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Hoacnumenwvnan 3anucka

Metoanueckue peKOMEHJAMU TPU3BAaHbl OKa3bIBaTh IMOMOILb CTYJEHTaM B
W3YYECHUU OCHOBHBIX TOHATHUW, WJEH, TEOPUHM U TOJOKECHUN IJUCLIUILIAHBI
«MaremMaTuka», H3y4aeMbIX B XOJI¢ KOHKPETHOTO 3aHSATHS, CIIOCOOCTBOBATH
Pa3BUTHUIO MX yMEHUM, HABBIKOB U SIBISIOTCS OJHUM M3 CIIOCOOOB IMPOBEPKHU
3HAaHUU CTYJECHTOB.

BrimonaeHne yqammmucs IpakTHIeCKuX padoT HAMMPaBIEHO Ha:
- 0000uieHHe, CcHCTEeMaTH3alul0, YIrayOJeHue, 3aKperyieHue MOJyYEHHbBIX
TEOPETUYECKUX 3HAHUM 110 KOHKPETHBIM TEMaM;
- ¢dopmMupoBaHHE YMEHHN MPUMEHSITh IOJIYYCHHbIC 3HAHMUS Ha TMPAKTUKE U
peAIM3alHI0 €AMHCTBA UHTEJUIEKTYaIbHON U MPAKTUYECKOU NEATEIbHOCTH;
- pa3BUTHE MHTEIUICKTyaJIbHBIX YMEHHMM Yy OyAylIUX  CHEHHAIUCTOB:
AHAUTUTUYECKUX, IPOCKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;
- BBIpaOOTKY MpH PEIICHWH TOCTAaBJIEHHBIX 3aJady TaKuX NpodeccHoHaTIbHbIX
Ka4eCTB, KaK CaMOCTOATEIbHOCTb, OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKAs
WHUIIMATHBA.

B  pesynprare  u3yueHms ~ y4eOHOM  OUCHMIUIMHBI  «MaTeMaThkay
0OyJaroIINIiCs TOHKECH

AJI'EBPA

YMETh:

® BBHINIOJIHATh apU(PMETHUYECKUE JCUCTBHUS HaJl YUCIAaMH, COuYeTas YCTHBIE WU
MMCbMEHHBIE TPUEMbI; HAXOJIWUTh NPUOJMKCHHBbIC 3HAYCHUS] BEJIUYUH M
MOTPEIIHOCTA BBIYKUCICHHUI (a0COJIIOTHASS W OTHOCHUTEINIbHAsS); CPAaBHUBATH
YUCIIOBBIE€ BBIPAKEHUS;

® HaxOJIWTh 3HAYEHUS KOPHS, CTENEHH, Jorapudma, TPUTOHOMETPHUUCCKUX
BBIPOKEHU Ha OCHOBE OIPEACNICHUs, HUCIOJIb3Yysl MPU HEOOXOIUMOCTH
WHCTPYMEHTAJIbHBIE CPEJICTBA; MOJb30BAThCS MPUOIMKEHHON OIEHKOW MpHU
MPAKTUYECKUX pacyeTax;

® BBINOJHATH NPEOOPA30BaHUs BBIPAKECHUM, MPUMEHSS (POPMYJIbI, CBSI3aHHBIE CO
CBOMCTBaMU CTEIEHEH, JJorapuMoB, TPUTOHOMETPUIECKUX (PYHKITUH;

® UCIIOJIb30BaTh MPUOOpPETEHHBIE 3HAHUA M YMEHHS B  MPAKTHUYECKOU
NEATEIIbHOCTHA U TOBCETHEBHOM )KU3HMU:
- JUIs TIpaKTUYECKUX pacyeToB 1o ¢opMynaMm, BKiIo4as (GopmyIbl,
coJiepiKalllie CTENEeHHU, paAuKalbl, Jorapupmbl U TPUTOHOMETPUUYECKUE
GyHKIIMHA, WUCTONB3ys TPHU HEOOXOAWMOCTH CIPABOYHBIC MaTEpHAIBl U
MPOCTEUIINE BBIYUCIIUTEIBHBIE YCTPOMUCTBA.
DOyHKUMHA U TPaPuKu
YMeTh:

® BBHIUMCIATH 3HAYeHHE (YHKUMU IO 33JaHHOMY 3HAYCHHUIO apryMeHTa MpH
pa3IUYHBIX crioco0ax 3aAaHus GyHKIUU;



OTpeIeNSITh OCHOBHBIC CBOWCTBA YHMCIIOBBIX (PYHKIIUH, WIUTFOCTPUPOBATh WX Ha
rpadukax;
CTpOUTh Tpa@UKA HU3YYEHHBIX (YHKIUH, WUIIOCTPUPOBATh MO TrpaduKy
CBOMCTBA DJIIEMEHTAPHBIX (PYHKITHH;
UCIOJIb30BaTh TMOHATHE (YHKIMM JJIsi ONMUCAHUS W aHaliM3a 3aBHCHUMOCTEH
BEJIMYMH;
UCIIOJIb30BaTh MPUOOPETEHHBIE 3HAHWA W YMEHHS B  TPAKTHYECKOU

JESITENbHOCTU Y TTOBCEHEBHOM KU3HU JIJIS:

-7 OMHMCAHWS C  TMOMOIMIbI0  (YHKIMA  pasIWYHBIX  3aBUCHUMOCTEH,
MPEICTAaBIICHUS UX TpaduuecKu, HHTepIpeTaIi rpaduKoB.

Hauyana maTeMaTH4yeckoro aHajausa

yMeTh:

HAXOJUTh IPOU3BOIHBIC DIIEMEHTAPHBIX (PYHKITHI;

UCIIOJIb30BaTh MPOU3BOIHYIO JIJISl U3YYEHHsS] CBOMCTB (DYHKIMI M MOCTPOCHUS
rpaduKoB;
NPUMEHSTh TMPOU3BOJIHYIO I TPOBEICHUS MPHUOIMIKEHHBIX BBIYUCICHUH,
pemaTth 3a7add MPHUKIAJHOTO XapakTepa Ha HaxXOoKJIeHHWE HauOONBIIEro u
HAaUMEHBIIIETO 3HAUYCHUS,
BBIYHCIIATh B TPOCTEHIINX CIIydasX IUIOMATd W OOBEMBI C HCITOJIb30BAaHHUEM
OTIPEICTICHHOTO MHTETPAJIa;
UCIIOJIb30BaTh  MPUOOPETEHHbIE 3HAHWA W YMEHHS B  MPAKTHUYECKOU
JESATEIHPHOCTH Y TTIOBCEHEBHOM KM3HU JIJIA:

-peluieHusl MPUKIAIHBIX 3a]lad, B TOM YHUCJIE COIMAIbHO-DKOHOMHYECKUX U
¢u3nUecKkuX, Ha HaWOOJbIIEC W HAWMCHBINEE 3HAUCHUS HA HAXOXKICHUS
CKOPOCTH U yCKOPEHHUSI.

I'EOMETPUA

yMeTh:

pacmo3HaBaTh Ha UYepTe)kaX © MOJCISIX MPOCTPAHCTBEHHBIE (POPMBI,
COOTHOCHUTH TPEXMEPHBIC OOBEKTHI C UX ONMHMCAHUSIMH, H300PKCHUSIMU,

ONKCHIBATh B3aMMHOE PACIOJIOKEHUE MPSIMBIX U IIOCKOCTEH B MPOCTPAHCTBE,
aApeyMeHmupo8amsv C8OU CYHCOEHUS 00 IMOM PACNOTIOHNCEHUU,

aHAJM3UPOBaTh B MPOCTEHUIINX CIIy4asX B3aMMHOE PACIIOIOKEHHUE OOBEKTOB B
MPOCTPAHCTBE;

n300pakaTh OCHOBHBIE MHOTOTPAaHHUKHU M KPYTJIbIE TeNa; BHITIOJHATH YePTEIKU
0 YCJIOBHUSIM 3a]1a4;

cmpoums npocmetiuiue ceuenuss Kyoa, npusmol, NUPAMUObL,

pemarh TIAaHUMETPUYECKUE W TPOCTEUITNE CTEPEOMETPUUYSCKHE 3aJadd Ha
HAXO0XKJICHUE T€OMETPUYECCKUX BEIIMYMH (JJIMH, YIJIOB, IUIOIa e, 00bEMOB);

WCITOJIB30BaTh TIPH PEUICHUU CTEPEOMETPUUYCCKUX 3a7ad TUIAHUMETPUUYCCKUC
(haKThl 1 METOJIBI;

IIPOBOIUTH J0Ka3aTEIbHBIC PACCYKICHUS B XOJI¢ PEIICHUS 3a]1a4;

WCIIOJIb30BaTh ~ MPUOOPETEHHBIE 3HAHWSA W YMEHHS B  MPAKTHYCCKOU

NEATEILHOCTH U ITIOBCEIHEBHOM KU3HU JJIS:



- IS uccneaoBaHus ( MOJIETUPOBAHMS ) HECIOKHBIX MTPAKTUYECKUX CUTYyaITui
Ha OCHOBE M3yUYEHHBIX (POpMYII 1 CBOKMCTBA (HUTYD;

- BBIYMCJICHUSI 00BEMOB U IIIOMIAJIEH TTOBEPXHOCTEH MPOCTPAHCTBEHHBIX TEIl
Py pENICHUU TPAKTUYECKUX 3a]ad, HCHOJb3YysS TMpPU HEOOXOIUMOCTH
CIIPABOYHUKH U BBIYUCIUTEIIbHBIEC YCTPOICTBRA.

B pesynbTaTte ocBoeHUs y4eOHON AUCIUIUIMHBI O0YYArOIINIICS JOHKCH 3HATD:

®¢ 3HAQUYCHUE MATEMAaTHUYECKOM HAyKH Ui PELICHMs 3aJad, BO3HUKAIONIUX B
TEOPUH U MPAKTUKE; UPOTY U B TO K€ BPEMSI OTPAHUUYCHHOCTh MPUMEHEHUS
MAaTeMaTU4YECKUX METOJOB K aHAJIM3Yy U MUCCIECIOBAHUIO IIPOLIECCOB U SIBJIECHUN
B [IPUPOJIE U OOIIECTBE;

® 3HAQUCHUE NPAKTHUKUA W BOIPOCOB, BO3HHUKAIOIIMX B CAMOM MaTEeMaTHUKE IJIs
dbopMupoBaHUsS U Ppa3BUTHUSI MATEMATHUYECKON HAyKH; HCTOPUIO Pa3BUTHUS
MOHATHSL YHCJIA, CO3JIaHMSI MATEMATHUYECKOTO AaHAJIN3a, BO3HUKHOBEHUS U
Pa3BUTUSI TEOMETPHUH;

® YHUBEPCAJIbHBIA XapaKTep 3aKOHOB JOTMKM MAaTEMAaTHYECKHUX PacCyKICHHMH,
UX MPUMEHUMOCTb BO BCEX 00AaCTIX YEIOBEUECKON JIEeATEIbHOCTH;

® BEPOSTHOCTHBIN XapakTep Pa3IUyHbIX IIPOLECCOB OKPYKAOIIETO MUPA.

[Ipu npoBeneHUM NMPaKTUUECKUX PabOT ydeOHasi rpynmna MOXKET JCIUThCS Ha
NOATPYNIBI YACICHHOCTHIO HE MEHBIIIE 8 YETIOBEK.
Kaxxnas mpaktrueckas pabota cocTaBjieHa ¢ BeAyLIeH AUIaKTHUYECKOU 1EIbIO -
(dbopMHUpOBaHUE TPAKTUYECKUX YMEHHI.

CopepkaHue TMpakTUYECKHX pabOT HalEeIeHO HW Ha PpPa3BUTHE
npoecCHOHaNbHBIX yYMEHUN W HaBBIKOB. BEITIONIHEHHE pacu€ToB, 4YepTEKEH,
MHCTPYKTHUBHBIMU  MaTepuajlaMH, CHPABOYHHKAMH, YMEHHE IO0JIb30BAThCS
COBPEMEHHBIMH  MH(OPMAITMOHHO-KOMMYHUKAITMOHHBIMHU TEXHOJIOTHUSMHU.
Hapsany, ¢ ¢dopMupoBaHreM yMeHUM UM HaABBIKOB, B MPOIECCE BBIMOIHECHUS
MPAKTUYECKUX paboT 0000IaI0TCsA, CUCTEMATU3UPYIOTCS, YIAyONsItoTCS U
KOHKPETUZUPYIOTCS. TEOPETUUYECKUE 3HAHMS, BbIPAaOATHIBAETCS CIIOCOOHOCTh U
TOTOBHOCTh HCIIOJIb30BaTh TEOPETUYECKUE 3HAHUS Ha TMPAKTUKE, Pa3BUBAIOTCS
WHTEJUICKTYyaJ IbHbIE YMEHUS.

B naHHBIX METOOMYECKHMX YKa3aHUSAX B Hayale KaXJOW TEMbI KpPaTKO
U3JIAralOTCSl OCHOBHBIE TEOPETUYECKHE CBeAeHUs (omnpezeneHus, (QopMyJibl),
HEOoOXOIUMbIC IS pEHICHUs MocieAyomux 3anad. [IpuBoasTcs pemieHus

TUIIOBBIX MPUMEPOB U 3aa4. JlatoTcs yIpaKHEHUS JIJTA 3aKPEIUIEHUS MaTepraa.
IIpakTyeckoe 3ansaTue Nel

Tema: Llenbie u pannoHaneHble yncina. JlelicTBuTenbHbIE yncia. JleicTBUsS HaT
pPalMOHAIIBHBIMU YHCIIAMU.

Heab: OGoOIICHNE U CUCTEMATHU3ANNS 3HAHUIA, YMEHU, HABBIKOB YYAIIUXCS ITPH BBITOJIHEHUT
apu(pMETHICCKUX ACHUCTBUHN HaJl OOBIKHOBEHHBIMHU APOOSIMU



Teopernueckuii 610K

1. Cnoocenue. CymMMoit 1poGeil ¢ OTHUM U TeM ke 3HaMEHaTeJIeM Ha3bIBaloT JIpoOb, MMEIOLIYIO
TOT K€ 3HAMEHATEIIb, a YUCIUTENb PaBEH CyMME YHCIUTENeH JTaHHBIX Jpo0ei, T.e.
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910 OIIpCACIICHUC MOKHO C(i)OpMy'J'II/IpOBaTB TAKXXC B BUJC CIICAYIOUICTO IIpaBUJIA.

YTOoOBI CIIOKHUTH I[pO6I/I C OIMHAKOBBIMH 3HaMCHATCISAMHU, HaAO CJIOXUTh HMX YHCIHUTCIH, a
3HAMCHATCJIb OCTaBUTh TOT XKCE.
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[Tpumep.

qTO6I>I CIIOXKHUTH I[pO6I/I C pa3HI>IMI/I 3HaMCHATCIAMH, HaIOo HpI/IBeCTI/I X K HaI/IMCHBIHeMy
o0IIeMy 3HAMEHATEI0, a 3aTEM CJIOKHUTH IMOJyUYEHHBIC YMCAUTEIN W IMOJ CYMMOM IOAMUCATDH
OOLLMH 3HAMEHATEID.
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Kopoue 3anuceiBaroT Tak:

YToOBI CIIOKUTH CMEIIAaHHBIE YUCIIA, HY>)KHO OTACIHHO HAUTH CyMMY LENBIX M CYyMMY IPOOHBIX
yacteil. JleficTBUe 3aNMChIBACTCS TAK:

41 1£ 31:13@45:13%:14'?
15 45 © 45 45

2. Buviuumanue. Beruntanue apo0Oeii MOXKHO OIpPENeNuTh Kak JAeHCTBHE, 00paTHOE CII0KEHUIO
npoOeil. BeryecTs U3 0AHOTO APOOGHOrO YKcCIa BTOPOE 3TO 3HAUUT HANTU TPEThe YHUCIIO0, KOTOPOe
B CYMME€ CO BTOPBIM JaeT nepsoe. 13 aToro onpenenenus cienyer npaBuio:

YToOLl BBIYECTH I[pOGI/I C OJWMHAKOBBIMU 3HAMCHATCIIIMHU, HYXHO BbIYCCTH UYHUCIUTCIIb
BbIYUTACMOI'0 M3 YHUCIUTCIA YMCHBIIAEMOTO H OCTaBUTH Hpe)KHI/Iﬁ 3HaMCHATCIIb. I[eﬁCTBI/Ie
3aIlIMChIBAIOT TaK:

YroObl BbIUECTh APOOM C pa3HBIMM 3HAMEHATENSIMH, HY)KHO CHauyaja TPUBECTH HUX K
HaMMEHBIIEMY O0IleMy 3HaMEHATENI0, 3aTeM U3 YUCIUTENS YMEHbIIAEMOI0 BEIUECTh YUCIUTENh



BBIUUTACMOTO U IIOJ HX PAa3HOCTBIO MOAIUCATH O6H.IHﬁ 3HaMCHATCJIb. I[eﬁCTBHG 3aIllMChIBAIOT
TakK:

11 5 22-15 7
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Ecan HYXHO BbIYCCTH OAHO CMCIIAHHOC YHCJIO U3 APYTOTr0 CMCIIAHHOI'O YHCJia, TO, €CJIN MOXKHO,
BBIYHUTAKOT Ilp06B n3 IIpO6I/I, a [ICJI0€ U3 1CJIoro. ﬂeﬁCTBHC 3allMCBhIBAIOT TaK:
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Ecmu xe apoOp BeUMTaeMoOro OoJibllie APOOM YMEHBIIAEMOTo, TO OEpyT OJHY CAWHHIYY W3
IIEJIOTO YMCIIa YMEHBIIAEMOT0, pa3Apo0isiIoT ee B HaJUIekKallue JOJIH U MPHOABISIOT K APOOH

YMEHBITAEMOI'0, ITOCJIC YETO MOCTYIAaK0T, KaK OIIMCAHO BBIIIIC. I[CﬁCTBPIC 3alIMChIBAIOT TaK:

51_122415—33:352—33:3%

9 12 36 36

AHaNOrMYHO NMOCTYMAIOT, KOT/Ia HAJ0 BHIYECTh U3 LIEJIO0T0 YHCiIa APOOHOE.
3 5 3 2
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[Tpumep. 3 3 3 3

3. Pacnpocmpanenue ceoucme cuodxcenus u ulyumanus Ha OpooOnvie uucna. Bee 3akoHBl U
CBOWCTBA CJIOKEHMS U BRIYUTAHUS HATYPAIbHBIX YHCEN CIIPABEUIMBBI U ISl APOOHBIX umncen. Ux
IIPUMEHEHUE BO MHOTHX CIIy4asX 3HAYUTEJIBHO YIIPOLIAET IIPOLECC BHIYMCIICHHUS.
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3[[60]) HCIIOJIBb30BaHbI HGpGMGCTHTCHBHLIfI U COUETaTeIbHBIN 3aKOHBI CII0KCHUSI.
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3/1ech UCTIOIB30BAaHO MPABUIIO PUOABICHUS CyMMBI K YHCITY.
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[Tpumep 3. 36 2 36
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[Ipumep 4. 3 3 3 .

3IICCB HCIIOJIb30BAHBI IIpAaBHJIa BBIYUTAHUA U3 YUCJIA PA3HOCTH U CYMMBI.

4. VmHoorcenue. YMHOXKEHHE JpoOM HA II€JI0€ YHUCIO MOXHO IIOHMMAaTh TaK >e€, Kak U
YMHOKEHHE TIEJIOT0 YUCIIa Ha [IeJI0e, T.€. KaK CIIOKEHUE OJIMHAKOBBIX ciaraeMbix. Hampumep,

3 2

Ho st ymMHOeHust Ha 1po0b Takoe TOJIKOBaHUE He nmoaxoaut. Hanpumep, ymHOXKas 7lpa 3 ,

3 2

HEJIb3sl CKa3aTh, YTO 37€Ch " 7 | nano B3ars 2 pasa cinaraembiM".
3nech He0OXOAUMO J1aTh HOBOE OIpe/IesICHHE.

[TpousBenenuem npobeii Ha3BIBAIOT TaKyl APOOb, YHUCIUTENb KOTOPOM PaBEH MPOU3BEICHHUIO
qucIuTeNled JaHHBIX JApoOed, a 3HaMeHaTenb - MPOM3BEACHHUIO WX 3HAMEHaTenei,

ab a-b

Te /1 A AN gro6pl yMHOXHTH ApoOb Ha APOOb, HYKHO YMHOMKHTH YHMCIHMTENb Ha
YUCIUTENb, @ 3HAMEHATeIb Ha 3HAMEHATENb M IIEpBOE IPOU3BEACHUE CHeNaTh YUCIUTEIEM, a

EIC [T

BTOPOC - 3BHAMCHATCJICM: b 4 bd

IIpu yMHO€eHUU cieayeT AenaaTh (€CIU BO3MOXKHO) COKpAIlCHHUE.

12 19 _ 12-1%
Mpumep, 19 30 1938 3],

Eciu YUCCTb, YTO LEJIOC YUCIIO IMPEACTABIISICT coboii )Ip06]5 CO 3HaMCHaTCJIEM 1, TO YMHOXCHHUC
I[pO6I/I Ha OCJ0€ YHUCJIO U IOCJI0ro 4ucjia Ha I[p06b MOZKHO BBIIIOJIHATD IMTO3TOMY K€ IIPABUITY.

ﬁ - —

5. Vmmoocenue cmewannvix uucen. UtoObl TNEPEMHOKHUTH CMEIIAHHBIE 4YHUCHA, HYXHO
[PeJBapUTEIbHO OOpaTUTh MX B HENpPaBWIbHBIE JPOOM M MOTOM IE€PEMHOXKAaTh IO MpaBUILY
YMHOXXEHUS IpOOeH.



o1l 516 30
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Ecnu e mepeMHOXkaroT CMELIAaHHOE YHUCIIO Ha IeJI0e, TO MPOIIE MHOXHTH OTJCIBHO IIETyI0
4acTh U JPOOHYIO YacTh.

233:52:?
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[Tpumep.

6. Pacnpocmpanenue ceoticme yMHOJceHUusi Ha OpodOnvie uucna. CBOWCTBA yMHOXXEHUS
HATypaJbHBIX YHCENl CIpaBeIMBBI U s Jpobeit. VX HMCMoNb30BaHHE YINPOIIAET YCTHBIE U
[IACbMECHHBIC BBIYUCIICHMUS.

2 2
7—-30= ['?+ —]-33 =210+4=21
[Tpumep 1. 15
91-8=9-8+3-3=T2+T=T
[Ipumep 2. 3 8

E.[Ti.ll?,]:[E.ij.qizl.qi:qi
Mpmvep3, 4 L 31 37/ L4 3] 31 31 31

[12%.43ij.i=[E.i].g;:;i:g.q:;i:gﬁm
Tpumep 4. 5 17 } 31 5 131 17 17 1'?‘

7. llenenue opooeiti. Ins nenenust npodeit CoXpaHsIETCs TO K€ ONMPECIICHHE, YTO U JJIS JICIICHUS
IENBIX YHCEN: 3TO - JACWCTBHE MOCPEACTBOM KOTOPOrO IO JTAaHHOMY IPOM3BEACHHUIO IBYX
COMHOXHTEJICH M OJHOMY W3 O3THX COMHOXHTENIEH OTBHICKUBACTCS BTOPOH COMHOXKUTEI.
Pazmenuth OMHO 4YHMCIIO Ha BTOPOE - 3HAYUT HAWUTH TaKOE TPEThE YHCIIO, KOTOpOE IIPH
YMHOXCHUH Ha BTOPOE JIaeT MepPBOe. BHIMOMHSAIOT nesieHre qpooei o clieayIoneMy mpaBuiy.

YroObl paznenuts ApoOb Ha JpoOb, HYKHO YHCIUTEIb MEPBOH JIpoOM YMHOXUTH Ha
3HaAMEHaTelb BTOPOH, a 3HAMEHATeNb IEPBOM HA YHCIUTENIh BTOPOH M IEPBOE MPOHM3BEICHHE
a ¢ ad

3alucaTb YUCIUTCIIEM, 4 BTOPOC - 3BHAMCHATCIICM: b d bﬂ' .

Ilo 9TOMY K€ MPAaBUITy MOKHO BBITIOJIHATH JCJICHUC ,I[pO6I/I Ha 0cjJ10€ 4YHUCJIO U OCJI0Tr0 Ha ,I[p06b,
CCJIK MMPCACTABUTH LICJIOC YHUCJIO B BU/IC ,[[pOGI/I €O 3HaMcHareneM 1.

[Ipumepsl.
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8. Henenue cmewannvix yucen. YToObI BBIMTOTHUTH JC/ICHHE CMEIIAHHBIX YUCEN, UX
npeaABapUTCIIbLHO 06pama10T B HCTIPABUJILHLIC IIpOGI/I H 3aTCM ACJIAT 110 IMPaBUITY ACIICHUS
IpoOeii.

3.1 _63_21_632&_14

Mpuvep. 3 20 5 10 5.21

OpmHako npH JIeJICHUU CMEIIaHHOTO YKCIIa Ha 11e10€ ObIBAeT YI0OHEH NEeTUTh OTACIBHO IETYI0
4acTh U OTJENHHO APOOHYIO YaCTh CMEIIAHHOTO YHCIIA.

Zil‘.]lé:izﬁl
7

[Tpumep.
9. 3amena oenenus ymuodcenuem. Ecinu B Kakol-HUOYIb IpOOU TOMEHSATh MECTAMH YUCIIUTENb

Y 3HAMEHATeIb, MOJIyYUTCst HOBast IpoOb, oOpaTHast nanHoi. Hanpuwmep, miist ipodu 7 oOpaTHas
: ‘

IpoOb OyneT 8

O4eBHIHO, YTO MIPOU3BENICHUE IBYX B3aUMHO 0OpaTHBIX poOeit paBHO 1.

-+

YuuteIBas 3T0, MOKHO JIEJIEHUE BBIMOJHSTH MO CIEAYIOIIEMY MTPABUITY.

=1| oo
@0 | ~1

UToO0BI pa3nenuTh OJHO YUCIIO Ha APYTOe, HY’)KHO JACIIMMOE YMHOKUTh Ha YUCII0, 00paTHOE
JCIIATEIIO.



16
3

i:5
7

3 3
16 28

10. Ilpumepwl Ha 6ce deticmeus ¢ 00bIKHOGeHHbIMU OpoOsMu. PereHre MpruMepoB Ha Bce
JEUCTBHSI ¢ POOSIMH BBITIOHSIOT C TIOMOIIIBIO 3aITUCH 10 OTJEJIbHBIM IEHCTBUSM WIIH 3aIHUCH

~1|
-1 I

Lad | =

[Tpumep 3.

LETIOYKOH.

[Ipumep. BeIYNCIUTE:

3 5 15 5 1 1
—_t — — —+3 -
521 288 2 3 1 16
1 1 1
55410 —:24-:3 3% 33
2
‘ Perienne 1mo 4acTsM.
3 5 3.5 1 1 1
P =22 -2 H40-0_;
5 21 5-21 7 7 7
15 5 15-84 1
2)— —=—=9;, 4)5:—-=10;
28 8 28-5 2
5)10+10=20;
1 64 16 1 1
6)9—:20=——=—; 11)—:3=—;
7 7-20 35 3 o
1 1 1 13
T)2:—=4; 12) —+—=—;
2 4 9 36
8)3: 1o 13)13:12 1336 44
3 36 13
0)4+9=13 14)35-l=1;
a6
1 1 16 16
10y —:2=—; 15) —+1-—-=1
2 4 a5 a5
‘OTBCT.].

‘ [IprMep BEIYMCIEHUS NEMOYKON:




1 13 1 1 7 7
22l [aZgffal L1113
4 4 2+ a8 8 &8 2 2+ 4 5 _
3 5 .1
5—4E 10 2—1E :31 —:10 —:3—
5 8 ] 3 8 8
152 58 1
27,45 _7 2 250
= =——+2-5=—+10=
3158 31 7
510 & 25 350 5
35£+1|‘J—4SE
7
\ Pemnrenue 3amau
2
1. Bona 3anumaer 3 noBepxHocTy 3emid. [ToaTomMy 3eMiTro Ha3bIBAIOT «TOJIyOO0 MIIaHETOW.

1
Kakyo yacTh 3eMHOI1 ToBepXHOCTH 3aHMMaeT cyma? OTset: 3| cyma.
2
2. Oty 42 roaa, a BO3pacT CbIHA COCTABIISIET 7
JeT.

Bo3pacta oTra. CkoibKo jiet cbiny? OTBeT: 12

3 ‘
3. [IpenenbHbBIN BO3pacT OENKHU 6 JIET, 9TO COCTABIISIET S | MPEACIIBHOTO BO3pacTa 3aiIia.

Ckonbko J1eT MoXeT npokuTh 3aa1? Oteet: 10 ner.
5 25

4. Jlnuna croponsl kBaapata © | am. Kakosa ero miomans? Otser: 81|am?.

5.Pabounii MOKET BBITIOJIHUTH MPOU3BOJICTBEHHOE 3a/IaHKE 3a 5 YaCOB, a €r0 YUYEHHUK — 32 §
13

gyacoB. Kakyto 4acTe pabOTHI OHU BBITIOJTHSAT BMECTe mociie yaca paboter? Oteet: 40|y,

2 1
6. B mepBsIit uac aBToOycC mpormien S| Bcero myTH, BO BTOpoi 3 | MyTH, a B TPETHI — OCTAJIbHBIE
28 kM. Kakoe paccrosiHue mpoien aBTodyc 3a Tpu yaca?

z| 111
1) 51+ 3/= 15 (4)—3a aBa Jaca.

1 4
2) 1 - 15 = 15 (4) — npouien B TpeTuid yac. 4

4
3)28: 15 =105 (kM) — 3a Tpu Haca.

Otget: 105 kM mpoien aBToOycC 3a TpHU vaca.

JlomaniHee 3aganue:



5 3

1. Kakoe paccrosiHue ynuTka 3a 6 lqaca, eciam oHa OyZieT OJ3TH CO CKOPOCThIO 250 ‘ KM/4?
1

OtBeT: 100]| kM.

9 2
2. V3 60ukH ¢ OEH3MHOM BHayajie OTIWIN 28| Bcero MMeromerocs TaMm OeH3MHa, IOTOM 7
Bcero OCH3MHA U TIOCIIe ATOTO B O0Uke ocTanoch 99 nmutpoB O6eH3nHa. CKOJIBKO JTUTPOB OSH3MHA

ObUTO B O0OYKE TIEpBOHAYATILHO?

3‘ z| £|
1) 28/ + 71= 28| (4) — oTmWIN.

17 g‘
2) 1 - 28| = 28] (4) — ocTanocs.

11
3)99: 2—8‘ =252 (;1) — OBLIO NTePBOHAYAIILHO.

OtBert: 252 1 6eH3nHa ObLIO B 00YKE IEPBOHAYATIBHO.

IpakTnueckoe 3ansitue Ne 2

Tema: «Pemenue MTMHENHBIX ypaBHEHUN U HEPABEHCTBY

Heab: O00OMUTE U CHCTEMATU3UPOBATh 3HAHUS, YMEHUS YYALIUXCS MPU PEIICHUH JIMHEHHBIX
YpPaBHEHUM 1 HEPABEHCTB

TeopeTtnueckuii 6110k
JIuHeiHbIe ypaBHEHUS

JIMHEWHBIM YpaBHEHHEM OTHOCUTEIILHO TMEPEMEHHOW X Ha3bIBAETCS YpaBHCHHE MEPBOM
crerenu kx+b=0 (1)

rie k u b — npousBoJIbHBIE BENIECTBEHHBIE YHCIIA.

B cnyyaek #0 ypaBuenwue (1) umeeT eqMHCTBEHHOE pEIICHHE TIPH JTFOOOM 3HAYCHUU b :

B cnyuae, korma k=0,b #0 ypaBuenue (1) penieHuii He HMeeT.
B cnyuqae, korqa k=0, b=0, pemennem ypaBuenus (1) siBasieTcst 1r000€ YUCIO

X €(—w; + e0).
Ecin wW3HavanmpHO 3alaHO  ypaBHEHHE, Ccojepkallee IEePeMEHHYI0 B
3HAMCHATCJIC, TO MCPEA PCHICHUECM HeO6XOI[I/IMO YKa3aTb 0011acThb OIIPEACIICHUS, UCKIIFOUYUTDh U3

OTBE€Ta KOPHH, ITPU KOTOPLIX BBIPAKEHUC HE UMCCT CMBICJIA.



8[x—1)+2x: 2[4— 2;{)
Bx—B4+2x=8-4x
sx+ix+4x=8+8
ax+ix+4x=8+8
1dx=16

16

s
y=_=-=2
14 7

Hpiinep 4
Sx+15
x+4
Dox=—4
Sx+15
x+4
Sx+15=4x+16

4

(xtd) =4 (x+4)

x=-1
Oesem . x=-1
Hpiimep 5
Sx+15
x+3
Doox# -3
Sx+15

x+4
S5x+15=4x+12

4

(x+3)=4(x+3)

r=-3

Clmmem . wem xopuel



JIuneliHble HEpaBEHCTBA

JIMHEeWHBIM HEpaBEHCTBOM OTHOCUTENIBHO MEPEMEHHOW X  HAa3bIBAa€TCsl HEPABEHCTBO,
MpUHAAISKAIIEE K ONHOMY U3 CIECAYIOIINX TUIIOB!

kx+b>0,
kx+b>0,
kx+b<0,
kx+b<0,
rac k u b - IMPON3BOJIbHBIC BCIICCTBCHHBIC YHUCJIA.

Pemras J'II/IHCI\/'IHI:Ie, Ja U HC TOJIbKO HHHeﬁHLIe, HCPAaBCHCTBA, CICAYCT IIOMHUTH, YTO IIPpHU
YMHOXCHUNU WKW JACJICHUHW HCPABCHCTBA Ha IIOJOXHUTCIBHOC YHCIO 3HAK HCPAaBCHCTBA
COXPAHACTCA, a IpU YMHOXCHUW HIIN JCJICHUHN HCPABCHCTBA HA OTPULATCIIBHOC YHCJIO 3HAK
HCPaBCHCTBA MCHACTCA HA HpOTHBOHOHO)KHBIﬁ.

B coOTBETCTBUU C 3TUM pellleHHE JTUHEWHBIX HEPABCHCTB, B 3aBUCHMOCTH OT 3HAYCHHU
kodddummento k u b, mpeacrarneHo B cnenyromieit Tadmure 1.

Tabnuma 1. — Pemienne HepaBeHCTB MEPBO CTEIEHH

Ex+b=0 kx +b>0 kEx+b=0 kx +b<0
3HaK HEPABCHCTBA COXPAHACTCA
Y xE—E x}—E xi—g x{—E
k k k k
k=0, b<0 | %) xe(-w;+w). | xe(—w;+w).
k=0, b=0 | X€(—20;+ ). | & Xe(—w;+w). | F
k=0, b>0 | XE(—w;+ ). | XE(—0; + @), | & (7
3HaK HCPABCHCTBA MCHACTCA Ha HpOTHBOHOHO)KHBIfI
o xi—E x-::—E xE—E x}—E
K k k K

CucteMbl JIMHEUHBIX HEPABEHCTB
PaccmoTpuM pemenne cucteM TMHEHHBIX HEPABEHCTB HA TTPUMEPAX.

[Tpumep 1. Pemnth cucteMy HEpaBEeHCTB



2x-320,

3x+11-0
Pewenne. Pemmm kakoe u3 HEpaBEHCTB CUCTEMBI:
.3
2x-320, 2x23, =3
— —
3x+11>0, 3y 11, 11
X - E

N300pa3uB Ha 01HON KOOpAUHATHOM mipsiMoii (Puc. 1) 06a ToueyHBIX MHOXKECTBA,
COCTaBJISIIOUINX IOCJIEIHIO CUCTEMY, ITOJIy4aeM OTBET NMpUMEDA.

Puc.1

{3 11]
Xe| — —
OrtBerT: 2 3

[Ipumep 2. Pemuth cucteMy HEpPaBEHCTB

S5x+4<0,
—2x-T7=20.

Pemenne. Pemmm kaioe U3 HEpaBEHCTB CUCTEMBI:

X< ——

~r

3x+4<0, Sx<—4,

L
—2x-720. —-2x 27,
X=——,

2

N300pa3uB Ha onHOW KoopauHaTHOW mnpsimoil (Puc. 2) oba TOYEUHBIX MHOKECTBA,
COCTABJIIOLIMX TOCIEAHIOI CUCTEMY, ITOJy4aeM OTBET IpUMepa.

N300pa3uB Ha onHONM KoopauHaTHOW mpsimoir (Puc. 1) o0a TOYEUHBIX MHOXKECTBA,
COCTaBJISIOUINX IOCJIEIHIO CUCTEMY, ITOJIy4aeM OTBET MpUMEDA.

-

- - - -~ -~ -~
A
RSN, ﬁf A %

_4 0
5

2



Puc.2

XE|— o ——
OTBeT: 2

[Tpumep 3. PemnTh cUCTEMY HEPABEHCTB

6x—-7T>0,
4x+13<0.

Pemenne. Peminm kaxioe U3 HEPaBEHCTB CUCTEMBI:

7
{5:.:—?::-(1, {5;.:::-?, olart
=

Lo
Ax+13 <0, dx <—13, 13
x'ﬁ:—?.

N3o0pa3uB Ha ogHOM KOOpAMHATHOM psiMoit (Puc. 3) 06a TOYedHBIX MHOKECTBA,
COCTABJISIOUINX IOCJIEIHIOI CUCTEMY, ITOJIy4aeM OTBET pUMepa

[ = =
_13 07
4 ()
Puc.3
OrTBer: (Z

Pemuth nannbie cuctembl HepaBeHCTB (Ne 179 —184):

179. 181.

180. { 1—21"'::—9- 182. {21:—"‘3:3'1_—3,
3x + 1< 13. 4x +3>8—x.

183, {3“"4'73‘9‘*% 184, {""’4":?*'
5+ x> 2x - 2, | —x>—2.

,HOM&IHHGC 3aJaHHUC:

(2x +3) (2 — 2x) > 0.



(2 —m) (2x — 15) (x +4)> 0.

x}%,

[(3x-4>0, [[3x>4, | p
Gr-8)(Gx+6)> 0 |VFTE20 157276 |
oAy 3z <4, >x<i :{{—E
Sx+6 <0, Sx < b ) 37 5

' ' 6

xd—=;

L . 5

IMpakTnyeckoe 3ansitue Ne 3
Tema: Pemenue kBapaTUYHBIX YPaBHEHUM U CUCTEM YPaBHEHUU
Hesan: O6001IMUTH U CHCTEMATU3UPOBATH 3HAHUS YUYAIIUXCS 10 JaHHOM TeMe.
Teopernueckunii 010K
Onpenenenue

Keaopammnoe ypasnenue — 31o ypaBHeHue BUaa ax” + bx + ¢ = 0, rae
K03 pHLMEHTHI a, b 1 ¢ — MPOU3BOJIBHBIE YKCcTa, mpudeM a # (.

HpC)KI[C, YEM HU3y4aTb KOHKPCTHBIC MCTOAbI pCIICHUS, 3aMCTUM, UTO BCC KBAAPATHBIC
YpaBHCHHA MOKHO YCJIIOBHO pa3JCIIMTh Ha TPU KJIacCa:

He nmerot xopHei;

HNmeroT poBHO OZIMH KOPEHb;
HMeroT 1Ba pa3IMuHbIX KOPHS.
JIuckpuMUHaHT

Ornpenenenue

I[TycTth naHo KBagpaTtHoe ypaBHeHue ax” + bx + ¢ = 0. Torga ouckpumunanm — 3T0 IPOCTO
uucio D = b* — 4ac.

Oty popmyny Hamo 3HATH Hau3ycTh. OTKyAa OHa OepeTcs — ceifuac HeBaxxHO. BaxkHo npyroe:
0 3HAKy TUCKPUMHHAHTA MOKHO OIPENEINTh, CKOIbKO KOPHEH MMeeT KBaJIpaTHOE YpaBHEHHE.
A UMEHHO:

Ecnu D <0, kopHeil HET;

Ecimu D = 0, ecTe pOBHO OIVIH KOPEHB;



Ecnu D > 0, kopHeit Oynet 1Ba.

O6paTI/ITe BHUMAHHUC: TUCKPUMHUHAHT YKAa3bIBACT HA KOJIMYCCTBO KOpHCfI, a BOBCC HC Ha UX
3HAKH, KaK [TO4YCMY-TO MHOT'HC CUUTAIOT. Barnsaute Ha IMPpUMECPLI — KU CaMHU BCC IonMeTe:

3amava

CKoJIBKO KOpHEH UMEIOT KBaJI[paTHbIE YPAaBHEHUS:
X —8x+12=0;

5 +3x+7=0;

xX*—6x+9=0.

Pemenue

BrimumieM ko3¢ GUIMEHTH! 1)1 IEPBOTO YPaBHEHUS U HAWAEM TUCKPUMHUHAHT:
a=1,b=-8,¢c=12;
D=(-8-4-1-12=64—-48=16

I/ITaK, )II/ICKpI/IMI/IHaHT HOHO)KHT@HLHBIﬁ, HO3TOMy ypaBHeHHe UMECT IBa paSJ'II/I'-IHI)IX KOpHH.
AHaJIOrHYHO pa3dUpaeM BTOPOC YPaBHCHHE:

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

D=3*—4-5-7=9-140=-131.

JIMCKpUMMHAHT OTpHULATEIbHBIN, KOpHEN HeT. OcTanoch NocaeHEE YpaBHEHNUE:!
a=1;b=-6;c=09;
D=(-6-4-1-9=36-36=0.

JIMCKpUMHUHAHT PaBeH HYJIIO — KOPEHb OyIeT OJIUH.
OTtser

1) 2 xopHS; 2) HET KOpHEH; 3) OAMH KOPEHb.

KopHu kBaipaTHOTO ypaBHEHUS

—b++D -
1= 2a r 2 = 2a

Korga D = 0, MO>XHO HCITOIB30BATh JIO0YIO U3 3TUX (GOPMYJT — MOJIYIUTCS OJTHO M TO XKE
YHUCII0, KOTopoe U OyaeT orBeToM. Hakonertr, eciu D < 0, KopHel HET — HUYETO CYUTATh
He HaJo.

3agaua
Pemmth kBagpaTHBIC ypaBHEHUS:
X*—-2x—3=0;

15-2x—x*=0;



X+ 12x+36=0.
Pemenne

IIepBoe ypaBHEHME:
X¥=-2x-3=0=a=1;b=-2;c=-3;
D=(-2>-4-1-(-3)=16.

D > 0 = ypaBHeHMe uMeeT JiBa kKopHs. Haitnem ux:

24416 . 2-+16
METHT TS Ty T

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

D > (0 = ypaBHeHUe CHOBa UMeeT ABa KopHs. Haiinem ux:

2+@_ 2 —+/64 %

nTICD T T T2y

Haxkownen, Tpetbe ypaBHEHUE:
X+ 12x+36=0=a=1;b=12; c=36;
D=12*-4-1-36=0.

D = 0 = ypaBHeHHe UMeeT OJMH KOpeHb. MOKHO HCIIOJIB30BaTh JTH00YI0 hopmyrny. Hanpumep,
MEPBYIO:

~12++/0 4
e
OtBeT
Dxi=3;x=-1;2)x;=-5;x,=3;3)x=—6.
HenonHble kBaipaTHbIC ypaBHEHUS

briBaeT, 4To KBaJgpaTHOE ypaBHEHHE HECKOJBKO OTJIMYAETCS OT TOTO, YTO JaHO B OMPEEICHUN.
Hanpuwmep:

X+ 9x=0;
x*—16=0.

Hecnoxuo 3aMCTUTh, YTO B 3TUX YPABHCHUAX OTCYTCTBYCT OIHO U3 CJIaracMbiX. Takue
KBaJApaTHBIC YPABHCHHUA PCIIAOTCA HAXKC JICTUYC, YCM CTAHAAPTHBLIC: B HUX JIAKC HC HOTpe6yeTCH
CUUTAThb JUCKPHUMUHAHT.

Onpenenenue



VpaBHenue ax’ + bx + ¢ =0 Ha3bIBACTCS HENOIHLIM  KEAOPAMHLIM  ypaeHeHuem, eciub =0
i ¢ = 0, T.e. K03 PULKEHT Py NEPEMEHHOM X UM CBOOOIHBIN IEMEHT PaBEH HYIIIO.

Pazymeetcsi, BO3MOXEH COBCEM TsDKEJIBIA cilydail, kKorga oba 3Tux Kodd(uiMeHTa paBHBI
Hymo: b=c=0. Borom cinydae ypaBHenue mnpuHUMaeT Bugax’=0. OueBUAHO, TaKOe
ypaBHEHHE UMEET eTUHCTBEHHBIN KOpeHb: x = (.

Paccmotpum ocranbuble ciydau. [lyets b = 0, Torna noiydyuM HEMOJIHOE KBaIpaTHOE
ypasHeHue Buja ax’ + ¢ = 0. HemHOro npeobpasyem ero:
2 2 C C
ax“+c=0=2x"=——=2x=+ |——
a a

[TockonbKy apupMETHISCKHA KBaIPaTHBIA KOPEHb CYIIECTBYET TOJIBKO M3 HEOTPHUIIATEIIHHOTO
YHCIIa, TIOCJIETHEE PABEHCTBO UMEET CMBICI HCKITFOUUTENBHO 1pH (—c/a) > 0. BeiBo:

Ecnu B HEMOIHOM KBaJpaTHOM ypaBHEHMHU BUIa ax” + ¢ = 0 BBIIIOJHEHO HEPAaBEHCTBO (—c/a) > 0,
KOpHel Oynet nBa. @opmyJia 1aHa BbIILIE;

Ecmu xe (—c/a) < 0, xopHel HeT.

Kak BunuTe, JUCKpUMUHAHT HE MOTPEOOBAJICS — B HETOJHBIX KBAJAPATHBIX YPAaBHEHUSIX BOOOIIE
HET CIOXHBIX  BblUMCIeHHMH. Hacamom  gene  gake  HEoOsS3aT€IbHO ~ ITOMHUTH
HepaBeHCTBO (—c/a) > 0. JI0CTaTOYHO BBIPA3HMTh BEJIWYMHY X° M IIOCMOTPETH, YTO CTOUT C APYTOi
CTOPOHBI OT 3HaKa paBeHCTBa. Eciau TaM MONOXKHUTENbHOE YHMCIIO — KopHel Oyaer nBa. Ecmm
oTpHLIATeNIbHOE — KOpHeH He OyneT BooOre.

Tenmeps pasbepemcs ¢ ypaBHeHUsMH Buia ax’ + bx =0, B KOTOPBIX CBOOOJHBIA DIEMEHT
paBeH Hyt0. TyT Bce mpocTo: KOpHEH Bceraa Oyzaer aBa. JJoCTaTo4HO pa3ioXUThb MHOTOYJICH
Ha MHOYKUTEIH:

ax?+bx=0=x-(ax+b)=0=x,=0; x, = ——

[IpousBeieHNE PABHO HYJIIO, KOT/Ia XOTs Obl OJIMH M3 MHOXKHTEJEH paBeH Hyo. OTcroaa
HAXOIATCS KOPHU. B 3akiroueHue pazoepeM HECKOJIBLKO TAKMX YPaBHEHHMIA:

3amaua

Pemute KBagpaTHbIE YpaBHEHMUS:

X = Tx=0;
5x*+30=0;
4x* =9 =0.
Pemntenue

X=Tx=0=>x-(x-7N=0=2x=0;x2=—(-7)/1=17.

5x* +30 =0 = 5x* = -30 = x* = —6. KopHeli HeT, T.K. KBagpaT He MOXKET ObITh PaBEH
OTPHULIATEILHOMY YHUCITY.
49 -9=0=24*=9=x*=9/4=x,=3/2=1,5;x,=—1,5.



OT1BeT

x1 = 0; x, =7; 2) xopue#t Het; 3) x; = 1,5; x, = 1,5.

Pemenue KBagpaTU4YHBIX CHCTEM YPABHEHHUH

IIpumep 1. Pemute cucrteMy ypaBHEHHI ‘ y ’
Pemenne. BpIpa3uB X U3 NEpBOro ypaBHEHMsI CUCTEMblI M IOJCTABUB BO BTOPOE, IMOJIYYHM
x=y+1,
2 —_—
PaBHOCHIILHYIO CHCTEMY 2y 2y =A0=0. ) (1)

Pemmas BTOpoe ypaBHEHHE CHCTeME! (1), HAXOIUM [Ba 3HAYEHHUs MepeMeHHoi y: V1 ~ %Yy =3 ,

MOJICTaBJIsIl 3T 3HAUYEHUS B IIepBO€ ypaBHEHHE cucTeMbl (1), moslydaeM nBa 3HaYeHUS

nepeMeHHolM X: M1 7 5,0, =4

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

Il
IIpumep 2. Pemuts cuctemMy ypaBHEHUIN ‘X y Xy Lot
Pemenne. Cpa3y BbIpasuTh OJHY IEPEMEHHYI0 Yepe3 JpYryld B JAaHHOM CIy4ae
3aTPyAHUTENFHO, MemaeT ciaraeMoe Xy. UToObl m30aBUTHCS OT ITOTO CIIAraeMOro YMHOXKUM
IIEPBOE YpPaBHEHHE CUCTEMBI Ha 3 M CIIOXKHMM CO BTOpPBIM ypaBHeHHeM. IIpu 3TOM mnosmyumnm

[
‘ [

D=4

PaBHOCWJIBHYIO CUCTEMY YpaBHeHHt v /7 ... (2)
= 15+8y
W3 BTOpOro ypaBHEHHs NOJydYaeM: 9 . TlogcraBuB 3TO BBIpa)KEHUE B IEPBOE
+ +
215 8x —3y—y15 8y —4
ypaBHEHHE CHUCTEMBI (2) MOIYyYUM YpaBHEHHE 9 9 . IIpeobpazoBas
2 —
€ro, MOJy4uM KBaJpaTHOE YpaBHEHHWE OTHOCHUTEIBHO Y: 4y +13y+3=0 Kopuu storo
_ 1 _ _13
N=T3Y= 4=-1x=
ypaBHEHUS , TOJICTaBUM B (DOPMYITY IS X, U TIOJTyYUM

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

‘ 2 Y
by
Ipumep 3. Pemnts cucremy ypaBHEHUH
Pemenne. B neBbIX 4acTsIX ypaBHEHMM CHUCTEMBI CTOSIT NPOU3BEICHHUS ABYX COMHOXHUTENEH, a
CIIpaBa YUCJIO OTJIMYHOE OT HyJIS, IOITOMY, OYEBHMJHO, HHM OJIWH W3 COMHOMHTEJIEH JIEBBIX

yacTeil ypaBHEHHiI He MOXeT ObITh paBeH Hymo. Takum oGpasom, momyuaem, uro *# 0y
3
2x—3y#0=>x#——y
. Paznenum nepBoe ypaBHEHUE CUCTEMbI Ha BTOPOE MOYJICHHO, B CUITY

Y+
y—-l (660

CIEJaHHOTO BBILIE 3aMEUYaHUS, MOJYyYUM PABHOCUIIBHYIO CUCTEMY y . Bepazum
W3 IIEPBOr0 YPAaBHEHUS IMTOJTYUYECHHOW CHCTEMBI BBIPA3UM X: x=4y [ToxcraBuMm 31O 3HAUEHUE

BO BTOPOE YPaBHEHHE CHCTEMBI U HaiizeM J =1 torma x=4. Orser: (4; 1).



JlomarHee 3aianue: Penmre ypaBHeHUS:
1. x'-8x*—9=0
2. x*=15x'-16=0
3 (x2—2x—5)2—2(x2—2x—3)—4=0

Peu(n/mp CUCTEMBbI YPAaBHEHUM:
CEL bbb
el
1
[—+—:2,¢u,c
N () 1=y



IIpakTyeckoe 3ansaTue Ne4
Tema: Pemienue kBagpaTUYHBIX HEPABEHCTB
Hesab: OCOOIUTE ¥ CUCTEMATHU3UPOBATh 3HAHUS M YMEHUS YUaIUXCs 110 JaHHOU TeMe

Teopernueckuii 610K

KBaznpaTHO€ HEPaBEHCTBO — ATO HEPABEHCTBO, B JIEBOM YAaCTH KOTOPOI'O CTOUT KBaJIPaTHBII
TPEXYJIEH, B JIEBOU — HYJIb.

To ecTh, KBaJpaTHBIE HEPABEHCTBA OBIBAIOT CJIEAYIONINX BUIOB:
ax*+bx+c>0, axl+bx+c>0, ax*+bx+c<0, ax*+bx+c<0.
PeluTh KBagpaTHOE yPaBHEHHE MOKHO C IIOMOIIBIO METO/Ia HHTEPBAJIOB.

Jist 3T0ro He0OX0AUMO CHayvala HalTH KOPHU KBaJIpaTHOTO HEPABEHCTBA (BMECTO 3HAaKa
HEPABEHCTBA MOCTABUTH «=» U PEIIMTH ypaBHeHue ax” + bx + ¢ = 0). KopHeit MokeT ObITH 1160
1Ba, 1100 0J1uH, 1100 He ObITh BooOLIe. [lanbHelre qecTBUS 3aBUCIT OT KOJIMYECTBA KOPHEH:

1. Eciu ypaBHeHuUe MMeeT IBa KOPHsI, HEOOXOUMO HAHECTH X Ha YUCJIOBYIO MpsiMyto. OHH
pa3o0BIOT €€ Ha TpH IpoMexyTKa. HyKHO OyIeT ONpenenuTh 3HaKK BHIpaKeHus ax” + bx + ¢ Ha
Ka)XJIOM M3 ITPOMEXYTKOB (KOHKPETHBIH MPUMEpP PEIICHNUS BBl MOXKETE TOCMOTPETh, BBEIS B
(GopMy BIllIE KaKoe-I1100 HEPABEHCTBO, HanpuMep 5x° + 2x — 7> 0):

- ecnu a > 0, TO 3HaKU OynyT +, —, + (CieBa HaNpaso);
- eciu a < 0, To 3Haku OyayT —, +, — (cleBa Hampaso).

B cnyuae, eciu 3HaK HEpaBEHCTBA > WM >, OTBETOM OyAyT MPOMEKYTKHU CO 3HaKOM «+». Ecin
&Ke 3HaK < WIH <, TO OTBETOM OyAyT OTpHIIaTeIbHbIE TPOMEKYTKH.

Ecnu 3Hak HepaBeHCTBA > WK <, TO TOYKU-TPAHUIIBI TPOMEKYTKOB 3aIMUCHIBAIOTCS B KPYTJIBIX
ckoOkax. Ecnu ke 3HaK > WiM <, TO TpaHuUIlbl IPOMEKYTKOB 3alMChIBAIOTCS B KBAaPATHBIX
CKOOKax.

2. Eciiu ypaBHeHHe HMeeT OIMH KOPeHb, TO HY>KHO TaK)Ke HAHECTH €T0 Ha YUCIIOBYIO MIPSIMYIO
¥ OTIPEIEITUTh 3HAKH BBIPAKEHUS ax’ + bx + ¢ Ha K&KIOM U3 IPOMEXyTKOB. KopeHb pasaenur
NPSMYIO Ha JBa MMPOMEKYTKA, 3HAKHA B KOTOPBIX OYAyT OJIMHAKOBBIMH (B 3aBUCUMOCTH OT

ko3 uureHTa a):

- eciu a > 0, To 3Haku OyayT +, +. B aToM ciyuae, eciu 3HaK HEPaBEHCTBA >, TO OTBETOM OYJET
BCS YHMCJIOBAs IpsAMas, KpOME TOUKHU-TPaHUIlbl TpoMexyTKa. Eciu e 3HaKk HepaBeHCTBA >, TO
OTBET — BCs uncioBas npsimas. Eciii 3Hak HepaBeHCTBA <, TO OTBET — IIyCTOE€ MHOXECTBO. Ecnun
3HaK HEpaBEHCTBA <, TO OTBET — OJIHA TOYKA — IPAHULA MEX]Ty IPOMEKYTKaAMHU.

- eciu a < 0, To 3Haku OyayT —, — B 3TOM ciydae, eciiv 3HaK HEpaBEHCTBA >, TO OTBETOM OyieT
IIycToe MHOXeCTBO. Ecin ske 3HaK HEpaBEHCTBA >, TO OTBET — O/IHA TOUKA — FPaHUIIA
npoMexxyTka. Eciam 3Hak HepaBeHCTBa <, TO OTBET — BCS YUCIIOBAs MPsAMast, KpOME TOUKH-
IpaHuIbl IPpOMeXyTKa. Eciiy 3HaK HepaBeHCTBA <, TO OTBET — BCA YMCIIOBAs MpsMasl.

3. Ecaiu ypaBHeHMe KOPHel He MMeeT, TO HUYEro Ha KOOPAUHATHYIO OCh U HE HYKHO
HAHOCHTB: HaJI0 IIPOCTO ONPEAEIIUTh 3HAK BBIPAKEHUS ax’ + bx + ¢ Ha Beel YMCIOBOM MPAMOIA:



- ecau a > 0, To 3HaK Oyzer +. B aToM citydae: eciau 3HaK HEPaBEHCTBA > WM =, TO OTBETOM
OyzeT Bcst yuciioBas mpsiMasi. B mpoTHBHOM cilydae — eciu 3HaK < WK < — OTBETOM OyJeT
IIyCTOE MHOXECTBO.

- ecnu a < 0, To 3HaK OyzaeT — B 3TOM citydae: eci 3HaK HEPaBEHCTBA < WJIH <, TO OTBETOM
OyzeT Bcs yucioBas npsimasi. B mpoTuBHOM cilydae — eciii 3HaK > WJIH > — OTBETOM OyJeT
IIyCTOE MHOXECTBO.

IIpumep 1. PemuTh HEpaBEHCTBO 2" +4x — 6> 0.

KBanpatHelii TpexuieH 2x* + 4x — 6 UMeeT JBa IeHCTBUTENBHBIX KOPHS X| = —3, X; =1.
[TosTomy mapabona y = 2x” + 4x — 6 mepecekaer och X B IBYX TOUKAX, a0CIHUCCHI KOTOPBIX
paBHbl —3 U 1. [lockonbKy ko3 puIMenHT npu x> Gonblie Hyd, napadona y = 2x* + 4x —
6 HampaBJieHa BBEPX

W3 pucyHKa BUIHO, YTO TPEXWICH 2X° + 4x — 6 TIOJIOKUTENICH MPU X < — 3 1 pu x >1.
y )

IIpumep 2. Pemmnte HEPABEHCTBO

—x+x—1>0.
JIMCKPUMHHAHT KBaJpPAaTHOTO TpexwieHa — X + x — 1 orpunarenen: D = —3. [TosToMy npu
BCEX X 3HAUeHUs QYHKLIUH y = — X + X — | UMEIOT OJMH M TOT XK€ 3HaK, 8 UMEHHO 3HaK

xo>(dunuenta mpu x°, To ecth MuHyc. Ce10BaTeNbHO, HEPABEHCTBO — X + X — 1 > 0 He
BBIITOJIHACTCA HU TP KaAKUX 3HAYCHUAX X.

H[)I/IMG[Q 3. BLIHCHI/ITB, IIpU KaKuX 3HAUYCHUAX X )Ip06]':>

2 9x—3
2y —x2

IMMOJIOKHUTCIIbHA MW IIPU KaKHUX — OTpHLIATCJIbHA.

CHauana yka3aHHBIM BBIIIE CIIOCOOOM OIpEJICIUM 3HAKU YUCIIUTENS U 3HAMEHATe sl TaHHOH
npodu, a 3aTeM CPaBHUM HX.



Yucnurens X° + 2x* — 3 MOJNIOKUTENEH TP X < —3 U NpH X > 1, a OTpULIATENEH IPH
—3 <x <1 (puc. BepXHsI YUCIOBasI OCh).

4-3-2-1 0 1.2 3

i i
A
0 2

3Hamenarenb 2x — x* mojoxureiaed mpu 0 < x < 2 u orpunarenes npu x < 0 u npu x >2 (puc. ,
HWDKHSISL UMCIIoBas och). M3 pucyHka BUJIHO, UTO AaHHAs ApoOb OyeT MOoJ0KUTelIbHa Ipu — 3
<x <0 (B3TOM Cily4ae YUCIUTENb U 3HAMEHATEb OTPULIATEIbHbI) U TIPU

1<x <2 (B 3TOM Cily4ae YUCIIUTEIb U 3HAMEHATEIb MOJI0KUTEIbHBI); OTPULIATEIbHON OHa Oy1eT
npu x <. —3 (YUCITUTEIb MOJIOXKUTENICH, 3HAMEHATeNb oTpularesieH), npu 0 <x < 1 (uucnutens
OTpHIIATEICH, 3HAMEHATEN b MOJIO0XKUTENIEH) U NP X > 2 (YUCIUTEIIb [T0JI0XKUTEIEH, 3HAMEHATEb
OTpHLIATEIIEH).

Ynparncnuenusn
Pemmnte naHHBIE HEpaBEeHCTBA
l. X’ —4x+3>0. 5.x +x+1<0.
2. X —6x+5<0. 6.x —x+1>0.

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

JlomarniHee 3a1aHue:

1. Pemuth HEpaBEHCTBO:

8’ -6x+1>0

2. HaiftTu HaMeHbIIIee MOJ0KUTETBHOE 1EJI0e PEIICHUE HtpaBEeHCTRA!
X+ 2x>-3

3. Pemnth HepaBEHCTBO:

X+ 3x+8>0

4. PemmTh HEPaBEHCTBO:

X -4x+4>0

5. Pemnts HEpaBEHCTBO:

X-dx+4>0

6. HaliTu Bce 3HaueHus X, HE SIBIISIFOIIMECS PEILIEHUEM HEPABEHCTBA!
2

x=>16

IIpakTyeckoe 3ansaTue NeS
Tema: OyHkuuu: JuHeHas, oOpaTHas MPONOPLUHUOHAIBHOCTD. [locTpoeHne kBaapaTHUHOM
byHKIIUN
Hean: 3akpenuTh y yyaluxcsl 3HaHUSI U YMEHUS TOCTPOEHUs rpauKoB PpyHKINN
Teopernueckuii 610K

CaoiicTBa nuHelHO# (yHKIMU y = kx+b.



