenus Ha Opoousie yucia. CBOWCTBA yMHOKEHUS
HATYpaJIbHBIX YHCEJl CIPaBEUIUBHI U JIJIs Ipo0eit. MIX ucnoib30BaHue yIponiaeT yCTHRIE |
MMCbMEHHBIC BHIYUCIICHHUS.

2
?—-30=[?+i]-33=213+4=214
ITpumep 1. 15 .
93-8=9-8+3-3=T2+T=T9
ITpumep 2. 8

3{ 9 1 3 4% _9
—-[’?—-1—3}[—-—]-?—=1-?3=?3
Mpivep 3. 4 & 31 3 43 31 31 31

2
[12_.431].i=[ﬂ.3].43i=2.43i=359
Tprmep 4. 5 17 31 5 31 17 17 1'?_

7. Henenue opobeil. J1nia nenenus Apoodei COXpaHseTcs TO e ONpeIeTIeHHe, YTO U TS IeTCHUS
LEJIBbIX YHCEII: 3TO - JEHCTBUE MOCPEICTBOM KOTOPOTO MO JAHHOMY MPOU3BEICHUIO IBYX
COMHOKUTEJIEH U OTHOMY M3 3TUX COMHOKHUTENIEH OThICKUBAETCS BTOPON COMHOKHUTEND.
Paznenuth 0HO YKCIIO HAa BTOPOE - 3HAYUT HAWTH TaKOE€ TPEThE YHCII0, KOTOPOE MIPH
YMHOXEHUH Ha BTOPOE J1aeT NepBoe. BhIMONHSIOT ienenue apooeii 1o cieayonemMy mpaBuiy.

YroOsl pa3ienuTs ApoOb HAa APOOk, HY’KHO YHCIUTEIb IEPBON APOOH YMHOXKHTH Ha
3HaMeHaTeNb BTOPOH, a 3HaMEeHAaTe b IepBOil Ha YMCIUTENb BTOPOM U MEPBOE MPOU3BEACHHE

3aMuncaTb YUCIIUTCIICM, 4 BTOPOC - 3BHAMCHATCIICM: b d bc .



6 9 610 60 20

ITo 3TOMY k€ IPaBUITy MOXKHO BBIIOJIHATH JeJIEHHE APOOU Ha LEJIOe YUCIIO U LIEI0ro Ha ApoOb,
€CIIM IIPEACTaBUTh 1IEJI0€ YUCIIO B BUJE APOOU CO 3HAMeHaTeneM 1.

IIpumepsl.
15:2:&:2:&:2:21;
7 17 1.5 1
8_2_8_2_81_4
13 131 13-2 13

OIIHaKO B ITIOCJICAHEM ITPUMCPE NMPOLIC YUCITIUTEIb pa3JACIIMTh HAa LHCJI0C YUCIIO:

8., 8:2_4
13 13 13
8. ﬂeﬂeﬂue CMEULAHHbBIX YUucei. T'IT06I)I BBIITOJIHUTH JCJICHUC CMCILIaHHBIX YHUCEII, UX
MPEIBAPUTEILHO O0OPaIa0T B HEMPABUIIBHBIC IPOOU U 3aTEM JICIISIT 110 TIPABUITY JCIICHUS
IpOOeii.

3.1 63 21 63-20

12712 =222 P AV g2

Mpuvep. 5 20 5710 5.21

O}IHaKO IIpH ACJIICHUNU CMCIIaHHOI0 4Yucjia Ha LEJI0C OBIBacT y1'[06H€I>i JACJIIUTH OTACJIBHO LEITYIO
HaCTb U OTACIBHO )IpO6Hy10 JaCcThb CMCIIAHHOI'O YHuCJia.

3 1

0-:5=0-
ITpumep. 7

9. 3amena oenenus ymuooicenuem. Ecnu B Kakoi-HUOYIb APOOH TOMEHSITH MECTAMU YHCIIUTEIH
¥ 3HaMEHAaTellb, TIOJyYUTCs] HOBas Apo0b, oOpaTHas nanHou. Hampumep, 1uist

8 7

Ipodu 7 obpatHas 1po0b Oyner 8

Od4eBHUIHO, YTO MPOU3BEACHUE ABYX B3aUMHO OOpaTHBIX Apodeit paBHO 1.

=1

@ |~

8 L]
7

YuureiBas 9TO, MOXHO ACJICHUC BBIMIOJHATH MO CICAYIOUICMY IIpAaBUITY.

YToOb! pa3ieauTh OJHO YUCIIO HA APYToe, HY)KHO JIETMMOE YMHOXHUTh Ha YHCII0, 00paTHOE
JETUTEITIO.



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

10. IIpumepst na 6ce deticmeus ¢ 0ObIKHOGeHHbIMU OpoOsMU. PeleHre IpuMepoB Ha BCe
JIEUCTBUS C IPOOSMU BBIIIOJHSIOT C TOMOIIBIO 3aMTMCH TI0 OT/ICIBHBIM JCUCTBHIM HITU 3aITUCH
LEIOYKOH.

ITpumep. BeIUHCINTE:

35 15 5 1 1
——t —— —+3. -
521 288 2 3 1 16
1 1 1
5410 —:2+-:3 2% 3
2 3
Penienue 1o yactsim.
3 5 3.5 1 1 1
- —=——-=—; 3)_-+95=0_;
5 21 5-21 7 7 7
15 5 15-84 1
2)— —=——=9; £Y5: - =10;
28 84 28-5 2
5)10 +10 =120;
1 64 16 1 1
8)9—:20=——=—;11)—:3=—,
7 7-20 35 3 o
1 1 1 13
T)2:—=4; 12y —+—=—;
2 4 9 3§
8)3:l=9; 13]13:E=H=35;
3 36 13
N4+9=13; 14]35-l=1;
36
1 1 16 16
10) —:2=—; 15y —+1-—=1
2 4 33 35
Ortser. 1.

HDHMCD BBIUMCJICHMS IICIOYKOM:




1 3 1 1 7 7
g-_~]:a2 [a-_12]q1f -1.,1 ;1,3
4 4 2 & 8 __2 2 .4 5_
3 5.1
5—4‘-1E 10 2—1§ E!I1 —:10 —:3-
5 8 & 3 8 8
152 58 15
2 7.45_7 2 250
= = —+2-5= 10=
31 58 31 7
510 & 25 30 5
315£+1I‘.I'I=45E
Pemenne 3agau
2
1. Boza 3anuMaer 3 moBepxHOCTH 3eMin. [109TOMy 3eMITIO HA3BIBAIOT «COTy0Oil ITAHETOM.

1
Kakyro uacTh 3eMHOI IOBEpXHOCTH 3aHUMaeT cyma? OTeeT: 3 cyma.
2
2. Oty 42 rojna, a BO3pacT ChIHA COCTaBisieT 7 Bo3pacta oTia. Ckoibko JeT chiny? OTBet: 12

JICT.
3

3. [IpenenbHbIN BO3pacT OCNKHU 6 JIET, UTO COCTABIISIET S MPEAeNbHOI0 BO3pacTa 3auia.

CKOJIBKO JIET MOKET MpoxkuTh 3as1? Oteet: 10 jierT.
5 25

4. Jlnuna ctopoHs! kBaapata 9 am. Kakoa ero miomans? Oteer: 81 nqm2,

5.Pabounii MOXeT BBIIIOJIHUTH TPOU3BOJICTBEHHOE 3aJJaHKE 3a 5 4acoB, a €ro yUeHUK — 3a 8
13

qacoB. KaKYIO 4acCTb pa6OTBI OHH BBIITOJHAT BMCCTEC ITOCJIC HacCa pa6OTLI? OtBer: 40 4,

2 1
6. B mepsblii uac aBToOYyC mporien 5 Bcero MmyTH, BO BTOpOl 3 MyTH, a B TPETUH — OCTalIbHbIE
28 kM. Kakoe paccrosiHue mpoien aBTo0yc 3a Tpu yaca?

i 11
+ 3 = 15 (4)—3aaBa Haca.

11 4
2)1- 15 = 15 (4)— mporen B TpeTui yac. 4

3)28: 15 =105 (kM) — 3a TpH Haca.
Otser: 105 kM mporen aBToOyC 3a TpH yaca.

JlomaiHee 3agaHue:
5 3

1. Kakoe paccrosiHue ynuTka 3a 6 gaca, eciii oHa OyJIeT MOJI3TH CO CKOPOCThI0 250 kM/4?
1

OtBer: 100 M.



o

2. 113 604Ky ¢ OEH3MHOM BHAYAJIE OTVIMIN 28 BCEro MMEIOIIErocs TaM OEH3HHA,
2

OTOM 7 BCEro OSH3MHA U TOCIIe 3TOTO B 00uKe ocTanock 99 nmutpoB 6eH3uHa. CKOIBKO JIUTPOB
OcH3uHa ObLIO B OOYKE MEPBOHAYATHHO?

2 2 17
1) 28 + 7 = 28 (4)— OTJIWIN.
17 11

2)1— 28 = 28 (4)— 0CTAIOCH.

11
3)99: 28 =252 (1) — GbUIO HEPBOHAYAIBHO.

Otger: 252 1 Gen3uHa ObIJI0 B O0YKE IEPBOHAYAIIBHO.

IIpakTuyeckoe 3ansaTue Ne 2

Tema: «PemeHne TMHENHBIX YPABHEHUN U HEPABEHCTB)

Heab: O600IUTH U CUCTEMATU3UPOBATH 3HAHUS, YMEHUS yUAIIUXCS IPU PELLICHUH JIMHEHHBIX
YpaBHEHMI U HEPABEHCTB

Teopernueckuii 6110k
JIunelinble ypaBHEHUS

JInHeHBIM YpaBHCHHUEM OTHOCUTCIIHLHO HepeMeHHOﬁ X Ha3bIBACTCA YpaBHCHUEC nepBoﬁ

T . 1 —
cremenn XX+ =0 (1)
rne K u b —npousBonbHBIE BelleCTBEHHBIC YHCITA.

T
B ciayuae # 0 ypasnenue (1) nMeeT eMHCTBEHHOE PEICHHE MIPH TIOO0M 3HadeHnH b

T, — 1 (V)
B ciyuae, korma ¥ = 0.2 # 0 ypapuenne (1) pemenuii He uMeer.

B ciiyaae, korma K=0, b =0, pemennem ypasuenus (1) siBiseTcst 11000€ YUCIIO
XE(-w0; + ).
Ecnu n3HavansHO 3a/1aHO YpaBHEHHUE, COJIEpIKaIee MEPEMEHHYIO B

3HaMeHareJe, TO Iepes pellieHneM He0OX0IMMO yKa3aTh 00JacTh ONpeleeH s, UCKIIOUNUTh U3
OTBETa KOPHHU, ITPU KOTOPHIX BbIpa:KeHUE He HMeeT CMbICJIA.


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

8[;{—1)+2x:2[4—2x)
dx—d+2x=8-4x
ax+2x+4x=54+52
dx+ex+4x=8+4+8
14x=16

16 8
= —=_

14 7

Ilptinezp 4

Sx+15
x+4
Doxz—4
Sx+15
x+4
Sx+15=4x+16

4

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

x=-1
Owmeerm: x=-1
Hlpiaep 5
S5x+15
x+3
L x#-=3
Sx+15

x+4
Sx+15=4x+12

4

-I:x+3) =4. [x+3:l

xr=-3

Crmeerm . Hem KoOpHED



JIvHeiHbIe HEpaBEHCTBA

JIuHEWHBIM HEPaBEeHCTBOM OTHOCUTEIIBHO IIEPEMEHHOM X HA3bIBAETCS HEPABEHCTBO,

IMpUHAJICKAIICC K OAHOMY U3 CICAYIOMIUX THUIIOB:

—
=
o
b
=

=
b
+
e
A A W Y
roo oo

— MMPOU3BOJIbHBIC BEIICCTBCHHBIC YHCJIA.

Pemas J'II/IHef/'IHLIe, Ja 1 HEC TOJIBKO HHHGP’IHBIC, HCPABCHCTBA, CJICAYCT IOMHUTDL, YTO IIPU

YMHOKCHHUU UJIU ACJICHUN HCPABCHCTBA HA MOJIOKUTCIIBHOC YU CJIO 3HAK HCPABCHCTBA

COXPAHACTCA, a [IPU YMHOXKCHUHN WJIN JCJICHUU HECPABCHCTBA Ha OTPULATCIIBHOC YHUCJIO 3HAK

HCPAaBCHCTBA MCHACTCA HA HpOTHBOHOHO)I(HLIﬁ.

B cooTBeTCTBUM € 3TUM pELICHHE JIMHEHHBIX HEPABEHCTB, B 3aBUCUMOCTHU OT 3HAYCHU U

ko3h¢unmentoB K u b, mnpexacrasneno B cnepyromeit Tabnuie 1.

Tabnuna 1. — Pemennie HepaBeHCTB NEPBO cTENIEHU

kx+b=0 kx +b>0 kx+b=0 kx +b <0
3HaK HCPABCHCTBA COXPAHACTCA
k>0
b b b b
X2—— X =—— XZ—— X <——
K K K K
k=0, b<0|@ %) XE(—0;+ ), | XE(—00; + ).
k=0, b=0 | XE(-e0; + ). | & XE (-0} + ). | &
k=0, b>0| XE(-0;+ ). | xe(-0;+w). | D &
3Hak HCPAaBCHCTBA MCHACTCA Ha HpOTI/IBOHOJ'IO)KHHﬁ
k<0
b b b b
X<—— X< —— X2—— X»——
k k k k

CucreMbl TMHEWHBIX HEPABEHCTB

PaCCMOTpI/IM pCeHICHUC CUCTEM JIMHCHHBIX HEPABCHCTB HA IMIPHUMCECpax.

ITpumep 1. PemmTh cucteMy HEPaBEHCTB




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

Pemenune. Pemmm KaXX10€ U3 HCPABECHCTB CUCTEMBI:

3

e

2x-320, 2x 23, X=ge
= =

3x+11>0, 3x 11, gt

N3006pa3uB Ha 01HOI KoopanHaTHOM npsimoii (Puc. 1) o6a ToueyHBIX MHOXKECTBA,
COCTABJISIIOLIUX IOCIEAHIOI CUCTEMY, I10Iy4aeM OTBET pUMepa.

Puc.1

{3 11}
xe|l = —
OTBeT: 23

ITpumep 2. Pemuth cucteMy HEpaBEHCTB

Sx+4<0,
-2x-7 20,

Penrenne. Pemmm kaxioe u3 HEpaBEHCTB CUCTEMBI:

<fx+4au, fx{—4, X<—2s
=

-2x-7 z20. —-2xz=7,

X=——.
2

N306pa3uB Ha 0HOI KoopanHaTHOH mpsiMoit (Puc. 2) o6a ToueyHbIX MHOXECTBA,
COCTABJIAIOLIUX TOCJIEIHIOK CUCTEMY, [T0JIy4aeM OTBET IIPUMEPA.

N306pa3uB Ha oHOI KoopanHaTHOU npsimoi (Puc. 1) 06a TouedHbIX MHOXKECTBA,
COCTABJIAIOLIUX TOCJIEIHIOK CUCTEMY, [T0JIy4aeM OTBET IIPUMEPA.

-

~ -~ -~ - - -
FICOSR g Ay, %
_7

0

ik,

|+

2



Puc.2

=3
XE|— oo, — —
OTBeT: 2

Ipumep 3. PemuTh cucteMy HepaBeHCTB

6x-7 >0,
4x+13 <0,

Pemrenne. PeminM kaxkoe U3 HEPABEHCTB CUCTEMBI:

7
{6.1:—?‘:.:-[}, {6x}?, x>
=

o
dx+13 <0, 4x <—13, 13
X< ——.

M300pa3uB Ha o1HOM KoopauHATHOM npsimoii (Puc. 3) 06a ToYedHBIX MHOKECTBA,
COCTaBJISIOLIUX IOCIEAHIOI0 CUCTEMY, I10Iy4aeM OTBET puMepa

Pemmth nanHbie cucteMbl HepaBeHCTB (Ne 179 —184):

179‘{2.::—-1}1, 181. bx 4+ 3> 8,
3—x>0. . 0,7 —3x < —286.
180.{1—23'::_9' (82. [?x—-3>r——3.
3x 4+ 1< 13. 4x+3>8—x.
w&l“+q39+3* wm{x+4{ﬂ*
5+ %> 2x + 2. | —x>—2.

JlomMariiHee 3aganue:
(2x +3) (2—2x) > 0.

(2—m) (2x— 15) (x + 4) > 0.



x}g,
[(3z-4>0, [(3x>4, | 6 4
Gr-a)(55+6) >0 e [VFFO20 (Lm0 ”_E;@ "3
3x-4<0, " |[3x<4, T[4 T 6
Sx+6 <0 Sx < -6 ) 3’ 5

L L 6

T4 —-=

L >

IIpakTuyeckoe 3ansiTue Ne 3
Tema: Pemienne kBaJpaTH4HbIX YPaBHEHUH U CUCTEM YpaBHEHUH
Hesn: O600IMTh M CHCTEMATU3UPOBATH 3HAHUS YUAIIUXCS 110 JAHHOM TeMe.
Teopetnueckuii 6110k
Onpenenexnve

Keaopamnoe ypagHenue — 3To ypaBHeHHe BHaa ax> + bx + ¢ = 0, rae
K03 duIreHTs &, b 1 C — npou3BoJbHBIE YKca, npuueM a # 0.

Hpe;xz[e, YCM HU3Yy4aTb KOHKPETHBIC MCTOAbI pCHICHUS, 3aMCTUM, YTO BCC KBA/IPATHBIC
YpaBHCHUA MOKHO YCIIOBHO pa3JICJINTh Ha TPpH KJlacca:

He nmerot xopHei;

VIMeroT pOBHO OJIMH KOPEHB;
VMeroT 1Ba pa3IMuHbIX KOPHS.
JuckpuMUHAHT

Ornpenenenue

ITycTh MaHO KBajJpaTHOE ypaBHEHHe ax> + bx + ¢ = 0. Torma ouckpumunanm — 310 IPOCTO
yucno D = b? — 4ac.

Oty Gopmyny Hajo 3HaTh HauzycTh. OTKyZa oHa OepeTcst — celyac HeBakHO. BaxkHo npyroe:
110 3HAKY JUCKPUMHUHAHTA MOXXHO OIIPCACINTE, CKOJIBKO KOpHeﬁ HMECT KBAAPATHOC YPaBHCHUC.
A MMeHHO:

Ecnu D < 0, xopHeli HeT;
Ecnmu D = 0, ecTh pOBHO O/IMH KOPEHb;

Ecnu D > 0, xopHeii Oyner nBa.



OOpaTtuTe BHUMaHKE: TUCKPUMHHAHT YKa3bIBAaeT Ha KOJUYECTBO KOPHEH, a BOBCE HE HA UX
3HAKM, KaK MOYEeMY-TO MHOTHE CUMTAIOT. B3TJsiHUTE HA TPUMEPBl — U CaMH BCE MOUMETE:

3amaua

CKOJIbKO KOpHEH UMEIOT KBaJ[paTHbIE YPaBHEHUS:

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

BrimuieM ko3¢ GUIMeHTs 471 IepBOro YpaBHEHUS U HAlIeM TUCKPUMHUHAHT:
a=1b=-8,¢c=12;
D=(-8)%-4-1-12=64-48=16

I/ITaK, JAUCKPUMUHAHT HOHOH(HTGHBHBIﬁ, MMO3TOMY YpaBHCHUC UMCCT [IBa PA3JIMYHBIX KOPH:.
AHaJ0ru4HO pa3bupaeM BTOpOE ypaBHEHUE:

a=5b=3;,c=7,

D=3?-4-5-7=9-140=-131.

I[I/ICKpI/IMI/IHaHT OTpPII.I&TGJ'ILHLIfI, KOpHGfI get. OcTanocs MMOCJICAHEC YPABHCHUC!
a=1lb=-6;c=9;
D=(-6)—-4-1-9=36-36=0.

JIMCKpUMUHAHT paBeH HYI0 — KOPEHb OY/eT O/IUH.
Otser
1) 2 kopHs; 2) HET KOpHEH; 3) OIMH KOPEHb.
KopHu kBagpaTHOTO ypaBHEHHS
—b++D —b—+/D
X1 = T; Xp = T

Korna D = 0, MOHO HCITIOJIB30BaTh JHO0YIO U3 3TUX (POPMYI — MOIYUUTCS OJHO U TO Ke
YHUCI0, KOTOpoe u 0yneT orBeToM. Hakowner, ecnu D < 0, KOpHE HET — HHYETO CUYUTATh
He Hamo.

3amaua

PemmnTh kBagpaTHbIE ypaBHEHHUS:
X2 —2x—3=0;

15-2x—x2=0;

X2 +12x + 36 = 0.



Penrenue

IlepBoe ypaBHEHUE:
X*—2x-3=0=>a=1,b=-2;c=-3;
D=(2)>%-4-1-(-3)=16.

D > 0 = ypaBuenue umeer aBa kKopHs. Haiinem ux:

2+16 2—+16
R N I T

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

D > 0 = ypaBHeHue cHOBa uMeeT J1Ba KopHs. Halinem ux:

_2++64 2 —+/64

nTED T T T e

Hakosnen, TpeTse ypaBHEHHE:
X+ 12x+36=0=>a=1;b=12;c=36;
D=122-4-1-36=0.

D = 0 = ypaBHeHue UMeeT 0JIMH KOpeHb. MOKHO HCIONIb30BaTh JTI00YI0 popmyny. Hanpumep,
MEPBYIO:

_—12+\/ﬁ_
ST T

OtBeT
Dxi=3;x2=-1;2) X1 =-5;X2=3; 3) x = 6.
Henonusie kBaipaTHbIE YpaBHEHUS

BBIBaeT, 4YTO KBAJAPATHOC YPAaBHCHHUE HECKOJIBKO OTIIMYACTCA OT TOI'O, YTO JaHO B OIIPCACIICHHUU.

Hampuwmep:
X2+ 9x = 0;
x> —16 = 0.

Hecnoxuo 3aMCTUTD, YTO B 3TUX YPABHCHUAX OTCYTCTBYCT OJHO M3 CJIaraCMbIX. Takue
KBaAPATHBIC YPABHCHHUA PCIIAKOTCA OAXKE JICTYC, UEM CTAHJAAPTHBIC: B HUX HAXKC HEC HOTpC6yeTC$I
CUUTAaTb AUCKPUMHHAHT.

Ornpenenenue

VpasHenue ax? + bx + ¢ = 0 Ha3bIBAETCS HENOTHBIM KEAOPAMHBIM YpasHeHuem, ecii b = 0
i € = 0, T.e. KOOQPHUIKEHT MPH ePEeMEHHON X WM CBOOOIHBIN JIEMEHT PaBEH HYIIO.



PazymeeTcs, BO3MOKEH COBCEM TSDKEIBIN CiTydail, Korna 06a 3Tux ko3 GUIMeHTa paBHbI
nymo: b = ¢ = 0. B 3Tom ciyuae ypaBHeHue IpuHAMAaeT Buj ax? = 0. OueBuIHO, TaKOe
ypaBHEHUE UMEET CTUHCTBEHHBINA KOpeHb: X = 0.

Paccmotpum octanbhbie ciydau. [Tycts b = 0, Toraa moiyunM HemosHOE KBapaTHOE
ypaBHeHue Buja ax’ + ¢ = 0. Hemuoro npeo6pasyem ero:

ax?4+ec=0=x*=——=x=4+ |——

[Tockonbky apudmMeTnyecKuil KBaApaTHbIM KOPEHb CYIIECTBYET TOJIBKO U3 HEOTPHUIATEILHOTO
YKCIIa, TIOCIIEeHEEe PABEHCTBO UMEET CMBICI UCKITFOUNTENbHO Tipu (—c/a) > 0. BeiBo:

Eciy B HETNOTHOM KBaJIpaTHOM YpaBHEHHH BUA ax’ + C = () BBINOIHEHO HepaBeHCTBO (—C/a) > 0,
KopHeii Oynet nBa. opmyra aHa BBILIE;

Eciu ke (—c/a) < 0, kopHeii HeT.

Kak Bugute, IMCKPUMHUHAHT HE TIOTPEOOBAJICS — B HETIOJIHBIX KBAJIPATHBIX YPaBHEHUSIX BOOOIIE
HET CJIOKHBIX BhIUUCIeHH. Ha camoM jiesie nake HeoOs3aTeIbHO TTIOMHHUTD

HepaBeHCTBO (—C/a) > 0. J0CTaTOUHO BBIPA3HTH BETHUHHY X2 M TOCMOTPETh, YTO CTOUT C APYroif
CTOPOHBI OT 3HaKa paBEHCTBA. ECiy TaM MOJIOKUTEIILHOE YHCII0 — KOpHel Oyzet nBa. Eciu
OTpHUIIATEIIbHOE — KOpHEH He OyAeT BooOIIIe.

Teneps pazbepeMcsi ¢ ypaBHEHHAMHU BHa ax® + bX = 0, B KOTOPBIX CBOOOIHBIH dITeMEHT
paBeH Hym0. TyT Bce MpocTo: KopHeH Beeraa Oyaer aBa. JJocTaTrouHo pa3nokUTh MHOTOUIIEH
Ha MHOXHUTEJIH:

b
ax*+bx=0=x-(ax+b)=0=x,=0; x, = ——
a

[TpousBeneHne paBHO HYJIO, KOTJa XOTsI ObI OMH U3 MHOXKHTENEH paBeH Hymo. OTcroa
HAXOJATCS KOpHU. B 3akimoueHme pazdepeM HECKOJIBKO TaKUX YPABHCHHIA:

3agaua

PeumuTh KBagpaTHBIC YpaBHEHUS:

X2 —7x=0;
5x%+30=0;
4x> -9 =0.
Pemenne

X—TXx=0=2x-(X—-7)=0=>x1=0;x2=—(-7)/1 =7.

5x% + 30 = 0 = 5x? = —30 = x? = —6. Kopneif HeT, T.K. KBaZpaT HE MOXKET OBITh PaBEeH
OTPHUIIATEIIBHOMY YHCITY.
4 -9=0=24x>=9=2x2=9/4=>x=3/2=15; X2 =—1,5.

OtBeT

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



Pemenue KBaJIpaTUYHLIX CHCTEM ypaBHeHI/Iﬁ

X—-y=1
Ipumep 1. Pemnts cucreMy ypaBHEHUH y
x* +y% =41,
Pemennie. BbIpa3uB X W3 mepBOro ypaBHEHHsS] CUCTEMbl M IOJICTABUB BO BTOPOE, MOJIYYHM
{x =y+1,
2 —
PaBHOCHJIBHYIO CUCTEMY 2y 2y =40=0. (1)

Pemmas BTopoe ypaBHeHue cucTeMbl (1), HAXOIMM JIBa 3HAUEHMS IEPEMEHHOM y: Y1 = 4Y, =5

MOJCTABJISIL 3TH 3HAYCHHUS B TMEpBOE ypaBHeHUE cucTembl (1), mosiydaem nBa 3HAYCHUS

epeMeHHOl x; X1 =2 Xz =—4

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

2X—-3y—xy=4

3X+y+3xy=3

Pemenne. Cpa3dy BbIpasuTh OJHY IEPEMEHHYIO Uepe3 Jpyryilo B JaHHOM cllyyae

3aTPyJHUTENLHO, MEIIaeT cjaraeMoe Xy. UToObl M30aBUTHCS OT 3TOTO CJIaraeMoro YMHOXHM

MEepBOEC ypaBHEHUE CUCTEMBI Ha 3 W CIOXHM CO BTOPHIM ypaBHeHHEM. [Ipu sTomM momydum
2X—3y—Xxy =4,

ABHOCWJIBHYIO CUCTEM aBHEHHH <~ T ... 2
P yio y P {9x—8y:15. @

IIpumep 2. Pemuth cuctemMy ypaBHEHUN {

. 15+8y
W3 BTOpPOro ypaBHEHUS MOJyd4aeM: x:T. [loncTaBuB 3TO BBIPAKEHHE B IIEPBOE

15+8x_

ypaBHEHHUE CUCTEMBI (2) MOJy4YUM YpaBHEHHUE 2 =4 . [IpeoOpazoBas ero,

15+8
Yy

2
nmonyunM KeajpatHoe ypasHerne otsocutenbro y: 4y +13Y+3=0. Kopuu sroro ypasuenus

1 13
y, =-3,Y, = e HOZICTaBUM B (QOPMYITy JJIs X, M HOJIYYUM X, = —1, X, = — .

Ortsert: (-1; -3),(13/9; -1/4).
x?(x+Yy) =80,
x?(2x —3y) =80.

Pemienne. B neBbIX gacTax ypaBHCHI/Iﬁ CUCTCMBI CTOAT IMPOU3BCACHUSA IBYX COMHOX(HTCHCﬁ, a
CIipaBa 4uCJIO OTJIMYHOC OT HYJIA, MMO3TOMY, OYCBUAHO, HHU OAWH U3 COMHOXKHTEIICH JIEBBIX

IIpumep 3. Pemuts cuctemy ypaBHEHU

qyacTel ypaBHEHMI He MOXeT ObITh paBeH Hym0. Takum o0pa3oM, MOJy4aeM, UTO X# 0y

3
2x—3y #0= x# ——y . Paznennm mepBoe ypaBHEHHE CHCTEMBI Ha BTOPOE IOUIEHHO, B CHITY
2 2

X+Y

C/IENTAHHOTO BBIIIE 3aMEUaHHs, OMYdHM PABHOCUIBHYIO cucTeMy § 2X—3Y L Beipazum u3
X (x+y) = 80.

MEpBOro ypaBHCHUA HOJ’Iy‘-ICHHOﬁ CHUCTCMBbI BBIPpA3UM X: X = 4y . HOI[CTaBI/IM 9TO 3HAYCHHUEC BO

BTOpOE YpaBHEHHE CHCTEMBI M HaiiieM y =1, toraa X = 4.OtBer: (4; 1).

Homamnee 3aganue: Pemure ypaBHeHUS:
1. x*-8x*-9=0
2. x*-15x*-16=0

3. (x* =2x-5)* - 2(x* ~2x~3)-4=0

Pewmnts cucreMsl ypaBHEHUM:



1.{

Xy =2,
9x* +y* =13.

X2 +y=2
2.{2}/
yo+x=2

! +L=2,
X+y X-Y
3 N 4 _7

X+Yy X+y_



IIpakTuyeckoe 3ansaTue Ned
Tema: Pemenue kBaipaTHYHBIX HEPABEHCTB
Iesab: OG00IMHUTE ¥ CUCTEMATU3UPOBATh 3HAHUS U YMEHUS YYalIUXCs 110 IaHHOU TeMe

Teopernueckuii 070K

KBanpaTHoe HepaBeHCTBO — 3TO HEPABEHCTBO, B JIEBOI YaCTH KOTOPOI'O CTOUT KBaJIpaTHbBIN
TpPEX4JIEH, B JIEBOK — HYJIb.

To €CTb, KBaIpaTHBIC HCPABCHCTBA 6I)IBaIOT CICOYIOIIUX BUOOB!:
ax’+bx+c>0, ax+bx+c>0, ax*+bx+c<0, ax’+bx+c<0.
PewmnTh KBajpaTHOE ypaBHEHHE MOYKHO C IIOMOIIBIO0 METO/Ia HMHTEPBAJIOB.

Jlyist aTOro HEOOXOIMMO CHaYalla HATH KOPHU KBAAPATHOTO HEPaBEHCTBA (BMECTO 3HAKa
HEPaBEHCTBA [IOCTABUTH «=» U PEIINTh ypaBHeHHe ax> + bx + ¢ = 0). Kopreii MoxeT GbITh 1160
nBa, 1100 OMH, TUOO HE OBITH BoOOIIE. [lanbpHeiime 1elcTBHS 3aBUCIT OT KOJUYECTBA KOPHEH:

1. Eciin ypaBHeHHe MMeeT IBa KOPHsI, HCOOX0IMMO HAHECTH MX Ha YUCIIOBYIO MpsiMyto. OHH
pa3o0bIOT €€ Ha TpH MpoMexyTka. HyxHO OyeT onpeneanTh 3HaKH BRIPaKEHUS ax? + bx + c Ha
KaKJIOM U3 ITPOMEKYTKOB (KOHKPETHBIN ITPUMEP PEIICHUS BBl MOXKETE IMTOCMOTPETh, BBE/IS B
(opMy BhIIIE Kakoe-11HO0 HEPaBEHCTBO, HAIPUMED SX? + 2X — 7> 0):

- ecnu @ > 0, To 3HaKM OyayT +, —, + (ClIeBa HaNpaBo);
- ecm @ < 0, TO 3HaKkM OyayT —, +, — (CIeBa HaMpaBo).

B ciyuae, ecnu 3HaK HEpaBEHCTBA > WIIM >, OTBETOM OYJyT MPOMEXYTKU CO 3HAKOM «+». Ecin
e 3HaK < WIK <, TO OTBETOM OYIyT OTpULATENIbHbIE IPOMEKYTKH.

Ecnu 3HaK HepaBeHCTBA > MM <, TO TOYKU-TPAHHUIIBI IPOMEIKYTKOB 3aITMCHIBAIOTCS B KPYTJIBIX
ckoOkax. Eciu e 3HaK > uin <, TO rpaHUIIbl IPOMEXKYTKOB 3aIIMCBIBAIOTCS B KBAJPaTHBIX
CKOOKax.

2. Eciiu ypaBHeHHe HMeeT OINH KOPeHb, TO HY)KHO TaK)KE€ HAHECTH €ro Ha YUCIOBYIO TIPSMYIO
¥ OTIPEIEINTh 3HAKH BBIPAOXKEHHS axX> + bX + C Ha KakI0M U3 IpoMexyTKoB. Kopers pazennt
NpSIMYEO Ha JIBa TPOMEKYTKA, 3HAKU B KOTOPBIX OyIyT OJIMHAKOBBIMH (B 3aBUCIMOCTH OT

ko3 durnrenTa a):

- ecn @ > 0, To 3Hakm OyayT +, +. B aToM citydae, ecniu 3HaK HepaBEHCTBA >, TO OTBETOM OyieT
BCSl YMCJIOBAs IpsiMasi, KpOME TOUKHU-TPaHUIbI MPOMEXYTKa. Eciu ke 3HaKk HepaBeHCTBa >, TO
OTBET — BCsI UnciioBas mpsiMast. Eciu 3Hak HepaBeHCTBa <, TO OTBET — MyCTOe MHOXKeCTBO. Eciu
3HaK HEPaBEHCTBA <, TO OTBET — OJIHA TOYKA — IPAHULIA MEXAY TPOMEKYTKAMH.

- ecnu a < 0, To 3HaKM OyayT —, — B aTOM cirydae, eciu 3HaK HEPABEHCTBA >, TO OTBETOM OyieT
MyCTO€ MHOXECTBO. Eciu e 3HaK HEpaBEHCTBA >, TO OTBET — OJIHA TOYKa — FPAHUIIA
npoMmexxyTka. Eciu 3Hak HepaBeHCTBA <, TO OTBET — BCS YUCIIOBAsl MpsiMasi, KpOMe TOUKH-
rpaHMIlbl MPOMEXYTKA. Eciu 3HaK HEpaBeHCTBA <, TO OTBET — BCS YUCIIOBAsI MpsiMasl.

3. Eciiu ypaBHeHHMe KOPHeil He MMeeT, TO HUYEro Ha KOOPJIMHATHYIO OCh U HE HYKHO
HAHOCHTB: HaJI0 HPOCTO ONpEIETUTh 3HAK BhIpaKeHHs ax’ + bX + C Ha Bceil uncnoBoit mpsAMoii:



- eciu a > 0, To 3HaK Oynet +. B aTOM ciyyae: eciiy 3HaK HEpaBEHCTBA > WJIK >, TO OTBETOM
Oyzer Bcs yuCiioBas MpsiMast. B MpOTHBHOM citydae — eciii 3HaK < WM < — OTBETOM OyJieT
IIyCTOE MHOXECTBO.

- ecnu a < 0, To 3HaK OyneT — B aToM citydae: ecnu 3HaK HEPaBEHCTBA < WIH <, TO OTBETOM
OyzeT Bcs yucioBas npsimasi. B mpoTUBHOM cilydae — eclii 3HaK > WJIM > — OTBETOM OyJeT
IIyCTOE MHOXECTBO.

ITpumep 1. PemmuTh HepaBEeHCTBO 2x2 +4x — 6> 0.

KBagpaTHblii TpexwiieH 2X? + 4X — 6 uMeeT JBa JAeHCTBUTEILHBIX KOpHS X1 = —3, X2 =1.
[TosToMmy mapabomna y = 2x2 + 4X — 6 TepeceKaeT och X B IBYX TOUKaX, aOCIIMCChI KOTOPHIX
paBHbl —3 1 1. ITockonbKy K03 GUIHEHT mpH X* Gonblie HyIs, napadona y = 2X° + 4X —
6 HampaBiieHa BBEpX

13 pucyHKa BUJIHO, 9TO TpexXuieH 2X? + 4X — 6 monokuTesneH npu x < — 3 u mpu x >1.
[Ipumep 2. Pemuth HEpaBEHCTBO

—x2+x—1>0.
JIMCKpUMIHAHT KBaJpaTHOTO TpexuneHa — X? + X — 1 orpunarenen: D = —3. TTosTomy npu
BCEX X 3HAYEHHUs QYHKIHH y = — X2 + X — 1 MMEFOT OJIMH ¥ TOT XK€ 3HaK, a HIMEHHO 3HAK

ko3 dunrenTa npu X2, To ecTh MuHyc. Clef0BaTeNbHO, HEPABEHCTBO — X2 + X — 1> 0 He
BBITMIOJTHAETCS] HU TP KaKUX 3HAYEHUSX X.

[Ipumep 3. BBISICHUTD, TIPU KaKUX 3HAYCHUSIX X JPOOb

%2 - 2x—3
2y — 2

IMOJIOKHUTECIIbHA W IIPU KaKHUX — OTpHLATCIIbHA.

CHauana YKa3aHHBIM BBIIIC CHOCOGOM OnpeCaACIMM 3HAKH YUCIIUTCIIA U 3HAMCHATCIIA ,Z[aHHOfI
JIpoOu, a 3aTeM CpaBHUM HX.



Uncmurens X2 + 2X2 — 3 TONOXHUTEINEH TIPH X < —3 U IIpU X > 1, a OTpHUIaTeNeH IIPH
—3 <x <1 (puc. BepxHss YUCIOBas OCh).

4-3-2-1 0 1.2 3

i ki
i
0 b4

3HaMeHaTenb 2x — X? monoxureneH npu 0 < x < 2 u oTpuIaTeneH npu x < 0 u npu x >2 (puc. ,
HWDKHSSL 9MCII0Bast 0Ch). VI3 puCyHKa BUIHO, YTO JaHHAS JPOOh Oy/IeT MOJ0KUTENbHA TPH — 3
<x <0 (B 3TOM Cily4yae YUCIUTEIh U 3HAMEHATEJIb OTPUILIATEIIbHBI) U IPU

1< X <2 (B 3TOM ciyyae YUCIHUTENb U 3HAMEHATENb MOJI0XKUTENbHBI); OTPUIIATEIBLHON OHA OyIeT
npu X <. —3 (YUCIUTENH MOJOKUTENICH, 3HAMEHaTeNb oTpulatesieH), mpu 0 <x < 1 (yucnurensb
OTpULIATEIIEH, 3HAMEHATEb TIOJIOKUTENEH) U NIPU X > 2 (YUCIUTEID [T0JI0OKUTEIIEH, 3HAMEHATEb
OTpHUIIATEIIEH).

Ynpasicnenusn
PemmnTe naHHBIE HEpaBEHCTBA
1. x> —4x+3>0. 5. x% +x+1<0.
2. X2 —6x+5<0. 6.x2 —x+1>0.

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

[omainee 3aganue:

1. Pemiuth HEPABEHCTRO:

8x2-6x+1>0

2. HaiiTu HauMeHblIIIee MOJOKHUTENBHOE 11eJI0€ pPellieHue HipaBeHcTRa:
X2+ 2x>-3

3. Pemnth HepaBeHCTBO:

X2+ 3x+8>0

4. PemuTh HEPaBEHCTBO:

X°-4x+4>0

5. Pemuth HepaBEeHCTBO:

X2 -4x+4>0

6. HaiiTi Bce 3HaUEHUS X, HE SBJISIONIMECS PEIICHHEM HEPaBEHCTBA!
2

x°>16

IIpakTHyeckoe 3ansaTHE NeS
Tema: Oynkuuu: TuHeHas1, 0OpaTHasi MPONOPLHOHANBHOCTE. [locTpoeHne KBaapaTHUHON
byHKIIUN
Hean: 3akpenuTh y ydamuxcsi 3HaHUS 1 YMEHUS TTOCTPOEHUS TpapuKoB (pyHKITHI
Teopernueckuii 610K

y — lran 1
CaoiicTBa MHEHHON QyHKIMK ¥ = KX + 9



1. OGnacTh onpeneneHuss GYHKIIMA — MHOXKECTBO BCEX JIEHCTBUTEIIBHBIX YHCET.

2. O6nactb u3MeHeHHs (YHKIMM 0OpH  yclIoBuu, 49ro © = 0 _  MHOKECTBO — Beex
JeHcTBUTenbHBIX uncen. Ecmu K = 0 , TO MHOXKECTBO 3HAUEHUN (PYHKIIMH COCTOUT W3 OJHOMI
Toukn & .

3. Ilpu k=0, b=0 (GyHKIUS HE SIBIISICTCS HU YETHOM, HM HedeTHOW. Ecim k=10 (b nr0boe) —
bynkus yerHast. Ecim b=o (}"5 Tr000¢€) (QYHKITUSI HEUeTHASsI.

4. Tlpu ¥ = 0 dhyukuus Bospacraer npu mo6six L . Ipu & < 0 pynxuus yObiBaet npu
mobeix £ . Mpu ¥ = 0 ¢ynkuus nocrosmma.

=2x+4
Ilpumep. lloctpoutsb rpaduk GyHKIUU ¥ .
Pewenue. I'pauxom sBusieTcss npsmas JuHUAA. [ €€ mOCTpoeHHs JOCTAaTOYHO HAMTH TOYKH

. x=0,y=4 x=-2,¥y=0
nepeceycHus C OCAMU KOOpAUHAT: IIpU

A(0:4)  B(-20)

U 1npu . Takum obpazom,

npsMad mMpoxoauT 4€pe3 TOUKU

_/y=2x+4

y:amﬁ
OyHKIMSA BUJIA X+ a , et B € d_ MOCTOSIHHBIE YHCIa,
npruem € F 0 ad+bc , Ha3bIBACTCS OPOOHO-TuHEnHOoN ynkyuen. DyHKUUSA OlpeneeHa
X = —d
BCIOTY, KpOME 3HAYCHUS €. Eem@=0 ¢=1 d=0 1 TIOJTYYMM YacTHBINA CITydan
_b
JPOOHO-TMHEHHOI byHKIIMN X Obnactp OIpeeNIeHUs TaKou
_b
byHKIMT 2 € (_ Cﬂ,ﬂ)U (ﬂ=+w). I'paduxom PyHKIHN Y X sBislercss KpuBast, COCTOSIIAs W3

JIBYX  BETBEH, CHMMETPUYHBIX  OTHOCHTENIBHO  Hayajga  KoopauHar. Takad — KpuBad
Has3bIBaeTCs cunepbonon. Ecnm b > 0 10 ersn runepoobl pacronoxensl B [ u 11 koopanHaTHBIX

YETBEPTSX; €CIU KE b<0 , To Bo Il u IV xoopauHatHbIX ueTBepTsX. [ Hnepbona He umeer oOLMX
TOYEK C OCAMHM KOOpJOMHAT, a JIMIIb CKOJIBKO YrogHO OJM3KO K HHUM HpuOIMKaercs.
DyHKIMA X neuernas. Ha pucynke n3o0pakeH Tpaduk  TUnepoosIbI X s
cirydast b>0



<

» X

2
y=ax“+bx+c e Yo X _

OyHkIMs, 3anaHHas GopMyoi ,

IIEpEMCHHBIE, ﬂ,b,t’.’ -
3aJlaHHbIe yKcna, (% 0, Ha3bIBaeTCs Keaopamuunoi @ynkyueii. OOIaCTbIO OMpeelIeHUs
KBQIPAaTHYHOW  (QYHKIMHM  SBJSICTCS  MHOXECTBO  JECHCTBUTENBHBIX 4Hcel. [ padukom

y:arz-l-bx-l—c

byHKIMN sesiercst napadona. Ecnn @ >0 10 Bersn  napaGousi

HarnpaBJcHbl BBepx; eciu £ < 0, 1o Bereu napabobl HampasiieHbl BHU3. OChIO CHMMETPUHU

b

X=——
napa6om;1 ABJIACTCA IIpAMad za . KOOp,Z[I/IHaTI:I BCPIIHHBI napa60nLI OMpCACIIAAOTCA 110
b dac — b
I e = = — il 7 LF
0" g YoT¥ [IU] 4a

bopmynam

Jns moctpoenust mapadosbl yJ00HO BHIOPATh CIEAYIOIINE TPU TOUKH:

x=0

a) TOUKY IepecedeHHs 1napadosibl C OChbIO 'J , IpH MOJIy4UM ¥=C rtakum o0pazom,

C(0,c) ;

nepBasa TOUYKa

6) TouKy Ha mapabone mpu ¥ . ¢, TO ecTh MO0 TOUKY C aBCIUCCOi x=0 (Touka C), mu6o

—_b B(;—b;c)

TOYKY C abcIuccon € | TakuM 06pazoM, BTOpas TOUKa

b aac — b°
X =—a5— =V X |=
B) BEPIIMHY apaboIbl TOUKY A(IU’yU) , TIIe 0 2a , yD J’( U] 41

MOXHO TakXe B KaueCTBE OCHOBHEIX TOYEK BI)I6paTI) TOYKH TCPECCUCHUSA napa60nbl C

_Bt\B%—4ac  —b+-JD

2T
ocero OX 2a 2@ com takwe cymecTByloT, To ecTh

AUCKPUMHUHAHT KBAaJAPATHOI'O TPCXYJICHA HGOTpHHaTCHBHBIﬁ.

2

y=2x“+2x+2

Ilpumep. lloctpoutsb rpaduk GyHKIUU



o 021 B-12) A-0.515)

OtrMmeTuM  TpH

la>0)

BerBu mapaboss

. x=—05

. Hapa60na CUMMETPUYHA OTHOCUTEIIBHO IIPAMOU
}.

BBEpX

1. TloctpoiiTe rpaduku HyHKIUI:

— - 2
1y=3x+—4 R
1 6.} x
r=-x—1 1
2 * 21 r = —
o ) 7.'1‘ x
3.v=5—4x 3
r=——+ 2
8.'1‘ x
r — ‘1_ 2
9.'1' n +:'a.'
42v—4x =6
S53x + 4y =2
3
6.y =—

i

2. Iloctpoiite rpaduku KBaApaTUIHON (QYHKIUH:
1. y=x>—4x+3. 5. y=x> +x+1.
2. y=x>—6X+5. 6.y=x> —x+1.
3.y=—5x2+3x+2. 7.y=x>—6x+10.

4. y=x (1 —x). 8.y=—3x® +2x+1.

JlomarnHee 3a1aHue:

[TocTpotite rpaduku GyHKIHII:

HaITpaBJICHEI



lL.v=4x — 25

ITocTpotite rpadguku
byHkuuu:

1. y=8x%-6x + 1
2.y= X2+ 2x +3
3.y=x*+3x+8
4, y=x>-4x + 4

B.y=X2-4x+4

KBaJ[paTUYHON



IIpakTuyeckoe 3ansaTue Ne6

Tema: KOHTpOJ'IBHaH pa60Ta 1o TeMe: «Pa3BUTHS MOHATHS O YHCIIC)»
HCJILI HpOBepI/ITB YPOBE€HBb YCBOCHUA JAHHOI'O MaT€purajia 1o TEMe «Pa3BUTHS TTIOHATHSA O

YUCIIE»
1 Bapuaunr
1.PemnTe iuHeliHOE YpaBHEHHE:
a) 3X_x+2_3x—2+x—1:1 6)1_6—2x= _ X+3
4 2 3 3 2

2. Pemute cucreMy JIMHEHHBIX HEPABEHCTB:

4x -3 3x 5 3-2X 5 2x
+3>—=+= > :
2) { 6 2 8 , ){
4x—3+x 5 x—-1 4x —15 _43
8 5 2 3 3
3.Pemure cucreMy ypaBHeHHIA:
5x—2y =7, 2X-y_X-2_ ..y 1,15
) {3x+4y=25 o1 3 4 B){X y 6

4.Pemure KBaJApaTHOE YPaBHEHHE:

5x2+9 4x*-9
+ =
6 5

a) x>—-x=0 6) 3 B) X2 +9x+20=0 rNx?-5=0

x(2x - 3) N Bx-1)° (x+3)

_ =1
2 5 5

A)

5. Pemiure kBaApaTHYHOE HEPABEHCTBO:

a) x> —8x—20<0 0) —x?> —6x+27 <0 B) 2x* —-13x+20>0

6. Pennre rpapuueckn ypasuenne: X +1=(X-1) ?

2 Bapuant
1.Pemnre IMHeiiHOE ypaBHEHHE:

a)X+X83 x21=2X+5—3x 6) 4—6_2X+X=2X—X+3

2.Pemure cucreMy JHMHEHHBIX HEPABEHCTB:



BX—3=1+ X, 7—6x+10s8x+1_12’
2
al){1—3x<gx—5 °) {x+1 1
2 3 — > 2X—-2—
2 2
3.Pemute cucTeMy ypaBHeHHUii:
2X—-6 Xx-2
2x+3y =13, 6{ 3 g Y gl 1 1
D gy -7 ) QPRI MLy x 3
> +-=X X—2y=2

4.Pemure KBaJApaTHOE YPaBHEHHE:

3x*-11  74-2x?
+

a)x?—-2=0 6)3x>+6x=8x2—-9x B) =10 r)2x?-3x+8=0

8 12
1) X(X=7) N x—4 11x 1
3 3 10
5. Pemiute KBaApaTHYHOE HEPABEHCTBO:
a) 2x> —=x+4<0 6)—3x*>+5x+2>0 B)2x? —4x+13>0

6. Pemuure rpaguyecku ypaBHeHue: 2_ 3x—1.
X

IIpakTHyeckoe 3anaTHE N7

Tema: OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA

Hean: HayunThs HCMob30BaTh OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA IPU
npeoOpa3oBaHUU BhIPAKECHHM

Teopernueckuii 010K

Teopema

OCHOBHOE TPUTOHOMETPHIECKOE TOXKIECTBO. J[71s1 IF060T0 yTiia o BEpHO YTBEPKACHHE:
sin®a + cos? o = 1.

sinae = ++1—cos?a; cosa =41 —sin?a

CnencrtBue

Jlnist 1000T0 yriia o MOKHO MePEnrcaTh OCHOBHOE TPUTOHOMETPHUIECKOE TOXKIECTBO CIICTYIOIIM
obpa3om:

tgfa+1= ; ctgfa+1=

cos? @ sin? a

OTH ypaBHEHUS JIETKO BBIBOSTCS N3 OCHOBHOTO TOXKIECTBA — JOCTATOYHO Pa3/ieuTh 00 CTOPOHBI HA
C0S? o (11 MOSTydIEHHst TAHTEHCA) WIIM Ha Sin? a(JUIs KOTaHIEHCa).



Pemenue ynpaxHeHuit

1.HaiiguTe sin o, €cu H3BECTHO CIEIYIOIICE:
3v11 C‘[
cosdt = — = 'TE)
10 ' 2’

Pemenue

Hawm u3BecteH kocuHyc, HO HEM3BECTEH CUHYC. OCHOBHOE TPUTOHOMETPUUYECKOE TOKIAECTBO
(B «anucTOM» BHJIE) CBS3BIBACT KaK pa3 3TH PYHKIHUH, TOATOMY Oyaem pabotaTh ¢ HUM. MMeem:

sina +cos? o =1 = sin?a +99/100 = 1 = sin? a = 1/100 =sin a =+1/10 = +0,1.

s pemenus 3a1a4n OCTAIOCh HAWTH 3HAK cuHyca. [Iockonbpky
yroi o €(n/2; 7),T0 B rpajiycHON Mepe 3To 3amuchiBaercs Tak: a € (90°; 180°).

CrnepnoBarenbHO, yroi a JeXuT Bo || koopanHaTHON yeTBEepTH — BCE CUHYChI TaM

nojoxuteabHbl. [Toaromy sin a = 0,1.
Ortser: 0,1

2.Haiigute cos a, eciu U3BECTHO CIEyIoIIee:

o n@_ E(_Bﬂ:)
sina = ——-; @ € |7~

Pemenue

Hrak, Ham U3BECTEH CUHYC, a Ha10 HalTH KocuHyc. O6€ 3Tu PYHKIIMHU €CTh B OCHOBHOM
TPUTOHOMETPHUYCCKOM TOXICCTBE. HO,Z[CTaBJ’ISIeM:

sinfa+cos?a=1=3/4+cos?a=1=cos?a=1/4 = cosa==+1/2==0,5.
Ocranock pazobparbest CO 3HaKOM Iepent 1po0bto. UTo BHIOpATh: MIFOC UM MUHYC?
ITo ycnoBHI0, Yroi o MpUHAICKUT POoMexyTKy (7 37/2). [lepeBenem yriibl U3 pagrnaHHOM

Mephl B rpaaycHyto — noayuuM: o € (180°; 270°). OueBuano, 370 Il KOOpAMHATHAS YETBEPTD,
I7ie BCE KOCUHYCBI OTpunarenbHsl. [loatomy cos a = —0,5.

Otset:—0,5

3.Haiinure tg a, ecny U3BECTHO CIEAYIOIIEE:

1 E(3TE ) )
cosa =—; — 4T
410 2

Pemenne

TaHreHc 1 KOCUHYC CBsI3aHbl YPaBHEHUEM, CIICAYIOIIUM U3 OCHOBHOT'O TPUrOHOMETPUYECKOTO
TOXKAEecTBa:



1
2 2
a+l=—-—= a=10—-1=9
© cos? a ©
[Monyuaem: tg a = £3. 3HaK TaHreHca ONpeaeNsieM 1o yriy o. M3BectHo,uto a € (37/2;
2r). IlepeBeeM yriibl U3 paJdaHHON MEPHI B IPayCHYI0 — HoayduM o € (270°; 360°).
OueBunHO, 310 IV KOOpAMHATHAS YETBEPTH, IJI€ BCE TAHIEHCHI OTpULaTeNbHbl. [loaTomy tg a =
—-3.

Otge: —3

4. Haiinute cos o, €Ciii U3BECTHO CIIeYIOIIee:
) 3

sinae = —0,8; a € ?; 2T

Pemenne

CHoOBa U3BeCTECH CHUHYC U HCHU3BCCTCH KOCHUHYC. 3anuieM OCHOBHOE TPUTOHOMETPHUYCCKOC
TOXICCTBO:

sin®a +cos? o =1 = 0,64 +cos®> a =1 = cos? a = 0,36 = cos a = +0,6.

3Hak onpeaensieM no yriy. Umeem: a € (37/2; 2x). [lepeBenem yriibl U3 rpayCHON MEpbI
B panuaHHymo: a € (270°; 360°) — sto IV xoopanHaTHas 4eTBEPTh, KOCUHYCHI TaM
nostokuTenbuel. CaemoBarensHo, CoS o = 0,6.

OTBeT:0,6

5.Haiigure sin a, eciu U3BECTHO ClIEAYIOIIIEE:
A
ctoa = 246; a € (U;E)

Pemienne:

3amuiem (I)OpMy.TIy, KOTOpada CJIeAYyCT U3 OCHOBHOTI'O TPUTOHOMETPUUICCKOT'O TOKACCTBA
N HalIpsAMYIO CBA3BIBACT CUHYC U KOTAHI'CHC!

1 1
‘a+1= =24+1=25
8" a sin? a = sin? a

Otcrozia momydaem, 4ro sin® o = 1/25, T.e. sin o = £1/5 = +0,2. M3BecTHO, 4TO Yrom o €
(0; #/2). B rpagycHoii Mepe 310 3anuckiBaetcs Tak: a € (0°; 90°) —I kooparHATHAS YETBEPTb.

WTtak, yron HaxomuTcs B | KoopaAMHATHON YeTBEPTH — BCE TPUTOHOMETpUIECKHE (DYHKIITUU
TaM MOJIOKUTEIBHBI, To3TOMY Sin o = 0,2.

Ortser: 0,2

Ji

5
. sine U TG, eClIl cOSa = —
7.Hatinute 13 n



5
. cosa Wtga, ecnusing = —
8.Haiinure 1u

Jlomarnee 3amaHue:

4
. sina W tga, ecal cose = ——
1.Hatigute 3 u
. 8 3
. cosa Mtga,ecINsing = -— jpeg<
2.Haiigute 17 mn
3
3 Haiiqure cosausin e, ecin tga = -1 5 T= 9 =757

IIpakTnyeckoe 3ansaTue Ne 8

Tema: [IpuMeHEeHNE OCHOBHBIX TPUTOHOMETPUICCKUX TOKISCTB K TPEOOPA30BAHUIO
BBIPAXKEHUM

Hean: HayunuTh UCTIOIB30BaTh OCHOBHBIE TPUTOHOMETPUUYECKHUE TOXKICCTBA TIPH
npeoOpa3oBaHUU BhIPAKECHUIM

Teopernueckuii 010K

— dbopMyIbI 15 Lg, f:f’g“‘r’f;
— OCHOBHOE€ TPHUTOHOMETPHUYECKOE TOXKJISCTBO;
— opmyiia, BeIpaXkarolas 3aBUCUMOCTb lgd | cos 'ﬂ':;

— (¢opMyIia, BeIpaXkarolias 3aBUCUMOCTh CEQ  sin &

Y1IpocTuTh BeIpaskeHus (YCTHO)
1-cos® @
2—sin f @-cost @
CoS & e fod
Ll 2 2
st &4zt a4 cost &
(1—ain @)(1+smn @)
sin * S—cos' 8
Pemenne ynpaxxHeHnit

YIIPOCTUTH BBIPAKEHUE:

—-1 -cfg2&
1 wcosta
Penrtenue:

1

— -1 'cﬁgja.’: [1+f,g2.::r— l)icfgzﬁf= 1
cost &



2. fgaecigd— (ﬁg.::f LT .::E)2

Pemenne:

fgaeetig— [ﬁgﬂ:-cos&’]g =l-sin‘@=ros’ @

l-sn 8§ cosd
g ctosf  l4sm &
Pemenne:

l-sin 8 cosf 1-sin® fB-cos’ §
cos 8 l4sin § cos 8{1+sin &) B

? Kakue 3HaHusI MBI TPUMEHSUIN IS PEIICHUS TaHHBIX BBIPAXKECHU?

BBIMouHss yrpoIieHne BhIpaKeHUH HCIIOJIb30BAIA TPUTOHOMETPUYECKHUE TOXKIESCTBA U
(GOpMyJIBI COKPAIIIEHHOTO YMHOEHHS.

Jlokazath TOX/IECTBO:
B uem oTiiuune Toxxnecta ot Gopmyibl?

TO)KI[GCTBO — PaBCHCTBO JIBYX aHAJIUTUYCCKUX BBIpa)KeHPIﬁ, CIIpaBCIJIMBLIX JJIsA JIFOOBIX
JA0ITYCTUMBIX 3HAYCHHUI BXOJAIIMUX B HETO 6y1(B

dopmyna — KoMOMHAIMA MATEMAaTHUECKUX 3HAKOB M OYKB, BbIpaKarolasi Kakoe-1100
IPEJI0KEHUE

1—sin? e
: sz =1
1. 8 cos &
1—sin ® cost &
— o= ———efpa=cigaeiga=1
S Foos sin & oos
1=1

o sint @+ 2cos® a—cost =1

sin * @+ 2cos® @-cost nﬂf:{sin *q+cos? clf){sin - cos? &')+2E052 a=smn &+costa=1
1=1

cost @—sint @ 5
; +iigia= —
3. cos” & cos” &

4 =4 2 i 2
COS & —sm & COs " & — s~ &
> +2§g2a= +2§gza=1+igza=

CO8 & CO8 . & COs 2 (44

11
COSgﬂ' COSECE

Yro He0OX0AUMO ISl YCIICIIHOTO BBITOJIHEHUS TPEOOpa30BaHU TPUTOHOMETPUUECKUX
BBIPKEHUI?

CBoboHOE BNaiecHUEe TPUTOHOMETPHUECKUMH TOKAECTBAMH U (POPMYIaMU COKPAIIEHHOTO
YMHOKEHHS.



Jlano: sin ¥ — cos = 0,6

Haiiry: 5l cos &

Pemenne:

s —cosar =106

(sin @ cos .::E]2 =0,6°

sin ¥ — 2sin Goos&+coosc =038
1-2smn qoosa =036

Zein roosa = 0,64

sin cosa =032

Pewenne ynpaxHeHwmii:

YpocTture BelpaxeHue
2

1. l—ces® @

) cos® {x+(1— sin’ {x)

3 (cos {l’—l)(l+ CoS .::E)

cos® q— (1— Zsin’ .::1’:]

sing-cos-ciga—1

5

EOSj &

6. cos® @—1

l-cos® @
7. 1-sin’ @
3 sin’ a4 cos® atigie

sin &

9. f4=fiy

i SN & cos

10 cir



JlomalniHee 3ajaHue:

YupocrtuTe BhIpaKeHUe

g ctg@—rtost &

2ein &

1—sin o
T e
Ccos

1 1

+
l+cosa l-cosa

c.ﬁgjﬁ(cosg ﬁ—1)+1

fgd+1
l1+ectg 8

cos @ igt (—{1’) -1

1-tg(-a)
sin & +cos I:—.::E:l

IIpakTnueckoe 3ansaTHe Ne9

Tema: ®opmyibl npuBeaeHus. DopMysbl clioxKeHUs

Hean: Hayuuts ncnonb3oBath GopMyIibl IpUBEAEHUS U TPe0Opa30BaHuN
TPUTOHOMETPUYECKUX BBIPAKECHUN

TeopeTtnueckuii 610K

= - ] [ 8 [ [ o

8 8 i - 8 S+ ad +

Sl 3l en | e | E3| En] %5 | s

s} =] o ] ] [ = e g2

1 |rle2| rle2 | ez g= | »los | olne | Ko | Es

[

sin —sinajcos | cos & | Sinm | —sin ol—cos o|—cos | —sin o] sin @
i

cos COs | Sin & | — sin o|—cos a|—cos e | —sin sing| coseofensa
|

tg —igo|ctga |—clga|—tga g o ctgrxl—clua—lgul!lga

i
cly —clgallga |—tga |—clga| ctga tgoa | —tga |—clgajclg o




DopMy.JIbl CII0KEHUS

sin (@ + 8) = sin @ cos 8+ cosasin 8,
(a-8)

-8

8)=cosacos 8—sin asin 8,

sin

Q

sin &cos 8—cos@sin B,

[y
o
—
a
+

cos(cr ;5’): cos&cos 8+smn asin S,

g +1i ig&k—¢
zg(a_*.’g):g—gﬁ zg(&_ _g—gﬁ

1-tga tg8’ T l+tga-tgf

(B moCiIenHuX ABYX (opMmymax & F rf2+m, Bzrf2+m
cootserctenno &+ SR 2+m, a- B#Rf2+m, =« EZ);

ctge-ctgf-1 ctg-ctgB+1
—————  cgla- )=

ctgla+ 8)=
( ) ctgB+ ctge ctgB —ctg

(B mocneqHux AByX Gopmysiax Q@+ m, :8 FM oy
cootsercteenno & T &4 # /M, &~ /Bi m, neEL ).

[Ipumepsr:

sin 13w (2 ) sinm 3
3 = Sin 2T + 3 =

cos13m (2 ) sinm 1
3 = COs 2T + 3 =3
13m T

tg——= tg(2 - 2w +—)— tg——r

lam o1
ctg——= ctg(2 - 2m +—)_ gL =5

TaHrenc 1 KOTAaHI€HC MOKHO OBLIO OBl BRIYMCIIMTD U TaK:

131 sin(13n/3) _ V3.2 - V3, {:tg 13n I |

g T ocos (13n/3) Ty, ~ g (3@ Y3 "



sin (—1050°) = sin [360°.(—3) +30°] = sin 30° =1y,
cos (—1050°) = cos [360° - (—3) +30°] =cos 30°=}/3 /2.
sin (—1050°) Y, 1
cos (—1050°) — 3,2 Y3 '

o cos(—1050° V32
ctg (—1050°) = i —Tos00) =77, — = 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% V312
lg [_960 } ~ Cos (—960°) I i1, - '_V3_1

ctg (—960°) = 1/tg (—960°)=—1/)/3.,

Pewienve ynpaxxHeHuii

1. 3aMeHUTh 3HAYCHUS JAHHBIX TPUTOHOMETPUYECKUX (PYHKUIMN 3HAUSHUSIMU
TPUTOHOMETPUUYECKUX QYHKIUN JOTIOTHUTEIBHBIX YIIIOB:

a) sin 54°, 6) sin (/4 —3a); B) cos 53% r) cos (3n/10); n) tg 51°;
e) ctg{n/4 —oe/2); w) ctg 3628746,

2. Haiftu 3Ha4eHUS CIEAYIOMNUX TPUTOHOMETPUIECKUX (PYHKITHI (MU BBIPA3UTh UX
yepe3 3HaYCHHs] TPUTOHOMETPHUECKUX (PYHKIIUNA OCTPBIX YTJIOB):

a) cos (2n/3); 6) sin 92731'; 8) ctg (Sny4); r) tg 330°

3. Beruucnurs:

a) Jsin (t/2) 4 cos (271/3)--6 sin (137/6);
6) 2tg ISD"-—-—;} sin (— 270°) 4+ % cos 1809,

4. 3HaueHusl JAHHBIX TPUTOHOMETPUYECKUX (DYHKIUH MPUBECTH K 3HAUCHUIM
TPUTOHOMETPUYECKUX (DYHKLUH HEOTPULIATENBHBIX OCTPBIX YIJIOB:

a) cos {321f3}; ﬁ-}"sin 2760°; B}- tg (—1845°%); r) -ctg 92209°,
5. JIokazatb TOXIAECTBO
3 [sin? (371/2 — &) - sin® (3n -+ o)) — 2 [sin® (m/2 -} )~} sin® (Sn—a))= 1.

[IpeobpasyiiTe BoIpaxeHHne
a) cos(m/4- @); 0)sin(e + nf4) . B) cos(T/4 + @); r)sin(e — mf4)
n) teGT/2- @) ; e)sin(y —m/6) :



2. Brmaucaure:

a) COS 105] To; 6)sin [1051 0 . p)cos [7s] "o ; r)sin [751 "o

n) tg [751 "o ; e)sin [15]1 To

3. VYmnpocrure:

a)v’z sin(m/4 + o) — cosa; 6)\;:2 sin(ex — w/4) - sina; )2 sin(w/3 — a) - V3 sina

5]
sing=—= cosf=—,auff —yraw [ .
4.a) 3Has, 4TO 17, 5 YEeTBEPTH, HAUIUTE 3HAUCHUS
BbIPAXKCHUA
a 4
sing =—= cosf=—,aunff —yraw ] .
0) 3uas1, 94To 17, 5 YETBEPTH, HANAUTE 3HAUCHUS
BBIPpAXXCHUA
a 4
sing=— cosf=—,auff —yraw I .
B) 3Has, 4TO 17, 5 YEeTBEPTH, HAWIUTE 3HAUCHUS
BbIPAXKCHUA

[omainee 3aganue:

1.3ameHuTe TpUroHOMETpUYECKON (PyHKIIMEH yriia o

Y L3 37T
a) (5_ “); 6)cos2m — a; B) AT “)’ r) ctg(90° - a)

2. Halinute 3HaueHue BBIpaXKECHHUS,

a)sin 240°, G)cos 3007 ; p) tg(-225") e

3. IIpeobpa3yiiTe BoIpakeHuUeE:

cos(—a) - cos(180° + &)
sin{ —e) - 5in(90° + a)

4. IlpeoOpa3yiiTe BbIpakeHue
a) t9 (2T — @) 6)sin(T/3 - @)

5. Bemuuciure:

a) tg [151 To 6)cos [153 To

6. Ympocrture:



T

“3cosc - 2 cos (-:"r: -z

sing=— cosffi=—,anf§ —vraw: [ o
7. 3Has, 4TO 17, g 5 B - 4EeTBEPTH, HAUIUTE 3HAUCHUS

BbIPA’XKCHUA

IIpakTnyeckoe 3ansaTue Nel0

Tema: ®opmyibsl 1BOHOTO aprymeHTa. ®opmyIibl MOJOBUHHOTO yriia

Heab: HayuuTs ncmoss3oBate GOpMYIIbl IBOWHOTO apryMeHTa IIpU PeoOpa3oBaHuU
TPUTOHOMETPHUYECKUX BBIPAKECHHH

Teopetnueckuii 6110k

sin 2xX = 2 sin X cOS X
COS 2X = C0S? X — Sin® X

cos 2x =1 — 2 sin? x

2tgx
tg 2x =
1—tg?x
Fr l—cos & \I1+cos¢:rl
s — =%, ] ——— cos—=%,]———
2 2 2 2

o l—cosax sl & l-cosa
2 l4cosa 14cose it &x
fuy 1+cos o o 14+ cos o
ctg—=1= = =—
2 l—cosa  l—cosa sin o

prOCTI/ITL BBIPAXKCHUC!

1) cos 2x = c0s? X — Sin? X.
31ech nmpeacTaBisieM 2x B BUJIE X + X U IpUMeHsIeM (HOopMYyITy KOCHHYCA CITOKSHHS apTyMEHTOB:

COS 2X = c0S (X + X) = €0S X COS X — Sin X sin X = €0s? X — sin? X.



2) cos 2x =1 —2sin? x.

31ech MBI IPOCTO MPOIOIKUM MPE0OPa3OBLIBATE MPEABLIYILYIO (GOPMYITY.

Vcrionb3yeM s 5TOr0 OCHOBHOE TPUTOHOMETPHYECKOE TOKIECTBO cos2X + Sin’X = 1.

13 5TOr0 TOKIECTBA CIEyeT, uTo cos’X = 1 — sin?X. WTak, BHINUIIEM TIPEABLIYILYIO GOPMYITY,
BCTaBUM 3HAYCHUC COSZX, CBCIEM HOHO6HBI€ YWICHBI U ITOJTY4YUM pPC3YyJIbTaT:

COS 2X = C0S2 X —Sin?X =1-sin?x—sin?x =1 - 2sin? x.

21g X
3)tg2x =
1-tg?x

Cnoco0oB, KaK IPUNUTH K TAKOMY TOXKIECTBY, /IBa.

[epBblii coco6. 31ech HaM MOMOXKET (hOpMYIIa TaHT'eHCa CIOXKEHHs apryMeHToB. [iist sToro
npenctaBum tg 2X B Buze tg (X + x). Urtak:

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

Bropoii cnoco6. On cnoxxnee. CHayana npuMeHsieM GOpMYIIbl CHHYCa M KOCHHYCA CJIOXKCHHUS

APTrYMCHTOB!

sin (x + x) sin X cos x + €Os X Sin x
tg2x=tg (x +x) = =
cos (x + x) COS X COS x — Sin X sin x

Tenepp, 4TOOBI YIIPOCTUTH BBIPAXKEHUE, AEITUM BCE €0 YAaCTH Ha COs X COS X, COKpaIlaeM
10J00HBIE YICHBI U IPUXOAUM K PELICHHUIO:

Sin X €6sx €65 Sin x 2 sinx
+
€05-% CO0S x €05-% CO0S x 2 COS x 21g X
COS X COS X sin x sin x sin? x 1-tg?x
— 1-—
€O5X€65%  COS X COS X cos? X
I[TPUMEYAHMUE:

HpI/I PEIICHUN KOHKPETHBIX 3aaa4 BaKHO IIOMHHUTB, YTO 3aJa4a UMECT CMBICJI JIMIIb B TOM
cirydae, €CJIM B IPOLECCC pCHICHUS 3HAMCHATEIN HUT' 1€ HC OKAa3bIBAIOTCA paBHBI HYIJIIO.

Tenepp AJig HATTIATHOCTH PELUIUM HECKOJIBKO IMPHUMEPOB IO TEME.

[Ipumep 1. YIpOCTUTH BBIpAKEHUE:



sin 2a

sin o
Pemenue:
sin 2a. 2 sife cos o
= = 2cosa
sin a St

[pumep 2. [Tycts tg o= 3/4 u 180° < a <270°.
Haiitu sin 2a.
Pemenue.

B nepByto ouepenp, oTMe4aeM, 4TO yrojl HaXOAUTCS B TPETbEW YETBEPTU. 3HAUUT, CUHYC OyIeT
CO 3HaKOM MHHYC.

1) 3HaueHMe cHHYCAa MBI MOTIIH OB HalTH uepes Gopmyiy 1 + ctg? o =
in2
SIN- a

3HAUMT, HAM HAJI0 CHayYaJjia BEIYMCINUTD 3HAYCHHE KOTaHTeHca. Mbl 3HaeM, 4to tg o - ctg o = 1.
CrnenoBaTenbHO:

1 1 4
ctga= = =
tg o 3/4 3

2) Tenepb HaXOAMM 3HAUE€HUE CHHYCA!

1 1 1 1 9
sinZ o = = = = =
1+ ctg? o 1+ (4/3)? 1+ 16/9 25/9 25
3
sing=———
5

3) MBI 3HaeM, 4To sin 20 = 2 sin o cos 0. 3HAYNT, HAXOMM elie KocHHyc (1o popmyite cos? o +
sin? o = 1). [Tpu 5TOM OMATH He 3a6BIBAEM, UTO YIOJI — B TPEThEil UeTBEPTH M KOCHHYC JOIIKEH
OBbITH CO 3HaKOM MHHYC. Tak:



9 16
cosoa=1-sinffa=1-—— = ——
25 25

cosa=——

4) Octasioch TPUMEHUTH (HOPMYJTY TBOMHOTO yTiIa:
3 4 2:-3-4 24

sin2a=2 " (— ) - (- ) = = = 0,96.
5 5 5-5 25

[Ipumep 3: Beruucnuts

T T

c0s? — —sin® —
8 8

Pemenue.

DTO BHIPAKEHHE COOTBETCTBYET MPABOH YaCTH (OPMYJIbl KOCUHYCA JBOMHOTO
aprymenTa (cos 2X = €0s% X — Sin? X). 3Ha4uT, IPOCTO IPUPABHAEM €r0 K JIeBOM yacTu. Js
3TOTO 3aMedaeM, 4T

T
X = —

8

OcTraercs BBECTH B (I)OpMy.]'Iy 9TO 3HAYCHHUC X U PCHIUTL YPABHCHUC!:

T T T 271 T \2
cos? —sin? =cos2 ——=C0S—— = COS —— = —,
8 8 8 8 4 2
YnpaxHenus:
Brerunciante:
T T i T 2
cos? — — sin® — = cos (2 . —) = cos— = —.
1) 8 8 8 4 2
. I T 1 LT T 1 T 1 . m 11
SIN—-cos— = —(Esm— r:crs—) = —gin (2 —) =—Sn—=—--—=
2) 12 12 2 12 12 2 12 2 6 2 2
T
98 __, (2 H) tgs =1
1_tg2L I\Tg/ T T
3) 8

3 3T
coSXx =-, X € (—;EH).
2. daHo: 3 2



CoS2X, Sin2x.

Haiitu: a) 0)
Pentenue:
a)
. 5 9 16
simx=1—cos*x=1——=—,
25 25
] 4
SN = ——,
5
37
X E (—T; 2?’[)
VYuuteiBasi, 4TO 2 , TO
5 " 9 16 7
CoS2x = Ccos“X —SIN“x =——— = ——.
25 25 25
7
COS2x = — —.
OrtBerT: 25
0)
] ] 4y 3 24
sin2x = 2sinxcosx =2 -|——)-—= ——.
5/ § 25
sin2x = — 2—%
OrtBerT: 25
YIIpocTUTe BhIpaKEHUE:
cosgl°
6) cosdl”+sin 40°
cos36° +5in 18
r) cos18°
Pemenue.
cos80°  _cos® 407 —sin ? 407 _ lcos 407 +sin 40°lcos 407 — sin 407 ) _
cogd0® + am 407 cogd0® + qn 407 cog 40% + am 407

6)= cos 40% —am 40°
OTger: Cos 407 —sm 407

cos36° +sin “18 _ cos? 187 -sin ? 187 +sin ? 18° _ cos’18°

r) cos 187 cos 187 cos 18

=coglB”

Ortser: co8 187

’\E [ i . :-"T]2
— —|Cos— ts8in —
Brrauciure 2 8 8

Perenue.



wﬁ T : aﬁ g T b/ S S
— | cos—+ s — = —-cos” ——2cos—sin ——sm T — =
2 3 B 2 B B
2 T n I N J2 T .om S2oow
= —-Z2cos—sm ——|cos® —+tsm* —| = ——-Zcos—sn ——1= —-sm —-1 =
2 ) ) 8 8 2 B 2 4
S22
= —--—-1=-1
2 2
Ortser: -1.
TecrupoBanue
Bapuanm 1 Bapuanm 2
Buviyucnume: Buviyucnume:
1 coszi—smzE 7223150
' 12 12 1- zgt15°
301 1 3 NE] NE]
D—: 29— 3-= H-— o, 2 —. - 4.3
)= D Ao :|:|33>3>f
. 2:3?50 2.cos Esin il
tg?75° -1 6 6
J3 3 N 1.3
nl, ==, -=, $H-.43 h—: 2=, .
),)3,3)3,)«.’{_ )4 )23)2)2
3fcosZ —sin X 2 3.::(::5"'3—??—5111"'3—;JT
3 3 8
1 1 1 1 2 1 2 1
2-A2). o= pol2- - [P P LR Wil
D@2y 2o Ize-2l 4 )-= Do A Ao
; a1 4 Hafiduwme tgda, ecan g2 =04
4 Haficwume igl, ecau fg — = 7 ] -
DL 2o 308 4)—
ploanl pd 42 : 21
2 16 15 17
6. [IpoBepka, aHAIN3 OIIMOOK
Ne Bapuanm 1 | Bapuanm 2
3a0anus
1 1 2
2 2 1
3 1 1
4 3 4




YIIPAKHEHUSA

1. YupocTure:

) sin2a | sin2a sin2o

; . ‘ I, P
sno 0) o080 ° B) oo —sinia T) cos20 + sinZoy
) sin 40° o) sin 100° ) c0s36° + sin’18° sino
) Scos 207 2cos 50°’ * cos’18 »3) 95in2 ¢
. 2

2. Jloka)XuTe TOKIECTBA:
a) 2sin(90° — o) * sino = sin20¢; 6) (sino + cosa)? = 1 + sin20. .
3. Beruucsmre:

. 4 3n
a) sin2o0, ecim coso = FU 5 < <2m;

T

0) cos 20, ecau coso. = —0,2 u 5

< O

3
B)tha,eCJmtg(x=Z un< o< %
4. YNIPOCTUTE BbIpAXKEHHE:
sin o cos
8 == B) ==t
2 cos 5 cos 3 + sin g
6 sin 48 . ) cos 20— sin 2a
) cos 287 cos 4a.

5. Hafipure 3uayenus sino, coso U {g o, €cad HU3BECTHO, YTO

sin %‘=—9T u O<o<m. 5



6. YIIDOCTUTE BhIPAXKEHHE:
) sin 20— 2 sin o
cos o — 1 ’

B) sin 2o ctg o—1;

cos 20,— cos > o,
0)

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

1 —cos®a
7. YmipocTure:
sin 23

a) 0,5 tg o sin 20+cos” o —— .
cos 2B+ sin” B

8. Boiuucsure:

a) 2sin 15°cos 15°; - r) cos’ 15°—sin? 15°;
- Tt O g 2T
6)83m§cos§, n) 4 cos 3 4 sin g
. 7
B) sin 105° cos 105°; e) cos” % —sin’ 172t
9. ¥nipocrure:
2 tg 5° 41g 15° tg 75°
a) LQO; 0) ‘*%——o by Bl
1-tg” 5 1-tg? 15 I —tg” 75

10. YHpocmTe BbIPaXKEHHE:
T— 0O 3n
a) 4 sin 2 sin 5= sm( 5 oc);
2n+ o 271
0) 4 cos 7 cos cos==r 2%

4 2

11. JIOKaxKuTe TOXEeCTBO
. 9 (T o
+sin o =2 cos” (Z -—5) .

12. YIIPOCTHTE BbIPAXKEHHUE:
1 +cos 2¢
l1—-cos 2¢°

13. CyliecTByeT /4 TaKo#l yrosi X, NpH KOTOPOM

; S
smxcosx=7?



IpakTnyeckoe 3ansitue Nell

Tema: IIpeoOpazoBaHue CyMMbI TPUTOHOMETPUYECKUX (DYHKIUN B IPOU3BEACHHUE U
IIPOU3BENICHUS B CyMMY

Hess: HayunTs ucnons3o0Bath JaHHbIE (YOPMYIIBI IPU Pe0oOpa30BaHUH TPUTOHOMETPUUYECKIX
BBIPAXKECHUM

Teopernueckuii 010K

CymMma cuHYCOB

. . . Hy
sinx 4+ siny = 2sin COos
2

Pa3zHocTh CHUHYCOB

. . . Y
sinr —siny = 2sin COS
2

CyMMa KOCHHYCOB

Hy
cosx + cosy = 2cos COS
2

Pa3nocth KOCHHYCOB

Tty . r—1yY
2 2

COST — CcosYy = —2 sin

CYMMa TAaHICHCOB

sin(z + y)

tgr+tgy= ——
gr + 18y COSX COSY

Pa3HoCTh TaHTr€HCOB

sin(z — y)

ter — tgy =
& 8y COSX COSY

Cy'MMa KOTaHI'CHCOB

sin(z + y)

ctgr + ctgy = sin xrsiny

Pa3HOCTh KOTaHT€HCOB

sin{x — y)

ctgr —ctgy= ————
& &Y sinrsiny

CYMMa TaHI'€¢HCa U KOTaHI'CHCa



cos(x — y)

tgx + ctgy =

SIny cosT

Pa3HocTh TaHreHca U KOTaHT'eHCa

cos(x + y)
tgr —ctgy = ————
SNy cosx
1
coscr - cos 3 = E(CUH{H — ) + cos(a + [F))
. . 1
sin o - sin (3 = r—}(cus[n — 3) — cos(ev + [3))
1
siney - cos 3 = E[Hin(“ + 3) + sin(ev — [3))
[Mpumep. J[okazarte, 4YTro TaHreHCchbl YriaoB o =/="/p+nm u B =/="/>+ nn paBHbI

TOrJa U TOJIBKO TOraa, Korja 3TH YTJIbl Pa3HATCS HA YI'OJl, KpaTHHﬁ .

[Tycthb o 1 B pa3sHATCS HA YroJi, KpaTHBIN T; Toraa o = [ + nm, rae N — HEKOTOpOoe 1eNoe
yucno. Ho B Takom ciydae

tg o =tg (B + nm) = tg B.
O6partHo, ycTh tg o = tg B. Torma tg a — tg f = 0 u mo Gopmye (2)

sin (¢ — M) —0
cos o« cos '

Ho 3T0 BO3MOXHO NI Tpu ycsioBuH, 4to sin (o — ) = 0. Kak usBectHo, cuHyc
oOpamraercsi B HyJIb JIMIIb JUIS YTIIOB, KpaTHBIX 7. [ToaTomy

o — P = nm,
o= PB+nm,
4TO ¥ TpeOOBaJIOCh JOKA3aTh.
Ynpascnenus
1. BeuucnuTh, He MOIB3YSICh TPUTOHOMETPHUYECKUMHU TaOIUIIAMU:
a). tg22°30'+tg 67°30". B). tg '"12 + tg *"/12.

6). tg22°30' —tg 67°30' ). tg "™ — tg o,



2. YIIpOCTUTD BhIpAXKEHUE

lgee+1g P
tga—1tgP

3. JlaHHBIE BBIPKCHUS MIPEICTABUTD B BUJIE TIPOM3BEICHHIA:
a)\/3—tga; 0) 1 +tga.

4. HaiiTu yciioBHe, MpPU KOTOPOM KOTAHTEHCHI YTJIOB 0. U B paBHBI MEXAY COOOM.

YnpaxHeHus:

[IpeoOpazoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

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—b);
5)2cosxecos(Xx+1); 6)cos(o— ") *cos (*2+ ).

2. 1) sin 23°— sin 32°; 2) sin ™12 * sin ™/g;

3) 2sin A *sin 2A; 4) 2 sin (x + @) * 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. Tlonb3yscek popmynamu npeodpa3oBaHUs MPOU3BEACHUN TPUTOHOMETPUUECKHUX
byHKINN B CyMMY, TOKa3aTh TOXKICCTBA!

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

5. [IpeoOpazoBaTh B CyMMbl TPUTOHOMETpUUYECKUX (DYHKIMMA 1-11 cTeneHu
CJIEYIOINE TIPOU3BEICHMS:

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

6. [Tonp3ysick TaOMHMIIAMA, HAWTH YHCIIOBBIC 3HAYCHUS BBIPAYKCHHUIA:
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. YIpOoCTUTh BBIPAKEHUS.
1) 2 sin 10° * sin 40° + cos 50°; 2) 2 cos 20° * cos 40° — cos 20°.
8.1)sina < (1+2cos2a);2)2C0Sa-*cos2a— COS 3.

9.1) sin 2a + 2 sin (>/12 — a) * cos ( °Y12 + a);
2) cos2a. + 2sin (o + ™e) * sin (o.— /e).

Jloka3aTh TOXJIECTBA.

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 “/2 * cos a. * sin 3% = sin o + sin 2a + sin 3a;
2) 4 cos 2a. * cos (*/2+ 30°) « cos (/2 — 30°) = cos a + coS 2a + COS 3a.

12.1) 4 cos %2 « cos a * sin °%> = sin o, + sin 2a + sin 3o, + sin 4q;
2) 4 cos %2 = cos a * cos >*/> = €0S a + €S 20 + €OS 30, + COS 4a.

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

14. Tano: tg oo = 2 tg B . Jlokaszats: Sin (o + ) = 3 sin (a — P).
Jlomaninee 3agaHue:

[IpeoOpa3zoBaTh B CyMMBI CIEAYIOMINE TPOU3BEIACHHUS.

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°c0s2° ¢ cos4®*cos 8% 2)4sin A ¢sin2A «sin 3A « sin 4A.
YIpPOCTUTH BBIPaKEHUS.

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

13. 1) cos 20, * cos? o — /4 cos 4a.— /> cos 2a;
2) cos? 3 + c0s?1 — cos 4 « cos 2.



IIpakTnyeckoe 3ansaTue Nel2

Tema: Oopmyibl MOHWKEHUS CTETICHH
Hess: HayunTs ucnons30BaTh JaHHbIE (HOPMYIIBI IPU IPeoOpa30BaHUH TPUTOHOMETPUYECKIX
BBIPAKECHUI

Teopernueckuii 070K

) 1 - cos2x
sin?x = ——————
2
1+ cos2x
COSX = ——
2
1 - cos2x
tghx =~ —
1+ cos2x
1+ cos2x
ctgx = ————
1 - cos2x
X 1 - cosx
sin2— = ————
2
X 1 + cosx
cos2— = ——
2
X 1 - cosx
tg2— = ———
2 1 + cosx
X 1 + cosx
ctg?—~ = —————

2 1 - cosx



YunpaxHeHus:

1. Joka3ats:
a Sina
g —=—"——.
2 1+ cosa
JlokazarenbCcTBO:
. . . a _ _
r sin E 2sin E 28In E cos E 2N 2N
I_'g _——= v = = = .
2 cos= 2cos= 2c0s2 % 5. 1=cosa 1+ cosa
2 2 2 3
cosg = 0.
2. Jloka3aThb:
a 1-—cosa
g-—=——"—
2 sina
Jloka3arenbCTBO:
. . .o 0 1— cosa
o smi Esmi 2sin? 5 2 S — 1 — rosa
‘0 2 0s% 2sin% 2sin%cos® sina  sina
2 2 2 2
cos=# 0 sin= =0
AHanus: Kpome 2 noOaBisieTcst z , uTo cyxaet O/13.
12
cosdt = ——
13
am
T<a< —.
3. Hano: 2
Haiitu:
. a o . a . a
sin—, co0s—, —, ctg—.
2 2 g 2 g 2
AHanu3 ycioBus: Yo 3a7jad OAHO3HAYHO, CM. puc.l.
yl\
a
. P nY s
Lo
X
Pﬁ
Pox
Puc. 1.
VYkazanue: Bce q)yHKIII/II/I IMMOJIOBUHHOI'O apryMEHTa MOKHO BBIYUCIIATH Y€PE3 KOCUHYC IMOJTHOTO
apryMeHra.
Pemenue:
12
L, 1+cosa l—73 1



T o 3n

T =< a < S—H - - T
2 10 2 2 4 , T.€. YTOJI BTOPOH YE€TBEPTH, IJIc CHHYC BEJIUIMHA
[IOJIOKUATEIbHAS.
4 5
Sl —= —
OrtBer: V2 6.
1+ 1- 12 1
[ cosa G
cos— = = 13 _ -
2) 2 2 2 2
a

Bermme II0Ka3ajiu, 4To 2 HaxoauTcCA BO BTOpOI>'I YCTBCPTHU, I'AC €TO KOCUHYC BCIIMYMHA

OTpUIATEIIbHAS.
CUSQ: - — !
OrtBer: "-126.
[IpoBepka:
La @ (L)Z(_L)"'_l
Sin E+ Cos E_ 1, /26 V26 =1,
1=1.
Sin E 5
2 CGS% _ 1
3) \.-'IE
- = —5.
OTtBeT 2
. v 1 1
cdg—=—pFg=—=
2 tg= 5
4) 92
a 1
ctg— = —-
OTBeT: g ? 3,
4. Tato: sina = 0,2
. g T [
St~ \———|.
Haiitu: (‘1‘ 2)
Pemenue:
I
5 (?I a) 1 _Cﬂ3(§‘|‘ﬂ) 1+sine 1+02 1,2 06
sin“ |——=) = — — _ — 06
4 2 2 2 2 2 ’
Otser: 0.,6.

IIpakTnyeckoe 3ansaTue Nel3

Tema: BoinonHeHne ynpaxHeHUI Ha MPUMEHEHHE U3YUYeHHBIX (hopMy
Heuasn: IIpoBepuTh ypOBEHD YCBOCHHS MTOJTYYEHHBIX 3HAHUM



I-Bapuanm
1. Beruucaure:

1tg245-cos30-ctg?30
219230 + 2sin 60 —tg45 + cos® 30

2. Yupocrure BhIpaKeHue:
tgo -ctga

L
1-sin“«a

2 a2
2—— -9 a+sin‘«a
COS” &
sin® a
1-cosa
3. Beruucaure:
1.c0s 34 cos 56 —sin 34 sin 56

2.5in 14 cos 346 + sin 346 cos14
4. Coxparure aApo0b:
sin 40
1.—
sin 20
cos80
"c0s 40 +sin 40

—COSa

Il — Bapuanm
Boruucaure:

1.ctg®45-sin 30 - cos 30
2.ctg? 45 + cos60 —sin ® 60 + %ctg 260

Ynpocrure BoipaxkeHue:
L 1= cos’ a
tga -Ccliga
1
sin?a
sin? o
'1-cosa

Beruuciaure:
1.c0s53c0s37 —sin 53sin 37

2.sin13cos17 +sin17 cos13

4. Coxkparture a1poo0b:
1 sin 100

" sin 50
5 c0s36 +sin?18
' cosl18

2

—ctg’a —cos’ a

+sina

IIpakTHyeckas padora Ne 14
Tema: ApKkcHHYC, ApKKOCHHYC, ApKKOTAHT€HC

Heab: HayuuTs BEIUKUCIATE ApKCUHYC, aDKKOCHHYC, apPKKOTAHI€HC



A
A

y=sinx /
ol ; Sinx=amna -

X = arcsin a, rae —1<a<l

|
\r\,b 4
arcsina |...
~N

Onpenenenue:
x X
arcsina=b[- 2 ; 2]
sinb=a
sin (arcsina) = a
Ty arcsin (-a) = - arcsin a
>
. ¥ ety 3
0 a
© n n - = .
& B Rl cos X = a Ha [0;m]
o - E
-1 yoeeen X = arccos a, rae —1<a<l
{OnpeﬂeneHI/Ie: arccosa=Db cosb=a
cos(arccos) = a
arccos(-a) = p —arccos a
y |
(y=tax
: r =X
al .. \ — —
Tk 2.2

tg=ama(-2 ; <)

L

v

aiclgaf---------°

X = arctg a, rze a — modoe.

T x

N
(wu ]

s e i e e i i i i ey 5 A o S

Omnpenenenue: arctg a =(- 2 ; 2 )
tgbh=a

tg (arctga) =a
arctg (-a) = - arctg a
3ananue:

Brruncnuth:



1 W2
1.arcsin 1; arccos ( - 2 ); arctg “E carcsin (- 2 ).

1 E = x 1 =
2.arccos (-2)=n- 3 =23 1.x.c0s23 =-2 u231[0;p]
3 3 3 X R
3.arctg“~""i =3 rxtg3 = ‘\E u3i(-2;2)
£2 £2 il . £2 X XX
4arcsin(- 2)=-arcsin 2 =- 4 r. k. sin(-4)=-2u-4[-2;2].
1
5.a) arcsin(- 2 );
2
6) 2 arccos 2
1
B) 3 arctg V]
A
r) arcsin 0 + arccos 2
1 1 1

) sin (arcsin 2 ) + cos(arccos 3 ) —tg(arctg 6 )

6)HpI/I KaKNX 3HAUYCHUAX X UMCIOT CMBICIT BBIPAKCHUA :
axx

a) arcsin( 3 );

0) arccos 4x

B) arctg(2x-1)

7) Uto Gomb1ie:

1

a) arcsin 2 wumu arcsin 0,82

1 2

6) arccos(- 2 ) wm arccos 2
8) Berumciure:

a) arcsin(-1) - arctg ‘\E
2

arccos (- 2)




IIpakTuyeckas padora Ne 15
Tema: Pemenue ynpaxHeHHil.
Heab: [IpoBeputh ypoBeHb YCBOSHUS JaHHOM TEMBI Y yUaIlIUXCs

Peuienue ynpaxHeHuUil:

1. Pemute ypaBHEHHS
a)tgx+1=0;

0)cosx+2=0;
B) sin X + 0,7 =0;

r)2cos X+ "E =0;

o) ctgx+1=0;
CamocrosiTenbHas padboTa
1 BapuaHT T ] ]
Pemnre ypaBHeHUs: rakl
1. 2cosx—1=0; 7. ”‘Etg 5
2.”"'@Ctgx—1=O; 1—2c0522x=§
8. ;
3.2sinx+‘E:O; x -J'_
4. ctg x-1,5=0. 9. (sin 2 ~ )(ctgx+ ¥3) =0;
cos[x+%—;—]—l=ﬂ 45in[3x—£]+1'r8_=0
5. 10 4 .
sm[j—r—x]=0
6 4
2 BapuaHT E—x - 3
Pemmre ypaBHEHHS: - ""@Ctg E ;
1.2sinx— ~2 =0; cin X cos X o L
8. 4 4 4.
2. ”‘Eth—l:O; '-."'E
3.sinx_3=0: 9. (1 + cos 2x)(tg x — )=0;
4.cosx—0,4=0; A cos 2.0 +12=0
; \ 10 2 6
;FT .
sl xz——|+1=10
5 ! 31 X
r b
Cos x—?—r =0
& :




IMpakTnyeckoe 3ansitue Ne 16

Tema: KontpoibHas padora
Hean: [IpoBepuTh YpOBEHDb YCBOCHHS MaTepHaiia 1o Teme: «OCHOBBI TPUTOHOMETPHID
1 Bapuant

1. Beruucnuts: a) cos 780°;
0) sin Bl;
6
) 12
B)Sinao, ecnucoso = —— U 1< <—/—;
13 2
) cOS %,CCHI/ICOSOL=0,28H0<OL<TC;

: sin 75° +5sin 45°
8 sin285°
e) 16 cos X cos 2x cos 4x cos 8X, ecnu x =

sina  cos’a
cosa  Sina

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

B) %sin (540° + B) sin (B + 810°);

NIF oy

x) , €CIM Sin @ —COS ¢ =

r) sin 3o cos 2a. + Sin 2o oS 3o —€0S (21 — a);
2 sin(—a) + cos(7 + @)

1+2 cos(;r - aj cos(—a)

R 1-cos2c .
sin2a
k) 4 sin 10° cos 50° cos 40°.
3. Penmnthb ypaBHeHue: a) C0S (7 + X) = Sin % ,
0) sin 5x cos 4x — cos 5x sin 4x = 1.
cosa _l+sina.
l-sina cosa

6)cosda+1= %sin 4o (ctg o —tg o);

4. Jloka3aTh TOXJIECTBO: a)

1-2c0s’ a
— T =ty a-cig a.
SIN ¢ COS &
2 BapuaHT
1. Beraucauts: a) sin 780°;
6) cos 37 ;
6

B)COSa,eanSin(x:—g u 7r<a<7;

r) sin 2o, ecom sin o = _g Hn<a<3?7z;



sin 70° +5sin 20°
cos205° '
e) 16 sin x sin 2x sin 4x sin 8x, eciu x = %;

1)

4sin 2o +5¢c0s 2a _1
- ,ecmcCtgo = —.
2sin 2o —3c0s 2 3
2. Yupoctuth Beipaxkenue: a) Sin (o + ) + sin (o — B);
0) sin 605°cos B + sin 3 sin 835°;

B) %sin (405° + B) cos (B + 765°);

r) Sin 4o cos 3a + sin 3o cos 4o —sin (6w — a);

sin (3” + aJ +sin(27 + a)
— -

2¢0s(— a )sin(—a) +1
sin 2«

1+c0s2a
k) 4 sin 15° cos 15° sin 100°.

: Vg
3. Pemuth ypaBuenwue: a) Sin (1 + X) = COS (— 5) ;

0) cos 4x sin 3x + sin 4x cos 3x = 1.
sina_1+cosa.

1-cosa  sina

0) (tg a + ctg a)(1 — cos 4a) = 4 sin 2q,;

4. Jloka3aTh TOXKJIECTBO: &)

B) ————— =SinaCosa .
tg a+Clg

IIpakTuyeckoe 3ansaTue Ne 17

Tema: IIpomexxyTku Bo3pacTaHus M yObIBaHHS, HAMOOJbIIIEE M HAUMEHbIIIEEe 3HAYCHUS, TOUKH
IKCTpEMyMa

Hesas: Hayunts HaxomuTh Bo3pacTaHue U yObIBaHUE (DYHKIINH, a TAKXKE ONPEACTISATh
AKCTPEMYMBI (DYHKIIUU

Teopetnueckuii 6110k

MoHOTOHHOCTH PyHKIHH. TOYKHM 3KCTpeMyMa U SKCTPEeMyMbl QYHKIIUN

PaccMoTpuM HEKOTOPYIO (GyHKIHUIO » ~ S, YpomeéHHo nonaraem, 4To OHa HENpepbIBHA HA
BCEI YMCIOBOM MPSIMOM:


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

@yHKIMS BO3pacTaeT Ha HHTEpBaJle, €CIU IS JIFOObIX IBYX TOUYEK ATOI0 MHTEPBaJia, CBSI3aHHBIX

OTHOIIEHNEM *2 - *1 crpaBeTHBO HEPABEHCTBO F05R) 27 0a) T, €CTh, OOJbIIIEMY 3HAYCHHIO
apryMeHTa COOTBETCTBYET OOJIbIlIee 3HAaUCHUE (PYHKIINHU, U €€ TpaduK UAET «CHU3Y BBEPX)».

JlemoHCTpaImoHHAas Kuus <+ = SUx) bacTér Ha naTEpBANe (e, ’5:'.
p YH p p

AHaJ'IOI‘I/ILIHO, (I)YHKI_[I/IH yﬁblBaeT Ha UHTCpPBAJIC, €CIIN IJIA JIFOOBIX ABYX TOYCK JAHHOT'O

MHTEPBAJIa, TAKKX, 4T0 *2 ~ 1, cripaBeymBo HepaBeHeTBo 7 20 <7 (1) To ects, Gonmbemy
3HAYEHUIO apryMEeHTa COOTBETCTBYET MEHblIee 3HaUeHUE QYHKINHU, U e€ rpaduK UAET «CBEPXY
ru3». Hama dpyuxums ¥ = 7 (% y6risaer na nnrepsanax (—eo @), (&, +<0)

Ecnu ¢pyHkus Bo3pactaeT win yObIBaeT Ha MHTEPBAJE, TO €€ HAa3bIBAIOT CTPOIO
MOHOTOHHOI Ha TaHHOM WHTEpBaje. Takke MOKHO ONPeeTUTh HeYyObIBAIOINYIO () YHKIIUIO

" p
(cMsTUEHHOE yCTTOBHE F5)2 7n) g MIEPBOM OTPEICNIEHNH ) U HEBO3PACTAIOLLYI0 () YHKIIUIO

o <
(cMsTU€HHOE YCIIOBHE F05) = F(0) go 2-0om omnpenenenun). HeyObiBatoryto miu
HEBO3pacTalollyl0 (GYHKIMIO Ha UHTEpBaJle HA3bIBAalOT MOHOTOHHOM (YHKIIMEN Ha TaHHOM
UHTEpBAJe .

OKpEeCTHOCTh TOYKH.

OercmHOCWlbIO moOYKuY HA3bIBAKOT UHTCPBAJI, KOTOpBIﬁ COACPIKUT JAHHYIO TOYKY, IPHU 3TOM JJIA

yI06CTBA MHTEPBAT YACTO TOJIAraloT cUMMeTpHuHEM. Hanpumep, Touka * = @ 1 @

CTAaHZapTHas 2 - OKPECTHOCTD:



(‘_5/—\/\“.'.5 >
a X

X o ..
Touxka 0 HAa3bIBACTCA TOYKOU CTPOroro MakKCMMyma, €CJIu cyuecmayem €€ .

. . o X
OKPECTHOCTBD, AJIl BCEX 3HAYCHUU * KOTOPOHU 3a MCKIHOYCHUEM CaMOH TOYKHU L BBITIOJTHCHO

Jlx) < flx)

HEPAaBEHCTBO . B Hamlem KOHKpETHOM IpUMEpPE 3TO TOUKa b,

Touka *@ Ha3pIBacTCSA TOYKOI CTPOrOro MEHMMYMA, ECIIH CYU/ecmeyen e& & .
" o o Xy
OKPECTHOCTb, JAJIl BCeX 3HAYCHHUI * KOTOPOIl 3a UCKIIIOUEHUEM CAMOM TOUYKHU

Jx) = f(x)

BBITIOJTHEHO

HCPAaBCHCTBO .Ha YCPTECIKE — TOUKA «a».

Touxn % ¥ Hasemsator Toukamn CTPOro 3KCTpPeMyMa UJIH IIPOCTO TOYKAMHU IKCTpeMyMa
¢yskuu. To ecTh 3TO 0000LIEHHBIN TEPMUH TOYEK MAaKCUMyMa U TOUEK MUHUMYyMa.

Touka “0 Ha3pIBaETCA TOYKOI MAKCHMYMA, ECIIU Cyujecmeyem €& OKPeCTHOCTb, TaKasl, YTO JAJIst
. . <
BCeX 3HAYCHUN * JaHHOW OKPECTHOCTH BBIMIOJHEHO HEPABEHCTBO JE=fx)

Touka *@ HaspIBaeTCA TOYKOM MUHHMYMA, €CIIH Cyuyecmeyem e& OKpeCTHOCTb, TaKasi, YTOMJIS

flx)z fix)

BCeX 3HAYCHUM * ﬂaHHOﬁ OKPCECTHOCTH BBIIIOJIHCHO HCPABCHCTBO .

— 3HA4YCHHUC f(b) Ha3bIBAIOT MAKCHUMYMOM q)YHKI_II/II/I;

~ snauenme 7 @ naseisator MHHHUMYMOM (QYHKIHU.
OO11ee Ha3BaHUE — IKCTPEMYMBbI (DYHKITUH.

Touku IRCTPpEMyMaA — 3TO «MKCOBBIC) 3HAYCHU.
3KCTpeMyMbI — «MI'PCKOBLBIC) 3HAUCHUS.

Hwu ognoro, 1, 2, 3, ... u T.1. 10 6eckoneyHoctu. Harpumep, y cunyca 6€CKOHEYHO MHOTO
MHWHHUMYMOB U MAKCUMYMOB.

Yro noapasymMeBaeT 3aJaHue «HalauTe TPOMEKYTKH MOHOTOHHOCTH M TOUYKH 3KCTpEMyMa
byHKIUN»?

dopmynupoBKa MoOykaaeT HalTH:
— UHTEPBAJIbl BO3pacTaHUsA/yObIBaHUs QYHKIIUN

— TOYKH MaKCUMYyMa H/UIU TOYKH MHHUMYMa



[pumep 1.0mpenenuts no rpaduky NPOMEXyTKH BO3PACTAHUS
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GyHKIIH.
Pemenne Ecnu ¢yHKIMS BO3pacTaeT, TO PH ABMKEHUH 110 IpaUKy CIeBa HAIIPABO OPJUHATHI

yBenuuuBarorcs. CiieoBaTenbHO, GyHKIMSA Bo3pacTaeT Ha otpeskax [-6; 0] U [6; 9].
Ortser: [-6; 0] U [6; 9].

[Ipumep 2.0mpenenuts no rpaduky NpoOMexyTKU YObIBaHUS
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byHKINN.

Pemenune Ecnu Qpynkuus yobIBaeT, TO Mpu ABMKEHUHU 0 TpaduKy cleBa HAIlpaBO OPJAUHATHI
ymenbIatorces. CienoBarenbHo, QyHKIMs yObiBaeT Ha oTpeske[-1; 2].

Ortsert: [-1; 2].
[Ipumep 3.Ykaxute rpaduk BozpacTaroien
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Ortser: 3.
Pemenne ynpaxxunenuit

[Ipumep 4.Ykaxure rpaduk yObIBaromiei
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Ortser: 4.

[Tpumep 5.Yka3ate uHTEpBaibl BO3pacTaHus (PyHKIUH, rpadMKu KOTOPBIX MPeICTaBICHbl Ha
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PUCYHKax:
OTBeT:

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



[Mpumep 6.0npenenuts no rpadpuky GyHkun y = x4 — x3 + bX + C 3Haku
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k03¢ durrentoB b u C.
Pemenne 3amerum, uto ¢ = f(0), cnenoBarensHo, ¢ > 0.Takxe 3ametum, uro b = '(0), u,
cienoBaTenbHo, b < 0, Tak Kak Ha HHTEpBaJIe, coaeprkamieM Touky 0, GyHKIHs yObIBaeT.
OtBer: ¢>0,b <0.

[Tpumep 7.0mpenenuts mo rpaduKy TOUKY
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MaKCHUMyMa.

[Ipumep 8.Yka3aTh HHTEpBaIbl yOBIBAaHUS
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[Tpumep 9.0npenenuts no rpaduky pyaknun y = kx + b 3Haku
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OTBeThHI:

1) k<0,b>02)k>0,b>0:3)k=0,b>0:4)k<0,b<0.

IpakTuuyeckas padora Ne 18
Tema: UccnenoBanue pynkuuii. [Tocrpoenne rpagukos GpyHKIMiA
Iess: 3akpenuTh U CUCTEMATU3UPOBATH HCCIIEIOBAHNE U TOCTPOEHUE I'paduKOB (DyHKIIHIA

1. ®ponranbHsI onpoc
1.Yto Takoe uncnoBas pyHKLHUs, €€ 00IaCTh ONpeeaeHNs, 00IacTh 3HAUYCHUSA?
2.Yto Takoe rpa¢uk GpyHKIUN?
3. Chopmynupyiite onpenenenue GyHKINHU, Bo3pacTaroliel 1 yobiBaroeil Ha MHOXecTBe P
4. JlaiiTe onpenieieHusi TOYKM MaKCUMyMa, TOYKH MUHUMYMa. YTO Takoe TOYKHU IKCTpeMmyma?
5. [laiiTe onpenenenre 4eTHOM 1 HeueTHON GyHKIuK. KakuMm cBoiicTBOM 001a1atoT ux rpaguxu?
6.Yro Takoe mepronnveckas GyHKIus, mepuos GyHxpm?

7.Kakoit HauMeHbIIUH MOJIOKUTENBHBIN Tepruo] UMeeT QyHKIus:Y = C95L.
v =gsinx,v=1tgx,v=rcligx
2. Pemenue ynpaxaeHUi
1.Tloctpoiite rpaduk QyHKIMH, €CIIU U3BECTHHI €€ QYHKIUU:

CBOHCTBO QyHKIIMH

1. | O6nacts [-6; 6] [-5: 4] [-4:4] [-5:3]
onpe/ieIeHus
O6nacTh 3HaYECHUS [-2:5] [0; 6] [-3;86] [0; 5]

2. | Touku nepeceyeHus




rpaduka:
a) ¢ ocwro OX

A(-4;0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
0) ¢ ocsto Oy C (2,5;0)
C (0;2,5) D(0;-2) B(0;4,5)
IIpomexyTku
3HAKOIOCTOSIHCTBA!
a)f(x) >0 [-6;-4) [-5;:-0) (—-4;-1) [-5:3)
(—2:6] 4] (2,5;4)
Fx) <0 (—4:-2) (0 (-1:25) _
6) B
IIpomexyTku
a)BO3pacTaHus [-3:1] [-5;-2] [-4;-2] [-3:1]
[4; 6] [0; 4] [1;4]
0)yObiBanus [-6; 3] [-2;0] [-2;1] [-5;-3]
[1;4] [1;3]
Touku MakcuMyma, 1, f0)=3 2fC2)=2 2fC2)=2 1, f0)=>s
MaKCUMyM (YHKIIMH
Toukn MUHUMYMa,
MUHUMYM (YHKITTH 0, 1, f=-3
-3, -3,
4,
JononHurensHbIE fl-6)=3 f=5)=05 fi4)=¢6 ft-5)=13
TOYKH rpaduka fie)=15 fad=86

flx)=5—2x

0)
p) fG)= ri-1
r)

f) =

xr+ 2

1)

2.Uccnenyiite u noctpoiite rpagux GpyHKIHHN




IIpakTuyeckasi pa6ora Ne 19
Tema: Pemenue ynpaxxHeHui
Henb: 3akpenuTh 3HaHUS U YMEHMS CTYIEHTOB 110 JAHHOU TEME

1. Omnpenenuts no rpadukam GyHKIMK y = ax2 + bX + ¢, yKa3aHHBIX Ha PUCYHKAX, 3HAKU
KO3 PHUIHUEHTOB &, b, C u
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nuckpumuHanTa D.
OTBeTHI:

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

4)a>0,b=0,¢>0,D<0.

IpakTuuyeckas padora Ne 20
Tema: KontponbHas padota
Hean: [IpokoHTpOIUPOBATH YPOBEHb YCBOSHHS ydauMucs TeMbl: « OCHOBHBIE CBOICTBA
b yHKIHI

| BapuanT.
1 Uccnenyiite dpynkimio f(x) = 3x% — 2|sinx| + x3-tgx Ha 4éTHOCTH (HEYETHOCTE).

3
2. Jlana pynkums g(x) = sin1,5x + 5cos 2%

A) Haiigure: g(0); g(7n); g(-12x).
b) dokaxwute, uto 87 ABISETCS MEPUOIOM (DYHKIIUU.
B Haitnure ocHoBHO# niepuo G yHKIIUH.

10



1-tg’x
1+1g°x "
4 (Haiimute aMIUIMTYQy, 4acTOTy, NEpUOJ M Ha4YalbHYIO (Da3y rapMOHHYECKUX KOJIeOaHWU U

3 Haiiiute OCHOBHOU MEpUO U HAaHOOJIbIIIee 3HAYCHUE QYHKIIUU Y = sin 2x -

. A
nocrpoiire rpapuk: y =— Zsm 2t — TCOS 2t

5. Haitnure o6sacth onpeneneHus GyHKIIMH

VXx-=12

x? -1

Il Bapuanr.
1 ccnenyiite dpynxmmio f(x) = 3x|X| — 28in®x + ctgx Ha YETHOCTH (HEYETHOCTS).

2
2. lana GynKums g(x) = 3sin gx —cos2,5x -

A) Haiigure: g(0); g(-97); 9(8n).
b)dokaxute, uTo 24T SBIIIETCSA IEPUOAOM (YHKITUH.
B) Haiinute ocHOBHOI niepro GyHKITHH.

2tgx
——5 +C0s2x,
1+1g°x

4 (HaiiguTe aMIUIUTYAY, YaCTOTY, IEPUOA U HaYaJIbHYIO (pa3y rapMOHMUYECKUX KoJleOaHui 1

3 HaiimuTe OCHOBHOU NIEpHO/ ¥ HAUMEHbBIIIee 3HaYCHHEe PYHKIUU ) =

. o1 1
nocTpoiite rpaduk: y = /3 sin Et —cos Et

5.Haiinurte obnacts onpeneneHus GyHKIUU

VX +12

x> -1

IIpakTuyeckasi pa6ora Ne 21

Tema: Perienue nppaluoHaIbHbIX YPABHEHUN
Hean: Hayunts pemars uppalioHalbHbIE YPAaBHEHUS

Teopetnueckuii 610K

WppatimonaibHbIM Ha3bIBA€TCSl ypaBHEHUE, B KOTOPOM HEM3BECTHOE (IIEPEMEHHAs1) COACPIKUTCS
0] 3HAKOM KOPHS WJIM 1101 3HAKOM OIEpPaIlH BO3BEACHHUS B PAllMOHANBHYIO (IpOOHYIO)
CTEIIEHb.

I[J'ISI peHiCHUA UppallMOHAJIBHBIX ypaBHCHI/Iﬁ 0OBIYHO HMCIIOJIB3YIOTCSA CICAYIOIINE P HUE MBI .

1) «yenuHeHune» KOpHsS B OJIHOW U3 YacTell ypaBHEHUS U BO3BEIEHUE B COOTBETCTBYIOIIYIO
CTCIICHD;

2) BBeZICHUE HOBOM MMEPEMEHHOM;

3) cBeeHME K CUCTEME YpaBHEHUI;
11



4) npuMeHeHne CBOUCTB (PYHKIUI, BXOIIIINX B ypaBHEHHUE.

Crnemyer MOMHUTD, YTO MPH PEILICHUN UPPALMOHATIBHBIX ypaBHEHUN HE0OX01uMa
NPOBEpPKA BCEX HAMJIEHHBIX KOPHEH IyTeM UX MOJICTAHOBKU B MICXOTHOE YPABHEHUE HIIH
Haxoxjaenne OJ13 u cnexyronuii aHamu3 KOpHE (py pelieHur METOI0M IPUBEICHUS K
PaBHOCHIILHOW CMEIIAaHHOM CHCTeMe YPaBHCHUH M HEPABEHCTB HEOOXOMMOCTh B 3TOM
OTMAa/aeT).

[MpocreiimmM UppaoHaIbHBIM YPABHEHHEM SIBIISICTCSl YPABHCHUE BHIA:
"/ (x)=glx) *)

IIpU pCHICHUH KOTOPOTO BAXKHYIO POJIb UI'PACT YCTHOCTH UJIIN HCUCTHOCTDH n .

Ecin M - geuernoe, To ypasHenue (*) paBHOCHIEHO YPABHEHHIO

Fx)=(g)"

Ecau n. YCTHOC, TO, TaK KaK KOPCHb CUUTACTCA apI/I(bMeTI/I‘IeCKI/IM, H606XO,Z[I/IMO

. x) =0
yuuthiBaTh O/[3 (001aCTh TOMYCTUMBIX 3HAYCHH): f ( . YpaBuenwue (*) B aToM ciiy4ae
paBHOCI/IJH)HO CHUCTCMC.

Jx)=(ex)y
eg(x)>0

3/ 3
Ipumep 1. Pemmts ypasuenne VX —2x+1=1,

Pemenne. Tak kak B ganHoM npumepe =3 - nederHoe, TO MOCITE BO3BEICHHS 00EHX YacTeil
ypaBHeHI/Iﬂ B TpeTI)IO CTCIICHb HOquI/IM
paBHOCI/IHBHOC /:[aHHOMy ypaBHeHI/Ie:
3 3 x=0 x=0
©_2x+1=-P o -0 >

11—2=ﬂ I=im'5

Il =_"\,Illli,x1 =ﬂ,x3 ="‘-.,IIEI

OTBer:

Ipumep 2. Pemuts ypaBuenue % +1=2-x

Pemenne. Tak kak B = 2 - qeTHOE, TO HCXOAHOE YpaBHEHHE PABHOCUIBHO CHCTEME:

12



={2— x+l=4—4x+x* x—5x+3=0
x+1=(2-x) o o

2—-x>0 <2 xs2
_I_
L 5E13 5_ .13
<> 7 o x="—0.
x<2

Oreer: ¥~ ¢ _""Iﬁ)‘m .

o _n
WHorna BCcTpeyaroTcsl ypaBHEHUS BHIA W'/f(x) Jg(x)’ KOTOPBIC PEIIAOTCS
CJIEIYIOIIUM 00pa3oM:

n. HCYCTHOC = f(x)= g(x)

L [f0=26)  [1t)=-20)

T _ yernoe I) 20 WU g(x) 20

N2X+6—+x+1=0.

[Ipumep 3. Pemuts ypaBHeHME

Pemenue. 3anuiiemM 1aHHOE YpaBHEHUE B BUJIE: ""If 2 t+6= "'HI L Bo3Bonst 00e yactu B

X+120, _
KBajpaT ¥ YYUTBIBas, 4YTO MOJIy4YUM ypaBHeHUeE 2x+6=x+1, pelieHne KoToporo

€CTb X=-5 — He YJIOBJIETBOPSIET BBIIIMCAHHOMY YCJIOBUIO. 3HAUUT, JAaHHOE YpaBHEHHE HE UMEET
peLeHui.

Oteer: HET penieHUI

WHorna uppannoHaibHOe YpaBHEHHE COJIEPKUT HECKOJIBKO paJuKajioB. B atom
cirydae Jutst n30aBJICHUS OT PaUKaIOB YPaBHEHHE MIPUXOJUTCS BO3BOJUTH B COOTBETCTBYIOMIYIO
CTETeHb HECKOJIBbKO pa3. IIpu 3ToM mpeaBapuTeIbHO YEIUHSIOT OMH U3 PAJAUKalIOB TaK, YTOOBI
00e JacTH ypaBHEHHs CTaJI HEOTpHUIaTebHBIMA. Oco00e BHUMaHHE CIIEyeT 0OpaTHTh Ha
npaBwibHOE HaxoxaeHue O/13.