1. Ob6nacte ornpeneneHust GyHKIUN — MHOKECTBO BCEX JACHCTBUTEIBHBIX YHCEIN.

2. O6nacth M3MeHeHHsT (QDYHKIUH TPH YCIOBHH, uTO k#0 — MHOXKECTBO BCEX CHCTBUTEIBHBIX
yucen. Eciu k=0, To MHOKECTBO 3Ha4eHUI ()YHKIIUK COCTOUT U3 OJJHOM TOYKH b.

3.Tlpu k#0, b#0 dynkuus He sBIsIETCS HA YeTHOM, HU HeveTHOH. Eciink =0 (b mro6oe) — dyHKImst
yerHast. Ecm b=0 (k mo6oe) GpyHKIMs HedeTHas..

4. ITpu k>0 ¢yukius Bospacraet mpu J00bixX. [Ipu k<0 ¢yHkiws yobBaeT npu mo0sixx . [Tpu
k=0 ¢ynkus nocrosHHA.

Ilpumep. Iloctpouts rpaguk GyHKIUN y=2x+4 .

Pewenue. Fpa(bI/IKOM ABJIACTCA TIpsMast JIMHUAL. Z[J'Iﬂ eé OCTPOCHUA AOCTATOYHO HAUTH TOYKH

, x=0,y=4 x=-2,vy=0
MepeceyeHus: ¢ OCSIMH KOOPIMHAT: MPH U 1pu . Takum ob6pazom,
A0:4), B(-20)
npsiMasi MPOXOAUT YepPe3 TOUKU u
v
/}=2x+4
e x
/|0
y= ax+b
OyHKIMS BUIA cx+d ,rae & & , ¢ , d| — HOCTOSHHBIE uncIa, praem & # q, ad # bcl,
HA3bIBACTCS OPOOHO-TUHEIIHOUL dynkuuei. OyHKIWS onpeJieieHa BCIOZY, KpoMe
—_d
3HAYCHUSI €. Ecm 2= q, c :1, d= ¢, TO TONYYHMM 4YaCTHBIA Clydail ApoGHO-
_b
y=2 -
JMHEHHON  (QyHKIMU X|. OGnacts onpenenenus Takoi (yHKIMK e ( m’ﬂ)U ({],—I—:ﬂl
_b
I'paduxom  yHKIMH X|spnsercs kpuBas, cocrosmas W3 JBYX BeTBeil, CHMMETPHUYHBIX

OTHOCHUTEJIBHO Hayajia KoopJuHaT. Takas KpuBas HasbIBaeTCs cunepbonoi. Ecnu b> q, TO BETBHU

rurepOonbl pacnonokenbl B I u Il KoOpIMHATHBIX YETBEPTSX; €CIM KE b< d, to0 BO Il m IV
KOOPJMHATHBIX YeTBEPTsX. | urepOosia He uMeeT 00X TOYEK C OCSMU KOOPAMHAT, a JIUIIb CKOJIBKO

_b
yroiHo OJM3KO K HUM NpuOmmkaeTcs. OyHKIHs X | neuernas. Ha pucynke m3o6paeH rpauk

y==
rUnepoosIbI X| s crryaas b> q



<

> X

_ 2 4
OyHKIMA, 3a1aHHAS 30PMYH0171 y=ax +bx + , TIe y ’II— HIEPEMEHHBIE, ab.c _

sanannsie uncna, @ % M| paseiBacres Keaopamuunoii @yuxyuein. OOIACTbIO OINpPEICICHUSL
KBaIpaTUYHOM  (YHKIMM  SIBJISIETCS  MHOXECTBO  JEHCTBUTENBHBIX 4YHceld. [ 'papuxom

y:ax2+bx+

byHKIUU apnsercs napadona. Ecin @ :’q, TO BETBH MapaloJibl

HampaBJeHsl BBepX; ecan < q, TO BETBM Napabojbl HampaieHbl BHU3. OCbIO CHMMETPUU

b

X =
napa6on1)1 ABJIACTCA IIpsMast za KOOpJII/IHaTBI BCPIIMHBI napa60m)1 OIPCACIIAIOTCA T10

X, :_%l, ¥ Zy[xﬂj = —41“64;‘;’2 ‘

Jlnst mocTpoenus mapadoiibl y100HO BBIOPATh CIEAYIONINE TPU TOUKH:

bopmynam

O}I x=0 | =
a) TOUKY IepecedeHus mapabosibl ¢ OCHIO , TIpH Oy YUM y , TAKMM 00pa3oM,

C(D,cl

nepBasi TOYKa
y=¢ i x=0
0) Touky Ha mapaboJiie npu , TO €CTh JINOO TOUKY ¢ abcIuccoit (rouka C), mu60

x=-} ]

TOYKY C abcuuccoun , TaKUM 00pa3oM, BTOpasi TOUKa

__b _ _ 4ac—b°
X =— =y X |= Tt
B) BEPIINHY MMapadOJIbl TOUKY A(x[jjy':')‘, rie 0 El, yU J-’( Uj A¢z

MoOXHO Tak)Ke€ B KayeCTBE OCHOBHBIX TOYEK BBI6“)8.TL TOYKU TICPCCCUCHUA napa60J1H C

_—btvb% —4ac _—b+JD

X =
OChIO O‘.q, 1’2 za za I, CCJIM TaKHuC CYHCCTBYIOT, TO €CTb
AUCKPUMHHAHT KBAAPATHOI'O TPCXUJICHA HeOTpHHaTCHBHBIﬁ.
y= 2x2 + 2x+ 2|

Ilpumep. Iloctpouts rpaduk GyHKIIUN

c{o.2) B{-1,2) 4(-0,515)

BerBu mnapabonbl  HampaBieHbI

y x:—O,S‘

. Hapa6ona CUMMCTPHUYHA OTHOCUTCIIBHO IIPAMOU

OTmMeTMM TpU  TOYKH

la>0]

BBEpX



X
D
1. Tocrpoiite rpaduku GyHKIMNA:
l.y=3x+4 1
Y 1 7.)/:;
2. y=-x—1
2 gy="2+2
3.y=5—4x YR
4.2y—4x=6 _
53x+4y=2 9‘y_4+;
3
6.y=—
-
_2
6.y= "
2. [Toctpoiite rpadMKu KBaAPaTUIHON (PYHKLUU:
1. y=x"—4x+3. 5. y=x" +x+1.
2. y=x"—6x+35. 6.y=x> —x+1.
3.y=—35x"+3x+2. 7.y=x"—6x+10.
4. y=x(l —x). 8.y=—3x +2x+1.
JlomamHee 3anaHue:
IToctpoiite rpaduku GyHKIUMIL:
1l.y=4x-5 [ToctpoiiTe rpaduku
2 GyHKIUH:
2.y=3—=
1 1. y=8x"-6x + 1

dy=2my 2.y= -+ 2x +3
3 3J.y=x’ +3x+8

KBaJ[paTUYHOMN



4. y=x"-4x +4
5.y=x’-4x+4



IIpakTyeckoe 3ansaTHe Ne6

Tema: KOHTpOJ’ILHaﬂ pa60Ta mo TeMe: «Pa3BUTHS HOHATHUS O YHUCIE»
I_le.m,: HpOBepI/ITL YPOBCHBb YCBOCHHA JAaHHOI'O MaTCpHajia I10 TEME «Pa3BuTHs MOHITHS O
qUuCIC»

1 Bapuant
1.Pemure JiUHEiiHOE YpaBHEHUE:
3xe x+2_3x—2+x—1:1 1_6—2x:x_x+3
a) 4 2 3 6) 3 2

2. Pemure cucreMy JMHEHHBIX HEPABEHCTB:

4x-3 3x 5 3—2x_5-2x
+3>—+— > ,
2 8 4 8
4x—3+x—5 >x—1 4x—15>_42_
2 { 8 5 "2 {3 3

3.Pemnre cucTteMy ypaBHEHHI:

2%y 3x-2 . 1_+1_:5_
5x-2y=7, 3 VRS Xy 6’
a) { Ix+4y=25 6) { S5x—4y=-18 B){ 2y—x=1

4.Pemiute KBaJApaTHOE YpaBHEHHE:

5x2+9_|_4x2—9:3
a) x*—x=0 6) 6 5 B) x*+9 x+20=0 r) x*—5=0

x(2x—3)+(3x—1]2_ (X+3]2:1
2 5 5

A)

S. Peminte KBaApaTHYHOE HEPABEHCTBO:

a) X' —8x—20<0 6) —X'—6x+27<0 ) 2x°—13x+20>0

x+1:(x-1)2

6. Pemute rpadguyeckn ypaBHeHHe:



2 BapuanTt

1.Pemiure JIUHEiiHOE YpaBHEHUE:

ﬁ+x+1:2X+5—3x 4—6_2X+x:2x—X;3

a) 8 4 2 6)

2.Pemiute cucCTEMY JIMHEHHBIX HEPABEHCTB:

7—6x 8x+1
5x—3>1+x, HO=—12,
L 3x<2x-s5 X1 ox—2l
2] 2 "3 5 { 2 2
3.Pemnre cucTteMy ypaBHEHHIA:
2x—6 x— _y
3 2 P L 1.1
+3y= _ ’
2x ?)_y 13, 3x 6+X:X y X_3
a){ 5X-y=7 6){ 2 2 B){ x=2y=2
4.PeminTe KBaJpaTHOE YPaBHEHHE:
2 2
3x —11+74—2x —10

a) x*=2=0 6) 3x*+6x=8x"—9x 8) 8 12
2x*~3x+8=0

x(x=7) x=4 1lx_
n 3 3 10

1

5. PemunTe KBagpaTu4HOE HEPABEHCTBO:
a) 2X°—x+4<0 ) —3x'+5x+220 g) 2X —4x+13>0

2:3x—1

6. Pemure rpaguyecku ypaBuenue: X

IIpakTH4yeckoe 3ansaTue Ne7

Tema: OcHOBHBIC TPUTOHOMETPUUCCKHUEC TOKACCTBA

]_le.]'ll)l HaquTb HCIIOJIB30BAaTh OCHOBHBLIC TPUTOHOMETPHUYCCKUC TOXKICCTBA IIPpU

peoOpa3oBaHUU BhIPAKCHHIA
Teopernueckuii 610K

Teopema



OCHOBHOE TPUTOHOMETPHYECKOE TOKACCTBO. J[jis J1F000T0 yriia oL BEPHO yTBEPKICHUE:

sin o+ cos’ o= 1.

sine=++/1—cos?qa; cosa=++1—sin’a

CruencrBue

Jnst mr000ro yriia a MOKHO MEepenucaTh OCHOBHOE TPUTOHOMETPUYECKOE TOXKICCTBO CIICIYFOIIUM
o0pazoM:

1
2
a+l=——-5—; a+1=
'8 cos? o ctg’ sin? a

DTH ypaBHEHHS JIETKO BBIBOASTCS U3 OCHOBHOTO TOXJECTBA — JOCTATOYHO Pa3JIENIUTh 00€ CTOPOHBI Ha
cos” o (ISt TIOJTy4€eHHs TAHTEHCA) WM Ha sin” a1 KOTaHTeHca).

Pemenue ynpaxaenuit

1.Haiinure sin o, eciav M3BECTHO CIIEAYIOIIEE:

CDS(I——S (IECT
10

Pemenne

Hawm n3BecTeH kocuHyC, HO HeU3BeCTeH CHHYC. OCHOBHOE TPUTOHOMETPUUECKOE TOXKECTBO
(B «arcTOM» BHUJIE) CBA3BIBACT KaK pa3 ATH (PYHKIHH, TOITOMY OyaeM paboTaTh ¢ HUM. MimeeM:

sin o+ cos’a=1= sin’a+99/100 = 1 = sin’ o = 1/100 =sin a =+1/10 = +0,1.
Jlis perieHus 3a/1a4u OCTAJIOCh HAUTHU 3HAK cuHyca. [IocKombKy

yron a €(x/2; 7),To B rpaJyCHON Mepe 3TO 3anucbiBaercs Tak: a € (90°; 180°).
CrnenoBaTenbHO, yroa o JeXuT BO Il koopimHaTHOM YeTBepTH — BCE CUHYCHI TaM

nosioxuTeNnbHbL. [ToaTomy sin o = 0,1.
OtserT: 0,1

2.Haiinure cos o, €ciu U3BECTHO CIEAYIOIIEe:

sina=———:atc

Pemrenue

Wtak, Ham U3BECTEH CUHYC, a HaJ0 HailTh KocuHyc. O6e 3Tu (YyHKIIUU €CTh B OCHOBHOM
TPUTOHOMCTPUUICCKOM TOXKIACCTBE. HOHCTaBJ’IHCMI

sina+cos’a=1=3/4+cos’a=1= cos’a=1/4 = cos a==+1/2==0,5.
Ocranock pa3odpatbcsi Co 3HAKOM Tiepea IpoObio. YTo BEIOpaTh: TUTFOC WIIH MUHYC?
ITo ycnoButo, yroi o NpuHAIISKUT NPOMEXYTKY (7 37/2). IlepeBenem yris

U3 pajiuaHHON Mephl B rpagycHyto — noayuum: a € (180°; 270°). OueBngHo, 310 111

KOOpAuHATHAas 4Y€TBCPTh, I'’IC BCC KOCUHYCBI OTPHULATCIIbHBI. HOSTOMy coS a = _0,5.



OtBeT:—0,5

3.Haiigure tg a, eciny U3BECTHO CIIEAYIOIIEE:

1 E(Sn ) )
cosat =—; & — AT
4/ 10 2

Pemenne

TaHreHc ¥ KOCMHYC CBSI3aHbl YPAaBHEHUEM, CIIEIYIOIIMM U3 OCHOBHOI'O TPUTOHOMETPUYECKOTO
TOXaecTBa:

1
2 2
te?ag+1l=—=te?a=10—1=09
cos?
[Tomyuaem: tg a = £3. 3Hak TaHreHca onpeensieM o yriy o. M3BectHo,uto o € (37/2;
2r). [lepeBenem yribl U3 paJiaHHON MEPHI B IpalyCHYI0 — noixyyuM a € (270°; 360°).
OueBuaHoO, 310 IV KOOpAMHATHAS YETBEPTH, IJI€ BCE TAHT€HCHI OTPUILIATEIbHBI.

[TosTomy tg o = —3.
Otse: —3

4.Haiiaute cos o, €Ciu U3BECTHO CIEAYIOIIEE:
) 3

sine =—0,8; a € ?; 21

Pemenune

CHOBa M3BECTEH CHHYC M HEU3BECTEH KOCHHYC. 3alHIIIEM OCHOBHOE TPUTOHOMETPUYECKOE
TOXKJIECTBO:

sinfa+cos’a=1=0,64+cos’a=1= cos’a=0,36 = cos a ==+0,6.

3Hak onpenensieM o yriny. Umeem: a € (37/2; 2x). [lepeBenem yrisl U3 TpayCHON Mepbl
B panuaHHymo: a € (270°; 360°) — sto IV xoopanHaTHasi YeTBEPTh, KOCUHYCHI TaM
MOJIOKUTENbHEI. CrieoBaTensHo, cos o = 0,6.

OtBeT:0,6

5.Haiigure sin a, eciy U3BECTHO CIEIyIONIEe:
F[A
ctga = 2@; a e (G;E)

Perenue:

3anumeM (1)OpMy.TIy, KOTOpas CIeayeT n3 OCHOBHOT'O TPUT'OHOMCETPHYICCKOI'O TOXKICCTBA
" HaAMNIpsIMYIO CBA3BIBACT CUHYC U KOTAHT'CHC!

1 1
a+1= =24+1=25
g a sin? o = sin? o

Orcrona mosydaem, uTo sin” a = 1/25, T.e. sin o = £1/5 = £0,2. U3BecTHO, 4TO yron o €
(0; 7/2). B rpamycHoii Mepe 3To 3amuchkiBaeTcs Tak: a € (0°; 90°) —I koopauHATHASI YETBEPTh.



Wtaxk, yron Haxoautcs B | koopAMHATHOW YETBEPTH — BCE TPUTOHOMETpUUECKHE (PyHKIUN
TaM TIOJIOKUTEINBHEI, TOATOMY sin o = (,2.

Otser: 0,2

. 5 3n
7.Haitnure sinautga ,ecaucosa= 3 n- <a<2m

o . 5
8.Hatiqure cos a utga, ecausin o :I "

Jomamaee 3amanue:

1.Haiiqute Sinautga ,ecaucosa = ? "

o . —8 31
2. Haiigure COS a utga, ecausin =17 HIT<a <7

o . 3n
3.Haiigure cos ausina ,ecautga =—1 un<a <7

IIpakTHyeckoe 3ansitue Ne 8

Tema: [IpuMeHeHHE OCHOBHBIX TPUTOHOMETPUUECKUX TOXKIECTB K MTPeoOpa3oBaHUIO
BBIPAKCHUI

Lesan: HayunuTh HCIIONb30BaTh OCHOBHBIE TPUTOHOMETPHUUECKUE TOXKIECTBA IPU
npeoOpa30BaHUH BBIPAKEHUHN

Teopernueckuii 610K

— (opMyJIBI ISl tgc.clg &,
— OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO;
— (popmyia, BeIpaXkaroas 3aBUCIMOCTb 8y cos &,

— (¢opmyia, BeIpaXKaromas 3aBUCUMOCTh CHEE  sin &

VYrpoctuth BeipaxeHus (YCTHO)
l-cos* @
2 2
d—sin ‘@—cost &
Cos o efiosy
sin ? @+ tg e + cos®
(1—smn &i(1+sm &)
sin * G-cos* @
Pemenne ynpaxxuenni
YIpOCTUTH BBIpAKEHUE:!

1
(orgfease
1.

Pemenue:



1
[—2—1] I'r:f,gz-::E: (1+f,gz.::E— l)icﬁgzﬂ: 1
cos® &

2. igyecfod — [r.g-::r ®Cos -::r]F

Pemenue:

(gl wetfgd — [ﬁga’icos .::E}2 =l-sin‘a@=rcos’ @
l-sin 4 cosf I

3 Cos 8 1+4zin ,SI

Pemenue:

l—sin & cos 8 _l—sinzﬁ—coszﬁ_
cos 5 14sn 4 Cos ﬁ{l + sif ,:3)
? Kakue 3HaHUSI Mbl IPUMEHSUIU ISl PEIICHUS TJAHHBIX BBIPAXKEHUM?
Beimonasist  ynpomieHue BBIPOKEHUW — HCIONB30BaIU  TPUTOHOMETPUUYECKHE TOXICCTBA U
(hOpMyIIbI COKpAIIEHHOTO YMHOKEHHUSI.
JlokaszaTh TOXKIECTBO:
B uem otnnuue ToxkaecTsa oT Gopmyisi?
ToxmecTBO — paBEHCTBO [BYX aQHAIMTHYECKUX BBIPAKECHHUM, CHIPABEMJIUBBIX IS JIFOOBIX
JOMYCTUMBIX 3HAUEHUN BXOMSIIUX B HETO OYKB.
dopMyna — KOMOMHAIIMS MAaTEMAaTHUYECKIX 3HAKOB U OYKB, BEIpaKAOIIasi KaKoe-Tru00
MPEI0KEHHE

1—sin? @
— g =
1. s &cos &
.3 2
1—sin * o cos o
—  eiomy=— " eiox=cigaeiga=
SN CECOS S X COS

1=1
.4 2 4
o s &+ Zoost @—cos @=1

4

sint @+ 2cos w—cos -::r:[sin2 &+ cos? cr)(sinz-::ﬁ— cos? a)+2cosg G=sin’a+cosia=1

1=1
cost @—sint @ 1
- +2ig =
3. cost & COs

2

4 P! 2 . 2
COS & — S & 2 COs " @ — s~ & 2 2
5 + 2ig @ = - + g =1+1ig @ = 5
COs " & COS " & Cos " &

1 1

cost @ cost @

Urto HEOOXOAMMO /ISl YCIICIITHOTO BBITIOJTHEHMSI IPe0oOpa30BaHi TPUTOHOMETPHUECKUX
BBIPAYKEHUI1?

CB0o00HOE BIIaJIECHUE TPUTOHOMETPUUECKUMH TOXKJIECTBAMHU U (POPMYJIaMHU COKPAIIIECHHOTO
YMHOXCHHS.

s —cosa =06

Hano:
Haiiry: Sl cos &

Pemenue:



sn & —cosa = 0.6

(sin @ —cos &}2 =06
sin ® @ — 2sin oos & +cost =038
1- 28 @eosar= 0,36

2 oosa =064

sin erocosa = 0,32
Pemienune ynpaxHeHuid:
Yrpocture BelpakeHue
1. 1= cos® @

cos? &'+[1— sin? .::k')

3 [l::-::-s oa- 1) [1+ Cos .::r)

cost @ — (1— 2sin’ G:)

5 sn & cos&-cfga—1

IZ'CZlS2 &

6. cos® a—1

1-cos® o

7. 1-sin’ &
3 sin’ @+ cos® atiga

sin o

9. gy

1 SN COS Y
10 ofg o



JlomaiirtHee 3ajaHueE:

Yipocrure BelpaXkeHue

gl clgdi— cos® @

2 &

1—ain e
- T tipa
Cos

1 1
+
14 cos l-cosa

cﬁgzﬁ(cosgﬁ—l:l+l

e fi4+1
1+ecig 5

cos” & g [—&.’) -1

1-zg(—a)
sin & +cos [—.::E)

IIpakTyeckoe 3ansaTue Ne9
Tema: ®opmyiel npusenenns. opmyIibl CIIOKEHUS
Heas: Hayunts ucnonb3oBaTh GOpMyIIbl IPUBEICHHS MTPHU TPeoOpa3oBaHUuU

TPUTOHOMETPUYECKUX BBIPAKECHUIN

Teopernueckuit 610K



- - g ] 8 ] [ )
g 8 T H s P &3 i +
- 8 + Pl o I w + ¢ - ta
1 = + o = 1] so E o E 2 1= 2
1 sl xlva | =z | g |elez | olee ] Se | Ee
| :
sin —sinajcosa| cosa | sinm |—sin o|—cos a|—cosa|—sin a|sin a
]
cos cos 2| sin o | —sin e|—cos a|—cosa| —sina  sineg] coselrcosa
|
teg —ipo(ctga —ct-zcc—tga‘.l tgu,! ctga—ctum—tguilga
| | ]
cly —cigal|iga l—lga —clga) ctga tga | —tga |—clgalciga
I
DopMmyJibl CI0KEHUSA
sm[{r+ﬁj: sih & cos S+ cosasm 8,
sm[-::E ;5’:] sih &ocos G- cos@sin 5,
cosl':-::}:+,8): cosercos J—sin asin A
cos[& ,-:5’:]: cos&cos S4sm @sm S,
g +igh tga—tgh
tefla+ fl=—— """ tgla- fl=—"——""
l—itga tg8 1+igaz g8

(B ocieAHHIX ABYX opMmynax & # Af2+ 7, S# mfi+m y

cootBeTctBenno &t B #Af2+m, a- Seafitm, nel),

cf.gl[cr +,¢3):

ciga-cigS+1

cloe -cicS-1
A, ctgla— )=

ctgf+ cige ctgh —ciga

(B mocyeHuX AByX opmynax & # M,  H# My

COOTBETCTBEHHO & T

[Tpumepsr:

£, &-fGFm, nel),

N‘&,

smls—n—sm 2- 27r+E =sin E
3 3 3

1
2

13m m\ .o
COS——=cos|2-2m+—=|=sin—=
3 3 3



13n T T
tg——=tg|2-2n+—|=tg—=+3
g=3 =tg|2:2m+3|=tg5 =13

cthTnzctg 2-2n+% :ctg%Z%

TaHreHC M KOTaHT€HC MOYKHO OBIJI0 OBl BEIYHUCIUTH U TaK:

|

13n _ sin(13n/3) Vi . lr— 13n 1
tg 3 cos(13n/3) Y, 3, clg

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

oy Sin(—1050% Y, .1
tg (—1050°) = cos (— 1050°) lf;;;g V3!
ctg (—1050°) = 5 (—1050°) V3,2 ey

sin (—1050°) — 1,

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° =
=¢08 (90° 4- 30°) = — sin 30° = — 1/,

o Sin(—960°) V32
lg [_960 )= cos (—960°) =1, T -_V?‘

ctg (—960°) = 1/tg (—960°) = —1/)/' 3.

Pewrenre ynpaxxHeHuit

3 teg(3n@ y3

1. 3aMeHUTH 3HAYEHUS TAHHBIX TPUTOHOMETPUUECKUX (DYHKIINIA 3HAUCHUSIMH

TPUTOHOMETPUUYECKUX (QYHKUUN JOTIOTHUTENbHBIX YIJIOB!

a) sin 54°, 6) sin (nt/4—3a); B) cos 53°% r) cos (37/10); n) tg 51°;

e) ctg(rm/4 —o/2); ) ctg 36°28°46",

2. Haiitu 3HaueHUs CIAEAYIOMIUX TPUTOHOMETPUUECKUX (DYHKITNH (MIH BBIPA3UTh UX

4yepe3 3HAUCHHs] TPUTOHOMETPUUECKUX (DYHKIIMIM OCTPBIX YIJIOB):

a) cos (2m/3); 6) sin 92°31"; B) ctg (dn/4); r) tg 330°

3. Beruuciure:



a) Jsin (7/2)44 cos (2n/3)+ 6 sin (13n/6);
6) 2tg IBD"-—-% sin (— 270°) + ig cos 180°.

4. 3HaueHMs TaHHBIX TPUTOHOMETPUUECKUX (PYHKIMNA TPUBECTH K 3HAYCHUSIM
TPUTOHOMETPUYECKUX (DYHKIUN HEOTPULIATEIBHBIX OCTPBIX YIJIOB:

a) cos (327/3); 6) sin 2760°% B) tg (—1845°%): r) ctg 2209°,
5. JlokazaTh TOXKAECTBO

3 [sin? (31/2 — &) +sin (3n-fa))— 2 [sin® (n/2 -} a) -} sin® (Gn—a))= 1.

_n
7

[IpeoOpasyiiTe BeIpakeHHE

a) Cos ;6 6sin ; B) COS ;2 ésin

_I.
(p 6’

a) cos105°;6¢sin105%  B) cos75°; 24sin 75’

n_ s m,
4(/’ (P4 4(P

31
-9

n) tg ;e dsin

2. Brruucaure:

n) tg75°; eésin 15°

3. VYnpocrure:

- . |n ) . AT T = .
a)\/251n Z+a —cosa;6c\/§sm a——|—sina;8(2sin E—a —+/3sina
. 8 _ 4 .
4.a) 3Has, yToSina = 17 cosf3 =< au B — yanbl IuetsepTr, HaliUTe 3HAYCHHS
BBIPAKCHUS

. 8 _ .
0) 3Has1, yToSIna = 17° cosfs =5 au B— yanbl IuetsepTH, HaliIUTe 3HAYCHUS

BBIPpAXKCHUA

. 8 _ 4 .
B) 3Has, 4ToSINA = E’ COS,B —g ,au B —yenbt I 4YCTBEPTH, HAUAUTE 3HAUCHUSA

BBIPpAXKCHUA

Jomartnee 3amanue:

1.3amMeHHUTE TPUTOHOMETPUIECKON PYHKIMEH yTria o:



. 3
a)sin g—a ; 6)cos|2 n—a); B) {g 771_'_0( s T)cig (900—0()
2. Haiinure 3Ha4eHNE BBIPAKEHNS;
. 0 0 0 an
a)sin 240°; 0)cos300°; B) tg(—225 |; ey KN

3. IlpeoOpa3syiiTe BbIpakeHue:

cos (—a)-cos(180°+«|
sin (—a)-sin (90°+a)

4. [IpeoOpasyiiTe BhIpaxeHHE

a) tg(2m—¢|6 ¢sin %—q))
5. Brorauciawure:

a) tg15°6 { cos 15°

6. Ymnpocture:

V3cosa—2cos (a—%)

. 8 _4 o
7. 3Has, urosina=—_, cosf=—,au 3 — yabl IueTBepTH, HAANTE 3HAUYCHUS

17° 5

BBIPpAXCHUA

IIpakTH4eckoe 3ansaTHe Nel0

Tema: ®opMysl 1BOMHOTO aprymesTa. @opMyisl IOJOBUHHOIO yTila

Hesab: HayunTs ucnonp3oBaTh HOpMyJIbl ABOHHOIO apryMeHTa Ipu IpeoOpa3oBaHUU
TPUTOHOMETPUYECKUX BBIPAKECHUN

Teopernueckuii 010k

sin 2x = 2 sin x cos x
_ 2 ta2

COS 2x = COS” x — sIn” x
cos2x=1-2sin’x

2tgx
tg 2x =
1 —tg’x



o l—coseax sin & l-cos
fg—=i = = -

2 l4cosx l+4cosea i ¥

o 1+cosa sl & 14+ cosa
C‘fg—:i = = -

2 l—cosa  l-cosa i e

YIpOCTUTH BBIpaKEHUE:

1) cos 2x = cos’ x — sin® x.

371ech npejcTaBiIseM 2x B BUJE X + X M IpUMeHsieM (hopMyJTy KOCHHYCA CIIOKEHHS apI'yMEHTOB!
€os 2x = ¢os (x + x) = cos x ¢os x — sin x sin x = cos> x — sin’ x.

2) cos 2x =1 -2 sin’* x.

311ech MBI IPOCTO MPOIOJIKUM MPe0oOpa30BbIBATH MPEABIAYIIYIO (GOPMYIY.

Hcnosb3yeM JUist 3TOr0 OCHOBHOE TPMIOHOMETPUYECKOE TOKAECTBO COs™x + sin’x = 1.

W3 5TOr0 TOXKIECTBA CIIELYET, 4TO COs°X = | — sin’x. VTaK, BLIIUIIEM HPEALIAYILYO GopMyIly,
BCTaBUM 3HAYEHUE COSX, CBEJIEM MOJ00HBIE UIEHBI U MOJIYYUM PE3YJIbTAT:

cos 2x = cos* x —sin’ x =1 — sin’ x — sin> x = 1 — 2sin? x.

2tgx
3)tg 2x =
1-tg’x

Crioco60B, KaK MPUHTH K TAKOMY TOXKECTBY, JIBa.

IlepBoIit cioco0. 3)1er HaM IIOMOXKET (bOpMyJ'Ia TAHT'CHCA CJIOKCHUA apT'YMCHTOB. I[J'Iﬂ 9TOro

npenacraBuM tg 2x B Buze tg (x + x). Urak:

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

Bropoii cioco6. On cnoknee. CHavana npuMeHsieM (GOpMyJIbl CHHYCa U KOCUHYCa CIOXKEHUS

apryMEHTOB:

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




TCHCpL, YTOOBI YHOPOCTUTH BBIPAKCHUC, NCTIUM BCC €0 4YaCTHU Ha COS X COS X, COKpaIacm
HOI[O6HI)IC YICHBI U MTPUXOJUM K PCIICHHUIO:

sin x eesx €05 sin x 2sinx
+
€05 COS X €05 COS X 2 cosx 2tgx
eosxeosx sin x sin x sin® x 1-tg’x
_ 1—
€0SX€OSX  COS X COS X cos’ x
[MTPUMEYAHUE:

HpI/I PCIICHUN KOHKPETHLIX 3aJad BaXXHO INOMHUTBL, YTO 3agad4a HMMECT CMBICIT JIMIIb B TOM
cjiydac, €CJIM B IMPOUCCCC pCIICHUA 3HAMCHATCIIM HUT'IC HC OKA3bIBAIOTCS paBHBI HYJITO.

Tenepb I HArJIAIAHOCTU PpCUINM HECCKOJIBKO IMTPUMEPOB IO TEMCE.

IIpumep 1. YpocTUTh BhIpaKEHUE:

sin 20
sin a
Penrtenue:
sin 20 2 stet cos o
= = 2 cos a
sin a sie

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

B MNEPBYIO OUCPC]b, OTMCYACM, YTO YT'OJI HAXOAUTCA B TpeTLeﬁ YCTBCPTH. 3Ha‘-II/IT, CHUHYC 6y,]1€T
CO 3HAaKOM MHHYC.

1) 3nayeHne cuHyca MBI MOIJIM OBl HAlTH Yepe3 Gopmyay 1 + ctg” a =
sin® o

3HaAYMT, HAM HAJI0 CHayYaja BEIYUCINTH 3HAUCHHE KOTaHreHca. Mbl 3HaeM, uto tg o - ctg o = 1.
CnenoBaTebHO:



2) Tenepb HaXOAUM 3HAUYEHHUE CHHYCA!

1 1 1 1 9
sina = = = = =
1+ ctg’ o 1 + (4/3) 1+16/9 259 25
3
sino=———
5

3) MeI 3HaeM, 4To sin 2a. = 2 sin o cos o. 3HAYUT, HAXOAUM €elile KOCHHYC (1o hopmyiie cos” o +
sin® a.= 1). ITpu 5TOM ONSATH HE 3a0BIBAEM, YTO yYIOJ — B TPEThEH YETBEPTH M KOCUHYC JOJDKEH
OBbITH CO 3HaKOM MHHYC. Tak:

9 16
cos’a=1-sinfoo=1—-—= ——
25 25

cosa=———

4) Ocrtanock TPUMEHUTH (OPMYITy TBOWHOTO yTJa:
3 4 2-3-4 24

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

= 0,96.

N
Il
I

[pumep 3: Beruucauts

T T
cos’ — —sin®> —

8 8
Permrenue.

DTO BBIPAKEHHUE COOTBETCTBYET MPABOM YacCTH (OPMYJIIBI KOCHHYCA TBOWHOTO
aprymenra (cos 2x = cos’ x — sin” x). 3Ha4uT, IPOCTO MPUPABHSIEM €TI0 K JIEBOH JacTu. J{yis
3TOr0 3aMeYaeM, 4To



OcTaercs BBECTH B (I)OpMy.Hy 9TO 3HAYCHUC X U PCIINTb YPABHCHUC:

T i T 2 T \2
cos’ — sin? =c0s2 - ——=CoS = cos =
8 8 8 8 4 2
YnpaxxHeHus:
BeruucianTe:
T T s T 2
cos? —— sin* — = cos (2 . —) = 05— = —.
1) 8 8 8 4 2
. T 1 LW T 1 . T .
SIn— - 0§ — = —(Esm— cas—) = —g8in (2 —) =—8ln—=
2) 12 12 2 12 12 2 12
T
9 __, (zﬁ) gt =1
l—rgzﬂ_g 8—.9'4—-
3)
COSX = E X E (3";2?1)1.
2. Jlano 3 2
Haiitu: a) CGSEI! 0) szﬂ
Pemenne:
a)
s 5 9 16
simx=1—cos*x=1——=—,
25 25
. 4|
siny = ——
5
X E (E—T Eﬂj
YuuTteiBas, 4To 2 , TO
. w 9 16 7
cos2x = cos°x —sSIN“x=———=——.
25 25 25
7
cos2x = —
OtBeT; 25
0)
] ] 4y 3 24
sin2x = 2sinx cosx =2 - (— —) —= ——,
K/ b 25
sin2x = —z—f
OT1BeT: 23

YOpocTuTe BbIpaKeHUE:
cosal®
6) cosdl®+sm 40
cos36° +sin 18

r) cos 1HT

Pemenue.



cos80°  _cos” 40° —sin T 40° _ lcos40° +sin 40°lcosd0° - sin 407/ _

cosd® + gn 407 cosd0® + gin 40°

6)= £os 407 —sin 407

Otger: to840% —sin 40°

cos36° +sin “ 18 _ cos® 18° —sin * 18° +5in *18° _ cos®18°

cos 407 + gin 407

=cosl8”
r) cos18° cos18° cosl18”
Otser: €05 18"
’\.I'IE [ i . .‘-"1"]2
— —|cos— +z5n —
Brrauciure 2 8 8
Pemrenue.
m.-@ T 7 : «JE 5 T b/ A S
— —|cos—+smn — = — —cos® ——Z2cos—smn ——sn T — =
2 B 8 2 2 8 8 8
W2 7w (W, m) A2 A M2 oo
=  —Z2gos—aih ——|eoos® —+ant —| = — —-Zcos—sih ——1= ——gin — -1 =
2 2 8 8 8 2 2 8 2 4
S22
= ——-——-1=-1
2 2
OtBerT: -1.
TecTtupoBanue
Bapuanm 1 Bapuanm 2
Buviuucaume: Buviuucaume:
1 c:-::u52£—3i112£ 72315‘:
' 12 12 1- tg?15°
S 1 A3 3 3
Vo Ay Ty YTy D 2)%-, 3}—%-, 4)--3
21g75° x  a
'%275.:_] 2. cos —smn E
3 3 I 1 1 2
DL I -2 =43 DX = H-— HEZ
3 3 )4= )2, 3 > )2
[ b .;rr]z . o 37T
3lcos—=—san— 3cos’ —-sm® —
8 3 ]
1 1 1 1 2 1 J2 1
—(2-42) 2= H=2- - VA R ) Rk Calt ' B
D=2 2z Hzl2-2) 4-o )= Do B g
o 4 Hadioume igdc, ecau tg2a =04
4 Hatidume g, ecau r.gg = 7 i 20
. . 9 2 Il; EJE; 208, 43'5
L= 21— 33— 4=
2 16 15 17

6. IIpoBepka, anaau3 oMIUOOK




Ne Bapuanm 1 | Bapuanm 2
3a0aHUA
1 1 2
2 2 1
3 1 1
4 3 4
YIITPATKHEHHNA
1. YupocruTe:
) sin2a & sin2a sin2a . 90y 1 ginZop
sino, ’ ) 2coso, * B) cos’o— sino r) cos2o, T sin‘o;
y Sndo, o) E100, ) c0s36° + sin18" | sino.
) cos 20 2cos 50°? G cos’lg  ° 3) 9in? %
: 2

2, JNokaXuTe TOMRILCTBA:
a) 2sin(90° — o) - sina = sin20 6) (sina + cosa)? = 1 + sin2a .
3. Beruuesnure:

. 4 3n
a) sinq, ecnm COSOL =+ ¥ — < O <2m;

5 2
6) cos 2a, ecom cosor = —0,2 u g< oL <T;
_3 3n
B)tg20t,ecmtgoc~4 IR <O< 5.
4. yl’lpOCTHTe BbIpaXKEHHE!
sin- o cos )
a) —2—; L TR
2 cos’ 2 © cos 9+sin9
2 2 2
6 sin 44 ) cos 20— sin 20
) cos 23’ cos 4o
5. Haligure 3Hadenusi sin o, coso # {g o, €ClM H3BECTHO, YTO

- a9
sing =gy H O<o<m. 'y



6. YIIDOCTUTE BhIpaXKEHHE:
) sin 2o.—2 sin o
cos o —1 2

B) sin 2o ctgo—1;

2
cos 20— COS~ O
0)

r) (ctg o+tg o) sin 20..

2
] —cos” o
7. YripocTure;
sin 28

a) 0,5 tg o sin 201+cos” o —5— .
cos 2B+ sin”

8. Boiuncaure:

a} 2sin 15° cos 15°; - r) cos’ 15°—sin’ 15°'
- T, *
6)851ngc05g, )4cos 4 sin” 8*
B) sin 105° cos 105°; e) cos’ T _sin? I8
’ 12 12"
9. YTIPOCTHUTE:
21g 5° 4ig 15° tg 75°
Al e ters., MF ok, B e
1 -tg? 5° 1-tg® 15 I —tg® 75

10. YTIpOCTHTE BhIpaXKeHUeE:
o T—-0o . /3%
a) 4 sin 5 sin ~—5— sm( 5 ocJ;

o 2n + o 2%+ O
6)4(:05—4005 7 COS—5—

11. JloKaxute ToKaecTBO
T o
1+sin o =2 cos’ (4 2).

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

13. CylliecTBYeT JIM TaKoil yroJi x, npH KOTOPOM

, - 3
SiNXCosx=7 ?



IIpakTnyeckoe 3ansaTne Nell

Tema: [IpeoOpazoBaHue CyMMbl TPUTOHOMETPUYECKUX (PYHKLUH B IPOU3BECHUE U
MIPOU3BEACHUS B CYMMY

Hess: HayunTs ucnons30BaTh JaHHbIe (YOPMYJIIbI IPU MPeoOpa3oBaHUM TPUTOHOMETPUYECKUX
BBIPAKCHUI

Teopetnueckuii 610K

CymMma cuHycOB

. . .ty Tr—1
sinx -+ siny = 2sin COS
2 2
Pa3nocTh cuHycoB
. . . T =y T4y
SN — sy = 2sin COs
2 2
CymMMa KOCHHYCOB
Tty r—1y
cOST + cosy = 2cos CcOS
2 2
Pa3Hocth KOCHMHYCOB
crxty . x—y
COST — Ccosy = —2sin Sin
2 2

CYMMa TaHIrCHCOB
sin(x + y)

tgr+tgy = ——
gt igy COSX COSY

Pa3zHocTh TaHreHCOB

sin(x — y)

tgr —tgy= ——
& Y COSX COSY

CyMMa KOTaHI'€HCOB

sin(x + y)

ctgr b ctgy = G rsiny

Pa3HOCTEL KOTaHTE€HCOB

sin(x — y)

ctgr —ctgy = ————
& id sinxrsiny

CymMa TaHreHca U KOTaHIeHca



cos(x — y)

tgr + ctgy =

siny cosx

Pa3HoCTh TaHreHCa U KOTaHT'€HCca

cos(x + y)
tgr —ctgy = —————
& i sinycosx

1
cosa - cos 7 = EI:CUHI[H — ) + cos(a + [3))
. : 1
sin o - =in 4 = 5 (cos(ev — 3) — cos(ar + )
1
sinea - cos [J = E[Hil’ll:ﬂ + 3) + sin(a — [))
Ipumep. Jloka3zaTth, 4YTO TaHIeHCHl YIIOB o =/=",+nm u =/="/,+nn paBHBI

TOrJa U TOJIBKO TOrJ{a, KOrAa 3TU YTJIbI pa3HATCA Ha yroJi, KpaTHLIﬁ TC.

[Tycth o u B pa3HsATCS Ha yroi, KpaTHBIN T; TOTAa oo = [} + nm, TAe n — HEKOTOPOe IeNoe
yucno. Ho B Takom ciryuae

tg o =tg (B + nn) =tg P.
OO6partHo, ycTh tg o = tg B. Torna tg o — tg B = 0 u mo popmyme (2)

sin (e — B) —0

cos o - cos P

Ho 5T0 BO3MOXHO NTUIIb IpU YCI0BUH, 4TO sin (o — B) = 0. Kak u3zBecTHO, cuHyc oOparmiaercs
B HYJIb JIUIIB JUTSL YTIIOB, KPaTHBIX . [loaTomy

o — B =nm,
a= B +nm,
YTO U TPeOOBAIOCH 1OKA3aTh.
Ynpaosicnenus
1. BBIuMCIUTh, HE MOJIB3YSICh TPUTOHOMETPUUYECKUMH TaOIUIIaMU:
a). tg 22°30' + tg 67°30". B). tg """/ + tg Y.

6). tg22°30' —tg 67°30' ). tg " — tg p.



2. YIIpOCTUTh BBIPAXKEHUE

lga 4128
tga—tgh

3. JlaHHBIC BBIpQXXCHHUS NIPEACTABUTH B BHJIE MPOU3BEICHHIA:
a)\/3—tg(x; 0) 1 +tga.

4. Haiitu ycioBue, Mpu KOTOPOM KOTAHTEHCHI YIJIOB O U 3 paBHBI MEXKIy COOOM.

YnpaxxHeHus:

[Ipeo6pazoBaTh B CyMMBI CJIeIyIOIIME TPOU3BEICHUSI.

1. 1) cos 15°  cos 5°; 2) 2 cos 18° » cos 66°;
3) 2 cos ™/s * cos "/s; 4)2 cos (a + b) * cos (a — b);
5)2cosxecos(x+1); 6)cos(a—")*cos (“>+7).

2. 1) sin 23°— sin 32°; 2) sin "/1, ¢ sin /s;

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

3) 2 cos 3° *sin 2°; 4) sin (x — y) * cos (y — x).

4. [Tonw3yscek hopmynamu mpeodpa3oBaHUs MPOU3BEACHUI TPUTOHOMETPUUECKUX
(GyHKUIUN B CyMMY, TOKa3aTh TOX/IECTBA:

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

5. IIpeoOpa3oBaTh B CyMMbl TPUTOHOMETpUUYECKUX (PYHKUIUN 1-i cTenenu
CJIEIyIOLIUE IIPOU3BEICHNUS:

1) sin’3A; 2) 2 cos? (o — 45°); 3) 4 cos x * sin® */5;
4) sin 4y cos® (2y + 4) 5) sin’® a; 6) 4 cos* a;
7) 16sin* o, * cos® o 8) 32 sin’ a * cos” a.

6. ITonp3ysice TabnMIIaMu, HAWTH YUCIIOBBIC 3HAUCHUS BHIPAKEHUN:
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. YIpOCTUTB BBIPAKEHUSI.
1) 2 sin 10° * sin 40° + cos 50°; 2) 2 cos 20° * cos 40° — cos 20°.
8.1)sina e (1+2cos2a);2)2 cosaecos2a— cos 3a.

9. 1) sin 20 + 2 sin ( /1, — a) * cos ( 12 + a);
2) cos2a. + 2sin (o + /6) * sin (o0 — /).

JlokazaTh TOXIECTBA.

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

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

12. 1) 4 cos “/» * cos a * sin **/, = sin o + sin 20, + sin 3a + sin 4o,
2) 4 cos “> ¢ cos a* cos > = cos o + cos 2a + cos 3a + cos 4a.

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

14. JTano: tg a =2 tg B . Jokazats: sin (o + ) = 3 sin (o — PB).
JlomamHee 3ananue:

[IpeoOpa3oBaTh B CyMMBI CIEAYIOLINE TPOU3BEACHUS.

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° e cos4®*cos 8% 2)4sin A ¢ sin 2A ¢ sin 3A « sin 4A.
Y1pocTuTh BbIpaKEeHUSI.

12. 1) sin* oo — sin (o + ™/3) * sin (o0 — /5).
2) cos® o — c0s(30° + a) ¢ cos(30° — ).

13. 1) cos 20 * cos” o — '/5cos 4a.— /> cos 2a;
2) cos* 3 + cos’ 1 — cos 4 * cos 2.



IIpakTH4eckoe 3ansaTHE Nel2

Tema: ©opMyITbl TOHIKEHHS CTETICHH
Hess: HayunTs ucmons30BaTh JaHHBIE (HOPMYITBI IPU TPE0OPa30BaHIH TPUTOHOMETPUIECKUX
BBIPAKEHHI

Teopernueckuii 010K

. 1 - cos2x
sinx =——
2
) 1 + cos2x
cos’x =—_—""
2
) 1 - cos2x
tgx =——
1+ cos2x
) 1+ cos2x
cg’x =——
1 - cos2x
L, X 1 - cosx
sin— =——
2 2
, X 1+ cosx
cos"— =—T—"
2
, X 1 - cosx
tg?— = ———
2 1+ cosx
, X 1+ cosx
agl— =——
2 1 - cosx



YupaxHenus:

1. Joka3ats:
a sinda
lg—=—"—"
2 1+ cosa
Jloka3aTenbCTBO:
. . . a ] ]
1 sin E 281n E 28 E cos E ST Sl
t‘g e . = = = .
2 cosZ 2c0s2 2c0s2 2 ,.1=cosa 1+ cosa
2 2 2 2
e
Cos—+ OI
2
2. Jloxa3ats:
a 1—cos
tg —= - .
2 sina
JlokazaTenbCTBO:
. a . . o O 1— cosa
Py smi 28ln > 2sin? 2 2 S — 1 — cosa
‘0 2 cos - 2sin 2 - 25in= cos = - sina T sina
2 2 2 2
ird . [y
Cos— + q Sin—+# \?
AHanus: kpoMme z no6aBisieTcs , uTo cyxkaer O/13.
1
cosa = —
1
am
<< —
3. JlanHo: z
Haiitu:
a a a a
sin—, cos—, tg—, ctg—
2 2 2 2
AHanu3 ycnoBus: Yol 3aJJaH OJJHO3HAYHO, CM. puc.l.
v
@
" d i 3
Cd
X
P‘ﬂ'.
) 3‘
2
Puc. 1.
Vkazanue: Bce q)YHKHI/II/I IMOJIOBUHHOI'O apryMmeHTa MOKHO BBIYHUCIIATH Y€PE3 KOCUHYC IMOJIHOI'O
apryMeHTa.
Pemenue:
12
L, a 1+cosa 1—33 1
sin° —= = =—

b 2 2 2 26’



3 T o 3
T<a< — < - <
, TO 2 2 4 , T.€. YTOJI BTOPO# YeTBEPTH, TJIc CHHYC BEINIHHA
MMOJIOKUATEJIbHASL.
. 5
sSin— =
OrTBerT: V2 .
12
¢ 14cosa 1-— 13
2 2 2 2 2
BI)IHIG IIOKaszaJiu, 4ToO 3 HaAaXoOJUTCs BO BTOpOfI ‘-IeTBepTI/I, e €ro KOCI/IHyC BCJIMYHUHA
OTpHIIATEIIbHASL.
cCos 2= !
OrtBer: 'l 26.
IIposepka:
o a 5 2 1 1\2
. 3 2 = R
SIN° —+ cos”— = ( )+( ) =1
2 ]| V26 V26
1=
5
a Sin—
_ 2 _ W26
cos E - =
3) \-%
tgs = —5|
OtBeT 2
. frs 1
C —_——=— = —
i) 5 tg a
4) 2
ctg®=—1
Orger: 2 3.
4. Tanio: sine = 0,2.
P ('JT ﬂ')l
Sin —— — .
Haiitu: 4 2
Penrtenue:
H -
5 (n a) 1 _Cﬂs(i"‘“) 1+sine 1+02 1,2 0.6
sln —_— ] = = = = = 0.
4 2 2 2 2 2
OtBer: '

IIpakTHyeckoe 3ansaTHE Nel3



Tema: BrinonHeHne ynpaxxHEeHH Ha TPUMEHEHUE U3yUYEeHHBIX (GOpMYIT
Heasn: [IpoBepuTh ypoBEHb YCBOCHUS MTOTYUYECHHBIX 3HAHUN

I-Bapuanm
1. Beruuciaure:
1. tg2 45-cos 30-ct9230
2.tg” 3042 sin60—tq 45+cos*30
2. Ypocrure BhIpaxKeHue:
1 tga-ctga
. 1—sin’a
2. 1
cos” o
)
3. sIma cos o
1—cosa
3. Buruunciaure:
1.c0s34 cos 56—sin34 sin56
2.sin 14 cos 346 +sin 346 cos 14
4. Coxparure a1poob:
1 sin40
"sin20
cos80
"cos 40 +sin 40

— th a+sin’a

II — Bapuanm
Boruucaure:
1.ctg”45-sin 30-cos 30

2.cth45+c0560—sin260+iict9260

Yupocrure BoipaxeHue:
1 1—cos’a
‘tga-ctga

1
> sin
sin’a
"1—cosa
Buruucaure:
1.c0s53cos37 —sin 53sin 37
2.sin13cos17+sin17cos13

4. Coxparure a1po0b:
1 sin 100

"sin 50
cos36+sin’18
"cos18

—Ctg2 a —COSZO(

3 +sin a

IIpakTHyeckas padora Ne 14
Tema: ApkcuHyc, apKKOCHHYC, apKKOTaHT€HC



Heuab: Hayunts BEIUUCIIATH apKCUHYC, ApKKOCHHYC, apKKOTaHT€HC

X R

Sinx =amna[-2l; 2]

X = arcsin a, rae —1<a<l

Onpenenenue:

arcsin (-a) = - arcsin a

Y=gy
11
Rl v
; o : 2
.1 £ %
2 s 2
-}
" =
arcsina=b[- 2|; 2
sinb=a
sin (arcsin a) = a
T
T
—~_
" ._____\\
0 |
o n n ;
5 2 g
L] M= Cos X

cos x =a Ha [0;11]

X = arccos a, rae —1<a<l

Omnpenenenue: arccos a=b cosb =a

cos(arccos) = a

arccos(-a) = p — arccos a



| \_'r' |

1 |

i jw=tgx
I

g

| %7 71

! i

ni Lo

2l o) |12

| |

: 2 | :

: mo

PR ;

i |

1 1

i i

: |

ﬂ x‘

tg=amna (- 2/; 2|)

X = arctg a, rze a — moboe.

xx

;J)

OHPeHeHeHI/Ie: arctg a =(- 2
tgb=a

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

Brruncinth:
1 J2

l.arcsin 1; arccos ( - 2); arct ”E; arcsin (- 2 I).
1 4 :rr x‘ 1 4

2H23me]

2.arccos (-2)=m- 3[=23| 1.k cos23

x E‘ ud E‘E‘
3.arctg“E=3,T.K.tg3=N"§H3i(_2;2)
E I - O -
4.arcsin(- 2l) = - arcsin 2l = - 4| 1. k. sin(- #) = - 2lu - 4{[- 2, 2]].
1

5.a) arcsin(- 2 );

0) 2 arccos %
%
B) 3 arctg -3



M3 \
r) arcsin 0 + arccos 2

1 1
1) sin (arcsinE ) + cos(arccos } ) —tg(arctg 6 )
6)IIpu Kakux 3HaAUEHUSAX X UMEIOT CMbICII BHIPAYKEHUS :
x
a) arcsin( 3 );
0) arccos 4x
B) arctg(2x-1)
7) YUrto Gombiie:

1

a) arcsin 2 wmu arcsin 0,82

l q
6) arccos(- 2 ) mm arccos 2
8) Brruucnure:

a) arcsin(-1) - arctg "E

arccos (- 21)

IIpakTyeckas padora Ne 15
Tema: Pemenne ynpaxHeHHI.
Heus: [IpoBepuTh ypOBEHb YCBOCHUS TaHHON TEMBI y YUAIIUXCSI

Pemienune ynpaxHeHuid:

1. Pemnre ypaBHeHus
a)tgx+1=0;

0) cosx+2=0;

B) sin x + 0,7 = 0;

r)2 cosx+ \'@ =0;

o) ctgx+1=0;
CamocTosiTenbHas paboTa
1 BapuauT 4. ctg x—1,5=0.
Pemnre ypaBHeHus: T
l. 2cosx—1=0; EOS[X"'—]—I
5

-0

2.‘~Ectgx—l=0; T
sin[——x]
6

3. 2sinx+ \"{_ =0;



T x
Zxl=41 il
7. “Etg[ﬁ ] 9. (sin 2 —I)(ctgx + ‘E)ZO;

1—2c0522x=£ 4Sﬁ1[3x—£]+1@=0
8. 2 . 10 4 .

2 BapuaHT
Pemure ypaBHeHus:

1.2 sinx — 2 =0;

2. “Etgx—1=0;
3.sinx—-3=0;
4. cosx—0,4=0;

sm[x—E]+l=D
5. 3 ;
cos x—j—T =
6. [ 5] :
T
——x|=-3
7.“-"I§ctg[3 ] ;

8. 4 4 4.
9.(1+cos2x)(tgx—“"§)=0;
dcos ) +:12 =0
10. 2 6 .



IIpakTuyeckoe 3ansaTue Ne 16

Tema: KontponbHas pabota
Iean: [IpoBeputs ypoBeHb YCBOCHHS MaTeprana o teme: « OCHOBBI TPUTOHOMETPHI

1 BapuanT
1. Beruucauts: a) cos 780°;
137
6)sin 0 ;
12 3r
—— urn<o<—
B) sin o, ecmi cos o = 1 2
o

T) COS 2 ecnmcosa=028u0<a<m;
sin 75° + sin 45°

) sin 285°

V4
e) 16 cos x cos 2x cos 4x cos 8x, eciu x = 6.
=2 2
sin“a  cos’a . 1
- — sinq@ —cosa = —
XK) COsQ  SINQ  ecnm 2

2. YopocTuTth BeIpakeHue: a) cos (o — f3) — cos (o + PB);
0) sin 915°cos B — sin B sin 645°;
1
B) 2 sin (540° + B) sin (B + 810°);
r) sin 3a cos 2a + sin 2a cos 3a —cos (21 — a);
sin(—a ) + cos(m + )

1+ 2cos(ﬂ - ajcos(—a)
1) 2 5

I —cos2a
e) sin 2a ;
k) 4 sin 10° cos 50° cos 40°.
/1

3. Pemmnth ypaBHeHHe: a) cos (T +x) =sin 2 ;
0) sin 5x cos 4x — cos Sx sin4x = 1.
cosa  l+sina

4. Jloka3aTh TOXKAECTBO: a) 1 —sina cosa

1
6) cos 4o+ 1 = 2 sin 4o (ctg o — tg av);
1-2cos’ o
— =g a-clig o
) sinacosa
2 BapuaHT
1. BerancnuTs: a) sin 780°;
137
6)cos O ;

4 RY/4
——un<oa<—
2

B) COS O, €CJIH Sin oL = 5 ;



4 kY4
r)sin 20, ecmsina = d un<oa< 2 ;
sin 70° + sin 20°

n  cos205°

Vs
e) 16 sin x sin 2x sin 4x sin 8x, ecmux = 0 ;
4sin 20 + 5cos2a 1

}K) 2sin 20 —3cos2a , €CIIU Ctg o= 5 3
2. YipocTuTh BeIpakeHue: a) sin (o + ) + sin (o0 — B);
0) sin 605°cos B + sin 3 sin 835°;
1
B) 4 sin (405° + B) cos (B + 765°);
r) sin 4o, cos 3a + sin 3a cos 4o —sin (6 — a);

sin[? + aj +sin(27 + @)

1) 2005(— a) sin(—a) +1

sin 2«
e) 1+cos2a ;

%K) 4 sin 15° cos 15° sin 100°.

g
3. Pemuth ypaBHEeHue: a) sin (T + x) = cos ( 3 ;

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

simae l+cosa
4. Jloka3aTh TOXKAECTBO: a) 1 —cosa sima
0) (tg a + ctg a)(1 — cos 4a) =4 sin 2a;
1 .
=sinx cosa

B) Ig a+ctg a

IIpakTyeckoe 3ansaTue Ne 17

Tema: IIpomexxyTku Bo3pacTaHusi M yObIBaHHS, HAMOOJIbIIICE U HANMEHBIIICE 3HAYCHUS, TOUKH
IKCTpEMyMa

Heanb: Hayunts HaX0auTh BO3pacTaHie U yObIBaHUE (DYHKIIMH, @ TAKXKE OMPEACIIATh
AKCTPEMYMBI (DyHKIIUH

Teopernueckuii 610K

MOoHOTOHHOCTbh PYHKIMU. TOUYKH IKCTpeMyMa U SKCTPEMYMbI GYHKITHH

PaccMOTPHM HEKOTOPYIO (yHKIHIO » Qe YpoméHHo nojaraeM, 4To OHa HelpepbIBHA Ha

BCEM YMCIIOBOM MPSAMOM:



OyHKIMS BO3pacTaeT HAa HHTEPBAJIe, €CIIU AJIS JIIOOBIX IBYX TOUEK STOr0 MHTEPBaja, CBI3aHHBIX

OTHOIICHHEM *2 ~ L, CrIpaBe UIHBO HEPABEHCTBO FO) > f(m) 1o €CTb, OOJIBLIIEMY 3HAYCHHIO
apryMeHTa COOTBETCTBYET OoJiblliee 3HaueHue (PyHKIUH, U €€ TpapuK UIET «CHU3Y BBEPX).

Jlemonctpaumnonnas byrxuus ~ = 42 pacrér na nurepsane (%2,

Amnanoruuno, GpyHkuMs yObIBaeT Ha UHTEPBAJIC, €CIIU AJIs JTIOOBIX IBYX TOUYEK JAHHOTO

UHTEpBAJIA, TAKUX, YTO T3 2 xl, CpPaBEIJIMBO HEPABEHCTBO Fn)<r (xl}. To ectb, GosbIIEMY

3HAYEHHIO apryMEHTa COOTBETCTBYET MEHbIlIee 3HaUeHHe PyHKLIUHU, U €€ rpaduK UJIET «CBEPXY

BHM3». Hama gyuxiums 2 — S yObIBaeT Ha UHTEpBaJIaxX (oo ), (& + ) .

Ecnu gyHkius Bo3pacTtaeT uin yObIBaeT Ha MHTEpBaie, TO €€ HA3bIBAIOT CTPOro

MOHOTOHHOI Ha JJaHHOM HHTepBasie. Takke MOKHO ONpPEIEIUTh HeyObIBAIOIYIO (DYHKIIHIO
N >

(cMsIr4€HHOE yCI0BHE J)2 70l g NIEPBOM ONpECICHUN) U HEBO3PACTAIOIIYI0 (DYHKIIHIO

. =
(cMsIry€HHOE yCI0BHE J(5) =70 5o 2-om omnpenenenun). HeyObiBatoryto miu
HEBO3PACTAONIYI0 (QYHKIMIO Ha MHTEPBaJie Ha3bIBAIOT MOHOTOHHOW (DyHKIMEH Ha JaHHOM
MHTEPBAJIE .

OKpeCTHOCTh TOUKH.

Oxpecmnocmuio moykuy Ha3bIBAIOT UHTEPBAJI, KOTOPBIN COAEPKUT JAHHYIO TOUKY, IPH 3TOM IS
yA00CTBa MHTEpBAJl YacTo MojaraloT cuMmMeTpudHbIM. Hanpumep, Touka * = @ u eé

CTaHOapTHaA g OKpPECTHOCTE:



a—ﬁma+5
a X

L J

X . ,
Touka P Ha3bpIBACTCS TOYKOI CTPOroro MaKCMMyMa, €CIIu cyujecmeyem e g

. . . x
OKPECTHOCTb, IJIsl BC€X 3HAUYCHUI * KOTOPOU 3a UCKIIFOYCHUEM CaMOil TOUKHA " BBITIOJIHEHO

HCPaBCHCTBO f[x) ﬁf{xﬂj . B Hamem KOHKPCTHOM IIPUMCPE 3TO TOUYKA b .