[Tpumep 4. Pemnth ypaBHEHHE \/ZI -9- W(rx -3=1

Pemenmne. 3anuiiem ypaBHEeHHE B BUIE: ¥ 2x-9=1++x-3 . Tak kak Teneps 00€ yacTu
MOJIYYEHHOI0 YPABHEHMS HEOTPULATEIbHBI, TO BO3BEJAEM UX B KBAJIpaT:

2x—-9=1+x-3+2-/x-3 < x—'?=m.fx—3_

[ToryueHHOE ypaBHEHHE PABHOCUIBHO UCXOJHOMY. [I71sl €ro pemieHus: pacCMOTPUM CUCTEMY:

13



x-7=20 x=7 x=7
= = =
(x—7) = 4(x-3) xt—14x +49—4x-12 x’_18x+61=0

x=>T7

I=Qi@

> x=9+@

Orger: X=9+-/20

BBenenue HOBOM IEPEMEHHON B psAJIE CIIy4aeB MO3BOJISIET IEPEUTH OT
VPPALMOHAIIBHOIO YPAaBHEHHU K PALlMOHAJIbHOMY YPABHEHMUIO.

2 [ 2
Tpumep 5. Pemnts ypapuenne X +3x+4/x" +3x -5 =10

Pemenne. Bo3BeneHre JaHHOTO ypaBHEHUS B KBapaT MPUBEIIO Obl K YpPaBHEHUIO YETBEPTON
CTEIEHH, YTO HepalMoHAIbHO. [T03TOMY 3anuiemM ypaBHeHUE B

2 {2
puge X +3x—5+4x" +3x—3 =5 y ppenen «woByrO» nepemennyio:

y=-/x2+3x-5 yl‘_"‘ﬂ_

=1
J.r1 +4y-5=0 & ¥
[Momyunm y=-5

f. 2 j. 2
Bepremcs K «ctapbiv» nepemernpiy ¥ X +3X—3 =1y VX" +3x—-5 =3 Bropoe u3
—3+33

ITOJIyYEHHBIX YPABHEHUH PEIICHNUI HE UMEET, a PEIICHUs IIEPBOI0 €CTh YUCIIa 2
—-3--/33 —-3+-/33
hETy T Rt
OTtBer:

Wnoraa npu peuieHny UppaluoHalIbHOTO YPaBHEHHsI BOSHUKAeT HEOOXOAUMOCTh BBECTH HE
OJIHY, @ HECKOJIBKO «HOBBIX» IIEPEMEHHBIX. Takas CUTyallsi BOSHUKACT, HAIIpUMEp, IIPU
pELICHUN YPAaBHEHHM, COAECPKAIUX PAIUKAIIBI Pa3HBIX CTEIECHEH.

3
ITpumep 6. Pemnth ypaBHEHHE \'/I -2 +V&1 -x=1

/ 3
Pemenne. [Tycts B=+X—2 20, ¥=31-X Torpa #+¥=1_C ppyroit

2
croponsr ¥+ v =x-2+11-x= 9 [Monyuyaem cucremy

14



ut+v=1
wtv =9

u=1-v

=
(1—1?)1 +v' =9

PemuM nocnenHee ypaBHEHUE CUCTEMBI:

u=1-v

v +vE-2v-8=0

Vivl-2v-8-0 & (P -8+v(v-2)-0<

v—2 1-1r1 +2v+-44+v)=0 >
( X ) [1?1+39+4=ﬂ

v=2

Honyunm, uto ¥ =2 artorma #=1-%=-1<0 1o

yenosmio ¥ = 0 criejoBatenbHO HCX0IHOE ypaBHEHHE PENICHHIT HE MMEET.

OtBer: HET penieHui.

< o w=2

HpI/I PCUICHUHU HCKOTOPLIX UPPAIUOHAIbHBIX ypaBHeHI/Iﬁ HaxXO0XIACHHC obnactu
A0IMYCTUMBIX 3HAYCHUI BXOOAIIUX B YPABHCHHUEC HCU3BCCTHBIX MOKET CYIICCTBCHHO 00JIeTYUTD

pCUICHUC YPABHCHU .

[Tpumep. Pemuth ypaBHEHUE

BIZ

3,50

4y

4
3

35

S —6+13t—2x —x*—6 =0

Pemenne. /lanHoe ypaBHEHHE HMEET BeCbMa IPOMO3JIKUI BUJI U HEACHO KaK MOJIOMTH K ero
pemenuto. [loaromy Haiinem cHavana O/13:

x-6>0
13x—2x° —x2—6>0

[

=6
2x° +x2 —13x4+6<0

.

{IE[ 5; ﬂ]u[

x €[6;+ )

.

2
(x 2{ ——}x+3)*‘i 0

{x(x+5(x— g}: 0

x=6

(x-2)2x® +5x-3)<0

.

x € [6;+0)

IE(—m;—3]

.

1-

u[_

P xeld
2!‘

[TosryunM, 4TO 06J1aCTh AOMYCTUMBIX 3HAUYEHUI TaHHOTO YPaBHEHHUS SBIISAETCS MyCTHIM
MHOKECTBOM H, CII€OBATEIbHO, JAHHOE YPaBHEHUE PEIICHUI HE NMEET.

15
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OTBeT: HET pelICHUH.

[Tpu pemennn NppanMoHaIbHBIX YPaBHEHUH ObIBAET MOJIE3HO BOCIOIB30BATHCS
MOHOTOHHOCTbIO (DYHKIIHIA.

x+6)=6-3x+6

[Ipumep. Pemnths ypaBHEeHHE

Pemenne. OuH KOPeHb JaHHOrO ypasHenus X = 2 jerko maiitu nonGopom. Iokaxewm, u4To

JAx+6)+3ix+6=6

JIPYTUX KOpHEW HeT. 3anuileM ypaBHEHUE B BUIE

ITo cBOICTBY CTEIEHHBIX (QYHKIIUI

dynkmun 1 (x ) — Zx + 6) u ¥2 (x ) =Xx+6 SBIISIOTCS BO3PACTAIOIIMMHU Ha

—6; a0
IIPOMEKYTKE [ ), rze oHu 00e onpeneneHsl. I[loaTomy nx

— 3
CyMMa y(x) o V(Z(x +6) +3x+6 Ha 3TOM IIPOMEXKYTKE TaKXKE BO3PACTAET, CIECNOBATENBHO,
OHa MMPUHHUMAET KaXKJ0€ CBOE 3HauU€Hue (B TOM uucie U 6) Toabko ojuH pas. [loatomy npyrux
KOpHEW HET.

Oreer: X =2,

B HeKOTOpBIX cilydasx MOKHO OCBOOOAUTHCS OT UPPALIMOHAIIBHOCTH B YPAaBHEHUH
YMHOXXEHHEM 00enx JacTell ypaBHEHHUI Ha HEKOTOpoe He oOpalaroiieecs: B HyJlb BEIpaKeHHE.

[Ipumep. Pemnts ypaBHEeHHE '\'{31: +5x+8 - N"[ 3 +5x+1=1

Pemenne. YMHOXHUM 00€ 4acTu 3aJaHHOTO YpaBHEHUS

Ha BBIPAKCHUC \‘Ilfg'r: +5x+8 +-\II{3I2 +5I+]'-' SABJIAOMICCCA CONIPAKCHHBIM K JIEBOM 4aCTH
JaHHOT'O YpaBHCHUA. ITocae MIPUBCACHUA HOI[O6HI>IX YJICHOB MOJIYYHUM YPAaBHCHUC!

T =32 + 548 432 +5x+1,

KOTOPOC 3KBUBAJICHTHO UCXOJHOMY, TaK KaK

2 “J'( 2 _
ypaBHEHHE “4'(31 +5x48 +3x" +5x4+1=0 pejicrpurensupix KopHe# He umeeT. CKiapiBast
3aJJaHHOE YPaBHEHHUE U TIOIYUYECHHOE, TIOTYYHM:

A3xt+5x18 =4

Bo3Bojs 06e acTu B KBaJparT, ONTydaeM KBaJpaTHOE ypaBHeHHe 3x°+5x-8=0, KopHH
KoToporo x1=-8/3, xo=1. Jlenas mpoBepky, yoexxaaeMcs, 4To 00a HaAlACHHBIX YHCIIA SIBIISTFOTCS
KOPHSIMH UCXOJTHOTO YPaBHEHHS.

OTtBer: x1=-8/3, x2=1.

=

1
2
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Pemmnths ypaBHEHUE:

1 Nxt-3=1

ox=9=4l-x
3x=VE+]

gAr+s A 20-x _4

CamocrosTenpHas pabora

BapuanTt 1

Peunre ypaBHeHust: a) Jx+2 =421-3

5) 7-Jx-1=2
B)X-"Ix+ =3

Bapuanr 2

Perunre ypaBHEHHS: a) 2= r+afx-0=3
6) Jext-3x+2=4-3x

gy VA 1+ x+1=3

Bapuanr 3

Pelure ypaBHEHMS: ) Je-xtafx=3=3
6) Jort -3x+2=4-x

p) VE+1+YT-x =2

IMpakTuyeckoe 3ansaTue Ne 22

Tema: CteneHb ¢ pallMOHAIBHBIM MTOKa3aTeIeM
Heab: Hayunth cTyneHTOB paboTaTh CO CTENEHBIO C PAIMOHATBLHBIM MTOKA3aTeIeM

Teopetnueckuii 6110k
m

r
Onpeuenelme. Crenensro uncna a>0 ¢ panrOHAJIbHBIM ITOKA3aTCJIEM 1, rae m - meinoe

4uCIo, a N - HaTypanbHoe ( n>1), HasbpIBaeTCs yucio ¥2™ | T.e.

17



ala

an=153" 30
1

o AT —

at=1, 3 —a—n.

CBoiicTBa CTEeNeHH C PalHOHAJBHBIM IIOKa3aTe/IeM.

G b0, pe, ge
af g7=a"",

%:= FF T ;

(3"} =",

{ab}]F:aF.bF;

a

R

Pemenne ynpaxHenuii:

N W R =

1 1
1. Boluucnuts: 258 - 1257,

1 1 1
5 H H

-125 =(25 - 1250 = (F°)* =15,

il -

Pemienue: 29

Ortser: 5.

a a
F:h 4+ abs

2. YIIpoCTUTh BBIpakeHus: ¥a + ¥b

a%b + ab% _ab [aé + b%]

= =3b.
¥z + 3 T 1
¥a + b T
Ortser: ab.
Lz L 5
F*-—3%F a3i- 3¢
foa T E L
3. YOpOCTUTB BBIpaKEHUsA: 3° — &% 3*+2°*
Penienue:
1 7 1 5
21— 3% I 53
T8 Tz 1
Fi-a* 3F*+a’

1 1
_a*1-a%) & i1-a%
1 1

231-30 =3 3i+a)
=1+3-(1-3)1=23

OTtBer: 2a.

4. YrpocTurs:

s |13
'_II|‘_.
32

18
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x
ﬂj .

2) 3)

5. Berauciurs
1
273

IpakTuuyeckoe 3ansiTue Ne 23

Tema: Pemenne noka3zarenbHbIX YpaBHEHUN
Henanb: Hayunts pemares nokazareiabHble ypaBHEHUS
TeopeTtnueckuii 6110k
Meronsl peleHns 0Ka3aTeIbHbIX YPaBHEHUN

1. IIpocTeitmme noka3areabHble YpaBHEHHUS

Tun ypaBHeHUs

Bun ypaBHeHus

Meron pemenus

1 af1®) = gf2™@ | f(x)= F, (x)
. b=a b= @ b™ @
) af* = p b>0 p=10
™ _a f(x) = log, b | Pemenwii Het




f(x) = 1

[Tpumepsbil.

[pumep 1. Pemmure ypaBuenne: 3% = 3**4,
Pemenue.

3PS = P a=>4x 75 = x+4 <=>3x=9<=>x =3 .
Otser:3

[Ipumep 2. Penure ypaBuenue: 254=3

Pemrenue.

=
X4 =3 c=> -4 = log,3 x=10823 L g =5 y=10g23 [ log,16 ., _log,48

Orser: 108248,

[Ipumep 3. Pemure ypaBHeHuUeE:! =7,

Pemenue.
7 a
X =7 , PEIIEHHUI HET, TaK KaK >0

s X
R.

OtBet: (3.

2. Metobl IpeoOpa3oBaHus MOKA3aTEIbHBIX YPAaBHEHUH K TPOCTEHIIINM.
A. Metoa ypaBHUBAaHMSI OCHOBAaHUM.

IIpumepsl.

[Tpumep 1. Pemte ypaBHenue: 27° 3o,
Pemenue.

o7+ 3¥TF 9L _ () 5 337 g4x_ (321 = 0 <=> 33+ (4x9)_ 20x+D) = ge=> 363242 = ) <=> 3¢
6 = 32*2<=> 4x-6=2x+2 <=> 2X = 8§ <=> x=4.

Orser: 4.

[Ipumep 2. Pemute ypaBHeHUE:! 2% - 3757 —60% T =0 .

Pemenue.

23 .37 .5F _ g¥FT1E = 0 <=> (22)x-3x-5x - 604x-15 <=>4* "X B5x = 604x-15 <=> (4 3-5)x -
6015 <=> 60*=60%*1° <=> <=>x=4x-15 <=> 3x=15 <=> X=5.

Ortger: 5.

B. YpaBHeHus, penraeMbie pa3ioKeHUEM Ha MHOKHUTEIIH.
IIpumepsl.

[Mpumep 1. Pemnre ypaBaenue: X~ 2% = 27 2% + 8x-16.

Pemenue.

20



X™2X = 2-2%+ 8x-16 <=> x-2¥ - 2-2* = § (x-2) <= => 27 (x2) - g (¢ =2 =5 (x-2) (Bx_g) =0

[x—Z—!J [x—Z [x—z
<=> 2% —8 =0 = 2% =8 <= 2x = 23 <=> _3'
OTBeT:{z;B}

Im _ —=x 2x x| _
Ipumep 2 . Pewnte ypasHeHue: 7P+ 5T-35+77-35=0

Pemrenue.

- - 35
52X . 7X- 52 35 47% =0<=>(5%-
—(5%-.35—-7%.35)=0=2 5% -7")—-35. (5% -7") =0
7 ( (
55 —7%).(1-35)=0= (5% -7%)- (-34) =055 -7 =nm(52]x—?x¢1?ﬁ_

1o (>F=1e )= (D) =x=0

Ortser: 0.

C. YpaBHeHHUsI, KOTOpbIE C MOMOIIE0 rojcTanoBkn ™ =t t>0 npeoGpasyroTcs k KBaapaTHEIM

ypaBHEHUAM (WM K YpaBHEHUSAM 0oJiee BBICOKUX CTEIEHEN).

-3 % . —
ITycts A- e TB-a+C=0 oA B,C- HekoToprle yncna. Cuenaem

£l — ) .
3ameny: & t.t>0, torma A" 2+B T+C=0

Pemaem IMOJIYUCHHOC YPAaBHCHHUEC, HAXOAUM 3HAYCHUS t, YUUTBIBAEM YCJIIOBHUC t>0 ,

BO3BpAIaeMcsl K MPOCTEiiIeMy ToKas3aTellbHoMy ypaBHeHuto 1)

3aIlIMChIBA€M OTBET.

=1, pemaeM ero u

IIpumepsl.
[pumep 1 . Pemmte ypaBrenue: 22 - 22X =5,

Pemenue.

L2
2

22X | 92X = § «=> 927X _ ¥ = 15 <=> 4-(29?-4=15 2x

Jlenaem 3ameny t = 2%, t > 0. [Toryuaem ypaBrenne 4° 2 - 4 = 15t <=> 4t - 15t - 4=0
t=4
1 1

t= —— R —

<=> *,t= * He yIoBIETBOpsET yCIOBHUIO t > 0.
BepHemcs k mepeMeHHOM X:

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

Ortser: 2

Zx—3 __ . cx—2 —
[Ipumep 2. Pemute ypaBHEHME:! > 2-5 3.

Perenue.

2x-3 _ o _x-2 _ 2(x—2)41 _ o5 _ x—2 _— o .
5 2-5 35 2-5 395-(5"“j‘—2-5"“—3=0.

Jlenaem 3aMeHy: STE=51 20 popy GTHT=1R I[lonyyaeM ypaBHEHHE:
2 t=— E
2-2t-3=0s s s
S t=1 t= 5yeynoBuersopser ycnoBuo t -~ O
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55 '=1e5?=5ex-2=0=x=2.
BepHeMcs k nepemMeHHOM X:

Ortser: 2.

IIpakTnueckoe 3ansaTne Ne 24

Tema: Jlorapudm. Jlorapudm uncna. [IpaBuna neiictBuii ¢ morapudmamu
Heab: HayunTh BBIYUCIATE JIOTapH(MBbI
Teoperuueckuii 010K

Jlorapudm uucina & 1o oCHOBaHUIO { OIpeeseTCs] Kak M0Ka3areilb CTENEHH, B KOTOPYIO HaJ0
BO3BECTH  4HMCJIO I, yToObl moayuuTh uucio & (Jlorapudm  cymecTByeT TOJIBKO Y
MOJIO’KUTEIbHBIX YUCEIT).

Jlorapugm B mepeBojie ¢ rpeyeckoro OyKBaIbHO O3HAYAET "YHCII0, H3MEHSIONIEEe OTHOIIEHHE .

CrnennajabHbIe 0003HAYEHHS:

Harypanbaslii torapudM Ll e - morapudm 1Mo OCHOBaHUIO £,
) g i1
Jecatuansblii Jorapupm - gorapudm 1o ocHoBanuio 10.

CpoiicTBa Jorapu¢gmoB:

log b
1° a”" = b - ocHoBHOE TOrapH(MIUECKOE TOKIECTBO.

s log,a=1la>0.a+#1
30 log,1=0.a>0.a+#1

Jlorapugm eauHUIBI MO JII0OOMY MOI0KUTEIBHOMY, OTJIMYHOMY OT 1, OCHOBaHHIO paBeH HYIIO.
OTO BO3MOXHO MOTOMY, YTO U3 JIFOOOTrO JIEHCTBUTENBHOIO YMCIA MOKHO IMOJYYUTh 1 TOJBKO
BO3BE/IS €TO B HYJIEBYIO CTEIICHb.

g0 log,(be) =log, b+ log, ¢

Jlorapugm npousBeeHNs paBeH CyMMe JIorapu(MOB COMHOXKUTENEH.

b
s log, i log, b—log, ¢
Jlorapudm yactHoro (1poOu) paBeH pa3HOCTH JIOTapU(PMOB COMHOKUTECH.

go log, 0" =p-log, b_

Jlorapudm cTeneHn paBeH NPOU3BEICHHUIO IOKA3aTeNsl CTENEHH Ha JIOrapu(M ee OCHOBaHMSL.

1
log . b= —-log, b
7° k

1
log, b = ——
go log, a

22
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IIpumepsr:
1. HaiiguTe 3HaueHUE BBIpAXKECHUS:

6 ' lﬂg? 31\.-'{?

Ucnonp3oBanu:

m
an =y am

log . b™ =m-log. b

Ortser: 2

2. Haiigure 3nauenue Boipaxkenus 10gog 3 - 10g31,25
log, 1,25

log,o3+1log,1,25 = log, 0.8

——log, 1,25 =
log,0,8 °°

5
=lngﬂlgl,25=lngig=lng,ﬂ E=—l~l=—1

5
= b/

Hcnonw3oBanu:

Otser: —1
3.HaiinuTe 3HaueHNe BRIpAKECHUS:
5 log.z 49

5]cg25=1-'§ — 5]0525?2 — 52-]og25? — E'SZ}]ogza? —
— 258257 — 7

Otsert: 7
4. Haitnute 3HaUeHHE BBIPAKEHUS:

23



82-10@:33
82-]0g53 — (815583]2 — 32 —q

Ortser: 9

5.Haiinure 3HaYeHHE BBIPAXKEHUS:

6410%9 3

galog:3 _ (8 . 8)loge V3 _ glogey3, gloge3 _ ([3../3 = 3

Ortser: 3

6. Haiinute 3HaYeHNE BBIPAYKCHHUS:

24

3log; 2

24 24
— =12

3logz2 9

Ortser: 12

7. Haiinute 3HaueHNe BHIPAKEHUS:

log1 V13
13

_ 1 ~
log 1 V13 =log3-: 13%° = - log;313%*=—-1.0,5=-0,5
13 —

Otset: — 0,5
8 . Haiinure 3Hauenue BoipakeHus 1093 8,1 + 10gs10.

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

Ortser: 4

9. Haiinure 3HaueHNE BHIPAKEHUS:

24



log, 13
log x'ﬁ —_ 1 1
o6
Ortser: 0,5

10. BeruuciauTte 3HaueHHE BbBIPAXKCHUA:

(310g23)10g32
(S]GEZEJ]GEEZ _ (3]0522)19523 — 7log:3 _ 3

OrtserT: 3

11. Haitnure 3nauenue Boipaxennus 10ga(ab®), ecmm logy a = 1/7.
[TpeoOpa3zyeM naHHOE BhIpAKEHUE:

log (ab®*) =log, a+log b*=1+3log b

Omnpenenum 3HadeHue Beipakenus: 10gab. Ham u3BectHO, uTO

1
log,a = 7

Hcnonb3yeM CBOWCTBO:

1
log,. b

1
log. b

logrpa =

CnenoBarenbHo 10ga b =7.
Takum oOpazom:

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

Ortgert: 22
12. Haiimure loga(a:b®), ecm loga b = 5.
a
lngaﬁ =log,a —log, b®*=1—3log, b =

25



Ortser: —14

13. Haitnure loga(a®b®), ecou loga b = 2.

log (a®b®) =log,a® +log b® =2log,a +3log b=
= 2-1+3log,b=2+3-(-2)=—4

OrtBet: 4

14. HaiimuTe 3Hauenne Beipakenus 10ga(a*b®), ecmm logs a = 1/3.

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

=4:1+9log_b

1
log,a = 3
1 1 1
log,a= log b 3= log b log_ b =3

Ortser: 31

15. Haiimure loga(a’:b%), ecu loga b = 10.

7
a
lﬂgaﬁ =log,a’ —log,b® =7log.a—3log. b=
=7:1—-3-10= —23
Otser: —23

16. Haitnure loga(ab®), ecom loga b = 7.

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

Otser: 71
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IIpakTuyeckoe 3ansaTue Ne 25

Tema: [IpeoOpa3zoBanust anreOpandecKuX BoIPAKCHHUI
Heab: HayuuTts npeoOpazoBEIBaTh alreOpaniecKue BEIPAKEHUS

Teopernyeckuii 610K
Onpenenenue. AnredpandeckuM BbIpRXKEHUEM HA3bIBACTCS BBIpAKEHUE, MOTy4aeMoe U3
MOCTOSTHHBIX M MIEPEMEHHBIX MPHU MIOMOIIY OTIEPAINil CIIOKEHUS, BBIUNTAHUS, YMHOKEHUS,

ACJICHH, BO3BCACHU B LCIIYIO CTCIICHD W U3BJICUCHU S KOPHS.

[Tpumeps! anredpanyecKux BbIpaKEHUM:

&l

3 T+ 4 2xy? =1
E = /2 +4/5; Elz.y) = - ;
T+ y

E(z,y,z) = > E(z,y) = (z + y)* = 3zy(z + y).

Omnpenenenne. O0IACTHIO TOMYCTUMBIX 3HaYeHHH (CokpamieHHo O/]3) anredbpandeckoro
BeIpaxkeHus E(X1, X2, ..., Xn) (D(E)) Ha3bIBaeTCS MHOKECTBO BCEX HAOOPOB (X1, X2, ..., Xn), IS
KOTOPBIX BbIpakeHue E(X1, X2, ..., Xn) IMEET CMBICIL.

T+ y

Elz,y) = — A A
Hanpuwmep, O/[3 BeipakeHUs (@ p) Ty ® apmsiercs D(E)={(xy) | xIR, yIR, xy#

0}, O/13 BoipakeHus E(z,y) = /Ty = 22, gpraeres muosectso {(xy.2) | x,¥,zIR, xy>0}.

Omnpenesienue. Anredbpanueckue BeipaxkeHus: E1 v E2 Ha3pIBatOTCS TOKIECTBEHHO PaBHBIMU Ha
muokectBe M I D(E1)CD(E2), eciiu nipu J100BIX 3HAYEHHSIX TEPEMEHHBIX
13 MCOOTBETCTBYIONIHE YUCIIOBBIC 3HAUCHUS ITHX BBIPAKCHHUH PaBHBI.

Hanpuwmep, V 7% = I na MHOXKeCTBe [0;+%¥), V a? = —a, yg MHOXeCTBe (-¥%01,
2

I— —
——=xz-1 -
r+1 na MEOxectBe R\{-1}, (X +Y)? = x? + 2xy + y? na muoxectse {(Xy) | X IR,

Omnpenenenue. ToxaecTBEHHBIM IPeoOpa30BaHUEM ANreOpanyecKoro BEIpaXKEHUs Ha
mHokecTBe M [ D(E) Ha3bIBaeTcs 3aMeHa 3TOTO BBIPAKSHUS HAa TOXKICCTBEHHO PAaBHOE €My Ha
MHOXecTBe M

3ameuanue. OTMETHM, YTO HHOTJA OMTYCKAIOT MHOXECTBO, HA KOTOPOM ajireOpandeckue

BBIPAXKCHUSA TOXICCTBCHHO paBHBI, UMCA IIPU 3TOM BBUAY UX TOXICCTBCHHOC paBCHCTBO HA
MepeceYeHNH 00IaCTeil TOMyCTUMBIX 3HAUCHUM.
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Hanpuwmep,

ala+1) a? -1 .
= — (M =R\ {0:1}).

Va2 = |a|, (M =R),

a

[Tpu BBITIOJTHEHUY TOXIECTBEHHBIX IPEOOPA30BAHUN OKA3BIBAIOTCS TOJIE3HBIMH CIICTYIOIIHE
bopMyIIBI.

1. ®opmyJibl COKpaNIEHHOTO YMHOKEHUSI

1. (axb)>=a’=+2ab+b?

2. (a+b)®=a®+3a’h + 3ab® + bd,
3. a?-b?>=(a-b)(a+h),

4. a>+Db®=(axb)(@®Fab+b?.

Ot1u HOpMyIIBI MOTYYAIOTCS KaK CIeICTBUA U3 Ooree o0mux hopmyi:

5. a"-b"=(a-b)@*t+a™?h+..+ab"2+b") (niN),
6. a®™l+p*™l=(a+b)(@®-a"b+..-ab™t+b?) (nIN),
7. (6bunom HproToHa)

(.—1+h]“=Cﬁa“h“-r—f}‘,‘la'h“" +...+Cﬁa"‘h““"+...+ﬂ‘,’:a“r’3"..

7!
R ay T
rme niN, Elin =k} m=123..n o01=1

II. CBoiicTBa cTeneneit

Crenyrolie CBOMNCTBA CIIPaBETUBBI JIs JTFOOBIX MOJOKUTEIBHBIX Yrcel a U b 1 T100bIX
JIEWCTBUTEIBHBIX Yucea a U b.

1. a%=1;
2. a*tb=ga%- a"
g "= .
. it
4. (aa)b - aab;
5. (ab)*=a?- b?
ay e a®
6. (E) =lh_r=;
7. e

3ameuannue 1. OTMGTI/IM, YTO OTPHUUIATECIBHBIC YHCJIa TAKKE MOKHO BO3BOJUTH B HEKOTOPLIC
T

crenenu (1enble u, bonee 001110, paroHanbHbie Buaa 2 — 1 rae m - menoe, N - HaTypajibHOE).
3ameuanue 2. 02 =0, mig aro6oro a > 0.

II1. CBoiicTBa pagukaJioB

o 4,  €CIH 71— HeYeTHOE,
a® =
la|, ecmin— wernoe.

1.
2. Vab = Va- Wb, ecrma>0, b>0, kiN,
28



3. Vab= 3/l %/, eccnmab>0, kiN.
rfab = /g™, ke N.

4.
. -

5. (%a)” = Va*, rpea>0, eciu m - uerno, a I R, ecmt m - neuerso.
6. b Vb romea>0, b>0, n-uernoum b#0,alR,econn - HeyerHo.
7. \rl.-'aﬁ'- = .r].ﬁ-._ [ E (.
8. V ¥a= "ya, e a> 0, ecu M - 4eTHO WIK N YeTHo, a I R, ecrm M-N - HeyeTHO.
9, Hhtliop = = "}H'f/E.. e R..

[ra = : : 1

IIpumep 1. Onpenenuts O/f3 anreOpanuecKux BhIPAKESHUMN:

a) BE(z) = 'z + 2 — 22,

2 + oy T Yy
b) E(z,y) = - + — :

a Vd

btc  blotc2h

e} Ela,b,e,d) =

Pemenne. a) O/{3 NTaHHOTO BEIPAKEHHS ONpEENIAeTCs U3 HEpaBeHCTRa X + X2 - 2X° > 0, koTopoe
pelaeM mpu MOMOIIN METO/Ia HHTEPBAJIOB:

X+x2-23>0 U x(1+x-2x)>0 U x(2x+1)(1-x)>0 U xI(-¥%-Y]E[0:1].
Taxum o6pazom, D(E) = (-¥%-Y2]E[0;1].
b) OTMeTHM, U4TO BBIPAXKEHUE UMEET CMBICI TOT/Ia U TOJIBKO TOT/a, KOTaa

X2 + y<SUp2< sup=""> # 0,</sup2<>
X -y #0,
X+y#0,

otkyna cienyet, uro D(E) = {(x,y) | X#y, x#-y}

¢) Tak kak 3HaMeHaTelb APOoOU JOJKEH ObITh OTIMYEH OT HYJIS, @ KOPEHb BTOPOU CTENEeHU
CYILIECTBYET TOJBKO U3 HEOTPULATENBHBIX BBIPAXKEHUM, TO U1l onpenenenusa O3 nomyunum
CUCTEMY

b+
b+c#0, b+c#0, bigio’
b’c+c?b#0, U 4 bc(b+c)#0, U c;éO’
d> d> ’
=0, 20, d>o0.

Takum o6paszom, O/f3 ucxoaHoro BeipaxkeHus pasua {(a,b,c,d) | b+c#0, b#0, c#0, d>

0}.

IIpumep 2. Onpenenuts, ABISAIOTCS JIM BhIpaxkeHUs A 1 B TOXIeCTBEHHO paBHBIMM Ha
MHOXkecTBe M.
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:1];4:(;1:;::—%—&) ::f;:l—-’_—‘/h?: B=$: Pvf={(t1:i’1]|tl}h}{]};

a— 3 B 2a

b A = , = —F,
Ry ol

M={a|a> 3}

Pemenue. a) Tak kax a/a = {ﬁ]q bv/b = (VJEJ? a= (ﬁlg: b= (‘ﬂ;]ﬂ Ha MHOecTBeM,

TO, IPUMEHHB (POPMYITy COKPAILICHHOTO YMHOXKEHUS, TTOJIYIUM:

(Ja)* + (VBF ) F Va+vh
A= —+ab | - =
( Va+ b abl(v/a)? ~ (Vo))

(WA VB(Wa - Va WY o\ (akvh
va +vb ab(y/a — v (v/a +vb)

= [(var ~2vab+ (7] e =V Vi =

1
= la- v ———.
Va— bl v\;@
Venosue a > b > 0 Bieuer ﬁ > Vb, U, CIIEJOBATEIIbHO, |ﬁ - V'/El = ‘/E - V/E Otcroga
1 1
A=(Va-VB)— = =B
MoJIy4aem, 4To ab(y/a — V;EJ ab Taxum oO6pazom,
BbIpakeHHs A 1 BToX/1ecTBEeHHO paBHBI HA MHOXKecTBe M.

b) [Togo6HO peapIIyIIeMy IPUMEPY

A=V a—v3

2+ 3\ 2 \/(aﬂ-#ii]‘g—daﬂ-ﬁ_
( 90 ) -3 4a?

_(@a—v3)-2a| _(@—V3)-2ja] _ 22 _
(a® — 377 |a* — 3| a+/3

I[Tpu npeoOpa3soBaHUsAX YIUTHIBAETCS, UTO, i @ 2 VG: To Va® =a,
2
v (a? =3

" 3)2 = |a® — 3| =a® - 3.

IIpumep 3. YOpocTUTh BBIpaKEHUS:
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2b+ 2vP — 4

Y ey L
b) vmn? + vm2n oY+ m—n 1 _
Vm? + 2ymn + on? VmE — ¥t | Ym+ e’
vbe? + valbe )
( N Y- v@) +Fm+d.
Ve + 3 ’
1'13 'r'].? {-_._,3
V@Da-0  T-00-a  c-aE-b
¢) alh? N aZe? N b2 2 _
Ja=at-0 T a-ne-v " o-ae-a’
y—z z—x T-y
D e-2  w-06-2 G-0G-y
m|m — 3|
9) Gt = m = )m]’
b2 —43>0,
9%+ 2/BT —1 > 0,

Pemenne. O/[3 BelpakeHMsI ONIPENEISIETCS U3 CUCTEMBL &V b —4+b+2>0, pewiast
KOTOPYIO, mosyunm b > 2.

BrimonuuMm paBHOCUbHBIE Ha O/]3 peoOpa3zoBaHus:

Vahravit—i _ (Vo= 27+ (Vb+ 22 +2vb-2vb 42 _

VEE—d4+b+2 Vb= 2yb+ 2+ (/b + 2)2
yﬁf#—2+fﬁ+mﬂ o WE=2ebE2

T Vbr2Vh -2+ vb+2) Vht2vb-2+vb+2) Jh+2
TaKKaKHaOﬂ3‘/h—2+\/h+222,

clIeJOBaTEIIHHO, |‘ﬂ7 -2+ ‘ﬂ’ + 2' = ‘ﬂ’ -2+ ‘ﬂ’ + 2. Taxuwm obpasom, rpu b > 2 ucxoaHOoE
1

BRIp@KeHHe paBHO V b + 2

b) O/[3 nannoro BLIpa)KeHI/IH SIBJISIETCS MHO)I(CCTBO {(m n! | m>0, n>0, m#n
O6o3HaqHB‘/— Vﬁ—h HOJTYYUM m—a =a', ;=28 ’n—h vn = b,

n = b® BeIpakeHne MpUHEMAET B
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a’b* + a'b? 2h2+aﬁ—hﬁ 1
al + 2a2h? + bt at—bt) a+b

_ (P (@® b)) . (af = BP)(a" + e’ + b 1
_( @17 Ut e m@ e )(a+h]

a*b? = 207 (a® + ) +a* +a*F 4+ 00 1
a? + B2 at+b

_:1"'—?]"' 1 _(aﬂ+hg](a—h](:1+h]_ b
T2+ R a+b (@+)(a+bd 4"

3 L’
Takum 06pa3oM, HCXOHOE BeIpaskeHne Ha OJ]3 TokIecTBEHHO paBHO VI~ ‘fﬁ

c)Ha 073: {(a,b,c) | a>0,b>0,¢>0,a?+ c?+# 0} BeIpaxkeHne MPeodPazyeTcst CIEAYIONIM
obOpazoM:

(W+m+ﬂ) +het+ 3 (“r{‘“’rJWr +¢"T:) +he+3

va+y/e va+ /e
Vbe + 3 ; vbe + 3 B
_Wihet+be+3  3vbe+3+Vie+be  3(Vic+ 1)+ (1 + Vhe)vbe _
Vbhe+ 3 Vhe + 3 Vbe + 3
_ Vet )(Vbe+3) _ o
= N =Vbe+ 1.

d) O/I3 nanHoro BeIpaXeHUs sBJsieTCss MHOXeCTBO {(@,b,C) | a#b, a#c, b #c}. Ilpusoas
BBIP@XKEHHUE K 00IIIEMY 3HAMEHATEITIO, TIOJTYUHM:

a b e _d’le=b)+ba—c)+ (b a)
@-Da-o G-9b-0 e-dc-b  @-da-oe-8

YunTeIBas BHUJ] BHAMCHATCIIA, PA3JIOKUM Ha MHOKUTCIIN YUCIUTCIIb:

a(c-b)+b3a-c)+c3(b-a)=c(@ -b%+ab(?-a?) +cb-a)=

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

CnenoBatenbHo, Ha O/]3 KCXOAHOE BBIPAKEHUE TOXKIECTBEHHO paBHO ab + bc + ca.

) O/[3 BoipaxkeHus sBseTCSI MHOXKECTBO {(X,Y,Z) | X #Y, Y #Z, Z # X}. [lepBoe cnaraemoe
BBIP)XEHHUS IPeodpa3yeM ClieTyIomuM 00pa3om:

Y=z _r—z—-r+y T—z =1 1 1

(z-ylz—-2) (w-yz-2) (z-y)a—2) (z-y)lz-2) z-y z-2
AHAJIOrHYHO TPe0OPa3yoTCs U IPYTUE ClIaraeMble:
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Z=xI _1 1_
(y-z)y-2z) y-2z y—z’

=1 1 1

(z-z)z—y)  z2-2 z-y

CrnenoBaTeiabHO,
y— =z z— r—y
+ - =
(z—y)z—2) (W-2z)y—-2) (z-z)(z-y)
1 1 1 1 1 1
_:..'—-y r—2z -y—z -y—:..' £2=T z—-y_
2 2 2

+ + .
T-y Y-z z2-7T

g) O3 Beipakenus pasHa R\{-2;0;3}. YuuTtbiBas, 4To BeIpaXeHHE COACPHKUT [M| U [m - 3|,
PaccMOTPUM TPH CITydas:

1. mycrs M I (-¥%-2)E(-2;0); Torma |m| =-m, |m - 3| = -(M - 3), u BEIpaXKeHHE NPUHIMAET
BU
m|m — 3| _ —m(m — 3) 1

(mg _m—ﬁ)|m| - —(m+2](m_3]m - m+ 2;

2. mycrs M 1 (0;3); Torma m|=m, |m - 3| =-(M - 3), i BeIpaXkeHHE IPHHIMAET

m|m — 3| _ —m(m—3) 1

m2—m—6)jm| (m+2)(m—3ym m+2

3. mycrs M1 (3;+¥); Toraa |m| =m, |m - 3| = m - 3 1 BeIpaXkeHHE IPUHAMAET BUJ

m|m — 3| 1

(m?—m—6)m| m+2

Takum oOpazom,

1
mjm - 3| mrrt eco m € (—o0;=2) U (=2;0) U (3; 400,
2 _ A = 1

IIpumep 4. Pa3noxuTe Ha MHOKHUTEIN:

a) (x +y)(y +2)(z + X) - xyz;

b) x3 +y3 + 23 - 3xyz;

O)X+X +xX8+ X0+ xt+ 3+ X2+ x + 1;
d) x®+x + 1.

Pemenue. a) [IpuGasnss u Berautas z(Y + z)(z + X), a 3aremM rpynnupys yaoOHBIM 00pa3oM,
MOJTYyYHM:

X+ +)z+x) +2ly +2)(z+x) -2y + 2)(Z +X) - xyz =
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=+ +x+y+2) -2y +2)(z +x) - xy) =

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

=(Y+ )@+ X)X +y+2)-2P(x+y+2) =
=(X+y+)((y + D)2 +x) -2%) = (X +Y +2)(xy + Yz + 2X).

b) [Ipumensiercs popmysa cCyMMbl KyOOB U peIIaeTcsl Mo00H0 MPeIbIIyieMy YIPaXXHEHUIO

X3+ v+ 23 - 3xyz = (X + y)(X2 - Xy + y2) + 2(2% - 3xy) =
=(X+y+2)(-xy +y?) +2(2 - 3xy - X’ +xy - y) =
=(X+y+z)(X°-xy +y?) +2(2*- (x+y)?) =
=(X+y+7)(X°-xy+y +2(z-x-y) =
=(X+y+2)(X2+Yy2+72%-xy-XZ-y).

¢) [Mpumensist GopMyIIbl COKPALICHHOTO YMHOXCHUS, MOJTYUUM:

i 343 3
=1 ) =1
P+ + P+ b+l = 1 - &) 1

I = T =

_ (-1 + 7 +1)

p— =@+ z+ )=+ +1).

d) XC+X+1=1+X+X2-X+xX°=1+xX+X2-X3(1-x) = (1 +x+x%) - x*(L-X)(1 +x +x?) =
A+x+x)L-x1-X)) =1 +x+x)(1-x+x3).

IIpumep S. M36aBUTHCS OT UPPALIMOHATILHOCTH B 3HAMEHATEE:

al c)

1 1 1
. p) : .
1+ /2 -3 V3+54+ VT 14+ 42 +2¥1
Pemenne. YMHOXas Ha BBIPAXKCHUC COIPAKCHHOC 3HAMCHUTCIIIO, ITIOJTYUUM:

1 1+xf’§+xf’5=1+ﬁ+u’§_(1+ﬁ+u@]u’§=v’§+2+xﬂ?

)l+vV2-V3  (1+V2)? -3 2/2 22 -2 4

b) [Togo6HO mpuMepy a) NOTYIUM

1 VB EVE VT VBB VT
V3+ VB +VT (V34627 1+ 215
_ (VB+VE-VT)(2v15-1) _ (VB4 V5 - VT)(2VI5 - 1)
- (24/15)2 — 1 - 59 ‘

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

X+ + 720 -Bxyz = (x+y +2) (X + Y+ 27 - Xy - yZ-2%)
cienyer
(2® +y* + 2° — 3uyz)
(22 + 3% + 22 —zy —yz — 2x)

T+y+z=

Ha ocHOBannu IMOCJICIHET0 COOTHOIICHUS IMOJTYYUM

1 _ B+ (V2P 42V - V2 -2V -298  TV2-VA-3
1+ V24291 1P+ (V22 + 2V -3-1-¥2-2- V1 23 '
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IIpumep 6. Jlokazarb, 4TO MPUBEICHHBIE BBIPAKESHUS MPECTABISAIOT COOOM IIeIbIe YncIa.
Bbruncnuts 311 4yncna.

a) 1/120v/7 — 53| — /207 + 53,
b) V26 — 15v/3 + /3,

e) \/zﬁ+ﬁ\/13—dJS+2 ﬁ—2ﬁ+\/%—ﬁ\/13+dJS—2 6 + 24/5,

Pemenue. a) Beijensis moJHbIN KBaapaT 101 3HAKOM PaJiUKaia, MoayqyuM

J(ﬁ - 2@?-%:5 +2V7)? = [5-2V7| - |54 2V7| = 2VT -5-5-2v7 = -10.

b) Beinenss nomHbIi Ky0 MO 3HAKOM KOPHS TPETei CTENEHH, TOTYIUM

/26 — 15v/3++/3 = {/s —12v3+ 18 - 3v3+V3 = /(2 - V3P +VB3 = 2—V3+V3 =2
¢) YuuteiBas, 4To

625 =5+25+1=(V5£1)%
1/$+2\/ﬁ—2x,/5=\/S+2\f§—2=\/ﬁ+2\/§=ﬁ+l:
JS—2J6+2J§=V’S—zﬁ—hv’ﬁ—zﬁ:v’ﬁ—l:
JB-4(5+1) =vi-0=vs-2-2-Vh+d=V5-2,
x/13+d(x/§—1] =v5+2,

V26+6(5-2) = VId+6v5=V5+2-3.v5+9=V5+3,
V2B -6VVE+2=VII-65=1/(V5-3)2=[V5-3| =35

HOJ'Iy‘H/IM, YTO UCXOOHOC BI)Ipa)KeHI/IC paBHO
Vi+3+3-vV5=6.

Yci0BHBIE TOXKIECTBA.

1 1 1
+ -+
INpumep 7. a) Berancuts X2 +y2 + 7%, ecrm X +y +z=1,7 ¥ %

b) [loka3aTh, 4TO paBEHCTBO XyZ = | BieueT

1 1 1
+ +
l4+z4+zy 14+y+yz 1+4+z+4zz

¢) Jlokasate, uto ecrmm X + Y + 2 =0, To X* + y* + 7 = 2(xy + yz + 2x)°.

d) I[OKEBEITL, 4qTO JJIA THO0BIX TPEX MOCICAOBATCIIBHBIX YJICHOB I eOMeTpHQCCKOﬁ nporpeccuun
BBITIOJIHACTCS PaBEHCTBO

a1? + @’ +as® = (a1 + a2 + as)(a1 - Az + as).
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e) Jlokasars, 4To, ecii X1 + X2 + X3 = Y1 + Y2 + Y3 = X1y1 + X2y2 + Xay3 = 0, ¥ He Bce 4mcIaX;,
J=L3 u y, 1= L3J pagupt nymo, o

T} vi 2

s+ P+ 3

1 1 1
—4+-4-=0
Pemenue. a) 13 pasencreat ¥ % cienyer Xy +yz + zx = 0. Orcrozna

X+yr + 2= (x+y+2)P-2(xy +yz+2x) =12-2:0=1.

b) 3ameTnm, 4To ycioBue XyZ = 1 Bieuer

1 _ 1 _ 1 _ Ty
1+z24+28 zyz+z+ze 2l+z+zy) l4+z4+y
1 1 1 I

l+y+yz y(l+z+zz) y-z(l+c+ay) l+z+ay

CnenoBaTeiabHO,

1 1 1 l+z+xy
+ + = =1
l4+z4+xy 14+y+yz 14z42r 14+z+1Y9

¢) YuutsiBag, 4to X + Y = -Z, HOJy4uM

2(xy +yz +2X)° = 2(xy + 2(x +y))* = 2(xy - (x + Y)*)* =

= 2(X% + xy + y?)? = 2(x* + x%y? + y* + 2%y + 2x%y2 + 2xy®) =
=xtHy (At B+ Ay X =Xy (x+y)t =
=xtryt () =y

d) Tak Kak 2183 = &,? (XapaKTEPUCTHIECKOE CBOHCTBO F€OMETPHUECKOH MPOrPECCHH),
CJIeZIOBaTeNbHO,

(a1 + az + a3)® = a1’ + ap® + as + 2aqx(a1 + a2 + az).
Otcrona nony4yaem:
ar?+ a2 +a? = (a1 +ax+as)’-2ax(ay + az + as) = (a1 + az + az)(a1 - a2 + ag).

e) PaccmoTpum BekTOpHI (X1, X2, X3), (Y1, Y2, Y3) 1 (1,1,1). 3ameTum, 4T0 3T BEKTOPHI OMIAPHO
OpPTOTOHANILHBI, TaK KaK X CKaJspHbIE MPOU3BEACHUS paBHBI HYM0. Clie0BaTeIbHO, BEKTOPHI

Iy Ty Ty
o = ' s \
VIl + 2k + 23 Jri+ i+ ad J2i+ ol + a2l

gy = n Yz Yz
o ViR+ui+ul Vit Vi +ui)

1 1 1
MEVERERER}
V3 V3 V3
00pa3yroT OPTOHOPMUPOBAHHEIN 0a3HC B MPOCTPAHCTBE R3. 3HaunT, 11 KaXI0T0
Bektopa XI R® cripaBemBo paBeHCTBO
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(X,02)* + (X,02)? + (x,93)* = 1.

B vactHocth, ans X = €1 = (1,0,0) nonyuum

2 b
Iy 1 + l
P4+l yi+yi+ed 3
OTKy,Ha nu CJ'ICI[yeT HNCKOMOEC paBeHCTBO.

33)13‘[1/1 AJIA pCIICHUA

=1,

1. Onpenenuts O/]3 BbIpa)KEHUMN:

a) y =3z — 2. Omeem: [0; 3].

z? - Tz + 12
b) y =“Im' Omeem: (—oo; —1) U [4; +00).

~_ (b+ejlate) ) B B
cly_ah-}-mi-}-ch-}-mi' Omeem: {(a,b,c) | a# —c, b # —d}.

2. OHpeI[eJ'II/ITB, SABJIAIOTCA JIM BBIPAXKCHHA AuB TOXACCTBCHHO PAaBHbBIMHW Ha MHOKCCTBC M,
€Clin

M={a: a>+/3}.

Omeem. Jla.

3. prOCTI/ITB BBIPAXKCHUS:
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‘zm)'(me‘

ab ab a4+ b*
b — _ - .
) (a+r1—h)(a+h a) a? — b?

) NCES
1+z+z 22—

J ab —b af —bi
al —aibt +hi ol 4 aibhd £ T b — b3
&) YT —2at @)@ —Da-1): L1223

(1 4‘1 4‘1 — 1 -
via + 1
W 1 1
Omeem: a+. mpua > 1; — a-}—.
a+3

£ ag—-i—|a—2|
a® +2a? -~ Ha -6
0 ! 2 2 a# -3, a# -1
MEeTmn. anna:: +anp1{.-1«:: a a# -
b—¢ ec—a a-b (b=clle—a)la-0b)
g]h+c+c+a a+b (b+ceta)ath)

4. Pa3noXuThr Ha MHOKUTEIU:

a) x*+x%+1;

b) (x-y)*+(y-2)*+(z-%%

a+1-=1 a+1+1 a4+ 1
va41l=1 a

Omeem: — L.

.rld'

Omeem: — ————.
a? + b?

Omeem: /z(z — 1).

1
Omeem: b — a¥.

Omeem.: ().

Omeem: (X>+Xx+1)(X*-x+1)
Omeem: 3(X - Y)(Y - 2)(Z - X).

5. 36aBuTHCS OT MPPALMOHATILHOCTH B 3HAMEHATelIe:

9

) V10 + /15 4+ 14 4+ /21
VT
b} 5+ 05 Omeem

9T~ V(Y3 VD)
| ) |

VT~ B) (V5 + V3) (V25 + V15 + Y9)

2

6. Jlokasath, 4TO MPUBEICHHBIC BEIPAKCHUSI MPECTABIISIOT COOOM 1eIble Ynciia. BerauciuTh

OTH YHuCJia.

x/zv’_zv’_+

MYV = A

b) V/9 + B0+ V/9 -

Omeem: 1.

Omeem. 3.

IIpakTnyeckoe 3ansitue Ne 26
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Tema: [IpeoOpazoBaHue BbIpAKESHUM, COACPKAIINX PATUKAIIBI
Lesab: HayunTh BHINOTHATH IPeoOpa3zoBaHue BBIPAKECHUN, COACPIKAIINX PAJUKAIIBI
Teoperuueckuii 010K

Onpenesenne:

KOpHeM N-¥ CTEIICHU U3 HCOTPpULATCIIBHOTO YHCJIa 4 Ha3bIBACTCA TaKOC HCOTPHULATCIIBbHOC YUCIIO
b, KOTOPOC IIpHu BO3BCACHHUHA B CTCIICHb N Aa€T YHCJIO a.

HpI/IBe,Z[eM MaTEMAaTUYCCKYIO 3aIIMCh OIIPCACIICHU

Va=b {b’" =a
a=0 b=0 V)" =a
n=1234.
rer gl B
Hanpumep: 125= 5, .k 3 =125 81 3, T 3 =81

Htak, B pacCMOTPEHHOM CJIy4ae 1Moj KOPHEM CTOUT CTPOT0 HEOTPULIATEIBHOE YUCIIO, HO
CYILIECTBYET TAK)K€ KOPEHb U3 OTPUIATEIIHLHOTO YKCIIa — 3TO KOPEHb HEUETHOW CTENEHHU, OH
CYILIECTBYET JJIs JTFOOBIX YHCEIL.

2”"‘% =h bZ‘n-I-l =a
a€ER

V-8=-2 g (2 =-8 V-8=-18

HamomHMM cBoO#CTBa KOPHEH N-i CTENEHU, KOTOPHIMHU MBI OYJIEM MOJIb30BaThCSI ITPH BCEX
npeoOpa3oBaHuUsX:

Harpumep:

{%]ﬂ=ﬂ:ﬂ a” = a a=0n=234..

npu
Vab=YaVb

b=0n=2,3,4

,mpu 2 = 08 = " (meopema 1);

=1
S
Il
‘.-.'-°l| 2
wll |l

C mpu @ = 0.6 >0,n=234.. (meopema 2);
n k _n I
Va) = Va — —
( ) ,HpI/Ia =0,k 1,23..,n=2,3,4.. (meopema 3);

=0k=234...n=234.

i — _ nk
Va= ""G, npu * = " (meopema 4);
akr = Vax

Bce panpHeiimme Hp606p8.30BaHI/IH " BBIYMCJIICHUA 633prIOTC$I Ha OIIPCACIICHUU U CBOMCTBax
KOpHA n-¥ CTENeHU.

=0k=234....n=234..,p=123.

npu * = " (meopema 5).

IIpumep 1. Beraucnurs:

V2712

Pa3noxuM moikopeHHOe BeIpakeHHe Ha Oosiee y100HbIE MHOXKHUTEN U ITOCJIE ATOT0 U3BJIEYEM
KOPEHb:
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V27+12=4/33%3%4=4/3*%22=9%2=18
[Ipumep 2 YHIpOCTUTH BBIPAKEHUE:
T A e 1z

=]
i3 - iz - -
( fo‘) = Mﬂ(x-’-jﬁz 4,'“In'}.;:l--’- =K,XE['

Ilpumep 3 — ynpocmums vipadicenue:

[Tpumep 4
el g _ 8 o _ —
VE'Y = Vx° = {y = [x|{y
IIpumep 5
x=0
~a =
VeBy = xB= VY= leiE:xiE
[Tpumep 6
x==0
o "
Vxiy = {x8= i.@ = |x|i§ = —xi.@
[Tpumep 7:
b=10
I 5 T S e ) — —
Ja*b? = 4/a*ab? = yJa? =\ a=+b* = |a|\alb| = —abya

Kommenmapuii: mOCKONBKY a CTOUT IO/ KBaJ[paTHBIM KOPHEM B HEUETHOM CTETIEHH, TO JaHHAs
nepeMeHHas HeOTpUIlaTelIbHa, UMEEM MPABO CHATH C HEEe MOTYIIb.

[Tpumep 8:
a=0b=2>0

|45|2 _Elal _2a _ 2a

&  |L3| _13 1,3
w|b |b3| b b

[Tpumep 9:
a=<0,b=0
|25a® 5./(a®)* 5|a’| —5a°  5a°
1‘I 9ps 3./(B%)2 3B 3B 33
ITpumep 10:
a>=~0
av2=lalV2 = q?mr =4/ 2a?
ITpumep 11:
a=<_0
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av3 =—|a|lV3 = —ya?V3 = —y3a?
[Tpumep 12:

a=b

(a — b)ym

a=<b—=b—a=0
(a = B)ym = —(b—a)m = —Ib — alym = —/(b - a)2ym = —/(b — a)’m =
= —y(a—5b)*m

[Tpumep 13:

a=0>b=0

abV3 = —|ab|V3= -/ (ab)*3 = —{/3a%b*

[Tpumep 14:
a=0b=20
—abV3= —ab|V3=-{(ab)*3 = —/3a*h*

IIpakTnuyeckoe 3ansitue Ne 27

Tema: [IpeoOpa3zoBanue BeIpaXXeHUN, COEPKAIIMX CTEIIEHH U JTorapru(Mbl
Hean: HayunuTh BBINOTHATH IPe0Opa3oBaHNe BBIPAKEHUM, COACPIKALMX CTETIEHU U
Jorapu@msl

Teopetnueckuii 6110k

IIpumep 1: BerunciinTh 3Ha4EHUE BBIPAKEHUS:

et (1)1 2

log 5 (+3)

Pemrenne:

ot ()1t £

3

log 5 {+3)

3ameuanue: [Ipu pemennu 3anau, conepkaniux jJorapu@mel, B MIEPBYIO OYEPEb HE CIEAYET
cocpenoTaunBaThCcs Ha HUX. Hukora Henmb3s 3a0bIBaTh MPOCTO PO aaredpy.
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B uncimrene sToi }IpO6I/I MOXXHO IPUMCHHUTD (bOpMy.]'Iy COKpPalICHHOT'O YMHOXCHUS PA3HOCTDb

2 .3 _ g
KBaApaToB. OOmmit BI/Iz[:cI b _{ﬂ b} {a +E}}.

3ameuanue: B abcoaroTHOM GONBIIMHCTBE 3a/1a4 CIEAYET Bce Jorapu(mbl IPUBECTU K OAHOMY
OCHOBAHHUIO.
B 3nameHnarene Bocnonib3yemcs GopMyIioil nepexoga K HOBOMY OCHOBAaHHUIO U IepeiieM K

: [1052 [4’3}—1% {\Eﬂ [mgg [\.'E)+logg [\EN :

logy ['\'@)
log, [‘JE)

B uncnuTene B mepBoi CKOOKE MPUMEHHM CBOMCTBO «Jlorapudm pa3HOCTH», a BO BTOPOU —
«Jlorapudgm cymmbI».

log, (‘\E) =

e

CaMbIil HIKHUI 3TaK MOYKHO BBIUMCIIUTE:

log, £§ log, {\”EEJ
J; _1052{3}1052{2} _

log, [«E) 2log, [\E)
—

2

BTopoii COMHOKHTENb B UNCIIUTEIIE MOXKHO BBIUNCINTD, B 3HAMEHATENE MOKHO IIPUMEHUTH
cBoiicTBO «Jlorapudm crenenny.

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

) log, (\1’3_2) B log, {3] B

OtBet: 1

[Tpumep 2:
BbruncnnTh 3HaU€HNE BBIPAKECHUS:

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

Pemienne:

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

[Tepeiinem B kaxxoM Jtorapudme K ofHOMY ocHOBaHHIO. K ocHOBaHMIO 5.
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log, {18} log; {4}

=1 90— : 1 )=
ogj{ } log; {4} log; {?) Ogj{ }
log. [18) 1 20
=log; {90}—$-T-1 =log; [QUj—logS [18}: logj(ﬁ] =log; {5}: 1

Ortser: 1.

(1{}5_1;_ 16 ) (1{};_1; 36 )
o 2 [
3.Haiinure 3HaUeHUE BBIpAKESHUS .

(1{};{_)1Ei ) (1{}g{_?§f1’ ): (1{};{_"3 J ) (l{}g{_fi2 )= ( log 2 ) (El{}g{_[i ): %2 =~

OrtsBer: 8

log 2
2. 3apanue B10 (Ne26846) HaiinuTe 3HaueHNE BBIPAXKCHHS 70,25

3anumiem uncio 0,25 B BUjIe 0OBIKHOBEHHOM IpoOH:

; ; ; 1 . .
1{};_1;] 2=log, 2=log _33=-F1{}g_’3:_[].,,

0,25 3 2 2

I

Ortser: -0,5

log 8§
4. Haiinute 3HaYCHUE BBIPAKEHUS

Paznoxum Ha IMPOCTBIC MHOXKUTCIIN OCHOBAHNC J'IOl"apI/I(i)Ma 1 4YUCJI0, CTOAIICC IO 3HAKOM
norapn(bMa. 3aTeM BBIHECEM CTCIICHHU 3a 3HAK norapH(bMa.

i 3 4 -
1{}5_1;]?‘}:1{};_1; 22 =31{};_1;_"3=1..:
o 2 2

Otser: 1,5

log _6G0-log 12
5.Haiiaute 3HaYeHNE BBIPAKEHUS v v

[TockonbKy OCHOBaHUS JIOTapU(PMOB paBHBI MEXKIY COOOH, MPOCTO MPUMEHUMCBONUCTBO
jorapu@moB:

Gil) _
log_6G0-log_ 12=log — =log_5=1
o i n12 i}

Ortser: 1.

log 0,2 Il{}g” |

6.Haiigure 3HaueHNE BRIPAXKCHUS . ™

3anumeM IeCITUYHBIC ,Z[pO6I/I B BUJIC OOBIKHOBEHHEBIX U BBIHECEM CTEICHH 3a 3HAK norapHQ)Ma:
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log 0,2 +10g” _ 4=10gri— +log, 4=-log _5-log 4=-1-2=-3
1 ) i Ey ] A
2

Otser: -3
log . 13

. log o 13
7 HaiimuTe 3HaYCHHUE BBIPOKCHUS  ©

log - 13 log . 13 log . 13
= = 2

log 13 log ,13 1
2 49 g?_ T log . 1.3
OTBerT: 2
log _9log 25
7. HaiimuTe 3HaUYE€HUE BBIPAKCHHS o 3
> @
log _9log .*25 =log_3 log 40 =
i ] . i ] .
4log_3log 5
1) 1‘
OrTser: 4
lug &0
9 7
log 2
9

8. Haiinure 3HaueHUE BRIPAKECHUS

Paznoxxum 50 Ha MMPOCTBIC MHOXKHUTCIIN U YIIPOCTHUM I10KA3aTCJIb CTCIICHU B YUCJIIUTCIIC ,[LpO6I/IZ

log 50 log 5 %2 log 5°+log 2 24 log 2 5 log 2
5 _ g 5 B g A A B g A B g & g 5 1
- log 2 log 2 T g 2 log 2 =8
9 9 - 9 -

9

g 2
g 7

(1— log 12 ) (1— log 12 )
o 2 ]
9.Haiigute 3HaueHUE BBIPAXKECHUS

[IpuBenem 06a noraprudma K OCHOBAHHMIO 2, a 3aTEM pa3IokKUM uncia 12 u 6 Ha IpocThIe

a
9. I{'Jng_2 (? 3 )
(1—1(1-12,"]r (2 3 ) ) I_W
(1-10% 12 )(l—lngﬁ 12 ): - 0g, (2%3 )

24+log, 3 2+1log, 3
(1— (2 +1ug23 ) ) l—m = (—l—luggﬂ ) l—m

t=log 5 3
O6o03Ha9nM <, TIONyYUM:

MHOXUTCIIN
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AN =1
(-t —/—— V=14t )1—L =1
\ f( 1+ ) |1 M+

3ameuanue. MoKHO OBUIO MOCTYMHTH TakK: MPeACTaBUM YKciio 12 kak npousBeneHue 2 u 6.

(1—1{};{2 12 ) (1—1{};{ﬁ 12 ): (1—1{}g22—1{}gzﬁ ) (1—1{}g{jf—1{}g{jfﬁ ): (— 1{};1_;2Ei ) (—1{};1{)_2 ):1

Ortser: 1

IIpakTuyeckoe 3ansaTHe Ne 28

Tema: Pemenue norapupMuyeckux ypaBHeHUN
Heas: HayunTs pemats npocreiimme norapuMuuecKue ypaBHEHUS

Teopernueckuii 6510k

Pemenue mo60ro orapu)Mu4eckoro ypaBHEHHs TAK)KE CBOAUTCS K PEILICHUIO OJJHOTO MU
HECKOJIbKUX MPOCTEUIINX JIOTapU()PMUIECKUX YPABHEHHIHA:

1) logaf(x)= logag(x); 2) logaf(x)=b.

VpasHenue (2) ceoautes K ypasHenuo Buaa (1): logaf(x)= logaaP.

VYpasuenus Buja (1) cBoasarcs k pemieHuto ypaBHenui f(x)= g(x) (morennuponanue). [Ipu sTom
HEOOXO0MMO IOMHHTH, YTO ypaBHeHUs logaf(X)= 10gag(x) u f(x)= g(x) He paBHOCWIBHBL [IpH
NOTEHIUPOBAHUH MTPOUCXOAUT PaCHIMPEHUE 00IaCTH ONPEEICHNUS, a 3SHAYUT NMEEeTCs

OIAaCHOCTH MOSBJIEHHS IOCTOPOHHUX KOpHEH. [IpoBepka — Hammydniee cpeicTBO MPOTUB TaKON
OIACHOCTH.

1 mun — 1o onpeeNeHuIo Torapudma:

logZx-11=-2

a) 3
-2
1
[—J =ix-1
Pewenne: > ; 2X—1=9; x=5.
log,10-=-2 log,%=-2
IIpoBepka: = ;3 ; ~2loggd=—2- 2= 2 _ pepHo.

OTBer: x=5.

6) logy(x® +4z+10 =2

Pemenne: 3* =3 +4u+12; 2° +4x+12-9=0; z* +42+3=0;

Ky = -2E4-3=-241

; X1=—1 1 x2=-3.
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IMposepka: x=1, logs(1-4+12)=2; 10939=2; 210g33=2; 2=2 — BepHoO;
x=-3, 10g3(9-12+12)=2; l0g39=2; 2l0gz3=2; 2=2 — BepHO.

OtBer: x=—1, x=3.

B)
g2 % ol _ &
Pemennue: 2¥ 4 2 .IMycts ' =¥, Torna ypaBHeHHe 3aIHIIEM B
2
LI Zi-0 |
BHUJIE 4 -y +43r—32=D;

z
lugg[——l} =2-2
IpoBepka: 4 loggl=0_

OTtBer: x=2.

2 mun — ypaBHEHUS, KOTOPHIE C TOMOIIBIO JOrapu(PMHUECKUX TOKICSCTB CBOIITCS K
MPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.
Pemenne: Ig[(x—3)(x—2)]=lg10-1g5; Ig(x>-5x+6)=1g2;

5iq,|55—16

X?—5x+6=2; X>~5x+4=0; X12= 2 :x=4 mx=1.
IpoBepka: x=4; 1g(4-3)+ 1g(4-2)=1- 1g5; g1+ Ig2=1g2; 1g2= Ig2 — BepHO;

x=1; 1g(1-3)+ 1g(1-2)#1- Ig5, Tak kak BeIpakeHHUe, CTOSIIEE O] 3HAKOM JIorapudma,
JIOJDKHO OBITH BCET/Ia MOJI0KUTEILHBIM.

OTtBeT: x=4;

g2+ 1gx-3) 1

6) laTx+1)+1gx-6)+1g3 2

g +lgx-) 1 lgax-3) |

Pemenne: 1E307x+DG-6) 2. 1g3(Tx+1x-6) 2
2 1g(4(x=3))= 1g(3(7x+1)(x-6)); lg(4(x-3))?= 1g(3(7x+1)(x—6)).

[otenuupyem: 16x>—96x+144=21x2-123x-18; —5x*+27x+162=0;
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27+ 3369 _ 2TEa3 _E=_E
5x2-27x-162=0; x10= 10 10 :x=9;xp= 10 5,

21g2+ 1gh, 1 1§24 1

IpoBepka: x=9; lgi4+1g5+1g3 2. 2gE+llgd 2

1224 1

21g24 2 _ pepno;

12 J
g +1g]- =3
& g( 5 1

_E 13{'%“}“3{'&'6}“@ 2

, — JIO’KHO, TaK KaK HO,Z[J'IOFapI/I(bMI/I‘ICCKOC
BBIPAKCHUC HEC MOKET OBITH OTpULATCIIbHBIM.

OtBeTt: Xx=9;

B) logzx +1loggx +loggm =355

1

1
U log nbh=—log b
Pemenue. Bocnionbszyemcs popmyinoit tm ;

1 1 11
logsx+—logx+—logx =55 —logx=33
Bak Ty MBI T 08 6 & loggx=3.y=27

3 3
TMposepia; 128327 +10g,27 +1ogy 27 =55 logz3” +loge 3" +1=35

3 +E+1 =55
4 — BEpHO.

OTtBer: x=27;
r) logsGa-1D+1o0gsix -2 =3 +1og;8

Pemenne: 102s((3x—110x— 2T =10g,(5° - &)

A6+ 2116+2109  46+65

Hotermupyem: (3x—11)(x—27)=1000; 3x>-92x-703=0. x1,2= 3 3 ;xi=37u
19
X2= B ? .

Iposepxka: 1. log 111 =101 +1og (3727 =3 +1ogg3

log100 +1log;10=10g.1000 . log.1000 —log 1000 _ BEpHO

19
logs(-19 -1 +1ogs [— ——2?} #3+logsE
2. 3 , TaK KaK BBIPAKCHHUC, CTOSAIICC MO 3HAKOM
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norapudma, JOKHO OBITh TTOJIOKUTEITHHOE.
Otser: x=37.

3 mun — ypaBuenus suaa P(logax)=0, rae P(y) — mHorousnien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOJSIIUECS K HUM. DTH YPaBHEHUS PEIIAIOTCS C TIOMOIIBIO IMMOJACTAHOBKH: Y= logaX.

a) lngg x—logg 5= 0

2 =
Pemenne: 1083 ¥x—2108; x-3=0 Tlycrp 1983% =¥ ; y2 2y 3=0. PeuraeM ypaBHEHHE H [OIy4aeM
|

3 = x=1.

-1

yi=3 nyo=1; y=3 =108 1 =3 — x=07; y=1 = logz x =

MpoBepka: x=27; 1083 27-10g; 27-3=10: (log; 27" ~1og; 3° -3=0

9-6-3=0 — BepHoO;

1 1y
logs ——1o (—] ~3=10
SRRt - (log; 37 ~logy 37 -3=10.

!
x=13:
1+2-3=0 — BepHO.

1

Oteer: x=27; x=13;
6) log, [ 5x*) logi =1

Pemenmne. Hpexc,ue BCCTO HA10 UMETH B BUAY, YTO €CJIM B YPABHCHHUAX BCTPCUYAKOTCH JIOFapI/I(l)MLI
C pa3HBIMI/I OCHOBAaHUAMMU, TO UX HAAO HpI/IBeCTI/I K O)]HOMy OCHOBAHHIO C TIOMOIIIBHO
log, b

log, b=
bopMybL:

B JAaHHOM cCJIydae nepexoJuM K OCHOBAHUTO 5. lﬂgs x ;
dogs 2 +2logsxilogsx =1 Ogospaumm 198s% =¥ : (1+2y)y:1;

! 1
- logsu=— -
2y24y-1=0; yr=—1, yo=1; 1085 1= L gy 0 25 x=3; x=5

1 1 1
1ug1(5£} logs F=1 logy 5-(-1)3 =1
Iposepka: 1) 3 ] ; 1=1 — BepHoO;

4
2) 10855 logi 5 =1 tog g (5)* [tog g 5 =1
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; 1=1 — BepHoO.

|
OtBer: x=1; x=+5 .

5 mun — norapudmMupoBaHue 00EUX YacTel ypaBHEHUSI.

g _ 1000
HMpumep: X

lg:::l'g"pr1 =1 @
Pemenue: x ; (Igx+1)Igx=3-Igx; lg>x+lgx=3-Igx; y=Igx;

y?+2y—3=0. Pemaem ypasHenue: y1=—3; Yo=1; lgx=—3 umm Igx=1,
x=10"3; x=10.

(m-zjgln—hl _ 1000
Ilposepka: 1) 107, 077 =107, a0 =107,

10°=10° — BepHoO;

1|:|1€1':' H _ @
2) 10 :102=100; 10?=10?% — BepHo.

Oteer: x=10"3; x=10.

IpakTuyeckoe 3ansiTue Ne 29

Tema: Pemenue ynpaxHeHun
Ienan: 3akpenuTs U cUCTEMATU3UPOBATh MaTeEpUal 10 JAHHON TeMe
TeopeTtnueckuii 6110k

Jlorapudmuueckas GpyHKIUSA

[TycTh a — MOMOXXHUTENBHOE YKUCIIO, HE paBHOE 1. dyHKIMIO, 3amaHHyI0 hopmysoit y =logax,
HA3BIBAIOT JIOTapupMudeckoil pyHKIIMEH C OCHOBAHHEM a.

OcHoBHbIE CBOWCTBA JorapuPMUUEcKOl QYHKIINH.

1. OGnactb onpeaeneHus JorapupmMuueckont GyHKIIMN — MHOXECTBO BCEX
noJyiokuTenbHbIX yucen R+, 1. e. D(loga)=R

2. OOGnacth 3HaUEHUH JOrapuPMHUUECKON (PYHKIIMH — MHOKECTBO BCEX JEHCTBUTEIBHBIX
YHCElL.

3. Jlorapugpmuueckas pyHKIMS Ha Bceil 00JIAaCTH ONpeeeHus Bo3pacTaeT (mpu a>1) uin
yOsiBaet (mpu 0<al ¢ynHkums Bo3pacraer (B ciaydae 0<axl.
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JlorapugmMuuecKuM ypaBHEHHEM HA3bIBAIOT ypaBHEHHE, B KOTOPOM HEM3BECTHAS BXOAUT
TOJIBKO B apTyMEHTHI JIoTapupMUUecKiX QYHKIUN MPU HEKOTOPBIX MOCTOSHHBIX OCHOBAHUSX.

[Tpu pemennn orapuMUIECKUX HEPABEHCTB HEOOXOIUMO YUUTHIBATH MOHOTOHHOCTh
norapudmuueckoit pynkmu loga x: [pu 0 < a < 1 sta ¢pyHnkuus yosiBaet, npu a > 1 —
BO3pacTaer.

Pewenne ynpaxxunenuit

log, 5+l0g 55 9
1. Beruuciure: a)log . 25\5; 6)4>"°%%; g)log,log,64; r)4 o aT
2. Pemuth ypaBHCHUS: a) log 31 (3x+1) =2 ; 0) 2x% +5"°6% = 25'0%\/E )

3. Borunciure: a)log 42, 6)25ts2; pylog,log,8l; ) 30%16-10g; 8

4. Haiitu X, ecu u3BecTHO, 4TO |og 01 X =4log 0'13_% log,, 27 —2log,, 6
5. Haiitu X, ecnu usBectHo, uto log,, X =2log,, 6 —0,5l0g ,,100 +3log ,,3/20 .

1
Iog445+log4§. log, 2 log , 4

log,75+log,3" log 16 —1log,0,5

6. Beruuciuts: a)

7. Haitnute o6nacth onpeesienus Kakaon u3 QyHKIui:

)y=v9-x*-Inx*; 2)y=,In(x+2); 3) y:IogO’5(x2—2x)+\/9—x2 :

8. Haiinure o0mactek onpeaeneHus Kaxaon u3 GyHKIUi:

1)y=v4-x* -In(x-1)?%; 2)y=,/In(x-3); 3)y=|ogov3(x2+3x)+\/49—x2.

I[OMaI_HHee 3aJaHUC:
3log,3-1log,27 _ 3lg4+Ig0,5
log,3+log,9 ° lg7-1lgl4 -

1. BeraucnuTs: a)
2. Pewnts ypasrenus: a) 00, ;495X=2; 6)3x° + 0,5°%5" = 360% 30,

IIpakTnueckas padora Ne 30

Tema: KontponbHas pabota
Heasn: [IpoBepuTh ypoBEHb YCBOCHHS JAHHOW TEMBI

1 BapuanT

IIpeoOpa3yiiTe BbIpa:keHue:

(a+2 a 2 ) Ja—-2

J2a  Za+2  a—2a a+?2
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Pemure ypaBHeHue

l.vVx24+2x+10=2x—1

2. cos(—+x)+cos(——x)—1

3. U}zx —lEx—S?,S:S\E

4.logz;\x — 5+ logz2x — 3=1

IIpeodpasyiite BLlpamelme

1.(a\f§+b1“b B \/_) (x-a+\-"b)

sWa+yb at2
1 142 3 3
1 (az—bz) +2aZ+b2
2 3(&1]}2—313,
. a 3 3
a—b az—bz

3lg2+3igs
"lg13-lg130

Pemnre ypaBHeHnue

1V17+2x —3x2=x+1

2 BapMaHT

2.sin (g + x) — sin (g — x) =1

3, px®—ex+05=_1
164/2

4.§Eg(2x —1)=1-IgVx—9
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IIpakTuyeckas padora Ne 31

Tema: UnciaoBas nociien0BaTeIbHOCTh, CIIOCOOBI €€ 3a1aHusl, BEIYMCIIEHHS YJICHOB
IIOCJICIOBATEIILHOCTH.
Heanb: Hayuutsb BEIYUCIATD

Peuienue ynpaxxHeHui
|. Haiinute nepBble NSATh WICHOB psijia IO €T0 33JJaHHOMY O0IlEeMY WICHY:

Lo = TF
1. """ n+1
W, =2
2. """ T —1
U = 2" +3
3. Un =
Ti+1
1+ (—1)
4, Un= n
Il. Haiigute nepBbie YeThIpe WieHa MO €ro 3aJaHHOMY O0IleMY YJIeHY:
oy 1y
1. "~ "an
.u — 1
0=
5 (3n—lﬂ)(2n+ 1)
ni

3 tn = (n+ 1)+ 2)

=1 +fT1
4, Un=(—1) : bl
Uy =
5 (2'?’1 1+ l)z'ﬁ—:l
' n+1

6. Hn = (2?’1 — 1)3“‘1

I11. Haiinute popmyny oOriero uieHa psijia Mo ero JaHHBIM IIEPBBIM YIeHaM

2.
3.

I'Y. BpluncnuTe cyMMy 4IEHOB psija:

1
1. Z nn+ 1)

=1
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9. ;1(3.'1 —2)(3n+1)
2 5=

3. -I'T::ﬂ.
Z 2N+ 1
4. n:::ini(n +1)

1
5 _ﬁz::i nm—+nn+ 2)

Y. Haligute N-ii wieH psijia mo ero JaHHbIM MEPBbIM YJICHAM:

no

Y. Uccrnenyiite cxoquMocTh psijia, IPUMEHSSI HeOOXOIUMBIN MPU3HAK U OJIUH U3
MIPU3HAKOB CPABHEHUS:

X
= (n+2n
= 1

5 rtz=:1 ‘n(n + 1)

1
) 2

o1
o BT

Uccnenyiite cXoIUuMOCTh psifia, HCTIONB3YIO Mpu3HaK [lamambepa.

Z
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1
7 nz::im +10n+3)
B Sﬁ

8. =1

IIpakTnueckas padora Ne 32

Tema: [Ipenen nocnenoBaTenbHOCTH
Hesb: HayuuTh BEIYUCIATH NPEAEIbI

TeopeTuyeckas 4acTb

Omnpenesnenne. Yucno b paspiBacres npenenoM QyHKIUU f(x) npu ¥ | cTpemsiieMcs K 8
eci s mo6oro unena £ = 0 maiigercs Takoe ancno 9 = 0- yro mpu Beex X ¥ @ |
YIIOBJICTBOPSIIOIINX HEPABCHCTBY lx—al<d , OYJIeT BBIMOJIHATHCSI HEPABCHCTBO
fx)-b|<:

Onpeenenne npeaena GyHKIHE MOXKHO chopMyInpoBath u Tak: Uncno P HaspiBaercs
peIesioMm f(x) npu X | ctpemsemcs K &, ecau npu moodom € > @ cymectsyer Takas

OKPECTHOCTb TOUKH &, uTo s moboro X * @ 3 s1oit okpectHocTH. [Ipesien 0603HauaeTCs Tak:
:-lci"; fix) =b.

[Tpumep 1. IIpenen nocTosHHON PYHKIIMU B 000N TOUKE paBeH 3TOMH K€ MOCTOSTHHOM.
Pemenue. [Tycts a1 Bcex X. OueBUAHO, UTO 71 JIIOOBIX & = 0 0=0 ymqsaBcex

x€(a—58a+8) CHpaBeIMBbI COOTHOILICHUS
3HAUUT, 110 ONPEAEICHUIO TIPEaea

lim f(x) = limk = k.

X o-d X o-a

[Tpumep 2. lana pynkuuu. /lokaszars, 4to

,13"21 f(x) = a.

Pemenue. [Tycts € > 0 - mo6oe uncno. Monoxus @ = £ | qug Beex X © (a—8a+8)
lim flix}l =limx =a
X Aa X 4a

Teopema. Ecnu ¢pyHKIMs nMeeT mpeesn npy X, cTpeMsieMcs K &, To 3TOT npezen
€IUHCTBEHEH.

1. Teopembl 0 npeaenax ¢GpyHKuHU
Teopema 1. Eciiu pu ¥ * @ cymiecTBYIOT Ipeaenbl GyHKIUI f&)  glx) , TO CyILIECTBYET
TaK)Ke U Mpeesibl UX CYMMBI, paBHBI CyMMe MPeAeoB PYHKIIHMA flx) y glx):

1n1I:IIZ] fix)+glx))= 1n1f(x] + l1m g(x).
Teopema 2. Ecniu npu ¥ * @ cyImiecTBYIOT Hpeesibl (byHKupm ffX:’ u 8(x) , TO CYIIECTBYET
TaKKe Y MPEJEN UX IPOU3BEACHUS, PABHBIN HpOI/ISBe}IeHI/IIO npenenoB GpyHKIUH fG<)  g(x)
1n1I:IIIj [fix)-glx)) = 1m fix)- l1m g(x).
Cnencrsue. [locTostHHBIH MHO)I(I/ITGJ'IB MOXHO BI)IHeCTI/I 3a 3Ha1< npez[ena.
JlelicTBUTEIIBHO,
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hm[IZZZZ] kf(x) = hm k- lmg fixi=k "l{irgl f(x).
Teopema 3. Eciii mpu ¥ * @ cymecTByrOT npeaeinsl pyHKIUH fx) y g(x) npeaen

fx)
byHKIIUN g(x) ommuen ot HYJISI, TO CYIIECTBYET TAKKe U MPEe/Ies X OTHOLICHNs E(X) | paBHbIii
OTHOUICHUIO NPEIEIIOB:
(xﬁ) LIS

(%) oa 11n1 limgl(x)

[TonsiTue GeckoHEeYHO MaJIoN U 6eCK0HeqH0 0OJIBIION BEJIMUHUHBI
Ecnu npenen GyHKIMK paBeH HYIIO, TO OHAa HAa3bIBACTCS OCCKOHEYHO MaJIOW BEIMYHHOM.
Ecnu ipenen GpyHkumuu paBeH 0ECKOHEUYHOCTH, T.€. BETUYUHE 00paTHON K OECKOHEYHO Maioi
BEJIMYMHE, TO OHA HA3bIBACTCSI OECKOHEUHO 0OJIbIION BeMYnHOM. ClienoBaTesbHo,
BBITIOJIHAIOTCA paBCHCTBA!

1 1
lim—=, lim—=0
x—a () X aco

Brrunciure npeaensl

IIpumep 1.
lim(x+3)=lim x + lim 3=7+3=10.
=7 x—7 r—7
Ipumep 2.
lim{3x+ 2 Iim(3x)+lim2 lm3-limx+2
lim 3x+2 — x%l( ) = ( ) r—1 _ =1 x—=l —
—>12x =7 Hmﬁh—?) MH@QHhm(T) lim2-limx—7
x—1 =1 x—>1 x—>1 x—>1
3-1+2
= _——=5/(-5)=-
2.1-7 =3)
IIpumep 3.
. x4
lim :
=2 x—=2

—4 _(3-2)(x+2)

= + 2.
x-2 x—2
2 —_—
limu (.x 2)("“_2)— lim(x +2)= lim x+ lim 2=
=2 Xx—2 xez -2 32 =2 x—o2
=2+2=4
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Pemenue ynpaxxHeHui

lim[(x? — 1){x - 3)(x - 5] Cyx+1-1
1x 2 lim————
14. x -0 X
lim[(2x — 4)(x — 1)(x + 2)]
2. % .0
T
. x+ X — 15. =04 —f2x -2
lim X+ 3)(x — 2) v
x—-r—[‘ll x+2
5 im [(x]* - 5x+6)
3. li 3 3 2
17, AmlGD =37
im— ) 3x
4 <BZ%—6 18. +Zx—3
4
: . x— 8
5. % B3%7 + 2 19. +@3x—3
limM i 2x3 -3x211
6. x 0 5‘.'{3 - "‘l‘H! 20 xlIE.5x3 - ‘]'.‘{! +2x
lirl:LSK3 X i 2x2 —5x+ 4
l.x0 X 21, x=xZ—2x+3
-3
lir[]}z 11]]:11!“.'{2 —X-x
8. x~3x- —9 22. x o=
i 12 -9 23 xlirg-.-"xz +5x-x
e Ix+3 ' i
9. ¥ 73 .
n 4x- —Tx— 2
m
y xZ — 8x+ 15 24,  x 25x2 —11x+ 2
10. xln; x% 425
I x2 +2x-15
m——
. 3x2 —8x L+ 4 25, x3 X!-0x
m
11. x 25%x2 —14x+ 8 ) 2%
11171
’ x2 —7x+ 10 26. =0y4+x—v4-x
Im—; — -
12. x 5X° 9x + 20 - 2 - 4=
i x—6 27. w—d3 —2x +1
13, x6yx+3-3 S

lim

28. *53 —y2x— 1
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IIpakTuyeckas padora Ne 33

Tema: KonTpoabsHas paboTa 3a nepBeIi ceMecTp
Heab: [IpoBepuTh YpOoBEeHb YCBOCHUS MaTepHaia 3a IEpBbIA ceMecTp

1 BapuanT
Ynpocrure BoipazkeHue

1.(sin x + cosx)* —1

2
2.(cos2 x(% — xj + sin 2(377[ — XD —sin?x

sin* X+Sln X COS” X
sin® xcos” x

3.

IIpeoOpa3yiiTe BbIpa:keHue:

a+2 a 2 Ja—42
1L (2.
Wa2a V2a+2 a—y2a a+?2

11
c-1 c2+c3 1
2.7 11 'c++1
cd+cZ2 241
lg8+ligls
" 2lg2+1g3

Pemute ypaBHeHue

l.Vx2+2x+10=2x—1
2-CDS(—1—X)—FCOS( ——x)

3 sz —16x— 3?5—5\11'_
4.logsVx — 5 + logsV2x — 3=1

2 BapuaHT

Ynpocrure BhIpaxkeHue
o7



1.(cos2x +1)tg®x —1

ct 3—”—x
1—ctg?(— x) A2
2. .
th(X—ﬂ') ctg(z + x)
sin® x cos x + cos® xsin x

cos?® X
IIpeoOpa3yiiTe BbIpaxkeHHe:

1 (m a+byb \/—) (\, a+£)2

3.

x-a+x-"b a+2
1 132 3 3
1 (az—bz) +z2az+b2
23(ab}2—3bL
' B 3 32
a—b az—bz
3lg2+3igs
"lg13-Ig130

Pemure ypaBHenue

117 +2x —3x2=x+1
. T . T .
2.sin (E — x) — sin (E — x) =1
3 2x2—6x+DJ5: 1
' 1642

4.§Eg(2x —1)=1-1IlgVvx—9

IIpakTHyeckas padora Ne 33
Tema: IIpaBuia BEIUMCIIEHNS IPOU3BOIHBIX

He.]'ll)I Hay'-II/ITI) ydalmuxcs rmpaBujiaM BEIYHUCIICHUA IMTPOU3BOJHBIX

Teopetnueckuii 610K

. "' =10

. =1

. (f+g) = +d"
(fg) = f'g + fg"
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https://ru.wikipedia.org/wiki/%CF%F0%EE%E8%E7%E2%EE%E4%ED%E0%FF_%F4%F3%ED%EA%F6%E8%E8#cite_note-2
https://ru.wikipedia.org/wiki/%CF%F0%EE%E8%E7%E2%EE%E4%ED%E0%FF_%F4%F3%ED%EA%F6%E8%E8#cite_note-3

. (cpy=cf
(i) _flg—1g
. g 9* (g#0)

(5) %
. \9Y 9* @#0

Brraucnure IMPOU3BOJHYIO:

—y3 5 3
1. f(X)=x"+2x"+4 10, f(x) = X
2. f(X)=2x"+x*+10 x—4
3. f(x)=g+%+E
X x° 7
1 2 4 11.f (x) = X(x+3)
4 f(X)==+—F+— ,
x x> 5 12.f(x) = (x" +4)(x-1)
_ 5
5. f(x)_2\/§+4x 13 (x) = X
6. f(X)=+/x+5x* 3x-1
7. f(x)=x(x+1) 14f(x)=X2Jr5
8. f(x)=x(x+5) x“+1
XZ
9. f(x)=
X_

I[OME[I.HHCC 3aaHuC:

1) f(x)=7x"+13x’ +18
2t0=2+ 2 X
5 X

3) f(X) =x(x+2)
4 f(x) = (x+5)(x* +7)

2

S)f(x)zz;(u
6)f(x)=%

IIpakTyeckoe 3ansaTue Ne 34
Tema: [Ipou3BogHBIE TPUTOHOMETPHUECKUX (DYHKIIUN
Hesas: HayuuTs BEIYUCISATH MPOU3BOAHBIE TPUTOHOMETPUUYECKUX (YHKIIUI
Teopernueckuii 610K

Bce tpuronomerpuueckre pyHKIMHA HEIPEPBIBHO U HEOTPAHUUEHHO T depeHInpyemMbl Ha
BCeil 007acTu onpeaeseHus:
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(sinx)’ = cosx,

(cosx) = —sinx,
. , 1

t = \
(tg) cos?

. 1
ctgz) = ———,
( 5 ) 511'1E X

Pemenue ynpaxHeHun

1. Haiigute npou3BOAHYIO (QYHKIIUU:

Dy =rcosx+x°, 2)y=£gx+ﬁ;

$Ny=ctgi3x+ Sy =l x +g];

127
2. Haiinure mpou3BOIHYIO PYHKIIHH:

?:w=sm(‘g—zx:|, o Ememe

-3 2
Dy=sm"x+cos” x

Ny=sintx+cost x-2sin*x cos’ x;

3. Haiiti mpou3BOIHYIO QYHKITHH:

A: Ty =sin x°; 5
2y = cos’ (g—Bx},
1
3y =—=—;

cost x

fgx
Hy =22,

x

1+igx
Sy =—22

fgx

1
by y = ;
4 iglx
Ty =t

fgl3x  x
8)y = ctgTx;

Py =fxsin x.
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2y = (sin x +cosx)°

Sy =sin 2x,

£y = cos(2x + j—;};
Ty = £g3 x
: 3jy=coij—smjx;

Sy =sh 2x s Sx+tcosex cosdx —

1 : 3
1)y=;'xgsmx, xu=?ﬂ—;
: 5
3]y=sm4£—|:054§, X =%;
4)_}3:"\%, i = U
Sy =tg'lx,
6y =cos (2x+1), x,=0

Ty = ,{1+5cos%;

Sy =sin (227
Py =cos? (71— 3x%).



IIpakTnueckas padora Ne 35
Tema: BerunciieHre mpou3BOIHOM CIIOXHON (QYHKIIUN

Hess: Hayunts yyammxcst BEIYUCIATH POU3BOJHYIO CIIOKHOW (DYHKIIMU

Teopernueckuii 070K

[TpousBoHAsS CIIOKHON (PYHKIIMH paBHA MPOU3BEICHHUIO €€ MMPOU3BOIHOM IO MPOMEKYTOUYHOMY
apryMEeHTy Ha POU3BOJIHYIO 3TOT0 apryMEeHTa 110 HE3aBUCUMOM MTEPEMEHHOMN

Pewenne ynpaxxunenui

Bbruncnute npou3BOAHYIO CII0KHON (YHKINH:

1) f(x) =cosb5x

) 14) () = ~ cos X
2)f () =3sin 4 2

15) f (x) = (4x —5)°
3)f(x) = (8x+4)°

8
16)f(X) = ——
4)f(X)=—2 > 1) (1-5x)°
(3—4x) , \
(3oL 17)f(X)=(2X—3)_4+(—x+4j
5)f(x) =(3-2x) +(x+4)3 3

T
6)f (x) = 23in(3x—%) 18) f (x) = 8tg (2x+ )

7) f(x) =tg4x
8)f(x):%cosg

9)f (x) = (3x +5)*
3

10)f(x):m

12)f (x) = (5x + 4)™ +(§+8J

12) £ (x) = %cos(% ~3x)

13) f (x) =sin 8x

JomarHee 3amanue
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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)
7) f (X) =ctg2x

IIpakTuyeckas padora Ne 36
Tema: Pemenue ynpaxHeHUN.
Henanb: 3akpenuTh U CUCTEMATU3UPOBATH 3HAHUSA YYAILIUXCA 110 JAHHOU TeMe

Teopernueckuii 6110k

. C'=10

. =1

. (f+g9) =Ff +4d"
. (fg) = fg+ fd"
. (Ccfy =Ccf
({)f _fg—fd

£
. \9 9 @#0)

Kapmouka Ne 1
Haiinure npou3BoaHy0 QyHKIMA

1) f(x)=7x"+13x°+18
2t =2+ X
5 x

3) f(X) =x(x+2)
4 f(x) = (x+5)(x* +7)

2

X
5f(x)=
)T () 2x+1
6)f(x)=X_+1
X—2
Kapmouxa Ne 2

62
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https://ru.wikipedia.org/wiki/%CF%F0%EE%E8%E7%E2%EE%E4%ED%E0%FF_%F4%F3%ED%EA%F6%E8%E8#cite_note-3

Haiinure npousBoaHy0 GyHKIMH

1) f(x)=6x"+5x"+78
2f(x)=2+3 y2/x
4 X

3) f(x)=x(x+3)
4)f(x) = (x* +4)(x-1)

X
5)f(x)=
) £(x) 1
X+95
6) f (x) =
JT) x? +1
Kapmouka Ne 3

Haiigure npou3BoAHYI0 (PYHKIMH
1) f(X)=4x"+3x* +2x°
5 Jx

X
2)f(X)=E+F 5

3) f (x) = x(x +10)
4Hf(x)=(x+4)(x+2)

X
5f(x) =
)10 4x +1
G)f(x):x_+8
X+1
Kapmouxka Ne 4

Haiinure npou3BoAHYI0 (PYHKIMH

1) f(x) =7x° +8x* 1
X

2)f(x)=i2+35+&
X X
3)f(x)=(x+4)x

4) f (x) = (x+5)(x* = 7)

5)f(><)=XL+8

6)f(x)::Tj:

Kapmouka Ne 1
Haiiaure npou3BoaHbIE CII0KHBIX (PyHKIIMI

1) f(x) =cos5x



X
2)f(x):35|n§

3)f(x)=(8x +4)°
2
(3-4x)?

4)f(x) =

3 1
5)f(X)=(3—2X) +m

6) f (x) = 23in(3x—%)

Kapmouxa Ne 2
Haiinure npou3BoaHbIE CJI0KHBIX PyHKIIMI

1) f(x)=tg4x

1 X
2)f(x)—§cosg
3)f(x) = (3x+5)*

3

4)f(X)=m

5) f (x) = (5X + 4) +(§+8j

6)f (x) = %cos(%—3x)

Kapmouka Ne 3
Haiiaute npou3BoaAHbIE CII0KHBIX PyHKIMI
1) f(x)=sin8x

1 X
2)f(x)=zcos§
3) f (x) = (4x —5)?

8

D=5

5)f(x) =(2x-3)™* +(§x+4j

6) f (x) = 8tg (2x + %)

Kapmouka Ne 4
Haiiaure npou3BoAHbIE CII0KHBIX (PyHKIIMI

1) f(x)=ctg2x
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2)f(x) =;sin 7X

3)  (x) = (2x +10)?
4

4)f(X)=W

5)f(x)=(4x+8)™ +(%x+13j

6)f (x) = 4ctg(%— 2X)

IIpakTnyeckas padora Ne 37

Tema: MexaHn4yeckuil CMbICII ITPOU3BOIHOM
Henb: 3akpenuTh U cCUCTEMATU3UPOBATh 3HAHUSA YYaIUXCs 110 JAaHHOU TeMe

Teopernueckwuii 6110

[ycTs 3aman myTs & — JF (t) JBUKEHHS MaTepralIbHON TOUKU. CKOPOCTh IaHHOM MaTepHalbHOM TOUKHU B
MOMEHT BPEMEHHU # €CTh NIPOU3BOJHAS OT IIYTH 5 10 BPEMEHH &

u(t) = §'(t)

[Ipumep

o
& 2
s(t) = =7 = 2t= + 4t
Teno aBrkeTCs NPAMOJIMHENHO 110 3aKOHY 3 (M). OmnpenienuTh CKOPOCTh €T0

JIBW)KECHUS B MOMCHT ¢ = 1{) c,

Pemenne. Mckomas CKOPOCTbD - 3TO MPOU3BOAHAsA OT IIYTH, TO €CTh

3

r

9 ! 9 !
o(t) = §'(t) = (_‘—;z'* —2t* +-'l£) = (_—z'*) — (2% F(4t) =

| b2

2.2+ A1 =2 — At + 4

2 i o]
= ;{z*}“ - 2(%) +4(t)" =

-
et

B 3a1aHHBII MOMEHT BpEMEHH

v(10) = 2-10° —4- 10+ 4 = 200 — 40 + 4 = 164 (),

Orser. U(10) = 164 (/).

YnpaxHenus:
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1.MatepunanbHas TOYKa JABHKETCS PSIMOIMHENHO 10 3aKkoHy X (t) = 6t2 — 48t + 17, rae X — paccTosHue ot
TOYKU OTCUETa B MeTpax, I — BpeMsi B CEKyH/ax, U3MEPEHHOE ¢ HaJaja JBKeHus. Halimure ee cKopocTh
(B MeTpax B CEKyH]ly) B MOMEHT BpemeHu t = 9 C.
2.MarepuaabHas TOYKa JIBHKETCS PSIMOJIUHEHHO 110 3aKOHY

X (t) = (1/6) t? + 5t + 28
IJle X — paccTOsilHHEe OT TOYKH OTCUeTa B MeTpax, [— Bpems B CeKyHIaX, W3MEPEHHOE C Hadvaja

JBIDKEHUS. B Kakoif MOMEHT BpeMeHH (B CEKYyH/Iax) €€ CKOPOCTh Obljia paBHa 6 M/c?
3.MarepuanpHas TOUKa JBIKETCS IPAMOIIMHEHHO 1o 3akoHy X (1) =t2— 13t + 23, rie X — paccTosHHUE OT

TOYKHM OTCYETa B METpax, t— Bpemsi B CEKyHaX, H3MEPEHHOE ¢ Havasa JABMKEeHUs. B kakoi MOMEHT
BpeMeHH (B CEKYHJIaX) €e CKOpOCTh Oblia paBHa 3 M/c?

4.Touka aBHKETCS 10 3aKoHY S(t)=2t%-3t (S — myTh B MeTpax, t — BpeMs B CEKyH/1aX ). BbIUMCIUTE CKOPOCTH
JBUKEHHS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHHU 2¢

5.MaxoBHK BpaIaeTcss BOKPYT OCH T10 3aKoHy @(t)= t*-5t. HaiiuTe ero yrioByo cKOPOCTb B MOMEHT
BpeMeHU 2¢ (¢ — yroJ BpallleHHs B paJIdaHax, ® — YIJIOBask CKOPOCTh Paji/c)

6.Teno Maccoli 2 K IBMYKETCS TPSIMOJIMHEWHO 110 3aKOHY X(t)=2-3t+2t?

Haiinure ckopocTh Tella U ero KHHETUUECKYI0 SJHEPIHIO uepe3 3¢ nocie Havana asumxeHus. Kakas cuia
JEICTBYET Ha TeJI0 B ’TOT MOMEHT BpeMeHH? (t u3MepsieTCsl B CEKYHIaX, X — B METPax)

IIpakTnyeckas padora Ne 38

Tema: Pemenue ynpaxuenuil. CamocrosrenbHas paboTta
Ienan: 3akpenuTs U CUCTEMATU3UPOBATh MaTEpUal 110 JaHHON TeMe

1 Bapuant
1. Haiinure yrioBoit kodhpHIMEHT KacaTeNbHOMN, MPOBENEHHOM K rpaduKy GpyHKIUN
v =4x?-6x +1 gero touke ¢ abeuuccoit Yo = 2
2. Haiinurte yrioBoit k03 pHUIMEHT KacaTeIbHON, TPOBEACHHOHN K TpaduKy (yHKIIHH
v =2x%-x"+3x —6 gerorouke c abeumccoii Yo = —1

3. Haiimute yrioBoii ko3 PHUIHUEHT KacaTeIbHOW, IPOBEICHHOH K rpaduky QyHKITIH
[

e . L Xy =
V = SINX — COSX g ero TOUKE ¢ abcruccoii  © 2
4. HaiiguTe KOOPIMHATEI TOYEK KACAHUS, B KOTOPHIX KacaTelbHbIe K IpaguKy QyHKIHH

v =10x% + 55 — 1 yyeror yrioBoil Kod(QQUIHEHT, PaBHbII 2

5. CocraBbTe ypaBHEHHE KacaTeIbHOU K TpaguKy GyHKIMU ¥ = 2x*=5x + 1 g rouke ¢ aGouuccoit
Xg =2

6. Koopmunara MaTepHaibHO TOYKH U3MEHSETCS C TSYEHHEM BPEMEHH I10 3aKOHY
x(t) = 6t* - 8t + 6. Hajizute ckOPOCTb TOUKA B MOMEHT BpeMeHH & =

7. Koopnunara MaTepHaibHO TOYKH U3MEHSETCS C TeYEHHEM BPEMEHH I10 3aKOHY

Fy _ .5 i . _
x{t) = t° - 4t* + 5. Hajinure ckopoCTb TOYKH B MOMEHT BpeMeHH t = 2

8. MarepuabHas TouKa ABIKETCS IPIMOIMHEIiHO o 3akony () = 5% -2t + 1 Uepes ckonbko
CeKyHI IoCIie Hayana IBMKEHNS TOYKa OCTAHOBHTCA?
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9. MarepuaibHas TOYKa JBHKETCS PSIMOTTHHEIHO 1o 3akony * (8} = 3t — 13t Hajinure yekopenne

TOYKH B MOMEHT BpeMeHu t = 2
2 BapuaHT

1. HaiiguTe yrnoBoii Ko3((HUIMEHT KacaTeIbHOM, MPOBEICHHON K rpaduKy QyHKIIUN
Vv =7x"-5x+ 12 g ero rouke ¢ abeupccoi o = 3
2. Haiigure yrinoBoit K03 PUIMEHT KacaTeIbHOU, TPOBEACHHOHN K TpaduKy GyHKITUH

¥ =6x"-x +1 perorouke ¢ aberumecoii Yo — 1

v
3. Haiigure yrinoBoit ko3¢ dunmeHT kacaTenbHON, MPOBEACHHOM K rpaduKky QyHKIHH - 2 B

ero Touke ¢ abemuccoii Yo — —1

4. HaiinuTe KOOPIUHATHI TOUCK KacaHHsl, B KOTOPBIX KacaTelbHbIC K rpaguKy QyHKIIMN
Vv =8x"+4x + 4 yyeior yrioBoii kod(GULMEHT, paBHbIii 1

5. CocrtaBbTe ypaBHEHHE KacaTelbHOU K rpaduky GyHKIuU » = 3x% -4x —2 g rouke ¢ abeuuccoit
X =1

6. Koopnunara MaTepraibHO TOYKH U3MEHSETCS C TEUEHHEM BPEMEHH I10 3aKOHY

x(t) = 3t* - 8t + 8. Hajinure cKOPOCTH TOYKH B MOMEHT BpeMeHH & = 3
7. KoopjauHara MaTepHaIbHO TOYKH U3MEHSETCS C Te4EHHEM BPEMEHH 0 3aKOHY

) = t° - 4% + 8. Hajinure ckopocTh TOYKH B MOMEHT BpeMeHn & = 4

8. MarepualbHas TOUKa JBIKETCS IPIMOJIMHEHHO 1o 3aKkoHy ¥} = %~ 8t = 10 Yepes ckomnbko
CEKYH/I TIOCIe Hayana JBUKEHHs TOKa OCTAHOBUTCS?

9. MarepuanbHas TOYKa ABHKETCS IPSAMONMHEHO 110 3akony X () = 8% = 2t° Hajinure yekopenue

TOYKH B MOMCHT BPCMCHHU r=1 C

IIpakTnueckas padora Ne 39
Tema: [IpumeneHne HenpepbIBHOCTU. MeTo1 HHTEPBAIIOB
Henb: Hayunts yyammxcs pemaTts HEpaBEHCTBA, UCIIOIb3YSI METO/I HHTEPBAJIOB

Teopernueckuii 6110k
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AJIropuT™ IIpumep

1. Pazmo40iy BRIpLHEHHE B ) (x— DX + DX+ 2)(x + 3)%(x — 4)*
SHCIHTENE | 3HAMEHATE TS HA THHEHAHEIS 2 =0
R (x—1x-3)*x-5)

MHOMHTETH.

2. Brigeans ocodsle cTvIaH(ecTH OHH (x—3)*20mux=+3

2CTs) — HETHEIE CTETIeHH | (x+3)°=20mpux=3

COKPANTAROIIHSCH MEOSHTETH. (x—4)*=0mpux=4
x—1)=0 mpux=1

i [Tepenmmen HepaBeHCTED, (x+1)(x+2) -0

HCKTHEHE 0C00BE CTVEAH. x—5 =

4. TTpupapmaens ¥ BV Ka el ci1=0 [x=—1
AMHOMHTETE SHOTHTEIA H SHAMSHATAA 1
- i x+2=0 |x=-2
Hafiges BCe X H3 JaHHLIX 5=0 5
_— = x =
PABSHCTE(«KOHTPOTEHEIS TOTKH ).

5. Otyersy Ha KOOPIHHATHOH 3 1 5

OpaMOoH TOYKH H2 11 4, VIHTEIEAT THAK m’—
HepaBeHeTEA(CcTporuf wIK HecTporuf).

L

6. [TpoBepHy 3HAK B OJHOM H3

HHTSPBATOE, 4 B OCTATRHEIX — i ok = = v ” N
TIPOHEPS Ve, = ¥
7. Jamumen OTBET, VHIHTRIBAA 3HaK .3 2 -1 3 4

HEPABCHCTEA H 0C0 oLIe CIVEAH.

Orger:x € [-2;-1]U (5;0) U{-3;4}. )

Pewenne ynpaxxHeHuit
(x* —4x+6)(x—2)(x-3)
x-1)*(x-2)*
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x? —4x+6 >0npux € R ,1akkax D <0
(x—2)’z0mpuX € R . Tak Kak TOUKa X + 2
(x—1D*=0npHX € R . Takkak Tourkax * 1

(x—2)(x—3)=0 Ei

OteeT:X € (—2;3)

~ (Z°—=5)(z—7)(2x—3)
= —x*—5x+ 6

=0

(x—V5)(x+V5)(x— 7)(2x—3)
—(x+6)(x—1) -

= VB

x=15
X=8
L x =1

OTeeT: (—co; —6) U [—\E; 1} U [1,5;1.-@] U [7; ooy,

[Ipumepbl Ha caMOCTOSTENBHOE PELIEHHE:

1 gl_
2 5 +6 2
r+ 17

=0

2 _—r—6"

VT -3

> ().

T — 2

17 — 15 — 22

v T2
T+ 3

I[OMEII.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=HE2+x)(x+1)(x=2)<0

(x+8)(3x —30)(16 —x)(=6 —2x) <0

IIpakTnyeckas padora Ne 40

Tema: Bo3pactanue u yObiBanue GyHKIIMN
Hean: Hayuuts uccienoBars PyHKIMIO HA TPOMEXYTKH MOHOTOHHOCTH
Teopernueckunii 070K

1.Eciiu B HEKOTOPOM MPOMEXKYTKE MepBasi IPOU3BOHAS (PYHKIIMH OOJIbIIE HYJIA, TO (PYHKIKS BO3pacTaeT
Ha ATOM MPOMEKYTKE;

2.Ecnu B HEKOTOPOM MPOMEXKYTKE TepBasi MPoU3BogHas (QYHKIIMU MEHbILE HYJIS, TO (QYHKIUS YObIBAeT Ha
ITOM MPOMEXKYTKE.

[TpomexxyTkH, Ha KOTOPBIX (DYHKIIHS TOJBKO BO3PACTACT WM TOJIBKO YOBIBAET,
Ha3bIBAIOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

HOpﬂ)lOK HaX0KACHUA MMPOMEKYTKOB MOHOTOHHOCTH:

1. Haiitu oGnacth onpeneneHus GyHKINH.
2. Haiitu nepByto Mpou3BOAHYIO (DYHKIUH.

PaccMoTpuM HECKOIBKO MPUMEPOB HCCIe10BaHUs (PYHKIIMK Ha BO3pacTaHUE U yObIBaHHE.
Haiitn npomMexyTKu MOHOTOHHOCTH (DYHKLIMI:
3 P
=x —-3x
1) 7

a) o6macTh onpeneneans LW A E R

. =38 —6x
0) HaifieM MepPBYIO MMPOU3BOIHYIO: ,

V=032 —6x=0 x=0,x=2

Hccnenyem 3HaK MpOU3BOAHON B MOMYYEHHBIX MPOMEKYTKaX, PEIIEHUE MPEACTaBUM B BHJIE€ TaOIHUIIBI.

I | (=e0,0) (0] (0:2)|2] ((2:+e0)
Yixy| o4 o - [0 +

y@ 1 ! T
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2
Urak, B IpoMexyTKax * < (= 0,0) 0 (2i4e0] GyHKIHSA Y= : BO3pACTaeT, B

npomexyTke * (0.2) yOBIBaeT.
af=‘f
a) 00J1acTh ONpeaeIeHHs Diy)y ze R
y'= =32

0) Haii1IeM MepBYIO MPOU3BOIHYIO: :
:yrzg;_3x2=[], x=10

Hccnenyem 3HaK NpOM3BOJHON B ITOJIYUEHHBIX IPOMEXKYTKAX, PEIICHNE IPEICTABUM B BUAE TaOJINLIBI.

I | (—eo0) (0] (0;+c0)
»¥ix) - 0 -
»(x) ! !

OyHKIHS Y= yObIBaeT Ha Bcel 001acTH OMpe/IesICHuSI.

3)y=xj—5x+6.

a) 001acTh onpeaeseHus Diy) xe &

0) HaiiieM MepBYIO MPOU3BOIHYIO: y=2x-5 ’
' =0.2x-5=0.x=25

Hccnenyem 3HaK NpOM3BOJHON B MOJIYYEHHBIX IPOMEXKYTKAX, PEIICHNE IPEICTAaBUM B BUE TaOJIULIBI.

I | (—e:2,5)(2,5]|(2,54c0)

»'(x) - 0 +
»ix) ! 1
DyHKIHSA Y= X = 5r+6 BO3pACTaeT Ha MPOMEKYTKE * = (2.5:+0) yObIBaeT Ha
IPOMEXKYTKE * = (- 0,2.5)
[Ipumepsr:
Haiitu npomexyTKk MOHOTOHHOCTH (DYHKITHH
1 = r-2x .
, f)=x+2C+4
3. f(X)=2x"+x*+10
4. f(X)=2x+4x°
5. f(X)=/x+5x*
6. f(X)=7x" +13x° +18

Jomarnee 3ananue:
1. f(x)=x(x+1)
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2. f(x)=x(x+5)
W2
) =—
31 X-3
i

4 109=—

IIpakTyeckas padora Ne 41
Tema: Kputnueckue Touku GyHKIMH, MAKCUMYMbI 1 MUHUMYMBbI
Heas: Hayunts HaX0AUTh 3KCTPEMyMBI (PYHKIINH.
Teopernuecknii 010K

Heo0xoanmoe ycinoBue 3kecTpemyma: Ecim Touka X sIBJIS€TCS TOUKOH 3kcTpemMyma ¢pyHkimu f U B 9TOU
TOUKE CYyILeCTBYeT npousBoaHas f', To oHa paBHa Hymio: f'(x°) =0.

IIpuznak makcumyma ¢pynkuum: Ecou pynkuus f HenpepsiBHa B Touke X, a ' (x)> 0 Ha uHTepBasne
(a;x°)m f'(x)< 0 na unrepBane (Xx°; B) , TO TOUKA X SABJISAETCS TOUKOW MakcuMyma pyHkuuu f .

IMpusnak muaumyma ¢pyukuuu: Ecimn dyaknus f nenpepsiBHa B Touke X°, a f'(x)< 0 Ha unTepBane
(a;x°)m £ (x)> 0 nHa unTepBane (x°; B) , TO TOUKa X° ABJISAETCS TOUKONW MakcuMyma QpyHkuuu f .

Tenepb KOCHEMCS BOIIPOCA MOCIEA0BATEILHOCTH OIEePaIlfii, KOTOPhIC HY>KHO BBIITOJIHUTH IPH OTHICKAHUN
9KCTpeMyMOB GyHKINH.(3-4 MUHYTHI)

1. HaiiTH 0ONacTh onpeaeneHus HyHKIIHHA

2. HalTH POU3BOAHYIO (DYHKIIUU

3. HaliTU TOYKH, B KOTOPBIX BBIMTOIHIETCS paBeHCTBO f(x)=0

4. HaliTW TOYKH, B KOTOPBIX IPOU3BOIHAS HE CYIIECTBYET

OTMeTUTh Ha KOOPJAMHATHOM MPSMOI BCe KPUTUYECKUE TOUKU U 00JIaCTh ONpeaeIeHUs
5. onpenenuTh 3HaK MPOU3BOJHON Ha KaXI0M U3 IPOMEKYTKOB

6. cienaTh BbIBOJ O HAJIMYMH UM OTCYTCTBUU IKCTPEMYMOB

Haiinute kpuTnueckue TOUku GyHKIUU
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a)2x2+x—1=0;
6).

B)ax"2+3x —6=0;

r).

2. Haiinure TOYKKM MakCUMyMa U MUHUMyMa  (DYHKITUH:
a)x*-10x*+9=0,
6).

B) 12x%-3x3-5=0.

7

r).

[Toctpoiite acku3 rpaduka GyHKIMH, 00IaAar0men
CIEAYIOUIMMH CBOMCTBaMU:

1.D{f3=[-3;51. f (x) = O mpu x € (=3;1). f (x) < O mpm
rel(l;5) , f)=0.

2.0(f =[-4:6l. f (x) = 0mpux € (—4;2). f (x) < 0 mpm

vel(2;:6) ,f({2=0.

I[OMaI_HHCC 3aaHUC:

1. Haiiaure kxpuTHueckre TOUKH QyHKIMU:
a) 6x'24+3x +10=10 .

6).
2. Haiigute TOUKM MakCUMyMa U MUHUMyMa  (DYHKIIMHU:
x x®
a8 %3 7 °%0;

0).

3.IToctpoiite acku3 rpaduka GyHKIMH, 00IaAarONMIEeH
CIIEIYIOIIIMU CBOHCTBAMH:
Dify=I[1;6]. f(x) > 0npux € (1;3),f (x) < 0 npn
v el(3;6) ;f(3)=0.

IMpakTnyeckas padbora Ne 42
Tema: [IpumeHeHre TPOU3BOIHOM K UCCIIETOBAHHIO (PYHKITHIA

He.]]b: HayLH/ITB yHalmuxcs UCCICA0BATb (bYHKHI/II/I C MIOMOIIBIO HpOHSBOHHOﬁ
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Teopernuecknii 070K

Cxema uccnenoBanust (pyHKITUH:

1. Haiiti oGsacts onpenencHuss QyHKIIHH.
[TpoBepuTh, HE SABIAETCS U PYHKIUSA YETHON UM HEUETHOW; IPOBEPUTH TAKXKE, HE SIBIISCTCS JIH

OHA MEePUOTUIECKOH.

3. Haiitu, eciu 5T0 BO3MOXKHO, TOUKH NepeceueHus rpaduka QyHKINN C OCSIMH KOOPAMHAT U
IPOMEXYTKH 3HAKOIIOCTOSHCTBA (QYHKIMH. MIHOT1A [T yTOYHEHUS TOCTPOCHUS rpadyKa Cieayer
HAWTH JBE TPU JAOTOJTHUTEILHBIC TOUYKH.

N

4. Haiitu npou3BoiHy0 QyHKIMU U €€ KPUTUYECKUE TOUKH.
S. Haiitu npoMeKyTKi MOHOTOHHOCTH U 3KCTPEMYMBI (PYHKIINH.
6. [Toctpouts rpaduk QyHKIMH, UCTIOIB3YSI IOTYUEHHBIE PE3YIbTATHI HCCIIEA0BAHNUS.
Paccmorpum npumep:
4
y X
s
x -1

1. O6macTh onpeacneHus

¥ -120, x=1 nostomy ¥ € (- @) (40

2. Ilepeceuenue ¢ ocsamu koopauHat: Touka (0;0).
3. BBuay T0Oro, 4To 00JIacTh ONpeeieHHs] HECUMMETPUYHA OTHOCHTEIBHO Havyajia KOOPAHHAT, IPOBEpKa
Ha YeTHOCTh HEBO3MOXKHA.

4, I/IHTepBaJ'IH 3HaAKOIIOCTOAHCTBA

4
X

Taxk xak 20 vxe R 10 3nak Ipodu %’ -1 OyJieT 3aBUCETh TOJIBKO OT 3HAaKa 3HAMEHATeJsl, T.€. OT
smaka > = 1= (- )& +x+1), Tostomy pu ¥ € eal)w (1) ¥ <0 4y X € (L+co) y>0,
5. MHTepBanbl MOHOTOHHOCTH
R 4x3(x3— 1)— xt. 3z _ 4%° - 4%° - 328 . %% - 4%° )
) (x3 = 1)9 ) (x3 = 1)2 ) (x3 N 1)2 ,
x®-4x® =0,
x3(x3 - 4)= 0
% =0, x,=34

f

y >0 y <0 y' <0 y >0
0 i T

Ilpu ¥ € (-ew0)u (3\"‘.7;+°°) (yHKLIUS BO3pacTaer,

Ipu £ € (o) (13“"(3) GbyHKIMS yOBIBAET.

34, 42{2

(0;0) - Touka MakcuMyMa, - TOYKa MHHAMYMa.

Xxe (— 0‘7,‘3\5)‘4' (1;+c0) rpaduk QyHKIIMH BOTHYTHIH,
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xel-32; 1) rpaduk QyHKIUH BBITYKIIBIA. - TOYKA MEperuoa.