Touka *@ HA3BIBACTCS TOYKOM CTPOrOro MHHMMYMA, CCIIH Cyiyecmeyem & O -
. . . x
OKPECTHOCTbD, IJIsl BCeX 3HAUYCHUI * KOTOPOU 3a MCKIIFOYCHUEM CaMOil TOUKH “° BBIIIOJIHEHO

HEPaBEHCTBO S (@) > fx) . Ha uepTexe — Touka «ay.

Tourn % ¥ waseisator Toukamu CTPOro 3KCTpeMyMa WIH IIPOCTO TOYKAMH IKCTPpeMyMa
¢yskuuu. To ecTh 3T0 0000IIEHHBIH TEPMUH TOYEK MAaKCUMyMa U TOYEK MUHUMYMa.

X . ..
Touka " Ha3BIBaCTCSI TOUYKOM MaKCUMYMa, €CJII cyujecmeyent €€ OKpECTHOCTD, TaKasd, YTO AJIH
o o <
BCeX 3HAYCHUH * AJaHHOH OKPECTHOCTHU BBIITOJHCHO HCPABCHCTBO f(x}_ f(x':'} .

X < .
Touka " Ha3bIBaCTCSI TOUYKOM MMUHHMYMa, CCJIU cyujecmeyem €€ OKPECTHOCTD, TaKasl, YTOAJIH

F0)2 f(z)

BCeX 3HAYEHUH * JIaHHOMU OKPECTHOCTH BBIIIOJIHECHO HEPABCHCTBO

~ snavenme @) Haseisator MaKCUMYMOM (DyHKIIHH;

~ snavenme 7 @ Hassisator MHHUMYMOM (yHKITHH.
OOmiee Ha3BaHHNE — IKCTPEMYMbI (DYHKITHH.

Touku IKCTPEMyMaA — 3TO «MKCOBBIC) 3HAUCHUS.
:‘)KCTpeMyMBI — «UI'PCKOBLBIC) 3HAUCHUS.

Hwu onnoro, 1, 2, 3, ... u T.1. 10 6eckoHeuHocTr. Hampumep, y cuayca 6€CKOHEUHO MHOTO
MHUHUMYMOB U MaKCUMYMOB.

UYro noapasyMeBaeT 3aJJaHie «HAAUTE IPOMEXYTKH MOHOTOHHOCTH M TOUKH SKCTpEMyMa
byHKIII» ?

®opmynupoBKa NOOYkIaeT HAUTH:
— MUHTEepBaJbl BO3pacTaHus/yObIBaHUS (PYHKLIUU

— TOYKHU MaKCMyMa /WA TOYKH MHWHHUMYMa



[Tpumep 1.0mpenenuTs 1o rpaduky NpoOMexXyTKH BO3pacTaHus (GyHKIINU.

FUBEEEEEERN
y = flx)

. L
9\ | of 1 1 [N s
m

| o |
L L1 | 1]

Pemenne Ecnu pynkuus Bozpacraer, To Ipu JBUKEHHUH I10 TpaUKy cIeBa HAMPaBO OPAUHATHI
yBenmuuuBatorcs. CrneoBaTenbHO, QYHKIHS BO3pacTaeT Ha otpeskax /-6, 0] U [6, 9].

I

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

[Tpumep 2.0mpenenuTs 1mo rpaduKy MPOMEKYTKH YObIBaHHS ()YHKITHH.

|
|

Pemenne Ecnu pyHkus yObIBaeT, TO MU ABMKEHUU 10 TpadUKy ClieBa HAMIPABO OPIUHATHI
ymeHbIatores. CrenoBarenbHO, QYHKIHS yObIBaeT Ha oTpeske[-1; 2].

Ortser: [-1; 2].



[Tpumep 3.Ykaxure rpaduk Bo3pactarouiei QyHKIHH.

1) 7Y -J,...,..h__h..
A\

0
I \VANE

3) AV
__..-3
0 '

17N
OrtBer: 3.

Pemenue ynpaxHeHuit

2)

)]

N
>
——

*..-n""

| [ I

[Tpumep 4.Ykaxure rpaguk yobiBatomeil GyHKINH.

1) W

Ortser: 4.

2)

4)

| B

-
=

=Y




[Tpumep 5.Yka3zaTe HHTEPBAJIbI BO3pAacTaHus GYHKIMH, TpaUKU KOTOPHIX MPEACTABICHbI Ha

1) _ﬁ ...i....Jr'__.i 2) LAY
T EVIN TN
L =«ia )g *R‘“ / ]
S ANEEEEEEES N
AT HH
o TTT T O[T TR TTTT [
HEE ‘l'
[ LA 11 N |
e |10 x _
T 4| ) A i
1 W i L.
ST | N
, myin L1110
pUCYHKaX:
OTBeT:

1) [-5; 11U [3; 5]1;2) [-3; 0JU[3; 6];3) [-5; 0) U (05 5]:4) [-3; -2] U [2; 3] U [4; 5].
[Tpumep 6.0mnpenenuts no rpaduky GyHkiun y = x4 — x3 + bx + ¢ 3Haku

AY

=Y

/
e
/
ko3 durmenToB b u c.

Pemenne 3ametum, uto ¢ = f(0), cienosarensHo, ¢ > 0.Takxe 3ametnm, uto b = f'(0), u,
cienoBarenbHO, b < 0, Tak Kak Ha MHTEpBaJIe, coaepxaiieM Touky 0, pyHKIus yObIBaeT.
OtBer: ¢>0,b<0.



[Tpumep 7.0mpenenuTs 1o rpaduky TOUKy MaKCUMyMa.
AY

5 FanY

, "
R

[Tpumep 8.Yka3aTe nHTEpBaAIBI YOBIBAaHUS (YHKIIUH.

A T
5 y=flx)

Y=

-8 0 \2?\

[Tpumep 9.0mpenenuts o rpaduky Gynkmun y = kx + b 3Haku kosdunmentos k u b.

[ vk : 2) 7Y
B | o
| e
5 = =T To 3
'!
3) AV +m 4) ! YA
1] x 0
- Px
| L
|
| |
L LT




1.

OTBeTbI:

1) k<0,b>02)k>0,b>03)k=0b>0:4)k<0,b<0.

IIpakTHyeckas padora Ne 18

Tema: UccnenoBanue ¢pynxnuii. [loctpoenne rpaduxos ¢pyHKImMA

Henab: 3akpenuTh U CUCTEMATU3UPOBATH UCCIIEJOBAHUE U TOCTPOEHUE TPadUKOB (YHKIIHI

OpOHTAIIBHBIN OIIPOC

1.Yro Ttakoe urcnoBas (GyHKIMA, €€ 007acTh onpeaesieH s, 001acTh 3HaUeHUs?

2.4Yro takoe rpaduk pyHKIUN?

3. ChopmynupyiiTe onpeaencHue GpyHKIIMU, BO3pacTarole 1 yObIBaoIei Ha MHOXecTBe P

4. JlaiiTe onpeaeneHusl TOYKM MaKCUMyMa, TOUKM MUHUMYyMa. YTO Takoe TOYKU IKCTpemyMa?

5. JlaliTe onpeenenre 4eTHOM 1 HeYeTHON QyHKIMK. Kakum cBoiicTBOM 001aiatoT ux rpaduxu?

6.Yro Takoe nepuoanueckast yHKuus, nepuoa GyHkuun?

7.Kakoii HaUMEHBIINH TTOJIOKHUTEIBHBIN IEPUO]] UMeeT (QYHKIUS: Y = COSX ,

y=sinx, y=tgx, y =ctgx

Pemienune ynpaxHeHui
1. TTocTpoiiTe rpaduk GHyHKIUH, €CIH U3BECTHBI €€ (PYHKIINH:

CBoMCcTBO (pyHKITHH
1. | O6uacts —6;6] |—5;4] —4 ;4] |—5;3]
OIIpe/IeTICHUS
OOGnacTb 3HaUEHUS —2;5] 0;6] —3,6] 0;5]
2. | Touku nepecevyeHus
rpaduka:
a) ¢ oceto Ox
A(-4;0) 0(0;0) A(-4;0) A(3;0)
B(-2;0) B(-1;0)
0) c ocero Oy C (2,5;0)
C (0;2,5) D(0;-2) B(0;4,5)
3. | IlpomexxyTku
3HAKOMOCTOSHCTBA:
a)f (x)>0 —6;—4| [—5;-0] —4;-1] —5,3]
—2;6] 0;4] 2,5;4]
6)f (x)<0 —4;-2] —1;2,5] -
4. | ITpomexyTku
a)BO3pacTaHUs [—3;1} [—5;—2] [—4;—2] [—3;1}
456 0,4, 1;4]
0)yObIBaHUS (—6;-3] (—2;0] [—2;1] |—5;-3]
1;4] 1;3]




5. | Touku MakcuMyma, 1, fl1]=3 2,fl—2)=2 2,fl=2)=2 1, fl1]=5
MaKCUMyM (yHKIIUH
Touku MuHUMYMa,
MUHUMYM (DYHKITIH 0, 1, fl1)=-3
-3, -3,
4,
6. | JlomonHUTENEHBIE fl—6/=3 fl—=5]=0,5 fla]=6 fl-5]=3
TOYKH rpaduka fl6)=5 fla]=6

2.Uccnenyiite u noctpoiite rpaduk GyHKIUU

a)f(x|=5-2x
0)

B) f(x)=x3—1
r)

Wfix=—

IIpakTnueckas padora Ne 19

Tema: Pemenue ynpaxHeHuit
Heanb: 3akpenuTh 3HaHUS U YMEHUS CTYJICHTOB I10 JAHHOW TEME

1. Omnpenenuts 1o rpagukam GyHKIUHU y = ax2 + bx + ¢, yKa3aHHbBIX Ha PUCYHKaX, 3HAKU
k03¢ pumeHToB a, b, ¢ u qUckpumMHuHaHTa D.

1) ] L LAY
i ]
i‘ ; \
| y 0 HENE
[
3) |
ML /
A 1111
T LT~
| N
OTBeTHI:

1)a<0,b<0,c>0,D>0;

nI

4)

!

5=

=Y




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

4)a>0,b=0,c>0,D<0.

IIpakTHyeckas padora Ne 20
Tema: KonTponbHas paboTa
easn: [IpokOHTPOIMPOBATH YPOBEHD YCBOCHUS yHallIUMUCS TeMbI: « OCHOBHBIE CBOMCTBA
GyHKLIUI»

I Bapuamnr.
1 Uccnenyiite pynknuio f(x) = 3x* — 2|sinx| + x*-tgx Ha 4ETHOCTH (HEYETHOCTS ).
2
alxy=sml5v+ Scos—x
2. Jlana @yHkuus
A) Haiinure: g(0); g(7n); g(—12m).
b) JoxaxwuTte, 4To 8T sIBISETCS IEPHUOIOM (HYHKIIUH.
B Haiinure ocHOBHO¥ niepro 1 yHKITUH.
. ] - |":.Er:L ..'..
r=sinly -
3 Haiinute ocHOBHOM mepuo1 ¥ HanboJibiee 3HaYeHne (PyHKITIN
4 (Haiinre ammmntyy, 4acToTy, MEPHOA M HAYAIbHYIO bazy rapMOHHYECKUX KOHe6aHI/II/I u
A3
p=——sin2— —
noctpoiire rpaduk:
5. Haiinute oGmacth onpeaeneHus GyHKIHNA

_x-12
x*—1 '

I+t x

cos 2y

II Bapuamnr.
1 Uccnenyiire pynxnuro f(x) = 3x|x| — 2sin’x + ctgx Ha 98THOCTH (HEYETHOCTS ).
2

ol ) =380 —

- T
3 A

X —L0S
2. lana ¢yHKIUA
A) Haitnure: g(0); g(-9n); g(8m).

b)dokaxwure, uto 241 SBIISETCS NEPUOAOM (YHKITHH.
B) Haiinure ocHOBHOM nepuos GyHKITUH.

RIFESY
= ———- Cos2y
} LA
3 Haiinure OCHOBHOM NepuoJl 1 HAUMEHblIee 3HadeHne (QyHKINUU I +1g
4 (Haiigute aMIIIUTy Iy, 4acTOTY, IEPHO U HAYAIbHYIO (pa3y TrapMOHHUYECKUX KOJIe6aHI/II/I "
= . l
V=-+/3sin_¢—cos—f
nocTpoiire rpaduk: = =



5.Haiinute obnacth onpeneneHus GyHKIUU
_ Vx+12
xX—1

IMpakTnueckas padora Ne 21

Tema: Pemienrne nuppalldOHAIBHBIX YPABHEHHI
Hean: Hayunts pemarts uppallOHaIbHBIC YPAaBHEHUS

Teopernueckuii 070K

HppannoHaabHBIM Ha3bIBACTCS YPAaBHEHHE, B KOTOPOM HEM3BECTHOE (IIEPEMEHHAs) COICPIKUTCS
M0J1 3HAKOM KOPHS WJIH T10]] 3HAKOM OTlepaIliy BO3BEJACHHS B PALIMOHATIBHYIO (APOOHYIO)
CTETICHb.

Jlns penieHust uppaoHaIbHBIX YPaBHEHHH OOBIYHO UCTIOIB3YIOTCS CIEAYIOIINE P U E MBI :

1) «yenuHeHne» KOPHS B OJHOU M3 YacTel ypaBHEHUS U BO3BEJICHHE B COOTBETCTBYIOIIYIO
CTEIICHb;

2) BBeJIeHUE HOBOU MepEeMEHHOM;
3) cBelleHHE K CHCTEME YPaBHCHHIA,
4) mpyMeHeHne CBOMCTB (PYHKINN, BXOJAIIUX B ypaBHEHHE.

CrnemyeT MOMHUTB, YTO TIPH PEIICHUN UPPAIMOHATBHBIX YPAaBHCHHI HE00X0IuMa
MIPOBEPKA BCEX HANJACHHBIX KOPHEH MyTeM UX MOJCTAHOBKHU B UCXOJIHOE YPABHEHHE WIIN
HaxoxaeHue O/13 u cnexyronuii aHamu3 KOpHEH (IpU pelieHuH METOA0M IIPUBEIEHUS K
PaBHOCHUIILHOM CMEIIaHHOM CHCTeMe ypaBHEHUH U HEPaBEHCTB HEOOXOAMMOCTh B 3TOM

OTIIaJ1aeT).

[Ipocreiimmm nppauoOHaIbHBIM YPABHEHUEM SIBJIICTCS YPAaBHEHHUE BUJIA:
/7G) - 2(x)| -

IIPU PELIEHUN KOTOPOI0 BaXKHYIO POJIb UTPAECT YETHOCTh WJIM HEYETHOCTh "

Ecm ¥ - HEYETHOE, TO YpaBHEHHE (*) paBHOCUIILHO YPAaBHEHUIO

&) =)



Ecm ¥ - 9YEeTHOE, TO, TaK KaK KOPEHb CUUTACTCS apu(PMETHISCKUM, HEOOXOIHMO

. x) 2 q
yuutsiBath O/13 (007aCTh AOMTYCTUMBIX 3HAUCHH ): f ( . YpaBuenue (*) B 93TOM cirydae
PaBHOCHUIILHO CHUCTEME:

{f(r) = (g(x))
g(x)>0

33 _]I
IIpumep 1. Pemmuts ypauenue %X — Ix+1=1

Pemenue. Tak Kak B JaHHOM npumepe n= 3| - HCUCTHOC, TO II0CJIC BO3BCACHUA 00eux vacrei
YpPaBHCHUA B TPETHIO CTCIICHDL ITOJIYYUM
PaBHOCHUJIIBHOC JaHHOMY YPAaBHCHUC:

3 3 x=0 x=0
P-uHl=r o -u=0 <
x'-2=0 x=+/2

Il Z_WE’II =ﬂ,13 =’\§.

Otser:
Ipumep 2. Peumts ypaBHenne % +1=2- II

Pemenne. Tak xax = d - YETHOE, TO UCXO/IHOE YpaBHEHHE PAaBHOCUIILHO CUCTEME:

={2— t+l=4—-4x+x° x2—5x+3=0
x+1=(2-x) - o
2—-x>0 x<2 x<2

< 7 & x=
x<2

x=(5-+13)/2

Izﬁix/ﬁ 5_./13
—

OTtBer:

[ g — M
WHornma BCcTpedaroTcsl ypaBHEHUS BHIA “'/f(x) N Jg(x) , KOTOPBIE PeIIaroTCs
CJIEIYIOIIUM 00pa3oM:

B evernoe = S ()= &lx)

ol (e

N2x+6—Jx+1=0.

[Ipumep 3. Pemuts ypaBHEHME



Pemenue. 3anumiem JaHHOE ypaBHEHUE B BHJIC: 22X +6=x +1|' Bo3sBogs 00e yactu B

1> u,| _
KBaJpaT ¥ yYUTHIBAsA, YTO MOJIy4UM ypaBHeHue 2x+6=x+1/, perienue KoToporo

€CTb X=-) — HE yJIOBJICTBOPSIET BHINUCAHHOMY YCJIOBUIO. 3HAUUT, JAaHHOE YPAaBHEHUE HE UMEET
peneHui.

Otser: HET penieHUN

WHorna nppannoHanbHOe YpaBHEHHE COJIEPKUT HECKOJIBKO pajiukaioB. B atom
ciy4ae Jysi n30aBIeHUs OT PaJIUKaloB ypaBHEHHE NPUXOIUTCS BO3BOANUTH B COOTBETCTBYIOIIYIO
CTeTeHb HECKOJIbKO pa3. IIpu 3ToM mpeaBapuTeNbHO YEIUHSIOT OJIMH U3 PaJIiKalIoB TaK, YTOObI
00e 4acTH ypaBHEHHs CTaJIHM HeoTpuuaTeabHbIMA. Oco0oe BHUMaHUE cIeayeT OOpaTHTh Ha
npaBwibHOE HaxoxaeHue O/13.

[Ipumep 4. Pemuth ypaBHEHUE "J'IIZI -9 “JI -3= ]|

Pemenne. 3anuiiem ypaBHeHue B BUae: ¥ 2x -9 =1++X—3| ¢ kax Terneps 00e YyacTu

[OJIYYEHHOTO yPAaBHEHHS HEOTPUIIATENILHEI, TO BO3BEAEM UX B KBAIpPaT:
2x—9=14+x-34+2)x-3 &= x-T=-/x-3

[TomrydyeHHOE ypaBHEHHE PaBHOCUIBHO UCXOAHOMY. [[71s1 ero pemieHus: pacCMOTPUM CUCTEMY:

x-720 x=27 x27
= &
(x—7) =4{(x-3) X’ —14x +49 = 4x—12 x* —18x+61=0
x=>7
— X=9+

x=9i@
Orger: X =9+ ‘”ml.

BBenenue HOBOM IEPEMEHHOM B PSAJE CIIy4acB IO3BOJISET IIEPEUTH OT
UPPALMOHAIIBHOTO YPABHEHHS K PAllMOHAIbHOMY YPaBHEHHUIO.

2 2 _ ‘
[pumep 5. Pemnrs ypasuenne X 1 3x+4Jx" +3x-5=10|

Pemenue. Bo3BeneHre JaHHOTO ypaBHEHUS B KBaJpaT MPHUBEIO Obl K YpPaBHEHUIO YETBEPTOU
CTEIEHU, YTO HEPALMOHAIBHO. [10oTOMY 3anuiem ypaBHEHHUE B

2 2
pupe ¥ +3X—5+4VX" +3x-5 =§ ;| ppesen «oByto» nepemennyio:

y= Jxt+3x-5 y= q




=1
_].!1 +4y-5=0 = ¥

[Tomyuum y=-

2 _ 2 _ ‘
BepHeMmcs K «cTapbiMy mepemennpy ¥ X +3X—5 = ‘ wm VX +3X=5=-5| Bropoe m3
 _3+.33
2

x
MOJIYUYCHHBIX ypaBHeHI/Iﬁ pemeHHﬁ HC UMCCT, a pCHICHUA IEPBOTO €CTh YHCJIa

_-3-.33 . _-3+.33

I 2
OTBer: 2 2

WHorna npu penieHny HppaluoHaIbHOTO YpaBHEHHsI BOSHUKAeT HEOOX0IMMOCTh BBECTH HE
OJIHY, @ HECKOJIBKO «HOBBIX» IIEPEMEHHBIX. Takas cUTyalus BO3HUKAET, HAIIpUMED, IIpU
pELIeHUN YPAaBHEHHM, COAEPKAIUX PAaIUKAIIbI PA3HBIX CTEIECHEH.

3
[Tpumep 6. Pemnth ypaBHEeHUE “JI[I -2+ ‘fll —X = 1‘.

f 3
Pemenne. [Tycts ¥=+VX—-220 , v= \'1_; . Torma u+v=1c Ipyroit

2
cropous! ¥+ v =x-2+11-x= 9|. [Toy4aem cucteMy

utv=1 u=1-v u=1-v
< >
W v =9 (1—1:*)1 +v’ =9 vV v —2v-8=

PemnM nocneiHee ypaBHEHUE CUCTEMBI:
3 2 _ ‘ﬁ —
vy -2v-8=0 < —8)+w(v—-2)=0

v=12
v—2 1.1r1 +2v4+44v)]=0 > ov=
( X ) vii3vird4=0

[Tomyuum, uto ¥ = 2|, aTorma B=1-¥=-1< q Tlo ycnosuio # = q
, CIIeIOBATEeNbHO UCXOIHOE YPABHEHUE PEIICHUI HE UMEeT.
OTBeT: HET pelICHMUI.
[Ipu perieHnr HEKOTOPBIX UPPALMOHAIBHBIX YPaBHEHUN HaX0KJIeHUE 001acTh
JOITYCTHMBIX 3HAUEHUI BXOAIIUX B YPAaBHEHHE HEU3BECTHBIX MOXKET CYIECTBEHHO OOJIETYUTh

pelieHre ypaBHeHUsI.

[Ipumep. Pemmts ypaBHEeHHE



81'2
1y’ +?——+"J —6+13x—2x —x*—6=

Pemenne. /[anHOE ypaBHEHME UMEET BECbMA IPOMO3AKHI BU/ U HESICHO KaK MOJOWUTH K €ro
pemenuto. [losTomy Halimem cHavana OJ13:

2
[I3+3L_35_I;_>u 2.8 35) 5, {I(x+5 —21>0
3 3 3 3 3

1X—-620 X206 X206 A=
Bx-2° -x7-620 |20 +x® —13x+6<0 |(x—2)2x’ +5x-3)<0

- v L

[x cl-5:0] UE ;+"°J x €[6;+ )
{xel6;+) 2| 7*
(x Z{ __J(I+3)<:u IE(_m;_ﬂlu[%’E](j

HOJ’Iy‘-II/IM, YTO 001aCTh A0IMYyCTHUMBIX 3HAYCHHI JaHHOT'O YpaBHCHUS ABJIACTCS IIYCTBIM
MHOXECTBOM H, CJICAOBATCIIbHO, JdHHOC YPABHCHHUC pemeHHﬁ HEC UMCCT.

OTBeT: HET pelICHHUIA.

[Tpu pemieHnn uppaoHaIbHbIX YPaBHEHUH ObIBAET MOJIE3HO BOCIIOIb30BATHCS
MOHOTOHHOCTBIO (DYHKIIHUH.

x+6)=6-3x+6
[Ipumep. Pemuths ypaBHEHHE .

Pemenne. OMH KOPEHb JAHHOTO ypaBHeHus ¥ = :4 Jerko Haiitu noabopom. [lokaxem, 4yTo

3 —
JIPYTUX KOpHEW HeT. 3anuilieM YpaBHEHUE B BUJIE w'/ 2(1 + 6) + ﬂ,'r x4+ 6= d

— _ 3]
[To cBOICTBY CTENIEHHBIX PYHKIMH (YHKIMN g l(x)_ ¥ (I+ 61 u Y2 (I) =Nxt ﬁ‘

& mj
SBJIAIOTCS BO3PACTAIOIIMMU Ha IPOMEXKYTKE [ , rie oHM 06e onpenenensl. [loaTomy nx

y(x)= J2(x+ﬁ)+¥x+ﬁ
cymMma Ha 9TOM IIPOMEKYTKE TAKKE BO3PACTAET, CJIEA0BATEIBHO,
OHa MPUHMMAET Ka)kJJ0€ CBOE 3HaueHue (B TOM uuciie U 6) ToabKo oAuH pa3. [lostomy npyrux
KOpHEH HeT.

OtBet: * = 2'

B HEKOTOpBIX ClTydasx MOKHO OCBOOOAUTHCS OT UPPALMOHAILHOCTH B YPaBHEHUU
YMHOXEHHEM 00€UX YacTel ypaBHEHUI Ha HEKOTOPOEe He oOpaliaroiieecs: B HyJlb BRIpayKEHUE.



[Mpumep. Pemuts ypaBHEeHHE "'f3rz +5x+8- VF3I: +5x+l :ll

Pemenune. YMHOXUM 00€ 4acTH 3aJaHHOI'0 YPaBHCHUA

Ha BBIPAXXCHUEC \.'[3];‘ +5r+8+ M'[3I1 +5x+ SABJIIIOIICCCA CONPSAXKECHHBIM K JICBOM 4acTH

AAHHOI'O YpaBHCHUA. ITocne MMPUBCICHUSA HOI[06HBIX YWICHOB IMOJIYYHUM YPABHCHUC!

7 = /32 + 548 +/322 +5x 41,

2 2
KOTOPOE IKBHBAICHTHO HCXOTHOMY, TaK KaK YpaBHECHHE V32 4548432 +5c+1=0
JEWCTBUTENBHBIX KOPHEH He nMeeT. CKIIa/ibiBast 33/IaHHOE YPAaBHEHHE U TIOIYYEHHOE, TIOTYYHM:

V3x* +5x+8= 4]

Bo3B0ojs 00€ 9acTu B KBaJpar, NOJIy4aeM KBaJpaTHOE ypaBHeHUE 3x°+5x-8=0, KopHI
KoToporo x;=-8/3, x,=1. Jlenas npoBepKy, yoexxgaemcsi, 4To 00a HaliJICHHBIX YHCIIa SBISIOTCS
KOPHSIMH UCXOJTHOTO YPaBHEHHUS.

OtBer: x;=-8/3, x,=1.

r=

1
2
Pemmts ypaBHeHue:

| x=3=1

2.«4'x—9:«,|'1—x.
3x=xtl

a5 L A20-x _ 4

CamocrosTenbHas pabota

BapuanT 1
Pemmte ypaBHEHUS: a) Jx+2 =42x-3
o VT-x-1=2
)
B)x- VAT 1= 5
Bapuaur 2

Permmre ypasHenus: a) V2 - % TA/x =3 =3
6) W =d-x




B) Hr-1+28x+1=73

Bapuant 3

Pemure ypaBHeHUs: a) J2-xtafz -5 =3
B v A

gy NE+1+37-x =2

IIpakTnyeckoe 3ansiTue Ne 22

Tema: CreneHs ¢ palliOHaIbHBIM [TOKa3aTEIeM
Hean: Hayuuts cTy1eHTOB paboTaTh CO CTETICHBIO C pAIlMOHATHHBIM MTOKa3aTeIeM

Teopetnueckuii 6110k
m

r
Onpenenenue. Crenenpio yncna a>0 ¢ pallMOHAIBHBIM MOKa3aTeneM = ', TAe m - 1eJloe
9HCII0, a 1 - HaTypasibHOE ( n>1), Ha3bIBaeTCS YHUCIO ¥&™ , T.C.

m
gn="0a" >0
1
Fl=7 a37"= —

e

CBolicTBa CTEeNEHN C PAIIMOHAJBLHBIM MOKA3aTeJIeM.
x>0, b:;f, DeQ, qeQ
af 3T=3""1,
e

i = ap—q !

37 !
(3%} =5F
{ab ,LP= aFbe;

(3%

Pemenne ynpaxHeHMi:

[ O O N L

1 L
1. BeluyuciuTh: 25° - 1255,

1 1 1
3 B H

wl -

Pemrenue: 25% - 125° = (25 - 125)° = (5°)° =5,
OtBer: 5.
a a
b +ab3

2. YIpOCTUTH BBIPAXKECHUSA: fa+ b
a 4 1 1
ath+3b3 _ab [a§+b?] _

T S ———=ab.

3% + b7




OrtBer: ab.

L
a*-a
L
3. YOpocTHuTh BbIpakeHus: 3° — 2

Pemenue:

(1-a%) =
aéil—aj a
=1+a3-(1-3)=23

_a

OtsBer: 2a.

4. YpocTuTs:

51 19
'_II|‘_ .
327

2) 3)

5. Beruncnuthb
1
273

Jlomamnee 3a1anue:

b | —



IIpakTyeckoe 3ansaTue Ne 23

Tema: Pemnienue nokasareabHbIX YpaBHEHUN
Henb: Hayuuts pemaTte nmokas3aTesbHbIE yPABHEHUS
Teopernueckuii 610K
Mertoasl peleHns NoKa3aTeabHbIX YPABHEHUN

1. IIpocreiimme nokazaTenbHbIE YPaBHEHUS

Tun ypaBHenus | Bun ypasuenus | Merton perenust

1 ﬂ_.fl I:.l’-:l — fz I:'r'} fi (xj = fz (X)
b=a Fa Fa
(x b b
a’™ gt flx) = log, b | Pemenwuii Het
fix)=1

[Ipumepsl.
IIpumep 1. Pemmre ypasuenne: 3° = 3™,

Pemrenue.
3RS = P> Ax T § = x+4 <=> 3x=9<=>x =3 .
OrtBer:3

[Tpumep 2. Pemnre ypaBHenue: 2¥*=3 .

>X:10g248.

Pemenue.
:-
A3 sy 4= log, 3 <= log, 3 4 <>y = log, 3 " log,16 __
Ortser: log, 8
2
[Tpumep 3. Pemute ypaBHEHHE: =7,
Pemenue.
?11_3;( _ 7 o ?xz-Sx
= -7 , peuIeHuii HeT, TaK KaK >0 nns
X - R.

{@}.

OTtBeT:




2. Metopl mpeoOpa3oBaHus OKA3aTEIbHBIX YPABHEHUH K MPOCTEHIIINM.

A. Meton ypaBHHBaHHUSI OCHOBAHHU.

[Ipumepsl.

[Tpumep 1. Pemure ypaBHenue: 27 IEFT g

Pemenue.

27 35T 2 g < 33300 (3201 = 0 <= 30O 3D = e 30302 <= 30 =

3E<=> 4x-6=2x+2 <=> 2x = 8§ <=> x=4.
Ortser: 4.

Zx x x 4x—15 _
[Ipumep 2. Pemure ypaBHEHHE: 27357 —60 0

Pemenue.

3.5),

2x X x 4x—15 .
2 -3*- 55— 60 0 <=> (22) 3x 5% = 604x-15 <=> 4*3*5¥ = 604x-15 <=> (4 — 604x-

P <=> 60"=60"" <=> <=>x=4x-15 <=> 3x=15 <=> x=5.
Orser: 5.

B. YpaBHenus, pemaemplie pa3noKeHUEeM Ha MHOXKUTEIH.
[Ipumepsl.

[pumep 1. Pemmre ypaBuenue: x 2° =22 + 8x-16.

Perrenue.

X 2% =225+ 8x-16 <=> x2- 22° = 8" (x.2) <= = 2(x2)- 3§D (x2) Brog) =0

x—2=10 x=2 x=2 L
2 =8 =0__ 12 =8 - 2"‘—23<:> 3
OTBGTI{Z;E}

2x __ 9x x| X —
[Ipumep 2 . Pemnre ypaBHeHuE: 7+57-35+47-35=0

Pemenue.

_ .35 —(5%.35-7%.35) =0
ST 535 4T P0=0 <= (5% - T
52:{ _ ?Ex:] —35. [52}{ _ ?Zx:] =0 ;:_(

5% —75).(1-35)=0= (5% —7%) - (-34)=0=25% - 7% =0 (57 =7* mi%':=

1o Gy =1 ()= (P =x=0
Otser: 0.

o
C. YpaBHEHHUS, KOTOPBIE C MOMOIIBIO MOACTAHOBKH ' = t, t>0 mpeobpa3yroTcs K KBaJpaTHBIM
ypaBHEHUSM (WU K ypaBHEHHUSAM 00Jiee BRICOKUX CTETICHEH ).

A-a¥f@ +B.af™ +c=0

flx) = . .
3aMeHy:ﬂ' t’t>O,Torz[aA Ligtic=0

ITyctb ,rne A, B, C - nexoropsle uncna. Crenaem
Pemaem nomyueHHoe ypaBHEHHE, HAXOIUM 3HAUYCHHUS t, yYUThIBaeM ycioBue t >0 ,

. e
BO3BpAIIAEMCs K MPOCTENIIEMY MTOKA3aTeIbHOMY YPABHEHHUIO ) = t, pelIaeM ero u
3aIlUCBIBAEM OTBET.



[Ipumepsl.
[pumep 1 . Pemure ypaBuenue: 2°™ - 2% =5,

Pemenue.

| B
1]

B

22 PP =5 <=5 0205 P = |5 <=> 4P -4 =15 &

JlenaeM 3ameny t = 2%, t > 0. [loiydyaem ypasHeHue 4 24— 15t <= 4€ - 15t-4=0
t=4

1 1
t=—- -
<=> 4,t= 4

HE YJIOBJIETBOPSIET yCJIOBUIO t > 0.
Bepremcs k nepemMeHHOM X:

D =4<=> 2 =2 <=>x=2.

Otser: 2

x—3 __ o ox—-2 _
IIpumep 2. Pemure ypaBHEHue: > 2-3 3.

Pemenue.

52x-3 _ 5 ox2 _ 32D+l _ 5 ox-2 _ 3

5 (5% —2.552-3=0,
-2 — x—2Iyd — 42
JHenaem 3ameny: =tt=0 , TOT1a )=t "Ilommy4yaem ypaBHEHHE:
= _3
2 —2t—3=0e| 5 _3
5 t=1 ,t= 5 He yJ0BIETBOPSET YCIOBUIO t = 0.

=125 ="ex-2=02x=2
Bepuemcs k nepemennon X:

OtBerT: 2.

IIpakTnyeckoe 3ansiTue Ne 24

Tema: Jlorapudm. Jlorapudm uucna. [IpaBuiia neiictuii ¢ norapupmamMu
Heab: HayuuTh BEIYUCIIATE JIOTapUDMBI
TeopeTtnueckuii 610K

Jlorapudm uncna b no ocHoBaHuIO @ OnpenenseTcs Kak MoKasaTelb CTENEHH, B KOTOPYIO HAJI0
BO3BECTH YMCJIO &, 4TOOBl momyunth uymcio b (Jlorapudm — cymiecTByeT TOOBKO Y
MOJIOKUTETBHBIX YUCE).

Jlorapudm B mepeBojie ¢ TpeYecKoro OYKBaIbLHO O3HAYAET "'YMCIIO, M3MEHSIOIIEE OTHOIICHHE" .

CrnenuajbHble 0003HAYCHHUS:

Harypansusliii norapudm lina - norapudm no ocuosanuto ¢,
JlecaTHUHBIN oTapudm lga aorapudm no ocHoBanuo 10.

CaoiicTBa jJorapugpmos:



log b

1° a“®" = b - ocnosuoe J0rapupMHUIECKOe TOXKIECTBO.
7o log,a=1.a=0.a#1
30 log, 1=0.a>0.a+#1

Jlorapugm eauHuUIB MO JII0OOMY MOJI0KHUTEIBHOMY, OTJAMYHOMY OT 1, OCHOBAHHUIO PaBeH HYIIIO.
DTO0 BO3MOXKHO MOTOMY, YTO M3 JIIOOOr0 JAEMCTBUTEIBHOIO YMCIA MOXKHO MOJYYUTh | TOJBKO
BO3BEJIS €r0 B HYJIEBYIO CTEIIEHb.

4° 1{;5_';”{5(3} = l{Jj_';” b+ 1{5'!-5” &

Jlorapudm npousBeneHus paBeH cyMMe JorapupMoB COMHOKHUTETEH.

b
so log,, o= log, b —log, ¢

Jlorapugm yactHoro (ApoOH) paBeH Pa3HOCTH JOTapHU(PMOB COMHOKHUTEIEH.

6o log, b =p-log,b_
Jlorapudm crerneHr paBeH NPOM3BEACHHUIO [IOKA3aTels CTCIEHH Ha JIorapu(M ee OCHOBAHHSI.

1
log,. b= T log, b

1
log, b=
go log, a
log b
log, b= Se
9° log,. @ _ pepexon x HOBOMy ocHOBaHMIO.
[Ipumepsr:
1. HaiiguTe 3Ha4eHUE BBIPAYKECHHUS:
6-log, V7
. i1
6+log- V7 =6-log-73 =6r§-lag??' =6—+1=
HUcnoap3oBanu:
m Y —
an =y am

m __ .
log . b™ =m-log_, b

OtBeT: 2

2. Haiinure 3HaueHne BepakeHus logos3 - logs1,25

1 log, 1,25
IDgGES g 1Dg3 1,25 = m 'ng3 1,25 = lﬂgg—ﬂ,g =
5 1 5
=log,,1,25 = lnggg = lugg]—i -1 lnggg =—-1-1=-1



HWcnons3oBanu:

log, b =
log,a
log.b
=log_b
log.a
1 b= = log. b
08 - I 08a
Otser: —1

3.HaliguTe 3HaUeHUE BBIPAKECHUS:
5 log,- 49

5]'3'%2.5‘1'9 — 5]'3%25?2 — 52-]og25? — ('52}]og25? —
= 2508257 = 7

Ortser: 7
4. Haiinute 3Hau€HUE BBIPAKECHUS:
Q2 log; 3

g2-logg3 _ (810553)2 —32 -9

OtBeT: 9

5.Haiinure 3Ha4eHHE BBIPAKEHUS:

6410g9 V3
g4l0g:\3 _ (8. leogs V3 _ glog:+3, glogey3 _ V3:4/3=3

OrtBeT: 3

6. Halinure 3HaueHMe BbIpayKEHUS:

24

3log; 2

24 24
gz~ 5 - 12

Otsert: 12



7. Haiinnre 3Ha4YE€HNE BBIPAKECHUS:

log1 V13
13

— 1 )
log1 V13 =log;3-113%° = =l logy313%*=-1.05=-0,5
13 —

OtseT: — 0,5
8 . Haitinure 3Hauenue Belpaxkenus logs 8,1 + logs10.
log,8,1+1log;10 =log,(8,1-10) =log,81 =4

OtBeT: 4

9. Halinure 3HaueHHE BBIPAKEHUS:

log. 13
log, 13
log .13 — 11
1':‘:’\13 =log V13 =10g,,132 ==-=0,5
o6
Otser: 0,5

10. Boruucnure 3HaU€HUE BBIPAKEHUS:

(31052 3)10g32
(S]GEZEJ]GEEZ — (SlugEZJ]c’g?g — olog;3 _ 3

OtBeT: 3

11. Haiinute 3Hauenue BeIpaxenus log,(ab’), ecnm log, a = 1/7.
[IpeoOpa3yem naHHOE BhIpaKCHHUE:

log (ab®) =log a+log b®*=1+3log b

OmnpenenuM 3HaUYeHHE BeIpaxeHus: log,b. Ham u3BectHO, 4TO

1
log,a = 7



Hcnons3zyeM CBOMCTBO:

1
log_b

1
log

log,a =

b

a

CrnenoBartenbao log, b=7.
Taxum oOpazom:

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

Ortser: 22

12. Haitgure log.(a:b*), ecim log, b = 5.

la:rgab—ﬂj3 =log,a —log_ b®=1—3log, b=
=1—-—3-50=-14

Ortser: 14

13. Haiinure log.(a’b’), eciu log, b = -2.

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

OtBet: 4

14. Haimure 3Ha4enue BeIpaxkeHus log.(a'b’), ecmm log, a = 1/3.

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

=4-1+9log_ b

1
log,a =3
1 1
log, a = log. b 3= log. b log b =3

4.1+9log, h=4+9:3=31

OtBeT: 31



15. Haiimure logi(a’:b®), ecim log, b = 10.

{1?

lﬂgaﬁ =log,a’ —log,b® =7log,a—3log, b =

—7:1-3+10= —23

OtBeT: —23

16. Haimure log.(ab'), ecom log, b= 7.

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

OtBeT: 71

IIpakTyeckoe 3ansaTue Ne 25

Tema: [IpeoOpa3oBanus anredpandecKux BoIpaKEHUH
Heab: HayunTts peoOpa3oBeIBaTh alireOpandecKue BEIPAKEHUS

Teoperuuecknii 010K
Omnpeaenenue. AnredGpandeckuM BbIpa)KEHUEM HA3bIBACTCS BBIPAKEHHE, IIOTY4aeMoe U3

MOCTOAHHBIX U IICPEMCHHBIX ITPHU ITOMOIIH onepaum‘/i CJIOKCHUS, BbIYNTAHHA, YMHOXKCHU,
ACJICHUs, BO3BEACHHUS B LICJIYIO CTCIICHD U U3BJICYCHUA KOPHS.

[Ipumeps! anreGpanyecKkux BbIpaKEHUN:

8 e T+ 2y -1
E = 24+ 5, E LW = - i
Ty

E(zr,y,z) = w2 E(z,y) = (z + y)® — 3zy(z +y).

fAa

Omnpenesienue. OOIacThIO TOMYCTUMBIX 3HaYeHUH (cokpamenno O/[3) anredpandeckoro
BbIpaxkeHus E(xi, X2, ..., X,) (D(E)) Ha3pIBa€TCSI MHOKECTBO BCEX HAOOPOB (X1, X2, ..., X4), AJIS
KOTOPBIX BeIpaXeHHE E(X1, X2, ..., X,) UMEET CMBICIL.

T+y

E(z,y) = -2 5 5
Hanpumep, O/[3 BblpaxeHus ( Ty apnserca D(E) = {(x,y) | xIR, yIR, xy#

0}, O3 BoIpaskeHHs E(x, y) = v/T¥ = 22, gpngerca MHOKeECTBO {xy,2) | x,»,zIR, xy>0}.

Onpenenenue. AnreOpandeckue BeIpakeHus £ 1 £, Ha3bIBAIOTCS TOXICCTBEHHO PAaBHBIMH Ha
MHoxkecTBe M 1 D(E)CD(E>), ecnu nipu JII0ObIX 3HAYCHHUSIX IEPEMEHHBIX
13 MCOOTBETCTBYIONIME YUCIOBBIC 3HAUCHUS ITHX BBIPAKCHUI PABHBI.



2 =1

Hanpumep, vV #% = & na muoxectse [0;+¥), V a* = —@, ya MHOXECTBE (%0], =+1
na muoxectse R\{-1}, (x+y)’=x*+ 2xp +)* na muoxectse {(x,y) | x IR, yIR}.

=r-—1

Onpenenenue. ToXICCTBEHHBIM TPe0Opa3oOBaHUEM alTeOPAUECKOTO BRIPAKCHHS HA
MHokecTBe M | D(E) Ha3pIBaeTcsl 3aMeHa ATOTO BBIpaXEHHS HAa TOKJIECTBEHHO paBHOE €My Ha
MHO)kecTBe M

3ameuanmne. OTMETUM, YTO MHOT/JA OIIYCKAIOT MHOXECTBO, HA KOTOPOM aJire0pandeckue
BBIPAYKEHUS TOXKIAECTBEHHO PaBHBI, UMes IIPU TOM BBHUJly MX TOXAECTBEHHOE PABEHCTBO HA
nepeceueHnn 00JacTeil TOMyCTUMbIX 3HAUEHUH.

Hamnpuwmep,

ala+1) a
a  a

-1
Va? =|al, (M =R), 1 (M =R\ {0;1}).
ITpu BBINOJIIHEHUH TOXIECTBEHHBIX TPE0OPa30BaHUM OKa3bIBAIOTCS MOJIE3HBIMU CIIEIYIOIINE
(bopMyIIBI.

I. ®opmyJibl COKpAIEHHOT0 YMHOKEHUS

(a£ b)Y =a*+2ab + b,
(a£b) =a’+3a*b+3ab® £ b,
a*-b*=(a-b)(a+b),

a’ £ b= (a£b)a* ¥ ab+b).

b

Otu hopMyIibl MOTYYarOTCs KaK CIEICTBUS U3 Oojee 001mux Gopmyd:

5. d-b"=(a-b)a"+a”b+..+ab?+b") (nIN),
6. a2n+1 + b2n+1 — (Cl + b)(a2n _ a2n-1b + .- abzn-l + b2n) (l’l I N),
7. (6unom HeroToHa)

(J‘I-I‘-f]]“:Gﬂi‘lﬂf]u-l‘-ﬂifllhn_] +...+{':-‘f::1*'h“_ﬁ"+...+C-‘,’:a“h"._

Ck — 1!
rieniN,  Km=E" =123 .5 o0=1.

II. CBoiicTBa cTenenei

Crnenyrorniyie CBOMCTBA CIIPABEAJIUBBI TS JIFOOBIX MOJOKUTEIBHBIX YUCET @ U b 1 JIF0OBIX
JIEHACTBATEIBHBIX YACET 4 U b.

1. &®=1;
2. a’=a"- a%
? £
ax—0 __ .
ik =
3. ad’
4. (a*)°=a™;

5. (ab)*=a"- b%
aye  a®
6. (E) = et



3ameuanue 1. OTMeTI/IM, YTO OTPHUHIATCIIBHBIC YHCJIa TAKXKE MOYKHO BO3BOAUTE B HCKOTOPEBIC
T

ctenenu (1enele U, 6osee 001110, paroHaNbHbIE BUaa 21t — 1 rae m - nenoe, n - HaTypaJbHOE).
3ameuanue 2. 0° = 0, ms mrob6oro a > 0.

I1I. CBoiicTBa pagukaJjioB

o _ | ECIH 11 — HEeYeTHOE,
1 | lal, ecmn— wernoe.
2. Vab= %a- b, ecma>0, b>0, kIN,

Ik . . N
3. Vab= 5/lal Vbl ecrmab>0, KIN.
4. Wab= **/a b, ke N

Y R

5. (%/a)” = Vak, rae a > 0, ecitu m - 4eTHo, a | R, ecnu m - HedeTHo.

TL a —_— r‘.a
6. b o rmea>0, b>0, n-gerno wm b#0, a1 R, eciu n - HeUeTHO.
7 Vak =a®, a>0
8. ¥V ¥a= "V, e a > 0, eCld m - YeTHO K /1 9eTHO, ¢ | R, eclii m 1 - HedeTHo.
9 /g =-**%a, acRl

a4 /a2 — ch? a— /a2 —ch?
a+bhfe= ‘ + ‘ .

10. 2 2 rnea>0,b>0,c>0ua*>b.

I[Ipumep 1. Onpenenuts O/]3 anreOpanueckux BbIPaKSHUN:

a) E(x) = V& + 2% — 27°;

? + Ty T 1y
b) E(z,y) = 47— + — :
4y \|le—yl x4y

a Vd

b+c | b+ @b

c) Ela,b,e,d) =

Pemenue. a) OJ]3 NaHHOTO BEIPAKEHHUS ONPEIEISAETC U3 HEpaBeHCTBa X + x° - 2x° > 0, KoTopoe
peraeM npu MOMOIIM METO/Ia UHTEPBAJIOB:

x+x-2¢>0 U x(1+x-2x)>0 U x2x+1)(1-x)>0 U x1(-%-"AL]E[0;1].
Taxum o6pazom, D(E) = (-¥%-'/,]E[0;1].
b) OTMETHM, YTO BBIPAKEHHE UMEET CMBICI TOTIA ¥ TOJBKO TOT/a, KOraa

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

OTKyna cieayert, uto D(E) = {(x,y) | x #y, x#-y}.



c¢) Tak kak 3HamMeHaTenb APOoOU JOHKEH OBITh OTIUYEH OT HYJIS, a KOPEHb BTOPOIl CTEIIEHU
CYIIIECTBYET TOJIbKO M3 HEOTPHUIIATEIBHBIX BRIPAXKECHHM, TO A1 onpenenenus O/[3 nonyuum
CUCTEMY

btc#0, b+c#0, 2;8¢Q

Pe+ctb#0, U & be(b+c)#0, U ’

d>0 d>0 c#0,
- -7 d>0.

Takum ob6pazom, O[3 ucxomHoro BeipaxkeHus pasHa {(a,b,c,d) | b+c#0, b#0, c#0, d>
0}.

IIpumep 2. Onpenenutp, ABIASIOTCS JIU BbIpaXkeHUs! A U B TOXK/IECTBEHHO PaBHBIMH Ha
MHOXeCTBE M.

a;A=(‘1‘£—i}f—ﬁ) H B=—. M={(b)la>b>0}

- 2
hlﬂzi B a

JER g erVE

Pemenue. a) Tak kak av/a = (v/a)’, Vb = (‘ﬂ;]q a=(va), b= (VJEJE Ha MHOeCTBeM,
TO, IPUMEHUB (POPMYITYy COKPAIIEHHOTO YMHOKEHUS, TIOTYUHM:

M={a|a> 3}

va+ v ab{(va) — (VB?)

_(War VB -va+ () =\ arvh)
va + /b ab(v/a — vb)(v/a + Vb)

- [wvar-avabe 7] e = Vv Vi S

i ((vﬁlmﬁﬁ _ﬁ)% Va+ b

1
= va- b ———.
ab(v/a— Vb)
Yenosue a > b > 0 pieuer V@ > Vb, U, CIIEZOBATEIBHO, |/ — V'JH =Ja - Vi, Orcrona
1
TI0JIy4aeM, 9TO ab(y/a—b)  ab Taxum 06pazom,

BBIPAXKCHUA An BTOXAECTBEHHO PaBHBI Ha MHOXKXCCTBC M.

b) [Togo6HO npenpITyIeMy IpUMEPY
a— /3 a—+3

2 +3\2 ._\/(au:ﬂﬂ—»mﬂ-:i_
(%) -+ V"

_(a=v3)-2a| _(@—V3)-2ja] _ 2a _
(a® — 3)? |a® — 3| a+3

A=




[Tpu npeoOpa3zoBaHUAX yYUTHIBACTCS, YTO, €CITH & = V3. 10 Via? = a,
(a® = 3)

" 32 =|a® - 3| =a® - 3.
IIpumep 3. YpocTUTh BBIpaKEHUS:

2b + 20 — 4
VB —d+b+ 2’
b) vmn? + vm2n
vm? + 23mn + vn2

2
Vhed + v aZbe
( © a P+v@) +bhe+3

a)

2%4_ m — 1 1 )
Ha’mﬂ__ M_ﬂﬂ {'fﬁ-}— ﬁ":ﬁ!

Vva+ /e
Vhe + 3 ’
1'13 'r']3 {:3

(@—Ha—0  G-ob-a)  (c-a)c-b’

d)

a?h? a?et Bt

Ya—ot-0 T @-ve-n  b-ae-a

y—=z z—=x -y
G-pE-2 G-0G-2 G-DE-y

f)

m|m - 3

9) (m? —m — 6)|m|

b2 — 430,

%+ 2/ —4 > 0,
Pemenne. O/]3 Bolpaskerus onpesenstercs u3 cuctemsr \ V= 4+b+2 > 0] pepag
KOTOPYIO, TIOTyuuM b > 2.

Beimonnum paBHOcuiIbHbIE HAa O/]3 peoOpa3oBaHMsL:

Voo 1 _ (V=22 + (VB2 +2v6- 2V 2 _

VIZ—A+b+2 VI =2y 2+ (/b + 2)2
B J(Jh—2+ﬁh+212 Wb =2+vb+2 1

VB F2AVE—24+0+2) VB+2(VD—24vVB+2) VB+2|
TaKKaKHaOﬂS’fh—E‘th‘FEEz,cneHOBaTenBHo,|V%—2+V%+2|:V'?]—z"“ﬁ‘*‘z-
1

Takum 06pa3oM, npu b > 2 UCXOIHOE BHIPAKEHUE paBHO V b + 2]

b) O/[3 nanHOTO BBIpAXKEHUS ABISETCS MHOXKECTBO {(m,n) | m>0, n>0, m#n}.
[ — [T — A2 i — i 1 I 1 _
O6osmauns VM = a; Jn =15 monyunm VM = %, Vm® =a cm=atuvn=">b Vn?=b,
n = b® BeIpaKeHHEe IPUHUMAET BH]I



a’b' + a'b? 2h2+aﬁ—hﬁ 1
al + 2a2h2 + Bt at —bt) a+b

_(SBR@ V), (@ - B)a+ @ b 1
((aﬂmﬂjﬂ T (@ B )(a+h)

a*b? = 207 (a® + b*) + a* + 2 + 60 1
a? + b a+b

L@V 1 (@+B®)@-ba+d)
T2+ 8 a+b (@ +B)a+b)

] o}
Takum oOpa3om, UCXoHOE BeIpakeHue Ha /)3 TOXKIECTBEHHO paBHO VMt — V.

c)Ha O43: {(a,bc) | a>0,b>0,c>0,a*+ c*# 0} BepaxkeHne npeodpasyeTcs CleayOmHM
obpa3zom:

(W+m+¢‘—c) +he+3 (Vf_({+{ +¢‘T;) +he+3

Va+ /e Va+ e
Ve + 3 ; Vhe +3
_Whetbe+3 _ 3vbe+3+Vbe+be _ 3(Vhe+ 1) + (1 +vhe)vbe _
Vbe+ 3 vbe + 3 Ve + 3
_ (Vhe+ 1)(vbe+3) _ -
= N = Ve + 1.

d) O/[3 nanHoro BeIpaskeHUs ABIseTCI MHOXKeCTBO {(a,b,c) | a# b, a # ¢, b # c}. [IpuBoas
BBIpO)KEHHUE K 00IIeMy 3HAMEHATEITI0, TIOTYIHM:

a’ b e _a(le=b)+ba—c)+c (b a)
(@-ba-0 (b-00b-a) C-ae-b  @-ba-oe-b |

Y4auTeiBas BUI 3HAMCHATCIIA, PA3JI0OKUM Ha MHOKUTCIIN YUCIIUTCIIb!:

a(c-b)+b(a-c)+(b-a)=cla’ -b)+ab(b*-a*)+(b-a)=

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

CnenoBarenbHo, Ha O/]3 NCXOIHOE BRIPAXKEHUE TOXKACCTBEHHO paBHO ab + bc + ca.

f) O/[3 BeIpaskeHus ABISETCA MHOXKECTBO {(X,V,2) | X #,V #z, z # x}. IlepBoe crnaraemoe
BbIpaXEHUS MpeolOpa3yeM CIeayoIM 00pa3oM:

Y=z _I—z-T+y r—z T —1y 1 1

@-y)z—2) (-yle-2) @-ye-2) @-ye-2 z-y z-z|
AHanoru4Ho npeoOpa3yroTcs U IpyTrHe claraeMbie:




z2—I _1 1_
(y-2)y—-2) y-2 y-=z

=1y 1 1

(z-2)z-y)  z-2 z2-y

CrnenmoBartensHO,

Y-z z— T =y
C-nE-2 W-2w-2) G-)z-9)
1 1 1 1 1 1

T-y T-z Y-z Yy-T z-% z-y |
2 2 2
+ + .
T-y Y-z z2-7%

g) O/]3 Beipaskenust paBHa R\{-2;0;3}. YuuTsiBas1, 4T0 BEIpaXKEHUE COACPKUT |m| 1 |m - 3|,
PacCMOTPUM TPU CITydas:

1.

nyctb m 1 (-¥-2)E(-2;0); Torna |m| = -m, |m - 3| =-(m - 3), 1 BeIpaXeHHe NIPHHIMAET
BUJ

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

nyctb m 1 (0;3); Torna [m| =m, |m-3|=-(m - 3), 1 BRIpaKCHHE IPHHAMACT

mi|m — 3 _ —m(m = 3) _ 1]
(m2 —m —6)lm| (m+ 2)(m—3)m m+ 2!

nycts m 1 (3;+¥); Torna |m| = m, |m - 3| = m - 3 ¥ BEIpaXKeHHE IPUHUMACT BHJL

m|m — 3| 1

(m2 —m —6)jm|  m+ 2]

Takum obOpaszom,

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

IMpumep 4. Pa3inoxuTh Ha MHOKUTEIIHU:

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

b)x’ +)* + 2 - 3xyz;

)X+ +x+ X+ X+
d)x’+x+1.

Pemenne. a) [1pubasmnsis u Beruntas z(y + z)(z + x), a 3aTeM rpynnupys ya00HbIM 00pa3oM,
TIOJTYYHIM:

x+N@T2)E+x)+2y+2)(E+x) -2+ 2)(z +x) - xyz =
=+t FTy+2) -2y T+ x)-xp) =



= +2)z+tx)x+y+tz)-z(Z+yz+zx)=
=+ +tx)x+ty+z)-Z+y+z)=
=(x+y+2)((+2)E+x)-2)=@+y+2)(xy+yz+2x).

b) Ilpumensiercst hopmysia CyMmMbl KyOOB U peliaeTcs moJo0HO MPEabIAYIEMY YIIPaXXHEHUTO

X +y 2 -3xyz=(x + )t -xy + )Y +z(2 - 3xy) =
=(x+y+2)(-xy+y) +2(2 - 3wy - X +xp -y =
=(x+y+2)(’-xy+)) +2(2 - (x +y)) =
=(x+ty+o)(F-xy+y +tz(z-x-y) =
=@x+y+2)(0F+y + 22 -xy-xz-y2).

¢) [Ipumensist GopMyITbI COKPAIIEHHOTO YMHOKEHUS, TTOJTYIHM:

-1 (@) -1

N LT L N e A T A R +
r—1 A |

(P -1+ +1)
- =1

= (@ +z+ 1) (=% + 2% +1).

d) X+Hx+1=1+x+x-+x=1+x+x-x(1-X)=1+x+x)-x(1 -x)(1 +x+x%) =
(I+x+x)1-X(1-x)=(+x+x)(1-x*+x).

IIpumep 5. M36aBUTHCS OT UPPAIMOHATHHOCTH B 3HAMEHATEle:

a) c)

1 1 1
i s VB Oiivaiada

Pemenue. YMHOXaSI Ha BBIPAXKCHUC CONPSAKCHHOC 3HAMCHUTCIIIO, ITOJTYUHUM:

1 1+J§+J:§_1+vﬁ+uf§_(1+ﬁ+vﬁ]u@_ﬁ+2+v’€_

l+v2-v3  (1+v22-3° 22 2v2.v2 1

b) [Togo6HO mpuMepy a) NOTYUUM

1 o VBEVE-VT VB VE-VT |
VB+VEHVT  (B+VE)2-T 14215 |
(VB EVE-VTIVIE-1)  (V3+VE = VT)(2V15 - 1)
B (24/15)2 — 1 B 59 '

¢) 13 dhopmyner (cM., Hanpumep, 4 b)):

X +y +2-3xpz=(x+y+2)(0F Y+ 2 - xy - Yz - 2x)
creyer
(z® +9° + 2* = 3zy2)

r+y+z=
Y (@2 +y* + 2% —zy —yz — 27)

Ha ocHoBaHWUM TTOCIETHETO COOTHOIICHUSI MOJIy4YnM
1 _ P (V2P 4 (2042 - V-2V -2YB _ TY2- Vi3
L4 V24294 B4 (V22 + @V -3:1-92-2. V4 23 ]




IIpumep 6. Jlokazars, 4TO IpUBEICHHBIC BEIPAKEHUS MPEACTABISAIOT COOOH IeNbIe YUCa.
Brruucautes 2TH yncia.

a) /1207 — 53| — /207 + 53,
b) V26 — 15v/3 + /3,

e) \X25+ﬁx/13—41/$+2\/6—2£+\X%—ﬁ\/13+41/$—2 6 + 24/5,

Pemrenne. a) Boeiiensst HoaHBINA KBaIpaT MO 3HAKOM pajiuKala, MoIydyuM

x/(ﬁ- Ev’ﬁ“—x/(ﬁ + 2V7)2 = |5=2VT| = |5+ 2V7| = 2VT-5-5-2vT = =10,

b) Beiaesnss nosHblil Ky0 101 3HaKOM KOpPHS TPETEN CTENEeHHU, OIy4YnuM

/26 — 15v/34/3 = {/s —12v3 + 18 = 3vV3+V3 = /(2 - V3P +V3 = 2-V3+V3 = 2.
¢) YuuThIBas, 4To

6+ 2v5=5+2v6+1=(v5£1)?%
x/8+2\/ﬁ—21f5:\f8+2x/§—2:\/ﬁ+21‘/§:u/§+1:
1/8—2\,/ﬁ+2v55=\./S—Zv’fﬁ—2=\,/ﬁ—2v'(§=v'(§—l,
VB-4(V5+1) =vo-05=v5-2-2VE+4=V5-2,
,/13+4(v’5—1] =v5+2,

V2 +6(v5-2 = VIdr6v5=v5+2-3V5+9=5+3,
V2 -6V VE+2=VIiI-65=1/(/5-3)2=|V5-3=3- 5

HOJ'Iy‘-II/IM, YTO UCXOOHOC BBIpa)KeHI/Ie paBHO
Vi+3+3-v5=6.

YcioBHBIE TOKIECTBA.

1 1 1
- +-+-=0
Ipumep 7. a) Boruncnurs x* +)* + 22, ecmux +y +z=1,F .

b) Joka3aTh, 4TO paBEHCTBO xyz = | BieUYeT

1 1 1
+ +
l+z4+zy 14+y+yz 14+z+z2x

¢) Jlokasate, uto ecimu x +y +z =0, 0 x* +y* + z* = 2(xy + yz + zx)%.

d) JlokazaTb, 4TO AJIs TFOOBIX TPEX MOCIEIOBATEIbHBIX WICHOB T€OMETPHUYECKOI ITporpeccun
BBINOJIHSETCS PABEHCTBO

a’ + a’ +at = (a1 + ay + as)(ar - ar + as).



e) [loka3zaThb, 4To, €ClU X; + X, + X3 = y1 + o + y3 = X111 + X202 + x33 = 0, ¥ He Bce yncnay;,
7=L4 u y, =13 pasnsl Hymo, TO

a} v _2
T +T 4Ty Y tyz by 3

1 1 1
—+-+-=0
Pemenue. a) U3 paBeacreat ¥ 2 caenyet xy + yz + zx = 0. Orcroma

XHy+2=x+y+z) -2y tyz+zx)=1*-2-0=1.

b) 3ameTnm, 9TO ycnmoBue xyz = 1 BieueT

1 _ 1 _ 1 _ Ty
l+z+2x zyz+z+z2x z(l+z+zy) l+z+zy’
1 1 1 T

l+y+yz y(l+z+zz) y-zl+a+ay) l+atazy

CnenoBartennsHO,

1 N 1 N 1 _1+:..'-}—.'1:;:-,f_1
l4z+xy l14+y+yz l1+z42zr l4+z4+zy




¢) YuuThIBas, 4TO X + ) = -z, IOJy4YUM

2(xy +yz +2x)? = 2(xy + 2(x + )’ = 2(xy - (x +y)))’ =
=2(x* +xp + )P =2(x* + ¥ + Y+ 20y + 20 + 2x0) =
=x'+y*+ ()t =xt 4+ 2

d) Tak Kak aia; = a,* (XapaKTEPUCTHIECKOE CBOMCTBO T€OMETPHIECKOM MPOIPECCUH),
CJIEIOBATENBHO,

(Cl1 + [25) + a3)2 = 6112 + Clz2 + 6132 + 2612((11 + ar + 613).
Otcrona nosny4aem:
6112 + 6122 + 6132 = (a1 + ar + 613)2 - 2612((11 + ar + 613) = (611 + ar + 613)(611 -ar + a;).

e) PaccMoTpuM BeKTODSI (X1, X2, X3), (V1, V2, ¥3) 1 (1,1,1). 3ameTnm, 4TO 3TU BEKTOPHI OMAPHO
OpPTOTOHAJIBHBI, TAK KaK UX CKaJIIpHBIE TPOU3BENEHNUS paBHbI HYJI0. ClIe10BaTENbHO, BEKTOPHI

€Iy He L3
om = H 3 .
Vai +a3 +xi itz al Jri+ o o

in Wz Ha
2 = o o 7! 7 7 7t 7 o 5 |
(Jm+ﬁ+ﬁ VI + U+ 3 ﬁﬁ+m+ﬁ)

1 1 1
.!'}3 — T =1 = 2
(xf’ﬁ NERRVE] )
00pa3yroT OPTOHOPMHUPOBAHHBIN Oa3UC B MPOCTPAHCTBE R®. 3HaunT, 115 KaXKA0ro
BekTopa xI R® CIIPABEIJINBO PABEHCTBO

(xagl)z + (X,g2)2 + (x’g3)2 =1
B wactuHocTh, nst x = e; = (1,0,0) momyuum

2 a3
I 1

1
o o o o o .-,+T=11
o +r oy Yy tyst+yy 3

OTKYJIa U CJIeIyeT HUCKOMOE PABEHCTBO.
3apaum U1 pemieHust

1. Onpeaenuts O/[3 BbIpa)KEHUIA:

a) y = vz - 2 Omeem: [0; 3].

Omeem: (—oo; —1) U[4; +00).

2 —9r—-3°

_ (b+e)late
T ab+ed+chb+ad

Omeem: {(a,b,c) | a# —e, b# —d}i

2. OnpenenuTsp, ABISIIOTCS JIM BRIpOXKEHUSA A U B TOXKIECTBEHHO PaBHBIMU Ha MHOKECTBE M,
eciu



M={a: a> v’ﬁ}

Omeem: Jla.

3. YOpoCTUTh BBIPAKEHUS:

o (47 ko) (ST Yoen)

Omeem: — 1.

2 2/a+l Vat+til+41l a+l-1 a
ab ab a® + b? a’
b _ — - : . ey — ————
](a+a—h)(a+h '1) o — b2 Omeem: — o7 2
VI+1 1
i : . CITLE —1).
PJ]-I‘-V‘E-I‘-I Z Omeaem: /z(z — 1)
ab a—b ad —bi 1 1
d) — R — _ - . Omeaem: b — a¥.
L S T S S S TS S S Sy ¥
a?+2a-3
1- 3-}—2 2.1 -1): ——.
&) VI -2a+ (@~ Da-1): =
Omeem: a+]npn.—1}1;— a+! H—-1<a<l
+ 3 a4+ 3

a’—4—|a-2|

f) a®+2a2 ~5a—-6

1
Omeem: npna}E;a—anHa{E:a#—ﬁ:a#—l.

a+ 3
b—ec c—a a-b (b=c){c—a)la->b)

9 F1+ﬂ+c+:1+.-1+h+(h+c}(c+a](a+h]' Omaem: 0.
4. Pa310KHUTh HA MHOKUTEIH:
a) x*+x*+1; Omeem: (xX*+x+1(x*-x+1)

b) (x-y)’+ -2+ (z-x) Omeem: 3(x - y)(y - z)(z - x).

5. M136aBUTBCS OT UPPALIMOHAIIBHOCTH B 3HAMEHATEJE:

2 9 Omeem: 2T = V53— V2
V10 + V15 + V14 4+ /21 o 2 '

b) V7 Omeem: YTUV5 = V3)(V5 + V8)(V25 + V15 + VA)
V54 V3 o 2 '

6. I[OKaBaTB, 4TO NPUBCACHHBIC BBIPAKCHUSA IPCACTABIAIOT coboit 1eable yncia. BeaucauTh
9TH YHUCJIa.



0 x/z#é—z V241
B+ V18- VVa-1
b) V/9+ VB0 + V/9 — /30, Omeem: 3,

Omeem: 1.

IpakTnyeckoe 3ansitue Ne 26

Tema: [IpeoOpazoBaHue BEIPAKEHUM, COACPIKAITUX PATUKAIIBI
Heab: Hayunts BEINOTHATH MpeoOpa3oBaHe BHIPAKEHUH, COACPKAIIUX PaTUKATBI
Teopernueckuit 610K

Onpenesienue:

KOpHeM n-M CTEeNCHHU U3 HCOTPpULATCIIbHOI'O YHCJIa 4 HAa3bIBACTCA TAKOC HCOTPULIATCIIbHOC YU CIIO
b, KOTOPOC IpHu BO3BCACHUHN B CTCIICHDL N AACT YUCJIIO 4.

HpI/IBeI[eM MaTCMAaTUYCCKYIO 3allUCh ONIPCACIICHUA:

Va=b {b"=a
a=0 bh=0 (V)" = a
n=2734%..
B0 — 3 _ Moy — 4 _
Hanpuwmep: vi25= Ei, 0 125; vel { K S Bil

WTak, B pacCMOTPEHHOM CJIy4ae M0J] KOPHEM CTOUT CTPOT0 HEOTPULIATEILHOE YHCIIO, HO
CYILLECTBYET TaKXKE KOPEHb U3 OTPULATEIBLHOTO YUCJIA — 3TO KOPEHb HEUETHON CTEIICHU, OH
CYIIECTBYET AJIS JIFOOBIX YHCEI.

™ a=0b p2ntl = q
aER

Hamnpumvep: V-8= _4, i (72 = _q, V-8= _%”FE

HanomuuMm cBoiicTBa KOpHEH n-if cTeNeHn, KOTOPHIMU Mbl OyJIEM MOJIb30BaThCs MPU BCEX
npeoOpa3oBaHUsIX:

‘.'1|.'_-n: ﬂl"_'n: =
(Va)"=a,Va 4HpHaEﬂ,n 2,3,4.!.
nfoh =m0, =
Vvab= Yavy ’Hpﬂafﬂ’bzn’“ 2’3’4"I(meopeﬁ4a1);
"1|ﬂ_”ll%
3= % —
NCERR ’HpHaED,b}D,n 2,3,4..|(me0peﬂm2)’_
Ya) =Va¥  az0k=123..,n=234
,npu - — 7 e T (meopema 3);
g —

ik _ nak = =
Via= »’t pu = =20,k=234...n=234.. (meopema 4);

N kp — ° = = =
Va*® = Vaf @ Z 0k =234.n=234.p=123}) o

Bce nanbHeiimume npeoOpa3oBaHus U BEIYUCICHHS 0a3UpyIOTCS Ha OINPEeICHUH U CBOWCTBAaX
KOpHS N-U CTEIEHHN.



ITpumep 1. Boruncauts:

fZ?#lé

PaznoxumM nmoakopeHHoe BeIpaKeHHEe Ha OoJiee y100HbIe MHOXKHUTEIH U TIOCIIE ATOTO U3BIICYEM
KOPEHB:

»"2?*12=f’33>:c3>:c4=1,,f34>:c22=9>:=2=14

[Ipumep 2 YopocTuTh BBIpaKeHHE:

IIpumep 3 — ynpocmums vipasicenue:

=2 I > i .
(V) = V2= =y ry= Faﬁ,q

[Tpumep 4:
T o
LBy = B = Kl
N W
IIpumep 5
X=
g g ]
i 2 = 4 2 g = = "_: g
VxPy = x = {fy = x|y x*v'l,:_'l’
[Tpumep 6
x{’lil
e g e o
{orBrr = 5 (4B L — L
Vxiy = {xF = |3y xxﬁ
IIpumep 7:
b<b
f = = 5 — — — —
Jaibh? = Ja?ab? = \Ja = a=b? =|alyalb| = —abwﬂq

KOMMeHmClpl/llZ.' ITOCKOJIbKY a CTOUT IIOJ KBaJIpATHBIM KOPHEM B HEUYETHOM CTCIICHHU, TO JaHHAasdA
MEpEMEHHAass HCOTpHULATCIIbHA, UMECM IMPAaBO CHATHL C HECC MOAYJIb.

[Tpumep 8:
a>0b<

|45|2 _Elcxl _ 2a 2

& |1R3l 13
1th |b3| b b

[Tpumep 9:
a{mb}q

(25a®  5.f(a%)? 5|a?| _ —5a’® _ 5a’
1‘II 9ps 3./(5%)2 T 3|B3| 3B 3b°

ITpumep 10:



[Tpumep 12:

aEFI
(a — b}

aibﬁb—azq

(a = b)Wm=—(b—aWm = -Ib - alym = —{(b—*Vm = —/(b - 9*m

= —/(a —b)*m

[Tpumep 13:
a=0b<= li

abV3= —|ab|V3 = —3/(ab)*3 = —"fEa“bF

[Ipumep 14:
a<0b=d

—abV3 = —|ab|V3 = —4/(ab)*3 = —4-'30:41}%

IIpakTHyeckoe 3ansaTue Ne 27

Tema: [Ipeobpa3oBanne BeIpaKEHHIA, COJACPIKALINX CTEIICHH U JIOTapU(MBI
Heab: HayunTs BBINOIHATE IpeoOpa3oBaHUE BHIPAXKEHUH, COEPKAIINX CTEIICHN U

J0rapuQMbI

Teopernueckunii 010K

IIpumep 1: Berunciauth 3Hau€HUE BBIPAKEHUS:

Pemienmne:

mﬁ&ﬁ}méh@]

log 5 (3) ‘




o7}t £

log (53}

3ameuanme: [Ipu perenuu 3a1a4, coepKamux Jorapu@mel, B IEPBYIO OYepeIb HE CIeTyeT
cocpeoTaunBaThes Ha HUX. Hukoraa Henb3s 3a0bIBaTh IPOCTO MPO anredpy.

B yncnurene 3Toit [podu MOKHO IPUMEHUTH (GOPMYITYy COKPAILIEHHOTO YMHOKEHUSI Pa3HOCTh

1 .2
kBazparoB. OOt i ” b =(a b)(a-'_b}.

3ameuanue: B abcoaoTHOM GOJBIIMHCTBE 33/]1a4 ClIEAYeT BCE JIOrapu(pMbl IPUBECTU K OHOMY
OCHOBAHHIO.
B 3nameHnarene Bocnosb3yemcs GopMyJioi mepexoaa K HOBOMY OCHOBAHHUIO U NIEPENUIEM K

: [1052 [JE) ~log, [\Eﬂ [1 og, [\.'E:Hlogz [\Eﬂ :

log, ["-E:]
log, [N’E)

B uncnurene B nepBoii ckoOKe MpUMEHUM CBOMCTBO «Jlorapudm pasHOCTH», @ BO BTOPOI —

«Jlorapudpm cymmeI».
1
log, [\E ) = 4

CaMBbIi HIDKHHH DTaXK MOYKHO BBEIYHCINTE:

log, G log, [JE\E]

2

\/; _ log, {3]1052 {2}
log, [u@:] Zlog, [\E)
—

2

BTopoii COMHOKHTENb B UUCIIUTEIIE MOXKHO BBIUHUCIUTD, B 3HAMEHATENE MOKHO IPUMEHUTH
cBoiicTBO «Jlorapudm crenenumy.

log, {3] _ log, {3} —

) log, («J{B—g) B log, {3} -

OtBer: 1

[Ipumep 2:
BbruncnuTh 3HaU€HNE BBIPAXKEHUS:

log; {90)—log, [18)-log, {4) log; (7’1



Pemenne:
log; {90)- log, (18) log, (4) log; (7) =|
[Mepeiinem B KaxaoM Jorapudme K oHOMY OcHOBaHHO. K 0cHOBaHMIO 5.

logs {18} _ log {4)
logs {4] log {?)

log, (18
—ogﬁl( }%-1:logs{90]_1055{18}=1055(%]:1055{5}=1

=logj|[9l:l}— log. [T"]=

=log, (90} -

OrtserT: 1.

]

(1{}2‘_‘;_’”5 ) (1{}5_{ 36 )
3.Haiinure 3HaueHNe BbIpaKEHUS - .

(1{}5_‘;_’”5 ) (lf}g{,fﬁi )z (1{}5_1;_"3 J ) (1{}51;{,[:‘2 )= (11{}_;1;_"3 ) (El{}g{,fi ): Ix2 =8

OtBerT: 8

loye 2
20,05

2. 3ananue B10 (No26846) Haiinmure 3HaueHrE BHIpAKCHUS

3anumem uucio 0,25 B BUIe 0OBIKHOBEHHOU 1po0Ou:

1 .
1{}5{” - 2=log, 2=log 2=-_log 2=-0.5

e ¥ )

I

Ortser: -0,5

log S
4.HaiiguTe 3HaU€HUE BBIPAKECHUS

Pa3noxuM Ha MPOCThIe MHOXKUTEN OCHOBAHHE JIorapruMa U YUCIIo, CTOAIIEE 10 3HAKOM
norapugma. 3aTeM BbIHECEM CTEIIEHH 3a 3HaK Jorapudma.

. B I
1{};1,'4?‘}:1{};; 22 =
il

Iul o

o '-:'= .-
log 2=1.5

Ortser: 1,5

log _ 6G0-log_ 12
5.Haiinure 3HaueHue Bolpaxkenus *

[Tockonbky OcHOBaHUS JIOTapu(MOB paBHBI MEKIY CO00i1, MPOCTO MPUMEHUMCBOICTBO

J0rapugpmMoB:

log _6G0-log_12=log _
1] ]

¥ -
_ - =log _5=1
; 212 !



OtBerT: 1.

log_0.24log _4
6.Haiiure 3HaUeHNE BBIpOKEHUS 0.5

3anuiem JACCATUYHBIC )lp06I/I B BUJIC OOBIKHOBEHHBIX Y BBIHECEM CTEIICHHU 3a 3HAK J'IOl"apI/I(l)MaZ

log (1.2 +10g” . 4=1ﬂgri—
D 5 ohH

+log | 4=—1ﬂgr,.5 —ltrgﬂd =-1-2=-3

2

OtBerT: -3
log . 13
. log 13
7 Halinute 3HaYEHUE BBIPAKECHUS &
Iug? L3 B Iug? 13 B Iug? 13 ,
- : - - ; - 1 -
Iung_H.J 13 |ug?_! 13 - Iug? i3
OrTBeT: 2
log 9log 25
7. HaiiguTe 3Ha4€HUE BBIPAKCHUS o 3
9 9
. A T - 2 e B =
log - 9 ltmgﬁio log . 3 logﬁg
y . .
1log - 3 lugﬂo
OrtBer: 4
log 50
g -
Lo . 2

8. HaiinuTe 3HaueHNE BBIPAXKEHUS

Paznoxum 50 Ha MPOCTHIE MHOKUTENU M YIIPOCTUM ITOKa3aTeNb CTENIEHH B YHCIHUTENE Jpoou:

loge 5 v 5% log 5
q 5 k] 4

log 2 o log 2 B log 2 B log 2 B log 2
g 9 5 E E 5

(1— log 12 ) (1— log 12 )
o 2 [
9.Haiinure 3HaueHNE BBIPAKEHUS

[TpuBenem oba sorapudma K OCHOBAHUIO 2, a 3aT€M Pa3I0KUM yrcia 12 u 6 Ha mpocTbie
MHOKUTEIIHN:



) log_ (?jii )
(1—1{}5_1;_’ ('3_.‘% )) 1—T =
(1—1{};_1;_’1'3)(1—1{}g{_13)= B log, {2x3 )
A ]

24+log, 3 24+log 3
I-{ 24log 3 l-—— J=|(-1-log_3 -—
( ( l 98y ) ) 1+log_ 3 ( B, ) 1+ log 3

t=log 3
0O603HauNM =, MOJIY4YHM:

) 121 . A1)
-t L )= (14t ) —L =1
\ J( 1+t ) \H 14t

3ameuanue. M0o>XHO OBUIO IOCTYMUTH TaK: MpeICcTaBUM ncio 12 kak mpousBeneHue 2 u 6.

(1—1{};};2 12 ) (1—1{};{{5 12 ): (1—1{}g12—1{}ngi ) (1—1{};};{52—1{};;{5{:' ): (—1{};};2Ei ) (— 1{}5_1;“'3 ):l

Otser: 1

IIpakTH4yeckoe 3ansaTue Ne 28

Tema: Pemenue norapupMuyeckux ypaBHEHUN
Heas: Hayuuts pemiats npocreifmue sorapupMuuecKue ypaBHEHUS

Teopetnueckuii 610K

Pemenue nto60ro gorapuMUyecKoro ypaBHEHHs TAK)KE€ CBOJAUTCS K PEIICHUIO OJHOTO WK
HECKOJIBKUX MPOCTEHIINX JIOrapu(pMUUECKUX YPAaBHECHUH:

1) log.f(x)= log.g(x); 2) log.f(x)=b.

VpasHenue (2) cBomurcs K ypaBHenuro Buaa (1): log.f(x)= log,a".

VYpasuenus Buna (1) cBoasarcs k pemeHuto ypasHeHui f(x)= g(x) (morenuuposanue). [lpu
3TOM HEO0OXOUMO MOMHHTH, YTO ypaBHeHUS log,f(x)= log,g(x) u f(x)= g(X) He paBHOCHUIIBHBI.
[Tpu noTeHIMPOBAaHUY MPOUCXOAUT PACIIUPEHUE OOJIACTH OTIPENICIICHUS, a 3HAYUT UMEETCS
OIACHOCTb IOSIBJIIEHUS IOCTOPOHHUX KOpHEH. [IpoBepka — HausTyyIee cpeicTBO MIPOTHB TAKOM
OTIaCHOCTH.

1 mun — 1o onpeeNneHuIo Jorapudma:

luglfzx—lj=—2‘

a)
O

log,(10-0)= -2 log, 9= —zl
IpoBepka: 3 ;3 . ~2logz3= =2 )= > pepro.

Pemenne: ; 2x—1=9; x=5.



OT1Bert: x=5.

) l08s( +4x+12)= 2

Pemenme: - =% +4x+ 1|2; x +4x+12-9= III|; x! +4x+ 3= IZII;

%1y = —2%- - =—Eib

;X =1 m x,=3.
IIposepka: x=—1, log;(1-4+12)=2; log:9=2; 2log;3=2; 2=2 — BepHO;
x=3, log3(9-12+12)=2; l0og:9=2; 2log;3=2; 2=2 — BepHO.

OtBeT: x—1, x=3.

Pemnenne: 2 4 2 . IIyctp ¥ F, TOr1a YPaBHEHHUE 3AITUIIEM B
Y 80
BUITE 4 ¥ : i +4§.r—32=lil;

V2= -2 A+32=-2%6 g =4y =8 g p o g e

3
1o [——1} =2-2
22 P

OT1Bert: x=2.

IpoBepka: ;1e821=0 _ gepho.

2 mun — ypaBHEHUs, KOTOPHIE C TTOMOIIBIO JIOTAPU(PMHUIECKUX TOKIACCTB CBOAATCS K
MPOCTEUIINM YPABHEHUSM:

a) lg(x—3)+lg(x—2)=1-1g5.
Pemenue: 1g[(x-3)(x—2)]=1g10-1g5; 1g(x*-5x+6)=1g2;

51«,!55—16

x*-5x+6=2; x*-5x+4=0; X, ,= 4 ; x=4 u x=1.
IIpoBepka: x=4; Ig(4-3)+ lg(4-2)=1-1g5; 1g1+ 1g2=1g2; 1g2=1g2 — BepHO;

x=1; 1g(1-3)+ lg(1-2)#1— 1g5, Tak Kak BelpakeHUe, CTOsAIIEE O] 3HAKOM
norapudma, JOJHKHO OBITh BCETa MOJT0KUTEIBHBIM.

OtBeT: x=4;



g+ 1gx-3) 1
6) LaTx+ D)+ g 6)+ 1gh 2

gt + 1gx-3) =§| 1g(4(x - 3) %l
Pemenne; [E3Tx+10c-60  Z. 1a3(Tx+1Ge-6))

2 1g(4(x-3))= 1g(B(7x+1)(x-6)); 1g(4(x-3))*= 1g(3(7x+1)(x-6)).

[Motenmupyem: 16x*-96x+144=21x*-123x—18; —5x*+27x+162=0;

27t 3869 _ ETiﬁ3| 36 1%
5x*27x-162=0; x;,= 10 10 |; x;=9; x,= 10 3.
11+ 1gs, 1 g4 |
Iposepka: x=9; 1@4+1g+1g8 2. lgg+igd 1,
1824 1
21824 2| gepo:

13
2 +1(._-3J
gtlg ; |

X_q ﬁﬂ g{-— 6]+1g3 :

BBIPAXKCHUC HE MOXET OLITH OTpHULATCIIbHBIM.

— JIOXKHO, TaK KaK HOI[JIOFapI/I(I)MI/I‘-IeCKOG

OTtBeT: X=9;

B) logsx +logyx +logq.x = 5,5I.

1
Jlog nh=—logh
Pemenue. Bocrionszyemcst popmynoit m

3

1 1 11
logzx+ —logzx+—logzx =558 —logzx=355 _
BTy TRy R 5I; g leggr=3. 497

log,27+10g,27 +10g,,27 = 5.5, logs3® +1ogy 37 +1=353

>

ITpoBepka:

3 +§+1 = 5,5I
4 — BEPHO.

OTtBet: x=27,

) Logsx ~11) +logs(x - 27) =3 +logs$ _

Pemere: 08— 11z 20 =log,(5* -8



46 4/2116+2108 4645

[Morenuupyem: (3x—11)(x—27)=1000; 3x*>~92x-703=0. X, ,= 3 3, x=37u
1

Xo= 3.

TMposepka: 1. log 111 =10 +10g (3T -2T1=13 +1|:|g58|;

log 100 +1log10= lngleIEIEIL logsl000 _logs1000 BepHO.

19
logs(—12-111+1og; [— ?—2?} #3 +10g54
2.
norapudma, JOHKHO ObITh MOJOKHUTEIBHOE.

, TaK KaK BBIPpAXXCHHUC, CTOAIICC I10J] 3HAKOM

OrtBer: x=37.
3 mun — ypasaenwus Buna P(log,x)=0, rne P(y) — MHOTOUNIEH 2 WK 3 CTETICHH, WITH

YpaBHEHHSI, CBOJISIIAECS K HUM. DTH YPAaBHEHHS PEIIAIOTCS C TIOMOIIBIO MTOJACTAHOBKH: Y=
log.x.

2) lng§ x-log; - 3= [l

2 — —
Pemenne: |08 ¥~ 210g; x-3= [i TMycrs 1°82* = yl; y*~2y-3=0. Pemaem ypaBHEHHE | MOJTyYaeM
1

yi=3 ny,=1; y=3 =!8 % = 3' =x=27; y=—1 =
TMposepka: x=27: logs 27-1og, 27- 3= 11; (log; 270 —1og, 3° -3=10 :

9-6—-3=0 — BepHO;

2
1 91 1
logs ——10g3[—) -3=0 - —
x=4; 3 3 . (log; 3 1}2—10g332—3=[|;

1+2-3=0 — BepHo.

1
OTtBet: x=27, XIJ;
6) log, (5% logh x= I

Pemenue. Hpexc;:[e BCCTO HAAO UMCTh B BUY, YTO €CJIM B YPABHCHHUAX BCTPCHANOTCHA

J'[OFapI/I(bMBI C pa3HBIMI/I OCHOBaHUAMHU, TO UX HAIO0 HpI/IBCCTI/I K OI[HOMy OCHOBAHUIO C
log. b

log, b=
MTOMOIIBIO (hOPMYJIBL:



logy(5x™) |

2

1 ogsx =1
u] X

B nannom ciydae nepexouM K OCHOBAHHIO 5. &5

(logs i +2loggx)logg x = 1I. O603HaumM 185 = }’i; (1+2y)y=1,

1 1 1
logsx=
2y2+y_1:0; YI:_I, }’2:4; logs %= _ll 50051 B 4; XZJ; xzxd,

1 21 1 2
1 J—1-1 = log, —-(-11° =1
':'gl[ 25} 0gs ‘| 813 iy

Iposepka: 1) 3 ;3 ; 1=1 — BepHoO;

2
%) 1ug£(5-5)-1ng§«f§=|; tog (52" (1o, gz +5) ‘

; 1=1 — BepHo.

1
OTtBeT: X= J ;X= \Bl .

5 mun — norapupmupoBaHre 00eux 4acTeil ypaBHEHHUs.

e 100

X

IIpumep: x

ol g 1000
gx =lg—
Pemenne: x5 (lgx+1)lgx=3-1gx; lg’x+lgx=3-1gx; y=lgx;

y*+2y-3=0. Pemaem ypaBuenue: y;=3; y,=1; lgx=-3 i Igx=1,
x=107; x=10.

100

1074 _
[:]'D :' 1|:|_3 ) (1']_3}_3+1 =1|:|1 (ID—3)—2 =1|:||5|

IIpoBepka: 1)

5

10°=10° — BepHO;

gt 41 _ 1unn|
2) 10 §; 10>=100; 10*=10* — BepHo.

Otset: x=107; x=10.

IIpakTyeckoe 3ansaTue Ne 29

Tema: Pemienue yrpaxxHeHuit
Heab: 3akpenuTs ¥ cUCTEMATU3UPOBATh MaTepUal 10 JAHHOHN TeMe
Teoperuueckuit 610K



Jlorapudgmuueckast pyHKIUSL

[TycTh @ — moNOKUTENBHOE YUCIIO, HE paBHOE 1. DyHKIMIO, 3a1aHHyI0 PopmyIoi y =logax,
HA3BIBAIOT JIOrapupMudecKoil pyHKIIMEH ¢ OCHOBaHHEM a.

OcHoBHbIE CBOMCTBA JOrapu(MUIECKON PYHKIIHH.

1. OGnacTb onpeaeneHus JorapupmMuyeckoit GyHKIIUN — MHOKECTBO BCEX
noJsioxkuTeNnbHbIX yucen R+, 1. e. D(loga)=R

2. OO6nactp 3HaueHUH JTorapupMUIecKor PyHKIIMM — MHOXKECTBO BCEX JEHCTBUTENBHBIX
qHCe.

3. Jlorapudmuueckast pyHKIMs Ha Bcel o0nacTu onpezeneHus Bo3pacraet (npu a>1) wim
yowiBaeT (rpu 0<al ¢ynkius Bo3pacrtaet (B ciyyae 0<axl.

.HOFapI/I(bMI/ILIGCKI/IM YPaBHCHHUEM HA3BIBAIOT YPABHCHUC, B KOTOPOM HCU3BCCTHAA BXOJAUT
TOJIBKO B apT'YMCHTEIL HOl"apI/Iq)MI/I‘IeCKI/IX q)YHI(I_II/Iﬁ IMPU HEKOTOPBIX IOCTOAHHBIX OCHOBAHUAX.

[Tpu penrenny orapupMUIECKUX HEPABEHCTB HEOOXOUMO YIUTHIBATH MOHOTOHHOCTH
norapudmuueckoit pynkuu loga x: Ilpu 0 < a <1 sta ¢pyHkuus yosiBaet, npu a > 1 —
BO3pacTaer.

Pemenue ynpaxHeHui
1 25+/5 —lo log, 5+log 55
1. Beruncnure: a) 85 \/_; 6)42 l g23; B) log, log, 64; r)4 T 9.

= 0gs X __ 0 5\/7
2. PelunTh ypaBHEHNS: a)log3x4 Bx+1) 2; 6)2x2 4 glogs ¥ _ pgloe 10'

1 4 2 +logs 089 1610857
3. Beruucnure: a) ME ; 6)251 lg'3; B)10g410g981; r)3lg oot

logo,1 x=4log,,3 - zlogo,1 27 — 2log0’1 6
4. Haittu X, eciid U3BECTHO, YTO 3

_ _ 3
5. Haittu ¥, eciim U3BECTHO, 4TO log,, x =2log,, 6 -0,5log,,100 + 3log,, m

1
log, 45+1log, g log, 2 —log, 4

6. Berauciuts: a) log, 75 +log, 3 ; 0) log;16 —log;0,5 .

7. Halinure 001acTh onpeesieHns KaKaou u3 QyHKINI:

l)y:\/9—x2~]nx2; 2))’:\/111(?“‘2); 3)y:10g0,5(x2—2x)+v9—x2.

8. Haiinure o0mactk onpeeeHus: Kaxa0u u3 QyHKITHI:

Dy =Va-xIn(x=17, 5 y=yin=3). 5= logy " +3x| +/49-x*

JomariHee 3aianue:
3log,3-log, 27 3lg4+1g0,5
log,3+log,9 . 6) lg7-1gl4

1. BeruucauTs: a)

= 2 logysx logg V30
2. Peumnth ypaBHEHUS: a) log,, 4.5y =2 ) 3x7+0,5 =36"* .

IIpakTyeckas padora Ne 30

Tema: KontponbHas pabota
Heanb: I[IpoBepuTh ypOBEHDb YCBOCHMS JAHHOU TEMBI



1 BapuaHnT

IIpeoOpa3yiiTe BbIpakeHue:

| a+2_ a + 2 \/E—\/E
’ V2a 2a+2 a—+2a| a+2

1 1

c—1 c*+c*

1
2. 3 1 1 '+l
ci+c? o241
lg8+Ig18
2lg2+1g3

Pemure ypaBHeHue

1.Vx%42x+10=2x—1

+Cos =1

T
COS|—+Xx
2- 4

n
——x
4

3.0’2x2716x737,5:5 \/g
4 log,v x—5+log,V2x—3=1

2 BapuaHT

IIpeoOpa3yiiTe BbIpa:keHue:

1 a\/§+bl/5_ Va+Vb|
"\ Va+Vb a+2
1 ( 7 é) 3.3
7 (ab)2—3b_|_ ) +2a°+b
a— b E_bZ

3lg2+31g5
"lg13—1g130

Pemnte ypaBHeHne

1.\/17+2x—3x2:x+1



sin £+x —sin E—x =1
) 6 6

3 X—6x+0,5__ 1

T 1642
AL%@ux—n:1—@Jx—9

IIpakTHyeckas padora Ne 31
Tema: Yucnosas nocieaoBaTenbHOCTh, CIOCOOBI €€ 3a1aHuUs, BBIYUCICHUS YJICHOB
NI0CJIE0BATEIBHOCTH.

eanb: HayunTh BEIYUCTATD

Pemenune ynpaxHenui

L Haiigute nepBbie MSATh YJICHOB Psijia MO €T0 3aIaHHOMY OOIIeMy YIeHY:
_n
L. u”_n+1
_2n
2 =0
3. u=2t0
2
1+ _1 n+1
4. unzi( )
n
IL Haiigure nepBbie 4eThIpe WieHA 10 €ro 3aJaHHOMY O0IIeMY YICHY:
| u _[n+1)!
" 2n
1
u =
2.t (3n—1)(2n+1)
2
n
U, =7——7——
3 =) (ne2)
-1Vn
=(—1 n—-1VIt
4. u=(-1p L0
5. u =
" (2n+1)2"!
6 u= n+1
" (2n-1)3""
III. Haiinmure hopmyiy olriero uieHa psja 1mo ero JaHHbIM IEPBBIM YJeHaM
2.4 8 16
1. =+—+—+—+...
1 4 9 16
1,1-2,.1-2-3 1-2-3-4
2. —+ + + +...
9 25 49 81

3.



IY. Bpruuciaure cymmy 4a€HOB psja:
0o

1, Z(l

c 1
2. Z(3n—2)(3n+1)
1

—~ 3n71
- 2n+1
4. -3
nzz:l n’(n+1)°
C 1
5. ~
n=1 n‘n+lj(n+2)
Y. Haitaure n-i1 4iieH psja 1o ero JaHHbIM IEPBbIM YJICHAM:
1 3 5 7
1. =+=—+=+—
2 4 6 8
2.
3.

YI. Uccnenyiite cxonuMOCTb psifia, IPUMEHsIsl HEOOXOAUMBIH MPU3HAK U OJIUH U3
MPU3HAKOB CPABHEHMS:

- 1

1. é(n+2)!
- 1

20 X

<w
S

n=1

et
g 1M 2
|~

1
n
n=1 N
Uccnenyiite cxomuMocTh psifa, HCTIONB3YIO npu3Hak [lanambepa.

1. >y =

n=1 3 '2“

2. >

4.




IIpakTyeckas padora Ne 32

Tema: [Ipenen nmocinegoBaTEILHOCTH
Hean: HayuuTh BEIYUCIATD NPEEIbI

Teopernyeckasi 4acThb

Onpenenenne. Yncno buassiBaercs npesenom Gyakimn f(X) Mpux, cTpeMsAmeMcs K d , eciH
st Jiroboro unciaa €>O0naiercs Takoe yucio 6 >0, 4To mpu BCEX X # d, yAOBICTBOPSIONIINX
HEPABEHCTBY |X—a|<§, GyeT BBIIOTHITHCS HEPABEHCTBO | f(x) —b‘<£.

Omnpenenenue npeaena GyHKIMA MOKHO chopMyIHpoBath u Tak: Huciaob HasbiBaeTCs
npenenoM f(x) mpux, cTpemsImeMcs K d, ecl TpH 1ro6oM £>0 CyImecTByeT Takas OKpeCTHOCTh

TOYKHU d, YTO IJIsI JII000T0 XZ ad U3 DTOU OKPCCTHOCTH. Hpenen 0003HayaeTcs TaK:
lim f(x|=b.

X—-a
[Tpumep 1. [Ipenen nocTosHHON QyHKIMU B JTHOOON TOUKE paBEH 3TOM e MOCTOSIHHOM.
Pemenue. ITycTs 11s Beex X. OueBHHO, uTo 1u1st MoObIx £>0,6>0 u s Beex x € (a—68,a+5)
CIIPaBEUIMBBI COOTHOLIEHUS
3HAYUT, IO ONPEICIICHUIO Mpeena
lim f|x)=lim k=k.

[Tpumep 2. ana ¢pynkuuu. Jlokazars, 4to
lim f(x|=a.

X—-da
Pemenue. [Tycthe>0 - moGoe uncio. Tlonoxusd =&, 111 Beexx € (a—§,a+8 ) nonyunm
|f(x)—a|=|x—al<§, m.e.|f(x)—a|<e 3naunr
lim f(x)=lim x=a

X-a X—-a

Teopema. Ecnu pyHKIMS MMeeT peesn MpH X, CTpeMsIIeMcs K d, TO 3TOT Mpeel
€MHCTBEHEH.

1. Teopembl 0 npenenax (GyHKIUA
Teopema 1. Eciu ipu X — @ cyniecTByOT npeaesbl QyHKImi f (x| u g(x), 10 CYILIECTBYET
TaKKe ¥ NPeJIeNTbl MX CyMMBI, PaBHEIH cyMMe Tpesenos gyHkuuit f x| u g(x):
lim ¢
X—-da
Teopema 2. Eciu ipu X — @ cymectByioT mpeaeist Gyukmuii f(x| 1 g(x), To cymectByer
TAKKe U TIPEJIEIT UX POM3BE/ICHNS, PABHBIH POM3BEICHNIO peaesoB dynkimii f| x| u g(x):
lim ¢
X—-a
Crnenctsue. [TocTOSSHHBI MHOXUTEIh MOYKHO BBIHECTH 32 3HAK Mpeiena.
JlelicTBUTENBHO,
lim ¢
X—-da
Teopema 3. Ecin ipu X — @ cyImecTByIOT npeaens! Gpyukmmii f(x| u g(x) n npenen dyHkumn
g(x) oTnmyen oT HyJs, TO CyIIECTBYeT TaKke M Ipezen ux orHomenus f (x)/ g(x), papHbrit
OTHOUIEHUIO MPEEIIOB:
lim ¢
X—-a

TTousTre 0eCKOHEYHO MaJIOW 1 OECKOHEYHO OOBIITON BEIUYNHEI



Ecnu npenen GpyHkuuu paBeH HyIO, TO OHA Ha3bIBACTCS OECKOHEUHO MAaJloi BETHUHUHOM.
Ecnm npenen ¢pyHKImy paBeH OECKOHEYHOCTH, T.€. BETMUYUHE 0OpAaTHON K OECKOHEYHO MaJION
BEITMYMHE, TO OHA HA3bIBAETCs OECKOHEYHO O0bIIoN BennduHou. Clie1oBaTeNnbHO,

BBITTOJIHAROTCA paBCHCTBA:

lim + = oo, lim 4-=0

X-da X—»am

Breraucnure pCaciibl

IMpumep 1.
lim(x+3)=lim x + lim 3= 7+ 3=10.
x—7 =7 =7
MMpumep 2.
limi{3x+2 hm3x+hm2 Iim3-limx+2
lim 3x+2 — x%l( ) ( ) z—1 _x—=1  x—=1 —
—12x -7 Hm@x—ﬂ hm@ihhm(?) lim2-limx—7
x—1 =1 x—1 x—>1 x—l
3-1+2
= _=5/{(-5=-
2-1-7 3
IIpumep 3.
. x%-4
lim :
—2 X—2

—4_(-2)x+2)_

+ 2.
x-2 x—-2
2_
lim >4 _ (ﬁ 2)(x+2)_ lim{(x+2)= limx+ lim 2=
=2 x—2 x—>2 x—2 x—2 x—2  x—2
=2+2=4

Pemenue ynpaskHeHuH

1@3Hx{4ﬂx—3nx—5” lim (x+3)(x—2]
3. xo
x+2

2. lim [[2x—4)[x—1][x+2)]

x -0



10.

1.

12.

13.

14.

15.

lim 3

X-3

2x—6

lim 4

x-0

3x2+2x

lim2x*—2x°

x-0

5x°—4x’

. 3
lim 3 x°+x

x -0

X

lim x—3

X-3

x’—9

lim 4x°—9
3

2

2x+3

lim x*—8x+15

X-5

x2+25

lim3x’—8x+4

X2

5x’—14 x+8

lim x*—7 x+10

X—-5

x’—9x+20

lim x—6

X -6

Vvx+3—3

limVx+1—1

x>0

X

lim 3—+/x
X-9

4—2x=2

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

lim (x662—5x+6) ¢

X - 00

lim (x643+3x%)6

X — 00

lim 3x

X — 00

x—2

lim x—8

X — 00

2x—2

lim 2x*—3 x°+1

X — 00

5x°—4x°+2x

lim 2x*—5x+4

X -0

x*—2x+43

1m1¢xa—x—x

X — 00

lim \/x2+5x—x

X -

lim 4x°—7x—2

X2

5x°—11x+2

lim x*+2x—15

X-3

2
Xx"—9x

lim 2 x

x -0

Va+x—4—x

lim 2—+/x

X >4

3—V2x+1

lim2—x

X -5

3—/2x—1



IIpakTyeckas padora Ne 33

Tema: KontposbHas paboTa 3a nepBblil ceMecTp
Ieas: [IpoBepuTh ypoBeHb YCBOCHHS MaTepHala 3a epBbli ceMeCTp

1 BapunanT
3 — 2 — ! . 4y2 Yiupocrure BhIpakeHue
2x—y 2x+y 2x-5y| 4x—y P g
1.[sin x+cos x]*—1
2
T . 2|3m .
2.| cos® x X +sin” S X —sin’x

sin® x +sin? x cos’ x

3.
sin® x cos® x

IIpeoOpa3yiiTe BbIpakeHuUe:

| a+2  a + 2 ¢E—¢§
“\V2a V2a+2 a—+2a| a+2

11
c—1 c?+c* 5
2. = 71 ¢ +1
ct+c? c*+1
lg8+Ig18

* 2lg2+Ig3

Pemnre ypaBHenue

1V x*+2x+10=2x—1

E—x =1

4
3.0,2x2716x737,5:5 \/E
4 log, x—5+log;V2x—3=1

i
2 .cos Z+X +cos

2 BapuaHT



Ynpocrure BolpaskeHue

1.(cos2 x+1)tg?x—1

Ctg(?i—x)
1—ctg2(—x). 2

2

tg” (x—m|  ctglm+x]|
3 sin® x cos x +cos> x sin x
COSZX
IIpeoOpa3yiiTe BbIpa:keHue:
1 aJE+bJB_\/% Va+vb\’
| Va+Vb a+2
1 (1 1\2 3 3
2 az—bz) +2a’+b’
2 3lab’=3b+ L2
a—b a’—b?
3lg2+31g5
"lg13—1g130

Pemute ypaBHeHue

1.\/17+2x—3x2=x+1

E—x =1

6

A .
—+X|—SIln

2.sin 5

. 1
x76x+0,5:
3.2 1672

4%@(2 x—1]=1-IgVx—9

IIpakTyeckas padora Ne 33
Tema: HpaBI/ma BBIYUCJICHUA IPOU3BOJHBIX

IIe.m,: Hay‘II/ITB ydamuxcs mnpaBujiaM BbIYUCIICHUSA TPOU3BOAHBIX

Teopernueckuii 610K

. C'=0

° If — ].

. (fr9)=F+9g
. (fg) =Ffyg+fg



. (cfy=cf
(j)f:f"y—fg"

. \Y g9° ..(g#0)
(5) =%

. \Y 9 @#0)

Beruucnure npou3BoHyO:

f(xX)=x+2x"+4

1.
2. f(x)=2x2+x3+10
_2.,3.6
| =i
f(x)=l+%+i
4. x* 5
s f(x)=2x+4x"
6. [lx)=Vx+5x"
7 f(x):x(x+1)‘
g [(x)=x[x+5]
Jomamaee 3amanue:
1) fx)=7 7x'+13x°+18

11.f(x)=x(x+3)
12.f(x)=(x*+4)(x-

13f(x)=5

3x—
14f(x)=

1
x+5

x+1

2)f (x)=5+55+x
3)f(x)=x(x+2)
4 (x)=(x+5)(x’+7)
1A

x+1
G)f(X)ZE

IIpakTnyeckoe 3ansaTue Ne 34

Tema: [Ipou3BoIHBIE TPUTOHOMETPUUYECKUX (PYHKIIHIA

esan: HayunTh BEIYUCIATH MPOU3BOAHBIE TPUTOHOMETPUIECKUX (PYHKLUH

Teopetuueckuit 610K

Bce Tpuronomerpuueckue GpyHKIUHN
Bcell 00J1acTH OIpeIeNIeHus:

(sinz) = coszx,

HENPEePhIBHO U HEOTPAaHUYEHHO AudepeHrpyemMbl Ha



(cosx) = —sinx,

ter) = 1
(tgz) = cos? 1’
(ctg) = ——
ctex) = — i
& sin? r

Pemenne ynpaxueHni
1. Ha¥liguTe npou3BoaHyO (PyHKIHH:

2)y=tgx+x

Dy =cosx+x°;

Ny=rctgidzx+ 5)y=sin(x+gj;

127

2. Haiinure npou3BOAHYI0 (PYHKIINU:

?)y=sm(g—2xj, oy = 8}y=cosgx;

Dy =sin’x+cos® x,

Ny =szin'x+cost x—Zsin* xcost x
3. Haiitu mpou3BOAHYIO (QYHKIIUHU:

Dy =sin z°; 5

2y = cos’ (g -3

1
3)-}": a H
cost x
fgx
4y =£2;
l+igx
Sy =—22
igx
1
Gy = :
4 fgax
Ty
igld3x x
B)y = ctgTx,

Dy = Jxsin x.

Py = (sin x + cos x)°

Ay =sin 2x;

&1y =cos(2x+ ?—;);

Ny = ﬁgE x

: 3)y=cosgx—singx;

Sy =z 2xsn 3x+toos 2 cosdx -1

1 . T
Ly =— x* , =
)y p Xz x Ein >
COS X T
2y = . ==
2 " Trom = B3
X 4 X S
=sgin —-c£os —, Xy = —;
X4 2 PRI
41y =1+ 35m x, e S (08
Sy =1g’ 2x,
By = cosz(2x+1j, x, =

fy= ,’1+ 5cos§;

8y =sin* (227,
9y =cos® (71— 3x%).

IIpakTyeckas padora Ne 35



Tema: Brruncienue npou3BOJHOM CIIOKHON (YHKIIUU
Heaw: Hayunts ydammxcs BIYUCISATh TPOU3BOAHYIO CIOXKHONU (QYHKIUU

Teopernueckuii 610K

[Ipon3BoaHas ClI0KHON (PYHKIIMM paBHA MPOU3BEICHHUIO €€ MIPOU3BOIHON 10 MPOMEKYTOUHOMY
apryMeHTy Ha IIPOM3BOJHYIO HTOI0 ApryMEHTa 110 HE3aBUCUMOM NIEPEMEHHOU

Pemenne ynpaxxaenni

BbruucnuTe npon3BOAHYIO CIOKHON (DYHKINU:

1) (X) CoS5x 8)f<x):;_COS)5£
; E ;:(38_4) 9)f(x)=(3x+5)
X)=(8x+ 1O)f(x):3 :
Hf (X):(B 4x) (2x+4) 2
5)f(><)=(3—2x)_3+(1X+4)3 11)f(x)=(5x+4)*+[>+8
i 12)f(x)=>cos(>—-3x)
6)f(x)=2sin(3x—=) _4 5
13) f(x)=sin8x
7y flx)=tg4x .
3 %2
15)f (x)=(4x-5)
16)f (x)= ‘(31 -

Jomarnaee 3amanue

2)f(x):;—sin7x
3)f(x)=(2x+10)’

_4
0=

5)f(x)=(4x+8)7°+

2
lx+13
3

6)f(x):4ctg(g—2x)

7)f(x)=ctg2 x
IIpakTyeckas padora Ne 36

Tema: Pemienue ynpaxHeHU.
Heab: 3akpenuTs ¥ CUCTEMATU3UPOBATH 3HAHUS yUaIIUXCS 110 JaHHOU TeMe

Teopernueckuii 010K



Kapmouka Ne 1
Haiinure npou3BoAHYI0 PYHKIMH

1 f(x)=7x"+13x*+18

Z)f(x):)si+i—3+ X
3)f(x)=x(x+2)
4)f(><)=(>2<+5)(x2+7)
iy
6)f(x)=21
Kapmouka Ne 2

Haiinure npou3BoAHYI0 PYHKIHMH

1) f(x)=6x"+5x"+78

=2l
3)f(x)=x(x+3)
4)f (x)=(x*+4)(x-1)
5)f(x)=3—
6)f (x)=5
Kapmouxka Ne 3

Hajigute npou3BoaHyI0 (PyHKUIM A

1) f(x)=4 X+3x°+2x°



2)f(x):10 e
3)f(x)=x(x+10)
4)f (x)=(x+4)(x+2)
5= e
6)f(x)=222
Kapmouka Ne 4

Haiinure npousBoanyo GyHKuMi

f(x)=7x+8 x4+%

2)f(x)=2+2 4%

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

4)f (x)=(x+5) x2—7)

5) ()=

6)f(x)=2=
Kapmouxa Ne 1

HajiguTe npou3BoaHbIe CJOKHBIX QYHKIUI
1] f(x)=cos5x

6)f(x):2sin(3x—g—)

Kapmouxa Ne 2
HajiguTe npou3BoaHbIe CJOKHBIX QYHKIUIA

1] flx)=tg4x



Kapmouxa Ne 3
Haiiagure npou3BoaHbIE CJI0KHBIX PyHKIMI

1] f(x)=sin8x

2)f(x)=41Tcos—
3)f(x)=(4x-5)
N —

Kapmouxa Ne 4
Haiinure npou3BoaAHbIE CJI0KHBIX (PyHKIMI

1] flx)=ctg2x
2)f(x):;—sin7x
3)f(x)= (2x+10)
D=
5)f(x)=(4x+8)™

6)f(x):4ctg(g——2x)

2
lx+13
3

IIpakTHyeckas padora Ne 37

Tema: MexaHn4ecKuil CMBICI TPOU3BOTHOM
Henan: 3akpenuTs U CUCTEMATU3UPOBATH 3HAHUS yUaIIUXCS 110 JaHHOU TeMe



Teoperuueckuii 610

[Tycts 3aman myTh ¥ = f(t) JIBUKEHMSI MaTepUalIbHON ToukH. CKOPOCTh JaHHOW MaTepuaibHOU
TOYKH B MOMEHT BpeMEeHH ! ecTh MPOU3BOIHAS OT MYTH & [0 BPEMEHHU L:

v(t) = s'(t)

IIpumep

2 .
} s(t) = =t* — 20 + 4t
Teno aBUXKeETCS NPSIMOJIMHENHO 110 3aKOHY 3 (m). OnpenenuTh CKOPOCTh

ero aBwxenus B momeHnt b = 10 ¢,

Pemenune. ckomast CKOpOCTb - 3TO MPOU3BOAHAS OT IIyTH, TO €CTh

"J: . [ ? . [
v(t) = s'(t) = (_‘—ia-* — 242 +-'L.t) = (qz-*) —(20%) +(at) =

| b2

2 .
- fq{z-*}’ — Y A) =S 3P 2.2 441 =27 —at + 4

L

-t

B 3aaHHbBIi MOMEHT BpEMEHU

2

v(10) =2-107 —4- 104+ 4 = 200 — 40 + 4 = 164 (M/c).

Otser. U(10) = 164 (yyc),
YnpaxxHeHus:

1.MarepuanbHas TOYKa IBMYKETCS NPSAMOJIMHENHO IO 3aKkoHy X (t) = 6t* — 48t + 17, Tme x —
paccTosiHue OT TOYKHM OTCueTa B METpax, ! — BpeMs B CEKyHJaX, M3MEPEHHOE C Hadaja
nBuxeHus. Haliaure ee ckopocTh (B METpax B CEKYH]Iy) B MOMEHT BpeMeHu t =9 c.
2.MarepuanbpHas TOUKa ABMKETCS MPSIMOJIMHENHO 110 3aKOHY

x (t) = (1/6) t* + 5t + 28
IJle X — PAcCTOsSIHUE OT TOYKHM OTCYETa B METpax, t— BpPeMsI B CEKYHJIaX, U3MEPEHHOE ¢ Havaja

IBUKEeHUS. B Kakoil MOMEHT BpeMeHH (B CeKyHax) ee CKOpOCTh Oblia paBHa 6 M/c?
3.MarepuanbHas TOUKa JBUKETCS TPAMOJIMHENHO 110 3aKoHy X (t) =t — 13t + 23, rme x —

paccTosiHuE OT TOYKU OTCUETa B METpaX, ! — BPeMs B CEKyHJ/Iax, H3MEPEHHOE C HaJasa
IBIKEHUs. B kakoii MOMEHT BpeMeHU (B CEKyHaX) ee CKOpoCTh Obuta paBHa 3 m/c?

4.Touka nBUXKeTcs 1O 3aKOoHY S(t)=2t*-3t (s — myTh B MeTpax, t — Bpemsl B ceKyHax). Beruncaure
CKOpPOCTb JIBUYKEHUS TOUKH, €€ YCKOPEHUE B MOMEHT BPEMEHHU 2C

5.MaxoBuK Bpalaercs BOKpYI OCH 110 3akoHy ¢(t)= t*-5t. Haiiure ero yrioByro CKOPOCTb B
MOMEHT BpeMEHH 2¢ (( — yroJ BpallleHus B paJidaHax, ® — YriIoBas CKOPOCTh paji/c)
6.Tenmo maccoli 2 K ABMKETCS MPSIMOJIMHEHHO 110 3aKOHY X(t)=2-3t+2t?

HaiinuTte ckopoCTh Tella M €ro KWHETUYECKYIO DHEPTHUIO Yepe3 3¢ Mociie Hayalla ABUKCHHUS.
Kakas cuia neficTByeT Ha Tejlo B ’TOT MOMEHT BpeMeHH? (t u3MepsieTcs B CeKyHIax, X — B
METpax)



IIpakTyeckas padora Ne 38

Tema: Pemenue ynpaxxnenuii. CamocrosirenpHas pabora
Hean: 3akpenuTs U CHCTEMAaTH3UPOBATh MaTEpPHaI IO JaHHOH Teme

1 BapuaHT

1.

Haiinure yriooBoit ko3¢ GUIIMEHT KacaTeIbHOM, TPOBEACHHON K rpaduKy (QyHKITUH
y=4x"—6x+1 B €10 TOUKe ¢ abCIUCCOH X, =2

2. Haiinure yrinoBoit ko3ppHIMEHT KacaTeNbHOMN, MPOBEACHHOM K TpaduKy (yHKIIHH
y=2x"—x>+3 x—6 B ero Touke ¢ abcuuccoi X,=—1

3. HaiinuTe yrinoBoit ko3¢ GUIMEHT KacaTelbHOM, MPOBEACHHON K rpaduKy (HyHKIIMN
Y=SIinx—Co0SX B €ro ToUke ¢ abcuuccoit X o=%

4. Haiinure KOOpAMHATHI TOUYEK KacaHMsI, B KOTOPBIX KacaTesbHbIE K TpaduKy QyHKIHH
y=10x"+5x—1 HMEIOT YIIIOBOi KO3 ULIHUEHT, paBHbIii 2

5. CocTaBbTe ypaBHEHHE KacaTeIbHON K rpaduKy GpyHKIMA y=2x°—5 x+1 B TOUKE ¢
abcuuccoit X,=2

6. KoopanHaTta MatepuallbHO TOYKH U3MEHSETCS C TEYEHHUEM BPEMEHU T10 3aKOHY
X (t): 6" — 8t +6.Haiinure CKOpPOCTb TOYKH B MOMEHT BpeMEHH t =6

7. KoopnanHaTta MaTepuallbHO TOYKH U3MEHSETCS C TEYEHHUEM BPEMEHU T10 3aKOHY
x|t|=t°— 4t*+5 Haiiaure cKOPOCTh TOUYKM B MOMEHT BPEMEHH [ =2

8. MatepuabHas TO4Ka JBIKETCS MPSIMOIHHEHHO 10 3aKoHy x [t|=5t°—2t+1. Uepes
CKOJIBKO CEKYyHJI I10CJIE Hayaja JIBWKEHUS TOYKa OCTAHOBUTCS?

9. MarepuaibHas TOYKa ABUKETCS IPSMOJIHHEHHO 110 3aKoHy x |t |=3t°—13¢. Haitqute
YCKOpPEHHE TOUKH B MOMEHT BPEMEHH t =2

2 BapuaHT

1. Haiigute yrioBoii Koo puLMeHT KacaTelbHOU, TPOBEIEHHOH K rpaduky pyHKINU
y=7x"—5x+12 B €ro TouKe ¢ abcuuccoii X,=3

2. Haiinute yrioBoit KOdQQHUIMEHT KacaTelbHOW, TPOBEIeHHOH K rpaduky pyHKIUU
y=6x"—x+1 B €ro TouKe ¢ abcuuccoi X,=1

3. HaiinuTe yrioBoi ko3 GULMEHT KacaTeIbHOM, MPOBeIeHHON K rpa@uKy QpyHKIHUN

2

y:X—+% B €ro To4ke ¢ abcuuccoit X,=—1

4. Haiigure KOOpIMHATHI TOYEK KAaCaHHUs, B KOTOPBIX KacaTesbHbIe K rpaduKy (QyHKIMU
y= 8x’+4 x+4 WMMEIOT yriaoBoi Kod>p(UIUEHT, paBHbIi 1

5. CocTaBbTe ypaBHEHHE KacaTeNbHOM K rpaduKy QyHKIUN y=3 x°—4 x—2 B TOUKE €
abcuuccoit X,=—1

6. KoopamnaTta MarepranbHO TOUKH U3MEHSETCS C TEYEHUEM BPEMEHM I10 3aKOHY
x|t|=3t*—8t+8.Haiinure cKOPOCTh TOYKH B MOMEHT BPEMEHH ¢ =3

7. KoopnanHaTta MatepualbHO TOYKH U3MEHSETCS C TEYCHHMEM BPEMEHHU I10 3aKOHY
x |t|]=t>—4t°+8.HaiiuTe cKOpPOCTH TOUKH B MOMEHT BpeMeHH t =4

8. MarepuanbHas TOUKa JIBUKETCS MPAMOIMHERHO 10 3aKony x [t|=t*—8¢t+10. Uepes

CKOJIBKO CCKYH/ IT0CJIC HavdaJjla ABHIKCHHA TOKA OCTaHOBHUTCH?



o 2 o
9. MarepuaibHas TOUKA JBHKETCS NPAMOIMHEIHHO 110 3aKoHy X |t |=8¢°—2¢>. Haiinure
YCKOpPEHHE TOYKH B MOMEHT BpeMeHH t =1c

IIpakTyeckas padora Ne 39

Tema: [IpumeHeHue HeNpPepbLIBHOCTU. METOT MHTEPBAJIOB
Heawb: Hayunts yyammxcs pemats HEpaBeHCTBA, UCTIOIb3YS METOJ HHTEPBAJIOB

Teopernueckuii 010k

AJIropuT™ Ipumep
1. PazTosaiy BRIpaEeHHe B ) (x— 1)+ D+ 2)(x +3)2(x — 4)*
HHCTHTENE B 3HAMEHATETS Ha THHeHHES 2 =0
! (x—1Dx-3)*x-5)

MHOAHTETH.
2 Brigems ocodnle cIvaan{ecTd OHH (x—3)*=#0mpux=3
2CTh) — YEeTHRIE CTENeHH (x+3)*=0mpux=3
COKPATAOIHEcT MHOEHTETH. (x—4)*=>0mux=4

(x—1)=0 mux=1
1. [Nepenuimens HepaBeHCTRD, (x+1)(x+2) -0
HCKTHOYHE 0COO0BIE CTVIAN. x—5 =
4. TTpupaengen: ¥ 5VT0 Kas eIl c+1=0 [x=—1
MHOMHTETE SHOTHTEIA H JHAMEHATE A B 1a-0 — >
Hafigen BCe X H3 JaHHLIX * p e 5
PABeHCTE(«KOHTPOIBHEIE TOIKH ). - x=
5. Otmersy Ha KOOPIMHATHOH 3 A 5
OpAMOH TOUKH M2 1. 4, VIHTEIBAT 3HAK W
HePaReHCTEA(CTPOr Wil MIH HECTPOT M) »

X
6. [MpopepHM 3HAK B 0JHOM H3
HHTEPBATOE, 4 B OCTATLHEIY — i 3 = -1 i 3 ” N
TIpOYEpEIVess. = x
7. Jamuiment OTBET, VHHTRIBAA 3HAK -3 2 -1 3 4
HepaEeHCTEA H OCOOLIE COIVIAH.
X
Orger:x € [-2;-1]U (5;0) U {=3; 4}

Pemenue ynpaxHeHuni
(%% —4x+6) (x—2)(x—3)

(x-1)*(x-2)* <=0




x? —4x+ 6 > 0npux € R .takxar D <0
(x—2)’z0mpuXx € R, Tak kKak TOUKa X * 2
(x—1)*z0npuX € R, Takkak Toukax * 1

(x—2)x—3)=0 [iz

2
3

Oteer: X € (—2;3)

~ (&8} (=-7)(2x-3)
= —x—Gxt+6

=0

(x—5)(x+5)(x—7)(2x — 3) “o

—(x+6)(x—1) -

x=4/5
x=—/5
x=7
x=15
xX=6
L x=1

OTBeT: (—oc0; —6) U [—5; 1) U [1,5;4/5] U [7; co).

HpI/IMepLI Ha CaMOCTOSATCIBHOC PCIICHUC!

1 gl,
2 —hr+6 2

x4+ 17
— =10
L R

JZ -3

= ().

T — 2

V17 — 15z — 22
r4 3

Jomarinee 3amanue:
x—=3)x—9)>0
x+7x—4)<0

2+x)(14—-x)<0

> 0.



6—x)(x+7)>0
x(B-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

(c— )2 +x)x + D(x —2) <0

(x + 8)(3x — 30)(16 — x)(—6 — 2x) < 0

IIpakTyeckas padora Ne 40

Tema: Bo3pacTtanue u yObiBaHUE (YHKIINH
Hean: HayuuTs uccienoBats PyHKIHIO HA TPOMEKYTKH MOHOTOHHOCTH
Teoperuueckuit 610K

1.Ecniu B HEKOTOPOM NMPOMEXKYTKE TepBasi MPOU3BOAHAs (PYHKIIMU OOJIbIIE HYJIS, TO (PYHKIUSL
BO3pAcTaeT Ha 3TOM ITPOMEXKYTKE;

2.Ecnu B HEKOTOPOM MPOMEXKYTKE TiepBasi MPOU3BOAHASA (DYHKIIMU MEHbBILE HYJISA, TO PYHKIUSI
yOBIBAa€T Ha 3TOM MIPOMEKYTKE.