AY
4

¥

Uccnenyiite u noctpoiite rpapuku QyHKINMN:

h(x) =-3x?+ 12.
h(x) = 2x>+ 3x + 1
f(x) =2x?-3x+1
h(x) = 0,5x%> + 5x + 8
h(x)=0,5x> —-5x + 8

Jomariaee 3amanue:

o ks wnp e

1. h(x)=2x+1
2. f(X)=x2-4x+ 2
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IpakTnyeckas padora Ne 43

Tema: KontponbHas padota o teme: «IIponsBomanas»
Heas: [IpoBepuTh ypoBEHb YCBOCHUSI MaTepuaia

BapwuaHrT 1.
TeopeTnyeckumn Bonpoc

1. Tlpupaimienue aprymeHTa u npupaiieHue GyHkuuu

MpakTu4yeckue 3agaHuA

2. Haiiti nponsBoanyto pyHKuuu Yy = X2

3. Haiitu npomexyTok Bo3pactaHus QyHKIuM Y = X>—2x+3

4. Haiitn sxkctpemymsl pyskimn Y = X5 + 3/X

5. 3amucaTh ypaBHeHHeE KacaTenbHoi k rpaduxy ¢ynxmun f(X) = (X2 +1)/X B Touxe ¢
abcuuccoit Xp=2

6. Hccnenosats pynkmuio f(X) = X?-5X+6 u OCTPOUTH €€ rpadux

BapuaHT 2.
TeopeTuueckuin Bonpoc
1. IloHsATue npou3BOAHOMN
MpakTu4yeckmne 3apgaHuA
2. BorumcnuTs 3Hauenue npoussonnoit gpynxumn ¢(X) = 6X° B TOUKE X=4
3. Haiitu npoMexyTKu, Ha KOTOPbIX GyHKLuUsA Y = (X - 2)2 : (X + 4)2 BO3pacTaeT
4. Haiitu skerpemymbl Gyrxunn Y = — 48/X — X3
5. 3anmcaTh ypaBHEHHE KacaTelnbHOM K rpaduxy ¢pynkmun f(X) = (X2 -1)/X B Touke ¢
abcuuccoii Xp=-2
6. MUccaenosars pynxmmo f(X) = X* - 2x3 + 3 u nocrpouts eé rpaduk

BapwuaHT 3.
TeopeTuueckuin Bonpoc
1. Tabmuira mpou3BOIHBIX

lNMpakTuyeckmne 3apaHuA

2. BpHCIUTH 3HAYEHUE MPOU3BOAHON QyHKIMN Y = X3 B rouke X=1

3. Haiitu kputrueckyio Touky ¢pyaxuun f(X) = X2 -4

4. Haiitu npoMexyToK Bo3pacTaHusl PyHKIUN Y = X2 —2X + 3

5. HaiiTi TaHTeHC yIia HAKIIOHA KacaTelbHON K rpaduky pyukimn Y = -X3/3 - X2/2 + 3Xx + 13 8
Touke Xg=-3

6. HUccnenoats pynkmuto g(X) = X2 -1 wmoctponts eé rpauk

BapuaHT 4.
TeopeTuyeckuin Bonpoc
1. TlpaBuna BBIYUCIICHUS TPOU3BOTHBIX

npaKTquCKMe 3agaHuAa

2. Haittu npoussoanyto gpynxiuu g(X) = x4

3. Pemmuts ypasmenne f'(X) =0 , ecrm f(X) = X2 - X

4. Haiiti npoMexyToK yObiBanus GyHkuun Y = X2 - 6X + 8

5. HaiiTy TaHreHC yIia HAKIOHA KacaTeIbHoi K rpaduky dynkumn Y = X33 - X%/2 - 3x + 13 8
TOYKE Xo:3
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6. Hccnenopars pynkmuio h(X) = X2-4 u MOCTPOUTH €€ rpaduk

BapwuaHT 5.
TeopeTnyeckumn Bonpoc

1. KacarenbHas k rpaduxy GyHKIIUN

I'IpaKTI/NeCKVIe 3agaHud

Haiitu npoussoanyto pynkuuu @(X) = X + COS X

Pemmuts Hepasenctso f'(X) >0, ecmu f(X)= 2 x? - 4 X

HaifTi npoMexyTKH, Ha KoTopbix pyHkimst Y= 2 — 2 X2 + 4x%/3 - % x* Bospacraer.
Haiitn kputnueckue Touku Gpynkiuu Y= (X2 + 3X) / (X + 4)

o0k v

HccnenoBath QyHKIUIO g(x) = - X? - 5X - 6 u nocrpouts €€ rpadux.

BapwuaHT 6.
TeopeTUyeckuit Bonpoc
1. TIpomsBoxHas B pU3MUKE.
MpakTuyeckmne 3apaHuA
Haitru npomssommyio dynxman  f(X) = (2x + 1)
Haiitu kputnaeckue Touku Gynkuun Y= 6 + 12X - X3
HaiiTi mpoMeXyTKH, Ha KOTOPBIX QYHKIMS ~ yOBIBAET.
Haittn nponseonmyio pyrkman Y = 2\X + 27/X — x%/9
Uccnenonars ¢pynxiuio N(X) = X? - X - 6 u nocrpouts eé rpadux.

IS

BapuaHT 7.
TeopeTuueckuin Bonpoc
1. Ilpusnak Bo3pactanus (yObIBaHUS) QYHKIUH.

MpakTu4yeckmne 3apgaHuA

Boraucmuts f '(3), ecmn f(X) = %2

Haiitu npoussoanyio Gynxuuu y = 2 SiN X

Haittu npomexyTky, Ha kotopsix pyrkims Y = 0,5 X* - 5x3/3 - 1,5 x2 + 2 Bospacraer
HaifTH TaHTeHC YIiIa HaKIOHa KacaTebHoi k rpaduky pyHKImmu y = Vx B Touke Xo = 9

o0k LN

Wccnenosats Gpyukimo § (X) = X?- 9 u nocrpouTs 8 rpaduk.

BapwuaHT 8.
TeopeTnuyeckuit Bonpoc
1. TIpusnak MakcuMy™ma (MUHUMYMa) (DYHKIHH.
MpakTuyeckue 3apaHus
2. Haiiri npoussozayio dymxmmn f (x) = X°
3. Pemmrs mepasenctso §'(X) < 0, ecm g( X )= X2 - 4X
4. HaiiT mpOMEKYTKH, Ha KOTOPHIX Gyukims y = ¥ X*-5x3/3 - x2— 1 yGrisaer.
5. Haiitu TaHreHc yria HaKkJIOHa KacaTeabHOM rpaduky pyHKINU f(X) =2 X3+ 3 X2 Brouke Xo= -2
6. Mccrenosats dynkmmio N(X) = - X2+ 1un MOCTPOUTH €€ rpaduk.

BapwuaHT 9.
TeopeTuyeckuin Bonpoc
1. HWccnenoBanue GyHKIUH.
npaKTI/I‘IGCKVIe 3agaHuA
2. Haiitu npoussoanyio gpynkmuu h (X) = sin (2 - 3x)
3. Haiitu npomexyTkn, Ha kotopsix ¢pymkims Y = (X2 +8x) / (x - 1) Bospacraer.
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4. Haiitn npoussoanyto gyuxmun y = X*/8 —x%/3 + \x u Beraucuts ee snavenue, ecm X = 4.

5. Haiitu ypaBHenue kacatenbHoii k rpaduxy ¢ynxuun  f(X) = (x-1)/(x+1) B Touxe ¢
abcrmccoi xXg = -2

6. Wccnenosars pynkmmo f(x) = X2 + x — 6 u nocrpouts ee rpaduk.

BapwuanT 10.

TeopeTnyeckumn Bonpoc
1. Ilpupaimenue apryMeHTa U pupamieHne QyHKIUH.

MpakTu4yeckue 3agaHuA

2. Haitru f'(x), ecmm f(x) = 4 (x-5) 3

3. Haitru npoussoxtyto dymxumn § (x) = X5 -7 X2 -9\x -2 u BbruncnTe €€ 3HAYCHNE, eCI X =
1

4. Haiitn npomexyTku, Ha KoTopbix Gyukimus Y = (X2 - 8x) /(x+1) yGsisaer.

5. 3anucaTh ypaBHeHHe KacaTeNnbHOM k rpaduxy dpynxuuu f(x) = (x+1)/( x-1) B Touke ¢
abcrmccoit Xo=2

6. Wccnenosars dynkmmio N(x) = -x? + 5X - 6 u nocrponts ee rpadux.

BapuaHnTt 11.

TeopeTuyeckuin Bonpoc

1. TlonsTre mpou3BOJHOM.

MpakTuyeckme 3agaHus

2. Pemmts ypasuenne §'(x) = 0; ecau g(x) = 2x - x?

Haiitn npomesxyTki, Ha KoTopsix Gyukmus Y = (X - 3)%/( X+1) Bospacraer.

Haiitu kpuTndeckne Touku Gynkmuu y = X + COS 2X

Hanmcars ypaBHeHHE KacaTeNnbHOM K rpaduky GpyHKmm ) = (; X2+8)/ (x+1) B TouKe x0=0

o U AW

Uccnenosars pyukrmo f(x) = 3x° -5x% u mocrponts eé rpagux.

BapuaHT 12.
TeopeTnuyeckuit Bonpoc
1. TabGuuia mpou3BOIHBIX.
MpakTu4yeckmne 3apgaHuA
2. Haiitu npousBoanyio ynxmuu f(X) = 4x°
3. Haifti npoMexyTkn Bospactanns yrkimn Y = 5x% — 3X + 1
4. Haiitu MuauMyM ¢GyHKIMH Y = X% — X
5. HaiiTu TanTeHC yria HAKIOHA KacaTelbHOU k rpaduky Gpynkimu y(X) = (X2+8)/ (X-1) Brouke c
abcrmecoit xo =0
6. MHccnenosats pynxmmio §(X) = - x>+ 4 u MOCTPOUTH €€ TpaduK.

BapwuaHT 13.
TeopeTuyeckuit Bonpoc
1. IlpaBuna BBIYUCIIEHUS IPOU3BOIHBIX.
MpakTuyeckue 3agaHusA
2. Haiitu f '(X), ecmu f(x) = 7x
3. Haiitu npousBoaHyI0 GYHKIUU g(x) = 4 SIN X - COS X ¥ BBIYUCIUTE €€ 3HAYCHHUE, eClli X = 7T
4. Onpenenutb, BO3pACTAaET WU yObIBaeT QyHKIH Y = - x3
5. HaiiTi TaHIeHC yIUIa HAKJIOHA KacaTelbHOM K rpaduky pyukmmn f(x) = X* B Touke ¢

abcrmccoit xo = 1
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6. MUccnenosars dynxumio N(x) = - X2+ 1 u nocrpounts ee rpaduk.

BapwuaHnT 14.
TeopeTnyeckumn Bonpoc

1. KacarenpHas k rpaduky QyHKINH.

rlpaKTquCKVIe 3agaHud

2. Pemmts ypasuenne f '(X) =0, ecrm f(x) =x3—12x =7

3. Haiitu npoussoanyio dyukuuu N(x) = 14 X

4. Haiitu npoussoanyo Gpyukmnuo Y =3 COS x/3 + 2 SIN 4X u BeluMCIUTE €€ 3HAYeHHe, ecu X = 71/2
5. Haiitu ypaBHenue kacatenbHoit k rpaduxy ¢pynxiuu f (X) = -x* + 4 X% B Touke ¢ aGCIUCCOM Xo =

1.
6. Hccnenosars pynkmmo ((X) = X? + 5X + 6 u nocrpouts ee rpadux.

BapwuaHnT 15.
TeopeTuyeckuint Bonpoc
1. TIpomsBoxHas B pu3MKE.
MpakTu4yeckmne 3apgaHuA
Haiitu npousBoaHyto pyHKIMU g(x) =x8/8
Pemmts Hepasencteo Y' >0, ecnn Y = X 2- 4X
Haiitu npomexxyTku, Ha KOTOpbIX GyHKIUA Y = Ve ( X?-2 ) X?-3 BO3pacTaeT.
Hanucats ypaBHeHHe kacaTenbHOU K rpaduky QyHKINUN f(X) = 4\/X B Touke ¢ abcruccoii Xo = 4

o gk e

UccnenoBats pyHKINIO h(X) =-X°+X+6u MTOCTPOUTH €e TpaduK.

BapwuaHT 16.
TeopeTnuyeckuit Bonpoc
1. Tlpusnak Bo3pactanus (yObiBaHUs) QyHKITHH.
npaKTVI'-IeCKVIe 3agaHuAa
2. Haiitu npousBognyto pynxmuu f(X) = 2X+1
3. Pemmrs Hepasenctso Y’ < 0, ecrm Y = X? - 6X +18
4. Haiitu npousoauyio bpyukmuu §(X) = 4X? y BHIUMCIIHTE €€ 3HAUCHNE, eCI X=2
5. Haiitu TaHreHC yria HakIOHa KacaTenbHOi k rpaduky dynkuuu f(X) = VX B TouKe c
abcuuccoit Xo=9
6. Mccrenosats dpynximio h (X) = X249 u MOCTPOUTH €€ TpaduK.

BapuaHT 17.
TeopeTuyeckuin Bonpoc
1. Tlpusnak MakcumyMma (MHHHEMYMa) QYHKIIHH.
npaKTVNeCKVIe 3aaaHud
2. Haiiri npoussonyio dyrxmun f (x) = 5 x*.
3. BbuucnuTh 3Ha4€HME TPOoU3BOAHON GyHkimu § (X) = COS X B Touke X = /4 .
4. Pemuts HepaseHcTBO ' > (), ecmu y = 4x% - 8x + 1)5.
5. HaiiTi TaHTeHC yIiIa HAKIOHA KacaTeabHOM K Tpaduky Gpynkimu f (x) = 2x + \x B TouKe c
abcrmccoit xo=9 .
6. Mccrenosats pynximio K (x) = 4x? - 1 u moctpouts eé rpadux.

BapwuaHT 18.
TeopeTuyeckuin Bonpoc
1. HWccnenoBanue GyHKIUH
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MpakTuyeckue 3agaHuA

Haiitu npoussoanyto gynkiuun y = 1 + Sinx .

Haittu npoussoanyto gpynxumu g (x) = (x? + 1)° u sbrumciuts & snavenue, ecmu X = 1.

HaiiTi ipoMexyTKH, Ha KoTOpbIX pyrkims ¥ = % x' + 7x¥/3 - 3 x? - 4 y6uiBaer.

Hanmcars ypaBHeHHs KacaTelbHOM K rpaduky Gynkuuu f (x) = X B Touxe ¢ abemmceoit Xo = 1

o gk wN

Uccnenopars ¢pyukuuio h (x) = - 4x? + 1 u noctpouts eé rpadux.

BapwuaHnT 19.

TeopeTnyeckumn Bonpoc

1. TlonsTHE TPOU3BOIHOM.

MpakTuyeckne 3agaHuA

2. Haiiru npoussosnyio Gpynkimuu @(X) = 2 Sin 5X

3. Haiitu npoussommyio pysuxmm Y = (32 —2 )/ ( X? - 3) u BerumcauTs e 3HaveHue, ec X = -2
4. Haiitu 3kcTpeMyMbl QyHKIMH Y = (X2 -2x+ 1)/ ( X2-X+2 )

5. 3amucaTh ypaBHeHHeE KacaTenbHoH k rpaduxy ¢yaxmun §(X) = X3+ X2 B TouKke ¢ abeuuccoii Xo=

1

6. Wccnenosars pyrkumo Y = 9X° + 3x3u nocrpouts eé rpaduk

BapwuaHT 20.

TeopeTuyeckumn Bonpoc
1. IlpaBuna BblUMUCIEHUS TPOU3BOIHBIX.

MpakTu4yeckmne 3apaHuA

2. Haiitu npoussoanyio pynxiuu ¢(X) = 7X + 8

3. Beuucauts f'(7/4), ecnn f(X)= 2 cOs X

4. Haiitu mpoMexyToK Bo3pacTanus GpyHkimn Y= X>- 6X + 9

5. Hamucats ypaBHeHue KacaTenbHoil k rpaduxy pynxmun f(X) = X?- 4X + 5 B Touxke ¢
abcruccoit Xg= -2

6. Hccnenosats dynkmuio §(X) = - X?-X+6u MOCTPOUTH €€ TpaduK.

IIpakTnueckas padora Ne 44

Tewma: Kontponbnas padota no teme: «IIponsBomnas»
Hens: [IpoBepuTh ypoBEHb YCBOEHUSI MaTEpHalIa IO JaHHOU Teme
1 BapuanT

1.Beraucinure npon3BOAHYIO:

1.f(x) = 2x* +4x* +6x+3
pt-te2 3
X x° X

3.f(x) = (8x-10)’
X
4.f(x)= cosg

1

Sf(X):m
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2.Haiinure npou3BOAHbIE CIOXKHBIX (QYHKINUN
1) f(x)=sin8x

2)f(x):%cos§

3)  (x) = (4x—5)?
8

D10 =g

5)f(x) =(2x-3)™* +(§x+4j
6) f (x) = 8tg (2x+%)

3.Haiigute KpuTH4eCKHe TOUKH PYHKIIMU:

a) 6x'2+3x +10=10 .

0).
4.HaiiiuTe TOUKHM MaKCUMyMa U MUHUMYyMa
* E 13
-8 _-+9=0
a) 8 3 :
0).

byHKIMN:

5.Haiinute Haubosnblee 1 HAaMMEHbIIEe 3HaUeHHE QYHKIIUN

2
fGd=

0) x+1'2 Ha MIPOMEXYTKE [0; 215];

1.Beruncnute npou3BOAHYIO:

1. (x) =3x? +6x* +8x+100
2iey-ti 2 3
X X

X

3.f(x) = (4x-5)°

4.f (x) =sin10x

Lt

(1-2x)’

2.Haiinure npou3BOAHbIE CIOXKHBIX QYHKIUN
1) f(x)=ctg2x

5. (x) =

2 BapuaHTt
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2)f(x) :%sin 7X

3)  (x) = (2x +10)?
4

4)f(X)=W

5)f(x)=(4x+8)™ +(%x+13j
6) (x) :4ctg(%—2x)

3.Haiinure kputnueckre TOUKH PyHKIUU:

a) 1/2x"2+4/5x+15=0 .
6).

4. HaiiuTe TOYKM MAaKCUMyMa U MUHUMyMa  (DYHKITUH:

0)
5.Haiinute Hanbomnpliee 1 HaUMEHbIlIee 3HaYeHHE (PYHKIUU
alf(x) = 6,75x™4-x + 2 3 ppomecyrre L0 2],
6) () =x+4/(x —1) ya npomexyTKe [-2;0],
IIpakTuyeckoe 3ansiTue Ne 45
Tema: Unrerpan. ®opmyna Hetorona-Jleii6Humna

Heawb: HayunTs pemaTs HHTETpalibl, UCHONB3Ys popmyny HeroTona-JIeliOHumna

Teopernueckuii 6110k

[Mycte ¢pynkuus f (X) HempepbIBHA Ha 3aMKHYTOM HHTepBase [, b]. Onpenenennsiii unterpan ot pynkuuu f () B
npezenax ot a a0 b BBOAUTCS Kak mpeaes CyMMbI OECKOHEYHO OOJBIIIOTO YUCIIA CIaraeMbIX, KaXI0€ U3 KOTOPBIX
CTPEMUTCS K HYJIO:

If[xjdx= 1?41_% if(x!j&!x

mauxd,x—s0 =L

rac
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H

Z-f{x&)ﬂix=f(x1)ﬁ17f+f(x:)ﬂqx*'---+f(-’fp,)ﬂk?='+...+f(xx)ﬂkx.

i=1

Ceoiicmea onpedeneHH020 unmezpana
Hwxe npeamnonaraercs, uro f (X) u g (X) - HenpepbiBHbIe GYHKIMK Ha 3aMKHYTOM HHTEpBaje [a, b].

&
[ldx=5-a
1. a
A -]
J#& (x)ax = k[ 7 (x)ax,
2. ° ¢ rre K - koHcTanTa;
A A -]
II[f[le+g[x))dx=ff[x)a"x+jg[ledx
3. a 2 2
I I3 A
Ij[x)dx=jf[xjdx+ff[x)dx, TOe @+c b
4. a a “
A A
0<f(x)<elx) A N MO HOL
5. Ecmu IUISL BCEX 7, TO & &
jf[ledx—ﬂl
6. °
-] o
Ij[x)dx=—ff[xjdx
7. ° ?
3
F(x)20 [7(x)axz0
8. Ecim B uHTEpBase [a, b], To *
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Dopmyna Hevomona-JlIeiionuya
[Tycts pynkius f (X) HenpepbiBHa Ha 3amMkHyTOM HHTEepBae [a, b]. Eciu F (X) - nepsooopasnas dyukiuu f (X) Ha[a

b], To

ITpumep 1
2
I[ x-x ) dx
Bprunciuts uaTErpan ’

Pewenue.
[Ipumenss popmyny Herotona-JIeliGnuna, nonydaem

r & 2\ (16 3 4
a3 1433

i

[Tpumep 2

J(4F -

i}
Bprunciuts uHTErpan

Pewenue.
1 1
1 1 }§+1 1/5+1 % %
I ) B i S
. : K1 U D i
ITpumep 3
. 5 y=x1 y=ax
Haiitu ruiomans Gurypsl, orpaHU4eHHON KPUBBIMU u .
Pewenue.

CHayasia onpeieTuM TOYKU MEepPeceYeHUsl IBYX KPUBBIX (PUCYHOK 3).

= x,
= x-Jx=0,
= «H(x%—l)=0,

= =0 x=1
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Takum oO6pa3om, nanHble KpuBbIe TiepecekaroTcs B Toukax (0,0) u (1,1). CnemoBaTenpHO, III0MIaAb (GUTYpH paBHA

f
Rt

1
S=hi‘(q.}";—x2:|dx= ixzi—i =%(2\E—x3)

I

y=2x-x?

Puc.3 Puc.4
ITpumep 4

2

Y=2x-—x
Haiitu miomans ¢urypsl, orpaHudeHHyto rpadpukamMu GyHKIANR u

xty=10

Pewenue.
Haiinem kooparHATHI TOUYEK NIEPECEUCHUSI KPUBBIX (PUCYHOK 4).

Px—x =-x,

= x*-3x=0,

= x I:x - 3) =0,

= x =0 x =3

__}? = Ex - xg .}? =-r

JlanHast 0651acTh OTPaHUYMBAETCS CBEPXY MapadoIioit , @ CHU3Y - IPSIMOM JIMHUEN .
CrnenoBarenbHO, TUIOMIAIL ITON 001acTH paBHA

Ry =‘j[2x—xj —[—x))cx’x =}(2x—xg +x).:ix= [:J:2 _£+x_2]

K

. 2 3 . 2 3

o | o

: 32

Breraucnonre HHTErpajibl:
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1
1.Ix3dx

dx

2

2.

Ccos

i

J

0

2
3. (L+2xd

s
1J'x5

-1

s dx

!

2

il

1

sin? x

2.

3.[(4+2x)x

IIpakTuyeckoe 3ansitue Ne 46
Tema: [Ipumenenne HHTETpaa K BHIYUCICHNAIO (PU3NYESCKUX BEIMYHH U IIIOMIAJICH
esab: HayunTh NpuMeHATh MHTETPalibl K BEIUUCICHUIO (PU3MUECKUX BEIUYHMH U IUIOMIAAeH
Teopernueckuii 6510k
I'eomeTpuyeckne NpUIIOKEHUs OIIPEACIICHHOIO HHTErpalia

KpuBonuneiiHo# Tpanenueit Ha3bIBaeTCs MI0cKas (Gpurypa, orpaHudeHHas
oceto U | npsmeiMp £ = @ X = &y rpaduKOM HEMpephIBHON Ha

OTpe3Ke [: 2] ynxun ¥ = Sl KOTOpasi HE MEHSET 3HaK Ha 9TOM npoMexyTke. ITycts
NaHHas (UTypa pacroiokKeHa He Hudce OCH adCIIHCC:

vl od 22l

Toraa momaas KpUBOIMHENHONW Tpanenuy YUCICHHO PaBHA ONPEIEICHHOMY

L.
£ yax

WHTErpany @ . C TOUKM 3peHusi reoMeTpun onpeaeneHubii narerpai —3to [JIOIIAJLD.
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http://www.mathprofi.ru/uravnenie_pryamoi_na_ploskosti.html
http://www.mathprofi.ru/nepreryvnost_funkcii_i_tochki_razryva.html
http://www.mathprofi.ru/nuli_funkcii_intervaly_znakopostoyanstva_metod_intervalov.html

To ecTb, onpeieIeHHOMY UHTErpaty (€Ciu OH CYIIECTBYET) TEOMETPUUYECKH COOTBETCTBYET

xdx

fx +1

IoIaib HeKoTopoii urypsl. Hanpumep, paccMOTpuM omnpeieieHHbI HHTerpan 1™

x
¥=— :
[ToapiHTErpasIbHAS QYHKIIUS X+ 3a/1a€T Ha MJIOCKOCTH KPUBYIO, PACIIOJIaTraroIy OCs
4
xdx
BBIIIE OCH "4 , a caM ONpeIeJICHHBIN HHTErpa 1 "E +1 YUCJICHHO PaBeH ILIOMIATN

COOTBETCTBYIOLICH KPUBOJIMHEHHOM Tpamnenuu.

[Ipumep 1
2
y=1x +2,y=0,x=—2,x=1_

Boruncnuth miiomaas GUrypbl, OrpaHu4eHHOMN JIMHUSAMU

BeinonHuM yepresx (06paTuTe BHUMAHKE, YTO yPABHEHHE » 0 3anaer ocp 4 ):

i $=r¥2
P
2
[~ 21] y=x"42

Ha OTPE3KE PaCIIOIOKEH Ha/l OCBIO QX , IOOTOMY:

rpaduk GyHKIUH

T x 1 2 1 3
S= [z +2ax=|+ex | =—+2—(———4]=—+2+—+4=9
: 3 3 3 3 3

S=9 a5

OTtBeT:

[Ipumep 2

I

o =-¢ —
BrerauciauTs miioniaab (bl/Il"ypBI, OrpaHU4YCHHOU JIMHUAIMU Y , x=1 U KOOPAWHATHBIMHA

OCsIMHU.
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Pemenne: BeinoaHuM ueprex:

T . VT ".--mv./,“. T VT T )
1 1 1 1 ] 1 1 1
1 1 1 1 ] 1 1 1
' ' ' ' ' ' ' '
1 1 1 1 ' 1 1 1
Tttt riy T T ki oo i i
1 1 1 1 ' 1 1 1
1 1 1 1 ] 1 1 1
' ' ' ' ' ' ' '
1 1 1 1 ' 1 1 1
1 ' ' 1 ] 1 1 ]
||||||||||||||||||||||||| A ——
" T : !
1 1 q 1 ] 1
' ' ki ' ' 1 '
‘ L : : :
i } } } , \
1 1 1 1 '
1 1 1 1 ] 1
' ' ' ' ' '
' ' ' ' ' '
T T T T
-+ o6 o - & s
1 .V.L 1 1 1 ’
' ' ' ' '
1 1 1 1 '
[P dmmem o - T [EREREE N a
' ' 1 ' '
=
‘ ‘ ‘ ‘ W
1 1 1 1 H
' ' ' ' '
L EEREES e D SESERES
! ! ! ! [l =
1 1 1 1 ]
' ' ' ' '
S . R SR N
' ' ' ' '
1 1 1 1 '
1 1 1 1 ]
1 1 1 1 ]
' ' ' ' '
Lemmmo I e o = R | _ - _.a

, IO KpailtHeu Mepe, He

Ecau KpHBOHHHCﬁHaﬂ Tparcuus pacCiiojIoKeHa 1ol OCbro OX (I/IJ'II/I

A

S=-| sixdx

), TO €€ TUIOoIIaIb MOKHO HAWTH 110 hopmyie: @

v

ébluteJaHHOU OCHU

1

B nanHowMm cnyuae:
1
§=-[e"dx

P oe-1

1

p=g —eg

1

X X
Iedxze
o

S=(e—1) e’ w172 o8

OrtBer:

3

IIpume

y=-x

y
=2x—x

Haiiti nnomaas niuockoi GUrypsl, OrpaHi4eHHON JTUHUSMH Y

Pemenwne: Crauana HYXXHO BBIITOJIHUTH YCPTECIK.
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a

""7"5" “yoree-

[P

PSS U S P U

[P

RPN

PSR T R

[P

B k. i Bl e I I
-
B
b
+
E._
-

S . T

o o o O S

[ 2] HEKOTOpasi HeTpephIBHAS (DyHKIIHS F (%) Gonbime mi6o

Ecnu Ha oTpeske
paBHA HEKOTOPOIi HENPEPHIBHOM QyHKIHH = (x) , TO IO (PUTYPBI, OTPAHUYECHHOMN

rpadukamu 1aHHBIX QyHKIHI 1 opsaMbiva & = | X =2 \oxwo HaitT 10

]
S=[(F(x) - glx)dx
bopmye: 2
B paccMarpuBaeMoM IIpuMepe OYEBUHO, UTO HA OTPE3KE [0:3]
X

r[apa60na paciiojiaracTcs BbILIC

o 2 —_
HpsIMOH, a IIO3TOMY U3 2% = %" HeoOXOMMMO BEIYECTb

2
CBEpXY U MpsIMOi y=-1 CHU3Y.

L V=2x—xX =
Hckomas ¢purypa orpanuueHa napadoaoi Y

Ha orpeske [03] 2x -2 2 —x , IO COOTBETCTBYIOILEH Gopmyre:

3 3 ] 3
2 4 3x =g 27 27 9 1
Sz_!(Ex—x —(—x}}dx:_!(Bx—x}cz'x:(?—?]|n:?—?—0+0:§:4§

5= 41 2d)?
OTBerT:

[Tpumep 9

]
o =X =
Bbrancnuts miomaas GUrypsl, orpaHU4eHHON TUHUSMU Y , 0  O=x=m
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Pemenue: M300pa3um ganHyo Gurypy Ha yepTexe.

e o e e e
e e
R LlM lli BB
e e G S
f nI 1 f T }
A 1 y 37 Ay
. P S S S SR
=sin’ x
Ha otpeske [0 77] rpaduk (I)yHKI_II/II/I"F pacronoxkeH Hax ocblo <4 | ostomy:
El - = - . (2= 5 ] (2
S=Ism xcz’x=_[sm X 51 xcfx=I(1—u:os Xsmn xdx=0*)
o 0 0

e 2 2
(2) Mcrionb3yeM OCHOBHOE TPHIOHOMETPUUYECKOE TOKIECTBO B BUje i1~ % =1—cos™ x

(3) TIpoBenem 3ameny nepemennoif £ = 525X torja:
df =dflcos x) = —sin xafx = sin xalx = —df

HoBrble nepenensl UHTETPUPOBAHMS:
f=cosl=1;

ty=cosmr=-1

T 2 2 A 1 1 1 1 4
o =—Jl-e z=j(1—:)dz=(z—%}|_1=(1—§—[—1+§D=1—§+1—§=§

1 -1

L a
[#Gax =] #(x0ax
(4) 31ech MbI HCIIOTIL30BAJIM CBOMCTBO OIPEIEIEHHOI0 HHTErpaia 2 2 ,
PpacIoJIOKUB MPEACIIbI MHTCTPUPOBAHUSA B KIIPUBBIYHOM) ITOPAAKE

3:11 o’

OTtBeT:
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IIpakTnyeckas padora Ne 47

Tema: KontponsHast pabora o teme: «IlepBooOpasHasi»
Henan: [IpoBepuTh ypOBEHb YCBOCHHS MaTepHala 0 JAHHON TEMe
1 BapuanTt

1. Haiinute oOmumii Bua IepBOoOpasHBIX s (DYHKITUH:
1.f(x) =3x+5x> +6x° -2
200 =2+ 2 X
X X
3.f(x) = (5x-3)°

4.f(x) =sin (ZX — Z]

2

Sf(X):m

2.BpruncnuTe UHTErpasbl:

1
1.Ix4dx
-1

T

£ dx
2. — 2
2 sin

X

3.J2'(21+3x)jx

=

3 dy
4,4y 9-x%
5.

2-BapuaHT

1..Haiiaure oOuuit Bua nepBooOpazHbIX Uil PYHKIIMU:
1.f(x) =6x+3x>+2x* -9

260 =2 138 2k
X X
3.f(x) = (4x-13)°
T
4.f(x) = cos(3x - Ej

4

Sf(X):m
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2.BpIuncnuTe UHTErpasbl:
1
1._[ x°dx

dx

sin? x

i
2
0
3'2[4+2x)dx
1

4.5 T+x7

1
cosZx” sinZx

dx

IIpakTnyeckas padora Ne 48
Tema: Pemenue TpUroHOMETPUYECKUX YPABHEHUHA METOAOM Pa3JIOKEHUS HA MHOKHUTEIIN
Henp: HayunTs yuamuxcs pemaTb TPUTOHOMETPUYECKUE YPABHEHHS METOIOM Pa3JIOKEHUsS Ha
MHOKUTENH
Teopernueckuii 010k

MeTogbl pelieH s
TPUroHOMETPHYeCKHX YPaBHeHHA

METDA 3aMeHbI MeTon pasnoreHnA Ha
I'IEpEMEHHOﬁ MHOXMUTENHN
h 4

Pemenue 0qHOPOOHBIX T
PHTOHOMETPHYECKHX YpaBHEeHHH
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Metoa Pa3jJI0KeHHHA HA MHOKHTE/IH

I

f(x)=0

I

IIpyeooMM HCcXOOHOE ypaBHEeHHE K BHIY

fi(x) f2(x) = 0

v

3apada cROOHUTCA K PEMEHHED

COBOKYITHOCTH YpaBHEHHIT
fi(x)=0 wmun  fH(x)=0

I[MPUUMEP
Pemmute ypaeHeHHe: sin4dx + sindx cosx =0

Pemenne:
sin4x + sindx cosx =0
sindx (1 + cosx) =0
VpaeHeHHe PAaBHOCHIIBHO COBOKYITHOCTH

YpaBHeHHH:
sindx =0 HITH 1 +cosx=0
4x =mn, ne”Z cosx =-1
x=nn'4, neZ X=xm+2nn, ne’Z
OtBeT: x =14, neZ X=mn+2nn, ne”z

1. PemnTsh ypaBHeHue: Sin X+ cosx=1.
Pemenue. IlepeHecém Bce wieHbl ypaBHEHHUS BJIEBO:
sinx+cosx—1=0,

npeo6pa3yeM " Pa3JI0KUM Ha MHOKUTCIIN BBIPAKCHU B JIEBOM 4aCTH YpaBHCHHA:
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smx—Z2sm-(x/2)7=0,
2emi(x/f2) cos(x/2)-2am-(x/2)=0,
dan(x /2 - [cos(xf2 —am{xi2)]=0,
Th sm(xf21=10, 2 ocos(xf2V—amixi2)=0,
xla=mk, tan(x/2)=1,
X, =2mk xi2= arctan 1+ 72,
xi2=wld+7n,

= i+ Znn.

2. Pemmuts ypaBHeHme: COS 2 X + sin X - cos X = 1.
Pemenue. COSZX+sSinX-cosX—sin2x—cos2x=0,
sinX - cosX—sin2x=0,

sinx - (cosx—sinx)=0,

1 smzx=0, 2l cosx—snx =0,
X =Tk, tanx=1,

xn=mi4 4T,

3. Pemmts ypaBHeHue: COS 2X — COS 8X + €0S 6X = 1.
Pemenwue. c0S2x+cos6x=1+cos8x,
2 COS 4x c0os 2x = 2 c0S 2 4x ,
cos4x - (cos2x— cos4x) =0,

Cos4x - 2sin3X-sinX=0,

1). cos4x =0, 2). sin3x=0, 3).sinx=0,
dr=mi2+mk, Ax=Taxn, X, =T
n=mi8+mki4, X, =Tnl3,

1. Pemuth ypaBHEHHE:
Pemenue:
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. J3
Sin X-coSX——-cosX =0,

(- \/§)
cos X| sin x—7 =0,

cosx =0, x=Z Ak,
2
sin x=—3 V4
2 X:(—l)k-§+7zk,keZ.

Jlomarnee 3ajiaHue:

1. 2 sin x/2 cos 5x — cos 5x = 0.
OtBer:
x=7/10 + 7n/5

x = (-1)" /3 + 27,

IIpakTnyeckas padora Ne 49
Tema: Pemenre TpUrOHOMETPUYECKUX YPABHEHHMI METOJIOM BBEJICHUS HOBOM NIEPEMEHHOMN
Hean: Hayunts ygammxcs peniatb TPUTOHOMETPUYECKHAE YPABHEHUS METOI0M BBEJCHUS HOBON
MEPEMEHHOMN
Teopernuecknii 070K
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TpuroHoMeTpHYECKME YpaBHEHWA, NPHBOAMMbIE K
YPaBHEHUAM OT OAHON TPUrOHOMETPUYECKOM
dyHHUMM ogHO NnepemeHHON, pewatoTea (KaK
npasuno)

MeTOI0M 3AMEHBI NMEePeMeHH ol

v

asin’x + bsinx +c¢ =0
BBEJIeM HOBYIO MepeMeHHYIO
smmx=t, | <1
YpaBHEHHE MPHMET BHI
at’ +bt+c=0
Pemas kpaapaTHoe
ypaBHeHHe, HAXOOAUM t;; t;

BepHeMcs k nepeMeHHOH X A
sinX =t sinx = t, atg?x +btgx +¢=0
EES/IEM HOBVIO MepeMeHHYI0
tex=t t €R
YpaEHeHHe MIPHMEeT BHII
acos’x + beosx +¢ =0 at? +bt+c=0
BBEJIEM HOBYIO MIepeMeHHYI0 Pemas ksagpaTHoe ypaBHEeHHE,
cosx=t, |t|<1 HaxomHM t; 1
ypaBHeHHe NpHMeT BUA Bepremca K nepeMeHHOMH X
al +bt+c=0 gx =1 tgx =1t
Pemas kpanparHoe
YpaBHEHHE, HAXOOHM t;; B
BepHeMcsa k nepeMeHHol X

cosx =t COSX = 1,
ITpumep:
sinx + Ssinx — 6 = 0.
, _ T 2 _ _
nenaem sameny S = £t € [=LL] o nvuaen kpanpathoe ypasuenne: © St—6=10
1‘1 = l, t, = —6 ta = —56 o
HaXOJUM KOPHH 2 ,3AMEYAEM, UTO 2 TIOCTOPOHHUI KOPEHB,
= | i =
TOCKOTIBKY © [=1.1] sienaem obparnyio 3ameny, T.c. pewaem ypaprenue S ¥ = 1y
x=—+2nk keZ
KOTOPOTo KOPHAMHM OyyT YKcla : :
— +2nk, k=Z
Ortser: - .

Pemnre ypaBHeHUs:

1)2-5'1'11:}: + 3cosx —3 =0

2) tgx = Ec‘!‘gxl
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3) cos2x = 2cosx — ZL_

4) 2sin“x —sinx —1 =10

5) 2co5°x + 35inxy = 3

6) u'grgx - W'Ef:rgx =12
7) 2sinx +sine —1 =10

8) Ssin“x +6ecosx —6 =0

9) 2ectgx — 3tgx +5 =10

IIpakTuyeckas padora Ne 50
Tema: Pemenue norapuMuuecKkux ypaBHEHHMA
Henb: HayunTs yuammxcs pemars JIOTapupMUISCKIE YPABHCHHSI
Teopernueckuii 070K

Pemenue mo60ro orapu)Mu4eckoro ypaBHeHHs TAKKE CBOAUTCS K PEIICHUIO OJJHOTO MU
HECKOJIbKUX MPOCTEHIINX JIOTapU(PMUUECKUX YPAaBHEHUN:

1) logaf(x)= logag(x); 2) logaf(x)=b.

VpasHenue (2) ceoautes K ypasHenuo Buaa (1): logaf(x)= logaaP.

VYpasuenus Buaa (1) cBoaarcs k pemieHuto ypaBHeHui f(x)= g(x) (morenmuponanue). [Ipu sTom
HEOOXO0MMO IOMHHTS, 4TO ypaBHeHUs logaf(X)= 10gag(x) u f(x)= g(x) He paBHOCHIBHBL [Ipu
HNOTEHIIMPOBAHUY MPOUCXOANUT PACIIMPEHUE 00JIACTH ONPENIEIeHNUs, a 3HAUUT UMEETCS
OIACHOCTH MOSBJIEHNS IOCTOPOHHUX KOpHEH. [IpoBepka — Hammydniee cpeicTBO IPOTUB TAKON
OTaCHOCTH.

1 mun — 1o oTnpeAeNIeHNIO JIoTapudma:

logZx-11=-2

a) 3
=
1
[—} =dx-1
Pemenme: - : 2X—1=9; x=5.
log,l0-0=-2 log,?=-1
IIpoBepka: = ;3 ; ~2loggd=—2. 2= 2 _ pepHo.
OT1BeT: x=5.

6) logy(x® +4z+10 =2
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Pemenne: 3 =3 +du+12; 2° +4x+12-0=0" x* +4x+3=0;

Kyp= -2 -3 =241

; X1=—1 1 xp=-3.
IMposepka: x=1, logs(1-4+12)=2; 10939=2; 210g33=2; 2=2 — BepHoO;
x=3, 10g3(9-12+12)=2; 10g39=2; 2l0g33=2; 2=2 — BepHoO.

OTtBer: x=—1, x=3.

B)
%= E_l 7% 1_E_
Pemenne: ¥, 4 ¥ TIyers £ =¥, Torna ypaBHEHHE 3aIlMIIEM B
E
L Zh-0 |
BHUJIE 4 ¥ +4y—32=[|;

FL2=—2i-’\,l4+3 =—2i61 Y1=4; F2=_8; 7 =4’ 2}\::22;)(:2; 2% #-8

z
lugg[——lJ =2-2
IpoBepka: 4 ; loggl =0

— BEPHO.
OTtBert: x=2.

2 mun — ypaBHEHHUs, KOTOPbIE C IOMOUIbIO JIOTapu(PMUUECKUX TOKAECTB CBOJATCA K
MIPOCTEUIINM YPABHEHUSIM:

a) lg(x-3)+lg(x-2)=1-1g5.
Pemenne: Ig[(x—3)(x—2)]=lg10-1g5; Ig(x>-5x+6)=1g2;

5+.f25-16
X?—5x+6=2; X°>~5x+4=0; X1 2= 2 : x=4 n x=1.

IpoBepka: x=4; 1g(4-3)+ 1g(4-2)=1- 1g5; g1+ Ig2=1g2; 1g2= Ig2 — BepHoO;

x=1; 1g(1-3)+ 1g(1-2)+1- 1g5, Tak kKak BeIpa)keHHUE, CTOSIIEE O] 3HAKOM Jiorapudma,
JIOJDKHO OBITH BCET/Ia MOJI0KHUTEILHBIM.

OTtBeT: x=4;

g2+ 1gx-3) 1

6) 18T +1)+1gx-6)+ 13 7

g +1gx-3) 1 lgax-3) |

Pemenne: 1E37x+DE-6) I, 1g3(Tx+Dx-6) 2.
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2 1g(4(x=3))= 1g(3(7x+1)(x—6)); 1g(4(x—3))>= 1g(3(7x+1)(x—6)).
[oternupyem: 16x°—96x+144=21x°-123x-18; —5x*+27x+162=0;

27+ 43369 _ 4TX43 _E=_E
5x2-27x-162=0; x10= 10 10 :x=9;xp= 10 5,

Zlg+ lgs, 1 1524 1

Iposepka: x=9; le84+1gi+1g8 2. Zlg8+21g3 1,

1224 1

2184 2 _pepno;

12 }
g +1g]- =3
g g[ ; |

12 1{.ﬁ+1J+1g[.E-ﬁJ+1g3 2

BBIPAXKCHHUEC HC MOXKCT OBITH OTPHULATCIIbHBIM.

— JIOXKHO, TaK KaK HO,I[JIOFapH(i)MI/I‘leCKOC

OtBeTt: Xx=9;

B) logzx +1loggx +loggm =355

1
_log mh=—1log h
Pemenne. Bocnioibp3yemcs popmymnoir tm ;

1 1 11
logsx+—logsx+—logsx =55 —logx=3535
R N S o ys

3 3
TMposepia; 196327 +108,27 +1ogy27 =55 logzd” +loge 3" +1=57.

3 +E+1 =535
4 — BEpHO.

OTtBer: x=27,
F) logs3x-1D+1log(x-27) =3 +1log; 2 )
Pemenne: 108s03—11(x— 2T =10g,(5° - 8

46+ /2116 +2109 4665

Hotermupyem: (3x—11)(x—27)=1000; 3x>-92x-703=0. x1,2= 3 3 ;x1=37mn
19
X2= ) ? .

Iposepka: 1. log 111 =101 +1og (3727 =3 +1ogg3
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log:l00+1og;10=10g;1000 - log;1000 —log.1000 _ BEPHO.

1a
logs(-19 -111 +1og;s [— ——2?] #3+logqs
2. 3 , TaK KaK BBIPa)XCHHUC, CTOAIICC 110 3HAKOM

norapudma, JOHKHO OBITh TTOJOKUTEIBHOE.
OtBet: x=37.

3 mun — ypaBuenus suaa P(logax)=0, rae P(y) — mHorousien 2 wiu 3 cTeneHu, Win
YpaBHEHUS, CBOSIIUECS K HUM. DTH YPaBHECHHUS PEIIAIOTCS C TIOMOIIBIO MOJCTAHOBKH: Y= logaX.

a) logs2 x—log, = — 3= 0

2 =
Pemenne: 1083 x—210g; x-3=0 TJycry 198:% =¥ y2 2y 3=(. PemaeM ypaBHEHHE U II0JydaeM
1

3 = x=1.

-1

yi=3 ny=1; y=3 =108 ¥ =3 — x=07, y=1 = 108z % =

MpoBepka: x=27; 1083 27-10g; 27— 3=10: (log; 27" ~1og; 3° -3=0.,
9-6-3=0 — BepHO;

1

i 2
log? — - 1n [—] —3=1
SRRt - (logz 37 —log; 3 -3=10.

L
x=3;
1+2-3=0 — BepHO.

1

Oteer: x=27; x=13;
6) log, (5x*) log =1

Pemenmne. Hpexc,ue BCCTO HA10 UMETH B BUAY, UTO €CJIM B YPABHCHHUAX BCTPCUYANOTCH JIOFapI/I(l)MLI
C pa3HBIMI/I OCHOBAaHUAMMU, TO UX HAOAO0 HpI/IBeCTI/I K O)]HOMy OCHOBAHHIO C TIOMOIIIBIO
log, b

log, b=
bopmybL: log: a

log.(5x?

B JaHHOM CITydae IepexoiM K OCHOBAHMIO 5. 1985 ¥ :
dogs 2 +2logsxilogsx =1 Ogospgaumm 198s% =¥ : (1+2y)y:1;

| 1 l
- logsx=— -
2y24y-1=0; y1=-1, yo=2; 198 =Ly =" 2 x=3; x=15 ,
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1 1 1
lngl{j-ﬁj log s=1 logy 5-(-1j3 =1
Iposepka: 1) 3 ;5 ; 1=1 — BepHO;

2
2) 108 555 logi 5 =1. tog g (5)* [tog g 5] =1

; 1=1 — BepHoO.

1
OtBet: x=3; x=5 .

5 mun — norapudmupoBanue od6enx 4acTeil ypaBHEHHS.

LIzl _ 1000
IIpumep: x

lgxlg‘“l = lg@
Pemenue: x (Igx+1)Igx=3-Igx; lg?>x+lgx=3-Igx; y=Igx;

y?+2y—3=0. Pemaem ypaBuenue: y1=—3; Yo=1; lgx=—3 umm Igx=1,
x=10"3; x=10.

(m-zjgm’%l _ 1ooo
HpOBepKa: 1) 1|:|—3 . [:1 D_3:I_3+1 - lljﬁ . [:1 D—3';|—2 — lljﬁ .

10°=10° — BepHoO;

1l + _ @
2) 10 :10°=100; 10%=10? — BEpHO.

Otet: x=107%; x=10.

IIpakTnyeckas padora Ne 50
Tema: Pemenue norapudMuiyeckux HepaBeHCTB
Hean: HayunTs yuammxcs pemars jorapudMudeckre HepaBeHCTBa
Teopernueckuii 6110k

HepaBeHcTBa, KOTOpBIE COJEpPKAT MEPEMEHHYIO 01 3HAKOM JIoTapr(mMa MM B €ro OCHOBAaHUH,
Ha3bIBAIOTCS JIOrapu(PMUYECKUMHU.

Pemenue norapuMuyecKMX HEPABEHCTB OCHOBBIBAETCS HA CBOMCTBE MOHOTOHHOCTH
norapupMuuecKoil GyHKIIUH.

Tak e HEKOTOpble JOrapuMUUECKHe HEPAaBEHCTBA MOXHO PpEIIUTh METOJIOM 3aMEHbI
MIEPEMEHHOM.

YnpaxHenus:

101



z A “ Ty, S
1.Pemuth HEPaBEHCTBO log, (% +4x +3) > 3
ITo ompenenenuto gorapudma, 061aCTh TOMYCTUMbIX 3HAUCHHIA:
2 .
-+ dr+d=0

Pemrenne JAaHHOI'O HEPABCHCTBa Haﬁ,[[eM C MOMOIIBIO METOAAa MHTCPBAJIOB, AJIA 3TOI'O

JIGBYIO ‘Ig.CTB paSJIO)KI/IM Ha MHOXHUTCIIN. PGH_II/IM KBaI[paTHOG
ypaBHEHHUE r+4r+3=10 .
D=t —doe=4~-4-1.3=16-12=4
WD =v4=2
—b+vD —4+t2 —4+2
75 IR Rl Gt

g — Py — —
Takum 06p330M, IOJIYYHJIX KOPHH ':H - ‘?" 'LE - 1 3Ha‘II/IT, JIEBYIO 4YacCTb

HEPABEHCTBA MOYKHO MPEICTABUTH B BUJIE:
Lz —=(=3)(z—=(-1) =0 (z+3)(x+1)=0

OTMETHM HYJIH KaXI0r0 MHOKHTENs (a 970 GyayT 3HaueHus 1 = —J =1 ) Ha

YUCIIOBOM NMPAMOIA M ONPENIENMM 3HAKH HEPABEHCTBA B MONYYEHHBIX HHTEPBAIIAX:

P
L

P
)
VYuurtsiBas 3HaK HepaBeHCTBa, onpeaenum OJ13:
r e (—oo;—3) U(=1;+00)
O/I3 ompenenuny, Ternepb MPUCTYIIUM K PELICHUIO HCXOAHOTO JIOTapU(PMHUYECKOTO
HEpaBEHCTBA!
log, (x° + 42 + 3) > 3
[IpencraBuM npaByro 4acTh HEPABEHCTBA KaK JIorapru(M 10 OCHOBAHHUIO 2:
log, (2* + 42 + 3) > log, 2°
[lepeiineM oOT HepaBeHCTBAa OTHOCUTENBHO JIOTApU(PMOB K HEPABEHCTBY JUIS
nouiorapugmuyeckux GyHKIMN: Tak Kak OCHOBaHHE Jorapudma 0osblie eAUHULBI ( 2
> 1), To 3HaK HEPABEHCTBA HE U3MEHHUTCS
2 / . 3
v+ dr+d>12
r+ dr+3>8
-+ dr—-5=10
[TpupaBHseM K HYJIO JIEBYIO 4acTh HEPAaBEHCTBA U PELIMM MOJYYEHHOE KBaJpaTHOE

2 A ey -l
ypasrenne £~ + dr — 35 =1

VD =V3=6
b+ VD —d+6  —d+6 .
riz = %a =571 - 5 = {-5:1}

e e — e —_— - (v
TakuM 00pa3zom, MOTYYMIN KOPHHU Iy == 12 = 1. OTMeTrM TOYKHM Ha 4YMCIIOBOM

OCH U ONMPECACIIMM 3HAKW HEPABCHCTBA B IIOJTYYCHHBIX HHTCPBAJIax.

i % i -

Bt L =
VuuThIBas, 4TO HAC MHTEPECYIOT BCE 3HAYEHUS ', IPU KOTOPBIX JaHHOE HEPABEHCTBO
MMpUHHUMACT IIOJIOXKUTCIIbHBIC 3HA4YCHUA, TO Iojryqyacm CJICAYIOIINC

uHTepBabL L © (=001 =5)U(Li+50) 310 orser, tax xak jammbic MHTEPBAJIBI
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MOJIHOCTHIO npuHaanexar O/13.

2.PenuTh HEPABEHCTBO logg 5(22 — 4) < log g(x +1)

Haxomum O/13 no onpenenenuto porapudma. O13

Zr—4 =10 2r = 4 r =2
< > < x € (2;+00)
r+1=1 r = —1 r = —1

[lepeiimem B HEpaBeHCTBA OT JOrapu(MOB K BBIPAKEHHUSM, CTOSIIAM O]l 3HAKOM
norapudma, pu ITOM, TaK Kak OCHOBaHUE jorapudma meHsbIne exuauibl ( 0,5 < 1),
3HAK HEPAaBEHCTBA TIOMEHSEM Ha TPOTHBOIIOIOXKHBIN:

2r—=4d=r+1
r=r>144
r =h

C yuerom OJI3, OKOHUATEIBHO HMeeM, 4T + & (5; +o00),

3.Pemmith HEpaBEeHCTBO loggs o +logslz+1) =1
~1+ V3
D

re |0:

Ay 0} =~
4.PemmTh HEpaBEHCTBO 1{’5";!1- T+ 1“5"; T 0=>2

5.Pemmts HepaercTBo 10gs(X2-4x+3)<1.

IIpakTnyeckas padora Ne 51

Tema: Pemenue nokasarenbHbIX YpaBHEHHUI
Hean: HayunTs pemiaTs noka3areibHbIE YPaBHEHUS

Teopetnueckuii 6110k
[TokazaTenbHBIM ypaBHEHHEM HA3bIBAETCS YpaBHEHHE COJEpIKaIlee EPEMEHHYIO B ITOKa3aTele,
TO €CTh 3TO ypaBHEHHUE BHJA!

al® =p, rne a>0 a=1 b>0

CaMOC HpOCTCfII.HCC IIOKA3aTCIBbHOC ypaBHCHI/ICI
X
a*=h

a>0 a=1 b>=0

IIpu naHHBIX yCIOBUSAX YPABHEHME BCET1a UMEET PELICHUE, IPU TOM €AUHCTBEHHOE.
JeiicTBuTensHO, ipu a > 1 noka3aTtenpHast QyHKIIUS MOHOTOHHO Bo3pactaeT, anpu 0 <a <1 —
MOHOTOHHO yObIBaeT. B mo6oM cityuae, oHa MPUHUMAET Ka)kKJ]0€ CBOE 3HAaUCHHE POBHO OJIMH pa3

(BumHO MO TpaduKy):
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yv=a

"h--_____

0| X

O<ax<l

A Bot eciiu b < 0, To ypaBHeHHE He UMEET pEIICHUM, BEIb MOKa3areibHass (DYHKIHS MOXKET
MPUHUMATH TOJILKO TOJIOKUTENbHBIC 3HAUCHHUS.

Meronsl peleHns NOKa3aTeIbHbIX YPABHEHUN
1. B pe3ynbTare npeoOpa3oBaHuil ypaBHEHHE MOKHO ITPUBECTH K BUY:

a Flx) — ac
Tornma npumeHsieM CBOMCTBO:

S =0 = f)=c

2. Tlpu nonydeHWH YypaBHEHHs BHAa a'® =bh wucmonmesyercs ompeneneHue Jorapudma,
IOy qHM:

f(x)=log.b

3. B pe3ynbraTe npeobpazoBaHHii MOKHO TOJTYYUTh yYpaBHEHUE BU/IA:

o) — pa)

[Tpumensietcs porapudMupoBaHue:

log. a’™) =log, ha®)

Jlanee mpuMeHsieM CBOMCTBO Jiorapudma cTeneHu:

f(x)-log.a=g(x) log.b

BeIpaxxaeM 1 HAXOAUM X.
YpaxHeHus

1.6 =216
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2.8 =0,125
3. 2x+3 _ 2x+2 A 48
4,9¢-83*=9

5. 2X. 20,5x+1 -8=0

6. 412 = 64,

7.3x18=1/9,

g \4 64
.1.8—2x
G

9. 3
16%-9 = =

10. 2

IIpakTnyeckas padora Ne 52

Tema: Pemenue nokasarenbHbIX HEPABEHCTB
Hean: Hayunts pemars noka3aTeibHbIE HEPABEHCTBA

TeopeTtnueckuii 6110k

Iloka3zaTenbHBIMU Ha3bIBAIOTCS HCEPABCHCTBA, B KOTOPBIX HCU3BCCTHOC COACPKUTCS B
IIOKa3aTecji€ CTCIICHHU.

[Tpu pemieHre noka3aTelbHBIX HEPABEHCTB MOJIb3yEeMCS CIAEAYIOUIMMHI CBOWCTBaMU
NoKa3aTeabHON (QYHKIUH:

l)a*>0npuscexa>0ux R,

2) npu a > 1 pyHkuus y= a* Bo3pacTaer, T.e. ecinu a>1 u a™ > 3% <=> X1 > X;

3) npu 0<a <1 ¢pyHknus y = a* yobiBaer, T.€. eciii 0 <a <1 u a™ = 3™ <=> X1 < X2.

YnpaxHenus:

ITpumep 1. Pemmte HEpaBeHCTBO:

16 —2.12° < 3%+,

105


http://yourtutor.info/wp-content/uploads/2012/02/c4c30d9cec0a618d6624ab00c64550b5.png

PelieHue: MpeacTaBuM UCXOJHOE HEPABEHCTBO B BUIE:
2 2
47 —2-47-37 -3-37" < 0.

Pasnenum o0e uyacTM 3TOro HepaBeHCTBa Ha 32, mpu 5ToM (B CHIIY HOJIOKMTEIBHOCTH
dyskuun y = 3%) 3HaK HepaBeHCTBA HE M3MEHHTCS:

= _9.

42.’1: 43
3 3

Bocnonb3yemcs noacTaHOBKOM:

O | W=

Torna HCPABCHCTBO IIPUMCT BU/:

t2 -2t -3<0.

10

I/ITaK, pemeHHeM HepaBeHCTBa SABJIACTCA HpOMe)KyTOKZ
~1<t<3,

nepexozst K 00paTHOM MOJCTaHOBKE, MOJTyYaeM:
Wtak, pemieHreM HepaBeHCTBA SIBISIETCS TPOMEKYTOK:

~1<t<3,

nepexoas K O6p8.THOI>i MMOACTAHOBKC, IMOJIydacM:
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http://yourtutor.info/wp-content/uploads/2012/02/8d9dff7101c637808c7807e19f290d06.png

JleBoe HEpaBeHCTBA B CUITY TOJOKHUTEIBHOCTH MOKA3aTEIbHON (DYHKIIH BBITOTHICTCS
aBTOMAaTHUYECKH. BOCTI01p30BaBIINCH U3BECTHBIM CBOWCTBOM JIOTapu(pma, mepexoanm K
SKBUBAJICHTHOMY HEPABEHCTBY:

x loy 3
4 4\ B3

3/ T \3

[TockonbKy B OCHOBAaHHMH CTENICHH CTOWT YHCIIO, OOJBINECE €AMHHIIBI, YKBHBAJICHTHBIM (TIO
TeopeMe 2) OyAeT nmepexo K caeaykolieMy HEpaBeHCTBY:

T < lﬂg% 3.

Ntak, oKOHYATEIBHO MOJTy4YaeM OTBeT:

z € (—00;logs 3].

4 2" —24=0

A —3-2% =4p

£x
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716" +4-4"—=5=0
8.
2¥T1 L 3.2%1 5.2 L 6=0

IIpakTuyeckasi pa6ora Ne 53

Tema: Pemenue cucrem ypaBHEHHI
Henn: HayunuTs pemars CUCTEMBI YpABHEHUN

Teopetnueckuii 6110k

[Ipu penieHun cucreM ypaBHEHMM, COIEpKAIMX HEU3BECTHBIC B IIOKA3aTeElIe CTEIICHH U B €€
OCHOBAHMHU WJIM I10J1 3HAKOM Jiorapudma U B €ro OCHOBAHUHU , IPUMEHSIOTCSI METObl PEIICHUS
CHCTEM anreOpanveckux YpaBHEHHH, a TakKe METOAbl pEeIIeHUs IO0Ka3aTeNbHBIX U
norapupMHUECKUX YPABHCHHIA.

[Tpumep 1. Pemuts cucremy

X

. 2 _ y . o
Pemenue: Ilonarast 32 =u, 2’ =V, 3amennm HCXORHYIO CHCTEMY aIreGpandecKoil CHCTEMOI

u®—v? =65,
u-v=>5,
KOTOpaSI paBHOCI/IJ'IBHa CHUCTCMC
u+v=13,
u-—-v=>,

umerolei pemenre U =9, V=4, CnenosarensHo, 32 =9, 2 =4, oTkyaa HaxoauM X = 4,
y=2.

Ortgert: (2; 4).
IIpumep 2. Pemutsb cucreMy ypaBHEHUI

2" +2y =1,
3y—-6y* =21

Pemenue. O60o3nauns 2* = u,U>0, nonyunm anreGpandecKyro CHCTEMY:
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/'
u+2y=1 u=1-2y, u=1-2y,
: -2y o <Ny=i e
3y-6y° ==u; 3y-6y’ =—-; 2
_1
67
(*) ve ymosuerBopsier yciaosuro U>0.
1 1
y:_! y=_!
, Loy 6 6
Bepuémcst k nepemennoit X: 5 & i
2" =—; x=log, —.
3 923
1
Ortser: (1-1og , 3; g)
YpaxHeHus:
Peumte cucteMy ypaBHEHUI:
1 42 =32 o [ 167 +16% =24,
3% =3¥, 16 = 256.
Ax+7
324 (2X+14y)2x =12.
7 yx 3x4= 8 |095X+3|0g3y=7,
log, x=y =5,
X-y x+y
10. lo(x*+y?)=1+2Ig 2, 11 277 =4
la(x+y)-lg(x-y) =lg 2. ~5= 4"’gfy
log, x+lo =5, x.QV _
13. g, X+10g, Y 14. 3*-9 27,
log, x+log, y=1. lg(2x+y)? —Ig x =

IIpakTnueckas padora Ne 54
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3 3X .2x+y+l — 5’
3x+1 _2x+y =1.

Xx+y — y24,
6'{yx+y — X6.

.

lg® x+Ig” y=5,
lgx—Igy=1.

2" .37 =1152,
log 7 (X+y+=2.

21g 3.



Tema: KonrponbHas pabora

Heab: [IpokoHTpOIMpPOBaTH YPOBEHb YCBOCHUS MaTepHala o JaHHON TeMe

1 BapuanT
Pemnrte ypaBHeHus:

1.4sin®x + 11siny — 3 =0
26cos iy 4+ cosx—1=0

39 +4.3"—45=0
¥+ 7% =350

.
5log:(x*-x—4)=3

6logix =4 — 3log,x
7.

Pemure HEPaBEHCTBA:

F+x
1750

1]
1 < 5logs4

004" —26-02"+25<0

3.
gologzx <2 +4log;(x+31=3
5.
Pemnre cucrembl ypaBHEeHUH
lg? X =3lg2 x+lg?y, prlom* 320nY =g,

1 . 2log; x 2log, y

lg2(y—3x)+lg xIg y = 0. 2 43 *F o=c.

110



2 BapuaHnt

Pemmre ypaBHeHus:
1. tgx —2ctgx~1=10
2.

3

4.

5.

6.3g*x—1—10lglx —1)+3=0
7logadx — 54 log¥2xr —3=1

PemmTe HepaBeHCTBA:

37 < 10190

4 —10-2"+ 16 <0
3.
aologzx <2 +logz(x+3)1=3
5.

Pemnre cucrembl ypaBHEeHU

y-x¥

— 1
. 2 — (= x-3
g,(y—2x) =3-log,(2x+3y).

2.

log , (x* +y?) =7,
2Jog, x+log, y=6.

IIpakTnueckas padoraNe 55

Tema: Pemennie komOuHaTOpHBIX 3a1a4. KoHTpoasHas pabora
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Hean: 3akpenuTh yMEHHS CTYJEHTOB pEIlIaTh 3a1a4u
Teopernueckuii 070K

OCHOBHBIMH 3JIEMEHTaMH KOM6I/IHaTOpI/IKI/I SABIIANOTCA pa3meulerusd, nepecnanosKku, COouemaHusl.
HyCTb JaHO MHOKECTBO, COCTOsIICE U3 N DJIEMEHTOB. PCIS’MeI/L;eHMeM U3 N 2JIEMEHTOB 1O ™
3JIEMEHTOB HA3bIBACTCA YIIOPSAAOYCHHOEC MHOXKECTBO, COACPIKAILICe M pa3JIMYHbIX DJICMCHTOB
JaHHOTO MHOXecTBa. 3 OIIPEICIICHUSA BBITCKACT, YTO PA3MCILICHU U3 N 3JICMCHTOB IO M
DJIEMCHTOB - 3TO BCC M —3JIECMEHTHBIC ITOJAMHOXKECTBA, OTIINYAIOIINECA COCTAaBOM DJIEMEHTOB UJIN
MOPAAKOM UX CJICIOBAHUA. Yucao BCceX BO3MOXKHBIX paSMGH_ICHI/Iﬁ 13 N DJICMEHTOB IO M

m
3J1eMEeHTOB 0003Ha4aoT A= U BBIUMCIAIOT O GopMyIe

m n!
3neck n!=1-2-3..(n—1)-n H (n—m)!=1-2-3..(n—m-1)n—m). Yciopumecs cuurarp 0!
=1, mo3TOMy A :%zl.

Ilepecmanogkoti uz N s1emenmoe Ha3bIBACTCS Pa3MEIICHUE U3 A JIEMEHTOB IO N 2JIEMEHTOB.
Tak kak KaxIas IEpecTaHOBKA COJEPKUT BCE 71 JJIEMEHTOB MHOXECTBA, TO pa3jIM4HbIC
NIEPECTAaHOBKHM OTJIMYAIOTCA JIPYyr OT APYra TOJIBKO IOPSIKOM CIIEN0BaHMA JIEMEHTOB. Yuciio Bcex

BO3MOKHBIX IICPECTAHOBOK M3 7 D3JICMCHTOB 0003HAYAIOT P,, . U3 onpeaciiCHudA NEPECTAaHOBOK
Clenyer
n! n! n!
P=A=—_=—=—"=nl 1 P =n (2
(n-np o' 1
Couemanuem u3 n an1emMeHmos no m (O <mc< n) DJIEMEHTOB Ha3bIBaeTCs JII000E

MMOJAMHOXKECTBO, KOTOPOEC COACPIKUT m Pa3IMUHBIX JIEMCHTOB JAHHOT'O MHOKCCTBA.
CHG,[[OB&TCJ'IBHO, COUYCTaHHA U3 71 DJICMCHTOB I10 71 3JICMCHTOB - 3TO BCC m - JJICMCHTHBIC ITIOAMHOXKC-
CTBa 71 - BJICMCHTHOI'O MHOKECTBA, INPUYCM pPa3IMYHBIMHA IIOAMHOXKXCECTBAMU CUUTAKOTCA TOJIBKO TC,
KOTOPBIC UMCIOT HCO,HHH&KOBLIﬁ COCTaB DJICMCHTOB. HO,Z[MHO)KCCTB&, OoTJIIMYaromuecsa Apyr OT Apyra
JIMOIb IMOPSAAKOM CIICAOBAHUSA SJICMCHTOB, HC CHUTAIOTCS Pa3JIMYHbIMU.

v m
YKcs1o BeeX BO3MOKHBIX COYETAaHHI U3 71 5JIEMEHTOB 110 71 31eMenToB o6o3Hadator C,' u
BBIYUCIISIOT 110 (hopMyIie

T
m n!
= ml(n—m)’ @

[Tpumep 1. B rpymnre u3 30 ydanmxcs HyHO BbIOpaTh KoMmcopra, npogopra, puzopra. CKoIbKUMU
crocobaMu 3TO MOJKHO CIIeNIaTh, €CIM KKl 13 30 ydarmxcst KoOMCOMOJIEL], WieH Npodcoro3a u
CHOPTCMEH?

Pemienue: rckomMoe 4ncio crioco0OB paBHO YKCITY pa3MelieHnit 13 30 57IeMEHTOB MO 3 JIEMEHTa, T.€.

A3, . Tlonoxus o gopmyse (1) 7 =30, m =3, nomyuaem Az, =30 -29 - 28 = 24360 .

Ortgert: 24360 crioco6oB. [Ipumep 2. CKOIBKUME CIIOCOOAMU MOKHO PACCTaBIISATh Ha OTHOM ITOJIKE
HIECTh PA3JIMYHBIX KHUT?
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Pemenne: Mckomoe unciio crmoco0oB paBHO YMCITY ITEPECTAHOBOK U3 6 SIIEMEHTOB, T.€.
P =6=1-2-3-4-5-6=720 .

Ortger: 720 ciocoOOB pacCTaHOBKH.
[Tpumep 3. B O6puraze u3 25 4enoBek HY>KHO BBIICIUTD YETHIPEX AJIs1 padOThI Ha ONPEICICHHOM
yuacTtke. CKOJIBKUMH CIIOCO0aMH 3TO MOXKHO CIENaTh?
Pemenye: T.K. OPSITIOK BEIOPAHHBIX YETHIPEX YETIOBEK HE MMEET 3HAYCHUSI, TO 3TO MOYKHO CHENATh
. 25-24.23.22

C5 cnocobamu. ITo dopmyne (4) axomm Cos = [2.3.4 =12650.

Ortser: 12650 crioco0oB.

1. CxonbKUMHU CITIOCOOaMH MOXHO BBIOpaTh 4 IeTalu U3 AIKuKa, B KOTOPOM
12 neranei?
2. CKOJBKO MOKHO U3TOTOBHUTH PA3JIMYHBIX TPEXIBETHBIX (DIIAXKKOB, €CITH
WCIIOJIb30BaTh  CJICIYIONINE [IBETA: OCIbIN, CHHUHN, KPACHBIH, KEITHIN, YEPHBIH,
3¢IEHBIN?
3. CKOJbKO MATH3HAYHBIX YHCENT MOYKHO COCTaBUTh W3 mudp 2, 3, 4, 5,67
4. B Baze 5 kpacHbIX 1 7 6enbIx po3. CKOIBKUMH CIIOCO0aMU MOKHO COCTABUTH OYKET U3
5 po3, €clii B HEM JIOJDKHO OBITH JIBE KPACHBIX M TPH OCIIBIX PO3bI?

(x+1) |
T—(x—l).

x!

(x—2)!

6.BBIYUCITUTS: (/193 + A92 ): P.

5. Pemuth ypaBHEHUA:

=56,

(A175 o A165): C176

7. CKOIBKUMHU CIIOCOOaMH MOKHO YBE3TH €O ckiajia 10 sSmuKoB Ha ABYX
MallliHaX, €CJIM Ha KXy U3 MAIlIUH IPY3AT MO 5 AMMUKOB?
8. U3 Bocemu tmdp 1,2,3,4,5,6,7,8 HY)KHO COCTaBUTH HYEThIpeX3HAUHBIA KOA. CKOJBKO
BapHaHTOB KO/ia CYIIECTBYET, €CIIM MOBTOPEHUS LIU(P B HEM ObITh HE JI0JKHO?
9. B mikone yeTslpe BBIMYCKHBIX Kilacca. CKOJIBKO CIOCOO0B
pacnpeeNieHuss dK3aMEHaTOPOB CYIIECTBYET Ul NMPOBEACHMS 3K3aMEHa II0 XMMHH, €CIM Ha
OJIHOM 3K3aMeHe MPUCYTCTBYET TOJIBKO OJMH SK3aMeHaTop?
10. B Baze 5 anenbcuHOB U 8 51670K. CKONBKMMHU CIIOCOOaMH MOKHO BBIOPATh 6 (GPYKTOB,
YTOOBI Cpesiu HUX ObLIO 3 aneiabCHHA

KonrposbHas padora

.Bapmanr |

1. I'pynna u3 28 ctyaeHToB oOMeHs1ach poTokapToukamu. CKkombko (GOTOKapTOUeK ObLIO
po3aaHo?

2. Ins ywactust rpynnbl, B coctaBe 30 4YEIOBEK B CHOPTUBHBIX COCTSA3aHUSIX HYKHO
BBIOpaTh KOMaHAy M3 4-X uenoBeK. CKOIBKMMH CIIOCOOAMH MOXKHO BBIOpaTh YYaCTHHUKOB
COCTSI3aHHUS?
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3. CKONBbKMMHU CIOCOOaMH MOKHO COCTaBUTh CITUCOK U3 8-MU YEIOBEK?
4. B sumke ¢ 1eTCKUMHU KyOUKaMu 8 3elleHbIX U 5 KpacHbIX KyOuKoB. CKOJIBKO CIIOCOOOB
BbIOOpa 7 KyOMKOB CYIIECTBYET, €CJIM CPEAN HUX JOJDKHO OBITh 5 3eNIeHBIX KYOUKOB?

x—2 __ 2
5.Pemuts ypaBHeHUS: 2CT 5 =4;.

2C:,—15C. =75

x+5

Bapuant 2
8 . 12
1.Borumciuts: A, 1 (Py - Cyy

Py-Cg — Ay

2. CKOJIbKO aKKOPJIOB MOXHO COCTaBUTH Ha 10-TH KJIaBHILIAX POSUIsS, €CITU
KaX/IbIil aKKOPJT COZCPIKUT TPH 3ByKa?

3. Ha xonnexTuB u3 25-TH 4enoBeK BBIICIECHO TPU MYTEBKU: B CAHATOPUH, B
JIOM OTJIbIXa U Ha TypOa3y. CKOJBKO CIIOCOO0B pacipeiesieHus MyTEeBOK CYIIECTBYET?

4. CKONBKHMH CIIOCOOaMH MOKHO PaccaauTh 7 4eTIOBEK Ha 7-MH CTYNbIX?

5. Ha crone nexut cromnka kapt, B KoTopoil 10 xapT uepHOi MacTH ¥ 8 KapT — KpacHOM.
CKonpKUMH CIIOCOOAMU MOKHO BBIOpaTh 8 KapT, 4yTOOBl cpeAu HUX ObLIO 5 KapT 4YepHOil
Mactu?

[MpakTnyeckoe 3ansiTue Ne 56

Tema: Kiaccuueckoe ornpezaeneHue BEpOSITHOCTH CIIy4ailHOTO COOBITUS
Hesb: 3akpenuTs yMEHUs CTYIEHTOB PELIATh 3aJa4ul Ha KIACCUYECKOE ONpeAeICHNE
BEPOSTHOCTH CITy4alfHOI'O COOBITHS

Teopernueckuii 6,10k

Knaccnyeckoe onpezenenue BeposiTHOCTH BeposaTHOCTBIO COOBITUSI A Ha3bIBaETCS
OTHOIIEHHE YKCIIa UCXO/10B M, OJIaronpusATCTBYIOIINX HACTYIJIEHUIO JAHHOTO COOBITUSA A, K
YHCITY, BCEX UCXO0JI0B ( HECOBMECTHBIX, €IMHCTBEHHO BO3MOXKHBIX, PABHOBO3MOXHBIX ), T.€.

m
FlA)=—

BeposiTHOCTB 1F060T0 COOBITHSI HE MOXKET OBITh MEHBIIIE HYJISI U OOJIBIIE €TUHUIIBI.
HeB0o3MOXHOMY COOBITHIO COOTBETCTBYET BEPOATHOCTH paBHasi 0, a JOCTOBEPHOMY —
BEPOSITHOCTH paBHA €IUHHUIIC.

[Tpumep

13 ypHBI B KOTOpOH HaxoATCs 5 OeNbIX U 3 YepHBIX Iapa, BBIHUMAIOT 0uH map. Haltu
BEPOSATHOCTH TOTO, YTO LIAp OKAXKETCS YEPHBIM.

Pemenue: O603Ha4MM COOBITHE, COCTOSAIIEE B MOSBICHUH YEPHOTO I1apa, yepe3 A. Obiee
YHUCIIO CIy4yaeB paBHO 8. Unciio cirydaeB 0J1aronmpusITCTBYIOIINX MOSBICHUIO COOBITHS A,
paBHO3. [Tonyunm

3
PLA)Y = -
8

Ynpaxuaenus:
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1. T'epman u3 nosectu A.C. Ilymkuna «IIukoBas nama» BeIHUMaeT 3 KapThl U3 KOJOIBI B 52
nucta. Halinure BepoATHOCTH TOTO, YTO 3TO OyIyT: TpOlKa, cemepka, Ty3.

2. B smmke nexar 15 kpacHbIX, 9 CHHUX, U 6 3€JICHBIX aPOB, OJJUHAKOBBIX HA OIIYIIh.
Haynauy BeiHuMarot 6 mapoB. KakoBa BEpOSATHOCTh TOTO, YTO BBIHYTHI | 3€JI€HbIN, 2 CUHUX, 3
KpacHbIX I1apa.

3. Bmanenen onHo# kapTouku sjorepen «CropTiaoTo» (6u3 49) 3auepkuBaeT 6 HOMEPOB.
KakoBa BepoATHOCTB, UTO UM OyJET YyragaHo 5 HOMEpPOB B OUEPEIHOM THPaKE.

4. B ypue 10 mapoB, u3 KOTOpsIX 2 6embix,3 YepHbIX U 5 cuHuX. Haymauy u3BieueHs 3
napa. KakoBa BEposTHOCTH TOr0, YTO BCe 3 LIapa pa3HOTO LIBETA.

5. B maptum u3 10 aeraneii umeroTcst 4 OpakoBaHHBIX. KakoBa BEpOSTHOCTH TOTO, YTO
cpenu Hayaady OTOOpaHHBIX 5 JAeTaneil okaxyTcs 2 OpaKkOBaHHBIE.

6. KosnekTuB, BKIIIOYAIOMIMIA YETHIPEX KEHIIUH U TPOUX MYKUUH, pa3bIrphIBacT 4 Ouiera
B TeaTp. KakoBa BEpOSTHOCTH TOTO, UTO Cpeu 00aaareseii OMIeTOB OKaXKeTCs 2 KEHIITUHBI U 2
MY>KUHHBI.

7. B rpynne u3 25 cTy1eHTOB, cpein KOTophix 10 neByIIeK, pa3bIrpblBalOTCs 5 OUIIETOB.
Haiiaute BepoATHOCTH TOTO, UTO cpenu 00aaareseit OMIeToB OKaXKyTCs JIBE JEBYILIKH.

8. B ypHe 6 6emnbix, 4 4epHBIX U 5 KpacHBIX MIapoB. M3 ypHBI Hayraa BEBIHUMAIOT 5 IIapoB.
Haiinute BepoITHOCTH TOTO, UTO CPEAU HUX OKAXKYTCs 2 OenbIX U 1 YyepHbIi map.

9. KOHomra 320k IBE MOCIIeTHUE UPPHI TeICPOHHOTO HOMEpa CBOSH 3HAKOMOU U MTOMHS
JUIIIb, YTO OHU Pa3IUyHbI, HaOpan ux Hayaauyy. KakoBa BepOSITHOCTH TOTO, UYTO OHU PAa3IUYHBL,
HaOpan ux Haynady. KakoBa BeposSITHOCTB TOTO, UYTO HOMeEp OyneT HaOpaH MpaBUIbHO?

10.B rpynrme 12 ctyaeHToB, cpeu KOTOpbIX 8 oTIMYHUKOB. [lo ciucky Haynauy
otoOpanbl 9 cTyneHToB. HaliT BEpOSITHOCT TOTO, YTO CPEAM OTOOPAHHBIX CTYIEHTOB 5
OTJINYHUKOB;

IIpakTnueckas padora Ne 57

Tema: Teopembl 0 cymme U 00 YMHOKEHHH BEPOSITHOCTH
Henb: HayuuTbcs BBIYUCHATH BEPOSTHOCTH COOBITH C TIOMOIIBIO TEOPEM YMHOXKEHHUS
BEPOSATHOCTEMN

TeopeTtnueckuii 6110k

Ilpousseoenuem unu nepecevenuem 08yx coovimuu A u B HaszpiBaercs cobbitue C,
COCTOSIIEE B OJHOBPEMEHHOM HacTyrieHnH A u B. CUMBOJIMYECKH TPOU3BEAECHUE 3aMMUCHIBAIOT
tak: C=AB umu C=A(\B. Ecmu A uB — HecoBmecTHBIE COOBITHS, TO A\ B =V ,T.
€. UX IepecevyeHre MycTo (HEBO3MOKHOE COOBITHE).

JIBa ciy4ailHBIX COOBITHS HAa3BIBAOTCS MPOMUBONONIONCHHIMY, €CIA OAHO W3 HHX
MPOUCXOJUT B TOM M TOJIBKO B TOM cily4ae, Korja He npoucxoaut apyroe. CoOsitue,
IIPOTHBOIONOKHOE COOBITHIO A, 0003HAYAIOT yepe3 A (UMTaloT «He Ay). [IpoTHBOIOIOKHEIE
coObITUsI  00pa3ylOT TMOJHYIO CHCTEMY IIOMApHO HECOBMECTHBIX COOBITHH, T. €.

AJA=U, ANA=V .

TeopeMbl yMHOKEHUS BEPOSITHOCTEM
[IpousBeneHue IBYX COOBITUH COCTOMT M3 TEX JJIEMEHTAapHBIX COOBITUH, KOTOpHIE
OJIaronpusATCTBYIOT U MEPBOMY, U BTOPOMY COOBITHIO, TO €CTh MPHHAJJIEKAT UX MEPECCUCHUIO
AB = A N B. BeposATHOCTh MPOU3BENCHHS COOBITHI 3aBUCUT OT TOTO, SIBJISFOTCSI JIM 3TH COOBITHS
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3aBUCUMBIMU WJIN He3aBUCUMBIMU. CoOblTud A M B Ha3bIBAIOTCS He3a8UCUMbIMU, €CIIU
BEPOATHOCTh Ka)XJONO0 W3 HUX HE 3aBUCUT OT TOrO, MPOM3OLLIO WIH HET JPYroe COObITHE.
Beposamnocmu He3aBUCHUMBIX COObITUH A W B Ha3bIBAIOTCS 0e€3)YCNO6HbIMU,; U BEPOSTHOCTh
NPOM3BEACHUS TAKUX COOBITHI paBHA MPOU3BEACHUIO UX BEPOSITHOCTEH

P(AB) =P(4) P(B) 1)

BepOﬂTHOCTB COBMECTHOI'O IIOSABJICHUS HCCKOJBKUX He3asUucumbsblx C06blmu12 B
COBOKYITHOCTH paBHA np0u3ee()eHui0 6ep0;zmHocmeL7 amux.
P(A1 A2 .. An) =P(A1) P(42) ...- P(4n) (1.1)

CobObitust A um B 3asucumeie, eciu BEpOSTHOCTh OJHOTO W3 COOBITUHA 3aBUCHUT OT
MOSIBJICHUST WJIM  HENOSIBIICHUS Jpyroro. BeposTHOCTb coObITHS B, BBIYHCICHHAS B
NPEINONI0KEHUH, YTO A YK€ OCYIICCTBHIIOCh, HA3bIBACTCS VCIOBHOU 6EPOSIMHOCIbIO W
ob6o3nauvaercs P4(B).

BeposiTHOCT  npoussedenuss 08yx  3agucumvlx cobOvimuil paBHA TMPOU3BEICHUIO
BEPOSITHOCTH OJIHOTO U3 HUX Ha YCJIOBHYIO BEPOSITHOCTD JAPYroOro:

P(AB) =P(A)P4(B) wumn  P(AB) =P(B)Ps(A). )

BeposiTHOCTE coemecmnoco nosienenuss HeCKOIbKUX 3a8ucumuvlx cobvimuti (IpOU3BEIECHUS
cOOBITHI{) paBHa MPOHU3BEACHUIO BEPOSTHOCTU OJHOTO M3 HUX HA YCIIOBHBIE BEPOSITHOCTH BCEX
OCTaJbHBIX, MPHUYEM BEPOSTHOCTH KaXJOrO TOCIEAYIOMIET0 COOBITHS BBIYHCISAETCS B
MPEINONIOKEHUH, YTO TPEIBbIAYIIME COOBITUS YK€ WPOU3OINUIH (TeopemMa YMHOXKEHUS
BEPOATHOCTEH ISl 3aBUCUMBIX COOBITHI):

P(A1 42 ... An) = P(A1) Pat (A2)P 41 42 (A3) ..... P a142 ... an-1 (An) (2.1)

VYipaxHeHus:

IIpumep 1. Mmeetcs Tpu smuka, conepkamux no 10 aeraneil, npudeM B IEPBOM SAIIUKE -
8, BO BTOPOM — 7 M B TpeTbeM — 9 CTaHIApTHHIX JeTayned. M3 kaxporo smumka Haynady
BBIHUMAIOT 10 OJHOM JeTanu. HaiTu BepoSITHOCTH TOTO, UTO BCE TPHU BBIHYTHIE JA€TaIN OyayT
CTaHJapTHBIE.

Perienne: BEpOSITHOCTh TOTO, YTO M3 TIEPBOTO SIIMKA BBIHYTA CTaHIApTHAS JeTalb (CoObITHE A)

paBHA P(A) = % =0,8. BepoaTrHOoCTh TOr0, 4TO M3 BTOPOTrO SIIHMKA BEIHYTA CTaHAAPTHAs JIE€Talb

(cobbiTue B) paBHa  P(B) :%:O].Bepo}lTHOCTB TOTO, YTO U3 TPEThEro SIIMKa BBIHYTa

crangapTHas jgetank (coositue C) paBHa P(C) = % =0,9. CoObITHE «BCE TPU BBIHYTHIC JIETAIH

OyIyT cTaHmapTHBIE» -ecTh npousBenenue coowituii 4, B,C. T.k. coObitus A, B, C — monapHo
HE3aBHCHUMBI , TO 110 TEOPEME YMHOKECHHSI BEPOSTHOCTEH /171l HE3aBUCHUMBIX COOBITHI NMeeM:
P(ABC) = P(A)P(B)P(C)=0,8-0,7-0,9=0,504 .

IIpumep 2. B Baze nexut 3 mokonagubix 1 7 BadenbHbix KoHper. Haynauy Oepercst oqHa
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koH(peTa, 3aTeM apyras. HaliTh BEeposSATHOCTH TOTO, YTO TepBas KoHdeTa OblIa IMOKOJIATHOH, a
BTOpasi — BaQenbHOU?
) 3
Pemenue: BepoATHOCTL TOro, YTO NepBas KOH(eTa - ImoKoaanHas (codbitue A) P(A4) =-— .
10
BepostHocTs TOro, yTo BTOpas KoH(eTa — BadenbHasi, BEIYUCICHHAsA B IPEINOI0KEHNUHU, YTO
. 7
nepBas KoH(eTa OblIa MIOKOJAAHOM, T.€. YCIOBHAsA BEPOATHOCTh paBHa P, (B) =—. T.e. mo
9
37 7
10 9 30
Ipumep 3. B ypue 5 Genbix, 4 uepHbIX U 3 cMHHX mapa. Kaxkoe HCIbITaHHE COCTOUT B

TEOpeMe YMHOKEHHUS JI 3aBUCUMBIX cOObITUI nmeeM: P(AB) = P(A)P4(B) =

TOM, YTO HayAa4dy W3BJIEKAIOT OJIMH Iap, HE BO3Bpallas ero ooparHo. HaiiTi BeposITHOCTB TOTO,
YTO MPH MEPBOM HCIBITAHUHU H3BJIEUEH Oelblil map (coObiTHe A), IpU BTOPOM - YEpHBINA LIap

(cobbiTHE B), ipu Tpethem — cunmii (codbitue C)?

5
Pemenue: BGPOﬂTHOCTL MOSBJIEHUS 0€I0ro0 mapa B IIEPBOM HCIbITAHHH paBHaP(A) = —.

12
BGPOSITHOCTB MMOABJICHHA YCpPHOTO Mmapa BO BTOPOM  HCIIBITAHWHW, BBIYHUCJICHHAA B
MMPCAIIOJIOXKCHNUH, YTO IIPU IEPBOM HCIIBITAHWW BBIHYT OenbIi map, T.C. YCJI0BHasA BCPOATHOCTDb

4
paBHa PA (B) = —. BepOﬂTHOCTL ITOABJICHUA CHUHECIO mapa B TpeTBeM HUCIIBITAaHUH, BBIYHUCIICHHAA
11

B IIPCAIIOJIOKECHUH, YTO IIPU IIEPBOM HUCIIBITAHUU BBIHYT Oenbli map, a Ipu BTOPOM — ‘IepHBIﬁ,

3 .
T.C. YCIIOBHAA BEPOATHOCTL paBHA PAB(C) = = .OKoHYATEJILbHO HMEEM:
10

P(ABC) = PA)PAB)Pas(C)= > == = —

Onepauum Hag COOLITHIMHU
Cymmoti unu ooveounenuem 08yx coovimuii A 1 B Ha3biBaeTcs coobiTue C, cocrosiiee B

HACTYIUIEHMH XOTsI Obl ofHOro u3 coObiTuil A win B. CuMBOIMYeCKH 3TO 3alMCBHIBAIOT TaK:
C=A+B uwm C=AUB.

Teopema ci10:xeHUsI BepOSITHOCTeH
B obmem cinyuae geposmnocms cymmul 08X cobbimuti paBHa CyMME BEPOSTHOCTEH 3THX
cOOBITHI 0€3 BEPOSTHOCTH UX COBMECTHOI'O HACTYIIJICHUS U OIIpeeNIeTcs o popMyIie:

P(A+ B) = P(A) + P(B)— P(AB) ?3)

OueBUAHO, UYTO ecau coObIMuUs HeCo8MeCmHbl, TO BEPOATHOCTh HUX COBMECTHOTO
HACTYIUIEHHsI paBHA HYI0. [IoaTOMY [171s1 ABYX HECOBMECTHBIX COOBITHI BEPOSITHOCTh X CYMMBI
paBHA CyMMe BEpOSTHOCTEN ATHUX COOBITHUMA:

P(A+B)=P(4) + P(B) (4)

BeposiTHOCTh TOSIBJICHHSI OJHOTO W3 HECKOJNBKHX IOMApHO HECOBMECTHBIX COOBITHH,
0e3pa3IMyHO KaKoTro, paBHA CYMME BEPOSITHOCTEH ITUX COOBITHI:

P(A1 + Az +.... +A4n) = P(A1) + P(42) + ... + P(A4n) (4.2)
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@opMyITbl IS OTIPENIEIICHUS] BEPOSTHOCTH CyMMBI OOJIBIIIErO YHCIa COBMECTHBIX COOBITUI
JOCTaTOYHO TpoMo3aku. Ecim uucimo coObITHI BO3pacTaer, TO 4YacTo ObIBaeT ymoOHee
UCIIOJIB30BaTh BEPOATHOCTH MPOTUBOIIOJIOXKHBIX cOObITHH. B camom nene, cobbiTHe, cocTosiee
B TOM, YTO HACTYIIUT X0Ms Obl 00HO U3 HECKOJBKUX AIIEMEHTAPHBIX COOBITHI, POMUBONOL0HCHO
COOBITHIO - «He HACMYnum Hu 0OHO U3 HUX», I03TOMY MOKHO MCII0JIb30BaTh (hOpMyIIy:

P(A1+ A2 + ... + An) =1- P(A1 A> ... An) 5)

YnpaxHenus:

IIpumep 1. Ha cremnaxe B OMOIMOTEKE B CIIy4ailHOM TOPSIIKE paccTaBieHBI 15 y4eOHHKOB,
npuyeM M8Th U3 HHUX B mepersere. bubnuorekapp Haymauy Oeper Tpu yueOHuMKa. Haitu
BEPOATHOCTH TOTO, UTO XOTs OBl OJIMH U3 B3STHIX yUeOHUKOB OyzeT B neperiere (coObITre A).
Pemenune: coObiTie A - «x0Tg Obl OJMH M3 B3ATHIX YYeOHUKOB OyIeT B meperviere» OyayT
OCYIIIECTBIICHO, €CIIH IMPOU30UIET JIF000E M3 TPEX HECOBMECTHBIX COOBITHIA: B — «0/IMH yueOHUK
B nepemuiere», C- «iBa ydyeOHuMKa B mepemiere» , B - «rpu yueOHuka B nepemiere». T.e.
coObiTue A=B+C+D. Torna no reopeme ciiokeHUsI BEPOATHOCTEN J11 HECOBMECTHBIX COOBITHI
UMeeM:

P(A) = P(B) + P(C) + P(D) . Beruncnum otensHo BeposTHocTH coobiThii B, C, D:

1 2 2 1 3
()= 0 - 2 PE)-Sze B po)-Z- 2
C 91 Cs 91 C. 91
45 20 2 67
Hcmonb3yst 9TH pe3yabTaThl, HOAYIUM: P(A4) = P(B)+ P(C)+P(D)= =4+ 224 2 =7,
Y pesy yd (4) ()()()91919191
IIpumep 2. BeposTHOCTh TomajgaHusl B IeNb MPH CTpPENbOe M3 TPeX OpPYIUN TaKOBBI:

b= 08, D, = 0,7, Dy = 0,9. Haiitu BEPOATHOCTh XOTs ObI OAHOTO TomagaHus (coObITHE

A) TIpHM 0O/IHOM 3aJIIie U3 BCEX OPYAMH.
Pemenue: BeposAsTHOCTh MOMagaHUs B LIENb KaXJbIM M3 OpYIUN HE 3aBUCUT OT pE3yJbTaTOB
CTpeNbObI U3 JIPYTUX OPYAUM, MOITOMY paccMaTpuBaeMble COObITHA A1 (TOIagaHue MEePBOTO
opynus), Az (monagaHue BTOpOro opyausi), Az (monagaHue TPETbEro OpyAus) — HE3aBUCUMBI B
COBOKYITHOCTH.

BeposiTHOCTH COOBITHI, MPOTHBOIONIOXKHBIX COOBITUAM A1, A2, A3z (T.e. BEpOATHOCTH

IPOMaxoB) COOTBETCTBEHHO paBHbl 0 = 0,2, 0, = 0,3, 0; = 01

Torma uckomast Beposirioets P(A) =1-¢, @, 9,=1-0,2-0,3-01=0,994 .

1. JlBa cTpenka CTpensioT MO MUIIEHU. BeposTHOCTh monaiaHusi B MUILEHb NPU OJHOM
BBICTpEJIe JUIs mepBoro crpenka pasHa 0,7, mis Broporo — 0,8. HallTu BeposATHOCTH TOrO, 4YTO
IIPU OJTHOM 3aJIII€ B MUILEHb IOMAJIET TOJIBKO OJUH U3 CTPEIIKOB.

2. B xop3une 4 s1610Ka, 3 nuMoHa U 6 nepcukoB. Kakaoe UCHBITaHHE COCTOUT B TOM,
4TO U3  KOP3UHBI CIy4alHBIM 00pa3zoM majaaer oauH ¢pykt. Hailitu BeposTHOCTH TOTO, UTO U3
KOpP3MHBI TPU TEPBOM HUCHBITAHUU BBINAJET SI0JOKO, IPU BTOPOM — JHMMOH, NPH TPETHEM —
HEPCHK.
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3. B aByx smumkax HaXOIATCS ACTAU: B IEpBOM - 12 (13 4 cTaHIapTHBIX), BO BTOpoM -10
(u3 Hux 7 crapaapTHbIX). M3 Kaxaoro siuka Hayaady BBIHMUMAOT 1O OAHOM Jetanu. Haitu
BEPOSTHOCTB TOTO, YTO OHHU 00€ OyIyT CTaHIapTHBIE.

4. Jlns curHanu3auuu o0 aBapuu YCTaHOBJIEHBI 1Ba HE3aBUCHUMO
paboTaroIyX CUrHaJInW3aropa. BeposTHOCTh TOro, 4TO IpU aBapUM CUTHAIU3ATOp CpaboTaerT,
paBHa 0,95 mis neporo curnanuzaropa u 0,9 mng Broporo. HailiTu BeposiTHOCTh TOro, 4TO TIPHU
aBapuu cpabOTaeT TOIBKO OJIMH CUTHAINU3ATOP.

5. B smuke 4 Oenbix, 7 cMHUX M 3 KpacHBIX Ms4a. Kaxkmoe ucnbpiTaHue COCTOUT B TOM,
4YTO U3 AIIUKA CITy4aliHbIM 00pa30M BBIKAThIBa€TCS OJWH Ms4. HaliTu BepoATHOCTH TOTO, YTO
U3 SLIMKA TpU [IEPBOM HCHBITAHUM BBIKATUTCS CHUHUI Ms4, IPU BTOPOM — KpacHBIM, a Ipu
TPEThEM — OEIIBIA;

6. B mepBoii Baze HaXOIUTCA 5 KpacHBIX U 3 OENIbIX TBO3AMKH, BO BTOPOi — 4 KpPAaCHBIX U
8 OenbIx rBo3aMKU. M3 ka0l Ba3bl Hayznady OepyT mo ofgHoN reo3auke. KakoBa BEpOSITHOCTb
TOTr0, 4YTO OyAyT BHIOPAHBI KPACHBIE TBO3IIUKH.

7. U3 ypubl, comepxameil 10 Oenbix, 8 uYepHbIX M | OpaHXKEBBIX IIAPOB, HAYTal
U3BIIEKAIOT TpU 11apa. HaliTu BEposITHOCTH TOTO, YTO 3TO OyIyT IIAphl OJHOTO IIBETA.

8. Ha TakTHueckux 3aHATHSIX 3€HHUTHAs OaTapes CTpeNseT MO ABYM OeCHUIOTHBIM
camoseraM. HaiiTu BEpoATHOCTB TOTO, YTO CaMOJICTHI HE OYAYT COMTHI, €CITU BEPOSITHOCTH COMTH
OJIH camoJieT paBHa 1/2, a nBa camosnera — 1/8;

9. OTaen TEXHMYECKOTrO KOHTPOJIE  IPOBEpSieT U3JENUs Ha CTaHJApTHOCTb.
BepositHocTh TOTO, UTO M3MENHE cTaHaapTHOE, paBHa 0,9. HaiiTu BEpOsATHOCTH TOTO, UTO U3 ABYX
MIPOBEPEHHBIX U3/I€TUI TOJIBKO OJIHO CTAHJIaPTHOE;

10. B xopoOke Haxoaurcsi 6 cuHUX, 4 KpacHbIX W 6 3eneHbIX (raxkkoB. Kaxnoe
UCTIBITAHUE COCTOMT B TOM, YTO W3 KOP3HMHBI CIydallHBIM 00pa3oM BBIOMPAETCS OAMH (DIIaXKOK.
HaifTu BeposSTHOCTH TOTO, YTO NMPH NEPBOM HCIIBITAHUM OyleT BbIOpaH 3eJeHbI (uaxok, Mpu
BTOPOM — KPACHBIM, a IPU TPETHEM — CHHHUM.

JomarnHee 3a1aHue

1. B smuke 10 meraneit, cpeny KOTOPBIX YeThIpe OKparieHbl. COOpIIUK Haymady Oeper
Tpu netainu. HallTi BEpOSITHOCTH TOTO, YTO XOTsI OBbI OJTHA M3 HUX OKPAIIICHA,

2. Bo Bpems y4eOHBIX MaHEBPOB JBa TaHKA TBITAIOTCS TPOPBATHCS B PACIIONIOKCHUE
MPOTHUBOTAHKOBOM Oarapen «IpoTHBHUKA». KakoBa BEpOSITHOCTh TOTO, YTO OyJIET MOJAOUT XOTS
OBl OJTUH TaHK, €CIIU BEPOSTHOCTH TOTO, YTO OyAeT MOJOUT OJUH TaHK paBHA 2/3, a 1Ba TaHKa
2/5.

3. Ha monke B ciay4aifHOM MOPSAKE PACCTaBICHO CEMb yYEOHHMKOB, IPHYEM YETHIPE U3
HUX - 10 MareMaTrke. CTyJeHT Hayaady OepeT JBa U3 HUX. HaliTh BEpOSITHOCTH TOTO, YTO XOTS
OBI OJTUH M3 HUX — TI0 MaTeMaTHKe.

IIpakTuyeckoe 3anaTueNe 58
Tema: KontponpsHas pabora

Heasn: [IpokoHTpOIMPOBATh YPOBEHb YCBOCHUS MaTepuaia
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1 Bapuanr

1. DnexkTpoHHBII PUOOP COCTOUT U3 ABYX MOCIEIOBATEIHHO BKIOYEHHBIX OJOKOB.
BeposiTHOCTB BBIXOJ1a M3 CTPOsL 3a 1 Mecsii) paboThl mepBoro Oyioka paBHa 1/3, Broporo -1/4, a
ob6oux — 1/6. HaiimuTte BeposITHOCTh OecriepeboitHol paboThl prbopa B TEUSHUE MECsIIa.

2. B 1ByX sAmmkax HaXxoAsTcs Aetanu: B mepBoM 10 geraneii (M3 HUX 7 OKpAIICHHBIX ), BO
BTOpPOM- 8 neraneit (M3 HuX 5 oKpaimieHHbIX ). M3 Kaxaoro sSimyka Hayjaqy BRIOUPAOT IO OJTHOM
neranu. KakoBa BEpOsITHOCTB TOTO, 4TO 00€ OyIyT OKpalieHHbIE.

3. B smuke 12 geraneit, cpenu HUX 9 craHmapTHBIX. HallTH BEpOSTHOCTB TOTO, UYTO CpPEIn
Hay/Jauy U3BJICUEHHBIX 2-X JeTalieil oKakeTcs He 0oJiee OHON HeCTaHAAPTHOM JIEeTaH.

4B smuke B ciaydailHOM nopsake nosokeHbl 10 neraned, U3 KOTOpbIX 4 CTaHJAPTHBIX.
Kontponep B3an Haymauy 3 netanu. Bplumciure BepoOATHOCTh TOTO, YTO XOTS Obl OJHA M3
B3SITHIX JIeTaJleil OKa3agach CTaHAAPTHOM.
5.CTyfeHT chaeT HSK3aMeH [0 TEOpUU BEpOATHOCTEH. BeposATHOCTH MONYyYHUTh Ha SK3aMEH
«ueyn.» pasHa 0,1; «yn.» - 0,6; «xop.» - 0,2; «otin» - 0,1. KakoBa BeposSITHOCTH TOTO, YTO
CTYJEHT MOJIYYHUT Ha IK3aMEHE MOJIOKUTEIbHYIO OIICHKY?
6Ctpenok momagaer B necsATky ¢ BepostHocThio 0,05, B meBsatky — 0,2, B BocbMepky — 0,5.
Cnenan oauH BoicTpen. KakoBa BEpOsSTHOCTh CIEIYIOMINUX COOBITHI:

a) BRIOUTO HE MEHEe 8 OYKOB;

0) BBIOUTO MEHEE 8 OUKOB;

B) BBIOMTO OoJiee 8 OUKOB;

T') BBIOUTO HE Oosiee 8 OYKOB.
7.IlpousBonuTcsa 1Ba BBICTpENia MO OAHOM M TOM e MHUIlleHHW. BepoATHOCTH momnajgaHus B
MUILIEHb TIPU nepBoM BbicTpelie paBHa 0,6, mpu BTopom — 0,8. HaliTu BeposITHOCTH TOTO, 4TO B
MHUIIEHU OyJeT XOTs Obl 0/1Ha MPOOOUHA.
8.bpocarorcst nBa wurpanbHbIX KyOuka. KakoBa BepOSTHOCTh TOSBIEHUS XOTS ObI OJHOM
HIECTEPKHU?

2 Bapuanrt

1. U3 uucen 1, 2,3,4...100 BbIOuparoT uncio. HallTi BEpOSTHOCTH TOTO, YTO BEIOPAHHOE YK CIIO
JIETTUTCS XOTsI ObI Ha OJHO U3 yucen: 4 u 6.

2. BeposATHOCTB TOTO, UTO MPH U3MEPEHUH HEKOTOPOH (PM3UYECKON BETHMUMHBI OYAET JOIyIIeHa
ommOKa, MpeBbIIaoIas HEKOTOPYIO 3aJJaHHYI0 TOUYHOCTh, paBHa 0,4. IIpousBeneHo nBa
HE3aBUCUMBIX U3MepeHus. HailTi BeposSTHOCTH TOTO, UTO TOJIBKO B OJTHOM M3 HUX JOIYIICHHAS
omuOKa MPEBBICUT 33/IaHHYIO0 TOYHOCTb.

3. Ha mosnke BriepeMexKy paccTaBieHO 4 ydeOHUKA 110 TeOMETPHH, 5 yIeOHUKOB 110 reorpaduu
u 3 yueOHHKa Mo acTpoHOMUHU. Kaxk10oe UCIIBITaHuEe COCTOUT B TOM, YTO OMOIMOTEKaph
CIIy4aiiHbIM 00pa3oM BBIOMpaET OANH yueOHUK. HaliTi BEpOSITHOCTH TOTO, YTO MPHU TIEPBOM
UCTIBITAHUH OyJIeT BHIOpaH Y4eOHUK MO0 aCTPOHOMUU, IIPU BTOPOM — IO TEOMETPHHU, a B TPETHEM —
1o reorpaduu;

4. B crynuu TeneBuieHUs 3 TeIEBU3MOHHBIX Kamephl. [[71s Kax oM U3 HUX BEPOSATHOCTH TOTO,
YTO OHA BKJIIOYEHA B IaHHBIA MOMEHT paBHa (,6. HailTu BeposSITHOCTh TOTO, UTO B IaHHBII
MOMEHT HH OJTHA U3 HUX HE BKIIFOUYCHA

5.B ypHe nHaxoasarcs 7 6enbix u 3 yepHbIX mapa. [lonpsin n3Biekarot qBa mapa. Kakosa

BEPOSTHOCTH TOTO, YTO OHH 00a YepHbIe?
6.Monety nogOpocuiu aBa pa3. HaifTu BeposSTHOCTb TOro,4T0 00a pas3a BhIIAJET repo.
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7. B mepBoit ypHe 7 O6enbIx M 3 4YepHBIX Iapa, BO BTOpoM — 3 Oenbix M 7 4epHBIX mapoB. M3
KaX/1I0i ypHBI BBIHMMalOT oJuH Imap. KakoBa BepoSTHOCTH TOro, 4ro 00a BBIHYTHIX LIapa
Oenblie?
8.Tpu cTpenka He3aBUCUMO APYT OT JApyra CTPEIIoT 10 Lesiu. BeposTHOCTh nonaaanus B 1eb
nepBbIM cTpeiakoM paBHa 0,7; BTopeiM -0,8; Tpetbum — 0,9. HaiiTu BEpoSITHOCTH TOTO, UTO :

a) BCE TPU CTpeJIKa MONaayT B LEJb;

0) BCe TpH CTpeJiKa MPOMaXHYThCS;

B) TOJIKO OJIMH CTPEJIOK MOMaJET B LIEb;

I') TOJIBKO J[Ba CTpEJIKa MONAAyT B LIEJIb;

1) He OoJiee IBYX CTPEJIKOB MONaayT B IIEJb;

€) XOTs ObI O/IMH CTPEJIOK MOMAJIET B L.

IIpakTnyeckoe 3ansTueNe 59

Tema: CBolicTBa napasuieiabHbIX INIOCKOCTEH

Hean: HayunTs pemars 3aa4u, HCIOJB3Ys CBOMCTBA ITAPAJUICIBHBIX INIOCKOCTEN
Teopernueckuii 010K

Omnpeaenenue. [Ipsimas ¥ IIIOCKOCTh Ha3bIBAIOTCS MAaPAUIEIbHBIMU, €CIIM OHU HE UMEIOT OOIINX

Toyek (a || )
IIpu3Hak napajieIbHOCTH NPAMOM M IVIOCKOCTH.

TeopeMa. Ecmu npsaMast, HE JICKalllasa B JTaHHOM IIJIOCKOCTHU, IMapaJuICiibHa KaKOfI'HH6y,Hb
HpHMOﬁ, JIeXKaIlel B 3TOM IIJIOCKOCTH, TO OHA ITapaJlJIeJIbHA CaMOH IJIOCKOCTH.

3

m allb
bool=al|lx
b at o
puc. 1
3amMeuaHus.

Ecnu minockocTh NpOXOAUT Yepe3 JaHHYIO NPSIMYI0, IapAJLIEIBbHYIO IPYTroi
IJIOCKOCTH, W MIEPECEKAET ATY MIIOCKOCTh, TO JTMHUS NIEPECCUEHUS
IJIOCKOCTEN mapajuiesibHa TaHHON MPSMOM.

Ecnu ogna u3 ABYX MapaJlUICJIbHBIX MPAMBIX ITapaJlJICIIbHA JTaHHOM

IUIOCKOCTH, a IpyTasi MpsiMasi HIMeeT C IJIOCKOCTBIO OOIIYI0 TOYKY, TO 9T
puc. 2 npsiMast JIEKUT B JAHHOU TUIOCKOCTH.

BeiBOABI.

Cityyau B3aMMHOTO PacIOI0KEHUS MPSIMOUN U TIIIOCKOCTH:
a) MpsiMas JIEKUT B INIOCKOCTH;
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0) mpsiMast ¥ TNIOCKOCTh UMEIOT TOJIBKO OJIHY OOITYIO TOUKY;
B) IpsAMas U IUVIOCKOCTb HE UMEIOT HU OJHOW OOIIEH TOUKH.

UMEIOT OOLIHUX TOUYEK.

/ >"<f; / Onpenesienne. /[Be MIOCKOCTH HA3bIBAIOTCS MMapaLUICIbHBIMK, €CIIH OHU HE
—

3 o
/ [MapamnensHOCTh TIOCKOCTEMH Ot 1 B 0603Hauaercs Tak: Q. || . Paccmorpum
A .
d NPU3HAK [apauICIbHOCTH ABYX IINIOCKOCTEMN.

puc. 3
Teopema. Eciin 1Be nepecekarommecs npsMbie OJHON MIIOCKOCTH

COOTBETCTBCHHO IapalJICJIbHBI IBYM IIPAMBIM I[perﬁ IIJIOCKOCTH, TO 3TH
IMJIOCKOCTHU IMapaJlJICJIbHBI.

Crny4ay B3aMMHOIO PacHOJIOKEHUS IIIOCKOCTEN:

A‘ ILUIOCKOCTH [ U P mepeceKkaroTcs.

puc. 4

/ IUIOCKOCTH [ 1 P mmapaiiiebHEI.
ol ;

puc. 5

CaolicTBa napasuieabHbIX TIOCKOCTEMN:

/
LK/

1. Ecou ABC MAapaJlJICIIbHBIC IIJIOCKOCTU MEPCCCUCHBI TpeTbefI, TO JUHHUH

- ’ UX [IEpeCceyeH s MapaieIbHBI.

puc. 6

K | A
I
A% ;
2. OTpe3ku napaieabHbIX NPSIMBIX, 3aKIFOYEHHBIE MEKTY

/ gl ? napasieIbHBIMUA TUTOCKOCTSIMH, PaBHBI.
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Pemenue 3amau:

Han yron AOD u nBe mapasienbHble TIIOCKOCTH O U 3.

[TmockocTe o mepecekaeT ctopoHsl yria OA u OD cooTBeTCTBEHHO B Toukax A u D,
MIJIOCKOCTH [3 3TH CTOPOHBI MEPECEKaeT COOTBETCTBEHHO B Toukax B u C.

Jano:

OB=8
AB=6
BC=9

CD=2

Haiitu AD, OD

Uepes Touky O, KOTOpast HAXOIUTCS MEKIY MapajuIeNbHBIMH IJIOCKOCTSAMU 0. | [3, IPOBEACHBI
IMPSAMBIC cu d, MEPECCKAIOIMEC IIJTOCKOCTU TaK, YTO TOYKHU AuB HaxXoaAaTCs B IINIOCKOCTH O, a
touku C u D - B mockoctu 3 AB=18 cm, DO=26 cm u AC=3-A0

Brruncaurs: BD;CD
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a

HapaJ'IJ'IeJ'IBHBIe IIJIOCKOCTH O 1 B IEPECCUYCHBI NPAMBIMU C U d

Croponsl 4\ nepecekaroT napauieiabHble IIOCKOCTH 3 1 o B Toukax C,D u A B. Beruuciamn
nuHy otpeska AB, eciim NA=13 em, NC=20 cm u CD=55 cm.
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Croponsl 4N nepecekaroT napasuieiabHble INIOCKOCTH 3 U o

Jaunbl mapasuienbHbie iockocTd o U 3. Touku A u B HaxoasTCcs B IUIOCKOCTH 0, @
touku C u D B mutockoctuf3. {nuna orpeska AC=7, nnuHa otpeska BD=12.

CymMa mpoeKIui 3TUX OTPE3KOB B TUNIOCKOCTH 3 paBHA 8.

Haiiti nnmuny npoekiuuii 000MX OTPE3KOB.

A B,

IIpakTnyeckoe 3ansTueNe 60
Tema: [ToBropenue. [IpoBepounas pabota
Heab: O600MMTH U 3aKPENUTh 3HAHUS U HABBIKH yYalIXCA [0 JAaHHOW TeMe

Teopetnueckuii 6110k

Kaxkue nBe mpsiMbie B POCTPAHCTBE HA3BIBAIOTCS MAPATIICITHHBIMHE?
CdopmynupyiiTe TeopeMy 0 mapauieTbHbIX MPSIMbIX.
Kaxkune BO3MOKHBI ClTy4an B3aMMHOTO PACIIOIOKEHNE TIPSIMOI M TNIOCKOCTH ?
Kaxkue nmpsiMast 1 I0CKOCTh Ha3bIBAIOTCS MapajieIbHbIMUA?
ChopmynupyiiTe TpU3HaK MapauIeTIbHOCTH MPSMOU U TNIOCKOCTH.
Han xy0 A... D1. HazoBute 4eTbipe mapbl mapamiedbHbIX MPSMbIX U YE€THIPE Maphl
MEePECEKAIOIINXCS TPSIMBIX
7. CdopmynupyiiTe npu3HaK NapaieTbHOCTH MPSIMON U TUIOCKOCTH.

Sk wdE

BepHo 1 yTBEepKACHHUE: €CIIM OJHA U3 ABYX NPSMBIX MIapaJulesIbHA INIOCKOCTH, a BTOpas
IIEPECEKAET ATY IUNIOCKOCTh, TO MPSAMBIC ITapaJIJICIIbHBL.
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Pemrenue 3agau

1). 3agaua 1

[aHo:

A ABC,
ABea,Ceaq,
AM = MC,
CN = NB.

\\.. A ﬁ/._
~ L Jokasars: MN || a.

JIoKa3aTeILCTBO

MN - cpennss nmunus Tpeyroiapanka ABC, snaunt MN || AB, AB €a.

Taxum o6pazom, MN || a (1m0 mpu3HAKy MapaJuIeTbHOCTH MPSMOM M IUIOCKOCTH).

2). 3amaua 2
[ano:
C-
2 ABCD - tpaneuus,
W, N ABe a,CD ¢ q,
/ \ AM=MD, CN=NB.
A B Nokazate: MN || a.
@ e e
I[OKa3aTeHBCTBO

MN - cpennss nunus tpanenun ABCD, 3naunt MN || AB; AB = a (o ycnosuto),
Takum oOpazom, MN || a (o npu3HaKy napajiebHOCTH NPSMOM U TIOCKOCTH).

3)3anaua 3. Cropona AC tpeyronpanka ABC nmapamienbHa miockocTH a , a ctoposl AB u BC

MePECEKAIOTCsI ¢ ATOU MIIOCKOCThIO B Toukax M u N. Jlokaxure, uro Tpeyronbauku ABC u
MBN nogo0HbI.

[lepen pemenueM qaHHOM 3a7a9l HEOOXOUMO BCIIOMHUTD MTPU3HAKH TI0/I00HS TPEYTOJIBLHUKOB.
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AaHo:

7 A ABC, AC Il a,
/ / ) / )
/ KF—nN / ABna=M,
) (8 ! ' /
= \ : BCra=N.
g [okasats: A ABC nonobex A MBN
Jloka3aTeasLCTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Torga yron A = yriry BMN (kak 0JHOCTOPOHHHE TTPH
napajuieIbHbIX MPSMBIX).

2. yroa B - oOmruii.
3. TakuMm oOpa3zom, 110 1ByM yriiam TpeyroiabHuk ABC nogo6en tpeyroasHuky MBN.
4). 3anaya 4

Ha croponax AB u AC tpeyronsuuka ABC B3siTbl cooTBeTcTBeHHO ToukH D 1 E Tak, yto OF =
5 cm u BD = 2/3. IInockocth a mpoxoaut yepe3 Touku B u C u napamnensHa orpe3ky OE.
Haiinure nuny orpeska BC.

[aHo:
A ABC,
DeAB, E€AC,
BCea, all DE,
gL 7 DE =5cm, BD/DA=2/3.

Hawntu: BC.

Pewienue:

tpeyroiabHuk ABC nogo6en tpeyronsuuky ADE.

Tormza AB/AD = BC/DE, 5/3 = x/5, x = 25/3, x = 8/,

Otser: 83

JomaiHee 3agaHue:

[Ipsimast AB mepecekaet mimockocTh o. Uepes koHIel oTpeska AB u ero cepeauny C nmpoBeneHbI
napajuielIbHbIe MPSMbIE, TIEPeCceKaroue MmIocKocTh o B Toukax Al, B1 u C1. Paccmotpute
ciaydau: 1) otpe3ok AB He mepecekaeT mIocKocTh o ; 2) oTpe3ok AB mepecekaet a. B kaxaom

ciyuae Haijaure: a) anuHy orpe3ka CCl, eciu: AA1 =3, BB1 = 6; 6) anuny orpeska AA1, ecnu
BB1=13,CCl=1

IIpoBepounasi padora

1 BapuaHT
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1. Orpe3ok AB He nepecekaeT TIockocTh . Uepes cepeanny otpe3ka C M KOHITBI OTpe3Ka
A u B npoBezieHbl IpsIMblE, NTapaJljIeNIbHbIE MEXKAY COOO0M U IepeceKaroime

IJIOCKOCTh 0L B TOYKAX , . BBIUMCIUTB AIIMHY OTpe3Ka CCy o Aby = 5, BB, =7
2. Uepes Touky O, He JIeKANIYI0O MEXKAY NapaUIeTbHBIMU IJIOCKOCTSAMU O, U [3, TIPOBEACHBI

A1

npsvbie | um.  Tlpsmas | mepecekaer mimockocth o W [ B TOUYKax

A
n COOTBCTCTBCHHO, HpﬂMafI M— B TOUYKax nu HaﬁHHTe I[JII/IHy
OTpe3Ka , €CIIN =15 cmMm,
0] 10 =3:5.

3. Tlpsmas AB nepecekaer IIOCKOCTh o. Yepe3 koHIbl oTpe3ka AB u ero cepenuny C
IIPOBE/ICHBI NTapaJIEIbHbIE MPAMbIE, IEPECEKAOIINE INTOCKOCTh o B Toukax Al, Bl u CI.
PaccmotpuTte cnyuau: 1) orpe3ok AB He mepecekaeT I0CKOCTh o ; 2) oTpe3ok AB
nepecekaer o. B kaxxnowm ciydae Haiiaure: a) nuHy otpedka CCl1, ecnmu: AA1 =7, BB1
=5; 6) nmuny otpeska AA1, ecnu BB1 =7, CC1=11.

2 BapuaHT

1. Touka M nexwut Ha otpe3ke AB. Otpezok AB nepecekaercs ¢ MIOCKOCTBIO 0. B TOUke B.

qepe3 AuM IMPOBEACHBI MAPAJIJICIIBHBIC IIPAMBIC, IICPECCKAOIIUEC O B TOUKAX u.

Haiinure myunay otpeska AB, ecniu A ‘M=3:2,AM=6.
2. UYepe3 Touky O, JeXallyl0 MEXAy NapaielbHBIMU TUIOCKOCTSMHU O M [3, TIPOBEICHBI

npsimbie | um. Tlpsimast | mepecekaer miaockoctd o u P B TOYKax u
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COOTBCTCTBCHHO, IIpsMasd M — B TOYKaAX u. HaﬁI{HTG OJIMHY OTPE3Ka )

eCclIn =12 cm, 0:0 =3:4.
3. Han AMKP. [Tnockocts, mapamiensHas npsimoit MK, nepecekaer MP B Touke , PK - B

Touke. Haitnure , ecimm MP : P=12:5 MK=18 cm.

IIpakTyeckoe 3anaTueNe 61

Tema: [Ipu3Hak NeprneHUKYISIPHOCTH MPSMOM U TUIOCKOCTH
Hesab: OG00MHUTE M CUCTEMATHU3UPOBATh MaTepHall M0 JaHHOU TeMe

TeopeTtnueckuii 6110k

Onpeoenenue. Ilpsimas a Ha3bpIBaeTCsl MEPHEHAUKYISIPHOM K IUIOCKOCTH 0, €CIM OHa
NEePIEeHIUKYIIApHA K JII000H NpsAMoii, exalieil B 3TOH MIOCKOCTH.