ITpomexyTKH, Ha KOTOPBIX (DYHKIMS TOJIBKO BO3PACTACT UM TOJIBKO yOBIBAET,
Ha3bIBAKOTCS MPOMEKYTKAMH MOHOTOHHOCTH.

IHopsaaoK HAX0KAECHHSA MPOMEKYTKOB MOHOTOHHOCTH:
1. Haiitu oGnacth onpeneneHus QyHKIHH.
2. Haiitu nepBy1o Npou3BOJHYIO QYHKIUH.
PaccMOTpuM HECKOJIBKO IPUMEPOB MCCIIEI0BaHUS (PYHKIIMU HAa BO3PACTAHHUE U YObIBAHHE.
Haiitu npomeyTkn MOHOTOHHOCTH (DyHKILIMI:
_ L 3_ =21
nrY=* 3%

a) 06JIaCTh OMpEIeIICHHS Diy): xe R

f = —_—
6) Haii/leM [IEPBYIO POU3BOLHYIO: Y 3 —6x ’

D'=0.37 —6x=0 x=0,x=2

Hccnemyem 3HaK IPOU3BOAHON B TIOMYUEHHBIX MPOMEKYTKAX, PEIICHNE TPEICTaBUM B BUJIC
TaOIAIIBI.

X =000 0] (0:2) 2] (¢ 2;+e0)
eI I N (V] I (U

»(x) 1 l 7
& (— oo, () (2;+00)

y=x=3x

WTak, B POMEXYTKax byHKIISA

xe(0;2)

BO3pacTacT, B

MIPOMEXKYTKE yObIBaerT.



2)J“':‘x3

Dy ze R

a) 001acTh ONPECICHHS

[ S
0) HaiizieM MepByIO MPOU3BOIHYIO: ¥ =-3x ,

V=03 =0 z=0

Hccnemyem 3HaK IPOU3BOAHOM B TOJYYEHHBIX MPOMEKYTKAX, PEIICHUE TPEICTABUM B BHJIC
TaOTALIBI.

x |[— m;D) 0 [D;+DD)
yix) - 1o -
»(x) ! !

OyHKIUA y=- yObIBaeT Ha BCei 00JIaCTH ONPEIEIICHNUS.

3)y:xz—5x+6.
Dy ze R

a) 001acTh ONpPECICHHS

6) HaiieM IIepBYIO IPOU3BOIHYIO: ¥ 2x=3 ,

Hccenemyem 3HaK IPOU3BOAHON B TIOJTYYEHHBIX MIPOMEKYTKAX, PEIICHUE TIPEJCTABUM B BHJIC
TaOJINLIBI.

x| (—o2,5|2,5] (2,5 +c0)

yix) - 0 +
y(x) ! T
Oynkmus ¥ - xt=51+6 BO3PACTAET HA IPOMEXKYTKE < [2’5;"_00), yObIBaeT Ha
IPOMEXYTKE * = (-o2;25)
[Ipumepsr:
Haiitin mpomexyTKu MOHOTOHHOCTU (DYHKIIUU
| = =27 .
y f()=x"+2x"+4
5 f(x)=2 X +x°+10
4 f()=2x+4x°
s flx)=(xesy
6. f[(x)=7x"+13x°+18

HOM&IHHCC 3aJaHHUC:

1 fx)=x[x+1]
s f(x)=x[x+5



IpakTnueckas padora Ne 41
Tema: Kputnueckue Touku GyHKINU, MAKCUMYMbl U MUHUMYMBI
Heas: Hayunts HaX0uTh SKCTPEMYMbI (PYHKLIUH.
Teopernyeckuii 070K

Heo06xoanmoe yciioBue ykeTpemyma: Ecian Touka X sIBISETCS TOUKOM skcTpeMyma GyHKImu f
Y B 9TOM TOYKE CyIecTByeT nmpou3BoaHas f', To ona paBHa Hymio: f'(x°) =0.

Ipusnak makcumyma ¢pynknun: Eciu ¢pynkuus f HenpepsiBHa B Touke X, a ' (x)> 0 Ha
untepBaie (a;x°)u f'(x)< 0 Ha uHTepBaje (x°; B) , TO TOUKA X SBIACTCS TOYKOH MaKCUMyMa
¢byskuuu f .

Ipusnak muaumyma ¢pynknuu: Ecnu pynakums f HenpepsiBHa B Touke x°, a ' (x)< 0 Ha
unTepBane (a;x°) u f' (x)> 0 Ha uHTEepBane (x°; B) , TO TOUKa X° SIBJISIETCS TOYKOH MaKCUMyMa
¢bynkmmn f .

Teneps KOoCHEMCsI BOIIpOca MOCIEA0BATEIFHOCTH OIEPAIIHii, KOTOPBIC HY>KHO BBIIIOJIHUTE TIPU
OTBICKAHUH SKCTPEMYMOB (PYHKITUH.(3-4 MUHYTHI)

1. HaiiTu obsacTh onpeaeneHus QyHKIUN

2. HAUTH MPOU3BOIHYIO (DYHKITH

3. HalTH TOYKH, B KOTOPBIX BBIMIOJTHSETCS paBeHCTBO f(x)=0

4. HaTH TOYKH, B KOTOPBIX IPOU3BOHAS HE CYIIECTBYET

OTMeTUTh Ha KOOPIUHATHOW NMPAMOM BCe KPUTUUECKUE TOUKH U 00J1aCTh ONpEeeICHHS
5. ompenenuTh 3HaK MPOU3BOAHOM Ha KaXJIOM U3 IPOMEKYTKOB

6. caenaTh BbIBOJ O HAJIMYMH WM OTCYTCTBUU SKCTPEMYMOB

Haiinure kputndeckrue TOUKU QyHKIIUHA
ai2x’+x—1=0; xe(1;5/mfl1)=0.
6).

86L4X°+3x—6=0;

r).

2. Haiigure TOYKM MaKCUMyMa U MUHUMYMa  (DyHKITHH:

2.D[f|=[~4;6];
f'Ix|>0npux e [—4;2],f [x|<0npu

xe(2;6/"f2)=0.

I[OMaIJ_IHCC 3aJaHHuC!:

a) x*—10x*+9=0;

6).
8) 12 X 3x?—5=0: 1. Haiigure KpUTHYECKHUE TOUKHU
byHKIMN:

r).

3. TloctpoiiTe 3cku3 rpaduka GyHKINH, 001 ar0Iei
CJICAYIOIIMMHU CBOWCTBAMH:

1.DIf|=[-3;5]; f(x|>0npux € [-3;1),f |x)<0npu



al6x’+3x+10=0;
0).

2. HaiiiuTe TOUKM MakCUMyMa U MUHUMyMa  (DYHKLUU:

5 3

a) X 8% 4+9=0;
8 3
0).

3.IToctpoiite acku3 rpaduka GyHKIMH, 00IaAaIOMIEH
CHEAYIOLIMMH CBOMCTBAMU:

DIf|=[1;6]; fx)>0npux € [1;3],f [x|<0npu
X €(3;6|u f3]=0.

IIpakTyeckas padora Ne 42

Tema: [IpumeHeHne NPOU3BOTHON K UCCIEIOBAHUIO (DYHKIMIA
Hesb: HayunTs yyamuxcs vcciae1oBath GYHKINU C TOMOIIBIO IPOU3BOIHON

Teopernueckuii 010K

Cxema uccnenoBanus (QyHKIHMU:

1. Haiitu obnacte onpeaesneHust PyHKIUH.

2. IlpoBeputb, He sABIsIETCS JU QYHKIMS YETHON WIIM HEUETHOM; MPOBEPUTH TaKXKe, HE
ABJIIETCS JIM OHA NIEPUOJUUECKOM.

3. Haiitu, eciu 3TO BO3MOKHO, TOUKH IepeceueHus rpadrka pyHKINUN ¢ OCIMU KOOPJUHAT U
MIPOMEKYTKH 3HAaKOMIOCTOSHCTBA (pyHKIMK. MHOT 1A 17151 yTOYHEHUS TOCTpOoeHus rpaduka
CJIelyeT HAaUTH JBE TPU JOMOJHUTEIbHBIE TOUKH.

4. HaiiTi npou3BOAHYIO PYHKIIUH U €€ KPUTHYECKUE TOUKH.

Haiiti npomMexyTKu MOHOTOHHOCTHU U 3KCTPEMYMbI (DYHKIIUH.

6. Iloctpouts rpaduk GyHKIMH, UCTIONB3YsI MOJyUYECHHBIC PE3YIbTAThl UCCIICIOBAHUS.

9]

Paccmotpum npumep:

X4

z® -1

1. O6nacTs onpeneneHus

3:":

P10, x= L, nostomy ¥ € (el {14c0)

2. [lepeceuenue ¢ ocsimu koopauHat: Touka (0;0).
3. BBuay TOr0, 4TO 00JIaCTh OTpEICICHNsI HECUMMETPUYHA OTHOCUTENFHO Havaia KOOPAWHAT,
MIPOBEPKa HA YETHOCTh HEBO3MOJXKHA.

4. VlaTepBalibl 3HAKOIIOCTOSTHCTBA

4
X

+ 3
Tak kak ¥ 20 ¥2 € R 10 3pax npobu % —1 Gymer 3aBuCETH TONBKO OT 3HAKA 3HAMEHATEIS, T.€.

ot sHaxa ¥~ 1= (&~ 1:'(}{2 +E +1). [Mostomy mpu # e(-eb)v (01) ¥ <0 ampn® e} y>0



5. MHTEepBaibl MOHOTOHHOCTH
=3 4x3(x3— 1:]—:{4 3t B 470 - 4% ~ 3x° B x% - 4%° _

(}53—1:]2 ) (};{3—1)2 ) (x3—1)2 ,

x' - 4% =10,
KE(XE = 4:]= 0.
=0, 2= M
y >0 y <0 ¥ <0 ¥ >0
0 1 3a '
Ipu * € (- a0 (210 (yHKIMs BO3pacraer,

Ipu % = (oo (I;E"ﬁ) ¢GyHKINS yOBIBaCT.
3

3

(0;0) - Touka Makcumyma, J - TOYKa MUHUMYMa.

3 .
% (— e —42 )U [1,+m;' rpaduk QyHKIIUN BOTHYTHIH,
x -2 1) rpaux gy semyKn. - T0uKa nepernGa.

8
4

Uccnenyiite u moctpoiite rpaduku GyHKITHIA:

L



W N =

4.

) =-3¢+12.
h(x) = 2x’+ 3x + 1

Cfx) =2x2-3x + 1
h(x) = 0,5x> + 5x + 8
h(x)=05x" —5x +8

[omainee 3ananue:

1. hix) =2x"+1
2. f(x) =x?-4x +2

IMpakTnueckas padora Ne 43

Tema: KontposibHas pabota o teme: «lIpousBogHasy»
Hean: [IpoBepuTh YpOBEHD YCBOCHUS MaTepHUalla

BapwuaHT 1.

TeopeTuyeckuin Bonpoc

1. Tlpupaienue apryMeHTa v pupamieHue GpyHKIuu

I'IpaKTVI‘-IeCKVIe 3aaaHuA

2. Haiitu npou3BogHyI0 QyHKIMU ) = x’

3. Haiiti IpoMeKyTOK BospacTanus pyskmun y = x° — 2x + 3

4. Haiitn sxkcTpeMyMBbl QyHKIIMH ) = x + 3k

5. 3ammcath ypaBHeHHe KacaTenbHoil K rpaduky dyakmun  f(x) = (x’ +1)/x B TouKe C
abeuucconn Xp=2

6. MWccrenosars pynkmmio f{x) = x° - 5x + 6 n moctponts eé rpadux

BapwuaHT 2.

TeopeTu4yeckni Bonpoc

1. TlonsiTve MpOU3BOJHOM

npaKTW-IECKVIe 3aaaHuA

2. BBIYMCIHT 3HAUYECHHE MPOM3BOIHOM GyHKIMH g(X) = 6X° B Touke X=4

3. HaiiTi IpoMeKyTKH, Ha KOTOpBIX Gynkmms ¥ = (x — 2)°+ (x + 4)7 Bospacraer

4. Haiitn skctpemyMsl Gynkmmn Y = — 48/x — x°

5. 3amucath ypaBHeHHe KacaTenbHoi k rpaduky dbyakmun  f(x) = (x’ -1)/x B Touke ¢
abeuucconn xXp=-2

6. Wccrenosars pynkmmo f{x) = x* - 2x° + 3 n noctponts eé rpadux

BapwuaHT 3.

TeopeTu4yeckni Bonpoc

1.

npaKTVI‘leCKVIe 3agaHuA
. _ 3 —
2. BbIUMCIUTH 3HAUEHKE TIPOU3BOAHON QyHKIMKU ) =X B TOuke X=]

Tabnuiia mpou3BOIHBIX



3. HaiiT KpuTHUYECKYIO TOUKY dyHKimn f(X) = X° - 4
HaiiTi npoMexyToK Bo3pacTanus pynkuun y = x° — 2x + 3

5. HaiiTi TaHTeHC yIila HAKJIOHA KacaTeIbHOl K rpaduky pyukmun y = -x°/3 - x/2 + 3x +
13 BTOUKE Xp=-3

6. Hccrenosats bynxkmmo g(X) = Xx° - 1w moctpouts eé rpadux

BapuaHrT 4.
TeopeTu4yeckni Bonpoc
1. TIpaBuiia BEIYMCIIEHHS IPOU3BOIHBIX
MpakTnyeckne 3apaHuA
2. Haiiti npousBoauyio dyukmun g(x) = x’
3. Pemmrts ypasuenue f'(x) = 0 ,ecmu f(x) = x° - x
4. Haiitu npoMexyToK yObIBaHUS QYHKIMU Y = x’-6x+8
5. HaiiTi TaHTeHC yrila HaKJIOHA KacaTelbHOH K rpaduky QyHKUuu ) = x/3-x/2 - 3x +
13 BTOuKe Xp=3
6. WccnenoBats dpyrxumo /1(x) = X° - 4w moctpouts eé rpaduk

BapwuaHT 5.
TeopeTu4yeckn Bonpoc

1. KacarenbHas k rpaduky QyHKIHN

MpakTnyeckne 3apgaHusA

2. Haiitu mpousBoanyto Gyrkmuu @(x) = X + cos x
3. Pemmrs mepaenctBo [ '(x) >0, ecnm f(x)= 2 x?- 4 x
4. Haiiti npoMexyTKH, Ha KOTOpeIX dymkius y= 2 — 2 x° + 4x%3 - % x’ Bospacraer.
5. Haiitu kputnueckue Touku Gpyukuun y= (x?+ 3x) /(x + 4)
6. Wccnemosats pynkiuio 2(x) = - x? - 5x - 6 u nocTpouTH €€ rpaduk.
BapwuaHT 6.

TeopeTuueckuit Bonpoc

1. TlpousBoanas B pusnKe.

MpakTnyeckue 3agaHusA

Haiiti npomsBoanyio dyukimu  f(x) = (2x + 1)*

Haiitu kpurnueckue Touku pyukuuun Y= 6 + [12x - x?

HaiiTn npoMexyTKH, Ha KOTOPBIX QDYHKIHS — yOBIBaeT.

Haitti nponseonnyto pyuxmn Y = 2\x + 27/x — x%/9
Uccnenosath pynkmmio A(X) = X? - X - 6 1 10CTpOuTH €& rpadux.

AN

BapuaHT 7.
TeopeTuyeckuun Bonpoc

1. Tlpuznak Bo3pactanus (yObIBaHHS) (QYHKIINU.

MpakTnyeckue 3agaHuA

Boraucnuts f(3), ecmu f(x) = x’

Haiitu npoussoauyto pyukuuu y = 2 Sin X

Haiiti npomexyTky, Ha koTopsix Gyrkmms y = 0,5 x* - 5x°/3 - 1,5 x> + 2 Bospacraer
HaiiTu TaHreHc yria HaKJIOHA KacaTelbHOM K rpaguky QyHKIMU Y = VX B TouKe X9 = 9

AR

Uccnenosats GyHKmmo g (X) = x’- 9 u moctponTs eé rpaduk.

BapwuaHT 8.



TeopeTuyeckui Bonpoc

1. IIpusHak MmakcuMyma (MUHUMYMa) QYHKITUH.

MpakTnyeckue 3agaHusA

2. Haittu npousBoauyo ¢pyuxuun f (x) = X’

3. Pemmuts Hepasenctso g'(x) < 0, ecmu g(x )= x° - 4x

4. Haiitu mpoMexyTKH, Ha KOTOPbIX Gynkuus y = ¥ x*- 5x /3 - x’— 1 y6wiBaer.

5. HaiiTu TaHTeHC yIiia HAKJIOHA KacaTenbHoil rpaduky dyuximn f(x) =2 x° + 3 x7 B
TOUKE Xp= -2

6. Wccnenosats dyuxuuo /(X) = - x° + I u nocrpouts eé rpadux.

BapwuaHT 9.

TeopeTu4yeckni Bonpoc

1. HccnenoBanue QpyHKIMIA.

I'IpaKTVI‘-IeCKVIe 3agaHuvAa

2. Haiitu npoussoanyo dyukuuu 2 (x) = sin (2 - 3x )

3. Haiiti IpoMeKyTKH, Ha KOTOpeIX Gynkmuss y = (x° +8x) / (x - 1) Bo3pacraer.

4. Haiirtu npousBoanyo Gpyrkumun y = x*/8 —x’/3 + VX ¥ BBMHCTHTE ee 3HAYEHUE, ECITH X =
4.

5. Haiitu ypaBHenue kacatenbHol k rpaduky bynkuun f(x) = (x-1)/( x+1) B Touke ¢
abcrumccont xp = -2

6. Wccnenosats pyukmuio f(x) = x° + x — 6 u nocTpouts ee rpaduk.

BapwuaHnT 10.
TeopeTu4yeckni Bonpoc
1. Tlpupamenue aprymeHTa U npupamnieHue GyHKIIUH.

npaKTW-IeCKVIe 3aaaHusA

2. Haiitu f'(x), ecnu f(x) = 4 (x-5)°

3. Haiiri npousBoxnyto pyskimn g (X) =x°/5 -% x° ~9\x -2 W BHIMHCIHTE ee 3HAUCHNE,
ecn x = [

4. Haiitn TpoMexyTKH, Ha KOTOpEIX Gynkmms ¥ = (x° - 8x) /(x+1) y6riBaer.

5. 3ammcarb ypaBHEHHe KacaTenbHOI K rpaduky bynkumu f(x) = (x+1)/( x-1) B Touke ¢
abeuuccon Xp=2

6. Hccnenosats dyuxumio (Xx) = -x° + 5x - 6 u noctpouts ee rpadux.

BapwuaHT 11.
TeopeTuyeckni Bonpoc
1. TloHsiTHe MPOU3BOTHOM.
I'IpaKTVNeCKVIe 3aaaHusa
2. Pemmrts ypasuenue g'(x) = 0; eciu g(x) = 2x - x°
HaiiTi npoMexyTKH, Ha KOTOpbIX GyHKims Y = (X - 3)°/( x+1) Bospacraer.
Haiitn kputrueckue Touku GyHKumu y = X + cos 2x
Haricath ypaBHEHHE KacaTenbHON K rpaduxy pyukimn y = (X°+8)/( x+1) 8 touke xo- 0
Wccnenosats pynkmmo f{x) = 3x° -5x° u nocrpouts eé rpadux.

> v AW

BapuaHT 12.
TeopeTu4yeckni Bonpoc
1. Tabnuia npou3BOIHBIX.

MpakTnyeckne 3apaHuA



Haiiti nipoussoanyro GyHkuuu f(x) = 4x’

Haiiti npomMexyTKu Bo3pacTaHust pyHKUUU Y = 5 -3x+ 1

Haiitn MunuMy™m QyHKIMU ) = x'—x

HaifTy TaHreHC yIila HAK/IOHa KacaTenbHoil K rpaduky dyrkuun y(x) = (x’+8)/(x-1) B

Al

Touke ¢ abcuuccoi Xp = ()
6. Hccrenosars dynxmmio g(x) = - X° + 4 u noctponts ee rpaduk.

BapuaHT 13.
TeopeTu4yeckni Bonpoc
1. IIpaBuiia BBIYHUCIICHHS TPOU3BOIHBIX.

npaKTVI‘-IeCKVIe 3aAaaHunsa

2. Haiitu [ '(x), ecmu f(x) = 7x

3. Haiitu npousBoanyto GyHKuuu g(X) = 4 Sin X - COS X U BBIYMCIIUTH €€ 3HAYEHHE,
el X = 7T

4. OmnpenenuTh, BO3PAcTaeT HIH yobiBaeT QyHKIMS ) = - X°

5. HaiiTu TaHreHc yria HaKJIOHA KacaTeabHOi K rpaduky Qpynkiun f(X) = x* B TOUKE C
abcuuccont xg = 1

6. Hccrenosars dynxumio /(x) = - x° + I u moctpouts ee rpadux.

BapuaHT 14.
TeopeTu4yeckni Bonpoc
1. KacarenpHas k rpaduKy (YHKIIHH.

MpakTnyeckne 3apaHusA

2. Pemmrts ypasuenue f '(x) = 0, ecmu f{x) =x'— 12x =7

3. Haiitu npousBoanyio pynxuuu h(x) = 14 x

4. Haiitu npoussoanyro GyHkumo Y =3 cos X/3 + 2 Sin 4X n BBMUCINMTL €€ 3HaUCHHE,
ecin X = 71w/2

5. Haiitu ypaBHeHue KacaTenbHOI K rpaduky Gpynkimu f (x) = -x* + 4 x° BTouxe ¢
abermccoit xp = 1.

6. Hccnenosars dpynkmmio g(x) = x° + 5x + 6 u moctpouts ee rpadux.

BapwuaHT 15.
TeopeTu4yeckn Bonpoc
1. TlpousBoaHas B huzuKe.
MpakTnyeckne 3apgaHuA
2. Haiitu npousBoauyio dyukimu g(x) = x°/ 8
3. Pemmts Hepasenctso ' >0, ecmu y = x - 4x
4. Haiiti npOMeXyTKH, Ha KOTOPBIX QyHKims Y = % (x*-2 ) x* - 3 Bo3pacraer.
5. Hanucars ypaBHeHHe KacaTenbHOH K rpaduky Gynkuun f(x) = 4\x B TouKe ¢
aberuccoit Xy = 4
6. Wccnenosats dyukimio A(X) = -x° + x + 6 u moctpouts ee rpaduk.

BapwuaHT 16.
TeopeTu4yeckuun Bonpoc
1. Tlpuznak Bo3pactanus (yObIBaHHS) (QYHKIHU.
MpakTnyeckue 3agaHusA
2. Haiitu npoussoanyo pyukuun f(x) = 2x+1



b

Peunts Hepasenctso V' < 0, ecmy = x°- 6x +18

Haiitu npoussoayio GyHKuun g(X) = 4X° ¥ BRUMCITUTE ee 3HAUCHHUE, eCli X =2
HaiiTu TaHTEHC yIiia HAKJIOHA KacaTelbHOMU K rpaduky gpynkuuu f(X) = VX B TouKe c
abcuuccoit Xp=9

Wccnenosars dynkmmio /1 (X) = -x’+9 u moctpouTts ee rpaduk.

BapuaHTt 17.

TeopeTu4yeckni Bonpoc

1.

[Ipu3nak MakcumMyMa (MUHUMYMa) (QyHKITUH.

MpakTnyeckne 3apaHuA

2.

3,
4,
5

Haiiti npomssoamyio pyukmmu f (x) = 5 x7.

BbIMMCIHMTE 3HAYEHUE IPOU3BOAHON QyHKIMK € (X) = COS X B Touke X = 70/4 .

Peumts uepasenctso Y’ > 0, ecnmu y = 4x? - 8x + 15.

HaiiTu TaHreHc yria HakJIoOHa KacaTenbHol K rpaduky ¢pynkuun f (x) = 2x + X B TouKe
¢ abermecoi Xp=9 .

Uccnenosars pyrkumio k (X) = 4x? - 1 u moctpouts eé rpaduk.

BapwuaHT 18.

TeopeTu4yeckn Bonpoc

1.

UccnenoBanue GpyHkmii

MpakTnyeckne 3apgaHusA

2.

3.
4.
5

Haiitu npoussoauyto pyukuun y = [ + sin x .

Haiitu ipoussoanyro pyukunn g (X) = ((x? + 1) n Beraucnuts €€ 3nauenne, ecm X = 1.
HaiiTi mpoMexyTKH, Ha KOTOphIX pyHKkims y = % x” + 7x¥/3 - 3 x? - 4 y6riBaer.
Hanmcats ypaBHEHHs KacaTebHOI K Tpaduky Qynkiuu f (x) = X B TouKe ¢

abcrmccoit xg = 1/

Uccnenosats pynkumuio A (x) = - 4x? + 1 u moctpouts eé rpaduxk.

BapuaHT 19.

TeopeTuuyeckum Bonpoc

1.

[TonsiTHE TPOU3BOAHOMN.

MpakTnyeckue 3agaHuA

2.
3.

Haiitu ipoussoanyro Gyukuun @(x) = 2 sin 5x
. _ 2.2 2 <
Haittu npoussoanyio dyakuun y = (3x°—2 ) /( X° - 3 ) v BelunciuTh €€ 3Ha4YEHHE,

eciu x = -2
Haiitu sxctpemymst dyukimmn y = (x° - 2x + 1) /(x*-x +2)
3amucaTh ypaBHEHHE KacaTelnbHOl K rpaduky GyHkimn g(X) = X° + X’ B Touke ¢

abcrmccoit xp= [
HccnenoBath pyHKIUIO Y = 9x’ + 3x’ u moctpours eé rpadux

BapwuaHT 20.

TeopeTuuyeckum Bonpoc

1.

HpaBI/IJ'Ia BBIYUCJICHUS ITPONU3BOJHBIX.

MpakTnyeckue 3agaHusA

2.
3.
4.

Haiitu ipoussoanyro pyukuuu @(x) = 7x + 8
Boraucnuts [ (7/4), ecma f(x)= 2 cos x
Haiiti npoMexyToK BospacTanus pyHKimum Y= X"~ 6x + 9



5. HammcaTh ypaBHeHHe KacaTenbHO K rpaduky Gpynkmun f(x) = x° - 4x + 5 B Touxe ¢
abeuuccon xXp= -2
6. Hccrenosars dyrkumio g(x) = - X° - X + 6 u noctpouts eé rpadux.

IIpakTHyeckas padora Ne 44

Tewma: KonrponbsHas padora o teme: «IIpou3BoaHas
Hens: [IpoBepuTh ypoBEHb YCBOCHHS MaTepHaia Mo JaHHOU TeMeE
1 BapuaHnT

1.Berancnure npon3BOAHYIO:

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

2.f(x):)17+2—2—3—3
X X
3.f(x)=[8x—10/

4.[’(x)=cos)5i

1

5-f(X):(5_TX)5

2.HaiinuTe Mpon3BOIHBIE CIOKHBIX (QYHKIUI

1] f(x)=sin8x

3.HaiinuTe kpuTHYECKHE TOUYKU (YHKLIUU:

ai6x’+3x+10=0;
0).
4 Haiigute TOYKM MaKCUMyMa U MUHUMyMa  (DYHKIIUH:
5 3
a) X _gXi9= 0;
8 3

6).

5.Haiinure Hanbosplliee 1 HAaMMEHbIIIEE 3HAUCHHE (PYHKITUN



a&f(x):0,25x4—2 x*+1 Ha npomexyTke |—1;3];

6)f|x ]_—1+§Ha npomesxytke |0;2,5);

2 BapuaHT

1.BorurcnuTe npou3BOAHYIO:

1.f(x)=3x*+6x*+8x+100
4 2 3

= T3
X x° x

3.f(x)=l4x—5/

4.f(x)=sin10x
1

5.f(x)=

(%) 1-2x

2.Haiinure mpon3BOHBIE CIOXKHBIX (QYyHKIIANA

1] f(x)=ctg2x
2)f(x):;—sin7x

No
—
—

>
~——

>

3)f (x) (2x+10)

2

lx+13
3

6)f(x)24ctg(g—2x)

3.HaiinmuTe KpuTHYECKHE TOYKU (PYHKINU:
ai L+ x15=0
2 5)
0).

4. Haiinute TOYKH MakCUMyMa ¥ MUHUMYMa  (yHKIIWHU:

4 2

a) -+ x*—9% =p;
4 2
5
X 2x°
05

5.Haiinute Haubospliee 1 HaMMEHbIIEEe 3HAYCHUE (DYHKIIUU

a&f(x) =6,75x4—x+2 Ha MPOMEKYTKE [0;2];



64fx|=x+ Ha ipomexytke |—2;0];

x—1

IIpakTyeckoe 3ansaTue Ne 45
Tema: Unrterpan. ®opmyna Hetorona-JleiiOnuma
Heanb: HayunTs pemats MHTErpajibl, HCHOIb3Ys popmyiy HeroToHa-JlelioHMIa

Teopetnueckuii 6110k

[TycTh dhyHkmms f(x) HEMpepbIBHA Ha 3aMKHYTOM HHTepBaiie [a, b]. OnpeneneHHbIN HHTETpa OT (QyHKIIH]
npezenax ot @ 10 b BBOAUTCS Kak Mpeaes CyMMbl OSCKOHEYHO OOJIBIIIOTO YMCIIa CIaraeMbIX, KaXKI0€ U3 K

CTPEMUTCS K HYJIIO:
&

[#(x)dr = lim > () A,

'?- ma i, x = =l

rac
b

S A(m)Ax=F(x) A+ Fr)Agx+ o+ F(x) A+t F(x) A,

i=1

Ceoiicmea onpedenennozo unmezpana
Hwuxe npeanonaraetcs, uto f(x) 1 g (x) - HenmpepbIBHbIE (PYHKIMH HAa 3aMKHYTOM HHTEpBaie [a, b].

}1c1’x=f:--a
1. °

}ﬂcj' [xjcix = ﬂ:]_f [x) e

2. ° r7ie k - KOHCTaHTa,
[ (3) £ (x))d = [ £ () s+ e ()

A ‘ A

If[x]dx=jf[xjdx+ff[xjdx, roe a<e <b;

a [ 2

4 4 a
5. Ecmm 0<f(x)<elx) JUTSL BCEX xe[a,b]’TO 2 2



}f[x)cfxl 0.

B uHTEpBane [a, b], To *

@Dopmyna Helomona-Jleionuya
[Tycts Gynkuus f(x) HempepbIBHA HAa 3aMKHYTOM HHTepBaie [a, b]. Eciu F (x) - nepsoodpaznas GyHkmy

b], To
[7(x)dx=F(x) = F(6)-F(a).

a

[Ipumep 1

2

J‘[f —xjjcfx

i
Beraucnuth uaTErpa

Pewenue.
[Tpumenss popmyny HeroTona-Jleitbauiia, momydaem

Ji2 - yan- 2 2] <(19-2) -4
’ 4 3 4 3] 3

I

[Tpumep 2

J(4~F)a

0
Beruucnuth uaTErpa

Pewenue.



1 1

A %4 ok 3 2 1
I(J_J)dﬁ_j r’f_g/ﬁ /+1_ /+1 B T_% . [4 3] D=E.

[Tpumep 3

= .2 =
5 . y=x" y=ax
Haiitu mutomanp Gurypsl, orpaHu4eHHON KPUBBIMHU u .

Pewenue.
CHauana onpejenuM TOYKU MepeceyeHus AByX KPUBBIX (PUCYHOK 3).

=z,
= x-Jx=0,
= «J";(x —1)=

= x=0 x=1

Taxum 00pa3om, TaHHBIE KPUBBIE HepeceKaIOTc;I B Toukax (0,0) u (1,1). CnegoBatensHo, omaab Guryp

o ‘u[ [/+1 3 %(E‘J{F_f)::_

y=2x-x*

X
Puc.3 Puc.4
[Tpumep 4
y=2x-x" x4+ y=10
Haiitu muiomanps ¢Gurypsl, orpaHi4eHHy0 rpadukaMu GyHKIUH " .
Pewenue.

Haiinem KoopIuHaTBl TOUEK NIEPECEUEHUS KPUBBIX (PUCYHOK 4).



2x—x = -x

= x*-3x=10,
= x(x—3)=0,
= x =0 x=3

2
y=2x-x __
JlanHast 00J1aCTh OTPAaHUYUBACTCS CBEPXY MapadoIIon , @ CHU3Y - NIPSIMOM JINHUEHN Yo
CnenoBatenbHO, IIIOMAbL 3TOM 00J1aCTH paBHA
3
3 3 302 13
3 27 278
Ry =I(2x—xg —(—x))dx = I(Ex—xj + x)dx S Py | [ eCU |
i 0 32|, 2 ), 2 3 2

Breraucnure HUHTCTpaJIbl:

1
1.fx3dx

-1

n
4
dx
2. >
) COS” X

2
3.[[142x/d
1

1
1.fx5dx

-1

T
4
dx
2. [ %5
o S X

2
3.f(4+2x)dx
1

IIpakTnyeckoe 3ansaTue Ne 46
Tema: [Ipumenenue uHTerpana K BBIYMCICHUIO (PU3NYECKUX BEJIMYMH U IUIOIIAJICeH
Heab: HayunTh NpUMEHATh MHTETPaJIbl K BHIYMCIECHUIO (PU3MUYECKUX BEJIMYUH U IJIOLAAeH

TeopeTtnueckuii 610K
['eomeTpryecKue MPUIIOKEHHS OTIPEICTICHHOTO HHTETpaa

KpHBOIMHEHHO! Tparemyeil Ha3bIBASTCS MIOCKask PUIypa, OrpaHHdeHHas 0chio U4 | mpsMbivu

x=a x=by rpaduKoM HENMpPepBIBHON Ha OTpe3Ke [a’b] dynxmmn ¥ = Sz , KoTopasi He
MEHsIET 3HaK Ha 3TOM npoMexyTke. IlycTh nanHas ¢purypa pacnosoxeHa He Hudce OCU adCIHCC:



Toraa niomaab KpPIBOJ'IHHCﬁHOﬁ Tpanncuuu YUCIICHHO paBHA OIIPCACIICHHOMY

A

[rixd
UHTErpaity @ . C TOUKM 3peHust TeOMETPUM onpeaeneHHbii narerpai — 3t1o [IJIOIAJIb.
To ecTb, onpeneneHHOMyY HHTETpally (€CiIu OH CYLIECTBYET) T€OMETPUUYECKH COOTBETCTBYET

xdx

fx +1

IUI0IAAb HEKOTOpoil purypsl. Hampumep, paccMoTpuM orpeiesieHHbIi uaTerpan 1°

X
[TogsiaTerpasbHast GyHKINS Jx+1 3a/1aeT Ha TJIOCKOCTH KPHUBYIO, PACIIOIATAFOIIYIOCS
i- xedx
BbILIE OCH A , 4 CaM OIpe/IeNICHHbIN uHTerpai ! fx+1 YUCJICHHO PaBEH ILJIOIIAIU

COOTBETCTBYIOIIEH KPUBOJIMHEWHON TpAICLUH.

IIpumep 1
. y= 42 y=0 r=_3 =1
Beruucnuth minomans GUrypel, orpaHi4eHHON JIMHUSMU , , AT T AL

=10
BBHINOTHAM uepTex (06paTHTe BHUMAHHE, UTO ypaBHEHHE ¥ sagaer ocp A ):



Ha otpeske [_ 2;1] rpaduk GyHKIEH © pacmoIokKeH HaJl OChIO QX MO3TOMY:

T x 1 3 1 2
S = I(x2+2)ffx= —+2x |1_2 :—+2—(———4]:—+2+—+4:9
1 3 3 3 3 2

B 1
Ortger; §=3 e

[pumep 2

¥
o = — —
BBI‘II/ICJ'H/ITI) IJ1omaab q)HprBI, Ol"paHI/IIICHHOI/I JIMHUAMUN ‘}? 5 x= 1 158 KOOpHI/IHaTHBIMI/I

OCsAMU.



v

, IO KpailHen Mepe, He

&

§=-[ fxax

a

y=-x

3

Sx—x?

l}?:

Pemienue: BeIoaHuM yeprex:

r----- a----=- - ---=- R -————— EEEEE a
- L
1 1 ] 1 ] 1 1 1
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
A i T T ki Tt T i
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
1 1 ' 1 ' 1 1 1
1 1 ] 1 ] 1 1 1
1 ' ' 1 ' ' 1 ]
||||||||||||||||||||||||| L —

‘ P ‘ ' ‘

1 1 g ! 1 ] 1

' ' b 1 ' 1 '

‘ Vo : : :

i } , } , \ }

' ' ' ' ' '

1 1 ' 1 ' 1 1

1 1 ] 1 ] 1 1

' ' ' ' ' ' '

T T T T T T 1
-+ ol o - & - Y o -+
|ty ' | W i ¥ H
' ' ' ' ' ' ' '
1 1 ' 1 ' 1 1 1
[A [ R TR, U I S [P R I, [T a
' ' ' ' ' 1 ' '

=

‘ ‘ ' ‘ w2 ‘ ‘ ‘
1 1 1 1 P 1 1 1
' ' ' ' t ' ' '
oo ndo b i DREERE R BN
‘ ‘ : ‘ | ) ‘ ‘ :
' ' ' ' ' ' ' '
1 1 ' 1 ' 1 1 1
RN S S S [P SO S S
' ' ' ' ' ' ' '
1 1 ' 1 ' 1 1 1
1 1 ] 1 ] 1 1 1
' ' ' ' ' ' ' '
' ' ' ' ' ' ' '
Leeeo o dm e oo PR, [ I R P, [ N

. OFpaHquHHOﬁ JIMHHUAMH

), TO €€ TUIoIIah MOKHO HAWTH 10 opMmyIie:

(e—T1) ed” =172 od°

(v

ebliteJaHHOU OCH

8=
3

Ecnu kpuBonmHElHas Tpanenys pacnoiokeHa MoJi OCbI0 o4 (v
OtBer:

Haiitu momaas miockoi Gurypsl
Pemrenne: CHavana Hy>KHO BBITIOJIHUTH YEPTEXK.

B nannom cnyyae:

Ilpume



LY

4

o NN P

A S R - g

A el

Ecnu Ha oTpeske [ﬂ’b] HEKOTOpasi HenpepbIBHAs QyHKIUS S OoJb11e 1100 paBHA HEKOTOPOM

HETIpepBIBHOM (ByHKIHH () , TO TUIOIIA b (PUTYPHI, OTPAaHUYCHHOM rpadKaMu TaHHBIX
3
S= |- glx)d
byHKIMH 1 npsMpiMu £ = & X = b , MOKHO HaiiTH 1o GopmyIie: a

B paccMaTpuBacMOM IMMPUMEPE OUYCBUIHO, UTO Ha OTPC3KC [D’B] Hapa60J1a pacnoraracTcs BbIIIC

2
IIPSIMOMH, a TI03TOMY U3 2% = X" HeoGXOMMMO BEIYECTh ~ X

L P -
jj =KX CBepXy ¥ HpsMOi » —  * cHu3Y.

Hckomas ¢purypa orpaHnueHa napadoaon

Ha otpeske [0;3] 2x-#z-x , TI0 COOTBETCTBYIOIIEH opmyIie:

3 3 4 3
' x 27 27 9 1
S=lr-2—(-xNdr= | Gr-xdr = | - |f = - -0+ 0=Z=4—
!(x 7~ (=x)dx !(x x)dx (2 3}0 5 5 =45
Soal g
OtBer:
Ipumep 9

]
o =41 X = T
BBI‘II/ICJ'H/ITI) IJ1omaab q)HprBI, Ol"paHI/IquHOI/I JIMHUAMUN ‘}? 5 N Y [:I . I:I =x=



Pemenne: NM306pa3um gannyio Gpurypy Ha 4epTexe.

P dgomooes R R R 1
! ¥ ! ! ! !
R T
s S
R B e (G SR
1' “I 1' 'r re ]
4 1 3 3T 34
A, IS S SRS S SR
. R
Ha otpeske [U’ ?T] rpaduk (by'HKLlI/II/I‘y —an X PacIoJIOkKeH HaJ OChIO QX MO3TOMY:
s 1 5 _ [3)
o= Ism xdx= _[sm xein xdx :I —cos” x)sh xadx=0*
0 0 0

I
(2) cnonb3yem OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO B BUje Sl 4= 1-cos™x

(3) IpoBenieM 3amMeHy nepeMeHHo# £ = C28 X Torpa:
df =d(cosx) =—sth xdx = sin xalx = —olt

Hogble niepe/ienbl MHTETPUPOBAHMS:
fH=cosl=1;

ty=cosr=-1
16 2 HJ 1 1 1 1
(*}:—J(l—z [[1 £ )it = (z——}| =(1—§—(—1+§D=1—§+1—§=

L a
[ @ar=-]fxa
(4) 3nech MBI UCTTOJIH30BAIM CBOMCTBO OIPEACIICHHOTO HHTETpasia @ & ,
PACIIOJIOKUB IIPEAEIbl UHTETPUPOBAHUS B «IIPUBBIYHOM) MOPAJIKE

&= 1l eﬂ‘I
OtBeT: 3



IIpakTnueckas padora Ne 47
Tema: KontponsHas padota o teme: «IlepBoobpaznasi»

Heab: I[IpoBepuTs ypoBeHb YCBOCHMS MaTepHaila 110 JaHHOU TEMeE
1 Bapuant

1. Haiigure o6muit Bua nepBooOpasHbIX it (PyHKIINU:
1.f(x)=3x+5x" +6x° -2

2.f(x)=xi2+ 2 _Jx

-
3.1 (x)=(5x-3)°
4.f(x) = sin(2x—%j
2
5.f(x)= m

2.Berancnoure HHTCTPAJIbI:

1
1.f x*dx

-1

2-Bapuant

1..Hatigure obmuit BUa mepBooOpasHbIX It (PyHKIINM:



1.f(x)=6x+3x> +2x* -9

2.f(x):£4+£5—2\/;
X X

3.1(x)=(4x-13)°

4.f(x)= cos(3x — %)

4

5./(x)= m

2.BblunciauTe UHTETpabl:

l.jxsdx
-1

2
3.[(4+ 2x)dx
1

o

| ;;w|:| —e aﬂ
—

1 . -1
2 67
COS X SIn x

)dx &

e

IIpakTyeckas padora Ne 48
Tema: Perenne TpUroHOMETPHYECKUX YPABHEHUI METOIOM PA3IOKEHUsI HA MHOKHTEIN
Heab: Hayunts yyammxcs pemars TPUTOHOMETPUYECKHAE YPABHEHUSI METOAOM Pa3JIOKEHUS Ha
MHOXKUTEIH
Teoperuueckuii 010K



MeToabl peleHus
TPMrOHOMETPUHYECKUX YPaBHeHHH

MeTopn 3ameHbl MeTon pasznoHeHKWA Ha
I'IEDEMEHHOﬁ MHOMATENK
A J

PemeHne ofHOPOOHBIX T
PHTOHOMETPHYEeCKHX YPABHEeHHI

Metoa PAa3JI0KeHHHA HA MHOAKHTe/TH

I

f(x)=0

.

IIpuBomHM HcXoHOE ypaBHEHHE K BHIY

fi(x) f2(x) =0

v

3agada CBOOHUTCA K PEICHHED

COBOKYITHOCTH YpaBHEHMIH
fi(x)=0 mm £,(x)=0

ITPMIMEP
Pemmute ypaBHeHHE: sin4x + sindx cosx =0

Pemenne:
sin4x + sindx cosx =10
sindx (1 + cosx) =0
VpaBHeHHE PAaBHOCHILHO COBOKYITHOCTH

ypaBHEeHHH:
sindx =0 HITH 1 +cosx=0
dx=71n, ne” cosx =-1
x=mn'4, neZ X=7+2nn, ne”Z
Oteer: x =71n/4, ne?Z x=7+2an, ne”Z

1. Pemmth ypaBHeHue: sinx +cosx=1.

Pemenue. IlepeHecéM Bce UileHBl YpaBHEHUS BIIEBO:



sinx+cosx—1=0,
npeodpazyeM U paznoKuM Ha MHOXKUTENH BBIPAKECHH B JICBOW YaCTH YPaBHEHUS:
smx—2am-(x/f2)=0,
Z2enixf{2) cos(x/2V=2san-{x/f2)=0,
2amixf2) - [cos(x/2)—an(x/f2)]=0,
Noan(xiz2)1=0, 2ocos(xf2—ani{x/2)=0,
xi2=mi, tan{x/f23=1,
x, =27k, xi 2= arctan 1+ 72 ,
xf2=mid+7n,

X, = MiZ2+2mn.

2. Pemmts ypaBHeHHE: cos ’x +sinx - cosx = 1.
Pemenue. cos’x+sinx-cosx—sin’x—cos’x=0,
sinx - cosx—sin’x=0,

sinx - (cosx—sinx)=0,

1. snx=10, &) cosx—smx=10,
X, =Tk, tanx =1,

,=mid+7n,

3. Pemmwmts ypaBHeHHe: cos 2x — cos 8x + cos 6x = 1.
Pemenune. cos2x+cosbx=1+cos8x,
2 cos 4x cos 2x =2 cos * 4x ,
cos4x - (cos2x— cos4x)=0,
cos4dx-2sin3x-sinx=0,

I). cos4x=0, 2). sin3x=0, 3).sinx=0,
dx=m/i2+ 7wk, 3x=Tmn, Xy =T

n=nfe+nkl4, X, =Tnl3,



1. Pemuth ypaBHEHHE:
Pemenue:

. 3
smx-cosx—z—'cosx:O,

COS X smx—2— =0,
m
[cosx:O_, [X=2—+7Tk,k €Z, [
. _\/3 [ kT
[smx—2—. [x=[-1] -§+nk,keZ.

HOM&H_IHCG 3aJaHHUC!:

1. 2 sin x/2 cos 5x — cos 5x = 0.
OrTger:

x=m/10 + ©tn/5

x=(-1)"n/3 + 27,

IIpakTyeckas padora Ne 49
Tema: Pemienue TpUroHOMETPUUECKUX YPABHEHUN METOJOM BBEJAEHUS HOBOM NIEPEMEHHOU

Heanb: HayunTs yyammxcs pemars TPUrOHOMETPHUYECKUE YPABHEHUS METOIOM BBEICHUS HOBOM
MIEPEMEHHOMN

Teopernueckuii 6710k



TpUroHoMeTpHYeCKHE YPaBHEHWA, NPHEOAMMBbIE K
YpaBHeHHWAM OT OAHON TPUrOHOMETPUHECHOM
dyHRUMM ogHO W NepemeHHON, pewatoTea (Kak
npaswuno)

MeTOJOM 3AMEeHEI NepeMEHH OH

v

asin’x + bsinx +¢=0
BEEJIEM HOBYIO MepeMeHHYI
sinx =t, | <1
ypaBHeHHEe NMPHMET BHI
at! +bt+c=0
Pemas xepanparHoe
YpaBHEeHHe, HaXOMHM 1;; B

Bepuemcsa k nepeMeHHOM X A
sinx =1, sinx = t; atg?x +btgx+¢c=0
EBElIEM HOBVIO [lepeMeHHVIO
tgx=t, t €R
* VpaBHeHHe [IPHMeT BHII
acosx +becosx +¢c =0 at! +bt+c=0
BBEZIEM HOBYIO TepeMeHHYI0 Pemas kBanpaTHOe ypaBHeHHE,
cosx=t, |t|<1 HaxoouM t; t2
ypaBHEHHe MpHMET BHI BepHeMmcsa k nepeMeHHOMH X
atl +bt+c=0 tgx=1; tgx=+t;
Pemas kpanparHoe
YpaBHEHHE, HAXOIHM t;; tp
BepHeMmca Kk nepeMeHHOMH X

cosx =1t CoOsx=1;
[Tpumep:
sinx + Ssinx — 6 =0.
sinx =t,t € [—1,1] t"+ 5t—6=0
JleJIaeM 3aMEHY ,JIOy4aeM KBaJApaTHOE YpaBHEHUE: ,
ty=1, t, =—6 t, = —6 N
HAXOJWUM KOPHU - ,3aMeyaem, 4yTo - IIOCTOPOHHUY KOPEHb,
te[-11] sinx = 1
MMOCKOJIBKY , IeJlaeM oOpaTHYIO 3aMEHY, T.€. pelacM ypaBHCHHE ,y

= ;‘E—Eﬂ'k, keZ
KOTOPOTO KOPHSIMH OYIyT Yuciia E )

Z +onk, ke=zZ
OrTBer: ? .
Pemnre ypaBHeHUs:

1)2-51'?1:}( + 3cosx —3 =0

2) tgx = ECl‘gx.



3) cos2x = 2cosxy — 1

a) 2sin"x —sint —1 =20
5) 2cos”x + 3sinx = 3
6) V3tgx —\3etgx =2
7) 2sin"x +sink —1=20

8) Ssin“x +6cosx —6 =0

9) 2etgx —3tgx +5 =10

IIpakTyeckas padora Ne 50
Tema: Pemenue norapupMudeckux ypaBHEHHUHA
Heas: HayunTs ygyanmxcs pemars JJorapuMUIecKue ypaBHEHUS
Teopernueckuii 610K

Pemenue mo60ro orapu(Mu4eckoro ypaBHEHUs TAaKKe CBOAUTCS K PEIICHUIO OJJTHOTO MU
HECKOJIBKMX MPOCTEHIINX JIOTapu(PMUUECKUX YPaBHEHUIL:

1) log.f(x)= log.g(x); 2) log.f(x)=b.

Vpasrenue (2) cBoautcs K ypasHenuro uaa (1): log.f(x)= log,a’.

VYpasuenus Buna (1) cBoasaTcs K peuieHuro ypaBHeHui f(x)= g(x) (motenuuposanue). [Ipu
3TOM HEO0OXOUMO MOMHUTD, YTO ypaBHeHUs log.f(x)= log.g(x) u f(x)= g(X) He paBHOCUJIBHBI.
[Tpu noTeHIMPOBAHUY POUCXOAUT PACIIUPEHUE 00JIACTU ONPENIEICHUS, a 3HAUUT UMEETCS
OMACHOCTBH IOSIBJICHUS IIOCTOPOHHUX KOpHEW. [IpoBepka — Hawly4iiee cpecTBO NPOTUB TaKOU
OIAaCHOCTH.

1 mun — 1o ompeeNeHNIo Torapudma:

1c.g1r;2x-1j=-2‘

a) ¥
Y

Pemenne: ; 2x—1=9; x=5.
log,(10-0)= -2 log, 9= -zl
MpoBepka: * ;% . ~2legz3=-2 _5— > pepno.
OtBert: x=5.

) log, (s +du+1D=1



Pemienue: = 4+ IIZ; x° +dx+12-0= III|; w? +du+ 3= IZII;

X1y = -2t A-3 =-2ib;xl__1 " xa= 3,

IIpoBepka: x=1, logs(1-4+12)=2; log;9=2; 2log;3=2; 2=2 — BepHO;
x=3, log3(9-12+12)=2; 10g:9=2; 2log;3=2; 2=2 — BepHO.

OtBer: x=1, x=-3.

S
log [——1]=x—2
) A ‘

B
2 12
zx‘3=—x-1| *o—=— ¥ _
Pemenne: E ; 42 Alyers = ¥ torma YpaBHEHUE 3aMUILIEM B
¥
L_Z4=0
BUITE 4 ¥ : ¥ +4§.r—32=lil;

2= -2t +32=-2%6 g =4y =8 pog, P ol g B g

2
IDEE[E_I} =2-1

OTtBeT: x=2.

Lloggl =0

IIpoBepka: — BEPHO.

2 mun — ypaBHEHUs, KOTOPbIE C TIOMOIIBIO JJOrapU(PMHUUECKUX TOKAECTB CBOIATCA K
MIPOCTEUILINM YPABHEHUSIM:

a) lg(x—3)+lg(x—2)=1-1g5.
Pemenue: 1g[(x-3)(x—2)]=lgl10-1g5; 1g(x*-5x+6)=1g2;

5iq,|55—16

x> —5x+6=2; x*-5x+4=0; x,,= 2 :x=4 u x=1.
IIpoBepka: x=4; Ig(4-3)+ 1g(4-2)=1-1g5; 1g1+ 1g2=1g2; 1g2=1g2 — BepHO;

x=1; 1g(1-3)+ 1g(1-2)=1- 1g5, Tak kKak BeIpakeHUE, CTOAIIEE O] 3HAKOM
norapudma, J0JKHO ObITh BCET 1A MOJI0KUTEIbHBIM.

OtBeT: x=4;

N2+ 1gx-1) 1

6) e+ 1)+ 1gx-6)+ g8 2]




gt + 1gx-3) =§| 1g(4(x - 3) %l
Pemenne: [#3Fx+1ix-60 2. 1g3(Tx+1x-6))

2 1g(4(x-3))= 1g(3(7x+1)(x-6)); 1g(4(x-3))*= 1g(3(7x+1)(x-6)).

[Morenupyem: 16x*-96x+144=21x>-123x—18; —5x*+27x+162=0;

27+ 3869 _ ETiﬁEI _E _13
5x*-27x-162=0; x,,= 10 10 |:x,=9;x,= 10 3],
Ji@+ g, 1 @4 1
Ipopepka: x=0: 'B4+18+188 2. UgB+203 2,
124 1
21824 2| _ peppo:

A+ lg[- %3}

N 4 ﬁﬂ g{-—-rﬁ]+1g?

BBIPAXKCHUEC HE MOXET OBITE OTpULATCIIbHBIM.

— JIO’)KHO, TaK KaK MOAJIOrapupMHIECKOe

OTtBeT: x=9;

B) logsx +logyx +logq.x = 5,5I.

1
L log nb=—logb
Pemenue. Bocrionszyemcst popmynoit m ;

1 1 11
logzx+ —logzx+—logzx =558 —logzx=355 _
23 3 83 3 83 5I; 5 23 : logsx =3 - x=27.

3 3
TMposepia; 198327 +108;27 +1ogy 27 = 55 . logz3™ +1logy 37 +1 =5,5;

3 +§+1 = 5,5I
4 — BEPHO.

OTtBer: x=27,

) Logsx —11) +logs(x - 27) =3 +logs$ _
Pemenme: 085011z - 27 =log;(5° -8

464211642109  46X65
[Morenuupyem: (3x—11)(x-27)=1000; 3x>-92x-703=0. X, ,= 3 5 x=37u




_q
Xo= 3 .

TMposepka: 1. log111-11) +1log, (37 -27) =3+1::|g58|;

log100 +log,l0 = 1-::g51EIEIEI|; logsl000 _logs1000 _ BEpHO.

19
logs (=19 -111+1og; [— ?—ETJ =3 +10g5%
2.

ﬂorapn(bMa, JOJIDKHO OBITH MOJIOXKUTEILHOE.

, TaK KaK BBIPAXXCHHUEC, CTOAIICC 11O 3HAKOM

OtBet: x=37.

3 mun — ypasuenus suaa P(log,x)=0, rne P(y) — MHOTOWIEH 2 WK 3 CTENEHU, WIH
YPaBHEHHUS, CBOSIIUECS K HUM. DTH YPAaBHECHUS PEIIAIOTCS C TIOMOIIBIO MOJCTAHOBKH: Y=
log.x.

2) 1ng§ x-log; - 3= [l

2 _ _
Pemenue: 083 ¥~ 210g; x—3= [i Tycrp 1983 % = 3'i; y*~2y-3=0. PemtaeM ypaBHeHHE 1 HOIydaeM
1

ST |

log; x=

yi=3uy,=—1;y=3 = - 3' =x=27,y=—1 =

Mposepka: x=27: log2 27-1og, 27- 3= 11; (log; 27 —1og, 3° -3=10 :

9—6—3=0 — BepHO;

2
1 21 1
logs ——10g3[—J -3=10 _ -
Xzi 3 3 . (log; 3 1)3—1ng333—3=t|;

1+2—-3=0 — BepHo.

1
OTtBet: x=27, XZJ;
6) lngx(ﬁxjj-lugg = I

Pemenmne. Hpexq:[e BCCTO HAAO UMCTH B BUY, UTO €CJIM B YPABHCHHUAX BCTPCHAIOTCSA
J'IOFapI/I(bMBI C paSHI)IMI/I OCHOBAaHUsAMH, TO UX HAOO HpI/IBeCTI/I K O)IHOMy OCHOBAQHUIO C
log, b

log, b=
MTOMOIIBIO (POPMYJIBI:

log. (5%
g5l )-ln

B naHHOM city4ae nepexoauM K OCHOBAHHUIO 5. logs ;

g§x=1



(loggJ +2loggx)logg x = ll. OGo3HaumM 185 ¥ = 5"; (1+2y)y=1,;

1 1 1
logs-x =
29y 1=0; yi=1, yz=i|; togsx=-1| o, 78 il; x:EI; x=1

1 a1
lngl[j-ﬁ] logs — =

: Allngli;-c—1)2=1
Iposepka: 1) 3 ;3

3 ; 1=1 — BepHO;

2
2) 10%5(55}10%?\@=i’ lug£(«Ej4 (lngfuﬁf Jj_:' =‘ ;

; 1=1 — BepHoO.

EI
OtBeT: x=-1; X:"d.
5 mun — norapudmupoBaHre 00eHX YacTeH ypaBHEHUS.

Mpumep: X

100
x 1=+l

lgxlgm'l =1 @
Pemenue: x5 (Igx+1)lgx=3-1gx; lg’x+lgx=3-1gx; y=lgx;

y*+2y-3=0. Pemaem ypaBHenue: y;=3; y=1; lgx=—3 nm Igx=1,
x=107; x=10.

100

3. 10741 _
[:ll:l j 1D—3 . (ln—3}—3+1 =1D1 (].D_E:l_j =1|:|I5|

IIposepka: 1)

b

10°=10° — BepHO;

get0 4 _ 1unn|
2) 10 §; 10>=100; 10>=10* — BepHoO.

Otser: x=107; x=10.

IMpakTnyeckas padora Ne 50
Tema: Pemenue norapupMudecKux HEpaBEeHCTB
Henab: Hayunuts yuammxcs pemaTs JiorapupMuieckiue HepaBeHCTBA
Teoperuueckuit 610K

HepaBeHnctBa, koTOpbIEe coliepKaT MEPEMEHHYIO M0/ 3HaKOM JiorapudmMa Wi B €ro OCHOBAHUH,
Ha3bIBAIOTCS JIOTAapU(PMUUECKUMHU.



Pemenne norapuMUYecKMX HEPABEHCTB OCHOBBIBAETCS HA CBOIICTBE MOHOTOHHOCTH
sorapu@mMuueckoi GyHKIIH.

Tak e HeKoTOpble JorapuMuyeckre HEpaBEHCTBA MOXHO pEIIUTh METOJOM 3aMEHbI
MEPEMEHHOM.

YnpaxxHeHus:

> P b
1.PemuTh HEpaBEHCTBO logy (2% + 42 +3) > 3
[To onpenenenuto morapudma, 00JIaCTh TOMYCTUMBIX 3HAYCHHIA:
2t +dx+3=0
Pertenne maHHOTO HEPABEHCTBA HAMIEM C TOMOIIBIO METOAAa MHTEPBAJIOB, I ATOTO
JICBYIO 9acTh PasIIoKUM Ha MHOKHUTEJIH. Pemmm KBaJ[paTHOE

ypaBHEHUE 2 +4dx+3=0.

D—b‘—lﬂf—l‘ 4-1-3=16—-12 =4
D =Vi1=2
-bxtvD —d4+2 —4+£2
e N =1{=3 -1}
TakuM  o6pasom, momyurmmn kopHu L1 = 9. T2 = —1 Byaqpr, nepyro wacts

HEPaBEHCTBA MOKHO MPEJCTAaBUTh B BHJIE:
L-{x—(=3M(er—(=1)) =0 {(r+3)(c+1)=0

OTMETUM HYJIH Ka)JI0TO MHOKHTENS (a 3T0 OymyT 3HaueHus 11 — —d w2 = —1lyya

YHCIIOBOH MPSIMOM M OTIPE/IENIUM 3HaKH HEPABEHCTBA B IOJIYUCHHBIX HHTEPBAIAX:

i P
' L L

-3 -1
VYuureiBas 3HaK HepaBeHCTBa, onpenenum O/13:
re(—oo—3) U (—1: +0x)
OJ/I3 ompexpenwiu, Tenepb MPUCTYIHUM K PEIICHHIO HCXOIHOTO JIOTapu(hMUUECKOTO
HEpaBEHCTBA:
logy (2 +42 +3) > 3
[TpencraBuM npaByro YacTh HEPABEHCTBA KaK JIOTapU(pM 110 OCHOBAHUIO 2:
log, (2* + 4z + 3) > log, 2°
[lepefizeM OT HEpaBEeHCTBA OTHOCHTENBHO JIOTAPU(PMOB K HEPABEHCTBY IS
noaorapudmudeckux QyHKIUI: TaK KaKk OCHOBaHUE Jiorapudma 0osbiie equHuIb ( 2
> 1), TO 3HaK HEPAaBEHCTBA HE H3MEHHTCS

r‘+1r+ 3= 2%
r‘-l— dr+3 > 8
2 4dr—5=0

HpI/IpaBHHeM K HYJIIO JICBYIO YaCTb HCPABCHCTBA U PCIINM IMOJYYCHHOC KBAaAPaTHOC

ypaBHEHHE 4 dr—5=0.