Teopema. Ecnu mnpsmas neprneHIuKyIspHa K JBYM IEpPECEKarOIIMMCS MPSMBIM, JIeKallUM B
IUIOCKOCTH, TO OHA MEPIEHANKYIISPHA K 3TOU MJIOCKOCTH.

IIpumep 1. Touxku 4, M, O nexat Ha NpsIMOH, NEPIEHAUKYIIAPHON K INIOCKOCTH 0, @ Touku O, B,
CuDnexar B miockoctd o (puc. 3). Kakme wu3 creayomux yrioB SBISIOTCS
£ACQB, £ MOC, £ DAM, £DOA, £BMO

MPSMBIMU: ?

129



M
B D
[0
C o,
Puc. 3.
Pewenue
LAQB
Paccmorpum  yron . Ilpsamas A0 nepnieHauKyasipHa  IUIOCKOCTH 0, a  3HAYMUT,
npsimasi AO neprneHuKyspHa 000 MpsSMOW, Jekalled B IUIOCKOCTH O, B TOM YHCIE
LAQB = 90"
npsmMoit BO. 3Hauwr, :
LMOC LMOC = 90"
Paccmorpum yron . [Ipsimast AO nepnenaukynspHa npsmoit OC, 3Ha4UT, .
£LDAM D04 = 90"
Paccmotrpum yron . IIpsamas AO nepnennukyasipHa npsmor OD, 3HAYMT,

Paccmotpum tpeyronbnuk DAO. B TpeyrosibHuke MOXET OBITh TOJIBKO OAMH NPSMON YTOJI.
3uauut, yroin DAM — He sgBiiseTcs IpsIMbIM.
£D0A £D0A = 30"

Paccmorpum yron . [Ipsimast AO nepnenukynspHa npsmoit OD, 3HauwT,
LBMO

PaccmoTpum yrou . OT0 yroa B npsiMOyroyibHoM TpeyroiasHuke BMO, oH He MOXeT ObITh
IPSIMBIM, TaK Kak yros MOB — npsmoii.
LACQE = A MOC = £D0OA = 20"

Omeem: .
20 =930°
ITpumep 2. B tpeyronbauke 4A5C naHo: ,AC =6 cM, BC = 8 cM, CM — mennana (puc.

4). Uepe3z Bepmuny C npoBeaeHa mpsimas CK, TepneHAUKyaspHas K  IUIOCKOCTH
tpeyronbauka ABC, npuyem CK = 12 cm. Haiiqute KM.

K
B
s M
A
Puc. 4.
Pewenue:
AB =+CB?+ ACT =82+ 62 =10

Haiinem nmuny 4B no teopeme [ucgaropa: (cm).

130



IIo cBOHCTBY IpsSIMOYTOJIBHOTO TPEYrOJBHUKA CEpeArHa T'UMIOTEHY3bl M paBHOyAAJIEHA OT
1
M = EAB =5

BEpILUH TpeyronbHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  Tpeyronbuuk KCM.  llpsmas KC nepnienaukyisipga  miockoctu ABC, a

3HauuT, KC nepnenaukynsapia CM. 3nauut, TpeyroiabHuk KCM — npsmoyronbHbiii. Haiinem
KM =vVKC?+ cM? =127+ 52 = 13

runoteny3y KM u3 teopemsl [lugaropa: (cm).

Omeem: 13 cm.

IpakTnyeckoe 3ansitue Ne 62

Tema: [Ipu3Hak neprneHIUKYIAPHOCTH INIOCKOCTEH. YTIIbI MEXAY NPSIMBIMU U IIJIOCKOCTSAMHU.
Hesb: O000MHUTE ¥ CHCTEMATH3UPOBATh MaTepHall 110 JAHHOU TeMe

Teopernueckuii 010K

Yrois Mexay NpsAMOM U INIOCKOCTBE) — 3TO YIOJI MEXIY IPSIMOM U €€ IPOCKIUENW Ha JaHHYIO
IJIOCKOCTB.

B kauecTBe yria Mexay npsiMoi U MJIOCKOCTbIO BBIOMPAaEM OCTPBIN yroJl.

Ecin npsimast mapaiienbHa II0CKOCTH, 3HAUUT, YIOJI MEKIY IIPSIMON U IUNIOCKOCTBIO PaBEH
HYJIIO.

Ecnn npsimast nepneHauKysipHa INIOCKOCTH, €€ IPOEKIUEN Ha IIJIOCKOCTh OKa)KEeTCsl TOUKA.
OueBUIHO, B 3TOM CIIy4ae yroyl MKy MPsIMOM U IJTIOCKOCThIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexat Ha npsIMOH, IEePIEHANKYIISIPHON K MJIOCKOCTH a, a Touku B, C u D
JeKaT B INIOCKOCTH a. Kakue u3 cneayronux yr jioB sBistores npsimeiMu: ZAOB, 2ZMOC,
2£DAM, £DOA, £BMO?

Pemenue: a L o, mo3TOMY a NepHeHIMKYIsIpHA JII000H NpsAMOH, Jexaleil B mi. o. YToObl
npsiMasi IpUHaAIekana Il. o, JOCTaATOYHO, YTOOBI 2 TOUKH MPSMOM NMPUHAATIEKATH TII. O
OTBeT: npsIMbIE YIIIbI

2. Ilpsimast OA nepnennukynspHa k miockoctu OBC, u Touka O sBisieTcs cepeAMHOM oTpe3ka
AD. [oxaxwure, uro: a) AB = DB; 6) AB=AC, ecitu OB=0C; B) OB = OC, ecnmu AB=AC.

Pemenne:
a) Paccmorpum AABD.
M03TOMY
- 110 IBYM KaTeTam,
6) Paccmorpum AAOB u AAOC.
- 10 OIIPEIEICHHUIO;
- 110 YCIIOBHIO; - 001IIas.
Tpeyronsauku AOB u AOC paBHbI o AByM KareraMm. OTcroza:
B) T.x. AB = AC, o npssmoyromnbsHbie TpeyroiabHUKU AOB n AOC paBHBI 10 THIIOTEHY3€ U
kateTy (AO -—o0mmuii KaTeT), I03TOMY
Yrto u TpeboBaIoCh 10Ka3aTh.
3.Yepes Touky O nepecedeHus nuaroHaieil kBajgpara co CTOpoHoii a mposezaeHa npsmast OK,
NEepHEeHINKYIIApHas K INIOCKOCTH KBaapaTa. Hailinute paccrosanue ot Touku K 10 Bepns
kBajgpata, eciim OK =b.
131



IIpakTnueckoe 3ansaTue Ne 63

Tema: [leprieH UKyl U HAKIIOHHBIE
Hesab: OG00IUTE M CUCTEMAaTHU3UPOBATh MaTepHUall 10 JAHHOU TeMe

Teopernueckuii 010K

HaknonHol, npoBeA€HHON U3 JAHHOHN TOYKH K JaHHOH INIOCKOCTH, Ha3bIBaeTCs 000N
OTPE30K, COCIUHSIOMINI JaHHYIO TOUKY C TOYKOW IUIOCKOCTH, HE SBJISIIOLLUANCS
NEPIEHIUKYIISIPOM K INIOCKOCTH.

Konen oTpeska, aexamuii B mIOCKOCTH, HA3bIBAETCS OCHOBAHUEM HAKJIOHHOM.

A

X

AB - makiionnas.
B - ocHOBaHME HAKIIOHHOIA.

HepHeH,I[I/IKyJ'ISIpOM, IMPOBCACHHBIM M3 JIaHHOM TOYKH K JJaHHOM IIJIOCKOCTH, HA3bIBACTCA OTPE30K,
CO€IUHSIOLINI JaHHYIO TOYKY C TOYKOM INIOCKOCTH M JIEKaIlUi Ha HpHMOﬁ, HepHeHHHKYHHpHOﬁ
IIJIOCKOCTH.

KOHCI_I 9TOr'0 OTPE3Ka, JIe)KaIIUN B TIJIOCKOCTH, HAa3bIBACTCA OCHOBAHUCM IMECPIICHAUKYIIApA.

A

X

AC - neprieHIuKyIsp.
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C - ocHOBaHMeE MEPIEHIUKYIIAPA.

PaccTossaneM ot TOUkH J0 IINIIOCKOCTH HAa3bIBACTCs MJIMHA IICPIICHAUKYIIApA, IPOBEACHHOI'O U3
3TON TOYKH K IIJTIOCKOCTH.

OT1pe30K, COeNMHAIOMNN OCHOBAaHUS NEPIIEHANKYJISIpa U HAKJIOHHOM, IPOBEACHHBIX U3 OJHOH U
TOM K€ TOYKH, HA3bIBAECTCS NTPOECKLIMEN HAKIIOHHOM.

A

L

(04

CB - mpoenus HakionHoW AB Ha MI0CKOCTS 0.
Tpeyronsank ABC npssMOyTobHBIN.

VYriaom Mex1y HaKIIOHHOW M TNIOCKOCTBIO Ha3bIBAETCS YIOJI MKy ATOM HAKJIOHHOM U €€
IIPOEKIMEN Ha IIOCKOCTb.

A

X

<CBA - yron mexxay HakioHHONH AB 1 MmI0CKOCTEIO 0.
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Ecau AD>AB, To DC>BC

Ecau u3 ﬂaHHOﬁ TOYKHU K HaHHOﬁ INIOCKOCTH ITPOBECTU HECKOJIbKO HAKJIIOHHBIX, TO OoubLIeH
HaKJIOHHOM COOTBETCTBYCT OoubIIas IMPOCKI M.

<DAB - yron mexny HaKJIOHHBIMU
<DCB - yron Mexy mpoeKIusMu
Otpesok DB - paccrosinue Mexay OCHOBaHUSMH HAKJIOHHBIX.

Pewenne ynpaxHeHumii:

1) IIpssmast CM neprieHAMKYIIpHA K MJI0CKOCTH NPSMOYToJIbHOTO TpeyroyibHuka ABC ¢
npsimbiM yriioM C. Haiinure paccrostaue ot Touku M o croponsl AB, eciin AC=3cMm, BC=4cmM,
CM=1 cm

2)B paBHoOenpennom tpeyronpauke MHK, MH=NK=5cMm, MK=6cMm. Touka D Haxoautcs Ha
paccTossHUA V10 cM OT IIOCKOCTH TpeyroiapHruka MNK 1 Ha 0JJMUHAKOBOM PacCTOSIHUU OT €T0
cTtopoH. Haiaure 310 paccrosiHue.

3) B tpeyronsauke ABC nano: AB=5cm, AC=7cm, BC=6¢M. [Ipsmas AD nepnenaukynspHa K
iockoct TpeyroasHuka ABC. Haligute paccrosiHue ot Touku D o ctoponst BC, ecin
AD=5cwm.

4)Uepes karer AB npsimoyronbHoro paBHoOeapeHHoro tpeyroibHuka ABC npoBenena
MJIOCKOCTH a (amb(da), oOpasyromas ¢ I0CKOCThIO TPEYToJIbHUKA yrout B 45 rpagaycos. Haiinute
pacctostaue ot Touku C 10 mockocTy a (anmbda), ecmn AC=2cm

5)Touka M HaxoauTCsl HA PACCTOSTHUH 6 CM OT TNIOCKOCTH PAaBHOCTOPOHHETO TPEYTOJbHUKA
ABC u Ha 10cM oT BepimH 3T0ro TpeyroiabHuka. Haiinnre nnuny ctoponsl TpeyroisHuka ABC

JlomarmHee 3a1anue

Touka 4 paBHOyJajaeHa OT BEpIIUM Mapayuiesorpamma. Jlokaxure, 4To 3TOT HapajuiesIorpaMmm
SBIISIETCS IPSIMOYTOJILHUKOM.
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OcHoBaHMs Tpaneuuu paBHsOTCS 14 cM 1 8 cM cOOTBETCTBEHHO. Uepes 0oJbllee OCHOBaHHUE
Tpanenyuy IpoBeeHa INIOCKOCTh, KOTOpasi HAXOAUTCS Ha PACCTOSHUU 8 CM OT MEHBLIETO
OCHOBaHUsA Tpanenuu. Haiinure paccTosiHuEe OT TOUYKHU NIEPECEUCHUs] TUArOHAJIEW Tpareluu 10
IIPOBEJCHHOMN IIOCKOCTH.

C TOUYKHU A Ha IJIOCKOCTh 0L MPOBEICHBI JIB€ HAKJIOHHBIC ITIMHOK 15 cm u 20 cm. [{nuHa
MPOEKIMH OJHOW M3 ATUX HAKJIOHHBIX paBHa 16 cm. Haiinute cunyc yria, o0pa3oBaHHOTO
JIPYyroi HAKJIOHHOM U TIJIOCKOCTHIO 0.

Touka K HaxoAMTCs HA OIMHAKOBBIX paccTOsAHUAX KA 1 KB 0T CTOPOH NPsIMOro yria ¢
BepiinHoi C. O — npoekuus Touku K Ha IUIOCKOCTb 3Toro yria. JJokaxwure, uro OACB —
KBaJpar.

IIpakTyeckoe 3anaTHe Ne 64
Tema: KonrponpHast pabota o teme: «lIpsiMple 1 TIIOCKOCTH B IPOCTPAHCTBE

Heasn: IIpoBeputh ypoBeHb YCBOCHUS 3HaHUM 110 TeMe: «IIpsiMble U TIIIOCKOCTH B
IIPOCTPAHCTBEY

1 BapuaHT

1. Cropona npaBunsHOro Tpeyroibauka ABC paBha 2V3 em. K ero miockocTa IIPOBEJICH
nepnenaukyisap AK, pasusiii 4cm. Haitgure paccrosinue ot Touku K 1o ctoponst BC.
2. Uepes ctopony AB npsmoyronsauka ABCD npoBenena minockocts o. Ctopona CD
yzajeHa ot 3Toil miockoctu Ha 3 cMm, CB=6¢cMm, CD=8cm. Haligute:1)yron mexny
npsimoit DA ¥ mtockocThio 0 ,2)CHHYC yriia Mexay npsaMoil BD 1 I10CKOCTbIO .
Karer AC npsmoyronsaoro AABC ¢ npsiMbiM yriiom C JIEXKHUT B IJIOCKOCTH ., @ YTOJI
MexTy mockocTamu o 1 AABC pasen 60° . Haiire paccTosHIe OT ToukH B 110

|

mIockoctH o, ecau AC=5cm, AB=13cMm.

4. . IInockoctu npsMoyroibHbIX TpeyroiabHukoB ABC n ABK nepneHaukynspHsl.
AB=8cm, AK=10cM, - ABK=- ABC=90° , - BAC=45" . BelunciuTe paccTOsHHE MEKTY
toukamu K u C.

2 BapuaHT

1. Orpe3ok AM, paBHblil 12 cM, nepreHANKYIISIPEeH IUIOCKOCTH TpeyronbHruka ABC.
Haiinute paccrosnue ot Touku M no npamoit BC, eciu AB=AC=20cm, BC=24cMm.

N

Croponsl npssmoyrosibHuka ABCD paBHBI 6¢M 1 63 cm. K mrockocta MPSMOYTOJIBHUKA
yepe3 TOUKY MepecedeHus ero quaroHanei nposeneH nepneHaukyisp OK, paBHsbIil 6¢M.
Haiingure yron Mexay miockocTero npsimoyroiasHuka u npsamseiMa KA, KB, KC n KD.
UYepes Bepmnny D kBagpata ABCD mpoBeneH k ero miockocty nepnesaukynsp DK,
paBHbIil 10 cM. Yroa mexay mockoctssmu ABC u KBC pasen 45% | Haiinure miomap
kBaapara ABCD.

oo

|~

[Tnockoctu paBHocTopoHHero AABC u npsimoyroabsHoro pasHoOeapernoro AADC
nepneHanKyIapHel. AB=a, - ADC=90°. Berunciute paccTosHIe MeX Iy BepiinHaMu B
u D aHHBIX TPEyroJbHUKOB.

IpakTnyeckoe 3ansiTue Ne 65
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Tema: [Tnomans 60KOBOH ¥ MOJTHON MOBEPXHOCTH MPU3MBI, Tapajlielienunea, kyoa
Heab: HayuuTs BEIUUCIATH OOKOBYIO U MOJIHYIO TOBEPXHOCTH MPU3MBI, Mapajljiesienumnesaa, Kyoa

Teopernueckuii 010K

IIpuszma

Inowaow nosepxuocmu: S=2Socu+Seox, TIAE Seox — TUIONTAAb OOKOBOW MTOBEPXHOCTH, PaBHAs
CyMMe€ IUIOLIAJEH BCEX IpaHen.

[Tpsamas npusmMa — npusma, 60KoBOe peOpo KOTOPOIl MepNeHAUKYISIPHO OCHOBAHUIO.

Obvem: V=Soen'l .

IInowaow 6oxosoii nogepxnocmu: Sso=P-1, TIe P — mepumerp ocHOBaHMUSL.

[IpaBunbHast mpu3Ma — MpsiMast IpU3Ma, OCHOBAHNE KOTOPOH — MPAaBHIIbHBI MHOTOYTOJIBHHUK.

.f.]']_ - L

Mpi € e
. R
A 3] B
[Tapamienenunen — npusma, OCHOBaHHE KOTOPOU — napajiiesiorpamm. Bee rpann
napajuleJenueia ABIS0TCA NapauleJIorpaMMaMH.
[IpssMOyTONBHBIN MapaIeaenuIe]] — pru3Ma, BCe rpaHu KOTOPOUH — MPSAMOYTOJIbHUKH.
Ceoticmea ouazonaneti: AC1=BD1=CA;=DB1=d; d2=a’+b+c?.

Inowaow nosepxnocmu: S=2-(ab+ac+bc).
Ky6 — npusma, Bce rpanu KOTopoii — kBajapatsl (a=b=c). Ky0 sBnseTcs napaienenuneiom u
o0J1aJaeT BCEMU €r0 CBOMCTBAMHU.

d =xf§a; S=6a>.

IIpumep 1. YUemy paBHa noJIHasA MOBEPXHOCTH MPSIMOM TPEYTOJIBHON PU3MBI, €CIIU €€ BbICOTA
paBHa 50, a ctopoHb!l ocHoBaHus 13, 37 n 40?7
Pewenue:
[Tepumerp ocHoBanus npu3Mel paBeH P=13+17+40=90. I1nomans 60K0BO MOBEPXHOCTH
Séo= 90-50=4500.
[Tnomane ocHoBaHus Haiiaem 1o Gpopmyne ['epona. Ero nmomynepumerp p=45

o Soce ={45(45-13)(45-37)45-40) =+/45-32-8-5 = 240
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OcTasioch BBIYUCINTD MOJIHYIO IOBEPXHOCTH NMPpU3MbL: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocnoBanuu npsmoit mpusmel ABCDA1B1C1D1 nexuT kBagpaT co CTOpoHO# 2.

bokoBoe pedpo npu3Mbl paBHO 2. Haiinure rpagycHyto Mepy yriia MexX.y IIIOCKOCTBIO
TpeyroiabHuka AB1C 1 mI0CKOCThIO OCHOBaHUS MPU3MBI.
Pewenue:
[Tnockocts AB1C mepecekaet miockocts ocHoBaHUs Tpo npsiMmoit AC. IToctponum
JMHENHBIN yroj, COOTBETCTBYIOLINM yIily Mexay 3TUMH mockoctsaMu. T.k. ABCD — kBazpar,

TO €ro JIMaroHaJiv MePeceKarTCs MO/ MPSIMBIM YTJIOM, T.€. BO LAC  Nanee, T.x. npu3Ma
npaBuibHas, To BIA=B1C. Tpeyroasuuk AB1C — paBHoOenpenHsiid. Ero menunana B1O

SBJISICTCS TAK¥KE €r0 BBICOTOM, T.€. B0 LAC CrienoBaTenbHO, TUHEHHBIN £B,0B paBeH yriy
MEXIY MIIOCKOCTSIMU.

Paccmotpum tpeyronbauk B1OB. ITockonbky npusma — npsiMasi, To yroii B B TpeyrosiabHuke

Bﬂ:%@:%iﬁ:ﬁ

— IIPSIMOM. BlB:ﬂ-E 10 YCJIOBUIO 3aJa4u. . T.x. KaTeTsl B

npsMOYroibHOM TpeyronbHuke B1OB paBubl, TO £B,0B 450,

Omeem: 45°,
Pemenne ynpaxxuenuit

1.B mpsiMOyrojbHOM TapaijiesieuIe e CTOPOHbI OCHOBaHUs paBHbI 12 ¢cM u 5 cm. [naronasnsb
napajuienenuneaa oopasyeT ¢ IJIOCKOCThI0O OcHOBaHUs yroil B 45°. Haitnure G6okoBoe pedpo
napaiesienume/a.

2.0cHOBaHHEM TIPSIMOTO TMapajuleNienurena spisercs pomO ¢ auaroHaasmMu 10 cm u 24 cwm, a
BbICOTa Napaienenunena pasHa 10 cm. Haiigure Oonbliryto [uaroHanb napajjiesienumnesa.

3.CTopoHa OCHOBaHUS MPABUIHLHONW TPEYroJILHON MPU3MBI paBHA 8 cM, O0KOBOE pedpo paBHO 6
cM. Haiinure mnmomaab cedeHus, MPOXOJSIIEr0 Yepe3 CTOPOHY BEPXHETO0 OCHOBAaHUS U
MPOTHUBOJIEKAIIYIO BEPIINHY HUKHETO OCHOBAHHUS.

4.B mpaBUIBbHOW n-yrolbHOM MpH3ME CTOpPOHAa OCHOBAaHMS paBHa a M BhICOTa paBHa h.
Boruncnute momniaan 60KOBOM U MONHOM MOBEPXHOCTU MPU3MBI, ecin: a) n =3,a =10 cm, h =
I5em;6)n=4,a=12am,h=8 nm;B)n=6,a=23cm,h=5am;r)n=5,a=0,4M, h=10 cm.
Jomainee 3ananue:

1.OcHoBanue NpsAMOW MPU3MbI — TPEYTOJBHUK CO CTOpOHamMu 5 ¢cM U 3 ¢M u yrioMm B 120°
Mexay HumMu. Hanbonpiias u3 miiomniaaei 00KoBBIX rpaHei paBHa 35 cm2. Haiigure momasnas
OOKOBOI TOBEPXHOCTHU MPU3MBI.

2.CTOpOHBI OCHOBAHHMSI MPSIMOTO TapasUIeyIeIHIIe/1a PaBHbl 8 cM B 15 cM 1 00pa3yroT yroi B 60°.

Menbiiasgs U3 IUIOMIAJNENH JUaroHalbHbIX cedeHuil paBHa 130 cm2. Haligute mnmomans
MOBEPXHOCTHU Mapalieenumneaa.

IIpakTnyeckoe 3ansitue Ne 66
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Tema: [Tnommans OOKOBOM U MOTHON MOBEPXHOCTU MUPAMHIBI

Heab: Hayunte pemats 3a1a4vi Ha BBIYHCICHUE TUIOIIATU OOKOBOM ¥ MOJHOW MOBEPXHOCTH
MpaMUbI

Teopernueckuii 070K

1. Ckonpko TpaHed, OOKOBBIX pebep y M- yroJbHOM MUPaMUIbI?

2. Kakoe HaumMeHbIIEE YMCIIO TpaHEd MOXKET HMMETh Nupamuaa’?

3. Beicota nmupamuasl paBHa 3 cM. UeMy paBHO pacCTOSIHUE OT

BEpUIMHBI THUPaMUIbl 0 IUIOCKOCTH OCHOBAaHHS ?

4. boxoBbie pebpa TpeyroysbHOW mupamuasl 7cMm, 12cm, Scm. OnHO M3 HHX
MEePHNEHIUKYISIPHO K IUIOCKOCTH OCHOBaHUs. Yemy paBHa BbICOTa NUPaMUIBL.

Pemenne 3amau.

1. lana mpaBwiIbHas YETHIPEXYroJibHAas MHpPaMHUJIa CO CTOPOHOM OCHOBaHUSA 2 CM U
BBICOTOM OOKOBOW Trpanm 6 cMm. Haiigure momans

OOKOBOI TMOBEPXHOCTH MHUPAMUJIBI.

2. BoicoTa mpaBWIBHOM YETHIPEXYrOJIbHOM MUpaMHIIbl 7CM, CTOPOHA OCHOBAHHUS 8CM.
Omnpenenure 60KOBOE pedpO.

3. Hano: SO = 4 - Beicota nupamusl. ABCD - mpsimoyronsauk, AD = BC = 6; AB=DC =8
Haiitu: Smomns., S6ok., V.

Swgc=%DC~SM, su=,jsd+0/w";

Pemenue:

AC=BD=64+36 =10, AO=0D =5, OM=

=%AD=-§=3. SM=416+9 =5. sm% 85
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- 8=20; Sys=20; OK=—- DC
(cpemusist muans AADC). OK =

_1 :
4. SK =416 +16 = 44/2; SM”S"§6'4J5-12J§, sl

Sew =2-12v/2 +2:20=2442 + 40 = 8 (3v2 + 5); Souse = 6 - 8 = 48; S = S +
¥ Soen =24V2 +40+48 =242 +88=8(11 +34/2).

1 1
V——3-Sm-h-3- -48 -4 =64, 8(342 +5); 8(11 +3J§);64.)

(OtBer:

IIpakTnyeckoe 3ansitue Ne 67

Tema: [Tiomans OOKOBOM U IMOTHOH MOBEPXHOCTH LIJIHHAPA

Iean: Hayuuts pemars 3aaun Ha HAXOXKACHHUE IUIONIA 1 OOKOBOU M ITOJHOM MOBEPXHOCTH
LHJIMHIPA

Teoperuueckuii 010K

HuamHap npeacTaBisier co00i FreOMETPUIECKOe TEJI0, OTPAHUYCHHOE ABYMSI MapalieIbHBIMU

IIJIOCKOCTAMMH N L[HJIHH,Z[pH‘ICCKOﬁ ITOBCPXHOCTLIO.

N

Hunuuap coctouT U3 GOKOBOM MOBEPXHOCTH U IByX OCHOBaHUI. PopMyIia miomaau
MOBEPXHOCTH IUJIMHAPA BKITIOYAECT B CEOsI OTJCIBHBIN pacyeT TUIONIaA OCHOBAHUM U OOKOBOM
NOBEPXHOCTHU. Tak Kak OCHOBaHMSA B IMJIMH/APE PaBHbI, TO MOJIHAS €r0 IUIOMAAb OyaeT
paccuuThIBaThHCS 1O hopMyIie:

S =25 +8

p 05N, bok:

<DopMyJ1a IJIomajn OCHOBaHUA HUJIMHIpPA. Tak KaKk OCHOBaHHEM OUJIMHApPA SABJIACTCA KPYT,
2
S =mr
I;l: 4
TO: =T

MpI NOMHUM, YTO B 3THX pacueTax UCIOJIb3yeTcs mocTostHHOe unciio [1 = 3,1415926, koTopoe
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PacCUMTAHO KaK COOTHOUIEHUE JJIMHBI OKPYKHOCTH K €€ AUaMETPyY. ITO YUCIIO SIBISETCS
MaTeMaTUYECKON KOHCTAHTOM.

[Tnomaas 60KOBOM MOBEPXHOCTH MUJIMHIIPA

®opmya miomaan 60KOBOK MOBEPXHOCTH LMIMHPA MPEACTABISIET COO0H MpOoU3BEeIeHUE
AJIMHBI OCHOBAHUA Ha €0 BBICOTY:

S@ ) =2mrh
LUl A Ternepb pacCMOTPUM 3a/1auy, B KOTOPOIl HaM NOoTpedyeTcs paccuyuTaTh
MOJIHYIO TUTOIIA/Ib IyIMHApa. B 3amannoit durype Boicota h =4 oM, r = 2 cm. Haiizem nosnyto

MJI0IA/Ib UIUHAPA.
) ]
S =3,14x2"=1256¢em"
Jlns Hayasa paccuuMTaeM IUIomaab ocHoBanuit: "
Teneppb paccMOTpUM IPUMEP pacyeTa oA 60KOBOH MOBEPXHOCTH HIIMHApPa. B
pPa3BEpHYTOM BHUJIE OHA MPEACTABISAET NPSIMOYTOJbHUK. Ero mionaabs pacCuuThIBaeTCS 110
npuBeneHHOM Bolte Gopmyse. [loacraBuM B Hee Bce
)
Hﬂ A-:E x3. 14 %x2x4=5024em"
naHuele; ¢
[Tonnas momaap Kpyra npecTapiseT co00r CyMMy JIBOMHOM TIJIONIAM OCHOBAHUS U
i
S =2x12.56 +50.,24 =25,12+50.,24 =75.36cm.”

ookoBoit; ¥

/‘-'
~ d*\

H—

Taxum 06pa3oM, HUCTIONB3Ys POPMYIIBI IO OCHOBAaHUH U OOKOBOI MOBEPXHOCTH (PUTYDBI,
MBI CMOTJIM HAWTH MOJIHYIO IJIOIIA/h TOBEPXHOCTH LIMJIUHAPA.

OceBoe ceueHHe IIMHPa MPEACTABISAET CO00M MPSIMOYTOIbHUK, B KOTOPOM CTOPOHBI PaBHBI
BBICOTE U TUAMETPy LHINHIPA.

(DOpMYJ'Ia Iomazan OoCCBOro CCYCHUA NUJINHAPA BBIBOAUTCA U3 (I)OpMy'J'H:I pacucTa 1Jioraan
OPsSIMOYTOJbHUKA:

S5=2hd
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PaccmoTpum npuMep pacdera IUIOIaau 0OCEBOr0 CEUeHUs NUIMHAPA. I 3TOro BO3bMEM
YCIIOBHSA U3 33J1auy, YKa3aHHOH BhIlIe. YTOOB! HAWTH BETUYMHY HAM MOTpedyeTcs AuameTp. Mbl

)
3HAEeM, YTO OH PaBEH JBOMHOMY paauycCy: d=21

d=2x2=4(cm )
S=2x4x4=32em :

IloxncraBum HaHHBIE:

. Kakas ¢urypa HazpiBaeTcsi HUIMHAPOM?

. [Touemy HUAMHAP HA3BIBAKOT TEJIOM BpalieHus?

. HazoBute BuabI HWINHIPOB?

. Ha3oBute 351eMeHThI HWIHHIpA.

. Yro mpencrasisieT co0o0if pa3BepTKa HUIUHApa?

. Kak nHaiitu miomniaabs 60KOBOI MOBEPXHOCTH LIUIUHAPA?

. Kaxk naiiTu miomaas mojiHON MOBEPXHOCTH IIMIIHHIpA?

. HazoBuTe ocHOBHBIC BU/bI ceueHM nmnuHapa. Kakas ¢purypa momydaercs B KaxaoM
cinyyae?

[IpuBeauTe MpUMeEpbl UCIIOIBL30BAHUS [TUITUHIPOB.
Pemenue 3amau:

3anaya 1. CKoJIbKO KBaIpaTHBIX METPOB JIMCTOBOM KECTH MOMIET HA U3TOTOBJIEHUE TPYOBI
JUTMHOM 4 M 1 trameTpoM 20 ¢M, €CiIi Ha BB He00X0auMo 100aBUTh 2,5% TUIomMaau ee
OOKOBOM TOBEPXHOCTH?
Hano: L=4; d=20cm=0,2m. Haiitu: S.

y y .. = 2mh
Pemenue: Bocons3yeMcst popMyInioi TI01a 14 TTOJIHON TOBEPXHOCTH IWIIMHApA: =" .
Panuyc paBen nmonoBune auamerpa — 0,1M, a BbICOTa IWIMHpPA paBHA IJIMHE HY>KHON TPyObI —
4m.
Tak Ha MIBBI HYXHO 100aBUTH 2,5% MII0mmaau ee 00KOBOW MOBEPXHOCTH, HY)KHO HANTH:

(§+2,5%S). TloactaBum BMecTO S popMyITy IO OOKOBOM MOBEPXHOCTH, U BHIYUCIIHM:
=

S+2,5% -S=S+-2 5 =
100

=5 1+

g T

1000 )
=2mrL-1025=
=2.3.14-0.1-4-1.025 =
=2.5748 = 2.6(u")
OrTser: 2,6 M.

L

3amava 2. HaliTu momHy0 MOBEPXHOCTh HUIUHPA, Y KOTOPOTo AuaMmeTp ocHoBaHus 20,6 cm
u BeIcoTa 30,5 cMm.

3anmaga 3. OceBbIM CEUCHHUEM IIMIMHIPA SIBIISETCS KBaJIpaT, CTOPOHA KOTOPOTO paBHA / MM.
Beraucnute miomniaas 60KOBOW MOBEPXHOCTH ITUTUHIPA.

3agava 4. OceBoe ceueHHEe MUIMHIPA — KBaApaT co CTOpoHoi 6 cMm. HailTu BhICOTY M paanyc
OCHOBaHHUA LIUIIUHAPA.
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3agayva 5. Paanyc ocHOBaHUS IIUJIMHIpPA paBeH 2M, BbicoTa 3M. HailTu AuaroHajib 0CeBOro
ceyeHusl.

3amaua 6. JnuHa OKPYKHOCTH OCHOBaHMS HMiIuHIpa paBHa 1. Ilnomans OokoBoi
MOBEPXHOCTU paBHa 2. HaiiguTe BHICOTY IIUIMHIpA.

[omarnee 3ananue:

1. JluaroHayib OCEBOr0 CEUYEHHS LUIMHApPA paBHA 48. YToia MeXIy 3TOM JUAroHabIO U
o6pasyromeit pasen 30°. HaiiuTe paamyc mumusapa.2

2. JlnwHA OKPYKHOCTH OCHOBaHHS HUiIuHApa paBHa 1. [lnomans 60KOBOI MOBEPXHOCTH
paBHa 2. Haiigute BbICOTY IUIIMHIPA.

3. JluaroHanb OCEBOTO CEUCHHS IWIMHJIPA HAKIOHEHA K IUIOCKOCTH OCHOBAaHHUS IO
yraom 60° u paBHa 20 cm. Haliaure romnaabs 60KOBOM MOBEPXHOCTH IJIUHAPA

Taﬁ.]]l/lllbl AJIA BBIYHCJIICHUS JJIHHBI OKPY/KHOCTH 110 THAMETPY.

IIpu pemieHny pa3IMyHbIX IPOU3BOACTBEHHBIX 33/1a4 4ACTO IPUXOAUTCS BBIYUCIIATD JJIUHY
okpyxHoctu. [IpencraBum cede paboyero, KOTOPbII U3rOTOBIAET KPYTJble IeTalH 110
YKa3aHHbIM eMy auaMerpaM. OH J0JDKEH BCAKUM pa3, 3Has AMAMETP, BBIYUCIUTH JIMHY
OKpYKHOCTH. UTOOBI COKOHOMUTDH BPEMsI U 3aCTpaxoBaTh ce0s OT OIMOOK, OH 0oOpaIiaercs K
TOTOBBIM Ta0JIMIaM, B KOTOPBIX YKa3aHbI TUAMETPHI K COOTBETCTBYIOIINE UM JJTHHBI
OKPYKHOCTEH.

HpI/IBeI[éM He6OJ'II>I_HyIO YaCTb TaAKHUX Ta6J'II/II_I H PaCCKaKEM, KaK UMH I10JIb30BATHCA.

Huua Lania HDawna |
b OKpYHHOCTH b OHPYHHOCTH D OKPYHHOCITH
1 3142 | 6 | 18,850 1| 34558 |
2 €,283 7 21,991 12 37,699
3 9,425 8 25,133 13 | 40,841 |
- 12.566 9 98,974 14 | 43982 |
| & 15,708 10 31,416 15 47,124
1 |

[TycTh U3BECTHO, UTO TUAMETP OKPYKHOCTH paBeH 5 M. Miiem B Tabiuile B BEpTUKATBHOM
cTonbue noxa 6yksoii D wucino 5. Oto munHa auamerpa. Psayiom ¢ a3Tum uncioMm (Bopaso, B
ctonO1e noja HazBaHueM «/lnuHa okpy)HOCTH») yBUAUM uncio 15,708 (m). CoBepIiieHHO Tak
e HaiiéM, uto eciau D = 10 cM, To annHa okpyxHOCTH paBHa 31,416 cMm.

[To aTuM e TabauiaM MOXHO IPOU3BOIUTH U OOpaTHBIE BbIYKCIIEeHUs. Ecim n3BecTHa uinHa
OKPYKHOCTH, TO MOYKHO HalTH B TaOJMIle COOTBETCTBYIOMMMA eif auametp. [lycts ninna
OKpYKHOCTH paBHa npubiamsurenbHo 34,56 cm. Haiiném B Tabnuie yrcio, Hanbosee 61u3koe
K nanHoMmy. TakoBeiM Oyzet 34,558 (paszuumna 0,002). CoOTBETCTBYIOIIMIA TAKOW JTHHE
OKPYKHOCTH JIMAMETpP paBeH NMpHOIM3UTENHHO 11 cM.

TaGJII/ILIBI, 0 KOTOPBIX 3ACCh CKa3aHO, UMCIOTCA B PA3JIMYHBIX CIIPABOYHUKAX. B YaCTHOCTH, UX
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MO>XHO HalTH B KHUXKKE «UeThIpéx3HauHbIe MaTeMaTH4yeckue Tabnuis» B. M. bpaauca. u B
3agaunuke no apupmeruke C. A. ITonomapésa u H. U. Ceipresa.

IIpakTnyeckoe 3ansitue Ne 68

Tema: [1nommaas OOKOBOM M MOTHON MOBEPXHOCTH KOHYCA, YCEYEHHOTO KOHYca, Iapa u cepsl
Heab: HayuuTs pemaTs 3a1a4u Ha HAXOKCHHE IIOMAA1 OOKOBOW U MOJTHON TOBEPXHOCTH

KOHYCa, yCEYeHHOT0 KOHyca
Teopernueckuii 010K

3a IJ101aab OOKOBOM IMOBCPXHOCTU KOHYCA IPUHUMACTCA INIOIIAAb PA3BCPTKHU €TI0 0OKOBOI
ITOBCPXHOCTHU.

[TosToMy 1u10111a/71E OOKOBOI MOBEPXHOCTH MPSIMOTO KPYTOBOI'O KOHYCA paBHA IIOIIAH
COOTBETCTBYIOLIETO KPYrOBOI'O CEKTOPA (PHUC. ) M BBIUUCIIAETCS 110 popmyIie

S 0.K. — TERL,
rae R — paanyc ocHoBanus, a L — nynHa o6pasyroeit konyca. Eciu k miomam 00koBoi
MOBEPXHOCTU KOHYCa MPUOaBUTh TUIOIIAIb €I0 OCHOBAHUS, TO MOJIYYUM ILIOIA/b OTHON
IIOBEPXHOCTU KOHYCa

SHOJ‘IH. =qRL + TCRZ =nR (L + R)

AHaAJIOTUYHO 3a IJI0MIa{b OOKOBOH MOBEPXHOCTH YCEYEHHOT0 KOHYCa MPUHUMAETCS IIJI0IIAIh
COOTBETCTBYIOLIEH pa3BEPTKH.
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[TosToMy B Citydae mpsSMOTo KpyroBoro KoHyca (puc. ) IIomaas O0KOBOM
MOBEPXHOCTH YCEUEHHOTO KOHYCA BBIYHMCIIACTCS 110 (hopMyIIe

S6.y.1<. =7 ( r+ r)L
rae rnu r— paanycel ocCHOBaHuM, a L — qynHa 00pasyronieil yceueHHOro KOHyca.
Pemenue 3agau:

1. Panuyc xonyca paBeH 6, a oopa3zytomast — 10. Haiitu momaas 60K0BOI MOBEPXHOCTH,
TUTONIA/Ib OCHOBAHUS U TUIOIIA/Th TIOJTHOW MTOBEPXHOCTH KOHYCA.

2. BeicoTa koHyca paBHa 4, a o0pasyromias — 5. HaiiTu momaas 00KoBOi MOBEpXHOCTH,
IIJIOLa b OCHOBAHMA U IUIOLIA/b II0JTHOW IIOBEPXHOCTH KOHYCA.

3.Ckonbko noTpedyeTcst KpacKu, JUIs TOTO YTOObI TOKPACUTh MOKapHOe Bepo, eciu Ha 100cm?
Heo0xouMo 3arpatuTh 10r?

4.CKonbKO KBaJIpaTHBIX METPOB Ope3eHTa NoTpeOyeTcst U COOPYKEHUS MaJaTKH KOHUYECKOM
(dopMBI BBICOTOM 4 METpa U TMaMEeTPOM OCHOBaHUSI 6 METpPOB?

5. O6pa3yromiast KOHyca HaKJIOHEHA K IIOCKOCTH OCHOBaHUs o1 yriioM 30°, a BBICOTa KOHYCa
paBHa 12cm. Haligute nomiaabs 60K0oBOM MOBEPXHOCTH KOHYCA U ILIOMIAb MTOJTHON
MOBEPXHOCTH.

6. [Inomans ocHOBaHUs KOHYca paBHa 167, a myoma b oceBoro ceueHus pasHa 32. Haiiaure
BBICOTY KOHYCa U TUIONIaib OOKOBOW MOBEPXHOCTH.

7. HaiiquTe mutonaas O0KOBOW MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYCa (OCEBOE CEUCHHE —

PaBHOCTOPOHHUI TPEYTOJIBHUK), €CITU PaJUyC OCHOBAHHUS PaBEeH SCM.

144



8. OceBoe cedyeHne KOHyca paBHOOEAPECHHBIN TPEYTOJbHUK TUIOMAAL KOTOPOTO paBHa 60cM?,
BbIcOTa KOHYca 12cm. Haitnure mioima e moigHoNW MOBEPXHOCTH KOHYCA.

Jlomarnee 3amaHue:

1. HaiiguTe momaas O0KOBOM MOBEPXHOCTH KOHYCA, €CJIM 00pa3yrolias paBHa ScM, a pajnyc
OCHOBaHUs 3CM.

2. OOpa3yromas KOHyca paBHa 7cM, a paanyc ocHoBaHUsA 3cM. HaiiauTe momanb moaHou
MOBEPXHOCTU KOHYCA.

3. BricoTa xonyca paBHa 12cm, oOpa3yromas 13cm. Haiinure miomaaps moiHOH MOBEPXHOCTH
KOHYcCa

4.Ilnomaas OCHOBaHHs KOHyca paBHa 2577 cm?, a 06pasyrommas paBaa 6¢um. Haiiaure mwiomas
OOKOBOI IIOBEPXHOCTH KOHYCA.

5. Hadinure momaas oJHON MOBEPXHOCTH KOHYCA, €l 00pa3yrolas HaKJIOHEHA K INIOCKOCTH
OCHOBaHus noJ1 yrioM 60°, a BeIcoTa paBHa 6CM.

IIpakTnyeckoe 3ansitue Ne 69

Tema: O0beM NpU3MBbI, Napajiesenune1a
Heas: HayunTs pemaTh 3a1a4y Ha BBIYUCICHUE 00beMa PU3MBI, TapajlieNenunesaa

TeopeTtnueckuii 6110k

IIpsiMoyroJibHbIN Napajjieienunes - 370 o0beMHass (urypa, y KOTOpoil miecTb rpaHei, u
KaKJ1asl U3 HUX SBJISIETCS IPSMOYTOJIbHUKOM.

IIpsiMoyroJibHBIH Napajulejenunesn - [apajulelielde]l, BCE TIpaHU KOTOPOIrO SBIISAIOTCA
MPSAMOYTOJIBHUKAMH.

O0beM NPSMOYIoJILHOIO TapaJuiesienuIela paBeH MPOU3BEJEHUIO €r0 JUIMHBI, IIUPUHBI U
BBICOTHI.

d)opMyna JAJIA BBIMHCJICHUA o0bema NPpAMOYIoJbHOI0 mapaJjjaejaecnumneaa

V=a‘b-h

rae
rae V - 00beM MpsiMOYToJIbHOTO Tapajuiesieuie/a, a - JyuHa, b — mupuHa, h- BeicoTa.
O06BEM pU3MBI PaBEeH MPOU3BEACHUIO €€ BHICOTHI Ha IUIOIIA b OCHOBAHUS:
V=S-h
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Pemenue 3anau:
1.CymectByeT nu ipusma, umetromias 50 péoep? 54 pedpa?

Pemenne: Yncno peGep n — yroisHOW IpU3MbI 31, TOATOMY IpU3MBI, uMeroeit 50 pedep, He
cylecTByer, a 54 pebpa umeer 18-yroapHas nmpusma.

2. CTOpOoHBI OCHOBaHMS MPSMOYTOJILHOTO Mapajulelienureia paBHbl 5 ¢cM U 12 cMm , AuaroHaib
napajuleJienurnena COCTaBIsIeT C IUIOCKOCTbIO ocHoBanusi yron 60°. Haiimute 00BEM
napajuiejenumnesa.

3. OcHoBaHuEM IPSIMOM MPU3MbI CIIYKUT TPEyrojibHUK co ctopoHamu 10, 10, 12. [naronans
MeHbIIIeH OOKOBOM IpaHM COCTaBISET C IUIOCKOCTbIO OcHoBaHMs yros 60°. Haiinure o0bEM
MIPU3MBL.

4. O6beM MpsAMOYTOJIBHOTO Mapajuienenunena paset 2. Yemy OyaeT paBeH o0bemM
napajuieNienues1a, eciiv Kaxaoe ero pedpo yBeauuuTh B 3 pasa.

Pemenue. [1ycts pebpa nanHOrO mapaiienenumnena paBHsl a, b u c. Torna umeem: V=abc=2.
[Tocne yBenuueHus Kaxaoro peopa B 3 pasa ero o0b&m Oynet paBeH

V=3a*3b*3c =27 abc=27*2=54.
Ortser: 54.

5. AxBapuyMm nmMeet GpopMy NMpsIMOYTrobHOTro napaienenumneaa sbicotoit 30 cm. Ecnu B Hero
HanuTh 30 J1. BOABI, TO 10 BEPXHETo Kpasi ocTaHeTcst 5 cM. CKOJIBKO JTUTPOB BOJIbI HYKHO, YTOOBI
HaIOJIHUTh ITYCTOM aKBapuyM J0BEpXY?

Pewenue. Ilycts V u H cooTBETCTBEHHO 00BEM U BBICOTA MapaJuIeIeIUIe 1a.
V=SH . Ilo ycnoButo V=30,H=25, Torga 25*S=30.

[Tocne 3amonHenus mycroro akBapuyma jnosepxy H=30. 3nauut, 30*S=V.

255 30
Haiinem otHomenune 30S = V' | V=36 1.

OrtBert: 36.

6. Kyouk Becut 10 rp. Ckonbko rpaMMOB OyJIeT BECUTh KyOUK, peOpo KOTOpOoro B 3 pasza
OoJtbliiie, YeM pedpo MEPBOTO KyOHKa, eCiii 00a KyOHMKa U3TOTOBJICHBI U3 OJJMHAKOBOTO
Marepuaa.

Pewienue. Ilycts V- 00béM nanHoro napaienenunesna. [locie ypenuuenus kaxaoro peépa B 3
pasa, ero 06béM OyneT paBeH 27 V.

\'4 10

27V x  x=270 p.

Ortset: 270.
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JlomarHee 3ay1aHue:

1. O6BEM psIMOYTOIBHOTO Mapauienenumneaa pasex 32. Uemy Oyner paBeH 00bEM
napaJulelIeuIea, €CU KaK0e ero peOpo YMEHBIINTH B 2 pasa.

2. B cocyn, umeronuii hopMy mpaBUILHON TPEYTOILHON MPU3MBbI, HAJTUIN BOY. Y POBEHb BOJIbI
nocturaet 36 cM. Ha kakoil BeicOTe OyJI€T HAXOAUTHCS YPOBEHb BOJIbL, €CJIU €€ MEePEIUTh B
JPYToii cocyn TOH ke (OpMBI, Y KOTOPOTO CTOPOHA OCHOBaHUS B 3 paza Oouiblile, 4eM y IepBOTO.
OTBeT BBIPAa3UTE B CAHTUMETPAX.

3. 3aKphITHII COCYM B BHJIE IPSIMOYTOJILHOTO mapaenenurena ¢ peopamu 30, 40 u 45 cwm.
CTOHUT Ha I‘OpHSOHTEUIbHOfI MMOBCPXHOCTU TAKUM O6p3,30M, 4YTO HaMMCHbIIAA I'PaHb SABJIACTCA
nHOM. B cocyn Hanmim Boay 1o ypoBHst 36 cM. Ha kakoMm ypoBHE OKa)keTCsl BOJIa, €CIIU COCY/T
MOCTaBUTH Ha HanOONbIIYIO rpanb? OTBET JaiiTe B CAHTUMETpax.

IIpakTuueckoe 3ansaTue Ne 70

Tema: O6beM nupaMu bl
Heab: HayunTs pemaTs 3a1a4u Ha BBIYUCIEHUE 00beMa MUPaMHUIbI

Teopetnueckuii 6110k

O06bemM nupamMuabl
O0beM mupaMuIbl paBeH OJTHOM TPETH MPOU3BEACHUS IOl OCHOBAHHUS Ha BBICOTY:
rjae S — miomaabs ocHoBaHusl, H — BEICOTa TUpaMuU/IbL.

®dopmyna o0beMa yCEUSHHON MUPAMUIBI PEJCTABISET COO0M OJIHY TPETh MPOU3BEICHUS
BBICOTHI HAa CYMMY ILIOIIA/IE BEPXHETO U HUKHETO OCHOBAHUS C MX CPEAHUM

IIPONOPLUUOHAIBHBIM:
1
1% _gh.. S /S5, +5,

Pemenue 3a1a4 (1o rOTOBBIM YepTEkKaM )

1. Jlano: ABCD - npasmisHas mupamuzna. AB = 3; AD = 2V3 (puc. 3).
Haiitu: a) Soch.; 6) AO; B) DO; ) V.

2. Jlano: ABCDF - npaBunbsHas nupamuia. £FCO =45°; FO =2 (puc. 4).
Haiitu: a) SOCH.; 0) V.
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Pemenue:

1) Pacemorpum AFOC: 20 = 90°, £C = 45°, 3mauut, £F = 45°. Cnenoarensno, AFOC -
paBuobenpennsrii, OC =~ FO = 2.

2) AC = 20C = 4.d=AC=AD\2 (o CBOWCTBY aMaroHagn Kpampara, d2= 2a2).
AC 4

AD= =" =2
Torna 7{ ﬁ

=

=ADP= (22 Y =8.

3) ABCD - kBaapar (nmupaMua paBHIbHast). Socn

V= =Sy h V= —-8-2=—=5—.
5 3= 3 373

(OtBer: a) 8; 6) 5-1/3.)

3. Jlano: ABCDEKF - mpasunbhas nupamuga. FO L (ABC), FM L AK, FO = 4, FM = 5 (puc.
5).

Haiitu: a) SocH.; 6) V.

Penrtenue:
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1) Paccmorpum AFOM: £0 = 90° (tak kak FO L (ABC), 3uauut, FO L OM) FO = 4, FM =
X J 2 2 = J 0§ -
5, OM= yMF" - FO (mo teopeme Iludaropa), OM=25-16 =49 =3. OM =r(r - pammyc

AK = 2r-tg%=2-3tg£=6-%=2\6.

OKPYKHOCTH, BIMCAHHOUN B MPaBUJIbHBINA IIECTUYTOJIbHHUK ). 6

2) Socw. = BSas0x SAOK-%AK-OM=%-2\/§-3=3J§. Socn. = 6-3v3=18.3.

3) V= -'3-s,,,_.ﬂ; V= %—-186-4:24«/—3-.

(OtBer: a) 183, 6) 2413.)

3amava: [lana TpeyroibHas yceueHHas mupamuaa. Ee Boicora h = 10 cM, CTOPOHBI OHOTO W3 OCHOBAHMI
paBHbI @ =27 cM, b =29 cMm, € = 52 cm. TlepumeTp BTOporo ocHoBauus paBusietcs P2=72 cum. Haiinute 06bem
MUpPaMUIBL.

|
|
|
|
|
|
|
{
|

---------ﬁl.--------.

st pacuera oObeMa HaM MOTPEOYETCs IUIOMAIh OCHOBAHMHA. 3HAsI JITUHEI CTOPOH OIHOTO TPEYTOJIBHHUKA, MBI
MO’KEM paccuuTath IJI0MAAb 1Mo ¢popmyne ['epoHa. s sroro norpeGyercs HANTH NOTYIEPUMET:

P l:‘;E'I" +20+52=108¢cm

Teneps Haiinem S2:

f;l:,b,.-“fp (p-a)(p-b)(p-c)

S =1/ 54(54-27 ) (54-29 )(54-52 ) =\/54x 27 x25x2 =/ 72000=270 cm ’

3Has, 4TO MUpaMuja yCeUeHHas, AeJaeM BbIBOJ, YTO TPEYTOJIbHUKH, JI€KallIie B OCHOBAHUAX MOIOOHBI.
KoadduimenT mo1o0ust 3TUX TPEyroIbHUKOB MOXHO HAHTH M3 COOTHOIICHHUS TIepUMEeTpoB. OTHOIIEHUE
TUIONIAJIEH TPEYTrOJNILHUKOB OyIET paBHO KBaJIpaTy 3TOro KO3 QuimeHTa:

2

al = 93
bl _Pl _l[lH_ _E]'
52 P_f _',?2 4
18
» 1
522—”
4 » 270
5 = X 212“(.‘.'!“?

2 9
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Teneps, Kora Mbl HAIIUTH TUTOIAIM OCHOBAHHM YCEUSCHHON MUPaMHUIbI, MOXKEM JIETKO PACCUUTATh €€ 00beM:

L’:% x 10 (‘z?u+ V270120 +120 ) :? (2704180 +120 ):? x 570 =1900cm.”

TakumM 00pa3oM, BEIYUCIUB KOAPPHUIIUCHT OO0 U paCCUNTAB ILIOMIAIb OCHOBAHUIMA, MBI HAIILTH 00bEM
33/IaHHON yCEYEHHOW MUPaMHUIbI.

Jomaraee 3amanue

1. lano: AlA2A3A4 -pomb6, SAlA2A3A4 -nwupamuma, AlA4 = 3 «£SBO =
B, OB L A3A4, LA2A10 = a (puc. 6).
Haiitu: V - ?
A
Pemienue:

-
: = . = oo — —asina,
1) PaccmoTtpum AOA3A; : OA4y=acosa,  AOAB: OB = acosasing = 5

2) ASOB: SO= -;-asin 2atgp.
3) Soon.= 4Suu01, =4-—;-a-08= 2a-%asin2a = o’sin2d

4) Vo, =%Sm‘ -8O, Vewp. = %-az sin 2a--liasin 2augP = %a’ sin® 2atgh

1a’ sin? 20ugP.
(OtBer:
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IIpakTyeckoe 3ansaTHe Ne 71

Tema: O6beM HUIMHIPA
Hennb: HayunTs pemarh 3a7a4u Ha BRIYUCICHUE 00beMa IMIMHIpa

Teopernueckuii 070K

LMIHHIp 3TO TEOMETPUIECKOE TEJI0, KOTOPOe CPOPMUPOBAHO BPAIICHUEM MPSIMOYTOJIbHUKA HA
OCH, COBITQ/IAIOIIEH C OJHUM M3 €ro cTOpOoH. CI0BO «IIMIIMH/IP» MPOUCXOIUT OT FPEUECKOro
cioBa «kylindrosy.

Brruncnenne o6beMa HUIMHIPA MPOU3BOAUTCS O cienyromiei Gpopmyse:

V =mr?h

\/ — 00peM HuIMHIpa
h — BeICOTA IIMITHH/IpA
I — paJiiyC OCHOBaHUS
n—3.14

Kak paccunrtats 00bem nunuuapa? ITUMH 3HAaHUSIMH HanOoJiee aKTUBHO TMOJIb3YIOTCS B CBOEH
paboTe KOHCTPYKTOPHI Pa3IMYHBIX MAIIUH U MEXaHU3MOB, MOTPEOUTEILCKIX TOBAPOB, a TAKKE
apXUTEKTOphI. IH)XKeHepaM MPUXOIUTCS MPOU3BOAUTE pacueT 00beMa IUJINH/IPA B TEX CIydasx,
KOT/Ia OHU 3aHUMAIOTCS MMPOSKTUPOBAHUEM 33/IaHNUM, CHa0KEHHBIX KoJoHHaMmH. [IpaBna, B
MOCJIETHEE BPEMS OTH apXHUTEKTYpPHBIE DJIEMEHTHI B UX, TaK CKa3aTh, «KJIACCHYECKOM) BapHUaHTE
(To ecTb BMecTe ¢ 0a30i M KaUTeNIeM) BCTPEYAIOTCs IOCTATOYHO PEIKO, HO X «YITPOIIEHHBIEY
Pa3HOBUIHOCTH, COCTOSIIINE U3 OJJHOTO CTBOJIA (KOTOPBIN, COOCTBEHHO TOBOPS, U MPECTABIISAET
€000 UITMH/IP) UCTIONB3YIOTCA BeCbMa MIHPOKO. Hepenko ¢ KoJIoHHAMH MPUXOIUTCS UMETh
JIEJIO pecTaBpaTopaM pa3iNdHbIX COOPYKEHHM, UMEIOIINX OOBIIYI0 UCTOPUIECKYIO U
KYJIBTYPHYIO IIEHHOCTh, TIPaB/ia, B BX pab0Te BRIYHMCICHUE 00beMa IMIHH]IpA — AaJIEKO He caMasi
pacnpocTpaHeHHas npoieaypa. Bopouem, ecinu peub UAET O OJIHOM BOCCTAaHOBJIECHUU
YTpauy€HHBIX 110 TEM WJIM HHBIM MPUYMHAM KOJIOHH, TO €€ TaK)Ke MPUXOAUTCS MPOU3BOIUTS.

Pacuer oObema 1UIMHIpa OCYIIECTBISIETCS TOT/IA, KOTia BeAETes pa3paboTka pa3sHOOOpa3HbBIX
E€MKOCTEH COOTBETCTBYIOMIEH (hopMBbI. B KauecTBe HArIAIHOTO TPUMEPA TAKOBBIX MOYKHO
MPUBECTH, CKAXKEM, METUIIMHCKHUE IIIMPHIIBI, a TAK:Ke KOJIObI TepMOocoB. ClielyeT 3aMeTUTh, UTO B
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IIEPBOM Cliydac Takoi nmapamMeTp, Kak O6’B€M, HMECT OUCHb BA)KHOC 3HAYCHHUC, IIOCKOJIBKY OT
HEr'o 3aBUCUT TOYHOC KOJIMYCCTBO MEAUKAMCHTOB, BBOAUMOI'O ITIAIUCHTY IIPU HHBCKIUAX.

B TexHMKe IMIMHAPEI paCIPOCTPAaHEHB] YPE3BBIYAHO HIMPOKO: JOCTATOYHO CKA3aTh, 4YTO UX
(bopMy UMEIOT IPAKTUYECKU BCE BaJIbl U UX OTAEIbHBIE COCTABHBIE YACTH, UCIIOJIb3yEMBIE,
CKa)keM, B JIBUTATENIAX BHYTpeHHero cropanus. K romy e, pacuer odbemMa [UIMHIpa — OJHA U3
BOKHEHILNX 3374, KOTOPYIO IIPUXOAUTCS peliaTh KOHCTPYKTOPAaMU IIPU IIPOECKTUPOBAHUH
COBPEMEHHBIX OCH3WHOBBIX U IN3EIbHBIX CHJIOBBIX arperaToB, Be/lb OT 3TOTO IapaMeTpa
3aBUCUT MHOXECTBO MX XapaKTEPUCTHK, U B IIEPBYIO OUEPEb TaKasl BaKHEUINAsA, KAK MOIIHOCTb.
[Toutn Bce Tumnel /IBC cHaOXkar0TCs TOPIIHAMH, KOTOPBIE TAKXKE UMEIOT IIMIINH/IPUYECKYIO

dopmy.

Upes3BbI4aiiHO pacCIIPOCTPAHEHHBIMU ACTAISAMU, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKI[MH MHOTHX
CJIOKHBIX TEXHHUYCCKUX yCTpOI\/JICTB, SABJIAOTCA POJIMKOBBIC ITOAIIUITHUKH. Kax HETPYAHO
JI0raJlaThCsl [0 CAMOMY X Ha3BaHUIO, OJHUMHU U3 OCHOBHBIX UX KOMIIOHEHTOB SIBJISIOTCS
IPOYHBIE U U3HOCOCTOMKHE METANINYECKUE POJIMKY, UMEIOLINE MINHAPHUUECKYIO (hopMy.
HmenHo Onarojapsi Takoi T€OMETPUH, 3TU JI€TAJIM UMEIOT JOCTATOUYHO OOJBIIYIO HECYIYIO
CHOCOOHOCTh U B OOJIBIIMHCTBE CIIy4aeB CIIOCOOHBI BBIIEP/KUBATh BECbMa 3HAUUTEIIbHBIE
HarpyskKu, 4€M UX MAapUKOBLIC aHAJIOT'U. PommkoBrie IIOAUINITHUKU SABJIAIOTCA BBICOKOTOYHBIMHU
JETaIIMU, ¥ IIOATOMY IIPU UX pa3pabOTKe U MPOEKTUPOBAHUM MTPABUIIbHBIN pacyeT o0beMa
LMIMH]Ipa (B JAHHOM CIIydae — pOJIMKa) UTPAaeT HEMAJIOBAKHYIO POJIb.

Pemenue 3agauq:
1.Haiigute 06beM HUIMHpPA C BBICOTOM, paBHOU 3CM U AMaMETPOM OCHOBAHMS — 6CM.

2 Inommamp 0ceBOro cedeHus MUINHpa paBHa 21cM®, momaas ocHoBanus - 181 cvm? Haitaure
00beM HIIUHIpA.

3.CBunnOBas Tpyda (mroTHOCTH cBuHNA 11,4 T/cM®) ¢ TOMIIMHOM CTEHOK 4 MM HMeeT
BHyTpeHHu# nuametp 13 mM. KakoBa macca TpyOsl, eciu ee AnuHa paBHa 25 M?

[
1
1
1
1
I
|
1
!
'
fl

-
1
1
L

b

———— e

_——— e e =

P=114r/em®
R1=6,5vMMm + 4mm = 10,5mMm = 1,05¢cMm (Hapy>KHBIiT)
R2=6,5MM = 0,65¢cm
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V=Vi-Vz=n - (1,05322500 - = - 0,65% -2500 =1700% = 5338 (cm?)
M=p -V=114-5338 = 6lxr.

4. Kakoe koianuecTBO He(pTH (B TOHHAX) BMEIACT MIMHAPUYECKas IICTEpHA AuameTpa 18 M u
BBICOTOM 7 M, €CJIM IIIOTHOCTH HeTH paBHa 0,85 r/cm>?

H="7m; d = 1M Pyemu = 0,85 r/em®
m =?

Vy=nR?H =n-927 =567 (M%)
m=V-p = 151371

Jomarinee 3ananue:

1. I[I/IaI‘OHaJ'IL OCCBOI'0 CCUHCHUA NUJIMHAPA COCTABJISICT C INIOCKOCTBIO OCHOBAHUA NUJIIMHAPA

yron 60°. Haiinure 00beM MUITMHAPA , €CIH TUIOMA b OCEBOTO CEYeHHs paBHa 16 \E e,

2. Ha cknan B MacTepcKoi MO MOIIMBY O/IEX/IbI TOCTYIHII PYJIOH AParnoBoil TKaHu B popme
muHapa. [pu TpaHcnopTupoBKe ObLT yTEpSH TOBAPHBIM APIBIK C YKa3aHUEM JUTMHBI TKaHU B

pynone. Heo6xonnmo onpenenuTts AMUHY TKaHU B pysioHe. [IpousBenu HeoOXoaumblie
M3MEpEHUs], ONIPEIEIUIIN BBICOTY U AuaMeTp pyioHa: 90cm u 30cwm, TonmuHa TkaHu 0,2¢M.

IIpakTnyeckoe 3ansitue Ne 72

Tema: O6bem konyca. O0bem mapa. Permenue 3amaq
Hean: HayunTs pemarh 3a7a4u Ha BEIYUCICHUE 00beMa KOHyca

Teopernueckuit 610K
O0OBeM KOoHyca BBIUUCIAETCS IO popMyIe

l 9
V= :W’(-II

rac R — paanyc OCHOBAaHUA KOHYCA, H -- ero BrICOTA
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7]

[Iap 3T0 reoMeTpruecKoe Teo, 00pa30BaHHOE B PE3YJIbTaTe BpalllCHHs MOIYKpyra Ha OCH
CBOETO JJHaMeTpa.

OO0beM mapa MOXKHO BBIYHMCIUTH MO hopMye:

_4 3
V—37rR

R — panguyc mapa

V — o6bem mapa
n—3.14

Pemenue 3agauq:

1. ABuannonHast 6om0a cpeiHero kajauodpa JaeT Ipu B3pbIBE BOPOHKY
nuaMeTpoM 6 M 1 TiyonHo# 2 M. Kakoe koiaruecTBo 3emid (110 Macce) BbIOpachIBaeT 3Ta
6om6a, ecu 1 M3 3emmu nmeer Maccy 1650 kr?

Pemenne:

|
&
*

V= ln‘R”H = lﬂ'EE*Q

3 3
o NS
P = 1630+6-3,14 =

= 31086 gr = 31 1. B
Omeem: P =31 1. Puc. 3
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2. Cmomy Juisi MPOMBITINIEHHBIX HYX COOMPAIOT, MOIBEIINBAsI KOHMYECKHNE BOPOHKH K
cocHaMm. CKOJIbKO BOPOHOK nuameTpoM 10cMm ¢ oOpasyromeii 13 ¢cM HyXKHO coOpath,
YTOOBI 3aMOTHUTH JCCSITHIUTPOBOE BEIPO?

R=AC/2, R=5cm, H=V132-52=12(cm), V=1/3*3,14*52*12 ~314(cm®) =0,314am°
n=10/0,314 =31,8. Omeem: 32 60poHKU.

3. Cror cena umeet GpopMy LHUIUHAPA C KOHWYECKUM BepxoM. Paguyc ero ocHoBanus 2,5 M,
BBICOTA 4 M, IPUYEM LWJIMHPUYECKast YacTh CTOra MMeeT BhIcoTy 2,2 M. [lnoTHOCTh cena
0,03 r/cM®. OnpeenuTh Maccy CTOra CeHa.
Pewenue:

R=2,5m

01001 = 4m

0102 =2,2m

P =0,03r/cm®

m=p-V; Vy=1-252-22=13,75 m>= 13750000cm>
Vi=1/3n -2,52-1,8 =3,75m> = 3750000 = cm®

M =0,03 - 17500000m =0525 = = 1,6T

O

4. CTakaH4MK /1151 MOPOKEHOTO KOHUYECKON opMbl UMeeT rTyOuHy 12 cM 1 1uameTp BepXHen
gacTu 5 ¢cM. Ha Hero cBepxy IOJI0KUIINU ABE JIOKKH MOPOKEHOI0 B BUJE MOIYIIAPUN JUAMETPOM
5 cwm. IlepenonHUT 1M MOPOKEHOE CTAaKAaHYMK, €CIIM OHO pacTaeT?
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OA=12cm

BC=d=5cm
[lepenosHUT JTU MOPOKEHOE CTAKAHUYHK?
S

Vuz43TRI(B2P=125% /6 =206

25512
Vi=1/3 FRH=1/3 ¥ (5/2>12= 12 =257
OtBer: HeT.
3anayva:

Haiitu 06bem mapa panuycom 10 caHTUMETpPOB.
Pemennue:

Jist Toro 4TOOBI BEIUMCIUTE 00beM mapa ¢Gopmylia HCTIOJb3YETCS CleAyIoas:
4

V= znR3
3

rae V — uckomeii o0b6em mapa, © — 3,14, R — paanyc.
Takum oOGpa3zom, npu paauyce 10 canHTumMeTpoB 00bEM 1I1apa paBeH:
4

V = 3 3,14 x 10° = 4082 KYOMYECKHUX CAHTUMETPOB.

Pemenue 3anau:
1. Bo ckoabpKO pa3 yBeIHUHUTCS 0O0BEM IIapa, €CIM €r0 PaInyC YBEJIMUUTD B MIECTh pa3?
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OO6beM 1mapa HaxXoAUTCA 110 PopMyIIe:
t 3
V = E TR
[Ipu yBenmueHun paanyca B MIECTh pa3 ero 00bEM OyeT:

4 4
V= E}TI[_E:R}E = 216 '§”R3

Takum oOpa3om, 00beM mapa yBeauuuTcs B 216 pas.
Otser: 216

2. O6wvem omHoro mapa B 216 pa3 Gosblie 0O6beMa BTOpOro. Bo CKOIBKO pa3 ILIOIAab
MIOBEPXHOCTH TEPBOTO I1apa OOJIbIIIE TUIOIIAIH TOBEPXHOCTH BTOPOTO?

\_

®opmyna 06bEMa mapa:

4 3
V= 5 TR
®dopmyrna IO MOBEPXHOCTH IIIapa:
S =4nR*
[TycTh 00BEMBI IIAPOB COOTBETCTBEHHO PABHBI:
4 3 4 3
V1=§}TR1 V2=§}TR2

N3 ycnoBus cnenyer, 4ro:

157


http://matematikalegko.ru/wp-content/uploads/2013/12/113.gif

To ecTh, MBI YCTAaHOBHIIM, YTO Paauyc IEpPBOro OObLIe paguyca BToporo B 6 pa3. Eciu pagmyc

Imapa yMEHbIIUTH B 6 pa3, TO IJIOIA b TOBEPXHOCTH IIapa U3MEHUTCS CIIETYIOIIMM 00pa3oM:
(R 4nR?

S=am (.E) - 36

To ecTh oHa yMeHbIIUTCS B 36 pas.

[omariHee 3aganue:

1. Haiigute 00beM KOHYCa , 0CEBOE CEUEHUE KOTOPOTrO MPEACTABISAET CO00M
PaBHOOEIPEHHBIH MIPAMOYTOJIBHBINA TPEYTOIBHUK C TUIIOTEHY30M , paBHOW 6 2 cM.

2.Haitnute 00beM KOHYCa , TTOJIYYEHHOTO B PE3YJIbTATE BpallleHUs BOKPYT OOJIBIIETO KaTeTa
MPSIMOYTOJILHOTO TPEYTOJIbHUKA C TUTIOTEHY30M , paBHOM 2 ”JE CM, U yTJIOM 300
Tecm no meme: «Tena epawienusy,

1. Tlpu BpamieHnu NpsSMOYTOJIbHUKA BOKPYT €r0 CTOPOHBI, TOTy4aeM:
a)KOHYC; 0) yCeueHHBI KOHYC; B) IIap;  TI') LAJIUHJAP.

2. Tlpu BpameHnn NpSIMOYTOIBHOTO TPEYTOJILHUKA BOKPYT €T0 KaTeTa, MOTyJdaeM:
a)yCE€UYEeHHBbIN KOHYC; ©O) HWIMHJIp; B)IIap; TI) KOHYC.

3. [Ilpwu BpameHu# MpsIMOYTOJIHHOM TpaIeny BOKPYT €e OOKOBOW CTOPOHBI, ITOJTy4aeM:
a) WIMHAp;  0) yceueHHBIH KOHYC; B) KOHYC; T) ILap.

4. Tlpwu BpalleHHH MOTYKpyTra BOKPYT €ro AUaMeTpa, MojryyaeMm:
a)yCeueHHbIN KOHyC;  O) IMIMHAp; B)IIap; TI) KOHYC.

5. OceBbIM ceYeHUEM LUIMHIPA SBISETCS:

a)Kpyr; 0) paBHOOEAPEHHBIN TPEYTONBHUK; B)TPANEIHs; T)IPIMOYTOIbHUK.
6. OceBbIM CeUEHUEM KOHYCA SIBIISIETCA:

a) paBHOOEPEHHBIN TPEYTONbHUK;  0) IPSIMOYTOJIHUK;

B)Tpamnerus; T)KPYT.
7. OCeBbIM CEUECHHEM YCEYEHHOT'O KOHYCA SIBJISIETCS:

a) Tparenus; 0) MPsIMOYTOJIBHUK; B) KPYT;
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T') paBHOOEAPECHHBIN TPEYTOJbHUK.

8. CeueHue mapa MmI0CKOCThIO €CTh:
a) paBHOOGPEHHBIN TPEYrOAbHUK;  0) NPAMOYTOIbHUK;
B)Tpanerus; T)KPYT.

9. Hanucatb hopMyity 11 BEIYMCICHHS 00bEMA UIIMHAPA.
10.Hanmucatp opmymy asns BeIYHcIeHUS 00bEMa KOHYCA.
11.Hamnucats popmyiy ais BeIYMCIEHUS 00bEMA yCEUEHHOTO KOHYCA.
12. Hantucats opmyity aisi BBIYUCICHUS TUIOIAAN KPYTa.
13.Hamnucats hopmyiy A BBIYMCIACHUS JJIMHBI OKPYKHOCTH.

B3aI/IMOHpOBepKa MaATeMaTU4YCCKOro JUKTaHTa.

JdomonHuTebHass HHPOPMALUA 0 KOHYCE U 1Iape

1. B reosioruu cymecTByeT MOHATUE KKOHYC 8blHOCA». DTO popMa penbeda,
o0pa3oBaHHas CKOIUIEHHEM O0JIOMOYHBIX OO (TaJIbKH, TPaBHsI, IECKA), BBIHECEHHBIMU
TOPHBIMH peKaMM Ha MPEArOpHYI0 paBHUHY WK B 00Jiee MIOCKYIO IUPOKYIO TOJUHY.

2. B Guonoruu ectb MOHATHE «KOHYC Hapacmanusy». ITO BepXylIka noodera u

KOPHS pPacTeHUH, COCTOSIIAs U3 KIETOK 00pa3oBaTeIbHOM TKaHU.

3. «KoHycamuy Ha3bIBACTCS CEMEHCTBO MOPCKHX MOJUTIOCKOB TTOIKIIACCa
nepeaHexadepHbIX. PakoBruHa koHndeckas (2—16 cm), sipko okparienHas. KoHycoB cBblie
500 BumoB. )KUBYT B TpOIHKAX M CYOTPONHKAX, SIBIISIOTCS XUIIHUKAMHU, UIMEIOT SITIOBUTYIO
xKenezy. YKyc KOHYCOB o4eHb Oosie3HeH. M3BecTHBI cMepTenbHbIe ciiyyan. PakoBUHBI
UCTIONB3YIOTCS KaK YKpaIIeHUs, CyBEHUPBHI.

ITo cratucTuke Ha 3eMiie €XeroJHO THOHET OT Pa3psA0B MOJIHUN 6 YETOBEK Ha

1000 000 >xuTeneit (varie B 10’KHBIX CTpaHax). ITOro Obl HE CIy4alioCh, €CJIM ObI BE3/1e
OBLIIM TPOMOOTBO/IBI, TaK Kak oOpa3yercs KoHyc 6e3onacHocTH (puc. 6). Uem BhIiie
TPOMOOTBO/I, TEM OOJIbIIIE 00BEM TaKOTO KOHYca. HEeKOTOpBIE JIFO/ T MBITAI0TCS
CHpATaTbCA OT PA3PAI0B MO IEPEBOM, HO JEPEBO HE MPOBOJHUK, HA HEM 3apsi bl
HAKaTUTMBAIOTCS U JEPEBO MOXKET OBITh HCTOUHHUKOM HAIPsHKEHUSI.
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B reomerpuu map ompexaensieTcs Kak HeKoe TeJo, NMpecTaBiusionee codoi
COBOKYIIHOCTbH BCEX TOYEK NPOCTPAHCTBA, KOTOPBIE PACIOJIATalOTCA OT LIEHTPa Ha
paccTosHHuu, HE Oo0Jee 3aJaHHOT 0, HA3bIBAEMOTO paanycom mapa. [loBepxHOCTH
mapa uMeHyercs chepoid, a caMm OH oOpasyeTrcs MyTeM BpalleHUs MOJYyKpyra oKoJo
ero AuamMerpa, OCTAKUIEroCs HEIOABUKHBIM.

C 5TUM reoOMeTpUYECKUM TEJIIOM OYEHb YACTO CTAJIKUBAIOTCSA MHKECHEPHI -
KOHCTPYKTOPHBI M apPXUTEKTOPHI, KOTOPBIM YaCTO MPUXOJAUTCS BBIYUCIATH 00BEM
mapa. CkaxxeM, B KOHCTPYKLIUHU NepeJHEeNd MOABECKHU MOaBIA0IEro O0IbIINHCTBA
COBPEMEHHBIX aBTOMOOMIIEN UCHOJIb3YIOTCSA TaK Ha3bIBa€Mbl€ IIAPOBBIE ONOPHI, B
KOTOPBIX, KAK HETPYAHO A0rajgaThCcs U3 CaMOro Ha3BaHUs, OJHUMHU U3 OCHOBHBIX
3JIEMEHTOB ABJIAIOTCA UMEHHO mapbl. C UX MOMOILIbIO IPOUCXOAUT COCTUHEHHUE
CTYIHI] yIpaBiIseMbIX KoJeC U pbldyaros. OT TOro, HACKOJbKO NIPAaBUIBHO

OyaeT BBIUMCIEH UX 00BbeM, BO MHOTOM 3aBHUCHUT HE TOJHKO JOJTOBEYHOCTh 3THUX
y3J0B M MPaBUJIBHOCTbh UX pabOThl, HO U 0€30MaCHOCTh ABUKEHHUS.

B TexHuKe mmpouaiimee pacnpoCTpaHEHUE NOJYYHUJIN TaKue AeTallu, KaK
IapUKOBBIE MOAIMMUITHUKH, C TOMOIIBK KOTOPBIX NPOUCXOJUT KPEIJICHUE OCEH B
HETOABHMKHBIX YaCTSAX PAa3JIMUYHBIX Y3JIOB U arperaTtoB M 00ecrneynBaeTcs ux
BpameHue. CiaeayeT 3aMeTUTbh, YTO NIPU UXpacyeTe KOHCTPYKTOpaM TpedyeTcss HaAaWTH
00beM mapa (a TOYHee — mapoB, MOMeENIaeMbIX B 0001MY) ¢ BBICOKOUW CTEIEHBIO
TOYHOCTHU. YTO KacaeTcss U3roTOBJIECHUS METAJUIMYECKUX IIAPUKOB I
INOJAIIMIIHUKOB, TO OHHU MPOU3BOJIATCSA U3 METAIINYECKON NPOBOJOKHU IIPU MOMOIIHU
CJIO’)KHOTO TEXHOJOTHYECKOT0 Ipolecca, BKJIoyatouero B ce0s craauu GOpMOBKH,
3aKaiku, rpyooi manpoOBKH, YUCTOBOW MPUTUPKHU U OuucTKU. KcTaTu roBops, Te
HIapUKH, KOTOPBIE BXOIAT B KOHCTPYKIIUIO BCEX IIAPUKOBBIX PYUEK,
MU3TOTaBJIMBAIOTCA IO TOYHO TAKOW K€ TEXHOJOTHHU.

JlocTaTO4YHO 4acTO mapbl UCHOJIB3YIOTCSI U B ApXUTEKTYpe, IpUYEM TaM OHH dalle
BCEro SBJSAIOTCA ACKOPATHUBHBIMU JJIEMEHTAMHU 3JaHUM U JPYTUX COOpYyKeHUN. B
OOJBIIMHCTBE CIyYyaeB OHM M3TOTABIMBAIOTCS U3 I'PAHUTA, UTO 3a4acTylO TpedyeT
0onbmUX 3aTpaT pydyHoro tpyaa. Koneuno, co0noaaTh CTOIb BEICOKYIO TOYHOCTD
U3TOTOBJIEHU DTUX LIAPOB, KAK T€X, KOTOPbIE NIPUMEHAIOTCSA B pa3JIM4YHBIX arperarax
U MeXaHu3Max, He TpedyeTcs.

be3 mapoB HeMbICIMMa TaKas HHTEpECHAas W MOMNyJsApHas urpa, kak ounpsapa. ng
X MPOU3BOJCTBA UCHOJB3YIOTCSA pa3luyHble MaTepuansl (KOCTh, KAaMEeHb, METAIl,
MJIACTMACCHI) U UCIOJB3YIOTCS Pa3IMYHbIC TEXHOJOTHUYECKUEe nmporecchl. OQHUM U3
OCHOBHBIX TpeOOBaHUM, MPEABABISIEMBIX K OUIbAPAHBIM LIapaM, SIBISETCS UX
BBICOKAs MPOYHOCTHb U CIIOCOOHOCTH BBIACPIKNBATH BBICOKHC MCXAHUUYCCKUEC HATrPY3KHU
(mpexnae Bcero, yaapueie). Kpome Toro, ux moBEepXHOCTH JOJKHA MPEJICTABIATH
co060i# TouHyI0 chepy s TOTO, YTOOB 00ECTEUYNBATIOCH IJIABHOE W POBHOE KaYeHUE
MO MOBCPXHOCTHU 6I/IJ'II)$[pI[HI)IX CTOJIOB.

Hakonen, 0e3 Takux reoMeTpuuecKuX TeJ, Kak mapbl, He 00XOAUTCSA HU OJHA
HOBOTOJHAS UM POXKIECTBEHCKAsA e€inKa. M3roraBiuBarTCsa 3TH yKpalleHUs B
OOJBIIMHCTBE CIIy4yaeB U3 CTEKJIa METOJIOM BbIIYBaHUS, U MPU UX IPOU3BOJCTBE
HauOoJibllIee BHUMAaHHUE yAENSEeTCS HE TOYHOCTH Pa3MEPOB, a 3CTETUUYHOCTH
n3gaenni. TeXHOJIOTM4eCKU Npouecc Npu 3TOM NPAKTUUYECKH MOJIHOCTBIO
aBTOMATU3UPOBAH U BPYYHYIO €JOYHBIE APl TOJIBKO YIAKOBBIBAIOTCH.
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IIpakTnueckoe 3ansaTue Ne 73

Tema: KontponpsHas pabora
Heuan: IIpoKOHTpOIMPOBATH YPOBEHb YCBOEHUS TAHHOU TEMBI.

1 BapuaHT

1. Pa3BepTka OOKOBOH MOBEPXHOCTH MMJIUHAPA SIBISETCS KBAJAPATOM, IUArOHAIbh KOTOPOTO
paBHa 10 cM. Haiinure momaas O0KOBOM MOBEPXHOCTH MIJIMHIPA U 00BEM
2. IImockocTh, mapaiielibHas OCH HWINH]IPA, OTCEKAET OT OKPYKHOCTH OCHOBaHUS Ayry B 120°.

Bricota nunuHapa paBHa 5 cM, paauyc HWIMHApA 2 3 om Haiinute mimomanb ceyeHUs U
00BpeM
3. OceBoe ceueHMe IMIMHIPA — KBAApaT, IUIOMAAb OCHOBAHHS IMIMHApPA paBHA 1677 cm?.
HaiinuTe nioaab noBepXHOCTH HUIMHIPA, 00BEM
4. BricoTa KOHYyca paBHa 6 CM, yroJ IpHU BepLINHE 0CeBOro ceueHus pasen 120°. Haiinure:

a) IUIOMIAh CEUYCHUS KOHYCa TUIOCKOCTBIO, TIPOXOSIICH depe3 1Be 00pa3yroIIne, yrojl MeKIy
KotopbiMu 30°;

0) romrab OOKOBOM MOBEPXHOCTH KOHYCA.

B) 00beM
5. luametp miapa paBeH 2m. Uepes KOHeEI [HaMeTpa MpOBEAEHA IIOCKOCTh MOJ yriom 45° k
Hemy. Haliaure muinHy nuHuu nepecedenus chepbl 3TOH IIOCKOCTbIO.

2 BapuaHT

1. Pa3BepTka OOKOBOH MOBEpXHOCTH LMJIMHApA SBISETCS NPAMOYTOJIBHUKOM, TUAaroHajb
KOTOporo paBHa 8 cM, a yroin wmexay nauaroHamsmu 30°. Haiinure mmomans OOKOBOMA
MOBEPXHOCTHU IIMIUH]PA, 00bEM
2. CeyeHre TWIMHAPA TUIOCKOCTHIO, TAPAIJIEIIEHONW €T0 OCH, eCTh KBajpaT. CeKkymiasi TUIOCKOCTh
OTCEKaeT OT OKPY)KHOCTU OCHOBaHHUS Nyry B 90°. Pagmyc ocHOBaHUS LMJIMHIpA paBeH 4 CM.
Haiigure miomans ceueHus, 00hLeM
3. OceBoe ceueHHMe LWIMHApPAa — KBajapar, AMaroHaib KoToporo 4 cm. Haiinure miomans
MOBEPXHOCTH ILIMIUHIPA, 00BEM
4. Pagnyc OCHOBaHMs KOHYyca paBeH 6 cM, a 0Opa3yrolas HaKJIOHEHA K IUIOCKOCTH OCHOBaHUS
nox yriom 30°. Haitaure:

a) IUIOIIA/Ib CEYEHUsI KOHYCa MJIOCKOCThIO, TPOXOASIIEH uepe3 Be 00pa3yrolue, yroj Mexay
KOTOpbIMH 60°;

0) ruromaab 60KOBOM MOBEPXHOCTH KOHYCA.

B) 00bEM
5. lmametp mapa paBeH 4m. YUepe3 KoHell AuameTpa IpoBelieHa IIOCKOCTh moj yriioMm 30° k
HeMmy. HaiiauTe nomanb cedeHus mapa 3TO MI0CKOCTHIO.

IIpakTuyeckoe 3ansitue Ne 74
Tema: [leiicTBus C BEKTOpaMu, 3aJaHHBIMH KOOPAMHATAMH
Heab: O600MTH U CUCTEMATU3UPOBATH MaTEpUAI IO TAHHOW TeMe

Teopernueckuii 610K
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(DOpMy.]'II)I ACJICHHUA OTPE3Ka B JAHHOM OTHOUICHHWH HaA IIJIOCKOCTHU

ECi M3BECTHBI JIBE TOUKM MIOCKOCTH “IXar Fal: Bl Pl 1 KOOPIMHATHI TOUYKU A (Xpa: Fad

i AhA
KOTOpas JIeJIUT OTPE30K AB 3 orromenun BM | pprpaxarorcsa popMyIaMu:
N _xA+/1-xB _yﬂ+£t-y3
M T 1+ A
[Tpumep 1

Haiitn K0OpauHaTBI TOYKU M , JIEJALIEN OTPE30K A5 g orromenym 113 , €CJIM U3BECTHBI

And 1

Pemenne: B nannoi 3agaue B3 Tlo dbopMynam aeneHus: oTpe3ka B JaHHOM

OTHOILEHHUH, HAMAEM TOUKY M(Xpg:Faad -

1
X =xA+,JI.xB=5+§'(_3)=5—1=4_E=3
M 1+ 4 1L 4 4
3 3
1 1 3
4= (-1 3-- =
yoy YA AT _ 7 :'= 3_3_83_,
M 1+ A 1L 4 4 34
3 3
Oteer: (3. 2)

B 3agaue He Tpe6yeT05{ CTPOUTH YC€PTECIKa, HO €ro BCCraa 1oJI€3HO BBIIIOJIHUTHL Ha YCPHOBUKE!

JleiicTBuTensHo, cootHomenne M 3 ppmonmsercs, To ects otpesok A B Tpu pasa kopoue

OTpe3Ka BM  Eemm MIPOTIOPITUST HE OYEBHJIHA, TO OTPE3KHU BCET/Ia MOXXHO H3MEPUTH OOBITHOM
JIMHEHKOM.

[Tpumep 2
162



JlaHbl TOYKH (=20 20578 Hajiru:

a) TO4Ky M , JCIAIIYIO OTPE30K KL g ornomennn 2 5;

0) TOuKy M , JEJISIIIYI0 OTPE30K KL g ornomennn 43

[Tpumep 3

Touxa & MIPUHAIEKUT OTPE3KY LA Vspecrno, uto OTPE30K DP g npa pasza IIMHHEee

202,40, P[%; 2]

OTpE3Ka HF Haiirn TOYKY 7 , €CIIH

Pemenue: 13 YCJI0BUA CIICAYET, UTO TOYKA P JACJIIUT OTPE3OK LA B OTHOIICHUH 401 , CUHuTasa

DP
A==t

OT BEPIINHbI L 10 ecto, cipaseuBa nporopuus:  44° | Tlo (popMyiam JieJeHns OTpe3Ka
B JaHHOM OTHOIIICHUM:

Xn+d Xy ¥o+ A4 Y
xp=lf " TH oy D77 TH

1+ 4 1+ 4
L SIS TR S SN MY S SR SO
3 142 3
2=% =44 2y = 6= 2y =2y, =1
+

OTtBer. H3:1)
[Ipumep 4

Touka M €45 OTtpe3oxk BM g MOJITOPA pa3a Kopode OTpe3Ka AM | Haitu TOYKY A , €CIIN

HN3BCCTHBI KOOPAWUHAT TOUCK BI:E', D:I’ MI:_ L 1} .

Pemmenue B koH1e ypoka. OHO, KCTaTH, HE €IUHCTBEHHOE, €CITU MOWAETE OTIIMYHBIM OT 00pasiia
myTéM, TO TO He Oy/eT OmuOKOH, r1aBHOE, YUTOOBI COBIATH OTBETHI.

CDOpMy.]'ILI ACJICHUA OTPE3Ka B JAHHOM OTHOLICHHUU B IPOCTPAHCTBC

I[J'I}I MMPOCTPAHCTBCHHLIX OTPEC3KOB BCE 6yIICT TOYHO TakK >X€, TOJIBKO ,Z[O63.BI/ITC$I elie ogHa
KOOpJAuHarTa.

EcIIi M3BECTHBI ABE TOUKH poCTpaHcTBa ‘154> ¥ 4:24): BXa: ¥ 528) 10 xoopaunatst

o 2o A
Touxn ¥ Pas Zne) | koropas pemut otpesox AE B otHOMEHNN EM | pprpaxkaroTcs
dbopmynamMu:

X =xA+/I-xB =yA+JE-yB 2 =Zﬂ+/1-23
MU e M g M e
ITpumep 5
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Al-2,-3—-4), B(Z,

JlaHbl TOYKH ~*% 0 Haiitn KOOpPAUHATHI TOYKH M , IpPUHAJUIe)KAIEN

OTPE3KY AB , €CIM U3BeCTHO, yro AM 1 BM =42
Pemenne:

ITo popmynam KOOpAMHAT CEPEIUHBI OTPE3Ka:

L _-i+22 2 . _3+24)_ 11 -4420_ 4
M 2 30 M 142 37 M

[Ipumep 6

B(-52,3), 14, 2,

JlaHbl TOUKH =5 . Hailtu koopauHAaThl TOUKH A , €CJIM U3BECTHO, YTO OHA

JACJIUT OTPE30K 5C B OTHOLLICHHUH 301 .

CDOpMy.]'ILI KOOpAUHAT CECPpCANHBI OTPE3Ka

A | yacme M | yacmes B
® s o
Xy+ X Yat¥
Ky=ATTE g o XAT s

M
2 2
J7st mpOoCTpaHCTBEHHOTO Clydasi ClpaBeIJIiBa OY€BUIHAS aHANIOTHs. Eciii 1TaHbl KOHIIBI

otpeska A Fa-Fa:Za). BX5: F325) 10 koopaunarel ero cepenunst ¥ Boipakarorcs Gpopmymamu:

o= tat s _Yat¥s . _ZatZs
M 2 M 2 M 2
[Tpumep 7

Hapaﬂnenor paMMm ABCL 3alaH KOOpJAnHaTaMu CBOUX

A(=4,0), 5(%,4), C(7. 2), D1 -2) Hajiry rouky nepecedenus ero uaronaeii.

BEPIIVH
Pemenue:

ITo n3BeCTHOMY CBOMCTBY, TMArOHAJIN MTAPATIIETIOTPAMMa CBOEH TOUYKOM

MEepeCCUCHUA o Foe 'P"-_"} ACJIATCA TI0I10JIaM, ITO3TOMY 3a/lavy MOKHO PCIINTL ABYMS CII0COOaMH.
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Cnoco0 nepBblii: PaccMOTpuM IPOTHBOINOIOKHBIE BEPILINHEI A-40). C(7 20 10 dopmymnam

JIeJICHUS OTPE3Ka IIOI0JIaM HalIEM CEpPEeIUHY AUarOHaIu AC

%o = X+ X _ —4+T=
2 2

¢
B pesymbrare: 2

B(4,4), Di(-1;

Cnoco0 BTOpoii: PaccMOTpUM NPOTHBOIIOJIOKHBIE BEPIIMHbI ~2) o bopmynam

ACJIICHH OTPE3Ka I10I10J1aM HaﬁHéM CCPCANHY AaroHajinu B"D

)
Takum o6pasom: 2

o)
OTBer: 2
IIpumep 8

G0 :
Jla"bl TOUKH 3 4 2 . Hantu cepenuny R OoTpe3Ka <,

[Ipumep 9

Touxa ¥ pemnr orpesox A mononam. Haittu touxy &, ecnn nssectabr
rouxy A% 0 =3 M5 -4 1)
Pemenue: Vicrionb3yeM GopMyIisl KOOPIAUHAT CEPETMHBI OTPE3KA:
g+ X Ya+¥ Z 42

A B A B A ]

IM=—, JJM=—, ZM=—
P 4 d

HaMm HensBecTHBI KOOpAUHATEI ~£°F 22 2 11 cHOBa MOYKHO BBIBECTH OOLIYIO (POPMYITY IIs HX
HAXOKJIEHHS, HO TOPa3JI0 JIETYe Cpasy MOJACTABUTh YUCA. TOIBKO MPOIOPIHAMH BEPTH:

2+ xp

5= =2+xp=10=x,=1

—4=—D+25"*E =y =—F

1=—3+23

=-it+zpg=2d=>zp="5

OrBer: B8, -8.3)

IIpakTuyeckoe 3ansarTue Ne 75
Tema: CxalisipHOE POU3BEICHUE IBYX BEKTOPOB
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Hean: HayuuTh BBIYUCIATH CKATIIPHOE MPOU3BEACHHUE IBYX BEKTOPOB
Teopernueckuii 070K

Onpenesenne: CKanspHbIM OPOU3BENEHUEM IBYX BEKTOPOB % u £ Ha3pIBaeTCA 4HCIIO,
paBHOE MTPOU3BEACHUIO JUIMH 3TUX BEKTOPOB HAa KOCUHYC yIJIa MEXAY HUMMU:

T b= |§| |5| cos 2@ b)

OGo3HaYeHHe: CKATAPHOE NPOM3BEIcHNE 0003HaUaeTcs uepes 2 & ym

[pumep 1

u s s =2 Pl=5 Z@h-
HaiiTu ckanspHOe MpousBe/ieHne BeKTopoB & u & | ecim

o 3

Th = |§| |5| cos (@A)

Pemenne: Ucnonb3yem hopmyiy . B nanHom cayuae:

&b = || [f| cos (@, 5y =25 cos = = 0.2 sp
6 2
Orser: ab =53

[pumep 2
S Fl=3 F|=+2 135°
Haittn © , €CJIIN , 4 YIOJI MCXKy BCKTOpaMU paBCH .
YFOJ‘I Me)KI[y BeKTOpaMI/I 1 3HAYCHHUC CKaJISIpHOFO HpOI/I3BeI[eHI/I${

B Ilpumepe 1 ckansipHO€ MPOU3BENCHNUE MOTYYUIIOCH MMOJIOKUTEIBHBIM, a B [Ipumepe 2 —
OTPULIATENBHBIM. BBISICHUM, OT Yero 3aBUCUT 3HAK CKaJSIPHOTO NpousBeAaeHuss. CMOTpUM Ha

F- b= |§|-|§|-cosi(§; 1y

|§|::-D,|E|::-D

Hairy popMmyny: . JINVHBI HEHYJIEBBIX BEKTOPOB BCEI/AA

MOJIOKUTEIbHBI:
KOCHHYCA.

, IOOTOMY 3HAK MOXKET 3aBUCCTH TOJIBKO OT 3HAYCHUA

0z/@E)sn
YFOJ'I Me)KI[y BeKTOpaMI/I MOXKET UBMCHSTHCS B npeﬂenax , v HpI/I 3TOM

BO3MOJHBI CJICAYIOIIHEC CIIydaun:

- 7T
O <id b)) < —
1) Eciin yroJ Mexny BEKTOpaMU OCTPBIN: 2 (ot 0 mo 90 rpaxycos),

cos Z(@ b0 =5 y
TO (@) , 1 CKAJISIPHOE NMPOM3BeleHue Oy/IeT MoN0KuTeILHBIM: Z& >0 Ocobbrit
Clly4ail: eclM BEKTOPbl COHANnpaesienvl, TO Yroll MeXy HUIMH CUATAeTCs

AlEh=10
Hy'J'ICBLIM ( ' :I , 1 CKaJ'IHpHOC HpOI/IBBCI[eHI/Ie TAKXC 6y,HCT ITOJIOKUTCIIbHBIM.

ITockonbky “©% 0=1 10 (GopMyIna ynpomaercs: Fb= |'§|' Ib|

iy (@, &) <
2) Ecin yroa1 Mex 1y BeKTOpaMy TYNoii: < (o1 90 1o 180 rpamycon),

cosZ(@, b ) <0 . ZE <0
TO , U, COOTBCTCTBCHHO, CKAJIAPHOC IIPOU3BCICHUEC OTPULIATECIBHO. .
OcoO0blif ciTy4aii: eciii BEKTOPBI HAanpasieHvl NPOMuEonoI04CHO, TO YToll MEXITy HUMH
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/(@5

OTPHIIATENBHO, TaK KaKk 08 = -1

. =T
CUUTACTCS PA3GEPHYMbBIM. (180 rpamycoB). CkasisipHOE IPOU3BEICHUE TOXKE

CrpaBe/UIMBbI U 0OOpaTHBIC YTBEPKICHUS:

1) Ecn & >0 10 yron Mesxay JaHHBIME BEKTOPaMH OCTPEIi. Kak BapuaHT, BEKTOPHI
COHAIIPaBJICHBI.

2) Ecmn % < U 10 yron Mesxay JaHHBIME BEKTOpaMH TymHoil. Kak BapHaHT, BEKTOPEI
HaIpaBJIEHbI IPOTHUBOIIOJIOKHO.

Ho oco0wIif nHTEpEC mpeICcTaBIsIeT TPETUH CITyJai:

AT E) =
3) Eciu yroJ mexny BeKTOpaMy NPAMOM:

oo

(90 rpamycos),
T
cos— =10 -
TO 2 ¥ CKaJIsIpHOE Mpou3BeeHne paBHo Hymo. 22 =0 O6paTHOE TOXe BEPHO:

Lz By=2

ecm @2 =0 10 2 . KoMmakTHO yTBepskaeHne GopMymupyercs Tak: CKajsipHoe
Npou3BeeHNe IBYX BEKTOPOB PABHO HYJIIO TOI/Ia M TOJbKO TOTa, KOT/Ia JaHHbIE

BEKTOPbI OPTOroHAILHbI. KopoTkas MaTemMaTndeckas 3anuce: & =0 =& L&

A ut0 Oyzer, ecinu BeKTOp % yMHOKMTH Ha camoro ce6s? ITOHATHO, 9TO BEKTOP
COHAIPaBJIEH caM ¢ COOOH, M03TOMY 0JIb3yeMCsl BbIIlIeyKa3aHHOH YIPOILEHHON (pOpMYJIIOi:

zz = [ |7

o _a
Wmn: @d :|a|

=7 = 2
Yucno & Ha3pIBacTCs CKAMAPHBIM KBAAPATOM BeKTOpa “ | 1 0003HAUaTcs Kak & .

Takum 00pa3oM, CKAJISPHBII KBAaApaT BeKTopa < paBeH KBaapaTy JJIHHLI AaHHOIO
BEKTOpAa:

_ 4
" =lal

W3 nanHoro PaB€HCTBA MOXKHO ITOJIYYUTDh q)OpMy.]'Iy AJId BBIYUCIICHUA JJIMHBI BEKTOpPA:
— ]
| = vz

E E

I[J'ISI MMPOU3BOJIbHBIX BEKTOPOB 1 11000r0 YKciia A CIIpaBCJIMBBI CIICAYIOIINC

CBOWCTBA:
1)« bh=ba _ MEePEMECTUTENBHBIN NI KOMMYTATHBHBIH 3aKOH CKAJIIPHOTO MTPOU3BEACHUS.

(F+E)F =ac +A7

2) — pacnpeenuTeNbHbIN Wik ANCTPUOYTHBHBIN 3aKOH CKAJISPHOTO
MIPOU3BEICHUS.

(A7) B = Aak) ) )
3) — coYeTaTeIbHBIN MIIH ACCOUMATHBHBIN 3aKOH CKAJIIPHOTO

IIPOU3BCACHUS. KOHCTaHTy MOKHO BBIHECTHU U3 CKAJIAPHOI'O IIPOU3BEICHH.

[Ipumep 3
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HaiiTu ckanspHOe NpousBeieHUe BEKTOpoB & =2 +& y & =& —& | eciu u3BecTHO,

E|=42, [p|=8 @& =2
qTo 4 .
Pemenue:

F.Z=m

(—2a+&) (@-5)="
27 @Z+b-a+2a-b-b. b=
=-23i4+g - h42z b=

—2at+3gh—b* ="
2 +3.[g| - cos £z, B) - [ =1
5

= 2. (4+2)° +3-4«J§-8-ms§—82 =—64+96«f§-;—64=—32

(1) IloncraBnsiem BbIpa)KeHUSI BEKTOPOB

E

(2) PackpbiBaeM CKOOKH MO IPABHITY YMHOKEHUSI MHOTOUYJICHOB

(3) B mepBOoM 1 mociieTHEM CllaraéMOM KOMITAKTHO 3aIMChIBAEM CKAJIAPHBIE KBAIPAThI

Z-@=a', b b=k’
BeKTOpOBZ

. Bo BTOPOM CJIaracMoM HCII0JIb3YEM IIEPECTAHOBOYHOCTD

CKANAPHOTO MpousBeieHus: & & =& - &

(4) TpuBOMM MOOGHKIE cnaraemple: & - & +2& - & = 3.
z’=|af
(5) B nepBoM crmaraeMoM HCTiob3yeM GOpMyITy CKaIsipHOTO KBajapaTa , 0 KOTOpOH
HE TaK JJaBHO YIIOMUHAJIOCh. B mocienHeM ciaraeMom, COOTBETCTBEHHO, pabOTaeT Ta ke

Ei=|E

HITYyKa: |b r . Bropoe crnaraemoe packiiaibiBaeM 1o cTaHAapTHON
T b= B cossi@ b

bopmyine |ﬂ| |b| (@.5) .

— I

El=42, Ppl=8 Z@b)=>
(6) IloncraBnsem naHHBIC YCIOBHS 4
OKOHYATEbHBIE BEIUUCICHUS.

, 1 IIPOBOAUM

Orger: & =—32

OTpI/II_[aTCJ'ILHOC SHAYCHUC CKAJIIPHOT'O IMMPOU3BCACHUA KOHCTATUPYCT TOT (I)aI(T, 4TO YIroja

F.d
Me>1<)1y BeKTOpaMI/I ' ABIISICTCA TYHBIM.

Pemrenne ynpaxxHeHmii:
ITpumep 4

Haiiti ckanspHOe Npou3BeeHNe BEKTOpoB & = —Z + 28 y d =—Z+&  ecny u3pectHo,

Fl=4, F|=243 z@5=Z
qTo 6

[Ipumep 5
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Z|=3 Fl=2 z@B=Z

Haittu niuny Bexktopa & =—& +3&  ecnn 3,

Pemrenue

Fl= |-+ 35| = (-7 +35)" = a7 = 6ab +957 = Jaf - 6.a] P cos 2@ 5)+ 5.

:J32—6-3-2-cosg+9-22 :J9—36%+36:a@:3«ﬁ

H: 3~J§ en. =520 en.

OTser:
[Ipumep 6
o g|=5 [B|=10, @ 5=
Haittu numy Bexktopa © =& +£ | ecn 3
[Ipumep 7
- 7l=4, B|=2.42, @b =8
Haiitu yron mexmy BekTopamu % u © | ecim u3BecTHO, 4TO d |b| 2. 2 :
Pemenue: Vcnons3zyem Gpopmyity:
cos (@, B = Eb_ = 8 :inzﬁ
Bl | 422 2 S22 2
- 2
cos (@, b) = il
Urak, ecnu 2 , TO:
- 2
L@ b= arn::n::os£: —
2 4
(@ 5= pan. = 45°
Ortger: 4
[pumep 7*
_ I 3
Jlaubl — JUTMHBI BeKTOpoB % | & ¥ yromn Mexay HUMH 3 . Haiitn

yron Mexky BekTopamu & =2 +38 d =47 - 35

3aanue 1axke He CTOJIBKO CI0XKHOE, CKOJIbKO MHOTOXO0/I0BOE.
Paz6epém anroput™m perieHus:

1) ITo ycnoButo TpeOyeTcst HAUTU yroll MEXKY BEKTOpaMu Cpd , TOOTOMY HY>XKHO
~._ &d
cossie, d)= =
GHE
UCIOJNIb30BaTh (OpMYyITy .

2) HaxoauM CKalnspHOE HPOM3BEICHHE < d (cm. TTpumepnr NeNe3 4).

3) Haxoaum inHy BEeKTOpa T u JUIMHY BEKTOpa d (cm. [Ipumepnr NoNe5,6).
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o
71 1]

4) Konmoeka pemrenus copnaaaer ¢ [Ipumepom Ne7 — HaM U3BECTHO YHCIIO

2l
F ]

, 4 3HAYHT,

ZiF, d 1 =arccos
JIETKO HANTH M caM yToJI:
Kpatkoe pemnieHue u 0TBET B KOHIIE YpOKa.

Bropoii pa3nen ypoka MoCBsIIEH TOMY ke cKaJlipHOMY npou3BeaeHuto. Koopaunarel. byaer
Jla’ke Mpolle, YeM B IIEpBOi yacTu.

[Ipumep &

Haiitu CKaJIPHOC ITPOU3BCACHNUEC BCKTOPOB:

QJQ—QHE&LW
6) A5 u AC | ecm nanst ouxn AL~ 1 3, B0, 1, —2), 4 - 4. 0)

a)ab=-2 EVAB AC=6

OTtBeT:

HpI/I HCKOTOPOM OIIBITC CKAJIIPHOC ITPOU3BCACHUEC MOKHO IIPUHOPOBUTHCS CHUTATH YCTHO.

pumep 10
JIaHbI YeThIpe TOUKH mpocTpancTBa Ao 5~ 3 =20, 8(2 -2, -3), C(=8 -5 1), DA -3 -1

BorsicHUTB OynyT 1M EpHIEHIUKYISPHBIMU CIIEYIOIINE MPSMBbIeE:
2) AB DT

6) AC, B

[Tpumep 11
a3 A-2.502-1-15

[Ipu kakOoM 3HaUYECHUUN A BEKTOPBI OyIyT OPTOTOHAIBHBI?

Pemenme: [1o ycioBmio TpeGyeTcst HAliTH TAKOe 3HAYCHHE [TAPAMETPa ~+ , UTOOBI JAHHbBIC
BEKTOPBI OBUIM OPTOTOHANIbHEI. /[Ba BekTOpa

Flve vy ), Wiy, wy) wy)

IMPpOCTPAHCTBA OpTOrOHaJIbHBI TOI'Ida U TOJIBKO TOrJAa,

W, v, o =0
xorga 1T VM TVW =4

CocraBuM ypaBHEHHE:
Fh =10
3244 (-D+(-2).5=0

PackpbiBaeM ckOOKM U IPUBOAMM MOAOOHBIE CllaraeMble:
E—34-4-10=0

—41-4=0

Pemaem npocreiiniee TMHEHOE YpaBHEHUE:
—4i1=4

A=-1
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OtBert: npu A=-1

[Ipumep 12

a F(2, A, 5(2,-3)
[Ipu KaKoM 3HAYEHUH - CKaIAPHOE MPOU3BEIAEHUE BEKTOPOB OyzeT paBHO

27
¥ y2r+d ecm £(0,-39),d(-41,0)

910 IMpUMEP IJIA CaMOCTOATEIIBHOI'O PECIICHUA. 3,Z[GCB MOKHO HUCITIOJIB30BATh
3 = 3(0;— 3 5) = (0, — 9, 15)

Haiitu ckansipHoe npousBeieHHE BEKTOPOB

aCCOLMAaTUBHOCTb ONEPALMH, TO €CTh HE CUUTATh , a cpasy
BBIHECTH TPOUKY 3a IPEENIbl CKAISIPHOTO MPOU3BEACHUS U TOMHOXHUTH Ha HEE B IIOCIIETHIOO
ouepenb. Pemienyne u 0TBET B KOHIIE ypOKa.

B 3akmoduenue naparpada npoBOKaIMOHHBIH IPUMEpP HA BBIYUCICHHUE JITUHBI BEKTOPA:

[Ipumep 16

JIaHBI TP BEPIIMHBI TPEYTOJIbHUKA AL 0L B3 2. TG~ Hapiy LABC (yroa npu
BEPIIUHE & ).

Pemenne: [1o yciaoBuio uepTéx BHIMONHITH HE TpeOyeTcs, HO BCE-TaKuU:
" J‘ : ‘ v . "

Haiiném BexTOpHI:
BA-1-3,0-2)=BA(—4,-2)
BC(5-3% —4-2y= BC(2 - 6)
Boruncnum ckansipHOe POU3BEICHUE:

BA BC =—4.2-2.(-6)=-8+12=4
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W nnvHbBI BEKTOPOB:

|E|= SR (=2 = 644 =020=2./5
|E|: J2E 4 (-6 = A+ 36 =40 =210

Kocunyc yrna:

— —  BA.BC 4 1
N N s NN 755
BA. BC —4.2-2.(—6)
Z(BA BC) =
o8 )= 24| [BC ,f(—4;| R -y
— 8412 4 4 4 1

T fl6+4 JA+36 20 +40 800 2042 542

Haiiném cam yrour:

Z{BA, BCY = arccos =143 pag. = 32°

1
5.2
ZABT = arccos

= 1,45 pag, == 227
OtBer: 542

[Ipumep 17

B MMPOCTPAHCTBE 3alaH TPCYT'OJIbHUK KOOpJAUHATAMU CBOUX

AT, 405000, 42,57

BEPILIUH . Haiitn yron mexny cropoHamu 44y Al%

IIpakTnyeckoe 3ansaTue Ne 76

Tema: KontponbHas pabota
Hean: I[IpoBepruTh ypOBEHb YCBOCHHSI TAHHOW TEMBI Y yYaIIUXCS

BAPUAHT 1.
1. JMausl koopaunatel Touek C(3; -2; 1), D(-1; 2; 1), M(2; -3; 3), N(-1; 1; -2). Haiinute

kocunyc yrima mexy Bektopamu CD u MN .

2. Tlpm kakoM 3HaueHWM (3HAYCHUSX) @ BEKTOPBI a6 - k; k; 2) u 4(-3; 5 + 5k; -9)
MEePIEHANKYJISPHBI?

3. Ilpm kakoM 3Ha4YeHHH G BEKTOPHI AA u CD KOJUIMHEAPHBI, ecnu A(-2; -1; 2), B(4;
-3, 6), C(-1, a-1; 1), D(4 -1; a)?
4. W3BecTHO, YTO |a| = 4, |a| =1, 4(5,&) = 60°. maiimuTe cos O, rme (X - yrom MexIy

—» -

BEKTOpaMH a+au a.

5. Haiigute amuny Bextopa d+a—1, ecom | = 1, |4 = 2, | 1] =3, Z(_é, é) =90° Z(a,f) =
120°, /(&,7) = 60°.

6. B xybe ABCDA1B1C1D:1 Touka M nexwur Ha pedpe AA1, npudem AM : AM1 =3 : 1, a Touka
N — cepenuna pebpa BC. Beruucnute kocunyc yria mexay npsmbeima — a) MN u DDy, 6) MN
u A1C.

BAPHUAHT 2.
172



1. [Hasbr koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure
Kocunyc yriaa mexay Bektropamu CD n AA |

2. Ilpu KakoM 3HaueHMH (3HaueHwsx) M Bekropbl 4(4; m - 1; m) u 4(-2; 4; 3 - m)
NEePIEeHUKYIIAPHBI?

3. Ilpm kakoM 3HAYEHUU a  BEKTOPHI MN u CD xommuneapnsl, ecmn M(1;
-2;a), B(-l;a+3; I) C-3; 2 4), D(1; -4; 2)?

4. W3BecTHO, 4TO |m | =2, |n| =3, L(m n) = 120°. naiinure cos O , rme O - yrom Mexmy
BEKTOpaMHU ﬁi+ﬁ u ﬁi .

5. HaiizuTe aauMHy BekTOpa 5—3—?1, ecnu |gl| =2, |§l| =3, |f:1| =4, L(gl,é) = 60°, 4(5,?”1) =
120°, /(&) = 90°.

6. B npsamoyromsaom mapamnenenunene ABCDA1B1C1D1 AB = BC = % AA1. Beruncnure
KOCHHYC yria Mexay npsimbivu - a) BD u CD1; 6) AC u ACh.

BAPHUAHT 3.
1. [Jansl koopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3; -1; 0). Haiinure
kocuHyc yria mexy sektopamu CD u AA .
2. Tlpu xaxoM 3HaucHuM (3HaueHmsx) M Bexroppl 4(4; m - 1; m) u 4(-2; 4; 3 - m)
NEepIEeHIUKYISIPHBI?

3. Ilpu KakOoM 3Ha4YeHUH a  BEKTOPHI MN u CD xonmuneapner, ecnn M(1;
-2;a), B(-1,a+ 3, 1) C(324) D(1; -4; 2)?
4. U3BecTHO, 4TO |m | =2, |n| =3, L(m n) = 120°. maiimgure cos & , rme O - Yyroa MeXIy

— -

BekTopamu M+N u m .

5. HaiiguTe quuHy BeKTOpa 5—5—?1, eciu |gl| =2, |a| =3, |f:1| =4, 4(5,5) = 60°, Z(gl,ﬁ) =
120°, /(&) = 90,

6. B npsamoyromsaoM mapamnenenunene ABCDA1B1Ci1D1 AB = BC = % AA1. Beruncnure
KOCHHYC yria Mexay npsimbivu  a) BD u CD1;  6) AC u ACh.

Kpurepuu oueHuBaHus
OneHka «OTJIIMYHOY» BBICTABIISETCS CTYICHTY
3a 100% mpaBWIbHBIX OTBETOB;
OreHKa «XOpOIII0» BBICTABIISICTCS CTYACHTY
3a 75 - 99% npaBUIIbHBIX OTBETOB;
OreHKa «yI0BJIETBOPUTEIIBHOY» BBICTABIISIETCS CTYJCHTY
3a 50 - 75% npaBUIBHBIX OTBETOB;

Ornenka CHCYAOBJICTBOPUTCIBbHO» BBICTABIACTCA CTYACHTY
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3a meHee 50% mpaBWIbHBIX OTBETOB.

Jluteparypa:

OcHoBHasi iUTEpaTypa:

1. AnnatoB, A. B. Maremaruka [DnekTpoHHBII pecypc] : yuedHoe mocobue misi CITIO / A. B.
AnmaroB. — 2-¢ u3A. — ODJEKTPOH. TeKCTOoBbIE naHHble. — CapartoB : IIpodobpazoBanue, Aii
ITu Op Menma, 2019. — 162 ¢. — 978-5-4486-0403-4, 978-5-4488-0215-7. — Pexum gocrymna:
http://www.iprbookshop.ru/80328.html

2.l'opromkun, A. II. Marematuka [DnekTpoHHBIH pecypc] : yueOHoe mocoome / A. I
[opromkun ; mox pea. M. Y. Boaunuapa. — DneKTpoH. TeKCTOBbIE JaHHble. — CaparoB : Al
I[lm Dp Meagma, 2019. — 824 c. — 978-5-4486-0735-6. — Pexum pocryna:
http://www.iprbookshop.ru/83654.html

3.KouetkoBa, . A. Matemartuka. [Ipaktukym [DnekTpoHHBIN pecypc] : yueOHoe mocobue / .
A. Kouetkosa, K. U. Tumomiko, C. JI. Cene3eHb. — DJIEKTPOH. TEKCTOBBIE JaHHbIE. — MUHCK :
PecniyOnukanckuid uHCTUTYT npodeccuoHanbHoro obpasosanus (PUIIO), 2018. — 505 ¢c. —
978-985-503-773-7. — Pexxum pocryma: http://www.iprbookshop.ru/84874.html
JlonoJIHUTeIbHAS JIUTEpaTypa:

1.CoseptroB, .M. CnpaBouHUK MO 3J€MEHTapHOW MareMaTwke : ydeOHoe mocobme / IL.U.
CoBepTkoB. — 2-¢ u3l., crep. — Cankr-IlerepOypr : Jlans, 2019. — 404 c. — ISBN 978-5-
8114-4132-7. — TeKcT : 3JEKTPOHHBIN // DNeKTpOHHO-OnOIMoTeyHast cuctema «Jlaupy @ [cailT].
— URL: https://e.lanbook.com/book/115529.— Pexxum moctyma: /it aBTOPHU3. MMOJIb30BATEICH.
2. Anekcees, I'. B. Beiciias matemaTuka. Teopust u mpakTuka [ DIEKTPOHHBIN pecypc] : yueOHoe
nocobue mis CIIO / I'. B. Anekcees, . . XonsgBuH. — DJIEKTPOH. TEKCTOBBIC JaHHBIC. —
Capartos : [IpodobpazoBanme, At [Tu Ip Menua, 2019. — 236 ¢. — 978-5-4486-0755-4, 978-5-
4488-0253-9. — Pexxum noctyna: http://www.iprbookshop.ru/81274.html

3.KopobeiinukoBa, . 0. Maremaruka. Teopust BeposSTHOCTEH [DIEKTpOHHBIA pecypc] :
yuebHoe mnocodbue st CIIO / U. 0. KopoGeitnukosa, I'. A. TpyOeukas. — DIeKTpoH.
TekcToBbie qaHHbIe. — Caparos : [IpodobOpaszoBanue, 2019. — 154 ¢. — 978-5-4488-0344-4. —
Pexxum noctyma: http://www.iprbookshop.ru/86073.html

NuTtepHeT-pecypebl:

e Tazera «Maremarrka» usnatenabckoro goma «Ilepsoe
ceHTs0psi»http://www.mat/septemba.ru
MaremaTrKa B OTKpHITOM Kojute ke http://www.mathematics.ru
OO0pa3oBarenbHbIl MaTeMaTHueckuii cadT Exponenta.mhtto://www/ exponent/ru
O6mepoccuiickuii Mmaremarndeckuii mopran Mati-Net/Ru http://www/mathnet/ru
[MTopran Alhnath.ni —Bcst MaTematuka B OTHOM MecCTe.
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