D=0 —dac=4"—41-1-(=5) = 16+ 20 = 36
VD = 36 =6
—b D —4 46 —4+6 —
r1,2 = 70 =21 -3 = {—5:1}
Takum oGpasom, momyumind kopau 1 = —3« ¥2 = 1 Ormernm Toukn Ha umcioBoit

OCH U ONPCACIIMM 3HAKU HEPABCHCTBA B IIOJTYYCHHBIX UHTCPBAJIAX.

i %
o

-5

L4

e



Y‘-II/ITBIBEUI, 4YTO HAC MHTEPECYIOT BCE 3HAYCHUI .I', IPU KOTOPLIX JAaHHOE HEPABCHCTBO
MNpUHUMACT MOJIOKHUTCIIbHBIC 3HA4YCHU, TO mojrydyacm CJICOAYIOINEC

uHTEpBansl: £ © (—oc: =5)U(li+20) D10 orser, Tak Kak HaHHbBIE UHTEPBAJIbI
IOJIHOCTBIO NMpuHaanexar O/13.

2.Pemurs HEPaBEHCTBO log 5(22 = 4) < logg s(x +1)

Haxonum O/13 no onpexnenenuto norapupma. OJ13

2r—d4d =10 2 =4 T > 2
o o e e (2 +oo)
r+1=10 r>—1 r>=—1

[lepeiimem B HepaBeHCTBA OT JOrapu(MOB K BBIPAKEHHUSM, CTOSIIUM TOJ 3HAKOM
norapudma, IMpu 3TOM, TaK Kak OCHOBaHHUE joraprudma MeHbie eaquHuisl ( 0,5 < 1),
3HAaK HEPaBEHCTBA MIOMEHSEM Ha MPOTUBOIIOJIOKHBIH:

2r—4>=x+1
2r—r>1+44
T >3

C yuerom OJI3, okoHuaTeNnbHO UMeeM, uto L € (5: +00),
3.Pemnts HEPABEHCTBO loggsx +loggs(x +1) =1
~1++/3
re | 0: it
- 7

e 0y == 2
4 Peuuth HEPABEHCTBO logg @ +log, 9 > 2

5.Pemmuth HepaBeHCTBO logs(x’-4x+3)<1.

IIpakTHyeckas padora Ne 51

Tema: Pemenne noka3zaTeinbHbIX yPaBHEHUN

Ienb: HayunTs pemaTs nokasaTeabHble ypaBHEHHUS

Teopernueckunii 010K

[TokazaTenbHBIM ypaBHEHHEM HA3bIBA€TCSl YpaBHEHHE COJIEprKalllee IEPEMEHHYIO B TIOKa3aTele,
TO €CTh 3TO YpaBHEHHUE BUJA:

af®)=h, tme a0 a=1 b>=0



Camoe HpOCTefII.Hee IMOKAa3aTCJIIbHOC YPABHCHUC!

a>0 a=1 b=0

[Ipu maHHBIX YCIOBUSIX YpaBHEHUE BCETJa UMEET pPellIeHue, MPU TOM €AMHCTBEHHOE.
JlelicTBUTEIBHO, IPU @ > | MoKa3aTenbHas (PYHKIMS MOHOTOHHO Bo3pacTaeT, anpu 0 <a <1 —
MOHOTOHHO yObIBaeT. B mo0om ciyyae, oHa IpUHUMAET KaXa0e CBOE 3HAU€HHE POBHO OJIUH pa3
(BuaHO 110 TpaduKy):

A _
Y y=a' $ y

'h-.______

Ol X

O<ax<l

A Botr ecnmu b < 0, TO ypaBHEHHE HE MMEET PEIICHWM, BeIb TMoKa3zaTeiabHas (PYHKIUS MOXKET
IMPUHHUMATBH TOJIBKO ITOJIOKHUTCIBbHBIC 3HAUCHUA.

Mertoabl peleHns NOKa3aTeIbHbIX YPAaBHEHUN
1. B pe3ynbraTe nmpeodpa3oBaHuii ypaBHEHHE MOXKHO NPUBECTHU K BUJLY:

{.&_;l‘(x:l — qf

Tornga npumeHsieM CBONCTBO:

/"l =a° = flx)=c

2. Ilpu mosnydyeHuu ypaBHeHus Buaa a’” =b ucnomp3yercs ompeneneHue norapupma,
MOy YUM:

flx)=1log,b

3. B pe3ynbraTte npeoOpa3oBaHHil MOKHO MOJIYYUTh YpaBHEHHE BHUJA:

@ = pat)

[Tpumensiercs norapudmMupoBaHue:



(x) _ (x)
log. a’™ =log, h9™
Haﬂee MMPUMCHSCM CBOMCTBO JIOFapI/I(bMa CTCIICHU:

flx)-log.a =g(x) log.b

Bripaxkaem 1 HaxouM X.
YnpaxxHeHus

1.6*=216
2.8=0,125
3,253 .22 0¥ =48
4.9*-8-3*=9
5.2-20%1_8=0

4= 64,
S

~N

1 2x—19 l

3 =

IIpakTHyeckas padora Ne 52

Tema: Pemienne nokasarenbHbIX HEPABEHCTB
ean: Hayunts pemars nmokasareibHble HEPABEHCTBA

TeopeTtnueckuii 6110k

Iloka3zaTenbHBIMU HA3LIBAIOTCS HEPABCHCTBA, B KOTOPBIX HEU3BCCTHOC COACPIKUTCA B
IIOKas3aTcJiC CTCIICHU.

[pu pemieHne moka3aTeNnbHBIX HEPABEHCTB MOJIB3yEeMCsI CIEAYIOIINMH CBOWCTBAMHU
NoKa3aTe’abHON (PYHKIUU:



lI)a*>0mnpuBcexa>0wuxeR,
2) mpu a > 1 yHKIMs y= a* Bo3pacTaeT, T.e. ecim a>1 ua™ > 3™ <=> x; > x»;
3) mpu 0< a < | pyukims y = a* yobiBacer, T.c. eciu 0 <a < 1 ma™ » 3™ <=>x, <x,.

YnpaxxHeHus:
ITpumep 1. Pemnte HepaBeHCTBO:
16" — 2127 < 3%+
Pemenue: npeactaBuM UCXOIHOE HEPABEHCTBO B BUJIE:
4% - 2.47.3 - 3.37 <0,

Paznenum 00€ 4acTM JTOr0 HEPAaBEHCTBA Ha 3, mpH 3TOM (B CHIIY IOJIOXKUTEIBHOCTH
GyHkunK y = 37) 3HaK HEPABEHCTBA HE M3MEHUTCS:

4 2r 4 T
-} —2.(=) -3<o.
3 3

Bocnonb3yemcs o1cTaHOBKOM:

Toma HCPAaBCHCTBO NPUMCET BUM!

10

Wrak, pemieHreM HEpaBEHCTBA SBJISIETCS IPOMEKYTOK:

~1<t<3,


http://yourtutor.info/wp-content/uploads/2012/02/c4c30d9cec0a618d6624ab00c64550b5.p
http://yourtutor.info/wp-content/uploads/2012/02/8ba41967d10d9d0ce479100bc0409fdb.p
http://yourtutor.info/wp-content/uploads/2012/02/7a693f75a6e3afda6eca1145d8b6bf4d.p
http://yourtutor.info/wp-content/uploads/2012/02/3532784014e598e46ea652274c16c0e1.p
http://yourtutor.info/wp-content/uploads/2012/02/51b99f265d5b428be7dde5682564cfcb.p
http://yourtutor.info/wp-content/uploads/2012/02/MSP42501a04gb24b8haf37f00004i92g7g7i39df4d9.g
http://yourtutor.info/wp-content/uploads/2012/02/MSP28831a04gfg0bhge9g14000019b8d98h4h87b83c.g
http://yourtutor.info/wp-content/uploads/2012/02/8d9dff7101c637808c7807e19f290d06.p

nepexozs K 00paTHOM MOJCTAHOBKE, I1OJIy4aeM:
Wtak, perieHueM HepaBEeHCTBA SBJISIETCS IPOMEKYTOK:

1<t <3,

nepexoas K 06paTH01>i IMOACTAHOBKCE, IMOJIy4YacM:

JleBoe HepaBeHCTBA B CUITY IOJIOKHUTEIBHOCTU IIOKA3aTeIbHON (DYHKIMH BBIIOIHACTCS
aBTOMAaTHYeCKU. Bocrosb30BaBIINCh H3BECTHBIM CBOWCTBOM JIOTapu(ma, NepexoauM K
SKBUBAJICHTHOMY HEPaBEHCTBY:

T lo 3
4 4\ "3

3] T \3

[TockonbKy B OCHOBaHMM CTENEHH CTOUT YHCJIO, OOJbILEe €IMHHUIBI, SKBHBAJEHTHBIM (IO
Teopeme 2) OyAeT nepexol K CleAyoUeMy HEPaBeHCTBY:

T < lﬂg% 3.

Nrak, okOHYaTEIBHO MOJy4YaeM OTBET:

z € (—oo;logs 3.

1.4% 7 =4*

2.4 =250
3.4%+2%-24=0

4.

5.4*-3-2"=40
6.7°*~6-7"~7=0
7.16"+4-4*—5=0

8.
9.2°"143:2" '~ 5.2"+6=0

IIpakTnyeckas padbora Ne 53

Tema: Pemenve cucreM ypaBHEHHN


http://yourtutor.info/wp-content/uploads/2012/02/8d9dff7101c637808c7807e19f290d06.p
http://yourtutor.info/wp-content/uploads/2012/02/9365fed9603d95c52296d4efe7f8e1cd.p
http://yourtutor.info/wp-content/uploads/2012/02/81f3ccc83d088052cf4a900707d7e703.p
http://yourtutor.info/wp-content/uploads/2012/02/2876252420b158a37ce9bdd54c1f4d2c.p
http://yourtutor.info/wp-content/uploads/2012/02/84a6b0fb1611419ea6f8742711e0f2e0.p

Heab: Hayunuts pemiats CUCTEMBI YpaBHEHUN
TeopeTtnueckuii 6110k

IIpu pemieHny CUCTEM ypaBHEHUH, COACPKALIUX HEU3BECTHBIC B IIOKA3aTeElIe CTEIIEHU U B €€
OCHOBaHUM WJIU MOJ] 3HAKOM Jiorapu@ma U B €ro OCHOBaHHUH , IPUMEHSIOTCS METOJIbl PeIlIeHUs
CHCTEM anreOpauveckux YypaBHEHHMH, a Takke METOJAbl pELIeHUs IOKa3aTelbHbIX |
Jorapu(pMUUECKUX YpaBHEHHH.

[Tpumep 1. Pemnts cucremy

3*—47=65,
X
3°—2Y=5.
3-;" =u 2=y N N
Pemenue: ITomaras ) » 3AMEHHM HCXOJHYI0 CUCTEMY allreOpanveckoil CUCTeMO
uz—v2:65,
u—v=>5,
KOTOpasi pABHOCHJIbHA CHCTEME
u+v=13,
u-v=5,
nmeromeif pemenne  U=9 | V=4  Cregosarensio, 3 =9 , 2"=4  orxyna maxomum
x=4 y=2
Ortgert: (2; 4).
[Ipumep 2. Pemmmtsb cucreMy ypaBHEHUH
242y=1,
2 1
3y-6y =2"

X_
Pemenne. OGo3Hauns 2 =U | U >0, mogyunM anreGpamdecKyio CHCTEMY:



- u:1—2ﬁ
_1 L
u+2y=1, £ u=1-2y, » =y
1 _1-2y 1
3y—6y°==u: Jy—gyi=tL . L.
u=0,(x) L
_1
y 5
_1
y 6’
2
u==
3
(*) He yaoBIETBOpPSIET yCaOBUIO U >0,
_1 _1
y 6’ y 6,
2 2
2'== —log. <.
3’ X og23

Bepuémcs k nepemennonn X

1
Ortger: (1- log,3 . 6 ).

YnpaxxHeHus:

Pemnts cucreMy ypaBHEHMIA:
45V =3) 16°%+162Y=24, 3 =5
1 38x+1_33y. . 16x+y:256. 3 3x+1_2x+y:1.
{X}’zg, { x+7y:3’ { X+}’:y ,
4. {/32_4:6)(_ 5l (2X+14y)2x272 6. yx+y_X6

x -3x- 4_1 10g5X+310g3y:7, ngX'l'lgzy:S,
x¥=5', 9 lgx-lgy=1.

{ x+y =1+2lg2, 2 =4 { 2%377=1152,
10. - lg(x+y)-lg(x—y)=lg2. 1} x—5=4""%7 12. log j5(x+y+=2.

log, x+log, y=5, 3%.97=27,
log, x+log, y=1. 1

~

13, lg(2x+y) ~lgx=21g3.



IIpakTnyeckas padora Ne 54
Tema: KonrtponbHas paboTta

Hean: [IpokoHTpOIMPOBATH YPOBEHb YCBOEHHUS MaTepuaia Mo JaHHOW TeMe

1 BapuanT

Pemnre ypaBHeHnus:
1.4sin’x+11sinx—3=0
2.6c0s” x+cosx—1=0
3.9"+4-3"—45=0
4.7+ 7 =350
5.1og,|x*—x—4]=3
6.log; x=4—3log,x
7.

Pemnre HepaBeHCTBA:

£>l3+x
V32 712

2.4 XZ*X* ll< 510g54

1.

3.0,04"—26-0,2"+25<0
4.2log, x<2+log,(x+3)=3
5.
Pemnre cucremMbl ypaBHEHUH
2log,x . 2logyy

g =31g% x+lg?y, { PPloB T g
{ y 210g%x ZlOg%y 1
1L 1g*(y—3x)+lgxlg y=0. 5 2 43 0=

2 BapuaHnt

PemuTe ypaBHeHus:
1.tgx—2ctgx+1=0

2.

3.4"-3-2"=40

4.

5.
6.31g*(x—1/—-10lg|x—1)+3=0
7log;\ x—5+log;V2x—3=1

Pemure HepaBeHcTBA:



1.3""<10'%°

2.

3.4"—10-2"+16<0

4.2log, x<2+log,(x+3)=3
5.

Pemnre cucrembl ypaBHEHUH

y=xy 1
2 —(L\x-3
82 _(2) , logz(x2+y2)=7,
1 Llogy(y—2x)=3-log,(2x+3y). 5 L 2log,x+log,y=6.

IIpakTnueckas padoraNe 55
Tema: Pemenne komOuHaTOpHBIX 3a1a4. KoHTponbHas paboTta

eab: 3akpenuTh YMEHUS CTYAEHTOB pelIaTh 3a1a4u
Teopernueckuii 610K

OCHOBHBIMH 3JIEMEHTAMHU KOM6HHaTOpHKI/I ABJIIFOTCA pasmewyeHus, nepecmarosKu, Couematusl.
HYCTB JaHO MHOXXECTBO, COCTOANICC U3 N JJICMCHTOB. Pa3M€u4€Hu€M nU3 n 3JICMCHTOB I10 m
9JICMCHTOB HA3bIBACTC YIIOPAAOYCHHOC MHOXKCCTBO, COACPKAIIECE m PA3JIMIHBIX 3JICMCHTOB
JaHHOI'O MHOKECTBaA. J% 3 OMMpEACIICHUSA BBITCKACT, YTO PasMCIICHUA U3 71 9JIEMCHTOB 110 m
9JICMCHTOB - 3TO BCC m —BJICMCHTHBIC IIOJMHOXCCTBA, OTIINYAIOIIHCCA COCTaAaBOM 3JICMCHTOB UJIHN
MOPAAKOM UX CJICIOBAHUS. Ymucao BceX BO3MOKHBIX paSMeH_[eHI/Iﬁ U3 n 3JICMCHTOB I10 m

m
3JIEMEHTOB 0003HAYar0T A” W BBIYUCIIAIOT 110 q)opMyne
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cunrath 0! =1, noaTomy
Ilepecmanogkoui u3 n s1emeHmoe Ha3bIBAECTCS Pa3MEILEHUE U3 /1 3JIEMEHTOB 110 71 HIEMEHTOB.

Tak kak Kaxmgas NCPCCTaHOBKA COACPKUT BCC 7 3JICMCHTOB MHOXKCCTBA, TO Pa3IMYHBIC
MEPECTAHOBKU OTIIMYAIOTCA APYT OT JApyra TOJIBKO IOPSAAKOM CIICOOBAHUA 3JICMCHTOB. Yucao Bcex

P
BO3MOXKHBIX TMEPECTAHOBOK M3 71 JIEMEHTOB 0003HauyaroT ' . M3 ompenesneHus] mepecTaHOBOK
cremyer

n! n! nl!
P=A'=———=—=—"=p -
" " (n—n) SV T.C P”_n!

)

<m<
Couemanuem u3 n 21eMeHmos no m (O =m _n’] 9JIEMEHTOB Ha3bIBAETCA JIF000E

IMOAMHOKECTBO, KOTOPOEC COACPIKUT 71 PA3JIMIHBIX 3JICMCHTOB JAHHOI'O MHOKECTBA.
CJ'ICI[OBB.TCJ'ILHO, COUYCTaHMs U3 71 BJICMCHTOB 110 /71 5JICMCHTOB - 3TO BCEC m - 3JICMCHTHBIC IIOAMHOXKC-



CTBA 71 - 3JIEMEHTHOTO MHO>KECTBA, PUUYEM PA3IMYHBIMUA TOJMHOKECTBAMH CUUTAIOTCS TOJIBKO TE,
KOTOpbIE UIMEIOT HEOJUHAKOBBIN cOCTaB 1eMeHTOB. [1oMHOXKeCcTBa, OTIIMYAOLIMECs IPYT OT Ipyra

JIMIb TOPSAAKOM CJIICAOBAHUA 3JICMCHTOB, HC CHUTAIOTCS Pa3JINIHbIMU.
m

Yucio BceX BOBMOXKHBIX COUETAHHI M3 72 DIICMEHTOB TI0 71 SJIEMEHTOB 0003Ha4YaloT " U
BBIYHUCIISIOT 110 (hopMyJie

Cm_Anm_ n:(n—1J-(n—2|...[n—m+1]
nTp o m! '
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[Tpumep 1. B rpyrme u3 30 yyanmxcst Hy>KHO BEIOpaTh KoMcopra, ipodopra, ¢puzopra. CKoIbKUMU
CIIOCOOAMHU 3TO MOXKHO CJIEIIaTh, €CIIH KX IbIi 13 30 ydarxcst KOMCOMOJIEII, WieH Pogcor3a u
CHOPTCMEH?

Pemiennie: rcKoMoe 9MCIO CIIOCOO0B paBHO YKCITY pasMerieHuii u3 30 AIeMeHTOB 10 3 3JIeMEHTa, T.€.

3
30, TTonoxws o dopmyne (1) n=30 ) m=3

A3,=30-29-28=24360

Ortset: 24360 crioco6oB. [Ipumep 2. CroabKuMH crIocoOaMHU MOYKHO PacCTaBIISATh Ha OJHOM TTOJTKE
LIECTh PA3JIMUHBIX KHUT?

, IOJTy4aeM

Pemenue: Mckomoe 1rnciio crnocoO0B paBHO YHCITY TIEPECTAHOBOK U3 6 DIIEMEHTOB, T.C.
P,=6!=1-2:3-4-5-6=720

Ortser: 720 ciocoOOB PaCCTaHOBKU.

[Tpumep 3. B Opuraze u3 25 4eI0BeK HY>KHO BBIICTUTh YEThIPEX /ISl paOOTHI Ha ONPEIeIICHHOM
yaacTke. CKOJTBKUMH CIIOCOOaMH 3TO MOYKHO C/EaTh?
Perienue: T.K. HOpSIOK BBIOPAHHBIX YETHIPEX YETOBEK HE NMEET 3HAYEHMS, TO 3TO MOXKHO CZIeNaTh

4 C;5:25~24-23-22 —12650.

Cys criocooamu. 1o dhopmyite (4) Haxoaum 1-2-3-4
Otset: 12650 crioco6oB.

1. CxonpkuMu ciocodaMy MOKHO BBIOPATh 4 J1eTaiy U3 A1UKa, B KOTOPOM
12 neranein?
2. CKOJBKO MOYXHO M3TOTOBUTH PA3JIMYHBIX TPEXIBETHBIX (DIIAXKKOB, €CIH
HCIIOJIB30BaTh  CIICIYIONTUE 1[BETA: 0SB, CHHUMN, KPACHBIH, KENTHIA, YEPHBIH,
3CIEHBIN?
3. CKOJIBKO MATU3HAYHBIX YUCET MOXKHO COCTaBUTh |3 1udp 2, 3, 4, 5,6?
4. B Baze 5 kpacHbIX U 7 6enbix po3. CKOTBKUMH CITIOCOOAMH MOXKHO COCTaBUTH OYKET U3
5 po3, €clii B HEM JIOJKHO OBITH JIBE KPACHBIX M TPH OCIIBIX PO3bI?

()('I-_lJ!:(X_l]!

5. Pemuth ypaBHEHUS: 20



A3+ A2 P,

6.BerauciuTs:
7 6 |., 7
(A15_A15)'C16

7. CKOJBKUMU CIOCOOaMU MOKHO YBE3TH €O ckiaja 10 sIruKOoB Ha ABYX
MalIMHAaX, €CJIU Ha KaKIYI0 U3 MAIllUH TPY3T M0 5 AIUKOB?
8. U3 Bocemu 1udp 1,2,3,4,5,6,7,8 Hy>)KHO COCTaBUTH YETHIPEX3HAYHBIN KO7. CKOJIBKO
BapHaHTOB KO/1a CYLIECTBYET, €CIIM MOBTOPEHUS LIU(P B HEM OBbITh HE JIOJHKHO?
9. B mixone yeTsipe BhIMYCKHBIX Kilacca. CKOJIBKO CIOCOO0B
pacnpeiesieHus] YK3aMEHATOPOB CYIIECTBYET JUIsl NMIPOBEAEHUS DK3aMEHa 10 XMMHH, €CIIM Ha
OJIHOM 3K3aMEHe NMPUCYTCTBYET TOJIKO OJIMH 3K3aMeHaTop?
10. B Baze 5 anenbcuHOB U 8 51670K. CKOJIBKMMU CIIOCOOaMU MOYKHO BBIOpaTh 6 GPyKTOB,
4TOOBI Cpeu HUX ObLIO 3 arnenbcHHa

KonrposbHas padora

.Bapuanr 1

1. I'pynma u3 28 ctyneHToB oOMeHsack Gporokaproukamu. CKOIBKO (OTOKAPTOUYEK OBLIO
po3aaHo?

2. Jlna ywyactuda rpynnsl, B coctaBe 30 4eloBEK B CIOPTUBHBIX COCTSA3AHUSX HYXKHO
BBIOpaTh KOMaHIy u3 4-X 4YenoBeK. CKONBKUMHU CIOCO0aMHU MOXKHO BBIOpaTh YYaCTHHKOB
cocTs3aHus?

3. CKOJIBKUMH CIOCOOAMU MOKHO COCTaBUTH CIIMCOK U3 §-MH YelOBEK?
4. B amuke ¢ 1eTCKUMU KyOuKaMu 8 3eJIeHBIX U 5 KpacHBIX KyOHKoB. CKOJIBKO CIIOCOOOB
BbIOOpa 7 KyOUKOB CYIIECTBYET, €CIIA CPEId HUX JOIHKHO OBITh 5 3€JICHBIX KyOUKOB?

2C*2=A°

x+2 7 “tx

2C2,.~15CL=75

S.Pemmnts ypaBHEHHUSA:

Bapwanr 2

AEO:(PB'C§3)°

1.Berunciaurs:

P5~C3—A§

2. CKOJIbKO aKKOPJOB MOKHO COCTaBUTh Ha 10-TH Ki1aBUILIAX POSUIs, €CITU
KOKIBIA aKKOPJI COACPIKUT TPH 3BYKa?

3. Ha xoniekTuB U3 25-TH 4E€JIOBEK BBIICIICHO TPU MMyTEBKU: B CAHATOPUH, B
JIOM OTJIbIXa U Ha TypOa3y. CKOJIBKO CIOCOOOB pacmpeesieHus! TyTeBOK CYIIEeCTBYET?

4. CKOJTBKHMH CTIOCOOaMHU MOKHO PacCaJuTh 7 YeJIOBEK Ha 7-MHU CTYJIbsIX?

5. Ha crone nexur cTonka kapT, B KoTopoi 10 xapT yepHON MacTH U 8 KapT — KPaCHOM.

CKoNbKUMHU CIoco0aMu MOKHO BBIOpaTh 8 KapT, 4TOOBI Cpeau HUX OBbUIO 5 KapT 4YepHOU
mactu?
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Tema: Knaccuueckoe onpeseieHre BEPOITHOCTH CITyYalHOTO COOBITHS
Hean: 3akpenuTh yMEHUs CTYIEHTOB pellaTh 3aJa4l Ha KJIACCUUECKOE OIpe/IeNICeHNe
BEPOSITHOCTH CITy4aifHOTO COOBITHS

Teopernyeckuii 0,10k
Knaccuueckoe ornpejiencHie BepOSTHOCTH BeposTHOCTBIO COOBITHS A Ha3bIBaeTCS

OTHOIIICHUE YHCIIa KCXOJIOB M, OJIATOMPHUSITCTBYIONIUX HACTYIJICHUIO JAHHOTO COOBITUS A, K
YHCITy, BCEX MCX0JI0B ( HECOBMECTHBIX, EIMHCTBEHHO BO3MOKHBIX, PABHOBO3MOJXKHBIX ), T.C.

pla)=2

n

BeposTHOCTB 11000T0 COOBITHSI HE MOXKET OBITh MEHBIIIE HYJIS U OOJbIIE €IMHULIBI.
HeBo3M0kHOMY COOBITHIO COOTBETCTBYET BEPOSATHOCTH paBHas (), a TOCTOBEPHOMY —
BEPOSITHOCTh paBHA €IUHUIIE.

IIpumep
W3 ypHBI B KOTOpOU HaxoAsATCst 5 OebIX U 3 YepHBIX I1apa, BRIHUMAIOT OJuH 1ap. Haltu
BEPOSITHOCTH TOTO, UTO AP OKAXKETCS YEPHBIM.
Pemenue: O603HauMM cOOBITHE, COCTOSAIIEE B MOSBICHUN YEPHOTO mIapa, uepe3 A. O0rmiee
YHCIIO ClTydaeB paBHO 8. UuCIo ciaydaeB 0aronpusTCTBYIONIUX ITOSBICHUIO COOBITHS A,

paBHO3. [Tomyuum

p(A)zg

YnpaxkHenus:

1. I'epman u3 noBectu A.C. Ilymkuna «IIukoBas 1ama» BeIHUMAET 3 KapThl U3 KOJOMBI B 52
mucrta. Haiiaure BeposITHOCTB TOTO, YTO 3TO OyIyT: TpOiiKa, cemepka, Ty3.

2. B amuke nexat 15 kpacHbIX, 9 CHHUX, U 6 3€JICHBIX IAPOB, OJJMHAKOBBIX HA OUTLYTIb.
Haynauy BeiHMMaroT 6 mapos. KakoBa BEpOSTHOCTB TOTO, UTO BBIHYTHI | 3€JI€HBIH, 2 CHHUX, 3
KpacHBIX I11apa.

3. Bnangenern ogHoM KapTouku joTepen «CrnopTinoTo» (6u3 49) 3auepkuBaetr 6 HOMEPOB.
KaxoBa BeposITHOCTb, YTO UM OYJET yraJlaHo 5 HOMEPOB B OUE€PETHOM THPAXKeE.

4. B ypne 10 mapoB, 13 KOTOpBIX 2 0enbIX,3 YepHbIX U 5 cuHuX. Haynauy usBiedeHs! 3
mapa. KakoBa BeposITHOCTh TOT0, YTO Bce 3 I1apa pa3HOro IBETa.

5. B maptun u3 10 neraneit umerorcs 4 OpakoBaHHbIX. KakoBa BEpOATHOCTB TOTO, YTO
cpenu HayJady OTOOpaHHBIX 5 JeTajeil OKaXyTcs 2 OpakoBaHHBIE.

6. KosulekTuB, BKIIIOYAIOIIUI YETHIPEX KEHIIUH U TPOUX MY’KUUH, pa3bIrphIBacT 4 ousera
B TeaTp. KakoBa BEpOATHOCTh TOTO, UTO cpeau obagaTesield OUIeTOB OKaXKETCS 2 KEHIIUHBI U 2
MY>KUHHBI.

7. B rpynmne u3 25 cTyIeHTOB, cpeid KOTOphIX 10 aeByIIeK, pa3bIrphIBAIOTCS 5 OUIIETOB.
HaiinuTe BeposSTHOCTB TOT0, YTO cpeu obagarenei OUIeTOB OKaXyTCs JIBE AEBYIIKH.

8. B ypHe 6 6enbixX, 4 4epHBIX U 5 KpacHbIX mapoB. 13 ypHbI Hayraj BBIHUMAIOT 5 IapOB.
HaiinuTe BepoATHOCTB TOTO, YTO CPEIM HUX OKAXKYTCS 2 OenbIX U 1 4epHbIil map.

9. IOnHoma 320611 1BE mocieaane nudpsl TeaehOHHOT0 HOMEpa CBOSH 3HAKOMOW W TIOMHS
JIMIB, YTO OHU Pa3IM4Hbl, HaAOpal ux Hayaady. KakoBa BEpOSTHOCTb TOTO, UTO OHU PA3ITUYHBI,
HaOpan ux Haygaudy. KakoBa BeposiTHOCTh TOTO, YTO HOMep OyeT HabpaH NpaBUILHO?

10.B rpynmne 12 cTyeHTOB, cpenn KOTOpBIX 8 OTIM4HUKOB. [1o crincky Haynauy



OT06paHBI 9 CTYACHTOB. Haiitu BCPOATHOCTH TOI'0O, YTO CpCAn OTO6paHHBIX CTYACHTOB 5
OTJIMYHHUKOB,
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Tema: Teopembl 0 cymme 1 06 YMHOXKEHHH BEPOSITHOCTH
Henab: HayuuTbcs BBIYUCIATH BEPOATHOCTH COOBITHM C TOMOIIBIO TEOPEM YMHOXKEHUS
BEPOATHOCTEMN

Teoperuueckuit 610K

Ilpouzeedenuem unu nepeceuenuem 08yx coovimuii A u B HazpiBaeTcs cobbitue C,
cocTosiiee B OJHOBpeMEHHOM HacTymieHud A u B. CuMBoIu4ecKH MpOU3BEIEHUE 3aMKCHIBAIOT

tak: C=AB wm C=ANB  Ecuu A u B — HecoBMecTHbIE COOBITHS, TO ANB=V
, T. €. UX IepeceueHune MycTo (HEBO3MOKHOE COOBITHE).

JIBa ciy4yailHBIX COOBITHS HA3bIBAOTCS NPOMUBONONONCHBIMU, €CITH OAHO W3 HUX
MPOMCXOAUT B TOM M TOJBKO B TOM CcClly4ae, Korjga He mpoucxomut apyroe. CoOwiTHe,

POTHBOIIONOKHOE  cOOBITHIO AA,  0003HAYAOT  wepes A (unTator  «HE A»).
[IpoTuBONOI0XKHBIE COOBITUSI 00Pa3yIOT MOJIHYIO CUCTEMY MOMApHO HECOBMECTHBIX COOBITUH, T.

AUA=U, AnA=V ava=u

.

TeopeMbl yMHOKEHHS BepPOSITHOCTEH

[TpousBeneHue AByX COOBITHI COCTOMT M3 Te€X AJIEMEHTAPHBIX COOBITHI, KOTOpHIE
OJaronpusATCTBYIOT U MEPBOMY, U BTOPOMY COOBITHIO, TO €CTh NMPHHAJIEKAT UX MEPECEUEHUIO
AB =A N B. BeposATHOCTb NMPOU3BEICHHUS COOBITUI 3aBUCUT OT TOTO, SIBIISFOTCS JIM 3TU COOBITUS
3aBUCUMBIMU WM He3aBUCUMbIMH. CoObiTu A M B Ha3bIBalOTCS He3a8UCUMBIMU, €CIIU
BEPOSTHOCTh KaXJIOTO W3 HHUX HE 3aBHCHUT OT TOTO, MPOU3OILIO HIM HET JPYroe COOBITHE.
Beposmnocmu He3aBUCUMBIX COOBITUH A M B Ha3bIBAIOTCS 0e3VCl06HbIMU, W BEPOSTHOCTD
MIPOM3BEICHUS TAKUX COOBITHI paBHA MPOU3BEICHUIO X BEPOSITHOCTEH

4.1)
P(4AB) =P(4) P(B) (1

BeposTHOCT COBMECTHOTO IOSIBICHUS HECKOJBKUX He3a8UCUMbIX COObImuULl B
COBOKYIIHOCTHU PaBHA NPOU3BEOEHUIO 8EPOAMHOCMEN IMUX:

P(4; A> .. A,) =P(A;) P(45) ...- P(4,) (1.1)

CobOwiTust A 1 B 3asucumvie, ecnu BEpOATHOCTh OJHOTO M3 COOBITUM 3aBUCUT OT
MOSIBJICHUST WJIM  HEMOSBIICHUS Jpyroro. BeposSTHOCTH coObITHS B, BBIYHUCICHHAS B
NPEIIONI0KEHUH, YTO A YK€ OCYIIECTBHIOCH, HA3BIBACTCS JCIOBHOU BEPOAMHOCMbIO W
obo3navaercs P4(B).

BeposTHOCTD  npoussedenuss 08yx 3aucumvix cobbimuli paBHA TMPOU3BEICHUIO
BEPOSTHOCTH OJIHOTO U3 HUX Ha YCIOBHYIO BEPOSITHOCTD JPYTOr0:

P(AB) =P(A)P«(B) wmu  P(AB) =P(B)Ps(A). )



BeposTHOCTb cogmecmHo20 noseneHus HeCKOIbKUX 3a6Ucumblx cobbimuii (IIPON3BEICHUS
COOBITHI{) paBHA MPOM3BEICHUIO BEPOSTHOCTH OJIHOTO M3 HUX HA YCJIOBHBIE BEPOSTHOCTH BCEX
OCTaJbHBIX, HPUYEM BEPOSTHOCTh KaXJOTO IOCIEIYIOIMIEr0o COOBITHS BBIYMUCISETCS B
NPEINONI0KEHUH, YTO TPEAbIAYIINE COOBITUS YK€ MPOM30LUIM (TeopeMa YMHOXKEHUS
BEPOSTHOCTEN ISl 3aBUCUMBIX COOBITHIN):

P(A; As . A,) = P(A1) Pt (AP 4142 (A3) s Pttt ooans (Ay) (2.1)

YpaxHeHus:

IIpumep 1. Mmeercs Tpu suka, cogepxkamux no 10 neraneit, npuyeM B MIEPBOM SIIUKE -
8, BO BTOpOM — 7 W B TpeTbeM — 9 cranmapTHbIX aeraneil. M3 kaxnoro smuka Hayjady
BBIHUMAIOT 110 OAHOH neTtanu. HaiiTh BeposSTHOCTH TOTO, YTO BCE TPH BBIHYTHIEC AETANIN OYAyT
CTaHJIapTHBIE.
Pemrenue: BeposSTHOCTH TOTO, YTO W3 TIEPBOTO SIIMKA BHIHYTa CTaHAApTHAs AeTanb (coObiTue A)

P(A) 8 0,8

paBHa 10 . BepOHTHOCTL TOro, 4TO M3 BTOPOro ANIWMKA BbIHYTa CTaHAAPTHAA

P(B):l:0,7

netanb (coosiTe B) paBHA .BeposATHOCTH TOTO, YTO W3 TPETHETO SIIHKA

9
P(C)===0,9
BbIHyTa CTaHAapTHasi naeranb (coObite () paBHa 10 . CobObITHE «BCE TpHU
BBIHYTBIC JETaJIM OYIyT CTaHIApTHBIC» -eCTh IpousBeaeHue coobithii 4, B,C. T.K. coObITHS 4,
B, C — nomapHo HE3aBUCHMBI , TO TI0O TEOPEME YMHOXKEHHUSI BEPOSITHOCTEH ISl HE3aBUCHUMBIX

COOBITUIT UMEEM:

P(ABC)=P(A)P(B)P(C)=0,8-0,7-0,9=0,504

IIpumep 2. B Baze sexut 3 mokonaauaeix U 7 BagenbHbix koHGeT. Haynaday Oepercs omHa
KoH(eTa, 3aTeM apyras. HaiiTu BeposSTHOCTH TOTO, YTO TMepBas KoHdeTa ObLia IIOKOJIaIHOM, a
BTOpasi — BaebHON?

P(A)==-

Pemenue: BEpoATHOCTH TOTO, YTO TepBasi KOH(eTa - MmoKojagHas (coobITHe A) 10
BeposiTHOCTH TOTO, 9TO BTOpas KOH(eTa — BadellbHas, BRIYUCICHHAS B MPEANOI0KEHUH, YTO

PA(B):Z

nepBasi KoH(eTa OblIa IOKOJAJHOM, T.€. YCIOBHAs BEPOSTHOCTh paBHA 9 . Te mo

37_7

TeoOpeMe YMHOXEHHS TSl 3aBUCUMBIX COObITHI umeeM: P(AB) = P(A)P(B) = 109 30

IIpumep 3. B ypHe 5 Genbix, 4 4yepHbIX U 3 cMHHX mapa. Kakqoe UCIbITaHHe COCTOUT B
TOM, YTO HayJaudy U3BIEKalOT OJMH IIap, He BO3Bpalas ero oopatHo. HaiiTu BeposaTHOCTH TOTO,
9TO TIPU MEPBOM HCIIBITAHUM HU3BJICUEH Oenblid map (coObiTHe A), MPU BTOPOM - YEPHBIN mIap
(cobwiTHE B), pu Tpethem — cunmii (coowitue C)?

Pemenue: BeposTHOCTh mosiBIeHUS! O€lloro miapa B MEPBOM HCIBITAHUU paBHA 12



BepOHTHOCTB MOABJICHHUA YCpHOIO 1Mmapa BO BTOpPOM  HUCIIBITAHWH, BBIYHUCICHHASA B
MPCAIIOJIOKCHNN, YTO IMPU NEPBOM HCIIBITAHUH BBIHYT OebIi map, T.C. yCJIOBHasA BEPOATHOCTH

4

P A( B) :H
paBHa . BepOHTHOCTB IIOABJICHHUA CHHEIO Luapa B TpeTBeM HUCIIBITAHUH,
BBIUHCJICHHAs] B MPEIIOJIO0KEHUH, YTO MPU INEPBOM HCHBITAHUU BBIHYT O€Jblii 1ap, a Ipu

P (C)==

BTOPOM — YEpHBIH, T.€. yCIOBHAsI BEPOSATHOCTh PaBHA 10 Okonuarenso nmeem:

5 4 3_1

P(ABC) =P(A)P4(B)P.s(C)= 12 11 10 22
Onepanuu HaJx COOBITUAMH
Cymmoti unu obveounenuem 08yx cooimuti A u B HazpiBaercs coobiTHe C, cocToslee B
HACTYIUIEHUH XOTS Obl ofHOro M3 coObiTuit A miam B. CHUMBOIMYECKH 3TO 3alMCHIBAIOT TakK:

C=A+B uwu C=AUB C=A+B

Teopema ci10:xeHUsI BepPOSATHOCTE
B o6mem ciydae seposmuocms cymmubl 08X coObimull paBHa CyMMeE BEPOSITHOCTEH 3TUX
cOOBITHIT O€3 BEPOSATHOCTH X COBMECTHOTO HACTYIUICHUS U OTpesensieTcs o Gopmyore:

P(A+B)=P(A)+P(B)-P(AB) 3)

O4eBUAHO, YTO eciu coObIMuUsL HeCO8MeCmHbl, TO BEPOSITHOCTh MX COBMECTHOTO
HACTYIUIEHHsI paBHA HYI0. [IoaTOMY /17151 ABYX HECOBMECTHBIX COOBITHI BEPOSITHOCTh UX CYMMBI
paBHA CyMMe BEpOSTHOCTEN ITHX COOBITU:

P(A+B)=P(4) + P(B) 4)

BepOﬂTHOCTL MOABJICHHUA OJHOI'0 M3 HECKOJBKHUX IMOINMapHO HECOBMECTHBIX CO6LITI/II>1,
0e3pa3IMyHO KaKoTo, paBHA CyMME BEPOSITHOCTEH 3TUX COOBITHIA:

P(A4; + A5 +.... +A,) =P(4,) + P(42) + ... + P(4,) 4.1)

dopMyJibl UIsl ONPEAeICHUS BEPOATHOCTH CyMMBbI OOJIBIIET0 YMCila COBMECTHBIX COOBITHI
JOCTaTOYHO TpoMo3AkH. Ecimm ymcnao coOblTuii BO3pacTaeT, TO 4acTo ObIBaeT yJo0OHee
UCIOJIb30BaTh BEPOSATHOCThH NMPOTUBOIOJIOKHBIX cOOBITUH. B camom nene, coObiThe, cocrosiiee
B TOM, YTO HACTYNHUT X0ms Obl 00HO U3 HECKOIBKUX 3JIEMEHTAPHBIX COOBITHHA, POMUBONOI0HCHO
COOBITHIO - «He HACMYnum Hu 0OHO U3 HUX», TIO3TOMY MOXKHO MCIIOJIb30BaTh (hOpMyJy:

P(A1+A2+... +An):]-P(A_/ A_g An) (5)

Ynpaxxuenus:



IIpumep 1. Ha cremnaxke B OMOIMOTEKe B CIlydaifHOM MOpsIKEe paccTaBieHbl 15 yuyeOHUKOB,
npuYeM IATh W3 HHUX B reperviere. bubnmorekapp Haymady Oeper Tpu ydeOHMKa. Haiitu
BEPOSITHOCTH TOTO, YTO XOTS ObI O/IMH U3 B3ATHIX YUEOHUKOB OyzeT B meperiete (coobITre A).

Pemenue: coObitTie A - «XOTsS Obl OJUH M3 B3STHIX YUYEOHHKOB OyJeT B meperuiere» OymyT
OCYIIECTBIICHO, €CJIA MPOU30UICT JIF000E U3 TPEX HECOBMECTHBIX COOBITHIT: B — «0oIMH y4eOHUK
B neperuiere», C- «aBa ydyeOHuKa B mepemiere» , B - «rpu yueOHuKa B meperuiere». T.e.
cobbiTie A=B+C+D. Toraa mo TeopemMe CI0KEHUSI BEPOATHOCTEH I HECOBMECTHBIX COOBITHIA

AMEEM:
P(A):P(B )"'P(C)"'P(D) . Beruucnum otnensHO BepostHOCTH coObITHIM B, C, D:
Cs -C: C: -Cy c:
p(B)=— -5 p(c)=—20-20 p(D)==2=2
Ci 9 Ci 91 cy; 91 .
P(A)=P(B)+P(C)+P(D)=22420 2 _67
Hcnosnb3ys 3TU pe3yabTaThl, MOJTYYHUM: 91 91 91 91

IIpumep 2. BeposTHOCTh MomagaHusi B I€JIb MPU CTPENIbOE U3 TPEX OPYAHM TaKOBBI:

p,=038, p,=0,7, py= 0,9.

HaiiTi BeposiTHOCTH XOTSl OBl OJIHOTO MOMNaAaHus (COObITHE
A) Tipy OJTHOM 3aJIle U3 BCEX OPYIUil.
Pemenue: BepoOsSTHOCTh MOMAJaHUs B LI€Tb KaXIbIM M3 OPYJIUN HE 3aBUCHUT OT pPe3yJbTaTOB
CTpenbObl U3 APYTUX OPYIWH, TIOITOMY paccMaTpuBaeMble COOBITHS A, (TOMajaHue MEepPBOTO
opynus), A, (monajanue BTOPOro opyausi), A; (momagaHue TPEThEro Opyausi) — HE3aBUCUMBI B
COBOKYITHOCTH.

BeposTHOCTH COOBITHI, TPOTHUBOMONOKHBIX COOBITHSIM A, A, As (T.e. BEpPOATHOCTHU

q,=0,2, q,=0,3, q3:0,1.

HpOMaXOB) COOTBETCTBCHHO PAaBHbI

p(A)=1-q, q,95=1-0,20,3-0,1=0,994

Torna nckomast BEpOsITHOCTh

1. JIBa cTpernka CTpEeNsIoT 10 MUILIEHU. BeposTHOCTh MmonagaHusl B MULIEHb IPU OJHOM
BbICTpesie s nepBoro crpenka pasHa 0,7, nis Broporo — 0,8. HaiiTu BeposSTHOCTH TOrO, 4TO
IIPY OJTHOM 3aJIII€ B MUILIEHb IOMAJAET TOJBKO OJUH U3 CTPEIIKOB.

2. B xop3une 4 s610Ka, 3 tumMoHa U 6 nepcukoB. Kaksioe UCIbITAaHHE COCTOUT B TOM,
YTO U3  KOP3UHBI CIy4ailHbIM 00pa3oM majgaer oauH ¢pykT. HaiiTu BeposTHOCTH TOTO, YTO U3
KOP3UHBI TpPU MEPBOM HCHBITAHUM BbINAJET s0J0KO, MPU BTOPOM — JIMMOH, NPU TPETbEM —
MIEPCUK.

3. B aByX smumkax HaXOASTCs A€Tal: B IEpBoM - 12 (U3 4 cTaHIAapTHBIX), BO BTOpOM -10
(u3 Hux 7 craHmapTHeIX). M3 Kaxaoro siiuka HayAadyy BBIHMMAIOT MO OAHOW netanu. Haiitu
BEPOSITHOCTb TOT'0, YTO OHU 00€ OyIyT CTaHAapTHBIE.

4. Jns curHanu3anuy o0 aBapuy yCTAHOBIJIEHBI JBAa HE3aBHCUMO
paloTaromux CUrHanuszatropa. BeposSsTHOCTH TOro, YTO HpU aBapuM CUTHAINM3ATOp cpaloTaer,
paBHa 0,95 nns nepsoro curHanusaropa u 0,9 mist Broporo. Haifitu BEpOSTHOCTH TOTO, UTO TIPH
aBapuM cpabOTaeT TOIBKO OJMH CUTHAIN3ATOP.

5. B smuke 4 6enpbix, 7 cuHUX U 3 KpacHBIX Msda. Kaxkioe ucnbITaHue COCTOUT B TOM,
4TO U3 AIIMKA CIy4aiiHbIM 00pa3oM BBIKATHIBACTCS OJUH Msu. HaliTH BEpOATHOCTH TOTO, YTO
U3 slMKa IpU [IEPBOM HCIBITAHUM BBIKATUTCS CUHUI Ms4, IIPU BTOPOM — KpacHbIM, a IpH
TPeTheM — OeIIblii;



6. B nepBoii Baze HaX0AUTCS 5 KpacHBIX U 3 O€JbIX TBO3IUKH, BO BTOPOM — 4 KpacHBIX U
8 OenbIx IBO3AMKU. M3 Kak0i Ba3bl Hayauy OepyT 1o oaHOH reo3auke. KakoBa BeposSTHOCTH
TOTO, YTO OyAyT BEIOpPAaHBI KPACHBIE TBO3/INUKH.
7. U3 ypHbl, copepxameit 10 O6enbix, 8 yepHbIX U | OpaHXEBBIX LIAPOB, HAYTaj
M3BJIEKAIOT TpH mapa. HaliTu BeposITHOCT TOTO, 4TO 3TO Oy IyT IIAphl OJHOTO IBETA.

8. Ha takTHueckux 3aHATHSIX 3€HUTHAs OaTapest CTpessieT MO JIBYM OECHMIOTHBIM
camosietaM. HaiiTu BepOsSITHOCTB TOTO, UTO caMOJIeThl HE OyIyT COMTHI, €CIIM BEPOSTHOCTH COUTH
OJIMH camMoJieT paBHa 1/2, a mBa camonera — 1/8;

9. OTnen TEXHWYECKOrOo KOHTPOJS  IPOBEpsieT M3AEIUs Ha CTaHIApTHOCTb.
BepostHocTh TOrO0, 4TO M3A€eIMe cTaHaapTHOe, paBHa 0,9. HaliTu BEpOSITHOCTH TOTO, YTO U3 JIBYX
IIPOBEPEHHBIX U3/ENUIN TOIBKO OJIHO CTaH/JIapPTHOE;

10. B kopoOke Haxomutcs 6 cuHUX, 4 KpacHBIX M 6 3eneHbIX (uaxkoB. Kaxkmoe
UCTIBITAHHE COCTOUT B TOM, 4YTO M3 KOP3HHBI CIlydalfHbIM 00pa3zoM BBIOMpaeTcsl OJUH (IIaXoK.
HaiiTi BeposTHOCTH TOTO, YTO MPH MEPBOM HCIBITAHUU OyJIeT BBIOpaH 3eleHbIN (Praxkok, mpu
BTOPOM — KPACHBI, a PU TPETHEM — CUHHUM.

Jomarnrnee 3aanue

1. B smuke 10 geraneil, cpenqu KOTOPBIX YeThipe OKparieHbl. COOpLIMK Hayaady Oeper
Tpu netanu. HaiiTi BeposiTHOCTB TOTO0, 9TO XOTS OBl O/IHA U3 HUX OKpAIICHa;

2. Bo Bpems y4eOHBIX MaHEBPOB JBa TaHKa IBITAIOTCS MPOPBATHCS B PACHOIOKEHUE
NPOTUBOTAHKOBOM 0aTapen «IpoTHBHUKa». KakoBa BEpOATHOCTH TOTO, YTO OyAET MOAOHUT XOTS
Obl OIMH TaHK, €CJIM BEPOATHOCTH TOTO, YTO Oy/AET MOJOWUT OJUH TaHK paBHA 2/3, a 1Ba TaHKa
2/5.

3. Ha nosxke B ciay4aiiHOM HOpSIIKE PACCTAaBICHO CEMb YYEOHHKOB, IPUUEM UYETHIPE U3
HUX - 1o Matemartuke. CTyZeHT Hayaady OepeT /aBa U3 HUX. HaliTu BepoOsSTHOCTb TOTO, YTO XOTS
ObI O/INH U3 HUX — 10 MaTeMaTHKe.

IIpakTnueckoe 3ansitueNe 58
Tema: KontponbHas pabota

Hean: [IpoKOHTPOIMPOBATE YPOBEHb YCBOCHHS MaTepraia

1 Bapuant

1. DneKTpOHHBIN MPUOOP COCTOUT U3 ABYX MOCIEI0BATEILHO BKIIFOYEHHBIX OJIOKOB.
BepositHOCTB BBIXO/1a M3 CTpOsi 3a 1 Mecsiiy paboThl mepBoro 0yioka paBHa 1/3, Broporo -1/4, a
oboux — 1/6. Haiinute BeposiTHOCTH OecniepeOoifHoi paboThl mpubopa B TEUEHUE MECHIIA.

2. B nByx smukax HaxoZsTcs Aetanu: B nepsoM 10 geraneit (M3 HUX 7 OKpaIIEHHBIX), BO
BTOpOM- § fetaieit (U3 HUX 5 okpalleHHbIX). M3 kaX10ro SluKa Hay1auy BEIOUPAIOT O OJHOM
neranu. KakoBa BeposITHOCTB TOro, 4To 00€ Oy IyT OKpallleHHBIE.

3. B samuke 12 neranel, cpeau HuX 9 cranmaptHeix. HaliTu BEpOSTHOCTB TOTO, YTO CpeAu
HayJady U3BJICUEHHBIX 2-X AeTalleil okakeTcs He 0ojee 0JJHOM HECTaHIAPTHOM JeTalu.



4.B smuke B cCly4ailHOM MOpsiake MosoxeHbl 10 geranei, M3 KOTOpbIX 4 CTaHIApPTHBIX.
Kontponep B3sin Haymauy 3 aetanu. Berawciure BEpOSTHOCTh TOTO, YTO XOTsA OBl OJHA W3
B3SITHIX JIeTaJe OKa3ajaach CTaHAAPTHOM.
5.CTyleHT chaeT JK3aMEH 10 TEOPUU BEpPOSITHOCTEH. BEpoATHOCTH TONYYHTh HAa 3K3aMEH
«eyn.» pasHa 0,1; «ya» - 0,6; «xop.» - 0,2; «otn.» - 0,1. KakoBa BEpOSATHOCTb TOTO, YTO
CTYJICHT TIOJIYYUT Ha dK3aMEHE MOJIOKUTEIBHYIO OIICHKY?
6Ctpenok monanaer B necATKy c¢ BeposTHocTeio 0,05, B meBsarky — 0,2, B BocbMepky — 0,5.
Cnenan onuH BeicTpel. KakoBa BEpOSTHOCTD CIICTYIONTUX COOBITHIA:

a) BEIONTO HE MEHEe 8 OUKOB;

0) BBIONTO MEHEE 8 OUKOB;

B) BBIOUTO OoJiee 8 OUKOB;

T') BBIOUTO He OoJiee 8 OUKOB.
7.1IpousBoauTcs Ba BBICTpENa IO OJHOW M TOM K€ MHUILECHH. BEpOATHOCTH MOIMAJaHUS B
MHILIEHb ITPU NEepBOM BbIcTpene paBHa 0,6, npu Bropom — 0,8. HaliTu BEpOSITHOCTH TOTO, YTO B
MHUIIIEHH OyJIeT XOTsI ObI OZJHA MPOOOHHA.
8.bpocatorcst nmBa wurpanbHbIX KyOumka. KakoBa BEpOSTHOCTh TOSIBJICHUS XOTS OBl OHOU
HIECTEPKHU?

2 Bapuant

1. U3 uncen 1, 2,3,4...100 BoIOMparoT uncio. HaifTu BepOsSTHOCTH TOTO, YTO BEIOPAHHOE YUCIIO
JeTTUTCS XOTs Obl HA OAHO U3 yncel: 4 u 6.
2. BepoaTHOCTb TOTO, UTO MPHU U3MEPEHUH HEKOTOPOU (PU3MUYECKOM BETUUMHBI OYIET OIMyIIeHa
omnOKa, MPEBHIIIAIOIIAs HEKOTOPYIO 33/1aHHYI0 TOYHOCTh, paBHa 0,4. IIpousBeneHo nBa
HE3aBUCUMBIX H3MepeHus. HaliTu BEpOsSTHOCTH TOT0, YTO TOJIBKO B OJTHOM U3 HUX JOIyIIEHHAs
otIrOKa MPEBBICUT 33aHHYI0 TOYHOCTb.
3. Ha mosnke BepeMexKy paccTaBieHo 4 ydeOHHMKa I10 T€OMETpUH, 5 y4eOHUKOB IO reorpapuu
u 3 yyeOHUKA MO acTpoHOMUH. Kax10e ucrpITaHue COCTOUT B TOM, YTO OMOIMOTEKaph
ciryyaifHbIM 00pa3oM BbIOMpaeT oAuH yueOHUK. HaifTu BepoATHOCTH TOr0, UTO PHU MEPBOM
UCTIBITAaHUM OyJIeT BBIOpaH Y4eOHUK MO0 aCTPOHOMUH, TIPU BTOPOM — 110 TEOMETPHH, & B TPETHEM —
o reorpaduu;
4. B ctynum TeneBuieHus 3 TeIEBU3NOHHBIX KaMephl. JlJis KaX10i U3 HUX BEPOSITHOCTD TOTO,
YTO OHA BKJIFOYEHA B JaHHBIM MOMeHT paBHa 0,6. HaliTu BEpOSTHOCTH TOTO, YTO B IaHHBIH
MOMEHT HH OJIHA U3 HUX HE BKJIIOYEHA
5.B ypue naxogsatcst 7 6ensix u 3 uepHbIx mapa. [loapsa ussnekarot aBa mapa. Kakosa
BEPOSITHOCTh TOTO, UTO OHU 00a YepHbIe?
6.Mounety nogdpocunu aBa pa3. Haiftu BeposiITHOCT TOro,4To 00a pasa BhIIaaeT repo.
7. B mepBoit ypHe 7 OenbIx ¥ 3 4EepHBIX mapa, BO BTOpOi — 3 GenbIx W 7 4epHBIX ImapoB. 13
KOKIOW YpHBI BBIHMMAIOT OAMH map. KakoBa BepoATHOCTH TOTO, 4TO 00a BBIHYTBHIX IIapa
oemnpie?
8.Tpu cTpenka HE3aBUCUMO JPYT OT JIpyra CTPENSIOT MO Leidu. BeposaTHOCTh MonagaHus B 1elb
nepBbIM cTpenkoM pasHa 0,7; BTopeiM -0,8; Tpetbum — 0,9. HaliTu BeposTHOCTH TOTO, YTO :

a) Bce TPU CTpeIKa MOMmaayT B LIeTb;

0) Bce TpH CTpeJIKa MPOMaxHYThCS;

B) TOJIBKO OJMH CTPENIOK MOMAJET B LIETh;

I') TOJIBKO JIBa CTpEJIKa MOMaayT B LIETb;

1) He OoJiee BYX CTPENKOB MOMAIyT B LIEJb;

€) XOTs OBl OJIUH CTPEJIOK MOMAJET B 1Eb.



IIpakTHyeckoe 3anaTHENe 59

Tema: CBolicTBa mapajuieNIbHBIX IJIOCKOCTEH

Hean: Hayunts pemars 3a1a4n, KCIOJIb3Ysl CBOMCTBA MAPAJIEIbHBIX TNIOCKOCTEN
Teoperuueckuit 610K

Omnpenesienue. [Ipsmas 1 MIOCKOCTh HA3BIBAIOTCS MApAJUICIBLHBIMU, €CITM OHU HE UMEIOT OOIINX

TOueK (a || o)
IIpu3Hak napa/ieIbHOCTH NMPAMOM U IIOCKOCTH.

TeopeMa. Ecimu psamas, HE JICKalllasd B JTaHHOM IIJIOCKOCTH, IapaJlUICIIbHA KaKOﬁ-HH6yHL
HpHMOﬁ, nemameﬁ B 3TOH IIOCKOCTH, TO OHA IMapaljyiCjibHa CaMOM IIJIOCKOCTH.

=

L allb
bool=al|o
b agdo
puc. 1
3amMeuanus.

Ecnu miIockocTs IPOXOAUT Yepe3 AaHHYIO IPSIMYI0, IapaUIeIbHYIO IPYroi
IUIOCKOCTH, U TIEPECEKAET 3Ty IJIOCKOCTh, TO JIMHUS IEPECEUECHUS
IJIOCKOCTEH MapasulesIbHa JaHHOM IPSIMOM.

Ecnu ogHa U3 nByX MMapajuleIbHbIX NPSMBIX Iapajule/IbHA JaHHON

puc. 2 IUIOCKOCTH, @ JIpyTas IIpsAMasi MIMEET C IIOCKOCTBIO OOIIy 0 TOUKY, TO 9Ta
' TpsAMast JIEXKUT B JJAHHOM TIOCKOCTH.

BriBOaBI.

Ciy4au B3aMMHOT'O PAaCHOJIOXKEHUS IPIMOM U TIIOCKOCTH:
a) rpsiMast JIEKUT B IJIOCKOCTH;

0) mpsiMasi ¥ TUIOCKOCTh UMEIOT TOJIBKO OJTHY OOIIYIO TOUKY;
B) IpsIMas U IUNIOCKOCTh HE UMEIOT HU OJHON OOLIEeH TOUKH.

; >{; Omnpenesienue. /[Be MI0CKOCTH HA3bIBAIOTCS NapalIeIbHBIMU, €CJIU OHU HE
— UMEIOT OOIINX TOYEK.

o
/ >ﬂ</ [MTapannensHOCTh TIOCKOCTEH . U F 0003HavaeTcs Tak: . || b. PaccmoTpum
a—'-'_'-'-'-
y

IMMPU3HAK MapaJuICIbHOCTU ABYX IUIOCKOCTEH.




Teopema. Eciin 1Be nepeceKarommecs npsMbie OJJHON IMITOCKOCTH
COOTBECTCTBCHHO IMapaUICJIbHBI IBYM IMPAMBIM I[perﬁ IINIOCKOCTH, TO 3TH
IUIOCKOCTH MapaJljiesIbHBbI.

Cityyau B3aMHOTO PacoJIOKEHUS TIIIOCKOCTEN:

~ TUIOCKOCTH . ¥ B IIepeceKaroTCsl.
' puc. 4

A IUIOCKOCTH & U B apajulebHbI.

puc. 5

CaoiicTBa napaienbHbIX MNIOCKOCTEH:

/
LK/

1. Ecnu nBe nmapanienbHble INIOCKOCTH MepeceYeHbl TPEThEN, TO TMHUU

- ’ UX TIEpEeCceueHH s MapasIe/bHbL.

[

on

AN

2. OTpe3ku napauieabHbIX NPSIMBIX, 3aKIIIOUEHHBIE MEXKTY

/ 8o ? MapaJuyIeIbHBIMH INIOCKOCTSIMH, PAaBHBI.
] Vg

Pemenne 3agau:

Han yron AOD u 1Be mapaienbHbIe TNIOCKOCTH 0. U [3.



[Tnockocth 0 mepecekaet cTopoHsl yrina OA u OD cOOTBETCTBEHHO B TOUKax A u D,
IUIOCKOCTB [3 3TU CTOPOHBI IIEpeceKaeT COOTBETCTBEHHO B TOUKax B u C.

Hano:

OB=38
AB=6
BC=9

CD=2

Haiitu AD, OD

UYepes Touky O, KOTOpasi HAXOAUTCS MEXKAY NapauieIbHbIMU TUIOCKOCTSIMU (. U [, TPOBEICHBI
npsiMele ¢ ¥ d, mepecekarolire mIoCKOCTH TaK, 4YTO TOUKH A U B HaXOJATCs B INIOCKOCTH 0, &
touku C u D - B mnockoctu 3 AB=18 ecm, DO=26 cMm u AC=3-A0

Brruncnurs: BD:CD



[TapanienbHble MIOCKOCTH (. U [} MepecedeHbl NPSMBIMHU ¢ U d

Croponbl 4 N nepecekaroT napajiesbHble MI0CKoCcTH 3 1 o B Toukax C.D u A B. Beruuciu
JHY oTpe3ka AB, eciin NA=13 cm, NC=20 cm u CD=55 cMm.



Croponsbl 4 N mepecekaroT napauiesibHble INIOCKOCTH 3 U o

Jlanbl nmapamienbHble ocKocTr o U 3. Toukn A u B HaxoasITcst B IVIOCKOCTH 0, @
touku C u D B miockoctu (3. Jlnuna orpeska AC=7, nnuHa otpeska BD=12.

CyMMa npoeKIuii ITUX OTPE3KOB B INIOCKOCTH [3 paBHa &.

Haiitu nymmHy nipoexmmii 000uX OTpEe3KOB.

A B,

IIpakTHyeckoe 3anaTHENe 60
Tema: IloBTopenue. IIpoBepounas pabora
Hesab: O0O0IMUTE M 3aKPENUTh 3HAHUS M HABBIKH yUYaIluXcs M0 JaHHOU Teme

TeopeTtnueckuii 6110k

Kaxkue nBe mpsiMmbie B IPOCTPAHCTBE HA3BIBAIOTCS MapAIICIbHBIMU?
Chopmynupyiite TeopeMy 0 mapaieIbHBIX MPSMBIX.

Kakue BO3MOXHBI Cilydar B3aUMHOTO PACIOJI0KEHUE MPSMOI U MIIOCKOCTH?
Kaxkue nmpsimast 1 I0CKOCTh Ha3bIBAIOTCS MapaAJIIeIIbHBIMU?

Cdhopmynupyiite mpu3HaK NapasiebHOCTH MPSIMOM U IIIOCKOCTH.

Han xy0 A... D,. HazoBute yeTbIpe napbl napauieIbHbIX NPSIMbIX U YEThIPE apbl
MEePECEKAIOIINXCS MPSIMBIX

7. CdopmynupyiiTe npU3HAK NapasieIbHOCTH MPSIMOM U MIOCKOCTH.

Sk W=

BepHo 11 yTBepkaeHHe: ecu 0JJHa U3 IBYX MPSMBIX MapajieibHa MJI0CKOCTH, a BTOpas
MepeceKaeT 3Ty MIIO0CKOCTh, TO MPSMBbIE MapaieibHbI.



Pemenue 3agau

1). 3agaua 1

HDaxo:

A ABC,
ABen Ceaq,
AM = MC,
CN = NB.

|

S, T s

Hokasats: MN | a.

Jloka3aTreabCTBO

MN - cpennsis muuus TpeyronbHuka ABC, 3Haunt MN || AB, AB € a.

Taxum o6pazom, MN || a (10 nMpu3HAKY NapaIeIbHOCTH MPSIMON M TIFIOCKOCTH).

2). 3ayaya 2
" [aHo:
4] \ ABCD - Tpaneuus,
M N ABe a,CD ¢ q,
‘ \ AM=MD, CN=NB.
A B _- [okasars: MN || a.
Q__ a{‘ ___._,..-r—‘/’/
JloKa3aTeabCTBO

MN - cpennsis munus tpaneuuun ABCD, 3uauut MN || AB; AB € a (1o ycnoBuo),
Takum oOpazom, MN || a (1o npu3HaKy napauieabHOCTU MPSIMON U TUIOCKOCTH).

3)3anaua 3. Cropona AC tpeyronsauka ABC napasnienbHa miockocTy a , a ctoponsl AB u BC
IIEPECEKAIOTCSI C 3TOM MII0CKOCThIO B Toukax M u N. Jlokaxwure, uro TpeyronsHuku ABC u
MBN no100H5I.

Hepe):[ peHICHUCM JIaHHOM 3a7a4u HCO6XO,Z[I/IMO BCIIOMHUTD IIPU3HAKU HO,Z[O6I/I}I TPCYTrOJIbHUKOB.



A OaHo:

.—“—'rf;- | . AABC, AC Il a,
I ) | -I'I. B
.__.r' H;j—:” I.fr AB M= Mr
'k 3 \ / BCna=N.
Al =g Mokaszats: A ABC nogoben A MBN
JokazaTeapcTBO

1. ITo yrBepxkaenuto 1° : MN || AC. Toraa yron A = yrimy BMN (kak 0THOCTOpOHHHE MTPH
HapauIeIbHBIX MPSIMBIX).

2. yron B - o0muii.
3. Takum obpazom, 1o 1ByM yriam TpeyroibHuK ABC mogo6en tpeyromsauky MBN.
4). 3anaya 4

Ha croponax AB u AC tpeyronsauka ABC B3siTel cooTBeTCTBeHHO TOUKH D 1 E Tak, uro OF =
5 cm u BD = 2/3. InockocTth a mpoxoaut uepe3 Touku B u C u mapannensHa orpesky OE.
Haitnure nynny otpeska BC.

[aHo:
4 A ABC,
0} DeAB, E€AC,
a BCea, all DE,
/E;’___i p f DE=5cm, BD/DA=2/3.
£ /
Haiiti: BC.
Pemrenue:

tpeyronsHuk ABC nono6en tpeyronsHuky ADE.

Torna AB/AD = BC/DE, 5/3 =x/5,x =25/3,x =38/

Otsert: 8'/5.

Jlomamnee 3a1anmue:

[Ipsimas AB nepecekaet miockocTh o. Yepes koHIpl oTpe3ka AB u ero cepenuny C npoBeaeHbI
napajuleJibHbIE MpsIMbIE, IIepeceKarolue IockocTh o B Toukax Al, B1 u Cl1. Paccmorpure
cinyyau: 1) otpe3ok AB He mepecekaeT mIockocTs o ; 2) oTpe3ok AB mepecekaer a. B kaxmaom

ciydae Haiaure: a) nmuHy otpeska CCl1, ecmu: AA1 =3, BB1 = 6; 0) mmuny oTtpeska AA1, eciu
BB1=13,CCl=1

IIposepounasi padora

1 BapuaHT



Otpe3ok AB He nepecekaeT miaockocTs . Yepes cepenuny otpe3ka C M KOHIIBI OTpe3Ka
A u B npoBenieHb! IpsiMble, MMapaljiesIbHbIE MEKIY cOO0H U MepeceKaromye

IUIOCKOCTB 0 B TOYKAX , . Beruncours mmny orpeska CCieciin AA, =5, BB, =7

UYepes Touky O, He JSKANIYI0 MEXKAY NapauieIbHBIMU TUIOCKOCTSIME O U 3, TPOBEICHBI
npsMeie [ v m. Tpsmas [ nepecekaer mIockocTr o U B B Toukax A; u A,COOTBETCTBEHHO,
npsiMast m — B Toukax B, uB, Haiimure niauny orpeska A, B, eciu A, B, = 15 cwM,

OB,: OB, =3:5.

[Tpsmas AB nepecekaet miockocTsb o. Uepes koHibl otpe3ka AB u ero cepenuny C
MPOBEJICHBI MapaJljIeIbHbIE MIPSIMbIE, TTEpeceKarolre MIocKocTh o B Toukax Al, B1 u Cl.
Paccmotpute ciyuau: 1) otpe3ok AB He nepecekaer miockocTs o ; 2) orpe3ok AB

nepecekaer o. B kaxkom ciyuae HaiauTe: a) mmuHy otpe3ka CCl, ecnmu: AA1 =7, BBI
=5; 0) nmuny otpeska AA1, ecmu BB1 =7, CC1=11.

2 BapuaHT

1.

Touka M nexxut Ha otpe3ke AB. Otpe3ok AB nepecekaercs ¢ TNIOCKOCTBIO 0 B TOUke B.
Yepes A u M npoBeieHbl NapajlIelbHbIE MPAMBIE, IEPECEKAIOLINE 0. B TOYKaXA; U .

M, Haiigure muny orpeska AB, eciiu AA, : M =3:2, AM=6.

Uepe3 Touky O, JeKaNyl0 MEXKIY MapalieIbHBIMH IUIOCKOCTSAMH O U [3, MPOBEICHBI
npsmeie [ 1 m. [Ipsamas [ mepecekaer IockocTu o ¥ B B ToukaxA; u A, COOTBETCTBEHHO,
npsmasi m — B Toukax Biu . Halinure mmuny orpeskad, B, , ecniuA, B, =12 ¢m, B,O: O
B,=3:4.

Jan AMKP. ITnockocts, napaimensHas npsmoit MK, nepecekaer MP B Touke , PK - B
touke. HaiiqureM, K|, ecru MP : M\P =12 : 5, MK = 18 cm.
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Tema: [Ipu3Hak neprneHAUKYIIPHOCTH MPSIMOMN U IIOCKOCTH
Heab: O600IMTH U CUCTEMATU3UPOBATH MaTEpHAIl IO TAHHOW TeMe
Teopernueckuii 610K

Onpeodenenue. llpsMas a Ha3pIBaeTCsl NEPHEHIUKYISAPHOM K IUIOCKOCTH 0O, €CIM OHa
MEPIEeHIUKYJIIpHA K JII000H NpsMOii, Iexalleil B 3Toi MI0CKOCTH.

Teopema. Ecim mpsiMass nepneHIMKYJIpHA K JBYM IE€PECEKAIOLIUMCS MPSAMBIM, JEXKallUM B
IIJIOCKOCTH, TO OHA MEPIEHIUKYIISAPHA K DTOU IIJIOCKOCTH.



ITpumep 1. Touku 4, M, O nexat Ha NPAMOI1, NEPIIEHIUKYIISIPHOM K IUIOCKOCTH 0., @ Touku O, B,
Cu D nexar B mmimockoctd o (puc. 3). Kakwme wu3 cClenyomux YIJIOB — SBIJISIFOTCS
LACQB, £ MOC, £DAM, £ DOA, ABMT

IPSIMBIMU: ?
A
M
B D
0
C Prd
Puc. 3.
Pewenue
LAQE
Paccmorpum  yron . Ipsmas AO nepneHAUKyJIIpHA TUIOCKOCTH 0, a  3HAYuT,
npsmasi AO neprneHuKyIapHa JI000H NpsAMON, Jexameil B IUIOCKOCTH 0, B TOM YHCIE
LAQB = QU‘C
npsmoit BO. 3Hauur, .
LMoc LMOC =390
Paccmorpum yrou . IIpsimas 40 nepnenpukynspHa npsamon OC, 3Ha4uT, .
LDAM £D0A = 90°
Paccmorpum yron . lpsmas AO nepnenaukyisgspHa npsamod OD, 3Ha4wuT,

Paccmotpum tpeyronbHuk DAQO. B TpeyroibHUKE MOXXKET OBITh TOJBKO OJWH IPSIMOM yTOJI.

3HauuT, yroin DAM — He SABISETCS NPSIMBIM.
£LD0A D04 = 20°

PaccmoTpum yron . [Ipsimast 4O nepnenaukyisapHa npsimoit OD, 3HAYUT,
£BMO

Paccmorpum yron . OTO yroi B IpsIMOYTOJIbHOM TpeyrojbHuke BMO, oH HE MOXKET ObIThH
IIPSIMBIM, TaK Kak yros MOB — npsamoii.
LAQE = AMOC = 2D04 = 20

Omeem:

L0 =90
IIpumep 2. B tpeyronsauke 4A5C naHo: 1, AC =6 cM, BC = 8 cm, CM — mennana (puc.

4). UYepes BepmmnHy C mpoBenena  mnpsmas CK, TNeprneHIuKysipHas K  IUIOCKOCTH
tpeyronbHuka ABC, npuuem CK = 12 cm. Haliqute KM.

K

Puc. 4.
Pewenue:



AB =\CB?+ ACT = Va?+ €% = 10‘

Haiinem nnuny 4B o teopeme [ugaropa: (cm).

[To CcBOWCTBY MPSMOYTOJIBHOTO TPEYroJbHUKA CEpeArHa THIOTEeHY3bl M paBHOyIAleHA OT
CM=2AB=5

BEpIIUH TpeyronbHuka. To ectb CM = AM = BM, (cm).

Paccmorpum  TpeyronsHuk KCM.  llpamas KC nepnenaukyispHa  iockoctd ABC,  a

3HauuT, KC nepnenaukyinsipHa CM. 3nauut, TpeyroiabHUk KCM — npsmoyronbHbiil. Haiinem
KM =vEC?+ cM? =127+ 52 =1

runoteny3y KM u3 treopemsl [Iudaropa: (c™m).

Omeem: 13 cm.
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Tema: [IpusHak nepneHIUKYISIPHOCTH IJIOCKOCTEN. YTJIbI MEKAY NPSMBIMU U IJIOCKOCTSIMHU.
Hean: O6001UTE U CUCTEMATU3UPOBATH MAaTEPHAI 110 JAaHHOW TeMe

Teopernueckwnii 610K

Yron Mexay NpsMoi ¥ TOCKOCTBIO — 3TO YTOJI MEXIY NPsIMOM U €€ MPOEKIIMEN Ha TaHHYIO
IJIOCKOCTb.

B kadecTBe yria Mexay npsMO# M IITOCKOCTHIO BBIOWPAEM OCTPBIN YTOJI.

Ecnu npsimast mapasiienbHa II0CKOCTH, 3HaUUT, IOl MEKAY IPSIMON U INIOCKOCTBIO paBEH
HYJIIO.

Ecnu npsimast nepneHanKysipHa II0CKOCTH, €€ IPOEKLUEN Ha MIIOCKOCTh OKa)KETCsl TOUKA.
OueBUAHO, B 3TOM CJIy4yae yroJl MKy MpsIMOW U IUIOCKOCTBIO paBeH 90°.

IIpumepsr:

1.Touku A, M u O nexxar Ha NpsIMOM, NEPIEHIUKYJISIPHON K TIJIOCKOCTH a, a Touku B, C u D
JekaT B IUIOCKOCTH a. Kakue u3 crneayromux yr j1oB sistores npsameiMu: ZAOB, ZMOC,
£ZDAM, £ZDOA, £BMO?

Pemenue: a L o, moaTomy a neprieHANKYISIpHA TF000M MPSIMOI, JiexKaten B 1. o. YToOsl
npsiMasi MpUHaAJIeXKana Il o, JOCTaATOYHO, YTOOBI 2 TOUKH NMPSAMOU NMPUHAITIEKATH TII. .
OTBeT: npsIMbIE yIJIbI

2. IIpsamas OA nepnenaukymsapHa k miuockoctd OBC, u Touka O sBisieTcs cepeinHoi 0Tpe3Ka
AD. lokaxwute, uto: a) AB = DB; 6) AB=AC, eciu OB=0C; B) OB = OC, ecntu AB=AC.

Pemenne:

a) Paccmotpum AABD.

M03TOMY

- 10 IBYM KaTeTaw,

6) Paccmorpum AAOB u AAOC.

- 10 OTIPEIEICHUIO;

- 110 YCJIOBHIO; - o011asl.

Tpeyronsankun AOB u AOC paBHbI 110 1ByM Katetam. OTcrona:
B) T.x. AB = AC, 1o npssmoyrosbHbie TpeyroiabHUKd AOB u AOC paBHbI IO THIIOTEHY3€ U
kareTy (AO -—o0mmuii KaTer), M03TOMY

UYro u TpeboBanock A0Ka3aTh.



3.Yepes Touky O nepeceueHus: quaroHagei KBajapara co CTOpoHoi a nposezaeHa npsamas OK,
NepIEeHIUKYIIIpHas K IUIOCKOCTH KBaapaTa. Haiinute pacctosnue ot Touku K 10 Bepuina
kBajapara, ecnu OK = b.
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Tema: [leprieHIUKYIISApBI U HAKIIOHHBIE
Heab: O0O0IUTE M CUCTEMATU3UPOBATh MaTepHuall MO JaHHOU TeMe
Teopernueckuii 610K

HaknonHol, nmpoBe1eHHOM U3 1TaHHOM TOYKH K JaHHOM MJIOCKOCTH, Ha3bIBAETCS JIFOO0H
OTPE30K, COCMHSIOIINN TaHHYIO TOYKY C TOUKOM IIJIOCKOCTH, HE SIBISIOLIUNCS
MEPIEHANKYIISIPOM K INIOCKOCTH.

KOHCH OTpE3Ka, JIeXKaui B IINTIOCKOCTH, HAa3bIBACTCA OCHOBAHHCM HaAKJIOHHOM.

A

X

AB - HakioHHAaA.
B - ocHOBaHHWe HAKJIOHHOMU.

Ilepnien UKy IApOM, IPOBEIEHHBIM U3 JAHHOW TOYKH K JAHHOW IIOCKOCTH, Ha3bIBAETCS OTPE3OK,
COEIMHSIONINI JAHHYIO TOUYKY C TOYKOH IIJIOCKOCTH M JIeXKAIIHI HA MPSIMOH, NEPIEHIUKYIIIPHON
IJIOCKOCTH.

Komner atoro orpeska, nexamuii B I0CKOCTH, Ha3bIBAETCS OCHOBAHUEM IEPIIEHANKYJISpa.

A

X




AC - nepnieHIuKyIsp.

C - ocHOBaHMeE NEPIEHIUKYIIAPA.

PaccTositHueM OT TOYKH 10 MJIOCKOCTH HA3bIBAETCS JIJIMHA MEPIICHANKYISpA, TPOBEICHHOTO U3
3TOM TOYKH K IUIOCKOCTH.

OTpe30K, COeAMHSAIONIMN OCHOBAHUS MIEPIICHIUKYJIsIpa U HAKIIOHHOW, MPOBEICHHBIX U3 OJHOU 1
TOU K€ TOYKH, HA3bIBAECTCS MTPOEKIIMEN HAKIIOHHOM.

A

X

CB - npoenust HakJIOHHOW AB Ha MI0CKOCTH 0.
Tpeyronsank ABC npsiMOyTonbHBII.

VYriaom Mexay HaKJIOHHOW U IUTOCKOCTBIO Ha3bIBAETCS YTOJ MEXK/Ty ATOM HAKJIIOHHOMW U €€
MPOEKIMEN Ha MIIOCKOCTb.

A

X

< CBA - yron mex1y HakJIOHHON AB 1 IUIOCKOCTBIO a.



X D

Ecm AD>AB, To DC>BC

Ecnm u3 ganHOM TOYKHM K TAaHHOM TUIOCKOCTH MPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJIbIIIEH
HAKJIOHHOHM COOTBETCTBYET OOJIbIIAs TIPOSKIIHS.

<DAB - yron Mexnay HakJIOHHBIMU
<DCB - yron mMexy NpoeKIusiMu
OTtpes3ok DB - paccTostHue Mex 1y OCHOBaHUSIMU HAKJIOHHBIX.

Pemrenne ynpaxHeHM:

1) IIpsimast CM nepnieHAMKYJISIpHA K IIJIOCKOCTH IPAMOYToJIbHOTo TpeyrojapHuka ABC ¢
npsimbIM yriioM C. Haiinure paccrostaie ot Touku M o croponst AB, eciin AC=3cMm, BC=4cmM,
CM=1 cm

2)B paBno6enpennom tpeyronbauke MHK, MH=NK=5cMm, MK=6cMm. Touka D Haxoaurcs Ha
paccTOsSTHUU V10 ¢M OT II0CKOCTH TpeyrojibHuka MNK 1 Ha 0JMHaKOBOM PacCTOSIHUU OT €0
cTtopoH. Haiaure 310 paccrosiHue.

3) B tpeyronbauke ABC nano: AB=5cMm, AC=7cMm, BC=6¢cm. Ilpsmas AD neprnenaukynspHa K
wiockocT TpeyroiasHuka ABC. Haiinute pacctosinue ot Touku D no ctoponst BC, eciu
AD=5cm.

4)Yepes karer AB npsimoyroasHOTO paBHOOEIpeHHOTO Tpeyroiabuuka ABC npoBeneHa
MJIOCKOCTH a (amb(da), oOpasyromas ¢ MI0CKOCThIO TPEYToJIbHUKA yToul B 45 rpagycoB. Halinure
paccrostaue ot Touku C 110 ruiockocTH a (anbda), ecmu AC=2cm

5)Touka M HaxoauTCs HA PACCTOSIHUU 6 CM OT IIOCKOCTH PAaBHOCTOPOHHETO TPEYTOJbHUKA
ABC u na 10cm oT BepinH 3TOro TpeyrojibHuka. Haiinure ayimHy croponsl TpeyroyibHuka ABC

Jomamnee 3amanue

Touka 4 paBHOyzAaNIEHA OT BEPLIMM MapasuiesorpaMMa. JJokaxkute, 4To 3TOT HapajljiesorpaMm
ABJIAETCS NPSAMOYTOJIBHUKOM.



OcHoBaHus Tpamnenuu paBHa0Tcs 14 cM u 8 cM cooTBeTcTBEHHO. Uepes Ooubliiee OCHOBaHHE
Tpaneuuy MpoBeIeHA INIOCKOCTh, KOTOPask HAXOAUTCSA HAa PACCTOSIHUU 8 CM OT MEHBIIETO
OCHOBaHMA Tpaneuuu. Haiinure pacCTossHME OT TOUKH IIEPECEUCHUs TUAarOHAJIEH Tpaneuu 10
MIPOBEAECHHON INTIOCKOCTH.

C Touku A4 Ha MIOCKOCTH 0. MPOBEAEHBI JIB€ HAKJIOHHbIE ATUHON 15 cm u 20 cMm. [{nuHa
MPOEKIMM OJHOW U3 ATUX HAKJIOHHBIX paBHa 16 cMm. Haiinute cunyc yria, o6pa3oBaHHOTO
JPYroM HaKJIOHHOM M TUIOCKOCTBIO 0.

Touka K Hax0auTCsl HA OJIMHAKOBBIX paccTosiHUSAX KA u KB OT CTOPOH MPsSIMOTO yTJiia ¢
BepinHOU C. O — npoekuus Touku K Ha TII0CKOCTh 3Toro yria. Jlokaxure, uto OACB —
KBaJpar.

IIpakTnyeckoe 3ansaTue Ne 64
Tema: KonrponbsHas padota 1o teme: «lIpsiMble U IIIOCKOCTH B IPOCTPAHCTBE»

Heas: [IpoBeputs ypoBeHb YCBOECHHUSI 3HAHUH 110 Teme: «IIpsmble U MIIOCKOCTH B
MIPOCTPAHCTBEN

1 BapuanT

1. Cropona npasuibHoro Tpeyroisauka ABC paBHa 243 em. K ero mockoct MIPOBEJICH
nepnenaukyiap AK, pasubiit 4cMm. Haiinure paccrostaue ot Touku K 1o croponst BC.

2. UYepes cropony AB npsimoyronsauka ABCD mposenena miockocts o. Ctopona CD
yAajieHa oT 3Toi miockoctu Ha 3 cM, CB=6cMm, CD=8cm. Haiigute:1)yron mexny
npsimoid DA u miockocThio o ,2)cuHyc yria Mexay npsimoid BD u miockocTbio .

3. Karer AC npsmoyronasHoro AABC ¢ npsimbim yriiom C JIEKHUT B TUIOCKOCTH 0., @ YTOJ
mexay miockoctsamu o 1 AABC pasen 60°. HalinuTe paccrosaue ot Touku B 1o
IockocTH o, eciim AC=5cm, AB=13cm.

4. . [InmockocTtu npsitMoyronbHbIX TpeyronbHUKOB ABC 1 ABK nepneHaukynspHsl.
AB=8cm, AK=10cMm, - ABK=-. ABC=90° , - BAC=45" . Beluncnure paccTOSHHE MEXKITY
toukamu K u C.

2 BapuaHT

1. Orpesox AM, paBHbiii 12 cM, epHeHIUKYISPEH IIOCKOCTH TpeyrojapHuka ABC.
Haitnute paccrosinue ot Touku M no nipsimoit BC, eciii AB=AC=20cm, BC=24cwm.

2. Cropowusl npsivoyronsanka ABCD pasmst 6¢m 1 63 cm. K IT0CKOCTH MPSMOYToOTbHIKA
yepes TOUKY MEepeceueHus ero aAuaronainei nposeaeH nepneHaukysip OK, paBHbIi 6¢M.
Haiigure yron mexay miockocTbio npsiMmoyroiasHuka u npsMeiMu KA, KB, KC u KD.

3. Yepes BepmmHy D kBagpara ABCD npoBejieH K ero miockocTy nepneHaukyisp DK,
pasublii 10 cm. Yron mexay miockoctssmu ABC u KBC pasen 45° . Haiimure momans
kBagpara ABCD.

4. Tlnockoctu paBHoctoporHero AABC u mpsimoyrosibHOTO paBHOOeapeHHoro AADC
nepredaukysapabl. AB=a, - ADC=90". Belunciure paccTosHue MeX1y BepiiuHamu B u
D naHHBIX TPEYrOJIBHUKOB.
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Tema: [lomraas GOKOBOI U MMOJIHOM MOBEPXHOCTH MPU3MBI, TTapauIelieue1a, Kyoa
Heab: HayunuTts BEIUUCIATH OOKOBYIO U MOJIHYIO TOBEPXHOCTh MPU3MBI, Mapajienenumneaa, Kyoa

Teopetnueckuii 610K

[Ipuzma

Inowaow nosepxrnocmu: S=2SocitSsox, TIE Seox — MIIOMIATH OOKOBOM MOBEPXHOCTH, PaBHAS
CyMME IUTOIIAJIEN BCEX TPAHEH.

v

[Ipsmas npusmMa — npusma, 00KOBOE pedpo KOTOPOIl MEPIEeHAUKYIISIPHO OCHOBAHHUIO.

Obvem: V=Soul .

IInowaow 6okoeoii nogepxrnocmu: Ssu=P-1, rne P — nepumerp ocHOBaHMUS.

[IpaBuibHAs IpU3Ma — MpsiMasi IPU3Ma, OCHOBaHUE KOTOPOW — MPABUIIBHBIN MHOTOYTOJIbHUK.

.F.}].‘ O

A Dl :'i{.‘ . .;;ﬁl. C
a, B
A a B
[Mapannenenunen — mpu3Ma, OCHOBaHUE KOTOPOH — nmapasuienorpamm. Bee rpanu
napajvieJenumneaa sBsSITCS MapauieIorpaMMaMH.
[TpstMoyTONBHBIN Tapaielenue]] — Mpu3Ma, BCe TPaHl KOTOPOU — MPSIMOYTOJIEHUKH.
Ceoticmea ouazonaneii: AC,=BD,;=CA,=DB,=d; d2=a*+b*+c’.

Inowaos nogepxnocmu: S=2-(ab+ac+bc).
Ky6 — nmpusma, Bce rpanu kKoTopoit — kBaapatsl (a=b=c). Ky0 siBisieTcst mapajieenumneioM u
o0aiaeT BCEMH €T0 CBOMCTBAMHU.

d= \'@ﬂ; S=6a’.

IIpumep 1. Yemy paBHa nosHasi IOBEPXHOCTb NMPSMOU TPEYroJIbHON MPU3MBIL, €CIIH €€ BhICOTa
paBHa 50, a ctopoHb!l ocHOBaHus 13, 37 n 407
Pewenue:
ITepumetp ocHoBanus npusMsel paBeH P=13+17+40=90. I1lnomans 60KOBOH MOBEPXHOCTH
Seec=90-50=4500.
[Tnomane ocHoBaHus Haiiaem o Gpopmyne ['epona. Ero monynepumerp p=45

o S =45(45-13)(45-37)(45-40) =+/45-32-8-5=240




OcTanoch BBIYUCINTH MOJIHYIO OBEPXHOCTH NMpU3MbL: S=2-240+4500=4980.
Omeem: 4980.

IIpumep 2. B ocHoBanum npsamoit npusmel ABCDA B,C,D; nexut kBagpaTt co CTOpOHOH 2.

BokoBoe pebpo nmpu3Mbl paBHO N'E . Haiinure rpagycHyro Mepy yriia Mexay INIOCKOCTBIO
TpeyronbHuKka ABC U IIIOCKOCTBIO OCHOBAHUS MIPU3MBI.
Pewenue:

[TInockocts AB|C mepecekaeT miockocTh ocHoBaHus npo npsimor AC. Iloctpoum
JIMHENHBIN YroJl, COOTBETCTBYIOUIUM yIily MKy dTUMHU mockocTsamu. T.k. ABCD — kBanpar,
TO €ro MaroHaIH TepeceKaroTcs oA npameiM yriaom, T.e. B0 LAC  JTanee, 1.x. npusma
npasuibHas, T0 BiA=B,C. Tpeyronsnuk AB,C — paBHoOeapennsiii. Ero meanana B0
SIBJISIETCS] TAKXKE €r0 BBICOTOM, T.€. B0
MEXKY IIOCKOCTSIMU.

PaccmoTpum tpeyroasauk BOB. [TockonbKy mpusma — npsimas, TO yroia B B TpeyroibHuKe

Bt_‘.‘!:%RD:%Z«E:xE

LAC CrnenoBartesbHO, JTUHEHHBIN £B,0B paBeH yTiy

— MIPSIMOM. BIB:\E M0 YCJIOBHIO 3a7a4H. . T.k. xaTeThl B

IIPSIMOYTOJIBHOM TpeyroyibHuke B OB paBHbI, TO £B,0B—45",

Omeem: 45°.
Pemenne ynpaxuenni

1.B npsiMoyrospHOM mapajuieNenuIie/ie CTOPOHbl OCHOBaHMs paBHbl 12 ¢cM u 5 cM. [luaronans
napajuiejenuneaa odpasyer ¢ IJIOCKOCThIO OCHOBaHMs yros B 45°. Haitnure G60koBoe pedpo
napajulesenumnesa.

2.0cHOBaHUEM MPSAMOTro Napaienenunena spiserca pom06 ¢ auaroHansmMu 10 cm u 24 cm, a
BbIcOTa Napasienenunena pasHa 10 cm. Haiinure Oonbliryto 1uaroHaib napaielnenumnesa.

3.CropoHa OCHOBaHMsI NMPaBUJILHON TPEYToJbHOM MPU3MBI paBHa § cM, OOKOBOE pedpo paBHO 6
cMm. Haiigure miomanp cedeHHs, NPOXOASALIETO Yepe3 CTOPOHY BEPXHET0 OCHOBAHUS H
IIPOTUBOIEKAIILYIO BEPIINHY HIDKHETO OCHOBAHMUS.

4.B npaBWIbHOM N-yrojpbHOM MpH3ME CTOPOHA OCHOBAaHWS paBHa a W BbICOTa paBHa h.
Breruucnure miomaau 60KOBOM M MOJIHON MOBEPXHOCTH MPHU3MBI, eciu: a) n =3, a= 10 cm, h =
I5em;6)n=4,a=12am,h=8 am;B)n=6,a=23cm,h=5am;1)n=5,a=0,4m, h=10 cm.
JloManiHee 3aaHue:

1.OcHoBaHue OpsAMOW MPU3MbI — TPEYTOJbHUK CO CTOpOHamMu 5 ¢cM U 3 ¢M u yriaom B 120°
Mexay Humu. HaunOonbiias u3 miomianeli O0KOBBIX TpaHel paBHa 35 cm2. Haitnure muiomanb
OOKOBOI1 TOBEPXHOCTH MPU3MBI.

2.CTopoHBI OCHOBAaHHMSI IPSIMOTO TIapaJljIesienuie a paBHbl 8 ¢cM U 15 cMm 1 oOpazyrot yroi B 60°.

Menbiiass W3 IUIOIIAJEH JUaroHalbHbIX cedeHuit paBHa 130 cm2. Haligute momans
MOBEPXHOCTH NapasuiesenuIe/a.
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Tema: [Tnomans OOKOBOI U OJTHON MOBEPXHOCTH MUPAMHIBI



He.]'l]:: Hay‘-II/ITL pluiaTh 3aJjda4Yd Ha BBIYHCIICHHUC ILIOIIAIN OOKOBOW M IIOJIHOM MMOBCPXHOCTHU
IMUpaMuJbl

Teopernueckuii 610K

1. Ckonbko rpaneif, OOKOBBIX pelep y M- yroJbHOH MHpamMubI?

2. Kakoe HaMMEHbIIEE YUCIIO TPaHEd MOXKET HUMETh IuUpaMuja?

3. Beicota nupamuasl paBHa 3 cMm. UeMy paBHO pacCTOsTHUE OT

BEpIIMHBl MHpPaMUAbl 10 IJIOCKOCTH OCHOBaHUSA ?

4. bokoBble pebpa TpeyroiapbHOW mHpaMuabsl 7cM, 12cm, Scm. OnHO W3 HHUX
NEPIEHAUKYJAPHO K IUIOCKOCTH OCHOBaHMs. YeMy paBHa BbICOTa IHUPAMMIBL.

Pemenue 3amau.

1. /lana mpaBwibHAas 4YETBIPEXYToJibHAs NHUPAMHAA CO CTOPOHOM OCHOBaHHA 2 CM H
BBICOTOM OOKOBOHM rpann 6 cm. Haiinute mnomanp

OOKOBOI TMOBEPXHOCTU TMMHPAMUJIBI.

2. BbicoTa NpaBUJIBHOW YETHIPEXYTOJbHOM MHPAMUILI 7CM, CTOPOHA OCHOBAHHUS &CM.
Omnpenenure GokoBoe pedpo.

3. Hano: SO = 4 - Beicota nupamuasl. ABCD - npsamoyronsauk, AD =BC = 6; AB=DC =8
Hatitu: SmoiH., S60k., V.

SME% DC-SM: SM=1}3.§F +OM';

Perenue:

AC=BD=4/64+36 =10, AO=0D =5, OM=

=2 AD=2 =3, M- 1679 =5. Suic—1 -5-



1
- 8=20; Sauzs=20; OK=—DC el = :
e 2 (cpennsist muaust AADC). OK = 4, SK=416+16 =42;

_1 3
Suns-Eﬁ"hE-Uwﬁ, Sascs =12472.

St = 21292 +2:20 22442 +40 =8 (332 +5); Soese = 6+ 8=48: Spam. = S +
+ S, =2442 +40+48=2442 +88=8(11 +34/2).
l

._] = =
V= Sun k=g 48-4=64. (Orer: & W2 + 5801 +342 ) 64.,

IIpakTuyeckoe 3ansaTue Ne 67

Tema: [lommaas GOKOBOI U IMOJIHON MMOBEPXHOCTH ITUITHHIPA

Heab: HayuuTs pemaTs 3a1a4u Ha HAXOXKICHHE IJIOMAA1 OOKOBOM U MOTHON MOBEPXHOCTH
UWIHHIpA

Teopetnueckuii 610K

Huauuap npeacrasiseT coO0i reoMeTpruuecKoe Tello, OTPaHNUYEHHOE BYMS MapajieIbHBIMU

IIJIOCKOCTAMMH U HHHHHHqueCKOﬁ MMOBCPXHOCTBIO.

h

@ D

[{uuHAp cOCTOUT U3 GOKOBOM MOBEPXHOCTH M IBYX OCHOBaHUI. DopMyia riomaam
MMOBEPXHOCTHU ITUJIMHAPA BKIIOYACT B CEOsI OTIEIBHBIA pacyeT IUIOIa Al OCHOBAHUN U OOKOBOM
MOBEPXHOCTH. Tak Kak OCHOBaHMA B IIWJIMH/PE PaBHbI, TO MOJIHAS €T0 IUIOIAAb OyaeT
paccuuThIBaThCA 10 popMmyJie:

S =25 +8

P 08N bok




(DOpMy.]'Ia rmjiaonaay OCHOBAHUA NUJIMHAPA. Tak xak OCHOBaHHEM HUINHApPA ABJIACTCA KPYT,
¥

2
S =my

o
TO: T

MpI IOMHMM, YTO B 3THX PacyeTax UCHOJIb3yeTcs NOCTossHHOE uncio [1 = 3,1415926, kotopoe
paccunuTaHO Kak COOTHOLIEHHE JUIMHBI OKPYKHOCTH K €€ JUaMeTpy. ITO YHCIO SABISETCS
MaTeMaTU4eCKON KOHCTaHTOM.

[Tnomaas 60KOBOI MOBEPXHOCTH IMJIMHIIPA

dopmyna miomaar O0KOBOM MOBEPXHOCTH MWIMHIPA MPEICTaBIsET cCOO0H MPOU3BEICHIE
JUTMHBI OCHOBAHUS Ha €ro BBICOTY:

SE = 27 rh
M A Temeps pacCMOTPHUM 3a/1ady, B KOTOPOil HaM NOTpeOyeTCsl pacCUYuTaTh
MOJTHYFO TUTOIAh HIMHApa. B 3anannoii ¢purype Beicota h =4 cm, r = 2 cM. Haiinem oy

TJIOMIAh ITMITHMH/IPA.
.y 2 \ 2
S =3.14x2"=1256em
Jl71s Havyaia pacCuMTaeM IIomanab ocHoBanmi: ¥
Tenepb paccMOTpUM MPUMEP pacyeTa MIIoMAAn O0KOBON MOBEPXHOCTH IUIMHApa. B
pa3BepHYTOM BU/IC OHA HpGI[CTaBJ'IﬂCT HpFIMOYFOJ'ILHI/IK. EFO IJiomanb paCC‘-II/ITI)IBaeTCﬂ 10
npuBeIeHHOM BhImIe hopmyre. [TogcraBum B Hee Bce
. b ¢ 2
S f A-:‘E x3. 14 %2 x4 =50.24cm
naHHble: Y
[TomHas wIomanes Kpyra npeacrasisieT co00i CyMMY ABOMHOMN IUIOMIAIN OCHOBAHUS U
pyra np YMMY
-
S =2x12.56 +50.,24 =25 .12450.24 =75.36Gem

ookoBoii; ¥

Takum 00pa3om, UCTIONB3YS (POPMYJIIBI TUIOMIAIN OCHOBAHUM U OOKOBOI TTOBEPXHOCTH (UTYPHI,
MbI CMOTJIM HATH MOJHYIO IJIOLIAb TOBEPXHOCTH LIUIMH/PA.

OceBoe cedyeHue MWIMHIPA IPEICTABISIET COOO0M MPSIMOYTOIHHUK, B KOTOPOM CTOPOHBI PABHBI
BBICOTE U IUAMETPY LIMJIMHJPA.



dopMyia MIONIaIu OCEBOTO CEYCHUS ITUITMHAPA BRIBOAUTCS U3 (POPMYIIBI pacueTa II011aa1n

H[}ﬂMO yFOﬂbHI/IKa:
S=2hd

Paccmotpum npuMep pacuera IUIOIIa M OCEBOI0 CEUYEeHUs HMIMHIpa. 11 3TOro BO3bMeM
YCIIOBHS U3 33/1a4M, yKa3aHHOH BbIlIe. YTOOBI HAWTH BETUUMHY HaM notpeldyercs auameTp. Ml

d=2r

3HaeM, 4TO OH PAaBEH JBOMHOMY pajuycy:

fi:?}f?:zi[r:m )

S=2x4x4=32¢cm 2

IToacraBuM maHHBIE:

o Kakas ¢urypa HazpiBaeTcst HWIMHIAPOM?

e [loyemy HWIMHIpP HA3BIBAIOT TEJIOM BpallleHus?

o HasoBure BUIbI LUIUHIPOB?

e HaszoBure 351eMeHTHI IUIMHApA.

e UYro mpeacrasinseT coboil pa3BepTka HUIUHAPa?

o Kaxk naiiti ruomnaap 60KOBOW MOBEPXHOCTH ITUIUHApPA?

o Kaxk HaliTh muomaab MoJIHON NOBEPXHOCTH LUIMHAPA?

o HasoBure ocHOBHBIE BUIbI ceueHMil nunuHapa. Kakas ¢urypa noiayyaercs B KaJI0M
ciydae?

o IlpuBenute npuMepbl UCIIOJIB30BAHUS LIUIMH/IPOB.

Pemrenue 3amauq:

3amauda 1. CKOJIIBKO KBaJAPATHBIX METPOB JIMCTOBOM JKECTH MOUIET HA H3TOTOBJICHUE TPYOBI
JUTHHOU 4 M 1 tuameTpoM 20 cM, €ClTi Ha BBl He00X0auMOo 100aBUTH 2,5% TII0MIaau e
OOKOBOI TTOBEPXHOCTH?

Hano: L=4; d=20cm=0,2m. Hatitu: S.

. . S..=2mh
Pemenue: Bocnonb3yemcst popMyInoi miioma iy MOJTHOM MOBEPXHOCTU LIMIUHIpA: ~ ¢ .

Panuyc paBen nonosune auamerpa — 0,1M, a BpIcOTa HMIMHAPA paBHA JUIMHE HY>KHOUM TpyOBI —
4m.

Tax Ha BBl HY)KHO 100aBUTH 2,5% MiIowaau ee O0KOBOM MOBEPXHOCTH, HYKHO HAUTH:
(S+2,5%S). IToacraBum BMecTo S hopMyiTy oAU OOKOBON MOBEPXHOCTH, U BBIYMCIIUM:

T8
S+2, 5% -8=S+—5§=

100
25 )

- 1000~

=2mL-1025=

=2.3,14-0,1-4-1,025=

=2.5748~ 2.6(n)
Otsert: 2,6 M°.

3agavya 2. HailTu mosHyr0 MOBEPXHOCTh MWIMHAPA, Y KOTOPOTo auaMeTp ocHoBaHus 20,6 cM 1
BeicoTa 30,5 cMm.

38.,[121‘-13 3. OceBBIM CCUCHHUEM HUWIMHAPA ABJIACTCA KBaApaT, CTOPOHA KOTOPOI'O paBHA 7 MM.



Brrancaure Iiomaab OoKOBOI1 MMOBCPXHOCTH LHUJIMHIPA.

3anaya 4. OceBoe ceueHne NUINHAPA — KBaIpaT co CTOPOHOM 6 cM. Haiith BeICOTY M paaunyc
OCHOBaHUS LIWINHIPA.

3anmava 5. Paguyc ocHOBaHMs IMJIMHIpA paBeH 2M, Bbicota 3M. HaliTu muaronans oceBoro
CeYyeHHUsI.

3amaua 6. J[nMHA OKPYXXHOCTH OCHOBaHHMs wLwinHApa paBHa 1. Ilnomans GokoBoii
MOBEPXHOCTHU paBHa 2. HaiiguTe BBICOTY IUIMHIpA.

JlomarHee 3a1afue:

1. Jlmaronanab OCEBOTO CeUEHUs HWIMHApPA paBHa 48. YT0On MeXIy 3TOW AMArOHAIBIO U
oOpasyromeii pasen 30°. Haiinure paguyc nunuaapa.2

2. JlnuHa OKpY>KHOCTM OCHOBaHMsI LMiIuHApa paBHa 1. Ilnomans 60koBON MOBEpXHOCTH
paBHa 2. Haiiaure BbICOTY IMIIMHIpA.

3. JlmaroHamb OCEBOTO CEYEHHS IMJIMHIpAa HAKIOHEHA K IJIOCKOCTH OCHOBAHHUS O]
yriaom 60° u paBHa 20 cm. Haliaurte mutommaabs 60KOBOM MOBEPXHOCTH MIIUHAPA

Taﬁ.lll/llll)l AJIA BBIYHCJIICHUA NJIUHBI OKPY/KHOCTH 110 THAMETPY.

[Ipum pemiennn pa3InyHBIX MPOU3BOACTBEHHBIX 3a/1a4 YaCTO NMPUXOINUTCS BBIYUCIIATH JJINHY
okpysxHocTH. [IpenctaBum cede paboyero, KOTOPbI U3TOTOBIISAET KPYTJIble I€TaH 110
yKa3aHHbIM eMy AuaMmerpaM. OH JOJKEH BCAKUM pa3, 3Hast AMAMETP, BBIYUCIUTDH JUTUHY
OKpYKHOCTH. UTOOBI COKOHOMHTB BpeMs U 3aCTpaxoBaTh ce0s OT OIIMOOK, OH oOpalaeTcs K
TOTOBBIM TaOJHUIaM, B KOTOPBIX YKa3aHbI TUAMETPHI H COOTBETCTBYIOIINE UM JIITHHBI
OKPYKHOCTEH.

HpI/IBeI[éM HC6OJ’IBI_HYIO qaCTb TaKUX Ta6J'II/IH N PpacCCKaXeM, KaK UMH I10JIb30BaTbCA.

LHia JHED Jamna |
b OKPYHHOCTH b OXPYHHOCTH D OKPYHHOCTH
I 3142 | 6 | 1885 1| 54558 |
9 6,283 7 21,991 12 | 37,699 |
3 9,425 8 25,133 13| 40,841 |
| 4 12,566 9 28,274 14 | 43,982 |
| 5 15,708 10 31,416 15 | 47,124
1 |

- - — s R # 2T ES———r

[TycTh M3BECTHO, YTO TUAMETP OKPYKHOCTH paBeH 5 M. Miem B Tabnuiie B BEpTUKAITHBHOM
ctonbre nox 6yksoit D yncio 5. Oto anuHa nquaMetpa. Psiom ¢ 3TuM dnciom (BIpaso, B
cToJiOIe mox Ha3BaHueM «JljimHa okpy>XHOCTH») yBUAMM uncio 15,708 (m). CoBepIiieHHO Tak
e Halaem, uro eciiu D = 10 cm, To JuiHA OKpykHOCTH paBHa 31,416 cm.

[To 3TiM *e TabauiaM MOXHO IPOU3BOIUTH U 0OpaTHbBIE BbIYKCIeHUs. Ecnu n3BecTHa 1iimHa
OKPYHOCTH, TO MOYKHO HalTH B Ta0JIMII€ COOTBETCTBYIOIIMM el auametp. [lycTs ninna



OKPY>KHOCTH paBHa npubau3utenbHo 34,56 cMm. Haliném B Tabnmiie uyncio, Hanbosiee 0111M3Koe
K nanHomy. TakoBbiM Oyzet 34,558 (pasuuua 0,002). CoOoTBETCTBYIOIIUNA TaKOW JITTMHE
OKPYXHOCTHU JAMaMETp paBeH npuOimu3uTensHo 11 cMm.

Tabmuibl, 0 KOTOPHIX 37IECh CKa3aHO, UMEIOTCS B PA3IMYHBIX CIIPaBOYHMKAaX. B yacTHOCTH, X
MO>KHO HalTH B KHMKKe «UeThIpéx3HauHble MaTeMaThuueckue Tabmuis» B. M. bpaauca. u B
3agaunuke 1o apupmeruke C. A. Ilonomapéra u H. . Ceipuena.

IIpakTnueckoe 3ansaTue Ne 68

Tema: [lnomans 60KOBOI U MOJHON MOBEPXHOCTU KOHYCA, yCEUEHHOTO KOHYCa, I1apa U cdepbl
Hean: Hayunts pemaTh 3a7a4i Ha HAXO0XKJACHHUE TUIONIAA OOKOBOM M TIOJTHOM TTOBEPXHOCTH

KOHYCa, YCEYEeHHOT'O KOHyca
TeopeTtnueckuii 6110k

3a riomaabs OOKOBOM MOBEPXHOCTH KOHYCA MIPHUHUMAETCS TUIOIAAb Pa3BEPTKU €ro OOKOBOM
IIOBEPXHOCTH.

[ToaTomy 1ok 6OKOBOM OBEPXHOCTH MPSIMOTO KPYTOBOTO KOHYCa paBHA ILIOMIAIH
COOTBETCTBYIOILIETO KPYrOBOT'O CEKTOpa (PHC. ) U BHIYUCISAETCS MO hopMyIie

S 6.k — TCRL,
rae R — panunyc ocHoBanwus, a L — nimHa oOpasyroieit konyca. Ecnu k mmomnaau 60KoBoit
MOBEPXHOCTH KOHYCa MPUOABUTH TUIOIIAL €T0 OCHOBAHMSI, TO MOTYYHM IJIOMAAb MTOJTHON
MMOBEPXHOCTH KOHYyCa

Suom. = TRL + R*= 7R (L + R).

AHAJIOTUYHO 3a IO b OOKOBOM MOBEPXHOCTH YCEYEHHOT0 KOHYCa MPUHUMAETCS IJIOMIA b
COOTBETCTBYIOIIIEH Pa3BEPTKHU.



[TosTOoMy B citydae mpsiMOTO KpyTrOBOTO KOHYca (pHC. ) TI0maab 00KOBOM
MOBEPXHOCTH YCEUCHHOTO KOHYCa BBIYMCIISACTCS 10 (hopMyJie

I 71U ¥ — paguyCchl OCHOBaHUM, a L — nimHa oOpa3yrolieil yce4eHHOro KoHyca.
Pemenue 3anau:

1. Paanyc koHyca paBeH 6, a o6pasytomas — 10. Haiitu niomaas 60K0BOM MOBEPXHOCTH,
IUIONIA/Ib OCHOBAHUS U IUIOIIA/b OJIHON OBEPXHOCTH KOHYCA.

2. BricoTta koHyca paBHa 4, a oOpasytomas — 5. Haiitu momaas 60K0BOM MOBEPXHOCTH,
TJIOIIAIh OCHOBAHMS U TUIOMIA/Ib MOJTHOM MOBEPXHOCTH KOHYCA.

3.CKkobKO IOTpeOyeTCsl KPacKH, JUIsl TOTO YTOOBI TOKPACUTH MOKapHOE Bepo, eciu Ha 100cm?
HeoOxonumo 3arpatuTh 10r?

4.CKOJIBKO KBaJpaTHBIX METPOB Ope3eHTa MoTpedyeTcs Uil COOPYKEHHs MaTaTKu KOHMYECKON
(dbopMbI BBICOTOH 4 MeTpa U TMaMEeTpOM OCHOBaHUS 6 METPOB?

5. Obpa3yrolias KOHyca HaKJIOHEHA K MIIOCKOCTH OCHOBaHUs moJ1 yriioM 30°, a BRICOTa KOHYyca
paBHa 12cm. Haiinure miomaas O0KOBOM MOBEPXHOCTH KOHYCA U TIJIOMIA I TTOJTHON
MMOBEPXHOCTH.

6. [Imomans ocHOBaHUS KOHYyca paBHa 167, a myomaas oceBOTro ceueHus pasHa 32. Haiiaure
BBICOTY KOHYCa U IJIOLa/1b OOKOBOW MOBEPXHOCTH.

7. HaiinuTe muiomaas O0KOBOM MOBEPXHOCTH PAaBHOCTOPOHHETO KOHYCA (0CEBOE CEYEHUE —
PAaBHOCTOPOHHUM TPEYTOJIbHUK), €CJIM PaJANyC OCHOBAHUS PaBEH SCM.



8. OceBoe ceueHue KOHyca paBHOOCAPEHHBIN TPEYTroJIbHUK IUIONIAAb KOTOPOro paBHa 60cm?,
BbIcOTa KOHYyca 12cMm. HaiiuTe miomaas noaHoN NOBEPXHOCTH KOHYCA.

Z[OMB.I.HHCC 3aJaHHuC:

1. HaiinuTe momaas O0KOBOM MOBEPXHOCTH KOHYCA, €CIIM 00pa3yromias paBHa SCM, a paanyc
OCHOBaHMS 3CM.

2. OOpasyromas KOHyca paBHa 7cM, a pagauyc ocHoBaHUs 3cM. HaliauTe miomanb moaHoM
MMOBEPXHOCTH KOHYCA.

3. Breicora konyca paBHa 12cm, oOpa3yromas 13cM. Haiiaure muromniaas ogHOM MOBEPXHOCTH
KOHyca

4 Ilnomans OCHOBaHMS KOHyca paBHa 257 c¢m2, a obpasyromas pasua 6¢cm. Haliure miomans
OO0KOBOI1 MIOBEPXHOCTH KOHYCA.

5. Haiinure momaas mMoJIHON MOBEPXHOCTH KOHYCa, €ClI 00pa3yrolasi HAaKJIOHEHA K TUIOCKOCTH
OCHOBaHUs 1oJ yriioM 60°, a BeIcOTa paBHa 6CM.

IIpakTnyeckoe 3ansaTue Ne 69

Tema: O6beM npu3Msbl, Napajieaenuneaa
Heawb: HayuuTs pemaTs 3aa4u Ha BeIYUCIIEHUE 00beMa MPU3MBI, Tapajuleenuneia

Teopernueckuii 610K

IIpsimoyroyibHbIN NapaJjienenuneq - 3To o0beMHass (urypa, y KOTOpOH IIecTh rpaHei, u
KayK7asi U3 HUX SIBJISETCS MPAMOYTOJIbHUKOM.

HpﬂMoyFOHBHBIﬁ nmapajuieJienumnen - InapajuiCICIIMIC, BCC TpPaHU KOTOPOTO ABJIAKOTCA
MMpsAMOYTI'OJIbHUKAMU.

O0bemM NpSAMOYIoJILHOIO NapaJuiesienunela paBeH NPOU3BEIECHUIO €ro JUIMHBI, IMIUPUHBI U
BBICOTHI.

®opmya ISl BbIYHCIeHUsS] 00beMa NPSMOYT0JIbHOT0 NapaJiesenunena

v=a-b-h

rae
rae V - 00beM NpsIMOyTOIBHOTO MapajuleNienuIie ia, a - IJIuHa, b — mmpuHa, h- BeIcoTa.

OO0BEM IPU3MBI PaBEH MPOU3BEICHHUIO €€ BHICOTHI HA IO b OCHOBAHUS:



Pemenue 3anau:
1.CymectByer i ipu3Mma, umeroras 50 pédep? 54 pedpa?

Pemenue: Uncino pedep n — yroasHOM Npu3Msbl 3n, M03TOMY NpU3MBIL, uMeromiei 50 pedep, He
CyIecTByeT, a 54 pedpa umeet 18-yronpHas npu3ma.

2. CTOpOHBI OCHOBaHMS MPAMOYTOJIBHOTO MapaJlIeIenuIe a paBHbl 5 ¢cM U 12 cM , 1UaroHansb
napajuiefienurnea COCTaBsIeT C IUIOCKOCThIO oOcHoBanus yron 60°. Haiigute o00BEM
napajuiesenunesa.

3. OcHoBaHHUEM MPSIMOM MPU3MBI CIYKUT TPEYroibHUK co cropoHamu 10, 10, 12. /{uaronans
MEHbIIIe OOKOBOM I'paHM COCTaBISIET C IUIOCKOCTBbIO OCHOBaHMsA yron 60°. Haiinure o0béM
MIPU3MBL.

4. O6beM NMpsMOYTOJIBHOTO Mapajuienenunena paseH 2. Yemy OyaeT paBeH o0beM
napaJieNienure/a, eciiy Kax10e ero pedpo yBenuuuTh B 3 pasa.

Pemenwue. [Tycts pebpa nanHoro mapauienenuresa paBusl a, b u ¢. Torga umeem: V=abc=2.
[Tocne yBenuuenus kaxaoro pedpa B 3 paza ero o0bEM OyieT paBeH

V=3a*3b*3¢c =27 abc=27*2=54.
OtBert: 54.

5. AxBapuym umeeT GopMy MPsSMOYTOIBHOTO Napasuienenumneaa Beicotoit 30 cm. Ecnu B Hero
HaauTh 30 J1. BOJBI, TO 10 BEPXHETO Kpast ocTaHeTcss 5 ¢cM. CKOJIBKO JINTPOB BOJIBI HY)KHO, YTOOBI
HaIOJIHUTh MMYCTON akBapuyM JOBEPXY?

Pewenue. Ilycts V 1 H cOOTBETCTBEHHO 00BEM H BBICOTA MapaJuIeIeIUIe 1a.
V=SH . Ilo ycnoButo V=30,H=25, Torma 25*S=30.

[Tocne 3anmonuenus mycroro akBapuyma nosepxy H=30. 3naunt, 30*S=V.

255‘ 30
Haiinem otHomenne 30S|= V' | V=36 1.

OtBerT: 36.

6. Ky6uk Becut 10 rp. CrosIbKO TpaMMOB OyJET BECUTh KyOuK, pedpo KoToporo B 3 pasa
OoJbIe, yeM pedpo mepBoro Kyouka, eciiu o0a KyOuka U3rOTOBJICHBI U3 OJIMHAKOBOTO
MaTepHana.

Pewenue. Ilyctb V- 00bEM nanHOTO Mapasuienenumnena. Ilocie yBenmueHus Kaxaoro pedpa B 3
pasa, ero o0bém Oyzer paBeH 27 V.

v __10
27v x|, x=270 rp.



Otset: 270.

Jomalraee 3azanue:

1. O0BEM PSAMOYTOJIBHOTO Mapasuiesnenumeaa papex 32. Uemy OyaeT paBeH 00bEM
napajiesienue/a, eciy Kaxaoe ero pedpo yMeHbIIUTh B 2 pasa.

2. B cocyn, uMeronuii (popMy MpaBUIBHOMN TPEyTroJbHOM MPU3MBI, HAIWIM BOAY. Y POBEHb BOJBI
nocrturaet 36 cm. Ha kakoii BeicoTe OyZleT HaXOUThCSl YPOBEHb BObI, €CIIU €€ MEPENIUTh B
JPYyToii cocyl TOH ke (OpPMBI, Y KOTOPOTO CTOPOHA OCHOBaHUs B 3 pa3a OoJiblle, 4eM Y epBOro.
OTBer BbIpa3nuTe B CAHTUMETpPAX.

3. 3akpBITHIN COCY/T B BUJIE MIPSIMOYTOJILHOTO Mapasuienenurena ¢ peopamu 30, 40 u 45 cMm.
CTOUT HA TOPU3OHTAIBHOM MOBEPXHOCTH TAKMM 00Pa30M, YTO HAMMEHBIIIAs TPaHb SIBIISCTCS
aHOM. B cocyn nanmmm Bozy 1o ypoBHs 36 cMm. Ha kakoM ypoBHE OKa)KeTCs BO/Ia, €CITH COCY/
MOCTaBUTh HA HanOobIIy0 rpanb? OTBET AaiiTe B CAHTUMETpax.

IIpakTnyeckoe 3ansitue Ne 70

Tema: O6beM nupamMuIbl
Heas: HayunTs pemath 3a1a4u Ha BBIYMCICHUE 00beMa MUPaMU/IbI

Teopetuueckuit 610K
O0beM mUpaMuIbI

O6beM mupaMuIbl paBeH OJJHON TPETH MPOU3BEICHUS TUIOIIA U OCHOBAHUS Ha BBICOTY:
rjae $ — mwiomaas ocHoBaHusl, H — BbICOTa MUPaMUJIBL.
dopmyna o0beMa yCeueHHOM MUPaMUIbI PEACTABISET COOO0M OJHY TPETh MPOU3BEICHUS

BBICOTBEI HA CYMMY HJ'IOHI&I[Gf/i BCPXHETO U HUKHETO OCHOBAHUSA C UX CPCIHUM
MpOoNnoOpuruOHAJIbHBIM:

1
'.x_gh. Sl+ SISQ+S2

Perrenue 3amau (110 TOTOBBIM YEPTEKaAM )
1. Jlano: ABCD - npasuisHas mupamuzga. AB = 3; AD = 2V3 (puc. 3).

Haiitu: a) Soch.; 6) AO; B) DO; 1) V.

2. Jano: ABCDF - npaBunbHas nupamuaa. ZFCO =45°; FO =2 (puc. 4).

Haiitu: a) Soch.; 6) V.



Pemenue:

1) Pacemorpum AFOC: ZLO = 90°, LC = 45°, 3nauut, LF = 45°. CnenoBatensno, AFOC -
paBHoOeapennbii, OC = FO = 2.

2) AC = 20C

4.d=AC=ADV2 (mo cBoiictBy amaromamu kBazmpara, d2= 2a2).
A= % - —4—- = EJE -
Torna 2 '*E

Seen = ADP = (242 Y =8.

3) ABCD - kBazpar (nupaMuja npaBUIbHas).

P, TG YL L L
3 e, 3 33

4)
(OTtBet: a) 8; 6) 5-1/3.)

3. llano: ABCDEKF - mpaBunwsnas nupamuaa. FO L (ABC), FM L AK, FO= 4, FM = 5 (pwuc.
5).

Haiitu: a) SocH.; 06) V.

Pemenne:



1) Paccmorpum AFOM: ZO = 90° (tak kak FO 1 (ABC), 3nauut, FO L OM) FO= 4, FM =
5. OM= JMF’ - FO’ (o Teopeme IIndaropa), FM= ¥25-16 = Vo =3. OM =r (r - pamuyc

AK = 2r-rg—"-—= l-fﬂgE =6-£=2Ji’:_
OKPY>KHOCTH, BIMCAHHOH B PAaBUJIbHBIN IIECTUYTOJILHUK). 6 6 3

2) Soen = 6Sasom Seow -%AK-GM%-I-.EJ:;JE Soen. = 6-333 =183,

3) V= IESM-H; v=%-134’5-4=24~f§.

(OtBer: a) 18V3, 6) 2413.)

3anaua: Jlana TpeyroapHas yceueHHas nupamua. Ee Beicota /# = 10 cM, CTOPOHBI OJJHOTO U3 OCHOBaHUI
paBHbI @ =27 cm, b =29 cm, ¢ = 52 cM. [lepumerp Broporo ocHoBaHus paBHseTcs P2=72 cM. Halinure o6beM
MUPaMUIbL.

--‘--‘--‘-? el L]

Jlns pacuera 06beMa HaM MOTPeOyeTCS TUIOIMIAAb OCHOBAHUM. 3HAS JJTUHBI CTOPOH OJHOTO TPEYTOJIbHUKA, MBI
MO’€EM pacCyuTaTh IJIOMAAb 10 Gopmysie I'epoHa. st 510oro notpebyeTcs HaiiTh oMy epUMETD:

P l:i&? +29+52=108cm

108
P =5 =hdem

Teneps Haigem S2:

Hl:ffp (p-a)(p-b)(p-c)

, / . . . 2
S =V 54 (54-27 )(54-29 )(54-52 )=/ 54 x 27 x 25 x2 =/ T2000=270cm
3Has1, 94TO MUpaMH/Ia YCEUCHHAs], ETaeM BEIBOM, UTO TPEYTONLHUKH, JISKAIINE B OCHOBAHUSX ITOO0HEI.
Koaddumment mogodus 3TMX TPEyroJbHIUKOB MOKHO HAWTH U3 COOTHOIICHUS EpUMeTpOB. OTHOLICHUE
TUIONIAJICH TPEYTOJILHUKOB OyIeT paBHO KBaJpaTy 3Toro koddduimenra:

2

Sy Py 108 o

% p? w1
J:l.‘;I

. |

S 2=5—

. 4x270 2

S =" —120em

2 9



Tenepb, Korjga Mbl HaAlllJIK IIJIOIIAan OCHOBaHUM yCG‘leHHOfI nupamMubl, MOXEM JICTKO pacCHUTATh €€ 00BeM:

L’:% X 10% (z?u+ J270%120 +120 ) :? (2701804120 j:? X570 =1900cm

Takum 06pa3oMm, BEIYUCIUB KO3(PPHUIIMEHT MO100Ms M paCCUUTAB IUIOMIA b OCHOBAHUH, MBI HAIILIIK 00BEM
3a/IaHHOM YCEUEHHON MHUPaAMUIBI.

I[OMaIJ_IHee 3aaHuc

1. lano: AIl1A2A3A4 -pomO, SA1A2A3A4 -mwmpamuma, AlA4 = a, ZSBO =
B, OB L A3A4, ZA2A10 = a (puc. 6).

Hatitn: V - ?

Penrtenue:

—
: - :0B= ina = —asin e,
1) PacemoTpum AOA A 1 04y =acose,  AOAB: OB = acosasing = 5

2) ASOB: SO = -%asin 2atgP.

3) Soum. = 4Sus0m, =4-%a-08= Ea-%asiniu: = ofsin2d

4) Vw=§s

o

w80, Ve = —;-az sin 211-% asin2atgP = %a"’ sin® 2atgf

£ a* sin? 2agp.
(OTger:



IIpakTnyeckoe 3ansaTue Ne 71

Tema: O6beM uIUHIpPA
Heab: Hayunts pemaTh 3a1a4u Ha BRIYUCIICHHE 00BheMa [IUITUHPA

Teopernueckwnii 670K

[{umHAp 3TO TEOMETPUUECKOE TENI0, KOTOPOe CPOPMUPOBAHO BpalleHHEM NPSMOYTOJIBHIKA Ha
OCH, COBMAJIAIOMICH C OHUM M3 €r0 CTOPOH. CIIOBO «IMIJIMHIPY MPOUCXOIUT OT IPEYECKOTO
cinoBa «kylindrosy.

Brruncnenne oobeMa MUIHHIPA MPOU3BOUTCS TIO Cienytomiei Gpopmyre:

V=nrh

V — 00beM muimHIpa
h — BbICOTa IIIMHIIpA
I — paauyc OCHOBaHUS
n—3.14

Kak paccuntats 00bem munnHapa? DTHMHU 3HAHUSIMU HanOoJiee aKTUBHO IOJIB3YIOTCS B CBOCH
paboTe KOHCTPYKTOPBI PA3IUYHBIX MAIIUH U MEXaHU3MOB, IOTPEOUTENBCKUX TOBAPOB, a TAKXKE
apxuTekTophl. HXeHepaM NpUXOIUTCs MPOU3BOAUTE pacueT o0bema HUINH/IPa B TEX CIIydasXx,
KOTJJa OHHM 3aHUMAIOTCsI IPOEKTUPOBAHUEM 3a1aHUH, CHAOKEHHbIX KosloHHamu. [IpaBna, B
MOCJIeIHEE BpeMS 3TH apXUTEKTYpPHBIE 3JIEMEHTHI B UX, TaK CKa3aTh, «KJIACCUYECKOM) BapHaHTe
(To ecTh BMecTe ¢ 0a30i U KaluTelIeM) BCTPEYAOTCS JOCTATOUHO PEIKO, HO UX «YIPOIICHHBIE»
Pa3sHOBUIHOCTH, COCTOSAIINE U3 OJTHOTO CTBOJIA (KOTOPBIH, COOCTBEHHO IOBOPS, U IIPEJCTABIISET
cO0OH IMIMH/IP) UCTIONB3YIOTCS BecbMa IUPOKO. Hepeako ¢ KoJTIOHHAMK TPUXOJUTCS UMETh
JIeJI0 pecTaBpaTopaM pa3IMYHbIX COOPYKEHUH, UMEIOIUX O0JIbIIYI0 HCTOPUUYECKYIO U
KYJIbTYpHYIO IEHHOCTb, IIPaB/ia, B X paboTe BHIYMCICHUE 00beMa IUIMH/PA — JAJIEKO HE caMast
pacrpocTpaHeHHas nporenypa. Bnpodyem, eciu peds UAET 0 HOJTHOM BOCCTAHOBIICHUH
YTPA4YEHHBIX 10 TEM WJIM UHBIM NIPUYUHAM KOJIOHH, TO €€ TaK)K€ IPUXOIUTCS IPOU3BOAUTD.

Pacuer o0bema unHApa OCYLIECTBISIETCS TOT1a, KOria BeAETCs pa3paboTka pa3sHOOOpa3HbIX
eMKOCTEH COOTBETCTBYIOIIEH (opMbl. B KauecTBe HarIs,IHOTO MpUMEpa TAKOBBIX MOYKHO
IIPUBECTH, CKAXKEM, METUIIMHCKHE IIIPUILIBL, & TaKKe KOJIObI TepMocoB. CieyeTr 3aMeTuTh, YTO B



IEpBOM CJiydac Takoi napamMeTp, Kak O6’beM, HUMECT OUCHb BAKHOC 3HAYCHHUC, IIOCKOJIBKY OT
HEr'o 3aBUCUT TOYHOC KOJINYCCTBO MCAUKAMCHTOB, BBOAUMOI'O ITAMUCHTY IIPU NMHBCKIHUAX.

B TexHuKe 1UIMHAPEI paCHpOCTPAaHEHBI YPE3BBIYAITHO HIMPOKO: TOCTATOUYHO CKa3aTh, YTO UX
($hopMy UMEIOT MPAKTHYECKU BCE BAJIBI M KX OT/IEIBHBIE COCTaBHBIC YACTH, UCTIOIb3yEMEbIE,
CKa)keM, B IBUTATENSIX BHyTpeHHero cropanus. K Tomy xe, pacuer o0bema IUIHHAPA — O/IHA U3
BaKHEHININX 33/1a4, KOTOPYIO MIPUXOJUTCS PelIaTh KOHCTPYKTOPAMHU NP MPOESKTUPOBAHUHI
COBpPEMEHHBIX OCH3MHOBBIX U JM3ENIbHBIX CUIIOBBIX arperaroB, BeAb OT 3TOTO MapameTpa
3aBHCHUT MHOKECTBO MX XapaKTEPUCTHUK, U B IEPBYIO OUepe/ib TaKas BayKHEHIIas, Kak MOIIHOCTb.
[Toutu Bce Tumbl /IBC cHabkaroTcst MOPIIHSIMH, KOTOPBIE TAKXKE UMEIOT IIMITNHIPUICCKYIO

hopmy.

UpesBblyaitHO pacpOCTPAaHEHHBIMH JIETAIIMU, KOTOPBIE IPUCYTCTBYIOT B KOHCTPYKIIMA MHOTUX
CJIOKHBIX TEXHUYECKUX YCTPOMCTB, SIBJISIOTCS POJIMKOBBIC MOAIIMITHUKY. Kak HETpy1HO
JI0Ta/IaThCs MO0 CaMOMY WX Ha3BaHHIO, OJHUMH U3 OCHOBHBIX MX KOMIIOHEHTOB SIBJISIFOTCSI
MIPOYHbIE U U3HOCOCTOMKHME METAINTUYECKIE POJIMKU, UMEIOIINE HWINHIPUUECKYIO (hopmy.
NmenHo Gmaronapsi Takol T€OMETPUH, ITH JETATM UMEIOT JOCTATOYHO OOJBIIYIO HECYIIYIO
CIOCOOHOCTH U B OOJIBIITMHCTBE CIy4YaeB CIIOCOOHBI BbIIEP>KUBATh BECbMa 3HAYUTEIIbHBIC
HArpy3Kd, YeM UX [APUKOBbIC aHAIOTH. POTMKOBBIEC MOAIIUITHUKY SBISIOTCS BEBICOKOTOYHBIMU
JeTasIMU, 1 I03TOMY TP UX pa3padOTKe U MPOESKTUPOBAHUHU MTPABMIIBHBIN pacyeT o0bemMa
uIMHIpa (B JAHHOM CIIydae — POJIMKA) UTPACT HEMAJIOBAKHYIO POJIb.

Pemenue 3anau:
1.Haiingute 00beM MUIMHPA C BEICOTOM, paBHOW 3CM U JUAMETPOM OCHOBAHUS — OCM.

2.Ilnomaap 0ceBOro ceuyeHus HUIMHAPA paBHA 21cM?, momans ocHoBanus - 18m cm® Haitnute
00BEM MIITUH/PA.

3.CBunnoBas Tpy6a (Iw1otHocTh cBMHNA 11,4 r/cM’) ¢ TONIIMHOM CTEHOK 4 MM HMEET
BHyTpeHHUH auameTp 13 mm. KakoBa macca TpyO#bl, eciii ee JuinHa paBHa 25 M?

il
1
1
2
1
|
Pl
|
L
[
Loy
Vo

P=114r/c™m’
R =6,5vMM + 4mm = 10,5mMm = 1,05¢cM (Hapy KHBIiT)
R, =6,5mM = 0,65¢cm



V=V,-V,=7 - (1,05)*2500 - ™ - 0,65 -2500 =17007 = 5338 (cm’)
M=F -V=11,4-5338 = 61kr.

4. Kakoe xonanuecTBO He(pTH (B TOHHAX) BMEIACT HMIMHAPUYECKas UCTepHA AuameTpa 18 M u
BBICOTOM 7 M, €CJIU IUIOTHOCTH HedTu pasHa 0,85 r/cm’?

H="7m; d = 1M; Pyeprs = 0,85 r/c™’
m =?

V.= TRH = 1-9>-7 = 5677 ()
m=V-F = 15137

HOM&HIHCG 3aJaHHUC!:

1. HI/IaFOHaJII: OCCBOI'0 CCHYCHUA NUJIMHAPA COCTABJISICT C INIOCKOCTBIO OCHOBAHUWA UJIMHAPA

yron 60°. Haiimure 00beM HUIMHAPA , €CIIHU IUIOIAIL OCEBOTO CEUEHHUs paBHa 16 ”‘E I oM.

2. Ha cxitag B MacTepcKoii 1o MOUIMBY OJEK/IbI IOCTYITHII PYJIOH IPArioBO TKaHU B popme
uuuHapa. [pu TpancniopTupoBke ObUT yTepsSH TOBAPHBIN APIBIK C YKa3aHUEM JIJIMHBI TKAaHU B
pyione. Heo6xoaumo onpenenuts AMTUHY TKaHU B pysioHe. [IponsBenn HeoOXoaumblie
W3MEPEHUSI, ONPENICTNUIIN BBICOTY U AuaMeTp pysioHa: 90cm u 30cMm, TonmmHa Tkanu 0,2cm.

IIpakTuyeckoe 3ansaTue Ne 72

Tema: O0beM koHyca. O0beM mmapa. Pemenue 3aqa4q
Heanb: HayunTs pemiats 3a1aud Ha BBIYHUCIICHHE 00beMa KOHYyCa

Teopernuecknii 010K
O0BeM KoHyca BBIYHCISETCS IO (hopMyJIe

V = %ﬂ”jh’

rae R — paanyc ocHoBanust konyca, H -- ero BeicoTa



L ')

H_Iap 9TO r€OMETPHUICCKOC TECJIO, o6pa303aHHoe B pC3yJIbTAaTC BpallCHUA IMOJIYKPpYyra Ha OCHU
CBOCI0 AuamMeTpa.

O0beM mapa MOXKHO BBIYHCIUTH MO GopMyJe:

_4_ s
V—37'L'R

R — paguyc mapa

V — o0bem mapa
n—3.14

Pemenue 3amauq:
1. ABuanuonHasi 0oM06a cpeiHero kaauopa JAaeT IpU B3pbIBE BOPOHKY

auaMeTpoM 6 M U rinyouHoi 2 M. Kakoe konuuecTBo 3emiiu (110 Macce) BhIOpachIBaeT 3Ta
oomba, eciu 1 m® 3emiu umeet maccy 1650 kr?

Pemenne:
v=topt=Lg.gtio= A e C
3 3
- or ) N
P = 1650+6+-3,14 =
= 31 086 gr = 31 1. B

Omeem: P = 31 1. Puer. 3



2. Cwmomny It IPOMBILUIEHHBIX HYKJ COOMPAIOT, MOABELINBAs KOHUYECKHE BOPOHKHU K
cocHaM. CKoJbKO BOpOoHOK AuameTrpoM 10cMm ¢ oOpasyromeid 13 cM Hyx’HO coOpatb,
9TOOBI 3aTIOJIHUTD AECATHIUTPOBOE BEApO?

R=AC/2, R=5cm, H=V132-52=12(cm), V=1/3*3,14*5%%12 =314(c™’) =0,3 14am>
n=10/0,314 =31,8. Omeem: 32 60poHKU.

3. Cror cena umeet GpopMy IIIMHJPA C KOHUYECKUM BepxoM. Paanyc ero ocHoBanus 2,5 M,
BbICOTa 4 M, MpUYEeM HUIUHAPUYECKAst YaCTh CTOra UMeeT BhICOTY 2,2 M. [ImoTHOCTH ceHa
0,03 r/cM’. OnpeenuTh Maccy CTora ceHa.
Pemenue:

R=2,5m

0100, =4m

0,0,=2.2m

P =0,03r/cm*

m=FV;V,=m-25%-22=13,75 m’= 13750000c™m’
V=137 -2,5% 1,8 =3,75m> = 3750000 T cm*
M=0,03 - 17500000 =0,525® = 1,6 T

O

4. CrakaHUYUK JUIsl MOPOKEHOT'0 KOHUYECKOH (hopMbl MMeeT IiTyOuny 12 cM u auaMerp BepxHe
yacTu 5 cM. Ha Hero cBepXy MOJIOXKUIM JIBE JIOKKH MOPOKEHOTO B BUJIE MOJTYIIApUil THaMETPOM
5 cM. IlepenonHuT i MOPOKEHOE CTAKAHUYUK, €CJIM OHO pacTaeT?



OA=12cmMm

BC=d=5cm
Hepel‘IOJ'IHI/IT JIK MOPOIKCHOC CTaKaHYUK?
2

Vu=43FR}(52)}=125%/6 =206 %

25712
V=13 TRH=1/3 T (52)*12= 12 =257
OTBeT: HET.
3amaua:

Haiitu o6bem mapa paguycom 10 caHTUMETPOB.
Pemenue:

Jl5st TOro 4TOOBI BEIUMCIUTE 00beM Iapa GopMysia UCTOJb3YETCS CleayIomas:
4

V= =aR
3

rae V — uckombeit 006eM mapa, © — 3,14, R — panuyc.
Takum oOpaszom, npu paguyce 10 caHTUMETPOB 00bEM IIapa paBeH:
4

V=314 x1 0’ = 4082 KyOMYECKUX CAaHTUMETPOB.

Pemenue 3anau:
1. Bo ckoibpKO pa3 yBeIHUUTCS 00BEM IIIapa, €CJIA €ro PaanuyC YBEIUIUTh B IIECTh pa3?



O0wem mapa HaxoauTces 1o popmyIie:

4
V =—nR?
3

[Tpu yBenuueHuu paauyca B IIeCTh pa3 ero o0bEM OyeT:
4 4
V= EHI{_ER}B = 216 *EHRE

Takum oOpa3om, 06beM 1apa yBeanuuTcs B 216 pas.
Ortsert: 216

2. O0bem oxHoro mapa B 216 pa3 Oosplie o0beMa BTOPOro. Bo ckombko pa3 miomaib
MOBEPXHOCTHU MEPBOTO Iapa GoJbIie IUIOMAIH TOBEPXHOCTH BTOPOTO ?

\_

dopmyna o0béMa 1apa:

4 3
V= 3 MR
@opMyiia IUIOIIAN TOBEPXHOCTH LI1apa:
S =4nR*
[TycTh 00BEMBI IIAPOB COOTBETCTBEHHO PABHBI:
4 3 4 3
Vy =§}TR1 V5 =§}TR2

N3 ycnoBus cnenyer, 4ro:


http://matematikalegko.ru/wp-content/uploads/2013/12/113.g

To ecTb, MBI yCTAaHOBWIIM, YTO pagnyc MEPBOrO OOJbINE pamuyca BToporo B 6 pas. Eciu pannyc
11apa yMEHbBIIUTH B 6 pa3, TO IJIOMIAAb IOBEPXHOCTH IIapa U3MEHUTCS CIEAYIOIUM 00pa3oMm:

c_4 (‘R'z AR*
- _6) Y

To ectb oHa ymeHbIIUTCS B 36 pas.

JlomarHee 3anaHue:

1. Haiinute 00beM KOHYCa , 0CEBOE CEYEHUE KOTOPOTO MPEICTABISET COOOI

paBHOOEPEHHBIM MPSIMOYTOJIbHBIN TPEYTOJBbHUK C TUIIOTEHY30H , paBHO 6 -.E CM.

2.Haiimute 00beM KOHYCa , IOJYYEHHOTO B PE3yJIbTAaTe BPAIICHHUS BOKPYT OOJIBIIETO KaTeTa
. . \.@ 0
MPSIMOYTOJIBHOTO TPEYTOJIbHUKA C TUTIOTEHY30M , paBHOH 2 cMm, u yraom 30°.
Tecm no meme: «Tena epawienus»

1. Ilpu BpameHuH NpsAMOYTOJIbHUKA BOKPYT €TI0 CTOPOHBI, ITOJIy4YaeM:
a)KoHyC; 0) yceueHHBIH KOHYC;, B) [ap; T) IWIHHID.

2. llpu BpaiieHuu OpSMOYTOJILHOTO TPEYTOJIbHUKA BOKPYT €0 KaTeTa, MoJydyaeM:
a)yCEUEHHbIN KOHyC; O) HWIMHApP; B)IIap; I) KOHYC.

3. Ilpwu BpaileHUH NPSIMOYTOJBbHOM Tparneuuyu BOKPYT ee OOKOBOW CTOPOHBI, MOTyYaeM:
a) HWIMHIP; 0) yceueHHbIN KOHYC; B) KOHYC; T) IIap.

4. TIlpwu BpamieHnu NOJyKpyra BOKPYT €ro IuaMeTpa, MoJydaeM:
a)yCEUeHHBIN KOHyC; O) HWIMHApP; B)IIap; TI) KOHYC.

5. OceBbIM CEUCHUEM LIMJIMHPA SIBISETCS:

a)kpyr; 0) paBHOOEAPEHHBIN TPEYTONBHUK; B)TPAMELHUS; T)IPIMOYTOIbHUK.
6. OceBbIM C€UEHHEM KOHYCA ABIISETCS:

a) paBHOOGPEHHBIN TPEYTOIbHUK;  0) MPSIMOYTOJNbHHUK;

B)Tpamnerus; T)KpPYT.
7. OCeBBIM CEUEHHEM YCEUEHHOTO KOHYCA SBJISIETCSA:

a) Tparmeuus; 0) IpsIMOYTOJIbHUK; B) KPYT;



T') paBHOOEAPEHHBIN TPEYTOIHHHK.

8. CeueHue mapa mioCKOCThIO €CTh:
a) paBHOOEAPEHHBIN TPEYTOJbHUK;  0) MPSAMOYTOJIbHUK;
B)Tparenus; T)KpYT.

9. Hanucatb opmyiy /Uit BEIYUCIEHUS 00bEMA WIINHApA.
10.Hanucats popmyity asis BelUKMCIEHUS 00bEMa KOHYca.
11.Hamucats opmyiy asis BeIYMCIeHUS 00bEMA yCEUEHHOTO KOHYCA.
12. Hanmucats opmysty Aisi BBIYUCICHUS TUIOIIAAN KPYTa.
13.Hamucats hopMyity AJisi BBIYMCICHUS JUIMHBI OKPY>KHOCTH.

BBaI/IMOHpOBepKa MATEMAaTUYCCKOI'O JUKTaHTAa.

JonmosHuTtesibHass MHGOPMALIUSA 0 KOHYCEe U 1Iape

1. B reosioruu cymecTByeT MOHIATHE KKOHYC 8blHOCa». ITO (hopMma penbeda,
o0pa3oBaHHAsI CKOTUICHHEM OO0JIOMOYHBIX MOPOJI (TadbKH, TPaBUs, TIECKa), BHIHECEHHBIMH
TOPHBIMU PEKaMH Ha MPEArOPHYI0 PaBHUHY U B 00Jiee TUIOCKYIO IIMPOKYIO JIOJIUHY.

2. B Ouonoruu ecth MOHATHE «KOHYC Hapacmauusy. IT0 BepXylka nobdera u

KOPHSI pAaCTeHHMIA, COCTOSIIAS U3 KIETOK 00pa30oBaTeNbHOM TKaHH.

3. «Konycamuy» Ha3pIBae€TCA CEMEMCTBO MOPCKHUX MOJUIIOCKOB MOJIKJIAcCA
nepenHexadepHpix. PakoBrHa koHudeckas (2—16 cM), sipko okparierHasi. KoHycoB cBblIIIe
500 BunoB. )KUBYT B TpOIHMKaX U CyOTPOIUKAX, SIBISIOTCS XUITHUKAMH, UMEIOT SJJOBUTYIO
xKelnesy. YKyc KOHYCOB O4eHb 0oJie3HeH. MI3BeCTHBI cMepTenbHbIe Ciydan. PakOBUHBI
WCIIONTB3YIOTCS KaK yKpaIIeHHs, CYBEHUPHI.

[To craTucTrke Ha 3emiie eKEeroAHO TUOHET OT pa3psAA0B MOJHUN 6 YeIOBEK Ha

1000 000 >xuTeneit (darie B I0XKHBIX CTpaHax). DTOro Obl HE CITy4aaoch, €CIIA ObI Be3/Ie
OBLTH TPOMOOTBO/IBI, TaK KaK o0pa3yercs KoHyc 6e30macHOCTH (puc. 6). UeM BhIIie
IPOMOOTBO/I, TeM O0JIble 00bEM TaKOTO KOHyca. HexoTopble Jito1u IbITaloTCs
CHpSTAThCS OT Pa3psAI0B MO JEPEBOM, HO JEPEBO HE MPOBOJIHUK, HA HEM 3apsibl
HaKaruIMBAIOTCS U IEPEBO MOYKET OBITh HCTOYHHKOM HAIPSHKCHHUS.




B reomerpuu map omnpexaensieTcs Kak HeKoe TeJo, NpeAcTaBisonee co0oi
COBOKYIHOCTh BCEX TOUEK MPOCTPAHCTBA, KOTOPBIE pacrojaralTcs OT [eHTpa Ha
paccTosHMU, HE OoJee 3aJaHHOT 0, Ha3bIBAEMOTO paguycoM mapa. [loBepxHOCTh
mapa umMeHyercs cpepoif, a cam oH oOpa3yeTcs MyTeM BpallleHUs MOJyKpyra OKOJIO
€ro JuaMeTpa, OCTAKIIErOCs HEMOABUKHBIM.

C 5TUM reoMeTpUYECKHUM TEJIOM OYEHb YAaCTO CTAJKUBAIOTCSA MHXKEHEPHI-
KOHCTPYKTOPBI U apXUTEKTOPBI, KOTOPBIM YaCTO MPUXOJAUTCS BBIYUCIATH 00bEM
mapa. CkaxxeM, B KOHCTPYKIHUHU MepeaHeld MOoABECKH MOAaBIIAIOMIEro 00JIbIIUHCTBA
COBPEMEHHBIX aBTOMOOMIIEH HCMONB3YIOTCS TaK Ha3bIBaeMble IIAPOBBIE OMOPHI, B
KOTOPBIX, KaK HETPYJHO AOragaThcs U3 CaMOTO Ha3BaHUS, OJHUMHU U3 OCHOBHBIX
3JIEMEHTOB SIBISIOTCA UMEHHO mapbl. C UX MOMOIIBIO IPOUCXOAUT COCJUHEHUE
CTYNHIl YIpaBisieMbIX KoJiec U ppidyaroB. OT TOT0, HACKOJIbKO MPaBUIbHO

OyneT BBIUMCIEH UX 00bEeM, BO MHOTOM 3aBUCHUT HE TOJHKO JOJTOBEYHOCTh 3TUX
y3JI0B U MPaBUIBHOCTh UX PabOThl, HO U 0€30MaCHOCTh JABUKEHHUS.

B TexHuke mmupouaiiniee pacnpoCcTpaHEHHUE MOJTYUYHUIHN TaKue AeTallu, Kak
IapUKOBBIE MOJIIUITHUKH, C TOMOIIBIO KOTOPBIX MPOUCXOJUT KpPEIJIEHHE OCei B
HEMOABMXHBIX YaCTAX PAa3IMUHBIX Y3JI0OB U arperatoB U obecrneynBaeTcs UX
BpameHnue. Crnenyer 3aMeTUTh, YTO NMPU UXpacyeTe KOHCTpYKTopaM TpelOyeTcs HallTu
o06beM mapa (a TOuHee — HapoB, MOMEN[aeMbIX B 0001WMY) ¢ BBICOKOH CTENEHbIO
TOYHOCTHU. UTO KacaeTcss U3rOTOBJIEHUS METAJNIMUYECKUX MAPUKOB JJIs
NOAMUIHUKOB, TO OHU MPOU3BOIATCS U3 METANIMUYECKOU MPOBOJOKH MPHU MOMOIIH
CII0KHOTO TEXHOJOTHUYECKOTO Mpoliecca, BKIYAIIIEro B ceds ctaauu GopMOBKH,
3aKaJKu, rpyooi mianpoBKHU, YUCTOBONW NMPUTUPKU U ouHCTKU. KcTaTu rosops, Te
apuKu, KOTOPbIE€ BXOJSAT B KOHCTPYKIIMIO BCEX IIapUKOBBIX PyUeK,
U3TOTABJIMBAIOTCS MO TOYHO TaKOW YK€ TEXHOJOTHH.

JlocTaTo4yHO 4acTo Mmapbl UCMOJB3YIOTCS U B apXUTEKTYpeE, IPUUYEM TaM OHH 4Yalle
BCErO SABJISAIOTCS AEKOPAaTHUBHBIMU JJIEMEHTAMHU 3JaHUM U IPYTrUX COOpyKeHuu. B
OOJBIIMHCTBE CIy4YyaeB OHM M3TOTABJIUBAIOTCS M3 I'PaHUTA, YTO 3a4acTylo Tpebdyer
00JBIIMX 3aTpaT pyuyHoOro Tpynaa. Koneuno, coOm0aaTh CTONb BEICOKYIO TOUHOCTD
U3TOTOBJIEHUS 3THUX IIAPOB, KaK TEX, KOTOPbIE NIPUMEHAIOTCSA B PAa3JIMUYHBIX arperarax
U MeXaHu3Max, He TpeOyercs.

be3 mapoB HeMbIcIUMa Takas MHTEpECcHas U MOMylsipHas Urpa, Kak ounbapna. Jus
UX MPOMU3BOJCTBA UCIOJb3YIOTCS pa3MyHble MaTepuaibl (KOCTh, KAMEHb, METAJI,
MJIACTMACCHI) U UCMOJB3YIOTCS pa3IndyHble TEXHOJOTUYeckue npoueccbl. OMHUM U3
OCHOBHBIX TPeOOBAaHUM, NPEABIABIAEMBIX K OUIBSIPAHBIM HIapaM, sIBISAETCA UX
BBICOKAsI MIPOYHOCTh U CIIOCOOHOCTH BBIIEP)KUBATH BRICOKHME MEXaHHUYECKHE HATPY3KH
(mpexnae Bcero, yaapueie). Kpome Toro, ux moBepXHOCTh JOJIKHA NPEACTABIATH
co0oii TouHy cepy AJs TOro, 4TOOBI 0OecneunBaIoCh NIaBHOE U POBHOE KayeHHE
MO0 MOBEPXHOCTH OUIBAPIHBIX CTOJOB.

Hakonen, 6e3 TakuX reoMeTpUYECKUX TeJ, KaK Mapbl, HE 0OXOAUTCS HU OJHA
HOBOTOJIHSISI UJIM POXKIECTBEHCKAs ejika. M3roTaBiIuBaOTCsA 3TH YKpalIeHHUs B
OONBIIMHCTBE CIIy4yaeB U3 CTEKJIa METOJOM BBIIYBAaHUS, U MPH UX MPOU3BOJACTBE
HanOoJplllee BHUMAaHHUE YIAEIsI€TCS HE TOYHOCTH Pa3MepPOB, @ 3CTETUYHOCTH U3JCTHH.
TexHONOrMYeCKUU MpoIecc MPU 3TOM NPAKTUYECKU MOJHOCThIO aBTOMATU3UPOBAH U
BPYYHYIO €JIOYHBIE MIapbl TOJBKO YITAaKOBBIBAIOTCS.



IIpakTyeckoe 3ansaTue Ne 73

Tema: KontponbHas pabota
Hean: [IpokoHTpOIMPOBATH YPOBEHb YCBOEHUS TAHHOUN TEMBI.

1 BapuaHT

1. Pa3BepTka OOKOBOW IMOBEPXHOCTH HWJIMHIpA SIBISCTCS KBAAPaTOM, JIUAroOHajibh KOTOPOTO
paBHa 10 cm. Haligure miomans 60KOBOW MOBEPXHOCTH IIJIMHAPA U 00BEM
2. InockocTh, mapasieNbHasi OCH IWIMHIPA, OTCEKAET OT OKPY)KHOCTH OCHOBaHWUs Jyry B 120°.

BeicoTa nunuHzApa paBHa 5 cM, paauyc UMIMHIpA 2 \/3 cM. Haiigure miomane ceyeHus M
00beM
3. OceBoe ceueHHe IUIMHIPA — KBAJPAT, [UIOIIA/lb OCHOBAHMS [MIMHIpPA paBHa 16 T  cm”.
HaiinuTe miomaas NOBEpXHOCTH LMIMHAPA, 00BEM
4. BoicoTa KoHyca paBHa 6 cM, yroJ IpH BeplLIMHe oceBoro ceueHus pasex 120°. Haiinure:

a) IUIOIIA/b CEYCHUsI KOHYyCa IJIOCKOCThIO, MPOXOASIIEH uepe3 e 00pa3yolue, yrojl MexKIy
koTopeiMu 30°;

0) mroma b 60KOBOM MOBEPXHOCTH KOHYCA.

B) 00BbEM
5. Inametp mapa paseH 2m. Yepe3 KOHeLl [uamMeTpa MPOBEAEHA INIOCKOCTh MOA yrioM 45° k
Hemy. Halinure muinny nuHum nepecedenus chepbl ITON IIOCKOCTHIO.

2 BapuaHT

1. Pa3Beprka OOKOBOIl NOBEPXHOCTH IWJIMHApPA SIBISETCA MPSMOYTOJIbHUKOM, JIHAroHaib
KOTOpOro paBHa 8 cM, a yron Mexnay nauaroHamsmu 30°. Haiimute mmomans OOKOBOIA
MOBEPXHOCTH IIMIMHAPA, 00BEM
2. CedeHne IMIMH/PA IUIOCKOCTBIO, NApaJUIEIbHOM €ro ocH, ecTh kBaapaT. Cekylias INIOCKOCTb
OTCEKAEeT OT OKPYKHOCTH OCHOBaHuUs nyry B 90°. Pagmyc ocHOBaHus HWIMHApPA paBeH 4 cMm.
Hatinure mnomans cedeHus, 00beM
3. OceBoe cedeHue MWIMHApPA — KBaApaT, IUAroHAb kKoTtoporo 4 cM. Haligure miomans
MOBEPXHOCTH IIWIIMHPA, 00BEM
4. Pagnyc oCHOBaHHUs KOHYCa paBeH 6 cM, a 00pasyrolias HaKJOHEHa K IJIOCKOCTH OCHOBAaHHS
nox yrioM 30°. Haiiaure:

a) IJIOLIAAb CEYEHHS KOHYCa IUIOCKOCThIO, MPOXOAsIel yepe3 1Be 00pa3yromue, yrojl Mexay
KoTOopeIMH 60°;

0) mromaap 6OKOBOI MOBEPXHOCTH KOHYCA.

B) 00BEM
5. lmametp mapa paBeH 4m. Uepes KOHEI[ [UaMeTpa MPOBEIECHA MIIOCKOCTh Moj yriioMm 30° K
HeMy. Hanpure mromans ceueHus mapa 3ToH INI0CKOCTHIO.

IIpakTnyeckoe 3ansaTue Ne 74
Tema: [leilicTBus ¢ BeKTOpaMu, 3aJaHHBIMM KOOpAUHATAMHU
Hesn: O0O0MHUTE ¥ CUCTEMATH3UPOBATh MaTepHall 10 JaHHOU TeMe

Teopernueckuii 610K

q)OpMy.HBI ACJICHHA OTPC3Ka B JAHHOM OTHOIICHHWU Ha IIJIOCKOCTHU



; B(xg, Fz) M (X500 F pa)
Ecnu u3BecTHHI BE TOYKHU INIOCKOCTH Alx g P &7 B TO KOOPAUHATHI TOUYKH Mo LM

Ahd
i=
KOTOpas Jenut otpe3ok AF B ornomenun — EM | pripaxkarorcs Gopmynamu:
g+ A-xp Fat+d ¥z
Ky =—ATC B -
T B Y |
ITpumep 1

Haiit koopmunaThl Toukn M | nensmeit orpesox 4% B ornomennn 13| ecnu n3secTHb!
S A(5,3), B(-3,-1)

E:ﬂ:

Pemenue: B nanHoii 3agaue M Jﬁ . ITo bopmynam nenenust oTpeska B JaHHOM

OTHOILICHUH, HAWJIEM TOUYKY MUXpe2 P ae) :

1
x ="En1+f1'x3=5+§-(_3j=5_1=4£=3
M 1+ 4 w1 4 4
3 3
1 1 3
watAyy 3D 73 3 83
M e 1 1 404 34
3 303
OTBeT: M(3,2)

B 3anaue He TpeOyeTcs CTPOUTH YepTeka, HO €ro BCEra MOJE3HO BBINOJIHUTG Ha YEPHOBUKE:!

Add 1

JleiicTBUTENBHO, cooTHOmEeHHe S 3 ppmonnsercs, To ecTh otpesok A4 B Tpu pasa kopoue

oTpe3Ka EA Ecnu MIPOTIOPITUS HE OYEBHJIHA, TO OTPE3KH BCET/Ia MOXKHO U3MEPHUTH OOBIYHOMN
JIMHEHKOM.

[Ipumep 2



JlaHbI TOYKH ECZD L0579 Hajiru:

a) touxy M | nensmyro orpesox £L B otHOmenun 27 ;

6) Touky ', nemsmryro orpesox £L B orHomenun 3.

Ipumep 3

Touxa & npunaznexur otpesky L47. UspectHo, uto oTpe3ok L B npa pasa miuHHEe

D(z2,4), P[E, 2]].

orpeska ‘¥F Haiitu Touky 7, ecu

menue: M3 ycinoBus ciefyer, 4To To4ka £ JEeJIUT OTPe30K B OTHOILEHUU “-!, CUUTas OT
Pemenne: 1 , F DH 21

1=22 2,

BepIIMHBI £ TO ecTh, ClipaBeUIMBa MPOMOPLIHS: HP

. ITo bopmynam neneHust orpeska B
JaHHOM OTHOIIICHUU:

_xﬂ+i1-xH _J’ﬂ"'*’z'.}’.ar
d 1+4 0 f 1+ 4

24+ 2Xg
1+2

§= :>2+2xg=§-3:>2+2xg=8:‘>2xg=ﬁ:‘>xg=

2=% = A4 2y = 6= 2y =2 = Yy =1
+

OTtBerT: H(31)

[pumep 4

Touka M € A5  Orpezox £M B monropa pasa kopoue orpeska A4 | Haiitu Touky 4, ecu

HU3BCCTHBI KOOPAWHAT TOUCK B(z; D:I’ M(_ L I:I .

Pemenue B koHIle ypoka. OHO, KCTaTH, HE €IUHCTBEHHOE, €CIIM MOWAETE OTIIMYHBIM OT 00pasiia
myTéM, TO 3TO He OyAeT OMMOKOH, TITaBHOE, YTOOBI COBIIAIH OTBETHI.

q)OpMYJ'IBI ACJICHUA OTPE3Ka B JIAHHOM OTHOIICHHHU B IMTPOCTPAHCTBE

JI71st IpOCTPaHCTBEHHBIX OTPE3KOB BCE OyAET TOYHO TaK K€, TOJIBKO T0OaBUTCS elIé O/THa
KOOpJMHATA.

Ecnu u3BecTHBI B€ TOUKU IPOCTPAHCTBA A ¥ 432 ) B 5 P 25) , TO KOOpAUHATHI

i AM
touxu M Faer Faer Zae) KoTopas aemut otpe3ok A5 p otnomennn — HM | pripaxkarorcs
dbopmynamu:

g+ A Ya+ Ay Zyg+ Az
X = = = =
M A Y =T M e |

IIpumep S



A-2, -3, -4, B{Z,

JlaHbBI TOYKH —4.0) . Haiitu KoopauHaThl TOUKH M , IpUHAIeKAIEe N

otpesky AF, ecnu ussectno, uro AM 1 HM =42
Pemenue:

ITo hopmynam KOOpAMHAT CEPETUHBI OTPE3Ka:

L _2+2:2_ 1 . T34 _ 1L —d4e20
My 3 M 1+ 2 37 M4

4
3

IIpumep 6

B(-52,3,C0(4, 2

Z{aHH TOYKHU - 5) . Haiitu KOOpAUHAThI TOYKH 4 , €CJIM U3BCCTHO, YTO OHA

ACIIUT OTPE30K B B OTHOILICHUH Al .

DopMyIIbl KOOPJMHAT CePEeIMHBI OTPE3Ka

A | wacmi M | vaeme B
& B  d
X 4 x Y+ ¥
i Fps:
Ly=—>", ¥y=—"-1=

M
P 2
JInst mpOCTpaHCTBEHHOTO CiIy4asi CIpaBejinBa OUeBUAHAsA aHAIOrus. Eciii TaHbl KOHIIBI OTpE3Ka

SSTIMFRIVEZCT RS , TO KOOPAUHATEL €T0 CEPEIUHBI M BBIpAXXatoTCsl GOPMYyITaMU:

X+ x Y+ ¥ z+z|
Xy = ..l12 By, = Az Bz, = ..l12 B

Ilpumep 7

HapannenorpaMM ABCD 3alaH KOOpAWHATaMU CBOUX

A(-4,0), B(4,4), C(7, 2), Di-1,

BEPLIVH ~2) . HaiiTu TouKy nepeceyeHust ero quaroHaien.

Pemenmne:

1o u3BeCTHOMY CBOWCTBY, IMaroHaJly MapajuiesorpaMma cBoel TOUKOM rnepeceueHus Oxg: Po)
JIeNIATCS TOTO0JIaM, TO3TOMY 3aJauy MOKHO PEIIUTh ABYMsI CIOCOOaMHU.



Cnoco0 nepBebIii: PaccMOTpUM IIPOTHBOIOJIOKHBIE BEPLIMHEI A-40), €7 2) . o popmynam
JleIeHus OTpe3Ka TOToJIaM HaiiIéM cepeuHy auaroHam A :
g+ Xo —4+T 3 Ya+¥e O+2

2 2 7 2 2

C{E; 1]
B pesynbTare: 2

Ko =

Crnioco6 BTOpoii: PaccMOTpUM HPOTHBOIOIOKHBIC BEPIINHEI B4 4). D=1 -2) 10 bopmynam
JlelieHus OTpe3Ka HoIMoNaM HaiinéM cepefiuHy auaroHanu 5L
x,tEp _4-1_3 _Yetyp 472
9 z 2 2 z
3
G{—, 1]

Takum oOpazom: 2

3

O[—; 1]
Oreer: ‘2
[pumep 8
5 1 1
F‘[—;—l;—} Q[——;I;EI] P

Jlanst Toukn N0 2 . Haiitu cepenuny & orpeska ©<.
Ipumep 9

Touka # nemur orpesox A% nmonomam. Haitru Touky &, ecrin m3BecTHBI

roury Als 0= 3L M5, -4.1)

Pemenne: Mcnonb3yem Gpopmyiibl KOOpAMHAT CEpeIMHBI OTPE3Ka:

X+ x Y+ ¥ z+z|
Xy = A2 By, = Az B oz, = A2 B

Ham HeunsBecTHBI KOOPIMHATHI *2:¥3:£2 1 cHOBa MOXHO BBIBECTH obmryto hopmyry mis ux
HaXO0XJAEHUs, HO TOPa30 JIErye cpasy MOJACTaBUTh Yucia. ToJIbKO MPONOPLUHSIMU BEPTH:

5_ 2+ xp

=2+xp=10=xz=0




IIpakTn4yeckoe 3ansitue Ne 75
Tema: CkansipHoe NpOU3BEJACHHUE JIBYX BEKTOPOB
Heab: HayunuTs BBIUKCIATH CKAIPHOE MTPOU3BEICHUE ABYX BEKTOPOB

Teopernueckuii 010K

Onpenenenne: CKalgapHBIM IPOU3BEIEHHEM JIBYX BEKTOPOB & 1 & jaspiBaeTcs uncIo,
paBHOE NPOU3BEACHUIO JUIMH 3TUX BEKTOPOB Ha KOCUHYC YIJIAa MEXKIYy HUMMU:

T b= |cf| |E| cos (@ B)

O06o03HauYeHNe: CKATIPHOE MTPOU3BeIeHNEe 0003HaYaeTcs yepes & by

[pumep 1

o E|=2. F|=5. g(a;E}:%l

Haiitu ckanspHoe npousBeieHHe BEKTOPOB & H b ecim
Fh = }:T| |5| cos (@A)

a5 =fz| B cos 2@, 5)=2-5. cosg:m-g: 5,3

Pemenune: Vcnonszyem dhopmyy . B nanHom ciyyae:

OrtBer: ab = 5"E

Ipumep 2

=7 Fl=3 K|=A2
Haiitn &4 , €CIIH H | |d| 2 , @ YTOII MEXIY BEKTOPAMH PAaBEH 135°

VYTroi Mexay BEKTOpaMU U 3HAYEHHUE CKAJISIPHOIO IIPOU3BEICHHUS

B IIpumepe 1 ckaisipHOe NpoU3BEICHUE TOTYUYHUIIOCH MTOJOKUTENbHBIM, a B [Ipumepe 2 —
OTpULATCIIbHBIM. BBIHCHHM, OT 4Y€TO 3aBUCHUT 3HAK CKAJISIPHOI'O IMTPOU3BCACHUA. CMOTpI/IM Ha

T b= }:T|-|5|-cosi(&; B

|§|::-D,|£7|:>D

Hanry ¢hopMyy: . JIMTMHBI HEHYJIEBBIX BEKTOPOB BCeTAa

MOJIOKUTEIBHBI:
KOCHHYCa.

, I0OOTOMY 3HAK MOKCT 3aBUCCTb TOJILKO OT 3HAUYCHUA

< Sl hy <
yI‘OJ'I Me)KI[y BeKTOpaMI/I MOKET UBMCHATHCA B npez[enax D _i(ﬂ ! b :I =

BO3MOJHBI CJICAYIOIINUEC CIIy4Yaun:

, U IIPU 3TOM

0«0 8 <
1) Ecnu yroJ Mexty BEeKTOpamMu OCTPbII: z (ot 0 10 90 rpamycon),

cos (@ b =0 =L .
TO @ &) , 1 CKaJISIpHOE NMPOU3BeIeHne Oy/1eT MOJI0KUTEIbHBIM: b >0 Ocobwrit
Cllydail: €l BEKTOPbI COHANPAs/ieHbl, TO YTOJI MEXIY HUIMH CUATACTCS

Al Bi=10
HYJ'IGBBIM ( : :I , 1 CKaJ'ISIpHOG HpOI/I3BCI[eHI/Ie TAKXEC 6y,[[eT ITOJIOKUTCIIbHBIM.

7. 5=la F
TMockomsky 950 =1 10 hopmyna ynpomaeres: [ lb|



T -
— <@ ) =
2) Ecam yroJa mexy BEeKTopamMu TYNOM: (ot 90 mo 180 rpamycon),

cos (@ b < =T
TO @ &) , 1, COOTBETCTBCHHO, CKAJIAPHOE MPOU3BeIeHNEe OTPULIATEIbHO: ah <0,
OcoO0wlif cyyail: eciiu BEKTOPBI HanpasieHvl NPOMuEonoI04CHO, TO Yroll MEXI1y HUMU

L@ Ey=m

CUUTACTCS PA3GEPHYMbBIM: (180 rpamycos). CkasisipHOe IpOU3BEACHUE TOXKE

OTPHIIATENBHO, TaK Kak @8 = -1

CripaBe/UIMBBI U OOpaTHBIE YTBEPKACHUS:

1) Ecniu Zh >0 o YTOJI MEX1y JaHHBIMHU BEKTOpaMu ocTpbiil. Kak BapraHT, BEKTOpPbI
COHAIIpaBJICHBI.

2) Ecim #% <0 1o yron Mesxy JaHHBIME BeKTOpaMu TyIoil. Kak BapHaHT, BEKTOpbI
HaIpaBJIEHbI IPOTUBOIOJIOKHO.

Ho oco0bl1it nHTEepec npencTaBiseT TpeTuil ciryyait:

T T
i(cx;b)zzl cos—=10
3) Ecau yroJa mMexy BeKTOpamMu NpsIMO¥: 2 (90 rpamxycoB), TO i

¥ cKaIsIpHOe npom3Benenue pagno nymo: 22 =0 O6parHoe Toxe BepHo: ecmm 2 =0
Lla by =

TO 2l. KommakTHo yTBepXkaeHnEe popMmynupyercs Tak: CkaasspHoe

Npou3Be/leHNe IBYX BEeKTOPOB PABHO HYJIIO TOI/1a H TOJBKO TOI/Aa, KOI/a JaHHbIe

BEKTOPBI OPTOroHaIbHbI. KopoTKas Maremarnueckas samucy; 22 =0&a L

A urto Oyzer, eciii BeKTOp # yMHOXUTH Ha camoro cebs? [IoHsITHO, 4TO BEKTOP
COHATPABJICH caM C COOOM, TTO3ITOMY TI0JIb3yEeMCsl BBINIEYKa3aHHOM YIPOIIEHHON (hopMyIIoi:

— - =4
Yucno #¢ Ha3pIBaeTcs CKANAPHBIM KBaJAPaTOM BekTopa % , 1 0003HauaTCs Kak %

Takum 00pa3om, CKaJASIPHbINA KBaJApaT BeKTOpa < paBeH KBaJApaTy JAJHHbI JAHHOTO
BEKTOpAa:

—12 2
" =la|

W3 nanHOTO paBeHCTBA MOKHO MOJIYYUTH (POPMYITY JUIS BEIYMCIICHUS [UTMHBI BEKTOPA!
— —32
= a

T, b T
J171s1 IpOM3BOJIBHBIX BEKTOPOB ~ °~ °~ W JIOOOT0 Yncia A CIIPaBEJIUBBI CICAYIOIINE
CBOMCTBA:

& b=ba _ NEPEMECTUTENIbHBIN WM KOMMYTATHUBHBIN 3aKOH CKaJSIPHOTO MPOU3BEICHMUSL.

(F+5)F =35 +5F y .
2) — pacrpeaeauTeIbHbIA WX AMCTPUOYTUBHBIN 3aKOH CKaJISIPHOTO

IIPOU3BCACHUAA.

A b= Afah . .
3) ( :I ( :I — COUYCTATCJIIBHBIN NI AaCCOIMMATUBHBIN 3aKOH CKaHHpHOFO
HpOI/ISBCILeHI/IH. KOHCTaHTy MOXHO BBIHCCTHU U3 CKaJ'ISIpHOl"O HpOI/ISBeI[eHI/IH.



[pumep 3

Z— & | ecru u3BecTHO,

HaiiTi ckaIspHOE IPOM3BEICHHE BEKTOPOB & = —eZ +h yd

F|=442, [F|=8, g(a;f?):"_r‘
qTo 4 .
Pemenne:

Fgom

= (2@ +&) (@-&)="
=27 A+b - a+oa-b-b. b=
=-2a*+a-b+2a b-b'=M

=23 43gh—pi=t
= —2f +3- | B cos 2@ 5y -] =
5

=—2. (42 +3.4J§.8.ms§—82=—64+964§.;—64=—32

z
(1) [loacrapnsiem BbIpa>KeHUSI BEKTOPOB
(2) PackpbiBaeM CKOOKH MO TIPABHIIY YMHOKEHUSI MHOTOUYJIEHOB

(3) B nepBom 1 nocieqHeM cilaraéMoM KOMIIAaKTHO 3alUChIBAEM CKaJISIPHBIE KBaApaThl

- - 3 T _ 2
F-ada=a, &-bh=5b B

BEKTOPOB: O BTOPOM cCJ1ara€MOM HCIIOJIB3YyEM IMMEPECTAHOBOYHOCTDH

CKaIsPHOTro mponspeenus: & Z =3 &

(4) IpuBoauM 11010GHBIE cliaraeMple: @ & +2Z -& =32k

z* =af
(5) B nmepBoM ciaraemoM ucIonb3yeM HopMyITy CKaJIsIpHOTO KBajpaTa , 0 KOTOpO#
HE TaK JJaBHO YIIOMHUHAJIOCh. B mocienHeM ciaraeMom, COOTBETCTBEHHO, pabOTaeT Ta ke

5 =pf
HITyKa: |b . Bropoe crnaraemoe packiiagpiBaeM Mo cTaHIapTHOM
T b= |§| |5| cos L@ B)

7| =442, H:a i(a;E]:ﬂ’

bopmyie

(6) [loacrapsiem HaHHBIC YCIOBHS
OKOHYATENIbHbIC BHIYMCICHUSI.

Y IPOBOJIUM

Orger: ¢ =—32

OTpunarenbHOe 3HAYCHUE CKAISAPHOTO IPOU3BEICHHS] KOHCTATUPYET TOT (DAKT, YTO Yroi

MCXKIY BCKTOpaMU ek d SABJISICTCA TYIILIM.

Pewrenne ynpaxHeHM:

IIpumep 4

HaifTi ckanspHoOe pou3BeneHne BekTopos £ =& + 28 y d =~ +& | ecpy ussectHo,

E|=4. [F]=2+5. 5(5;5):5‘
TO 6

q



Ipumep 5

- Z|=3 [|=2, 1(&;5}:4
Haiitu 1y Bektopa £ = & T 35 ecim €l |
Pemenue

2 |+ 352 7 w307 S e 957 i 6 o] B cos@ By 8 B =

= J? —6.3. 2-c05%+9- ra :J9—35%+36 =27 =313

OrBer: |E|= 3«4@ em. = 5 20 ex.

IIpumep 6

- - 2
o 7|=5[F|=10, g(a-,f;-j=1|
Haiiti nmuHy BekTopa =Z+% ecmm |ﬂ| |b| £l |

Ipumep 7

J2 @k =8

— T 7| = 4, |b_| =2
Haiitn YTOJI MEXKAY BEKTOpaMu 71 b , €CJIM U3BCCTHO, 4YTO Fz|

Pemenune: Vcronb3yeM dhopmyy:
_ak 8 1 S
| 4242 2 W22 2

cos (@ B = EI
Urak, ecnu 2 , TO:
LE B = arccosE:
2 4

@ 5= FT: pay = 45’:

cos (@ B)

OTtBerT:

[pumep 7*

fl=3.f|=4 5 ica-,f?le
Hanet — pmnb1 Bextopor &, 8w yron mexty Humu 31, Haittu yron
Mexly BekTopamu © = <& +3b d =47 -3h

3aaHue 1aXKe He CTOJIBKO CII0KHOE, CKOJIbBKO MHOTOXOI0BOE.
Paz6epém anroputm perieHus:

1) Io ycnoBuio TpebyeTcst HalTH yron MeXILy BEKTOpaMu & 1 i IIO3TOMY HY>KHO

cos (5, di=

HCIIONB30BaTh (hopmyiry
2) Haxoaum ckansipHOE MPOU3BEICHHE &d (cm. TIpumepnr NeNe3 4).

3) Haxomum JuiMHy BeKTopa © U JUIMHY BEKTOpa d (cm. ITpumeprr NeNe5,6).



cd

g
4) KonuoBka pertenus coBnaaaet ¢ [Ipumepom Ne7 — HaM M3BECTHO YHCIIO | | , @ 3HAYUT,

- ed
(e, d i =arccos _C —
[kl-lﬂf]

Kpatkoe penienue u 0TBET B KOHIIE YpOKa.

JIETKO HAaTH U CaM YToJ:

Bropoii pa3zen ypoka NOCBSILEH TOMY K€ CKaJIIpHOMY IIpou3BeaeHuto. Koopaunarel. byner
Jla)Ke IIPoLIE, YEM B IIEPBOM YaCTH.

[Ipumep 8

Haiitn ckansipHO€ pon3Be€HUE BEKTOPOB:
a) 4 =3) A-1,0%

0) AB y AC | ecnn nambi Touxu AL -13), 5(0,1,-2), €% -4.0)

=-2 E)AB AC=6

=

Orser: &

HpI/I HEKOTOPOM OIIBITC CKAJIIPHOC ITPOU3BCACHUEC MOKHO IPUHOPOBUTHCA CHUTATH YCTHO.

IIpumep 10

JlaHbI 4eThIpe TOYKH MPOCTPAHCTBA A4 -3-2),8(2 -2 -3). 08 -3 D, DA -3 -1

BoisicHUTB OyAyT M NEPIEHANKYISAPHBIME CIeyIOIue NpsiMble:
a) AB, DT

5) AC, BD

Ilpumep 11
(s, A;—E),E[E—A;

IIpH KaKOM 3HAYCHUH “ BEKTOPBI -L3) OyIyT OpTOTOHAILHBI?

Pemenue: [To ycinoBuro TpeOyeTcst HAWTH TaAKO€ 3HAYCHUE TTapaMeTpa A | 4T06BI NaHHBIE

VWV R, WOV W
BEKTOPBI OBUIM OPTOTOHAJIBHBI. J[Ba BEKTOpa MPOCTPAHCTBA O w3 ), WOy, Wy, )

vy gy g =0
OPTOTOHAJTBHBI TOT/IA M TOJIBKO TOT/A, KOTa .

CocTaBuUM ypaBHEHHE:

Zk =0

3(2-A+A (-11+(-2).5=0

PaCKpBIBaeM CKOOKH U IIpUBOJIUM HOI[O6HBIC cjaracMmabIc:
6-31-A-10=

—44-4=0

Pemaem npocreiiniee muHeiHOE ypaBHEHHE:

— 4=
A=-1



OrtBeT: npu A=-1

[pumep 12

IIpK KaKOM 3HAYCHUH * CKaISIpHOE POU3BELCHIE BEKTOPOB a2 A),8(2-3) OyZAeTr paBHO

27
HaiiTi cKanspHOE IPOU3BEICHHE BEKTOPOB ¢ 1 < +d , €CIIn 70, -3 9).4(-410)

9T0 IIPpUMEP IJIs1 CaMOCTOATCIIBHOI'O PCILICHMS. 3IICCB MOKHO HCIIOJIb30BaThb

aCCOIMATUBHOCTH OIEPAINH, TO €CTh HE CUUTATD E=30-33=0-515 cpasy
BEIHECTH TPOHKY 3a TIpeIeNbl CKATAPHOTO TIPOM3BEACHHS 1 JOMHOXKHTE Ha Hed B MOCIIEIHIOO
ouepesib. Penmenne u 0TBET B KOHIIE yPOKA.

B 3axmrouenue naparpada npoBoKaMOHHBIA TPUMEP Ha BHIYHCICHUE ITTHHBI BEKTOPA:
IIpumep 16

JlaHbl TpU BEPIIMHBI TPEYTOJIBHUKA A-1.0), 53, 2), €5 - 4) . Haiirn £A5C (yroxa npu
BepimHe &),

Pemenune: [1o ycnoBuio uepTéx BBINOIHATH HE TpeOyeTcs, HO BCE-TAKH:
. JL - v v .

Haitném BekTOpBHI:

BA(—1-3,0-2)= BA(—4, - 2)
BC(5-3 —4-21=BC(2. - 6)
Brruncinm ckalisipHOE MPOU3BEICHHE:
BA-BC =-4.2-2.(-6)=-8+12=4



W nnuHBI BEKTOPOB:

[Bd|= -4 + (2" = fle+4 =20 = 2.5
|E|=422+(—6 Yo 4136 = J40 =210

Kocunyc yrna:

— — Bd.BC 4 1 1
cos sl B, B0 = — = = =
( ) zAl 22| 245 2410 500 542
cosi(ﬁ;ﬁ)=iﬂ'gc = —42-2 8 =
BA| BT Ji? + =27 2 + (67
—8+12 4 4 4 1

T 1644 JA+36 20 40 B00 2042 542
Haitném cam yrou:

ﬁ(ﬁ; ﬁ) = arccos

s 1,43 pag, & 821

1
542
1
LABC = arccos ——r 1452 pag, = 82”
OTtBerT: 542

Ilpumep 17

B npocTpaHcTBe 3a1aH TPEYrOJbHUK KOOPAUHATAMU CBOUX
BEPIUUH ALLD 4(30:0), 4(237) . Haiitu yron mexny cropoHamu 44, u A4

IIpakTnueckoe 3ansitue Ne 76

Tema: KontposnbHas pabota
Heas: [IpoBepuTh ypoBeHb YCBOCHUS JAHHOM TEMBI Y yUaIUXCs

BAPUAHT 1.
1. ansr xoopaunatel Touek C(3; -2; 1), D(-1; 2; 1), M(2; -3; 3), N(-1; I; -2). Haiinute

MN

KOCHHYC yTJja MEX1y BEKTOpaMu D "

2. Ilpu kakoMm 3Ha4YeHHM (3HAYEHUSX) @ BEKTOPbI a 6 -k k 2)n 8 (-3, 5 + 5k -9)
NEePIEeHIUKYIAPHBI?

3. Ilpu KakoM 3HAYEHHH @ BEKTOPHI AB y CD KOJUIMHEApHBI, eciu A(-2; -1, 2),
B4, -3;6), C(-1; a-1; 1), D(-4; -1, a)?

4. U3BecTHO, UTO | a | =4, | 8 | =1, L(G’B) = 60°. Haiigure cos @ ,rme @ - yrox
MEX/1y BEKTOpaMu a+e , 6

5. Haiigute uMHYy BeKTOpa at8=C  ecnn 10 =7181=2101=3 4(0)8) =
90()’ L(G,C) :]200, L(G,C) :600.

6. B xybe ABCDA,;B,;C,D; Touka M nexur Ha pedpe AA;, npuuem AM : AM,; = 3 : I, a Touka
N — cepenuna pedpa BC. Beruucnure KocuHyc yria Mexay npsmeiMa - a) MN u DD,;;  6) MN u
A,C.



BAPUAHT 2.
1. Jlauwel koopauHatel Touek A(1; -1; -4), D(2; -3; 1), C(-1; 2; 5), B(-3,; -1, 0). Haiinute

KOCHHYC yIJja MEX1y BEKTOpaMu CD u AB

2. Ilpu xakoM 3HaYeHWHU (3HAYEHUSAX) M BEKTOPHI a 4, m-1; m)nu 6 (-2, 4; 3 - m)
MEPICHIUKYISIPHBI?

3. HpI/I KakoM 3HAa4YCHUUN a BCKTOPLI MN n CD KOJUIMHECAPHEI, €CIIN
M(l; -2; a), B(-1; a+3 -1), C(324)D(] -4, 2)?

4. MU3BecTHO, qTo\ | =2, | | =3, (m n) = [20°. naiimure cos @ ,rae @ - yroa
MEX]y BEKTOpaMH mn m .

-

080 o B =2 8 =5 b 2Bl

5. Haiinure ninuHy BekTOopa
60", Ak = 120", c6d) _op

1
6. B npsmoyronsnoMm napaimenenunene ABCDA,B,C:D;, AB = BC = 2 44, Boruucaure
KOCHHYC yria Mexay npsmeimu - a) BD u CD,;  6) AC u AC,.

BAPUAHT 3.
1. [Janwer xoopauHatel Touek A(1; -1; -4), D(2; -3, 1), C(-1; 2; 5), B(-3, -1, 0). Haiinute

KOCUHYC yTJIa MKy BEKTOpaMH CD u AB
2. Ilpu xakoMm 3HaUEHUU (3HAUCHUSAX) M BEKTOPHI a 4, m-1;, m)n 6 (-2; 4; 3 - m)

MEPIEHANKYJISIPHBI?

—_— —_—

3. Ilpm kakoM 3HAYEHUH @  BEKTOPHI MN CD KOJUIMHEAPHBI, €CIN
M(1; -2; a), B(-1; a+3 -1), C(324)D(1 -4;2)?
4. U3BecTHO, ‘—ITO| | = | | = L(m n) = ]20°. maiimure cos @ ,rme @ - yrom
MEXIY BEKTOpaMu ﬁH’ﬁ 5 m .

0=8=C e 0 =28 =3 €= cli -

5. Haiigure muHy BeKTOpa

60", 4(5,5) = 120", L(é,a) = 90",

1
6. B npsmoyronsnoMm napamienenunene ABCDA,B,C:D, AB = BC = 2 44,. Beuncinute
KOCHHYC yTia Mexny npsimeiMu  a) BD u CD;;  6) AC u AC,.

Kpurepuun oneHuBanus
O1ieHKa «OTJIMYHOY» BBICTABIISCTCS CTYICHTY
3a 100% npaBWIbHBIX OTBETOB;
OrneHka «XOpoI0» BBICTABIIAETCS CTYJACHTY
3a 75 - 99% npaBUIBHBIX OTBETOB;

OI_[eHKa «KYOOBJICTBOPHUTCIBbHO» BBICTABJIACTCA CTYACHTY



3a 50 - 75% npaBUIbHBIX OTBETOB;
OrneHka «HEYyIOBIECTBOPUTEILHOY BBICTABIIACTCS CTYACHTY

3a MmeHee 50% MpaBUIbHBIX OTBETOB.
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